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PREFACE TO THE NINTH EDITION

It has been nearly 35 years since the first edition of Applied
Therapeutics: The Clinical Use of Drugs was published. The
use of case studies served as a founding principle for this in-
novative text and remains integral to the current edition. Our
authors present patient cases that stimulate the reader to inte-
grate and apply therapeutic principles in the context of specific
clinical situations. We also strive to provide students and prac-
titioners with a glimpse into the minds of clinicians who are
assessing and solving therapeutic problems so that they too
can develop and refine their own problem-solving skills. All
chapters in this edition have been revised and updated to reflect
our changing knowledge of drugs and the application of this
knowledge to the therapy of patients.

Today, it is more critical than ever that health care providers
make informed decisions regarding the clinical use of drugs. As
our population ages, more people carry the burden of multiple
chronic diseases. New knowledge about pathophysiology and
drug targets has expanded our approaches to drug therapy and,
in many cases, polypharmacy has become the standard of care.
This, in turn, increases patient exposure to adverse medication
events. Meanwhile, we observe a health care system under con-
siderable stress. Shortages of nurses, pharmacists, physicians,
and other health care providers interface with remarkable new
technologies, increased costs, and decreased access to care.
Ironically, the number of disadvantaged and underserved pop-
ulations continue to increase at a time of remarkable economic
growth. This underscores the importance of finding better

approaches to managing escalating costs while enhancing the
quality of care provided. Systems and approaches to care that
guarantee freedom from medical errors (including medication
errors) are urgently needed.

The authors have drawn much information from the litera-
ture, current standards, and their clinical experiences to share
how one might think about making sound and thoughtful ther-
apeutic decisions. However, it remains the responsibility of
every practitioner to evaluate the appropriateness of a par-
ticular opinion in the context of the actual clinical situation,
keeping in mind any new developments in the field. We strongly
urge students and practitioners to consult several appropriate
information sources when working with new and unfamiliar
drugs.

Brian K. Alldredge

Robin L. Corelli

B. Joseph Guglielmo

Mary Anne Koda-Kimble

Wayne A. Kradjan

Lloyd Yee Young

Bradley R. Williams

July 2008
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PREFACE TO THE FIRST EDITION

In the past decade, new roles for the pharmacist have emerged.
More and more frequently the pharmacist is placed in increas-
ingly responsible positions within the health care delivery sys-
tem. In this capacity (s)he is able to have a significant influ-
ence on the quality of health care delivered to the patient. M.
Silverman and P. Lee have skillfully assessed the current and
future role of the pharmacist in Pills, Profits and Politics.1

“. . . It is the pharmacist who can play a vital role in assisting
physicians to prescribe rationally, who can help see to it that
the right drug is ordered for the right patient at the right time,
in the right amounts and with due consideration of costs and
that the patient knows how, when and why to use both prescrip-
tion and non-prescription products.

“It is the pharmacist who has been most highly trained as
an expert in drug products, who has the best opportunity to
keep up-date on developments in this field and who can serve
both physician and patient as a knowledgeable advisor. It is the
pharmacist who can take a key part in preventing drug misuse,
drug abuse and irrational prescribing.”

Many schools of pharmacy have made substantial curricu-
lum changes to prepare their graduates for these responsibil-
ities. Although traditional pharmacy courses have imparted
factual information about drugs, they have not enabled the stu-
dents to apply these facts to the drug therapy of patients. Sim-
ilarly, traditional pharmacology and medical textbooks do not
provide the professional with sufficient information to make
a judgment regarding the selection and dosing of a particular
product for a specific patient. To arrive at this decision, the clin-
ician must consider a number of patient factors, including age,
renal and hepatic function, concurrent disease states and med-
ications and allergies. (S)he must also consider drug product
factors, including bioavailability, pharmacokinetics, efficacy,
toxicity, risk to benefit ratio, and cost.

We have found that students have most difficulty in integrat-
ing and applying the multiple components of their education

1Silverman, M. and Lee, PR: Pills, Profits and Politics. Berkeley: The Uni-
versity of California Press, 1974. Copyright C© 1974, The Regents of the
University of California.

to formulate the safest, most rational drug regimen for a given
patient. We have also observed that although the student is
able to enumerate the adverse effects on a drug, (s)he is unable
to recognize or monitor for these effects should they occur in
his/her patient.

This text is an outgrowth of the clinical pharmacy courses
taught at the University of California and at Washington State
University. The major objective of these courses is to enable the
student to practice effectively in the clinical setting. Lectures
on the pathophysiology and medical management of disease
states are supplemented with conferences where students are
challenged with drug therapy questions frequently asked by
physicians and by case histories, which require drug therapy
assessment and the selection of appropriate alternatives. The
objective of these conferences and this text is to enable the
student to identify relevant factors in drug treatment, such as
the probability of whether or not a specific drug is responsible
for a patient’s symptoms; the clinical significance of a drug
interaction; why a specific drug is not achieving therapeutic
blood levels; the dose for a patient with multiple disease states.

The success of the conference portion of our courses was a
major determinant of the format used for this text; case histo-
ries that simulate the actual practice situations and frequently
asked therapeutic questions are followed by well-referenced
responses.

The authors have drawn much information from their clin-
ical experiences. It remains the responsibility of every practi-
tioner to evaluate the appropriateness of a particular opinion
in the context of the actual clinical situation and with due
considerations of any new developments in the field. Although
the authors have been careful to recommend dosages that are
in agreement with current standards and responsible literature,
we suggest the student or practitioner consult several appropri-
ate information sources when dealing with new and unfamiliar
drugs.
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ADDITIONAL RESOURCES FOR
THE NINTH EDITION

The Ninth Edition of Applied Therapeutics: The Clinical Use
of Drugs includes additional resources for both instructors
and students, available on the book’s companion website at
http://thePoint.lww.com/KodaKimble9e.

Instructors
Approved adopting instructors will be given access to the
following additional resources:
� Image Bank
� PowerPoint Presentations

Students
Resources for students include:
� New Interactive Quiz Bank
� Supplemental Cases
� Answers to Supplemental Cases
� Physiology, Pathophysiology, and Pharmacology Animations

In addition, purchasers of the text can access the searchable
Full Text On-line by going to the Applied Therapeutics:

The Clinical Use of Drugs, Ninth Edition website at
http://thePoint.lww.com/KodaKimble9e. See the inside front
cover for more details, including the passcode you will need
to gain access to the website.

Acknowledgment
Review questions for the Quiz Bank were written by Valerie
B. Clinard, Larry N. Swanson, J. Andrew Bowman, Steven M.
Davis, Steve Fuller, Dustin Wilson, Sarah McBane, Cynthia
J. Johnston, Michelle L. Sharpe, Rebekah R. Arthur Grube,
Charles Herring, James Groce, Tracy A. Dewald, Connie Lee
Barnes, Nancy Allen-LaPointe, Roy Pleasants, II, Jennifer
Schuh, Mary L. Townsend, Matthew T. Harris, Mara Wat-
son, John Murray, Kimberly Lewis, Tina H. Thornhill, Jennifer
Smith, Amber Peoples, Kimberly Tamura, Kathey B. Fulton,
Melanie W. Pound, D. Byron May, Lydia Mis, Melissa D. John-
son, Andrew J. Muzyk, LeAnne Kennedy, Tara L. Bell, and
Laura Bowers.
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This chapter presents several approaches to assessing drug
therapy and provides the framework for medication therapy
management services (MTMS) across the continuum of care.
The illustrations in this chapter primarily focus on the phar-
macist; however, the principles used to assess patient response
to drug therapy are of value to all health care providers.

MTMS was first described in the Medicare Modernization
Act of 2003 (MMA 2003), which also established the first out-
patient prescription drug benefit (also known as Part D) for
those eligible for Medicare.1 MTMS was defined in MMA
2003 as a program of drug therapy management that may be
furnished by a pharmacist and that is designed to assure, with
respect to targeted beneficiaries described in clause (ii), that
covered Part D drugs under the prescription drug plan are
appropriately used to optimize therapeutic outcomes through
improved medication use, and to reduce the risk of adverse
events, including adverse drug interactions. Such a program
may distinguish between services in ambulatory and institu-
tional settings.

According to MMA 2003, individuals can qualify to receive
MTMS if they meet the following three criteria:

1. Take multiple Medicare Part D–covered drugs
2. Have multiple chronic diseases
3. Are likely to incur annual costs of at least $4,000 for all

covered Part D drugs

Although MTMS is the term used in MMA 2003 to describe
medication management for those eligible under the Medicare
Part D benefit, the same approach may be used for any patient.
To respond to the need for further clarification of the term
MTMS, 11 professional pharmacy associations more formally
defined MTMS in a consensus document published in 2004.2

According to this definition, MTMS could be applied to any
patient in a variety of settings. Furthermore, this definition
clarifies the type of activities involved in a medication therapy
management (MTM) program.

MTMS has a direct relationship to pharmaceutical care.
Pharmaceutical care has been described as the responsible
provision of drug therapy to achieve definite outcomes that
are intended to improve a patient’s quality of life.3,4 In fact,
MTMS has been described as a service provided in the prac-
tice of pharmaceutical care.5 However, unlike pharmaceutical
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care, MTMS is recognized by payers, has current procedural
technology (CPT) codes specifically for pharmacists, and has
several clearly defined interventions. Therefore, MTMS will
be the term used to describe the activity of MTM in various
patient populations.

Both patient self-care and medication reconciliation are crit-
ical aspects of any MTMS encounter regardless of the setting
(i.e., inpatient, community, ambulatory, or institutional). Pa-
tient self-care is defined by the World Health Organization as
those activities [that] individuals, families, and communities
undertake with the intention of enhancing health, preventing
disease, limiting illness, and restoring health. These activities
are derived from knowledge and skills from the pool of both
professional and lay experience. They are undertaken by lay
people on their own behalf, either separately or in participative
collaboration with professionals.6 Patient self-care requires the
patient to take responsibility for the illness; however, the help
of a professional to structure healthy self-care is important.
For example, patients with diabetes who monitor their blood
glucose levels regularly and adjust their diet according to the
guidelines published from the American Diabetes Association
(ADA) would be practicing self-care. Self-care is often the
work that the patient performs between visits with the provider.
The patient should be involved in his own care to ensure the
best outcomes.

Medication reconciliation is the process by which medica-
tion prescribing accuracy is ensured from one care setting to
another or from one practitioner to another. Although not a new
concept to the profession of pharmacy, there has been height-
ened awareness and intensified effort in this area of practice as
a result of the Joint Commission. The Joint Commission is the
national accrediting body for hospitals and other health care de-
livery organizations that has committed to improving patient
care through an inspection and evaluation process. Through
this process, the Joint Commission holds institutions to na-
tional consensus-based standards. In 2005, the Joint Commis-
sion announced its National Patient Safety Goal (NPS goal
8A and 8B) to accurately and completely reconcile medica-
tions across the continuum of care. This NPS goal required
institutions to develop and test processes for medication rec-
onciliation and to implement them by January 2006.7

The general approach to an MTMS patient encounter in
various clinical settings will be discussed in the next sections.
Figure 1-1 provides an overview of a patient encounter that in-
cludes patient information gathering from various data sources;
interviewing the patient while utilizing effective communica-
tion skills; assessing the medical illness(es); developing a plan
to manage the illness(es); documenting the service (including
billing); and monitoring, follow-up, or referral for any addi-
tional issues that cannot be resolved during the encounter.

SOURCES OF PATIENT INFORMATION
Successful patient assessment and monitoring requires the
gathering and organization of all relevant information.4,8 The
patient (or family member or other representative) is always
the primary source of information. The provider asks the pa-
tient a series of questions to obtain subjective information that
is helpful in making a diagnosis or evaluating ongoing therapy.
Likewise, pharmacists, home care nurses, and other providers
without direct access to patient data also must obtain subjective

data or measure objective physical data to guide recommenda-
tions for therapy and to monitor previously prescribed therapy.

Data-Rich Environment
In a “data-rich environment,” such as a hospital, long-term care
facility, or outpatient medical clinic, a wealth of information
is available to practitioners from the medical record, pharmacy
profile, and nursing medication administration record (MAR).
In these settings, physicians, nurses, and patients are read-
ily available. This facilitates timely, effective communication
among those involved in the drug therapy decision-making
process. Objective data (e.g., diagnosis, physical examination,
laboratory and other test results, vital signs, weight, medica-
tions, medication allergies, intravenous flow rates, and fluid
balance) are readily available. Likewise, the cases presented
throughout this text usually provide considerable data on which
to make more thorough assessments and therapeutic decisions.
The patient record provides readily available information that
is needed to identify and assess medical problems. It is neces-
sary in order to design patient specific care plans and document
MTMS. In some settings, patient insurance information is im-
portant to help understand the formulary choices and coverage
of medications. When billing for MTMS, this insurance infor-
mation is very important and would be available in a data-rich
environment.

Paper Charts
A paper chart may be a source of valuable patient information.
Paper charts may exist in a variety of settings, including the
hospital, outpatient clinic, or institutional setting. This source
of information is considered data rich but does have limitations.
Paper charts are organized differently by site and by setting.
The information contained in a hospital chart will be different
from that contained in an outpatient clinic. Furthermore, it may
be difficult to obtain a paper chart, or access may be delayed if
another professional is using the chart. Significant data delays
may occur in paper charts, as information such as laboratory
results, test results, and chart notes may not be placed in the
chart for several days after the test or documentation is com-
plete. As a result, it is important to realize the limitations of
this data-rich environment and that the information obtained
during the patient interview is still extremely important.

Electronic Medical Record
An electronic medical record (EMR) is an electronic version of
the paper chart. Once again, these records are available in hos-
pitals, clinics, and institutional settings, but the type of EMR
and the organization of information will vary among the dif-
ferent settings and software applications. The EMR provides a
wealth of information and is one of the most complete sources
of reliable information. Unlike a paper chart, the EMR may be
interfaced with the laboratory, pharmacy, and radiology sys-
tems so that data is available real time with minimal delays.
Unfortunately, clinicians may rely on the EMR too much for
the patient information, which could lead to assumptions. For
example, a patient who has metformin 500 mg twice daily listed
in the EMR may actually be taking the medication once daily.
Therefore, the data in the EMR is extremely useful, but it is
still important to obtain information directly from the patient.
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FIGURE 1-1 General approach to a patient en-
counter.

Data-Poor Environment
In reality, clinicians are often required to make assessments
with limited information. Even in a relatively data-poor en-
vironment, such as a community pharmacy, valuable sources
of information are still available, including (a) the medication
profile, (b) patient data, and (c) the patient’s insurance cov-
erage information. In addition, it is often possible to consult
with the prescriber (or the prescriber’s office staff); however,
contact may be delayed, and requests for information may be

met with resistance due to time constraints or other factors. As
illustrated later in this chapter, the successful practitioner can
make assessments and intervene on the patient’s behalf even
in the absence of all the available information.

Pharmacy Information Systems
Pharmacy information systems (PIS) are generally considered
data poor. When discussing PIS, it is important to look at both
inpatient and outpatient PIS. Pharmacy billing and inventory
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management were the motivation behind the establishment of
the early PIS. These initial systems provided fill lists, generated
patient profiles, and produced medication labels, which were
valuable to institutional pharmacies as the profession moved
toward a unit dose medication distribution system. More mod-
ern functionalities allow for some limited documentation of
clinical pharmacy activities, but still, this system is data poor.
Current work flow for institutions functioning off of PIS con-
sists of medication processing via a physician-generated hard
copy medication order, which is provided to the pharmacy via
delivery, facsimile, or scanner. After pharmacist review of the
medication order for clinical appropriateness, the nurse is pro-
vided access to the medication either by direct pharmacy de-
livery or by means of an automated dispensing system. The
nurse ensures that the patient receives the medication at the
appropriate time and documents the administration on the med-
ication administration record (MAR). Increased emphasis on
patient safety has highlighted the importance of integrating
PIS with other computerized systems utilized throughout the
inpatient setting. This involves a transition from PIS to a data-
rich clinical information system (CIS), which includes direct
computerized physician order entry, clinical decision support,
EMR, an electronic medication administration record (eMAR),
and integration of various ancillary information systems such
as pharmacy and laboratory services. Additional functional-
ity incorporates the use of bar code technology, which allows
the ability to track and promote quality assurance during the
medication administration process. Information generated by
the CIS is electronically transmitted to the pharmacy in real
time, eliminating lost, illegible, or incomplete medication or-
ders. Improved communication between various health care
providers, decreased medication turnaround time, enhanced
compliance with medication use policies and formularies, and
reductions in medication errors may be benefits seen from this
system. Although increasing numbers of institutions are in-
corporating this technology into their practice settings, imple-
mentation of CIS in hospitals has not occurred for numerous
reasons, including expense and system complexity.

A variety of outpatient PIS exist. Some of these systems
contain only basic data such as the medication profile, refill
history, allergies, and insurance information. Other PIS allow
the pharmacist to enter information such as progress notes,
vital signs (blood pressure [BP], pulse, respirations), and lab
results (blood glucose, cholesterol levels), but these systems
are rarely linked to an EMR. Therefore, the information con-
tained in the outpatient PIS is dependent on the ability of the
pharmacist to obtain the information. As pharmacists perform
more advanced services in the community pharmacy (such as
immunizations, tobacco cessation, MTMS, etc.) that require
documentation of services, the PIS will need to become a more
robust source of data.

Especially in a data-poor environment, it is important that
the clinician be a proactive interviewer where the interviewer
often becomes an investigator. The investigative approach is
direct and requires strong problem-solving abilities as well as
requires the interviewer to actively listen to the patient. Ques-
tions should be formulated to obtain information such as the
medication history, actual medication use, patient perception of
care, use of over-the-counter (OTC) and natural or herbal prod-
ucts, and health beliefs (cultural or otherwise). This approach
with the patient can help to verify and ensure the accuracy of
other data sources. Not all patients are reliable historians, and

some are poor sources of information. Even when the patient
is a poor historian, the interview is a critical source of informa-
tion that cannot be obtained from other data sources. Patient
interview techniques will be discussed in the next section.

EFFECTIVE COMMUNICATION AND
THE PATIENT INTERVIEW
The ability to use effective communication principles and
history-taking skills is crucial to a successful patient inter-
action.4,8 The importance of interviewing the patient, how to
set the stage for the interview, general interview rules, and the
essential information to be obtained from the interview are
outlined in Table 1-1.

Ideally, the initial patient interaction should occur by ap-
pointment in a private, professional, and unhurried environ-
ment; however, the ideal often is not an option. The setting

Table 1-1 Interviewing the Patient

Importance of Interviewing the Patient
Establishes professional relationship with the patient to:
� Obtain subjective data on medical problems
� Obtain patient-specific information on drug efficacy and toxicity
� Assess the patient’s knowledge about, attitudes toward, and pattern of

medication use
� Formulate a problem list
� Formulate plans for medication teaching and pharmaceutical care

How to Set the Stage for the Interview
� Have the patient complete a written health and medication

questionnaire, if available
� Introduce yourself
� Make the setting as private as possible
� Do not allow friends or relatives without permission of the patient
� Do not appear rushed
� Be polite
� Be attentive
� Maintain eye contact
� Listen more than you talk
� Be nonjudgmental
� Encourage the patient to be descriptive
� Clarify by restatement or patient demonstration (e.g., of a technique)

General Interview Rules
� Read the chart or patient profile first
� Ask for the patient’s permission to conduct an interview or make an

appointment to do so.
� Begin with open-ended questions
� Move to close-ended questions
� Document interaction

Information to Be Obtained
� History of allergies
� History of adverse drug reactions
� Weight and height
� Drugs: dose, route, frequency, and reason for use
� Perceived efficacy of each drug
� Perceived side effects
� Adherence to prescribed drug regimen
� Nonprescription medication use (including complementary and

alternative medications)
� Possibility of pregnancy in women of childbearing age
� Family or other support systems

Adapted from work by Teresa O’Sullivan, PharmD, University of Washington.
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may be the pharmacy, a clinic, or the bedside. Regardless of
the setting, the process may be expedited by asking or helping
the patient to complete a written self-assessment history form
(current medical conditions and medications, height, weight,
allergies, adverse drug reactions, immunizations, tobacco and
alcohol use, pregnancy status, etc.) before obtaining a verbal
history. Figure 1-2 presents a sample form.4

Communication
Once the self-assessment form is completed and reviewed, the
pharmacist can focus on the patient interview. Setting the stage
for the interview and getting off to a good start can be accom-
plished by greeting the patient with a smile, providing formal
introductions, and explaining the purpose of the encounter.
Asking the patient what expectations she may have will help
to ensure that concerns are addressed. At this point, several
other key issues may surface. During the interview, language
barriers or cultural issues may be identified that need to be ad-
dressed. This will also provide an opportunity to look for clues
that can help to determine the patient’s level of health literacy.
These concepts will be discussed later in this section. Specific
communication skills that can be used to guide the practitioner
through a productive patient interview include the following:

� Effective questioning by using open-ended questions
� Active listening
� Reflective responding
� Careful attention to body language
� Identifying cultural differences and disparities
� Understanding the patient’s level of health literacy

Effective questioning techniques include both open- and
closed-ended questions. To the extent possible, the practitioner
should ask open-ended questions so that the patient is encour-
aged to explain and elaborate. Skilled use of these questions
puts the practitioner in the role of observer, listener, recorder,
and prompter and the patient in the role of storyteller. This
technique also allows the practitioner to assess quickly the
patient’s depth of knowledge and understanding of his medica-
tions and health situation. For example, at the beginning of the
interview, the practitioner may ask, “If there is one thing I can
accomplish for you today, what would that be?” Or, perhaps
during the interview when discussing adherence to a specific
medication, the practitioner may ask, “How many times a day
do you take this medication?” or “What time of day do you
take this medication?” To conclude the interview, the practi-
tioner may choose to ask, “Just to be sure we haven’t missed
anything important, what other medication issues have you had
since your last visit?” Open-ended questions are asked one at
a time with a pause in between each to allow the patient to
answer. Closed-ended questions (e.g., those that can be simply
answered “yes” or “no”) can be used to prompt patients who
know little about their health situation and to systematically
minimize inadvertent omissions. If closed-ended questioning
is used, all “yes or no” responses should be followed with
additional questions such as, “Please explain what you experi-
enced.”

The patient should be encouraged to do most of the talking,
while the practitioner utilizes active listening techniques. In
order to be an effective active listener, distractions should be
minimized. This may be difficult in certain settings, but finding
a private area for the interview, ensuring that mobile phones

and pagers are off (or at a minimum set to the silent or vibrate
mode), and not allowing interruption from the staff during the
visit can all lead to enhanced communication. The active lis-
tening technique requires the interviewer to focus on what the
patient is saying without interrupting. Providing verbal and
nonverbal cues such as “Yes, please go on” or nodding affir-
matively lets the patient know that the practitioner is listening.

Reflective responding allows the practitioner to periodically
check in with the patient to ensure understanding of what the
patient is communicating. This technique demonstrates caring
and helps to build a rapport with the patient. An example of
reflective responding may be, “From what you have told me, I
understand that you are not taking your medications because
they are too expensive” or “It seems like you are not having
any difficulty taking your new cholesterol medication.” By
periodically summarizing the information obtained from the
patient, the practitioner can clarify and bring closure to one
segment of the interview before progressing further.

As the practitioner gains experience and becomes more so-
phisticated in interviewing patients, subtle clues (e.g., unusual
information, observation, and body language) can be used to
pursue a line of questioning that could explain an unexpected
problem or clarify an existing problem. For example, a patient
may become very nervous and fidget when asked to play back
what was explained to her, or she may state, “I understood ev-
erything you said, and I don’t need to waste your time repeating
it.” This may be a sign that the patient is hearing impaired or
has cognitive difficulties that need to be addressed.

Cultural differences and health disparities must also be rec-
ognized and addressed for practitioners to achieve successful
health outcomes. By definition, cultural competence is a set of
congruent behaviors, attitudes, and policies that come together
among a group of people, a system, or an agency that enables
them to work effectively in cross-cultural situations.9 There are
several core elements to cultural competence:
� Awareness and acceptance of difference
� Awareness of one’s cultural values
� Development of knowledge of different cultures
� Understanding the dynamics of difference
� Ability to adapt skills to fit the cultural context of others

Health disparities refer to gaps in the quality of health and
health care across racial, ethnic, and socioeconomic groups.10

These gaps result in worse clinical outcomes, and these differ-
ences persist after adjustment for known factors including, but
not limited to, social determinants and access to health care.
It is generally accepted that disparities can result from three
main areas:11,12

� From the personal, socioeconomic, and environmental char-
acteristics of different ethnic and racial groups

� From the barriers encountered by certain racial and ethnic
groups when trying to enter into the health care delivery
system

� From the quality of health care that different ethnic and racial
groups receive

In order to provide culturally competent care, practitioners
must tailor care to meet the patient’s linguistic, cultural, and
social needs, recognizing that communication is directly linked
to health outcomes. Linguistically, the patient and provider’s
spoken language, dialects, accents, and speed of the spoken lan-
guage are important factors that will influence communication.
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Name: Date:

Mailing Address:
street city state zip

Social Security Number: (W)Phone: (H)

DOB: Height: Weight: BP:HR:

Gender: Pregnancy Status:

Allergies:

Devises/Alerts:

Name/Strength Directions

Name/Strength Directions

OTC USE:  Check conditions for which you have used a non-prescription medication.
headache
eye/ear problems
cold/flu
allergies
sinus
cough
sleeplessness

drowsiness
weight loss
diarrhea
hemorrhoids
muscle/joint pain
rash/itching/dry skin

heartburn/GI upset/gas
vitamins
herbal products
organic products
other:

Purpose How Often Effectiveness

Start
Date

Stop
Date

Physician Purpose Effectiveness
PRESCRIPTION MEDICATION HISTORY

OVER-THE-COUNTER MEDICATION HISTORY

Reactions:

FIGURE 1-2 Patient history form. Reprinted with permission from Rovers JP, Currie JD. A Practical Guide
to Pharmaceutical Care: A Clinical Skills Primer, Washington, DC: American Pharmacists Association;
2007, p. 61–62.
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MEDICAL PROBLEMS:  Have you experienced, or do you have:  (circle Y or N)

MEDICAL HISTORY:  Have you or any blood relative had:  (mark all that apply)

SOCIAL HISTORY:  Please indicate your tobacco, alcohol, caffeine and dietary habits.

OTHER INFORMATION/COMMENTS:

self relative self relative

known kidney problems?
frequent urinary infections?
difficulty with urination?
frequent urination at night?
known liver problems/hepatitis?
trouble eating certain foods?
nausea or vomiting?
constipation or diarrhea?
bloody or black bowel movements?
abdominal pain or cramps?
frequent heartburn/indigestion?
stomach ulcers in the past?
shortness of breath?
coughing up phlegm or blood?
chest pain or tightness?
fainting spells or passing out?
thumping or racing heart?

high blood pressure
asthma
cancer
depression
lung disease
diabetes

Nicotine Use
              never smoked
              packs per day for            years
              stopped            year(s) ago

Alcohol Consumption
              never consumed
              drinks per day/week
              stopped            year(s) ago

Caffeine Intake
              never consumed
              drinks per day
              stopped            year(s) ago

Diet Restrictions/Patterns
              number of meals per day
              food restrictions:

Pharmacist Signature Date

heart disease
stroke
kidney disease
mental illness
substance abuse
other

Y     N
Y     N
Y     N
Y     N
Y     N
Y     N
Y     N
Y     N
Y     N
Y     N
Y     N
Y     N
Y     N
Y     N
Y     N
Y     N
Y     N

sores on legs or feet?
known blood clot problems?
leg pain or swelling?
unusual bleeding or bruising?
anemia?
thyroid problems?
known hormone problems?
arthritis or joint problems?
muscle cramps or weakness?
memory problems?
dizziness?
hearing or visual problems?
frequent headaches?
rash or hives?
change in appetite/taste?
walking/balance problems?
other problems?

Y     N
Y     N
Y     N
Y     N
Y     N
Y     N
Y     N
Y     N
Y     N
Y     N
Y     N
Y     N
Y     N
Y     N
Y     N
Y     N
Y     N

FIGURE 1-2 Patient history form (Continued).
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Table 1-2 Behaviors Suggestive of Inadequate
Health Literacy

� Asking for help
� Bringing someone along who can read
� Inability to keep appointments
� Making excuses like “I forgot to bring my glasses”
� Nonadherence with medications
� Poor adherence to recommended medical interventions
� Postponing making decisions
� Watching others and mimicking behaviors

Whether a personal or impersonal approach to the encounter
is culturally acceptable will be important to know. Also, the
degree of formality expected, appropriate subjects for conver-
sation, directness, touch, and loudness of conversation may
play a role in the success of the encounter. Often overlooked
but critically important are health and healing beliefs that the
patient and her family or community may have. It is only after
these factors are recognized and acknowledged that a practi-
tioner can make recommendations and negotiate a plan with the
patient or her caregiver. From a communication standpoint, the
practitioner must determine, at a minimum, the preferred mode
of communication, the level of literacy, the preferred language,
and whether an interpreter or a cultural broker (an individual
who shares the cultural identity with the client/patient and can
effectively mediate when cross-cultural communication is nec-
essary) is needed.

Health literacy is a component of cultural competence. It
was defined in the Institute of Medicine Report in 2004 as the
degree to which individuals have the capacity to obtain, pro-
cess, and understand basic health information and services
needed to make appropriate health decisions.13 There are sev-
eral behaviors or cues that may be suggestive of inadequate
health literacy skills that a provider can look for when interact-
ing with patients. These behavioral cues can be found in Table
1-2. There are several communication techniques that may be
helpful in determining the level of health literacy and may aid
the provider in addressing a patient with inadequate health
literacy. These communication techniques are presented in
Table 1-3.

In all interactions, the health care provider must treat the
patient with respect as well as make every effort to ask ques-
tions and receive information in a nonjudgmental way (e.g.,
“Please tell me how you take your medications” as opposed to

Table 1-3 Communication Tips for Identifying and
Addressing Inadequate Health Literacy

� Assess patient’s baseline understanding before providing extensive
information

� Speak slowly
� Use lay language instead of medical terminology
� Emphasize only 1 to 3 points in any one encounter
� Encourage questions by using the open-ended question approach
� Show or draw pictures to enhance understanding and subsequent

recall, if appropriate
� Use the teach-back or show-me method
� Write down important instructions
� Provide useful educational materials
� Be respectful, caring, and sensitive

“Do you take your medications exactly as prescribed?”). Prac-
titioners who provide MTMS must keep in mind that patients
hold them in trust and often share intimate details of their med-
ical and social histories. Thus, practitioners must maintain the
confidentiality of that information and share it only with those
providers who need this information to provide patient care.
Additionally, clinicians must adhere to the regulations set forth
by the Health Insurance Portability and Accountability Act
(HIPAA) of 1996, which provides standards to protect the se-
curity and confidentiality of individually identifiable protected
health information (PHI). PHI includes information created
during the provision of patient care that can be linked with a
specific patient. Examples of PHI include the patient’s name,
home address, date of birth, medical record number, medical
diagnoses, treatment records, prescriptions, and laboratory and
test results. Further discussion of the HIPAA regulations is be-
yond the scope of this chapter; consult the U.S. Department of
Health and Human Services website for additional informa-
tion.

OBTAINING A PATIENT HISTORY
Those who provide MTMS should develop standardized forms
to record patient information obtained from the patient inter-
view. Standardization facilitates quick retrieval of information,
minimizes the inadvertent omission of data, and enhances the
ability of other practitioners to use shared records.4,8

For convenience, the patient interview and record can be di-
vided into sections with subjective and objective data as well as
an assessment and plan (including expected outcomes). Com-
ponents of subjective and objective data are the medical his-
tory, drug history, and social history. In some situations, these
histories can be supplemented by the generation of flowchart
diagrams to monitor changes in specific parameters (e.g., blood
glucose concentration, BP, weight) over time. These charts and
documentation systems may be incorporated into the EMR,
PIS, or a similar electronic platform.

Medical History
The medical history is essential to the provision of MTMS. It
can be as extensive as the medical records that are maintained in
an institution or physician’s office, or it can be a simple patient
profile that is maintained in a community pharmacy. The pur-
pose of the medical history is to identify significant past medi-
cal conditions or procedures; identify, characterize, and assess
current acute and chronic medical conditions and symptoms;
and gather all relevant health information that could influence
drug selection or dosing (e.g., function of major organs such as
the gastrointestinal tract, liver, and kidney, which are involved
in the absorption and elimination of drugs; height and weight,
including recent changes in either; age and gender; pregnancy
and lactation status; and special nutritional needs). Not all in-
terviews require the interviewer to ask for this much general
information; however, in a data poor environment, more infor-
mation is required directly from the patient. A more focused
interview may be appropriate in settings where the informa-
tion required is available electronically or is specific to a single
disease state. For example, in an anticoagulation clinic, the in-
formation that is elicited from the patient is often specific to
the patient’s anticoagulation therapy (e.g., bleeding incidents,
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newly started medications, dietary changes, missed warfarin
doses, etc.).

1. P.J., a 45-year-old woman of normal height and weight,
states that she has diabetes. What questions might the practi-
tioner ask of P.J. to determine whether type 1 or type 2 disease
should be documented in her medical history?

Patients usually can enumerate their medical problems in a
general way, but the practitioner often will have to probe more
specifically to refine the diagnosis and assess the severity of the
condition. Diabetes mellitus is used to illustrate the types of
questions that can be used to gather important health informa-
tion and assess drug therapy. The following questions should
generate information that will help to determine whether P.J.
has type 1 or type 2 diabetes mellitus.

� How old were you when you were told you had diabetes?
� Do any of your relatives have diabetes mellitus? What do
you know of their diabetes?

� Do you remember your symptoms? Please describe them
to me.

� What medications have you used to treat your diabetes?

When questions such as these are combined with knowl-
edge of the pathophysiology of diabetes, appreciation of the
typical presenting signs and symptoms of the disease, and un-
derstanding of the drugs generally used to treat both forms of
diabetes, meaningful MTM can be provided. Even simple as-
sessments such as the observation of a patient’s body size can
provide information useful for therapeutic interventions. For
example, a person with type 2 diabetes is more likely to be an
overweight adult (see Chapter 50).

Medication History
In the community pharmacy setting, patients generally present
themselves in one of four ways: (a) with a self-diagnosed con-
dition for which nonprescription drug therapy is sought; (b)
with a newly diagnosed condition for which a drug has been
prescribed; (c) with a chronic condition that requires refill of
a previously prescribed drug or the initiation of a new drug; or
(d) on referral from their health plan, provider or self-referral
for focused medication therapy review (MTR). In the first and
second situations, the practitioner must confirm the diagnosis
by using disease-specific questions as illustrated in Question
1. In the third situation, the practitioner uses the same type of
questioning as in the first two situations; however, this time the
practitioner needs to evaluate whether the desired therapeutic
outcomes have been achieved. The practitioner must evaluate
the information gleaned during follow-up visits in the context
of the history and incorporate it into his or her assessment and
medication action plan (MAP). The fourth situation, in which
patients require a focused MTR, the medication and medical
history information are equally important. Without the medical
history, it is not possible to evaluate whether the drug therapy
is appropriate, and without an accurate medication history, it is
not possible to determine if the patient has reached the desired
goals of therapy for her condition. The goal of the medication
history is to obtain and assess the following information: the
specific prescription and nonprescription drugs that the patient
is taking (the latter includes OTC medications, botanicals, di-

etary supplements, recreational drugs, alcohol, tobacco, and
home remedies); the intended purpose or indications for each
of these medications; how taken (e.g., route, ingestion in re-
lation to meals), how much, and how often these medications
are used; how long these agents have been taken or used (start
and stop dates); whether the patient believes that any of these
agents are providing therapeutic benefit; whether the patient is
experiencing or has experienced any adverse effects that could
be caused by each of these agents (idiosyncratic reactions, toxic
effects, adverse effects); whether the patient has stopped taking
any of the medications for any reason; and allergic reactions
and any history of hypersensitivity or other severe reactions
to drugs. This information should be as specific as possible,
including a description of the reaction, the treatment, and the
date of its occurrence.

The approach and process by which the medication history
is obtained does not necessarily change based on the setting of
the encounter. However, one primary difference in the inpatient
setting is the Joint Commission requirement for medication
reconciliation. A successful medication reconciliation process
consists of a standardized systematic approach, with the initial
step in this process involving the collection of the best medi-
cation history possible from every patient that enters any point
in the health care system. The appropriate health care profes-
sional to obtain this information varies widely from one insti-
tution to the next, involving an array of individuals. Although
pharmacists are uniquely qualified and have demonstrated in-
creased accuracy in acquiring the medication history14, ulti-
mately, medication reconciliation requires a multidisciplinary
effort in which all available resources are integrated into each
step of the process where appropriate.15 Shared accountabil-
ity by utilizing key members of the health care team such as
direct-care nurses, pharmacy technicians, pharmacists, and the
prescriber is essential in this process. Once an accurate medi-
cation history is obtained, the information is used to ensure that
any deviation from prescribing as the patient moves through
the health care system is deliberate and based on acute changes
in the patient’s condition. If a discrepancy is an intended ther-
apeutic decision by the prescribing clinician, appropriate doc-
umentation with either the reason for or intention to change,
hold, or discontinue the medication should be completed in a
manner that is clear to all members of the health care team.
Unintentional variances in the lists should be considered as
potential medication errors pending clarification from the pre-
scribing clinician.

Since medication errors are most commonly seen at inter-
faces of care, the essential times to conduct medication recon-
ciliation are when a patient is admitted to, transferred within
(setting, service, practitioner, or level of care change), or dis-
charged from a health care facility.16,17 A crucial final step in
the reconciliation process and a vital piece of MTMS occurs at
discharge to avoid therapeutic duplication, drug interactions,
and omissions of medications that may have been discontin-
ued or placed on hold during hospitalization. On departure
from the health care facility, a complete list of the patient’s
medications must be communicated to the patient and the next
provider of service regardless of whether it is within or outside
the organization. It is important to realize that efforts to im-
plement a medication reconciliation process should not focus
simply on fulfilling a Joint Commission standard but that this
process allows for informed prescribing decisions and creates
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a safer environment for patients by improving the accuracy of
medication administration throughout the continuum of care.

Perhaps the most important aspect of the medication history
is to ensure that no assumptions related to medication use go
unverified with the patient. The provider should ask questions
related to how the current medication therapy is actually taken
by the patient. The interviewer should then compare the use
of medications as defined by the patient to the prescription
information on the bottle or in the PIS/EMR. This information
may identify discrepancies or misunderstandings between the
prescriber and patient. As discussed previously, the patient may
not have adequate health literacy, and the interpretation of the
medication instructions printed on the bottle or described by
a health professional may not be understandable to a patient.
The review of the medication history is an opportune time to
identify and clarify such misunderstandings.

2. P.J. has indicated that she is injecting insulin to treat her
diabetes. What questions might be asked to evaluate P.J.’s use of
and response to insulin?

The following types of questions, when asked of P.J., should
provide the practitioner with information on P.J.’s understand-
ing about the use of and response to insulin.

Drug Identification and Use
� What type of insulin do you use?
� How many units of insulin do you use?
� When do you inject your insulin in relationship to meals?
� Where do you inject your insulin? (Rather than the
more judgmental question, “Do you rotate your injection
sites?”)

� Please show me how you usually prepare your insulin for
injection. (This request of the patient requires the patient
to demonstrate a skill.)

� What, if anything, keeps you from taking your insulin as
prescribed?

Assessment of Therapeutic Response
� How do you know if your insulin is working?
� What blood glucose levels are you aiming for?
� How often and when during the day do you test your blood
glucose concentration?

� Do you have any blood glucose records that you could
share with me?

� Would you show me how you test your blood glucose con-
centration?

� What is your understanding of the hemoglobin A1c blood
test?

� When was the last time you had this test done?
� What were the results of the last hemoglobin A1c test?

Assessment of Adverse Effects
� Do you ever experience reactions from low blood glucose?
� What symptoms warn you of such a reaction?
� When do these typically occur during the day?
� How often do they occur?
� What circumstances seem to make them occur more fre-
quently?

� What do you do when you have a low blood glucose?

The patient’s responses to these questions on drug use, ther-
apeutic response, and adverse effects will allow a quick assess-

ment of the patient’s knowledge of insulin and whether she is
using it in a way that is likely to result in blood glucose con-
centrations that are neither too high nor too low. The responses
to these questions also should provide the practitioner with in-
sight about the extent to which the patient has been involved in
establishing and monitoring therapeutic outcomes. Based on
this information, the practitioner can begin to formulate the
patient’s therapeutic plan.

Social History
The social history is used to determine the patient’s occupation
and lifestyle; important family relationships or other support
systems; any particular circumstances (e.g., a disability) or
stresses in her life that could influence the MAP; and attitudes,
values, and feelings about health, illness, and treatments.

3. A patient’s occupation, lifestyle, insurance status, ability to
pay, and attitudes often can determine the success or failure of
drug therapy. Therefore, P.J.’s prescription drug coverage, nutri-
tional history, her level of activity or exercise in a typical day or
week, the family dynamics, and any particular stresses that may
affect glucose control need to be documented and assessed. What
questions might be asked of P.J. to gain this information?

Work
� Describe a typical work day and a typical weekend day.

Insurance/Cost
� What type of prescription drug coverage do you have?
What are the copays for your insulin and diabetic sup-
plies? How often do you go without your insulin or sup-
plies due to cost?

Exercise
� Describe your exercise habits. How often, how long, and
when during the day do you exercise? Describe how you
change your meals or insulin when you exercise.

Diet
� How many times per day do you usually eat? Describe
your usual meal times.

� What do you usually eat for each of your main meals and
snacks?

� Are you able to eat at the same time each day?
� What do you do if a meal is delayed or missed?
� Who cooks the meals at home? Does this person under-
stand your dietary needs?

� How often do you eat meals in a restaurant?
� How do you order meals in a restaurant to maintain a
proper diet for your diabetes? (Note: This is asked of pa-
tients who frequently dine in restaurants.)

Support Systems
� Who else lives with you? What do they know about di-
abetes? How do they respond to the fact that you have
diabetes? How do they help you with your diabetes man-
agement? Does it ever strain your relationship? What are
the issues that seem to be most troublesome? (Note: These
questions apply equally to the workplace or school setting.
Often, the biggest barrier to multiple daily injections is
refusal of the patient to inject insulin while at work or
school.)
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Table 1-4 Elements of the Problem Oriented Medical Recorda

Problem name: Each “problem” is listed separately and given an
identifying number. Problems may be a patient complaint (e.g.,
headache), a laboratory abnormality (e.g., hypokalemia), or a specific
disease name if prior diagnosis is known. When monitoring previously
described drug therapy, more than one drug-related problem may be
considered (e.g., nonadherence, a suspected adverse drug reaction or
drug interaction, or an inappropriate dose).Under each problem name,
the following information is identified:

Subjective Information that explains or delineates the reason
for the encounter. Information that the patient
reports concerning symptoms, previous
treatments, medications used, and adverse effects
encountered.These are considered
nonreproducible data because the information is
based on the patient’s interpretation and recall of
past events.

Objective Information from physical examination, laboratory
results, diagnostic tests, pill counts, and pharmacy
patient profile information.Objective data are
measurable and reproducible.

Assessment A brief but complete description of the problem,
including a conclusion or diagnosis that is
supported logically by the above subjective and
objective data. The assessment should not include
a problem/diagnosis that is not defined above.

Plan A detailed description of recommended or intended
further workup (laboratory radiology,
consultation), treatment (e.g., continued
observation: physiotherapy, diet, medications,
surgery), patient education (self-care, goals of
therapy, medication use and monitoring),
monitoring, and follow-up relative to the above
assessment.

aSometimes referred to as the SOAP (subjective; objective, assessment, plan) note.

Attitude
� How do you feel about having diabetes?
� What worries or bothers you most about having diabetes?
(Note: Participate in the patient’s care. This approach is
likely to enhance the patient–provider relationship, which
should translate into improved care.)

APPROACH TO AND ASSESSMENT OF PATIENT THERAPY
The provider–patient encounter will vary based on the location
and type of services provided and access to necessary informa-
tion. However, the general approach to the patient encounter
should follow the problem-oriented medical record (POMR).
Organizing information according to medical problems (e.g.,
diseases) helps to break down a complex situation (e.g., a pa-
tient with multiple medical problems requiring multiple drugs)
into its individual parts.3,4 The medical community has long
used a POMR or SOAP note to record information in the medi-
cal record or chart by using a standardized format (Table 1-4).
Each medical problem is identified, listed sequentially, and as-
signed a number. Subjective data and objective data in support
of each problem are delineated, an assessment is made, and a
plan of action identified. The first letter of the four key words
(subjective, objective, assessment, and plan) serve as the basis
for the SOAP acronym.

The POMR is a general approach and helps to focus the
encounter, which provides a structure for the documentation
of the services provided. The following section will describe
the POMR and SOAP note in more detail.

Problem List
Problems are listed in order of importance and are supported
by the subjective and objective evidence gathered during the
patient encounter. Each problem in the list can then be given
an identifying number. All subsequent references to a spe-
cific problem can be identified or referenced by that number
(e.g., “problem 1” or simply “1”). These generally are thought
of in terms of a diagnosed disease, but they also may be a
symptom complex that is being evaluated, a preventive mea-
sure (e.g., immunization, contraception), or a cognitive prob-
lem (e.g., nonadherence). Problems should be identified based
on the practitioner’s level of understanding. For example, the
symptoms of “difficulty breathing at night” or “two-pillow or-
thopnea” are consistent with the symptom complex of heart
failure (HF); however, these symptoms could be assessed as
individual problems if the student or practitioner is unaware
of the association of these symptoms with HF. Any condition
that requires a unique management plan should be identified
as a problem to serve as a reminder to the practitioner that
treatment is needed for that problem. Different settings and
activities or clinical services will determine the priority of the
problems identified.

Medical problems can be drug related, including prescrib-
ing errors, dosing errors, adverse drug effects, adherence is-
sues, and the need for medication counseling. Drug-related
problems may be definite (i.e., there is no question that the
problem exists) or possible (i.e., further investigation is re-
quired to establish whether the problem really exists). The
most commonly encountered types of drug-related problems
are listed in Table 1-5.4,8

The distinction between medical problems and drug-related
problems sometimes is unclear, and considerable overlap
exists. For example, a medical problem (i.e., a disease, syn-
drome, symptom, or health condition) can be prevented, cured,
alleviated, or exacerbated by medications. When assessing
drug therapy, several situations could exist: treatment is ap-
propriate and therapeutic outcomes have been achieved; drugs
that have been selected are ineffective or therapeutic outcomes
are partially achieved; dosages are subtherapeutic or medica-
tion is taken improperly; an inappropriate drug for the medical
condition being treated has been prescribed or is being used;
or the condition is not being treated.

Likewise, a drug-related problem can cause or aggravate a
medical problem. Such drug-related problems could include
hypersensitivity reactions; idiosyncratic reactions; toxic reac-
tions secondary to excessive doses; adverse reactions (e.g.,
insulin-induced hypoglycemia or weight gain); drug-drug,
drug-disease, drug-laboratory test, and drug-lifestyle interac-
tions; or polypharmacy (using multiple medications), which
may increase the risk of adverse drug events.18

Subjective and Objective Data
Subjective and objective data in support of a problem are
important because assessment of patients and therapies re-
quires the gathering of specific information to verify that a
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Table 1-5 Drug-Related Problems

Drug Needed (also referred to as no drug)
Drug indicated but not prescribed; a medical problem has been

diagnosed, but there is no indication that treatment has been
initiated (maybe it is not needed)

Correct drug prescribed but not taken (nonadherence)

Wrong/Inappropriate Drug
No apparent medical problem justifying the use of the drug
Drug not indicated for the medical problem for which it has been

prescribed
Medical problem no longer exists
Duplication of other therapy
Less expensive alternative available
Drug not covered by formulary
Failure to account for pregnancy status, age of patient, or other

contraindications
Incorrect nonprescription medication self-prescribed by the patient
Recreational drug use

Wrong Dose
Prescribed dose too high (includes adjustments for renal and

hepatic function, age, body size)
Correct prescribed dose but overuse by patient (overadherence)
Prescribed dose too low (includes adjustments for age, body size)
Correct prescribed dose but underuse by patient (underadherence)
Incorrect, inconvenient, or less-than-optimal dosing interval

(consider use of sustained-release dosage forms)

Adverse Drug Reaction
Hypersensitivity reaction
Idiosyncratic reaction
Drug-induced disease
Drug-induced laboratory change

Drug Interaction
Drug-drug interaction
Drug-food interaction
Drug-laboratory test interaction
Drug-disease interaction

problem continues to exist or that therapeutic objectives are
being achieved. Subjective data refer to information provided
by the patient or another person that cannot be confirmed in-
dependently. This is the data most commonly obtained during
a patient interview. Objective data refer to information ob-
served or measured by the practitioner (e.g., laboratory tests,
BP measurements). The objective data is most commonly ob-
tained from the EMR or paper chart (data-rich-environment).
However, some objective data can be obtained in data-poor-
environments. In the absence of a medical record, weight,
height, pulse, BP, blood glucose readings, and other objec-
tive information can be gathered during the provider–patient
encounter.

4. P.N., a 28-year-old man, has a BP of 140/100 mmHg. What is
the primary problem? What subjective and objective data support
the problem, and what additional subjective and objective data
are not provided but usually are needed to define this particular
problem?

The primary problem is hypertension. No subjective data
are given. The objective data are the patient’s age, gender, and
BP of 140/100 mmHg. Each of these is important in designing a
patient-specific therapy plan. Because hypertension often is an

asymptomatic disease (see Chapter 13), subjective complaints
such as headache, tiredness or anxiety, shortness of breath
(SOB), chest pain, and visual changes usually are absent. If
long-term complications such as rupturing of blood vessels in
the eye, glomerular damage, or encephalopathy were present,
subjective complaints might be blurring or loss of vision, fa-
tigue, or confusion. Objective data would include a report by
the physician on the findings of the chest examination (ab-
normal heart or lung sounds if secondary HF has developed),
an ocular examination (e.g., presence of retinal hemorrhages),
and laboratory data on renal function (blood urea nitrogen, cre-
atinine, or creatinine clearance). To place these complications
in better perspective, the rate of change should be stated. For
example, the serum creatinine has increased from a level of
1 mg/dL 6 months ago to a value of 3 mg/dL today. Vague
descriptions such as “eye changes” or “kidney damage” are of
little value, because progressive damage to these end organs re-
sults from uncontrolled high BP, and disease progression needs
to be monitored more precisely.

5. D.L., a 36-year-old construction worker, tripped on a board
at the construction site 2 days ago, sustaining an abrasion of his left
shin. He presents to the emergency department with pain, redness,
and swelling in the area of the injury. He is diagnosed as having
cellulitis. What is the primary problem? What subjective and
objective data support the problem? What additional subjective
and objective data are not provided but usually are needed to
define this particular problem?

The primary problem is cellulitis of the left leg. Useful
pieces of subjective information are D.L.’s description of how
he injured his shin at a construction site and his current com-
plaints of pain, redness, and swelling. The fact that he was at a
construction site is indirect evidence of a possible dirty wound.
Further information must be obtained about how he cleaned the
wound after the injury and whether he has received a booster
dose of tetanus toxoid within the past 10 years. Objectively,
the wound is on the left shin. No other objective data are given.
Additional data to obtain would be to document the intensity of
the redness on a one-to-four-plus scale, the size of the inflamed
area as described by an area of demarcation, the circumference
of his left shin compared with his right shin, the presence or ab-
sence of pus and any lymphatic involvement, his temperature,
and a white blood cell count with differential.

6. C.S., a 58-year-old woman, has had complaints of fatigue,
ankle swelling, and SOB, especially when lying down, for the past
week. Physical examination shows distended neck veins, bilateral
rales, an S3 gallop rhythm, and lower extremity edema. A chest
radiograph shows an enlarged heart. She is diagnosed as having
HF and is being treated with furosemide and digoxin. What is/are
the primary problem(s)? What subjective and objective data sup-
port the problem(s)? What additional subjective and objective
data are not provided but usually are needed to define this (these)
particular problem(s)?

The primary problem is systolic HF. Subjectively, C.S.
claims to be experiencing fatigue, ankle swelling, and SOB,
especially when lying down. She claims to have been tak-
ing furosemide and digoxin. An expanded description of these
symptoms and her medication use would be helpful. The find-
ings on physical examination and the enlarged heart on chest
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radiograph are objective data in support of the primary problem
of HF. In addition, other objective findings that would help in
her assessment would be the pulse rate, BP, serum creatinine,
serum potassium concentration, and digoxin blood level and a
more thorough description of the rales on lung examination,
extent of neck vein distension, and degree of leg edema. Phar-
macy records could be screened to determine current dosages
and refill patterns of the medications.

In this case, a second primary problem may be present. Cur-
rent recommendations for the management of HF include use
of an angiotensin-converting enzyme (ACE) inhibitor before or
concurrent with digoxin therapy. Thus, a possible drug-related
problem is the inappropriate choice of drug therapy (“wrong
drug”). The patient and/or prescriber should be consulted to
ascertain whether an ACE inhibitor has been used previously, if
any contraindications exist, or if possible adverse effects were
encountered.

Assessment
After the subjective and objective data have been gathered in
support of specific listed problems, the practitioner should as-
sess the acuity, severity, and importance of these problems. She
should then identify all factors that could be causing or con-
tributing to the problem. The assessment of the severity and
acuity is important because the patient expects relief from the
symptoms that are of particular concern at this time. During
the initial encounter with a patient, it might be discovered that
the medical problem is only a symptom complex and that a
diagnosis is needed to more accurately identify the problem
and further define its severity.

The assessment is usually performed during or immedi-
ately following the data gathering while the provider keeps in
mind evidence-based practices. For example, if diabetes is as-
sessed and pertinent subjective data (medication history, social
history, diet and exercise, etc.) and objective data exist (labs
like glycosylated hemoglobin [A1c], low-density lipoprotein
cholesterol [LDL-C], BP, etc.), then the assessment of dia-
betes may be to determine if the patient is meeting the goals
for the disease as defined by the ADA. If the patient is not at
goal, then the explanation of the reasons why would be de-
scribed in the assessment, and the plan would then be centered
on helping that patient get to goal. Sometimes, the distinction
between subjective information provided by the patient and as-
sessments made by the practitioner are confused in the POMR.
What the patient reveals belongs in the subjective data, and how
the provider interprets it belongs in the assessment. For exam-
ple, a patient stating that she is having difficulty affording her
medications belongs in the subjective information. However, a
patient appearing to have difficulty affording her medications
belongs in the assessment, as it is the provider’s interpretation
of what the patient has stated.

Drug Therapy Assessment
A responsibility of the practitioner is to monitor the response
of patients to prescribed therapeutic regimens. The purpose of
drug therapy monitoring is to identify and solve drug-related
problems and to ensure that all therapeutic objectives are be-
ing achieved. Unless proven otherwise, the medical diagnosis
should be assumed to be correct. On occasion, the diagnosis
may not be readily apparent, or a drug-induced problem may
have been diagnosed incorrectly as being a disease entity.

Nurses, pharmacists, physicians, physician assistants, and
other health care practitioners share the responsibility to assess
and monitor patient drug therapy. For the pharmacist, the drug
therapy assessment may occur in many practice settings, in-
cluding the community pharmacy while dispensing or refilling
prescriptions or counseling patients, during MTMS encoun-
ters, assessing therapy for the hospitalized patient, through
medication reconciliation, or as part of routine monthly eval-
uations of patients residing in long-term care facilities. Many
states have enacted legislation allowing pharmacists to develop
collaborative drug therapy agreements with physicians for dis-
ease state management of common disorders such as asthma,
diabetes, dyslipidemia, and hypertension. Additional services
commonly provided by pharmacists through collaborative drug
therapy agreements include anticoagulation monitoring, emer-
gency contraception, and immunizations.5 These services of-
ten involve more detailed drug therapy assessment and may
occur within or outside the traditional pharmacy setting. Re-
gardless, the patient’s need (this should be the primary con-
sideration), time constraints, working environment (a determi-
nant of the amount of patient information that is available), and
practitioner’s skill level governs the extent of monitoring. Sim-
ilarly, the exact steps used to monitor therapy and the order in
which they are executed need to be adapted to a practitioner’s
personal style. Thus, the examples given in this chapter should
be used by the reader as a guide rather than as a recipe in a
cookbook.

Plan
After the problem list is generated, subjective and objective
data are reviewed, and the severity and acuity of the prob-
lems are assessed and prioritized, the next step in the problem-
oriented (i.e., SOAP) approach is to create a plan, which at
the minimum should consist of a diagnostic plan and a MAP
that includes patient education. The plan is the action that was
justified in the assessment. The plan is clear and direct and
does not require explanation (this should be explained in the
assessment). For example, if a patient is experiencing consti-
pation while taking an opioid pain reliever, the plan would be
to recommend a stool softener and stimulant laxative such as
docusate sodium and bisacodyl. The plan should also include
any follow-up that would be necessary related to the action
taken.

Patient Education
Educating patients to better understand their medical prob-
lem(s) and treatment is an implied goal of all treatment plans.
This process is categorized as the development of a patient
education plan. The level of teaching has to be tailored to the
patient’s needs, health literacy, willingness to learn, and gen-
eral state of health and mind. The patient should be taught
the knowledge and skills needed to achieve and evaluate his
therapeutic outcome. An important component of the patient
education plan emphasizes the need for patients to follow pre-
scribed treatment regimens.

The POMR will allow the provider to focus the interview
and encounter independent of the site or service offered. The
POMR facilitates documentation of the provision of MTMS
across multiple sites and services (across the continuum of
care).
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The next few sections will discuss how to approach MTMS
in various clinical settings.

MEDICATION THERAPY MANAGEMENT SERVICES IN THE
COMMUNITY PHARMACY/AMBULATORY SETTING
The core elements of MTMS have been described by the Amer-
ican Pharmacists Association (APhA) and the National Asso-
ciation of Chain Drug Stores.19 According to these organiza-
tions, the core elements of MTMS should include the following
components:

1. Medication Therapy Review (MTR)
2. Personal Medication Record (PMR)
3. Medication Action Plan (MAP)
4. Intervention and referral
5. Documentation of services/Billing for services

Medication Therapy Review (MTR)
The MTR may be a comprehensive review in which the
provider reviews all of the medications the patient is currently
taking, or it may be a focused review of one medication-related
issue such as an adverse event. Examples of services provided
during the MTR are described in Table 1-6. MTR is dependent
on the information that is available from the patient or other
data sources. Community pharmacies may be a data-poor envi-
ronment, and access to necessary information may be limited.
In some ambulatory clinics, the provider may have access to
the EMR (data-rich environment). Regardless of the setting,
a necessary tool to help with the gathering of the medication
information is the PMR. This medication record should be
updated after any change in medication therapy and should be
shared with other health care providers. The patient is responsi-
ble for the upkeep of the PMR, but the PMR requires periodic
review by the pharmacist or other provider. The goal of this
record is to promote self-care and ownership of the medica-
tion regimen.19 The PMR should be used at all levels of care,
thereby facilitating the medication reconciliation process re-
quired across the continuum of care. An example of a PMR is
shown in Figure 1-3.

Table 1-6 Examples of Services Provided During a
Medication Therapy Review

� Assess the patient’s health status
� Assess cultural issues, health literacy, language barriers, financial

status, and insurance coverage or other patient characteristics that
may affect the patient’s ability to take medications appropriately

� Interview the patient or caregiver to assess, identify, and resolve
actual or potential adverse medication events, therapeutic
duplications, untreated conditions or diseases, medication
adherence issues, and medication cost considerations

� Monitor medication therapy, including response to therapy, safety,
and effectiveness

� Monitor, interpret, and assess patient laboratory values, especially
as they relate to medication use/misuse

� Provide education and training on the appropriate use of
medications

� Communicate appropriate information to other health
professionals, including the use and selection of medication therapy

Adapted from reference 19.

Once the patient interview has occurred and the PMR has
been updated, the provider may still require information to
make an assessment. In such cases, the provider must do his
best with the available information, or may obtain missing in-
formation such as the medical history or objective data from
other providers. Lack of objective information is common in
the community pharmacy setting, and the ability to address
all problems effectively may be limited in this data-poor en-
vironment. In some encounters, obtaining the necessary in-
formation may take the entire visit, necessitating a follow-up
encounter.

Medication Action Plan (MAP)
If adequate information is available to assess the current prob-
lem, a MAP should be developed. Because the MAP is patient
centered and is prioritized based on the urgency of need, the
provider and the patient should develop it together. An example
of a MAP can be seen in Figure 1-4.

The MAP often describes the intervention performed in an
MTM encounter and may serve as documentation that can be

Patient: M.C.

ALLERGIES:  None
Type of reaction: N/A

Primary Physician:
Dr. Sara Smith
(555-3971)

Pharmacist:
Mary Doe
(555-5551)

Date Prepared:
4/2/08

Date
Updated:
5/2/08

Start
Date

Medication
(generic)

Dosage Route Times per
Day

Scheduled
Times

Purpose for Use Remarks Prescriber
(Phone)

Stop Date

1/2/08

1/2/08

1/2/08

1/2/08

4/2/08

(lisinopril)

(metoprolol)

(glipizide)

(propoxyphene/
acetaminophen)

Crestor®
(rosuvastatin)

40 mg

50 mg

5 mg

100 mg/650 mg

40 mg By mouth

By mouth

By mouth

By mouth

By mouth Once

Once

Once

Twice

Up to four
times a day
if needed

9 a.m.

9 a.m. and
9 p.m.

9 a.m.

9 a.m., 2 p.m.,
9 p.m., 2 a.m.

9 a.m.

High blood pressure

High blood pressure

Diabetes

Back pain

Cholesterol

Take 30 minutes prior
to breakfast

Take with food.  Do not
take this medicine with
other acetaminophen
products (Tylenol®).
Do not take this
medication unless you
have pain.

Ted Hart, MD
(555-1234)

Sara Smith, MD
(555-3971)

Sara Smith, MD
(555-3971)

Sara Smith, MD
(555-3971)

Sara Smith, MD
(555-3971)

Bring this Personal Medication Record with you to all visits with health care providers and if you are admitted to a hospital.  Contact your pharmacist regarding questions or updates.

FIGURE 1-3 Example of a Personal Medication Record (PMR).
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    For your muscle weakness and soreness

Stop Crestor® (rosuvastatin) 40 mg. We asked Dr. 
Hart to change to a lower dose or different agent such as
simvastatin. Obtain blood test from Dr. Hart’s office. 
Follow-up with Dr. Hart in 2 days.

    Medicine Cost

We have asked Dr. Hart to stop Crestor® (rosuvastatin)
as it is too expensive. A generic medicine such as
simvastatin will costs you less and was recommended
to Dr. Hart as an alternative.  Continue to ask your
pharmacist and doctor if the medications you are
taking are covered by your Medicare Part D plan and
if there are any alternatives that might be less expensive
for you. 

    For Pain

Talk to Dr. Sara Smith about other pain medicines
because the Darvocet® (propoxyphene and
acetaminophen) may not work as well as other choices. 
Some choices might include other medicines such as
Vicodin® (hydrocodone and acetaminophen), over the
counter acetaminophen, or medicines like naproxen or
ibuprofen.

Action Steps               What I need to do... Notes             What I did when I did it...

My next appointment with my pharmacist is on: __________ (date) at ______       AM     PM

This form is based on forms developed by the American Pharmacist Association and the National Association of Chain Drug Store Foundation.
Reproduced with permission from APhA and NACDS Foundation.

Patient:
Provider (Phone):
Pharmacy/Pharmacist (Phone):
Date Prepared:

M.C.
Dr. Sara Smith (555-3971)
RiteMart/Mary Doe, PharmD (555-5551)
May 2,  2008

My Medication – Related Action Plan

The list below has important Action Steps to help you get the most from your medications.  
Follow the checklist to help you work with your pharmacist and providers to manage your

medications AND make notes of your actions next to each item on your list

FIGURE 1-4 Example of a Medication Action Plan (MAP).

shared with the patient and other health care providers (like
the PMR). The primary purpose of the MAP is to make the
action plan patient centered and to provide the patient with
documentation of what they need to do next in the action plan.
It also provides space for the patient to document what they
did related to this action and when they did it. In some in-
stances, the MAP may involve referral to another provider (a
physician or pharmacist with additional qualifications) if the
issue is beyond the scope of the intervening pharmacist. Some
reasons for referral may include diabetes education by a certi-
fied diabetes educator, diagnosis of a new or suspected medical
condition, or laboratory testing that may be beyond the scope
of the pharmacist.

Coordination of care is a key element of MTMS and MTR.2

This may include improving the communication between the
patient and other health care providers, enhancing the patient’s
understanding of his health issues or concerns, maximizing
health insurance coverage, advocating on behalf of the patient
to get needed medications utilizing available resources and
programs, and various other functions that will improve the
patient’s understanding of their health care environment and
promote self-care. Coordination of care may be the primary

action taken on behalf of the patient and may be included in
the MAP.

Documentation of Services
The development of a documentation process is a necessary
component of MTMS.19 Documentation should be standard-
ized and based on the POMR format. All appropriate records,
including the PMR and MAP, should be shared with other
providers to promote communication and continuity of care.
If the encounter requires follow-up, the documentation should
reflect the timing of the follow-up care, and any expectations of
the patient and providers should be included. Thorough doc-
umentation of the encounter allows all providers to quickly
assess the progress of the patient and determine that the de-
sired outcome has been achieved.

Billing for Medication Therapy
Management Services
Although billing for MTMS is not universally accepted by all
payers, the introduction of the national provider identifier (NPI)



1-16 � GENERAL PRINCIPLES

and pharmacist-specific current procedural terminology (CPT)
codes may soon make this a reality.5,20 The implementation
of Medicare Part D in 2006 allowed pharmacists in pharma-
cies contracted with prescription drug plans to provide MTMS
to plan-identified Medicare recipients. Pharmacists bill these
plans through the contracted pharmacy by using their individ-
ual NPI and one of three CPT codes. The NPI number des-
ignates the provider to be paid, and the CPT determines the
amount of payment based on the services rendered. The CPT
codes specific to pharmacists providing MTMS include the
following:

CPT 99605: Initial face-to-face assessment or intervention by
a pharmacist with the patient for 1 to 15 minutes

CPT 99606: Subsequent face-to-face assessment or interven-
tion by a pharmacist with the patient for 1 to 15 minutes

CPT 99607: Each additional 15 minutes spent face-to-face by
a pharmacist with the patient; used in addition to 99605
or 99606

Although the NPI number and CPT codes allow pharma-
cists to bill for MTMS, the reimbursement varies by plan and
negotiated contract and is beyond the scope of this text. Phar-
macists have also developed patient self-pay reimbursement
strategies as well as contracts with self-insured employers and
state-run Medicaid programs to provide services.21,22

7. M.C. is a 76-year-old female who comes to an appoint-
ment at the community pharmacy with her daughter for a fo-
cused MTR. She has a Medicare Part D prescription drug plan
and is asking for help with her medication costs. She indicates
that she has type 2 diabetes, hypertension, back pain, and hy-
perlipidemia. Her medications include lisinopril 40 mg once
daily, metoprolol 50 mg twice daily, glipizide 5 mg once daily,
propoxyphene/acetaminophen 100 mg/650 mg one tablet every
6 hours as needed for pain, and rosuvastatin 40 mg once daily.
M.C. tells you that she has trouble paying for her rosuvastatin
(tier 3, $60 copayment) and would rather have something generic
that costs less (tier 1, $5 copayment). Further, she complains of
muscle soreness and weakness over the last 3 weeks. What ob-
jective information can be obtained in a community pharmacy
setting? What is the primary problem? What additional infor-
mation is necessary to determine the cause of her problem? How
would a clinician assess and document her problem(s) in a SOAP
format?

Although generally not considered a data-rich environment,
increasing amounts of objective information can be gathered
during the patient encounter at a community pharmacy. Specif-
ically, information such as weight, BP, temperature, and finger-
stick glucose and cholesterol levels can be measured if indi-
cated for this patient. This information may be useful to the
community pharmacist when performing the MTR in order to
determine if the medications are achieving the desired thera-
peutic outcomes. Although the patient presented for MTR, the
primary complaint is the patient’s self-reported muscle weak-
ness and soreness over the last 3 weeks. It is impossible to de-
termine if this problem is a medication-related adverse event,
because she did not provide a medication history or PMR. As-
suming that M.C. is a patient of this pharmacy, the practitioner
could gather the necessary medication history from the PIS.

Because the patient is present, this is a good opportunity to
develop a PMR with M.C. While developing the PMR with
the patient, the practitioner should gather additional informa-
tion from M.C. about her medication use. For example, the
name of one of M.C.’s medicines could be read with the prac-
titioner continuing to ask open-ended questions such as, “How
do you take this medication?” “What is your routine for tak-
ing your medication?” and “What types of problems, if any,
have you had while using this medication?” This process will
help to quickly identify any medication discrepancies between
the pharmacy computer system and the patient’s understand-
ing of medication administration. If discrepancies are noted,
the practitioner can clarify them with M.C. right away as part
of the intervention. The PMR should also include a section
to list medication allergies. The type of reaction should also
be included on the PMR so that other providers will know the
severity of the medication allergy (i.e., intolerance vs. anaphy-
lactic reaction).

Based on data gathered from the pharmacy computer and
M.C., a PMR (depicted in Fig. 1-3) could be developed. Once
the PMR has been developed, the provider will have more in-
formation to determine if the current problem is medication
related. Unfortunately, reviewing the medications alone often
does not provide enough information to determine if M.C.
is experiencing a medication-related event. Further question-
ing may be necessary. M.C. should be asked questions such
as “How often do you experience muscle weakness and sore-
ness?” “Which muscles are hurting?” “Show me where the
problem is,” “What do you think is causing the problem?” or
“Describe the problem you are experiencing in more detail.”
Asking questions related to the onset of her symptoms of mus-
cle soreness and weakness will help to determine whether this
is a medication-related problem.

Based on this questioning and the PMR, the practitioner
can develop an assessment of the current problem that she is
experiencing. As indicated on the PMR, M.C. started rosu-
vastatin most recently. The initiation of this medication cor-
responds to the onset of her recent soreness and weakness.
HMG-coA reductase inhibitors like rosuvastatin are known to
cause myositis, or muscle breakdown, which may lead to weak-
ness and muscle soreness. Furthermore, the prescribed dose is
high for a female of M.C.’s age. Based on this information,
an assessment of the problem can be pursued. If rosuvastatin
is the suspected agent, the plan would include actions neces-
sary to solve the problem or to determine if rosuvastatin is the
cause of her muscle soreness and weakness. Unfortunately, all
of the necessary information is not available (e.g., her baseline
cholesterol, serum creatinine, liver function tests, or creatine
kinase levels) to develop a formal plan of action to resolve the
adverse medication event. However, part of the plan may be to
obtain the labs necessary to identify or act on the adverse med-
ication event. An example of the documentation of the SOAP
note follows.

PRIMARY PROBLEM:
Muscle soreness and weakness (possible adverse medica-
tion event)
SUBJECTIVE:
M.C. reports weakness and soreness, predominantly in her
legs over the past 3 weeks. She has difficulty rising from
her chair after sitting for long periods and describes the
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pain as aching. The patient reports taking her medications
as prescribed and rarely misses a dose.
OBJECTIVE:
Total Cholesterol: 137 mg/dL; LDL-C: 56 mg/dL; HDL: 54
mg/dL; Triglycerides: 136 mg/dL
Temperature: 98.5◦F
ASSESSMENT:
M.C. has muscle weakness and soreness in her large muscle
groups. She is currently at the recommended LDL-C goal
level for a person with diabetes and hypertension per NCEP
ATP III guidelines (very-high-risk LDL-C goal is <70
mg/dL).23 Her current lipid therapy is rosuvastatin 40 mg
once daily, which was started by her cardiologist 4 weeks
ago. The initiation of rosuvastatin 40 mg correlates to the
timing of her muscle soreness and weakness. HMG-coA
reductase inhibitors (i.e., rosuvastatin) are known to cause
myositis/myalgias, and this patient is at particular risk given
her age, gender, and starting dose. It is possible that the ro-
suvastatin could be causing her muscle soreness and weak-
ness. Other lipid-lowering agents could be tried or the dose
of rosuvastatin could be reduced, which might eliminate or
reduce this adverse event. A creatine kinase level should be
obtained to determine the severity of the myositis. A serum
creatinine should also be measured, as myositis can lead to
renal damage and rhabdomyolisis in severe cases; however,
this is usually accompanied by fever and other symptoms
that the patient is not currently experiencing.
PLAN:
� Discussed the possibility of an adverse medication event,
which included the signs and symptoms of myalgias and
myositis.

� Contacted Dr. Hart (M.C.’s cardiologist) to discuss the
current problem with rosuvastatin.

� Per discussion with Dr. Hart, will obtain a creatine kinase
level and serum creatinine.

� Discontinue rosuvastatin per the pharmacist recommen-
dation. Dr. Hart agreed that M.C. should temporarily stop
her rosuvastatin until her laboratory values are reviewed.

� Alternative dosing of rosuvastatin 5 mg or another equiv-
alent agent (atorvastatin 10 mg or simvastatin 20 mg) was
discussed with Dr. Hart.

� M.C. is to see Dr. Hart in the cardiology clinic in 2 days
to discuss the laboratory values and alternative therapies.

� Discussed the entire plan with M.C., and she verbalized
understanding of steps that she is to take with respect to
her current medication-induced problem.

8. Based on M.C.’s medication profile, what other problems
can be identified with her medication therapy? What can be done
to address these issues?

There are three remaining issues that may need to be
addressed. The first issue relates to the pain medicine
(propoxyphene/acetaminophen) that M.C. is taking. It is well
documented that propoxyphene is not an effective opioid
pain reliever, and it may lead to increased adverse events
in the elderly.24 Other prescription medications such as hy-
drocodone/acetaminophen or nonprescription medication such
as acetaminophen alone or nonsteroidal anti-inflammatory
drugs could be used to help treat M.C.’s pain (see Chapters
8 and 99). Second, it is not clear from the current informa-

Table 1-7 Cost Containment Strategies

Patient with Prescription Drug Coverage
� Maximize generic drugs
� Maximize formulary coverage

Switch to agents covered on the least expensive formulary tier
� If patient has Medicare Part D, determine eligibility for

low-income subsidy through the Social Security Administration
� Consider mail-order prescription programs

Uninsured Patient
� Use low-cost generic programs (e.g., Rx Outreach, Wal-Mart,

Target generic programs)
� Switch to therapeutically equivalent lower-cost brand name

drugs when generics are unavailable
� Consider tablet splitting, if appropriate
� Consider pharmaceutical industry–sponsored patient assistance

programs
� Determine if the patient is eligible for Medicaid, Medicare,

Medicare Part D, or other assistance programs

tion if the various providers are communicating. It is the re-
sponsibility of the pharmacist to help coordinate care between
multiple prescribers as described by the APhA MTMS con-
sensus document.2 Therefore, it is important to be sure that
both providers (Drs. Smith and Hart) receive a copy of the
documentation of the issues addressed during the visit (SOAP
note).

Finally, M.C. came into the pharmacy asking for help with
her medication costs. In order to assess this problem, it is im-
portant to ask if there are specific cost issues with a particu-
lar drug or if it is her overall medication regimen that causes
her concern. Another important question to ask is if she has
stopped taking any medications or changed the way that she
takes her medications due to cost. Many patients will discuss
cost and adherence issues with their pharmacist, because the
point of sale for medications occurs at the pharmacy. How-
ever, they may not discuss this problem with the prescriber.
Cost and nonadherence due to cost may be medication-related
problems that the pharmacist must communicate to the pre-
scriber on behalf of the patient. In assessing drug cost, there
are several steps that can be taken. First, determine the patient’s
ability to pay for medications; implement low-cost, medically
appropriate interventions targeted to patient needs; facilitate
enrollment into relevant benefit programs; and confirm medi-
cation changes with the patient and prescribers (Table 1-7).

For M.C., the rosuvastatin is her biggest concern, as it costs
$60 per month and her Medicare Part D plan lists it as a non-
preferred (tier 3) agent on the formulary. With the possible
discontinuation of her rosuvastatin, it is important for the phar-
macist to anticipate her need for an alternative lipid-lowering
agent and to determine if there are cost-effective formulary al-
ternatives that may be appropriate. This information can then
be relayed to the prescriber. Furthermore, the alternative lipid-
lowering formulary choice can be integrated into the plan de-
veloped for the primary issue of muscle soreness and weakness
(see Question 7 above). The integration of multiple problems
is a complicated but important aspect of the MAP.

9. What additional information can be provided to M.C. at
this time?
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As discussed previously, an important part of MTMS in-
volves the MAP. The MAP is a document that may empower the
patient and promote self-care. The information on the MAP is
important for both the patient and provider and facilitates com-
munication among multiple providers. When a patient presents
the PMR and MAP to all providers, complex medication infor-
mation can be shared across the continuum of care. An example
of M.C.’s MAP is included in Figure 1-4.

Because extensive information was communicated to the
patient and other providers, follow-up (phone or face-to-face)
would be appropriate and necessary to determine the resolution
to the medication-related issues identified. Follow-up should
occur in a timely manner, likely after M.C. has obtained the
necessary labs and has been evaluated by her cardiologist as
outlined in the plan. The follow-up should include questions
related to the changes that were (or were not) made based on
the practitioner recommendations and any new issues that have
surfaced. Follow-up should be considered after any encounter
in which an action plan is developed in order to determine if the
medication-related problem has been resolved. Additionally,
problems may be identified and prioritized during the initial
visit but, due to time constraints, may not be addressed. A
follow-up visit allows for assessment of these problems.

10. Assuming that the pharmacy provider had an NPI number
and a contract with M.C.’s Medicare Part D prescription drug
plan, how could the 30 minutes spent with M.C. be billed to her
insurance?

Provided that M.C. was identified by her Medicare prescrip-
tion drug plan as eligible for MTMS, the practitioner could bill
for the 30-minute encounter. Using the practitioner’s NPI num-
ber and the appropriate CPT codes, the practitioner could bill
for one CPT 99605 (for the first 15 minutes of initial face-to-
face MTM encounter) and one CPT 99607 (for an additional
15 minutes spent with the patient in a face-to-face MTM en-
counter). M.C.’s Medicare Part D plan may require the practi-
tioner to bill the prescription drug plan initially, and then the
plan would pay the community pharmacy directly instead of
reimbursing the individual pharmacist. Documentation of the
visit would need to be stored at the site of the encounter in case
any information was requested from M.C.’s prescription drug
plan.

MEDICATION THERAPY MANAGEMENT IN THE
ACUTE CARE SETTING

11. M.C. has just been hospitalized in a large medical center
for renal failure and urosepsis. The pharmacist has access to the
medical chart, nursing record, MAR, and a computer that di-
rectly links to the clinical laboratory. The pharmacists at this
facility assess the patient’s drug therapy and routinely provide
clinical pharmacokinetic monitoring. How would the pharmacist
approach M.C. differently in this inpatient setting compared with
the pharmacist in Question 7 who worked in a community phar-
macy?

Similar to the outpatient setting, the SOAP format is often
used when documenting the encounter of the hospitalized pa-
tient; however, obtaining the information needed poses unique
challenges. In this setting, subjective information may be more

difficult to obtain at the time of assessment in those patients
presenting with cognitive impairment resulting from their acute
condition, such as the seriously ill or injured. Objective data,
on the other hand, is more readily available and retrievable
with access to pharmacy, laboratory, and other medical record
information. On admission to the health care facility, the med-
ication reconciliation process should be initiated to identify
any variances in the admission orders when compared with the
patient’s home medication list. With acute medical problems
superimposed on chronic conditions, it is not unusual to have
new medications added and home medications held, changed,
or discontinued.

Assessing the appropriateness of drug therapy requires a
basic understanding of both pharmacokinetic (e.g., absorp-
tion, distribution, metabolism, and elimination of the drug) and
pharmacodynamic (e.g., the relief of pain with an analgesic or
reduction of BP with an antihypertensive agent) principles.
This detailed assessment and monitoring is dependent on the
availability of robust patient and laboratory data. The inpa-
tient setting is a relatively data-rich environment where access
to needed information is generally readily available. Knowl-
edge of the patient’s height, body weight, and hepatic and re-
nal functions are essential for proper dosage considerations.
The type of hospitalized patient will vary from the short-stay,
otherwise healthy elective surgery patient to the critically ill,
hemodynamically compromised patient. The pharmacist must
be intimately aware of how pharmacokinetics and pharmaco-
dynamics can be markedly altered throughout the hospitaliza-
tion or disease-state process in each patient evaluated. This
heightened awareness will allow for timely interventions and
minimize medication errors resulting from improper or delayed
dosage adjustments as the clinical status of the patient changes.
Drug level monitoring may be suitable for certain medications
and are of great clinical value; nevertheless, it is important to
take into consideration clinical response to drug therapy along
with the assessment of a specific laboratory value. Accurate
interpretation of any drug level requires review of the nursing
MAR (or eMAR), evaluating time of drug administration to
that of serum sample acquisition. When serum drug levels are
obtained, they must be reviewed for validity before alterations
in medication regimens are made. If a serum drug concentra-
tion seems unusually high or low, the clinician must consider
all of the various factors that might influence the serum concen-
tration of the drug in that particular patient. When the reason
for an unexpected abnormal serum drug concentration is not
apparent, the test should be repeated before considering a dose
change that may cause supra- or subtherapeutic concentrations
resulting from erroneous data.

When M.C. was seen in the community pharmacy, the phar-
macist assessed her chronic conditions (diabetes, hyperten-
sion, and hyperlipidemia and her cost issues), and her drug
therapy. Monitoring in the community pharmacy–based MTM
program will occur at regular time intervals and is less sen-
sitive to the day-to-day changes of the patient. However, in
the inpatient setting, M.C. has acute conditions (renal failure
and urosepsis) superimposed on her chronic conditions. Mon-
itoring of medication therapy will occur frequently, resulting
in a dynamic treatment plan for her acute and chronic con-
ditions.

Although the inpatient setting is relatively data rich, the in-
formation gathered and the assessment and plan formulated in
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the facility must be communicated to other providers once the
patient is discharged. At a minimum, communication of the
patient’s new medication therapy regimen (or PMR) should
be communicated to the patient’s primary care physician and
pharmacist. This step in the process (medication reconcilia-
tion) is important to ensure appropriate medication use across
the continuum of care.

CONCLUSION
Interventions in any setting require interdisciplinary comm-
unication, assessment of patient-specific needs, and documen-
tation of the visit. The health care system is complicated, and
it is often difficult for the patient to effectively navigate. Con-
sistency and follow through are important to both patients and

other providers regardless of MTMS setting. As illustrated in
Figure 1-1, communication to the patient, documentation by
using the SOAP note and the MAP, and follow-up are all closely
correlated. To develop a successful action plan, information
must be gathered in an organized and concise fashion. This
information, if properly documented and shared with other
providers, will help in the provision of care to the patients
served within the health care system.
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This chapter provides the reader with an overview of laboratory
tests commonly used in clinical medicine. Specialized labora-
tory tests, which are used to monitor specific disease states or
specific drug therapies, are integrated into the case histories,
questions, and answers in the disease-specific chapters of this
book. Over-the-counter, or patient-directed laboratory tests,
are briefly presented at the end of this chapter because these
are being used to a greater extent. The most recent edition
of a comprehensive laboratory textbook should be reviewed
when comprehensive understanding of clinical laboratory tests
is required.1

GENERAL PRINCIPLES
Generally, laboratory tests should be ordered only if the results
of the test will affect decisions about the care of the patient. The
serum, urine, and other bodily fluids can be analyzed routinely;

however, the economic cost of obtaining these data must always
be balanced by benefits to patient outcomes.

Normal Values
Clinical laboratory test results that appear within a predeter-
mined range of values are referred to as “normal,” and those
outside this range are typically referred to as “abnormal.” Lab-
oratory findings, both normal and abnormal, can be helpful in
assessing clinical disorders, establishing a diagnosis, assess-
ing drug therapy, or evaluating disease progression. In addi-
tion, baseline laboratory tests are often necessary to evaluate
disease progression and response to therapy or to monitor the
development of toxicities associated with therapy.

Clinical laboratories can analyze sample specimens by dif-
ferent laboratory methods; therefore, each laboratory has its
own set of normal values. Consequently, clinicians should rely

2-1
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on normal values listed by their own clinical laboratory facility
when interpreting laboratory tests.

Laboratory Error
A variety of factors can interfere with the accuracy of labo-
ratory tests. Patient-related factors (e.g., age, gender, weight,
height, time since last meal) can affect the range of normal val-
ues for a given test. Laboratory-based issues can also influence
the accuracy of laboratory values. For example, a specimen
can be spoiled because of improper handling or processing
(e.g., hyperkalemia due to hydrolysis of a blood specimen);
because it was taken at a wrong time (e.g., fasting blood glu-
cose level taken shortly after a meal); because collection was
incomplete (e.g., 24-hour urine collection that does not span
a full 24-hour period); Errors also can arise due to faulty or
poor quality reagents (e.g., improperly prepared, outdated);
due to technical errors (e.g., human error in reading result,
computer-keying error); due to interference from medical pro-
cedures (e.g., cardioconversion increases creatine kinase [CK]
serum concentrations); due to dietary effects (e.g., rare meat
ingestion can cause a false-positive guaiac test); and because
medications can interfere either with the testing procedure or
by their pharmacologic effects (e.g., thiazides can increase the
serum uric acid concentration, β-agonists can reduce serum
potassium concentrations). Clinicians might not be aware of
when laboratory-related issues arise. As a result, laboratory
findings must always be interpreted carefully, and the validity
of a test result questioned when it does not seem to correlate
with a patient’s clinical status.

Units of Measure
The International System of Units (SI) reports clinical labo-
ratory values using the metric system. For example, the basic
unit of mass for the SI system, the mole is not influenced by the
added weight of salt or ester formulations. The mole, therefore,
is technically and pharmacologically more meaningful than the
gram because each physiological reaction occurs on a molec-
ular level. Nevertheless, efforts to implement the SI system
internationally for laboratory test reports have been resisted
in the United States. Despite adopting SI transition policies in
the late 1980s,2,3 major American medical journals have since
reverted back to the traditional units for laboratory test report-
ing. The “normal” values for common blood chemistry tests are
presented in both conventional units and SI units, along with
“conversion factors” to interchange traditional and SI units in
Tables 2-1 (blood chemistry reference values) and 2-2 (hema-
tologic laboratory tests). Formulas for converting conventional
units to SI units are also available in the primary literature.4,5

ELECTROLYTES AND BLOOD CHEMISTRIES
Sodium
Normal: 135–145 mEq/L or mmol/L

Sodium is the predominant cation of extracellular fluid
(ECF). Only a small amount of sodium (∼5 mEq/L) is in intra-
cellular fluid (ICF). Along with chloride, potassium, and water,
sodium is important in establishing serum osmolarity and os-
motic pressure relationships between ICF and ECF. Dietary
intake of sodium is balanced by renal excretion of sodium,

which is regulated by aldosterone (enhances sodium reabsorp-
tion), natriuretic hormone (increases excretion of sodium), and
antidiuretic hormone (enhances reabsorption of free water).
An increase in the serum sodium concentration could sug-
gest either impaired sodium excretion or volume contraction.
Conversely, a decrease in the serum sodium concentration to
less-than-normal values could reflect hypervolemia, abnormal
sodium losses, or sodium starvation. Although healthy individ-
uals are able to maintain sodium homeostasis without difficulty,
patients with kidney failure, heart failure, or pulmonary dis-
ease often encounter sodium and water imbalance. In adults,
changes in serum sodium concentrations most often repre-
sent water imbalances rather than sodium imbalances. Hence,
serum sodium concentrations are more reflective of a patient’s
fluid status rather than sodium balance.

Hyponatremia
Hyponatremia can result from dilution of the sodium concen-
tration in serum or from a total body depletion of sodium. The
finding of hyponatremia implies that sodium has been diluted
throughout all body fluids because water moves freely across
cell membranes in response to oncotic pressures. Dilutional hy-
ponatremia occurs when the ECF compartment expands with-
out an equivalent increase in sodium. Some clinical conditions
(e.g., cirrhosis, congestive heart failure, renal impairment), as
well as the administration of osmotically active solutes (e.g.,
albumin, mannitol), are commonly associated with dilutional
hyponatremia. Hyponatremia that results from sodium deple-
tion presents as a low serum sodium concentration in the ab-
sence of edema. Sodium-depletion hyponatremia can be caused
by mineralocorticoid deficiencies, sodium-wasting renal dis-
ease, or replacement of sodium-containing fluid losses with
nonsaline solutions.

Hypernatremia
Hypernatremia represents a state of relative water deficiency
and, therefore, excessive concentrations of sodium in all body
fluids (hypertonicity). Hypernatremia can be caused by the loss
of free water, loss of hypotonic fluid, or excessive sodium in-
take. Free water loss is uncommon, except in the presence of
diabetes insipidus. Gastroenteritis is the most common cause
of hypotonic fluid loss in infants and the elderly. Increased
retention of sodium in patients with hyperaldosteronism can
also increase serum sodium concentrations. Excessive salt in-
toxication is usually accidental or iatrogenic and most com-
monly results from inappropriate intravenous administration
of hypertonic salt solutions. Some β-lactam antibiotics (e.g.,
ticarcillin) contain a modest sodium load and can cause fluid
overload when high dosages are administered.

The primary defense against hypertonicity is thirst and sub-
sequent fluid intake. Hypernatremic syndromes, therefore, usu-
ally occur in patients who are unable to drink sufficient fluids.
For example, infants who cannot demand fluid are at greatest
risk for the development of hypernatremia. Similarly, patients,
who are vomiting, comatose, or not allowed oral fluids are at
risk for hypernatremia.

1. M.C., a 61-year-old woman with no known drug allergies
(NKDA) is hospitalized with a chief complaint of increasing short-
ness of breath (SOB) and orthopnea over the past week. She has
been treated previously for heart failure and has not taken any
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Table 2-1 Blood Chemistry Reference Values

Normal Reference Values
Conversion

Laboratory Test Conventional Units SI Units Factor Comments

Electrolytes

Sodium 135–145 mEq/L 135–145 mmol/L 1 Low sodium is usually due to excess water (e.g., ↑ serum antidiuretic
hormone) and is treated with water restriction. ↑ in severe dehydration,
diabetes insipidus, significant renal and GI losses.

Potassium 3.5–5 mEq/L 3.5–5 mmol/L 1 ↑ with renal dysfunction, acidosis, K-sparing diuretics, hemolysis, burns,
crush injuries. ↓ by diuretics, alkalosis, severe vomiting and diarrhea,
heavy NG suctioning.

CO2 content 22–28 mEq/L 22–28 mmol/L 1 Sum of HCO3 and dissolved CO2. Reflects acid–base balance and
compensatory pulmonary (CO2) and renal (HCO3) mechanisms.
Primarily reflects HCO3.

Chloride 95–105 mEq/L 95–105 mmol/L 1 Important for acid–base balance. ↓ by GI loss of chloride-rich fluid
(vomiting, diarrhea, GI suction, intestinal fistulas, overdiuresis).

BUN 8–18 mg/dL 2.8–6.4 mmol/L 0.357 End product of protein metabolism, produced by liver, transported in
blood, excreted renally. ↑ in renal dysfunction, high protein intake, upper
GI bleeding, volume contraction.

Creatinine 0.6–1.2 mg/dL 50–110 μmol/L 88.4 Major constituent of muscle; rate of formation constant; affected by muscle
mass (lower with aging); excreted renally. ↑ in renal dysfunction. Used
as a primary marker for renal function (GFR).

CrCl 75–125 mL/min 1.25–2.08 mL/sec 0.01667 Reflects GFR; ↓ in renal dysfunction. Used to adjust dosage of renally
eliminated drugs.

Glucose
(fasting)

70–110 mg/dL 3.9–6.1 mmol/L 0.05551 ↑ in diabetes or by adrenal corticosteroids. Important to obtain fasting
glucose level.

Glycosylated
hemoglobin

<5% <5% 1 Used to assess average blood glucose over 1–3 months. Helpful for
monitoring chronic blood glucose control in patients with diabetes.
Values >8% seen in patients with poor glucose control.

Calcium–total 8.8–10.2 mg/dL 2.20–2.55 mmol/L 0.250 Regulated by body skeleton redistribution, parathyroid hormone, vitamin
D, calcitonin. Affected by changes in albumin concentration. ↓ by
hypothyroidism, loop diuretics, vitamin D deficiency; ↑ in malignancy
and hyperthyroidism.

Calcium–
unbound

4.5–5.6 mg/dL 1.13–1.4 mmol/L 0.250 Physiologically active form. Unbound “free” calcium remains unchanged
as albumin fluctuates. Total calcium ↓ when albumin ↓.

Magnesium 1.6–2.4 mEq/L 0.8–1.20 mmol/L 0.5 1 ↓ in malabsorption, severe diarrhea, alcoholism, pancreatitis, diuretics,
hyperaldosteronism (symptoms of weakness, depression, agitation,
seizures, hypokalemia, arrhythmias). ↑ in renal failure, hypothyroidism,
magnesium-containing antacids.

Phosphatea 2.5–5 mg/dL 0.8–1.60 mmol/L 0.323 ↑ with renal dysfunction, hypervitaminosis D, hypocalcemia,
hypoparathyroidism. ↓ with excess aluminum antacids, malabsorption,
renal losses, hypercalcemia, refeeding syndrome.

Uric acid 2–7 mg/dL 0.12–0.42 mmol/L 0.06 ↑ in gout, neoplastic, or myeloproliferative disorders, and drugs (diuretics,
niacin, low-dose salicylate, cyclosporine).

Proteins

Prealbumin 15–36 mg/dL 150–360 mg/L 10 Indicates acute changes in nutritional status, useful for monitoring TPN.
Albumin 4–6 g/dL 40–60 g/L 10 Produced in liver; important for intravascular osmotic pressure. ↓ in liver

disease, malnutrition, ascites, hemorrhage, protein-wasting nephropathy.
May influence highly protein-bound drugs.

Globulin 2.3–3.5 g/dL 23–35 g/L 10 Active role in immunologic mechanisms. Immunoglobulins ↑ in chronic
infection, rheumatoid arthritis, multiple myeloma.

Enzymes

CK 0–150 units/L 0–2.5 μkat/L 0.01667 In tissues that use high energy (skeletal muscle, myocardium, brain). ↑ by
IM injections, MI, acute psychotic episodes. Isoenzyme CK-MM in
skeletal muscle; CK-MB in myocardium; CK-BB in brain. MB fraction
>5%–6% suggests acute MI.

CK-MB 0–12 units/L 0–0.2 μkat/L 0.01667
cTnI <0.03 ng/mL <0.03 μg/L 1 More specific than CK-MB for myocardial damage, elevated sooner and

remains elevated longer than CK-MB. cTnI >2.0 suggests acute
myocardial injury.

(continued)
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Table 2-1 Blood Chemistry Reference Values (Continued)

Normal Reference Values
Conversion

Laboratory Test Conventional Units SI Units Factor Comments

Enzymes (continued )

Myoglobin <90 μg/L <90 mcg/L 1 Early elevation (within 3 hr), but less specific for myocardial compared to
CK-MB.

Homocysteine 4–15 μmol/L 4–15 μmol/L 1 Damages vessel endothelial, which may increase the risk for cardiac
disease. Associated with deficiencies in folate, vitamin B6, and vitamin
B12.

LDH 100–190 units/L 1.67–3.17 μkat/L 0.01667 High in heart, kidney, liver, and skeletal muscle. Five isoenzymes: LD1 and
LD2 mostly in heart, LD5 mostly in liver and skeletal muscle, LD3 and
LD4 are non-specific. ↑ in malignancy, extensive burns, PE, renal
disease.

BNP <100 pg/mL <100 ng/L 1 BNP >500 ng/L indicates left ventricular dysfunction. Released from heart
with ↑ workload placed on heart (e.g., CHF).

CRP 0–1 mg/dL 0–10 mg/L 1 Nonspecific indicator of acute inflammation. Similar to ESR, but more
rapid onset and greater elevation. CRP >3 mg/dL increases risk of
cardiovascular disease.

Liver Function

AST 0–35 units/L 0–0.58 μkat/L 0.01667 Large amounts in heart and liver; moderate amounts in muscle, kidney, and
pancreas. ↑ with MI and liver injury. Less liver specific than ALT.

ALT 0–35 units/L 0–0.58 μkat/L 0.01667 From heart, liver, muscle, kidney, pancreas. ↑ negligible unless
parenchymal liver disease. More liver specific than AST.

ALP 30–120 units/L 0.5–2.0 μkat/L 0.01667 Large amounts in bile ducts, placenta, bone. ↑ in bile duct obstruction,
obstructive liver disease, rapid bone growth (e.g., Paget disease),
pregnancy.

GGT 0–70 units/L 0–1.17 μkat/L 0.01667 Sensitive test reflecting hepatocellular injury; not helpful in differentiating
liver disorders. Usually high in chronic alcoholics.

Bilirubin–
total

0.1–1 mg/dL 1.7–17.1 μmol/L 17.1 Breakdown product of hemoglobin, bound to albumin, conjugated in liver.
Total bilirubin includes direct (conjugated) and indirect bilirubin. ↑ with
hemolysis, cholestasis, liver injury.

Bilirubin–
direct

0–0.2 mg/dL 0–3.4 μmol/L 17.1

Miscellaneous

Amylase 35–120 units/L 0.58–2.0 μkat/L 0.01667 Pancreatic enzyme; ↑ in pancreatitis or duct obstruction.
Lipase 0–160 units/L 0–2.67 μkat/L 0.01667 Pancreatic enzyme, ↑ acute pancreatitis, elevated for longer period than

amylase.
PSA 0–4 ng/mL 0–4 mcg/L 1 ↑ in benign prostatic hypertrophy (BPH) and also in prostate cancer. PSA

levels of 4–10 ng/mL should be worked up. Risk of prostate cancer
increased if free PSA/total PSA <0.25.

TSH 2–10
μunits/mL

2–10 m units/L 1 ↑ TSH in primary hypothyroidism requires exogenous thyroid
supplementation.

Cholesterol

Total <200 mg/dL <5.2 mmol/L 0.02586 Desirable = Total <200; LDL 70–160 (depends on risk factors); HDL >45
mg/dL; ↑ LDL or ↓ HDL are risk factors for cardiovascular disease.
Consult NCEP and ATP guidelines for most current target goals and
description of patient risk factors.

LDL 70–160 mg/dL <3.36 mmol/L 0.02586
HDL >45 mg/dL >1.16 mmol/L 0.02586
Triglycerides

(fasting)
<160 mg/dL <1.80 mmol/L 0.0113 ↑ by alcohol, saturated fats, drugs (propranolol, diuretics, oral

contraceptives). Obtain fasting level.

aPhosphate as inorganic phosphorus.
ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; ATP, Adult Treatment Panel; BNP, brain natriuretic peptide; BPH, benign prostatic
hypertrophy; BUN, blood urea nitrogen; CHF; congestive heart failure; CK, creatine kinase (formerly known as creatine phosphokinase); CrCl, creatinine clearance; CRP, C-reactive
protein; cTnI, cardiac troponin I; ESR, erythrocyte sedimentation rate; GFR, glomerular filtration rate; GGT, gamma-glutamyl transferase; GI, gastrointestinal; HDL, high-density
lipoprotein; IM, intramuscularly; LDH, lactate dehydrogenase; LDL, low-density lipoprotein; MI, myocardial infarction; NCEP, National Cholesterol Education Program; NG,
nasogastric; PE, pulmonary embolism; PSA, prostate-specific antigen; SI, International System of Units; TPN, total parenteral nutrition; TSH, thyroid-stimulating hormone.
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Table 2-2 Hematologic Laboratory Values

Normal Reference Values

Laboratory Test Conventional Units SI Units Comments

RBC count
� Male 4.3–5.9 × 106/mm3 4.3–5.9 × 1012/L
� Female 3.5–5.0 × 106/mm3 3.5–5.0 × 1012/L

Hct ↓ with anemias, bleeding, hemolysis. ↑ with polycythemia, chronic hypoxia.
� Male 39%–49% 0.39–0.49 Ia

� Female 33%–43% 0.33–0.43 Ia

Hgb Similar to Hct.
� Male 14–18 g/dL 140–180 g/L
� Female 12–16 g/dL 120–160 g/L

MCV 76–100 μm3 76–100 fLb Describes average RBC size; ↑ MCV = macrocytic, ↓ MCV = microcytic.
MCH 27–33 pg 27–33 pg Measures average weight of Hgb in RBC.
MCHC 33–37 g/dL 330–370 g/L More reliable index of RBC hemoglobin than MCH. Measures average concentration

of Hgb in RBC. Concentration will not change with weight or size of RBC.
Reticulocyte

count (adults)
0.1%–2.4% 0.001–0.024 Ia Indicator of RBC production; ↑ suggests ↑ number of immature erythrocytes

released in response to stimulus (e.g., iron in iron-deficiency anemia).
ESR Nonspecific; ↑ with inflammation, infection, neoplasms, connective tissue disorders,

pregnancy, nephritis. Useful monitor of temporal arteritis and polymyalgia
rheumatica.

� Male 0–20 mm/hr 0–20 mm/hr
� Female 0–30 mm/hr 0–30 mm/hr

WBC count 3.2–9.8 × 103/mm3 3.2–9.8 × 109/L Consists of neutrophils, lymphocytes, monocytes, eosinophils, and basophils; ↑ in
infection and stress.

ANC >2,000 mm3 ANC = WBC × (% neutrophils +% bands)/100; if <500 ↑ risk infection, if >1,000
↓ risk infection.

Neutrophils 54%–62% 0.54–0.62 Ia ↑ in neutrophils suggests bacterial or fungal infection. ↑ in bands suggests bacterial
infection.

Bands 3%–5% 0.03–0.05 Ia

Lymphocytes 25%–33% 0.25–0.33 Ia

Monocytes 3%–7% 0.03–0.07 Ia

Eosinophils 1%–3% 0.01–0.03 Ia Eosinophils ↑ with allergies and parasitic infections.
Basophils <1% <0.01 Ia

Platelets 130–400 × 103/mm3 130–140 × 109/L <100 × 103/mm3 = thrombocytopenia; <20 × 103/mm3 =↑ risk for severe bleeding.
Iron

� Male 80–180 mcg/dL 14–32 μmol/L Body stores two-thirds in Hgb; one-third in bone marrow, spleen, liver; only small
amount present in plasma. Blood loss major cause of deficiency.

� Female 60–160 mcg/dL 11–29 μmol/L ↑ needs in pregnancy and lactation.
� TIBC 250–460 mcg/dL 45–82 μmol/L ↑ capacity to bind iron with iron deficiency.

aWith the SI, the concept of number fraction replaces percentage. Thus, for mass fraction, volume fraction, and relative quantities, the unit “I” is used to replace former units.
bfL, femtoliter; femto, 10–15; pico, 10–12; nano, 10–9; micro, 10–6; milli, 10–3.
ANC, absolute neutrophil count; ESR, erythrocyte sedimentation rate; Hct, hematocrit; Hgb, hemoglobin; MCH, mean corpuscular hemoglobin; MCHC, mean cell hemoglobin
concentration; MCV, mean cell volume; RBC, red blood cell; SI, International System of Units; TIBC, total iron-binding capacity; WBC, white blood cell.

medication over the past 2 weeks. M.C. has severe (4+) pedal
edema and is in respiratory distress. Laboratory tests were or-
dered and reported back as follows: sodium (Na), 123 mEq/L
(normal, 135–145); potassium (K), 4.1 mEq/L (normal, 3.5–5.0);
chloride (Cl), 90 mEq/L (normal, 95–105); carbon dioxide (CO2),
28 mEq/L (normal, 22 to 28); blood urea nitrogen (BUN), 30
mg/dL (normal, 8–18); serum creatinine (SCr), 1.3 mg/dL (nor-
mal, 0.6–1.2); and fasting glucose, 100 mg/dL (normal, 70–110).
Why should M.C. not be given sodium chloride to return her
serum sodium concentration to a normal value?

[SI units: Na, 123 mmol/L; K, 4.1 mmol/L; Cl, 90 mmol/L; CO2, 28 mmol/L;

BUN, 10.7 mmol/L; SCr, 115 μmol/L; glucose, 5.5 mmol/L]

All body fluids are in osmotic equilibrium, and changes
in serum sodium concentration are associated with shifts of
water into and out of cells. M.C. has 4+ pedal edema and
heart failure; her serum concentration of sodium is probably

low because her plasma volume is increased relative to sodium.
The serum sodium concentration in this case does not reflect
total body sodium content. The usual treatment for this type
of hyponatremia is salt and water restriction combined with
diuresis in an attempt to remove the excess fluid associated
with M.C.’s heart failure (see Chapters 11 and 18).

Potassium
Normal: 3.5–5.0 mEq/L or mmol/L

Sodium is the major cation in the ECF, and potassium is
the major intracellular cation in the body. The potassium ion
in the ECF is filtered freely at the glomerulus of the kidney,
reabsorbed in the proximal tubule, and secreted into the distal
segments of the nephron. Because the majority of potassium
is sequestered within cells, a serum potassium concentration
is not a good measure of total body potassium. Intracellular
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potassium, however, cannot be measured easily. Fortunately,
the clinical manifestations of potassium deficiency (e.g., fa-
tigue, drowsiness, dizziness, confusion, electrocardiographic
changes, muscle weakness, muscle pain) correlate well with
serum concentrations. The serum potassium concentration is
buffered and can be within normal limits despite abnormalities
in total body potassium. During potassium depletion, potas-
sium moves from the ICF into the ECF to maintain the serum
concentration. When the serum concentration decreases by a
mere 0.3 mEq/L, the total body potassium deficit is approxi-
mately 100 mEq. Serum potassium concentrations, therefore,
can be misleading when interpreted in isolation from other
considerations, and assumptions should not be made as to the
status of total body potassium concentration based solely on a
serum concentration measurement.

Hypokalemia
The kidneys are responsible for about 90% of daily potassium
loss (∼40–90 mEq/day), and the remaining 10% of potassium
excretion each day is managed by the gastrointestinal (GI) sys-
tem and the dermatologic system (i.e., sweating). The kidneys,
however, only have a limited ability to conserve potassium.
Even when potassium intake has ceased, the urine will contain
at least 5 to 20 mEq of potassium per 24 hours. Therefore, pro-
longed intravenous therapy with potassium-free solutions in a
patient unable to obtain potassium in foods (e.g., nothing by
mouth [NPO] patient) can result in hypokalemia. Hypokalemia
can also be induced by osmotic diuresis (e.g., mannitol, glu-
cosuria), thiazide or loop diuretics, excessive mineralocorti-
coid activity, or protracted vomiting. Although the fluid se-
creted along most of the upper GI tract contains only modest
amount of potassium (i.e., 5–20 mEq/L), vomiting can induce
hypokalemia because of the combined effect from decreased
food intake, loss of acid, alkalosis, and loss of sodium. The loss
of large amounts of colonic fluid through severe diarrhea can
cause potassium depletion because fluid in the colon is high
in potassium content (i.e., 30–40 mEq/L). Insulin and stimu-
lation of β2-adrenergic receptors can also induce hypokalemia
because both increase the movement of potassium into cells
from the extracellular fluid.

Hyperkalemia
Hyperkalemia most commonly results from decreased renal
excretion of potassium, excessive exogenous potassium admin-
istration (especially when combined with a potassium-sparing
diuretic), or excessive cellular breakdown (e.g., hemolysis,
burns, crush injuries, surgery, infections). Metabolic acido-
sis also can induce hyperkalemia as hydrogen ions move into
cells in exchange for potassium and sodium. Abnormal potas-
sium concentrations in the serum primarily affect excitability
of nerve and muscle tissue (e.g., myocardial tissue). As a result,
arrhythmias can be induced by hyperkalemia or hypokalemia.
Potassium also affects some enzyme systems, acid–base bal-
ance, as well as carbohydrate and protein metabolism.

2. J.S., a 17-year-old female (NKDA) with type 1 diabetes
mellitus, is hospitalized for ketoacidosis. Her fasting blood glu-
cose was 802 mg/dL normal, 70–110), her urine output was 140
mL/hour (normal, 50), and her urine was positive (4+) for glu-
cose and ketones. J.S.’s blood pH was 7.1 (normal, 7.4), and her
serum potassium concentration was 4.1 mEq/L (normal, 3.5–5.0).

Although J.S.’s serum potassium concentration is normal, why is
her serum potassium of concern?

[SI units: glucose, 44.5 mmol/L (normal, 3.9–6.1); K, 4.1 mmol/L]

Treatment of J.S.’s diabetic ketoacidosis without supple-
mental potassium could result in significant hypokalemia.
When the pH of the blood is acidic, potassium shifts out of cells
in response to increased concentrations of intracellular hydro-
gen ion. J.S.’s total-body potassium concentration is decreased
as a result of both glycosuria and polyuria. Her serum potas-
sium concentration, however, appears “normal” because aci-
dosis has shifted potassium from intracellular storage sites into
the circulating plasma volume. When her acidosis and hyper-
glycemia are treated, potassium ions will return intracellularly.
If supplemental potassium is not provided, the serum potas-
sium concentration will decrease dramatically. As a very gen-
eral guideline, for every 0.1 decrease in pH from 7.4, the serum
potassium concentration will be falsely elevated by about 0.6
mEq/L. Understanding J.S.’s pH is 7.1, her serum potassium
concentration (4.1 mEq/L) will actually be closer to 2.3 mEq/L
(i.e., 0.6 mEq/L × three 0.1 units = 1.8 mEq/L) when the aci-
dosis is corrected.

Carbon Dioxide Content
Normal: 22–28 mEq/L or mmol/L

The CO2 content in the serum represents the sum of the
bicarbonate concentration (HCO3) and the concentration of
dissolved CO2 in the serum. The dissolved CO2 represents
a relatively small component of total CO2 content, making
CO2 essentially a measure of the bicarbonate concentration in
serum. Chloride and bicarbonate are the primary negatively
charged anions that offset the positively charged cations (i.e.,
sodium, potassium).

Although several buffer systems (e.g., hemoglobin [Hgb],
phosphate, protein) participate in regulating pH within phys-
iological limits, the carbonic acid-bicarbonate system is the
most important. From a clinical standpoint, most disturbances
of acid–base balance result from imbalances of the carbonic
acid-bicarbonate system. The importance of bicarbonate in
maintaining physiological pH is presented in Chapter 10.

Chloride
Normal: 95–105 mEq/L or mmol/L

Chloride is the principal inorganic anion of the ECF;
changes in chloride concentration are usually related to sodium
concentration in an effort to maintain a neutral charge. The
serum chloride concentration per se has no real diagnostic sig-
nificance. In fact, the only real reason for measuring the serum
chloride is to validate the serum sodium concentration. The
relationship between serum concentrations of sodium, bicar-
bonate, and chloride is described by Equation 2-1, where R
represents the anion gap:

Cl− + HCO3
− + R = Na+ 2-1

As with bicarbonate, chloride contributes to maintaining
acid–base balance. A decreased serum chloride concentra-
tion often accompanies metabolic alkalosis, whereas an in-
creased serum chloride concentration may be indicative of a
hyperchloremic metabolic acidosis. The serum chloride con-
centration, however, can also be slightly decreased in acidosis
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if organic acids or other acids are the primary cause of the aci-
dosis. Hyperchloremia, in the absence of metabolic acidosis, is
seldom encountered because chloride retention is usually ac-
companied by sodium and water retention. Hypochloremia can
result from excessive GI loss of chloride-rich fluid (e.g., vom-
iting, diarrhea, gastric suctioning, intestinal fistulas). Because
chloride ions are renally excreted with cations, hypochloremia
may also result from significant diuresis.

Anion Gap
The R factor, or anion gap (AG), represents the contribution
of unmeasured acids, such as lactate, phosphates, sulfates, and
proteins. As displayed in Equation 2-1, a patient’s anion gap is
determined by subtracting the primary anions (Cl and HCO3)
from the primary cation (Na). Some clinicians include potas-
sium in this determination and subtract the anions from both
major cations (Na and K). A normal anion gap is typically
<12 mEq/mL if potassium is not incorporated in the calcula-
tion or <16 mEq/mL if potassium is considered.

An elevated anion gap may be indicative of a metabolic
acidosis caused by an increase in lactic acids, ketoacids, sali-
cylic acids, methanol, or ethylene glycol. A low anion gap may
be the result of reduced concentrations of unmeasured anions
(e.g., hypoalbuminemia) or from systematic underestimation
of serum sodium (e.g., hyperviscosity of myeloma). Again, see
Chapter 10 for a more detailed discussion of the clinical use
of the anion gap.

Blood Urea Nitrogen
Normal: 8–18 mg/dL or 2.8–6.4 mmol/L

Urea nitrogen is an end product of protein metabolism. It
is produced solely by the liver, is transported in the blood, and
is excreted by the kidneys. The serum concentration of urea
nitrogen (i.e., BUN) is reflective of renal function because the
urea nitrogen in blood is filtered completely at the glomeru-
lus of the kidney, and then reabsorbed and tubularly secreted
within nephrons. Acute or chronic renal failure is the most
common cause of an elevated BUN. Although the BUN is an
excellent screening test for renal dysfunction, it does not suffi-
ciently quantify the extent of renal disease. In addition, several
nonrenal factors such as unusually high protein intake and con-
ditions that increase protein catabolism (or upper GI bleeding)
can increase the BUN concentration. A patient’s hydration sta-
tus will also influence BUN; a water deficit tends to concentrate
the urea nitrogen, and a water excess dilutes the urea nitrogen.
The ratio of BUN to SCr can also be of clinical use. A normal
ratio is roughly 15:1. Ratios >20:1 are observed in patients
with decreased blood flow to the kidney (e.g., prerenal disease
such as dehydration or conditions involving reduced cardiac
output) or conditions involving increased protein in the blood
(e.g., dietary intake or an upper GI bleed). Situations where the
BUN:SCr ratio is <15:1 are seen in patients with renal failure,
significant malnourishment (decreased intake of protein), or
severe liver disease where the liver is no longer able to form
urea.

3. Why is the BUN abnormal for M.C. (from question 1)?

The BUN serum concentration in M.C. is somewhat in-
creased, perhaps because of inadequate renal perfusion sec-
ondary to her heart failure. Her renal function could also be

more severely compromised than one would anticipate from
her slightly increased BUN value because of dilution by in-
creased ECF volume. Therefore, M.C.’s renal status should be
further evaluated.

Creatinine
Normal: 0.6–1.2 mg/dL or 50–110 μmol/L

Creatinine is derived from creatine and phosphocreatine,
major constituents of muscle. Its rate of formation for a given
individual is remarkably constant and is determined primarily
by an individual’s muscle mass or lean body weight. Therefore,
the SCr concentration is slightly higher in muscular subjects,
but unlike the BUN, it is less directly affected by exogenous
factors or liver impairment. Once creatinine is released from
muscle into plasma, it is excreted renally almost exclusively
by glomerular filtration. A decrease in the glomerular filtration
rate (GFR) results in an increase in the SCr concentration.
Thus, careful interpretation of the SCr concentration is used
widely in the clinical evaluation of patients with suspected
renal disease.

A doubling of the SCr level roughly corresponds to a 50%
reduction in the GFR. This general rule of thumb only holds
true for steady-state creatinine levels.5

4. M.C. was given digoxin 0.125 mg/day, and a SCr was or-
dered to further assess her renal function. The clinical laboratory
determined her SCr was 1.2 mg/dL. Although this laboratory test
result is within normal limits, why does it not clearly indicate
normal renal function for M.C.?

[SI unit: SCr, 106 μmol/L]

A SCr of 1.2 mg/dL in M.C. does not necessarily reflect
normal renal function. As patients become older, muscle mass
represents a smaller proportion of total weight, and creatinine
production is decreased. Furthermore, the SCr concentration
in female patients is generally 0.2 to 0.4 mg/dL (85%–90%)
less than for males because females have relatively smaller
kidneys. Because M.C. is a 61-year-old woman, a creatinine
clearance (CrCl) determination would more accurately reflect
her renal function status.

Creatinine Clearance
Normal: 75–125 mL/minute or 1.25–2.08 mL/second

Because creatinine is cleared almost exclusively through the
glomerulus in the kidney, CrCl can be used as a clinically useful
measure of a patient’s GFR. CrCl serves as a valuable clinical
parameter because many renally eliminated drugs are dose ad-
justed based on the patient’s renal function. To determine actual
CrCl, the patient’s urine is collected over a 24-hour period, and
the concentration of urine creatinine (mg/dL), total volume of
urine collected over the 24-hour period (mL/minute), and SCr
(mg/dL) are determined. The patient-specific, measured CrCl
is determined using Equation 2-2:

[Urine conc(mg/dL)] ×
Measured 24 hr CrCl(mL/min) = [Total urine volume(mL/min)]

SCr(mg/dL)
2-2

Unfortunately, urine collections are time consuming and
expensive, and incomplete collections can substantially un-
derestimate renal function. In lieu of measuring actual CrCl,
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simplistic equations are commonly used to estimate a patient’s
CrCl. The following Cockcroft-Gault7 formula incorporates
age, body weight, and SCr. Typically, clinicians use ideal body
weight (IBW) in the calculation of estimated CrCl; however,
actual body weight (ABW) may be used when ABW is less than
IBW. Equation 2-3 has the highest correlation and the greatest
accuracy in patients with SCr concentrations <1.5 mg/dL8:

Estimated CrCl for
males (mL/min) = (140 − Age) (Body weight in kg)

(72) (SCr(mg/dL))
2-3

The Cockcroft-Gault formula must be multiplied by 85% to
calculate CrCl for females. Another commonly used approach
to estimating CrCl is the Jelliffe method,9 shown in Equation
2-4:

Estimated CrCl for
Males (mL/min/1.73 m2) = 98 − [(0.8) (Age − 20)]

SCr(mg/dL)
2-4

This Jelliffe formula must be multiplied by 90% to cal-
culate CrCl for females. The use of this method substan-
tially underestimates CrCl for patients with SCr values <1.5
mg/dL,10 whereas Cockcroft-Gault appears to have the highest
correlation and greatest accuracy in patients with SCr values
<1.5 mg/dL.8 For patients with liver dysfunction, all methods
of calculating CrCl from a SCr value are associated with signif-
icant overpredictions of CrCl.10 Thus, methods for predicting
CrCl should be used cautiously when attempting to adjust drug
dosages in patients with liver disease.

5. A 24-hour CrCl determination was ordered for E.S., a 63-
year-old, 60-kg man. The following data were returned from the
clinical laboratory: total collection time was 24 hours; total urine
volume, 1,000 mL; urine creatinine concentration, 42 mg/dL; and
SCr, 1.7 mg/dL. Determine both the measured and the estimated
CrCl for E.S. based on the given data, and compare and contrast
these results.

[SI units: SCr, 150 μmol/L]

Using Equation 2-2, E.S. has a 24-hour measured CrCl of
approximately 17 mL/minute. His estimated CrCl is 38 mL/
minute using the Cockcroft-Gault method (Equation 2-3).
Based on both methods, E.S.’s ability to clear renally elim-
inated drugs is impaired. An incomplete collection of urine
over the 24-hour period or possible mishandling of the spec-
imen can be possible explanations for the lower value seen
with the measured CrCl. Because E.S. had an elevated SCr of
1.7 mg/dL, the accuracy of the Cockcroft-Gault estimation
might also be compromised.

Glucose
Normal: 70–110 mg/dL or 3.9–6.1 mmol/L

The fasting glucose concentration in the ECF is regulated
closely by homeostatic mechanisms to provide body tissues
with a ready source of energy. Insulin and glucagon play a
critical role in this complex process. Because plasma glucose
concentrations fluctuate in response to ingestion of meals, most
glucose concentrations are measured in either the fasting state
or the postprandial state, depending on the type of information
desired. Generally, normal glucose values refer to the plasma
glucose concentration in the fasting state. The specific labora-

tory assay of blood sugar determinations must also be consid-
ered because different assay methods vary in their specificity
and sensitivity to glucose. Glucose testing using whole blood
from capillary finger sticks is used in conjunction with blood
glucose metering devices for patients with diabetes. Whole
blood measurements using these devices are typically 15%
lower than corresponding plasma glucose levels.

Glycosylated Hemoglobin
Hgb is the oxygen-carrying component of the red blood cell
(RBC). Over the functional life span of RBCs (∼4 months),
glucose molecules irreversibly bind to Hgb which results in
glycosylated Hgb (A1c). The concentration of Hgb A1c, there-
fore, reflects a patient’s average blood glucose concentration
over the life span of circulating RBCs. In contrast, fasting glu-
cose serum concentrations can fluctuate acutely based on ei-
ther meals or insulin use. As a result, measurement of Hgb
A1c concentrations provides a much better tool for evaluating
chronic diabetes therapy. In a patient without diabetes, about
5% of Hgb is glycosylated; however, poorly controlled patients
with diabetes can have A1c values greatly exceeding 8%. In
one study of patients with elevated A1c values, every 1% re-
duction in the elevated A1c reduced the risk of microvascular
complications by 37% and reduced the risk of acute myocardial
infection by 14%.11 The interpretation of serum concentrations
of plasma glucose, Hgb A1c, and other related laboratory tests
is presented in Chapter 50.

Hyperglycemia and Hypoglycemia
Hyperglycemia and hypoglycemia are nonspecific signs of ab-
normal glucose metabolism. Diabetes mellitus is the most com-
mon cause of hyperglycemia. Insufficient carbohydrate intake
because of a missed meal is the most common cause of hypo-
glycemia in a patient receiving insulin or another hypoglycemic
medication.

6. T.C., a 68-year-old male, visits his endocrinologist to assess
control of his type 2 diabetes. His average blood sugar over the
past 90 days recorded via his blood glucose monitor is 217 mg/dL.
However, T.C.’s Hgb A1c was 9%, which correlates with an aver-
age glucose concentration of roughly 240 mg/dL. T.C. is confused
that these values are different because he routinely ensures his
blood glucose machine is calibrated and coded properly. Why is
the laboratory average different?

[SI units: glucose, 13.5 mmol/L]

T.C. should not be alarmed with the difference in these val-
ues. His blood glucose monitor is probably working properly
and adequately measuring fluctuations in his plasma glucose
concentrations. However, the monitor may be reflecting a lower
average glucose concentration due to the timing of his daily
testing for glucose. For example, measuring blood glucose in
a fasting state more frequently than after mealtime could con-
tribute to lower average concentrations because fasting values
are typically lower than postprandial concentrations. The A1c
is more indicative of his average blood sugar control over the
past 90 days than the 90-day average recorded by his blood glu-
cose monitor. A higher concentration of glucose in the blood
positively correlates to a higher glycosylated Hgb. This value
is typically reported as a percentage, with approximately 5%
(100 mg/dL) considered as normal in a person without dia-
betes. As the A1c percentage increases, each point raises the
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corresponding blood glucose value by about 35 mg/dL (e.g.,
8% = 205 mg/dL, 9% = 240 mg/dL).

Osmolality
Normal: 280–300 mOsm/kg or mmol/kg

The osmolality of a solution is a measure of the number
of osmotically active ions (i.e., particles present) per unit of
solution. It is the total number of particles in the solution, not
the weight of the particle or the nature of the particle that de-
termines osmolality. Because one mole of a substance contains
6 × 1023 molecules, equimolar concentrations of all substances
in the undissociated state exert the same osmotic pressure. A
mole of an ionized compound such as NaCl contributes twice
as many particles in solution as one mole of an undissociated
compound such as glucose. In most situations, the primary de-
terminants of serum osmolality in the ECF are sodium (and its
accompanying anions), glucose, and BUN. If one corrects for
the concentrations of glucose and BUN, the serum concentra-
tion of sodium closely mirrors the serum osmolality.

A simplified formula (Equation 2-5) useful for rule-of-
thumb calculations is as follows:

Osmolarity∗ = 2[Na+] + [Glucose]

20
+ [BUN]

3
2-5

∗Osmolarity is measured in mOsm/kg H2O

Serum osmolarity is useful when evaluating fluid and elec-
trolyte disorders, particularly sodium imbalances. An increase
in the measured serum osmolarity, relative to the calculated
osmolarity, can be attributed to an increase in the number
of solutes, a reduction in the amount of free water (e.g., pa-
tients with significant dehydration), or perhaps laboratory er-
ror. The difference between the measured serum osmolality
and the calculated serum osmolality is commonly referred to as
the “osmol gap” (see Chapter 11).

MULTICHEMISTRY PANELS
SMA-7, SMA-12, Chem Profile-20

7. What are the advantages and disadvantages of biochemical
profiles such as the SMA-7, SMA-12, and Chem Profile-20 ordered
for M.C. (from question 1)?

The SMA-7, SMA-12, and Chem Profile-20 are compi-
lations of 7, 12, or 20 biochemical tests that analyze blood
chemistries on large-volume, automated instruments. The ab-
breviation SMA refers to “sequential multiple analyzer.” Such
tests are routinely obtained because they quickly provide basic
information concerning organ function at relatively low cost.
If abnormal values are noted, additional tests can be ordered to
further investigate specific organ function. Nevertheless, rou-
tine use of biochemical profiles is controversial. When bio-
chemical profiles are ordered without regard for the clinical
evidence in an individual patient (i.e., routine testing is done
on all patients on admission to a hospital), there is no evidence
that these tests have improved patient care, lessened hospital
costs, or shortened lengths of stay.

The SMA-7 panel typically analyzes a patient’s sodium,
potassium, chloride, CO2, BUN, SCr, and glucose concentra-
tions. This particular blood chemistry panel provides rapid in-
sight to a patient’s serum electrolytes, acid–base status, renal

function, and metabolic state. An abbreviated method to re-
port the SMA-7 used commonly by clinicians is shown in the
following figure.

Na Cl BUN
K CO2 SCr

Glucose

If an SMA-12 is ordered instead of the SMA-7 panel, the ad-
ditional tests usually include serum concentrations of albumin,
total protein, bilirubin, alkaline phosphatase, and calcium. A
Chem Profile-20 provides eight more tests, such as phosphorus,
cholesterol, triglycerides, uric acid, iron, lactic dehydrogenase
(LDH), aspartate aminotransferase (AST), and alanine amino-
transferase (ALT). These eight tests provide additional infor-
mation for a general evaluation of metabolism, cardiovascular
risk factors, and liver function, not provided by the SMA-7
or SMA-12 profiles. The cost of a Chem Profile-20 is seldom
much greater than that of an SMA-7 or SMA-12 because of
the automated nature of these tests. The particular grouping
of tests included in various chemistry panels may vary with
different clinical laboratories.

Calcium
Normal: 8.8 to 10.2 mg/dL or 2.20 to 2.55 mmol/L

The total calcium content resides primarily in the bone, with
only about 1% freely exchangeable with that in the ECF. This
reservoir of calcium in bones maintains the concentration of
calcium in the plasma constant despite pronounced changes
in the external balance of calcium. If the homeostatic factors
(i.e., parathyroid hormone, vitamin D, calcitonin) that regulate
the calcium content of body fluid are intact, a patient can lose
25% to 30% of total body calcium without a change in the
concentration of calcium ion in the plasma.

About 40% of the calcium in the ECF is bound to plasma
proteins (especially albumin); 5% to 15% is complexed with
phosphate and citrate; and about 45% to 55% is in the un-
bound, ionized form. Most laboratories measure the total cal-
cium concentration, although it is the free, ionized calcium con-
centration that is important physiologically, and the form that
is closely regulated physiologically. Most laboratories are also
able to measure the ionized form of calcium (4.5–5.6 mg/dL
or 1.13–1.4 mmol/L).

A reduced calcium concentration usually implies a defi-
ciency in either the production or the response to parathyroid
hormone or vitamin D. The abnormality in the parathyroid
hormone system might result from hypomagnesemia, hy-
poparathyroidism, or pseudohypoparathyroidism. The abnor-
mality in the vitamin D system can be caused by decreased nu-
tritional intake; decreased absorption of vitamin D secondary
to gastrectomy, chronic pancreatitis, or small bowel disease; de-
creased production of 25-hydroxycholecalciferol due to liver
disease; increased metabolism of 25-hydroxycholecalciferol
because of enzyme-stimulating drugs (e.g., phenobarbi-
tal, phenytoin, rifampin); or decreased production of 1,25-
dihydroxycholecalciferol due to chronic renal disease. Patients
with low concentrations of magnesium also typically have low
serum concentrations of calcium, and hypomagnesemia must
be corrected before the calcium concentration can be ade-
quately addressed.
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Elevated calcium concentrations are commonly associated
with malignancy or metastatic diseases. Other causes of hy-
percalcemia include hyperparathyroidism, Paget disease, milk-
alkali syndrome, granulomatous disorders, thiazide diuretics,
and vitamin D intoxication.

8. V.C. is a 38-year-old man hospitalized because of obtunda-
tion, somnolence, and severe alcohol intoxication. He has NKDA,
and his laboratory tests revealed the following: albumin, 2.0 g/dL
(normal, 4–6); Ca, 6.8 mg/dL (normal, 8.8–10.2); total bilirubin,
10.8 mg/dL (normal, 0.1–1.0); serum AST, 280 units/L (normal,
0–35); and alkaline phosphatase, 240 units/L (normal, 30–120).
Why is calcium treatment inappropriate despite V.C.’s apparent
low serum concentration of calcium?

[SI units: albumin, 20 g/L; Ca, 1.7 mmol/L; total bilirubin, 184.6 μmol/L;

AST, 4.67 μkat/L; alkaline phosphatase, 4 μkat/L]

This case presentation provides insufficient patient data to
make a conclusion concerning treatment. However, it does il-
lustrate the importance of treating the patient as a whole, not
as a specific laboratory value. Because calcium in the serum is
partially bound to plasma proteins (mostly albumin), the serum
calcium concentration is affected by the concentration of these
plasma proteins. If the albumin concentration is low, the re-
ported serum calcium will generally be less than the lower limit
of normal. A useful method to estimate a corrected value for
serum calcium in the presence of a low serum albumin is to use
the following guideline: the total serum calcium will decrease
by 0.8 mg/dL for each decrease of 1.0 g/dL in serum albu-
min concentration. V.C.’s serum albumin concentration is about
3.0 mg/dL less than “normal” (i.e., 5.0 mg/dL – 2.0 mg/dL =
3.0 mg/dL). Therefore, his correct serum calcium would be
approximately 9.2 mg/dL (i.e., [3.0 mg/dL of albumin × 0.8]
added to his reported serum calcium of 6.8 mg/dL). The “cor-
rected” serum calcium concentration falls within the normal
range, and V.C. should not be treated with calcium based on
the available data. Direct measurement of ionized calcium is
independent of albumin concentration, making it unnecessary
to correct calcium concentrations in the presence of hypoal-
buminemia. Unfortunately, some clinical laboratories do not
have the capability of measuring ionized calcium.

Magnesium
Normal: 1.6–2.4 mEq/L or 0.8–1.2 mmol/L

Magnesium is primarily an intracellular electrolyte that, to-
gether with potassium and calcium, helps maintain a neutral
charge within the cell. Magnesium also serves an important
metabolic role in the phosphorylation of adenosine triphos-
phate (ATP).

A primary cause of hypomagnesemia is malnourishment.
Toxemia in pregnancy is associated with hypomagnesemia.
Hypomagnesemia needs to be corrected before attempting to
correct hypokalemia or hypocalcemia. Attempts to replace
potassium or calcium in patients with hypomagnesemia will be
ineffective until the low magnesium concentrations are adequa-
tely addressed. Excessive ingestion of magnesium-containing
antacids can lead to hypermagnesemia. Increased concentra-
tions of magnesium are also observed in patients with reduced
renal function. Hypermagnesemia can slow conduction in the
heart, prolong PT intervals, and widen the QRS complex.

Phosphate
Normal: 2.5 to 5.0 mg/dL or 0.80 to 1.60 mmol/L

The extracellular concentration of phosphate as inorganic
phosphorus is the prime determinant of the intracellular con-
centration, which in turn is the source of phosphate for ATP
and phospholipid synthesis. Intracellular phosphate is also im-
portant in the regulation of nucleotide degradation.

The ECF concentration of phosphate is influenced by
parathyroid hormone, intestinal phosphate absorption, renal
function, bone metabolism, and nutrition. Moderate hypophos-
phatemia is encountered by malnourished patients (especially
when anabolism is induced), patients who excessively use
antacids (aluminum-containing antacids bind phosphorus in
the GI tract), chronic alcoholics, and septic patients. Clini-
cal consequences of severe hypophosphatemia involve ner-
vous system dysfunction, muscle weakness, rhabdomyoly-
sis, cardiac irregularities, and dysfunction of leukocytes and
erythrocytes. Hyperphosphatemia is most commonly caused
by renal insufficiency, although increased vitamin D, hy-
poparathyroidism, and advanced malignancies are also signif-
icant causes.

Uric Acid
Normal: 2.0 to 7.0 mg/dL or 0.12 to 0.42 mmol/L

Uric acid is an end product of purine metabolism. It
serves no biological function, is not metabolized, and must
be excreted renally. Gout is usually associated with increased
serum concentrations of uric acid and deposits of monosodium
urate.

Increased serum uric acid concentrations can result from
either a decrease in urate excretion (e.g., renal dysfunction) or
excessive urate production (e.g., increased purine metabolism
resulting from cytotoxic therapy of neoplastic or myelopro-
liferative disorders). Low serum uric acid concentrations are
inconsequential and are usually reflective of drugs that have
hypouricemic activity (e.g., high dosages of salicylates). The
determinants of the serum concentration of uric acid, the clin-
ical implications of hyperuricemia, and the therapeutic man-
agement of uric acid disorders are presented in Chapter 42.

PROTEINS
Prealbumin
Normal: 15 to 36 mg/dL or 150 to 360 mg/L

Prealbumin is one of the primary proteins in circulation,
but it accounts for a relatively small percentage of the cir-
culating proteins. It is also referred to as “thyroxine-binding
prealbumin (TBPA)” due to its role as a transport mechanism
for triiodothyronine (T3) and thyroxine (T4). However, preal-
bumin is most frequently used to monitor patients at risk for
poor nutrition (e.g., patients with eating disorders, HIV, or pa-
tients receiving total parenteral nutrition). Compared to the
relatively long half-life of albumin (about 3 weeks), the half-
life of prealbumin is only 1 to 2 days. This shorter half-life
provides a more accurate reflection of acute changes in protein
synthesis and catabolism. Prealbumin, therefore, is an effec-
tive and useful marker of immediate nutritional status. Hepatic
disease and malnutrition are associated with decreases in both
albumin and prealbumin. Hodgkin disease, pregnancy, chronic
renal disease, and corticosteroid use can increase prealbumin
serum concentrations.
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Albumin
Normal: 4 to 6 g/dL or 40 to 60 g/L

Albumin, produced by the liver, contributes approximately
80% of serum colloid osmotic pressure. As a result, hypoal-
buminemic states are commonly associated with edema and
transudation of ECF. A lack of essential amino acids from
malnutrition or malabsorption, or impaired albumin synthesis
by the liver, can result in decreased serum albumin concentra-
tions. Most forms of hepatic insufficiency are associated with
decreased synthesis of albumin. Albumin can be lost directly
from the blood because of hemorrhage, burns, or exudates, or it
may be lost directly into the urine because of nephrosis. Serum
albumin concentrations seldom increase, but increases may be
noted in volume depletion or shock, or immediately after the
administration of large amounts of intravenous albumin. In ad-
dition to its diagnostic value, the serum albumin concentration
is an important consideration in the therapeutic monitoring
of drugs and electrolytes that are highly protein bound (e.g.,
phenytoin, digoxin, calcium). In cases of severe hypoalbumine-
mia, determination of the “free” or unbound concentration of
these entities might be necessary for an accurate assessment
of drug therapy.

Globulin
Normal: 2.3 to 3.5 g/dL or 23 to 35 g/L

In addition to albumin, globulin is another primary plasma
protein. Whereas albumin principally functions to maintain
serum oncotic pressure, globulins play an active role in im-
munologic processes. The globulins can be separated into sev-
eral subgroups such as α, β, and γ . The γ -globulins can be sep-
arated further into various immunoglobulins (e.g., IgA, IgM,
IgG). Chronic infection or rheumatoid arthritis can increase
immunoglobulin levels, and fractionation of immunoglobulins
can provide useful information in the evaluation of immune dis-
orders. When immunoglobulins are separated by electrophore-
sis, elevations of one or several in a specific pattern can suggest
a diagnosis of multiple myeloma, a plasma cell malignancy. Be-
cause globulin is not manufactured solely by the liver, the ratio
of albumin to globulin (the A/G ratio) is changed in patients
with liver disease. Changes in this ratio result from decreased
albumin concentration and a compensatory increase in globu-
lin concentration.

ENZYMES
Enzyme activity is typically expressed in terms of international
units (IU), where one IU is the enzyme amount needed to
catalyze the conversion of 1 μmol of substrate per minute. The
analogous expression in SI terms involves the term katal (kat).
One katal is the amount of enzyme to catalyze 1 mol of substrate
per second, making 1.0 μkat the amount for 1.0 μmol/second.
Based on this information, the conversion between μkat and
IU is 1 μkat = 60 IU.

Creatine Kinase
Normal: 0 to 150 units/L or 0 to 2.5 μkat/L

The CK enzyme, formerly known as creatine phosphoki-
nase, catalyzes the transfer of high-energy phosphate groups
in tissues that consume large amounts of energy (e.g., skeletal

muscle, myocardium, brain). The serum concentration of CK
can be increased by strenuous exercise, intramuscular injec-
tions of drugs that are irritating to tissue (e.g., diazepam, pheny-
toin), acute psychotic episodes, crush injuries, or myocardial
damage.

CK is composed of M and B subunits, which are further
divided into three isoenzymes: MM, BB, and MB. The CK-
MM isoenzyme is found predominantly in skeletal muscle, the
CK-BB in the brain, and the CK-MB in the myocardium. My-
ocardial CK activity consists of 80% to 85% CK-MM and 15%
to 20% CK-MB. Noncardiac tissues that contain large amounts
of CK have either CK-MM or CK-BB. The MB fraction is rare
in tissues other than the myocardium.

CK-MB typically begins to increase 3 to 6 hours after an
acute myocardial infarction (MI), peaks at 12 to 24 hours, and
accounts for about 5% or more of the total CK.12 Myocardial
damage appears to correlate with the amount of CK-MB re-
leased into the serum (i.e., the higher the amount of CK-MB,
the more extensive the myocardial injury). Although CK-MB
levels >25 units/L are usually associated with an MI,13 the
absolute amount can vary, depending on the assay method.
Generally, if the amount of CK-MB exceeds 6% of the total,
myocardial injury has presumably occurred. Analysis of CK-
MB provides a rapid, sensitive, specific, cost-effective, and
definitive means of detecting MI.14

9. S.G., a 44-year-old woman, appears at the emergency de-
partment of a local hospital, with complaints of sudden-onset
chest pain, diaphoresis, and nausea that began about 1 hour ago.
S.G describes her pain as severe and not relieved by position
change, antacids, or nitroglycerin. An electrocardiogram (ECG)
reveals changes consistent with an acute MI. The total CK serum
concentration is 118 units/L (normal, <150) and the CK-MB is
5 units/L (normal, <12). S.G. was admitted to the coronary care
unit to rule out an acute MI. Why are the total CK and CK-MB
serum concentrations within the normal range in S.G., despite
clear evidence supporting an acute MI?

[SI units: CK, 1.97 μkat/L; CK-MB, 0.08 μkat/L]

The total CK and CK-MB are both within the normal range
for S.G.; however, an MI cannot be excluded. CK serum con-
centrations usually do not rise above normal values until 4 to
8 hours after myocardial injury and usually peak in about 12
to 24 hours. About 10% of patients with suspected MIs fail to
demonstrate an increase in the total CK, although serial CK-
MB fractions will be increased. When CK-MB is >6% of total
CK, an MI has probably occurred even if the total CK is not
elevated.12

Troponin
Normal: 0 to 0.03 ng/mL or 0 to 0.03 mcg/L

10. How can myocardial enzymes be detected earlier than 4 to
8 hours after myocardial injury?

Troponins are proteins that mediate the calcium-mediated
interaction of actin and myosin within muscles. There are
two cardiac-specific troponins, cardiac troponin I (cTnI) and
cardiac troponin T (cTnT). Whereas cTnT is present in car-
diac and skeletal muscle cells, cTnI is present only in cardiac
muscle.15,16 Compared with the detection of CK-MB, the pres-
ence of troponin I is a more specific and sensitive indicator of
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myocardial damage.17 Furthermore, the concentration of cTnI
increases within 2 to 4 hours of an acute MI, enabling clinicians
to quickly initiate appropriate therapy. Troponin also remains
elevated for about 10 days compared to the 2- to 3-day eleva-
tion typically observed with CK-MB. cTnI levels >2.0 ng/mL
are suggestive of acute myocardial tissue injury. The use of
troponin as a primary diagnostic test for acute MI is becoming
widely accepted as a standard.17 (See Chapter 17.)

Myoglobin
Normal: 0 to 90 mcg/L

Myoglobin, a protein in heart and skeletal muscle cells,
provides oxygen to working muscles. When muscle is dam-
aged, myoglobin is released into the bloodstream. As a car-
diac biomarker, myoglobin concentrations in serum rise within
3 hours after insult to the myocardial tissue, peak in about 8 to
12 hours, and return to normal in about a day. Because myo-
globin serum concentrations rise more quickly than CK-MB
after myocardial injury, it can be of value in helping rule out
MI in the emergency department. Myoglobin serum concen-
trations, however, tend to be less specific for myocardial tissue
compared to CK-MB. Trauma or ischemic injury to noncar-
diac tissue can increase serum myoglobin. Because troponin
serum concentrations in serum also increase rapidly after my-
ocardial damage, troponin is often preferred over myoglobin
as a biomarker of cardiac damage.

Homocysteine
Normal: 4 to 15 μmol/L

Patients with deficiencies in folate, vitamin B6, or vitamin
B12 tend to have elevated serum levels of homocysteine. Ho-
mocysteine is believed to have a destructive affect on vascular
epithelium. Over time, patients with elevated homocysteine
levels (>12 μmol/L) are believed to be at increased risk for
cardiac disease.18 Screening individuals with a positive family
history for elevated homocysteine or those with atherosclero-
sis without typical risk factors or increased lipids has been
advocated. Understanding the association between increased
homocysteine levels and specific vitamin deficiencies, supple-
mentation of folate, B6 and B12 has been used clinically. How-
ever, data are too limited to suggest this approach reduces the
incidence of acute MI or stroke.

Lactate Dehydrogenase
Normal: 100 to 190 units/L or 1.67 to 3.17 μkat/L

The enzyme, lactate dehydrogenase (LDH), is present in
the heart, kidney, liver, and skeletal muscle. It is also abun-
dantly present in erythrocytes and lung tissue. Because in-
creased serum concentrations of LDH can be associated with
diseases in many different organs and tissues, the diagnos-
tic usefulness of an LDH determination is somewhat limited.
There are, however, five isoenzymes of LDH. Although most
tissues contain all five isoenzymes, some tissues have a pre-
dominance of one of the isoenzymes. LDH1 and, to a lesser
extent, LDH2 predominate in the heart. Skeletal muscle and
the liver have a predominance of LDH5. LDH3 and LDH4 are
found in a variety of tissues, including the lungs, RBCs, kid-
neys, brain, and pancreas. Consequently, identifying specific

isoenzymes can increase the diagnostic usefulness of serum
LDH determinations. For example, the elevated serum LDH as-
sociated with MI consists mostly of LDH1 and LDH2, whereas
with acute liver disease there is a greater proportion of LDH4
and LDH5. Unfortunately, these isoenzyme patterns are not
necessarily typical of all myocardial or liver diseases. With the
availability of other myocardial enzymes, LDH as a diagnostic
tool is used less frequently.

Brain Natriuretic Peptide
Normal: 0 to 100 pg/mL or 0 to 100 ng/L

Brain natriuretic peptide (BNP) is released from the heart
when increased demands are placed on the myocardial tissue.
Elevations in BNP are indicative of patients with congestive
heart failure (CHF). In an effort to reduce workload on the
heart, BNP counteracts the renin-angiotensin-aldosterone sys-
tem and causes vasodilatory effects, along with natriuresis (in-
creased excretion of sodium), all geared at reducing blood vol-
ume. Patients with some degree of CHF typically have BNP
levels >100 ng/L. BNP levels >500 ng/L represent definite
left ventricular dysfunction, and further evaluation is war-
ranted to more fully characterize the extent of impaired cardiac
function.19 The beneficial aspects of endogenous BNP have
prompted marketing the recombinant BPN product, nesiritide
(Natrecor). Nesiritide is approved for the treatment of acute
decompensated heart failure in patients with dyspnea at rest.20

C-Reactive Protein
Normal: 0 to 1.0 mg/dL or 0 to 10 mg/L

C-reactive protein (CRP) is a nonspecific, acute-phase reac-
tant that is helpful in the diagnosis and monitoring of inflam-
matory processes (e.g., rheumatoid arthritis) and infections.
CRP is produced by the liver in response to an inflammatory
process. Although an elevation in CRP indicates the presence
of an acute inflammatory event, the nonspecific nature of the
test does little to identify the cause or location of the inflamma-
tion. CRP is similar to an older test, erythrocyte sedimentation
rate (ESR), but it tends to be more sensitive then ESR and
is also associated with a more rapid and greater response to
acute inflammation. A potential use of CRP is in the diagno-
sis of acute MI and as a risk factor for cardiovascular disease.
Patients with CRP levels <1.0 mg/dL are considered to be at
low risk, whereas patients with CRP levels >3.0 mg/dL are at
increased risk for cardiovascular disease.21 Because viral in-
fections do not typically increase in CRP serum concentrations,
the use of CRP as a diagnostic tool to differentiate viral versus
bacterial meningitis might be clinically helpful. For example,
a CRP value within the normal range could help exclude a
diagnosis of bacterial meningitis.

LIVER FUNCTION TESTS
Aspartate Aminotransferase
Normal: 0 to 35 units/L or 0 to 0.58 μkat/L

The AST enzyme, formerly called “serum glutamic ox-
aloacetic transaminase,” is abundant in heart and liver tissue
and moderately present in skeletal muscle, the kidney, and the
pancreas. In cases of acute cellular injury to the heart or liver,
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the enzyme is released into the blood from the damaged cells. In
clinical practice, AST determinations have been used to evalu-
ate myocardial injury and to diagnose and assess the prognosis
of liver disease resulting from hepatocellular injury. The serum
AST level is increased in more than 95% of patients after an
MI. However, the increase in AST does not occur until 4 to
6 hours after the onset of myocardial injury. Peak AST con-
centrations are seen in the serum after 24 to 36 hours, returning
to the normal range in about 4 to 5 days. The magnitude of the
peak AST levels approximate the extent of myocardial damage
(see Chapter 17).

Serum AST values are elevated significantly in patients with
acute hepatic necrosis, whether caused by viral hepatitis or
a hepatotoxin (e.g., carbon tetrachloride). In these situations,
the serum concentrations of both AST and ALT will be in-
creased, even before the appearance of clinical symptoms (e.g.,
jaundice). The AST and ALT serum concentrations can be in-
creased by as much as 100 times greater than the usual upper
limits of normal in the presence of parenchymal liver disease.
Patients with intrahepatic cholestasis, posthepatic jaundice, or
cirrhosis usually experience more moderate elevations of AST,
depending on the extent of cell necrosis. The AST serum con-
centration is usually higher than that of ALT in patients with
cirrhosis, and the AST increase is usually about four to five
times greater than the upper limit of normal.

Alanine Aminotransferase
Normal: 0 to 35 units/L or 0 to 0.58 μkat/L

The ALT enzyme, formerly called “serum glutamic pyru-
vic transaminase,” is found in essentially the same tissues that
have high concentrations of AST. However, elevations in serum
ALT are more specific for liver-related injuries or diseases. Al-
though ALT is relatively more abundant in hepatic tissue versus
cardiac tissue than AST, the liver still contains 3.5 times more
AST than ALT. Serum concentrations of both AST and ALT
increase when disease processes affect liver cell structure, but
ALT concentrations are not significantly increased as a result
of an acute MI. Evaluating the ratio of ALT to AST can be po-
tentially useful, particularly in the diagnosis of viral hepatitis.
The ALT/AST ratio frequently exceeds 1.0 with alcoholic cir-
rhosis, chronic liver disease, or hepatic cancer. However, ratios
<1.0 tend to be observed with viral hepatitis or acute hepatitis,
which can be useful when diagnosing liver disease.

Alkaline Phosphatase
Normal: 30 to 120 units/L or 0.5 to 2.0 μkat/L

The alkaline phosphatases (ALPs) constitute a large group
of isoenzymes that play important roles in the transport of
sugar and phosphate. These isoenzymes of ALP have differ-
ent physiochemical properties and originate from different tis-
sues (e.g., liver, bone, placenta, intestine). In normal adults,
ALP is derived primarily from liver and bone. Although only
small amounts of ALP are present in the liver, this enzyme is
secreted into the bile, and substantially elevated ALP serum
concentrations can be seen with mild intrahepatic or extra-
hepatic biliary obstruction. Thus, the presence of early bile
duct abnormalities can result in elevated ALP before increases
in the serum bilirubin are observed. Drug-induced cholestatic
jaundice (e.g., chlorpromazine or sulfonamides) can increase

serum ALP concentrations. In mild cases of acute liver cell
damage, ALP levels are seldom elevated. Even in cirrhosis,
ALP concentrations are variable and depend on the degree of
hepatic decompensation and obstruction. Serum ALP concen-
trations are an excellent indicator of space-occupying lesions
in the liver, primarily due to disruption of biliary canaliculi
within the liver.22

The osteoblasts in bone produce large amounts of ALP,
and marked serum elevations can be seen in Paget disease,
hyperparathyroidism, osteogenic sarcoma, osteoblastic cancer
metastatic to bone, and other conditions of pronounced os-
teoblastic activity. The serum ALP is increased during periods
of rapid bone growth (e.g., infancy, early childhood, healing
bone fractures) and during pregnancy because of the contribu-
tions of the placenta and fetal bones.

11. L.M., a 59-year-old female currently taking atorvastatin
40 mg daily for hypercholesterolemia, complains of fatigue and
myalgia over the past week since her last prescription refill. On
assessment, her primary care provider determines she has been
taking an incorrect dose. Instead of cutting an 80-mg tablet in half,
she has been taking the entire tablet, thereby effectively doubling
her dose. The physician orders liver function tests (LFTs), CK,
and SCr to evaluate her myalgia. Laboratory results indicate the
following: AST, 51 units/L (normal, <35); ALT, 72 units/L (nor-
mal, <35); ALP, 82 units/L (normal, 30–120); CK, 216 units/L
(normal, <150); and SCr, 1.4 mg/dL (normal, 0.6–1.2). Why are
these laboratory results of sufficient concern to warrant discon-
tinuation of atorvastatin?

[SI units: AST, 0.85 μkat/L; ALT, 1.2 μkat/L; ALP 1.37 μkat/L; CK, 3.6

μkat/L; SCr 123.8 μmol/L]

L.M.’s LFTs are elevated and are of concern, particularly in
light of her other signs and symptoms. Statins have been impli-
cated in causing elevations in LFTs on initiation of therapy and
with dose increases. LFTs can be increased by up to three times
the upper limit of normal. In the absence of jaundice or other
clinical signs and symptoms, reduction of her atorvastatin dose
will generally be sufficient in returning LFTS to normal val-
ues without adverse sequelae. L.M.’s values will likely return
to baseline when her atorvastatin dose is reduced to 40 mg or
discontinued. Additional monitoring after intervention would
be indicated to confirm whether her LFTs stabilize or whether
a trend of elevations is noted on multiple occasions. CK serum
concentrations can also be increased in response to muscle in-
jury or myalgia. When CK increases ten times the upper limit
of normal, myopathy should be suspected. L.M.’s CK is mildly
increased at this time, but not at an alarming value.

Gamma-Glutamyl Transferase
Normal: 0 to 70 units/L or 0 to 1.17 μkat/L

Although the enzyme gamma-glutamyl transferase (GGT)
is found in the kidney, liver, and pancreas, its major clinical
value is in the evaluation of hepatobiliary disease. An increase
in the serum concentration of GGT parallels the increase of
ALP in obstructive jaundice and infiltrative disease of the liver.
However, increased ALP in the presence of a normal GGT is
more suggestive of muscular or bone-related issues. GGT is
one of the more sensitive liver enzymes for identifying bil-
iary obstruction and cholecystitis. Because GGT is a hepatic
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microsomal enzyme, tissue concentrations increase in response
to microsomal enzyme induction by alcohol and other drugs
(e.g., carbamazepine, phenobarbital, phenytoin). As a result,
GGT is a sensitive indicator of recent or chronic alcohol expo-
sure.

Bilirubin
Total Bilirubin—Normal: 0.1 to 1.0 mg/dL or 1.7 to 17.1
μmol/L
Direct (Conjugated) Bilirubin—Normal: 0 to 0.2 mg/dL or 0
to 3.4 μmol/L

Bilirubin is primarily a breakdown product of Hgb and is
formed in the reticuloendothelial system (Fig. 2-1, step 1). It
is then transferred into the blood (step 2), where it is almost
completely bound to serum albumin (step 3). When bilirubin
arrives at the sinusoidal surface of the liver cells, the free frac-
tion is rapidly taken up into the cell (step 4) and converted pri-
marily to bilirubin diglucuronide (step 5). A monoglucuronide
is also formed that is metabolized predominantly to the diglu-
curonide. The conjugated bilirubin diglucuronide is then ex-
creted into the bile (step 6) and appears in the intestine, where
bacteria convert most of it to urobilinogen (step 7). The major-
ity of urobilinogen is destroyed or excreted in the feces (step
13), but a small portion is reabsorbed into the blood (step 8)
and either reabsorbed into the liver (step 9) and subsequently

excreted into the bile (step 12) or excreted into the urine (step
10). Urobilinogen is responsible for the straw color of the urine
and the yellowish-brown color of the feces. The mechanism by
which conjugated bilirubin in the liver cell is transferred to
the blood (step 14) is not well understood. However, in many
types of liver disease, conjugated (direct) bilirubin is present
in increased concentrations in the blood. When this concentra-
tion exceeds 0.2 to 0.4 mg/dL, bilirubin will begin to appear in
the urine (step 11). Unconjugated (indirect) bilirubin is water
insoluble and is highly bound to serum albumin; both factors
account for its lack of excretion in the urine.23.

Hyperbilirubinemia

12. A.R., a 42-year-old man with a 2-year history of hyperten-
sion controlled with hydrochlorothiazide and a 1-year history of
Parkinson disease controlled by carbidopa/levodopa, is hospital-
ized after an episode of orthostatic hypotension. Admitting labo-
ratory results show a hematocrit (Hct) of 27% (normal, 39–49).
Because A.R. had a long history of alcoholism, additional labora-
tory tests were obtained. His results were as follows: total biliru-
bin, 3.5 mg/dL (normal, 0.1–1.0); direct bilirubin, 0.5 mg/dL (nor-
mal, <0.2); ALP, 40 units/L (normal, 30–120); AST, 32 units/L
(normal, <35); and ALT, 27 units/L (normal, <35). Based on this
information and Figure 2-1, what are three major causes of in-
creased bilirubin in adults, and what might be the most logical
cause of increased bilirubin in A.R.?

[SI units: Hct, 0.27; total bilirubin, 59.8 μmol/L; direct bilirubin, 8.6 μmol/L;

ALP, 0.67 μkat/L; AST, 0.53 μkat/L; ALT, 0.45 μkat/L]

Increases in serum bilirubin can be categorized into three
primary causes. First, hepatocellular injury interferes with the
ability of the liver to conjugate bilirubin, leading to a dis-
proportional increase of total bilirubin relative to the direct
bilirubin (i.e., the indirect bilirubin will be increased). The
normal AST and ALT values observed with A.R. indicate that
hepatocellular damage is not likely the cause of the increased
bilirubin. Therefore, a diagnosis of hepatocellular damage can-
not be confirmed by the serum bilirubin concentrations alone.
Second, hyperbilirubinemia can involve cholestatic or obstruc-
tive (posthepatic) causes. Blockage of the bile duct secondary
to cholelithiasis (gallstone) or tumor will tend to increase con-
jugated (direct) bilirubin. In obstructive causes of hyperbiliru-
binemia, mild elevations in AST and ALT, as well as marked
increase in ALP and GGT, are usually observed. Furthermore,
increased excretion of excess conjugated bilirubin in the urine
commonly results in dark brown–colored urine. Again, the clin-
ical scenario illustrated with A.R. does not appear to support a
cholestatic component as the cause of his increased bilirubin
(ALP is within the normal range, and his direct bilirubin is only
slightly elevated). The third primary cause of increased serum
bilirubin involves hemolysis (prehepatic). In cases where ery-
throcytes are rapidly hemolyzed (e.g., sickle cell disease, drug-
induced hemolysis), serum concentrations of indirect bilirubin
increase. If the liver is conjugating and eliminating bilirubin
normally, total bilirubin will increase out of proportion to the
direct bilirubin, and the other LFTs will appear normal. This
appears evident in A.R.’s case, making hemolysis the likely
cause of his hyperbilirubinemia.
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MISCELLANEOUS TESTS
Amylase and Lipase
Amylase (35–120 units/L or 0.58–2.0 μkat/L) and lipase (0–
160 units/L or 0–2.67 μkat/L) are enzymes produced in the
pancreas and secreted into the duodenum to assist in the diges-
tive process. Amylase is responsible for breaking down com-
plex carbohydrates into simple sugars and is also found in the
saliva. Significant elevations in serum amylase are observed
in patients with acute pancreatitis or pancreatic duct obstruc-
tion. Amylase levels tend to rise 6 to 48 hours after onset of
the disease and usually return to normal 3 days after the acute
event. In chronic pancreatitis or obstruction, amylase levels
may remain elevated for longer periods. Other nonpancreatic
conditions (e.g., bowel perforation, biliary disease, perforated
peptic ulcer, ectopic pregnancy, mumps) can be associated with
elevated serum amylase levels.

Lipase is responsible for breaking down triglycerides into
fatty acids. Elevated serum lipase levels are also suggestive of
pancreatic disease and tend to be more specific for pancreatic
disease than amylase. The onset of lipase elevation is similar
to amylase; however, lipase typically remains elevated for 5 to
7 days and can be useful in diagnosing patients in later stages
of pancreatic disease. Narcotics (e.g., morphine) can constrict
the sphincter of Oddi and increase serum concentrations of
amylase and lipase.

Prostate-Specific Antigen
Normal: 0 to 4 ng/mL or 0 to 4 mcg/L

Prostate-specific antigen (PSA) is a protease glycoprotein
produced almost exclusively by prostate epithelial cells. Serum
concentrations of PSA are increased when the normal prostate
glandular structure is disrupted by benign or malignant tumor
or inflammation. More than half of the men with benign pro-
static hyperplasia have elevated serum PSA concentrations.
PSA is also a valuable parameter for staging and monitoring
the progression and response to therapy of prostate cancer.24

PSA serum concentrations increase after prostatic manip-
ulation such as digital rectal examination (DRE), transrectal
ultrasound, cystoscopy, or biopsy of the prostate. In addition,
serum PSA will increase 24 to 48 hours following ejacula-
tion. Although elevated serum concentrations of PSA can oc-
cur in men with benign prostatic hyperplasia, concentrations
tend to be higher and encountered more often in men with
cancer. As a result, the American Cancer Society25 and the
American Urological Association26 currently recommend that
health care providers offer a PSA blood test and DRE yearly
to men older than 50 years. For men considered to be at high
risk (family history or African American men), testing at age
45 years is suggested. Combination of both PSA and DRE
were more effective in detecting prostate cancer than either test
alone.

The serum half-life of PSA is 2 to 3 days, but serum PSA
concentrations can remain high for several weeks after manip-
ulation of the prostate. Men with PSA levels between 4 and
10 ng/mL should be evaluated further for potential prostate
cancer. Circulating serum PSA is bound to plasma proteins,
and the capability exists to measure both total and free (un-
bound) PSA concentrations. Increased risk of prostate cancer

has been observed in men with a free PSA-to-total PSA ratio
of <0.25.27 An aggressive approach to localize prostate can-
cer for men with life expectancies more than 10 years is now
favored.24,28 The diagnosis and treatment of prostate cancer is
presented in Chapter 91.

Thyroid-Stimulating Hormone
Normal: 2 to 10 μ units/L or m units/L

Thyroid-stimulating hormone (TSH) is commonly used to
monitor exogenous thyroid replacement therapy in individuals
diagnosed with primary hypothyroidism. In addition, TSH may
also be measured in conjunction with T4 levels to diagnose this
condition or secondary hypothyroidism. Causes of secondary
hypothyroidism typically arise from damage, such as trauma
or tumors, to the hypothalamus or pituitary gland. Secretion of
thyroid-releasing hormone (TRH) and TSH are substantially
impaired or absent due to this damage. Conversely, primary
hypothyroidism occurs in response to low levels of T3 and T4.
Reduced levels stimulate TRH and TSH release in absence of
the negative feedback typically exerted by normal levels of T3
and T4; as a result, increased TSH is noted.

Exogenous thyroid replacement therapy balances TSH se-
cretion to achieve a euthyroid state. Individuals taking inappro-
priate replacement doses will exhibit alterations in TSH levels.
In the absence of other clinical influences or interactions, a high
TSH level indicates the need to supplement with additional
thyroid medication, whereas a low TSH supports the reduction
in exogenous supplementation. Causes of primary hypothy-
roidism include congenital defects, idiopathic hypothyroidism,
thyroiditis (inflammation of the thyroid gland), or antithyroid
medications. Chapter 49 provides a more detailed discussion
of the clinical implications of altered thyroid laboratory
findings.

Cholesterol and Triglycerides
A detailed discussion of hypercholesterolemia and lipid disor-
ders is provided in Chapter 12. For convenience, the current
range of desired values for total cholesterol (TC), low-density
lipoproteins (LDLs), high-density lipoproteins (HDLs), and
fasting triglycerides (TGs) has been incorporated in Table 2-1.
The reader is referred to Chapter 12 or to National Cholesterol
Education Program and Adult Treatment Panel guidelines for
a detailed description on the topic.29

HEMATOLOGY
There are several different hematologic cell types that originate
from the hematopoietic stem cell. Each cell line has a defined
role and unique contribution to the overall homeostatic pro-
cess, and may be found in the bone marrow, lymph system,
or blood. Typically, routine clinical laboratory testing involves
measuring concentrations of mature myeloid cells found in the
blood. Figure 2-2 illustrates the various lineages derived from
the hematopoietic stem cell.30 The cells derived via the myeloid
linage are the focus of the following discussion. Readers are
encouraged to refer to Sections 18 (Chapters 86 and 87) and
19 (Chapters 88 to 92) to gain further understanding of the
clinical relevance of lymphoid and myeloid cells (Fig. 2-2).



2-16 � GENERAL PRINCIPLES

Hematopoietic 
Stem Cell 

Committed 
Hematopoietic 

Cell 

Myeloid 
Progenitor Cell 

Lymphoid 
Progenitor Cell 

Erythro-MK 
Progenitor Cell 

Gran-Mono 
Progenitor Cell 

Promyelocyte Pro EB 
MK-blast 

MK-cyte 

MK-cyte 

Myelocytes 

Monodendritic 
Progenitor Cell 

Dendritic 
Progenitor Cell 

Monoblast 

Monocyte 

Adipocyte Fibroblast 

Macrophage 

Endothelial Cell 

Monocyte 

Baso EB 

Poly EB 

Ortho EB 

Reticulocyte 

Reticulocyte Platelets 

Erythrocyte 

B-cell 
Progenitor 

T-cell 
Progenitor 

Cell 

T Cell B Cell 

T Cell 

T Cell 

B Cell 

B Cell 

Plasma Cell 

Plasma Cell 

Metamyelocytes 

Band Granulocytes 

Neutrophil 

Eosinophil 

Basophil 

Macrophage 

Dendritic Cell 

Bone Marrow 

Blood 

Lymphoid 
Organ 

FIGURE 2-2 Hematopoietic stem cell lineage.



INTERPRETATION OF CLINICAL LABORATORY TESTS � 2-17

Complete Blood Count
The complete blood count (CBC) is one of the most com-
monly ordered clinical laboratory tests. A CBC measures the
RBCs, Hgb, Hct, mean cell volume (MCV), mean cell Hgb
concentration (MCHC), and total white blood cells (WBCs).
Depending on the laboratory, an order for a CBC may also
include platelets, reticulocytes, or leukocyte differential. An
abbreviated method of noting hematologic parameters in clin-
ical practice is noted in the following figure. In addition, a list
of hematologic laboratory values is presented in Table 2-2.

Hgb

Hct
PlateletsWBC

Red Blood Cells (Erythrocytes)
Males—Normal: 4.3 to 5.9 × 106/mm3 or 4.3 to 5.9 × 1012/L
Females—Normal: 3.5 to 5.0 × 106/mm3 or 3.5 to 5.0 ×
1012/L

Erythrocytes or RBCs are produced in the bone marrow,
released into the peripheral blood, circulated for approximately
120 days, and cleared by the reticuloendothelial system. The
primary function of RBCs is to transport oxygen to tissues. The
concentration of RBCs in the blood can be measured to detect
anemia, calculate RBC indices, or calculate the Hct. Hct and
Hgb concentrations are generally used to monitor quantitative
changes in RBCs.

Hematocrit
Males—Normal: 39% to 49% or 0.39 to 0.49 I
Females—Normal: 33 to 43% or 0.33 to 0.43 I

Hct (packed cell volume) is determined by centrifuging a
capillary tube of whole blood and comparing the height of the
settled RBCs to the height of the column of whole blood. The
percentage of RBCs to the blood volume is the Hct. A decrease
in Hct may result from bleeding, the bone marrow suppressant
effects of drugs, chronic diseases, genetic alterations in RBC
morphology, or hemolysis. An increase in Hct may result from
hemoconcentration, polycythemia vera, or polycythemia sec-
ondary to chronic hypoxia.

Hemoglobin
Males—Normal: 14 to 18 g/dL or 140 to 180 g/L
Females—Normal: 12 to 16 g/dL or 120 to 160 g/L

Hgb is the oxygen-carrying compound contained in RBCs.
Therefore, total Hgb concentration primarily depends on the
number of RBCs in the blood sample. As mentioned with Hct,
medical conditions that impact the number of RBCs will also
affect Hgb concentration. As discussed previously, glycosy-
lated Hgb (A1c) is a related test used to monitor diabetes mel-
litus.

Red Blood Cell Indices
RBC indices (also known as Wintrobe indices) are useful in the
classification of anemias. These indices include the MCV, the
mean cell hemoglobin (MCH), and the MCHC. These indices

are calculated in Equations 2-6 to 2-8:

MCV = Hct × 1,000

RBC (in millions/μL)
= 76 − 100 (in μm3 or fL)

2-6

MCH = Hgb (in g/dL × 10)

RBC (in millions/μL)
= 27 − 33 (in pg) 2-7

MCHC = Hgb (in g/dL)

Hct
= 33 − 37 (in g/dL) 2-8

Mean Cell Volume
The MCV detects changes in cell size. A decreased MCV indi-
cates a microcytic cell, which can result from iron-deficiency
anemia. A large MCV indicates a macrocytic cell, which can
be caused by a vitamin B12 or folic acid deficiency. Under-
lying disease states (e.g., habitual alcohol ingestion, chronic
liver disease, anorexia nervosa, hypothyroidism, reticulocyto-
sis, hematologic disorders) may also present with an elevated
MCV secondary to deficiencies in these vitamins.31 The MCV
can be normal in a patient with a “mixed” (microcytic and
macrocytic) anemia. Note that a direct assessment of a blood
smear via microscopic examination is the gold standard for
confirming RBC size.

Mean Cell Hemoglobin
The MCHC is a more reliable index of RBC Hgb than MCH.
The former measures the concentration of Hgb, whereas the
latter measures the weight of Hgb in the average RBC. In nor-
mochromic anemias, changes in the size of RBCs (MCV)
are associated with corresponding changes in the weight
of Hgb (MCH), but the concentration of Hgb (MCHC) re-
mains normal. Changes in the Hgb content of RBCs alter
the color of these cells. Thus, hypochromic refers to a de-
crease in RBC Hgb, reflected by reduced MCHC, and may
indicate iron-deficiency anemia. Conversely, hyperchromic
RBCs have an elevated MCHC due to the presence of greater
amounts of Hgb. Hyperchromic cells are not commonly en-
countered.32

13. C.U., a 58-year-old chronic alcoholic, was hospitalized after
a barroom brawl. A CBC was ordered, and the following RBC
indices were noted: MCV, 108 μm3; MCH, 38 pg; and MCHC,
34 g/dL. How should these indices be interpreted in C.U.?

[SI units: MCV, 108 fL; MCH, 38 pg; MCHC, 340 g/L]

Usually, the MCH and MCV are both increased and the
MCHC is normal in macrocytic anemias associated with vita-
min B12 or folic acid deficiency. The MCH is increased because
the RBCs have increased in size; however, the concentration of
Hgb (MCHC) has not changed. This characteristic picture is
illustrated in the alcoholic patient, C.U., who is likely to have a
dietary folic acid deficiency. If C.U.’s indices were normal (nor-
mocytic, normochromic) and if anemia was present (decreased
Hgb or Hct), acute blood loss from injuries he sustained in the
brawl should be considered. If the anemia seems to be more
chronic in nature, alcohol-induced bone marrow suppression
should be considered (see Chapters 28 and 84).
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Reticulocytes
Adults—Normal: 0.1% to 2.4% of RBCs or 0.001 to 0.024 I

Reticulocytes are young, immature erythrocytes (RBCs).
The reticulocyte count measures the percentage of these new
cells in the circulating blood. An increase in the number of
reticulocytes implies an increased number of erythrocytes are
being released into the blood in response to a stimulus. Be-
cause erythrocytes regenerate rapidly, reticulocytosis can be
noted within 3 to 5 days after hemolysis or after a hemor-
rhagic episode. Appropriate treatment of anemias caused by
iron, vitamin B12, or folic acid deficiencies should result in an
increased reticulocyte count. Caution must be exercised in the
interpretation of reticulocyte counts. Changes in the number
of RBCs will result in proportional changes in the reticulo-
cyte count because the latter is reported as a percentage of the
number of RBCs.

Erythrocyte Sedimentation Rate
Males—Normal: 0 to 20 mm/hour
Females—Normal: 0 to 30 mm/hour

The ESR is the rate at which erythrocytes settle to the bot-
tom of a test tube through the forces of gravity and in response
to fibrinogen levels in the blood. The ESR is a nonspecific value
and may be increased abnormally in acute and chronic inflam-
matory processes, acute and chronic infections, neoplasms,
infarction, tissue necrosis, rheumatoid-collagen disease, dys-
proteinemias, nephritis, and pregnancy. Laboratory technique
can affect the sedimentation rate substantially.22 Because many
factors can enhance the settling rate of RBCs, moderate to
marked elevation of the ESR merely indicates an inflamma-
tory component to a disease state. An increased ESR in the
setting of a normal physical examination is usually transitory
and is rarely the harbinger of serious occult disease.33

White Blood Cells
Normal: 3.2 to 9.8 × 103/mm3 or 3.2 to 9.8 × 109/L

Leukocytes or WBCs are comprised of five different types
of cells. Neutrophils are the most abundant of the circulating
WBCs, followed in order of frequency by lymphocytes, mono-
cytes, eosinophils, and basophils. The neutrophils, eosinophils,
basophils, and monocytes are formed from stem cells in the
bone marrow. Lymphocytes are formed primarily in the lymph
nodes, thymus, spleen, and, to a lesser extent, bone marrow
(Fig. 2-2). Each WBCs has unique functions, and it is best
to consider them independently rather than collectively as
“leukocytes.”34 Ultimately, all WBCs contribute to host de-
fense mechanisms. A convenient mnemonic for remembering
the various types of WBCs is “Never Let Monkeys Eat Ba-
nanas” (N = neutrophils; L = lymphocytes; M = monocytes;
E = eosinophils; and B = basophils).

Neutrophils
Normal: 54% to 62% of WBC

The terms “polys,” “segs,” “polymorphonuclear neu-
trophils,” and “granulocytes” are synonymous with the term
“neutrophil” in clinical practice. The number of neutrophils
is commonly increased during bacterial or fungal infections
because these cells are essential in killing invading micro-

organisms. While the bone marrow increases production of
new leukocytes, there is also an increase in the number of cir-
culating immature neutrophils (e.g., bands); this phenomenon
is commonly referred to as a “left shift,” which suggests bac-
terial infection.32

However, neutrophils are also important in the pathogenesis
of tissue damage in some noninfectious diseases, such as
rheumatoid arthritis, inflammatory bowel disease, asthma,
MI, or gout.35 Increased neutrophils or neutrophilia can also
be encountered during metabolic toxic states (e.g., diabetic
ketoacidosis, uremia, eclampsia) and during physiological
response to stress (e.g., physical exercise, childbirth). Drugs
(e.g., epinephrine, corticosteroids) can also cause significant
neutrophilia, primarily by demargination from blood vessel
walls.

Agranulocytosis and Absolute Neutrophil Count
The condition involving decreased neutrophils, or neutropenia,
is defined as a neutrophil count of <2,000 cells/mm3; agran-
ulocytosis refers to severe neutropenia. The degree of neu-
tropenia is often expressed by the absolute neutrophil count
(ANC). The ANC is defined as the total number of granulo-
cytes (polymorphonuclear leukocytes and band forms) present
in the circulating pool of WBCs and can be calculated as WBC
× (% neutrophils + % bands)/100. Generally, the risk of in-
fection is low when the ANC exceeds 1,000/mm3; however,
the risk of infection increases significantly when the ANC is
<500/mm3. The risk of developing bacteremia is increased
further as the ANC decreases to <100/mm3, a condition com-
monly referred to as “profound neutropenia” (see Chapter 68).
The most common causes of neutropenia are metastatic carci-
noma, lymphoma, and chemotherapeutic agents.

Lymphocytes
Normal: 25% to 33% of WBC

Lymphocytes constitute the second most common WBC in
circulating blood. These leukocytes respond to foreign antigens
by initiating the immune defense system. The vast majority of
lymphocytes is located in the spleen, lymph nodes, and other
organized lymphatic tissue. The lymphocytes circulating in
blood represent <5% of the total amount in the body.

There are two major types of lymphocytes. T lymphocytes
(thymic dependent) participate in cell-mediated immune re-
sponses, and B lymphocytes (bone marrow derived) are re-
sponsible for humoral antibody responses. Therefore, diseases
affecting lymphocytes primarily manifest themselves as im-
mune deficiency disorders that render the patient unable to
defend against normal pathogens (see Chapter 69) or as au-
toimmune diseases in which immune responses are directed
against the body’s own cells.34

Increased numbers of lymphocytes on a white count differ-
ential sometimes accompany lymphoma (see Chapter 90) and
viral infections such as infectious mononucleosis, mumps, and
rubella. A relative lymphocytosis is sometimes encountered
when the total lymphocytes have remained constant despite a
decline in the total neutrophils.

Monocytes
Normal: 3% to 7% of WBC

Monocytes are formed in the bone marrow and are the pre-
cursors to macrophages and antigen-presenting cells (dendritic
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cells), which are found in the body’s tissues.36 Macrophages
and dendritic cells are phagocytic cells that engulf foreign anti-
gens or dead or dying cells. Dendritic cells also present frag-
ments of antigens to T and B lymphocytes. Monocytosis may
be observed in mononucleosis, subacute bacterial endocardi-
tis, malaria, and tuberculosis, as well as during the recovery
phase of some infections.

Eosinophils
Normal: 1% to 3% of WBC

Because eosinophils have surface receptors that bind IgG
and IgE, they can modify reactions associated with IgG- and
IgE-mediated degranulation of mast cells. Primary lysosomal
granules, small dense granules, and specific or secondary gran-
ules are the three types of granules found within eosinophils.
The latter granules account for most of the biological activity
of eosinophils and are toxic to parasites, tumor cells, and some
epithelial cells.37

Eosinophils have phagocytic activity, catalyze the oxidation
of many substances, facilitate killing of micro-organisms, ini-
tiate mast cell secretion, protect against various parasites, and
play some role in host defense. Eosinophilia is probably most
commonly associated with allergic reactions to drugs, allergic
disorders (e.g., hay fever, asthma, eczema), invasive parasitic
infections (e.g., hookworm, schistosomiasis, trichinosis), col-
lagen vascular diseases (e.g., rheumatoid arthritis, eosinophilic
fasciitis, eosinophilic-myalgia syndrome), and malignancies
(e.g., Hodgkin disease).38–40

Basophils
Normal: <1% of WBC

During infection or inflammation, basophils leave the
blood and mobilize as mast cells to the affected site and re-
lease granules. These granules contain histamine, serotonin,
prostaglandins, and leukotrienes. Degranulation results in an
increased blood flow to the site and may compound inflam-
matory processes. An increase in basophils commonly accom-
panies allergic and anaphylactic responses, chronic myeloid
leukemia, myelofibrosis, and polycythemia vera. A decrease
in the number of basophils is generally not readily apparent
because of the small number of these cells in the blood.34

14. R.L., a 45-year-old man, is hospitalized with a sustained
high fever of 39.4◦C, SOB, and pleurisy. His cough is productive
of rusty sputum, and he appears to be in acute distress. The results
of the CBC and leukocyte differential are as follows: total WBC
count, 18,000/mm3; neutrophils, 76%; bands, 13%; lymphocytes,
10%; monocytes, 0; eosinophils, 1%; and basophils, 0. On the
basis of this laboratory report and other findings, a diagnosis of
pneumococcal pneumonia is suspected. How is R.L.’s laboratory
report consistent with bacterial infection?

[SI units: WBC, 1.8 × 109/L; neutrophils, 0.76; bands, 0.13; lymphocytes,

0.10; eosinophils, 0.01]

WBCs are the host’s chief defense system, and the neu-
trophil is the main component of that system. During bac-
terial infections, the leukocyte count and the neutrophils are
generally increased, and a left shift (increase in bands) may
be noticeable. The percentage of other types of WBCs is de-
creased proportionately because the number of neutrophils is
increased.

As the infection progresses, the percentage of band cells
may decrease as a result of an increase in the number of neu-
trophils that have a longer half-life. This decrease in bands
does not necessarily indicate improvement. A decrease in the
percentage of neutrophils with a decrease in the total WBC
count is characteristic of effective antibiotic therapy.

15. S.Q., a 35-year-old woman, was treated for 7 days with di-
cloxacillin for cellulitis of the left leg. On the eighth day, an aller-
gic urticarial rash developed. The CBC showed a total leukocyte
count of 10,000/mm3 with 6% eosinophils. What is the significance
of this eosinophil count?

[SI units: WBC, 1.0 × 109/L; eosinophils, 0.06]

In the clinical setting, absolute leukocyte counts may be
used in conjunction with normal reference values. Absolute
counts are calculated by multiplying the percentage of each in-
dividual cell by the total leukocyte count. Eosinophils are usu-
ally increased in allergic reactions; therefore, a drug-induced
hypersensitivity reaction is a strong probability in S.Q., with
an absolute count of 600 eosinophils/mm3 (i.e., 6% of 10,000
leukocytes). The clinician should be suspicious of an aller-
gic drug reaction when absolute eosinophil counts exceed 300
cells/mm3. Eosinophils may increase before, after, or concur-
rent with other evidence of allergy (e.g., rash). Eosinophilia
without evidence of allergy is not sufficient cause to discon-
tinue a suspected medication unless the eosinophilia is sig-
nificant (i.e., >2,000 cells/mm3). In addition, the absence of
eosinophilia certainly does not rule out an allergic diagnosis in
a patient exhibiting clear clinical manifestations of an apparent
allergic reaction.

Thrombocytes
Normal: 130 to 400 × 103/mm3 or 130 to 400 × 109/L

Appropriate platelet (i.e., thrombocyte) function is essential
to blood clotting. Decreased platelet counts or thrombocytope-
nia may lead to petechiae, ecchymosis, and spontaneous hem-
orrhage. Causes include decreased platelet production, acceler-
ated destruction, loss from excessive bleeding/trauma, dilution
of blood samples secondary to blood transfusion, sequestra-
tion secondary to hypersplenism, disseminated intravascular
coagulation, infection, or systemic lupus erythematosus. Ma-
lignancy, rheumatoid arthritis, iron-deficiency anemia, poly-
cythemia vera, and postsplenectomy syndromes are the most
common causes of elevated platelet counts or thrombocytosis.

Coagulation Studies
The control of bleeding depends on the formation of a platelet
plug and the formation of a stable fibrin clot. The formation
of this clot, the complex interactions of plasma proteins and
clotting factors, and the clinical application of laboratory tests
of coagulation are described in Chapter 15. The prothrombin
time (PT), international normalized ratio (INR), and activated
partial thromboplastin time (aPTT) are used to diagnose coag-
ulation abnormalities or to monitor the effectiveness of patients
receiving anticoagulation therapy. When used to assess drug
therapy, achieving a value outside the “normal” range is in fact
a therapeutically desirable outcome. These tests are described
briefly in this chapter, with the understanding that the reader
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will refer to Chapter 15 to gain the appropriate perspective on
the clinical applicability of these tests.

Activated Partial Thromboplastin Time
aPTT measures the intrinsic clotting system, which depends
on factors VIII, IX, XI, and XII and the factors involved in the
final common pathway of the clotting cascade (factors II, X,
and V). The typical control ranges from 35 to 45 seconds. aPTT
is commonly used to monitor unfractionated heparin therapy.

Prothrombin Time
Prothrombin is synthesized in the liver and is converted to
thrombin during the blood clotting process. Thrombin forma-
tion is the critical event in the hemostatic process because
thrombin creates fibrin monomers that ultimately assemble into
a clot and stimulates platelet activation. The PT test directly
measures the activity of clotting factors VII, X, prothrombin
(factor II), and fibrinogen. Automated laboratory instruments
measure PT by recording the time required for the blood to
clot after tissue thromboplastin has been added to the patient’s
blood sample. The reference range depends on the specific lab-
oratory, but is usually between 10 and 12 seconds when rabbit
brain thromboplastin is used.

International Normalized Ratio
Although INR is the recommended method to accurately moni-
tor anticoagulant therapy, several potential problems have been
identified with the INR system. Because of the variable sensi-
tivity of thromboplastin reagents to decreases in specific clot-
ting factors, there may be a lack of reliability of the INR system
when it is used at the onset of warfarin therapy and for screen-
ing for a coagulopathy. Despite these potential problems with
the INR system, the American College of Chest Physicians
unanimously recommends using the INR system of reporting
during initiation and maintenance of anticoagulant therapy.41

However, attempts to standardize laboratory reporting have
not completely eliminated the variability observed between
different laboratories, so clinicians must be cautious when in-
terpreting coagulation parameters obtained for more than one
institution.

The INR is calculated using Equation 2-9, where the pro-
thrombin ratio (PTR) is the ratio between the patient’s PT and
the laboratory’s control PT, and the ISI is the international sen-
sitivity index. Commercial manufacturers quantify the ISI for
the specific thromboplastin reagent used in each lot and report
this information in the product package insert. For a thorough
review on the monitoring of anticoagulant therapy, see Chapter
15.

INR =
{

PT(patient)

PT(control)

}ISI

= PTRISI 2-9

URINALYSIS
A standard urinalysis begins with simple observation of the
color and the gross general appearance of the urine specimen.
The urine pH and specific gravity are then recorded. Formed el-
ements in the urine are examined microscopically, and the urine
is searched routinely for pathologically significant substances
that are normally not present (e.g., glucose, blood, ketones, bile
pigments).

Gross Appearance of the Specimen
The concentrated, first-morning urine specimen is usually ana-
lyzed to eliminate effects of undue dilution as a result of water
intake. The color should be slightly yellow, depending on the
degree of dilution, and the appearance should be clear. The
appearance of the urine may reveal clouds of crystals, biliru-
bin, blood, porphyrins, proteins, food or drug colorings, or
melanin. Discolored urine is abnormal. A red coloration of the
urine may be imparted by blood, porphyria, or ingestion of phe-
nolphthalein. A brown urine color may be caused by the acid
hematin of blood or from melanin pigments. Excessive excre-
tion of urobilinogen or the effects of drugs such as rifampin or
phenazopyridine may cause a dark orange urine color. A blue
to blue-green color of the urine may result from the systemic
administration of methylene blue.

Specimen pH
When freshly produced, urine is normally mostly acidic (pH
4.6–8). Alkaline urine may indicate an aged specimen, sys-
temic alkalosis, failure of renal acidifying mechanisms, or in-
fection in the urinary tract.

Specific Gravity
A normal morning urine specimen should have a specific grav-
ity of 1.020 to 1.025. The upper end of this range is close to
the maximal concentrating ability of the kidney. Glomerular
filtrate has a specific gravity of 1.010, and a urine of such
a low specific gravity, under conditions of restricted water in-
take, would suggest failure of renal concentrating mechanisms.
When water intake is not restricted, specific gravity readings
are difficult to interpret.

Protein
Proteinuria is a classic sign of renal injury and a matter of con-
cern. If proteinuria is found during the evaluation of a patient
with a nonrenal illness, it suggests that the disease may also
involve the kidneys (i.e., hypertension, diabetes).42 A healthy
adult generally excretes 30 to 130 mg/day of protein into the
urine.

Protein in a urine sample is generally tested qualitatively
on a random urine sample by a dipstick method and is usually
reported on a scale of 0 (<30 mg/dL), 1+ (30–100 mg/dL), 2+
(100–300 mg/dL), 3+ (300–1,000 mg/dL), and 4+ (>1,000
mg/dL). A positive qualitative test for urine protein should
be repeated after a few days because transient proteinuria can
accompany various physiological and pathological states, even
when kidney function is normal. Therefore, patients with CHF,
seizures, or febrile illnesses and normal renal function need not
undergo invasive renal function tests if the proteinuria is mod-
est and likely to be transient. Another qualitative evaluation of
proteinuria can be performed in about 2 weeks to confirm the
diagnosis of transient proteinuria.43 If subsequent qualitative
test results are positive, a 24-hour urine sample should be col-
lected to quantitatively test for protein and creatinine (see Cre-
atinine Clearance section). In patients with a normal 24-hour
urinary protein concentration, previous positive qualitative
test results probably represent either false-positive results or
a transient phenomenon.42
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Microscopic Examination
The urine sediment is examined for RBCs, WBCs, casts, yeast,
crystals, and epithelial cells.

RBCs should be absent in normal urine, although one or two
RBCs per high-power field (HPF) would still be considered in
the normal range. Bleeding or clotting disorders, some collagen
diseases, and various bladder, urethral, and prostatic conditions
may cause microscopic hematuria. In females, vaginal blood
occasionally contaminates the urine specimen, but the presence
of numerous squamous epithelial cells should be sufficient to
alert clinicians to this artifact.

WBCs should be virtually absent in normal urine, although
up to five WBCs/HPF would still be in the normal range. The
presence of WBCs in the urine usually suggests an acute infec-
tion in the urinary tract (see Chapter 64). Some noninfectious
inflammatory diseases of the kidney, ureter, or bladder may
also contribute WBCs to the urine sediment.

Casts are composed of proteinaceous or fatty material that
outlines the shape of the renal tubules where they were de-
posited. The presence of casts in the urine must be interpreted
in light of other factors related to the kidney and its function;
however, fatty casts, RBC casts, and WBC casts are always
significant. RBC casts usually suggest glomerular injury, and
WBC casts suggest tubular or interstitial injury. Lipid casts
with proteinuria are characteristic findings in patients with the
nephrotic syndrome.44 The finding of hyaline casts alone in the
presence of proteinuria suggests a renal origin for the protein.
Hyaline or granular casts alone, however, only suggest some
defect in factors that affect cast formation, and are therefore
difficult to interpret.

Crystals may originally appear as a cloud in the urine. Their
formation is pH dependent, and they often appear only as the
urine cools to room temperature or in concentrated urine. In
acid urine, crystals may be uric acid or calcium oxalate; in
alkaline urine, they may be phosphates. Crystals per se are not
highly significant, although they may reflect a tendency toward
the formation of renal calculi (see Chapter 30).

16. R.C. is a 23-year-old man who was diagnosed with type 1
diabetes mellitus about 10 years ago; until now, his diabetes has
been well controlled with an aggressive insulin regimen. His sister
brings him to the emergency department with a 3-day history of
fever, chills, dysuria, malaise, and some confusion. He also com-
plains of nausea and vomiting and a poor appetite. Because he has
not been able to keep any food down for about 48 hours, he has not
taken his insulin. A finger stick blood glucose is 545 mg/dL, and a
stat midstream urinalysis and Gram stain indicate the following:
pH 5.2; appearance cloudy; specific gravity 1.033; urine protein
3+; urine glucose 4+; urine ketones positive; urine bacteria 4+;
urine WBC, too numerous to count (TNTC); squamous epithelial,
few per HPF; urine nitrite positive; and Gram stain, numerous
gram-negative rods. What objective data from the urinalysis in-
dicate that R.C. is critically ill?

[SI unit: glucose, 30.3 mmol/L]

The cloudy appearance of R.C.’s urine indicates the pres-
ence of bacteria, protein, and WBCs, which is substantiated
by the data (4+ bacteria, 3+ protein, and TNTC WBCs). The
lack of a significant amount of squamous epithelial cells, the
presence of a significant amount of nitrite-producing bacte-
ria, and the Gram stain indicate a clean-catch urine specimen

Table 2-3 FDA and Non–FDA-Approved Products Available for Patient-Directed Monitoring or Testing

Blood Chemistry

Blood glucose monitors
Glycosylated hemoglobin (A1c)
Lipids (TC, HDL, LDL, TG)
Prothrombin (PT, INR)

Screening for Disease or Infection

Middle ear monitor (otitis media)
Urinary tract infection
Urine dipsticks

Glucose, ketones, specific gravity, blood, pH, protein, nitrite,
leukocytes

Anemia (Hgb)
Hepatitis C
HIV
Kidney disease (microalbuminuria)
Thyroid (TSH)
Fecal occult blood test

Fertility—Male

Fertility tests (sperm counts)
Paternity testing (DNA)
Hormone tests (testosterone, DHEA)

Fertility—Female

Ovulation tests (LH)
Pregnancy tests (hCG)
Menopause tests (FSH)
Maternity testing (DNA)
Hormone tests (estrogen, progesterone, testosterone)

Drugs of Abuse

Alcohol
Nicotine
THC (marijuana)
Cocaine
Opiates
Amphetamines
Methamphetamines
PCP-phencyclidine
Barbiturates
Benzodiazepines
MDMA (ecstasy)

A1c, glycosylated hemoglobin; DHEA, dehydroepiandrosterone; FDA, U.S. Food and Drug Administration; FSH, follicle-stimulating hormone; hCG, human chorionic gonadotropin;
HDL, high-density lipoprotein; Hgb, hemoglobin; INR, international normalized ratio; LDL, low-density lipoprotein; LH, luteinizing hormone; MDMA, 3′4-methylelenedioxy-
methamphetamine; PCP, phencyclidine; PT, prothrombin time; TC, total cholesterol; TG, triglyceride; THC, tetrahydrocannabinol; TSH, thyroid-stimulating hormone.
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and a urinary tract infection (UTI) involving gram-negative
organisms. Because the renal threshold of glucose is typically
180 mg/dL, the presence of 4+ glucose in the urine indicates
that the blood glucose concentration significantly exceeds this
figure (substantiated by blood glucose of 545 mg/dL). Acid-
ification of the urine and ketonuria occur after the release of
ketone bodies into the bloodstream after the breakdown of fatty
acids for energy utilization. It is likely that R.C. has a severe
UTI and, most likely, diabetic ketoacidosis. (See Chapters 50
and 64 for thorough discussions of diabetes, diabetic ketoaci-
dosis, and UTIs.)

PATIENT-DIRECTED MONITORING AND TESTING
Often patient-directed self-monitoring is an essential compo-
nent to successful management of certain disease states such
as blood pressure monitoring for hypertension and blood glu-
cose monitoring for diabetes mellitus. When used appropri-
ately, data obtained from these monitoring devices can be used
by health care providers and consumers to initiate or modify
therapies accordingly.

Additional laboratory, self-monitoring tests or devices are
also available for consumers to purchase for independent test-
ing or screening purposes at home (Table 2-3). Some products
provide an immediate result, whereas others require submitting

a completed kit to a laboratory for analysis. Samples may be
obtained from various sources, including urine, blood, saliva,
stool, or hair samples. In 1992, sales of over-the-counter diag-
nostic tests in the United States were $750 million. By 2002,
sales jumped to $2.8 billion annually.45 The incidence of con-
sumers using these products has significantly increased and
likely will continue to climb due to increased access via the
Internet as well as additional tests becoming available.

In the United States, some, but not all, patient-directed tests
have been approved by the U.S. Food and Drug Administra-
tion (FDA). A current listing of approved products is avail-
able though the FDA’s Office of In Vitro Diagnostic Device
Evaluation and Safety (OIVD) and can be accessed online
at http://www.fda.gov/cdrh/oivd/.46 Consumers should be cau-
tioned about the accuracy of tests that have not been approved
and the validity of all test results, especially for diagnostic pur-
poses, because many factors can impact or interfere with the
sensitivity (probability of obtaining a positive result when sam-
ple is truly positive) and specificity (probability of obtaining a
negative result when the sample is truly negative). Follow-up
assessment with a health care provider should be encouraged
to confirm or refute patient-directed test results. provides ex-
amples of tests available. Readers are encouraged to refer to the
Handbook of Nonprescription Drugs for a detailed description
of commonly used patient-directed tests.47
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INTRODUCTION
During the 1990s, the terms “alternative,” “complementary,”
“unconventional,” and “integrative” described health care
practices that were not commonly taught or practiced by health
care providers in the United States.1 Today, these practices are
more widely accepted within the mainstream of care, so the
terms “complementary” or “integrative” are most commonly
used to describe them. These terms more accurately reflect
the combined use of complementary therapies and conven-
tional medicine. Some complementary therapies used today
include homeopathy, massage therapy, aromatherapy, acupunc-
ture, acupressure, herbs and supplements, reflexology, and chi-
ropractic care. This chapter focuses on dietary supplements,
one of the most common forms of complementary care.1,2

In the United States, the popularity and use of herbs and di-
etary supplements has increased significantly since 1994. This
has led to an estimated $17.8 billion market for these prod-
ucts. The U.S. Food and Drug Administration (FDA) estimates
that there are more than 29,000 different dietary supplements
available to consumers, with an estimated 1,000 new products
introduced to the market annually. Given the vast demand for
these products, consumers need accurate information on their
safety and effectiveness so they can make informed choices.

According to one national survey, consumers often do not
discuss the use of dietary supplements with their health care
providers because they believe their providers know little or
nothing about these products and are biased against them.3

This practice can be hazardous if the consumer is self-treating
a serious disorder with a dietary supplement for which more
effective therapies exist, or if the supplement interacts with a
particular medication or exacerbates a disease state. Indeed,
nearly 16% of prescription drug users also report having taken
a dietary supplement at the same time.4 Many consumers be-
lieve so strongly in the potential health benefits of certain di-
etary supplements that they would continue taking them even
if they were proven to be ineffective.3 This emphasizes the
importance of open communication with patients regarding
their health care needs and beliefs and, in particular, their use
of these products. One study found that consumers who use
alternative health care practices were not necessarily dissatis-
fied with their medical care.5 Instead, alternative health care
was more consistent with their way of life and attitudes toward
health and living.

This chapter is designed to provide an evidence-based ap-
proach and critical analysis of the scientific literature on herbal
and other supplements. The quality of the scientific literature
in this area varies significantly, in that many studies suffer
from flaws in study design, statistical analysis, small sample
size, bias, and blinding. When possible, the recommendations
made are designed to be in the best interest of the patient.
Providing consumers with quality information will help them
make educated decisions related to their care.

Although many products are available on the market, this
chapter addresses some of the more common herbal and nu-
tritional supplements. A summary of the products reviewed in
this chapter appears in Table 3-1.

German Commission E
The prevalence of dietary supplement use in Europe far exceeds
that of the United States. Therefore, it is not surprising that one

of the first groups to examine the safety and efficacy of herbal
products was established in Germany. In 1978, the German
Commission E, an expert panel composed of physicians, tox-
icologists, pharmacists, pharmacologists, biostatisticians, and
others, was assembled by the German Federal Health Agency.6

Its purpose was to review the available clinical information on
herbs and to determine which ones achieved “reasonable cer-
tainty of efficacy and absolute safety.”7 More than 300 herbs
and herbal combinations were reviewed by the German Com-
mission E, and its findings were published in the German Bun-
desanzeiger, which is similar to the Federal Register.7 This
information was translated and published in English by the
American Botanical Council. Today, the German Commission
E monographs are used to a limited degree because much more
evidence exists in the form of controlled trials for many of the
popular dietary supplements.

Dietary Supplement Health and Education Act
In 1994, the U.S. Congress passed a bill that revolutionized
the market for nonprescription drugs. The Dietary Supplement
Health and Education Act (DSHEA) of 1994 (PL 103-417) was
created to regulate dietary supplements: botanicals, vitamins,
minerals, tissue extracts, and amino acids.8 The DSHEA has
special provisions that regulate dietary supplements as foods,
removing them from regulation as pharmaceuticals. Manufac-
turers of dietary supplements can make labeling claims without
submitting evidence to the FDA, but they are responsible for
the truthfulness of those claims. The FDA cannot remove a
product from the market unless the product is proven to pose a
serious or unreasonable risk to consumers. In contrast, pharma-
ceuticals must demonstrate a significant degree of safety and
efficacy before they are approved for marketing. These differ-
ences have led to the rapid growth of the dietary supplement
industry.

The terms used in this chapter to refer to dietary supple-
ments differ from the FDA definition. Herbal remedy (botani-
cal) is used to refer to any product derived from a plant source.
Nutritional supplement is used to refer to vitamins, minerals,
cofactors, enzymes, amino acids, and others. Despite the legal
classifications and variations in nomenclature, dietary supple-
ments are indeed drugs in that they do alter the structure and
function of the body for the treatment or prevention of disease.

Product Labeling
Product labeling refers to both the label of the actual prod-
uct and any accompanying written information. The labeling
on a product must conform to the provisions in the Code of
Federal Regulations for foods,8 which states that the principal
display panel (PDP) must contain the name of the product and
the contents in net weight. Other information about the prod-
uct is located on the information panel, usually found to the
right of the PDP. Currently, not all supplements on the market
conform to these regulations, especially if they are imported
from other countries. As of March 23, 1999, specific label-
ing requirements were required for all products sold as dietary
supplements. The rules require manufacturers to include the
terms “dietary supplement” as part of the name of the product.
For example, vitamin C is sold as “Vitamin C Dietary Sup-
plement.” Ingredient requirements also changed. Products are
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Table 3-1 Summary of Herbal Products and Nutritional Supplements Reviewed

Authors’ Interpretation
Herbal/Nutritional of Level of Evidence for
Supplement Proposed Indication(s) Use in a Clinical Settinga Dosing

Garlic Hyperlipidemia Promising Standardized to contain 1.3% alliin or 0.6% allicin
(600–900 mg powdered garlic/day in two to three divided
doses)

Allium sativum Hypertension Doubtful
Antiplatelet Promising
Antiatherosclerotic Promising Equivalent to 1.8–2.7 g fresh garlic daily (one clove is

approximately 3 g)Cancer prevention Investigational
Antitumor/antiproliferative Unknown
Antimicrobial Investigational
Diabetes/hypoglycemia Doubtful

Ginkgo Dementia Promising Ginkgo biloba extract standardized to contain 22%–24%
flavone glycosides and 5%–7% terpene lactones (120–240
mg/day in two or three divided doses)

Ginkgo biloba Peripheral vascular disease Promising
Stress/anxiety Unknown
Short-term memory Doubtful
Tinnitus/hearing loss Promising
Sexual dysfunction Investigational

St. John’s wort Mild to moderate depression Promising Alcoholic extract standardized to contain at least 0.3%
hypericin or 5% hyperforin (900 mg/day in three divided
doses)

Hypericum perforatum Antiviral Investigational
Wound healing (topical) Unknown

Echinacea Cold treatment Promising 6–9 mL of E. purpurea fresh-pressed juice or 900 mg/day of
E. pallida root (1:5 tincture, 50% ethanol); administer in
divided doses (e.g., 15–30 drops of E. purpurea juice
equivalent to 0.75–1.5 mL, two to five times daily)

Echinacea purpurea Cold prophylaxis Doubtful
Echinacea pallida Urinary tract infection

(supportive treatment)
Unknown

Wound healing Unknown
Saw palmetto Benign prostatic hyperplasia Promising Lipophilic extract standardized to contain 85%–95% fatty

acids and sterols; 160 mg BIDSerenoa repens
Panax ginseng Adaptogen Unknown P. ginseng extract standardized to contain at least 7%

ginsenosides; 1–2 g of the crude root or its equivalent (1 g
of crude root is equivalent to 200 mg of the extract)

Ergogenic Unknown
Immune modulation Promising
Anticancer/antitumor Promising
Diabetes/hypoglycemia Promising
Hyperlipidemia Unknown
Hypertension/cardiovascular Unknown
Erectile dysfunction/infertility Investigational

Glucosamine Osteoarthritis Promising 500–1,000 mg TID; 1,500 mg once daily
Wound healing Doubtful
Antioxidant Investigational

Shark cartilage Anticancer Doubtful 1 g/kg/day or 80–100 g/day given in three divided doses
Antimicrobial Doubtful ZGG: 13.3 mg Q 2 hr while awake

Zinc Common cold Promising ZG: 23 mg Q 2 hr while awake
Allergic rhinitis Investigational ZA: 10 mg Q 2 hr while awake

Melatonin Jet lag Doubtful Jet lag: 5–8 mg IR the evening of departure and for 3–5 days
afterInsomnia Promising

Reproduction Investigational Insomnia: 0.3–5 mg once nightly for sleep onset
Antioxidant Investigational Higher dosages may be required for sleep maintenance
Immune modulation Investigational
Anticancer Investigational
Aging Doubtful
Depression Doubtful

Coenzyme Q10 Hypertension Promising 100–120 mg daily; given in two to three divided doses
Heart failure Promising 50–150 mg daily in two to three divided doses

HIV, Human immunodeficiency virus; IR, immediate release; ZA, zinc acetate; ZG, zinc gluconate; ZGG, zinc gluconate-glycine.
aPromising: A sufficient number of double-blind, placebo-controlled studies have been conducted that indicate an effect may exist.
Investigational: Studies have indicated promising results in animal models or in epidemiologic studies. Small trials in humans may currently be underway.
Unknown: There is an equivalent amount of scientific evidence, which shows both positive and negative results of studies that have been conducted and indicates positive findings
but was generally of poor study design, or there is a relative lack of trials that have been performed for this indication.
Doubtful: Studies that have been conducted have generally shown no effect.
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required to include a “Supplement Facts” panel similar to the
“Nutrition Facts” panels used for many processed foods. The
labels contain information on as many as 14 ingredients when
present in “significant amounts.” Examples include sodium,
calcium, iron, ascorbic acid, and other vitamins and minerals.
If the product was derived from a plant, the product identifies
the part of the plant used and the Latin binomial. Similarly,
for nonherbal dietary supplements, the source of the substance
is listed: animal, human, and synthetic. When the ingredients
exceed 100% of the dietary reference intake (DRI) for that vita-
min or mineral, the product is referred to as high potency. DRI
is a general term for nutrient requirements in a population. The
DRI differs from the recommended dietary allowance (RDA)
in that the RDA is based on individual nutrient requirements
rather than population requirements.

The most significant labeling change requires that for each
essential nutrient listed on a dietary supplement label, the “%
Daily Value” must be provided. The “% Daily Value” is based
on the RDA; for example, a supplement containing 60 mg
vitamin C is considered to provide 100% of the daily value
for adults. However, the problem is that the RDAs are based
on 1968 nutrition recommendations. For example, the recom-
mended calcium intake based on the RDA is too low for most
adults, including postmenopausal women. For postmenopausal
women, the National Institutes of Health recommends 1,200
mg of calcium daily, whereas the RDA for adults is 800 mg.
In this example, an 800-mg dose represents 100% of the daily
value for calcium. However, based on the new calcium re-
quirements, the value is closer to 67%. The National Academy
of Sciences is updating the human nutrient requirements for
vitamins, minerals, and antioxidant dietary supplements. Sub-
stances such as choline, betaine, glutamic acid, inositol, and
botanicals are considered nonessential nutrients for health.
These products are added to supplements and are easily iden-
tified on a product label that states that the “% Daily Value”
has not been established.

Structure-Function Claims
Manufacturers of dietary supplements can make only
“structure-function” claims, which describe the role of a sup-
plement intended to affect the structure or function in hu-
mans. These claims characterize the documented mechanism
by which a supplement acts to maintain such structure or func-
tion, provided that such statements are not disease claims. For
example, if a supplement claims to increase the release of
macrophages, the structure affected is the “macrophage” and
the function is “an increase in release.” In this way, the manu-
facturer is not claiming that the supplement is treating an upper
respiratory tract infection. Under the DSHEA, manufacturers
who make structure-function claims on product labels must
also include the following disclaimer, “This statement has not
been evaluated by the FDA. This product is not intended to
diagnose, treat, cure or prevent any disease.” Consequently, a
product can claim that it “enhances memory,” but it cannot
claim that it “treats dementia.” Manufacturers who want to use
a structure-function claim must inform the FDA no later than
30 days after the product is marketed. The manufacturer must
be able to substantiate the claim, but is not required to submit
supporting evidence to the FDA or make the evidence publicly
available.

Fraudulent claims are common in the dietary supplement
field. Phrases such as “miracle cure” suggest that the product
is a cure for a disease, whereas terms such as “detoxify” and
“purify” are vague and misleading. The most troubling labeling
claims suggest that these products are free of side effects. If
a dietary supplement is potent enough to cause a beneficial
effect, it is also able to cause a side effect.

Supplement Labeling
Consumers may receive informational leaflets on a particular
supplement at the time of purchase. The informational leaflets
might consist of an article, a newsletter, a summary, or other
written document. The quality of the information provided is
not reviewed by the FDA, an expert panel, or other author-
ity. The DSHEA specifies that dietary supplement labeling
excludes accompanying written information from regulation
when the information (a) is not false or misleading, (b) does
not promote a particular manufacturer or brand, (c) is physi-
cally separate from the dietary supplement, and (d) does not
have other information appended to it.8 It is difficult to enforce
these provisions. Consequently, the information distributed to
consumers may be false, biased, inaccurate, or misleading.

Product Formulations
Herbal remedies come in a variety of formulations, some of
which include teas, extracts, oil macerations, and fresh ex-
pressed juice or tinctures.

Teas: Infusions, Decoctions, and Cold Maceration
Teas are prepared by drying the herb, which is then marketed
in its coarse cut form or in tea bags. In general, tea formula-
tions have not been studied in a randomized, controlled fashion
because they are difficult to mask.7

Thus, empirical data have been used to establish indications
for use.7 Teas can be prepared by infusion, decoction, or cold
maceration. The most common preparation, infusion, involves
steeping the herb in boiling hot water for up to 10 minutes and
then straining. To prepare a decoction, the herb is placed in
cold water and the combination is heated to a boil, steeped for
up to 10 minutes, and then strained. Macerations are prepared
by letting the herb stand in water at room temperature for many
hours before straining.

Extracts
The term “extraction” is used when a portion of the herb or the
entire herb is processed for the purpose of concentration. Ex-
tractions are formulated as fluids, powders, solids, and volatile
oils. Extraction of the dried herb with ethanol, water, or both is
used to make fluid extracts.7 Fluid extracts, which use alcohol
as a solvent, are further classified as tinctures. Evaporation of
the solvent is used to prepare solid and powder extracts.7 Ei-
ther distillation or lipophilic extraction can be used to prepare
volatile oils.7

Oil Maceration and Fresh-Pressed Juice or Tincture
Oil macerates can be prepared with fresh or dried herbs. In
either case, similar to tea macerations, the herb is allowed to
stand in oil (e.g., vegetable oil) to macerate at room temper-
ature for many hours before straining. Fresh-pressed juice is
prepared by macerating the herb in water and then squeezing
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the juice from it.7 Fresh herbal tinctures can also be prepared
by using an alcohol-based solvent.

Good Manufacturing Practices
In the United States, pharmaceutical manufacturers are re-
quired by law to conform to strict standards. Good manufactur-
ing practices (GMPs) were designed to protect consumers from
contamination and improper conditions during manufacturing.
Dietary supplements are not required by law to conform to the
same level of GMPs as pharmaceutical manufactures. Under
the DSHEA, dietary supplements are subject to current GMP in
production, packing, or holding human food.8 These guidelines
include maintenance of buildings and facilities, food handler
requirements, and safety standards. Products imported from
other countries are more difficult to regulate. Consequently,
problems related to product purity, potency, and contamina-
tion have been documented in the scientific literature.9 Often,
neither the distributor nor the consumer have any assurance
that product content matches the labeling claims. Adulteration,
whether intentional or accidental, is dangerous and puts the
public health in jeopardy. In an attempt to begin addressing
this issue, the U.S. Pharmacopeia (USP) established a program
called the Dietary Supplement Verification Program (DSVP).
This program helps establish ingredient quality and other stan-
dards unique to herbs and dietary supplements. Participation in
the program is voluntary. Manufacturers who meet the DSVP
criteria will be allowed to carry the USP-certified seal on their
labels. This will help consumers distinguish a particular man-
ufacturer’s product as having the highest quality standards for
content. Other organizations have established similar programs
including Consumer Lab and the National Sanitation Founda-
tion. Importantly, none of these programs address issues of
pharmacologic safety or efficacy.

In 2007, more than 10 years after the DSHEA was enacted,
the FDA issued a final rule on proposed changes to dietary
supplement GMPs. The proposed changes in GMPs standards
came after significant pressure from stakeholders and con-
sumers. Among the various changes, dietary supplements must
now be manufactured in a quality manner, without contami-
nants or impurities, and need to be labeled accurately. These
changes in GMPs will indeed help better regulate manufactur-
ing. To allow manufacturers time to comply, a long phase-in
period has been developed. Larger supplement manufacturers
are required to comply by June 2008 and smaller manufac-
turers by 2009 or later. In response, manufacturers have ex-
pressed concern regarding the cost of these changes, which
may mean that these added costs are likely be passed on to the
consumer.

One of the most important changes to the supplement in-
dustry involves the Dietary Supplement and Non-Prescription
Drug Consumer Protection Act (PL 109-462), which was
signed into law on December 22, 2006. This law requires man-
ufacturers, packers, or distributors of dietary supplements to
submit serious adverse event reports to the FDA based on
specific information that they receive from the public. Un-
der this law, serious adverse events may include death, a life-
threatening situation, an inpatient hospitalization, a persistent
or significant disability or incapacity, or a congenital anomaly
or birth defect, or one that requires medical or surgical inter-
vention to prevent such serious outcomes (based on reason-

able medical judgment). This law will help better characterize
the frequency at which serious adverse events associated with
herbs and supplements are reported. More important, it may
help alert the FDA to serious adverse event trends so appropri-
ate corrective action may be taken.

Given the popularity of dietary supplements, unscrupulous
companies have attempted to cut costs through product adul-
teration. This is especially true of herbs that are expensive to
acquire or that take years to cultivate. As a consequence of
adulteration, the product could fail to have the desired effect,
could cause serious side effects, or could interact with other
drugs. Although some of the hazards may be mitigated by the
new GMP requirements, some hazards may endure, including
those related to the appropriate cultivation and accurate iden-
tification of botanicals.

Herbal Hazards
Consumers sometimes believe that “natural” products available
without a prescription must also be safe.10 Often, this is not the
case because hazards can be introduced during the collection
and manufacturing process or, unknowingly, by the patient.
Other hazards can result from toxic components within the
herb.

Manufacturing Hazards (Adulteration)
In some cases, substances that do not appear on the package
labeling may be introduced into a product, either deliberately
or by accident. For example, plant misidentification resulted
in renal failure in up to 100 women who ingested a Chinese
herbal diet aid. In this case, Stephania tetrandra was replaced
with a nephrotoxic herb, Aristolochia fangchi.11 Similar cases
of misidentification have resulted in digitalis poisoning.12

High levels of heavy metals (e.g., lead, mercury, arsenic)
have been observed in some traditional Chinese and Ayurvedic
(Indian) herbal remedies.13,14 A recent survey of 260 Asian
products distributed in the United States revealed that high
levels of heavy metals or adulterants were present in 83
products (32%).9 In these cases, the amounts exceeded the
recommended maximum amounts set by the USP. Heavy
metal toxicity has resulted in cases of anemia, hepatitis, and
death.13,14

There are many reports of toxicity caused by adulterated
products. In the United States, an outbreak of eosinophilic
myalgia syndrome occurred in patients using the nutritional
supplement L-tryptophan.15 An aniline-derived contaminant
was later found to be the cause. Cases of digitalis poisoning
prompted the chemical analysis of an herbal product advo-
cated for bowel cleansing. Digitalis lanata was isolated from
the plantain (plantago) portion of the product.11 Adulteration of
herbal remedies with prescription drugs such as diazepam, non-
steroidal anti-inflammatory drugs (NSAIDs), hydrochloroth-
iazide, and steroids has been observed as well.16

Direct Hazards: Products to Avoid or Use Cautiously
Products associated with severe adverse reactions are listed
in Table 3-2.17−26 Herbs containing pyrrolizidine alkaloids
generally should be avoided because they are metabolized
to pyrroles, which are hepatotoxic. Ephedrine and ephedrine-
containing products can increase the risk of stroke, myocardial



3-6 � GENERAL PRINCIPLES

Table 3-2 Hazards Associated With Some Nutritional Supplements

Supplement/Latin Binomial References Associated Clinical Usea Toxicity Recommendation

Comfrey rhizome, roots,
leaves

Symphytum spp.

6, 10, 17,
18

Internal digestive aid
External wound healing

Pyrrolizidine alkaloids—
hepatotoxicity

Avoid ingestion. External application only.
Limit use to 4–6 wk. Do not use on
unbroken skin.

Coltsfoot flower, leaves
Tussilago farfara

6, 10, 17 Upper respiratory tract
infections

Pyrrolizidine alkaloids—
hepatotoxicity

Avoid herb, root, or flower products. Leaf
can be used as an external anti-
inflammatory agent. Limit use to 4–6 wk.

Germander leaves, tops
Teucrium chamaedrys

10, 17, 19 Diet aid Hepatotoxicity Avoid

Borage leaves, tops
Borago officinalis

6, 10, 17 Anti-inflammatory,
diuresis

Pyrrolizidine alkaloids—
hepatotoxicity

Avoid

Chaparral leaves, twigs
Larrea tridentata

10, 17, 20 Anti-infective,
antioxidant, anticancer

Hepatotoxicity Avoid

Sassafras root bark
Sassafras albidum

17 Tonic, blood thinner Safrole oil—
hepatocarcinogen in
animal studies

Avoid

Aconite (found in some
Chinese herbal remedies)

Aconitum spp.

21 Analgesic Alkaloids—cardiac and
central nervous system
toxicity

Avoid

Kava
Piper methysticum

22 Anxiety Hepatotoxicity Avoid

Pennyroyal extract from
Mentha pulegium or
Hedeoma pulegoides

10, 23 Digestive aid, induction
of menstrual flow,
abortifacient

Pulegone and its
metabolite—hepatic
and renal failure

Avoid

Life root, whole plant
Senecio aureus

17 Induction of menstrual
flow

Pyrrolizidine alkaloids—
hepatotoxicity

Avoid

Poke root, root of plant
Phytolacca americana

17 Antirheumatic Hemorrhagic gastritis Avoid

Jin Bu Huan (a Chinese
herbal remedy)

24 Analgesic, sedative Hepatotoxicity—
mechanism unknown,
but levotetrahydropal-
matine is structurally
similar to pyrrolizidine
alkaloids

Avoid

Aristolochic acid
Aristolochia spp.

24 Weight loss End-stage renal failure Avoid

Ephedra ma huang,
Ephedra spp.

27 Weight loss, stimulant,
bronchodilation

Extension of
pharmacologic effects

Avoid use in patients in whom stimulant
effects could be harmful (e.g.,
hypertension, diabetes, heart disease,
anxiety, hyperthyroidism)

Royal jelly from the
honeybee (Apis mellifera)

25 Tonic IgE-mediated
bronchospasm, and
anaphylaxis in patients
with atopy or asthma

Avoid use in patients with history of
asthma, atopy, or allergies

Guar gum
Cyamopsis psorabides or

tetragonolobus

10, 26 Weight loss, diabetes,
hypercholesterolemia

Esophageal, small bowel
obstruction

Avoid

aAssociated clinical use is based on patient report at time of event or reported use in listed references.

infarction (MI), and seizures. Many cases of adverse events,
including fatalities in otherwise healthy adults, have prompted
several countries and individual states to ban the sale of
ephedra-containing products. Currently, ephedra-containing
products carry a warning indicating the risks in people with
certain health conditions.27

Hazards Introduced by the Consumer
Consumers should not exceed the doses recommended on the
package label because overuse may lead to toxicity. Indirect
toxicity can occur if consumers attempt to self-treat serious dis-
orders. In general, dietary supplements should not be used to

treat cancer or serious infection if more effective therapies ex-
ist. However, if the patient is terminally ill and the supplement
provides relief, use may be justified. Use during pregnancy,
during lactation, or in children should also be avoided because
the products have not been adequately studied for safety in
these vulnerable patient populations.

Patient Recommendations
General recommendations regarding the use of herbal products
are outlined in Table 3-3. These may be used when counsel-
ing patients on product selection and appropriate use. Many of
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Table 3-3 Guidelines for Selecting or Recommending on Herbal Remedy or Dietary Supplement Product

� Read all labels carefully.
� Never share these products with others.
� Avoid using in children.
� Avoid if you are pregnant, nursing, or trying to become pregnant.
� Never take more than the recommended amount listed on the label.
� Do not select a product that does not have dosing recommendations on the label.
� Avoid products that do not carry a lot number or expiration date.
� Discard products 1 year from the date of purchase when no other expiration date present.
� Select products that list the manufacturer’s name, address, and telephone number.
� Speak to your health care professional if you are trying to treat a life-threatening condition, such as cancer or HIV.
� If you are taking a prescription medicine, do not take an herbal remedy or dietary supplement for the same condition.
� Avoid taking multiple-ingredient preparations; select single-ingredient products that list the strength per dose.
� Do not store these products in a medicine cabinet or glove compartment; store them in a dry environment out of direct sunlight and humidity.
� The term “natural” does not mean safe; be diligent and report any unusual experiences to your doctor or pharmacist.
� Store products away from young children and pets.
� Always inform your health care provider of the products you are taking; keep a list if necessary or bring them with you to your appointment.
� Do not take these products with alcohol until you know it is safe to do so or are familiar with the effects.
� Check with your health care provider if you are taking “blood thinning” drugs; some products may interact.
� Never use these products in place of proper rest and nutrition; eat a balanced diet.
� Do not expect a cure or unrealistic results; these agents are not “cure-alls.”
� If it sounds too good to be true, it probably is; use discretion when evaluating claims.

the recommendations are conservative because data on quality,
safety, and efficacy of these products, specifically in special pa-
tient populations, are unavailable. These recommendations are
not intended to promote use, but rather to educate patients and
practitioners. Each decision should be made on an individual
basis with the best interest of the patient in mind.

GARLIC (ALLIUM SATIVUM)
Garlic Formulations

1. M.J., a 65-year-old obese man, is concerned about his choles-
terol and wants to start taking garlic. What types of commercial
preparations are available, and how is garlic standardized? Which
formulations are preferred?

Preparations of Garlic and Active Constituents
A variety of organosulfur compounds in garlic have been re-
ported to have therapeutic effects. Fresh bulbs contain all of
these compounds, but their potency varies depending on how
the plant was grown, harvested, and stored. The type and
amount of organosulfur compounds in commercial prepara-
tions also varies based on the manufacturing process.28

Di-allyl-disulfide-oxide, or allicin, is responsible for the
characteristic odor of garlic, and some garlic products (e.g.,
dried garlic powders) may be standardized to this ingredient or
its precursor, alliin. Specifically, when bulb garlic is crushed,
chewed, or chopped, the odorless precursor, S-allyl-L-cysteine
sulfoxide, or alliin, is exposed to the enzyme allinase, and al-
licin and other thiosulfinates are formed.29 Allinase is a very
unstable enzyme that can be destroyed by heat and stomach
acid.28 Allicin is oil soluble and highly volatile, and is eas-
ily converted into the other odorous oil-soluble compounds:
diallylsulfides (DASs), vinyl dithiins, and ajoenes.28

There are four main types of commercial garlic products,
and their content is based on how they are prepared. Dried gar-
lic powders contain both water and oil-soluble organosulfur

compounds, and will likely be standardized to alliin content
or state an allicin-generating capacity on the packaging.7,28

Enteric coating of powdered formulations may prevent alli-
nase degradation in the stomach and improve allicin release
into the small intestine, minimizing the odor.29 Powdered for-
mulations have been widely studied in clinical trials. The most
common was standardized to 1.3% alliin or 0.6% allicin (based
on allicin-releasing ability).6 Oil-based preparations that have
been steam distilled contain oil-soluble DASs, but no water-
soluble compounds.28 Macerated oil preparations, which are
made without heating, contain oil-soluble DASs, vinyl dithi-
ins, and ajoenes.28 Both steam-distilled oil preparations and
macerated oil preparations have been poorly studied in clin-
ical trials. Fermented or aged garlic extracts, which are odor
free, predominantly contain water-soluble compounds such as
S-allylcysteine (SAC) and may carry standardization for this
compound.7,28 Aged garlic extracts have also been studied in
clinical trials.

Consumers wanting to use garlic can begin by adding it to
their diet. Those who want to use a supplement are best advised
to choose a product that has been studied in clinical trials and
demonstrated benefits in one or more therapeutic areas. These
would include standardized powdered garlic or standardized
aged garlic extract.

Antihyperlipidemic Effects

2. M.J. weighs 105 kg and is 6 ft tall. He rarely exercises and
eats a diet high in fat; his medication profile indicates that he has
been taking benazepril (Lotensin) 10 mg PO daily for 2 years.
M.J.’s doctor has recommended a diet and exercise program. On
questioning, he recalls his cholesterol values from last month:
total cholesterol, 290 mg/dL; high-density lipoprotein cholesterol
(HDL-C), 30 mg/dL; low-density lipoprotein cholesterol (LDL-C),
230 mg/dL; and triglycerides (TG), 150 mg/dL. Can garlic signif-
icantly improve M.J.’s lipid profile?

Many studies have examined the lipid-lowering effects of
garlic, but only a few have included sample sizes of more
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than 100 subjects.30,31 For this reason, the antihyperlipidemic
properties of garlic are largely based on published meta-
analyses.32,33

A meta-analysis and systematic review suggests a small
but favorable effect of garlic on hyperlipidemia, lowering to-
tal cholesterol by 4% to 6%. In the presence of dietary con-
trols, however, this effect became insignificant.32 Trials var-
ied in the type of garlic product used and in the duration of
treatment. The most common formulation was a dried pow-
dered preparation known as Kwai. Studies that lasted up to 12
weeks showed significant reductions in total cholesterol; how-
ever, these benefits became insignificant at 20 to 24 weeks.32,33

It was initially hypothesized that variations in efficacy seen in
more recent trials may be related to the poor allicin-releasing
ability of some powdered formulations marketed after 1993.29

This notion, however, was dispelled with the results of a recent
clinical trial.30 This trial randomized 192 adults with a base-
line LDL-C of 130 to 190 mg/dL to receive either 4 g of raw
garlic, 1,400 mg of standardized powdered garlic with proven
allicin-releasing ability (Garlicin), 1.8 g of aged garlic extract
(Kyolic), or placebo for 6 months. None of the garlic groups
had significant benefits on LDL-C as compared to placebo at
the study end point.

Mechanism of Action
In vitro inhibition of hepatic 3-hydroxy-3methylglutaryl coen-
zyme A (HMG-CoA) reductase has been observed and is con-
sidered the primary mechanism for garlic’s antihyperlipidemic
action.34 Inhibition of later steps in cholesterol synthesis has
also been observed, but this effect requires garlic concen-
trations exceeding those achieved with normal or long-term
human consumption.34 Garlic also has multiple organosulfur
compounds that act as antioxidants and could be beneficial in
preventing oxidation of LDL-C.35 Whether these mechanisms
apply in humans remains uncertain.

3. Is M.J. a candidate for garlic?

M.J. should be advised that dietary modification and ex-
ercise are the best ways to reduce cholesterol without phar-
macotherapy. His high total cholesterol and LDL-C and low
HDL-C are not likely to be significantly lowered by the limited
effect, if any, of garlic. As already noted, the benefits of garlic
remain questionable because only small numbers of patients
have been evaluated. Furthermore, its benefit in people who
are already modifying their diets may be insignificant.

Hypotensive Activity

4. M.J. decides to purchase garlic and tells you that he will also
begin the diet and exercise plan his doctor recommended. M.J. is
taking benazepril (Lotensin) for hypertension. Do you have any
additional questions or concerns?

Although there have been no drug–drug interactions re-
ported for garlic and benazepril, M.J. should be aware that a
few trials have reported a lowering of blood pressure (BP) fol-
lowing garlic use. Overall, however, it is unlikely that the effects
of garlic on BP are clinically meaningful, so M.J. should not
have to monitor his BP more often than usual after initiating a
garlic supplement.

A review of 30 randomized controlled trials measuring
BP outcomes concluded that although several trials reported
significant reductions in BP using within group comparisons
with at least 4 weeks of use, statistical significance was only
achieved in three trials when compared to placebo. Among
these three trials, the systolic blood pressure (SBP) was re-
duced by approximately 3% and the diastolic blood pressure
(DBP) by 2% to 7%.33 Stimulation of nitric oxide (NO) synthe-
sis (a potent vasodilator), inhibition of angiotensin-converting
enzyme, and reductions in intracellular calcium have all been
observed in vitro and may be responsible for this effect.36–38

Antiatherosclerotic Effects

5. T.L. is a 70-year-old man with a history of coronary artery
disease (CAD) and peripheral vascular disease. He began tak-
ing warfarin (Coumadin) after a stroke 2 months ago. His other
medications include metoprolol (Lopressor) 50 mg PO daily, sim-
vastatin (Zocor) 20 mg PO daily, and isosorbide dinitrate (Isordil)
20 mg PO TID. T.L.’s friend told him that garlic might help his
heart condition. Is there any evidence that garlic is beneficial in
treating CAD?

The antiatherosclerotic effects of garlic are largely based on
its potential to reduce coronary risk factors of hyperlipidemia,
hypertension, platelet aggregation, LDL-oxidation, and fibrin
formation (see question 6). Reductions in atherosclerotic le-
sions, atherosclerotic cell proliferation, aortic collagen accu-
mulation, and vascular damage caused by oxidized LDL have
been observed in garlic-treated animals fed a cholesterol-rich
diet.38

Only a few clinical trials have evaluated the effect of garlic
in patients with CAD.39–41 A double-blind, placebo-controlled
trial randomized patients with advanced atherosclerotic
plaques and at least one risk factor for CAD to receive 900
mg/day of powdered garlic or placebo. At 2 years, plaque
volume in the carotid and femoral arteries was significantly
reduced by 5% to 18% in the treatment group.39 A small pilot
trial also demonstrated a reduction in the progression of coro-
nary calcification (a marker of atherosclerosis progression) in
patients who received aged garlic extract and statin therapy
as compared to placebo and statin therapy over the course of
1 year.40

Antiplatelet and Thrombolytic Effects

6. You inform T.L. that garlic may reduce coronary risk factors
for CAD, but that its effectiveness in treating CAD has not been
adequately studied in humans. Nevertheless, T.L. wants to take
garlic. Do you have any concerns about T.L.’s use of garlic given
his current medication profile?

Studies evaluating the effects of garlic on platelets have
generally observed a decrease in platelet aggregation.33,38,41

Significant increases in fibrinolytic activity have also been ob-
served in some trials with chronic ingestion of garlic for ≥14
days.33,38 Serum fibrinogen levels, however, do not appear to be
significantly altered.33 Small sample size, use of variable garlic
preparations, and variable study duration have made drawing
definitive conclusions from these studies difficult.
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Mechanism of Action
Allicin and adenosine have antiplatelet effects in vitro.42,43

However, because both of these compounds are metabolized in
vivo, antiplatelet effects have been attributed to DASs, particu-
larly diallyltrisulfide (DATS) and ajoene,42,43 although ajoene
is unlikely to play a role when fresh or powdered prepara-
tions are used.42 These metabolites may inhibit thromboxane
formation and platelet aggregation in response to various ac-
tivating factors, such as collagen, adenosine diphosphate, and
epinephrine.41,43 Stimulation of NO synthesis may also play a
role because NO is a potent inhibitor of platelet aggregation
and adhesion.36

In summary, T.L. should be told that garlic might increase
his risk for bleeding. He should be advised not to initiate garlic
supplements because he is currently taking warfarin. A few
cases of increased international normalized ratios (INRs) have
been reported in patients stabilized on warfarin who initiated
garlic supplements. If T.L. still wants to try garlic, he should
watch for signs and symptoms of bleeding, and have his INR
tested within a few weeks of initiating the product.

Other Effects of Garlic
Anticarcinogenic/Antitumor Effects
Several epidemiologic case control studies have reported a re-
duced incidence of stomach, esophageal, and colorectal can-
cers in patients who consumed high amounts of raw, cooked,
or both raw and cooked garlic as a food.44 A meta-analysis also
supported the effect of consuming garlic and a reduced inci-
dence of both stomach and colorectal cancers with a relative
risk estimate of 0.54 and 0.67, respectively.45 Interestingly, one
of the largest studies to examine the use of garlic supplements
as opposed to garlic foods did not find a protective cancer ben-
efit. Specifically, 120,852 Netherlanders, ages 55 to 69 years,
were followed for 3.3 years for the development of cancer.
Overall, there was no association between garlic supplement
use and a lower risk of lung, breast, or colorectal cancer.45

In vivo animal studies looking at the anticarcinogenic prop-
erties of garlic have focused on the water-soluble constituent,
SAC, and the lipid-soluble diallylsulfide (DAS) constituents,
particularly DAS, diallyldisulfides (DADS), and DATSs.44,46

In vivo animal studies show inhibition of procarcinogens for
multiple cancer types (e.g., colon, skin, breast, esophagus,
lung, liver, renal) using DAS or DADS.44 Mechanisms of
cancer prevention observed for garlic constituents include
enhanced activity of phase II detoxification enzymes such
as glutathione-S-transferases, which aid in the detoxifica-
tion of carcinogens, and decreased activity of phase I drug-
metabolizing enzymes such as cytochrome P450, involved in
carcinogen activation.44,46 Inhibition of DNA adduct forma-
tion, antioxidant effects, and induction of apoptosis are other
mechanisms that have been observed.44 In vitro garlic also in-
hibited the growth of Helicobacter pylori, a known risk factor
in the development of stomach cancer.46

Tumor growth inhibition has been observed in vitro and in
animal models with garlic constituents.46,47 A review of stud-
ies involving the antiproliferative effects of garlic in animals
speculated that usefulness in humans would be limited based
on the difficulty in controlling the growth of established tu-
mors and the small numbers of cells that could be inhibited.47

Whether the concentrations of garlic constituents used to in-
hibit tumor growth could be achieved or tolerated in humans
is also of concern.

Anti-Infective Effects
Garlic has antibacterial, antifungal, antiprotozoal, and antivi-
ral properties in vitro.48,49 Allicin has been identified as the
primary anti-infective component.48 Today, the availability of
potent antimicrobials limits the use of garlic as an anti-infective
in industrialized countries.

Antidiabetic/Hypoglycemic Effects
Some studies have reported that garlic has a hypoglycemic
effect.33 However, others, including two trials in patients with
type 2 diabetes mellitus, failed to find an effect.33 Until further
research confirms a consistent effect on blood glucose, garlic
should not be used to treat diabetes. Furthermore, patients with
diabetes who take garlic need not monitor their blood sugar
more frequently than normal.

Adverse Drug Reactions/Drug Interactions
An observational study of 2,010 patients taking 900 mg/day
of garlic for 16 weeks found the following incidence of side
effects: 6% nausea, 1.3% hypotension, and 1.1% allergy.7 A
dose-ranging study of the odiferous effects of enteric-coated
garlic found that 14 days of garlic, 1,200 mg, resulted in a 50%
incidence of perceived odor. Doses of 300 to 900 mg were
associated with a 36% to 45% incidence of perceived odor,
respectively.7

Contact dermatitis has been reported most often in peo-
ple who frequently handle raw garlic (e.g., cooks, farmers).50

The reaction is preceded by an eczematous rash, followed
by the potential for desquamation and hyperkeratosis of the
palms.50 Rarely, allergic conjunctivitis, allergic rhinitis, and
bronchospasm have been reported.7

The antiplatelet effects of garlic have been cited as a risk
factor for postoperative bleeding.51,52 A case report of a spinal
epidural hematoma in a previously healthy patient suggested
that the patient’s use of four cloves per day of raw garlic may
have been the cause.52 Patients should be advised to avoid
garlic 7 to 10 days before and after surgery.

There have been few reported drug–drug interactions be-
tween garlic and other medications. As already noted, patients
taking anticoagulants and BP medications should be monitored
closely. A 50% reduction in the bioavailability of saquinavir
also has been reported.53 Ritonavir, however, was not similarly
affected.54

Pharmacokinetics and Dosing
In healthy adults who consumed 500 mg of aged garlic extract
(Kyolic), peak plasma SAC levels were detected 1 hour after
administration. The half-life and excretion times for SAC were
10 and 30 hours, respectively.55 In a separate study, N-acetyl-
S-allyl-L-cysteine was detected in the urine of healthy adults
who consumed 200 mg of powdered garlic extract (Kwai).56

Patients wanting to reduce the possibility of garlic odor
should purchase an enteric-coated formulation. A daily dosage
of 600 to 900 mg of powdered garlic in two to three divided
doses is recommended.7 A dose of 900 mg of powdered garlic
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is equivalent to 2.7 g or 1 clove of fresh garlic per day. Products
should be standardized for alliin or allicin content if they are
powdered. The recommended standard is an alliin concentra-
tion of 1.3% or an allicin content of 0.6%. Aged garlic extracts
may indicate that they are standardized by SAC content on the
package label, but no accepted percentage standard has been
established.

GINKGO (GINKGO BILOBA)
Neuroprotection

7. E.B., a 22-year-old woman, comes to the pharmacy to pur-
chase G. biloba for her 80-year-old grandmother. E.B.’s grand-
mother has difficulty recalling past events and often becomes dis-
oriented and anxious. Her grandmother was recently diagnosed
as having cerebral insufficiency (CI) secondary to early Alzheimer
disease (AD), but the neurologist suggested waiting before initiat-
ing donepezil (Aricept) because she has a history of low BP and
dizziness when standing. E.B. heard that G. biloba may be helpful
for patients with AD. Her grandmother’s medications include as-
pirin 325 mg PO daily and buspirone (BuSpar) 2.5 mg PO TID. Do
any clinical data demonstrate G. biloba’s efficacy in the treatment
of AD?

CI includes a variety of clinical symptoms, some of which
can include confusion, poor concentration and memory, for-
getfulness, fatigue, depression, anxiety, vertigo, tinnitus, and
hearing loss.57 Many of these symptoms are said to be relieved
by G. biloba extract (GBE). Studies using GBE for CI con-
ducted before 1991 assessed efficacy based on improvements
in clinical symptoms and tests designed to assess cognitive
improvement.7 In 1991, the German Commission E devel-
oped new criteria for evaluation of nootropic (i.e., cognition-
enhancing) therapies. It recommended that clinical improve-
ment be based on three distinct levels of observation involving
(a) patients’ and families’ impression of effect on daily living,
(b) objective testing of cognitive performance, and (c) clini-
cians’ impressions of symptomatic improvement.7 Newer clin-
ical trials have met this recommendation by using the follow-
ing standardized outcome measures, respectively: the Geriatric
Evaluation by Relatives Rating Instrument, the standardized
Alzheimer’s Disease Assessment Scale for cognition (ADAS-
cog), and the Clinical Global Impression of Change (CGIC)
scale.7

The most recent systematic review and meta-analysis of
ginkgo for patients with dementia or cognitive decline was
published in 2002.57 Only randomized, double-blind controlled
trials that compared ginkgo to placebo and involved patients
with acquired cognitive impairment or any severity of demen-
tia were included. Thirty-three trials were included and ranged
in length from 3 to 52 weeks. All but one study used a stan-
dardized ginkgo extract (i.e., 24% flavone glycosides and 6%
terpene lactones), and most used a daily dose of 200 mg or
less (range 80−600 mg/day). Small but significant improve-
ments in the ADAS-cog were observed for doses <200 mg
at 12 and 52 weeks and for any dose at 12 and 24 weeks.
Small but significant improvements were also noted for ac-
tivities of daily living (ADL) for doses <200 mg at 12, 24,
and 52 weeks. The CGIC scale was associated with significant

benefits at doses <200 mg at 12 weeks and doses >200 mg at
24 weeks.

A large-scale trial comparing the efficacy of ginkgo to an
acetylcholinesterase inhibitor for Alzheimer dementia has yet
to be conducted. A small three-arm trial did compare 160
mg GBE, 5 mg donepezil, or placebo, and showed signif-
icant and equivalent benefits for both treatment arms com-
pared to placebo.58 However, a Cochrane Collaboration meta-
analysis that looked at efficacy based on cognitive function
changes, found that ginkgo was less effective than prescription
donepezil, rivastigmine, and galantamine.59

Current research is aimed at determining the preventative
potential of ginkgo in dementia. Two large-scale prevention
trials are underway with results expected in 2010: the Ginkgo
Evaluation of Memory study and the GuidAge study.60,61

These studies will attempt to address whether use of a stan-
dardized ginkgo extract can delay the mean time to onset of
Alzheimer dementia and delay the advancement of cognitive
decline in persons age 70 years or older who have either mild
cognitive impairment or have consulted a physician for a mem-
ory complaint. Both trials will include approximately 3,000
people and last 5 or more years.

8. Is E.B.’s grandmother a candidate for GBE? If so, how long
should therapy be continued?

E.B.’s grandmother has been diagnosed with AD of mild
severity. Clinical studies suggest that GBE may have some ben-
efit for dementia of mild to moderate severity, but further re-
search should be conducted to firmly establish efficacy. GBE is
an option for E.B.’s grandmother, but her primary care provider
should be informed if she initiates therapy. The optimal dosage
and duration of therapy is unknown, but no significant adverse
events have been noted in studies that have treated subjects
with GBE for up to 1 year.57

Mechanism of Action

9. What are the proposed mechanisms of action for the neu-
roprotective effects of G. biloba?

Cerebral ischemia, oxidative stress, and neuronal degenera-
tion are believed to be involved in the pathogenesis of dementia
and dementia of the Alzheimer’s type. A prominent feature of
AD is the development of neuritic plaques and neurofibrillary
tangles in the areas of the brain that control cognition and emo-
tion. Neurochemical imbalances also develop as cholinergic,
adrenergic, and gamma-aminobutyric acid (GABA)-aminergic
neurons are lost.62

The mechanism of G. biloba’s action as a neuroprotective
agent has been examined in many in vitro and some in vivo
studies. Potential mechanisms include improved blood flow,
antioxidant effects, antagonism of platelet-activating factor
(PAF), alterations in neurotransmitter concentrations and bind-
ing sites, and inhibition of amyloid-beta (Abeta) fibrils.63–68

If GBE can decrease inflammation and improve blood flow
through PAF antagonism, decrease oxidation through its
antioxidant and radical scavenging properties, affect neuro-
transmission in humans as it does in animals, and inhibit the
aggregation and toxicity of Abeta fibrils, it may be clinically
meaningful for patients like E.B.’s grandmother who have AD.
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Preparations and Active Constituents

10. E.B.’s grandmother loves tea. Will a tea formulation of
G. biloba be beneficial?

G. biloba is prepared from the leaves of the Ginkgo
tree.6 The active constituents include a flavonoid fraction
(kaempferol, quercetin, and isorhamnetin) and a terpene frac-
tion (ginkgolides A, B, C, J, and M, and bilobalide).63 These
compounds require concentration for optimal potency. The
German Commission E recommends an herb:extract ratio of
50:1, which means that 50 parts of ginkgo leaf are used to
generate 1 part of extract.7 Extracts should be standardized
to contain 22% to 27% flavone glycosides and 5% to 7% ter-
pene lactones.7 Although crude leaf teas are available, they are
unlikely to be beneficial because of their low potency. Stan-
dardization for flavones and terpenes should be indicated on
the package labeling.

Stress and Anxiety

11. E.B.’s grandmother is taking buspirone (BuSpar). Can GBE
be used as a substitute for buspirone to treat her anxiety?

GBE has exhibited physiological stress-relieving properties
in rodent models that differ from those of classic anxiolytics
and antidepressants.67 In rats, an 8-day treatment of GBE re-
duced corticosterone synthesis by reducing adrenal peripheral-
type benzodiazepine receptor expression. This receptor has
been linked to the stress response through enhanced steroid
production.67 In humans, exposure to physiological or psycho-
logical stress can result in steroid production. GBE may control
the stress response by minimizing this elevation in steroids and
promoting a more “normal” circulating corticosteroid level.
GBE may improve cognitive deficiency, and anxiety is con-
sidered one of many symptoms associated with cognitive de-
ficiency.

A recent randomized, double-blind, placebo-controlled
study of GBE in generalized anxiety disorder (GAD) and ad-
justment disorder with anxious mood (ADWAM), also suggests
significant benefits for both disorders.69 In this study, 170 pa-
tients with GAD or ADWAM received placebo, GBE 480 mg,
or GBE 240 mg for 1 month. Intention-to-treat analysis on the
Hamilton Rating Scale for Anxiety (HAMA) showed signif-
icantly lower HAMA scores for both treatment groups com-
pared to placebo and a significant dose−response effect.

Despite promising results of this former study, few trials
have evaluated GBE as a monotherapy for GAD, and no trials
have compared it to a benzodiazepine or buspirone. Therefore,
GBE should not be used as a substitute for buspirone in E.B.’s
grandmother. The potency and effectiveness of GBE as an an-
tianxiety or antistress agent need to be studied further before
it can be recommended for this indication.

Intermittent Claudication

12. E.B.’s grandmother has always had a problem with “poor
circulation” in her legs, which limits her ability to walk. Will
G. biloba help this problem?

Although GBE may improve vascular insufficiency through
enhanced blood flow, there is less literature to support its

use for complications of peripheral arterial occlusive disease
(PAOD) than there is for dementia.7 Two recent meta-analyses
involving eight and nine randomized, double-blind, placebo-
controlled trials evaluated GBE for intermittent claudication,
a painful symptom of PAOD. Both concluded that GBE was
more effective than placebo at improving pain-free walking
distance.70,71 The weighted mean improvement in walking dis-
tance for GBE versus placebo was approximately 34 m. Effec-
tive dosing ranged from 120 to 160 mg/day for 24 weeks.

The clinical effect of GBE has been compared with the
prescription drug, pentoxifylline (Trental). One meta-analysis
suggested the improvement in pain-free walking distance was
comparable, with an increase of 45% for GBE and 57% for
pentoxyfylline.72 However, this analysis is disputed by another
one in which GBE improved pain-free walking distance by 32
m versus 138 m for pentoxyfylline.73 In summary, GBE may
enhance E.B.’s grandmother’s ability to walk longer distances.

Pharmacokinetics, Dosing, and Onset

13. What are the pharmacokinetic characteristics of GBE?
What dose should be recommended for E.B.’s grandmother?
When can beneficial effects be expected?

Pharmacokinetic parameters have been reported for the
flavonoid fraction of ginkgo, ginkgolides A and B, and
bilobalide.74 Kinetics for the ginkgolides and bilobalide were
determined following a single 80-mg oral dose of GBE. Single-
dose kinetics for the flavonoid fraction were determined fol-
lowing the oral administration of equivalent doses of GBE
(dose not stated) in capsules, drops, or tablets.74 All GBE con-
stituents studied were well absorbed (>60%) and reached peak
concentrations within 1 to 3 hours. Half-life ranged from 2 to
6 hours for all constituents. Studies in animals identified many
routes of clearance: 38% appeared in expired air, 22% in urine,
and 29% in feces.

The recommended dosage of GBE is 120 to 240 mg/day
taken orally in two to three divided doses.7 GBE is available
as 40-, 60-, and 120-mg capsules or tablets. Studies in patients
with CI suggest that clinical benefits may not be observed for
4 to 6 weeks.

Adverse Drug Reactions/Drug Interactions

14. Should E.B. be warned of any adverse effects or drug inter-
actions with GBE?

Adverse effects associated with GBE are minimal. An eval-
uation of >10,000 individuals who took GBE for at least 3
months found that only 183 patients (1.69%) reported adverse
events.7 All reported side effects occurred with a frequency of
>0.5%. Ranked in order from the most to the least common,
they included nausea, headache, stomach upset, diarrhea, al-
lergy, anxiety, and insomnia.7

Case reports suggest an association between GBE use and
the development of hemorrhage, especially when used in com-
bination with aspirin or warfarin (Coumadin).75,76 Patients
should be monitored for bleeding when taking antiplatelet or
anticoagulant medications based on these case reports and dis-
continue ginkgo at least 7 to 10 days before or after surgery.
E.B.’s grandmother should not use ginkgo in combination with
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aspirin. Ginkgo should also be avoided in patients with a his-
tory of epilepsy or seizures. Case reports of seizures associ-
ated with ginkgo are likely due to product contamination with
ginkgo seeds, which are known to contain an epileptogenic
neurotoxin.77 Coma has occurred following the use of ginkgo
in combination with trazodone (Desyrel).78

Short-Term Memory

15. C.S. is a college student and has a big test in 4 days. Can
GBE improve her memory?

A number of randomized, double-blind, placebo-controlled
studies in healthy young (age 20−30 years) and older (age
older than 50 years) adults have looked at the effect of GBE
on memory.79−82 In general, improvements were undetectable,
inconsistent, and limited to a small fraction of cognitive
tests.79−81 Some argue that beneficial effects, even though
limited, seem more likely to occur following acute admin-
istration of very high doses of GBE (e.g., one 360–600-mg
dose) in young adults or chronic administration of lower doses
(<200 mg/day) in older adults. A recent systematic review
involving seven single-dose and eight chronic-dose random-
ized clinical trials in healthy adults (without cognitive impair-
ment) concluded that ginkgo was not effective for memory
enhancement.82

C.S. should be informed that GBE is unlikely to improve
her memory for her upcoming examination. Its benefits on
memory are limited to persons with mild cognitive impairment
or Alzheimer dementia.

Other Indications

16. What other conditions might be improved by the use of
GBE?

GBE has been used for several other conditions, but in most
cases only a few studies have been conducted, or results have
been conflicting. The use of GBE for tinnitus has been studied
with conflicting results.83 A review of five randomized trials
(including four placebo-controlled trials) for this indication
generally reported significant improvement in audiometry or
the severity score.83 A separate Cochrane review of GBE for
tinnitus found that GBE is likely to be ineffective for primary
tinnitus, which usually stems from a cochlear problem. How-
ever, it may be beneficial for tinnitus associated with cognitive
insufficiency, which is caused by vascular insufficiency or a
neural metabolic disorder.84

GBE has been less well studied for use in macular degenera-
tion, erectile dysfunction, antidepressant-induced sexual dys-
function, and acute mountain sickness.85−88 GBE cannot be
recommended for these indications until more definitive clin-
ical studies are completed. The most recently published, well-
designed trials cast doubt on the efficacy of GBE for acute
mountain sickness or erectile dysfunction of any etiology.86−88

ST. JOHN’S WORT (HYPERICUM PERFORATUM)
Depression

17. G.C., a 47-year-old man, heard that St. John’s wort can
be used to treat depression. He is tired of the side effects associ-
ated with prescription antidepressants and wants to try this herb.

G.C. was diagnosed with major depression of moderate severity
2 years ago and was treated with fluoxetine (Prozac) 40 mg PO
daily, which he discontinued after 2 months because it caused
sexual dysfunction. G.C. never returned to the physician because
he believed that his symptoms had improved. However, for the
past few months, he has noted recurrent symptoms of lethargy,
insomnia, poor appetite, a feeling of hopelessness, and a general
disinterest in pleasurable activities. Assuming that G.C.’s depres-
sion is moderate in severity, is there any evidence that hypericum
is a safe and effective alternative to prescription antidepressants
for this indication?

Systematic reviews and meta-analyses evaluating the effi-
cacy of hypericum or St. John’s wort in the treatment of de-
pression have been published.89−92 The Hamilton Depression
Scale (HAMD) was the primary tool used to assess response in
a majority of these studies.89−92 The HAMD score is based on
a 17- to 21-item survey of the patient’s somatic symptoms in
which a score of 18 to 24 is indicative of modest depression.90

Treatment response in these studies was typically defined as a
HAMD score of <10 or a 50% drop in the HAMD score by
the study end point.90

The most recent systematic review and meta-analysis in-
cluded 37 randomized, double-blind, controlled trials published
from 1979 to 2002.90 Most patients were defined as having
mild to moderate depression and were treated with 900 mg/day
of hypericum (range, 240−1,800 mg/day) for 4 to 12 weeks.
Twenty-six trials compared hypericum to a placebo, while 14
compared it to a reference treatment (tricyclic antidepressant
in 7 trials or serotonin reuptake inhibitor [SSRI] in 7 trials).
Overall, hypericum was more effective than placebo. In the
placebo-controlled trials, benefits tended to be greatest in stud-
ies that were smaller in sample size and not restricted to ma-
jor depression (response rate, 6.13). In larger, more precise
placebo-controlled trials that were restricted to major depres-
sion, benefits were smaller (response rate, 1.15). A subanaly-
sis comparing hypericum to reference treatments demonstrated
equivalence (response rate, 1.01), even when it was limited to
comparisons to SSRIs (relative response, 0.98). All but one of
these latter trials included patients with major depressive dis-
order. Adverse effects and study drop-outs were consistently
more likely to occur with prescription antidepressants than with
hypericum.

There have been three three-arm trials assessing the effi-
cacy of hypericum in comparison to a placebo and an SSRI in
patients with moderate to severe depression (baseline HAMD
of at least 20).93−95 The largest trial compared 900 mg of hy-
pericum to 20 mg of citalopram or placebo in 388 patients
over 6 weeks. Equivalent, significant reductions in the HAMD
score were observed for both treatment groups compared to
placebo.93 Surprisingly, in the other two trials, neither the hy-
pericum arm nor the SSRI arm were superior to placebo in
reducing HAMD scores at 4 to 8 weeks.94,95 CGIC scores,
however, were significantly improved in one of these two trials
for the SSRI arm,94 while remission rates were significantly
improved for both the hypericum and the SSRI arms in the
other trial.95

Additional two-arm trials comparing the efficacy of hyper-
icum to either a placebo96,97 or an SSRI98,99 in moderate to
severe depression have been published since the most recent
systematic review and meta-analysis. Hypericum was signifi-
cantly more effective than placebo and equally effective to its
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SSRI comparison in these trials. Both SSRI comparator trials
had a duration of 6 months, representing the longest treatment
period to date.

In summary, hypericum is effective in mild to moderate
depression and has a more tolerable side effect profile than
prescription antidepressants. It may be an alternative for pa-
tients, such as G.C., who are unwilling or unable to tolerate
the side effects of prescription antidepressants. The efficacy
of hypericum in severely depressed patients is still uncertain
and should be further studied before it is recommended. In
addition, hypericum should not be recommended for patients
who have experienced suicidal ideation, therapy resistance, or
complicated depressive courses.

Mechanism of Action

18. What is the mechanism of action for St. John’s wort in de-
pression?

In vitro and animal studies have been conducted to evalu-
ate the antidepressant mechanism for St. John’s wort.100,101

Originally, the hypericin constituent was reported to have
monoamine oxidase inhibitor qualities based on in vitro data,
but this has not been affirmed.100 Recent attention has fo-
cused on hyperforin and its structural analog, adhyperforin,
as the primary antidepressant constituents in the extract.100,101

In vitro hyperforin equally inhibits the reuptake of serotonin,
dopamine, norepinephrine, GABA, and L-glutamate.100 Un-
like other antidepressants, hyperforin does not act as a competi-
tive antagonist at transmitter binding sites to decrease reuptake;
instead, it attenuates the sodium gradient to alter neurotrans-
mitter transport. This could also explain why its effects on neu-
rotransmitters are less specific than with other antidepressants.
Hypericum can also affect the density of neurotransmitter bind-
ing sites. In rats, chronic administration of hypericum results in
a significant downregulation of cortical beta-receptors and an
upregulation of serotonin 5HT2 receptors.100 Many prescrip-
tion antidepressants also downregulate cortical beta-receptors,
and electroconvulsive treatment, a highly effective antidepres-
sant treatment, upregulates 5HT2 receptors.100

19. How should G.C. be advised regarding his request for
St. John’s wort?

G.C. should be advised against self-treatment of his depres-
sive symptoms without first consulting his physician. Although
G.C. did not tolerate fluoxetine, he did report temporary re-
lief of symptoms, indicating that a reduction in dosage may
be an option. In addition, there are a variety of other atypi-
cal antidepressants (e.g., bupropion [Wellbutrin], duloxetine
[Cymbalta], venlafaxine [Effexor]) that G.C. may be able to
tolerate. It is unclear what level of depression G.C. is currently
experiencing. Although he was diagnosed as being moderately
depressed 2 years ago, his relapse of symptoms is concerning,
warranting re-evaluation of his depressive state. The long-term
benefits of treatment with hypericum remain unknown because
study durations typically lasted 8 to 12 weeks.89−92

Adverse Drug Reactions/Drug Interactions

20. One month later, G.C.’s physician indicates that he has im-
proved on a lower dosage of fluoxetine 20 mg PO daily. However,

G.C. still has complaints consistent with depression and wants to
try St. John’s wort. Is it safe to use St. John’s wort in combination
with a prescription antidepressant? Are there any adverse effects
that G.C. should watch for?

There have been no clinical studies evaluating the com-
bined use of prescription antidepressants and hypericum. Be-
cause the mechanism of action for hypericum is still unclear,
it would be wise to avoid its combined use with agents that
could enhance adrenergic or serotonergic neurotransmission
(e.g., amphetamines, phenylephrine or phenylpropanolamine,
antidepressants, triptans). There have been case reports of
possible “serotonergic syndrome” in patients who began tak-
ing hypericum 600 to 900 mg/day in combination with pre-
scription antidepressants, a prescription triptan, and buspirone
(BuSpar).102−104 Almost all of these patients reported symp-
toms such as nausea, vomiting, dizziness, headache, restless-
ness/anxiety, and confusion within 2 to 4 days of initiating
hypericum. All symptoms resolved with discontinuation of
hypericum, and in two cases, cyproheptadine, a serotonin an-
tagonist, was administered. In another case report, a patient
developed sedative hypnotic symptoms when hypericum was
used in combination with paroxetine (Paxil).104 The latter is an
unexpected reaction given the proposed mechanism for these
agents.

Mania, hypomania, anxiety, autonomic arousal, and psycho-
tic relapse have been reported in patients taking hypericum.105

In most cases, patients had a history of psychiatric illness
(e.g., panic disorder, posttraumatic stress disorder, mania,
schizophrenia, severe depression) but were not taking psychi-
atric medications. One woman had initiated hypericum within
1 week of discontinuing sertraline, so an additive effect may
have occurred.

Hypericum induces multiple cytochrome P450 isoenzymes
(e.g., 3A4, 2D6, 2C8, 2C9, 2C19)106 as well as the activity of
the P-glycoprotein drug transporter, which is responsible for
drug excretion from cells. The extent of enzyme induction may
be related to the hyperforin constituent.106 There are multiple
case reports of patients who experienced a reduction in effi-
cacy or serum drug concentration of digoxin, theophylline,
cyclosporine, warfarin, indinavir, nevirapine, amitriptyline,
midazolam, simvastatin, tacrolimus, oral contraceptives, and
other medications after beginning hypericum therapy.106 Pa-
tients using these medications or medications that are essential
to their health should avoid hypericum or initiate therapy under
the direction of a physician.

Few side effects have been reported in people taking stan-
dard doses of hypericum in postmarketing surveillance stud-
ies. It is estimated that hypericum is ten times less likely to
elicit side effects as compared to standard antidepressants.107

The most common side effects are gastrointestinal (GI) dis-
turbances, sensitivity to light and other skin symptoms, and
agitation.107

Other adverse effects that have been observed in at least
one case report and may have been caused by hypericum in-
clude hypertension and hypertensive crisis, sexual dysfunc-
tion, elevated thyrotropin levels, withdrawal symptoms after
1 month of use, cardiovascular collapse during anesthesia, de-
layed emergence from anesthesia, and seizures associated with
an overdose attempt.104,108−110 Photosensitization is a rare side
effect caused by the hypericin constituent in St. John’s wort.107

The effect has been observed more commonly in animals that
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ingest large amounts of the plant and can include symptoms
such as blisters, burns, restlessness, seizures, and death.107 In
humans, phototoxic reactions are rare at recommended doses
up to 1,800 mg/day; they occur more often in patients with HIV
who are receiving parenteral hypericin or taking the extract
while undergoing laser treatment.111−113 Hypericin enhances
the oxidation of lens proteins in the eye, which could lead to the
formation of cataracts.114 Sunglass protection is therefore ad-
visable. If high doses of hypericum are ingested acutely (e.g.,
in a suicide attempt), sun exposure should be avoided for 1
week because of hypericin’s long half-life.7

Case reports of possible “serotonin syndrome” when St.
John’s wort was used in combination with other prescription
antidepressants should be brought to the physician’s atten-
tion. If he still wants to proceed with St. John’s wort ther-
apy, G.C. should monitor himself for symptoms of GI up-
set, anxiety/restlessness, and skin reactions. He should also
wear sunscreen, sunglasses, and protective clothing, and avoid
prolonged sun exposure. Warning patients to avoid tyramine-
containing foods when taking hypericum is unnecessary based
on in vitro data showing low levels of MAO inhibition.

Preparations and Active Constituents

21. What factors should G.C. consider when selecting a prod-
uct? What type of product would you recommend?

St. John’s wort is prepared from the dried above-ground
parts of the plant.6 A variety of constituents have been iso-
lated, including flavonoids, bioflavonoids, tannins and proan-
thocyanidins, xanthones, phloroglucinols (e.g., hyperforin,
pseudohyperforin), phenolic acid, volatile oils, napthodi-
anthrones (e.g., hypericin, pseudohypericin), sterols, vitamins,
and choline.6 Products are typically standardized by the hy-
pericin content, even though it is unlikely to be the sole ac-
tive constituent.100 Hyperforin, which represents 2% to 4%
of the crude herbal drug, could be the primary antidepressant
constituent,100 although a combination of chemicals is likely
involved.

A dried alcoholic extract can be prepared by extraction
with ethanol or methanol and is the formulation most com-
monly used in the treatment of depression.7 Dried alcoholic
extracts should contain no <0.3% hypericin or 1% to 6%
hyperforin.7,100

G.C. should be told that alcoholic extracts have been used
most often in clinical studies reporting antidepressant efficacy.7

In addition, although the active constituents are unknown, total
hypericin and hyperforin content are still considered markers of
pharmaceutical quality and should be indicated on the package
labeling.7

Pharmacokinetics and Dosing

22. What is known about the pharmacokinetics of hypericin and
hyperforin? What dosage should be recommended, and when can
G.C. expect to see a reduction in his symptoms for depression?

Pharmacokinetic parameters have been determined for the
hypericin, pseudohypericin, and hyperforin constituents of
hypericum.115−117 Results after single- and multiple-dose oral
kinetics indicate an apparent linear relationship for hypericin

and pseudohypericin with doses up to 3.6 g of hypericum.115

Both hypericin and pseudohypericin are poorly bioavailable
(14% and 21%, respectively).116 There is a 2-hour lag time in
the onset of action for hypericin compared with 30 minutes
for psuedohypericin.116 Time to peak levels are also delayed
for hypericin compared with pseudohypericin (6.0−7.1 hours
vs. 3.2−3.5 hours).115 At steady state, the half-life of hyper-
icin is increased substantially from its single-dose value of
27.5 to 29.1 hours to 41.7 hours.115 The half-life of pseudohy-
pericin is less affected and increased from 16.1 to 19.4 hours
to 22.8 hours.115 Hypericin and pseudohypericin appear to be
completely cleared by the liver because neither the primary
compounds nor their glucuronide or sulfate metabolites have
been detected in urine.116

Hyperforin demonstrates linear pharmacokinetics after sin-
gle doses of up to 600 mg of hypericum.117 Larger doses of
up to 1,200 mg resulted in serum concentrations that were less
than what would have been expected with linear extrapolation.
Pharmacokinetic parameters for hyperforin after a single dose
of 300, 600, and 1,200 mg of hypericum (enriched to 5% hy-
perforin) revealed a lag time in the onset of action of 1 hour,
a 9-hour half-life, and a time to peak of 3 hours. Half-life in-
creased to 16 hours with multiple dosing of 900 mg of the
extract for 8 days, but no accumulation occurred.

Hypericum extract 900 mg/day was the dosage most
commonly used in clinical studies of mild to moderate
depression.89−92 Each tablet is formulated to contain 300 mg
of hypericum with 0.3% hypericin or 1% to 6% hyperforin and
is administered three times daily.89−92 Although hyperforin
is now considered a primary antidepressant constituent, most
commercial preparations do not always bear this standardized
marker. Patients should be told that 2 to 4 weeks is required
for onset of effect.89−92

Other Indications

23. What other conditions have been treated with hypericum?

In the past, hypericum was used as a topical agent for wound
healing, an effect that was believed to be mediated by the as-
tringent properties of the tannin constituents.7 The hyperforin
constituent also inhibits the growth of various gram-positive
bacteria in vitro.118 Despite these properties, the use of hyper-
icum oil for wound healing is now considered obsolete.7

In vitro hypericin and pseudohypericin have demonstrated
antiviral properties against enveloped viruses such as HIV-
1, cytomegalovirus, and herpes simplex virus.116 The antiviral
effect of St. John’s wort is dose dependent and enhanced by ex-
posure to light.116 The mechanism may involve the generation
of singlet oxygen radicals and damage to the viral envelope.116

Antiviral efficacy has been assessed in patients with AIDS, but
the dosages required for antiretroviral activity were generally
high.111 An intravenous (IV) formulation of the isolated hy-
pericin constituent was used and caused phototoxicity in most
patients.111 Until more research is conducted, hypericin and
hypericum extract cannot be recommended for the treatment
of AIDS.

In vitro studies indicate that hypericin inhibits the growth
of a variety of cancer cell types.119 Photoactivation is re-
quired to enhance its antiproliferative effects.119 Phase I tri-
als in humans are currently underway. Hypericum extract has
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also been studied in the treatment of seasonal affective disor-
der, depression with somatic symptoms, reactive depression,
premenstrual syndrome, and neuropathy. Additional research
is required before hypericum can be recommended for these
indications.6,7,120

ECHINACEA (ECHINACEA PURPUREA)
Preparations and Active Constituents
Many different factors have contributed to the variability in
marketed echinacea products, including product content (e.g.,
parts used, addition of other non-Echinacea plant species),
method of extraction, and the formulation most likely to trigger
biological activity.121 Three species of Echinacea have been
evaluated in clinical studies for their immune-stimulating ef-
fects: Echinacea purpurea, Echinacea angustifolia, and Echi-
nacea pallida. Chemical studies conducted before 1990 of-
ten confused the botanical identity of these different species,
especially E. pallida and E. angustifolia, making interpreta-
tion of therapeutic properties among individual species more
difficult.7 Furthermore, E. angustifolia and E. pallida have
been the predominant species evaluated in chemical analysis,
whereas E. purpurea was most often used for testing in clinical
trials.121

In 1992, the German Commission E approved the root of
E. pallida and the above-ground parts of E. purpurea for clini-
cal use.6 The commission recommends that the root of E. pal-
lida be manufactured as a water-alcohol extract (1:5 tincture,
50% ethanol), whereas the above-ground parts of E. purpurea
must be manufactured as a fresh-pressed juice in 22% ethanol
by volume as a preservative (e.g., Echinacin, Echinaguard).6

Echinacea may stimulate the lymph tissue in the mouth.7 Al-
though this mechanism of action remains to be proven, such
an assumption would indicate preference for a liquid buccal
tablet formation versus other formulations.7

Although chemically distinct, E. purpurea, E. pallida, and
E. angustifolia share some common fractions; however, these
common fractions can still vary in concentration and indi-
vidual chemical components based on the plant parts used,
the species being studied, and the type of formulation. All
three species contain a lipophilic fraction (e.g., alkamides,
polyacetylenes), water-soluble polysaccharides, caffeol con-
jugates (e.g., echinacoside, chicoric acid, caffeic acid), and
flavonoids.6,122 The alkamides, chicoric acid, and polysaccha-
rides have been recognized most often for possible immune-
modulating effects.122,123 Alkamides are largely absent in the
root of E. pallida while polyacetylenes are present.122 Among
the caffeol conjugates, echinacoside is mainly found in the
roots of E. angustifolia and E. pallida, while cichoric acid is
found in the above-ground parts of E. purpurea.122 Various
constituents have also been studied for possible anti-infective,
antioxidant, and anti-inflammatory properties.121,122,124

Cold Treatment

24. A.T. is an otherwise healthy 32-year-old man who wants to
purchase echinacea. Over the past 2 days, A.T. has had symptoms
consistent with a new onset cold: a sore throat, stuffy nose, and
general body aches. He is not taking any other over-the-counter or

prescription medications and asks you if echinacea will shorten
the duration of his cold symptoms.

Clinical trials evaluating the efficacy of echinacea in the
relief of respiratory infections have been complicated by prod-
uct heterogeneity (use of echinacea in combination with other
herbs or vitamins and minerals, use of different Echinacea
species, different methods of formulation, and whether cold
symptoms were acquired naturally or following rhinovirus
inoculation).125,126 Placebo control is also complicated by the
distinctive flavor of liquid formulations of echinacea.

Fortunately, there have been recent reviews and meta-
analysis to help differentiate which echinacea formulations are
preferable. In one review, 14 randomized, placebo-controlled
trials were evaluated.125 All trials used either an echinacea
monopreparation (10 studies) or a combination product (4
studies) that included echinacea for the prevention or treat-
ment of the common cold. Five studies involved the use of
Echinaguard or Echinacin (Madaus AG, Cologne, Germany),
which are standardized ethanolic extracts of the above-ground
parts of E. purpurea. Both persons who acquired the cold nat-
urally (11 studies) or through inoculation (3 studies) were also
included. Meta-analysis showed a 58% decrease in the inci-
dence of cold and a reduction in cold duration of 1.25 days.
Although there was heterogeneity among the trials, no signif-
icant publication bias was detected. The benefits of echinacea
remained significant for cold incidence with a trend toward re-
duced duration, when only monopreparations were evaluated.
Limiting the analysis to preparations involving Echinaguard
or Echinacin also showed a significant 56% reduction in cold
incidence.

The Cochrane Collaboration performed a separate review
of echinacea in the treatment and prevention of the common
cold (i.e., studies involving inoculation with rhinovirus were
excluded).126 Sixteen randomized trials with 22 comparisons
of echinacea to placebo (19 trials), no treatment (2 trials), or an-
other herbal preparation (1 trial) were included. No significant
benefits were observed when echinacea was used prophylacti-
cally as a preventative agent. When echinacea was used as a
treatment at the onset of cold symptoms, significant improve-
ments were more frequently observed for echinacea compared
to placebo. The authors concluded that there was evidence to
support a beneficial effect of echinacea for cold treatment, spe-
cific to monopreparations involving the above-ground parts of
E. purpurea.

A.T. should be informed that the use of echinacea in the
treatment of cold symptoms is still under investigation. How-
ever, the evidence to date is positive when the above-ground
parts of the E. purpurea plant are used. Cold symptoms and
duration may be reduced when echinacea is taken early in the
course of illness. Echinacea is not a cure for the common cold.
Adequate hydration, proper nutrition, and rest are also impor-
tant during this period.

Mechanism of Action

25. What is echinacea’s purported mechanism of action in the
abatement of cold symptoms?

Both in vitro and in vivo studies suggest that echinacea has
an immune-modulating effect. In vitro studies have been con-
ducted using murine and human macrophages. Using a purified
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polysaccharide fraction of E. purpurea, significant increases
in polymorphonuclear (PMN) cell activation; macrophage ac-
tivation; macrophage cytotoxicity against tumor and bacterial
target cells; and macrophage secretion of interleukin (IL)-1, IL-
6, tumor necrosis factor-alpha (TNF-α), and reactive oxygen
intermediates were observed.121,127 In vivo the polysaccharide
fraction enhanced immune activation in mice against fungal
and bacterial pathogens.121 In healthy volunteers, IV adminis-
tration of the polysaccharide fraction enhanced PMN activity,
macrophage activity, and migration of cells from bone marrow
to peripheral blood.127 Although the mechanisms described for
the parenterally administered polysaccharide fraction of E. pur-
purea may not be applicable to the oral formulation used com-
mercially, the water-soluble (polysaccharide-containing) frac-
tion still seems to exert a superior immunostimulant response
as compared to the fraction extracted with organic solvents.123

Few studies have evaluated the mechanism of action of echi-
nacea in its commercially available form. One in vitro study
showed a significant increase in the production of IL-1, IL-
6, IL-10, and TNF-α by human phagocytes in the presence
of E. purpurea juice.128 In vitro natural killer (NK) cell and
antibody-dependent cell cytotoxicities were also enhanced by
E. purpurea extract in both healthy and immunocompromised
patients.129 However, in vivo, only enhancement of phagocytic
activity, total circulating white blood cells, monocytes, neu-
trophils, and NK cells has been noted with the use of E. pur-
purea formulations.121,130 Another study failed to find an effect
of an orally administered E. purpurea juice on either cytokine
expression or phagocytosis in 40 healthy volunteers over 14
days as compared to placebo.131

Echinacea’s mechanism of action remains uncertain. Im-
mune modulation or stimulation may play a role, but to date,
only enhancement of phagocytic activity has been observed in
humans. Future studies using the orally administered commer-
cial formulations are required to determine if cytokine activity
is enhanced in vivo as it is in vitro for humans.

Pharmacokinetics and Dosing

26. What is known about the pharmacokinetics of echinacea?
What dose should be recommended for A.T.?

The pharmacokinetic parameters of echinacea indicate that
the alkamide fraction is detectable in human plasma after oral
administration of a combined E. angustifolia and E. purpurea
combination root extract (liquid or tablet), while caffeic acid
conjugates were not detectable in plasma and are likely not
bioavailable.132 Pharmacokinetic parameters of some individ-
ual alkamides also have been documented.122

Echinacea dosing for the supportive treatment of colds or
upper respiratory infections is 6 to 9 mL/day of fresh-pressed
juice preserved in ethanol prepared from the above-ground
parts of E. purpurea (e.g., Echinaguard) or 900 mg/day of E.
pallida root (1:5 tincture, 50% ethanol).7 Both preparations are
administered in divided doses (e.g., 15–30 drops of E. purpurea
juice, equivalent to 0.75−1.5 mL, two to five times daily). Ap-
propriate dosing should be indicated on the package labeling.
The German Commission E recommends that neither prepara-
tion be used for longer than 8 weeks because the mechanism for
reported immune modulation is unclear.6 However, studies as

long as 12 weeks have been conducted without serious adverse
effects.121 External preparations should contain no <15% E.
purpurea fresh-pressed juice.6

Adverse Drug Reactions/Drug Interactions

27. Should A.T. be warned of any adverse effects caused by
echinacea?

Toxic effects were not observed in animals given suprathera-
peutic parenteral and oral formulations of E. purpurea juice.133

In vitro mutagenicity and carcinogenicity studies were also
negative.133 In humans, flu-like symptoms (e.g., fever, shiver-
ing, headache, vomiting) have been reported infrequently af-
ter parenteral administration.134 This reaction may be caused
by stimulation of phagocytes, cytokine production, or a tran-
sient decrease in lymphocyte counts immediately after par-
enteral administration.135 Few adverse effects have been asso-
ciated with oral dosing. Unpleasant taste and upset stomach
have been reported infrequently.134 Hypersensitivity reactions
(anaphylactoid, bronchospasm, rash) have been reported more
commonly in patients with pre-existing allergic rhinitis, atopy,
or asthma, as well as in patients with no pre-existing aller-
gic history.134 One large-scale trial also found a significantly
higher incidence of rash (∼5%) in pediatric patients taking oral
echinacea.126

There are no reported drug–drug interactions for E. pur-
purea or E. pallida.6 Theoretically, however, echinacea should
be avoided in patients taking immunosuppressive medications
(e.g., cyclosporin, steroids). Because of the high alcohol con-
tent of certain preparations, patients taking drugs known to
cause an Antabuse-like reaction (e.g., metronidazole [Flagyl],
griseofulvin [Fulvicin], chlorpropamide [Diabinese]) should
be warned of this effect.

Cold Prophylaxis

28. A.T. purchases a product called Echinaguard, a fresh-
pressed juice formulation preserved in alcohol made from the
above-ground parts of E. purpurea. Two days later, he indicates
that his partner, who has had HIV for 6 years, wants to use echi-
nacea to protect himself from A.T.’s cold. His partner’s most re-
cent CD4+ lymphocyte count was 300 cells/mm3, and his viral
load is undetectable. How would you advise A.T.?

Randomized, double-blind, placebo-controlled trials have
generally failed to observe a prophylactic benefit of echinacea
in reducing the frequency of the common cold.125,126 A.T.’s
partner should be informed that the prophylactic benefit of
echinacea has not been established. Instead, he should be ad-
vised to wash his hands frequently and avoid close contact with
A.T. while he is symptomatic.

States of Immune Deficiency

29. Could echinacea have other beneficial or harmful effects on
A.T.’s partner who is HIV positive? What are the contraindica-
tions to its use?
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Because the immune-modulating effects of echinacea are
still being evaluated, it is unclear how this herb will affect
the immune status of patients with HIV infection. On the one
hand, echinacea may enhance immune function, and this could
be viewed as beneficial. In vitro analysis using cells from pa-
tients with AIDS showed enhancement of NK cell activity by
E. purpurea extract.129 NK cells, in turn, can have a cidal ef-
fect on HIV-infected cells.129 On the other hand, replication
of HIV may also be stimulated by other effects of echinacea:
enhancement of TNF-α levels and T-lymphocyte activation.121

Therefore, until the effects of echinacea are clearly defined,
it should not be used by patients who have HIV for any pro-
longed length of time. Short-term use of echinacea for 7 to 10
days at the onset of cold symptoms, however, is unlikely to be
harmful.

Additional disorders have been cited by the German Com-
mission E as contraindications to echinacea use. Many of these
disorders could be activated by immunostimulation, such as
multiple sclerosis, tuberculosis, leukosis, collagen disorders
(i.e., rheumatoid arthritis), and other autoimmune disorders.6

As further clinical research is conducted, these contraindica-
tions may be removed.

Other Indications

30. What other conditions have been treated with echinacea?

Echinacea has been used to enhance hematologic recov-
ery after chemotherapy, but this use is investigational. Two
studies used intramuscular E. purpurea juice in combination
with thymostimulin (an immune-enhancing thymic hormone)
after low-dose cyclophosphamide (Cytoxan) therapy.136,137 In
both studies, patients had advanced stage hepatocellular or col-
orectal cancer, and sample sizes were small. Although certain
immune parameters were significantly increased, it was un-
clear whether thymostimulin or echinacea was predominantly
responsible. A pilot study investigated the effect of E. pur-
purea polysaccharides on leukocyte counts before and during
chemotherapy. Patients had advanced gastric cancers, and no
benefits were observed from the intervention.138

The German Commission E recommends E. purpurea but
not E. pallida for the “supportive treatment of lower urinary
tract infections.”6 This indication is largely based on (a) stud-
ies performed in the 1950s using parenteral echinacea prepa-
rations and (b) unpublished studies performed by the man-
ufacturer (Madaus) using echinacea lozenges in patients with
respiratory and urinary tract infections (UTIs).135 Despite sup-
port by the German Commission E, the use of echinacea for
UTIs requires further clinical study. To date, most clinical tri-
als have used injectable formulations of echinacea, which are
not commercially available, and have lacked high-quality study
design.135

Echinacea has also been evaluated for the treatment of re-
current vaginal candidiasis and recurrent genital herpes. In a
nonrandomized, open-label study involving 203 women with
recurrent vaginal candidiasis, patients received 6 days of top-
ical econazole (Spectazole) with or without a 10-week course
of subcutaneous, IV, intramuscular, or oral fresh-pressed juice
of E. purpurea.121,135 Recurrence rates in patients receiving
echinacea versus econazole alone were significantly lower, 5%

to 16.7% versus 60%, respectively. The other trial was ran-
domized and double-blinded and evaluated 50 patients with
recurrent genital herpes. Patients received 6 months of an E.
purpurea extract (Echinaforce) or placebo, but no benefits were
observed at the end of the study.139

Historically, echinacea has been used for wound healing by
Native Americans.7 The German Commission E has approved
E. purpurea for the topical treatment of “poorly healing
wounds and ulcerations.”6 In vitro echinacea has many effects
that are compatible with a variety of possible anti-inflammatory
effects. These include inhibition of enzymes involved in the in-
flammatory process (e.g., cyclo-oxygenase, 5-lipo-oxygenase,
hyaluronidase) and a reduction in free radical formation.121 In
animals, echinacea reduces skin inflammation in response to
chemical irritants.121 Although topical anti-inflammatory ef-
fects have been demonstrated, there are no well-designed pub-
lished trials in humans supporting this indication.121 Thus, the
use of echinacea for wound healing requires further research.

SAW PALMETTO (SERENOA REPENS)
Background
Prostate growth is largely dependent on the enzymatic con-
version of testosterone to dihydrotestosterone (DHT) by 5α-
reductase. Elevated DHT levels have been observed in pa-
tients with benign prostatic hyperplasia (BPH).140 Prostatic
growth factors, focal inflammation, and upregulation of an-
drogen receptors may also be involved in the hyperplasia of
prostatic stroma.140 Prostatic enlargement can lead to physi-
cal obstruction of the urethra and symptoms of urinary hesi-
tancy, dribbling, incomplete bladder emptying, straining, and
decreased urinary flow.141 In addition, α-mediated adrenergic
innervation of the prostate smooth muscle and bladder neck
can lead to vasoconstriction and further compression of the
urethra.141 This dynamic component of BPH can account for
up to 40% of the prostatic tone exerted on the urethra and can
contribute to urinary symptoms.141 Disease progression may
lead to UTIs, urinary retention, hematuria, renal insufficiency,
and bladder dysfunction from poor detrusor contractility or
instability.140,141

The American Urological Association (AUA) Symptom In-
dex is the standard scale for prostate symptom assessment.142

Using this validated symptom scale, seven questions are scored
from 0 to 5, and the total sum is used to classify disease progres-
sion as mild (0−7), moderate (8−18), or severe (19−35).142

The International Prostate Symptom Score (I-PSS) is the Euro-
pean equivalent of the AUA Symptom Index and is also used to
assess BPH.143 Prostatic enlargement may often be detected by
digital rectal examination; a prostate size >20 g is considered
abnormal.141 Urinary flow rate is the most frequent objective
test used to assess bladder outlet obstruction.142 Although peak
flow rate can vary with age or voided volume, a guideline for
classification of prostatism is mild (15−20 mL/second), mod-
erate (10−14 mL/second), and severe (<10 mL/second).142

Prostate-specific antigen (PSA) values, produced by both be-
nign and malignant prostate cells, can be used to detect prostate
abnormalities.141 Normal PSA values range between 0 and 4
ng/mL. However, PSA values may also be within normal lim-
its in patients with BPH or prostate cancer; therefore, they are
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not a truly specific marker for either disease.141 The reader is
referred to Chapter 101 for more information.

31. B.F. is a 70-year-old man who presents to the ambulatory
care clinic for a follow-up visit with his primary care provider.
B.F. was recently referred to the urology clinic for symptoms of
frequent urination, urgency, dysuria, and decreased urinary flow.
Additional objective tests performed by the urologist included
a urinalysis and a peak urinary flow rate. Prostate cancer was
ruled out on rectal examination. Results of B.F.’s examination
included: AUA score, 12 out of 35; PSA, 3.2 ng/mL; estimated
prostate weight, 32 g; peak urinary flow, 12 mL/second; normal
urinalysis; BP, 110/60 mm Hg; heart rate (HR), 70 beats/minute;
and normal renal function. B.F. has no other medical problems
and is not taking any other prescription medications. How would
you rate the severity of B.F.’s BPH? What objective parameters
contribute to this rating?

Based on B.F.’s AUA score, his disease is of moderate sever-
ity. Objective parameters include his increased prostate size of
32 g and a restricted urinary flow of 12 mL/second. Subjective
symptoms of dysuria, urgency, and frequent urination should
not be used as tools to assess disease severity because both
obstructive and irritative symptoms of BPH often wax and
wane.141

Treatment Options for Benign Prostatic Hyperplasia

32. B.F. is extremely bothered by his symptoms and wants to
know the treatment options available besides the minimally inva-
sive procedures and surgical procedures described by his urolo-
gist. What are these options?

Because B.F. has moderate disease, a number of treatment
options are available. Generally, patients with mild to moder-
ate disease are afforded the “watchful waiting” option, which
means that the patient’s symptoms are monitored for disease
progression.141 This option is recommended because over a
5-year period, 45% of patients will have no deterioration, 40%
will improve, and 15% will deteriorate.142 The dynamic na-
ture of BPH also has been noted in placebo studies of 2 to 24
weeks’ duration in which 42% of patients improved, 46% had
no change, and 12% had worsening of symptoms.142 Patients
such as B.F. who are significantly bothered by their symp-
toms and are requesting nonsurgical treatments are candidates
for prescription medications such as alpha-adrenergic antago-
nists (e.g., terazosin [Hytrin], doxazosin [Cardura], tamsulosin
[Flomax], alfuzosin [Uroxatral]) and 5α-reductase inhibitors
(e.g., finasteride [Proscar], dutasteride [Avodart]).142 Dutas-
teride inhibits isoenzyme types 1 and 2 of 5-alpha-reductase
and has been shown to reduce serum DHT levels more ef-
fectively (93% vs. 70%) than finasteride, which only inhibits
isoenzyme type 2 of 5α-reductase.144 Saw palmetto, a phy-
totherapeutic agent, has also been advocated for the treatment
of BPH by many physicians in Europe.140

Finasteride is most effective in patients with prostate vol-
umes >40 mL and may be no more effective than placebo
in patients with prostate volumes <30 mL, which is why the
drug class of 5α-reductase inhibitors is often reserved for
persons with moderate to severe BPH.144 B.F.’s prostate vol-
ume of 32 mL makes him a poor candidate for finasteride.
His BP of 110/60 mmHg is also a concern if α-blockers are

prescribed, because they reduce BP in both hypertensive and
nonhypertensive patients.142 Terazosin and doxazosin carry a
slightly greater risk of orthostasis as a side effect than the
other α-blockers.144 If alpha-blockers were initiated, B.F.’s BP
would have to be monitored closely. Tamsulosin is more spe-
cific for the α-1a- and α-1d-receptor subtypes and is less
likely to result in orthostasis. The α-1a-receptor subtype is
very specific to the prostate (∼70% of the adrenergic recep-
tor mRNA).145 If B.F. is initiated on α-blockers, he should
be counseled about first-dose syncope and monitoring his BP
when beginning therapy. B.F. should arise slowly from the sit-
ting or lying position, especially when getting out of bed in the
morning.

Preparations and Active Constituents

33. Because terazosin was covered under B.F.’s health plan, his
doctor started him on this as a first-line agent. B.F. returns to the
clinic 1 week later complaining of intolerable dizziness. The pri-
mary care physician is considering switching B.F.’s prescription
to tamsulosin. This prescription would cost more, so B.F. is con-
sidering saw palmetto due to his financial constraints. What are
the active ingredients and mechanism of action of saw palmetto?

Saw palmetto berry is composed of many constituents;
the active ingredients, however, are as yet unknown.143 Per-
mixon, the brand most commonly used in Europe, contains
90% free and 7% esterified fatty acids.143 Phytosterols (i.e., β-
sitosterol, campesterol, stigmasterol, cycloartenol, lupeol, lu-
penone, methylcycloartenol), aliphatic alcohols, polyprenoic
compounds, and flavonoids also are present.143,146 Reported
pharmacologic activity may reside in the lipophilic fraction.140

Saw palmetto is commercially formulated as a concentrated
fat-soluble extract that is standardized to contain 85% to 95%
fatty acids and sterols.

Mechanism of Action
Early in vitro studies suggested that saw palmetto had antian-
drogenic properties. In human foreskin, fibroblasts, and rat
prostate cell lines, saw palmetto competitively inhibited DHT
binding to cytosolic and nuclear receptors.140,146 Unlike finas-
teride, which inhibits 5-α-reductase type 2, saw palmetto inhib-
ited type 1, and, in some cases, both isoforms of the enzyme in
vitro.140,146 Additional mechanisms that have been observed in
vitro include inhibition of prostatic growth factors and inflam-
matory mediators produced by the 5-lipo-oxygenase pathway
(e.g., leukotrienes) and α-1-adrenoreceptor antagonism.140,146

In vivo, saw palmetto reduced estrogen- and androgen-
stimulated prostate growth in rats.147 However, in healthy
males, 1 week of treatment failed to influence 5-α-reductase
activity, DHT levels, and testosterone levels when compared
with finasteride.140 Eight days of treatment also had no ef-
fect on α1-adrenoreceptor antagonism in healthy men.148 In
men with BPH, saw palmetto failed to influence plasma lev-
els of testosterone, follicle-stimulating hormone (FSH), and
luteinizing hormone after 1 month of treatment.140 PSA lev-
els were also unaffected by saw palmetto after 6 months of
treatment, suggesting a lack of 5-α-reductase activity.143 Con-
trary to these reports, some studies in men with BPH re-
port significant reductions in epidermal growth factor, DHT
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production, and antiestrogenic activity with 3 months of
treatment.149 These reductions were comparable to that ob-
served with 3 months of finasteride therapy. In summary, the
mechanism of action of saw palmetto on the prostate remains
unclear, but it is likely to involve a number of different pro-
cesses. More clinical research is required to confirm previously
published reports.

34. B.F.’s primary care physician is still unsure whether to ini-
tiate tamsulosin or saw palmetto. Are there any clinical trials
that have evaluated the efficacy of saw palmetto in the treatment
of BPH? How does the effect of saw palmetto compare with the
other prescription drugs for BPH? Would it benefit B.F.? If so,
what dosage should be used?

A meta-analysis looked at 21 randomized controlled trials
conducted between 1966 and 2002 involving saw palmetto for
BPH.150 There were more than 3,000 participants: 1,408 in tri-
als of saw palmetto versus placebo and 1,701 in trials of saw
palmetto versus another treatment medication. Urinary symp-
tom scale scores were reported in 13 studies and revealed an
absolute improvement of 28% for saw palmetto versus placebo.
The weighted risk ratio for patient- and physician-rated symp-
tomatic improvement was 1.76 and 1.72, respectively. The
weighted mean difference for nocturia and peak urine flow
between saw palmetto and placebo were 0.76 times/evening
and 1.86 mL/second. Saw palmetto and finasteride produced
similar absolute improvements in urinary peak flow and I-PSS
scores. Saw palmetto was typically administered at a dose of
320 mg/day for a mean of 13 weeks.

In contrast, a newer double-blind clinical trial random-
ized 225 men with moderate to severe symptoms of BPH
to 320 mg of saw palmetto daily or placebo. After 1 year,
there were no significant differences between groups on either
the AUA Symptom Index or any secondary outcomes such as
prostate size, urinary flow, quality of life, or residual urinary
volume.151

Small comparative trials of saw palmetto versus prazosin
and alfuzosin have been conducted in patients with mild to
moderate BPH.152,153 The prazosin study was not analyzed
statistically, but in both treatment groups symptoms improved
at 3 months. Improvements were slightly greater for prazosin
2 mg orally twice a day versus saw palmetto 320 mg/day in
the 41 patients studied.152 A shorter 3-week trial compared
saw palmetto 320 mg/day with alfuzosin 2.5 mg PO TID in
63 patients.153 A standardized scale, the Boyarsky rating scale,
was used for symptomatic assessment. Improvements in symp-
tom score (38.8% vs. 26.9%), obstructive score (37.8% vs.
23.1%), and peak urinary flow (71.8% vs. 48.4%) all favored
alfuzosin over saw palmetto.

A large double-blind, randomized comparative trial of saw
palmetto and tamsulosin also exists.154 This 1-year trial com-
pared 320 mg/day of saw palmetto to 0.4 mg/day of tamsu-
losin among 811 men with moderate BPH. The primary end
points were the I-PSS score and maximal urinary flow. All out-
comes were significantly improved in both groups to a similar
degree. Approximately 80% of those treated had improved I-
PSS scores. A smaller 6-month open-label comparative trial
also showed tamsulosin 0.4 mg, saw palmetto 320 mg, and
tamsulosin plus saw palmetto to be of comparable efficacy in

improving I-PSS scores in patients with moderate to severe
BPH.155

A large comparative trial of saw palmetto 320 mg/day and
finasteride 5 mg/day was conducted in 1,098 patients.143 The
6-month trial used the I-PSS rating scale to evaluate BPH
symptoms in patients with mild to moderate disease. Objec-
tive parameters included peak urinary flow, prostate volume,
and PSA levels. Quality of life and sexual dysfunction were
also assessed. Both treatment groups had significant improve-
ments in I-PSS score, quality of life, and peak urinary flow
on study completion. PSA was reduced by 41% by finasteride
but was unaffected by saw palmetto. Finasteride significantly
reduced prostate volume (18%) compared with saw palmetto
(6%). Sexual dysfunction was significantly more frequent with
finasteride (+9%) than with saw palmetto (–6%).

Although impressive in size, the latter trial had method-
ologic shortcomings. There was no placebo control, and the
study lasted only 6 months. Because clinical improvement
with finasteride continues for 6 to 12 months into treatment,
a longer follow-up period of 1 year may have revealed a sig-
nificant difference between treatment groups.156 In addition,
enrollment in this comparative study required a prostate vol-
ume >25 mL. As previously noted, finasteride is generally
reserved for patients with a prostate volume >40 mL and may
be no more effective than placebo in patients with a prostate
volume <30 mL.144 Therefore, without a placebo arm, the
clinical response observed in both treatment groups may be no
greater than placebo. Saw palmetto had a lower incidence of
sexual dysfunction, which was significant but not of substan-
tial magnitude. Absolute percentages for side effects of erectile
dysfunction and decreased libido, respectively, were 2.8% and
3.0% for finasteride and 1.5% and 2.2% for saw palmetto.

In summary, saw palmetto may improve overall urinary tract
symptoms by approximately 28% compared with placebo.150

In comparative trials, saw palmetto demonstrated similar ef-
ficacy to finasteride at 6 months, tamsulosin at 1 year, and a
slightly reduced efficacy versus other α-blockers at 1 and 3
months.143,152−154,156 The benefits of saw palmetto extending
beyond 1 year remain uncertain because of short study du-
rations. B.F. may benefit from saw palmetto because it has a
quick onset of action (4 weeks) that is similar to α-blockers (4–
6 weeks) but shorter than finasteride (6 months).142,146 B.F.’s
low BP and financial constraints also make saw palmetto a rea-
sonable choice. The dose of saw palmetto used most often in
trials of patients with BPH was 320 mg/day, taken as 160 mg
orally twice a day. The German Commission E recommends 1
to 2 g of saw palmetto berry or 320 mg of lipophilic extract.6

The lipophilic extract is available as 80- and 160-mg tablets
and capsules.

If B.F. does not achieve any symptomatic relief by 6 weeks,
another therapy should be instituted. Saw palmetto is not indi-
cated for severe BPH or prostate cancer. B.F. should continue to
schedule regular follow-up visits with his primary care physi-
cian to continuously assess the need for saw palmetto.

Adverse Drug Reactions/Drug Interactions

35. B.F. begins saw palmetto therapy. Two days later, he com-
plains of stomach upset after ingesting the herb. What adverse
effects and drug interactions are associated with saw palmetto?
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Is stomach upset a common reaction, and is there anything that
can be done to minimize it?

To date, no drug–drug interactions have been reported for
saw palmetto, but a small number of side effects have been
observed in clinical trials. In the comparative study involv-
ing 1,098 patients, saw palmetto–associated side effects oc-
curring with an incidence of 1% to 3% included hyperten-
sion, decreased libido, abdominal pain, erectile dysfunction,
back pain, urinary retention, and headache.143 Additional com-
plaints that occurred with an incidence of <1% were diarrhea,
flulike symptoms, nausea, constipation, and dysuria.143

B.F. should be assured that this type of reaction has oc-
curred before in patients taking saw palmetto. To minimize
stomach upset, B.F. can try taking the herb with food. If his
stomach upset does not resolve, he should inform his primary
care physician so another treatment can be considered.

Pharmacokinetics

36. What is known about the pharmacokinetics of saw pal-
metto? Will administration with food affect the absorption or
the overall efficacy of the herb?

Few pharmacokinetic trials have been performed with saw
palmetto. Single-dose kinetics were evaluated in 12 fasting
men who ingested 320 mg of the herb. Peak plasma levels
were reached in 1.5 hours, and the elimination half-life was
1.9 hours.140 No trials have been conducted evaluating the ef-
fect of food on bioavailability or efficacy. Tissue distribution
of saw palmetto has been studied in rats.140 Saw palmetto sup-
plemented with oleic acid, lauric acid, or β-sitosterol revealed
tissue concentrations that were greater in the prostate than other
genital organs or the liver.

GINSENG (PANAX SPP.)
Preparations and Active Constituents

37. A.J., an overweight 55-year-old man with type 2 diabetes
mellitus, hypercholesterolemia, and hypertension, has come to
the pharmacy to purchase a dietary supplement to boost his
energy. His current medications include simvastatin (Zocor) 10
mg PO daily, metformin (Glucophage) 750 mg PO BID, and be-
nazepril (Lotensin) 10 mg PO daily. His current laboratory values
are total cholesterol, 225 mg/dL; LDL-C, 185 mg/dL; HDL-C, 30
mg/dL; TG, 110 mg/dL; and BP 150/80 mmHg. There have been
no changes to A.J.’s medication regimen in the past year. A.J. has
no family history of coronary heart disease. He states that he has
been under a lot of stress lately and has not been feeling as ener-
getic as he normally does. He selects two herbal products, both of
which claim to enhance energy. The first is a combination herbal
product containing bitter orange as the primary ingredient; the
other is labeled “Siberian ginseng.” There are so many ginseng
products that A.J. asks you if there is any difference between his
current selection and the other bottles labeled “Panax.”

There are a variety of species of ginseng, many of which
are distinguished by their country of origin. Some of these
include Panax ginseng C.A. Meyer (Chinese or Korean vari-
ety), Panax quinquefolius (American variety), Panax japonicus
C.A. Meyer (Japanese variety), and Panax notoginseng (Sanchi

variety).157 Thirty different triterpenoid saponin glycosides
known as “ginsenosides” have been isolated from ginseng.157

Additional constituents include polysaccharides, flavonoids,
daucosterin, mucilaginous substances, amino acids, bitter sub-
stances, vitamins, choline, pectin, fatty oil, and ethereal oil.158

Composition may vary between different species or within the
same species when cultivated at different locations. The gin-
senosides are believed to be responsible for many of the re-
ported effects and can be subdivided into three main categories
based on their chemical structure: oleanolic acid, panaxadiol,
and panaxatriol types.157 Individual saponins have been fur-
ther classified and are chemically designated by the letter “R”
followed by a subscript letter, number, or both.7 It is generally
the root of the plant that is used for commercial manufacturing;
the length of time required for maturation of ginseng root and
optimal ginsenoside levels is 5 to 6 years.158 For this reason,
and due to overharvesting, commercial supply can be scarce,
leading to higher prices and a greater risk of plant substitution
or suboptimal ginsenoside content.159 Rg1 and Rb1 are con-
sidered standardized markers of ginsenoside content in both
American and Chinese or Korean P. ginseng roots; however,
the ratio of Rg1:Rb1 is higher in Asian ginseng than in Ameri-
can ginseng, which leads to different pharmacologic properties
between these two species.160 Both P. ginseng extract and crude
herb formulations are recommended by the German Commis-
sion E.6 Ginseng extract should be standardized to contain at
least 4% ginsenosides.6 Crude herb products are available as
fresh ginseng (younger than 4 years of age), peeled and dried
white ginseng (4−6 years of age), or steamed and dried red
ginseng (older than 6 years of age).158 The latter products may
be further processed into powder, extract, or tea formulations.

Other plants that have been reported to have similar clin-
ical effects to ginseng but are not of the Panax species in-
clude Eleutherococcus senticosus (Siberian ginseng) and Pfaf-
fia paniculata (Brazilian ginseng).161 Both species lack the
characteristic ginsenosides of the Panax species but contain
eleutherosides and pfaffosides, respectively.161 Siberian gin-
seng was developed as a substitute for the Panax species by the
former Soviet Union. Many of the clinical studies for Siberian
ginseng have been published in the Russian language, mak-
ing them less available to the scientific community.6 Both the
Panax species and Eleutherococcus are approved by the Ger-
man Commission E as “a tonic to counteract weakness and
fatigue, as a restorative for declining stamina and impaired
concentration, and as an aid to convalescence.”6

Therefore, A.J. should be informed that Siberian ginseng
is not part of the Panax species and contains no ginsenosides.
However, both preparations are approved for the treatment of
similar conditions in Europe. In general, P. ginseng C.A. Meyer
may be a superior choice because it has been studied more
thoroughly by the scientific community and carries a marker
of standardization based on its ginsenoside content.

38. Given A.J.’s clinical presentation, what concerns would you
have before recommending a ginseng product?

A.J.’s fatigue may be a symptom of poor glucose control.
Thus, his recent blood glucose measurements should be re-
viewed, and his glycosylated hemoglobin (A1c) level should
be checked. In addition, A.J. should be asked about other symp-
toms that can cause a loss of energy such as depression (e.g.,
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Table 3-4 Adaptogenic Mechanisms Reported for Ginseng and Its Constituents Based on In Vitro and Animal Studies

References Mechanism Adaptogenic Quality

162 ↓ Adrenal catecholamine release Antistress
163 ↑ Adrenocorticotropin hormone and corticosterone release, agonist at glucocorticoid

receptor
Antistress

162 Centrally mediated enhancement of GABAA, inhibition of substance P ↓ Psychological and pain-mediated stress
157, 162 ↑ Central levels of acetylcholine, increase serotonin, norepinephrine, and dopamine in

the cerebral cortex
Nootropic

158, 162 Reversal of tolerance and dependence to morphine by decreasing dopamine receptor
supersensitivity

↓ Narcotic tolerance and dependence

157 Anti-inflammatory, possibly mediated through anticomplement activity ↓ Acute and chronic inflammation
157 Antioxidant ↓ Cellular damage in states of hypoxia
157 Promotes neurite growth, increase proliferation of neuronal progenitor cells, protects

against agents causing neuronal cell death, inhibits N-methyl-D-aspartate (NMDA)
and non-NMDA glutamate receptors

Neuronal protection

157 ↑ Endothelial nitric oxide and inhibits prostacyclin production Vasoregulatory effect
157, 158 ↓ Platelet aggregation, ↓ (TXA2), and platelet-activating factor (PAF); ↑ effect of

aggregation inhibitors; cGMP, cAMP
Antiplatelet activity

157 ↑ Insulin release, number of insulin receptors, and insulin sensitivity Improved glucose homeostasis
157 Induced mRNA expression for IL-2, IL-1α IFN-γ , and GM-CSF; activated B and T

cells, NK cells, and macrophages
Immunomodulation

157 ↓ Tumor angiogenesis, ↑ tumor cell apoptosis (death) ↓ Tumor metastasis

GM-CSF, granulocyte-macrophage colony-stimulating factor; IL, interleukin; NK, natural killer.

appetite, quality of sleep), a cold (e.g., congestion, runny nose,
sore throat), or hypothyroidism (e.g., constipation, cold intol-
erance, weight gain).

Mechanism of Action

39. A.J. states that his most recent A1C was 8% (normal, 4%–
6%). He performs fingerstick blood glucose measurements twice
daily and values range between 130 and 160 mg/dL. He has no
other symptoms suggestive of hyperglycemia or other conditions
associated with fatigue. A.J. asks for your assistance in choos-
ing between the supplements he has selected. What claims are
made for each of these supplements, and how does the proposed
mechanism of action for each of these agents affect your recom-
mendation?

A.J. has selected a combination product that contains bit-
ter orange (Citrus aurantium) as its primary ingredient. Bitter
orange contains synephrine, a sympathomimetic that is simi-
lar to ephedrine and has the potential to increase HR and BP.
Sympathomimetics act as central nervous system (CNS) stim-
ulants to boost energy; they also constrict blood vessels and
raise glucose levels. Because these effects could worsen A.J.’s
hypertension and diabetes, he should avoid the use of this com-
bination supplement.

Ginseng has been labeled as an “adaptogen,” which refers
to the body’s ability to normalize itself when exposed to stress-
ful or noxious stimuli. Adaptogenic properties that have been
reported for ginseng include stress relief, improved mood and
cognitive function, enhanced physical performance, immune
modulation, improved cardiovascular function, antidiabetic ac-
tivity, anticancer effects, and protection against liver damage.6

The postulated mechanism of action in humans is based on the
results of in vitro and animal studies. This extrapolation may
be premature because many studies used formulations (e.g.,

individual ginsenosides or polysaccharides) and routes of ad-
ministration (e.g., parenteral) that differ from commercially
available formulations. Some of the mechanisms reported for
ginseng are listed in Table 3-4.157,158,162,163 Based on these
mechanisms, A.J. has no contraindications to ginseng and may
or may not benefit from its reported homeostatic effects on
glucose control and BP. Of the two supplemental products A.J.
has selected, P. ginseng would be the preferred agent.

Ergogenic and Nootropic Effects

40. A.J. agrees to avoid the ephedra-containing supplement but
wants to know what types of benefits he can expect once he initiates
ginseng.

The effects of ginseng on physical (ergogenic) and men-
tal (mood, nootropic) performance have been inconsistent. In
83 healthy patients, 200 to 400 mg/day of P. ginseng extract
(Ginsana, G115) or placebo for 8 weeks failed to show a signif-
icant benefit on positive affect, negative affect, or total mood
disturbance.164 A larger 9-week, double-blind study in 127
healthy patients using 400 mg/day of standardized P. ginseng
extract (Gerimax) failed to show consistent enhancement of
cognitive function.165 A series of tests were used to assess
psychomotor function, attention and concentration, learning
and memory, and abstraction. Significant improvements oc-
curred for the abstraction test and the auditive reaction test
(one of three tests designed to assess psychomotor function).
Studies evaluating an acute dosing effect of ginseng (Ginsana,
G115) have also produced inconsistent findings. In a double-
blind, placebo-controlled, crossover study, the cognitive ben-
efits of ginseng in doses of 200, 400, or 600 mg were evalu-
ated in 20 healthy young adults. Only the 400-mg ginseng arm
showed significant improvements at 1, 2.5, 4, and 6 hours after
dosing.166
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Many human studies evaluating the ergogenic effects (i.e.,
parameters of muscular oxygen utilization and workload) of
ginseng have been criticized for their poor methodology.167

Well-designed trials involving small numbers of healthy pa-
tients (8−38) have been performed. P. ginseng extract (Gin-
sana, G115) at dosages of 200 to 400 mg/day or 8 to 16
mg/day of P. quinquefolius extract for 1 to 8 weeks failed to
improve parameters of oxygen consumption, blood lactic acid
concentration, or respiration under conditions of submaximal
or maximal exercise.168−170 Many studies reporting positive er-
gogenic effects were not placebo controlled.167 Those that were
blinded and reported benefit were of small sample size (12−30
patients) and conducted in athletes; significant improvements
in oxygen uptake, recovery heart rate, and endurance were
noted.167

Combination products of P. ginseng extract (G115) com-
plexed with vitamins, minerals, and trace elements also have
been used to assess adaptogenic properties.171−174 The dosage
of ginseng extract used in these studies ranged from 40 to 80
mg/day for up to 12 weeks. Unfortunately, only one study used
a control group, which accounted for the effects of vitamins,
minerals, and trace elements.174 Without such a control, the
effects of ginseng cannot be distinguished from the other nu-
tritional elements in the product. Ergogenic benefits were ob-
served in one of these studies.172 In two other studies, quality
of life was assessed.171,174 In 390 patients, 80 mg/day of extract
significantly improved one of three scales used to assess quality
of life.171 A subgroup analysis revealed that patients with the
lowest quality of life scores had the greatest benefit. In contrast,
80 mg/day of extract in 49 sick and geriatric patients failed to
influence cognitive function or somatic symptoms.173 The only
study that used an appropriate control group was conducted in
625 patients, 501 of whom completed the trial. Ginseng extract
(40 mg/day) significantly improved quality of life based on an
11-item questionnaire.174

A.J. should be told that the reported ergogenic, cognitive,
and quality of life benefits of ginseng have not occurred with
any consistency. Some studies reported significant effects,
whereas others demonstrated no effect. Dosages of P. ginseng
extract ranged from 40 to 600 mg/day.

Glucose Homeostasis

41. To what degree will A.J.’s diabetes, hypertension, and hy-
perlipidemia be affected by ginseng?

Both P. quinquefolius L, American ginseng, and P. ginseng,
Korean or Chinese variety, have been studied in small random-
ized clinical trials for their effects on glucose in diabetic or
nondiabetic patients.175,176 In 19 patients with type 2 diabetes
mellitus, use of red P. ginseng 6 g/day (divided doses three
times daily 40 minutes before meals) resulted in significant
reductions (p <0.05) in two of three fasting indices and five
of seven indices following a 75-g oral glucose tolerance test
compared to placebo. The primary outcome, A1C was not sig-
nificantly altered versus placebo and averaged 6.5% in both
groups over the 12-week study.176 A separate trial evaluated
American ginseng for its effect on postprandial blood sugar
levels.175 Both nondiabetic subjects and subjects with type 2
diabetes mellitus had significant drops in postprandial blood
sugar values when 3 g of ginseng was taken 40 minutes before

a meal, compared with placebo. A significant drop also was
observed in patients with diabetes, but not in healthy subjects,
when ginseng was taken at the time of the meal. A recent sys-
tematic review also suggests that both American ginseng and P.
ginseng can reduce blood glucose. Fifteen studies (13 random-
ized and 2 nonrandomized were included), sample sizes were
small (36 or less patients in 14 trials), and overall 9 of the 15
trials showed significant reductions in blood glucose using ei-
ther American or P. ginseng monopreparations.177 A.J. should
continue to check his blood glucose regularly and report any
changes to his doctor.

Cardiac and Lipid Homeostasis
Some studies suggest that ginseng may have a beneficial ef-
fect on blood pressure (BP) and lipid profiles, but results are
inconclusive.177 Although vasodilatory effects of P. ginseng
have been observed in animal models, effects in humans have
been less consistent. A systematic review of 12 studies (7
randomized, 5 nonrandomized) primarily involving P. ginseng
(N = 11) and its effects on BP showed largely insignificant
reductions. Dosing among all trials varied from 40 mg to 4.5
g/day of ginseng. When benefits were observed, they were lim-
ited to small changes in systolic or diastolic blood pressure
(SBP or DBP) of less than 4% among the randomized trials,
which is also unlikely to be clinically meaningful in persons
with hypertension.

In contrast, a rise in BP was reported after chronic ingestion
(>1 month) of ginseng and Siberian ginseng products.178 Pa-
tients developing hypertension typically consumed an average
of 3 g of ginseng root per day,178 but many of these patients also
consumed caffeinated beverages, which may have contributed
to the hypertension. Furthermore, no chemical analysis was
performed for product content.

The effects of ginseng on serum lipid levels have also been
the subject of a recent review.177 Nine studies (four random-
ized, five nonrandomized) were included. A majority involved
monopreparations of P. ginseng (N = 6) and variable dosing
(80 mg to 9 g/day), and were of small sample size (24 patients
or less in six trials). A majority of trials (N = 5) showed a
significant improvement in one or more lipid parameters, but
given the heterogeneity among the trials, it is unclear if these
effects are reproducible or clinically meaningful.

A.J. should be informed that hypotensive and antihyperlipi-
demic effects of ginseng have not been clearly demonstrated.
A.J.’s current BP and lipid values are elevated despite prescrip-
tion therapy, and he has several other cardiovascular risk fac-
tors, including his age, diabetes, hypertension, and low HDL-C.
A.J.’s dosages of simvastatin and benazepril should be in-
creased, and he should monitor his BP more frequently after
initiating ginseng. Any episodes of hypotension or hyperten-
sion should be discussed with his physician.

Immune Modulation

42. A.J. has received his flu shot already. Will taking ginseng
further decrease his risk of catching the flu this season?

Ginseng is under investigation as an immune modulator. In
vitro ginseng appeared to have a greater effect on stimulating
lymphocyte proliferation in elderly versus young patients.179

A lack of effect on leukocyte and lymphocyte counts was also
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observed in vivo when 300 mg/day of P. ginseng extract was
studied for 8 weeks in young and healthy adults.180 However,
other research has shown significant enhancement of immune
function in healthy patients.181 Eight weeks of aqueous or
standardized P. ginseng extract significantly increased PMN
cell chemotaxis, phagocytosis fraction and index, intracellular
killing, total lymphocytes (T3), T-helper (T4) subset, suppres-
sor cells (T8), and NK cell activity.181 Both time to effect and
degree of immune stimulation were superior in the standard-
ized versus the aqueous extract group.181 The largest study to
date using a P. ginseng product as a cold preventative was per-
formed in 227 patients. Influenza vaccine was administered
with and without 100 mg/day of P. ginseng extract (Ginsana).
Forty-two cases of influenza were reported in the vaccination-
only group versus 15 in the vaccination and ginseng group at
12 weeks. Antibody titers and NK cell activity were also sig-
nificantly enhanced at 8 and 12 weeks in the ginseng group.182

Two recent randomized, double-blind trials have shown a
similar and significant preventative effect on cold frequency
and duration among seniors taking American ginseng 400 mg
for 4 months (1 month prior and 3 months after receiving the flu
shot).183,184 Benefits may not just be limited to taking the herb
while receiving the flu shot, however, as a separate randomized,
double-blind study (N = 279 persons) of American ginseng
400 mg over 4 months also found significant benefits. The
total number of colds was reduced overall and significantly
so in persons with at least two colds over the 4-month study
period.185 A significant reduction in cold duration (34.5% less)
and symptom severity (31% less) was also observed among all
ginseng users who contracted a cold. Thus, ginseng may indeed
decrease A.J.’s risk for catching the flu this season.

43. J.L. is a 32-year-old woman with a history of multiple scle-
rosis who last had an exacerbation 6 months ago. She would like
to initiate ginseng to improve her athletic performance in an up-
coming race. How would you advise J.L.?

Multiple sclerosis is an autoimmune disorder, and ginseng
may enhance cytokine expression and stimulate the immune
system. Although the German Commission E does not con-
traindicate the use of ginseng in patients with autoimmune
disorders, it is reasonable to avoid ginseng in patients with
multiple sclerosis and other immune system disorders (AIDS,
collagen vascular disease, etc.), given the possibility of im-
mune activation.

Anticarcinogenic/Antitumor Effects

44. R.B. is a 32-year-old woman who has a strong family history
of stomach cancer. She has heard that ginseng can prevent cancer.
Is there any evidence of this effect?

Animal studies have demonstrated anticarcinogenic prop-
erties for ginseng. In long-term experiments, ranging in
duration from 28 to 56 weeks, ginseng significantly re-
duced procarcinogen-induced lung adenoma and hepatoma in
mice.186 The incidence and proliferation of tumors was also
reduced.186

In humans, two large-scale epidemiologic trials observed
reductions in the incidence of cancer in patients consuming
ginseng.186 Evaluation of 921 cancer patients and 605 controls
on an oncology service in Korea found a direct correlation be-

tween ginseng intake and the risk for cancer development.187

The odds ratio with no ginseng intake was 1.0. This was re-
duced to 0.6 in patients who consumed ginseng one to three
times per year, and to 0.36 if consumption was increased to
once per month or more. Duration of ginseng use also corre-
lated to cancer development. At 1, 3, and 5 years of use, the odds
ratio for cancer development was 0.64, 0.36, and 0.31, respec-
tively. Fresh ginseng juice or slices and white ginseng tea had
no influence on cancer risk, but fresh and white ginseng extract,
white ginseng powder, and red ginseng did. Types of cancers
that were reduced included oral, pharyngeal, esophageal, gas-
tric, colorectal, hepatic, pancreatic, laryngeal, pulmonary, and
ovarian. There were no reductions in breast, cervical, bladder,
or thyroid cancer.

A larger prospective study of 4,634 patients compared the
quantity of ginseng ingested to future cancer development.187

The relative risk of cancer development was significantly lower
in individuals who consumed ginseng more often. The rela-
tive risk for consumption once per month or more was 0.34.
Stomach and lung cancers were significantly reduced. In both
epidemiologic studies, other patient-specific variables could
have influenced cancer development. Although smoking was
taken into account, diet, environmental carcinogen exposure,
and sexual behavior were not.

In summary, R.B. can be told that ginseng extract or powder
may reduce her risk of developing stomach cancer. However,
it should not be considered a cure for cancer. The greatest
benefit is associated with frequent consumption (once or more
per month) and long duration of use. If a fresh formulation is
used, it should be manufactured as an extract because other
formulations showed no benefit.

Erectile Dysfunction, Fertility, and Sex Hormones in Men

45. B.J. is a 45-year-old man with a history of mild alcohol-
induced liver dysfunction, bipolar disorder, and recent intermit-
tent episodes of erectile dysfunction. B.J. has been alcohol free for
2 years, and clinically his bipolar disorder has been stabilized with
lithium (Lithobid) for 10 years. He has never been evaluated for
sexual dysfunction. His current laboratory values include lithium,
1.0 mEq/L; AST, 80 U/L (normal, 5–40 U/L); ALT, 60 U/L (nor-
mal, 7–35 U/L); alkaline phosphatase, 100 U/L (normal, 30–120
U/L); albumin, 3.0 g/dL (normal, 4–6 g/dL); and an INR of 1.3.
B.J. read that ginseng can alleviate symptoms of sexual dysfunc-
tion; he wants to purchase a bottle. How would you instruct this
patient?

Ginseng may enhance fertility and erectile dysfunction in
men. In one study, 46 patients with oligoasthenospermia and
20 controls were treated with 4 g/day of P. ginseng extract.188

Sperm number and motility were significantly enhanced, and
testosterone, dihydrotestosterone, FSH, and luteinizing hor-
mone levels were increased compared with controls after 3
months of use. In another placebo-controlled, double-blind,
crossover study of 45 men, 2,700 mg of red P. ginseng extract
significantly enhanced parameters of erectile dysfunction com-
pared with placebo (60% vs. 20%, respectively) after 8 weeks
of treatment.189 Nitrogen oxide release has been suggested as
a possible mechanism of action.157

Although preliminary studies suggest that ginseng might
improve fertility and erectile dysfunction, more research is
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needed. Because B.J.’s erectile dysfunction is of recent onset,
he should be evaluated by his physician before initiating any
treatment. If ginseng is initiated for sexual dysfunction, pa-
tients should be informed that efficacy cannot be assured.

Adverse Drug Reactions/Drug Interactions

46. B.J.’s physician was unable to find any physical abnormal-
ities to explain his temporary erectile dysfunction. Therefore, he
would like to try ginseng to alleviate his symptoms. What are the
side effects and drug–drug interactions that have been associated
with ginseng? Are any of these of concern in B.J.?

CNS stimulation, insomnia, hypertension, and nervousness
have been reported in patients using ginseng and Siberian gin-
seng products.178 Additional case reports of irritability, sleep-
lessness, and manic behavior have been observed in patients
with a history of psychiatric illness taking ginseng in combi-
nation with other psychiatric medications (i.e., lithium, neu-
roleptics, phenelzine [Nardil]).190 In these cases, product anal-
ysis was not performed, and adulteration could have occurred.
However, in animal studies ginseng has altered corticosterone
release, neurotransmitter function, and pain modulation (Table
3-4). Because B.J. has a history of bipolar disorder, he and his
physician should be informed of these reports. If B.J. initiates
ginseng, he should be alert for changes in mood and discuss
these with his physician if they occur.

Additional drug–drug interactions that have been reported
include a case report of diuretic resistance in a patient us-
ing a germanium-containing ginseng product.190 Germanium,
which has been associated with renal dysfunction, was consid-
ered to be the cause.190 Elevated digoxin levels were observed
in a patient consuming Siberian ginseng.191 This may have
been the result of contamination of Siberian ginseng prod-
ucts with Periploca sepium (silk vine), which contains cardiac
glycosides.192 In another case report, ginseng was associated
with a probable reduction in warfarin efficacy,190 and in ani-
mals, antiplatelet properties have been observed (Table 3-4).
Antiplatelet properties could increase bleeding risk in patients
taking other antiplatelet or anticoagulant medications, so this
combination should be avoided. Preoperative and postopera-
tive patients should also be advised to discontinue ginseng 7
to 10 days before and after surgery. Case reports of Stevens-
Johnson syndrome and cerebral arteritis have occurred after
standard and supratherapeutic (25 g fresh root) ginseng doses,
respectively.190 Finally, because ginseng has been shown to
possibly enhance the immune system response, persons with
autoimmune disorders should not use ginseng chronically.181

The German Commission E lists no drug–drug interactions,
contraindications, or adverse events associated with the use of
P. ginseng.6 However, high BP has been listed as a contraindi-
cation to the use of Siberian but not P. ginseng.6 Adulteration
cannot be ruled out in most adverse events and drug interactions
that have been reported. Product analyses were not performed.

Sex Hormones in Women

47. Does ginseng have any “hormonal effects” in women?

In women, ginseng has been reported to have weak estro-
genic activity.190 In vivo case reports of vaginal bleeding and

mastalgia have occurred after the acute or chronic use of gin-
seng products.190 In one of these cases, rechallenge with the
ginseng product resulted in a return of the bleeding and a re-
duced plasma FSH level.190 Neonatal androgenization was re-
ported after a mother’s use of Siberian ginseng.193 This was
later discredited when product analysis revealed the presence
of P. sepium (silk vine) as a contaminant.194

Pharmacokinetics and Dosing

48. What is known about the pharmacokinetics of ginseng?
What doses are generally recommended?

After oral dosing of red, white, and P. ginseng extract,
urinary excretion of 20(S)-protopanaxadiol and 20(S)-proto-
panaxatriol ginsengosides was >2%.195 Elimination half-life
ranged between 13.5 and 17.0 hours based on urinary excretion
data.195 After single-dose administration, a linear relationship
was observed between the amount of ginseng ingested and the
rate of ginsenoside excretion. Steady-state excretion of gin-
senosides after multiple daily doses was achieved in 5 days.195

These data provide some information regarding the absorption
and excretion of ginsenosides in humans, but the primary route
of metabolism and excretion of ginsenosides requires further
investigation.

The dose of P. ginseng recommended by the German Com-
mission E is 1 to 2 g of the crude root or its equivalent; 1 g of
crude root is equivalent to 200 mg of the extract.169 Ginsana is
a standardized extract of P. ginseng that has been used in some
clinical trials and can be found in the United States. Dosing
for Siberian ginseng is 2 to 3 g of crude root or its equivalent.
The commission recommends limiting the continuous use of
these agents to 3 months.6

GLUCOSAMINE/CHONDROITIN
Background
Glucosamine has been promoted for use alone and in com-
bination with chondroitin to treat and prevent osteoarthri-
tis (OA). Both glucosamine and chondroitin were used in
veterinary medicine for years prior to their use in humans.
Glucosamine is said to strengthen cartilage, and chondroitin
is commonly advocated as a product that decreases cartilage
breakdown. Both products have been studied clinically as a
way to prevent cartilage breakdown, specifically in knee os-
teoarthritis.

Human Cartilage
Human cartilage is a connective tissue composed of carti-
lage cells (chondrocytes) and the extracellular matrix. The
extracellular matrix accounts for nearly 90% of articular
cartilage196 and is predominantly avascular. Chondrocyte nu-
trients and waste products are transported by diffusion through
the blood supply of trabecular bone, blood, synovial fluid, and
the perichondrium.197 Chondrocyte nutrients help build the ex-
tracellular matrix.

The extracellular matrix of cartilage serves as the anchor
for chondrocytes and imparts structural stability. Fibronectin,
produced by fibroblasts, is also found within the extracellu-
lar matrix and is responsible for many cell repair processes.
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FIGURE 3-1 GAG and PG structures in human cartilage.

The extracellular matrix is a mesh of connective tissue that
is composed of collagen, hyaluronic acid, and proteoglycans
(PGs).

PGs are macromolecules composed of a protein core co-
valently linked to sulfated glucosaminoglycan (GAG) side
chains. The PG structure resembles a “bottle brush” appear-
ance. In articular cartilage, two types of GAGs are linked
to the protein core: chondroitin sulfate and keratan sulfate.
Hyaluronate serves as a link protein, which is bound to the PG
subunit ionically (Fig. 3-1). The strength of articular cartilage
largely depends on collagen, hyaluronate, and the GAGs of the
PG aggregates (mostly chondroitin). Chondroitin imparts ten-
sile strength, whereas PGs impart compressive strength. Dur-
ing cartilage synthesis, cations and water are bound to PG.
This forms a viscous layer, which cushions and lubricates the
joint.

Pharmacology
Glucosamine is an amino monosaccharide and is a product
of glucose metabolism via the hexosamine pathway. Glu-
cosamine is found in many human tissues and is a substrate for
PG synthesis. Glucosamine is the rate-limiting step in GAG
synthesis (Fig. 3-2). Glucosamine increases sulfate uptake,
increases production of PG synthesis, and blocks matrix met-
alloprotease enzymes, which are catabolic enzymes.198 Ex-
ogenous glucosamine sulfate is taken into cells and enters the
extracellular matrix through diffusion, where it is incorporated
into cartilage.197 The sulfate salt component, as well as glu-
cosamine, is necessary for the production of PG. Although the
exact mechanism of glucosamine uptake has not been deter-
mined, PG channels have been suggested as a pathway of entry
into the synovial fluid and chondrocytes.197

Osteoarthritis (OA)
OA is characterized by a loss of PGs and GAGs and an increase
in cartilage degradation, leading to joint stiffness and decreased
elasticity.199 In early OA, GAG synthesis increases.200 PG ag-
gregates, consisting of noncovalently linked PGs to a single
monomer of hyaluronic acid, tend to be smaller and contain
a lower proportion of PGs than that found in patients without
OA.201

Glucose

Glutamine

Glucose-6-phosphate

Fructose-6-phosphate

Glucosamine-6-phosphate

Acetyl-CoA

N-acetyl-glucosamine-6-phosphate

N-acetyl-glucosamine-1-phosphate

Uridine diphosphate-N-acetyl-glucosamine Chondroitin

Hyaluronic acid

FIGURE 3-2 Biosynthesis of glucosamine, chondroitin, and hyaluronic
acid.

Pharmacokinetics
Approximately 26% of oral glucosamine is absorbed after
first-pass metabolism.202 Glucosamine displays linear phar-
macokinetics at oral doses of 750 mg, 1,500 mg, and 3,000
mg daily.198 It is distributed into tissues (kidneys, liver, articu-
lar cartilage) and incorporated into plasma proteins and other
structures. The volume of distribution approaches 2.5 L, and
the elimination half-life following oral glucosamine adminis-
tration averages 15 hours.198,202 Unmetabolized and unbound
glucosamine is predominantly eliminated in the urine. Unab-
sorbed glucosamine is largely eliminated by the fecal route. Al-
though the exact amount has not been quantified, glucosamine
is also metabolized to carbon dioxide and excreted through the
lungs as expired air.202

49. K.E. is a 66-year-old obese woman with type 2 diabetes
(managed with diet) who has had OA of the left knee for 10 years.
She is 5 ft 4 in. and weighs 95 kg (ideal body weight, 55 kg).
Five years ago, her knee pain responded to maximum doses of
acetaminophen (Tylenol), but it has progressively worsened over
the past 2 years. Radiographic examination of the left knee re-
veals osteophyte formation and articular space narrowing. K.E.
is currently taking ibuprofen 400 mg TID, which provides only
moderate relief of her pain. She would like to try glucosamine
because a friend told her that it would help alleviate knee pain
and increase her mobility. What is the clinical evidence for using
glucosamine in osteoarthritis?

Glucosamine is widely used by many adults with OA, in-
cluding older adults. The scientific literature is replete with
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many poorly designed studies evaluating the safety and efficacy
of glucosamine for OA; most of these conclude there is a bene-
fit. One meta-analysis found an overall improvement in symp-
toms of 30%, which was deemed to be an overestimation of
the beneficial effects of glucosamine and chondroitin.203 Since
the publication of this meta-analysis, several well-designed
studies have been published, some demonstrating a benefit,
and others suggesting no effect. Reasons for these differences
may involve inadequate concealment of allocation and signif-
icant heterogeneity among the patients enrolled, particularly
in industry-funded trials.204 Other reasons include the use of
differing glucosamine formulations. For example, one of the
largest and very well-designed placebo-controlled trials com-
pared the effects of placebo, glucosamine, chondroitin sulfate,
and the combination at standard doses on painful knee OA
over 6 months.205 The study found that neither glucosamine
nor chondroitin sulfate alone reduced pain effectively, and the
combination seemed to be slightly better in those with moder-
ate to severe pain. Unfortunately, the investigators used the glu-
cosamine hydrochloride formulation, which has been shown in
previous research to be ineffective.206

Two well-designed, randomized, double-blind, placebo-
controlled trials have demonstrated improvements in symp-
tom scores and pain after 2 to 3 months of glucosamine
administration.207,208 Both trials used once daily dosing of
1,500 mg glucosamine sulfate for 3 years. The Lequesne
index, a tool used to measure pain, minimum walking dis-
tance, and movement limitation in ADL, was used to mea-
sure efficacy. The Western Ontario and McMaster Uni-
versities knee osteoarthritis index (WOMAC) was used to
assess severity of joint pain, stiffness, and physical function.
Patients enrolled had similar baseline OA disease of mild to
moderate severity, as measured by radiograph and the Lequesne
and WOMAC rating scales. Statistically significant improve-
ments in symptoms and joint space narrowing were observed in
patients receiving glucosamine sulfate. Improvements in joint
space narrowing were observed at 1 year and continued to im-
prove at 3 years. The patients receiving placebo experienced
progression of joint space narrowing and worsening symptom
scores. In both studies, the use of rescue medications (e.g.,
acetaminophen, NSAIDs) was variable and inconsistent be-
tween the glucosamine and placebo groups. Interestingly, there
was little correlation between structural joint improvements (as
seen on radiograph) and symptom improvement. This finding
is commonly accepted in the treatment of OA; symptom relief
can occur independently of structural changes.

One study compared the effects of glucosamine 500 mg
TID to ibuprofen 400 mg TID.209 Hospitalized patients were
treated for active OA of the knee for 4 weeks. Pain scores
were significantly lower in those patients receiving ibuprofen
at week 1; by week 2, pain score improvements were similar
for both groups. Ibuprofen resulted in fast-onset pain relief, but
glucosamine had a slower onset of action. Because the study
was only 4 weeks long, it is unclear how long efficacy would
be maintained in both groups. Nearly 35% of patients taking
ibuprofen experienced GI side effects compared to 6% taking
glucosamine.

K.E. should be advised that oral glucosamine may help pre-
vent the breakdown of cartilage and may alleviate some of her
pain long term, but it will not cure OA. It is unlikely that she
will experience a 30% improvement in her symptoms; how-
ever, it is possible. A more realistic goal would be to see a

reduction in pain and an increase in mobility of about 10%.
The most important thing K.E. should do is to keep a diary
of her pain, indicating the time when it occurs, its duration,
and its severity. She should also indicate her daily walking dis-
tance and factors that trigger her pain. This will help determine
whether glucosamine is having an effect because it can take 1
to 2 months before a response is observed clinically. Because
glucosamine may take longer to work than ibuprofen (months
vs. hours, respectively), the duration of pain relief from glu-
cosamine may last longer simply because tolerability seems to
be better as compared to ibuprofen. Weight loss and physical
therapy should also improve her joint mobility.

Nonsteroidal Anti-Inflammatory Drug
Combination Therapy

50. Can glucosamine be used in conjunction with NSAIDs to
treat OA pain?

Combined glucosamine and NSAID therapy has not been
studied, but because there are significant side effects associated
with NSAID use in elderly patients like K.E., the decision to
use them should be weighed against her risks for GI bleeding
or ulceration, renal dysfunction, and pain severity. Because the
analgesic effects of glucosamine are not seen immediately,207

combined use with ibuprofen may help alleviate acute pain.
She should be instructed to use the lowest effective dose of
ibuprofen and to take it with food or milk. After 7 to 21 days,
K.E. may consider discontinuing NSAID therapy while contin-
uing glucosamine monotherapy. In any case, she should review
her treatment decision with her primary care provider.

Product Selection

51. K.E. is concerned that some glucosamine sulfate formula-
tions pose a risk to people with shellfish allergies. Is this true?

Glucosamine is predominantly derived from chitin, which is
found in yeast, fungi, and marine invertebrates. In the United
States, the primary source is from shellfish such as shrimp,
scallops, and lobster. Because quality control issues have been
a real concern in the purity of supplements in the Untied States,
people with shellfish allergies have been told to avoid products
derived from chitin. Interestingly, no reports of allergic reac-
tions have been reported in shrimp-allergic individuals taking
glucosamine sulfate. Many people believe that the allergens are
found in the meat of crustaceans rather than in the exoskeleton
and that this may account for the lack of allergic reactions.
Other explanations may involve the method of glucosamine
purification and formulation, suggesting that proper manufac-
turing would ultimately destroy allergenic constituents. One
study compared the potential for allergic reactions in shrimp-
allergic adults who ingested 1,500 mg of shrimp-derived or
synthetic-derived glucosamine.210 The study concluded that no
subjects experienced immediate or delayed allergic reactions
(24 hours) following the ingestion of either product. This sug-
gests that allergenicity from properly formulated glucosamine
products should not pose a risk in susceptible adults.

52. K.E. is determined to try glucosamine but is confused about
which product to select because the ingredients vary. Which glu-
cosamine product should K.E. use?
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In the United States, glucosamine is widely available in
grocery stores, health food stores, and pharmacies as an over-
the-counter dietary supplement. Many salts of glucosamine
are available, including glucosamine sulfate, glucosamine hy-
drochloride, and glucosamine hydroiodide. Glucosamine sul-
fate is the preferred product because the sulfate salt is re-
quired for GAG synthesis and is the most widely studied.211

The formulations of glucosamine sulfate that have been used
in clinical trials are Dona, Viartril-S, or Xicil, all of which
are manufactured by Rottapharm in Italy. Dona can be pur-
chased directly from the manufacturer’s website. Several other
formulations have proven to be of high quality and purity;
look for products with the USP seal of approval on the pack-
age labeling. Glucosamine hydroiodide may be problematic in
patients with undiagnosed thyroid disease or in those taking
thioamides and therefore should be avoided. Glucosamine hy-
drochloride has been studied for OA knee pain for 3 months
and was found to be ineffective in improving mobility and
joint function as compared with placebo.206 The only statisti-
cally significant improvements noted were in subjective pain
relief and objective knee improvements on radiographic exam-
ination. Therefore, the value of glucosamine hydrochloride re-
mains unknown. Many oral preparations also contain N-acetyl-
glucosamine (NAG), which is a GAG intermediate. However,
exogenous NAG is poorly used by cells and is believed to be
a poor substrate for kinase phosphorylation, which is needed
for GAG synthesis.212 The role of NAG in preventing OA has
not been determined.

Other ingredients added to glucosamine products include
herbs, amino acids, sodium, selenium and potassium salts,
zinc, copper, manganese, and vitamins. Some of these in-
gredients are added to make the product more attractive to
consumers. Others are added because they are essential co-
factors for GAG synthesis. For example, manganese is added
because nutritional deficiencies have been associated with bone
and joint malformations. Ascorbic acid is added because it
is an essential cofactor for collagen synthesis; the objective
is to ensure that collagen synthesis occurs at an effective
rate.213 There is no evidence, however, that these added in-
gredients are necessary in patients who eat a balanced diet.
Sodium and potassium are added to increase glucosamine
stability.

Chondroitin Sulfate
Dietary supplement manufacturers often combine chondroitin
sulfate with glucosamine because it is believed to in-
hibit cartilage-destroying enzymes called “matrix metallopro-
teases.” Chondroitin sulfate is the most abundant GAG in ar-
ticular cartilage and consists of repeating units of glucosamine
and aminosugars. Whether chondroitin is absorbed intact from
the GI tract remains controversial. Chondroitin is likely broken
down into individual glucosamine monomers and absorbed via
the GI tract. Clinical evidence supports this mechanism.214−216

In one study, chondroitin (400 mg orally TID) appeared to be as
effective as diclofenac sodium (Voltaren), 50 mg orally TID, in
relieving the pain associated with OA.214 Patients experienced
a recurrence of pain when either therapy was discontinued. Pa-
tients receiving chondroitin appeared to have better long-term
control of pain, but they were allowed to continue therapy for
3 months versus 1 month for diclofenac (Voltaren) therapy. A
recent meta-analysis supports chondroitin efficacy. However,

the authors concluded that chondroitin effectiveness was over-
estimated in clinical studies.

In summary, the benefits of these combination products
have not been adequately studied in clinical trials. One of the
largest multicenter studies mentioned previously set out to as-
sess the value of adding chondroitin sulfate to glucosamine.205

Specifically, this study compared the effects of placebo to glu-
cosamine, chondroitin sulfate, glucosamine with chondroitin
sulfate, and celecoxib. Unfortunately, the investigators used
glucosamine hydrochloride instead of glucosamine sulfate,
making the study outcome less than ideal. The group of patients
using chondroitin sulfate alone did experience a small but in-
significant improvement in knee OA pain. The group receiving
both glucosamine hydrochloride and chondroitin sulfate expe-
rienced a similar insignificant outcome. In a subgroup analysis,
the authors concluded that the combination may be effective in
patients with moderate-to-severe knee pain rather than those
with milder disease. This finding is contrary to what many ex-
perts have advocated: beginning therapy in early disease to help
preserve cartilage form and function as compared to beginning
therapy in the later stages when little to no functional cartilage
remains. Whether to begin glucosamine/chondroitin in early
disease or late disease is still unclear. Until more information
is known, K.E. should select a product containing glucosamine
sulfate, chondroitin sulfate, or both. Any of these products may
help her symptoms. Keep in mind that the addition of other in-
gredients might increase the potential for adverse effects and
may add to the cost of the product.

Dosing

53. What is the most effective dose for glucosamine/chond-
roitin?

Dose–response studies have not been conducted. The most
commonly studied oral daily glucosamine dose is 1,500
mg/day. The most commonly studied dose for chondroitin sul-
fate is 1,200 mg/day. In clinical trials, glucosamine has been
administered as either 500 mg TID or 1,500 mg given once
daily with or without meals. Chondroitin sulfate has also been
administered as 400 mg TID or 1.200 mg/day. Given that ad-
herence is better with once daily administration as compared
to three times daily, K.E. should consider taking either supple-
ment or both once daily.

Adverse Drug Effects

54. K.E. has been experiencing stomach upset while taking
ibuprofen. Will glucosamine cause stomach upset or other serious
side effects?

Although adverse effects of glucosamine have not been sys-
tematically studied, information can be gleaned from patient
reports in four clinical trials207,208,217,218 and one uncontrolled
study.219 Overall, glucosamine appears to be well tolerated and
better tolerated than NSAIDs. The most commonly reported
adverse symptoms involve the GI tract and include consti-
pation, epigastric pain, tenderness, heartburn, diarrhea, and
nausea.207,208,217,218,220 Therefore, K.E. should be told that glu-
cosamine is well tolerated compared with NSAIDs, but it may
also produce symptoms of GI irritation. Taking glucosamine
with food may prevent GI irritation. Because K.E. already is
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complaining of stomach upset while taking ibuprofen and is at
high risk for GI bleeding secondary to NSAID use, she should
be referred to her primary care provider for further evaluation
before she adds glucosamine to her regimen.

Animal studies suggest glucosamine increases blood glu-
cose and insulin resistance. This finding raised serious con-
cerns for adults with diabetes using glucosamine for OA.
Many studies have been carried out using both oral and IV
formulations. Oral glucosamine administration is unlikely to
affect blood sugar, particularly in patients who do not have
diabetes.221 Glucosamine acts intracellularly and not extracel-
lularly, which may explain why blood glucose levels are unaf-
fected. In those patients with undiagnosed disease or impaired
glucose tolerance, it is possible that glucosamine may con-
tribute to abnormal blood glucose values.222 Until more infor-
mation is available, patients like K.E. with diabetes mellitus or
glucose intolerance who use glucosamine should monitor their
blood sugar regularly.

55. Are there any known drug interactions with glucosamine?

Although drug–drug interactions have not been formally
evaluated, no significant drug interactions have been reported
to date. One case report exists that suggests an interaction be-
tween warfarin and glucosamine/chondroitin.223 In this case,
a 69-year-old patient with atrial fibrillation was stable on
47.5 mg of warfarin weekly with an INR between 2 and 3. After
4 weeks of self-initiated 3,000 mg of glucosamine and 2,400
mg of chondroitin daily (six capsules of Cosamin DS), the pa-
tient’s INR increased from 2.58 to 4.52. The dose of Cosamin
DS is twice what is recommended in the literature and what is
typically used in clinical trials. Because glucosamine is a com-
ponent of heparin and chondroitin is a small component of
danaparoid (a low-molecular-weight heparinoid), it is possible
that there may be an additive pharmacodynamic effect. How-
ever, this does not explain the increase in INR, which is not
affected by heparin-like activity. Whether these higher-than-
normal doses enhanced warfarin action is not known. More
research is needed to assess the effect of this high dose on
warfarin pharmacology. Finally, the purity of the Cosamin DS
product was not assessed to rule out contaminants as the cause.
At this point, the use of glucosamine/chondroitin with warfarin
is not contraindicated, but the INR should be monitored at the
start of therapy and during any dose adjustments.

SHARK CARTILAGE
Background
Shark cartilage has been advocated for many disorders, includ-
ing cancer, psoriasis, diabetic retinopathy, neurovascular glau-
coma, inflammation, Kaposi sarcoma, and arthritic pain. It has
also been said to have antimicrobial properties224 and antioxi-
dant effects,225 neither of which is well studied. Shark cartilage
is derived from the elastic cartilage found in the endoskeleton
of sharks. The spiny dogfish shark (Aqualus acanthias) is the
primary source of commercial shark cartilage products in the
United States. Native shark cartilage contains three compo-
nents: chondrocytes (cartilage cells), water, and an extracellu-
lar matrix. Shark cartilage dietary supplements contain various
proteins, including collagen, proteoglycans (PGs), phospho-
lipids, sterols, and a variety of minerals (calcium, phospho-

rus, sodium, magnesium, potassium, zinc, iron). Chondroitin-
6-sulfate appears to be one of the primary PGs found in shark
cartilage, although it is not known whether this is the active
ingredient. Various angiogenesis inhibitors have been identi-
fied and extracted from native shark cartilage. It is unknown
if these are present or active in commercially available shark
cartilage supplements.

Two popular brands of shark cartilage advocated for their
antineoplastic effects include BeneFin and Neovastat, the latter
being the most studied. The proposed antineoplastic activity
of shark cartilage or its glycoprotein extracts is based on its
ability to block two main pathways that contribute to angio-
genesis: matrix metalloproteases and the vascular endothelial
growth factor signaling pathway. Results have been inconsis-
tent, however.226−235 Angiogenesis, or the development of new
blood vessels, is an important process in wound healing, build-
ing of the corpus luteum, embryonic development, and solid
tumor growth and metastases. Unfortunately, whether com-
mercially available dietary supplements actually contain active
angiogenesis inhibitors is not known.

Most disturbing is that in June 1997, the FDA sent a warning
letter to Lane Labs, the manufacturer of BeneFin, to stop pro-
moting BeneFin for the treatment of cancer. Despite the warn-
ings, the company persisted, and in 1999, FDA was granted
the authority to impose a permanent injunction against Lane
Labs to stop selling the supplement for the treatment of can-
cer. Lane Labs had to refund consumers for the cost of the
supplement. Shark cartilage, however, is available today and is
marketed for its proteoglycan (glucosamine and chondroitin)
and calcium content.

56. S.N., a 51-year-old woman, was recently diagnosed with
stage III colon cancer. She has had two previous adenomatous
polyps removed, and her recent colonoscopy revealed adenocar-
cinoma of the colon. S.N. recently watched a television news pro-
gram that claimed shark cartilage is a cure for cancer. She is
currently awaiting surgery and will be receiving adjuvant chemo-
therapy, fluorouracil (Adrucil), and levamisole (Ergamisol). She
would like to start taking shark cartilage. Is shark cartilage ef-
fective as an anticancer agent?

There is limited information on the effectiveness of shark
cartilage or its extracts in the prevention or cure of cancer.
Shark cartilage is available in liquid, powder, tablets, and a vari-
ety of unique capsule formulations. Each formulation of shark
cartilage requires unique processing. Two common methods
of processing shark cartilage involve creating an aqueous ex-
tract or a dry powder formulation. Among the commercially
available shark cartilage dietary supplements, little informa-
tion is provided to consumers about the type of extract or
the extent of the processing. This is important because dos-
ing recommendations vary among the various formulations,
and limited data exist regarding an effective dose. One aque-
ous extract derived from shark cartilage (Neovastat AE-941)
has been studied in a phase II renal cell carcinoma study.236

In this study, Neovastat was given to 22 patients as a twice
daily oral preparation. The study began using 60 mL/day; sub-
sequently, some patients received a higher dose, 240 mL/day,
based on tolerability. The only responders included two pa-
tients receiving 240 mL/day who survived 14 months com-
pared with 7 months for those taking 60 mL/day. Although
this study suggests that Neovastat had a favorable effect, the
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degree of improvement was minimal. Furthermore, the open
label design makes these findings difficult to interpret. In one
preliminary 16-week study in Cuba, only 3 of 29 patients with
cancer responded to an unknown formulation of shark carti-
lage. Although the findings were not published, the National
Cancer Institute reviewed the data and concluded that the re-
sults were “incomplete and unimpressive.”237 One unpublished
clinical trial evaluated the effect of 80 to 100 g of shark car-
tilage powder self-administered orally or rectally daily in 70
subjects with cancer (type of cancer and other concomitant
therapy unspecified). After 8 weeks, 10 of 20 patients who
had been evaluated reported an improvement in quality of life,
pain, and appetite; 4 showed partial or complete responses to
therapy.237

Another study described the use of shark cartilage in 60
adult patients with advanced cancers (16 breast, 16 colon, 14
lung, 8 prostate, 3 lymphoma, 1 brain, 2 unknown) that were re-
sistant to conventional therapies and had objective measurable
disease.238 Life expectancy was ≥12 weeks, and none of the
patients had received recent or concomitant cancer chemother-
apy. All patients received shark cartilage 1 g/kg/day given in
three divided doses. After 12 weeks, 47 patients were evalu-
ated for efficacy and toxicity. Five patients dropped out due to
GI side effects. Quality-of-life scores did not improve after 12
weeks of therapy, and no complete or partial responses were
noted. Based on these findings, shark cartilage did not alter
disease progression.

The current scientific literature does not support the use
of commercially available shark cartilage dietary supplements
for the treatment of any type of cancer, including colon cancer.
More importantly, many of the commercially available shark
cartilage dietary supplements contain only binding agents or
fillers. Therefore, without reliable dose–response data and
bioavailability studies, it is difficult to determine whether these
products have true antiangiogenic activity. If S.N. decides to
use shark cartilage in combination with her chemotherapy, she
should be told that it is not a cancer cure. Furthermore, the
effect of shark cartilage on the activity of any other drugs she
may be taking or the course of her disease is unknown.

Product Selection, Dosage, and Administration

57. If S.N. chooses to use shark cartilage, what type of product
should she use and how should she be advised to take it?

There is no evidence that one formulation or source of shark
cartilage is superior to another. However, the product selected
should not have been exposed to excessive heat during the
manufacturing process because this may denature any active
proteins.239,240 This information can be obtained only by con-
tacting the manufacturer directly because dietary supplement
labels often do not disclose the specific formulation type.

Clinically, shark cartilage has been administered orally
and rectally. The most commonly recommended oral dose is
1 g/kg/day.238,239 The GI absorption of shark cartilage has not
been studied, and skeptics suggest that substantial oral absorp-
tion of its macromolecular constituents (40% proteins; 5%–
20% GAGs) is unlikely because they will be destroyed by GI
enzymes. However, others argue that the active ingredient is
unknown, and one GAG, chondroitin, has been shown to un-
dergo significant intestinal absorption.241 For these reasons,

some advocate using products that have been pulverized to the
finest particle size.239 To avert enzymatic degradation, max-
imize absorption, and minimize GI irritation, shark cartilage
has also been administered as a retention enema for 25 minutes.
The recommended mixture is 20 g of bulk shark cartilage pow-
der diluted in 20 mL of tepid water. In the lay press, “colonic
cleansing” has been recommended before the retention enema
to clear the bowel of fecal material and to enhance absorption.
This practice is dangerous, can cause dehydration, and should
not be used.

Adverse Effects

58. Are there any adverse effects associated with this product?
Does S.N. have any contraindications to its use?

S.N. should be warned to watch for GI upset, the most com-
mon dose-limiting side effect of shark cartilage.239 Diarrhea,
constipation, indigestion, and taste disturbances have also been
observed. Most striking, however, is the unpleasant “fishy”
odor of the supplement. Shark cartilage may also contain cal-
cium; therefore, patients taking calcium supplements along
with shark cartilage may need to adjust their calcium supple-
mentation. Two cases of hepatitis have also been reported.242

In one case, the patient was also taking oral comfrey, which is
known to be hepatotoxic. Use of other hepatotoxic agents, in-
cluding alcohol, acetaminophen, and prescription medications,
was not described. While taking shark cartilage, S.N. should
report any changes in stool or urine color, flulike symptoms,
and fatigue. Because the cause of these effects is unknown,
S.N. should discontinue use and discard any product that has
changed in color, odor, or consistency.

S.N. does not have any contraindications to the use of this
product. These include situations in which neovascularization
is crucial for tissue growth and repair, such as fetal develop-
ment (pregnancy), wound healing, and normal growth (infants
and children). Drug interactions with shark cartilage have not
been identified or reported.

59. Does shark cartilage interact with other medicines?

No formal drug interaction studies have been conducted
with shark cartilage, and no interactions have been reported
to date. Shark cartilage should be used cautiously in patients
receiving anticoagulants because certain proteins isolated from
shark cartilage resemble the structure of heparin and other
endogenous human proteins that enhance the effects of tissue
plasminogen activator.242 Similar to glucosamine/chondroitin,
the potential for a pharmacodynamic interaction with warfarin
exists, although no studies are currently available. At this point,
there is no contraindication to using shark cartilage along with
warfarin because close INR monitoring is implemented at the
start of therapy and during any dose adjustments.

ZINC
Background
Zinc is a trace element that serves as an enzymatic cofactor and
protects cell membranes from lysis through complement acti-
vation and toxin release.243 Many salt forms of zinc are avail-
able, including acetate (2A), gluconate (2G), gluconate-glycine
(2GG), ascorbate, aspartate, orotate, sulfate, and chloride.
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Each formulation varies in solubility, palatability, and zinc ion
(Zn2+) release characteristics. Zn2+ in zinc acetate (ZA), zinc
gluconate (ZG), and zinc gluconate-glycine (ZGG) has been
studied clinically for its role in treating the common cold.

Mechanism of Action
The mechanism of action of Zn2+ ions is controversial but may
involve a combination of several actions. In vitro studies have
shown that Zn2+ ions interfere with the formation of rhinoviral
capsid proteins, preventing viral replication.244−246 Zn2+ ions
also block binding of human rhinovirus to intracellular ad-
hesion molecule-1 (ICAM-I), which subsequently interferes
with the inflammatory process.247 ICAM-1, an immunoglob-
ulin present on the surface of endothelial and epithelial cells,
serves as a receptor for the human rhinovirus. However, Zn2+
ions do not seem to affect mature rhinoviruses.245 Other re-
search suggests that Zn2+ induces interferon-γ production in
human white blood cell cultures.248 At physiological serum
concentrations, zinc has been shown to inhibit histamine re-
lease from mast cells and basophils.249 An astringent or dry-
ing effect on mucus-producing goblet cells may contribute to
the efficacy of Zn2+ in treating the common cold.250 Finally,
Zn2+ ions have been shown to inhibit depolarization and im-
pulse transmission in the trigeminal and facial nerves, leading
to cold symptom relief in 1 to 3 minutes.251

The role for zinc lozenges in the symptomatic relief of the
common cold is based on Zn2+ release characteristics. Once
released into the oral and nasal passages, Zn2+ ions are at supra-
physiological concentrations, causing an osmotic gradient.247

This gradient is believed to cause the transfer of Zn2+ ions from
the mouth to the nasal and mucosal passages, sometimes re-
ferred to as a biological closed electric circuit (BCEC), where
they prevent rhinoviral binding and activation.247,252 The Zn2+
cation appears to be the most effective form of zinc for the
common cold because it may interact with the electronegative
cell surfaces in the oropharyngeal cavity. The administration of
zinc products that release neutral or negatively charged Zn has
been associated with a worsening of symptoms.253,254 Neutral
zinc may decrease transport through the BCEC, and negatively
charged zinc may be repelled by mucosal cell surfaces.

Common Cold
The discovery that zinc may help treat the common cold
occurred in 1979. A 3-year-old girl with acute lymphocytic
leukemia suffering from a cold was taking ZG tablets to help
stimulate lymphocyte responses after chemotherapy. Instead of
swallowing the tablet whole, she let it dissolve in her mouth.
The next day, her cold symptoms were gone.255 This finding
led researchers to begin studying ZG for the treatment and
prevention of the common cold.256,257

Many studies have been conducted on the effects of zinc and
the common cold.258 These studies have generated controversy
and received a great deal of scrutiny. In addition to study design
flaws, much of the criticism involves limitations in the nature of
common cold. Study design flaws include poor placebo match-
ing (blinding), lack of randomization information and power
analysis, small sample size, variations in dosage, frequency of
administration, time of first dose, varying patient populations,
lack of patient follow-up, and disparity in excipients or flavor-

ing agents used. Other drawbacks that limit the applicability
of the results involve a lack in documentation of rhinovirus
infection, variations in the time of year studied, variations in
location of study, differences in inoculum, and concomitant
medication use.

Systematic Review
One comprehensive systematic review analyzed 14 placebo-
controlled studies on the use of zinc for the treatment of
the common cold.258 The review focused on explicit criteria
necessary to ensure valid experimental study design. The
criteria included validated case definition (cold symptoms),
quantifiable hypotheses, sample size, randomized allocation,
double-blinding, proof of blinding, adherence, drop-out rates,
intent-to-treat analyses, methods of statistical analysis, and
measurements of probability. These criteria are critical because
many of the zinc studies had been criticized for not following
appropriate study design methods. The authors identified that
seven studies found a positive effect for zinc, and seven stud-
ies reported no effect. Among the studies concluding zinc had
a positive effect on the common cold, only one study met all
11 criteria listed previously. This is concerning because it im-
plies that the benefits observed with zinc may have been due
to chance or possibly due to flawed study design. The most
common study design flaw was not using an intent-to-treat
analysis. Among the zinc lozenge and nasal spray studies, two
fulfilled all study criteria; however, one found a positive effect,
and one found no effect of zinc. Other research suggests that
the inclusion of citric acid, tartaric acid, mannitol, and sorbitol
may prevent Zn2+ release. In all, drawing any conclusions from
these studies is very difficult given study heterogeneity, lack
of consistent study design, and variations in zinc delivery and
zinc formulation. Explaining these variables to consumers may
be overwhelming; therefore, consumers should know that more
studies are needed. The formulation of zinc and the delivery
method may all play a role in effectiveness.

60. C.D. is a 32-year-old woman suffering from a “cold.” She
complains of a sore throat, runny nose, and nasal stuffiness that
began yesterday and has worsened since. Today, she developed
watery eyes and sneezing. She is taking pseudoephedrine tablets
(30 mg Q 8 hr PRN) for her nasal stuffiness. She is not immuno-
compromised and states that she does not have any other medi-
cal problems. She denies headaches, nausea, vomiting, cough, or
myalgias and fever. An oral temperature taken at home is 98◦F
(37◦C). She would like to try zinc lozenges for her cold symptoms.
Are zinc lozenges appropriate for this patient?

Although many viruses are associated with the common
cold, rhinovirus is involved in 30% to 50% of community-
acquired colds.259,260 C.D.’s symptoms began yesterday and
have worsened today. The rapid onset is consistent with rhi-
novirus infections because the majority of viral replication is
complete 1 day before symptom onset.261 Peak symptoms usu-
ally appear 2 to 3 days after infection. C.D. is not complaining
of headache, sinus pain, fever, fatigue, or myalgias, symptoms
that are typically associated with influenza or respiratory syn-
cytial virus. These symptoms usually develop more slowly over
the course of ≥5 days. C.D. should see an improvement in
her symptoms within 1 to 2 weeks because the common cold
is self-limiting. C.D.’s symptoms began yesterday, so she is
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still a candidate for zinc therapy. In studies that have docu-
mented efficacy, improvements in cold symptoms have been
seen when zinc therapy is started within 1 to 2 days of symp-
tom onset.252,256,262 C.D. states that she wants rapid relief of her
cold symptoms. Zinc may help relieve these symptoms, but the
onset of relief varies. In clinical trials, zinc therapy appeared to
shorten the subjective duration of respiratory symptoms by 1
to 2 days. Remind C.D. that zinc lozenges are not a cure for the
common cold. They also do not replace rest, proper nutrition,
and hydration.

Product Selection and Dosing

61. C.D. wants to know which product to select. Many formu-
lations of zinc are available. What should C.D. know about zinc
dosing and administration for the common cold?

Various zinc formulations have been used to deliver Zn2+,
including zinc lozenges; nasal gels delivered as nasal sprays;
and zinc nasal swabs, gum, and oral chews.

Clinical trials have used oral ZA, ZG, and ZGG, but ade-
quate study blinding has been a problem because zinc lozenges
have a characteristic taste that is difficult to mask. Various ex-
cipients and fillers have been used to overcome the flavor: cit-
rate, tartaric acid, and mannitol-sorbitol mixtures. These prod-
ucts resulted in a tightly bound zinc complex, as measured
by high stability constants, preventing the release of Zn2+.247

Based on its theoretical Zn2+ release characteristics, ZGG was
studied. Some research suggests ZGG releases approximately
90% to 93% of the available Zn2+ in the mouth,263 whereas
other investigators have found that ZGG does not release any
Zn2+ in the mouth at physiological pH as measured by zinc
ion availability (ZIA).264 The ZIA method was developed to
measure the amount of Zn2+ released under physiological con-
ditions in the mouth and oropharyngeal areas.264 Based on this
principle, the ZIA values were estimated for each formula-
tion used in clinical trials and varied based on rate of lozenge
dissolution, dosage, and excipients used. ZIA values do not
correspond to statistically significant treatment outcomes or
to statistically significant changes in the duration of common
colds. The clinical relevance of this method is controversial
and is currently being evaluated.

Four randomized, double-blind, placebo-controlled trials
have examined the effects of zinc gluconate nasal gel on the du-
ration and severity of common cold symptoms.265−268 Three
studies have used the same formulation called Zicam. One
study inoculated healthy volunteers with the rhinovirus,267 and
the other two studies evaluated efficacy in naturally acquired
colds. All patients were instructed to begin using the spray
within 24 to 48 hours of the onset of cold symptoms. They
were further instructed to spray one dose into each nostril ev-
ery 4 hours for as long as they experienced cold symptoms. In
all but one study, zinc nasal gel significantly reduced the dura-
tion of cold symptoms. The average symptom duration was 2 to
4 days in the zinc group versus 6 to 9 days in the placebo. Side
effects were reported equally in the zinc and placebo groups
and included a slight tingling or burning sensation. Other side
effects included nasal tenderness, dry nose, dry mouth, dys-
geusia, and epistaxis.

Another similar trial used a nasal spray containing 0.12%
zinc (as zinc sulfate heptahydrate).268 Patients were instructed

to administer two inhalations into each nostril four times daily
until the symptoms resolved, up to a maximum of 14 days. Af-
ter the treatment period, there were no differences in the time to
symptom resolution or cold duration; however, the zinc group
did have a lower symptom score compared to placebo. The ef-
ficacy of zinc nasal spray appears similar to oral zinc lozenges,
although zinc lozenges have been studied to a greater extent
than zinc nasal spray. More research is needed to determine
the best zinc formulation and method of administration in the
common cold. Currently, both oral lozenges and nasal sprays
appear to be equally effective.

In summary, C.D. should select a zinc formulation that has
been shown to release Zn2+ readily in the mouth and oropha-
ryngeal areas, but it is currently unclear which of the zinc
products can best accomplish this. Oral ZGG, ZG, and ZA as
well as nasal sprays seem to be somewhat effective; however,
concerns regarding nasal sprays and permanent anosmia make
the nasal sprays undesirable. C.D. should select an oral product
that she finds the most palatable, convenient, and affordable.

Dosage
The commercially available zinc nasal spray (Zicam) has been
administered as one spray in each nostril four times daily while
awake. All zinc lozenges studied have been administered every
2 hours while awake. Although the most effective ZGG oral
dose has not been established, 13.3-mg lozenges were used in
clinical trials. C.D. may benefit from taking one 13.3-mg ZGG
lozenge every 2 hours while awake. A higher ZGG dosage may
be used, but may be associated with poor palatability. If C.D.
chooses to take a ZA formulation, she should select a product
with at least 10 mg of ZA per lozenge. If she prefers to take
a ZG formulation, each lozenge should contain at least 23 mg
of elemental zinc. For any zinc lozenge product selected, C.D.
should let the lozenges dissolve completely in her mouth with-
out chewing or swallowing them. C.D. should continue taking
the lozenges every 2 hours while awake for the duration of her
cold symptoms. Most clinical studies have continued Zicam
for up to 10 days and zinc lozenge therapy from 5 to 10 days,
or until symptoms have completely resolved. C.D. should be
reminded that neither zinc nasal spray nor zinc lozenges are a
cure for the common cold. If she does not see an improvement
in her symptoms after 10 days or if she develops a fever, puru-
lent sputum, vomiting, or diarrhea, she should stop taking the
zinc product and seek medical care.

Adverse Effects

62. What are the side effects of zinc lozenges? What should C.D.
expect?

The most common side effects associated with zinc
lozenges are related to poor palatability, often resulting in poor
adherence and sometimes discontinuation. Other common side
effects include nausea, taste disturbances, and mouth irritation.
Vomiting, diarrhea, mouth sores, and stomach distress have
also been reported. These symptoms are more likely to occur
with higher doses of zinc (23 mg every 2 hours).253,254,256 One
acute overdose of ZG resulted in nausea and vomiting and an
elevated serum zinc level.269 Despite a total ingestion of 4.2 g,
no caustic effects were observed. If C.D. develops nausea, she
should try taking the lozenges after a meal.
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63. Are the zinc nasal sprays, gels, and swabs tolerated better
than zinc lozenges?

Zinc nasal sprays have been associated with permanent
anosmia (loss of smell), which has also led to taste distur-
bances. The reaction has been described as follows: the solution
is applied to the nares and sniffed, a burning sensation lasting
minutes to hours occurs. Nearly 48 hours later, anosmia has
developed.270 In October 2004, the FDA received more than
100 complaints about zinc nasal sprays and anosmia. The man-
ufacturers of zinc nasal sprays argue that there is no evidence
their products cause anosmia and that anosmia may be caused
by many other factors. Given the severity of this side effect,
zinc nasal sprays, gels, and swabs that are applied directly to
the nasal passages cannot be recommended at this time. If C.D.
is interested in trying zinc nasal gel, she should be discouraged
and directed to any of the other oral formulations.

Long-Term Safety

64. C.D. returns to the pharmacy 1 month later. She wants to
take zinc lozenges again to treat another cold. Is it safe for C.D.
to reinitiate zinc lozenges? What are the long-term concerns as-
sociated with zinc?

In clinical trials, the average duration of therapy for zinc
lozenges has varied between 5 and 10 days or until symptom
resolution. Zinc lozenges should be used only for colds of
short duration. Currently, there is no information documenting
the degree of systemic absorption, resistance to treatment, or
cumulative effects of zinc lozenges. Because the amount of
elemental zinc absorbed from zinc lozenges has not been mea-
sured, the consequences of long-term use are unclear. Studies
of elemental zinc supplementation at oral dosages of 150 mg
twice daily for 6 weeks did not have adverse consequences.271

However, with chronic use, oral zinc has resulted in copper and
other nutrient imbalances because zinc is an effective copper
chelator.272 C.D. may begin another course of zinc therapy if
she follows the same treatment recommendations mentioned
previously and does not exceed the dosing recommendations.

Pregnancy and Lactation

65. The following year, C.D. wants to know if she can safely
take zinc lozenges for her cold if she is pregnant. What should
C.D. know about the safety of zinc lozenges during pregnancy or
lactation?

Women who are pregnant or nursing should avoid zinc
lozenges because subjects who were pregnant or lactating were
excluded from study enrollment. C.D. should attempt to man-
age her cold symptoms without medications if possible. A hu-
midifier may help her congestion, and adequate hydration is
especially important.

Efficacy in Children

66. L.P. is a 5-year-old girl who has caught a cold from her
brother. L.P.’s mother wants to give her child zinc lozenges. Has
the efficacy of zinc lozenges been evaluated in children?

Only two prospective studies to date have assessed the value
of zinc lozenges in children.256,273 Dosing in these trials was
estimated based on the empiric adult dose. For children weigh-
ing <27 kg, a dose of 11.5 mg (as ZG) was given every 2 hours
while awake.256 ZGG doses were estimated based on average
body surface area and corresponding year in school (at the ex-
pected age). Children in school grades 1 to 6 received 10 mg
ZGG five times per day. Children in school grades 7 to 12 re-
ceived 10 mg six times per day.273 Unfortunately, variations in
both the formulation and the dose produced conflicting results.
The 11.5-mg ZG lozenge, although higher in dose, resulted in a
higher incidence of withdrawals because of taste disturbances
and poor mucosal tolerability. The ZGG lozenges were better
tolerated, but did not shorten the duration of cold symptoms
in children. In children, lozenge flavor is especially important
in ensuring medication adherence. Macknin et al. attempted to
characterize the amount of time missed from school because
of colds.273 Although children taking zinc lozenges returned to
school sooner than those taking placebo, this difference was not
statistically significant. Because a dose–response relationship
in children has not been established, dosing of zinc lozenges in
children is empiric; adverse effects are similar for both children
and adults.

Various formulations of zinc specifically marketed to chil-
dren are now available. These formulations include zinc glu-
conate bubble gum, zinc lollipops, and sugarfree zinc lozenges.
None of these formulations have been specifically studied in
children for the relief of the common cold and should not be
recommended. L.P.’s mother should be advised to ensure that
L.P. gets adequate hydration and nutrition, and to monitor her
temperature.

Zinc Deficiency

67. Can zinc lozenges be used to supplement the normal dietary
intake of zinc?

Zinc is an essential component in hundreds of cellular and
enzymatic processes. The recommended dietary allowance
for adult males is 15 mg.274 Some researchers suspect that
zinc lozenges correct an underlying zinc deficiency and there-
fore strengthen the immune response. In developing countries,
zinc deficiencies have been documented in both children and
adults.275 In the United States, zinc deficiencies have been
described in the elderly and in premenopausal women.276,277

Many of the clinical manifestations of zinc deficiency (growth
retardation, poor appetite, mental lethargy, delayed wound
healing, susceptibility to infection) are reversible after sup-
plementation. Therapeutic zinc supplementation at dosages of
150 mg/day for 1 to 3 months reverses these effects. The
amount of elemental zinc delivered in a 7-day course of zinc
lozenges given at the maximum recommended dose is about
1.9 g, but because it is unknown how much of the dose is
absorbed systemically, these lozenges should not be used to
correct nutritional deficiencies. The average U.S. diet provides
10 to 15 mg of zinc.278 Patients should eat a balanced diet
containing foods rich in zinc: red meats, eggs, whole grains,
legumes, oysters, and other shellfish.279 Otherwise, a multi-
ple vitamin with minerals should be adequate to prevent zinc
deficiency.
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Allergic Rhinitis
68. S.L. is a 38-year-old man who read on the Internet that zinc

lozenges alleviate the symptoms of allergic rhinitis. S.L. knows
that zinc has been studied for the common cold to relieve nasal
congestion and rhinitis. Currently, he is taking loratadine (Clar-
itin) 10 mg PO daily. Should S.L. take zinc lozenges for his allergic
rhinitis symptoms?

Some patients enrolled in the clinical trials for the com-
mon cold experienced “antiallergic effects” after zinc lozenge
administration,251,252 but there are no studies that have evalu-
ated this effect in people with allergic rhinitis. Some literature
suggests that Zn2+ interferes with the inflammatory process
by inhibiting leukocyte migration. The expression of ICAM-1,
an adhesion molecule, is increased during an allergic response,
and its expression has been correlated with an increased migra-
tion of neutrophils and eosinophils.251 Because Zn2+can pre-
vent ICAM-1 expression, it may therefore inhibit the inflam-
matory process; Zn2+ also may have antihistaminic effects.249

If S.L. decides to take zinc lozenges for his allergic rhinitis,
he should be told that Zn2+ has antihistaminic properties. Al-
though the degree of systemic antihistaminic effects has not
been measured clinically, S.L. should be made aware of pos-
sible additive effects with his antihistamine.251 Symptoms to
look for include excessive dryness and irritation of the oral
and nasal passages and headache. Because there is no clinical
information on the use of zinc lozenges for allergic rhinitis, it
cannot be recommended.

MELATONIN
Background
Melatonin is an endogenous hormone that is secreted by the
pineal gland, located at the base of the brain. Melatonin se-
cretion is primarily controlled by daylight and darkness and
corresponds to typical sleep–wake hours. Darkness stimulates
melatonin release. Secretion increases progressively after the
onset of darkness, usually between 9 pm and 4 am; peak mela-
tonin levels occur between 2 am and 4 am.

Melatonin has received orphan drug status to regulate the
sleep cycle in blind patients who have no light perception.280 In
the United States, it is sold as a dietary supplement as 0.1-, 0.3-,
1-, 5-, and 10-mg oral tablets or capsules in immediate-release
(IR) and various sustained-release (SR) formulations. Syn-
thetic formulations of melatonin are available and should be
used exclusively. Animal-derived or human-derived products
carry a risk for viral transmission, contamination, and variable
potency. Melatonin has been used for jet lag, insomnia, aging,
depression, reproduction, HIV, and a variety of cancers. Other
uses include cluster headache prophylaxis and use in nightshift
workers and children. Possible antianxiety and analgesic-like
effects have led to an increased use of melatonin before and
after medical and surgical procedures, including abdominal
hysterectomy. Melatonin is being investigated aggressively for
use in children undergoing magnetic resonance imaging (MRI)
and computed tomography (CT) scans and in children with
neurodevelopmental disabilities. Many studies evaluating the
effects of melatonin for sleep are limited by small sample size,
incomplete information, and inadequate laboratory monitor-
ing. In addition, short treatment duration and variable dosing

schedules make treatment recommendations difficult. Many
treatment recommendations are based on pharmacologic prin-
ciples, rather than clinical evidence.

Pharmacokinetics
The effects of several medications on melatonin levels have
been studied, as have the pharmacokinetics of endogenous and
exogenous melatonin (Tables 3-5 and 3-6). After administra-
tion of an 80-mg oral dose, melatonin levels peaked between
60 and 150 minutes and returned to normal in 8 to 19 hours.
Melatonin disposition is characterized by a rapid distribution
phase followed by an elimination phase. The initial half-life is

Table 3-5 Effect of Various Drugs on Endogenous Melatonin
Secretion

Direction
Drug Name Reference of Change

NSAIDs Murphy et al.a ↓
Fluvoxamine Skene et al.b ↑
Desipramine Farney et al.,c Skene et al.c ↑
Fluoxetine Childs et al.d ↓
Tryptophan Namboodiri et al.e ↑
Corticotropin-releasing

hormone
Kellner f ↓

Sodium valproate Childs et al.d ↓
Clonidine Kennedy et al.g

Yohimbine Kennedy et al.g

Atenolol Cowen et al.h ↓
Propranolol Rommel and Demisch,i

Vaughan et al. j
↓

Scopolamine Vaughan et al. j ↓
Isoproterenol Vaughan et al. j ↓
Zolpidem Copinschi et al.k

Pyridoxine Luboshitzky et al.l

a Murphy PJ et al. Nonsteroidal anti-inflammatory drugs alter body temperature and
suppress melatonin in humans. Physiol Behav 1996;59:133.
bSkene DJ et al. Comparison of the effects of acute fluvoxamine and desipramine
administration on melatonin and cortisol production in humans. Br J Clin Pharmacol
1994;37:181.
cFarney C et al. Acute treatment with desipramine stimulates melatonin and 6-
suphatoxy melatonin production in man. Br J Clin Pharmacol 1986;22:73.
d Childs PA et al. Effect of fluoxetine on melatonin in patients with seasonal affective
disorder and matched controls. Br J Psychiatry 1995;166:196.
eNamboodiri MA et al. 5-Hydroxyptophan elevates serum melatonin. Science
1983;221:659.
f Kellner M et al. Corticotropin-releasing hormone inhibits melatonin secretion in
healthy volunteers: a potential link to low-melatonin syndrome in depression? Neu-
roendocrinology 1997;65:284.
gKennedy SH et al. Melatonin responses to clonidine and yohimbine challenges. J
Psychiatry Neurosci 1995;20:297.
h Cowen PJ et al. Atenolol reduces plasma melatonin concentration in man. Br J Clin
Pharmacol 1983;15:579.
i Rommel T, Demisch L. Influence on chronic beta-adrenoreceptor blocker treatment
on melatonin secretion and sleep quality in patients with essential hypertension. J
Neural Transm Gen Sect 1994;95:39.
j Vaughan GM et al. Nocturnal elevation of plasma melatonin and urinary 5-
hydroxyindoleacetic acid in young men: attempts at modification by brief changes
in environment lighting and sleep and by autonomic drugs. J Clin Endocrinol Metab
1976;42:752.
k Copinschi G et al. Effects of bedtime administration of zolpidem on circadian and
sleep-related hormonal profiles in normal women. Sleep 1995;18:417.
l Luboshitzky R et al. The effect of pyridoxine administration on melatonin secretion
in normal men. Neuroendocrinol Lett 2002;23:213.
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Table 3-6 Mean Nocturnal Levels of Circulating Melatonin

Age Mean Melatonin Levels

First 6 mo of life 27.3 pg/mL (0.12 nmol/L)
1–3 yr 329.5 pg/mL (1.43 nmol/L)
15–20 yr 62.5 pg/mL (0.27 nmol/L)
70–90 yr 29.2 pg/mL (0.13 nmol/L)

estimated to be 2 minutes, and the elimination half-life is 20
to 50 minutes.281 Other research has shown that doses of 0.05,
0.5, and 5 mg have mean elimination half-lives of 65, 43, and
70 minutes, respectively.282,283

Endogenous melatonin is metabolized in the liver to 6-
hydroxy-melatonin and excreted as sulfate and glucuronide
conjugates.281 In 22 patients with liver cirrhosis, endogenous
melatonin serum levels were significantly elevated compared
with age-matched controls.284 A positive correlation between
total bilirubin and daytime melatonin level was also seen.284

As expected, the elimination half-life of exogenous melatonin
increased from 44 to 97 minutes, on average, in people with
liver cirrhosis.285 Competition with bilirubin for elimination,
decreased liver blood flow, or decreased activity of the enzyme,
6-β-hydroxylase, may also contribute to these observations.284

Other research has suggested that the endogenous production
rate of melatonin appears to be reduced in patients with liver
cirrhosis.285

The oral bioavailability of melatonin ranges between 40%
and 70% for dosages that vary from 2.5 to 100 mg. Food may
enhance the absorption somewhat, resulting in higher mean
plasma levels compared with those achieved when taken in the
fasting state.285

Jet Lag (Rapid Time Zone Change)
Transmeridian air travel results in dysregulation of the sleep–
wake cycle until the circadian secretion of melatonin adjusts to
the new time zone (2–14 days). Adaptation is generally more
difficult or slower for older patients when traveling eastward
and when multiple time zones are crossed. The most common
symptoms of jet lag include GI disturbances and insomnia,
particularly daytime sleepiness and frequent awakenings dur-
ing the night. Maximizing exposure to daylight can enhance
symptom recovery.286

69. S.T., a 33-year-old female flight attendant, complains of
sleep disturbances, loss of mental alertness, and daytime drowsi-
ness. Every 2 weeks, she travels from Los Angeles, California, to
London, England, and on to Auckland, New Zealand. A friend rec-
ommended melatonin. How should S.T. manage her symptoms?
Can melatonin help?

S.T. is experiencing the classic symptoms of rapid and mul-
tiple time zone changes, which have caused an abrupt shift in
her sleep–wake cycle. Usually, time to adjust to the new time
zone and proper sleep hygiene is the only treatment necessary.
However, because S.T. is a flight attendant and has to repeat
this schedule on a regular basis, her body has little time to
adapt, and she is likely to suffer from jet lag symptoms on a
more long-term basis.

Clinical trials have evaluated 5 to 8 mg of IR melatonin for
jet lag.287−291 Although these studies included a small number
of participants, patients reported subjective improvements in
symptoms, including decreased daytime fatigue, normal sleep
patterns, energy, alertness, and mood. Subjects who took 5 mg
of IR melatonin up to 3 days before departure seemed to have
a worse recovery of jet lag symptoms (decreased energy and
alertness) than those who began taking the medication on ar-
rival in the new time zone. This difference was not statistically
significant. The largest study assessed the effects of melatonin
in 257 patients traveling across six time zones.292 Subjects
were randomized to receive placebo or one of three melatonin
regimens. Melatonin was administered as 0.5 mg at bedtime,
5 mg at bedtime, or 0.5 mg on a “shifting schedule.” The
shifting schedule was designed to mimic the circadian release
of melatonin throughout the sleep–wake cycle; one dose was
taken on the evening of departure and then at 1 hour earlier
each night for 6 days. By day 6, the melatonin dose corre-
sponded to the natural melatonin peak time. No differences
were observed at all time points among patients receiving any
melatonin dosage or placebo. No statistical differences were
observed in total sleep time, napping, sleep onset, or other
symptoms. Melatonin possesses some hypnotic effects, which
may help S.T. However, improvement in jet lag symptoms
seems to be more closely related to resynchronization by reg-
ular light–dark stimuli. Therefore, S.T. should also maximize
her exposure to daylight and implement proper sleep hygiene
techniques, which include going to bed at the same time each
night and avoiding caffeine and daytime naps.

The optimal dose and timing of melatonin administration
have not been determined, but S.T. may benefit from 5 mg
of the IR formulation beginning on the evening of departure
and then for the next 1 to 3 days after arrival at the desti-
nation.

Although melatonin is relatively well tolerated, she should
be advised to watch for daytime drowsiness, tachycardia, dys-
thymia, and headache.287−290,293 One case of acute psychosis,
one case of retrograde amnesia, and two cases of melatonin-
induced erythematous plaques have been reported.294−296 Be-
cause melatonin can cause drowsiness, S.T. should use caution
when performing tasks that require full alertness 30 minutes to
2 hours after a dose, and she should avoid alcohol or other CNS
depressants. The long-term effects of melatonin administration
have not been studied.

70. S.T. is trying to become pregnant. Is it safe for her to
continue taking melatonin now or when she becomes pregnant?
Should S.T. take melatonin while breast-feeding?

Melatonin has been shown to inhibit ovulation when admin-
istered in combination with a progestin. Therefore, S.T. should
avoid taking melatonin while trying to conceive because high
dosages (75–300 mg/day) may inhibit ovulation.297 Although
it is unknown whether lower dosages (0.5–5 mg daily) can al-
ter conception or pose a threat to the fetus, she should avoid
taking any drugs while trying to become pregnant and during
her pregnancy. Instead, she should try to control her jet lag
symptoms through sleep hygiene.

S.T. also should avoid taking melatonin while breast-
feeding because it may suppress prolactin secretion and di-
minish the production of breast milk.298
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Insomnia

71. T.X. is a 75-year-old woman who complains of insomnia
and daytime fatigue. On further questioning, it becomes clear
that T.X. falls asleep early (around 9 PM) and wakes up at about
the same time each morning (6 AM). However, she wakes up two
to three times each night and has difficulty getting back to sleep.
Will melatonin help?

Insomnia is a subjective awareness of inappropriate sleep.
Patients may complain of difficulty falling asleep (sleep on-
set), staying asleep, sleep maintenance (as in T.X.’s case), or
arising too early (early morning awakening). Melatonin has
been studied in the treatment of various sleep disorders, in-
cluding delayed sleep-phase syndrome (DSPS) and insomnia.
Many studies have documented the hypnotic effect of mela-
tonin in improving sleep onset, duration, and quality when
administered to healthy volunteers.299−303 Increases in rapid
eye movement sleep have also been documented.299 One study
demonstrated that peak hypnotic effects vary based on the time
of day melatonin is ingested, suggesting that light is an impor-
tant factor for efficacy. Melatonin 5 mg orally caused peak
hypnotic effects within 3 hours when taken at noontime com-
pared to 1 hour when taken at 9 pm.299

However, these studies are limited by small sample size,
inadequate monitoring, and poor study design. Dosing, patient
age, timing of drug administration, randomization, study du-
ration, and type of monitoring have varied greatly. Many of the
clinical studies failed to establish a relationship between low
endogenous melatonin levels and insomnia at study onset. In
addition, the cause of the sleep disorder is often not defined or
stated, or is confounded by other disease states. Some patients
with DSPS, for example, also had a diagnosis of depression,
and sleep disturbances often subside in this population once
antidepressant therapy is initiated. Larger studies are needed
to determine the effect of patient age, dosage, duration of ther-
apy, and sleep disorder etiology on melatonin efficacy. Accord-
ing to one meta-analysis that combined these studies, pooled
data from melatonin trials were found to be significantly het-
erogenous. Despite this, statistically significant improvements
in sleep quality have been observed.303 Improvements in sleep-
onset latency (time to fall asleep), sleep efficiency, and sleep
duration have all been reported in patients taking melatonin.

Insomnia in the Elderly
As illustrated by T.X., sleep maintenance is the most prevalent
sleep-related disorder in patients older than 65 years of age,
occurring in approximately 30% of the elderly population.283

Sleep-onset insomnia is less common (19%), followed by early
morning awakening (18.8%).283 Because melatonin serum lev-
els can be low in elderly patients who suffer from insomnia,
some have theorized that use of a SR formulation will cor-
rect the low levels and prevent sleep maintenance insomnia.
Although elderly patients taking 0.5 mg of SR or IR prod-
ucts experienced significant improvements in sleep onset, the
SR formulation did not improve total sleep time. In fact, the
effectiveness of melatonin administration on improving total
sleep time (sleep maintenance) has been inconsistent. In older
ambulatory adults between 55 and 80 years of age, consistent
improvements have been seen in sleep quality, sleep latency,
and morning alertness with the 2-mg SR formulation.304,305

Interestingly, there is no evidence of rebound insomnia or with-
drawal effect on discontinuation of melatonin.305 It is unknown
which formulation of melatonin is superior for sleep mainte-
nance insomnia; however, subjective improvements have been
consistent across all studies. Because melatonin may improve
morning alertness and quality of sleep, and given that there
are few risks associated with its use, T.X. can try the lowest
dose of melatonin (either IR or SR) at bedtime to see if it will
maintain her sleep. The dosage can be gradually escalated to
5 mg.

72. R.R. is a 28-year-old male medical student who has been
having trouble falling asleep for the past week. He attributes his
insomnia to stress because he has to take his medical licensing
examination in 2 weeks. He wants to know if melatonin will help
him get to sleep without feeling “hung-over” the next day. Will
melatonin help?

Melatonin has not been systematically studied in people
with insomnia caused by stress, even though it is a common
etiology. R.R. wants to achieve adequate rest but also wants to
avoid the “hang-over” effects associated with antihistamines
contained in over-the-counter sleep medications or prescrip-
tion sedative-hypnotics. R.R. will likely benefit from melatonin
because it has been shown to improve sleep onset. Because
he does not experience early morning awakenings, an IR for-
mulation of melatonin should be sufficient. IR melatonin has
a short half-life and has not been associated with significant
daytime drowsiness or a “hang-over” effect. R.R. should start
with the lowest effective dose, 0.3 mg, if possible. If he has
no response in 30 to 60 minutes, he may take a repeat dose as
needed. Although melatonin is considered relatively safe with
few dose-related side effects, using the minimal effective dose
is best. Melatonin should only be used 30 minutes before the
desired bedtime. There is some evidence that up to 6 months of
continuous melatonin use may decrease semen quality in oth-
erwise healthy males. Thus, if R.R. is planning to start a family,
he may want to avoid using melatonin. Instead, he should try
to follow proper sleep hygiene techniques. For example, he
should avoid staying up all night studying, and he should try
to maximize his exposure to daylight while awake.

Anticancer Effects

73. J.T. is a 47-year-old woman who currently is taking tamoxi-
fen for breast cancer. She recently read that melatonin may have
antitumor effects. What evidence exists for this claim? Would
melatonin be effective in her case?

The antitumor effects of melatonin have been stud-
ied in vitro and in small clinical trials involving patients
with metastatic breast cancer, malignant melanoma, and
glioblastoma.306 In all these cancers, some beneficial effect has
been observed, which may be related to melatonin’s immune-
modulating or antioxidant effects. With regard to breast cancer,
in vitro studies have shown that melatonin decreases estrogen-
binding capacity and the expression of estrogen receptors in
the MCF-7 breast cancer cell line; it also inhibits the growth
of epithelial breast cancer cells.306 In a clinical trial, pa-
tients with metastatic breast cancer refractory to tamoxifen
displayed a slower progression of disease when given mela-
tonin than patients receiving tamoxifen alone, regardless of
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estrogen-receptor status.307 Melatonin also may lessen the
cytotoxicity associated with chemotherapy or radiation
therapy.306 These effects are linked to neurohormonal changes
at the level of the cell (e.g., modulating membrane excitabil-
ity, increasing cellular repair, conserving ATP, blocking nitric
oxide synthesis). Nonetheless, more study is needed to better
define the effects of melatonin based on the severity and type
of cancer as well as on duration of disease. Melatonin may have
some beneficial effects in J.T.’s case, but she should add this
therapy only in consultation with her oncologist, who is in the
best position to evaluate its effects on her disease progression.
Dosages of 20 to 40 mg/day have been used.

COENZYME Q10
Background
Coenzyme Q10 is a cofactor found in cell membranes, serum,
and lipoproteins. It is also known as ubiquinone or, in its re-
duced form, ubiquinol. As its name implies, it is ubiquitous,
being found in small amounts in soybeans, walnuts, almonds,
oils, fruits, and spinach. It is also found in various organ meats
(heart, liver, kidney, spleen, pancreas) and skeletal muscle.
Biochemically, coenzyme Q10 protects mitochondrial proteins
and DNA from free-radical damage and serves as an electron
carrier of the electron transport chain in the inner mitochon-
drial membrane. This is an important process in that it is the
last step in aerobic respiration that results in ATP generation.
For this reason, coenzyme Q10 has been studied for its role
in many different conditions, including cardiovascular disor-
ders, Alzheimer’s disease (AD), breast cancer, gum disease,
and Parkinson disease, among others.

Pharmacokinetics
Coenzyme Q10 is absorbed slowly from the GI tract because it
has a high molecular weight and low water solubility.308 For this
reason, many coenzyme Q10 formulations have been designed
to maximize absorption often by including a lipophilic vehicle
such as vitamin E. Following a single dose, there is a two-
peak pattern at 6 and 24 hours. The first peak corresponds to
the parent compound, and the second peak corresponds to the
metabolite, ubiquinol. Typical adult serum concentrations vary
from 0.7 to 1 mcg/mL; the clinical significance of these levels is
unknown.309 Coenzyme Q10 is best absorbed when taken with
food, and higher levels have been observed when it is chewed
with a high-fat food such as peanut butter.310 Within cells, most
of the coenzyme Q10 (40%–50%) is found in mitochondria
within the inner mitochondrial membrane. Whether coenzyme
Q10 is metabolized is unknown; however, it is distributed to
the liver and incorporated into very low density lipoprotein.
Coenzyme Q10 is predominantly excreted via the biliary tract
and, therefore, more than 60% of an oral dose is recovered in
the feces.308

Prevention of Statin-Induced Myopathy

74. J.S. is a 55-year-old male in otherwise good health diag-
nosed with “high cholesterol” 3 years ago. He states that his LDL
cholesterol was 149 mg/dL at the time of diagnosis, but now, after

starting simvastatin (a statin drug), his LDL cholesterol is
95 mg/dL. His LDL is under control, but he wants to know if he
should begin taking coenzyme Q10 to help prevent statin-related
myopathy.

Statins reduce cholesterol production by inhibiting the en-
zyme HMG-CoA reductase, which is also involved in the syn-
thesis of coenzyme Q10. Initiating statin therapy has been asso-
ciated with a decrease in coenzyme Q10 serum concentrations,
which may block the critical steps in muscle cell energy gener-
ation, possibly leading to statin-related myopathy.311 A reduc-
tion in serum concentrations does not always correlate with a
reduction in intramuscular concentrations, which may play a
greater role in statin-related myopathy. It is unknown whether
the reduction in intramuscular coenzyme Q10 leads to statin
myopathy or if the myopathy itself causes cellular damage that
reduces intramuscular coenzyme Q10. In addition, the type of
statin used and the dose of the statin may also play a role. In one
small double-blind study, the effect of coenzyme Q10 supple-
mentation was evaluated in patients taking various statins who
also had developed myopathy symptoms.312 Patients received
either coenzyme Q10 100 mg/day or vitamin E 400 IU/day
for 30 days. After 30 days, the patients taking coenzyme Q10
had statistically significant reductions in muscle pain inten-
sity, whereas the vitamin E group had no change in muscle
pain intensity. Although this study suggests a benefit, larger
studies are needed to determine when to initiate coenzyme
Q10 (e.g., preventative treatment compared to active treatment
once myopathy has developed). Given that coenzyme Q10 is
relatively safe, however, there is no clinical harm in J.S. using
it while taking simvastatin, although the cost may be signifi-
cant. It is important to let J.S. know that myopathy may still
occur rarely with a statin, even while taking coenzyme Q10.
He should be instructed that the risk for myopathy from statin
therapy is very low compared to the beneficial reduction of
morbidity and mortality that has been demonstrated in large,
well-designed studies. He should be instructed to report any
unusual or unexplained muscle pain to his provider.

Hypertension

75. F.T. is a 75-year-old male with stage 1 hypertension. F.T.
measures his blood pressure at home, and since beginning
enalapril 20 mg and hydrochlorothiazide 25 mg, his BP read-
ings have improved from 150/95 to 130/85 mmHg. His provider
has encouraged him to implement lifestyle modifications to fur-
ther improve his BP, in particular to increase his physical activity
and to minimize his daily consumption of alcohol. F.T. drinks a
six-pack of beer after dinner at least nightly while watching tele-
vision. A friend of his heard that taking coenzyme Q10 can help
lower BP, and F.T. wants to try it.

Adults with hypertension have been found to have lower
levels of endogenous coenzyme Q10. This has led to specu-
lation that a deficiency in endogenous coenzyme Q10 levels
may lead to the development of hypertension. There are many
causes of hypertension; however, low endogenous coenzyme
Q10 levels have not been studied well enough to make this
link. In early clinical trials, small but significant reductions in
SBP and DBP (7–10 mmHg) were observed after 8 to 10 weeks
of coenzyme Q10 supplementation.313 This led researchers to
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believe that coenzyme Q10 possessed antihypertensive proper-
ties because of its antioxidant and vasodilatory effects.313 One
large meta-analysis of 12 clinical trials included 362 hyper-
tensive patients and found a BP-lowering benefit of coenzyme
Q10. Although this meta-analysis included both well-designed
and poorly designed trials (open-labeled, uncontrolled, with
and without concomitant antihypertensive therapy), the reduc-
tions in blood pressure were consistent across all studies. In
three well-designed randomized, controlled trials, coenzyme
Q10 supplementation significantly lowered SBP (17 mmHg)
and DBP (8 mmHg) compared to no change in the placebo
groups.

F.T. should be informed that coenzyme Q10 has the poten-
tial to further lower his BP; however, whether this reduction
will help him reach his goal (<120/80 mmHg) is still unknown.
More research is needed to assess the true value of using coen-
zyme Q10 either alone or in combination with other antihyper-
tensive medications. More importantly, F.T. should be encour-
aged to decrease his daily alcohol consumption and increase
his physical activity. These lifestyle modifications will not only
improve his hypertension but may also contribute to a healthier
lifestyle. Finally, because F.T. is not at his goal BP, he should
continue his regular doctor appointments because small-dose
adjustments to his medications may be necessary. He should
continue to self-monitor his BP at home and maintain a log of
his BP readings.

Heart Failure

76. S.A. is a 54-year-old male with nonischemic cardiomyopa-
thy diagnosed in 2005. He has never had an MI but does have a
history of dyslipidemia and is a current smoker (1 pack per day
for 20 years) and heavy drinker (beer and spirits on most days
of the week). S.A. was diagnosed to have New York Heart Associ-
ation (NYHA) Class I disease (left ventricular ejection fraction
[LVEF] = 25%) and is currently asymptomatic. He is taking
ramipril 5 mg PO twice daily. S.A. read about the benefits of
coenzyme Q10 in heart failure (HF) and would like to initiate
therapy. What are the benefits of coenzyme Q10 in HF?

Studies have suggested that patients with HF have decreased
levels of coenzyme Q10, so a deficiency may contribute to its
progression. Early studies have demonstrated improvements in
hemodynamic parameters (increases in ejection fraction and
end diastolic volume) following coenzyme Q10 therapy.314

Other studies demonstrated improvements in subjective signs
and symptoms of heart failure, including edema, liver enlarge-
ment, resting dyspnea, and heart palpitations.315 Unfortunately,
many of these studies are outdated in that enrolled patients
were not taking ACE inhibitors or β-blockers, which have
been shown to improve morbidity and mortality in patients
with HF. In addition, many studies used nonstandard or nonin-
vasive methods to assess disease progression. Coenzyme Q10
may offer a small benefit to patients with mild to moderate
heart disease (NYHA Class II–III) without ischemia. Initiating
coenzyme Q10 later at more severe stages of disease appears
to have little to no effect.315 Because S.A. does not have is-
chemia and is still asymptomatic, it is unknown just how much
subjective or objective benefit he may experience. When data
from studies are combined, a statistically significant improve-

ment in ejection fraction of 4% has been suggested.315 Because
his disease is in the early stages, it is possible that coenzyme
Q10 may offer him some benefit because he still has adequate
functional heart muscle.

Dosing
There is no established dosing for coenzyme Q10; however,
clinical trials have used varied doses, depending on the indi-
cation. For most indications, the typical daily dose averages
100 mg/day. For the treatment of hypertension, daily doses
ranged from 100 to 120 mg daily.313 In patients with HF, 50 to
150 mg daily in two or three divided doses have been used.314

Dosing recommendations may vary among manufacturers; this
depends on the formulation and the lipid vehicle used to de-
liver the coenzyme Q10. For most products, however, multiple
daily doses are required to ensure adequate replacement. If
S.A. wants to use coenzyme Q10 for his HF, a dose of 100 mg
daily in divided doses is appropriate. More importantly, S.A.
should limit his alcohol intake and if motivated to quit smoking,
he should enroll in a smoking cessation program. S.A. should
continue taking ACE inhibitors because they are recommended
for patients who are asymptomatic and have an LVEF <40%.

Side Effects
Coenzyme Q10 is very well tolerated with very few side ef-
fects reported. In clinical trials, the most common side effects
were GI discomfort, including diarrhea, nausea, heartburn, and
appetite suppression, occurring with an incidence of <1%.316

These side effects abated when the dose was reduced or coen-
zyme Q10 was discontinued. Other side effects included ir-
ritability, agitation, headache, and dizziness.316 Thrombocy-
topenia, skin rash, and pruritus have also been reported in
<0.5% of patients. Ascribing many of these infrequent side
effects to coenzyme Q10 is very difficult because many of the
studies were conducted when the purity of these products was
unknown. Other rare case reports of flu-like symptoms, photo-
phobia, and thrombocytopenia have not been definitely linked
to the supplement.

Drug Interactions
Coenzyme Q10 may interact with warfarin leading to a sub-
therapeutic INR. Coenzyme Q10 is structurally related to
menaquinone, also known as vitamin K2. As a result, coen-
zyme Q10 is believed to have procoagulant effects. Several
case reports describe a subtherapeutic INR in patients tak-
ing stable doses of warfarin after beginning coenzyme Q10
therapy.317 Because the potential interaction may have unde-
sirable effects on coagulation, patients should be advised to
avoid coenzyme Q10 while taking warfarin. In some patients,
the combination may be safely used, provided the patient agrees
to more frequent monitoring of INR values, especially during
the first month of therapy. In addition, adherence to both war-
farin and coenzyme Q10 should be encouraged and maintained
throughout the course of therapy.

Because coenzyme Q10 has purported antihypertensive ef-
fects, it is reasonable to consider additive antihypertensive
effects when combined with prescription antihypertensives.
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The most significant effects would be encountered during ther-
apy initiation or following antihypertensive dose increases.

77. D.P. is a 66-year-old woman with a history of atrial fibrilla-
tion and no history of bleeding. She has been taking warfarin 7 mg
once daily for 2 months, and her INR values have been therapeu-
tic, ranging from 2 to 2.5 (target 2–3). She arrives in clinic today
asking whether she should begin coenzyme Q10 for its antioxidant
effects to help with her atrial fibrillation.

In D.P.’s case, the desire to initiate coenzyme Q10 is based
on its antioxidant effects. Engaging D.P. in a discussion about
the need for antioxidant effects would be helpful. If D.P. is com-
mitted to using coenzyme Q10 while continuing warfarin, she
should be informed that her INR may become subtherapeutic,
placing her at risk for a thromboembolic event unless adjust-
ments are made to her warfarin. More frequent monitoring and
a change in warfarin dose may be required. D.P. should also
know that the antioxidant contributions from coenzyme Q10
have not been studied in patients with atrial fibrillation.
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Adverse drug reactions occur in approximately 30% of hos-
pitalized patients, and 3% of all hospitalizations are a result
of adverse drug reactions. Allergic drug reactions account for
5% to 20% of all observed adverse drug reactions.1–4 In one
study of >36,000 hospitalized patients, 731 adverse events
were identified, with 1% being severe, life-threatening, aller-
gic reactions.5 The potential morbidity and mortality associ-
ated with allergic drug reactions is great, although they occur
infrequently.

Definition
The appropriate diagnosis and treatment of a patient expe-
riencing an allergic reaction necessitates differentiation be-
tween allergic reactions from other adverse drug reactions.
One approach divides adverse reactions into those that are “pre-
dictable, usually dose dependent, and related to the pharma-
cologic actions of the drug” and those that are “unpredictable,
often dose independent, and are related to the individual’s im-
munologic response or to genetic differences in susceptible
patients.”1 Under this classification, drug allergy or drug hy-
persensitivity is an unpredictable adverse drug reaction that is
immunologically mediated.1,2,6

Predisposing Factors
Factors known to affect the incidence of allergic reactions can
be categorized as being drug or patient related.7

Age and Gender
Children are less likely to become sensitized than adults, pre-
sumably because younger age is likely to be associated with less
cumulative drug exposure.6–9 More female than male patients
experience allergic reactions (up to 2.3:1), although this may
vary by type of reaction, drug, patient age, and setting.10,11

Genetic Factors
Patients with histories of allergic rhinitis, asthma, or atopic
dermatitis who develop a systemic drug reaction tend to re-
act more severely than others.7,8,12 Familial occurrences of
allergic reactions, although rare, have been reported. For ex-
ample, erythema multiforme was described in three of five
siblings treated with thiabendazole.13 Ethnic predisposition to
drug allergy is increasingly recognized. Whites are more likely
to develop hypersensitivity reactions to abacavir than non-
whites, and blacks are more susceptible to angioedema from
angiotensin-converting enzyme (ACE) inhibitors than are other
ethnic groups.14,15 A patient’s ability to metabolize a drug is
influenced by his or her genetic makeup and may affect the in-
cidence of allergic reactions. Pharmacogenetics (i.e., the study
of genetically determined variability to drug response) often
centers on drug-metabolizing enzymes because many drugs
are metabolized by enzymes that are encoded by variations in
DNA sequences or genetic polymorphisms.16

Acetylator phenotype (e.g., fast acetylator or slow acetyla-
tor) is genetically determined, and several variations in the gene
encoding for N-acetyltransferase (NAT) are recognized.16 The

4-1
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slow acetylator phenotype is an autosomal recessive trait. Slow
acetylators are at risk for sulfonamide hypersensitivity and
also are more likely to develop antinuclear antibodies (ANA)
and symptoms of systemic lupus erythematosus (SLE) when
treated with procainamide or hydralazine.17 Drug-induced lu-
pus can be considered an allergic reaction because of its asso-
ciation with an immune response, as evidenced by an increase
in ANA.

Anticonvulsant hypersensitivity syndrome, characterized
by fever, generalized rash, lymphadenopathy, and internal or-
gan involvement, is most associated with aromatic anticon-
vulsants (e.g., phenytoin, phenobarbital, and carbamazepine)
and is more common in patients with a heritable deficiency
in epoxide hydrolase.18 This syndrome also is known as drug
hypersensitivity syndrome and as DRESS syndrome (drug rash
with eosinophilia and systemic symptoms). A genetic defect
also might be responsible for a serum sicknesslike reaction to
cefaclor.18

Numerous polymorphisms are known for the CYP isoen-
zyme family that catalyzes the oxidative metabolism of hun-
dreds of drugs. The best studied of these are variations in genes
that encode for CYP2D6, CYP2C9, CYP2C19, and CYP3A4.
Examples of the phenotypic expression of these variations in-
clude poor metabolizers (who possess nonfunctional alleles
and have reduced metabolic activity) and ultrarapid metabo-
lizers (who have multiple copies of functional genes and have
enhanced metabolic activity).16 Genetic differences in CYP-
metabolizing enzymes might explain the predisposition to drug
allergy and hypersensitivity of some individuals, as well as
other forms of drug toxicity and drug response.

Whereas genetic polymorphism in drug metabolizing en-
zymes is responsible for some allergic reactions, gene varia-
tions in the major histocompatibility complex (MHC) perhaps
are more significant.14 For example, dermatologic reactions
and thrombocytopenia to gold and toxicity to penicillamine
are linked to the presence of the HLA-DR3 allele in the MHC;
severe cutaneous reactions to allopurinol are linked to presence
of the HLA-B*5801 allele in the Han Chinese population, and
the potentially life-threatening hypersensitivity syndrome seen
with abacavir is strongly associated with the HLA-B*5701,
HLA-DR7, and HLA-DQ3 haplotype.14,17–21 In the latter case,
presence of this haplotype in patients predicted abacavir hy-
persensitivity 100% of the time, whereas its absence had a 97%
negative predictive value.19 This haplotype appears more com-
monly in whites than in other ethnic groups and explains the
predisposition of whites to this severe reaction. Genetic screen-
ing of patients for this haplotype before initiating abacavir
therapy has significantly reduced the occurrence of hypersen-
sitivity reactions.22 In the future, it is hoped genes that are in-
volved in life-threatening hypersensitivity reactions (e.g., ana-
phylaxis, hepatotoxicity, blood dyscrasias, Stevens-Johnson
syndrome, toxic epidermal necrolysis) will be identified.

Associated Illness
Although genes clearly play a role in hypersensitivity reac-
tions, environmental factors (e.g., concomitant illness) also
are implicated. For example, the incidence of maculopapu-
lar rash with ampicillin therapy is significantly higher in
patients with Epstein-Barr virus infections (e.g., infectious
mononucleosis), lymphocytic leukemia, or gout.2,7 Infection
with herpes virus or Epstein-Barr virus also has been linked

to DRESS syndrome;23,24 and the occurrence of reactions
to trimethoprim-sulfamethoxazole in patients who are HIV
positive is about 10-fold higher than in the HIV-negative
population.14

Previous Drug Administration
A previous history of an allergic reaction to a drug being con-
sidered for treatment, or one that is immunochemically similar,
is the most reliable risk factor for development of a subsequent
allergic reaction.6,7 A commonly encountered example is the
patient with a history of penicillin allergy, in whom all struc-
turally related penicillin compounds should be avoided, and in
whom the possibility of a hypersensitivity reaction should be
considered when using other β-lactam antibiotics.7

Drug-Related Factors
The dose, frequency of exposure, and route of administra-
tion can influence the incidence of drug allergy. For exam-
ple, penicillin-induced hemolytic anemia (see Question 6 in
Chapter 87: Drug-Induced Blood Disorders) requires high and
sustained drug concentrations.9 In β-lactam antibiotic IgE sen-
sitivity, frequent intermittent courses, rather than continuous
therapy, are more likely to result in drug sensitization.16 The
route of administration is important in terms of the risk of
both sensitization and allergic reaction in a previously sensi-
tized person. Topical administration carries the greatest risk
of sensitization, whereas the oral route is the least sensitizing.
Intramuscular administration is more sensitizing than the in-
travenous (IV) route. In a patient who is already sensitized to
a specific medication, the risk of an allergic reaction to that
medication is greatest when it is given IV and least when given
orally. This is thought to be a function of the rate of drug
delivery.7

Pathogenesis
Allergic drug reactions cannot be attributed to a single im-
munopathologic mechanism. Traditionally, an allergic drug re-
action was thought occur in two phases: initial sensitization
and subsequent elicitation.25 Most drugs are small molecules
(<1000 Da) and are unable to stimulate an immune response.
Sensitization occurs as a result of covalent binding of a drug
or a metabolite to a carrier protein in a process referred to as
haptenization.2,3,6,12,25 This drug–protein (or drug metabolite–
protein) complex is sufficiently large to induce the production
of drug-specific T or B lymphocytes and IgM, IgG, and IgE.
On re-exposure to the drug, the patient is likely to present
with allergic symptoms.16 Allergic reactions to β-lactam an-
tibiotics occur by this mechanism. This theory, however, cannot
explain several allergic phenomena. For instance, some chem-
ically inert drugs (i.e., drugs that cannot form stable covalent
bonds and do not have reactive metabolites) can still elicit an
allergic response. Lidocaine and mepivacaine are examples.
Furthermore, some patients have a strong allergic reaction to
a drug on initial exposure, and some allergic reactions rapidly
occur following drug exposure, a time period shorter than ex-
pected for the development of new antibodies. To account for
some of these observations, other models for explaining al-
lergic reactions have been proposed. The direct pharmaco-
logical interaction or P-I concept offers one explanation for
these observations. This model suggests that some drugs are



ANAPHYLAXIS AND DRUG ALLERGIES � 4-3

able to bind directly to T-cell receptors in a reversible, non-
covalent manner. The drug–T-cell receptor complex interacts
with MHC molecules, leading to activation and expansion of
T cells that are directed against the drug.26 On the other hand,
the danger hypothesis proposes idiosyncratic drug reactions
are the result of damaged or stressed cells that release “danger
signals.” Danger signals may be cytokines (e.g., interleukins,
tumor necrosis factors) that act as co-stimulants to trigger an
immune response once released. Similar to the P-I concept,
neither covalent binding of drug to a carrier protein nor prior
drug exposure is a prerequisite for an allergic response with the
danger hypothesis. Rather, the drug itself, or a reactive metabo-
lite, directly induces cell injury or stress, causing the release
of danger signals. Once the drug is discontinued, generation of
danger signals cease, and the clinical manifestations of the al-
lergic reaction resolve.27 Undoubtedly, the processes involved
in allergic reactions are complex and might include some com-
bination of each theory. Interested readers are referred to more
in-depth reviews.28,29

Drugs as Allergens and Immunologic Classification
Allergic drug reactions can be classified into one of four types
(Table 4-1).6,7

TYPE I: ANAPHYLACTIC REACTIONS
Anaphylactic reactions are acute, generalized reactions that

occur when a previously sensitized person is re-exposed to a
particular antigen. Reactions range in severity from pruritus
and urticaria to bronchospasm, respiratory distress, laryngeal
edema, circulatory collapse, and death. Anaphylactic reactions
to antibiotics and radiographic contrast media reportedly occur
in 1 in every 5,000 exposures, 10% of which are fatal.30 Initial
exposure to an antigen results in production of specific IgE
antibodies. On re-exposure, antigen interacts with antibodies
bound to the surface of mast cells or basophils, causing the
release of histamine and other mediators.25 A period of several
weeks is required after initial exposure and sensitization before
an anaphylactic reaction can be elicited; once sensitized, how-
ever, an anaphylactic response can be elicited within minutes
as a result of existing antibodies. In addition, an anaphylactic
response can occur on re-exposure to small amounts of drug
administered by any route.25,30–32 Reactions that clinically re-

semble anaphylaxis, but do not involve immunologic mediators
(antibodies), are termed anaphylactoid reactions.

TYPE II: CYTOTOXIC REACTIONS
Cytotoxic reactions involve the interaction of IgG or IgM

and can occur by three different mechanisms (Table 4-1).
Common clinical manifestations of cytotoxic reactions include
hemolytic anemia, thrombocytopenia, and granulocytopenia.
Penicillin-induced hemolytic anemia is the best-known exam-
ple of a cytotoxic drug reaction (see Question 6 in Chapter
87: Drug-Induced Blood Disorders). This reaction typically
appears after 7 days of high-dose therapy.9,33,34

TYPE III: IMMUNE COMPLEX–MEDIATED REACTIONS
Immune complex-mediated reactions result from the forma-

tion of drug–antibody complexes in serum, which often deposit
in blood vessel walls, resulting in activation of complement and
endothelial cell injury.30 Also referred to as serum sickness,
these reactions typically manifest as fever, urticaria, arthral-
gia, and lymphadenopathy 7 to 21 days after exposure.9,35

TYPE IV: CELL-MEDIATED (DELAYED) REACTIONS
In cell-mediated (delayed) reactions, antigen binds with

sensitized T cells. Contact dermatitis is the most common
manifestation of cell-mediated reactions, although systemic
reactions can occur. The variety of clinical manifestations of
delayed hypersensitivity has been attributed to distinct patterns
of cytokine release and effector-cell recruitment, based on the
type of T cells stimulated. For example, hypersensitivity re-
actions involving T-helper 1 cells are induced by interferon-γ
and interleukin-2, whereas reactions involving T-helper 2 cells
employ interleukins 4 and 5. Each pattern of cytokine re-
lease recruits specific effector cells, such as macrophages, neu-
trophils, or other T cells, and is responsible for the unique
clinical manifestations of the reaction. Based on this new un-
derstanding, type IV reactions have been reclassified as type
IVa, type IVb, type IVc, and type IVd, corresponding to four
unique patterns of T-cell and effector-cell involvement.36

An understanding of the immunologic mechanism can be
helpful in the diagnosis and treatment of an allergic reaction;
however, the exact immunologic mechanism is unknown for
many allergic reactions to drugs. In addition, patients often

Table 4-1 Immunopathologic Classification of Allergic Drug Reactions

Immunologic Class Antibody Mechanism Common Clinical Manifestations

Type I (anaphylactic) IgE Drug-hapten reacts with IgE antibody on the surface of mast cells and
basophils, resulting in the release of mediators

Anaphylaxis

Type II (cytotoxic) IgG Hapten–cell reaction: Drug interacts with cell surfaces, resulting in the
formation of an immunogenic complex and the production of antibodies

Hemolytic anemia

– IgM Immune complex reaction: Drug reacts with antibody in circulation,
forming a complex that with complement binds to the cell, resulting in
injury (hematologic reactions only)

Granulocytopenia

– – Autoimmune reaction: Drug induces autoantibody production against red
blood cells

Thrombocytopenia

Type III (immune complex) IgG Same as type II immune complex reactions (nonhematologic reactions) Serum sickness

Type IVa-d (cell mediated) – Interaction of sensitized T lymphocytes with drug antigen Contact dermatitis

Adapted from reference 6, with permission.
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Table 4-2 Clinical Features of Allergic Drug Reactions
� Have no correlation with known pharmacologic properties of the drug
� Require an induction period on primary exposure but not on

readministration
� Can occur with doses far below therapeutic range
� Often include a rash, angioedema, serum sickness syndrome,

anaphylaxis, and asthma
� Occur in a small proportion of the population
� Disappear on cessation of therapy and reappear after readministration

of a small dose of the suspected drug(s) of similar chemical structure
� Desensitization may be possible

Reprinted from reference 2, with permission.

present with several symptoms characteristic of more than one
of the reactions described above. The use of many drugs con-
currently also makes it difficult to identify the drug responsible
for the reaction. Therefore, a careful drug history and diagnos-
tic tests (e.g., wheal and flare, in vitro detection of drug-specific
IgE antibodies) often are necessary for an appropriate diagno-
sis and treatment of a patient.

Diagnosis
Distinctive Features of Allergic Reactions
The first step in the diagnosis of an allergic drug reaction is to
recognize and differentiate it from other adverse drug reactions.
This can be accomplished by having a good understanding of
the distinctive features of allergic drug reactions (Table 4-2).2,6

1. J.A., a 73-year-old woman, is admitted from a nursing home
with an infected decubitus ulcer. Cultures reveal Staphylococcus
aureus, which is sensitive to oxacillin, cefazolin, and vancomycin.
On questioning, J.A. reports having experienced a rash to peni-
cillin in the past. Her current medications include oral docusate
100 mg twice daily (BID), oral enalapril 5 mg every morning, oral
prednisone 20 mg daily, and oral ibuprofen 800 mg three times
daily (TID). What information should be obtained to determine
whether J.A.’s rash represents an allergic drug reaction?

The single most informative diagnostic procedure for aller-
gic drug reactions is a detailed drug history (Table 4-3), which
is helpful in obtaining the information necessary to determine
whether a reaction represents a drug allergy and in identifying

Table 4-3 Detailed Drug History
� Prior allergic and medication encounters
� Nature and severity of reaction
� Temporal relationships between drugs and reaction (dose, date

initiated, duration)
� Prior exposure to the same or structurally related medications

subsequent to the reaction
� Effect of drug discontinuation
� Response to treatment
� Prior diagnostic testing or rechallenge
� Route of administration
� Other medical problems (if any)

From references 3 and 32, with permission.

the culprit drug. In inquiring about prior allergic and medica-
tion encounters, it is important to document the drugs to which
the patient has or has not previously reacted. This can some-
times alert the clinician about certain types of compounds to
which the patient is likely to react. In addition, the acquired
information allows the clinician to characterize the drug reac-
tion and to appreciate how such a reaction might be manifested
in the patient on exposure to the same, or an immunologically
similar, compound in the future.

The temporal relationship between drugs and reactions of-
ten is the strongest piece of evidence implicating an allergic re-
action to a particular agent. Drugs that the patient has received
for long continuous periods before the onset of a reaction are
less likely to be implicated than drugs that have been recently
initiated or restarted.37 Equally important is to determine when
an adverse reaction has occurred. Many compounds have been
reformulated over the years, resulting in removal of sensitizing
impurities (e.g., penicillin, vancomycin). Therefore, it is pos-
sible that re-exposure to the agent will not result in an adverse
event. Inquiring about whether the patient has received the drug
since the first episode by asking the patient about other brands
or names of other drugs in the same class (e.g., amoxicillin,
ampicillin) will assist in determining whether the patient is
likely to react to the drug on re-exposure. It usually is helpful
to chart all the drugs the patient is currently taking, their dose,
and start and stop dates of use. This can be compared with the
onset and disappearance of the reaction.

2. On further questioning, J.A. reports having experienced an
urticarial rash in the past when given ampicillin for a kidney infec-
tion approximately 2 years ago. The rash developed over her entire
body less than a day after starting the antibiotic and disappeared
2 days after discontinuation. Her treatment course was completed
with ciprofloxacin. She denies having had a viral infection at the
time of the rash to ampicillin. She does not recall having experi-
enced any adverse effects when she received penicillin before this
reaction. No other recent changes in her treatment regimen were
made before the occurrence of the rash. Why is it likely that J.A.
is allergic to penicillin?

Several useful pieces of information gleaned from the drug
history obtained from J.A. can be used to determine the likeli-
hood of an allergic reaction to penicillin. J.A.’s rash appeared
less than a day after initiation of ampicillin and other drugs
had not been added; therefore, the rash probably was caused
by ampicillin.

Another important method of identifying a potential drug-
induced allergic reaction is to examine the patient’s medication
list to determine whether the patient is receiving an agent that
commonly is implicated in causing the exhibited allergic man-
ifestation. For example, amoxicillin and ampicillin are two of
the top three drugs implicated in drug-induced rash.10

J.A. received penicillin previously without experiencing any
adverse effects until an urticarial rash (a relatively common al-
lergic manifestation) developed on subsequent exposure. This
sequence of events follows the typical pattern of an allergic
reaction. Allergic reactions require an induction period to sen-
sitize the person to the antigen; however, once sensitized, aller-
gic symptoms typically occur immediately on re-exposure.37
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Therefore, a prior exposure to the same or structurally related
compounds needs to be documented.

Finally, it is important to evaluate other medical problems
that can elicit or mimic a reaction resembling drug allergy
(see above section “Associated Illness”). Rashes to ampicillin
commonly occur in patients with concurrent Epstein-Barr virus
infection.19 J.A. denies having a viral infection at the time of
her rash, thereby, strengthening the case that the rash was likely
a manifestation of an allergic reaction.

Skin Testing

3. Why might skin testing for penicillin allergy be appropriate
(or inappropriate) for J.A.?

Although J.A.’s elicited medication history strongly sug-
gests that she is allergic to penicillin, a skin test and a drug
rechallenge would more firmly establish her drug allergy. For
many years, skin-testing antigen for penicillin was commer-
cially available as penicilloyl polylysine (Pre-Pen). Although
the manufacturer (Hollister-Stier, Spokane, Washington) of
penicilloyl polylysine voluntarily withdrew it from the mar-
ket in 2004, AllerQuest (West Hartford, CT) obtained the legal
rights and has been working to market it in the United States and
Canada.38 Penicillin skin testing using Pre-Pen (also known as
PPL [penicilloyl polylysine]) is a safe and effective procedure
(Table 4-4), with <1% of positive responders developing sys-
temic reactions.34 In those in whom a false–negative response
occurred, reactions were mild and, in most cases, did not require
drug discontinuation.33,34 Skin testing with PPL identifies 80%
of patients allergic to penicillin. When the penicilloyl derivative
is supplemented with skin tests for the minor determinants of
penicillin,33 99.5% of penicillin-allergic patients can be iden-

tified. When 34 purportedly “penicillin-allergic patients,” who
subsequently tested negative to penicillin skin-tests, needed
β-lactam antibiotics during hospitalization, no allergic drug
reactions occurred.39

Penicilloyl, the primary metabolite of penicillin, is referred
to as the major determinant. The other derivatives, including
the parent compound (penicillin), are referred to as minor de-
terminants. The terms major determinant and minor determi-
nant refer to the frequency of antibody formation to these anti-
genic penicillin metabolite–protein complexes. These terms
do not describe the severity of the allergic reaction. Indeed,
the major determinant is thought to be responsible for ac-
celerated reactions, but not anaphylaxis. The minor determi-
nants are responsible for anaphylaxis and immediate systemic
reactions.

Penicillin and its metabolites become antigenic when com-
bined with proteins and can precipitate a hypersensitivity re-
action in a patient on re-exposure. In patients with a history of
penicillin hypersensitivity, skin test reactivity is affected by the
length of time since the allergic reaction and by the nature of
the past reaction. Skin test positivity is greatest 6 to 12 months
after a reaction and decreases with time. Skin test positivity in
one study was found to be only 40% of patients with a history
of anaphylaxis, 17% with urticaria, and 7% for maculopapu-
lar rashes.33 Skin testing should not be performed in patients
receiving antihistamines because they block the response to
the antigen and can result in misinterpretation. In patients re-
ceiving antihistamines (i.e., H1- or H2-receptor antagonists)
or when skin testing is not possible because of severe skin
disease, in vitro assays to detect drug-specific IgE antibodies
have been developed for the major and minor determinants of
penicillin.

Table 4-4 Penicillin Skin Testing Procedure

Agent Procedure Interpretation

Penicilloyl polylysine (Pre-Pen) Scratch test one drop of full-strength solution (6 to 10–5

mol/L)a
No wheal or erythema after 10 minutes: proceed

with intradermal test.

Major determinant Wheal or erythema within 10 minutes: choose
alternative agent, desensitization if no other
alternatives exist

Penicilloyl polylisine (Pre-Pen) Intradermal test: 0.01 to 0.02 mL PPL (Pre-Pen).a Saline:
negative control Histamine: positive control (optional;
useful if it is suspected that patient may be anergic)

Negative response: induration size similar or less
than saline control

Positive response: induration 14 mm or more greater
than saline control with or without erythema:
choose alternative agent, desensitization if no
other alternatives exist

Penicillin G potassium (>1 week
old) most important of the
minor determinants

Scratch test one drop of 10,000 U/mL solution Same as scratch test with PPL (see above)

Penicillin G potassium Intradermal test:0.002 mL 10,000 U/mL solution Same as intradermal test with PPL (see above)
– Serial testing with 10, 100, or 1,000 U/mL solutions can be

performed in those with strong history or serious reactions

aThe penicilloyl derivative of penicillin conjugated to polylysine (PPL) is administered initially as a scratch test. If no wheal or erythema develops, then intradermal testing is
performed.
From Schwarz Pharma Kremers Urban Company, Milwaukee, WI, with permission.
Note: as of 2004, Pre-Pen is no longer commercially marketed in the United States. It is anticipated that Pre-Pen will be re-introduced in 2008. From reference 38.
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To determine whether skin testing is appropriate for J.A.,
the risks and benefits must be weighed. Because the time of the
last reaction was approximately 2 years ago, J.A. may still re-
tain some skin test positivity if the previous reaction was truly
an allergic reaction to ampicillin. Testing with PPL (major de-
terminant) and penicillin (minor determinant) could be useful
in determining whether J.A. is likely to develop an urticarial
or anaphylactic reaction to penicillin or its derivatives. That
J.A. is currently receiving prednisone should not alter the in-
terpretation of the skin test results because the corticosteroids
minimally affect the IgE-mediated immediate hypersensitivity
reactions. The risks of developing serious systemic reactions
to penicillin skin testing are minimal.

The benefit of penicillin skin testing for J.A., however,
is questionable because she could be treated with an an-
tibiotic other than a penicillin. The most practical approach
to penicillin-allergic patients is simply to avoid the drug.
Therefore, the patient’s drug history should always be eval-
uated carefully. In the unlikely situation in which treatment
with a penicillin is essential, penicillin skin testing would be
useful.

Cross-Reactivity

4. J.A. received a scratch test with PPL, which was negative;
however, an intradermal test was positive. What treatment options
are available to J.A. for her infection?

All penicillin derivatives should be avoided because J.A.
had a positive skin-test reaction. Skin tests are not commer-
cially available for cephalosporins and other β-lactam antibi-
otics. Although cephalosporin-skin testing (i.e., prick followed
by intradermal instillation) using 0.01 mL of a concentration
of 2 mg/mL of the cephalosporins in normal saline has been
proposed by some, no prospective studies have evaluated this
approach.40 Therefore, clinicians must rely on cross-reactivity
data to determine whether a nonpenicillin β-lactam antibiotic
(e.g., a cephalosporin) can be used in a penicillin-allergic pa-
tient.

In one study, about 50% of patients with a history of
penicillin allergy exhibited hypersensitivity reactions to the
β-lactam antibiotic, imipenem (Primaxin).33 Cross-reactivity
(i.e., cross-antigenicity) occurs between penicillin and cepha-
losporins in 5% to 15% of patients;33,34 however, the true in-
cidence of cross-reactivity is considerably less because these
percentages were derived based on the recollection of patients
of an allergic history rather than by objective skin tests.

The cross-reactivity between penicillins and cephalosporins
formerly was attributed primarily to their common β-lactam
chemical-ring structure; however, side-chain–specific reac-
tions are now recognized to be responsible for a significant
portion of allergic reactions within and between the peni-
cillin and cephalosporins families.40–42 In a study of 30 pa-
tients with immediate allergic reactions to cephalosporins,
<20% reacted to penicillin determinants (i.e., skin test positiv-
ity, radioallergosorbent testing [RAST] positivity, or both).41

(RAST is a radioimmune test to detect IgE antibodies re-
sponsible for hypersensitivity.) This cross-reactivity between
penicillin and cephalosporins is significantly less than ear-
lier reports (up to 50%); however, the results of this study
could be attributable to the greater use of third-generation,
rather than the first-generation cephalosporins, which share

more chemical structure similarities with the penicillins. Ad-
ditional support for the importance of side-chain–specific re-
actions of β-lactams comes from observational data noting
that 30% of patients with immediate reactions to penicillins
were selective for amoxicillin.43 These data suggest relatively
low cross-reactivity between penicillins and third-generation
cephalosporins. The risk of a serious allergic reaction with the
use of an advanced-generation cephalosporin in a penicillin-
allergic patient might be no greater than the risk of any al-
ternative antibiotic.42 Some patients also have multiple drug
allergies and could manifest an allergic reaction to these drugs
(and others that are not β-lactams) in a manner similar to their
penicillin reaction.33

Although desensitization with an appropriate cephalosporin
is a potential option for J.A., her infection is not life-
threatening, and the organism is probably sensitive to other
antimicrobial agents. In this case, it would be more prudent
to treat J.A. with a non–β-lactam antibiotic. If J.A.’s skin tests
to cephalosporin were undertaken, and had been negative, she
could receive a cephalosporin despite her positive history be-
ginning with a cautiously administered small (i.e., “test”) initial
dose.33

GENERALIZED REACTIONS
Drug allergies can be grouped into three categories: general-
ized reactions, organ-specific reactions, and pseudoallergic re-
actions. Generalized reactions involve multiple organ systems
and variable clinical manifestations. Anaphylactic reactions,
serum sickness reactions, drug-induced fever, drug-induced
vasculitis, and autoimmune drug reactions are the generalized
drug reactions presented in this chapter.

Anaphylaxis

5. L.P., a 43-year-old man, is brought to the emergency de-
partment (ED) with a chief complaint of a hand wound received
while defending himself during an attempted robbery. Physical
examination reveals a man in moderate distress with a 3.5-inch
laceration on the palm of his right hand, requiring sutures. L.P.’s
history is notable for migraine headaches, which are managed
with atenolol 25 mg once daily; adult-onset diabetes, controlled
with diet; and multiple scars from wounds obtained during a bar-
room brawl 2 years before admission. He has no known allergies.
The wound is cleansed and 1% lidocaine is infiltrated around the
laceration in preparation for suturing. Four minutes after the li-
docaine injections, L.P. notes tingling and pruritus of both his
hands and feet, and appears flushed. Three minutes later he com-
plains of light-headedness, difficulty breathing, and a lump in his
throat. His vital signs at this time are blood pressure (BP) 80/40
mmHg (nl, 130/85); heart rate 75 beats/minute (normal, 60); and
respiratory rate 27 breaths/minute (normal, 12). Chest ausculta-
tion reveals restricted airflow and stridor. Anaphylaxis is the di-
agnosis and emergency treatment is started. What subjective and
objective evidence support the diagnosis of anaphylaxis in L.P.?

Anaphylaxis is an acute, clinical syndrome that results from
the rapid release of immunologic mediators from tissue mast
cells and peripheral blood basophils. The symptoms of ana-
phylaxis vary widely, depending on the route of exposure, rate
of exposure, and dose of allergen.30,32,44,45 Symptoms usually
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begin within minutes of exposure, as in L.P., and most reactions
occur within 1 hour. On rare occasions, anaphylaxis can appear
several hours after exposure and late phase or biphasic attacks
have occurred 8 to 12 hours after the initial attack. In general,
the severity of the anaphylaxis is directly proportional to the
speed of onset. L.P. displays symptoms in many of the organs
commonly involved in anaphylaxis. Although almost any or-
gan system can be affected, the cutaneous, gastrointestinal (GI),
respiratory, and cardiovascular systems are involved most fre-
quently, either singly or in combination.30,32,44,45 These “shock
organs” contain the largest number of mast cells and are the
most highly affected.

L.P. exhibits erythema (flushed appearance) and complains
of pruritus of his hands and feet, both common initial symp-
toms of anaphylaxis; the groin also is commonly affected.
These symptoms can progress to urticaria and angioedema,
especially of the palms, soles, periorbital tissue, and mucous
membranes. L.P. describes the early manifestations of an-
gioedema (laryngeal edema) with complaints of a lump in his
throat (this also may be described as throat tightness or con-
striction by some patients).

The upper and lower respiratory tracts also can be involved
during an anaphylactic event. L.P. exhibits stridor, indicating
upper airway involvement. Hoarseness is another sign of up-
per respiratory tract involvement. In addition, L.P. is tachypneic
with poor airflow, suggesting his lower airway also is affected.
L.P. does not display wheezing or acute emphysema, which are
further clues of lower airway involvement. Respiratory symp-
toms can lead to suffocation and death.44 In one autopsy se-
ries, laryngeal edema accounted for 25% of the fatalities and
acute emphysema for another 25% of the deaths.46 Cardio-
vascular symptoms also are ominous. Cardiovascular collapse
and hypotensive shock (anaphylactic shock) are caused by pe-
ripheral vasodilation, enhanced vascular permeability, leakage
of plasma, low cardiac output, and intravascular volume de-
pletion. Thus, hypotension, as seen with L.P., is a common
cardiac manifestation. Tachycardia also commonly occurs in
patients with cardiac complications of anaphylaxis. L.P. does
not show a significant increase in heart rate, however, he is
taking the β-blocker atenolol. Other cardiac manifestations of
anaphylaxis include a direct cardiodepressant effect and vari-
ous electrocardiographic changes, including arrhythmias and
ischemia.

Athough not demonstrated by L.P., common GI manifes-
tations such as abdominal cramping, diarrhea (which can be
bloody), nausea, and vomiting also are manifested during an
anaphylactic reaction.30,32,44 In summary, L.P.’s rapid onset
and progression of symptoms involving multiple organ sys-
tems (i.e., cutaneous, respiratory, and cardiovascular systems)
are consistent with an anaphylactic reaction. L.P.’s anaphylaxis
is a severe reaction given its speed of onset, the number of organ
systems involved, and the degree of involvement. In particular,
his respiratory and cardiovascular symptoms indicate a poten-
tially life-threatening reaction.

6. What is the likely cause of L.P.’s anaphylactic event?

Anaphylaxis occurs through one of three mechanisms.30 In
the first type of reaction, exposure to a foreign protein, ei-
ther in its native state or as a hapten conjugated to a carrier
protein, causes IgE-antibody formation. The IgE antibodies

then bind to receptors on mast cells and basophils. On re-
exposure, the antigen stimulates cellular degranulation through
both antigen-IgE antibody formation and cross-linking, which
result in massive release of preformed immunologic media-
tors from the mast cells and basophils. Histamine is the ma-
jor mediator of anaphylaxis and the primary preformed cel-
lular constituent. Histamine has multiple effects and is likely
responsible for vasodilation, urticaria, angioedema, hypoten-
sion, vomiting, abdominal cramping, and changes in coro-
nary flow.32 Leukotrienes (e.g., leukotrienes C4 and D, also
known as slow-reacting substance of anaphylaxis [SRS-A]),
platelet activating factor, and prostaglandins are generated
rapidly as a result of cellular degranulation, and other me-
diators of anaphylaxis (e.g., tryptase, chymase, heparin, and
chondroitin sulfate) are released as well.30,44 Anaphylactic
reactions to Hymenoptera venom (e.g., bee stings), insulin,
streptokinase, penicillins, cephalosporins, local anesthetics,
and sulfonamides occur through this IgE-mediated mecha-
nism.

Anaphylaxis also can occur via a second mechanism. This
involves the formation of immune complexes that activate the
complement system and the subsequent formation of anaphy-
latoxins C3a, C4a, and C5a. Such anaphylatoxins can directly
stimulate mast cell and basophil degranulation and mediator
release.

The third mechanism by which substances, such as radio-
contrast media and other hyperosmolar agents, can cause ana-
phylaxis is by the direct stimulation of mediator release (pri-
marily histamine). The pathway by which this occurs is as yet
unknown, but it is independent of IgE and complement.

Lastly, when no distinct mechanism can be associated with
an anaphylactic event, the term idiopathic recurrent anaphy-
laxis is applied.30,45

L.P.’s anaphylactic episode, most likely, is related to the first
mechanism (i.e., IgE-antibody formation). Specifically, L.P.
probably received lidocaine when the wounds he sustained 2
years ago were sutured. Exposure to lidocaine at that time
probably stimulated IgE-antibody formation. Following re-
exposure to lidocaine during this admission, antibody–antigen
complexes were formed, resulting in cellular degranulation and
anaphylaxis. The temporal relationship of L.P.’s anaphylactic
reaction to the administration of lidocaine also strongly im-
plicates lidocaine as the precipitating agent. Furthermore, L.P.
was not exposed to agents known to cause anaphylaxis by one
of the other known mechanisms.

7. Given L.P.’s signs and symptoms and the presumed cause
of his anaphylactic reaction, how should he be treated?

Effective management of anaphylaxis requires quick recog-
nition and aggressive therapeutic intervention because of the
immediate life-threatening nature of the reaction, as illustrated
by L.P. The severity of the anaphylactic reaction must be as-
sessed quickly, the probable causative agent determined, the
administration of the offending substance discontinued, and
the absorption of the offending agent minimized. All of these
interventions must be undertaken promptly and the clinical sta-
tus of the patient closely monitored. Vital signs, cardiac and
pulmonary function, oxygenation, cardiac output, and tissue
perfusion in particular must be immediately and continuously
assessed.30,44 In an attempt to minimize further systemic ab-
sorption of the anaphylaxis-inducing drug, L.P.’s wound should
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be thoroughly flushed with normal saline because the lidocaine
that was infiltrated around his wound is the probable cause of
his anaphylactic reaction.

L.P. is showing signs of anaphylactic shock and pe-
ripheral vasodilation, which must be managed immediately.
Epinephrine is the drug of choice for the pharmacologic man-
agement of anaphylaxis and for all major or severe allergic
reactions. It also can be used for the symptomatic relief of
minor adverse allergic reactions. The α-adrenergic effects of
epinephrine increase systemic vascular resistance and increase
blood pressure. These actions counter the vasodilating and hy-
potensive effects of histamine and the other mediators of ana-
phylaxis. In addition, the β-adrenergic effects of epinephrine
promote bronchodilation and increase cardiac rate and contrac-
tility. Epinephrine also inhibits the release of mediators from
basophils and mast cells.

The route of epinephrine administration is important. If
anaphylaxis is not severe or life threatening, or if vascular
access cannot be readily obtained, epinephrine can be ad-
ministered intramuscularly (IM) or subcutaneously (SC). Al-
though IM epinephrine injections into the thigh achieve higher
epinephrine concentrations more rapidly than do SC or IM
injections into the arm,47 the rate and extent of absorption
from IM and SC routes of epinephrine administration have not
been studied in patients undergoing an anaphylactic reaction.48

Epinephrine should be administered IV in cases of anaphylaxis
that progress to shock because low cardiac output and intravas-
cular volume depletion from shock decrease tissue perfusion
and possibly the absorption of SC or IM injections. In animal
studies, the benefits of intermittent IV boluses of epinephrine
are short lived and a continuous infusion of epinephrine pro-
vides optimal results.49 In L.P.’s case, an IV line should be
placed immediately and an epinephrine infusion prepared by
mixing 1 mg (1 mL) of a 1:1000 dilution of epinephrine in 250
mL of normal saline to make a concentration of 4 mcg/mL.
The infusion should start at 1 to 4 mcg/min and be titrated to
clinical response, with a maximal rate of 10 mcg/min.48

At the same time, another IV line should be established and
normal saline infused at a rate sufficient to maintain perfu-
sion to vital organs. Normal saline is the preferred crystalloid
because it stays in the intravascular space longer than does
dextrose and does not contain lactate (e.g., Lactated Ringer’s
solution), which could worsen metabolic acidosis. Circulat-
ing blood volume can decrease by as much as 50% in the
first 10 minutes of anaphylactic shock because of vasodilation
and fluid shifting from the intravascular to the extravascular
space.48 Therefore, vigorous fluid resuscitation might be nec-
essary (e.g., 1 to 2 L of normal saline at a rate of 5 to 10
mL/kg in the first 5 minutes). Cerebral perfusion, as evidenced
by adequate mentation, must always take precedence over BP
readings when managing shock. Some evidence suggests poor
outcomes in patients who are in an upright position during
anaphylactic shock. Pumphrey50 studied 38 deaths from ana-
phylactic shock and, in 10 cases where postural information
was documented, patients died after being moved to an up-
right position. Four deaths occurred immediately after chang-
ing position. Movement of the patient from a supine to an
upright position during shock possibly worsened already poor
venous return, causing a sudden decrease in cardiac filling and
subsequent circulatory collapse.50 Thus, placing a patient in
the Trendelenburg position (patient supine, inclined approxi-

mately 45 degrees with head at the lower end and legs at the
upper end) might improve survival by enhancing perfusion to
vital organs.

The effect of L.P.’s atenolol also must be considered. Pa-
tients taking a β-blocker, whether cardioselective or not car-
dioselective, could experience more severe episodes and more
refractory episodes of anaphylaxis than patients not taking a
β-blocker. This effect might be caused by a blunted response
to epinephrine when given to treat anaphylaxis, resulting in
refractory hypotension, bradycardia, and bronchospasm.48 If
L.P.’s BP and heart rate do not substantially improve shortly
after initiating epinephrine, IV glucagon, which can stimulate
heart rate and cardiac contractility independent of β-adrenergic
blockade, should be given (Table 4-5). Inhaled β-agonists,
H1- and H2-receptor antagonists, corticosteroids, and amino-
phylline commonly also are used to supplement the actions
of epinephrine. In light of L.P.’s severe pulmonary reaction,
he should receive oxygen as well as a nebulized β-agonist
(e.g., albuterol). If L.P.’s respiratory status fails to improve
after pharmacologic intervention, intubation must be consid-
ered. Atenolol would not be expected to diminish the effect
of albuterol because atenolol is a β1 cardioselective β-blocker
and the dose is low. Because histamine is the primary media-
tor of anaphylaxis, IV administration of an antihistamine such
as diphenhydramine, 50 mg every 6 hours until the reaction
resolves, is warranted. Similarly, giving an H2-receptor antag-
onist is reasonable. Because L.P. is not receiving any drugs
known to interact with cimetidine and because he has no dis-
eases that require dose adjustment, cimetidine may be given as
outlined in Table 4-5.

Lastly, given the severity of his reaction and his pulmonary
involvement, L.P. is a candidate for IV corticosteroids. Methyl-
prednisolone, 125 mg every 6 hours for four doses, might be
beneficial and is associated with minimal risk. Although com-
monly used, the indications and doses for corticosteroid admin-
istration in the treatment of anaphylaxis are not well defined.
The effect of methylprednisolone on L.P.’s diabetes is not a
factor because his clinical status is life-threatening. Once sta-
bilized, L.P. should be transferred to a critical care setting and
monitored for a minimum of 24 hours because relapses of the
anaphylactic reaction can occur.30,32,44,45

Serum Sickness
Serum sickness is a type III hypersensitivity reaction that re-
sults from the production of antibodies directed against heterol-
ogous protein or drug haptens with subsequent tissue deposi-
tion. The typical presentation of serum sickness (Table 4-6)
includes fever, cutaneous eruptions (95%), lymphadenopathy,
and joint symptoms (10%–50%).51–54 Symptoms usually oc-
cur 1 to 2 weeks after exposure, but accelerated reactions can
occur within 2 to 4 days in previously sensitized persons. Labo-
ratory data are relatively nonspecific and are of little diagnostic
value. For example, the erythrocyte sedimentation rate (ESR)
and the serum concentration of circulating immune complexes
usually are increased. Complements C3 and C4 are often low,
while activation products C3a and C3a desarginine are ele-
vated. Urinalysis might reveal proteinuria, hematuria, or an
occasional cast.51–54

In most cases, serum sickness reactions are mild and
self-limiting and resolve within a few days to weeks after
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Table 4-5 Drug Therapy of Anaphylaxis

Drug Indication Adult Dosage Complications

Initial Therapy

Epinephrine Hypotension, bronchospasm,
laryngeal edema, urticaria,
angioedema

0.3 to 0.5 mL of 1:1,000 IM or SC Q 5 min PRN
3–5 mL of 1:10,000 IV over 5 min Q 10–20
min PRN.

1 mL of 1:1,000 in 250 mL of normal saline IV
at a rate of 1–10 mcg/min (preferred over
intermittent injections)

3 to 5 mL of 1:10,000 intratracheally Q 10–20
min PRN

Arrhythmias, hypertension,
nervousness, tremor

Oxygen Hypoxemia 40%–100% None

Metaproterenol Bronchospasm 0.3 mL of 5% solution in 2.5 mL of saline via
nebulizer (i.e., 15 mg)

Arrhythmias, hypertension,
nervousness, tremor

Or
Albuterol

– 0.5 mL of 0.5% solution in 2.5 mL of saline via
nebulizer (i.e., 2.5 mg)

–

Or
Isoetharine

– 0.5 mL of 1% solution in 2 mL of saline via
nebulizer (i.e., 5 mg)

–

IV fluids Hypotension 1 L of normal saline Q 20–30 min PRN (rates as
high as 1–2 mL/kg/min may be necessary)

Pulmonary edema, CHF

Secondary Therapya

Antihistamines Hypotension, urticaria – –
H1-receptor antagonists – Diphenhydramine 25–50 mg IV, IM, PO Q 6–8 h

PRN
Hydroxyzine 25–50 mg IM or PO Q 6–8 h PRN

Drowsiness, dry mouth,
urinary retention; may
obscure symptoms of
continuing reaction

H2-receptor antagonists Cimetidine 300 mg IV over 3–5 min or PO Q
6–8 h PRN

–

Ranitidine 50 mg IV over 3–5 min Q 8 h PRN or
150 mg PO BID PRN

–

Corticosteroids Bronchospasm; patients
undergoing prolonged
resuscitation or severe reaction

Hydrocortisone sodium succinate 100 mg IM or
IV Q 3–6 h for two to four doses

or
Methylprednisolone sodium succinate 40–

125 mg IV Q 6 hrs for two to four doses

Hyperglycemia, fluid
retention

Aminophylline Bronchospasm 6 mg/kg loading dose (if necessary) IV over
30 min followed by 0.3–0.9 mg/kg/hr as a
maintenance doseb

Arrhythmias, nausea,
vomiting, nervousness,
seizures

Norepinephrine Hypotension 4 mg in 1 L dextrose 5% IV at a rate of 2–
12 mcg/min

Arrhythmias, hypertension,
nervousness, tremor

Glucagonc Refractory hypotension 1 mg IV over 5 minutes, followed by 5–15
mcg/min in fusion

Nausea, vomiting

aAlthough not effective during acute anaphylaxis, these agents may reduce or prevent recurrent or prolonged reactions.
bDoses are for aminophylline; to convert to theophylline, multiply by 0.8. Lower rates may be required in elderly patients, those taking medications that reduce aminophylline
metabolism, those with hepatic dysfunction, and those with HF. Higher doses may be required in younger patients or cigarette smokers.
cGlucagon may be particularly useful in patients taking β-adrenergic blockers, because it can increase both cardiac rate and contractility regardless of β-adrenergic blockade.
Choice of agent and starting doses should be patient-specific, weighing safety and efficacy.
HF, heart failure; IM, intramuscularly; IV, intravenously; Q, every; PO, orally; PRN, as needed; SC, subcutaneously.
Adapted from references 30, 44, and 45, with permission.

withdrawal of the inciting agent. Antihistamines and aspirin
can be used to relieve pruritus and arthralgias. In severe cases,
corticosteroids might be used and can be tapered over 10 to 14
days.51,52–54 Serum sickness reactions are rare because of the
infrequent use of foreign serum today;52 however, reactions to
specific agents continue to be reported (Table 4-7).

Drug Fever

8. M.M., a 47-year-old ill-appearing woman, is hospitalized
with a 3-day history of difficulty breathing, left-sided chest pain
on inspiration, fever, chills, and a productive cough. Her medi-
cal history is significant only for hypertension, well controlled on
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Table 4-6 Hypersensitivity Reactions to Drugs:
Serum Sickness

Clinical
Manifestations

Fever, cutaneous eruptions (95% of cases),
lymphadenopathy, and joint systems (10%–50%).
Onset 1–2 weeks after exposure, 2–4 days in
sensitized individuals. Laboratory data relatively
nonspecific: elevated ESR and circulating immune
complexes. Complements C3 and C4 are often low,
whereas activation products C3a and C3a
desarginine are elevated. RF sometimes present. UA
may reveal proteinuria, hematuria, or an occasional
cast.

Prognosis Usually mild and self-limiting. Most resolve within a
few days to weeks after withdrawal of inciting agent.

Treatment Aspirin and antihistamines can relieve arthralgias and
pruritus. Corticosteroids may be required for severe
cases and tapered over 10–14 days.

ESR, erythrocyte sedimentation rate; RF, rheumatoid factor; UA, urinalysis.
From references 51–54, with permission.

hydrochlorothiazide; she has no known drug allergies. M.M.’s
physical findings on admission are temperature 38◦C; respira-
tions 20 breaths/minute; left-sided crackles heard on ausculta-
tion; oxygen saturation 85% on room air; and heart rate 85 beats/
minute. A chest radiograph reveals an infiltrate in her left lower
lobe. Her white blood cell (WBC) count is 17,500 cells/mm3 (nor-
mal, 5,000–10,000) with the following differential: polymorphonu-
clear neutrophil leukocytes (PMN), 83% (normal, 45%–79%);
bands, 12% (normal, 0%–5%); lymphocytes, 10% (normal,
16%–47%); basophils, 0% (normal, 0%–1%); and eosinophils,
1% (normal, 1%–2%). Community-acquired pneumonia is the
diagnosis, and M.M. is empirically started on ceftriaxone 1 g IV
daily, azithromycin 500 mg IV every 24 hours, and oxygen at 2
L/minute. Other medications include oral acetaminophen 325 mg
every 4–6 hours as needed for temperature >38◦C, oral famoti-
dine 20 mg twice daily, and oral hydrochlorothiazide 12.5 mg daily.
Seventy-two hours later, M.M. is breathing without pain at a res-
piratory rate of 12 breaths/minute, her lungs are clear to auscul-
tation, and her oxygen saturation is 98% on room air. She appears
much better and offers no new complaints. Her temperature over
the previous 48 hours has ranged from 38.6◦C–40◦C, her pulse has
ranged from 90–100 beats/minute, and her WBC count is 22,000
with the following differential: PMN, 89%; bands, 5%; lympho-
cytes, 12%; basophils, 0%; and eosinophils, 7%. Drug-induced
fever is considered. What evidence supports this diagnosis? What
is the mechanism for drug fever?

Drug fever is described as a febrile reaction to a drug with-
out cutaneous symptoms and is estimated to occur in 3% to
5% of inpatients.55 Drug fever can be challenging to iden-
tify and can be misinterpreted as a new infectious process or
failure of an existing infection to respond to treatment. Such
failure to recognize a drug fever can lead to prolonged hos-
pitalization and unnecessary tests or medications. Table 4-8
lists the characteristics of hypersensitivity drug-induced fever.
The most important finding in the case of M.M. is her clini-
cal improvement with respect to her pulmonary status despite
a high-grade fever and persistent leukocytosis; she also ap-
pears healthier than expected if she had an untreated infection.
Whereas a drop in her WBC count would be anticipated given

Table 4-7 Allergic Reactions to Drugs

Serum Sickness52,145,159–177

6-Mercaptopurine Furazolidone Itraconazole
Antithymocyte globulin Hemophilus B vaccine Minocycline
Carbamazepine Indomethacin Pentoxifylline
Cefaclor Intravenous immune Phenytoin
Ciprofloxacin globulin Rabies vaccine
Fluoxetine Iron dextran –

Drug Fever55–66

Allopurinol Epinephrine Para-aminosalicylate
Aminoglycosides Folate Penicillins
Amphetamine Griseofulvin Phenytoin
Amphotericin B Heparin Procainamide
Anesthetics, inhaled Hydralazine Propylthiouracil
Antacids Hydroxyurea Quinidine
Anticholinergics Ibuprofen Quinine
Antihistamines Imipenem Ranitidine
Antilymphocyte globulin Insulin Rifampin
Antineoplastics Interferon Salicylates
Azathioprine Iodides Streptokinase
Barbiturates Isoniazid Streptomycin
Bleomycin Iron dextran Sulfonamides
Carbamazepine Macrolide antibiotics Sulindac
Cephalosporins Mebendazole Tacrolimus
Chloramphenicol Metoclopramide Tetracyclines
Cimetidine Methyldopa Tolmetin
Clofibrate Monamine oxidase Triamterene
Cocaine inhibitors Trimethoprim
Corticosteroids Muromonab-CD3 Sulindac
Cyclosporine Neuroleptics Vancomycin
Chloramphenicol Nifedipine Vitamins
Diazoxide Nitrofurantoin –
Digoxin Oral contraceptives

Drug-Induced Vasculitis67,73,178–209

Allopurinol Mefloquine Ritodrine
Azathioprine Methotrexate Sotalol
Carbamazepine Naproxen Sulfadiazine
Cephalosporins Nizatidine Terbutaline
Cimetidine Ofloxacin Torsemide
Ciprofloxacin Penicillin Trimethadione
Clarithromycin Phenytoin Valproate
Furosemide Phenylbutazone Vitamins
Hydralazine Pneumococcal vaccine Warfarin
Hydrochlorothiazide Procainamide Zidovudine
L-Tryptophan Propylthiouracil –

Autoimmune Drug Reactions74–77,80,87–89,210–247

Anticonvulsants Interferon Procainamide
β-Blockers Isoniazid Quinidine
Chlorpromazine Methyldopa Sulfasalazine
Estrogen Minocycline Terbinafine
Hydralazine Penicillamine Zafirlukast

her improving respiratory function, her WBC count remains
elevated, consistent with hypersensitivity drug fever. Notably,
her eosinophil count is increased, a frequent sign of hypersensi-
tivity reactions. Despite her high-grade fever, she has a relative
bradycardia; that is, her heart rate is not as elevated as expected
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Table 4-8 Hypersensitivity Reactions to Drugs: Drug-Induced Fever56–58,60–62,65,66

Frequency True frequency is unknown because fever is a common manifestation and almost any drug can cause fever. estimate is that 3%–5%
of hospitalized patients experiencing adverse drug reaction suffer from drug fever alone or as part of multiple symptoms.

Clinical
Manifestations

Temperatures may be 38◦C or higher and do not follow a consistent pattern. Although patients may have high fevers with shaking
chills, patients generally have few symptoms or serious systemic illness. Skin rash (18%), eosinophilia (22%), chills (53%),
headache (16%), myalgias (25%), and bradycardia (11%) can occur in patients with drug fever. Onset of fever after exposure to
the offending agent is highly variable, ranging from an average of 6 days for antineoplastics to 45 days for cardiovascular agents.
Occurrence of fever is independent of the dose of the offending agent.

Treatment Although drug fever can be treated symptomatically (e.g., with antipyretics, cooling blankets), stopping the offending agent is the
only therapy that will eliminate fevers. Patients generally defervesce within 48–72 hours of stopping the suspect drug.

Prognosis Drug fever is usually benign, although one review (57) found a mean increased length of hospitalization of 9 days per episode of
drug fever. Rechallenge with the offending drug usually results in rapid return of the fever. Although re-exposure to the suspect
drug was previously thought to be potentially hazardous, there is little risk of serious sequelae.

if an infectious process were ongoing. Further, the timing of
the symptoms favors a drug-induced fever (i.e., within days of
starting a new medication). A definitive diagnosis can be made
only by stopping the suspected offending agent, however, be-
cause fever generally resolves within 48 to 72 hours if a rash
is not present. When a rash is present, however, the fever may
persist for several days after stopping the implicated drug.

Drug fever can be caused by various mechanisms, al-
though it is ascribed most commonly to a hypersensitivity
reaction. Other mechanisms include the pharmacologic ac-
tion of the drug (e.g., cell destruction from antineoplastic
agents releases endogenous pyrogens); altered thermoregula-
tory function (e.g., increased metabolic rate from thyroid hor-
mone); decreased sweating from drugs with anticholinergic
properties (e.g., atropine, tricyclic antidepressants, phenoth-
iazines); drug-administration-related fever (e.g., amphotericin
B, bleomycin); and idiosyncratic reactions (e.g., neuroleptic
malignant syndrome from haloperidol, malignant hyperther-
mia from inhaled anesthetics).55,56

9. What agent is the most likely cause of drug fever in M.M.?

Most of the information available on drug fever is based on
case reports or small case series, and the only critical appraisal
of the literature57 is not consistent with information found in
other reports. Furthermore, the literature is inconsistent with
regard to the frequency of drug fever (e.g., very common, com-
mon, uncommon) and such descriptions are not supported by
good clinical data. Nevertheless, some drugs are more com-
monly associated with drug fever than others. These include
anti-infectives as a class (especially β-lactam antibiotics),
antiepileptics (especially barbiturates and phenytoin), and an-
tineoplastics. Other causes of drug fever include amphotericin
B; antihistamines (except diphenhydramine); anticholinergics
and drugs with anticholinergic properties (e.g., tricyclic an-
tidepressants, phenothiazines); asparaginase; bleomycin; hy-
dralazine; interferon; methyldopa; muromonab CD-3; para-
aminosalicylic acid; procainamide; quinidine; quinine; and
drugs containing a sulfonamide moiety (including antibiotics,
stool softeners, and diuretics).55–66 A more complete listing of
drugs associated with fever is presented in Table 4-7.

In M.M.’s case, ceftriaxone or the macrolide, is the most
likely cause of her ongoing fever, given the timing of the re-
action relative to beginning the antibiotics and the frequency
of febrile reactions attributed to them, especially to β-lactam
antibiotics. Febrile reactions have not been associated with ac-

etaminophen, and famotidine is rarely a cause of fever without
other symptoms of an allergic reaction. Although diuretics such
as hydrochlorothiazide can cause fever, M.M. was taking this
medication before admission without any ill effects, making
this drug an unlikely culprit.

10. How should M.M.’s drug fever be treated? Can M.M. re-
ceive cephalosporins in the future?

Because M.M. has responded clinically, her antibiotics
should be discontinued and her fever curve, WBC count, heart
rate, and respiratory status followed. An oral antibiotic from
another drug class (e.g., a fluoroquinolone) should be started
to complete a 7- to 10-day antibiotic course of therapy. Ac-
etaminophen and other antipyretics should be avoided unless
M.M. becomes uncomfortable from the fever because they can
mask the response to the discontinuation of her antibiotics.

As with any hypersensitivity reaction, rechallenge with the
offending drug can cause a similar, or sometimes greater, re-
sponse. In M.M.’s case, re-exposure to ceftriaxone (or another
β-lactam antibiotic) or a macrolide might cause a febrile reac-
tion. It is unclear, however, how large the risk of re-exposure
truly is. Although drug fever sometimes precedes more seri-
ous hypersensitivity reactions, evidence suggests there may be
little risk to re-exposure. Should M.M. require ceftriaxone (or
another β-lactam or macrolide antibiotic) in the future, it would
be prudent to administer the drug in a setting where M.M. can
be monitored, at least initially, to ensure prompt treatment if
an immediate hypersensitivity reaction develops.

Hypersensitivity Vasculitis

11. M.G., a 26-year-old woman with cystic fibrosis, is admitted
for treatment of pneumonia. Sputum cultures obtained before ad-
mission reveal Alcaligenes xylosoxidans sensitive only to minocy-
cline and chloramphenicol. M.G. is initiated on appropriate doses
of these two antibiotics for a 2-week course. On day 8 of therapy,
M.G. begins to complain of a rash on her legs. Physical examina-
tion reveals palpable purpura and a maculopapular rash on both
lower extremities. Laboratory data reveal an elevated ESR and
leukocytosis. What is the likely cause of M.G.’s rash and labora-
tory abnormalities?

M.G.’s presentation is suggestive of a diagnosis of hyper-
sensitivity vasculitis. Hypersensitivity vasculitis, also called
cutaenous leukocytoclastic angiitis (CLA), is characterized by
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Table 4-9 1990 Criteria for the Classification of
Hypersensitivity Vasculitis

Criteria a Definition

Age at disease onset
>16 yrs

Development of symptoms after age 16

Medication at disease
onset

Medication was taken at the onset of symptoms
that may have been a precipitating factor

Palpable purpura Slightly elevated purpuric rash over one or
more areas of the skin; does not blanch with
pressure and not related to thrombocytopenia

Maculopapular rash Flat and raised lesions of various sizes over
one or more areas of the skin

Biopsy including
arteriole and venule

Histologic changes showing granulocytes in a
perivascular or extravascular location

aThe diagnosis of hypersensitivity vasculitis can be made if a patient exhibits at least
three of these criteria.
Adapted from reference 248, with permission.

inflammation of the small blood vessel walls. These reactions
occur when immune complex deposition within the small veins
and arterioles activates complement, causing the release of
chemotactic factors. These factors attract polymorphonuclear
cells that cause vessel damage.67–69

Drug-Induced Vasculitis
Approximately 20% of cases of cutaneous vasculitis are be-
lieved to be drug-related.70 Table 4-7 lists the more commonly
implicated drugs; interested readers are referred to more in-
depth reviews.71,72 The diagnosis of hypersensitivity vasculi-
tis is based on five clinical criteria (Table 4-9), three of which
must be present.73 M.G. meets three of the five criteria, in-
cluding age >16 years, palpable purpura, and a maculopapu-
lar rash. In addition, minocycline, a medication that she was
taking at the onset of the rash, has been associated with serum
sickness and vasculitic-type reactions. Onset of symptoms typ-
ically occurs 7 to 10 days after initiation of drug therapy, but
can occur sooner on re-exposure. Purpuric papules and macular
eruptions, the most commonly observed findings, are usually
symmetric and occur on the extremities (Table 4-10).68 Hyper-

Table 4-10 Hypersensitivity Reactions to Drugs: Clinical
Manifestations of Drug-Induced Vasculitis

� Palpable purpura and maculopapular rash occurring symmetrically on
the extremities

� Multiple organ systems may be involved:
Renal: microscopic hematuria to nephrotic syndrome and acute renal
failure
Liver: enlarged liver, elevated enzymes, and arthralgias

� Laboratory data usually show nonspecific abnormalities of inflamma-
tion: elevated erythrocyte sedimentation rate and leukocytosis.
Peripheral eosinophilia may be present and serum complement
concentrations can be low. Histologic findings on biopsy reveal
granulocytes in venule or arteriole walls

� Onset typically 7–10 days after initiation of therapy

From references 51, 177, 241, 237, with permission.

sensitivity vasculitis can involve multiple organ systems. Re-
nal damage, ranging from microscopic hematuria to nephrotic
syndrome and acute renal failure, is common in patients with
disseminated disease.68 An enlarged liver with elevated en-
zymes is indicative of hepatocellular involvement. Although
the lungs and ears can be involved as well, clinical manifesta-
tions are usually mild.68 Arthralgia also is commonly observed.
Laboratory examinations usually show nonspecific abnormali-
ties of inflammation such as an elevated ESR and leukocytosis.
In patients with cystic fibrosis experiencing acute pneumonia,
these laboratory abnormalities already could be present and,
therefore, will not be helpful in establishing the diagnosis of
hypersensitivity vasculitis in M.G.

12. What additional workup could be performed to confirm the
diagnosis of drug-induced vasculitis in M.G.?

In addition to the previous workup, other laboratory and di-
agnostic procedures might demonstrate peripheral eosinophilia
and low serum complement concentrations. A biopsy, which
typically reveals granulocytes in the wall of a venule or ar-
teriole and eosinophils at any location, would provide more
definitive information.73

13. How should M.G.’s hypersensitivity vasculitis be treated?

The first step is to discontinue the minocycline therapy.
Drug-induced vasculitic reactions typically resolve on their
own without additional interventions. If the reaction is severe,
corticosteroids can be used.

Autoimmune Drug Reactions

14. R.F., a 24-year-old white male medical student, has been
treated for 5 months with isoniazid because of a positive skin
test for tuberculosis. He now is in clinic with complaints of new-
onset myalgias and arthralgias. Laboratory values obtained the
morning of the visit are within normal limits except for a positive
ANA titer and an elevated ESR. What is the likely cause of R.F.’s
symptoms and laboratory abnormalities?

Some drugs can induce an autoimmune process character-
ized by the presence of autoantibodies and, in some instances,
clinical features of an autoimmune disorder. A drug-induced
syndrome resembling SLE usually is characterized by myal-
gias, arthralgias, positive ANA titers, and an elevated ESR
(Table 4-11). All of these characteristics are manifested by
R.F.

Drug-induced SLE was first recognized over 50 years ago
in a group of patients taking hydralazine for antihypertensive
therapy.74 Subsequently, isoniazid, chlorpromazine, anticon-
vulsants, β-adrenergic blockers, quinidine, methyldopa, peni-
cillamine, and sulfasalazine also have been implicated (Table
4-7); however, hydralazine and procainamide have been the
drugs most frequently associated with this syndrome.75–78 An
exact incidence of drug-induced lupus is difficult to ascertain
because of changing patterns of drug use.

15. How can the diagnosis of drug-induced lupus be differenti-
ated from SLE in R.F.?

In contrast to idiopathic SLE, drug-induced lupus is less
likely to affect females and blacks.76 Individuals with a slow
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Table 4-11 Hypersensitivity Reactions to Drugs: Autoimmune Drug-Induced Lupus

Frequency Less likely to affect females and blacks than idiopathic SLE. Drug-induced lupus is more common in individuals with slow
acetylator phenotype.

Clinical Manifestations Milder disease than idiopathic SLE. Arthralgias, myalgias, fever, malaise, pleurisy, and slight weight loss. Mild splenomegaly
and lymphadenopathy. Onset: usually abrupt, occurring several months to years after continuous therapy with the
offending drug. Appearance: Classic butterfly malar rash, discoid lesions, oral mucosal ulcers, Raynaud’s phenomenon,
and alopecia are unusual features with drug-induced lupus as opposed to idiopathic SLE. Laboratory studies: positive ANA
(predominantly single-stranded DNA and antihistone antibodies), anemia, and elevated erythrocyte sedimentation rate.
Many patients demonstrate ANA without development of lupus disease. It is, therefore, not necessary to discontinue
therapy in asymptomatic patients with positive ANA.

Treatment Clinical features subside and disappear days to weeks after discontinuation of the offending drug. Serologic tests resolve
more slowly. ANA may persist for a year or longer.

Prognosis Drug-induced lupus does not predispose to development of idiopathic SLE. Lupus-inducing drugs do not appear to increase
the risk of exacerbation of idiopathic SLE. Long-term treatment with interferon-λ may, however, worsen pre-existing
SLE.

ANA, antinuclear antibody; SLE, systemic lupus erythematosus.
From references 74–88, 249, with permission.

acetylator phenotype have a greater tendency to develop drug-
induced lupus; ANA following exposure to lupus-inducing
drugs also appear more rapidly.79,80 In general, drug-induced
lupus is a milder disease than idiopathic SLE. Many patients
with drug-induced lupus, however, could fulfill the diagnos-
tic criteria for SLE according to the American Rheumatism
Association.81 Arthralgias or myalgias accompanied by a pos-
itive ANA test can be the only clinical features for some patients
with drug-induced lupus. Symptoms usually appear abruptly
after several months to years of continuous therapy with the
offending drug. Common complaints include fever, malaise,
arthralgias, myalgias, pleurisy, and slight weight loss. Mild
splenomegaly and lymphadenopathy have been reported occa-
sionally. The classic butterfly malar rash, discoid lesions, oral
mucosal ulcers, Raynaud’s phenomenon, and alopecia are un-
usual features in drug-induced lupus in contrast to idiopathic
SLE. In addition, the central nervous system and kidneys rarely
are affected.76 Laboratory abnormalities commonly include
anemia and an elevated ESR. The evidence supporting a diag-
nosis of drug-induced lupus in R.F. includes white male pre-
dominance, abrupt onset and relatively mild symptomatology,
and lack of the classic butterfly malar rash. More definitive tests
include determining whether antibodies to single-stranded (in-
dicative of drug-induced lupus) or double-stranded DNA (in-
dicative of SLE) are present.

16. Should ANA have been monitored in an effort to detect
drug-induced lupus at an earlier stage in this patient?

No. Although all patients with symptomatic drug-induced
lupus test positive for ANA (which consist predominantly of
single-stranded DNA and antihistone antibodies),76 many pa-
tients taking lupus-inducing drugs become ANA positive with-
out going on to develop lupus. In patients treated with pro-
cainamide, about 50% to 75% are positive for ANA after 12
months and 90% after 2 years or more of continuous ther-
apy; only 10% to 20% of those patients actually develop lupus
symptoms.82–84 Similarly, up to 44% of patients are ANA posi-
tive after 3 years of hydralazine therapy, but drug-induced lupus
occurs in only 6.7% of patients after 3 years of treatment.85 It is
not necessary to discontinue therapy in asymptomatic patients

with positive ANA because most of them will never develop
clinical symptoms.76

17. How should R.F.’s drug-induced lupus be treated?

Musculoskeletal complaints can be treated with aspirin or
nonsteroidal anti-inflammatory drugs (NSAID). More severe
symptoms from pleuropulmonary or pericardial involvement
may require the use of corticosteroids.77 Clinical features of
drug-induced lupus usually subside and disappear in days to
weeks with discontinuation of the offending drug. Occasion-
ally, these symptoms linger or recur over a course of several
months before eventually disappearing. Serologic tests tend to
resolve more slowly: ANA may persist for a year or longer.76,86

Drug-induced lupus does not predispose patients to the sub-
sequent development of idiopathic SLE.87 In most instances,
lupus-inducing drugs do not increase the risk of exacerbation of
idiopathic SLE88; however, long-term treatment with isoniazid
may worsen pre-existing SLE.89 R.F. has not yet completed his
6- to 9-month course of isoniazid therapy. An alternative agent
should be prescribed for R.F. for at least an additional month
and preferentially for up to 4 more months (see Chapter 61:
Tuberculosis).

ORGAN-SPECIFIC REACTIONS
The drug allergies in this chapter have been grouped into cat-
egories of generalized reactions, organ-specific reactions, and
pseudoallergic reactions. The generalized reactions have been
described above, the organ-specific hypersensitivity drug re-
actions affecting the blood, liver, lung, kidney, and skin are
described next, and pseudoallergic reactions follow.

Blood: Immune Cytopenias
Drug-induced immune cytopenias (e.g., granulocytopenia,
thrombocytopenia, hemolytic anemia) result from type II-
mediated allergic reactions (Table 4-1). A drug or drug metabo-
lite binds to the surface of blood elements such as granulocytes,
platelets, and red blood cells. IgG or IgM antibodies are formed
and are directed against the drug or drug metabolite bound
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to the cell (i.e., hapten-cell reaction).9 The immune complex
and autoimmune mechanisms for hemolytic anemia are pre-
sented in Chapter 87, Drug-Induced Blood Disorders. Typical
symptoms associated with immune thrombocytopenia include
chills, fever, petechiae, and mucous membrane bleeding. Gran-
ulocytopenia generally manifests with chills, fever, arthralgias,
and a precipitous drop in the leukocyte count. Symptoms of
hemolytic anemia can be subacute or acute and can be suffi-
ciently severe to cause renal failure. Coombs’ test is useful in
identifying antibodies bound to red cells or circulating immune
complexes directed against red cells. Antibiotics are the most
commonly implicated class of drugs causing either neutrope-
nia or hemolytic anemia. (See Chapter 87 for a more complete
description of the immune cytopenias.)

Liver
Hypersensitivity reactions involving the liver can be classified
as cholestatic or cytotoxic. Jaundice is usually the first sign
of a cholestatic reaction, in addition to pruritus, pale stools,
and dark urine. Cholestatic reactions usually are reversible on
discontinuation of the offending agent.

Cytotoxic reactions can involve hepatocellular necrosis or
steatosis and can result in irreversible damage if not recog-
nized early. (See Chapter 29: Adverse Effects of Drugs on the
Liver, for a discussion of hypersensitivity reactions involving
the liver.)

Lung
Pulmonary manifestations of drug hypersensitivity include
asthma and infiltrative reactions. Asthma typically occurs as
part of a generalized systemic reaction. Most reactions to drugs
that involve asthma alone represent a pharmacologic side effect
rather than a true allergic reaction.

Infiltrative reactions typically develop 2 to 10 days af-
ter exposure and manifest with cough, dyspnea, fever, chills,
and malaise.6 Infiltrative reactions vary in presentation from
eosinophilic pneumonitis to acute pulmonary edema. (See
Chapter 25: Drug-Induced Pulmonary Disorders, for a dis-
cussion of hypersensitivity reactions to specific drugs.)

Kidney
The most common hypersensitivity reaction involving the kid-
ney is interstitial nephritis. Typical findings include fever, rash,
and eosinophilia. Methicillin is the drug most commonly as-
sociated with interstitial nephritis, however, penicillins, sul-
fonamides, and cimetidine also have been implicated in renal
hypersensitivity reactions.6,9 (See Chapter 30: Acute Renal
Failure, for an analysis of hypersensitivity reactions to specific
drugs that adversely affect the kidney.)

Skin
Adverse reactions involving the skin are the most common clin-
ical manifestation of drug allergy. Although several different
types of cutaneous reactions are possible, most drug-induced
skin eruptions can be classified as erythematous, morbilliform,
or maculopapular in appearance.9 In a surveillance study of
drug-induced skin reactions, amoxicillin was the most com-

mon cause, followed by trimethoprim-sulfamethoxazole and
ampicillin. Overall, allergic skin reactions were identified in
2% of hospitalized patients.10

Treatment of skin reactions includes discontinuation of the
offending drug and general supportive care. (See Chapter 38:
Dermatotherapy and Drug-Induced skin disorders.)

PSEUDOALLERGIC REACTIONS

18. C.C., a 37-year-old man with no known allergies, is hospital-
ized for treatment of methicillin-resistant S. aureus (MRSA) bac-
teremia associated with an infected central line. His medical his-
tory is significant for short-bowel syndrome requiring parenteral
nutrition and one previous episode of MRSA line infection suc-
cessfully treated with vancomycin. Similar to his last admission,
vancomycin 750 mg IV over 60 minutes every 12 hours is begun. A
trough level taken after the fifth dose, however, is 5 mg/L and the
vancomycin dose is doubled to 1,500 mg IV every 12 hours, to be
administered at the same rate. Fifteen minutes after the new dose
of vancomycin is begun, C.C. experienced hypotension (100/70
mmHg), tachycardia (85 beats/minute), generalized pruritus, and
facial flushing. C.C. is diagnosed as having a pseudoallergic reac-
tion to vancomycin. What subjective and objective data in C.C. are
important in differentiating vancomycin pseudoallergic reaction
from a true allergic reaction?

Pseudoallergic reactions are drug reactions that exhibit clin-
ical signs and symptoms of an allergic response, but are not
immunologically mediated.90 They can manifest as relatively
benign symptoms or as severe, life-threatening events indis-
tinguishable from anaphylaxis (Table 4-12).90 The latter re-
sponse is described as an anaphylactoid reaction because it
resembles true anaphylaxis, but does not involve IgE-antibody
formation.9,90 The risk of such potentially severe reactions
needs to be considered when prescribing agents known to be
associated with anaphylactoid reactions. For example, the pro-
phylactic use of antibiotics such as ciprofloxacin to prevent
meningococcal infections during an outbreak was associated
with a relatively high rate (1:1,000) of serious anaphylactoid
reactions.91 This would be of potentially greater importance in
the setting of a mass prophylaxis program to combat exposure
to anthrax. Unlike true allergic reactions, which require an in-
duction period during which a patient becomes sensitized to
an antigen, pseudoallergic reactions can occur on the first ex-
posure to a drug. The development of pseudoallergic reactions
can be dose related, manifesting when large doses of the drug
are administered, when the dose is increased, or when the rate
of IV administration is increased.6

C.C. has experienced a common pseudoallergic reaction to
vancomycin, usually referred to as the “red man syndrome”
or “red neck syndrome,” which primarily occurs when large
doses of vancomycin are administered rapidly. Differentiating
between a true allergic response and a pseudoallergic response
can be difficult because the signs and symptoms can be indis-
tinguishable. For example, each of the symptoms experienced
by C.C. (flushing, tachycardia, pruritus, and hypotension) is
caused by histamine release and can occur during an anaphy-
lactic episode. To conclusively determine the cause of the re-
action would require immunologic testing for antibodies to the
suspect drug or agent, which is not always possible or practi-
cal. In this case, C.C. had uneventfully received vancomycin
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Table 4-12 Hypersensitivity Reactions to Drugs: Pseudoallergic Reactions

Frequency Highly variable, depending on the agent involved. For example, up to 30% of patients taking aspirin develop a cutaneous
pseudoallergic response. On the other hand, pseudoallergic reactions to other agents, such as phytonadione and thiamine,
are rare.

Clinical Manifestations Range from benign reactions (e.g., pruritus and flushing) to a life-threatening clinical syndrome indistinguishable from
anaphylaxis

Treatment Pseudoallergic reactions are treated the same as true allergic reactions (i.e., according to the clinical presentations of the
patient). Thus, some reactions simply may require removal of the suspect agent, whereas some anaphylactoid reactions
may require aggressive therapy (e.g., epinephrine, antihistamines, corticosteroids).

Prognosis As with true allergic reactions, patients who have experienced a pseudoallergic drug reaction may have a similar reaction on
re-exposure. The severity of response may lessen, however, with repeated administration. Furthermore, for some drugs, the
frequency and severity of the reaction also may be influenced by the dose or rate of intravenous (IV) administration.
Pretreatment regimens to reduce the frequency and the severity of responses have been developed for some drugs well
known to cause pseudoallergic reactions (e.g., radiocontrast media).

From references 5, 9, 90, 91, 93, 94, 100, 111, 250–257, with permission.

previously and has tolerated five doses during this hospitaliza-
tion; therefore, it is unlikely that the reaction is immunologi-
cally mediated (i.e., a true allergic reaction). Furthermore, the
reaction occurred after an increase in his vancomycin dose,
which further supports the diagnosis of a pseudoallergic reac-
tion.

19. Why did vancomycin cause a pseudoallergic reaction in
C.C.?

Two general mechanisms have been proposed for pseudoal-
lergic reactions: complement activation and direct histamine
release.30

Complement activation is secondary to immune complex
formation, leading to the production of C3a, C4a, and C5a.
These anaphylatoxins directly stimulate tissue mast cell and
basophil degranulation and the subsequent release of neuro-
chemical mediators. Radiocontrast media, whole blood and
blood products, and protamine cause pseudoallergic reactions
via this mechanism of complement activation.90

Pseudoallergic reactions from direct drug-induced his-
tamine release occur through an as yet unknown pathway. Di-
rect drug-induced release of histamine does not involve com-
plement activation or IgE-antibody formation. Several drugs
(e.g., vancomycin, protamine, radiocontrast media, opiates,
pentamidine, phytonadione, deferoxamine) are known to di-
rectly stimulate histamine release.6,90

Some drugs (e.g., radiocontrast media and protamine)
cause pseudoallergic reactions via both complement activation
and direct-histamine release mechanisms. Furthermore, some
drugs (e.g., vancomycin, quaternary ammonium muscle relax-
ants, and ciprofloxacin) can cause both true allergic reactions
and pseudoallergic reactions.3

20. How should C.C.’s pseudoallergic reaction be treated? Does
treatment of pseudoallergic reactions differ from that of true al-
lergic reactions?

The first step in treating C.C.’s reaction is to eliminate the
underlying cause. Thus, his vancomycin infusion should be
held until the reaction resolves. Because the reaction is his-
tamine mediated, administration of an antihistamine such as
diphenhydramine 50 mg IV is warranted. Observation of his
BP and heart rate is mandatory. IV fluids should be adminis-

tered if his BP continues to fall or fails to stabilize. Patients
with allergic reactions should be treated based on their clini-
cal signs and symptoms, regardless of the mechanism behind
the reaction. Thus, for all intents and purposes, pseudoaller-
gic reactions are treated in the same manner as true allergic
reactions.

21. Can C.C. continue to receive vancomycin? How can future
reactions be prevented?

It is not necessary to discontinue vancomycin therapy in
C.C. This reaction can be prevented by administering smaller
doses of the drug more frequently (e.g., 1,000 mg every 8 hours
rather than 1,500 mg every 12 hours) or infusing the dose over
a longer interval, typically 2 hours. Alternatively, pretreatment
with an antihistamine 1 hour before vancomycin administration
is effective. In addition, tachyphylaxis to vancomycin-induced
red man syndrome is independent of pretreatment with an-
tihistamine and is another characteristic that differentiates a
pseudoallergic reaction from a true allergic reaction. Pretreat-
ment regimens to prevent pseudoallergic reactions to various
other drugs (e.g., radiocontrast media) also are well described
and can be effective.

22. What other drugs are commonly associated with pseudoal-
lergic reactions?

Many other agents have been associated with pseudoaller-
gic reactions, as shown in Table 4-13. Some of the agents
more commonly associated with pseudoallergic reactions are
described next.

Aspirin/Nonsteroidal Anti-inflammatory Drugs (NSAIDs)
After penicillins, aspirin is the drug most commonly reported
as causing “allergic” reactions. Reactions to aspirin can be di-
vided into three broad categories: respiratory reactions, cuta-
neous manifestations, and anaphylaxis. None of these reactions
has been consistently associated with IgE.92

Respiratory. The prevalence of bronchospasm with
rhinoconjunctivitis is 0% to 28% in children with aspirin sen-
sitivity. In adult asthmatics, the prevalence of aspirin sensitiv-
ity ranges from 5% to 20%. The prevalence of aspirin sen-
sitivity during aspirin challenge in adult asthmatics with a
history of aspirin-induced respiratory reaction ranges from
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Table 4-13 Pseudoallergic Reactions

Acetylcysteine254 Immune globulin90 Phytonadione90

ACE inhibitors100 Iron dextran260 Polyoxyethylated castor oil (Cremophor EL, a solubilizing agent
Angiotensin II–receptor blocking Iron sucrose261 used in parenteral drugs such as cyclosporine, paclitaxel)258,259

agents101–109 Methotrexate262 Protamine9

Aspirin93,94 Minocycline263 Quaternary ammonium muscle relaxants5,90

β-Adrenergic blockers90 Narcotic analgesics90 Radiocontrast media111

Ciprofloxacin5,252,255,256 NSAID92,93 Reserpine90

Cisplatin264 Ondansetron253,257 Sodium ferric gluconate265

Corticosteroids266,267 Paclitaxel268 Thiamine92

COX-2 inhibitors95 Pentamidine90 Vancomycin9,251

Deferoxamine90

66% to 97%.93,94 Symptoms usually occur within 30 min-
utes to 3 hours of ingestion. The triad seen in many sensi-
tive patients is aspirin sensitivity, nasal polyps, and asthma.
All potent inhibitors of cyclooxygenase can cause respiratory
symptoms in aspirin-sensitive patients. Thus, patients who
react to aspirin should be considered sensitive to NSAIDs,
and vice versa. Weak cyclooxygenase inhibitors, such as ac-
etaminophen, choline magnesium salicylate, propoxyphene,
salicylamide, salsalate, and sodium salicylate, are generally
well tolerated in patients with aspirin sensitivity.92

Cutaneous. The prevalence of cutaneous reactions to aspirin
depends on the type of reaction and the population studied.
For example, urticaria-angioedema occurs in 0.5% of children,
3.8% of the general adult population, and in 21% to 30% of
patients with a history of chronic urticaria. Disease activity at
the time of aspirin challenge plays an important role in those
with a history of chronic urticaria. In one study, 70% of patients
whose urticaria was active at the time of challenge reacted to
aspirin, compared with only 6.6% of patients whose urticaria
was not active at the time of challenge. Furthermore, aspirin
or NSAID may aggravate preexisting urticaria.92–94 Other der-
matologic reactions to aspirin occur with less frequency: for
example, eczema, purpura, and erythema multiforme occur in
2.4%, 1.5%, and 1% of the population, respectively.

Anaphylaxis. The true prevalence of aspirin or NSAID-
induced anaphylaxis is unknown, but may range from 0.07%
of the general population to 10% of patients with anaphylactic
symptoms. Although IgE is not consistently associated with
aspirin or NSAID-related reactions (including anaphylaxis),
aspirin- or NSAID-induced anaphylaxis shares three charac-
teristics with immune-mediated anaphylaxis that point to IgE
as a cause. First, the reaction occurs after two or more ex-
posures to the offending agent, suggesting that preformed IgE
antibodies are responsible. Second, patients do not have under-
lying nasal polyposis, asthma, or urticaria. Third, the patient
who reacts to aspirin or a single NSAID can tolerate a chem-
ically unrelated NSAID, suggesting that a drug-specific IgE
antibody has been formed.92,95

The NSAIDs that selectively inhibit cyclooxygenase-2
(COX-2) while sparing cyclooxygenase-1 (COX-1) include
celecoxib, rofecoxib, and valdecoxib, among others. Celecoxib
is the only COX-2 inhibitor or “coxib” currently marketed in
the United States. Selective inhibition of COX-2 provides anti-
inflammatory effects while minimizing the renal effects, GI
toxicity, and antiplatelet effects seen with inhibition of COX-
1. Aspirin and older NSAIDs are nonselective inhibitors of
cyclooxygenase, inhibiting both COX-1 and COX-2. Anaphy-

lactoid or hypersensitivity reactions have been reported with
celecoxib and it appears that the rate of hypersensitivity is
comparable to that of traditional NSAIDs.95 Notably, celecoxib
prescribing information states that, as with any NSAID, use is
contraindicated in patients who have experienced asthma, ur-
ticaria, or allergic-type reactions after taking aspirin or other
NSAIDs. Several reports, however, describe successful admin-
istration of celecoxib and other COX-2 selective agents to pa-
tients with aspirin-sensitive asthma or a history of hypersensi-
tivity reactions to traditional NSAIDs, and evidence suggests
that inhibition of COX-1 rather than COX-2 is key to initi-
ating these events.96–99 Nevertheless, COX-2 selective agents
can still elicit allergic responses by other means (e.g., IgE-
mediated hypersensitivity). Thus, appropriate precautions and
monitoring should be followed when initiating therapy in any
patient with a history of allergic reactions to aspirin or other
NSAIDs.

Angiotensin-Converting Enzyme Inhibitors and
Angiotensin II–Receptor Blockers

23. K.J., a 48-year-old woman, seeks care at an urgent care cen-
ter. She presents with impaired speech, but is able to swallow; she
has red and swollen lips and tongue, and puffy eyes. Her medical
history includes hypertension, atrial fibrillation, and a new diag-
nosis of hypercholesterolemia (plasma cholesterol 290 mg/dL). Al-
though her BP had been well controlled on hydrochlorothiazide,
her diuretic was discontinued about 3 weeks ago because of its
effect on cholesterol, and enalapril 5 mg daily was started. K.J.
also takes a multivitamin (one tablet each day) and warfarin (5
mg daily). Her physical examination shows BP 130/87 mmHg;
heart rate 70 beats/minute; lungs clear to auscultation and per-
cussion; respirations 12 breaths/minute; and skin without rash or
urticaria. Her condition is attributed to angioedema induced by
enalapril. What is angioedema, and what evidence supports this
diagnosis? What is the mechanism behind angioedema?

Angioneurotic edema (angioedema) manifests as local ery-
thematous edema, which frequently involves the tongue, lips,
eyelids, and mucous membranes of the mouth, nose, and
throat. Drugs can cause this anaphylactoid reaction. For ex-
ample, ACE inhibitors have been associated with this ad-
verse effect in about 0.1% to 0.2% of individuals treated
with this drug. It is not dose related and occurs with all
ACE inhibitors. K.J. presents with classic symptoms of an-
gioedema and does not have symptoms of a true anaphylactic
reaction, further strengthening the diagnosis of drug-induced
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angioedema. Symptoms of angioedema usually occur within
the first week of starting therapy, although they can occur at
any time. Thus, although angioedema developed 3 weeks after
K.J. began enalapril, the temporal relationship is reasonable.

The precise mechanism of angioedema remains un-
clear. Studies suggest, however, that increased concentra-
tions of bradykinin, elevated levels of complement 1-esterase
inactivator (an enzyme that inhibits complement activa-
tion), histamine-mediated reactions, and deficiencies in car-
boxypeptidase N, α1-antitrypsin, and complement C4 may be
involved.92,100,101 (See Chapter 18: Heart Failure.)

24. How should K.J. be treated? Would an angiotensin recep-
tor blocker (ARB) be an appropriate substitute for her ACE in-
hibitor?

Although angioedema can be life-threatening, symptoms
are usually mild and resolve within hours to days of stop-
ping the offending drug. More severe reactions can progress
to laryngospasm, laryngeal swelling, and airway obstruction
and must be treated emergently with appropriate measures to
maintain airway patency. Antihistamines and corticosteroids
are commonly prescribed, but the validity of this treatment
needs substantiation. K.J. does not need to be hospitalized be-
cause her respirations are not compromised and she is not ex-
periencing swallowing difficulty; however, she should be kept
under observation at the urgent care center to ensure that her
angioedema does not worsen. After this is established, she can
be sent home with a prescription for diphenhydramine 25 mg
orally every 6 hours for 24 hours, with instructions to seek
emergent help if her breathing or swallowing becomes dif-
ficult. She should be instructed to discontinue her enalapril,
follow up with her primary physician as soon as possible, and
to request her community pharmacist to record this adverse
reaction to enalapril into her drug profile at the pharmacy. Be-
cause angioedema occurs with all ACE inhibitors, K.J. must
avoid all drugs in this class.

Angioedema with ARB also has been reported,102–109 al-
though with less frequency than with ACE inhibitors. Many
of the cases of ARB-induced angioedema involved patients
with a history of ACE inhibitor-induced angioedema, but this
is not consistently the case. Similar to the ACE inhibitors, an-
gioedema to ARB can occur at any time during treatment. In
K.J.’s case, it would be best to avoid ARB and ACE inhibitors.
Instead, other antihypertensive agents that have little effect on
cholesterol (e.g., calcium channel blockers) should be used.

25. Are there other pseudoallergic reactions that occur with
ACE inhibitors and ARB?

Besides angioedema, cough is a pseudoallergic reaction
caused by ACE inhibitors. It may occur in up to 39% of pa-
tients after 1 week to 6 months of therapy. Interestingly, it is
more common in nonsmokers than in smokers; the incidence
does not increase in patients with chronic airway disease or
asthma. Cough is more common in women than men, is not
dose related, and, as with angioedema, occurs with all ACE
inhibitors.92,100,101,110 Several mechanisms appear to be re-
sponsible, including inhibition of the breakdown of bradykinin
in the lung and increases in local mediators of inflammation
such as prostaglandins and substance P. Although many ap-
proaches to the management of ACE-induced cough have been

proposed,101 angiotensin II-receptor blocking agents are the
most promising alternative. Cough can occur with ARB, but
the frequency appears to be no more than that of placebo. Fur-
thermore, most direct comparative trials between ARB and
ACE inhibitors demonstrate that the frequency of cough with
ARB is much lower than with ACE inhibitors.101

Radiocontrast Media
Radiocontrast media are widely used diagnostic agents, ex-
ceeding 10 million administrations annually.92 Adverse re-
actions to radiocontrast media include nausea, flushing, BP
changes, bronchospasm, urticaria, angioedema, cardiac ar-
rhythmias, convulsions, angina, and symptoms indistinguish-
able from true anaphylaxis. The cause of radiocontrast me-
dia reactions remains unknown, although histamine release,
complement activation, and direct toxic effects on end organs
might all play a role. These adverse effects are classified as
pseudoallergic reactions because evidence does not support
IgE mediation of these reactions. The overall incidence of re-
action to radiocontrast media is 0.7%–13%, depending on the
type of agent selected and whether the patient was pretreated
before administration.111 Conventional, ionic, high-osmolality
contrast media produce reactions in 4%–13% of recipients,
whereas nonionic, low-osmolality agents produce fewer reac-
tions (0.7%–3.1%). Estimates of the mortality rate associated
with the administration of contrast media varies widely from
1:15,000–1:117,000.92,111

Patients with a history of a pseudoallergic reaction to con-
trast media are at increased risk for future reactions with re-
peat exposure. Several pretreatment regimens have been de-
veloped to minimize such occurrences. For example, 32 mg of
oral methylprednisolone given 12 and 2 hours before a proce-
dure involving a high-osmolality contrast medium can reduce
the reaction rate by up to 45% in some patients.111 Another
pretreatment regimen uses oral prednisone 50 mg taken 13
hours, 7 hours, and 1 hour before the procedure, plus diphen-
hydramine 50 mg orally or intramuscularly 1 hour before the
examination.112 This latter regimen lowers the occurrence of
pseudoallergic reactions to high-osmolality contrast media,
even in high-risk patients (i.e., those with a history of severe
anaphylactoid reactions).

Narcotic Analgesics
Some opiates stimulate histamine release and, thereby, cause
hypotension, tachycardia, facial flushing, increased sweating,
or pruritus. Severe reactions are uncommon, however. In many
cases, the opiate can be continued with administration of an an-
tihistamine to treat the symptoms. If the reaction is significant,
a non-narcotic alternate analgesic may be considered, or an
opiate that does not cause histamine release can be substituted.
Morphine and meperidine cause the greatest histamine release
in both in vitro and in vivo studies. Codeine, hydromorphone,
oxycodone, and butorphanol stimulate histamine release less
commonly; and levorphanol, fentanyl, sufentanil, methadone,
and oxymorphone have little to no effect on histamine levels.
One of the more frequent reactions to epidurally or intrathe-
cally administered opiates is pruritus, which does not appear
to be mediated by histamine because narcotics that do not re-
lease histamine (e.g., fentanyl, sufentanil) still cause pruritus
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after spinal administration. Furthermore, the pruritus tends to
develop several hours after the opiate has been administered,
when serum levels of histamine are insignificant. The cause
of pruritus from spinal opiates remains unclear. The reaction
can be managed with antihistamines and low-dose naloxone or
nalbuphine, while continuing with the spinal narcotic.90

Protamine
Protamine sulfate, a low-molecular weight protein that is a
component of some insulin preparations, is used extensively
to neutralize heparin during cardiac procedures. In one study,
11% of patients receiving protamine during cardiac surgery
experienced an adverse reaction (e.g., angioedema, wheezing,
erythema, urticaria). Severe hypotension and shock leading to
death have also been reported. The mechanism of these severe
reactions is unknown, but might be pseudoallergic and IgE
mediated.9,92

Iron-Dextran Injection
Iron-dextran injection is a solution of ferric hydroxide
(InFeD) or ferric oxyhydroxide (Dexferrum) complexed with
low-molecular weight dextran. Iron dextran is used in the treat-
ment of iron deficiency when oral iron preparations cannot be
used or are ineffective. This is most commonly seen in patients
with anemia of chronic renal failure, particularly those treated
with epoetin alfa or darbepoetin and undergoing hemodialy-
sis (Chapter 31: Chronic Kidney Disease). Iron-dextran injec-
tion is associated with a wide spectrum of adverse events (e.g.,
chest pain, hypotension, hypertension, abdominal pain, nausea,
vomiting, weakness, syncope, backache, arthralgias, myalgias,
hypersensitivity reactions). Hypersensitivity reactions can be
manifested as urticaria, sweating, dyspnea, rash, fever, and as
anaphylactoid reactions, which can be fatal. Consistent with
a nonimmunologic mechanism, hypersensitivity reactions to
iron dextran are not dose related and can occur with the first
drug exposure.113 Serious life-threatening anaphylactoid re-
actions occur in 0.6% to 0.7% of patients treated with iron
dextran; serious reactions that prevent further administration
occur in 2.47% of recipients.114 Although the cause of the
hypersensitivity reactions from iron dextran is unclear, it is
attributed to the dextran component. Anaphylaxis from dex-
tran, when used as a volume expander, has been reported.114

A test dose of iron dextran should be administered to assess
tolerance, before administration of the full dose. Neverthe-
less, hypersensitivity reactions have been reported despite suc-
cessful tolerance to a test dose, rendering this practice unreli-
able.

Two nondextran parenteral iron products are available in
the United States: sodium ferric gluconate (Ferrlecit) and iron
sucrose, also known as iron saccharate (Venofer). Both agents
have a better safety profile than iron dextran. Baile et al.115

reviewed abstracted reports of adverse reactions made to the
U.S. Food and Drug Administration (FDA) between 1997 and
2002 to compare adverse event reporting rates between all par-
enteral iron products. These researchers categorized reactions
according to the standard adverse event dictionary used by
FDA. Because of differences between dosing of the products,
results were reported per 100-mg dose equivalents (DE). The

researchers found the reporting rate for all adverse reactions
was 29.2, 10.5, and 4.2 reports per million 100 mg DE for
iron dextran, sodium ferric gluconate, and iron sucrose, re-
spectively. The reporting rate for anaphylactoid reactions was
0.87, 0.46, and 0.0 per million 100 mg DE, respectively. There
were 0.6 reports of anaphylaxis per million 100 mg DE of iron
dextran; no reports exist of anaphylaxis for sodium ferric glu-
conate or iron sucrose.115 Another study used data reported to
the FDA MedWatch program between 2001 and 2003 to de-
termine the odds of adverse events between all four parenteral
iron products. Relative to the InFeD brand of iron dextran, pa-
tients receiving sodium ferric gluconate or iron sucrose were
half as likely to experience an allergic reaction or any adverse
drug event (ADE). An equal risk existed of experiencing an al-
lergic reaction, or any ADE, between sodium ferric gluconate
and iron sucrose. Odds ratios between the Dexferrum brand
of iron dextran and sodium ferric gluconate or iron sucrose
were not reported. Although sodium ferric gluconate and iron
sucrose were safer than iron dextran, at least one death and
five life-threatening ADE were reported with each of the four
agents studied, underscoring that risks are associated with any
parenteral iron product.116

Both sodium ferric gluconate and iron sucrose cause fewer
hypersensitivity reactions, including anaphylactoid reactions,
and appear to be safer than iron dextran. The decision to give
patients who are to receive parenteral iron preparation a test
dose will depend on the product used. All patients receiving
iron dextran should receive a test dose to assess tolerance. Nei-
ther sodium ferric gluconate nor iron sucrose requires a test
dose per their prescribing information. It appears iron dextran-
tolerant patients have little risk of experiencing a serious hyper-
sensitivity or anaphylactoid reaction to sodium ferric gluconate
or iron sucrose injection and can safely be given one of these
products without a prior test dose. Similarly, patients who have
never received any parenteral iron product can be administered
sodium ferric gluconate or iron sucrose for injection without
a prior test dose. Although studies support the safety of both
sodium ferric gluconate and iron sucrose for injection in iron
dextran-sensitive patients, such patients may be at increased
risk for an anaphylactoid reaction or other serious hypersen-
sitivity response, and test dosing in this population may be
reasonable. Regardless of whether a test dose is administered
for any of the parenteral iron products, close monitoring of
the patient following drug administration is necessary and the
availability of resuscitative medication and personnel trained
to evaluate and address anaphylaxis is prudent.

LATEX ALLERGY
Natural latex is a milky fluid consisting of extremely small
particles of rubber obtained from the rubber tree. Natural rub-
ber includes all products made from, or containing, natural
latex.117 Many products commonly used in health care (e.g.,
gloves, BP cuffs, catheters, injection ports, rubber stoppers of
medication vials) are made wholly or in part of latex. Over
the past several years, the significance of latex allergy has be-
come clear as cases of allergic reactions, some life-threatening,
have been reported.117 Health professionals must recognize
the types of reactions latex can cause and must know how to
minimize patient exposure to latex. Also, preparing parenteral
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drugs for latex-allergic patients can be difficult because of the
number of materials involved that may contain latex.

Health professionals are at significant risk for developing la-
tex allergy because of their frequent exposure to latex products.
Other groups at risk for developing latex allergy are workers in
businesses that manufacture latex products, patients with spina
bifida; and people with allergies to avocado, potato, banana,
tomato, chestnuts, kiwi fruit, and papaya.117

Three types of reactions to latex have been described: ir-
ritant contact dermatitis, allergic contact dermatitis (chemical
sensitivity dermatitis), and immediate hypersensitivity.117,118

Irritant contact dermatitis is the most common reaction to
latex and manifests as dry, itchy, irritated areas of the skin. This
is not a true allergic reaction to latex.117

Allergic contact dermatitis is a delayed hypersensitivity re-
action caused by exposure to chemicals added during the pro-
cessing and manufacturing of latex. A rash, similar to that seen
with poison ivy, usually begins 24 to 48 hours after exposure
and may progress to oozing blisters.117

Immediate hypersensitivity to proteins in the latex is an
IgE-mediated allergic response. The reaction can begin within
minutes of exposure to latex or occur hours later. Symptoms
vary from mild skin redness, hives, and itching to respira-
tory involvement (runny nose, sneezing, itchy eyes, trouble
breathing, asthma). Rare cases of anaphylactic shock have been
described.117 Reports of the prevalence of latex allergy vary
from 1% to 6% of the general population and 8% to 12% of
health care workers. Latex allergy is diagnosed by obtaining an
accurate description of the reaction and establishing a tempo-
ral relationship to latex exposure. Diagnostic kits are available
to detect latex antibodies as well as to aid in the diagnosis of
allergic contact dermatitis.117,118

Health care practitioners, particularly those in settings in
which IV or intramuscular medications are administered, may
be faced with preparing parenteral products for a latex-allergic
patient. This often poses a challenge because latex is in many
of the materials used to prepare parenteral products (e.g., rub-
ber stoppers on medication vials, injection ports on IV bags,
rubber plungers for syringes, IV transfer sets).117,118 Many
manufacturers are now preparing products in a latex-free form,
which simplifies drug preparation. Furthermore, manufactur-
ers of medical devices are now required to identify on their
labels which products have natural latex and which have dry
natural rubber.119 Many institutions have instituted policies on
the preparation of parenteral products for the “latex-sensitive”
person. Readers are referred to these references for the details
of these procedures.118,120–123

PREVENTION AND MANAGEMENT
OF ALLERGIC REACTIONS

26. A.M., a 40-year-old woman, is hospitalized with a diagno-
sis of community-acquired pneumonia. Her medical history is
noncontributory except for an uneventful course of ampicillin 6
months before admission for an ear infection. A.M. is empiri-
cally treated with cefuroxime 0.75 g IV every 8 hours. On day 2 of
therapy, she develops a raised pruritic maculopapular rash on her
back, abdomen, and upper extremities. Antacid, docusate sodium,
albuterol by metered-dose inhaler, and multivitamins were initi-

ated on the same day as the cefuroxime. How should A.M.’s aller-
gic reaction be managed? How might her allergic reaction have
been prevented?

When examining methods to prevent allergic reactions,
three possibilities exist: (a) the patient has unknowingly been
sensitized to a drug and experiences an allergic reaction on
receiving the same or a similar drug again; (b) the patient has a
history of an allergic reaction to a medication and mistakenly
receives the same or a similar medication a second time and
again develops an allergic reaction; and (c) the patient has a
history of an allergic reaction to a medication and intention-
ally receives the same or similar medication again. As in the
first situation, A.M.’s allergic reaction was unpredictable and,
therefore, could not be prevented. To prevent future allergic
reactions (i.e., the second situation), however, A.M.’s reaction
should be well documented in the medical chart and pharmacy
records. In addition, all patients should undergo a thorough
drug history on hospitalization. Careful attention should be
paid to differentiating drug intolerance (e.g., stomach upset)
from true allergic reactions, and any allergic reactions elicited
during an interview should be documented appropriately. Ad-
equate communication of allergic reactions is the single most
important method of preventing their occurrence.

As described earlier, the first step in managing an allergic
reaction is to determine its cause. Given A.M.’s history of ex-
posure to ampicillin, the timing of the reaction, and the low fre-
quency of allergic reactions to her other medications, cefurox-
ime are the most likely candidates. Second, a decision regarding
whether to stop the suspect drug should be made. This decision
must be based on the severity of the reaction, the condition be-
ing treated, and the availability of suitable alternatives. When
possible, an equally effective alternative drug should be substi-
tuted for the suspect agent, preferably one that is immunologi-
cally distinct to avoid cross-sensitivity (see Question 4 for a dis-
cussion of cross-reactivity).124 If a suitable alternative exists,
the offending agent should be stopped and the reaction treated
symptomatically if necessary. In the case of A.M., another an-
timicrobial (e.g., azithromycin, clarithromycin, trimethoprim-
sulfamethoxazole) could be substituted for cefuroxime (Chap-
ter 60: Respiratory Tract Infections) and her symptoms treated
with an oral or parenteral antihistamine, as well as a low-
potency topical corticosteroid if necessary.

Some cases are described by the third situation: a patient de-
velops an allergic reaction (or has a well-documented history of
drug allergy), and it is inappropriate or not possible to change
to an alternative drug. If the sensitivity reaction is severe or life-
threatening, desensitization should be considered (Questions
27 to 30); premedication to prevent or minimize anaphylaxis
is not effective.3 If the reaction is minor (e.g., pruritus, rash,
or GI symptoms), premedication or management of the reac-
tion with antiallergy medications (e.g., antihistamines) might
be sufficient to allow completion of therapy. It is rare in such
cases for the reaction to progress to more serious allergic symp-
toms such as anaphylaxis;124 however, suppression of allergic
symptoms should be undertaken cautiously because many im-
munologic reactions are not IgE mediated and may progress
to serious reactions, despite treatment. In general, allergy
suppression should be reserved for prevention of mild reactions
that are known or strongly suspected to be IgE mediated.3,124
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Desensitization
β-Lactams

27. K.A. is a 24-year-old primigravida in her eighth week of
pregnancy with a history of angioedema secondary to penicillin.
Her initial pregnancy screening revealed a positive Venereal Dis-
ease Research Laboratory (VDRL) reaction and a fluorescent tre-
ponemal antibody absorption (FTA-Abs) titer of 1:64. K.A. de-
nies a history of genital lesions, currently does not exhibit clinical
signs or symptoms of syphilis, and denies previous treatment for
syphilis. Based on the serologic evidence and her history, a diagno-
sis of early latent syphilis is made. Current treatment guidelines
indicate that penicillin is the drug of choice for K.A. How can a
possible reaction to penicillin be prevented in K.A.? Is premedi-
cation an alternative to preventing a reaction?

Acute desensitization (or hyposensitization) is the process
of administering gradually increasing doses of a drug over
hours or days in an effort to develop clinical tolerance.1,3,6,34,124

This process has been used successfully to reintroduce drugs
to patients with known allergic reactions in situations in which
no alternatives exist. It is most commonly used in patients
with IgE-mediated hypersensitivity and is well described for
penicillin-allergic patients. Desensitization, however, is not
useful in preventing late penicillin reactions and should not be
attempted in patients who have experienced severe dermato-
logic reactions such as exfoliative dermatitis.34 Because K.A.’s
reaction to penicillin may be potentially severe, premedication
is not an option and desensitization to penicillin should be
started. (See Chapter 65: Sexually Transmitted Diseases, for
alternative therapy.)

28. How should K.A. be desensitized? Why should she be skin
tested before desensitization?

If possible before desensitization is begun, K.A. should
be skin tested (see Questions 3 and 4) to confirm her peni-
cillin allergy.3,34,124 Patients who have a positive history of
penicillin allergy, but whose skin tests are negative, can re-
ceive full therapeutic doses without desensitization with little
risk of developing an allergic reaction. One author, for ex-
ample, reported only one case of acute anaphylaxis in a skin
test-negative patient given full therapeutic doses of penicillin
in >1,500 skin tests; similar results have been reported by
other investigators.34,124 If skin testing cannot be performed
or if K.A.’s skin test is positive, desensitization should be
initiated. Acute oral desensitization to penicillin and other
β-lactam antibiotics is well established; one such protocol is
outlined in Table 4-14, although others have been used success-
fully.125–128

The oral route for β-lactam desensitization is preferred to
the parenteral route because (a) exposure by the oral route is
less likely to cause a systemic allergic reaction than parenteral
exposure; (b) fatal anaphylaxis from oral β-lactam drug ther-
apy is rare; (c) preformed polymers and conjugates of penicillin
major and minor determinants to penicillium proteins are not
well absorbed after oral administration; (d) blood levels rise
gradually, favoring univalent haptenation (appearance of multi-
valent hapten–carrier conjugates, on the other hand, is gradual);
and (e) fatal or life-endangering reactions have not occurred
using current methods. In addition, oral desensitization can be
accomplished over several hours.3 If oral desensitization is not

Table 4-14 β-Lactam Oral Desensitization Protocol

Stock Drug
Concentration Dose Amount Drug Dose Cumulative
(mg/mL) a No. (mL) (mg) Drug (mg)

0.5 1b 0.05 0.025 0.025
0.5 2 0.10 0.05 0.075
0.5 3 0.20 0.10 0.175
0.5 4 0.40 0.20 0.375
0.5 5 0.80 0.40 0.775
5.0 6 0.15 0.75 1.525
5.0 7 0.30 1.50 3.025
5.0 8 0.60 3.00 6.025
5.0 9 1.20 6.00 12.025
5.0 10 2.40 12.00 24.025

50 11 0.50 25.00 49.025
50 12 1.20 60.00 109.025
50 13 2.50 125.00 234.025
50 14 5.00 250.00 484.025

aDilutions using 250 mg/5 mL of pediatric suspension.
bOral dose doubled approximately every 15 to 30 min..
Adapted from references 125 and 127, with permission.
Dosing for the oral protocol is arbitrary and should be adjusted for individual patients
based on the clinical sensitivity and the desired drug dose end point.

possible (e.g., if oral absorption is questionable), parenteral de-
sensitization can be instituted. Although the subcutaneous and
intramuscular routes have been used, the IV route is quicker
and allows better control over the rate and concentration of
drug administered, and any untoward reaction can be detected
promptly and treated rapidly.3,6,9 Table 4-15 outlines an IV
β-lactam desensitization protocol. Oral and parenteral desen-
sitization methods have not been compared formally, however.
Patients should not be premedicated before desensitization, be-
cause this may prevent detection of minor allergic responses
that may precede more serious reactions. In addition, desen-
sitization should be performed in a setting where emergency
resuscitative equipment and personnel are readily available.124

Thus, K.A. should undergo oral desensitization as outlined in
Table 4-14 if her skin test is positive or if skin testing cannot
be performed.

29. Is K.A. at risk for an allergic reaction during desensitiza-
tion? If desensitization is successful, is she at risk for a reaction
during full-dose penicillin therapy?

Acute β-lactam desensitization, regardless of the route or
protocol chosen, is not without risk. Approximately 5% of
patients experience mild cutaneous reactions during desen-
sitization, although one study reported reactions in 20% of
patients during oral desensitization.3,128 If a reaction occurs
during the desensitization procedure itself, the reaction may
be treated and desensitization continued using lower doses,
increased intervals between doses, or both, after the reaction
has abated. Severe, fatal reactions during desensitization are
rare.3

Uneventful β-lactam desensitization, however, does not
guarantee patients will be without reaction during full-dose
therapy. Approximately 25% to 30% of patients experi-
ence a mild reaction during therapy, whereas 5% experience
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Table 4-15 β-Lactam Intravenous Desensitization Protocol

Stock Drug Dose Amount per 50 mL Cumulative
Concentration (mg/mL) a No.b (mg/mL) c Drug (mg)

0.005 1 0.0001 0.005
0.025 2 0.0005 0.030
0.125 3 0.0025 0.155
0.625 4 0.0125 0.780
3.125 5 0.0625 3.905

15.625 6 0.3125 19.530
31.25 7 0.625 50.780
62.50 8 1.25 113.280

125.00 9 2.5 238.280
250.00 10d 5.0 488.280

aStock drug solutions are prepared using serial dilutions of the desired goal (e.g., 500
mg of β-lactam). Doses one through five represent fivefold dilutions; doses six through
ten represent twofold dilutions.
bInterval between doses is 1 to 30 minutes. If desensitization is interrupted for >2
half-lives of the β-lactam, desensitization should be repeated.
cMix 1 mL of stock drug solution in 50 mL 5% dextrose/0.225 normal saline or other
compatible solution. Infuse each dose over 20–45 minutes. Dilution volume may vary
with patient age and weight.
d If all 10 doses are administered and tolerated, the remainder of a full therapeutic dose
of the β-lactam should be administered.
Adapted from reference 269, with permission.
Dosing for the IV protocol is arbitrary and should be adjusted for individual patients
based on the clinical sensitivity and the desired drug dose end point.

more severe reactions, including drug-induced serum sickness,
hemolytic anemia, or nephritis.3 Reaction rates are no different
in severely ill or pregnant patients compared with stable or non-
pregnant patients, although those with cystic fibrosis may be
more difficult to desensitize because of their high frequency
of allergic reactions.3,128,129 Despite the occurrence of reac-
tions, full-dose therapy is possible for most desensitizations,
but suppression of the reaction (e.g., by diphenhydramine) may
be required.3

30. If K.A. requires penicillin at a later date, will she need to
undergo desensitization again? What is chronic desensitization?

The desensitized state, once achieved, will persist for ap-
proximately 48 hours after the last full dose of antibiotic; after
this time, drug sensitivity will return.3 Thus, if K.A. requires
future courses of penicillin, she will need to undergo desensi-
tization once again. In some cases, those requiring long-term
antibiotic therapy (e.g., for endocarditis), those who may re-
quire β-lactams at a future date (e.g., those with cystic fibrosis),
or those who have occupational exposure to β-lactams, main-
tenance of the desensitized state can be considered. Chronic
twice-daily dosing of oral penicillin has safely resulted in
“chronic desensitization.” Similar to acute desensitization,
once therapy is interrupted, the allergic state returns.3,9

Table 4-16 Oral Trimethoprim-Sulfamethoxazole
Desensitization Protocol

TrimethoprimComponent
Hour (Concentration or Tablet) Volume Dose of TMP-SMZ

0 0.0008 mg/mL 5 mL 0.004/0.02 mg
1 0.008 mg/mL 5 mL 0.04/0.2 mg
2 0.08 mg/mL 5 mL 0.4/2 mg
3 0.8 mg/mL 5 mL 4/20 mg
4 8 mg/mL 5 mL 40/200 mg
5 160 mg 1 tablet 160/800 mg

Stock solution of trimethoprim-sulfamethoxazole (TMP-SMZ) may be prepared by
appropriate dilutions of the commercially available suspension (8 mg trimethoprim/
40 mg sulfamethoxazole per mL) with simple syrup or distilled water.
Adapted reference 151, with permission.
This protocol should serve as a guide only. Obtaining informed consent from the patient
before initiating desensitization is advisable.

Other Drugs

31. Have patients allergic to drugs besides β-lactams been de-
sensitized successfully?

Although most experience with desensitization is with peni-
cillin and other β-lactams, desensitization also has been ac-
complished with various other drugs, including rifampin,130

isoniazid,130 acyclovir,131 sulfasalazine,132–135 aminoglyco-
sides,129 vancomycin,136,137 and several others.138–150 Interest-
ingly, not all of these cases represent IgE-mediated hypersensi-
tivity reactions. Acute desensitization, which has until recently
been used to manage only IgE-mediated reactions, appears to
be effective in other forms of immunopathology.3 For example,
reactions to trimethoprim-sulfamethoxazole commonly occur
in patients infected with HIV and may not be IgE mediated. Yet,
successful desensitization to trimethoprim-sulfamethoxazole
is increasingly common, given its role in treating and prevent-
ing Pneumocystis jiroveci pneumonia.3

One procedure for trimethoprim-sulfamethoxazole desen-
sitization151 is outlined in Table 4-16, although several other
protocols have been used successfully.9,152–157 Although mild
to moderate reactions can occur (e.g., fever, mild skin rash), pa-
tients may complete desensitization successfully by suppress-
ing the reaction with antihistamines, reducing the dose to the
highest level previously taken without a reaction until the reac-
tion subsides, or both.152,154,155 As with the β-lactams, before
desensitization for any medication is undertaken, alternative
therapies should be sought and used if possible. Furthermore,
desensitization is contraindicated if the reaction is a serious
dermatologic response, such as toxic epidermal necrolysis or
Stevens-Johnson syndrome. Last, desensitization should be un-
dertaken only in an appropriate setting by experienced person-
nel, because severe reactions can develop.158
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This chapter reviews common strategies for the evaluation and
management of drug overdoses and poisonings. Information
for the management of specific drug overdoses is best obtained
from a poison control center (reached by dialing 1-800-222-
1222 anywhere in the United States).

Epidemiologic Data
American Association of Poison Control Centers and Drug Abuse
Warning Network
Toxicity secondary to drug and chemical exposure commonly
occurs in children; however, the incidence of exposure to spe-
cific agents and the severity of outcomes varies based on the
population studied (Table 5-1).1–3 The number of reported
toxic exposures in the United States in 2005 was approximately
2.42 million, according to the American Association of Poison
Control Centers (AAPCC).3 In most cases, little or no toxicity
was associated with the exposure. About 22% received treat-
ment at a health care facility, only 5.6% reported moderate or
severe symptoms, and 1,261 resulted in fatalities. According to
the Drug Abuse Warning Network (DAWN), 1.4 million U.S.
emergency room visits involved drug misuse or abuse in the
year 2005. Of those cases, 56% involved illicit drug use.4

These disparate statistics from two national sources under-
score the difficulty in determining the true incidence of poi-
soning and overdoses.5 Nevertheless, epidemiologic data are
useful in identifying trends and in instigating public health
interventions. For example, from 2001 to 2002, the number
of inhalant abuse cases reported by DAWN increased 187%,
identifying the need for additional education about inhalant
abuse toxicity.6 From 2004 to 2005, after inhalation education
programs, inhalant abuse decreased by 54%.4

Age-Specific Data
Stratifying patients by age can be useful in assessing the like-
lihood of severe toxicity from an exposure. For example, most
unintentional ingestions by children 1 to 6 years of age occur
because children are curious, becoming more mobile and be-
ginning to explore their surroundings, and often putting objects

or substances into their mouths. According to AAPCC data,
50.9% of all reported poisonings occur in children younger
than 6 years of age.3 Fortunately, exposures usually involve
the ingestion of relatively small amounts of a single substance.
In one report, only 10.5% of pediatric poisoning cases were
treated in a health care facility; the remaining cases were man-
aged at home.3 In actuality, severe toxicities in young children
from ingestions are relatively uncommon.

AAPCC epidemiologic data also report medication errors,
which in the pediatric population, commonly result from con-
fusing units of measurement (e.g., teaspoons vs. milliliters or
tablespoons vs. teaspoons), incorrect formulation or concen-
tration administered, dispensing cup errors, and incorrect for-
mulation or concentration dispensed from the pharmacy.3

In children younger than 6 years of age, the reasons for toxic
exposure to medications are less clear.7 Adolescent children
generally have poor knowledge of the toxicity of medications
and can overdose themselves unintentionally.8 The potential
for suicide attempts or intentional substance abuse, however,
should not be ignored in older children or adults. These inten-
tional overdoses commonly involve mixed exposures to illicit
drugs, prescribed medications, or ethanol, and are associated
with more severe toxicity and death than unintentional toxic
exposures.

In geriatric patients, overdoses tend to have a greater po-
tential for severe adverse effects, compared with overdoses in
other age groups, because the elderly are more likely to have
underlying illnesses, and more often have access to a variety
of potentially dangerous medications.10 More than 40% of pa-
tients age 65 or older take five medications per week and 12%
use ten or more medications weekly.11 In 2005, 16% of fa-
talities from toxic ingestions involved patients older than 60
years.3

Information Resources
Computerized Databases
A vast number of substances can be involved in a poisoning
or overdose, and reliable data about the contents of products,

Table 5-1 Substances Most Frequently Involved in Poisoning Exposuresa

All Ages Children Younger Than 6 Years Adults Older Than 19 Years Fatalities

Analgesics Cosmetics and personal
care products

Analgesics Analgesics

Cosmetics and personal care products Cleaning substances Sedative/hypnotics/antipsychotics Sedative/hypnotics/antipsychotics
Cleaning substances Analgesics Cleaning substances Antidepressants
Sedative/hypnotics/antipsychotics Foreign bodies Antidepressants Stimulants and street drugs
Foreign bodies Topical products Bites, envenomations Cardiovascular drugs
Cold and cough preparations Cough and cold preparations Cardiovascular drugs Alcohols
Topical preparations Plants Alcohols Anticonvulsants
Pesticides Pesticides Pesticides Antihistamines
Antidepressants Vitamins Cosmetics and personal care products Fumes/gases/vapors
Bites, envenomations Antihistamines Food products/food poisoning Muscle relaxants
Cardiovascular drugs Antimicrobials Hydrocarbons Hormones and hormone antagonists
Antihistamines GI preparations Chemicals Chemicals
Alcohols Arts, crafts, office supplies Fumes/gases/vapors Unknown drug
Plants Hormones and hormone

antagonists
Anticonvulsants Cleaning substances

Antimicrobials Electrolytes and minerals Antihistamines GI preparations

aDespite a high frequency of involvement, these substances are not necessarily the most toxic, but may reflect ready access.
Adapted from reference 3. These poisoning exposures are listed in order of frequency encountered.
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toxicities of substances, and treatment approaches need to be
readily accessible. POISINDEX, a computerized database,12

provides information on thousands of drugs by brand name,
generic name, and street name, as well as foreign drugs,
chemicals, pesticides, household products, personal care items,
cleaning products, poisonous insects, poisonous snakes, and
poisonous plants. Annual subscriptions to POISINDEX, up-
dated quarterly, are expensive and are generally available only
in large medical centers.13

Printed Publications
Textbooks and manuals also provide useful clinical informa-
tion about the presentation, assessment, and treatment of toxi-
cities. Goldfrank’s Toxicologic Emergencies14 and the pocket-
size Poisoning & Drug Overdose15 are valuable, inexpensive
alternatives to computerized database programs. Books, how-
ever, are less useful than computerized databases because in-
formation must be condensed and cannot be updated as fre-
quently. Some drug package inserts also refer to treatment of
acute toxicities; however, the information can be inadequate or
inappropriate.16

Poison Control Centers
Poison control centers provide the most cost-effective and ac-
curate information to health care providers and to the general
public.17,18 Poison centers are usually staffed by trained poi-
son information specialists who have a pharmacy, nursing, or
medical background. Physician backup is provided 24 hours
a day by board-certified medical toxicologists. The nonphysi-
cian clinical toxicologists, pharmacists, and nurses who staff
poison control centers are certified as specialists in poison in-
formation by the AAPCC or as clinical toxicologists by the
American Board of Applied Toxicology.19

The poison information specialist must accurately and ef-
ficiently assess event-specific toxicity by telephone, without
the benefit of direct observation of the patient; and communi-
cate this assessment along with treatment information quickly,
accurately, and professionally in a reassuring manner. Subse-
quent to the telephone consultation, the poison control center
staff should initiate follow-up calls to determine the effective-
ness of the recommended treatment, the need for additional
evaluation or treatment, and the outcome.20,21

Effective Communication
Effective communication is essential to the assessment of po-
tential poisonings. In most situations, the person seeking guid-
ance on the management of a potentially toxic exposure is the
parent of a small child who may have ingested a substance. The
caller is usually anxious about the child and may feel guilty
about the exposure. To calm the caller, the health care provider
should quickly reassure the parent that telephoning for assis-
tance was appropriate and that the best assistance possible will
be provided.20 If English is not the first language of the caller,
or if there are other communication barriers, solutions must
be found to enhance outcomes. Most poison centers subscribe
to translation services or have bilingual staff to communicate
with non–English-speaking callers. Poison centers also have
TTY equipment to serve the hearing and speech impaired pop-
ulations.

Once calm, effective communication is established, the
health care provider should first determine whether the patient
is conscious and breathing and has a pulse. If life-threatening

symptoms have occurred, the caller should call for emergency
services. If the health care provider does not have the knowl-
edge or resources to provide poison information, he or she
should refer the caller to the closest poison control center. Infor-
mation on the location and phone number of the nearest poison
control center can be found on the Internet at www.aapcc.org
or by calling 1-800-222-1222. The call is automatically trans-
ferred to the poison center that serves the caller’s area in the
United States.

GENERAL MANAGEMENT
Supportive Care and “ABCs”
Management of poisoned or overdosed patients is primarily
based on symptomatic and supportive care. Specific antidotes
exist only for a small percentage of the thousands of poten-
tial drugs and chemicals that could cause a poisoning. The
first aspect of patient management should always be basic sup-
port of airway, breathing, and circulation (the “ABCs”). The
assessment and treatment of the potentially poisoned patient
can be separated into seven primary functions: (a) gathering
history of exposure, (b) evaluating clinical presentation (i.e.,
toxidromes), (c) evaluating clinical laboratory patient data,
(d) removing the toxic source (e.g., gastrointestinal [GI] de-
contamination), (e) considering antidotes and specific treat-
ment, (f) enhancing systemic clearance, and (g) monitoring
outcome.22–24

Gathering History of Exposure
Comprehensive historical information about the toxic expo-
sure should be gathered from as many different sources as
possible (e.g., patient, family, friends, prehospital health care
providers). This information should be compared for consis-
tency and evaluated relative to clinical findings and laboratory
results. The patient’s history of the exposure is often inaccu-
rate and should be confirmed with objective findings.22,23,25

For example, a patient who presents at the emergency de-
partment (ED) with a supposed hydrocodone and carisoprodol
overdose is expected to be lethargic or comatose. If the patient
arrives wide awake with tachycardia and agitation, the care-
giver should suspect exposure to other substances. This would
be the case whenever the patient’s symptoms are not consistent
with the history presented.

Specific information should be sought concerning the pa-
tient’s state of consciousness, symptoms, probable intoxi-
cant(s), maximum amount and dosage form(s) of substance
ingested, as well as when the exposure occurred. Medications,
allergies, and prior medical problems also should be ascer-
tained to facilitate development of treatment plans (e.g., a his-
tory of renal failure may indicate the need for hemodialysis to
compensate for decreased renal drug clearance).22,23

Evaluating Clinical Presentation and Toxidromes
A thorough physical examination is needed to characterize the
signs and symptoms of overdose, and should be conducted se-
rially to determine the evolution or resolution of the patient’s
intoxication. An evaluation of the presenting signs and symp-
toms can provide clues on the drug class causing the toxicity,
confirm the historical data surrounding the toxic exposure, and
suggest initial treatment.26,27 The patient may be asymptomatic
on presentation, even though a potentially severe exposure has
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occurred, if absorption of the drug or toxic substance is in-
complete or if the substance has not yet metabolized to a toxic
substance.28

Characteristic toxidromes (i.e., a constellation of signs and
symptoms consistent with a syndrome) can be associated with
some specific classes of drugs.23,26,27 The most common tox-
idromes are those associated with anticholinergic activity,
increased sympathetic activity, and central nervous system
(CNS) stimulation or depression. The anticholinergic drugs
can increase heart rate, increase body temperature, decrease
GI motility, dilate pupils, and produce drowsiness or delirium.
Sympathomimetic drugs can increase CNS activity, heart rate,
body temperature, and blood pressure (BP). Opioids, sedatives,
hypnotics, and antidepressants can depress the CNS, but the
specific class of CNS depressant often cannot be easily identi-
fied by a specific constellation of symptoms. Classic findings
may not be present for all drugs within a therapeutic class. For
example, opioids generally induce miosis, but meperidine can
produce mydriasis. Furthermore, the association of symptoms
with a particular class of toxic substances is difficult when more
than one substance has been ingested. Practitioners should not
focus only on the specific clinical findings associated with a
toxidrome; rather, they should consider all subjective and ob-
jective data gathered from the history of exposure, the pa-
tient’s medical history, physical examination, and laboratory
findings.

Interpretation of Laboratory Data
DRUG SCREENS
A urine drug screen can be useful in identifying the pres-

ence of drugs and their metabolites in selected patients. Al-
though a urine drug screen is not indicated in all cases of drug
overdose, it can be useful in a patient with coma of unknown
etiology, when the presented history is inconsistent with clin-
ical findings, or when more than one drug might have been
ingested.24,29,30

PHARMACOKINETIC CONSIDERATIONS
The absorption, distribution, metabolism, and elimination

of drugs in the overdosed patient can be quite different than
when the drug is taken in usual therapeutic doses.31 The phar-
macodynamic and pharmacokinetic behavior of drugs can
be substantially altered by large drug overdoses, especially
with drugs that exhibit dose-dependent pharmacokinetics. The
rate of drug absorption is generally slowed by large over-
doses, and the time to reach peak serum drug concentrations
can be delayed.32 For example, peak serum concentrations of
phenytoin can be delayed for 2 to 7 days after an orally in-
gested overdose.33,34 The volume of distribution of an over-
dosed drug can be increased, and when usual metabolic path-
ways become saturated, secondary clearance pathways can be
important. For example, large overdoses of acetaminophen
saturate glutathione mechanisms of metabolism, resulting in
hepatotoxicity.35

When the pharmacokinetic parameters of an overdosed drug
are altered, serial plasma concentration measurements can bet-
ter define the absorption, distribution, and clearance phases of
the ingested substance. Pharmacokinetic parameters that have
been derived from therapeutic doses should not be used to pre-
dict whether absorption is complete or to predict the expected
duration of intoxication caused by large overdoses.31,36–38

Decontamination
After the airway and the cardiopulmonary system are sup-
ported, efforts should be directed toward removing the toxic
substance from the patient (i.e., decontamination).22,39 Decon-
tamination presumes that both the dose and the duration of
toxin exposure are important in determining the extent of tox-
icity and that prevention of continued exposure will decrease
toxicity.28 This intuitive concept is clearly relevant to ocular,
dermal, and respiratory exposures, when local tissue damage
is the primary problem. Respiratory decontamination involves
removing the patient from the toxic environment and providing
fresh air or oxygen to the patient. Decontamination of skin and
eyes involves flushing the affected area with large volumes of
water or saline to physically remove the toxic substance from
the surface.22,23

GASTROINTESTINAL DECONTAMINATION
Because most poisonings and overdoses result from oral

ingestions, measures to decrease or prevent continued GI ab-
sorption have commonly been used to limit the extent of
exposure.22,23,28,40 GI decontamination should be considered if
the ingestion is large enough to produce potentially significant
toxicity, or if the potential severity of the ingestion is unknown
and the time since ingestion is <1 hour. The following meth-
ods have been used: (a) evacuate gastric contents by emesis or
gastric lavage, (b) administer activated charcoal as an adsor-
bent to bind the toxic substance remaining in the GI tract, (c)
use cathartics or whole bowel irrigation (WBI) to increase the
rectal elimination of unabsorbed drug, or (d) combine any of
these methods.

The efficacy of GI decontamination varies, depending on
when the process is initiated relative to the time of ingestion,
dose ingested, and other factors. Furthermore, ipecac-induced
emesis, gastric lavage, cathartics, and activated charcoal are
not directly associated with improved patient outcomes.41–46

The most appropriate method for GI tract decontamination
remains unclear because sound comparative data for differ-
ent methods of GI decontamination are unavailable. Clinical
research in healthy subjects, by necessity, must use non-
toxic doses of drugs. Studies using nontoxic doses are not
applicable to the overdose situation because alterations in
GI absorption can occur with large doses. In addition, low-
dose studies generally rely on pharmacokinetic end-points
such as peak plasma concentrations, area under the plasma
concentration-time curve, or quantity of drug recovered from
the urine.41,42,44–46 In contrast, clinical studies of GI decon-
tamination methods in patients who have ingested toxic doses
of a substance use clinical outcomes or a directional change in
serum drug concentrations.41,42,45,46 These latter trials are not
standardized with respect to the dose ingested or to the time
interval between drug ingestion and GI decontamination.

Ipecac-Induced Emesis and Gastric Lavage
Ipecac-induced emesis and gastric lavage primarily remove
substances from the stomach; and their efficacy is affected
significantly by the time the ingested substance remains in
the stomach. Gastric lavage or ipecac-induced emesis is most
effective when implemented within 1 hour of the ingestion
(i.e., before the substance moves past the stomach into the
intestine).41,42
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The commonly used adult gastric lavage tube (36F) has an
internal diameter too small to allow recovery of large tablet or
capsule fragments and an even smaller diameter lavage tube is
used for children.42 Gastric lavage may be useful only if large
amounts of a liquid substance were ingested and the patient
arrived within 1 hour of the ingestion.42 Unfortunately, most
patients arrive in the ED more than an hour after ingestion,
when absorption of the toxic substance from the stomach has
most likely already occurred. As a result, the efficacy of these
procedures in overdose situations is minimal. Studies have not
confirmed that use of gastric lavage or ipecac-induced emesis
improves the outcome of the patient.40–42

Established Guidelines
The American College of Emergency Physicians has pub-
lished guidelines for the initial evaluation, diagnosis, stabi-
lization, and management of patients who present with acute
toxic ingestions,22 and the American Academy of Clinical
Toxicology (AACT), along with the European Association of
Poisons Centres and Clinical Toxicologists (EAPCCT) and
other organizations, have published position papers on GI
decontamination.41–46

The AACT and EAPCCT clinical guidelines state that
ipecac syrup and gastric lavage should not be routinely
used.41,42 In addition, the American Academy of Pediatrics
no longer supports the use of ipecac syrup routinely as a home
treatment of poisoning and advocates that ipecac syrup already
in the home should be discarded safely.47 As a result, the use
of ipecac to induce vomiting in both the home and the health
care setting has been curtailed significantly.

Activated Charcoal
In 1963, a review article concluded that activated charcoal
was the most valuable agent available for the treatment of
poisoning.48 This conclusion was based only on studies in
fasting patients who had nontoxic exposures. Nevertheless,
data from those studies were extrapolated to poisoned pa-
tients. Since then, activated charcoal has become the pre-
ferred method of GI decontamination for the treatment of toxic
ingestions.22,27,40,43,49–51 If administered within 1 hour of the
ingestion, the adsorption of substances to charcoal prevents
absorption. It is assumed that adsorption of the toxin prevents
toxicity and improves patient outcome, especially if the risk to
the patient is low.43

Vomiting with aspiration of activated charcoal occurs in
about 5% of patients who receive activated charcoal.43,51–53

The resulting pulmonary problems can be due to aspiration of
acidic stomach contents and/or the charcoal. Decreased oxy-
genation can occur immediately, or pulmonary effects can oc-
cur later.54–56 Adult respiratory distress syndrome has resulted
after the unintentional instillation of charcoal into the lung.51

Aspiration of charcoal can result in chronic lung disease or
fatalities, whereas the toxic exposure, for which the charcoal
was administered, is often not lethal or even serious.53,57

Cathartics
Sorbitol (a cathartic) was often administered with the acti-
vated charcoal to enhance passage of the charcoal-substance
complex through the GI tract. However, decreased transit time
through the bowel has not been proven to decrease absorption,
probably because drug absorption does not take place in the

large bowel.44 Sorbitol is also associated with an increased
incidence of vomiting and aspiration.19 Hypernatremia can
also develop subsequent to the administration of repeat doses
of activated charcoal with sorbitol.58,59 Currently, most EDs
use aqueous activated charcoal mixtures rather than charcoal-
sorbitol combinations. Cathartics are not effective as GI de-
contaminants, and their use is no longer advised.22,43,44

Whole Bowel Irrigation
Whole Bowel Irrigation (WBI) with a polyethylene glycol–
balanced electrolyte solution (e.g., Colyte, GoLYTELY) can
successfully remove substances from the entire GI tract over
several hours. WBI is effective with ingestions of sustained-
release dosage forms, as well as substances that form bezoars
(concretions of tablets or capsules), such as ferrous sulfate or
phenytoin.23,45,60 WBI is also indicated when the toxic agent is
not adsorbed by activated charcoal (e.g., body-packer packets,
lithium, iron, potassium).22,23,45,60 This method of GI decon-
tamination takes much longer to complete and is associated
with poor patient adherence because large volumes of fluid (2
L/hour for adults until the effluent is clear) need to be ingested
for this to be effective.60 A nasogastric (NG) tube, however, can
be inserted, and the WBI fluid mixture can be administered via
this NG tube.45

Antidotes and Specific Treatments
An antidote, a drug that neutralizes the toxicity of another
substance, is useful if it does not produce even greater haz-
ards for the patient. Some antidotes can displace a drug
from receptor sites (e.g., naloxone for opioids, flumazenil
for benzodiazepines),61,62 and some can inhibit the forma-
tion of toxic metabolites (e.g., N-acetylcysteine [NAC] for ac-
etaminophen, fomepizole for methanol). Some treatments are
highly effective for the management of individual drug over-
doses, but they do not meet the definition of an antidote. For
example, sodium bicarbonate is used to treat the cardiotoxic-
ity arising from tricyclic antidepressant (TCA) overdoses, and
benzodiazepines are used to treat CNS toxicity associated with
cocaine and amphetamine overdoses.23,63–65

Enhancing Systemic Clearance
Hemodialysis and manipulation of urine pH can enhance the
clearance of substances. Hemodialysis can successfully treat
some specific intoxications (e.g., methanol, ethylene glycol,
aspirin, lithium). Hemodialysis can also be used in patients
with severe acid–base or renal dysfunction.40Alkaline diure-
sis can enhance the elimination of drugs such as aspirin and
phenobarbital.66

Monitoring Outcome
Selecting the appropriate parameters and length of time to
monitor a patient who has been exposed to a toxic agent re-
quires knowledge of toxic effects and the time course of the
intoxication.28 Most patients who are at risk for moderate or
severe toxicity should be monitored in an intensive care unit
(ICU) with careful assessments of cardiac, pulmonary, and
CNS function.67
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ASSESSMENT OF SALICYLATE INGESTION
Gathering a History

1. M.O., the mother of a 4-year-old child, states that her
daughter, D.O., has ingested some aspirin tablets. What addi-
tional information should be obtained from or given to M.O. at
this time?

Obtaining an initial assessment of the patient’s status is es-
sential. The caller’s telephone number should be obtained in
the event that the call is disconnected, initial recommendations
need to be modified, or subsequent follow-up is needed. The
health care provider should ask for patient-specific information
with questions that are nonthreatening and nonjudgmental. The
caller should be reassured that calling for help was the right
thing to do.

Evaluating Clinical Presentation

2. On further questioning, M.O. states that D.O. is crying and
complaining of a stomachache. Otherwise, the child appears to
be normal. The daughter was found sitting on the bathroom floor
with an aspirin bottle in her hand and some partially chewed
tablets on the floor next to her. The child had the same look on
her face that she does when she eats things that she does not like.
M.O. reports that she can see white tablet material gummed on
the child’s teeth. The mother was gone no more than 5 minutes and
had asked her 5- and 6-year-old sons to watch their sister. What
additional information is needed to correctly assess the potential
for toxicity?

To determine the potential toxicity for an unintentional in-
gestion, it is important to assess the presence of symptoms and
to identify the substance ingested. Inquiries should begin with
open-ended questions to determine the facts that the caller is
certain of versus what may have been assumed. The answers
usually point to more specific information that is needed to
accurately assess the exposure.20

D.O.’s symptoms presently are not life threatening. Her
behavior is consistent with being scared in response to the
mother’s anxiety. Once it has been established that the child
does not need immediate life-saving treatment, the caller is
generally more willing and able to answer additional questions.

M.O. already has provided information about the child’s
symptoms; however, more information is needed to determine
the identity of the ingested substance, the time of ingestion, the
brand of aspirin (to ensure that the product is not an aspirin-
combination or even an aspirin-free formulation), the dosage
form, the number of dosage units in a full container, and the
number of remaining dosage units in the container. The parent
should be careful to look for tablets under beds, rugs, or other
locations out of sight (e.g., wastepaper baskets, toilets, pet food
dishes, pockets). The dosage forms in the container should be
identical in appearance, and the contents should be what are
stated on the label. Information concerning the child’s weight
and health status, as well as whether the child is taking other
medications, is also important. The child’s weight is useful
in determining the maximum mg/kg dose of aspirin that was
ingested.

When more than one child is present during an ingestion
incident, the caller should be questioned as to whether other
children also could have participated in the ingestion. In this

situation, the children could have shared equally in the missing
dosage units of drug, all of the drug could have been fed to one
child, or all of the drug could have been ingested by the oldest
or most aggressive child. When it is unclear how many missing
dosage units of a substance might have been ingested among a
group of children, each child should be evaluated and managed
as if he or she may have ingested the total missing quantity.

Triage of Call

3. The caller, M.O., has now determined that a total of five
tablets each containing 325 mg/tablet of aspirin are missing from
the bottle. Because M.O. recalls having taken two aspirin tablets
from this bottle, it is not likely that her daughter took more than
three tablets. M.O. states that D.O. weighs 36 lb. What treatment
is needed for this child?

The maximum dose of aspirin ingested by this child is likely
to be much less than the minimum dose required to produce
significant symptoms based on an assumption that this 4-year-
old girl is of average weight for her age (i.e., 36 lb or ∼16 kg). A
dose of 150 mg/kg of aspirin is the smallest dose at which treat-
ment or assessment at a health care facility is necessary.68,69

D.O. is likely to have ingested a maximum of 975 mg of
aspirin (i.e., three 325-mg tablets), which is about 60 mg/kg
(975 mg divided by 16 kg). If this child is healthy, takes no
medications, and is not allergic to aspirin, the child does not
need any treatment. With this history of ingestion, the only
adverse effect that might occur is some mild nausea. Provid-
ing information to the mother that her child had not ingested a
toxic amount will be reassuring.

For many years, aspirin was the most common cause of unin-
tentional poisoning and poisoning deaths among children.69–71

However, safety closure packaging and reduction of the to-
tal aspirin content in a full bottle of children’s aspirin to
approximately 3 g has steadily reduced the frequency of
pediatric aspirin poisoning and deaths.70–72 Although acute
aspirin poisoning remains a problem, the largest percentage
of life-threatening intoxications now results from therapeutic
overdose.68 Therapeutic overdoses occur when a dose is given
too frequently, when both parents unknowingly dose the child
with the drug, or when too large a dose is given. Therapeutic
overdoses are especially a problem if the situation continues
for a period of time and the drug is able to accumulate.68

Outcome for M.O.
Follow-up telephone consultations on toxic ingestions is im-
portant to identify children who unexpectedly develop symp-
toms that might need to be treated. A telephone call to M.O. 6
to 24 hours after her initial call would be appropriate to follow
up on the child. On a call back to M.O., the parent stated that
she gave D.O. lunch at the appropriate time. D.O. then watched
cartoons, took her usual nap, and remained asymptomatic.

Acute and Chronic Salicylism
Signs and Symptoms

4. V.K., a 65-year-old, 55-kg woman with a history of chronic
headaches has taken 10 to 12 aspirin tablets a day for several
months. On the evening of admission, she became lethargic,
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disoriented, and combative. Additional history revealed that she
ingested up to 100 aspirin tablets on the morning of admission
(about 10 hours earlier) in a suicide attempt. She complained of
ringing in her ears, nausea, and three episodes of vomiting. Vital
signs were BP 140/90 mmHg, pulse 110 beats/minute, respira-
tions 36 breaths/minute, and temperature 102.5◦F. V.K.’s labora-
tory data obtained on admission were as follows: serum sodium
(Na), 148 mEq/L (normal, 135–153); potassium (K), 2.8 mEq/L
(normal, 3.5–5.5); chloride (Cl), 105 mEq/L (normal, 95–105);
bicarbonate, 10 mEq/L (normal, 24–31); glucose, 60 mg/dL (nor-
mal, 70–110); blood urea nitrogen (BUN), 35 mg/dL (normal, 5–
25); and creatinine, 2.2 mg/dL (normal, 0.5–1.4). Arterial blood
gas (ABG) values (room air) were as follows: pH, 7.25; PCO2,
20 mmHg; and PO2, 95 mmHg. A serum salicylate concentra-
tion measured approximately 12 hours after the acute ingestion
was 88 mg/dL. Her hemoglobin was 9.6 g/dL (normal, 12–16 g/dL
for females) with a hematocrit of 28.9% (normal, 37%–47% for
females) and a prothrombin time (PT) of 16.4 seconds (normal,
10–13 seconds). Is her ingestion high risk?

The symptoms and severity of salicylate intoxication de-
pend on the dose consumed; the patient’s age; and whether
the ingestion was acute, chronic, or a combination of the
two.71,73,74 This case illustrates an acute ingestion in some-
one who has also chronically ingested aspirin. Acute ingestion
of 150 to 300 mg/kg of aspirin is likely to produce mild to
moderate intoxication, >300 mg/kg indicates severe poison-
ing, and >500 mg/kg is potentially lethal.68,69 V.K., who in-
gested approximately 600 mg/kg, has taken a potentially lethal
dose. Chronic salicylate intoxication is usually associated with
ingestion of >100 mg/kg/day for more than 2 days.68,69 V.K.
has been taking 70 mg/kg/day for her headaches in addition
to her acute ingestion. V.K. demonstrates many of the find-
ings typical of severe acute salicylism (see next two questions
and answers). Her outcome does not look good because she is
elderly and has taken a potentially lethal amount of aspirin.

Pathophysiology of Salicylate Intoxication

5. Describe the pathophysiology and clinical features of acute
and chronic salicylism.

Toxicity from salicylate exposure results in direct irrita-
tion of the GI tract, direct stimulation of the CNS respi-
ratory center, stimulation of the metabolic rate, lipid and
carbohydrate metabolism disturbances, and interference with
hemostasis.68,69,71,73,74 Toxic doses of salicylate directly stim-
ulate the medullary respiratory center leading to nausea, vom-
iting, tinnitus, delirium, tachypnea, seizures, and coma, and
influence several key metabolic pathways.68,71–75 Direct stim-
ulation of the respiratory drive increases the rate and depth
of ventilation, which can result in primary respiratory alkalo-
sis. The respiratory alkalosis causes increased renal excretion
of bicarbonate, resulting in decreased buffering capacity. The
patient usually presents with a partially compensated respira-
tory alkalosis.68,72,73,75 Hypokalemia can result from increased
GI and renal losses of potassium, as well as from systemic
alkalosis.68,73,74

Although marked metabolic and neurologic abnormalities
are most commonly observed in young children with advanced
salicylate intoxication, adolescents or adults acutely poisoned
with a large dose can develop these symptoms as well.68,72,73

Acute salicylism in a young child often takes a more severe

course than that typically seen in adults. After acute ingestion,
children quickly pass through the phase of pure respiratory al-
kalosis. Renal bicarbonate loss secondary to respiratory alka-
losis reduces the buffering capacity more profoundly in a child
and facilitates the development of metabolic acidosis.68,71,73,75

Salicylates have toxic effects on several biochemical
pathways that contribute to metabolic acidosis and other
symptoms.68,73–75 Mitochondrial oxidative phosphorylation is
uncoupled and results in an impaired ability to generate high-
energy phosphates, increased oxygen use and carbon dioxide
production, increased heat production and hyperpyrexia, in-
creased tissue glycolysis, and increased peripheral demand for
glucose. Salicylates also inhibit key dehydrogenase enzymes
within the Krebs cycle, resulting in increased levels of pyru-
vate and lactate. The increased demand for peripheral glucose
causes increased glycogenolysis, gluconeogenesis, lipolysis,
and free fatty acid metabolism. The latter results in enhanced
formation of ketoacids and ketoacidosis.71,75

The patient may become severely volume depleted through
several mechanisms.68,73–75 Hyperthermia and hyperventila-
tion produce increased insensible water loss, vomiting may
promote GI fluid losses, and the solute load caused by altered
glucose metabolism results in an osmotic diuresis. Depending
on the patient’s acid–base balance and net fluid and electrolyte
intake and output, serum sodium and potassium concentra-
tions may be normal, elevated, or decreased. Hypernatremia
and hypokalemia are most common.71,73

Blood glucose concentration is usually normal or slightly
elevated, although hypoglycemia may accompany chronic sal-
icylism (e.g., as illustrated by V.K.) or occur late in acute
intoxication. CNS glucose levels can be markedly reduced
in the presence of normal blood glucose concentrations be-
cause increased CNS glucose utilization to generate high-
energy phosphate exceeds the rate at which glucose can be
supplied.68,71,73,75

Other manifestations of severe acute salicylism include
a variety of neurologic signs and symptoms: disorientation,
irritability, hallucinations, lethargy, stupor, coma, and seiz-
ures.67,71 Hyperthermia may be marked and can result
in the inappropriate administration of aspirin as an an-
tipyretic. Coagulopathy can occur because of impaired platelet
function, hypoprothrombinemia, reduced factor VII produc-
tion, and increased capillary fragility, especially when taken
chronically.73–75 Pulmonary edema and acute renal failure also
can occur, but the former occurs more commonly after chronic
intoxication.73,75,76

Chronic salicylism symptoms are similar to acute intoxica-
tions. However, patients with chronic exposures may have less
GI symptoms but generally appear more ill and have more CNS
symptoms.69,77 In both adults and children, the principal signs
of chronic salicylism are a partially compensated metabolic
acidosis, increased anion gap, ketosis, dehydration, electrolyte
loss, hyperventilation, tremors, agitation, confusion, stupor,
memory deficits, renal failure, and seizures.71,73,74,78 The
severity of CNS manifestations is related to the cerebrospinal
fluid (CSF) salicylate concentration.72,73 This may increase in
the presence of systemic acidosis because a greater fraction
of salicylate is unionized and can cross the blood–brain bar-
rier. Therefore, metabolic acidosis is especially dangerous in
a salicylate-intoxicated patient.71,73

Unless the history of salicylate intake is specifically sought,
the problem may not be immediately apparent, especially in
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the elderly in whom such findings are likely to be attributed to
other causes (e.g., encephalitis, meningitis, diabetic ketoacido-
sis, myocardial infarction).24,73,77 Delay in diagnosis has been
associated with increased mortality.24,68,73,77 Unfortunately,
plasma salicylate concentrations do not correlate well with the
degree of poisoning in chronically intoxicated patients, and it
is more important to treat the patient’s clinical status than his
or her salicylate concentration.68 Death in patients with sal-
icylism, whether acute or chronic, results from CNS and/or
cardiac dysfunction, or pulmonary edema.71,73,77

Assessment of Toxicity

6. What signs, symptoms, and laboratory values in V.K. are
consistent with salicylate intoxication?

V.K. demonstrates many of the findings typical of severe
acute salicylism. Hyperventilation has resulted from the direct
respiratory stimulant effects of salicylate and as compensation
for her metabolic acidosis (Pco2, 20 mmHg; pH, 7.25; serum
bicarbonate, 10 mEq/L; respiratory rate, 36 breaths/minute).
Hypokalemia (2.8 mEq/L) in the presence of metabolic acido-
sis represents severe potassium depletion because of increased
renal and possibly GI losses. Hyperpyrexia caused by salicy-
late is present in V.K., although an infectious cause also must
be considered. Her neurologic symptoms of lethargy, disori-
entation, and combativeness, as well as tinnitus, nausea, and
vomiting, are commonly seen in severe salicylate intoxication.
In addition, being elderly and taking a lethal amount of aspirin
bodes ill for this patient’s outcome.

Laboratory Evaluation

7. What objective evaluations should be assessed in a patient
with presumed salicylate intoxication?

V.K.’s workup illustrates a thorough initial patient evalua-
tion. Laboratory evaluation should include ABG values, serum
electrolytes, BUN, serum creatinine, blood glucose, and a com-
plete blood count (CBC).71,73,74 Urine should be tested for spe-
cific gravity and pH.71 In symptomatic patients, a prothrombin
(PT), international normalized ratio (INR), and partial throm-
boplastin times (PTT) are useful to assess the presence of
salicylate-induced coagulopathy. Vitals signs should be mon-
itored for an increased respiratory rate and hyperpyrexia.72,73

Physical examination should include an evaluation of chest x-
ray, cardiopulmonary and neurologic function, and measure-
ment of urine output.73

A salicylate blood concentration should be obtained 6 hours
after an acute ingestion at a known time, immediately and 6
hours after an acute ingestion of an unknown time, and immedi-
ately and every 2 to 6 hours in symptomatic patients.24,65,71,73,79

Repeat a serum salicylate measurement every 4 to 6 hours
to verify that the original concentration represented a peak
level and that the salicylate level is decreasing rather than
increasing.24,68,71,74,79 Obtaining the units of measurement on
salicylate serum concentrations is essential because differ-
ent laboratories report concentrations in different units (e.g.,
mg/dL, mcg/mL, mmol/L). An incorrect interpretation of the
salicylate unit of measurement can result in overestimates or
underestimates of the severity.24

Historically, the Done-nomogram was used to determine
the degree of toxicity from a known single acute salicylate in-

gestion by plotting the serum salicylate concentration by time
since the ingestion.80 However, clinical symptoms and labo-
ratory findings are more useful in identifying the degree of
acute intoxication, assessing patient prognosis, and guiding
therapy.79 In case of chronic ingestions, the nomogram is not
useful, and other parameters such as acid–base and electrolyte
balance should be used to determine severity of the case.68,71

The Done-nomogram is also not useful in certain situations
such as ingestion of enteric-coated or sustained-release salicy-
late products, when the time of ingestion is unknown, or when
the patient is acidemic or has renal failure.71,73,74,79–81 The
nomogram is probably not useful when salicylate serum con-
centrations are measured more than 12 hours after ingestion.
Serum concentrations obtained less than 6 hours after ingestion
in acute ingestion situations are also difficult to interpret be-
cause the drug level has not yet peaked and can result in an un-
derestimation of the eventual degree of intoxication.68,71,78,81

Salicylate concentrations can continue to rise over approxi-
mately 24 hours if a large amount has been taken or if enteric-
coated tablets have been ingested. Enteric-coated tablets can
clump together forming a bezoar that slowly releases drug into
the gut.73,79 The Done-nomogram is no longer used because of
these difficulties in interpreting salicylate concentrations.24

Management

8. What would be a reasonable management plan for V.K.?

Management of salicylate intoxication depends on the de-
gree of acid–base and electrolyte disturbances.68,71,73 Acti-
vated charcoal is not indicated for V.K because the ingestion
occurred about 10 hours ago and she has a somewhat altered
mental status.43 The risk of aspiration is greater than the value
of possibly adsorbing any remaining aspirin from the GI tract.
In addition, V.K. already has symptoms of salicylate poison-
ing, indicating that the aspirin has already been absorbed. V.K.’s
hypokalemia, acidosis, and hypoglycemia must be corrected,
and is probably best accomplished through the administration
of intravenous (IV) hypotonic saline-dextrose solutions com-
bined with potassium supplementation. This solution is admin-
istered at a rate that replaces the patient’s deficits and keeps
pace with continued losses.68,71,73–75 Care should be taken to
avoid overzealous fluid therapy, which can predispose the pa-
tient to cerebral or pulmonary edema.73,75 Administration of
an IV dextrose bolus is also indicated because V.K. is also
hypoglycemic (60 mg/dL).71,73,75

SODIUM BICARBONATE
It is important to correct V.K.’s acidosis because acidosis

will increase CSF salicylate concentrations.72,73 Correction of
acidosis can be accomplished by adding sodium bicarbonate
to her IV fluids.68,71–74 V.K.’s serum sodium and potassium
concentrations should be monitored closely.80 It is essential to
provide adequate ventilation to prevent respiratory alkalosis.
With a respiratory rate of 36 breaths/minute, placing the patient
on a ventilator to assist with breathing might be considered.
However, forced mechanical ventilation can interfere with the
patient’s need to compensate to maintain the serum pH. Patients
on ventilators can become severely acidotic, which can result
in death because of an inability to compensate adequately.71,82
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SEIZURES
Seizures are not evident in V.K. but can be encountered in

cases of severe salicylate poisoning. Seizures generally carry
a poor prognosis and are indicative of severe salicylate intox-
ication that requires hemodialysis.71 Other treatable causes of
seizures (e.g., marked alkalosis, hypoglycemia, hyponatremia)
can be present in individuals such as V.K. and should be ruled
out. If seizures occur, benzodiazepines are the drugs of choice
for treatment.71

COAGULOPATHY AND HYPERTHERMIA
Coagulopathy generally responds to vitamin K1, which

should be given if the PT or INR is prolonged.71 GI bleed-
ing or other hemorrhage can occur, but not commonly.71,73,74

Mild hyperthermia usually does not require therapy, but cool-
ing fans and mist may be required for extremely elevated
temperatures.71,75

PULMONARY EDEMA
Noncardiogenic pulmonary edema commonly occurs in

salicylate intoxications, especially when the overdose is at-
tributable to chronic ingestions.71,73,76 Pulmonary edema is
associated with a high incidence of neurologic symptoms in pa-
tients and can occur even without fluid overload.73,76 Increased
alveolar capillary membrane permeability, prostaglandin ef-
fects, and a metabolic interaction with platelets releasing mem-
brane permeability substances are the primary mechanisms
for the cause of pulmonary edema associated with salicylate
overdose.76 Treatment is aimed at reducing salicylate levels via
alkalinization or hemodialysis.76

ALKALINE DIURESIS

9. What measures will enhance salicylate elimination? Which
of these may be indicated in V.K.?

Forced alkaline diuresis and hemodialysis can enhance the
excretion of salicylate in overdose situations.68 Hemodialysis
is preferred because it can also correct fluid and electrolyte
imbalances.73,76,78 Sodium bicarbonate is recommended for
alkaline diuresis to reduce the arterial pH with the goal of
minimizing salicylate transport into the CNS.72,73,75

Although large doses of sodium bicarbonate together with
forced fluids can enhance the renal elimination of the weak acid
and shorten its half-life, this treatment does not favorably in-
fluence the morbidity or mortality of patients with salicylism.
Alkaline diuresis can also place the patient at risk for sodium
and fluid retention, as well as pulmonary edema, if too much
fluid is given too quickly.71,73,74,76 Furthermore, whether the
urine can be adequately alkalinized (pH >7) in severely intox-
icated pediatric patients has been questioned because of the
large acid load that is excreted.68,71,72 Nevertheless, urine al-
kalinization with sodium bicarbonate should be attempted in
severely salicylate-intoxicated adult patients such as V.K.

Potassium replacement in patients receiving alkaline diure-
sis is essential.71,73,75 These patients may require large amounts
of potassium supplementation due to renal wasting of potas-
sium. The risk for pulmonary edema can be minimized if this
is done without forcing fluids.71,73,74,75

Hemodialysis should be considered in patients who show
progression of severe salicylate intoxication and seizure ac-
tivity, renal failure, or plasma salicylate concentrations in the

potentially fatal range.68,73,74,76,78 Patients with a chronic ex-
posure, with acidosis, or CNS symptoms, and who are elderly
or ill, are high-risk patients and should be considered for early
dialysis.73,78 Because V.K. has many of the risk factors, she is
a candidate for emergent hemodialysis.

Clinical Outcome of Patient V.K.
A repeat salicylate level 6 hours later (18 hours after inges-
tion) had increased to 93 mg/dL. Her chemistry panel re-
vealed serum sodium (Na), 144 mEq/L (normal, 135–153);
potassium (K), 2.1 mEq/L (normal, 3.5–5.5); chloride (Cl),
100 mEq/L (normal, 95–105); bicarbonate, 9 mEq/L (normal,
24–31); glucose, 78 mg/dL (normal, 70–110); creatinine, 4.8
mg/dL (normal, 0.5–1.4); and BUN, 42 mg/dL (normal, 5–25).
Her hemoglobin was now 8.5 g/dL (normal, 12–16 for females)
with a hematocrit of 23% (normal, 37%–47% for females) and
a PT of 16.6 seconds (normal, 10–13 seconds). V.K.’s pH on
blood gases remained in the 7.2 to 7.3 range. Urinary alkalin-
ization was attempted with a high-dose IV sodium bicarbonate
infusion in an attempt to reach a urine pH of 7.5. However, her
urine pH never increased above pH 5.6. V.K. became fluid over-
loaded and developed dyspnea. She was placed on a ventilator
with worsening of her symptoms. A chest radiograph showed
pulmonary edema. V.K. became confused and agitated, pulling
at her IV lines and trying to get out of bed. Nephrology was con-
sulted to provide emergent hemodialysis to correct the acidosis,
electrolyte abnormalities, and fluid overload. As the catheter
was being placed, the patient had a tonic-clonic seizure. Di-
azepam 10 mg IV was administered, and the seizure stopped.
At this time, the patient was unresponsive. The NG tube re-
vealed the presence of copious amounts of bright red blood.
She was rushed to surgery for an emergency laparotomy. On
the way to the operating room, she had another seizure, went
into respiratory arrest, coded, and could not be resuscitated.

ASSESSMENT OF IRON INGESTION
Gathering History and Communications

10. The grandmother of R.F., a 20-month-old boy, calls the ED
of a nearby hospital because her grandson is vomiting and appears
to have been playing with some green tablets. The child was left
alone in his room for about 15 minutes to take a nap. Why might
the consultation with this grandmother be expected to be more
difficult than the consultation in question 1?

Phone calls to a health care provider, a health care facility, or
a poison control center from individuals other than the parent
are usually more difficult to manage. The caller may not be
able to provide all patient-specific information needed (e.g.,
patient weight, chronic medications) to accurately assess the
drug ingestion. Supplemental information is often needed from
a parent. Furthermore, nonparent callers tend to be more upset
over an unintentional ingestion and may have more difficulty
than a parent in taking decisive action.

Triage of Call

11. Despite additional questioning, the grandmother cannot
identify the tablets and cannot find any labeling or empty medicine
containers that could help in the tablet identification. R.F. is still
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vomiting, and some of the vomitus is green-colored like the tablets.
There are three children in the household and two adults who take
medications for various chronic illnesses. According to the grand-
mother, R.F. is healthy, and no one else in the household currently
has the “flu” or other GI illness. The child’s mother gave birth 3
weeks ago and is now at her obstetrician’s office for a postnatal
visit. What recommendations could be provided to this grand-
mother at this time?

With this history, the practitioner should consider whether
the information presented by R.F.’s grandmother is consistent
with a drug ingestion and whether this incident is likely to be
associated with a significant adverse outcome. Most 2-year-
old children experience limited toxicity with unintentional
drug ingestions because only a relatively small amount of sub-
stance is usually ingested. Nevertheless, some substances (e.g.,
methanol, ethylene glycol, nicotine, caustic substances, cam-
phor, chloroquine, clonidine, diphenoxylate-atropine, theo-
phylline, oral hypoglycemic agents, calcium channel block-
ers, tricyclic antidepressants [TCAs]) can produce significant
toxicity when only small amounts are ingested.83,84

Although the history of drug ingestion in R.F. is somewhat
vague, the description of a green tablet, the vomiting of green
material, and the recent pregnancy of his mother suggests pos-
sible ingestion of prenatal iron tablets. Because this exposure
would be categorized as an unknown toxicity with a realistic
potential for severe toxicity if iron tablets were ingested, R.F.
should bring the child to the ED for evaluation. Depending on
the distance to the hospital and the anxiety level of the grand-
mother, the practitioner might want to instruct the grandmother
to call for emergency medical services transportation rather
than relying on other means of transportation. She should be
instructed to take the green tablets to the ED along with the
child so the tablets can be identified. Other medications that
are in the house should also be taken to the ED, and the mother
should be contacted at the obstetrician’s office.

Substance Identification

12. R.F.’s mother has been contacted and has confirmed that the
only green tablets in the house are her prenatal iron supplements.
She is in close proximity to the hospital and will await the arrival of
her son. R.F. arrived 20 minutes later along with one green tablet
and an empty prescription container that was found by his older
brother. R.F. is still vomiting but is awake and alert with a heart
rate of 125 beats/minute, a respiratory rate of 28 breaths/minute,
a temperature of 99.1◦F, and pulse oximetry of 99%. How can the
maximum potential severity of this ingestion be estimated at this
time?

R.F.’s vital signs, when corrected for age, are normal. At-
tention should now focus on identifying the ingested substance
and the maximum potential severity of the ingestion. Although
this case involves an unknown ingestion, with a possibility of
being a severe iron intoxication, the identity of the tablets still
has not been verified. Therefore, R.F. must be carefully as-
sessed, and the ingestion history reaffirmed.

All solid dosage prescription drugs are required by the
U.S. Food and Drug Administration (FDA) to have identifica-
tion markings. Reference books (e.g., Facts and Comparisons,
Physicians Desk Reference),85 computerized databases (e.g.,
IDENTIDEX),86 and the product manufacturers can assist in
identifying solid dosage forms. The imprint code markings on

the green tablet brought to the ED with R.F., the empty medica-
tion container, and the mother’s assistance should be sufficient
to correctly identify the tablet. The identification of this green
tablet will most likely establish the toxicity potential because
most childhood ingestions usually involve only one substance.
Once the tablet has been identified, the maximum number of
tablets ingested should be estimated. The label on the empty
medication container should provide information on the iden-
tity and number of tablets dispensed. If the medication con-
tainer is unlabeled, the date the prescription was obtained, the
number of estimated doses taken, and the number currently
remaining in the medication container can be used to approx-
imate the maximum number of tablets that were ingested.

R.F.’s vital signs and symptoms should be monitored at fre-
quent intervals to evaluate whether his clinical status is consis-
tent with expectations based on the suspected ingestion. Nau-
sea, vomiting, diarrhea, and abdominal pain are commonly
encountered early in the course of iron intoxication.87–92 The
absence of symptoms, however, should not be interpreted as
an indication that a poisoning has not occurred, especially if
the patient is being evaluated within a short time after the pre-
sumed ingestion.87,89–92

Evaluating Severity of Toxicity

13. R.F. weighs 22 lb, appears to be in no apparent distress, and
has stopped vomiting. About 30 mL of dark-colored vomitus was
recovered, but no tablets are seen, and testing demonstrates that
no blood is present in the vomitus. A maximum of 11 tablets were
ingested based on the bottle label and the mother’s recall. What
degree of toxicity should be expected in R.F.?

The potential severity of ingestion can be estimated for com-
monly ingested drugs such as acetaminophen,93 salicylates,69

iron,87 and TCAs94 because of well-established dose–toxicity
relationships. Acute elemental iron ingestions of <20 mg/kg
are usually nontoxic, 20 to 60 mg/kg doses result in mild to
moderate toxicity, and >60 mg/kg doses are severe and poten-
tially fatal.88,90,92

The label on the prescription medication container, as well
as independent verification of the tablet by R.F.’s mother and
the tablet imprint, indicate that each tablet contained 300 mg
of ferrous sulfate in an enteric-coated formulation. Because
the dose–toxicity relationship of iron is based on the amount
of elemental iron ingested, knowledge of the specific iron salt
is important in calculating the ingested dose. Ferrous sulfate
contains 20% elemental iron, ferrous gluconate contains 12%,
and ferrous fumarate contains 33%.87,88,90,91 Therefore, each
300-mg ferrous sulfate tablet contains 60 mg of elemental iron.
R.F. ingested a maximum of 11 enteric-coated ferrous sulfate
300-mg tablets and he weighs 22 lb (10 kg); therefore, his
ingestion of ∼66 mg/kg of iron places him at risk of severe
toxicity. Although R.F.’s only symptom is vomiting at this time,
absorption could be delayed because he ingested an enteric-
coated formulation.

Abdominal Radiographs

14. R.F. is expected to experience potentially severe toxicity
from his ingestion of iron. Why would an abdominal radiograph
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(x-ray) be useful to verify the number of iron tablets that were
actually ingested?

Radiodense substances (e.g., iron, enteric-coated tablets,
chloral hydrate, phenothiazines, heavy metals), theoretically,
can be visualized in the GI tract by an abdominal radiograph.94

The ability of a radiograph (x-ray) to demonstrate the presence
of a radiodense substance, however, depends on the dosage
form, concentration, and the molecular weight of the substance.
The intact dosage form can often be detected if the tablet has
not already disintegrated or dissolved.95 Less than one-third
of pediatric abdominal radiographs show positive evidence of
tablets or granules after iron poisoning.96

Keep in mind that children are more likely than adults
to chew tablets rather than swallow them whole, and false-
negative results can occur even when whole tablets have not
already started to disintegrate. If the tablets were chewed, an
abdominal radiograph to verify the number of ingested iron
tablets is not likely to be useful. However, an abdominal ra-
diograph after the completion of GI decontamination can help
assess whether additional decontamination is needed.95

Gastrointestinal Decontamination

15. Why would gastric lavage and/or activated charcoal not be
indicated for the management of R.F.’s iron ingestion?

When selecting a GI decontamination method, one should
consider the substance ingested, maximum potential toxicity
expected from the drug dosage form, potential time course of
toxicity, time elapsed between ingestion and the initiation of
treatment, symptoms, and physical examination findings. De-
contamination with activated charcoal is not indicated because
R.F. has ingested iron tablets, which do not adsorb to activated
charcoal.50,87,97 Gastric lavage would also not be effective be-
cause the removal of large undissolved iron tablets from the
stomach is limited by the small internal diameter of the gastric
lavage tube, especially in pediatric patients.97,98

Whole Bowel Irrigation

16. What other method of GI decontamination should be con-
sidered for R.F.?

WBI with a polyethylene glycol electrolyte solution can be
considered in this case. WBI fluid can be administered orally,
or infused by NG tube at a rate of 1.5 to 2 L/hour for adults
and at a rate of 500 mL/hour for children.99,100 Although the
large volume of fluid to be ingested over a short period of
time (several hours) and the frequent association of the nausea
and vomiting often result in poor patient compliance, R.F. is
hospitalized and the fluid can be infused by NG tube if needed.
WBI should be continued until the rectal effluent is clear, which
may take many hours.99,100

Monitoring Effectiveness of Treatment

17. How should the effectiveness of GI decontamination be as-
sessed in the ED?

The simplest method of assessing GI decontamination is
to visually inspect the return fluid from the WBI. Increasing
serum iron concentrations, deteriorating clinical status, or ev-

idence of radiodense tablets in the GI tract on abdominal ra-
diograph would warrant more aggressive treatment.88–90,96

Serum Iron Concentrations

18. At this time, R.F. has no evidence of CNS or cardiovascular
symptoms that can occur with toxic iron ingestions. He did have
one large dark-colored diarrheal stool that tested negative for
blood. A serum iron concentration, obtained about 3 hours after
the ingestion, was 470 mcg/dL (normal, 60–160 mcg/dL). What
conclusions as to severity or likely clinical outcome can be derived
from this serum concentration?

The serum iron concentration provides an indication as to
whether more aggressive therapy is needed.92,96,101 The higher
than normal serum iron concentration confirms the suspicion
that R.F. has ingested iron tablets despite both his current lack
of serious symptoms and the absence of tablet evidence in the
rectal effluent or abdominal radiograph.

The time course of absorption is probably the most dif-
ficult pharmacokinetic parameter to evaluate with toxic in-
gestions. For example, drug concentrations can continue to
rise after an overdose despite GI decontamination.89,91,92,101

This prolongation of absorption time is even further compli-
cated when sustained-release or enteric-coated dosage formu-
lations have been ingested because the onset of symptoms is
unpredictable.90

R.F.’s serum iron concentration of 470 mcg/dL at this time
suggests a serious ingestion because peak serum iron con-
centrations >500 mcg/dL are usually predictive of significant
toxicity.89–92,96,101 This single serum iron concentration, how-
ever, does not provide information as to whether the serum
concentration is rising or declining nor when the serum iron
concentration will peak as a result of his iron ingestion.102

Iron tablets may also clump together and form a concretion
or bezoar. Bezoar formation can result in prolonged absorp-
tion and delay the onset of toxicity.89,92 Samples for peak
serum iron concentration should be obtained 4 to 6 hours af-
ter ingestion.90–92 Although R.F.’s serum iron concentration
was measured approximately 3 hours after ingestion, another
serum iron measurement in 2 to 4 hours is needed because he
ingested an enteric-coated formulation.

Blood Glucose, White Blood Cell Count, and Total Iron
Binding Capacity

19. R.F. had WBI administered through the NG tube for 4 hours
until the rectal effluent was clear. At this time, R.F. began to
vomit numerous times and became drowsy and fussy. A second
serum iron concentration was ordered (i.e., 6 hours after inges-
tion). What other laboratory tests could be helpful in assessing
the potential toxicity of iron in R.F.?

Blood glucose concentrations and white blood cell (WBC)
counts usually are increased when serum iron concentrations
are >300 mcg/dL. A WBC count >15,000/mm3 and a blood
glucose concentration >150 mg/dL within 6 hours of an in-
gestion generally suggest a greater likelihood of severe iron
intoxication.88 These tests provide supplemental confirmation
of iron intoxication and can be useful in medical facilities in
which serum iron concentrations cannot be obtained. Sensitiv-
ity of these tests are low (about 50%), and treatment should not
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be based on a WBC and glucose concentration alone.89–91,96

These laboratory tests are not routinely monitored in iron poi-
soning because of the poor sensitivity.90

It was once believed that if the serum iron concentration
exceeded the total iron binding capacity (TIBC) concentration,
it would be a substantiate iron toxicity. The correlation between
the TIBC concentration and iron toxicity, however, has not
held up, and the TIBC test is no longer used to monitor iron
toxicity.92

Stages of Iron Toxicity

20. It is now 6 hours since R.F. ingested the iron tablets. His
second serum iron concentration is not yet available. He continues
to be fussy and drowsy but has missed his usual afternoon nap.
He has several more episodes of vomiting. Why is R.F.’s relatively
mild course at this time not particularly reassuring?

The time between the ingestion of an overdose of drugs and
the development of severe toxicity is often delayed. It is unclear
in some cases why there is an asymptomatic period, but it may
be secondary to delayed absorption of the ingested drug, the
time required for the drug distribution, or the time needed to
form a toxic metabolite. Consequently, R.F. may still develop
further symptoms of severe toxicity. Four distinct stages of
symptoms can be encountered with iron toxicity.87–92

Stage I
Stage I symptoms usually occur within 6 hours of ingestion.
During this time, nausea, vomiting, diarrhea, and abdominal
pain are encountered and are probably secondary to the erosive
effects of iron on the GI mucosa. The caustic effects of free iron
can cause bleeding as evidenced by blood in the vomitus and
stool. In more severe intoxications, CNS and cardiovascular
toxicity can be present during Stage I.89–92

Stage II
The second stage of iron toxicity is characterized as a period
of decreasing symptoms and an apparent improvement in the
clinical condition. This stage can last for up to 12 to 24 hours
after the ingestion and could be misinterpreted as resolving
toxicity. This stage might represent the time needed for the ab-
sorbed iron to distribute throughout the body before systemic
symptoms develop.87 Alternatively, this stage might merely re-
flect patients who did not receive treatment early in the course
of intoxication and appeared to be well before systemic effects
developed.86 It is unknown why this stage of apparent improve-
ment occurs with iron toxicity. In most severe cases, Stage II is
not encountered and the patient’s condition continues to pro-
gressively deteriorate.89,92

Stage III
Stage III generally occurs 12 to 48 hours after iron ingestion
and is characterized by CNS toxicity (e.g., lethargy, coma,
seizures) and cardiovascular toxicity (e.g., hypotension, shock,
pulmonary edema). Metabolic acidosis, hypoglycemia, hepatic
necrosis, renal damage, and coagulopathy can be experienced
at this stage.89–92

Stage IV
The final stage is apparent 4 to 6 weeks after acute iron in-
gestion and consists of late-appearing GI tract sequelae that

are secondary to the initial local toxicity. In this stage, prior
tissue damage can progress to gastric scarring and strictures
at the pylorus, resulting in permanent abnormalities of GI
function.89–92

Patients can present to the health care facility in any stage
of iron toxicity and can have a fatal outcome in any stage.
Assigning a stage of toxicity should not be based on time since
ingestion, but instead should be based on clinical symptoms.91

Deferoxamine Chelation

21. The clinical laboratory has reported that the second serum
iron concentration that was obtained 6 hours after ingestion from
R.F. has increased from 470 to 553 mcg/dL. He has continued to
vomit. R.F.’s mother states that the child looks “pale” to her. What
criteria are most important in determining whether the antidote
deferoxamine should be administered to R.F.?

[SI units: 84.18 and 99.04 μmol/L, respectively]

Deferoxamine (Desferal) chelates iron by binding ferric
ions in plasma to form the iron complex ferrioxamine.90 De-
feroxamine prevents iron toxicity at a cellular level by re-
moving iron from mitochondria.88 Unfortunately, a relatively
small amount of iron is bound (approximately 9 mg of iron to
100 mg of deferoxamine).102,103 The iron-deferoxamine com-
plex primarily is excreted renally as ferrioxamine.88,90,91 Renal
elimination of the ferrioxamine usually results in a pinkish-
orange urine, often described as “vin rose.”88,90,91 Deferox-
amine therapy should be initiated when serum iron concentra-
tions exceed 500 mcg/dL and when symptoms of iron toxicity
(e.g., GI symptoms, hemorrhage, coma, shock, seizures) are
present.88–91 R.F. is experiencing symptoms, he presumably
ingested up to 66 mg/kg of elemental iron, and iron absorption
appears to be ongoing based on the increase in his serum iron
concentration. Therefore, R.F. should be treated with deferox-
amine.

Deferoxamine Dose

22. What dose of deferoxamine should be prescribed for R.F.,
and how should it be administered?

Deferoxamine is more effective when administered intra-
venously as a constant infusion due to the short half-life of the
deferoxamine (76 ± 10 minutes).89,91,102 Clinically, a slow
IV infusion is preferred over intramuscular (IM) administra-
tion because the dose administered can be better controlled, is
less painful, and is better absorbed than an intramuscularly ad-
ministered dose.91,92 Deferoxamine 15 mg/kg/hour is usually
administered in a continuous IV infusion; however, doses up
to 45 mg/kg/hour have been used in patients with severe iron
poisoning.89–92,102 Hypotension can result from administering
IV boluses of deferoxamine too rapidly.89,90,92,102,103 Accord-
ing to the manufacturer, the total deferoxamine dose should
not exceed 6 g every 24 hours when administered to adults or
children, but adverse effects have not been seen in patients who
received more than 6 g every 24 hours.91,103

If IV access is not readily available or if the patient is trans-
ported to another medical facility for treatment, deferoxamine
should be administered intramuscularly.88,103 The usual IM
dose of deferoxamine for the treatment of acute iron intoxica-
tion is 90 mg/kg, not to exceed a maximum of 1 g per dose.103
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The dose can be repeated every 4 to 12 hours, depending on
the clinical status of the patient.103 Pain at the injection site, as
well as induration, is common after IM administration.91,103

Deferoxamine should be initially administered to R.F. at a
rate of about 8 mg/kg/hour, and his clinical status should be
monitored closely. If the dose is tolerated, the rate can be in-
creased every 5 minutes until the desired dose of 15 mg/kg/hour
is achieved.89

Monitoring and Discontinuation

23. R.F. is admitted to the pediatric ICU 1 hour after the ini-
tiation of a deferoxamine infusion at 8 mg/kg/hour. How should
deferoxamine therapy be monitored, and when should it be dis-
continued?

The rate of deferoxamine infusion should be increased if
symptoms of severe iron toxicity develop, and the dosage
should be decreased if adverse effects develop.89,90,92,103 The
infusion of deferoxamine should be continued until the serum
iron concentration is <100 mcg/dL and symptoms of iron tox-
icity are no longer present.103 Patients will require chelation
therapy for about 1 to 2 days, depending on the severity of
symptoms.89–91 Chelation therapy that continues longer than
necessary should be avoided because deferoxamine infusion
for more than 24 hours has been associated with the develop-
ment of acute respiratory distress syndrome.89–91

The urine color change to “vin rose” indicates ferrioxam-
ine in the urine.88,82 The disappearance of the “vin rose” color
should not be used as a reliable marker of adequacy of de-
feroxamine therapy because not all patients experience vin
rose urine.88,92 There is no correlation between amount of
iron ingested, serum iron concentration, and the urine color
change.88

Deferoxamine can interfere with some laboratory methods
used to measure serum iron concentrations and cause falsely
low values.88,89,101,104 To monitor serum iron concentrations
when deferoxamine has been started, using atomic absorp-
tive spectroscopy is recommended.103 When deferoxamine is
initiated, the clinical laboratory should be contacted to clar-
ify whether deferoxamine will interfere with their serum iron
analysis.

Outcome of Patient R.F.
R.F. was admitted to pediatric ICU overnight and treated with
a constant infusion of deferoxamine at 15 mg/kg/hour for 13
hours. His GI symptoms were no longer apparent, he became
more alert, and his vitals signs were stable. An analysis of a
free iron blood sample the next morning revealed a serum iron
level of 67 mcg/dL. He was discharged home that afternoon.

[SI units: 11.99 μmol/L]

ASSESSMENT OF CENTRAL NERVOUS SYSTEM
DEPRESSANT VERSUS ANTIDEPRESSANT INGESTION
Validation of Ingestion

24. T.C., a 34-year-old unconscious woman, was found lying on
the couch with a suicide note. The note stated that she had ingested
25 of her pills. On discovering T.C. unresponsive, T.C.’s 15-year-

old daughter called paramedics. When the paramedics arrived,
T.C.’s heart rate was 145 beats/minute, BP was 105/65 mmHg,
and respirations were 12 breaths/minute and shallow. T.C. was
found in a pool of vomitus. T.C. responded only to painful stimuli.
The paramedics immediately started an IV line after completing
their assessment of her ABCs. Why should the drug overdose
information from this suicidal patient be validated?

Assessing the accuracy of historical information in adult
drug exposures is difficult, and many health care profession-
als question the validity of information, especially from sui-
cidal patients.22–26 The ingestion history could be inaccurate
because the patient’s altered mental status might prevent accu-
rate recollection of what occurred. She may also try to inten-
tionally mislead health care providers to minimize appropriate
care. The supposition that the drug overdose history from a
patient is unreliable is based on studies demonstrating poor
correlation between stated drug ingestions and urine drug test
results.23–26,29,30,105

Urine drug screens generally detect all recent drug and sub-
stance use, rather than just an overdosed drug. Urine drug
screen results, therefore, are not reliable indicators of acute
exposures. Every effort should be made to validate the his-
tory with information from other sources. In suicidal patients,
one should consider all drugs that may have been available
to the patient, as well as the patient’s presenting symptoms,
laboratory tests, and information obtained from family mem-
bers, police, paramedics, and other individuals who know the
patient.22–26

Interventions by Protocol

25. In addition to managing the ABCs, what pharmacologic in-
terventions should be authorized for the paramedics to administer
to T.C. in addition to the initiation of an IV solution?

Glucose and Thiamine
Emergency medical service personnel often have protocols di-
recting them to treat patients who are unconscious from an un-
known cause. These protocols generally include administration
of glucose, thiamine, and naloxone.23,26,61,106 If paramedics
cannot measure a blood glucose concentration immediately,
T.C. should be given 50 mL of 50% dextrose to treat possi-
ble hypoglycemia. The risks of hyperglycemia from this dose
of glucose are negligible relative to the significant benefits if
the patient is hypoglycemic. Thiamine should be administered
concurrently with glucose because glucose can precipitate the
Wernicke-Korsakoff complex in thiamine-deficient patients107

(see Chapter 84). Wernicke’s encephalopathy is a reversible
neurologic disturbance consisting of generalized confusion,
ataxia, and ophthalmoplegia. Korsakoff’s psychosis is believed
to be irreversible and is associated with a more prolonged de-
ficiency of thiamine.107,108

This unconscious patient should also be evaluated for blood
loss, hypoxia, and evidence of head trauma.22

Naloxone
The pure opiate antagonist, naloxone, is indicated for the
treatment of respiratory depression induced by opioids,106,109

but many emergency medical service protocols authorize
paramedics to routinely administer naloxone to all patients with
decreased mental status.109 Naloxone reportedly has reversed
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coma and acute respiratory depression in intoxicated patients
who have no evidence of opiate use.60,108 The response of these
patients to naloxone might have been secondary to opioids
that were not detected by the urine toxicology screens (e.g.,
oxycodone, fentanyl). Drug-induced CNS depression usually
waxes and wanes, and reports of naloxone success in patients
who have not used opioids could also have been the result of
responses to needle sticks, movement, or other stimuli rather
than to naloxone.

Administering naloxone to an opioid-addicted patient can
result in withdrawal symptoms (e.g., agitation, combativeness,
vomiting, diarrhea, lacrimation, rhinorrhea) that can further
complicate the intoxication picture.61 Small doses of nalox-
one should be administered initially to determine the patient’s
response to this medication. Violent and aggressive behavior
can be precipitated when sudden increased consciousness is in-
duced by naloxone.24 This can complicate emergency care in
an emergency transport vehicle and put caregivers and patients
at risk for trauma.61

Initial Treatment

26. The paramedics arrive at the ED with T.C. 30 minutes
after her daughter called them. T.C.’s heart rate in the ED is
148 beats/minute, BP is 90/55 mmHg, and respirations have de-
creased from 12 breaths/minute, spontaneous and shallow, to
7 breaths/minute, with assisted ventilation from a bag-valve mask.
T.C. remains unresponsive. The paramedics were unable to find
any prescriptions or other medications in the house. Her daughter
believed that her mother was taking medication for depression,
but she could not be more specific. The police will notify T.C.’s
husband and try to obtain additional information about the in-
gested substance. What initial treatment should be provided for
T.C. in the ED?

T.C. should be intubated and mechanically ventilated with
100% oxygen because of her shallow, slow respirations and
the likelihood that vomitus could have been aspirated into her
lungs. The blood pressure taken by the paramedics was 105/
65 mmHg and now is 90/55 mmHg. A bolus of IV fluid should
be administered to T.C. to determine whether an increase in
her intravascular fluid volume will increase her blood pressure
and improve her mental status.22,39

Antidotes

27. T.C.’s husband reports that T.C. is under the care of a psy-
chiatrist for depression and two previous suicide attempts. He
does not know the identity of her medication, but attempts are
underway to contact T.C.’s psychiatrist. What antidotes can be
administered in the ED for diagnostic purposes? Should flumaze-
nil (Romazicon) be administered?

Theoretically, antidotes such as naloxone, flumazenil, de-
feroxamine, and antidigoxin FAB fragments could be ad-
ministered in a hospitalized setting to identify an unknown
toxin.24,59,110 However, the costs, time required for adminis-
tration, and increased risks from these antidotes preclude their
use for diagnostic purposes without some plausible suspicion
of a specific drug ingestion. Although naloxone and flumaze-
nil can reverse CNS depression caused by opioids and benzo-

diazepines, respectively, their use is not appropriate without
historical, clinical, or toxicologic laboratory findings, which
suggest that one of these drugs is a cause of T.C.’s intoxica-
tion.

Organ System Evaluations

28. How can the initial physical assessment, using an organ sys-
tems approach, help in identifying the drugs ingested by T.C.?

The patient’s ABCs and CNS and cardiopulmonary func-
tions should be assessed with special attention to clinical mani-
festations that suggest ingestion of a specific class of drugs.26,39

For example, T.C.’s history of depression suggests that antide-
pressants, antipsychotics, lithium, and/or benzodiazepines are
candidates for ingestion in her case. An organ system eval-
uation will help determine whether these (or other) drugs
might have been ingested. Nonprescription medications such
as aspirin, acetaminophen, decongestants, and antihistamines,
which are commonly available in most households, should also
be considered because adult drug ingestions usually involve
more than one drug.

Central Nervous System Function
Changes in CNS function are probably the single most com-
mon finding associated with drug intoxication.26 CNS depres-
sion or stimulation, seizures, delirium, hallucinations, coma,
or any combination of these can be manifested in intoxicated
patients. CNS changes can be the direct result of an ingested
drug or may be additive to other underlying CNS processes
or medical conditions. Many drug overdoses can produce dif-
ferent clinical manifestations at various times during the in-
toxication and different doses can produce different effects as
well.26,65

Drugs with anticholinergic properties can produce disori-
entation, confusion, delirium, and visual hallucinations early
in the course of the intoxication; coma can become apparent as
toxicity progresses. Generally, overdoses with anticholinergic
drugs do not produce true hallucinations, but rather pseudo-
hallucinations. When a patient with an intact baseline mental
status presents with psychosis, paranoia, or visual hallucina-
tions, CNS stimulants such as cocaine or amphetamines should
be considered.26,63 Drug intoxication–induced alterations in
CNS function are initially difficult to distinguish from those
caused by underlying psychiatric disorders, trauma, hypoxia, or
metabolic disorders, such as hepatic encephalopathy or hypo-
glycemia. However, with the passage of time, decreased CNS
function secondary to drug toxicity is more likely to wax and
wane in severity in contrast to the more constant CNS depres-
sion that occurs with significant trauma or metabolic disorders.
Drug toxicity also rarely produces focal neurologic findings.
Changes in pupil size, reflexes, and vital signs can provide
insights into the pharmacologic class of drug involved in the
intoxication.24,26,27

CNS depression, seizures, disorientation, and other CNS
changes that are commonly associated with drugs likely to
be prescribed by psychiatrists should be evaluated carefully in
T.C. For example, T.C.’s pupil size would most likely be dilated
if she had ingested a TCA because of the anticholinergic effects
of these drugs. TCA intoxications can also cause myoclonic
spasms.26 These spasms are often difficult to differentiate from
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seizure activity caused by TCA overdoses, although the spasms
are often asymmetric and more persistent.111

Cardiovascular Function
Assessment of heart rate, rhythm, conduction, and measure-
ments of hemodynamic function can also be used to help iden-
tify the type of drug ingested. For example, overdoses of sym-
pathomimetic drugs usually increase heart rate. Overdoses of
cardiac glycosides or beta-blockers can slow the heart rate.
Although drugs can increase or decrease heart rate directly,
indirect cardiac effects (e.g., reflex tachycardia in response to
hypotension) also need to be considered. Abnormal heart rates
produced by drug overdoses are usually not treated unless hy-
potension or severe dysrhythmias are precipitated.26,39

Pulmonary Function
Evaluating the rate and depth of respiration and the effective-
ness of gas exchange in an intoxicated patient can also help
identify drugs that might have been ingested. For example, a
decrease in respiratory rate is commonly associated with the
ingestion of CNS depressants. An increased respiratory rate
and depth is generally associated with CNS stimulant toxicity.
An increase in respiratory rate can also be secondary to respi-
ratory compensation for a drug-induced metabolic acidosis.26

Aspiration of gastric contents after vomiting is a common
event in drug ingestions. Aspiration pneumonitis is the most
common pulmonary abnormality associated with significant
intoxications.43 Noncardiogenic acute pulmonary edema has
been associated with drug overdoses of salicylates75–78 (espe-
cially with chronic intoxications) and the use of drugs of abuse
(e.g., cocaine and heroin).112–119

Temperature Regulation
Body temperature is an important and sometimes overlooked
parameter when assessing potential intoxications.24,39 De-
creased mental status is often associated with a loss of ther-
moregulation, and this results in a body temperature that
falls or increases toward the ambient temperature. Increased
body temperature (hyperthermia) caused by overdoses of
CNS stimulants (e.g., cocaine, amphetamines, ecstasy), sal-
icylates, hallucinogens (e.g., phencyclidine), or anticholin-
ergic drugs or plants (e.g., jimsonweed) can have serious
consequences.24,26,39 Body temperature should be measured
rectally to obtain an accurate representation of core body
temperature.120

Hyperthermia caused by drug overdoses is commonly en-
countered in hot, humid environments or when the intoxication
is associated with physical exertion, increased muscle tone, or
seizures. In these patients, it is important to obtain renal func-
tion tests (e.g., BUN, serum creatinine) and a serum creatine ki-
nase (CK) measurement to determine whether rhabdomyolysis
has occurred secondary to breakdown of muscle tissue.24,39,120

Gastrointestinal Function
The GI tract should be assessed for decreased motility because
drug absorption can be delayed or prolonged.26,121 When this
is the case, decontamination may be beneficial after an oral
ingestion even if a long period of time has elapsed since the
ingestion. The presence of blood in either emesis or stool may
signal ingestion of a GI irritant or caustic substance.122

Skin and Extremities
The physical examination should include a thorough evaluation
of the body surfaces. Look for causes of trauma that may also
explain the patient’s condition. Examination of the skin and ex-
tremities can provide evidence of drug intoxication, especially
with IV or subcutaneous drug injection needle marks.24 Drugs
can be hidden in the rectum or vagina.24 Look for drug patches
(e.g., fentanyl) on hidden areas of the body such as the back of
the neck or scrotum. Fluid-filled bullae at gravity-dependent
sites that have been in contact with hard surfaces for a long
time suggest prolonged coma.26 Muscle tone also should be
assessed.26 Increased tone or myoclonic spasms can be caused
by some drug overdoses (e.g., TCAs) and can produce rhab-
domyolysis or hyperthermia.26,120 Dry, hot, red skin may also
be an indication of anticholinergic toxicity.26,39

In summary, an organ system assessment of T.C. can provide
useful insights into the identity of drugs that might have been
ingested, the viability of organ function that might have been
adversely affected, and the treatment that should be instituted.

Laboratory Tests

29. What laboratory tests should be ordered for T.C.?

The laboratory assessment of an intoxicated patient should
be guided by the history of the events surrounding the in-
gestion, clinical presentation, and past medical history.22,123

The status of oxygenation, acid–base balance, and blood glu-
cose concentration must be determined, especially in patients
with altered mental status such as T.C.39 Oxygenation can be
assessed initially by pulse oximetry, and acid–base status by
ABGs and serum electrolyte concentrations.23,123,124 T.C. was
given oxygen and a bolus of IV fluid on her arrival at the ED.
Paramedics administered glucose during her transportation to
the ED.

A medical history of organ dysfunction or medical disor-
ders (e.g., diabetes, hypertension) that can damage organs of
elimination (e.g., kidney, liver) will also guide the need for
laboratory tests. A serum creatinine concentration and liver
function tests (e.g., aspartate aminotransferase [AST], alanine
aminotransferase [ALT]) should be ordered. Other more spe-
cific tests reflective of her past medical history can be ordered
subsequent to dialogue with her psychiatrist. A CBC, com-
plete chemistry panel, serum osmolality, and other baseline
laboratory tests should be obtained.26 Pregnancy tests should
be considered in female patients of childbearing age because
unwanted pregnancies are common causes of overdose.124

A baseline electrocardiogram (ECG) should be obtained
when exposure to a cardiotoxic drug is suspected or whenever
the cardiovascular or hemodynamic status is altered.23,39,124 A
12-lead ECG should be ordered because T.C. is likely to have
ingested a psychotropic agent. Continuous cardiac monitor-
ing should be instituted because of the significant cardiotox-
icity associated with overdoses of these agents. Patients with
severe TCA overdoses frequently present with symptoms of
coma, tachycardia with a prolonged QRS segment, seizures,
hypotension, and respiratory depression.125–128

A chest radiograph is useful when the potential exists for
either direct pulmonary toxicity or aspiration.23 A chest radio-
graph is indicated because T.C. had vomitus in her mouth and
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TCAs are associated with the development of acute respiratory
distress syndrome and pulmonary edema.125,129,130

Qualitative Screening

30. Why should (or should not) T.C.’s urine and blood be
screened to assist in identifying the ingested substance?

Toxicology laboratory testing can be used to identify the
substances involved in a toxic exposure, to exclude substances,
or to measure the concentration of substances in serum or other
biological fluids.24,123,124 The identification and quantification
of compounds should be considered as two distinct types of tox-
icologic testing.24,131 Qualitative screening, intended to iden-
tify unknown substances, must be able to identify which sub-
stance or class of substances, is involved in the toxic exposure.
Quantitative testing is similar to therapeutic drug monitoring
in that the presence of the substance usually is known, and the
question being answered is how much is present.24

Screening various biological fluids suspected of having high
concentrations of a parent drug and its metabolites can identify
unknown substances. Urine is screened much more commonly
than blood, whereas gastric fluid is rarely evaluated. A urine
drug screen is preferred to a blood drug screen because urine
generally contains a higher concentration of a drug and its
metabolites than other body fluids.132

When reviewing the results of urine screening panels for
drugs and other substances, one must remember that the pres-
ence of a substance in urine is not necessarily related to a con-
current toxicity. A positive result on a urine screening panel
merely indicates that the patient has ingested or has been ex-
posed to the substance, but it does not differentiate between
toxic and nontoxic doses. If a drug and its metabolites are
eliminated slowly into the urine over a prolonged period of
time, and if the testing methodology detects small concentra-
tions of the substance, urine drug screening could identify the
presence of a substance days, weeks, or even months after the
exposure (e.g., marijuana).24,124

It is important to know which drugs/substances are tested
at a given laboratory. Many laboratories restrict the num-
ber of drugs for which they test because 15 drugs account
for more than 90% of all drug overdoses.29 Some urine tox-
icology screens only detect common drugs of abuse (e.g.,
amphetamines, barbiturates, benzodiazepines, cocaine, mari-
juana, opioids).124 Some drugs of abuse are not detected on rou-
tine drug screening (e.g., gamma hydroxybutyrate, ketamine,
flunitrazepam).24 Some analyses detect only antibodies to drug
metabolites. For example, a benzodiazepine screen detects ox-
azepam, a common benzodiazepine metabolite. However, al-
prazolam and lorazepam are not metabolized to oxazepam and
will not be detected in a urine screen. Likewise, an opioid
screen may not detect the synthetic opioids such as fentanyl
and methadone.124

Results of qualitative toxicology screening tests are difficult
to interpret. False negatives, false positives, cross-reactivity
with related drugs, chronicity of exposure, and length of time
since last exposure all complicate results.124 Urine toxicology
screen results rarely change clinical management of the pa-
tient. Monitoring mental status, cardiovascular and respiratory
status, and other laboratory parameters provide better clues
than the results of a urine toxicology screen.23,24,123,124,131

Toxicology screening can be appropriate when the history of
a suspected toxic exposure is unavailable, inaccurate, or incon-
sistent with the clinical findings.24 However, it is important to
know which drugs are detected on a given toxicology screen.124

A comprehensive qualitative urine drug screen can be consid-
ered for T.C. because information about the substance(s) she
ingested is not yet known.

Quantitative Testing

31. Why should a quantitative toxicology laboratory test be or-
dered (or not ordered) for T.C. as well?

Following a qualitative urine analysis for drugs, a quantita-
tive analysis of drug concentration in blood can help determine
the severity of toxicity and the need for aggressive interven-
tions (e.g., hemodialysis).24,30,124,131 Quantitative tests are es-
pecially useful when assessing the potential toxicity of drugs
with delayed clinical toxicity or when the toxicity primarily is
caused by metabolites (e.g., ethylene glycol, methanol). Fur-
thermore, the concentration of a drug in serum is sometimes
much more predictive of end-organ damage than clinical find-
ings (e.g., acetaminophen effect on the liver).

Quantifying the amount of drug in serum is useful when
(a) the concentration of the substance correlates with toxic ef-
fects, (b) the turnaround time for results is rapid, and (c) treat-
ment can be guided by the serum concentration.29,123,131 To
aid in the care of poisoned patients, stat quantitative serum
concentrations of acetaminophen, carbamazepine, carboxy-
hemoglobin, digoxin, ethanol, ethylene glycol, iron, lithium,
methanol, methemoglobin, phenobarbital, and theophylline
should be available at laboratories of large health care
facilities.23,24,30,123,131

When blood samples are collected to quantitate poten-
tially intoxicating substances, as much information as possible
should be obtained about the time course of events to deter-
mine whether absorption and distribution of the substance is
complete. Serial samples may be needed to determine whether
significant absorption is still occurring.28 In contrast to the in-
terpretation of therapeutic serum concentrations of chronically
administered drugs, the serum concentration of a substance in-
gested in an overdose will not be at steady state.

Quantitative toxicologic testing will not benefit T.C. at this
point in time because the identity of the ingested substance is
unknown. Nevertheless, a serum ethanol concentration could
be useful in this case because alcohol is often ingested con-
currently in overdose situations.123 Most poison centers also
recommend obtaining a quantitative acetaminophen level on
all intentional ingestions because serious hepatotoxicity can
occur if acetaminophen ingestion is missed.24,123,124

Assessment

32. T.C.’s clinical status has not changed over the past 10 min-
utes. A urine toxicology screen, blood acetaminophen, blood al-
cohol, and ABGs have been ordered. The 12-lead ECG shows a
prolonged QRS interval of 0.14 seconds (normal, <0.1 seconds).
No antidotes have been administered. T.C.’s physical examination
did not detect any evidence of trauma to her head. Her pupils were
dilated and slowly responsive to light, and her bowel sounds were
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hypoactive. What conclusions can be made at this time with re-
gard to the likely substance ingested by T.C.?

Although the ingested substance still has not been specif-
ically identified, the available data provide some clues as to
the likely pharmacologic class of drug that was ingested. The
presence of CNS depression (T.C. is unresponsive), slowed
ventricular conduction (prolonged QRS on ECG), tachycardia
(heart rate, 148 beats/minute), hypotension (BP, 90/55 mmHg),
decreased GI motility (hypoactive bowel sounds), and the his-
tory of a possible depressive illness (history from husband and
daughter) are all consistent with a TCA drug overdose. The
antidepressant could have been ingested alone or with other
agents.

Antidepressant Toxicities

33. How would the different toxicities of the various available
antidepressants affect the treatment of T.C.?

The major pharmacologic effects and toxicities of the an-
tidepressants are similar for all drugs within the same class.
When a specific drug within a therapeutic class has not yet been
identified, the overdose should be managed as if the ingested
drug can produce the most severe toxicity of any drug in the
class. In this light, T.C.’s presumed antidepressant drug over-
dose should be evaluated and managed initially as TCA (e.g.,
amitriptyline) ingestion.127,133 Antidepressants with different
structures and actions (e.g., trazodone [Desyrel], fluoxetine
[Prozac], sertraline [Zoloft]) generally do not produce toxicity
as severe as that of the TCAs.127,133,134

Gastrointestinal Decontamination

34. If a TCA ingestion is presumed, why might GI decontami-
nation be appropriate at this time?

The longer GI decontamination is delayed relative to the
time of ingestion, the less effective it is likely to be because
drug absorption will already have occurred. Because the time
of ingestion is unknown and T.C. is unresponsive, she prob-
ably already has absorbed significant amounts of the drug,
making her more vulnerable to aspiration. Furthermore, T.C.
might already have aspirated because she was found in a pool
of vomitus. TCA overdoses can also induce seizures, which
would be a relative contraindication to GI decontamination. In
consideration of these concerns, some would not support GI
decontamination for T.C.41,42,43,44,52–55

Others might support GI decontamination because TCAs
have strong central and peripheral anticholinergic properties
that slow GI emptying, which could result in erratic absorption
and delayed toxicity. Furthermore, TCAs have a large volume
of distribution (10–50 L/kg), and both the parent drug and its
metabolite undergo enterohepatic recirculation. The half-life
of TCAs in overdose situations is 37 to 60 hours.94 For those
reasons, activated charcoal could be reasonably administered
in an effort to adsorb any drug that may not yet be absorbed
from the GI tract.50

Repeated doses of activated charcoal have been used to in-
crease the elimination of TCAs because of the long half-life of
TCAs and the enterohepatic recirculation. In clinical studies,
multiple-dose activated charcoal has increased the elimination

of amitriptyline, but the data are insufficient to support or ex-
clude the use of this therapy.46

Monitoring Efficacy

35. How should the effectiveness of GI decontamination be
monitored in T.C.?

If activated charcoal is administered, T.C. must first be in-
tubated to protect her airway, and the charcoal must be admin-
istered via NG tube because she is unconscious. The insertion
of the NG tube could stimulate the gag reflex; thereby, caus-
ing emesis and possible aspiration. T.C.’s lung sounds should
be monitored closely to determine if aspiration pneumonitis is
developing, particularly because T.C. was found unconscious
and had already vomited.

Activated charcoal, especially in multiple doses, can pro-
duce ileus, GI obstruction, or intestinal perforation, especially
when administered to patients who have ingested drugs that
slow GI motility.46,50,97 Bowel sounds must be monitored fre-
quently to determine that an ileus is not developing. Once the
patient passes a charcoal-laden stool, the activated charcoal
can be considered to have successfully passed through the GI
tract.

Sodium Bicarbonate and Hyperventilation

36. According to T.C.’s psychiatrist, he prescribed amitripty-
line 100 mg at bedtime for her severe depression. How does this
new information alter T.C.’s treatment plan?

This information confirms the assumptions that a TCA was
ingested, and it also specifically identifies the probable ingested
drug. In TCA ingestions, severe toxicity has been associated
with doses of 15 to 25 mg/kg.94 T.C. ingested a total of 2,500
mg based on her suicide note that said she took 25 tablets. If she
weighs about 60 kg and was truthful about the amount taken,
she ingested a significantly toxic dose (about 42 mg/kg).

On the ECG, TCA toxicity will exhibit as tachycardia
with prolongation of the PR, QTc and QRS intervals, ST
and T wave changes, and abnormalities of the terminal 40-
millisecond vector.94,111,125,128,135–138 TCAs have anticholin-
ergic, adrenergic, and quinidinelike membrane effects on the
heart.111,125,127,133,136 It is believed that the anticholinergic ef-
fect causes the tachycardia and the quinidinelike effect causes
the ECG changes.

In addition, TCAs are sodium channel blockers.139 Sodium
channel blockade slows the maximum uptake stroke of phase
0 of the action potential and decreases automaticity. Blockade
decreases conduction velocity in the Purkinje fibers, which
increases the QRS interval.136 Myocardial depression, ven-
tricular tachycardia, and ventricular fibrillation are the most
common causes of death from TCAs.128 Therefore, admission
to the ICU with continuous cardiac monitoring is essential for
T.C.135

The primary therapy for reversing ventricular arrhyth-
mias and conduction delays is alkalinization of the serum
and sodium loading by administrating IV hypertonic sodium
bicarbonate.111,125,127,128,136,137,140 Indications for sodium bi-
carbonate include hypotension, prolonged QRS segment
(longer than 100 milliseconds), right bundle branch block,
and wide complex tachycardia.127,137 Alkalinization increases
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serum protein binding of the TCAs and thereby re-
duces the amount of free active drug (probably a minor
consideration).111,125,128,137 Correction of the serum pH is ben-
eficial because underlying acidosis increases TCA cardiotoxic
effects.137 Furthermore, sodium bicarbonate has been found
useful even in patients with a normal pH because sodium bi-
carbonate purportedly overcomes the sodium channel blockade
and decreases cardiotoxicity.137,139

Based on T.C.’s tachycardia and a widened QRS segment
on ECG, she should be treated with IV sodium bicarbonate
with the goal of achieving an arterial pH of 7.5 to 7.55.128,137

Sodium bicarbonate could have been administered earlier be-
cause the suspicion of an antidepressant overdose was strong
initially, her ECG demonstrated QRS prolongation and wors-
ening myocardial conduction, and her BP continued to decline
from the time she was first seen by the paramedics. The use
of IV sodium bicarbonate could introduce the risk of sodium
overload and subsequent pulmonary edema, if not monitored
closely.94,138 An alternate is to hyperventilate the patient to a
pH of 7.5 by adjusting her ventilator setting, and in this manner,
decrease the cardiotoxicity of the TCA.125,128,138

The combination of IV bicarbonate and mechanical ven-
tilation is more likely to produce severe alkalemia. Careful
and frequent monitoring of the serum pH of patients on dual
therapy is essential.125,139

Monitoring Efficacy

37. How should the sodium bicarbonate therapy in T.C. be mon-
itored?

Many patients intoxicated with TCAs present with severe
acidosis. Large doses of sodium bicarbonate may be required to
normalize the arterial pH. The efficacy of sodium bicarbonate
administration can be evaluated by monitoring acid–base status
using ABGs, especially if the patient is also being ventilated
mechanically.125,139,140

A bolus of sodium bicarbonate (1 mEq/mL) should be ad-
ministered IV as a bolus of 1 to 2 mEq/kg over a 1- to 2-minute
period. Continuous ECG monitoring is needed to monitor re-
sults of the bolus on cardiac abnormalities. Repeat bolus doses
are administered as needed until the QRS interval narrows
and tachycardia slows. Blood pH should be tested after sev-
eral boluses to determine if a target pH of 7.5 to 7.55 has
been obtained.137 At a minimum, ABGs should be determined
within an hour of starting sodium bicarbonate therapy to de-
termine pH response to the bicarbonate.140 Bolus bicarbonate
can be followed by a constant sodium bicarbonate infusion of
150 mEq sodium bicarbonate per liter to maintain an alka-
line pH.137 ABGs must be monitored frequently to ensure a
response.125,139,140 Serial ECGs to measure the QRS interval
can evaluate the efficacy of sodium bicarbonate. A prolonged
QRS interval will generally narrow to normal after the systemic
pH has been increased to about 7.5.140

Seizures

38. T.C. gradually developed more severely altered mental sta-
tus and became comatose, not responding even to painful stim-
uli. She suddenly experienced a tonic-clonic seizure, which lasted

about 2 minutes and terminated spontaneously. Should anticon-
vulsant therapy be initiated for T.C. at this time?

CNS toxicity is common in TCA overdoses. Symp-
toms include agitation, hallucinations, coma, myoclonus, and
seizures.111,125–128 Seizures can cause significant increases in
acidosis and increase cardiotoxicity. Indeed, seizures are often
seen immediately prior to cardiopulmonary arrest. Due to the
severe consequences of prolonged seizures, aggressive drug
treatment with rapid onset of action is indicated, and benzodi-
azepines are the drugs of choice to treat these seizures.125,128

Drug overdose–induced grand mal seizures are most com-
monly single seizures that terminate before drug therapy can
be administered.127 Seizure activity is not expected to persist;
therefore, instituting long-term anticonvulsant therapy is not
indicated. However, if her seizure did not stop within 1 to 2 min-
utes, a benzodiazepine would have been indicated.111,125,127

The onset of action of phenobarbital is too delayed for man-
aging acute seizures, and phenytoin is usually ineffective in
treating drug toxicity–related seizures.111 After a seizure, the
patient may become more acidotic and hypotensive.128 Blood
gases and ECG changes should be monitored immediately after
a seizure.

Interpretation of Urine Screens

39. T.C.’s BP fell to 88/42 mmHg and dopamine was started.
Her pH on repeat ABGs was 7.26. T.C.’s ECG normalized af-
ter the administration of 150 mL of sodium bicarbonate by IV
bolus. After dopamine, her BP increased to 102/68 mmHg, and
seizure activity ceased. The urine drug screen results were positive
for amitriptyline and nortriptyline. Acetaminophen and alcohol
were not detected in her blood. Does the presence of nortripty-
line indicate that T.C. has ingested other drugs in addition to her
combination of amitriptyline?

Nortriptyline is a metabolite of amitriptyline and, therefore,
was identified on the urine drug screen. Metabolites, as well
as the parent compound, are often identified on comprehensive
urine drug screens.124

Duration of Hospitalization

40. How long should T.C. be monitored?

T.C. should be admitted to the ICU and monitored un-
til all evidence of CNS and cardiovascular toxicity has been
reversed.111 There is some controversy over how long symp-
tomatic patients should be observed. Some believe symp-
tomatic patients need cardiac monitoring for 24 hours post
ingestion.127 Some believe TCA overdose patients need to be
monitored until they are symptom free for 24 hours because of
a few reports of late development of symptoms.128 However,
98% of signs of cardiotoxicity and arrhythmias are seen within
the first 24 hours post TCA ingestion.111,126 Because the in-
cidence of late-occurring symptoms is rare, most patients are
discharged after they are fully awake.125 After the toxicity has
completely resolved, T.C. should be evaluated by a psychia-
trist to determine whether she should be admitted for inpatient
treatment of her suicidal tendencies.125–127
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Outcome of Patient T.C.
T.C. had no further seizure activity. She remained on a
dopamine infusion for 8 hours and required several more bo-
luses of IV sodium bicarbonate. The next afternoon, she started
to awaken with her family at the bedside. She was tearful and
expressed regret that her suicide attempt was not successful.
She repeatedly told her family that they would be better off
without her. Her psychiatrist saw her, and arrangements were
made to transfer her to an in-patient psychiatric hospital once
she was medically cleared.

ASSESSMENT OF ACETAMINOPHEN INGESTION
Mechanism of Hepatotoxicity

41. L.P., a 23-year-old woman who is about 32 weeks pregnant,
presents to the ED 5 hours after ingesting 50 acetaminophen 500-
mg tablets. She is depressed and hoped to end her pregnancy
by ingesting acetaminophen. Her pregnancy was unplanned, and
she has received no prenatal care. L.P. has vomited spontaneously
four times since the ingestion and is complaining of abdominal
pain; her heart rate is 100 beats/minute, BP is 100/70 mmHg, and
temperature is 97.5◦F. L.P. does not have any chronic diseases,
and the remainder of her medical history is unremarkable. How
does an overdose of acetaminophen cause toxicity?

Acetaminophen is metabolized in the liver by glucuronida-
tion and sulfation. The mixed-function oxidase system cy-
tochrome P450(CYP)2E1 metabolizes a portion of the
acetaminophen to the highly reactive metabolite N-acetyl-
p-benzoquinoneimine (NAPQI). In therapeutic doses, this
metabolite is detoxified in the liver by glutathione. At toxic
serum acetaminophen concentrations, the glucuronidation
and sulfation metabolic pathways become saturated. Usually,
NAPQI is detoxified by conjugation with glutathione, but in-
creased amounts of the toxic metabolite deplete hepatic glu-
tathione stores. When glutathione stores are decreased to about
30% of normal, the toxic metabolite binds to liver cells, result-
ing in the characteristic centrilobular hepatic necrosis seen in
acetaminophen overdoses.141–144

Complication of Pregnancy

42. How does L.P.’s pregnancy change the management of her
acetaminophen ingestion?

Pregnancy does not alter the initial approach to the assess-
ment or treatment of potentially toxic ingestions, and assess-
ment should focus initially on the mother.144,145 Overdoses
during pregnancy are often associated with attempted abor-
tions, depression, prior loss of a child/children, potential loss
of a lover, and/or economic reasons.146,147 Intentional inges-
tions of analgesics, prenatal vitamins, iron, psychotropics, and
antibiotics account for 74% of the overdoses during pregnancy.

The fetus is at risk when the mother overdoses on ac-
etaminophen because acetaminophen crosses the placenta.
The fetal liver can oxidize acetaminophen to its hepatotoxic
metabolite by 14 weeks of gestation.141 However, the ability
of the fetal liver has only about 10% of the capability of the
adult liver to metabolize acetaminophen. The fetal liver can
conjugate acetaminophen with both glutathione and sulfate,

but detoxification by glutathione conjugation appears to be
decreased.148,149

In studies of maternal acetaminophen toxicity, most of the
pregnant women survived without damage to themselves or
their babies. However, there were also maternal and fetal deaths
as a result of the overdoses.148,150 Acetaminophen overdoses
during pregnancy did not appear to increase the risk for birth
defects or adverse pregnancy outcome unless the mother suf-
fered severe toxicity, emphasizing the need to treat the mother
promptly.141,148

Gastrointestinal Decontamination

43. What GI decontamination should be initiated for L.P.?

L.P.’s acetaminophen ingestion occurred 5 hours ago; there-
fore, the drug is likely to be totally absorbed, and no GI decon-
tamination should be initiated.

Estimating Potential Toxicity

44. How should the potential toxicity of the acetaminophen in-
gestion be assessed in L.P.?

Serum acetaminophen concentrations better predict
acetaminophen-induced hepatotoxicity than the dose of ac-
etaminophen acutely ingested.151,152 The Matthew-Rumack
nomogram (Fig. 5-1) is used in the United States to as-
sess the potential for hepatotoxicity from acute overdoses of
acetaminophen.152 The treatment line is defined by a serum
acetaminophen concentration of 200 mcg/mL at 4 hours af-
ter acetaminophen ingestion and 30 mcg/mL at 15 hours
post ingestion on a semilogarithmic graph.144 The serum ac-
etaminophen concentration is plotted on a graph against the
time of ingestion.152 The nomogram predicts the probability
that the AST or ALT will be >1,000 IU/L and can be used to
guide therapy by indicating whether a specific acetaminophen

Hours After Acetaminophen Ingestion

P
la

sm
a 

A
ce

ta
m

in
op

he
n 

C
on

ce
nt

ra
tio

n

5

10

50

500 Lower limit for high-risk group
Lower limit for probable-risk group
Treatment nomogram line

400
300
200
150
100

50

30

100

500

1,000
1,300
2,000
3,000
4,000

mcg/mL
µmol/L

4 8 12 16 20 24

FIGURE 5-1 Nomogram for interpretation of severity of acetaminophen
poisoning. (Copyright c© 2001 Massachusetts Medical Society. All rights
reserved.)



5-20 � GENERAL PRINCIPLES

concentration is in the toxic range.153 The nomogram is use-
ful only for acute ingestions because it underestimates the
potential for toxicity in chronic acetaminophen ingestions. It
should be noted that although the nomogram is used to plot
acetaminophen concentrations for all patients, it has been val-
idated only in healthy nonalcoholic adult patients.144

Acetaminophen Treatment Nomogram

45. When is the preferred time to measure a serum ac-
etaminophen concentration?

Acetaminophen absorption generally is complete within 1.5
to 2.5 hours after ingestion of solid or liquid dosage forms.152

The Matthews-Rumack nomogram is not applicable before
4 hours post ingestion because it is based on complete drug
absorption.153 Most clinical laboratories can complete their
assays and report acetaminophen serum concentration results
within 2 hours.

Stages of Acetaminophen Toxicity

46. What are the clinical signs and symptoms of acetaminophen
toxicity?

Early detection of an acetaminophen overdose is difficult
because there are no characteristic early diagnostic findings.
Toxicity appears in stages that may overlap and are not clear cut.
About 30 minutes to 24 hours post ingestion, the patient may
exhibit anorexia, nausea, vomiting, malaise, and diaphoresis
that can easily be attributed to other causes. The second stage
of acetaminophen toxicity occurs about 24 to 48 hours post
ingestion and is the stage in which hepatotoxicity develops.
Hepatotoxicity is universal by 36 hours post ingestion. An AST
measurement is the most sensitive measure of hepatotoxicity.
AST abnormalities always precede evidence of actual liver
impairment.144,154,155

In the third stage, 72 to 96 hours post ingestion, maximum
liver dysfunction is evident with the return of anorexia, nau-
sea, vomiting, and malaise. Symptoms can range from mild
to fulminant liver failure with hepatic encephalopathy, coma,
and hemorrhage. AST and ALT serum concentrations can be
>10,000 IU/L. There are also increases in bilirubin and INR
measurements, as well as abnormalities in glucose and pH
readings. Death, if it occurs, is usually a result of multiorgan
failure or hemorrhage caused by hepatic failure. Most deaths
occur 3 to 5 days after exposure. Patients who survive this stage
go into the last stage, which is recovery.144,154,155

Antidotes

47. What is the antidote, how does the antidote work, and when
is it most effective?

Toxicity is determined by the results of a serum ac-
etaminophen concentration measured at least 4 hours post
ingestion.152 NAC is the antidote for acetaminophen toxicity.
NAC is a sulfhydryl donor that converts to cysteine, which is
subsequently converted to glutathione.141,155,156 NAC acts as
a glutathione substitute and directly combines with the toxic
acetaminophen metabolite, NAPQI, reducing it to a nontoxic

cysteine conjugate.154 NAC can also substitute for sulfation,
which increases the nontoxic metabolism through that route
as well. NAC increases intrahepatic microcirculation and is
believed to possess hepatoprotective properties showing some
value even after liver damage has already occurred.141,155

Instituting therapy early with NAC is essential. When NAC
is started within 8 to 10 hours of the ingestion, hepatotoxicity
resulted in only 1.6% of cases. If NAC treatment is delayed,
especially longer than 16 hours post ingestion, the efficacy of
NAC treatment declines dramatically.141,144,148,155–157 In pa-
tients who were started on NAC more than 10 hours after in-
gestion, 53% developed liver damage.144,156,157

Safety of N-Acetylcysteine in Pregnancy

48. Is NAC safe to use during pregnancy?

Acetaminophen overdose in pregnant women should
be managed in the same manner as in nonpregnant
patients.141,144,148 If the life of the mother is not saved, the
fetus will not survive (unless the child is near term and is
emergently delivered); therefore, attention to the mother must
be foremost. NAC therapy is not contraindicated in pregnant
patients and might be helpful because it crosses the placenta
and can protect the fetus from hepatotoxicity.141,148

NAC therapy appears to be protective for both mother and
fetus.141,144,155,157 When used as an antidote for acetaminophen
overdose in pregnancy, NAC did not appear to result in toxic
effects to the fetus.141,144,158 The probability of fetal death was
increased with the delay in NAC treatment after overdose and
with acetaminophen overdose early in gestation.144,148,155

Route of Administration of N-Acetylcysteine

49. The 6-hour acetaminophen concentration in L.P. was 245
mcg/mL. By what route should NAC be administered?

This concentration of acetaminophen at 6 hours is above
the treatment line on Figure 5-1. Because there is some delay
from the time of ingestion to presentation at the emergency
department and L.P. has already had vomiting, it will be more
difficult for L.P. to tolerate oral NAC. For this reason, IV NAC
is recommended.

A FDA-approved sterile, pyrogenfree formulation of NAC
is available in the United States as Acetadote.156,159 The use
of IV NAC is not completely risk free because of a possible
anaphylactoid reaction during the first dose of the IV NAC.
The incidence of adverse reactions ranges from 14.3% to 23%.
Asthmatic patients and patients with ectopy should receive
the drug slowly and carefully, watching for symptoms of a
reaction.159

A majority of the adverse reactions included nausea, vom-
iting, urticaria, flushing, and pruritus. Bronchospasm, an-
gioedema, hypotension, and death have occurred, although
rarely so, and must be carefully monitored for when the IV
route is being used.156,160,161 Most reactions occur during or
just after the first 15 minutes of the antidote infusion and appear
to be dose related.161 The first dose of IV NAC is usually ad-
ministered over 60 minutes instead of 15 minutes, even though
a study comparing adverse reactions in the two infusion rates
did not show clinically significant differences.159,162
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Intravenous N-Acetylcysteine

50. How is NAC given intravenously?

The FDA-approved IV NAC protocol is the same 20-
hour dosing regimen used in Europe, known as the Prescott
protocol.156,157,159 A 150 mg/kg loading dose of NAC in 5%
dextrose is infused intravenously slowly over 60 minutes while
watching for symptoms of a possible anaphylactoid reaction.
This is followed by a maintenance dose of 50 mg/kg infused
over 4 hours, and then followed with a 100 mg/kg dose infused
over 16 hours. This regimen provides a total of 300 mg/kg NAC
over the 20 hours after the loading dose.159 As soon as the pa-
tient is able to tolerate oral administration, the patient can be
switched to oral NAC therapy. Oral therapy is as effective as IV
therapy as long as it is started early in the course. In addition,
oral therapy is much less expensive.163

Oral N-Acetylcysteine

51. What should be the dosing regimen for oral NAC?

The standard oral NAC protocol is based on the original
clinical studies.153 The loading dose of NAC is 140 mg/kg
orally using either the 10% or 20% mucolytic solutions that
were formulated for inhalation therapy. Seventeen additional
maintenance doses of 70 mg/kg of NAC are administered at
4-hour intervals after the initial dose for a total of 72 hours
of therapy. This provides a total of 1,330 mg/kg NAC over 72
hours.156,164 Because oral NAC contains a sulfhydryl group,
the substance has a very disagreeable taste and smell (like
rotten eggs) that commonly results in nausea and vomiting for
the patient. To mask the unpleasant taste and odor, NAC is
diluted to a concentration of 5% using a carbonated beverage
or fruit juice.153 Because the entire dose of oral NAC passes
through the liver, high concentrations are produced, which is
seen as an advantage of oral therapy.156

Shorter oral NAC regimens are currently being used based
on the efficacy of IV therapy.165,166 Short course oral NAC fol-
lows the same 20-hour time course as IV NAC. Patients receive
the usual 140 mg/kg oral loading dose of NAC, followed by
70 mg/kg every 4 hours for 5 additional doses (20 hours of
therapy). Serum acetaminophen, liver function tests, and INR
are repeated at 20 hours after the loading dose, which is after
the fifth maintenance dose. If 20-hour liver function tests and
coagulation studies are normal and the acetaminophen level is
below the lower limits of detection, NAC can be stopped. A
repeat set of liver function tests is recommended at 36 hours
after ingestion. In other versions of the 20-hour NAC therapy,
the dosage regimen is the same, but the laboratory studies are
measured initially, at 16, 36, and 48 hours post ingestion.166

Efficacy of N-Acetylcysteine

52. Which route of NAC administration is more effective?

There has been no proven evidence that one route of NAC
administration is superior.155,156,167 Patient outcome after an
acetaminophen overdose depends more on the time after the
ingestion that treatment begins rather than on the route of ad-
ministration of NAC. Patients who are started on NAC within
8 to 10 hours post ingestion, regardless of the route, rarely

develop hepatotoxicity. Patients who present late or have a
delay in the time of NAC treatment have higher rates of
hepatoxicity.141,155,156,163,164,168

In one comparative study of IV NAC to oral NAC therapy,
both were effective in reducing hepatotoxicity when therapy
was initiated within 10 hours after ingestion. Vomiting delayed
oral administration of the drug, but IV administration resulted
in significantly longer delays in instituting therapy.168 IV NAC
avoids the problems of the vomiting patient, but oral NAC
is safer. Oral NAC is associated with nausea and vomiting,
whereas IV NAC is associated with bronchospasm, urticaria,
and angioedema during administration.141,155

Starting oral NAC may take less time to prepare than IV
NAC therapy and is less expensive. If the patient presents early
after an acetaminophen ingestion and does not have nausea
and vomiting, oral therapy would be indicated. If the patient
presents late (more than 10 hours post ingestion) with signs
and symptoms of hepatotoxicity along with intractable nausea
and vomiting, IV NAC should be instituted at once.156,164

Monitoring Efficacy of N-Acetylcysteine

53. How should the efficacy of NAC therapy be monitored in
L.P.?

The effectiveness of NAC intervention in L.P. should be
monitored by daily assessment of her acetaminophen concen-
tration (as long as it is still measurable), AST, ALT, total biliru-
bin, glucose, and INR. The AST and ALT serum concentrations
typically increase within 36 hours (range: 24–72 hours) after
ingestion.155,168 As the hepatic damage continues, the liver en-
zymes may peak at several thousand units, even with NAC
therapy. In most patients, AST and ALT begin to decline after
3 days and then return to baseline values.155

In a small number of patients, usually those who presented
late after the ingestion, fulminant hepatic failure may develop.
In general, symptoms of severe or persistent acidosis, coagu-
lopathy, a significantly increased serum creatinine, and grade
III to IV encephalopathy are consistent with fatal outcomes in
patients with fulminant hepatic failure. Liver transplantation
might be a consideration for these patients.144,169–172

Duration of N-Acetylcysteine Therapy

54. How long should NAC administration be continued?

The original NAC dosing protocol was based on an assump-
tion that the half-life of acetaminophen was 4 hours. After
five half-lives (20 hours), the acetaminophen should be me-
tabolized and NAC could be discontinued. A NAC dose of
6 mg/kg/hour was determined to be necessary based on the
rate of glutathione turnover relative to NAPQI production. To
ensure that patients received an adequate NAC dose, the FDA
recommended that this dose be changed to 18 mg/kg/hour for
72 hours.173 This recommendation serves as the basis for the
traditional 72-hour oral course of NAC therapy.

When using the traditional 72-hour oral course of NAC,
therapy can be discontinued if the liver function tests are trend-
ing toward normal, other laboratory tests (i.e., coagulation
studies, glucose, pH, bilirubin) are within normal ranges, and
acetaminophen is no longer present in the serum. As long as
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acetaminophen is present, it can be metabolized to NAPQI
and cause further toxicity.155,165,173 Continued NAC will not
be harmful to the patient and can be beneficial.

When using the shorter 20-hour course of oral NAC, if liver
function tests and coagulation studies are normal and the 20-
hour acetaminophen concentration can no longer be measured
in the serum, NAC therapy can be stopped.166 However, if 20-
hour liver function tests or coagulation studies are abnormal,
or if the 20-hour acetaminophen concentration measurement
reveals acetaminophen still present in the serum, NAC therapy
should be continued for at least another 24 hours. These labo-
ratory tests should be repeated every 24 hours, and the patient’s
progress must be monitored closely. If the patient is not im-
proving, NAC should be continued until the patient recovers,
receives a liver transplant, or dies.144

At this time, there is no consensus as to the best route
of NAC administration, optimal dosage regimen, or opti-
mal length of therapy.155,156,173 There is consensus, however,
that NAC therapy must be instituted within 10 hours post
ingestion.141,155,156,163,164,168 For patients who do not exhibit
any signs of hepatotoxicity, shorter-course NAC therapy re-
duces the amount of NAC administered to the patient, decreases
the quantity of laboratory tests, shortens hospital stay, and is
less costly.156,165,173

N-Acetylcysteine Toxicity

55. How should the toxicity of NAC therapy be monitored in
L.P.?

With the exception of vomiting, oral NAC is remarkably
safe and has not been associated with toxicity.141,155,156 Oral
NAC must be retained for a minimum of 1 hour post inges-
tion to be successfully absorbed. If L.P. vomits within an hour
after her oral NAC dose, the dose should be repeated. If she
experiences protracted vomiting, administration of antiemetic
drugs (e.g., ondansetron, metoclopramide) or placement of a
duodenal feeding tube can improve GI tolerance.156,174,175 If
the patient cannot tolerate oral liquids, NAC therapy should
continue via IV administration.

IV NAC therapy has been associated with anaphylactoid re-
actions in up to 14% of the patients. Although most reactions

are not severe, bronchospasm, angioedema, and respiratory ar-
rest have been reported.141,155,156,173 Patients should be mon-
itored for allergic and anaphylactoid reactions when NAC is
administered intravenously. Most reactions can be avoided by
infusing the NAC loading dose slowly over 1 hour.141,155,156

Outcome of Patient L.P.
L.P. continued to have nausea and vomiting and had difficulty
tolerating liquids. IV NAC was continued. An obstetrics con-
sultation was requested to evaluate L.P.’s pregnancy. Fetal mon-
itoring was instituted during her hospital admission. A sono-
gram was taken of the baby. Once L.P. saw her baby’s image
from the sonogram, her depressed mood seemed to lift. Ap-
proximately 36 hours post ingestion, her acetaminophen level
was no longer detectable, and her liver function tests showed
a mild elevation of her AST at 274 U/L and an ALT of 188
U/L (normal AST and AST values, 8–45 U/L). Her INR and
total bilirubin values were normal at 0.7 seconds (normal INR
time, 8–1.2) and 0.8 mg/dL (normal total bilirubin in adults,
0.3–1.0 mg/dL), respectively.

L.P. was seen by a psychiatrist. She was scheduled for coun-
seling and prenatal classes. L.P. seemed eager to attend the
classes, and she talked enthusiastically about the baby when
family members came to visit. Because of L.P.’s pregnancy, the
decision was made to continue NAC for a full 72-hour course
with the goal of protecting the fetal liver as much as possible.
Six weeks later, she had a normal delivery of a healthy 6-lb,
1-oz baby girl.

SUMMARY
Unfortunately, there is no “cookbook” method to treat all poi-
soned patients. Each exposure is unique: the patients, sub-
stances, symptoms, time of exposure, and circumstances differ
in each case. Treatment of the poisoned patient often involves
controversy because solid, evidence-based science to support
a given decision is frequently lacking. When challenged with
a poisoning exposure, consult with a poison control center. By
calling 1-800-222-1222, the call will be connected to the poi-
son center nearest your location. Consultation is available 24
hours a day nationwide.

REFERENCES
1. Woolf AD, Lovejoy FR. Epidemiology of drug over-

dose in children. Drug Saf 1993;9:291.
2. Madden MA. Pediatric poisoning: recognition, as-

sessment, and management. Crit Care Nurs Clin
North Am 2005;17:395.

3. Lai MW et al. 2005 Annual report of the Amer-
ican Association of Poison Control Centers Na-
tional Poisoning and Exposure Database. Clin Tox-
icol 2006;44:803.

4. Substance Abuse and Mental Health Services
Administration, Office of Applied Studies. Drug
Abuse Warning Network 2005: National Esti-
mates of Drug-Related Emergency Department
Visits. DAWN Series: D-29, DHHS Publication No.
(SMA) 07-4256, Rockville, MD; 2007.

5. Blanc PD et al. Surveillance of poisoning and over-
dose through hospital discharge coding, poison con-
trol center reporting, and the drug abuse warning
network. Am J Emerg Med 1993;11:14.

6. Substance Abuse and Mental Health Services Ad-
ministration, Office of Applied Studies. Emergency

Department Trends from the Drug Abuse Warn-
ing Network, Final Estimates 1995–2002. Depart-
ment of Health and Human Services, DAWN Se-
ries: D-24, DHHS Publication No. (SMA) 03-3780,
Rockville, MD; 2003.

7. Dean B, Krenzelok EP. Adolescent poisoning: a
comparison of accidental and intentional expo-
sures. Vet Hum Toxicol 1998;30:579.

8. Huott MA, Storrow AB. A survey of adolescents’
knowledge regarding toxicity of over-the-counter
medications. Acad Emerg Med 1997;4:214.

9. Meyers S. Bracing for boomers, hospital gets ready
for next geriatric generation. Available at: http://
www.hospitalconnect.com/hospitalconnect app/
search/article.jsp?dcrpath=AHANEWS/AHANews
Article/data/AHA News 070528 Bracing boomers&
domain=AHNews. Accessed July 5, 2008.

10. National Institute of Mental Health. Older adults:
depression and suicide facts. Available at: www.
nimh.nih.gov/publicat/elderlydepsuicide.cfm. Ac-
cessed June 6, 2007.

11. Forjuoh SN et al. Physician response to written
feedback on a medication discrepancy found with
their elderly ambulatory patients. J Am Geriatr Soc
2005;53:2173.

12. Klasco RK, ed. POISINDEX System. Greenwood
Village, CO: Vol. 132, expires 6/2007.

13. Caravati EM, McElwee NE. Use of clinical toxi-
cology resources by emergency physicians and its
impact on poison control centers. Ann Emerg Med
1991;20:147.

14. Goldfrank LF et al. Goldfrank’s Toxicologic Emer-
gencies. 8th ed. New York: McGraw-Hill; 2006.

15. Olson KR. Poisoning and Drug Overdose. 5th ed.
New York: McGraw-Hill; 2007.

16. Mullen WH et al. Incorrect overdose manage-
ment advice in the Physicians Desk Reference. Ann
Emerg Med 1997;29:255.

17. Harrison DL et al. Cost-effectiveness of re-
gional poison control centers. Arch Intern Med
1996;156:2661.

18. Miller TR, Lestina DC. Costs of poisonings in



MANAGING ACUTE DRUG TOXICITY � 5-23

the United States and savings from poison con-
trol centers: a benefit-cost analysis. Ann Emerg Med
1997;29:239.

19. Committee on Poison Prevention and Control Board
on Health Promotion and Disease Prevention, Insti-
tute of Medicine of the National Academies. Poison
control center activities, personnel, and quality as-
surance. Forging a poison prevention and control
system, Chapter 5. Washington, DC: The National
Academies Press; 2004.

20. Ford PS. A telephone history taking and poisoning
care process. Vet Hum Toxicol 1981;23:428.

21. Veltri JC. Regional poison control services. Hosp
Forum 1982;17:1469.

22. American College of Emergency Physicians. Clin-
ical policy for the initial approach to patients pre-
senting with acute toxic ingestion or dermal or in-
halation exposure. Ann Emerg Med 1995;25:570.

23. Kulig K. Current concepts—initial management
of ingestions of toxic substances. N Engl J Med
1992;326:1677.

24. Eldridge DL, Holstege CP. Utilizing the laboratory
in the poisoned patient. Clin Lab Med 2006;26:13.

25. Wright N. An assessment of the unreliability of the
history given by self-poisoned patients. Clin Toxicol
1980;16:381.

26. Olson KR et al. Physical assessment and differen-
tial diagnosis of the poisoned patient. Med Toxicol
1987;2:52.

27. Nice A et al. Toxidrome recognition to improve effi-
ciency of emergency urine drug screens. Ann Emerg
Med 1988;17:676.

28. Spyker DA, Minocha A. Toxicodynamic approach
to management of the poisoned patient. J Emerg
Med 1988;6:117.

29. Mahoney JD et al. Quantitative serum toxic screen-
ing in the management of suspected drug overdose.
Am J Emerg Med 1990;8:16.

30. Hepler BR et al. Role of the toxicology laboratory
in the treatment of acute poisoning. Med Toxicol
1986;1:61.

31. Sue YJ, Shannon M. Pharmacokinetics of drugs in
overdose. Clin Pharmacokinet 1992;23:93.

32. Buckley NA et al. Controlled release drugs in over-
dose: clinical consideration. Drug Saf 1995;12:73.

33. Mellick LB et al. Presentations of acute phenytoin
overdose. Am J Emerg Med 1989;7:61.

34. Chaikin P, Adir J. Unusual absorption profile of
phenytoin in a massive overdose case. J Clin Phar-
macol 1987;27:70.

35. Mitchell JR et al. Acetaminophen-induced hepatic
injury: protective role of glutathione in man and ra-
tionale for therapy. Clin Pharm Ther 1974;16:676.

36. Rosenberg J et al. Pharmacokinetics of drug over-
dose. Clin Pharmacokinet 1981;6:161.

37. Baud FJ. Pharmacokinetic-pharmacodynamic rela-
tionships: how are they useful in human toxicology?
Toxicol Lett 1998;102-103:643.

38. Weisman RS. Toxicokinetics in the ED. Emerg Med
1984; May 15.

39. Greene SL et al. Acute poisoning: understand-
ing 90% of cases in a nutshell. Postgrad Med J
2005;81:204.

40. Vale JA. Reviews in medicine–clinical toxicology.
Postgrad Med J 1993;69:19.

41. Krenzelok EP, Vale JA. Position statement: ipecac
syrup. Clin Toxicol 2004;42:133.

42. Vale JA. Position statement: gastric lavage. Clin
Toxicol 2004;42:933.

43. American Academy of Clinical Toxicology and Eu-
ropean Association of Poisons Centres and Clinical
Toxicologists. Position paper: single-dose activated
charcoal. Clin Toxicol 2005;43:61.

44. Barceloux GD et al. Position statement: cathartics.
Clin Toxicol 2004;42:243.

45. Tenebein M. Position statement: whole bowel irri-
gation. Clin Toxicol 2004;42:843.

46. Vale JA et al. Position statement and practical guide-
lines on the use of multi-dose activated charcoal
in the treatment of acute poisoning. Clin Toxicol
1999;37:731.

47. Committee on Injury, Violence and Poison Pre-
vention. American Academy of Pediatrics policy

statement: poison treatment in the home. Pediatrics
2003;112:1182.

48. Holz LE, Holz PH. The black bottle. Pediatrics
1963;63:306.

49. Derlet RW, Albertson TE. Activated charcoal’s past,
present and future. West J Med 1986;145:493.

50. Neuvonen PJ, Olkkola KT. Oral activated charcoal
in the treatment of intoxications, role of single and
repeated doses. Med Toxicol 1988;3:33.

51. Bond GR. The role of activated charcoal and
gastric emptying in gastrointestinal decontamina-
tion: a state-of-the-art review. Ann Emerg Med
2002;39:273.

52. Harris CR, Filandrinos D. Accidental administra-
tion of activated charcoal into the lung: aspiration
by proxy. Ann Emerg Med 1993;22:1470.

53. Graff GR et al. Chronic lung disease after activated
charcoal aspiration. Pediatrics 2002;109:959.

54. Elliot CG et al. Charcoal lung aspiration of activated
charcoal. Chest 1989;96:672.

55. Givens T et al. Pulmonary aspiration of activated
charcoal: a complication of its misuse in overdose
management. Pediatr Emerg Care 1992;8:137.

56. Golej J et al. Severe respiratory failure follow-
ing charcoal application in a toddler. Resuscitation
2001;49:315.

57. Tomaszewski C. Activated charcoal treatment or
toxin? Clin Toxicol 1999;37:17.

58. Gazda-Smith E, Synhavsky A. Hypernatremia fol-
lowing treatment of theophylline toxicity with ac-
tivated charcoal and sorbitol. Arch Intern Med
1990;150:689.

59. Allerton JP, Strom JA. Hypernatremia due to re-
peated doses of charcoal-sorbitol. Am J Kidney Dis
1991;17:581.

60. Tenebein M. Whole bowel irrigation as a gastroin-
testinal decontamination procedure after acute poi-
soning. Med Toxicol 1988;3:77.

61. Hoffman RS, Goldfrank LR. The poisoned patients
with altered consciousness-controversies in the use
of the “coma cocktail.” JAMA 1995;274:562.

62. Trujillo MH et al. Pharmacologic antidotes in crit-
ical care medicine: a practical guide for drug ad-
ministration. Crit Care Med 1988;26:377.

63. Goldfrank LR, Hoffman RS. The cardiovascular ef-
fects of cocaine. Ann Emerg Med 1991;20:165.

64. Wrenn K et al. Profound alkalemia during treatment
of tricyclic antidepressant overdose. Am J Emerg
Med 1992;10:553.

65. Olson KR et al. Seizures associated with poisoning
and drug overdose. Am J Emerg Med 1993;11:565.

66. Garrettson LK, Geller RJ. Acid and alkaline diure-
sis: when are they of value in the treatment of poi-
soning? Drug Saf 1990;5:220.

67. Kulling P, Persson H. Role of the intensive care unit
in the management of the poisoned patient. Med
Toxicol 1986;1:375.

68. Temple AR. Acute and chronic effects of as-
pirin toxicity and their treatment. Arch Intern Med
1981;141:364.

69. Chyka PB et al. Salicylate poisoning: an evidence
based consensus guideline for out of hospital man-
agement. Clin Toxicol 2007;45:95.

70. Clarke A, Walton WW. Effect of safety packag-
ing on aspirin ingestion by children. Pediatrics
1979;63:687.

71. Done AK, Temple AR. Treatment of salicylate poi-
soning. Mod Treat 1971;8:528.

72. Done AK. Aspirin overdosage: incidence, diagno-
sis, and management. Pediatrics 1978;62:890.

73. Yip L et al. Concepts and controversies in salicylate
toxicity. Emerg Med Clin North Am 1994;12:351.

74. Notarianni L. A reassessment of the treatment of
salicylate poisoning. Drug Saf 1992;7:292.

75. Temple AR. Pathophysiology of aspirin overdosage
toxicity, with implications for management. Pedi-
atrics 1978;62:873.

76. Heffner JE, Sahn SA. Salicylate-induced pul-
monary edema: clinical features and prognosis. Ann
Intern Med 1976;85:745.

77. Anderson RJ et al. Unrecognized adult salicylate
intoxication. Ann Intern Med 1976;85:745.

78. Bailey RB, Jones SR. Chronic salicylate intoxica-

tion: a common cause of morbidity in the elderly.
J Am Geriatr Soc 1989;37:556.

79. Dargan PI et al. An evidence based flowchart to
guide the management of acute salicylate (aspirin)
overdose. Emerg Med J 2002;19:206.

80. Done AK. Salicylate intoxication: significance of
measurements of salicylate in blood in cases of
acute ingestion. Pediatrics 1960;26:800.

81. Dugandzic RM et al. Evaluation of the valid-
ity of the Done nomogram in the management
of acute salicylate intoxication. Ann Emerg Med
1989;18:1186.

82. Greenberg MI. Deleterious effects of endotracheal
intubation in salicylate poisoning. Ann Emerg Med
2003;41:583.

83. Koren G. Medications which can kill a toddler with
one tablet or teaspoonful. Clin Toxicol 1993;31:407.

84. Litovitz T, Manoguerra A. Comparison of pedi-
atric poisoning hazards: an analysis of 3.8 million
exposure incidents: a report from the American
Association of Poison Control Centers. Pediatrics
1992;89:999.

85. Cada DJ, ed. Drug Facts and Comparisons 2007.
St. Louis: Wolters Kluwer; 2007.

86. Klasco RK, ed. INDENTIDEX System. Greenwood
Village, CO: Thomson Micromedex; Vol. 132, ex-
pires 6/2007.

87. Manoguerra AS et al. Iron ingestion: an evidence-
based consensus guideline for out-of-hospital man-
agement. Clin Toxicol 2005;43:553.

88. Klein-Schwartz W et al. Assessment of manage-
ment guidelines: acute iron ingestion. Clin Pediatr
1990;29:316.

89. Fine JS. Iron poisoning. Curr Probl Pediatr 2000;
30:71.

90. McGuigan MA. Acute iron poisoning. Pediatr Ann
1996;25:33.

91. Mills KC, Curry SC. Acute iron poisoning. Emerg
Med Clin North Am 1994;12:397.

92. Banner W, Tong TG. Iron poisoning. Pediatr Clin
North Am 1986;33:393.

93. Clark RF et al. Safety of childhood acetaminophen
overdose. Ann Emerg Med 2001;37:115.

94. Woolf AD et al. Tricyclic antidepressant poison-
ing: an evidence based consensus guideline for
out-of-hospital management. Clin Toxicol 2007;44:
203.

95. Jaeger RW et al. Radiopacity of drugs and
plants in vivo-limited usefulness. Vet Hum Toxicol
1981;23(Suppl 1):2.

96. James JA. Acute iron poisoning: assessment of
severity and prognosis. J Pediatr 1970;77:117.

97. Perrone J et al. Special considerations in gastroin-
testinal decontamination. Emerg Med Clin North
Am 1994;12:285.

98. Kulig K et al. Management of acutely poisoned pa-
tients without gastric emptying. Ann Emerg Med
1985;14:562.

99. Tenebein M. Whole bowel irrigation as a gastroin-
testinal decontamination procedure after acute poi-
soning. Med Toxicol 1988;3:77.

100. Tenebein M. Whole bowel irrigation in iron poison-
ing. J Pediatr 1987;111:142.

101. Chyka PA et al. Serum iron concentrations and
symptoms of acute iron poisoning in children. Phar-
macotherapy 1996;16:1053.

102. Lovejoy FH. Chelation therapy in iron poisoning.
J Toxicol Clin Toxicol 1982–1983;19:871.

103. Engle JP et al. Acute iron intoxication: treatment
controversies. Drug Intell Clin Pharm 1987;21:153.

104. Helfer RE, Rodgerson DO. The effect of deferox-
amine on the determination of serum iron and iron-
binding capacity. J Pediatr 1966;68:804.

105. Ingelfinger JA et al. Reliability of the toxic screen in
drug overdose. Clin Pharmacol Ther 1981;29:570.

106. Yealy DM et al. The safety of prehospital naloxone
administration by paramedics. Ann Emerg Med
1990;19:902.

107. Watson AJS et al. Acute Wernicke’s encephalopa-
thy precipitated by glucose loading. Ir J Med Sci
1981;150:301.

108. Zubaran C et al. Wernicke-Korsakoff syndrome.
Postgrad Med J 1997;73:27.



5-24 � GENERAL PRINCIPLES

109. Handal KA et al. Naloxone. Ann Emerg Med
1983;12:438.

110. Weinbroum A et al. Use of flumazenil in the treat-
ment of drug overdose: a double-blind and open
clinical study in 110 patients. Crit Care Med 1996;
24:199.

111. Callaham M. Tricyclic antidepressant overdose.
J Am Coll Emerg Phys 1979;8:413.

112. Ettinger NA, Albin RJ. A review of the respiratory
effects of smoking cocaine. Am J Med 1989;87:664.

113. Finkle BS, McCloskey KL. The forensic toxicol-
ogy of cocaine (1971 to 1976). J Forens Sci 1978;
23:173.

114. Lora-Tamayo C et al. Cocaine-related deaths.
J Chromatogr 1994;674:217.

115. Kline JN, Hirasuna JD. Pulmonary edema after
freebase cocaine smoking-not due to an adulterant.
Chest 1990;97:1009.

116. Cucco RA et al. Nonfatal pulmonary edema after
“freebase” cocaine smoking. Am Rev Respir Dis
1987;136:179.

117. Duberstein JL, Kaufman DM. A clinical study of an
epidemic of heroin intoxication and heroin-induced
pulmonary edema. Am J Med 1971;51:704.

118. Warner-Smith M et al. Morbidity associated with
non-fatal heroin overdose. Addiction 2002;97:963.

119. Sporer KA, Dorn E. Heroin-related noncardiogenic
pulmonary edema. Chest 2001;120:1628.

120. Chan TC et al. Drug-induced hyperthermia. Crit
Care Clin 1997;13:785.

121. Albertson TE et al. A prolonged severe intoxication
after ingestion of phenytoin and phenobarbital. West
J Med 1981;135:418.

122. Knopp R. Caustic ingestions. J Am Coll Emerg Phys
1979;8:329.

123. Dawson AH, Whyte IM. Therapeutic drug mon-
itoring in drug overdose. Br J Clin Pharmacol
1999;48:278.

124. Hoffman RJ, Nelson L. Rational use of toxicol-
ogy testing in children. Curr Opin Pediatr 2001;13:
183.

125. Crome P. Poisoning due to tricyclic antidepres-
sant overdosage, clinical presentation and treat-
ment. Med Toxicol 1986;1:261.

126. Callaham M, Kassel D. Epidemiology of fatal
tricyclic antidepressant ingestion: implications of
management. Ann Emerg Med 1985;14:1.

127. Dziukas L, Cameron P. Management of antidepres-
sants in overdose. CNS Drugs 1994;2:367.

128. Frommer DA et al. Tricyclic antidepressant over-
dose. JAMA 1987;257:521.

129. Guharoy SR. Adult respiratory distress syndrome
associated with amitriptyline overdose. Vet Hum
Toxicol 1994;36:316.

130. Shannon M, Lovejoy FS. Pulmonary consequences
of severe tricyclic antidepressant ingestion. Clin
Toxicol 1987;25:443.

131. Sohn D, Byers J. Cost effective drug screening in
the laboratory. Clin Toxicol 1981;18:459.

132. Garriott JC. Interpretive toxicology. Clin Lab Med
1983;3:367.

133. Henry JA. Epidemiology and relative toxicity
of antidepressant drugs in overdose. Drug Saf
1997;16:374.

134. Phillips S et al. Fluoxetine versus tricyclic an-
tidepressants: a prospective multicenter study of

antidepressant drug overdoses. J Emerg Med
1997;15:439.

135. Singh N et al. Serial electrocardiographic changes
as a predictor of cardiovascular toxicity in acute
tricyclic antidepressant overdose. Am J Ther
2002;9:75.

136. Pentel P, Benowitz N. Efficacy and mechanism of
action of sodium bicarbonate in the treatment of
desipramine toxicity in rats. J Pharmacol Exp Ther
1984;230:12.

137. Shannon M, Liebelt EL. Toxicology reviews: tar-
geted management strategies for cardiovascular
toxicity from tricyclic antidepressant overdose: the
pivotal role for alkalinization and sodium loading.
Pediatr Emerg Care 1998;14:293.

138. Kingston ME. Hyperventilation in tricyclic antide-
pressant poisoning. Crit Care Med 1979; 7:550.

139. Wrenn K et al. Profound alkalemia during treatment
of tricyclic antidepressant overdose: a potential haz-
ard of combined hyperventilation and intravenous
bicarbonate. Am J Emerg Med 1992;10:553.

140. Seger DL et al. Variability of recommendations
for serum alkalinization in tricyclic antidepressant
overdose: a survey of U.S. poison center medical
directors. Clin Toxicol 2003;41:331.

141. Kozer E, Koren G. Management of paraceta-
mol overdose: current controversies. Drug Saf
2001;24:503.

142. Davis M et al. Paracetamol overdose in man: rela-
tionship between pattern of urinary metabolites and
severity of liver damage. Q J Med 1976;45:181.

143. Corcoran GB et al. Evidence that acetaminophen
and N-hydroxyacetaminophen form a common ary-
lating intermediate, N-acetyl-benzoquinoneimine.
Mol Pharmacol 1980;18:536.

144. Zed P, Krenzelok E. Treatment of acetaminophen
overdose. Am J Health Syst Pharm 1999;56:1081.

145. Rayburn W et al. Drug overdose during pregnancy:
an overview from a metropolitan poison control
center. Obstet Gynecol 1984;64:611.

146. Czeizel A, Lendvay A. Attempted suicide and preg-
nancy [letter]. Am J Obstet Gynecol 1989;161:497.

147. Lester D, Beck AT. Attempted suicide and preg-
nancy. Am J Obstet Gynecol 1988;158:1084.

148. Riggs BS et al. Acute acetaminophen overdose dur-
ing pregnancy. Obstet Gynecol 1989;74:247.

149. Rollins DE et al. Acetaminophen: potentially toxic
metabolite formed by human fetal and adult liver
microsomes and isolated fetal liver cells. Science
1979;205:1414.

150. McElhatton PR et al. Paracetamol poisoning in
pregnancy: an analysis of the outcomes of cases re-
ferred to the teratology information service of the
national poisons information service. Hum Exp Tox-
icol 1990;9:147.

151. Prescott LF et al. Plasma-paracetamol half-life and
hepatic necrosis in patients with paracetamol over-
dosage. Lancet 1971;1:519.

152. Rumack BH, Matthew H. Acetaminophen poison-
ing and toxicity. Pediatrics 1975;55:871.

153. Rumack NH et al. Acetaminophen overdose: 662
cases with evaluation of oral acetylcysteine treat-
ment. Arch Intern Med 1981;141:380.

154. Linden CH, Rumack BH. Acetaminophen over-
dose. Emerg Med Clinic North Am 1984;2:103.

155. Anker AL, Smilkstein MJ. Acetaminophen: con-

cepts and controversies. Emerg Med Clinic North
Am 1994;12:335.

156. Prescott L. Oral or intravenous N-acetylcysteine
for acetaminophen poisoning? Ann Emerg Med
2005;45:409.

157. Prescott LF. Treatment of severe acetaminophen
poisoning with intravenous acetylcysteine. Arch In-
tern Med 1981;141:386.

158. Bronstein AC, Rumack BH. Acute acetaminophen
overdose during pregnancy: review of fifty-nine
cases. Vet Hum Toxicol 1984;26:401.

159. Product information: Acetadote (acetylcysteine) in-
jection labeling. Nashville, TN: Cumberland Phar-
maceuticals, Inc.; 2006.

160. Smilkstein MJ at al. Acetaminophen overdose: a 48-
hour intravenous N-acetylcysteine treatment proto-
col. Ann Emerg Med 1991;20:1058.

161. Bailey B, McGuigan MA. Management of anaphy-
lactoid reactions to intravenous N-acetylcysteine.
Ann Emerg Med 1998;31:710.

162. Kerr F et al. The Australasian clinical toxicology
investigators collaboration randomized trial of dif-
ferent loading infusion rates of N-acetylcysteine.
Ann Emerg Med 2005;45:402.

163. Smilkstein MJ et al. Efficacy of oral N-
acetylcysteine in the treatment of acetaminophen
overdose: analysis of national multicenter study
(1976–1985). N Engl J Med 1988;319:1557.

164. Buckley NA et al. Oral or intravenous N-
acetylcysteine: which is the treatment of choice for
acetaminophen (paracetamol) poisoning? Clin Tox-
icol 1999;37:759.

165. Woo OF et al. Shorter duration of oral N-
acetylcysteine therapy for acute acetaminophen
overdose. Ann Emerg Med 2000;35:363.

166. Yip L, Dart RC. A 20-hour treatment for acute
acetaminophen overdose. N Engl J Med 2003;
348:2471.

167. Clarke S. Oral or intravenous antidote for paraceta-
mol overdose. Emerg Med J 2002;19:247.

168. Perry HE, Shannon MW. Efficacy of oral versus in-
travenous N-acetylcysteine in acetaminophen over-
dose: results of an open-label clinical trial. J Pedatr
1998;132:149.

169. Bernal W et al. Use and outcome of liver transplan-
tation in acetaminophen-induced acute liver failure.
Hepatology 1998;27:1050.

170. Mitchell I et al. Earlier identification of patients at
risk from acetaminophen-induced acute liver fail-
ure. Crit Care Med 1998;26:279.

171. Gow PJ et al. Paracetamol overdose in a liver trans-
plantation centre: an 8-year experience. J Gastroen-
terol Hepatol 1999;14:817.

172. Harrison PM et al. Serial prothrombin time as prog-
nostic indicator in paracetamol induced fulminant
hepatic failure. Br Med J 1990;301:964.

173. Kociancic T, Reed MD. Acetaminophen intoxica-
tion and length of treatment: how long is long
enough. Pharmacotherapy 2003;23:1052.

174. Wright RO et al. Effect of metoclopramide dose
on preventing emesis after oral administration of
N-acetylcysteine for acetaminophen overdose. Clin
Toxicol 1999;37:35.

175. Reed MD, Marx CM. Ondansetron for treating nau-
sea and vomiting in the poisoned patient. Ann Phar-
macother 1994;28:331.



S E C T I O N T W O

GENERAL CARE

C H A P T E R 6
End-of-Life Care

Victoria F. Ferraresi and Thomas C. Bookwalter

HOSPICE AND PALLIATIVE CARE 6-1
Terminology 6-1
Medicare Hospice Benefit 6-1
Management of Drug Costs 6-2
Referral to Hospice 6-3

Eligibility 6-3
Medication Management 6-4

SYMPTOM MANAGEMENT 6-5

PAIN MANAGEMENT 6-7

Aggressive Symptom Management and
Palliative Sedation 6-8

RESOURCES FOR HOSPICE AND PALLIATIVE
CARE 6-10

HOSPICE AND PALLIATIVE CARE
Terminology
Hospice care and palliative care are similar, but distinct, terms
sharing the common belief that, “the relief of suffering is a long
standing, central, and fully legitimate aim of medicine.” End-
of-life care refers to both hospice care and palliative care. The
basic principle of end-of-life care is to optimize the quality of
life for the patient and family in the last weeks and months of
life, as well as to provide support beyond the end of life into
bereavement.

Palliative care, which includes hospice care, is ideally in-
troduced early in the disease progression to provide support to
patients with a serious chronic or life-threatening illness. The
word “palliation,” derived from the Latin word “pallium” (a
cloak), has been defined as “treatment to reduce the violence
of a disease.”1 The World Health Organization defines pallia-
tive care as an approach that improves the quality of life of
patients and their families who are facing a life-threatening ill-
ness, by preventing and relieving suffering through early iden-
tification and impeccable assessment and treatment of pain and
other physical, psychosocial, and spiritual problems.2 Pallia-
tive care

� Affirms life and regards dying as a normal process
� Provides relief from pain and other distressing symptoms
� Intends neither to hasten nor postpone death
� Integrates the psychological and spiritual aspects of patient
care

� Offers a support system to help patients live as actively as
possible until death

� Uses a team approach to address the needs of the patient and
his or her family during the patient’s illness and to provide
bereavement counseling when indicated3

The provision of palliative care by interdependent health
team members composed of physicians, nurses, pharmacists,
social workers, and others has been successful in meeting the
unique needs of patients with difficult or terminal illnesses.4−10

Hospice, originally a place or way station for people mak-
ing a pilgrimage, is considered both a philosophy of care and a
place to deliver care. Hospice care can be delivered in a build-
ing designated as a hospice, in the patient’s home, or in a facility
where the patient resides. As a programmatic model for deliv-
ering palliative care, hospice care provides a team approach to
the individualized symptom management (e.g., pain), as well
as psychosocial, emotional, and spiritual support for the patient
and his or her family and caregivers during the last months of
life.11

Medicare Hospice Benefit
According to estimates of the National Hospice and Pallia-
tive Care Organization, there were approximately 4,100 hos-
pice programs in the United States in 2005. In that year, more
than 1.2 million patients received hospice services, with ap-
proximately 800,000 deaths, or one-third of all deaths, in the
United States occurring under hospice care. Hospices pro-
vided care for patients with various terminal illnesses (e.g.,
cancer [46% of all admissions], heart disease [12%], dementia
[9.8%], debility [9.2%], lung disease [7.5%]). Pediatric pa-
tients accounted for <1% of the hospice population, although
the number of pediatric programs is growing. About 80% of
hospice patients were 65 years of age or older, and one-third
were 85 years or older. Under the Medicare Hospice Benefit,
82.4% of hospice patients received coverage in 2005.11

The Medicare Hospice Benefit, implemented in 1983, is
funded from Part A (the hospital portion) of Medicare.12 Pa-
tients are eligible for this benefit if, in the opinion of two
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Table 6-1 Example of Hospice Daily Payment Rates for Routine Level of Care, 2008 Fiscal Year
(October 1, 2007−September 30, 2008)

A B C D E F
Unadjusted Payment Rate (B + C) Nonlabor Portion Labor Portion Wage Index Adjusted Labor Portion (C × D) Total Daily Payment (B + E)

San Francisco, CA $135.11 $42.28 $92.83 1.6166 $150.07 $192.35
Jefferson City, MO $135.11 $42.28 $92.83 0.8882 $82.45 $124.73

From references 15 and 16.

physicians (i.e., patient’s primary care physician and hospice
medical director), the natural course of their disease will result
in death within 6 months. Other insurance payers generally fol-
low this criterion. In electing this benefit, patients must agree
to relinquish their regular Medicare benefits, as they relate to
the terminal illness, and agree not to seek curative treatment.
This benefit links all care related to the terminal illness to the
selected hospice program, which coordinates and provides the
care. Hospice programs, therefore, have some latitude to es-
tablish policy on what they will and will not pay for within the
context of the Medicare Hospice Conditions of Participation.13

Hospice care is provided at four levels as follows, all of which
can be modified based on a patient’s condition or caregiving
needs:

� Routine level of care (day-to-day care in the home)
� Continuous level of care used when more skilled care in the
home is required

� General inpatient care (reimbursement for a hospital stay re-
lated to symptoms that cannot be managed in the home)

� Respite care (up to 5 days in a skilled nursing facility) to give
the caregiver a break or respite

Patients may freely visit their primary care provider (i.e.,
physician or nurse practitioner) for any reason, including rea-
sons unrelated to their terminal illness. The primary care
provider will be paid directly by Medicare. Patients may choose
to use their Medicare benefits for other unrelated illnesses or
to revoke their election to the Medicare Hospice Benefit at
any time (e.g., to pursue curative treatment or seek treatment
outside the hospice plan of care). Patients may at a later date,
choose to return to hospice care or change to a different hospice
program, without restrictions or loss of benefits.14

Hospice programs receive a fixed daily payment to pro-
vide all care related to the terminal diagnosis (e.g., medica-
tions, supplies, durable medical equipment, procedures, home
health aides, provider visits, spiritual care, bereavement ser-
vices). The reimbursement rates for the four levels of hospice
care under the Medicare Hospice Benefit are established each
summer for the following fiscal year, effective October 1.15

A baseline reimbursement rate is set, along with an adjust-
ment for wage differentials based on the local cost of living.16

As an example, Table 6-1 shows the different reimbursement
rates for the provision of routine level of care in San Francisco,
California, and Jefferson City, Missouri.

Historically, hospice reimbursement rates have been low
and have not kept pace with rising costs. Programs generally
have high costs at the start of care because of personnel costs
involved in the admission, assessment, and development of the
initial plan of care, and obtaining medications, medical equip-

ment, and medical supplies. High costs are also encountered
nearer to the end of life, when new problems can appear and
symptoms often intensify. In addition, it is becoming more
common for patients to be referred to hospice when death is
imminent. Median lengths of stay have declined, from 71.8
days during the Medicare demonstration project (1980−1982)
to 26 days in 2005 (i.e., half of all patients in 2005 were on
service <26 days, half were on longer).11,17−19 Furthermore,
drug costs have outpaced increases in hospice reimbursement
by at least a factor of two based on the average wholesale price
(AWP) and wholesale acquisition cost (WAC). These variables
(i.e., referrals to hospice later in the course of terminal illness,
higher costs at the start of care, shortened lengths of stay, higher
drug costs) have placed intense pressure on hospice programs
to manage expenses.

Management of Drug Costs
Because it is difficult to influence the time when patients are
referred to hospice, the duration of time in hospice care, or
the inherently higher costs when patients are first enrolled into
hospice, the management of drug costs has taken a high pri-
ority in providing cost-effective hospice care. Table 6-2 illus-
trates historical reimbursement rates and how drug costs have
proportionately consumed a larger portion of the Medicare re-
imbursement received by hospice programs since the inception
of the Medicare Hospice Benefit.

Most hospices pay for prescriptions obtained from retail
pharmacies based on the AWP of a drug. The AWP is de-
termined by pharmaceutical manufacturers and is published
as RED BOOK products27 or by First Databank.28 Although
widely used, the AWP is often criticized as an inflated, arti-
ficial index, with drug markups as high as 1,000% over true
acquisition costs.29 In 2001, drug costs consumed 13.4% of
hospice reimbursement, and, presumably, this percentage has
increased since that year given the disparity in the rise of drug
costs compared to hospice reimbursements.30 Controlling drug
costs, therefore, is a critical component of fiscal management
for hospice programs.

Well-trained clinical pharmacists can affect the fiscal mar-
gins of hospice programs by discouraging inappropriate use
of medications, establishing evidence-based formularies, pro-
mulgating prior authorization policies for specific targeted
drugs, establishing policies for adhering to the use of generic
drugs, and managing the quantities of medications to be dis-
pensed. In addition to managing drug expenditures, pharma-
cists provide drug information both to patients and providers,
and work integrally with other members of the hospice health
care team to improve the safe and effective use of medications.
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Table 6-2 Drug Costs in Relation to Hospice Reimbursement (Routine Level of Care)

Average Annual Price Increase for
Most Widely Used Brand Name Drugs31−33

Unadjusted Daily % Annual Hospice Per Diem Drug Costs as % of
Year Reimbursement15,20−26 Rate Increase WAC AWP Drug Costs30 Reimbursement30

1983 $46.25 NA $1.06 2.3%
1999 $97.11 110%∗ $2.48 2.5%
2000 $101.84 4.9% 4.1% 6.0 NA NA
2001 $101.84 0% 4.7% 6.0 $15.72 13.4%
2002 $110.42 8.4% 6.1% 6.0
2003 $114.20 3.4% 7.0% 6.0, 6.5
2004 $118.08 3.4% 7.1% 6.0
2005 $121.98 3.3% 6.0% (21.6%, 2001−2004)
2006 $126.49 3.7% 6.2%
2007 $130.79 3.4%
2008 $135.11 3.3%

WAC, wholesale acquisition cost (manufacturer’s list price to wholesalers); AWP, average wholesale price (determined by manufacturer).
∗For a 16-year period.

Referral to Hospice
Eligibility

1. M.P. is an 89-year-old woman referred to hospice for end-
stage Alzheimer’s dementia (AD). She lives in a residential care
home for the elderly with a hired caregiver. Her husband has been
unable to care for her at home for some time because she requires
full assistance with all activities of daily living. She was recently
hospitalized with aspiration pneumonia and a urinary tract in-
fection, and completed a course of intravenous vancomycin and
Zosyn. Her past medical history includes osteoporosis, coronary
artery disease, chronic obstructive pulmonary disease (COPD),
hypercholesterolemia, and hypothyroidism. She is not oriented to
person, place, or date. Her speech is unintelligible or nonsensical.
She cannot feed herself, but will eat the thick pureed food that is
fed to her. She is bed-bound and incontinent of urine and stool.
She is agitated at times, especially at night. Her Palliative Per-
formance Scale (PPS) is 30%. Weight is 112 lb, decreased from
135 lb a year ago, and a recent serum albumin is 2.2 g/dL. What
criteria does M.P. meet for eligibility for hospice services under
the Medicare Hospice Benefit?

Patients with chronic diseases (e.g., Alzheimer disease,
Parkinson disease, stroke, heart failure, lung disease) can be
sufficiently ill and debilitated to need custodial care, but might
not be sufficiently ill to meet the definition of a terminal ill-
ness. This differentiation between terminally ill versus chron-
ically ill requiring custodial care is important because in order
to qualify for hospice services under the Medicare Hospice
Benefit, patients must be at a stage where death is expected
within the next 6 months. For cancer diagnoses, the presence of
widespread metastatic disease may make this prognosis more
easily evident. However, for other chronic diseases, this is not as
clear.

The Medicare fiscal intermediaries have issued criteria to
assist in the determination of eligibility for hospice care, as
well as criteria to meet a 6-month terminal prognosis for a
number of diseases. These criteria, or local coverage deter-
minations (LCDs), provide guidelines for meeting an overall
decline in clinical status, for meeting non-disease-specific data

to establish a baseline, for establishing the effect of comorbidi-
ties (e.g., renal failure, liver disease), and for the submission
of documentation for having met criteria. Criteria have been
established for patients with cancer and noncancer diagnoses,
and these criteria are used in the determination of eligibility
for service and reimbursement.14,34 Criteria for the noncancer
diagnoses have been developed for amyotrophic lateral scle-
rosis, dementia due to Alzheimer’s disease and related disor-
ders, heart disease, HIV disease, liver disease, pulmonary dis-
ease, stroke, coma of any etiology, and acute and chronic renal
disease.

The determination of whether M.P. meets eligibility require-
ments for Medicare Hospice Benefits must be based on the es-
tablished LCDs for dementia due to Alzheimer’s disease. These
criteria are as follows:

� Stage 7 or beyond, according to the Functional Assessment
Staging Scale
� Stage 7A: Can speak six or fewer intelligible words in a day
or during an interview

� Stage 7B: Speech ability limited to the use of a single in-
telligible word in a day or during an interview

� Stage 7C: Cannot ambulate without assistance
� Stage 7D: Cannot sit up without assistance
� Stage 7E: Loss of ability to smile
� Stage 7F: Loss of ability to hold head up independently

� Unable to ambulate without assistance
� Unable to dress without assistance
� Unable to bathe without assistance
� Urinary and fecal incontinence, intermittent or constant
� No consistently meaningful verbal communication; stereo-
typical phrases only or the ability to speak is limited to six or
fewer intelligible words

� One of the following within the past 12 months: aspiration
pneumonia; pyelonephritis or upper urinary tract infection,
septicemia, decubitus ulcers (multiple, stages 3 and 4), fever
(recurrent after antibiotic treatment)

� Inability to maintain sufficient fluid and caloric intake with
10% weight loss during the previous 6 months or serum al-
bumin <2.5 g/dL
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Table 6-3 Palliative Performance Score (PPSv2) version 2

PPS Level Ambulation Activity and Evidence of Disease Self-Care Intake Conscious Level

100% Full Normal activity and work
No evidence of disease

Full Normal Full

90% Full Normal activity and work
Some evidence of disease

Full Normal Full

80% Full Normal activity with effort
Some evidence of disease

Full Normal or
reduced

Full

70% Reduced Unable to do normal job/work
Significant disease

Full Normal or
reduced

Full

60% Reduced Unable to do hobby/house
work

Significant disease

Occasional assistance
necessary

Normal or
reduced

Full or Confusion

50% Mainly sit/lie Unable to do any work
Extensive disease

Considerable
assistance required

Normal or
reduced

Full or confusion

40% Mainly in bed Unable to do most activity
Extensive disease

Mainly assistance Normal or
reduced

Full or drowsy
± confusion

30% Totally bed-bound Unable to do any activity
Extensive disease

Total care Normal or
reduced

Full or drowsy
± confusion

20% Totally bed-bound Unable to do any activity
Extensive disease

Total care Minimal to sips Full or drowsy
± confusion

10% Totally bed-bound Unable to do any activity
Extensive disease

Total care Mouth care only Drowsy or coma
± confusion

0% Death

From reference 35; adapted with permission of the Victoria Hospice Society.

The PPS score (Table 6-3) gradates the extent of disabil-
ity and can be used to assist in the determination of hospice
eligibility.35 M.P. meets the previous criteria and is eligible for
hospice because of her Alzheimer disease. She clearly is debil-
itated. She is unable to speak intelligently, cannot feed herself,
is not oriented to time or place, incontinent of urine and stool,
has lost about 20% of her weight during the past year, has
a serum albumin of 2.2 g/dL, and has a PPS rating of 30%
(i.e., totally bed-bound, unable to do any activity, confused).
In addition, she has a number of comorbidities, experienced a
recent episode of aspiration pneumonia, and finished a course
of antibiotic therapy.

Medication Management

2. M.P. has no known allergies. Her current medications
are memantine (Namenda) 10 mg BID, aspirin 81 mg once
daily, alendronate (Fosamax) 10 mg daily, esomeprazole (Nex-
ium) 20 mg daily, lovastatin (Mevacor) 20 mg with dinner, mege-
strol 40 mg/mL (Megace) 5 mL (200 mg) BID, levothyroxine
(Synthroid) 0.1 mg daily, multivitamin daily, beclomethasone
(Vanceril) metered-dose inhaler (MDI) one puff daily, albuterol
2.5 mg/ipratropium 0.5 mg (DuoNeb) via nebulizer Q 4 hr PRN
for wheezing or shortness of breath, acetaminophen 325 to 650 mg
Q 6 hr PRN for mild pain or fever, olanzapine (Zyprexa) 5 mg HS
PRN for agitation, milk of magnesia 30 mL PO daily for constipa-
tion, and a bisacodyl (Dulcolax) suppository 10 mg Q 3 days PRN
if no bowel movement. What is your assessment of M.P.’s medi-
cation regimen? Which medications are the hospice required to
provide, and which might be discontinued?

Hospices are required to provide (pay for) medications re-
lated to the terminal diagnosis for the palliation of symptoms
within the hospice plan of care (POC). The POC is the individu-
alized plan of treatment developed for each patient formulated
at the start of care and updated regularly by the interdisci-

plinary group (IDG). The Conditions of Participation mandate
that the IDG be composed of a physician, registered nurse, so-
cial worker, and a pastoral or other counselor.13 A registered
nurse coordinates the implementation of the POC. Some hos-
pice program IDGs have incorporated a pharmacist into the
group to review medication issues.

The large array of medications being taken by M.P. is similar
to the lists of medications of many hospice patients. These
patients are often elderly, have a long history of several chronic
medical conditions, and have been taking multiple medications
for past and present medical conditions. In most cases, the
medication lists of patients who are admitted into a hospice
program have seldom been reviewed, updated, or modified in
light of the present medical situation. Admission to a hospice
program represents a change in the level of care and is a most
appropriate time for a review of all medications to ascertain
the necessity of each, with the goal of optimizing efficacy and
minimizing the potential for adverse effects, medication errors,
and inappropriate costs.

Because M.P. is to be enrolled into a hospice program, her
care should not be focused on curative treatments, but rather
on the management of discomforting symptoms and on im-
proving her quality of life in the time remaining. M.P.’s med-
ications should be analyzed with the goal of simplification.
Unnecessary medications should be discontinued and alterna-
tives added to manage two or more symptoms concurrently.
The following changes should be considered:

Acetaminophen. This analgesic is often helpful in relieving
mild pain, particularly in immobile elderly patients. A trial of
around-the-clock acetaminophen could be helpful.
Albuterol/ipratropium combination. The hospice program
is not required to pay for medications related to M.P.’s COPD
because it is not related to her LCD for Alzheimer’s disease.
Nevertheless, this combination inhalation formulation should
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be continued if she is able to participate in her nebulizer treat-
ments and they improve her breathing.
Alendronate. This bisphosphonate drug can be discontinued
because the treatment of osteoporosis is not an important con-
sideration at this terminal stage of her life nor is it in the hospice
plan of care. Thus, hospice would not cover it. Furthermore,
M.P. is bed-bound; alendronate should be ingested in the up-
right position, and patients should remain upright after tak-
ing the medication to decrease the risk of alendronate-induced
esophageal irritation. Pain that she may experience from os-
teoporosis can be treated with analgesics.
Aspirin. The low-dose aspirin is intended to decrease the risk
of cardiovascular clotting. The aspirin will not increase M.P.’s
comfort or quality of life. Although the aspirin would not be
covered by her Medicare benefit, it can be continued unless her
primary care provider prefers its discontinuation.
Beclomethasone MDI. This patient is not functioning well
cognitively (i.e., not oriented to time, person, or place) and
would be unable to effectively time the inhalation of a breath
to the actuation of her MDI. A systemic corticosteroid (e.g.,
prednisone) might improve her COPD symptoms and also im-
prove her appetite and sense of well-being. The potential for
adverse effects is modest with short-term corticosteroid use.
Bisacodyl, Milk of Magnesia. Constipation in hospice pa-
tients is common because of decreased gastrointestinal motility
with advanced age, decreased physical activity, lack of ade-
quate fiber and fluid intake, and use of constipating medica-
tions (e.g., opioids, anticholinergics, psychotropic agents).36

The milk of magnesium, with an occasional bisacodyl suppos-
itory, is a good laxative regimen for this patient. If an opioid is
later prescribed for M.P., a mild stimulant laxative (e.g., senna)
with a stool softener (e.g., Colace) would be indicated. If stool
softeners, stimulants, and saline laxatives are ineffective in re-
solving opioid-induced constipation, oral sorbitol or lactulose
(10 g/15 mL) in 30-mL dosages can be prescribed up to four
doses a day if needed. (Sorbitol would be preferred because it
is more cost effective.) Mineral oil 30 mL daily is an option
if the stool is hard; however, mineral oil would not be optimal
for M.P. because of her recent history of aspiration pneumo-
nia. In cases of refractory constipation, the oral ingestion of
naloxone, an injectable opioid antagonist, can reverse opioid-
induced constipation by antagonizing opioid effects within the
gastrointestinal tract without affecting systemic analgesic be-
cause naloxone is poorly absorbed orally. The usual starting
dose of naloxone for the management of opioid-induced con-
stipation is 0.4 to 0.6 mg PO Q 6 hr. Naloxone doses of 2.4 mg
PO Q 6 hr have been used, but have been associated with opioid
withdrawal symptoms.37

Esomeprazole. This proton-pump inhibitor (PPI) would prob-
ably be unnecessary because alendronate-induce esophageal-
gastrointestinal irritation would not be an issue subsequent to
its discontinuation. If a PPI, however, is needed, nonprescrip-
tion generic omeprazole is preferred because it is <20% of the
cost of Nexium.38

Levothyroxine. This thyroid medication should be continued
until M.P. is no longer able to swallow. This medication, how-
ever, would not be covered under her hospice Medicare benefit,
which is based on her Alzheimer’s disease, rather than other
thyroid end-of-life disease (e.g., cancer).
Lovastatin. Cholesterol-lowering agents are not necessary
during the last 6 months of life and should be discontinued.
Lovastatin would not improve the quality of life of M.P. at this

stage of her terminal illness and would not be covered by her
hospice benefit.
Megestrol. The progesterone derivative, megestrol, in doses
of 400 to 800 mg daily, can substantially stimulate appetite.39

If undernourished hospice patients have a desire to eat more,
many hospice patients will provide megestrol, regardless of
whether it will be covered by the Medicare hospice benefit. It
is unclear, however, whether stimulation of appetite in a cogni-
tively impaired patient will result in weight gain or improved
nutritional status. Because the benefits in this situation are un-
clear, the potential of adverse effects (e.g., venous thrombosis)
of megestrol needs to be considered, especially in M.P., who
is not ambulatory and had been taking low-dose aspirin for
prevention of cardiovascular clotting.
Memantine. Because the NMDA (N-methyl-D-aspartate) an-
tagonist, memantine, has been modestly effective in improving
performance in patients with moderate-to-severe Alzheimer’s
disease,40,41 it is probably of limited utility for M.P. It would
be reasonable to discontinue M.P.’s memantine subsequent to
discussion with appropriate hospice team members and M.P.’s
family.
Multivitamins and other nutritional supplements are unlikely
to improve M.P.’s comfort or quality of life. The discontin-
uation of these drugs would simplify medication administra-
tion, decrease the potential for medication errors, and decrease
costs.
Olanzapine. An antipsychotic (e.g., olanzapine, haloperidol,
chlorpromazine) is often prescribed to manage the agitation
and confusion encountered by patients with dementia. At the
time of admission to hospice, patients may be receiving atyp-
ical agents (e.g., olanzapine). Small doses of the more typical
antipsychotics, such as haloperidol (Haldol) and chlorpro-
mazine (Thorazine), can also be very useful in treating opioid-
induced nausea and vomiting42 and would be covered by M.P.’s
Medicare Hospice Benefit. Chlorpromazine would be prefer-
able when more sedation is desired.

SYMPTOM MANAGEMENT
The American College of Physicians has developed clinical
guidelines, based on a systematic review of evidence and on
a report by the Agency for Healthcare Research and Quality,
to improve palliative care at the end of life. These guidelines
provide strong recommendations for the regular assessment
of patients at the end of life for symptoms of pain, dyspnea,
and depression, and for therapies of proven effectiveness for
these symptoms. For patients with cancer, these include the use
of opioids, nonsteroidal anti-inflammatory drugs, and bisphos-
phonates for pain; tricyclic antidepressants, selective serotonin
reuptake inhibitors, and psychosocial interventions for depres-
sion; and opioids for unrelieved dyspnea and oxygen for short-
term relief of hypoxemia. The guidelines do not address other
variables of palliative care at the end-of-life or the manage-
ment of other matters (e.g., nutritional support) because the
quality of evidence is limited rather than because other issues
or symptoms are unimportant.43

3. As soon as the hospice admission and assessment is com-
pleted, the nurse develops a plan for symptom management and
orders a comfort kit for M.P. Why are the components in this kit
useful?
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Table 6-4 Symptom Prevalence in Advanced Cancer

% of Patients with Stated Symptom

Conill et al.45 Conill et al.45

Symptom Vainio and Auvinen46 (%) Curtis et al.48 (%) Donnelly and Walsh47 (%) (First Evaluation) (%) (Second Evaluation) (%)

Pain 51 NR 64 52.3 30.1
Nausea/vomiting 21 32/25 36/23 26.1/18.8 23/10.2
Dyspnea 19 41 51 39.8 46.6
Constipation 23 40 51 49.4 55.1
Insomnia 9 NR NR 34.7 28.4
Delirium NR NR NR NR NR
Anorexia 30 55 74 68.2 80.1
Fatigue NR NR NR NR NR
Weight loss 39 NR NR NR NR
Weakness 51 NR NR 76.7 81.8
Confusion 8 NR NR 30.1 68.2
Dry mouth NR NR NR 61.4 69.9
Dysphagia NR NR NR 27.8 46.0
Anxiety NR 20 23 50.6 45.5
Depression NR 31 40 52.8 38.6
Diarrhea NR NR NR 8.0 6.8

NR, not reported.

Some hospices use a general comfort kit that contains
specific medications to manage symptoms commonly en-
countered by most hospice patients, or they order medications
to treat anticipated symptoms for a specific patient. These
medications are placed in the home or facility in which the
patient resides. This facilitates the availability of medications
to patients who encounter anticipated symptoms and are con-
venient when caregivers are instructed by the patient’s primary
care provider to provide the medication to the patient. Patients
living with a life-threatening illness or nearing the end-of-life
can encounter as many as 53 symptoms.44 In one study, patients
(n = 176) experienced an average of 6.6 to 6.8 distressing
symptoms during the last week of life.45 In general, the pre-
valence of each symptom is difficult to measure and demon-
strates a high degree of variability. The prevalence of pain
(43%−80%) in cancer patients, for example, varies with the
primary site of advanced cancer.45 Patients with terminal
illnesses also experience nausea and vomiting (4%−44%),
dyspnea (15%−79%), constipation (4%−65%), insomnia
(7%−28%), delirium (4%−85%), anorexia (6%−74%),
weight loss (58%−77%), and fatigue (13%−91%).45−47 The
disparity in symptom prevalence (Table 6-4) may be attributed
to a host of variables (e.g., study design, patient population, un-
derlying disease, inconsistent definitions). The occurrence of
symptoms, however, can vary significantly, even within the last
week of life, and the need for frequent assessments of patients
cannot be overemphasized. Morphine, lorazepam, haloperidol,
prochlorperazine suppositories, and an anticholinergic agent
are commonly ordered for hospice patients.
Morphine. Every hospice cancer patient should have a short-
acting opioid available for the palliation of unrelieved dyspnea
and pain. Although morphine can cause respiratory depression,
small doses are very effective in controlling dyspnea by mul-
tiple mechanisms: vasodilation, reduced peripheral vascular
resistance, inhibition of baroreceptor responses, reduction of
brainstem responsiveness to carbon dioxide (the primary mech-
anism of opioid-induced respiratory depression), and lessened
reflex vasoconstriction caused by increased blood Pco2 levels.

Opioids can also reduce the anxiety associated with dyspnea
and might also act directly on opioid receptors present in the
airways49−51 (Table 6-5).

Hospice patients generally do not have an easily accessible
port (i.e., an IV line) into which medications can be easily ad-
ministered. As a result, medications are primarily administered
orally and, occasionally, by sublingual, buccal, transdermal,
rectal, or subcutaneous (if an infusion is warranted) routes of
administration. When patients lose the ability to swallow near

Table 6-5 Treatment of Dyspnea at End-of-Life

Nonpharmacologic
methods

Pursed lip breathing
Upright position
Relaxation
Meditation
Use of a fan or open window to circulate air over

the face
Pharmacologic

therapy
Systemic opioids (short acting) in small doses

given orally, sublingually, or via injection can be
given Q 1−2 hr PRN.

Long-acting agents can be added to supplement
routine use short-acting opioids.

Inhaled opioids deliver medication via
nebulization directly into the airway, avoiding
first-pass metabolism, allowing use of smaller
doses, and minimizing side effects such as
drowsiness. May cause local histamine release,
leading to bronchospasm. Use nonpreserved
sterile injectable products. More cumbersome
and expensive due to use of nebulizer and
nonpreserved parenteral products.

Agents: morphine 2.5−10 mg in 2 mL 0.9% NaCl
hydromorphone 0.25−1 mg in 2 mL 0.9% NaCl
fentanyl 25 mcg in 2 mL 0.9% NaCl

Generally given Q 2−4 hr PRN for breathlessness.
Benzodiazepines are useful for the anxiety

associated with breathlessness.

From references 49−51.
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the end of life (or have a condition that precludes swallow-
ing), the sublingual or buccal routes of administration are the
most useful, especially if drugs are lipophilic. Morphine is
hydrophilic, and although some of it might be absorbed across
the mucous membranes, the primary clinical effect probably
results from gastrointestinal absorption after the drug has trick-
led down the back of the throat.

Oral morphine sulfate (OMS), in a concentration of
20 mg/mL, is commonly packaged in a 30-mL bottle at the
beginning of hospice care. This bottle of morphine can pro-
vide sixty 10-mg doses, and at this concentration, only 0.5 mL
of morphine needs to be administered. Oxycodone or hydro-
morphone, in comparable adjusted doses, can be substituted
for morphine when needed.
Lorazepam. A short-acting benzodiazepine (e.g., lorazepam
0.5 mg Q 4 hr PRN) is useful for the treatment of anxiety. Pa-
tients, especially those with respiratory symptoms, can experi-
ence episodes of extreme anxiety near the end-of-life. Caution
should be used in not overusing these drugs in the elderly be-
cause they can increase the risk of falling or cause paradoxical
reactions and worsen delirium or restlessness.
Haloperidol. Small doses of haloperidol (e.g., 0.5−1 mg) are
useful for the treatment of restlessness, delirium, or nausea and
vomiting.
Prochlorperazine. When patients cannot take oral medica-
tions to manage nausea and vomiting, rectal suppositories of
prochlorperazine are often effective. Although drug therapy
needs to consider the etiology of the nausea and vomiting,
prochlorperazine is generally a good initial agent.
Anticholinergic. As death approaches, patients can have dif-
ficulty in clearing pharyngeal secretions, and as a result, gen-
erate a sound commonly known as a death rattle.52 Although
patients are often unconscious at this point, this sound can
be very distressing to those nearby. An anticholinergic (e.g.,
glycopyrrolate, hyoscyamine, scopolamine, atropine) can be
administered in an attempt to dry these pharyngeal secretions.
This treatment modality is usually initiated after the patient
has become obtunded; if begun too early, patients might de-
velop problems with thickened bronchial or pulmonary se-
cretions, tachycardia, delirium, dry mouth, or other adverse
anticholinergic effects. Glycopyrrolate, available in a tablet or
injectable formulation, is a good choice for an anticholiner-
gic because it minimally crosses the blood−brain barrier. The
1-mg tablets could be crushed and placed under the tongue Q
8 hr. Hyoscyamine is available as oral tablets, capsules, oral
sustained-release tablets, sublingual tablets, oral liquid, oral
solution, and injection. Either the sublingual tablets or oral so-
lution of hyoscyamine can be given in a 0.125- to 0.25-mg dose
sublingually Q 4 hr PRN. Scopolamine-transdermal patches
have a slow onset of action (blood levels are detected 4 hours
after application)53 and are of limited utility in this situation.
The oral administration of atropine ophthalmic solution 1% is
convenient to administer and is cost effective. Assuming that
20 drops is approximately equivalent to 1 mL, patients can be
given 0.5 to 1 mg (1−2 drops) of the atropine ophthalmic solu-
tion PO Q 4 hr PRN. Families and caregivers must be instructed
not to use this in the eye.

4. The patient’s nurse has difficulty finding OMS available
from a pharmacy and difficulty in finding a pharmacy willing
to accept a faxed prescription. Why is morphine so difficult to
obtain?

Providing relief for pain or other symptoms with opioids
is often difficult due to numerous barriers. Patients and care-
givers are often fearful of opioids, or mistakenly believe these
medications will cause addiction or hasten death.54 Pharma-
cists can create barriers by not having opioids in the pharmacy,
sometimes due to fear of robbery, fear of investigation by drug
regulatory agencies, or insufficient appreciation of the use-
fulness of opioids in pain management and palliative care.55

Pharmacists, who are inexperienced in providing service to
hospice patients, might not be knowledgeable of federal reg-
ulations governing the provision of controlled substances to
hospice patients. Federal statutes, as well as most state statutes,
permit prescriptions for Schedule II controlled substances for
hospice patients to be faxed. According to the Code of Federal
Regulations (21CFR1306.11) paragraph (g): “A prescription
prepared in accordance with Sec. 1306.05 written for a Sched-
ule II narcotic substance for a patient enrolled in a hospice
care program certified and/or paid for by Medicare under Title
XVIII or a hospice program which is licensed by the state may
be transmitted by the practitioner or the practitioner’s agent to
the dispensing pharmacy by facsimile. The practitioner, or the
practitioner’s agent, will note on the prescription that the pa-
tient is a hospice patient. The facsimile serves as the original
written prescription for purposes of this paragraph (g) and it
shall be maintained in accordance with Sec. 1304.04(h).”56

The process of ordering controlled substances for use by
hospice patients at home can take many hours, and sometimes
as much as an entire day. Hospice providers should antici-
pate possible difficulties when placing orders for Schedule II
controlled-substance medications.

PAIN MANAGEMENT

5. G.G., a 40-year-old woman, is admitted to hospice with stage
IV ovarian cancer, metastatic to pelvis, liver, and lungs. She was
diagnosed after many months of nonspecific complaints of gas-
tric distress and bloating. On laparotomy, she was staged as stage
III and underwent a total abdominal hysterectomy and bilateral
salpingo-oophorectomy and tumor debulking at that time. She
has undergone subsequent chemotherapy and repeated tumor de-
bulkings. In the past 6 months, her weight has decreased from
175 lb to 153 lb (she is 52 in. tall). Her primary complaints
are constant nausea, constipation, and gripping abdominal pain,
which she characterizes as burning and twisting. She quanti-
fies the pain as 8/10 (on a 0- to 10-point scale) and describes
the pain as one that moves into her groin and leg. Her family
is unhappy about the drowsiness she experiences from her med-
ications; they believe she is overmedicated. She has no known
allergies. Current medications are Duragesic transdermal system
75 mcg/hour Q 72 hr, Kadian 50 mg PO once daily (sustained-
release morphine intended for once daily administration), DSS
250 mg daily, Prevacid 30 mg PO daily, and lorazepam 0.5 mg
Q 4 hr PRN nausea and anxiety. What is your assessment of her
pain management regimen?

G.G. is currently using two long-acting opioids (i.e., Dura-
gesic, Kadian), but is still unable to achieve relief of her pain,
which is probably neuropathic pain (burning and twisting).
The use of two long-acting agents is duplicative and should be
replaced with one opioid. Methadone would be a better a long-
acting agent because it has activity against neuropathic pain
(see Chapter 8). When converting the fentanyl (i.e., Duragesic
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transdermal) and Kadian to methadone, the following should
be considered: (a) patient compliance and ability to follow
prescription directions, (b) use of an appropriate conversion
formula, (c) converting a transdermal formulation of fentanyl
to an oral opioid formulation, and (d) a supplemental opioid
for breakthrough pain.

Due to its long and variable elimination half-life, the dose
of methadone should generally be adjusted only once every 4
to 6 days, and patients must be able and willing to precisely
follow directions for its use. Although formulas and tables are
available to assist practitioners in the conversion of a short-
acting morphine formulation to long-acting methadone, these
have caused problems.57,58 A better, safer conversion plan is
to use the methadone prescribing information59 and to follow
a general rule of thumb not to exceed 30 mg of morphine as
an initial oral dose.60

Total Daily Baseline Oral Estimated Daily Oral
Morphine Dose (i.e., Dose of Methadone Requirement (as % of

Morphine Equivalents) Total Daily Morphine Dose)

<100 mg 20%−30%
100−300 mg 10%−20%
300−600 mg 8%−12%
600−1,000 mg 5%−10%
>1,000 mg <5%

Once the conversion is made, the calculated dose is adjusted
and the dosing interval is set at every 12, 8, or 6 hours, based
on patient age, previous use of opioids, and current clinical
status. Clinical judgment is vital in individualizing a regimen
for each patient based on his or her needs.

Before calculating the conversion to methadone for G.G.,
an important consideration in patients using transdermal
fentanyl is an assessment of its absorption.61 The fentanyl from
the transdermal system is absorbed through several layers of
the skin and deposited in the subcutaneous fat, from which it is
absorbed into the systemic circulation. It is generally observed
that transdermal fentanyl is not effective in very thin, cachectic
patients. In those cases, the conversion would be made with-
out including the fentanyl. The patch would be removed at
initiation of the first methadone dose and supplemented with
medication for breakthrough pain if needed. In patients using
multiple patches, one patch can be removed every 3 days. De-
spite weight loss, G.G. (52 in. and 153 lb) is not cachectic,
and the fentanyl should be included when calculating the con-
version of her current opioid dose to a comparable methadone
dose. In this patient, her sustained morphine formulation (i.e.,
Kadian 50 mg PO TID) is equivalent to 150 mg/day of oral
morphine. Her fentanyl transdermal system 75 mcg/hour is
equivalent to about 150 mg of oral morphine equivalent/day.
Her total morphine equivalents (MEs) per day = 150 mg +
150 mg = 300 mg. Using a 1:5 ratio for conversion of MEs
to methadone, the calculated dose of oral methadone for this
patient should be about 60 mg/day.

Although G.G. is relatively young, has been using opioids
for some time, and has severe pain (quantified at 8/10), a
methadone dose of 20 mg Q 8 hr (i.e., 60 mg/day) might be ex-
cessive. She should be treated with 15 mg of methadone PO Q
8 hr (45 mg/day), and the dose increased, if needed, based on her
clinical response. This smaller initial dose would accommo-
date for some incomplete cross-tolerance from the morphine

and fentanyl, and for any fentanyl that remains in her system
over the next several days. Patients who have been on much
higher doses of opioids, alternatively, can be converted over a
period of several days (e.g., converting one-third of the previ-
ous daily dose of opioid every 3 days). This is an especially
useful method for converting opioid doses for thin, cachectic
patients who have been on multiple transdermal patches. A
clinician should be in touch with G.G. frequently during the
first several days after her conversion to methadone. A tele-
phone call should be made 2 to 4 hours after the first dose to
assess for efficacy and toxicity (primarily somnolence, confu-
sion, or nausea). If pain relief does not last for the entire dosing
interval, it can be adjusted, or G.G. can be instructed to take
an extra dose of methadone.

An added benefit in changing to methadone for G.G. is a
financial one for the hospice. Outpatient prices for long-acting
opioids based on AWP are very steep and significantly add to
hospice costs. The prudent use of methadone can improve over-
all pain management and keep costs in check. When methadone
is not appropriate, generic extended-release morphine is a good
second choice. Transdermal fentanyl should be reserved for
patients who cannot take oral medication or for when there
are significant compliance issues. OxyContin should be used
only when patients cannot tolerate morphine or have other con-
traindications to its use. By converting to methadone, G.G.’s
daily cost for the opioid alone will decrease from $33.41/day
(i.e., $16.86 for Kadian and $16.55 for Duragesic) to $0.48 or
less based on the AWP prices listed in the table.

Average Wholesale Price (AWP) of Long-Acting Opioids38 for 1-Day Supply
(Equivalent to Oral Morphine 150 mg/day)

OxyContin 120 mg (40-mg tablets × 3) $17.61
Kadian 150 mg (50-mg capsules × 3) $16.86
Duragesic 75 mcg ($49.65/patch ÷ 3 = 1 day’s dose) $16.55
Avinza 150 mg (60 mg + 90 mg, one capsule of each) $15.63
Fentanyl transdermal 75 mcg ($40.23 ÷ 3) $13.41
MS Contin 75 mg BID (15 mg + 60 mg, two of each) $10.94
Morphine-ER 75 mg BID (15 mg + 60 mg, two of each) $8.40
Methadone 30 mg (10 mg × 3) $0.48

From RED BOOK for Windows, Thompson Micromedex, Vol. 44, April 2007.

G.G. will also need something for breakthrough pain. Some
practitioners use small doses of methadone, 2.5 mg or 5 mg,
as often as Q 3 hr. This is a good choice in a well-supervised
(i.e., inpatient) setting with nurses familiar with the use of
methadone. However, if caregivers treat methadone as if it
were morphine, which is much more commonly used for break-
through pain, the risk of overmedicating the patient is very real.
This can have disastrous consequences, especially in frail, el-
derly patients. Because G.G. tolerated morphine well in the
past, 30 mg or 1.5 mL of OMS 20 mg/mL can be prescribed
Q 2−4 hr PRN for breakthrough pain because she is not in an
inpatient setting.

Aggressive Symptom Management and
Palliative Sedation

6. D.V., a 35-year-old man with gastric cancer metastasized
to the esophagus with periaortic involvement is hospitalized. He
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was diagnosed 10 months ago, and his disease has progressed
despite multiple courses of chemotherapy (most recently, irinote-
can and Erbitux). A double-lumen peripherally inserted central
catheter line has been inserted. He has lost 65 lb since diagnosis,
weighs 150 lbs at 6 ft tall, and presents with abdominal pain, se-
vere nausea, vomiting, obstipation (intractable constipation), and
general malaise. D.V. describes his pain as a 7/10 in intensity and
as “burning like a knife through my stomach.” He uses 50 to 75
patient-controlled analgesia (PCA) bolus doses Q 24 hr. He has no
other medical problems. D.V. is referred to hospice care because
he and his wife have agreed to stop chemotherapy and do not want
to go back to the hospital. He states a history of allergic reactions
to morphine, ondansetron, and diphenhydramine, although these
reactions are not noted. He is presently receiving hydromorphone
2 mg/hour in an IV infusion with 1 mg PCA bolus dose Q 5 min,
hydromorphone 4 mg PO Q 4 hr PRN pain, fentanyl transdermal
275 mcg/hour Q 3 day, ketamine 20 mg PO Q 3 hr, senna two
tablets PO BID, docusate sodium 250 mg PO BID, MiraLax 17 g
PO daily, lactulose 15 mL PO PRN constipation, lorazepam 2 mg
PO Q 4 hr PRN nausea or vomiting, metoclopramide 10 mg Q 6 hr
PRN nausea or vomiting, promethazine 25 mg IV Q 4 hr PRN
nausea or vomiting, baclofen 10 mg Q 8 hr as needed for hiccups,
and Protonix 40 mg once daily. What is your assessment of his
medication regimen?

D.V.’s drug regimen is unnecessarily complicated for a pa-
tient at home. It may be possible to simplify it by looking at
each problem anew. His pain is poorly managed as evidenced
by his complaint of pain intensity at 7/10 (on a scale of 0−10),
the use of multiple opioids, and the use of excessive PCA bo-
luses. Once an infusion with PCA dosing is started, there is
no need to continue other long-acting opioids (i.e., transder-
mal fentanyl), or oral agents for breakthrough pain. The PCA
doses are serving as the rescue doses for breakthrough pain,
and pain relief should be titrated using this method alone. Once
pain is well controlled, an oral long-acting agent can be consid-
ered if the patient is able to swallow. To do otherwise creates a
chaotic approach. Patients reporting allergic reactions to opi-
oids should be carefully asked to describe the precise nature
of the purported allergic reaction. True allergies to opioids are
rare; patients often refer to an adverse reaction as an allergy or
have experienced an effect from the histamine release that is
associated with opioids. Hydromorphone, especially injectable
hydromorphone, is much more expensive than morphine and
is best reserved for use in patients who have a genuine allergy
to morphine.

Although D.V. had been prescribed ketamine Q 3 hr in the
hospital, it is unrealistic to expect that this can be continued in
the home setting. D.V. and his wife would probably be glad to
discontinue it and replace it with an alternative due to his need
to be dosed Q 3 hr.

D.V.’s constipation is currently treated with multiple med-
ications within the same therapeutic class. It would be more
prudent to maximize the use of a single agent within a category,
rather than using two at less than the maximally recommended
dose. D.V. can use a higher dose of senna (up to four tablets
BID), and then, if necessary, add sorbitol (which is more cost
effective than lactulose).

D.V. also takes multiple medications for his nausea and
vomiting. The injectable promethazine can be converted to
suppositories for use at home. He had also been directed to

take lorazepam for his nausea and vomiting; however, ben-
zodiazepines are not effective antiemetics. They are given to
manage the anxiety associated with nausea and vomiting, and
are particularly useful in managing the anticipatory nausea and
vomiting that is commonly encountered during chemotherapy
administration. Metoclopramide can be useful for D.V.’s nau-
sea and vomiting if his physical examination reveals hypoactive
bowel sounds. It is also useful for treating hiccups, and the need
for baclofen can be reassessed.

7. A few days after arriving home, D.V. asks his hospice nurse,
“Can’t you just give me something to end it all?” He has not been
sleeping well, is tired of taking so many medications, and wants
to alleviate the burden he feels he is imposing on his wife.

In patients who are terminally ill, suffering may continue
despite maximal palliative efforts. As a result, practitioners
continually encounter patients’ requests for the ending of their
lives because of overwhelming suffering. Although controver-
sial, most clinicians are significantly averse to this practice
both ethically and legally.62−67 State and national professional
organizations have not been helpful in providing guidance for
managing this ultimate end-of-life decision. Each clinician,
therefore, must rely on his or her own ethics to decide whether
to participate in facilitating a patient’s death. Although sub-
stantial numbers of clinicians can imagine situations in which
assisted suicide would be acceptable, few are willing to actively
participate in the ending of a patient’s life.68,69

In a small number of patients, it may be desirable to reduce
suffering by the thoughtful use of medications to induce seda-
tion. It is not appropriate to increase opioid doses to achieve the
desired sedated state. Medications used successfully to induce
sedation for these patients include benzodiazepines, barbitu-
rates, and phenothiazines. No drug or drug class is superior to
any other for this use.70

A trial of palliative sedation with lorazepam could be initi-
ated at a rate of 2 mg/hour and gradually increased if needed
to as much as 6 mg/hour. Although palliative sedation has a
small potential to shorten life, the need to relieve terminal agi-
tation could justify this risk. Palliative sedation should only be
initiated as a last resort in severe cases not responsive to other
palliative measures, and only after thorough discussion of the
important clinical and ethical issues with the patient, family,
and other clinical team members.

8. Repeated increases in the hydromorphone infusion basal
rate (he is now at 25 mg/hour) had little effect on managing D.V.’s
pain, and his consistent use of up to 120 PCA attempts over 24
hours reflects his continued pain. He describes the intensity of his
pain as 8/10 (on a 0−10 scale). Before considering palliative se-
dation, what other therapeutic interventions can be implemented
for D.V.?

Before considering palliative sedation, patients should be
thoroughly assessed for insomnia and depression. Underlying
reasons for insomnia should be explored and treated. Poor pain
management is often to blame. In this patient, lidocaine 0.5 to
1 mg/kg/hour administered intravenously or subcutaneously
might be useful to assist in the management of his severe
neuropathic pain.71−75 Lidocaine purportedly interrupts pain
transmission by blocking sodium channels (see Chapter 8).

Clinical Result. D.V. was started on lidocaine 1 mg/kg/hour
intravenously. A bolus dose was not given due to the short
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half-life of lidocaine. Overnight, his use of hydromorphone
boluses dropped to one. He now reported his pain as 1/10 and
slept through the night for the first time in months. Over the next
2 days, the hydromorphone basal rate was tapered to 5 mg/hour.
He did not develop any toxicity, such as perioral numbness,
metallic taste, or somnolence. D.V. continued on lidocaine,
using no hydromorphone boluses for the next 2 weeks until he
died at home, surrounded by his family.

RESOURCES FOR HOSPICE AND PALLIATIVE CARE
The following websites are resources for practitioners who
want more information on hospice and palliative care:

� American Academy of Hospice and Palliative Medicine
(AAHPM): www.aahpm.org/

� Center to Advance Palliative Care (CAPC): www.capc.org/
� Centers for Medicare & Medicaid Services (CMS):
www.cms.hhs.gov/center/hospice.asp

� End-of-Life/Palliative Education Resource Center (EPERC):
www.eperc.mcw.edu/staff.htm

� Hospice Foundation of America (HFA): www.hospice
foundation.org/

� Innovations in End-of-Life Care (an international journal of
leaders in end-of-life care): www2.edc.org/lastacts/

� International Association for Hospice & Palliative Care
(IAHPC): www.hospicecare.com/

� MedlinePlus Hospice Care: www.nlm.nih.gov/medlineplus/
hospicecare.html

� National Hospice and Palliative Care Organization
(NHPCO): www.nhpco.org/

� Pallimed, A Hospice and Palliative Medicine Blog: www.
pallimed.org

� The Population-based Palliative Care Research Network
(PoPCRN): www.uchsc.edu/popcrn/

� U.S. Department of Veterans Affairs, Office of Geriatrics
and Extended Care, Hospice and Palliative Care: www1.va.
gov/geriatricsshg/page.cfm?pg=65
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Nausea and vomiting are unpleasant symptoms caused by
self-limiting disorders or serious conditions such as cancer.
These symptoms can range from mild, short-lived nausea
to continuing severe emesis and retching. In addition to the
suffering involved, uncontrolled vomiting can lead to dehy-
dration, electrolyte imbalances, malnutrition, aspiration pneu-
monia, and esophageal tears. Nausea and vomiting often re-
duce food intake and can impair a person’s ability to care
for themselves. Significant reductions in quality-of-life scores
have been demonstrated in cancer patients with chemotherapy-
induced nausea and vomiting compared with patients who did
not have those symptoms. Clinicians can improve the care of
patients by recommending appropriate preventive medications
in situations where nausea and vomiting can be predicted (e.g.,
postoperative, chemotherapy-induced and radiation-induced
symptoms). In addition, by assuring appropriate use of rescue
antiemetics, clinicians can help reduce existing symptoms.

PATHOPHYSIOLOGY AND NEUROTRANSMITTERS
The neurophysiology of the emetic response is complex, with
multiple organs and neurotransmitters involved. The emetic re-
sponse can be described in three phases: nausea, vomiting, and
retching. Nausea is the subjective feeling of the need to vomit.
It includes an unpleasant sensation in the mouth and stomach
and can be associated with salivation, sweating, dizziness, and
tachycardia. Vomiting is the forceful expulsion of the stomach
contents through the mouth, but is preceded by the relaxation
of the esophageal sphincter, contraction of the abdominal mus-
cles, and temporary suspension of breathing. Retching is the
rhythmic contraction of the abdominal muscles without ac-
tual emesis. It can accompany nausea, or occur before or after
emesis.

Nausea and vomiting are caused by many disorders. Central
nervous system (CNS) causes include increased intracranial
pressure, migraine, brain metastases, vestibular dysfunction,
alcohol intoxication, and anxiety. Infectious disease causes
include viral gastroenteritis, food poisoning, peritonitis,
meningitis, and urinary tract infections. Metabolic causes in-
clude hypercalcemia, uremia, hyperglycemia, and hypona-
tremia. Gastrointestinal disorders, such as gastroparesis, bowel
obstruction, distention, and mechanical irritation, can cause

nausea and vomiting. Among the many medications that can
cause nausea and vomiting are cancer chemotherapy, antibi-
otics, antifungals, and opiate analgesics.

The CNS, the peripheral nervous system, and the gastroin-
testinal (GI) tract are all involved in initiating and coordinating
the emetic response. In the CNS, the vomiting center (VC) re-
ceives incoming signals from other parts of the brain and the
GI tract and then coordinates the emetic response by send-
ing signals to the effector organs. The VC is located in the
medulla oblongata of the brain, near the nucleus tractus soli-
tarius (NTS). The VC is stimulated by neurotransmitters re-
leased from the chemoreceptor trigger zone (CTZ), the GI
tract, the cerebral cortex, the limbic system, and the vestibu-
lar system (Fig. 7-1). The major neurotransmitter receptors
associated with the emetic response include serotonin (the 5-
hydroxytryptamine type 3) receptors, neurokinin-1 receptors,
and dopamine receptors. Other receptors involved include cor-
ticosteroid, acetylcholine, histamine, cannabinoid, gabaminer-
gic, and opiate receptors. Many of these receptors are targets
for antiemetic therapy.

In the CNS, the CTZ is located in the area postrema on the
floor of the fourth ventricle in the brainstem; it lies outside
the blood–brain barrier. When the CTZ senses toxins and nox-
ious substances in the blood and cerebrospinal fluid, it triggers
the emetic response by releasing neurotransmitters that travel
to the VC and the NTS. The major neurotransmitter recep-
tors involved in this pathway include serotonin, dopamine, and
neurokinin-1.

The GI system also plays a large part in the initiation of the
emetic response. The GI tract contains enterochromaffin cells
in the GI mucosa. When these cells are damaged by chemother-
apy, radiation, or mechanical irritation, serotonin is released,
which can stimulate the vagal afferents as well as directly stim-
ulate the VC and NTS. The vomiting center then propagates
the emetic response.

The cerebral cortex and limbic system can stimulate the
emetic center in response to emotional states such as anxiety,
pain, and conditioned responses (anticipatory nausea and vom-
iting). The neurotransmitters involved in this pathway are less
well understood. Disorders of the vestibular system, such as
vertigo and motion sickness, stimulate the VC through acetyl-
choline and histamine release.

7-1
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FIGURE 7-1 Vomiting center.

Pharmacotherapy of Emesis
The initial evaluation of the patient with nausea and vomiting
should include the onset of symptoms; the severity and duration
of symptoms; hydration status; precipitating factors; current
medical conditions and medications; and food and infectious
contacts. The etiology of the nausea and vomiting should be
determined, if possible, so that underlying conditions can be
treated specifically. Supportive treatment should be initiated,
if needed, including fluid and electrolyte replacement. If the
nausea and vomiting is mild and self-limited, antiemetic ther-
apy may not be required. For others, however, the appropriate
antiemetic therapy will depend on the patient and the etiology
of the nausea and vomiting.

Motion Sickness

1. P.C. is a 27-year-old woman who has no significant med-
ical history, with the exception of moderate dysmenorrhea and
motion sickness associated with travel by air. Previously, she has
taken dimenhydrinate before airplane trips with moderate suc-
cess. She is engaged to be married, and she and her fiancé have
decided on a week-long Caribbean cruise for their honeymoon.
P.C. is concerned that she may also develop sea sickness and that
dimenhydrinate may not control her symptoms, particularly in
the event of rough weather at sea. Will P.C. be at higher risk for
motion sickness?

The symptoms of motion sickness occur in response to an
unusual perception of real or apparent motion. In these situa-

tions, there is sensory conflict about body position or motion
through the visual, vestibular, or body proprioceptors. Acetyl-
choline is thought to be the primary neurotransmitter involved
in signaling the VC, as is histamine, to a lesser extent. Adren-
ergic stimulation can block this transmission. Symptoms begin
with stomach discomfort and progress to salivation changes,
sweating, dizziness, lethargy, retching, and emesis. The risk of
motion sickness is low in children <2 years of age. The risk
is highest in children and adolescents, and higher in females
than males. In some individuals, sensitivity to motion sickness
diminishes over time. Travel by boat is most likely to cause
symptoms; air, car, and train travel is less likely.1,2 Because
of P.C.’s history and her travel plans, she is at high risk for
recurrence of her motion sickness symptoms.

Nonpharmacologic measures or natural remedies may be
useful for reducing motion sickness. These include riding in
the middle of the boat or plane where the motion is less dra-
matic; lying in a semirecumbent position; fixing the vision
on the horizon; avoiding reading; and closing the eyes if be-
low deck or in the cabin. Many people recommend keeping
active on a ship to “get their sea-legs” faster through habitu-
ation. The effectiveness of acupressure at the P6 point of the
wrist (about three fingerbreadths above the wrist) is unclear. A
controlled-stimulus trial compared two brands of wristbands
with placebo; neither band was more effective than placebo
in preventing symptoms of motion sickness.3 Studies of gin-
ger preparations also are equivocal. The action of ginger may
be of promotion of gastric emptying and not on the vestibular
system.4,5
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2. For P.C., what medications are available to prevent and treat
motion sickness symptoms?

Anticholinergic agents and antihistamines that cross the
blood–brain barrier effectively prevent and treat motion
sickness.1,2 In general, these medications are more ef-
fective in preventing than treating established symptoms.
5-hydoxytryptamine 3 (5-HT3) receptor antagonists and
neurokinin-1 (NK-1) receptor antagonists have not been shown
to be effective in preventing motion sickness6,7 and are very
costly. Nonsedating antihistamines are not as effective as other
antihistamines because they do not sufficiently cross the blood–
brain barrier.1 Scopolamine has been well studied for the
prevention of motion sickness and is highly effective.8 In a
controlled trial, scopolamine was more effective than prome-
thazine and both were more effective than placebo, meclizine,
or lorazepam.9 Scopolamine is available as a topical patch,
which bypasses the problem of GI symptoms associated with
motion sickness. Scopolamine is less likely than dimenhydri-
nate to effect psychomotor performance.10 Table 7-1 describes
medications effective for motion sickness, including the rec-
ommended use and the adult doses. The severity of the stimulus
is highly dependent on the individual and also varies with the
weather and with position in the plane or boat.

Because P.C. is a susceptible individual in a moderate-severe
stimulus situation, prevention with a scopolamine patch ap-
plied behind the ear every 3 days, starting 6 to 8 hours before
departure should be recommended. If she experiences break-
through symptoms, dimenhydrinate or promethazine can be
recommended as well. She should be advised about the poten-

tial adverse effects of these agents, which include drowsiness,
confusion, and dry mouth.

Chemotherapy-Induced Nausea and Vomiting

3. M.C., a 54-year-old woman with breast cancer, is in the
clinic today to receive her first cycle of “AC” (doxorubicin and
cyclophosphamide) chemotherapy. She will receive paclitaxel and
trastuzumab after the completion of the AC. Her chemotherapy
doses will be intravenous (IV) doxorubicin 60 mg/m2 plus cy-
clophosphamide 600 mg/m2 IV for one dose on day 1 of each
cycle. This will be repeated every 21 days for four cycles. M.C.
does not drink alcohol or smoke. Her only other medical condi-
tion is adult onset diabetes, which is controlled with metformin
and diet. She has had four children, now all grown, and had sub-
stantial morning sickness with each of her pregnancies. M.C.’s
neighbor has told her that all chemotherapy causes severe nau-
sea and vomiting. How likely is M.C. to experience nausea and
vomiting?

Chemotherapy-induced nausea and vomiting (CINV) oc-
curs in many patients receiving chemotherapy for cancer. The
mechanisms of the emetic response described at the beginning
of this chapter apply to CINV as well. The major neurotransmit-
ter receptors involved in these pathways include serotonin, NK-
1 and dopamine receptors. CINV can occur in different pat-
terns. Acute phase CINV symptoms occur within a few hours
after the administration of the chemotherapy. These symptoms
often peak several hours after administration and can last for

Table 7-1 Medications for Prevention or Treatment of Motion Sickness in Adults

Medication (Trade name) Dosage Recommended Use Adverse Effects

Scopolamine
(Transderm-Scop)

1.5 mg TOP behind the ear Q 3 days.
Apply at least 3 hrs (preferably 6–8
hrs) before exposure

Long term exposure (>6 hrs) of
moderate-intense stimulus.
Alternative treatment for shorter or
milder stimulus.

Dry mouth, drowsiness, blurred
vision, confusion, fatigue,
ataxia

Dimenhydrinate (Dramamine) 50–100 mg PO Q 4–6 h (max 400
mg/day). May be taken PRN or on
scheduled basis if required.

Short- or long-term exposure to mild to
moderate stimulus. Alternative for
other situations.

Drowsiness, dry mouth,
thickening of secretions,
dizziness

Promethazine (Phenergan) 25 mg PO Q 4–6 h. May be taken PRN
or on scheduled basis if required.

25–50 mg IM Q 4–6 h for established
severe symptoms. May be taken PRN
or on scheduled basis if required.

In combination with dextroamphetamine
for short exposure of intense stimulus.
Alternative for other situations.

Drowsiness, orthostatic
hypotension, dry mouth

Meclizine (Antivert, Bonine) 12.5–50 mg PO Q 6–24 h. May be taken
PRN or on scheduled basis if
required.

Alternative for mild stimulus or in
combination for moderate to severe
stimulus

Drowsiness, dry mouth,
thickening of secretions,
dizziness

Dextroamphetamine
(Dexedrine)

5–10 mg PO Q 4–6 h. May be taken
PRN or on scheduled basis if
required.

In combination with promethazine for
short exposure of intense stimulus.

Restlessness, abuse potential,
insomnia, overstimulation,
tachycardia, palpitations,
hypertension

Cyclizine (Marezine) 50 mg PO Q 4–6 h (max 200 mg/day).
May be taken PRN or on scheduled
basis if required.

Alternative for mild stimulus situations. Drowsiness, dry mouth,

IM, intramusculare; PO, oral; PRN, as needed; Q, every; TOP, topically.
Adapted from reference 2, with permission.
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the first 24 hours. Some antineoplastic agents can also cause
nausea and vomiting symptoms for a longer period of time
after chemotherapy administration. Delayed CINV symptoms
peak in about 2 to 3 days and can last 6 to 7 days. Some patients
who have received previous chemotherapy treatments may ex-
perience a conditioned response in which they have symptoms
even before the chemotherapy starts. This is called anticipa-
tory nausea and vomiting and it is difficult to treat because it
is primarily triggered by poor nausea and vomiting control in
previous cycles. Breakthrough nausea and vomiting occur if
the primary prophylactic antiemetics fail to work completely.
Of course, regardless of the time course and cause, these are
very distressing, unpleasant, and disruptive symptoms for the
patient.

The likelihood of CINV depends on several factors.11

Patient-related factors that increase the risk of acute-phase
CINV include age <50 years, female gender, poor control of
symptoms in prior cycles, history of motion sickness or nausea
with pregnancy, anxiety, or depression. A significant history of
alcoholism actually protects against CINV. Delayed symptoms
are more common in women and in those who have had poor
emetic control in the acute phase.

Recently, a new predictive model has been developed to
identify patients at highest risk for serious CINV symptoms.12

The predictive factors most associated with acute CINV symp-
toms included age, disease site and stage, comorbid conditions,
chemotherapy agent (Table 7-2), absence of alcohol abuse, in-
creasing number of chemotherapy cycles, and nonprescription

Table 7-2 Emetogenicity of Selected Antineoplastic Agents

High Emetogenicity (>90% of
patients developing nausea or
vomiting [N/V]) Antineoplastic

Altretamine (PO)
Cisplatin (IV) (≥50 mg/m2)
Cyclophosphamide (IV) (≥1,500 mg/m2)
Dacarbazine (IV)
Dactinomycin (IV)
Mechorethamine (IV)
Procarbazine (PO)
Combination of

doxorubicin/cyclophosphamide or
epirubicin/cyclophosphamide (IV)

Moderate Emetogenicity (30% to
90% of patients developing N/V)

Aldesleukin (IV) (>12–15 million units)
Amifostine (IV)
Arsenic Trioxide (IV)
Carboplatin (IV)
Cisplatin (IV) (<50 mg/m2)
Cyclophosphamide (PO)
Cyclophosphamide (IV) (<1,500 mg/m2)
Cytarabine (IV) (>1g/m2)
Daunorubicin (IV)
Doxorubicin (IV)
Epirubicin (IV)
Etoposide (PO)
Idarubicin (IV)
Ifosfamide (IV)
Imantinib (PO)
Irinotecan (IV)
Methotrexate (IV) (250 mg to >1 g/m2)
Oxaliplatin (IV)
Temozolamide (PO)

Low Emetogenicity (10% to 30% of
patients developing N/V) Antineoplastic

Bortezomib (IV)
Capecitabine (PO)
Cetuximab (IV)
Cytarabine (IV) (100–200 mg/m2)
Docetaxel (IV)
Etoposide (IV)
Fluorouracil (IV)
Gemcitabine (IV)
Lapatinib (PO)
Mitoxantrone (IV)
Methotrexate (IV) (<1g/m2)
Paclitaxel (IV)
Panitumumab (IV)
Pemetrexed (IV)
Topotecan (IV)
Trastuzumab (IV)
Vorinostat (IV)

Minimal Emetogenicity (<10% of
patients developing N/V)

Bevacizumab (IV)
Bleomycin (IV)
Chlorambucil (PO)
Dasatinib (PO)
Decitabine (IV)
Erlotinib (PO)
Fludarabine (IV)
Gefitinib (PO)
Gemtuzumab ozogamicin (IV)
Hydroxyurea (PO)
Lenalidomide (PO)
Methotrexate (PO)
Nelarabine (IV)
Rituximab (IV)
Sorafenib (PO)
Sunitinib (PO)
Thalidomide (PO)
Thioguanine (PO)
Vinblastine (IV)
Vincristine (IV)
Vinorelbine (IV)

Adapted from references 11, 13, 14, with permission.
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drug use. The factors associated with increased delayed CINV
included age, type of antiemetics used, prior nausea and vom-
iting, including that with pregnancy, increasing number of
chemotherapy cycles, previous acute CINV, and nonprescrip-
tion drug use.

Chemotherapy-related factors also predict the likelihood of
symptoms. Factors, such as shorter infusion time, higher dose,
and more chemotherapy cycles, increase the risk of CINV. With
multiday chemotherapy regimens, the symptoms usually peak
on about the third to fourth day of chemotherapy, when the
acute symptoms caused by the later days’ doses are overlap-
ping with the delayed symptoms from the first days’ doses. The
most predictive factor, however, is the chemotherapy agent’s
inherent ability to cause CINV, or its emetogenicity.11–14 An-
tineoplastics that are most likely (>90% of patients) to cause
symptoms are classified as highly emetogenic chemotherapy.
Agents that cause nausea and vomiting in 30% to 90% of pa-
tients are classified as moderate-risk agents. Low emetogenic-
ity agents cause symptoms in 10% to 30% of patients. Other
chemotherapy agents have a minimal risk, causing CINV in
<10% of patients. Table 7-2 lists selected chemotherapy agents
in the various emetogenicity classes. References differ in the
estimation of emetic risk for some antineoplastic agents. Note,
for some agents, that the emetogenicity depends on the dosage
used.

Certain antineoplastic agents are more likely to cause de-
layed CINV symptoms. These include cisplatin, carboplatin,
cyclophosphamide, doxorubicin, epirubicin, and ifosfamide.
Patients receiving more than one of these agents are at high
risk for delayed symptoms.

Most chemotherapy agents are given in combinations,
rather than as single agents. Estimating the emetogeniticity
of chemotherapy combinations has always been difficult. One
method15 using a mathematical formula for estimating the total
effect, is based on a five-level classification of emetogenicity.
No method has been prospectively evaluated or unanimously
accepted, however. Chemotherapy regimens that contain cy-
clophosphamide and an anthracycline, such as doxorubicin,
are highly emetogenic (symptoms in >90% of patients.) The
primary literature should be examined for the incidence of
nausea and vomiting for established chemotherapy combina-
tion regimens. In the absence of specific information regarding
the risk of CINV in certain combinations, the antiemetic reg-
imen should be geared toward the chemotherapy agent with
the highest emetogenicity level given on that day.11,14,16 For
example, for a chemotherapy combination with one agent with
a high risk and one with a moderate risk, the antiemetic reg-
imen should be appropriate for the high-risk chemotherapy
agent.

Antiemetic efficacy, or complete emetic response, is usu-
ally defined as no emesis and no nausea or only mild nausea
in the first 24 hours after chemotherapy administration. With
currently recommended antiemetic regimens, most but not all
patients will be protected from emesis in the acute phase (first
24 hours). Nausea, however, is more difficult to control. In ad-
dition, delayed CINV symptoms are more difficult to prevent.

4. Our patient, M.C., is at high risk for acute CINV. Her per-
sonal risk factors include female gender, history of morning sick-
ness with pregnancy, and being a nondrinker. The chemotherapy

regimen she will receive (cyclophosphamide and doxorubicin) is
highly emetogenic in the acute phase and also has a high risk of
delayed symptoms. What antiemetics are available for M.C.?

Appropriate antiemetic therapy is based on the emetogenic-
ity of the chemotherapy regimen and patient risk factors. Be-
cause the pathophysiologic response of nausea and vomiting
involves many neurotransmitters, combinations of antiemet-
ics from different therapeutic classes will be more effective in
most situations than a single agent. The predominant classes
of antiemetics used for CINV include serotonin (5HT3) antag-
onists, the neurokinin-1 antagonist and corticosteroids.

5-HT3 Antagonists
The 5-HT3 antagonists inhibit the action of serotonin in the
GI tract and the CNS and thereby block the transmission of
emetic signals to the VC. Serotonin antagonists are both highly
effective and have minimal side effects. Several agents in this
class are now available: ondansetron, granisetron, dolasetron,
and palonosetron. Dosages of these agents are shown in Table
7-3. These agents have been widely studied and some com-
monalities have emerged. All of these agents have a threshold
effect and so a sufficiently large dose must be given to block
the relevant receptors. The dose-response curve is relatively
flat, such that escalating doses do not enhance efficacy. When
given in appropriate doses, all of these agents have similar ef-
ficacy for acute CINV, with response rates ranging from about
60% to 80%, depending on study design.11,14,17–19 The effec-
tiveness of each of these agents is enhanced by the addition
of dexamethasone. The response rate increases by about 15%
to 20% in regimens that include dexamethasone and a 5-HT3
antagonist.20,21 Oral and IV 5-HT3 administration are equally
effective assuming the patient can take oral medications. The
side effects of the 5-HT3 antagonists are similar and fairly mild
and include headache, constipation, diarrhea, and transient el-
evations of liver function tests. These agents are one compo-
nent of optimal antiemetic prophylaxis for acute CINV, but
are not more effective than agents from other classes (notably
dexamethasone, aprepitant, or prochlorperazine) for delayed
CINV.22–25 Serotonin antagonists, therefore, are not recom-
mended for delayed CINV.

Palonosetron, the newest member of the serotonin antago-
nist family, is distinguished by its longer elimination half-life
than others in its class. Palonosetron was compared with single
doses of ondansetron or dolasetron in two trials of moderately
emetogenic chemotherapy and in one trial of highly emeto-
genic chemotherapy.26–28 In each of these trials, palonosetron
resulted in the same or higher complete response rate (no eme-
sis and no use of rescue medication in the acute or delayed
phase) than that of the comparator agents, but methodologic
concerns limit the conclusions. In two of these trials, cortico-
steroid administration was allowed, but not required, although
dexamethasone is recommended for prophylaxis for moder-
ately and highly emetogenic chemotherapy. Prophylaxis with
dexamethasone for delayed symptoms was not included. These
trials essentially compared palonosetron with placebo for the
delayed phase, because the comparator was not continued for
the 3 days. Palonosetron has not been compared with other
serotonin antagonists where dexamethasone dosing was in-
cluded for both the acute and delayed phase.14 In addition, it has
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Table 7-3 Antiemetic Agents for Chemotherapy-Induced Nausea and Vomiting (CINV)

Dose in Adults (doses should be given 30–60
Medication (Trade name) Class Indication/Phase minutes before chemotherapy) Dose in Pediatrics

Aprepitant (Emend) NK-1 antagonist Acute/Delayed 125 mg PO on day 1, 80 mg PO on
days 2,3

Dexamethasone
(Decadron)

Corticosteroid Acute (high emetogenicity) 12 mg (if with aprepitant) or 20 mg
IV or PO

Acute (moderate emetogenicity) 8 mg IV or PO
Acute (low emetogenicity) 4–8 mg IV or PO
Delayed 8 mg PO daily days 2–4 (when with

aprepitant)

Dolasetron Serotonin antagonist Acute IV: 100 mg or 1.8 mg/kg
PO: 100–200 mg

1.8 mg/kg IV or PO

Dronabinol (Marinol) Cannabinoid Breakthrough 2.5–10 mg PO TID to QID

Droperidol (Inapsine) Butyrophenone Breakthrough 0.625–1.25 mg IV Q 4–6 h PRN 50–60 mcg/kg/dose

Granisetron (Kytril) Serotonin antagonist Acute IV:1 mg or 0.01 mg/kg
PO: 2 mg

0.01 mg/kg/dose

Haloperidol (Haldol) Butyrophenone Breakthrough 0.5–1 mg PO, IV, or IM Q 6 h PRN

Metoclopramide (Reglan) Dopamine antagonist Breakthrough 10–20 mg PO or IV Q 6 h PRN 0.1 mg/kg/dose

Lorazepam (Ativan) Benzodiazepine Breakthrough 0.5–2 mg PO, IV, IM, or SL Q 6 h
PRN

0.05 mg/kg/dose

Nabilone (Cesamet) Cannabinoid Refractory CINV 1–2 mg PO BID (max 2 mg PO TID)

Olanzapine (Zyprexa) Serotonin/dopamine
antagonist

Acute/delayed/breakthrough 2.5–10 mg PO QHS

Ondansetron (Zofran) Serotonin antagonist Acute (moderate or high
emetogenicity)

IV: 8–12 mg or 0.15 mg/kg
PO: 16–24 mg PO

0.15 mg/kg Q 4 h
×3 doses or 0.45
mg/kg single dose

Palonosetron (Aloxi) Serotonin antagonist Acute/delayed IV: 0.25 mg

Prochlorperazine
(Compazine)

Dopamine antagonist Breakthrough 5–10 mg (up to 20 mg) PO, IV, IM Q
4–6 h PRN

>2 yo: 0.1–0.15
mg/kg/dose

Promethazine Dopamine antagonist Breakthrough 12.5–25 mg PO, IV, IM, PR Q 4–6 h
PRN

>2 yo: 0.25–1
mg/kg/dose

BID, twice daily; IM, intramuscular; IV, intravenous; PO, oral; PR, rectal; PRN, as needed; QHS, every night; QID, four times daily; TID, three times daily.
Adapted from references 11, 14, 16, with permission.

not been compared with regimens containing other 5-HT3 an-
tagonists (in the delayed setting), dexamethasone, and aprepi-
tant. One group of researchers described a three-drug com-
bination of palonosetron, dexamethasone, and aprepitant in a
noncomparative, phase II study, and found that the three-drug
combination was safe and effective.29 Whether palonosetron
is equivalent or superior to other 5-HT3 antagonists will be
determined by trials that compare palonosetron with a 5-HT3
antagonist, with both treatment arms consisting of dexametha-
sone and aprepitant in the acute and delayed phases.

Palonosetron is normally administered as a single 0.25 mg
IV dose before chemotherapy. Repeated dosing within 1 week
is not approved by the U.S. Food and Drug Administration
(FDA). With its long elimination half-life, palonosetron should
be effective for at least a few days, but little data are published
regarding repeated doses. Palonosetron has been studied in a
three-dose regimen (administration on days 1, 3, 5) for mul-
tiday chemotherapy in a noncontrolled trial published only in
abstract form.30 This regimen appeared to be safe and effective,
but was not compared with any other regimen.

Other serotonin antagonists, including tropisetron, ramo-
setron, lerisetron, and others,31,32 are under development and
study.

It is difficult to identify the serotonin antagonist with the
highest overall cost-effectiveness because drug acquisition
costs vary between the inpatient and outpatient clinics and from
institution to institution. Costs of the different agents should
be compared at each practice site to determine the preferred
agent.

Corticosteroids
The mechanism of action of corticosteroids as antiemetics has
not been fully determined. Some suggest that corticosteroids
may decrease serotonin release, antagonize serotonin recep-
tors, or activate corticosteroid receptors in the NTS of the
medulla in the CNS.20 Many studies validate the effective-
ness of corticosteroids in the prophylaxis of CINV symptoms.
Efficacy with both dexamethasone and methylprednisolone
has been described, but dexamethasone is much more widely
studied and utilized. Dexamethasone improves the antiemetic
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control of serotonin antagonists by about 15% to 20%.20,21 In
addition, dexamethasone is one of the cornerstone agents used
to prevent delayed CINV. It is inexpensive and available in both
IV and oral formulations.

The optimal dose of dexamethasone with different emetic
stimuli has been studied in two controlled trials. For mod-
erately emetogenic chemotherapy in the acute phase, a sin-
gle 8-mg dose was as effective as larger doses or prolonged
administration.33 In the setting of highly emetogenic cisplatin-
based chemotherapy, higher doses of 12 or 20 mg were superior
to doses of 4 and 8 mg.34 If used with aprepitant, the lower 12-
mg prechemotherapy dose is recommended because of inhibi-
tion of steroid metabolism by aprepitant (see the neurokinin-1
receptor antagonist section).14 For prevention of delayed CINV
symptoms, the most commonly used dose of dexamethasone is
8 mg twice daily on days 2 and 3 after chemotherapy without
aprepitant. The dose should be reduced to 8 mg daily when
used with aprepitant.

Corticosteroids are sometimes underutilized because of the
potential risk of side effects. The adverse effects of cortico-
steroids include insomnia, jitteriness, increased appetite, GI
distress, and perineal irritation if the IV dose is infused too
quickly.20 For most patients, however, dexamethasone is well
tolerated, especially because the therapy is typically short term
at lower doses. Hyperglycemia can occur, especially in patients
with pre-existing diabetes. These patients should be advised to
monitor their glucose levels more frequently and contact their
practitioner if the levels remain elevated. In the nondiabetic
patient, hyperglycemia is rare. Tapering the corticosteroid dose
after the end of treatment for CINV is usually unnecessary
because the duration of therapy is short. Rare patients who
have withdrawal-like symptoms may, however, benefit from a
short taper.

Corticosteroids also have antitumor properties and are a part
of the antineoplastic regimen for some malignancies, such as
lymphoma, lymphoid leukemia, and myeloma. In these cases,
no need is seen to administer additional dexamethasone for
the antiemetic protection; however, the corticosteroid should
be administered before the rest of the chemotherapy to pro-
vide antiemetic activity. If aprepitant is part of an antiemetic
regimen in a situation where the corticosteroid is given for an-
titumor reasons, the dose of the corticosteroid should not be
reduced.14

Neurokinin-1 Receptor Antagonists
The potential use of NK-1 receptor antagonists as antiemetics
became apparent when the role of substance P in the periph-
eral and CNS was recognized in the emetic stimulus pathway.
Aprepitant, the first NK-1 receptor antagonist available, has
been studied for the prevention of CINV caused by moderately
and highly emetogenic chemotherapy. Aprepitant is usually
given as a 3-day oral regimen 125 mg on day 1 and 80 mg on
days 2 and 3. Early trials determined that aprepitant could not
replace a serotonin antagonist, but that it would be used best in
conjunction with corticosteroids and a serotonin antagonist.

Aprepitant was studied in two phase III trials for the
prevention of CINV with highly emetogenic cisplatin-based
chemotherapy.35,36 In both of these trials, aprepitant (or
placebo) was added to a standard antiemetic regimen of on-
dansetron on day 1 and dexamethasone on days 1 through 4.
The patients treated with aprepitant showed improved complete

response rates (no emesis, and no use of rescue medications)
by about 20%, in both the acute and delayed phases. In a recent
reanalysis,37 investigators found that the aprepitant-containing
regimens were more effective in women than in men, which is
fortunate because women have more acute and delayed symp-
toms than men.

Aprepitant was also studied in the prevention of CINV
caused by moderately emetogenic chemotherapy.38 Patients
in the treatment arm were given aprepitant, ondansetron, and
dexamethasone on day 1 plus aprepitant on days 2 and 3. The
patients in the control arm were given ondansetron and dexam-
ethasone on day 1, plus ondansetron on days 2 and 3. The rate
of complete response (no emesis and no use of rescue medica-
tions) was higher in the aprepitant arm in both the acute and
delayed phases. Dexamethasone, however, is one of the most
effective agents for delayed CINV symptoms and it was not
used in either arm for the delayed phase. In essence, aprepitant
was not compared with the standard of care for the delayed
phase. The results may not have been significant if a proper
comparator had been used.

The effects of aprepitant seem to be maintained over four
cycles of chemotherapy in patients receiving moderately eme-
togenic chemotherapy.39 The addition of aprepitant to the
antiemetic regimen on cycle 2 (even when it was omitted from
cycle 1) also seems to improve control of CINV symptoms.40,41

For patients who have had inadequate response to an antiemetic
regimen that did not include aprepitant, it may be useful to add
it in later cycles.

The efficacy of aprepitant for the control of delayed CINV
symptoms was confirmed in a trial that included 489 pa-
tients comparing a standard aprepitant regimen (aprepitant,
ondansetron, and dexamethasone on day 1, followed by aprepi-
tant and dexamethasone on days 2 and 3, and dexamethasone
on day 4) to a nonaprepitant regimen (ondansetron and dex-
amethasone on days 1 through 4) in patients receiving highly
emetogenic chemotherapy.42 The aprepitant-containing regi-
men offered superior control of CINV in the acute, delayed,
and overall time periods. The study confirmed that aprepitant
is a better choice than a serotonin antagonist during the delayed
phase of CINV.

Aprepitant is generally well tolerated with mild side effects,
including fatigue, hiccups, headache, and diarrhea.35,36,38,42

The overall adverse effects in standard aprepitant-containing
regimens are not appreciably different from regimens without
aprepitant.35–38,42 A potential disadvantage of aprepitant is the
unavailability of an IV formulation.

Aprepitant is metabolized by the CYP3A4 enzyme sys-
tem. It is a moderate inhibitor and inducer of CYP3A4, and
an inducer of CYP2C9.11,43,44,45 Consequently, several drugs
potentially interact with aprepitant. The most commonly en-
countered interaction is with the corticosteroids. Aprepitant
increases the area under the curve of dexamethasone such that
the dexamethasone dose (when used as an antiemetic) should
be reduced by about one-half of the usual dose when these
drugs are used together.46 The effect is greatest when the cor-
ticosteroid is administered orally.11,43–47 When the corticos-
teroid is also given as part of the antitumor regimen, however,
the dose should not be reduced because of concern that the an-
tineoplastic activity might be compromised.14 Aprepitant may
also enhance warfarin metabolism by inducing CYP2C9. In-
ternational normalized ratio (INR) values in patients treated
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with warfarin and the standard aprepitant regimen are sig-
nificantly reduced, especially on day 8 of the chemotherapy
cycle.48 The patient’s coagulation status after aprepitant ad-
ministration should be monitored, especially during the 7- to
10-day time period. The dosage of warfarin should be adjusted
if the INR is high or low. Several chemotherapy agents (pacli-
taxel, etoposide, paclitaxel, ifosfamide, irinotecan, imatinib,
vinca alkaloids, and others) are metabolized by the CYP3A4
enzyme system and the metabolism of these agents may be al-
tered by aprepitant. Aprepitant was used in clinical trials with
some of these agents. Caution is warranted, however, because
the clinical relevance of this effect is not known.18 Other drugs
that may interact with aprepitant include oral contraceptives,
itraconazole, terfenadine, and phenytoin.43,44,47

A new investigational NK-1 receptor antagonist, casopitant,
has been studied for the prevention of CINV symptoms in pa-
tients receiving moderately and highly emetogenic chemother-
apy in preliminary phase II/III trials using doses of 50 to
150 mg daily.49,50 The initial results suggest that further tri-
als with this agent are warranted.

Other Antiemetics
Medications from other drug classes have also been used
as antiemetics for CINV. These include dopamine antago-
nists (prochlorperazine, promethazine), benzodiazepines (lo-
razepam), butyrophenones (droperidol, haloperidol), benza-
mides (metoclopramide), and cannabinoids. Many of these
agents were used widely until more effective antiemetic agents
became available. These agents remain useful for breakthrough
symptoms or for patients who are refractory to standard ther-
apy. The appropriate dosages and indications for these agents
are shown in Table 7-3. Many of these agents have more side
effects than standard agents, especially sedation and extrapyra-
midal side effects, such as dystonia and akathesia. Lorazepam
is commonly used as a rescue antiemetic. Its mechanism of
action as an antiemetic is not completely understood, but it
may involve disruption of the cortical impulses to the VC, as
well as anxiolytic activity. Because each patient has an indi-
vidualized response to medicines, additional options for rescue
antiemetics are needed.

Olanzapine is an atypical antipsychotic agent that antag-
onizes several serotonin and dopamine receptors as well as
other neurotransmitter receptors. Its antiemetic action was first
described in patients with refractory nausea or vomiting and
advanced cancer.51–53 Preliminary studies have shown that
olanzapine prevents acute and delayed CINV associated with
moderately and highly emetogenic chemotherapy.54–57 In these
trials, the complete response rate to antiemetic regimens con-
taining olanzapine with dexamethasone plus either granisetron
or palonosetron was 100% in the acute phase and 75% to 80%
in the delayed phase. The usual dose of olanzapine ranges from
2.5 to 10 mg daily for control of refractory symptoms. The dose
used in the CINV studies was 5 to 10 mg daily starting up to 2
days before the chemotherapy cycle. The common side effects
of olanzapine include sleepiness, dry mouth, and dizziness, al-
though these were not significant in the preliminary reports.
Olanzapine is a good choice for control of refractory CINV
symptoms, but further study is warranted before it should be
routinely recommended for prophylaxis of CINV.

Cannabinoids have long been used for refractory nausea and
vomiting. This is based on the effect of the CNS cannabinoid

receptors on the CTZ, the NTS, and the VC.58 Small trials have
shown conflicting effectiveness in the prevention of CINV.59,60

A new oral cannabinoid, nabilone, has recently been approved
for the treatment of CINV in patients who do not respond
adequately to other antiemetics.58 Cannabinoids are associated
with side effects, such as drowsiness, dry mouth, dysphoria,
vertigo, and euphoria. Although some patients have a clear
preference for, and good response to, cannabinoids, side effects
and a lack of pronounced efficacy limit their use in the general
population of chemotherapy patients. These agents are usually
reserved for patients who do not have adequate relief from other
rescue medications, such as phenothiazines, benzodiazepines,
or olanzapine.

Another agent being investigated for the control of CINV is
gabapentin in doses of 300 to 900 mg daily for 5 days or more,
combined with standard antiemetic regimens.61,62 In prelimi-
nary studies, gabapentin improved control of CINV symptoms
and was well tolerated. Further studies are needed to define the
role of gabapentin in CINV.

5. M.C. is at high risk for acute nausea and vomiting and for
delayed symptoms as well. What would be the most appropriate
antiemetic regimen for M.C.?

The optimal prophylactic antiemetic regimens depend on
the emetic risk of the chemotherapy regimen. Treatment guide-
lines have been developed by several groups, including the
American Society of Clinical Oncology (ASCO), the National
Comprehensive Cancer Network (NCCN), and the Multina-
tional Association of Supportive Care in Cancer (MASCC).
These evidence- and consensus-based guidelines, which are
largely in agreement with their recommendations, are summa-
rized in Table 7-4.

For multiday chemotherapy regimens, prophylaxis with a
serotonin antagonist and dexamethasone should be offered for
each day that moderately or highly emetogenic chemotherapy
is administered.11,14,16 Aprepitant might be useful in these sit-
uations, although it has not been studied in this context. Prelim-
inary studies indicated that aprepitant was safe to administer
for a total of 5 days. If multiday chemotherapy regimens have
a high risk of delayed symptoms, then therapy for the delayed
symptoms should be continued for at least 2 to 3 days after the
last chemotherapy administration.

For M.C., the best regimen would include a single dose of
a serotonin antagonist plus dexamethasone 12 mg oral or IV
plus oral aprepitant 125 mg on day 1, then oral dexamethasone
8 mg on days 2 through 4 and oral aprepitant 80 mg on days
2 and 3. She should be offered medications for breakthrough
CINV symptoms, such as prochlorperazine and lorazepam.
She should be warned of the potential adverse effects of dex-
amethasone, especially hyperglycemia, and counseled to check
her blood sugars more frequently and contact her physician if
they remain elevated. M.C. should be advised to maintain a
record of her symptoms and contact her physician if the break-
through medications are not working or if she cannot keep
fluids down.

Modern antiemetic regimens can achieve complete emetic
control in about 70% to 90% of patients, but the response rate
is lower for delayed CINV symptoms. If CINV symptoms are
not adequately controlled, alterations in the antiemetic regi-
men should be made for the next cycle. Suggestions include
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Table 7-4 Recommended Antiemetic Regimens by Emetogenicity of Chemotherapy Regimen

Acute Phase (doses should be given 30–60 min
Emetogenicity Potential before chemotherapy) Delayed Phase Breakthrough

High (>90% of patients) Day 1: single dose 5-HT3 antagonist +
dexamethasone + aprepitant

Dexamethasone days 2–4 +
aprepitant days 2–3

One to two agents for
PRN use

Moderate (30%–90% of patients) with
high risk of delayed CINV (i.e.,
cyclophosphamide plus doxorubicin)

Day 1: single dose 5-HT3 antagonist +
dexamethasone + aprepitant

Dexamethasone days 2–4 +
aprepitant days 2–3

One to two agents for
PRN use

Other moderate regimens (30%–90% of
patients)

Day 1: single dose 5-HT3 antagonist +
dexamethasone

None One agent for PRN use

Low (10%–30% of patients) Single dose dexamethasone or
metoclopramide or prochlorperazine

None Either none or one agent
for PRN use

Minimal (<10%) None None Usually none

5-HT3, 5 hydroxytryptamine type 3; CINV, chemotherapy-induced nausea and vomiting; PRN, as needed.
Adapted from references 11, 14, 16, with permission.

upgrading to the next higher emetogenicity level recommen-
dation, adding aprepitant if not already given, and scheduling
agents from other pharmacologic classes.

Many patients may benefit from nondrug therapy for CINV
symptoms, especially for anticipatory nausea and vomiting
and anxiety. Techniques include guided imagery, hypnosis,
relaxation techniques, systematic desensitization, and music
therapy.63 Acupuncture and acupressure techniques have been
investigated for use in CINV and some patients benefit from
their use. The use of acupressure devices that stimulate the
P6 point on the wrist have been proposed; however, in a con-
trolled trial in patients with breast cancer, it was not found to
be helpful.64 If patients are troubled by CINV symptoms, it is
recommended that they refrain from heavy meals for 8 to 12
hours before the chemotherapy. They should also avoid heavy,
greasy foods and food with strong aromas. Chewing gum can
mask the metallic taste, which some patients perceive. Dry,
salty foods can also help settle the stomach.

Radiation-Induced Nausea and Vomiting

6. E.G. is a 54-year-old man with newly diagnosed head and
neck cancer who will receive radiation therapy concurrently with
chemotherapy containing cisplatin and fluorouracil. His daily
(Monday through Friday) radiation treatments will last for 6
weeks. He has a heavy smoking history (35 pack-years) and “quit”
last week, although it is not going well. After E.G.’s nausea and
vomiting from the chemotherapy subsides, is he at risk for devel-
oping radiation-induced nausea and vomiting?

Radiation therapy can cause nausea and vomiting through
the same basic pathways that chemotherapy does. Radiation
induced nausea and vomiting (RINV) affects 40% to 80% of
patients receiving radiation therapy. The risk of RINV depends
on several factors, namely the size and area to be irradiated.
Patients whose radiation areas >400 cm2 are more likely to
have significant RINV symptoms. Total body irradiation (as-
sociated with hematopoietic stem cell transplantation) causes
RINV in >90% of patients. Patients receiving radiation to the
upper abdominal area experience nausea and vomiting about
50% to 80% of the time. Radiation to other areas of the body
is less likely to cause nausea and vomiting. E.G is not at high

risk for developing RINV, because his radiation site will be in
the head and neck region.

Just as with CINV, symptoms caused by radiation can be
prevented with serotonin antagonists, corticosteroids, or both.
Evidence- and consensus-based recommendations have been
published by several multidisciplinary groups and are shown in
Table 7-5. High-risk RINV is best treated with a combination
of a serotonin antagonist and a corticosteroid.65,66.67 Patients
receiving radiotherapy in the moderate risk group can receive
either prophylaxis or rescue therapy with a serotonin antag-
onist. Because E.G. is unlikely to develop radiation-induced
symptoms, he does not need prophylaxis with a serotonin an-
tagonist. If he develops symptoms later, rescue therapy with a
dopamine antagonist or a serotonin antagonist should be of-
fered.

Postoperative Nausea and Vomiting

7. E.W. is a 48-year-old woman who is scheduled for a laparo-
scopic cholecystectomy. The scheduled duration of her surgery is
less than an hour. Her medical history includes hypertension. She
does not have a history of motion sickness and she is a nonsmoker.
E.W. has never had surgery before. Her sister-in-law had severe

Table 7-5 Prophylaxis for Radiation-Induced Nausea
and Vomiting

Emetic Risk Radiation Area Recommendation

High (>90%) Total body irradiation Prophylaxis with a
serotonin antagonist +
dexamethasone

Moderate
(60%–90%)

Upper abdomen Prophylaxis with a
serotonin antagonist

Low
(30%–60%)

Lower thorax, pelvis,
cranium (radiosurgery),
craniospinal region

Prophylaxis or rescue
with a serotonin
antagonist

Minimal
(<30%)

Head or neck, extremities,
cranium, breast

Rescue with a dopamine
antagonist or a
serotonin antagonist

Adapted from references 11, 14, 16, 65, with permission.
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nausea and vomiting after an outpatient surgical procedure last
year and E.W. is worried that it might happen to her. What is
E.W.’s risk of having postoperative nausea and vomiting? What
can be done to reduce her risk and how can symptoms be treated
if they occur?

Postoperative nausea and vomiting (PONV) is a common
complication of surgery, affecting 25% to 30% of all patients,
but up to 80% of patients in high risk groups. In surgical pa-
tients, PONV can lead to hospitalizations, stress on the surgi-
cal closure, hematomas, and aspiration pneumonitis. Patient-
related, surgical and anesthetic factors can increase the risk
of PONV.68,69 Some of the patient risk factors include female
gender, history of motion sickness, nonsmoking status, obe-
sity, and a history of PONV. Some surgical risk factors for
PONV include long duration of surgery and type of surgi-
cal procedure (e.g., laparoscopy, ear-nose-throat procedures,
gynecologic surgeries, and strabismus repair). Anesthetic risk
factors include the use of volatile anesthetics or nitrous oxide
(as opposed to IV propofol) and the use of intraoperative or
postoperative opioids. Children are twice as likely to develop
PONV as adults.68,70 The risk increases with the child’s age
but declines after puberty.68,70

Certain anesthesia practices may reduce the risk of PONV.
These include use of regional anesthesia (instead of general
anesthesia), use of intraoperative oxygen, hydration and avoid-
ance of nitrous oxide, and volatile anesthesia therapy.68–70,72

Several risk factor models have been studied to correlate
these factors into recommendations for prevention and therapy.
One model is both simple and practical.69,71 This model uses
the following risk factors: female gender, history of PONV or
motion sickness, nonsmoking status, surgery >60 minutes in
duration, and the use of intraoperative opioids. If the patient
has none or one risk factor, the risk of PONV is about 10%
to 20%; no prophylaxis is necessary unless there is a medical

risk for emesis. If the patient has two or more risk factors,
the incidence increases to 40% to 80%; prophylaxis with one
or two medications is warranted. E.W. has at least two risk
factors (female, nonsmoker) and may have more if her surgery
lasts longer than expected or if she receives intraoperative or
postoperative opioids. She has a moderate to high risk of PONV.

An optimal prophylactic regimen for PONV matches med-
ication choice with the patient’s risk level.68–70,72 Appropriate
choices for monotherapy include droperidol, a serotonin antag-
onist, or dexamethasone. Patients at the highest risk for PONV
should be given prophylaxis with a combination of two to three
antiemetics. Dual therapy choices include a serotonin antago-
nist plus either droperidol or dexamethasone. Triple therapy
would combine a serotonin antagonist plus dexamethasone
plus droperidol. Because E.W. has a moderate to high risk for
PONV, a combination of a serotonin antagonist and dexam-
ethasone would be a good choice for prophylactic therapy.

The most effective and commonly used medications for the
prevention of PONV include serotonin antagonists, dexam-
ethasone, droperidol, and combinations of these agents. No
appreciable difference is found in efficacy or adverse effects
between the serotonin antagonists; therefore, the costs of the
different agents should be taken into consideration when se-
lecting therapy. Droperidol has long been used for PONV, but
concerns have been raised about the rare occurrence of QT pro-
longation and torsades de pointes.72,73 Most clinicians believe
droperidol to be a safe, especially when doses are not excessive
(up to 1.25 to 2.5 mg/dose for adults and up to 75 mcg/kg/dose
for children).68,73,74 The mechanism by which dexametha-
sone protects against PONV is unclear, but its efficacy has
been shown in many trials.68,70,72 Combinations of medica-
tions with different mechanisms of action are more effective
than monotherapy. Aprepitant, has been studied in the preven-
tion of PONV. Two studies recently compared oral aprepitant

Table 7-6 Medications for Prevention and Treatment of Postoperative Nausea and Vomiting (PONV)

Medication Prophylactic Dose Treatment or Rescue Dose

Aprepitant Adults: 40 mg PO within 3 hrs before induction of anesthesia

Dexamethasone Adults: 4–10 mg at the start of induction of anesthesia
Pediatrics: 0.15 mg/kg/dose

Adults: 2–4 mg IV

Dolasetron Adults: 12.5 mg IV at end of surgery
Pediatrics: 0.35 mg/kg/dose

Adults: 12.5 mg IV

Droperidol Adults: 0.625–1.25 mg IV at end of surgery
Pediatrics: 50–75 mcg/kg/dose

Adults: 0.625–1.25 mg IV or IM Q 4–6 h
Pediatrics: 10–30 mcg/kg/dose (max 100 mcg/kg/dose)

Metoclopramide Adults: 10 mg IV at end of surgery Adults: 10–20 mg IV or IM Q 6 h

Granisetron Adults: 0.35–1 mg IV at end of surgery Adults: 0.1 mg

Ondansetron Adults: 4–8 mg IV at end of surgery
Pediatrics: 0.05–0.1 mg/kg/dose

Adults: 1 mg IV Q 8 h
Pediatrics: 0.05–0.1 mg/kg/dose

Prochlorperazine Adults: 5–10 mg IV at end of surgery Adults: 5–10 mg IV or IM Q 4–6 h
Pediatrics: 0.13 mg/kg/dose

Promethazine Adults: 12.5–25 mg IV at end of surgery Adults: 12.5–25 mg IV or IM Q 4–6 h
Pediatrics (>2 yrs): 0.25–0.5 mg/kg/dose

Scopolamine Adults: 1.5 mg TOP evening before or at least 4 hrs before
end of surgery

IM, intramuscular; IV intravenous; PO, oral; Q, every; TOP, topical.
Adapted from references 68–70, 72, with permission.
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40 mg or 125 mg with IV ondansetron 4 mg.45,74 These tri-
als showed equivalency between the two doses of aprepitant
and slight superiority over ondansetron in the proportion of
patients without nausea, vomiting, or the use of rescue med-
ications. Aprepitant, however, is significantly more expensive
than generic ondansetron or dexamethasone, which is a consid-
eration. Aprepitant’s role in PONV has yet to be determined.
Dexamethasone and serotonin antagonist combinations have
been well studied and are highly effective.68,70,72,74 Dosages
for the prophylaxis and treatment of PONV are shown in Table
7-6. 5-HT3 antagonists and droperidol seem to be more effec-
tive when given at the end of surgery. Corticosteroids are best
given before the induction of anesthesia.68,72

Several methods for nonpharmacologic techniques for the
prevention of PONV have been studied and have been shown to
be effective, at least in some patient populations. These include
acupuncture, transcutaneous nerve stimulation, acupressure at
the P6 wrist point, hypnosis, and aroma therapy with isopropyl

alcohol. Ginger remedies were not found to be more effective
than placebo for PONV.68

Even with appropriate prophylaxis for PONV, some patients
will experience breakthrough symptoms and require rescue
therapy. Patients who have not received prophylaxis with a
serotonin antagonist can be offered a low dose of a serotonin
antagonist for rescue. For rescue, only about one-quarter of
the prophylaxis dose is needed.68 Serotonin antagonists have
a fairly flat dose response and larger doses (ondansetron 4
to 8 mg) have not been found to be more effective for treat-
ment of PONV than lower doses (ondansetron 1 mg).68,74 For
all patients who have breakthrough symptoms, it is important
to choose an antiemetic from a different pharmacologic class
than the agents used for prophylaxis.69,72 Droperidol, prome-
thazine, metoclopramide, and prochlorperazine are com-
monly used as rescue medications. If E.W. had break-
through nausea, droperidol would be a good choice for rescue
therapy.

REFERENCES
1. Shupak A et al. Motion sickness: advances in patho-

genesis, prediction, prevention, and treatment. Aviat
Space Environ Med 2006;77:1213.

2. Committee to Advise on Tropical Medicine and
Travel (CATMAT). Statement on Motion Sickness.
Can Commun Dis Rep 2003;29:1.

3. Miller KE et al. Efficacy of acupressure and acustim-
ulation bands for the prevention of motion sickness.
Aviat Space Environ Med 2004;75:227.

4. Golding JF et al. Motion sickness. Curr Opin Neurol
2005;18:29.

5. Lien HC et al. Effects of ginger on motion sickness
and gastric slow-wave dysrhythmias induced by cir-
cular vection. Am J Physiol Gastrointest Liver Phys-
iol 2003;284:G481.

6. Levine ME et al. The effects of serotonin (5-HT3)
receptor antagonists on gastric tachyarrhythmia and
the symptoms of motion sickness. Aviat Space Env-
iron Med 2000;71:1111.

7. Reid K et al. Comparison of the neurokinin-1 antag-
onist GR205171, alone and in combination with the
5HT3 antagonist ondansetron, hyoscine and placebo
in the prevention of motion-induced nausea in man.
Br J Clin Pharmacol 2000;50:61.

8. Spinks AB et al. Scopolamine for preventing and
treating motion sickness. Cochrane Database Syst
Rev 2004;CD002851.

9. Dornhoffer J et al. Stimulation of the semicircular
canals via the rotary chair as a means to test pharma-
cologic countermeasures for space motion sickness.
Otol Neurotol 2004;25:740.

10. Gordon CR et al. The effects of dimenhydrimate,
cinnarizine and transdermal scopolamine on perfor-
mance. J Psychopharmacol 2001;15:167.

11. Ettinger DS et al. Antiemesis: clinical practice guide-
lines in oncology. Journal of the National Compre-
hensive Cancer Network 2007;5:12.

12. Petrella T et al. Identifying patients at high risk
for moderate to severe nausea and vomiting follow-
ing chemotherapy: the development and validation
of a prediction tool for the practicing oncologist
[Abstract]. Support Care Cancer 2006;14:598.

13. Grunberg SM et al. Evaluation of new antiemetic
agents and definition of antineoplastic agent
emetogenicity—an update. Support Care Cancer
2005;13:80.

14. Kris MG et al. American Society of Clinical Oncol-
ogy guideline for antiemetics in oncology: update
2006. J Clin Oncol 2006;24:2932.

15. Hesketh PJ et al. Proposal for classifying the acute
emetogenicity of cancer chemotherapy. J Clin Oncol
1997;15:103.

16. The Antiemetic Subcommittee of the Multinational

Association of Supportive Care in Cancer (MASCC).
Prevention of chemotherapy- and radiotherapy-
induced emesis: results of the 2004 Perugia Interna-
tional Antiemetic Consensus Conference. Ann Oncol
2006;17:20.

17. Hamadani M et al. Relative efficacy of various 5-
hydroxytyptamine receptor antagonists in the pre-
vention and control of acute nausea and vomit-
ing associated with platinum-based chemotherapy
[Abstract]. J Clin Oncol 2006;24:8623.

18. Jordan K et al. Comparative activity of antiemetic
drugs. Crit Rev Oncol Hematol 2007;61:162.

19. Jordan K et al. A meta-analysis comparing the
efficacy of four 5-HT3-receptor antagonists for
acute chemotherapy-induced emesis. Support Care
Cancer 2007;15:1023.

20. Grunberg SM. Antiemetic activity of corticosteroids
in patients receiving cancer chemotherapy: dosing,
efficacy, and tolerability analysis. Ann Oncol 2007;
18:233.

21. Ioannidis JP et al. Contribution of dexamethasone to
control of chemotherapy-induced nausea and vomit-
ing: a meta-analysis of randomized evidence. J Clin
Oncol 2000;18:3409.

22. Lindley C et al. Prevention of delayed chemo-
therapy-induced nausea and vomiting after moder-
ately high to highly emetogenic chemotherapy. Am J
Clin Oncol 2005;28:270.

23. Hickok JT et al. 5-hydroxytryptamine receptor an-
tagonists versus prochlorperazine for control for
delayed nausea caused by doxorubicin: a URCC
CCOP randomized controlled trial. Lancet Oncol
2005;6:765.

24. Gelling O et al. Should 5-hydroxytryptamine-3 an-
tagonists be administered beyond 24 hours after
chemotherapy to prevent delayed emesis? Systemic
re-evaluation of clinical evidence and drug cost im-
plications. J Clin Oncol 2005;23:1289.

25. Lachaine J et al. Cost-efficacy analysis of on-
dansetron regimens for control of emesis induced
by non-cisplatin, moderately emetogenic chemother-
apy. Am J Health Syst Pharm 2002;59:1837.

26. Gralla R et al. Palonosetron improves prevention of
chemotherapy-induced nausea and vomiting follow-
ing moderately emetogenic chemotherapy: results of
a double-blind randomized phase III trial comparing
single doses of palonosetron with ondansetron. Ann
Oncol 2003;14:1570.

27. Eisenberg P et al. Improved prevention of moderately
emetogenic chemotherapy-induced nausea and vom-
iting with palonosetron, a pharmacologically novel
5HT3 antagonist. Cancer 2003;98:2473.

28. Aapro MS et al. A phase II, double-blind, randomized

trial of palonosetron compared with ondansetron in
preventing chemotherapy-induced nausea and vom-
iting following highly emetogenic chemotherapy.
Ann Oncol 2006;17:1441.

29. Grote R et al. Combination therapy for chemo-
therapy-induced nausea and vomiting in patients
receiving moderately emetogenic chemotherapy:
palonosetron, dexamethasone, and aprepitant. Jour-
nal of Supportive Oncology 2006;4:403.

30. Brames MJ et al. Efficacy and safety of multiple-day
palonosetron with dexamethasone for prevention of
cinv in patients receiving 5-day cisplatin-regimens
for germ cell cancer [Abstract]. Support Care Can-
cer 2006;14:601.

31. Shi Y et al. Ramosetron versus ondansetron in
the prevention of chemotherapy-induced gastro-
intestinal side effects: a prospective randomized con-
trolled study. Chemotherapy 2007;53:44.

32. Navari RM et al. Emerging drugs for chemotherapy-
induced emesis. Expert Opinion on Emerging Drugs
2006;11:137.

33. The Italian Group for Antiemetic Research. Ran-
domized, double-blind, dose-finding study of dex-
amethasone in preventing acute emesis induced by
anthracyclines, carboplatin, or cyclophosphamide.
J Clin Oncol 2004;22:725.

34. The Italian Group for Antiemetic Research. Double-
blind, dose-finding study of four intravenous doses
of dexamethasone in the prevention of cisplatin-
induced acute emesis. J Clin Oncol 1998;16:2937.

35. Hesketh PJ et al. The oral neurokinin-1 antago-
nist aprepitant for the prevention of chemotherapy-
induced nausea and vomiting: a multinational, ran-
domized, double-blind, placebo-controlled trial in
patients receiving high-dose cisplatin-the aprepitant
052 study group. J Clin Oncol 2003;21:4112.

36. Poli-Bigelli S et al. Addition of the neurokinin-1 an-
tagonist aprepitant to standard antiemetic therapy im-
proves control on chemotherapy-induced nausea and
vomiting. Cancer 2003;97:3090.

37. Hesketh PJ et al. Combined data from two phase
III trials of NK-1 antagonist aprepitant plus a 5HT3
antagonist and a corticosteroid for prevention of
chemotherapy-induced nausea and vomiting: effect
of gender on treatment response. Support Care
Cancer 2006;14:354.

38. Warr DG et al. Efficacy and tolerability of aprepitant
for the prevention of chemotherapy-induced nausea
and vomiting in patients with breast cancer after
moderately emetogenic chemotherapy. J Clin Oncol
2005;23:2822.

39. Herrstedt J et al. Efficacy and tolerability of aprepi-
tant for the prevention of chemotherapy-induced



7-12 � GENERAL CARE

nausea and emesis over multiple cycles of moderately
emetogenic chemotherapy. Cancer 2005;104:1548.

40. Hesketh PJ et al. Aprepitant as salvage antiemetic
therapy in breast cancer patients receiving doxoru-
bicin and cyclophosphamide (AC) [Abstract]. J Clin
Oncol 2006;24:8618.

41. Oechsle K et al. Aprepitant as salvage therapy in pa-
tients with chemotherapy-induced nausea and eme-
sis refractory to prophylaxis with 5-HT3 antagonists
and dexamethasone. Onkologie 2006;29:557.

42. Schmoll HJ et al. Comparison of an aprepitant
regimen with a multiple-day ondansetron regimen,
both with dexamethasone, for antiemetic efficacy in
high-dose cisplatin treatment. Ann Oncol 2006;17:
1000.

43. Massaro AM et al. Aprepitant: a novel antiemetic
for chemotherapy-induced nausea and vomiting. Ann
Pharmacother 2005;39:77.

44. Shadle, CR et al. Evaluation of potential inductive
effects of aprepitant on cytochrome P4503A4 and
2C9 activity. J Clin Pharmacol 2004;44:215.

45. Diemunsch PA et al. NK1 antagonist aprepitant vs.
ondansetron for prevention of PONV: combined
data from 2 large trials [Abstract]. Anesthesiology
2006;105:A125.

46. McCrea JB et al. Effects of the neurokinin-1 recep-
tor antagonist aprepitant on the pharmacokinetics of
dexamethasone and methylprednisolone. Clin Phar-
macol Ther 2003;74:17.

47. Dando TM et al. Aprepitant: a review of its use in
the prevention of chemotherapy-induced nausea and
vomiting. Drugs 2004;64:777.

48. Depre M et al. Effect of aprepitant on the pharma-
cokinetics and pharmacodynamics of warfarin. Eur
J Pharmacol 2005;61:341.

49. Arpornwirat W et al. Multi-center, randomized,
double-blind, ondansetron-controlled, dose-ranging,
parallel group trial of the neurokinin-1 receptor
antagonist casopitant mesylate for chemotherapy-
induced nausea/vomiting in patients receiving mod-
erately emetogenic chemotherapy [Abstract]. J Clin
Oncol 2006;24:8512.

50. Rolski J et al. Randomized phase II trial of the
neurokinin-1 receptor antagonist casopitant mesy-
late with ondansetron/dexamethasone for chemo-
therapy-induced nausea/vomiting in patients receiv-

ing highly emetogenic chemotherapy [Abstract].
J Clin Oncol 2006;24:8513.

51. Srivastava M et al. Olanzapine as an antiemetic in
refractory nausea and vomiting in advanced cancer.
J Pain Symptom Manage 2003;25:578.

52. Jackson WC et al. Olanzapine for intractable nau-
sea in palliative care patients. J Palliative Med
2003;6:251.

53. Passik SD et al. A pilot exploration of the antiemetic
activity of olanzapine for the relief of nausea in pa-
tients with advanced cancer and pain. J Pain Symp-
tom Manage 2002;23:526.

54. Navari RM et al. A phase II trial of olanzapine for
the prevention of chemotherapy-induced nausea and
vomiting: a Hoosier Oncology Group study. Support
Care Cancer 2005;13:529.

55. Passik SD et al. A retrospective chart review of
the use of olanzapine for the prevention of delayed
emesis in cancer patients. J Pain Symptom Manage
2003;25:485.

56. Navari RM, et al. A phase II trial of olanzapine for
the prevention of chemotherapy induced nausea and
vomiting (CINV). J Clin Oncol 2006;24:8608.

57. Passik SD et al. A phase I trial of olanzapine
(Zyprexa) for the prevention of delayed emesis in
cancer patients: a Hoosier Oncology Group study.
Cancer Invest 2004;22:383.

58. Slatkin NE. Cannabinoids in the treatment of
chemotherapy-induced nausea and vomiting: be-
yond prevention of acute emesis J Support Case
2007;5(53):1.

59. Meiri E et al. Dronabinol treatment of delayed
chemotherapy-induced nausea and vomiting. J Clin
Oncol 2005;23:8018.

60. Meiri E et al. Efficacy of dronabinol alone and in
combination with ondansetron versus ondansetron
alone for delayed chemotherapy-induced nausea and
vomiting. Curr Med Res Opin 2007;23:533.

61. Guttuso Jr T et al. Effect of gabapentin on nausea in-
duced by chemotherapy in patients with breast can-
cer. Lancet 2003;361:1703.

62. Menendez-Leal A, et al. Is gabapentin effective
for preventing delayed nausea and vomiting after
moderately and highly emetogenic chemotherapy
[Abstract]. J Clin Oncol 2006;24:18575.

63. Figueroa-Moseley C, et al. Behavioral interventions

in treating anticipatory nausea and vomiting. Jour-
nal of the National Comprehensive Cancer Network
2007;5:44.

64. Roscoe JA et al. Acustimulation wrist bands are not
effective for the control of chemotherapy-induced
nausea in women with breast cancer. J Pain Symp-
tom Manage 2005;29:376.

65. National Cancer Institute of Canada Clinical Tri-
als Group (SC19). 5-hydroxytraptamine-3 receptor
antagonist with or without short-course dexametha-
sone in the prophylaxis of radiation induced emesis: a
placebo-controlled randomized trial of the National
Cancer Institute of Canada Clinical Trials Groups
(SC19). J Clin Oncol 2006;24:3458.

66. Abdelsayed GG. Management of radiation-induced
nausea and vomiting. Exp Hematol 2007;35:34.

67. Urba S. Radiation-induced nausea and vomiting.
Journal of the National Comprehensive Cancer Net-
work 2007;5:60.

68. Gan TJ et al. Consensus guidelines for managing
postoperative nausea and vomiting. Anesth Analg
2003;97:62.

69. Golembiewski J et al. Prevention and treatment of
postoperative nausea and vomiting. Am J Health Syst
Pharm 2005;62:1247.

70. Kovac AL. Prevention and treatment of postoperative
nausea and vomiting. Drugs 2000;59:213.

71. Apfel CC et al. A simplified risk score for predicting
postoperative nausea and vomiting. Anesthesiology
1999;91:693.

72. Wilhelm SM et al. Prevention of postoperative nau-
sea and vomiting. Ann Pharmacol 2006;40:68.

73. McKeage K et al. Intravenous droperidol: a review
of its use in the management of postoperative nausea
and vomiting. Drugs 2006;66:2123.

74. Leslie JB, Gan TJ. Meta-analysis of the safety of
5-HT3 antagonists with dexamethasone or droperi-
dol for prevention of PONV. Ann Pharmacother
2006;40:856.

75. Gan TJ et al. A randomized, double-blind compar-
ison of the NK1 antagonist, aprepitant, versus on-
dansetron for the prevention of postoperative nausea
and vomiting. Anesth Analg 2007;104:1082.

76. Kazemi-Kjellberg F et al. Treatment of established
postoperative nausea and vomiting: a quantitative
systematic review. BMC Anesthesiology 2001;1:2.



C H A P T E R 8
Pain and Its Management

Dusko Klipa and Jamila C. Russeau

Mechanisms of Pain 8-2
Transduction, Transmission, Modulation, and

Perception 8-2
Peripheral and Central Sensitization 8-4
Treatment Implications 8-4

Mode of Analgesic Action 8-4
Nonsteroidal Anti-Inflammatory Drugs 8-4
Opiates 8-5
Analgesic Adjunctive Agents 8-5

Classification of Pain 8-5
Acute Pain 8-5
Chronic Pain 8-6

Pain Associated With Malignancy (Chronic Malignant
Pain) 8-6

Chronic Nonmalignant Pain 8-6
General Treatment Principles 8-7

Analgesic Selection 8-9
Low to Moderate Potency (Mild) Analgesics 8-9
Opioid Analgesics 8-10

Differentiating Between Clinical Opioid Use and Drug
Abuse 8-11

ACUTE PAIN 8-12
Analgesic Goals 8-12
Combination Analgesics 8-13
Equianalgesic Dosing of Opioid Analgesics 8-13
Managing Side Effects of Opioid Analgesics 8-13
Ketorolac 8-14
Nonsteroidal Anti-Inflammatory Drug Selection 8-14

Analgesic Nephrotoxicity 8-15
NSAID Use in Renal Disease 8-15

Opioids 8-15
Patient-Controlled Analgesia 8-15

Opioid Selection for Use in PCA 8-16
Dose Conversion Between Opioid Analgesics 8-17
Conversion From PCA to Oral Opioids 8-17

Tapering of Opioid Analgesics 8-17

Pain Management in the Opioid-Dependent Patient 8-18
Use of Opioids in Recovering Addicts 8-18
Use of Opioids in Renal Disease 8-18
Obstetric Pain: Special Considerations for Opioid

Analgesia 8-18
Epidurals 8-18

Spinal Analgesia in Opioid-Dependent Patients 8-19
Clonidine for Opioid Withdrawal Symptoms 8-19

Systemic Opioids During Labor 8-19
Variability in Intramuscular Meperidine Absorption 8-20
Special Consideration for Using Partial Agonist and

Antagonist Opioid Analgesics 8-20
Tramadol 8-20

CHRONIC MALIGNANT PAIN 8-20
Goal of Malignant Pain Management 8-20
Indications for Use of Fentanyl Patches 8-21
Morphine 8-21

Use of Oral Morphine 8-21
Tolerance, Dependence, and Addiction 8-21
Use of Sustained-Release Morphine 8-22
Rectal Use of Morphine Suppositories and

Sustained-Release Tablets 8-22
Oral Infusion 8-22

Tricyclic Antidepressants 8-22
Methadone 8-23

Guidelines 8-23
Dosing 8-23
Continuous Intravenous Morphine Infusion 8-23

Pentazocine 8-24
Hydroxyzine or Phenothiazine 8-24
Adrenal Corticosteroids 8-24
Nonsteroidal Anti-Inflammatory Drugs 8-24

CHRONIC NONMALIGNANT PAIN 8-24
Goal of Therapy 8-24
Analgesic Consolidation 8-25

Opioid Tapering and Withdrawal 8-25
Managing Opioid Overdose 8-25

NEUROPATHIC PAIN 8-26
α2 -Agonists 8-26
Tricyclic Antidepressants 8-26
Anticonvulsants and Antiarrhythmics 8-27

HEAD INJURY AND OPIOID ANALGESIA 8-27

MYOCARDIAL PAIN 8-27

COLIC PAIN 8-28
Biliary Colic 8-28
Renal Colic 8-28

LIVER DISEASE AND ANALGESIA 8-28

RESPIRATORY DISEASE AND ANALGESIA 8-28

OPIATES IN SPECIAL AGE GROUPS 8-29
Advanced Age 8-29
Neonates and Children 8-30

MORPHINE-INDUCED NAUSEA AND
VOMITING 8-31

USE OF CENTRAL NERVOUS SYSTEM
STIMULANTS 8-31

IMPORTANT DRUG INTERACTIONS 8-31
Phenytoin and Methadone 8-31
Cimetidine and Methadone 8-31
Codeine Interactions With CYP2D6 Inhibitors 8-32

Tramadol and SSRI 8-32

PRIMARY DYSMENORRHEA 8-32

HEADACHES 8-32

PROCEDURAL PAIN 8-33

TOPICAL ANESTHETICS AND ANALGESICS 8-33

Pain is an unpleasant sensation that can negatively affect all
areas of a person’s life, including comfort, thought, sleep,
emotion, and normal daily activity. Chronic, untreated pain
can disturb quality of life and social functioning and disrupt
employment. The pain sensation results from complex phe-
nomena that involve physical perception as well as the emo-
tional reaction to the perception. Physiologic variables (e.g.,
tissue injury) and psychological variables (e.g., anxiety) influ-

ence a person’s reaction to pain. Ascending neural pathways
transfer electrochemical pain signals from the periphery to the
central cortex where perception occurs, whereas descending
pathways may attenuate or modulate signaling back to the site
where the pain is felt. The pain sensation is therefore the net
effect of complicated interactions of ascending and descend-
ing neural pathways with biochemical and electrochemical
processes.
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Pain is categorized according to its cause, location, dura-
tion, and clinical features. The most simplistic categorization
involves differentiating brief-duration (acute) pain from long-
lasting (chronic) pain syndromes. Acute pain serves a useful
purpose of alerting an individual to an injury and initiating
a reflex withdrawal from a noxious or offensive stimulus. In
contrast, persistent (chronic) pain serves no biologic protective
purpose and can cause undue stress and suffering. Pain was for-
merly believed to be merely a symptom and not a diagnosis.
Recent advances in molecular biology and the understanding of
neural mechanisms have demonstrated, however, that chronic
pain can lead to long-lasting changes in the nervous system, a
phenomenon known as neural plasticity. This concept is partic-
ularly important to the understanding of chronic pain because
it helps explain difficulties observed in treating various painful
conditions. Although initially considered static, pain processes
are now realized to be plastic. Such changes therefore define a
disease or process that induces physiologic change in the body.
Regardless of its origin, however, pain requires a thorough eval-
uation to determine the underlying cause. By definition, pain is
a subjective experience. Therefore, the patient is the only per-
son who can best describe the intensity and character of pain.
Pain is whatever the experiencing person says it is, existing
wherever he or she says it does.

Because pain is a variable and personal experience, it is
difficult to describe completely and measure objectively. The
clinician, therefore, must guard against personal biases, which
can interfere with treatment. It is important also to rely on
tools, such as pain scales, to communicate with patients and
understand the extent of their pain. Such tools allow clinicians
to objectively measure the clinical results of their interven-
tions. Most often with chronic painful conditions, total pain
elimination is not a realistic goal, owing to the nervous system
changes described above. Instead, a more attainable objective
is reducing pain to a tolerable predetermined level as agreed
on by consensus of the patient and clinician. A person with
chronic pain should expect to achieve pain reduction with the
ultimate objective of increasing daily function (e.g., activities
of daily living) and minimizing suffering.

Mechanisms of Pain
Transduction, Transmission, Modulation, and Perception
Pain sensation involves a series of complex interactions be-
tween peripheral nerves and the central nervous system (CNS).
This process is modulated by excitatory and inhibitory neuro-
transmitters released in response to stimuli. Such stimuli can
be physical, psychological, or both. An example of a physi-
cal stimulus is a burn or cut to the skin. In a short time, lo-
cal reactions occur in the damaged area that initiate the re-
lease of chemical mediators involved in inflammation. This
is followed by sensitization of the nerve endings, which ulti-
mately send signals to the sensory cortex of the brain. Noci-
ception, or the sensation of pain, is composed of four basic pro-
cesses: transduction, transmission, modulation, and perception
(Fig. 8-1).1

Transduction is the process by which noxious stimuli are
translated into electrical signals at peripheral receptor sites.
This begins when nociceptors (free nerve endings located
throughout the skin, muscle, and viscera) are exposed to a

sufficient quantity of mechanical, chemical, or thermal nox-
ious stimuli.2,3 In addition, a variety of chemical compounds
(e.g., histamine, bradykinin, serotonin, prostaglandins and,
substance P) are released serially from damaged tissues and
can activate or sensitize nociceptors.2,3 Serotonin has the ad-
ditional action of modulating the peripheral release of primary
afferent neuropeptides that are responsible for neurogenic in-
flammation. These neuropeptides include substance P, calci-
tonin gene-related peptide, and neurokinin A.2,3

Transmission involves the propagation of an electrical sig-
nal along neural membranes. Stimuli, such as prostaglandins
and inflammatory mediators, change the permeability of the
membrane, producing an influx of sodium and an efflux of
potassium, thereby depolarizing neuronal membranes. Electri-
cal impulses are transmitted to the spinal cord via two primary
afferent nerve types: myelinated A-fibers and unmyelinated C-
fibers. The A-delta fiber is responsible for rapidly conducting
electrical impulses associated with thermal and mechanical
stimuli to the dorsal horn of the spinal cord. A-delta fibers
release excitatory amino acids, such as glutamate, which acti-
vate α-amino-3-hydroxy-5-methylisoxazole-4-propionic acid
(AMPA) receptors located on dorsal horn neurons.2,4 Trans-
mission of signals along these fibers results in sharp or stab-
bing sensations that alert the subject to an injury or insult to
tissue. CNS input rapidly produces reflex signals, such as mus-
culoskeletal withdrawal, to prevent further injury.5

The smaller, unmyelinated C-fibers respond to mechani-
cal, thermal, and chemical stimuli and conduct electrical im-
pulses to the spinal cord at a much slower rate compared with
myelinated A-delta fibers. C-fibers, which also terminate in
the dorsal horn, release the excitatory amino acids, glutamate
and aspartate. Unlike A-fibers, C-fibers also release peptides,
such as substance P, neurokinin A, somatostatin, galanin, and
calcitonin gene-related peptide (CGRP).5 The role of these
peptides is not completely understood. Substance P is known
to activate neurokinin-1 receptors, which may play a role in
increasing excitability of spinal cord neurons.5,6 Transmission
of electrical impulses via C-fibers results in pain that is dull,
aching, burning, and poorly localized or diffuse. This type of
pain is known as second pain because it is perceived after the
first pain sensation.

Once dorsal horn receptors are activated, electrical sig-
nals are further propagated to the thalamus, primarily via the
spinothalamic tract. From the thalamus, signals are sent to the
cortex and other regions of the brain for processing and inter-
pretation.

Modulation of nociceptive information occurs quickly be-
tween descending inhibitory pathways from the thalamus and
brainstem and interneurons in the dorsal horn. Neurons from
the thalamus and brainstem release inhibitory neurotransmit-
ters, such as norepinephrine, serotonin, γ -aminobutyric acid
(GABA), glycine, endorphins, and enkephalins, which block
substance P and other excitatory neurotransmitter activity on
primary afferent fibers.7

The conscious awareness, or perception, of pain is the end
result of this complex cascade of actions. The perception of
pain involves not only nociceptive processes, but also physio-
logic and emotional responses, which contribute significantly
to the sensation that is ultimately experienced by the person.7

The perception of pain may be influenced by abnormal gen-
eration or processing of electrical pain signals and by the
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psychological framework created by the patient’s temporal af-
fective state or from previous painful experiences. Therefore,
treatment that includes drug therapy to alter the nociceptive
and physiologic responses, in addition to cognitive-behavioral
strategies (e.g., distraction, relaxation, and imagery) to alter the
psychological response, may be more effective together than
if either intervention is used alone.8

Peripheral and Central Sensitization
Under normal homeostatic conditions, a balance exists be-
tween excitatory and inhibitory neurotransmission. Changes
in this balance may occur both peripherally and centrally, how-
ever, leading to exaggerated responses and sensitization.8,9

Examples often observed in chronic pain states include hy-
peralgesia (enhanced pain to a given noxious stimulus) and
allodynia (pain in response to a normally non-noxious me-
chanical stimulus, such as light touch). Peripheral and central
nociceptors can be functionally heterogeneous and can change
through processes of sensitization. Peripherally, certain noci-
ceptors respond to strong mechanical stimuli, whereas other
normally “silent” nociceptors can undergo sensitization from
exposure to prostaglandins, bradykinin, serotonin, histamine,
adenosine triphosphate (ATP), and cytokines.10 These sensi-
tized nociceptors then become highly responsive to weak me-
chanical stimuli.11

Centrally, two types of nociceptors have been identified.
Nociceptive-specific neurons respond only to noxious stim-
uli, such as heat, whereas wide dynamic range neurons re-
spond to noxious stimuli, but also may be excited by peripheral
mechanostimulation.11,12 In chronic pain conditions, popula-
tions of these neurons can shift, so that normally inactivated
neurons become highly responsive to various weak stimuli.2,11

The person affected notices that many types of stimuli elicit
pain, including light touch or minor changes in ambient tem-
perature.

On stimulation, AMPA receptors are the first to be acti-
vated, followed by neurokinin peptide receptors. The N-methyl-
d-aspartate (NMDA) receptor does not participate in normal
transmission and is blocked by magnesium.5,13 If the stimulus
continues, NMDA receptors may become activated, leading to
chronic painful conditions. For this to take place, several con-
ditions must occur.5 First, input from primary afferent fibers
must be of sufficient intensity and duration. When peripheral
damage occurs, the synthesis and release of substance P is in-
creased. The increased release of substance P, along with other
peptides and neurokinins is thought to enhance glutamate acti-
vation of the NMDA receptor. Second, for glutamate to activate
NMDA receptors, a coagonist, glycine, must be present. The
last step in activating NMDA receptors requires the removal
of the magnesium channel block. Tachykinins, such as sub-
stance P released along with glutamate, stimulate neurokinin
receptors and depolarize the neuron. The magnesium block is
removed only when there is sufficient repeated depolarization.
When these conditions have been met, the receptor channel
opens, allowing large amounts of calcium and sodium to enter
the neuron. This produces excessive excitability and amplifi-
cation of signals.

This initial activation of the NMDA receptor is known as
wind-up. Wind-up progressively increases the number and re-
sponse of nociceptive neurons in the dorsal horn without any
change of input to the spinal cord.5,13 In fact, this process can
continue after peripheral input has stopped. With continued

nociceptive input, spread occurs activating nearby receptors,
known collectively as metabotropic glutamate receptors.4,7

Central sensitization occurs when NMDA and neurokinin re-
ceptors are activated, along with increases of cyclic nucleotides
and nitric oxide, and activation of several protein kinases
within.11

Treatment Implications
If all these processes are considered, then the goal of pain
therapy is to reduce peripheral sensitization, thereby decreas-
ing central stimulation and the amplification associated with
wind-up, spread, and central sensitization. This often requires
multiple modalities to interrupt transmission at different levels.
For example, the management of a chronic painful condition
may include treatment with an opiate (e.g., morphine) to reduce
ascending pain transmission, a nonsteroidal anti-inflammatory
drug (NSAID) (e.g., ibuprofen) to reduce prostaglandin forma-
tion, and a membrane-stabilizing agent (e.g., carbamazepine)
to alter ion flux in nerve membranes and blunt depolarization.

New targets will be identified for effective drug therapy as
additional information is learned about the complex interac-
tions and adaptations of neurotransmitters and receptors. How-
ever, it is unlikely that a single effective “magic bullet” will be
developed because of the complex relationships between neu-
rotransmitters and interpatient variability in the perception of
pain. Such variability can arise from genotypic differences in
receptor function, metabolic enzymes, and protein transporters
that convey substances across cellular membranes. Therefore,
continued understanding of the mechanisms of pain transmis-
sion will be important in allowing clinicians to most effectively
use available agents.

Mode of Analgesic Action
Nonsteroidal Anti-Inflammatory Drugs
Nonsteroidal anti-inflammatory drugs (NSAID) are presumed
to exert their analgesic effects by inhibiting prostaglandin syn-
thesis in the periphery; however, this probably is an oversim-
plified view of their action. In the periphery, various chemi-
cal mediators, such as serotonin, substance P, bradykinin, and
histamine, are released in addition to prostaglandins in re-
sponse to tissue injury, and the physiologic response to these
chemicals is complex. These substances do not all produce
pain when experimentally injected as individual substances.
Instead, the combined effects of multiple chemicals are re-
quired before a pain response is produced. For example, when
histamine, prostaglandin E2, or bradykinin is administered
alone, pain does not result; when all the agents are given
together, the combination produces intense pain. Therefore,
prostaglandins probably induce hyperalgesia (excessive sen-
sitivity to pain) in the local sensory nerve receptors when
other chemical mediators exert their effects. The analgesic ef-
ficacy of an NSAID, however, does not correlate entirely with
its capacity for prostaglandin inhibition in the periphery. Ac-
etaminophen, which exhibits its analgesic action by inhibiting
prostaglandin synthesis, also can produce analgesia at concen-
trations that do not inhibit peripheral cyclooxygenase activ-
ity and prostaglandin formation. Salicylates also can produce
analgesia at concentrations that do not inhibit peripheral cy-
clooxygenase activity and prostaglandin formation. Therefore,
the exact mechanism of NSAID analgesia has yet to be eluci-
dated; however, the analgesic effect of NSAID is likely central
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in origin and involves substance-P receptors of the neurokinin-
1 type and glutamate receptors of the NMDA type in addition
to central prostaglandin inhibition. Because spinal adminis-
tration of NSAIDs reduces the hyperalgesia evoked by spinal
substance P and NMDA, the action of the NSAID appears
to be independent of peripheral inflammation. NSAID actions
through GABAergic pathways, arachidonic acid byproducts,
and AMPA receptors also are being studied. Aspirin, the pro-
totypical NSAID, has demonstrated synergistic activity with
endogenous opioids at opioid receptors as well as enhancing
serotonin’s effects in the central nervous system.14,15

Opiates
Opiates can attach to one or more of five opioid receptors: the
μ-, δ-, ε-, κ-, and σ -receptors. These receptors can be differ-
entiated further into subtypes (e.g., μ1, μ2, δ1, δ2, κ1, κ2, and
κ3). Animal models suggest that as many as seven subtypes of
μ-receptors may exist, but it is not known how many of these
can be found in humans. Stimulation of μ1-receptors may be
responsible for the desired effects of supraspinal analgesia,
and stimulation of μ2-receptors may lead to unwanted conse-
quences such as respiratory depression, euphoria, constipation,
and physical dependence. Some κ-receptors, as well as δ- and
ε-receptors, also mediate analgesic response, although the role
of ε-receptors is not fully understood. Autonomic stimulation,
dysphoria, and hallucinations may be caused by σ -receptors.
These are not considered true opioid receptors, but may interact
with some opioid-like agents.

The effect of opiates on these receptor subtypes is gradu-
ally being discovered. Morphine can stimulate μ1-, μ2-, and
κ-receptors, and perhaps this ability to stimulate multiple re-
ceptors accounts for morphine’s mixed analgesic and side ef-
fect profile. Pure opiate antagonists (e.g., naloxone) occupy
opiate receptors without eliciting a direct response and block
the access of opiate agonists, such as morphine, to these re-
ceptors. As a result, pure narcotic antagonists block both the
desired and undesired opiate effects. Pentazocine and butor-
phanol (both mixed agonist–antagonists) produce analgesia
through stimulation of κ-receptors, but cause unwanted dys-
phoria and hallucinations through their effect on σ -receptors.
Pentazocine and butorphanol also block access of morphine
to μ-receptors, leading to withdrawal symptoms in individuals
who are physically dependent on morphine or its analogs.

In the spinal cord, the highest concentration of opioid recep-
tors is located around the C-fiber terminal zones in the lamina 1
of the dorsal horn and the substantia gelatinosa. The μ-opioid
receptors constitute approximately 70% of the total receptor
population; δ- and κ-receptors account for 24% and 6% of the
population, respectively. μ-Receptors also are located in the
afferent terminals. Because morphine has a 50 times higher
affinity for the μ-receptor than for the δ- or κ-receptors, it is a
very effective analgesic. The pharmacologic action of opioids
depends on the availability of opioid receptors, and the cutting
of peripheral nerves leads to degeneration and loss of opioid
receptors in the nerve itself. As a result, postamputation pain
often is not relieved by morphine or other opioids.

Opioids produce analgesia by three main mechanisms16:

� Presynaptically, opioids reduce the release of inflammatory
transmitters (e.g., tachykinin, excitatory amino acids, and
peptides) from the terminals of afferent C-fiber neurons after
activation of opioid receptors.

� Opioids also can reduce the activity of output neurons, in-
terneurons, and dendrites in the neuronal pathways by means
of postsynaptic hyperpolarization.

� Opioids also inhibit neuronal activity via GABA and
enkephalin neurons in the substantia gelatinosa.

Analgesic Adjunctive Agents
Analgesic medications often are prescribed concurrently with
other drugs to enhance analgesia or to treat pain exacerba-
tions. These adjunctive medications are most often used in the
management of chronic pain, particularly when the dose of the
primary analgesic has been optimized or when the underlying
condition has progressed and is no longer adequately controlled
by the primary analgesic agent. Other adjuvant agents may be
added to analgesic therapy to reduce side effects, such as ex-
cessive sedation, nausea and vomiting, or constipation. The
most common drug classes used as adjunctive analgesic agents
are corticosteroids, anticonvulsants, heterocyclic antidepres-
sants, α2-adrenergic agonists, NMDA receptor antagonists,
local and oral anesthetics or antiarrhythmics, antihistamines
and neuroleptics. Adjunct analgesic agents may be used as the
primary analgesic agent in the treatment of neuropathic pain
syndromes, where the usefulness of opioids is under debate.
Neuropathic pain syndromes do not respond to NSAIDs.

Corticosteroids, such as dexamethasone, are useful in re-
ducing pain associated with cerebral and spinal cord edema and
in treating refractory neuropathic pain and bone pain, partic-
ularly metastatic bone pain. Corticosteroids may also provide
other beneficial effects, such as mood elevation, antiemetic
activity, and appetite stimulation.17

Antidepressants are commonly used to treat neuropathic
pain (e.g., diabetic neuropathy, postherpetic neuralgia) and
pain associated with insomnia or depression.18 They are used
to treat fibromyalgia, a syndrome characterized by diffuse mus-
cle and joint pain, which is thought to result from central dys-
regulation. Their analgesic effect is independent of their an-
tidepressant effect. Postulated mechanisms of action involve
blockade of norepinephrine reuptake, antagonism of histamine
and muscarinic cholinergic receptors, α-adrenergic blockade,
or suppression of C-fiber evoked activity in the spinal cord.19

Anticonvulsants; antiarrhythmics; α2-adrenergic antago-
nists; and the NMDA receptor antagonists, ketamine and dex-
tromethorphan, also have been used to manage neuropathic
pain with varying degrees of success. Antihistamines, such
as hydroxyzine and promethazine, are often prescribed post-
operatively to augment the analgesic effects of opioid agents.
Hydroxyzine may provide minimal analgesia, whereas little ev-
idence exists to confirm analgesic action for promethazine.20

The addition of phenothiazines and antihistamines may be
useful in alleviating opioid-induced nausea and vomiting;
however, these agents may potentiate orthostatic hypoten-
sion, respiratory depression, sedation, and extrapyramidal side
effects.21 Use of these agents should not be a substitute for ap-
propriate doses of opioid analgesics.

Classification of Pain
Acute Pain
Pain immediately following an injury to the body is considered
to be acute pain, whereas pain lasting beyond the expected
healing time, or persistent pain that does not respond to usual
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pain control methods, is defined as chronic pain. Acute pain
serves a useful purpose in minimizing the extent of injury by
causing an organism to recoil from a noxious or harmful stim-
ulus. In most cases, the objective physical findings associated
with acute pain can be localized directly to the site of injury. In-
jury to nerves on visceral organ systems can present as diffuse,
poorly differentiated, referred pain.

Acute pain is usually self-limiting and typically subsides
when the injury heals. Untreated or inadequately treated pain
can evoke physiologic hormonal responses that alter circula-
tion and tissue metabolism; these can also produce tachyp-
nea, tachycardia, widening of the pulse pressure, and increased
sympathetic nervous system activity. Inadequately treated pain
can produce significant psychological stress responses and
compromise the body’s immune system by provoking release
of endogenous corticosteroids. Decreased range of motion, di-
minished pulmonary vital capacity, and a compromise in the
overall well-being of a person secondary to poorly treated pain
can delay recovery after surgery or trauma. Acute pain is often
exacerbated by anxiety and secondary reflex musculoskeletal
spasms.

Acute pain should always be aggressively managed, even
before a definitive cause is known. In patients with traumatic
head injury, medications should be withheld until a full neuro-
logic workup can be performed because they can interfere with
cognitive function. Patients with acute abdominal pain also
may have pain medications withheld until a diagnosis is made;
however, several studies support early pain management.22,23

When pain is relieved, the patient is more comfortable and bet-
ter able to cooperate with the history, physical examination,
and diagnostic procedures. Postoperative and other acute pain
syndromes often are ignored or inadequately treated, however.
Part of the tendency to undertreat pain is the reluctance of care-
givers to prescribe opiates for fear of causing addiction. Ad-
diction to opioids is essentially nonexistent when these drugs
are prescribed for acute pain, and withholding appropriate pain
treatment causes needless patient suffering.

Chronic Pain
The origins of chronic pain may be neurogenic, nociceptive,
psychiatric, or idiopathic. As will be presented later, it is im-
portant to further differentiate chronic pain syndromes into
those that are associated with malignancy from those that are
not. All forms of chronic pain share some common character-
istics, however. Unlike acute pain, which prompts the afflicted
individual to avoid further injury or seek help, chronic pain
usually serves no benefit to the individual. Chronic pain can
be episodic or continuous, or a combination of both. A patient
may feel constant pain and also experience exacerbations of
more intense pain at various times. Chronic pain can cause a
person to feel “trapped” inside of his or her body, distinguished
only by more painful and less painful days. Chronic pain of-
ten is destructive to the host by deteriorating quality of life,
functional ability, spiritual and psychological well-being, in-
terpersonal relationships, and financial status.17 Chronic pain
also can cause changes in appetite, psychomotor retardation,
irritability, social withdrawal, sleep disturbances, and depres-
sion. The patient often cannot remember an existence free of
pain and is convinced that the pain will be present until death.
In short, chronic pain can become an all-consuming focus of
the patient’s life.

The key to successful chronic pain management rests on pre-
vention and elimination of unnecessary suffering and despair.
Chronic pain management should consider the applicability
of cognitive interventions (relaxation technique, self-hypnosis,
psychiatric therapy) as well as physical manipulations (local
application of heat, cold, massage, electrical nerve stimulation,
acupuncture, and physical therapy). Pharmacologic agents (an-
tidepressants, antiarrhythmics, anticonvulsants, major tran-
quilizers, and longer-acting opioids), regional anesthesia (local
anesthetic blocks with or without corticosteroids or chemical
neurolysis), surgical interventions (spinal decompression, re-
lease of nerve entrapment), and spinal analgesia (intraspinal
opioids or local anesthetic agents) are also warranted.24,25

PAIN ASSOCIATED WITH MALIGNANCY (CHRONIC MALIGNANT PAIN)
Chronic malignant pain can have a combination of acute,

intermittent, or constant components. Although the pain is
chronic, it can have elements of acute pain when tissue
damage continues from tumor infiltration. Nerve destruction,
chemotherapy, radiation therapy, and surgery also contribute to
malignant pain. Occasionally, chronic malignant pain has only
minimal or no associated objective clinical physical findings,
and may be erroneously dismissed by inexperienced clinicians.

Anticipation by the patient that malignant pain will be con-
tinuous leads to anxiety, depression, and insomnia.26 These
destructive feelings can accentuate the patient’s perception of
pain. Inadequately treated chronic malignant pain can become
progressively more severe and cause relentless suffering. Per-
sistent pain can accelerate the deterioration of the patient’s
physical and psychological condition more than the malig-
nancy itself.

The most important aspect of chronic malignant pain man-
agement is a logical and systematic approach with the goal of
pain alleviation (or minimization) and prevention. A primary
element of this approach is patient access to health care and
pain management information. It is the duty of all health care
providers to effectively assess their patients’ pain management
needs and to make appropriate referrals or therapeutic changes.

CHRONIC NONMALIGNANT PAIN
Pain not associated with a malignant disease and lasting >6

months or beyond the healing period is considered to be chronic
nonmalignant pain. This pain also has been called chronic be-
nign pain, an obvious misrepresentation, because pain is never
benign when it causes patient suffering. Chronic nonmalig-
nant pain is recognized as a serious health problem that affects
millions of people worldwide and carries far-reaching social
implications.27 The development of treatment guidelines is dif-
ficult because of the heterogeneity of causes. For most types
of chronic pain, initial therapy is often conservative. Failure of
conservative therapy may necessitate the use of more potent
analgesics. The use of opiates in this patient population is con-
troversial; however, increasing data support opiate use in psy-
chologically healthy patients.28,29 Because chronic pain affects
many aspects of a patient’s life, a multidisciplinary approach
that addresses effective drug therapy and comprehensive reha-
bilitation often provides greater relief to the patient than drug
therapy alone.

Much of the difficulty encountered in pain management
arises when clinicians are not sufficiently educated or trained
in dealing with the complex pharmacologic and psychosocial
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Table 8-1 Common Causes of Analgesic Treatment Failure

Problem Potential Impact on Pain Management Example

1. Inappropriate or unknown diagnosis Improper medication selection Using a nonsteroidal anti-inflammatory drug (NSAID) for
abdominal pain that may be related to a gastrointestinal
bleed

2. Misunderstanding of pharmacology
or pharmacokinetics

Overestimating potency or half-life Dosing an opioid less frequently than necessary to provide
adequate relief

3. Inadequate management of adverse
effects

Patient may discontinue therapy or misuse
over-the-counter remedies

Patient suffers constipation from antidepressants and uses
daily bisacodyl

4. Fear of addiction Physician or patient or caregiver may withhold
medications

Evidence of tolerance after chronic use of opioids may be
mistaken for addiction

5. Unrealistic goals for therapy Patient will not be satisfied with pain management
regimen and may seek other care

Patient states a desire to be “pain free” following
significant nerve injury

6. Irrational polypharmacy Over- or under-use of appropriate therapies Patient with neuropathic pain using three different opioids
without any adjuncts in the regimen

7. Patient barriers Patient cannot understand appropriate medication
use or other pain management modalities

� Language or comprehension deficits
� Cognitive deficits: patient cannot remember regimen
� Physical impediments to using medicines appropriately
� Cultural barriers (e.g., stoicism)

8. Lack of understanding of
pathophysiology of pain

Limitations of health care providers’ ability to
adequately relieve pain

Drugs that show benefit in animal models are not useful for
human pain conditions

problems associated with chronic pain. Often the clinician fails
to listen to the patient or fails to recognize clues to the subtle
nature of the patient’s pain complaints. Drug selection often
is irrational and doses are frequently inadequate. An unfor-
tunate tragedy occurs when clinicians occasionally withhold
adequate analgesia because of a misunderstood fear of addic-
tion, or when a patient refuses medications because of a similar
fear of addiction.30,31

General Treatment Principles
Pain is one of the most common reasons for which patients
seek medical attention, yet it remains significantly under-
treated despite the availability of effective medications and
other therapies.32,33

Table 8-1 lists eight common causes of treatment failure
when using analgesics.34 In general, the reasons include a lack
of understanding of pain management principles or the phar-
macologic properties of the drugs; an overestimation of the risk
of addiction by both patients and caregivers; or poor commu-
nication between the patient and medical personnel. A number
of steps to overcome these barriers are described in the suc-
ceeding section.

Effective analgesic therapy begins with an accurate assess-
ment of the patient. The Pain Intensity and Pain Distress Scales
(Figures 8-2 and 8-3, respectively) can help clinicians assess
pain. When obtaining a pain history, it is important to gather de-
tails about the pattern, duration, location, and character of the
pain. Pain intensity should be measured using an appropriate
pain scale (Figs. 8-2 and 8-3) according to the patient’s ability
to communicate.17,24 Factors that exacerbate or relieve pain
should be assessed. The names and amounts of all analgesics
that the patient is taking should be documented as well as their
effectiveness. In addition, other medical problems and medi-
cations should be documented, including over-the-counter and
nonprescription remedies. A patient fearful of being accused
of analgesic abuse might be reluctant to give an accurate drug
use history unless a trusting relationship can be established.

0–10 Numeric Pain Intensity Scale

“Faces” Pain Scale
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Worst possible
pain

Mild
pain
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pain
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pain
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FIGURE 8-2 Pain intensity scales. (Adapted from Patt RB. Cancer
Pain. Philadelphia: JB Lippincott; 1993; and Wong DL. Whaley and
Wong’s Essentials of Pediatric Nursing. St. Louis: Mosby; 1997, with
permission.)
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0–10 Numeric Pain Distress Scalea

Visual Analog Scale (VAS)b

Simple Descriptive Pain Distress Scalea

No

distress

Unbearable

distress

None Annoying Uncomfortable Dreadful Horrible Agonizing

0 1 2 3 4 5 6 7 8 9 10

No
pain

Distressing
pain

Unbearable
pain

aIf used as a graphic rating scale, a 10-cm baseline is 
recommended.
bA 10-cm baseline is recommended for VAS scales.

FIGURE 8-3 Pain distress scales.

Effective treatment considers the cause, duration, and in-
tensity of pain and matches the appropriate intervention to the
situation. The goal of therapy is to eliminate or reduce the
pain to the lowest tolerable intensity and prevent it from recur-
ring, rather than waiting to treat the pain when it becomes un-
bearable. The patient should predetermine this lowest tolerable

level with the health care provider based on a pain scale that is
mutually understood. Guidelines from the World Health Orga-
nization, summarized in Table 8-2, can be useful when choos-
ing initial therapy.35 It is also important to consider the clinical
situation when determining analgesic selection or whether the
painful condition requires analgesic therapy. For example, it
would be irrational to use morphine to treat the severe ab-
dominal cramping pain associated with constipation, because
morphine can worsen the constipation. If pain is the result of a
fracture, then stabilization and immobilization, in addition to
appropriate analgesics, will reduce pain in the affected bone.
Once a pain regimen is initiated, frequent reassessment will de-
termine whether the goals of therapy are being met and whether
they address any emerging side effects. Drug selection, doses,
routes of administration, and dosing frequency should be ad-
justed as needed until the goals of therapy are met. In treating
acute, severe postoperative pain, it may be necessary to begin
with a potent opiate analgesic and then gradually reduce the
dose based on the patient’s clinical response.

When treating chronic pain, elimination and prevention of
pain is best accomplished by using analgesics at fixed time in-
tervals (“time-contingent”) rather than on an as-needed basis.
The traditional as-needed analgesic dosing schedule is inade-
quate much of the time, leading to greater 24-hour drug intake
and a pattern of stepwise increases in dosage. Therefore, most
pain management specialists now administer, or at least offer,
analgesics to their patients on a schedule, at least for the first
few days until pain requirements can be adequately assessed. In
patients with severe acute or malignant pain, however, sched-
uled analgesics alone may not be adequate without additional

Table 8-2 Example Initial Regimens for Different Pain Levels Based on Guidelines From the World Health Organization (WHO)

Typical Corresponding
Pain Level Numerical Rating Example Medicines for
Description (0 to 10 Scale) WHO Therapeutic Recommendations Initial Therapy Comments

“Mild” pain 1–3 Nonopioid analgesic: taken on
a regular schedule, not as
needed (prn)

� Acetaminophen 650 mg every
4 hr

� Acetaminophen 1,000 mg every
6 hr

� Ibuprofen 600 mg every 6 hr

� Consider adding adjunct
analgesic or using an alternate
regimen if pain not reduced in
12 days

� Consider step up if pain not
relieved by two different
regimens

“Moderate” pain 4–6 Add opioid for moderate pain
(e.g., moderate potency
analgesic). Use on a
schedule, not prn

� Acetaminophen 325 mg/codeine
60 mg every 4 hr

� Acetaminophen 325 mg/Oxycodone
5 mg every 4 hr

� Tramadol 50 mg every 6 hr

� Consider adding adjunct
analgesic or using an alternate
regimen if pain not reduced in
12 days

� Consider step up if pain not
relieved by two different
regimens

“Severe” pain 7–10 Switch to a high potency
(strong) opioid; administer
on a regular schedule

� Morphine 15 mg every 4 hr
� Hydromorphone 4 mg every 4 hr
� Morphine controlled release 60 mg

every 8 hr

� Consider alternate regimen
(e.g., different strong opioid)
if pain not reduced in 12 days

� Consider increased dose of
strong opioid, or addition of
nonopioid agents, if pain not
adequately relieved by two
regimens

Adapted from the World Health Organization, http://www.who.int/cancer/palliative/painladder/en/.
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analgesics for breakthrough episodes. Until the dosage is sta-
bilized, all patients who are receiving analgesics should be
monitored closely for efficacy of analgesia as well as untoward
side effects. Successful pain management can also include the
use of nonpharmacologic measures, such as ensuring that the
patient receives adequate rest and emotional support. Physi-
cal and occupational therapy may be useful to help improve
strength or mobility and to ensure that no barriers at home or
work exist that can interfere with the patient’s activities of daily
living.28

Anxiety and guilt often complicate the management of pain.
Patients sometimes become anxious, fearing that their pain
will become uncontrollable or that they will become addicted
to opiates. Also, patients sometimes feel guilty about taking
opioids for their pain because of the negative social conno-
tations associated with these drugs. They may feel that they
have failed their clinicians’ expectations. Therefore, patient
education about the rational use of analgesics is imperative.
Pain can be managed best when trust and communication exist
between the caregiver and the patient, known as a therapeu-
tic alliance. Patients must feel comfortable telling caregivers
whenever their pain needs arise, and caregivers must respond
appropriately and in a timely fashion. Good communication
between caregivers and patients can alleviate anxiety and guilt
regarding patients’ pain needs.

Patient-specific characteristics (e.g., age, gender, race, or-
gan dysfunction, and comorbidities) play an important role in
the response to pharmacotherapy, ranging from subtherapeutic
effect to toxicities. A genetic polymorphism of the cytochrome
P450 system significantly contributes to inconsistency of pa-
tient response to drug therapy.36 Based on CYP 450 enzymatic
activity, patients may be classified as poor metabolizers, inter-
mediate metabolizers, extensive metabolizers, and ultrarapid
metabolizers. Such variations in drug metabolism have been
correlated to a range of effective doses and occurrence of tox-
icities. This has been observed with different drug classes,
including opioids.36

Codeine is a prodrug that is metabolized to morphine, a
more potent analgesic, by CYP2D6. This particular enzyme is
known to have variable presence among individuals, leading
to insufficient analgesia in poor metabolizers.37

Tramadol, a synthetic opioid, exerts its full analgesic ef-
fect when the parent compound is converted to O-desmethyl-
tramadol via CYP2D6. Consequently, it has been demon-
strated that, in the postoperative setting, poor metabolizers
do not exhibit equal analgesia when compared with extensive
metabolizers.37

Polymorphism of CYP 450 is not the only target of phar-
macogenomic research. Genetic variations that contribute to
opioid, cannabinoid, NMDA, dopamine, and serotonin recep-
tor expression, as well as drug transporters, are also subjects of
further research. Their effect on response to pharmacotherapy
has not yet been elucidated.37

In the near future, when genetic testing becomes econom-
ically feasible for widespread use, clinicians will utilize this
information in their decision process to prevent toxicities and
optimize pharmacotherapy.37

Analgesic Selection
The selection of an analgesic must be individualized for each
patient, depending on the cause and chronicity of the pain

as well as the patient’s age and concomitant medical condi-
tions that may alter drug response. Furthermore, the clinical
response of the patient dictates future dose adjustment, route,
and desired dosing interval. The selection of an opioid for the
management of severe acute and chronic malignant pain must
always include consideration of morphine or one of the other
potent opioids; however, the role of NSAID should not be over-
looked. Adjunctive analgesic medications, such as antidepres-
sants or anticonvulsants, are often added because chronic non-
malignant pain can be associated with sympathetic dysfunc-
tion and neuropathies. An NSAID is the analgesic of choice
in the management of mild to moderate pain involving muscu-
loskeletal tissues and also are extremely effective in the man-
agement of pain from bony neoplastic metastasis. Neurogenic
pain often responds better to tricyclic antidepressants (TCA)
than to opioids. Neuropathic pain may not be relieved by opi-
oids until the dose is high enough to also cause significant side
effects.

If the maintenance dose of an opioid analgesic is too high,
the patient can become oversedated and less functional. In ex-
treme cases, patients may become bedridden from excessive
opiate use. When given the choice of eliminating the last trace
of discomfort at the cost of some sensorial clouding, patients
invariably select full alertness and the continued presence of
some pain.38,39 Patients who are receiving opioids also need to
be monitored for deterioration in vital signs (pulse and respira-
tory rate), constipation, and urinary retention. Stool softeners
and other prophylactic measures, such as stimulant laxatives,
may be required. Similarly, a patient who is receiving NSAID
or adjunctive analgesics should be monitored for possible un-
toward side effects associated with such medications.

Orally or transdermally administered analgesics allow a pa-
tient a greater degree of independence and control over daily
activities than parenteral administration by maximizing mo-
bility. Similar advantages can be obtained with an intravenous
(IV) infusion device, particularly a portable programmable in-
fusion pump. Regular parenteral administration by other routes
can be difficult and painful in cachectic patients.

Low to Moderate Potency (Mild) Analgesics
The nonsteroidal anti-inflammatory analgesics have a rela-
tively flat dose-response effect when contrasted with opioids,
reaching maximal analgesia at low to moderate doses. In con-
trast to opiate analgesics, higher doses of NSAIDs do not pro-
duce greater analgesia. These drugs are frequently prescribed
at doses in excess of the effective maximal analgesic dose,
however, because the duration of analgesia can increase with
higher doses. For example, ibuprofen given 600 mg every 6
hours produces a similar analgesic effect as 400 mg given ev-
ery 4 hours. The total daily dose is the same, but side effects are
experienced more often with larger doses. Although NSAIDs
have both analgesic and anti-inflammatory properties, it is of-
ten difficult to differentiate between these effects in published
studies or during clinical use in patients, as the time courses of
each effect overlap.

All of the NSAIDs, including ibuprofen (Motrin), naproxen
(Naprosyn), naproxen sodium (Anaprox), diflunisal (Dolo-
bid), diclofenac (Voltaren), diclofenac potassium (Cataflam),
nabumetone (Relafen), ketoprofen (Orudis), flurbiprofen
(Ansaid), ketorolac (Toradol), and others, provide analgesia
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equivalent or superior to that of aspirin40,41 or acetaminophen
codeine 60 mg combined with a variety of mild to moderate
painful conditions.42,43 As with the opioid analgesics, the du-
ration of action of an NSAID does not correlate well with the
serum half-life of the drug. Likely, this is because the anal-
gesic effect arises from central mechanisms, and is related
to the exposure of the CNS to adequate drug levels. Patient
response should guide the clinician in selecting dosing inter-
vals of these agents, especially when they are combined with
opioids.

Opioid Analgesics
In general, opioids are more effective for treating severe pain
than nonopioid analgesics such as NSAIDs, although the range
of potencies is wide with this class of medicines. They are
generally recommended for moderate to severe pain intensity
and are used in chronic pain syndromes that are refractory to
other classes of agents.

An intramuscular (IM) dose of 10 mg/70 kg of morphine
sulfate provides significant analgesia in approximately 70%
of patients with severe pain. The remaining 30% of patients
require higher doses,44 which not only increase the intensity
and duration of analgesia, but also the incidence of side effects.
Morphine dosage requirements also vary with the severity of
pain, individual perceptions of pain, age, opioid tolerance or
previous exposure, and the presence of concomitant diseases.
Thus, single parenteral analgesic doses of morphine ranging
from 4 to >20 mg are used to treat acute pain and parenteral
doses as high as 200 mg/hour have been required to treat end-
stage malignant pain in patients who have developed tolerance.

A 10-mg parenteral dose of morphine is the historical ref-
erence standard by which all other opioid analgesics are com-
pared. Therefore, morphine equivalents are often used when
calculating analgesic doses for other opioids. The duration of
analgesia of an opioid correlates partially with its serum half-
life, but also with the dose, route of administration, and the dis-
tribution characteristics of the drug.45 For example, methadone
has a very long serum half-life of 24 hours, but its duration
of analgesia is only about 6 hours. On the other hand, single
daily doses of methadone are retained on opiate receptors in the
brain long enough to prevent abstinence symptoms for 24 hours
in opiate abusers. When used for pain management, the long
half-life of methadone may contribute to cumulative effects
and drug toxicity such as QTc prolongation. When methadone
is administered epidurally, its duration of analgesia is short
because of its high lipophilicity that promotes rapid redistri-
bution from the epidural space into systemic circulation, and
consequently, metabolic clearance. Conversely, morphine has
a relatively short duration of analgesia when administered par-
enterally, but when it is administered epidurally, it has a long
duration of analgesia because of its low lipophilicity, which
inhibits its redistribution from the epidural space.

The administration of opioid analgesics is frequently com-
plicated by the need to convert between different routes of ad-
ministration or different opioid formulations. The approximate
equianalgesic doses of parenteral and oral opioid analgesics
are listed in Table 8-3. The specific oral-to-parenteral ratios of
these drugs also are listed in Table 8-3; however, the precision
of these ratios is controversial, in part because of the method-
ologies used to infer these “equivalencies.” For example, most

investigators maintain that the oral-to-parenteral ratio for mor-
phine is 6:1, but some hospice clinicians maintain that mor-
phine’s oral-to-parenteral ratio is closer to 2:1. Such confusion
may result from differences in the design of single-dose ver-
sus multiple-dose clinical trials. First-pass hepatic metabolism
may be greater in single-dose clinical studies than in multiple-
dose studies because first-pass metabolic pathways can become
saturated with repeated doses. Furthermore, the accumulation
of the active metabolite morphine-6-glucuronide after chronic
dosing may contribute to the clinically observed differences.
When all factors are taken into account, the bioavailability of
oral morphine varies from 17% to 70% of a dose; therefore, it
is reasonable to expect individual patient response to be highly
variable.46,47 No matter which ratio the clinician uses, the dos-
ing must be guided by the patient’s clinical response and fre-
quent clinical reassessment.

If an opioid analgesic is to be substituted with another opi-
oid, the equivalent doses as listed in Table 8-3 can be used as
an approximate guide to dosage conversions unless the patient
has developed tolerance. Cross-tolerance between opioid anal-
gesics exists, but is often not complete. Therefore, calculated
doses may be reduced by as much as 50% when interchang-
ing different opioids. This is especially true when switching to
methadone from other opioids.48 Patient comfort is the goal,
and the response of the patient should always be the basis for
dosage adjustments. Whenever a new opioid analgesic is initi-
ated, the patient’s response should be assessed within the first
few hours because the initial dose of the new analgesic is only
correctly estimated about half the time. Frequent reassessment
of clinical responses should facilitate dosage adjustments and
control the patient’s pain more quickly.

The analgesic efficacy of propoxyphene and combinations
of acetaminophen with propoxyphene 65 mg remains con-
troversial. Most double-blind studies demonstrate no advan-
tage of propoxyphene alone over aspirin, acetaminophen, or
codeine in relieving various types of pain.49,50 This lack of
benefit conflicts with the observation that propoxyphene in
combination with acetaminophen remains a commonly pre-
scribed regimen in the United States. This may be partially
explained by an additive or synergistic effect when opioids are
combined with nonopioid analgesics. Another possible expla-
nation is the tendency of many patients to take more than the
prescribed doses. Because propoxyphene has a 13-hour half-
life, repeated doses taken every 4 to 6 hours for several days
can result in significant drug accumulation. Furthermore, anal-
gesic assessments of propoxyphene efficacy have been based
primarily on single-dose studies,51 while most patients take
as many as 10 to 12 tablets daily. Propoxyphene has signifi-
cant CNS effects. At lower dosages, propoxyphene can pro-
duce mild CNS depressant effects. At higher dosages, how-
ever, it can have an amphetaminelike stimulant effect and, in
overdoses, propoxyphene can produce seizures. As with other
opioid analgesics, propoxyphene can produce physical depen-
dence.

As with all opioid analgesics, patients taking propoxyphene
need to be warned about the risks of concurrent alcohol use, the
operation of equipment or machinery requiring mental acuity,
and the potential for agitation and sleeplessness when the medi-
cation is discontinued abruptly after prolonged use. In addition
to effects on the CNS, propoxyphene has been associated with
hypoglycemia in patients with renal dysfunction.52



PAIN AND ITS MANAGEMENT � 8-11

Table 8-3 Properties of Opioid Analgesics

Parenteral Oral Duration
Dose (mg) Equivalent Routes Onset (min) (hr) t1/2 (hr) Notes

Opioid Agonists for Moderate to Severe Pain (mu Receptor Agonists)

Phenanthrenes
Morphine (various) 10 30 PO, parenteral, PR IV: 5

PO: 60
3–6 2–3 Sustained release PO preparations

available
Hydromorphone (Dilaudid) 1.5 7.5 PO, parenteral, PR See morphine 3–6 2–4
Levorphanol (Levo-Dromoran) 2 4 PO, SC, IM 30–90 4–6 4–16 Accumulates with chronic dosing
Oxymorphone (Numorphan) 1.5 N/A Parenteral, PR 10–90 3–6 3–4
Phenylpiperidines
Fentanyl (Sublimaze) 0.1 N/A IV, spinal, buccal, patch 10 1–2 3–4 Nonlinear kinetics with repeat dosing
Sufentanil (Sufenta) 10 mcg N/A Parenteral, spinal 10 2–4 Duration may be dose-related
Diphenylheptanes:
Methadone (Dolophine) 10 5 PO, SC, IM 60 6–8 21–25 Accumulates with chronic dosing

Opiods for Mild to Moderate Pain (mu Agonists)

Phenanthrenes
Codeine (various) 120 200 PO, parenteral, PR See morphine 3–6
Hydrocodone (various) N/A 30 PO 30–60 3–4
Oxycodone (various) N/A 20 PO 30–60 4–6
Dihydrocodeine (various) N/A 30 PO 30–60 4–6
Phenylpiperidines
Meperidine (Demerol) 100 400 PO, parenteral 15–60 1–3 3–4 Normeperidine is a CNS irritant

Partial Agonists/Antagonists (mu and/or Kappa Agonists With or Without mu Antagonism)

Buprenorphine (Buprenex) 0.3 N/A SC, IV, IM 1–5 4–6 2–3 Not naloxone reversible
Butorphanol (Stadol) 2 N/A SC, IV, IM, intranasal 15–45 3–4 Dysphoric
Nalbuphine (Nubain) 10 N/A SC, IV, IM 1–5 4–6 2–3 Respiratory ceiling

Opioid Antagonists

Naloxone (Narcan) 0.40.8 N/A IV 10 2–3 1–1.5
Naltrexone (Trexan) N/A 50 PO 30–60 24–72 9–17 Duration dose-dependent

NOTE: Most analgesic equivalents were derived from single dose studies.
CNS, central nervous system; IM, intramuscular; IV, intravenous; N/A, not applicable; PO, orally; PR, by rectum; SC, subcutaneously.
Adapted from Principles of Analgesic Use in the Treatment of Acute Pain and Cancer Pain. 5th ed. Glenview, IL: American Pain Society; 2003:1417, with permission.

Differentiating Between Clinical Opioid Use and Drug Abuse
When using opiates to treat severe pain lasting more than a
few days, several phenomena can occur. The terms used to de-
scribe these phenomena are tolerance, physical dependence,
and pseudoaddiction. Clinicians must understand the differ-
ences and the context in which these phenomena occur to
differentiate between expected developments and drug abuse.
Much of the fear and reluctance to use opioid analgesics result
from misunderstandings of these natural events by clinicians,
patients, and caregivers.

Tolerance to the analgesic effects of opiates is a common
physiologic finding that results from neuroadaptation by the
body during chronic use.53 It may be seen after several days
of therapy and can be first recognized by a decrease in the du-
ration of analgesia. Patients who develop tolerance require an
increase in the opiate dose to achieve the same level of anal-
gesia. Tolerance to opiates occurs fairly slowly, but should be
anticipated in all patients requiring continuous opiate therapy,
such as critical care patients or patients with chronic painful
conditions. These types of patients should be informed that the
need for increasing doses is an expected occurrence and does
not indicate addiction.

Physical dependence is a natural physiologic process that
occurs with chronic opioid administration.53 Signs and symp-
toms of physical dependence are summarized in Table 8-4
and are seen only when opiates are stopped abruptly or the

Table 8-4 Signs and Symptoms of Opiate Physical
Dependence

1. Rhinorrhea (runny nose)
2. Lacrimation (tearing)
3. Hyperthermia, chills
4. Muscle aches (myalgia)
5. Emesis, diarrhea, gastrointestinal cramping
6. Anxiety, agitation, hostility
7. Sleeplessness

Symptoms begin within 6 hours for short-acting opioids (e.g., morphine) and gen-
erally peak in approximately 36–48 hours. Symptoms of abstinence usually subside
within 3 to 7 days (average, 5 days). With methadone, however, abstinence syndrome
develops more slowly, and is less severe, but protracted. Opioid antagonists or mixed
agonist–antagonist drugs can precipitate abstinence in some patients after chronic or
subchronic opioid exposure.
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dose is markedly decreased. Physical dependence does not in-
dicate addiction, and the difference should be made clear to
patients and their caregivers. The symptoms of physical depen-
dence may be observed in critical care patients who have their
doses of opioid analgesics tapered too rapidly or in patients
requiring chronic opioid therapy who are unable to obtain an
adequate supply of medication or who are undertreated. Un-
intentional physical withdrawal can also occur if metabolic
enzyme inducers, such as phenytoin, are added to a chronic
pain regimen. Early symptoms of abstinence can include irri-
tability and restlessness, and onset occurs within 6 to 24 hours
of the time the last opioid dose was administered. Later, a
person develops chills, sweating, joint and muscle pains, and
gastrointestinal (GI) distress, including emesis and diarrhea
with abdominal cramping. The time of onset is correlated to
the drug’s half-life, to the average doses required by an indi-
vidual, and to the pattern and history of opioid dosing. For
example, abstinence induced by tolerance to hydrocodone (a
drug with a short half-life) can be anticipated to develop in
4 to 6 hours after the last dose, whereas with methadone it
may not occur for 24 to 48 hours after the last dose. Simi-
larly, the abstinence syndrome can last longer when associ-
ated with long-acting agents. For short-acting agents (e.g., hy-
drocodone or oxycodone), abstinence may resolve within 48
to 72 hours, whereas for drugs such as methadone, it may last
as long as several days. Mood swings, myalgia, and arthralgia
can persist for as long as several weeks after the last dose of an
opioid.

Addiction to opioid analgesics is characterized by a dys-
functional pattern of use for purposes other than alleviation of
pain. It may involve adverse consequences of opioid use, loss
of control over their use, and preoccupation with obtaining opi-
oids despite the presence of adequate analgesia. It is important
to realize that tolerance and physical dependence may or may
not be present in addiction and that the presence of tolerance
and physical dependency does not imply addiction. Pseudoad-
diction is an important type of behavior that clinicians must
understand and recognize because it can easily be misinter-
preted as addiction.53 Pseudoaddictive behaviors may be seen
in patients with severe, unrelieved pain. These behaviors can
mimic those seen with addiction. Patients become preoccupied
with obtaining opioids; however, their underlying focus is on
finding relief for their pain. Their fear of not having an adequate
amount of medication available to control their pain may result
in medication hoarding. When patients with pseudoaddiction
are provided adequate analgesia, the behaviors that mimic ad-
diction resolve, the medications are used as prescribed, and the
patient’s daily functioning increases.53

If opioid misuse is suspected, pharmacists can help both pa-
tients and prescribers develop appropriate care plans by being
vigilant for warning signs that the patient is not adhering to
a care plan. These include prescriptions from multiple physi-
cians or phone calls from unknown prescribers; rapid or un-
sanctioned escalation of dosing requirements, particularly for
nonmalignant pain syndromes; frequent excuses for running
out of medication early or requests for “vacation” supplies;
lack of requests for adjunct analgesic refills (e.g., antidepres-
sants, anticonvulsants); extreme polypharmacy with multiple
CNS depressants or multiple habituating substances; and in-
jecting oral medicines or chewing matrix formulations. Persons
demonstrating these traits may require referral to an appropri-
ate substance abuse program.54

ACUTE PAIN
Analgesic Goals

1. E.T. is a 36-year-old woman recovering from the surgical re-
pair of a left tibia fracture following a motor vehicle accident. She
is otherwise healthy, with no other medical conditions. Her medi-
cation history reveals no drug allergies or history of recreational
drug use, and occasional use of oral ibuprofen 400 mg every 6
hours as needed for menstrual cramps. Postoperatively, E.T. re-
ceived acetaminophen 325 mg with codeine 30 mg, two tablets
orally every 3 hours for pain; however, this analgesic regimen was
inadequate for controlling her pain. After extensive complaints,
E.T.’s analgesic medication was replaced with two tablets of hy-
drocodone 5 mg with acetaminophen 500 mg every 4 hours. De-
spite these changes, E.T. continues to complain of pain. Vital signs
indicate the following: respiratory rate, 24 breaths/minute; heart
rate, 110 beats/minute; blood pressure (BP), 140/85 mmHg. She
rates the intensity of her pain as 8 on a 10-point scale. What is
your assessment of E.T.’s pain and what are reasonable analgesia
goals for E.T.?

The current analgesic regimen has not provided E.T. with
adequate pain relief based on her pain evaluation rating of 8 on
a 10-point scale. Physiologic responses to pain include auto-
nomic findings, such as increased respirations, heart rate, and
BP. The apparent analgesic failure in E.T. can be attributed
to several factors. First, the choice of medication may not
be effective for her level of pain, or she may simply require
more analgesics than anticipated. Standard analgesic dosage
recommendations are only conservative estimates of average
initial doses. Ultimately, analgesic dosing must be tailored to
the specific needs of the patient. Patients with compromised
metabolic function may need smaller doses, whereas patients
with extensive injuries may require larger doses. Acute pain
always should be aggressively treated.

After an initial analgesic has been administered, the patient
should be assessed frequently, and doses should be adjusted
quickly in response to inadequate pain control or excessive se-
dation. The dose of an analgesic should be modified before a
patient feels the need to express significant discomfort from
pain. E.T.’s complaints of significant pain intensity may also be
influenced by anxiety that commonly accompanies inadequate
pain relief. E.T.’s possible anxiety over the current surgical
outcome could intensify her pain because pain and anxiety are
reinforcing phenomena. For most patients, pain is synonymous
with injury. When an injury has been repaired and the patient
continues to experience pain, the patient’s anxiety and fear can
intensify pain sensations. The use of pain distress scales, as
shown in Figure 8-3, may be more useful for evaluating pain
in patients with significant anxiety.24 The use of distraction or
relaxation techniques can also help make E.T. more comfort-
able.

The goal for managing acute pain is to keep the patient as
comfortable as possible while minimizing possible untoward
adverse effects from the analgesic. It is important for the clin-
ician to discuss the pain management plan with the patient,
establish goals of therapy, address patient concerns, and eval-
uate patient understanding. Use of pain rating scales, as shown
in Figure 8-2, should be reviewed with the patient, and a pain
rating goal that is acceptable to the patient should be deter-
mined. The importance of factual reporting should be empha-
sized to the patient. This helps eliminate behaviors of stoicism
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or exaggeration.24 Appropriate goals for E.T. would be a pain
rating of <4 of 10-point scale, a return of vital signs toward
her baseline values, and reduced anxiety. Only appropriate
analgesic selection, careful follow-up evaluations, and ratio-
nal analgesic dosage adjustments can accomplish these goals.

Combination Analgesics

2. Is the choice of acetaminophen with hydrocodone appro-
priate for E.T.?

Acetaminophen and opioid analgesics provide pain relief
by different mechanisms of action and it is reasonable to use
both for their additive or synergistic effects when managing
pain. Acetaminophen with hydrocodone is a fixed-dose com-
bination, however, and these combination drug formulations
decrease dosing flexibility and frequently lead to unintended
toxic side effects. The combination of acetaminophen 500 mg
and hydrocodone 5 mg given two tablets every 4 hours can
result in the patient receiving 6 g of acetaminophen in a 24-
hour period. Chronic administration of acetaminophen in doses
exceeding 5 g/day has been associated with hepatic enzyme
changes. Short-term use of 6 g of acetaminophen daily for
a few days in patients without risk factors (e.g., alcoholism,
malnutrition, concurrent administration of hepatic-enzyme in-
ducers) is usually safe.55 If patients need to use acetaminophen-
containing combination analgesics frequently throughout the
day, then it is important to consider products that contain lower
amounts of acetaminophen. Several NSAIDs also have been
associated with hepatotoxicity.56 Acetaminophen and NSAIDs
should be avoided in patients who have severe liver disease, as
evidenced by elevated liver transaminases, a low serum albu-
min, or a prolonged prothrombin time. If acetaminophen is to
be used at all in patients with impaired hepatic function, doses
must be limited to <2 to 3 g/24 hours.

E.T. should have been initiated on a more potent analgesic
to control her pain. Analgesic combinations of acetaminophen
with either codeine 30 mg or hydrocodone 5 mg are effec-
tive for mild to moderate pain (e.g., 5 on a 10-point scale),
but these combinations are less than adequate for moderately
severe to severe pain, unless the opioid dose is increased. Be-
cause E.T.’s pain has not been successfully controlled with
either acetaminophen with codeine or acetaminophen with hy-
drocodone, it would be reasonable to start her on oral morphine
30 mg every 4 hours. If she is unable to tolerate oral medica-
tions following surgery, then morphine 4 mg IV every 2 to
3 hours can be used instead. Although the use of IM admin-
istration is often prescribed, many clinicians discourage the
use of this route because of erratic or unpredictable absorp-
tion with some opiates and additional pain caused from the
injection itself.

After initiation of morphine, E.T. should be evaluated in
a few hours for pain relief and adverse effects. The dose or
dosing interval should be adjusted if either is found to be in-
adequate. Sometimes, changing to an alternative opiate may
be indicated if analgesia is still inadequate or unwanted side
effects are experienced. Until an individual’s response to a par-
ticular opioid is known, it is wise for the clinician to formulate
a back-up plan with an alternative opiate regimen.

An NSAID such as ibuprofen or naproxen also may be used
adjunctively for E.T.’s pain. Although an NSAID alone usu-
ally is inadequate for controlling moderate to severe pain, they

have additive analgesic effects when combined with opiates.
In E.T., the prescriber should also consider the risk of bleed-
ing after surgical intervention owing to the antiplatelet effect
of NSAIDs. The cyclooxygenase-2 (COX-2) NSAIDs appear
to have minimal antiplatelet effects, and may be considered if
surgery or trauma presents a high risk of bleeding.

Equianalgesic Dosing of Opioid Analgesics

3. How should E.T.’s hydrocodone dose be converted to oral
morphine?

Hydrocodone 20 mg orally is approximately equal to mor-
phine 30 mg (Table 8-3). Therefore, 10 mg of hydrocodone
as originally ordered for E.T. is equal to an oral morphine
dose of approximately 15 mg, or 5 mg of morphine by injec-
tion. This dose of morphine would likely be inadequate for
E.T. because her pain is not controlled by this equivalent dose.
Thus, E.T. should be started on oral morphine 30 mg every 4
hours around-the-clock for the first 24 hours, then changed to
as-needed dosing afterward. Inflammation caused by trauma
often peaks around 48 to 72 hours following the inciting event,
so pain is expected to decrease dramatically after this period.

Managing Side Effects of Opioid Analgesics

4. E.T. complains of itching after three doses of morphine, but
shows no sign of rash. What can be done to alleviate the problem?

Opioid analgesics infrequently cause pruritic rashes due to
true allergic-type reactions. In contrast, when administered
parentally they commonly stimulate local histamine release
from mast cells and cause a local wheal, burning, itching, and
erythema at the site of injection. Similarly, systemic release
of histamine after both oral and parenteral administration of
opioids can produce either localized or generalized flushing
and itching. Although histamine related reactions occur fre-
quently and may be confused with an allergic reaction, true
opioid allergies are infrequent. When they do occur, they are
IgE-dependent.57 Coadministration of diphenhydramine (Be-
nadryl) or hydroxyzine (Vistaril) prevents histamine-induced
itching and also provides antianxiety effects that may add to
morphine’s analgesic benefit.

Chemically, there are three distinct structural categories of
opioids: the phenanthrenes (morphine, codeine, hydrocodone,
hydromorphone, dihydrocodeine, oxycodone, oxymorphone,
levorphanol, nalbuphine, butorphanol, dezocine, and dihy-
drocodeine), the phenylpiperidines (meperidine, fentanyl,
alfentanil, sufentanil, and remifentanil), and the phenylhep-
tanones or diphenylheptanes (methadone, levomethadyl, and
the weak analgesic, propoxyphene). Allergic reactions may
cross-manifest within the same chemical structural class, but
are less likely between classes. Thus, in patients with true aller-
gic reactions, treatment can be instituted with a product from
one of the other chemical groups. For example, if E.T. was
allergic to morphine, she could be switched to fentanyl.

5. What other adverse effects from morphine should be mon-
itored for in E.T.? What preventive measures should be consid-
ered?

The most common side effects reported with the use of opi-
oid analgesics are nausea, vomiting, itching, and constipation.
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These are expected untoward opioid effects and, with some
care, they can be managed or minimized. These first three
symptoms of nausea, vomiting, and itching can all be mini-
mized by antihistamines, such as diphenhydramine or hydrox-
yzine 25 to 50 mg orally every 6 hours as needed. If drowsiness
from the antihistamine is excessive when used in combina-
tion with the opioid, a nonsedating antihistamine such as fex-
ofenadine can be substituted. Persistent and more problem-
atic symptoms may require switching to an alternative opioid
analgesic.

The best method for treating opioid-induced constipation
is prevention. Postsurgical patients are especially suscepti-
ble to this effect because their GI motility is already slowed
from decreased physical activity and from anesthetic agents
received during surgery. Morphine and other opioids suppress
the propulsive peristaltic action of the colon, increase colonic
and anal sphincter tone, and reduce the reflex relaxation re-
sponse to rectal distention. These actions, combined with de-
creased normal sensory stimuli for defecation because of their
CNS-depressant actions, contribute to opioid-induced consti-
pation. Stool softeners are effective in keeping the bowel con-
tents moist, but do not stimulate bowel peristaltic propulsion.
Only the stimulant laxatives and prokinetic agents can increase
bowel propulsive activity. When opioid analgesics are initiated,
a stimulant laxative plus stool softener should also be given.
E.T. will be receiving morphine orally around the clock and
would probably benefit from two tablets of senna 8.6 mg daily
in combination with docusate sodium 200 mg twice daily. If
constipation persists, osmotic laxatives, such as lactulose or
sodium phosphate enema, may be added to draw water into the
lumen of the bowel, which would cause distention and peri-
stalsis.

Postoperative ileus frequently is exacerbated by opioid anal-
gesics, but opioids rarely produce ileus or bowel obstruction
alone without other underlying physiologic causes. Oral nalox-
one 0.4 to 1.2 mg every 6 hours has been used with some suc-
cess in preventing opioid-induced constipation. Unlike par-
enteral naloxone, oral naloxone is poorly absorbed systemi-
cally (25%) and, therefore, will not interfere with analgesic ef-
fect unless doses are high.58,59 An oral naloxone formulation
is not yet commercially available, but the parenteral prepara-
tion can be administered orally if needed. The oral naloxone
requirement rarely exceeds 2.4 mg every 6 hours. At higher
dosages, systemic antagonist effects can occur, resulting in
decreased analgesia in addition to the local intestinal effects.
Other opioid antagonists, such as methylnaltrexone, are cur-
rently being investigated and may provide an alternative to
oral naloxone.60

6. On the third day of her morphine treatment, E.T. appears
agitated. Could her agitation be attributed to her morphine?

Although opioids are CNS depressants, they can cause
CNS excitation, especially if the patient receives large doses
for a prolonged period. Anxiety, agitation, irritability, motor
restlessness, tremors, involuntary twitching, and myoclonic
seizures have been associated with meperidine, morphine,
and hydromorphone, but not methadone, although methadone
may rarely cause myoclonus. For meperidine and morphine,
the CNS toxicity correlates to accumulation of their active
metabolites, normeperidine and morphine-6-glucuronide, re-
spectively. Because both of these metabolites are cleared re-
nally, patients with renal insufficiency are at greatest risk,

but toxicity can also occur when high doses are administered
frequently in patients with normal renal function.59,61 With
meperidine, the problem is compounded by the 17-hour half-
life of normeperidine. In patients with normal renal function,
avoiding doses in excess of 60 mg/hour of meperidine, 100
mg/hour of morphine, or 40 mg/hour of hydromorphone min-
imizes CNS toxicity.

The treatment of opioid-induced CNS irritability should in-
clude discontinuation of the opioid analgesic and treatment
with a benzodiazepine. Myoclonic seizures resulting from
meperidine administration are sometimes preceded by invol-
untary twitching in the extremities and can be averted by dis-
continuing the meperidine. Seizures induced by meperidine are
resistant to naloxone, but respond to anticonvulsants such as
phenytoin or diazepam. Because E.T. has normal renal func-
tion and her morphine dose is not excessive, it is unlikely
that she is suffering from morphine-induced CNS effects. It
is more likely that she is starting to recover from her surgery
and is anxious from her environment. Nevertheless, it may be
time to start reducing her morphine dose if her pain is well
controlled.

Ketorolac

7. Could parenteral ketorolac (Toradol) be given to E.T. in-
stead of the morphine?

For patients such as E.T. with acute severe pain, an opioid
such as oral or parenteral morphine or hydromorphone should
be the first-line agent for pain management. As E.T.’s pain
severity decreases, however, an NSAID may be considered for
treating mild to moderate pain.

Because it is the only available injectable NSAID in the
United States, ketorolac is sometimes used as an alternative
to opioids. Although ketorolac is indicated for the short-term
management of moderate to severe pain, it should not be sub-
stituted for appropriate opioid analgesics for the management
of acute postoperative pain.62,63 Ketorolac is most beneficial in
postoperative pain if it is used in combination with the opioids
instead of as monotherapy. Parenteral formulations of NSAIDs
are no more effective than oral formulations given in equivalent
doses (e.g., ibuprofen 600 mg orally every 6 hours is equally as
effective as 15 to 30 mg parenteral ketorolac).64 Ketorolac also
has been associated with several cases of serious postsurgical
bleeding. Although ketorolac could be effective in relieving
E.T.’s pain, it is no more effective than morphine. Patients re-
ceiving ketorolac should be monitored for typical NSAID side
effects, especially postsurgical bleeding.

The NSAIDs cause sodium retention and can also block
prostaglandin-induced vasodilation in patients with compro-
mised renal blood flow. Thus, NSAIDs should be used with
caution in patients with heart failure, hypovolemia, dehydra-
tion or any other conditions that compromise renal blood flow
and increase the risk of developing renal toxicity.

Nonsteroidal Anti-Inflammatory Drug Selection

8. Two days later, E.T. is ready to be discharged from the hos-
pital. Although her pain is much improved, she still has mild to
moderate intermittent pain. The pain management team is plan-
ning to send her home with an NSAID to treat her pain. Is any
one NSAID analgesic superior to the others?
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In all probability, all NSAIDs, not just those with an ap-
proved indication for the treatment of mild to moderate pain,
have analgesic properties. The superiority of any particular
NSAID for a particular patient cannot be predicted, and no
one NSAID has been demonstrated to have superior analgesia
over any other. Nevertheless, patients who fail to benefit from
one NSAID can respond to a different NSAID. Therefore, an
NSAID should be selected based on the patient’s previous his-
tory of response, efficacy, safety, and cost. Ibuprofen and other
proprionic acids have a long history of safety and are available
as less costly generic products. (See Chapter 43, Rheumatic
Disorders, for a more detailed discussion of the clinical use of
NSAIDs.)

When selecting one of these agents, the clinician must be
aware of the considerable risk of systemic side effects. Al-
though GI side effects are the most common, NSAIDs have
caused undesirable nervous system, otic, ocular, hematologic,
renal, hepatic, and cardiovascular adverse effects.

Several large randomized, controlled trials prompted the
U.S. Food and Drug Administration (FDA) in 2004 to with-
draw rofecoxib, a selective COX-2 inhibitor, from the market
because of increased cardiovascular risk associated with a pro-
longed period of use. At the same time, questions were also
raised about the safety of nonselective NSAIDs. When com-
pared with the selective COX-2 inhibitor, celecoxib, naproxen
was linked to increased risk for cardiovascular events after ap-
proximately 3 years of therapy. This emerging knowledge, on
a previously unrecognized problem, prompted the FDA to em-
phasize a warning for all NSAIDs regarding an increased risk
for cardiovascular events. Until further data are available, these
drugs should be initiated at the lowest effective dose for the
shortest period of time.65

9. If E.T. had a history of asthma, would an NSAID be safe to
use?

Aspirin and essentially all other NSAIDs can induce bron-
chospasm and other allergic manifestations in patients with a
history of asthma, allergic rhinitis, and nasal polyps. An asthma
history alone is not a reason to withhold an NSAID. If, how-
ever, a patient describes an asthma-like response (shortness or
breath, wheezing, cough, laryngospasm) following aspirin or
other NSAID ingestion, no drugs from this class should be
used in the future.

The risk of using aspirin or other NSAID in patients with
chronic bronchitis, emphysema, or in asthmatics without nasal
polyps or history of drug-induced bronchospasm is less clear.
If E.T. had a history of asthma, then an NSAID should be used
cautiously.64,66 Acetaminophen does not induce bronchospasm
and is safe to give to patients with obstructive airways disease,
including a history of NSAID induced asthma.

Analgesic Nephrotoxicity

10. What are the risks of analgesic nephropathy from NSAID
use in E.T.?

Analgesic overuse is a common cause of chronic intersti-
tial nephritis (CIN) and may account for approximately 5%
of the cases of chronic renal failure in the United States. His-
torically, aspirin and phenacetin in combination were thought
to be the causative agent for most cases of CIN; however, ac-
etaminophen, aspirin,67 and other NSAIDs68,69 also have been
implicated. Acetaminophen-induced renal toxicity is almost al-

ways accompanied by concomitant serum hepatic transaminase
changes and generally is associated with acute acetaminophen
intoxication.70 Most cases of interstitial nephritis seem to be
related to both dose and duration of NSAID therapy.71,72 (Also
see Chapter 30, Acute Renal Failure.)

The NSAID’s effect on renal function may be twofold.
NSAIDs can directly damage renal tubules and can also re-
duce renal blood flow by inhibiting prostacyclin. Prostacyclin
modifies renal function in response to the effects of endoge-
nous vasoconstrictors (e.g., norepinephrine and angiotensin II),
especially if the patient is volume depleted, has been taking di-
uretics, or is elderly. Renal insufficiency may occur in 20% of
patients with one or more of these identifiable risks who also
take NSAIDs.73,74 Patients with cirrhosis and ascites75 and pa-
tients with significantly altered hemodynamic status can expe-
rience as much as a 50% decrease in creatinine clearance (ClCr)
when treated with indomethacin (Indocin)76,77 or ibuprofen
(Motrin). Some subjects with normal renal function experi-
ence profound changes in glomerular filtration rate when tak-
ing indomethacin concurrent with triamterene (Dyrenium).78

For E.T., who is fairly young and healthy without risk fac-
tors, the potential for NSAID-induced renal toxicity is quite
low. Her renal function still should be monitored, however, if
she is to be placed on an NSAID for more than a few days be-
cause she has recently undergone surgery and may have relative
volume depletion.

NSAID Use in Renal Disease

11. If E.T. was currently exhibiting renal dysfunction, what
NSAID could be used?

Sulindac (Clinoril) and nabumetone (Relafen) have been re-
ported to cause less renal insufficiency because of the absence
of active urinary nephrotoxic metabolites. These two NSAIDs
can still decrease renal blood flow in patients at risk and can
cause renal dysfunction via hypersensitivity reactions unre-
lated to their effects on renal blood flow. Although sulindac
and nabumetone appear to be preferred over other NSAIDs in
patients with renal dysfunction, clinical experience is not as
great with these two drugs relative to other NSAIDs.

Possible drug-induced nephrotic syndrome has been re-
ported with indomethacin (Indocin), ibuprofen (Motrin),
naproxen (Naprosyn), phenylbutazone (Butazolidin), feno-
profen (Nalfon), sulindac (Clinoril), and tolmetin (Tolectin).
In particular, fenoprofen was implicated in 71% of 31
cases.79 The prognosis for recovery of renal function is ex-
cellent, although some patients require treatment with corti-
costeroids.80 It is unclear whether patients with pre-existing
renal dysfunction are at any greater risk of developing further
drug-induced abnormalities, but most clinicians consider it a
relative contraindication.

Opioids
Patient-Controlled Analgesia

12. T.J., a 52-year-old woman, has had posterior spinal fu-
sion with instrumentation because of severe scoliosis that com-
promised her respiratory function and quality of life. She
has just been transferred to the ward from the postanesthetic
recovery critical care unit. She is now crying and complaining of
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severe pain not relieved by intramuscular meperidine 75 mg every
3 hours. T.J. has no known drug allergies. She has a history of tak-
ing acetaminophen 500 mg with hydrocodone 7.5 mg two tablets
every 3 hours before admission. Why would a patient-controlled
analgesia (PCA) device be useful for T.J.?

The current dose of meperidine is high and carries the risk
of CNS side effects. PCA is a technique whereby patients self-
administer narcotics by using a preprogrammed mechanical
infusion device attached to tubing that delivers the drug to
the patient through an IV or subcutaneous needle or catheter.
Basically, the patient depresses a button to activate the PCA
controller to deliver a preset dose of opiate medication. This
prevents the need to call a nurse or other caregiver when pain
arises and also obviates the problem of drug doses that are
not ordered sufficiently frequently. The controller is prepro-
grammed to establish “lock-out” periods that prevent the pump
from delivering a dose if the patient presses the button too of-
ten. Safeguards against accidental overdose are instituted by
adjusting the concentration of drug in the controller or the
duration of the lock-out period. Either of these variables can
be adjusted to fit the patient’s analgesic needs. Caution must
be taken to instruct parents of children or adolescents appro-
priately on the use of the PCA device, lest they inadvertently
administer an excess amount of medication. In general, fam-
ily members should not act as “surrogates” in helping patients
control their pain with a PCA device.

Numerous programmable PCA devices are available, most
of which provide intermittent self-boluses of drug, with or
without continuous infusion. Some systems use syringe pump
technology and others an IV pump system. Compact devices

are convenient for ambulatory use. T.J.’s pain can be managed
with a PCA device for as long as she is able to comprehend
the operation of the device. Most postoperative patients
require a basal continuous IV infusion of opioid in addition to
intermittent boluses during the first 24-hour period. The need
for continuous basal infusion usually diminishes after 24 to
48 hours. PCA is most useful in the first 3 to 5 postoperative
days when the patient has the most severe pain. After this
initial critical period, the pain can readily be managed with
oral analgesic doses. The PCA allows T.J. to have control
over her pain. She will determine how often and when the
opioid analgesic is delivered, and she can titrate the dose
to a level of comfort or side effects that is acceptable to
her.

OPIOID SELECTION FOR USE IN PCA

13. What opioid analgesics could be used in T.J.’s PCA device?

Most of the commonly prescribed parenteral opioids can be
used in a PCA, but fentanyl, hydromorphone, and morphine
are used most frequently. Meperidine is used less frequently
because of the problems with the normeperidine metabolite
discussed earlier. (See Table 8-5 for dosing guidelines.) Mor-
phine usually is recommended first, followed by hydromor-
phone, fentanyl, and meperidine. If the patient has a history
of morphine intolerance (e.g., itching or nausea), alternative
agents, such as hydromorphone, should be initiated. Most of
the opioids used for PCA have a broad range of acceptable
doses with the exception of meperidine, which has a narrow
dosing range because the active normeperidine metabolite can

Table 8-5 Recommended Doses of Opioid Analgesics

Child Oral Dose
Initial Doses Adult Oral Dose (mg) (mg/kg)

Opioid Agonists for Moderate to Severe Pain (mu Receptor Agonists)

Morphine(various) 15–30 0.30
Hydromorphone (Dilaudid) 4–8 0.06
Levorphanol (Levo-Dromoran) 2–4 0.04
Methadone (Dolophine) 5–10 0.20

Opioids for Mild to Moderate Pain (mu Agonists)

Codeine (various) 30–60 0.51
Hydrocodone (various) 5–10 N/A
Oxycodone (various) 5 0.1
Tramadol (Ultram) 50–100 NR
Meperidine (Demerol) Not recommended (NR)

Patient Controlled Analgesia (PCA) (Parenteral)

Usual Initial Dose Range Interval
Dose (mg) (mg) Range (min)

Morphine 1.0 0.5–2.0 6 (5–10)
Hydromorphone 0.2 0.04–0.4 6 (5–10)
Fentanyl 0.01 (10 g) 0.01–0.05 6 (5–10)
Example: A morphine PCA with a 1.0-mg initial dose that allows a patient to self-administer an additional 1 mg every 6 minutes provides a dosing range of
1–11 mg/hr available medication.

N/A, not applicable.
Adapted from Principles of Analgesic Use in the Treatment of Acute Pain and Cancer Pain. 5th ed. Glenview, IL: American Pain Society; 2003:1417 and 1420, with permission.
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accumulate, even at normal therapeutic doses. Meperidine also
has only a 3-hour half-life and perhaps an even shorter duration
of action as an analgesic.81 Therefore, meperidine is unsuitable
for treatment of acute severe pain when the analgesic require-
ment is exceedingly high or when patients have impaired renal
function. Fentanyl can be a safer alternative to meperidine.

Patient controlled analgesia is used most commonly for ad-
ministering opioids IV and, on rare occasions, subcutaneously.
Subcutaneous opioid administration is limited by the fluid vol-
ume needed to deliver the drug. A subcutaneous infusion of
1 mL/hour is universally accepted; however, slightly larger
volumes is acceptable in some patients. Highly concentrated
morphine solutions (e.g., 60 mg/mL) must be compounded to
permit maximal doses for these patients. Alternatively, hydro-
morphone (Dilaudid HP) at concentrations of 10 mg/mL can
be used. When necessary, hydromorphone powder can be pur-
chased and higher concentrations can be prepared (maximal
concentration of 40 mg/mL can be achieved), but it is un-
known whether concentrations that exceed those of commer-
cial products increase local tissue irritation or other untoward
effects.82,83 Because no contraindications exist, T.J. should be
started on IV morphine in her PCA pump.

14. What dosing regimen should be recommended for use for
T.J.’s PCA pump?

An appropriate order for PCA must include the name of
the drug, solution concentration, dose for self-bolus, lock-out
period, continuous basal dose, hourly maximal dose limit, and
dose and frequency for breakthrough pain. An example of a
PCA order for T.J. would include the following:

Morphine sulfate 1 mg/mL
Self-dose 1 mg (1 mL) IV
Lock-out time 6 minutes
Basal dose 1 mg/hour (1 mL/hour) IV
Dose for breakthrough 1 mg IV every 20 minutes as needed for pain
1-hour limit total 12 mg IV

15. How often should monitoring occur for T.J.’s PCA therapy?

Although T.J. has a history of opiate use, it is imperative
that appropriate monitoring tools be in place to assess her re-
sponse to therapy. Even at therapeutic doses, opiate analgesics
can depress respiration, alter heart rate, and lower blood pres-
sure. Therapeutic monitoring should be more frequent within
the first 24 hours, when opioid effects are less predictable.
Typical assessments include blood pressure, pulse, respiratory
rate, oxygen saturation, and visual analog and sedation scale
scores. An appropriate monitoring pattern for T.J. may include
the following:

Holding parameters for PCA:
Respiratory rate <10 breaths/minute, OR
Systolic blood pressure <90 mmHg

T.J. should be assessed at the initiation of the PCA dose and
then at regular intervals (every 30 minutes, twice; every hour,
twice; then every 4 hours) unless she becomes unstable or pain
increases.

DOSE CONVERSION BETWEEN OPIOID ANALGESICS

16. T.J. has requested another analgesic agent because of ex-
cessive sedation. She currently needs 10 mg of morphine per hour

from her PCA. How should T.J. be converted to another PCA
opioid analgesic?

The IV equivalent of morphine 10 mg/hour is approximately
equal to hydromorphone 2 mg/hour, meperidine 100 mg/hour,
or fentanyl 100 mcg/hour (Table 8-3). Meperidine is not a vi-
able alternative for T.J. because the equivalent meperidine dose
of 100 mg/hour exceeds the maximal recommended dose of 60
mg/hour. The remaining options are either hydromorphone or
fentanyl PCA. Examples of options for PCA orders include
either of the following:

Fentanyl 10 mcg/mL
Self-dose 10 mcg (1 mL) IV
Lock-out dose 6 minutes
Basal dose 10 mcg/hour (1 mL/hour) IV
Breakthrough pain 10 mcg intravenously every 20 minutes as

needed for pain
1-hour limit total 120 mcg IV
Hold parameters for PCA: Respiratory rate <10 breaths/minute or,

systolic blood pressure <90 mmHg
OR
Hydromorphone 0.2 mg/mL
Self-dose 0.2 mg (1 mL) IV
Lock-out dose 6 minute
Basal dose 0.2 mg/hour (1 mL/hour) IV
Breakthrough pain 0.2 mg IV every 20 minutes as needed for pain
1-hour limit total 2.4 mg IV
Hold parameters for PCA: Respiratory rate <10 breaths/minute or

systolic blood pressure <90 mmHg

As always, T.J. should be re-evaluated in 2 hours after chang-
ing the PCA, and doses should be adjusted at that time.

CONVERSION FROM PCA TO ORAL OPIOIDS

17. Forty-eight hours later, T.J.’s requirement for hydromor-
phone has decreased significantly. Her requirement has averaged
0.5 mg hydromorphone/hour in the last 12 hours. How should T.J.
be converted to oral opioid analgesics?

Patient controlled analgesia is rarely used beyond 72 hours
postoperatively,84 and continuous basal infusions frequently
are discontinued after the first 24 hours. Transition to oral opi-
oid analgesics from PCA should occur as soon as the patient
is able to tolerate oral intake of solids. Oral opioid analgesia
usually is given every 3 to 4 hours for convenience, as well
as allowing time for drug absorption. Conversion to oral from
parenteral opioids is best achieved based on the total opioid
requirement during the previous 24-hour period. For T.J., the
total 24-hour IV hydromorphone (0.5 mg/hour) required was
12 mg, which is roughly equivalent to IV morphine 60 mg,
methadone 18 mg, or levorphanol 12 mg. Alternatively, the
24-hour oral equivalent doses are as follows: morphine 180
mg, methadone 18 mg, levorphanol 24 mg, or hydromorphone
48 mg. Levorphanol, with its long duration of action and a
lower incidence of GI side effects, would be a good oral agent
to use for T.J. The levorphanol dose for T.J. would be 4 mg
every 4 hours. A period of 4 to 6 hours of PCA overlapping
dosing of oral opioids is recommended to allow equilibration
of the oral medicines, but the PCA’s continuous basal infusion
should be stopped as soon as the oral dose is given.

Tapering of Opioid Analgesics

18. How should T.J.’s opioid analgesics be tapered?
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Most patients gradually decrease their activation of a PCA
pump as soon as their acute pain begins to subside. In instances
in which patients have not decreased their PCA pump use, the
dose may safely be reduced by 15% to 20% each day without
precipitating symptoms of abstinence. For T.J., the oral levor-
phanol regimen should be changed to an as-needed schedule
once the pain has stabilized. For most patients, a scheduled
opioid taper is not essential unless the total daily requirement
is in excess of 160 mg of oral morphine (or its equivalent) or
if opioid use is prolonged. T.J. should be able to be converted
to acetaminophen 325 mg with codeine 30 mg (or an equiv-
alent opioid preparation) once her oral levorphanol has been
completely discontinued.

Pain Management in the Opioid-Dependent Patient

19. If T.J. had a history of heroin and cocaine abuse, how would
her pain treatment be modified?

Pain management in an IV drug abuser is not difficult as
long as the clinician does not judge the patient’s behavior or
interject personal values into the decision-making process. As
with any patient, the goal is to provide as much comfort as pos-
sible. Concerns over opiate abuse or addiction are not relevant
when treating acute pain, although the clinician must recog-
nize the potential for physical tolerance of opioids and adjust
medication doses accordingly.

The first step in the treatment of a patient with a history
of substance abuse is to try to determine the amount of illicit
drugs the patient has been using, being alert to the possible
abuse of multiple drugs in varying quantities.85 Patients who
have a history of opiate (heroin) and stimulant (cocaine) use
are likely to demonstrate a much greater tolerance to opiates
than a patient who has been using opiates alone. Some evidence
indicates that cross-tolerance can occur between cocaine and
some opiates, but not to methadone.86

The primary goal is to control the patient’s pain. A com-
bination of methadone titrated to prevent withdrawal and to
provide background analgesia plus a short-acting opioid anal-
gesic dosed adequately to prevent breakthrough pain can be
used. If T.J. had a history of substance abuse, she could start
with methadone 20 to 40 mg/day in four equally divided doses
depending on how much heroin had been used (see Chapter 83,
Drug Abuse). The methadone would prevent heroin withdrawal
and possibly provide additional analgesia. Because her actual
pain requirements are unknown, she also would be placed on
a PCA with an agent such as morphine or hydromorphone. It
is always important to reassess the patient 1 to 2 hours after
starting the analgesic regimen for signs of withdrawal, clini-
cal response, and toxicity, and then titrate the doses of both the
methadone and hydromorphone accordingly, although it is best
to adjust one medication at a time.87 The final amount required
may be higher than doses typically used in opioid-naı̈ve pa-
tients. Conversely, some patients may exaggerate their history
of prior drug use and will be quite sensitive to the prescribed
therapy. Long-term management should include offering the
patient appropriate referrals to drug treatment centers, but the
final responsibility should rest with the patient.

Use of Opioids in Recovering Addicts

20. Should opioid analgesics be prescribed to recovering opiate
addicts?

Acute opioid use in the hospitalized setting is unlikely to
cause opioid addiction; the rate of addiction from clinical opi-
oid use is much less than 1%. Unless it is the patient’s choice not
to use opioids, no rational reason to avoid them exists. Often
the patient’s fear of addiction can be alleviated by thorough ed-
ucation. The clinician should have a therapeutic contract with
the patient that includes pain management as well as opioid
tapering on the resolution of the acute pain (see Chapter 83,
Drug Abuse).

Use of Opioids in Renal Disease

21. What adjustments in analgesic dosing would be required if
T.J. had an estimated creatinine clearance of 30 mL/minute?

Uremia can produce CNS changes, which can cause patients
with renal disease to be more sensitive to the CNS depressant
effects of opioids. As discussed in Question 6, some opioids
have active metabolites that are renally excreted, and uremia
or significant renal disease can lead to their accumulation. For
example, the active metabolites of meperidine and morphine
(normeperidine and morphine-6-glucuronide, respectively) are
renally excreted. Both of these active metabolites can cause
CNS excitation; in particular, normeperidine can precipitate
tonic-clonic seizures. Therefore, meperidine should be avoided
in uremic patients, but other opioids can be used as long as
the clinician is aware of the potential toxicities, the patient is
closely monitored, and the dosage is properly titrated. For T.J.,
hydromorphone PCA could still be a reasonable choice for the
management of her acute pain; however, a continuous basal in-
fusion would be unnecessary in a patient with significant renal
dysfunction. As with all patients receiving opioid analgesics,
close monitoring and follow-up care are essential.

Obstetric Pain: Special Considerations for Opioid Analgesia
EPIDURALS

22. M.T., a 28-year-old woman who has been in labor for 10
hours, is experiencing strong, erratic contractions at 5- to 15-
minute intervals. Her cervix is minimally dilated, suggesting that
delivery is still several hours away. Her pain is severe and, if it
continues, may compromise her ability to assist in the labor and
delivery process. A single, 50 mcg epidural dose of fentanyl is
ordered for M.T. by anesthesia. What guidelines are necessary
for the safe use of epidural opioids?

Fentanyl and morphine are frequently administered epidu-
rally during labor and during lower extremity surgical proce-
dures (e.g., cesarean delivery, total joint replacements) because
they have limited systemic effects and long durations of anal-
gesic action.88 Epidural analgesia has also been used in tho-
racic surgery.89 A single dose of morphine 2 to 10 mg given
epidurally may provide analgesia for >12 hours.90 Respiratory
depression can occur 1 to 3 hours after the administration of
epidural morphine and can be readily reversed by naloxone.
Facial or generalized pruritus also can occur hours after the
administration of epidural morphine. If pruritus does occur, it
can be controlled with low doses of IM or IV naloxone 0.02 to
0.08 mg without reversing the analgesic effect of the epidural
morphine. Frequent monitoring of vital signs is essential af-
ter the administration of epidural opioids. Always be vigilant
for delayed signs of toxicity, because their onset occurs up to
several hours after the administration of the opioid.
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Besides morphine, fentanyl (Sublimaze), sufentanil
(Sufenta), and buprenorphine (Buprenex) also have been used
epidurally. The duration of analgesia of epidurally adminis-
tered opioids depends less on the serum half-life of the opioid
than on the lipid solubility of the drug. The more lipophilic
the opioid, the shorter its duration because these agents rapidly
diffuse out of the epidural space. In contrast, the more hy-
drophilic opioids remain in the epidural space longer. For ex-
ample, methadone, which is highly lipophilic, has a very short
duration of activity when administered epidurally despite a
long serum half-life of 24 hours.91,92 For M.T., fentanyl is a
good choice because it has a fairly long duration of analgesia
but will not produce significant systemic effects that would
compromise the fetus through transplacental migration. Also,
the duration of fentanyl is sufficiently short that it will not un-
necessarily delay maternal postpartum recovery. A single 50
mcg dose of epidural fentanyl was given to M.T. through an
epidural catheter and complete analgesia was achieved.

Spinal Analgesia in Opioid-Dependent Patients

23. Why would spinal opioid analgesia still be appropriate if
M.T. is opioid dependent?

Previous opioid use has minimal influence on epidural
doses. Opioid-dependent patients can achieve adequate anal-
gesia from epidural opioids, but their physical opioid depen-
dency will not be satisfied. In fact, despite adequate analge-
sia, an opioid-dependent patient may exhibit symptoms of opi-
ate withdrawal. These include restlessness, insomnia, nervous-
ness, irritability, sweating, and GI hypermotility (nausea, eme-
sis, and diarrhea). If withdrawal symptoms occur, they can be
treated effectively by systemic administration of morphine or
other opioids. Without treatment, such symptoms may persist
for a few days. The dose of the systemic opioids varies with the
patient’s previous level of opioid dependence, and doses need
to be adjusted accordingly. It would be appropriate to start M.T.
on a short-acting opioid, such as meperidine 10 mg IV every
15 to 20 minutes, until the symptoms of withdrawal subside.
This may be somewhat hazardous because the incidence of
respiratory depression in the first 24 hours may be increased
when opioids are administered by simultaneous epidural and
systemic routes.93 Therefore, longer-acting opioids, such as
methadone or levorphanol, should be avoided. The respiratory
depression can be treated with the opioid antagonist naloxone,
but the dose must be limited to 0.1 mg increments given IV
to avoid precipitation of an acute withdrawal syndrome and
reversal of analgesia. The naloxone dose can be repeated and
the dose titrated to the desired clinical response.

Clonidine for Opioid Withdrawal Symptoms

24. If M.T. was opioid dependent, what are the alternatives for
management of the symptoms of physical withdrawal while she is
treated with epidural opioids?

Clonidine (Catapres) 0.2 to 1.2 mg/day can effectively sup-
press the signs and symptoms of opioid withdrawal without
eliciting other opioid effects.94,95 The specific dose must be in-
dividualized for each patient to avoid hypotension, dry mouth,
or drowsiness.96,97 Clonidine also can be given sublingually
or transdermally in equivalent doses. Clonidine transdermal
patches of 3.5, 7.0, and 10.5 cm2 deliver 0.1, 0.2, and 0.3 mg of

clonidine, respectively, over a 24-hour period. Approximately
24 hours must elapse before steady-state plasma concentra-
tions of clonidine are attained from the patches.98,99 There-
fore, supplemental oral or sublingual96 clonidine 0.1 mg every
6 to 12 hours must be administered during the first 24 hours
of the application of the transdermal patches. Clonidine trans-
dermal patches should be used to treat the signs of physical
opioid withdrawal only when these symptoms are expected to
be severe or prolonged. In addition, clonidine is available for
epidural administration and has been used in combination with
opioids alone or with opioids and local anesthetics for epidu-
ral analgesia. For M.T., who is in labor, clonidine should be
avoided owing to the risk of hypotension and possible adverse
effects on the fetus. A shorter-acting opioid should be used as
in Question 23.

SYSTEMIC OPIOIDS DURING LABOR

25. Should M.T. be given a systemic analgesic rather than
epidural analgesia?

If possible, CNS depressants should be avoided during labor
because they can compromise fetal vital functions.100,101 Nev-
ertheless, if an analgesic is deemed necessary, then an agent
that meets the following criteria should be chosen: (a) provides
adequate pain relief; (b) has little effect on the course or dura-
tion of labor; and (c) affects fetal vital signs minimally during
labor, delivery, and postpartum phases. Meperidine and fen-
tanyl meet most of these criteria and, therefore, are frequently
preferred over other opioids in obstetrics when given in small,
frequent parenteral injections or through a PCA.102,103 As with
all opioid analgesic use, close monitoring of the patient for
analgesia and untoward effects is essential.

Although meperidine and fentanyl seem to have only mini-
mal residual effects on the neonate at analgesic doses, adverse
effects, such as respiratory depression, can still occur.104,105

According to an early neonatal neurobehavioral scale, meperi-
dine broadly depressed most measured neonatal activities on
the first and second days of life.106 Nevertheless, if the con-
tractions are very strong, erratic, and prolonged early in the
course of labor (as with M.T.), a short-acting analgesic (e.g.,
meperidine) could be useful to blunt the labor pain and calm
the mother, so that she can regain control over her contractions
and conserve her energy for the actual delivery.

Butorphanol (Stadol) also has minimal effects on fetal and
neonatal function and is a reasonable alternative to meperidine
or fentanyl in this situation.107 All potent analgesics should
be administered IM or subcutaneously because IV adminis-
tration is associated with more neonatal and fetal depression
because of the high peak serum concentration achieved by this
route.108,109 Pentazocine has similar effects as butorphanol, but
is seldom used because of local tissue reactions at the site of
IM or subcutaneous injections. Pentazocine and butorphanol
are mixed opiate-agonists/antagonists and can precipitate acute
withdrawal reactions in some opiate-dependent individuals. As
a result, these drugs need to be used cautiously, if at all, in the
opiate-addicted population (see Question 27).

If neonatal respiratory difficulties are manifested as a result
of opioid analgesics administered during labor, they can be
reversed with naloxone (Narcan). For M.T., meperidine 50 mg
IM was given with good clinical response. As with all opioid
analgesics, the dose has to be adjusted after an evaluation of the
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patient’s history and clinical findings. Analgesic doses always
should be individualized for the specific patient.

Variability in Intramuscular Meperidine Absorption

26. M.T. achieved excellent analgesia from the first dose of
meperidine 50 mg IM, but she started to complain that subse-
quent doses produced variable pain relief, and she accused the
nurse of giving her placebos. What are some of the explanations
for this problem?

The most common cause of variable clinical response after
an IM meperidine injection is erratic bioavailability after repet-
itive injections at the same site. The absorption of meperidine
from an injection can vary by as much as 30% to 50% af-
ter repeated IM administrations. Other considerations include
tachyphylaxis, progression of an underlying disease (e.g., in
patients with cancer), and the possibility of opioid diversion
by the patient or someone else through dilution or removal of
active drug from its container.

Special Consideration for Using Partial Agonist and Antagonist
Opioid Analgesics

27. What are precautions for using partial agonist and antago-
nist opioids for analgesia in M.T.?

Pentazocine, butorphanol, dezocine, and nalbuphine are
partial agonist/antagonist opioid analgesics. Besides exhibit-
ing agonist analgesic effects, they all possess opiate antagonist
properties as well. Generally, they act as agonists at κ-opiate
receptors and as antagonists at μ-opiate receptors, which ex-
plains their ability to simultaneously produce analgesia and
precipitate withdrawal symptoms. Pentazocine has an opioid
antagonist effect equal to 1/50 of nalorphine; 80 mg has been
known to precipitate abstinence in patients who have been
given opioids for chronic pain. If a partial opiate agonist is
instituted in a patient previously taking a pure agonist, the
dose should be increased gradually, and the patient should be
observed closely for symptoms of abstinence. If possible, the
pure agonist opioid should be withdrawn gradually. If the ag-
onist dose is fairly low and the patient has not been on the
drug for >10 days, then the patient can be changed over to
pentazocine. In this situation, the patient may experience mild
diaphoresis, but should not have significant withdrawal symp-
toms. A drug-free period of 2 days before the institution of
pentazocine also has been suggested, but this is impractical for
a patient in pain.

When partial agonist/antagonist opioid analgesics are
being considered, the risk of unpleasant psychotomimetic
side effects must be weighed against the benefits. For ex-
ample, butorphanol-induced dysphoric responses are well
documented.110,111 A 2-mg dose of butorphanol was associ-
ated with an 18% incidence of psychic disturbance, and a 4-mg
dose with a 33% incidence. Pentazocine (Talwin) also is asso-
ciated with a higher incidence of psychotomimetic reactions
than traditional opiate agonist analgesics. Hallucinations oc-
curred in 24 of 65 patients (37%) who received 40 to 50 mg of
IM pentazocine. In another trial, psychic changes occurred in
1.7% of patients receiving morphine versus 11.4% of patients
treated with pentazocine. In comparison, nalbuphine (Nubain)
and other analgesics induce much less psychotomimetic effect
than butorphanol or pentazocine.112,113 Therefore, a partial ag-

onist/antagonist opioid analgesic should be used in M.T. only if
she cannot tolerate the available shorter-acting opioid agonist
analgesics.

Tramadol

28. What is the purported advantage of tramadol (Ultram) over
other opioid analgesics and NSAID?

Tramadol, a centrally acting analgesic with weak opioid ag-
onist properties, activates monoaminergic spinal inhibition of
pain. The O-demethylated metabolite of tramadol has a higher
affinity for opioid receptors than the parent drug; however, after
a single oral dose, the binding of tramadol to the μ-opioid re-
ceptor is overshadowed by its nonopioid analgesic effects.114

The tolerance and dependence potential of tramadol during
treatment for up to 6 months appear to be low; however, the
possibility of dependence with long-term use cannot be ex-
cluded entirely.115 Tramadol is indicated for the treatment of
moderate to severe pain, but analgesia is not superior to other
opiate analgesics.116,117 It, however, has a lower incidence of
respiratory depression or significant GI dysmotility than most
traditional opioids.

Tramadol is well tolerated in short-term use. Doses range
from 50 to 100 mg orally every 4 to 6 hours and should not ex-
ceed 400 mg/day.118 As with other opiate agonists, the principal
adverse effects are sedation, dizziness, nausea, vomiting, dry
mouth, constipation, and sweating; however, the potential for
respiratory depression is low. Seizures have occurred during
therapy with recommended doses. Seizure risk increases with
doses >500 mg/day and in patients taking concurrent selective
serotonin-reuptake inhibitors (SSRI), tricyclic antidepressants
(TCA), and other opiate agonists.119,120 Tramadol should be
used cautiously in patients taking drugs known to lower the
seizure threshold, such as monoamine-oxidase inhibitors or
antipsychotic agents. In addition, patients with epilepsy, head
trauma, metabolic disorders, alcohol or drug withdrawal, or
CNS infections may be at increased risk for seizures with tra-
madol therapy.118 Tramadol also has SSRI-like properties that
can initially overshadow the opiate effect in some patients.
Therefore, instead of sedation, patients may experience exci-
tation. For more on drug interactions with tramadol, see Ques-
tion 69.

CHRONIC MALIGNANT PAIN
Goal of Malignant Pain Management

29. A.J., a 68-year-old man, was diagnosed with metastatic
prostate cancer 6 months ago. Now he is admitted for exces-
sive sedation and respiratory rate of eight breaths per minute.
A.J.’s admitting diagnosis is possible opioid overdose. A.J. was
started on a fentanyl patch 100 mcg/hour 24 hours ago by his
physician because of spinal pain not adequately relieved by oral
acetaminophen 325 mg and oxycodone 5 mg every 3 hours. The
fentanyl patch was removed 86 hours ago, and A.J. is again com-
plaining of his spinal pain radiating to his buttocks and left leg.
A.J. is currently awake and alert and relates that his pain level is
at 9 of 10 on the pain scale. What is the goal in managing A.J.’s
pain?

The goal in treating pain of terminal illness is comfort and
an acceptable (to the patient) level of consciousness. Opioids
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should not be withheld for fear of addiction or that the dose may
be too high. Instead, the dose should be titrated based on the
patient’s clinical response. Ideally, the patient should be com-
fortable and voice no complaints when questioned about his
or her level of activity and alertness. Under these conditions,
any dosage reductions or changes in therapy serve no purpose,
even if the patient is receiving doses several times those typi-
cally used to treat acute pain. To emphasize, clinicians should
focus attention on their patients’ clinical response rather than
on an arbitrary list of doses or ideal number of medications.
The immediate goal for A.J. is to break the cycle of pain and
to rapidly achieve the greatest degree of comfort possible.

Indications for Use of Fentanyl Patches

30. What special considerations are necessary for use of fen-
tanyl transdermal patches in patients such as A.J.?

Transdermal fentanyl can be used to effectively manage
chronic cancer pain. Because of the nature of the transdermal
delivery system, the onset of analgesia may be delayed by 6
to 12 hours after placement of the patch.121,122 On removal of
the patch, the fentanyl deposited in the subcutaneous tissue
continues to release active drug for approximately another 8
to 12 hours. These delays in onset on application and in offset
after removal of the transdermal patch discourage use of the
patch except for patients who require a steady maintenance
analgesic dose. The transdermal patches do not provide suffi-
cient flexibility in dosing to manage rapidly changing analgesic
needs. Even after stabilized on a given drug regimen, patients
with cancer pain always should be given an immediate-onset
opioid analgesic (e.g., morphine elixir or solution) to take as
needed for management of breakthrough pain.123 If the need for
breakthrough drugs becomes frequent, the underlying dosage
regimen should be reassessed and the doses increased as ap-
propriate. Fentanyl absorption from the patches can be affected
by body temperature, and unintentional overdoses can occur
with hyperthermia.124

A patient given fentanyl patches must be instructed to dis-
pose of used patches appropriately to prevent inadvertent ac-
cess by children or household animals. Fentanyl patches were
thought to be safe from diversion and abuse, but the drug enclo-
sure membrane can be removed and active drug accessed.125

31. What other delivery system options are available for A.J. to
manage his breakthrough pain?

Oral transmucosal delivery of fentanyl offers the advantage
of controlling pain relatively quickly without being invasive.
Oral transmucosal delivery systems deliver drug with a rela-
tively rapid onset and increased bioavailabillity compared with
GI absorption. Because this route delivers medication into the
bloodstream so quickly, it is imperative that the relative potency
of this agent is understood.126,127

Morphine
Use of Oral Morphine

32. What oral dose of morphine should be selected for A.J.?

The usual initial dose for morphine is 30 mg orally every 3
hours (Table 8-5), but A.J. has been receiving acetaminophen

with oxycodone for an unknown length of time and likely has
some degree of opioid tolerance. His response to morphine
should be monitored carefully 1 to 2 hours after his initial
dose and the dose adjusted appropriately. If A.J. experiences
clinical signs of overdose (excessive sedation and somnolence,
low respiratory rate), the dose should be decreased; however,
if he is still uncomfortable after the 2 hours, an additional 30
mg should be given at once and subsequent doses increased
by 10 mg to a total of 40 mg every 3 hours. A.J.’s response
should be the primary criterion for determining the dose, and
the pharmacokinetics of the drug should determine the dosing
interval. Frequent reassessment of A.J.’s pain status and level
of consciousness is essential.

When the pain has been relieved, the dose of morphine of-
ten can be decreased. Ideally, only one clinician should assume
responsibility for coordinating frequent monitoring of the pa-
tient’s level of awareness and pain control. Once the pain has
been controlled, single-day dosage adjustment should be suf-
ficient. If the dose is changed, then it should be reassessed
within the first 2 hours to prevent unnecessary exposure to
pain or adverse effects. Most oral opioids reach maximal anal-
gesic effect within the first 2 hours after administration, but for
longer-acting opioid analgesics such as methadone, the patient
should be monitored for several days because of potential drug
accumulation.

Tolerance, Dependence, and Addiction

33. Should tolerance, dependence, and addiction to morphine
be an issue in A.J.?

Tolerance and physical dependence should be anticipated
and discussed openly with patients who are receiving chronic
opioid analgesia. Tolerance occurs when a given dose no longer
produces the same effect over time. For patients with a malig-
nant disease, it is difficult to differentiate between tolerance
and increased pain from disease progression. A.J. should be
instructed to inform his clinicians when his pain regimen be-
comes ineffective. Escalating doses of opioid analgesics should
be expected and should not deter the clinician from continuing
with analgesic therapy. The need for increasing doses, how-
ever, should serve as a warning that alternative analgesic or
adjunct agents need to be considered.

Physical dependence should also be anticipated. It should
be explained to A.J. that this is a natural adaptation process
of the body that occurs with opiates. The signs and symptoms
of dependence are seen when abrupt withdrawal or a marked
decrease in opioid administration occurs. Therefore, it is im-
portant that A.J. receive an adequate supply of medication to
prevent exacerbating withdrawal symptoms caused by diffi-
culties in obtaining medication or missed doses. The potential
for dependency to opioid analgesics should never prevent the
clinical use of opioid analgesics in malignant disease.

Addiction is a compulsive behavior relating to drug pro-
curement and use. Addiction from clinical opioid use for the
treatment of pain is rare. Misunderstanding by clinicians and
caregivers regarding the difference between tolerance, depen-
dence, and addiction is common and often results in undertreat-
ment of painful conditions.128,129 Addiction is not an issue in
patients requiring opiates for the treatment of chronic malig-
nant pain. Tolerance and dependence should be expected and
should in no way be misconstrued as evidence of addiction.
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Use of Sustained-Release Morphine

34. A.J.’s pain was controlled on 40 mg of morphine solution
orally every 3 hours, but he is now complaining of the frequency
of the morphine dose. He wishes to have the therapy changed to
allow fewer daily doses so that he may have longer periods of rest.
What can be done about A.J.’s request?

Several controlled release opioid formulations are available
for this patient. Morphine is available in four different for-
mulations: MS Contin, Oramorph SR, Kadian, and Avinza.
Oxycodone is also available as extended release tablet (Oxy-
Contin). Pharmacokinetic profiles differ among formulations
of which clinicians need to be aware. Avinza and Kadian pro-
vide 24-hour sustained release of morphine, which leads to
less fluctuation in drug levels, and therefore less frequent dos-
ing. Avinza is always dosed once daily, whereas Kadian can
be given once or twice a day. MS Contin, Oramorph SR, and
OxyContin are usually dosed twice daily, whereas some patient
may require doses three times a day. Whenever converting pa-
tients from one sustained-release (SR) product to a short-acting
opioid, it is important to remember that SR formulations (e.g.,
Kadian and Avinza) will deliver morphine up to 36 hours from
the last dose. This warrants intensive monitoring, especially in
patients who received high doses for long periods of time.

These opioid formulations have been a target of misuse
and abuse. When altering its delivery system, daily drug sup-
ply can be released immediately, potentially causing overdose
and death. It is important to remember that sustained release
formulations should not be crushed and chewed. Kadian and
Avinza capsules can be opened and sprinkled over applesauce;
however, the integrity of the beads must not be altered.

A.J.’s daily morphine requirement of 320 mg can be pro-
vided by use of an SR dosage form given every 8 to 12 hours.
However, direct conversion of doses from oral morphine so-
lutions or other immediate-release dosage forms to SR tablets
often leads to oversedation initially, particularly during the first
hours of the dosing period. Therefore, the SR dose should be
reduced by 25% to 240 mg/day (320 mg × 75%) for A.J. This
can be given as 90 mg every 8 hours or as 120 mg every 12
hours. SR morphine is available as 15-, 30-, 60-, 100-, and 200-
mg tablets and 20-, 50-, and 100-mg capsules. When starting
a patient on oral SR preparations, it often is desirable to try an
every-8-hour regimen to prevent the initial sedation that often
is associated with the larger individual doses of the 12-hour
regimen. Likewise, when larger doses are needed, 8-hour dos-
ing intervals usually cause less sedation than 12-hour intervals
(i.e., during the first 2 hours of the dosing period). Some pa-
tients also may have more breakthrough pain at the end of the
12-hour dosing interval. Careful assessment of the patient’s
response and toxicity by the clinician is the most essential in-
gredient between success and failure with either product in
managing the patient’s pain.

Rectal Use of Morphine Suppositories and Sustained-Release Tablets

35. Several weeks later, A.J. is no longer able to swallow his med-
ication because of worsening of an existing esophageal stricture.
What are alternatives for giving A.J. his required daily analgesic?

In addition to the parenteral routes already presented, mor-
phine can be administered as an oral solution or via a rec-
tal suppository. The absorption of the rectal suppository is
at least comparable to, or better than that of, the morphine

solution.130,131 If A.J. was stabilized on 240 mg/day of SR
morphine, the initial morphine suppository dose also should
be 240 mg/day. The duration of action of morphine suppos-
itories is similar to that of morphine solution and therefore
must be administered every 3 to 4 hours. For A.J., the starting
dose is 30 mg rectally every 3 hours. Other agents, such as
hydromorphone (Dilaudid) and codeine, are also available as
suppositories. The equianalgesic doses of these agents for A.J.
(Table 8-3) would be 6 and 10 mg, respectively. SR oral mor-
phine tablets also can be used for rectal administration. The
rectal absorption of SR tablets is comparable to the oral route
of administration.132,133 There is no maximal dose for opioid
analgesics for the management of pain of a terminal disease,
but there is a limit to how many suppositories or tablets the
patient can hold rectally.

Oral Infusion

36. Because A.J. was unable to swallow, he agreed to have a gas-
trostomy feeding tube placed by a general surgeon. He is now being
fed through the tube at a rate of 50 mL/hour. Morphine sulfate so-
lution is added to each feeding bag to deliver 10 mg/hour. He also
is receiving amitriptyline (Elavil) 150 mg at bedtime, naproxen
suspension 250 mg four times a day (QID), and lorazepam (Ati-
van) 4 mg three times a day (TID) via the feeding tube. A.J. is
reasonably alert and is only slightly uncomfortable. Are there any
problems associated with placing A.J.’s morphine in the feeding
formula?

No reason exists why morphine cannot be given in this man-
ner. The obvious questions about drug stability, solubility, and
binding to proteins in the feeding formula do not appear to
present a problem because A.J. has been receiving morphine
in this manner for the past several days. The dose of morphine
(240 mg/day) is apparently not causing undesirable effects, and
A.J. is quite comfortable. Administering morphine as a con-
tinuous oral infusion at night while he is sleeping is perhaps
the best method to ensure restful, pain-free sleep.

Tricyclic Antidepressants

37. What are the indications for amitriptyline in A.J.’s treat-
ment regimen?

Tricyclic antidepressants have been used experimentally at
low to moderate doses as an adjunct to analgesic pain con-
trol. These agents may alter psychological responses to pain,
have intrinsic analgesic activity, and may potentiate opioid
analgesics.134 European investigations noted an 82% overall
response rate to these agents.135 Imipramine (Tofranil) relieved
cancer and surgical pain in approximately 75% to 80% of pa-
tients, and doxepin (Sinequan) relieved pain completely in ap-
proximately half of 16 depressed, patients with chronic pain.136

Tension headaches also were improved with 25 to 100 mg
of doxepin.129 Imipramine 50 to 200 mg/day or amitriptyline
10 to 40 mg/day alone or in combination with fluphenazine
(Prolixin) have also been investigated for neuropathic pain.137

Neuroleptic agents have fallen out of general use, however,
for chronic pain syndromes because of their potential for
extrapyramidal syndromes (EPS) and other long-term ef-
fects. TCA and methadone combination also have been used
successfully for the long-term management of chronic phan-
tom limb pain (see Questions 49 and 51).138 For A.J., the choice
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of TCA is limited, because of his inability to swallow. A few
TCA, however, are available as oral suspensions (doxepin and
nortriptyline). Therefore, it would be reasonable to continue
A.J.’s present TCA therapy.

Methadone
Guidelines

38. The decision has been made to use oral methadone to treat
A.J.’s pain. What are guidelines for the safe use of methadone in
treating cancer pain?

Clinical experience with the use of methadone for cancer
pain is favorable.139 The patient’s physical and mental con-
dition should be monitored closely, and clinicians should be
aware of the long elimination half-life of methadone. Re-
peated dosing with methadone requires decreasing the dose
when comfort is achieved to prevent drug accumulation and
overdose. Methadone is 85% bound to serum proteins, and
its average plasma half-life is approximately 23 hours, with a
range of 13 to 47 hours. Therefore, the drug is tightly bound
and only slowly released from its binding sites. Plasma levels
of methadone can continue to rise for up to 10 days after an
increase in dose.

The duration of analgesia, however, does not correlate to
the serum half-life, and multiple doses must be given each day.
The absolute amount of methadone in plasma, although it un-
doubtedly affects sedation and respiratory depression, is not a
factor in the magnitude of analgesic response. Nevertheless,
analgesic effects are obtained only while methadone plasma
levels are above a certain individualized concentration. Most
patients can be maintained on doses of methadone every 6 or
8 hours after pain control is achieved, but the drug often must
be given every 4 hours or administered with another short-
acting opioid analgesic during the first day or two of therapy to
control pain.140 Alternatively, methadone loading with larger
doses for the first few doses can accomplish rapid analgesia at
the onset of methadone administration. However, this carries a
higher risk of rapid drug accumulation and excessive drowsi-
ness. Thus, loading doses must be reduced after the first one
to two doses.

The necessity for shorter dosing intervals during the initia-
tion of methadone can cause clinicians who are unfamiliar with
the long half-life of methadone to adjust doses too frequently
or to maintain a patient at an inappropriately high dose after ini-
tial pain control is achieved. This can threaten the patient with
dangerous drug accumulation. A scenario that often is repeated
is one in which analgesia and patient comfort are achieved af-
ter 2 or 3 days of gradually increasing doses. On days 4 and 5,
the patient becomes increasingly sedated and on day 6 alarm-
ingly so. The drug is then discontinued, or the opioid antagonist
naloxone (Narcan) is administered. Suddenly, the patient is no
longer sedated, but the pain has reappeared. This sudden re-
versal of sedation may be short lived. Because the half-life of
methadone is much longer than that of naloxone, the patient
can still slip back into sedation once the naloxone is cleared
from the plasma in 1 to 2 hours.141 Elderly and severely debili-
tated patients may require smaller doses of methadone for pain
control; therefore, caution must be exercised when methadone
is used in these patients.142

Dosing

39. What dose of methadone should be prescribed to treat A.J.’s
pain?

To convert A.J.’s dose of morphine to an equivalent dose of
methadone, use Table 8-3 as a standard reference for compar-
ison. A.J.’s 10-mg every hour oral morphine sulfate solution
dose is estimated to be approximately equivalent to 10 mg ev-
ery 3 hours of morphine IM. On a single-dose basis, IM doses
of methadone and morphine are equally potent; however, with
repeated doses on a chronic basis, the duration of methadone
activity is approximately four times longer than that of mor-
phine. Therefore, the total daily parenteral methadone dose
will be only one-fourth that of parenteral morphine. In this
case, A.J. would require 20 mg/day of IM methadone. Because
oral methadone is only 75% as effective as methadone IM,143

A.J. should receive approximately 7.5 mg of methadone orally
every 6 hours. Approximately 5 to 10 days will elapse before
the full methadone effect is realized, unless loading doses equal
to twice that of the maintenance analgesic dose are used for
the first two doses. These two larger doses accelerate the pro-
cess of reaching the steady-state concentration. Breakthrough
pain should be anticipated despite around-the-clock dosing of
methadone, especially immediately after the conversion from
other opioids. Because of long half-life and risk of accumu-
lation, additional methadone doses should not be used as a
breakthrough drug. Instead, morphine or oxycodone would
be reasonable choices to treat A.J.’s breakthrough pain before
methadone reaches its steady-state and maintenance dose can
be safely increased.

Continuous Intravenous Morphine Infusion

40. Three months later, A.J. is again hospitalized because of a
compression fracture of his spine. He is cachectic and weighs only
87 pounds. He has been receiving 20 mg of morphine IM every 3
hours since his admission. His pain is bothersome and his loss of
muscle mass is not conducive to IM injections. What would be a
reasonable IV analgesic program for A.J.?

Continuous IV infusions of morphine are superior to IM
injections in maintaining a pain-free condition in cancer and
surgical patients.144,145 In one study, six of eight children
with cancer experienced complete pain control with 0.025 to
2.6 mg/kg/hour of morphine for 1 to 16 days.

A.J. has been receiving 160 mg of morphine daily, which is
approximately 7 mg/hour. His initial IV infusion dose of mor-
phine should be increased to 8 mg/hour because his pain is still
bothersome. When 500 mg of morphine sulfate is added to 500
mL of 5% dextrose in water, the resulting 1-mg/mL solution
can be infused IV at 8 mL/hour to deliver the 8-mg/hour dose.
In addition, an order should be written for a 4-mg IV bolus of
morphine every hour as needed for signs of pain or discomfort.

The supplemental bolus doses of IV morphine will facil-
itate subsequent adjustments of the continuous infusion rate.
At the end of a predetermined period of time, the number of
milligrams of drug that were administered by constant infu-
sion is added to 1.5 times the number of milligrams of drug
used in supplemental bolus doses. This amount of drug is then
divided by the elapsed interval of time, thereby calculating
the new infusion rate. For example, if at the end of 6 hours
A.J. has received five supplemental doses of 4 mg each, then
(6 hours at 8 mg/hour) plus (1.5 × 5 doses of 4 mg) = 78 mg per
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6 hours. The new infusion rate should then be 13 mg/hour, and
the new supplemental doses should be 6 mg (approximately
equal to the amount of drug normally infused in 30 minutes)
every hour as needed. Continual assessment of the patient and
hourly adjustments of dose are probably superior to the method
outlined previously, but the aforementioned method may be
more practical for the busy clinician.

Pentazocine

41. Why should pentazocine (Talwin) not be used in treating
cancer pain?

The use of agonist/antagonists also should be avoided be-
cause of poor oral efficacy and because of the particularly dis-
turbing nature of the psychotomimetic side effects in patients
who are already fearful and anxious. Furthermore, pentazocine
is a “ceiling” drug; that is, doses cannot be greatly increased to
treat increasing pain without greatly increasing the incidence
or severity of side effects.

Hydroxyzine or Phenothiazine

42. Would coadministration of either hydroxyzine or phenoth-
iazine be beneficial for A.J.’s pain?

The addition of hydroxyzine (Vistaril, Atarax) to an anal-
gesic regimen is thought to potentiate the analgesia of the opi-
oid analgesic.20,146,147 Whether this is a true analgesic effect
or a consequence of its sedating properties is unclear. An ad-
ditional benefit related to the antihistamine properties of hy-
droxyzine is prevention of opiate-induced nausea and itching.

Phenothiazines, as with antihistamines, often are admin-
istered concomitantly with opioids to “enhance” analgesia.
Claims of enhanced analgesia are not supported by well-
designed studies, however. Many of these studies lack double-
blinding, cross-over of patients, placebo control, or appropriate
instruments capable of evaluating pain. Another problem in the
design of studies evaluating the combination of a phenothiazine
or antihistamine with an opioid is the failure to differentiate
between analgesia and sedation. Two excellent reviews summa-
rize the studies that demonstrate analgesia with antihistamines
and discuss the proposed mechanisms of action.148,149

All phenothiazines, except for methotrimeprazine, initially
demonstrated antianalgesic effects in experimental pain stud-
ies. Clinicians now realize that experimental pain is not a com-
pletely valid model to assess the response of a patient in pain.
These studies could not assess the anxiolytic properties of the
phenothiazines and the effect a reduction in anxiety has on pain
perception. Furthermore, cancer and chronic pain cause anx-
iety, and anxiety worsens pain perception and, consequently,
pain severity. This reinforcement cannot be overestimated and
helps explain the apparent benefit many patients obtain from
the combination of hydroxyzine with an opioid.

Adrenal Corticosteroids

43. Why might corticosteroids be useful for A.J.’s spinal pain?

Patients who have spinal metastatic disease often obtain
pain relief with corticosteroids. This is thought to be because
of a combination of direct anti-inflammatory effects and a re-
duction of pressure from edema around affected nerves. A
short course of dexamethasone at a dose of 4 mg orally or IV
four times daily with rapid tapering should be considered for
A.J.150

Corticosteroid response may decrease with repeated use,
but a single short-course therapy often can produce a signif-
icantly prolonged effect. Dexamethasone is most often used
because of its long duration of action and lack of mineralocor-
ticoid effects. Other corticosteroids may be substituted for the
dexamethasone, however, using a conversion table to calculate
equivalent doses.

Nonsteroidal Anti-Inflammatory Drugs

44. Why should the use of an NSAID be considered for A.J.’s
spinal pain?

Pain from tumor metastasis to bone is particularly distress-
ing and difficult to treat. Although the most effective ther-
apy for the relief of bone pain is radiation to the site of the
pain,151 prostaglandin inhibitors may be another reasonable
alternative to increased doses of opioids. Osseous metastases
induce the production of prostaglandins that can cause osteoly-
sis, sensitize free nerve endings, and augment pain perception.
NSAIDs effectively decrease prostaglandin and endoperoxide
production and may be useful in treating metastatic bone pain
if administered on a scheduled basis. Usual analgesic doses of
NSAIDs often are effective, but maximal therapeutic doses
may be necessary. Some specialists in treating cancer pain
advocate doses considerably larger than the manufacturers’
recommendations. Sometimes IV ketorolac is used for this
purpose.152 In extremely painful cases, IV ketorolac has been
used as a continuous infusion for managing metastatic bone
pain.152 Beside an NSAID, strontium, and radiopharmaceuti-
cals (e.g., phosphorus 32, strontium 89, samarium 153, rhe-
nium 186, and tin 117m) have been used to treat metastatic
bone pain, but occasionally with limited benefit. Nevertheless,
they can be considered for severe bony metastatic pain unre-
sponsive to corticosteroids or an NSAID.

CHRONIC NONMALIGNANT PAIN
Goal of Therapy

45. W.C., a 38-year-old man, has been disabled for the past 2
years because of an injury to his cervical spine sustained while op-
erating a forklift at a warehouse. He is currently taking oral oxy-
codone 5 mg with acetaminophen 325 mg (Percocet) two tablets
QID as needed for severe pain, codeine 30 mg with acetaminophen
325 mg (Tylenol #3) or hydrocodone 5 mg with acetaminophen
325 mg (Lorcet-5) two tablets QID as needed for less severe pain,
and diazepam 10 mg TID for neck spasms. W.C. describes the
pain as sharp and stabbing, and the spasms in his neck are his
most troublesome problem. The spasms become severe if he stops
taking the diazepam, and the pain starts to build 2 hours after
taking the opioids. W.C. currently is seeing an internist and an
orthopedic surgeon who prescribed his analgesics. W.C. also has
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undergone several cervical discectomies and vertebral fusion with
minimal pain relief. What are the treatment goals in W.C.?

Opioid use for chronic nonmalignant pain remains the most
controversial issue facing clinical pain management. Not only
is opioid efficacy subject to debate, but, in addition, the po-
tential for opioid dependency creates considerable hesitation
on the part of many prescribers.153,154 Although neuropathic
pain may respond to opioids, high dosages are often needed.155

Opioid analgesics should be considered only after the patient
has received and failed adequate trials of an NSAID or other
analgesic agents. In addition, patients should be evaluated for
physical interventions, such as muscle strengthening or con-
ditioning exercises that may improve their clinical situation,
before becoming over-reliant on opioids for pain management.
As with any chronic pain management, time-contingent dosing
(fixed dose and interval) is superior to as-needed dosing. If an
opioid is used to manage chronic pain, a longer-acting agent
(e.g., SR morphine, methadone, levorphanol) should be used to
minimize fluctuations in serum concentrations. Patients should
be monitored closely for both efficacy and toxicity.

Shorter-acting opioid analgesics often can complicate
chronic nonmalignant pain management by exacerbating the
pain perception because of fluctuating serum concentrations
and the production of opioid withdrawal hyperalgesia when
serum concentrations are low. Analogous withdrawal effects
can occur with sedative-hypnotics and antispasmodics as well,
particularly those with relatively short half-lives.

Before any therapeutic modality is initiated, the primary
caregiver and the patient must have a written agreement that
includes provisions for a single prescriber; monitoring of serum
drug concentrations; urine or blood substance abuse screening;
as well as an agreement to inform all current and future health
care providers regarding pain management, and termination of
service. There should be only one prescriber for all of W.C.’s
medications, and all of his health care providers must be in-
formed of the therapeutic plans. The immediate goal of pain
management for W.C. is to consolidate his analgesic regimen
to a time-contingent, longer-acting opioid. Longer-term goals
should include withdrawal of diazepam, consideration of opi-
oid withdrawal, and institution of alternative analgesic adjuncts
(antidepressants or membrane stabilizers). Psychological eval-
uation and support should supplement pharmacologic therapy.
The overall therapeutic goal for W.C. is pain control and pain
reduction, but not total pain elimination. He should be able to
conduct activities of daily life with minimal discomfort, and
ideally be able to return to gainful employment in some capac-
ity, even if his work duties are modified.

Analgesic Consolidation

46. W.C. relates that he has been taking up to 18 tablets of
various opioid analgesics daily. How should his pain be managed?

Chronic opiate use can lead to dependence as well as tol-
erance. The immediate need is to stabilize W.C.’s pain, but a
longer-term goal should include analgesic tapering if tolerated.
Evidence from pain studies in animal models, and in longitu-
dinal studies of humans, indicate that chronic opioid use can
lead to changes in the CNS that result in hyperalgesia. It is not
known if this effect is drug- and time-dependent.156,157

Tapering is not likely to be achieved quickly, however. W.C.
should be started on an opiate tapering regimen after his pain
is stabilized, and this process should occur within 24 hours
after the analgesic dose has stabilized. The first step in opi-
ate analgesic tapering is opiate consolidation. As in this case,
the patient often is receiving several analgesics unnecessarily.
A longer-acting opioid analgesic should be used for W.C. to
minimize the pain and analgesia fluctuations. One method is to
sum his total opioid use per day during the past several weeks
and then convert to an equivalent dose of either methadone
or SR morphine. Alternatively, an arbitrary dose, such as oral
methadone 5 mg every 6 hours, could be started, and all of
his current analgesics could be discontinued. If this dose is in-
sufficient, a temporary dosage increase may be necessary. The
long half-life of methadone will be beneficial when instituting
opioid tapering.

Alternative analgesic adjuncts, such as antidepressants or
anticonvulsants, should also be considered and introduced at
this time. Opiate consolidation in W.C. would also serve to
reduce his exposure to acetaminophen. He is currently taking
three different acetaminophen-containing products. Although
concern for opioid dosing emphasizes a balance between ben-
efits and risks from the opioids, the risk of either short-term
overdose or cumulative effects from acetaminophen (e.g., liver
or renal toxicity) should not be overlooked. W.C. should be in-
structed not to exceed 4 to 5 g/day of acetaminophen from all
sources, including analgesic and cold/sinus medications prod-
ucts he may be purchasing over the counter.

Opioid Tapering and Withdrawal

47. How rapidly can opiate analgesics be discontinued in a pa-
tient such as W.C. without precipitating withdrawal symptoms?

W.C. would benefit from long-term multidisciplinary pain
management that includes behavioral therapy as well as medi-
cation adjustments. An acute pain opiate analgesic dose can be
decreased in hospitalized patients by 20% daily without pre-
cipitating opiate withdrawal symptoms; but in a patient such
as W.C., who has been taking opiate analgesics for an extended
period of time, the decrease in analgesic dose will have to be
much more gradual. In chronic opiate dependence, the opi-
oid dose can be decreased by approximately 10% every 3 to
5 days without inducing withdrawal symptoms. The addition
of clonidine can also improve the overall opioid tapering pro-
cess, because it may impart analgesic effects while assisting in
controlling abstinence symptoms.

Managing Opioid Overdose

48. W.C. accidentally received an excessive dose of methadone
leading to a respiratory rate of 8 breaths/minute and excessive
sedation. How should he be treated?

Methadone can accumulate when converting from short-
acting opioids to this longer-acting opioid unless careful at-
tention is paid to the differences in pharmacokinetic prop-
erties. Because methadone has a long half-life, steady-state
plasma levels may not be achieved for 5 to 10 days. In W.C.,
the challenge is to treat the respiratory depression induced
by methadone without interfering with the desired analgesic
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effects and without precipitating narcotic withdrawal. Opioid
toxicity is not life threatening if it is managed immediately.
Naloxone reverses opioid-induced CNS sedation and respira-
tory depression after overdose of all opiates except buprenor-
phine. W.C. should be given naloxone 0.1 mg parenterally
at 2- to 3-minute intervals until the desired effect (improved
respiration rate and increased alertness) is achieved. Because
methadone has a long half-life, the naloxone dose may need
to be repeated every 15 to 20 minutes, sometimes for several
hours, until the methadone toxicity dissipates. Overly aggres-
sive dosing of naloxone can cause agitation and exaggerated
responses to pain. The methadone dose will have to be adjusted
accordingly if too much naloxone has been administered.

In the event of a massive overdose of opioid analgesics,
naloxone can be given as a continuous infusion of 0.2 mg/hour
to 0.4 mg/hour. In light of the low incidence of side effects
from naloxone, it might be reasonable to start with a load-
ing dose of 0.8 mg and a higher infusion dose such as 0.4
mg/hour, followed by subsequent dosage adjustments, depend-
ing on clinical response. The same approach may be utilized
for the treatment of overdose with extended release formu-
lations of opioids. As intermittent naloxone may reverse the
immediate effect of opioids on receptors, extended release for-
mulation would continue to deliver more drug and, therefore,
further the effects of overdose. The required duration of nalox-
one infusion will vary, depending on the specific opioid and
the amount involved.158,159

A longer-acting opiate antagonist, nalmefene (Revex), may
provide an alternative to naloxone. Approved for the use of con-
scious sedation reversal and management of opioid overdose,
nalmefene may be most beneficial in overdoses of methadone
or propoxyphene where repeated administration of antagonists
is necessary because of their long elimination half-lives.160

Nalmefene has a long half-life (8–11 hours) compared with
naloxone (1–1.5 hours). Although fewer doses of nalmefene
may be needed to reverse opioid intoxication, studies have
not shown any difference in efficacy between nalmefene and
naloxone.160,161

NEUROPATHIC PAIN

49. R.L., a 40-year-old, generally healthy woman, suffered a su-
perficial laceration of her left arm at work from a broken glass
window. The initial laceration has since healed without complica-
tions, but now she is referred for evaluation of pain management
because of persistent intolerable pain in her left arm and hand.
Physical examination reveals allodynia (pain resulting from a non-
noxious stimulus to normal skin) in her left hand and arm. What
caused R.L.’s condition, and how would you manage her pain
pharmacologically?

Hyperalgesia after a minor injury is well described, but the
pathogenic basis of such pain is not understood. In these af-
flicted patients, the pain threshold is decreased and stimuli re-
sponse in the affected region is increased. This persistent pain
also can be associated with changes in regional cutaneous blood
flow, osteoporosis, swelling, changes in regional temperature,
and atrophic musculocutaneous changes in the affected region
without demonstrable nerve injury. In the affected areas, pain
is elicited by even the slightest mechanical or thermal stimuli.
This painful hyperalgesic condition, known as, reflex sympa-

thetic dystrophy, or chronic regional pain syndrome (CRPS)
has been attributed to sympathetic excess and has been called
sympathetically maintained pain (SMP) by some. It also can
be the result of other central or peripheral mechanisms that are
independent of the sympathetic nervous system. SMP may par-
tially respond to pharmacologic agents that interfere with the
α-adrenergic function; therefore, it would be expected to re-
spond to clonidine, prazosin, phenoxybenzamine, or guanethi-
dine. Some symptoms of these syndromes may respond to other
classes of pharmacologic agents, such as steroids and NSAIDs,
TCAs, anticonvulsants, antiarrhythmics, or local anesthetics.

α2-Agonists

50. R.L.’s CRPS will be managed by a sympathoplegic agent.
What doses of clonidine or prazosin will be required for pain
management in R.L.?

The α2-agonists (e.g., clonidine) are useful in the manage-
ment of SMP. They act by reversing the excessive sympathetic
adrenergic response at central and peripheral receptors and by
reversing local vasoconstriction with improvement in blood
flow. Clonidine has analgesic effects when administered either
systemically or locally at the spinal level. The α1-antagonist,
prazosin, also has been used in the management of SMP. The
dosages for clonidine and prazosin are 0.2 to 0.6 mg/day and 1
to 6 mg/day, respectively, in two to three equally divided doses.
The major disadvantage of these agents is their side effects,
especially hypotension and exacerbation of depression.162 In
addition, rapid development of tachyphylaxis has been noted.
Clonidine 0.1 mg orally four times daily would be a good start-
ing dose for R.L., but the final dose must be titrated based on
the patient’s clinical response or side effects.

Tricyclic Antidepressants

51. What types of pain are most responsive to antidepressants?
Is there any advantage of using one antidepressant over another
for pain management in patients such as R.L.?

The analgesic properties of TCAs are independent of their
antidepressant properties. Depression, however, often accom-
panies chronic pain, which in turn, often exacerbates a pa-
tient’s response to pain and inability to cope with pain-induced
lifestyle changes.163,164 Thus, the antidepressant may interrupt
this cycle of events. TCAs produce analgesia directly through
modulation of the descending inhibitory nerve pathway by ei-
ther altering serotonin or norepinephrine neurotransmission.
They are also believed to reduce pain through local anesthetic
(sodium-channel blocking) effects. Another secondary bene-
fit of some TCAs is their sedative effect, which can help the
patient sleep and reduce feelings of anxiety.

Antidepressants have been most widely studied in patients
with diabetic neuropathy and postherpetic neuralgia.165,166

They also have some value in deafferentation pain (central
pain resulting from loss of spinal afferent nerve pathway),
phantom limb pain, human immunodeficiency virus (HIV)
neuropathy,167 postsurgical pain,168,169 fibromyalgia, and chro-
nic pain associated with depression. They also have limited
usefulness in the management of lower back pain, radiation
neuropathy, and direct malignant nerve infiltration.
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Clinical data for the management of pain is most exten-
sive for amitriptyline, but other TCAs also have been used for
this purpose.160,170 Data on the use of SSRIs, such as fluoxe-
tine, paroxetine, and sertraline, are limited.171 The major dis-
advantage associated with the use of TCAs is their side-effect
profile, which includes sedation, anticholinergic effects, and
cardiotoxicity (quinidinelike widening of QRS on electrocar-
diogram [ECG]). Sedation and anticholinergic effects are less
severe with secondary amine TCAs (desipramine, nortripty-
line) than with tertiary amine TCAs, such as amitriptyline and
doxepin. Weight gain can be a limiting factor as well.172,173 In
patients such as R.L., who have no histories of cardiac prob-
lems, a TCA can be helpful in pain management. Whether
TCAs should be used to treat pain in the elderly population
remains controversial because these agents also can produce
cognitive impairment and hypotension.174

52. L.K., a 46-year-old woman with diabetes mellitus, is admit-
ted to the hospital with pain that involves both hands and feet
and which is associated with symptoms of pain, burning sensa-
tion, numbness, and tingling. Physical examination reveals only
that pinprick sensation in the hands and feet is lessened.

Another class of antidepressants, the serotonin-nor-
epinephrine reuptake inhibitors, duloxetine hydrochloride and
venlafaxine provide an alternative for patients whose use of a
TCA may be limited because of side effects. These drugs act by
providing dual reuptake inhibition of both serotonin and nor-
epinerhrine transporters with weak affinity for the dopamine
transporter. The most frequently observed side effects with du-
loxetine are nausea, vomiting, constipation, somnolence, dry
mouth, increased sweating, loss of appetite, and weakness. The
immediate-release version of venlafaxine is associated with
more CNS and somatic side effects, but the extended-release
version of this medication is more tolerable with the main side
effect being gastrointestinal disturbances. The optimal dose
of duloxetine is 60 mg/day with 150 to 225 mg/day being an
effective dose for venlafaxine.175,176

Anticonvulsants and Antiarrhythmics

53. What other alternatives are there for the management of
L.K.’s neuropathic pain?

Anticonvulsants have been used frequently in the manage-
ment of neuropathic pain with varying success. In randomized-
controlled studies, gabapentin and pregabalin have im-
proved symptoms of diabetic neuropathy and postherpetic
neuralgia.177,178 Doses of gabapentin up to 3,600 mg/day or
greater may be required in some patients, whereas the range
for pregabalin is from 150 to 600 mg/day. Additionally, higher
doses of gabapentin are generally well tolerated compared
with pregabalin. Gabapentin requires more individualization
in patients because doses are slowly titrated to pain control.
Pregabalin can be titrated more rapidly and has a short on-
set of action (<1 week), which may require less combination
therapy in some patients. The most common side effects of
gabapentin and pregabalin include dizziness, somnolence, pe-
ripheral edema, and dry mouth.176,179

HEAD INJURY AND OPIOID ANALGESIA

54. M.C., a 24-year-old male hemophiliac, is admitted to the
emergency department (ED) with several minor lacerations, con-
tusions, and painful hemarthrosis secondary to a bicycle accident.
Meperidine 50 mg IV was ordered and he was transferred to the
medical ward for further evaluation. There, M.C. was given an-
tihemophilic factor. He also was given meperidine 50 to 75 mg
IV every 3 hours, as needed, for pain. What was the danger in
administering an opioid to M.C. in the ED or shortly after he was
admitted?

Opioid analgesics generally are avoided in patients with
head injury for the following reasons: (a) opioid-induced pupil-
lary changes, nausea, and general CNS clouding can mask or
confuse the neurologic evaluation; (b) head injury potentiates
the respiratory depressant effects of opioids; (c) opioids induce
carbon dioxide retention, which in turn causes vasodilation of
cerebral arteries and an increase in cerebrospinal fluid pressure
that might already be elevated because of head injury180,181; (d)
opioids in excessive doses can mask internal organ injury; and
(e) morphine and meperidine can produce further hypotension
in patients who have blood loss caused by trauma. These poten-
tial complications, however, should not preclude the use of a
short-acting opioid, such as fentanyl, for pain control in emer-
gency situations, especially when the patient’s clinical condi-
tion and analgesic responses are monitored closely. If fentanyl
is to be used, small but frequent IV doses are preferred over
single, large boluses (see Table 8-5 for starting doses). The
final dose is based on the patient’s analgesic and toxic re-
sponses. It would be reasonable to start M.C. on fentanyl 25
to 50 mcg IV every 30 to 60 minutes followed by analgesic
titration.

MYOCARDIAL PAIN

55. C.P., a 65-year-old man with a history of angina pectoris, is
brought to the ED with a suspected acute myocardial infarction
(MI). Meperidine 25 mg IV is prescribed for pain control. Would
another analgesic be preferred over pentazocine in C.P.?

This dose of meperidine might be effective for analge-
sia; however, meperidine has variable hemodynamic effects
in patients with hemodynamic instability, whereas fentanyl
and morphine’s effects are more predictable. Butorphanol
(Stadol) and pentazocine can increase pulmonary vascular re-
sistance and pulmonary artery pressure.182,183 Furthermore,
pentazocine can produce idiosyncratic hypotensive episodes,
which could be disastrous in these patients. Therefore, these
agents should be avoided after MI.

Morphine does not increase myocardial wall tension or oxy-
gen consumption and does not affect cardiac dimensions. Mor-
phine also can decrease heart rate and induces only minimal
orthostatic changes in blood pressures. In postsurgical patients
who are volume depleted, the orthostatic effect of morphine
can be quite dramatic, however. Sedative and emetic effects of
morphine are comparable to methadone, but may be greater
than those of meperidine or hydromorphone. Methadone, hy-
dromorphone, buprenorphine, and nalbuphine affect the car-
diovascular system in a manner similar to that of morphine.183

In summary, although all the aforementioned agents are ef-
fective analgesics, pentazocine and butorphanol cause greater
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cardiovascular effects and can exacerbate an acute MI by
increasing the cardiac workload and oxygen consumption.
Therefore, morphine remains the preferred agent. (See Chapter
17, Myocardial Infarction, for further discussion.)

COLIC PAIN
Biliary Colic

56. B.C., a 42-year-old man, is admitted for severe, intermit-
tent right upper quadrant pain accompanied by nausea, vomiting,
and clay-colored stools. The differential diagnosis is biliary colic
versus acute pancreatitis. Two doses of meperidine 100 mg IM
3 hours apart fail to ease the pain. What other potent analgesics
are preferred in this situation?

Opioid analgesics can induce smooth-muscle spasms in
the sphincter of Oddi and thereby increase intrabiliary
pressure.184,185 The resulting intraductal back pressure can ag-
gravate pain symptoms and increase the serum concentrations
of amylase 5 to 10 times above the control value.186 Although
it often is claimed that meperidine is less likely than morphine
to cause spasm of the sphincter of Oddi, no clear evidence indi-
cates the superiority of one agent over the other.187 Significant
increases in intrabiliary pressures of patients receiving fentanyl
(Sublimaze), morphine, meperidine, pentazocine (Talwin), bu-
torphanol (Stadol), and oxycodone are documented.188,189

In one study,190 buprenorphine (Buprenex) did not in-
crease biliary pressure, but further controlled investigations are
needed to substantiate this finding. Generally, biliary pressure
increases and spasm begins within 5 minutes of parenteral opi-
oid administration. These effects peak within 20 to 60 minutes,
and values gradually return to normal over 1 to 2 hours.191,192

Because the reported severity, intensity, and duration of biliary
hypertension vary greatly, it is unlikely that any agent presently
available has a clear advantage over another.187

Opioid-induced biliary hypertension and sphincter of
Oddi spasm can be reversed by parenteral glucagon or
naloxone.191,193 It is still unclear whether orally administered
naloxone will have similar effects, although orally adminis-
tered naloxone prevented opioid-induced constipation in one
study.194 It is unclear whether B.C. is having more pain because
of an adverse drug effect or primary failure of meperidine. Be-
cause no consistent way exists to measure intraductal pressure
clinically, it is recommended that he be given a longer-acting
opioid, such as methadone 5 mg IV every 8 hours for pain.

Renal Colic

57. M.J., a 36-year-old woman with a history of urolithiasis,
comes to the ED because of severe flank pain along with micro-
scopic hematuria. She is diagnosed with renal colic by the ED
physician who wishes to treat her pain with meperidine 100 mg
IM, but M.J. does not want to take opioids. What can M.J. be
given for her severe pain from her renal colic?

Renal colic is extremely painful, and patients often require
parenteral opioid analgesics. No significant clinical difference
is seen between any of the opioids for this type of acute anal-
gesic indication. Because M.J. does not want to receive opioids,
the choice of analgesics is limited. The parenteral nonsteroidal

analgesic ketorolac is likely to be the best alternative.195 It
would be appropriate to start M.J. on ketorolac 15 mg IV every
6 hours as an alternative to the opioids for acute analgesia.

LIVER DISEASE AND ANALGESIA

58. A.A., a 54-year-old man with alcoholic cirrhosis, severe as-
cites, and mild jaundice, has been hospitalized with severe right
upper quadrant abdominal pain. His stools are guaiac positive,
and he occasionally has bright red blood present at the rectum
secondary to hemorrhoids. He was placed on oral lactulose 30 g
QID when the protein content of his diet was increased. Although
he has a history of hepatic encephalopathy, he is currently alert
and receiving only spironolactone 200 mg/day and prophylactic
lactulose. What problems can arise when administering opioid
analgesics to patients such as A.A.?

Morphine can induce electroencephalogram (EEG) changes
similar to those associated with impending hepatic en-
cephalopathy when administered to patients with hepatic
cirrhosis.196 These morphine-induced EEG changes cannot be
correlated with alkalosis, hypokalemia, or increased blood am-
monia levels, and the mechanism is unknown.

Because most opioid analgesics are significantly metabo-
lized in the liver, their serum levels can accumulate if dosing
intervals are not adjusted in patients with decreased hepatic
function.197,198 The oral bioavailability of some of the opioids
also can be increased because of a decreased hepatic first-pass
effect.199 The opioids with the greatest first-pass effect or a high
extraction ratio have the greatest variability in bioavailability.
For example, oral morphine and meperidine have a higher ex-
traction ratio than methadone and, therefore, are more likely
to be absorbed unpredictably in patients with severe liver dis-
ease. In these patients, methadone is most likely to be absorbed
consistently when administered orally.

It would be reasonable to treat A.A.’s pain with a single,
modest dose of parenteral morphine, but subsequent doses
should await the reappearance of signs of pain to prevent the
possible precipitation of hepatic encephalopathy. Careful mon-
itoring of A.A. is essential to minimize risk while maximiz-
ing analgesia. The clinician should remember that any CNS
depressant can trigger significant problems in a patient such
as A.A. If an oral opioid is to be used, then methadone will
be a good choice because of its more consistent bioavailabil-
ity. Although methadone has a long half-life, it is still safer
to use orally than morphine. All opioid analgesics should be
given in small, frequent, on-demand doses in patients such as
A.A. Time-contingent dosing of opioids should be avoided in
patients with liver disease because of the risk of drug accumu-
lation. A.A. can be given methadone 2.5 mg no more often than
every 6 hours, as needed, accompanied by close monitoring.

RESPIRATORY DISEASE AND ANALGESIA

59. C.T., a 65-year-old man admitted to the hospital with a hip
fracture, has a history of chronic obstructive pulmonary disease
(COPD). On admission, C.T. has a nonpurulent productive cough
and wheezing. His medical history includes several episodes of
pneumonia. Morphine sulfate 6 to 10 mg IM every 3 hours is
ordered for his severe hip pain. What risks are associated with
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using morphine in C.T.? Are there better alternative potent
analgesics?

Systemic opioids remain the first-line agents in manag-
ing pain in patients with COPD. Careful monitoring orders
also should be written along with the opioid orders. Morphine
and all other opioid analgesics can depress respiration when
given in therapeutic doses and should be used cautiously in
patients with advanced respiratory disease and decreased res-
piratory function. Respiratory rate, tidal volume, and sensitiv-
ity to hypercapnia or hypoxemia are all decreased by opioid
analgesics.200 Although all opioids and agonists produce res-
piratory depression at therapeutic doses, there appears to be
a ceiling effect to the respiratory depression caused by bu-
torphanol (Stadol), nalbuphine (Nubain), and buprenorphine
(Buprenex) at higher doses.201,202 Increased doses of these
compounds do not further depress respiration and still pro-
vide increased analgesia. The antagonist naloxone reverses
the respiratory difficulty (and analgesia) produced by nal-
buphine and butorphanol. Although respiratory depression
caused by buprenorphine is uncommon, naloxone does not re-
verse buprenorphine’s effects predictably.203 Ventilatory sup-
port is the only treatment.

Because C.T. is in severe pain, a lower dosage of morphine
should be used initially. Opioids do not always depress res-
piration when dosed correctly and, in some instances, they
actually can improve respiratory function in patients who have
recently had a thoracotomy. These patients often are afraid to
breathe deeply because of the pain elicited by such activity.
The analgesic phenothiazine, methotrimeprazine, nerve block,
or epidural anesthetics also can be used with fewer respiratory
effects than systemic morphine.204,205 Alternatively, morphine
PCA should be considered for C.T., because PCA will allow
him to self-administer small, frequent doses, thereby reducing
the possibility of opioid-induced respiratory depression.

60. During his admission, C.T. mentions that he was recently
diagnosed with sleep apnea. Would your approach to C.T.’s pain
management change?

Patients with sleep apnea must be carefully monitored when
receiving pain medications and sedation, especially via the
parenteral route.

Sleep apnea generally can be described as prolonged ap-
neic episodes during sleep that can be attributed to relative
hypotonia of upper pharyngeal muscles. These muscles play
an important role in patency of the airway.

During an apneic episode, arterial oxygen saturation falls
and carbon dioxide concentration rises, which stimulates
arousal by the autonomic nervous system alerting the patient
to breathe. This can occur multiple times during sleep and
often is unnoticed by a patient with sleep apnea. In severe
disease, patients may experience cardiac dysrhythmias owing
to repeated falls in oxygen saturation. Chronic and untreated
sleep apnea can lead to pulmonary and systemic hypertension,
cor pulmonale, and cardiopulmonary arrest.206 Clinicians must
exercise caution when providing pain management to patients
with sleep apnea. Opioid administration causes relaxation of
upper respiratory tract muscles as well as a decrease in the sen-
sitivity to rising CO2. The ability to maintain an open airway is
already compromised in a patient with sleep apnea. As a result,

patients with sleep apnea may experience respiratory failure,
cardiac arrhythmias, and even death.206

Currently, there are no published guidelines on pain man-
agement of patients with sleep apnea. It is prudent that C.T.
receive continuous cardiac and oxygen saturation monitoring
while being treated with opioids. Continuous positive airway
pressure (CPAP) may be used to prevent hypoxic episodes
caused by opioids.207 Short acting opioids would be preferred
if C.T.’s pain can be adequately controlled with these agents.

Use of buprenorphine, a partial opioid agonist, for severe
pain in patients with sleep apnea has been postulated, but
published clinical trials are lacking. Concomitant use of an
NSAID and acetaminophen is recommended to reduce opioid
requirements.206

OPIATES IN SPECIAL AGE GROUPS
Advanced Age

61. B.V., a 75-year-old woman, is seen in the office for a routine
physical examination. She has a history of osteoarthritis in both
knees, osteoporotic vertebral disease, and peptic ulcer disease.
In addition to estrogen and calcium supplementation, B.V. takes
acetaminophen 650 mg every 4 hours during the day for general
discomfort and ibuprofen 400 mg every night to “help [her] sleep.”
What further information should be assessed before modifying
B.V.’s drug therapy?

Chronic pain can have a significant impact on daily func-
tioning and quality of life and should be recognized as a sig-
nificant problem requiring prompt attention. Chronic pain is
common in older adults and may easily go unrecognized and
untreated. Painful conditions affecting bones and joints often
develop as people age. These conditions provide a chronic
source of pain and are often incurable. Approximately one
of five older adults takes analgesic medications regularly and
more than half of these patients have taken prescription anal-
gesics for >6 months. Prevalence rates for chronic pain among
community-dwelling older people have been estimated to be
between 25% and 50%.208 Studies of nursing home residents
have documented similar rates for chronic nonmalignant pain
and also have shown a consistent trend toward undertreatment
with analgesics.209,210

Clinical practice guidelines have been developed for the
management of chronic pain in older persons.208 All older pa-
tients should be assessed for evidence of chronic pain as well
as for acute pain that may indicate a new illness or exacerba-
tion of a chronic condition. Older patients may be reluctant
to report pain because they may fear the consequences of a
diagnostic workup. Older adults may also perceive pain to be
synonymous with serious disease or death.208 When provid-
ing a history, they may not use the word “pain” to describe
how they feel. Instead, they may describe their discomfort as
“aching, soreness, burning, or tightness.” Finally, patients with
dementia or language deficits may not be able to communicate
the presence of pain. In these individuals and others, grimacing
or other unusual behavior may provide clues to the presence of
pain.

B.V. should receive a comprehensive assessment that in-
cludes a complete medical history and physical examination to
determine any new underlying causes of pain, sensory deficits,
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or neurologic abnormalities. Physical function and pain associ-
ated with activities of daily living should be assessed as well as
her psychosocial function to evaluate her for depression and to
understand her social network and support system. A thorough
evaluation of current pain should be performed to character-
ize her pain and to determine the patterns of her analgesic use
and their effectiveness. The medication history should be re-
viewed for potential drug side effects and interactions. B.V.’s
use of ibuprofen should be further evaluated, because older pa-
tients who use NSAID chronically have a higher frequency of
GI bleeding, especially if they have a previous history of this
condition.208

62. When asked, B.V. states that her current pain level is a 7 on
a 10-point scale, and that it can vary from 4 to 8 during the day. It
is usually better after rest and worsens later in the day, especially
after physical exertion. Although she takes acetaminophen and
ibuprofen regularly, they do not effectively reduce her pain. B.V.
realizes that her current medical condition will probably not allow
her to be completely pain free and states that a pain level of 3 would
be acceptable. Would opiate analgesics be appropriate to control
B.V.’s pain?

The use of opioid analgesic for chronic nonmalignant pain
is controversial. The usefulness of this class of drugs should
not be overlooked, however, and may provide fewer risks than
long-term or high-dose NSAID therapy. The doses needed are
often much smaller than those needed to treat chronic ma-
lignant pain. Older patients often experience greater pain re-
lief from opioid analgesics than do younger patients, prob-
ably because both the extent and duration of analgesia are
enhanced in this group.211,212 Older patients achieve higher-
than-expected plasma opioid levels (compared with younger
patients) after IM or IV administration. Physiologic changes
associated with aging, such as decreases in lean body mass,
renal function, plasma proteins, hepatic blood flow, and he-
patic metabolism,213,214 may be responsible for the enhanced
activity of opioids in older patients.215

When initiating opioid or adjunct analgesics in older pa-
tients, it is important to remember the phrase “start low and
go slow.” Because B.V. has underlying conditions that cause
continuous pain, time-contingent dosing will be more benefi-
cial. An appropriate initial regimen for B.V. using oxycodone
HCl 2.5 mg and acetaminophen 325 mg would be one tablet
orally every 6 hours, with one tablet every 4 hours as needed.
This would provide continuous analgesic therapy throughout
the day and allow B.V. flexibility to take an additional dose
before activities that may exacerbate her pain. B.V. should be
instructed to discontinue taking ibuprofen and to avoid other
products containing acetaminophen. B.V. may also respond to
tramadol 25 to 50 mg (i.e., 1/2–1 tablet) every 8 hours for her
pain, because it has shown efficacy equivalent to NSAIDs in
osteoarthritis pain. This agent can be considered as an alter-
native to a high-potency analgesic, but still presents a risk of
dizziness and drowsiness.

B.V. should be monitored closely for sedation that could
affect her concentration and ability to perform her activities of
daily living. Because older patients are more sensitive to the
constipating side effects of opioids, a bowel regimen consist-
ing of a stimulant laxative and stool softener should be started
at the beginning of therapy. Patients also should be encouraged
to maintain good fluid intake and to include fruits and vegeta-

bles that are high in fiber in their diet. B.V.’s therapy should
be adjusted based on careful monitoring for efficacy and side
effects.

Neonates and Children

63. M.M., a 2-day-old, 3-kg girl, has just had bowel surgery
for congenital bowel atresia. How should pain management be
approached for M.M.?

Many misconceptions exist about the management of pain
in the pediatric population. Historically, infants and children
have been undertreated for pain and painful procedures. This is
partly because of difficulty in communicating with, and eval-
uating pain, in children, particularly those who are nonverbal.
It was also believed that children did not experience pain in
the same way as adults do. Significant advances have been
made in the understanding of children’s pain perception, and
assessment tools designed for different stages of development
and communication abilities are available.216,217 Nevertheless,
misconceptions still exist, ranging from the amount of pain a
child should experience after a painful procedure to the fear
of addiction. Inadequately treated pain can interfere with the
healing process, increase heart and respiratory rates, reduce
oxygen saturation, and induce hyperglycemia and metabolic
acidosis. Increased morbidity and mortality associated with
unrelieved pain has been documented in neonates undergoing
cardiac surgery.218 The reality is that infants and children ex-
perience pain just as adults do and should receive appropriate
medication and doses to treat their pain.

64. What would be a rational pain management plan for M.M.?

Because M.M. has had significant GI surgery, severe pain
should be anticipated and prevented. Therefore, use of opiates,
such as morphine or fentanyl, would be appropriate in this situ-
ation. Children appear to mature very early with respect to mor-
phine metabolism. Infants as young as 5 months of age show
very similar pharmacokinetic parameters as adults; however,
morphine concentrations in patients younger than 2.4 months
are five times higher than in older patients because of slower
metabolic clearance and a lower central compartment volume
of distribution.219 The dosing of morphine in children is sim-
ilar to adults on a milligram-per-kilogram basis, but children
<5 months of age may require less-frequent dosing. The use of
opiates in infants and children does not lead to addiction. Crit-
ically ill children who are receiving opiates for long periods of
time develop tolerance and physical dependence and exhibit
signs and symptoms of withdrawal if opiates are weaned too
quickly, which however, should not preclude pediatric patients
from receiving opiates.

An appropriate initial dosing regimen for M.M. would be
fentanyl 1 mcg/kg IV every 4 hours with 1 mcg/kg every 2 hours
as needed for breakthrough pain. When using parenteral mor-
phine preparations in infants, close attention should be given
to the preparation used and the age of the infant. Parenteral
morphine preparations are available with and without preser-
vatives. Infants <3 months of age are more susceptible to res-
piratory depression caused by an allergic reaction to the sulfites
or to CNS irritation induced by benzyl alcohol. Thus, neonates
and infants <3 months of age should receive only preservative-
free morphine. When choosing a route of administration,
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attention should be given to the patient’s clinical condition.
Although oral routes are preferred, they may not be appropriate
immediately following surgery. Opiates are frequently admin-
istered IM; however, IM administration offers no advantage
over IV and causes much more pain and distress. Children re-
ceiving repeated IM injections often deny the presence of pain
to avoid the injection.217 Therefore, IV administration is the
preferred parenteral route in pediatric patients.

Assessment of pain and relief in M.M. is more challeng-
ing because she is unable to verbalize specific information.
Careful attention to behavioral responses, such as crying char-
acteristics, crying duration, facial expressions, visual tracking,
response to stimuli, and body movement, will be most useful in
assessing pain and relief in M.M.216,217 Heart rate, respiratory
rate, blood pressure, and presence of diaphoresis can provide
useful clues to M.M.’s level of pain or comfort and can alert the
clinician to potential side effects. Careful monitoring, together
with adjustments to the dose and frequency of administration,
provides optimal therapy.

MORPHINE-INDUCED NAUSEA AND VOMITING

65. J.J., a 48-year-old woman, has advanced inoperable cervical
cancer. The physician has ordered 30 mg of oral morphine solution
every 4 hours for pain, but she has vomited after each dose despite
apparently adequate doses of prochlorperazine. What can be done
to relieve pain in J.J. who vomits after oral morphine?

Morphine and its derivatives induce nausea and vomiting by
stimulating the chemoreceptor trigger zone (CTZ). Although
the CTZ is stimulated initially, subsequent doses of morphine
generally suppress the vomiting center. Because the incidence
of nausea (40%) and vomiting (15%) increases in ambulatory
patients, a vestibular component also is likely to be involved. If
the vomiting is vestibular in origin, instructing J.J. to lie quietly,
with as little head motion as possible for an hour or two, often
will help. The nausea usually persists for 48 to 72 hours.220

Levorphanol (Levo-Dromoran) may cause less nausea and
vomiting than other potent opioid analgesics at equianalgesic
doses and might be an alternative to morphine if the afore-
mentioned recommendations are ineffective in modifying J.J.’s
nausea and vomiting. An equipotent dose of levorphanol for
J.J., according to Table 8-3, would be 4 mg. The reported du-
ration of action of levorphanol is 6 hours, longer than that of
morphine.221

Adjunctive drugs such as droperidol, prochlorperazine, hy-
droxyzine, scopolamine, and diphenhydramine have been used
successfully to control opioid-induced nausea and vomiting.
Patients who are extremely sensitive to this opioid-induced
effect have to be placed on concurrent or scheduled antiemet-
ics; transdermal scopolamine can be used for this purpose.
Although much more costly, agents such as ondansetron may
also be useful in patients who have contraindications to the use
of phenothiazines or butyrophenones.

USE OF CENTRAL NERVOUS SYSTEM STIMULANTS

66. D.H., a 34-year-old man, is diagnosed with acquired im-
munodeficiency syndrome (AIDS) and Kaposi’s sarcoma. He was
discharged from the hospital with a prescription for oral mor-
phine solution, 30 mg every 3 hours. He has been relatively pain

free for about a month, but now returns to the clinic complaining
of excessive morning sedation. He cannot reduce his morphine
dose because the pain makes him too uncomfortable. What ther-
apeutic intervention can be used to alleviate D.H.’s problem of
excessive morning sedation?

Limited clinical data suggest that a morning dose of
methylphenidate (Ritalin) or dextroamphetamine (Dexedrine)
could both relieve opioid-induced drowsiness and potentiate
analgesia.222 Less sleepiness has been associated with these
combinations than with opioid analgesics alone, and a 10-mg
dose of amphetamine combined with the opioid analgesic im-
proved pain tolerance more than the analgesic alone.223,224 Al-
though these studies involved only single doses, these agents
should cause sufficient CNS stimulation to obviate morning
drowsiness. D.H. should try a morning dextroamphetamine
dose of 5 to 20 mg. A somewhat smaller dose may be added
around noon if he desires increased alertness in the late after-
noon and early evening hours. Another alternative would be to
switch D.H. to an opioid analgesic that is less sedating. Drugs
such as hydromorphone, levorphanol, methadone, and fentanyl
often produce the desired clinical response in a patient such as
D.H.225

IMPORTANT DRUG INTERACTIONS
Phenytoin and Methadone

67. B.D., a 32-year-old man, has an 18-year history of chronic
pain in the right hip as a result of a motor vehicle accident. He
has a long problem list that includes grand mal seizures and gas-
tric ulcer disease. In the past, he has been treated with a variety
of opioid analgesics on an as needed schedule, which resulted in
escalating drug requirements and a complex regimen of multiple-
ingredient drugs (e.g., Percocet, Tylenol #3, Vicodin). B.D.’s at-
tending physician prescribed methadone 10 mg every 6 hours
several weeks ago. This switch was initially very successful, but
B.D. now presents with symptoms suggestive of opioid withdrawal
and poor pain control despite good compliance to his methadone
regimen. A note in his chart indicates that B.D. saw a neurologist
recently who started him on phenytoin therapy. What important
drug–drug interactions might explain this rather complex case?

Phenytoin (Dilantin) induces cytochrome P450 (CYP)
3A4 isoenzymes that are responsible for the clearance of
methadone, and can thereby decrease serum concentrations
of methadone and precipitate symptoms of withdrawal.226,227

The methadone dose should be increased to 20 mg every
6 hours, and a note should be made in the chart that the doses
will need to be reduced if the phenytoin is discontinued for
any reason. After his dose has been increased, B.D. should
be watched closely for the next several days for drug-induced
drowsiness because the long half-life of methadone can pro-
duce accumulation.

Cimetidine and Methadone

68. One week later, B.D.’s wife calls and says that he is very
drowsy and that his speech has started to slur. On further ques-
tioning, his wife notes that B.D. restarted oral cimetidine 400 mg
TID for symptoms of gastritis. She confirms that B.D. has been
taking oral methadone 20 mg every 6 hours. What may explain
B.D.’s symptoms of apparent opioid toxicity?
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Cimetidine (Tagamet) inhibits CYP3A4 isoenzymes,
thereby decreasing the metabolism of methadone and poten-
tially subjecting patients to toxic levels. B.D. also could be
reaching serum methadone steady-state levels at this time. He
should be instructed to withhold the methadone until his men-
tal status returns to baseline; then, the dose of methadone needs
to be decreased to 10 mg every 6 hours. When adding cimeti-
dine to existing methadone therapy, methadone doses need to
be decreased; the doses should be increased again if cimetidine
is subsequently withdrawn.228

Similar precautions need to be instituted for other CYP3A4
inhibitors, such as antiretroviral agents, ketoconazole or flu-
conazole, erythromycin, and other agents.

Codeine Interactions With CYP2D6 Inhibitors
Tramadol and SSRI

69. T.R. is a 42-year-old man who suffered a right tibial frac-
ture requiring pinning and external fixation. He is now able to
ambulate with crutches. Before discharge from the hospital, four
acetaminophen 500 mg with hydrocodone 5-mg tablets through-
out the day provided good pain control. At the time of discharge,
T.R.’s pain regimen was changed to acetaminophen 325 mg with
codeine 60 mg, two tablets orally every 3 to 4 hours, owing to
his pharmacy benefit limitations. T.R. calls your office because
the acetaminophen with codeine is not controlling his pain even
when he takes two tablets every 3 hours. T.R. also is taking oral
paroxetine 20 mg every morning for his chronic depression. His
physician is considering switching his medication to tramadol or
acetaminophen with oxycodone. What changes in T.R.’s therapy
can be recommended to provide better pain control?

Codeine is metabolized to morphine in the liver by CYP2D6
isoenzymes. Concurrent administration of codeine with agents
that inhibit the CYP2D6 system, such as paroxetine, fluox-
etine, amiodarone, and ritonavir, may reduce the conversion
of codeine to morphine and influence drug response.229 In
addition, this isoenzyme shows genetic polymorphism and
individuals may demonstrate ultrarapid, extensive, or poor
metabolism. Recognition of these potential drug interactions
is important because concurrent administration of CYP2D6
inhibitors may make some patients appear to be poor metabo-
lizers and less responsive to codeine, which, in fact, may not
be true.

Oxycodone, hydrocodone, and tramadol are also substrates
for the CYP2D6 isoenzyme. Although a potential interac-
tion exists between oxycodone and paroxetine, little evidence
at this time indicates that oxycodone requires conversion to
an active metabolite via the 2D6 pathway to be an effec-
tive analgesic. However, tramadol is partially metabolized by
CYP2D6 and has an active metabolite. Concurrent administra-
tion with a CYP2D6 inhibitor could potentially reduce anal-
gesic activity.229

Coadministration of tramadol and paroxetine could poten-
tially cause more serious problems in this patient. Tramadol has
SSRI-like activity because it decreases the synaptic reuptake
of norepinephrine and serotonin. Coadministration with SSRI
agents, such as paroxetine, fluoxetine, fluvoxamine, and citalo-
pram, can put the patient at risk for serotonin syndrome.230

Signs and symptoms associated with serotonin syndrome in-
clude diaphoresis, chest pain, tachycardia, hypertension, con-

fusion, psychosis, agitation, and tremor. Neurotoxicity can be
severe and may progress to seizures or coma. Therefore, tra-
madol is not a good choice for this patient.

Similarly, tramadol can interact with the antimigraine
agents known as “triptans,” because their mode of action in-
cludes enhancing serotonin activity centrally. Therefore, com-
binations of tramadol, SSRI, or triptans are relatively con-
traindicated and require close and judicious monitoring.

It would be reasonable to consider either acetaminophen
with oxycodone or hydrocodone for pain control in this patient,
especially because he has experienced good pain control with
the hydrocodone preparation in the past.

PRIMARY DYSMENORRHEA

70. P.O., a 27-year-old woman, is seen in the primary care clinic
because of severe abdominal pain secondary to her menstrual pe-
riods. She reports having pain-free menstrual periods only once
or twice yearly. She has been diagnosed as having primary dys-
menorrhea with no other gynecologic pathology being found. How
should P.O.’s menstrual pain be treated?

Primary dysmenorrhea is a common gynecologic disorder
affecting 60% to 80% of women at some time in their life.231

Pain usually occurs 2 to 12 hours before the commencement
of menstrual flow, but it can occur simultaneously with, or
a few hours after, the beginning of menstruation. It reaches
maximal intensity at 2 to 24 hours, then decreases over the
next few days.232 Primary dysmenorrhea is associated with in-
creases in endometrial and circulatory prostaglandins. Thus,
NSAIDs, which alter the production of the prostaglandins,
are frequently used to manage primary dysmenorrhea. The
dosages required for the treatment of primary dysmenorrhea
usually are higher than those used for analgesia, but fre-
quently a single dose is sufficient to terminate the dysmenor-
rhea pain. On some occasions, frequent, high doses may be re-
quired.

The best time to initiate an NSAID remains controversial.
Some clinicians recommend beginning drug therapy a few days
before the start of menses; others argue that the prostaglandins
are not stored and, therefore, prefer to initiate drug therapy
only after the start of menses. Pretreatment with an NSAID
carries the risk of fetal drug exposure during early pregnancy.
Studies comparing pretreatment with dosing at the onset of
menses show no difference in the analgesia between either of
the regimens.233,234 (Also see Chapter 47, Treatment of Men-
strual and Menstrual-Related Disorders.) P.O. should be in-
structed to take 600 to 800 mg of ibuprofen at the onset of
menses or when discomfort begins. Repeat dosages of 400 to
600 mg may be taken every 4 to 6 hours as needed. If this
regimen is ineffective, she can take the first dose 1 to 2 days
before the first day of menses is expected.

HEADACHES

71. M.K., a 32-year-old man, is complaining of severe headaches
that occur at least once every 2 weeks. He takes two Excedrin
extra-strength tablets (acetaminophen 250 mg, aspirin 250 mg,
and caffeine 65 mg) every 2 hours until the headache starts to
ease and sometimes requires a cumulative dose of up to 16 tablets.
Migraine and vascular headaches have been ruled out in M.K.
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Would one of the nonsalicylate NSAIDs be more efficacious for
M.K.? Are there any other considerations in managing M.K.’s
headache? Is caffeine an effective analgesic for headaches?

Headaches are common, afflicting nearly everyone at some
time during their life. The incidence of headache is higher in fe-
males and increases with age; 10% of headaches develop into
chronic disabling conditions. For M.K., who self-medicates
chronically with large doses of acetaminophen, the concern is
toxicity from the analgesics. Chronic use of both NSAID anal-
gesics and caffeine (either as single agents or in combination)
can possibly precipitate withdrawal (“rebound”) headaches on
discontinuation. Although NSAIDs are not considered habit-
uating, accumulating evidence indicates that chronic intake
of peripheral-acting analgesics can perpetuate the underlying
pain syndrome. In the case of M.K., it is important to consider
the possibility of caffeine withdrawal headache as well, be-
cause he is taking a caffeine-containing combination product.
Other dietary sources of caffeine ingestion from coffee, tea,
and other foods should be determined as well.

Caffeine is used in analgesic combination products because
it has both a CNS stimulant and a vasoconstrictive effect, which
may reverse some of the headache symptoms. The value of
caffeine, especially in the small quantities found in most pain
relievers, has been controversial. A meta-analysis and subse-
quent study conclude, however, that caffeine does add to the
analgesic effect of aspirin and acetaminophen.235,236

Acute headache can be managed with parenteral ketoro-
lac, but it is not a viable alternative for chronic headache
management.237 M.K.’s headaches may resolve on gradual
withdrawal of NSAID analgesics and caffeine, but this pro-
cess is slow and requires the clinician’s as well as the patient’s
determination to stay with the treatment plan. (Also see Chap-
ter 53, Headache.)

PROCEDURAL PAIN

72. C.T., a 26-year-old woman, injured her left knee during a
fall while skiing. After immobilizing her left knee and using ice

therapy, most of her swelling has subsided. She is now seen in
the outpatient surgical center for an arthroscopic evaluation of
her knee. She is very concerned that the lidocaine that is to be
used to anesthetize her knee is going to produce pain, because she
has had a bad experience with regional lidocaine injections. What
can be recommended to reduce the pain associated with lidocaine
infiltration?

Lidocaine injection is quite acidic and can produce local
irritation and pain during the infiltration procedure before the
anesthetic effect takes place. Because this is a common com-
plaint, C.T.’s concerns should be taken seriously. A simple
solution is to neutralize the lidocaine injection solution by
adding 1 mL of 1 mEq/mL sodium bicarbonate to 9 mL of
1% to 2% lidocaine before injecting C.T.238,239 Because lido-
caine is stable over a wide range of pH values, the bicarbonate
will not reduce its efficacy of local anesthetic blockade. This
technique should not be used with other local anesthetics, how-
ever, because they may be subject to rapid degradation by basic
agents.

TOPICAL ANESTHETICS AND ANALGESICS

73. J.G., a 6-year-old boy, is being treated for osteomyelitis of
his foot as a result of a skate boarding accident. Because of the
need for long-term antibiotic therapy, he requires occasional IV
access replacement. He is very fearful of the procedure because
of the associated pain. What can be offered to J.G. to reduce his
discomfort?

Insertion of a venous catheter often produces significant dis-
comfort and pain, but there is no reason C.T. has to endure it.
Topical lidocaine–prilocaine cream (EMLA) can provide good
pain relief during catheter insertion for minor surgical proce-
dures such as circumcision and skin grafts.240,241 The cream
must be applied 30 to 60 minutes before the procedure with an
occlusive dressing; the anesthetic effect lasts approximately 60
to 120 minutes.242 A smaller-gauge catheter also may reduce
the amount of pain associated with the venipuncture.243
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The operating room (OR) is one of the most medication-
intensive settings in a hospital. During the perioperative period
(broadly defined as the preoperative, intraoperative, and post-
operative periods), a patient may receive many medications.
Most of these medications are used primarily in the OR setting
and have limited application elsewhere in the institution. For
other medications, their use in the OR may differ from that

seen in other patient care areas. The OR is unique in that a
significant number of the medications are administered as sin-
gle doses by the anesthesia care provider (e.g., physician, nurse
anesthetist). To ensure continuity of care of the surgical patient,
health care providers from all settings (e.g., acute care, home
health care, extended care) should have a basic understanding
of perioperative drug therapy.
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This chapter reviews seven major classes of medications
used during the perioperative period: preoperative medica-
tions, intravenous (IV) anesthetic agents, volatile inhala-
tion agents, neuromuscular blocking agents, local anesthetics,
antiemetic agents, and analgesic agents. The clinical use of
cardioplegia solution is also presented. The chapter concludes
with a presentation of economic considerations associated with
the use of anesthesia-related medications.

PREOPERATIVE MEDICATIONS
Administration of preoperative medications (premedicants) to
patients can be thought of as the start of their operative course.
Many different medications are used preoperatively and can be
grouped into the following classes: benzodiazepines, opioids,
anticholinergics, dissociative anesthetics, gastric motility stim-
ulants, H2-receptor antagonists, antacids, and α-2 agonists.

A key point concerning preoperative medication is that not
all patients will require premedicants. A preoperative evalua-
tion by the anesthesia provider ensures that the patient is med-
ically prepared for surgery (e.g., pre-existing medical condi-
tions such as diabetes, hypertension, or asthma are controlled
or stabilized), allows the provider to discuss the most appro-
priate anesthetic and postoperative pain management options
with the patient, and helps reassure and educate the patient.
Preoperative assessment by an anesthesia provider is an im-
portant component of the patient’s preparation for surgery.
Patients should be assessed individually regarding their need
for pharmacologic premedication. If required, premedicants
should be selected based on patient-specific needs. Adminis-
tration of a standard preoperative regimen to all patients should
be avoided. Furthermore, the anesthesia provider and the sur-
geon must determine whether the patient should take his or
her regularly scheduled medications the morning of surgery.
These medications are often necessary to maintain the patient’s
physiological condition. The decision to continue or withhold
chronic medications before surgery depends on the surgical
procedure (e.g., major vs. minor), the patient’s current med-
ical condition, the pharmacological effect of the medication,
and the potential for drug interactions with anesthetics. Med-
ications that cause bleeding, excessive hemodynamic effects,
or withdrawal symptoms are the most problematic. Antihyper-
tensives, bronchodilators, tricyclic antidepressants, selective
serotonin reuptake inhibitors, corticosteroids, thyroid prepa-
rations, anxiolytics, and anticonvulsants are generally contin-
ued up to, and including, the morning of surgery. Alterna-
tively, medications that increase the risk for bleeding (e.g.,
aspirin, nonsteroidal anti-inflammatory drugs [NSAIDs], war-
farin, clopidogrel) may need to be discontinued up to 7 days
or more before surgery. Finally, patients with suppression of
the pituitary-adrenal axis (e.g., patients currently or recently
taking corticosteroids) may not be able to respond to surgical
stress. Hydrocortisone can be administered intravenously be-
fore surgery, with subsequent doses dependent on the estimated
amount of surgical stress and the need for supraphysiological
steroid replacement in the postoperative period.

Goals of Premedication
A major goal of premedication is to decrease the patient’s fear
and anxiety about his or her upcoming surgery. In addition to

reducing anxiety, premedication is used for a variety of other
reasons. Medications can be used before surgery to produce se-
dation, provide analgesia, produce amnesia, facilitate a smooth
anesthetic induction, reduce anesthetic requirements, prevent
autonomic responses resulting in intraoperative hemodynamic
stability, decrease salivation and secretions, reduce gastric fluid
volume, and/or increase gastric pH. Table 9-1 lists medica-
tions commonly used preoperatively and their major indica-
tions, routes of administration, and dosages.1−5 Midazolam is
by far the most commonly used premedicant.

Selection Criteria
Factors to consider when selecting a preoperative drug for a
patient include his or her American Society of Anesthesiolo-
gists (ASA) physical status class, medical conditions, degree
of anxiety, age, surgical procedure to be performed, length of
procedure, postoperative admission status (e.g., inpatient vs.
outpatient), drug allergies, previous experience with medica-
tions, and concurrent drug therapy. The ASA physical status
classification system classifies patients as I through V. ASA-I
patients are healthy with little medical risk, whereas ASA-V
patients have little chance of survival. Severe systemic dis-
orders (e.g., uncontrolled diabetes mellitus, coronary artery
disease) are present in ASA-III through ASA-V patients. Se-
lection of preoperative medications in this group of patients
will be more difficult. These patients generally have limited
physiological reserve; thus, administration of a cardiovascular
depressant agent, for example, can be harmful. Furthermore,
these patients will be taking a significant number of medi-
cations; hence, chances for drug interactions are increased.
The patient’s other medical conditions are important to con-
sider to prevent the administration of contraindicated medica-
tions. For example, the benzodiazepines are contraindicated in
pregnancy.3 A patient’s age will play a role in the response seen
with premedicant administration. The elderly are often more
sensitive to preoperative opioids and benzodiazepines, as well
as to the central nervous system (CNS) effects of anticholin-
ergic agents.6

Familiarity with the surgery to be performed will aid in
selecting appropriate premedicants. In surgical cases in which
painful procedures (e.g., vascular cannulation, peripheral nerve
block) will be performed on the patient, an analgesic premed-
icant may be warranted. The length and type of the procedure
is important to consider when selecting premedicants. For ex-
ample, a patient undergoing emergency surgery who has not
fasted is often administered a nonparticulate antacid because
he or she is at risk for aspiration of gastric contents.1 Like-
wise, in short duration, outpatient surgery, agents with a long
duration of action should be avoided because residual effects
can prolong discharge time. Some drugs should not be admin-
istered to patients because of drug allergies; however, genuine
allergies must be differentiated from adverse effects. For exam-
ple, patients often state allergies to opioids after having experi-
enced nausea and vomiting, which are common adverse effects
of these drugs. A patient’s previous experience with premedi-
cants can assist in agent selection. If a medication has caused
trouble in the past, it should be avoided. Finally, it is important
to review the patient’s current drug therapy before selecting an
agent to prevent potentially harmful drug interactions.
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Table 9-1 Indications, Routes of Administration, and Doses of Preoperative Agentsa

Routes of
Agent Indications Administration Dosesb

Benzodiazepines
Diazepam (Valium) Anxiolysis, amnesia, sedation PO Adults: 5–10 mg
Lorazepam (Ativan) Anxiolysis, amnesia, sedation PO 0.025–0.05 mg/kg (range, 1–4 mg for adults)

IV Adults: 0.025–0.04 mg/kg; pediatrics:
0.01–0.03 mg/kg (titrate dose; max: 2 mg)

Midazolam (Versed) Anxiolysis, amnesia, sedation PO Adults: 20 mg; pediatrics: 0.5–0.75 mg/kg
(max: 20 mg)

IM Adults: 0.07–0.08 mg/kg (max: 10 mg);
pediatrics: 0.1–0.15 mg/kg (max: 10 mg)

IV Adults: 1–2.5 mg (titrate dose); pediatrics:
0.025–0.05 mg/kg (titrate dose)

IN Pediatrics: 0.2 mg/kg (max: 15 mg)

Opioids
Morphine Analgesia, sedation IM Adults: 2–4 mg; pediatrics: 0.02–0.05 mg/kg

IV Titrate dose
Fentanyl (Sublimaze) Analgesia, sedation IV Adults: 25–100 mcg (titrate dose); pediatrics:

0.05–2 mcg/kg

Anticholinergics
Atropine (A) Antisialagogue (S > G > A),

sedation (S > A > G)
IM/IV Adults: 0.4–0.6 mg; pediatrics: 0.02 mg/kg IM,

0.01 mg/kg IV (max: 0.4 mg)
Scopolamine (S) Sedation, amnesia, antisialagogue IM/IV Adults: 0.2–0.4 mg; pediatrics: 0.02 mg/kg IM,

0.01 mg/kg IV (max: 0.4 mg)
Glycopyrrolate (G) (Robinul) Antisialagogue IM/IV Adults: 0.2–0.3 mg; pediatrics: 0.005–0.01

mg/kg (max: 0.3 mg)

Dissociative Anesthetics
Ketamine (Ketalar)c Sedation, amnesia, analgesia PO Pediatrics: 3–6 mg/kg

IM Adults: 3–4 mg/kg; pediatrics: 2–4 mg/kg
IV Adults: 0.5–1 mg/kg

Gastric Motility Stimulants
Metoclopramide (Reglan) Reduce gastric volume, antiemetic PO Adults: 10 mg; pediatrics: 0.15 mg/kg

IV Adults: 0.1–0.2 mg/kg (10–20 mg); pediatrics:
0.1–0.15 mg/kg

H2-Receptor Antagonists
Cimetidine (Tagamet) ↑ Gastric pH PO Adults: 300 mg; pediatrics: 7.5 mg/kg

IV Adults: 300 mg; pediatrics: 7.5 mg/kg
Ranitidine (Zantac) ↑ Gastric pH PO Adults: 150 mg; pediatrics: 2 mg/kg

IV Adults: 50 mg; pediatrics: 0.5–1 mg/kg
Famotidine (Pepcid) ↑ Gastric pH PO Adults: 40 mg; pediatrics: 0.5 mg/kg

IV Adults: 20 mg; pediatrics: 0.25 mg/kg
Nizatidine (Axid) ↑ Gastric pH PO Adults: 150 mg

Nonparticulate Antacids
Sodium citrate/citric acid

(Bicitra)
↑ Gastric pH PO Adults: 30 mL

α-2 Agonists
Clonidine (Catapres) Anxiolysis, potentiate action of

anesthetic agents, sedation,
analgesia

PO Adults: 0.2 mg; pediatrics: 0.002–0.004 mg/kg
(max: 0.2 mg)

aGeneral dosage guidelines; doses must be individualized based on patient-specific parameters.
bDoses listed are for agents when used as sole premedicant; doses may need to be reduced if premedicants are administered in combination (e.g., opioids, benzodiazepines).
cThe duration and depth of sedation from ketamine is determined by the dose and route of administration. Low dosages (0.025−0.075 mg/kg IV or 2−3 mg/kg IM) should produce
light sedation for a short period. Higher dosages will produce deep sedation to the point of general anesthesia. In addition, airway reflexes are depressed, increasing the patient’s
risk for aspiration. An anesthesia care provider should be present, and resuscitative/suction equipment should be readily available.
IM, intramuscular; IN, intranasal; IV, intravenous; PO, oral.
Adapted from references 1−5.
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Timing and Routes of Administration
The timing and route of administration is almost as impor-
tant as the choice of the agent. For optimal results, the agent’s
peak effects should occur before the patient arrives in the OR
suite. This will require the agent to be administered at varying
times before surgery, depending on the route of administra-
tion. Preoperative agents are administered by several routes:
IV, intramuscular (IM), oral (PO), and intranasal (IN). As a
general rule, agents administered by the IV route produce the
fastest onset of action and are often given after the patient
arrives in the OR, whereas medications administered via the
IM route are usually administered 30 to 60 minutes before the
patient arrives in the OR. If possible, the IM route should be
avoided because it is painful and undesirable for the patient.
Onset of peak effect is the slowest with PO administration of
agents, which should be administered 60 to 90 minutes before
the patient’s scheduled arrival in the OR.1

Drug Interactions
Preoperative medications can interact with one another, as well
as with drugs the patient is receiving currently or will receive
in the OR. These drug interactions can be advantageous and
intentionally produced, or they can be problematic. For exam-
ple, patients must be closely monitored when they concurrently
receive a benzodiazepine and an opioid for premedication due
to synergistic respiratory and cardiovascular adverse effects.1

The α-2 agonists, however, can reduce the requirements for
inhalational anesthetics and opioids.4

Administration of a Premedicant

1. K.J., a 21-year-old man, is scheduled to undergo a laparo-
scopic hernia repair on an outpatient basis under general anes-
thesia. This is the first time K.J. has undergone surgery, and he
is highly anxious in the preoperative area. Should K.J. receive
premedication, and, if so, what medication(s) should be adminis-
tered?

The administration of a preoperative sedative to a patient un-
dergoing outpatient surgery was formerly controversial; how-
ever, with midazolam, the delayed recovery and discharge that
had been associated with agents used in the past (e.g., lor-
azepam, triazolam, temazepam) is less of a concern. Mid-
azolam should be titrated to the desired effect (in increments
of 0.5−1 mg IV), with the average adult generally requiring
2 mg IV. Elderly patients who receive as little as 0.5 mg mid-
azolam intravenously can experience decreased oxygen sat-
uration in the preoperative period and longer recovery time
in the postanesthesia care unit (PACU) following short du-
ration surgery.7 Midazolam premedication produces sedation
and provides anterograde amnesia and anxiolysis,7,8 which can
be problematic if these effects continue into the postoperative
period when outpatients are provided with discharge instruc-
tions. In children, premedication with oral midazolam can re-
duce both the child’s and the parents’ anxiety during the preop-
erative period,8 the likelihood of a child’s distress at induction
of anesthesia,9 and the manifestation of negative behavioral
changes in the child during the first 7 postoperative days.10

The use of oral midazolam premedication in children who are

undergoing outpatient surgery, however, can delay discharge.9

Therefore, nonpharmacologic approaches to reduce anxiety
must be optimized. If explanation of upcoming events and reas-
surance by the anesthesia provider has not sufficiently allayed
K.J.’s anxiety, small titrated doses of IV midazolam can be
administered.

Aspiration Pneumonitis Prophylaxis
Definition
Aspiration pneumonitis, although uncommon, is a potentially
fatal condition that occurs as a result of regurgitation and
aspiration of gastric contents. Aspiration of undigested or
semidigested gastric contents into the respiratory tract can
cause obstruction and an inflammatory response. Acute chem-
ical pneumonitis and subsequent acute lung injury (aspira-
tion pneumonitis) can result from aspiration of acidic gastric
secretions.11 Aspiration of gastric contents is also an impor-
tant risk factor for the development of adult respiratory distress
syndrome (ARDS).12 Historically, a gastric pH of <2.5 and a
gastric volume >25 mL (0.4 mL/kg) have been accepted as
the cutoff values that place the patient at greater risk for se-
vere pneumonitis should aspiration occur. However, in clinical
practice, the values commonly used are a gastric pH <3.5 and
gastric volume >50 mL, with pH appearing to be a greater
determinant of morbidity than volume.13

Risk Factors
Patients at greatest risk for regurgitation and aspiration in-
clude those with increased gastric acid, elevated intragastric
pressure, gastric or intestinal hypomotility, digestive structural
disorders, neuromuscular incoordination, and depressed sen-
sorium. These can include pregnant patients, obese patients,
and trauma patients, as well as patients with a hiatal hernia,
gastroesophageal reflux, esophageal motility disorders, or pep-
tic ulcer disease.14 Diabetic patients with reflux symptoms or
poor glucose control may also benefit from pharmacologic
prophylaxis.15 In addition to having delayed gastric empty-
ing, obese patients will often present with increased abdomi-
nal pressure and an abnormal airway; both factors predispose
these individuals to aspiration. Hormonal changes in pregnant
patients account for delayed gastric emptying and relaxation of
the lower esophageal sphincter. An increase in intra-abdominal
pressure is also seen in pregnant patients. Labor can increase
gastrin levels, increasing gastric volume and acidity as well
as delaying gastric emptying. Patients undergoing emergency
surgery frequently have full stomachs because they have not
had time to fast appropriately.

Rapid sequence induction, effective application of cricoid
pressure, maintaining a patent upper airway, avoiding inflation
of the stomach with anesthetic gases, inserting a large-bore
gastric tube once the airway has been secured, as well as the
use of regional anesthesia when possible, are probably the most
important measures the anesthesia provider can take to reduce
the patient’s risk of aspiration.16,17 Administration of pharma-
cologic aspiration prophylaxis is not cost effective and does not
reduce morbidity or mortality in healthy patients undergoing
elective surgery. Administration of pharmacologic aspiration
prophylaxis should, however, be considered to prevent morbid-
ity (e.g., ARDS) in patients at risk for aspiration.
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Medications
Many medications (e.g., antacids, gastric motility stimulants,
H2-receptor antagonists) can reduce the risk of pneumonitis if
aspiration occurs. These drugs, with the possible exception of
metoclopramide, are relatively free of adverse effects and have
a favorable risk−benefit profile.

ANTACIDS
Antacids, effective in raising gastric pH to >3.5,1 should be

given as a single dose (30 mL) approximately 15 to 30 minutes
before induction of anesthesia. Nonparticulate antacids (e.g.,
sodium citrate/citric acid [Bicitra]) are the agents of choice be-
cause the suspension particles in particulate antacids can act as
foci for an inflammatory reaction if aspirated and increase the
risk of pulmonary damage.18 Antacids have two major advan-
tages when used for aspiration pneumonitis prophylaxis; there
is no “lag time” for onset of activity, and antacids are effective
on the fluid already in the stomach. Their major disadvan-
tages are (a) a short-acting buffering effect that is not likely to
last as long as the surgical procedure (sodium citrate must be
administered no more than 1 hour before induction of anesthe-
sia, with its duration possibly dependent on gastric emptying);
(b) the potential for emesis (due to their lack of palatability);
(c) the possibility of incomplete mixing in the stomach; and
(d) their administration adds fluid volume to the stomach.19,20

GASTRIC MOTILITY STIMULANTS
The gastric motility stimulant, metoclopramide (Reglan),

has no effect on gastric pH or acid secretion. This agent reduces
gastric volume in predisposed patients (e.g., parturients, obese
patients) by promoting gastric emptying. Preoperative meto-
clopramide increases lower esophageal sphincter pressure and
reduces gastric volume.3,21 Metoclopramide should be admin-
istered 60 minutes before induction of anesthesia when given
orally. When given by the IV route, metoclopramide should be
administered 15 to 30 minutes before induction of anesthesia.
The effects of metoclopramide on gastric emptying have been
variable, especially when used with other agents. For example,
the concomitant administration of anticholinergics (e.g., gly-
copyrrolate, atropine), or prior administration of opioids, can
reduce lower esophageal sphincter pressure, which can offset
the effects of metoclopramide on the upper gastrointestinal
(GI) tract.22

H2-RECEPTOR ANTAGONISTS
H2-receptor antagonists reduce gastric acidity and volume

by decreasing gastric acid secretion. Unlike antacids, the H2-
receptor antagonists do not produce immediate effects. Onset
time for these agents when administered orally is 1 to 3 hours;
good effects will be seen in 30 to 60 minutes when adminis-
tered intravenously.3 Oral doses of the H2-receptor antagonists
should not be crushed and given via a nasogastric tube at the
time of surgery. As already mentioned, onset of action is not
immediate. Furthermore, administration of tablets introduces
particulate matter into the stomach, which can be detrimental if
aspirated. Duration of action of H2-receptor antagonists is also
important because the risk of aspiration pneumonitis extends
through emergence from anesthesia. After IV administration,
the cimetidine (Tagamet) dose should be repeated in 6 hours
if necessary, whereas therapeutic concentrations of ranitidine
(Zantac) and famotidine (Pepcid) persist for 8 and 12 hours,

respectively.3 Although cimetidine is associated with more ad-
verse reactions than famotidine or ranitidine, this is probably
not clinically significant because only one or two doses of the
agent are given.1

PROTON-PUMP INHIBITORS
Proton-pump inhibitors (PPIs) (omeprazole, rabeprazole,

lansoprazole, esomeprazole, and pantoprazole) act at the fi-
nal site of gastric acid secretion, making these agents very
effective in suppressing acid secretion. When the effects of
preoperative IV pantoprazole on gastric pH and volume were
compared with IV ranitidine and placebo, both pantoprazole
and ranitidine significantly reduced the volume and increased
the pH of gastric contents when compared to placebo (saline).
There was no difference, however, between the pantoprazole
and ranitidine groups.23 Therefore, there appears to be no need
to use the more expensive PPIs in patients at risk for pulmonary
aspiration.

Choice of Agent

2. D.W., a 5′4′′, 95-kg, 38-year-old woman, ASA-II, is sched-
uled to undergo a laparoscopic cholecystectomy under general
anesthesia. D.W. has type 2 diabetes. Physical examination is nor-
mal except for an abnormal airway, which is anticipated to compli-
cate intubation. Her medications include glipizide and an antacid
for dyspepsia. The procedure is scheduled as a same-day surgery.
What factors predispose D.W. to aspiration, and what premedi-
cation, if any, should D.W. receive for aspiration prophylaxis?

D.W. has several factors that place her at risk for aspiration.
She is obese with an abnormal airway. She also has diabetes and
reports symptoms of dyspepsia that are relieved by antacids.
These conditions will predispose D.W. to increased abdominal
pressure, delayed gastric emptying, and increased risk of regur-
gitation. Her abnormal airway may delay intubation, increasing
the amount of time D.W. is susceptible to aspiration. Therefore,
aspiration prophylaxis with medications that buffer gastric acid
and reduce gastric volume is prudent for D.W. Because D.W.’s
surgery is scheduled as a same-day surgery, D.W. will arrive at
the hospital or surgical center approximately 90 minutes before
the start of surgery. Although oral agents, in general, are less ex-
pensive than their parenteral counterparts, cimetidine 300 mg
(Tagamet), famotidine 40 mg (Pepcid), or ranitidine 150 mg
(Zantac) should be administered approximately 1 to 2 hours
before induction of anesthesia to effectively decrease gastric
acidity. Hence, due to time constraints, cimetidine 300 mg,
famotidine 20 mg, or ranitidine 50 mg should be administered
intravenously 30 to 60 minutes before induction of anesthesia
in D.W. A nonparticulate antacid such as sodium citrate/citric
acid solution (Bicitra) 30 mL PO can be administered to D.W.
immediately before entering the OR rather than, or in addition
to, an H2-receptor antagonist.

3. C.T., a 28-year-old woman, ASA-I, is admitted for an emer-
gency cesarean section under general anesthesia. She is otherwise
healthy and currently taking no medications. Why is C.T. sus-
ceptible to aspiration pneumonitis, and what preoperative med-
ications would be appropriate to help prevent this adverse event
from occurring in her?

C.T. is at an increased risk for aspiration and the possible
development of pneumonitis because she is pregnant and about
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to undergo emergency surgery. In the obstetric patient, preop-
erative administration of the nonparticulate antacid, sodium
citrate, or a H2-receptor antagonist can effectively reduce gas-
tric acidity. Furthermore, the administration of a nonparticulate
antacid before C-section can reduce maternal complications.
Metoclopramide, however, can reduce peripartum nausea and
vomiting. Therefore, an appropriate regimen for C.T. would in-
clude both sodium citrate/citric acid solution (Bicitra) 30 mL
PO and metoclopramide 10 mg IV. Famotidine (or another H2-
receptor antagonist) can be given instead of, or in addition to,
the sodium citrate/citric acid solution. There is not sufficient
time to administer famotidine and metoclopramide orally be-
cause of their slower onsets of action when administered by
this route. Sodium citrate/citric acid solution provides immedi-
ate protection by raising gastric pH, metoclopramide will help
reduce the increased gastric volume commonly seen in preg-
nant patients, and famotidine will provide sustained coverage
throughout the surgery. These agents have not been shown to
have detrimental effects on the fetus.24

INTRAVENOUS ANESTHETIC AGENTS
General Anesthesia
General anesthesia is a state of drug-induced unconsciousness.
Other components of general anesthesia include amnesia, anal-
gesia, immobility, and attenuation of autonomic responses to
noxious stimuli.25 Drugs used to induce general anesthesia
should produce unconsciousness rapidly and smoothly while
minimizing any cardiovascular changes. Table 9-2 lists addi-
tional desirable, as well as undesirable, characteristics of an
IV induction agent. Although currently available IV induc-
tion agents possess many of the desirable characteristics, no
agent is free of the undesirable effects. An IV induction agent
is commonly administered for initiation of general anesthe-
sia. Drugs commonly used for IV induction include ultrashort-
acting barbiturates (thiopental, methohexital), etomidate, and
propofol. The synthetic opioids (fentanyl, sufentanil, alfen-
tanil, and remifentanil), benzodiazepines (primarily midazo-
lam), and ketamine are less frequently used. Propofol can also
be used to maintain general anesthesia, as drugs that do not ac-
cumulate during repeat or continuous dosing are ideal choices
for maintenance therapy. When used at dosages lower than
those necessary for unconsciousness, some of the IV anes-

Table 9-2 Characteristics of an Intravenous Induction Agent

Desirable Characteristics Undesirable Characteristics

Water soluble Histamine release
Stable in solution Hypersensitivity reaction
Small volume required for dose Local toxicity at injection site
Rapid, smooth onset of action Pain on injection
Predictable effect
High therapeutic index
Analgesic
Amnestic
Short duration to awakening
Rapid full recovery
Availability of reversal agent

Adverse central nervous
system effects

Adverse cardiovascular
effects

Active metabolites

Table 9-3 Common Clinical Uses of IV Anesthetic Agents

Etomidate (Amidate) Midazolam (Versed)
IV induction Anxiolysis
Ketamine (Ketalar)a Amnesia
Analgesia Sedation
Sedation Propofol (Diprivan)a

IV induction Sedation
IM induction IV induction
Methohexital (Brevital)a Maintenance of general anesthesia
IV induction Thiopental
Sedation IV induction

aDose-dependent effects; sedation at lower doses, anesthesia at higher doses.
IV, intravenous; IM, intramuscular.

thetic agents can be used to produce sedation for monitored
anesthesia care or regional anesthesia, as well as in the medi-
cal procedure units and intensive care units (ICUs). Table 9-3
lists common clinical uses for IV anesthetic agents.

Mechanisms of Action
Most IV anesthetic agents produce CNS depression by action
on the γ -aminobutyric acid (GABA) benzodiazepine chloride
ion channel receptor. GABA is the principal inhibitory neu-
rotransmitter in the CNS. The barbiturates bind to a recep-
tor site on the GABA-receptor complex, reducing the rate of
dissociation of GABA from its receptor. This results in in-
creased chloride conductance through the ion channel, nerve
cell hyperpolarization, and inhibition of nerve impulse trans-
mission. Barbiturates can directly activate the chloride chan-
nels by mimicking the action of GABA. Benzodiazepines also
bind to this GABA-receptor complex and their subsequent po-
tentiation of the inhibitory action of GABA is well described.
At large doses, most of the benzodiazepine receptors will be oc-
cupied, and hypnosis (unconsciousness) will occur. The site of
action of etomidate (Amidate) and propofol (Diprivan) is also
at the GABA receptor, with etomidate augmenting GABA-
gated chloride currents and propofol enhancing the activity of
the GABA-activated chloride channel. Ketamine (Ketalar) acts
at a different site than other induction agents. It produces disso-
ciation between the cortex and the thalamus within the limbic
system, resulting in a dissociative state; that is, the patient
appears to be detached from his or her surroundings. Unlike
anesthesia produced by other agents (e.g., propofol for induc-
tion followed by sevoflurane/nitrous oxide/oxygen for mainte-
nance) where the patient’s eyes are closed resembling normal
sleep, a ketamine-anesthetized patient’s eyes are often open
and move from side to side. Ketamine also produces analgesia
and amnesia in patients.26

Pharmacokinetics
The onset and duration of effect are the most important phar-
macokinetic properties of IV anesthetic agents when used for
induction of anesthesia. In general, the commonly used IV in-
duction agents have a rapid onset of action and short clinical
duration, with the short clinical duration resulting from redis-
tribution of the drug from the brain to other tissue sites (e.g.,
muscle, fat). Using the barbiturates as an example, thiopental
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Table 9-4 Pharmacokinetic Comparison of Common Intravenous Anesthetic Agents

Drug Half-Life (hours) Onset (seconds) Clinical Duration (minutes)a Hangover Effect b

Etomidate (Amidate) 2–5 ≤30 3–12 +
Ketamine (Ketalar) 1–3 30–60 10–20 ++ – +++c

Methohexital (Brevital) 4 ≤30 5–10 +
Midazolam (Versed) 1–4 30–90 10–20 +++d

Propofol (Diprivan) 0.5–7 ≤45 5–10 0 – +
Thiopental (Pentothal) 11 ≤30 5–10 ++
aTime from injection of agent to return to conscious state.
bResidual psychomotor impairment after awakening.
cWhen ketamine is administered as the induction agent (e.g., 5–10 mg/kg IM).
d When midazolam is administered as the induction agent (e.g., 0.15 mg/kg IV).
Adapted from references 26–28.

and methohexital undergo maximal brain uptake within 30 sec-
onds of injection as a result of their high lipophilicity and high
rate of blood flow to the brain. This is followed by a decline
over the next 5 minutes to half of the initial peak brain concen-
tration, predominately through drug redistribution. As a result,
patients awaken in <10 minutes after a single induction dose
of thiopental, despite a half-life of approximately 11 hours. Be-
cause cumulative effects can be seen after repeat or continuous
dosing of barbiturates due to fat deposition and storage, these
drugs make poor choices for maintenance of general anesthe-
sia. The degree to which metabolism plays a role in the clinical
duration of IV induction agents is variable; rapid metabolism
can be a significant factor in the relatively shorter duration to
full recovery of propofol.26 Table 9-4 compares the pharma-
cokinetic properties of IV anesthetic agents.26−28

Adverse and Beneficial Effects
IV anesthetic agents can produce a variety of adverse and ben-
eficial effects other than loss of consciousness (e.g., cardiovas-
cular depression or stimulation, pain on injection, nausea and
vomiting, respiratory depression or stimulation, CNS cerebro-
protection or excitation, adrenocorticoid suppression). Table
9-5 compares the relative significance of these effects among
available agents.26−28 The most troublesome are usually car-
diovascular effects or CNS excitation reactions. Contribution

to postoperative nausea and vomiting (PONV) and “hangover”
can be significant and may delay full recovery and patient dis-
charge from the PACU. This is of particular concern in the am-
bulatory surgery setting because the patient will be discharged
home. CNS effects can include hiccups, myoclonus, seizure ac-
tivity, euphoria, hallucinations, and emergence delirium. The
cerebroprotective effect produced by barbiturates, etomidate,
and propofol results from a reduction in cerebral blood flow
secondary to cerebral vasoconstriction. As a result, cerebral
metabolic rate, cerebral blood flow, and intracranial pressure
are reduced.26−28 This effect is useful if these drugs are avail-
able in therapeutic concentrations at a time of potential cerebral
ischemia. Thiopental, for example, has been given during deep
hypothermic circulatory arrest to minimize the possibility of
ischemic events.

Agent Selection
The selection of an IV anesthetic agent should be determined
based on patient characteristics, circumstances associated with
surgery, and cost. Patient characteristics may include history
of PONV, allergy profile, psychiatric history, or cardiovascular
status. Circumstances associated with surgery that could in-
fluence the choice of IV anesthetic include the postoperative
admission status (inpatient vs. outpatient), placement of an IV
line, duration of surgery, and extubation status at the end of

Table 9-5 Adverse Effects and Costs of Intravenous Induction Agents

Etomidate Ketamine Methohexital Midazolam Propofol Thiopental
Adverse Effect (Amidate) (Ketalar) (Brevital) (Versed) (Diprivan) (Pentothal)

Adrenocorticoid suppression +a – – – – –
Cerebral protection + – + + + +
Cardiovascular depression – – ++ + ++ ++
Emergence delirium or euphoria – ++ – – + –
Myoclonus +++ + ++ – + +
Nausea/vomiting +++ ++ ++ + – ++
Pain on injection ++ – + – ++ +
Respiratory depression ++ – ++ +/++ ++ ++
Relative cost ++ ++ +++ + + +++
aNot shown to be clinically significant in single dose.
+ to ++++, likelihood of adverse effect relative to other agents (or increasing cost for cost comparison); –, no effect.
Adapted from references 26–28.
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the procedure. The cost of induction agents varies, with older
agents (e.g., thiopental, methohexital) priced higher per single
induction dose than newer agents (e.g., etomidate, propofol).

Propofol Use in Ambulatory Surgery: Antiemetic Effect
and Full Recovery Characteristics

4. K.T., a 19-year-old girl, ASA-I, is admitted to the ambula-
tory surgery center for strabismus surgery to correct misalign-
ment of her extraocular muscles. She is otherwise healthy, and
all laboratory values obtained before surgery are within normal
limits. The duration of K.T.’s surgery is anticipated to be approx-
imately 90 minutes. Which IV induction agent should be used?

Propofol (Diprivan) is a good choice here for several rea-
sons. Strabismus surgery is considered highly emetogenic be-
cause operative manipulation of extraocular muscles triggers
the release of dopamine, serotonin, and acetylcholine (Ach) in
the chemoreceptor trigger zone (CTZ) through the oculoemetic
reflex.29 Therefore, precautions should be taken to reduce the
possibility of nausea and vomiting postoperatively. Propofol
produces the lowest incidence of PONV when compared with
other IV induction agents and the volatile inhalation agents; it
has even been associated with a direct antiemetic effect.30 This
effect does not preclude the need for prophylactic antiemetic
therapy, but may contribute to the avoidance of emesis in K.T.
Furthermore, ambulatory surgery demands rapid, full recovery
from general anesthesia. Propofol, etomidate, and methohexi-
tal produce less of a hangover than other IV induction agents.
Propofol, in particular, is associated with a more rapid recov-
ery of psychomotor function and a patient-perceived superior
quality of recovery.28 Propofol also offers advantages for main-
tenance of anesthesia in this case, and it does not accumulate
when administered as a continuous infusion.

Etomidate Use in Cardiovascular Disease

5. L.M., a 73-year-old man, ASA-IV, is in need of repair of
an abdominal aortic aneurysm. During a preoperative evaluation
a few days before surgery, his blood pressure (BP) was 160/102
mmHg, and his medical records revealed hypertension that was
poorly controlled by hydrochlorothiazide 25 mg daily and meto-
prolol XL (Toprol) 100 mg daily. He also has angina that occasion-
ally requires treatment with SL nitroglycerin. An exercise stress
test showed electrocardiogram changes at a moderate exercise
load. Two days before the elective aneurysm repair was sched-
uled, L.M. presented to the emergency department (ED) with a
4-hour history of severe back pain. His surgeon believes that there
is a high likelihood that the aneurysm is leaking or expanding and
schedules surgery immediately. What is the best plan for L.M.’s
anesthetic induction and maintenance?

L.M. has significant cardiovascular disease, and care should
be taken to minimize any cardiovascular depression, tachycar-
dia, or hypertension during induction and maintenance of anes-
thesia. Of the currently available induction agents, etomidate
has the most stable cardiovascular profile28 and is associated
with minimal cardiovascular depression. Opioids generally
produce minimal cardiovascular effects and could potentially
be used for induction. Thiopental, propofol, and ketamine can

cause hemodynamic changes and are best avoided in L.M.
Etomidate would be an excellent choice for induction, followed
by isoflurane (with low-dose opioids) to maintain anesthesia.
Although opioid-based anesthetics provide cardiovascular sta-
bility, the doses required to maintain anesthesia can prolong
the duration of respiratory depression, which might necessitate
postoperative mechanical ventilation.

Methohexital for Electroconvulsive Therapy

6. T.B., a 33-year-old woman, ASA-I, will undergo an electro-
convulsive therapy (ECT) procedure for treatment of her severe,
medication-resistant depression. T.B. is scheduled to go home
within 1 to 2 hours after the procedure, which will be performed
under general anesthesia. What IV induction agent should be
used?

ECT procedures are an important method of treatment of
severe and medication-resistant depression, mania, and other
serious psychiatric conditions. During the ECT procedure, an
electrical current is applied to the brain, resulting in an elec-
troencephalographic (EEG) spike and wave activity, a general-
ized motor seizure, and acute cardiovascular response. For an
optimal therapeutic (antidepressant) response, T.B.’s seizure
activity should last from 25 to 50 seconds. General anesthesia
is administered to ensure amnesia, prevent bodily injury from
the seizure, and control the hemodynamic changes. When se-
lecting an IV induction agent, its effect on EEG seizure activ-
ity, its ability to blunt the hemodynamic response to ECT, and
its recovery profile (e.g., short time to discharge, nonemeto-
genic) are important considerations. Because most IV induc-
tion agents have anticonvulsant properties, small doses must be
used to allow adequate seizure duration. Methohexital is con-
sidered the gold standard. Propofol, in smaller doses, can also
be used. Combining a short-acting opioid such as remifentanil
with propofol will allow a small dose of propofol to be used
and the seizure duration to be prolonged. Although etomidate
does not adversely affect the seizure duration, the hemody-
namic response to ECT is accentuated because etomidate is
cardiovascularly stable and cannot blunt the cardiovascular re-
sponse to ECT. In addition, it can cause nausea and vomiting,
resulting in delayed recovery. Midazolam reduces seizure ac-
tivity, and ketamine increases the risk of delayed recovery by
producing nausea and ataxia.31,32 Therefore, methohexital, in
a dose of 0.75 to 1 mg/kg IV, can be administered because it
will not affect the seizure duration or prolong T.B.’s recovery
time. Alternatively, a small dose of propofol (0.75 mg/kg) and
remifentanil (up to 1 mcg/kg) are also appropriate.

Ketamine Use in Pediatrics

7. R.L., a 4-year-old boy, ASA-II, is scheduled for a painful
debridement and dressing change that is anticipated to take ap-
proximately 15 minutes. He is brought to the procedure room near
the OR along with his parents and is in distress over parting from
them. He currently has no IV line in place. How could sedation
and analgesia be provided to R.L.?

Ideally, analgesia should be provided without the need to
start an IV and, for children with a high level of separation
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anxiety, in the presence of a parent. Although ketamine can be
given intramuscularly, administration by this route is painful
and not optimal. However, it might be preferable to starting
an IV in R.L. for a short, painful procedure. At relatively low
doses (3 or 4 mg/kg IM), ketamine produces analgesia and
a compliant patient who is not heavily sedated. Intubation
is unnecessary because ketamine causes little or no respira-
tory depression. Ketamine, however, can produce a dissocia-
tive stare and nystagmus, random movements of the head and
extremities, and tonic/clonic movements. R.L.’s parents should
be informed about these potential effects. An anticholinergic
drug (e.g., glycopyrrolate) can be given along with ketamine
to counteract its sialagogue effect. Ketamine use has expanded
to EDs because of the quality of sedation and analgesia and
the short duration of action (<30 minutes) associated with this
drug. Appropriate guidelines for use of ketamine in this setting
should be followed.33

Delirium and hallucinations are unusual adverse effects
of ketamine that occur in 10% to 30% of patients on awak-
ening from anesthesia. Emergence reactions (e.g., dreaming,
illusions, sense of floating out of body) vary in severity;
occur within hours of awakening from anesthesia; and occur
more often in adults, females, frequent dreamers, patients
with personality disorders, and patients receiving high doses
of ketamine (>2 mg/kg) by rapid IV administration. These
reactions can be attenuated by prophylactic administration of
benzodiazepines.28,33 R.L. is at very low risk for an emergence
reaction based on age, gender, dose, and route of ketamine ad-
ministration; therefore, benzodiazepines are not needed in R.L.

VOLATILE INHALATION AGENTS
Currently, four volatile inhalation agents are available for use
in the United States: desflurane, sevoflurane, isoflurane, and
enflurane, with the latter being less commonly used in clinical
practice than the other three. The volatile inhalation agents are
unique in that they can produce all components of the anesthetic
state, to varying degrees (e.g., minimal, if any, analgesia). Im-
mobility to surgical stimuli and amnesia is postulated to be the
predominant effect produced by these agents. Unlike IV anes-
thetic agents, these drugs are administered into the lungs via
an anesthesia machine, and as a result, it is easy to increase or
decrease drug levels in the body. The anesthetist can estimate,
with the use of technology, the anesthetic partial pressure at
the site of action (brain); this helps the anesthetist maintain an
optimal depth of anesthesia.34

Although the volatile inhalation agents could, theoretically,
be used to produce general anesthesia by themselves, it is much
more common to use a combination of drugs intended to take
advantage of smaller doses of each drug while avoiding the
disadvantages of high doses of individual agents. This practice
is referred to as balanced anesthesia. For example, midazolam
is used routinely to produce sedation, anxiolysis, and amnesia,
whereas the administration of a barbiturate (e.g., thiopental)
or other IV anesthetic agent (e.g., propofol), followed by ad-
ministration of a neuromuscular blocking agent (e.g., succinyl-
choline), can induce rapid loss of consciousness and muscle
relaxation to facilitate endotracheal intubation. Volatile inhala-
tion agents provide maintenance of general anesthesia, along
with reflex suppression (e.g., lowering BP and heart rate) and

some muscle relaxation. Opioids (e.g., fentanyl) also can in-
duce reflex suppression, thereby lowering total anesthetic re-
quirements. Subsequent doses of a nondepolarizing neuromus-
cular blocking drug might be necessary to provide adequate
relaxation for surgery.

Uses
The volatile inhalation agents are primarily used in clinical
practice to maintain general anesthesia. Sevoflurane also can
be used to induce general anesthesia via a face mask because
of its low pungency. Desflurane and sevoflurane, because of
their low blood solubility, are ideally suited for maintenance
of general anesthesia in ambulatory surgery patients and for
inpatients when rapid wake-up is desired (e.g., neurosurgery
procedures).

Site/Mechanism of Action
The goal of inhalation anesthesia is to develop and maintain
a satisfactory (anesthetizing) partial pressure of anesthetic in
the brain, which is the site of anesthetic action.34 Although
the mechanism of action of the volatile inhalation agents is
not fully understood, these agents are believed to disrupt neu-
ronal transmission in discrete areas throughout the CNS by
either blocking excitatory, or enhancing inhibitory, transmis-
sion through synapses. Ion channels (especially GABA recep-
tors) are likely targets of volatile inhalation anesthetic agent
action.25

Anesthesia Machine and Circuit
A basic understanding of the anesthesia machine and circuit is
helpful to understanding many of the concepts associated with
the administration of volatile inhalation agents. Three parts
of the anesthesia machine are critically important for the ad-
ministration of volatile inhalation anesthetics. The flow meters
regulate the amount of nitrous oxide (an anesthetic gas), air,
and oxygen delivered to the patient. The vaporizers regulate the
concentration of volatile inhalation agent administered to the
patient, whereas the carbon dioxide absorber, which contains
either soda lime or Baralyme, removes carbon dioxide from
exhaled air. The first step in the administration of a volatile
inhalation agent to a patient is to begin the flow of background
gases. Flow is measured in liters per minute. A mixture of ni-
trous oxide and oxygen is commonly used. This gas mixture
flows to one of the vaporizers, where a portion of it enters the
vaporizer and “picks up” the anesthetic vapor of the volatile
inhalation agent. The concentration of volatile inhalation agent
delivered by the vaporizer is proportional to the amount of gas
mixture passing through it, which is regulated by adjusting the
vaporizer’s concentration dial. The gas and anesthetic vapor
mixture exits the vaporizer and continues through the anes-
thetic circuit, where it is ultimately delivered to the patient via
an endotracheal tube or face mask. The exhaled air from the
patient, which contains the volatile inhalation agent and carbon
dioxide, is returned to the circuit. If a semiclosed circle breath-
ing system is being used, rebreathing of the exhaled volatile
agent can occur if the fresh gas flow rate is low enough (e.g.,
≤2 L/minute).35
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Table 9-6 Pharmacologic and Pharmacokinetic Properties of the Volatile Inhalation Agents

Property/Effect Desflurane Sevoflurane Isoflurane Enflurane

MAC in O2 (adults) 6.0 1.71 1.15 1.7
Blood/gas partition coefficienta 0.42 0.69 1.46 1.91
Brain/blood partition coefficientb 1.29 1.7 1.6 1.4
Muscle/blood partition coefficientc 2.02 3.13 2.9 1.7
Fat/blood partition coefficientd 27.2 47.5 45 36
Metabolism 0.02% 3% 0.2% 2%
Molecular weight (g) 168 201 184.5 184.5
Liquid densitye 1.45 1.505 1.496 1.517

aThe greater the blood/gas partition coefficient, the greater the blood solubility.
bThe greater the brain/blood partition coefficient, the greater the brain solubility.
cThe greater the muscle/blood partition coefficient, the greater the muscle solubility.
d The greater the fat/blood partition coefficient, the greater the fat solubility.
eDensity determined at 25◦C for desflurane, isoflurane, and enflurane and at 20◦C for sevoflurane.
MAC, minimum alveolar concentration to prevent movement in 50% of subjects.
Adapted from reference 34.

Potency
Potency of the volatile inhalation agents is compared in terms
of minimum alveolar concentration (MAC). MAC is the alve-
olar concentration of anesthetic at one atmosphere that pre-
vents movement in 50% of subjects in response to a painful
stimulus (e.g., surgical skin incision).34 The lower an agent’s
MAC, the greater is the anesthetic potency. A value of 1.3
MAC is required to produce immobility in 95% of patients,
whereas 1.5 MAC is required to block the adrenergic response
to noxious stimuli.34 Furthermore, the inhalation agents are
additive in their effects on MAC; the addition of a second
agent reduces the required concentration of the first agent. For
example, when desflurane, isoflurane, and sevoflurane are ad-
ministered with 60% to 70% nitrous oxide, their MAC values
decrease from 6%, 1.15%, and 1.71% to 2.38%, 0.56%, and
0.66%, respectively.34 Of the volatile inhalation agents rou-
tinely used, isoflurane has the lowest MAC and desflurane the
highest (Table 9-6).34

Chemical Stability
Desflurane and isoflurane are very stable compounds and are
not broken down by the moist soda lime or Baralyme contained
in the carbon dioxide absorber of the anesthesia machine.
Sevoflurane degrades in the presence of carbon dioxide ab-
sorbent to multiple by-products, with compound A being most
important. In rats, compound A has caused nephrotoxicity,36

but no clinically significant changes in serum creatinine and
blood urea nitrogen (BUN) have been demonstrated in human
studies.37−39 The administration of sevoflurane at low flow
rates is one of the major factors that increases compound A
concentration. The U.S. Food and Drug Administration (FDA)
requires that the sevoflurane package insert contain a warning
that sevoflurane exposure should not exceed 2 MAC hours at
flow rates of 1 to <2 L/minute, and flow rates <1 L/minute
are not recommended. Nevertheless, even when low fresh gas
flows are used for long periods of time and exposure to com-
pound A was high, the levels of compound A are much less
than what is believed to be a toxic level.40

Unlike sevoflurane, desflurane, isoflurane, and enflurane
can react with dry carbon dioxide absorbent to produce carbon
monoxide.41 The water content of the absorbent is the major
factor leading to the production of carbon monoxide.42 When
these agents pass through dry absorbent, carbon monoxide is
produced. This situation is most commonly encountered on a
Monday morning in an anesthesia machine that has been idle
during the weekend and has had a continuous flow of fresh
gas through the absorbent. Carbon monoxide production can
be prevented by ensuring that only fully hydrated absorbent is
used.

The newer alkali hydroxide-free carbon dioxide absorbents
containing calcium hydroxide (vs. sodium or potassium hy-
droxide) make the chemical stability of volatile inhalation
agents in the absorbent not a clinical concern. In an in vitro
study of one of these absorbents (Amsorb), compound A
levels were no higher than those found in sevoflurane itself
when it was passed through this absorbent at a low flow rate
(1 L/minute). Likewise, carbon monoxide production was neg-
ligible when desflurane, isoflurane, or enflurane passed through
an anhydrous form of this absorbent.43

Pharmacokinetics
A series of anesthetic partial pressure gradients beginning at
the anesthesia machine serve to drive the volatile inhalation
agent across barriers to the brain. These gradients are as fol-
lows: anesthesia machine > delivered > inspired > alveolar
> arterial > brain. The alveolar partial pressure provides an
indirect measurement of the anesthetic partial pressure in the
brain because the alveolar, arterial, and brain partial pressures
rapidly equilibrate.34

Factors that influence the uptake and distribution of a
volatile inhalation agent include the inspired concentration of
the agent, alveolar ventilation, solubility of the agent in the
blood (blood/gas partition coefficient), blood flow through the
lungs, distribution of blood to individual organs (levels rise
most rapidly in highly perfused organs—brain, kidney, heart,
liver), solubility of the agent in tissue (tissue/blood partition
coefficient), and mass of tissue.34 If all other factors are equal,
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agents with low solubilities will equilibrate quickly and, as
a result, have a faster wash-in (onset). Solubility is also a
factor in the elimination of volatile inhalation agents, in ad-
dition to metabolism and extent of tissue equilibration. Low-
solubility agents are more rapidly washed out (eliminated) be-
cause more of the agent is removed from the blood in one
passage through the lungs.34 As can be seen in Table 9-6, des-
flurane has the lowest solubility of any of the volatile inhalation
agents, with sevoflurane’s solubility being lower than isoflu-
rane’s for blood and muscle. As a result of their low solubility,
quicker responses to intraoperative concentration changes are
seen with desflurane and sevoflurane as well as a faster emer-
gence and awakening from anesthesia and a more rapid return
to normal motor function and judgment when compared with
isoflurane.44−46

As seen in Table 9-6, the metabolism of the volatile inhala-
tion agents varies (e.g., desflurane is metabolized least). An
important point is that metabolism does not alter the rate of
induction or maintenance of anesthesia because the amount
of anesthetic administered to the patient greatly exceeds its
uptake.34 Metabolism of sevoflurane has resulted in peak inor-
ganic fluoride levels >100 μmol/L.38 Historically, a fluoride
level of 50 μmol/L has been used as a cut-off for potential
nephrotoxicity based on reports of methoxyflurane-associated
nephrotoxicity at levels >50 μmol/L.47 Despite this, sevoflu-
rane has not been demonstrated to produce nephrotoxicity. Po-
tential reasons for this include the fact that sevoflurane’s low
blood gas solubility may limit the degree of its metabolism
once the anesthetic is discontinued and that sevoflurane, unlike
methoxyflurane, undergoes minimal renal defluorination.48 In
clinical studies examining the preanesthetic and postanesthetic
serum creatinine and BUN values in patients receiving sevoflu-
rane anesthesia, clinically significant renal damage in patients
with normal renal function has not been reported, nor has renal
function worsened in patients with stable renal insufficiency or
in those undergoing hemodialysis.49−51

Pharmacologic Properties
All volatile inhalation agents depress ventilation (with an el-
evation of Paco2) and dilate constricted bronchial muscula-
ture in a dose-dependent manner. As mentioned previously,
sevoflurane can be used for mask induction of general anes-
thesia because it is not as pungent as desflurane, isoflurane,
or enflurane. Administration of a pungent agent by mask for
induction can cause coughing, breath-holding, laryngospasm,
and salivation in the patient. All volatile inhalation agents de-
press myocardial contractility and decrease arterial BP in a
dose-dependent manner. Isoflurane can increase heart rate, so
cardiac output is usually maintained. Sevoflurane produces lit-
tle increase in heart rate, so cardiac output may not be as well
maintained as with isoflurane. Although enflurane can increase
heart rate, cardiac output is usually decreased. Desflurane can
produce sympathetic nervous system activation, resulting in a
transient increase in BP and heart rate, when concentrations
are rapidly increased.52 The sympathetic nervous system acti-
vation may be due to stimulation of medullary centers via re-
ceptors in the upper airway and lungs.53 Enflurane can sensitize
the myocardium to the arrhythmogenic effects of epinephrine.
The volatile inhalation agents decrease cerebral metabolic rate
and produce cerebral vasodilation, resulting in increased cere-

bral blood flow and volume. Enflurane can cause epileptiform
activity that can result in clinical tonic-clonic seizures. All
volatile inhalation agents produce muscle relaxation and po-
tentiate the actions of the neuromuscular blocking agents. The
volatile inhalation agents relax uterine smooth muscle, which
can contribute to perinatal blood loss. All volatile inhalation
agents have been implicated as triggers of malignant hyperther-
mia (MH) and are contraindicated in MH-susceptible patients.
Finally, all volatile inhalation agents are associated with post-
operative nausea, vomiting, and shivering.34,47

Drug Interactions
Opioids, benzodiazepines, α-2 agonists, and neuromuscular
blocking agents potentiate the effects of the volatile inhalation
agents. Thus, their administration permits use of lower dosages
of the volatile inhalents, thereby reducing their potential for
adverse effects.

Economic Considerations
The following items must be considered when examining the
costs associated with the administration of volatile inhalation
agents from an institutional perspective: cost of the volatile
inhalation agent (including waste), cost of the equipment nec-
essary to administer the volatile inhalation agent, cost of ad-
juvants used to treat adverse effects of the volatile agent, and
time spent in the OR and PACU.

The cost of a volatile agent depends on (a) the cost per
milliliter of the liquid anesthetic, (b) the amount of vapor gen-
erated per milliliter, (c) the amount of volatile agent that must
be delivered from the anesthesia machine to sustain the desired
alveolar concentration, and (d) the flow rate of the background
gases.54 Items a and b are, for the most part, constant, with
price increases or decreases occurring periodically. Because
desflurane and sevoflurane are less soluble in blood and tissue
than isoflurane, lower amounts of these agents will need to be
delivered to the alveoli to attain the desired anesthetic depth.54

The flow rate of background gases is a major determinant of the
cost; as flow rate increases, the amount of anesthetic consumed
per time increases.55 The following formula is frequently used
to calculate the cost of volatile inhalation agent used:

Cost used = (PFTMC)/(2412d)

where P is vaporizer concentration (%), F is fresh gas flow
(L/minute), T is time (minute), M is molecular weight of the
agent, C is the cost of the agent ($/mL), and d is the density of
the agent.56 The use of low flow rates can result in substantial
reductions in the volatile anesthetic drug cost per case. An
important point to keep in mind when comparing only the cost
of the volatile inhalation agents themselves (e.g., excluding
any benefits in terms of cost reduction that may be realized
by a quicker discharge from the recovery room) is that the
low-solubility volatile agents have to be administered at low
flow rates to prevent their cost from being substantially higher
than that of the more traditional agents (e.g., isoflurane) when
administered at rates of 2 to 3 L/minute.

The cost of purchasing new vaporizers and upgrading or
replacing agent analyzers that are used to administer and mon-
itor volatile inhalation agents, respectively, can be significant.
These costs become a concern when a new product is intro-
duced onto the market.
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Medications used to treat adverse effects associated with the
volatile inhalation agents include β-blockers, opioids, benzo-
diazepines, vasopressors, and antiemetic agents. Antiemetic
agents are routinely used to prevent and/or treat the PONV
seen with the volatile inhalation agents. Intraoperative use of
volatile inhalation agents is a leading cause of early (within the
first 2 hours following surgery) postoperative vomiting.57 Al-
though the administration of an antiemetic agent adds costs,58

it is significantly less than the cost of an unanticipated admis-
sion to the hospital secondary to PONV.

The use of low-solubility volatile inhalation agents can sig-
nificantly reduce the overall net cost of the surgical procedure
by reducing the time patients spend in the OR and PACU. This
concept is discussed at the end of this chapter.

Desflurane Use for Maintenance of
General Anesthesia
Sympathetic Nervous System Activation

8. C.K., a 26-year-old man, ASA-I, is scheduled to undergo
a laparoscopic hernia repair on an outpatient basis. During his
preoperative evaluation on the morning of surgery, his BP was
115/75 mmHg, and his heart rate was 70 beats/minute. The
surgery is expected to last <2 hours, so a propofol induction is
planned followed by maintenance of general anesthesia with des-
flurane without nitrous oxide. After induction of anesthesia, the
desflurane concentration on the vaporizer was rapidly increased
to 8%. Within 1 minute of the concentration increase, C.K.’s
BP increased to 148/110 mmHg, and his heart rate increased to
112 beats/minute. What could be causing C.K.’s increased BP and
heart rate, and how could it have been prevented?

Desflurane can produce sympathetic nervous system activa-
tion with a resultant increase in BP and heart rate under certain
circumstances. One of these is the rapid increase of desflurane
concentration to 1.1 MAC as seen with C.K.59 This hemody-
namic response can be attenuated by the IV administration of
fentanyl approximately 5 minutes before the increase in des-
flurane concentration.60 Fentanyl is a good choice because it
effectively blunts the increase in heart rate and BP, while having
minimal cardiovascular depressant and postoperative sedative
effects. Alternatively, nitrous oxide can be administered with
desflurane, thereby allowing the desflurane concentration to be
maintained at <1 MAC (6%).

Emergence Agitation in Children

9. P.F., a 3-year-old child, ASA-I, is undergoing a tonsillec-
tomy. General anesthesia will be induced and maintained with
sevoflurane and nitrous oxide. His surgery was uneventful, with
a duration of 30 minutes. He was awakened from anesthesia and
transferred to the postanesthesia care unit to recover. Shortly af-
ter he arrived, P.F. became extremely restless and began crying.
The nurse and his mom were unable to console him. Could this
reaction be attributed to sevoflurane, and, if so, can it be pre-
vented?

Emergence agitation following the administration of the
short-acting inhaled anesthetics, desflurane and sevoflurane,
is fairly common, with a reported incidence as high as 80%.61

Emergence agitation is more common in young children, and
its cause is not clear. Children become restless, cry, and ex-
hibit involuntary physical activity that can result in self-injury.
Caring for a child experiencing emergence agitation is diffi-
cult and very upsetting to the caregiver and the parents of the
child. Premedication with oral midazolam62 and administer-
ing analgesics to minimize postoperative pain63 may reduce
the incidence. A small dose of dexmedetomidine (0.3 mcg/kg
IV), an α-2 agonist with sedative and analgesic properties, af-
ter induction of anesthesia reduces the incidence of emergence
agitation, without prolonging recovery in children undergo-
ing sevoflurane anesthesia.64 Although desflurane cannot be
used to induce general anesthesia, switching to desflurane for
maintenance of anesthesia following sevoflurane induction ef-
fectively reduces the severity of emergence agitation when it
occurs.65

NEUROMUSCULAR BLOCKING AGENTS
Uses
Neuromuscular blocking agents are one of the most commonly
used classes of drugs in the OR. They are used primarily as an
adjunct to general anesthesia to facilitate endotracheal intuba-
tion and to relax skeletal muscle during surgery under general
anesthesia.66 Skeletal muscle relaxation optimizes the surgi-
cal field for the surgeon and prevents patient movement as a
reflex response to surgical stimulation. Neuromuscular block-
ing agents are also used in the ICU to paralyze mechanically
ventilated patients.67 An important point to remember is that
neuromuscular blocking agents have no known effect on con-
sciousness or pain threshold. Consequently, adequate sedation
and analgesia must be ensured when neuromuscular blocking
agents are administered to ICU patients.

Mechanism of Action
When two molecules of Ach bind to the Ach subunits of the
nicotinic cholinergic receptors located on the motor nerve end
plate, the Ach receptor undergoes a conformational change
that allows the influx of sodium and potassium into the muscle
cell, the membrane depolarizes, and the muscle contracts. Neu-
romuscular blocking agents bind to these subunits and effec-
tively block normal neuromuscular transmission. Two classes
of neuromuscular blocking agents exist based on their mech-
anism of action: depolarizing and nondepolarizing. Succinyl-
choline, the only depolarizing neuromuscular blocking agent
in clinical use today, acts like Ach to depolarize the mem-
brane. Because succinylcholine is not metabolized as quickly
as Ach at the neuromuscular junction, its action at the nico-
tinic receptor persists longer than Ach. Succinylcholine causes
a persistent depolarization of the motor end plate because the
sodium channels cannot reopen until the motor end plate repo-
larizes. As a result, sustained skeletal muscle paralysis occurs.
The paralysis produced by depolarizing agents is preceded ini-
tially by fasciculations (transient twitching of skeletal mus-
cle). The nondepolarizing neuromuscular blocking agents act
as competitive antagonists to Ach at the Ach subunits of the
nicotinic cholinergic receptors, thereby preventing Ach from
binding and causing depolarization of the muscle membrane
and muscle contraction.66,68
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Table 9-7 Classification of Neuromuscular Blocking Agents

Agent Type of Block Clinical Duration of Actiona Structure

Atracurium (Tracrium) – Intermediate Benzylisoquinolinium
Cisatracurium (Nimbex) – Intermediate Benzylisoquinolinium
Pancuronium (Pavulon) – Long Steroidal
Rocuronium (Zemuron) – Intermediate Steroidal
Succinylcholine (Anectine, Quelicin) + Ultrashort Acetylcholine-like
Vecuronium (Norcuron) – Intermediate Steroidal

aTime from injection of agent to return to twitch height to 25% of control (time at which another dose of agent will need to be administered to maintain paralysis); in general,
clinical duration of a standard intubating dose of ultrashort agents ranges from 3 to 5 minutes, intermediate agents from 30 to 40 minutes, and long agents from 60 to 120 minutes.
+, depolarizing; –, nondepolarizing.
Adapted from reference 69.

Monitoring Neuromuscular Blockade
In addition to clinical assessment (e.g., lack of movement) by
the anesthesia provider and the surgeon, the degree of neu-
romuscular blockade produced by neuromuscular blocking
agents is monitored by nerve stimulation with a peripheral
nerve stimulator. Most commonly, the ulnar nerve is electri-
cally stimulated, and the response of the innervated muscle, the
adductor pollicis in the thumb, is visually assessed. Adequate
neuromuscular blockade is present when the train-of-four (four
electrical stimulations of 2 Hz delivered every 0.5 seconds)
count is 1/4 or 2/4 (one or two visible muscle twitches out of
a possible four twitches).67

Classification
Neuromuscular blocking agents are commonly classified by the
type of blockade produced (depolarizing vs. nondepolarizing),
chemical structure (steroidal compound, Ach-like, benzyliso-
quinolinium compound), or duration of action (ultrashort, in-
termediate, long), as listed in Table 9-7.69

Adverse Effects
The underlying mechanisms for the cardiovascular adverse ef-
fects of neuromuscular blocking agents are listed in Table 9-8
and include blockade of autonomic ganglia (hypotension),
blockade of muscarinic receptors (tachycardia), and/or release
of histamine from circulating mast cells (hypotension).68−70

In general, the steroidal compounds exhibit varying degrees

of vagolytic effect, whereas the benzylisoquinolinium com-
pounds are associated with varying degrees of histamine re-
lease. Although not reported as a problem when used short
term in the OR, the use of neuromuscular blocking agents
in ICU patients for extended periods can result in prolonged
neuromuscular blockade or acute quadriplegic myopathy
syndrome, albeit infrequently.68 Of the currently available neu-
romuscular blocking agents, cisatracurium (Nimbex) and ve-
curonium (Norcuron) are devoid of clinically significant car-
diovascular effects and are the agents of choice for patients
with unstable cardiovascular profiles.66,68,69 Succinylcholine
(Anectine, Quelicin) is associated with a significant num-
ber of adverse effects, including hyperkalemia; arrhythmias;
fasciculations; muscle pain; myoglobinuria; trismus; phase II
block; and increased intraocular, intragastric, and intracranial
pressures.69,70 Succinylcholine, like inhalational anesthetics,
can trigger MH.68 Of these adverse effects, bradycardia, hy-
perkalemia (which can trigger arrhythmias and cardiac arrest
in patients at risk), and MH crisis are severe and potentially
life-threatening reactions. Nevertheless, succinylcholine is still
used today because of its rapid onset and ultrashort duration of
action as well as its ability to be administered intramuscularly
in children in an emergent situation when IV access has not
been established.

Drug Interactions
Several drugs interact with neuromuscular blocking agents.
The volatile inhalation agents potentiate the neuromuscular

Table 9-8 Causes of Cardiovascular Adverse Effects of Neuromuscular Blocking Agents

Agent Histamine Releasea Autonomic Ganglia Vagolytic Activity Sympathetic Stimulation

Atracuriuma (Tracrium) ++ – – –
Cisatracurium (Nimbex) – – – –
Pancuronium (Pavulon) – Weak block ++ ++
Rocuroniumb (Zemuron) – – + –
Succinylcholine (Anectine, Quelicin) + Stimulates – –
Vecuronium (Norcuron) – – – –

aHistamine release is dose and rate related; cardiovascular changes can be lessened by minimizing dose and injecting agent slowly.
bProduces an increase in heart rate of approximately 18% with intubating dose of 0.6 mg/kg; effect usually transient and resolves spontaneously.
+ – ++, likelihood of developing the cardiovascular adverse effect relative to the other agents; –, no effect.
Adapted from references 68–70.
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blockade produced by nondepolarizing agents, thereby allow-
ing a lower dose of the latter to be used when administered con-
comitantly. Other agents reported to potentiate the effects of
neuromuscular blocking agents include the aminoglycosides,
clindamycin, magnesium sulfate, quinidine, furosemide, lido-
caine, amphotericin B, and dantrolene. Carbamazepine, pheny-
toin, corticosteroids (chronic administration), and theophylline
antagonize the effects of neuromuscular blocking agents.68,69

By appropriately monitoring the patient and dosing the neuro-
muscular blocking agent to effect, significant problems from
drug interactions can be minimized.

Reversal of Neuromuscular Blockade
The action of neuromuscular blocking agents ceases spon-
taneously as plasma concentrations decline or when anti-
cholinesterases (e.g., neostigmine, edrophonium, pyridostig-
mine) are administered. Anticholinesterases inhibit the
enzyme acetylcholinesterase, which degrades Ach, and are
used to reverse paralysis produced by nondepolarizing agents.
Anticholinergic agents are coadministered (in same syringe)
with the anticholinesterases to minimize other cholinergic ef-
fects (e.g., bradycardia, bronchoconstriction, salivation, in-
creased peristalsis, nausea, vomiting) caused by the increase
in Ach concentration. Atropine is routinely administered with
edrophonium, and glycopyrrolate with neostigmine or pyri-
dostigmine, to take advantage of similar onset times and du-
rations of action.66,67,69 Reversal of neuromuscular blockade,
as a general rule, is not attempted until spontaneous recovery
is well established. Before extubation, adequacy of reversal is
assessed with the use of a peripheral nerve stimulator and by
clinical assessment of the patient (e.g., ability to sustain head
lift for 5 seconds).69,70

A new reversal agent, sugammadex, is currently under de-
velopment that may eliminate some of the issues currently
seen with the anticholinesterases. Sugammadex, a modified
cyclodextrin, encapsulates steroidal (e.g., rocuronium) neuro-
muscular blocking agents, thereby preventing them from act-
ing at the neuromuscular junction. It produces a rapid recovery
from neuromuscular blockade, even when administered during

profound blockade, and does not appear to have any serious ad-
verse effects.71

Pharmacokinetics and Pharmacodynamics
Rapid Sequence Induction

10. R.D., a 36-year-old man, ASA-I, is admitted through the
ED for an emergency appendectomy. R.D. is otherwise healthy,
has no drug allergies, and is currently taking no medications.
All laboratory values are normal. Admission notes reveal that
R.D. ate dinner approximately 2 hours earlier. Because of this, the
anesthesia provider plans to perform a rapid sequence induction
using the Sellick maneuver. Which neuromuscular blocking agent
would be most appropriate for R.D.?

Rapid sequence induction is indicated for patients at risk for
aspiration of gastric contents should regurgitation occur. Pa-
tients who have recently eaten (with a full stomach), morbidly
obese patients, or patients with a history of gastroesophageal
reflux are at risk for aspiration, as is the case for R.D. The goal
of rapid sequence induction is to minimize the time during
which the airway is unprotected by intubating the patient as
fast as possible (e.g., within 60 seconds). In this technique, the
patient is preoxygenated, after which an IV induction agent is
administered, followed immediately by a neuromuscular block-
ing agent. Manual ventilation of the patient is not attempted
after administration of these agents. Apnea occurs as the neuro-
muscular blocking agent takes effect; therefore, a neuromuscu-
lar blocking agent with as rapid an onset as possible is required
to produce adequate intubating conditions as quickly as possi-
ble. The Sellick maneuver is often used during rapid sequence
induction. It is performed by placing downward pressure on the
cricoid cartilage, which compresses and occludes the esopha-
gus and helps prevent passive regurgitation of gastric contents
into the trachea. Intubation is then performed within 60 sec-
onds.

Table 9-9 lists the onset times of normal intubating doses
and other information pertaining to the use of neuromuscu-
lar blocking agents.67−70 Succinylcholine has the fastest onset
time, which makes it an appropriate agent to use in rapid se-
quence induction.72

Table 9-9 Pharmacokinetic and Pharmacodynamic Parameters of Action of Neuromuscular Blocking Agents

Clinical Duration
Cl Vdss Half-Life ED95 Intubating Dosea,b Onsetc of Action of

Agent (mL/kg/min) (L/kg) (minutes) (mg/kg) (mg/kg) (minutes) Initial Dose (minutes)

Atracuriumd (Tracrium) 5–7 0.2 20 0.2–0.25 0.4–0.5 2–3 25–30
Cisatracurium (Nimbex) 4.6 0.15 22 0.05 0.15–0.2 2–2.5 50–60
Pancuronium (Pavulon) 1–2 0.3 80–120 0.07 0.04–0.1 3–5 80–100
Rocuroniumd (Zemuron) 4.0 0.3 60–70 0.3 0.6–1.2 1–1.5 30–60
Succinylcholined (Anectine, Quelicin) 37 0.04 0.65 0.25 1.5 1 5–10
Vecuroniumd (Norcuron) 4.5 0.4 50–70 0.05–0.06 0.1 2–3 25–30

aDose when nitrous oxide-opioid technique is used.
bIntermittent maintenance doses to maintain paralysis, as a general rule, will be approximately 20% to 25% of the initial dose.
cTime to intubation.
d Also can be administered as a continuous infusion to maintain paralysis. Suggested infusion ranges under balanced anesthesia are atracurium, 4−12 mcg/kg/min; cisatracurium,
1−2 mcg/kg/min; rocuronium, 6−14 mcg/kg/min; succinylcholine, 50−100 mcg/kg/min; vecuronium, 0.8−2 mcg/kg/min.
Cl, clearance; ED95, effective dose causing 95% muscle paralysis; Vdss, steady-state volume of distribution.
Adapted from references 67–70.
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Because R.D. is an otherwise healthy man with no con-
traindications to the use of succinylcholine, this agent should
be used.

Depolarizing Agent Contraindications

11. What would be your choice of a neuromuscular blocking
agent if R.D. presents with a history of susceptibility to MH, and
why?

Succinylcholine is contraindicated in patients with skele-
tal muscle myopathies; after the acute phase of injury (i.e.,
5−70 days after injury) following major burns, multiple
trauma, extensive denervation of skeletal muscle, or upper mo-
tor neuron injury; in children and adolescents (except when
used for emergency tracheal intubation or when the immedi-
ate securing of the airway is necessary); and in patients with a
hypersensitivity to the drug.66,69 Succinylcholine can also trig-
ger MH and is absolutely contraindicated in MH-susceptible
patients.73

The nondepolarizing neuromuscular blocking agents are
safe to use in MH-susceptible patients.74 Rocuronium (Ze-
muron) has the fastest onset time of the nondepolarizing agents,
although it is slightly slower than succinylcholine.70 The onsets
of the remaining intermediate and long duration agents can be
shortened by increasing the dose, which not only results in a
faster onset of action but also prolongs the duration of action.
Rocuronium’s time to maximum blockade, for example, can
be reduced to 60 seconds with an initial dose of 1.2 mg/kg (vs.
a normal initial dose of 0.6 mg/kg). Increasing the dose from
0.6 mg/kg to 1.2 mg/kg, however, will prolong the clinical du-
ration from approximately 30 minutes to at least 60 minutes.75

Rocuronium, with its rapid onset of action, would be a suitable
alternative to succinylcholine in R.D.’s case. Its longer clini-
cal duration of action could be a concern if the airway cannot
be secured immediately or if the procedure is shorter than the
duration of an intubating dose of rocuronium. Because this
procedure will last longer than the duration of muscle relax-
ation provided by the intubating dose of rocuronium, this is not
a concern.

Routes of Elimination

12. M.M., a 70-year-old woman, ASA-IV, is scheduled to un-
dergo a 2-hour GI procedure. Pertinent laboratory findings are
aspartate aminotransferase (AST), 272 U/L (normal, 5−45 U/L);
alanine aminotransferase (ALT), 150 U/L (normal, 5−37 U/L);
BUN, 40 mg/dL (normal, 8−21 mg/dL); serum creatinine (SrCr),

1.8 mg/dL (normal, 0.5−1.1 mg/dL); albumin, 2.6 g/dL (normal,
3.5−5.0 g/dL); and bilirubin, 0.74 mg/dL (normal, 2−18 mg/dL).
Which neuromuscular blocking agent would you recommend for
M.M.?

[SI units: AST, 4.5 μkat/L; ALT, 2.5 μkat/L; BUN, 14.28 mmol/L; SrCr, 159

μmol/L; albumin, 26 g/L; bilirubin, 12.7 mol/L]

When selecting a neuromuscular blocking agent, one of
the factors that must be considered is the patient’s renal and
hepatic function. Neuromuscular blocking agents often de-
pend on the kidneys and liver for varying amounts of their
metabolism and excretion (Table 9-10).66,67,70 Some agents,
however, are primarily metabolized by plasma cholinesterase
(pseudocholinesterase), Hofmann elimination (a nonbiologi-
cal process that does not require renal, hepatic, or enzymatic
function), and/or nonspecific esterases.

Hofmann elimination is a pH- and temperature-dependent
process unique to atracurium (Tracrium) and cisatracurium
(Nimbex). One of the products produced by Hofmann elimi-
nation is laudanosine, a CNS stimulant in high concentrations.
Laudanosine undergoes renal and hepatic elimination. Due to
the short-term use of atracurium and cisatracurium in the OR,
accumulation of laudanosine with resultant seizure activity is
not a concern, even in patients with end-stage renal failure.76

Because plasma cholinesterase levels may be decreased in pa-
tients with renal or hepatic dysfunction, the duration of action
of succinylcholine could be prolonged. The increased dura-
tion of action of succinylcholine in patients with low levels
of normal plasma cholinesterase is not clinically significant.
Atypical plasma cholinesterase can increase the duration of
action of succinylcholine significantly.77

Unchanged neuromuscular blocking agents and their
metabolites are excreted by the renal or biliary routes. The du-
ration of action of the renally eliminated agent, pancuronium,
will be increased in patients with renal failure. Vecuronium’s
duration of action can be increased in patients with liver dis-
ease, particularly when larger doses (0.2 mg/kg) are adminis-
tered, reflecting impaired metabolism or excretion rather than
termination of effect by redistribution.78 Although the main
route of elimination of rocuronium is hepatobiliary, the dura-
tion of action of rocuronium can be significantly prolonged in
chronic renal failure.79

Because M.M. has evidence of both significant renal and
hepatic impairment, cisatracurium or atracurium would be
appropriate choices for a neuromuscular blocking agent be-
cause their properties are not altered significantly by renal and
hepatic failure. Furthermore, because these agents have an

Table 9-10 Elimination of Neuromuscular Blocking Agents

Agent Renal Hepatic Biliary Plasma

Atracurium (Tracrium) 10% NS Hofmann elimination, ester hydrolysis
Cisatracurium (Nimbex) NS NS Hofmann elimination
Pancuronium (Pavulon) 80% 10% 5%–10%
Rocuronium (Zemuron) 10%–25% 10%–20% 50%–70%
Succinylcholine (Anectine, Quelicin) Plasma cholinesterase
Vecuronium (Norcuron) 15%–25% 20%–30% 40%–75%

NS, not significant.
Adapted from references 66, 67, and 70.
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intermediate duration of action, they can easily be used in
a 2-hour procedure. The availability of generic atracurium
makes this agent a more economic choice; however, the greater
propensity of atracurium to cause histamine release with re-
sultant hypotension makes cisatracurium the most appropriate
choice in this 70-year-old, ASA-IV patient.

LOCAL ANESTHETICS
Local and Regional Anesthesia
Some surgical procedures can be performed under regional
anesthesia (anesthesia selective for part of the body, such as
the area near the surgical site) rather than general anesthe-
sia (total body anesthesia with the patient rendered uncon-
scious). Epidural, spinal (intrathecal), IV regional, peripheral
nerve block, topical, or local infiltration anesthesia can be cho-
sen, depending on the location of the surgical site, extent of the
surgery, patient health and physical characteristics, coagulation
status, duration of surgery, and the desires and cooperativeness
of the patient. For epidural anesthesia, the local anesthetic is
administered into the epidural space, which is located between
the dura and the ligament covering the spinal vertebral bodies
and disks. To provide spinal anesthesia, the local anesthetic is
injected into the cerebrospinal fluid within the subarachnoid
(intrathecal) space. By injecting a local anesthetic in the tis-
sue near a specific nerve or nerve plexus, anesthesia can be
provided for a carotid endarterectomy (cervical plexus), upper
extremity surgery (brachial plexus), or hand surgery (ulnar,
median and/or radial nerve). Regional anesthesia can be se-
lected to reduce or avoid the likelihood of complications such
as postoperative pain, nausea, vomiting, and laryngeal irrita-
tion, or dental complications, all of which are associated with
general anesthesia. Peripheral nerve block may be selected over
general, spinal, or epidural anesthesia because it is not asso-
ciated with bowel obstruction or urinary retention, and it pro-
vides postoperative analgesia (particularly when long-acting
local anesthetics are used).80 Potential advantages of spinal or
epidural anesthesia include reduction of the stress response
to surgery, improvement in cardiac function in patients with
ischemic heart disease, fewer postoperative pulmonary com-

plications, potentially favorable effects on coagulation (lower
risk of venous thrombosis), and the ability to continue epidu-
ral analgesia into the postoperative period.81 Disadvantages of
spinal, epidural, or peripheral nerve block include the addi-
tional time and manipulations required to perform it, possible
complications or pain from invasive catheter placements or in-
jections, slow onset of effect, possible failure of technique, and
toxicity from absorption of the drugs administered. Local infil-
tration anesthesia can be used to provide localized anesthesia
to allow a minor procedure (e.g., a deep laceration repair) to
be performed.

Uses of Local Anesthetic Agents
Local anesthetics are a mainstay of analgesia because they
prevent the initiation or propagation of the electrical impulses
required for peripheral and spinal nerve conduction. These
agents can be administered by all routes previously discussed,
depending on the drug chosen. Table 9-11 lists the common
uses of currently available local anesthetics.82,83 Local anes-
thetics are often given in combination with other agents, such
as sodium bicarbonate (to increase the speed of onset and re-
duce pain on local infiltration), epinephrine (to prolong the
duration of action and to delay vascular absorption of the local
anesthetic, thereby minimizing plasma concentration and sys-
temic toxicity), or opioids (to provide analgesia by a different
mechanism of action).

Mechanism of Action
The two structural classes of local anesthetics are character-
ized by the linkage between the molecule’s lipophilic aromatic
group and hydrophilic amine group: amides and esters. Both
amide and ester classes provide anesthesia and analgesia by re-
versibly binding to and blocking the sodium channels in nerve
membranes, thereby decreasing the rate of rise of the action
potential such that threshold potential is not reached. As a re-
sult, propagation of the electrical impulses required for nerve
conduction is prevented. The axonal membrane blockade that
results is selective depending on the drug, the concentration
and volume administered, and the depth of nerve penetration.

Table 9-11 Clinical Uses of Local Anesthetic Agents

Agent Primary Clinical Use

Esters
Chloroprocaine (Nesacaine) Epidural
Cocaine Topical
Procaine (Novocain) Local infiltration, spinal
Tetracaine (Pontocaine) Topical, spinal

Amides
Bupivacaine (Marcaine, Sensorcaine) Local infiltration, nerve block, epidural, spinal
Etidocaine (Duranest) Local infiltration, nerve block, epidural
Levobupivacaine (Chirocaine) Local infiltration, nerve block, epidural
Lidocaine (Xylocaine) Local infiltration, nerve block, spinal, epidural, topical, intravenous regional
Mepivacaine (Carbocaine, Polocaine) Local infiltration, nerve block, epidural
Ropivacaine (Naropin) Local infiltration, nerve block, epidural

Adapted from references 82 and 83.
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C fibers (pain transmission and autonomic activity) appear to
be the most easily blocked, followed by fibers responsible for
touch and pressure sensation (A-α, A-β, and A-�), and finally,
those responsible for motor function (A-α and A-β). At the
most commonly used doses and concentrations, some non–
pain-transmitting nerve fibers are also blocked. The block-
ade of sensory, motor, or autonomic (sympathetic, parasympa-
thetic) fibers may result in adverse effects such as paresthesia,
numbness and inability to move extremities, hypotension, and
urinary retention. Systemic effects (e.g., seizures or cardiac ar-
rhythmias) are related to the inherent cardiac and CNS safety
margins of these drugs.82,83

Ropivacaine, like bupivacaine, has a long duration of action.
Higher plasma concentrations of ropivacaine are required to
produce mild CNS toxicity (lightheadedness, tinnitus, numb-
ness of the tongue) in volunteers, when compared with bupi-
vacaine. In animal studies, ropivacaine was found to be less
cardiotoxic than bupivacaine. In addition, ropivacaine may pro-
duce less motor blockade than bupivacaine.84 As a result, some
anesthesia providers believe ropivacaine is safer than bupi-
vacaine. However, inadvertent intravascular administration of
ropivacaine can produce significant CNS toxicity (seizures),
emphasizing the importance of ensuring appropriate placement
of the local anesthetic solution by the anesthesia provider.

Allergic Reaction
Most adverse effects to local anesthetics are manifestations
of excessive plasma concentration (systemic toxicity) of the
local anesthetic. Localized hypersensitivity reactions (e.g., lo-
cal erythema, edema, dermatitis) to local anesthetics are rare.
Ester-type local anesthetic agents (benzocaine, procaine, tetra-
caine) produce most of the allergic reactions, which is probably
caused by their metabolite, para-aminobenzoic acid (PABA).
True (systemic) allergy to amide-type local anesthetics is ex-
tremely rare and may be due to the preservative (methylparaben
or other substances that are structurally similar to PABA) or to
accidental intravascular injection of an epinephrine-containing
local anesthetic. Because amide-type local anesthetics do not
undergo metabolism to a PABA metabolite, a patient with
a known allergy to an ester-type local anesthetic can safely
receive an amide-type agent.82,83,85 It is best to administer
a preservative-free, epinephrine-free preparation to a patient
with a known allergy to a local anesthetic.

Toxicity
Factors that influence the toxicity of local anesthetics include
the total amount of drug administered, presence or absence
of epinephrine, vascularity of the injection site, type of local
anesthetic used, rate of destruction of the drug, age and phys-
ical status of the patient, and interactions with other drugs.
Systemic absorption of the local anesthetic is positively corre-
lated with the vascularity of the injection site (IV > epidural >
brachial plexus > subcutaneous). End-stage pregnancy, older
age (e.g., the elderly), significant hepatic/renal dysfunction,
and advanced heart failure can result in either higher peak lev-
els or accumulation of local anesthetic with continued or repeat
dosing. In general, local anesthetic doses should be reduced in
patients with these conditions.86

Toxic levels of local anesthetics are most often achieved
by unintentional intravascular injection, which result in exces-
sive plasma concentrations. Systemic toxicity of local anesthet-
ics involves the CNS and cardiovascular system. Patients may
initially complain of tinnitus, lightheadedness, metallic taste
in their mouth, tingling, numbness, and dizziness. Hypoten-
sion may occur. These symptoms can quickly be followed by
tremors, seizures, arrhythmias, unconsciousness, and cardiac/
respiratory arrest as plasma levels rise.82,87

Physicochemical Properties Affecting Action
The potency of a local anesthetic is primarily determined by the
degree of lipid solubility. Local anesthetics such as bupivacaine
are highly lipid soluble and can be given in concentrations of
0.25% to 0.5%. Less lipid-soluble agents, such as lidocaine,
require concentrations of 1% to 2% for many anesthetic tech-
niques.

Amide-type local anesthetics are metabolized primarily
by microsomal enzymes in the liver. The cytochrome P450
enzyme system is involved in the metabolism of lidocaine
(CYP3A4), levobupivacaine (CYP3A4, CYP1A2), and ropi-
vacaine (CYP3A2, CYP3A4, and CYP1A2). Agents that in-
duce or inhibit these enzymes could affect the metabolism, and
therefore the plasma concentration, of these drugs. Ester-type
local anesthetics are hydrolyzed by plasma cholinesterase and,
to a lesser extent, cholinesterase in the liver.82,83

Differences in the clinical activity of local anesthetics are
explained by other physicochemical properties such as protein
binding and pKa (the pH at which 50% of the drug is present
in the unionized form and 50% in the ionized form). Agents
that are highly protein bound typically have a longer duration
of action. Agents with a lower pKa typically have a faster onset
of action.83

Choice of local anesthetic is based on the duration of the
surgical procedure (e.g., the duration of analgesia required).
Usually, a local anesthetic that will, at least minimally, outlast
the duration of surgery with a single injection is chosen; a
continuous infusion can also be administered for titration of
effect with shorter-acting agents. Important physicochemical
and pharmacokinetic properties of local anesthetics are shown
in Table 9-12.82,83

Regional Anesthesia in High-Risk Patients

13. M.S., a 52-year-old, 5′9′′, 105-kg black man, is undergoing
an emergent minor hand repair procedure after a fall-related in-
jury. His medical history is positive for type 1 diabetes mellitus
for 41 years, angina, and hypertension. On OR admission, lab-
oratory values of note are plasma glucose, 240 mg/dL, and BP,
145/92 mmHg. His sister tells the anesthesia provider that he has
been having increasing difficulty walking up stairs and, of late, is
often short of breath. The anesthesia provider chooses to provide
regional anesthesia via an axillary block; the anticipated dura-
tion of surgery is 2 hours. M.S. agrees with this plan. Why is this a
good plan for M.S., and which local anesthetic should be chosen?

[SI unit: glucose, 13.3 mmol/L]

With his medical conditions of diabetes, angina, and hy-
pertension, M.S. is at risk for complications from general
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Table 9-12 Physicochemical and Pharmacokinetic Properties of Local Anesthetic Agents

Maximum Recommended Dose b

Agent pK a Potency Toxicity Onset Duration a Plain (mg) With Epinephrine (mg)

Esters
Cocainec – – – – – 1.5 mg/kg –
Chloroprocaine (Nesacaine) 9.1 Low Very low Very fast Short 800 1,000
Procaine (Novocain) 8.9 Low Low Fast Short 400 600
Tetracaine (Pontocaine) 8.4 High Moderate Slow Very long 100 (topical) 200

Amides
Bupivacaine (Marcaine, Sensorcaine) 8.1 High High Slow Long 175 225
Etidocaine (Duranest) 7.9 High Moderate Fast Very long 300 400
Levobupivacaine (Chirocaine) 8.1 High Moderate Slow Long 150 –
Lidocaine (Xylocaine) 7.8 Moderate Moderate Fast Moderate 300 500
Mepivacaine (Carbocaine, Polocaine) 7.7 Moderate Moderate Moderate Moderate 300 500
Ropivacaine (Naropin) 8.1 High Moderate Slow Long 300 –

aDepends on factors such as injection site, dose, and addition of epinephrine. In general, a short duration is <1 hour, a moderate duration is 1−3 hours, and a long/very long
duration of action is 3−12 hours when the local anesthetic is administered without epinephrine.
bMaximum recommended single dose for infiltration or peripheral nerve block in 70-kg adults.
cTopical use only; concentrations >4% are not recommended due to increased risk for systemic adverse effects.
Adapted from references 82 and 83.

anesthesia. General anesthesia is not absolutely necessary in
this localized surgery. Regional anesthesia would be benefi-
cial in M.S. because it does not disrupt autonomic function. In
addition, his diabetes and obesity, and possibly full stomach
(emergency surgery, diabetic gastroparesis), place him at sig-
nificant risk for aspiration during induction or emergence from
general anesthesia. An axillary block with a local anesthetic
could provide M.S. with adequate anesthesia and analgesia
during and after his procedure.

The local anesthetic of choice is one with a duration at least
that of the anticipated surgery and with a good safety profile
should systemic absorption inadvertently occur. A local anes-
thetic containing epinephrine would increase the agent’s du-
ration of action and reduce the systemic absorption; however,
such an agent is not indicated in M.S. because of his diabetes
(peripheral vascular effects) and hypertension (added effect
from catecholamine administration). Lidocaine as a single in-
jection without epinephrine has a duration of action that may be
too short for M.S.’s procedure. Mepivacaine, an intermediate-
acting local anesthetic, or bupivacaine, a long-acting agent,
would be appropriate choices to use in M.S.

Alkalinization of Local Anesthetics

15. T.F., a 22-year-old man, is scheduled for a hernia repair. He
has never undergone surgery and is very anxious. In the preoper-
ative area, the nurse chooses to locally infiltrate 1% lidocaine to
reduce the pain and discomfort from IV catheter placement. She
injects a small amount of lidocaine under the skin. T.F. flinches
and complains of pain from the injection. Can anything be done
to speed the onset and reduce the pain from injection of lidocaine?

The onset of action of local anesthetics depends on their
pKa. Drugs with pKas closest to body pH (7.4) will have the
fastest onset because a high percentage of the local anesthetic
molecules will be unionized and therefore able to cross the

nerve membranes to their intracellular site of action. Local
anesthetics are formulated in solutions with acidic pHs to op-
timize their shelf-lives. When sodium bicarbonate is added to
local anesthetic solutions, the pH is increased, the percentage
of unionized drug is increased, and the onset of local anes-
thetic action can be shortened considerably. The amount of
bicarbonate added to the solution depends on the pH of the
local anesthetic agent. Because too much sodium bicarbonate
will precipitate the local anesthetic, a dose of 0.1 mEq (0.1 mL
of a 1 mEq/mL concentration) of sodium bicarbonate is added
to 10 mL of bupivacaine, whereas 1 mEq (1 mL of a 1 mEq/mL
concentration) is added to 10 mL of lidocaine. Furthermore,
alkalinized lidocaine can be significantly less painful for subcu-
taneous injection before IV catheter placement when compared
with lidocaine at pH 5 (its pH in the commercially available
vial).88

CARDIOPLEGIA SOLUTION
Use in Cardiac Surgery
Hypothermic, hyperkalemic cardioplegia solution was first
used in open heart surgery in the 1970s and enjoys widespread
clinical use today. Cardioplegia solution is infused into the
coronary vasculature to produce an elective diastolic cardiac ar-
rest. Inducing cardiac arrest, or cardioplegia, helps protect the
myocardium while providing the surgeon with a still, bloodless
operative field and a flaccid heart on which to work. Cardiople-
gia solution is administered via the cardiopulmonary bypass
pump (a heart-lung machine) through specialized circuits.

During open heart surgery, the heart is excluded from nor-
mal circulation by diverting venous blood away from the right
atrium via gravity drainage and by clamping the aorta. Sys-
temic circulation of blood is maintained through the use of
the cardiopulmonary bypass pump; a cannula is placed in the
aorta distal to the clamp and carries oxygenated blood from
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the pump to the patient. The blood circulates through the body
and is returned to the cardiopulmonary bypass pump through
cannulas inserted into the superior and inferior venae cava.

Delivery Methods
Cardioplegia solution is delivered to the coronary circulation
by three approaches: antegrade, retrograde, or combination an-
tegrade/retrograde. With antegrade administration, the solution
is administered via a cannula placed in the aortic root, whereas
with retrograde administration, the cannula is placed in the
coronary sinus.89 The commonly used combination approach
eliminates problems such as the nonhomogeneous distribution
of cardioplegia solution, which can occur with the antegrade
approach, while still ensuring a rapid arrest (arrest produced by
retrograde administration is not as fast as antegrade).90,91 This
approach has significantly reduced patient morbidity when
compared with antegrade administration, especially in high-
risk patients requiring reoperation.90

Phases of Cardioplegia
Cardioplegia can be divided into three phases: induction of
arrest, maintenance of arrest, and reperfusion (immediately
before aortic unclamping). Cardioplegia solution is used rou-
tinely during the induction and maintenance phases, and reper-
fusion solution is used at the end of surgery before aortic
unclamping. The solutions used in each phase may differ in
composition and characteristics.

Goal of Treatment
Cardioplegia solution is used to prevent myocardial ischemic
damage that can occur during the induction and maintenance
of arrest, whereas reperfusion solution is used to help prevent
and minimize the destructive phenomena that can occur dur-
ing reperfusion. Myocardial ischemia can result in a number of

detrimental changes to the heart, including rapid cellular con-
version from aerobic to anaerobic metabolism, high-energy
phosphate (e.g., adenosine triphosphate [ATP]) depletion, in-
tracellular acidosis, calcium influx, and myocardial cell mem-
brane disruption. Destructive changes that can occur during
reperfusion include intracellular calcium accumulation, ex-
plosive cell swelling, and inability to use delivered oxygen.92

Chemical components are added to cardioplegia solution to
counteract the specific cellular effects of ischemia and the cel-
lular events that can occur during reperfusion.

Cardioplegia Solution Vehicles
The chemical composition of a cardioplegia solution depends
on the vehicle used: blood or crystalloid. Each has advan-
tages and disadvantages, as can be seen in Table 9-13.89,90,93

Blood, because of its many advantages, is the vehicle most
commonly used. Blood cardioplegia provides oxygen while
the heart is arrested, proteins in blood maintain osmotic pres-
sures closer to normal and are capable of serving as buffers,
and endogenous oxygen-free radical scavengers are beneficial
during reperfusion.93 The disadvantages listed for blood have
not been shown to occur during clinical use of blood-based
cardioplegia solution. The patient’s own hemodiluted blood
from the extracorporeal circuit is used. Blood-based cardiople-
gia solution delivery systems include commercially available
microprocessor-controlled pumps that are capable of directly
injecting an additive into the blood as well as more conventional
systems that deliver a fixed ratio of blood with a premixed
crystalloid cardioplegia solution. Ratios of blood to crystal-
loid composition range from 1:1 to 16:1. The concentration
of additives in the crystalloid solution must be tailored to the
specific delivery ratio used to prevent accidental overdosage
or underdosage. A commonly used ratio in clinical practice
today is 4:1; in other words, the blood-based cardioplegia so-
lution being delivered to the patient contains four parts blood
to one part crystalloid solution. Therefore, the concentration

Table 9-13 Advantages and Disadvantages of Cardioplegia Solution Vehicles

Vehicle Advantages Disadvantages

Blood Oxygen-carrying capacity Possible sludging at low temperatures
Active resuscitation Possible unfavorable shift in oxyhemoglobin association curve
Reduction in systemic hemodilution Potential for poor distribution of solution beyond coronary stenoses
Minimize reperfusion damage Possible red blood cell crenation
Provision of inherent buffering, oncotic, and

rheologic effects
Impaired visualization

Provision of physiological calcium concentration
Presence of endogenous oxygen-free radical

scavengers
Crystalloid History of effectiveness Minimal oxygen-carrying capacity

Ease of solution preparation Possible damage of coronary endothelium
Low cost
Minimal potential for capillary obstruction

Reduced efficacy (compared with blood) in preserving left
ventricular function postoperatively

Systemic hemodilution
Possible role in production of late myocardial fibrosis

Adapted from references 89, 90, and 93.
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of additives contained in the crystalloid solution is five times
greater than that actually delivered to the patient due to the di-
lution of this solution with blood before it reaches the patient.
Furthermore, with blood-based cardioplegia solution, there is
a reduced need to place additives in the crystalloid component
of the solution. For example, calcium and magnesium need
not be added to the crystalloid component because sufficient
quantities are contained in blood.

Common Characteristics
Most cardioplegia solutions have certain basic characteristics
in common. Crystalloid cardioplegia solutions are made hyper-
osmolar to help minimize myocardial edema associated with
cardiac arrest and are usually made slightly basic to compen-
sate for the metabolic acidosis that accompanies myocardial
ischemia. Cardioplegia solutions are traditionally chilled to a
temperature of 4◦C to 8◦C before being infused into the coro-
nary circulation. Hypothermia decelerates the metabolic ac-
tivity of the heart, reduces myocardial oxygen demand and
the detrimental effects seen with myocardial ischemia, and
helps maintain cardiac arrest.94,95 However, hypothermia can
also produce deleterious effects on the heart, including im-
paired mitochondrial energy generation and substrate utiliza-
tion, membrane destabilization, and the need for a longer pe-
riod of reperfusion to rewarm the heart, which can increase
the chances of reperfusion injury. In an effort to minimize the
adverse consequences of hypothermia, the use of normother-
mic cardioplegia solution for induction of arrest (with cardio-
plegia maintained with a hypothermic solution) and the ad-
ministration of a normothermic reperfusion solution before
aortic cross-clamp removal was demonstrated to improve my-
ocardial metabolic and functional recovery in energy-depleted
hearts.93 The benefits seen with this technique prompted in-
vestigators to study the use of intermittent, normothermic
(37◦C) cardioplegia. Positive results were reported with this
technique and included a decreased incidence of perioperative
myocardial infarction (MI) and need for intra-aortic balloon
pump (IABP) support, as well as a lower incidence of post-
operative low cardiac output syndrome.96,97 However, stud-
ies examining the use of normothermic cardioplegia solution
have not consistently demonstrated a decrease in mortality
or perioperative MI when compared with hypothermic car-
dioplegia solution. With normothermic cardioplegia, a major
concern is that not as much protection from ischemia is pro-
vided during the time that cardioplegia solution is not being
infused as that provided with the use of hypothermic solu-
tion. Furthermore, when compared with hypothermic cardio-
plegia solution, warm cardioplegia is associated with a greater
use of crystalloid and α-agonists to maintain perfusion pres-
sure, higher total volumes of cardioplegia, increased use of
high-potassium cardioplegia to stop periodic episodes of elec-
trical activity, a higher incidence of systemic hyperkalemia,
and lower systemic vascular resistance.98 In an attempt to re-
duce problems seen with normothermic cardioplegia, the use of
tepid (29◦C) cardioplegia solution has been advocated. When
compared with hypothermic techniques, tepid cardioplegia re-
sulted in greater left and right ventricular stroke work indices
(slightly less than normothermic cardioplegia) and a much
faster recovery of myocardial function.99,100 Currently, a com-
bination normothermic/hypothermic technique is still used

more frequently in practice. Additional work is needed in this
area.

Additives
Table 9-14 presents additives commonly used in cardioplegia
and/or reperfusion solutions, the reason for their addition, and
frequently used concentrations.89,90 In addition to these addi-
tives, several other classes of agents continue to be examined
for their usefulness in cardioplegia and/or reperfusion solu-
tions.

Oxygen-free Radical Scavengers
Oxygen-free radicals (e.g., superoxide anion, hydrogen per-
oxide, free hydroxyl radical) are released during the sudden
reintroduction of oxygen to ischemic tissue during reperfu-
sion. They have been implicated in myocyte death, reperfusion-
induced arrhythmias, and prolonged left ventricular dysfunc-
tion after reperfusion.92 The addition to reperfusion solution
of drugs that inhibit oxygen-free radical production or degrade
free radicals (e.g., mannitol, deferoxamine, allopurinol) has
been demonstrated to reduce post-reperfusion myocardial
injury and other free radical-induced surgical complica-
tions.101−103 An advantage of using blood-based cardioplegia
solution is that blood contains endogenous oxygen-free rad-
ical scavengers (e.g., catalase, superoxide dismutase, gluta-
thione).104

Adenosine
Adenosine is an endogenous nucleoside that is released from
the ischemic myocardium during the catabolism of ATP. It pro-
tects the heart from ischemic and reperfusion injury and may
have a role in ischemic preconditioning. Adenosine produces
the majority of its effects through interaction at the adenosine
A1, A2, and A3 receptors. Stimulation of A1 receptors causes
activation of the ATP-sensitive potassium channel (K-ATP),
ultimately resulting in positive chronotropic and dromotropic
effects, antiadrenergic effects, stimulation of glycogenolysis,
and stimulation of neutrophil adherence. Stimulation of A2
receptors results in vasodilation, renin release, inhibition of
neutrophil adherence to endothelium, and inhibition of su-
peroxide generation. The physiological effects of stimulation
of A3 receptors include inhibition of neutrophil adherence
to endothelium.105 The cardioprotective effects during pre-
conditioning are believed to be the result of K-ATP channel
activation. Preliminary results of a phase II trial found that
adenosine may improve postoperative hemodynamic function
and possibly reduce morbidity and mortality when patients re-
ceive IV adenosine immediately before and after aortic cross-
clamping in addition to cold blood cardioplegia containing
2 mM adenosine.106 However, further multicenter studies are
needed to identify patients who will benefit the most from
adenosine and whether adenosine will definitively reduce the
incidence of MI or death following open heart surgery.

L-Arginine
Ischemia results in decreased formation of nitric oxide; ni-
tric oxide helps prevent neutrophils from adhering to the vas-
cular endothelial cells. Neutrophil adhesion to the coronary
endothelium is a prerequisite for neutrophil activation and ac-
cumulation in the myocardium. Activated neutrophils may be a
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Table 9-14 Commonly Used Cardioplegia Solution Additives

Additive Frequently Used Concentrationa Function

Amino acid substrates
(glutamate/aspartateb)

11–12 mL/Lc Improves myocardial metabolism; improves metabolic and functional recovery in
energy-depleted hearts

Calcium At least trace amounts
(0.1 mEq/L)

Maintains integrity of myocardial cell membrane; prevents “calcium paradox”d

Chloride 90–110 mEq/L Establishes a solution similar in composition to extracellular fluid
CPD solution 12 mL/Le

45 mL/Lc
Chelates calcium in blood-based cardioplegia solution to produce safe levels of

hypocalcemia for rapid diastolic arrest; limits postischemic calcium
accumulation and improves postischemic performance

Glucose 5–10 g/L safely used Helps achieve desired osmolarity of solution; serves as a metabolic substrate for
the heart

Magnesium 32 mEq/L Reduces magnesium loss during ischemia; reduces calcium influx and potassium
efflux during ischemia; has a weak arresting action on heart

Potassium 15–30 mEq/L f Induces rapid diastolic arrest
Sodium 120–140 mEq/L Necessary for protective action of potassium; establishes a solution similar in

composition to extracellular fluid
Sodium bicarbonate

or THAM
Variable; added until

desired pH is obtained
Provides buffering capacity; helps maintain physiologically normal pH range;

counters acidosis produced by ischemia

aConcentration delivered to patient; concentration dependent on other cardioplegia solution additives (concentration of any one additive may be changed by inclusion of other
additives).
bNot commercially available in parenteral formulation; each milliliter of solution contains 178.4 mg monosodium L-glutamate and 163.4 mg monosodium L-aspartate (for preparation
directions, see reference 89).
cWarm, blood-based induction and reperfusion solutions.
d Calcium paradox is a condition that results in rapid consumption of high-energy phosphates, extensive ultrastructural damage of myocardial cells, and myocardial contracture; it
results from an influx of calcium into the myocardial cells, resulting from the introduction of a calcium-containing perfusate (i.e., blood) into the system during reperfusion after
the use of a cardioplegia solution completely lacking in calcium.
eCold, blood-based induction and maintenance solutions.
f Lower concentrations (5−10 mEq/L) used during maintenance phase.
CPD, citrate-phosphate-dextrose; THAM, trishydroxymethylaminomethane.
Adapted from references 89 and 90.

major source of oxygen-free radical production. They enhance
degranulation and the release of proteases, which cause cel-
lular damage, and they adhere to microvascular endothelium
or embolize in the microcirculation. Nitric oxide–dependent
vasodilation and inhibition of neutrophil activity are believed
to play important roles in preventing reperfusion damage after
ischemia.

L-arginine is a nitric oxide donor and may have a role
as a supplement to cardioplegia and/or reperfusion solu-
tions. Animal studies have demonstrated benefits (reduction
in oxygen-free radical formation, restoration of endothelial
function) from the addition of L-arginine to cardioplegia
solutions.107−109 Limited trials in patients undergoing coronary
artery bypass grafting have demonstrated that the addition
of L-arginine (7.5 g/500 mL) to blood cardioplegia reduced
the release of cardiac troponin T, a marker of myocardial
ischemia.110

Potassium

16. W.D., a 64-year-old man, ASA-III, is scheduled to undergo a
coronary artery bypass graft. W.D.’s serum potassium concentra-
tion is 4 mEq/L. A blood-based cardioplegia solution is ordered
for the patient with the concentration of potassium in the crys-
talloid component to be 76 mEq/1,000 mL. Cold induction (e.g.,
chilled cardioplegia solution) using a delivery system of four parts
blood to one part cardioplegia solution will be used. On adminis-
tration of the solution to W.D., cardiac arrest was not achieved. A
STAT chemical analysis of the crystalloid solution revealed that it

contained no potassium. Why is this consistent with the findings
in W.D.?

Failure to see immediate arrest within 1 to 2 minutes after
the administration of cardioplegia solution can be due to several
factors, including incomplete aortic clamping, aortic insuffi-
ciency, and failure to have a potassium concentration sufficient
to produce arrest. Because W.D.’s cardioplegia solution con-
tained no potassium, a direct cause-and-effect relationship can
be made to the inability to achieve an arrest.

The major role of potassium in cardioplegia solution is to in-
duce a rapid diastolic arrest by blocking the inward sodium cur-
rent and initial phases of cellular depolarization. This results in
cessation of electromechanical activity and helps preserve ATP
and creatine phosphate stores for postischemic work. A deliv-
ered potassium concentration in the range of 15 to 20 mEq/L is
used most commonly. This concentration has consistently pro-
duced asystole while minimizing adverse effects (e.g., tissue
damage, systemic hyperkalemia). Potassium concentrations
>40 mEq/L alter myocardial cell membranes, allow extracel-
lular calcium to enter the cell, and raise energy demands.111

In laboratory studies, high concentrations of potassium
(>100 mEq/L) increase myocardial contracture and wall ten-
sion, a condition referred to as stone heart syndrome.112 Vary-
ing concentrations of potassium are used in the cardioplegia
solution, depending on the phase of cardioplegia. As previously
discussed, a high concentration of potassium is required to in-
duce arrest, whereas lower concentrations (e.g., 5−10 mEq/L)
are sufficient to maintain arrest.113 On first glance, the
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concentration of potassium ordered in W.D.’s blood-based car-
dioplegia solution appears excessive. However, the concen-
tration delivered to the coronary circulation is slightly <20
mEq/L if one considers that the potassium contribution from
the blood component of this blood-based cardioplegia solu-
tion is approximately 4 mEq/L and that from the crystalloid
component is approximately 15 mEq/L (76 mEq/L ÷ 5). This
highlights the importance of knowing the delivery ratio be-
ing used for the administration of blood-based cardioplegia
solution.

Amino Acids: Normothermic, Blood-Based Cardioplegia Solution

17. T.E., a 55-year-old man, ASA-IV, is admitted to the hospi-
tal with an MI. He is currently in the coronary care unit and is
scheduled for myocardial revascularization surgery. He has poor
left ventricular function (cardiac output, 2.2 L/minute [normal,
4–6 L/minute]; pulmonary capillary wedge pressure, 25 mmHg
[normal, 5–12 mmHg]; left ventricular ejection fraction, 25%
[normal, >60%]), and is on an IABP for circulatory support.
In addition to being on the IABP, he is receiving dopamine and
milrinone. A diagnosis of cardiogenic shock is made. What type
of cardioplegia solution should T.E. receive during his revascu-
larization surgery?

Normothermic (37◦C), blood-based cardioplegia and reper-
fusion solutions containing the amino acids glutamate and as-
partate have been advocated for the induction and reperfu-
sion phases of cardioplegia in patients with ischemic hearts
(e.g., extending MI, cardiogenic shock, hemodynamic in-
stability) or those with advanced left or right ventricular
hypertrophy or dysfunction.114−116 Glutamate and aspartate,
Krebs’ cycle precursors, are added to cardioplegia solution to
counteract the depletion of Krebs’ cycle intermediates dur-
ing myocardial ischemia and to enhance energy production
during reperfusion.114,116,117 These agents enhance oxidative
metabolism optimally at normothermia (37◦C).117

With this technique, cardioplegia induction is accomplished
with an infusion of the normothermic, blood-based cardiople-
gia solution over 5 minutes. Normothermia optimizes the rate
of cellular repair, whereas glutamate and aspartate improve
oxygen utilization capacity.103 The normothermic solution is
immediately followed by a 5-minute infusion of hypothermic,
blood-based cardioplegia solution. Cardioplegia is maintained
with hypothermic, blood-based solution. Normothermic reper-
fusion solution is administered for 3 to 5 minutes immedi-
ately before aortic unclamping (reperfusion). The administra-
tion of normothermic solution at the conclusion of surgery is
referred to by some as a hot shot. It is believed to result in
early resumption of temperature-dependent mitochondrial en-
zymatic function and to allow energy supplies to be channeled
into cellular recovery rather than electromechanical work. This
results in improved hemodynamic and myocardial metabolic
recovery.117,118

T.E., with his poor myocardial function, is a suitable can-
didate to receive amino acid–enriched, normothermic, blood-
based cardioplegia solution and reperfusion solution during
the induction and reperfusion phases of cardioplegia, respec-
tively.

ANTIEMETIC AGENTS AND POSTOPERATIVE NAUSEA
AND VOMITING
Impact of Postoperative Nausea and Vomiting
PONV is a relatively common (overall incidence, 25%−30%)
yet highly undesirable anesthetic and surgical outcome. Pa-
tients who develop PONV are greatly dissatisfied with their
surgical experience and require additional resources such as
nursing time and medical/surgical supplies. PONV typically
lasts <24 hours; however, symptom distress can continue at
home, thereby preventing the patient from resuming normal
activities or returning to work.119 It is important to remember
that nausea is a separate subjective sensation and is not always
followed by vomiting. Nausea can be as or more distressing to
patients as vomiting.

Mechanisms of and Factors Affecting Postoperative
Nausea and Vomiting
The vomiting center is reflex activated through the chemore-
ceptor trigger zone (CTZ). Input from other sources can also
stimulate the vomiting center. Afferent impulses from the pe-
riphery (e.g., manipulation of the oropharynx or GI tract), the
cerebral cortex (e.g., unpleasant tastes, sights, smells, emo-
tions, hypotension, pain), and the endocrine environment (e.g.,
female gender) can also stimulate the vomiting center. In addi-
tion, disturbances in vestibular function (e.g., movement after
surgery, middle ear surgery) can stimulate the vomiting center
via direct central pathways and the CTZ. Neurotransmitter re-
ceptors that play an important role in impulse transmission to
the vomiting center include dopamine type 2 (D2), serotonin
(5HT3), muscarinic cholinergic (M1), histamine type 1 (H1),
and neurokinin type 1 (NK1) (Fig. 9-1).119−125 The vestibular
apparatus is rich in M1 and H1 receptors. Opioid analgesics
can activate the CTZ, as well as the vestibular apparatus, to
produce nausea and vomiting.119−122

PONV is probably not caused by a single event, entity, or
mechanism; instead, the cause is likely to be multifactorial.
Factors that place a patient at risk for developing PONV in
adults include female gender, history of PONV and/or motion
sickness, nonsmoking status, use of opioids, type of surgery,
duration of surgery, and general anesthesia with inhalation
anesthetic agents and/or nitrous oxide.126 For children, risk
factors for postoperative vomiting include duration of surgery
≥30 minutes, age ≥3 years, strabismus surgery, and a history
of postoperative vomiting in the child or PONV in the mother,
father, or siblings.125 Unlike adults, nausea is not easily mea-
sured in children and hence not routinely assessed.

18. J.E., a 34-year-old, 55-kg woman, is scheduled to undergo
a gynecologic laparoscopy under general anesthesia on an out-
patient basis. She has had one previous surgery, has no known
medication allergies, and is a nonsmoker. On questioning, she re-
ports that she developed PONV following her first surgery. Her
physical examination is unremarkable. Is J.E. a candidate for pro-
phylactic antiemetic therapy?

J.E. has several risk factors that make her susceptible to
developing PONV. Adult women are two to three times more
likely than adult men to develop PONV. Previous PONV also
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FIGURE 9-1 Mechanisms and neurotransmitters of postoperative nausea and vomiting. The chemoreceptor
trigger zone (CTZ) is located in the area postrema of the midbrain. The vomiting center is also located
in the midbrain, close to the nucleus tractus solaritus (NTS) and the area postrema. The CTZ, NTS, and
area postrema are rich in 5-HT3, H1, M1, D2, and μ-opioid receptors. Antiemetic agents used to manage
postoperative nausea and vomiting block one or more of these receptors. D2, dopamine type 2 receptor;
5-HT3, serotonin type 3 receptor; M1, muscarinic cholinergic type 1 receptor; NK1, neurokinin type 1
receptor; H1, histamine type 1 receptor; GI, gastrointestinal; ICP, intracranial pressure; CSF, cerebral
spinal fluid. Source: Adapted from references 119−125.

increases the likelihood of developing PONV threefold. In ad-
dition, a nonsmoking status increases the risk of developing
PONV. The type of procedure J.E. is undergoing (gynecologic
laparoscopy) places her at a higher risk for developing PONV.
Finally, J.E. is scheduled for general anesthesia, which is also
associated with a greater risk of PONV when compared with
regional anesthesia. Because of the presence of many risk fac-
tors, J.E. is at high risk and should be administered at least two
prophylactic antiemetic agents. Patients undergoing surgery
view PONV as a highly undesirable consequence, thereby re-
ducing their overall level of satisfaction.

Prevention of Postoperative Nausea and Vomiting:
Choice of Agent

19. Which antiemetic drugs would be most appropriate for
J.E., and when should they be administered?

Antiemetic drugs can be classified as antimuscarinics
(scopolamine, promethazine, diphenhydramine), serotonin an-
tagonists (ondansetron, dolasetron, granisetron), benzamides

(metoclopramide), butyrophenones (droperidol), phenothi-
azines (prochlorperazine), and the NK1 antagonist, aprepitant.
These drugs exert their antiemetic effects primarily by block-
ing one central neurotransmitter receptor. Dopamine antago-
nists include the benzamides, butyrophenones, and phenothi-
azines. Ondansetron, granisetron, and dolasetron block 5HT3
receptors of vagal afferent nerves in the GI tract and in the
CTZ. Antimuscarinics likely exert their antiemetic effect by
blocking Ach in the vestibular apparatus, vomiting center, and
CTZ. The proposed site of action, usual adult dose, and se-
lect adverse effects of the commonly used antiemetic drugs for
prevention and treatment of PONV are summarized in Table
9-15.3,119,121,125−127

Butyrophenones
Droperidol possesses significant antiemetic activity, with IV
doses of 0.625 to 1.25 mg effectively preventing PONV.
Droperidol is more effective for nausea than vomiting, even
at a dose as low as 0.3 mg. Droperidol has an onset of action
of 3 to 10 minutes, with peak effects seen at 30 minutes. Doses
of 0.625 or 1.25 mg often prevent PONV for up to 24 hours.
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Table 9-15 Classification, Proposed Site(s) of Action, Usual Dose, and Adverse Effects of Select Antiemetic Drugs

Proposed Receptor Duration of
Antiemetic Drug Site of Action Usual Dosea Action Adverse Effects Comments

Butyrophenones
Droperidol (Inapsine) D2 Adult: 0.625–1.25 mg

IV
Pediatric: 20–50 μg/kg

IV for prevention;
10−20 mcg/kg IV
for treatment

≤12–24 hr Sedation, dizziness, anxiety,
hypotension (especially in
hypovolemic patients), EPS

Monitor ECG for QT
prolongation/torsades de
pointes

Phenothiazines
Prochlorperazine

(Compazine)
D2 Adult: 5–10 mg IM or

IV; 25 mg PR
Pediatricb: 0.1−0.15

mg/kg IM, 0.1–0.13
mg/kg PO, 2.5 mg
PR

4–6 hr (12 hr
when
given PR)

Sedation, hypotension
(especially in hypovolemic
patients), EPS

Antimuscarinics
Promethazine

(Phenergan)
D2, H1, M1 Adult: 6.25–25 mg IM,

IV, or PRc
4−6 hr Sedation, hypotension

(especially in hypovolemic
patients), EPS, serious tissue
injury from inadvertent
arterial injection or IV
extravasation

Limit concentration to 25
mg/mL; dilute in 10−20 mL
saline, inject through a
running line, and advise
patient to report IV site
discomfort

Diphenhydramine
(Benadryl)

H1, M1 Adult: 12.5–50 mg IM
or IV

4–6 hr Sedation, dry mouth, blurred
vision, urinary retention

Pediatric: 1 mg/kg IV,
PO (max: 25 mg for
children younger
than
12 years)

Scopolamine
(Transderm Scop)

M1 Adult: 1.5 mg
transdermal patch

72 hrd Sedation, dry mouth, visual
disturbances, dysphoria,
confusion, disorientation,
hallucinations

Apply at least 4 hr before end
of surgery; wash hands after
handling patch; not
appropriate for children,
elderly, or patients with
renal/hepatic impairment

Benzamides
Metoclopramide

(Reglan)
D2 Adult: 10−20 mg IV

Pediatric: 0.25 mg/kg
IV

≤6 hr Sedation, hypotension, EPS Consider for rescue if N/V is
believed to be due to gastric
stasis; reduce dose to 5 mg
in renal impairment; give
slow IV push

Serotonin Antagonists
Ondansetron (Zofran) 5-HT3 Adult: 4 mg IV Up to 24 hr Headache, lightheadedness,

QT prolongation
Pediatric: 0.05–0.1

mg/kg IV
Dolasetron (Anzemet) 5-HT3 Adult: 12.5 mg IV Up to 24 hr Headache, lightheadedness,

QT prolongation
Pediatric: 0.35 mg/kg

IV
Granisetron (Kytril) 5-HT3 Adult: 0.35 mg−1 mg

IV
Pediatric: Not known

Up to 24 hr Headache, lightheadedness,
QT prolongation

Palonosetron (Aloxi) Adult: 0.075 mg IV Up to 24 hr Bradychardia, headache,
QT prolongation

NK1 Antagonists
Aprepitant (Emend) NK1 Adult: 40 mg PO up to

3 hr before surgery
Up to 24 hr Headache
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Table 9-15 Classification, Proposed Site(s) of Action, Usual Dose, and Adverse Effects of Select Antiemetic Drugs (Continued)

Proposed Receptor Duration of
Antiemetic Drug Site of Action Usual Dosea Action Adverse Effects Comments

Other
Dexamethasone

(Decadron)
None Adult: 4–8 mg IV

Pediatric: 0.15 mg/kg
IV

Up to 24 hr Genital itching, flushing,
hyperglycemia

aUnless otherwise indicated, pediatric doses should not exceed adult doses.
bChildren >10 kg or older than 2 years only. Change from IM to PO as soon as possible. When administering PR, the dosing interval varies from 8 to 24 hours, depending on the
child’s weight.
cMaximum of 12.5 mg in children younger than 12 years.
d Remove after 24 hours. Instruct patient to thoroughly wash the patch site and their hands.
5-HT3, serotonin type 3 receptor; D2, dopamine type 2 receptor; ECG, electrocardiogram; EPS, extrapyramidal symptoms (e.g., motor restlessness or acute dystonia); H1, histamine
type 1 receptor; IV, intravenous; IM, intramuscular; M1, muscarinic cholinergic type 1; N/A, not applicable; N/V, nausea and/or vomiting; PO, orally (by mouth); PR, per rectum.
Adapted from references 3, 119, 121, and 125−127.

The duration of action of a 0.3-mg dose, however, is short
lived, with repeated doses often necessary. Droperidol is most
effective when administered near the end of surgery. Adverse
effects include sedation (especially at doses ≥2.5 mg), anxi-
ety, hypotension, and, rarely, restlessness or other extrapyra-
midal (EP) reactions.128 Because of its effectiveness and cost,
droperidol has historically been used extensively as a first-
line agent. However, in December 2001, the FDA strengthened
warnings regarding adverse cardiac events following droperi-
dol administration. With the new warning to perform continu-
ous 12-lead electrocardiographic monitoring before and for 2
to 3 hours following administration of droperidol, it became an
issue, from both expense and logistical viewpoints, to adminis-
ter droperidol to an outpatient, patient in the PACU (recovery
room), or patient in an unmonitored bed. Because low-dose
droperidol has been used for >30 years to prevent PONV, many
anesthesia providers challenged the decision of the FDA to
issue this “black box” warning.129 Nuttall et al.130 retrospec-
tively examined whether low-dose droperidol administration
increased the incidence of torsades de pointes (TdP) in patients
undergoing general surgery. Of the 16,791 patients exposed to
droperidol, no patient experienced TdP. The authors concluded
that the FDA’s black box warning for low-dose droperidol is
excessive and unnecessary.

Benzamides
Metoclopramide, in doses of 10 to 20 mg, has been used in
the prevention and treatment of PONV. However, variable re-
sults have been seen with this agent.131 For maximum benefit,
metoclopramide must be administered near the end of surgery
(secondary to its rapid redistribution after IV administration);
10 mg IV administered at the beginning of surgery is not ef-
fective. Adverse effects of metoclopramide include drowsiness
and EP reactions, such as anxiety and restlessness. Metoclo-
pramide should be administered by slow intravenous injection
over at least 2 minutes to minimize the risk of EP reactions
and cardiovascular effects such as hypotension, bradycardia,
and supraventricular tachycardia.

Serotonin Antagonists
Ondansetron (4 mg IV) was the first 5HT3 antagonist to re-
ceive an indication for PONV. Dolasetron (12.5 mg IV) and

granisetron (1 mg IV) are also approved for preventing and
treating PONV. Palonosetron (0.075 mg IV) is approved for the
prevention of PONV for up to 24 hours following surgery. As a
general rule, serotonin antagonists are consistently more effec-
tive in reducing vomiting rather than nausea.132 Ondansetron
and dolasetron are equally efficacious in preventing PONV.133

A single dose of ondansetron, dolasetron, or granisetron pro-
vides acute relief and can protect against nausea and vomiting
for up to 24 hours after administration. For optimal efficacy,
serotonin antagonists should be administered near the end of
surgery. Adverse effects are minimal and include headache,
constipation, and elevated liver enzymes. Because of their good
efficacy and adverse effect profile, serotonin antagonists are
recommended as first-line therapy.125

Dexamethasone
Dexamethasone is frequently used as an antiemetic in patients
undergoing highly emetogenic chemotherapy. Its mechanism
of action as an antiemetic is not well understood, particularly
in the surgical setting. When compared to placebo, a prophy-
lactic dose of dexamethasone is antiemetic in high-risk pa-
tients. It is most effective in preventing late PONV (up to
24 hours). Adverse effects in otherwise healthy patients are
minimal and include headache, dizziness, drowsiness, consti-
pation, and muscle pain.134 Because of its good efficacy and
adverse effect profile (from a single dose), dexamethasone is
also recommended as first-line therapy.125 Unlike droperidol
and the serotonin antagonists, dexamethasone is most effective
when administered at the beginning of surgery (immediately
before induction).135

Phenothiazines
Prochlorperazine has been used successfully to prevent PONV.
Prochlorperazine (10 mg IM) was found to have superior effi-
cacy (less nausea and vomiting, as well as less need for rescue
antiemetics) when compared with ondansetron for preventing
PONV.136 Prochlorperazine may cause sedation, EP reactions,
and cardiovascular effects. Because it has a short duration of
action, multiple doses may be necessary.

Antimuscarinics
Scopolamine blocks afferent impulses at the vomiting cen-
ter and blocks Ach in the vestibular apparatus and CTZ.
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Transdermal scopolamine is useful for prevention of nau-
sea, vomiting, and motion sickness. Compared with placebo,
transdermal scopolamine effectively reduces the incidence of
emetic symptoms.137 Common side effects include dry mouth
and visual disturbances. Patients can also have trouble cor-
rectly applying the patch. It is important to apply the patch
before surgery because its onset of effect is 4 hours. Patients
should also be instructed to wash their hands after applying the
patch and to dispose of the patch properly.

Neurokinin-1 Antagonists
Aprepitant is the first NK1 antagonist to be approved for pre-
vention of PONV. Aprepitant has a long half-life and is ad-
ministered orally prior to surgery. For prevention of PONV in
patients undergoing abdominal surgery, aprepitant was sim-
ilar in efficacy (defined as no vomiting and no use of res-
cue antiemetics in the first 24 hours following surgery) to
ondansetron. Aprepitant, however, was significantly more ef-
fective than ondansetron in preventing vomiting at 24 and 48
hours after surgery. Aprepitant was well tolerated, with adverse
effects similar to ondansetron.138

Combination of Agents
As discussed, droperidol, serotonin antagonists, dexametha-
sone, and transdermal scopolamine effectively prevent PONV.
However, these agents fail to prevent PONV in approximately
20% to 30% of patients. Most of the agents effectively block
one receptor believed to be involved in the activation of the
vomiting center. However, because the cause of PONV is likely
multifactorial, a combination of antiemetic agents (from dif-
ferent classes) is more efficacious for preventing PONV in a
high-risk patient. In a factorial trial of six interventions for
prevention of PONV in more than 5,000 high-risk patients un-
dergoing surgery, patients were randomly assigned to 1 of 64
possible combinations of six different prophylactic interven-
tions: 4 mg IV ondansetron or no ondansetron; 4 mg IV dex-
amethasone or no dexamethasone; 1.25 mg IV droperidol or no
droperidol; propofol or a volatile inhalation anesthetic agent;
nitrous oxide or nitrogen (i.e., no nitrous oxide); and remifen-
tanil (an ultrashort-acting opioid) or fentanyl (a short-acting
opioid).139 Each antiemetic agent intervention (ondansetron,
dexamethasone, droperidol) had similar efficacy and reduced
the risk of PONV by about 26%. The risk was further reduced
when a combination of any two antiemetics was administered,
with no difference between the various combinations of agents.
The risk was the lowest when all three antiemetic agents were
administered.

For prophylaxis of PONV, J.E. should receive at least two
antiemetic agents because she is at high risk for developing
PONV. Dexamethasone 4 mg IV can be administered at the
beginning of surgery (just after induction of anesthesia) and
4 mg IV ondansetron should be administered approximately
30 minutes before the end of surgery. If an alternative agent
(to ondansetron and dexamethasone) or third agent is war-
ranted, a transdermal scopolamine patch can be placed within
2 hours before the induction of general anesthesia. The addi-
tion of transdermal scopolamine to ondansetron for prevention
of PONV significantly reduces PONV, as well as supplemental
antiemetic requirements.140

Treatment of Postoperative Nausea and Vomiting

20. J.E. is taken to surgery. Anesthesia is induced with propofol
and maintained with sevoflurane. Fentanyl is administered intra-
operatively for analgesia. A prophylactic dose of dexamethasone
is administered at the beginning of surgery, and ondansetron is
administered near the end of surgery. Neuromuscular blockade
produced by vecuronium is reversed with neostigmine and gly-
copyrrolate. In the recovery room, J.D. becomes nauseated and
has several emetic episodes. What do you recommend?

Although dexamethasone and ondansetron are effective for
both prevention and treatment of PONV, a rescue antiemetic
is more efficacious if it works by a different mechanism of
action.141 Prophylactic dexamethasone and/or ondansetron can
be effective for up to 24 hours. If nausea and emetic episodes
occur in the recovery room, the prophylactic antiemetic agents
were ineffective. Phenothiazines (prochlorperazine) and ben-
zamides (metoclopramide) block dopaminergic stimulation of
the CTZ, making these agents appropriate for J.E. Prochlor-
perazine may be preferred because metoclopramide’s primary
effect is in the GI tract rather than the CTZ. Diphenhydramine
or promethazine, which blocks Ach receptors in the vestibu-
lar apparatus, as well as histamine receptors that activate the
CTZ, would also be appropriate choices for rescue for J.E. Be-
cause excessive sedation could delay J.E.’s discharge from the
ambulatory surgery center, doses should not exceed 25 mg IV
for promethazine and 50 mg IV for diphenhydramine. In addi-
tion, it is important to assess J.E. for postoperative factors that
could increase the likelihood of PONV. If postural hypotension
is present, IV fluids and ephedrine would be appropriate ther-
apy. Postoperative pain must also be assessed because PONV is
directly related to the degree of postoperative pain; a threefold
higher frequency of PONV has been reported in ambulatory
surgery patients with postoperative pain.142

Anesthetic Agents With a Low Incidence of Postoperative
Nausea and Vomiting

21. How could J.E.’s anesthetic regimen have been modified to
reduce the likelihood of PONV?

Several changes could be made in the anesthetic regimen to
reduce the likelihood of PONV. When propofol is used for both
induction and maintenance of anesthesia, it reduces the risk of
PONV similar to the administration of a single antiemetic.139

Because perioperative administration of opioids is associated
with PONV, the use of NSAIDs (oral agents preoperatively and
postoperatively, parenteral ketorolac intraoperatively and post-
operatively), when appropriate, can reduce the need for post-
operative opioids. In addition, surgical wound infiltration with
a long-acting local anesthetic, such as bupivacaine, should also
be used, as needed, to reduce postoperative incisional pain.

ANALGESIC AGENTS AND POSTOPERATIVE
PAIN MANAGEMENT
Acute Pain
Surgery causes injury to the body, resulting in acute pain.
Specifically, the tissue trauma from surgery directly stimulates
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nociceptors (receptors in the periphery that detect damaging
or unpleasant stimuli, inflammation, pressure, and/or temper-
ature). In addition, tissue injury causes the release of inflam-
matory mediators (e.g., prostaglandins, substance P) that sen-
sitize and activate nociceptors. Sensitized nociceptors amplify
the pain impulse by generating nerve impulses more readily
and more often; this is called “peripheral sensitization.” The
pain impulse then travels from the periphery to the dorsal horn
of the spinal cord. From here, the pain impulse ascends to
higher centers in the brain, which results in the patient “feel-
ing” the pain. Because both cortical and limbic systems are
involved and social and environmental influences are present,
the same surgery can result in significant individual differences
in pain perception. Persistent bombardment of the dorsal horn
with pain impulses from the periphery results in central sensi-
tization (“wind-up”), where there is increased firing of dorsal
horn neurons. Clinically, when these two processes occur, the
patient will experience a lower pain threshold, both at the site
of injury and in the surrounding tissue. When this occurs, pain
may be prolonged beyond the usual expected duration follow-
ing surgery. If central sensitization is prolonged, permanent
changes in the CNS can occur. Clinically, this can result in
postoperative pain that is hard to manage.143,144

The degree of pain usually depends on the magnitude of
the surgery145 and the patient’s level of fear and anxiety. Pa-
tients vary in their response to pain (and interventions) and
in their personal preferences toward pain management. Acute
pain usually resolves when the injury heals (hours to days). Un-
relieved acute postoperative pain has detrimental physiologi-
cal and psychological effects, including impaired pulmonary
function (leading to pulmonary complications); thromboem-
bolism; tachycardia; hypertension and increased cardiac work;
impairment of the immune system; nausea, vomiting, and ileus;
chronic pain; and anxiety, fatigue, and fear.146

Adequate pain assessment and management are essential
components of perioperative care. Education of patients and
families about their roles, as well as the limitations and side
effects of pain treatments, is critical to managing postoperative
pain. Pain management must be planned for and integrated into
the perioperative care of patients. Proactive planning includes
obtaining a pain history based on the patient’s own experiences
with pain; determining the patient’s pain goal; and anticipating
preoperative, intraoperative, and postoperative pain therapies.
The intensity and quality of pain, as well as the patient’s re-
sponse to treatment and the degree to which pain interferes with
normal activities, should be monitored. Ideally, pain should be
prevented by treating it adequately because once established,
severe pain can be difficult to control.

Management Options
Effective postoperative pain management should provide sub-
jective pain relief while minimizing analgesic-related adverse
effects, allow early return to normal daily activities, and
minimize the detrimental effects from unrelieved pain. The
following techniques can be used to manage postoperative
pain: (a) systemic administration of opioids, NSAIDs, and
acetaminophen; (b) on-demand administration of IV opioids,
also known as patient-controlled analgesia (PCA); (c) epidural
analgesia (continuous and on-demand, usually with an opioid/

local anesthetic mixture); (d) local nerve blockade such as lo-
cal infiltration or peripheral nerve block; and (e) application
of heat or cold, guided imagery, music, relaxation, or other
nonpharmacologic intervention. Local anesthetics, opioids, ac-
etaminophen, and NSAIDs can be used alone or in combina-
tion to create the optimal analgesic regimen for each patient
based on factors such as efficacy of the agent to reduce pain
to an acceptable level, type of surgery, underlying disease, ad-
verse effects, and cost of therapy. For patients experiencing
mild to moderate postoperative pain, local anesthetic wound
infiltration or peripheral nerve blockade, or administration of
a nonopioid analgesic such as an NSAID or acetaminophen
are appropriate approaches to analgesia. For moderate post-
operative pain, a less potent oral opioid, such as hydrocodone
or codeine, is added. For moderate to severe pain following
more invasive surgery, an IV opioid (e.g., morphine, hydromor-
phone), an epidural containing a local anesthetic and opioid, or
a peripheral nerve block with local anesthetic is necessary. (For
more information about general pain management, see Chap-
ter 8.) Analgesia for acute pain in the perioperative setting is
best achieved by using a multimodal (balanced) approach with
a combination of two or more analgesic agents that have differ-
ent mechanisms of action or that are administered by different
techniques.146

Patient-Controlled Analgesia
ADVANTAGES

22. J.A., a 50-year-old, 5′4′′, 50-kg woman, is immediately post-
operative from a total abdominal hysterectomy for a neoplasm.
Her laboratory values are remarkable for a SrCr of 1.3 mg/dL
(normal, 0.6–1.0 mg/dL). She is allergic to penicillin. She will be
admitted to the postsurgical floor for a planned stay of 2 to 3 days.
What mode of pain management should be chosen for J.A.?

PCA is a popular method of administering analgesics and
offers several advantages over traditional IM or IV opioid dos-
ing. Patients treated with intermittent IM or IV dosing of opi-
oids “as needed” can experience severe pain because the serum
opioid concentration is allowed to fall to less than the minimum
effective analgesic concentration (the concentration that pro-
vides approximately 90% pain relief). In addition, high peak
plasma opioid concentrations can be seen with this adminis-
tration method, often resulting in excessive nausea, vomiting,
or sedation, as well as respiratory depression. Small, frequent
opioid doses, as seen in PCA, minimize the peaks and valleys
in serum concentrations seen with relatively larger intermittent
IM or IV doses. This is helpful in avoiding adverse effects as-
sociated with high peak serum concentrations and inadequate
pain relief caused by subtherapeutic serum concentrations.
Small, frequent, patient-controlled dosing of opioids is effi-
cacious because opioids have a steep sigmoidal dose–response
curve for analgesia, resulting in the ability of a small opioid
dose to move the plasma concentration from being subthera-
peutic to above the minimum effective plasma concentration
that will provide effective pain relief.147,148 In terms of safety,
analgesia occurs at lower opioid dosages than sedation, and se-
dation generally precedes respiratory depression.149 Therefore,
if a patient becomes sedated, self-administration of additional
patient-controlled bolus doses will stop, allowing the serum
opioid concentration to fall to a safe level.
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Therapy can be individualized by using small doses of opi-
oids at preset intervals (e.g., 1 mg morphine every 8 minutes),
with the patient in control of his or her analgesic administra-
tion. An infusion pump, with a programmed on-demand dose
(the dose the patient can self-administer) and number of min-
utes between allowable doses (lock-out interval), is equipped
with a button that the patient presses to receive a dose. IV bolus
is the most common PCA route, with opioids being the drugs of
choice to provide postoperative analgesia. The epidural route
can also be used in select patients.

If the patient is educated to use PCA properly, it can be
used to alleviate anticipated pain before movement or physical
therapy in a pre-emptive fashion. J.A. has undergone a pro-
cedure for which moderate-to-severe pain is expected in the
immediate postoperative period. J.A.’s pain requirement in the
immediate postoperative period could be met with PCA opioid
administration after first administering a bolus dose of opioid,
which is titrated to achieve the appropriate level of analgesia.
When her opioid requirements decline or when she can tolerate
oral intake, she can then be switched to oral analgesics.

PATIENT SELECTION

23. J.A.’s surgeon decides to prescribe PCA for postoperative
pain management. How should J.A. be evaluated for her ability
to appropriately participate in her analgesic administration?

Patients receiving PCA therapy must be able to understand
the concept behind PCA and to operate the drug administration
button. J.A. must be alert and oriented before being put in
control of her own pain management. She must be able to
comprehend verbal and/or written instructions regarding the
function and safety features of the infusion pump and how
to titrate drug as needed for satisfactory analgesia. PCA has
been used successfully in children, generally after ages 8 or 9
(adjusting doses appropriately) and in elderly patients. PCA is
not indicated in patients who are expected to require parenteral
opioids for analgesia for <24 hours because these patients
will generally be able to tolerate oral analgesics shortly after
surgery.

PATIENT INSTRUCTIONS

24. J.A. is nervous about giving herself an overdose while using
PCA. What instructions should be provided to her?

Patients often worry about the safety of PCA, which can
lead to reluctance to provide themselves with adequate pain
relief. J.A. should be informed that if she administers too large
of an amount of the prescribed opioid analgesic, she should
fall asleep. Because she is asleep, she will not press the button.
When this adverse effect of the opioid has worn off, she will
wake up (plasma opioid level has fallen back into or below the
therapeutic range). This is an important safety feature of PCA
and is the reason family members must not push the button for
the patient. However, J.A. should also know that she may have
to press the button several times (after the lock-out interval has
passed) before her pain is relieved. She must also be informed
that she may require a larger PCA dose, so it is important for
J.A. to assess her pain relief from the “usual” dose most patients
are initially started on following surgery. Accurate pain assess-
ment following her prescribed dose is critical for ensuring that
her dose is sufficient to provide the desired level of analgesia.

She should also understand the possible adverse effects of her
PCA medication and what can be done to prevent and treat
these effects, as well as the advantages of providing herself
with adequate analgesia (e.g., early ambulation). Finally, she
should be told of the negligible risk of “narcotic” addiction
from short-term PCA use and be given ample opportunity to
ask questions.

CHOICE OF AGENT

25. Meperidine is ordered for J.A.’s PCA. Is this a reasonable
drug choice for her?

Ideally, opioids for PCA administration have a rapid on-
set and intermediate duration of action (30−60 minutes), with
no accumulation, ceiling effect, or adverse effects. The physi-
cians, nurses, and pharmacists involved with the care of the
patient should be familiar with the drug selected for PCA.
Morphine is by far the most common choice for PCA, al-
though other opioids such as fentanyl and hydromorphone can
be used. Drug choice is based on past patient experiences,
allergies, adverse effects, and special considerations, such as
renal function. Meperidine has a metabolite, normeperidine,
which is renally excreted; has a long half-life; and can cause
cerebral irritation and excitation. Symptoms of CNS toxicity
from normeperidine include agitation, shaky feelings, delir-
ium, twitching, tremors, and myoclonus/tonic-clonic seizures.
These symptoms can be seen when meperidine is administered
in higher doses and/or for a prolonged period.150,151 The pres-
ence of renal insufficiency increases the risk of accumulation of
normeperidine.150 Meperidine also inhibits serotonin reuptake
and has a fairly high serotonergic potential. The risk of a patient
developing the serotonin syndrome is greater when meperidine
is coadministered with another drug that has moderate or high
serotonergic potential (e.g., fluoxetine, fluvoxamine, paroxe-
tine, venlafaxine).152 For these reasons, meperidine is a poor
choice for analgesia, particularly for J.A. who has diminished
renal function. Morphine is conjugated with glucuronide in he-
patic and extrahepatic sites (particularly the kidney) to its two
major metabolites, morphine-3-glucuronide and morphine-6-
glucuronide; both metabolites are excreted primarily in the
urine. Morphine-6-glucuronide is an active metabolite that can
accumulate in patients with renal failure, resulting in prolonged
analgesia, sedation, and respiratory depression.153 Because of
J.A.’s diminished renal function, morphine should probably be
avoided because other options exist. Hydromorphone is not
metabolized to an active 6-glucuronide metabolite, and fen-
tanyl is metabolized to inactive metabolites. Either hydromor-
phone or fentanyl is an appropriate analgesic choice for J.A.
Hydromorphone is chosen. Table 9-16 lists common doses and
lock-out intervals for drugs administered by PCA.154−156

DOSING

26. J.A. was not receiving an opioid prior to surgery (e.g., she
is opioid naive). What dose of hydromorphone and what lock-out
interval should be used for her initial PCA pump settings?

If J.A. is experiencing pain before PCA has been initiated,
she should receive a loading dose of IV hydromorphone titrated
to achieve baseline pain relief (usually up to 1 mg). Once ad-
equate analgesia is achieved, demand doses of 0.2 mg with
a lock-out interval of 8 minutes would be a good choice to
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Table 9-16 Adult Analgesic Dosing Recommendations for Intravenous Patient-Controlled Analgesiaa

Demand Dose (mg)

Drug Usual Concentration Usual Range Lock-Out Interval (min)

Fentanyl (as citrate) (Sublimaze) 10 μg/mL 0.01–0.02 0.01–0.05 4–8
Hydromorphone hydrochloride (Dilaudid) 0.2 mg/mL 0.2–0.3 0.1–0.5 5–10
Morphine sulfate 1 mg/mL 1–2 0.5–3 5–10

aAnalgesic doses are based on those required by a healthy 55- to 70-kg, opioid-naive adult. Analgesic requirements vary widely between patients. Doses may need to be adjusted
because of age, condition of the patient, and prior opioid use.
Adapted from references 154–156.

maintain analgesia for this opioid-naive patient. If J.A.’s pain
is not relieved after two to three demand doses within 1 hour,
the demand dose can be increased to 0.3 mg.

USE OF A BASAL INFUSION

27. After the first postoperative evening, J.A. tells you that she
had a terrible time sleeping. She describes waking up in pain fre-
quently, despite pressing her PCA button many times. She rates
her pain as moderate to severe in intensity and fairly constant. A
review of the history on her PCA device reveals successful deliv-
ery of 9 mg of hydromorphone (30 demand doses, 0.3 mg each)
over the past 12 hours. J.A. is not sedated and reports no adverse
effects from hydromorphone. How can J.A.’s pain management
be improved?

Many PCA infusion pumps offer a continuous infusion set-
ting for a basal infusion during intermittent dosing. Use of a
basal (continuous) infusion has not been shown to improve
analgesia and likely increases the risk of adverse effects (due
to the potential of an opioid overdose in some patients). There-
fore, routine basal (continuous) infusion of opioids cannot be
recommended for acute pain management. In an opioid-naı̈ve
patient such as J.A., however, continuing to increase the de-
mand dose increases the risk of excessive sedation and respi-
ratory depression (due to high peak levels). Also, J.A. describes
her pain as moderate to severe in intensity and fairly constant
in nature when she does not regularly push the demand button.
For J.A., a continuous infusion would be beneficial. As a rule
of thumb, an opioid-naı̈ve patient experiencing acute pain (that
can change quickly) should only receive about one-third of her
average hourly usage as a continuous infusion or 1 mg/hour
of morphine (or its equivalent, which would be 0.2 mg/hour
for hydromorphone). For J.A., begin a continuous infusion of
0.2 mg/hour hydromorphone in addition to her demand dose of
0.3 mg every 8 minutes. Because the onset of action of hydro-
morphone is about 5 minutes, shortening the lock-out interval
is not a good idea because J.A. could access the next dose of
hydromorphone before the effects of the initial dose can be ap-
preciated. That could lead to significant adverse effects, such
as excessive sedation and respiratory depression.

ADVERSE EFFECTS

28. The next day, J.A. requested only a few demand doses and
reports adequate pain relief with her PCA, but now complains of
feeling slightly groggy and nauseated. Bowel sounds are noted on
physical examination, and J.A. plans to try to take clear liquids

later that morning. What are the adverse effects of PCA opioids,
and how can J.A.’s complaints be addressed?

Opioids given by PCA can produce adverse effects similar
to those given by other parenteral routes. Sedation, confusion,
euphoria, nausea and vomiting, constipation, urinary retention,
and pruritus can be experienced, and these can be managed by
dose adjustments or pharmacologic intervention. Respiratory
depression is very rare with PCA opioid administration.155

However, elderly patients, patients with severe underlying sys-
temic disease or pre-existing respiratory compromise, and
those who are receiving other sedative-hypnotics concomi-
tantly are predisposed to respiratory depression.148 Technical
problems must also be ruled out. The PCA pump should be
checked to ensure that it is delivering the correct drug and
dose, programming should be checked for accuracy (e.g., drug
concentration, dosing interval), and the opioid reversal agent
naloxone must be readily available. Monitoring for efficacy and
adverse effects of PCA therapy should include pain intensity
and quality, response to treatment, number of on-demand re-
quests, analgesic consumption, BP, heart rate, respiratory rate,
and level of sedation, as well as the presence of other adverse
effects of opioids such as nausea and itching.

J.A.’s PCA hydromorphone dose could be reduced to man-
age her sedation and nausea. However, her pain control must
be carefully reassessed to ensure efficacy of the newly low-
ered dose. An order for an antiemetic could also be pro-
vided. NSAIDs (ketorolac IM/IV or other NSAID orally) are
not sedating; thus, they could be added to the analgesic regi-
men to provide analgesia and allow a reduction in her opioid
dose. However, because of J.A.’s compromised renal function,
NSAIDs should be administered with caution and in lower
doses (e.g., 15 mg IM/IV ketorolac). Before administering ke-
torolac, J.A.’s hydration status should be evaluated to ensure
that she is not hypovolemic.157 If J.A. is able to take fluids orally,
PCA should be discontinued and oral analgesics administered
as needed. As healing occurs, her pain intensity should lessen,
and oral opioid/acetaminophen products should manage her
pain adequately.

Epidural Analgesia

29. T.M., a 69-year-old man, enters the surgical ICU after
surgery for colorectal cancer (lower anterior resection, urethral
stents, ileorectal pull-through). His pain is managed through a
lumbar epidural catheter. What are the benefits and risks of
epidural analgesia, and why was this approach to postoperative
analgesia chosen for T.M.?
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ADVANTAGES AND DISADVANTAGES
Epidural analgesia can offer superior pain relief over tradi-

tional parenteral (IM and IV PCA) analgesia.158 Continuous
epidural infusions offer an advantage over intermittent epidu-
ral injections because peak and trough concentrations of drugs
are avoided. Epidural catheter placement is an invasive pro-
cedure that can result in unintentional dural puncture, causing
postdural puncture headache, insertion site inflammation or
infection, and, rarely, catheter migration during therapy and
epidural hematoma.155

PATIENT SELECTION
Epidural analgesia should be chosen based on the need

for good postoperative pain relief and reduced perioperative
physiological responses. Postoperative pain should be local-
ized at an appropriate level for catheter placement in the lum-
bar or thoracic location of the epidural space. Patients under-
going abdominal, gynecologic, obstetric, colorectal, urologic,
lower limb (e.g., major vascular), or thoracic surgery are excel-
lent candidates for epidural pain management. Absolute con-
traindications to epidural analgesia include severe systemic
infection or infection in the area of catheter insertion, known
coagulopathy, significant thrombocytopenia, recent or antici-
pated thrombolytic therapy, full (therapeutic) anticoagulation,
uncorrected hypovolemia, patient refusal, and anatomical ab-
normalities that make epidural catheter placement difficult or
impossible.159 T.M. is a good candidate for epidural analgesia
based on the severity of pain associated with his surgery and
the surgical procedure.

CHOICE OF AGENT AND MECHANISMS OF ACTION

30. What drug or drug combination can be used for T.M.’s
epidural infusion? What are the mechanisms of action of the anal-
gesics commonly administered in the epidural space?

Opioids and local anesthetics are administered alone or
in combination in epidural infusions. Opioids in the epidural
space are transported by passive diffusion and the vasculature
to the spinal cord, where they act at opioid receptors in the
dorsal horn. After epidural administration, opioids can reach

brainstem sites by cephalad movement in the cerebrospinal
fluid. In addition, lipophilic opioids (fentanyl, sufentanil) have
substantial systemic absorption from the epidural space.153,160

Opioids selectively block pain transmission and have no effect
on nerve transmission responsible for motor, sensory, or auto-
nomic function.161 Local anesthetics, however, act on axonal
nerve membranes crossing through the epidural space to pro-
duce analgesia by blocking nerve transmission. Depending on
the drug, concentration, and depth of nerve penetration, local
anesthetics also produce sensory, motor, or autonomic block-
ade (see Local Anesthetics section). Table 9-17 describes the
spinal actions, efficacy, and adverse effects of opioids and local
anesthetics administered by the epidural route.154,159,160,162

Most often, opioids and local anesthetics are combined in
the same solution because these two classes of drugs act syn-
ergistically at two different sites to produce analgesia, allow-
ing the administration of lower doses of each drug to reduce
the risk of adverse effects while providing effective analgesia.
Table 9-18 lists the drugs, concentrations, and typical infusion
rates for epidural administration.155,156,160,161,163 Bupivacaine
is commonly chosen as the local anesthetic agent because it can
preferentially block sensory fibers (producing analgesia) with-
out significantly blocking motor fibers.155 The choice of opioid
is based on pharmacokinetic differences among the available
agents. Onset, duration, spread of agent in the spinal fluid (der-
matomal spread), and systemic absorption are affected by the
lipophilicity of the drug.162 Highly lipophilic opioids such as
fentanyl and sufentanil have a faster onset of action, a shorter
duration of action (from a single dose), less dermatomal spread,
and much greater systemic absorption. Morphine, which is
relatively hydrophilic, has a slower onset of action, longer du-
ration of action, greater dermatomal spread and migration to
the brain, and less systemic absorption.160,162 However, after
several hours of epidural infusion, the dermatomal (regional)
effect of fentanyl is lost, and analgesia is achieved because
of a therapeutic plasma concentration. Morphine, however, re-
tains its spinal mechanism of action.160 The lipophilicity of hy-
dromorphone is intermediate between fentanyl and morphine.
Clinically, hydromorphone has a faster onset and shorter du-
ration than morphine. Its site of action is likely spinal.164 A

Table 9-17 A Comparison of the Spinal Actions, Efficacy, and Adverse Effects of Opioids and Local Anestheticsa

Opioids Local Anesthetics

Actions
Site of action Substantia gelatinosa of dorsal horn of spinal cordb Spinal nerve roots
Modalities blocked “Selective” block of pain conduction Blockade of sympathetic pain fibers; can cause loss

of sensation and motor function

Efficacy
Surgical pain Partial relief Complete relief possible
Labor pain Partial relief Complete relief
Postoperative pain Fair/good relief Complete relief
Adverse effects Nausea, vomiting, sedation, confusion, pruritus,

constipation/ileus, urinary retention, respiratory
depression

Hypotension, urinary retention, loss of sensation, loss
of motor function resulting in inability to ambulate

aEpidurally administered morphine and local anesthetics exert their effects mainly by a spinal mechanism of action; lipophilic opioids such as fentanyl and sufentanil achieve
therapeutic plasma concentrations when administered epidurally.
bAnd/or other sites where opioid receptor-binding sites are present.
Adapted from references 154, 159, 160, and 162.



PERIOPERATIVE CARE � 9-31

Table 9-18 Adult Analgesic Dosing Recommendations for Epidural Infusion

Drug Combinations or Druga Infusion Concentrationb Usual Infusion Rateb

Morphine + bupivacaine 25–100 μg/mL (M) 4–10 mL/hr
0.5–1.25 mg/mL (B)

Hydromorphone + bupivacaine 3–20 μg/mL (H) 4–10 mL/hr
0.5–1.25 mg/mL (B)

Fentanyl + bupivacaine 2–10 μg/mL (F) 4–10 mL/hr
0.5–1.25 mg/mL (B)

Sufentanil + bupivacaine 1 μg/mL (S) 4–10 mL/hr
0.5–1.25 mg/mL (B)

Morphine 100 μg/mL 5–8 mL/hr

aUse only preservative-free products and preservative-free 0.9% sodium chloride as the admixture solution.
bExact concentrations and rates are institution specific. Initial concentration and/or rate often depend on the age and general condition of the patient.
M, morphine; B, bupivacaine; H, hydromorphone; F, fentanyl; S, sufentanil.
Adapted from references 155, 156, 160, 161, and 163.

comparison of the pharmacokinetic properties important to
epidural opioids is found in Table 9-19.155,158,162,163 T.M.
should receive a combination of opioid and local anesthetic,
such as fentanyl and bupivacaine, as an epidural infusion for
postoperative pain management.

31. Fentanyl/bupivacaine is chosen for T.M. How should this be
prepared, and what infusion rate should be chosen?

Fentanyl and bupivacaine are commonly admixed in 0.9%
sodium chloride (usual concentration ranges are found in Table
9-18). Concentrations are often institution specific and depend
on the rate of administration. Preservative-free preparations of
each drug should be used because neurologic effects are possi-
ble with inadvertent subdural administration of large amounts
of benzyl alcohol or other preservatives. Strict aseptic tech-
nique should be used when admixing and administering an
epidural solution.

The rate of administration is chosen empirically based on
the anticipated analgesic response, the concentration of opioid
in the admixture, and the potential for adverse effects. Usually,
a rate of 4 to 10 mL/hour is adequate; the epidural space can
safely handle up to approximately 20 mL/hour of fluid. An
initial infusion rate of 5 to 8 mL/hour would be reasonable for
T.M., with titration based on efficacy and adverse effects.

ADVERSE EFFECTS

32. Two hours after initiation of his fentanyl/bupivacaine epidu-
ral infusion, T.M. experiences discomfort in the form of an itchy

feeling on his nose, torso, and limbs. Is this related to his epidural
infusion?

Pruritus has been associated with almost all opioids, with a
significantly greater frequency when the opioid is administered
as an epidural infusion rather than by IV administration.165 This
effect is usually seen within 2 hours and is probably dose re-
lated. It generally subsides as the opioid effect wears off and
can be more of a problem with continuous epidural administra-
tion of opioids or when opioids are administered via PCA. Al-
though pruritus from opioids is probably μ-receptor mediated
and not histamine mediated,166 antihistamines (e.g., diphenhy-
dramine) can provide symptomatic relief. Alternatively, very
small doses of opioid antagonists (e.g., naloxone 0.04 mg) can
be used to effectively reverse opioid adverse effects, such as
pruritus, but not analgesia. Due to naloxone’s short duration of
action, repeat doses or a continuous infusion may be necessary.

Other adverse effects possible with epidural opioids include
nausea, vomiting, sedation, confusion, constipation, ileus, uri-
nary retention, and respiratory depression. Although rare, res-
piratory depression from epidural opioids is the most danger-
ous adverse effect. Respiratory depression can occur as long
as 12 to 24 hours after a single bolus of morphine160,162 or
within hours to 6 days after beginning a continuous infusion
of fentanyl/bupivacaine.167 Typically, regular assessments of
sedation level and rate and depth of respirations safely de-
tect respiratory depression from opioids.148,160 As with par-
enteral opioid administration, risk factors for opioid-related
respiratory depression include severe underlying systemic

Table 9-19 Pharmacokinetic Comparison of Common Epidural Opioid Analgesics

Duration of
Agent Partition Coefficient a Onset of Action of Bolus (minutes) Action of Bolus (hours) Dermatomal Spread

Fentanyl (Sublimaze) 955 5 3–6 Narrow
Hydromorphone (Dilaudid) 525 15 6–17 Intermediate
Morphine Sulfate (Duramorph) 1 30 12–24 Wide
Sufentanil (Sufenta) 1,737 5 4–7 Narrow

aOctanol/water partition coefficient; used to assess lipophilicity; higher numbers indicate greater lipophilicity.
Adapted from references 155, 158, 162, and 163.
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disease or pre-existing respiratory compromise, concomitant
use of other sedative-hypnotics (e.g., benzodiazepines, opioids
administered by another route), and older age. As a result, re-
duced doses should be used in patients with these risk factors.
Adverse effects of epidural local anesthetics include hypoten-
sion, urinary retention, lower limb paresthesias or numbness,
and lower limb motor block. Depending on the degree of numb-
ness and motor block, the patient may have difficulty ambu-
lating. Monitoring for efficacy and adverse effects of epidural
analgesia should include pain intensity and quality, response
to treatment, number of on-demand requests (if PCA is be-
ing used), analgesic consumption, BP, heart rate, respiratory
depth and rate, level of sedation, urinary output, presence of
numbness/tingling, inability to raise legs or flex knees/ankles
(lumbar epidural placement), and temperature.

ADJUNCTIVE KETOROLAC USE

33. On the second postoperative day, T.M. is able to rest com-
fortably when undisturbed, while receiving treatment with a
lumbar epidural infusion of fentanyl 3 μg/mL and bupivacaine
1.25 mg/mL at a rate of 8 mL/hour. However, when he is moved at
the change of each nursing shift, he complains of significant pain.
Increasing the rate of his epidural infusion was tried, but caused
unacceptable pruritus and sedation. How can T.M.’s intermittent
pain needs be addressed?

The use of additional analgesics for breakthrough pain may
be necessary in patients receiving continuous epidural infu-
sion. T.M.’s intermittent pain could be managed by patient-
controlled epidural analgesia. Like IV PCA, patient-activated
epidural boluses can be administered to control pain during
movement. Alternatively, ketorolac, an injectable NSAID, may
be considered for T.M.; it does not contribute to respiratory de-
pression, sedation, or pruritus and effectively treats moderate-
to-severe pain. The analgesic effects of NSAIDs are additive
with the opioids and can lower postoperative pain scores. Pa-
tient selection for ketorolac therapy should consider renal func-
tion, plasma volume and electrolyte status, GI disease, risk of
bleeding, and concomitant drugs and therapies such as epidural
analgesia.

ADJUNCTIVE ANTICOAGULANT ADMINISTRATION

34. The surgeon has determined that T.M. is at risk for develop-
ing postoperative venous thromboembolism. Enoxaparin 40 mg
SC QD has been ordered postoperatively. What are the risks of
enoxaparin in this situation? What are reasonable precautions?

Prolonged therapeutic anticoagulation appears to increase
the risk of epidural and spinal hematoma formation, which
can lead to long-term or permanent paralysis. Administration
of antiplatelet or anticoagulant drugs in combination with low-
molecular-weight heparin (LMWH) results in an even greater
risk of perioperative hemorrhagic complications, including
spinal hematoma. These findings have led to concern for the
safety of spinal and epidural anesthesia and analgesia in pa-
tients receiving LMWH. Important considerations for manag-
ing a patient being administered LMWH and receiving contin-
uous epidural analgesia are (a) the time of catheter placement
and removal relative to the timing (and peak effect) of LMWH
administration, (b) total daily dose of LMWH, and (c) the dos-
ing schedule of LMWH.168 For T.M., the epidural catheter is

already in place and the LMWH is started postoperatively as
a single daily dose. It is safe to leave the epidural catheter in
place as long as the first dose of LMWH is administered 6 to
8 hours postoperatively. The second dose should be adminis-
tered no sooner than 24 hours after the first dose. The timing
of the catheter removal is of the utmost importance; it should
be delayed for at least 10 to 12 hr after the last dose of LMWH,
with subsequent dosing occurring a minimum of 2 hours after
the catheter has been removed. There may be a greater risk of
spinal hematoma when LMWH is administered twice a day.
For that reason, if Q 12 hr enoxaparin is required, the catheter
should be removed, and the first dose of LMWH administered
at least 2 hours after catheter removal.168 Because T.M. is re-
ceiving prophylactic daily enoxaparin, his catheter should be
removed no earlier than 10 hours after his last dose of enoxa-
parin, with his next dose administered no earlier than 2 hours
after catheter removal.

MULTIMODAL PAIN MANAGEMENT

35. W.W., a 36-year-old male, arrives at the ambulatory surgery
center for an inguinal hernia repair. This procedure will be per-
formed under local anesthesia, with sedation as needed, and is
expected to be completed within 30 minutes. His medical and sur-
gical histories are unremarkable. He is not currently taking any
medication and reports no drug allergies. Following discharge
from the ambulatory surgery center, how should W.W.’s postop-
erative pain be managed?

In general, one would expect that the greater the magni-
tude of the surgical trauma, the greater the patient’s postop-
erative pain.145 For minor surgical procedures (e.g., inguinal
hernia repair, breast biopsy), there is minimal surgical trauma,
and the patient goes home shortly after surgery. For interme-
diate surgical procedures (e.g., total abdominal hysterectomy,
laparoscopic cholecystectomy), short-term hospitalization is
often necessary to observe the patient’s recovery and manage
his or her pain. Patients undergoing major surgery (e.g., bowel
resection, thoracotomy) experience a significant surgical stress
response that can significantly increase postoperative morbid-
ity. Effective pain management is essential.

If pain is mild in intensity, a nonopioid analgesic such as ac-
etaminophen or an NSAID is appropriate. If pain is moderate in
intensity or not controlled with acetaminophen or an NSAID, a
low-potency opioid combination (e.g., acetaminophen with hy-
drocodone or codeine) is used. When pain is moderate to severe
in intensity, a more potent opioid (e.g., morphine, oxycodone)
is necessary. If a fixed combination of opioid and nonopioid is
used, the total daily dose administered to the patient is limited
by the maximum allowable daily dose of the nonopioid (e.g.,
acetaminophen, ibuprofen).

Multimodal or “balanced” analgesia is often used to pro-
vide postoperative analgesia. It is difficult to optimize postop-
erative pain relief, to the point of achieving normal function,
by using one drug or route of administration. By using two or
more drugs that work at different points in the pain pathway,
additive or synergistic analgesia can be achieved and adverse
effects reduced because doses are lower and side effect pro-
files are different. Opioids are a mainstay of analgesic therapy
for moderate-to-severe pain. However, opioids are often asso-
ciated with intolerable adverse effects (e.g., nausea, vomiting,
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Table 9-20 Commonly Used Analgesic Drugs and Nonpharmacologic Techniques for Postoperative Pain Management

Type of Agent Examples Potential Adverse Effects

Local anesthetics Peripheral nerve block, tissue infiltration, wound instillation Tingling, numbness, residual motor weakness, hypotension,
CNS and cardiac effects from systemic absorption

NSAIDs Ketorolac (IV, IM, oral), ibuprofen (oral), naproxen (oral),
celecoxib (oral)

GI upset, edema, hypertension, dizziness, drowsiness, GI
bleeding, operative site bleeding (not celecoxib)

Other nonopioids Acetaminophen (oral, rectal) GI upset, hepatotoxicity
Nonpharmacologic Transcutaneous electrical nerve stimulation, acupuncture Skin irritation, discomfort

Ice or cold therapy Excessive vasoconstriction, skin irritation
Distraction, music, deep breathing for relaxation

Less potent opioids Hydrocodone + acetaminophen, codeine or oxycodone +
acetaminophen

Nausea, vomiting, constipation, rash, sedation, mental
confusion, hallucinations, respiratory depression

More potent opioids Morphine (IV, epidural), hydromorphone (IV, epidural),
fentanyl (IV, epidural), oxycodone (oral)

Nausea, vomiting, pruritus, constipation, rash, sedation,
mental confusion, hallucinations, respiratory depression

CNS, central nervous system; NSAIDs, nonsteroidal anti-inflammatory drugs; IV, intravenous; IM, intramuscular; GI, gastrointestinal.
Adapted from references 145, 146, and 169−172.

constipation, itching, sedation). Maximizing the use of nono-
pioid analgesics generally results in less need for opioids
and improved analgesia (Table 9-20).145,146,169−172 When com-
pared to morphine alone, the addition of an NSAID following
major surgery reduces pain intensity and 24-hour morphine
consumption. As a result, the incidence of morphine-related
adverse effects of nausea, vomiting, and sedation is also re-
duced. Although the risk of surgical bleeding from nonselec-
tive NSAIDs is low, the risk can be increased in certain settings
(e.g., after tonsillectomy).169

For W.W., the anticipated surgical trauma is minor, and he
will recover at home. The surgeon will inject a long-acting lo-
cal anesthetic (e.g., bupivacaine) into the tissues surrounding
the surgical field. This will provide intraoperative anesthesia
at the surgical site and postoperative analgesia until the ef-
fects of bupivacaine wear off. Then, W.W. will likely require a
less potent opioid (e.g., hydrocodone, codeine) combined with
acetaminophen for pain control. If his pain is not controlled
or his pain is mild in intensity, W.W. may take an NSAID
(e.g., ibuprofen 200 or 400 mg Q 4–6 hr PRN or naproxen
220 mg Q 12 hr PRN).

ECONOMIC ISSUES
It is still common to find several anesthesia-related medica-
tions (e.g., sevoflurane, rocuronium) on an institution’s top 25
expenditure list. Because of this, these medications are often
targeted for cost-containment activities (e.g., appropriate flow
rate for sevoflurane, use of vecuronium in place of rocuronium
when appropriate).173−177 Although many anesthetic agents do
not appear to be excessively expensive when looking at indi-
vidual patient use, large dollar savings can be realized because
of the thousands of patients that are anesthetized per year in a
hospital.

Value-Based Anesthesia Care
When trying to reduce costs in the perioperative setting, one
should not focus solely on using the least expensive technology,
piece of equipment, or drug. This strategy can lead to unaccept-
able patient outcomes and higher total costs. The importance of

looking at the “big picture” has been recognized by the anesthe-
siology profession since the early 1990s when they put forth
the concept of value-based anesthesia care, which seeks the
best patient outcomes at the most reasonable costs. The advan-
tages and disadvantages of the technique or drug are balanced
against all costs associated with the surgical experience.178

Total Costs of Surgical Stay
In one study, anesthesia costs, including medication use, ac-
counted for 6% of the total costs for inpatient surgery, with
approximately 50% being variable. Hence, modifying medi-
cation selection can impact, at most, 3% of the total costs as-
sociated with surgery. However, OR costs, including the costs
of the PACU, accounted for 37% of the total costs of surgery,
with approximately 44% being variable. Therefore, modifying
practices that influence these costs can impact total cost by up
to 16%.179 In another study, labor costs were estimated to be
two orders of magnitude greater than anesthesia maintenance
costs for a 60-minute outpatient procedure; therefore, a major
component of cost-containment efforts should be directed at
the reduction of labor costs by streamlining OR time and short-
ening PACU discharge time.180 Methods to reduce a patient’s
PACU stay may allow personnel reductions and/or reassign-
ment of staff during slow periods. These studies highlight the
opportunity for cost reduction in the perioperative setting by
focusing on nonmedication costs and support the concept of
fast-track anesthesia.

Fast-Track Anesthesia
Throughput is a major issue in most hospitals today. The pe-
rioperative setting is often targeted as needing improvement.
Fast-track anesthesia, if successfully implemented, can help
with throughput issues. The goal of fast tracking is to accel-
erate the movement of the patient through the perioperative
experience (OR, PACU, and/or ICU). It has been promoted to
improve patient satisfaction, to improve OR and PACU effi-
ciency, and to lower the costs of the surgical experience. Sev-
eral developments have facilitated the fast-track process and
include the wide-scale use of less invasive surgical procedures
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(e.g., laparoscopy), the incorporation of new monitoring tech-
niques to allow better titration of anesthesia (e.g., “conscious-
ness” monitors),181 and the use of short-acting, fast-emergence
anesthetic agents to reduce wake-up times and drug hangovers.
Although medication costs may be higher with fast-track anes-
thesia, fast tracking can improve clinical and financial out-
comes in both inpatient and outpatient settings. Fast tracking
cardiac surgery patients has resulted in quicker extubation, re-
duced length of stay, reduced ICU readmission rate, and a 25%
cost reduction.182,183 Furthermore, fast-track cardiac surgery
patients have a decreased health care resource usage for at least
1 year following discharge.184 In a landmark outpatient study,
fast tracking was implemented in five surgical centers and re-
sulted in annual net savings from $50,000 to $160,000, with
no significant differences in patient outcomes.185,186 In this
study, outpatients meeting a well-defined set of criteria were
allowed to skip phase I recovery and proceed directly to phase II

from the OR. Phase I recovery can be considered an ICU-type
environment. Patients are taken here from the OR to recover
hemodynamically and fully regain consciousness; this requires
intensive nursing care (usually one nurse to two patients). Once
patients are awake, hemodynamically stable, and able to sit up-
right, they are moved to phase II recovery to finish the recovery
process. In this setting, the nurse−patient ratio is 1:3, or greater
if nurse assistants are employed. The low-solubility, volatile in-
halation agents (desflurane, sevoflurane) are ideally suited for
fast tracking in the outpatient setting.181,187

Thus, the goal for the cost-effective use of medications in
the perioperative setting is a net reduction in the cost of surgi-
cal procedures (either the result of a lower overall medication
cost or process modifications such as fast tracking) by taking
advantage of the medications’ properties and keeping in mind
that patients’ outcomes should not be negatively impacted and,
ideally, should be improved.
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Understanding the etiology of a clinically important acid-base
disturbance is important because therapy generally should be
directed at the underlying cause of the disturbance rather than
merely the change in pH. Severe acid-base disorders can affect
multiple organ systems: cardiovascular (e.g., impaired contrac-
tility, arrhythmias), pulmonary (e.g., impaired oxygen delivery,
respiratory muscle fatigue, dyspnea), renal (e.g., hypokalemia,
nephrolithiasis), or neurologic (e.g., decreased cerebral blood
flow, seizures, coma).

ACID-BASE PHYSIOLOGY
To protect body proteins, acid-base balance must be tightly
controlled in an attempt to maintain a normal extracellular pH
of 7.35 to 7.45 and an intracellular pH of approximately 7.0 to
7.3.1 This narrow range is maintained by complex buffer sys-
tems, ventilation to expel CO2, and renal elimination of acids
and reabsorption of HCO3

–2. At rest, about 200 mL of CO2,
and even more during exercise, is transported from the tissues
and excreted in the lungs.3 Whereas HCO3

– is only responsible
for about 36% of intracellular buffering, it provides about 86%
of the buffering activity in extracellular fluid (ECF).1 Extra-
cellular fluid contains approximately 350 mEq HCO3

–, which
buffers generated H+.

HCO3
− + H+ ⇔ H2CO3 (10-1)

Hydrogen ion (H+) combines with HCO3
– and shifts the

equilibrium of Equation 10-1 to the right. In the proximal renal
tubule lumen, carbonic anhydrase catalyzes the dehydration of
H2CO3 to CO2 and H2O, which are absorbed into the tubule

cell, as illustrated in Equation 10-2 and Figure 10-1. Within
the tubule cell, H2O dissociates into H+ and OH–. The H+ is
then secreted into the lumen by a Na+-H+ exchanger. Carbonic
anhydrase then catalyzes the combination of OH– and CO2 to
HCO3

–, which is carried into the circulation by a Na+HCO3
–

cotransporter.4

HCO3
− + H+ ⇔ H2CO3

CA⇔ CO2 (dissolved) + H2O (10-2)

To maintain acid-base balance, the kidney must reclaim and
regenerate all the filtered HCO3

–. The daily amount that must
be reabsorbed can be calculated by the product of the glomeru-
lar filtration rate (GFR) and the HCO3

– concentration in ECF
(180 L/d GFR × 24 mEq/L HCO3

– = 4,320 mEq/day).1 The
proximal tubule reabsorbs about 85% of the filtered HCO3

–.
The loop of Henle and the distal tubule reabsorb about 10%.5

Acid salts, such as HPO4
– (pKa of 6.8), which have a pKa

greater than the pH of the urine (titratable acids) can accept a
proton and be excreted as the acid, thus regenerating an HCO3

–

anion.5 Sulfuric acid and other acids with a pKa <4.5 are not
titratable. Protons from these acids must be combined with an-
other buffer to be secreted. Glutamine deamination in proximal
tubular cells forms NH3 that accepts these protons. In the col-
lecting tubule, the NH4

+ produced is lipid insoluble, trapping
it in the lumen and causing its excretion, eliminating the pro-
ton, and allowing for regeneration of HCO3

–.4–6 Figure 10-2
is a simplified illustration of the buffering of these acids.

The daily metabolism of carbohydrates and fats generates
about 15,000 mmol of CO2. Although CO2 is not an acid,
it reversibly combines with H2O to form carbonic acid (i.e.,
H2CO3). Respiration prevents the accumulation of volatile acid

10-1
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through the exhalation of CO2. Metabolism of proteins and fats
results in several fixed acids and bases. Amino acids such as ly-
sine and arginine have a net positive charge and serve as acids.
Compounds, such as glutamate, aspartate, and citrate, have a
negative charge. In general, animal proteins contain more sul-
fur and phosphates, producing an acidic diet. Vegetarian diets
consist of more organic anions, resulting in a more alkaline
diet.7 Normally, fatty acids are metabolized to HCO3

–; how-
ever, during starvation or diabetic ketoacidosis, they may be
incompletely oxidized to acetoacetate and β-hydroxybutyric
acid.6 The typical diet generates a net nonvolatile acid load of
about 70 to 100 mEq of H+ (1.0–1.5 mEq/Kg) per day.1,8 Renal
excretion of 70 mEq in 2 L of urine each day would require a
pH of 1.5. Because the kidney cannot produce a pH less than
4.5, most of this fixed acid load must be buffered. The primary
buffers for renal net acid excretion are NH3

-NH4
+ and titrat-

able buffers, such as HPO4
–-H2PO4

2–, as mentioned above.7

The correct assessment of acid-base disorders begins with an
evaluation of appropriate laboratory data and an understanding
of the physiologic mechanisms responsible for maintaining a
normal pH.

Laboratory Assessment
Laboratory data used to evaluate acid-base status are arterial
pH, arterial carbon dioxide tension (Paco2), and serum bicar-
bonate (HCO3

–).9–11 These values are obtained routinely with
an arterial blood gas (ABG) determination. Acid-base abnor-
malities occur when the concentration of Paco2 (an acid) or
HCO3

– (a base) is altered. ABG measurements also include
the arterial oxygen tension (Pao2); however, this value does not
directly influence decisions regarding acid-base abnormalities.
Normal ABG values are listed in Table 10-1. When arterial pH
is <7.35, the patient is considered acidemic, and the process
that caused acid-base imbalance is called acidosis. Conversely,
when the arterial pH is >7.45, the patient is considered alka-
lemic, and the causative process is alkalosis. The process is
further defined as respiratory in cases of an inappropriate eleva-
tion or depression of Paco2 or metabolic with an inappropriate
rise or fall in serum HCO3

–.
Acid-base balance is normally maintained by the primary

extracellular buffer system of HCO3
–-CO2. Components of

this buffer system are measured routinely to assess acid-base

⎧
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FIGURE 10-2 Renal tubular hydrogen ion excretion.
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Table 10-1 Normal Arterial Blood Gas (ABG) Values

ABGs Normal Range

pH 7.36–7.44
Pao2 90–100 mmHg
Paco2 35–45 mmHg
HCO3

− 22–26 mEq/L

status. Other extracellular buffers (e.g., serum proteins, inor-
ganic phosphates) and intracellular buffers (e.g., hemoglobin,
proteins, phosphates), however, also contribute significant
buffering activity.1,7–10 Serum electrolytes are obtained to cal-
culate the anion gap, an estimate of the unmeasured cations and
anions in serum. The anion gap helps determine the probable
cause of a metabolic acidosis.6,10,12–29 Urine pH, electrolytes,
and osmolality help to further differentiate among the possible
causes of metabolic acidosis.10,30–34

Acid-Base Balance, Carbon Dioxide Tension, and
Respiratory Regulation
In aqueous solution, carbonic acid (i.e., H2CO3 formed through
the reaction described in Equation 10-1) reversibly dehydrates
to form carbon dioxide (CO2) and water (H2O) as shown in
Equation 10-2.

The enzyme carbonic anhydrase (CA), present in red blood
cells, renal tubular cells, and other tissues, catalyzes the in-
terconversion of carbonic acid and carbon dioxide. Some of
the carbon dioxide produced by dehydration of carbonic acid
remains dissolved in plasma, but most exists as a volatile gas:

HCO3
− + H+ ⇔ H2CO3

CA⇔ CO2 (dissolved) + H2O
↑↓ (10-3)

k × CO2 (gas)

In Equation 10-3, k is a solubility constant that has a value of
approximately 0.03 in plasma at body temperature.2,34 Virtu-
ally all the carbonic acid in body fluids is in the form of carbon
dioxide. Therefore, the Paco2, a measure of carbon dioxide
gas, is directly proportional to the amount of carbonic acid in
the HCO3

–/H2CO3 buffer system. The normal range for Paco2
is 35 to 45 mmHg.

The lungs can rapidly exhale large quantities of carbon diox-
ide and thereby contribute significantly to the maintenance of
a normal pH. Carbon dioxide formed through the reaction de-
scribed in Equation 10-3 diffuses easily from tissues to capil-
lary blood and from pulmonary capillary blood into the alveoli
where it is exhaled from the body.3 Pulmonary ventilation is
regulated by peripheral chemoreceptors (located in the carotid
arteries and the aorta) and central chemoreceptors (located
in the medulla). The peripheral chemoreceptors are activated
by arterial acidosis, hypercarbia (elevated Paco2), and hypox-
emia (decreased Pao2). Central chemoreceptors are activated
by cerebrospinal fluid (CSF) acidosis and by elevated carbon
dioxide tension in the CSF.3 Activation of these chemorecep-
tors stimulates the respiratory control center in the medulla
to increase the rate and depth of ventilation, which results in
increased exhalation of carbon dioxide.

Bicarbonate and Renal Control
As described in the acid-base physiology section above, the
kidneys are responsible for regulating the serum bicarbonate
concentration. This is accomplished through two important and
interrelated functions. First, they must reabsorb the bicarbonate
that undergoes glomerular filtration and is present in the renal
tubular fluid. Second, the kidneys must excrete hydrogen ions
released from nonvolatile acids. Both functions are important
in preventing systemic acidosis.

One mechanism of bicarbonate reabsorption in the proximal
renal tubule is illustrated in Figure 10-1. Carbonic anhydrase
catalyzes intracellular formation of carbonic acid (H2CO3)
from carbon dioxide (CO2) and water in the renal tubular cell.
The carbonic acid then dissociates to form H+ and HCO3

–.
The H+ ion is secreted into the lumen of the tubule in ex-
change for a sodium ion (Na+), and the bicarbonate from the
renal tubule cell is reabsorbed into the capillary blood. Inside
the lumen, carbonic acid is reformed from secreted H+ and fil-
tered HCO3

–. Carbonic anhydrase present inside the lumen (on
the brush border membrane of the cell) catalyzes conversion
of carbonic acid to carbon dioxide that can readily diffuse back
into the blood. Thus, the net result is reabsorption of sodium
and bicarbonate. Although a hydrogen ion is secreted into the
lumen in this process, no net excretion of acid occurs because
of the reabsorption of carbon dioxide.4–6 Figure 10-2 illus-
trates H+ excretion by the kidney. This process was discussed
in the physiology section above.

In clinical practice, the serum bicarbonate concentration
usually is estimated from the total carbon dioxide content
when the serum concentration of electrolytes are ordered on
an electrolyte panel or calculated from the pH and Paco2 on
an ABG determination. These estimations of the serum bicar-
bonate concentration are more convenient than directly mea-
suring serum bicarbonate. The total carbon dioxide content
that is reported on serum electrolyte panels is determined by
acidifying serum to convert all the bicarbonate to carbon diox-
ide and measuring the partial pressure of CO2 gas. Approxi-
mately 95% of the total carbon dioxide content is bicarbonate.
The serum bicarbonate concentration reported on ABG re-
sults is calculated from the patient’s pH and Paco2 using the
Henderson-Hasselbalch equation (Equation 10-4). This calcu-
lated bicarbonate concentration should be within 2 mEq/L of
the measured total carbon dioxide. The normal range of serum
bicarbonate using these methods is 22 to 26 mEq/L.10

Bicarbonate:Carbonic Acid Ratio
The relationship between the pH and the concentrations of
the acid-base pairs in buffer systems is described by the
Henderson-Hasselbalch equation:

pH = pK + log
[base]

[acid]
(10-4)

The pKa is the negative logarithm of the equilibrium con-
stant for the buffer reaction. The pK for the carbonic acid–
bicarbonate buffer system is 6.1. Because most of the carbonic
acid in plasma is in the form of carbon dioxide gas, the con-
centration of acid [acid], can be estimated as Paco2 multiplied
by 0.03 (the solubility constant, k, in Equation 10-3). The con-
centration of base [base] is equal to the serum bicarbonate con-
centration. Using these values, Equation 10-4 can be rewritten



10-4 � GENERAL CARE

as follows:

pH = 6.1 + log
(HCO3

−)

(0.03)(Paco2)
(10-5)

As shown by Equation 10-5, the arterial pH will be 7.40
when the ratio of HCO3

–:H2CO3 is approximately 20:1. Note
that it is the ratio of bicarbonate to the carbon dioxide tension
and not the absolute concentration of these factors that de-
termines the arterial pH. Therefore, if the serum bicarbonate
concentration and the carbon dioxide tension are increased or
decreased proportionately, the ratio remains fixed and the pH
is not affected.33–36

EVALUATION OF ACID-BASE DISORDERS
Acid-base disorders should be evaluated using a stepwise
approach.32,33

1. Obtain a detailed patient history and clinical assessment.
2. Check the arterial blood gas, sodium, chloride, and HCO3

−.
Identify all abnormalities in pH, Paco2, and HCO3

−.
3. Determine which abnormalities are primary and which are

compensatory based on pH.
a. If the pH is <7.40, then a respiratory or metabolic aci-

dosis is primary.
b. If the pH is >7.40, then a respiratory or metabolic alka-

losis is primary.
c. If the pH is normal (7.40) and there are abnormalities in

Paco2 and HCO3
−, a mixed disorder is probably present

because metabolic and respiratory compensations rarely
return the pH to normal.

4. Always calculate the anion gap. If ≥20, a clinically impor-
tant metabolic acidosis is usually present even if the pH is
within a normal range.37

5. If the anion gap is increased, calculate the excess anion gap
(anion gap −10). Add this value to the HCO3

− to obtain
corrected value.38

a. If corrected value >26, a metabolic alkalosis is also
present.

b. If corrected value is <22, a nonanion gap metabolic aci-
dosis is also present.

6. Consider other laboratory tests to further differentiate the
cause of the disorder.
a. If the anion gap is normal, consider calculating the urine

anion gap.
b. If the anion gap is high and a toxic ingestion is expected,

calculate an osmolal gap.
c. If the anion gap is high, measure serum ketones and lac-

tate.
7. Compare the identified disorders to the patient history and

begin patient-specific therapy.

METABOLIC ACIDOSIS
Metabolic acidosis is characterized by loss of bicarbonate
from the body, decreased acid excretion by the kidney, or in-
creased endogenous acid production. Two categories of simple
metabolic acidosis (i.e., normal anion gap and increased anion
gap) are listed in Table 10-2. The anion gap (AG) represents the
concentration of unmeasured negatively charged substances
(anions) in excess of the concentration of unmeasured posi-

Table 10-2 Common Causes of Metabolic Acidosis

Normal AG
Hypokalemic

Diarrhea
Fistulous disease
Ureteral diversions
Type 1 RTA
Type 2 RTA
Carbonic anhydrase inhibitors

Hyperkalemic
Hypoaldosteronism
Hydrochloric acid or precursor
Type 4 RTA
Potassium-sparing diuretics

Amiloride
Spironolactone
Triamterene

Elevated AG
Renal Failure
Lactic Acidosis

(see Table 10-5)
Ketoacidosis

Starvation
Ethanol
Diabetes mellitus

Drug Intoxications
Ethylene glycol
Methanol
Salicylates

AG, anion gap; RTA, renal tubular acidosis.

tively charged substances (cations) in the extracellular fluid.
The concentrations of total anions and cations in the body
are equal because the body must remain electrically neutral.
Most clinical laboratories, however, measure only a portion of
these ions (i.e., sodium, chloride [Cl–], and bicarbonate). The
concentrations of other negatively and positively charged sub-
stances, such as potassium (K+), magnesium (Mg2+), calcium
(Ca2+), phosphates, and albumin, are measured less often. The
concentration of unmeasured anions normally exceeds the con-
centration of unmeasured cations by 6 to 12 mEq/L and the
anion gap can be calculated as follows:

Anion gap = Na+ − (CI− + HCO3
−) (10-6)

Of the unmeasured anions, albumin is perhaps the most
important. In critically ill patients with hypoalbuminemia, the
calculated AG should be adjusted using the following formula:
adjusted AG = AG + 2.5 × (normal albumin – measured al-
bumin in g/dL), where a normal albumin concentration is as-
sumed to be 4.4 g/dL.19–22 For example, a hypoalbuminemic
patient (serum albumin, 2.4 g/dL) with early sepsis and lactic
acidosis might have a calculated AG of 11 mEq/L; however,
after the calculation is corrected for the effect of the abnor-
mal serum albumin concentration, the presence of elevated
AG acidosis is more prominent (the calculated AG is adjusted:
AG(adjusted) = 11 mEq/L + 2.5 × [normal albumin − measured
albumin] = 16 mEq/L).

Metabolic acidosis with a normal AG (e.g., hyperchloremic
metabolic acidosis) usually is caused by loss of bicarbon-
ate and can be further characterized as hypokalemic or
hyperkalemic.5,31,34,39–50 Diarrhea can result in severe bicar-
bonate loss and a hyperchloremic metabolic acidosis. Elevated
AG metabolic acidosis usually is associated with overproduc-
tion of organic acids or with decreased renal elimination of
nonvolatile acids.34,51–53 Increased production of organic acids
(e.g., formic, lactic acids) is buffered by extracellular bicar-
bonate with resultant consumption of bicarbonate and appear-
ance of an unmeasured anion (e.g., formate, lactate).32,51,52 The
decrement in serum bicarbonate approximates the increment
in the AG, the latter being a good estimate of the circulat-
ing anion level. Prolonged hypoxia results in lactic acidosis.
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Uncontrolled diabetes mellitus or excessive alcohol intake with
starvation can cause ketoacidosis. In the case of renal failure,
the capacity for H+ secretion diminishes, resulting in metabolic
acidosis.39 The accompanying increased AG results from de-
creased excretion of unmeasured anions such as sulfate and
phosphate.26

Normal Anion Gap (Hyperchloremic) Metabolic Acidosis
Evaluation

1. A.B., a 27-year-old, 60-kg woman, is hospitalized for evalu-
ation of weakness. She has a history of bipolar affective disorder
and reports recent ingestion of paint from the walls of her house.
A.B.’s only current medication is lithium carbonate 300 mg TID.
On admission, she appears weak and apathetic and complains
of anorexia. Laboratory tests reveal the following: serum Na,
143 mEq/L (normal, 135–145 mEq/L); K, 3.0 mEq/L (nor-
mal, 3.5–5.0 mEq/L); Cl, 121 mEq/L (normal, 95–105 mEq/L);
albumin, 4.4 g/dL (normal, 3.6–5.0 g/dL); pH, 7.28 (normal,
7.35–7.45); PaCO2, 26 mmHg (normal, 35–45 mmHg); HCO3

–,
12 mEq/L (normal, 22–26 mEq/L); and urine pH, 5.5. A.B.’s urine
pH following an ammonium chloride (NH4Cl) 0.1 g/kg IV load is
<5.1. A bicarbonate load of 1 mEq/kg infused IV over 1 hour
induces bicarbonaturia (urinary pH, 7.0) and lowers the serum
potassium to 2.0 mEq/L. Her blood pH only increased to 7.31.
Assess A.B.’s acid-base status.

[SI units: Na, 143 mmol/L (normal, 135–145); K, 3.0 and 2.0 mmol/L, re-

spectively (normal, 3.5–5.0); Cl, 121 mmol/L (normal, 95–105); albumin, 44

g/L (normal, 36–50); Paco2, 3.5 kPa (normal, 4.7–6.0); HCO3
–, 12 mmol/L

(normal, 22–26)]

Using a stepwise approach, we see that A.B.’s history gives
a clue to the cause for her acidosis. The low pH is consistent
with a metabolic acidosis because her CO2 and HCO3

– are
both reduced (Table 10-2). Alterations in pH resulting from
a primary change in serum bicarbonate are metabolic acid-
base disorders. Specifically, metabolic acidosis is associated
with a decrease in serum HCO3

– and decreased pH, whereas
metabolic alkalosis is associated with an increase in serum
HCO3

– and increased pH. In respiratory disorders, the pri-
mary change occurs in the Paco2. If A.B. had a decrease in pH
and increase in Paco2, a respiratory acidosis would be present.
Because A.B. has a low Paco2 and decreased serum HCO3

–,
she has a metabolic acidosis. In most cases of metabolic acido-
sis or alkalosis, the lungs compensate for the primary change
in serum HCO3

– concentration by increasing or decreasing
ventilation. Most stepwise approaches would next suggest the
evaluation of whether the decrease in Paco2 of 14 mmHg for
A.B. is consistent with respiratory compensation (Table 10-3).
A primary decrease in the serum bicarbonate to 12 mEq/L
should result in a compensatory decrease in the Paco2 by 12 to
17 mmHg (Table 10-3). A.B.’s Paco2 has fallen by 14 mmHg
(normal, 40 mmHg; current, 26 mmHg), confirming that nor-
mal respiratory compensation has occurred. When values for
Paco2 or serum HCO3

– fall outside of normal compensatory
ranges, either a mixed acid-base disorder, inadequate extent of
compensation, or inadequate time for compensation should be
suspected.

Nomograms, especially ones that are different for acute and
chronic disorders, are inherently difficult to memorize, how-

Table 10-3 Normal Compensation in Simple Acid-Base
Disorders

Disorder Compensationa

Metabolic acidosis ↓Paco2 (mmHg) = 1.0 − 1.2 × HCO3
− (mEq/L)

Metabolic alkalosis ↑Paco2 (mmHg) = 0.5 − 0.7 × ↑HCO3
− (mEq/L)

Respiratory acidosis
Acute ↑HCO3

− (mEq/L) = 0.1 × ↑Paco2 (mmHg)
Chronic ↑HCO3

− (mEq/L) = 0.4 × ↑Paco2 (mmHg)
Respiratory alkalosis

Acute ↓HCO3
− (mEq/L) = 0.2 × ↓Paco2 (mmHg)

Chronic ↓HCO3
− (mEq/L) = 0.4−0.5 × ↓Paco2 (mmHg)

aBased on change from normal HCO3
− = 24 mEq/L and Paco2 = 40 mmHg.

ever, and are often not available to the clinician at the point
of care. Following the stepwise approach advocated above will
enable clinicians to identify most clinically important disorders
without needing to depend on tables or formulas.

Causes

2. What are potential causes of metabolic acidosis in A.B.?

Steps 4 to 7 of the stepwise approach in the evaluation of
acid base disorders (see above) are used to further determine
the cause of the acid-base disorder. In patients with metabolic
acidosis, calculation of the AG serves as a first step in classify-
ing the metabolic acidosis and provides additional information
about conditions that might be responsible for the acid-base
disorder. A.B.’s calculated AG is 10 mEq/L (Equation 10-6).
Thus, A.B. has hyperchloremic metabolic acidosis with a nor-
mal AG.

The common causes of metabolic acidosis are presented
in Table 10-2.5,10,51 Normal AG metabolic acidosis usually is
caused by gastrointestinal loss of bicarbonate (diarrhea, fistu-
lous disease, ureteral diversions); exogenous sources of chlo-
ride (normal saline infusions); or altered excretion of hydro-
gen ions (renal tubular acidosis). A.B. reports a history of both
paint ingestion (perhaps lead-based paint) and chronic use of
lithium. Both lead and lithium have been associated with the
development of renal tubular acidosis.31,54

RENAL TUBULAR ACIDOSIS

3. How do the results of NH4Cl and sodium bicarbonate
(NaHCO3) loading help identify the type of renal tubular acidosis
in A.B.?

Renal tubular acidosis (RTA) is characterized by defec-
tive secretion of hydrogen ion in the renal tubule with essen-
tially normal GFR. Many medical conditions and chemical
substances have been associated with RTA (Table 10-4).31,34

The recognized forms are type 1 (distal), type 2 (proximal),
and type 4 (distal, hypoaldosterone). Type 1 RTA is caused
by a defect in the distal tubule’s ability to acidify the urine;
type 2 by altered urinary bicarbonate reabsorption in the prox-
imal tubule; and type 4 by hypoaldosteronism and impaired
ammoniagenesis.31,48

Evaluation of bicarbonate reabsorption during bicarbonate
loading and of response to acid loading by infusion of ammo-
nium chloride is useful in distinguishing between the various
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Table 10-4 Common Causes of Lactic Acidosis

Type A Type B

Anemia Diabetes mellitus
Carbon monoxide poisoning Liver failure
Congestive heart failure Renal failure
Shock Seizure disorder
Sepsis Leukemia

Drugs
Didanosine
Ethanol
Isoniazid
Metformin
Methanol
Salicylates
Zidovudine

types of RTA. In healthy subjects, approximately 10% to 15%
of the filtered bicarbonate escapes reabsorption in the proxi-
mal tubule but is reabsorbed in more distal segments of the
nephron. Therefore, urine bicarbonate excretion is negligibly
small, and urine pH is maintained between 5.5 and 6.5.

Type 2 (proximal) RTA is associated with a decrease in
proximal tubular bicarbonate reabsorption. The distal tubular
cells partially compensate for this defect by increasing bicar-
bonate reabsorption, but urinary bicarbonate excretion still is
increased. As occurred with A.B., serum HCO3

– concentration
in patients with type 2 RTA may acutely fall below a threshold
of 15 but then stabilize around 15 mEq/L.10,31 At this point,
distal bicarbonate delivery no longer is excessive, allowing the
distal nephron to acidify the urine appropriately and excrete
acid in the form of titratable ammonia and phosphate.

In type 1 (distal) RTA, a defect in net hydrogen ion secretion,
results from a back-diffusion of H+ from the tubule lumen to
the tubule cell. Patients with type 1 RTA cannot reduce their
urine pH below 5.5 even when systemic acidosis is severe.48

A.B.’s response to the acid (NH4Cl) load demonstrates an
ability to acidify the urine (i.e., pH <5.1), which helps rule
out type 1 RTA. During bicarbonate loading in patients with
type 2 RTA, serum bicarbonate concentration is increased and
abnormally large amounts of bicarbonate are again delivered
to the distal tubule. Its hydrogen secretory processes are over-
whelmed, resulting in bicarbonaturia. Administration of bi-
carbonate to A.B. produced bicarbonaturia and an elevation
in urine pH (7.0), with low blood pH (7.31). These findings
indicate that the reabsorption of bicarbonate in the proximal
tubule is impaired, which is characteristic of type 2 RTA. Type
4 (hypoaldosterone) RTA is unlikely given her initial serum
potassium of 3.0 mEq/L.

LEAD-INDUCED

4. What is the cause of A.B.’s proximal RTA?

The most likely cause of A.B.’s proximal RTA is her expo-
sure to presumably lead-based paint (Table 10-4). The patho-
genesis of lead-induced type 2 RTA is unclear. Some stud-
ies suggest that carbonic anhydrase deficiency in the proximal
tubule is the major factor, but these data are inconclusive.

5. Why is A.B. hypokalemic?

Bicarbonate wasting in proximal RTA is associated with
sodium loss, extracellular fluid reduction, and activation of the
renin-angiotensin-aldosterone axis. Aldosterone increases dis-
tal tubular sodium reabsorption and greatly augments potas-
sium and hydrogen ion secretion. This results in potassium
wasting, which explains A.B.’s hypokalemia.55 When plasma
bicarbonate achieves steady-state, less bicarbonate reaches the
distal tubule, and the stimulus for aldosterone release is re-
moved. Therefore, A.B. experiences only a mild depletion of
potassium body stores. When A.B. is exposed to bicarbonate
loading, the renin-angiotensin-aldosterone axis is reactivated,
and hypokalemia worsens. In addition, raising the concentra-
tion of bicarbonate in the blood drives potassium intercellu-
larly, and contributes to her hypokalemia.

Treatment

6. What treatment is indicated for A.B.?

Although it is rare for patients with type 2 RTA to develop
severe acidosis and potassium depletion chronically, it is not
uncommon in an acute situation such as this. A.B. has a bi-
carbonate deficit; thus, she should be treated with alkali re-
placement, and the offending agent, if confirmed to be lead,
should be removed concurrently. Her serum potassium is also
dangerously low and bicarbonate correction could further de-
crease it. A.B. needs potassium supplementation. The clini-
cian should obtain hourly blood samples for electrolytes until
her potassium is >3.5 mEq/L. In adults such as A.B., chronic
treatment often is not needed because acidosis is self-limited.
A.B., however, should be treated with sodium bicarbonate un-
til proximal RTA resolves. Very large doses of bicarbonate
(6–10 mEq/kg/day) would be required to increase serum bi-
carbonate to the normal range.10 In adults with proximal RTA,
however, the goal is to increase serum bicarbonate to no more
than 18 mEq/L.31 Bicarbonate can be provided as sodium bi-
carbonate tablets (8 mEq/600-mg tablet) or Shohl’s solution.
Shohl’s solution, USP, contains 334 mg citric acid and 500 mg
sodium citrate per 5 mL. Sodium citrate is metabolized to
sodium bicarbonate in the liver. Shohl’s solution provides
1 mEq of sodium and 1 mEq of bicarbonate per milliliter of so-
lution. Therapy for A.B. should be initiated with 1 mEq/kg/day.
The clinician should monitor A.B.’s lithium levels while she is
receiving alkali therapy. Sodium ingestion might increase renal
lithium excretion and exacerbate her bipolar disorder. Because
of severe hypokalemia resulting from alkali administration,
supplemental potassium as chloride, bicarbonate, acetate, or
citrate salts also should be administered.

Metabolic Acidosis With Elevated Anion Gap
Evaluation and Osmolal Gap

7. G.D., a 34-year-old, 60-kg man, is brought to the emergency
department (ED) by the police in a semicomatose state. He was
found lying on the floor of his hotel room 30 minutes ago. G.D. has
a long history of alcohol abuse. In the ED, supine blood pressure
(BP) is 120/60 mmHg, pulse is 100 beats/minute, and respiratory
rate is 40 breaths/minute. G.D.’s pupils are reactive, and mild pa-
pilledema is noted. Laboratory tests reveal the following: serum
Na, 140 mEq/L (normal, 135–145 mEq/L); K, 5.8 mEq/L (normal,
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3.5–5.0 mEq/L); Cl, 103 mEq/L (normal, 95–105 mEq/L); blood
urea nitrogen (BUN), 25 mg/dL (normal, 10–26 mg/dL); creati-
nine, 1.4 mg/dL (normal, 0.7–1.4 mg/dL); and fasting glucose, 150
mg/dL (normal, 70–105 mg/dL). ABG include pH, 7.16 (normal,
7.35–7.45); PaCO2, 23 mmHg (normal, 35–45); HCO3

–, 8 mEq/L
(normal, 22–26). His toxicology screen is negative for alcohol and
his serum osmolality is 332 mOsm/kg (normal, 280–295).

What acid-base disturbance is present in G.D., and what are
possible causes of the disorder?

[SI units: Na, 140 mmol/L; K, 5.8 mmol/L; Cl, 103 mmol/L; BUN, 8.9

mmol/L (normal, 3.57–9.28); creatinine, 124 mmol/L (normal, 62–124);

fasting glucose, 8.3 mmol/L (normal, 2.8–5.8); Paco2, 3.1 kPa; HCO3
–, 8

mmol/L; osmolality, 332 mmol/kg (normal, 280–295)]

G.D. has an acidosis (pH, 7.16; HCO3
–, 8 mEq/L) with a

large AG (29 mEq/L). Subtracting 10 from the anion gap of
29 and adding this value to his serum bicarbonate concentra-
tion (see Step 5 in above section on evaluation of acid base
disorders) yields a value of 27, suggesting no other metabolic
abnormality is present.

An elevated AG metabolic acidosis often indicates lac-
tic acidosis resulting from intoxications (e.g., salicylates,
acetaminophen, methanol, ethylene glycol, paraldehyde, met-
formin) or ketoacidosis induced by diabetes mellitus, starva-
tion, or alcohol.14,29,33,39,52,56–61 The sixth step in the stepwise
approach leads to the consideration of additional laboratory
tests that may be helpful in the differential diagnosis of an
elevated AG. These include serum ketones, glucose, lactate,
BUN, creatinine, and plasma osmolal gap.33 Osmolal gap is
defined as the difference between measured serum osmolality
(SO) and calculated SO using Equation 10-7.

Calculated SO (mOsm/Kg) = 2 × Na+(mEq/L) (10-7)

+ Glucose(mg/dL)

18
+ BUN(mg/dL)

2.8

When the difference between measured and calculated SO
is >10 mOsm/kg, the presence of an unmeasured osmotically
active substance, such as ethanol, methanol, or ethylene gly-
col, should be considered.33,61,62 G.D.’s calculated SO is 297
mOsm/kg, compared with the measured value of 332; there-
fore, his osmolal gap is 35 mOsm/kg. An increase in the anion
gap and osmolal gap, without diabetic ketoacidosis or chronic
renal failure, suggests the possibility of metabolic acidosis re-
sulting from a toxic ingestion.33 On the basis of G.D.’s presenta-
tion (papilledema, history of alcohol abuse, increased osmolal
gap, increased AG metabolic acidosis), methanol intoxication
should be considered.

Causes
METHANOL-INDUCED

8. How would G.D.’s methanol intake induce metabolic acido-
sis with an elevated anion AG?

Methanol intoxication results in the formation of two or-
ganic acids, formic and lactic acid, which consume bicarbonate
with production of an AG metabolic acidosis. Alcohol dehy-
drogenase in the liver metabolizes methanol to formaldehyde
and then to formic acid. The formic acid contributes to the
metabolic acidosis and also is responsible for the retinal edema
and blindness associated with methanol intoxication.33,34,61

Table 10-5 Classification of Metabolic Alkalosis

Saline-Responsive Saline-Resistant

Diuretic therapy Normotensive
Extracellular volume contraction Potassium depletion

Gastric acid loss Hypercalcemia
Vomiting Hypertensive

Nasogastric suction Mineralocorticoids
Exogenous alkali administration Hyperaldosteronism
Blood transfusions Hyperreninism

Licorice

Serum lactic acid concentrations also are increased in pa-
tients with methanol intoxication.33 Lactic acidosis classically
has been divided into type A, which is associated with inad-
equate delivery of oxygen to the tissue, and type B, which is
associated with defective oxygen utilization at the mitochon-
drial level (Table 10-5). Although these distinctions often are
not clear, the lactic acidosis caused by methanol intoxication
is most consistent with the type B variety.63

Treatment

9. How should G.D.’s methanol intoxication be managed
acutely?

ANTIDOTES
In addition to expert management of G.D.’s airway, breath-

ing, and circulation, therapy should be directed toward treat-
ment of the underlying cause and may include additional
supportive management. Ethanol and fomepizole (Antizol)
compete with methanol for alcohol dehydrogenase binding
sites.34,61–65 Because ethanol and fomepizole have much
greater affinity for alcohol dehydrogenase than methanol, these
agents may reduce the conversion of methanol to its toxic
metabolite, formic acid. The unmetabolized methanol then is
excreted by the lungs and kidneys. Fomepizole can be given
intravenously (IV) as a 15 mg/kg loading dose over 30 min-
utes, followed by bolus doses of 10 mg/kg Q 12 hr. Because
of induction of metabolism of fomepizole, doses should be
increased to 15 mg/kg every 12 hours if therapy is required
beyond 2 days.61 Fomepizole is usually continued until the
serum methanol concentration is <20 mg/dL (6.2 mmol/L).
Adverse effects of fomepizole are relatively mild, consisting
of headache, nausea, dizziness, agitation, metallic taste, abnor-
mal smell, and rash. Because of its high cost and infrequent
use, some hospitals might not have fomepizole readily avail-
able. In such cases, ethanol is an alternative. Administration of
IV ethanol as an antidote can be technically difficult and may
produce central nervous system (CNS) depression.61,64 For pa-
tients with methanol toxicity, an IV loading dose of 0.6 gm/kg
ethanol solution can be administered over 30 minutes, followed
by a continuous infusion of about 150 mg/kg/hour for drinkers
and 70 mg/kg/hour for nondrinkers. Serum ethanol concentra-
tion should be maintained >100 mg/dL.34,63 Charcoal may be
considered to bind other agents that may be co-ingested.34,66

When other low-molecular-weight toxins, such as ethanol
or ethylene glycol, are not present, the serum methanol level
can be estimated by multiplying the patient’s osmolal gap by
a standardized conversion factor of 2.6. G.D.’s osmolal gap of
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35 mOsm/L, therefore, may reflect a methanol level of ∼91
mg/dL (35 mOsm/L ×2.6). When methanol blood levels are
higher than 50 mg/dL, hemodialysis is indicated to rapidly
reduce concentrations of methanol and its toxic metabolite.
The dosage of fomepizole or ethanol should be increased in
patients receiving hemodialysis to account for the increased
elimination of these antidotes.34,63 Ethylene glycol poisoning
can also be treated by using fomepizole or ethanol.

BICARBONATE
Severe acidosis causes reduced myocardial contractility, im-

paired response to catecholamines, and impaired oxygen deliv-
ery to tissues as a result of 2,3-diphosphoglycerate depletion.
For this reason, some clinicians have judiciously administered
IV sodium bicarbonate to patients with metabolic acidosis in
an attempt to raise the arterial pH to about 7.20.67–69 If IV
sodium bicarbonate is given, the amount required to correct
serum HCO3

– and arterial pH can be estimated using Equa-
tion 10-8 as follows:

Bicarbonate dose (mEq) = 0.5 (L/kg) ×
Body Weight (kg) × (10-8)

Desired increase in serum HCO3
−(mEq/L)

Bicarbonate distributes to approximately 50% of total body
weight (thus, the factor of 0.5 L/kg in Equation 10-8). To pre-
vent overtreating, bicarbonate doses should only attempt to
increase the bicarbonate concentration by 4 to 8 mEq/L (see
Question 10).68 For G.D., the dose required to raise serum
bicarbonate from 8 to 12 mEq/L amounts to 120 mEq of bicar-
bonate (0.5 L/kg × 60 kg × 4 mEq/L; Equation 10-8). Clini-
cal assessment of the effect of bicarbonate can be determined
about 30 minutes after administration.68 Arterial pH and serum
bicarbonate concentrations should be obtained before any ad-
ditional therapy.

Risks of Bicarbonate Therapy

10. What are the risks of G.D.’s bicarbonate therapy?

Concerns about the risks of bicarbonate administration and
the failure of studies to demonstrate significant short-term ben-
efits have raised questions about the appropriateness of bicar-
bonate therapy in metabolic acidosis, particularly in ketoacido-
sis and lactic acidosis caused by cardiac arrest or other hypoxic
events.69–76 Bicarbonate administration can result in overal-
kalinization and a paradoxical transient intracellular acidosis.
Whereas arterial pH can increase rapidly following bicarbonate
administration, intracellular pH increases more slowly because
of slow penetration of the negatively charged bicarbonate ion
across cell membranes. The bicarbonate in plasma, however,
is converted rapidly to carbonic acid, and the carbon dioxide
tension increases as a result (Equation 10-2). Because CO2
diffuses into cells more rapidly than HCO3

–, the intracellular
HCO3

–:CO2 ratio decreases, resulting in a decrease in intra-
cellular pH. This intracellular acidosis will persist as long as
bicarbonate administration exceeds the CO2 excretion; there-
fore, adequate tissue perfusion and ventilation must be pro-
vided in patients with diminished CO2 excretion (e.g., cardiac
or pulmonary failure).71

Overalkalinization also will cause a shift to the left in the
oxygen-hemoglobin dissociation curve. This shift increases
hemoglobin affinity for oxygen, decreases oxygen delivery to

tissues, and potentially increases lactic acid production and
accumulation.34 Sodium bicarbonate administration also can
cause hypernatremia, hyperosmolality, and volume overload;
however, the excessive sodium and water retention usually can
be avoided by the administration of loop diuretics.34,62 Hy-
pokalemia is another potential adverse effect of bicarbonate
therapy. Acidosis stimulates movement of potassium from in-
tracellular to extracellular fluid in exchange for hydrogen ions.
When acidosis is corrected, potassium ions move intracellu-
larly, and hypokalemia can occur. This translocation of potas-
sium tends to reduce serum potassium levels by ∼0.4 to 0.6
mEq/L for each 0.1 unit increase in pH, although wide interpa-
tient variability in this relationship exists.5,8 In G.D. and other
patients with organic acid intoxications, raising extracellular
pH helps to provide a gradient to shift the toxin from the CNS
and “trap” it into the blood and urine, enhancing elimination.
To prevent the risks of bicarbonate therapy, G.D.’s mental sta-
tus, serum sodium and potassium levels, and ABG should be
monitored.

ALTERNATIVE ALKALINIZING THERAPY
Although sodium bicarbonate is the most commonly used

agent to raise arterial pH, alternative therapies are available.
Sodium lactate and acetate have been used in select patients;
however, these agents, which require metabolic conversion to
bicarbonate, are associated with many of the same risks as
sodium bicarbonate (i.e., sodium and fluid overload, overalka-
linization, carbon dioxide production).39

Tromethamine acetate (THAM), a sodium-free organic
amine with a pH of 8.6, is available commercially as a 0.3
M (36 mg/mL) solution for IV administration. THAM can
combine with hydrogen ions from carbonic acid and lactic,
pyruvic, or other metabolic acids; however, its role in the man-
agement of metabolic acidosis needs clarification. THAM may
produce hyperkalemia in patients with renal impairment and
is contraindicated in anuric or uremic patients. Administration
of THAM also has been associated with other serious side ef-
fects, including respiratory depression, increased coagulation
times, and hypoglycemia.77–80 Carbicarb and dichloroacetate
have been used investigationally in the treatment of metabolic
acidosis.39,63,81 Carbicarb and THAM are better than bicarbon-
ate at improving extracellular pH and bicarbonate and intracel-
lular pH, while not increasing CO2; however, neither has yet
resulted in better patient outcomes.5,24,71 Hemofiltration and
“continuous renal replacement” therapies have been advocated
for patients with lactic acidosis, especially in Europe; however,
their roles need further study.

METABOLIC ALKALOSIS
Metabolic alkalosis is associated with an increase in serum bi-
carbonate concentration and a compensatory increase in Paco2
(caused by hypoventilation). The two general classifications
of metabolic alkalosis, saline-responsive and saline-resistant
(Table 10-6), are usually distinguishable based on an assess-
ment of the patient’s volume status, BP, and urinary chloride
concentration.

Saline-responsive metabolic alkalosis is associated with
disorders that result in the loss of chloride-rich, bicarbonate-
poor fluid from the body (e.g., vomiting, nasogastric suc-
tion, diuretic therapy, cystic fibrosis). Physical examination
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Table 10-6 Common Causes of Respiratory Acidosis

Airway Obstruction
Foreign body aspiration
Asthma
COPD
Adrenergic blockers

CNS Disturbances
Cerebral vascular accident

Sleep apnea
Tumor
CNS depressant drugs

Barbiturates
Benzodiazepines
Opioids

Cardiopulmonary
Cardiac arrest
Pulmonary edema or

infiltration
Pulmonary embolism
Pulmonary fibrosis

Neuromuscular
Amyotrophic lateral sclerosis
Guillain-Barré syndrome
Myasthenia gravis
Hypokalemia
Hypophosphatemia
Drugs

Aminoglycosides
Antiarrhythmics
Lithium
Phenytoin

CNS, central nervous system; COPD, chronic obstructive pulmonary disease.

may reveal volume depletion (e.g., orthostatic hypotension,
tachycardia, poor skin turgor), and the urinary chloride con-
centration often will be <10 to 20 mEq/L (although urine chlo-
ride levels may be >20 mEq/L in patients with recent diuretic
use).10,35,82

Severe hypokalemia or excessive mineralocorticoid activity
can result in a saline-resistant metabolic alkalosis, but this dis-
order is rare in comparison with saline-responsive metabolic
alkalosis. Saline-resistant metabolic alkalosis should be sus-
pected in alkalemic patients with evidence of increased ECF
volume, hypertension, or high urinary chloride values (>20
mEq/L) without recent diuretic use.10,82

Evaluation

11. K.E., a 60-year-old, 50-kg woman, was admitted to the hos-
pital 4 days ago with peripheral edema and pulmonary congestion
consistent with a congestive heart failure exacerbation. Since ad-
mission, she has been treated aggressively with furosemide 80 to
120 mg IV daily, which has generated approximately 3 L of urine
output each day. Her chest radiograph findings and peripheral
edema now show considerable improvement with diuresis; how-
ever, she now complains of dizziness when she gets out of bed to
go to the bathroom. Physical examination reveals a tachycardic
(heart rate [HR], 100 beats/minute), a thin elderly woman with
poor skin turgor and slight muscle weakness. K.E.’s electrocar-
diogram shows flattened T waves and U waves. Laboratory tests
reveal the following: serum Na, 138 mEq/L; K, 2.5 mEq/L; Cl, 92
mEq/L; creatinine, 0.9 mg/dL; BUN, 28 mg/dL; pH, 7.49; PaCO2,
46 mmHg; and HCO3

–, 34 mEq/L. Urine Cl concentration is 60
mEq/L.

What acid-base disorder is present in K.E.?

[SI units: Na, 138 mmol/L; K, 2.5 mmol/L; Cl, 92 mmol/L; creatinine, 79.6

mmol/L; BUN, 10 mmol/L; Paco2, 6.1 kPa; HCO3
–, 34 mmol/L; urine Cl,

60 mmol/L]

Using the stepwise approach to the evaluation of acid-base
disorders as previously described, K.E.’s elevated pH is con-
sistent with alkalosis. Furosemide-induced diuresis may be a
clue to her acid-base disorder. The increased serum HCO3

–

and increased Paco2 suggest primary metabolic alkalosis with
respiratory compensation. K.E.’s anion gap is 12, suggesting
no additional metabolic acid-base abnormalities are present.
A Paco2 of 46 mmHg suggests normal respiratory compen-
sation for metabolic alkalosis. Appropriate treatment of the
metabolic alkalosis should return her Paco2 to normal if there
is no underlying pulmonary disease.

Causes
Diuretic-Induced

12. What is the most likely cause of K.E.’s acid-base imbalance?

Common causes of metabolic alkalosis are listed in Table
10-6. The hypokalemic, hypochloremic, metabolic alkalosis
in K.E. most likely is the result of diuretic-induced volume
contraction. The incidence of this adverse effect is influenced
by the type, dose, and dosing frequency of the diuretic.

Diuretics cause metabolic alkalosis (sometimes referred to
as a “contraction alkalosis”) by the following mechanisms.
First, they enhance excretion of sodium chloride and water,
resulting in extracellular volume contraction. Volume con-
traction alone will cause only a modest increase in plasma
bicarbonate; however, volume contraction also stimulates al-
dosterone release. Aldosterone increases distal tubular sodium
reabsorption and induces hydrogen ion and potassium secre-
tion, resulting in alkalosis and hypokalemia. In addition, hy-
pokalemia induced by diuretics will stimulate intracellular
movement of hydrogen ions to replace cellular potassium, pro-
ducing extracellular alkalosis. Hypochloremia also is impor-
tant in sustaining metabolic alkalosis. In a hypochloremic state,
sodium will be reabsorbed, accompanied by bicarbonate gen-
erated by secreted hydrogen (Fig. 10-1).82–84

Treatment

13. How should K.E.’s acid-base imbalance be corrected and
monitored?

Treatment of metabolic alkalosis depends on removal of the
cause. K.E.’s diuretic therapy should be temporarily discontin-
ued until her volume status and electrolytes can be restored.
The initial goal is to correct fluid deficits and replace chloride
and potassium by infusing sodium and potassium chloride. As
long as hypochloremia exists, renal bicarbonate excretion will
not occur and the alkalosis will not be corrected.83 The severity
of alkalosis dictates how rapidly fluid and electrolytes should
be administered. In patients with hepatic or renal failure or con-
gestive heart failure, infusion of large volumes of sodium and
potassium salts can produce fluid overload or hyperkalemia.
Thus, fluid and electrolyte replacement should proceed cau-
tiously and these patients should be monitored closely for these
complications.

Potassium chloride should be administered to correct K.E.’s
hypokalemia. The amount of potassium required to replace
total body stores is difficult to determine accurately because
98% of the potassium in the body is intracellular. Although
wide variation exists, for each 1 mEq/L decrease in K+ from
an ECF concentration of 4 mEq/L, the total body K+ deficit is
about 4 to 5 mEq/kg.10 K.E.’s serum potassium is 2.5 mEq/L,
which correlates with a decrease of about 350 mEq in total
body potassium stores. K.E. should be treated with the chloride
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salt to ensure potassium retention and correction of alkalosis.
Potassium replacement can be achieved over several days with
supplements of 100 to 150 mEq/day given either orally in di-
vided doses or as a constant IV infusion. K.E.’s laboratory tests
for BUN, creatinine, chloride, sodium, and potassium should
be monitored during sodium and potassium chloride therapy.
As noted above, hypercapnia should disappear after correction
of the alkalemia, which can be confirmed with an ABG, if
clinically indicated.

14. What other agents are available to treat K.E.’s alkalosis if
fluid and electrolyte replacement does not correct the arterial pH?

Patients unresponsive to sodium and potassium chloride
therapy or those at risk for complications with these agents
can be treated with acetazolamide, hydrochloric acid (HCl), or
a hydrochloric acid precursor. The most commonly used agent
is acetazolamide, a carbonic anhydrase inhibitor that blocks hy-
drogen ion secretion in the renal tubule, resulting in increased
excretion of sodium and bicarbonate. Although the serum bi-
carbonate concentration often improves with acetazolamide,
metabolic alkalosis may not completely resolve. Other con-
cerns with the use of acetazolamide include its ability to pro-
mote kaliuresis and its relative lack of effect in patients with
renal dysfunction.82,85,86

A solution of 0.1 N HCl may be administered to patients
who require rapid correction of alkalemia. The dose of HCl is
based on the bicarbonate excess using Equation 10-9, where
the factor 0.5 × body weight (kg), represents the estimated
bicarbonate space.10,82,83,85

Dose of HCl (mEq) = 0.5 × Body Weight (kg)
× (plasma bicarbonate − 24) (10-9)

Parenteral hydrochloric acid is prepared extemporaneously
by adding the appropriate amount of 1 N HCl through a 0.22-
micron filter into a glass bottle containing 5% dextrose or nor-
mal saline. The dilute solution should be administered via cen-
tral venous catheter in the superior vena cava to reduce the risk
of extravasation and tissue damage. The infusion rate should
not exceed 0.2 mEq/kg/hour.85 ABG should be monitored at
least every 4 hours during the infusion. HCl should not be
added to total nutrient solutions.86

Precursors of hydrochloric acid, such as ammonium and
arginine hydrochloride, are not recommended.82 The adverse
effect profile of these agents has significantly limited their
role.85 Ammonium hydrochloride is metabolized to HCl and
NH3 in the liver. Severe ammonia intoxication with CNS de-
pression can occur during rapid infusion of ammonium hy-
drochloride or in patients with liver disease.82 Arginine can
cause rapid shifts in potassium from the intracellular to extra-
cellular space, resulting in dangerous hyperkalemia.82

RESPIRATORY ACIDOSIS
Respiratory acidosis occurs as a result of inadequate ventilation
by the lungs. When the lungs do not excrete CO2 effectively, the
Paco2 rises. This elevation in Paco2 (a functional acid) causes
a fall in pH (Equations 10-3 and 10-5). Common causes of
respiratory acidosis are listed in Table 10-7. They generally can
be categorized into conditions of airway obstruction, reduced
stimulus for respiration from the CNS, failure of the heart

Table 10-7 Common Causes of Respiratory Alkalosis

CNS Disturbances
Bacterial septicemia
Cerebrovascular accident
Fever
Hepatic cirrhosis
Hyperventilation

Anxiety-induced
Voluntary

Meningitis
Pregnancy
Trauma
Drugs

Progesterone derivatives
Respiratory stimulants
Salicylate overdose

Pulmonary
Pneumonia
Pulmonary edema
Pulmonary embolus
Tissue Hypoxia
High altitude
Hypotension
CHF
Other
Excessive mechanical

ventilation
Rapid correction of metabolic

acidosis

CHF, congestive heart failure; CNS, central nervous system.

or lungs, and disorders of the peripheral nerves or skeletal
muscles required for ventilation.87

Evaluation

15. B.B., a 56-year-old man, is admitted to the hospital for treat-
ment of an exacerbation of chronic obstructive pulmonary disease
(COPD). He complains of worsening shortness of breath and in-
creased production of sputum for the past 3 days. He has also
noted a mild headache, a flushed feeling, and drowsiness within
the past 24 hours. He has a history of COPD, hypertension, coro-
nary artery disease, and low back pain. Current medications
are ipratropium (Atrovent) inhaler two puffs QID, salmeterol
(Serevent) dry powder inhaler one inhalation BID, hydrochloro-
thiazide 25 mg daily, diltiazem (Cardizem LA) 240 mg daily, and
diazepam (Valium) 5 mg TID PRN for back pain.

Vital signs include respiratory rate of 16 breaths/minute and
HR of 90 beats/minute. Diffuse wheezes and rhonchi are heard
on chest auscultation. Laboratory tests reveal the following: Na,
140 mEq/L; K, 4.0 mEq/L; Cl, 100 mEq/L; pH, 7.32; PaCO2, 58
mmHg; PaO2, 58 mmHg; and HCO3

–, 29 mEq/L. B.B’s baseline
ABG at the physician’s office last month was pH, 7.35; PaCO2, 51
mmHg; PaO2, 62 mmHg; and HCO3

–, 28 mEq/L.
Which of B.B.’s signs and symptoms are consistent with the

diagnosis of respiratory acidosis?

[SI units: Na, 138 mmol/L; K, 2.5 mmol/L; Cl, 92 mmol/L; Paco2, 7.7 and

6.8 kPa; Pao2, 7.7 and 8.3 kPa; HCO3
–, 29 and 28 mmol/L]

A stepwise evaluation reveals a respiratory acidosis. A his-
tory of COPD and physical findings of dyspnea, headache,
drowsiness, and flushing support the ABG evaluation. Respira-
tory acidosis also can cause more severe symptoms, including
CNS effects, such as disorientation, confusion, delirium, hal-
lucinations, and coma. These CNS abnormalities probably are
partly caused by the direct effects of carbon dioxide. Hypox-
emia (decreased Pao2), which commonly accompanies respi-
ratory acidosis, also contributes to these symptoms. Elevated
Paco2 causes cerebral vascular dilation, resulting in headache
caused by increased blood flow and increased intracranial
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pressure. Cardiovascular effects typically include tachycardia,
arrhythmias, and peripheral vasodilation.88

16. Is the respiratory acidosis present in B.B. consistent with
an acute or a chronic disorder?

Following the stepwise approach, it is determined that B.B.
has a respiratory acidosis. He has a normal AG. Comparing
his current to previous values (e.g., pH, Paco2, HCO3

−), it ap-
pears B.B. has an acute on chronic respiratory acidosis since his
baseline Paco2 was 51 mmHg with an acute worsening to 58
mmHg. In respiratory acidosis, increased renal reabsorption
of bicarbonate compensates for the increase in Paco2; how-
ever, at least 48 to 72 hours are needed for this compensatory
mechanism to become fully established.10 Patients with COPD
commonly present with an “acute-on-chronic” respiratory aci-
dosis similar to B.B.

Causes

17. What potential causes of respiratory acidosis are present in
B.B.?

Respiratory acidosis often is caused by airway obstruction,
as shown in Table 10-7.87,88 Chronic obstructive airway disease
is a common cause of both acute and chronic respiratory acido-
sis. Upper respiratory tract infections, such as acute bronchitis,
can worsen airway obstruction and produce acute respiratory
acidosis.

Drug-Induced
B.B.’s drug therapy also may be contributing to respiratory
insufficiency. Many drugs (Table 10-7) decrease ventilation,
but usually these drugs only significantly affect patients who
are predisposed to respiratory problems because of underlying
diseases. Because B.B. has COPD, he may be more sensitive to
drugs affecting respiration. The benzodiazepines, barbiturates,
and opioids minimally decrease respiration in normal subjects
and in most patients with COPD when given usual therapeutic
doses. These drugs, however, can cause significant respiratory
insufficiency when administered either in large doses or in
combination with other respiratory depressant drugs.88 B.B.’s
diazepam may be contributing to hypoventilation and respi-
ratory acidosis and should be withdrawn from his regimen.
Nonselective adrenergic blocking drugs should not be used in
patients with COPD.

Treatment

18. How should B.B.’s respiratory acidosis be treated?

As with most cases of respiratory acidosis, treatment pri-
marily involves correction of the underlying cause of res-

piratory insufficiency. In this case, treatment of acute bron-
chospasm with ipratropium or an α-adrenergic agent, such
as inhaled albuterol, is warranted. Corticosteroids, such as
methylprednisolone (60–125 mg Q 6–12 hr initially) are com-
monly used in hospitalized patients with acute exacerbations
of COPD.89 Antibiotic therapy with a β-lactam or β-lactamase
inhibitor should be considered in hospitalized patients pro-
ducing purulent, large-volume secretions.90 B.B’s respiratory
status should be monitored closely during his hospitalization.
If the acidosis, hypercarbia, or associated hypoxemia worsen,
noninvasive positive pressure ventilation or intubation with
mechanical ventilation may be required.68

Treatment with IV sodium bicarbonate is not recommended
in most cases of acute respiratory acidosis because of the risks
associated with bicarbonate therapy (see Question 10) and be-
cause an absolute deficiency of bicarbonate is not present.
When the excess CO2 is excreted, arterial pH should return
to normal. Hypercapnia should not be overcorrected, because
hypocapnia results in decreased lung compliance, increases
dysfunctional surfactant production, and shifts the oxyhe-
moglobin dissociation curve to the left, restricting the release
of oxygen to tissues.75,76,91

RESPIRATORY ALKALOSIS
Respiratory alkalosis usually is not a severe disorder. Exces-
sive rate or depth of respiration results in increased excretion of
carbon dioxide, a fall in Paco2, and a rise in arterial pH. Com-
mon causes of respiratory alkalosis are presented in Table 10-8.
Many conditions can cause respiratory alkalosis by stimulating
respiratory drive in the CNS. In addition, pulmonary diseases
can stimulate receptors in the lung to increase ventilation, and
conditions that decrease oxygen delivery to tissues also can
stimulate ventilation, causing respiratory alkalosis.92,93

Evaluation

19. S.P., a 35-year-old, 60-kg woman, is admitted for treatment
of presumed bacterial pneumonia. She was in good health un-
til 24 hours before presentation when she noted a fever; onset
of a productive cough with thick, yellowish sputum; and chest
pain on deep inspiration. She has taken aspirin 650 mg Q 4 hr
since the onset of fever, with mild relief. Since arriving in the ED,
she has become anxious and lightheaded and has developed tin-
gling in her hands, feet, and lips. Vital signs include the following:
temperature, 38◦C; respiratory rate, 24 breaths/minute; HR, 110
beats/minute; and BP, 135/70 mmHg. Physical examination re-
veals dullness to percussion, rales, and decreased breath sounds
over the left lower lung field.

Laboratory findings include the following: serum Na, 135
mEq/L; Cl, 105 mEq/L; pH, 7.49; PaCO2, 30 mmHg; PaO2,

Table 10-8 Laboratory Values in Simple Acid-Base Disorders

Disorder Arterial pH Primary Change Compensatory Change

Metabolic acidosis ↓ ↓HCO3
− ↓Paco2

Respiratory acidosis ↓ ↑Paco2
− ↑HCO3

−
Metabolic alkalosis ↑ ↑HCO3

− ↑Paco2

Respiratory alkalosis ↑ ↓Paco2
− ↓HCO3

−
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90 mmHg; and HCO3
–, 22 mEq/L. Gram stain of sputum re-

veals 25 white blood cells (WBC) per high-power field and many
gram-positive diplococci. WBC count is 15,400 cells/mm3 (nor-
mal, 3,500–10,500 cells/mm3) with a left shift. A left lower lobe
infiltrate is seen on chest radiograph.

What acid-base disorder is present in S.P.?

[SI units: Paco2, 4.0 kPa; Pao2, 12.0 kPa; HCO3
–. 22 mmol/L; other SI units

are: Na, 135 mmol/L; Cl, 105 mmol/L]

Steps 1 to 3 in the evaluation of the ABG values, as de-
scribed previously, indicate a respiratory alkalosis (increased
pH, decreased Paco2). The history and physical findings of
deep, rapid breathing and tingling sensations are clues to the
etiology. This disorder is most likely acute because her HCO3

−
concentration is normal. She does not have an AG. If a large AG
was present, it would suggest she has a coexisiting metabolic
acidosis, possibly caused by salicylate intoxication (see be-
low).

20. Which of S.P.’s signs and symptoms are consistent with the
diagnosis of acute respiratory alkalosis?

Respiratory alkalosis typically produces paresthesias of the
extremities and perioral region, lightheadedness, confusion,
decreased mental acuity, and tachycardia.5,6,10 Increased rate
and depth of respiration may be evident. Simple respiratory
alkalosis rarely produces life-threatening abnormalities.

Causes

21. What is the cause of the acid-base disorder in S.P.?

Common causes of respiratory alkalosis are listed in Ta-
ble 10-8.5,6,10,92–94 Based on physical examination, laboratory
findings, and chest radiograph, S.P. appears to have an acute
bacterial pneumonia. Pneumonia and other pulmonary diseases
can result in stimulation of ventilation and respiratory alkalo-
sis, even with a normal Pao2, as in this case. The anxiety S.P. is
experiencing also may be contributing to respiratory alkalosis
by producing the familiar anxiety-hyperventilation syndrome.
Although salicylate intoxication is a potential cause of res-
piratory alkalosis because of the direct respiratory stimulant
effect of salicylate,94 S.P. displays few other symptoms of sal-
icylate intoxication (e.g., nausea, vomiting, tinnitus, altered
mental status, elevated AG metabolic acidosis). The total as-
pirin dose reportedly ingested (65 mg/kg over 24 hours) is not
large enough to be associated with significant risk for toxicity.

Treatment

22. What is the appropriate treatment for S.P.’s respiratory
alkalosis?

Similar to respiratory acidosis, treatment of respiratory al-
kalosis usually involves correcting the underlying disorder. Ini-
tiation of appropriate antibiotic therapy is indicated in this
case. Simple respiratory alkalosis is unlikely to cause life-
threatening symptoms, although mortality rates for critically
ill patients with this disorder can be high.88 The well-known
remedy of rebreathing expired air from a paper bag for treat-
ment of hyperventilation associated with anxiety appears to

be effective for this cause of respiratory alkalosis and may be
helpful for S.P.

MIXED ACID-BASE DISORDERS
Evaluation

23. B.L., a 58-year-old man, transferred from a nursing home 2
days previously, is disorientated and lethargic. He was doing well
until 1 week before admission, when the staff noted that he was
somnolent. He progressively became more lethargic and could no
longer remember the names of other persons. B.L. has a history
of alcoholic cirrhosis, non–insulin-dependent diabetes mellitus,
and hypertension. Medications before admission were nadolol 80
mg QD, isosorbide mononitrate 20 mg BID, glyburide 10 mg QD,
and spironolactone 50 mg BID. On admission, B.L. was disori-
ented to person, place, and time and was difficult to arouse. Vi-
tal signs include the following: temperature, 37◦C; respirations,
16 breaths/minute; HR, 70 beats/minute; and BP, 154/92 mmHg.
Physical examination revealed asterixis and mild ascites. Labora-
tory studies included the following: Na, 133 mEq/L; K, 4.3 mEq/L;
Cl, 106 mEq/L; BUN, 5 mg/dL; creatinine, 0.7 mg/dL; fasting glu-
cose, 150 mg/dL; albumin, 3.2 g/dL (normal, 3.6–5.0 g/dL); and
ammonia, 120 μmol/L (normal, 19–43 μmol/L); ABG: pH, 7.43;
PaCO2, 30 mmHg; PaO2, 90 mmHg; and HCO3

–, 19 mEq/L.
On admission, spironolactone was increased to 75 mg BID and

lactulose 60 mL PO QID was started for treatment of hepatic en-
cephalopathy. Within the first 24 hours of lactulose therapy, B.L.
produced four loose, watery stools; however, his mental status
worsened to the point of being unresponsive, his BP dropped to
100/60 mmHg, and his breathing became labored and eventu-
ally required mechanical ventilation. At the time of intubation,
his laboratory values were Na, 136 mEq/L; K, 4.5 mEq/L; Cl,
105 mEq/L; BUN, 10 mg/dL; creatinine, 1.2 mg/dL; arterial pH,
7.06; PaCO2, 48 mmHg; PaO2, 58 mmHg; and HCO3

–, 13 mEq/L.
Gram stain of peritoneal fluid revealed many WBC and gram-
negative rods; the diagnosis of spontaneous bacterial peritonitis
with possible septicemia is made.

Describe B.L.’s acid-base status on admission and at the cur-
rent time.

[SI units: Na, 133 and 136 mmol/L; K, 4.3 and 4.5 mmol/L; Cl, 106 and 105

mmol/L; BUN, 1.8 and 3.6 mmol/L; creatinine, 62 and 106 mmol/L; fasting

glucose, 8.3 mmol/L; albumin, 32 g/L; Paco2, 4.0 and 6.4 kPa; Pao2, 12.0

and 7.7 kPa; HCO3
–, 19 and 13 mmol/L]

An evaluation of B.L.’s ABG using steps 1 and 2 (in the
section on evaluation of acid-base disorders) reveals abnor-
mal Paco2 and serum bicarbonate values, suggesting the ex-
istence of an underlying acid-base abnormality. The direction
of change in his Paco2 and serum HCO3

– along with a pH of
7.43 suggests a respiratory alkalosis is a primary disorder. His
calculated AG of 8 is not increased. Examination of the ranges
of expected compensation in Table 10-3 reveals that these val-
ues are indeed consistent with chronic respiratory alkalosis
(serum HCO3

– decreased by 0.5 mEq/L for each 1-mmHg
drop in Paco2). B.L.’s history of alcohol-induced liver disease
is consistent with the diagnosis of chronic respiratory alkalosis
(Table 10-8).8,10

The second set of ABG reveals severe acidosis. B.L.’s serum
bicarbonate has fallen from 19 to 13 mEq/L, and his Paco2
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has increased acutely from 30 to 48 mmHg. Because these
values have changed in opposite directions, a mixed acid-base
abnormality should be suspected.

The diagnosis of a mixed, metabolic and respiratory acidosis
can be confirmed by applying the stepwise approach outlined
previously. If the acidosis was purely metabolic in nature, a
serum HCO3

– of 13 mEq/L should result in hyperventilation
and a low Paco2. B.L’s Paco2 of 48 mmHg is high, which
would be consistent with coexistent respiratory acidosis. The
anion gap is 18, indicating an AG metabolic acidosis is present.
The excess AG (AG − 10 = 8) added to B.L’s gap of 18 yields
a corrected HCO3

− of 26 which is normal. This suggests no
additional metabolic disturbances are present.

Causes

24. What are possible causes for the mixed acidosis in B.L.?

The AG should be calculated in all patients with a metabolic
acidosis. B.L.’s calculated AG has increased from 8 to 18
mEq/L (11 and 21 mEq/L, respectively, after adjusting for
hypoalbuminemia), suggesting that an elevated AG acidosis
is now present. Septicemia from bacterial peritonitis can pro-
duce profound hypotension, which leads to tissue hypoperfu-
sion, generation of lactic acid, and a subsequent elevation in
the AG. Other causes of elevated AG metabolic acidosis can be
excluded with additional laboratory data (e.g., serum ketones,
glucose, osmolal gap).

Although diarrhea and spironolactone should be considered
in the differential diagnosis, these are usually associated with
hyperchloremic, normal AG metabolic acidosis (Table 10-2).95

The coexisting respiratory acidosis is most likely the result
of B.L.’s altered mental status and his diminished respiratory
drive.

25. Over the next 6 hours, B.L.’s hepatic encephalopathy, peri-
tonitis, and acid-base disorders are aggressively treated with lac-
tulose, antibiotics, fluids, and mechanical ventilation. His most
recent ABG reveals the following: pH, 7.45; PaCO2, 24 mmHg;
PaO2, 90 mmHg; and HCO3

–, 16 mEq/L. Ventilator settings are
assist-control mode at 16 breaths/minute, tidal volume 700 mL,
and inspired oxygen concentration 40%. B.L. is noted to be more
awake, anxious, and initiating 25 to 30 breaths/minute. Describe
the current acid-base status and probable cause.

[SI units: Paco2, 3.2 kPa; Pao2, 12.0 kPa; HCO3
–, 16 mmol/L]

Evaluation of the ABG reveals a pH at the upper limit of nor-
mal with significant decreases in both Paco2 and serum HCO3

–

concentration. This clinical scenario is most consistent with a
mixed, acute respiratory alkalosis and ongoing metabolic aci-
dosis. The time frame in which B.L.’s Paco2 decreased from
48 to 24 mmHg is consistent with acute respiratory alkalosis.
B.L.’s low serum HCO3

– suggests ongoing metabolic acidosis
as a result of his septicemia. The metabolic acidosis should im-
prove with time, given adequate antibiotic therapy and support-
ive measures that maintain BP and increase oxygen delivery
to the tissues.

The acute respiratory alkalosis in this case is most likely
caused by the mechanical ventilator, B.L.’s anxiety, or sepsis.
In the assist-control mode, any inspiratory effort by B.L. results
in delivery of a full assisted breath by the ventilator.96 B.L.’s
anxiety and resultant tachypnea are stimulating the ventilator
to hyperventilate him, producing excessive CO2 excretion and
respiratory alkalosis. Appropriate changes in therapy may in-
clude use of an anxiolytic, analgesic if needed to treat pain,
changing the ventilator mode, or probably a combination of
these strategies.
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BASIC PRINCIPLES
Body Water Compartments and Electrolyte Composition
In newborns, approximately 75% to 85% of the body weight is
water. After puberty, the percentage of water per kilogram of
weight decreases as the amount of adipose tissue increases with
age.1,2 Body water constitutes 50% to 60% of the lean body
weight (LBW) in adult men but only 45% to 55% in women
because of their greater proportion of adipose tissue. The water
content per kilogram of body weight further decreases with
advanced age.

Two-thirds of the total body water resides in the cells (in-
tracellular water). The extracellular water can be divided into
different compartments: the interstitial fluid (12% LBW) and
the plasma (5% LBW) are the two major compartments. Other
compartments of the extracellular fluid include the connective
tissues and bone water, the transcellular fluids (e.g., glandular

secretions), and other fluids in sequestered spaces, such as the
cerebrospinal fluid.1

The electrolyte composition differs between the intracellu-
lar and extracellular compartments. Potassium (K), magnesium
(Mg), and phosphate (PO4) are the major ions in the intracellu-
lar compartment, whereas sodium (Na), chloride (Cl), and bi-
carbonate (HCO3) are predominant in the extracellular space.2

Water travels freely across the cell membranes of most parts
of the body. The cell membrane, however, is only selectively
permeable to solutes. The impermeable solutes are osmotically
active and can exert an osmotic pressure that dictates the dis-
tribution of water between fluid compartments. Water moves
across the cell membrane from a region of low osmolality to
one of high osmolality. Net water movement ceases when os-
motic equilibrium occurs. Each fluid compartment contains a
major osmotically active solute: potassium in the intracellular
space and sodium in the extracellular fluid. The volumes of the

11-1
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two compartments reflect the asymmetrically larger number of
solute particles or osmoles inside the cells.2,3

The capillary wall separates the interstitial fluid from
plasma. Because sodium moves freely across the capillary
wall, its concentration is identical across both sides of the
wall. Therefore, no osmotic gradient is generated, and water
distribution between these two spaces is not affected. Plasma
proteins, which are confined in the vascular space, are the pri-
mary osmoles that affect water distribution between the in-
terstitium and the plasma.2 In contrast, urea, which traverses
both the capillary walls and most cell membranes, is osmoti-
cally inactive.2,3

Plasma Osmolality
Osmolality is defined as the number of particles per kilogram of
water (mOsm/kg). It is determined by the number of particles
in solution and not by particle size or valence. Nondissociable
solutes, such as glucose and albumin, generate 1 mOsm/mmol
of particles; and dissociable salts, such as sodium chloride
liberate two ions in solution to produce 2 mOsm/mmol of salt.
The osmolality of body fluid is maintained between 280 and
295 mOsm/kg. Because all body fluid compartments are iso-
osmotic, plasma osmolality reflects the osmolality of total body
water. Plasma osmolality can be measured by the freezing point
depression method, or estimated by the following equation,
which takes into account the osmotic effect of sodium, glucose,
and urea2,3:

POSM = 2(Na)(mmol/L) + Glucose (mg/dL)

18
+

BUN (mg/dL)

2.8
11-1

This equation predicts the measured plasma osmolality
within 5 to 10 mOsm/kg. Although urea contributes to the mea-
sured osmolality, it is an ineffective osmole because it readily
traverses cell membranes and, therefore, does not cause signif-
icant fluid shift within the body. Hence, the effective plasma
osmolality (synonymous with tonicity, the portion of total os-
molality that has the potential to induce transmembrane water
movement) can be estimated by the following equation:

POSM = 2(Na)(mmol/L) + Glucose (mg/dL)

18
11-2

An osmolal gap exists when the measured and calculated
values differ by >10 mOsm/kg4; it signifies the presence of
unidentified particles. When the individual solute has been
identified, its contribution to the measured osmolality can be
estimated by dividing its concentration (mg/dL) by one-tenth
of its molecular weight. Calculating the osmolal gap is used to
detect the presence of substances, such as ethanol, methanol,
and ethylene glycol, which have high osmolality. Occasion-
ally, the osmolal gap can also result from an artificial decrease
in the serum sodium secondary to severe hyperlipidemia or
hyperproteinemia.

1. J.F., a 31-year-old man, is admitted to the inpatient medicine
service for methanol (molecular weight, 32) intoxication. Routine
laboratory analysis reveals the following: Na, 145 mEq/L (nor-
mal, 134–146); K, 3.4 mEq/L (normal, 3.5–5.1); Cl, 105 mEq/L
(normal, 92–109); carbon dioxide (CO2), 20 mEq/L (normal,

22–32); blood urea nitrogen (BUN), 10 mg/dL (normal, 8–25); cre-
atinine, 1.1 mg/dL (normal, 0.5–1.5); and glucose, 90 mg/dL (nor-
mal, 60–110). The blood methanol concentration was 108 mg/dL,
and the measured plasma osmolality was 333 mOsm/kg. What
is J.F.’s calculated osmolality? Are other unidentified osmoles
present?

[SI units: Na, 135 mmol/L; K, 3.4 mmol/L; Cl, 105 mmol/L; CO2, 20

mmol/L; BUN, 3.57 mmol/L; creatinine, 97.4 μmol/L; glucose, 5.0 mmol/L;

methanol, 33.7 mmol/L]

Using Equation 11-1, J.F.’s total calculated osmolality is as
follows:

POSM = 2(145 mEq/L) + 90 mg/dL

18
+ 10 mg/dL

2.8
11-A

= 290 + 5 + 3.6

= 299 mOsm/kg

Osmolal gap = 333 mOsm/kg − 299 mOsm/kg 11-B

= 34 mOsm/kg

In J.F., the entire osmolal gap can be accounted for by the
presence of the methanol (because 108 mg/dL of methanol will
provide 108/3.2 = 33.7 mOsm/kg). It is unlikely, therefore,
that other unmeasured osmoles are present (e.g., ethylene gly-
col, isopropanol, and ethanol). The laboratory determination
of osmolality measures the total number of osmotically active
particles but not their permeability across the cell membrane.
Methanol increases plasma osmolality but not tonicity because
the cell membrane is permeable to methanol. Therefore, no net
water shift occurs between the intracellular and extracellular
compartments. Conversely, mannitol, which is confined to the
extracellular space, contributes to both plasma osmolality and
tonicity.

Tubular Function of Nephron
The kidney plays an important role in maintaining a constant
extracellular environment by regulating the excretion of water
and various electrolytes. The volume and composition of fluid
filtered across the glomerulus are modified as the fluid passes
through the tubules of the nephron.

The renal tubule is composed of a series of segments
with heterogeneous structures and functions: the proximal
tubule, the medullary and cortical thick ascending limb of
Henle’s loop, the distal convoluted tubule, and the cortical and
medullary collecting duct2 (Fig. 11-1). The mechanism for
sodium reabsorption is different for each nephron segment,
but is generally mediated by carrier proteins or channels lo-
cated on the luminal membrane of the tubule cell.2 Na+-K+-
ATPase (adenosine triphosphatase) actively pumps sodium out
of the renal tubule cell in exchange for potassium in a 3:2 ratio.
Hence, the intracellular sodium concentration is kept at a low
level. The potassium that is pumped into the cell leaks back
out through potassium channels in the membrane, rendering
the cell interior electronegative. The low intracellular sodium
concentration and a negative intracellular potential produce
a favorable gradient for passive sodium entry into the cell.3

The Na+-K+-ATPase also indirectly provides the energy for
active sodium transport and the reabsorption and secretion of
other solutes across the luminal membrane of the renal tubule.
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FIGURE 11-1 Sites of tubule salt and water absorption. Sodium is reabsorbed with inorganic anions, amino
acids, and glucose in the proximal tubule against an electrical gradient that is lumen negative. In the late
part of the proximal tubule (pars recta), sodium and water are reabsorbed to a lesser extent and organic
acids (hippurate, urate) and urea are secreted into the urine. The electrical potential is lumen positive in
the pars recta. Water, but not salt, is removed from tubule fluid in the thin descending limb of Henle’s loop,
but in the ascending portion salt is reabsorbed without water, rendering the tubule fluid hyposmotic with
respect to the interstitium. Sodium, chloride, and potassium are reabsorbed by the medullary and cortical
portions of the ascending limb; the lumen potential is positive. Sodium is reabsorbed and potassium and
hydrogen ions are secreted in the distal tubule and collecting ducts. Water absorption in these segments is
regulated by antidiuretic hormone (ADH). The electrical potential is lumen negative in the cortical sections
and positive in the medullary segments. Urea is concentrated in the interstitium of the medulla and assists
in the generation of maximally concentrated urine. (From reference 23, with permission.)

The distal segments are mainly involved in the reabsorption of
sodium and chloride ions and the secretion of hydrogen and
potassium ions.2

Iso-osmotic reabsorption of the glomerular filtrate occurs in
the proximal tubule such that two-thirds of the filtered sodium
and water and 90% of the filtered bicarbonate are reabsorbed.
The Na+-H+ antiporter (exchanger) in the luminal membrane
is instrumental in the reabsorption of sodium chloride, sodium
bicarbonate, and water. The reabsorption of most nonelec-
trolyte solutes, such as glucose, amino acids, and phosphates,
are coupled to sodium transport.2,5

Both the thick ascending limb of Henle’s loop and the distal
convoluted tubule serve as the diluting segments of the nephron
because they are impermeable to water. Sodium chloride is
extracted from the filtrate without water. Sodium transport in
both of these segments is flow dependent and varies with the
amount of sodium ions delivered from the proximal segments
of the nephron. Decreased sodium ions in the tubular fluid will

limit sodium transport in the thick ascending limb of Henle’s
loop and the distal convoluted tubule.2,6

Reabsorption of sodium in the thick ascending limb of
Henle’s loop accounts for approximately 25% of the total
sodium reabsorption. Sodium, chloride, and potassium are re-
absorbed by the medullary and cortical portions of the ascend-
ing limb, but the leakage of reabsorbed potassium ions back
into the tubular lumen, via potassium channels, makes the tubu-
lar lumen electropositive. This electrical gradient promotes the
passive reabsorption of cations, such as sodium, calcium, and
magnesium, in the distal convoluted tubules. Because the thick
ascending limb of Henle’s loop is impermeable to water, it con-
tributes to the interstitial osmolality in the medulla. This high
osmolality is key to the reabsorption of water by the medullary
portion of the collecting duct under the influence of antidiuretic
hormone (ADH, vasopressin). Therefore, the thick ascending
limb of Henle’s loop is important for both urinary concentra-
tion and dilution.6
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Because, as noted previously, the distal convoluted tubule
also is impermeable to water, the osmolality of the filtrate con-
tinues to decline as sodium is being reabsorbed. In the distal
convoluted tubule and collecting duct, sodium is reabsorbed
in exchange for hydrogen ions and potassium. When sodium
ions are reabsorbed, the tubule lumen becomes electronegative,
which promotes potassium secretion in the lumen via potas-
sium channels. Aldosterone enhances sodium reabsorption in
the collecting duct by increasing the number of opened sodium
channels.2,7

The collecting duct is usually impermeable to water. Under
the influence of ADH, however, water permeability is increased
through an increase in the number of water channels along the
luminal membrane. The amount of water reabsorbed depends
on the tonicity of the medullary interstitium, which is deter-
mined by the sodium reabsorbed in the thick ascending limb
of Henle’s loop and urea.2,7,8

Osmoregulation
An increase in the effective plasma osmolality often reduces
intracellular volume; conversely, decreased effective plasma
osmolality is associated with cellular hydration. Water home-
ostasis is important in the regulation of plasma osmolality, and
plasma tonicity is maintained within normal limits through a
delicate balance between the rates of water intake and excre-
tion. The amount of daily water intake includes the volume
of water ingested (sensible intake), the water content of in-
gested food, and the metabolic production of water (insensible
intake).2 To maintain homeostasis, these should be equal to the
amount of water excreted by the kidney and the gastrointesti-
nal (GI) tract (sensible loss) plus water lost from the skin and
respiratory tract (insensible loss).2,3

Changes in plasma tonicity are detected by osmoreceptors in
the hypothalamus, which also houses the thirst center and is the
site for ADH synthesis.9,10 When the plasma tonicity falls be-
low 280 mOsm/kg as a result of water ingestion, ADH release is
inhibited,2 water is no longer reabsorbed in the collecting duct,
and a large volume of dilute urine is excreted. Conversely, when
the osmoreceptors in the hypothalamus sense an increased
plasma osmolality, ADH is released to increase water reabsorp-
tion. A small volume of concentrated urine is then excreted.
The threshold for ADH release is 280 mOsm/kg, and maxi-
mal ADH secretion occurs when the plasma osmolality is 295
mOsm/kg.9 Thus, urine osmolality varies from 50 mOsm/kg in
the absence of ADH to 1,200 mOsm/kg during maximal ADH
release. The volume of urine produced depends on the solute
load to be excreted, as well as the urine osmolality2,3,9,10:

Urine volume (L) =
(

Solute load (mOsm)

Urine osmolality (mOsm/kg)

)
11-3

(
1

Density of water (kg/L)

)

Therefore, for a typical daily solute load of 600 mOsm:

=
(

600 mOsm

50 mOsm/kg

) (
1

1 kg/L

)
= 12 L 11-C

=
(

600 mOsm

1,200 mOsm/kg

) (
1

1 kg/L

)
= 0.5 L 11-D

Although the kidney has a remarkable ability to excrete free
water, it is not as efficient in conserving water. ADH minimizes
further water loss, but it cannot correct water deficits. There-
fore, optimal osmoregulation requires increased water intake
stimulated by thirst. Both ADH and thirst can be stimulated by
nonosmotic stimuli. For example, volume depletion is such a
strong nonosmotic stimulus for ADH release that it can over-
ride the response to changes in plasma osmolality. Nausea,
pain, and hypoxia are also potent stimuli for ADH secretion.11

Volume Regulation
Sodium resides almost exclusively in the extracellular fluid;
the amount of total body sodium, therefore, determines the
extracellular volume.2,11 Because daily sodium intake varies
from 100 to 250 mEq, the body must rely on adjustments in
urinary sodium excretion to maintain the extracellular volume
and tissue perfusion.2,11 The ability of the kidney to retain
sodium is so remarkable that a person can survive with a daily
sodium intake as low as 20 to 30 mEq.

The afferent sensors for the changes in the effective circulat-
ing volume are the intrathoracic volume receptors, the barore-
ceptors in the carotid sinus and aortic arch, and the afferent
arteriole in the glomerulus.11 When the effective circulating
volume is decreased, both the renin-angiotensin and the sym-
pathetic nervous systems are activated.2,11 Angiotensin II and
norepinephrine enhance sodium reabsorption at the proximal
convoluted tubule. In addition, aldosterone stimulates sodium
reabsorption at the collecting tubule. The decrease in effective
arterial volume also stimulates ADH release, which enhances
water reabsorption at the collecting duct. Conversely, after a
salt load, the increases in atrial pressure and renal perfusion
pressure suppress the production of renin and, subsequently,
angiotensin II and aldosterone. The release of atrial natriuretic
peptide secondary to increased atrial filling pressure and in-
trarenal production of urodilation increase urinary excretion
of the excess sodium.12,13

Although the kidney can excrete a 20-mL/kg water load in
4 hours, only 50% of the excess sodium is excreted in the first
day.3 Sodium excretion continues to increase until a new steady
state is reached after 3 to 4 days, when intake equals output.3,12

It is important to recognize that osmoregulation and volume
regulation occur independently of each other.2,3 The two home-
ostatic systems regulate different parameters and possess dif-
ferent sensors and effectors. Both systems can be activated
simultaneously, however.

DISORDERS IN VOLUME REGULATION
Sodium Depletion

2. A.B., a 17-year-old girl, presented to the emergency depart-
ment (ED) with complaints of anorexia, nausea, vomiting, and
generalized weakness for the past 3 days. She denied other medi-
cal problems and had not used any medications. On examination,
her supine blood pressure (BP) was 105/70 mm Hg, with a pulse
of 80 beats/min. Her standing BP was 85/60 mm Hg with a pulse
of 100 beats/min, and she complained of feeling dizzy when she
stood up. Her mucous membranes were dry but her skin turgor
was normal. The jugular vein was flat, and peripheral or sacral
edema was not present. Laboratory blood tests showed serum Na,
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134 mEq/L (normal, 134–146); K, 3.5 mEq/L (normal, 3.5–5.1);
Cl, 95 mEq/L (normal, 92–109); total CO2 content, 35 mEq/L
(normal, 22–32); BUN, 18 mg/dL (normal, 8–25); creatinine, 0.8
mg/dL (normal, 0.5–1.5); and glucose, 70 mg/dL (normal, 60–
110). Random urinary Na was 40 mEq/L, K was 40 mEq/L, and
Cl was <15 mEq/L. The hemoglobin (Hgb) was 14 g/dL (nor-
mal, 12–16), and white cell and platelet counts were normal. Why
were the clinical and laboratory data in A.B. consistent with an
assessment of volume depletion?

[SI units: serum Na, 134 mmol/L; K, 3.5 mmol/L; Cl, 95 mmol/L; CO2,

35 mmol/L; BUN, 5.7 mmol/L; creatinine, 70.72 μmol/L; glucose, 3.9

mmol/L; urine Na, 40 mmol/L; K, 40 mmol/L; Cl, <15 mmol/L; Hgb, 140 g/L]

The signs and symptoms in A.B. were consistent with vol-
ume depletion. The loss of gastric fluid owing to vomiting
and decreased oral intake secondary to anorexia had led to
moderate to severe volume depletion. There were orthostatic
changes in both her BP (a drop in systolic BP of 20 mm Hg)
and pulse (an increase of 20 beats/minute). The dry mucous
membranes, the flat jugular vein, and the absence of edema
support volume depletion as well, and dizziness on standing
indicates extracellular volume depletion.14 Her hypochloremic
metabolic alkalosis was probably initiated by loss of acidic
gastric contents through vomiting. Her volume depletion in-
creased renal bicarbonate reabsorption, which perpetuated the
metabolic alkalosis. The decreased renal perfusion brought
about by volume depletion enhanced proximal tubular reab-
sorption of urea, resulting in an increased BUN:creatinine ra-
tio (prerenal azotemia). When renal perfusion is decreased and
the renin-angiotensin-aldosterone system is activated, the prox-
imal reabsorption of sodium and chloride is increased. A.B.’s
urinary sodium is therefore <10 mEq/L.15 Excretion of the
poorly permeable bicarbonate ions, however, results in obliga-
tory urinary sodium loss to maintain luminal electroneutrality.
A.B.’s urinary sodium was therefore elevated (40 mEq/L). In
this situation, the urinary chloride remained low, and this is a
better index of volume status.15 Both urinary sodium and chlo-
ride are elevated, however, in patients using diuretics, in those
undergoing osmotic diuresis, and in those with underlying re-
nal disease or hypoaldosteronism, even in the face of volume
depletion. Physical examination should therefore be conducted
as part of the volume status assessment. A.B.’s volume deple-
tion increased the concentration of red blood cells, which could
explain her slightly elevated Hgb concentration of 14 g/dL.

3. How should A.B.’s volume depletion be managed?

The etiology of A.B.’s vomiting should be sought and the
cause removed. Because the patient is neither hypernatremic
nor hyponatremic, normal saline should be administered in-
travenously to replenish the extracellular volume and improve
tissue perfusion.2,14 If the patient is hypernatremic (having
a greater deficit of water than solute), half-isotonic saline
(1/2NS) or dextrose solution, which contains more free wa-
ter, should be administered. In contrast, hyponatremic hypov-
olemic patients have a greater deficit of solute than water; iso-
tonic or hypertonic saline should then be given. The amount of
volume deficit is often difficult to ascertain. Because A.B. was
severely orthostatic, 1 or 2 L of fluid can be given over 2 to
4 hours. The subsequent rate of infusion will depend on A.B.’s
response and the prevailing symptoms. The clinician should

monitor her body weight, skin turgor, supine and upright BP,
jugular venous pressure, urine output, and urine chloride con-
centration to assess the adequacy of volume repletion. Because
the treatment goal is to achieve a positive fluid balance, the in-
fusion rate should be 50 or 100 mL/hour in excess of the sum of
urine output, insensible losses, and other losses, such as emesis
and diarrhea.2

Sodium Excess

4. L.J., a 45-year-old man, presented to the clinic with com-
plaints of swollen legs and puffy eyelids. He also noticed that
his urine had been foamy recently. On examination, his BP was
180/100 mm Hg and his pulse was 80 beats/minute. Bilateral peri-
orbital edema and 2+ bilateral pitting edema up to the thigh were
noted. On auscultation, his heart was normal and his lungs had bi-
lateral crackles. His jugular venous pressure was elevated at 10 cm
H2O. Laboratory tests revealed serum Na, 132 mEq/L (normal,
134–146); K, 3.8 mEq/L (normal, 3.5–5.1); Cl, 100 mEq/L (nor-
mal, 92–109); bicarbonate, 26 mEq/L (normal, 22–32); BUN,
40 mg/dL (normal, 8–25); creatinine, 2.5 mg/dL (normal, 0.5–1.5);
glucose, 120 mg/dL (normal, 60–110); and albumin, 2 g/dL (nor-
mal, 3.4–5.4). The serum transaminases, alkaline phosphatase,
and bilirubin were within normal limits. The serum cholesterol
level was 280 mg/dL (normal,<200), and the triglyceride level was
300 mg/dL (normal, 30–200). Urinalysis showed specific gravity
of 1.015 (normal, 1.002–1.030), pH 7.0 (normal, 4.6–7.9), protein
>300 mg/dL, oval fat bodies, and fatty casts. The 24-hour urinary
protein excretion was 6 g and the measured creatinine clearance
(ClCr) was 40 mL/minute L.J. was taking no medications and he
denied illicit drug use. Hepatitis B serology and human immunod-
eficiency virus (HIV) antibody were negative. The impression was
anasarca (total body edema) secondary to nephrotic syndrome.
What is nephrotic syndrome? What could be the cause of L.J.’s
sodium excess state?

[SI units: Na, 132 mmol/L; K, 3.8 mmol/L; Cl, 100 mmol/L; bicarbonate,

26 mmol/L; BUN, 14.3 mmol/L; serum creatine (SrCr), 221 μmol/L;

glucose, 6.7 mmol/L; albumin, 20 g/L; cholesterol, 7.24 mmol/L; triglyceride,

3.4 mmol/L; protein, 3 g/L; ClCr, 0.67 mL/second]

Nephrotic syndrome is characterized by hypoalbuminemia,
urine protein excretion >3.5 g/day, hyperlipidemia, lipiduria,
and edema.16,17 The heavy proteinuria is a result of damage to
the selective barrier of the glomerulus. The causes of nephrotic
syndrome are multiple and diverse.16 The cause of nephrotic
syndrome can be idiopathic (primary glomerular disease) or
secondary to chronic systemic diseases (e.g., diabetes mel-
litus, amyloidosis, sickle cell anemia,18 lupus), cancer (e.g.,
multiple myeloma, Hodgkin’s disease), infections (e.g., HIV,19

hepatitis B, syphilis, malaria), intravenous (IV) drug abuse, and
medications (e.g., gold, penicillamine, captopril, nonsteroidal
anti-inflammatory drugs [NSAID]20).

A heavy urinary protein loss results in various extrarenal
complications.16,17 Hypoalbuminemia reduces plasma oncotic
pressure and contributes to the increased hepatic synthe-
sis of both albumin and lipoproteins. This, coupled with
the decreased catabolism of lipoproteins, resulted in L.J.’s
hyperlipidemia.16,21 Loss of inhibitors of coagulation in the
urine predispose these patients to thromboembolism.16 Spe-
cific therapy of nephrotic syndrome ranges from simple
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removal of the offending medication and treatment of the un-
derlying infection, to the use of immunosuppressive agents in
specific glomerular diseases.

The edematous state (L.J.’s anasarca) results from changes
in both capillary hemodynamics and renal sodium and water
retention.22 The hypoalbuminemia (2 g/dL) and proteinuria
(>300 mg/dL) produced an imbalance in the Starling forces
across the capillary wall, namely the hydrostatic and oncotic
pressures in the capillary and interstitial compartments. The
reduced capillary oncotic pressure favors movement of fluid
from the vascular space into the interstitium.23 This leads to
contraction of the effective arterial blood volume, which in turn
activates humoral, neural, and hemodynamic mechanisms that
signal the kidney to retain sodium and water.24,25 This underfill
hypothesis has been challenged by data suggesting that hypoal-
buminemia plays a minor role in nephrotic edema26,27 and the
observation that patients with nephrotic syndrome can have
increased, normal, or decreased plasma volumes.23

A defect in the intrarenal sodium handling mechanism
that causes inappropriate sodium retention also contributes to
nephrotic edema.23,26 According to this overflow hypothesis,
proteinuric renal disease leads to increased sodium reabsorp-
tion in the distal nephron. The mechanism is not well defined
but may be related to cellular resistance to atrial natriuretic
peptide.23 Thus, a sodium excess state occurs and edema re-
sults. It is likely that the interaction between the “underfill” and
“overflow” mechanisms results in the production of nephrotic
edema.28 Patients with severe hypoalbuminemia (i.e., serum al-
bumin level <1.5 g/dL) who have a severe reduction in plasma
oncotic pressure are most likely to exhibit evidence of the un-
derfill phenomenon.22

5. How should L.J.’s sodium excess state be managed?

The etiology of L.J.’s nephrotic syndrome should be identi-
fied for specific treatment. Although L.J.’s serum sodium con-
centration of 132 mEq/L is low, it reflects dilution secondary
to fluid excess. Salt restriction is therefore important to control
L.J.’s generalized edema.23 For most nephrotic patients, mod-
est dietary sodium restriction to approximately 50 mEq/day
may be sufficient to maintain neutral sodium balance.22,23 For
nephrotic patients who are very sodium avid (urine sodium
concentration <10 mEq/L), sufficient restriction is difficult
to achieve. Thus, slowing the rate of edema formation rather
than hastening its resolution should be the goal of therapy
for these patients.23 Bedrest reduces orthostatic stimulation
of the renin-angiotensin-aldosterone and sympathetic systems,
thereby favoring the movement of interstitial fluid into the
vascular space.23 The central blood volume is thus increased
and natriuresis and diuresis are facilitated. Prolonged bedrest
might, however, predispose these hypercoagulable patients to
thromboembolism.16 Similarly, use of support stockings may
reduce the stimulation for sodium retention by redistributing
blood volume to the central circulation.23,29

Diuretics
Usually, loop diuretics are the mainstay of therapy in the man-
agement of nephrotic edema.2,23 In most of these patients, the
edema can be removed safely with rapid diuresis without com-
promising the systemic circulation, probably because of the
rapid refilling of the plasma volume by interstitial fluid.23 Nev-
ertheless, as the edema resolves, the rate of fluid removal and

weight loss should be decreased to avoid compromising the
effective circulating volume. The patient should be monitored
for the development of orthostatic hypotension.

Infusions of albumin can expand the plasma volume; how-
ever, it is expensive, the relief is temporary, and it should there-
fore be used only for resistant edema.30 In patients who are
resistant to the aforementioned measures, extracorporeal fluid
removal, namely ultrafiltration, may be necessary.23,31

L.J. was initially treated with IV furosemide 60 mg twice
daily and placed on a low-sodium (50 mEq), low-fat, high–
complex-carbohydrate diet that consisted of 0.8 g/kg protein
of high biologic value with additional protein to match gram-
per-gram of urinary protein loss. Fluid was restricted to 1,000
mL/day.32 He had 5 L of diuresis in 2 days, with resolution
of respiratory symptoms and a reduction in the anasarca. Par-
enteral furosemide was discontinued on the fifth day of hospi-
talization and oral furosemide 120 mg twice daily was started.
After a total weight loss of 12 kg, he was then discharged with
instructions to maintain the diet and oral furosemide.

DISORDERS IN OSMOREGULATION
Hyponatremia
Serum sodium concentration reflects the ratio of total body
sodium to total body water and is not an accurate indicator
of total body sodium. Both hyponatremia and hypernatremia
can occur in the presence of a low, normal, or high total body
sodium.33,34 Because the kidney can excrete >12 to 16 L of
free water daily, hyponatremia does not occur unless the water
intake overwhelms the kidney’s ability to excrete free water
(e.g., psychogenic polydipsia),35,36 or free water excretion is
impaired.2,37

Free water formation requires a normal glomerular filtra-
tion rate (GFR), the reabsorption of sodium chloride without
water in the thick ascending limb of Henle’s loop and the dis-
tal convoluting tubule, and the excretion of a dilute urine in
the absence of ADH37 (Fig. 11-1). Therefore, hyponatremia
can occur when the kidney’s diluting ability is exceeded or
impaired owing to volume depletion and nonosmotic stimu-
lation of ADH release or inappropriate stimulation of ADH
production.2,37

Although plasma sodium is the primary determinant of
plasma tonicity, hyponatremia does not always represent
hypotonicity.2,37 In patients with severe hyperlipidemia or hy-
perproteinemia (e.g., multiple myeloma), pseudohyponatremia
can occur because the increased amounts of lipids and pro-
teins displace plasma water, which sodium ions dissolve in,
resulting in a lower concentration of sodium per unit volume
of plasma.34,37,38 Normally, water accounts for 93% of the
plasma volume, and lipids and proteins make up the rest.37 The
increase in plasma lipid and protein contents expands plasma
volume, displaces water, and increases the percentage of solids
in plasma.34,37 Because sodium is distributed only in the aque-
ous phase, the sodium content per liter of the newly recomposed
plasma is thus decreased and the plasma sodium concentration
is reduced.34,37,38 The sodium concentration in plasma water
remains the same, however. Because osmolality depends on
the solute concentration in plasma water, serum osmolal-
ity remains unchanged.34 Indeed, the measured osmolality
is normal. Another example of isotonic hyponatremia can be
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found when a large volume of isotonic mannitol irrigant is used
during prostate surgery.34,37 Absorption of the irrigation solu-
tion can result in severe hyponatremia but normal osmolality. In
contrast, use of large amounts of isotonic sorbitol and isotonic,
or slightly hypotonic, glycine solutions during urologic surgery
can cause the hypotonicity as a late complication.34,37 Simi-
lar to mannitol, sorbitol and isotonic glycine initially distribute

only in the extracellular space, resulting in hyponatremia with-
out a change in osmolality.37 Unlike mannitol, both sorbitol and
glycine are later metabolized, leaving water behind to result in
hypotonicity. The severe hypotonic hyponatremia, in conjunc-
tion with the neurotoxic effects of glycine and its metabolites,
puts the patient at significant risk for severe neurologic symp-
toms (Table 11-1).37,39

Table 11-1 Clinical Presentation and Treatment of Hyponatremia

Na+ and H2O Status Clinical Presentation/Cause Treatment

Edematous, Fluid Overload (Hypervolemic, Hypotonic)

↑ Total Body Na+
–↑↑ Total Body H2O

Cirrhosis/CHF/nephrotic syndrome: A ↓ in renal
blood flow activates renin angiotensin system.
↑ aldosterone leads to ↑ Na+, and ↑ ADH leads to
free H2O retention. Urine Na+ is low (0–20
mEq/L) and urine osmolality ↓. Diuretics can
induce paradoxical effects on urine Na+ and
osmolality. This form also can occur in patients
with renal failure who drink excessive amounts of
water. Patients have symptoms of fluid overload
(ascites, distended neck veins, edema).

Fluid and Na+ restriction. Correct underlying disorder
(e.g., paracentesis for ascites). Diurese cautiously; avoid
↓ ECF and accompanying ↓ tissue perfusion. ↑ BUN
may indicate overly rapid diuresis.

Nonedematous Hypovolemic (Hypotonic with ECF Depletion)

↓↓ Total Body Na+
↓ Total Body H2O

Occurs in: GI fluid loss (e.g., diarrhea) with
hypotonic electrolyte-poor fluid replacement,
overdiuresis, “third spacing,” Addison’s disease,
renal tubular acidosis, osmotic diuresis.
Replacement of fluid losses with solute-free fluid
predisposes these patients to hyponatremia.
Kidneys concentrate urine to conserve fluid (urine
Na+ <10 mEq/L). Symptoms: nonedematous;
ECF depletion (collapsed neck veins, dehydration,
orthostasis). Neurologic symptoms: (See
Hyponatremia: Symptoms in text).

Discontinue diuretics. Replace fluid and electrolyte
(especially K+) losses. 0.9% saline preferred unless Na+
deficit severe, then use 3%–5% saline. See footnote a for
method of estimating Na+ deficit.

Nonedematous, Normovolemic (Normovolemic, Hypotonic)

↓ Total Body Sodium
↑ Total Body H2O

SIADHa : Hyponatremia, hypo-osmolality, renal Na+
wasting (>40 mEq/L), absence of fluid depletion,
Uosm > Posm, normal renal and adrenal function.
Free H2O retained while Na+ lost. Causes: (a)
ADH production (infectious disease, vascular
disease, cerebral neoplasm, cancer of lung,
pancreas, duodenum); (b) exogenous ADH
administration; (c) drugs; (d) psychogenic
polydipsia.

Conivaptan: Loading dose of 20 mg IV over 30 minutes,
followed by 20 mg IV as continuous infusion over 24
hours for an additional 1 to 3 days; may titrate up to
maximal dose of 40 mg/day; maximal duration is 4 days
after the loading dose. Dedicated IV line recommended
and site of peripheral IV lines should be changed every
24 hours.

Chronic treatment: Restrict fluids to less than urine loss.
Demeclocycline (300–600 mg BID) induces reversible
diabetes insipidus. Emergency treatment for
unresponsive patients includes furosemide diuresis to
achieve negative H2O balance with careful replacement
of Na+ and K+ using hypertonic saline solutions.b See
footnote b for method of calculating TBW excess and
type of solutions to use.

aEstimate Na deficit: (mEq) = (0.5 L/kg × wt in kg) (Na desired - Na observed), where 0.5 L/kg is volume of distribution (Vd) of Na in the body. Rate of Na and fluid repletion
used depends on severity. Mild: replace with NS. First one-third over 6 to 12 hours at a rate of <0.5 mEq/L/hr, remaining two=thirds over 24 to 48 hours. Severe (e.g., seizures):
Use 3% to 5% saline, rate gauged by patient’s ability to tolerate Na and volume load. Monitor CNS function, skin turgor, BP, urine Na, signs of Na/H2O overload, especially in
patients with cardiovascular, renal, and pulmonary disease.
bTotal body water (TBW) = 0.5 L/kg × wt in kg. TBW excess = TBW − TBW (observed serum NA)/(desired serum NA)
ADH, antidiuretic hormone; BID, twice daily; BUN, blood urea nitrogen; CHF, congestive heart failure; ECF, extracellular fluid; GI, gastrointestinal; IV, intravenous; NS, normal
saline (0.9% Na); SIADH, syndrome of inappropriate ADH.
Remove estimated excess free water with IV furosemide (1 mg/kg). Repeat as necessary. Because furosemide generates a urine that resembles 0.5% NaCl, urine losses of Na and
K must be carefully measured and replaced hourly with hypertonic salt solutions. Correction rate: 1 to 2 mEq Na/hr in symptomatic patients; 0.5 mEq/hr in asymptomatic patients.
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6. T.T., a 23-year-old man with end-stage renal disease caused
by diabetic nephropathy, is receiving chronic ambulatory peri-
toneal dialysis. Because of dietary and fluid noncompliance, T.T.
complained of shortness of breath (SOB) and his dialysis pre-
scription was adjusted to include six cycles of 2.5% peritoneal
dialysis solutions. Today, his laboratory values are Na, 128 mEq/L
(normal, 134–146); K, 4 mEq/L (normal, 3.5–5.1); Cl, 98 mEq/L
(normal, 92–109); total CO2, 24 mmol/L (normal, 22–32); BUN,
50 mg/dL (normal, 8–25); creatinine, 6 mg/dL (normal, 0.5–1.5);
and glucose, 600 mg/dL (normal, 60–110). Evaluate T.T.’s plasma
osmolality. What is the etiology of T.T.’s hyponatremia?

[SI units: Na, 128 mmol/L; K, 4 mmol/L; Cl, 98 mmol/L; CO2, 24 mmol/L;

BUN, 17.85 mmol/L; creatinine, 530.4 μmol/L; glucose, 33.3 mmol/L]

T.T.’s effective plasma osmolality is calculated to be 289
mOsm/L, of which 33 mOsm/L is contributed by the hyper-
glycemia. The slow utilization of glucose, because of the lack
of insulin, causes water to move from the intracellular compart-
ment into the plasma space because of the increased tonicity,
thereby lowering the plasma sodium concentration.34,37 De-
spite the lowered plasma sodium concentration, the plasma
osmolality is normal because of hyperglycemia. Hence, no
symptoms attributable to hypo-osmolality are observed. In-
deed, when serum glucose is normalized with insulin and hy-
dration, the serum sodium level will increase to approximately
136 mEq/L. For each 100-mg/dL increment in serum glucose,
serum sodium decreases by 1.3 to 1.6 mEq/L.34,37 Use of hy-
pertonic mannitol or glycine solutions in patients with cerebral
edema also results in a hyperosmolar hyponatremia.34

Hypotonic Hyponatremia With Decreased Extracellular
Fluid

7. Q.B., a 30-year-old male athlete who has had multiple bouts
of diarrhea over the last several days, has been drinking Gatorade
to keep himself from getting dehydrated. His vital signs are supine
BP, 145/80 mm Hg, and pulse, 70 beats/minute; standing BP,
128/68 mm Hg, and pulse, 90 beats/minute. Respiratory rate (RR)
was 12 breaths/minute, and he was afebrile. His skin turgor was
mildly decreased and laboratory data were Na, 128 mEq/L (nor-
mal, 134–146); K, 3.0 mEq/L (normal, 3.5–5.1); Cl, 100 mEq/L
(normal, 92–109); bicarbonate, 17 mEq/L (normal, 24–31); BUN,
27 mg/dL (normal, 8–25); and creatinine, 1.2 mg/dL (normal,
0.5–1.5). Urinary Na and Cl were both <10 mEq/L. Assess Q.B.’s
electrolyte and fluid status. What is the etiology of Q.B.’s hypona-
tremia?

[SI units: plasma Na, 128 mmol/L; K, 3 mmol/L; Cl, 100 mmol/L; bicarbon-

ate, 17 mmol/L; BUN, 7.14 mmol/L; creatinine, 106.1 μmol/L; urinary Na,

<10 mmol/L; Cl, <10 mmol/L]

Q.B. has true hypotonic hyponatremia with extracellular
fluid depletion, suggesting that his total body sodium deficit
is greater than that of total body water.34 His poor skin tur-
gor, orthostasis, prerenal azotemia, and low urinary sodium are
consistent with volume depletion. The urinary sodium concen-
tration helps distinguish between renal and nonrenal losses that
result in the sodium and water deficits.15,34,40 When the plasma
volume is depleted, the urinary sodium concentration is <10
mEq/L, suggesting appropriate renal sodium conservation.15

This is usually seen in patients such as Q.B. with GI fluid loss as
in vomiting, diarrhea, or profuse sweating.34,37,40 Other causes
of hypotonic hyponatremia are less likely in Q.B. They include
surreptitious cathartic abuse and “third spacing,” or accumula-
tion of extracellular fluid in the abdominal cavity during acute
pancreatitis, ileus, or pseudomembranous colitis.37,40 If the uri-
nary sodium is >20 mEq/L in the face of volume depletion,
renal salt wastage should be considered.15,37,40 The potential
causes of this latter problem include diuretic use,41–44 adrenal
insufficiency,44 and salt-wasting nephropathy35 (e.g., chronic
interstitial nephritis, medullary cystic disease, polycystic kid-
ney disease, obstructive uropathy, and cisplatin toxicity44,45).
In patients with renal insufficiency, neither the urinary sodium
nor chloride concentration is a reliable index of volume
status.15

Volume depletion leads to increased reabsorption of sodium
and water in the proximal tubule and, thus, decreased
sodium delivery to the diluting segments for free water
formation.34,37,40 Decreased effective arterial volume is also
a potent nonosmotic stimulus for ADH release.9,10 These fac-
tors combine to dampen the ability of the kidney to form dilute
urine and result in high urine osmolality despite a low serum
sodium concentration.34,37,40 Although the fluid lost in diar-
rhea is hypotonic, it is the replacement of fluid loss with an
even more hypotonic fluid such as Gatorade or tap water that
causes hyponatremia in patients such as Q.B.37,40

Q.B.’s diarrhea probably caused loss of potassium and bi-
carbonate through the GI tract, resulting in hypokalemia and
hyperchloremic metabolic acidosis. The potassium depletion
can sensitize ADH secretion in response to hypovolemic stim-
uli, and the hypokalemia also can lead to hyponatremia.37 The
cellular efflux of potassium causes cellular uptake of sodium,
further reducing the serum sodium concentration.

8. How should Q.B.’s hyponatremia be treated?

The treatment of hypovolemic hyponatremia involves
sodium replacement to correct the deficit. The sodium deficit
can be estimated by the following formula:

Na Deficit = Vd of Na × Patient Weight (Desired 11-4
−Current Na concentration)

= (0.5 L/kg)(70 kg)(140 − 125 mEq/L) 11-E
= 525 mEq

Approximately one-third of the deficit can be replaced over
the first 12 hours at a rate of <0.5 mEq/L/hour. The remaining
amounts can be administered over the next several days.

The use of isotonic sodium chloride solution is ideal for the
treatment of volume-depleted hyponatremia. As renal perfu-
sion is restored, free water will be excreted with appropriate
retention of sodium.40 Because Q.B. has only mild volume
depletion, oral replacement fluids can be given. Oral solu-
tions containing both electrolyte and glucose46 or rice-based
solutions47 are ideal for the management of persistent fluid
loss. Glucose not only provides calories but also promotes the
intestinal absorption of ingested sodium.48 Because the rice-
based solution provides more glucose and amino acids, both
of which can promote intestinal sodium absorption, it is more
effective than glucose alone.2,48
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In patients with renal salt wasting, the ongoing daily sodium
loss also should be taken into consideration when estimating
the amount of replacement. Potassium should be given to
correct hypokalemia, thereby reducing the hyponatremia as
well. The serum sodium concentration may rise faster than ex-
pected because as tissue perfusion is restored, sodium delivery
to the distal tubules will increase and ADH secretion will be
suppressed appropriately.34,37,40 In the absence of ADH, in-
creased free water excretion will improve the serum sodium
concentration faster than initially estimated.

Hypervolemic Hypotonic Hyponatremia

9. T.W., a 55-year-old man with a longstanding history of alco-
holic liver cirrhosis, is admitted to the hospital for worsening SOB.
His medical history includes portal hypertension, esophageal
varices, and noncompliance with dietary restriction and medi-
cations. His BP is 120/60 mm Hg; pulse, 100 beats/minute; RR,
20 breaths/minute. He is afebrile. Physical examination reveals
a jaundiced man in respiratory distress. His jugular vein is flat
and lung examination reveals bilateral basal rales. Abdominal
examination shows tense ascites with hepatomegaly and spider
angiomas (telangiectasias resembling a spider). He has 1+ pedal
edema bilaterally. Laboratory data on admission are Na, 127
mEq/L (normal, 134–146); K, 3.4 mEq/L (normal, 3.5–5.1); Cl,
95 mEq/L (normal, 92–109); total CO2 content, 24 mEq/L (nor-
mal, 22–32); BUN, 10 mg/dL (normal, 8–25); SrCr, 1.2 mg/dL
(normal, 0.5–1.5); and albumin, 2.5 g/dL (normal, 3.5–5.4). Urine
Na was <10 mEq/L, and osmolality was 380 mOsm/L (normal,
250–1,000). Identify the possible causes of hyponatremia in T.W.
and discuss its pathophysiology. How should he be treated?

[SI units: serum Na, 127 mmol/L; K, 3.4 mmol/L; Cl, 95 mmol/L; CO2, 24

mmol/L; BUN, 3.57 mmol/L; SrCr, 106.1 μmol/L; albumin, 25 g/L; urine,

Na <10 mmol/L]

T.W. had no history of vomiting or diarrhea and had stopped
using diuretics before admission. The physical findings of as-
cites and bilateral edema are not consistent with volume deple-
tion but indicate a sodium-excess state. Both sodium and water
retention take place, but the disproportionate accumulation of
ingested water relative to sodium leads to hyponatremia.34,37,40

Cirrhotic patients who are susceptible to develop hy-
ponatremia have a decreased effective arterial blood vol-
ume.24,37,46,47 The low urinary sodium concentration suggests
that the effective arterial blood volume was decreased.15 The
high urinary osmolality in the face of hypotonic hyponatremia
suggests, however, that the release of ADH has been stimulated,
impairing free water excretion. Peripheral vasodilation causes
decreases in systemic arterial BP despite a normal to high
cardiac output. This, along with splanchnic venous pooling
and decreased oncotic pressure secondary to hypoalbumine-
mia, decreases renal perfusion in patients such as T.W. with
cirrhosis.22,28,46 Decreased renal perfusion activates the renin-
angiotensin-aldosterone system, the sympathetic nervous sys-
tem, and the release of ADH. Reabsorption of sodium and wa-
ter in the proximal tubules is enhanced, diminishing sodium and
water delivery to the distal segments of the nephron. The dilut-
ing capacity of the kidney is thus impaired. Increased secretion
of antidiuretic hormone also promotes free water reabsorption

at the collecting tubule and contributes to the hyperosmolality
of urine and hyponatremia. The hypervolemic hyponatremia
also is seen in patients with congestive heart failure (CHF)
and nephrotic syndrome24–28 and in patients with chronic re-
nal disease who drink excessive amounts of water.37,40 (See
Chapter 18, Heart Failure.) As the GFR decreases, distal deliv-
ery of sodium is reduced and the ability to generate free water
is impaired. In addition, the capacity to conserve sodium is
impaired in these patients.15

Most patients who are edematous and hyponatremic are
asymptomatic, but the degree of hyponatremia probably re-
flects the severity of the underlying disease.46,47,49 Unless
an acute decrease in serum sodium occurs, rapid therapeu-
tic correction is not warranted.37,40,46,47,50 Water restriction,
the mainstay of therapy, is determined by the degree of hy-
ponatremia and the severity of symptoms. Sodium restriction
and judicious use of diuretics may help reduce the edematous
state, but the patient must be monitored closely to avoid prere-
nal azotemia, which suggests overaggressive diuresis. Further-
more, diuretics can induce or worsen hyponatremia and volume
depletion by impairing the diluting capacity of the kidney.43–47

T.W. had abdominal paracentesis to relieve respiratory dis-
comfort with no sequelae. He was then prescribed a 1,000-mg
sodium diet, and water was restricted to 500 mL/day. Diuretic
therapy was resumed.

Normovolemic Hypotonic Hyponatremia

10. C.C., a 50-year-old man who was diagnosed recently with
small-cell lung carcinoma, was brought to the ED by his family be-
cause he had become progressively lethargic and stuporous over
the past week. Laboratory data revealed the following: serum Na,
110 mEq/L (normal, 134–146); K, 3.6 mEq/L (normal, 3.5–5.1);
Cl, 78 mEq/L (normal, 92–109); bicarbonate, 22 mEq/L (nor-
mal, 24–31); BUN, 10 mg/dL (normal, 8–25); SrCr, 0.9 mg/dL
(normal, 0.5–1.5); glucose, 90 mg/dL (normal, 60–110); serum
osmolality, 230 mOsm/kg (normal, 274–296); urine osmolality,
616 mOsm/kg (normal, 250–1,000); and urine Na, 60 mEq/L. Ar-
terial blood gas (ABG) examination at room air showed pH, 7.38
(normal, 7.35–7.42); PCO2, 38 mm Hg (normal, 35–45); and PO2,
80 mm Hg (normal, 80–100). On physical examination, C.C. was
normotensive, appeared to be euvolemic, and had no edema de-
tected. Review of his medical records showed normal adrenal and
thyroid function. C.C. was currently not using any medications.
On admission to the ward, C.C. weighed 60 kg and was given 1 L
of normal saline, after which his serum sodium concentration
was 108 mEq/L. Identify the cause of hyponatremia in C.C. and
describe its pathophysiology.

[SI units: serum Na, 110 mmol/L; K, 3.6 mmol/L; Cl, 78 mmol/L; bicarbonate,

22 mmol/L; BUN, 3.57 mmol/L; SrCr, 79.6 μmol/L; glucose, 5.0 mmol/L;

serum osmolality, 230 mmol/kg; urine osmolality, 616 mmol/kg; urine Na,

60 mmol/L; Pco2, 5.1 kPa; Po2, 853.1 mmol/L; serum Na, 108 mmol/L]

In a patient with hypo-osmolar hyponatremia with a vol-
ume status that is apparently normal, the differential diagno-
sis40 includes hypothyroidism,51 cortisol deficiency,52 a reset
osmostat,53 psychogenic polydipsia,36,38 and the syndrome
of inappropriate antidiuretic hormone secretion (SIADH),54–56

which is a diagnosis of exclusion. C.C.’s normal thyroid and
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adrenal function tests exclude hypothyroidism and cortisol in-
sufficiency as causes of his hyponatremia. The inappropriately
elevated urine osmolality (>100 mOsm/kg) is inconsistent
with psychogenic polydipsia or a reset osmostat, because free
water excretion is usually not impaired in these disorders.
These findings, in addition to a urine sodium concentration
>40 mEq/L and a normal acid–base and potassium balance,
are consistent with SIADH.37,55,56

In SIADH, the ADH secretion is considered inappropriate
because of its persistence in the absence of appropriate osmotic
and hemodynamic stimuli. Water ingestion is essential to the
development of hyponatremia in SIADH because persistent
ADH activity impairs water excretion, resulting in expansion
of body fluids and hypo-osmolar hyponatremia. Edema rarely
is apparent because only one-third of the retained water re-
sides in the extracellular space and the sodium homeostatic
mechanisms are intact.34,40 The extracellular fluid expansion
activates volume receptors and results in natriuresis. At steady
state, urinary sodium excretion reflects sodium intake and is
usually >40 mEq/L, as in C.C.’s case. Nonetheless, if sodium
intake is reduced severely, the urinary sodium concentration
may become <40 mEq/L.37

The causes of SIADH are diverse and are shown in Table
11-1. Four different patterns of inappropriate ADH release have
been identified.37 No correlation has been found between these
patterns and the underlying causes of SIADH, however. Mech-
anisms for drug-induced SIADH include ADH-like action on
the collecting tubule, central stimulation of ADH release, and
potentiation of the ADH effect.37,57 Small-cell lung carcinoma
is the most likely cause of C.C.’s SIADH.

11. Why was C.C.’s serum sodium concentration lower after
the saline infusion?

Isotonic sodium chloride solution (154 mEq/L each of Na
and Cl ions, or 308 mOsm/L) initially will increase the plasma
sodium concentration because its osmolality is higher than
C.C.’s.58 C.C., however, has a relatively fixed urine osmolality
of 616 mOsm/kg owing to persistent ADH activity; thus, he
must excrete an osmolar load of 616 mOsm in a volume of
1,000 mL of urine at steady state. Because a total of 1 L of
fluid containing 308 mOsm was administered, all the solutes
were excreted in 500 mL of urine output, and 500 mL of free
water was retained to cause a further dilution of sodium and a
reduction in serum sodium concentration.37,58

Neurologic Manifestations

12. Why are C.C.’s neurologic manifestations characteristic of
hyponatremia?

As the plasma osmolality declines, the osmotic gradient
created across the blood–brain barrier favors the movement of
water into the brain and other cells.37,40 Water movement from
the cerebrospinal fluid into the cerebral interstitium results in
cerebral edema. Brain swelling is limited by the meninges and
cranium, however, giving rise to increased intracranial pressure
and neurologic symptoms. The degree of cerebral overhydra-
tion and the rapidity of its development appear to correlate
with the severity of symptoms.37,40

When hyponatremia develops in <2 to 3 days or the rate
of decline in serum sodium >0.5 mEq/L/hour, the situation

is regarded as acute.37,59,60 The patient often becomes symp-
tomatic when serum sodium concentration falls to 125 mEq/L;
early complaints include nausea, vomiting, and malaise.37,61

Severe symptoms occur more commonly when the serum
sodium falls to <120 mEq/L and the rate of decline >0.5
mEq/L/hour. The patient may present with headache, tremors,
incoordination, delirium, lethargy, and obtundation. As the
serum sodium drops below 110 to 115 mEq/L, seizure and
coma may result.37,61 On occasion, severe brain edema leads
to transtentorial herniation and eventually death. Women, es-
pecially those who are premenopausal, apparently are more
susceptible to the development of severe neurologic symptoms
and irreversible neurologic damage than are men.62,63

In contrast to acute hyponatremia, patients who are chron-
ically hyponatremic are usually asymptomatic.37,59 If present,
symptoms are usually vague and nonspecific and tend to oc-
cur at lower serum sodium concentrations than those associ-
ated with symptomatic acute hyponatremia.37,59,61 The patient
may experience anorexia, nausea, vomiting, muscle weakness,
and cramps. Irritability, hostility, confusion, and personality
changes also may be seen. At extremely low sodium levels,
stupor and, rarely, seizures have been reported.

Brain Adaptation to Hyponatremia
The difference in symptoms between acute and chronic hy-
ponatremia is related to cerebral adaptation to hypotonicity.
Two adaptive mechanisms are important in minimizing cere-
bral edema.37,40,64,65 First, cerebral overhydration increases
the hydrostatic pressure in the cerebral interstitium, which re-
sults in the movement of fluid from the cerebral interstitial
space to the cerebrospinal fluid. Second, the extrusion of in-
tracellular solutes reduces cellular osmolality, which in turn
enhances water movement out of the cells. Sodium and potas-
sium ions are the initial solutes extruded, followed over a pe-
riod of hours to days by osmolytes such as inositol, glutamine,
glutamate, and taurine.64 Therefore, when the serum sodium
concentration falls faster than the onset of brain osmotic adap-
tation processes, serious and permanent neurologic damage
can occur.37,40,64,65 On the other hand, when hyponatremia de-
velops over 2 to 3 days, symptoms are not usually seen unless
the serum sodium concentration is reduced markedly.

It is often difficult to determine the acuity and chronicity
of hyponatremia. Unless an obvious cause for acute hypona-
tremia is found, assume that the condition is chronic.37,59,60,65

A rapid decline in serum sodium concentration usually sug-
gests that hypotonic fluid was administered to a patient
with a condition that overwhelms or impairs renal water
excretion. These conditions include psychogenic polydip-
sia35,36; postoperative hyponatremia62,63,66,67; postprostatec-
tomy syndrome39; and administration of thiazide diuretics,41,42

parenteral cyclophosphamide,68 oxytocin,69 and arginine vaso-
pressin or its analogs.57 C.C.’s symptoms appear to have devel-
oped over 7 days and are consistent with chronic hyponatremia.

Rate of Correction of Hyponatremia

13. How should C.C.’s hyponatremia be managed?

C.C.’s water excess should be calculated to estimate the
amount of water that should be removed to achieve the desired
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sodium concentration.

Water excess = TBW − TBW

(
Observed serum Na

Desired serum Na

)
11-5

= 30 L − 30 L

(
110 mEq/L

120 mEq/L

)
11-F

= 2.4 L

where TBW = (0.5 L/kg)(60 kg) = 30 L 11-G

The treatment of hyponatremia has been controversial. Se-
vere hyponatremia is associated with high rates of morbidity
and mortality, but its treatment can also result in morbidity.
The rate of correction has been implicated as the main cause
of complications.59–61,65,70–72

It takes time for the brain to lose osmolytes to reduce cere-
bral swelling during hyponatremia; conversely, the rate of reac-
cumulation of these osmolytes must keep pace with the rise in
serum sodium concentration to avoid brain dehydration and
damage. Indeed, rapid correction of hyponatremia can cause a
constellation of neurologic findings known as osmotic demyeli-
nation syndrome (ODS).71,72 Clinical manifestations usually
are delayed and occur 1 to several days after the treatment
has been started. Neurologic findings include transient behav-
ioral changes, seizures, akinetic mutism in mild cases, and fea-
tures of a pontine disorder in severe cases (pseudobulbar palsy,
quadriparesis, and coma). In some patients, the damage is irre-
versible, and central pontine myelinolysis can be documented
in fatal cases. Patients at greatest risk for osmotic demyelina-
tion are those with severe hyponatremia lasting >2 days and
those in whom the rate of correction of hyponatremia is >12
mEq/L in any 24-hour period.65,71,72 Hypokalemia, which was
found in about 90% of patients with ODS associated with rapid
hyponatremia correction, has been suspected as a predisposing
factor in the development of ODS.72 Because the etiology of
this complication is unclear, it may be beneficial to correct the
hypokalemia before correcting the severe hyponatremia.72

Retrospective reviews suggest that acute hyponatremia can
be treated safely at a rate of 1 mEq/L/hour initially, until the
serum sodium concentration reaches 120 mEq/L. Thereafter,
the rate of correction should be reduced to ≤0.5 mEq/L/hour,
such that an increment in sodium concentration does not exceed
12 mEq/L in the first 24 hours.59,73 Slow correction is indicated
for severe chronic hyponatremia. No neurologic complications
were seen in patients with severe hyponatremia when the aver-
age rate of correction to serum sodium was <0.55 mEq/L/hour
or when the increase in serum sodium was <12 mEq/L in 24
hours or <18 mEq/L in 48 hours.73

In C.C., the serum sodium concentration should be raised to
approximately 120 mEq/L at a correction rate of approximately
0.5 mEq/L/hour, using hypertonic saline and furosemide.
Serum sodium concentrations should be monitored closely be-
cause the equation for calculating water excess does not take
into account insensible loss, which can increase the rate of
sodium correction.

The use of normal saline is not useful in C.C. because he
excretes salt normally (urine Na, 60 mEq/L). C.C.’s sodium
deficit is as follows:

(0.5 L/kg)(60 kg)(120 − 110 mEq/L) = 300 mEq 11-H

Because 1 L of 3% sodium chloride solution contains 513 mEq
of sodium, approximately 600 mL of 3% saline solution, which
contains 308 mEq of sodium, will be required to correct the
sodium deficit. The recommended serum sodium concentra-
tion correction rate is 0.5 mEq/L/hour; therefore, a minimum
of 20 hours will be needed to raise the serum sodium con-
centration by 10 mEq/L (from 110–120 mEq/L). The amount
of sodium replacement to safely increase the serum sodium
concentration can be determined by the product of the rate of
replacement (0.5 mEq/L/hour) and total body weight (TBW)
(30 L, Equation 11-G)—that is, 15 mEq/hour. The maximal
rate of infusion of 3% saline, which contains 0.513 mEq/mL
of sodium, is therefore 29.2 mL/hour [15 mEq/hour]/[0.513
mEq/mL]). A rate of 25 mL/hour, therefore, is appropriate to
safely replace C.C.’s sodium deficit.

Because calculations for water excess and sodium deficits
are only approximations, the patient’s serum osmolality, serum
sodium, and clinical response must be monitored closely. Uri-
nary losses can be replaced with 3% sodium chloride solution
and appropriate amounts of potassium.

Chronic Management of the Syndrome of Inappropriate
Antidiuretic Hormone Secretion
The SIADH is usually transient if the underlying cause can be
removed. Chronic SIADH can occur, however, as illustrated by
C.C. Water restriction sufficient to create a negative water bal-
ance is the primary therapy and should be attempted first.37,40

In general, all fluids, not just water, should be included in the
restriction. Salt intake, however, should not be reduced or so-
lute depletion can occur. The extent of fluid restriction depends
on urine output, the amount of insensible water loss, and urine
osmolality. For a given amount of solute excretion, patients
with a high urine osmolality require a smaller volume of urine
(i.e., more water retained) than those with a lower urine osmo-
lality (i.e., less water retained). Hence, more stringent water
restriction is required in patients with a high urine osmolal-
ity. Commonly, several days of restriction are needed before a
significant increase in plasma osmolality is observed.

When fluid restriction fails to reverse the hypo-osmolar
state or when the patient is unwilling or unable to comply
with the severe fluid restriction, drugs that antagonize the ef-
fect of ADH can be used.37,40 These include loop diuretics,74,75

demeclocycline,76 and lithium.77 Furosemide, 20 to 40 mg/day,
reduces urine osmolality by blocking the concentrating abil-
ity of the kidney.74 Demeclocycline and lithium directly impair
the response to ADH at the collecting tubule, inducing nephro-
genic diabetes insipidus.76,77 Demeclocycline (300–600 mg
twice daily) is usually better tolerated than lithium. Its effect on
water excretion is delayed for a few days and it dissipates over a
similar period of time after the drug is stopped. Nephrotoxicity
has been reported with its use in patients with cirrhosis.78 Lim-
ited data suggest that phenytoin may inhibit ADH secretion,
but its effectiveness is questionable.82 Urea can correct hypo-
osmolality by increasing solute-free water excretion and reduc-
ing urinary sodium excretion.83 It has been used effectively, at
30 to 60 g/day, both short and long term, to reduce the need
for fluid restriction.84 An IV formulation of urea is available
commercially; however, for oral administration, 30 g of urea
crystals can be dissolved in 10 mL of aluminum-magnesium
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antacid (Maalox) and 100 mL of water. Alternatively, orange
juice or other strongly flavored liquids can be used to improve
palatability.

Vasopressin Receptor Antagonists
Vasopressin receptor antagonists (VRA), also known as the
“vaptans” or “aquaretic agents,” comprise a new class of
agents used for the treatment of hyponatremia. Arginine va-
sopressin (AVP), a neuropeptide hormone, plays an important
role in maintaining serum osmolality, as well as circulatory
and sodium homeostasis.85 AVP exerts its physiologic effects
by acting on V1A, V2, and V1B receptors, causing effects such
as vasoconstriction,86,87 water excretion,88 and corticotropin
release, 89 respectively. V2 receptors are located in the renal
collecting tubules and they mediate the antidiuretic effects of
AVP. Antagonism of the V2 receptors results in aquaresis, a
unique solute-free and electrolyte-sparing (sodium and potas-
sium) water excretion by the kidneys. Because circulating lev-
els of AVP is elevated in SIADH, cirrhosis, and heart failure,
VRA would be beneficial in the management of hyponatremia
associated with these conditions.

Currently, conivaptan, a mixed V1A and V2 receptor an-
tagonist, is the only VRA approved by the FDA for the
treatment of euvolemic and hypervolemic hyponatremia in
hospitalized patients.85 Randomized, double-blind, placebo-
controlled trials have demonstrated its efficacy in increasing
serum sodium concentrations in patients with euvolemic and
hypervolemic hyponatremia associated with SIADH and heart
failure, respectively.90,91 Its use is restricted to a short-term (4
days) inpatient use only and it is administered as an IV infusion.
Close monitoring of serum sodium concentration is necessary
to prevent overly rapid correction of hyponatremia and cen-
tral pontine myelinolysis that may ensue. Because conivaptan
is a potent inhibitor of the CYP3A4 enzyme, drug interaction
with medications that undergo CYP3A4-mediated metabolism
is possible.85 In addition, infusion-site reactions with conivap-
tan are common caused by the organic solvent, polypropylene
glycol.

Tolvaptan, lixivaptan, and satavaptan are three other VRA
that are selective for the V2 receptor. Being orally active, they
are useful in patients who require chronic therapy or when oral
therapy is preferred. Because of their selectivity for the V2 re-
ceptor, these agents should have less effect on lowering blood
pressure and may be more suitable for use in patients with
low to normal blood pressure, such as those with heart fail-
ure or cirrhosis. Tolvaptan has been shown to increase serum
sodium concentration significantly and correct hyponatremia
in patients with SIADH, chronic heart failure, or cirrhosis.92 It
has also been studied most extensively in chronic heart failure
where reduction of edema and weight, as well as normalization
of serum sodium concentrations, were shown.93,94 To date, the
use of tolvaptan in heart failure does not, however, appear to re-
sult in any overall mortality benefit.95 Lixivaptan has been stud-
ied in patients with hyponatremia from heart failure and cirrho-
sis where the results showed significant increase in aquaresis
and serum sodium concentrations.96–98 When satavaptan was
administered to patients with hyponatremia caused by SIADH,
normalization of serum sodium concentrations or an increase
by ≥5 mEq/L was observed.99 Adverse effects of these agents
include thirst, dry mouth, polyuria, and blood pressure reduc-

tion. Additionally, all three agents are inhibitors of the CYP3A4
enzyme.

The VRA should be used in hyponatremic patients with
mild to moderately severe neurologic symptoms. Not only have
they been shown to maintain normal serum sodium concentra-
tions both short- and long-term, their aquaretic effect could
also reduce or eliminate the need for fluid restriction normally
required of the patients.100,101 The effectiveness of VRA to
correct euvolemic and hypervolemic hyponatremia has now
been shown. Their long-term safety with chronic use and their
potential benefits on morbidity and mortality, however, need
to be assessed.

Hypernatremia
Hypernatremia can occur under the following conditions: (a)
normal total body sodium with pure water loss, (b) low total
body sodium with hypotonic fluid loss, and (c) high total body
sodium as a result of pure salt gain.102 Therefore, as in hy-
ponatremia, it is important to assess the volume status of the
extracellular fluid when evaluating hypernatremia.

Pure water loss can result from the inability of the kidney
to conserve water (diabetes insipidus) or from extrarenal water
loss through the respiratory tract or the skin.103 Usually, pure
water loss does not cause hypernatremia unless the thirst center
is damaged or access to free water is limited.102

Hypotonic fluid loss can occur renally as a result of os-
motic diuresis, use of loop diuretics, postobstruction diuresis,
or intrinsic renal disease. Extrarenally, hypotonic fluid loss can
result from diarrhea, vomiting, burns, and excessive sweating.

Pure salt gain can result from the use of hypertonic saline
during abortion, sodium bicarbonate administration during car-
diopulmonary resuscitation, hypertonic feedings in infants,
and, rarely, mineralocorticoid excess.

The management of hypernatremia includes correcting the
underlying cause of the hypertonic state, replacing the water
deficits, and administering adequate water to match ongoing
losses.102 The pure water deficit can be estimated as follows:

Water deficit = Normal TBW − Present TBW 11-6

= 0.6 (LBW) −
(

Normal Na concentration

Present Na concentration

)
0.6 (LBW)

= 0.6 (LBW)

[
1 −

(
Normal Na concentration

Present Na concentration

)]
11-I

The rate at which hypernatremia should be corrected depends
on the severity of symptoms and degree of hypertonicity. Too
rapid correction can precipitate cerebral edema, seizures, and
irreversible neurologic damage, and it can be fatal. For asymp-
tomatic patients, the rate of correction probably should not ex-
ceed changes of 0.5 mEq/L/hour in plasma sodium. A rule of
thumb is to replace half the calculated deficit with hypotonic
solutions over 12 to 24 hours. Any ongoing water loss, in-
cluding insensible loss, also should be replenished while care-
fully monitoring the patient’s neurologic status. The remaining
deficit can then be replaced over the ensuing 24 to 48 hours.
Concomitant solute deficits and ongoing solute losses should
also be replaced as appropriate. If hypernatremia is caused only
by pure water loss, free water can be administered as 5% dex-
trose in water. Half-normal or quarter-normal saline is used if
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a sodium deficit is also present. In patients with hypotension or
shock, the effective arterial blood volume should be restored
with normal saline or colloids before the plasma tonicity is
corrected.

CLINICAL USE OF DIURETICS
Diuretics reduce sodium chloride reabsorption in the kidney
tubules, thereby increasing urine volume. Enhanced solute and
fluid excretion can be initiated through osmotic diuresis or in-
hibition of transport in the kidney tubules. Diuretics are cate-
gorized according to the sites within the kidney tubules where
they inhibit sodium reabsorption. (See Chapter 13, Essential
Hypertension, and Chapter 31, Chronic Renal Failure.)

Loop Diuretics
The loop diuretics, furosemide, bumetanide, torsemide, and
ethacrynic acid, are the most potent diuretics available. They
are also known as high-ceiling diuretics because they can in-
hibit the reabsorption of up to 20% to 25% of the filtered
sodium load. The loop diuretics act in the medullary and corti-
cal portion of the thick ascending limb of Henle’s loop. Sodium
and chloride transport through the Na+-K+-2Cl− carrier in the
luminal membrane is inhibited. Reabsorption of calcium and
magnesium is reduced secondary to the reduction in sodium
chloride transport. The loop diuretics also possess a vasodila-
tory effect that can contribute to their diuretic activity.

Thiazide Diuretics
The thiazide diuretics are a group of structurally similar com-
pounds that share a common mechanism of action. Several
other sulfonamide diuretics that differ chemically, such as
chlorthalidone, indapamide, and metolazone, also have di-
uretic effects similar to the thiazides. The primary site of action
of these diuretics is at the proximal portion of the distal tubule.
Sodium reabsorption via the Na+-Cl− cotransporter is blocked
through competition with the Cl− site of the transporter. Some
of these agents, such as chlorothiazide, may also reduce sodium
transport in the proximal tubule. The contribution of this effect
toward net diuresis is negligible, however, because the sodium
ions that are not reabsorbed in the proximal tubule will subse-
quently be reabsorbed in Henle’s loop. Thiazide diuretics can
enhance the reabsorption of calcium ion through a direct action
on the early distal tubule. Therefore, these agents are useful to
reduce calciuria in patients with kidney stones. In contrast,
magnesium excretion is increased by the thiazides, which may
result in hypomagnesemia.

Potassium-Sparing Diuretics
Spironolactone, Triamterene, and Amiloride
Spironolactone, triamterene, and amiloride are potassium-
sparing diuretics that inhibit sodium reabsorption in the corti-
cal collecting tubules through different mechanisms. Spirono-
lactone (Aldactone) is a competitive receptor-site antagonist
of aldosterone in the distal segment of the renal tubule and
is indicated especially for patients with hyperaldosteronism
secondary to decreased renal perfusion. Patients with hyperal-
dosteronism can be identified by urinary electrolyte screening,

which shows high urine potassium excretion with concomi-
tant diminished or absent urine sodium excretion. By serving
as an aldosterone antagonist, spironolactone inhibits sodium
reabsorption and decreases the excretion of potassium and hy-
drogen ions. Dosages as high as 200 to 400 mg/day may be
needed to induce natriuresis in patients with hyperaldostero-
nism.

In contrast to spironolactone, triamterene and amiloride re-
duce the passage of sodium ions through the luminal mem-
brane, independent of aldosterone activity, by directly acting
on sodium and potassium transport processes in the distal renal
tubular cells. Triamterene and amiloride offer the advantage of
a more rapid onset of action than spironolactone.

The initial effects of spironolactone are usually delayed for
2 or 3 days, and several additional days are needed to attain
maximal diuretic effect. This delay is caused partly by the
formation of an active metabolite, canrenone, which accounts
for approximately 70% of the antimineralocorticoid activity of
spironolactone. The elimination half-life of canrenone is 13.5
to 24 hours in normal subjects and is prolonged in patients
with chronic liver disease (59 hours [range, 32–105 hours]) or
CHF (37 hours [range, 19–48 hours]).104 Although the elim-
ination half-life of canrenone is prolonged in these patients,
plasma canrenone concentrations do not differ significantly
from those in normal subjects because assay methods for can-
renone are nonspecific and include measurement of both active
and inactive metabolites.105,106

Triamterene (Dyrenium) is absorbed incompletely from the
GI tract. The drug has a short half-life of 1.5 to 2.5 hours.
The total body clearance is high because of rapid and exten-
sive metabolism by the liver. Both the parent compound and
the metabolite undergo biliary and renal excretion. As with
spironolactone, the hepatic metabolism of triamterene can be
altered in patients with cirrhosis.107 The diuretic effect of tri-
amterene begins within 2 to 3 hours of administration, with a
maximal duration of 12 to 16 hours.

Amiloride (Midamor) does not undergo hepatic metabo-
lism; approximately 50% of amiloride is excreted in the urine
unchanged and the remainder is recovered in the stool as un-
absorbed drug or through biliary excretion. Serum amiloride
concentrations peak 3 hours after oral ingestion, and the half-
life is 6 hours. Although commonly administered doses are
in the range of 2.5 to 10 mg, diuresis increases over a much
greater range. The onset of action is 2 hours, with maximal
effects at 4 to 6 hours. Duration of action is dose dependent
and ranges from 10 to 24 hours. Amiloride does not undergo
hepatic metabolism, and the drug can accumulate in patients
with renal insufficiency.

The maximal amount of filtered sodium that can be excreted
through the action of potassium-sparing diuretics is approxi-
mately 1% to 2%. Their natriuretic activity, therefore, is rela-
tively limited compared with the thiazide and loop diuretics.
These agents are often used concurrently with thiazide and
loop diuretics to reduce potassium loss. Spironolactone is es-
pecially useful in patients with liver cirrhosis and ascites, who
are likely to have high levels of aldosterone.

Acetazolamide
Acetazolamide inhibits carbonic anhydrase, an enzyme that
mediates the excretion of sodium, bicarbonate, and chloride
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ions in the proximal tubule. Use of the drug will increase urine
pH owing to the increased excretion of bicarbonate ion. The net
diuretic and natriuretic effects are limited, similar to those of
the potassium-sparing diuretics. Because of the drug’s prox-
imal site of action, the sodium ions that are not reabsorbed
will subsequently be reclaimed in Henle’s loop and the distal
tubule. In addition, metabolic acidosis associated with the use
of acetazolamide diminishes its diuretic effect.

Osmotic Diuretics
Osmotic diuretics are nonreabsorbable solutes in the kidney
tubule. They act primarily in the proximal tubule, where the
osmotic pressure they generate impedes the reabsorption of wa-
ter and solutes. Unlike other diuretics, the amount of water loss
exceeds the concurrent loss of sodium and potassium. Manni-
tol has been used in the early treatment of oliguric postischemic
acute renal failure to increase urine output. Urea, another os-
motic diuretic, and mannitol are used to reduce intracranial
pressure through cellular dehydration.

Complications of Diuretic Therapy
Disturbances in fluid, electrolyte, and acid–base balance are
common side effects associated with diuretic therapy. These
side effects, including hypokalemia, are discussed in detail in
Chapter 13, Essential Hypertension; Chapter 18, Heart Failure;
and Chapter 42, Gout and Hyperuricemia. Two complications,
hyponatremia and metabolic alkalosis and acidosis, are, how-
ever, discussed in the following section because of their specific
relevance to fluid balance.

Hyponatremia
Thiazides induce diuresis by inhibiting sodium and water reab-
sorption in the kidney tubule. Because both sodium and water
are lost, overdiuresis per se is not expected to cause hypona-
tremia. Instead, hyponatremia represents a dilution of plasma
sodium by excess free water caused by volume depletion-
induced ADH activity. The enhanced ADH secretion increases
free water reabsorption, resulting in hyponatremia. Large doses
of diuretic, excessive water drinking, and severe sodium in-
take restriction all will accentuate the hyponatremia. Elderly
patients are susceptible to this diuretic-induced complication.

Metabolic Alkalosis and Acidosis
Metabolic alkalosis often occurs in conjunction with potassium
depletion secondary to diuretic use. The diuretic-induced con-
traction of extracellular fluid volume stimulates the secretion
of aldosterone, which promotes the absorption of sodium and
the retention of hydrogen ions in the kidney tubule. The net uri-
nary loss of hydrogen ions into the urine results in metabolic
alkalosis. Generally, reducing the dose of the diuretic will re-
store the acid–base balance.

Acetazolamide causes metabolic acidosis by inhibiting car-
bonic anhydrase, which results in urinary excretion of sodium
bicarbonate. Spironolactone, amiloride, and triamterene can
cause hyperchloremic metabolic acidosis because of their abil-
ity to decrease potassium and hydrogen ion tubular secretion.
Patients with renal dysfunction or those taking potassium sup-
plements or angiotensin-converting enzyme inhibitors, which

reduce aldosterone secretion, are at increased risk for develop-
ing hyperkalemia and metabolic acidosis.

POTASSIUM
Homeostasis
The total amount of potassium stored in the body is approxi-
mately 45 to 55 mEq/kg and varies with age, gender, and mus-
cle mass. Lower total body potassium is found in older adults,
females, and individuals with a low lean body mass-to-fat ratio.
Potassium is distributed unevenly between the intracellular and
extracellular compartments: 98% of the total body potassium
resides in the intracellular compartment, predominantly the
muscle, and only 2% is found in the extracellular space.34,99,109

The disproportionate intracellular distribution of potassium is
maintained by the Na+-K+-ATPase pump, which transports
sodium out of the cell in exchange for potassium.108–111 The
cell membrane resting potential is determined by the ratio of
intracellular-to-extracellular potassium concentrations. As this
ratio increases, hyperpolarization of the cell membrane occurs.
Conversely, cellular depolarization results when the ratio de-
creases. In both situations, generation of the action potential is
impaired.

The plasma potassium concentration is maintained within
a narrow range: 3.5 to 5.0 mEq/L. Although the plasma potas-
sium concentration can be affected by the total body potassium
store, total body potassium excess or deficit cannot be esti-
mated accurately based solely on the plasma concentration. In
fact, a normal plasma potassium concentration does not imply
normal total body potassium because multiple factors affect
the plasma potassium concentration independent of total body
potassium.108

Potassium homeostasis is maintained by both renal and
extrarenal processes. The renal process regulates total body
potassium by matching potassium excretion to dietary intake
(external balance),112 whereas the extrarenal process regulates
potassium distribution across cell membrane (internal potas-
sium balance).108,110

The normal daily intake of potassium ranges between 50
and 100 mEq. Approximately 90% of the ingested potassium
is eliminated by the kidneys and approximately 10% is elim-
inated via the GI tract.112 Potassium is filtered freely through
the glomerulus and then reabsorbed. By the time the filtrate
reaches the distal convoluted tubule, >90% of filtered potas-
sium has already been reabsorbed. The amount of potassium
excreted is determined by distal tubular potassium secretion
in the principal cells of the cortical collecting duct, which is
under the influence of aldosterone. Hyperkalemia, increased
potassium load, and angiotensin II can all stimulate aldosterone
secretion.108

Factors that affect renal potassium excretion include tubu-
lar flow, sodium delivery to the distal segments of the nephron,
the presence of poorly absorbable anions that increase luminal
electronegativity, acid–base status, and aldosterone activity.96

Potassium excretion increases during hyperkalemia and de-
creases during potassium depletion. Excretion of an acute
potassium load is a slow process, with only half the potassium
load excreted in the first 4 to 6 hours. Lethal hyperkalemia
would ensue were it not for the extrarenal process that regu-
lates intracellular–extracellular potassium distribution.108
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The Na+-K+-ATPase pump, which extrudes sodium from
the cell in exchange for potassium, is pivotal in maintain-
ing internal potassium balance.111 Different hormonal factors
regulate the activity of the Na+-K+-ATPase pump, namely
insulin, catecholamines, and aldosterone. Insulin, the most
important regulator, enhances potassium uptake by muscle,
liver, and adipose tissue by stimulating Na+-K+-ATPase114

Indeed, basal insulin secretion is essential for potassium
homeostasis.108 Whereas β2-adrenergic agonists activate the
Na+-K+-ATPase pump via cyclic adenosine monophosphate
(cAMP) and cause hypokalemia, α-adrenergic stimulation pro-
motes hepatic potassium release and causes hyperkalemia.115

Epinephrine, an α- and β-agonist, causes a transient increase in
plasma potassium (α-agonism) followed by a more sustained
decrease in plasma potassium (β-agonism).115,116 Besides its
kaliuretic effect and enhanced potassium secretion in the colon,
aldosterone also stimulates Na+-K+-ATPase.

Other factors that affect the transcellular distribution
of potassium include systemic pH, plasma tonicity, and
exercise.108,111 The effect of acid–base balance on potassium
distribution is not readily predictable and depends on both the
nature and the direction of the underlying disorder. The con-
comitant effect of the acid–base disorder on renal potassium
excretion further complicates the relationship between plasma
potassium concentration and pH.108,117 In acute inorganic aci-
dosis, plasma potassium concentration increases by 0.2 to 1.7
mEq/L per 0.1-U decrease in pH. Chronic inorganic metabolic
acidosis usually is associated, however, with hypokalemia be-
cause of urinary potassium loss associated with both proximal
(type II) and distal (type I) renal tubular acidosis.108,117 In con-
trast, organic acidosis commonly has no effect on potassium
distribution.118 Other associated factors in the organic aci-
dosis may, however, affect cellular potassium distribution.117

For example, hyperglycemia in diabetic ketoacidosis may in-
crease the serum potassium concentration because of the hy-
pertonic effect of glucose.119 Hypertonicity causes cell shrink-
age and increases the intracellular to extracellular fluid potas-
sium gradient, favoring potassium egress. Acute metabolic al-
kalosis only modestly decreases the plasma potassium con-
centration: 0.3 mEq/L for each 0.1-U pH increment.108,117 As
with chronic metabolic acidosis, chronic metabolic alkalosis
causes profound renal potassium wasting and is associated
with hypokalemia. Respiratory acid–base disorders usually are
associated with less significant changes in plasma potassium
concentration than are metabolic acid–base disorders.117 Ex-
ercise often causes an increase in the serum potassium con-
centration to a degree that varies with the intensity of the
exercise.120

Hypokalemia
Etiology

14. J.P., a 60-year-old woman, presents to the ED with com-
plaints of malaise, generalized weakness, nausea, and vomiting
for 3 days. Her medical history includes hypertension for 20 years.
J.P.’s current medications include hydrochlorothiazide 25 mg/day
and nifedipine XL 30 mg/day. She has not been able to take her
medications in the past few days, however, because of vomiting.
J.P. denies recent diarrhea or use of laxatives. Her BP is 130/70
mm Hg with a pulse of 80 beats/minute while sitting, and 120/70

mm Hg with a pulse of 95 beats/minute on standing. Physical
examination reveals a thin, older woman with poor skin turgor,
dry mucous membranes, and a flat jugular vein. T-wave flatten-
ing is noted on the electrocardiogram (ECG). Laboratory tests
show serum Na, 138 mEq/L (normal, 134–146); K, 2.1 mEq/L
(normal, 3.5–5.1); Cl, 100 mEq/L (normal, 92–109); bicarbon-
ate, 32 mEq/L (normal, 24–31); BUN, 30 mg/dL (normal, 18–25);
creatinine, 1.2 mg/dL (normal, 0.5–1.5); and glucose, 100 mg/dL
(normal, 60–110). ABG shows pH 7.50 (normal, 7.35–7.45); PCO2,
45 mm Hg (normal, 35–45); and PO2, 70 mm Hg (normal, 80–100)
at room air. Urine electrolytes are Na, 30 mEq/L; K, 60 mEq/L;
and Cl, <15 mEq/L. The patient’s presentation is consistent with
gastroenteritis. What are the causes of J.P.’s hypokalemia?

[SI units: serum Na, 138 mmol/L; K, 2.1 mmol/L; Cl, 100 mmol/L; bicar-

bonate, 32 mmol/L; BUN, 10.7 mmol/L; creatinine, 106.1 μmol/L; glucose,

5.55 mmol/L; Pco2, 6.0 kPa; Po2, 9.33 kPa; urine Na, 30 mmol/L; K, 60

mmol/L; Cl, <15 mmol/L]

When evaluating hypokalemia, the clinician should deter-
mine whether the hypokalemia is a result of low intake, in-
creased cellular uptake of potassium, or excessive loss of
potassium via the kidneys, GI tract, or skin.34,121 History
and physical evidence of potassium depletion; medication his-
tory (including use of over-the-counter medicines); and as-
sessment of the patient’s BP, extracellular volume, and con-
current acid–base status can provide clues to the causes of
hypokalemia.34,121

Because J.P. has been unable to eat for the past few days, de-
creased oral intake may have contributed to her hypokalemia.
Because most foods are rich in potassium, however, inad-
equate intake rarely is the sole cause of potassium deple-
tion unless inappropriate and continued renal or extrarenal
losses occur, or potassium intake is severely restricted to
<10 to 15 mEq/day.121 Alkalosis,117 insulin administration,108

hypertonic solution administration, periodic paralysis,122 β2-
agonists,123 barium poisoning,124 and treatment of megaloblas-
tic anemia with vitamin B12

125 all have been associated with
increased cellular potassium uptake (Table 11-2). Although the
relationship between the degree of hypokalemia and increase in
blood pH varies widely,117 J.P.’s metabolic alkalosis probably
enhances the cellular uptake of potassium. The transcellular
shift of potassium should not result in total body potassium
depletion, however.

The GI tract is an important site of potassium loss, partic-
ularly through vomiting and diarrhea. Because the potassium
content of gastric secretion (5–10 mEq/L) is much less than that
of the intestinal secretion (up to 90 mEq/L),121 loss of a large
volume of gastric secretion is needed to produce substantial
potassium depletion. Potassium deficit induced by vomiting,
however, is commonly secondary to renal potassium loss, espe-
cially within the initial 24 to 48 hours.126 The loss of hydrogen
ion in gastric juice results in an elevated plasma bicarbonate
concentration. The increased amount of bicarbonate ion, as
a nonreabsorbable anion, increases water delivery to the dis-
tal nephron and enhances sodium reabsorption and potassium
secretion, resulting in hypokalemia. The potassium wasting
is often transient, because increased proximal reabsorption of
sodium and bicarbonate will result in diminished bicarbonate
delivery to the distal site. Reduced potassium excretion will en-
sue, commonly within 48 to 72 hours. Subsequent potassium
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Table 11-2 Drugs That Most Commonly Induce Hypokalemia

Drug Mechanism Predisposing Factors

Acetazolamide Marked ↑ in renal K+ loss Most profound with short-term therapy
Amphotericin Renal K+ loss (renal tubular acidosis) Concurrent piperacillin, ticarcillin
β2-agonists Intracellular shift of K+
Cisplatin Renal K+ loss secondary to renal tubular damage May be dose related but can occur after a single

50-mg/m2 dose
Corticosteroids Renal K+ loss. Enhanced Na+ reabsorption at distal

tubule and collecting ducts in exchange for K+ and H+
Supraphysiologic doses of agents with moderate to strong

mineralocorticoid activity (e.g., prednisone,
hydrocortisone)

Insulin with glucose Intracellular shift of K+ Predictable effect when insulin administered to patients
with diabetic ketoacidosis’ combination used to treat
hyperkalemia

Penicillins (piperacillin,
ticarcillin)

High Na+ load and nonreabsorbable anions can ↑ K+ loss Was more common with carbenicillin when it was
available; newer penicillins are used in lower doses;
less likely to produce hypokalemia

Thiazide and loop diuretics Renal K+ loss. ↑ Na+ delivery to the late distal tubule,
resulting in Na+ resorption in exchange for K+

Patients with hyperaldosteronism (e.g., cirrhosis, CHF)
predisposed; may be dose related

CHF, Congestive heart failure.

loss will then be primarily consequent to gastric secretion re-
moval.

The absence of diarrhea in J.P. excludes the GI tract as
the source of potassium loss. Potassium loss through the skin
also is unlikely in J.P. because the potassium concentration of
sweat is <10 mEq/L. Therefore, profuse sweating, such as that
induced by vigorous exercise in a hot, humid environment, or
severe burns are needed to cause substantial loss.

J.P.’s inappropriately high urinary potassium concentra-
tion indicates that the kidney is the source of the potas-
sium loss.34,121 The urinary potassium concentration is a good
marker for differentiating various hypokalemic syndromes. A
urinary potassium excretion of <20 mEq/day suggests ex-
trarenal potassium loss. Renal potassium wastage cannot be
excluded, however, unless the low urinary potassium excretion
is accompanied by a sodium intake of at least 100 mEq/day,
because a low-sodium diet can reduce renal potassium
excretion.34 In J.P., the metabolic alkalosis and hypovolemia
promote renal potassium wastage.34,121 The distal delivery of
a large sodium bicarbonate load and increased aldosterone ac-
tivity (from hypovolemia) enhance potassium secretion and
severely impair the kidney’s ability to conserve potassium. The
hydrochlorothiazide, which J.P. had been taking until 3 days be-
fore admission, could also have induced hypokalemia through
volume depletion, hypochloremic metabolic alkalosis, and re-
nal potassium wastage. The diuretic is unlikely, however, to
be the cause for J.P.’s hypokalemia because she has stopped
taking the medication, and this is reflected by the low urinary
chloride concentration.15 Bartter’s syndrome, which presents
as normotension, hypokalemia, hypochloremic metabolic al-
kalosis, and renal potassium wastage, is characterized by im-
paired renal sodium and chloride reabsorption. The low urinary
chloride concentration in J.P. can rule out Bartter’s syndrome.
Other causes of hypokalemia are listed in Table 11-2.

In an asymptomatic hypokalemic patient with no apparent
causes for potassium depletion or transcellular redistribution,
pseudohypokalemia should be excluded before pursuing an
intensive evaluation.104 Spurious hypokalemia can occur in
leukemic patients whose leukocyte count ranges from 100,000

to 250,000 cells/μL.127 The potassium in serum is taken up by
the large number of leukemic cells when the blood specimen
is allowed to stand at room temperature.

Clinical Manifestations

15. What clinical manifestations of hypokalemia are evident in
J.P.?

The clinical presentation of hypokalemia, which depends on
the severity of potassium depletion, is a result of changes in cell
membrane polarization.121 Patients are usually asymptomatic
when the plasma potassium level is 3.0 to 3.5 mEq/L, but they
may complain of malaise, weakness, fatigue, and myalgia. J.P.’s
muscle weakness and ECG changes reflect the muscular and
cardiac manifestations of hypokalemia, respectively.128,129

Potassium depletion can lead to hyperpolarization of my-
ocardial cells and a prolonged refractory period. When serum
potassium concentrations fall below 3 mEq/L, T-wave flat-
tening, straight tubule segment depression, and prominent U
waves are seen on the ECG.129 Mild hypokalemia (potassium
concentration of 3.0–3.5 mEq/L) is potentially arrhythmogenic
in patients with underlying coronary artery disease. The inci-
dence of ventricular arrhythmia increases with the degree of
hypokalemia. Patients without underlying heart disease may
be susceptible to these myocardial effects during exercise,
especially if the patient’s pre-exercise potassium concentra-
tion is <3.5 mEq/L, because the potassium concentration may
drop below 3.0 mEq/L as a result of β2-adrenergic receptor-
mediated cellular potassium uptake.121 Potassium depletion
may also increase the BP,122 which can be lowered with potas-
sium supplementation.130

When the serum potassium concentration is <2.5 to 3.0
mEq/L, muscle weakness, cramps, general malaise, fatigue,
restless leg syndrome, and paresthesia can occur, probably be-
cause potassium is necessary for vasodilation in skeletal mus-
cle. In addition, severe potassium depletion (<2.5 mEq/L) can
result in elevation of serum creatine phosphokinase, aldolase,
and aspartate aminotransferase levels. Rhabdomyolysis can
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ensue when the serum potassium concentration falls below
2.0 mEq/L.121,128

Chronic potassium depletion can alter renal function and
structure, which can manifest as decreased GFR and re-
nal blood flow, disturbance in tubular sodium handling, im-
paired urinary concentrating ability with polydipsia, and ADH-
resistant nephrogenic diabetes insipidus.104,114 Reversible
pathologic changes include renal hypertrophy and epithelial
vacuolization of the proximal convoluted tubule. Interstitial
scarring and tubular atrophy have been reported with prolonged
potassium depletion.121

Other effects of hypokalemia and potassium depletion in-
clude decreased insulin secretion resulting in carbohydrate
intolerance,131 metabolic alkalosis, and increased renal am-
moniagenesis, which may play a role in the development of
hepatic encephalopathy.132

Treatment

16. How should J.P.’s hypokalemia be treated?

J.P.’s protracted vomiting should be corrected, and fluids
and electrolytes (sodium, potassium, and chloride) should
be replaced to correct the volume deficit, hypokalemia,
and hypochloremic metabolic alkalosis. Hydrochlorothiazide
should continue to be withheld.

The amount of potassium deficit and the rate of contin-
ued potassium loss should be determined to guide replace-
ment therapy. It has been estimated that a 1-mEq/L fall in
serum potassium from 4 to 3 mEq/L represents a total body
deficit of approximately 200 mEq. When the serum potassium
falls below 3 mEq/L, the total body deficit increases by 200
to 400 mEq for each 1-mEq/L reduction in serum concentra-
tion. Other data suggest that even greater degrees of potassium
loss can occur: a deficit of 100 mEq per 0.27-mEq/L fall in the
serum potassium concentration.109 Transcellular redistribution
of potassium may, however, significantly alter the relationship
between serum concentration and total body deficit.121 There-
fore, potassium repletion should be guided by close monitoring
of serum concentrations and analysis of J.P.’s urine for potas-
sium content to help assess the need for additional replacement.

The route of potassium administration depends on the acu-
ity and severity of hypokalemia,133 but oral supplementation is
usually preferred. The parenteral route is indicated for patients
who cannot tolerate high dosages of oral potassium supple-
ments and for those with severe or symptomatic hypokalemia.
J.P.’s potassium deficit is estimated to be 300 to 500 mEq,
but because she is only moderately symptomatic, aggressive
therapy is not indicated. Potassium chloride can be added to
her IV fluid in a concentration of 40 mEq/L and infused at a
rate that does not exceed 10 mEq/hour. For patients with life-
threatening, hypokalemia-induced arrhythmias or those with
a serum potassium level <2.0 mEq/L, a more concentrated
potassium solution (60 mEq/L) can be infused at a rate not
exceeding 40 mEq/hour. A solution that is too concentrated or
a rate of infusion that is too rapid would likely cause phlebitis
in the peripheral veins and could cause arrhythmias, especially
when administered through a central line. The potassium con-
centration should be monitored every 4 hours, more frequently
in patients with severe potassium depletion or when a rapid
infusion is given.134 ECG monitoring is mandatory to identify
life-threatening hyperkalemia.

Parenteral potassium can be given as chloride, acetate, or
phosphate. The chloride salt is preferred in J.P., who has con-
current hypochloremic metabolic alkalosis. The acetate prepa-
ration is useful in cases of concomitant metabolic acidosis.
Potassium phosphate is in order if hypophosphatemia coexists.
In the latter condition, the serum calcium concentration should
also be monitored because hypocalcemia may ensue. Glucose
solution should be avoided as the vehicle because glucose-
induced insulin secretion will promote intracellular potassium
uptake.136

Once J.P.’s potassium levels are replenished and she can take
medicine by mouth, oral potassium chloride can be started (see
Chapters 13, Essential Hypertension, and 18, Heart Failure).

Hyperkalemia
Etiology

17. A.B., a 25-year-old woman with type 1 diabetes and hyper-
tension, returns to the clinic for follow-up. Her BP is 170/90 mm
Hg with a pulse of 80 beats/minute, and her physical examination
is remarkable for 2+ pedal edema. Laboratory tests show plasma
Na, 135 mEq/L (normal, 134–146); K, 5.8 mEq/L (normal, 3.5–
5.1); Cl, 108 mEq/L (normal, 92–109); total CO2, 20 mEq/L (nor-
mal, 22–32); BUN, 28 mg/dL (normal, 8–25); creatinine, 2 mg/dL
(normal, 0.5–1.5); and glucose, 200 mg/dL (normal, 60–110). Cur-
rent medications include oral captopril 25 mg three times daily
(TID), Dyazide one capsule daily, human isophane (NPH) insulin
30 units subcutaneously (SC) every morning, and ibuprofen 200
mg as needed (PRN) for menstrual cramps. She uses a salt sub-
stitute occasionally. What is the etiology of her hyperkalemia?

[SI units: Na, 135 mmol/L; K, 5.8 mmol/L; Cl, 108 mmol/L; total CO2, 20

mmol/L; BUN, 10 mmol/L; creatinine, 176.8 μmol/L; glucose, 11.1 mmol/L]

Before conducting any extensive evaluation to identify the
etiology of hyperkalemia, the serum potassium concentra-
tion ought to be repeated to confirm the presence of hyper-
kalemia. Also to be ruled out are the different causes of spuri-
ous hyperkalemia, which can result from severe leukocytosis
(>500,000/mm3),136 thrombocytosis (>750,000/ mm3),137 or
hemolysis within the blood collection tube.138 Pseudohyper-
kalemia is a test-tube phenomenon that occurs when potassium
is released from leukocytes, platelets, or erythrocytes during
blood coagulation. These disorders can be confirmed easily by
comparing serum (clotted) and plasma (unclotted) potassium
concentrations from the same blood sample. The two values
should agree within 0.2 to 0.3 mEq/L. Improper tourniquet
technique, causing strangulation of the patient’s arm before
blood sampling, may also result in spurious hyperkalemia.139

Identifying the etiology of hyperkalemia can be approached
systematically by considering possible disturbances in inter-
nal and external potassium balance. The former involves tran-
scellular flux of potassium from the intracellular to the ex-
tracellular space, whereas the latter involves either increased
intake, including increased endogenous potassium load (e.g.,
rhabdomyolysis,140 tumor lysis syndrome141), or decreased
elimination. A thorough medication history is important to
identify drugs associated with hyperkalemia.142–144 (Also see
Chapter 31, Chronic Renal Failure, for additional information
on hyperkalemia.)

A dietary history should ascertain whether A.B.’s consump-
tion of potassium-rich foods, salt substitutes, or potassium
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supplements has increased. Dietary intake alone will not in-
duce hyperkalemia unless renal excretion is impaired. Usually,
the GFR must be <10 to 15 mL/minute, unless there is concur-
rent hypoaldosteronism or distal tubular potassium secretory
defects.1 A.B.’s renal insufficiency is mild, with an estimated
ClCr of 40 mL/minute.

Conditions associated with low renin and aldosterone,
which usually present as hyperkalemia and hyperchloremic
metabolic acidosis, decrease potassium excretion by the kid-
neys. These include diabetes (present in A.B.),145 obstructive
uropathy, sickle cell disease, lupus nephritis, and various
tubulointerstitial diseases (e.g., gouty nephropathy, anal-
gesic nephropathy). Adrenal insufficiency presents commonly
with hyperkalemia because of mineralocorticoid deficiency.146

A.B.’s poorly controlled hyperglycemia may cause movement
of potassium-rich fluid from the intracellular space to the extra-
cellular space because of the increased tonicity. Elevating the
plasma tonicity by 15 to 20 mOsm/kg will increase the plasma
potassium concentration by 0.8 mEq/L.147 Patients with dia-
betes, mineralocorticoid deficiency, or end-stage renal failure,
which commonly results in hyporeninemic hypoaldosteronism,
are particularly susceptible.

A.B. is also taking several medications that may impair her
ability to excrete potassium. Captopril indirectly decreases al-
dosterone secretion by decreasing the formation of angiotensin
II.148 Ibuprofen inhibits prostaglandin production as well as
renin and aldosterone secretion.149 Other drugs that cause hy-
perkalemia by impairing renin and aldosterone production
include angiotensin II receptor antagonists,150 β-adrenergic
blockers,151 lithium,152 heparin,153–155 and pentamidine.140

Triamterene, the diuretic in Dyazide, inhibits tubular potas-
sium secretion, as do amiloride, spironolactone, high-dose
trimethoprim,156,157 cyclosporine,158 tacrolimus,159 and dig-
italis preparations.160 By inhibiting Na+-K+-ATPase, dig-
italis decreases tubular potassium secretion and reduces
cellular potassium uptake. Arginine,161 succinylcholine,162 β-
adrenergic blockers, α-adrenergic agonists, and hypertonic so-
lutions also cause hyperkalemia by impairing transcellular
potassium distribution into the intracellular space.

Clinical Manifestations

18. V.C., a 44-year-old woman with chronic renal failure, re-
turns to the outpatient unit for routine hemodialysis with com-
plaints of severe muscle weakness. Her vital signs are BP, 120/80
mm Hg; pulse, 90 beats/minute; RR, 20 breaths/minute; and tem-
perature, 98◦F. Laboratory data are serum K, 8.9 mEq/L (normal,
3.5–5.1); total CO2, 15 mmol/L (normal, 22–32); BUN, 60 mg/dL
(normal, 8–25); creatinine, 9 mg/dL (normal, 0.5–1.5); and glu-
cose, 100 mg/dL (normal, 60–110). The ECG reveals an increased
PR interval and a widened QRS complex. What clinical manifes-
tations of hyperkalemia are evident in V.C.?

[SI units: K, 8.9 mmol/L; total CO2, 15 mmol/L; BUN, 21.42 mmol/L;

creatinine, 795.6 μmol/L; glucose, 5.55 mmol/L]

Hyperkalemia decreases the intracellular-to-extracellular
potassium ratio. Hence, the resting membrane potential be-
comes less negative and moves closer to the threshold exci-
tation potential. Muscle weakness and flaccid paralysis result
when the resting membrane potential approaches the thresh-
old potential, rendering the excitable cells unable to sustain an
action potential.

The cardiac toxicity of hyperkalemia is a major cause of
morbidity and mortality, with ECG findings paralleling the de-
gree of hyperkalemia. When plasma potassium >5.5 to 6.0
mEq/L, narrow, peaked T waves and a shortened QT inter-
val are seen. As the plasma potassium concentration increases
further, the QRS complex widens and the P-wave amplitude
decreases. As the level reaches 8 mEq/L, the P-wave disappears
and the QRS complex continues to widen and merge with the T
wave to form a sine wave pattern. If these ECG changes are not
recognized and no treatment is initiated, ventricular fibrillation
and asystole will ensue. Hyponatremia, hypocalcemia, and hy-
pomagnesemia all reduce the threshold potential, thereby in-
creasing the patient’s susceptibility to the cardiac effects of
hyperkalemia.140 V.C.’s muscle weakness, ECG, chronic renal
failure, and serum potassium concentration all are consistent
with severe hyperkalemia.

Treatment

19. How should V.C.’s hyperkalemia be treated?

Hyperkalemia with ECG changes requires urgent treatment.
Three therapeutic modalities are available: (a) agents that an-
tagonize the cardiac effects of hyperkalemia, (b) agents that
shift potassium from the extracellular into the intracellular
space, and (c) agents that enhance potassium elimination. Con-
sidering V.C.’s severe ECG changes, calcium should be admin-
istered at a dose of 10 to 20 mL of 10% calcium gluconate IV
over 1 to 3 minutes. Calcium counteracts the depolarizing ef-
fect of hyperkalemia by increasing the threshold potential, thus
making it less negative and moving it away from the resting
potential. The onset of action occurs in a few minutes, but the
effect is short-lived, lasting approximately 15 to 60 minutes.
The dose can be repeated in 5 minutes if ECG changes do
not resolve and as needed afterward for recurrence. With no
response after the second dose, additional attempts, however,
are not beneficial. When the hyperkalemia presents with a dig-
italis overdose, calcium should be used cautiously because it
can worsen the cardiotoxic effects of digoxin.140,163

Because the serum potassium concentration is not affected
by calcium administration, maneuvers should be employed to
shift potassium from plasma into the cells. Three modalities
are available: insulin and glucose, β2-agonists, and sodium
bicarbonate.

Insulin rapidly shifts potassium into the cell in a dose-
dependent fashion. The maximal effect occurs at insulin con-
centrations >20 to 40 times the basal levels. Therefore, endoge-
nous insulin secreted in response to dextrose administration is
insufficient, and exogenous insulin must be administered.108

Although high concentrations of dextrose may worsen hyper-
kalemia, particularly in diabetic patients because intracellular
potassium may be shifted to the extracellular space owing to the
elevated plasma tonicity,164 it is always administered with in-
sulin to prevent hypoglycemia. Regular insulin (5–10 units) can
be given with 50 mL of 50% dextrose as IV boluses, followed by
a continuous infusion of 10% dextrose at 50 mL/hour to prevent
late hypoglycemia.109 In dialysis patients susceptible to devel-
oping fasting hyperkalemia, 20 units of insulin can be added to
1 L of 10% dextrose and administered at a rate of 50 mL/hour
to prevent the hyperkalemia.165 The insulin–dextrose combi-
nation lowers serum potassium by direct stimulation of cellular
potassium uptake and potentiates the potassium-lowering ef-
fect of β-adrenergic stimuation.165 The reduction in potassium
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is apparent 15 to 30 minutes after the start of the therapy and
persists for 4 to 6 hours.140 In a diabetic patient who is both
hyperkalemic and hyperglycemic, insulin alone may be insuf-
ficient. If the patient has end-stage renal disease, the insulin–
glucose combination is more predictable in lowering plasma
potassium concentrations than sodium bicarbonate.109,163,165

β2-Agonists, by binding with the β2-adrenoreceptor to acti-
vate adenylyl cyclase, have an additive effect with the insulin–
dextrose combination in decreasing serum potassium. When
albuterol nebulization is used alone, the hypokalemic effect
may be inconsistent.166 Although side effects of albuterol neb-
ulization are minimal, these agents can cause tachycardia and
should be used cautiously in patients with underlying coronary
artery disease.167 Although not commercially available, IV al-
buterol has a faster onset of action (30 vs. 90 minutes).168 In
contrast, nebulization is easier to set up and is less likely to
be associated with tachycardia, but multiple doses are often
necessary to attain an adequate response. In conjunction with
the insulin–dextrose combination, albuterol (20 mg dissolved
in 4 mL of saline) can be administered by nebulization and
inhaled over 10 minutes to further decrease serum potassium
if necessary.169

Although sodium bicarbonate has long been recommended
for the acute treatment of hyperkalemia, its efficacy in this
setting has been questioned.109,163 The usual dose, 44 to 50
mEq, is infused slowly over 5 minutes and repeated in 30 min-
utes when necessary. Alternatively, it can be added to dextrose
and saline solution to form an isotonic sodium bicarbonate
infusion.170 The hypokalemic effect is variable and may be de-
layed up to 4 hours, and it is reportedly ineffective in patients
on maintenance hemodialysis. Although bicarbonate therapy is
not a reliable option in the acute management of hyperkalemia,
it may be beneficial in patients with severe metabolic acidosis

(pH <7.20).109 Potential complications of sodium bicarbonate
therapy are volume overload and metabolic alkalosis.

The definitive treatment of hyperkalemia is removal of
potassium from the body. Sodium polystyrene sulfonate (SPS)
with sorbitol is an ion-exchange resin that binds potassium in
the bowel and enhances its excretion in the stools.171 Each gram
of SPS exchanges 0.5 to 1.0 mmol of potassium for an equal
amount of sodium. SPS can be administered orally or rectally;
the latter route is preferred in the symptomatic hyperkalemic
patient because intestinal potassium exchange occurs mainly
in the ileum and colon. A dose of 50 g of SPS in sorbitol can
be given as an enema, retained for at least 30 to 60 minutes,
at 4- to 6-hour intervals. For nonemergent removal of body
potassium, 15 to 60 g of SPS with sorbitol suspension can be
given orally, which can be repeated as needed. The onset of
action is approximately 1 to 2 hours after administration. The
major side effects are GI intolerance, including diarrhea and
sodium overload, and, rarely, intestinal necrosis.172

Hemodialysis is the most efficient way to remove potas-
sium; potassium clearance by peritoneal dialysis is lower than
for hemodialysis.173 The hypokalemic effect is immediate and
lasts for the duration of dialysis163; however, the amount of
potassium removed is variable.174 Dialysis with a glucose-free
dialysate will remove 30% more potassium than one containing
200 mg/dL of glucose.175

Table 11-3 summarizes the treatment alternatives for hyper-
kalemia.

Although V.C. is receiving chronic maintenance hemodialy-
sis, the severe cardiac effects of hyperkalemia she experienced
warrant immediate institution of the aforementioned measures
while awaiting preparation for dialysis. Loop diuretics, which
enhance kaliuresis, are rarely useful in managing severe hy-
perkalemia, especially in patients with renal dysfunction.

Table 11-3 Treatment of Hyperkalemia

Drug Mechanism Dose Comment

Ca gluconate Reverse cardiotoxicity caused by K+ 10 to 20 mL 10% Ca gluconate IV
over 1 to 3 min; may repeat once.

Onset: 1 to 3 min
Duration: 30 to 60 min. [K+] remains

unchanged
Insulin and glucose Redistribution of K+ intracellularly 5 to 10 units regular insulin with

50 mL 50% dextrose, then D10W
infused at 50 mL/hra

Onset: 15 to 30 min
Duration: several hours
Watch for hypoglycemia and

hypokalemia. Does not ↓ total body K+
β2-agonists (e.g., albuterol) Redistribution of K+ intracellularly Oral: 2 or 4 mg TID-QID

Inhalation: 20 mg in 4 mL saline via
nebulizer

Onset: 30 to 60 min
Duration: 2 hrs

Sodium polystyrene sulfonate
(SPS)

Cationic binding resin. 1 g of resin
binds 0.5 to 1 mEq K+ in
exchange for Na+

Oral: 15 to 20 g with 20 to 100 mL
70% sorbitol Q 4 to 6 hr; PRN
preferred

Retention enema: 50 g in 50 mL
(70% sorbitol and 150 mL H2O)
Retain 30 min and follow with
nonsaline irrigation

Onset: Slow; 50 g will lower [K+] by 0.5
to 1 mEq/L over 4 to 6 hrs; watch for
Na+ overload (100 mg Na+/1 g SPS)

NaHCO3 Redistribution of K+ intracellularly 50 mEq IV over 5 min Repeat PRN Onset: variable, ≈30 min
May work best in acidosis
Watch for Na+ overload and

hyperosmolar state
No change in total body K+

Dialysis Removal of K+ Use as last resort

aGlucose unnecessary in patients with high glucose concentrations.
BID, twice daily; IV intravenous; PRN, as needed; QID, four times daily.
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After V.C.’s condition stabilized, she admitted to eating a lot
of fruits in the past few days. Because noncompliance with di-
etary potassium restriction is the most common cause for acute
and chronic hyperkalemia in a dialysis patient, V.C. should
be counseled to consume potassium-rich foods in moderation.
Medications that impair V.C.’s extrarenal potassium handling
should be avoided. If V.C. remains chronically hyperkalemic,
SPS will then be needed, probably three or four times weekly. If
hyperkalemia is associated with metabolic acidosis, however,
an alkalinizing agent should be added to maintain a serum
bicarbonate concentration of about 24 mEq/L.

CALCIUM
Homeostasis
Healthy adults have approximately 1,400 g of calcium in the
body, of which >99% is stored in bone. Nonetheless, the 0.1%
of the total body calcium that is in the plasma and extravascular
fluid plays a critical role in many physiologic and metabolic
processes. Calcium is important in maintaining nerve tissue
excitability and muscle contractility. It regulates the secretory
activities of exocrine and endocrine glands and serves as a
cofactor for enzyme systems and the coagulation cascade. It
also is an essential component of bone metabolism.

Plasma calcium concentration is normally maintained
within a relatively narrow range: 8.5 to 10.5 mg/dL. This is
accomplished through a complex interaction between parathy-
roid hormone (PTH), vitamin D, and calcitonin, as well as the
effect of these hormones on calcium metabolism in bone, the
GI tract, and the kidneys.

Normally, about 40% of the plasma calcium is protein
bound, primarily to albumin, and is nondiffusible.125 Of the
60% that is diffusible, about 13% is complexed to various small
ligands: phosphate, citrate, and sulfate. The remaining 47% is
ionized, free, and physiologically active. Changes in serum pro-
tein concentration will alter the concentrations of both protein-
bound and total calcium. Therefore, the serum albumin concen-
tration needs to be monitored to adequately interpret the total
serum calcium concentration. Each 1-g/dL increase in serum
albumin concentration is expected to increase the protein-
bound calcium by 0.8 mg/dL, thus increasing the total serum
calcium concentration by the same amount. The total serum
calcium therefore can be corrected by the following equation:

Correct Ca = Observed Ca + 0.8 (Normal albumin 11-7
− Observed albumin)

Calcium is also bound to plasma globulins: 0.16 mg of
calcium for each gram of globulin. When the total globulin
concentration exceeds 6 g/dL (normal, 2.3–3.5 g/dL), moderate
hypercalcemia may be seen. Changes in pH have an effect on
calcium protein binding: acidosis decreases calcium binding,
resulting in an increase in free calcium fraction, whereas an in-
crease in pH reduces the amount of ionized calcium. Changes
in serum phosphate and sulfate concentrations are expected to
alter the fraction of ionized calcium because of the formation of
calcium complexes with these anions. The presence of abnor-
mal plasma proteins with a high affinity for calcium binding, as
in patients with multiple myeloma, also affects the preceding
equation for serum calcium concentration correction.176

Serum calcium concentration is regulated by the combined
effect of GI absorption and secretion, renal reabsorption, and
turnover of the skeletal calcium pool. Several hormones, such
as PTH, 1,25-dihydroxyvitamin D3, and calcitonin, have sig-
nificant effects on these processes. Balanced diets generally
contain 600 to 1,000 mg of calcium, although the minimum
daily requirement is 400 to 500 mg. Calcium is primarily ab-
sorbed in the duodenum and jejunum via saturable and non-
saturable processes.177 The nonsaturable process is diffusive
in nature and varies with luminal calcium concentration. The
saturable carrier-mediated component is stimulated by 1,25-
dihydroxyvitamin D3. Absorption of calcium is enhanced when
the calcium intake is low and also when the demand is in-
creased, such as in pregnancy and when total body calcium
is depleted. Conversely, protein deficiency can reduce intesti-
nal calcium absorption, presumably because of the reduced
amount of specific calcium-binding protein.178 Calcium also
is secreted into the bowel lumen, which may account for the
presence of a negative calcium balance when there is no oral
calcium intake.179

The portion of plasma calcium that is not bound to protein is
filtered by the glomerulus. Approximately 97% to 99.5% of the
filtered calcium is reabsorbed: 60% in the proximal tubule, 20%
in the ascending limb, 10% in the distal tubule, and 3% to 10%
in the collecting duct. Approximately 20% of the calcium in
the kidney tubule is ionized, whereas the remainder is bound to
cations such as citrate, sulfate, phosphate, and gluconate. The
extent of calcium resorption depends on the presence of spe-
cific cations and also on the urine pH, which affects the fraction
of calcium bound to cations. Passive reabsorption at the proxi-
mal convoluted tubule is linked closely to sodium transport and
is increased by extracellular fluid contraction and decreased by
volume expansion. At the proximal straight tubule, the trans-
port process is active and dissociable from sodium and water
transport. PTH increases the calcium reabsorption at the distal
tubule and also at the collecting duct independent of sodium
reabsorption. Acidosis can also increase renal calcium excre-
tion by inhibiting tubule reabsorption and by increasing the
ultrafiltrable calcium through reduced binding of calcium to
plasma proteins. Conversely, alkalosis promotes calcium pro-
tein binding, thus reducing the amount of ultrafiltrable calcium.
It also induces hypocalciuria independent of PTH. Phospho-
rus administration reduces renal calcium excretion, whereas
phosphorus depletion increases urinary calcium elimination.
Normally, approximately 50 to 300 mg of calcium is excreted
by the kidneys daily, but this can be increased to 600 mg/day.180

The other important factor regulating plasma calcium con-
centration is bone metabolism. The rate of bone turnover
and calcium resorption is influenced by PTH, 1,25-dihydroxy-
vitamin D3, and calcitonin.

Hypercalcemia
Etiology

20. A.C., a 62-year-old woman, is brought to the hospital by
family members because she has become more lethargic and unre-
sponsive over the past several days. Approximately 4 years ago, she
underwent a radical mastectomy and node dissection followed by
radiation and chemotherapy for breast carcinoma. Despite several
courses of chemotherapy, she developed metastasis to the bone.
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About 1 week before this admission, A.C. complained of fatigue,
muscle weakness, and anorexia. Since then, she has spent most of
her time in bed and has had very limited oral intake. Medications
taken before admission included hydrochlorothiazide, oral mor-
phine sulfate, and tamoxifen. Physical examination reveals a dehy-
drated, cachectic woman responsive only to painful stimuli. Vital
signs include BP, 100/60 mm Hg, and RR, 16 breaths/minute. Per-
tinent laboratory values are Na, 138 mEq/L (normal, 134–146);
K, 4.5 mEq/L (normal, 3.5–5.1); Cl, 99 mEq/L (normal, 92–109);
CO2, 33 mEq/L (normal, 22–32); BUN, 40 mg/dL (normal, 8–25);
creatinine, 1.2 mg/dL (normal, 0.5–1.5); Ca, 19 mg/dL (normal,
8.0–10.4); P, 4.5 mg/dL (normal, 2.6–4.6); and albumin, 3.0 g/dL
(normal, 3.5–5.4). The ECG revealed a shortened QT interval.
What are the common causes of hypercalcemia? Which of these
might be responsible for the hypercalcemia seen in A.C.?

[SI units: Na, 138 mmol/L; K, 4.5 mmol/L; Cl, 99 mmol/L; CO2, 33 mmol/L;

BUN, 14.3 mmol/L; creatinine, 106.1 μmol/L; Ca, 4.75 mmol/L; P, 1.45

mmol/L; albumin, 30 g/L]

MALIGNANCY
Malignancy and primary hyperparathyroidism are the most

common causes for hypercalcemia. Hematologic malignan-
cies, such as multiple myeloma, tend to be responsible for
more hypercalcemia than solid tumors. Cancer of the breast,
lung, head, and neck and renal cell carcinoma, are solid tu-
mors commonly associated with hypercalcemia. Malignancy
can cause paraneoplastic hypercalcemia secondary to bone
metastasis, which results in increased bone resorption. Alter-
natively, patients may develop hypercalcemia in the absence of
bone metastasis owing to the production of osteolytic humoral
factors by the tumor. The mediators secreted may be PTH,
PTH-like substances, prostaglandins, cytokines, transforming
growth factor-α, and tumor necrosis factor.181

HYPERPARATHYROIDISM
Hyperparathyroidism is the other common cause of hy-

percalcemia. Although the etiology of primary hyperparathy-
roidism is unclear, women tend to develop the condition more
frequently, especially in the fourth to sixth decades of life. Ap-
proximately 75% of patients have a single adenoma, whereas
much smaller percentages of patients have multiglandular dis-
ease, hyperplasia, or carcinoma.180 Other conditions that can
result in hypercalcemia include postkidney transplantation, im-
mobilization, vitamin A intoxication, hyperthyroidism, Ad-
dison’s disease, and pheochromocytoma. Hypercalcemia can
also occur secondary to increased intestinal calcium absorp-
tion because of vitamin D intoxication, sarcoidosis, and other
granulomatous diseases. Use of thiazide diuretics, lithium, es-
trogens, and tamoxifen, as well as excessive calcium ingestion
together with alkali (milk-alkali syndrome), may result in hy-
percalcemia.

A.C.’s breast cancer bone metastasis, volume contraction,
and use of hydrochlorothiazide and tamoxifen may all con-
tribute to her hypercalcemia.

Clinical Manifestations

21. How is hypercalcemia manifested in A.C.?

The clinical presentations of hypercalcemia vary substan-
tially among patients, but the severity of the symptoms cor-
relates well with free calcium concentrations.182 The specific

presentation depends on the rate of serum calcium concen-
tration elevation, the presence of malignancy, the PTH con-
centration, and the patient’s age. Concurrent electrolyte and
metabolic abnormalities and underlying diseases also will have
an effect. Because calcium is an important regulator of many
cellular functions, hypercalcemia can produce abnormalities in
the neurologic, cardiovascular, pulmonary, renal, GI, and mus-
culoskeletal systems. As seen in A.C., the signs and symptoms
can be nonspecific: fatigue, muscle weakness, anorexia, thirst,
polyuria, dehydration, and a shortened QT interval on the ECG.

The effect of hypercalcemia on the central nervous system
includes lethargy, somnolence, confusion, headache, seizures,
cerebellar ataxia, altered personality, acute psychosis, depres-
sion, and memory impairment. The neuromuscular manifesta-
tions include weakness, myalgia, hyporeflexia or areflexia, and
arthralgia.

Symptoms of impaired renal function include polyuria, noc-
turia, and polydipsia. These may reflect a defective concen-
trating ability, possibly because of resistance to the effects of
ADH.183 The GFR may be decreased because of afferent ar-
teriolar vasoconstriction, and if hypercalcemia is prolonged,
nephrolithiasis, nephrocalcinosis, chronic interstitial nephritis,
and renal tubular acidosis may be present. Hypermagnesuria
and metabolic alkalosis may also be observed.180

Calcium has a positive inotropic effect and reduces heart
rate, similar to cardiac glycosides. ECG changes indicative of
slow conduction, with prolonged PR and QRS intervals and
shortened QT intervals, are commonly seen. In severe hyper-
calcemia, increased QT intervals, widened T waves, and ar-
rhythmia may be present.180,184

The GI symptoms of hypercalcemia are related primarily to
the depressive action of calcium on smooth muscle and nerve
conduction. Constipation, anorexia, nausea, and vomiting re-
sult from reduced GI motility and delayed gastric emptying.
Duodenal ulcer can occur because of increased acid and gastrin
secretion. Pancreatitis can occur during acute hypercalcemia
owing to the blockade of the pancreatic ducts caused by intra-
ductal calcium deposits.180 Proteolytic enzymes may also be
activated by calcium to cause tissue damage. Both ulcer disease
and pancreatitis are more common in hypercalcemia associated
with primary hyperparathyroidism; they are less likely to be
seen in patients with malignancy-induced hypercalcemia.184

Treatment

22. After vigorous fluid resuscitation with IV saline, combined
saline and furosemide diuresis was instituted in A.C. Her serum
calcium concentration declined very slowly, prompting the use of
calcitonin. Despite initial success, the serum calcium concentra-
tion rose to pretreatment values within 24 hours. Higher dosages
of calcitonin could have been attempted at this point; however,
plicamycin was used instead. Her serum calcium concentration
finally stabilized at 8 mg/dL (normal, 8.0–10.4) after several days
of therapy. What was the rationale for each of these regimens?
What other agents are available for hypercalcemia treatment?

Several therapeutic approaches are used to lower serum cal-
cium concentration: increasing urinary calcium excretion, in-
hibiting release of calcium from bone, reducing intestinal cal-
cium absorption, and enhancing calcium complex formation
with chelating agents. The underlying disease that causes the
hypercalcemia should also be treated if possible. The specific
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Table 11-4 Treatment of Hypercalcemia

Intervention Dose Comment

Saline and furosemide 1 to 2 L NS; then furosemide 80 to 100 mg Q 2 to
4 hr

Establish and maintain normovolemia
Other electrolytes as needed.

Saline diuresis and volume expansion depresses
Ca++ reabsorption in tubules. Lowers [Ca++]
within 24 hrs. Treatment of choice in patients
without CHF or renal failure.

Calcitonin 4 IU/kg SC or IM Q 12 hr
↑ Dose or use another therapy if unresponsive after

24 hrs (Max: 8 IU/kg Q 6 hr)

Inhibits osteoclast resorption and renal reabsorption
of calcium. Preferred second-line agent because it
has a rapid onset (6 hrs) and is nontoxic. It can be
used safely in CHF and renal failure. Nausea is the
major adverse effect. Tolerance occurs in 24 to 72
hrs. Concomitant plicamycin can lead to
hypocalcemia. Only the salmon-derived product is
available.

Plicamycin

Gallium nitrate

25 mg/kg/day IV over 4 to 6 hrs; repeat PRN in
48 hrs Renal failure: 12.5 mg/kg

100 to 200 mg/m2/day infused IV over 24 hrs for
5 days (depending on severity of hypercalcemia)

If calcium levels return to normal before 5 days,
therapy may be discontinued

Inhibits osteoclast bone resorption. Onset 24 to 48
hrs; duration 3 to 14 days. Common side effects:
N/V, minimized by slow IV. Because the dose is
10% of an antineoplastic dose, cytotoxic effects
less severe. Obtain baseline renal and hepatic
function, platelet counts.

Inhibits bone resorption. Patients should be well
hydrated during therapy. A urine output of ∼2
L/day should be maintained owing to risk for
nephrotoxicity (10%).

Biphosphonates (etidronate,
pamidronate)

Etidronate: 7.5 mg/kg IV QD × 3 days over at least
2 hrs

Maintenance: 20 mg/kg/day PO
Pamidronate: 60 to 90 mg IV over 4 hrs × 1 Repeat

in 7 days PRN

Inhibits osteoclast reabsorption in malignancy state.
Efficacy 75% to 100%. Onset 48 hrs. Duration,
days. Concomitant hydration is imperative. Do not
use in renal failure. Adverse effects: ↑ P, ↑ SrCr,
N/V (oral).

Zoledronic acid Doses: 4 mg IV administration over 15 min Potent effect on bone resorption. Preferred
biphosphonate for hypercalcemia of malignancy.
May have promising effects on skeletal
complications secondary to bone metastasis.

Phosphate IV PO=
4 not recommended

PO PO=
4 gradually titrate to 30 to 60 mmol/day (1–3

g/day in divided doses)

Inhibits bone resorption; soft tissue calcification. IV
onset 24 hrs, but not drug of choice. Oral agents
used for chronic therapy. Contraindicated in renal
failure.

Corticosteroids Prednisone 60 to 80 mg/day
Hydrocortisone 5 mg/kg/day IV × 2–3 days

Impair GI absorption and bone resorption. Onset
several days. Best in patients with multiple
myeloma, vitamin D intoxication, granulomatous
conditions. Can be used in CHF, renal failure.

Indomethacin 75 to 150 mg/day Reports of efficacy are mixed.

CHF, congestive heart failure; GI, gastrointestinal; IM, intramuscular; IV, intravenous; NS, normal saline; N/V, nausea and vomiting; PO, oral; PRN, as needed; QD, every day; SC,
subcutaneously; SrCr, serum creatinine.

treatment used depends on the serum ionized calcium concen-
tration, the presenting signs and symptoms, and the severity
and duration of hypercalcemia. Immediate therapy was needed
for A.C., who had symptoms consistent with severe hypercal-
cemia.

Specific interventions are described in the following para-
graphs, but as an overview, hydration and diuresis with
furosemide generally are the first steps in the acute treatment
of hypercalcemia. If these measures fail to reduce the serum
calcium concentration adequately, several other agents can be
added. Calcitonin provides a rapid onset of hypocalcemic ef-
fect, but its duration of action is relatively short. Thus, one of
the bisphosphonates could be used to elicit a longer hypocal-
cemic response. Gallium nitrate is an alternative to plicamycin
without such toxic effects. Other agents, such as inorganic
phosphates, glucocorticoids, and prostaglandin inhibitors, also

have been used to treat hypercalcemia with varying success
(Table 11-4).

HYDRATION AND DIURESIS
As noted, the first-line emergency treatment for hypercal-

cemia is hydration and volume expansion. Most patients with
hypercalcemia are volume depleted because of the accompa-
nying polyuria, nausea, and vomiting. Normal saline 1 to 2
L is commonly given to correct the fluid deficit and to ex-
pand extracellular volume, which will increase urinary cal-
cium excretion by increasing the GFR and inhibiting calcium
reabsorption in the proximal tubule. Because both sodium and
calcium are reabsorbed at the same site in the proximal tubule,
saline hydration will reduce the reabsorption of both cations
simultaneously. A.C. was hypotensive and appeared dehy-
drated; therefore, saline hydration was used initially to treat the
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hypercalcemia. In patients who have renal failure or CHF,
saline hydration and forced diuresis should be avoided.

After adequate volume repletion has been established,
IV furosemide can be administered to augment calciuresis.
Furosemide blocks the reabsorption of sodium, chloride, and
calcium at the thick ascending limb of Henle’s loop. Doses of
80 to 100 mg every 2 to 4 hours can be used until a sufficient de-
cline of the serum calcium concentration is attained.185 Smaller
doses (20–40 mg) commonly are given to avoid the significant
loss of fluid and electrolytes caused by the more aggressive reg-
imen. Adequate amounts of sodium, potassium, magnesium,
and fluid should be used to replace any therapy-induced elec-
trolyte abnormalities. Fluid balance as well as serum and urine
concentrations of these electrolytes must be monitored closely.
Urine flow must be maintained and the renal loss of sodium
chloride must be replaced to preserve the calciuric effect of
furosemide.186 In A.C., the decline of serum calcium concen-
tration was slow, possibly because of inadequate restoration
of plasma volume, replacement of renal sodium loss, or both.
More aggressive hydration with adequate sodium replacement
will ensure that the efficacy of furosemide is not compromised.

CALCITONIN
Calcitonin can be used when saline hydration and furo-

semide diuresis fail to lower serum calcium concentration ad-
equately or when their use is contraindicated. Calcitonin re-
duces serum calcium concentration by inhibiting osteoclastic
bone resorption. It may also increase the renal excretion of
calcium and phosphorus. Only the salmon-derived calcitonin
product is available in the United States.

The serum calcium concentration is often reduced several
hours after calcitonin is administered, and the response may
last approximately 6 to 8 hours. If used with plicamycin, the
effect is additive and can lead to hypocalcemia. The drug is
relatively nontoxic compared with agents such as plicamycin
and organic phosphates and may be used in patients with dehy-
dration, CHF, or renal failure.186 Nausea, vomiting, diarrhea,
and facial flushing are the more common side effects; soreness
and inflammation at the injection site may also be seen.181 Be-
cause of the potential for developing a hypersensitivity reaction
to salmon calcitonin, the manufacturer recommends skin test-
ing with 1 IU of the salmon calcitonin before the first dose. As
seen in A.C., tolerance to the hypocalcemic effect of calcitonin
can develop after 24 to 72 hours of therapy. This “escape phe-
nomenon” may be secondary to the altered responsiveness of
the hormone receptors and might be prevented by concurrent
use of corticosteroids.187 After long-term therapy, antibodies
may develop as well.173

The dosage of salmon calcitonin is 4 IU/kg given SC or
intramuscularly (IM) every 12 hours; the maximal dosage is
8 IU/kg every 6 hours. The hypocalcemic response is often
limited, and serum calcium concentration seldom drops to the
normal range.188

PLICAMYCIN
Plicamycin (Mithramycin) is an antibiotic resembling acti-

nomycin D, which was used to treat refractory testicular cancer.
With the advent of cisplatin-based regimens, plicamycin is now
used primarily to treat hypercalcemia. It inhibits RNA synthe-
sis, which suppresses osteoclast-mediated calcium resorption
from bone. The drug is effective for hypercalcemia associated

with breast cancer, myelomas, lung, renal cell, or parathyroid
carcinoma, and hypervitaminosis D.

The recommended dosage of plicamycin is 25 mcg/kg in-
fused over 4 to 6 hours. Generally, a response is seen within
24 to 48 hours, and most patients attain normocalcemia after
a single dose.174 The response lasts 3 to 14 days or longer in
some patients. If an adequate response is not obtained, the dose
can be repeated 48 hours later.

Many serious adverse effects are associated with plicamycin
therapy. The drug is usually well tolerated at the lower doses
used for hypercalcemia treatment, which is only one-tenth the
antineoplastic dose.188 Nausea and vomiting are common side
effects that can be minimized by infusing the drug slowly and
by using an antiemetic such as prochlorperazine. The drug is a
vesicant and should be administered as a dilute solution to min-
imize the injury associated with extravasation. Other toxicities
include impaired platelet function, proteinuria, azotemia, bone
marrow suppression, and elevated hepatic transaminases.189

Plicamycin can also cause hepatic toxicity, nephrotoxicity, and
dose-related acute hemorrhagic syndrome. Because the drug is
excreted primarily through the kidneys, impaired renal func-
tion may increase the risk for adverse effects.180 Renal and
hepatic function and platelet count should be assessed before
and during therapy.

Plicamycin’s side effect profile may potentiate the toxic ef-
fects of chemotherapeutic agents used to treat patients with
malignancy-induced hypercalcemia. Thus, its use is limited
to patients unresponsive to other antiresorptive agents. It also
is used intermittently to take advantage of its relatively long
duration of action. In addition, the drug should not be used
in patients with severe hepatic or renal dysfunction, thrombo-
cytopenia, or coagulopathies or those who are dehydrated or
receiving myelosuppressive chemotherapy.186

BISPHOSPHONATES
Bisphosphonates are synthetic analogs of pyrophosphate

that form stable bonds that are resistant to phosphatase degra-
dation during osteoclast-mediated bone mineralization and re-
sorption. The compounds adsorb to the hydroxyapatite crystals
of the bone, inhibiting their growth and dissolution. In addition,
the compounds may have a direct effect on the osteoclasts.

The two distinct pharmacologic classes of bisphosphonates
that exist have different mechanisms of action. Etidronate,
which does not contain any nitrogen atom, is metabolized
to cytotoxic, nonhydrolyzable adenosine triphosphate (ATP)
analogs. In contrast, nitrogen-containing bisphosphonates,
such as pamidronate and zoledronic acid, inhibit the prenyla-
tion of proteins and have potent inhibitory effects on osteoclast-
mediated bone resorption.190 In addition, they induce apoptosis
of osteoclasts as well as certain tumor cells. Further antitumor
activities may be mediated through their inhibitory effect on
angiogenesis, stimulation of the γ -T-cell fraction in blood, and
reduction of cancer cells’ adherence to bone matrix. At present,
etidronate, pamidronate, and zoledronic acid are approved in
the United States for the treatment of hypercalcemia secondary
to malignancy.

Etidronate
Etidronate is administered in doses of 7.5 mg/kg for 3 con-
secutive days by IV infusion over 2 to 4 hours. Response may
be seen after 1 to 2 days, and normocalcemia is expected to
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be attained in most patients, with response sustained for >10
days.191 Because of the inconvenient dosing schedule as well
as variability in its duration of action, other bisphosphonates
are now preferred for the treatment of hypercalcemia of malig-
nancy. In addition, etidronate may inhibit bone mineralization,
a property not shared by other bisphosphonates.

Pamidronate
Pamidronate is more potent than etidronate as an inhibitor of
bone resorption, but it has negligible effect on bone mineraliza-
tion. For moderate hypercalcemia (albumin-corrected serum
calcium concentration of 12.0–13.5 mg/dL), a single dose of
60 to 90 mg of pamidronate is commonly infused over 3 to
4 hours. For severe hypercalcemia (albumin-corrected serum
calcium concentration >13.5 mg/dL), the dose is 90 mg. The
advantages of pamidronate are that it requires only a single
dose and produces a superior response compared with three
doses of etidronate.192

If the hypercalcemia recurs, the etidronate or the
pamidronate regimen may be repeated after an interval of ≥7
days. Etidronate (20 mg/kg/day by mouth) may be given to
prolong the normocalcemic duration, but nausea and vomiting
are common with the oral therapy. Long-term treatment may
result in osteomalacia; however, the limited life expectancy of
most patients may diminish the significance of this adverse
effect.

Etidronate use has resulted in renal failure,193 which prob-
ably is caused by the formation of biphosphonate–calcium
complexes in the serum.194 Because pamidronate requires a
lower molar concentration to produce a comparable hypocal-
cemic effect, it is less likely to impair renal function. In fact,
pamidronate has been given to a limited number of patients
with end-stage renal disease without adverse consequence.194

Zoledronic Acid
Among the bisphosphonates approved for the treatment of hy-
percalcemia of malignancy, zoledronic acid has the most potent
effect on bone resorption. It is superior to pamidronate with
respect to the number of complete responses, time needed to
attain calcium normalization, and duration of effect.196 Be-
cause 8-mg doses were not superior to 4-mg, 4-mg doses are
administered IV over 15 minutes.197 The drug is well tolerated
at 4-mg doses. Zolendroic acid’s superior efficacy and conve-
nience of administration make it the preferred biphosphonate
for hypercalcemia of malignancy. Emerging studies show that
zoledronic acid also may have promising effects in reducing
skeletal complications secondary to bone metastasis associ-
ated with breast cancer, prostate cancer, non–small-cell lung
cancer, and multiple myeloma.197

GALLIUM NITRATE
Gallium is a naturally occurring group IIIa heavy metal.

In addition to its antitumor activity and potential for use as
a chemotherapeutic agent, it has been shown to be effec-
tive in the treatment of moderate to severe hypercalcemia of
malignancy. Hypocalcemia is induced primarily via the inhi-
bition of bone resorption and reduction in urinary calcium
excretion.198 Several clinical studies have shown the effec-
tiveness of gallium nitrate in the treatment of cancer-related
hypercalcemia when compared with agents such as calcitonin
and bisphosphonates.198–202 The recommended dose is 100 to

200 mg/m2/day as a continuous infusion for 5 days. Vigorous
hydration is necessary to prevent nephrotoxicity. In general, its
clinical use is limited by the inconvenient method of adminis-
tration, significant risk of nephrotoxicity, and cost.

PHOSPHATE
Inorganic phosphates lower the serum calcium concentra-

tion by inhibiting bone resorption. They also promote the depo-
sition of calcium salts (CaHPO4) in the bone and soft tissue. If
given orally, phosphate reduces intestinal calcium absorption
by forming a poorly soluble complex in the bowel lumen and
also by decreasing the formation of active vitamin D through
enzyme inhibition.203

When given IV, phosphate is very effective, but renal failure
and extensive extraskeletal calcifications are a concern. For
these reasons, IV phosphate is not the agent of choice for acute
treatment of hypercalcemia.

Oral phosphate (1–3 g/day in divided doses) may be used
for long-term maintenance therapy, with the optimal dose de-
termined by serum calcium concentrations. Nausea, vomiting,
and diarrhea are common problems, especially when the daily
dose exceeds 2 g. Soft tissue calcification is also a concern,
and hyperphosphatemia and hypocalcemia can occur if the
dose is not titrated appropriately. Phosphate therapy should
not be given to patients with hyperphosphatemia or renal fail-
ure because it can cause further deterioration of renal function.
Accumulation of the potassium and sodium salts in phosphate
preparations may also present a therapeutic problem in certain
patients.

CORTICOSTEROIDS
Several possible mechanisms exist that may explain the

hypocalcemic effect of corticosteroids. Vitamin D3-mediated
intestinal calcium absorption may be impaired204 and the ac-
tion of osteoclast-activating factor, which mediates bone re-
sorption in malignancy, may be inhibited. Corticosteroids also
may have a direct cytolytic effect on tumor cells and inhibit
the synthesis of prostaglandins (see Prostaglandin Inhibitors).
Prednisone (60–80 mg/day) is given initially, with subsequent
dosage reduction based on the calcemic response. Alterna-
tively, hydrocortisone (5 mg/kg/day for 2–3 days) may be given.
The hypocalcemic effect will not be apparent for at least 1 to 2
days. Patients with hematologic malignancies and lymphomas
tend to have a better response than those with solid tumors.
Corticosteroids are also effective in treating hypercalcemia as-
sociated with vitamin D intoxication,205 sarcoidosis,206 and
other granulomatous conditions. They are not generally used
for long-term therapy because of their potential for serious
adverse reactions.

PROSTAGLANDIN INHIBITORS
Because prostaglandins of the E series, especially PGE2,

may be responsible for hypercalcemia associated with some
malignancies, NSAID may be useful for a select group of pa-
tients with hypercalcemia. For example, indomethacin is ef-
fective in lowering the serum calcium concentration in patients
with renal cell carcinoma, but not in patients with other types
of malignancy.192 Indomethacin, 75 to 150 mg/day, can be tried
in patients unresponsive to other therapy, especially when it is
used as part of palliative treatment for cancer pain.
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PHOSPHORUS
Homeostasis
Phosphorus is found primarily in bone (85%) and soft tissue
(14%); <1% of the total body store resides in the extracellular
fluid. Virtually all of the “free” or active phosphorus exists as
phosphates in the plasma. Most clinical laboratories, however,
measure and express the concentrations of elemental phospho-
rus contained in the phosphate molecules. One millimole of
phosphate contains 1 mmol of phosphorus, but 1 mmol of phos-
phate is three times the weight of 1 mmol of phosphorus. There-
fore, it is incorrect to equate a certain milligram weight of phos-
phorus as the same milligram weight of phosphate. Of the total
plasma phosphorus, 70% exists as the organic form and 30% as
the inorganic form. Organic phosphorus, primarily phospho-
lipids and small amounts of esters, is bound to proteins. About
85% of inorganic phosphorus, or orthophosphate, is unbound
or “free.” The relative amounts of the two orthophosphate com-
ponents, H2PO4

– and HPO4
2–, vary with the pH. At pH 7.40,

the ratio of the two species is 1:4, giving rise to a composite va-
lence of 1.8 for the orthophosphate. Serum phosphate concen-
trations reported by clinical laboratories reflect only the inor-
ganic portion of the total plasma phosphate. To avoid confusion
related to the pH effect on valence, phosphate concentrations
are reported as mg/dL or mmol/dL rather than mEq/volume.

The normal range of serum phosphate concentration in
healthy adults is 2.7 to 4.7 mg/dL. The value is higher in
children, possibly because of the increased amount of growth
hormone and the reduced amount of gonadal hormones.208 In
postmenopausal women, the range is slightly higher; however,
it is lower in older men. The serum phosphate concentration is
also affected by dietary intake. Phosphate-rich foods can tran-
siently increase the serum phosphate concentration. In contrast,
glucose decreases the serum phosphate concentration because
of the flux of sugar and phosphate into cells and because of
the phosphorylation of glucose. Similarly, administration of
insulin and epinephrine decreases the serum phosphate con-
centration because of their effects on glucose. The serum con-
centration of phosphate is reduced in alkalosis and increased
in acidosis.209

A balanced diet contains 800 to 1,500 mg/day of phospho-
rus. Both the organic and inorganic forms of phosphorus are
present in food substances. Most of the phosphorus in milk
is the organic form, whereas the phosphorus in meat, veg-
etable, and other nondairy sources represents organic forms
bound to proteins, lipids, and sugars, which usually are hy-
drolyzed before absorption.210 In general, 60% to 65% of
the phosphorus ingested is absorbed, mostly in the duodenum
and jejunum through an energy-dependent, saturable, active
process.211 Phosphorus absorption is linearly related to the
dietary intake when the intake is 4 to 30 mg/kg/day.156 The
amount of phosphorus ingested probably is the most important
factor in determining net absorption. Phosphorus absorption
is also stimulated during periods of increased demand, such as
active growth and pregnancy.212 Increased intake of calcium
and magnesium and concurrent use of aluminum hydroxide
antacids may reduce phosphorus absorption owing to forma-
tion of a nonabsorbable complex.213 In addition, absorption is
also affected by vitamin D, PTH, and calcitonin.208

Renal phosphorus excretion depends on the dietary phos-
phorus intake. Normally, >85% of the filtered phosphate load

is reabsorbed; however, the fractional urinary excretion can
vary from 0.2% to 20%.159 Renal phosphate excretion is also
affected by acid–base balance, extracellular fluid volume, and
calcium and glucose concentrations.208 In addition, PTH, thy-
roid hormone, thyrocalcitonin, vitamin D, insulin, glucocorti-
coid, and glucagon can also alter renal phosphate excretion.208

Hypophosphatemia
Etiology

23. M.R., a 72-year-old woman, was admitted to the hospi-
tal with a 1-week history of increasing malaise, confusion, and
decreased activity. M.R. has a history of CHF, hypertension,
type 2 diabetes, and peptic ulcer disease. She was receiving hy-
drochlorothiazide, Maalox, sucralfate, and insulin. She is febrile
and in significant respiratory distress. ABG results at admission
were pH 7.5 (normal, 7.36–7.44); PO2, 42 mm Hg (normal, 80–90);
and PCO2, 20 mm Hg (normal, 34–46). Respiratory function con-
tinued to deteriorate, requiring intubation and mechanical venti-
lation. Serum electrolytes are Na, 128 mEq/L (normal, 134–146);
K, 3.6 mEq/L (normal, 3.5–5.1); Cl, 96 mEq/L (normal, 92–109);
CO2, 23 mEq/L (normal, 22–32); glucose, 320 mg/dL (normal,
60–110); and phosphorus (P), 0.9 mg/dL (normal, 2.4–4.6). What
may have contributed to the low serum phosphorus concentration
in M.R.?

[SI units: Na, 128 mmol/L; K, 3.6 mmol/L; Cl, 96 mmol/L; CO2, 23 mmol/L;

glucose, 17.8 mmol/L; P, 0.29 mmol/L]

Hypophosphatemia can develop as the result of a phospho-
rus deficiency or secondary to a net flux of phosphorus out of
the plasma compartment without a total body deficit. Moderate
hypophosphatemia is defined as a serum phosphorus concen-
tration of 1.0 to 2.5 mg/dL. A concentration of <1.0 mg/dL,
as in M.R., is considered severe.214 The extent of hypophos-
phatemia may not be assessed accurately by a single plasma
phosphorus concentration determination because of diurnal
variation.215 Patients receiving large doses of mannitol may
have pseudohypophosphatemia owing to the binding of man-
nitol with molybdate, which is used in the calorimetric assay
for phosphorus.216

Hypophosphatemia is commonly caused by conditions that
impair intestinal absorption, increase renal elimination, or shift
phosphorus from the extracellular to the intracellular compart-
ments. Hypophosphatemia secondary to low dietary phospho-
rus is exceedingly rare because phosphorus is ubiquitous.208

In addition, renal phosphorus excretion is reduced and intesti-
nal phosphorus absorption is increased to prevent a deficiency
state.159,217 Starvation in itself does not result in severe hy-
pophosphatemia because the phosphorus content in plasma
and muscles is often normal. Hypophosphatemia, however, can
develop during refeeding with a high-calorie diet low in phos-
phorus. Therefore, hyperalimentation without phosphorus sup-
plementation is likely to cause severe hypophosphatemia.218

Impaired phosphorus absorption secondary to malabsorp-
tive conditions, prolonged nasogastric suction, and protracted
vomiting can also result in hypophosphatemia. In M.R., the
use of aluminum- and magnesium-containing antacids may
further reduce phosphorus absorption. The antacids bind with
endogenous and exogenous phosphorus in the GI tract and
cause severe hypophosphatemia in patients with or without
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renal failure.219 In addition, M.R. was taking sucralfate, which
can bind phosphorus in the GI tract.220 Similarly, iron prepa-
rations can bind phosphorus.221

Hyperglycemia-induced osmotic diuresis and diuretic use
may have increased the renal loss of phosphorus in M.R. Other
conditions associated with renal phosphorus wasting include
renal tubular acidosis, hyperparathyroidism, hypokalemia, hy-
pomagnesemia, and extracellular volume expansion.208 None
of these situations, however, was evident in M.R. Shifting of
phosphorus into the intracellular compartment by glucose or
insulin and profound respiratory alkalosis, especially during
alcoholic withdrawal, may also have contributed to M.R.’s hy-
pophosphatemic state.222,223

24. What other conditions are commonly associated with hy-
pophosphatemia?

Diabetic ketoacidosis, chronic alcoholism, chronic obstruc-
tive airway disease, and extensive thermal burns are other con-
ditions commonly associated with hypophosphatemia.224,225

They are characterized by a combination of factors that result
in phosphate loss and intracellular phosphate use. In patients
with diabetic ketoacidosis, metabolic acidosis enhances the
movement of phosphate from the intracellular compartment
to plasma, whereas the concurrent osmotic diuresis secondary
to hyperglycemia increases the renal elimination of extracel-
lular phosphate.226 The net result is a depletion of total body
stores. Correction of the acidosis and administration of insulin
then promotes the rapid uptake of phosphorus by tissues, and
volume repletion dilutes the extracellular concentration. This
sequence of events can ultimately lead to severe hypophos-
phatemia. The hypophosphatemia associated with chronic al-
coholism and acute alcohol intoxication is also thought to be
related to several factors, including reduced intestinal phos-
phorus absorption caused by vomiting, diarrhea, and antacid
use; repeated acidosis that results in increased urinary phos-
phate excretion; and a shift of phosphorus into cells because of
respiratory alkalosis. Renal phosphorus wasting can also result
from hypomagnesemia or as a direct effect of alcohol.227

Clinical Manifestations

25. What are the signs and symptoms associated with hy-
pophosphatemia?

The clinical effects associated with chronic phosphorus de-
pletion are often insidious and gradual in onset. In contrast,
a rapid decline in plasma phosphorus concentrations results
in sudden and serious organ dysfunction. Most of the effects
can be attributed to impaired cellular energy stores and tissue
hypoxia secondary to depletion of ATP or erythrocyte 2,3-
diphosphoglycerate (2,3-DPG).228 Severe hypophosphatemia
can result in generalized muscle weakness, confusion, pares-
thesias, seizures, and coma. In addition, reduced cardiac con-
tractility, hypotension, respiratory failure, and rhabdomyolysis
have been observed with acute severe hypophosphatemia.208

Chronic phosphorus depletion has been associated with de-
creased mentation; muscle weakness; osteomalacia; rickets;
anorexia; dysphagia; cardiomyopathy; tachypnea; reduced sen-
sitivity to insulin; and dysfunction of red blood cells, white
blood cells, and platelets. Renal function is altered, as mani-
fested by hypophosphaturia, hypercalciuria, hypermagnesuria,
bicarbonaturia, and glycosuria. M.R.’s decreased mentation,

weakness, and respiratory failure are consistent with severe
hypophosphatemia.

Treatment

26. How can phosphate depletion be assessed? Outline a treat-
ment regimen that would effectively and safely correct the phos-
phorus deficit in M.R. How should her therapy be monitored?

Phosphorus resides primarily in the intracellular space; the
amount in the extracellular fluid is only a small percentage of
the total body store. Because the patient’s pH, blood glucose
concentration, and insulin availability may affect phosphorus
distribution, it is difficult to determine the magnitude of the
phosphorus deficit based on the serum concentration alone. As
discussed, a patient may have hypophosphatemia secondary to
a rapid shift of phosphorus into the intracellular space without
a total body deficit. The duration of the hypophosphatemia is
often limited because it may be corrected by renal phosphorus
conservation and oral intake of phosphorus-containing foods.
Aside from serum phosphorus concentrations, urinary phos-
phorus excretion may be used to further assess the phosphorus
deficit. Typically, renal phosphorus excretion is severely lim-
ited in patients with significant deficits. A phosphorus excre-
tion of <100 mg/day (fractional phosphorus excretion <10%)
confirms appropriate renal phosphorus conservation when the
serum phosphorus is <2 mg/dL. It also suggests a nonrenal eti-
ology (e.g., impaired GI absorption) or some type of internal
redistribution (e.g., respiratory alkalosis).229

Prophylactic supplementation should be used in situations
that predictably increase the risk for developing hypophos-
phatemia. These include patients who are receiving total par-
enteral nutrition or large doses of antacids for an extended pe-
riod, alcoholic patients, and those with diabetic ketoacidosis.

The specific treatment of hypophosphatemia depends on the
presence of signs and symptoms, as well as the anticipated du-
ration and severity of hypophosphatemia. In an asymptomatic
patient with mild hypophosphatemia (1.5–2.5 mg/dL) who has
no evidence of phosphorus depletion, phosphorus supplemen-
tation is generally not necessary because the condition is usu-
ally self-limited.208 In other patients with mild and moderate
hypophosphatemia who have evidence of phosphorus deficit,
oral supplementation is the safest and preferred mode of re-
placement. Skim or low-fat milk is a convenient source of
phosphorus and calcium. Whole milk, because of its high fat
content, can cause diarrhea if a large amount is consumed.
Several oral phosphorus preparations can be used in patients
who cannot tolerate milk products.

When hypophosphatemia is severe, as in M.R., or when the
patient is vomiting or unable to take oral medication, parenteral
phosphorus replacement is needed. Several empiric regimens
have been evaluated. IV administration of 0.08 to 0.5 mmol/kg
body weight of phosphorus over 4 to 12 hours is safe and ef-
fective in restoring the serum phosphorus concentration.230,231

More aggressive regimens, such as infusion over 30 minutes
to 2 hours, have also been suggested for critically ill and surgi-
cal patients.232,233 Parenteral phosphorus replacement should
be stopped once the serum phosphorus concentration reaches
2.0 mg/dL and also when oral supplementation is started. In
general, no more than 32 mmol (1 g) of phosphorus should be
administered IV in a 24-hour period. Regardless of the regimen
used, serum phosphorus, calcium, and magnesium concen-
trations should be monitored closely because IV phosphorus
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administration can induce hyperphosphatemia quite rapidly,
as well as hypocalcemia and hypomagnesemia. Monitoring
of urine phosphorus concentration also helps determine the
adequacy of therapy. Metastatic soft tissue calcification, hy-
potension, and, depending on the preparation used, potassium,
sodium, or volume overload may occur. This could be sig-
nificant in patients such as M.R. who have a history of CHF
and hypertension. Therefore, renal function and volume sta-
tus should be monitored during therapy. Diarrhea, a common
dose-related side effect of oral phosphorus replacement, can
be minimized by diluting the supplement and slowly titrating
the dose. Large doses can also result in metabolic acidosis.230

Phosphorus can be administered orally in doses of 30 to 60
mmol/day, usually given in two to four divided doses to mini-
mize GI adverse events, using any commercially available oral
supplement (e.g., Fleet or Neutra-Phos). Fleet Phospho-Soda
(5 mL twice daily) delivers 40 mmol/day of phosphorus. Skim
milk, the preferred agent for diluting the supplement, contains
approximately 7 mmol of phosphorus/cup and provides cal-
cium and potassium as well.

In M.R., oral supplementation was not feasible because she
had intermittent diarrhea and vomiting. Potassium phosphate
15 mmol (providing 22 mEq of potassium) was therefore in-
fused IV in 250 mL of 0.45% saline over 12 hours. The regimen
was repeated once until the serum phosphorus concentration
reached 2 mg/dL. Oral supplementation with Fleet Phospho-
Soda then was begun by adding one teaspoonful twice daily to
her enteral tube feeding.

Hyperphosphatemia
Refer to the section on “Secondary hyperparathyroidism
and renal osteodystrophy” in Chapter 31 “Chronic Renal
Failure.”

MAGNESIUM
Homeostasis
Magnesium is an intracellular cation found primarily in bone
(65%) and muscle (20%). Only 2% of the total body store
of 21 to 28 g (1,750–2,400 mEq) is located in the extracellu-
lar compartment. Serum magnesium concentrations, therefore,
do not reflect the total magnesium body store accurately. In
healthy adults, the serum magnesium concentration is 1.80 to
2.40 mEq/L, with approximately 20% of the serum magnesium
bound to proteins.

Magnesium plays an important role in different metabolic
processes, particularly in energy transfer, storage, and uti-
lization. Cation deficiency can impair many ATP-mediated
energy-dependent cellular processes as well as the action of
phosphatases.234 Magnesium is necessary for many enzymes
involved in the metabolism of carbohydrate, fat, and protein,
as well as RNA aggregation, DNA transcription, and degra-
dation. The normal operation of many sodium, proton, and
calcium pumps and the regulation of potassium and calcium
channels are all dependent on the availability of intracellular
magnesium.235,236 In addition, adequate magnesium stores are
needed to maintain normal neuronal control, neuromuscular
transmission, and cardiovascular tone.

The average diet in North America contains about 20 to
30 mEq of magnesium.237 The daily requirement is approx-
imately 18 to 33 mEq for young persons and 15 to 28 mEq

for women.238 Normally, 30% to 40% of the elemental magne-
sium is absorbed, primarily in the jejunum and ileum. However,
absorption may be increased to 80% in deficiency states and re-
duced to 25% during high magnesium intake. In patients with
uremia, GI absorption of magnesium is decreased; however,
absorption in the jejunum can be normalized by physiologic
doses of 1α,25-dihydroxyvitamin D3.239 In addition, PTH also
modulates magnesium absorption.240

Magnesium is eliminated primarily by the kidneys; only
1% to 2% of the endogenous magnesium is eliminated by the
fecal route.179 The magnitude of renal removal is determined
by GFR and tubular reabsorption. Approximately 20% to 30%
of the tubular reabsorption takes place in the proximal tubule,
whereas Henle’s loop, primarily the thick ascending limb, is re-
sponsible for up to 65% of the total reabsorption.241 Only about
5% to 6% of the filtered magnesium is generally eliminated in
the urine. The extent of magnesium reabsorption changes in
parallel with sodium reabsorption, which is affected by the ex-
tracellular fluid volume. The renal threshold for urinary mag-
nesium excretion is 1.3 to 1.7 mEq/L, which is similar to the
normal plasma magnesium concentration. Slight changes in
plasma magnesium concentration, therefore, may substantially
alter the amount of magnesium excreted in the urine.242

Urinary magnesium reabsorption is affected by many fac-
tors, including sodium balance; extracellular fluid volume;
serum concentrations of magnesium, calcium, and phosphate;
and metabolic acidosis and alkalosis.243 Concurrent use of
loop and osmotic diuretics will also modulate the reabsorp-
tion.144,245 Hormones, such as PTH, and possibly calcitonin,
glucagon, and mineralocorticoids may affect the routine main-
tenance of magnesium balance as well.246–248

Hypomagnesemia
Etiology

27. R.J., a 61-year-old man, is admitted to the hospital because
of trauma to his forehead after falling at home. He has a long
history of conditions related to his alcohol abuse: liver disease, as-
cites, seizures, pancreatitis, and malabsorption. R.J. complained
of abdominal pain, nausea, vomiting, and diarrhea for the past
several days. At admission, R.J. was confused, apprehensive, and
combative, and he had marked tremors. He also had delirium,
as evidenced by hallucinations, screaming, and delusions, and he
was having multiple tonic-clonic seizures. The medical record re-
vealed that R.J. had been taking furosemide for the last 2 months.
Pertinent laboratory test results obtained at admission were K,
2.5 mEq/L (normal, 3.5–5.1); Mg, 0.8 mEq/L (normal, 1.6–2.8);
and creatinine, 0.8 mg/dL (normal, 0.5–1.5). Phenytoin was ad-
ministered for seizure control and R.J. was placed on nasogastric
suction. Fluid restriction was instituted and furosemide therapy
was continued to control his ascites. What are the circumstances
that have contributed to R.J.’s hypomagnesemia?

[SI units: K, 2.5 mmol/L; Mg, 0.4 mmol/L; creatinine, 70.72 μmol/L]

Magnesium body stores are difficult to assess because mag-
nesium is primarily an intracellular ion, and serum magnesium
concentrations do not provide an accurate indication of the
total body load. In fact, cellular magnesium depletion may
be present with low, normal, or even high serum magnesium
concentrations.249,250 Conversely, hypomagnesemia may be
seen without a net loss of body magnesium. Refeeding after
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starvation will result in increased trapping of magnesium by
newly formed tissue, resulting in hypomagnesemia. Similarly,
acute pancreatitis and parathyroidectomy can cause hypomag-
nesemia without a net loss of the cation.251,252

The prevalence of hypomagnesemia in ambulatory and hos-
pitalized patients was found to be approximately 6% to 12%.253

The incidence increased to 42% in patients who were hypo-
kalemic254 and to 60% to 65% in those under intensive care.255

Multiple risk factors and clinical conditions can contribute to
the high rate of hypomagnesemia in critically ill patients.

Magnesium depletion and hypomagnesemia can develop
owing to GI, renal, and endocrinologic causes. Depletion
can occur in patients whose dietary magnesium intake is
severely restricted256 and in those who have protein calorie
malnutrition.257 Also at risk are patients who receive prolonged
parenteral nutrition258 and those who undergo prolonged naso-
gastric suction.259 Hypomagnesemia may be present in patients
who have increased magnesium requirements, such as pregnant
women and infants.260 Conditions associated with steatorrhea,
such as nontropical sprue and short-bowel syndrome, can result
in reduced GI magnesium absorption. Insoluble magnesium
soaps may be formed in the GI tract because of the presence of
unabsorbed fat.261 Hypomagnesemia can also occur in patients
with a bowel resection262 and severe diarrhea.263 A rare genetic
disorder has also been reported in patients with defective GI
magnesium absorption.264 An impaired carrier-mediated mag-
nesium transport system is believed to be responsible for the
symptomatic deficiency, which requires high oral magnesium
intake to overcome the defect.

Renal magnesium wasting can be caused by a primary de-
fect or be secondary to systemic factors. A rare form of renal
magnesium wasting is congenital.265 Various drugs can induce
hypomagnesemia through increased renal loss: cisplatin,266

aminoglycosides,267 cyclosporine,268 and amphotericin B.269

Use of loop and thiazide diuretics can also result in hypo-
magnesemia, which can be reversed with the concurrent use
of amiloride or triamterene. Magnesium depletion can be
associated with phosphate depletion,270 calcium infusion,271

and ketoacidosis.272 Acute and chronic ingestion of alcohol
will result in increased renal magnesium loss.204,273 Vari-
ous endocrinologic disorders, such as SIADH,274 hyperth-
yroidism,275 hyperaldosteronism,248 and postparathyroidec-
tomy,276 are also associated with hypomagnesemia.

R.J. could be hypomagnesemic for many reasons. His long
history of alcohol use, malnutrition, and malabsorption may all
have contributed to his magnesium deficit. The vomiting and
diarrhea that he experienced could have reduced GI magnesium
absorption. Use of furosemide and nasogastric suction while
in the hospital could also have exacerbated his magnesium
depletion through renal and GI losses, respectively.

Clinical Manifestations

28. What are the clinical manifestations of hypomagnesemia in
R.J.?

Magnesium depletion can result in abnormal function of the
neurologic, neuromuscular, and cardiovascular systems. Hypo-
magnesemia lowers the threshold for nerve stimulation, result-
ing in increased irritability. Typical findings include Chvostek’s
and Trousseau’s signs, muscle fasciculation, tremors, muscle
spasticity, generalized convulsions, and possibly tetany. The

patient may experience weakness, anorexia, nausea, and vom-
iting, as seen in R.J. Hypokalemia, hypocalcemia, and alkalosis
may be present as well. In patients who are moderately de-
pleted, changes in the ECG include widening of the QRS com-
plex and a peaking T wave.277 In severe depletion, a prolonged
PR interval and a diminished T-wave may be seen. Ventricular
arrhythmias also have been reported in some patients.278

Treatment

29. Outline a regimen to replenish the body stores of magnesium
for R.J., and develop a monitoring plan to assess efficacy and
potential adverse effects.

The specific regimen for magnesium replenishment de-
pends on the clinical presentation of the patient. Symptomatic
patients require more aggressive parenteral therapy, whereas
oral replacement may suffice for asymptomatic hypomag-
nesemia. Patients with life-threatening symptoms, such as
seizures and arrhythmias, need immediate magnesium infu-
sion. Because serum magnesium concentrations do not reflect
total body stores, symptoms are more important determinants
of the urgency and aggressiveness of therapy.

The body stores of magnesium must be replenished slowly.
Serum magnesium concentrations may return to the normal
range within the first 24 hours, but total replenishment of body
stores may take several days. Furthermore, approximately 50%
of the administered IV dose of magnesium will be excreted in
the urine.279 Because the threshold for urinary magnesium ex-
cretion is low, the abrupt increase in serum magnesium after an
IV dose will result in increased urinary magnesium excretion
despite a total body magnesium deficit. Conversely, in patients
with renal insufficiency, decreased excretion of magnesium
will place the patient at risk for hypermagnesemia. A reduced
rate of magnesium administration and frequent monitoring of
serum magnesium concentrations are therefore necessary in
patients with renal dysfunction.

Oral replacement of magnesium is indicated for asymp-
tomatic patients with mild depletion. Magnesium-containing
antacids, Milk of Magnesia, and magnesium oxide are effective
choices for replacement. Sustained-release preparations, such
as Slow Mag (containing magnesium chloride) and Mag-Tab
SR (containing magnesium lactate), are preferred, however.
With 5 to 7 mEq (2.5–3.5 mmol or 60–84 mg) of magnesium
per tablet, six to eight tablets should be given daily in divided
doses for severe magnesium depletion. For mild and asymp-
tomatic disease, two to four tablets per day may be sufficient.280

A diet high in magnesium (cereals, nuts, meat, fruits, fish,
legumes, and vegetables) also will help replenish body stores
and prevent depletion.281

For patients with symptomatic hypomagnesemia, such as
R.J., parenteral magnesium replacement is indicated. The mag-
nesium deficit in patients with chronic alcoholism is estimated
to be 1 to 2 mEq/kg.282 Because up to half of the IV magnesium
dose will be excreted in the urine during replacement, approx-
imately 2 to 4 mEq/kg will be needed to replenish R.J.’s body
store.279 One milliequivalent per kilogram of magnesium, as
magnesium sulfate 10% solution, should be administered IV
in the first 24 hours. Half of this amount is given in the first
3 hours, and the remaining half is infused over the rest of the
day. This dose may be repeated to keep the serum magne-
sium concentration >1.0 mg/dL.280 Later on, 0.5 mEq/kg of
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magnesium may be replenished daily for up to 4 additional
days.279,283 Magnesium can be given IM as 50% solution, but
the injections are painful and potentially sclerosing, and mul-
tiple administrations are needed. Therefore, the IV route is the
preferred mode of parenteral administration. For patients with
symptomatic hypomagnesemia who are unstable, such as those
experiencing seizures or life-threatening arrhythmias, 16 mEq
of magnesium sulfate may be administered as a short IV in-
fusion over 2 minutes, followed by 16 mEq over 20 minutes,
then 16 to 24 mEq over 2 to 4 hours.279,284

After IV magnesium administration, the patient should re-
main in a supine position to avoid hypotension. He should be
monitored carefully for marked suppression of deep tendon
reflexes (Mg, 4–7 mEq/L); ECG, BP, and respiration changes;
and high serum magnesium levels. Facial flushing, a sensation
of warmth, and sweatiness may result from vasodilation sec-
ondary to a rapid magnesium infusion.279 Particular caution
is warranted in patients with renal impairment, in whom the
rate of magnesium should be reduced. These patients should be
monitored frequently to avoid toxicities related to hypermagne-
semia. IV magnesium should also be administered cautiously
in patients with severe atrioventricular heart block or bifas-
cicular blocks because magnesium possesses pharmacologic
properties similar to calcium channel blockers.279,284

In patients who develop hypomagnesemia secondary to a
thiazide or loop diuretic, amiloride may be added to reduce
renal magnesium loss by increasing reabsorption in the cortical
collecting tubule.280

30. Over the initial 2 days of hospitalization, R.J. received 3
mEq/kg of IV magnesium sulfate. However, his serum magnesium
concentration remained <1.5 mEq/L (normal, 1.5–2.6). What
might have contributed to the lack of favorable response to the
magnesium therapy?

The total amount of magnesium administered to R.J. over
the past 2 days was higher than the usual recommended rate (4–
5 days) of magnesium replenishment, leading to renal excretion
of a large portion of the dose.286 Furthermore, the use of naso-
gastric suction and furosemide have increased the magnesium
loss during the replacement period, and hypokalemia may have
reduced the effectiveness of magnesium replacement. In a pa-
tient whose serum magnesium concentration does not increase
after appropriate magnesium therapy, a 24-hour urine collec-
tion to assess magnesium renal excretion can be helpful. A
low urinary magnesium concentration is consistent with mag-
nesium depletion, whereas high urinary magnesium excretion
in the presence of hypomagnesemia suggests renal magnesium
wasting.

Hypermagnesemia
Etiology

31. J.O., a 63-year-old man with renal insufficiency, was ad-
mitted to the hospital because of increasing weakness over the
past several days. J.O. began taking a magnesium–aluminum hy-
droxide antacid several times daily 2 weeks ago when he devel-
oped stomach upset. Physical examination reveals hypotension
and depressed deep tendon reflexes. The ECG reveals prolonged
PR and QRS intervals. The serum magnesium concentration is

6.5 mEq/dL (normal, 1.6–2.8). What is the most likely cause of
hypermagnesemia in J.O.?

[SI unit: Mg, 3.25 mmol/L]

Because the kidney is the primary route of magnesium elim-
ination, renal impairment is a virtual requisite for hypermag-
nesemia (see Chapter 31, Chronic Renal Failure). A common
cause of hypermagnesemia is the use of magnesium-containing
medications, such as antacids and laxatives, by patients with
impaired renal function, including older adults. When a patient
with renal failure, such as J.O., takes magnesium-containing
medications, the serum magnesium concentration can increase
substantially, resulting in toxicities. Hypermagnesemia may be
seen when the creatinine clearance drops below 30 mL/minute;
an inverse relationship is observed between the serum mag-
nesium concentrations and the creatinine clearances.287 Hy-
permagnesemia is also seen in patients with acute renal fail-
ure during the oliguric phase, but not the diuretic phase.288

Other potential causes of hypermagnesemia include adrenal
insufficiency,234 hypothyroidism,289 lithium,289 magnesium
citrate used as a cathartic for drug overdose,290 and parenteral
magnesium given for pre-eclampsia.291

Clinical Manifestations

32. Describe the usual clinical presentation of a patient with
hypermagnesemia.

An elevated magnesium serum concentration alters the nor-
mal function of the neurologic, neuromuscular, and cardiovas-
cular systems. When the serum magnesium concentration is
>4 mEq/L, deep tendon reflexes are depressed; they are usu-
ally lost at >6 mEq/L. Flaccid quadriplegia can develop when
the concentration is >8 to 10 mEq/L. Respiratory paralysis, hy-
potension, and difficulty in talking and swallowing may also be
present.293 Changes in the ECG may include a prolonged PR in-
terval and widening of the QRS complex. Complete heart block
may be seen at concentrations of approximately 15 mEq/L. In
mild hypomagnesemia, the patient may experience nausea and
vomiting.

Drowsiness, lethargy, diaphoresis, and altered consciousness
may be present at higher serum magnesium concentrations. J.O.’s
increasing weakness, hypotension, depressed deep tendon re-
flexes, andECG findings are consistent with hypermagnesemia.

Treatment

33. How should J.O.’s hypermagnesemia be treated?

If magnesium-containing medications are discontinued in
patients with hypermagnesemia, the serum magnesium con-
centration will usually return to the normal range through renal
elimination. When potentially life-threatening complications
are present, as in J.O., 5 to 10 mEq of IV calcium should be
administered to antagonize the respiratory and cardiac mani-
festations of magnesium.291,292 The dose of the calcium can be
repeated as necessary because its effect is short lived. In pa-
tients with good renal function without life-threatening compli-
cations, IV furosemide, plus 0.45% sodium chloride to replace
lost urine volume, will enhance urinary magnesium excretion
while preventing volume depletion. Hemodialysis or peritoneal
dialysis is indicated for patients with significant renal function
impairment and possibly for those with severe hypermagne-
semia.
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Dyslipidemias (one or more abnormalities of blood lipids) pro-
duce atherosclerosis, which in turn produces coronary heart
disease (CHD) and coronary artery disease (CAD). Success-
ful management of dyslipidemias alters the natural course of
atherosclerosis and prevents CHD as well as other forms of
atherosclerosis. This is the simple but profound notion be-
hind the modern approach to reducing the incidence of the na-
tion’s number-one killer. The challenge for the clinician is to
know how to assess the patient’s CHD risk, to understand lipid-
modulating therapies, to match the intensity of treatment with
the patient’s risk, and to implement treatments that meet and
maintain treatment goals. The principal focus of this chapter is
on providing the information required to meet this challenge.

Lipid Metabolism and Drug Effects
The journey begins with acquiring an understanding of how
lipids are formed, transported, and utilized; how these pro-
cesses can go awry; and how our therapies alter these aberrant
processes. At the center of these processes are cholesterol,
triglycerides (TG), and phospholipids. Of these three, choles-
terol plays the central role in the pathogenesis of atherosclero-
sis. Cholesterol is a naturally occurring sterol that is essential
for life. It is the precursor molecule for the formation of bile
acids (which are required for absorption of nutrients), the syn-
thesis of steroid hormones (which provide important modulat-
ing effects in the body), and the formation of cell membranes.
TG are an important source of stored energy in adipose tissue.
TG are synthesized from three molecules of fatty acids esteri-
fied to glycerol. Phospholipids are a class of lipids formed from
fatty acids, a negatively charged phosphate group, nitrogen
containing alcohol, and a glycerol backbone. Phospholipids
are essential for cellular function and the transport of lipids in
the circulation by forming a membrane bilayer of lipoproteins
(discussed below).

In Vivo Cholesterol Synthesis
Cells derive cholesterol in two ways: by intracellular synthe-
sis or by uptake from the systemic circulation. Within each
cell, cholesterol is synthesized through a series of biochemical
steps, many of which are catalyzed by enzymes (Fig. 12-1).
One important and early step in its synthesis is the conversion
of hydroxymethylglutaryl-coenzyme A (HMG-CoA) to meva-
lonic acid. The enzyme HMG-CoA reductase catalyzes this
step. One of the most effective therapies developed to date for
managing dyslipidemias (i.e., HMG-CoA reductase inhibitors
or statins) interferes with this enzyme and thereby reduces the
cellular synthesis of cholesterol. Other catalytic enzymes in-
volved in the biosynthesis of cholesterol, including HMG-CoA
synthase and squalene synthase, have been targets in the search
for therapies to reduce cholesterol synthesis. Drugs modifying
these enzymes, however, caused more, not less, atherosclerotic
disease. For example, a drug released for cholesterol lowering
in the 1950s, MER 29, interfered with a late step in cholesterol
biosynthesis and effectively reduced cellular cholesterol pro-
duction, but caused a toxic accumulation of desmosterol and
other cholesterol precursors that resulted in the development
of cataracts and myocardial ischemia.

Intracellular cholesterol is stored in an esterified form. Free
cholesterol is converted to this ester form through the action of
the enzyme acetyl CoA acetyl transferase (ACAT). Two forms

of ACAT have been identified. ACAT1 is present in many tis-
sues, including inflammatory cells, whereas ACAT2 is present
in intestinal mucosa cells and hepatocytes. ACAT2 is required
for the esterification and absorption of dietary cholesterol from
the gut. In theory, inhibition of this enzyme should reduce the
absorption of dietary cholesterol, the secretion of cholesterol
by the liver, and even the uptake and storage of circulating
cholesterol in inflammatory cells in the arterial wall. Several
inhibitors of ACAT have been developed. These inhibitors do
not appear to reduce atherosclerosis, however.1

Lipoproteins
The second way cells obtain cholesterol is by extracting it from
the systemic circulation. The source of this cholesterol is the
liver, where it is synthesized and secreted into the systemic
circulation. Because cholesterol and other fatty substances are
insoluble in water, they are formed into complexes (particles) in
the hepatocyte and gut before being secreted into the aqueous
medium of the blood. These particles contain an oily inner
lipid core made up of cholesterol esters and TG and an outer
hydrophilic coat made up of phospholipids and unesterified
cholesterol (Fig. 12-2). The outer coat also contains at least
one protein, which provides the ligand for interaction with
receptors on cell surfaces. The presence of a central lipid core
and an outer protein gives rise to the name of these particles,
lipoproteins.

The three major lipoproteins found in the blood of fast-
ing (10–12 hours) patients are very-low-density lipoprotein
(VLDL), low-density lipoprotein (LDL), and high-density
lipoprotein (HDL).2 These particles vary in size, composition,
and accompanying proteins (Table 12-1).

VERY-LOW-DENSITY LIPOPROTEINS
Very-low density lipoprotein particles are formed in the

liver (Fig. 12-2). They normally contain 15% to 20% of the to-
tal blood cholesterol concentration and most of the total blood
TG concentration. The concentration of cholesterol in these
particles is approximately one fifth of the total TG concentra-
tion; thus, if the total TG concentration is known, the VLDL-
cholesterol (VLDL-C) level can be estimated by dividing total
TG by 5. VLDL particles are large and appear to play only a
small role in the pathogenesis of atherosclerosis.

VLDL REMNANTS
As VLDL particles flow through capillaries, some of their

TG content is removed through the action of the enzyme
lipoprotein lipase. Drugs that enhance the activity of lipopro-
tein lipase (i.e., fibrates) increase the delipidization process
and lower blood TG levels. The removed TG is converted to
fatty acids and stored as an energy source in adipose tissue.
As TG are removed, the VLDL particle becomes progres-
sively smaller and relatively more cholesterol rich. The par-
ticles formed through this process include small VLDL parti-
cles (called remnant VLDL), intermediate-density lipoproteins
(IDL), and LDL (Fig. 12-2). Approximately 50% of the rem-
nant VLDL and IDL particles are removed from the systemic
circulation by receptors on the surface of the liver (receptors
called LDL or B-E receptors); the other 50% are converted into
LDL particles.
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FIGURE 12-2 Basic structure of a lipoprotein. (From Harper C,
Jacobsen T. New perspectives on the management of low levels of high-
density lipoprotein cholesterol. Arch Inter Med 1999;159;1049, with
permission.)

LOW-DENSITY LIPOPROTEINS
Low-density lipoprotein particles carry 60% to 70% of the

total blood cholesterol and make the greatest contribution to
the development of atherosclerosis. This is why LDL-C is the
primary target of cholesterol-lowering therapy. Approximately
half of the LDL particles are removed from the systemic circu-
lation by the liver; the other half may be taken up by peripheral
cells or deposited in the intimal space of coronary, carotid, and
other peripheral arteries, where atherosclerosis can develop.
The probability that atherosclerosis will develop is directly re-
lated to the concentration of LDL-C in the systemic circulation
and the length of time this level of exposure persists (the cu-
mulative risk of CHD in men and women increases with age).

HIGH-DENSITY LIPOPROTEINS
High-density lipoprotein particles transport cholesterol

from peripheral cells back to the liver, a process called reverse
cholesterol transport.3–5 In contrast to LDL, high HDL-C con-

Table 12-1 Classification and Properties of Plasma Lipoproteins

Chylomicron VLDL LDL HDL

Density (g/mL) <0.94 0.94–1.006 1.006–1.063 1.063–1.210
Composition (%)
Protein 1–2 6–10 18–22 45–55
Triglyceride 85–95 50–65 4–8 2–7
Cholesterol 3–7 20–30 51–58 18–25
Phospholipid 3–6 15–20 18–24 26–32
Physiologic origin Intestine Intestine and liver Product of VLDL

catabolism
Liver and intestine

Physiologic function Transport dietary CH and TG
to liver

Transport endogenous TG
and CH

Transport endogenous CH
to cells

Transport CH from cells
to liver

Plasma appearance Cream layer Turbid Clear Clear
Electrophoretic mobility Origin Pre-beta Beta Alpha
Apolipoproteins A-IV, B-48, C-IC-II, C-III B-100, C-IC-III, C-III, E B-100, (a) A-I, A-II, A-IV

CH, cholesterol; HDL, high-density lipoprotein; LDL, low-density lipoprotein; TG, triglyceride; VLDL, very-low-density lipoprotein.

centrations are desirable because cholesterol is being removed
from vascular tissue and is not available to contribute to athero-
genesis. In peripheral cells, the adenosine triphosphate binding
cassette transporter A-1 (ABCA-1 transporter) and adenosine
triphosphate binding cassette transporter G-1 (ABCG-1) facil-
itates the efflux of both cholesterol and phospholipids. Through
mechanisms that have not been defined fully, HDL particles
acquire this cholesterol and either transport it directly to the
liver through interaction with an HDL receptor on the hepa-
tocyte (the scavenger receptor, SR-B1) or transfer it to circu-
lating remnant VLDL and LDL particles through the action of
cholesterol ester transfer protein (CETP) in exchange for TG
making the HDL particle less cholesterol rich. If the latter oc-
curs, the cholesterol can be returned to the liver for clearance
from the circulation or delivered back to peripheral cells (Fig.
12-3). Patients have been described who have a deficiency of
CETP; they often have a high plasma concentration of HDL-C
and a low incidence of CHD. Drugs are being developed and
tested that inhibit this protein. Recent trials, however, have not
looked promising for this class of drugs.6

High-density lipoprotein particles are further subfraction-
ated. The smaller HDL3 particle is converted to the larger
HDL2 particle as it acquires TG and cholesterol from pe-
ripheral cells and circulating lipoproteins. Conversely, HDL2
particles are converted to HDL3 particles by lipolysis of TG
through the action of hepatic lipase. Cholesterol acquired from
peripheral cells by HDL particles is converted into an esteri-
fied form through the action of the enzyme lecithin-cholesterol
acyl transferase (LCAT).

NON-HDL CHOLESTEROL
Non-HDL cholesterol (non-HDL-C) refers to the combined

amount of cholesterol carried by VLDL and LDL particles (the
cholesterol carried by IDL particles is reported as part of LDL
cholesterol). As indicated, most often an elevated LDL-C is
encountered, but in about 30% of cases, VLDL-C is also ele-
vated. In these cases, it is helpful to know how much cholesterol
is being carried by all of these particles. Non-HDL-C is de-
termined by subtracting the HDL-cholesterol (HDL-C) level
from the total cholesterol level.
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FIGURE 12-3 The lipoproteins, apolipoproteins, and enzymes involved in the transport of
cholesterol and triglycerides. HDL, high-density lipoprotein; IDL, intermediate-density lipoprotein;
LDL, low-density lipoprotein; VLDL, very-low-density lipoprotein.

CHYLOMICRONS
Unlike the lipoproteins that transport cholesterol from the

liver to peripheral cells and back (endogenous system), chy-
lomicrons transport fatty acids and cholesterol derived from
the diet or synthesized in the intestines from the gut to the liver
(exogenous system) (Fig. 12-3 and Table 12-1). Chylomicrons
are large, TG-rich lipoproteins. As they pass through capillary
beds on the way to the liver, some of the TG content is removed
through the action of lipoprotein lipase in a manner similar to
that described for TG removal from VLDL particles. In the rare
individual who has a lipoprotein lipase deficiency, this removal
process is faulty and TG levels in the blood become very high
(e.g., 1,000 to 5,000 mg/dL).

Following a fatty meal, the number of chylomicron particles
(and therefore the concentration of TG) is high. If the patient
fasts for 10 to 12 hours, however, chylomicrons will have time
to be removed from the blood. TG concentrations obtained dur-
ing fasting reflect TG that is produced by the liver and carried
in VLDL and other remnant particles (unless the patient has
a rare chylomicron clearance disorder). This is why patients
are asked to fast before a lipoprotein profile is obtained. A
blood sample that is rich in chylomicrons (and to a lesser ex-
tent VLDL particles) appears turbid; the higher the TG level,
the more turbid the sample. If the sample from a patient with
hyperchylomicronemia is refrigerated, chylomicrons will float
to the top and form a frothy white layer, whereas smaller VLDL
stay suspended below.

Apolipoproteins
Each lipoprotein particle contains proteins on its outer sur-
face called apolipoproteins (Fig. 12-3 and Table 12-1). These
proteins have three functions: (a) provide structure to the
lipoprotein, (b) activate enzyme systems, and (c) bind with cell
receptors.2 Abnormal metabolism of apolipoproteins, even in
the face of seemingly normal blood cholesterol levels, can re-
sult in faulty enzyme activity or cholesterol transport and an
increased risk of atherosclerosis. Because of this, lipid spe-
cialists often assess blood levels of apolipoproteins to evaluate
dyslipidemic patients fully, especially those who have a family
history of premature CHD. The five most clinically relevant
apolipoproteins are A-I, A-II, B-100, C, and E.

Very-high-density lipoprotein particles contain apolipopro-
teins B-100, E, and C (Fig. 12-3). The B and E proteins
are ligands for LDL receptors (also called B-E receptors) on the
surface of hepatocytes and peripheral cells. Linkage allows the
transfer of cholesterol from the circulating lipoprotein into
the cell through absorptive endocytosis and cellular uptake
of the particle. Defects in these proteins reduce their ability to
bind with receptor proteins. This results in defective clearance
of lipoproteins from the systemic circulation and increased
levels of circulating cholesterol.

Apolipoprotein C-II (Apo C-II) is a cofactor for lipopro-
tein lipase (LPL). By activating LDL, Apo C-II stimulates
the hydrolysis of TG from lipoprotein particles in the cap-
illary beds. Deficiencies of C-II apolipoproteins result in
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faulty TG metabolism and ultimately in hypertriglyceridemia.
Apolipoprotein C-III has become a marker of atherogenic
dyslipidemia (described below) and for an increased risk of
atherosclerosis. Apolipoprotein C-III downregulates lipopro-
tein lipase activity and interferes with the hepatic uptake of
VLDL remnant particles. This leads to increased concentra-
tions of small VLDL remnant particles, which are able to pen-
etrate into the arterial wall and contribute to atherogenesis.
In addition, prolonged residence of VLDL and LDL particles
in the systemic circulation results in the formation of small,
highly atherogenic LDL particles (see below).7 With further
research, apolipoprotein C-III may emerge as an important
marker of atherosclerosis and provide a way for clinicians to
identify patients requiring aggressive treatment.

Remnant VLDL particles retain apolipoproteins B-100 and
E during the delipidization process; LDL particles contain only
apolipoprotein B-100 (Fig. 12-3). Each VLDL and LDL par-
ticle contains one apolipoprotein B-100. Thus, the blood con-
centration of apolipoprotein B-100 is an indication of the total
number of VLDL and LDL particles in the circulation. An
increased number of lipoprotein particles (i.e., an increased
apolipoprotein B-100 concentration) is a strong predictor of
CHD risk. The ratio of non–HDL-C (total cholesterol–HDL-
C) to apolipoprotein B-100 gives an estimate of the choles-
terol contained in each VLDL and LDL particle. Some pa-
tients have high levels of apolipoprotein B-100 (suggesting an
increased number of VLDL and LDL particles in the circu-
lation), even though their cholesterol level is in the desirable
range. These patients have an increased risk of atherosclerosis.
A apolipoprotein B-100:LDL-C ratio greater than 1 is also an
indicator of the presence of small, dense LDL—particles that
convey a higher CHD risk than larger LDL particles.

High-density lipoprotein particles contain apolipoproteins
A-I, A-II, and C. A-I protein activates LCAT, which catalyzes
the esterification of free cholesterol in HDL particles. Levels
of apolipoprotein A-I have a stronger inverse correlation with
CHD risk than apolipoprotein A-II levels. HDL particles that
contain only A-I apolipoproteins (LpA-I) are associated with
a lower CHD risk than are HDL particles containing both A-I
and A-II (LpA-I, A-II).8

LDL Receptor
The uptake of cholesterol into peripheral and hepatic cells is
accomplished by the binding of apolipoproteins B-100 and E
on circulating lipoproteins to cell-surface LDL receptors. The
synthesis of LDL receptors is stimulated by a low intracellular
cholesterol concentration.8 Within the cell, the receptor pro-
tein travels from the mitochondria (where it is synthesized)
to the cell surface (where it migrates to an area called the
coated pits). Once in this position, it is capable of binding with
lipoproteins that contain apolipoprotein E or B-100, includ-
ing VLDL, remnant VLDL, IDL, and LDL. Because remnant
VLDL and IDL particles contain both B-100 and E proteins,
they may have a higher affinity for LDL receptors than do
LDL particles, which contain only the B protein. Furthermore,
drugs that increase the synthesis of LDL receptors (e.g., statins)
can increase the clearance of both VLDL remnant particles
and LDL particles from the circulation. This would account
for their ability to reduce serum TG levels as well as choles-
terol levels. After these proteins are bound, the lipoproteins
undergo endocytosis and are taken up by lysosomes, where

they are broken into elemental substances for use by the cell.
The cholesterol is transferred into the intracellular cholesterol
pool. The receptor protein may be returned to the cell surface,
where it can bind with another circulating apolipoprotein E- or
B-containing lipoprotein. Drugs that reduce the intracellular
cholesterol concentration (e.g., bile acid resins, ezetimibe, and
statins) cause the upregulation of LDL receptors and thereby
increase the removal of cholesterol-carrying lipoproteins from
the systemic circulation.

Abnormalities in Lipid Metabolism
As can be imagined from the above description of lipid syn-
thesis and transport, literally hundreds of possible steps could
malfunction and cause a lipid disorder. Only a few relatively
common and important lipid disorders are seen, however. The
first two described below, polygenic hypercholesterolemia and
atherogenic dyslipidemia, are largely the result of an interac-
tion between genes and lifestyle choices; following these are
several prominent, but rarer familial lipid disorders. Table 12-2
summarizes the characteristics of the most common lipid dis-
orders.

Polygenic Hypercholesterolemia
Polygenic hypercholesterolemia, the most prevalent form of
dyslipidemia, which is found in more than 25% of the U.S.
population, is caused by a combination of environmental (e.g.,
poor nutrition, sedentary lifestyle) and genetic factors (thus,
the term “polygenic”). Saturated fatty acids in the diet of these
patients can reduce LDL receptor activity, thus reducing the
clearance of LDL particles from the systemic circulation. As a
result, patients with polygenic hypercholesterolemia have mild
to moderate LDL-C elevations (usually in the range of 130 to
250 mg/dL), but no unique physical findings are seen. Family
history of premature CHD is present in approximately 20%
of cases. These patients are effectively managed with dietary
restriction in saturated fats and cholesterol and by drugs that
lower LDL-C levels (i.e., statins, bile acid sequestrants, niacin,
and ezetimibe).

Atherogenic Dyslipidemia
Atherogenic dyslipidemia is found in about 25% of patients
who have a lipid disorder. It is characterized by a moderate
TG elevation (150 to 500 mg/dL; indicative of the increased
presence of VLDL remnant particles), a low HDL-C level
(<40 mg/dL); and a moderately high LDL-C level (including
increased concentrations of small-dense LDL particles). Most
commonly, these patients are either overweight or obese with
increased waist circumference, hypertensive, and insulin resis-
tant with or without diabetes and are said to have the metabolic
syndrome.

Patients who are obese or have diabetes have an increased
mobilization of fatty acids from adipose cells to the systemic
circulation, which leads to increased TG synthesis and secre-
tion of VLDL particles by the liver. Often these particles con-
tain apolipoprotein C-III, which interferes with the action of
lipoprotein lipase, thus retarding lipolysis of TG from VLDL
particles. This results in the formation of TG-rich VLDL rem-
nant particles. TG from these particles is exchanged with
cholesterol esters from HDL under the influence of CETP,
which means the VLDL remnant particles become enriched
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Table 12-2 Characteristics of Common Lipid Disorders

Disorder Metabolic Defect Lipid Effect Main Lipid Parameter Diagnostic Features

Polygenic hypercholesterolemia ↓LDL clearance ↑LDL-C LDL-C: 130–250 mg/dL
TG: 150–500 mg/dL

None distinctive

Atherogenic dyslipidemia ↑VLDL secretion,
↑C-III synthesis

↓LPL activity
↓VLDL removal

↑TG
↑Remnant

VLDL
↓HDL
↑Small, dense

LDL

HDL-C: <40 mg/dL Frequently accompanied by
central obesity or diabetes

Familial hypercholesterolemia
(heterozygous)

Dysfunctional or absent LDL
receptors

↑LDL-C LDL-C: 250–450 mg/dL Family history of CHD, tendon
xanthomas

Familial defective apoB-100 Defective ApoB on LDL and
VLDL

↑LDL-C LDL-C: 250–450 mg/dL Family history of CHD, tendon
xanthomas

Dysbetalipoproteinemia (type III
hyperlipidemia)

ApoE2:E2 phenotype,
↓VLDL remnant clearance

↑Remnant
VLDL, ↑IDL

LDL-C: 300–600 mg/dL
TGs: 400–800 mg/dL

Palmar xanthomas,
tuberoeruptive xanthomas

Familial combined hyperlipidemia ↑ApoB and VLDL production ↑CH, TG, or
both

LDL-C: 250–350 mg/dL
TGs: 200–800 mg/dL

Family history, CHD
Family history, Hyperlipidemia

Familial hyperapobetalipoproteinemia ↑ApoB production ↑ApoB ApoB: >125 mg/dL None distinctive
Hypoalphalipoproteinemia ↑HDL catabolism ↓HDL-C HDL-C: <40 mg/dL None distinctive

ApoB, apolipoprotein B; ApoE, apolipoprotein E; CH, cholesterol; CHD, coronary heart disease; IDL, intermediate-density lipoprotein; LDL, low-density lipoprotein; LDL-C,
low-density lipoprotein cholesterol; TGs, triglycerides; VLDL, very-low-density lipoprotein.

with cholesterol whereas HDL particles lose cholesterol (and
gain TG) (Fig. 12-3). TG is also exchanged from VLDL rem-
nant particles with cholesterol esters from LDL particles. Thus,
VLDL remnants become even more cholesterol enriched and
LDL becomes TG enriched. The cholesterol-enriched, small
VLDL remnant particle is atherogenic. TG-rich LDL and HDL
particles undergo lipolysis catalyzed by hepatic lipase to re-
move TG, leaving small, cholesterol ester-deficient LDL par-
ticles (called small dense LDL) that are highly atherogenic and
a reduction in HDL-C from the loss of apolipoprotein A-I by
the kidneys.9

Patients with atherogenic dyslipidemia can often be effec-
tively managed with weight reduction and increased physical
activity. If needed, drugs that enhance the removal of remnant
VLDL and small dense LDL particles (i.e., statins) and that
lower TG levels (i.e., niacin or fibrates) are effective in the
management of these cases.

Familial Hypercholesterolemia
Familial hypercholesterolemia (FH) is the classic lipid disor-
der of defective clearance. This autosomal dominant disorder
is strongly associated with premature CHD.10,11 Heterozygotes
(1 of 500 people in the United States) of this disorder inherit
one defective LDL receptor gene. Consequently, these persons
possess approximately half the number of functioning LDL
receptors and double the LDL-C level of unaffected patients
(i.e., LDL-C of 250 to 450 mg/dL).12,13 Clinically, heterozy-
gous FH patients may deposit cholesterol in the iris, leading
to arcus senilis. Cholesterol also deposits in tendons, particu-
larly the Achilles’ tendon and extensor tendons of the hands,
leading to tendon xanthomas. The clinical diagnosis of FH is
established by documenting a very high LDL-C level, a strong
family history of premature CHD events, and the presence of
tendon xanthomas. Untreated heterozygous FH patients have
approximately a 5% chance of a myocardial infarction (MI) by

age 30, a 50% chance by age 50, and an 85% chance by age
60. The mean age of death in untreated male heterozygotes is
in the mid 50s; for untreated female heterozygotes, it is in the
mid 60s.14

Homozygotes (1 of 1,000,000 people in the United States)
for this disorder inherit a defective LDL receptor gene from
both parents and generally have LDL-C levels >500 mg/dL.
This rare disorder results in CHD by age 10 to 20 years.
Because these individuals have lost the ability to clear
cholesterol-carrying lipoproteins from the circulation, aphere-
sis (analogous to dialysis for the kidney patient) is required to
help remove these atherogenic particles.

Familial defective apolipoprotein B-100 (FDB) is a genetic
disorder clinically indistinguishable from heterozygous FH.
These patients have normally functioning LDL receptors, but a
defective apolipoprotein B-100, which results in reduced bind-
ing to LDL receptors and reduced clearance of LDL particles
from the systemic circulation.15,16 As with FH, LDL-C levels
are 250 to 450 mg/dL.15,17,18 Presumably, the apolipoprotein
E and half of the apolipoprotein B in heterozygous FDB pa-
tients function normally, providing mechanisms for removal of
these lipoproteins from the systemic circulation. Clinical di-
agnosis of FDB, as FH, is based on a very high LDL-C level, a
family history of premature CHD, and tendon xanthomas. The
definitive diagnosis requires molecular screening techniques.

Familial Dysbetalipoproteinemia
Familial dysbetalipoproteinemia (also called type III hyper-
lipidemia and remnant disease) is caused by poor clear-
ance of VLDL and chylomicron particles from the systemic
circulation.19 Apolipoprotein E is necessary for the normal
clearance of these particles. It is inherited as an E2, E3, or
E4 isoform from each parent. The E2 isoform has a low bind-
ing affinity for the LDL receptor. Thus, individuals with an
apolipoprotein E2:E2 phenotype have delayed clearance of
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VLDL remnant (and possibly chylomicron) particles from the
circulation and a reduced conversion of IDL to LDL parti-
cles. A lipid disorder, however, usually does not result unless
triggered by other metabolic problems (e.g., diabetes, hypothy-
roidism, or obesity). Clinically, these patients have high choles-
terol (owing to an enrichment of cholesterol esters in VLDL
remnant particles), high TG (usually in the range of 400 to
800 mg/dL), and a VLDL-C:TG ratio >0.3.20 Some patients
have palmar xanthomas (yellow-orange discoloration in the
creases of the palms and fingers) and tuberoeruptive xanthomas
(small, raised lesions in areas of pressure, particularly the el-
bows and knees). A personal and family history of prema-
ture atherosclerotic vascular disease often is present. As noted
above, these patients often have diabetes mellitus, hyperten-
sion, obesity, and hyperuricemia.

Familial Combined Hyperlipidemia
Familial combined hyperlipidemia (FCHL) is the classic ex-
ample of a dyslipidemia caused by increased production of
lipoproteins. For reasons that are not clear, patients with FCHL
overproduce apolipoprotein B-containing particles, VLDL,
and LDL.21–23 Many patients have an elevated apolipoprotein
B-100 level.24 As the name implies, patients with this disorder
may have hypercholesterolemia (usually in the range of 250
to 350 mg/dL), or hypertriglyceridemia (usually between 200
and 800 mg/dL) or a combination of both (usually with a low
HDL-C level). First-degree relatives of these individuals fre-
quently have a lipid disorder. A family history of premature
CHD is often present as well. Patients with FCHL commonly
are overweight and hypertensive and also may have diabetes or
hyperuricemia. A diagnosis of FCHL is presumed in patients
who have increased cholesterol or TG levels, a strong family
history of premature CHD, and a family history of dyslipi-
demia.

Familial Hyperapobetalipoproteinemia
Familial hyperapobetalipoproteinemia is a variant of FCHL.
This disorder is characterized by increased hepatic pro-
duction of apolipoprotein B in the absence of other lipid
abnormalities.25 These patients have acceptable LDL-C and
TG levels and a family history of CHD. Their apolipoprotein
B-100 concentration is usually >125 mg/dL, indicating an in-
crease in the number of cholesterol-carrying lipoprotein parti-
cles. It is likely that FCHL and hyperapobetalipoproteinemia
are related disorders, both resulting from excessive secretion
of apolipoprotein B-100 containing lipoproteins.26

Hypoalphalipoproteinemia
Low HDL-C (<40 mg/dL; hypoalphalipoproteinemia) without
an increase in TG level is fairly uncommon, but is associated
with increased CHD risk.27,28 Little, however, is known about
the precise molecular defect causing this problem, although
genetic influences undoubtedly are involved.29 Recently, Tang-
ier disease, which is characterized by low HDL-C, orange ton-
sils, and hepatosplenomegaly, has been linked to a defect in the
ABCA-1 transporter responsible for the efflux of cholesterol
from peripheral cells. The inherited tendency to have low HDL-
C is accentuated by lifestyle factors such as obesity, smoking,
and lack of exercise. Despite strong epidemiologic evidence
showing an inverse relationship between HDL-C and CHD,
clinical trials demonstrating a benefit of raising isolated low

HDL-C with drugs are lacking. What has been shown is that
lowering LDL-C in patients with low HDL-C reduces CHD
risk.30 It is anticipated that therapies to raise HDL-C will be-
come available and can be tested to see if they reduce CHD
risk also.

Rationale for Treating Dyslipidemia
Scientific data from animal studies, genetic studies, epidemi-
ologic studies, and clinical trials support the link between
cholesterol, atherosclerosis, and CHD. This collective body of
knowledge resoundingly supports a critical role for cholesterol
in the pathogenesis of atherosclerosis. Even more important,
in clinical trials the lowering of blood cholesterol levels has
been consistently associated with reduced CHD, whether the
blood cholesterol was reduced by drug, diet, or surgical means.
Even the most vigorous cholesterol-lowering approach does
not result in the complete amelioration of CHD, however, sug-
gesting that other causes are in play. Some of the significant
literature on the pathogenesis of atherosclerosis and clinical
trials establishing the link between blood cholesterol and CHD
is summarized below.

Pathogenesis of Atherosclerosis
Circulating cholesterol has a central role in the pathogene-
sis of atherosclerosis. Even the name atherosclerosis depicts
this (from the Latin athero [“porridge-like”] and sclerosis
[“fibrous-like”]. Atherosclerotic lesions begin with the accu-
mulation of cholesterol from LDL and VLDL remnant particles
in the intimal space (Fig. 12-4). The reason this occurs is un-
known, but in some way it appears directly related to the level
of circulating cholesterol and the provocation by risk factors
such as hypertension, smoking, diabetes, stress, and genetic
predisposition. An important finding is that native LDL per
se does not contribute to the development of atherosclerosis;

LDL
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FIGURE 12-4 Some of the steps involved in the development
of the fatty streak. LDL, low-density lipoprotein.
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instead, LDL must be modified (e.g., oxidized) before it be-
comes a factor in causing atherosclerosis.

Soon after taking up residence in the subendothelial space,
LDL is modified primarily by oxidation. Simultaneously,
monocyte adhesion molecules are released from endothelial
cells on the surface of the lumen.31,32 They cause circulating
monocytes to attach to the intact endothelial surface, and then
chemoattractants cause these monocytes to squeeze between
endothelial cells into the intima (Fig. 12-4).33

Once recruited, the monocytes are converted to activated
macrophage cells, which begin to ingest modified LDL and
remnant VLDL particles. These modified particles are taken
up by special scavenger or acetyl-LDL receptors on the sur-
face of macrophage cells.34 Modified LDL serves as another
chemoattractant for circulating monocytes, thus causing more
monocytes from the systemic circulation to take up residence in
the intima. It also inhibits the mobility of resident macrophage
cells (blocking the egress of these cells from the intima);
macrophage cells become a cytotoxic agent (causing damage
to the endothelium).31 As the uptake of modified LDL into
macrophage cells continues, the cells become laden with lipid,
grow in size, and eventually become foam cells (Fig. 12-4 and
Fig. 12-5).

Early in the process, the monocellular layer surrounding the
lumen (the endothelium) becomes dysfunctional. Notably, the
release of nitric oxide from these cells is impaired, which re-
sults in vasoconstriction and ischemic symptoms. Regulation
of blood cholesterol levels and management of other risk fac-

tors restore endothelial function, nitrous oxide release, and the
vasodilatory response.

The accumulation of foam cells in the intimal space be-
low the endothelium eventually results in a raised lesion, the
fatty streak, which is widely recognized as the precursor to
atherosclerosis. Fatty streaks transform the once smooth en-
dothelial surface of the artery into a lumpy, uneven surface. As
this process continues, an atherosclerotic plaque is formed. In
the initial stages, this plaque is characterized by a large lipid
core made up of macrophage (foam) cells filled with choles-
terol along the surface and at the shoulders of the lesion (Fig.
12-5).

During plaque growth, a number of cells (including
macrophages, endothelial cells, platelets, and smooth muscle
cells) secrete chemoattractant and growth factors, which cause
smooth muscle cells from the media to migrate upward and
proliferate near the luminal surface.35 Collagen synthesis is
increased. This leads to conversion of atherosclerotic lesions
that initially are weak and unstable (because they contain a
large lipid core surrounded by a thin fibrous cap) to become
strong and hard (because they contain a small inner lipid core
and much collagen, and matrix). At any given time, atheroscle-
rosis at various stages of development can be found all along
the arterial tree in susceptible patients (Fig. 12-4).

As atherosclerotic lesions grow, the coronary artery remod-
els. Lesions initially grow away from the lumen toward the
media, thus preserving the luminal opening and ensuring nor-
mal blood flow. Late in the growth of the lesion, however, the

FIGURE 12-5 Initiation, progression, and complication of human coronary atherosclerotic
plaque.
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luminal space is invaded and becomes progressively narrowed
as the atherosclerotic lesion grows.

Similar to the stages of development, atherosclerotic lesions
exist along a continuum from vulnerable lesions that can rup-
ture and cause a thrombosis to older, rigid lesions that will not
rupture. The younger lesions occupy only the intimal space,
whereas the older lesions may protrude into the luminal space.
In examining the coronary angiogram of a patient, evidence
of stenosis (narrowing of the lumen) indicates the presence
of older, more advanced lesions. When these lesions are seen,
other lesions distal to the narrowing are likely to be present.
They are younger and more susceptible to erosion or rupture,
which can cause a thrombosis. In fact, the culprit lesion that
results in an MI is usually not at the site of the greatest stenosis,
but distal to it.36

A number of processes cause younger lesions to become
unstable; most of these are a part of an active inflammatory pro-
cess. The uptake of cholesterol by activated macrophage cells
is one of these processes. Chemoattractants, such as mono-
cyte chemoattractant protein-1 (MCP-1), adhesion molecules,
and a family of T-cell substances, participate in the migration
of monocytes into the intima. Macrophage colony-stimulating
factor (M-CSF) contributes to the differentiation of blood
monocytes into macrophage cells. T cells elaborate inflamma-
tory cytokines that stimulate macrophages, endothelial cells,
and smooth muscle cells. Activated macrophage cells produce
proteolytic enzymes that degrade collagen and weaken the fi-
brous cap.37 The release of metalloproteinase enzymes causes
the destruction of connective tissue and renders the atheroscle-
rotic lesion vulnerable to rupture. Apoptosis (cell death) of
smooth muscle cells in the shoulders of the atherosclerotic cap
further weakens the lesion.38–43 These processes increase the
chance that the atherosclerotic lesion will rupture or erode,
especially at the shoulders of the lesion, and expose the under-
lying tissue to circulating blood elements.44 With this exposure,
platelets may adhere and microthrombi may form. The resul-
tant clot can occlude blood flow entirely, causing an MI. More
commonly, only partial occlusion of blood flow occurs, caus-
ing transient ischemic symptoms and unstable angina. The clot
creates a barrier between the underlying tissue and circulating
blood and allows healing to take place. Subsequently, as the
atherosclerotic plaque grows further and again ruptures, a new
clot can form to mend the lesion. This process of fissuring and
rehealing appears to lead to the more complicated lesions of
atherosclerosis.

In summary, the atherosclerotic lesions that result in sud-
den death or a nonfatal MI are not the large lesions that have
formed over months and years and that appear prominently on
a patient’s coronary angiogram. Rather, they are the smaller,
less stable lesions that have a large lipid core and a thin fi-
brous cap.45 When shear forces, elevated blood pressure, or
other toxic processes in the artery cause these plaques to fis-
sure, erode, or rupture, a thrombosis can develop, leading to
the occlusion of the affected vessel and a clinical event.

Epidemiologic Studies
Over the past three decades, epidemiologic studies have estab-
lished a direct relationship between blood cholesterol concen-
trations in a population and the incidence of CHD events.46–48

For every 1% increase in blood cholesterol levels, a 1% to 2%

increase exists in the incidence of CHD. HDL-C has an inverse
relationship with CHD. For every 1% decrease in HDL-C lev-
els, a 1% to 2% increase in the risk of CHD events occurs.49

Other epidemiologic trials have demonstrated the influence
of environmental versus genetic factors on cholesterol levels
and CHD incidence. One of the most revealing studies comes
from the Honolulu Heart Study, which reported that Japanese
individuals who had very low cholesterol levels and a low CHD
death rate experienced a rise in cholesterol levels as well as the
incidence of CHD when they migrated to Hawaii and sub-
sequently to the west coast of the United States.50 Similarly,
Mexicans who live close to the U.S. border have cholesterol
levels and a CHD incidence that is similar to those of U.S.
residents, whereas those living in the southern part of Mexico
have a lower cholesterol level and a lower incidence of CHD.

Gender differences have been the focus of other epidemi-
ologic studies. Before menopause, the incidence of CHD in
women is low,51,52 but after menopause the rate of CHD
in women parallels that of men. In fact, the prevalence of CHD
in women is ultimately similar to that in men; it is just displaced
by about 10 years.48,53 Whereas men begin to experience CHD
events in their 50s and 60s, women experience it in their 60s and
70s. Eventually, CHD causes nearly as many deaths in women
as it does in men.54 In fact, CHD is the cause of more deaths
in women than all forms of cancer combined, including cancer
of the breast, ovary, and cervix. Furthermore, the presence of
diabetes in a woman with dyslipidemia negates whatever pro-
tection she may have had before menopause and is associated
with a very high incidence of CHD events.55,56 Conversely,
a high HDL-C level may offer women more protection from
CHD than a similar level offers a man.49

Finally, epidemiologic trials have taught us lessons about the
influence of age on blood cholesterol levels and CHD. A direct
relationship exists between blood cholesterol and CHD at all
ages, to at least the mid 80s.57 Because CHD risk increases
with age, most CHD events occur among the elderly. In fact,
CHD is the most common cause of death among the elderly.58

Intravascular ultrasound studies that examine the inner walls
of coronary arteries demonstrate that practically all patients
older than 70 years have advanced and prevalent atheroscle-
rotic disease. The relative risk of CHD is nearly twofold greater
in elderly patients with elevated cholesterol levels compared
with those with normal levels, but this risk level is less than
that found in younger populations with similar cholesterol lev-
els. The absolute rate of CHD deaths attributable to high blood
cholesterol, however, increases in the elderly compared with
younger patients.58,59 An elevated blood cholesterol level con-
tributes to more cases of CHD in the older patient population
than in the younger, which is partly because of the sheer num-
ber of elderly people affected by the disease. Some authorities
see age as a marker for plaque burden, suggesting that one way
to identify patients with a high CHD risk is to use age as a
surrogate for the presence of coronary artery plaque. Because
CHD is so prevalent in the elderly, it has been estimated that
a mere 1% decline in mortality rates from CHD in the elderly
would translate into 4,300 fewer deaths per year in the United
States.60 As demonstrated below, cholesterol-lowering treat-
ments that target this population result in a substantial reduc-
tion in CHD, underscoring the importance of age in forecasting
a high risk of future CHD events.



DYSLIPIDEMIAS, ATHEROSCLEROSIS, AND CORONARY HEART DISEASE � 12-11

Clinical Trials
ANGIOGRAPHIC REGRESSION TRIALS
Based on animal, epidemiologic, and genetic studies, the

direct relationship between blood cholesterol levels and CHD
events was established. The critical hypothesis that remained
to be proven before cholesterol-lowering therapies could be
widely recommended was that lowering blood cholesterol lev-
els would reduce CHD risk. The proof for this hypothesis was
ultimately demonstrated in clinical trials. The initial test of this
hypothesis involved angiographic trials that sought to demon-
strate that by lowering blood cholesterol levels, coronary steno-
sis visualized on coronary angiography would regress.61–78

Much to the surprise of investigators, this did not occur. In fact,
more commonly, cholesterol lowering seemed only to slow le-
sion progression.

Despite these disappointing results, angiographic trials
taught many important lessons. They demonstrated that ag-
gressive lipid lowering caused lesions to progress at a slower
rate regardless of the vascular bed under study, including coro-
nary,62–70,73,74,76–78 carotid,71,72,75 and femoral arteries.67,75

They established that this effect was achieved regardless of
the lipid-lowering therapy deployed: diet and other lifestyle
modification,64 lipid-lowering drugs,7,30,38–43,62,63,66,69–77 or
ileal bypass surgery.61 They also suggested that the more
aggressive the lipid lowering, especially if it resulted in
>60% reduction in LDL-C, the greater the chance of plaque
regression.79,80

The reason early angiographic studies failed to demonstrate
lesion regression was not because this process did not occur,
but because the methodology could not detect it. Angiograms
outline the lesion from the outside of the coronary artery. Be-
cause atherosclerotic lesions initially remodel outward away
from the lumen, as explained above, the lumen would appear
normal until the late stage of atherosclerosis plaque develop-
ment. Thus, lesions that were visible on a coronary angiogram
were the older, more rigid lesions that were less likely to change
with lipid-lowering therapy. Younger lesions, which were not
visualized in a coronary angiogram, may well have regressed,
however. Recent investigations of the contour of the inner lin-
ing of the lumen using intravascular ultrasound report that lipid
lowering does cause widespread plaque regression without any
change in lumen size.81

Angiographic studies were the first to suggest that lipid-
modifying therapy could alter the composition of plaque. As
summarized earlier, plaques are initially characterized by a
large lipid core and a thin fibrous cap; these lesions are
more susceptible to rupture.32,44 Additionally, these lesions
are small, usually <50% the size of the lumen diameter.
Angiographic studies revealed that the lesions that caused
MI were not the large ones that caused substantial stenosis,
but the smaller lesions. Subsequently, pathology studies per-
formed during autopsies on patients who had died following
MI showed that these smaller lesions were lipid laden and had
thin fibrous caps.

Although angiographic trials were primarily designed to
study coronary angiograms, they reported fewer CHD events
in treated patients. Most of these observations did not reach
statistical significance because of the small numbers of patients
in the study and the relatively short (1 to 3 years) duration of
observation. When these studies were combined, the message

was clear, however: cholesterol lowering was associated with
fewer CHD events.45 These results set the stage for the larger
clinical trials.

CHOLESTEROL-LOWERING CLINICAL TRIALS
Proof of whether LDL-C lowering reduces CHD events has

been demonstrated by well-designed, large, placebo-controlled
clinical trials. Since the early 1990s, the results of a dozen or
more major clinical trials have conclusively demonstrated the
value of lipid-modifying therapy to prevent CHD events (Table
12-3).

The first of these, the Lipid Research Clinics Coronary Pri-
mary Prevention Trial,82 showed that a relatively modest 10%
reduction in cholesterol levels with the bile acid sequestrant
cholestyramine compared with placebo over a 5-year period
reduced CHD deaths and nonfatal MI by an impressive 19%.
The results of this study launched the modern era of cholesterol
management to reduce CHD risk.

Secondary Prevention
Beginning in the mid 1990s, the results of clinical trials with
the more potent cholesterol-lowering statins were reported.
Five of these (4S,83 CARE,84 LIPID,90 TNT,85 and IDEAL86)
were secondary prevention trials (i.e., they were conducted in
patients with known CHD). In 4S, CARE, and LIPID, CHD
death and nonfatal MI occurred in 13% to 22% of placebo-
treated patients over 5 years, compared with event rates of
10% to 14% with statin therapy. Total mortality was reduced
significantly in two of these trials. Fewer revascularization pro-
cedures were required in patients receiving statin therapy; also
31% fewer strokes occurred.87 This important and unexpected
finding suggests that the same mechanisms by which statins
affect coronary atherosclerosis may be operable in extracra-
nial carotid atherosclerosis. It also demonstrates that patients
who have atherosclerosis in one vascular bed (e.g., the coro-
nary vessels) are likely to have atherosclerosis in other vascular
beds, and that cholesterol-lowering treatment can have benefi-
cial effects throughout the vascular tree. Finally, these studies
demonstrate that LDL-C–lowering therapy not only improves
the quality of life (by preventing MI, strokes, and revascu-
larization procedures), but can also prolong life (by delaying
deaths from any cause). Most recently, the TNT and IDEAL tri-
als demonstrated additional cardiovascular benefit for lowering
LDL-C substantially <100 mg/dL in patients with stable CHD.
These two trials randomized patients to either high-dose (ator-
vastatin 80 mg) statin therapy or moderate-dose (atorvastatin
10 mg or simvastatin 20 mg) statin therapy with an approxi-
mate follow-up period of 5 years. In both trials, more intensive
lowering of LDL-C significantly <100 mg/dL was associated
with a reduction in CHD. The results of these two trials allowed
the Writing Group for the cholesterol guidelines (see below)
to lower the target goal of LDL-C in patients with CHD to <70
mg/dL.88,89

Likewise, the Heart Protection Study (HPS)91 extended the
results of the earlier statin trials (4S,83 CARE,84 LIPID90).
The HPS included 20,536 patients with a history of CHD or
cerebrovascular disease (stroke or transient ischemic attacks),
peripheral vascular disease, or diabetes not considered by their
general practitioner to have a clear indication for statin ther-
apy because of relatively low baseline cholesterol levels (mean
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Table 12-3 Randomized Endpoint Trials With Cholesterol-Lowering Therapies

CHD Event
Trial Intervention LDL-C: Initial (On Rx) LDL-C Changes %) Placebo CHD Rate (%) a Reduction (%)

CHD and CHD Risk Equivalent Patients

4S83 Simvastatin 20–40 mg 188 (117) ↓35 21.8 ↓34
LIPID90 Pravastatin 40 mg 150 (112) ↓25 15.9 ↓24
CARE84 Pravastatin 40 mg 139 (98) ↓32 13.2 ↓24
Post-CABG250 Lovastatin/Resin 136 (98) ↓39 13.5 ↓24
HPS91 Simvastatin 40 mg 131 (89) ↓32 11.8 ↓24
PROSPER249 Pravastatin 40 mg 147 (97) ↓34 12.7 ↓19
TNT85 Atorvastatin 80 mg

Atorvastatin 10 mg
152 (77)
152 (98)

↓49
↓35

—
—

↓22

IDEAL86 Atorvastatin 80 mg
Simvastatin 20 mg

121 (77)
121 (104)

↓33
↓14

—
—

↓20

ALLHAT99 Pravastatin 40 mg
Usual care

146 (105)
146 (130)

↓28
↓11

—
—

↓9

Acute Coronary Syndrome Patients

MIRACL93,94 Atorvastatin 80 mg 124 (72) ↓42 — ↓26b

AVERT95 Atorvastatin 80 mg 145 (77) ↓42 — ↓36b

PROVE IT96 Atorvastatin 80 mg
Pravastatin 40 mg

106 (62)
106 (95)

↓51
↓22

—
—

↓16

Patients Without Evidence of CHD

LRC-CPPT82 Resin 205 (175) ↓15 9.8 ↓19
WOSCOPS97 Pravastatin 40 mg 192 (142) ↓26 14.9 ↓31
Tex/AFCAPS100 Lovastatin 150 (115) ↓25 3.0 ↓40
ASCOT98 Atorvastatin 10 mg 132 (85) ↓31 4.7 ↓50c

CARDS105 Atorvastatin 10 mg 117 (77) ↓34 5.5 ↓37d

CHD, coronary heart disease; LDL-C, low density lipoprotein cholesterol; Rx, drug therapy.
aPlacebo CHD rate: nonfatal myocardial infarction and CHD death.
bIschemic events.
cEstimated 5-year CHD risk reduction.
d Acute coronary events.

LDL-C was 131 mg/dL). Of note, with the exception of the
patients with a history of CHD, this grouping of patients is
designated by the National Cholesterol Education Program’s
Adult Treatment Panel III (NCEP ATP-III) as being a “CHD
equivalent population” because their risk of a CHD event is
>20% in a 10-year period.92 Treatment with simvastatin ther-
apy for 5 years reduced LDL-C to 89 mg/dL and lowered the
future risk of a CHD event in each of these populations by
about 24% compared with placebo. By coincidence, the re-
sults of the HPS support the NCEP ATP-III recommendation
for aggressive management of cholesterol in patients at high-
risk for CHD events without established CHD. The CHD event
reduction was achieved equally in men and women; in all age
groups, including those ages 75 to 85 years; and regardless of
the baseline LDL-C, including those with initial levels <100
mg/dL.

Trials carried out in patients with acute coronary syndromes
have also demonstrated CHD risk reduction (Table 12-3). The
MIRACL study randomized patients presenting to the hospi-
tal with unstable angina or non–Q-wave MI to statin therapy
or placebo for 4 months. This resulted in a 24% reduction
in symptomatic ischemia requiring emergency hospitalization
and a 60% reduction in nonfatal strokes in those receiving the
statin.93,94 The AVERT study evaluated statin-based medical
management versus revascularization and usual medical care

in patients who had stable CAD and were candidates for a
revascularization procedure. After 18 months of therapy, the
statin-treated group had 36% fewer cases of ischemia requir-
ing hospitalization compared with placebo-treated patients.95

These studies show that intervention with a statin in patients
with acute coronary syndromes can have important effects on
ischemic symptoms in a relatively brief time after beginning
therapy. The CHD risk reductions reported in the 5-year clin-
ical trial were evident within the first 1 to 2 years of statin
therapy and were significantly different from placebo after
5 years of treatment. More recently, PROVE-IT96 was designed
to determine if intensive LDL-C lowering with atorvastatin
(80 mg) would reduce major coronary events to a greater extent
compared with less-intensive LDL-C lowering with pravastatin
(40 mg) in patients who had been hospitalized for an acute coro-
nary syndrome. Following 2 years of treatment, mean LDL-C
in patients randomized to atorvastatin (80 mg) and pravas-
tatin (40 mg) were 62 mg/dL and 95 mg/dL, respectively. The
composite cardiovascular endpoint (death from any cause, MI,
documented unstable angina requiring rehospitalization, revas-
cularization, and stroke) was significantly reduced by 16% with
atorvastatin compared with pravastatin. Both treatments were
well tolerated; however, elevations in alanine aminotransferase
were threefold higher in patients treated with atorvastatin com-
pared with pravastatin.
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Primary Prevention
Five trials with statin therapy have been reported in patients
without evident CHD (i.e., primary prevention) but with mul-
tiple CHD risk factors. WOSCOPS, which included men who
had two or more CHD risk factors, found that CHD events and
revascularization procedures were reduced by 31% and 37%,
respectively, in those receiving statin therapy for 5 years; total
mortality was reduced 22% (P <0.051).97 The ASCOT trial,
which included men and women with hypertension and an av-
erage of 3.7 other CHD risk factors, reported that CHD events
were reduced by 36% and strokes by 27% after only 3.3 years of
statin treatment.98 Similarly, the ALLHAT trial enrolled 10,355
hypertensive patients with moderately elevated hypercholes-
terolemia with at least one additional CHD risk factor and
randomized them to nonblinded treatment with pravastatin or
usual care for 4.8 years.99 The results, however, were in contrast
to those found in the ASCOT trial, likely because of the high
use of nonstudy statin in the usual-care group (30%) and only
a 77% adherence to pravastatin in the treatment group. This
likely resulted in the total cholesterol difference between the
two groups of only 9.6% and a nonsignifiant reduction in CHD
deaths and nonfatal MI of 9%. The TexCAPS/AFCAPS trial
was important because it included the lowest risk population,
with an estimated 10-year CHD risk of only 6%. Despite this
relatively low CHD risk, the composite endpoint (i.e., fatal and
nonfatal MI, sudden cardiac death, and unstable angina) was
reduced by 37%, fatal and nonfatal MI were reduced by 40%,
and unstable angina was reduced by 32%, with 5 years of statin
treatment.100 Significant reductions in CHD events were seen
in women, older patients, and diabetic patients, emphasizing
the value of treatment in these populations.

Lowering LDL-C by other means also reduces CHD
events.61 For example, LDL-C lowering with ileal bypass
surgery in the POSCH study resulted in a 40% reduction
of CHD events compared with the groups not having this
surgery.61 These studies suggest that effective LDL-C lowering
by any means can reduce CHD risk.

Taken together, the results of these trials demonstrate that
LDL-C lowering reduces the risk of a CHD event in patients at
practically any level of risk. In the aggregate, common CHD
events, including sudden CHD deaths and nonfatal MI, were
reduced by 25% to 40%. Revascularization procedures were
reduced by 25% to 50%. Strokes were reduced by an average
of 15% in primary prevention patients and 32% in secondary
prevention patients.87 In fact, essentially all known adverse
consequence of atherosclerosis has been reduced with lipid-
lowering therapy. In some of these studies, especially those in
patients at very high risk for CHD, total mortality was signif-
icantly reduced. These trials show that aggressive lipid low-
ering improves the quality as well as the length of life. In
addition, in patients with stable CHD and those having had an
acute coronary event, aggressive lowering of LDL-C to <70
mg/dL provides further protection from CHD events. The pro-
tective effects are illustrated by a plot of the relative risk of
CHD and LDL-C levels, which shows a log-linear relation-
ship (Fig. 12-6)89 which suggest the optimal level of LDL-
C is far below 70 mg/dL (the relative risk is set at 1.0 for
LDL-C = 40 mg/dL). This log-linear relationship is consistent
with epidemiologic data, clinical trials, and population data.101

Evidence from hunter-gatherer populations who still follow
their indigenous lifestyles show no evidence for atherosclero-
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FIGURE 12-6 Log-linear relationship between LDL-C levels and
relative risk for CHD. (Adapted from Grundy SM, et al. Coordinat-
ing Committee of the National Cholesterol Education Program. Impli-
cations of recent clinical trials for the National Cholesterol Education
Program Adult Treatment Panel III guidelines. Arterioscler Thromb Vasc
Biol 2004;24:e149–61, with permission.)

sis into the seventh and eighth decades of life and their esti-
mated LDL-C are approximately 50 to 75 mg/dL. The above
cumulative evidence has led the NCEP ATP III to define the
“optimal” LDL-C level as <100 mg/dL and a reasonable goal
of <70 mg/dL for all patients with CHD.88,89

Patients with Diabetes
Diabetic patients have a very high risk of macrovascular disease
(i.e., CHD) as well as microvascular disease (e.g., retinopa-
thy). Investigations have shown that diabetic patients with no
history of CHD have the same risk of a future CHD event
as do nondiabetic patients who have experienced an MI (ap-
proximately 20% risk in 7 years).102 Close management of
blood glucose levels appears to reduce microvascular disease,
but not CHD.103,104 Because of this, NCEP ATP III and the
American Diabetic Association (ADA) considered patients
with diabetes to be a CHD risk equivalent (>20% 10-year
CHD risk) and recommended that these patients be treated
with aggressive lipid-modifying therapy to an LDL-C goal of
<100 mg/dL.92 Findings from the above clinical trials demon-
strate that a reduction in CHD events with lipid-modifying
therapy is of a similar or greater magnitude in diabetic patients
compared with nondiabetic patients.90,105 This supports the
NCEP ATP III recommendation for aggressive management
of diabetic patients.92

Global CHD Risk Identification
The large number of clinical trials available illustrates the con-
tinuum of risk in patients with CHD (secondary prevention)
and those without (primary prevention). In fact, the CHD risk
in these two populations overlaps considerably. In secondary
prevention patients, atherosclerosis is known to be present and
the risk of a subsequent event is great. In primary preven-
tion patients with multiple risk factors, atherosclerosis is likely
present and that this increases the risk of a future CHD event.
In fact, some primary prevention patients have so many risk
factors that they reach the level of a “CHD risk equivalent”
as defined by the NCEP ATP III guidelines, denoting a >20%
CHD risk in 10 years.92 Others have only a few or no accompa-
nying CHD risk factors and have a low to moderate future risk
of a CHD event. Thus, the decision of how aggressively to treat
patients begins with an assessment of their global CHD risk.
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Table 12-4 NCEP ATP III Major Risk Factors That Modify
LDL-C Goals

Positive Risk Factors (↑Risk)

Age: Male ≥45 yr
Female: ≥55 yr
Family history of a premature CHD (definite MI or sudden death

before 55 yr in father or other male first-degree relative or before
65 yr in mother or other female first-degree relative)

Current cigarette smoking
Hypertension (≥140/90 mm Hg or on antihypertensive drugs)
Low HDL-C (<40 mg/dL)

Negative Risk Factor (↓Risk, protective)

High HDL-C (≥60 mg/dL)

Expert Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol in
Adults, 2001.92

Note: Presence of diabetes mellitus is considered a CHD risk equivalent (see Table
12-7). It is not included in counting the number of risk factors because its presence
automatically qualifies the patient for aggressive treatment whether or not true CHD
is manifest.
CHD, coronary heart disease; HDL-C, high-density lipoprotein cholesterol; MI, my-
ocardial infarction.

The first step is to identify patients who have two or more risk
factors and no CHD and CHD risk equivalent history (Table
12-4). The next step is to assess their global CHD risk with
an instrument such as that illustrated in Figure 12-7 from the
Framingham Heart Study.92 (It is not necessary to conduct a
global risk assessment of CHD patients, as their risk is known
to be >20% in 10 years.) Patients with a very high risk of
a future CHD event (e.g., diabetic patients and those with a
global risk of >20% in 10 years) can be considered a CHD
equivalent and given aggressive LDL-C–lowering treatment
with the same LDL-C goal as applied to patients who have
experienced a CHD event (i.e., an LDL-C treatment goal of
<100 mg/dL).106 Those with <20% risk of a CHD event in 10
years can be given lifestyle modification and drug therapy, if
needed, to reach an intermediate LDL-C goal (<130 mg/dL).

Table 12-5 Randomized Endpoint Trials With Triglyceride-Lowering Therapies

Trial Intervention Lipids: Initial (On Rx) Lipid Changes (%) Placebo CHD Rate (%) CHD Event Reduction (%)

HHS107 Gemfibrozil LDL-C: 189 (170 ↓10
TG: 178 (116) ↓35 4 ↓34
HDL-C: 47 (52) ↑11

VA-HIT226 Gemfibrozil LDL-C: 111 (113) 0
TG: 161 (115) ↓31 22 ↓22
HDL-C: 32 (34) ↑6

BIP110 Bezafibrate LDL-C: 148 (138) ↓7
TG: 145 (115) ↓21 15 ↓9.4

FIELD111 Fenofibrate
HDL-C: 35 (41)
LDL-C: 119 (94)
TG: 154 (130)
HDL-C: 42 (44)

↑18
↓6
↓22
↑1

6 ↓11

CDP112 Niacin TC: 250 (235)
TG: 480 (354)

↓10
↓26

30 ↓13

CHD, coronary heart disease; HDL, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; Rx, drug therapy; TG, triglyceride.

This approach of assessing a patient’s CHD risk and matching
the intensity of treatment is illustrated in the cases that follow.

TG-LOWERING CLINICAL TRIALS
Five clinical trials have tested TG-lowering therapies (fi-

brates and niacin) in randomized endpoint trials involving pa-
tients who generally had baseline TG levels of 150 to 500
mg/dL and HDL-C <40 mg/dL (Table 12-5). The Helsinki
Heart Study studied 4,081 men without CHD and found a
34% reduction in CHD death and nonfatal MI after 5 years of
gemfibrozil therapy compared with placebo.107 Post hoc anal-
ysis of this study showed that the group of patients with TG
>200 mg/dL and an LDL:HDL ratio >5.0 (generally with
LDL-C >194 mg/dL and HDL-C <40 mg/dL) accounted for
71% of the CHD reduction achieved in the entire study, al-
though the group represented only 10% of the total study
population108 (Table 12-5). The VA-HIT (HDL Intervention
Trial) studied 2,531 men with a history of CHD and low HDL-
C levels (mean HDL-C level, 32 mg/dL) and reported a 22%
reduction in CHD events with gemfibrozil therapy. The authors
reported that approximately 25% of this risk reduction resulted
from the 6% increase in HDL-C.109 The Bezafibrate Infarction
Prevention (BIP) trial studied CHD patients with a lipid profile
similar to the patients in the Tex/AFCAPS trial (high LDL-C,
low HDL-C, normal TG) and reported an insignificant 9% re-
duction in CHD events associated with an 18% increase in
HDL-C and a 21% reduction in TG.110 A post hoc analysis of
this trial found that patients who had TG levels of >175 and
200 mg/dL had significant CHD event reductions of 22% and
40%, respectively. The FIELD study investigated the effects of
fenofibrate versus placebo with an average follow-up of 5 years
on CHD events in patients with type 2 diabetes with a mean
baseline LDL-C, HDL-C, and triglyceride level of 119 mg/dL,
42 mg/dL, and 153 mg/dL, respectively.111 Similar to the BIP
trial, this trial failed to demonstrate a significant reduction in
major coronary events (11% reduction in risk; P = 0.16) in
patients randomized to fenofibrate. Because this trial allowed
changes in therapy at the discretion of the patient’s primary
care physician, significantly more patients receiving placebo
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(17%) compared with fenofibrate (8%) were taking nonstudy
lipid-lowering agents. This may have partially accounted for
the study results.

The current outcome evidence for fenofibrate and gemfi-
brozil (bezafibrate is not available in the United States) reason-
ably supports their use as second-line agents in type 2 diabetes
and secondary prevention with low HDL-C, respectively. In ad-
dition, post hoc analyses suggest that patients with atherogenic
dyslipidemia obtain CHD risk reduction with fibrate therapy.
The risk reduction may be similar to that achieved with statins,
although no head-to-head trials exist to refute or affirm this.
This presents a dilemma for the clinician: When presented with
a patient who has atherogenic dyslipidemia, which is the drug
of choice, a statin or fibrate? Some guidance to this question
will be provided during the case discussions that follow.

Only one placebo-controlled endpoint study is available for
niacin (Table 12-5). The study was completed in men who
had had a prior MI and mixed hyperlipidemia. After 5 years of
niacin therapy, the CHD event rate was reduced by 13%.112 Fif-
teen years after the start of the study, and 9 years after the study
was terminated, the investigators reported that total mortality
was 11% lower in the men in the niacin arm, suggesting that any
period of lipid-modifying treatment may translate into a long-
term benefit.112 Combination therapy with niacin plus a statin
has been studied in patients with CHD with low HDL-C and
normal LDL-C.113 Compared with a mean 3.9% progression
in coronary stenosis with placebo, niacin–simvastatin therapy
was associated with a mean regression of 0.4% (P <0.001).
The authors posited that event reduction with this combina-
tion should be equivalent to the sum of the LDL-C reduction
and the HDL-C increase. In the study, LDL-C was reduced by
42% and HDL-C was increased by 26%, and the composite
endpoint of death from coronary causes, MI, stroke, or revas-
cularization for worsening ischemia was reduced 60% with the
niacin–statin combination (P = 0.02).

Niacin has long been an intriguing drug to lipid specialists. It
is one of the few drugs that positively affects each component of
the lipid profile (LDL-C, TG, and HDL-C). It is the best therapy
available to raise HDL-C and one of the best at lowering TG.
It is logical to expect that these effects would translate into
substantial CHD risk reduction. It is especially interesting to
speculate on how these effects may combine to offer better risk
reduction, especially when combined with one of the statins.
This hypothesis is being evaluated in the ongoing AIM HIGH
study.

Mechanisms of CHD Risk Reduction
Given the consistent relationship between lowering blood
cholesterol and reducing CHD events, the question arises,
“what is the mechanism of this protection?” Scientists are offer-
ing many new and exciting answers to this question. At present,
it appears that the reduction in CHD with lipid-altering ther-
apy is mediated through, or at least tracked by, a reduction
in cholesterol levels. In addition to lowering blood choles-
terol levels, statins and other lipid-altering therapies produce
other, so-called pleiotropic, effects that may partly explain their
CHD-reducing capability.114

One way in which cholesterol lowering may reduce CHD
is by changing atherosclerotic plaque from “high risk” lesions
with a large lipid core, thin fibrous cap, and many cholesterol-

filled macrophage cells along the shoulders of the lesion to
“lower risk” lesions with a small lipid core and much connec-
tive tissue and smooth muscle matrix throughout. The lesion
does not appear to change much in size, or at least not in ways
that can be visualized on an arteriogram. The harder lesion cre-
ated with lipid lowering is much less likely to rupture or erode,
however, thus reducing the risk of forming an occluding clot
and producing CHD events.

Lipid lowering may also affect endothelial function. Ev-
idence indicates that high LDL-C levels cause “endothelial
dysfunction,” as evidenced by a lowered ability of coronary ar-
teries to dilate. Cholesterol lowering by practically any means
restores endothelial function. Many studies have demonstrated
improvement in brachial artery reactivity and coronary artery
dilation when cholesterol levels are reduced.115–120 Positron
emission tomography (PET) scans demonstrate improved
blood flow and reduced areas of ischemia throughout the
myocardium in patients receiving lipid-altering therapy.117,118

These effects may have important clinical benefits. In patients
with CAD, cholesterol lowering reduces the number of ST-
segment depressions recorded during a 48-hour electrocardio-
gram (ECG) Holter monitor study.121,122 Therapy with a statin
can also reduce ischemic events requiring acute management,
a potential effect of restored endothelial function.95

Cholesterol lowering might also combat the inflammation
that accompanies atherogenesis. Early in the development of
plaques, monocyte-derived macrophages are recruited to en-
gulf modified LDL particles, and in every stage of the disease,
specific subtypes of T lymphocytes are present.36,42 At vari-
ous stages, cytokines, chemokines, and growth factors are re-
leased. Inflammatory processes may be especially active just
before or after the plaque ruptures. Several investigators have
attempted to identify markers of inflammation that may signal
an increased risk of a CHD event. One promising marker is
high-sensitivity C-reactive protein (hs-CRP). An elevated hs-
CRP level predicts a high risk of future CHD events and appears
to add to the risk predicted by LDL-C alone.123 A subanalysis
of the CARE trial reported that high levels of hs-CRP fore-
cast CHD risk in patients on placebo, but this was attenuated
and nonsignificant in patients assigned to pravastatin, suggest-
ing that statin treatment has an anti-inflammatory effect.124

The American Heart Association (AHA) has recently recom-
mended that measurement of the hs-CRP level be considered
in a patient with two or more risk factors as a way to further
characterize the patient’s future CHD risk.125

Cost-Effectiveness
Several cost-effectiveness analyses of lipid-lowering therapies
have been conducted.126–129 One variable used in these anal-
yses is the cost per years of life saved (YOLS). Analyses of
other prophylactic measures to reduce CHD risk, such as the
use of aspirin in patients after MI and the treatment of mild
hypertension with antihypertensive drugs, indicate that it costs
up to $50,000 per YOLS to treat these patients. Our society has
accepted this level of expenditure as cost-effective. Analyses of
cholesterol-lowering treatment in clinical trials have found that
drug treatment of high-risk patients for secondary prevention
costs approximately $12,000 per YOLS, whereas treatment of
high-risk patients for primary prevention costs approximately
$25,000 per YOLS. In the 4S study, the cost saved in reduced
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hospital days by treatment was so great that simvastatin was
estimated to cost only $0.28 per day (an 88% savings).130 In
another analysis of the cost of treating patients to their NCEP
goal in an office setting, atorvastatin was found to cost the
least, approximately $1,064 per year, in combined expenses
for drugs, office visits, and laboratory monitoring.131 These
analyses support aggressive (i.e., drug and lifestyle) treatment
of CHD and high-risk patients with lipid-lowering therapy.

HYPERCHOLESTEROLEMIA
Evaluation of the Lipoprotein Profile

1. T.A., a 43-year-old premenopausal woman, is screened with
a lipid profile during an annual medical evaluation. She has never
taken cholesterol-lowering medication and currently takes only a
multivitamin daily. She has had no symptoms of coronary, carotid,
or peripheral vascular disease. She has a 20-pack/year history of
smoking and exercises four times a week, without physical limi-
tations. T.A. states that she follows a low-fat, low-cholesterol diet.
Her father is alive and well at age 71, with a normal cholesterol
level. Her mother had an MI at age 47 and died at age 57 from
a second event. Her grandfather died of an MI at age 52; a sis-
ter has hypercholesterolemia and is taking simvastatin. Pertinent
physical findings are weight, 125 lb; height, 63 in; blood pressure
(BP), 120/82 mm Hg; pulse, 66 beats/min and regular; carotid
pulses symmetric bilaterally without bruits; no neck masses; no
abdominal bruit; and no evidence of tendon xanthomas. Perti-
nent laboratory findings, obtained after a 12-hour fast, show to-
tal cholesterol, 290 mg/dL; TG, 55 mg/dL; HDL-C, 55 mg/dL;
LDL-C, 224 mg/dL; non-HDL-C, 235; plasma glucose, 96 mg/dL
(normal, 60 to 115); thyroid-stimulating hormone (TSH), 0.92
IU/mL (normal, 0.4 to 6.2); alanine aminotransferase (ALT), 11
U/L (normal, 6 to 34); aspartate aminotransferase (AST), 8 U/L
(normal, 9 to 34); blood urea nitrogen (BUN), 12 mg/dL (normal,
4 to 24); creatinine, 1.0 mg/dL (normal, 0.4 to 1.1); and a negative
urinalysis. What is your assessment T.A.’s lipid panel results?

[SI units: total cholesterol, 7.5 mmol/L; TG, 0.62 mmol/L; HDL-C, 1.42

mmol/L; LDL-C, 5.79 mmol/L; glucose, 5.33 mmol/L; TSH, <100 units;

ALT, 0.18 μkat/L; AST, 0.13 μkat/L; BUN, 4.28 mmol/L urea; creatinine,

88.4 μmol/L]

T.A.’s LDL-C is considered “very high” (>190 mg/dl);
NCEP defines the optimal LDL-C as<100 mg/dL.92 Her HDL-
C is right at the average HDL-C for a woman and her TG is
normal (<150 mg/dL) (Table 12-6). In most cases, it is wise
to repeat the lipid profile to be sure the first results are not
atypical. However, T.A.’s LDL-C is so high a repeat test is not
likely to change the assessment. Thus, in this case, a second
test is optional.

While it is possible to measure LDL-C directly, it is common
for many laboratories to calculate LDL-C. Total cholesterol,
HDL-C, and TG are measured directly and then the following
formula (Friedwald equation) is applied to calculate LDL-C:

LDL-C = Total Cholesterol − (HDL-C + VLDL-C)

Because the ratio of cholesterol to TG in LDL is 1:5, VLDL-
C is estimated by dividing the total TG level by 5. Thus, the
formula is rewritten as:

LDL-C = Total Cholesterol − (HDL-C + TG/5)

Table 12-6 NCEP ATP III Classifications of Blood Lipids92

LDL-Cholesterol
<100 mg/dL Optimal
100–129 mg/dL Near optimal or above optimal
130–159 mg/dL Borderline high
160–189 mg/dL High
≥190 mg/dL Very high

Total Cholesterol
<200 mg/dL Desirable
200–239 mg/dL Borderline high
≥240 mg/dL High

HDL-Cholesterol
<40 mg/dL Low
≥60 mg/dL High

Triglycerides
<150 mg/dL Normal
150–199 mg/dL Borderline high
200–499 mg/dL High
>500 mg/dL Very high

HDL, high-density lipoprotein; LDL, low-density lipoprotein.

Applying the formula to T.A.’s lipid profile, the calculated
LDL-C is 224 mg/dL.

LDL-C = Total Cholesterol − (HDL-C + TG/5)
= 290 − (55 + 55/5)
= 224 mg/dL

If the TG level is >400 mg/dL, the formula for estimating
VLDL-C is not accurate and, therefore, LDL-C cannot be cal-
culated. An accurate LDL-C measurement also requires that
the patient fast for 10 to 12 hours. This provides sufficient
time for exogenous TG, carried by chylomicrons, to be cleared
from the systemic circulation (provided the patient does not
have hyperchylomicronemia). Most laboratories can measure
LDL-C directly and should be asked to do so when the TG is
>400 mg/dL or the patient has not fasted.

Non–HDL-C is calculated by the following formula:

Non-HDL-C = Total Cholesterol − HDL-C

For T.A.:

Non-HDC-C = 290 mg/dL − 55 mg/dL
= 235 mg/dL

Secondary Causes of High Blood Cholesterol

2. Is there any evidence that T.A.’s elevated LDL-C is sec-
ondary to other conditions or concurrent drug therapy?

As a routine, every new patient with hypercholesterolemia
should be evaluated for four things in the following order: (1)
secondary causes of the high cholesterol level, (2) familial
disorders, (3) presence of CHD and CHD equivalents, and (4)
CHD risk factors.

Conditions that can produce lipid abnormalities (i.e., sec-
ondary causes) include diabetes mellitus, hypothyroidism,
nephrotic syndrome, and obstructive liver disease. Selected
drugs can also produce lipid abnormalities (Table 12-7). When
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Table 12-7 Drug-Induced Hyperlipidemia

Effect on Plasma Lipids

Cholesterol (%) Triglycerides (%) HDL-C (%) Comments

Diuretics
Thiazides ↑5–7% initially

↑0–3% later
↑30–50 ↑1 Effects transient; monitor for long-term

effects
Loop No change No change ↓ to 15
Indapamide No change No change No change
Metolazone No change No change No change
Potassium-sparing No change No change No change

β-blockers
Nonselective
Selective
α-Blocking

No change
No change
No change or ↓

↑20—50
↑15–30
No change

↓10–15
↓5–10
No change

Selective β-blockers have greater effects
than nonselective; β-blockers with ISA
or α-blocking effects are lipid neutral

α-Agonists and antagonists (e.g.,
prazosin and clonidine)

↓0–10% ↓ 0–20 ↑0–15 In general, drugs that affect α-receptors
↓cholesterol and ↑HDL-C

ACE inhibitors No change No change No change
Calcium channel blockers No change No change No change

Oral contraceptives
α-Monophasics ↑5–20 ↑10–45 ↑15 to ↓15 Effects caused by reduced lipolytic activity

and/or ↑VLDL synthesis; mainly caused
by progestin component; estrogen alone
protective

α-Triphasics ↑10–15 ↑10–15 ↑5–10
Glucocorticoids ↑5–10 ↑15–20
Ethanol No change ↑up to 50 ↑ Marked elevations can occur in patients

who are hypertriglyceridemic
Isotretinoin ↑5–20 ↑50–60 ↓10–15 Changes may reverse 8 wk after stopping

drug
Cyclosporine ↑15–20 No change No change

ACE, angiotensin-converting enzyme; HDL-C, high-density lipoprotein cholesterol; ISA, intrinsic sympathomimetic activity.

one of these secondary causes is identified, it should be man-
aged first, as this may resolve the lipid abnormality.

In T.A.’s case, no secondary causes are evident. Her blood
glucose level does not indicate the presence of diabetes; her
TSH level does not indicate hypothyroidism; her ALT and AST
levels are within acceptable levels, suggesting normal liver
function; and her BUN, creatinine, and urinalysis are accept-
able, signifying normal renal function. She is not taking any
drugs that could have contributed to her cholesterol elevation.

Familial Forms of Hypercholesterolemia

3. Could T.A. have an inherited form of hyperlipidemia?

T.A.’s history is consistent with polygenic hypercholes-
terolemia, the form of hypercholesterolemia that affects 98% of
patients with hypercholesterolemia. As described previously,
polygenic hypercholesterolemia is suspected when the patient’s
LDL-C is 130 to 250 mg/dL and no evidence seen of tendon
xanthomas (Table 12-2). A family history of CHD is present
in approximately 18% of these patients and is a strong finding
in T.A.’s case. Polygenic hypercholesterolemia is caused by a
combination of nutritional and genetic factors that reduce the
clearance of LDL particles from the plasma. It is impossible
to determine which of these factors are causing hypercholes-
terolemia in a given patient by simply examining the lipopro-

tein profile. If the patient’s blood lipids normalize with a low-fat
diet, however, one can assume that the diet is a major etiologic
factor for that person. Conversely, if little or no change is seen
in blood cholesterol levels after dietary modification, genetics
likely significantly influences the patient’s elevated cholesterol.
In most cases, a relatively equal contribution is made by genetic
factors and environment on cholesterol elevations.

CHD and CHD Risk Equivalents

4. Does T.A. have evidence of CHD or a CHD risk equivalent?

A search for CHD starts with a good medical history of
symptomatic coronary artery disease, but is quickly followed
with a broader search for atherosclerotic disease in other artery
beds, including the arteries of the limbs and carotid arteries92

(Table 12-8). If detected in one site, atherosclerosis is likely
to be present in all or most vessels, and it is associated with a
five- to sevenfold higher risk of a major coronary event.132–134

The patient should be asked about a history of myocar-
dial ischemia (exercise-induced angina), prior MI (i.e., severe
angina with elevated cardiac creatine phosphokinase [CPK]
or characteristic ECG changes), history of revascularizations
(i.e., coronary artery bypass surgery, angioplasty with per-
cutaneous transluminal coronary angioplasty or stent place-
ment), or history of hospitalization due to unstable angina
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Table 12-8 NCEP APT III Definitions of CHD and CHD Risk
Equivalents92

Clinical CHD
Myocardial ischemia (angina)
Myocardial infarction
Coronary angioplasty and/or stent placement
Coronary bypass graft
Prior unstable angina

Carotid artery disease
Stroke history
Transient ischemic attack history
Carotid stenosis >50%

Peripheral arterial disease
Claudication
ABI >0.9

Abdominal aortic aneurysm

Diabetes mellitus

Estimated global CHD risk >20% in 10 years for any of the factors above.
ABI, ankle:brachial blood pressure index; CHD, coronary heart disease.

(see Table 12-8). The presence of any of these findings is asso-
ciated with a very high (>20%) risk of a CHD death or nonfatal
MI in the next 10 years; the risk approaches 40% if unstable
angina and stroke are also considered. None of these signs are
present in T.A.

The evaluation can stop here, but some would advocate
continuing the search with noninvasive procedures, even if the
patient has not experienced symptoms (Table 12-9). The case
for pursuing these evaluations is more convincing in patients
who have a high probability of atherosclerosis because of the
presence of multiple risk factors or a strong family history of
premature CHD events. One noninvasive evaluation is exercise
testing with either ECG monitoring for signs of ischemia or
pharmacologic perfusion imaging (e.g., exercise thallium). Be-
cause these tests are expensive and not widely available, they

Table 12-9 Emerging CHD Risk Factors92

Noninvasive Evaluations for
Subclinical Atherosclerosis Blood Tests

Exercise ECG Lipoprotein(a)
Myocardial perfusion imaging Small, dense LDL
Stress echocardiography Apolipoprotein B (particle

concentration)
Carotid intimal-medial thickness

(IMT)
High-sensitivity CRP (and other

inflammatory markers)
Electron beam computed

tomography (EBCT)
Homocysteine

HDL subspecies
Apolipoprotein A-1
Apolipoprotein B:C-III
Thrombogenic factors (e.g.

fibrinogen, PAI-1, t-PA)

CRP, C-reactive protein; ECG, electrocardiogram; HDL, high-density lipoprotein
cholesterol; LDL-C, low-density lipoprotein cholesterol; t-PA, tissue plasminogen
activator.

are reserved for selected use. Even if the results are found to be
normal, atherosclerosis is not ruled out because both tests are
designed to detect flow-limiting disease, and atherosclerosis
can be present without causing obstructions in luminal blood
flow.92

In recent years, electron beam computed tomography and
spiral computed tomography have been used to detect cal-
cium in coronary vessels. The presence of coronary calcium
suggests the presence of old atherosclerotic plaque. If old
disease is present, then it is likely that younger, more vul-
nerable plaques are also present. This test is simple, quick,
and noninvasive, but it is relatively expensive and not widely
available. High coronary calcium volume scores can add to
the prediction of future coronary events based on traditional
risk factor assessment.92 Use of these tests is particularly
helpful in modifying the assessment of risk in patients with
multiple risk factors. In T.A.’s case, her strong family his-
tory could support obtaining an electron beam computed to-
mography evaluation. If she has a significantly positive cal-
cium volume score, more aggressive medical therapy could be
considered.

A good history should also probe for evidence of atheroscle-
rotic vascular disease in peripheral vessels. Patients with flow-
limiting atherosclerosis in peripheral vessels often describe
claudication (pain and weakness in the limb muscles) after
walking a distance (Chapter 14, Peripheral Vascular Disor-
ders). NCEP recommends that patients >50 years of age be
evaluated with an ankle:brachial index (ABI). This index is
determined by measuring the systolic blood pressure of the
brachial, posterior tibia, and dorsalis pedis arteries using a
handheld Doppler device and dividing the higher of the two
ankle systolic blood pressures by the higher of two systolic
brachial pressures.92 An ABI of <0.9 constitutes the diagno-
sis of peripheral vascular disease (PVD; also called peripheral
arterial disease or PAD). Finding atherosclerosis in peripheral
vessels probably means it is present in coronary arteries as
well. In fact, most patients with PVD die of a CHD event. Fur-
ther, most patients with PVD have a very high (>20%) risk of
a CHD event in the next 10 years, and so are said to have a
CHD risk equivalent.

The clinician should also evaluate the patient for atheroscle-
rosis in the carotid vessels by asking about signs and symptoms
of transient ischemic attacks (TIA) and strokes (see Chapter
15, Peripheral Vascular Disorders). On the physical examina-
tion, the carotid vessels should be evaluated for the presence
of a bruit (indicative of a space-occupying lesion in the carotid
vessel). If a bruit is present, further evaluation with carotid
duplex imaging is indicated to detect stenotic lesions. Some
authorities recommend performing carotid sonography to mea-
sure the intimal-medial thickness. This test is safe and simple
but relatively expensive and not widely available. Intimal-
medial thickness results correlate with the severity of coro-
nary atherosclerosis. Patients who have experienced a stroke
or TIA have a >20% 10-year risk of experiencing a CHD
event and so are also considered a CHD risk equivalent. Pa-
tients found to have a stenosis of >50% in their carotid vessel,
even if asymptomatic, have a >20% 10-year CHD risk and
again can be considered a CHD risk equivalent. Patients found
to have an increased intimal-medial thickness, suggesting the
presence of subclinical atherosclerosis, may also have a high
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CHD risk and, therefore, are candidates for more aggressive
medical therapy.92

Other conditions that confer a >20% risk of a CHD event in
the next 10 years, and thus are considered by NCEP to be CHD
risk equivalents, include abdominal aortic aneurysm and the
diagnosis of diabetes. More will be said about diabetes below.
T.A. does not have evidence of CHD or a CHD risk equi-
valent.

CHD Risk Factors

5. Does T.A. have CHD risk factors, and what is her global
CHD risk?

Patients who are found to have CHD or CHD risk equiv-
alent do not need a risk factor assessment to establish their
LDL-C treatment goal; the presence of CHD or a CHD risk
equivalent satisfies that. These patients, however, should have
an appraisal of risk factors so that risk factor modification can
be incorporated in the overall treatment plan. For patients who
do not have CHD or a CHD risk equivalent, risk factor counting
and global risk assessment is important to establish treatment
goals and approaches.

Begin this process by counting the number of risk factors
present (Table 12-4). Patients with either zero or one risk fac-
tor most likely have a low risk of a CHD event in the next 10
years and are assigned an LDL-C goal of <160 mg/dL. Patients
with two or more risk factors have a moderate to high risk, de-
pending on the number and type of risk factors present. NCEP
recommends that patients who have two or more risk factors
be further evaluated using the Framingham-based global risk
assessment tool (Fig. 12-7) to define the 10-year risk. Patients
with two or more risk factors have an LDL-C goal of <130
mg/dL. The clinician, however, has the option to treat these
patients to reach <100 mg/dL depending on clinical judgment
of the patient’s absolute risk and potential benefit if that pa-
tient’s Framingham calculated 10-year CHD risk is between
10% and 20%. The presence of modifiable risk factors should
become the target of any risk-reduction treatment program.

T.A. has two CHD risk factors: current cigarette smoking
and a family history of premature CHD. She thus has an LDL-
C treatment goal of <130 mg/dL (Table 12-10). T.A. is found
to have a 5% 10-year CHD risk, which is several times greater
than the average risk for women her age but below the threshold
where aggressive drug treatment is indicated (i.e., >10% CHD
risk in 10 years). If she were not a smoker, her 10-year CHD
risk estimate would be 1%, illustrating the prominent influence
that smoking has on her future risk of a CHD event.

Based on this assessment and assuming that the nonin-
vasive assessments performed on her, if any, were negative,
T.A. should be counseled on diet and exercise and strongly
advised to stop smoking. Because of its strong effect on her
risk, smoking cessation should be a primary focus of her risk-
reduction program. If these measures fail to bring her LDL-C
to her treatment goal of <130 mg/dL and her LDL-C remains
≥160 mg/dL, drug therapy should be considered (Table 12-10).
If she stopped smoking, however, she would have only one
risk factor (family history), and her new LDL-C goal would be
<160 mg/dL. In this case, drug therapy would be considered
only if the LDL-C remains ≥190 mg/dL.

Therapy for Lowering Cholesterol Levels
Diet Therapy

6. What dietary changes should be recommended to T.A.?

The centerpiece of treatment for high blood cholesterol is
a diet low in saturated fat and cholesterol. The therapeutic
lifestyle change (TLC) diet recommended by NCEP restricts
total fat intake to 25% to 35% of calories, saturated fats to <7%
of calories, and dietary cholesterol to 200 mg/day (Table 12-
11).92 The TLC diet is aggressive and requires instruction by a
dietitian, nurse, or other health professional well versed in nu-
trition counseling. The TLC diet is also flexible and allows for
modification of carbohydrate and monounsaturated fat intake
according to the individual patient’s needs. The goals presented
by the TLC diet are minimal goals, and some patients will want
to exceed them, even to the point of following a “vegetarian”
diet. This is permissible, as long as the diet is nutritionally
balanced.

When saturated fat is removed from the diet, it is impor-
tant to understand what should be given in replacement. In the
overweight or obese patient, it may be appropriate to do noth-
ing, because a reduction in saturated fat is a good way to lower
calories and encourage weight loss.

In individuals who are close to their ideal weight, such
as T.A., replacing saturated fats with carbohydrates may not
be the best choice. Increased intake of sugar and highly re-
fined starches, as found in the many low-fat, high-calorie snack
foods, may actually increase weight and reduce HDL-C as well
as LDL-C.135 More importantly, a low-fat, high-carbohydrate
diet has not been shown to reduce the risk of CHD. Consump-
tion of complex carbohydrates is recommended, however, and
could be a replacement for saturated fat calories in a TLC diet.

Replacing saturated fat with unsaturated fats, especially
monounsaturated fats (e.g., canola, olive oil products) and
omega-3 polyunsaturated fats (e.g., fish oil sources), is highly
desirable.136 This is the diet of the Mediterranean people, who
have a low incidence of CHD, and has the advantage of low-
ering LDL-C without affecting HDL-C. In fact, in a major
randomized clinical trial in which it was compared with a “pru-
dent Western-type diet,” the Mediterranean diet was associated
with a >70% reduction in cardiovascular endpoints and total
mortality, a result that exceeds that achieved by our best lipid-
lowering drug trials.137 This study alone illustrates how impor-
tant it is to initiate a good diet in hyperlipidemic patients, even
with the availability of very potent, highly efficacious, and safe
drugs to lower serum cholesterol levels.

In western society, diets high in protein and saturated fats
and low in carbohydrates (e.g., Atkins Diet) promise quick
weight loss and other health effects. Although these diets can
reduce lipid levels and cause weight loss, they are not nutri-
tionally sound and may even be unhealthy. Patients should be
advised to avoid them.

T.A. is likely to need help in translating the dietary recom-
mendations of a TLC diet into practical terms and concepts that
she can easily implement in her everyday life. Two approaches
can be used to achieve this: (a) teach her to count calories or (b)
provide general guidance in the selection of low-fat foods.

The more sophisticated patient may want to count calories
or grams of total and saturated fat per day. The first step in
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FIGURE 12-7 A: Estimate of 10-year risk for men. B: Estimate of 10-year risk for women.
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Table 12-10 NCEP ATP III and AHA/ACC LDL-C Goals and Cutpoints for Therapeutic Lifestyle Changes (TLC) and Drug Therapy88,89,92

Risk Category LDL-C Goal LDL-C at which to Initiate TLC LDL-C at which to Consider Drug Therapy a

CHD or CHD risk equivalents
(10-year risk >20%)

<100 mg/dL
(Reasonable goal <70 mg/dL)c

>100 mg/dL >100 mg/dL (<100 mg/dL, consider drug options)b

2+ risk factors (10-year risk
10% to 20%)

<130 mg/dL
(Optional goal <100 mg/dL)

>130 mg/dL >130 mg/dL (100−129 mg/dL; consider drug
options)d

2+ risk factors (10-year risk
<10%

<130 mg/dL >130 mg/dL >160 mg/dL

<2 risk factorse <160 mg/dL >160 mg/dL 190 mg/dL (160–189 mg/dL, LDL-C lowering drug
therapy is optional)

aFor all patients without CHD: LDL-C lowering medications should be initiated at a dose that is consistent with at least a 30% to 40% reduction in LDL-C levels. The use of lower
doses just to barely attain the LDL-C goal would not be a prudent use of medications.
b The clinician may select niacin or fibrate therapy if patient has high triglycerides and or low HDL-C. The decision to lower LDL-C with drug therapy is optional based on available
clinical trial evidence.
cAll patients with CHD: When LDL-C <70 mg/dL is not achievable because high baseline LDL-C levels, it generally is possible to achieve reductions of >50% by either statins
or LDL-C lowering drug combinations.
d The decision to lower LDL-C with drug therapy to achieve an LDL-C <100 mg/dL is optional based on available clinical trial evidence.
ePatients with <two risk factors usually have a 10-year risk of <10%, and therefore do not need a 10-year risk assessment.
CHD, coronary heart disease; LDL-C, low-density lipoprotein cholesterol.

teaching a patient to do this is to determine his or her daily
caloric requirements, adjusted for his or her level of activ-
ity. The average caloric requirement for women is 1,800 calo-
ries/day; for men it is 2,500 calories/day. Based on this, T.A.
should be instructed to keep her total fat intake to 450 to 630
calories/day (25% to 35% of calories) and saturated fat to <126
calories/day (<7% of total calories). Converting fat calories to
grams (i.e., dividing calories by 9 calories/g), T.A. should be
instructed to restrict her total fat intake to <50 to 70 g/day and
saturated fat to <14 g/day.

Once these calculations have been made, the next step is
to teach T.A. how to determine the grams of saturated and
unsaturated fat contained in the foods she eats by reading
food labels and referring to reference charts or books that list
the nutritional content of foods. A good source for this nutri-
tion information is the National Institutes of Health website
on Therapeutic Lifestyle Change (http://www.nhlbi.nih.gov)
under the Health Information icon). This site contains infor-
mation on the TLC diet, a 10-year risk calculator, recipes,
a virtual grocery store, a cyberkitchen, a fitness room, and
a resource library. The AHA sites (www.americanheart.org
and www.deliciousdecisions.org) provide equally good in-
formation on risk assessment, a cholesterol tracker, low-fat
recipes, and guidance for eating in restaurants, cooking, and
fitness.

Table 12-11 NCEP ATP III Therapeutic Lifestyle
Change Diet92

Nutrient Recommended Intake

Total fat 25–35% of total calories
Saturated fat <7% of total calories
Polyunsaturated fat Up to 10% of total calories
Monounsaturated fat Up to 20% of total calories
Carbohydrate 50–60% of total calories
Fiber 20–30 g/day
Cholesterol <200 mg/d
Protein Approx. 15% of total calories

For patients who are not able or willing to count calories or
grams, general instruction on how to select low-fat foods and
control portion sizes of higher-fat foods would provide an al-
ternative approach. Principles to teach include the following:

� Eat less high-fat food (especially food high in saturated fats).
� Replace saturated fats with monounsaturated fats and fish
oils whenever possible.

� Eat less high-cholesterol food.
� Choose foods high in complex carbohydrates (starch and
fiber).

� Attain and maintain an acceptable weight.

T.A. should be counseled to recognize and minimize the
three main sources of saturated fats in her diet: meat products,
dairy products, and oils used in processed foods and cooking.

All meat products, including beef, pork, and poultry, contain
fat. Much of the fat is visible and should be trimmed off before
consumption. The remaining fat is contained within the meat
and can be limited by (a) selecting the leanest meat (e.g., lean
beef, skinless chicken, fish), (b) limiting portion size to about
the size of a deck of playing cards (no more than 6 oz/day),
and (c) cooking the meat in a manner that allows the fat to drip
away from the meat (i.e., broiling, grilling).

High-fat dairy products are made with whole milk (∼4%
fat); low-fat alternatives are made with skim or 1% milk (which
contain all of the nutrient value of whole milk products). T.A.
should be taught to substitute low-fat alternatives for high-
fat products—for example, by choosing soft margarine (or no
fatty spread at all) instead of stick butter (note that unsaturated
fats exist normally in liquid form and saturated fats in solid
form); nonfat creams rather than whole milk creams; low-fat
or nonfat soft cheese (e.g., cottage cheese) rather than natural
or processed hard cheese (including cream cheese); skim milk
rather than whole milk; light or nonfat sour cream rather than
regular sour cream; and nonfat frozen yogurt rather than ice
cream. She also should avoid or limit cream sauces on meats
and vegetables and creamy soups.

Products prepared with coconut, palm, or palm kernel oils,
as well as lard and bacon fat contain a high concentration
of saturated fats, and intake should be restricted. In their
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place, products made with monounsaturated fats (e.g., olive oil,
canola oils) or polyunsaturated fats (especially oils that contain
omega-3 fatty acids) may be substituted. Monounsaturated fats
have little or no effect on blood lipids, and polyunsaturated fats
actually may help reduce total cholesterol. Although unsatu-
rated fats do not elevate cholesterol levels, they are sources
of dense calories and, therefore, may contribute to the devel-
opment of obesity and hypertriglyceridemia. Also, when the
“good” (unsaturated) oils are partially hydrogenated (i.e., satu-
rated to make them solid, as in some margarine products), they
take on the character of saturated oils and may raise choles-
terol levels. These are called trans fatty acids. Major sources
of saturated and trans fatty acids include cakes, pies, cookies,
chips, and crackers. T.A. should be advised to avoid or limit not
only saturated fats, but also trans fatty acids by reading food
labels.

It is best not to give the patient a list of foods to avoid;
this aversive approach is likely to fail. Rather, good instruction
about a low-fat diet should teach the patient how to make good
selections. Any food, even a high-fat food, is not prohibited as
long as portion size and frequency of use are controlled.

Another dietary approach to lowering blood cholesterol is
to use dietary adjuncts. For example, adding 5 to 10 g of vis-
cous fiber (e.g., guar, pectin, oat gum, psyllium) or other dietary
sources of fiber (e.g., vegetables, legumes, whole grains, fruits)
to the diet daily will aid in lowering blood cholesterol levels
about 5% on average. Also, plant stanol and sterol esters have
been made available in margarine and salad dressing prod-
ucts (Benecol and Total Control) and can lower LDL-C 5% to
15% when the equivalent of one tablespoonful is ingested one
to three times a day. They act by reducing the absorption of
cholesterol in the intestine. The estimated cumulative percent
reduction in LDL-C achievable through therapeutic lifestyle
changes is between 20% and 30%.

T.A. will need to follow a low-fat diet indefinitely to sustain
its benefit. For this reason, it might be necessary to have T.A.
work with a registered dietitian or other professional who un-
derstands low-fat, low-cholesterol diets and who can give her
personalized instruction. Particularly important is instruction
on how to shop for and prepare low-fat foods and how to select
low-fat foods in restaurants.

EFFECT ON LDL-C

7. What changes in T.A.’s LDL-C can be expected if she follows
a TLC diet?

Serum cholesterol is reported to be reduced by an average
of 3% to 14% in males who restrict saturated fat to <10%
of calories; a slightly smaller response is attained in women,
perhaps because their intake of saturated fats is generally lower
than that of men. 138–140 Patients who can restrict saturated fat
intake to <7% of daily calories should experience an additional
3% to 7% average reduction. Most patients can attain at least
a 5% reduction in cholesterol levels with a TLC diet, some
patients much more. If dietary adjuncts are added, LDL-C may
be lowered by an additional 5% to 15%.

Patients’ response to a low-fat diet is variable. In some pa-
tients, blood cholesterol levels fall substantially, whereas in
others practically no change occurs. Response to a low-fat diet
depends on many factors, including the patient’s dietary habits
before implementing the low-fat diet, the patient’s adherence

with the diet, the degree to which the patient restricts fats and
cholesterol, and the influence of genetic factors. The patient
should not be discouraged if LDL-C levels do not change much
or at all despite close adherence to the diet. The Mediterranean
diet, for example, which is high in monounsaturated fats and
fiber, has no appreciable effect on blood lipids, but can still re-
duce cardiovascular disease and mortality by 70%. 137 Patients
who adhere to a low-fat diet might also respond to lower doses
of lipid-lowering drugs.

Because T.A. is a woman and was following a low-fat diet
before her diagnosis, a TLC diet is not likely to have a substan-
tial effect on her blood cholesterol levels. It would be prudent to
have her maintain a 3-day diary of everything she eats to allow
a more objective view of her eating habits. If there are ways
for her to improve her diet, this approach will reveal them.

Other Lifestyle Changes

8. What other modifications in behavior are prescribed in the
TLC program?

Weight reduction in the overweight patient can reduce LDL-
C and is a key component to the TLC plan. A 5- to 10-lb
weight loss, for example, can up to double the LDL-C re-
duction achieved with a low saturated fat diet alone.138 The
predominant effect of weight loss is a reduction in serum
TG and a small increase in HDL-C, however.141 In addition,
weight reduction may offset the risk of developing hyperten-
sion and diabetes. The initial goal of a weight loss program is
to reduce body weight by approximately 10% within about 6
months.142 This is best achieved by restricting total daily en-
ergy consumption through a reduction in saturated and trans
fatty acid intake and by increasing physical exercise. A normal
weight is defined as a body mass index (BMI) between 18.5
and 24.9, and a desirable waist circumference is <40 inches for
male patients and <35 inches for female patients.142 Because
T.A. has an acceptable weight, these considerations do not
apply.

Smoking cessation substantially reduces the risk of CHD,
pulmonary disease, and cancer and is a central component of a
TLC program. This is an important consideration in T.A. The
CHD risk she has from smoking is greater than the risk she has
from her LDL-C elevation. By stopping smoking, T.A. will not
only reduce her blood cholesterol levels slightly, but will also
substantially alter her risk profile. Because most patients gain
weight when they stop smoking and because weight gain may
worsen lipid levels, plans need to be made to alter her diet and
increase physical activity to counter these effects.

Increasing physical activity should be a component of the
treatment of any patient with high blood cholesterol. Regular
physical exercise may reduce TG and VLDL-C levels, raise
HDL-C levels slightly, promote weight loss or maintenance
of desired weight, lower BP, and cause favorable changes in
coronary blood flow.143 Regular aerobic exercise (e.g., brisk
walking, jogging, swimming, bicycling, and tennis) should
be prescribed in terms of amount (e.g., walking 4 miles), in-
tensity (e.g., walking 4 mph), and frequency (walking each
day if possible, but at least three times a week). T.A. states
that she is already physically active. The level of her activ-
ity should be documented and enhancements recommended if
needed.
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Goal of Therapy

9. A lipid profile obtained 12 weeks after T.A. initiated a TLC
diet and exercise program and had stopped smoking revealed an
LDL-C level of 195 mg/dL; HDL-C and TG did not differ from
baseline values. What is your assessment of the need for additional
lipid-modifying treatment?

[SI units: LDL-C, 5.40, 5.43, and 5.17 mmol/L, respectively]

Based on her initial assessment, T.A.’s LDL-C goal is <130
mg/dL; drug therapy can be considered if her LDL-C is >160
mg/dL (Table 12-10). She has stopped smoking, however, and
now has a global CHD risk of 1% in the next 10 years. Thus, her
LDL-C goal today is <160 mg/dL. While she is not currently
smoking, it may take a year or more for the associated risk to
fully dissipate. NCEP recommends that drugs be considered in
patients with fewer than two risk factors if their LDL-C remains
≥160 mg/dL after implementing a TLC plan. Realistically,
this is a therapeutic gray area where clinical judgment must
be exercised. T.A. has a relatively low risk of CHD despite
her current LDL-C level, supporting a decision to maximize
TLC and withhold lipid-lowering drug therapy until her CHD
risk rises to a high level. Her strong family history suggests,
however, there is more to the story than LDL-C alone.

Emerging Risk Factors

10. To help determine whether to initiate lipid-lowering drug
therapy in T.A., is there value in ordering additional laboratory
tests to identify possible emerging risk factors?

As mentioned in question 4, noninvasive tests, such as ABI,
carotid intimal-medial thickness, and electron beam computed
tomography, can uncover evidence of subclinical atheroscle-
rotic disease and help the clinician decide whether to pursue
more aggressive therapy with lipid-lowering drugs. In addition,
the clinician can measure several specialized laboratory tests
of emerging risk factors to help with these decisions (Table
12-9). In T.A.’s case, a global risk assessment indicating about
a 1% risk of a CHD event in 10 years and her strong family
history for premature CHD events present conflicting informa-
tion. Measuring one or more of the emerging risk factors may
help focus the treatment decision in one direction or another.

Lp(a) (pronounced “el, pea, little a”) appears to be an inde-
pendent risk factor for CHD, although this is not a universal
finding.144 This very small cholesterol-containing lipoprotein
particle contains the apolipoprotein(a). Its structure suggests
that it could be an important source of cholesterol for the forma-
tion of atherosclerosis as well as a stimulus for thrombogenic
mechanisms. High Lp(a) levels suggest a high CHD risk and
support a more aggressive approach to lowering LDL-C. Evi-
dence has shown that lowering LDL-C aggressively can over-
come the increased CHD risk predicted by an elevated Lp(a)
level. The only drug that can lower Lp(a) is niacin, but no
studies have shown that giving niacin to these patients reduces
CHD risk.

Apolipoprotein B is a marker for the number of atherogenic
lipoproteins (VLDL and LDL) in the circulation. It is a strong
predictor of CHD risk, at least as strong as LDL-C. It is a surro-
gate for LDL-C, but provides different information.145 Some
specialists prefer to use apolipoprotein B levels rather than,
or in addition to, LDL-C in treating patients. Apolipoprotein

B levels are usually disproportionately high in patients with
high TG, although they may also parallel LDL-C levels. There
is a genetic dyslipidemia that is characterized by increased
apolipoprotein B levels (increased particle number) and normal
LDL-C levels. Based on this information, it appears reasonable
to measure apolipoprotein B to gain additional information.

Severe elevations in homocysteine are positively correlated
with CHD risk, especially in patients with inherited forms of
hyperhomocysteinemia.146 Several clinical trials are underway
to determine whether treating moderate hyperhomocysteine-
mia will lower CHD events. High levels of homocysteine are
easily treated with folic acid; the recent fortification of foods
with folic acid is predicted to substantially reduce homocys-
teine levels. NCEP ATP III does not recommend homocysteine
measurements in risk assessment to modify LDL-C goals be-
cause panel members were uncertain of the relationship be-
tween homocysteine levels and CHD risk.92 It may be useful
in patients such as T.A. when searching for causes of a strong
family history of CHD.

Increasingly, it is recognized that atherosclerosis is a chronic
inflammatory disease. Thus, markers of inflammation have
been sought to measure arterial inflammation. The marker that
has emerged from this search is hs-CRP. Many observational
studies have found that hs-CRP predicts a two- to fourfold in-
crease in CHD risk over what is predicted by LDL-C alone.123

Recently, the AHA has recommended that hs-CRP levels be-
tween 3 and 10 be considered suggestive evidence of a chronic
inflammatory disease.125 Levels >10 suggest the presence of
an acute inflammation caused by infection, trauma, connec-
tive tissue disease, or other causes; in this case, the hs-CRP
measurement should be repeated after 6 weeks.

T.A. was found to have a slightly elevated apolipoprotein B
level (135 mg/dL) (which is consistent with her elevated LDL-
C level), normal Lp(a) and homocysteine levels, and an hs-CRP
of 4.7 mg/dL. An hs-CRP >3.0 is consistent with the presence
of a chronic inflammatory disease, possibly atherosclerosis.
Some clinicians believe that these findings would support more
aggressive LDL-C lowering therapy in T.A.

Drug Therapy

11. L.W. is a 53-year-old man with a LDL-C of 200 mg/dL. He
states that he follows a low saturated fat diet and jogs 2 miles
three times a week. He does not smoke and has no family his-
tory of premature CHD. His high BP is under marginal control
with enalapril 10 mg/day (BP, 134/88 mm Hg). His glucose level is
80 mg/dL (normal). He does not have hypothyroidism. His total
cholesterol is 261 mg/dL, HDL-C is 45 mg/dL (normal average
for a man), LDL-C is 200 mg/dL, and TG level is 80 mg/dL. No
secondary or familial causes of his hypercholesterolemia are ev-
ident, and his physical examination findings are normal. Is L.W.
a candidate for cholesterol-lowering drug therapy?

[SI unit: LDL-C, 5.17 mmol/L]

According to NCEP guidelines, L.W. has two CHD risk
factors: male >45 years and a diagnosis of hypertension; this
makes his LDL-C goal <130 mg/dL (Tables 12-4 and 12-6).
Because he has two risk factors, his global risk was assessed
(Fig. 12-7). L.W was found to have a 12% risk of a CHD event
in the next 10 years and has an optional LDL-C treatment
goal of <100 mg/dL. With two risk factors and an estimated
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Table 12-12 Drugs of Choice for Dyslipidemia

Lipid Disorder Drug of Choice Alternative Agents Combination Therapy

Polygenic hypercholesterolemia Statin Resin, ezetimibe, niacin
Combination

Statin-ezetimibe, statin-resin, resin-niacin, statin-niacin

Familial hypercholesterolemia or severe
polygenic hypercholesterolemia

Statin (high-dose) – Statin-ezetimibe, statin-resin, resin-niacin, statin-niacin,
statin-ezetimibe-niacin, statin-resin-niacin

Atherogenic dyslipidemia Statin, niacin, fibratea Statin, niacin, fibratea Statin-niacin, niacin-resin, niacin-fibrate
Isolated low HDL Statin Niacin Statin-niacin

aUse cautiously because there is an increased risk of myopathy.
HDL, high-density lipoprotein.

10-year risk assessment between 10% and 20%, he is a candi-
date for cholesterol-lowering drug therapy in addition to ther-
apeutic lifestyle change (Table 12-10).

BILE ACID RESINS AND CHOLESTEROL ABSORPTION INHIBITORS

12. The NCEP recognizes four drug categories for lowering
LDL-C: bile acid resins, cholesterol absorption inhibitors, niacin,
and the statins.92 Which of these is preferred to treat L.W. (Table
12-12)?

Bile acid resins have appeal in the management of hyper-
cholesterolemia because they have a strong safety record es-
tablished from years of use, effectively lower LDL-C, and
demonstrated the ability to reduce CHD events in the Coro-
nary Primary Prevention Trial.82,147 Resins are not absorbed
from the gastrointestinal (GI) tract and thus lack systemic tox-
icity. They are available in powder and tablet forms. They re-
duce total and LDL cholesterol in a dose-dependent manner
(Table 12-13). LDL-C is reduced approximately 15% with 5 g
(1 packet) daily of colestipol (Colestid) powder (equivalent to
4 g of cholestyramine [Questran]), 23% with 10 g/day, and 27%
with 15 g/day.147 Therapy should be initiated with one packet,
scoop, or tablet of resin daily (Table 12-14). The reduction
achieved is inversely proportional to the baseline, untreated
LDL-C level.148 Thus, patients with a moderate cholesterol el-
evation (such as L.W.) will have a greater relative reduction
than if the LDL-C were higher.

The older resins are not well tolerated, however, because of
numerous GI side effects and the unpleasant granular texture
of the powder. A new bile acid resin, colesevelam (WelChol), is
available in 0.625-g tablets; the daily dose is six tablets (3.8 g)
administered in one or two divided doses daily. Although the
tablets are large and difficult for some patients to swallow,
the product is much easier to administer and, owing in part
to a smaller total daily dose, less susceptible to cause GI side
effects than the older products. The standard daily dose reduces
LDL-C by 15% to 18%.

Mechanism of Action
The resins are anion exchange agents that bind bile acids in
the intestinal lumen and cause them to be eliminated in the
stool.149 By disrupting the normal enterohepatic recirculation
of bile acids from the intestinal lumen to the liver, the liver
is stimulated to convert hepatocellular cholesterol into bile
acids. This in turn causes a reduction in the concentration
of cholesterol in the hepatocyte, prompting the upregulation

of LDL receptor synthesis. Finally, circulating LDL-C levels
are lowered by binding to the newly formed LDL receptors on
the liver surface. This mechanism has appeal not only because
it effectively lowers LDL-C but also because it is additive with

Table 12-13 Dose-Related LDL-C Lowering of Major Drugs

Druga Daily Dosage LDL-C Lowering (%)

Bile acid resins (colestipol) 5 g −15
10 g −23
15 g −27

Bile acid resin (Cosevelam) 3.8 g −15
4.5 g −18

Ezetimibe151 10 mg −18 to −22
Ezetimibe/Simvastatin 10 mg/10 mg −45

10 mg/20 mg −52
10 mg/40 mg −55
10 mg/80 mg −60

Niacin (crystalline)155 1,000 mg −6
1,500 mg −13
2,000 mg −16
3,000 mg −22

Niaspan 1,000 mg −9
1,500 mg −14
2,000 mg −17

Atorvastatin167 10 mg −39
20 mg −43
40 mg −50
80 mg −60

Fluvastatin167 20 mg −22
40 mg −24
80 mg −34

Lovastatin167 20 mg −24
40 mg −34
80 mg −40

Pravastatin167 10 mg −22
20 mg −32
40 mg −34
80 mg −37

Rosuvastatin 10 mg −46
20 mg −52
40 mg −55

Simvastatin167 5 mg −26
10 mg −30
20 mg −38
40 mg −41
80 mg −47

aNumbers following drugs are references.
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Table 12-14 Dosages of Selected Lipid-Modulating Drugs

Drug Initial Dosage Usual Dosage Maximal Dosage Comment

Cholestyramine 4 g before main meal 4 g BID before heaviest
meals

8 g BID before heaviest
meals

May prescribe 24 g/day, but few patients can
tolerate.

Colestipol 5 g powder or 2 g tabs
QD before main meal

5 g of powder or 4 g of
tabs BID before
heaviest meals

10 g powder or 8 g of
tabs BID before
heaviest meals

May prescribe 30 g of powder per day, but few
patients can tolerate.

Colesevelam 6 –0.63-g tablets per day Same 7 × 0.63-g tablets/day Less bulk is associated with less
gastrointestinal intolerance.

Niacin 100–125 BID with food 750–1,000 mg BID 1,500 mg BID Dosages up to 6 g/day have been used, but few
can tolerate. Dosages may be increased
200–250 mg/day every 3–7 days until
desired dosage has been obtained.

Niaspan 500 mg q HS 1,000–2,000 mg q HS 2,000 mg q HS Increase dose by 500 mg daily Q 4 wks.
Atorvastatin 10–40 mg QD 10–40 mg QD 80 mg QD Administer any time of day.
Fluvastatin 20–40 mg QHS 20–40 mg QHS 40 mg BID

80 mg XL QD
Modified-release form (XL) has similar

efficacy but has less bioavailability (and less
risk of adverse effects).

Lovastatin 20 mg with dinner 20–40 mg with dinner 40 mg BID Administration with food increases
bioavailability. BID dosing provides greater
LDL-C lowering efficacy than QD.

Pravastatin 10–40 mg QD 10–40 mg QD 80 mg QD Administer with food to reduce dyspepsia.
Rosuvastatin 10–20 mg QD 10–20 mg QD 40 mg QD Administer any time of the day.
Simvastatin 20–40 mg Q pm 20–40 mg Q pm 80 mg Q pm Administer with food to reduce dyspepsia.
Gemfibrozil 600 mg BID Same Same
Fenofibratea 67–201 mg QD Same 201 mg QD

aMultiple formulations are available and doses do vary.

other therapies to lower cholesterol. For example, combining a
drug that reduces hepatocellular cholesterol biosynthesis (e.g.,
statins) with a resin that interferes with bile acid recycling can
cause a substantial upregulation of LDL receptors and enhance
removal of cholesterol from the blood.10

Adverse Effects
The disadvantage of the older resins (i.e., colestipol or
cholestyramine) is their side effects. These resins often cause
GI symptoms, including constipation, bloating, epigastric full-
ness, nausea, and flatulence147 (Table 12-15). Colesevelam is
associated with less GI intolerance. If one of the older resins
is prescribed, the patient should be instructed to mix the resin
powder in noncarbonated, apple juice or pulpy juices such as
orange juice150; to swallow it without engulfing air (admin-
istering it through a straw may help avoid air entrapment);
and to maintain an adequate intake of fluids and fiber in the
diet.

The older resins also can raise TG levels by 3% to 10% or
more, especially in patients with high TG levels; this appears to
be less of a problem with colesevelam. Reduction in the absorp-
tion of fat-soluble vitamins and folic acid has been reported
with high dosages of resins, but this is rarely a problem in
otherwise healthy patients consuming a nutritionally balanced
diet. The older resins also can reduce the absorption of digi-
toxin (but not digoxin), warfarin, thyroxine, thiazide diuretics,
beta-blockers, and presumably other anionic drugs. This inter-
action can be minimized by administering other drugs 1 hour
before or 4 hours after the resin dose. Colesevelam appears to
have a high specificity for binding with bile acids and not with

other anionic drugs, including warfarin; thus, it may be safely
administered with other drugs.

Based on this summary, no contraindications exist to the
use of resin therapy in L.W. Colesevelam, which can safely be
taken along with his BP medication and is less likely to cause
intolerable symptoms, would be the preferred choice. Cole-
sevelam therapy, however, is unlikely to achieve the desired
30% to 40% reduction in LDL-C levels needed by L.W. As
shown in Table 12-11, it lowers LDL-C only about 20% on
average, which is not sufficient to reduce L.W.’s LDL-C from
200 mg/dL to <130 mg/dL (or <100 mg/dL as an optional
goal).

EZETIMIBE
Ezetimibe represents a class of lipid-altering drugs called

cholesterol absorption inhibitors. One advantage of this com-
pound is its ability to reduce LDL-C by an action in the gut,
with minimal systemic exposure. This suggests that the drug
may be very safe, much like the resins. It is administered once
a day as a 10-mg tablet.

Ezetimibe reduces LDL-C by 18% to 22%, but has little
effect on TG or HDL-C.151 In combination with a statin, it
demonstrates an additive effect, enhancing LDL-C lowering
by an additional 10% to 20%. In fact, when added to a low
dose of a statin, the net LDL-C reduction can be similar to
the lowering achieved with the maximal dose of the statin.152

When added to the maximal dose of a statin, it causes further
LDL-C reduction, an effect important in patients with very
high LDL-C levels requiring substantial reduction to achieve
treatment goals.
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Table 12-15 Monitoring Parameters, Adverse Effects, and Drug Interactions with Major Cholesterol-Lowering Drugs

Drug Adverse Effects Drug Interactions Monitoring Parameters

Resin Indigestion, bloating, nausea,
constipation, abdominal pain,
flatulence

GI binding and reduced absorption of anionic
drugs (warfarin, β-blockers, digitoxin,
thyroxine, thiazide diuretics); administer
drugs 12 hr before or 4 hr after resin

Lipid profile Q 4–8 wk until stable dose;
then Q 6–12 mo long term. Check TG
level after stable dose achieved, then as
needed.

Niacin Flushing, itching, tingling,
headache, nausea, gas,
heart-burn, fatigue, rash,
worsening of peptic ulcer,
elevation in serum glucose and
uric acid, hepatitis, and
elevation in hepatic
transaminase levels

Hypotension with BP-lowering drugs such as
α-blockers possible; diabetics taking insulin
or oral agents may require dosage adjustment
because of increase in serum glucose levels

Lipid profile after 1,000–1,500 mg/day and
then after stable dosage achieved; then Q
6–12 mo long term. LFT at baseline and
Q 6–8 wk during dose titration; then as
needed for symptoms. Uric acid and
glucose at baseline and again after stable
dose reached (or symptoms produced),
more frequently in diabetic patients.

Statins Headache, dyspepsia, myositis
(myalgia, CPK >10 times
normal), elevation in hepatic
transaminase levels

Increased myositis risk with concurrent use of
drugs that inhibit or compete for P450 3A4
system (e.g., cyclosporine, erythromycin,
calcium blockers, fibrates, nefazodone, niacin,
ketoconazole); risk greater with lovastatin and
simvastatin; caution with concurrent fibrate or
niacin use; lovastatin increases the pro-time
with concurrent warfarin

Lipid profile 4–8 wk after dose change,
then Q 6–12 mo long term. LFT at
baseline, in 3 months, and periodically
thereafter. CPK at baseline and if the
patient has symptoms of myalgia.

BP, blood pressure; CPK, creatinine phosphokinase; GI, gastrointestinal; LFT, liver function tests; TC, total cholesterol; TG, triglyceride.

Mechanism of Action
Cholesterol that is ingested in the diet and circulated through
the bile from the liver is actively reabsorbed in the intestines.
Once transported across the intestinal lumen into the entero-
cyte, it is combined with TG and apolipoprotein B48 to form
chylomicron particles that transport the lipids through the lym-
phatic system to the hepatocyte. The TG and cholesterol can
then be packaged into VLDL particles and secreted into the
systemic circulation.

Ezetimibe interferes with the active absorption of choles-
terol from the intestinal lumen into the enterocyte by binding
to the Niemann-Pick C1 Like 1 (NPC1L1) transporter, which
is a cholesterol transporter responsible for the uptake of dietary
and biliary cholesterol into the small intestine. By interfering
with the absorption of cholesterol, about 50% less cholesterol is
transported from the intestines to the liver by the chylomicrons.
This causes an upregulation in hepatic cholesterol synthesis,
which is diverted to the intestines via the bile to replenish the
cholesterol available for absorption processes. It also causes an
upregulation of hepatic LDL receptors and increased clearance
of circulating VLDL and LDL particles. The net effect of the in-
hibition of cholesterol absorption in the gut is approximately a
70% increase in GI sterol excretion, a 50% reduction in hepatic
cholesterol concentration, a 90% increase in hepatic choles-
terol synthesis, and approximately a 20% increase in LDL-C
taken up from the systemic circulation via upregulated LDL
receptors.153

Ezetimibe also inhibits the absorption of sitosterol, a plant
sterol, from the gut, resulting in about a 40% reduction in
blood sitosterol levels. The occurrence of sitosterolemia is
rare, but patients who have it have a high CHD risk. Eze-
timibe provides one of the first effective treatments for this rare
disorder.

Adverse Effects
Ezetimibe’s side effects include diarrhea, arthralgias, cough,
and fatigue. These occur no more frequently with ezetimibe
than they do with placebo. Whether used alone or together
with a statin, no increases in liver function abnormalities have
been reported nor any cases of myopathy or rhabdomyolysis.
As with resin therapy, ezetimibe can safely reduce the LDL-C
by about 20%, which is not likely to be sufficient to reduce
L.W.’s LDL-C to his goal of <130 mg/dL (or <100 mg/dL as
an optional goal).

NIACIN
Clinical Use
Niacin (or nicotinic acid) is a water-soluble B vitamin that can
improve the levels of all serum lipids. Favorable attributes are
low cost, a long history of use, and clinical trial evidence that
it can reduce CHD events.112,113,154 Crystalline (immediate-
release) niacin lowers LDL-C levels by 15% to 25% and TG
30% to 60% and raises HDL-C levels 20% to 35%154–156 (Ta-
bles 12-13 and 12-16). Reduction in LDL-C follows a lin-
ear relationship to dose: Doses need to be increased to 2 to
3 g/day to reduce LDL-C levels by 20% to 25%. Conversely,
the increase in HDL-C and reduction in TG follows a curvi-
linear relationship with dose: Low to moderate doses (i.e., 1
to 2 g/day) can increase HDL-C by 25% and lower TG by
30% to 40%155 (Table 12-13, Fig. 12-8). Crystalline niacin
should be started at a low level (e.g., 250 mg in two or three
divided doses daily) and slowly titrated as tolerated (e.g., daily
doses increased by 250 mg every 3 to 7 days) to a maxi-
mum of 3,000 mg/day (Table 12-14). Higher doses have been
used but are associated with unpleasant side effects. Niacin is
also the only drug that lowers Lp(a), with reductions being as
great as 30%.157 Its metabolite, nicotinamide, has no effect on
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FIGURE 12-8 Dose-related effects of niacin on lipoproteins.
(From Knopp RH. Drug treatment of lipid disorders. N Engl J Med
1999;341:498, with permission.)

cholesterol and should not be used as a substitute to lower side
effects.

Sustained-release (timed-release) dosage forms of niacin
were developed to reduce the flushing side effects associated
with crystalline niacin. These products are sold as a dietary sup-
plement ostensibly for treating niacin deficiency, but are mis-
takenly purchased by patients to treat high blood cholesterol.
These products may have slightly greater LDL-C–lowering ef-
ficacy at each dose level and slightly less HDL-C and TG
effects compared with crystalline niacin, but they cannot be
recommended because of a substantially increased risk of liver
toxicity at higher dosages (see Adverse Effects).

An extended-release dosage form of niacin, Niaspan, is
available by prescription to treat elevated cholesterol and TG
levels and appears to be better tolerated than either the crys-
talline or sustained-release forms. Niaspan releases niacin over
an 8- to 12-hour period, a feature that turns out to be impor-
tant in improving its side effect profile, and it has the efficacy
pattern of crystalline niacin. It lowers LDL-C by 10% to 15%
and TG by 20% to 30%, and it raises HDL-C by 15% to 25%
with daily doses between 1,000 and 2,000 mg. Daily doses of
Niaspan should not exceed 2,000 mg/day to reduce the risk of
liver side effects.

Mechanism of Action
Niacin inhibits the mobilization of free fatty acids from periph-
eral adipose tissue to the liver, which, either alone or together
with other hepatic effects, results in reduced synthesis and se-
cretion of VLDL particles by the liver.158 This explains its
effectiveness in lowering TG levels. Because LDL is a VLDL
degradation product, reducing the secretion of VLDL parti-
cles secondarily lowers the LDL-C level. Niacin reduces the
amount of apolipoprotein A-I extracted and catabolized from
HDL during the hepatic uptake of cholesterol, thus preserving
the structural and functional integrity of HDL particles.159 As
a result, cholesterol-deficient apolipoprotein A-I–containing
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FIGURE 12-9 Niacin metabolism. NAM, nicotinamide; NUA,
nicotin-uric acid. (From Piepho RW. The pharmacokinetics and phar-
macodynamics of agents proven to raise high-density lipoprotein choles-
terol. Am J Cardiol 2000;86(Suppl):35L, with permission.)

HDL particles are recirculated from the liver to the peripheral
cells, maintaining HDL levels and enhancing reverse choles-
terol transport.160

Adverse Effects
The differences in release characteristics among various niacin
products are important because they determine how the drug
is metabolized, in turn influencing the side effect profile
of the product. Niacin is metabolized through two sepa-
rate metabolic pathways (Fig. 12-9).161 The nicotinamide
(NAM) pathway is a high-affinity, low-capacity pathway. Crys-
talline niacin quickly saturates this pathway and is predom-
inately metabolized through the high-capacity conjugation
pathway. The flushing effect with crystalline niacin results
from prostaglandin-mediated vasodilation associated with the
formation of nicotinuric acid (NUA) by the conjugation path-
way. In contrast, sustained-release niacin is slowly absorbed
and preferentially metabolized via the NAM pathway. Because
of this, sustained-release niacin rarely causes flushing, but it
can cause serious, dose-related hepatotoxicity because of the
formation of toxic metabolites of the NAM pathway. Nias-
pan, with its intermediate absorption rate, has a more balanced
metabolism between the two pathways. The result is less flush-
ing and less risk of hepatotoxicity, at least with daily doses of
>2 g.

The main drawbacks to crystalline niacin therapy are fre-
quent, bothersome vasodilation-related side effects: flush-
ing, itching, and headache155,156,162 (Table 12-15). Practi-
cally every patient will experience these side effects, at least
transiently.163 These symptoms can be reduced by having pa-
tients take doses with food and by taking 325 mg of as-
pirin 30 minutes before the morning dose of niacin (to inhibit
prostaglandin synthesis, which is thought to mediate these side
effects).164 Use of Niaspan can further reduce these symptoms,
and administering it once daily at bedtime can diminish the pa-
tient’s awareness of flushing symptoms. Niacin also can cause
fatigue and a variety of GI symptoms, including nausea, dys-
pepsia, and activation of peptic ulcer. As with flushing, GI
side effects are minimized by taking the drug with food. Other
less common, though potentially troublesome, side effects of
niacin are hyperuricemia, gout, and transient worsening of glu-
cose tolerance in some diabetic patients (Table 12-15).

The most worrisome side effect associated with niacin is
hepatotoxicity, which is associated almost exclusively with the
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sustained-release forms of niacin.155,165 Hepatotoxicity is de-
tected by an increase in liver transaminase enzymes exceeding
three times the upper limit of normal; in severe cases, this
can be accompanied by symptoms such as fatigue, anorexia,
malaise, and nausea. This side effect occurs when daily doses
of sustained-release niacin exceed 1,500 mg. Hepatotoxicity
has been reported to occur in up to half of the patients titrated
to daily doses of 3,000 mg of sustained-release niacin; many
of these patients had symptoms, as well as laboratory find-
ings, consistent with toxicity.155 Conversely, <1% of patients
titrated up to 2,000 mg/day of Niaspan have elevated liver func-
tion tests. Rare cases of fulminant hepatitis have been reported
with sustained-release niacin. Niacin-induced hepatotoxicity
appears to be completely reversible when the drug is discon-
tinued.

Because of the hepatotoxic effects of sustained-release
niacin and the flushing side effects of crystalline niacin, Nias-
pan is the preferred form of niacin for general use. It can be
safely used in a daily dose up to 2,000 mg. An estimated 30%
of patients experience flushing symptoms that will cause them
to discontinue therapy.

No apparent contraindications are seen to the use of niacin
in L.W. Niacin, however, would not be expected to lower his
LDL-C by the 35% to 50% required to reach his treatment
goal of <130 mg/dL or <100 mg/dL (optional goal), respec-
tively.

STATINS
Clinical Use
The group of drugs with the most potent cholesterol-lowering
potential is composed of the statins. They lower LDL-C by
approximately 20% to 40% with initial doses and 35% to 60%
with maximal doses166,167 (Table 12-13). Statins also reduce
TG levels by 15% to 45% and increase HDL-C modestly (5%
to 8%) (Table 12-16). The LDL-C lowering achieved is dose
dependent and log linear. Low dosages produce substantial
LDL-C–lowering effects, and with each doubling of the daily
dose, LDL-C is lowered an additional 6% to 7% on average
(Table 12-13).

The currently available statins are atorvastatin (Lipitor),
fluvastatin (Lescol), lovastatin (Mevacor), pravastatin (Prava-
chol), rosuvastatin (Crestor), and simvastatin (Zocor). Rosu-
vastatin provides the most substantial LDL-C lowering, fol-
lowed by atorvastatin, simvastatin, lovastatin, pravastatin, and
fluvastatin in descending order. With clinical trial evidence that
lower LDL-C levels are associated with less CHD, higher initial
doses of these statins are being advocated, thus blurring these

Table 12-16 Average Effects of Selected Drugs on
Lipoprotein Cholesterol and Triglycerides

Drug LDL (%) HDL (%) TG (%)

Resin –15–30 ±3 +3–10
Ezetimibe –18–22 +0–2 –0–5
Niacin –15–30 +20–35 –30–60
Statin –25–60 +5–15 –10–45
Fibrates ±10–25 +10–30 –30–60

HDL, high-density lipoprotein; LDL, low-density lipoprotein; TG, triglycerides.

LDL-C differences. The efficacy of many statins is greater if
administered in the evening to coincide with the nighttime up-
turn in endogenous cholesterol biosynthesis; atorvastatin, and
rosuvastatin with a longer half-life and more potent LDL-C
lowering, may be administered without regard to time of day.
The LDL-C–lowering efficacy of twice-daily administration
of statins is slightly greater (by 2% to 4%) than once-daily
evening doses, but this difference is rarely sufficient to make
a clinical difference. The bioavailability of lovastatin is im-
proved by administration with food; thus, it is recommended
for dosing with the evening meal. This, too, may not make
much difference in the clinical setting.

The major statin trials described earlier in this chapter
demonstrate that statins can significantly reduce CHD death
and nonfatal MI, revascularization procedures, strokes, and to-
tal mortality. The mechanism for these beneficial outcomes is
not fully known, but is at least partially associated with LDL-C
reduction.114 Most authorities believe that the CHD event re-
duction with statins is a class effect and can be accomplished
with any of the available statins. This, coupled with their fa-
vorable safety profile and their potency in lowering LDL-C,
supports the NCEP ATP III recommendation that statins are
the drugs of first choice to lower cholesterol and reduce CHD
risk.92,168

Mechanism of Action
Statins competitively inhibit the enzyme responsible for con-
verting HMG-CoA to mevalonate in an early, rate-limiting step
in the biosynthetic pathway of cholesterol (Fig. 12-1).10 Re-
duction in hepatocellular cholesterol prompts an upregulation
of LDL receptor proteins and thus increases the clearance of
circulating LDL particles from the blood. The TG-lowering ef-
fects appear to be produced in two ways: by an increase in the
clearance of VLDL and VLDL remnant particles from the sys-
temic circulation (by the upregulation of LDL receptors) and by
a reduced secretion of VLDL particles from the liver.169–171 All
statins have the ability to lower TG levels. Their TG-lowering
efficacy is related, however, to their LDL-C–lowering effective-
ness (thus, statins with greater LDL-C–lowering efficacy will
have greater TG-lowering efficacy) and to the patient’s baseline
TG level (the higher the TG level, the greater the percentage
of reduction produced by the statin).

Adverse Effects of Statins

13. L.W.’s physician decides to start therapy with 20 mg/day of
simvastatin. Several days after starting the drug, he played tennis
for the first time in several years. The next morning he experiences
new leg and arm pain. He had been warned that statins can cause
muscle damage. He does not complain of any other side effects
since starting the drug. Could this be a side effect of simvastatin?
Should he discontinue the therapy?

Statins are well tolerated by most patients. Headache; myal-
gias (without CPK changes); and GI symptoms, including dys-
pepsia, flatus, constipation, and abdominal pain, occasionally
are experienced166,172,173 (Table 12-15). These symptoms are
usually mild and disappear with continued therapy. The statin
side effects receiving the most attention include increases in
liver function tests and myopathy. These two problems are de-
scribed in detail below.
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Statins can cause an elevation in transaminase enzyme lev-
els of more than three times the upper limit of normal in
1% to 1.5% of patients in a dose-dependent manner. The
transaminase level can return to normal spontaneously even
with continued statin therapy. Similarly, elevations in transam-
inase will return to normal if the statin is discontinued. Rechal-
lenge with the same or a different statin after enzymes have
returned to normal limits is acceptable. If the drug is tol-
erated on rechallenge, it can be continued; recurrence of
transaminase elevation warrants further evaluation of other
potential causes. No cases of hepatic failure or liver trans-
plant associated with statin therapy have been reported, lead-
ing many to conclude that transaminase elevations are rela-
tively unimportant and not associated with worrisome adverse
consequences.

The potential for muscle toxicity is a different matter.
Myositis, defined as the presence of muscle symptoms, in-
cluding aches, soreness, or weakness (i.e., myalgia), and an
increase in serum CPK >10 times the upper limit of nor-
mal, occurs in approximately 0.1% to 1% of patients in a
dose-dependent manner. Routine monitoring of CPK levels is
unnecessary; rather, unexplained symptoms of muscle aches,
weakness, or soreness should prompt a CPK evaluation. If
myositis is present, a careful history is necessary to rule out
usual causes (i.e., trauma, increased physical activity). If no
explanation is present for the findings and the CPK is elevated,
the statin should be withdrawn until CPK levels return to nor-
mal. Occasionally, symptoms of myalgia are bothersome to the
patient, even with a normal CPK, resulting in discontinuation
of the statin. Once symptoms subside, statin therapy can be
restarted, preferably with a different statin. Myositis is more
likely to occur with high systemic concentrations of the statin
and when there is a provocation for the event (e.g., hypothy-
roidism, trauma, or flulike syndromes). Myositis has also been
reported more often when a statin is combined with gemfi-
brozil or when a drug is given concurrently that can increase
blood levels of the statin, such as a macrolide antibiotic (e.g.,
erythromycin). Cases of rhabdomyolysis, myoglobinuria, and
acute tubular necrosis have been reported in patients receiving
statin therapy. Most of these cases have occurred with high
doses, in patients with impaired renal or hepatic function, in
older individuals, or when statins are used in combination with
interacting drugs.

Drug interactions with statins that result in higher blood
levels of the statin or an active metabolite can increase the
risk of myositis. Statins that depend on the P450 3A4 enzyme
system to be metabolized are most vulnerable to this interac-
tion (i.e., lovastatin, simvastatin, and to a lesser extent ator-
vastatin). Fluvastatin is metabolized by the P450 2C9 system
and, therefore, is more vulnerable to interactions with drugs
that directly inhibit 2C9 or act as competitive inhibitors (sub-
strates) for this alternate system. Rosuvastatin is metabolized
minimally (i.e., about 10%) by 2C9 to less active metabo-
lites. Pravastatin undergoes isomerization in the gut to a rela-
tively inactive metabolite. Variability of gastric metabolism has
been shown to be associated with the LDL-C–lowering effects
of pravastatin.174 Some of the more commonly encountered
drugs that inhibit the 3A4 enzyme system are azole antifun-
gals (itraconazole, ketoconazole, and miconazole), certain cal-
cium channel blockers (diltiazem and verapamil), macrolide
antibiotics (clarithromycin and erythromycin), protease in-

hibitors (ritonavir), and antidepressants (nefazodone). Drugs
that are substrates for the 3A4 system include certain benzodi-
azepines (alprazolam, midazolam, triazolam), calcium chan-
nel blockers (especially diltiazem), carbamazepine, cisapride,
cyclosporine, estradiol, felodipine, loratadine, quinidine, and
terfenadine. When these substrate drugs are used together with
simvastatin or lovastatin (and to a lesser extent atorvastatin),
systemic blood levels of the statin may be increased because
of competitive inhibition of the 3A4 enzymes, and this may
increase the risk for myositis. Inhibitors of 2C9 isoenzymes
include alprenolol, diclofenac, hexobarbital, tolbutamide, and
warfarin.

It is preferable to avoid the combined use of interacting
drugs with statins. If the patient requires a short course of ther-
apy with a potentially interacting drug (e.g., erythromycin), the
statin should be discontinued during this period and restarted
when the course has been completed. If an interacting drug
must be used long term (e.g., cyclosporine) with a statin, the
lowest effective dose of the statin should be selected, with care-
ful monitoring of muscle symptoms. If myositis occurs, it is
quickly reversible when the statin is discontinued.

Caution should also be exercised when adding gemfibrozil
with a statin to treat patients with high blood cholesterol and
TG. Gemfibrozil interferes with the glucuronidation of statins,
thereby interfering with their renal clearance. This interaction
results in two- to fourfold increases in systemic statin levels
and has been demonstrated with all statins except fluvastatin.
Because the interaction has not been reported to occur with
fenofibrate, it is the preferred fibrate to add to a statin when
treating patients with a mixed lipid disorder.

Hospitalizations and deaths caused by rhabdomyolysis led
to the withdrawal of one statin, cerivastatin, from the mar-
ket, punctuating the importance of this potential side effect.
Cerivastatin at its top dosage of 0.8 mg daily caused a sig-
nificantly higher incidence of myotoxicity than other currently
marketed statins. Additionally, when interacting drugs or gem-
fibrozil were added to this dose of cerivastatin, many cases
of severe muscle toxicity and rhabdomyolysis occurred. The
U.S. Food and Drug Administration (FDA) subsequently ob-
served that factors that appeared to raise the risk of severe
muscle toxicity and rhabdomyolysis with cerivastatin included
older individuals (especially women), small body frame, re-
duced renal function, multiple organ diseases, and use of mul-
tiple concurrent medications, particularly those known to in-
teract with statins. Whenever these factors are present in a
patient receiving a statin, it is advisable to use the lowest ef-
fective statin dose, to avoid or use with caution interacting
drugs, and to monitor the patient carefully. It is also advisable
not to unduly frighten the patient with dire warnings about
the potential for this side effect; it occurs only rarely, espe-
cially when these drugs are used responsibly in the manner
described.

Lovastatin and rosuvastatin may prolong the prothrombin
time in patients receiving coumarin anticoagulants concur-
rently; this effect is not caused by pravastatin. Statins should
not be used in patients with active liver disease or those who
are (or hope to become) pregnant because of potential hazards
to the fetus.

Based on this information, it is unlikely that simvastatin is
causing any serious side effects. His muscle pain is most likely
the result of heavy exercise that is not part of his usual pattern
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of exercise. If the muscle soreness persists for more than the
expected 2 to 3 days or worsens, he should report it to his doctor
to determine if measuring a CPK level is necessary.

14. Was simvastatin a good choice for L.W? Was the dose ap-
propriate?

A statin is the preferred drug for L.W. He is not receiv-
ing a potentially interacting drug and has no apparent con-
traindication to its use. Further, it is more likely than a resin,
ezetimibe, or niacin to help him reach his LDL-C goal. In
selecting the specific statin for the patient, it is assumed, for
reasons previously stated, that all statins are equally safe and
have a similar potential to reduce CHD events. The character-
istic that differentiates the statins is their ability to lower LDL-
C (Tables 12-13 and 12-16). Given the minimum of a 35%
reduction required to achieve L.W.’s LDL-C goal, it would
be preferable to select the statin with the greatest LDL-C–
lowering potency, such as simvastatin, atorvastatin, or rosu-
vastatin. At 20 mg/day of simvastatin, 10 mg/day of atorvas-
tatin, or 10 mg/day of rosuvastatin, LDL-C is reduced by an
average of 39%, indicating that 50% of patients will experi-
ence at least this level of LDL-C reduction. Starting therapy
with even higher doses (i.e., rosuvastatin 20 mg, simvastatin
40 mg or atorvastatin 20 mg) will increase the chance of reach-
ing L.W.’s minimal treatment goal of <130 mg/dL. For now the
20 mg starting dose of simvastatin given to L.W. is reasonable.
He should be assessed for success in achieving his lipid goal
in about 6 weeks.

Fiber

15. What role can supplemental fiber play in the treatment of
L.W.?

Increasing fiber intake in the diet or adding supplemental
fiber in the form of psyllium (Metamucil), oat bran, gums,
or other products might temporarily aid in LDL-C reduction.
When given to a patient who is following a low-fat diet, the
LDL-C reduction is modest (usually about 5%). A dietary sup-
plement of fiber would make little overall contribution to L.W.’s
treatment, although appropriate fiber intake in the form of fresh
fruits, beans, and vegetables is highly advisable. Overuse of
fiber is associated with bothersome GI symptoms, including
flatulence and bloating.

Fish Oils

16. Is there a role for fish oil supplements in L.W.’s treatment?

Fish oils predominantly contain polyunsaturated (omega-
3) fatty acids, which lower TG levels significantly (30% to
60%) but have variable effects on cholesterol levels. They
serve little value in achieving LDL-C reduction, as is needed
by L.W. As noted, however, under the discussion of diet, con-
sumption of foods rich in omega-3 fatty acids (e.g., fish) sev-
eral times a week has been associated with a reduced risk of
heart disease, and they are recommended as part of a low-
fat diet. Supplements of fish oils demonstrated a reduction
in CHD events in several large clinical trials.175 Commercial
sources of fish oils vary in their content. The fish oil supple-
ments used in the GISSI study, which demonstrated a CHD risk

reduction, contained 850 mg of eicosapentaenoic acid (EPA)
and docosahexanoic acid (DHA). Fish oils are most useful in
the treatment of patients who have hypertriglyceridemia and
who cannot achieve adequate control with conventional TG-
lowering drugs (niacin and a fibrate) alone. The CHD risk
reduction with fish oils appears to be caused by an antiarrhyth-
mic effect and not a change in atherosclerosis, because sudden
CHD deaths are the outcome primarily affected by fish oil
therapy.

Postmenopausal Drug Therapy

17. C.M. is a 57-year-old woman whose last menses occurred 2
years ago. She follows a TLC diet and participates in an aerobic
exercise program three times a week. She has a strong family
history of CHD (her father died suddenly at age 59 and her 43-
year-old brother has had a heart attack). Her mother is alive at
age 78, but lives in a nursing home because of a hip fracture last
year. C.M. does not have diabetes or hypertension; she smokes
half a pack of cigarettes per day. Her mean BP for the last two
visits is 142/88. She does not have hypothyroidism. Her lipid profile
is total cholesterol, 260 mg/dL; LDL-C, 186 mg/dL; HDL-C, 58
mg/dL; and TG, 78 mg/dL. C.M. has no evidence of secondary
or familial dyslipidemia or atherosclerotic vascular disease on
her physical examination. She has not had a hysterectomy. She
complains of frequent daily hot flashes and night sweats. Does
C.M. need cholesterol-lowering drug therapy, and if so, with which
drug? Is she a candidate for estrogen replacement therapy?

[SI units: LDL-C, 5.17 mmol/L; HDL-C, 1.5 mmol/L; and TG, 0.88 mmol/L]

Being postmenopausal, whether natural, surgical, or pre-
mature, is associated with an increased CHD risk. C.M. has
three risk factors: postmenopausal status, smoking, and family
history of premature CHD (Table 12-4). Because she has two
or more risk factors, her LDL-C goal is <130 mg/dL. An as-
sessment of her global risk (Fig. 12-6B) indicates that she has
an 11% risk of a CHD event in the next 10 years. Because her
global risk is between 10% and 20%, the option is to treat her
LDL-C to <100 mg/dL. Because her mean LDL-C after diet is
still 186 mg/dL, she will require a 46% reduction to achieve her
goal. Until recently, C.M. would have been a candidate for es-
trogen therapy before (or instead of) other cholesterol-lowering
drugs. Estrogen is known to improve lipid and lipoprotein pro-
files and was thought to provide cardioprotective effects as well
as minimizing osteoporosis and menopausal symptoms. Today,
with new data in hand, this approach has changed.

Estrogen Replacement Therapy
CONSIDERATIONS FOR USE IN HYPERCHOLESTEROLEMIA

18. What are the considerations for using estrogen therapy in
C.M. to reduce her CHD risk?

Epidemiologic studies report up to 50% lower CHD rates
in women who use estrogens compared with those who do
not.176–179 A meta-analysis of 31 case-control, cross-sectional,
and cohort studies found an overall relative risk of 0.56
(i.e., a 44% lower rate of CHD in estrogen users compared
with nonusers).180 The difference in CHD rates between es-
trogen users and nonusers is even greater in women who
have developed CHD.178,181 Despite calls for caution,182 the
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epidemiologic evidence of lower CHD risk was so impressive
and consistent that many authorities supported the use of es-
trogen therapy as a first-line treatment to reduce CHD risk in
dyslipidemic, postmenopausal women, especially if they were
experiencing menopausal symptoms or were at risk from os-
teoporosis.

Following the reports of the Heart and Estrogen/Progestin
Replacement Study (HERS) and the Women’s Health Initia-
tive (WHI), this position has changed. HERS evaluated 2,763
women with known CHD.183 The active treatment group re-
ceived conjugated equine estrogen (0.625) and medroxypro-
gesterone (2.5) mg/day (Prempro) for 5 years. Compared with
placebo, the hormone replacement therapy (HRT) regimen
lowered LDL-C by 11% and increased HDL-C by 10%. At
the conclusion of the study, no difference was seen between the
groups with regard to CHD death and nonfatal MI (the primary
study outcome measure) or total mortality. Of greatest concern
was a 52% increase in CHD events during the first year of the
study. By the fourth and fifth years of the study, HRT-treated
women had 33% fewer CHD events, but this difference was
not sufficiently great to counter the first-year results. Venous
thromboembolic events occurred in 0.6% of treated women
compared with 0.2% in placebo-treated women; the incidence
of gallbladder disease was 38% greater in HRT-treated than
in placebo-treated patients. No significant differences were
found between the groups with respect to breast cancer, en-
dometrial cancer, or fracture. Study investigators searched for
explanations of these surprising results, but ultimately con-
cluded that in this well-controlled study of estrogen therapy
in CHD women, estrogen provided no benefit and may have
caused harm.

Subsequently, the WHI reported the results of a 5.2-
year, randomized, placebo-controlled study of the same estro-
gen/progestin product in 16,608 postmenopausal women who
had no prior evidence of CHD.184 The study was stopped be-
fore its planned 8.5-year duration because the rate of invasive
breast cancer exceeded the stopping boundary. Investigators
reported the following negative outcomes: a 29% increase in
CHD events (nonfatal MI or CHD death), a 26% increase in
breast cancer, a 41% increase in stroke, and a twofold increase
in pulmonary embolism. Positive outcomes included a 37%
reduction in colorectal cancer, a 17% reduction in endometrial
cancer, a 34% reduction in hip fracture, and an 8% reduction
in death from non-CHD causes. These relative changes in risk
camouflage a low overall absolute risk of harmful study events.
That said, however, the absolute excess risk of adverse events
during the study was 19 per 10,000 person-years, support-
ing an overall conclusion that the risks of estrogen/progestin
(Prempro) therapy exceeded the benefits among healthy post-
menopausal women. Because the whole purpose of healthy
women taking a therapy is to preserve health and prevent dis-
ease, this study provides further strong evidence that women
should not receive combination estrogen/progestin therapy for
long-term use to prevent CHD. It should be noted that the WHI
study arm with postmenopausal women taking estrogen alone
was not stopped prematurely, suggesting that the adversities
reported above were caused by the progestin component of the
combination and not to the estrogen. Nonetheless, until further
data are available, long-term use of estrogen for lipid manage-
ment is not recommended. Short-term (1 to 2 years) use for
relief of C.M.’s menopausal symptoms is acceptable.

Alternative Lipid Therapy for Postmenopausal Women

19. If C.M. should not be started on estrogen/progestin therapy,
what should she be given?

C.M.’s risk of dying of CHD is as great as it is for a
male patient. Further, her risk rises after menopause in a log-
linear manner parallel to men (although behind men by about
10 years). The Heart Protection Study and a meta-analysis of
most of the major statin trials has shown strong evidence that
postmenopausal women benefit from lipid-lowering treatment
just as much as men91,185 (Table 12-3). For all of these reasons,
C.M. is a candidate for lipid-modifying therapy. Because she
requires a 46% reduction to achieve her LDL-C goal of <100
mg/dL, a statin with sufficient LDL-C–lowering potency to
achieve this target (i.e., simvastatin, atorvastatin, or rosuva-
statin) would be the drug of choice or a statin combined with
another drug (see below). Even if the decision is made by her
and her gynecologist to initiate short-term HRT to reduce va-
somotor symptoms, a statin will still be needed to reduce her
LDL-C to the goal level and to reduce her CHD risk.

Familial Hypercholesterolemia

20. D.E. is a 45-year-old man with no evidence of CHD. His
father and grandfather both died suddenly from apparent heart
attacks in their early 50s, but D.E. has no other CHD risk fac-
tors. He has no evidence of secondary causes of dyslipidemia. On
physical examination, he is noted to have bilateral corneal arcus
and bilateral Achilles’ tendon xanthomas; the rest of his exami-
nation findings are normal. Likewise, his laboratory test results
are within normal limits, except for the following lipid profile:
total cholesterol, 440 mg/dL; TG, 55 mg/dL; HDL-C, 55 mg/dL;
and LDL-C, 374 mg/dL. What form of hypercholesterolemia does
D.E. most likely have? Is he a candidate for drug therapy at this
time?

[SI units: total cholesterol, 11.38 mmol/L; TGs, 0.62 mmol/L; HDL-C, 1.42

mmol/L; LDL-C, 9.67 mmol/L]

The combination of a very high LDL-C, tendon xanthomas,
corneal arcus, and a strong family history of premature CHD
is consistent with a diagnosis of familial hypercholesterolemia
(FH) (Table 12-2). The risk of a CHD event in the next 10
years associated with FH is very high, well in excess of 20%.
Thus, it is not necessary to conduct a global risk assessment,
because the diagnosis of the genetic disorder defines his risk.
Although D.E. has bilateral tendon xanthomas, this finding
would not necessarily be detected in all 45-year-old patients
because it takes time for xanthomas to develop. With a strong
family history and a very high LDL-C level independent of the
presence or absence of xanthomas, however, it is still presumed
that the person has either FH or severe polygenic hypercholes-
terolemia. Thus, he deserves aggressive lipid management to
reduce his high CHD risk. D.E. should be given therapy to
lower his LDL-C to 130 mg/dL, lower if possible. To achieve
this goal, D.E. will require a 65% LDL-C reduction, which
almost assuredly will require combination drug therapy in ad-
dition to a low-fat diet. Because this is a genetically induced
lipid abnormality, a low-fat diet alone will not correct the prob-
lem; in fact, diet may have little effect on his LDL-C.
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Combination Drug Therapy

21. What cholesterol-lowering drugs should be combined to
manage D.E.’s lipid disorder?

As stated previously, four drugs effectively reduce LDL-C:
a statin, a resin, ezetimibe, and niacin (Table 12-12). When two
or more of these are combined, an additive LDL-C–lowering
effect is achieved. Combinations of niacin and resin result
in LDL-C reductions of 32% to 43%;62 a statin and a resin
lower LDL-C by 45% to 55%,63 and ezetimibe plus a statin
reduces LDL-C by 46% to 70%.152,186 LDL-C reductions of
50% to 60% are possible when the three-drug regimen of a
statin plus resin plus niacin is used.187,188

The major limiting factor in combining drugs is side ef-
fects. Niacin and the older resins both cause bothersome side
effects to the extent that 25% to 50% of patients cannot tolerate
them. The use of Niaspan rather than crystalline niacin may
reduce the vasodilatory side effects, however, and the use of
colesevelam rather than one of the older resins should reduce
GI intolerance.189 The combination of a statin and niacin is said
to be associated with an increased risk of myositis, although
this risk appears to be very low.190 The combination of a statin
and ezetimibe is the one best tolerated and offers the most con-
venient once-a-day dosing of the possible combinations. This
is the combination that was selected for D.E.

INITIATING THERAPY

22. How should combined therapy with a statin and ezetimibe
be initiated in D.E.?

Given the amount of LDL-C lowering needed to reach D.E.’s
LDL-C goal, it is reasonable to select one of the more potent
LDL-C–lowering statins (e.g., simvastatin, atorvastatin, or ro-
suvastatin) and to start with a high daily dose (40 mg/day). Be-
fore therapy is initiated, baseline liver function tests and CPK
levels should be obtained (Table 12-15). Renal function should
be assessed because impaired renal clearance of the statin or
its active metabolite could result in increased systemic levels,
which might increase the risk of myotoxicity. LDL-C levels
should be evaluated in about 6 weeks, when the maximal ef-
fect of the statin is anticipated. If the LDL-C is within 6%
of D.E.’s goal, the dosage of the statin may be advanced to
80 mg as this should be sufficient to achieve the goal. If the
LDL-C is >6% below goal, however, ezetimibe (10 mg) daily
should be added to the regimen. This should add an additional
10% to 20% LDL-C–lowering effect.186 D.E. should be seen in
another 6 weeks for further LDL-C evaluation. Alternatively,
the patient can be started on a fixed combination product of
simvastatin and ezetimibe (Table 12-14).

If D.E. does not achieve his goal with this two-drug com-
bination, the addition of a third drug should be considered.
Choices are to add a bile acid resin, such as colesevelam, or
niacin. Presently, no study has described the efficacy of an eze-
timibe, resin, and statin combination. Theoretically, the com-
bination should be effective, but a limit may exit to how much
hepatic LDL receptors can be upregulated. Niacin has been
successfully added as a third drug in a regimen and provides a
10% to 15% additional LDL-C–lowering effect when titrated
to about 2,000 mg/day.

ADDING A THIRD LIPID-LOWERING DRUG TO THE REGIMEN

23. How should niacin be initiated in D.E., and what monitoring
is required?

Before niacin therapy is started (and after its maximal
dosage is reached), liver function tests should be evaluated
(Table 12-15). Patients with an active peptic ulcer or liver dis-
ease should not receive niacin. Niacin can increase glucose
levels by 10% to 20% in some diabetic patients or patients with
impaired fasting glucose levels, necessitating careful monitor-
ing of glucose control. None of these issues is a factor in D.E.

The addition of niacin to D.E.’s statin and ezetimibe regi-
men should be initiated with low doses that are slowly titrated
upward to allow tolerance to develop at each dosage level
(Table 12-14). D.E. should be given as much control over niacin
administration as possible. Crystalline niacin can be started at
250 to 300 mg/day, administered in two or three divided doses.
Thereafter, daily dosages can be increased every 3 to 7 days
in the following sequence: 500, 1,000, 1,500, 2,000, and
3,000 mg. Niaspan is initiated at 500 mg at bedtime and in-
creased every 7 days to 1,000 mg, 1,500 mg, and 2,000 mg daily
as tolerated by the patient. The over-the-counter sustained-
release niacin dosage form is not recommended because of its
increased risk of causing hepatotoxicity.

D.E. should be warned about the vasodilatory symptoms
associated with niacin use (facial flushing, itching, rash) and
reassured that these symptoms are not dangerous and that toler-
ance should develop after several weeks of therapy. He should
be advised to take 325 mg of aspirin or another prostaglandin-
inhibiting drug 30 minutes before the morning dose of crys-
talline niacin or the bedtime dose of Niaspan to decrease these
symptoms. Taking each dose with food will help to reduce
flushing and GI symptoms. Instruction can also be provided to
reduce doses if necessary to manage bothersome symptoms.
He should be encouraged to call his clinician whenever trou-
blesome symptoms occur.

Several weeks after the 1,500-mg/day dosage is reached
(Table 12-14), the patient should be evaluated for achievement
of the LDL-C goal and side effects. If the LDL-C goal is not
achieved with 1,500 mg/day, further increments can be made
up to the maximal tolerated dose or a ceiling dose of 3,000 mg
of crystalline niacin or 2,000 mg of Niaspan. In addition to a
fasting lipid profile, laboratory tests of liver function, glucose,
and uric acid may be indicated.

MIXED HYPERLIPIDEMIA
Assessing the Patient With Mixed Hyperlipidemia

24. B.C., a 56-year-old man, experienced acute chest pain 3
months ago and was admitted to the local hospital with a di-
agnosis of unstable angina. His only known medical problem was
hypertension treated with enalapril 10 mg QD. His lipid profile on
admission was total cholesterol, 235 mg/dL; HDL-C, 30 mg/dL;
LDL-C, 165 mg/dL; and TG, 300 mg/dL. He underwent a cardiac
catheterization, which revealed a 90% stenotic lesion in his left
anterior ascending artery. A drug-coated stent was placed with-
out difficulty. He was subsequently discharged on simvastatin 40
mg QHS, ezetimibe 10 mg QD, ASA 325 mg QD, propranolol 40
mg BID, and enalapril 10 mg QD.
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Today, he weighs 220 lb, is 6 feet tall (ideal body weight [IBW],
140 to 185 lb), and has a waist circumference of 42 inches. He
has lost 10 lb since his MI by following a low-fat diet and an
exercise program. He swims 1 mile three times a week without
symptoms of cardiac ischemia, and he drinks two glasses of wine
each evening with dinner. His father died at age 58 of an MI (lipids
unknown). He has never smoked. Pertinent physical findings in-
clude BP 148/90 mm Hg; heart rate 60 regular; arcus senilis;
carotid pulses equal without bruits; and chest clear to auscul-
tation without cardiomegaly. Laboratory tests disclose normal
thyroid-stimulating hormone levels, normal renal and liver func-
tion, and a fasting glucose level of 120 mg/dL. His urinalysis was
normal. The lipid profile while taking the above regimen is total
cholesterol, 143 mg/dL; TG, 210 mg/dL; HDL-C, 33 mg/dL; and
LDL-C, 68 mg/dL.

What is your assessment of B.C.’s lipids and lipoprotein choles-
terol concentrations?

[SI units: glucose, 6.66 mmol/L; total cholesterol, 3.7 mmol/L; TG, 2.37

mmol/L; HDL-C, 0.85 mmol/L; LDL-C, 1.76 mmol/L]

According to NCEP guidelines, B.C. has reached the “rea-
sonable” LDL-C treatment goal (<70 mg/dL) for a patient with
a history of CHD.88,89 (Table 12-10). The LDL-C should be
confirmed with a second lipid profile (because of biologic and
analytical variability). According to NCEP guidelines, his TG
level remains high (200 to 500 mg/dL) and his HDL-C is low
(<40 mg/dL) (Table 12-6). The lipid profile obtained during
his hospitalization can be interpreted in a normal manner, be-
cause it was drawn within 24 hours of his acute coronary event.
Profiles drawn after 24 hours are generally lower, however, than
pre-event levels and remain so for several weeks.

Based on his recent CHD event, B.C. has a >20% chance
of a recurrent CHD event in the next 10 years. He is therefore
considered to be a high-risk, CHD risk equivalent patient. Ad-
ditionally, B.C. has several risk factors for CHD that add to his
risk: family history, male >45 years, high BP, and low HDL-C.
His fasting blood sugar is defined as impaired fasting glucose
(i.e., a fasting value 110 to 126 mg/dL). Some clinicians would
consider him to be diabetic, given how close he is to the defini-
tion of diabetes (fasting blood sugar >126 mg/dL). Evaluation
of HgA1c and a glucose tolerance test are indicated to further
define B.C.’s diabetes state.

B.C. was appropriately treated with a statin (as well as an-
tiplatelet, angiotensin-converting enzyme [ACE] inhibitor, and
beta-blocker therapy) and a TLC diet and exercise program to
achieve an LDL-C <70 mg/dL. In such a high-risk patient,
therapeutic interventions should not be delayed. Not only will
the initiation of drug treatment in the hospital setting provide
risk-reducing benefit, but the patient is more likely to relate
this therapy to his acute event and adhere to it.189

Although B.C. has reached his LDL-C goal, the job of re-
ducing his CHD risk is not complete. The next step is to eval-
uate the CHD risk associated with the high TG level and, if
indicated, develop a plan to address it (Table 12-17).

Relation of Triglycerides to Coronary Heart Disease

25. Does the increased TG level in B.C. indicate an increased
CHD risk?

The exact role that TG play in the pathogenesis of CHD is
under intense investigation. Most epidemiologic studies have
found that a high TG level is an independent risk factor for
CHD when evaluated with univariate analysis. When other
lipid abnormalities, such as increased LDL-C or low HDL-
C, are included in a multivariate analysis, TG often lose their
independent predictive power.191 Part of the reason for this is
the close interrelationship between lipids. Patients with high
TG levels almost always have a low HDL-C, which also pre-
dicts CHD risk.192,193 In addition, elevated TG levels are as-
sociated with increased levels of TG-rich lipoproteins (i.e.,
remnant VLDL particles) and small, dense LDL particles.9,194

These particles are atherogenic and mediate a higher CHD risk
than associated with an elevated LDL-C alone.195–198 When
epidemiologic studies were combined, a meta-analysis found
that TG independently predicted CHD risk, even after adjust-
ment for other lipid risk factors.199 High TG levels are also
found in certain familial disorders, including dysbetalipopro-
teinemia and familial combined hyperlipidemia, which carry
increased CHD risk.19,200 Additionally, hypertriglyceridemia
is associated with a procoagulant state, which promotes coro-
nary thrombosis.194

Paradoxically, very high TG levels (>500 mg/dL) are not
commonly associated with an increased CHD risk, but do cause
an increased risk of pancreatitis, especially when levels exceed
1,000 mg/dL. Often, a genetic defect in lipoprotein lipase is
present in these cases that impairs the removal of TG from
TG-rich particles (VLDL and chylomicrons). These particles
do not become enriched with cholesterol and, therefore, are
not often atherogenic.200,201 If the blood sample is stored in
the refrigerator overnight, a thick creamy layer often appears
on the surface, indicating the presence of chylomicrons. Al-
though most patients with very high TG remain free of CHD
throughout their lives, some develop it.191

On the other hand, patients such as B.C., with TG in the
borderline to high range (150 to 500 mg/dL), have an in-
creased CHD risk because they likely have atherogenic TG-
rich lipoproteins (Table 12-6). Characteristically, B.C. has a
high TG level and a low HDL-C and is likely to also have el-
evated remnant VLDL-C and small dense LDL levels. This is
the profile of atherogenic dyslipidemia described earlier in this
chapter and is linked to a high CHD risk. This is exemplified
by the placebo groups in the HIT and BIP trials, two studies
that included patients with mixed hyperlipidemia. Untreated
subjects had CHD event rates of 15% to 22% in 5 to 6 years,
respectively.110,111

Atherogenic Dyslipidemia

26. Why does atherogenic dyslipidemia occur? How should the
clinician assess and treat atherogenic dyslipidemia?

Patients such as B.C. with borderline high or high TG levels
(Table 12-6) secrete large numbers of TG-enriched VLDL par-
ticles from the liver. One reason for this is increased levels of
nonesterified fatty acids in the systemic circulation that come
from adipose cells (especially in patients with central obesity).
The liver clears these fatty acids and is stimulated to increase
the synthesis of triglycerides.202

A second reason for the increased secretion of VLDL parti-
cles is an upregulation of the gene expression for microsomal
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Table 12-17 Treatment Targets for Patients Who Have Achieved Their LDL-C Goal and Have a Triglyceride Level >200 mg/dL and
Meet Criteria for the Metabolic Syndrome

Patient Category LDL-C Treatment Target Non-HDL-C Treatment Target Apolipoprotein B Treatment Target

CHD or CHD risk equivalent
(Reasonable target for patients with CHD)

<100 mg/dL
<70 mg/dL

<130 mg/dL
<100 mg/dL

<90 mg/dL
<70 mg/dL

No CHD, >2 risk factors <130 mg/dL <160 mg/dL <110 mg/dL
No CHD, <2 risk factors <160 mg/dL <190 mg/dL <130 mg/dL

CHD, coronary heart disease; HDL, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol.

triglyceride transfer protein (MTP) that is caused by the ele-
vated insulin levels in these patients.203 MTP is responsible
for assembling VLDL particles in the hepatocyte. It brings to-
gether TG, cholesterol, and apolipoproteins to form the VLDL
particle. This mechanism suggests a molecular basis for the
link between insulin resistance and increased VLDL secre-
tion. One way of telling that there are increased numbers of
lipoprotein particles in the systemic circulation is to measure
apolipoprotein B. One apolipoprotein B is attached to each
VLDL and LDL particle. An increased apolipoprotein B level
indicates an increased number of particles. Patients with a high
apolipoprotein B level have a high risk of CHD.

With the increase in VLDL particles, plasma levels of
apolipoprotein C-III also increase. Apolipoprotein C-III has
two detrimental effects. It interferes with the normal removal
of TG from VLDL by reducing the action of lipoprotein li-
pase. This reduces lipolysis and increases the concentration
of TG in the VLDL particle. The second negative effect of
apolipoprotein C-III is an interference with the normal removal
of VLDL particles from the circulation via LDL receptors on
the hepatocytes.202

TG-rich VLDL particles interact with other circulating
lipoproteins through the action of cholesterol ester transfer
protein. Through this protein, a molecule of cholesterol ester
is exchanged from circulating HDL and LDL particles for a
molecule of TG from VLDL particles. With time, the HDL par-
ticles give up >50% of their cholesterol content and become
enriched with TG. This results in low HDL-C levels. VLDL
becomes more enriched with cholesterol and simultaneously
smaller in size, close to the size of LDL, and thus more athero-
genic (both because of its smaller size and its higher cholesterol
content). LDL particles take on more TG than normal. Subse-
quently, under the influence of hepatic lipase, TG is removed
from LDL particles, leaving a very small particle that is defi-
cient in cholesterol and TG, but is present in great numbers.
Because of their small size and concentration, small, dense
LDL particles are very atherogenic.

The net result of the above mechanisms is a high VLDL-
C, low HDL-C, and increased small, dense LDL, a lipid triad
termed atherogenic dyslipidemia. How does the clinician mea-
sure this in the clinical setting? VLDL-C and VLDL-TG lev-
els are not available from most clinical laboratories, however.
Several companies provide measurements of particle size, but
these are not widely available and do not yet relate to a ref-
erence standard; particle size measurements are best reserved
for research purposes at present. The clinician can measure
apolipoprotein B as an indicator of the number of atherogenic
particles; these levels are available from most clinical laborato-
ries. A much easier, more accessible measure is non–HDL-C.

Non–HDL-C is the product of VLDL-C and LDL-C and is de-
termined by subtracting HDL-C from total cholesterol. NCEP
recommends that non–HDL-C be determined in patients who
have a TG >200 mg/dL after attaining their LDL-C goal.92

Once the patient is at his or her LDL-C goal, any elevation
in non–HDL-C will result from an increase in VLDL-C. Be-
cause VLDL-C levels are normally <30 mg/dL, non–HDL-
C treatment goals are set 30 mg/dL above LDL-C treatment
goals (Table 12-17). Included in the same table are alterna-
tive apolipoprotein B treatment goals that have been recom-
mended by authorities.204 Note that non–HDL-C levels can
be determined from a nonfasting sample measuring only total
cholesterol and HDL-C, thus making it very convenient for
the clinician to make these measurements any time of the day
without regard to food intake.

Secondary Causes of Hypertriglyceridemia

27. In addition to an assessment of B.C.’s lipid profile, what
other evaluations should be made?

One of the questions that should be answered routinely
when evaluating patients with lipid disorders: Is there a sec-
ondary cause of the patient’s lipid disorder? Secondary causes
of hypertriglyceridemia include chronic renal failure; diabetes
mellitus; alcohol use and abuse; a sedentary lifestyle; obesity;
and the use of TG-raising drugs, including β-blockers, estro-
gens, and glucocorticoids (Table 12-7). B.C. has a normal TSH
level, normal liver and renal function test results, and a nor-
mal urinalysis. His blood glucose is elevated into the impaired
fasting glucose range, which can be associated with impaired
TG metabolism, as described earlier. In addition, he is over-
weight, with much of the weight distributed around his waist
(i.e., a waist circumference >40 inches). Patients who have
truncal obesity often overproduce TG and oversecrete VLDL
particles, thereby raising their TG level. The HDL-C is in-
versely reduced. This would appear to be an important factor
affecting TG levels in B.C. A reduction in weight through an
exercise program and a low-calorie, low saturated fat, and low-
carbohydrate diet would be one of the most effective ways to
improve B.C.’s glucose level, raise his HDL-C, and lower his
TG level.

Light to moderate alcohol intake, defined as up to two drinks
per day (1 drink = 5 oz wine, 12 oz beer, or 1.5 oz 80-proof
liquor), as is practiced by B.C., has been associated with lower
CHD rates. The observed reduction in CHD among light to
moderate alcohol drinkers is consistently on the order of 40%
to 60% in epidemiologic trials.205,206 Available epidemiologic
evidence supports arguments of causality.207,208 It is problem-
atic, however, to recommend alcohol consumption for CHD
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prevention. From a public health point of view, the adverse
consequences of alcohol consumption are great and may out-
weigh the benefits gained. One known adverse consequence of
alcohol consumption is hypertriglyceridemia, especially when
alcohol is abused, but it may be seen with only moderate intake
as well. Even though B.C.’s alcohol intake appears moderate, it
may be contributing to his hypertriglyceridemia, so a period of
abstinence is warranted to determine whether this is the case.

Use of a β-blocker could also raise TG levels (Table 12-7)
and might be a contributing factor in B.C.’s lipid profile. He al-
ready had a high TG level on admission to the hospital before
starting propranolol therapy, however. In this case, the beta-
blocker is providing an important health benefit that probably
outweighs the small risk posed by its effect of TG levels. More
probably, B.C.’s weight and impaired glucose are the key fac-
tors contributing to his increased TG level and are the logical
places to start when attempting to correct secondary causes of
elevated TG levels.

Metabolic Syndrome

28. B.C. has a combination of obesity, impaired fasting glucose,
and hypertension in addition to atherogenic dyslipidemia. What
is the significance of this constellation of findings?

Not only does B.C. have CHD and a combination of lipid ab-
normalities that substantially raise his risk of CHD, but he also
has a number of nonlipid risk factors that raise it as well.209

These factors include obesity, impaired fasting glucose, and
hypertension. Most of B.C.’s excess weight is concentrated
around his waist. This central distribution of fat may reflect
an excess of intra-abdominal fat, which in turn may influ-
ence the development of atherogenic dyslipidemia, as already
described.210 An increased outflow of fatty acids from intra-
abdominal TG stores may provide the substrate for increased
hepatic TG synthesis and VLDL secretion. This could explain
B.C.’s elevated TG level.

Abdominal obesity also is strongly associated with insu-
lin resistance.202,211 Insulin resistance leads to mild hyper-
glycemia, and the pancreas responds by increasing insulin
secretion; hyperinsulinemia results.212,213 Some genetically
predisposed patients are not able to secrete sufficient insulin
to overcome this resistance and they develop impaired glu-
cose metabolism or diabetes. The presence of a fasting blood
sugar between 110 and 126 mg/dL in B.C. suggests impaired
glucose metabolism and probably insulin resistance (with
hyperinsulinemia).214

B.C. has hypertension. The beta-blocker and ACE inhibitor
he is receiving to reduce his CHD risk also help lower his blood
pressure. According to the most recent guidelines, B.C. still
has stage I hypertension (systolic BP 140 to 159 mm Hg); his
untreated BP may be higher.215 Before concluding inadequate
BP control, however, BP readings should be obtained on at least
two other occasions and adherence to therapy documented.
Abdominal obesity and insulin resistance also are commonly
associated with high BP and could be a factor in B.C.216,217

The exact mechanisms for this remain speculative.
What emerges from the preceding discussion is the strong

possibility that B.C.’s risk factors are not independent, but
rather represent a constellation of medical problems that have
a common pathway. This pathway may be related to insulin
resistance.216,218 NCEP called this constellation the metabolic

Table 12-18 Clinical Identification of the Metabolic
Syndrome

Presence of any three of the following:
• Waist Circumference

• Men ≥40 inches (>35 inches for Asian-
Americans)

• Women ≥35 inches (>31 inches for Asian-
Americans)

• Triglycerides ≥150 mg/dL (or on drug treatment for
elevated triglycerides)

• High-density lipoprotein
cholesterol (HDL-C)
• Men <40 mg/dL (or on drug treatment for

reduced HDL-C)
• Women <50 mg/dL (or on drug treatment for

reduced HDL-C)
• Blood pressure (systolic/

diastolic)
≥130/≥85 (or on drug treatment for

hypertension)
• Fasting glucose >110 mg/dL (or on drug treatment for

elevated glucose)

syndrome.92 Other names given the same problem in the liter-
ature are syndrome X, the deadly quadrangle, insulin resis-
tance syndrome, and Reavan’s syndrome.197,198,207,213,216,218

Metabolic syndrome is diagnosed when any three of the factors
listed in Table 12-18 are present. The syndrome is associated
with a substantial increase in CHD risk; the exact level of risk
should be determined by using the risk-scoring charts in Figure
12-7. B.C. has the metabolic syndrome by having met all five
criteria in Table 12-18. Weight loss, especially loss of visceral
abdominal adiposity, will be the centerpiece of his nondrug
treatment program. The goal is for weight reduction to correct,
or at least substantially improve, his blood glucose, TG, and
HDL-C levels and BP.

Hypertension Management With Atherogenic Dyslipidemia

29. If B.C.’s BP elevation persists after lifestyle changes are
made, how should he be treated?

Consideration of antihypertensive therapy in a patient with
dyslipidemia should take into account how BP-modifying
drugs affect blood lipids. As noted above, the propranolol B.C.
is receiving can elevate TG levels, but the benefit in post-MI
prophylaxis warrants its continued use.215 Substitution of a
β-blocker with intrinsic sympathomimetic activity (e.g., pin-
dolol) or a mixed alpha-beta-blocker (e.g., labetalol) may have
less adverse effect on lipids (Table 12-7), but their benefits for
post-MI prophylaxis are unproved.

The ACE inhibitor B.C. currently is receiving for his hyper-
tension has a neutral effect on serum lipids. His BP is not under
good control, however, so an adjustment to his antihyperten-
sive regimen is in order. One of the best drugs to reduce BP
in patients receiving an ACE inhibitor is a thiazide diuretic.215

Although thiazides can increase blood cholesterol levels (Table
12-7), these effects usually are small, especially with long-term
use. The thiazide dose should be kept low (i.e., 12.5 mg/day)
to minimize the effect on his blood lipids. Calcium channel
blockers (e.g., ACE inhibitors) are lipid neutral and are possi-
ble alternatives to a thiazide.
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Treatment of the Metabolic Syndrome
CHOLESTEROL-LOWERING AND WEIGHT-LOSS DIET

30. What nondrug therapies should be implemented to help
B.C. achieve his treatment goals?

B.C. needs to lose weight in addition to lowering his LDL-
C and non–HDL-C levels. Effective weight loss and subse-
quent weight maintenance could substantially or fully correct
his atherogenic dyslipidemia, lower his BP, reduce his waist
circumference, and correct his blood glucose. He has already
shown progress, having lost 10 pounds since his MI 3 months
ago. He appears to be following a low-fat diet, which undoubt-
edly has helped him lose weight. He needs to lose more weight
and needs to modify his lipids further, however. A more rig-
orous restriction of saturated fats might help him accomplish
these goals. This will also substantially reduce total daily calo-
ries, because fats contain 9 calories/g. Restriction of saturated
fat calories will encourage weight loss and will reduce TG lev-
els; however, it may also reduce HDL-C levels. If saturated fat
calories are replaced with polyunsaturated fats, HDL-C usu-
ally does not change and may increase. An increase in carbo-
hydrate intake will increase TG and may cause weight gain.
Therefore, in a weight-loss diet for the metabolic syndrome,
saturated fats and carbohydrates should generally both be re-
stricted. This level of complexity supports the involvement of a
registered dietitian who can provide expert advice and practical
meal planning.

DRUG THERAPY FOR THE METABOLIC SYNDROME

31. If weight loss and an exercise program are insufficient to
fully correct B.C.’s lipid disorder, it is appropriate to consider
drug therapy. What lipid-modulating drugs should be consid-
ered?

In patients with the metabolic syndrome and not at their
non–HDL-C goal, four drugs are used: statins, statins com-
bined with ezetimibe, niacin, or a fibrate. The statin combined
with ezetimibe given to B.C. has achieved his primary treat-
ment goal, an LDL-C <70 mg/dL. It has also reduced his TG
level about 30% and raised his HDL-C level modestly, both
typical effects of statins. His non–HDL-C is 110 mg/dL (goal
<100 mg/dL). The reduction in non–HDL-C with each dose
doubling of a statin is about 6%. Thus, an increase in the daily
dose of simvastatin from 40 mg to 80 mg per day would be
expected to reduce B.C.’s non–HDL-C level from 110 mg/dL
to approximately 103 ng/dL, not likely sufficient to achieve his
non–HDL-C goal of <100 mg/dL (Table 12-17). A more po-
tent statin, such as atorvastatin or rosuvastatin, lowers LDL-C,
non–HDL-C, and TG more than simvastatin and may achieve
B.C.’s treatment goal with daily doses of 40 to 80 mg or 10 to
20 mg, respectively.

An alternative is to add a third drug (niacin, bile acid resin,
or fibrate) to his simvastatin and ezetimibe to achieve the non–
HDL-C treatment goal. Adding another drug, however, can in-
crease side effects while adding complexity to, and increasing
cost of, the regimen.

The bile acid resins will add 10% to 20% additional LDL-C
lowering when added to a statin; non–HDL-C will be lowered
nearly as much. Much of the reduction in non–HDL-C will be
from a reduction in LDL-C, however. VLDL-C and TG levels
may not change or may even increase with a bile acid resin.

This effect of resins is most pronounced in patients such as
B.C. with hypertriglyceridemia.

Niacin generally enhances VLDL-C and TG lowering (up
to double the amount) and substantially increases HDL-C lev-
els when added to a statin.219 The effects on VLDL-C, TG,
and HDL-C with niacin follow a curvilinear pattern such that
substantial changes in these parameters can be achieved with
modest daily doses of niacin (1 to 1.5 g/day) (Fig. 12-8). Thus,
when niacin is added to a statin, it need not be titrated to max-
imal doses, which might in turn increase patient tolerance of
niacin. In one study, the addition of 750 mg/day of niacin to
simvastatin extended the reduction in TG from 26% to 31% and
in VLDL-C from 28% to 44%, while increasing HDL-C from
13% to 31%.220 The principal concern with niacin in patients
with the metabolic syndrome is its potential to worsen glu-
cose metabolism. Several recent studies in subjects with and
without diabetes have shown that niacin causes transient in-
creases in fasting glucose and glycosylated hemoglobin levels
in about a third of patients. These increases return to baseline
levels in about 6 weeks, presumably because of adjustments
made to the subject’s diabetic therapy.204,221 Investigators with
the Coronary Drug Project reported that fasting and 1-hour
postprandial blood glucose levels were increased in patients
assigned to niacin, but this metabolic change did not adversely
effect CHD risk reduction. In fact, nonfatal MI after 6 years
of therapy and all-cause death after 15 years of therapy was
reduced by 11% and 9%, respectively, among study patients
with a 1-hour postprandial glucose of <140 mg/dL compared
with reductions of 21% and 14% among patients with a 1-
hour postprandial glucose of >220 mg/dL.222 Nonetheless, it
is important to use appropriate doses of insulin or oral hypo-
glycemics in patient with inadequately controlled diabetes.

FIBRIC ACID DERIVATIVES

32. What are the characteristics of gemfibrozil and fenofibrate
that would qualify either drug for use in B.C.?

Clinical Use
Gemfibrozil (Lopid) and fenofibrate (TriCor) (and the other
fibric acid derivative available in the United States, clofibrate
[Atromid S]) lower TG levels by 20% to 50% and in patients
with hypertriglyceridemia, raise HDL-C by 10% to 15%223–227

(Table 12-16). Gemfibrozil generally lowers LDL-C by 10%
to 15%, but in patients with both hypercholesterolemia and
hypertriglyceridemia it may have no effect on (or may actually
increase) LDL-C levels. Fenofibrate lowers LDL-C by 15%
to 25%.228 This effect is blunted in patients with combined
hypercholesterolemia and hypertriglyceridemia, but an LDL-
C reduction of 10% to 15% is still expected.223,224,228,229

Gemfibrozil and fenofibrate are both indicated for the re-
duction of TG levels in patients with hypertriglyceridemia.219

In patients who have TG levels >1,000 mg/dL and are at risk
for developing pancreatitis, fibrates, along with niacin, are the
drugs of choice. Similarly, in patients with familial dysbeta-
lipoproteinemia, fibric acid derivatives are highly effective and
are considered the drugs of choice. Fibrates also have a place in
the management of combined or mixed hyperlipidemia. Sup-
port for this comes primarily from the results of the Helsinki
Heart Study and the HIT trials, in which gemfibrozil com-
bined with diet therapy was associated with a reduction in CHD
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deaths and nonfatal MI.107,109 These positive outcomes are at-
tributed to significant reductions in serum TG (and, therefore,
a reduction in TG-rich VLDL remnants and in small, dense
LDL) and an increase in HDL-C. Persons most likely to ben-
efit are those with diabetes or the lipid triad found in patients
with the metabolic syndrome.230,231

Mechanism of Action
Fibrates activate peroxisome proliferator-activated receptors
alpha (PPARα), which explains most of their effects on blood
lipids.232 PPARα receptors are located in the nucleus of cells
and are ligand-dependent transcription factors that regulate
target gene expression. Stimulation of PPARα suppresses the
gene responsible for synthesis of apolipoprotein C-III and stim-
ulates the gene responsible for LDL receptor synthesis.232,233

As a result, lipolysis of TG from VLDL particles and the re-
moval of these particles via hepatic LDL receptors is enhanced.
Stimulation of PPARα also increases fatty acid oxidation,
which reduces the synthesis of TG in the liver, and this in turn
reduces the TG content of secreted VLDL particles.233 Stimu-
lation of PPARα may increase the synthesis of apolipoprotein
A-1, the critical building block of nascent HDL, thereby en-
hancing reverse cholesterol transport. Research also suggests
that fibrates stimulate the expression of ABC1 transporters in
macrophage cells, which are responsible for bringing choles-
terol from within the cell to the cell surface, where it can be
taken up by nascent HDL particles and removed from these
cells.232

Adverse Effects

33. Gemfibrozil and fenofibrate appear to have a similar mech-
anism of action. What factors might lead to choice of one agent
over the other?

Gemfibrozil and fenofibrate are usually well tolerated. Gem-
fibrozil causes mild GI symptoms (nausea, dyspepsia, abdomi-
nal pain) in about one third of patients. Fenofibrate causes a rash
in 2% to 4% of patients. Fibrate therapy can also cause muscle
side effects, including myositis and rhabdomyolysis.234 Most
cases of muscle toxicity have been reported with gemfibrozil,
especially when it is used in combination with a statin. Re-
cent studies reveal that the area under the blood-concentration
curve of most statins is increased two- to fourfold when given
concurrently with gemfibrozil. These effects are not seen with
fenofibrate. The mechanism causing this interaction appears
to be related to an interference by gemfibrozil with the glu-
curonidation of statins and thereby a reduction in statin renal
clearance from the systemic circulation.235,236 This supports
the preferential use of fenofibrate over gemfibrozil when a com-
bination with a statin is indicated in managing cases such as
B.C. with a mixed hyperlipidemia. Patients who receive gem-
fibrozil or fenofibrate therapy alone or in combination with a
statin should be monitored for symptoms of muscle soreness
and pain. If these symptoms emerge, a CPK level should be
obtained. A CPK level >10 times the upper limit of normal,
along with muscle symptoms, supports a diagnosis of myositis.
The presence of myositis is an indication to withdraw fibrate
therapy, provided other possible causes are not apparent, such
as increased physical exercise or a recent trauma or fall.

Gemfibrozil increases biliary secretion of cholesterol,
which increases the lithogenicity of bile and results in the devel-

opment of cholesterol gallstones. Presumably, the same effect
occurs with all fibrates.

The results of three major primary prevention trials have
raised questions about the safety of fibrates. In the World Health
Organization trial, clofibrate reduced nonfatal MI by 25%, but
caused an increase in total mortality.237,238 As a result, its use
has declined markedly in the United States. Some of these
deaths may have been related to gallstone disease.237 In the
Helsinki Heart Study, gemfibrozil reduced fatal and nonfa-
tal MI by 37%, but was associated with a slight increase in
non-CHD mortality such that there was no net reduction in
total mortality.108 In a 3.5-year follow-up to this study, total
mortality in patients given gemfibrozil was increased because
of an increase in non-CHD mortality. Follow-up evaluations
of nongemfibrozil therapies were associated with continued
event reduction.112 In the HIT trial, death from CHD was sig-
nificantly reduced by 22% with gemfibrozil, but total mortality
was not.109 In the FIELD study, fenofibrate did not significantly
reduce CHD deaths and nonfatal MI compared with placebo.
In addition, more patients receiving fenofibrate had pancre-
atitis or a pulmonary embolism compared with those given
placebo.111 Fenofibrate was also evaluated against placebo in
418 patients with diabetes and at least one visible lesion on
angiographic evaluation in the DAIS trial.239 The trial was
not powered to examine clinical endpoints, but fewer events,
including deaths, occurred in the fenofibrate group. Taken to-
gether, the clinical trial evidence for the fibric acid derivatives
is not as robust as with the statins. The data supporting the
use of gemfibrozil in the primary and secondary prevention
setting has been established. In contrast, clear improvements
in CHD-related outcomes is still lacking for fenofibrate. Thus,
these data support the use of fibric acid derivatives as second-
line agents, with the exception in patients with hypertriglyceri-
demia.

DRUG SELECTION FOR MANAGING ATHEROGENIC DYSLIPIDEMIA

34. Given these considerations, what drugs are indicated for
B.C.?

One approach would be to replace simvastatin with ator-
vastatin or rosuvastatin, as mentioned previously. This should
attain both the LDL-C and non–HDL-C goals. Alternatively,
consideration could be given to adding a TG-lowering (i.e.,
non–HDL-C lowering) drug such as niacin or fenofibrate.
Gemfibrozil should be avoided, given its documented pharma-
codynamic drug interaction with statins and the increased risk
of muscle toxicity. Both niacin and fenofibrate effectively lower
TG by 30% to 50%; more importantly, they reduce VLDL-C
and small dense LDL and raise HDL-C (Table 12-16). Both al-
ter the mechanisms responsible for atherogenic dyslipidemia,
although the effect of PPARα agonism has a broader and more
fundamental effect on these mechanisms. Fibrate therapy is
not likely to worsen B.C.’s impaired fasting glucose, whereas
niacin might do so. Fenofibrate is certainly more tolerable than
niacin: About 30% of niacin-treated patients cannot tolerate
its vasodilatory side effects. Niacin is less expensive and has
demonstrated CHD risk reduction alone or together with a
statin in major clinical trials. Given these considerations, it
is obvious that there is no one correct choice; the choice will
be based on individual preferences.
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INITIATING COMBINATION DRUG THERAPY FOR ATHEROGENIC DYSLIPIDEMIA

35. How should combined therapy with a statin and fenofibrate
be initiated in B.C.? What monitoring is required?

Fenofibrate can be added as a 200-mg/day capsule and the
lipid profile rechecked in 6 to 8 weeks. A lower daily dose of 67
mg should be selected for patients with impaired renal function
and in patients >65 years, because creatine clearance declines
with older age. As with all lipid-altering therapies, patients
should be instructed on the purpose of the medication and its
expected effects on blood lipids and on CHD risk reduction.
They should be encouraged to remain adherent with the regi-
men to sustain its effects on serum lipids and, thereby, attain
its CHD risk-reducing benefit. Withdrawal, even after a long
period of consistent cholesterol control, will likely result in a
return of blood lipids to pretreatment levels. Patients should
be counseled to call a health professional if they experience
any untoward symptoms, especially muscle soreness or dis-
comfort or a rash. A CPK level should be obtained whenever
a patient experiences symptoms of myositis (muscle soreness
and aches).

LOW HDL-C

36. J.M. is a 59-year-old man who has no history of CHD or
a CHD risk equivalent. He has no known medical problems. He
does not smoke. His mother had an ischemic episode at age 70
and subsequently had coronary artery bypass surgery. There is
no other family history of CHD. J.M. eats a diet low in saturated
fat and is sedentary. His physical examination is unremarkable:
BP, 122/82 mm Hg, heart rate, 66 regular. He weighs 206 lb and is 6
feet tall (BMI 28). His laboratory values are fasting blood glucose,
80 mg/dL; total cholesterol, 137 mg/dL; LDL-C, 84 mg/dL; TG,
120 mg/dL; HDL-C, 29 mg/dL. Should J.M. be treated for his low
HDL-C?

J.M. has two CHD risk factors (age and low HDL) and a
LDL-C goal of <130 mg/dL. His NCEP CHD risk is 6% in
10 years, mostly because of his age. His LDL-C is well within
his treatment goal. His TG are in the normal range. Epidemi-
ologic studies clearly link low HDL-C with increased CHD
events, especially in those over age 50. These studies show
that a 1% decrease in HDL-C is associated with a 1% to 2%
increase in CHD risk. Most commonly, low HDL-C is sec-
ondary to a number of lifestyle and medical conditions (Table
12-19). Of these conditions, overweight, physical inactivity,
and a diet very low in fat may play a part in J.M.’s low HDL-
C. Patients who substantially restrict saturated fats have lower
HDL-C levels as well as LDL-C. A careful dietary history
would be important to determine whether this is occurring with
J.M. Vegetarians who have a low LDL-C and low BP have a low
CHD risk despite having a low HDL-C. Increasing intake of
monounsaturated fats and lowering carbohydrate intake is one
maneuver to raise HDL-C. An obvious approach to improv-
ing J.M.’s HDL-C is to encourage him to increase his physical
activity.

In addition to secondary causes, there are rare primary (ge-
netic) causes of low HDL-C. Some are associated with in-
creased CHD risk, whereas others are not. Tangier disease is
associated with a reduction in the ABC1 transporter that moves
cholesterol out of peripheral cells. Patients with Tangier dis-
ease have characteristic orange tonsils as well as splenomegaly

Table 12-19 Factors Causing Low HDL-C

Secondary Causes
� Hypertriglyceridemia
� Obesity (visceral fat)
� Physical inactivity
� Type 2 diabetes
� Smoking
� Very-low-fat diet
� Drugs

� β-blockers
� Androgenic steroids
� Androgenic progestins

Primary (Genetic) Causes
� Apo A-1

� Apo A-1 mutations (e.g., ApoA-1Milano)
� LCAT

� Complete LCAT deficiency
� Partial LCAT deficiency (fish-eye disease)

� ABC A-1
� Tangier disease
� Familial hypoalphalipoproteinemia (some families)

� Unknown genetic etiology
� Familial hypoalphalipoproteiniemia (most families)
� Familial combined hyperlipidemia with low HDL-C
� Metabolic syndrome

ABC A-1, adenosine triphosphate binding cassette A-1; Apo A, apolipoproteins;
HDL-C, High-density lipoprotein cholesterol; LCAT, lecithin-cholesterol acyl trans-
ferase.

and neuropathy. Fish-eye disease is characterized by corneal
opacification and an HDL deficiency. About a third of patients
with fish-eye develop CHD. Patients with apolipoprotein A-
1Milano have very low HDL-C levels, but live well into their
ninetieth decade, apparently because their reverse cholesterol
transport is very efficient. J.M. does not appear to have any
of these disorders. Importantly, he also does not have a family
history of premature CHD. This suggests that his low HDL-
C is not caused by a genetic abnormality associated with an
increased CHD risk.

What makes cases of patients such as J.M. difficult to man-
age is that little clinical trial evidence indicates that raising
low levels of HDL-C with diet or drugs will reduce CHD risk.
Part of the problem is that no effective drugs substantially and
specifically increase HDL-C. Niacin has the most substantial
raising effect (mean increases of 25% to 35%). Fibrates also
raise HDL-C by 10% to 20%, but they may also raise LDL-C
in patients with hypertriglyceridemia. The available evidence
indicates that aggressive LDL-C lowering is the most power-
ful way to reduce CHD risk in patients with low HDL-C. In
fact, the lower the HDL-C level, the greater the CHD risk re-
duction with statin therapy.240 Based on this evidence, NCEP
recommended aggressive LDL-C lowering with a statin in pa-
tients with a low HDL-C.92 In cases of isolated low HDL-C
(without hypertriglyceridemia), NCEP recommended lifestyle
modification with weight reduction and increased physical ac-
tivity and the empiric use of HDL-C– raising drugs (niacin or
a fibrate), if indicated, to reduce CHD risk.92

It would be prudent to encourage J.M. to lose weight and
especially to adopt a more physically active lifestyle. This will
help his overall well-being. Because he lacks a family history
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Table 12-20 Randomized Clinical Trials of Vitamin E Supplementation and CHD Events

Number of Vitamin E Follow-Up Relative
Investigator/Reference Subjects Dose (U) Population (yrs) Risk

Rapola247 29,133 50 Males, no CHD 4.7 0.9 (NS)
Stephens248 2,002 400 and 800 Males and females, with CHD 1.4 0.53
Vitamo 27,271 50 Males, no CHD 6.1 0.98 (NS)
GISSI175 2,830 300 Males and females, with CHD 3.5 0.95 (NS)
HOPE249 9,541 400 Males and females, high risk 4.5 1.05 (NS)
HPS91 20,536 600 (+ vitamin C and

β-carotene)
Males and females, with CHD 5.0 1.02 (NS)

CHD, coronary heart disease; NS, not significant.

of premature CHD or associated CHD risk factors, his CHD
risk would appear to be low and not supportive of an aggressive
effort to raise his low HDL-C. If he did have a family history
of premature CHD, a more aggressive approach, particularly
with increased physical activity and possibly niacin therapy,
would be advisable.

ANTIOXIDANT THERAPY

37. Should antioxidants, such as vitamin E or beta-carotene, be
considered in the management of hyperlipidemic patients, espe-
cially patients who have developed CHD?

Only oxidized (or otherwise modified) LDL is taken up by
macrophage cells in the initial phase of atherogenesis. This
observation has led to the supposition that drugs that have an-
tioxidant properties might reduce or block the development of
atherosclerosis. Vitamins E, C, and beta-carotene (the precur-
sor of vitamin A) have antioxidant properties and have been
variably recommended to prevent CHD.241

Studies in hypercholesterolemic animals have demonstrated
that antioxidants, such as probucol, can reduce the develop-
ment of atherosclerosis.241,242 In humans, oxidized LDL-C has
been detected in atheromatous lesions, and circulating antibod-
ies to oxidized LDL have also been detected.243,244 In epidemi-
ologic studies, people who frequently used beta-carotene and
vitamin E had 35% to 50% fewer CHD events.245,246 When the
hypothesis that antioxidant therapy will prevent CHD events
was tested in well-controlled, randomized clinical trials, how-
ever, no benefit was observed. For example, vitamin E, whether
administered in low, moderate, and high daily doses, either as
monotherapy or combined with other antioxidants, failed to
demonstrate a CHD risk-reducing effect during clinical trials
involving close to 100,000 patients (Table 12-20).91,175,247–249

The latest, and one of the largest of these trials, the Heart Pro-
tection Study, prescribed vitamin E (600 U) plus beta-carotene
or placebo daily for 5 years to 20,536 high-risk individuals. No
demonstrable benefit was shown, whether measured as CHD
death, nonfatal MI, stroke, or revascularization procedures and
whether or not the study population had a history of CHD,
stroke, peripheral vascular disease, or diabetes. Further, no
change was seen in the incidence of cancer, another claim of
potential benefit for antioxidant therapy. These results effec-
tively close the door on the use of antioxidant therapy for the
prevention of CHD events. Future randomized clinical trials
will have to demonstrate a benefit before these products can
be recommended.

HYPERCHYLOMICRONEMIA

38. M.B., an asymptomatic woman, is screened with a lipopro-
tein profile during an annual physical evaluation by her primary
care provider. She has non–insulin-dependent diabetes, which is
treated with 60 U/day of NPH insulin. M.B. is approximately 20%
overweight. Her fasting lipoprotein profile is total cholesterol, 234
mg/dL; TG, 2,300 mg/dL; HDL-C, 24 mg/dL; and LDL-C (direct
measured), 160 mg/dL. Fasting blood glucose is 290 mg/dL.

What is the assessment of M.B.’s CHD risk, and what treat-
ment, if any, should she be given?

[SI units: total cholesterol, 6.05 mmol/L; TG, 25.97 mmol/L; and HDL-C,

0.62 mmol/L]

Patients with fasting TG >500 mg/dL have an increase in
TG-rich chylomicron and VLDL particles. TG elevations of
this magnitude typically increase the risk of pancreatitis, but
usually not atherosclerosis and CHD. On the other hand, pa-
tients with type II diabetes have a high CHD risk. Thus, it is
possible that M.B. has two lipid disorders, one causing hyper-
chylomicronemia and a second causing the typical pattern of
atherogenic dyslipidemia. There is no way of knowing whether
M.B. has atherogenic dyslipidemia until her TG levels are low-
ered. Because of the life-threatening nature of TG levels of this
magnitude, the priority in treating this patient is to first lower
her TG to as close to normal as possible, then assess her LDL.

Most likely, she has an inherited deficiency of lipoprotein
lipase, which is the most common cause of very high TG levels.
TG levels this high can also be triggered by uncontrolled dia-
betes mellitus, alcohol abuse, obesity, or drugs, including estro-
gens, beta-blockers, and steroids. Treatment of these patients
should be aggressive. One of the first steps is to improve her
diabetes control, because this alone may normalize lipid levels.
A TG-lowering diet (severe carbohydrate restriction), fish oil
supplementation, and drug therapy (gemfibrozil or fenofibrate
or niacin) should be initiated. If the patient has symptoms of
pancreatitis, she should be treated in the hospital. In the ab-
sence of symptoms, outpatient management is possible, but
frequent follow-up and aggressive therapy are indicated. Once
the TG level is reduced to <400 mg/dL, a calculated LDL-C
can be determined; if it is >100 mg/dL, therapy with a statin
or other suitable lipid-modifying agent should be initiated to
achieve a LDL-C level <100 mg/dL.
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INTRODUCTION
Approximately 72 million Americans have hypertension, also
called high blood pressure (BP).1 It is estimated that approxi-
mately 30% of adult Americans have hypertension, making it
the most frequently encountered chronic medical condition.2,3

It is also one of the most significant risk factors for cardiovas-
cular (CV) morbidity and mortality resulting from target-organ
damage to blood vessels in the heart, brain, kidney, and eyes.
These complications can manifest as either atherosclerotic vas-
cular disease or other forms of CV disease. The exact etiology
of essential hypertension is unknown; however, lifelong man-
agement with lifestyle modifications and pharmacotherapy are
needed.

Awareness, treatment, and control of hypertension are not
optimal. Based on the most recent data from the National
Health and Nutrition Examination Survey (NHANES), 2003–
2004, approximately 76% of patients who truly have hyperten-
sion are diagnosed with this medical condition, leaving many
patients undiagnosed. Similarly, only 65% of people with hy-
pertension are receiving some form of treatment. Ultimately,
the most disappointing statistic is that only 37% of patients
with hypertension, including those who have undiagnosed hy-
pertension, have controlled BP (liberally defined as both sys-
tolic BP <140 mmHg and diastolic BP <90 mmHg).2 When
just patients with the diagnosis of hypertension are considered,
63% have controlled BP.4 Similarly, when only those patients
who are treated for hypertension are considered, 57% have
controlled BP.2 These BP control estimates actually underes-
timate the magnitude of this problem, because many patients
require more aggressive BP control than <140/90 mmHg. Im-
provements in diagnosing, treating, and overall management
of hypertension are desperately needed.

Blood Pressure (BP)
During systole, the left ventricle contracts, ejecting blood sys-
temically into the arteries, causing a sharp rise in arterial BP.
This is the systolic BP (SBP). The left ventricle then relaxes
during diastole, and arterial BP decreases to a trough value as
blood returns to the right atria and ventricle of the heart from the
venous system. This is the diastolic BP (DBP). When record-
ing BP (e.g., 120/76 mmHg), the numerator refers to SBP and
the denominator refers to DBP. BP has a predictable diurnal
rhythm, with fluctuations throughout the day. Values are lowest
during the nighttime, sharply rise starting in the early morning,
and peak in the late morning to early afternoon. These fluctu-
ations are less pronounced in the black population and may be
absent in patients with secondary hypertension.

Mean arterial pressure (MAP) is sometimes used to repre-
sent BP. MAP collectively reflects both SBP and DBP, with
one-third of the pressure from SBP and two-thirds from DBP.
It is calculated using the following equation (Eq. 13-1):

MAP = ([SBP] · [1/3]) + ([DBP] · [2/3]) (13-1)

The Seventh Report of the Joint National Committee on
Detection, Evaluation, and Treatment of High Blood Pressure
(JNC7), published in 2003, classifies BP based on systolic and
diastolic values (Table 13-1).5 Hypertension is defined as an el-
evated SBP, DBP, or both. A clinical diagnosis of hypertension
is based on the mean of two or more properly measured seated

Table 13-1 Classification and Management of Blood
Pressure (BP) in Adults5,a

Classification SBP a (mmHg) DBP a (mmHg)

Normal <120 and <80
Prehypertension 120–139 or 80–89
Stage 1 hypertension 140–159 or 90–99
Stage 2 hypertension ≥160 or ≥100

aClassification is determined based on highest BP category.
DBP diastolic blood pressure; SBP, systolic blood pressure.

BP measurements taken on two or more occasions. This mean
BP is also used initially to classify and stage hypertension.
The JNC7 classification includes normal BP, prehypertension,
stage 1 hypertension, and stage 2 hypertension. Qualitative
terms (e.g., mild, moderate, high-normal, severe) are not rec-
ommended, and should not be used.

Pathophysiology of BP Regulation
Various neural and humoral factors are known to influence
and regulate BP.6 These include the adrenergic nervous sys-
tem (controls α- and β-receptors), the renin-angiotensin-
aldosterone system (RAAS) (regulates systemic and renal
blood flow), renal function and renal blood flow (influ-
ences fluid and electrolyte balance), several hormonal factors
(adrenal cortical hormones, vasopressin, thyroid hormone, in-
sulin), and the vascular endothelium (regulates release of ni-
tric oxide, bradykinin, prostacyclin, endothelin). Knowledge of
these mechanisms is important in understanding antihyperten-
sive drug therapy. BP is normally regulated by compensatory
mechanisms that respond to changes in cardiac demand. An
increase in cardiac output (CO) normally results in a compen-
satory decrease in total peripheral resistance (TPR); likewise,
an increase in TPR results in a decrease in CO. These events
regulate MAP, as is represented in the following equation
(Eq. 13-2):

MAP = CO · TPR (13-2)

Adverse changes in BP can occur when these compensatory
mechanisms are not functioning properly. It has been suggested
that in hypertension an initial increase in fluid volume increases
CO and arterial pressure. Eventually, with long-standing hy-
pertension, it is believed that TPR increases so that CO returns
to normal.

The kidney plays an important role in the regulation of ar-
terial pressure, especially through the RAAS. Decreases in BP
and renal blood flow, volume depletion or decreased sodium
concentration, and an activation of the sympathetic nervous
system can all trigger an increased secretion of the enzyme
renin from the cells of the juxtaglomerular apparatus in the
kidney. Renin acts on angiotensinogen to catalyze the forma-
tion of angiotensin-1. Angiotensin-converting enzyme (ACE)
converts angiotensin-1 to angiotensin-2 (see Figs. 18-1 and
18-6 in Chapter 18, Heart Failure). Angiotensin-2 is a potent
vasoconstrictor that acts directly on arteriolar smooth muscle
and also stimulates the production of aldosterone by the adrenal
glands. Aldosterone causes sodium and water retention and the
excretion of potassium. Several factors influence renin release,
especially those that alter renal perfusion. Lastly, the resultant
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increase in BP results in suppression of renin release through
negative feedback.

Approximately 20% of patients with essential hypertension
have lower-than-normal plasma renin activity (PRA), whereas
approximately 15% have PRA concentrations that are higher
than normal. Those with normal to high PRA should theoreti-
cally be more responsive to drug therapies that target the RAAS
(e.g., ACE inhibitors or β-adrenergic blockers). Patients with
low PRA may be more responsive to diuretic therapy. Mea-
suring PRA is not readily available in most clinical settings,
however, and is not advocated as a practical means for selection
of drug therapy.

Arterial BP also is regulated by the adrenergic nervous
system, which causes contraction and relaxation of vascular
smooth muscle. Stimulation of α-adrenergic receptors in the
central nervous system (CNS) results in a reflex decrease in
sympathetic outflow causing a decrease in BP. Stimulation of
postsynaptic α1-receptors in the periphery causes vasocon-
striction. α-Receptors are regulated by a negative feedback
system; as norepinephrine is released into the synaptic cleft and
stimulates presynaptic α2-receptors, further norepinephrine re-
lease is inhibited. This negative feedback results in a balance
between vasoconstriction and vasodilatation. Stimulation of
postsynaptic β1-receptors located in the myocardium causes
an increase in heart rate and contractility, whereas stimula-
tion of postsynaptic β2-receptors in the arterioles and venules
results in vasodilation.

A direct association exists between sodium and BP. Patients
with a high dietary sodium intake have a greater prevalence of
hypertension than those with a low sodium intake. The mecha-
nism by which hypertension is caused by an increase in sodium
intake is hypothesized to involve natriuretic hormone (not to
be confused with A- and B-type natriuretic peptides associated
with heart failure). Natriuretic hormone is potentially increased
to facilitate sodium and water excretion in response to an in-
crease in renal sodium retention and extracellular fluid volume.
Natriuretic hormone might also cause an increase in intracel-
lular sodium and calcium, resulting in increased vascular tone
and hypertension. This hypothesis has not been definitively
proved, however.

Epidemiologic evidence and clinical trials have demon-
strated an inverse relationship between calcium and BP. One
proposed mechanism for this relationship involves an alteration
in the balance between intracellular and extracellular calcium.
Increased intracellular calcium concentrations can increase pe-
ripheral vascular resistance, resulting in increased BP.

A decrease in potassium has been associated with an in-
crease in peripheral vascular resistance. In theory, diuretic-
induced hypokalemia could counteract some of the hypotensive
effects of diuretic therapy, but this has not been well studied. It
is important, however, that potassium concentrations be main-
tained within the normal range because hypokalemia increases
the risk of CV events, such as sudden death, and increases the
risk of metabolic side effects (hyperglycemia) associated with
diuretics.

Insulin resistance and hyperinsulinemia also have been as-
sociated with hypertension. Kaplan6 suggests that insulin re-
sistance is responsible for the frequent coexistence of diabetes,
dyslipidemia, hypertension, and abdominal obesity. This is also
referred to as the metabolic syndrome.7 Although the exact role
of insulin resistance in the development of hypertension is still

evolving, it is clear that these factors are intertwined and in-
crease CV risk.

The vascular epithelium is a dynamic system in which vas-
cular tone is regulated by numerous substances. As noted previ-
ously, angiotensin-2 promotes vasoconstriction of the vascular
epithelium. Several other substances regulate vascular tone,
however. Nitric oxide (NO) is produced in the endothelium
and is a potent vasodilatory chemical that relaxes the vascu-
lar epithelium. The NO system has been firmly established
as an important regulator of arterial BP. Hypothetically, some
patients with hypertension have an intrinsic deficiency in NO
release and inadequate vasodilation, which could contribute to
hypertension and its vascular complications.

Factors that regulate BP are well understood and continue
to evolve, but the cause of essential hypertension is still un-
known. It is currently impossible to target therapy to specific
abnormalities. Antihypertensive therapy should be determined
on outcome-based clinical data that demonstrate reductions in
hypertension-associated complications, as is discussed later in
this chapter.

Cardiovascular (CV) Risk and BP
Direct correlations between BP values and risk of CV disease
have been established based primarily on epidemiologic data.
Beginning at a benchmark BP of 115/75 mmHg, the risk of CV
disease doubles with every increment of 20/10 mmHg.5 There
is a significant increase in risk of CV events in patients with
prehypertension BP values versus normal BP values.8 Clini-
cally, it is important to note that incremental elevations in SBP
are more predictive of CV disease than elevations in DBP for
patients older than 50 years of age. Within this population, ele-
vated SBP is often the primary BP abnormality. Therefore, SBP
is the target of evaluation and intervention for most patients
with hypertension.5,9 In younger patients with hypertension,
elevated DBP may be the only BP abnormality present.

Measuring BP
AUSCULTATORY METHOD
Blood pressure measurement should be standardized to

minimize variability in readings. The American Heart Associa-
tion (AHA) technique for auscultatory BP measurement (Table
13-2) should be used in most patients.10 Correct BP measure-
ments require that the clinician listen through a stethoscope
that is placed over the brachial artery for the appearance of the
five phases of the Korotkoff sounds. Each sound has distinct
features, which are depicted in Figure 13-1.10

BP MONITORING OUTSIDE THE OFFICE
Blood pressure values measured outside the office should

be considered in the overall treatment of patients with hyper-
tension, but definitive routine use cannot be universally rec-
ommended. The major clinical trials that have established that
appropriate treatment of hypertension reduces morbidity and
mortality rates used office-based BP measurements. There-
fore, office-based BP measurements are still considered the
gold standard values that guide antihypertensive drug therapy.

Ambulatory blood pressure monitoring (ABPM) typically
measures BP every 15 to 30 minutes throughout the day us-
ing a monitoring device. This form of specialized monitor-
ing is indicated for patients with suspected white-coat hyper-
tension, and also may be helpful in patients with apparent
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Table 13-2 Auscultatory Method for Measuring BP in Adults
as Recommended by the AHA10

1. PATIENT: Patient should be seated for 5 minutes with arm bared,
unrestricted by clothing, and supported at heart level. Smoking or
food ingestion should not have occurred within 30 minutes before the
measurement.

2. CUFF: An appropriately sized cuff should be chosen. The internal
inflatable bladder width should be at least 40% and the bladder length
at least 80% of the upper arm circumference. The cuff should be
wrapped snugly around the arm with the center of the bladder over the
brachial artery.

3. MONITOR: Measurements should be taken with a correctly
calibrated mercury sphygmomanometer, an aneroid manometer, or a
validated electronic device.

4. PALPATORY METHOD: The palpatory method should be used to
estimate SBP. The cuff is inflated while simultaneously palpating the
radial pulse on the cuffed arm and observing the manometer. The
point at which the radial pulse is no longer palpable is the estimated
SBP. The cuff is then deflated rapidly.

5. KOROTKOFF SOUNDS: The head of the stethoscope, ideally using
the bell, should be positioned over the brachial artery, and each
earpiece placed in the clinician’s ear. The cuff should then be rapidly
inflated to 20 to 30 mmHg above the estimated SBP from the palpatory
method. The cuff is slowly deflated at a rate of 2 mmHg per second
while simultaneously listening for phase 1 (the first appearance of
sounds) and phase 5 (the disappearance of sounds) Korotkoff sounds
while the clinician is observing the manometer. When the pressure is
10 to 20 mmHg below phase 5, the cuff can be rapidly deflated.

6. DOCUMENTATION: BP values should always be recorded. The BP
values (SBP/DBP) should be recorded using even numbers (rounded
up from an odd number) along with the patient’s position (seated,
standing or supine), arm used, and cuff size.

7. REPEAT: A second measurement should be taken after at least
1 minute in the same arm. If the readings differ by >5 mmHg,
additional measurements should be obtained. The mean of these
values should be used to make clinical decisions. BP should be taken
in both arms at the initial visit with the BP taken in the arm with the
higher reading at subsequent visits.

AHA, American Heart Association; BP, blood pressure; DBP, diastolic blood pres-
sure; SBP, systolic blood pressure

drug resistance, hypotensive symptoms while receiving anti-
hypertensive therapy, episodic hypertension, and autonomic
dysfunction.10 ABPM values are typically lower than office-
based measurements. Patients with hypertension have average
values of >135/85 mmHg while awake and >120/75 mmHg
while asleep. Therefore, the threshold for acceptable values
is lower than that obtained during office-based measurements.
Evidence indicates that ABPM recordings can predict clinical
outcomes, as does traditional office-based and home-based BP
measurements. The utility of using ABPM to evaluate antihy-
pertensive treatment is limited, however.10

Home BP measurements can provide information on re-
sponse to therapy and may help improve adherence to therapy
and goal BP achievement in some patients.5,11 Home measure-
ment devices (e.g., electronic monitors, auscultatory monitors)
need to be routinely checked for accuracy. As is the case with
ambulatory monitoring, patients with average home BP values
>135/85 mmHg are considered hypertensive. Wrist or finger
devices that measure BP are not accurate and should not be
used.

Types of Hypertension
Essential Hypertension
Most patients with hypertension have essential hypertension
(also known as primary hypertension), with no identifiable
cause for their disorder.

Secondary Hypertension
Patients with secondary hypertension have a specific identi-
fied cause for elevated BP (Table 13-3). Although only 5%
to 10% of those among the hypertensive population have sec-
ondary hypertension, further diagnostic evaluation should oc-
cur if physical or laboratory findings are consistent with a sec-
ondary cause (Table 13-4). Secondary causes are potentially
correctable. Further diagnostic workup also should be consid-
ered in patients who do not respond to increasing doses of anti-
hypertensive medication or who have a sudden increase in BP
or accelerated or malignant hypertension.5,6 A thorough review
of prescription medications, nonprescription medications, and
supplements should be conducted to rule out potential causes
of BP elevations.

Pseudohypertension
The possibility of pseudohypertension should be considered
when measuring BP in elderly patients. In pseudohyperten-
sion, blood vessels become stiff and thick because of calcifica-
tion and resist compression from the bladder of the inflatable
BP cuff. Greater pressure is then needed to occlude the artery,
and this results in an inaccurate overestimation of SBP. Osler’s
maneuver is used to detect pseudohypertension. A BP cuff is
inflated above the SBP while palpating the brachial or radial ar-
teries to determine whether the pulseless artery is still palpable.
If the artery is still palpable, the patient might have pseudo-
hypertension. Pseudohypertension is thought to be relatively
rare.

White-Coat Hypertension
White-coat hypertension describes patients who have consis-
tently elevated BP values measured in a clinical environment
in the presence of a health care professional (e.g., physician’s
office), yet when measured elsewhere or with 24-hour ambu-
latory monitoring, BP is not elevated.10 Home BP monitor-
ing or 24-hour ABPM is warranted in patients suspected of
having white-coat hypertension to differentiate this from true
hypertension. The commonly used definition is a persistently
elevated average office blood pressure of >140/90 mmHg and
an average awake ambulatory reading of <135/85 mmHg. The
label white-coat hypertension applies only to patients without
target-organ disease who are not on antihypertensive therapy.
It is estimated to be present in 15% to 20% of people with stage
1 hypertension.10

Significant controversies surround white-coat hypertension.
Although this does not represent a clinical diagnosis, patients
with white-coat hypertension are at risk for developing clin-
ically relevant hypertension. Moreover, data suggest that pa-
tients with white-coat hypertension are at a higher risk for CV
disease than normotensive patients.12 The decision to treat or
not treat white-coat hypertension, however, is controversial.
Indeed, many patients enrolled in the landmark clinical tri-
als that demonstrated reductions in CV morbidity and mortal-
ity with antihypertensive therapy had white-coat hypertension.
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Phase 1:  The pressure at which the first faint
clear tapping sounds are heard. These sounds
gradually increase in intensity as the cuff deflates.

Phases Korotkoff
sounds

Pressure
value

124 mm Hg

(Systolic Blood Pressure)

112 mm Hg

98 mm Hg

86 mm Hg

82 mm Hg

(Diastolic Blood Pressure)

Phase 2:  That time during cuff deflation when a
murmur or swishing sounds are heard. They are
softer and longer than in Phase 1.

Phase 3:  The period during which sounds are
crisp, loud with increased intensity.

Phase 4:  That time when sounds are less distinct,
and change to a muffled and soft (or blowing)
quality.

Phase 5:  The pressure when the last sound
is heard and after which all sounds disappear.

FIGURE 13-1 Phases of the Korotkoff sounds heard when indirectly measuring blood pressure.

At minimum, patients with white-coat hypertension should be
treated with lifestyle modifications, and need to be closely
monitored with a device that can measure BP outside the clinic
environment if they are not treated with antihypertensive drug
therapy.

Hypertensive Crises
Hypertensive crises are situations when measured BP values
are markedly elevated, typically in the upper range of stage 2
hypertension (>180/110 mmHg). They are classified as either
a hypertensive emergency (with acute or progressive target-
organ damage) or urgency (without acute or progressive target-

Table 13-3 Secondary Causes of Hypertension5

Chronic Kidney Disease
Chronic Steroid Therapy and Cushing’s Syndrome
Coarctation of the Aorta
Drug-Induced or Drug-Related
� Adrenal steroids
� Alcohol in excess
� Amphetamines and anorexiants (e.g., phentermine, sibutramine)
� Cocaine and other illicit drugs
� Cyclosporine and tacrolimus
� Erythropoietin
� Licorice (including some chewing tobacco)
� Nonsteroidal anti-inflammatory drugs and COX-2 inhibitors
� Oral contraceptives
� Oral decongestants (e.g., pseudoephedrine)
� Some over-the-counter supplements (e.g., ephedra, ma huang,

bitter orange)
Pheochromocytoma
Primary Aldosteronism
Renovascular Disease
Sleep Apnea
Thyroid or Parathyroid Disease

organ damage).6 Hypertensive emergencies require hospital-
ization for immediate BP lowering using intravenous (IV) med-
ications and intraarterial BP monitoring. Examples of acute
target-organ damage include encephalopathy, myocardial in-
farction (MI), unstable angina, pulmonary edema, eclampsia,
stroke, head trauma, life-threatening arterial bleeding, aortic
dissection, severe retinopathy, or acute kidney failure. Hy-
pertensive urgencies do not require immediate BP lowering;
instead, BP should be slowly reduced within 24 hours (but
not generally to goal BP so quickly) following drug therapy
recommendations for stage 2 hypertension (see Chapter 20,
Hypertensive Emergencies). The optimal rate of BP lower-
ing in hypertensive emergencies and urgencies is less clear,
however.

Hypertension Management
Hypertension is treated with both lifestyle modifications and
pharmacotherapy. The JNC7 has been considered the “gold
standard” consensus guidelines for the management of hyper-
tension in the United States. The 2007 American Heart As-
sociation (AHA) scientific statement regarding the treatment
of hypertension is now considered the most up-to-date and
evidence-based guideline.9 The AHA 2007 guidelines provide
more aggressive BP goals and pharmacotherapy recommenda-
tions based on more recent evidence. Of note, the 2007 Euro-
pean Society of Hypertension/European Society of Cardiology
also recommend more aggressive BP goals and recommenda-
tions, analogous to the AHA 2007 recommendations.13 The
overall principles common to these guidelines are to imple-
ment lifestyle modifications in addition to pharmacotherapy
to control BP in patients with hypertension. The presence
of specific complications of hypertension or comorbidities
(sometime referred to as “compelling indications”) in any
given patient should be considered when selecting specific
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Table 13-4 Clinical Findings Suggestive of Secondary Hypertension

Causes Historical Findings Physical Examination Finding Laboratory Finding

Sleep apnea Daytime fatigue and somnolence Large neck circumference;
overweight or obese

Abnormal sleep studies with frequent
awakenings and anoxic episodes

Renovascular disease Moderate or severe high BP before age 30
or after 55; rapidly progressive
hypertension

Abdominal bruits; funduscopic
hemorrhages

Suppressed or stimulated plasma renin
activity; IVP (rapid sequence); digital
subtraction angiography

Renoparenchymal disease Dysuria, polyuria, nocturia; urinary tract
infections; kidney stones; family history
of polycystic or other types of kidney
disease

Edema Proteinuria; hematuria; bacteriuria

Coarctation of the aorta Intermittent claudication Diminished or absent femoral
pulses compared with carotids;
lower SBP in leg compared with
arm

–

Pheochromocytoma Paroxysmal headaches, palpitations,
sweating, dizziness, and pallor

Nervousness, tremor, tachycardia,
orthostatic hypotension

Clonidine suppression testsa ; high urine
metanephrine or vanillylmandelic acid

Primary aldosteronism Weakness, polyuria, polydipsia,
intermittent paralysis

Orthostatic hypotension Hypokalemia

Cushing’s syndrome Menstrual irregularity Moon face; truncal obesity; buffalo
hump; hirsutism; violet striae

↑ serum glucose; ↑ plasma cortisol after
suppression with dexamethasone

aFailure of plasma catecholamines to ↓ by 50% within 3 hr of administration of 0.3 mg clonidine highly suggests pheochromocytoma.
BP, blood pressure; IVP, intravenous pyelogram; SBP, systolic blood pressure.

pharmacotherapy to treat hypertension. These issues are dis-
cussed later in this chapter.

Goals
The overarching goal of treating hypertension is to re-
duce associated morbidity and mortality. These manifest as
hypertension-associated complications (Table 13-5), which in-
cludes atherosclerotic vascular disease and other forms of
CV disease. Clinical presentation of such complications can
be as an acute CV event (e.g., MI), or development of
a chronic medical condition (e.g., chronic kidney disease
[CKD]). Hypertension-associated complications are the pri-
mary causes of death in patients with hypertension. Several
risk factors for complications have been identified. These are
considered major CV risk factors that increase the likelihood
of developing hypertension-associated complications, not
hypertension.

FRAMINGHAM RISK SCORING
Estimating individual risk for CV disease is essential for all

patients with hypertension. In the United States, Framingham
risk scoring is considered an appropriate way to predict indi-
vidual 10-year risk for coronary artery disease (CAD), also
referred to as coronary heart disease (CHD) (see Fig. 12.7,
Chapter 12, Dyslipipidemias, Atherosclerosis, and Coronary
Heart Disease). All patients with hypertension who do not
have a history of hypertension-associated complications (Ta-
ble 13-5) or diabetes, (considered a CAD risk equivalent con-
dition) should have Framingham risk scoring because their
10-year risk can be low or moderate risk (<10%), moderately
high risk (10%–20%), or high risk (>20%).14 Identifying pa-
tients with Framingham risk scores ≥10% is clinically rel-
evant because more aggressive antihypertensive treatment is

Table 13-5 Hypertension-Associated Complications and
Major Cardiovascular Risk Factors for Complications

Hypertension-Associated Complications
� Atherosclerotic Vascular Disease:

– Coronary artery disease (sometimes called coronary heart
disease)
� Myocardial infarction [MI]
� Acute coronary syndromes
� Chronic stable angina

– Carotid artery disease:
� Ischemic stroke
� Transient ischemic attack

– Peripheral arterial disease
– Abdominal aortic aneurysm

� Other forms of CV disease
– Left ventricular dysfunction (heart failure)
– Chronic kidney disease
– Retinopathy

Major CV Risk Factors
� Advanced age (>55 yr for men, >65 yr for women)
� Cigarette smoking
� Diabetes mellitus
� Dyslipidemia
� Family history of premature atherosclerotic vascular disease (men

<55 yr or women <65 yr)
� Hypertension
� Kidney disease (microalbuminuria or estimated GFR <60

mL/min)
� Obesity (BMI ≥30 kg/m2)
� Physical inactivity

BMI, body mass index; CV, cardiovascular; GFR, glomerular infiltration rate.
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Primary Prevention 
• None of the conditions 
  listed below 

Past Medical History Framingham  
Risk Score 

BP Goal 

Diabetes Mellitus 

<140/90 mmHg

<130/80 mmHg

<120/80 mmHg

Chronic Kidney Disease 

Left Ventricular Dysfunction 

Coronary Artery Disease (CAD) 
• Chronic – chronic stable angina, prior MI 
• Acute – unstable angina, acute MI 

CAD Risk Equivalent
• Carotid artery disease (prior ischemic
  stroke, transient ischemic attack)
• Peripheral arterial disease
• Abdominal aortic aneurysm

<10% 

>/=10% 

FIGURE 13-2 Goal BP determination based on patient specific history and cardiovascular risk
assessment. BP, blood pressure.

needed in this population according to 2007 AHA guidelines.9

For patients with hypertension-associated complications or di-
abetes, Framingham risk scoring is not needed because 10-year
risk of CAD is assumed to be >20%.

GOAL BP VALUES
The surrogate goal of treating hypertension is to achieve

goal BP values. Patients with hypertension have a BP goal of
either <140/90, <130/80, or <120/80 mmHg (Fig. 13-2). Pa-
tients with estimated 10-year risk of CAD of <10%, based on
Framingham scoring, have a goal BP of <140/90 mmHg. In
general, all other patients, have a goal BP of <130/80 mmHg.
More aggressive BP goals are recommended in these patients
because they are at higher risk for hypertension-associated
complications, and lowering BP to this level has been shown
to maximize risk reduction, particularly in patients with dia-
betes or CKD.15,16 If patients have a history of left ventricular
dysfunction (also known as systolic heart failure), a BP goal
of <120/80 mmHg is recommended.9 Although elevated SBP
is more predictive of CV disease than DBP for most patients,5

goal achievement requires reduction of both SBP and DBP
to goal values. Control of SBP is imperative and this usually
results in control of DBP. Clinicians should follow these rec-
ommendations and be appropriately aggressive with therapy
despite the tendency to accept BP values that are close to, but
not at, the goal.

Lifestyle Modifications
Lifestyle modifications are the cornerstone of management for
preventing and treating hypertension. In 2006, the AHA pub-
lished new guidelines for lifestyle modifications that include

both diet and exercise.17,18 These are summarized in Table
13-6. Engaging in these modifications is encouraged for all
persons to prevent the development of hypertension; however,
they are recommended as a component of first-line therapy in
all patients with prehypertension, and in all patients with a di-
agnosis of hypertension regardless of whether their BP values
are at goal or not (Table 13-1).5,9 Independent of BP lowering,
CV risk may also be reduced.

WEIGHT REDUCTION
Weight loss as small as 5% to 10% of body weight in over-

weight individuals may significantly lower CV risk. For most
patients, an average weight loss of 10 kg can reduce SBP by 5
to 20 mmHg.5

DASH EATING PLAN
The DASH (Dietary Approaches to Stop Hypertension) diet

is rich in fruits, vegetables, and low-fat dairy foods, coupled
with reduced saturated and total fat.19 This diet can substan-
tially reduce BP (8–14 mmHg in SBP for most patients) and
yield similar results to single drug therapy. The low-fat com-
ponent of this diet is important because weight loss is more
readily achieved by a reduced calorie diet (fats contribute more
calories per gram than do either carbohydrates or protein) and
lowered fat intake also reduces the risk of CV disease by low-
ering cholesterol.

DIETARY SODIUM RESTRICTION
The average American intake of sodium is >6 g/day.

Restricting sodium is reasonable for patients with prehy-
pertension or hypertension, and current recommendations
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Table 13-6 Lifestyle Modifications to Prevent and Treat
Hypertension7,17,18

Modification Recommendation

Weight management Lose weight if overweight or obese, ideally
attaining a BMI <25 kg/m2. Maintain a
desirable BMI (18.5–24.9 kg/m2) if not
overweight or obese.

Adopt DASH-type
dietary patterns

Consume a diet that is rich in fruits and
vegetables (8–10 servings/day), rich in
low-fat dairy products (2–3 servings/
day), but has reduced amounts of
saturated fat and cholesterol

Reduced sodium intake Reduce daily dietary sodium intake as
much as possible; ideally to no more than
65 mmol/day (equal to 1.5 g/day sodium,
or 3.8 g/day sodium chloride)

Increased dietary
potassium intake

Increase daily dietary potassium intake to
120 mmol/day (4.7 g/day), which is also
the amount provided in a DASH-type
diet.

Moderation of alcohol
consumption

For patients who drink alcohol, limit
consumption to no more than two
drinks/day in men and no more than one
drink/day in women and lighter-weight
persons.a Do not recommend alcohol
consumption in patients that do not drink
alcohol.

Regular physical activity Regular moderate-intensity aerobic
physical activity; at least 30 min of
continuous or intermittent 5 days/wk, but
preferably daily.

aNote: one drink is defined as 12 oz of regular beer, 5 oz of wine (12% alcohol), and
1.5 oz of 80-proof distilled spirits.
BMI, body mass index; DASH, Dietary Approaches to Stop Hypertension.

to restrict daily sodium intake to no more than 1.5 g
is lower than what has traditionally been recommended.
Some clinicians may argue that the efficacy of implement-
ing sodium restriction in patients with hypertension may
vary. Evidence from clinical trials has shown, however,
that sodium restriction provides mean reductions in BP of
5/2.7 mmHg in patients with hypertension.18 Some popula-
tions (diabetics, blacks, and elderly persons) respond better to
sodium restriction than the general population, but all patients
with hypertension should be instructed to reduce their sodium
intake. They should be counseled not to add salt to foods, and to
avoid or minimize ingestion of processed or packaged foods,
foods with high sodium content, and nonprescription drugs
containing sodium (see Chapter 18, Heart Failure).

INCREASED POTASSIUM INTAKE
A new recommendation from the AHA is to increase dietary

potassium intake.18 Adhering to a DASH eating plan will usu-
ally assure an intake of the recommended 4.7 g daily. Dietary
supplementation should be the primary strategy to increase
potassium. Implementing potassium supplementation outside
of dietary sources for the sole purpose of lowering BP should
be avoided because of potential harm from hyperkalemia.
Moreover, potassium supplementation in patients with hyper-

tension who are treated with either a potassium-sparring di-
uretic, aldosterone antagonist, angiotensin-converting-enzyme
inhibitors (ACEI), or an angiotensin receptor blocker (ARB)
may cause hyperkalemia. This can also occur in patients with
hypertension and chronic kidney disease who are treated with
potassium supplementation.

MODERATE ALCOHOL CONSUMPTION
Explaining the need to limit alcohol consumption is compli-

cated. Whereas data suggest that small daily doses of ethanol
are associated with lower CV risk, excessive alcohol intake can
elevate BP, decrease the effectiveness of antihypertensive med-
ications, and increase the risk of stroke. Patients who consume
three to four drinks a day experience a 3- to 4-mmHg increase
in SBP and a 1- to 2-mmHg increase in DBP compared with
those who do not drink. These increases are even higher in
patients who consume more alcohol. Moderating alcohol con-
sumption of two or fewer drinks daily in men and one or fewer
drinks daily in women or lighter weight persons can decrease
SBP approximately 2 to 4 mmHg. Patients should be instructed
that one drink is equal to 1.5 oz 80-proof whiskey, 5 oz wine,
12 oz beer.

PHYSICAL ACTIVITY
Regular physical activity can reduce SBP by 4 to 9 mmHg in

most patients.5 Benefits include reducing the incidence of hy-
pertension, promoting weight loss, and improving overall CV
fitness. Most patients with hypertension can safely increase
their aerobic activity. Those with more severe forms of target-
organ damage (e.g., angina, previous MI) may, however, need a
medical evaluation before increasing their activity level. Phys-
ical activity should occur for at least 30 minutes, at least 5
days of the week, but preferably daily. Aerobic exercise such
as walking, running, cycling, swimming, and cross-country
skiing, are examples of recommended physical activity.

Pharmacotherapy
Numerous clinical trials have demonstrated that antihy-
pertensive pharmacotherapy generally reduces the risk of
hypertension-associated complications (e.g., CV morbidity
and mortality).5,9 This evidence is the foundation for the 2003
JNC7 and 2007 AHA consensus guidelines, which recommend
specific evidence-based pharmacotherapy recommendations
based on patient-specific medical history and CV risk (Fig.
13-3).

As is recommended in the 2007 AHA guidelines, evidence
supports the use of an ACEI, ARB, calcium channel blocker
(CCB), thiazide diuretic, or a two-drug combination for first-
line therapy for primary prevention patients.9,20 This is in con-
trast to the 2003 JNC7 guidelines that placed preference on us-
ing a thiazide diuretic over other agents for most patients, and
also included a β-blocker as a potential first-line option.5 Evi-
dence obtained since the 2003 JNC7 guidelines demonstrates,
however, that, for first-line treatment in primary prevention
patients, β-blocker therapy is not as effective in reducing CV
events compared with ACEI, ARB, CCB, or thiazide diuretic
therapy.21 Moreover, newer evidence also suggests that the re-
ductions in CV events with ACEI, ARB, CCB, or thiazide
diuretic are comparable so that one agent is not automatically
preferred over another.20



ESSENTIAL HYPERTENSION � 13-9

Primary
Prevention

Past Medical History
(see Figure 13-2)

First Line Sequential Therapy

Specific Evidence-Based
Pharmacotherapy Recommendations

ACEI (or ARB),
or CCB, or

thiazide diuretic,
or combination

Diabetes
Mellitus

Compelling Indication

ACEI, or ARB Thiazide diuretic

Thiazide diuretic for BP control

CCB for ischemia control

CCB, or
β-blocker

Chronic Kidney
Disease ACEI, or ARB

Chronic or
Acute CAD

β-blocker and
ACEI (or ARB)

Aldosterone antagonist if
severe heart failure

Hydralazine and isosorbide
dinitrate if black

Prior Ischemic
Stroke

ACEI and thiazide
diuretic, or ARB

Left Ventricular
Dysfunction

ACEI (or ARB)
and thiazide (or

loop) diuretic, and
β-blocker

FIGURE 13-3 Recommended pharmacotherapy based on clinical trials evidence demonstrating long term
reductions in morbidity and/or mortality in patients with hypertension and specific comorbid conditions
and cardiovascular risk. Combination therapy with two antihypertensive drugs is an option for patients with
stage 1 hypertension (see Table 13-1) and is strongly recommended in patients with stage 2 hypertension.
ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; CAD, coronary artery
disease; CCB, calcium channel blocker.

Pharmacotherapy has been evaluated in patients with
one of several comorbid conditions considered compelling
indications for specific pharmacotherapy. The selection of
pharmacotherapy in such patients is much more prescriptive
than in primary prevention patients, and is outlined in Figure
13-3. These recommendations are based on evidence demon-
strating reduced risk of CV events in patients with both hyper-
tension and the compelling indication.

FIRST-LINE AGENTS
Angiotensin Converting Enzyme Inhibitors (ACEIs)
The ACEIs directly inhibit angiotensin-converting enzyme
and, therefore, block the conversion of angiotensin-1 to
angiotensin-2. This action reduces angiotensin-2–mediated
vasoconstriction and aldosterone secretion, and ultimately low-
ers BP. Because additional pathways exist for the formation
of angiotensin-2, ACEIs do not completely block the produc-
tion of angiotensin-2. These agents generally do not cause
metabolic effects. Hyperkalemia is possible, however, and
potassium concentrations should be monitored. Patients with
chronic kidney disease or volume depletion may be more sus-
ceptible to hyperkalemia or to further kidney dysfunction.
Bradykinin accumulates in some patients because inhibiting
ACE prevents the breakdown and inactivation of bradykinin.

Although this may lead to additive vasodilation by releasing
nitrous oxide, bradykinin can also cause a dry cough in some
patients. Cough is the most frequent, yet harmless side effect
of ACEI therapy.

Angiotensin Receptor Blockers (ARBs)
The newest antihypertensive agents are ARBs. They modulate
the RAAS by directly blocking the angiotensin-2 type 1 recep-
tor site. Therefore, they block angiotensin-2–mediated vaso-
constriction and aldosterone release. Overall, ARBs are very
well tolerated. They do not affect bradykinin and, therefore, do
not cause a dry cough as do the ACEI. Because aldosterone is
blocked, monitoring of potassium is important to avoid hyper-
kalemia.

Calcium Channel Blockers (CCBs)
The CCBs are pharmacologically complex. They reduce cal-
cium entry into smooth muscles, cause coronary and periph-
eral vasodilation, and lower BP. All decrease cardiac contractil-
ity (except amlodipine and felodipine). Dihydropyridine CCBs
are primarily vasodilators that can cause a reflex tachycardia.
Non-dihydropyridine CCBs (verapamil and diltiazem) directly
block the AV node, decrease heart rate, decrease cardiac con-
traction, and have some vasodilatory effects. Side effects de-
pend on the individual CCB used, but can include flushing,
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peripheral edema, tachycardia, bradycardia or heart block, and
constipation.

Thiazide Diuretics
Diuretics, particularly thiazide diuretics, such as hy-
drochlorothiazide (HCTZ), have been extensively studied in
large clinical trials for hypertension. They have historically
been the most commonly prescribed antihypertensive agents in
the United States. When initially started, they induce a natriure-
sis that causes diuresis and decreases plasma volume. Diuresis
usually decreases after chronic use with some of these agents,
especially with thiazide diuretics. The long-term BP lower-
ing effects are maintained because of a sustained decrease in
peripheral vascular resistance (PVR).

Overwhelming evidence from large outcome-based clini-
cal trials indicates that diuretic therapy reduces morbidity and
mortality rates.5,9,20,22 Diuretics are generally well tolerated,
and most can be given once daily. They are especially effec-
tive in lowering BP in elderly and black patients. Dose-related
metabolic alterations (e.g., hypokalemia, hyperuricemia, hy-
perglycemia, hypercholesterolemia) can occur with diuretics.
These effects were particularly problematic when high doses
were used many years ago (e.g., HCTZ 100–200 mg/day),
but are drastically minimized by using lower doses that are
now considered the standard of care (e.g., HCTZ 12.5–
25 mg).22,23 Thiazide diuretics can be used in combination with
a potassium-sparing diuretic, such as triamterene or amiloride,
to minimize any potential potassium depletion, not necessar-
ily to provide a greater reduction in BP. Other biochemical
changes in glucose and cholesterol are minimal and mostly
transient with low-dose therapy.

SECOND-LINE AGENTS
β-Blockers
β-Blockers have several direct effects on the CV system. They
can decrease cardiac contractility and output, lower heart rate,
blunt sympathetic reflex with exercise, reduce central release of
adrenergic substances, inhibit norepinephrine release periph-
erally, and decrease renin release from the kidney. All these
contribute to their antihypertensive effects. Adverse metabolic
effects include altered lipids and increased glucose concentra-
tions. Similar to diuretics, these changes are generally tempo-
rary, however, and have minimal to no clinical significance.
These agents were considered first-line for the treatment of
most patients with hypertension in older JNC guidelines.24

They are now only considered first-line for patients with CAD
or left ventricular dysfunction.9 In primary prevention patients,
they should be used as add-on therapy in combination with the
other first-line agents (ACEI, ARB, CCB, or thiazide diuretic).

Aldosterone Antagonists
Spironolactone and eplerenone are aldosterone antago-
nists, also classified as potassium-sparing diuretics. Potent
blockade of the aldosterone receptor inhibits sodium and
water retention, and inhibits vasoconstriction. Hyperkalemia, a
known dose-dependent effect with these agents, is more promi-
nent in patients with chronic kidney disease or in patients taking
a concurrent ACEI or ARB. The incidence of hyperkalemia
may be greater with eplerenone compared with spironolac-
tone because eplerenone is a more specific aldosterone blocker.

Gynecomastia is a side effect of spironolactone that does not
occur with eplerenone.

OTHER AGENTS
Many older antihypertensive drug classes should primar-

ily be used to provide additional BP lowering after first-
line and second-line agents have been implemented. These
agents do not have long-term data demonstrating reductions in
hypertension-associated complications.

Loop diuretics (furosemide, torsemide) can be used for hy-
pertension. When dosed appropriately, they can provide BP re-
ductions similar to what is seen with a thiazide diuretic. They
should be used primarily in patients who do not adequately
respond to thiazide diuretic therapy, however, because they
are more potent at inducing diuresis compared with thiazide
diuretics, and can cause more metabolic side effects (e.g., hy-
pokalemia). Patients with heart failure or severe chronic kidney
disease are patients who might require a loop diuretic instead
of a thiazide diuretic.

α-Blockers (doxazosin, prazosin, terazosin) attach to pe-
ripheral α1-receptors, inhibit the uptake of catecholamines in
smooth muscle, and cause vasodilation. Although effective in
lowering BP, they have more side effects than diuretics, β-
blockers, ACEIs, ARBs, or CCBs. The most prominent side
effect is hypotension, which is most evident after the first dose
and with postural changes (arising from a lying position to a
standing position).

Direct vasodilators (hydralazine, minoxidil) work on the
arterial vasculature. They are considered last-line therapy, re-
served for patients with specific indications or those with very
difficult-to-control BP. Fluid retention and reflex tachycardia
are frequent side effects. Concomitant therapy with both a di-
uretic and an agent that lowers heart rate (a β-blocker, dilti-
azem, or verapamil) is usually needed.

Central α2-agonists (e.g., clonidine, methyldopa) work in
the vasomotor centers of the brain where they stimulate in-
hibitory neurons, and decrease sympathetic outflow from the
CNS. The resultant decrease in PVR and cardiac output lowers
BP. These agents commonly cause anticholinergic side effects
(e.g., sedation, dizziness, dry mouth, fatigue) and possibly sex-
ual dysfunction. Although α2-agonists lower BP, they often
cause fluid retention and, ideally, they should be used in com-
bination with a diuretic.

Adrenergic antagonists (reserpine, guanadrel, guanethi-
dine) are not frequently used to treat hypertension. Reser-
pine depletes catecholamines from storage granules to then
decrease BP. Potential advantages include low cost and once
daily dosing. High doses are associated with more side effects,
but low-dose reserpine (0.05–0.1 mg/day), when used as third-
line therapy has been shown to be well tolerated. Because of
the potential for fluid retention, reserpine requires concurrent
diuretic therapy. Guanadrel and guanethidine have numerous
significant adverse effects and should be avoided.

NEW ANTIHYPERTENSIVE AGENTS
Aliskiren, approved in 2007, is the first direct renin inhibitor.

Other agents within this drug class should become available in
the future. Similar to an ACEI or ARB, this agent blocks the
RAAS. It is approved for treatment of hypertension, and has
been studied in combination with an ACEI or ARB. Because it
is a new antihypertensive drug class, however, its exact role in
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the treatment of hypertension will continue to evolve as clinical
experience is obtained.

CLINICAL EVALUATION
Patient Presentation

1. D.C. is a 44-year-old black man who presents to his primary
care provider with a chief complaint that his BP was measured at
an employee health screening last month and he was told he has
“stage 1 hypertension” at that time. His provider has never told
him that he has hypertension. He has been advised, however, to
lose weight and exercise more. His medical history is significant
for allergic rhinitis. His BP was 144/84 and 146/86 mmHg when
measured last year at work during an employee health screening.
D.C.’s father had hypertension and died of an MI at age 54. His
mother had diabetes and hypertension and died of a stroke at age
68. D.C. smokes one pack per day of cigarettes and thinks that
his BP might be high because of job-related stress. He does not
believe that he really has hypertension. D.C. does not engage in
any regular form of exercise and does not restrict his diet in any
way, although he knows he should lose weight.

Physical examination shows he is 175 cm tall, weighs 108 kg
(body mass index [BMI], 35.2 kg/m2), BP is 148/88 mmHg (left
arm) and 146/86 mmHg (right arm) while sitting, heart rate is
80 beats/minute and regular. Six months ago, his BP values were
152/88 mmHg and 150/84 mmHg when he was seen by his primary
care provider for allergic rhinitis. Funduscopic examination re-
veals mild arterial narrowing, arteriovenous nicking, with no ex-
udates or hemorrhages. The other physical examination findings
are essentially normal.

Laboratory examination reveals the following values: blood
urea nitrogen (BUN), 24 mg/dL (normal, 7–20 mg/dL); serum
creatinine (SrCr), 1.0 mg/dL (normal, 0.5–1.2 mg/dL); fasting
glucose, 105 mg/dL (normal, 60–99 mg/dL); potassium (K), 4.4
mEq/L (normal, 3.5–5.2 mEq/L); uric acid, 6.5 mg/dL (nor-
mal, 2.0–7.0 mg/dL); total cholesterol 196 mg/dL (normal, <200
mg/dL), low-density lipoprotein cholesterol (LDL-C), 131 mg/dL
(normal, <130 mg/dL, optimal <100 mg/dL); high-density lipo-
protein cholesterol (HDL-C), 32 mg/dL (normal, >40 mg/dL for
men), and triglycerides 170 mg/dL (normal, <150 mg/dL). An
electrocardiogram (ECG) and chest radiograph reveal mild left
ventricular hypertrophy (LVH). What is the proper assessment of
D.C.’s BP based on this information?

D.C. has uncontrolled stage 1 hypertension. He has had ele-
vated BP values, measured in clinical environments, and meets
the diagnostic criteria for hypertension because two or more of
his BP measurements are elevated on separate days. SBP val-
ues are consistently stage 1, whereas DBP values are all in the
prehypertension range. The higher of the two classifications is
used to classify hypertension.5

2. Why does D.C. have hypertension?

D.C.’s has essential hypertension; therefore the exact cause
is not known. He has several characteristics (e.g., family history
of hypertension, obesity) that may have increased his chance
of developing hypertension. Race and sex also influence the
prevalence of hypertension. Across all age groups, blacks have
a higher prevalence of hypertension than do whites and Mexi-
can Americans.25 Similar to other forms of CV disease, hyper-

tension is more severe, more likely to include hypertension-
associated complications, and occurs at an earlier age in black
patients.

Patient Evaluation and Risk Assessment
Evaluation of patients with hypertension has multiple pur-
poses. First, the presence and absence of hypertension-
associated complications and major CV risk factors (Table
13-5) must be assessed. Second, secondary causes of hyper-
tension (Table 13-3), if present, should be identified and man-
aged accordingly. Third, concomitant medical conditions (e.g.,
diabetes), and lifestyle habits should be evaluated so that they
can be used to guide therapy.

Hypertension-Associated Complications

3. Does D.C. have hypertension-associated complications?

A complete physical examination to evaluate hypertension-
associated complications includes examination of the optic
fundi; auscultation for carotid, abdominal, and femoral bruits;
palpation of the thyroid gland; heart and lung examination;
abdominal examination for enlarged kidney, masses, and ab-
normal aortic pulsation; lower extremity palpation for edema
and pulses; and neurologic assessment. Routine laboratory as-
sessment after diagnosis should include the following: ECG;
urinalysis; fasting glucose; hematocrit; serum potassium, cre-
atinine, and calcium; and a fasting lipid panel. Optional test-
ing may include measurement of urinary albumin excretion
or albumin-to-creatinine ratio, or additional tests specific for
secondary causes if suspected.

D.C. does not yet have hypertension-associated complica-
tions. He is exhibiting early signs, however, based on his phys-
ical examination that, if left untreated, will likely develop into
such complications. These early signs have likely evolved from
his longstanding, poorly controlled hypertension. D.C.’s ECG
revealed LVH indicating early cardiac damage. Although the
gold standard for confirming LVH is with echocardiography,
this confirmatory procedure is not necessary unless symptoms
are present indicating that LVH has progressed to left ventric-
ular dysfunction (e.g., peripheral edema, shortness of breath).
His funduscopic examination reveals mild arterial narrowing
and AV nicking, early signs of retinopathy and atherosclerosis.
D.C.’s serum creatinine is normal, ruling out overt chronic kid-
ney disease. Additional testing for microalbuminuria is needed,
however, to confirm that he does not have early stage kidney
disease.

4. Which forms of hypertension-associated complications
might D.C. develop?

Hypertension adversely affects many organ systems, in-
cluding the heart, brain, kidneys, peripheral circulation, and
eyes. These are summarized in Table 13-5. Damage to these
systems resulting from hypertension is termed hypertension-
associated complications, target-organ damage, or CV dis-
ease. There are often misconceptions about the terms CV dis-
ease and CAD. CV disease encompasses the broad scope of all
forms of hypertension-associated complications. CAD is sim-
ply a subset of CV disease and refers specifically to disease
related to the coronary vasculature, including ischemic heart
disease and MI. Hypertension-associated complications and
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major risk factors for developing such complications should
be assessed by a thorough patient history, a complete physical
examination, and laboratory evaluation.

Hypertension can affect the heart either indirectly, by
promoting atherosclerotic changes, or directly, via pressure-
related effects. Hypertension can promote CV disease and in-
crease the risk for ischemic events, such as angina and MI.
Antihypertensive therapy has been shown to reduce the risk of
these coronary events. Hypertension also promotes the devel-
opment of LVH, which is a myocardial (cellular) change, not an
arterial change. These two conditions often coexist, however. It
is commonly believed that LVH is a compensatory mechanism
of the heart in response to the increased resistance caused by
elevated BP. LVH is a strong and independent risk factor for
CAD, left ventricular dysfunction, and arrhythmias. A find-
ing of LVH does not necessarily indicate the presence of left
ventricular dysfunction, but is a risk for progression to left ven-
tricular dysfunction (see Chapter 18, Heart Failure), which is a
major cardiac outcome of hypertension. This may be caused by
repeated ischemia, excessive ventricular hypertrophy, or pres-
sure overload. Ultimately, left ventricular dysfunction results
in a decreased ability to contract (systolic dysfunction) or an
inability of the heart to fill (diastolic dysfunction).

Hypertension is one of the most frequent causes of cere-
brovascular disease.25 Cerebrovascular signs can manifest as
transient ischemic attacks, ischemic strokes, multiple cere-
bral infarcts, and hemorrhages. Residual functional deficits
caused by stroke are among the most devastating forms of
hypertension-associated complications. Clinical trials have
demonstrated that antihypertensive therapy can significantly
reduce the risk of both initial and recurrent stroke.5 A sud-
den, prolonged increase in BP also can cause hyperten-
sive encephalopathy, which is classified as a hypertensive
emergency.

The glomerular filtration rate (GFR) is used to estimate
kidney function, which declines with aging. This rate of de-
cline is greatly accelerated by hypertension. Hypertension is
associated with nephrosclerosis, which is caused by increased
intraglomerular pressure. It is unknown whether a primary
kidney lesion with ischemia causes systemic hypertension or
whether systemic hypertension directly causes glomerular cap-
illary damage by increasing intraglomerular pressure. Regard-
less, chronic kidney disease, whether mild or severe, can pro-
gresses to kidney failure (stage 5 chronic kidney disease) and
the need for dialysis. Although studies have demonstrated that
aggressive BP control is the most important strategy to slow
the rate of kidney function decline,26 it may not be entirely
effective in slowing the progression of renal impairment in all
patients.

Chronic kidney disease is staged based on estimated GFR
values.26 Moderate (stage 3) kidney disease is defined as a
GFR 30 to 59 mL/minute/1.73 m2, severe (stage 4) is 15 to
29 mL/minute/1.73 m2, and kidney failure is <15 mL/minute/
1.73 m2 or the requirement of dialysis. In hypertension, moder-
ate kidney disease or worse (estimated GFR <60 mL/minute)
is considered a hypertension-associated complication. An es-
timated GFR <60 mL/minute corresponds approximately to
a serum creatinine concentration of >1.5 mg/dL in an aver-
age man and >1.3 mg/dL in an average woman. This level of
kidney compromise lowers an individual’s BP goal to <130/
80 mmHg. The presence of albuminuria (>300 mg albumin in
a 24-hour urine collection or 200 mg albumin/g creatinine on a

spot urine measurement) also indicates significant chronic kid-
ney disease. Achieving the more aggressive goal is a strategy
to minimize the rate of progression to kidney failure. (Note:
These definitions of the stages of kidney disease and albu-
minuria will be used throughout the remaining cases in this
chapter.)

Kidney function can be approximated by calculating a pa-
tient’s creatinine clearance using the Cockcraft-Gault equa-
tion, or by estimating GFR using the Modification of Diet in
Renal Disease (MDRD) equation. The Cockcroft-Gault equa-
tion is a universally accepted way to estimate kidney function
and requires knowledge of the patient’s serum creatinine clear-
ance, ideal body weight, and gender (see Fig. 30-1, Chapter 30
Acute Renal Failure). Estimating GFR using the MDRD equa-
tion is more reflective of true kidney function, however, and is
needed to stage chronic kidney disease (see Fig. 30-2, Chap-
ter 30 Acute Renal Failure).26 Serum creatinine concentration,
age, race, and sex are needed with the MDRD equation.26,27

Peripheral arterial disease is another form of atheroscle-
rotic vascular disease that is considered target-organ damage.
It is equivalent in CV risk to CAD.5 Risk factor modifications,
BP control, and antiplatelet agent(s) are needed to decrease
progression. Complications of peripheral arterial disease can
include infection and necrosis, which in some cases require
revascularization procedures or extremity amputation.

Hypertension causes retinopathies that can progress to
blindness. Retinopathy is evaluated according to the Keith,
Wagener, and Barker funduscopic classification system.
Grade 1 is characterized by narrowing of the arterial diameter,
indicating vasoconstriction. Arteriovenous (AV) nicking is the
hallmark of grade 2, indicating atherosclerosis. Longstanding,
untreated hypertension or accelerated hypertension also can
cause cotton wool exudates and flame hemorrhages (grade 3).
In severe cases, papilledema occurs, and this is classified as
grade 4.

Major Risk Factors

5. Which major CV risk factors are present in D.C.?

Hypertension is one of nine major CV risk factors identified
by the JNC7. These are not necessarily risk factors for devel-
oping essential hypertension; rather, they increase the risk of
hypertension-associated complications such as CHD or CAD
(Table 13-5). D.C. has multiple CV risk factors: smoking, dys-
lipidemia, family history of premature atherosclerotic vascular
disease, hypertension, obesity, and physical inactivity.

6. What is D.C.’s Framingham risk score and how is this valu-
able to his overall treatment?

D.C. is considered a primary prevention patient because he
does not yet have any hypertension-associated complications
or compelling indications. He has multiple major CV risk fac-
tors, however, and Framingham risk scoring is needed to de-
termine his BP goal value (Fig. 13-2) and to guide choice of
pharmacotherapy (Fig. 13-3) and to provide an overall progno-
sis for his hypertension. Using the Framingham risk calculator
(see Fig. 13.7, Chapter 13, Dyslipidemias, Atherosclerosis, and
Coronary Heart Disease), D.C. has an 8% risk of developing
CHD (or CAD) over the next 10 years.28 This is considered
moderate risk, and because it is < 10%, his BP goal is <140/90
mmHg.9,14 This risk will increase as he ages, and especially
if he does not modify his risk factors. This estimation helps
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justify aggressive approaches to reduce CV risk, which in-
cludes lifestyle modifications and pharmacotherapy.

Many of D.C.’s risk factors are modifiable. He has a his-
tory of cigarette smoking. This significantly increases his CV
risk and may reduce the efficacy of antihypertensive therapy.
Smoking cessation may not independently lower D.C.’s BP, but
it will decrease his overall risk of CV disease. D.C. is obese
based on his BMI. His sedentary lifestyle (lack of physical
activity) and dietary patterns have likely contributed to his
obesity. A more focused patient interview on diet and exer-
cise would be helpful to reinforce the assumption that he has
a sedentary lifestyle. D.C.’s abnormal cholesterol values (es-
pecially his elevated LDL-C) increase his CV risk and lipid-
lowering therapy should be considered because intervention
trials have repeatedly shown that lowering LDL-C can decrease
the risk of CHD and other forms of hypertension-associated
complications (see Chapter 12, Dyslipidemias, Atherosclero-
sis, and Coronary Heart Disease).14,28 Based on Framingham
estimates, risk increases with higher SBP values.28 Patients
with untreated hypertension have an increased CHD risk re-
lated to the degree of BP elevation. Even if D.C.’s BP were con-
trolled with antihypertensive therapy, he would have a lower,
but still elevated risk.

Advanced age, depending on sex, is considered a ma-
jor CV risk factor. Although CV disease in the elderly age
is not considered premature, increasing age increases the
risk of hypertension-associated complications. Premenopausal
women are at low risk for CV disease. CV risk in women in-
creases significantly after menopause, however, similar to the
increased risk in men. Therefore, cutoff values for age as a risk
factor in men and women are separated by 10 years (>55 years
for men, >65 years for women). At age 50, D.C. does not yet
have this risk factor. Premature CV disease in first-degree rela-
tives (i.e., parents and siblings) should be identified because it
is a major CV risk factor. D.C. has a significant family history
of premature CHD as evidenced by his father’s death of an MI
before the age of 55.

PRINCIPLES OF TREATMENT
Goals of Therapy

7. What are the goals of treating D.C.?

The ultimate overarching goal of therapy is to lower
hypertension-associated morbidity and mortality. Control of
BP is currently the most feasible clinical endpoint used to guide
therapy, which can be thought of as a surrogate goal that is a
means to attain the overarching goal. D.C.’s goal BP is <140/
90 mmHg because he is a primary prevention patient with a
Framingham risk score of 8%, meaning that of 100 patients
similar to D.C., 8 will have CAD within the next 10 years.
Pharmacotherapy principles to achieve these goals include se-
lecting a treatment regimen with antihypertensive agent(s) that
have been proved to reduce morbidity and mortality, comple-
mented by appropriate lifestyle modifications.

Health Beliefs and Patient Education

8. What patient education should be provided to D.C. regard-
ing his disease?

Provision of thorough patient education is needed to ensure
that D.C. understands his disease and its complications (Table
13-7). This should comprehensively include information on
disease, treatment, adherence, and complications. Several ap-
proaches can be effective, but all methods should include direct
communication between a clinician and the patient. Multidis-
ciplinary approaches to disease state management in hyper-
tension can effectively utilize a team of different clinicians.
Clinicians can be physicians, nurse practitioners, physician as-
sistants, pharmacists, dietitians, or exercise physiologists. Pro-
viding education in a face-to-face manner is most common,
but the key components in patient education may be delivered
via indirect interactions (e.g., on the telephone).

Recommendations should be tailored to the patient’s spe-
cific needs. For example, some patients are able to compre-
hend the importance of achieving controlled BP by reading
written materials, whereas others understand this only after
implementing self-BP monitoring. The patient education
process must be continuous throughout the duration of ther-
apy. Not all aspects need to be discussed during each clini-
cal interaction. Careful selection of both written and verbal
information is needed so that patients are not overwhelmed
or frightened by too much information. It is important that
clinicians review all materials provided to patients to identify
the source of information, assess ease of reading, and identify
omitted information and sources of confusion or anxiety (e.g.,
drug side effects). Patients’ needs can also change over time as
their disease or circumstances change, and different strategies
might be necessary to enhance education and adherence.

Table 13-7 Patient–Provider Interactions for Hypertension

Patient Education
� Assess patient’s understanding and acceptance of the diagnosis of

hypertension
� Discuss patient’s concerns and clarify misunderstandings
� When measuring BP, inform the patient of the reading both

verbally and in writing
� Assure patient understands their goal BP value
� Ask patient to rate (1–10) his or her chance of staying on treatment
� Inform patient about recommended treatment, including lifestyle

modification. Provide specific written information using standard
brochures when available

� Elicit concerns and questions and provide opportunities for patient
to state specific behaviors to carry out treatment recommendations

� Emphasize:
– the need to continue treatment
– that control does not mean cure
– elevated BP is usually not accompanied by symptoms

Individualize Treatment Regimens
� Include the patient in decision-making
� Simplify the regimen to once-daily dosing, whenever possible
� Incorporate treatment into patient’s daily lifestyle
� Set realistic short-term objectives for specific components of the

medication and lifestyle modification plan
� Encourage discussion of diet and physical activity, adverse drug

effects and concerns
� Encourage self-monitoring with validated BP devices
� Minimize the cost of therapy, when possible
� Discuss adherence at each clinical encounter
� Encourage gradual sustained weight loss

BP, blood pressure.
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Patients such as D.C. often incorrectly explain BP elevation
as stress related. A certain percentage of patients may have
an increase in BP because of anxiety, as seen in those with
white-coat hypertension. Most patients with essential hyper-
tension, however, will have an elevated BP regardless of their
stress level. D.C. should be informed about the cause of his
disease and the lack of correlation between stress or symp-
toms and high BP. Most importantly, D.C. needs to realize that
elevated BP is almost always asymptomatic, but can cause seri-
ous long-term complications. It is essential that he understand
the chronic nature of hypertension and the need for long-term
therapy. Otherwise, he may adhere to the prescribed treatment
only when he “feels his BP is high” or during stressful events.

Some patients believe they can control their BP by stress
management rather than with prescribed therapy (lifestyle
modifications and antihypertensive agents). Controlled trials
have not consistently proven that stress management is benefi-
cial in hypertension.29 It is important to determine the patient’s
health beliefs and attitudes and to educate him or her about
the etiology and management of hypertension to promote BP
control.

Another common myth patients believe is that treating hy-
pertension commonly leads to fatigue, lethargy, and sexual
dysfunction. This misconception can be a limiting factor in ap-
propriate management. Clinical trials have repeatedly reported
that quality of life is better with active medication than with
placebo.30,31 Data have indicated that as many as 27% of men
with hypertension have erectile dysfunction.32 Although many
believe this to be a side effect of their medication, and inci-
dence rates may vary between certain antihypertensive agents
and classes, erectile dysfunction is likely caused by penile ar-
terial changes (probably atherosclerosis), which is related to
uncontrolled or untreated hypertension.32

Benefits of Treatment

9. Does antihypertensive therapy reduce the incidence of
hypertension-associated complications?

Without a doubt, antihypertensive therapy reduces the risk
of CV disease and CV events in patients with hypertension.
Numerous landmark placebo-controlled studies have clearly
demonstrated these benefits. The first large-scale trial, pub-
lished in 1967, was the Veterans Administration (VA) study
in men with DBP between 115 and 129 mmHg.33 This study
was prematurely stopped because benefits of treatment were so
dramatic. Antihypertensive therapy significantly reduced cere-
bral hemorrhage, MI, left ventricular dysfunction, retinopathy,
and kidney disease. Other landmark placebo-controlled stud-
ies, mostly from the 1980s and 1990s, have evaluated anti-
hypertensive therapy in patients with less severe hypertension
(DBP, 90–109 mmHg) and have shown a reduced risk of stroke,
ischemic heart disease, left ventricular dysfunction, progres-
sion to more severe hypertension, and death.22,24 Long-term,
placebo-control studies evaluating morbidity and mortality in
hypertension are not only unnecessary, but are considered un-
ethical because treatment is definitively beneficial.

10. Will D.C.’s early signs of hypertension-associated compli-
cations improve or reverse with appropriate BP control?

Most antihypertensive drugs reduce LVH through varying
mechanisms. It is logical that regression of LVH is desirable,
but this remains unproved. Theoretically, myocardial function
might be compromised when hypertrophied muscle regresses
in size because of the increased ratio of collagen to muscle.
Nonetheless, until proved otherwise, regression of LVH in D.C.
is desirable.

Reductions in BP can reverse many of the changes associ-
ated with D.C.’s retinopathy. In particular, studies have demon-
strated that the risk of retinopathy in diabetic patients increases
significantly when the DBP is >70 mmHg and that control of
BP can slow this progression. D.C. has an elevated fasting
glucose indicating prediabetes, but he does not have diabetes.
Regardless, lowering BP is desirable for anticipated beneficial
effects on his retinopathy.

HYPERTENSION MANAGEMENT
Lifestyle Modifications

11. Should D.C. start antihypertensive drug therapy, or should
lifestyle modifications be his primary treatment?

It is reasonable to assume that lifestyle modifications can
partially help D.C. achieve his BP goal. Previous JNC guide-
lines recommended lifestyle modifications for 6 to 12 months
before starting drug therapy in patients with few to no risk
factors and no hypertension-associated complications, and no
compelling indications (i.e., primary prevention patients with
Framingham risk scores of <10%).24 The 2007 European
guidelines recommend lifestyle modifications alone to treat hy-
pertension for only “several weeks” before starting drug ther-
apy in patients with stage 1 hypertension who have “moderate”
CV risk (i.e., one to two risk factors), and for “several months”
in patients with stage 1 hypertension who are at “low” CV risk
(i.e., no additional risk factors).13 D.C. has several major risk
factors for developing hypertension-associated complications,
and has early evidence of hypertension-associated complica-
tions. Lifestyle modifications are germane to the appropriate
treatment of hypertension, but they have not been shown to
prevent CV disease in patients with hypertension.9 As recom-
mended in the AHA and the European Society of Hyperten-
sion/European Society of Cardiology guidelines from 2007,
initiation of drug therapy should not be delayed unnecessar-
ily, especially for patients with CV risk factors.9,13 Because
D.C. has stage 1 hypertension with multiple risk factors, both
lifestyle modifications (Table 13-6) and drug therapy should
be implemented simultaneously.

Modalities that Lower BP

12. Which lifestyle modifications should be recommended for
D.C. to lower his BP?

Weight reduction with dietary modifications and physical
activity, sodium restriction, and smoking cessation are the most
apparent lifestyle modifications for D.C. A thorough patient in-
terview includes a diet history to quantify his intake of total
calories, sodium, fat, and cholesterol. A social history should
also be obtained to determine alcohol consumption and to con-
firm cigarette use. Based on these interviews, customized rec-
ommendations can be made.
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The DASH diet should be strongly encouraged in D.C. Pub-
lications such as Facts About the DASH Eating Plan, are read-
ily available on the National Heart, Lung and Blood Insti-
tute (NHLBI) website (http://www.nhlbi.nih.gov/guidelines/
hypertension/index.htm) and are written in language easily un-
derstood by most patients. D.C.’s BMI of ≥30 kg/m2 classifies
him as obese. He needs >16-kg weight loss to lower his weight
classification to overweight. As little as a 5% to 10% loss in
weight (5–11 kg) will provide global health benefits. Strate-
gies that increase his aerobic activity, in addition to diet, can
augment weight loss.

The role of supplementation with calcium, and magnesium
in hypertension is unclear. Therefore, these should not be rou-
tinely recommended in patients with hypertension for the pur-
pose of lowering BP. Caffeine ingestion has been associated
with an acute elevation in BP; however, these elevations ap-
pear to be transient. Limitations on caffeine intake are not rec-
ommended unless caffeine ingestion is detrimental for other
medical reasons (e.g., cardiac arrhythmias, panic attacks).

Other CV Risk Reduction Strategies

13. Aside from treating hypertension, which other CV risk re-
duction strategies should be recommended in D.C.?

SMOKING CESSATION
Smoking is an important and significant modifiable ma-

jor CV risk factor. Cigarette smoking independently has been
shown to increase CV and overall mortality, and cessation can
decrease the incidence of CV disease.34 Although smoking
may not chronically alter BP, it can blunt the response to certain
antihypertensive medications. Hypertensive smokers should be
continually educated about the risks associated with cigarette
smoking and directed to behavior modification programs that
can assist smoking cessation efforts (see Chapter 85, Tobacco
Use and Dependence).

LOW-DOSE ASPIRIN
Low-dose aspirin therapy (81 mg daily) provides antiplatelet

effects that reduce the risk of MI. This is available over the
counter, and is recommended by consensus guidelines for pri-
mary prevention patients with a Framingham risk score of
≥10% to reduce the risk of a CV event.35 It is also recom-
mended in all secondary prevention patients who have a history
of atherosclerotic vascular disease to reduce the risk of recur-
rent CV events or CV disease.36 Patients with an absolute con-
traindication to aspirin therapy (e.g., aspirin allergy, gastroin-
testinal bleed, aspirin-induced bronchoconstriction) should not
receive aspirin therapy. Aspirin can cause an increased risk of
bleeding, is subject to many potential drug interactions, and
can possibly cause gastrointestinal side effects. Using enteric
coated aspirin products, and using low dose can minimize the
risk of these potential complications. Based on D.C.’s current
Framingham risk score, he is not yet a candidate for low-dose
aspirin.

CONTROLLING OTHER COMORBID DISEASES
In addition to treating hypertension and lowering BP to goal,

controlling other comorbidities is recommended to further re-
duce the risk of CV events. When present, dyslipidemia, di-
abetes mellitus, obesity, and any other forms of CV disease

should be diligently treated and controlled. D.C. does have
dyslipidemia (he has elevated LDL-C, low HDL-C, and el-
evated triglycerides), and his CV risk would be reduced with
better control of this condition (see Chapter 12, Dyslipidemias,
Atherosclerosis, and Coronary Heart Disease).

Pharmacotherapy for Primary Prevention Patients
Evidence-Based Recommendations

14. Which treatment principles need to be considered when
choosing an initial antihypertensive agent for D.C.?

Selecting an antihypertensive drug is difficult considering
the numerous choices. All antihypertensive agents can effec-
tively lower BP. Depending on the dose used, pressure reduc-
tions are similar.37 BP reduction, however, is only a surro-
gate endpoint of therapy that does not necessarily reflect over-
all efficacy. Reducing hypertension-associated complications
is the ultimate goal of treatment. Evidence-based medicine
is the conscientious, explicit, and judicious use of current
best evidence in making decisions about the care of indi-
vidual patients.38 Practicing evidence-based medicine in hy-
pertension requires a balance between weighing the findings
from outcome-based studies showing reduced hypertension-
associated complications and considering specific drug thera-
pies for each patient’s individual situation.

15. Which antihypertensive agent is appropriate as first-line
treatment in D.C.?

The JNC7 report from 2003, supplemented by more re-
cent evidence in the AHA 2007 guidelines, outlines phar-
macotherapy recommendations that follow an evidence-based
approach.5,9 These recommendations are based on the inter-
pretation of clinical trials. Although the JNC7 recommended
a thiazide diuretic, either alone or in combination with another
antihypertensive (depending on hypertension stage), as the ini-
tial drug choice for most patients, recent evidence demonstrates
that either an ACEI, ARB, CCB, thiazide diuretic, or certain
combinations of these agents is a reasonable first-line drug ther-
apy option for primary prevention patients (Fig. 13-3).5,9 This
recommendation is based on the propensity of data showing
reduced morbidity and mortality with these drug classes.20–22

For patients with a compelling indication (Fig. 13-3), the choice
of pharmacotherapy is more specific, and is discussed later in
this chapter. D.C. does not have a compelling indication for
specific pharmacotherapy, and is considered a primary preven-
tion patient. Thus, treatment with either an ACEI, ARB, CCB
or thiazide diuretic is considered acceptable according to the
most recent evidence-based guidelines.9

Traditional landmark placebo-controlled hypertension stud-
ies conducted in the 1980s (the Systolic Hypertension in the
Elderly Program [SHEP],39 Swedish Trial of Old Patients with
Hypertension [STOP-hypertension],40 and Medical Research
Council [MRC]41) established that treating hypertension pro-
duces significant reductions in CV events (e.g., stroke, MI) and
mortality. These traditional landmark trials utilized thiazide
diuretic-based therapy and, thus, thiazide diuretics have been
the quintessential antihypertensive agent for most patients.
Subsequently, several clinical trials evaluating newer agents
(ACEI, ARB, and CCB) have provided additional evidence on
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CV event reduction.42–63 Most of these trials do not include a
placebo group (because it is unethical to use placebo in long-
term studies); rather, they use an active antihypertensive agent
as the comparator (usually a thiazide diuretic or β-blocker).
In those studies in which newer antihypertensive agents were
compared with thiazide diuretics, very similar effects were
seen.

16. Should D.C. be placed on a monotherapy or two drug ther-
apy as his initial regimen?

A monotherapy approach is reasonable for D.C., because
his BP is classified as stage 1 (Fig. 13-3). Monotherapy with
an agent from one of these classes will likely reduce his BP
to <140/90 mmHg because his SBP is within 10 mmHg of
his goal value. This is not the common scenario; many pa-
tients present with stage 2 hypertension and, thus, require two
antihypertensive agents from the start. Two-drug therapy us-
ing low doses typically lowers BP more effectively than high-
dose monotherapy, and may reduce the risk of drug-related
side effects compared with high-dose monotherapy.64 Initial
treatment with two drugs are not needed because D.C. does
not have stage 2 hypertension and, in contrast to most pa-
tients with hypertension, can feasibly attain goal with one
agent.5,9

Special Populations
BLACK PATIENTS

17. D.C. is black. Should his race influence the selection of an
antihypertensive regimen?

Black patients have a higher incidence of hypertension,
hypertension-associated complications, and an increased need
for combination therapy to achieve and maintain BP goals.25,65

As monotherapy, it is well documented that a thiazide diuretic
or a CCB is highly effective in lowering BP in black patients.
Conversely, ACEI, ARB, or β-blocker monotherapy is less ef-
fective in lowering BP in black patients compared with white
patients. When these agents are used in combination, especially
with a thiazide diuretic, BP lowering is greatly improved. This
information may aid in selecting one drug option over another
in a primary prevention patient, but does not apply to black
patients with compelling indications, where choice of therapy
follows an evidence-based approach to selection.

The Hypertension in African American Working Group
(HAAWG) of the International Society on Hypertension in
Blacks has treatment guidelines that are similar to the JNC7
and 2007 AHA hypertension guidelines with respect to lifestyle
modifications and pharmacotherapy.5,9,65 These guidelines,
however, highlight that attaining BP goal values is more chal-
lenging in blacks, and usually requires more aggressive initia-
tion of pharmacotherapy. They also identify that black patients
are at higher risk of side effects with ACEI (both angioedema
and cough) compared with whites.45

D.C. does not have any compelling indications for specific
antihypertensive drug therapy. His first-line treatment options
are an ACEI, ARB, CCB, or thiazide diuretic. Monotherapy
with either a thiazide diuretic or a CCB would be very effective
in BP lowering; either of these two drugs is an acceptable
treatment option for him.

VERY ELDERLY PATIENTS

18. How is treatment of hypertension in an elderly patient dif-
ferent than in a younger patient? Are there any special precautions
for lowering BP too much?

Older patients with hypertension (>65 years of age) have the
lowest rates of BP control, and this rate decreases in even older
populations.25 Very elderly patients (>75 years of age), simi-
lar to black patients, respond best to thiazides and CCBs and
less to ACEIs, ARBs, and β-blockers. However, it is unclear
whether these small differences in BP lowering are clinically
significant, so they should be viewed as medical myths rather
than definitive realities.

Isolated Systolic Hypertension
Isolated systolic hypertension (ISH) is defined as an elevated
SBP (>140 mmHg) with a “normal” DBP (<90 mmHg).5 This
pattern of hypertension is most common in patients >65 years
of age and incurs a significant risk for CV disease. It was once
thought that patients with ISH required high SBP to ensure
normal perfusion of the heart and brain and that treating ISH
would further lower DBP and worsen organ perfusion. Evi-
dence clearly demonstrates, however, that treating ISH reduces
the risk of CV events.39,42,49

The care of patients with ISH, including the very elderly,
should follow the same general hypertension care principles
that apply to all patients, with two exceptions. The first ex-
ception is that lower doses should be used when first start-
ing therapy. The second is that initial drug therapy, even with
stage 2 hypertension, should only be started with monotherapy.
Drug doses can be gradually increased as tolerated and com-
bination therapy subsequently used to achieve recommended
BP goals.5,9 In earlier JNC recommendations, thiazide di-
uretics and long-acting dihydropyridine CCB were preferred
based on the evidence of reduced hypertension-associated
complications.39,40,42 The JNC7 recommends that selection of
pharmacotherapy in elderly patients be according to the same
general treatment philosophies as for other patients with hy-
pertension. Although lower starting doses may be needed to
minimize the risk of side effects, elderly patients eventually
need standard treatment doses and often require combination
therapy to reach and maintain their BP goals.

Few data exist evaluating antihypertensive therapy in the
very elderly (i.e., patients >75 years). These patients are un-
derrepresented in most clinical trials. A meta-analysis eval-
uating landmark clinical trials in hypertension indicates that
antihypertensive therapy in patients who were age 80 and
older reduced the risk of stroke, but not necessarily all
cause mortality.66 The Hypertension in the Very Elderly Trial
(HYVET) is a placebo-controlled, randomized trial evaluating
the effect of antihypertensive pharmacotherapy in patients with
hypertension age 80 years and older.67 This trial was halted
prematurely, after only 1.8 median years, owing to significant
reductions in both stroke and overall mortality in the treatment
arm.68 The HYVET provides the most compelling evidence
that treatment of hypertension in the very elderly provides sig-
nificant benefits.

Absence of a J-Curve
Data from observational studies generated concern that there
is a “J-curve” phenomenon where lowering BP too far may
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Table 13-8 Additional Considerations in Antihypertensive Drug Choicea

Antihypertensive Agent Situations with Potentially Favorable Effects Situations with Potential Unfavorable Effectsb Avoid Use

ACEI Low-normal potassium, prediabetes,
microalbuminuria in patients without
diabetes

High-normal potassium or hyperkalemia Pregnancy, bilateral renal
artery stenosis, history of
angioedema

ARB Low-normal potassium, prediabetes,
microalbuminuria in patients without
diabetes

High-normal potassium or hyperkalemia Pregnancy, bilateral renal
artery stenosis

CCB: dihydropyridine Raynaud’s syndrome, elderly patients
with isolated systolic hypertension,
cyclosporine induced hypertension

Peripheral edema, left ventricular
dysfunction (all except amlodipine
and felodipine), high-normal heart
rate or tachycardia

CCB: nondihydropyridine Raynaud’s syndrome, migraine
headache, arrhythmias, high-normal
heart rate or tachycardia

Peripheral edema, low-normal heart rate Second or third degree heart
block, left ventricular
dysfunction

Thiazide diuretic Osteoporosis or at increased risk for
osteoporosis, high-normal potassium

Gout, hyponatremia, prediabetes (as
monotherapy), low-normal potassium

aNever to replace recommendations because of a compelling indication.
bMay use but requires diligent monitoring.
High-normal refers to patients in the high end of the normal range, but not above the range.
Low-normal refers to patients in the low end of the normal range, but not below the range.
ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin-2 receptor blocker; CCB, calcium channel blocker.

be harmful.69,70 These data found that CAD events were de-
creased as expected when DBP was reduced to approximately
85 mmHg. Below this level, however, the risk of events actually
increased.

The J-curve phenomenon is a medical myth. The data used
to establish this phenomenon are observations from retrospec-
tive evaluations and, therefore, cannot establish cause and ef-
fect. The J-curve has been associated only with CAD events,
not stroke or kidney impairment. For stroke prevention and kid-
ney impairment, data consistently suggest that the lower the BP
the better, unless BP reductions are too abrupt or are exces-
sive. If the J-curve has any validity, it would occur when BP is
reduced much lower than the therapeutic range. Furthermore,
patients with very low BP may have other illnesses that pre-
dispose them to coronary events (e.g., autonomic dysfunction,
volume depletion).

Controlled evidence disputes the J-curve. The Hyperten-
sion Optimal Treatment (HOT) trial was a prospective clini-
cal trial designed to evaluate lower BP goals and CV events
(challenging the J-curve).16 More than 18,700 patients were
randomized to goal DBP values of <90 mmHg, <85 mmHg,
or <80 mmHg. The risks for major CV disease events were
the lowest when treatment BP was <139/83 mmHg. The risk
for cerebrovascular events was lowest at a treatment BP of
<142/80 mmHg. Only in patients with ischemic heart disease
and diabetes did the lowest risk occur at a DBP <80 mmHg.
A significant increase in events was not seen in patients with
lower BP values. Therefore, the HOT trial does not support the
concept of a J-curve.

Additional Considerations

19. Multiple pharmacotherapy options are equally recom-
mended in a primary prevention patient. What additional con-
siderations help to select an agent for a specific patient?

It cannot be emphasized enough that selecting pharma-
cotherapy should follow an evidence-based philosophy. In pa-
tients with compelling indications, certain antihypertensive
drug classes are recommended in place of other options. In pa-
tients without compelling indications, additional factors (e.g.,
other diseases, cost, serum electrolytes, prior intolerances or
allergies) are considered when selecting a drug class (Table 13-
8). These are particularly helpful when selecting initial therapy
for a primary prevention patient who has more than one accept-
able drug class as a therapeutic option. It can also be helpful
when selecting add-on therapy to further lower BP. These are
discussed later in this chapter.

The costs of treating hypertension and related complica-
tions are substantial to patients and health systems.71 Costs
attributed to drug acquisition are small in comparison to ex-
penses for laboratory evaluations, office visits, and medi-
cal care for hypertension-associated complications. Whenever
possible, affordable regimens that do not compromise efficacy
should be designed. Generic antihypertensive products are less
expensive than brand-name products, and all first- and second-
line antihypertensive classes, except ARB, have generic alter-
natives. The frequency of administration must also be consid-
ered because it can influence patients’ adherence to regimens.
Once-daily administration maximizes compliance and is most
desirable. All major antihypertensive drug classes offer a once-
daily product, so optimizing regimen administration is very
feasible.

Pharmacotherapy for Patients with
Compelling Indications
Throughout the remainder of this chapter the term compelling
indications will be used frequently. Compelling indications
are defined as comorbid diseases for which specific antihyper-
tensive classes are indicated based on evidence from clinical
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trials. Although these clinical trials may not have evaluated
hypertension-related complications alone, they show signifi-
cant benefits in reducing CV morbidity or mortality that war-
rants their use in a hypertensive patient with a given compelling
indication (Fig. 13-3). A BP goal of <130/80 mmHg is recom-
mended in patients with a compelling indication, with an even
lower goal of <120/80 mmHg recommended if the compelling
indication is left ventricular dysfunction.

Diabetes
Kidney disease and CV disease are both considered long-term
complication of diabetes and hypertension-associated compli-
cations. Patients with diabetes are at high risk for these com-
plications. Evidence shows that treatment with antihyperten-
sive agents (ACEI, ARB, CCB, thiazide diuretics, and even
β-blockers) in patients with diabetes reduces risk of CV events,
and progression of kidney disease.72 When compared head-to-
head, ACEI are superior to dihydropyridine CCB at reduc-
ing CV events.53,54 Subanalyses of larger clinical trials fur-
ther support CV event reduction with ACEI and ARB73,74 (see
Chapter 50, Diabetes Mellitus). Therefore, initial antihyperten-
sive therapy for a patient with diabetes should ideally consist
of an ACEI or ARB first-line. A thiazide diuretic as add-on
agent, followed by either a CCB or β-blocker as the next add-
on therapy, should be used to provide additional BP lowering
when needed. Aggressive BP control is indicated in diabetes
(e.g., <130/80 mmHg) to minimize the risk of hypertension-
associated complications.5,16,72 To get to this BP goal, how-
ever, two or more antihypertensive drugs are almost always
needed.72,75

Chronic Kidney Disease
Chronic kidney disease initially presents with microalbumin-
uria (30–299 mg albumin in a 24-hour urine collection) that
can progress over several years to overt kidney failure.26 Pro-
gression is accelerated in the presence of both hypertension
and diabetes. ACEI or ARB therapy should be used first-line in
these patients because both have been shown to reduce the pro-
gression of chronic kidney disease in type 1 diabetes,76 in type
2 diabetes,50,56–58 and in those without diabetes.60,75,77 For
purposes of hypertension management, patients have chronic
kidney disease sufficiently significant to be considered a com-
pelling indication with a goal BP of <130/80 mmHg if they
have one of the following three criteria: (a) an estimated
GFR <60 mL/minute/1.73 m2 based on MDRD calculation
(calculator available at: http://www.kidney.org/professionals/
KDOQI/gfr calculator.cfm); (b) a serum creatinine >1.3
mg/dL in women or >1.5 in men because this roughly cor-
relates to a GFR estimation of <60 mL/minute/1.73 m2; or
(c) albuminuria (>300 mg/day on a 24-hour urine collec-
tion or total protein-to-creatinine ratio >200 mg/g on a spot
urinalysis).5 These patients typically require three or more an-
tihypertensive agents, within which an ACEI or ARB should
be the foundation of the drug therapy regimen.60,75

Chronic and Acute CAD
The two most common forms of chronic CAD, post-
MI and chronic stable angina, are considered compelling
indications.5,9 The American College of Cardiology (ACC)/
AHA have guidelines for these conditions that recommend
treatment with a β-blocker, followed shortly thereafter by the

addition of an ACEI.36,78 β-Blockers (those without intrinsic
sympathomimetic activity [ISA]) decrease the risk of a subse-
quent MI or sudden cardiac death by decreasing the adrenergic
burden on the heart,79,80 and progression of atherosclerosis.81

ACEI therapy promotes cardiac remodeling, improves cardiac
function, and reduces the risk of CV events.82,83 An ARB
should be used as an alternative in patients who do not tolerate
an ACEI, because fewer data exist that assess the long-term
impact of an ARB on CV events compared with an ACEI in
this setting.9,78 If additional BP reduction is needed, a thiazide
diuretic can be added to the core regimen of a β-blocker with
an ACEI (or ARB). If an additional agent is needed to treat
ischemic symptoms for patients with chronic stable angina, a
dihydropyridine CCB can be added to this core regimen. If a
β-blocker cannot be used because of intolerance or contraindi-
cation, a nondihydropyridine CCB (verapamil or diltiazem)
can be used as an alternative.

Acute CAD, also called acute coronary syndrome, in-
cludes unstable angina, non–ST-segment elevation MI, and
ST-segment elevation MI.9 The ACC/AHA guidelines for
these conditions indicate a β-blocker as first-line pharma-
cotherapy.84,85 Patients must be hemodynamically stable, how-
ever, before starting a β-blocker. The addition of an ACEI (or
ARB as an alternative) is recommended if an anterior MI is
present, if left ventricular dysfunction is present, if the patient
has diabetes, or if additional BP lowering is needed.9 Most pa-
tients with an acute coronary syndrome will have one of these
considerations for an ACEI (or ARB). Similar to chronic CAD,
a thiazide diuretic can be added for further BP lowering. A di-
hydropyridine CCB can be added if ischemic symptoms are
present. If a β-blocker cannot be used because of intolerance
or contraindication, a nondihydropyridine CCB (verapamil or
diltiazem) can be used as an alternative.

Prior Stroke
A history of a prior ischemic stroke (the predominant etiology
of most cases of stroke) is considered a form of noncoronary
atherosclerotic vascular disease and a compelling indication
for specific antihypertensive drug therapy to lower the risk of
a recurrent stroke. In fact, ischemic stroke is the only form of
noncoronary atherosclerotic vascular disease for which spe-
cific antihypertensive drug therapy has been shown to reduce
recurrent CV events. Lowering BP to goal in patients with a
history of stroke is beneficial once patients have stabilized after
their acute event. Specifically, the combination of an ACEI with
a thiazide diuretic is documented to reduce the incidence of
recurrent stroke.46 Similarly, an ARB-based regimen has been
shown to reduce the incidence of recurrent stroke more effec-
tively than a dihydropyridine CCB-based treatment regimen.63

Therefore, based on these data, either an ACEI with a thiazide
diuretic, or ARB-based therapy is considered an appropriate
first-line pharmacotherapy option for patients with a history of
a prior ischemic stroke. Because dihydropyridine CCB-based
therapy has also been shown to reduce the risk of ischemic
stroke in patients with hypertension (albeit less than with an
ARB),42 a dihydropyridine CCB is a good add-on option for
combination therapy.

Left Ventricular Dysfunction
Left ventricular dysfunction (sometimes called systolic heart
failure or chronic heart failure) is a common complication of
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hypertension in which cardiac contractility is compromised.
This compelling indication has the lowest BP goal of <120/80
mmHg. If patients are optimally treated with the combina-
tion of pharmacotherapy options recommended by both the
2007 AHA hypertension guidelines and ACC/AHA heart fail-
ure guidelines, they will likely attain this strict BP goal and
experience reduced CV morbidity and mortality.9,86

Standard first-line therapy for left ventricular dysfunction
should included a three-drug combination of an ACEI, a di-
uretic (either a thiazide or loop, depending on kidney function
and need for diuresis), and a β-blocker. ACEI have numerous
landmark clinical trials showing reduced morbidity and mor-
tality rates and diuretics provide primarily symptomatic relieve
of edema.86 As left ventricular dysfunction progresses, loop di-
uretics are almost always needed instead of a thiazide diuretic
because they produce more pronounced diuresis. β-Blocker
therapy is a component of standard first-line therapy for left
ventricular dysfunction because numerous clinical trials have
demonstrated reduced morbidity and mortality when added
to ACEI with diuretic therapy.79,87,88 According to evidence-
based medicine principles, only metoprolol, carvedilol, and
bisoprolol are indicated for left ventricular dysfunction. Other
β-blockers (e.g., atenolol) should not be used in patients with
left ventricular dysfunction because they do not have support-
ing data demonstrating they reduce CV event rates in these pa-
tients. Before adding a β-blocker in a patient recently started on
an ACEI and diuretic, the patient should be hemodynamically
stable. As discussed in detail in Chapter 18 (Heart Failure), it
is important to start with very low doses of a β-blocker, then
slowly titrating upward over several weeks to the recommended
dosing range for left ventricular dysfunction.

Based on evidence demonstrating reduced risk of CV
events, additional antihypertensive agents reduce CV risk in
this patient population. An aldosterone antagonist (spirono-
lactone, eplerenone) can be added to a standard first-line regi-
men in patients with severe left ventricular dysfunction.9,89,90

Similarly, the combination of hydralazine with isosorbide dini-
trate can be added in black patients.91 An ARB should be used
as an alternative for patients intolerant to an ACEI,92,93 or
in addition to standard first-line treatment for left ventricular
dysfunction.94 Speculation was that an ARB would be even
better than an ACEI in left ventricular dysfunction,95 but when
compared head-to-head, ACEIs were found to provide better
outcomes.96

Implementing Pharmacotherapy
Monotherapy
Starting with one drug to treat hypertension is optimal when
initial BP is close to goal values. When using a standard dose
of a first-line antihypertensive agents (an ACEI, ARB, CCB,
or thiazide diuretic), and even with β-blockers, the average
reduction in SBP/DBP is only10/5 mmHg.64 This has been
termed by some as the “10 over 5” rule.

Two general approaches to monotherapy exist. The stepped-
care approach to monotherapy is where a single agent is se-
lected with the dose increased until BP is controlled, the max-
imal dose is reached, or dose-limiting toxicity occurs. If the
goal BP is not achieved, a second drug from a different class
is added. Theoretically, this process can be continued, if nec-
essary, until three or even four drugs are used in combination.

The Veterans Affairs (VA) Cooperative Studies Group on Anti-
hypertensive Agents evaluated the ability of a monotherapy in
attaining a BP of <140/90 mmHg using one of several antihy-
pertensive agents in patients with stage 1 or 2 hypertension.30

Less than 60% of patients reached a DBP <90 mmHg with this
approach when doses were titrated up to the maximal dosage.
After 1 year, approximately 50% actually maintained a DBP of
<90 mmHg. Therefore, monotherapy is limited in its ability to
attain goal BP values for many patients, especially those with
higher baseline BP values.

With the sequential therapy approach, monotherapy is ini-
tiated and titrated to the maximal dose as needed. If goal BP
is not achieved, an alternative agent is selected to replace the
first. Combination drug therapy is reserved for patients who do
not achieve goal BP values after the second agent. Sequential
therapy seems most appropriate when the first drug is either
poorly tolerated or results in minimal reduction in BP. The VA
Cooperative Studies Group on Antihypertensive Agents also
evaluated sequential therapy. Only an additional 49% of the
nonresponders to the first agent achieved a DBP <90 mmHg
when switched to a second drug.

Combination Therapy
Starting therapy with two drugs is strongly encouraged for
patients far from their BP goal, such as patients who have
stage 2 hypertension.5,9 This approach is also an option for
patients closer to their BP goal, who have compelling indica-
tions for two drugs, or have BP goals of <130/80 mmHg or
<120/80 mmHg. It is justified by the observation that most
patients with hypertension have not attained goal BP values,
and most patients require two or more agents.5 In contrast
to high-dose monotherapy, low-dose, two-drug combination
therapy provides greater BP lowering with a lower risk of side
effects.64

IDEAL COMBINATIONS
When selecting a second agent as add-on therapy for BP

reduction, a thiazide diuretic should usually be considered if it
was not the first drug added. This does not always apply if the
second drug is being added to treat a compelling indication,
although most patients will respond to a two-drug regimen if
it includes a diuretic.5 Thiazide diuretics are very effective
in lowering BP when used in combination with most other
antihypertensive agents. Similarly, the combination of an ACEI
or ARB with a CCB is also very effective in lowering BP. By
appropriately selecting combination regimens, many patients
can achieve a BP goal of <140/90 mmHg with two drugs. It
is not uncommon, however, to require three or more drugs to
attain a goal BP of <130/80 mmHg or lower.

ORTHOSTATIC HYPOTENSION
Orthostatic hypotension occurs when standing upright re-

sults in a SBP decrease >10 mmHg and is accompanied by
dizziness or fainting.5 This is a risk of rapid BP lowering.
Orthostatic hypotension is more frequent in very elderly pa-
tients (especially those with ISH), diabetes, autonomic dys-
function, and in patients taking certain drugs (diuretics, ni-
trates, α-blockers, phosphodiesterase inhibitors use in erectile
dysfunction, or psychotropic agents). Combination therapy can
still be used in these patients, but close evaluation is needed.
Dose titration should be gradual with caution applied to
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minimize the risk of hypotension and to avoid volume de-
pletion. Moreover, initial therapy with two drugs should be
avoided in this population owing to the increased risk of or-
thostatic hypotension.

Monitoring Therapy
Four aspects of treatment must always be considered: (a) BP
response to attain goal, (b) adherence with lifestyle modifica-
tions and pharmacotherapy, (c) progression to hypertension-
associated complications, and (d) drug-related toxicity.

Blood pressure control should be evaluated 1 to 4 weeks
after starting or modifying therapy for most patients. BP usu-
ally begins to fall within 1 to 2 weeks of starting an agent,
but steady-state antihypertensive effects typically take up to 4
weeks. If patients have experienced a hypertensive crisis, eval-
uation should occur sooner. For example, hypertensive emer-
gencies are triaged for hospitalized care, and BP response is
evaluated with continuous monitoring. For patients with hy-
pertensive urgency (BP values in the upper range of stage 2
hypertension without signs of acute target-organ damage), BP
response to treatment should be assessed ideally within 3 days.

Two BP values should be measured each time to evaluate
response, with the average of the two used to make a proper
assessment. If dehydration or orthostatic hypotension is sus-
pected, BP measurements should be made in both the seated
and standing positions to detect orthostatic changes. For rou-
tine monitoring, measuring BP in the seated position is suffi-
cient. Home BP monitoring values should be considered when
they are available. They, however, normally are slightly lower
(5 mmHg) than clinic values even in patients without white-
coat hypertension. For example, patients with a goal BP value
of <140/90 mmHg should have home measurements that are
<135/85 mmHg.5

All patients should be questioned in a nonthreatening man-
ner regarding adherence to lifestyle modifications and drug
therapy. This is especially important for complex regimens,
when drug intolerance is likely, or when financial constraints
hinder acquisition of medications. Medical evaluation to as-

sess hypertension-associated complications and drug side ef-
fects is essential. The presence of new hypertension-associated
complications may necessitate modification of therapy. Drug
therapy may require changes based on the need to treat a com-
pelling indication or attain a new BP goal. The presence of
drug-related side effects might similarly result in the need to
modify therapy.

CLINICAL SCENARIOS
Diuretics

20. B.A. is a 62-year-old woman who is postmenopausal, does
not smoke, and never drinks alcohol. Since being diagnosed with
hypertension, she has modified her diet, begun routine aerobic
exercise, and has lost 10 kg over the past 18 months. She now
weighs 72 kg and is 165 cm tall. Her present BP is 142/94 mmHg
(144/92 when repeated) and has consistently remained near this
value over the past year. Her BP when first diagnosed was 150/
98 mmHg. No evidence is found of LVH or retinopathy. Urinal-
ysis is negative for protein. Other laboratory tests are normal,
except for dyslipidemia. B.A. has no health insurance and is con-
cerned about the cost of therapy, and pays full price for all of her
medications. Her Framingham risk score is 22%. She takes over-
the-counter calcium with vitamin D (she has osteoporosis) and is
to start hydrochlorothiazide (HCTZ) for hypertension. Is this an
appropriate first-line treatment for her?

This patient has hypertension that is considered uncon-
trolled. Because of her elevated Framingham risk score, a BP
goal of <130/80 mmHg is recommended.9 She is a primary
prevention patient without compelling indications. An ACEI,
ARB, CCB, or thiazide diuretic is acceptable first-line treat-
ment options. A thiazide diuretic is optimal for her. It is the
most inexpensive treatment option, and may also benefit her
osteoporosis (Table 13-8). Several types of diuretics are used to
manage hypertension (Table 13-9). All lower BP, with the pri-
mary differences being duration of action, potency of diuresis,
and potential for electrolyte abnormalities.

Table 13-9 Diuretics in Hypertension

Usual Dosage
Category Selected Products Range (mg/day) Dosing Frequency

Thiazide Chlorthalidone (Hygroton) 12.5–25 Daily
Hydrochlorothiazide (Esidrix, Hydrodiuril, Microzide) 12.5–25 Daily
Indapamide (Lozol) 1.25–5 Daily
Metolazone (Zaroxolyn) 2.5–10 Daily
Metolazone (Mykrox) 0.5–1.0 Daily

Loop Bumetanide (Bumex) 0.5–4 BID
Furosemide (Lasix) 20–80 BID
Torsemide (Demadex) 2.5–10 Daily

Potassium-sparing Amiloride (Midamor) 5–10 Daily to BID
Triamterene (Dyrenium) 50–100 Daily to BID

Combination Triamterene/Hydrochlorothiazide (Maxide, Dyazide) 37.5/25–75/50 Daily
Spironolactone/Hydrochlorothiazide (Aldactazide) 25/25–50/50 Daily
Amiloride/Hydrochlorothiazide (Moduretic) 5–10/50–100 Daily

Aldosterone antagonist Eplerenone (Inspra) 50–100 Daily to BID
Spironolactone (Aldactone) 25–50 Daily to BID

BID, twice daily.
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Thiazides
Thiazide diuretics are the drugs of choice for hypertension
based on landmark data using these types of diuretics. Similar
to loop diuretics, an initial diuresis is experienced. After ap-
proximately 4 to 6 weeks of thiazide diuretic therapy, diuresis
dissipates, however, and is supplanted by a decrease in PVR,
which is responsible for sustaining antihypertensive effects.
HCTZ and chlorthalidone have been used in several major out-
come trials, including the ALLHAT.5,22,45,47 HCTZ, which is
most frequently used in the United States, is very inexpensive
and is dosed once daily. Chlorthalidone may be slightly more
potent on a milligram per milligram basis, but this difference
has questionable clinical relevance. The usual starting dose of
HCTZ or chlorthalidone is a low-dose of 12.5 mg once daily.
A maintenance dose of 25 mg once daily can effectively lower
BP and has a low incidence of side effects.22,30,37 The propen-
sity of evidence showing benefit with thiazide diuretics is with
low-dose therapy, considered to be the equivalent of HCTZ or
chlorthalidone 12.5 to 25 mg daily.22

Loop Diuretics
Loop diuretics produce a more potent diuresis, a smaller de-
crease in PVR, and less vasodilation than thiazide diuretics.
Therefore, a thiazide is more effective at lowering BP than
loop diuretics in most patients. Loop diuretics are usually the
diuretics of choice for patients with severe chronic kidney dis-
ease (an estimated GFR <30 mL/minute/1.73 m2), left ven-
tricular dysfunction, or severe edema because potent diuresis
is often needed in these patients. Furosemide has a short du-
ration of effect and should be given twice daily when used in
hypertension, whereas torsemide can be given once daily.

Potassium-Sparing Diuretics
Potassium-sparing diuretics should be reserved primarily for
patients who develop hypokalemia while on a thiazide diuretic.
With low-dose thiazide diuretics,<25% of patients develop hy-
pokalemia and most cases are not severe. Potassium-sparing
diuretics do not provide significant BP-lowering effects when
used alone or in combination with a thiazide. Several fixed-dose
products are available that include HCTZ with a potassium-
sparing agent. Empirically starting all patients with hyperten-
sion treated with a diuretic on one of these fixed-dose com-
bination products to avoid hypokalemia is not rational unless
baseline serum potassium is in the low-normal range.

21. How should a thiazide diuretic be started in B.A.?

B.A. has stage 1 hypertension and monotherapy with a thi-
azide diuretic is rational. Evidence supports the use of thiazide
diuretics in primary prevention patients, and she has no con-
traindications to this therapy (Table 13-10). B.A. does have dys-
lipidemia, but thiazide diuretics are unlikely to have a clinically
significant effect on cholesterol when used in low doses.23,97

An appropriate starting dose of HCTZ for B.A. is 12.5 or 25
mg daily. She has no additional risks for orthostatic hypoten-
sion, so starting at the higher 25 mg daily is safe, and will have
a better chance of lowering her BP to <130/80 mmHg than
the lower 12.5-mg dose. Most antihypertensive agents provide
a 10 mmHg reduction in SBP and 5 mmHg reduction in DBP
with a standard starting dose, with less than this amount as
additional BP lowering with each dose-doubling thereafter.64

Patient Education

22. B.A. is prescribed HCTZ 25 mg daily. How should she be
counseled regarding this therapy?

Several counseling points regarding hypertension are sum-
marized in Table 13-7. Some patients disregard lifestyle mod-
ifications when they start antihypertensive therapy, so she
should be encouraged to continue lifestyle modification to
maximize her response to drug therapy. Drug-specific coun-
seling for diuretics includes informing B.A. that diuretics ef-
fectively lower BP and risk of CV events. Taking her daily
dose at about the same time each morning is best to mini-
mize nocturia and provide consistent effects. Patients experi-
ence increased urination when starting this medicine, but this
diminishes with time. Missed doses should be taken as soon as
possible within the same day, but doubling doses the next day is
not recommended. B.A. should be informed of the potential for
hypokalemia which is easily identified and managed, and the
need for routine monitoring of serum potassium. She should
be counseled on the signs and symptoms of electrolyte abnor-
malities (e.g., leg cramps, muscle weakness) and encouraged
to report these to her health care provider if they occur. In-
creasing dietary intake of potassium-rich foods (i.e., bananas,
orange juice) to minimize electrolyte depletion is an option to
minimize potassium loss. This should be encouraged only with
thiazide and loop diuretics, because a potassium-enhanced
diet could contribute to hyperkalemia with potassium-sparing
agents.

23. After 4 weeks of HCTZ 25 mg daily, B.A. returns for evalu-
ation without complaints. She has not missed a dose, is still exer-
cising, and is following the DASH diet. Her BP values are 132/82
and 130/84 mmHg. Her serum potassium is 3.8 mEq/L (normal,
3.5–5.2 mEq/L), uric acid is 7.3 mg/dL (normal, 2.0–7.5 mg/dL),
fasting glucose is 99 mg/dL (normal, 60–99 mg/dL), and the other
laboratory values are unchanged. One month ago, her potassium
was 4.0 mEq/L, uric acid was 6.8 mg/dL, and fasting glucose was
95 mg/dL. What is your assessment from the data given regarding
efficacy and toxicity?

[SI units: K, 3.8 mmol/L (normal, 3.5–5.2 mmol/L); uric acid, 432 mmol/L

(normal, 119–476 mmol/L); and glucose, 5.6 mmol/L (normal, 3.3–6.1

mmol/L)]

Despite significant improvements with lifestyle modifica-
tions before starting HCTZ and apparent adherence with taking
her HCTZ dose as directed, B.A.’s goal BP of <130/80 mmHg
has not been met based on today’s BP average of 131/83 mmHg.
No new signs of hypertension-associated complications are
seen. She should be encouraged to continue with her current
efforts, but other interventions are now indicated.

Potassium Loss
Adverse reactions with low-dose thiazide diuretics (e.g., HCTZ
12.5–25 mg daily) are minimal compared with high-dose ther-
apy (HCTZ ≥50 mg daily). Moreover, most side effects with
low-dose thiazide diuretic therapy has been shown to be sim-
ilar to placebo,37 and have similar tolerability compared with
other first-line drug therapy options.30 Increased urination usu-
ally subsides after the first few weeks of therapy with thiazide
diuretics, but this is sometimes a cause for nonadherence,
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especially in elderly patients who fear incontinence. Signs and
symptoms of metabolic changes, such as hypokalemia, hyper-
glycemia, or hyperuricemia, should be evaluated. B.A.’s serum
potassium has dropped and uric acid has risen. These are small
changes that are consistent with thiazide-induced abnormali-
ties. B.A. should be questioned about muscle cramps or weak-
ness, which can be associated with decreases in potassium.

24. Is B.A.’s decrease in potassium concerning? If so, how
should this be managed?

Most total body potassium is intracellular (∼98%). Thi-
azide can reduce serum potassium concentrations. This can
result in potassium serum concentrations in the low end of the
normal range, but overt hypokalemia is not common. Most of-
ten, thiazide diuretic-induced hypokalemia is mild, with serum
potassium concentrations reaching a nadir within the first
month of therapy and generally remaining stable thereafter.30,97

HCTZ in doses of 12.5, 25, and 50 mg daily can decrease
serum potassium by an average of 0.21, 0.34, and 0.5 mEq/L,
respectively.23,97

SUBCLINICAL POTASSIUM DECREASES
The clinical significance of small potassium decreases when

serum potassium concentrations are still in the normal range
is controversial. B.A.’s potassium has dropped slightly and her
current serum concentration is in the low end of the normal
range. Patients treated with a thiazide diuretic who experience
the greatest decreases in potassium also experience the greatest
increases in glucose values.98 It is optimal to maintain serum
potassium (in milliequivalent per liter [mEq/L]) in the mid-
dle to high end of the normal range (e.g., between 4.0 and
5.0 mEq/L in patients treated with thiazide diuretics.99 This
may minimize the risk, albeit small, of increasing fasting glu-
cose concentrations, and possibly development of type 2 di-
abetes, which has been demonstrated in patients treated with
thiazide diuretics.100 Keeping serum potassium concentrations
in this 4.0 to 5.0 mEq/L range can be accomplished by admin-
istering the thiazide diuretic in combination with a potassium-
sparing diuretic or an ACEI, ARB, or aldosterone antagonist
if additional BP lowering is needed.98,99

B.A.’s BP is still not at goal. Adding either an ACEI or
ARB is the most reasonable option to both control her BP and
minimize the decrease in potassium. She should be encouraged
to continue a low-salt diet. Her potassium and BP should be
re-evaluated in 4 weeks.

HYPOKALEMIA

25. When is potassium supplementation needed to manage
diuretic-induced hypokalemia?

B.A.’s potassium is still within the normal range. Potassium
replacement is not indicated. Diuretic-associated hypokalemia,
however, should be treated when serum concentrations are be-
low normal regardless of whether symptoms (weakness and
muscle cramps) are present. Serum potassium should be mea-
sured at baseline and within 4 weeks of initiating therapy
or after increasing diuretic doses. Other conditions, such as
chronic diarrhea, high-dose corticosteroid use, and hyperal-
dosteronism, can contribute to hypokalemia.

Potassium-rich foods (e.g., dried fruit, bananas, potatoes,
avocados) may help prevent subclinical decreases in potas-
sium, but they cannot be used as sole therapy to correct
hypokalemia. For instance, one medium-size banana has
11.5 mEq of potassium. The usual replacement dose of pre-
scribed potassium chloride is 20 to 40 mEq/day but can range
from 10 to more than 100 mEq/day. Potassium chloride, bi-
carbonate, gluconate, acetate, and citrate salts are available as
single ingredients and as components of combination prod-
ucts. Potassium chloride (KCl) preparations are generally pre-
ferred, however. Oral potassium supplements are available in
liquid, enteric-coated, and slow-release preparations. Slow-
release formulations are preferred because they cause fewer
gastrointestinal adverse effects than other preparations.

OTHER METABOLIC ABNORMALITIES

26. B.A.’s glucose and uric acid both increased after starting
HCTZ. Are these changes clinically significant?

An increase in fasting glucose is a recognized complication
of diuretic therapy, but the magnitude of increase is both vari-
able and dose dependent. Patients with diabetes and prediabetes
exhibit the greatest glucose increases, and patients without di-
abetes exhibit the smallest increases. When increases in serum
glucose concentration occur in patients without diabetes, they
are typically on average 3.6 to 6.7 mg/dL after multiple years
of thiazide diuretic therapy.30,45,97 It appears that these changes
are not clinically relevant because CV events are reduced de-
spite these changes.

Diabetes is not a contraindication to the use of diuretics;
rather, it is actually a compelling indication for a diuretic (Fig.
13-3). Risk of CV events is reduced in patients treated with a
thiazide who have diabetes.5,39,45,75 Altering diet or the dose
of diabetes medications can manage hyperglycemia if it occurs
in these patients.

B.A. does not have a strong family history of diabetes, and
her fasting glucose concentration is still considered normal.
Her fasting glucose values should be documented and moni-
tored at least once a year to detect any increases.

Thiazide and loop diuretics can increase serum uric acid
concentrations in a dose-dependent fashion. This is more prob-
lematic with thiazide diuretics than with loop diuretics. In-
creased proximal tubular renal reabsorption, decreased tubu-
lar secretion, or increased postsecretory reabsorption of uric
acid contribute to diuretic-induced hyperuricemia. Thiazide-
induced hyperuricemia is usually small (≤0.5 mg/dL) and is
not clinically significant in most patients.23,97 For patients with-
out a history of gout, increases in uric acid serum concentra-
tions are not clinically relevant. For patients with a history
of gout, especially those not on preventive antihyperuricemic
therapy (allopurinol, probenicid), any increase in serum uric
acid usually requires a decrease in dose or possibly discontin-
uation of the diuretic. If acute gouty arthritis is precipitated,
then treatment of gout, discontinuation of the diuretic, or both
should be considered. Very few patients have to discontinue a
thiazide diuretic secondary to exacerbation of gout.101 A his-
tory of gout is not a contraindication to diuretic therapy but
is a potentially unfavorable effect. B.A.’s serum uric acid con-
centration is elevated, but switching to a different agent or
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Table 13-11 Reasons for not Attaining Goal Blood Pressure Despite Antihypertensive Pharmacotherapy

Drug Related Health Condition or Lifestyle Related Other

Nonadherence Volume overload Improper blood pressure measurement
Inadequate antihypertensive dose Excess sodium intake Resistant hypertension
Inappropriate antihypertensive combination therapy Volume retention from chronic kidney disease
Inadequate diuretic therapy Secondary disease causes (Table 13-3)
Secondary drug-induced causes (Table 13-3) Obesity

Excessive alcohol intake

lowering the dose of HCTZ is unnecessary because she is not
symptomatic.

27. How much will HCTZ alter B.A.’s cholesterol values?

Dyslipidemia is a potential side effect of diuretic therapy.
Alterations are characterized by small increases in LDL-C
and small increases in triglycerides. Dietary fat restrictions
help minimize, but do not necessarily prevent, these effects.
Contrary to other biochemical disturbances, diuretic-induced
changes in the lipid profile are not dose related, but overall
changes are small. Many clinical trials lasting more than 1
year have shown that hypercholesterolemia and hypertriglyc-
eridemia with diuretic therapy is not sustained with prolonged
use.23,97 Even if these changes are persistent, they are not clin-
ically significant with the doses of thiazide diuretics used for
hypertension because the absolute changes are very small. Di-
uretic therapy should never be avoided in patients with dyslipi-
demia. B.A. should continue to use her HCTZ.

28. What other metabolic abnormalities should be considered
because of B.A.’s thiazide diuretic therapy?

Hyponatremia is a serious, yet infrequent adverse effect
of diuretics. Changes in sodium concentrations are usually
small, and patients are usually asymptomatic. Decreased re-
nal excretion of free water, inappropriate antidiuretic hor-
mone secretion, urinary sodium loss, and depletion of mag-
nesium and potassium may all contribute to diuretic-induced
hyponatremia. Hyponatremia, especially severe hyponatremia
(<120 mEq/L), which rarely occurs with diuretic therapy, def-
initely requires discontinuation of the diuretic when present.

Hypomagnesemia is an often-overlooked metabolic com-
plication of diuretic therapy. Both thiazide and loop diuretics
increase urinary excretion of magnesium in a dose-dependent
manner. Symptoms of significant hypomangnesemia include
muscle weakness, muscle tremor or twitching, mental sta-
tus changes, and cardiac arrhythmias (including torsades de
pointes). Presence of these symptoms would necessitate mag-
nesium supplementation. Hypomagnesemia frequently coex-
ists with hypokalemia. Unless hypomagnesemia is corrected,
potassium replacement therapy for hypokalemia can be inef-
fective, even when high doses of potassium are given.

Thiazide diuretics decrease urinary calcium excretion and
have been used to prevent stone formation in patients with
calcium-related kidney stones. The resulting systemic reten-
tion of calcium does not result in elevated serum calcium con-
centrations and does not place patients at risk for hypercal-
cemia. This effect, however, may be beneficial in women at
risk for osteoporosis (e.g., postmenopausal) such as B.A. or
in patients with osteoporosis. Unlike thiazide diuretics, loop

diuretics increase renal clearance of calcium and are used for
acute management of severe hypercalcemia.

Reasons for Inadequate BP Control

29. What are common reasons for inadequate patient response
to antihypertensive pharmacotherapy?

The classification of B.A.’s current BP is prehypertension,
but this is misleading and not helpful in her treatment at this
point. She has uncontrolled hypertension because her BP val-
ues are above her goal of <130/80 mmHg. The full antihy-
pertensive effect of HCTZ has been achieved since she has
been on her current dose for 4 weeks. She has had a response,
but it still is inadequate. Potential reasons for an inadequate
response, or lack of attaining BP goal values, with an anti-
hypertensive should be considered before choosing to modify
her drug therapy regimen (Table 13-11). Evaluation requires a
comprehensive medication history and medical evaluation to
rule out identifiable causes, in particular nonadherance to the
prescribed dosing regimen. Based on the given information, her
BP measurements appear accurate, and the BP reduction she
has experienced is typical and predictable. Her kidney function
is good and no evidence exists of edema, so volume overload
is unlikely. There are no apparent secondary causes of elevated
BP. It is reasonable to conclude that B.A. needs additional ther-
apy to achieve her goal BP. It is very common that most patients
require two or three antihypertensive agents to attain BP goal
values, especially when goal values are <130/80 mmHg.

Modifying Therapy
B.A.’s present dose of HCTZ is appropriate and should not be
increased to the maximal recommended dose of 50 mg daily
(considered high-dose therapy). An increased risk exists of side
effects and minimal to no additional BP lowering occurs when
increasing from 25 to 50 mg of HCTZ.22,102 B.A.’s potassium
dropped to 3.8 mEq/L with HCTZ, and further dosage increases
may produce significant hypokalemia (<3.5 mEq/L) requiring
supplementation. Her hyperuricemia may also be worsened.
Discontinuing HCTZ and starting a different agent is an option,
but is not ideal for several reasons. HCTZ lowered her BP; it
is known to reduce CV events is inexpensive, and may benefit
her osteoporosis. Hypokalemia might lead some clinicians to
switch to another agent, possibly because of a higher propensity
to increase glucose, but her potassium is still within the normal
range, and the addition of an ACEI or ARB will favorably affect
her potassium.
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Two-Drug Regimens
The role of two-drug regimens in the treatment of hypertension
is very clear. Most patients require multiple agents for BP
control, especially in populations with BP goals of <130/80
mmHg or lower. Both the JNC7 and AHA guidelines strongly
recommend two-drug regimens as initial therapy for patients
in stage 2 hypertension, and also cite a two-drug regimen as an
option for initial therapy in stage 1 hypertension.5,9,65,75

Adding a second agent to B.A.’s regimen is needed to re-
duce BP to her goal of <130/80 mmHg. Because she is a
primary prevention patient, three potential add-on antihyper-
tensive agents that are considered first-line include an ACEI,
ARB, or CCB. Ideally, a combination of two drugs with dif-
ferent mechanisms of action should be selected to produce a
complementary effect to lower BP.

COMBINATIONS THAT INCLUDE A THIAZIDE
Thiazide diuretics, when combined with several agents (es-

pecially an ACEI, ARB, and even a β-blocker), result in addi-
tive antihypertensive effects that are independent of reversing
fluid retention. Diuretics reduce BP initially by decreasing fluid
volume, but maintain their antihypertensive effects by lower-
ing PVR. BP lowering, however, can stimulate renin release
from the kidney and activate the RAAS. This compensatory
mechanism is an in vivo attempt to neutralize BP changes and
regulate fluid loss. An ACEI or an ARB blocks the RAAS, ex-
plaining why combinations of these agents with diuretics are
additive. One mechanism by which β-blockers reduce BP is
by suppressing renin release and activity, resulting in additive
BP lowering in combination with a thiazide diuretic. Certain
nondiuretic antihypertensive agents (i.e., aliskiren, reserpine,
arterial vasodilators, and centrally acting agents) can even-
tually cause significant sodium retention and increased fluid
volume. These agents should ideally be given in combination
with a diuretic to maximize BP lowering.

LESS EFFICACIOUS COMBINATIONS
The combination of an ACEI or ARB with a β-blocker pro-

vides less additional BP lowering compared with other com-
bination regimens. The primary mechanism of action of an
ACEI or ARB is to decrease the effects of angiotensin-2.
Less angiotensin-2 is produced when PRA is suppressed by
β-blockers. Therefore, if the angiotensin-2–mediated BP ef-
fects are suppressed by a β-blocker, adding a β-blocker to an
ACEI or ARB might not result in a highly additive effect. Al-
though this combination may not be highly additive, it is often
used when multiple conditions or compelling indications re-
quire treatment with each of these agents (e.g., hypertension
with CAD, left ventricular dysfunction).5

Other combinations are only minimally effective at pro-
ducing significant BP lowering compared with monotherapy.
An ACE in combination with an ARB may be used in left
ventricular dysfunction or in patients with certain forms of
very advanced chronic kidney disease. Absent these condi-
tions, however, this combination is minimally effective at pro-
ducing significant BP lowering. Similarly, the use of a dihy-
dropyridine CCB in combination with a nondihydropyridine
CCB may lower BP, but the overlapping mechanism of ac-
tion results in less than ideal reductions in BP. These combi-
nations should be used as last-line alternative combinations
when BP reduction is the only purpose for using combination
therapy.

FIXED-DOSE COMBINATION PRODUCTS
Several fixed-dose combination products are available (Ta-

ble 13-12). Although individual dose titration is not easy
with fixed-dose combination products, their use can reduce
the number of tablets or capsules taken by patients. This
can benefit patients by promoting adherence, which may in-
crease the likelihood of achieving or maintaining goal BP
values.

Table 13-12 Common Combination Antihypertensive Agents

Combination Type Fixed-Dose Combination Unit Strengths (mg/mg)

ACEI with thiazide diuretic Benazepril/HCTZ (Lotensin HCT) 5/6.25, 10/12.5, 20/12.5, 20/25
Captopril/HCTZ (Capozide) 25/15, 25/25, 50/15, 50/25
Enalapril/HCTZ (Vaseretic) 5/12.5, 10/25
Lisinopril/HCTZ (Prinzide, Zestoretic) 10/12.5, 20/12.5, 20/25
Moexipril/HCTZ (Uniretic) 7.5/12.5, 15/25
Quinapril/HCTZ (Accuretic) 10/12.5, 20/12.5, 20/25

ARB with thiazide diuretic Candesartan cilexetil/HCTZ (Atacand HCT) 16/12.5, 32/12.5
Eprosartan mesylate/HCTZ (Teveten HCT) 600/12.5, 600/25
Irbesartan/HCTZ (Avalide) 150/12.5, 300/12.5, 300/25
Losartan potassium/HCTZ (Hyzaar) 50/12.5, 100/12.5, 100/25
Olmesartan medoxomil/HCTZ (Benicar HCT) 20/12.5, 40/12.5, 40/25
Telmisartan/HCTZ (Micardis HCT) 40/12.5, 80/12.5, 80/25
Valsartan/HCTZ (Diovan HCT) 80/12.5, 160/12.5, 160/25, 300/12.5, 300/25

ACEI with CCB Amlodipine besylate/Benazepril hydrochloride (Lotrel) 2.5/10, 5/10, 5/20, 10/20, 5/40, 10/40
Enalapril/Felodipine (Lexxel) 5/5
Trandolapril/Verapamil (Tarka) 2/180, 1/240, 2/240, 4/240

CCB with ARB Amlodipine/Valsartan (Exforge) 5/160, 5/320, 10/160, 10/320
Amlodipine/Olmesartan medoxomil (AZOR) 5/20, 5/40, 10/20, 10/40

ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin-2 receptor blocker; CCB, calcium channel blocker; HCTZ, hydrochlorothiazide.
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Most fixed-dose combinations include a thiazide diuretic
and many are available generically. Other fixed-dose combina-
tion products combine a CCB with either an ACEI or ARB.
These combinations, similar to a thiazide with an ACE or ARB,
are highly effective in lowering BP. Use of fixed-dose combi-
nation products should continue to increase because the 2007
AHA guidelines recommend lower BP goals for many popula-
tions, more combination products are available, and the bottom
line is that many patients need multiple agents to attain their BP
goal. Clinicians should be comfortable with choosing a fixed-
dose combination product in an attempt to simplify regimens
and expedite goal achievement. An economic advantage may
even exist to using a fixed-dose combination if it allows the
patient to receive two drugs for one medication copayment.

B.A. is a candidate for a thiazide-containing fixed-dose
combination product. Many options exist because nearly all
of these combinations utilize a 12.5 and 25 mg hydrochloroth-
iazide dose. Cost should be considered because this is a con-
cern for B.A. She has no compelling indications that require
selection of a specific second antihypertensive drug class. The
most attractive second agent for her is either an ACEI or an
ARB. B.A. has no reason to avoid a CCB, and this would be
a reasonable second agent. An ACEI or ARB is more reason-
able, however, because these agents may blunt some of the
potassium loss that she has experienced, and may also delay
progression to type 2 diabetes.99,100,103 After this second agent
is added to her regimen, her BP, serum potassium, and serum
creatinine should be reassessed in 2 to 4 weeks.

Step-Down Therapy

30. T.J., a 58-year-old man has a 10-year history of hyper-
tension. He has been treated with lisinopril/hydrochlorothiazide
20/25 mg daily and amlodipine 10 mg daily for more than 2 years
and his BP has been well controlled during this time. He has no
compelling indications for specific antihypertensive agents and
has no hypertension-associated complications. His Framingham
risk score is 18% and his BP is 118/74 and 116/72 mmHg. He
denies any problems, dizziness, or difficulties with his medica-
tions. Should his antihypertensive therapy be changed to reduce
his medication doses and/or possibly discontinue some of his med-
ications?

Few patients with hypertension can later have their BP med-
ications slowly withdrawn, resulting in normal BP values for
weeks or months following discontinuation of their medica-
tions. This is called step-down therapy. It is not a feasible op-
tion for most patients with hypertension. Primary prevention
patients with a goal BP <140/90 mmHg who have very well-
controlled BP for at least 1 year might be eligible for a trial of
step-down therapy. This option should not be considered for
patients who have a Framingham risk score ≥10%, compelling
indications, or hypertension-associated complications.

Step-down therapy consists of attempting to gradually de-
crease the dosage, number of antihypertensive drugs, or both
without compromising BP control. Abrupt or large dosage re-
ductions should be avoided because of the risk of rapid return
of uncontrolled blood pressure and even rebound surges in
blood pressure. In particular, rapid withdrawal of a β-blocker
or an α2-agonist (e.g., clonidine) can be problematic owing

to increased receptor sensitivity following long-term receptor
up-regulation (see Question 60).

Step-down therapy is most often plausible for patients who
have lost significant amounts of weight or have drastically
changed their lifestyle. Any attempt at step-down therapy must
be accompanied by scheduled follow-up evaluations because
BP values can rise over months to years after drug discontinu-
ation, especially if lifestyle modifications are not maintained.

Step-down therapy in T.J. is not an option. Although he does
not have compelling indications or hypertension-associated
complications, he is considered a high CV risk primary preven-
tion patient based on his Framinghan risk score. Although his
BP might be viewed as “low,” he does not have symptomatic
hypotension, and his BP is considered normal.

ACEI

31. A.R. is a 49-year-old black woman with type 2 diabetes mel-
litus. She started lisinopril 10 mg daily 4 weeks ago when her BP
values were consistently in the high end of the stage 1 hyperten-
sion range (156/98 mmHg). Since then, she has had weekly BP
measurements and her values have averaged 142/85 mmHg de-
spite strict adherence to her lifestyle modifications. Her BP today
is 144/84 mmHg (140/88 when repeated), and her heart rate is
78 beats/minure. She is not a smoker, and her BMI is 29 kg/m2

(considered overweight). Her latest hemoglobin A1C was 8.5%
(goal for diabetes is <7%). All her laboratory test results, in-
cluding kidney function, are within normal limits, except that her
spot urine albumin-to-creatinine ratio is 80 mg/g (4 weeks ago it
was 90 mg/g). How long should A.R. take lisinopril before her BP
response is evaluated?

The ACEI lower BP primarily by causing peripheral arte-
rial vasodilation without significant changes in cardiac out-
put, heart rate, or GFR. The principal activity of an ACEI is
through inhibition of the RAAS. ACEIs are believed to pro-
vide unique CV benefits by improving endothelial function,
promoting LVH regression and collateral vessel development,
and improving insulin sensitivity.104,105 The effects on renal
blood flow and glomerular filtration are complex, depending
on sodium balance and if renal artery stenosis is present.

Pharmacotherapy Considerations
Several ACEIs are currently marketed for the management
of hypertension (Table 13-13). Some agents are primarily re-
nally eliminated (benazepril, enalapril, lisinopril, quinapril,
ramipril); others have mixed hepatic and renal elimination
(captopril, fosinopril, perindopril, trandolapril), and moexipril
is almost completely hepatically eliminated. These characteris-
tics may be important when selecting a product in patients with
unstable organ function. Other differences, such as a slower rate
of elimination, a longer duration of action, prolonged onset of
action with prodrugs, and a slower dissociation from binding
sites, have been described. These differences, however, have
not been shown to have major clinical importance.

The time to reach steady-state BP conditions is similar to
what is seen with other antihypertensive agents. Following the
initiation of therapy, it may take several weeks before the full
antihypertensive effects of these drugs are observed. There-
fore, evaluating BP response 2 to 4 weeks after starting or
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Table 13-13 ACEI in Hypertension

Usual Usual
Starting Dosage
Dosea Range Dosing

Drug (mg/day) (mg/day) Frequency

Benazepril (Lotensin) 10 20–40 Daily to BID
Captopril (Capoten) 25 50–100 BID to TID
Enalapril (Vasotec) 5 10–40 Daily to BID
Fosinopril (Monopril) 10 20–40 Daily
Lisinopril (Prinivil, Zestril) 10 20–40 Daily
Moexipril (Univasc) 7.5 7.5–30 Daily to BID
Perindopril (Aceon) 4 4–16 Daily
Quinapril (Accupril) 10 20–80 Daily to BID
Ramipril (Altace) 2.5 2.5–20 Daily to BID
Trandolapril (Mavik) 1 2–4 Daily

aStarting dose may be decreased 50% if patient is volume depleted, in acute heart
failure exacerbation, or are very elderly (≥75 yrs).
ACEI, angiotensin converting enzyme inhibitor; BID, twice daily; TID, three times
daily.

changing the dose of an ACEI is appropriate. A.R. has been
taking lisinopril for 4 weeks, and her present BP should be used
to determine whether she has attained goal. Both her BP range
over the past few weeks and today’s average BP are above her
goal of <130/80 mmHg (because she has diabetes).

Most ACEI are dosed once daily in hypertension (Table 13-
13). Captopril is the only one for which at least twice daily
dosing is needed. In general, most ACEI, if used in equivalent
doses, are considered interchangeable.

32. Why should A.R. have serum potassium and serum creati-
nine monitored while on lisinopril therapy?

The ACEI can increase serum potassium as a result of aldos-
terone reduction. Potassium increases with ACEI monotherapy
are very small and typically do not result in hyperkalemia. This
risk is increased, however, when used in patients with signifi-
cant chronic kidney disease (estimated GFR <60 mL/minute/
1.73 m2), or when used in combination with other drugs that
can also raise potassium (i.e., an ARB, potassium-sparing di-
uretics, aldosterone antagonists). ACEI therapy can also cause
a small increase in serum creatinine, owing to decreased vaso-
constriction of the efferent arteriole in the kidney. This results
in a small decrease in GFR that may be realized as a small
increase in serum creatinine. One common mistake is to dis-
continue an ACEI when there is a modest rise in serum cre-
atinine. Increases in serum creatinine of up to 35% from the
baseline creatinine value are safe and anticipated. In these pa-
tients, the ACEI should be continued because they are more
likely to benefit from the renal protective effects.75 An ACEI
can, however, also cause acute renal compromise (primarily in
a small subset of patients with bilateral renal artery stenosis).
In these patients, the increase in serum creatinine will be much
greater than 35% and would necessitate discontinuing ACEI
therapy.

Serum potassium and serum creatinine need to be monitored
because of A.R.’s ACEI therapy. This should be done 2 to

4 weeks after starting ACEI therapy or increasing the dose. This
is the same time frame at which BP should also be measured.

33. A.R.’s lisinopril dose is increased to 20 mg daily. Although
A.R. did not experience hypotension when she first started lisino-
pril, will this doubling of her dose place her at risk for significant
hypotension?

Patients who are either very elderly, volume depleted, or
have a heart failure exacerbation may experience a significant
first-dose response to an ACEI. This can manifest as orthostatic
hypotension, dizziness, or possibly syncope. The increased pre-
treatment activity of the RAAS, coupled with acute blockade
of this system by an ACEI, explains this effect. These patients
should initiate ACEI therapy at half the normal dose (Table
13-13), and be slowly titrated up to standard doses.

Concurrent diuretic therapy may predispose some patients
to first-dose hypotension. When ACEIs were first approved,
dosing guidelines recommended starting at half the standard
dose of the ACEI, decreasing the dose of the diuretic, or stop-
ping the diuretic before initiating the ACEI. This was owing to
fear that BP would sharply and acutely drop. These recommen-
dations are not necessary unless the patient is hemodynami-
cally unstable (volume depleted, hyponatremic, or poorly com-
pensated heart failure), or very elderly. A.R. does not have any
of these characteristics; thus, she did not experience first-dose
hypotension. Currently, she does not have these characteristics
and can safely increase her dose of lisinopril without fear of
significant hypotension.

34. Will an ACEI work in A.R. because she is black?

ACEI monotherapy is more effective at lowering BP in
young white patients than in black or elderly patients.30 Elderly
and black patients are more likely to have low renin hyperten-
sion, which may partially explain some of the differences in
response. Nevertheless, many of these patients still respond to
ACEI as monotherapy. Combination therapy, especially with
a diuretic, can often overcome the race- or age-related differ-
ences in BP response to an ACEI. In patients whose conditions
do not adequately respond to an ACEI, the addition of a low-
dose diuretic (e.g., HCTZ 12.5 mg) can significantly enhance
the antihypertensive effect.24 Thiazide diuretic use results in
compensatory increases in renin. An ACEI in combination with
a thiazide is considered a very additive antihypertensive com-
bination through complementary mechanisms.

When an antihypertensive agent is being selected as initial
monotherapy in a primary prevention black patient, an ACEI
should generally not be chosen. A thiazide diuretic or CCB is
preferred. If a compelling indication, such as left ventricular
dysfunction, diabetes, or chronic kidney disease is present, an
ACEI is a drug of choice. When selecting initial combination
therapy in a primary prevention black patient, a combination
of an ACEI with either a thiazide or a CCB can be selected.
Of note, black patients have a two- to four-fold increased risk
of angioedema and cough compared with whites.45 Although
this does not preclude ACEI use in black patients, it requires
patient education regarding these potential side effects.

A.R. should not be treated as a primary prevention patient.
She has type 2 diabetes mellitus, which is a compelling in-
dication for an ACEI. She also has microalbuminuria, which
further justifies ACEI use as a first-line therapy. A.R. is also
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above her goal BP of <130/80 mmHg. Although an ACEI is
ideal treatment, a monotherapy approach is not expected to
get her to goal. She has had some BP reduction from lisino-
pril, and the dose could be increased to the maximum, but she
will likely require the addition of a second agent, preferably a
thiazide diuretic (Fig. 13-3).

Compelling Indications
Angiotensin-converting enzyme inhibitor therapy is recom-
mended for all compelling indications, either as first-line ther-
apy or as a component of sequential add-on therapy. Evidence
has clearly demonstrated reduction in hypertension-associated
complications in patients with these medical conditions. ACEIs
are also useful as a first-line treatment option for primary pre-
vention patients, including those who may not adequately re-
spond to other therapies, or those who cannot take other first-
line agents owing to contraindications or adverse reactions
(e.g., patients with asthma, gout).

DIABETES
Angiotensin-converting enzyme inhibitor therapy is

strongly recommended first-line to manage hypertension in
diabetes based on evidence showing reduced hypertension-
associated complications, including CV events and kidney
disease.5,72 In particular, a substudy of the Heart Outcomes
Prevention Evaluation (HOPE) study showed that in 3,577 pa-
tients with diabetes, ramipril significantly reduced CV events
and overt nephropathy.50 Additional clinical trials’ data have
demonstrated that the combination of an ACEI with a thiazide
diuretic significantly reduces the risk of major CV events and
death in patients with type 2 diabetes and hypertension.106

These data further reinforce the role of ACEI in patients with
diabetes and hypertension, and also the benefits of combination
therapy in this population.

An added benefit of ACEI in diabetes is that they do not
have metabolic adverse effects on glucose as may other agents.
Moreover, the favorable effects on insulin resistance result in
a lower risk of progressing to type 2 diabetes in patients with
hypertension who do not have diabetes, when compared with
thiazide diuretics, a CCB or β-blockers.103

CHRONIC KIDNEY DISEASE
The ACEI protect the kidney from the unrelenting deteriora-

tion that occurs with chronic kidney disease, hypertension, and
diabetes.5,72,75 Therefore, these agents are first-line options in
chronic kidney disease. Chronic kidney disease is character-
ized by increased intraglomerular pressure and mesangial cell
proliferation, which leads to proteinuria and a progressive de-
cline in kidney function. Reductions in renal blood flow cause
the kidneys to increase renin release, thus activating the RAAs.
This action constricts the efferent renal arteriole to preserve
glomerular pressure, but may aggravate further renal impair-
ment.

The ACEI preferentially dilate the efferent arteriole, which
relieves intraglomerular pressure. Data suggest that ACEI may
have unique renal preservation properties, making chronic kid-
ney disease a compelling indication for ACEI therapy. Some
of the risk reduction is also related to systemic BP lowering.26

Patients with diabetes are at risk for nephropathy. This
is especially true in type 1 diabetes. Evidence indicates that
ACEI therapy reduces progression to severe chronic kidney

disease and kidney failure in patients with type 1 diabetes and
proteinuria.76 ACEI therapy also reduces worsening of pro-
teinuria in patients with type 2 diabetes and proteinuria,75 but
evidence showing progression to severe chronic kidney dis-
ease or failure is not available. Nonetheless, ACEI therapy is
considered highly effective and is strongly recommended as a
compelling indication in both type 1 and type 2 diabetes.

CHRONIC AND ACUTE CAD
Angiotensin-converting enzyme inhibitor therapy is rec-

ommended first-line treatment in all patients with chronic
CAD (post-MI, chronic stable angina) and acute CAD (non–
ST-segment elevation MI, ST-segment elevation MI).36,78,84,85

This is in addition to β-blocker therapy. The benefits of ACEI
therapy in patients with CAD is a reduced risk of CV events
that is independent of both LV function and BP. ACEI therapy
will not provide anti-ischemic effects. Therefore, the role of
ACEI therapy in CAD is as an add-on to a β-blocker to reduce
CV risk, but not to treat underlying ischemic symptoms.

PRIOR STROKE
The perindopril protection against recurrent stroke study

(PROGRESS) was a double-blind, placebo-controlled evalu-
ation of an ACEI in combination with a thiazide diuretic for
4 years in 6,105 patients with a history of stroke or transient
ischemic attack.46 Hypertensive and nonhypertensive patients
were included. The incidence of stroke and total major vas-
cular events were significantly reduced with the combination
regimen, and reductions were seen regardless of baseline BP or
reduction in BP. These data justify the compelling indication
to use an ACEI (in combination with a thiazide diuretic) to
reduce recurrence of stroke in patients who have had a stroke.

LEFT VENTRICULAR DYSFUNCTION
Angiotensin-converting enzyme inhibitors reduce morbid-

ity and mortality in patients with left ventricular dysfunction.86

Standard therapy for left ventricular dysfunction consists of a
diuretic with an ACEI followed by the addition of a β-blocker.
Although either an ARB or an aldosterone antagonist can re-
duce morbidity and mortality in patients with left ventricular
dysfunction, either one of these agents may ideally be used
in addition to standard therapy. Therefore, ACEI with diuretic
therapy is the first-line intervention in patients with hyper-
tension with left ventricular dysfunction. In general, the CV
benefit of ACEI therapy in left ventricular dysfunction is con-
sidered a class effect, and ACEI are used interchangeably at
equivalent dosages in these patients.9

Other Considerations
Although an ACEI may not lower BP as well in elderly patients
as in young patients, this is also true for black patients when
compared with white patients. BP lowering, however, is only
a surrogate marker of overall effectiveness of antihypertensive
agents. The ability of an ACEI to reduce CV events appears to
be equal across all of these patient populations.48 Therefore,
the overall tendency to avoid ACEI therapy because it might
not be as effective in lowering BP should not be a consideration
in selecting therapy when an ACEI is compellingly indicated
in an elderly patient or in a black patient. This should be a
consideration when selecting initial monotherapy to treat hy-
pertension in a primary prevention patient who is either elderly
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or black; a thiazide diuretic or CCB would be a better initial
agent as monotherapy than an ACEI (or ARB) with respect to
BP lowering. When an ACEI (or ARB) is used in combina-
tion with a thiazide diuretic or CCB, however, the differences
in BP lowering are less apparent because the additive antihy-
pertensive effect of using these combinations neutralizes any
differences in response that are based on age or race.64

35. A.R. has microalbuminuria based on her spot urine. ACEI
therapy may help preserve her kidney function, but is there a risk
that ACEI can also cause acute renal dysfunction?

The ACEIs are effective in patients with hypertension-
associated renal disease. They are contraindicated, however, in
bilateral renal artery stenosis, pregnancy, and volume deple-
tion (Table 13-10). They should be used cautiously in patients
who have suspected bilateral renal artery stenosis, or in those
who have stenosis in a solitary kidney after nephrectomy. In
these patients, high angiotensin concentrations maintain renal
blood flow. Acute renal dysfunction can occur when an ACEI
is started. Because it is often not known if a patient has bilateral
renal artery stenosis, problems with ACEI can be minimized
by starting with recommended doses and careful monitoring
of serum creatinine within 4 weeks of starting therapy. Modest
elevations in serum creatinine that are <35% (for baseline cre-
atinine values <3.0 mg/dL) do not warrant changes.75 These
changes might even be expected in some patients. If greater
increases occur, ACEI therapy should be stopped. Patients with
elevated serum creatinine at baseline (up to 3.0 mg/dL) may
particularly benefit from the vasodilatory effects of ACEI in
the kidney, but definitely require close monitoring. A.R.’s renal
function tests were normal after 4 weeks of lisinopril therapy.
She is not experiencing any kidney-related adverse effects from
lisinopril.

36. What are the risks of using ACEIs in women of childbearing
age?

Because ACEI are teratogenic in the second and third
trimester,107 their use in pregnancy is contraindicated. More-
over, their use in women of child-bearing potential is discour-
aged. If used in this population, patient education should be
explicitly clear regarding risks to the fetus, which include po-
tentially fatal hypotension, anuria, renal failure, and develop-
mental deformities. A highly effective form of contraception
should be strongly recommended.

ARB

37. Four weeks after increasing lisinopril to 20 mg daily, A.R.’s
BP is 126/78 mmHg (128/76 mmHg when repeated). Her serum
potassium and creatinine are unchanged from previous values.
Her husband states, however, that she has had a persistent dry
cough for the past few months that sometimes keeps them both
awake at night. She has no additional signs suggesting upper res-
piratory infection or left ventricular dysfunction. Should A.R.’s
lisinopril be replaced with an ARB?

A well-known side effect of ACEI is a nonproductive, dry
cough, which can occur in up to 15% of patients.108 Patients
may describe this as a tickling sensation in the back of the
throat that commonly occurs late in the evening. This is dis-
tinctly different from the cough associated with left ventricular

Table 13-14 ARB in Hypertension

Usual
Starting Dosage
Dosea Range Dosing

Drug (mg/day) (mg/day) Frequency

Candesartan cilexetil
(Atacand)

16 8–32 Daily to BID

Eprosartan mesylate
(Teveten)

600 600–800 Daily to BID

Irbesartan (Avapro) 150 75–300 Daily
Losartan potassium (Cozaar) 50 25–100 Daily to BID
Olmesartan medoxomil

(Benicar)
20 20–40 Daily

Telmisartan (Micardis) 40 20–80 Daily
Valsartan (Diovan) 80–160 80–320 Daily

aStarting dose may be decreased 50% if patient is volume depleted, very elderly, or
taking a diuretic.
ARB, angiotensin-2 receptor blocker; BID, twice daily; TID, three times daily.

dysfunction, which is associated with crackles and rales (on
auscultation) that may be wet and productive. ACEI-related
cough subsides with discontinuation. Many agents have been
used to treat an ACEI cough with poor results. The best treat-
ment option for a patient with an intolerable ACEI cough is
to switch agents. For A.R., switching to an ARB would likely
eliminate the dry cough and still be considered an acceptable
first-line treatment option for her hypertension considering her
history of diabetes.9,72 ARB therapy would also have similar
benefits to an ACEI considering her microalbuminuria.

ARBs are considered first-line options for primary preven-
tion patients and have data demonstrating reductions in CV
events.9,20,22 Seven of these agents are commercially available
as brand-name only products (Table 13-14). Fixed-dose com-
bination products with HCTZ are also available (Table 13-12).

38. How exactly do ACEIs and ARBs differ in regard to their
mechanism of action?

Pharmacologic Differences between an ACEI and an ARB
Unlike ACEIs, ARBs specifically bind to angiotensin-2 re-
ceptors in vascular smooth muscle, adrenal glands, and other
tissues. As a result, access of angiotensin-2 to its receptors is
blocked and angiotensin-2–mediated vasoconstriction and al-
dosterone release is prevented, resulting in BP reduction. Re-
duction in intraglomerular blood flow and pressure is mediated
by angiotensin-2 actions in the efferent arteriole of the kidney.
ARBs do not affect bradykinin, therefore dry cough does not
occur.

Considerable investigation has focused on describing the
pharmacologic differences between the angiotensin-2 type
1 and type 2 receptors. Stimulation of the type 1 receptor
causes vasoconstriction, salt and water retention, and vascu-
lar remodeling. Other deleterious effects from type 1 receptor
stimulation include myocyte and smooth muscle hypertrophy,
fibroblast hyperplasia, cytotoxic effects in the myocardium, al-
tered gene expression, and possible increased concentrations
of plasminogen activator inhibitor. Stimulation of the type 2
receptor results in antiproliferative actions, cell differentiation,
and tissue repair when stimulated.



13-30 � CARDIAC AND VASCULAR DISORDERS

Theoretically, an ideal antihypertensive agent would block
only type 1 and not type 2 receptors as is the case with currently
marketed ARBs. Therefore, it is possible that an ARB would
be superior to an ACEI in reducing hypertension-associated
complications because ACEIs ultimately decrease stimulation
of both type 1 and type 2 receptors by decreasing production
of angiotensin-2. This argument is purely speculative and is
not supported by clinical trial data. The Ongoing Telmisar-
tan Alone and in Combination with Ramipril Global Endpoint
Trial (ONTARGET) was a prospective, double-blind, random-
ized controlled trial that directly compared ARB and ACEI
therapy.109 After a median of 56 months, the incidence of CV
events was similar with both treatments. Therefore, as a class,
ARBs are as effective as other antihypertensive agents for BP
lowering. Similar to ACEI, combinations with a thiazide di-
uretic are highly efficacious in lowering BP.

Compelling Indications

39. Under what circumstances would an ARB be a better initial
antihypertensive agent than an ACEI?

DIABETES
Patients with diabetes should be treated with either an

ACEI or ARB. ARB-based treatment regimens have been
shown in clinical trials to reduce the progression of diabetic
nephropathy.72 These benefits are similar to what is seen with
ACEI, but only among patients with type 2 diabetes who have
microalbuminuria. ARB-based therapy contains the only an-
tihypertensive agents for which evidence shows reduced kid-
ney failure in patients with type 2 diabetes who have diabetic
nephropathy with albuminuria (not microalbuminuria) and el-
evated serum creatinine.56 Therefore, for patients with type 2
diabetes and advanced nephropathy, evidence supports ARB
therapy as the primary antihypertensive agent, ahead of ACEI
therapy.

CHRONIC KIDNEY DISEASE
An ARB, similar to an ACEI, minimizes damage that occurs

with chronic kidney disease. Both ACEIs and ARBs preferen-
tially dilate the efferent arteriole, which relieves intraglomeru-
lar pressure. Thus, chronic kidney disease is a compelling in-
dication for ARB therapy. For nondiabetic kidney disease, less
evidence supports ARB use, and these agents should be re-
served as alternatives to an ACEI.

CHRONIC AND ACUTE CAD
Angiotensin receptor blocker therapy is a reasonable alter-

native to ACEI therapy in patients with CAD. Data are very
limited, however. For patients post-MI, ARB therapy has been
evaluated, and is an option for patients with intolerable side ef-
fects from an ACEI. For patients with chronic stable angina or
acute coronary syndromes, long-term data evaluating effects
on CV events are not available.

PRIOR STROKE
Angiotensin receptor blocker therapy is an evidence-based

alternative to the combination of an ACEI with a thiazide di-
uretic in patients with a history of ischemic stroke or transient
ischemic attack. In the Morbidity and Mortality after Stroke
Eprosartan Compared with Nitreadipine for Secondary Pre-
vention (MOSES) study, ARB-based therapy reduced the in-

cidence of recurrent stroke more than dihydropyridine CCB-
based therapy in a large number of patients with cerebrovas-
cular disease.63 Based on these data, prior stroke (ischemic
stroke) is a compelling indication for ARB therapy.

LEFT VENTRICULAR DYSFUNCTION
Pharmacologic blockade of the renin-angiotensin-aldoste-

rone system in left ventricular dysfunction is of paramount
importance. An ARB is a reasonable alternative in patients
with hypertension and left ventricular dysfunction who cannot
tolerate an ACEI (e.g., those who experience cough).93 They
should, however, never be empirically used in place of an ACEI,
because ACEI therapy is considered superior to ARB therapy in
patients with left ventricular dysfunction.86 As sequential add-
on therapy for patients with left ventricular dysfunction who are
already treated with the standard regimen of a diuretic with an
ACEI and β-blocker, ARB therapy has been proved to reduce
risk of CV events.94 Clinicians should be aware that if an ARB
is used in combination with an ACEI, a significant increase in
risk of side effects exists, particularly hyperkalemia.109,110

Other Considerations
ARB VERSUS ACEI
Monitoring requirements, contraindications, and side ef-

fects (other than cough) are the same for ARBs and ACEIs.
Because of the potential hyperkalemia and acute renal dys-
function, serum creatinine and potassium should be monitored.
Both drug classes are contraindicated in pregnancy and in pa-
tients with bilateral renal artery stenosis or volume depletion.
Acute hypotension is possible when starting ARB therapy in
patients with hyponatremia, volume depletion, or left ventric-
ular dysfunction exacerbation.

40. If A.R. experienced angioedema from lisinopril, would
treatment with an ARB be contraindicated?

A history of ACEI angioedema is not a contraindication to
ARB therapy. The cross-reactivity between angioedema with
an ACEI and ARB is not exactly known. The best available
data come from the Candesartan in Heart Failure: Assess-
ment of Reduction in Mortality and Morbidity (CHARM)-
alternative study where 39 patients with left ventricular dys-
function and a history of ACEI angioedema were treated long
term with ARB therapy.93 Only one of these patients experi-
enced repeat angioedema that required discontinuation of the
ARB. This small cross-reactivity rate has been demonstrated in
other evaluations.111 Therefore, cross-reactivity appears pos-
sible, but unlikely.

When the benefits of an agent that blocks the RAAS is
needed (e.g., left ventricular dysfunction, diabetes, chronic kid-
ney disease), an ARB is a reasonable alternative for patients
with ACEI angioedema. The ACC/AHA guidelines recom-
mend an ARB in patients who have experienced angioedema
from an ACEI.86 Nonetheless, patients with a history of ACEI
angioedema should be counseled regarding the small potential
for recurrent angioedema if treated with an ARB.

CCB

41. How do dihydropyridine CCB differ from the nondihy-
dropyridine CCB, verapamil and diltiazem?
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Table 13-15 Pharmacologic Actions of CCB

Nondihydropyridines

Verapamil Diltiazem Dihydropyridines

Peripheral vasodilation + + ++
Heart rate −− − +
Cardiac contractility −− − 0/−a

Atrioventricular nodal
conduction

− − 0

Coronary blood flow + + ++
aNo significant decreases are seen with amlodipine or felodipine.
+, increase; ++, marked increase; −, decrease; −−, marked decrease; 0, no change.
CCB, calcium channel blocker.

Calcium channel blockers are very effective in lowering
BP. Elderly and black patients have greater BP reduction with
a CCB than with other agents (β-blockers, ACEIs, ARBs). The
addition of a diuretic to a CCB provides additive antihyperten-
sive effects. CCBs do not alter serum lipids, glucose, uric acid,
or electrolytes and they do not aggravate asthma or peripheral
vascular disease.

A heterogeneous drug class, all CCBs inhibit the movement
of extracellular calcium, but there are two primary subtypes:
dihydropyridines and nondihydropyridines (i.e., diltiazem and
verapamil). Each has distinctly different pharmacologic effects
that are summarized in Table 13-15.

Dihydropyridines
Dihydropyridines are potent vasodilators of peripheral and
coronary arteries. They do not block artrioventricular (AV)
nodal conduction and do not effectively treat arrhythmias.
Moreover, the potent vasodilation associated with most dihy-
dropyridines can induce a reflex tachycardia. With the excep-
tion of amlodipine and felodipine, dihydropyridines can de-

crease cardiac contractility and should be avoided in patients
with left ventricular dysfunction. Side effects of dihydropy-
ridines are related to their potent vasodilatory effects, such as
reflex tachycardia, headache, flushing, and peripheral edema.

Nondihydropyridines
The nondihydropyridines, diltiazem and verapamil, are similar.
Relative to dihydropyridines, they are only moderately potent
vasodilators, but they directly decrease AV nodal conduction
and have negative inotropic actions. The blockade of AV nodal
conduction can slow heart rate and is the basis for their use in
treating supraventricular arrhythmias (e.g., atrial fibrillation).
Most patients only have a modest decrease in heart rate. How-
ever, heart block (first-, second-, or third-degree) is a potential
adverse effect, especially with large doses.

Verapamil and diltiazem are considered safe and effec-
tive antihypertensives. Both should be avoided in patients
with second- or third-degree heart block. Under these circum-
stances, a dihydropyridine can be used if a CCB is needed. Ve-
rapamil and diltiazem should also be avoided in patients with
left ventricular dysfunction because they can significantly re-
duce cardiac contractility. Diltiazem has a lower incidence of
constipation than verapamil.

Formulations
Several CCB are available for the treatment of hypertension.
They are listed in Table 13-16.

IMMEDIATE-RELEASE NIFEDIPINE

42. A 68-year-old man has a new prescription for immediate-
release nifedipine 10 mg three times daily for newly diagnosed
hypertension. He has no contraindications to CCB therapy. Why
should immediate-release nifedipine not be used to treat his hy-
pertension?

Most dihydropyridines, except amlodipine, are formu-
lated as sustained-release products to provide 24-hour effects.

Table 13-16 CCB in Hypertensiona

Drug Usual Dosage Range (mg/day) Dosing Frequency

Nondihydropyridinesb

Diltiazem, sustained-release (Cardizem CD, Cartia XT, Dilacor XR, Dilt-CD, Diltia
XT, Taztia XT, Tiazac)

120–480 Daily

Diltiazem, extended-release (Cardizem LA)c 120–540 Daily
Verapamil, sustained-release (Calan SR, Isoptin SR, Verelan) 180–480 Daily to BID
Verapamil, controlled-onset extended-release (Covera HS)c 180–480 QHS
Verapamil, chronotherapeutic oral drug absorption system (Verelan HS)c 100–400 QHS

Dihydropyridines
Amlodipine, immediate-release tablet (Norvasc) 2.5–10 Daily
Felodipine, extended-release tablet (Plendil) 2.5–10 Daily
Isradipine, controlled-release tablet (DynaCirc CR) 5–20 Daily
Nicardipine, sustained-release capsule (Cardene SR) 60–120 BID
Nifedipine, sustained-released tablet (Procardia XL, Adalat CC) 30–90 Daily
Nisoldipine, extended-release tablet (Sular) 17–34 Daily

a Immediate release (IR) diltiazem, nifedipine, and verapamil should be avoided in hypertension.
bMany long acting products exist, but vary in release characteristics. Thus, they are not directly interchangeable using a mg/mg conversion.
c“Chronotherapeutic” agents; because they use different delivery systems, they are not interchangeable products.
d Only sustained-release nifedipine is approved for hypertension. Immediate release should be avoided.
BID, twice daily; QHS, every night; CCB, calcium channel blocker.
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Nifedipine has a very short half-life, and is available as an
immediate-release capsule. It was once used to quickly re-
duce BP in hypertensive urgencies, but it should never be used
for this indication. Immediate-release nifedipine, given sub-
lingually or orally, has been associated with several adverse
effects such as severe hypotension, cerebral ischemia, acute
MI, fetal distress, conduction abnormalities, and even death.
The rapid and potent hypotensive effect can “steal” blood flow
from coronary arteries, induce reflex tachycardia, and acutely
decrease cardiac contractility. Immediate-release nifedipine is
not approved for the treatment of hypertension, and the Car-
diorenal Advisory Panel of the U.S. Food and Drug Admin-
istration (FDA) concluded that the use of immediate-release
nifedipine is neither safe nor efficacious.112 Immediate-release
dihydropyridines that are short acting, especially nifedipine,
should be avoided. Even with verapamil and diltiazem, once-
daily, sustained-release formulations are preferred for hyper-
tension.

SUSTAINED-RELEASE FORMULATIONS

43. C.F. is a 60-year-old man with a history of hypertension,
asthma, and type 2 diabetes. His hypertension has been treated
with HCTZ 25 mg daily, controlled-onset, extended-release vera-
pamil 240 mg daily (Covera HS), and ramipril 10 mg daily for the
past 5 years. Today his BP is 124/74 mmHg (128/72 mmHg when
repeated), and his heart rate is 64 beats/minute C.F. is interested
in a generic alternative for his controlled-onset, extended-release
verapamil, such as sustained-release verapamil. What are the dif-
ferences between these two verapamil products, and are they in-
terchangeable?

All CCBs have short half-lives, except amlodipine.
Immediate-release forms require multiple daily doses to pro-
vide 24-hour effects. Sustained-released formulations are pre-
ferred when a CCB is used to treat hypertension. Various
sustained-release delivery devices are available. Serum drug
concentrations differ between sustained-release CCBs, but the
overall BP-lowering effects are usually similar. Nonetheless,
most of these products that include the same drug are not
AB rated by the Food and Drug Administration (FDA) as
equivalent and identical. Insurance formularies often require
therapeutic substitution between these agents. Therapeutic in-
terchange with sustained-release diltiazem products or with
chronotherapeutic verapamil, however, are not equivalent us-
ing a milligram-per-milligram conversion. Therapeutic sub-
stitution between these products may result in variable BP-
lowering effects if not adjusted appropriately. BP and heart
rate monitoring should occur within 2 weeks of interchanging
sustained-release CCBs.

CHRONOTHERAPEUTIC CCB
Blood pressure has a predictable circadian rhythm charac-

terized by a sharp rise in pressure starting in the early morn-
ing, peaking in the mid to late morning, followed by a gradual
decrease to lowest values during early to mid-nighttime. Im-
portantly, MI incidence also has a circadian rhythm in which
events are most frequent during the time of the early morning
BP surge. Chronopharmacology is the concept of recogniz-
ing circadian rhythms of disease and targeting drug delivery to
blunt such rhythms. The prevailing assumption is that targeting

BP reduction according to the circadian rhythm can maximally
reduce the risk of CV events.

Two sustained-release verapamil products (Covera HS and
Verelan PM) and one verapamil product (Cardizem LA) are
chronotherapeutically designed to target the circadian BP
rhythm. These formulations are dosed primarily at bedtime,
have a delayed drug release for a period of hours, followed
by slow delivery of drug that starts just before the morn-
ing BP surge, with no delivery during the early evening. The
two verapamil products use different delivery devices and are
not interchangeable with each other or other long-acting ver-
apamil products, using a milligram-to-milligram conversion.
Cardizem LA is similarly not interchangeable with other long-
acting diltiazem products. Therapeutic substitution between
products must involve close monitoring.

The scientific rationale supporting chronotherapy in hyper-
tension is only hypothetical. Evidence from the Controlled
Onset Verapamil Investigation of Cardiovascular Endpoints
(CONVINCE) trial shows that chronotherapeutic verapamil
is similar, but not better than, a thiazide diuretic- or β-
blocker–based regimen in reducing hypertension-associated
complications.43 C.F. has achieved his goal BP of <130/80
mmHg with his present verapamil product. It is ideal to
continue using this product. If a switch occurs, however,
his present verapamil 240 mg daily should be changed to
sustained-release generic verapamil 240 mg daily. This con-
version requires BP and heart rate monitoring in 2 weeks to
detect whether BP remains controlled after the switch, because
these two products are not identical and are not AB rated as
interchangeable.

Compelling Indications
DIABETES

44. Why is diabetes a compelling indication for a CCB?

Calcium channel blockers are recommended as options to
treat hypertension in patients with diabetes because they have
been shown to reduce risk of CV events.5,72 They do not affect
glucose. Evidence showing reduced CV events with CCB in
patients with diabetes is not, however, as convincing as that
seen with an ACEI, ARB, or thiazide diuretics. The results
of the Fosinopril versus Amlodipine Cardiovascular Events
Randomized Trial (FACET) and Appropriate Blood pressure
Control in Diabetes (ABCD) trial suggest that ACEI have more
CV protection than CCB.53,54

Nondihydropyridine CCB (particularly diltiazem) may slow
the progression of chronic kidney disease, although evidence
is not as extensive or definitive as it is with an ACEI or ARB.
The proposed mechanism is dilation of the afferent and effer-
ent arterioles, which would decrease intraglomerular pressure.
Dihydropyridines have unclear effects on progression of kid-
ney disease. The prevailing opinion is that the renal protective
effects of an ACEI and ARB are superior to a CCB.

The primary role of a CCB in the management of hyperten-
sion in diabetes is ideally as a component of sequential add-on
therapy, after an ACEI or ARB and a thiazide diuretic. Because
the BP goal in diabetes is <130/80 mmHg, most patients with
diabetes need three or more antihypertensives to achieve this
goal. A CCB is frequently needed in this population.
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CHRONIC CAD

45. A.P. is a 71-year-old man with a BP of 168/90 mmHg (170/90
mmHg when repeated) and a heart rate of 88 beats/minute. He
has a history of chronic stable angina that is controlled with sub-
lingual nitroglycerin as needed. He also has severe asthma that is
worsened with β-blocker therapy. He currently has no chest pain,
and his ECG shows no acute ischemia. Other laboratory results
are within normal range, except his serum creatinine is 1.3 mg/dL
(normal, 0.5–1.2 mg/dL). Is a CCB appropriate for A.P.? If yes,
which type is preferred?

Calcium channel blockers are compellingly indicated in
chronic CAD (i.e., chronic stable angina) as an alternative to
a β-blocker, or as sequential add-on therapy to a β-blocker
for patients who require additional anti-ischemic effects.78 Al-
ternatives to β-blockers are needed when contraindications or
intolerances to β-blockers are present. Sustained-release CCB
formulations or long-acting products (i.e., amlodipine) are al-
ways preferred for outpatient management of these patients.
A nondihydropyridine is preferred in chronic CAD when used
as an alternative to a β-blocker, whereas a dihydropyridine is
preferred when CCB therapy is used in addition to a β-blocker.

First developed to treat ischemic heart disease, CCBs
were later proved to be effective in hypertension. Nondihy-
dropyridine CCBs decrease myocardial oxygen demand, im-
prove myocardial blood flow, and have negative inotropic and
chronotropic effects. All these may benefit patients with CAD.
Dihydropyridine CCBs are similar, but do not lower heart rate,
and have less negative inotropic effects. They can be used in
patients with chronic CAD and possibly acute CAD, but ve-
rapamil and diltiazem are preferred when a CCB is used in
place of a β-blocker. Moreover, dihydropyridine CCBs are not
particularly helpful in patients with acute CAD.

Therapy with a CCB is preferred in A.P., because β-blockers
worsened his severe asthma. Verapamil will lower his elevated
heart rate and BP as well as treat his angina. Constipation,
which may be more prominent in an elderly patient, is the most
frequent side effect. Of all the CCBs, constipation is most com-
monly associated with verapamil, but can be countered with
dietary changes or bulk-forming laxatives. Similar to other an-
tihypertensive agents, a low dose (120–180 mg daily) should
be used initially and slowly titrated at 2- to 4-week intervals.

Additional Populations
ISOLATED SYSTOLIC HYPERTENSION

46. T.C. is a 76-year-old woman with hypertension and dys-
lipidemia. Her Framingham risk score is 25%. She has been
treated with HCTZ 25 mg daily for several years, and she is very
compliant with this regimen. Her BP values are 164/76 mmHg
(168/78 mmHg when repeated). She has no other evidence of
hypertension-associated complications, and no compelling indica-
tions. Her laboratory values and ECG are all normal. Amlodipine
5 mg daily is added to her regimen. What are the benefits of using
a CCB to treat T.C.’s hypertension?

T.C. has isolated systolic hypertension. This should be man-
aged according to the general patient care principles for hyper-
tension. Thiazide diuretics have traditionally been considered
first-line for this population based on historical data demon-
strating CV event lowering in elderly patients with isolated sys-
tolic hypertension. The SHEP trial proved that treating ISH in

the elderly is beneficial and established thiazide diuretic-based
regimens as first-line agents.39 Long-acting dihydropyridine
CCBs have been shown to reduce CV events in patients with
isolated systolic hypertension also. The Systolic hypertension
in Europe (Syst-Eur) study was similar to the SHEP trial, but
used a nitrendipine-based (a long-acting dihydropyridine CCB
similar to long-acting nifedipine) regimen instead of a thiazide
diuretic-based regimen.42 A dihydropyridine CCB is an appro-
priate add-on therapy for T.C. to control her BP and reduce her
risk of CV events.

EDEMA FROM DIHYDROPYRIDINE CCB

47. One month later, T.C.’s BP is down to 148/70 mmHg (150/70
when repeated). She is tolerating her amlodipine, except she
has noticed her ankles are both swollen. She has never had this
problem before. A compete cardiovascular examination is con-
ducted and no signs found of left ventricular dysfunction or other
hypertension-associated complications that would explain this
new peripheral edema. Her amlodipine therapy is identified as
the cause of this edema. How should her edema be managed?
Should her HCTZ be replaced with a loop diuretic, should her
amlodipine be stopped, or is there another approach to manage
this side effect?

Peripheral edema with CCB therapy, especially a dihydropy-
ridine CCB, is a dose-dependent side effect. It is a direct result
of the potent peripheral arterial vasodilation. When there is
not equal vasodilation on the venous vasculature, a risk exists
for leaking though the capillaries in the legs and, thus, an in-
creased risk of peripheral edema. The best way to manage this
side effect is to reduce the dose of the dihydropyridine, or to
add an agent that blocks the RAAS to decrease the effects of
angiotensin-2, which will result in venous vasodilation. Adding
either an ACEI or ARB can be used to accomplish this with
the added benefit of further lowering BP. Clinicians should note
that using diuretics for the primary purpose of treating periph-
eral edema that is secondary to CCB use is not recommended,
and is not effective.

T.C.’s BP is not at her goal of <130/80 mmHg. Therefore,
additional drug therapy is needed. Her best option is to add
an ACEI or ARB. This will provide a more balanced pres-
sure gradient across her peripheral vasculature by providing
vasodilation of both the arteries and veins. She has otherwise
tolerated amlodipine, so no urgent need exists to discontinue
this agent. Moreover, lowering the dose of amlodipine to 2.5
mg is an option, but she would still require the addition of a
third agent.

ADDITIONAL POPULATIONS
Calcium channel blockers may also have potential benefits

for other conditions. Diltiazem and verapamil can be used in
atrial fibrillation, atrial flutter, and supraventricular arrhyth-
mias owing to their ability to block the AV node and lower
heart rate. Verapamil is effective in migraine prophylaxis. Pa-
tients with Raynaud’s syndrome can obtain symptomatic relief
from the peripheral vasodilation associated with a dihydropyri-
dine CCB. Lastly, CCBs are effective in treating cyclosporine-
induced hypertension, but should be used cautiously because
verapamil and diltiazem increase cyclosporine concentration.
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Table 13-17 Common β-Blockers in Hypertension

Usual Dosage
Drug Range (mg/day) Dosing Frequency Half-life (hr) β1 Selectivity Lipid Solubility

Atenolol (Tenormin) 25–100 Daily to BID 6–7 ++ Low
Carvedilol (Coreg) 12.5–50 BID 6–10 0 High
Carvedilol (Coreg CR) 10–80 daily 6–10 0 High
Labetalol (Trandate, Normodyne) 200–800 BID 6–8 0 Moderate
Metoprolol tartrate (Lopressor) 100–400 BID 3–7 + Moderate to high
Metoprolol succinate (Toprol XL) 25–400 Daily 3–7 + Moderate to high
Nebivolol (Bystolic) 5–10 Daily 12–19 ++ High
Propranolol (Inderal, Inderal LA,

InnoPran XL)
40–180 Daily (LA and XL) or

BID
3–5 0 High

BID, twice daily.

Other Considerations
LEFT VENTRICULAR DYSFUNCTION

48. Why are nondihydropyridine CCB contraindicated in pa-
tients left ventricular dysfunction (systolic heart failure)?

Calcium channel blockers, especially nondihydropyridines,
decrease cardiac contractility owing to negative inotropic ef-
fects. This is most pronounced with verapamil, but is also
present with diltiazem and with some dihydropyridines (Table
13-15). In left ventricular dysfunction, the primary physiologic
problem is decreased cardiac contractility. Using a CCB in this
population can exacerbate left ventricular dysfunction owing
to the direct negative inotropic effects, or reveal left ventricular
dysfunction that has not yet been diagnosed.

When patients with left ventricular dysfunction require a
CCB to treat another condition (i.e., angina or uncontrolled
hypertension), amlodipine or felodipine may be used. Am-
lodipine and felodipine are the only CCB that have been con-
vincingly shown to be safe in left ventricular dysfunction and
may be used if needed for either angina or hypertension. Unlike
many other antihypertensive agents, they do not, however, pro-
tect against left ventricular dysfunction-related mortality.113

β-Blockers

49. E.K. is a 78-year-old black man with a history of hyperten-
sion, who was hospitalized for an acute MI 2 months ago. He has
been treated with metoprolol succinate 50 mg daily and lisino-
pril 20 mg daily since then. Today his BP readings are 148/92
and 146/90 mmHg, and his heart rate is 80 beats/minute. He
denies side effects from his medications. Because E.K. is black
and elderly, will β-blocker therapy be effective in lowering his
BP?

β-Blockers reduce morbidity and mortality in patients with
certain compelling indications.5,9 These include left ventricu-
lar dysfunction, CAD, and diabetes. β-Blocker therapy should
not be the primary antihypertensive agent for primary preven-
tion patients, but is an effective alternative add-on agent for
primary prevention patients to lower BP. Elderly and black
patients may have less BP reduction than young or white pa-
tients. E.K. is elderly and might have more BP reduction with
another agent (i.e., thiazide diuretic or CCB), but these points
are moot in E.K. Age and race should never deter use of a
β-blocker when a compelling indication is present. E.K. has

history of a recent MI, which is a compelling indication for a
β-blocker as first-line therapy.5,9,36,84,85

Pharmacologic Differences
Many different β-blockers are available (Table 13-17). Clini-
cally important differences relate primarily to cardioselectivity,
intrinsic sympathomimetic activity (ISA), relative lipid solu-
bility, and benefit-to-risk in left ventricular dysfunction. These
differences might be useful when selecting an individual agent.

CARDIOSELECTIVITY

50. What are the advantages of using a cardioselective β-
blocker to treat E.K.’s hypertension?

β1-Adrenergic receptors are primarily located in the heart,
and β2-adrenergic receptors are in the lungs, kidneys, and
peripheral arteriolar endothelium. Low-affinity β1-receptors
are also present in the lung, and low-affinity β2-receptors are
present in the heart. Some β-blockers demonstrate relative car-
dioselectivity with greater antagonism of cardiac β1-receptors
and less activity on β2-receptors in the lung or bronchial tis-
sue. Selectivity is not absolute, however, because it is dose-
dependent. For instance, asthma has been precipitated even
with cardioselective agents when they are used in higher doses,
but not with low to moderate doses.

Nonselective β-blockers potentially have the disadvantage
of blunting the symptoms of hypoglycemia in patients with di-
abetes. β2-Blockade from nonselective β-blockers can lead to
unopposed β1-induced peripheral vasoconstriction. This may
worsen Raynaud’s phenomenon, peripheral arterial disease,
or hypertension caused by catecholamine-producing tumors
(pheochromocytoma). Despite these shortcomings, nonselec-
tive β-blockers are preferred in patients with non-CV indi-
cations for β-blocker therapy, such as migraine prophylaxis
or essential tremor. Absent these indications, cardioselective
β-blockers are preferred. E.K. is taking metoprolol for CV
indications (hypertension and post-MI). Metoprolol, being a
cardioselective agent, is appropriate therapy for E.K.

INTRINSIC SYMPATHOMIMETIC ACTIVITY

51. Why should acebutolol, carteolol, penbutolol, and pindolol
not be used in E.K.?

Pure β-blockers occupy the β-receptor, inhibiting stimula-
tory catecholamine access while exerting no effect on their
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own. β-Blockers with ISA, such as acebutolol, carteolol,
penbutolol, and pindolol, partially stimulate β-receptors while
attached to this receptor, but much less than a pure agonist.
When given to a patient with a slow resting heart rate, ISA β-
blockers can increase the heart rate. Conversely, these agents
can slow heart rate in patients with resting or exercise-induced
tachycardia, because β-blocking properties predominate.

β-Blockers with ISA are theoretically less likely to cause
bradycardia, bronchospasm, reduced cardiac output, periph-
eral vasoconstriction, and increased plasma lipids than non-
selective β-blockers. Nonetheless, these agents still might
worsen asthma and should never be used in patients with left
ventricular dysfunction or CAD because they can worsen these
conditions as a result of their agonist properties. No role exists
for ISA β-blockers in the treatment of hypertension. Because
E.K. has a history of MI, a β-blocker with ISA (e.g., acebu-
tolol) is contraindicated.

LIPID SOLUBILITY
Lipophilic β-blockers (e.g., propranolol) have a larger vol-

ume of distribution and undergo more extensive first-pass
hepatic metabolism than hydrophilic β-blockers. Highly hy-
drophilic β-blockers (e.g., atenolol) are primarily excreted by
the kidneys and may require lower doses in patients with se-
vere chronic kidney disease. Highly lipophilic agents theoret-
ically penetrate the CNS more extensively and readily than
hydrophilic agents. It is possible that lipophilic agents are as-
sociated with increased CNS side effects. Comparative stud-
ies, however, have not demonstrated significant differences
between low to moderate doses of lipophilic and hydrophilic
β-blockers. High lipid-soluble drugs are hepatically cleared.
A high lipid-soluble β-blocker is desirable for migraine pro-
phylaxis because of better CNS penetration.

Compelling Indications
DIABETES

52. Diabetes is a compelling indication for β-blocker therapy.
What role do β-blockers play in treatment and why is caution
sometimes recommended when using these drugs in patients with
diabetes?

β-Blockers reduce coronary events, progression of kidney
disease, and stroke in patients with diabetes.72 Their role in
treating hypertension in diabetes is as sequential add-on ther-
apy, after an ACEI or ARB and thiazide diuretic. Their role in
therapy is similar to that of CCB. These drugs can, however,
inhibit insulin secretion and infrequently cause hyperglycemia.
In patients with prediabetes, a theoretical higher risk exists of
progressing to diabetes than with CCB, ACEI, or ARB therapy
based on these changes in insulin sensitivity.103 Therefore, in
patients with diabetes, unless another compelling indication
is present for a β-blocker (e.g., left ventricular dysfunction or
CAD), a CCB should be used ahead of a β-blocker.

All β-blockers can mask symptoms of impending hypo-
glycemia associated with epinephrine release (e.g., palpita-
tions, tremor, hunger), but do not prevent hypoglycemia-related
sweating. Although they do not cause hypoglycemia, nonselec-
tive β-blockers can worsen a hypoglycemic episode and may
prolong recovery from hypoglycemia. The risk of masking and
potentiating hypoglycemia is not a contraindication. Although
β-blockers are best avoided in insulin dependent type 1 di-

abetes, they can be used if other agents fail or if concurrent
diseases are present that justify the use of a β-blocker. Because
hypoglycemia is less common in patients with type 2 diabetes
who do not require insulin, β-blockers are less likely to create
adverse effects in this population.

All patients with diabetes who use β-blockers should be
monitored carefully with regular glucose measurements and
targeted patient education about how the signs and symptoms
of hypoglycemia can change. Nonselective β-blockers should
be avoided in patients with tightly controlled diabetes, espe-
cially those receiving insulin therapy. If a β-blocker is needed
to control BP, or treat a compelling indication in diabetes, a
cardioselective agent is preferred.

53. Why are β-blockers so strongly recommended in patients
with a history of CAD?

CHRONIC AND ACUTE CAD
Overwhelming evidence supports β-blocker therapy in all

forms of CAD.5,9,36,78,84,85 β-Blockers prolong survival and
reduce the risk of recurrent CV events. These agents are con-
sidered first-line agents, but are often underutilized in this pop-
ulation because of perceived contraindications. Patients with
relative contraindications to β-blocker therapy (e.g., chronic
pulmonary disease), however, do indeed benefit from
β-blocker therapy if they have CAD. All patients, even if they
have controlled BP, should receive a β-blocker post-MI un-
less they have demonstrated intolerance or have an absolute
contraindication. In addition to lowering BP, β-blockers re-
duce heart rate, contractility, and myocardial oxygen demand.
Therefore, they also relieve ischemic symptoms and β-blocker
therapy is essential therapy in many patients with CAD.

LEFT VENTRICULAR DYSFUNCTION

54. β-blockers decrease cardiac contractility. Why then do they
benefit patients with left ventricular dysfunction?

β-Blockers decrease cardiac contractility, and reduce car-
diac output when first initiated. In patients with left ventricular
dysfunction, the primary physiologic abnormality is decreased
contractility. Therefore, using a β-blocker seems pharmaco-
logically flawed. Extensive research has shown, however, that
slow introduction of certain β-blockers using doses much lower
than what is used for BP lowering (i.e., carvedilol 3.125 mg
twice daily and metoprolol 12.5 mg daily), followed by very
slow and careful titration up to high dose, actually improves
cardiac function. Cardiac β-receptor upregulation occurs, and
the detrimental compensatory tachycardia and excessive cate-
cholamine release is halted. The end result is decreased mor-
bidity and mortality.86 β-Blocker therapy is compellingly in-
dicated in left ventricular dysfunction. β-blockers are the third
of three agents that comprise standard therapy for patients with
left ventricular dysfunction.

55. Which β-blockers should be used in patients with left ven-
tricular dysfunction?

Metoprolol and carvedilol are FDA approved for left ven-
tricular dysfunction based on evidence showing reduced CV
events and mortality.86 When β-blockers are used in pa-
tients with both hypertension and left ventricular dysfunction,
one of these two agents should be selected following dose
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recommendations as approved for left ventricular dysfunction
(start with a low dose followed by gradual titration upward).
Bisoprolol also has been evaluated in left ventricular dysfunc-
tion, and demonstrates similar benefits, but is less frequently
used.

Additional Considerations

56. Atenolol is the most frequently prescribed β-blocker in hy-
pertension. Why is it not beneficial in left ventricular dysfunction?

When the entire body of evidence evaluating β-blockers and
their ability to lower CV events, especially in CAD is exam-
ined, a paucity of data are found that independently evaluated
atenolol in left ventricular dysfunction.114 Moreover, some data
suggests that atenolol is inferior to otherβ-blockers (e.g., meto-
prolol) in ability to reduce CV risk.21 Perhaps the problem with
atenolol is dosing. It is nearly always dosed once daily in hyper-
tension. Its half-life, however, is similar to immediate-release
formulations of metoprolol or carvedilol, which are both dosed
twice daily (Table 13-17). It is possible that the lack of long-
term beneficial data with atenolol might be influenced by im-
proper dosing. Because of this uncertainty, clinicians should
select β-blockers, such as metoprolol or carvedilol, instead of
atenolol when initiating β-blocker therapy in patients with hy-
pertension. Alternatively, twice daily dosing of atenolol might
be a more ideal utilization of this particular agent.

57. How severe are the metabolic side effects associated with
β-blocker use?

β-Blockers are associated with adverse metabolic alter-
ations and bothersome side effects that limit their universal use.
The incidence of other adverse reactions (e.g., sexual dysfunc-
tion) is lower, however, than popular medical myth suggests.
Adverse reactions are dose-dependent and are minimized with
low to moderate doses.

Nonselective β-blockers have been associated with in-
creased serum triglycerides and reductions in HDL-C. Agents
with ISA have little or no effects on lipids, whereas cardioselec-
tive β-blockers have intermediate effects. Similar to diuretics,
these changes are often not sustained with chronic therapy.
β-Blockers have definitively been shown to lower morbidity
and mortality, so their effects on cholesterol have little clini-
cal significance. If a β-blocker is indicated in a patient with
dyslipidemia, HDL-C and fasting triglyceride values should
be monitored.

58. What other noncardiovascular conditions are responsive to
β-blockers in patients with concurrent hypertension?

β-Blockers have potential benefits in other conditions. They
slow the rate of cardiac conduction, a benefit in patients with
paroxysmal supraventricular tachycardia or atrial fibrillation.
They are also used in patients with tachycardia and anxiety
from mitral valve prolapse, or preoperative hypertension. Fi-
nally, β-blockers are effective in treating other noncardiac con-
ditions, such as thyrotoxicosis, essential tremor, and migraine
prophylaxis.

59. How should monitoring of heart rate be used to optimize
β-blocker therapy?

β-Blockers decrease conduction through both the SA and
AV node. Lowering of the resting heart rate can be used

as a marker of response. While receiving β-blocker therapy,
heart rate should ideally be controlled to a resting pulse rate
of no less than 60 beats/minute to avoid heart block. First-
degree heart block may be present when the heart rate is <60
beats/minute, but normal conduction is maintained. β-Blocker
therapy should, under most circumstances, be reduced if this
occurs. Second- and third-degree heart block result in heart
rates typically <55 and <40 beats/minute, respectively, with
abnormal cardiac conduction. β-Blocker therapy should be de-
creased or stopped if either of these two situations occur. Failure
to achieve a lowered resting pulse could indicate inadequate
dosage (i.e., need for a higher dose) or poor patient adherence
to the prescribed regimen. If the BP goal has been obtained,
however, this is more important than lowered pulse response.

60. What is the harm associated with abruptly discontinuingβ-
blocker therapy? How should clinicians treat patients who must
have β-blocker therapy discontinued?

Chronic β-blocker therapy upregulates the expression of β-
receptors. This does not, however, result in a rise of BP while
the β-blocker continues to occupy the receptors. If β-blocker
therapy is abruptly stopped, however, rebound hypertension can
occur because more β-receptors are available to be activated,
causing cardiac stimulation and vasoconstriction. Symptoms
of rebound hypertension can include headache, tachycardia,
and possibly anxiety. Patients with ischemic heart disease can
have significant increases in angina frequency if β-blockers
are abruptly stopped. If a β-blocker requires discontinuation,
rebound hypertension or ischemia can be avoided by gradually
tapering the dose by 50% for 3 days and then another 50% for
3 days. Replacing one β-blocker with another at an equivalent
dose should not cause rebound hypertension.

Alternative Antihypertensive Agents

61. R.R. is a 62 year-old man with a long-standing history
of hypertension. He has not yet experienced any hypertension-
associated complications or target organ damage. He does not
have a history of diabetes, does not smoke, and his Framing-
ham risk score is 13%. He has been treated with HCTZ 25 mg
daily, amlodipine/valsartan 10/320 mg daily, and carvedilol 12.5
mg twice daily for one year. He is very adherent with these med-
ications, measures his BP at home every day, and follows recom-
mended lifestyle modifications as diligently as possible. He has
tried other medications that resulted in intolerances (quinapril
caused angioedema, doxazosin caused dizziness, clonidine caused
a dry mouth). His BP has never been <130/80 mmHg, which is his
goal. All secondary causes of hypertension have been ruled out.
His BP today is 150/90 mmHg (152/92 when repeated), heart rate
is 60 beats/minute, serum potassium is 4.2 mEq/L, and serum
creatinine is 1.1 mg/dL. He is 183 cm tall, and weighs 85 kg.
What other options are available for R.R.? Does he have resistant
hypertension?

Several alternative agents (Table 13-18) are available to treat
difficult-to-control hypertension or resistant hypertension. Re-
sistant hypertension is defined as that in which patients fail
to attain their BP goal while treated with a three-drug regi-
men that utilizes full antihypertensive doses, one of which is a
diuretic.5 In reality, this represents a hypertensive population
that is likely to use four or five drugs to treat hypertension.
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Table 13-18 Alternative Antihypertensive Agents

Usual Dosage
Drugs/Mechanism of Action Range (mg/day) Dosing Frequency

Aldosterone Antagonists (see Table 13-9)
α1-Blockers

Doxazosin (Cardura) 1–8 Daily
Prazosin (Minipress) 2–20 BID to TID
Terazosin (Hytrin) 1–20 Daily to BID

Direct Renin Inhibitor
Aliskiren (Tekturna) 150–300 Daily

α2-Agonists (Central)
Clonidine (Catapres) 0.1–0.8 BID
Clonidine Transdermal

(Catapres TTS)
0.1–0.3 Once weekly

Methyldopa (Aldomet) 250–1,000 BID
Arterial Vasodilators

Hydralazine (Apresoline) 25–100 BID
Minoxidil (Loniten) 2.5–80 Daily to BID

Adrenergic Neuron Blockers
Reserpine (Serpasil) 0.05–0.25 Daily

BID, twice daily; TID, three times daily.

R.R. meets the definition of resistant hypertension. He has
already failed to respond to, or tolerate, several drug classes that
typically are associated with reductions in hypertension-
associated complications. His HCTZ, amlodipine, and valsar-
tan are all at the maximal doses. Carvedilol could be increased
to 25 mg twice daily, but this should not be done because his
heart rate is 60 beats/minute and increasing this dose would
place him at risk for bradycardia. To attain his BP goal of
<130/80 mmHg (appropriate because of his elevated Fram-
ingham score), an alternate agent, other than clonidine, should
be selected because he did not tolerate it in the past.

Alternative agents should not be used as monotherapy in
the treatment of nearly all patients’ hypertension because they
have not been shown to reduce hypertension-associated com-
plications. They should primarily be used as last-line agents in
combination with the aforementioned antihypertensive agents
that reduce morbidity and mortality.

Aldosterone Antagonists
Spironolactone and eplerenone are aldosterone antagonists.
Technically, these are potassium-sparing diuretics and can in-
crease potassium and cause hyperkalemia. When used in hy-
pertension, increases in potassium are small in most patients.
This risk increases, however, in patients with chronic kidney
disease or when used in combination with an ACEI or ARB.

62. Would it be safe to add spironolactone 25 mg daily to R.R.’s
regimen?

Spironolactone is especially useful as an add-on therapy
in patients with resistant hypertension. Spironolactone 25 mg
daily is a reasonable addition to R.R.’s regimen. His potassium
is in the normal range, but could increase after adding spirono-
lactone. Therefore, it should be monitored 2 to 4 weeks after
it is started to assure R.R. does not develop hyperkalemia.
Eplerenone is more specific than spironolactone in aldos-
terone blockade. Compared with spironolactone, gynecomas-
tia is not a frequent side effect. The incidence of hyperkalemia
is greater with eplerenone, however. When used for hyper-

tension, eplerenone is contraindicated in populations at high
risk for hyperkalemia: type 2 diabetes with microalbuminuria,
an estimated creatinine clearance <50 mL/minute, or elevated
serum creatinine (>1.8 mg/dL in women and >2.0 mg/dL in
men).

These agents are indicated for hypertension, but their great-
est use is in left ventricular dysfunction. This is considered a
compelling indication because of evidence showing reduced
morbidity and mortality.89,90 In studies to date, eplerenone re-
duced mortality in patients with left ventricular dysfunction
soon after MI, whereas spironolactone was beneficial in pa-
tients with more severe left ventricular dysfunction.89,90 Al-
though it is logical to add an aldosterone inhibitor to R.R.’s
regimen based on the presence of heart failure, the antihyper-
tensive effect may still not be sufficient for him to reach his BP
goal.

α-Blockers

63. J.L. is a 64-year-old man with hypertension and peripheral
arterial disease. His BP is 138/84 mmHg (136/86 mmHg when
repeated). His current antihypertensive regimen is HCTZ 25 mg
daily and nifedipine extended release (ER) 60 mg daily. J.L. is not
completely adherent with lifestyle modifications, but insists he is
doing the best he can. He has been experiencing frequent nocturia,
difficulty in starting urination, and a decrease in his urinary flow
for the past several months and is diagnosed with benign prostatic
hyperplasia (BPH). J.L.’s physician is considering changing one
of his antihypertensive agents to anα-blocker. How doα-blockers
compare with other agents in reducing CV events?

α-Blockers are not first-line agents in the management of
hypertension. The ALLHAT trial, as discussed previously,
originally included an α-blocker (doxazosin) treatment arm.
Interim results after a mean follow-up of 3.3 years revealed that
doxazosin had a statistically higher risk of combined CV dis-
ease and heart failure when compared with chlorthalidone.115

Therefore, the ALLHAT data show that thiazide diuretic ther-
apy is more protective against hypertension-associated com-
plications than is α-blocker therapy. This study did not include
a placebo group; therefore, to conclude that doxazosin is harm-
ful is inaccurate. For J.L., discontinuing HCTZ or nifedipine to
start an α-blocker is not prudent. It may be appropriate, how-
ever, to add an α-blocker to his regimen because he is above
his goal BP of <130/80 mmHg (appropriate because he has
peripheral arterial disease) and is already treated with two first-
line agents (thiazide diuretic and CCB). Adding an ACEI or
ARB, or even a β-blocker, would be reasonable considerations,
but an α-blocker will also provide symptomatic benefit to his
BPH.

64. How would adding anα-blocker to J.L.’s treatment regimen
affect his BPH?

An α-blocker can potentially improve the symptoms of BPH
by reducing urethral tone and alleviating bladder outlet ob-
struction. Terazosin and doxazosin are both approved for the
treatment of symptoms caused by BPH. Prazosin can be used,
but requires more frequent dosing. Decreased symptoms of
BPH with α-blockers are dose-related, and titration to high
doses is often needed. This increases the risk of side effects,
such as orthostatic hypotension. In J.L., an α-blocker will lower
his BP and might also relieve his urinary symptoms.
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65. J.L. prefers to try doxazosin rather than undergo surgery to
relieve his symptoms of BPH. How should this agent be started?

For J.L., it would be best to add a low dose of doxazosin
to his present two-drug regimen. Based on his tolerance of the
new drug and BP response, it can be titrated up. One of his
other antihypertensive agents can be decreased if he becomes
hypotensive. The initial dose of doxazosin should not exceed 1
mg daily and it should be given at bedtime. This can minimize
orthostatic hypotension (i.e., profound hypotension, dizziness,
and possible fainting), which is the most frequent side effect
of α-blockers. This complication is most pronounced with the
first dose, but can persist in some patients. The dose can be
increased to symptom control based on BP and tolerability.

66. What patient education should be provided to J.L. about
the potential adverse effects of doxazosin?

α-Blockers are relatively well tolerated if dosed appropri-
ately. J.L. could experience side effects, such as drowsiness,
headache, weakness, palpitations from reflex tachycardia, and
nausea, but these do not occur in all patients. Patients start-
ing an α-blocker should be instructed to take the initial dose
at bedtime and to anticipate a first-dose effect, in which they
may experience orthostatic hypotension. Specifically, patients
should be counseled to rise more slowly from a seated or supine
position.

Mixed α/β-Blockers

67. R.P. is a 68-year-old man with hypertension and a history
of ischemic stroke (1 year ago). Two months ago, his BP values
were 164/94 mmHg and 162/98 mmHg, with a heart rate of 62
beats/min while on atenolol 50 mg daily. He was started on be-
nazepril/HCTZ 10/12.5 mg daily 2 months ago. His BP today is
142/82 mmHg (144/82 mmHg when repeated). All his laboratory
values are normal except his serum creatinine, which is 1.9 mg/dL
(normal, 0.5–1.2 mg/dL). J.L. has implemented lifestyle modifi-
cation to the best of his ability. Because R.P.’s BP is still not at
goal (<130/80 mmHg because of his history of ischemic stroke),
could his atenolol be replaced with an agent such as labetalol and
carvedilol?

Labetalol and carvedilol are nonselective β-blockers that
also have α1-receptor blocking activity. Their antihypertensive
effects are only somewhat similar to a combination of a non-
selective β-blocker (e.g., propranolol) with an α1-antagonist
(e.g., terazosin). Dosing recommendations are listed in
Table 13-17.

These agents produce vasodilation and can cause more ad-
verse reactions than β-blocker or α-blocker monotherapy. The
same precautions and typical contraindications relevant to β-
blockers apply to these agents because they basically are non-
selective β-blockers (Table 13-10). Unlike pure β-blockers,
however, both carvedilol and labetalol may be safer to use in
patients with peripheral arterial disease because unopposed
peripheral α-constriction does not occur.

Carvedilol is approved for both hypertension and left ven-
tricular dysfunction. Carvedilol has been shown to reduce mor-
bidity and mortality in a wide range of patients with left ven-
tricular dysfunction.79,88 Labetalol and carvedilol have no clear
advantage over other β-blockers in most patients with hyper-
tension, and patients might experience α-blocker–related side
effects (e.g., orthostatic hypotension). If R.P. had the com-

pelling indication of left ventricular dysfunction, switching
to carvedilol would be reasonable. His heart rate is between
60 and 70 beats/minute, so this indicates he is adherent with
atenolol. Increasing the atenolol dose to 100 mg daily is not
wise because it may induce heart block. Atenolol is renally
eliminated, so his present dose is probably causing more BP
lowering than usual doses based on his chronic kidney disease.
Increasing his ACEI will help to control both his BP and pre-
serve his kidney function. This can be done without increasing
his HCTZ by switching his fixed-dose combination product to
benazepril/HCTZ 20/12.5 mg daily or simply increasing both
the ACE and HCTZ by doubling his current dose.

Direct Renin Inhibitors

68. How is aliskiren different than an ACEI or ARB?

Aliskiren is the first oral direct renin inhibitor.116 Agents
within this new antihypertensive drug class inhibit the RAAS
at the first step of this system, which results in reduced plasma
renin activity and BP lowering. This is different than both
the inhibition of angiotensin-2 production from ACEI ther-
apy and the inhibition of angiotensin-2 seen with ARB ther-
apy. Aliskiren has a 24-hour half-life that allows for once-daily
dosing. Its primary route of elimination is through biliary ex-
cretion as unchanged drug.

Some similarities and some differences exist among the side
effects associated with aliskiren when compared with ACEIs
and ARBs. Similarly, aliskiren should not be used in preg-
nancy because of the known teratogenic effects from blocking
the RAAS system. Increases in serum creatinine and serum
potassium have been associated with aliskiren similar to ACEI
and ARB therapy, mediated by the inhibition of angiotensin-2
vasoconstrictive effects on the efferent arterioles of the kidney,
and blocking of aldosterone. Monitoring of serum creatinine
and serum potassium should be done in patients treated with
aliskiren, particularly in those treated with the combination
of aliskiren and an ACEI, ARB, potassium-sparing diuretic,
or aldosterone antagonist. Angioedema has been reported in
patients treated with aliskiren, but the exact prevalence is un-
known.

69. What is the role of aliskiren in treating hypertension? Can
patients treated with either an ACEI or ARB have aliskiren added
to their drug regimen?

The exact role of aliskiren treatment of hypertension is un-
clear. It is approved as monotherapy or in combination therapy.
The BP reductions with aliskiren as monotherapy are similar
to those seen with an ACEI, ARB, or CCB (specifically am-
lodipine). Aliskiren provides additive BP lowering when used
in combination with HCTZ, ACEI, ARB, and CCB. Its efficacy
in combination with maximal doses of ACEI is unknown, how-
ever. Studies evaluating long-term effects on CV events and
progression of diabetic nephropathy are currently underway.
Therefore, aliskiren is considered an alternative antihyperten-
sive agent at this time because of unknown long-term effects
on hypertension-associated complications.

Central α2-Agonists
CLONIDINE

70. T.M. is a 37-year-old man. He is a truck driver with a 5-year
history of hypertension. His Framingham risk score is <10% and
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he does not have hypertension-associated complications or any
compelling indications. Secondary causes have been ruled out. His
regimen is losartan/HCTZ 100/25 mg daily and sustained-release
diltiazem 240 mg daily. Other antihypertensive drugs have failed
because of various side effects (captopril and lisinopril caused
a dry cough, atenolol and carvedilol caused fatigue, nifedipine
and amlodipine caused edema, and terazosin caused orthostasis).
T.M. has been adherent to his present medications and lifestyle
modification, but has been unable to quit smoking. His clinic and
home BP values have been similar and averaged 150/95 mmHg
for the past 3 months. Clonidine 0.1 mg twice daily is added to
his regimen. How can both an α2-agonist and α1-antagonists be
effective antihypertensive agents?

The antihypertensive effects of α2-agonists (Table 13-18)
are attributed to their central α2-agonist activity. Stimulation
of α2-receptors in the CNS inhibits sympathetic outflow (via
negative feedback) to the heart, kidneys, and peripheral vascu-
lature, resulting in peripheral vasodilation. Although the α2-
agonists are effective as monotherapy, they are not first-line
therapy for the treatment of hypertension because of their po-
tential side effects and a lack of evidence showing reductions
in morbidity and mortality.

α2-Agonists are most effective when used with a diuretic
because they all can cause fluid retention. Ideally, they should
be used in combination with agents that have different mecha-
nisms of action and with agents that do not affect other central
adrenergic receptors. Clonidine can cause rebound hyperten-
sion when abruptly stopped. T.M.’s occupation may place him
at risk for this complication if he misses doses because of un-
usual work hours or prolonged travel.

71. How should T.M.’s clonidine dose be titrated?

Clonidine should be started at a low dosage and gradually
increased to achieve optimal BP lowering with minimal side
effects. It is started as 0.1 mg twice daily, with 0.1 or 0.2 mg/day
increases every 2 to 4 weeks until BP goal is achieved or side
effects appear. Clonidine also is available as a transdermal
patch, which releases the medication at a controlled rate over
7 days, and may have fewer side effects than the oral dosage
form. The onset of initial BP effect may be delayed for 2 to 3
days after application; thus, rebound hypertension might occur
when oral clonidine is switched to transdermal. To prevent this,
an oral dose should be taken on the first day that the transdermal
patch is used. Anticholinergic side effects, such as sedation and
dry mouth, are the most frequent and bothersome side effects of
clonidine. These are especially problematic in elderly patients.

72. After several weeks, T.M.’s BP is 138/84 mmHg with cloni-
dine 0.2 mg twice daily. However, he is now experiencing daytime
somnolence and dry mouth. What other α2-agonists are avail-
able?

METHYLDOPA
Methyldopa has been extensively evaluated and is consid-

ered safe in pregnancy. Therefore, it is recommended as a
first-line agent when hypertension is first diagnosed during
pregnancy.117 Beyond that, little role exists for methyldopa in
the management of hypertension. The usual initial dose is 250
mg administered twice daily up to 2,000 mg/day. Methyldopa
causes side effects similar to those associated with clonidine,
including sedation, lethargy, postural hypotension, dizziness,
dry mouth, headache, and rebound hypertension. These may

decrease with continued use. Other significant side effects in-
clude hemolytic anemia and hepatitis. Although these are both
rare, they necessitate discontinuing the medication.

OTHERS
Guanfacine and guanabenz have a high incidence of side

effects. These agents can cause dry mouth, sedation, dizzi-
ness, orthostatic hypotension, insomnia, constipation, and im-
potence. Guanfacine has a long half-life and may have less re-
bound hypertension than other α2-agonists. The adverse effects
of other α2-agonists (methyldopa, guanfacine, and guanabenz)
are nearly identical to that of clonidine. In general, patients who
do not tolerate one α2-agonist will not tolerate the others. An
antihypertensive agent from a different class (aldosterone an-
tagonist, aliskiren, reserpine or an arterial vasodilator) should
be chosen for T.M.

Reserpine

73. What is the role of reserpine in the contemporary manage-
ment of hypertension?

Reserpine is one of the oldest antihypertensive agents cur-
rently available. It is extremely effective in lowering BP when
added to a thiazide diuretic. Reserpine is inexpensive, and is
dosed once daily. Several of the landmark trials that demon-
strated reduced morbidity and mortality with BP lowering in
hypertension used reserpine. The SHEP trial used reserpine as
a second-step agent added to chlorthalidone in patients who
could not take atenolol.39

Low-dose reserpine (0.05–0.1 mg once daily) is effective at
lowering BP and has significantly fewer side effects compared
with high doses. Reserpine can cause nasal stuffiness in many
patients. Gastrointestinal ulcerations have been reported, but
they are associated with either parenteral administration or very
large doses. T.M. is a candidate for low-dose reserpine. He is
already taking a thiazide diuretic, which should always be used
with reserpine, and his therapeutic options are limited. Of all
the agents remaining for T.M., other than aliskiren, reserpine
has the most favorable side effect profile.

Many clinicians avoid reserpine because of the myth that
it can cause depression. This fear was generated from case
reports in the 1950s when very high doses (0.5–1.0 mg/day)
were used. Furthermore, many of the patients described in these
cases would not meet modern criteria for depression; rather,
they would be described as oversedated. When reserpine is
limited to a maximum of 0.25 mg daily, depression is no more
frequent than with other antihypertensive agents.

Arterial Vasodilators
HYDRALAZINE

74. C.M. is a 56-year-old woman with a history of hyperten-
sion and severe chronic kidney disease (estimated GFR of 14 mL/
minute/1.73 m2). Her antihypertensive regimen consists of
torsemide 40 mg daily, amlodipine/olmesartan 10/40 mg daily,
metoprolol succinate 200 mg daily, and lisinopril 40 mg daily. She
started hydralazine 50 mg twice daily 4 weeks ago when her BP
was 148/92 and 146/90 mmHg. She has been very compliant, and
her BP is now 136/88 mmHg with a heart rate of 82 beats/minute.
Her lung fields are clear, with 1+ bilateral pitting edema. Serum
electrolytes are within normal limits. Why was hydralazine used
in this patient?
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Hydralazine causes direct relaxation of arteriolar smooth
muscle with little effect on the venous circulation. Arterial
vasodilators are infrequently used, except for patients with se-
vere chronic kidney disease. In this population, hypertension
is difficult to control and often requires four or five agents. Se-
vere chronic kidney disease results in increased renin release
and increased fluid retention. Potent vasodilation, in combi-
nation with diuresis, is often effective in lowering BP under
these conditions. Potent vasodilation, however, stimulates the
sympathetic nervous system and results in a reflex tachycardia,
increased PRA, and fluid retention. Thus, the hypotensive ef-
fectiveness of direct arterial vasodilators can quickly diminish
with time when used as monotherapy. To prevent this effect, ar-
terial vasodilators should always be used in combination with
both a β-blocker to counteract reflex tachycardia and a diuretic,
often a loop diuretic if used in severe chronic kidney disease,
to minimize fluid retention.

75. After 18 months, C.M.’s hydralazine dose is 150 mg twice
daily, and her BP is at goal. She now complains of joint pain in
both her right and left hands, which extends to the wrists, and
generalized weakness with frequent fevers. What is a possible
explanation for C.M.’s subjective complaints?

C.M.’s symptoms are consistent with drug-induced lupus
(DIL). Hydralazine is one of the most common agents reported
to cause DIL. Musculoskeletal pains are the most frequent
symptoms, but systemic symptoms (e.g., pericardial effusion
and chest pain) and rash may also occur. Hydralazine doses as
low as 100 mg/day can cause DIL, and the risk significantly
increases when >200 mg/day is used.

76. What objective data can be obtained to confirm the suspi-
cion of DIL?

Laboratory tests are used to establish a diagnosis of DIL.
A positive antinuclear antibody (ANA) is a common finding
in 70% to 100% of those with long-term hydralazine expo-
sure. Only a small percentage of these patients, however, will
experience symptoms of DIL. A positive ANA test without
symptoms of DIL does not warrant stopping hydralazine, so
routine ANA testing is not necessary. The typical ANA pattern
in DIL is diffuse and directed against single-stranded DNA (ss-
DNA), not against double-stranded DNA (ds-DNA), as is the
case with systemic lupus erythematosus (SLE). Other com-
mon laboratory findings include an elevated erythrocyte sed-
imentation rate (ESR), lupus erythematosus (LE) cells, and a
false–positive serologic test finding for syphilis.

Patients with DIL from hydralazine rarely develop seri-
ous complications, which include blood dyscrasias such as
leukopenia, and thrombocytopenia. Renal complications are

not frequently associated with DIL. Of all causative agents
associated with DIL, hydralazine, however, has the highest in-
cidence of kidney dysfunction. A serum creatinine should be
obtained to identify any elevations, and a urinalysis should be
conducted to monitor for signs of proteinuria and hematuria.
In C.M., these tests may not be helpful because she has severe
chronic kidney disease.

77. Laboratory findings for C.M. showed a positive ANA (dif-
fuse), a white blood cell count of 3,500/mm3, and an ESR of 45
mm/hour. DIL is diagnosed. How should this drug-induced toxi-
city be managed?

Hydralazine should be discontinued. Symptoms should be-
gin to subside within days or weeks and complete resolution
of symptoms can be expected; however, a positive ANA may
persist for several months.

MINOXIDIL

78. How should C.M.’s BP be managed?

C.M.’s BP responded to hydralazine, so she would likely
benefit from another arterial vasodilator. Minoxidil, a potent
arterial vasodilator, is similar to hydralazine with regard to
causing reflex tachycardia, increased cardiac output, increased
PRA, and fluid retention. Therefore, concomitant β-blocker
and diuretic therapy is required. Minoxidil should be reserved
for patients such as C.M. who have severe chronic kidney dis-
ease or have resistant hypertension.

79. How should C.M. be counseled regarding the use of minox-
idil for her hypertension?

Hypertrichosis is a common adverse effect of oral minox-
idil, occurring in 80% to 100% of patients. The hair growth
is not associated with an endocrine abnormality and begins
within the first few weeks. It commonly occurs on the temples,
between the eyebrows, on the cheeks, and on the pinna of the
ear. Hair growth can extend to the back of the legs, arms, and
scalp with continued use. Some patients, especially women,
find the hypertrichosis so intolerable that they stop treatment.
Topical minoxidil is an approved therapy for male pattern bald-
ness, but topical administration does not provide BP-lowering
effects.

Fluid retention with minoxidil is common, presenting as
edema and weight gain. If adequate diuresis is not maintained
during minoxidil therapy, left ventricular dysfunction may be
precipitated or worsened. This also occurs with hydralazine.
The compensatory reflex tachycardia with minoxidil also may
precipitate angina in patients who have, or are at risk for, coro-
nary artery disease.
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Peripheral Arterial Disease
Peripheral arterial disease (PAD) is a common and sometimes
painful complications from stenosis or occlusion in the pe-
ripheral arteries of the legs, usually caused by atherosclerosis.
Some clinicians and patients have characterized claudication
pain as “angina” of the legs. When considering the risk factors
and pathology of intermittent claudication (IC), the association
with coronary disease becomes clear.

Intermittent claudication is described as aching, cramping,
tightness, or weakness of the legs, which usually occurs during
exertion. Claudication pain is relieved when the physical ac-
tivity is discontinued. Numbness or continuous pain in the toes
or foot may be present, indicating tissue ischemia, which can
lead to ulceration. IC is a painful condition that can severely
limit the patient’s mobility and lead to tissue necrosis or ampu-
tation of the affected limb. Many patients with PAD, however,
are asymptomatic or have atypical lower limb symptoms, such
as leg fatigue, difficulty walking, or similar nonspecific com-
plaints. Because symptoms of IC develop gradually, patients
may not seek medical attention until the condition is advanced.

Epidemiology
Peripheral arterial disease is a relatively common condition that
affects men and women equally, with a prevalence of 12%,1

although men have a twofold increased prevalence of symp-
tomatic IC.2 The annual incidence of IC increases dramatically
with age (Table 14-1). Most patients with PAD are largely
asymptomatic, although their risk of developing symptoms of
IC in the future is greatly increased. In a population with only
a 2% prevalence of IC symptoms, 11.7% of patients had de-
tectable large vessel atherosclerosis of the lower extremities.3

This disparity between IC symptoms and the presence of PAD
contributes to the observation that 50% to 90% of patients

with IC do not mention the symptoms to their physician. Pa-
tients attribute the symptoms of IC to normal walking difficul-
ties associated with aging, not a medical condition requiring
treatment.4

Risk factors for developing occlusive PAD are similar to
those for coronary artery disease. Longstanding diabetes is the
most significant risk factor, with 30% of patients with diabetes
affected by PAD.5 PAD is five times more common in patients
with diabetes than in patients without diabetes; in diabetics, it
develops at a younger age and progresses more rapidly. Each
1% increase in glycosylated hemoglobin is associated with a
28% risk of incident PAD.6 Other risk factors include cigarette
smoking, hypertension, dyslipidemia, hyperhomocysteinemia,
and C-reactive protein.7 Hypertriglyceridemia is a more sig-
nificant risk factor for PAD than for coronary artery disease,
and this may partially explain the increased prevalence of PAD
in patients with diabetes.8

Cigarette smoking has a higher correlation with the devel-
opment of IC pain than any other risk factor, and the risk in-
creases dramatically with the number of cigarettes smoked per
day and the duration of smoking history.9 In patients with other
cardiovascular risk factors, including hypertension or diabetes,
smoking further increases the rate of claudication develop-
ment. Smoking confers a sevenfold increase in risk for PAD
compared with nonsmokers. In contrast, the risk of coronary
artery disease is only increased twofold in smokers. Thus, the
mechanism by which cigarette smoking causes damage may
be different for these two vascular diseases.10

Epidemiologic studies show that IC is nonprogressive in
75% of patients over a period of 4 to 9 years. The other 25%
of patients with IC have worsening painful ischemic episodes
over this period. Although rare, more serious complications
can occur. Ischemic tissue changes, ulceration, and gangrene
can accompany advanced peripheral atherosclerosis. Ampu-
tation of the affected limb may be necessary in up to 5% of

14-1
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Table 14-1 Annual Incidence of Intermittent Claudication
by Age3

Age Group (yr) Annual Incidence (%)

40 2.0
50 4.2
60 6.8
70 9.2

patients with claudication.11 The presence of two independent
risk factors, such as diabetes and cigarette smoking, has an
additive effect on the risk for the development of progressive
IC and serious limb complications (Table 14-2).

During a relatively short 2-year follow-up of a population
with IC, 3.6% of patients died, whereas 22% experienced a
nonfatal cardiovascular event (defined as any cardiac, cere-
bral, or peripheral vascular event). Furthermore, 26% experi-
enced a decline in their walking capability during the same time
frame.12,13 Although a relatively small fraction of patients died
during the 2-year observation period, it is paramount to recog-
nize that severe, short-term morbidity is highly likely in this
patient population. IC clearly reflects generalized atheroscle-
rosis and is associated with considerable morbidity.

Pathophysiology
Intermittent claudication, and its associated pain and impaired
mobility, is the predominant complication of occlusive PAD.
The major cause of occlusive PAD is arteriosclerosis obliter-
ans, defined as the development of atherosclerotic plaques in
the peripheral vasculature. These plaques develop as a result of
endothelial activation associated with conditions such as dys-
lipidemia, diabetes mellitus, hypertension, and tobacco use.
Plaques result in the proliferation of vascular smooth muscle,
with subsequent damage to the vascular structure. The dam-
aged endothelium of the vasculature has impaired vasodila-
tory capabilities because secretion of nitric oxide, also known
as endothelium-derived relaxing factor, is decreased and se-
cretion of vasoconstrictive substances, such as endothelin, are
increased. Both defects impede blood flow to the extremities.
In addition, growth of atherosclerotic lesions can physically
limit blood flow. Exercise may induce IC symptoms in patients
who have lesions with >50% stenosis, whereas patients with
lesions of >80% stenosis can have pain at rest. The lesions
themselves can be unstable and rupture, or adjacent smaller
vessels experiencing high hemodynamic pressure caused by
nearby plaques may rupture. Either situation can lead to acute
vascular occlusion, analogous to unstable angina or acute my-
ocardial infarction (MI) in coronary arteries.14

Table 14-2 Long-Term Incidence of Outcomes in Patients
With Intermittent Claudication11,12

Abrupt Limb Amputation
Patient Population Ischemia (%) (%)

All patients 23 7
Diabetics 31 11
Smokers 35 21

FIGURE 14-1 Common sites of atherosclerosis (shown in black) in the
aorta and lower extremities. (From reference 14, with permission.)

Figure 14-1 illustrates the distribution of the major periph-
eral arteries. Plaques that develop in central vessels (e.g., in the
ilioaortic artery) are primarily associated with buttock pain
and erectile dysfunction. Those confined to the more distal
femoropopliteal arteries characteristically cause thigh and calf
pain. Occlusion of the tibial arteries will produce claudication
pain in the foot. When more than one artery bed is affected by
severe atherosclerosis, symptoms of IC will be diffuse. Symp-
toms of IC indicate an inadequate supply of arterial blood to
peripheral muscles. Exercise, including walking, increases the
metabolic demands of the muscles and can lead to claudica-
tion pain. Reduced blood supply to the muscles results from
changes in perfusion pressures and vascular tone caused by
atherosclerosis.

Atherosclerosis can impair the microcirculation of the pe-
ripheral muscles by altering the pressure gradient needed for
perfusion of the capillaries (Fig. 14-2). When obstruction de-
velops, perfusion of tissue distal to the stenotic lesion relies
on collateral blood flow. Collateral circulation consists of new
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FIGURE 14-2 Consequences of occlusive atherosclerotic disease in the lower limbs. EDRF, endothelium-
derived relaxing factor. (From reference 169, with permission.)

blood vessels that develop to carry blood around the occluded
area.

Erythrocyte deformability is an important factor for in vitro
capillary perfusion.15,16 In areas free of compromised blood
flow, normal red blood cells (RBCs) have the ability to deform
when passing through a small capillary. By aligning themselves
in a planar manner, the RBCs also reduce the viscosity of the
blood suspension, enabling them to pass smoothly through the
capillary. In many patients with IC, RBCs have a marked de-
crease in this intrinsic ability to deform, which results in in-
creased blood viscosity. This defect is promoted by chronic
tissue ischemia and hypoxia caused by increased intracapil-
lary leukocyte adherence, platelet aggregation, and activation
of complement and clotting factors.14 The vascular responses
to hypoxia are detrimental because this sequence of events

further inhibits blood flow and oxygen delivery to the tissues
(Fig. 14-3).

Clinical Presentation

1. J.S. is a 54-year-old, 100-kg man with a history of type 2,
insulin-treated diabetes mellitus, angina, dyslipidemia, and to-
bacco use. His chief complaint today is right upper thigh pain
while walking around the block. The pain has gradually increased
over the past 12 months, but only recently has become intolera-
ble. The pain is relieved within minutes after he stops walking.
J.S. smokes 1.5 packs of cigarettes a day.

His most recent laboratory results are significant for to-
tal cholesterol, 290 mg/dL (optimal, <200 mg/dL); fasting
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FIGURE 14-3 Erythrocyte inflexibility in intermittent claudication.

triglycerides, 350 mg/dL (optimal, <150 mg/dL); LDL, 188
mg/dL (optimal, <100 mg/dL); and HDL, 32 mg/dL (optimal,
>40 mg/dL). His serum creatinine (SrCr) is 1.0 mg/dL (normal,
0.7–1.5 mg/dL), blood urea nitrogen (BUN) 15 mg/dL (normal,
8–20 mg/dL), and hemoglobin (Hgb) A1c 10.0% (normal, 5%–
6%), and he has a fasting glucose of 150 mg/dL (normal, 70–
115 mg/dL). His blood pressure (BP) is 170/95 mmHg, heart rate
(HR) is 89 beats/minute, and his posterior tibial artery pulse is
not palpable. A Doppler ultrasound study is performed, and his
ankle:brachial index is 0.7 (normal, >0.90).

J.S.’s medication list includes isosorbide dinitrate 20 mg three
times daily (TID) (while awake), aspirin 325 mg every day (QD),
and enalapril 10 mg twice daily (BID). His insulin doses have pro-
gressively increased to neutral protamine hagedorn (NPH) insulin
40 U in the morning and 35 U in the evening. What risk factors
and elements of J.S.’s presentation are compatible with a diagnosis
of IC?

[SI units: total cholesterol, 7.49 mmol/L (optimal, <3.88 mmol/L); triglyc-

erides, 3.95 mmol/L (optimal, <2.26 mmol/L); LDL, 4.86 mmol/L (normal,

<2.58 mmol/L); HDL, 0.83 mmol/L (normal, >1.04 mmol/L); SrCr, 60

mmol/L; BUN, 5.3 mmol/L; HgbA1c, 0.1, glucose 8.3 mmol/L]

J.S.’s medical history illustrates classic risk factors for
vascular occlusion and IC, including dyslipidemia (specifi-
cally hypertriglyceridemia), diabetes, hypertension, and to-
bacco use. In particular, his diabetes is not adequately con-
trolled based on elevated HgbA1c and fasting glucose levels,
and he is obese. This constellation of disorders is known as
the metabolic syndrome. These factors, along with smoking,
commonly are seen together and have been linked with hyper-
insulinemia and accelerated atherosclerosis (Fig. 14-4).17,18

The presence of angina indicates coronary artery disease, so
it is not surprising that he has peripheral vascular occlusion as
well.

The classic pain of IC described by J.S. is associated with
exercise of the affected muscle group(s) and subsides with a
few minutes of rest and reperfusion. IC pain also can occur at
rest; however, this type of claudication pain is less common and
is an indication of extensive disease. Other common symptoms
of extensive atherosclerosis include cold feet and persistent
aching of the feet during rest or sleep. Restricted blood flow to
the feet along with pooling of blood secondary to inadequate
pressure needed to propel blood back up the leg can lead to
rubor (red or purple color of the foot). Other indicators of
peripheral atherosclerosis are the loss of hair from the top of
the feet, thickening of the toenails, and absence of sweating
of the lower legs and feet, all caused by poor circulation.14

The results of objective studies performed on J.S. are con-
sistent with IC. Doppler ultrasound of the spine is helpful in

Insulin Resistance
and Hyperinsulinemia

Smoking

Type 2 Diabetes

Hypertension

Central
Obesity

Dyslipidemia

Atherosclerotic
Disease

FIGURE 14-4 The metabolic syndrome in atherosclerosis.
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Table 14-3 Severity of Arterial Obstruction As Assessed by
Ankle:Brachial Index27

Severity Ankle:Brachial Index a

Normal >0.90
Mild 0.70–0.89
Moderate 0.50–0.69
Severe >0.50

aAnkle:brachial index is the systolic blood pressure in the ankle divided by the
systolic blood pressure in the arm.

excluding pseudoclaudication caused by spinal stenosis and
other neurogenic or musculoskeletal causes of leg pain. Ultra-
sound also is useful to measure BP of the lower extremities.
An ankle:brachial index (ABI) of 0.7 means that the ankle sys-
tolic BP reading is only 70% of the systolic pressure in the
brachial artery supplying blood to the arm. In patients with IC,
this is caused by atherosclerotic obstruction of blood flow in
the lower limbs and subsequent decreased perfusion pressures
in the ankle compared with the arm (Table 14-3). The lower
the ABI, the more blood flow to the extremities is compro-
mised and the greater the severity of symptoms. An ABI <0.9
is diagnostic for peripheral arterial disease. Also, loss of the
posterior tibial pulse, as seen in J.S., is common in those with
peripheral vascular occlusion.

Treatment
Therapeutic Objectives and Nonpharmacologic Interventions

2. What is the therapeutic objective in treating J.S.? What
interventions should be initiated to prevent claudication pain and
arrest progression of the disease?

The specific treatment goals for J.S. are prevention of further
claudication pain, lessening the current pain he experiences,
arresting the progression of underlying disease, and decreas-
ing his risk of any cardiovascular event. Achieving these goals
will provide J.S. with the best chance of avoiding further mo-
bility impairment, amputation, and cardiovascular events such
as stroke or MI. An important concept that should be stressed
when explaining these treatment goals to J.S. is that all his dis-
eases are closely interrelated, and that a beneficial intervention
for one disease is beneficial for all. Interventions that can be ini-
tiated include diet modification and weight loss, control of his
diabetes, hypertension therapy optimization, and dyslipidemia
therapy. The American College of Cardiology and American
Heart Association have published guidelines that thoroughly
evaluate the interventions and medications that have been used
to treat IC and PAD.7 Table 14-4 summarizes these recommen-
dations. The two most important things that J.S. can do for his
IC are summed up in five words: “Stop smoking and keep
walking.”19

SMOKING CESSATION
The importance of smoking cessation cannot be overem-

phasized to patients with IC. It is the most important modi-
fiable factor in preventing the development of rest pain, pro-
longed limb ischemia, and the need for amputation. Several
studies document improved survival and decreased amputa-

Table 14-4 Medical Treatment of Peripheral Arterial Disease
and Expected Outcomes7,168

Improve Leg Prevent Systemic
Intervention Symptoms? Complications?

Smoking cessation Yes Yes
Exercise Yes No
Cilostazol Yes No
Statin drugs Yes Yes
Angiotensin-converting

enzyme inhibitors
Yes Yes

Blood pressure control No Yes
Antiplatelet therapya No Yes

aAspirin or clopidogrel.

tion rates in patients with IC who stopped smoking compared
with patients who continue to smoke.20,21 Other benefits, such
as improved treadmill walking distance, decreased progression
to symptoms, and decreased complications following vascular
reconstructive surgery, have been shown in patients who are
able to quit smoking compared with patients who continue to
smoke.7,20,22–24 It is also the intervention that will decrease
J.S.’s claudication pain most rapidly. If J.S. is able to stop
smoking, his risk of developing rest pain or requiring limb
amputation will be very low. He also will decrease his risk
of MI and mortality by three- and fivefold, respectively. Table
14-5 summarizes the risk of cigarette smoking and the value
of smoking cessation on cardiovascular complications.

Many pharmacologic products and strategies are available
to aid patients such as J.S. to stop smoking (see Chapter 84,
Treatment of Tobacco Use and Dependence). Many are nico-
tine replacement products, which can be administered as a nasal
spray, chewed as a gum, consumed as a lozenge, or absorbed
through a transdermal patch. If these are needed to help him
stop smoking, their use is warranted. Nicotine itself has harm-
ful effects on the vasculature via catecholamine release and
vasoconstriction, however, and it may play a role in endothelial
damage and atherosclerosis progression.25 Medications that do
not contain nicotine, such as bupropion (Zyban) and vareni-
cline (Chantix), and smoking cessation counseling or support
groups should be used as necessary to help the patient stop
smoking.

Table 14-5 Patient Outcomes Based on Smoking Status
After Intermittent Claudication Diagnosis11,20

Patient Population
Length of

Outcome Follow-up (yr) Current Smokers (%) Past Smokers (%) a

Rest pain 7 16 0
Myocardial

infarction
10 53 11

Amputation 5 11 0
Mortality 10 54 18

aQuit after intermittent claudication diagnosis.
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EXERCISE
An individualized and supervised exercise program has

been endorsed for patients with PAD and will benefit J.S.’s
other risk factors as well.7 The pain associated with IC results
in decreased mobility, and because of deconditioning from lack
of exercise, patients with IC may slowly become dependent on
others for activities of daily living. An exercise program is
the most effective way to both preserve and increase mobil-
ity. It is more effective than the best pharmacologic therapy
currently available.26 The ideal exercise program consists of
walking for a minimum of 30 to 45 minutes at least three times
a week.7 J.S. should walk as fast and far as he can until the pain
becomes severe; he should then wait until the pain subsides,
and then resume walking.27 At first, J.S. may experience sev-
eral painful episodes during each exercise session, but these
should gradually decrease as the beneficial effects of exercise
therapy begin to emerge. Studies have documented that this
type of exercise program can more than double the pain-free
distance a patient with IC is able to walk.28 Several surgical
options are available for patients, including surgical bypass of
the affected arteries, in addition to angioplasty and stenting.
An appropriate exercise program results in superior outcomes
compared with angioplasty and stenting, and equal in terms of
walking distance compared with surgery. Significant compli-
cations and mortality are associated with surgery, however, and
when all outcomes are considered, an exercise program is far
more advantageous than surgery.28 For all patients able to walk,
an exercise program should be supervised and individually de-
signed, and the patient should understand the importance of
exercise to his or her continued mobility.26

Rheologic abnormalities of increased blood viscosity, im-
paired RBC filterability, hyperaggregation, and polycythemia
(elevated hematocrit) have been shown to return to normal in
many patients with IC who participate in a regular exercise
program.29 Exercise may offset the need for pharmacologic
intervention. The potential mechanisms by which exercise ben-
efits patients with IC are listed in Table 14-6.

DYSLIPIDEMIA MANAGEMENT

3. Is lipid-lowering therapy indicated for J.S.?

Because IC is a consequence of atherosclerosis, arrest-
ing the progression of J.S.’s atherosclerotic disease is im-

Table 14-6 Primary Mechanisms of Symptom Improvement
With Exercise Therapy in Intermittent Claudication26

Decrease of blood viscosity
Metabolic changes in the muscle

Improved muscle metabolism
Improved oxygen extraction

Improved endothelial function and microcirculation
Decreased occurrence of ischemia and inflammation
Atherosclerosis risk factors improved via:

Weight loss
Glycemic control
Blood pressure control
Increased high-density lipoprotein (HDL)
Decreased triglycerides
Decreased thrombotic tendency

portant (see Chapter 12, Dyslipidemias, Atherosclerosis, and
Coronary Heart Disease). The initiation of the nutritional
and exercise recommendations outlined in the Therapeutic
Lifestyle Changes (TLC) guidelines,30 as well as cholesterol-
lowering agents, are the cornerstones for attaining this goal.
Considerable data suggest that aggressive dietary and phar-
macologic management of dyslipidemia, particularly lower-
ing low-density lipoprotein cholesterol (LDL-C), leads to re-
gression of atherosclerotic lesions in the coronary and carotid
vasculature.31–33 In contrast, relatively few prospective data
exist about the effect of successful lipid-lowering therapy on
the regression or stabilization of peripheral lesions, or on clin-
ical events in patients with PAD. A post hoc analysis of a
large lipid-lowering study in subjects with known coronary
artery disease treated with simvastatin, however, demonstrated
a significant decrease in new or worsening IC, suggesting that
benefit is seen in the prevention of clinically symptomatic
PAD in high-risk patients.34 Another study randomized pa-
tients with known arterial disease of various types to simvas-
tatin 40 mg daily or placebo. After 5 years, a 15% decrease
was found in noncardiac revascularizations, including ampu-
tations, among the patients receiving simvastatin.35 Short-term
outcomes (e.g., 6 months to 1 year), such as improved walking
distance and walking time, have also been documented with
simvastatin 40 mg/day.36,37

A meta-analysis of 698 subjects from several small, ran-
domized trials using a variety of lipid-lowering therapies in
patients with PAD demonstrated reduced severity of claudi-
cation and decreased disease progression as measured by an-
giography. A decrease in mortality was also seen, but this did
not reach statistical significance.38 Limited data suggest high
Lp(a) lipoprotein concentrations may be particularly important
in the development of PAD.39

All patients with evidence of atherosclerotic disease and a
LDL cholesterol >100 mg/dL (SI: 2.6 mmol/L) are candidates
for a lipid-lowering regimen according to the National Choles-
terol Education Program (NCEP).30 J.S. has angina and lower
extremity atherosclerosis, both of which indicate a need for ag-
gressive lipid lowering. His LDL-C is 180 mg/dL, so a reduc-
tion of almost 50% is desired. Lowering triglycerides and rais-
ing HDL-C are secondary goals in J.S. and can be reassessed
after his LDL goal has been reached and the effect of therapy
on these parameters is measured. In addition to an aggres-
sive dietary management program, an hydroxymethylglutaryl-
coenzyme A (HMG-CoA) reductase inhibitor agent should be
prescribed as initial therapy for J.S. HMG-CoA reductase in-
hibitors, exercise, and the American Heart Association diet
will all improve his LDL-C level. They also have beneficial ef-
fects on triglycerides and HDL-C, and the need for additional
therapy can be assessed after the impact of these measures is
determined. Because of a lack of outcome data with many of
the available agents for dyslipidemia, a fibric acid derivative
is the best alternative or additional agent if lipid goals are not
met with statin therapy.7

MANAGEMENT OF HYPERTENSION

4. J.S.’s BP is elevated to 170/95 mmHg despite enalapril ther-
apy. Because he has angina, and his HR is 89, a β-adrenergic
blocker is considered. Are there alternative antihypertensive ther-
apies that might be preferable for J.S.?
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J.S.’s hypertension has likely contributed to the develop-
ment of his atherosclerosis and PAD. Hypertension has been
associated with deficiencies in the synthesis of vasodilating
substances, such as prostacyclin, bradykinin, and nitric oxide,
by the endothelial cells lining the vasculature. Hypertension
also increases concentrations of vasoconstricting substances,
such as angiotensin II. An increase in vascular tone can alter
local hemodynamics, especially in the presence of a stenotic
lesion. Although it has not been determined whether normal-
ization of BP has a positive effect on IC, it is well established
that uncontrolled BP, as in J.S., results in vascular complica-
tions such as MI and stroke. In light of J.S.’s numerous risk
factors for these complications, improved management of his
hypertension is warranted.

β-blockers are frequently cited as contraindicated in
patients with IC owing to the potential for unopposed
α-adrenergic–mediated vasoconstriction during peripheral β-
blockade. Evidence to document worsening IC by β-blockade
is lacking, however. Overall, controlled studies have been in-
conclusive, although, a meta-analysis of placebo-controlled tri-
als and studies with control groups concludes that β-blockers
do not worsen claudication.40

Angiotensin-converting enzyme (ACE) inhibitors are first-
line agents in patients with PAD.7 Compared with other antihy-
pertensive agents, more data document their beneficial effects
in these patient populations. Compared with placebo, walking
distance is increased with both perindopril and ramipril in pa-
tients with PAD.41,42 The Heart Outcomes Prevention Evalua-
tion (HOPE) study of the ACE inhibitor ramipril versus placebo
included >4,000 patients with PAD, and this subgroup derived
benefit in terms of decreased mortality, MI, and stroke.43

Because J.S. has both hypertension and diabetes, his BP
goal is <130/80.44 He is already taking an ACE inhibitor,
which is an excellent initial antihypertensive choice in a pa-
tient with diabetes and PAD. The dose of enalapril could be
increased, or a low-dose diuretic, such as hydrochlorothiazide
or chlorthalidone, could be added. This combination is syner-
gistic and should be very effective in reducing J.S.’s BP.45,46

Other options include a calcium channel blocker or a β-blocker,
both of which are useful in patients such as J.S. with angina.
If J.S. develops angina symptoms with exercise as a result of
sympathetic stimulation, a β-blocker may be required to permit
participation in an exercise program that could greatly benefit
his IC.

MANAGEMENT OF DIABETES

5. Will improving J.S.’s diabetes control slow the progression
of his PAD? What changes in his diabetes management do you
recommend?

Patients with type 2 diabetes mellitus are able to mini-
mize macrovascular and microvascular complications of their
disease with aggressive pharmacologic glucose control.6,47,48

Insulin, sulfonylurea, or metformin therapy have a beneficial
effect on slowing the development of the microvascular com-
plications of diabetes, such as retinopathy and nephropathy.
Metformin has specifically been shown to further reduce the
occurrence of macrovascular complications such as stroke or
myocardial infarction compared with therapy with insulin or
sulfonylureas in obese patients with type 2 diabetes.47

Table 14-7 Effect of Diabetes Mellitus on Intermittent
Claudication Outcomes After 5 Years10

Patients With Patients Without
Diabetes (%) Diabetes (%)

Mortality 49 23
Major amputation 21 3
Deterioration 35 19

J.S.’s diabetes is a significant risk factor for progression to
further ischemic events (Table 14-7). He has a twofold greater
risk of death and a sevenfold greater risk of amputation com-
pared with a patient without diabetes. Although a specific bene-
fit on IC has not been demonstrated, it seems prudent to initiate
or continue aggressive diabetes management in patients with
type 2 diabetes mellitus and IC. The addition of metformin
to J.S.’s therapy could improve his blood glucose control and
decrease his risk of vascular complications. This agent will
favorably affect hepatic glucose production and insulin sensi-
tivity and could result in weight loss. The addition of a short-
acting insulin before meals is another possible intervention. It
is hoped that J.S. can reach his hemoglobin A1c goal of <7%
and a fasting blood glucose of 90 to 130 mg/dL with diet, exer-
cise, and metformin therapy, in addition to his standing dose of
insulin.49 It would also be helpful to have J.S. check his blood
glucose before meals, 1 to 2 hours after meals, and at bedtime
and to keep a log of the results. This may help improve un-
derstanding of his medication and nutrition therapies and help
guide future therapy changes.

J.S. also must take proper care of his feet to prevent ulcer-
ative complications of IC. He should be encouraged to keep
his feet warm, dry, and moisturized and to wear properly fit-
ted shoes and perform daily foot inspections.7 He should seek
medical attention immediately for minor trauma to his feet or
legs.4 These measures can reduce the incidence of amputation
in patients with diabetes.

Pharmacologic Therapies
ANTIPLATELET THERAPIES

6. Is the aspirin that J.S. is taking beneficial for preventing
further complications of IC? Would a newer agent such as clopi-
dogrel offer any advantage over aspirin?

Aspirin is one of several antiplatelet agents that may be
considered for indefinite use in patients such as J.S. with IC. A
paucity of studies has directly addressed the effects of aspirin
on IC symptoms. Rather, most available data address the impact
of aspirin on overall cardiovascular morbidity and mortality.
Aspirin exerts its antiplatelet effect by irreversibly inhibiting
cyclooxygenase. This enzyme is essential for the production of
thromboxane A2, a stimulus for platelet aggregation. Although
aspirin has no direct effect on plaque regression, it does prevent
and retard the role platelets play in the thrombogenic events
that occur in the vicinity of atherosclerotic plaques.50 Aspirin
is an effective antithrombotic agent at dosages ranging from
50 to 1,500 mg daily. The minimal dosages proved to decrease
cardiovascular events are 75 to 150 mg daily, with the higher
dosage showing benefit in active processes, such as acute is-
chemic stroke51 and acute MI.52 A dosage of 75 mg daily has
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demonstrated benefit in patients with hypertension53 and sta-
ble angina.54 No evidence indicates that these “low doses” are
any more or any less effective than dosages of 900 to 1,500 mg
daily.55

Aspirin is mandatory in patients with vascular disease of
any origin (this includes stroke, MI, PAD, and angina). At
dosages of 75 to 150 mg/day, it decreases vascular death
by approximately 15% and all serious vascular events (MI,
stroke, or vascular death) by approximately 20% in high-risk
patients, including those with PAD.55 In patients with PAD,
aspirin can delay the progression of established lesions as
assessed by angiography. When used for primary prevention
of cardiovascular disease in men, aspirin decreased the need
for arterial reconstructive surgery needed because of PAD.56

Whether aspirin has any beneficial effects on walking distance
or claudication pain in patients with IC has not been studied,
however.

Because all dosages of aspirin are similarly efficacious in
decreasing vascular events in this patient population, side ef-
fects determine the dose chosen. Although few studies have di-
rectly compared varying doses, side effects appear to be dose
related. Aspirin 30 mg daily results in less minor bleeding
compared with approximately 300 mg daily,57 and 300 mg
daily results in fewer GI side effects compared with 1,200 mg
daily.58 Therefore, J.S. should take the lowest effective dose of
aspirin; for convenience, 81 mg daily. Of note, J.S.’s hyperten-
sion should be controlled before initiating aspirin therapy to
decrease the small increased incidence of cerebral hemorrhage
associated with its use.59

Ticlopidine is a thienopyridine derivative that blocks adeno-
sine 5′-diphosphate (ADP) receptors on platelets, and de-
creases platelet-fibrinogen binding.60 Several studies docu-
ment its efficacy in patients with PAD on endpoints such
as walking distance, cardiovascular death, and the need for
revascularization surgery.61,62 Diarrhea is a common side ef-
fect, however, and hematologic toxicities (neutropenia and
rarely, thrombotic thrombocytopenic purpura) further limit its
use.63,64 Clopidogrel, an antiplatelet agent with the same mech-
anism of action as ticlopidine but with an improved safety
profile, has largely replaced ticlopidine when thienopyridine
therapy is desired. The effects of clopidogrel on specific PAD
outcomes are not known, but it has been compared with as-
pirin in patients with known atherosclerotic disease. Dosages
of 75 mg daily significantly reduced cardiovascular endpoints
by approximately 25% compared with aspirin in this patient
population.65 In fact, the treatment effect was most pronounced
in the subgroup that had PAD, leading to the suggestion that
clopidogrel may be preferable in the patient population with
PAD. No measure was taken of clopidogrel’s effect on walking
distance or claudication pain, however, nor have these results
been replicated. The combination of aspirin and clopidogrel
was compared with aspirin alone in >15,000 patients at high
risk of vascular events, of whom >20% had a history of PAD,
and approximately 10% had IC.66,67 In this large study that as-
sessed cardiovascular endpoints, no benefit was found to dual
antiplatelet therapy with aspirin and clopidogrel.67 Thus, clopi-
dogrel is an appropriate alternative to aspirin in patients unable
to take aspirin therapy, perhaps owing to a serious allergy.7 It
should not be used in addition to aspirin, however, because the
risk of bleeding and increased cost are not outweighed by any
measurable vascular benefit.67

CILOSTAZOL

7. Are there any medications that can be used to increase the
walking abilities of patients with IC?

Cilostazol is one of the few agents approved by the U.S. Food
and Drug Administration (FDA) specifically for the treatment
of IC. Several studies have confirmed that at a fixed dose of
100 mg twice daily of cilostazol increases walking distance by
approximately 50%,68–70 and that discontinuation of cilosta-
zol resulted in a decline in function.71 This drug possesses
antiplatelet and vasodilitory effects mediated by the inhibition
of phosphodiesterase III.72 Some in vitro observations sug-
gest that these pharmacologic effects of cilostazol are partic-
ularly pronounced at the blood–vessel interface,72 which may
explain its particular efficacy in the patient population with
PAD. Studies that included quality-of-life measurements have
found that cilostazol improved overall quality of life in these
patients.68,73 Additionally, a small improvement was seen in
ABI with chronic cilostazol therapy.74 Despite these positive
findings with cilostazol, several drawbacks exist to its use.
It is contraindicated in patients with heart failure, because
other phosphodiesterase inhibitors cause excess mortality in
patients with heart failure, presumably owing to increased
arrhythmias.75 Other common side effects include headache,
occurring in up to one-third of patients, and loose stools or
diarrhea.69,76 Cilostazol is a cytochrome P450 3A4 substrate;
therefore, any inhibitor of this enzyme system may substan-
tially increase cilostazol levels.

Cilostazol is an importance advance in the treatment of IC.
It is the first pharmacologic agent to demonstrate a consistent
effect on a significant source of IC disability: walking and mo-
bility measures. Although no data address its impact on other
important endpoints, such as amputation and revascularization
procedures or cardiovascular events, it should be added to J.S.’s
existing medication regimen at a dosage of 100 mg twice daily
to attenuate his symptoms of IC. It is hoped that its addition to
smoking cessation, exercise, and optimal blood pressure and
glycosylated hemoglobin attainment will result in good long-
term symptomatic and vascular event outcomes.

RHEOLOGIC AGENTS

8. Has pentoxifylline been shown to be efficacious in patients
such as J.S.? How does this drug benefit patients with IC?

Pentoxifylline, a methylxanthine derivative, is one of the
few agents approved by the FDA for the treatment of IC. The
exact mechanism of action is unclear; however, it appears to
decrease blood viscosity by decreasing fibrinogen, improving
the deformability of both red and white blood cells, and elic-
iting antiplatelet effects.77 Although the theoretic and in vitro
data on pentoxifylline are unique and positive, the data demon-
strating clinical usefulness of this agent are controversial. In
general, the improvements in walking distances from study
to study are unpredictable, and the clinical importance of the
sometimes minimal increases in walking distances is not clear
(e.g., pain-free walking of approximately 30 m greater than
with placebo).78 Some experts assert that these potential ben-
efits of questionable clinical significance are not worth the ex-
pense of drug therapy or the GI side effects.40,79 Because the
therapy is of questionable benefit, the expense and potential
for side effects are rarely justified.
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Pentoxifylline’s role in IC therapy is limited. It may have a
role in patients who are unable to engage in exercise therapy or
in patients with markedly reduced walking distances, in whom
any small increase in walking distance would greatly improve
the patient’s level of activity.80 It also may be tried in patients
who have not gained the desired benefit from smoking ces-
sation and exercise therapy. A 2-month trial of pentoxifylline
is adequate to determine if the patient will benefit from the
therapy.27 J.S. is not severely debilitated, and the benefits of
smoking cessation, exercise therapy, and cilostazol have not
been fully realized. Therefore, pentoxifylline therapy should
be withheld until his response to these well-proven therapies
has been determined and the need for further improvement in
walking distance is established.

VASODILATORS

9. J.S. is already taking isosorbide dinitrate for his angina.
Because IC is made worse by vasoconstriction, should another
vasodilating agent be added to treat both his hypertension and
IC?

The use of vasodilators for J.S. would at first appear to be
a logical pharmacologic intervention to prevent claudication
pain. Vasodilators, including isosorbide dinitrate, directly or
indirectly relax blood vessel walls and increase both skin and
muscle blood flow as long as cardiac output is maintained. With
obstructive arterial disease, however, vessels are sclerotic and
unable to dilate any further. As a result, relatively healthy col-
lateral vessels dilate to a greater extent than diseased vessels
and blood flow is redistributed (shunted) away from areas that
have the greatest need. Blood pressure and perfusion paradox-
ically drop even further in the affected tissues. This process is
known as the steal phenomenon.

Numerous vasodilators (i.e., prostaglandin-E1, prostacy-
clin, isoxsuprine, papaverine, ethaverine, cyclandelate, niacin
derivatives, reserpine, guanethidine, methyldopa, tolazoline,
nifedipine, l-carnitine) have been used to treat IC. None, how-
ever has convincingly or consistently improved exercise perfor-
mance, despite earlier beliefs that they were effective.81,82 ACE
inhibitors are the exception to this rule, as discussed above, and
their beneficial effects are likely independent of their vasodila-
tor properties. One small, controlled study demonstrated im-
provement in walking distance with verapamil, a calcium chan-
nel blocker, compared with placebo in patients with IC.83 Thus,
although vasodilators have generally been eliminated from the
treatment of IC and related obstructive vascular disorders,14

verapamil may be an agent with vasodilating properties that is
useful in patients with IC.

Smoking cessation, an exercise program, and cilostazol are
the interventions that should reduce J.S.’s symptoms of IC to
the greatest degree. After these three measures have been im-
plemented and the impact of the modified BP regimen, which
should definitely continue to include an ACE inhibitor, has
been assessed, the addition of verapamil could be considered.
Verapamil is a cytochrome P450 3A4 inhibitor, and would be
expected to increase concentrations of cilostazol. The magni-
tude of this interaction has not been characterized, nor has its
impact on efficacy and bleeding events been assessed. Based
on the necessity of cilostazol therapy in J.S., the poorly char-
acterized benefits of verapamil in IC, and the plethora of other
antihypertensive and antianginal agents, avoidance of vera-

pamil is prudent in this patient. If additional BP or antianginal
effects are needed, β-blockade or amlodipine can be initiated,
or the nitroglycerin dose can be increased (see Chapter 16,
Ischemic Heart Disease: Anginal Syndromes).

Other Therapeutic Alternatives

10. The sales clerk at a health food store told J.S. that several
nutritional supplements and herbal products would improve his
circulation so that he could walk better. He is considering buying
ginkgo biloba. Does ginkgo or any other herbals or vitamins really
work?

Several herbs and vitamins have been used to treat IC, but
most have not been rigorously studied. To complicate matters,
many studies are published in foreign journals, making access
and interpretation of the data challenging.

Ginkgo biloba is one of the few herbal therapies with
double-blind, placebo-controlled trials to support its use. A
meta-analysis of eight trials representing data from 385 patients
reported a mean increase in pain-free walking of 34 m (a 47%
increase) with a median dosage of 160 mg daily for 6 months.84

It has been proposed that ginkgo’s therapeutic value is related
to its antiplatelet properties.85 Gingko is generally well toler-
ated with no major side effects, except for an increased risk
of bleeding as would be expected with any platelet inhibitor.86

Occasionally, mild GI upset or headache have been reported.87

Although the treatment benefit is modest, a consistent trend in
benefit is seen and the side effects are minor.

Vitamin E has been advocated for the treatment of inter-
mittent claudication for many years.88 Only a few very small,
poorly controlled studies, however, support its ability to im-
prove blood flow and walking distance.89,90 Vitamin E has
not prevented cardiovascular events in patients with both es-
tablished coronary artery disease and risk factors for cardio-
vascular disease.90–92 Although it is generally not harmful at
dosages of 400 to 800 IU/day, vitamin E is unlikely to offer
any symptomatic relief or long-term protection from cardio-
vascular events to J.S.

Patients with IC have decreased intramuscular carnitine
levels, and this impairs oxidative metabolism in skeletal
muscle.93,94 Exogenous propionyl-l-carnitine, 1 to 2 g/day, im-
proves energy production in ischemic muscles. Small studies
have demonstrated beneficial effects on walking distances95,96

and quality of life97 in patients with IC. Although it is not ap-
proved by the FDA, similar agents, such as levocarnitine, are
available in the United States. Limited data suggest its effects
are less than those seen with propionyl-l-carnitine.96

With the abundance of proved, therapeutic measures to be
initiated in J.S., the use of relatively poorly studied and un-
substantiated alternative products is not warranted. If debili-
tating symptoms are still present after adequate trials of the
proved therapies, then ginkgo biloba may be considered. J.S.
should inform his doctors and pharmacist if he uses any of
these agents so they can anticipate the inevitable drug interac-
tions (e.g., ginkgo biloba plus antiplatelet drugs) and to allow
for appropriate assessment and monitoring.

11. Three years have passed, and J.S. stopped smoking 6 months
ago. His symptoms of IC have remained fairly stable, until the re-
cent development of a nonhealing ulcer on his toe. What options
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are there for J.S. if nonpharmacologic and pharmacologic inter-
ventions are not sufficient?

Surgical intervention eventually may be necessary for per-
sistent and complicated disease. Because success rates for pre-
venting amputation and postsurgical complications vary from
institution to institution, surgery should be considered only for
severely ischemic limbs and should be performed in a hospi-
tal with a good history of success.98 Arterial bypass grafting
and percutaneous transluminal angioplasty of the femoral or
iliac arteries, similar to cardiac revascularization, are two pro-
cedures that can be performed. Angioplasty is beneficial in
patients with localized disease, especially in the iliac or su-
perficial femoral arteries, and should be considered in patients
who truly are incapacitated by their activity limitations.99 An-
gioplasty ± stent deployment, atherectomy, and the use of
drug-eluting stents in the peripheral arteries are all options.7

The results obtained are based on several factors, including the
vascular bed affected, the technique used, and the degree of oc-
clusive disease. Interestingly, angioplasty has not decreased the
number of amputations, yet costs for revascularization proce-
dures have doubled.100 The more invasive reconstructive arte-
rial (bypass) surgery can be used if diffuse lesions preclude the
use of localized angioplasty. The true benefits and pitfalls of
these skilled interventions remain unclear.

Emergency surgical intervention may be required if acute,
persistent ischemia develops. This is frequently owing to a
thrombosis associated with advanced atherosclerosis, although
other causes, such as cardiac emboli, cannot be excluded.80

Both surgical thrombectomy and localized thrombolytic ad-
ministration101 with tissue-plasminogen activator (t-PA) or
urokinase have equal success in alleviating acute limb-
threatening ischemia.102,103

RAYNAUD’S PHENOMENON
Raynaud’s disease, first described by Maurice Raynaud in
1862,104 remains largely a medical enigma today. This disorder
is essentially an exaggerated vasospastic response to cold or
emotion. The digits initially turn white, indicating ischemia;
then blue, signaling deoxygenation; and finally, digits appear
red when reperfusion occurs.105 It is usually limited to the skin
of the hands and fingers, but can also occur in the feet. Be-
tween attacks, the digits may appear cool and moist or normal.
This abrupt and discomforting phenomenon can be brought on
by exposure to cold or emotional stress, both likely mediated
through an exaggerated sympathetic response to the precipitat-
ing stimuli. Although both IC and Raynaud’s phenomenon are
disorders of the peripheral arterial circulation, they differ sig-
nificantly in that IC results primarily from atherosclerotic ob-
struction, whereas Raynaud’s disease is caused by vasospasm.

Diagnosis
This disorder can be separated into primary Raynaud’s phe-
nomenon, indicating an idiopathic origin, and secondary Ray-
naud’s. Secondary Raynaud’s consists of signs and symptoms
of Raynaud’s phenomenon in the presence of an associated dis-
ease or condition, most commonly a connective tissue disorder,
such as scleroderma, rheumatoid arthritis, or systemic lupus
erythematosus. Primary Raynaud’s disease is diagnosed only
when secondary causes have been excluded.106 Common cri-

Table 14-8 Diagnosis of Primary Raynaud’s Phenomenon113

Vasospastic attacks caused by cold or emotional stress
Symmetric attacks involving both hands
No evidence of digital ulcerations, pitting, or gangrene
Normal nailfold capillaries
No suggestion of a secondary cause
A negative antinuclear test
A normal sedimentation rate

teria for the diagnosis of primary Raynaud’s phenomenon are
listed in Table 14-8. The diagnosis is generally a subjective one,
consisting of clinical signs and symptoms, and simply reflects
cold hands, feet, or both without normal recovery following a
cold stimulus or emotional stress.107 In unaffected individuals,
a cold provocation should result in some mottling and cyanotic
changes in the hands, with recovery once the stimuli are re-
moved. In patients with Raynaud’s phenomenon, however, the
same cold provocation causes closure of the digital arteries,
which produces a sharply demarcated pallor and cyanosis of
the digits that persists despite removal of the stimulus.107 The
most reliable objective method to measure artery closure dur-
ing an attack is the finger systolic BP108; however, subjective
diagnostic criteria are most commonly and easily employed to
diagnose Raynaud’s phenomenon.

Epidemiology
In general, the prevalence of Raynaud’s phenomenon is about
3% to 4% across several ethnic groups106; however, it may be
as high as 20% in some geographically defined populations.109

It is more common in women than men, tends to affect young
patients, and has a higher prevalence in patients with fam-
ily members who also experience Raynaud’s phenomenon. An
onset in the teenage years suggests primary Raynaud’s phe-
nomenon, whereas an onset after 30 years of age suggests a
secondary cause.110 Secondary Raynaud’s phenomenon is usu-
ally associated with a connective tissue disorder, but several
other conditions may predispose individuals to its develop-
ment. These include occupational-related exposures to vibra-
tory machinery (e.g., drills, grinders, chain saws) that cause
neural damage,111 vinyl chloride, or hand trauma.112,113 The
diagnosis of primary Raynaud’s phenomenon is accurate ap-
proximately 85% of the time. The remaining 15% will manifest
a connective tissue disorder during the next decade, and will
most likely occur in individuals with serum antinuclear anti-
bodies and thickened fingers.114 Raynaud’s phenomenon can
also be associated with medications, including β-adrenergic
blocking agents, ergots, cytotoxic drugs, and interferon, all of
which can induce vasoconstriction.115,116 Although avoidance
of β-adrenergic blocking agents in patients with Raynaud’s
phenomenon appears prudent, no discernible effect, as mea-
sured by skin temperature and blood flow, was found with the
administration of both selective and nonselective β-blockers
to patients with Raynaud’s phenomenon.116 Raynaud’s phe-
nomenon not associated with a connective tissue disorder is
often transient, and does not interfere with daily activities.117

The effect of smoking on Raynaud’s phenomenon has yielded
conflicting results. Overall, there appears to be a negligible ef-
fect of smoking on the prevalence of Raynaud’s phenomenon,
the incidence of attacks, and digital blood flow.118,119
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Pathophysiology
The blood vessels of the digital skin, which have a prime
role in the regulation of body temperature, are supplied with
vast amounts of sympathetic vasoconstricting nerves.106 Cold-
induced vasospastic attacks in patients with primary Ray-
naud’s phenomenon involve a heightened vasoconstriction
of these digital arteries that is mediated by α2-adrenergic
receptor.120 The cause of this exaggerated response to cold
stimuli is unknown; however, several plausible mechanisms
involving peripheral α2-adrenoreceptors could result in an in-
tense vasoconstriction. These include an increased (a) num-
ber of α2-adrenoreceptors, (b) temperature sensitivity of the
α2-adrenoreceptors, and (c) activity of the α2-adrenergic in-
tracellular signal-transduction pathway.110 The mechanism of
secondary Raynaud’s phenomenon is also not known, but it
is thought to be similar to primary Raynaud’s phenomenon.
The α2-adrenoreceptor aberrancy may be the result of arte-
rial damage induced by an associated disease state, such as a
connective tissue disorder.110 It is also possible that serotonin
receptors (S2) play a role in Raynaud’s phenomenon. Sero-
tonin agonists have caused decreased finger blood flow and,
conversely, antagonists have increased digital blood flow.121

Clinically, a patient with Raynaud’s disease will present with
a waxy pallor of one or more of the fingers after the sudden
decrease of arterial blood flow. Hemoglobin desaturation oc-
curs with static venous blood flow and causes the digit or digits
to have a cyanotic appearance. The attack subsides over time,
and the affected arteries vasodilate. As the skin temperature
increases, classic rubor, or reddening of the afflicted area, will
be seen. Many patients will be observed to have pallor only
during the initial attack, in which the digits take on a white or
yellow, sometimes patchy, appearance. In most cases, the is-
chemia produced by the phenomenon does not have important
consequences; however, in severe cases, atrophy of the skin, ir-
regular nail growth, and wasting of the tissue pads can occur.106

Clinical Presentation

12. F.K., a 39-year-old man, presents today with a 4-day history
of left hand pain. He notes that the third digit of his left hand is
“cold and somewhat blue,” especially in the distal area. The other
areas of his hand have recovered, but the distal portion of the
digit remains cyanotic and numb. He has used acetaminophen and
warm-water soaks without success. He is a construction worker
who uses his hands “quite a bit” in his work. He has a history
of gastroesophageal reflux and has no allergies. His social history
is significant for smoking 1.5 packs of cigarettes a day for 19
years. On physical examination, his extremities reveal appropriate
sensation of the forearm and hand. Some blue areas are noted on
the distal portion on the third phalanx, with no other signs and
symptoms. When F.K.’s opposite hand was placed in cold water,
several white splotches appeared and he experienced tingling in
this hand as a result of the cold-water exposure. He is diagnosed as
having Raynaud’s phenomenon. Does F.K. present with primary
or secondary Raynaud’s phenomenon?

F.K. presents with what is most likely secondary Raynaud’s
phenomenon owing to one of several potential underlying
causes. His clinical presentation is classic for Raynaud’s phe-
nomenon, with vasospasm, pallor, and a cyanotic overtone. The

diagnosis is confirmed by the cold-water test, which indicates
that the vasospastic attack is precipitated by cold exposure.
He has a work history that may easily include hand trauma
and the use of vibrating machinery, and his age also suggests
secondary Raynaud’s phenomenon. Because of its association
with connective tissue disorders, other laboratory tests such as
an antinuclear antibody (ANA) and sedimentation rate should
be checked.

Treatment
Nonpharmacologic Management

13. What conservative measures can be taken with F.K. to pre-
vent or decrease the painful vasospasm of Raynaud’s disease?

Most patients with both primary and secondary Raynaud’s
phenomenon will respond to conservative management. Avoid-
ing cold stimuli is the primary treatment. F.K. should be in-
structed to protect his hands and fingers from exposure by us-
ing mittens and insulated wrappers when handling cold drinks.
Although protecting his hands is important, he must also pro-
tect other parts of the body from cold exposure to prevent a
sympathetic response, which may trigger symptomatic vaso-
constriction in his hands. This includes layering his clothing
when working outside in cold weather. He should avoid med-
ications that can induce vasoconstriction, particularly sympa-
thomimetics, clonidine, serotonin receptor agonists, and ergot
preparations.113 He should be encouraged to stop smoking,
which will avoid smoking-induced vasoconstriction and pro-
vide an overall positive health benefit. The impact of smoking
cessation on Raynaud’s phenomenon, however, actually ap-
pears to be negligible.118,119

F.K. has new-onset and relatively mild Raynaud’s phe-
nomenon. For others who have more severe symptoms and
manifestations, especially patients with underlying connective
tissue disorders, it is important to immediately and aggres-
sively manage any ulcers that develop on the digits and to be
extremely vigilant in detecting infected digits. Antibiotic ther-
apy should be initiated if necessary.122

Calcium Channel Blockers

14. Nifedipine extended-release 30 mg QD is ordered for F.K.
What is the rationale for using a calcium channel blocker in this
case?

Drugs can be used to treat primary and secondary Raynaud’s
phenomenon if it interferes with the patient’s ability to work
or perform daily activities or if digital lesions develop. Most
proposed treatments for Raynaud’s are, however, variably ef-
fective; they introduce the risk for significant side effects and
may be expensive. Drug therapy should always be in addition
to nonpharmacologic measures.

Calcium channel blockers decrease calcium ion influx and
prevent smooth muscle contraction, especially vascular re-
sponses evoked by cold exposure. Nifedipine, a potent periph-
eral vasodilating calcium channel blocker, has become the drug
of choice in patients with Raynaud’s disease not controlled by
conservative measures. In primary Raynaud’s phenomenon, ten
or more episodes per week are common. Nifedipine therapy re-
sults in an approximate 50% decrease in the number of attacks,
in addition to a decrease in severity by one-third.123 Patient’s
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with secondary Raynaud’s phenomenon experience a similar
decrease in attack severity, and also obtain a decrease in number
of attacks with nifedipine therapy. Because their baseline num-
ber of attacks per week often exceeds 20, the relative benefit is
not as great as with primary Raynaud’s phenomenon, averaging
approximately a 25% decrease in weekly episodes.124 Doses of
10 to 30 mg three times daily of immediate-release nifedipine
are beneficial,125,126 although higher doses, if tolerated, may
be required for maximal benefit.127 Most clinicians administer
nifedipine as an extended-release formulation to increase con-
venience and decrease side effects such as dizziness, headache,
facial flushing, and peripheral edema, which can occur in up
to 50% of patients,128 and this practice is supported by several
clinical studies.129–131 Even the extended-release preparation
of nifedipine can cause bothersome edema owing to dilation
of the precapillary bed.

Although less thoroughly studied than nifedipine, other
vasoselective calcium channel blockers (CCBs), such as am-
lodipine, felodipine, isradipine, and nisoldipine decrease the
frequency and severity of ischemic attacks.132–135 Patients who
do not benefit from nifedipine likely will not benefit by switch-
ing to another CCB. Patients who cannot tolerate the side
effects of nifedipine (e.g., ankle edema) might benefit by
switching to another CCB.

F.K. should be warned of the potential side effects with
nifedipine therapy, especially dizziness associated with hy-
potension, and should return in 2 weeks for assessment. A
30-mg daily dose of extended-release nifedipine is a reason-
able starting dose. He should be instructed to keep a diary
documenting the number of attacks he experiences and details
surrounding each attack, such as time course and precipitating
factors. In addition to the usual side effects mentioned above,
F.K. should be aware that his symptoms of gastroesophageal
reflux could worsen with nifedipine therapy, which can cause a
decreased lower esophageal sphincter pressure. This side effect
should be specifically assessed at his follow-up appointment.

Other Therapeutic Agents

15. What other drugs may be tried if F.K. cannot tolerate the
calcium channel blocker?

Other than CCBs, no proven therapy for Raynaud’s phe-
nomenon exists. Many agents, however, have been used based
on minimal data and anecdotal reports. The α1-adrenergic an-
tagonists are one such class of drugs. Prazosin, 1 mg three times
a day, yielded moderate benefit in two-thirds of patients in two
small studies.136,137 Side effects of prazosin are significant at
maximal doses and include dizziness, edema, fatigue, and or-
thostasis. The longer-acting α1-adrenergic antagonist terazosin
was evaluated in one small study and it improved symptoma-
tology as well as objective measures of blood flow.138 No suffi-
cient data with this class of drugs exist to routinely recommend
their use in patients with Raynaud’s phenomenon.

Several therapeutic approaches are being vigorously inves-
tigated, and show promise as future therapies for Raynaud’s
phenomenon. These include the intravenous prostanoids, ilo-
prost and alprostadil, which enhance nitric oxide-mediated
vasodilation139; endothelin antagonists, such as bosentan140;
and oral phosphodiesterase inhibitors, such as sildenafil141 and
vardenafil,142 which also promote vasodilation. Because of

side effects, extreme cost, and administration difficulties, these
agents are only being studied in the most severe secondary Ray-
naud’s phenomenon cases with digital ulcers or other systemic
complications associated with connective tissue diseases. If
benefit is proved, however, it will shed light onto the pathogen-
esis of the disorder, and perhaps lead to therapies appropriate
for the larger population with Raynaud’s phenomenon.

The ACE inhibitors act as vasodilators and have been inves-
tigated in several small studies. ACE inhibitors and angiotensin
receptor blockers, however, do not appear to have any beneficial
effects in patients with Raynaud’s phenomenon.143 Fluoxetine,
a selective serotonin reuptake inhibitor, was shown in one study
to reduce the symptoms of Raynaud’s phenomenon.144 It is hy-
pothesized to exert its effect by depleting platelet serotonin,
rendering the platelet unable to release a significant amount of
the vasoconstrictive serotonin during activation and aggrega-
tion.

The application of nitroglycerin (NTG) ointment to the
hands of patients with Raynaud’s disease has been tried since
the mid-1940s. High doses of NTG ointment (3.5 inches)
three times a day applied to the hands for 6 weeks resulted
in fewer and less severe attacks.145 Transdermal NTG patches
also provide some benefit, although headaches may be a lim-
iting factor.146 The potential for tolerance developing to the
nitrates for this indication has not been studied. Because the
data supporting nitrate use in the management of Raynaud’s
phenomenon are sparse, these agents should be discontinued
after 2 to 3 weeks if no benefit is observed.122 Alternative ther-
apies, such as ginkgo biloba and l-arginine, have also been
studied in small trials with positive results; however, larger tri-
als are needed to confirm the findings before these therapies
can be recommended.147,148

All patients with Raynaud’s phenomenon should be coun-
seled regarding cold avoidance and other protective measures.
A CCB, nifedipine if tolerated, should be initiated if conserva-
tive measures are ineffective and titrated to the highest tolerated
dose and symptom resolution. Combination therapies have not
been investigated, but another agent, such as an α1-adrenergic
antagonist, may be considered in addition to the CCB if symp-
tom resolution is not satisfactory and side effects permit.

NOCTURNAL LEG MUSCLE CRAMPS
Nocturnal leg muscle cramps are idiopathic, involuntary con-
tractions occurring at rest that cause a visible and palpable knot
in the affected muscle. This type of muscle cramp usually af-
flicts middle-aged to elderly persons and is a distressing and
painful condition. Its cause is unknown. The two primary hy-
potheses that attempt to explain the pathophysiology propose
neurologic impairments. One involves a central nervous system
impairment of γ -aminobutyric acid (GABA)149 and the other,
an impaired peripheral response to muscle lengthening.150 Al-
though the incidence of nocturnal cramps is unknown, some
data indicate it is very common. In a survey of veterans (95%
men averaging 60 years of age), 56% complained of leg cramps,
with 12% having cramping nearly every night151; 36% of
these veterans were also attempting some type of drug treat-
ment for their symptoms. A survey of a general population
revealed that the prevalence of nocturnal leg cramps was 37%
in people >50 years of age, and increased to 54% in people



PERIPHERAL VASCULAR DISORDERS � 14-13

>80 years of age. The prevalence in men and women is
equal.152 Nocturnal leg cramps are associated with lower ex-
tremity atherosclerosis, coronary artery disease, and peripheral
neurologic deficits.152,153

Clinical Presentation

16. E.A., a 62-year-old woman, complains of cramps in her left
calf that began last night around 10 PM. The cramping occurred
several times throughout the night and has resolved slowly since
she arose this morning. These nighttime cramping episodes occur
frequently, are very painful, and cause her calf muscle to become
“knotted.” She denies any trauma, fever, or chills, has no other
medical problems, and takes no medications. The pain is not as-
sociated with walking. The physical examination is unremarkable
and her vital signs are stable. An extended chemistry panel and
thyroid function tests are within normal limits. E.A. works at an
elementary school and walks up and down stairs throughout the
day. Her physician associates the pain with nocturnal leg cramps.
What characteristics differentiate E.A.’s nocturnal leg cramps
from other pain syndromes?

Benign nocturnal leg cramps usually occur in the early hours
of sleeping; they are asymmetric and are not exclusive to, but
primarily affect, the calf muscle and small muscles of the foot.
These cramps are not associated with exercise, specific elec-
trolyte or laboratory abnormalities, or medication use. Noc-
turnal cramps occurs with the further contraction of a muscle
already in its most shortened position. For example, sleeping in
the supine position may place the calf and ventral foot muscles
in their most shortened and vulnerable position, predisposing
these muscles to contract.154

For diagnosis and treatment, true muscle cramps first should
be distinguished from other causes of muscle cramping, includ-
ing drug-induced cramps (Table 14-9). The onset of cramps at
rest is characteristic of ordinary leg cramps and is the pri-
mary symptom used for diagnosis. Clinical signs of sodium
depletion, hyper- and hypothyroidism, tetany, and lower motor
neuron disease should be evaluated. Laboratory measurements
such as standard electrolytes and thyroid function tests can help
rule out some of these other conditions.

Table 14-9 Other Causes of Muscle Cramps154,155,161

Drug-Induced Cramps Biochemical Causes Other

Alcohol
Antipsychotics (dystonia)
β-agonists (e.g., albuterol,

terbutaline, salbutamol)
Cimetidine
Clofibrate
Diuretics
Lithium
Narcotic analgesics
Nicotinic acid
Nifedipine
Penicillamine
Statins
Steroids

Dehydration
Hemodialysis
Hypocalcemia
Hypokaelmia
Hypomagnesemia
Hyponatremia
Uremia

Contractures
Diabetes
Lower motor

neuron disease
Peripheral vascular

disease
Tetany
Thyroid disease

Treatment
Therapeutic Objectives and Nonpharmacologic Interventions

17. What are the therapeutic objectives in treating E.A.? What
nonpharmacologic recommendations can be made?

The primary treatment goal is to prevent this uncomfortable
condition. Sufferers of leg cramps are commonly advised to
stretch out the afflicted muscle or perform dorsiflexion of the
feet throughout the day and before bedtime, but this therapeutic
modality has sparse, uncontrolled data in the literature and
cannot be relied on to be helpful.155 Patients are also warned
to avoid plantar flexion while sleeping by hanging the feet over
the edge of the bed when sleeping on the stomach. Once a
cramp occurs, the goal is to relieve the cramp as quickly as
possible. Acute therapy consists of dorsiflexion (grasping the
toes and pulling them upward in the opposite direction of the
cramp). This can be accomplished with the hands, by walking,
or by leaning toward a wall while standing 2 feet away from it,
maintaining the feet flat on the floor.154

Quinine

18. E.A. is amenable to the recommended stretching practices,
and will avoid plantar flexion during sleep. She returns in 3
months, and reports a minor decrease in the attack frequency,
but not severity. Her sleep is being affected 2 to 3 nights/week,
and she feels it is affecting her performance as a teacher. She re-
members her aunt taking a “pill” for her leg cramps. Is there any
medication that may help relieve her symptoms?

Quinine is the most frequently prescribed medication for
nocturnal leg cramps and was once a nonprescription product.
In 1995, the FDA stated that quinine was not considered safe
and effective for nocturnal leg cramps156 and discontinued its
over-the-counter status. Physicians can still prescribe quinine
for the treatment of nocturnal leg cramps because it is commer-
cially available and indicated for the treatment of malaria. The
FDA, however, has clearly stated quinine should not be used
for nocturnal leg cramps because of an unfavorable risk:benefit
ratio.

Quinine has been used to treat nocturnal leg cramps since
the 1940s, when four patients suffering from leg cramps expe-
rienced marked improvement in symptoms after being treated
with quinine.157 When given placebo, their symptoms ap-
parently worsened. Quinine may exert a beneficial effect by
increasing the refractory period of skeletal muscle and by
decreasing the excitability of the motor endplate. Despite its
frequent use, significant controversy exists over its benefit.
Only a few small controlled trials have been conducted, with
mixed conclusions. A meta-analysis was published in 1998 that
included both published and unpublished data addressing the
efficacy of quinine in the treatment of leg cramps.158 Pooled
data from 659 patients indicated that quinine, at 200 to 325 mg/
day, reduced the severity and average number of cramps expe-
rienced in a 4-week period from 17.1 to 13.5. Thus, the efficacy
of quinine is proved; however, the magnitude of benefit is rather
small, and the risks associated with quinine therapy for a be-
nign condition must also be considered. Of note, a recent study
that randomized patients to quinine cessation reported no effect
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on nocturnal leg cramp frequency (e.g., no worsening of symp-
toms).159

Before initiating quinine, prophylactic stretching and alter-
ation of sleeping position should be tried and evaluated. Addi-
tionally, modifiable causes of cramps should be explored and
addressed. If these measures do not result in adequate relief,
therapy with quinine can be considered if the patient is fully
aware of the risks, appreciates the small benefit she can ex-
pect, and has no medications or conditions that place her at
increased risk of adverse effects.

Precautions With Quinine

19. What side effect information should both the physician and
E.A. know about before initiation of quinine therapy? How long
should therapy be continued?

If quinine therapy is successful, E.A. should see a decrease
in the severity and frequency of her cramping attacks. Quinine
is available in the United States only as the 324 mg sulfate salt,
as the brand name Qualaquin. One tablet should be taken in the
evening. Cinchonism, a syndrome that includes nausea, vom-
iting, blurred vision, tinnitus, and deafness, is a dose-related
side effect of quinine.154 Tinnitus alone occurs in up to 3%
of patients.158 With overdose, central nervous system manifes-
tations, such as headache, confusion, and delirium, can occur.
Self-limiting rashes that resolve with drug discontinuation have
been described.154 The unpredictable and life-threatening side
effect of thrombocytopenia was the impetus for the FDA to
ban the over-the-counter status of this preparation. Thrombo-
cytopenia has been estimated to occur in up to 1 of 1,000 pa-
tients taking quinine.156 Care should also be taken with the use
of quinine because its clearance is decreased in the elderly,160

and several drugs decrease its clearance, such as cimetidine,
verapamil, amiodarone, and alkalinizing agents.161 Each of
these could increase the risk of quinine dose-related side ef-
fects, specifically the central nervous system manifestations.
Quinine can also produce toxic levels of digoxin, phenobar-
bital, and carbamazepine161 and is contraindicated in patients
with G6PD deficiency.

E.A. should be instructed to take the dose of quinine with
food to minimize GI irritation. If a response is not seen within
2 weeks, it should be discontinued in light of the potentially
serious side effects.154 E.A. should be instructed to keep a diary
documenting the frequency of the cramping episodes so that
its efficacy can be objectively assessed.

Other Therapies

20. Are there other treatment options for E.A.?

Electrolyte replacement (e.g., sodium, potassium, calcium,
magnesium) may be indicated if specific deficiencies are noted
or if the onset of cramping is associated with a recent initia-
tion or dosage increase of diuretic therapy. Prophylactic use
of other pharmacologic agents has been attempted, but their
use is mostly anecdotal. Diphenhydramine, riboflavin, car-
bamazepine, methocarbamol, and phenytoin have been used
empirically,154 but no data support their use in nocturnal leg
cramps. Vitamin E has been recommended, but one controlled
study with 800 IU/day of vitamin E showed no benefit.162 Ve-
rapamil has been shown in an open-label trial of eight elderly
patients to relieve quinine-resistant cramps. A dose of 120 mg
of verapamil at bedtime was used, and relief was seen after
6 days of treatment.163 Similar results were reported from a
similar small study using diltiazem.164 A small study found
benefit associated with vitamin B complex administration for
nocturnal leg cramps, but no quantification of a decrease in
the number of cramps was provided.165 Two small crossover
studies suggested that chronic magnesium administration is
not effective for the treatment of nocturnal leg cramps.166,167

Although nocturnal leg cramps are relatively benign, they do
cause considerable discomfort. Nonpharmacologic measures
should be maximized before drug therapy is contemplated. If
drug therapy is warranted, quinine is the only agent with proved
benefit, but the potential for side effects, especially in the el-
derly population, is very real. Careful patient selection, patient
education, and vigilant monitoring for side effects should all
be used to minimize the occurrence and progression of adverse
effects from quinine.

REFERENCES
1. Criqui M et al. The prevalence of peripheral ar-

terial disease in a defined population. Circulation
1985;71:210.

2. Kannel WB et al. Update on some epidemiologic
feature of intermittent claudication. J Am Geriatr
Soc 1985;33:13.

3. Caspary L. Epidemiology of vascular disease. Dis
Manage Health Outcomes 1997;2:9.

4. Boccalon H. Intermittent claudication in older pa-
tients. Drugs Aging 1999;14:247.

5. Kannel WB et al. Diabetes and cardiovascular dis-
ease: the Framingham study. JAMA 1979;241:2035.

6. UK Prospective Diabetes Study (UKPDS) group.
Intensive blood-glucose control with sulfonylureas
or insulin compared with conventional treatment
and risk of complications in patients with type 2
diabetes (UKPDS 33). Lancet 1998;352:837.

7. Hirsch AT et al. ACC/AHA guidelines for the man-
agement of patients with peripheral arterial disease
(lower extremity, renal, mesenteric and abdominal
aorta): executive summary: a report of the Ameri-
can College of Cardiology/American Heart Associ-
ation Task Force on Practice Guidelines J Am Coll
Cardiol 2006;47:1239.

8. MacGregor AS et al. Role of systolic blood pres-
sure and plasma triglycerides in diabetic peripheral
arterial disease. Diabetes Care 1999;22:453.

9. Willigendael EM et al. Influence of smoking on
incidence and prevalence of peripheral arterial dis-
ease. J Vasc Surg 2004;40:1158.

10. Price JF et al. Relationship between smoking and
cardiovascular risk factors in the development of
peripheral arterial disease and coronary artery dis-
ease. Eur Heart J 1999;20:344.

11. McDaniel CD et al. Basic data related to the natural
history of intermittent claudication. Ann Vasc Surg
1989;3:273.

12. Hertzer N. The natural history of peripheral vascu-
lar disease. Circulation 1991;83:I12.

13. Brevetti G et al. Intermittent claudication and risk
of cardiovascular events. J Vasc Dis 1998;49:843.

14. Rockson SG et al. Peripheral arterial insufficiency:
mechanisms, natural history, and therapeutic op-
tions. Adv Intern Med 1998;43:253.

15. Weed RI. The importance of erythrocyte deforma-
bility. Am J Med 1970;49:147.

16. Braasch D. Red cell deformability and capillary
blood flow. Physiol Rev 1971;51:679.

17. Kaplan NM. The deadly quartet. Upper body
obesity, glucose intolerance, hypertriglyceridemia,
and hypertension. Arch Intern Med 1989;149:
1514.

18. Sowers JR. Insulin resistance, hyperinsulinemia,
dyslipidemia, hypertension, and accelerated ath-
erosclerosis. Clin Pharmacol 1992;32:529.

19. Housley E. Treating claudication with five words.
BMJ 1988;296:1483.

20. Jonason T et al. Cessation of smoking in pa-
tients with intermittent claudication: effects on the
risk of peripheral vascular complications, myocar-
dial infarction, and mortality. Acta Med Scand
1987;221:253.

21. Faulkner KW et al. The effect of cessation of smok-
ing on the accumulative survival rates of patients
with symptomatic peripheral vascular disease. Med
J Aust 1983;1:217.

22. Wiseman S et al. Influence of smoking and plasma
factors on patency of femoralpopliteal vein grafts.
BMJ 1989;299:643.

23. Quick CRG et al. Measured effect of stopping
smoking on intermittent claudication. Br J Surg
1982;69:524.



PERIPHERAL VASCULAR DISORDERS � 14-15

24. Hughson WG et al. Intermittent claudication: fac-
tors determining outcome. BMJ 1978;1:1377.

25. Powell JT. Vascular damage from smoking: disease
mechanism at the arterial wall. Vasc Med 1998;3:21.

26. Stewart K et al. Exercise training for claudication.
N Engl J Med 2002;347:1941.

27. Gray BH et al. Vascular claudication: how to indi-
vidualize treatment. Cleve Clin J Med 1997;64:492.

28. Leng GC et al. Exercise for intermittent claudi-
cation. Cochrane Database of Syst Rev 2000;2:
CD000990.

29. Ernst E et al. Intermittent claudication, exercise,
and blood rheology. Circulation 1987;76:1110.

30. Summary of the third report of the National Choles-
terol Education Program (NCEP) Expert Panel
on Detection, Evaluation, and Treatment of High
Blood Cholesterol in Adults (Adult Treatment
Panel III). JAMA 2001;285:2486.

31. Brown G et al. Regression of coronary artery dis-
ease as a result of intensive lipid lowering therapy
in men with high levels of lipoprotein b. N Engl J
Med 1990;323:1289.

32. Blankenhorn DH et al. Beneficial effects of
combined colestipol-niacin therapy on coronary
atherosclerosis and coronary venous bypass grafts.
JAMA 1987;257:3233 [published erratum appears
in JAMA 1988 May13;259:2698].

33. Blankenhorn DH et al. Coronary angiographic
changes with lovastatin therapy. The Moni-
tored Atherosclerosis Regression Study (MARS).
The MARS Research Group. Ann Intern Med
1993;119:969.

34. Pedersen TJ et al. Effect of simvastatin on is-
chemic signs and symptoms in the Scandinavian
Simvastatin Survival Study (4S). Am J Cardiol
1998;81:333.

35. MRC/BHF heart protection study of cholesterol
lowering in 20,536 individuals: a randomised
placebo-controlled trial. Lancet 2002;360:7.

36. Mondillo S et al. Effects of simvastatin on walking
performance and symptoms of intermittent clau-
dication in hypercholesterolemic patients with pe-
ripheral vascular disease. Am J Med 2003;114:
359.

37. Aronow WS et al. Effect of simvastatin versus
placebo on treadmill exercise time until the onset
of intermittent claudication in older patients with
peripheral arterial disease at six months and at one
year after treatment. Am J Cardiol 2003;2:711.

38. Leng G et al. Lipid-lowering for lower limb
atherosclerosis. Cochrane Database Syst Rev
2000;2:CD000123.

39. Hiatt W. Medical treatment of peripheral arterial
disease and claudication. N Engl J Med 2001;
334:1608.

40. Radack K et al. Beta-adrenergic blocker therapy
does not worsen intermittent claudication in sub-
jects with peripheral arterial disease. A meta-
analysis of randomized controlled trials. Arch In-
tern Med 1991;151:1769.

41. Lip GYH et al. Treatment of hypertension in pe-
ripheral arterial disease. Cochrane Database Syst
Rev 2003;2:CD003075.

42. Ahimastos AA et al. Ramipril markedly improves
walking ability in patients with peripheral arterial
disease. Ann Intern Med 2006;144:660.

43. The Heart Outcomes Prevention Evaluation Study
Investigators. Effects of an angiotensin convert-
ing enzyme inhibitor, ramipril, on cardiovascu-
lar events in high-risk patients. N Engl J Med
2000;342:145.

44. Chobanian A et al. The Seventh Report of the
Joint National Committee on Prevention, Detec-
tion, Evaluation, and Treatment of High Blood Pres-
sure. JAMA 2003;289:2560.

45. Ismail N et al. Renal disease and hypertension
in non-insulin-dependent diabetes mellitus. Kidney
Int 1999;55:1.

46. Rodgers P. Combination drug therapy in hyperten-
sion: a rational approach for the pharmacist. J Am
Pharm Assoc 1998;38:469.

47. UK Prospective Diabetes Study (UKPDS) Group.
Effect of intensive blood-glucose control with

metformin on complications in overweight pa-
tients with type 2 diabetes (UKPDS 34). Lancet
1998;352:854.

48. Goede P et al. Multifactorial intervention and car-
diovascular disease in patients with type 2 diabetes.
N Engl J Med 2003;348:383.

49. American Diabetes Association. Standards of med-
ical care for patients with diabetes mellitus. Dia-
betes Care 2003;26 (Suppl 1):S33.

50. Patrono C et al. Platelet active drugs: the relation-
ship among dose, effectiveness and side effects.
Chest 1998;114:470S.

51. Chen ZM, et al. CAST: randomised placebo-cont-
rolled trial of early aspirin use in 20,000 pa-
tients with acute ischemic stroke. Lancet 1997;349:
1641.

52. Second International Study of Infant Survival Col-
laborative Group. Randomised trial of intravenous
streptokinase, oral aspirin, both, or neither among
17,187 cases of suspected acute myocardial infarc-
tion: ISIS-2. Lancet 1988;2:349.

53. Hansson L et al. Effects of intensive blood-pressure
lowering and low-dose aspirin in patients with hy-
pertension: principle results of the Hypertension
Optimal Treatment (HOT) randomised trial. Lancet
1998;351:1755.

54. Juul-Moller S et al. Double-blind trial of aspirin
in primary prevention of myocardial infarction in
patients with stable chronic angina pectoris. The
Swedish Angina Pectoris Aspirin Trial (SAPAT)
Group. Lancet 1992;340:1421.

55. Antithrombotic Trialists’ Collaboration. Collabo-
rative meta-analysis of randomised trials of an-
tiplatelet therapy for prevention of death, myocar-
dial infarction, and stroke in high risk patients. BMJ
2002;324:71.

56. Goldhaber S et al. Low-dose aspirin and subsequent
peripheral arterial surgery in the physician’s health
study. Lancet 1992;340:143.

57. The Dutch TIA trial study group. A comparison of
two doses of aspirin (30 mg vs. 283 mg a day) in
patients after a transient ischemic attack or minor
ischemic stroke. N Engl J Med 1992;325:1261.

58. Farrell B et al. The United Kingdom transient is-
chemic attack (UK-TIA) aspirin trial: final results.
J Neurol Neurosurg Psychiatry 1991;54:1044.

59. Meade T et al. Determination of who may derive
most benefit from aspirin in primary prevention:
subgroup results from a randomised controlled trial.
BMJ 2000;321:13.

60. Sharis P et al. The antiplatelet effects of ticlopidine
and clopidogrel. Ann Intern Med 1998;129:394.

61. Arcan J et al. Ticlopidine in the treatment of periph-
eral occlusive arterial disease. Sem Thromb Hemost
1989;15:167.

62. Balsano F et al. Ticlopidine in the treatment of inter-
mittent claudication: a 21 month double-blind trial.
J Lab Clin Med 1989;114:84.

63. Love B et al. Adverse haematological effects of
ticlopidine. Drug Saf 1998;19:89.

64. Chen D et al. Thrombotic thrombocytopenic pur-
pura associated with ticlopidine use: a report of 3
cases and review of the literature. Arch Intern Med
1999;159:311.

65. CAPRIE Steering Committee. A randomised,
blinded, trial of clopidogrel versus aspirin in pa-
tients at risk of ischaemic events (CAPRIE). Lancet
1996;348:1329.

66. Bhatt DL et al. A global view of atherothrombosis:
baseline characteristics in the clopidogrel for high
atherothrombotic risk and ischemic stabilization,
management and avoidance (CHARISMA) trial.
Am Heart J 2005;150:401.

67. Bhatt DL et al. Clopidogrel and aspirin versus as-
pirin alone for the prevention of atherothrombotic
events. N Engl J Med 2006;354:1706.

68. Beebe H et al. A new pharmacologic treatment for
intermittent claudication: results of a randomized
multicenter trial. Arch Intern Med 1999;159:2041.

69. Money S et al. Effect of cilostazol on walking
distances in patients with intermittent claudication
caused by peripheral vascular disease. J Vasc Surg
1998;27:267.

70. Dawson D et al. Cilostazol has beneficial effects in
treatment of intermittent claudication. Circulation
1998;98:678.

71. Dawson D et al. The effect of withdrawal of
drugs treating intermittent claudication. Am J Surg
1999;178:141.

72. Jacoby D et al. Drug treatment of intermittent clau-
dication, Drugs 2004;64:1657.

73. Regensteiner JG et al. Effect of cilostazol on tread-
mill walking, community-based walking ability,
and health-related quality of life in patients with
intermittent claudication due to peripheral arterial
disease: meta-analysis of six randomized controlled
trials. J Am Geriatr Soc 2002;50:1939.

74. Mohler ER et al. Effects of cilostazol on resting
ankle pressures and exercise-induced ischemia in
patients with intermittent claudication. Vasc Med
2001;6:151.

75. Cruickshank J. Phosphodiesterase III inhibitors:
long-term risks and short-term benefits. Cardiovasc
Drugs Ther 1993;7:655.

76. Thompson PD et al. Meta-analysis of results from
eight randomized, placebo-controlled trials on the
effect of cilostazol on patients with intermittent
claudication. Am J Cardiol 2002;90:1314.

77. Samlaska C et al. Pentoxifylline. J Am Acad Der-
matol 1994;30:603.

78. Frampton JE et al. Pentoxifylline. A review of its
therapeutic efficacy in the management of periph-
eral vascular and cerebrovascular disorders. Drugs
Aging 1995;7:480.

79. Ward A et al. Pentoxifylline: a review of its phar-
macokinetic and pharmacodynamic properties, and
its therapeutic efficacy. Drugs 1987;34:50.

80. Jackson MR et al. Antithrombotic therapy in pe-
ripheral arterial occlusive disease. Chest 1998;114:
666S.

81. Cameron HA et al. Drug treatment of intermittent
claudication: a critical analysis of the methods and
findings of published clinical trials, 1965–1985. Br
J Clin Pharmacol 1988;26:569.

82. Reiter M et al. Prostanoids for intermittent clau-
dication. The Cochrane Database of Syst Rev
2003;4:CD000986.

83. Bagger JP et al. Effect of verapamil in intermittent
claudication. A randomized, double-blind, placebo
controlled, cross-over study after individual dose-
response assessment. Circulation 1997;95:411.

84. Pittler M et al. Ginkgo biloba extract for the treat-
ment of intermittent claudication: a meta-analysis
of randomized trials. Am J Med 2000;108:276.

85. Campbell W et al. Lipid-derived autocoids. In:
Hardman J et al., eds. Goodman and Gillman’s The
Pharmacological Basis of Therapeutics. New York:
McGraw-Hill; 1996:601.

86. Kincheloe L. Gynecological and obstetric concerns
regarding herbal medicinal use. In: Miller L et al.,
eds. Herbal Medicines: A Clinician’s Guide. New
York: Pharmaceutical Product Press; 1998:279.

87. Newall C et al. Herbal Medicine: A Guide for
Health Care Professionals. London: The Pharma-
ceutical Press; 1996:138.

88. Haeger K. Long-time treatment of intermittent clau-
dication with vitamin E. Am J Clin Nutr 1974;27:
1179.

89. Williams H et al. Alpha tocopherol in the treatment
of intermittent claudication. Surg Gynecol Obstet
1971;132:662.

90. Stephens N et al. Randomised controlled trial of vi-
tamin E in patients with coronary artery disease:
Cambridge Heart Antioxidant Study (CHAOS).
Lancet 1996;347:781.

91. GISSI-Prevenzione Investigators. Dietary supple-
mentation with n-3 polyunsaturated fatty acids and
vitamin E after myocardial infarction: results of the
GISSI Preventione Trial. Lancet 1999;354:447.

92. The Heart Outcomes Prevention Evaluation Study
Investigators. Vitamin E supplementation and car-
diovascular events in high-risk patients. N Engl J
Med 2000;342:154.

93. Brevetti G et al. Muscle carnitine deficiency in pa-
tients with severe peripheral vascular disease. Cir-
culation 1991;84:1490.



14-16 � CARDIAC AND VASCULAR DISORDERS

94. Hiatt W et al. Skeletal muscle carnitine metabolism
in patients with unilateral peripheral arterial dis-
ease. J Appl Physiol 1992;73:346.

95. Brevetti G et al. European multicenter study on
propionyl-L-carnitine in intermittent claudication.
J Am Coll Cardiol 1999;34:1618.

96. Brevetti G et al. Superiority of L-propionyl-
carnitine vs. L-carnitine in improving walking ca-
pacity in patients with peripheral vascular dis-
ease: an acute, intravenous, double-blind, cross-
over study. Eur Heart J 1992;13:251.

97. Brevetti G et al. Effect of propionyl-L-carnitine on
quality of life in intermittent claudication. Am J
Cardiol 1997;79:777.

98. Coffman J. Intermittent claudication: be conserva-
tive. N Engl J Med 1991;325:577.

99. Pentecost M et al. Guidelines for peripheral percu-
taneous transluminal angioplasty of the abdominal
aorta and lower extremity vessels: a statement for
health professionals from a special writing group
of the Councils on Cardiovascular Radiology, Arte-
riosclerosis, Cardiothoracic and Vascular Surgery,
Clinical Cardiology, and Epidemiology and Preven-
tion, the American Heart Association. Circulation
1994;89:511.

100. Tunis S et al. The use of angioplasty, bypass
surgery and amputation in the management of pe-
ripheral vascular disease. N Engl J Med 1991;325:
556.

101. Working Party on Thrombolysis in the Management
of Limb Ischemia. Thrombolysis in the manage-
ment of lower limb peripheral arterial occlusion—
a consensus document. Am J Cardiol 1998;81:
207.

102. Nilsson L et al. Surgical treatment versus throm-
bolysis in acute arterial occlusion: a randomised
controlled study. Eur J Vasc Surg 1992;6:189.

103. Ouriel K et al. A comparison of thrombolytic ther-
apy with operative revascularization in the initial
treatment of acute peripheral arterial ischemia. J
Vasc Surg 1994;19:1021.

104. Raynaud M. On local asphyxia and symmetrical
gangrene of the extremities. In: Barlow T, ed. Se-
lected Monographs, 121. London: The Syndenham
Society; 1888:1.

105. Herrick AL. Pathogenesis of Raynaud’s phe-
nomenon. Rheumatology 2005;44:587.

106. Shepard F et al. Primary Raynaud’s disease. In: Vas-
cular Diseases of the Limbs: Mechanisms and Prin-
ciples of Treatment. St. Louis: Mosby Yearbook;
1993:153.

107. Gasser P et al. Evaluation of reflex cold provoca-
tion by laser Doppler flowmetry in clinically healthy
subjects with a history of cold hands. Angiology
1992;43:389.

108. Nielson S. Raynaud’s phenomena and finger sys-
tolic blood pressure during cooling. Scand J Clin
Lab Invest 1978;38:765.

109. Maricq H et al. Geographic variation in the preva-
lence of Raynaud’s phenomenon: a five region com-
parison. J Rheumatol 1997;24:879.

110. Wigley F et al. Raynaud’s phenomenon. Rheum Dis
Clin North Am 1996;22:765.

111. Stoyneva Z et al. Current pathophysiological views
on vibration-induced Raynaud’s phenomenon. Car-
diovasc Res 2003;57:615.

112. Belch J. Raynaud’s phenomenon. Cardiovasc Res
1997;33:25.

113. Wigley F. Raynaud’s phenomenon. N Engl J Med
2002;347:1001.

114. Ziegler S et al. Long-term outcome of primary Ray-
naud’s phenomenon and its conversion to connec-
tive tissue disease: a 12-year retrospective patient
analysis. Scand J Rheumatol 2003;32:346.

115. Schapira D et al. Interferon-induced Raynaud’s syn-
drome. Semin Arthritis Rheum 2002;32:157.

116. Franssen C et al. The influence of different beta-
blocking drugs on the peripheral circulation in Ray-
naud’s phenomenon and in hypertension. J Clin
Pharmacol 1992;32:652.

117. Suter LG et al. The incidence and natural history of

Raynaud’s phenomenon in the community. Arthritis
Rheum 2005;52:1259.

118. Goodfield M et al. The acute effects of cigarette
smoking on cutaneous blood flow in smoking and
nonsmoking subjects with and without Raynaud’s
phenomenon. Br J Rheumatol 1990;29:89.

119. Palesch Y et al. Association between cigarette and
alcohol consumption and Raynaud’s phenomenon.
J Clin Epidemiol 1999;52:321.

120. Freedman R et al. Blockade of vasospastic attacks
by alpha 2-adrenergic but not alpha1-adrenergic an-
tagonists in idiopathic Raynaud’s disease. Circula-
tion 1995;92:1448.

121. Coffman J et al. Serotonergic vasoconstriction in
human fingers during reflex sympathetic response
to cooling. Am J Physiol 1988;254:H889.

122. Belch J et al. Pharmacotherapy of Raynaud’s phe-
nomenon. Drugs 1996;52:682.

123. Thompson AE et al. Calcium channel blockers for
primary Raynaud’s phenomenon: a meta-analysis.
Rheumatology 2005;44:145–50.

124. Thompson AE et al. Calcium-channel blockers
for Raynaud’s phenomenon in systemic sclerosis.
Arthritis Rheum 2001;44:1841.

125. Smith C et al. Controlled trial of nifedipine in
the treatment of Raynaud’s phenomenon. Lancet
1982;2:1299.

126. Rodeheffer R et al. Controlled double-blind trial
of nifedipine in the treatment of Raynaud’s phe-
nomenon. N Engl J Med 1983;308:880.

127. Boin F et al. Understanding, assessing and treat-
ing Raynaud’s phenomenon. Curr Opin Rheumatol
2005;17:752.

128. Landry G et al. Current management of Raynaud’s
syndrome. Adv Surg 1996;30:333.

129. Finch M et al. A double-blind cross-over study of
nifedipine retard in patients with Raynaud’s phe-
nomenon. Clin Rheumatol 1988;7:359.

130. Waller D et al. Clinical and rheological effects of
nifedipine in Raynaud’s phenomenon. Br J Clin
Rheumatol 1986;22:449.

131. Raynaud’s Treatment Study Investigators. Compar-
ison of sustained-release nifedipine and temper-
ature biofeedback for treatment of primary Ray-
naud’s phenomenon. Results from a randomised
clinical trial with 1-year follow-up. Arch Intern Med
2000;160:1101.

132. Leppert J et al. The effect of isradipine, a new
calcium-channel antagonist, in patients with pri-
mary Raynaud’s phenomenon: a single-blind
dose- response study. Cardiovasc Drugs Ther
1989;3:397.

133. La Civita L et al. Amlodipine in the treatment
of Raynaud’s phenomenon. Br J Rheumatol 1993;
32:524.

134. Schmidt J et al. The clinical effect of felodipine and
nifedipine in Raynaud’s phenomenon. Eur J Clin
Pharmacol 1989;37:191.

135. Kallenberg C et al. Once-daily felodipine in pa-
tients with primary Raynaud’s phenomenon. Eur J
Clin Rheumatol 1991;40:313.

136. Wollersheim H et al. Double-blind, placebo con-
trolled study of prazosin in Raynaud’s phenomenon.
Clin Pharmacol Ther 1986;40:219.

137. Wollersheim H et al. Dose-response study of pra-
zosin in Raynaud’s phenomenon: clinical effec-
tiveness versus side effects. J Clin Pharmacol
1988;28:1089.

138. Paterna S et al. Raynaud’s phenomenon: effects of
terazosin. Minerva Cardioangiol 1997;45:215.

139. Marasini B et al. Comparison between iloprost
and alprostadil in the treatment of Raynaud’s phe-
nomenon. Scand J Rheumatol 2004;33:253.

140. Humbert M et al. Successful treatment of sys-
temic sclerosis digital ulcers and pulmonary arterial
hypertension with endothelin receptor antagonist
bosentan. Rheumatology 2003;42:191.

141. Fries RF et al. Sildenafil in the treatment of Ray-
naud’s phenomenon resistant to vasodilator therapy.
Circulation 2005;112:2980.

142. Caglayan E et al. Phosphodiesterase type 5 inhibi-

tion is a novel therapeutic option in Raynaud dis-
ease. Arch Int Med 2006;166:231.

143. Challenor V. Angiotensin converting enzyme
inhibitors in Raynaud’s phenomenon. Drugs
1994;48:864.

144. Coleiro B et al. Treatment of Raynaud’s phe-
nomenon with the selective serotonin reuptake in-
hibitor fluoxetine. Rheumatology 2001;40:1038.

145. Franks A. Topical glyceryl trinitrate as adjunctive
treatment in Raynaud’s disease. Lancet 1982;1:76.

146. Teh L et al. Sustained-release transdermal glyceryl
trinitrate patches as a treatment for primary and
secondary Raynaud’s phenomenon. Br J Rheuma-
tol 1995;34:636.

147. Rembold CM et al. Oral L-arginine can reverse dig-
ital necrosis in Raynaud’s phenomenon. Mol Cell
Biochem 2003;244:139.

148. Muir AH et al. The use of ginkgo biloba in Ray-
naud’s disease: a double-blind placebo-controlled
trial. Vasc Med 2002;7:265.

149. Obi T et al. Muscle cramps as the result of
impaired GABA function-an electrophysiological
and pharmacological observation. Muscle Nerve
1993;16:1228.

150. Bertolasi L et al. The influence of muscle length-
ening on cramps. Ann Neurol 1993;33:176.

151. Oboler S et al. Leg symptoms in outpatient veter-
ans. West J Med 1991;155:256.

152. Naylor J et al. A general population survey of rest
cramps. Age Ageing 1994;23:418.

153. Haskell S et al. Clinical epidemiology of noctur-
nal leg cramps in male veterans. Am J Med Sci
1997;313:210.

154. Leclerc K et al. Benign nocturnal leg cramps. Cur-
rent controversies over use of quinine. Postgrad
Med 1996;99:177.

155. Butler JV et al. Nocturnal leg cramps in older peo-
ple. Postgrad Med J 2002;78:596.

156. Drug products for the treatment and/or prevention
of nocturnal leg cramps for over-the-counter human
use. Fed Reg 1994;59:432.

157. Moss H et al. Use of quinine for relief of “night
cramps” in the extremities. JAMA 1940;115:1358.

158. Man-So-Hing M et al. Quinine for nocturnal leg
cramps: a meta-analysis including unpublished
data. J Gen Intern Med 1998;13:600.

159. Coppin RJ et al. Managing nocturnal leg cramps:
calf-stretching exercises and cessation of quinine
treatment. Br J Gen Prac 2005;55:186.

160. Krishna S et al. Pharmacokinetics of quinine,
chloroquine, and amodiaquine: clinical implica-
tions. Clin Pharmacokinet 1996;30:263.

161. Brasic J. Should people with nocturnal leg cramps
drink tonic water and bitter lemon? Psychol Report
1999;84:355.

162. Connolly P et al. Treatment of nocturnal leg cramps:
a crossover trial of quinine vs vitamin E. Arch Intern
Med 1992;152:1877.

163. Baltodano N et al. Verapamil vs. quinine in recum-
bent nocturnal leg cramps in the elderly. Arch Intern
Med 1988;148:1969.

164. Voon W et al. Diltiazem for nocturnal leg cramps.
Age Ageing 2001;30:91.

165. Chan P et al. Randomized, double-blind, placebo-
controlled study of the safety and efficacy of vi-
tamin B complex in the treatment of nocturnal leg
cramps in elderly patients with hypertension. J Clin
Pharmacol 1998;38:1151.

166. Frusso R et al. Magnesium for the treatment of noc-
turnal leg cramps: a crossover randomized trial. J
Fam Pract 1999;48:868.

167. Roffe C et al. Randomised, cross-over, placebo con-
trolled trial of magnesium citrate in the treatment
of chronic persistent leg cramps. Med Sci Monitor
2002;8:CR326.

168. Hankey GJ et al. Medical treatment of peripheral
arterial disease. JAMA 2006;295:547.

169. Krajewski LP et al. Atherosclerosis of the aorta and
lower-extremity arteries. In: Young JS et al., eds.
Peripheral Vascular Diseases. St. Louis: Mosby;
1996:208.



C H A P T E R 15
Thrombosis

Ann K. Wittkowsky and Edith A. Nutescu

GENERAL PRINCIPLES 15-1
Etiology of Thromboembolism 15-2
Clot Formation 15-2

Platelet Adhesion, Activation, and Aggregation 15-2
Clotting Cascade 15-2
Pathological Thrombi 15-3

Pharmacology of Antithrombotic Agents 15-3
Heparin 15-3
Low-Molecular-Weight Heparins 15-5
Fondaparinux 15-5
Direct Thrombin Inhibitors 15-5
Warfarin 15-5

Tests Used to Monitor Antithrombotic Therapy 15-6
Prothrombin Time/International Normalized

Ratio 15-7
Activated Partial Thromboplastin Time 15-7
Anti-Xa Activity 15-7

DEEP VENOUS THROMBOSIS 15-7
Clinical Presentation 15-7

Signs and Symptoms 15-7
Risk Factors 15-9
Diagnosis 15-9

Treatment 15-9
Baseline Information 15-9
Initiation of Therapy 15-10
Heparin 15-10

Loading Dose 15-10
Dose Adjustments 15-10
Therapeutic Monitoring 15-10
Duration of Therapy 15-11
Adverse Effects 15-11

Thrombocytopenia 15-11
Hemorrhage 15-12
Osteoporosis 15-12

Hyperkalemia 15-12
Hypersensitivity Reactions 15-12

Adjusted-Dose Subcutaneous Administration 15-12
Reversal of Effect 15-13
Low-Molecular-Weight Heparin 15-13

Prevention 15-15
Nonpharmacologic Measures 15-15
Pharmacologic Measures 15-15

PULMONARY EMBOLISM 15-15
Clinical Presentation 15-15

Signs and Symptoms 15-15
Diagnosis 15-16

Treatment 15-17
Warfarin 15-17

Transition From Heparin/LMWH Therapy 15-17
Initiation of Therapy 15-17
Intensity of Therapy 15-18
Duration of Therapy 15-18
Adverse Effects 15-19

Hemorrhage 15-19
Skin Necrosis 15-20
Purple Toe Syndrome 15-20

Patient Education 15-20
Factors Influencing Dosing 15-21

Dietary Vitamin K Intake 15-21
Alcohol Ingestion 15-21
Underlying Disease States 15-21
Genetic Factors 15-22
Other Factors That Influence Warfarin Dosing

Requirements 15-22
Dosing Adjustments 15-22
Frequency of Follow-Up 15-22
Management of Overanticoagulation 15-22
Use in Pregnancy 15-24

PREVENTION OF CARDIOGENIC
THROMBOEMBOLISM 15-25
Atrial Fibrillation 15-25

Anticoagulation Before Cardioversion 15-25
Anticoagulation After Cardioversion 15-26
Anticoagulation for Paroxysmal, Permanent, or Persistent

Atrial Fibrillation 15-26
Anticoagulation in Valvular Atrial Fibrillation 15-26
Anticoagulation in Nonvalvular Atrial

Fibrillation 15-26
Cardiac Valve Replacement 15-26

Mechanical Prosthetic Valves 15-26
Bioprosthetic Valves 15-27

BRIDGE THERAPY 15-27
Management of Anticoagulation Around Invasive

Procedures 15-27
Management of Anticoagulation Around Dental

Procedures 15-28

DRUG INTERACTIONS 15-28
Interactions With Legend Drugs 15-28
Interactions With Natural Products/Dietary

Supplements 15-31

DISSEMINATED INTRAVASCULAR
COAGULATION 15-32
Pathophysiology 15-32
Clinical Presentation 15-32

Laboratory Findings 15-32
Hemorrhagic Manifestations 15-33
Thrombotic Manifestations 15-33

Precipitating Events 15-33
Treatment 15-33

GENERAL PRINCIPLES
Thrombosis is the process involved in the formation of a fibrin
blood clot. Both platelets and a series of coagulant proteins
(clotting factors) contribute to clot formation. An embolus is
a small part of a clot that breaks off and travels to another
part of the vascular system. Damage is caused when the embo-
lus becomes trapped in a small vessel, causing occlusion and
leading to ischemia or infarction of the surrounding tissue.
Normal clot formation maintains the integrity of the vascula-
ture in response to injury, but pathological clotting can occur
in many clinical settings. Abnormal thrombotic events include

deep venous thrombosis (DVT) and its primary complication,
pulmonary embolism (PE), as well as stroke and other sys-
temic manifestations of embolization of clots that form within
the heart. Anticoagulant drug therapy is aimed at preventing
pathological clot formation in patients at risk and at preventing
clot extension and/or embolization in patients who have de-
veloped thrombosis. This chapter emphasizes arterial and ve-
nous thromboembolic disease and the use of heparin and war-
farin as anticoagulants. Chapters 17, 18, and 55 provide more
in-depth discussions of thrombolytic agents and antiplatelet
therapy.

15-1
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Etiology of Thromboembolism
Three primary factors influence the formation of pathological
clots and are described in a model referred to as Virchow’s
triad (Fig. 15-1).1 First, abnormalities of blood flow that cause
venous stasis can result in DVT, which can progress to PE if em-
bolization occurs. Intracardiac stasis of blood can also result in
clot formation within the heart chambers, and embolization of
intracardiac thrombi may lead to stroke or other systemic man-
ifestations. Abnormalities of blood vessel walls, such as those
that occur in injury or trauma to the vasculature, are a second
source of thrombus formation. The presence of foreign mate-
rial within the vasculature, including artificial heart valves and
central venous catheters, is also thrombogenic and, like vascu-
lar injury, represents the presence of an abnormal surface in
contact with blood. Finally, hypercoagulability resulting from
alterations in the availability or the integrity of blood-clotting
components or naturally occurring anticoagulants also repre-
sents a significant risk factor for thromboembolic disease.2

Clot Formation
The intact endothelial lining of blood vessels normally re-
pels platelets and inhibits clot formation through secretion of
numerous inhibitory substances. Damage to the endothelium
leads to exposure of circulating blood to subendothelial sub-
stances, and this results in a complex series of events, including
platelet adhesion, activation, and aggregation, followed by acti-
vation of the clotting cascade. These events result in formation
of a fibrin clot.3

Platelet Adhesion, Activation, and Aggregation
Endothelial damage leads to exposure of blood to subendothe-
lial collagen and phospholipids, resulting in platelet adhesion
to the surface. von Willebrand factor serves as the binding lig-

and for platelet adhesion, via the glycoprotein I (GPI) receptor
on the platelet surface. Adhered platelets become activated and
release numerous compounds, including adenosine diphos-
phate and thromboxane A2, which stimulate platelet aggre-
gation. Fibrinogen serves as the binding ligand for platelet ag-
gregation, via the GPIIb/IIIa receptor on the platelet surface.4

Clotting Cascade
Transformation of the relatively unstable platelet plug (i.e., the
aggregated platelets) to a stable fibrin clot occurs as a result of
an imbalance between other procoagulant and anticoagulant
factors. In addition to stimulating the platelet response, en-
dothelial damage results in activation of the clotting cascade
(Fig. 15-2). The extrinsic pathway of the clotting cascade is
activated by the release of thromboplastin (tissue factor) from
endothelial cells. Tissue factor converts factor VII to factor
VIIa, which mediates the activation of factor X. The intrinsic
pathway of the clotting cascade is activated by exposure of
factor XII to subendothelial components exposed during ves-
sel injury. The intrinsic pathway mediates factor X activation
via a chain of events initiated by factor XI. The distinction
between these pathways is primarily an in vitro phenomenon;
in vivo, the two pathways are activated simultaneously.

Once stimulated, both the extrinsic and intrinsic pathways
activate the common pathway of the clotting cascade via factor
X. Activated forms of factors V and VIII serve independently
to accelerate this process. The final steps include conversion of
factor II (prothrombin) to factor IIa (thrombin), with eventual
formation of a stable fibrin clot.

Naturally occurring inhibitors of clotting factors play
a role in localizing fibrin formation to the sites of injury and
in maintaining the fluidity of circulating blood. Table 15-1
outlines these clotting inhibitors and their primary actions. In

Antiphospholipid antibody syndrome 
(lupus anticoagulant; anticardiolipin 
antibody) 
Antithrombin deficiency
Dysfibrinogenemia
Estrogen therapy
Factor V Leiden
Homocystenemia
Malignancy
Myloproliferative disorder
Polycythemia
Pregnancy
Protein C deficiency
Protein S deficiency
Prothrombin G20210A mutation
Thrombocytosis

Abnormalities of Clotting Components

Atrial fibrillation
Bed rest/immobilization/paralysis
Left ventricular dysfunction from:
  ischemic/idiopathic
  cardiomyopathy, congestive heart
  failure, or myocardial infarction
Venous obstruction from
  tumor/obesity/pregnancy

Abnormalities of Blood Flow

 Acute myocardial infarction
Atherosclerosis
Chemical irritation (potassium, hypertonic solutions,
  chemotherapy)
Fractures
Heart valve disease
Heart valve replacement
Indwelling catheters
Previous DVT/PE
Tumor invasion
Vascular injury/trauma

Abnormalities of Surfaces in Contact With Blood

FIGURE 15-1 Risk factors for thromboembolism. DVT, deep venous thrombosis; PE, pulmonary embolism.
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FIGURE 15-2 Simplified clotting cascade. Components in ovals are
influenced by heparin; components in boxes are influenced by war-
farin.

addition, the fibrinolytic system is involved in degradation of
fibrin clots. The actions of both clotting inhibitors and the fi-
brinolytic system prevent excessive coagulation. Thus, the pro-
cess of clot formation is dynamic and involves various factors
that can stimulate, inhibit, and dissolve a fibrin clot.

Pathological Thrombi
Pathological thrombi are sometimes classified according to lo-
cation and composition. Arterial thrombi are composed pri-
marily of platelets, although they also contain fibrin and oc-
casional leukocytes. Arterial thrombi generally occur in areas
of rapid blood flow (i.e., arteries) and are typically initiated by
spontaneous or mechanical rupture of atherosclerotic plaques
(see Chapter 18). Venous thrombi are found primarily in the
venous circulation and are composed almost entirely of fibrin
and erythrocytes. Venous thrombi have a small platelet head
and generally form in response to either venous stasis or vas-
cular injury after surgery or trauma. The areas of stasis prevent
dilution of activated coagulation factors by normal blood flow.

The selection of an antithrombotic agent may be influenced
by the type of thrombus to be treated. The anticoagulants hep-

Table 15-1 Inhibitors of Clotting Mechanisms

Inhibitor Target

Antithrombin Inhibits factors IIa, IXa, and Xa
Protein S Cofactor for activation of protein C
Protein C Inactivates factors Va and VIIIa
Tissue factor

pathway inhibitor
Inhibits activity of factor VIIa

Plasminogen Converted to plasmin via tissue plasminogen
activator

Plasmin Lyses fibrin into fibrin degradation products

arin, low-molecular-weight heparins, factor Xa inhibitors, and
warfarin are used in the treatment and prevention of both arte-
rial and venous thrombi. Drugs that alter platelet function (e.g.,
aspirin), alone and in combination with anticoagulants, are
used in the prevention of arterial thrombi. Fibrinolytic agents
are used for rapid dissolution of thromboemboli, most notably
during myocardial infarction (MI).

Pharmacology of Antithrombotic Agents
Heparin
Heparin is a rapid-acting anticoagulant that is administered
parenterally. Standard heparin (unfractionated heparin [UFH])
is a heterogeneous mixture of glycosaminoglycans of vary-
ing molecular weights obtained from bovine lung or porcine
intestinal mucosa (Table 15-2). The action of heparin is facil-
itated by its binding to the naturally circulating anticoagulant
antithrombin (AT), a serine protease also referred to as heparin
cofactor. Binding of heparin to AT accelerates the anticoagu-
lant effect of AT. The heparin–AT complex attaches to and
irreversibly inactivates factor IIa (thrombin) and factor Xa, as
well as activated factors IX, XI, and XII (Fig. 15-3).5 Approx-
imately one-third of the molecules present in UFH bind to AT
and provide the anticoagulant properties of heparin. The re-
maining two-thirds of the heparin molecules bind to plasma
proteins and to endothelial cells, saturable processes that con-
tribute to the dose-dependent pharmacokinetic profile of the
drug and limit its bioavailability. In addition to its anticoag-
ulant effects, heparin inhibits platelet function and increases
vascular permeability; these properties contribute to the hem-
orrhagic effects of heparin.

In cases of acute DVT or PE, the clotting cascade has been
activated, generating abnormal quantities of thrombin and fi-
brin. In these situations, thrombin must be inactivated directly,
a process that may require relatively large doses of heparin.
However, when the clotting cascade is in a normal balance, it is
possible to indirectly inactivate thrombin with smaller heparin
doses by complexing factor Xa. Because of the amplification
effect of the clotting cascade, inactivation of relatively small
amounts of factor Xa indirectly prevents the production of large
quantities of thrombin. This phenomenon is the basis for low-
dose heparin prophylaxis after surgery or in cases of prolonged
bed rest or immobilization.

Heparin may be administered intravenously (IV) by contin-
uous infusion, or subcutaneously (SC), although its bioavail-
ability is significantly reduced by SC administration. Intramus-
cular administration should be avoided because of the potential
for hematoma formation.

After IV administration, the anticoagulant effect of hep-
arin is noted immediately. During active thromboembolism,
the high concentration of clotting factors necessitates a higher
concentration of heparin to neutralize them. This increased
dosing requirement may also be related to continuing throm-
bin formation on the surface of the thrombus. Once endothe-
lialization (localization and incorporation of the clot into the
vascular endothelium) of the clot begins and the concentration
of clotting factors decreases, dosing requirements typically de-
crease. Considerable variability in dosing requirements among
patients necessitates routine therapeutic monitoring to main-
tain an appropriate intensity of anticoagulation with hep-
arin. The primary laboratory test for monitoring therapeu-
tic heparinization is the activated partial thromboplastin time
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Table 15-2 Comparison of Unfractionated Heparin (UFH), Low-Molecular-Weight Heparins (LMWHs), and Fondaparinux

Property UFH LMWH Fondaparinux

Molecular weight rangea 3,000–30,000 1,000–10,000 1,728
Average molecular weighta 12,000–15,000 4,000–5,000 1,728
Anti-Xa:anti-IIa activity 1:1 2:1–4:1 >100:1
aPTT monitoring required Yes No No
Inactivation by platelet factor 4 Yes No No
Capable of inactivation of platelet-bound factor Xa No Yes Yes
Inhibition of platelet function ++++ ++ No
Increases vascular permeability Yes No No
Protein binding ++++ + No
Endothelial cell binding +++ + No
Dose-dependent clearance Yes No No
Primary route of elimination 1. Saturable binding processes

2. Renal
Renal Renal

Elimination half-life 30–150 min 2–6 hr 17 hr

aMeasured in daltons.
Adapted from references 6 and 7.

(aPTT) (see Tests Used to Monitor Antithrombotic Therapy
section).

The plasma half-life of heparin varies from 30 to 150 min-
utes, but the half-life increases with increasing doses. Heparin
is cleared by extensive binding to plasma proteins and endothe-
lial cells, saturable processes that explain both its nonlinear
kinetics and the variability in dosing requirements among pa-
tients. Additional clearance occurs by transfer to the reticu-
loendothelial system, with ultimate elimination controlled by
the kidneys.

Low-Molecular-Weight Heparins
By using chemical or enzymatic depolymerization techniques,
UFH can be separated into fragments based on molecu-
lar weight.6 Several low-molecular-weight heparin (LMWH)
molecules have been isolated and commercially marketed as
anticoagulants. The LMWH products available in the United
States are dalteparin (Fragmin), enoxaparin (Lovenox), and
tinzaparin (Innohep). These products have replaced the use
of UFH in many clinical situations. These compounds dif-
fer substantially from UFH with respect to molecular weight,

1 
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AT 
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AT Thrombin Xa 
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FIGURE 15-3 Mechanism of action of heparin, low-molecular-weight heparins, and fondaparinux (see
text for details). Reprinted from reference 5, with permission.



THROMBOSIS � 15-5

antithrombotic and pharmacokinetic properties, adverse effect
profiles, and monitoring requirements (Table 15-2).

To inactivate factor Xa, only the AT component of the
heparin–AT complex is required to bind to factor Xa (Fig.
15-3). Both the longer, high-molecular-weight fragments of
UFH and the shorter, low-molecular-weight fragments of
LMWHs are capable of inactivating factor Xa. However, to in-
activate factor IIa (thrombin), both the heparin component and
the AT component of the heparin–AT complex are required
to bind to factor IIa. This binding requires heparin molecules
of at least 18 saccharide units in length, which are less preva-
lent in LMWHs. Therefore, the anti-Xa properties of LMWHs
are more significant than their anti-IIa properties. The resul-
tant antithrombotic effect does not prolong the aPTT, meaning
that these compounds do not require laboratory monitoring to
ensure a therapeutic effect.

Additional advantages of LMWHs over UFH are explained
by their reduced binding affinity for plasma proteins and en-
dothelial cells. These compounds display improved bioavail-
ability after SC injection, a predictable dose response, and a
longer pharmacodynamic effect compared with UFH. In gen-
eral, these compounds are administered subcutaneously every
12 to 24 hours at fixed doses. Many LMWH products have been
studied in the prevention and treatment of thromboembolic dis-
ease (Table 15-3). They differ significantly in their molecular
weight distributions, methods of preparation, and the ratio of
anti-Xa:anti-IIa activities, as well as in their pharmacokinetic
and pharmacodynamic characteristics.

Fondaparinux
Fondaparinux (Arixtra) is a selective indirect factor Xa in-
hibitor that is indicated for the prevention of venous thrombo-
sis associated with orthopedic surgery and abdominal surgery,
and for the treatment of deep vein thrombosis and pulmonary
embolism.6,7 It is a synthetic derivative of the five-residue sac-
charide sequence found in both UFH and LMWH that binds
to AT to inactivate factor Xa with no direct impact on factor
IIa. This agent has a long elimination half-life, allowing for
once-daily SC administration at a fixed dose without the need
for routine coagulation monitoring.

Direct Thrombin Inhibitors
Argatroban, lepirudin (Refludan), and bivalirudin (An-
giomax) are direct thrombin inhibitors that are used as
alternative anticoagulants in patients with heparin-induced
thrombocytopenia.8 (Table 15-4). These agents are adminis-
tered by continuous infusion and require aPTT monitoring
for appropriate dosing adjustments. Bivalirudin is also used in
patients undergoing percutaneous coronary intervention. This

Table 15-3 Low-Molecular-Weight Heparin Products
Available in the United States

Average Molecular Anti-Xa:Anti-IIa
Generic Name Brand Name Weight (range) a Activity

Dalteparin Fragmin 5,000 (2,000–9,000) 2.0:1
Enoxaparin Lovenox 4,500 (3,000–8,000) 2.7:1
Tinzaparin Innohep 4,500 (3,000–6,000) 1.9:1

aMeasured in daltons.

Warfarin Blocks

Vitamin K Epoxide Reductase

Clotting Factor Precursors Inactive Clotting Factors

Vitamin K Vitamin K Epoxide

FIGURE 15-4 Mechanism of action of warfarin.

agent appears to be associated with a lower rate of hemorrhagic
complications than UFH and may reduce the need for concur-
rent therapy with glycoprotein IIb/IIIa receptor antagonists9.

Warfarin
Warfarin is an oral anticoagulant with a delayed onset of ef-
fect that acts as a vitamin K antagonist. Vitamin K is essential
for the conversion (carboxylation) of precursors to clotting
factors II, VII, IX, and X into inactive clotting factors and
for the synthesis of protein C and protein S. During factor
conversion, vitamin K is oxidized to inactive vitamin K epox-
ide (Fig. 15-4). In the nonanticoagulated patient, vitamin K
epoxide is in reversible equilibrium with vitamin K, but this
equilibrium is disrupted in patients taking oral anticoagulants.
Warfarin (Coumadin) interferes with the hepatic recycling of
vitamin K by inhibiting vitamin K epoxide reductase (VKOR),
the enzyme that converts vitamin K epoxide to vitamin K.10

The accumulation of vitamin K epoxide reduces the effective
concentration of vitamin K and reduces the synthesis of coag-
ulation factors. Concentrations of clotting factors II, VII, IX,
and X are diminished gradually at rates commensurate with
their elimination half-lives (Table 15-5). Thus, the onset of the
anticoagulant effect of warfarin is delayed. It takes approxi-
mately 5 to 7 days to reach a steady state of anticoagulation
after warfarin therapy is initiated or after dosing changes. Pro-
tein C and its cofactor protein S are also vitamin K dependent,
and these proteins are depleted by warfarin at rates dependent
on their elimination half-lives.

Warfarin is rapidly and completely absorbed in the upper
gastrointestinal (GI) tract by passive diffusion, with nearly
100% bioavailability. Peak absorption of warfarin occurs in
60 to 120 minutes. It is approximately 99% bound to serum al-
bumin. The volume of distribution (Vd) for warfarin is 12.5%
of body weight. This small volume of distribution is consistent
with the extensive binding of warfarin to albumin. The primary
laboratory test for monitoring warfarin therapy is the prothrom-
bin time (PT). No correlation appears to exist between PT and
the dose of warfarin, the total warfarin concentration, or the
free warfarin concentration among individuals, although in in-
dividual patients, an increasing dose of warfarin will increase
the serum concentration (free and total) and the PT.

Warfarin is administered orally as a racemic mixture con-
taining equal parts of the enantiomers R(+)-warfarin and
S(–)-warfarin. The S(–)-isomer is 2.7 to 3.8 times more potent
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Table 15-4 Pharmacologic and Clinical Properties of Direct Thrombin Inhibitors

Lepirudin Bivalirudin Argatroban

Route of administration IV or SC (BID) IV IV
FDA-Approved

Indication
Treatment of thrombosis in patients with HIT Patients with UA undergoing

PTCA; PCI with provisional
use of GPI; Patients with or at
risk of HIT/HITTS undergoing
PCI.

Treatment of thrombosis in patients
with HIT; Patients at risk for HIT
undergoing PCI

Binding to Thrombin Irreversible at
catalytic site and exosite-1

Partially reversible at catalytic site
and exosite-1

Reversible at catalytic site

Half-Life in healthy
subjects

1.3–2 hrs 25 min 40–50 min

Monitoring aPTT (IV)
SCr/CrCL

aPTT/ACT
SCr/CrCL

aPTT/ACT
Liver Function

Clearance Renal Enzymatic (80%)
Renal (20%)

Hepatic

Antibody Development Antihirudin antibodies in up to 40%–60% of
patients

May cross-react with antihirudin
antibodies

No

Effect on INR Slight increase Slight increase Increase

Initial dose for HIT HITTS:
Bolusa : 0.4 mg/kg, up to a maximum of 110

kg, given over 15 to 20 seconds
Infusion: 0.15 mg/kg/hr
HIT: no bolus; 0.1 - mg/kg/hr infusion

No bolus
Infusion: 0.15mg/kg/hr

No bolus
Infusion: 2mcg/kg/minb

In critically ill patients: consider
lower infusion rat of 0.5–1
mcg/kg/min

Initial dose for PCI NA Bolus: 0.75mg/kg
Infusion: 1.75mg/kg/hr

NA

Dosing if renal
impairment

Bolusa : 0.2 mg/kg (bolus dose is best avoided
in patients with renal impairment)

Infusion:
CrCL 45–60: 0.075 mg/kg/hr
CrCL 30–44: 0.045 mg/kg/hr
CrCL 15–29: 0.0225 mg/kg/hr
CrCL< 15: no bolus; avoid or stop infusion
HD: stop infusion & additional IV bolus

doses of 0.1 mg/kg every other day should
be considered if the aPTT ratio falls below
1.5

PCI:
Bolus: no dose adjustment
Infusion:
CrCL < 30: 1 mg/kg/hr
HD:0.25mg/kg/hr
HIT:
No bolus
Infusion:
CrCL < 30: 0.08mg/kg/hr
HD:0.02mg/kg/hr

CrCL < 30: mean doses of 0.8
mcg/kg/min have been reported;

Note: Dose adjustment not required
per product information but
recent literature support dose
adjustment as above.

Dosing if hepatic
impairment

Dose adjustment not required Dose adjustment not required Initiate at 0.5 mcg/kgmin then titrate
to aPTT 1.5–3.0 x baseline

a Initial IV bolus ONLY recommended when life-threatening thrombosis is present.
b Recent reports indicate that lower initial infusion rates of ∼ 1.5mcg/kg/min may be more appropriate
IV, intravenous; SC, subcutaneous; PO, oral; bid, twice daily; qd, daily; HIT, heparin induced thrombocytopenia; HITTS, heparin induced thrombocytopenia and thrombosis
syndrome; DVT, deep vein thrombosis; THA, total hip arthroplasty; UA, unstable angina; PTCA, percutaneous transluminal coronary angioplasty; PCI, percutaneous coronary
intervention;; GPI, glycoprotein Ilbllla inhibitor; VTE, venous thromboembolism; AF, atrial fibrillation; aPTT, activated partial thromboplastin time; SCr, serum creatinine; CrCL,
creatinine clearance; ACT, activated clotting time; HD, hemodialysis

as an anticoagulant than the R(+)-isomer, has a longer elimina-
tion half-life, and is primarily metabolized by cytochrome P450
(CYP)-2C9. Comparatively, R(+)-warfarin is metabolized by
primarily by CYP1A2 and CYP3A4. Many drugs interact
with warfarin by stereoselectively inhibiting the metabolism of
either the R(+)-isomer or the S(–)-isomer (see Drug Interac-
tions section). Genetic expression of CYP2C9 influences the
rate of metabolism of warfarin and thus impacts dosing require-
ments to meet a particular therapeutic end point.11 Variability
in genetic expression of VKORC1 (the C1 subunit on the gene
that codes for VKOR) also influences dosing requirements in
patients taking warfarin.12 Testing for CYP2C9 and VCORC1
genotype are being evaluated as a method to determine war-
farin dosing requirement, but will not ready for clinical use

until randomized controlled trials confirm that this method of
dosing improves patient outcomes and is cost effective.

Tests Used to Monitor Antithrombotic Therapy
Before the initiation of antithrombotic therapy, an assessment
of coagulation status is necessary. The clinician should obtain a
baseline platelet count and hematocrit (Hct), as well as evaluate
the baseline integrity of the extrinsic and intrinsic coagulation
pathways with PT and aPTT, the tests used to monitor warfarin
and heparin, respectively.

Prothrombin Time/International Normalized Ratio
The PT is prolonged by deficiencies of clotting factors II, V,
VII, and X, as well as by low levels of fibrinogen and very high
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Table 15-5 Elimination Half-Lives of Vitamin K–Dependent
Clotting Factors

Clotting Factors Half-Life (hours)

II 42–72
VII 4–6
IX 21–30
X 27–48
Protein C 9
Protein S 60

levels of heparin. It reflects alterations in the extrinsic and com-
mon pathways of the clotting cascade, but not in the intrinsic
system.13 The PT is measured by adding calcium and tissue
thromboplastin to a sample of plasma from which platelets
have been removed by centrifugation. The time to clot forma-
tion is detected by automated instruments using light-scattering
techniques that measure optical density. The mean normal PT,
obtained by averaging a number of PT results from nonan-
ticoagulated subjects, is approximately 12 seconds for most
reagents.

The thromboplastins used in PT monitoring are extracted
from various tissue sources by a number of techniques and pre-
pared for commercial use as reagents. Unfortunately, thrombo-
plastins are not standardized among manufacturers or among
batches of reagent produced by the same manufacturer, lead-
ing to significant variability in PT results for anticoagulated
patients.14 To standardize PT results, the World Health Organi-
zation developed a system by which all commercially available
thromboplastins are compared with an international reference
thromboplastin and then assigned an International Sensitiv-
ity Index (ISI). This value is used to mathematically convert
PT to the international normalized ratio (INR) by exponen-
tially multiplying the PT ratio to the power of the ISI of the
thromboplastin being used in the laboratory to measure the test
(INR = [PT patient/PT mean normal]ISI). The ISI of the inter-
national reference thromboplastin is 1.0.

INR is the internationally recognized standard for monitor-
ing warfarin therapy. Current recommendations for intensity
of oral anticoagulation therapy for accepted clinical indica-
tions are summarized in Table 15-6. Regular-intensity therapy
is defined as dosing warfarin to reach a goal INR of 2.5 (range,
2.0–3.0) and is appropriate for most settings that require the
prevention and/or treatment of thromboembolic disease. High-
intensity therapy is used in mechanical valve replacement and
certain situations of thromboembolic recurrence, despite ad-
equate anticoagulation, and is defined as dosing warfarin to
reach a goal INR of 3.0 (range, 2.5–3.5).

Activated Partial Thromboplastin Time
The aPTT reflects alterations in the intrinsic pathway of the
clotting cascade and is used to monitor heparin therapy.15 The
test is performed by adding a surface-activating agent (kaolin or
micronized silica), a partial thromboplastin reagent (phospho-
lipid; platelet substitute), and calcium to the plasma sample.
Mean normal values vary among reagents, but typically fall
between 24 and 36 seconds.

Like PT, the aPTT is a highly variable test based on dif-
ferences among commercially available partial thromboplastin

reagents. However, a system equivalent to the INR has not been
developed for standardization of aPTT results. Heparinization
to prolong the aPTT to 1.5 to 2.5 times the mean normal value
historically was considered adequate to prevent propagation or
extension of thrombus, but is no longer recommended because
it is not appropriate for all reagents and testing systems. Instead,
the aPTT should be calibrated for each reagent lot and coag-
ulometer, and a reagent-specific therapeutic range in seconds
determined that corresponds to therapeutic heparin levels of
0.3 to 0.7 U/mL by factor Xa inhibition (anti-Xa activity).6,16

Anti-Xa Activity
Although LMWHs do not require coagulation monitoring to
ensure an appropriate antithrombotic effect or to adjust dos-
ing, certain clinical situations may require evaluation of the
anti-Xa activity of LMWHs.17 Because these agents are elim-
inated renally, patients with severe renal failure may accu-
mulate LMWHs, leading to an increased risk of hemorrhagic
complications and necessitating evaluation of anti-Xa activity.
LMWHs are dosed according to total body weight, but clinical
trials have included only limited numbers of obese patients.
Therefore, it may be appropriate to monitor anti-Xa activity
in these patients. Anti-Xa activity should also be evaluated in
patients who experience unexpected bleeding complications
secondary to anticoagulation with LMWHs, and in pregnant
patients in whom LMWHs are used for treatment or prevention
of thrombosis.

Anti-Xa activity is measured using a chromogenic assay
that is expensive and of limited availability. Peak activity levels
should be obtained approximately 4 hours after a SC dose of
LMWH, with empiric dosing adjustments to maintain a level
of roughly 0.5 to 1.0 U/mL for therapeutic anticoagulation.6,18

Like other measures of hemostasis, results vary considerably,
requiring both instrument- and method-specific determination
of therapeutic ranges.

DEEP VENOUS THROMBOSIS
Clinical Presentation
Signs and Symptoms

1. L.N., a 76-year-old, obese (92 kg, 6 ft tall) man, was admitted
to the hospital 3 days ago for management of recurrent angina.
He was started on a nitroglycerin drip and confined to bed rest
with gradual increases in his oral antianginal medications. On
the third day of hospitalization, he noted progressive swelling and
soreness of the right calf. He denied shortness of breath (SOB),
cough, or chest pain. His medical history includes coronary artery
disease, MI at ages 55 and 67, and hypercholesterolemia. His med-
ications are diltiazem CD (Cardizem CD) 360 mg/day PO, isosor-
bide mononitrate (Imdur) 120 mg/day PO, atenolol (Tenormin) 50
mg/day PO, aspirin 325 mg/day PO, and simvastatin (Zocor) 5 mg
PO Q pm. Initial laboratory values include Hct, 36.5% (normal,
42%–52%); PT, 10.8 seconds (INR, 1.0); aPTT, 23.6 seconds (nor-
mal, 24–36); and platelet count, 255,000/mm3 (normal, 150,000–
300,000). What signs and symptoms demonstrated by L.N. are
consistent with DVT?

[SI units: Hct, 0.365 (normal, 0.42–0.52); platelet count, 255 × 109/L

(normal, 150–300)]

One of the most reliable, although nonspecific, physi-
cal findings of DVT is unilateral leg swelling that often is
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Table 15-6 Optimal Therapeutic Range and Duration of Anticoagulation

Indication Target INR (Range) Duration Comment

Atrial Fibrillation (AF)/Atrial Flutter
Age older than 65 years with no risk factors None Chronic Use aspirin 325 mg QD alone
Age 65–75 years with no risk factors 2.5 (2.0–3.0) Chronic Or aspirin 325 mg QD
Age older than 75 years OR any risk factor Chronic
[hx TIA/stroke/TE; HTN; poor LV fxn; mitral valve dz; valve

replacement]
Precardioversion (AF or flutter >48 hours) 2.5 (2.0–3.0) 3 weeks
Postcardioversion (in NSR) 2.5 (2.0–3.0) 4 weeks

Cardioembolic Stroke
With risk factors for stroke 2.5 (2.0–3.0) Chronic
[AF, CHF, LV dysfxn; mural thrombus, hx TIA/stroke/TE]
Following embolic event despite anticoagulation 2.5 (2.0–3.0) Chronic Add antiplatelet therapy

Left Ventricular Dysfunction
Ejection fraction <30% 2.5 (2.0–3.0) Chronic
Transient, following myocardial infarction <30% 2.5 (2.0–3.0) 3 months With aspirin 81 mg QD
Following embolic event despite anticoagulation <30% 2.5 (2.0–3.0) Chronic Add antiplatelet therapy

Myocardial Infarction (MI)
Following anterior MI 2.5 (2.0–3.0) 3 months With aspirin 81 mg QD
Following inferior MI with transient risk(s) 2.5 (2.0–3.0) 3 months With aspirin 81 mg QD
[AF; CHF, LV dysfxn, mural thrombus, hx TE]
Following initial tx with persistent risks 2.5 (2.0–3.0) Chronic With aspirin 81 mg QD

Thromboembolism (DVT, PE)
Treatment/prevention of recurrence (including calf vein and

upper extremity DVT)
� Transient risk factors 2.5 (2.0–3.0) 3 months
� Idiopathic/first episode 2.5 (2.0–3.0) 6–12 months Consider chronic therapy
� Recurrent VTE 2.5 (2.0–3.0) Chronic
� With malignancy 2.5 (2.0–3.0) Chronic Preceded by LMWH × 3–6 months
� Hypercoagulable state 2.5 (2.0–3.0) 6–12 months Consider chronic therapy
� Two or more thrombophilic conditions 2.5 (2.0–3.0) 12 months Consider chronic therapy
� Antiphospholipid antibody syndrome 2.5 (2.0–3.0) 12 months Consider chronic therapy
� With recurrent VTE or other risk factors 2.5 (2.0–3.0) 12 months Consider chronic therapy

Chronic thromboembolic pulmonary hypertension 2.5 (2.0–3.0) Chronic
Cerebral venous sinus thrombosis 2.5 (2.0–3.0) 3–6 months

Valvular Disease
Aortic valve disease 2.5 (2.0–3.0) Chronic

� With mobile atheroma or aortic plaque >4 mm
Mitral valve prolapse, regurgitation, or annular calcification

� With AF or hx systemic embolization 2.5 (2.0–3.0) Chronic
� With recurrent TIA despite ASA therapy 2.5 (2.0–3.0) Chronic

Rheumatic mitral valve disease
� With AF, hx systemic embolization, or LA >5.5 cm 2.5 (2.0–3.0) Chronic
� S/p embolic event despite anticoagulation 2.5 (2.0–3.0) Chronic With aspirin 81 mg QD

Valve Replacement—Bioprosthetic
Aortic 2.5 (2.0–3.0) 3 months Followed by aspirin (or aspirin

alone)
Mitral 2.5 (2.0–3.0) 3 months Followed by aspirin 81 mg QD
Aortic or mitral

� With LA thrombus 2.5 (2.0–3.0) 3 months Followed by aspirin 81 mg QD
� With prior history systemic embolism 2.5 (2.0–3.0) 3–12 months Followed by aspirin 81 mg QD
� With atrial fibrillation 2.5 (2.0–3.0) Chronic

Following systemic embolism 2.5 (2.0–3.0) Chronic With aspirin 81 mg QD

Continued

accompanied by warmth and local tenderness or pain.19 A ten-
der, cordlike entity caused by venous obstruction can some-
times be palpated in the affected area. L.N. presented with the
sudden onset of swelling along with soreness, but without ev-
idence of a cord. Discoloration of the affected limb, including
pallor from arterial spasm, cyanosis from venous obstruction,

or a reddish color from perivascular inflammation, may also oc-
cur. The presence or absence of a positive Homans’ sign (pain
behind the knee or calf on dorsiflexion of the foot) is rarely
helpful in making the diagnosis because it is present in only
about 30% of patients with DVT. Many patients (>50%) can
present with asymptomatic disease, but even asymptomatic
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Table 15-6 Optimal therapeutic range and duration of anticoagulation (continued)

Valve Replacement—Mechanical
Aortic

� Bileaflet St Jude 2.5 (2.0–3.0) Chronic
� Bileaflet Carbomedics/tilting disk Medtronic Hall

∼ In NSR, with nl EF, and nl LA size 2.5 (2.0–3.0) Chronic
∼ all others 3.0 (2.5–3.5) Chronic

� Tilting disk (all other brands) 3.0 (2.5–3.5) Chronic
� Ball and cage/caged disk 3.0 (2.5–3.5) Chronic With aspirin 81 mg qd

Mitral
� Bileaflet or tilting disk 3.0 (2.5–3.5) Chronic
� Ball and cage/caged disk 3.0 (2.5–3.5) Chronic With aspirin 81 mg qd

With additional risk factors or following TE event 3.0 (2.5–3.5) Chronic Add aspirin 81 mg qd

INR, international normalized ratio; QD, once daily; hx, history; TIA, transient ischemic attack; TE, thromboembolism; HTN, hypertension; LV, left ventricular; fxn, function;
DZ, disease; NSR, normal sinus rhythm; CHF, congestive heart failure; dysfxn, dysfunction; tx, therapy; DVT, deep vein thrombosis; PE, pulmonary embolism; VTE, venous
thromboembolism; LMWH, low molecular weight heparin; ASA, aspirin; LA, left artium; s/p, status post; nl, normal.

patients can have long-term complications such as recurrent
DVT or postthrombotic syndrome. Because symptoms of DVT
are nonspecific, the diagnosis must be confirmed by objective
testing.20

Risk Factors

2. What risk factors does L.N. exhibit that are associated with
DVT?

The diagnosis of DVT depends not only on the presenting
signs and symptoms, but also on the presence of risk factors. A
summary of risk factors for thromboembolism is presented in
Figure 15–1. L.N. has presented with obesity and immobiliza-
tion (i.e., prolonged bed rest), two important risk factors for
thromboembolism. It is common for more than one risk factor
to be present in patients who develop DVT, and these factors
are cumulative in their effect.21

Diagnosis

3. How should the final diagnosis of DVT be made in L.N.?

After evaluation of the signs and symptoms of DVT and
consideration of risk factors for the development of thrombus,
a definitive diagnosis should be made. Diagnostic strategies
should include an assessment of pretest clinical probability
(clinical suspicion), D-dimer assay (an evaluation of the pres-
ence of fibrin degradation products, indicative of clot forma-
tion), and noninvasive imaging tests.22

Despite its limitations as a single diagnostic tool, clinical
assessment can improve the diagnostic accuracy of noninvasive
testing. A clinical prediction rule, such as the Wells criteria,
takes into account signs, symptoms, and risk factors to catego-
rize patients as being at low, intermediate, or high probability of
having a DVT (Table 15-7).23,24 The D-dimer test can be used
in conjunction with clinical evaluation or a clinical prediction
rule to help “rule out” DVT in patients with a low clinical sus-
picion, and thus decrease the need for imaging tests in these
patients.25 A D-dimer should not be tested if the clinical sus-
picion is high because diagnostic imaging is indicated in these
patients.

The most common noninvasive test is duplex scanning,
which combines B-mode imaging or color flow imaging with
Doppler ultrasonography to visualize veins and thrombi while
investigating flow patterns.19 Other noninvasive testing op-

tions include 125I-fibrinogen leg scanning (injection of radi-
olabeled fibrinogen followed by scanning to detect areas of
accumulation corresponding to thrombosis), impedance
plethysmography (use of pneumatic cuffs to detect leg blood
volume changes associated with thrombosis), and Doppler ul-
trasonography alone (use of a transducer to audibly detect
venous flow changes indicative of thrombosis). Each option
differs with respect to sensitivity, specificity, and cost. Venog-
raphy (radiographic visualization of the involved vessels with
injection of radiocontrast material), an invasive diagnostic test,
is the most sensitive and specific method for diagnosis of
DVT, but exposes patients to the risks associated with con-
trast material.23

Treatment
Baseline Information

4. What additional baseline data should be obtained before
administering anticoagulants to L.N.?

Table 15-7 Clinical Model for Evaluating the Pretest
Probability of Deep Vein Thrombosisa

Clinical Characteristic Score

Active cancer (cancer treatment within previous 6 months, or
currently on palliative treatment)

1

Paralysis, paresis, or recent plaster immobilization of the lower
extremities

1

Recently bedridden for ≥3 days, or major surgery within the
previous 12 weeks requiring general or regional anesthesia

1

Localized tenderness along the distribution of the deep venous
system

1

Entire leg swollen 1
Calf swelling at least 3 cm larger than that on the asymptomatic

side (measured 10 cm below tibial tuberosity)
1

Pitting edema confined to the symptomatic leg 1
Collateral superficial veins (nonvaricose) 1
Previously documented deep vein thrombosis 1
Alternative diagnosis at least as likely as deep vein thrombosis –2

aClinical probability of DVT: low <0; moderate 1–2; high >3. In patients with symp-
toms in both legs, the more symptomatic leg is used.
Adapted from references 22 and 24.
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In addition to assessing the integrity of the clotting pro-
cess with platelet count, Hct, PT, and aPTT, the patient’s base-
line renal function should also be evaluated and documented
because some anticoagulants are renally eliminated. Gener-
ally, it is unnecessary to type and cross-match blood, but if
this information is available, it should be recorded. Baseline
values are used for comparison with the parameters that will
be used in monitoring both therapeutic and adverse effects of
anticoagulant therapy.

Initiation of Therapy

5. Duplex scanning reveals clot formation in L.N.’s right calf
extending to the right thigh. He does not exhibit signs of PE. What
is the appropriate therapy for L.N., and how should it be initiated?

Prompt and optimal anticoagulant therapy is indicated to
minimize thrombus extension and its vascular complications,
as well as to prevent PE. Treatment options include IV UFH
therapy initiated with a loading dose followed by a continuous
infusion, adjusted-dose SC UFH, or LMWH or fondaparinux
administered by SC injection.26 Because L.N. currently is hos-
pitalized, IV UFH is selected for initial treatment of his DVT.

Heparin
LOADING DOSE

6. L.N.’s medical resident ordered a heparin bolus dose of
5,000 units (U) IV, to be followed by a continuous infusion of 1,000
U/hour. Is this heparin dosing regimen appropriate?

A loading dose of heparin is required for several reasons.
Based on pharmacokinetic principles, a therapeutic serum level
will be achieved more quickly; thus, pharmacodynamic and
therapeutic responses to help prevent progression of clot will
occur rapidly. Second, a relative resistance to anticoagulation
exists during the active clotting process. Therefore, a larger
initial dose generally is necessary to achieve a therapeutic ef-
fect.

Although many clinicians historically used standardized
doses of heparin for initiation of therapy (e.g., 5,000-U loading
dose; 1,000-U/hour maintenance dose), this approach can re-
sult in significant delays in reaching a therapeutic intensity of
anticoagulation. Body weight represents the most reliable pre-
dictor of heparin dosing requirement. For nonobese patients,
the use of the actual body weight is recommended to calcu-
late the initial UFH dose. In obese patients, the use of the
actual body weight is controversial, and the use of an adjusted-
dosing weight is recommended by some experts.27 Compared
with standardized dosing, weight-based dosing (80-U/kg load-
ing dose; 18-U/kg/hour initial infusion rate) increases the
frequency of therapeutic aPTT at 6 hours and at 24 hours,
and decreases the risk of recurrent venous thromboembolism
(VTE).28–30

Initial heparin loading doses of 70 to 100 U/kg followed
by an infusion rate of 15 to 25 U/kg/hour are commonly rec-
ommended. Selection of the lower or upper dosage range is
guided by the severity of the patient’s symptoms and his or her
potential sensitivity to adverse effects. For this 92-kg patient,
a midrange loading dose of 7,400 U (92 kg × 80 U/kg), fol-
lowed by a continuous infusion of 1,700 U/hour (92 kg × 18
U/kg per hour), is recommended. Loading doses are typically
rounded to the nearest 500 U and maintenance infusion rates
to the nearest 100 U for convenience of administration.

DOSE ADJUSTMENTS

7. The orders for L.N. were rewritten by his attending physi-
cian. Based on the data that follow, explain the variability in labo-
ratory results. (At this institution, aPTT values of 60–100 seconds
correspond with heparin plasma concentrations of 0.3–0.7 U/mL
determined by antifactor Xa assay.)

Time APTT (seconds) Heparin Dosage Order

0800 31 (baseline) 7,400-U bolus followed by 1,700-U/hour
infusion

0900 130 Hold infusion for 30 minutes, then to 1,500
U/hour

1500 40 Rebolus with 2,400 U, then to 1,700 U/hour
2100 85 Continue at 1,700 U/hour; recheck aPTT Q am

Although the aPTT drawn 1 hour after the initiation of the
maintenance infusion (9 am) demonstrates excessive prolon-
gation of the aPTT (130 seconds), this value is most likely
explained by inappropriate timing of the test. When aPTT val-
ues are drawn too soon after a heparin bolus dose (i.e., before
the maintenance infusion has achieved a steady-state concen-
tration in serum), they are predictably very high, but are not
associated with a bleeding risk and do not accurately reflect the
anticipated level of anticoagulation in the patient. To ensure ac-
curacy, the clinician should obtain aPTT values no sooner than
6 hours after a bolus dose or any change in the infusion rate.
Even results obtained at 6 hours may be excessively prolonged
in some patients because of the dose-dependent pharmacoki-
netic characteristics of heparin.

L.N.’s heparin dose was decreased at 0900 based on this
prolonged, yet inappropriately timed, value. A repeat aPTT
at 3 pm was only 40 seconds. The decrease in the dosage to
1,500 U/hour and the repeat aPTT of 40 seconds reflect near
steady-state conditions because 6 hours have elapsed since the
dosage change. Because the aPTT was subtherapeutic at 3 pm
(40 seconds), administration of a smaller repeat bolus dose
(2,400 U) and an increase in the maintenance infusion to 1,700
U/hour was the correct course of action. Subsequent aPTT
values reflected therapeutic anticoagulation.

Dosing nomograms or protocols have been recommended
for adjustment of heparin dosing based on aPTT results.6,31

Nomogram-based dosing reduces the time to reach therapeutic
range compared with empiric dosing.31 After initiation based
on patient weight, dosing adjustments may also be weight based
or may simply be made in units per hour. A heparin dosing
nomogram specific for a reagent with a therapeutic aPTT range
of 60 to 100 seconds (and used in the adjustment of heparin
doses for L.N.) is illustrated in Table 15-8.

Responses to changes in infusion rates of heparin are not
always linear, and to some extent, heparin doses are adjusted by
trial and error. As the patient’s condition improves after several
days and endothelialization of the clot occurs, heparin dosing
requirements may decrease.

THERAPEUTIC MONITORING

8. How should L.N.’s heparin therapy be monitored?

Once baseline clotting parameters have been established
and a loading dose of heparin has been administered, the
aPTT should be measured routinely to guide subsequent dos-
ing adjustments. The aPTT should be evaluated no sooner than
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Table 15-8 Heparin Dosing Nomograma

1. Suggested loading dose
� Treatment of DVT/PE: 80 U/kg(rounded to nearest 500 U)
� Prevention, including cardiovascular indications:70 U/kg (rounded to nearest 500 U)

2. Suggested initial infusion
� Treatment of DVT/PE: 18 U/kg/hr (rounded to nearest 100 U)
� Prevention, including cardiovascular indications: 15 U/kg/hr (rounded to nearest 100 U)

3. First aPTT check: 6 hours after initiating therapy
4. Dosing adjustments: per chart below (rounded to nearest 100 U)

aPTT b (seconds) Heparin Bolus Infusion Hold Time Infusion Rate Adjustment Next aPTT

<40 4,000 U 0 Increase by 200 U/hr In 6 hr
40–59 2,000 U 0 Increase by 100 U/hr In 6 hr
60–100 0 0 None Q am
101–110 0 0 Decrease by 100 U/hr In 6 hr
111–120 0 0 Decrease by 200 U/hr In 6 hr
>120 0 30 minutes Decrease by 200 U/hr In 6 hr

aUniversity of Washington Medical Center.
bBased on aPTT reagent-specific therapeutic range of 60–100 sec corresponding to a plasma heparin concentration of 0.3–0.7 U/mL determined by antifactor Xa activity.

6 hours after the loading dose or after any changes in infusion
rate, as noted previously. If dosing is stable, the aPTT should
be evaluated once daily (Table 15-8).

Additional monitoring parameters for heparin therapy in-
clude evaluation for potential adverse reactions and possible
therapeutic failure. Hct and platelet count should be checked
every 1 to 2 days. L.N. should be examined for signs of bleed-
ing, as well as for signs and symptoms associated with throm-
bus extension and PE. Finally, if unusual or unexpected aPTT
results are reported, the clinician should consider the possible
influence of solution preparation errors, infusion pump failure,
infusion interruption, and administration or charting errors in
the assessment of L.N.’s heparin therapy.32

DURATION OF THERAPY

9. How long should heparin therapy be continued in L.N.?

Adherence of a thrombus to the vessel wall and subsequent
endothelialization usually takes 7 to 10 days. However, anti-
coagulation therapy must generally continue for 3 to 6 months
to prevent recurrent thrombosis.26 Warfarin is preferred for
this long-term anticoagulation because it can be administered
orally, and it is generally initiated on the same day as hep-
arin. The long elimination half-life of warfarin and the long
elimination half-lives of clotting factors II and X necessitate
a prolonged period of overlap between warfarin and heparin.
Heparin is, therefore, continued for ≥5 days and until the INR
is >2 and stable. Heparin therapy should not be discontinued
before at least 5 days even if the INR is therapeutic before
then because of the time required for adequate elimination of
factors II and X by warfarin and the time required to reach its
full antithrombotic potential. Shortening the duration of hep-
arin therapy is associated with an increased risk of recurrent
thrombosis.

ADVERSE EFFECTS

10. On day 2 of heparin therapy, L.N.’s complete blood
count reveals a platelet count of 180,000/mm3, decreased from
255,000/mm3 at baseline. What is a reasonable explanation for
this thrombocytopenia, and how should it be managed?

Thrombocytopenia
Thrombocytopenia induced by heparin has two distinct
presentations.8 Heparin-associated thrombocytopenia (HAT)
occurs as a direct effect of heparin on platelet function, caus-
ing transient platelet sequestration and clumping with reduc-
tions in platelet count, but usually remaining >100,000/mm3.
This reversible form of thrombocytopenia occurs within the
first several days of heparin therapy. Patients remain asymp-
tomatic, and platelet counts return to normal even when hep-
arin therapy is continued. L.N.’s reduction in platelet count
is somewhat modest and likely represents HAT. His platelet
count should be monitored daily, and heparin therapy should be
continued.

Reductions in platelet count of >50% from baseline sug-
gest the development of heparin-induced thrombocytopenia
(HIT), a more severe immune-mediated reaction with a typical
delay in onset of 5 to 14 days after the initiation of heparin
therapy. In contrast, “immediate-onset” HIT can occur rapidly
(within 24 hours of UFH initiation) in patients previously ex-
posed to heparin. In addition, delayed-onset HIT has also been
reported, where the development of thrombocytopenia begins
several days after heparin has been stopped in patients naive
to UFH.33

In the immune-mediated reaction, heparin binds to an IgG
antibody to form a heparin–antibody complex that then binds
to platelets, leading to significant platelet aggregation. The ob-
served thrombocytopenia is the result of drug-induced platelet
aggregation as opposed to platelet destruction or bone marrow
suppression. The diagnosis of immune-mediated HIT is made
based on clinical findings supplemented by laboratory tests
confirming the presence of antibodies to heparin or platelet
activation induced by heparin.8

The overall incidence of HIT is <3% after 5 days of UFH
use, but the cumulative incidence can be as high as 6% af-
ter 14 days of continuous heparin use. HIT occurs more fre-
quently with bovine lung heparin than with heparin derived
from porcine gut mucosa, and also with prolonged IV UFH
use versus SC UFH.8,33 Despite its low incidence, HIT is a
life-threatening condition with high morbidity and mortality.
Platelet aggregation secondary to HIT can lead to significant
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venous and arterial thrombosis, as well as thromboembolic
stroke, acute MI, skin necrosis, and thrombosis of other major
arteries. Amputation is necessary in up to 25% of patients, and
mortality approaches 25% to 30% (see Chapter 87).

In patients who develop HIT, heparin therapy should be
stopped immediately, and treatment with an alternative anti-
coagulant should be initiated.8,33 Although associated with a
lower risk of HIT (<1%) than UFH, LMWH products are con-
traindicated in patients with HIT because of a high incidence of
immunologic cross-reactivity with heparin.8 The future use of
heparin in patients with HIT, especially in the first 3 to 6 months
following the diagnosis, should be avoided. Treatment options
include the direct thrombin inhibitors argatroban, lepirudin and
bivalirudin, although only the first two are U.S. Food and Drug
Administration (FDA) approved for this indication. The dose
of lepirudin and argatroban should be titrated based on aPTT
testing, and both are administered by IV infusion. Although
some clinicians prefer argatroban because it has a shorter half-
life and lower cost when compared to lepirudin, both agents are
considered equally suitable for the initial treatment of HIT. Bi-
valirudin also appears to be a promising emerging alternative
for the treatment of HIT due to its short-half life, low immuno-
genicity, minimal effect on INR, and enzymatic metabolism.
Various patient-related factors—such as the presence of renal
or hepatic dysfunction; prior exposure to lepirudin; and drug
availability, cost, and institutional preference—should be used
to select the most appropriate and agent8,34 (Table 15-4).

11. On day 3 of heparin therapy, L.N.’s Hct has dropped from a
baseline of 36.5% to 29%, and blood is noted in his urine. Describe
an approach to evaluate and interpret this event.

Hemorrhage
Bleeding is the most common adverse effect associated with
heparin. A summary of eight inception cohort studies reporting
heparin-associated bleeding found the absolute frequency of
fatal, major, and all (major or minor) bleeding to be 0.4%,
6%, and 16%, respectively.35 The corresponding average daily
frequencies were 0.05% for fatal bleeding, 0.8% for major
bleeding, and 2% for major or minor bleeding; cumulative
risk increased with the duration of therapy. The most common
sites for heparin-associated bleeding are soft tissues, the GI
and urinary tracts, the nose, and the oral pharynx.

In addition to length of therapy, many factors influence
the risk of bleeding during heparinization, including advanced
age, serious comorbid illnesses (heart disease, renal insuffi-
ciency, hepatic dysfunction, cerebrovascular disease, malig-
nancy, and severe anemia), and concomitant antithrombotic
therapy.36 The incidence of UFH-associated bleeding com-
plications is minimal with SC prophylactic doses, but higher
(2%–4%) with therapeutic doses given via IV infusion. Soft
tissue bleeding commonly occurs at sites of recent surgery
or trauma. Previously undiagnosed abnormalities, including
malignancy and infection may be identified in some patients
with GI or urinary tract bleeding associated with heparin
therapy.

The influence of the intensity of heparinization on bleeding
risk is controversial. Although an elevated aPTT has histori-
cally been considered a risk factor for bleeding complications,
several investigators have been unable to substantiate a re-
lationship between supratherapeutic aPTT values and hemor-

rhagic effects.36 In addition, bleeding episodes can occur when
coagulation test results are within the therapeutic range. These
conflicting results may be explained in part by the influence of
additional risk factors for bleeding and by the effect of heparin
on platelet function and vascular permeability.

L.N. has developed hematuria despite an acceptable inten-
sity of anticoagulation. He should be questioned and exam-
ined for the presence of nose bleeding (epistaxis), increased
tendency to bruise (ecchymosis), bright red blood in the stool
(hematochezia), black or tarry stool (melena), or coughing up
of blood (hemoptysis). Blood pressure and pulse, both sitting
and standing, should be obtained to determine whether or-
thostasis representing blood loss is present. A thorough eval-
uation of the urinary tract may reveal a previously unknown
abnormality that will explain the bleeding episode.

12. What other side effects of heparin should be considered in
L.N.?

Osteoporosis
The development of osteoporosis has been associated with ad-
ministration of >20,000 U/day of heparin for 6 months or
longer.37 Various mechanisms have been suggested, but the
underlying pathophysiology of this rare adverse effect remains
unclear. Affected patients may present with bone pain and/or
radiographic findings suggestive of fractures. The possibility of
osteoporosis should be considered in patients receiving long-
term, high-dose heparin therapy such as pregnant patients or
elderly patients.

Hyperkalemia
Although rare, hyperkalemia has been attributed to heparin-
induced inhibition of aldosterone synthesis. Hypoaldostero-
nism leading to hyperkalemia has been described with both
high-dose and low-dose heparin therapy, may occur as quickly
as within 7 days after initiation of heparin therapy, and appears
to be reversible after discontinuation of heparin.6 Patients with
diabetes or renal failure may be at greatest risk.

Hypersensitivity Reactions
Other rarely occurring adverse effects associated with hep-
arin include generalized hypersensitivity reactions, such as ur-
ticaria, chills, fever, rash, rhinitis, conjunctivitis, asthma, and
angioedema, as well as priapism and a reversible temporal
alopecia.6

ADJUSTED-DOSE SUBCUTANEOUS ADMINISTRATION

13. By day 4 of heparinization, IV access for L.N. has become
difficult. What alternatives can be considered?

The most common strategy for treatment of venous throm-
bosis in hospitalized patients without IV access is the use of SC
LMWH (see question 15). Another alternative is SC adminis-
tration of unfractionated heparin with adjustment of dosing to
maintain a therapeutic aPTT.26,38 Typically, SC heparin is ad-
ministered at 12-hour intervals, and aPTT is monitored at the
mid-dosing interval (i.e., 6 hours after a dose). Due to lower
bioavailability if the SC route of administration is used, the
initial SC UFH dose should be approximately 10% to 20%
higher than the corresponding IV dose required to maintain
therapeutic effect.
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Table 15-9 Heparin Protocol for Adjusted-Dose Subcutaneous Administrationa

Initial Dosage

1. Initial therapy with adjusted-dose SC heparin
a. Give SC heparin 240 U/kg STAT.
b. Check first aPTT 6 hours after first dose.
c. Adjust dosing per chart below.

2. Conversion from continuous infusion heparin to adjusted-dose SC heparin
a. Calculate total 24-hour heparin requirement necessary to maintain therapeutic aPTT.
b. Divide 24-hour heparin requirement by 2 and increase this dose by an additional 10%–20% to determine initial Q 12 hours SC dosing requirement.
c. Discontinue IV heparin and administer initial Q 12 hr SC dose within 1 hr.
d. Check first aPTT 6 hr after first dose.
e. Adjust dosing per chart below.

3. Conversion from warfarin to adjusted-dose SC heparin
a. Discontinue warfarin.
b. Give 240 U/kg SC heparin within 24 hr.
c. Check first aPTT 6 hr after first dose.
d. Adjust dosing per chart below.

Dosing Adjustments

aPTT b (seconds) Dosing Adjustment c Next aPTT

<40 Increase by 48 U/kg Q 12 hr 6 hr after dose
40–59 Increase by 24 U/kg Q 12 hr 6 hr after dose
60–100 No change Q am
101–120 Decrease by 12 U/kg Q 12 hr 6 hr after dose
121–140 Decrease by 24 U/kg Q 12 hr 6 hr after dose
>140 Decrease by 36 U/kg Q 12 hr 6 hr after dose

aUniversity of Washington Medical Center.
bBased on aPTT reagent-specific therapeutic range of 60–100 sec corresponding to a heparin concentration of 0.3–0.7 U/mL determined by antifactor Xa activity.
cRounded to nearest 500 U.
SC, subcutaneous; aPTT, activated partial thromboplastin time; Q, every; IV, intravenous.

For L.N., whose current heparin dosage is 1,700 U/hour,
the initial SC heparin dose would be 22,500 U (1,700 U/hour
× 12 hours plus a 10% increase and rounded to the nearest
500 U). L.N.’s aPTT should be checked 6 hours after the first
dose, with adjustment of dosing as necessary. A weight-based
dosing nomogram, specific for a reagent with a therapeutic
aPTT range of 60 to 100 seconds, is described in Table 15-9.

More recent data support the efficacy of weight based SC
UFH (initial dose of 333 U/kg followed by 250 U/kg every 12
hours) without routine aPTT monitoring for the treatment of
acute VTE. Although not yet ready for wide implementation
because data are only based on one trial, the use of weight-
based, unmonitored SC UFH has the potential to simplify the
way acute VTE is treated.39

REVERSAL OF EFFECT

14. P.B. is a 64-year-old woman with DVT. On day 4 of hep-
arin therapy, she received 25,000 U of heparin during a 1-hour
period as a result of an infusion pump malfunction. The infusion
was stopped and within 30 minutes, she became diaphoretic and
hypotensive. Bright red blood was evident on rectal examination,
and a large retroperitoneal mass was noted. How should the ex-
cessive heparin effect be reversed?

P.B. has definite signs of hemorrhage from the GI tract, a
site of bleeding associated with considerable mortality. Hep-
arin should be discontinued immediately, and treatment should
include maintenance of fluid volume and replacement of clot-

ting factors with whole blood, fresh frozen plasma, or clotting
factor concentrates. If hemorrhage had not been present and
the only manifestation of overdose had been a prolonged aPTT,
administration of heparin simply could have been discontinued,
permitting the effects to clear within a few hours.

Protamine can be used to neutralize heparin by forming an
inactive protamine–heparin complex.40 Protamine has a rapid
onset of action, with effects lasting about 2 hours. Protamine
sulfate is infused slowly over 3 to 5 minutes, as a 1% solution
at a dose of 1 mg for each 100 U of heparin administered,
but only if it is given within 30 minutes of discontinuation
of heparin administration. The maximum single recommended
dose of protamine is 50 mg, but doses may be repeated
if bleeding persists. If protamine therapy is delayed, dos-
ing should be based on the estimated amount of heparin re-
maining, taking into consideration the elimination half-life
of heparin. Response to protamine therapy can be assessed
by a return of the aPTT to baseline. Adverse effects associ-
ated with protamine include systemic hypotension secondary
to rapid administration; anaphylaxis characterized by edema,
bronchospasm, and cardiovascular collapse; and catastrophic
pulmonary vasoconstriction41 (see Chapter 4).

LOW-MOLECULAR-WEIGHT HEPARIN

15. H.K. is a 32-year-old woman who presents to the emergency
department (ED) complaining of right calf pain of 1 day’s dura-
tion. She denies trauma to the calf but reveals that she has just
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Table 15-10 Dosing of Low-Molecular-Weight Heparin and Fondaparinux for the Treatment of Venous Thromboembolism

Dalteparin Enoxaparin Tinzaparin Fondaparinux

100 U/kg SC Q 12 hr OR 200 U/kg SC
Q 24 hr

1 mg/kg SC Q 12 hr OR 1.5 mg/kg SC
Q 24 hr

175 U/kg SC Q 24 hr 5 mg SC Q 24 hr if weight <50 kg
7.5 mg SC Q 24 hr if weight 50–100 kg
10 mg SC Q 24 hr if weight >100 kg

returned to the United States from Australia on a lengthy flight.
She has no significant medical history, has no family history of
clotting disorders, and takes no medications. A duplex ultrasound
is positive for DVT, and immediate anticoagulation is indicated.
What therapeutic alternative to hospitalization for UFH is avail-
able for this patient?

Historically, UFH was the initial treatment of choice for
acute DVT. However, LMWHs have now emerged as more
convenient and practical treatment alternatives to UFH.26 In
addition, meta-analysis data suggest that LMWH results in
fewer deaths, major hemorrhages, and recurrent VTE when
compared to UFH.42 Weight-based, once- or twice-daily SC
dosing of LMWHs provides a consistent anticoagulant effect
that does not require aPTT monitoring.43 Based on these advan-
tages, outpatient use of LMWH has become the most common
approach to treatment of uncomplicated DVT. Home treatment
is safe and effective and improves the overall physical and so-
cial functioning of patients being treated for DVT.44 The drug
costs associated with LMWH treatment are much higher than
the costs of UFH, but overall costs to health care systems are
significantly reduced when patients can be treated at home
rather than in the hospital.45 The synthetic pentasaccharide,
fondaparinux, can be considered as an alternative treatment
option to the LMWHs as it has been shown to be as effective
and safe as LMWH in the treatment of DVT.46 Fondaparinux
has the benefit that, to date, HIT has not been associated with
its use.47

For H.K. to be treated at home with LMWH, she or a family
member must be willing and able to administer SC injections,
and she must be able to return for frequent follow-up visits,
particularly during the first week while warfarin therapy is ini-
tiated. In addition, her health care insurance should cover the
cost of the drug, or she must be able to pay out of pocket. Con-
traindications to home treatment of DVT include a pre-existing
condition that requires hospitalization, clinical symptoms of
PE and/or hemodynamic instability, recent or active bleeding,
and end-stage renal disease.

H.K. meets the eligibility requirements for home treatment
and is interested in self-injection of LMWH at home, with
support from her partner, for initial treatment of DVT. Possi-
ble treatment options and doses for H.K. are listed in Table
15-10. However, most institutional formularies carry only a
single LMWH product, with formulary decisions based on
FDA-approved indications and clinical data supporting use
for treatment and prevention of thromboembolism in various
settings. In this case, enoxaparin is the LMWH available for
use. The usual dosing of enoxaparin for treatment of DVT is
1 mg/kg total body weight SC Q 12 hours, rounded to the near-
est 10-mg increment. Once-daily dosing, at 1.5 mg/kg SC Q 24
hours is also an option, but this strategy is inferior to twice-daily
dosing in patients with malignancy or obesity.48 In addition,
results from a meta-analysis suggest that hemorrhage and re-
current VTE are less likely to occur with twice-daily dosing of
LMWH as compared to once-daily dosing, thus raising further
controversy around the routine use of once-daily dosing.43

Because LMWHs are eliminated renally, patients with sig-
nificant renal impairment require dose reductions.49 The de-
gree of drug accumulation can vary between the various
LMWH preparations, thus specific guidelines for dose adjust-
ments will be agent specific50–52 (Table 15-11). Some experts
suggest monitoring of antifactor Xa activity to rule out accu-
mulation of LMWHs in patients with renal impairment.53,54

Fondaparinux is also renally excreted and is contraindicated in
patients with creatinine clearance <30 mL/minute. Data with
the use of LMWH and fondaparinux for the prevention and
treatment of VTE in patients on hemodialysis is lacking; thus,
UFH is the recommended treatment option in these patients.

16. What systems must be in place for H.K.’s home treatment
to be successful? What is the role of the pharmacist or other
caregiver in her therapy?

H.K. should be weighed to determine her dose of enoxa-
parin. Because she is not obese and does not have a malignancy,
a 1.5-mg/kg dose once daily can be considered for convenience

Table 15-11 Dosing of Low-Molecular-Weight Heparins (LMWHs) in Patients With Renal Impairment (CrCL <30 mL/mina)

LMWH Dalteparin Enoxaparin Tinzaparin

Product information
recommendations

Use with caution Prophylaxis—30 mg SC daily
Treatment—1 mg/kg SC daily

Use with caution

Dosing suggestions based
on agent-specific
pharmacokinetic
observations

CrCL <30a mL/min: no dose
adjustment needed up to 1 week

For use longer than 1 week, consider
monitoring of anti-Xa activity and
adjust dose if accumulation is noted

CrCL 30–50 mL/min: no dose
adjustment needed

CrCL <30a mL/min: Consider a 40%–50%
dose decrease and subsequent monitoring
of anti-Xa activity

CrCL 30–50 mL/min: Consider a
15%–20% dose decrease with prolonged
use (longer than 10–14 days) and
subsequent monitoring of anti-Xa activity

CrCL <30a mL/min: consider
a dose decrease of 20% and
subsequent monitoring of
anti-Xa activity

CrCL 30–50 mL/min: no dose
adjustment needed

a In patients with a CrCL <20 mL/min, data are very limited and use of unfractionated heparin is suggested.
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of administration. Dosing is typically rounded to the nearest
10 mg based on the availability of prefilled syringes. At 64 kg,
H.K. will receive 100 mg SC Q 24 hours. Warfarin therapy is
initiated concurrently to expedite the conversion to oral treat-
ment.

H.K. must be taught to self-administer enoxaparin by SC
injection. Patient education resources, including videotaped
instructions and written materials, should supplement hands-
on instruction. H.K. will administer the first dose of enoxaparin
in the ED with the assistance of a pharmacist. She should also
be given prescriptions for enoxaparin and warfarin that must
be filled immediately at the pharmacy of her choice.

H.K. should be instructed regarding the potential adverse
effects of LMWH therapy (bleeding, thrombocytopenia, pain
and bruising at the injection site), required laboratory monitor-
ing, and the expected duration of anticoagulation. At baseline,
Hct, INR, renal function, and platelet count should be deter-
mined. Platelets will continue to be monitored at least every 2
to 3 days while the patient is receiving LMWH therapy. Platelet
counts will be monitored up to 10 to 14 days or for as long as
the patient is receiving LMWH therapy, whichever is sooner.
H.K. can expect to continue enoxaparin therapy for a minimum
of 5 days. If by day 5 her INR is therapeutic and stable, enoxa-
parin can be discontinued. Oral anticoagulation with warfarin
will continue for 3 to 6 months.26

To ensure the safety and efficacy of home treatment, H.K.
should be provided with the names and telephone numbers of
the health care providers who will assume responsibility for
her care, including her primary physician and her anticoagula-
tion management team. No patient should be sent home with
LMWH without an adequate follow-up plan.

Prevention

17. D.F., a 63-year-old obese woman, is to undergo elective ab-
dominal surgery for treatment of diverticulitis. She has a medi-
cal history significant for mild hypertension, currently controlled
by enalapril 10 mg QD (blood pressure, 135/85 mmHg), and pe-
ripheral vascular disease. What therapeutic interventions might
decrease the risk of DVT or PE in D.F.?

Surgical procedures represent a significant risk factor for
DVT formation. All hospitalized patients, including both sur-
gical and nonsurgical patients, should be stratified for risk of
DVT based on the presence of various factors.21,55,56 Risk strat-
ification is used to select the most appropriate therapeutic in-
terventions to prevent DVT, and thereby reduce the risk of fatal
PE. These interventions include both mechanical and pharma-
cologic strategies.

Nonpharmacologic Measures
Mechanical interventions aimed at preventing venous stasis
and increasing venous return include the use of elastic com-
pression stockings, as well as leg elevation, leg exercises, and
early postoperative ambulation. Intermittent pneumatic com-
pression (IPC) of the leg muscles, using inflatable cuffs applied
to the calf and thigh, represents another alternative for the pre-
vention of DVT.21

Pharmacologic Measures
Fixed, low-dose unfractionated heparin (LDUFH), adminis-
tered as 5,000 U SC Q 8 to 12 hr depending on the indication, is

an inexpensive and effective pharmacologic approach to DVT
prevention in the setting of venous stasis, in medical patients,
or after certain surgical procedures. Because low-dose heparin
inactivates factor Xa without a direct effect on factor IIa, the
aPTT is not prolonged, and therefore, aPTT monitoring is un-
necessary. Bleeding complications are minimized using this
dosing regimen.

Fixed-dose SC LMWH and fondaparinux are alternative ap-
proaches for preventing DVT. Enoxaparin 30 mg SC Q 12 hr
or 40 mg SC once daily, dalteparin 2,500 to 5,000 IU SC once
daily, and fondaparinux 2.5 mg SC once daily are effective
strategies, although enoxaparin has been studied for a larger
number of indications. Current recommendations for preven-
tion of VTE based on risk stratification are presented in Table
15-12.21

D.F. is at high risk for DVT and PE, not only because of
general surgery, but also because of her age (older than 40
years) and the presence of other risk factors for VTE (obesity,
peripheral vascular disease, and probable postoperative immo-
bilization). Options for DVT prevention include SC heparin at
5,000 U Q 8 hr or a LMWH (enoxaparin 40 mg SC QD, or
dalteparin 2,500 IU initial dose followed by 5,000 IU SC QD).
The first dose should be administered several hours preopera-
tively, and dosing should continue postoperatively until she is
fully ambulatory. If bleeding risk is of concern, IPC could be
used as an alternative.

PULMONARY EMBOLISM
Clinical Presentation

18. D.J. is a 38-year-old, 90-kg man. Several days ago, he devel-
oped a swollen left calf, which was painful and warm. This swelling
gradually increased, affecting the entire left leg to the groin and
prompting him to seek medical attention. In the ED, he also notes
the recent onset of right-sided pleuritic chest pain without SOB
or hemoptysis. His medical history includes a gastric ulcer 4 years
ago, treated medically without recurrence. Physical examination
reveals a pleasant, obese man with an enlarged left leg and mild to
moderate tenderness in the entire leg. Chest examination reveals
a loud, pulmonary heart sound (P2). Vital signs include blood
pressure, 150/85 mmHg; heart rate, 100 beats/minute; and respi-
ratory rate, 28 breaths/minute and regular. Laboratory data in-
clude Hct, 26.7% (normal, 45%–52%); SCr 1.1 mg/dL (normal,
0.8–1.2); and arterial blood gases (on room air) PO2, 72 mmHg
(normal, 75–100); PCO2, 30 mmHg (normal, 35–45); and pH
7.48 (normal, 7.35–7.45). The chest radiograph and lung scan
(ventilation-perfusion [V/Q] scan) are highly suggestive of PE.
An angiogram was not performed. The electrocardiogram (ECG)
shows sinus tachycardia. The venogram is positive for defects
in the ileofemoral vein. Coagulation test results include PT,
11.2 seconds (INR, 1.0); aPTT, 28 seconds; and platelet count,
248,000/mm3 (normal, 150,000–350,000). What subjective and ob-
jective evidence in D.J. is compatible with PE?

[SI units: Hct, 0.267 (normal, 0.45–0.52); platelets, 248 × 109/L (normal,

150–300)]

Signs and Symptoms
The clinical diagnosis of PE is often difficult to make be-
cause of the nonspecificity of symptoms.57 The most com-
monly observed subjective symptoms are dyspnea, pleuritic
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Table 15-12 Prevention of Venous Thromboembolism (VTE)21

General surgery
Low risk Early ambulation
Moderate risk LDUH Q 12 hr, LMWH QD, IPC, or

GCS
High risk LDUH Q 8 hr, LMWH QD, or IPC
Highest risk LMWH QD, Fondaparinux QD,

Warfarin (INR 2–3), or IPC/GCS
+ LDUH/LMWH

Gynecologic surgery
Brief procedures (<30 min) Early ambulation
Laparoscopic surgery with

additional VTE risk factors
LDUH Q 12–Q 8 hr, or LMWH QD,

or IPC/GCS
Major surgery for benign disease

and no other risk factors
LDUH Q 12 hr, LMWH QD, or IPC

Major surgery for malignancy, or
additional VTE risk factors

LDUH Q 8 hr; or LMWH QD; or
IPC; or LDUH/LMWH +
IPC/GCS.

Urologic surgery
Low-risk procedures Early ambulation
Major open procedures LDUH Q 12–Q 8 hr, LMWH QD,

IPC/GCS
Highest-risk patients LDUH Q 12–Q 8 hr or LMWH QD

+ IPC/GCS
Orthopedic surgery

Hip replacement Fondaparinux, or LMWH QD or
BID, or warfarin (INR 2–3)

Knee replacement Fondaparinux, or LWMH BID, or
warfarin (INR 2–3)

Hip fracture surgery Fondaparinux, or LMWH BID, or
warfarin (INR 2–3); IPC/GCS if
anticoagulation therapy is
contraindicated.

Trauma LMWH BID; IPC/GCS if
anticoagulation is delayed or
contraindicated.

Acute spinal cord injury LMWH BID, or LMWH/LDUH +
IPC/GCS

Neurosurgery IPC/GCS ± LDUH Q 12 hr, or
LMWH QD

Acutely medically ill LDUH Q 8–12 hr or LMWH QD

LDUH, low-dose unfractionated heparin (5,000 U SC Q 8–12 hr); LMWH, low-
molecular-weight heparin (enoxaparin 40 mg SC QD or 30 mg SC Q 12 hr; dalteparin
2,500–5,000 IU SC QD); Fondaparinux (2.5 mg SC QD); GCS, graduated compression
stockings; IPC, intermittent pneumatic compression.
Low risk: minor surgery, age younger than 40 years, and no additional risk factors for
VTE. Moderate risk: minor surgery and additional risk factors for VTE; surgery, age
40–60 years, and no other risk factors for VTE. High risk: surgery with age older than
60 years, or age 40–60 years with additional risk factors for VTE. Highest risk: surgery
in patients with multiple risk factors for VTE (age older than 40 years, cancer, prior
VTE); orthopedic surgery, trauma.

chest pain, apprehension (anxiety or a feeling of impending
doom), and cough. Hemoptysis occurs occasionally. The ob-
jective signs most commonly observed are tachypnea at a rate
of ≥20 breaths/minute, tachycardia of ≥100 beats/minute, ac-
centuated pulmonary component of the second heart sound
(P2), and rales. DVT precedes PE in 80% or more of patients.
A combination of these signs and symptoms provides further
evidence for acute PE. D.J. has presented with pleuritic chest

pain, tachycardia, tachypnea, loud P2, and a decrease in Po2;
therefore, he may have developed PE.

Diagnosis
Because the clinical signs and symptoms of PE are difficult to
distinguish from many other medical conditions, further eval-
uation is necessary.57,58 Chest radiograph, ECG, and arterial
blood gas (alveolar-arterial oxygen gradient [A-a gradient]) ab-
normalities are often present in patients with PE, but like clin-
ical signs and symptoms, they are somewhat nonspecific. Al-
though pulmonary angiography has been considered the gold
standard for diagnosis of PE, it is an invasive procedure that
is expensive and technically difficult to perform. In addition,
the contrast material used can be toxic or irritating, and some
patients are unable to tolerate the procedure. Noninvasive tests
such as V/Q lung scans and computed tomography (CT) scans
are useful and the most frequently used diagnostic procedures
to document the presence of PE. Lung scans that incorporate an
assessment of perfusion, or regional distribution of pulmonary
blood flow, and ventilation are referred to as V/Q scans; they
involve both the injection and the inhalation of radiolabeled
compounds. Test results are expressed as a high, intermediate,
or low probability of PE. When ventilation (air movement)
is normal over an area that shows abnormal perfusion (blood
flow), a V/Q mismatch exists, and PE is highly probable. If
a matched defect is noted (abnormal ventilation over an area
of abnormal perfusion), another disease state, such as chronic
obstructive airway disease, is more likely.

As in the case of DVT, clinical assessment can improve
the diagnostic accuracy of noninvasive tests such as CT or
VQ scanning.23,58 Validated assessment tools can be used to
stratify patients into high, moderate, and low probability of a
PE59 (Table 15-13). In patients with a low clinical probability
of PE, measuring a high-sensitivity D-dimer can be considered,
and if negative, PE can be ruled out eliminating the need of
further imaging studies.23,60 In patients with a moderate to high
clinical probability of PE, diagnostic imaging studies should
be performed.23

A positive lung scan (D.J. had one highly suggestive of PE)
or a positive pulmonary angiogram would confirm the presence
of a PE. If the results of the clinical assessment and the nonin-
vasive scan are discordant, angiography should be performed
to aid in making the definitive diagnosis. Nonetheless, when
the diagnosis of PE is suspected, anticoagulation should be
initiated immediately while awaiting results of more definitive

Table 15-13 Clinical Model for Evaluating the Pretest
Probability of Pulmonary Embolism (PE)a

Clinical Characteristic Score

Cancer +1
Hemoptysis +1
Previous PE or deep vein thrombosis (DVT) +1.5
Heart rate >100 beats/min +1.5
Recent surgery or immobilization +1.5
Clinical signs of DVT +3
Alternative diagnosis less likely than PE +3

aClinical probability of PE: low, 0–1; moderate, 2–6; high, ≥7.
From reference 58.
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diagnostic procedures. Mortality associated with PE has been
documented to be as high as 17.5% over 3 months.61

Treatment

19. What anticoagulant strategy should be initiated for D.J.?

Treatment options for PE include IV UFH therapy initiated
with a loading dose followed by a continuous infusion, or a
LMWH or fondaparinux administered by SC injection.26,62

UFH therapy could be started in D.J. with a loading dose of
7,200 U (80 U/kg × 90 kg), followed by continuous infusion
of 1,600 U/hour (18 U/kg/hour × 90 kg). Monitoring of the
aPTT would be used to adjust dosing to maintain treatment
within the therapeutic range (Table 15-8).

The alternative to UFH for treatment of PE is the use of a SC
LMWH63,64 or SC fondaparinux65 (Table 15-10). D.J. could
receive fixed-dose enoxaparin 90 mg SC Q 12 hr (1 mg/kg
Q 12 hr–90 kg). Generally, PE should not be treated on an
outpatient basis.63 In this case, LMWH or fondaparinux would
be used during the complete hospital course, or only for partial
outpatient therapy in selected lower-risk and stable patients
who may be discharged early.

The use of thrombolytic therapy should be reserved for pa-
tients with acute massive embolism, who are hemodynamically
unstable (SBP <90 mmHg) and at low risk for bleeding.26

Warfarin
TRANSITION FROM HEPARIN/LMWH THERAPY

20. When should warfarin be administered, and how should the
transition be accomplished?

Either heparin or LMWH/fondaparinux therapy should be
continued for at least 5 days in the setting of PE, and until
warfarin therapy is therapeutic and stable. Warfarin should be
started on the first day of hospitalization and continued for a
minimum of 3 to 6 months or longer, if indicated. However,
a delay in the initiation of warfarin may be acceptable in the
setting of an anticipated extended hospitalization, recent or
anticipated surgery or other invasive procedures, or a medical
condition with the potential for uncontrolled bleeding.26,63

There are several reasons to overlap heparin and warfarin
therapy. The onset of warfarin activity depends not only on its
inherent pharmacokinetic characteristics (half-life >36 hours),
but also on the rate of elimination of circulating clotting fac-
tors. Although warfarin inhibits production of the vitamin K–
dependent clotting factors, previously synthesized clotting fac-
tors must be eliminated at rates that correspond with their elim-
ination half-lives (Table 15-5). Approximately four half-lives
are required for these factors to reach a new steady state after
their production is inhibited, so the effect of warfarin can be
delayed for several days. Initial increases in the INR reflect
only reductions in factor VII activity, but full anticoagulation
with warfarin requires adequate suppression of factors II and X,
which have significantly longer elimination half-lives. By over-
lapping a quick onset anticoagulant such as heparin or LMWH
with warfarin therapy, adequate anticoagulation can be con-
tinued with heparin/LMWH until warfarin therapy reaches a
therapeutic intensity.10,66

In addition to suppressing the synthesis of the vitamin K–
dependent clotting factors, warfarin also inhibits the formation

of the naturally occurring anticoagulant protein C and its cofac-
tor, protein S. In patients with congenital protein C or protein
S deficiency, initial warfarin therapy can suppress these pro-
teins to concentrations that may result in hypercoagulability
with possible thrombus extension, unless concurrent heparin
therapy provides adequate anticoagulation.67 To prevent these
complications, heparin and warfarin therapy should overlap.

Heparin therapy has been observed to prolong the INR,68

and warfarin can prolong the aPTT by several seconds.69 Thus,
interference with laboratory tests should be considered in the
evaluation of the intensity of anticoagulation during the overlap
of heparin and warfarin therapy.

INITIATION OF THERAPY

21. In an effort to discharge D.J. from the hospital as soon as
possible, an initial dose of warfarin 10 mg PO Q pm for 3 days has
been ordered. Is such a “loading dose” reasonable? What would
be a more appropriate approach to initiating therapy?

Initiation of warfarin dosing is complex because dosing re-
quirements vary significantly among individuals. Daily doses
as low as 0.5 mg and as high as 20 mg or more may be required
in individual patients to reach a therapeutic INR.70 Two meth-
ods for initiation of warfarin therapy have been developed.71

The average daily dosing method relies on an understanding
that although dosing requirements for warfarin vary signifi-
cantly among patients, an average dosing requirement of 4 to
5 mg/day of warfarin is necessary to maintain an INR of 2.0
to 3.0. When the average daily dosing method is used for initi-
ation of warfarin therapy, patients are typically started at 4 to
5 mg daily, with dosing adjustments as necessary until the ther-
apeutic goal is reached. However, patients who may be more
sensitive to the effects of warfarin (Table 15-14) are expected
to require lower dosages of warfarin. In these patients, therapy
should be initiated at 1 to 3 mg daily, with subsequent dosing
adjustments as necessary. Several dosing algorithms, using a
4- to 5-mg initiation dose, have been developed to aid with
dosing decisions after the first few doses of warfarin have been
administered.72–74 Another popular dosing algorithm used a
10-mg initiation dose for the first 2 days, with the INR on day
3 used to guide dosing on days 3 and 4, and the INR on day
5 used to guide the next three doses75 (Fig. 15-5). Although

Table 15-14 Factors That Increase Sensitivity to Warfarin

Age older than 75 years
Clinical congestive heart failure
Clinical hyperthyroidism
Decreased oral intake
Diarrhea
Drug–drug interactions
Elevated baseline INR
End-stage renal disease
Fever
Hepatic disease
Hypoalbuminemia
Known CYP2C9 variant
Malignancy
Malnutrition
Postoperative status

INR, international normalized ratio.
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Day-3 INR 

<1.3 

1.3–1.4 

15, 15 

10, 10 

Days 3, 4 
Dose (mg) Day-5 INR 

<2.0 

2.0–3.0 

3.1–3.5 

>3.5 

15, 15, 15 

7.5, 5, 7.5 

0, 5, 5 

0, 0, 2.5 

Days 5, 6, 7 
Dose (mg) 

1.5–1.6 

1, 7–1, 9 

10, 5 

5, 5 

<2.0 

2.0–3.0 

3.1–3.5 

>3.5 

7.5, 7.5, 7.5 

5, 5, 5 

2.5, 2.5, 2.5 

0, 2.5, 2.5 

2.0–2, 2 

2, 3–3, 0 

2.5, 2.5 

0, 2.5 

<2.0 

2.0–3.0 

3.1–3.5 

>3.5 

15, 5, 5 

2.5, 5, 2.5 

0, 2.5, 0 

0, 0, 2.5 

>3.0 0, 0 

<2.0 

2.0–3.0 

3.1–4.0 

>4.0 

2.5, 2.5, 2.5 

2.5, 0, 2.5 

0, 2.5, 0 

0, 0, 2.5 

FIGURE 15-5 Warfarin initiation dosing algorithm based on starting with
10-mg doses on days 1 and 2. Reprinted from reference 75, with per-
mission.

using this dosing algorithm helps achieve a therapeutic INR
more quickly than using a 5-mg initial dose, these findings
may not the generalizable to all patient populations because the
patients evaluated were relatively healthy, young outpatients.76

The 10-mg initiation dose may lead to overanticoagulation and
heightened bleeding risk in elderly and ill patients with mul-
tiple medical problems.77 Average daily dosing is often used
to initiate therapy in ambulatory patients; in this case, the first
INR should be evaluated within 3 to 5 days of initiation of
warfarin therapy. In hospitalized patients, it is more common
to evaluate the INR daily during initiation of therapy.

Flexible initiation of warfarin is an alternative approach for
starting therapy that is based on evaluating the rate of increase
in the INR and making daily dosing adjustments based on
daily INR evaluation, with a goal of determining the eventual
maintenance dosing requirement. A popular flexible initiation
nomogram is presented in Table 15-15.78,79 Using this nomo-
gram, warfarin can be initiated with either a 10-mg or a 5-mg
starting dose, with daily dosing adjustments based on the rate
of increase in the INR. Flexible initiation does not necessarily
shorten the time to reach the goal INR, and initiating therapy
with a 10-mg dose as described in some protocols may be as-
sociated with an increased risk of early overanticoagulation
in certain patients. Nonetheless, these methods offer a more
individualized approach to initiation of therapy.

The baseline INR for D.J. was 1.0. Using the flexible initia-
tion protocol presented in Table 15-15, the first dose of warfarin
should be 10 mg administered in the evening on the first day
of hospitalization. Subsequent INR values obtained daily will
guide dosing requirements until a therapeutic INR is reached.
The order for warfarin 10 mg orally every evening for three
doses should be discontinued and replaced with daily orders
for warfarin and INR monitoring.

Table 15-15 Flexible Initiation Dosing Protocol for Warfarin
Dosing, Including 10- and 5-mg Starting Dose Options

Day INR 10-mg Initiation Dose 5-mg Initiation Dose

1 10 mg 5 mg

2 <1.5 7.5–10 mg 5 mg
1.5–1.9 2.5 mg 2.5 mg
2.0–2.5 1.0–2.5 mg 1–2.5 mg
>2.5 0 0

3 <1.5 5–10 mg 5–10 mg
1.5–1.9 2.5–5 mg 2.5–5 mg
2.0–2.5 0–2.5 mg 0–2.5 mg
2.5–3.0 0–2.5 mg 0–2.5 mg
>3.0 0 0

4 <1.5 10 mg 10 mg
1.5–1.9 5–7.5 mg 5–7.5 mg
2.0–3.0 0–5 mg 0–5 mg
>3.0 0 0

5 <1.5 10 mg 10 mg
1.5–1.9 7.5–10 mg 7.5–10 mg
2.0–3.0 0–5 mg 0–5 mg
>3.0 0 0

6 <1.5 7.5–12.5 mg 7.5–12.5 mg
1.5–1.9 5–10 mg 5–10 mg
2.0–30 0–7.5 mg 0–7.5 mg

– >3.0 0 0

INR, international normalized ratio.
Reprinted from reference 78, with permission.

INTENSITY OF THERAPY

22. What is the goal INR for D.J., and how long should antico-
agulation be administered?

In patients with DVT or PE, warfarin doses that prolong
the PT to an INR of 2.0 to 3.0 is defined as “low-intensity
therapy.” This therapeutic range is recommended to maxi-
mize the antithrombotic effect of warfarin while minimiz-
ing potential bleeding complications associated with excessive
anticoagulation.10

DURATION OF THERAPY
Once formed, clots adhere to the vessel wall. Thus, the first

step in resolution of a thrombus involves covering the clot
with a layer of endothelial cells to prevent additional platelet
aggregation at the site of vessel injury. This endothelialization
process generally takes 7 to 10 days to be completed. Initial
anticoagulant treatment is used to prevent clot extension while
allowing adequate endothelialization to occur. Continued an-
ticoagulation prevents further clotting.

The appropriate duration of warfarin therapy is based on
the likelihood of a recurrent venous thromboembolic event
and also the risk of bleeding in each patient. The presence of
concurrent risk factors for VTE and the specific circumstances
that triggered the initial thrombotic event all have to be taken
into account. Patients with unprovoked (idiopathic) DVT or
PE, like in the case of D.J., should be treated for at least 6 to
12 months, but considered for indefinite therapy as their like-
lihood of having a recurrent event can be as high as 30% over
5 years.26,63 Patients with DVT or PE associated with transient
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Table 15-16 Duration of Anticoagulation Therapy in Patients With Venous Thrombosis (Deep Vein Thrombosis and/or
Pulmonary Embolism)

Patient Characteristic Duration of Therapy Comments

First episode of venous thromboembolism (VTE)
secondary to a transient (reversible) risk factor

At least 3 months Recommendation applies to both proximal
and calf vein thrombosis

First episode of VTE and cancer 6 months (indefinite therapy or until cancer
is resolved should be considered)

Low-molecular-weight heparin is
recommended over warfarin

First episode of idiopathic VTE with or without a
documented hypercoagulable abnormality

At least 6–12 months (indefinite therapy
may be considered)

Continue warfarin therapy after 12 months
if patient is low risk for bleeding

First episode of VTE with documented antiphospholipid
antibodies or two or more thrombophilic abnormalities

12 months to indefinite The risk–benefit of indefinite therapy
should be reassessed at periodic intervals

First episode of VTE with documented deficiency of
antithrombin, protein C, protein S, factor V Leiden or
prothrombin 20210 gene mutation, homocystinemia,
elevated factor VIII

6–12 months; indefinite for idiopathic
thrombosis

The risk–benefit of indefinite therapy
should be reassessed at periodic intervals

Second episode or recurrent VTE Indefinite

Adapted from reference 26.

or reversible risk factors are usually treated for 3 to 6 months,
as the risk of recurrence is lower (approximately 10% over 5
years). In patients with recurrent DVT/PE and patients with
persistent risk factors, including AT deficiency, protein C or
protein S deficiency, factor V Leiden, prothrombin gene muta-
tion, antiphospholipid antibody syndrome, or other hypercoag-
ulable states, including malignancy, warfarin treatment should
be continued indefinitely26,63 (Table 15-16).

ADVERSE EFFECTS

23. What possible adverse effects from warfarin therapy should
be considered in D.J., and how should they be monitored?

Hemorrhage
Bleeding is the most common adverse effect associated with
warfarin. A summary of experimental and observational in-
ception cohort studies determined that the average annual
frequency of fatal, major, and all (major or minor) bleeding
in patients treated with warfarin was 0.6%, 3%, and 9.6%,
respectively.35 However, wide variation in bleeding frequen-
cies has been reported, probably because of differences in pa-
tient characteristics, treatment protocols, and the definition and
assessment of bleeding among trials.

Warfarin-associated bleeding most commonly occurs in the
nose, oral pharynx, and soft tissues, followed by the GI and
urinary tracts. Hemarthrosis (bleeding into joint spaces) and
retroperitoneal and intraocular bleeding represent less common
hemorrhagic complications of warfarin therapy.35,36 As with
heparin, GI and urinary tract bleeding associated with war-
farin is often caused by previously undiagnosed lesions. Men-
strual blood flow may be increased and prolonged in patients
taking anticoagulants. This problem may be clinically signif-
icant if there is an underlying pathological condition (ovarian
cysts, uterine fibroids. or polyps) resulting in abnormal vaginal
bleeding.

Although it is uncommon, intracranial bleeding resulting in
hemorrhagic stroke represents the most common cause of fatal
bleeding associated with warfarin therapy. Rates of intracra-
nial hemorrhage associated with anticoagulants have been es-
timated to range from 0.3% to 2%, and up to 60% are fatal.80

Many factors influence the risk of hemorrhagic complica-
tions associated with warfarin. The frequency of bleeding is
higher in the first 3 months of therapy than during subsequent
months.81 Unlike heparin, the intensity of anticoagulation with
warfarin directly influences the risk of bleeding, including in-
tracranial hemorrhage.82 Other patient-specific variables that
influence the risk of warfarin-associated bleeding include a
history of GI bleeding, serious comorbid disease (including
malignancy), and concomitant therapy with aspirin or non-
steroidal anti-inflammatory drugs (NSAIDs).35,36

The influence of age on bleeding risk is controversial.
Older patients are known to require lower dosages of war-
farin than younger patients to reach a therapeutic intensity of
anticoagulation.83 Inherent vitamin K deficiency or age-related
differences in stereoisomeric disposition of warfarin may ex-
plain why older patients are more sensitive to the effects of
warfarin and, therefore, require lower dosages than younger
patients. This increased sensitivity to the effect of warfarin is
not the result of differences in pharmacokinetic characteristics
of warfarin between older and young patients, including pro-
tein binding and metabolism. It is also not related to gender,
weight, underlying medical conditions, or the presence of in-
teracting drugs. Nonetheless, increased sensitivity to warfarin
does not imply an increased bleeding risk if older patients are
managed appropriately.

Some studies have reported that age is an independent risk
factor for bleeding, whereas others have suggested that age
alone does not increase bleeding risk.84 However, in two stud-
ies in which comprehensive anticoagulation monitoring and
follow-up were provided through anticoagulation management
services, elderly patients did not experience an increased inci-
dence of major bleeding.85,86 However, other reports suggest
that advanced age is linked to an increased risk of warfarin-
related intracranial hemorrhage, even when patients are man-
aged in an anticoagulation clinic setting.82

Hemorrhagic risk assessment can be used to predict bleed-
ing risk during anticoagulant therapy. A popular bleeding index
scoring system assigns level of risk based on the presence of age
older than 65 years, history of GI bleeding, history of stroke,
and one or more of four comorbid conditions: recent MI, ane-
mia (Hct <30), renal insufficiency (Scr >1.5), and diabetes.87
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The cumulative risk of major bleeding at 48 months in low-,
intermediate-, and high-risk patients was 3%, 12%, and 53%,
respectively. The bleeding index can be useful in making deci-
sions about management of drug interactions, overanticoagu-
lation, bridge therapy for invasive procedures, and other issues
that may present during anticoagulant therapy.

Bleeding complications in D.J. can be minimized by careful
attention to the signs and symptoms of bleeding by the patient
and his caregivers, maintenance of the INR within the ther-
apeutic range, avoidance of therapy with concomitant drugs
known to increase the risk of bleeding or to increase the INR,
and routine outpatient follow-up for INR monitoring and clin-
ical assessment.

Skin Necrosis
Warfarin-induced skin necrosis is a rare, but serious adverse ef-
fect of oral anticoagulation, occurring in approximately 0.01%
to 0.1% of patients treated with warfarin.88,89 Patients present
within 3 to 6 days of the initiation of warfarin therapy with
painful discoloration of the breast, buttocks, thigh, or penis.
The lesions progress to frank necrosis with blackening and
eschar. Skin necrosis appears to be the result of extensive mi-
crovascular thrombosis within subcutaneous fat and has been
associated with hypercoagulable conditions, including protein
C or protein S deficiency. In these patients, rapid depletion of
protein C before depletion of vitamin K–dependent clotting
factors during early warfarin therapy can result in an imbal-
ance between procoagulant and anticoagulant activity, leading
to initial hypercoagulability and thrombosis. Adequate hep-
arinization during initiation of warfarin can prevent the devel-
opment of early hypercoagulability.

Warfarin therapy should be discontinued in patients who
develop skin necrosis. However, subsequent warfarin therapy
is not necessarily contraindicated if it is required for treatment
or prevention of thromboembolic disease.88 In patients with
protein C or protein S deficiency and a history of skin necro-
sis, warfarin therapy can be restarted at low dosages as long as
therapeutic heparinization has been achieved. Therapy is main-
tained until the INR has been within the therapeutic range for
72 hours. Supplementation of protein C through administration
of fresh frozen plasma also may be indicated.

Purple Toe Syndrome
Purple toe syndrome is a rarely reported adverse effect that
typically occurs 3 to 8 weeks after the initiation of warfarin
therapy and is unrelated to intensity of anticoagulation.89 Pa-
tients initially present with painful discoloration of the toes that
blanches with pressure and fades with elevation. The patho-
physiology of this syndrome has been related to cholesterol
microembolization from atherosclerotic plaques, leading to ar-
terial obstruction. Because cholesterol microembolization has
been associated with renal failure and death, warfarin ther-
apy should be discontinued in patients who develop purple toe
syndrome.

PATIENT EDUCATION

24. B.H. is a 30-year-old woman newly diagnosed with idio-
pathic DVT. Before anticoagulation is initiated, appropriate lab-
oratory tests are drawn to evaluate the possibility of a hypercoag-
ulable state. She will be treated as an outpatient with enoxaparin
1.5 mg/kg SC QD and started on warfarin 4 mg PO QD using

the average daily dosing method. Her primary care physician
would like her to receive follow-up care in the medical center’s
pharmacist-managed anticoagulation clinic. What information
should B.H. receive regarding the benefits of formal anticoagula-
tion management services?

One of the keys to successful oral anticoagulant therapy is
appropriate outpatient management. In comparison with rou-
tine medical care, management of warfarin therapy by anti-
coagulation clinics is associated with significant reductions in
bleeding and thromboembolic complications, with reductions
in the rates of warfarin-related hospital admissions and ED
visits, and with outcome-based cost savings for health care
organizations.90,91 Pharmacist-managed anticoagulation clin-
ics offer many benefits for the management of anticoagulation
therapy, including improved dosing regulation, continuous pa-
tient education, early identification of risk factors for adverse
events, and timely intervention to avoid or minimize complica-
tions. B.H.’s referral to a pharmacist-managed anticoagulation
clinic is likely to improve her overall satisfaction with care and
to improve her clinical outcomes.

25. At her initial visit to the anticoagulation clinic, B.H. will re-
ceive extensive education about her warfarin therapy. What infor-
mation should be conveyed to her by her anticoagulation provider
to ensure the safety and efficacy of warfarin therapy?

Successful warfarin therapy depends on the active partici-
pation of knowledgeable patients.10 The anticoagulant effect
of warfarin is influenced by various factors, and fluctuations
in the intensity of the anticoagulant effect of warfarin can in-
crease the risk of both hemorrhagic complications and recur-
rent thromboembolism.92 Pharmacists and other providers can
improve adherence to the medication schedule, as well as en-
sure the safety and efficacy of warfarin therapy, by providing
appropriate education to patients treated with this agent.

Key elements that form the basis of a thorough patient edu-
cation program for warfarin therapy are listed in Table 15-17.

Table 15-17 Key Elements of Patient Education Regarding
Warfarin

Identification of generic and brand names
Purpose of therapy
Expected duration of therapy
Dosing and administration
Visual recognition of drug and tablet strength
What to do if a dose is missed
Importance of prothrombin time/INR monitoring
Recognition of signs and symptoms of bleeding
Recognition of signs and symptoms of thromboembolism
What to do if bleeding or thromboembolism occurs
Recognition of signs and symptoms of disease states that influence

warfarin dosing requirements
Potential for interactions with prescription and over-the-counter

medications and natural/herbal products
Dietary considerations and use of alcohol
Avoidance of pregnancy
Significance of informing other health care providers that warfarin has

been prescribed
When, where, and with whom follow-up will be provided

INR, international normalized ratio.
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This information may be conveyed through written teaching
materials, videotaped instruction, individual or group discus-
sion, or a combination of these approaches. Many useful edu-
cational tools are available from the manufacturers of warfarin.

B.H. should receive extensive education about warfarin
therapy in an individual teaching session or an organized edu-
cation program. A wallet card, medical bracelet, or alternative
method of identifying her as a patient treated with warfarin
should be provided. The health care provider who assumes re-
sponsibility for her outpatient warfarin therapy will need to
provide continuing reinforcement of the essential elements of
medication information at each follow-up visit.

FACTORS INFLUENCING DOSING

26. After receiving 6 days of enoxaparin therapy and six doses
of warfarin 4 mg/day PO, B.H.’s INR is 2.4. Enoxaparin is discon-
tinued, and B.H. is instructed to continue her current dosage of
warfarin. She is scheduled to return to the anticoagulation clinic
in 1 week for re-evaluation. At that time, her INR is 1.7. What
factors might account for this change in the intensity of anticoag-
ulation?

Patients should always be questioned about their under-
standing of the prescribed dose and their adherence to the
prescribed regimen. Questions might include, “what dose of
the medication have you been taking?”, or “what time of the
day do you take your medication?”, or “how many times in
the last week did you miss a dose of your medication?” If
there is no evidence of misunderstanding of the correct dose
or of noncompliance, numerous other factors should be consid-
ered that are known to influence warfarin dosing requirements
in individual patients during both initiation and maintenance
phases of therapy. Changes in dietary vitamin K intake, alcohol
use, underlying disease states, genetic factors, and concurrent
medications can significantly change the intensity of therapy,
resulting in the need for dosing adjustments to maintain the
INR within the therapeutic range.

Dietary Vitamin K Intake
The two primary sources of vitamin K in humans are the
biosynthesis of vitamin K2 (menaquinone) by intestinal bacte-
ria and dietary intake of vitamin K1 (phytonadione). The U.S.
recommended daily allowance for vitamin K is 70 to 140 mcg/
day, and the typical Western diet provides approximately 300
to 500 mcg/day.93 Vitamin K is found in high concentrations
in certain foods, including green leafy vegetables (aspara-
gus, broccoli, Brussels sprouts, cabbage, cauliflower, chick
peas, collard greens, endive, kale, lettuce, parsley, spinach, and
turnip greens), soy milk, certain oils, certain nutritional supple-
ments, and multiple vitamin products. Green tea and chewing
tobacco are other significant sources of vitamin K.

Variations in vitamin K intake have been linked to INR fluc-
tuations in patients taking warfarin.94,95 In addition, diets high
in vitamin K content have been associated with acquired war-
farin resistance, defined as excessive warfarin dosing require-
ments to reach a therapeutic INR range.96 Numerous cases
have also been reported in which patients previously stabilized
with warfarin experienced elevations in INR with or without
hemorrhagic complications when dietary sources of vitamin K
were eliminated. Conversely, reductions in INR with or without

thromboembolic complications have been reported in patients
in whom dietary sources of vitamin K have been added.

These data illustrate the potential clinical significance of
dietary changes in patients taking warfarin. To minimize these
potential effects, B.H. should be counseled to maintain a con-
sistent intake of dietary vitamin K.97 Her final warfarin main-
tenance dose will be partially influenced by her typical diet.
However, restriction of dietary vitamin K intake is unneces-
sary, except in cases of significant resistance to the anticoag-
ulant effect of warfarin. B.H. should be aware of the types of
foods and supplements that contain large quantities of vitamin
K, and should be counseled to maintain a consistent diet, to
avoid bingeing with foods high in vitamin K content, and to
report significant dietary changes to her health care provider.
Appropriate assessment and follow-up are essential to prevent
hemorrhagic or thromboembolic complications that may arise
from changes in INR resulting from dietary alterations.

Alcohol Ingestion
Chronic alcohol ingestion has been associated with induction
of the hepatic enzyme systems that metabolize warfarin. There-
fore, warfarin dosing requirements are sometimes higher in al-
coholic patients. Conversely, acute ingestion of large amounts
of alcohol can slow warfarin metabolism through competi-
tive inhibition of metabolizing enzymes, leading to elevations
in INR and an increased risk of bleeding complications.98,99

Despite some reports linking low amounts of alcohol to an el-
evated INR,100 in general it is believed that moderate intake
of alcoholic beverages is not associated with alterations in the
metabolism or the therapeutic effect of warfarin as measured
by INR. Patients taking warfarin should be educated to limit
their alcohol consumption to less than one to two alcoholic bev-
erages per day. Chronic drinkers should be counseled to limit
their drinking and maintain a regular pattern to avoid fluctu-
ations in INR.97 B.H. does not need to abstain from drinking
alcoholic beverages in moderation, but she should be counseled
to avoid the sporadic ingestion of large amounts of alcohol.

Underlying Disease States
The presence or exacerbation of various medical conditions can
also influence anticoagulation status.101 Diarrhea-associated
alterations in intestinal flora can reduce vitamin K absorption,
resulting in elevations in INR. Fever enhances the catabolism
of clotting factors and can increase INR. Heart failure, hepatic
congestion, and liver disease can also cause significant eleva-
tions in INR because of a reduction in warfarin metabolism.
End-stage renal disease is associated with decreased CYP2C9
activity, resulting in lower warfarin dose requirements.

Thyroid function can influence warfarin therapy signifi-
cantly. Hypothyroidism decreases the catabolism of certain
clotting factors, increasing their availability and producing a
relative refractoriness to warfarin therapy. This results in the
need for increased dosages to reach a therapeutic INR. The ad-
dition of thyroid supplementation in these patients reverses the
influence of hypothyroidism and can lead to significant eleva-
tions in INR unless the warfarin dose is reduced. Conversely,
hyperthyroidism increases the catabolism of clotting factors,
leading to an increased sensitivity to warfarin. Frequent moni-
toring of and adjustments in warfarin therapy are necessary in
patients with changing thyroid function.
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Genetic Factors
Cytochrome-P450 2C9 genotype102,103 and VKOR12,104 hap-
lotype have been shown to correlate with the dose of warfarin
required for effective anticoagulation. Patients with variant ex-
pression of CYP2C9 have a lower warfarin dose requirement
and their risk of overanticoagulation is higher during therapy.
Dosing algorithms that incorporate CYP2C9 genotype and
VKOR1 haplotype along with other patient characteristics to
predict warfarin maintenance doses are being tested.105 It still
remains to be determined whether pharmacogenomic-based
dosing will improve clinical outcomes.

Other Factors That Influence Warfarin Dosing Requirements
Acute physical or psychological stress has been reported to
increase INR.106 Increased physical activity has also been
reported to increase the warfarin dosing requirement.107

Smoking can induce CYP1A2, which may increase warfarin
metabolism in certain patients, resulting in increased dose
requirements.108 Due to its high vitamin K content, chewing
smokeless tobacco can suppress the INR response.109

27. How should B.H. be assessed and evaluated at this clinic
appointment?

At each clinic visit, regardless of the INR result, all fac-
tors that may influence B.H.’s anticoagulation status should
be evaluated carefully, including adherence with the warfarin
dose schedule. A patient assessment nomogram (Fig. 15-6) is
a helpful tool to assist with patient evaluation.

The accuracy and reliability of the INR test should be
also considered. B.H. should be assessed thoroughly for signs
and symptoms of thromboembolism and hemorrhage. Detailed
questions should be asked to determine whether any changes
in diet, alcohol intake, underlying disease states, concurrent
medications, or other factors have occurred.

DOSING ADJUSTMENTS

28. After a thorough assessment, it is determined that B.H. has
adhered to her prescribed warfarin dosage schedule and that
there is no apparent explanation to account for her reduction
in INR. How should her warfarin dosage be adjusted?

When overanticoagulation or underanticoagulation is veri-
fied, an adjustment in warfarin dosing may be necessary. Fig-
ures 15-7 and 15-8 describe approaches to warfarin dosing
adjustments for both regular-intensity and high-intensity main-
tenance therapy. Typically, dosing adjustments of 5% to 20%
of the total daily dose (or the total weekly dose) are appropriate
to reach the therapeutic range.110 Because warfarin does not
follow linear kinetics, small adjustments in dose can lead to
large INR changes, thus large dose adjustments (i.e., greater
than or less then 20% of the total weekly dose) are not recom-
mended. These maintenance dosing guidelines should only be
applied to patients who have reached a steady-state dose and
not in the initiation phase of therapy.

Because B.H. is currently taking 4 mg daily, an adjustment
of 10% would increase her dosage to approximately 4.5 mg/day.
This dosing adjustment can be made by having her take one 4-
mg tablet and half of a 1-mg tablet each day (same daily dosing)
or by having her take 6 mg 2 days per week and 4 mg all other
days of the week (alternate-day dosing). Patient preference and
the likelihood of confusion about different tablet sizes versus

different doses on different days of the week should be the
primary considerations when selecting a dosing method.111

FREQUENCY OF FOLLOW-UP

29. B.H. agrees to increase her warfarin dosage to 4.5 mg/day.
A new prescription for 1-mg tablets is written for her, and she is
instructed about the use of these tablets. When should her INR
be reassessed and her anticoagulation status, including physical
assessment, be re-evaluated?

It will take several days for her warfarin level to reach a
new steady state because of the long elimination half-lives of
both warfarin and the vitamin K–dependent clotting factors.
Her INR should be rechecked approximately 1 week after a
dosing adjustment has been made. Once a stable dose has been
reached, patient assessment and INR monitoring should occur
every 4 to 6 weeks. However, if B.H. displays any signs of
medical instability or nonadherence, a follow-up schedule of
every 1 to 2 weeks is indicated (Table 15-18).

MANAGEMENT OF OVERANTICOAGULATION

30. E.M., who has been taking warfarin for 6 months with good
laboratory control, noted a slight pink color to his urine. In the ED,
an INR of 5.6 was reported. His Hct and hemoglobin (Hgb) were
both within normal limits, as were his vital signs. A stool Hemoc-
cult test was negative, but urinalysis revealed >50 red blood cells
per high-power field. How should this adverse effect of warfarin
be treated in E.M.?

Management of overanticoagulation depends on the clini-
cal presentation of the patient. In the case of an elevated INR
without bleeding complications, interruption of warfarin ther-
apy by holding one or two doses until the INR returns to the
therapeutic range is usually sufficient.112 Minor bleeding com-
plications accompanied by an elevated INR can be also man-
aged by withholding warfarin therapy for a short period until
bleeding resolves. In either case, the patient should be ques-
tioned to determine a possible cause for overanticoagulation,
including intake of extra doses of warfarin, changes in diet or
alcohol intake, changes in underlying medical conditions, or
the use of other medications. In some cases, no apparent ex-
planation is identified. Depending on the cause, a reduction in
the maintenance dosing of warfarin may be necessary.

The time required for INR to return to the therapeutic range
after warfarin is withheld depends on several patient character-
istics. Advanced age, lower warfarin maintenance dose require-
ments, and higher INR are associated with increased time for
INR correction.113 Other factors that can prolong the time for
INR to return to the therapeutic range include decompensated
heart failure, active malignancy, and recent use of medications
known to potentiate warfarin.

To shorten the time to correction of overanticoagulation, an
alternative approach is to withhold warfarin and administer a
small dose of vitamin K (phytonadione)10 (Table 15-19). An
oral dose of 1 to 2.5 mg can correct overanticoagulation in
24 to 48 hours without causing prolonged resistance to war-
farin therapy, a problem commonly seen with larger (10-mg)
doses of vitamin K.114 Intramuscular administration is con-
traindicated due to the risk of hematoma formation, and SC
administration of vitamin K is not recommended because of
variable absorption.115
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1. Laboratory Error Suspected or Verified? Repeat INR

No
Yes

5. Changes in Underlying Medical Condition?

No

Yes

2. Signs or Symptoms of Thromboembolism?
Manage per physician’s
instructions

No

Yes

3. Signs or Symptoms of Hemorrhage?

Major or intermediate hemorrhage

Resolved minor hemorrhage

No

4. Changes in Current Medications?

Short-term addition/deletion

Long-term addition

Consider noninteracting substitute

Consider influence on prothrombin
time results and warfarin dosing
requirements

Consider influence on prothrombin
time results and warfarin dosing
requirements

6. Changes in Dietary Vitamin K or Alcohol Intake?

No

Yes
Consider influence on prothrombin
time results and warfarin dosing
requirements

7. Verify Current Dose. Noncompliance or Incorrect
Use Suspected or Verified?

No

Yes
Consider influence on prothrombin
time results and warfarin dosing
requirements

8. Duration of Therapy Completed?

No

Yes
Contact physician to consider discontinuation of therapy

Long-term deletion
No

Yes

Yes

9. Aberrant Result in Normally Stable Patient?

10. INR Outside of Therapeutic Range?

No

Yes
Adjust dose per guidelines

11. Schedule Return Appointment

Elevated INR

Low or slightly elevated INR

Hold 1 dose

Continue current dose

No

Yes

Unresolved or recurrent minor hemorrhage

FIGURE 15-6 Assessment nomogram for patients taking warfarin.

IV doses of 0.5 to 1 mg of vitamin K can correct overan-
ticoagulation within 24 hours.116 This approach is also use-
ful for reversal of therapeutic anticoagulation prior to invasive
procedures and can be used to correct overanticoagulation in
high-risk cases. IV vitamin K should be diluted and adminis-
tered by slow infusion over 30 to 60 minutes to prevent flush-
ing, hypotension, and cardiovascular collapse.117 Although
these symptoms resemble anaphylaxis, the mechanism of this
adverse response is unclear: it is not known if it is caused
by phytonadione or by the vehicle in which phytonadione is

formulated. If this adverse reaction occurs, administration of
epinephrine may be indicated, as well as other standard mea-
sures to support blood pressure and maintain the airway.

Rapid reversal of warfarin therapy is indicated in the set-
ting of major, life-threatening bleeding. Fresh frozen plasma
or factor concentrates to replace clotting factors will decrease
the INR for 4 to 6 hours and should be administered as needed
with careful monitoring of volume status. Supplementation
with high-dose IV vitamin K (10 mg) may also be indicated.
IV administration will reverse the effects of warfarin within
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INR >4.0INR 3.6–4.0INR 3.1–3.5INR <2.0

Increase
by 5%–15%

Decrease
by 0%–15%

Hold 0–1
Dose

Hold 0–2
Doses

Decrease
by 5%–15%

Decrease
by 10%–20%

Dose Alteration 
for Goal INR 

2.0–3.0

FIGURE 15-7 Warfarin maintenance dosing protocol for goal interna-
tional normalized ratio (INR) 2.0–3.0.

6 to 12 hours. However, if continued warfarin therapy is in-
dicated when bleeding resolves, anticoagulation with heparin
may be necessary for as long as 7 to 14 days until the effect
of high-dose vitamin K is diminished and warfarin responsive-
ness returns.

Hematuria may be an early sign of more serious bleeding,
but in many cases this condition is associated with only minor
bleeding episodes. In a reliable patient, discontinuing warfarin
until the INR returns to a therapeutic level usually suffices.
A more rapid return to normal can be accomplished if low-
dose vitamin K is administered. Because E.M. appears to be
bleeding only into the urine and is hemodynamically stable,
withholding warfarin and administering a low dose of oral
vitamin K (1–2.5 mg) is appropriate. A thorough workup to
evaluate the source of bleeding is indicated.

USE IN PREGNANCY

31. E.S., a 30-year-old woman, has been taking warfarin for
continuing therapy of a resolved PE. She has just learned she is
pregnant. What effects might warfarin have on the fetus? Are
UFH or LMWHs safer alternatives in this situation?

INR >4.5INR 4.1–4.5INR 3.6–4.0INR <2.5

Increase
by 5%–15%

Decrease
by 0%–15%

Hold 0–1
Dose

Hold 0–2
Doses

Decrease
by 5%–15%

Decrease
by 10%–20%

Dose Alteration 
for Goal INR 

2.5–3.5

FIGURE 15-8 Warfarin maintenance dosing protocol for goal interna-
tional normalized ratio (INR) 2.5–3.5.

Table 15-18 Frequency of International Normalized Ratio
Monitoring and Patient Assessment During Warfarin Therapy

Initiation Therapy

Flexible initiation method Daily through day 4, then
within 3–5 days

Average daily dosing method Within 3–5 days, then within
1 week

After hospital discharge If stable, within 3–5 days;
if unstable, within 1–3 days

First month of therapy Every 1–4 days until
therapeutic, then weekly

Maintenance Therapy

Dose held today In 1–2 days
Dosage change today Within 1–2 weeks
Dosage change <2 weeks ago Within 2–4 weeks
Routine follow-up of medically

stable and reliable patients
Every 4–6 weeks

Routine follow-up of medically
unstable or unreliable patients

Every 1–2 weeks

Coumarin anticoagulants cross the placental barrier and
may place the fetus at risk for hemorrhage and teratogenic
effects.118 Up to 30% of pregnancies that involve exposure to
coumarin result in abnormal liveborn infants, and up to 30%
in spontaneous abortion or stillbirth. Congenital abnormalities
such as stippled calcifications and nasal cartilage hypoplasia
primarily occurred in infants born to mothers receiving war-
farin during the first trimester of pregnancy, with the highest
risk during weeks 6 to 12. Other abnormalities, involving the
central nervous system and eyes, are more likely to occur when
the mother is taking warfarin later in the pregnancy. In addition,
because warfarin crosses the placenta, fatal bleeding compli-
cations may occur.

Women of childbearing age who require anticoagulation
should be counseled about options for contraception. Patients

Table 15-19 Guidelines for Reversal of an Elevated
International Normalized Ratio (INR)

INR Recommendation

<5 Lower or hold dose.
5–8.9 Hold one or two doses, or hold dose and give vitamin

K (<5 mg orally). If more rapid reversal is
required, use 2–4 mg. Repeat vitamin K (1–2 mg
orally) if INR is still elevated at 24 hr.

≥9 Hold warfarin and give vitamin K (5–10 mg orally).
Use additional vitamin K, if necessary.

Serious bleeding
with high
INR

Hold warfarin and give vitamin K (10 mg slow IV
infusion) supplemented with fresh frozen plasma,
prothrombin complex concentrate, or recombinant
factor VIIa. May repeat vitamin K every 12 hr, if
necessary.

Life-threatening
bleeding

Hold warfarin and give prothrombin complex
concentrates or recombinant factor VIIa
supplemented with vitamin K (10 mg slow IV
infusion). Repeat as necessary.

From reference 10.
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Table 15-20 Recommendations for Anticoagulation During Pregnancy

Clinical Situation Peripartum Options Postpartum

1. Prophylaxis
Known hypercoagulable state with no prior history

of VTE

� Surveillance
� Minidose UFH
� Prophylactic LMWH

Warfarin to INR 2–3 for 4–6 weeks with
UFH/LMWH overlap until INR >2.0

Single prior episode of VTE associated with
transient risk factors, not receiving long-term
anticoagulants

� Surveillance Warfarin to INR 2–3 for 4–6 weeks with
UFH/LMWH overlap until INR >2.0

Single prior episode of idiopathic or
thrombophilia-related VTE, not receiving
long-term anticoagulants

� Surveillance
� Minidose UFH
� Moderate-dose UFH
� Prophylactic LMWH

Warfarin to INR 2–3 for 4–6 weeks with
UFH/LMWH overlap until INR >2.0

Multiple prior episodes of VTE and/or receiving
long-term oral anticoagulants for VTE

� Adjusted-dose UFH
� Prophylactic LMWH
� Full-dose LMWH

Long-term warfarin to INR 2–3 with
UFH/LMWH overlap until INR >2.0

Long-term oral anticoagulants for mechanical
valve replacement

� Adjusted-dose UFH
� Full-dose LMWH

Long-term warfarin to prior INR goal with
UFH/LMWH overlap until INR above lower
limit of therapeutic range

2. Treatment of VTE that occurs during pregnancy � IV UFH for ≥5 days, followed
by adjusted-dose UFH

� Full-dose LMWH

Warfarin to INR 2–3 for a minimum of 6 weeks
with UFH/LMWH overlap until INR >2.0

VTE, venous thromboembolic disease; UFH, unfractionated heparin; LMWH, low-molecular-weight heparin; INR, international normalized ratio.
Minidose UFH: 5,000 U SQ Q 12 hr. Moderate-dose UFH: adjusted to 0.1–0.3 U/mL anti-Xa activity. Adjusted-dose UFH: adjusted to maintain therapeutic aPTT at mid-dosing
interval. Prophylactic LMWH: enoxaparin 40 mg SQ QD or dalteparin 5,000 U SQ QD. Full-dose LMWH: enoxaparin 1 mg/kg SQ Q 12 hr or dalteparin 200 IU/kg and adjusted
throughout pregnancy to maintain 4-hour postinjection anti-Xa activity level of 0.5–1.2 U/mL (VTE) or approximately 1.0 U/mL (mechanical valves).

who become pregnant while receiving warfarin should be in-
formed of the risks of continued anticoagulation to the fetus,
as well as the risk to themselves of discontinuing anticoagu-
lation.

Other options for pregnant women who require anticoagula-
tion include UFH and LMWHs.118 Because these agents do not
cross the placenta, they are preferred over warfarin for use in
pregnancy. UFH is typically recommended because it has been
used extensively during pregnancy. However, many clinical tri-
als have validated the safety and efficacy of LMWHs in the
prevention and treatment of DVT and PE during pregnancy.119

These agents represent an alternative to UFH, with advan-
tages as previously described. When used at full doses for
the treatment of VTE during pregnancy, dosing must be ad-
justed throughout the pregnancy to account for the expected
increase in the body weight of the mother and the reported
increase in clearance of LMWH during pregnancy.120

In pregnant patients with mechanical heart valves, there is
controversy regarding the use of LMHWs.121 Several cases
of valvular thrombosis and of maternal and fetal death have
been reported. These cases may be the result of underdosing
of LMWH and UFH.118 Table 15-20 describes recommenda-
tions for anticoagulation during and after pregnancy for various
conditions.

After being informed of the risks associated with warfarin,
E.S. decided to continue her pregnancy and to begin antico-
agulation with UFH. Warfarin therapy should be discontinued
immediately and UFH initiated using SC treatment doses as
previously described, or by continuous IV infusion. Dosing
adjustments may be required throughout pregnancy as deter-
mined by aPTT monitoring. Potential adverse effects of UFH

use, including hemorrhage, thrombocytopenia, and osteoporo-
sis, should be monitored appropriately.

SC heparin should be discontinued 24 hours before elective
induction of labor and resumed as soon as bleeding from de-
livery has been controlled. IV heparin should be discontinued
6 hours before delivery. Warfarin therapy can then be safely
reinitiated. If spontaneous labor occurs, protamine can be used
to reverse the effect of UFH. Warfarin is not secreted in breast
milk; therefore, E.S. can safely breast-feed.

PREVENTION OF CARDIOGENIC THROMBOEMBOLISM
Atrial Fibrillation
Anticoagulation Before Cardioversion

32. C.D., a 68-year-old woman with hypertension, presents to
the cardiology clinic complaining of several days of fatigue and a
“racing heart.” On physical examination, her pulse is irregularly
irregular, and her heart rate is approximately 120 beats/minute.
Using ECG, a diagnosis of atrial fibrillation is made and car-
dioversion planned. Should C.D. be anticoagulated before car-
dioversion?

In atrial fibrillation, compromised atrial activity and atrial
enlargement causes stasis of blood within the atria and the left
atrial appendage, often resulting in atrial thrombus formation.
Atrial thrombus formation increases the risk of systemic em-
bolization; clinical manifestations include arterial emboliza-
tion of the extremities or embolization of the splenic, renal,
or abdominal arteries. However, the most prevalent site of em-
bolization is the cerebral arterial system, resulting in transient
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ischemic attack or stroke with potentially devastating neuro-
logic and functional impairment.122

Both direct current cardioversion and pharmacologic car-
dioversion using antiarrhythmic drugs expose patients with
atrial fibrillation to an initial short-term increase in stroke risk
from embolization secondary to resumption of normal atrial
mechanical activity (see Chapter 20). Data from a prospective
cohort study of 437 patients noted a stroke incidence of 5.3%
in patients with atrial fibrillation who were cardioverted with-
out prior anticoagulation, but a significant reduction in stroke
incidence to 0.8% was noted if patients who had received car-
dioversion were anticoagulated.123 In addition to preventing
the development of new atrial thrombi, anticoagulation allows
any thrombus that may be present to endothelialize and adhere
to the atrial wall so that the thromboembolic risk is minimized.
Based on the assumed time course of thrombus development,
as well as the presumed time course of clot endothelialization,
patients who have been in atrial fibrillation for 48 hours should
receive 3 weeks of therapeutic anticoagulation with warfarin
to a target INR of 2.5 (range, 2.0–3.0) before cardioversion is
attempted.122 Despite a lower risk of stroke than that associ-
ated with atrial fibrillation, patients with atrial flutter should
be treated similarly.

Whether C.D. has been in atrial fibrillation for 48 hours is
not known; therefore, she requires a 3-week course of therapeu-
tic anticoagulation with a goal INR range of 2.0 to 3.0 before
cardioversion is attempted. If C.D. cannot tolerate her heart
symptoms despite control of the ventricular response rate, her
medical team might consider immediate cardioversion without
anticoagulation if transesophageal echocardiography (TEE) is
used to rule out left atrial thrombi. TEE is much mores sensi-
tive than transthoracic echocardiography to visualize the left
atrium and the left atrial appendage.

In a clinical trial, 1,222 patients with atrial fibrillation of
more than 2 day’s duration were randomly assigned to ei-
ther treatment guided by TEE findings or to conventional
precardioversion anticoagulation.124 Patients assigned to con-
ventional treatment and patients in the TEE group in whom
thrombus was detected received a 3-week course of warfarin
prior to cardioversion. Patients without detectable thrombus
by TEE were cardioverted without precardioversion anticoag-
ulation. All patients received 4 weeks of postcardioversion an-
ticoagulation. Thromboembolic rates were identical between
patients who received conventional treatment and those whose
treatment was guided by TEE (0.5% vs. 0.8%, p = 0.5).

Anticoagulation After Cardioversion

33. After 3 weeks of regular-intensity warfarin therapy, C.D. is
successfully cardioverted. Should warfarin be discontinued?

Despite normalization of atrial electrical activity, restora-
tion of effective atrial mechanical activity after cardioversion
of atrial fibrillation can be delayed for up to 3 weeks. In ad-
dition, a significant number of patients with atrial fibrillation
who initially are successfully cardioverted revert to atrial fibril-
lation during the first month. Both of these factors contribute to
the recognized delay in stroke presentation after cardioversion
in patients with atrial fibrillation. For these reasons, anticoag-
ulation with warfarin should be continued after cardioversion
for a minimum 4 weeks.

Anticoagulation for Paroxysmal, Permanent, or Persistent
Atrial Fibrillation

34. Two weeks after successful cardioversion, C.D. presents to
the ED with chest palpitations and light-headedness. An ECG is
evaluated, and atrial fibrillation is diagnosed again. What deci-
sions regarding anticoagulation need to be made?

ANTICOAGULATION IN VALVULAR ATRIAL FIBRILLATION
Atrial fibrillation secondary to valvular heart disease has

historically been recognized as a significant risk factor for
stroke. Patients with atrial fibrillation who have a history of
rheumatic mitral valve disease have a 17-fold higher incidence
of stroke than in matched controls. Patients with valvular atrial
fibrillation require long-term, regular-intensity anticoagulation
to a target INR of 2.5 (range, 2.0–3.0) to prevent thromboem-
bolism and stroke.122,125

ANTICOAGULATION IN NONVALVULAR ATRIAL FIBRILLATION
Nonvalvular heart disease is the most common cause of

atrial fibrillation and, like valvular heart disease, represents
a significant risk for stroke in patients with atrial fibrillation.
Five clinical trials have substantiated the role of warfarin in
the primary prevention of systemic embolization and stroke in
chronic, nonvalvular atrial fibrillation.126 All five trials com-
pared warfarin with a placebo and were terminated before com-
pletion because of the substantial benefit of warfarin. In com-
parison with a placebo, warfarin significantly reduced the risk
of stroke from approximately 5% per year to approximately 2%
per year, with an average relative risk reduction of 67%. Based
on the results of these trials, long-term anticoagulation with
warfarin to a goal INR of 2.5 (range, 2.0–3.0) is recommended
in patients like C.D., who have atrial fibrillation secondary to
nonvalvular heart disease.122,125

Several clinical trials have attempted to define the compar-
ative efficacy of warfarin versus aspirin in the prevention of
stroke associated with atrial fibrillation.127 Compared with a
placebo or control, aspirin decreases the risk of stroke in pa-
tients with atrial fibrillation. However, that reduction is not as
substantial as the reduction seen with warfarin. In clinical trials
comparing warfarin and aspirin, the risk reduction associated
with warfarin is significantly larger than that of aspirin. How-
ever, aspirin may be appropriate in certain patients at low risk
for stroke associated with atrial fibrillation (Table 15-6).

The decision to continue long-term anticoagulation with
warfarin in C.D. should be based on an evaluation of the like-
lihood that her atrial fibrillation will become chronic with a
paroxysmal, persistent, or permanent presentation, as well as
an assessment of her risk of stroke compared with her risk
of warfarin-associated bleeding complications. Because of her
age and history of hypertension, the appropriate strategy should
be long-term warfarin therapy with a goal INR of 2.5 (range,
2.0–3.0).

Cardiac Valve Replacement
Mechanical Prosthetic Valves

35. D.L., a 56-year-old woman with a history of rheumatic mi-
tral valve disease, has undergone mitral valve replacement. A St.
Jude (bileaflet mechanical) valve has been implanted, and heparin
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therapy is initiated postoperatively. Does D.L. require continued
anticoagulation with warfarin?

Mechanical prosthetic valves confer a significant throm-
boembolic risk by providing a foreign surface in contact with
blood components on which platelet aggregation and throm-
bus formation can occur. Valvular thrombosis can impair
the integrity of valve function and can lead to embolization
with systemic manifestations, including stroke.128 The inci-
dence of thromboembolic complications depends on the type
of artificial valve (caged ball [Starr-Edwards] > tilting disk
[Medtronic-Hall; Bjork-Shiley] > bileaflet [St. Jude]), as well
as the anatomical position of the replacement (dual valve re-
placement > mitral > aortic).129

Long-term anticoagulation is required in patients with me-
chanical valve replacement because it significantly reduces the
risk of stroke and other manifestations of systemic emboliza-
tion. Trials comparing different intensities of oral anticoagu-
lation with warfarin in mechanical valve replacement helped
identify the intensity of anticoagulation that protects against
thromboembolic risk, while reducing the incidence of hemor-
rhagic complications.129,130 Patients with a St. Jude bileaflet
valve in the aortic position should receive long-term antico-
agulant therapy with warfarin to a target INR of 2.5 (range,
2.0–3.0).128,131 For all other mechanical valve types in the aor-
tic position, and for any mechanical mitral valve replacement,
chronic warfarin therapy with a target INR of 3.0 (range, 2.5–
3.5) is recommended.128,131 The concurrent use of low-dose
aspirin (81 mg daily) is recommended for patients with ad-
ditional risk factors for systemic embolization (atrial fibrilla-
tion, left ventricular dysfunction, a history of prior systemic
embolism, or a hypercoagulable condition), unless the patient
has a significant risk for bleeding or a history of aspirin intol-
erance.

Bioprosthetic Valves

36. E.K., an 86-year-old woman with a history of symptomatic
aortic stenosis, has received a bioprosthetic (mammalian) aortic
valve replacement. Is anticoagulant therapy required in E.K.?

Prosthetic heart valves extracted from mammalian sources
(porcine or bovine xenografts; homografts) are significantly
less thrombogenic than mechanical prosthetic valves. The per-
iod of greatest thromboembolic risk appears to be during
the first 3 months after implantation. Therefore, short-term,
regular-intensity, preventive anticoagulation to an INR of 2.5
(range, 2.0–3.0) is recommended.128,131 After this period, long-
term aspirin therapy (minimum dose, 162 mg/day) is indicated.
However, oral anticoagulation should be continued long term
in patients with concurrent atrial fibrillation, a history of sys-
temic embolism, or evidence of atrial thrombus at surgery.

BRIDGE THERAPY
Management of Anticoagulation Around
Invasive Procedures

37. C.G. is a 43-year-old woman with a history of valvular heart
disease associated with Marfan syndrome. She has a St. Jude mi-
tral valve replacement and is anticoagulated with warfarin 7.5 mg
once daily to a goal INR range of 2.5 to 3.5. Recently, she has

complained of episodic rectal bleeding despite adequate antico-
agulation. She is scheduled for colonoscopy in several weeks. Her
gastroenterologist calls you at the anticoagulation clinic to deter-
mine the most appropriate plan for reversal of her warfarin prior
to the procedure. What are the options?

When an invasive procedure is planned, it is often necessary
to reverse the effects of warfarin to minimize the risk of bleed-
ing complications associated with the procedure, which can be
worsened by the presence of an anticoagulant. It can take sev-
eral days for the anticoagulant effect of warfarin to be reversed
after discontinuation of the drug, but in that period of time, a
patient may be at risk for thromboembolic complications as-
sociated with underanticoagulation. Bridge therapy is the term
that refers to the use of a relatively short-acting injectable an-
ticoagulant (UFH, LMWH) as a substitute for warfarin prior
to and immediately following an invasive procedure.132 Be-
cause UFH and LMWH have shorter elimination half-lives
than warfarin, they can be stopped just prior to the invasive
procedure without increasing the risk of bleeding associated
with the procedure. In addition, because of their shorter onset
of effect, they can be used when warfarin is restarted and until
the INR reaches the therapeutic range.

Although bridge therapy has not been studied in random-
ized clinical trials, there are multiple options, many of which
have been evaluated in case series, observational studies, and
nonrandomized trials involving patients with various indica-
tions for anticoagulation, including valve replacement.133–135

The choice of a bridge therapy strategy depends on the risk
of bleeding associated with continued anticoagulation for the
surgery or procedure to be performed and on the risk of throm-
boembolism associated with underanticoagulation in the pa-
tient in question. Individualized risk assessment and bridge
therapy planning are necessary for each patient who may re-
quire temporary discontinuation of warfarin.

Because the use of IV UFH for bridge therapy requires
hospitalization, there has been considerable interest in using
LMWH on an outpatient basis for this purpose. Clinical out-
comes in patients bridged with LMWH or UFH are similar,
and overall costs are lower for LMWH because of the avoid-
ance of hospital admission, despite higher drug costs.136 UFH,
however, may be appropriate in patients with significant renal
impairment, or in patients without third-party prescription cov-
erage who cannot afford the drug cost of LMWH. A guideline
for bridge therapy based on the risk of thromboembolism and
on renal function is presented in Table 15-21.

Because C.G. has a mechanical mitral valve replacement,
her risk of thromboembolism associated with underanticoagu-
lation is considered high. Therefore, warfarin should not sim-
ply be withheld; instead, she should receive bridge therapy
with an injectable anticoagulant. Her renal function is normal,
and her health care insurance covers injectable drugs. There-
fore, her plan will include early discontinuation of warfarin 3
to 5 days prior to the procedure, and substitution with enoxa-
parin 1 mg/kg Q 12 hr when the INR falls below the lower
limit of the therapeutic range. The last dose of enoxaparin
should be given no later than 24 hours prior to the procedure
to minimize the risk of bleeding at the time of the procedure.
After the procedure, warfarin should be restarted at her usual
dose, and enoxaparin should be continued until the INR is
>2.5.
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Table 15-21 Bridge Therapy Guidelines for Invasive Procedures

Thrombolic Risk Renal Function Bridge Therapy

HIGH
� Afib with moderate/high stroke risk per

CHAD2 score, or with concurrent valve
replacement or mitral stenosis

� Hx stroke/TIA
� Any hypercoagulate state
� Mechanical valve
� hx DVT/PE <3 months ago

CLcr >30 � Hold warfarin for 3–5 days preprocedure (decision predicated on age, dosing
requirement, and other comorbid conditions associated with prolonged time
for reversal) OR hold warfarin 2–3 days preprocedure and administer vitamin
K 2.5 mg PO 2 days preprocedure (may repeat on day 1)

� Initiate UFH SQ/IV or LMWH when INR falls below lower limit of
therapeutic range

� Stop IV UFH 6 hr preprocedure or stop SQ UFH/LMWH 24 hr preprocedure
� Resume UFH/LMWH 12–24 hr postprocedure (decision predicated on

postop assessment of bleeding risk) and continue until INR above lower limit
of therapeutic range

� Resume warfarin 12–24 hr postprocedure at usual maintenance dose
(decision predicated on postprocedure assessment of bleeding risk)

CLcr <30 � Last dose of warfarin on day 3 preprocedure
� Vitamin K 2.5 mg PO on day 2 preprocedure
� Admit on day 1 preprocedure and begin IV UFH (70 U/kg bolus, 15 U/kg/hr

infusion and adjust per inpatient protocol)
� If INR above 1.5 on day 1, give vitamin K 1 mg IV
� Stop IV UFH 6 hr preprocedure
� Resume UFH 12–24 hr postprocedure (decision predicated on postprocedure

assessment of bleeding risk) and continue until INR above lower limit of
therapeutic range

� Resume warfarin 12–48 hr postprocedure at usual maintenance dose
(decision predicated on postop assessment of bleeding risk)

LOW
� Afib with low/moderate stroke risk per

CHADS2 score
� Dilated cardiomyopathy with no hx thrombosis
� hx DVT/PE >3 months ago

All patients � Hold warfarin for 3–5 days preprocedure OR hold warfarin for 2–3 days
preprocedure and administer vitamin K 2.5 mg PO 2 days preprocedure (may
repeat on day 1)

� Resume warfarin 12–48 hr postprocedure at usual maintenance dose
(decision predicated on postop assessment of bleeding risk)

Management of Anticoagulation Around
Dental Procedures

38. J.Y. is a 76-year-old man with a history of hypertension,
hypercholesterolemia, adult-onset diabetes, and atrial fibrillation.
He receives warfarin 2.5 mg on Monday, Wednesday, and Friday
and 5 mg on all other days for stroke prevention. He is scheduled
to have a tooth removed, and his dentist has recommended that
warfarin be withheld for 5 days prior to the procedure. He calls
his anticoagulation provider for advice. What is your response?

Based on his medical history, A.V. is considered at moder-
ate to high risk for stroke. If his warfarin were to be discon-
tinued for 5 days prior to this dental procedure, he would re-
quire bridge therapy with inpatient UFH or outpatient LMWH
prior to the procedure, and afterward until his INR reached
2.0. However, for many dental procedures, it is often not nec-
essary to withhold warfarin.137 Oral bleeding can be prevented
or controlled using a combination of local measures, includ-
ing cold water rinse, local pressure (biting on gauze or tea
bags [which release tannins, causing local vasoconstriction]),
additional suturing, or electrocautery. Other options include
packing the site with gelatin sponges (Gelfoam) or absorbable
oxycellulose (Surgicel), or applying microcrystalline collagen
(Avitene), topical thrombin, or a fibrin adhesive.

A mouth rinse of 5% tranexamic acid or 5% aminocaproic
acid can also be used to control oral bleeding.138 Patients are
instructed to hold 10 mL of the rinse in their mouths for 2
minutes, 30 minutes prior to the procedure, and then to repeat

every 2 hours as needed afterward until bleeding is resolved.
Table 15-22 describes guidelines for the management of war-
farin around dental procedures based on the bleeding risk of
the procedure.

The simple extraction planned for A.V. does not require dis-
continuation of his warfarin therapy. The anticoagulation clinic
provider should call the dentist to offer suggestions regard-
ing local prevention and control of oral bleeding. A.V. should
be cautioned to avoid hot liquid, vigorous mouthwashes, hard
foods, and NSAIDs and other antiplatelet agents during the
first 24 to 48 hours after his tooth extraction.

DRUG INTERACTIONS
Interactions With Legend Drugs

39. D.G., a 72-year-old man, received a Bjork-Shiley tilting
disk mitral valve prosthesis 5 years ago. He has been anticoag-
ulated with warfarin 6 mg/day with good control. He is allergic to
ampicillin and has gastric intolerance to tetracycline. Yesterday,
he was seen in an acute-care clinic with symptoms of an acute
prostatic infection and prescribed one double-strength tablet of
trimethoprim-sulfamethoxazole (TMP-SMX) BID for 10 days.
How will the combination of warfarin and TMP-SMX (Bactrim,
Septra) affect D.G.’s anticoagulation control? Should his warfarin
dosage be adjusted or another drug substituted for TMP-SMX?

Drug interactions with warfarin occur by a number of
different mechanisms and can have a significant impact
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Table 15-22 Suggestions for Anticoagulation Management Before and After Dental Proceduresa

Low Bleeding Risk Moderate Bleeding Risk High Bleeding Risk

Procedure � Supragingival scaling
� Simple restorations
� Local anesthetic injections

� Subgingival scaling
� Restorations with subgingival preparations
� Standard root canal therapy
� Simple extractions
� Regional injection of local anesthetics

� Extensive surgery
� Apicoectomy (root removal)
� Alveolar surgery (bone removal)
� Multiple extractions

Suggestions � Do not interrupt warfarin
treatment

� Use local measures to
prevent/control bleeding

� Interruption of warfarin treatment is not necessary
� Use local measures to prevent or control bleeding
Consult with dentist to determine comfort with use
of local measures to prevent bleeding when
anticoagulation is not interrupted

� May need to reduce international normalized
ratio or return to normal hemostasis

� Follow bridge therapy guidelines for invasive
procedures based on risk of thromboembolism

aUniversity of Washington Medical Center Anticoagulation Clinics.

on the anticoagulant effect of warfarin.139–141 Elevations or
reductions in INR have been observed when interacting drugs
are added to or discontinued from the medication regimens of
patients taking warfarin or when used intermittently. Clinically
significant hemorrhagic or thromboembolic complications can
result. Careful selection of both prescription and nonprescrip-
tion medications, appropriate INR monitoring, and detailed pa-
tient education regarding drug interactions are important inter-
ventions for pharmacists caring for patients taking warfarin. A
summary of drugs that interact with warfarin, including mech-
anisms of interaction and effect on INR, is provided in Table
15-23.

Although warfarin is highly bound to protein, primarily to
albumin, and can be displaced from protein-binding sites by a
number of weakly acidic drugs, these interactions typically do
not result in clinically significant elevations in PT/INR.142 War-
farin displaced from protein-binding sites is readily available
for elimination by hepatic metabolism, resulting in increased
clearance without a significant change in the free drug concen-
tration.

Other types of interactions with warfarin are much more sig-
nificant. Pharmacodynamic interactions are those that alter the
physiology of hemostasis, particularly interactions that influ-
ence the synthesis or degradation of clotting factors or that in-
crease the risk of bleeding through inhibition of platelet aggre-
gation. Pharmacokinetic interactions influence the absorption
and metabolism of warfarin, and many clinically significant
interactions with warfarin occur when warfarin metabolism is
induced or inhibited. Interactions involving agents known to
influence the hepatic microsomal enzyme systems responsible
for the metabolism of the more potent S(–)-warfarin (CYP2C9)
are potentially more significant than those that influence the en-
zymes that metabolize R(+)-warfarin (CYP1A2, CYP3A4).141

Sulfamethoxazole can increase the effect of warfarin sig-
nificantly by stereoselectively inhibiting the metabolism of the
more potent S(–)-enantiomer of warfarin.139 Potentiation of
warfarin activity after inhibition of metabolism usually takes
several days, and the effect may be slow to resolve once the
offending agent is discontinued. In addition, fever associated
with the infection for which TMP-SMX has been prescribed
may enhance the catabolism of vitamin K–dependent clotting
factors, resulting in an accentuated hypoprothrombinemic re-
sponse. This effect will dissipate as the fever abates with an-
tibiotic therapy.

For D.G., the best choice would be to discontinue TMP-
SMX. Because ampicillin and tetracycline are contraindicated,
either a first-generation cephalosporin or TMP alone may be
used. Oral quinolones should be avoided because they also
carry the risk of potentiating the anticoagulant effect of war-
farin. Careful monitoring of the INR should continue be-
cause the introduction of any changes in treatment, as well
as the acute illness, may alter the patient’s response to warfarin
therapy.

If noninteracting alternatives are not clinically appropriate,
the concomitant use of interacting agents is not an absolute
contraindication in patients taking warfarin. TMP-SMX can be
prescribed if D.G. is monitored frequently and carefully, with
adjustment of warfarin dosages as necessary to maintain his
INR within the therapeutic INR range of 2.5 to 3.5 and with
attention to potential hemorrhagic complications. No initial
change in the dosage of warfarin should be made because it
may take several days for the interaction to become apparent.
The INR should be repeated within 3 days, with warfarin dosing
adjustments and subsequent monitoring guided by initial INR
results.

40. D.R. is a 39-year-old woman recovering from unexplained
ventricular fibrillation several weeks ago with significant, but im-
proving, neurologic deficits. A defibrillator system has been im-
planted, with amiodarone 400 mg/day added for suppressive an-
tiarrhythmic therapy. As a result of being immobile during her
hospitalization, she developed a DVT and has been receiving hep-
arin for 5 days. A full 3-month course of anticoagulation is indi-
cated. How will amiodarone influence D.R.’s anticoagulation?

Amiodarone appears to inhibit the hepatic metabolism of
warfarin, resulting in significant increases in the INR in patients
previously stabilized on warfarin therapy and in whom amio-
darone is added.143 Elevations in INR typically occur within
1 week and stabilize after approximately 1 month of combina-
tion therapy. These patients require frequent monitoring with
downward adjustments in warfarin dose by as much as 50% or
more.

In the case of D.R., warfarin is to be added to pre-existing
amiodarone therapy. The use of a drug known to interact with
warfarin is not an absolute contraindication to the addition
of warfarin. Warfarin therapy should begin using a flexible
initiation protocol or average daily dosing method, but with
the expectation that D.R.’s INR will likely increase at a rate
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Table 15-23 Drug Interactions

Effect on International
Mechanism Normalized Ratio Drugs/Drug Classes

Increased synthesis of clotting factors Decreased Vitamin K

Reduced catabolism of clotting factors Decreased Methimazole Propylthiouracil

Induction of warfarin metabolism Decreased Alcohol(chronic use)
Aminoglutethimide
Barbiturates
Bosentan
Carbamazepine
Dicloxacillin
Ethchlorvynol

Fosphenytoina

Glutethimide
Griseofulvin
Nafcillin
Phenytoina

Primidone
Rifampin

Reduced absorption of warfarin Decreased Cholestyramine
Colestipol

Sucralfate

Unexplained mechanisms Decreased Ascorbic acid
Azathioprine

Corticosteroids
Cyclosporin Mercapto purine

Increased catabolism of clotting factors Increased Thyroid hormones

Protein binding displacement Increased Chloral hydrate

Decreased synthesis of clotting factors Increased Cefamandole
Cefotetan
Cefmetazole

Cefoperazone
Moxalactam
Vitamin E

Impaired vitamin K production by GI
flora

Increased Broad-spectrum antibiotics

Inhibition of warfarin metabolism Increased Acetaminophen
Alcohol (acute use)
Allopurinol
Amiodarone
Azole antifungals
Capecitabine
Celecoxib
Chloramphenicol
Cimetidine
Disulfiram
Fluoroquinolone antibiotics
Fluorouracil
Fosphenytoina

Isoniazid
Macrolide antibiotics
Metronidazole
Omeprazole
Phenytoina

Propafenone
Quinidine
Rofecoxib
SSRIs
Statins
Sulfa antibiotics
Zafirlukast

Additive anticoagulant response Increased Direct thrombin inhibitors
Heparin

Low molecular weight heparins
Thrombolytic agents

Unexplained mechanism Androgens
Clofibrate
Cyclophosphamide
Fenofibrate

Gemcitabine
Gemfibrozil
Influenza virus vaccine
Mesalamine

Increased bleeding risk No effect Aspirin/acetylated salicylates
Clopidogrel/ticlopidine

Cyclo-oxygenase 2 inhibitors
Glycoprotein IIb/IIIa antagonists
NSAIDS

aReported to both increase and decrease PT/INR.

faster than if she were not taking amiodarone and that her
maintenance dosing likely will be significantly lower than if
she were not taking amiodarone concurrently. Frequent mon-
itoring will be required for D.R. to establish a maintenance
dose because she may not yet have a steady-state amiodarone
level.

If amiodarone therapy is discontinued while D.R. is anti-
coagulated, frequent monitoring will also be necessary. How-
ever, the effect of amiodarone on warfarin metabolism can

continue for several months after amiodarone is discontinued
because of amiodarone’s long elimination half-life and large
volume of distribution. Gradual increases in warfarin dosing
requirements over weeks to months have been observed after
discontinuation of amiodarone.

41. M.G., a 67-year-old woman, was recently diagnosed with
bursitis of the right shoulder. A course of anti-inflammatory med-
ication is recommended by her doctor. M.G. is taking warfarin
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12.5 mg/day for a history of chronic atrial fibrillation. What could
be prescribed for M.G.’s shoulder pain that would not signifi-
cantly interact with the warfarin she is taking?

This question illustrates one of the most difficult therapeu-
tic dilemmas for a patient taking warfarin. All NSAIDs have
the potential to cause gastric irritation by inhibiting cytopro-
tective prostaglandins, thereby providing a focus for GI bleed-
ing. In addition, most NSAIDs inhibit platelet aggregation,
which compromises effective clotting and can lead to bleeding
complications.144 Some NSAIDs (phenylbutazone, sulfinpyra-
zone, mefenamic acid) may also have specific pharmacokinetic
interactions with warfarin that can increase the hypoprothrom-
binemic effect of warfarin.

These effects can increase the risk of hemorrhagic compli-
cations significantly in patients taking warfarin who are pre-
scribed concurrent NSAID therapy. In a retrospective cohort
study of patients age 65 years or older, the risk of hospitaliza-
tion for bleeding peptic ulcer disease was approximately three
times higher for patients taking concurrent warfarin and an
NSAID versus patients taking either drug alone, and almost
13 times higher than in patients taking neither warfarin nor
an NSAID.145 Warfarin therapy is considered a relative con-
traindication to NSAID use.

In patients like M.G. who require combination therapy, clin-
ical experience suggests that ibuprofen (Motrin), naproxen
(Naprosyn), or nabumetone (Relafen) are somewhat better
tolerated than other NSAIDs with respect to additive hem-
orrhagic complications, particularly for short-term use. Al-
ternative agents include the nonacetylated salicylates such
as salsalate or choline salicylate. These agents have mini-
mal effect on platelet aggregation compared with other sal-
icylates. However, all patients requiring combined warfarin
and NSAID therapy should be followed closely and ob-
served routinely for signs and symptoms of bleeding, with
frequent stool testing for GI bleeding. Patients should be
counseled to avoid additional NSAID use, including use of
aspirin, and to seek assistance from a pharmacist to pre-
vent inadvertent NSAID use when selecting over-the-counter
medications.

The analgesic and antipyretic of choice in patients taking
warfarin is acetaminophen, which has not been consistently
shown to increase the risk of bleeding. However, in a con-
troversial case-control study of patients taking warfarin, ac-
etaminophen use of >2,275 mg/week was an independent risk
factor for developing an INR >6.0.146 Controls were matched
for age, gender, and race, but patients had a higher frequency
of febrile illness and reduced oral intake, factors that may
influence the INR independently as well as account for ac-
etaminophen use. Acetaminophen may increase the INR by
inhibition of CYP1A2 metabolism of R(+)-warfarin, but this
effect has not been reported consistently.147 Appropriate mon-
itoring and assessment of patients taking concurrent warfarin
and acetaminophen, either routinely or as needed, is sufficient
to detect any potential interaction.

Interactions With Natural Products/Dietary
Supplements

42. K.P. is a 32-year-old woman who developed a left lower ex-
tremity DVT after sustaining a skiing injury 1 month ago. She

has been taking warfarin 5 mg on Monday, Wednesday, and Fri-
day and 7.5 mg on all other days of the week. She has main-
tained stable INRs between 2.0 and 3.0 for the last 2 weeks.
She has no known medical problems and takes no other med-
ications. However, she has felt increasingly lethargic since her
accident and feels that she cannot participate fully in physical
therapy because of fatigue. She is interested in taking an herbal
supplement to increase her level of energy. How should she be
counseled?

Dietary supplements, including herbal medicinals, amino
acids, and other nonprescription products, are not tested be-
fore marketing for interactions with other medications, includ-
ing warfarin.97 Little is known about their interactive proper-
ties, other than published case reports of varying quality. In
addition, dietary supplements are not required to meet United
States Pharmacopeia standards for tablet content uniformity.
Therefore, the actual ingredients and quantity of ingredients
of a given product may change from batch to batch, and dif-
ferent products produced by different manufacturers may also
differ substantially. These limitations influence the availability
and reliability of information regarding potential interactions
between warfarin and dietary supplements.

Table 15-24 lists dietary supplements reported to influence
INR or suspected to interact with warfarin based on known
or implied properties.141 Because of limited information re-
garding the full extent of possible interactions with dietary
supplements, including herbal medicinals, it is appropriate to
counsel patients taking warfarin to avoid use of these products.
However, a large percentage of patients may not report their
use of dietary supplements to health care providers. Ongoing,
detailed evaluation of all current medications including dietary
supplements is necessary to prevent potential adverse effects

Table 15-24 Drug Interactions with Dietary Supplements

Mechanism Effect Supplement

Inhibition of warfarin
metabolism

Increased INR Chinese wolf berry
Cranberry juice
Grapefruit juice

Contain coumarin
derivatives

Increased INR Dan shen
Dong quai
Fenugreek

Unknown Increased INR Curbicin
Devil’s claw
Glucosamine-chondroitin
Melatonin
Papaya extract
Quilinggao

Inhibition of platelet
aggregation

Increased bleeding Garlic
Ginger
Ginkgo

Contain vitamin
K/derivatives

Decreased INR Coenzyme q10
Green tea
Some multivitamins

Induction of CYP3A4 Decreased INR St. John’s wort

Unknown Decreased INR Ginseng
Melatonin
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associated with interactions between warfarin and dietary sup-
plements.

DISSEMINATED INTRAVASCULAR COAGULATION
Pathophysiology

43. W.K., a 63-year-old woman, was admitted to the intensive
care unit with respiratory failure secondary to acute PE. She re-
quired ventilatory support until 48 hours ago, when she was ex-
tubated. At that time, aspiration was suspected, but no antibiotic
coverage was prescribed. Within the last 24 hours, W.K. devel-
oped tachycardia (heart rate, 120 beats/minute), tachypnea (res-
piratory rate, 30 breaths/minute), and a fever to 39◦C. Sepsis
was suspected, broad-spectrum antibiotic coverage was started,
and W.K. was reintubated. Because of the sudden appearance of
bright red blood per rectum and through her nasogastric tube, a
coagulation screen was ordered. Until this time, all coagulation
parameters had been within normal limits. Now the results show
platelets, 43,000/mm3 (normal, 150,000–350,000); PT, 24 seconds
(mean normal, 12); aPTT, 76 seconds (mean normal, 34); throm-
bin time, 48 seconds (normal, 16–27); fibrinogen, 60 mg/dL (nor-
mal, 150–400); and fibrin degradation products, 580 ng/mL (nor-
mal,<250). The diagnosis of disseminated intravascular coagula-
tion (DIC) is made. How does the pathophysiology of DIC explain
these hematologic abnormalities?

[SI units: platelets, 43 × 109/L (normal, 150–300), and fibrinogen, 0.6 g/L

(normal, 1.5– 4)]

Thrombosis in response to endothelial damage or the pres-
ence of an altered surface in contact with blood components
is a localized phenomenon. Thrombus formation occurs at the
site of injury or abnormality, where procoagulant and antico-
agulant mechanisms, as well as fibrinolytic and antifibrinolytic
mechanisms, are regulated. The term localized extravascular
coagulation describes the site-specific nature of venous and
arterial thrombosis.

In contrast, DIC is a diffuse response to systemic acti-
vation of the coagulation system (Fig. 15-9).148 Circulating
thrombin converts fibrinogen to fibrin, resulting in fibrin de-
position within the microcirculation. Clinical manifestations
of microvascular thrombosis are the result of tissue ischemia
resulting from thrombotic occlusion of small and midsize
vessels.

The presence of systemic circulating thrombin causes si-
multaneous systemic activation of the fibrinolytic system, re-
sulting in circulating plasmin within the systemic circulation.
Plasmin causes systemic lysis of fibrin to fibrin degradation
products and results in hemorrhagic complications.

Bleeding manifestations of DIC occur not only as a result
of systemic fibrinolysis, but also secondary to thrombocytope-
nia, clotting factor deficiency, and platelet dysfunction. Cir-
culating thrombin promotes platelet aggregation, resulting in
thrombocytopenia as platelet aggregates deposit in the micro-
circulation. Circulating plasmin degrades clotting factors as
well as fibrin, and the presence of fibrinogen degradation prod-
ucts from fibrinolysis inhibits platelet function. Normal mech-
anisms of platelet and clotting factor synthesis are unable to
compensate for this consumption. In essence, the patient shows
paradoxical bleeding secondary to overactivation and eventual
consumption of available clotting factors and platelets.

Trigger

Systemic Activation
of Clotting Cascade

Systemic Circulating
Thrombin

Systemic Circulating
Plasmin

Hemorrhage
Microvascular 
Thrombosis

Thrombocytopenia

Clotting 
Factor
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Formation
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Products
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FIGURE 15-9 Pathophysiology of disseminated intravascular coagula-
tion.

Clinical Presentation

44. What subjective and objective evidence in W.K. is consistent
with the diagnosis of acute DIC?

Laboratory Findings
Many coagulation laboratory abnormalities occur in DIC.149

The PT/INR, aPTT, and thrombin time are increased because
clotting factors, as well as antithrombin and proteins C and
S, are consumed more quickly than they can be replenished
by hepatic synthesis. Platelet count is diminished secondary to
thrombin-mediated platelet aggregation. Fibrinogen is reduced
as a result of plasmin-mediated fibrinolysis, with an elevation
in fibrinogen degradation products including D-dimer, indica-
tive of a fibrinolytic state. A peripheral smear will often show
thrombocytopenia and red blood cells fragmented by exposure
to microcirculatory fibrin (schistocytes).
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Table 15-25 International Society on Thrombosis and
Haemostasis Disseminated Intravascular Coagulation (DIC)
Scoring System

Does the patient have an underlying disorder known to be associated with
DIC? (if YES, continue with scoring)

Laboratory Test Result Point Score

Platelet count >100,000 0
<100,000 1
<50,000 2

Fibrin-related
markers

No increase 0
Moderate increase 2
Strong increase 3

PT (vs. baseline) <3 seconds 0
3–6 seconds 1
>6 seconds 2

Fibrinogen >1 g/L 0
<1 g/L 1

TOTAL SCORE ≥5 Compatible with over DIC
(repeat daily)

<5 Suggestive but nonaffirmative
for nonovert DIC (repeat in
1–2 days)

PT, prothrombin time.
From reference 150.

The International Society of Thrombosis and Haemostasis
Overt DIC Scoring System, based on laboratory values ob-
served in patients suspected of having DIC, is used in the di-
agnosis of DIC (Table 15-25).150 There is a strong correlation
between increasing DIC score and 28-day mortality.151

Hemorrhagic Manifestations
As illustrated by W.K., hemorrhagic manifestations are the pre-
dominant clinical finding in DIC.148 Bleeding can occur at sites
of injury, including surgical incisions, venipuncture sites, naso-
gastric tubes, or gastric ulcers. However, spontaneous bleeding
also occurs from intact sites or organ systems. Spontaneous ec-
chymosis, petechiae, epistaxis, hemoptysis, hematuria, and GI
bleeding are commonly encountered. Intracranial, intraperi-
toneal, and pericardial bleeding may also occur.

Thrombotic Manifestations
Thrombotic manifestations of DIC result in the obstruction of
blood flow to multiple organ systems. The resultant ischemic
damage to end organs, including the skin, kidneys, brain, lungs,
liver, eyes, and GI tract, can result in multisystem failure. De-
spite the severity of hemorrhagic complications, microvascu-
lar thrombosis represents a significant cause of morbidity and
mortality in patients with acute DIC.

Precipitating Events

45. What events may have precipitated the development of DIC
in W.K.?

DIC is a pathological syndrome triggered by disease states
or conditions that activate coagulation systemically rather than
locally.149 The presence of thrombin within the systemic circu-
lation can be triggered by systemic endothelial damage (e.g.,

Table 15-26 Clinical Conditions Associated With
Disseminated Intravascular Coagulation

Infectious Diseases
Aspergillosis
Bacterial infections
Candidiasis
Cytomegalovirus
Fungal infections
Gram-negative sepsis
Gram-positive sepsis
Hepatitis
Histoplasmosis
Miscellaneous infections
Mycobacteria malaria
Mycoplasma
Psittacosis
Rocky Mountain spotted fever
Varicella
Viral infections

Intravascular Hemolysis
Hemolytic transfusion

reactions
Massive transfusions
Minor hemolysis

Malignancy
Myeloproliferative diseases
Solid tumor

Obstetric States
Amnionic fluid embolism
Eclampsia
Retained dead fetus
Septic or saline abortion

Tissue Injury
Burns
Crush injuries
Extensive surgery
Multiple trauma

Vascular Disorders
Aortic aneurysm
Giant hemangioma

Miscellaneous
Acidosis
Anaphylaxis
Acute respiratory distress syndrome
Cardiopulmonary bypass
Hematologic disorders
Heat stroke
Hepatic disease
Hypoperfusion
Hypovolemia
Severe allergic reaction
Snake bites
Transplant rejection

bacterial endotoxin), by systemic contact activation of the clot-
ting cascade (e.g., cardiopulmonary bypass), or by the release
of procoagulants into the systemic circulation (e.g., malig-
nancy). Table 15-26 presents an abbreviated list of disorders
associated with the development of DIC. Although the most
likely stimulus for DIC in W.K. is sepsis, both hypoxia and aci-
dosis associated with respiratory compromise may also have
contributed.

Treatment

46. Over the course of several hours, W.K. has developed more
severe GI bleeding. Her Hct has fallen from 43% to 35%. What
treatment course should be pursued? Should heparin therapy be
given?

The most important element of treatment in patients with
DIC is alleviation of the underlying cause to eliminate the stim-
ulus for continued thrombosis and hemorrhage.152 For W.K.,
this involves appropriate antibiotic therapy, as well as support-
ive measures to correct or prevent the hemodynamic, respi-
ratory, and metabolic manifestations of shock. Fluid replace-
ment, maintenance of blood pressure and cardiac output, and
adequate oxygenation are essential components of the treat-
ment of patients with DIC.

The selection of other therapies aimed at correcting the hem-
orrhagic or thrombotic manifestations of DIC are controversial
and to some extent depend on whether hemorrhagic manifes-
tations or thrombotic complications predominate in the clini-
cal presentation. Initial treatment in patients with hemorrhage
involves replacement of clotting components that have been
consumed in DIC, guided by coagulation laboratory data.153
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Transfusion of platelets, fresh frozen plasma (containing all
clotting factors), and/or cryoprecipitate (containing factor VIII
and fibrinogen) may be necessary, with close monitoring of
platelet count and fibrinogen level.

Several approaches to restoring the inherent anticoagulant
pathways that are disrupted in DIC have been attempted. Trans-
fusion of AT concentrates may improve survival in DIC associ-
ated with sepsis.154 Recombinant thrombomodulin was asso-
ciated with a higher degree of resolution of DIC compared to
heparin in a randomized clinical trial, but it is not yet commer-
cially available.155 Recombinant activated protein C (drotreco-
gin), which lowered mortality in patients with sepsis in the
Prowess Trial, had its most significant impact on mortality in
the subgroup of sepsis patients who had DIC.156,157

Anticoagulation with heparin in patients with DIC is con-
troversial. In theory, because the initial pathological event in
DIC is activation of the clotting system with formation of
intravascular thrombin, the antithrombin activity of heparin

should prevent further fibrin deposition and subsequent activa-
tion of fibrinolysis. However, randomized trials have not been
conducted to confirm this potential benefit, and the role of
heparin remains controversial. Emerging anticoagulants that
are targeted more specifically at the underlying pathophysi-
ology of thrombosis in DIC, recombinant tissue factor path-
way inhibitor, and recombinant nematode anticoagulant pro-
tein c2 are being studied in phase II and phase III clinical
trials, but are not yet part of routine care of patients with
DIC.152

Finally, the use of the antifibrinolytic agents tranexamic
acid and aminocaproic acid to control bleeding is relatively
contraindicated. These agents may worsen the thrombotic com-
plications of DIC, particularly if heparin is not used concur-
rently. However, antifibrinolytic therapy or recombinant acti-
vated factor VII (NovoSeven) may be used in patients with
life-threatening bleeding who fail to respond to replacement
of clotting components or to heparinization.
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Angina pectoris, whether stable or unstable, is one common
manifestation of coronary heart disease (CHD). Other mani-
festations can include myocardial infarction (MI), heart failure
(HF), arrhythmias, as well as sudden cardiac death. By far the
most common cause of CHD is narrowing of the coronary arter-
ies through the presence of atherosclerotic plaques, or coronary
artery disease (CAD). Because angina is a marker for under-
lying heart disease, its management is of great importance.

Definitions
Angina pectoris is a “clinical syndrome characterized by dis-
comfort in the chest, jaw, shoulder, back, or arm.”1,2 Although
angina is typically brought on by exertion and relieved by ni-
troglycerin (NTG), its presentation is variable. At one extreme,
angina occurs predictably with strenuous exercise; at the other,
angina can develop unexpectedly with little or no exertion.

Patients who have a reproducible pattern of angina that is
associated with a certain level of physical activity have chronic
stable angina or exertional angina. In contrast, patients with un-
stable angina experience new-onset angina or a change in their
angina intensity, frequency, or duration.3 Both chronic stable
angina and unstable angina often reflect underlying atheroscle-
rotic narrowing of coronary arteries. Classic Prinzmetal’s vari-
ant angina, or vasospastic angina, occurs in patients without
CHD; it is caused by a spasm of the coronary artery that de-
creases myocardial blood flow.3,4 When coronary vasospasm
occurs at the site of a fixed atherosclerotic plaque, mixed angina
can result.3

Silent (asymptomatic) myocardial ischemia, which can re-
sult in transient changes in myocardial perfusion, function, or
electrical activity, is detected on an electrocardiogram (ECG)
in most patients with angina.3,5 The patient, however, does not
experience chest pain or other signs of angina (e.g., jaw pain,
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shortness of breath [SOB]) during these episodes. Silent my-
ocardial ischemia also can occur in patients with no angina
history (see Chapter 18, Myocardial Infarction).

Epidemiology
Cardiovascular disease (CVD) is the leading cause of death in
the United States (U.S.), and death caused by CHD is respon-
sible for approximately half of all deaths from CVD. Chronic
stable angina is the first clinical sign of CHD in approximately
50% of patients.3,6 CVD remains the leading cause of death
in the U.S. despite a decline in the death rate from CVD in
the late 20th century. The incidence of angina is difficult to
assess because it often is unrecognized by patients and physi-
cians. Current estimates are that of the 16,000,000 patients with
CHD, approximately 9,100,000 have chronic stable angina.6

Although CHD accounts for one of every five deaths in
the United States, individual mortality varies according to
the patient’s age, gender, cardiovascular risk profile, myocar-
dial contractility, coronary anatomy, and specific anginal syn-
drome. The annual mortality rate increases as the number of
coronary vessels with high-grade atherosclerotic lesions in-
creases. Patients with left main coronary artery disease have
an increased mortality rate compared with patients without left
main CAD. Similarly, patients with diminished left ventricu-
lar (LV) function (ejection fraction [EF] <50%) have higher
mortality rates compared with patients without impaired LV
function.

In addition to the high morbidity and mortality associated
with CHD, the economic cost to the U.S. health care system
is substantial. Total direct and indirect costs associated with
CHD are estimated to be $156.4 billion.6

Coronary Anatomy
Figure 16-1 illustrates the normal distribution of the major
coronary arteries, although variation is common from individ-
ual to individual. The anterior and lateral portions of the left
ventricle receive blood flow from the left coronary artery, usu-
ally the largest diameter and shortest of all coronary arteries.
From its main stem, the left coronary artery divides into its
two major branches: the left anterior descending (LAD) coro-
nary artery and the circumflex. The LAD further subdivides
into the first diagonal, the first septal, the right ventricular, the
minor septals, the second diagonal, and the apical branches.
Similarly, the circumflex subdivides into four or five branches,
the largest branch being the obtuse marginal.7

The right coronary artery (RCA) supplies blood flow to most
of the right ventricle as well as the posterior part of the left ven-
tricle. As with the LAD, the RCA branches into major vessels,
which supply blood flow to specific areas of the heart. In or-
der of origin, the RCA divides into the conus branch, sinus
node branch, right ventricular branches, atrial branch, acute
marginal branch, atrioventricular (AV) node branch, posterior
descending, LV, and left atrial branches.7 Because of wide vari-
ation in coronary artery distribution and the need to confirm the
precise location of atherosclerotic plaques, most patients with
angina undergo coronary arteriography. Patients with severe
left main CAD are at higher risk because obstruction of this
large coronary artery jeopardizes almost the entire left ven-
tricle. Similarly, patients with three-vessel CAD are at higher

risk than patients with single-vessel disease (see Chapter 17,
Myocardial Infarction).

Pathophysiology
Angina pectoris typically occurs when myocardial oxygen de-
mand exceeds myocardial oxygen supply (perfusion). The un-
derlying pathologic condition of this mismatch invariably is
the presence of atherosclerosis in one or more of the epicar-
dial coronary arteries (conductance vessels).1–3 If the size of
the atherosclerotic plaque obscures <50% of the diameter of
the vessel, coronary blood flow can be augmented sufficiently
during exertion by the intramyocardial arterioles (resistance
vessels), and the patient is pain free. In patients with chronic
stable angina, most coronary artery stenoses are >70%. A lin-
ear decrease in coronary blood flow occurs as the plaque oc-
cupies more of the arterial lumen until high-grade (>80%)
obstruction develops. At this point, the decrease in blood flow
is out of proportion to plaque size.8 The impaired blood flow
with atherosclerotic lesions may be adversely affected by va-
somotor dysfunction leading to inappropriate vasoconstriction
and further reduction in blood supply.9 Functionally, coronary
blood flow is absent when lesions obstruct >95% of the vessel
lumen.8

Collateral blood vessels (i.e., side branches of a coronary
artery that join one of the three principal arteries or connect
two points along the same artery) may offer protection against
myocardial ischemia. The distribution and extent of collateral
vessels are variable. These usually are very small and have
no function in the normal heart. If blood flow is obstructed,
however, collateral vessels assume more importance and can
restore some myocardial blood flow. When myocardial oxygen
demand is increased excessively, however, collateral blood flow
usually is insufficient, and angina or other myocardial ischemia
syndromes develop.3,10

A thorough understanding of the determinants of myocar-
dial oxygen supply and demand is needed to better compre-
hend the rationale for the use of traditional pharmacothera-
peutic agents in the treatment of stable and unstable anginal
syndromes.

Myocardial Oxygen Supply and Demand
The oxygen demand of the heart is determined by its work load.
The major determinants of myocardial oxygen consumption
are heart rate, contractility, and intramyocardial wall tension
during systole (Fig. 16-2; also, see Chapter 18, Heart Failure).
Intramyocardial wall tension, which is the force the heart is
required to develop and sustain during contraction, is affected
primarily by changes in ventricular chamber pressures and vol-
ume. Both enlargement of the ventricle and increased pressure
within the ventricle increase the systolic wall force and conse-
quently myocardial oxygen demand. Increases in contractility
and heart rate also result in increased oxygen demand. Pharma-
cologic control of angina is, in part, directed toward decreasing
the myocardial oxygen demand by decreasing heart rate, my-
ocardial contractility, or ventricular volume and pressures.8

Of the many factors that affect oxygen supply to the heart
(Fig. 16-2), coronary blood flow and oxygen extraction are
most important. Oxygen extraction by heart cells is high
(∼70%–75%) even at rest. When extra demand is placed on
the heart, myocardial oxygen extraction increases slightly and
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FIGURE 16-1 Coronary arteries. The right coronary artery (RCA) originates from the aorta and courses in
the atrioventricular (coronary) groove to reach the posterior surface of the heart. The left coronary artery
splits into the circumflex branch that supplies blood to the lateral and posterior walls of the left ventricle,
and a left anterior descending (LAD) branch, which supplies blood to the anterior wall of the left ventricle.

plateaus at approximately 80%. Because oxygen extraction is
increased only modestly when the heart is heavily stressed,
high oxygen demands must be met by increases in coronary
blood flow. Sudden increases in oxygen demand lead to a
rapid decrease in coronary vascular resistance and an increase
in coronary blood flow. The mechanisms by which coronary
artery resistance is decreased during increased demand are not

completely understood, but likely involve various mediators,
such as adenosine and nitric oxide (NO) released from the my-
ocytes and endothelium.8 The oxygen content of arterial blood
also is important. Therefore, the hematocrit (Hct), hemoglobin
(Hgb), and arterial blood gases (ABG) should be monitored. In
a similar fashion to targeting determinants of myocardial oxy-
gen demand, pharmacologic control of angina is directed at



16-4 � CARDIAC AND VASCULAR DISORDERS

Oxygen
Supply

Oxygen
Demand

-Coronary Blood Flow

-Oxygen Extraction

-Oxygen Availability

-Heart Rate

-Contractility

-Intramyocardial Wall
 Tension

(Oxygen Saturation, Hgb Concentration)

FIGURE 16-2 Determinants of myocardial oxygen supply and demand.

improving oxygen supply through vasodilation of the epicar-
dial coronary arteries.

Ischemia
Ischemia in the myocardium develops when there is a mis-
match between myocardial oxygen supply and demand. This
imbalance is often caused by a reduction in blood flow as a
result of increased coronary arterial tone or thrombus forma-
tion. This condition is known as supply ischemia or low-flow
ischemia and typically is present during acute coronary syn-
dromes (ACS) such as unstable angina or MI. Under differ-
ent conditions, ischemia can result from increased myocardial
oxygen demand in the presence of a fixed supply. This condi-
tion is known as demand ischemia or high-flow ischemia and
typically exists in the setting of chronic stable angina where
patients have a fixed supply to the myocardium and undergo
exercise or experience stress.3,8

Although it is useful to consider these mechanisms sepa-
rately to facilitate understanding of how myocardial ischemia
develops, in reality most patients with either chronic stable
angina or ACS develop ischemia from both an increase in oxy-
gen demand and a reduction in oxygen supply. As discussed, in
diseased segments of the coronary arteries where atheroscle-
rotic lesions have developed, vasomotor function of the arterial
wall is often abnormal secondary to endothelial dysfunction.
This can lead to inappropriate vasoconstriction on top of a
flow-limiting atherosclerotic plaque, resulting in the precipita-
tion or worsening of ongoing ischemia in patients with chronic
stable angina.8 In the setting of ACS, coronary blood flow is
often acutely decreased or completely interrupted secondary
to the development of a pathologic thrombus superimposed
on a flow-limiting atherosclerotic plaque. Coronary vasocon-
striction can be present in these acute coronary syndromes as
well.11,12

Intracellular Sodium and Calcium Handling
Recent investigations highlight the role of the late sodium cur-
rent (INa) in the development and maintenance of myocardial
ischemia. Most sodium enters the myocardium in phase 0 of
the action potential. Under normal conditions, however, a small
amount of sodium will enter the cell during phase 2 (plateau
phase) of the action potential.13 When ischemia is present,
sodium handling is altered such that a substantial increase
occurs in the late INa. The increase in intracellular sodium
triggers an increase in the influx of calcium through the re-
verse mode of the sodium-calcium exchanger. The net result
of the alterations in intracellular ion handling is intracellular
calcium overload.14,15 Increases in intracellular calcium impair

myocardial relaxation, increase intramyocardial wall tension,
decrease perfusion to the myocardium owing to compression
of the small arterioles feeding the myocardium, as well as in-
crease myocardial oxygen demand.16 Ultimately these patho-
logic changes in sodium and calcium handling serve to perpetu-
ate and worsen ischemia once it develops and can be thought of
as the consequences of myocardial ischemia development. Tar-
geting this pathologic process has lead to the development of
new anti-anginal medications (e.g., ranolazine) with a distinct,
novel mechanism of action as compared to traditional anti-
anginal agents (i.e., nitrates, β-blockers, and calcium channel
blockers).

Atherosclerotic Vascular Disease
Although understanding the determinants of myocardial oxy-
gen supply and demand are important in treating CHD, of equal
importance is understanding how atherosclerotic plaques de-
velop (Fig. 16-3). Through this understanding, the rationale for
certain pharmacotherapy options is revealed, and the process
of atherosclerosis may be halted or prevented.

Atherosclerosis was once thought of as a simple disease in-
volving excess lipid accumulation in the arterial wall. Today,

Vascular
endothelium

Lipid
accumulation

Leukocyte
accumulation
(macrophage)

FIGURE 16-3 Process of atherosclerosis. (Copyright c© Anatomical Chart
Co., Hagerstown, MD.)
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atherosclerosis is recognized as a complex and lifelong process.
Recent advances in vascular biology demonstrate that inflam-
mation plays a fundamental role in all stages of the atheroscle-
rotic process. Examination of atherosclerotic lesions demon-
strates that each plaque contains elements of inflammation
and a fibroproliferative response. Although the initial stages
of atherosclerosis remain speculative, it is generally thought
that the first step is lipid accumulation (primarily low-density
lipoprotein cholesterol [LDL-C]) in the vascular wall and sub-
sequent oxidation of LDL lipoproteins. This is followed by
leukocyte recruitment and accumulation in the vessel wall.
Early lesions (fatty streaks) are present in all people at a young
age and primarily consist of activated macrophages and T lym-
phocytes. Once within the arterial wall, the leukocyte can take
up oxidized cholesterol and become a lipid-laden macrophage
(foam cell). As lesions progress, smooth muscle cells (SMC)
migrate, proliferate, and secrete large amounts of extracellular
matrix (collagen), promoted by the release of several proin-
flammatory cytokines produced by leukocytes. The end result
is the presence of an elevated plaque, which occludes the ves-
sel lumen (also see Chapter 12, Dyslipidemias, Atherosclero-
sis, and Coronary Heart Disease). The inflammatory process
is not only involved in the initiation and a development of
atherosclerosis, but also is directly involved in the acute throm-
botic complications of atherosclerosis, such as MI or unstable
angina. Cytokines produced by activated macrophages induce
the production of proteolytic enzymes, which break down the
extracellular matrix and render the plaque more susceptible to
rupture.17,18

A key factor in plaque formation is the functional status of
the vascular endothelium (Fig. 16-4). Historically, the endothe-
lium was thought to act simply as the inner barrier of blood
vessels. This single-cell layer, however, has several functions,
including the synthesis and secretion of many different sub-
stances and the regulation of the local vascular environment.
One of the key substances synthesized is endothelium-derived
relaxing factor (EDRF), identified as nitric oxide. Nitric ox-
ide has vasodilatory, antithrombotic, anti-inflammatory, and
growth-inhibiting properties. In the response to injury hypoth-
esis, the endothelium is damaged and loses the ability to se-
crete NO and the ability to regulate the vascular environment.
Without NO, the endothelium facilitates inflammation, throm-

boses, and extracellular growth. In this setting, atherosclerotic
plaques can develop.19,20

Traditional risk factors, such as smoking, hypertension, hy-
perlipidemia, diabetes, and obesity, are linked to the process
of atherosclerosis through their ability to produce oxidative
stress within the vasculature. Increased oxidative stress leads
to progressive decreases in NO levels and endothelial dysfunc-
tion, providing the substrate for atherosclerosis to develop.18

In addition, dietary patterns typically seen in western industri-
alized countries have been linked to increased oxidative stress
within the vasculature. This may partially explain the link be-
tween dietary patterns and development of atherosclerosis.21

Recent research provides a more in-depth understanding of
the link between obesity and the development of CAD. Adi-
pose tissue, rather than just being a passive storage vehicle,
is a metabolically active organ that secretes a number of ac-
tive cytokines that promote inflammation and oxidative stress
within the vasculature.22 Adiponectin levels are also decreased
in obesity, which further serves to promote atherosclerosis
development.23 The role of a healthy lifestyle and dietary pat-
tern are both more crucial than ever in preventing the develop-
ment or progression of CAD.

Although traditional risk factors have long been appreciated
as the underlying cause for the development of CAD, continu-
ing research efforts have attempted to identify novel risk factors
to refine risk assessment for the development of CAD. The
novel risk factors include C-reactive protein, homocysteine,
fibrinogen, and lipoprotein(a), among others.24 Findings from
the INTERHEART study indicate, however that little may be
gained from identifying additional risk factors.25 In this large
case-control international study, nine clinical risk factors were
strongly associated with the development of first ever MI and
accounted for >90% of the risk for developing CAD (Table
16-1). Importantly the results were consistent across gender,
geographic regions, and ethnic groups, suggesting strategies
to reduce the incidence of CAD can be applied universally.

Platelet Aggregation and the Formation of Thrombi
Although plaque rupture and the formation of a superimpos-
ing thrombus are commonly considered in the pathophysiology
of ACS,11 platelet activation and thrombus formation also are
integral to the chronic atherosclerotic process. Advances in

Endothelial Layer

•  Normal Function •  Endothelial Dysfunction

–  Substances Produced

        •  Nitric Oxide (NO)

        •  Prosaglandin I2 (PGI2)

–  Substances Produced

        •  Angiotensin II

        •  Endothelin

–  Main Actions

        •  Anti-thrombotic

        •  Anti-inflammatory

        •  Extracellular Growth
            Inhibition

–  Main Actions

        •  Pro-thrombotic

        •  Pro-inflammatory

        •  Extracellular Growth
            Facilitation

FIGURE 16-4 Endothelial function.
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Table 16-1 Risk Factors for First Time Myocardial Iinfarction
From the INTERHEART Study25

Risk Factor Adjusted Odds Ratio (99% CI)

ApoB–to–Apo A-1 ratio 3.25 (2.81–3.76)
Current smoking 2.87 (2.58–3.19)
Psychosocial 2.67 (2.21–3.22)
Diabetes 2.37 (2.07–2.71)
Hypertension 1.91 (1.74–2.10)
Abdominal obesity 1.62 (1.45–1.80)
Moderate alcohol intake 0.91 (0.82–1.02)
Exercise 0.86 (0.76–0.97)
Vegetable and fruits daily 0.70 (0.62–0.79)
All combined 129.2 (90.2–185.0)

vascular biology have demonstrated that platelets can both be
a source of inflammatory mediators, as well as be activated
by generalized inflammation within the vasculature.26 In re-
sponse to arterial vessel wall injury (e.g., an atherosclerotic
lesion), platelets aggregate and release granular contents.17

These activities further enhance platelet aggregation, vasocon-
striction (dynamic obstruction), and in many cases, thrombus
formation. Although coronary atherosclerosis is the under-
lying mechanism for most patients with anginal syndromes,
thrombotic factors commonly play a key role in the pathogen-
esis of myocardial ischemia. Both blood flow turbulence and
stasis can cause intermittent platelet aggregation or intermit-
tent coronary artery thrombosis. Thus, platelet-active agents
are used in the treatment of chronic stable angina and un-
stable angina, primary prevention of MI, secondary preven-
tion of myocardial ischemia and acute MI, and in patients af-
ter coronary angioplasty or coronary artery bypass grafting
(CABG).

Approach to a Patient With Anginal Symptoms
The medical management of anginal syndromes always should
be individualized. The first step for any given patient is a de-
tailed history and physical examination. Once this informa-
tion is available, an estimate can be made of the probability
of CAD being present (low, intermediate, high). The probabil-
ity estimate will often help direct which diagnostic tests are
appropriate to perform, as well as the utility of the results ob-
tained (positive predictive value).1,2 In addition, it is important
to discern as soon as possible whether the patient’s reported
chest discomfort is consistent with chronic stable angina, or
represents the presence of ACS. Patients presenting with ACS
often are at high short-term risk of MI or death and warrant
hospitalization with aggressive treatment strategies.11,12 Re-
gardless of whether a patient is experiencing chronic stable
angina or ACS, patients often receive medications to allevi-
ate or prevent ischemia, medications that prevent pathologic
thrombus formation and may alleviate or prevent the progres-
sion of atherosclerosis (vasculoprotective agents), as well as
undergo revascularization procedures such as percutaneous
coronary intervention (PCI) or CABG. In addition, all patients
with anginal syndromes should receive instructions on changes
to adopt a healthy lifestyle and dietary pattern, as well as ap-
propriate control of risk factors for CAD.

CHRONIC STABLE EXERTIONAL ANGINA
Signs and Symptoms

1. J.P., a 62-year-old retired dairy farmer, is hospitalized for
evaluation of chest pain. About 3 weeks before admission, he noted
substernal chest pain brought on by lifting heavy objects or walk-
ing uphill. He describes a crushing or viselike pain that never
occurs at rest and is not associated with meals, emotional stress,
or a particular time of day. When J.P. stops working, the pain
subsides in about 5 minutes.

J.P.’s mother and brother died of a heart attack at ages 62 and
57, respectively; his father, who is alive at age 86, has survived
one heart attack and one stroke. Family history (except for J.P.) is
negative for diabetes mellitus. J.P. is 5′10′′ tall and weighs 235 lb;
he drinks two or three beers per day and does not smoke or chew
tobacco.

J.P.’s other medical problems include a 10-year history of hy-
pertension, diabetes for 4 years, and traumatic amputation of the
right hand. Until 3 weeks ago, J.P. could perform all his farm
chores without difficulty, including heavy labor. He follows a no-
added-salt diet, but consistently eats at fast-food establishments
with his favorite meal consisting of two cheeseburgers and French
fries.

J.P.’s medication history reveals the following: metoprolol
(Toprol XL) 100 mg every day, glipizide (Glucotrol) 5 mg twice
daily (BID) and losartan (Cozaar) 50 mg every day. He rarely
uses over-the-counter medications. He has a history of an allergic
reaction to sulfa drugs.

On admission to the cardiac ward, J.P. appears his stated
age and is in no apparent distress. Resting vital signs include
supine blood pressure (BP), 164/98 mmHg (normal, 120/80); reg-
ular pulse, 73 beats/minute (normal, 65–75); and respiratory rate,
12 breaths/minute (normal, 8–14). He has no peripheral edema
or neck vein distention, and lung auscultation is within normal
limits. Abdominal examination is unremarkable and he is alert
and oriented × 3. Cardiac auscultation reveals a regular rate and
rhythm with a normal S1 and S2; third or fourth heart sounds
and murmurs are not noted. A 12-lead ECG reveals normal sinus
rhythm at a rate of 75 beats/minute without evidence of previous
MI. All intervals are within normal limits.

Admitting laboratory values include the following: Hct, 43.5%
(normal, 40%–45%); white blood cell (WBC) count, 5,000/mm3

(normal, 5,000–10,000); sodium (Na), 140 mEq/L (normal, 136–
144); potassium (K), 4.7 mEq/L (normal, 3.5–5.3); magnesium
(Mg), 1.9 mEq/L (normal, 1.7–2.7); random blood glucose, 152
mg/dL (normal fasting, 65–110); blood urea nitrogen (BUN), 27
mg/dL (normal, 10–20); serum creatinine (SrCr), 1.4 mg/dL (nor-
mal, 0.5–1.2). Chest radiograph is within normal limits.

What signs and symptoms of angina pectoris does J.P. exhibit?
Can his symptoms be categorized on a measurement scale?

[SI units: Hct, 0.435 (normal, 0.40–0.45); WBC count, 5 × 109/L (normal,

5–10 × 109/L); Na, 140 mmol/L (normal, 136–144); K, 4.7 mmol/L (normal,

3.5–5.3); Mg, 0.95 mmol/L (normal, 0.85–1.35); random blood glucose, 6.16

mmol/L (normal, 3.6–6.1); BUN, 9.6 mmol/L of urea (normal, 3.57–7.14);

SrCr, 124 μmol/L (normal, 44.2–106)]

J.P.’s description of his chest pain includes several common
characteristics of angina pectoris (Table 16-2).1–3 The sub-
sternal location of J.P.’s chest pain is typical, although some
patients describe pain radiating down the left arm or pain that
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Table 16-2 Characteristics of Angina Pectoris1–3

Symptoms Duration of Symptoms

Sensation of pressure or heavy weight on chest alone or with pain
Pain described variably as feeling of tightness, burning, crushing,

squeezing, vicelike, aching, or “deep”
Gradual increase in intensity followed by gradual fading away

(distinguished from esophageal spasm)a

SOB with feeling constriction about the larynx of upper trachea

Location of Pain or Discomfort
Over the sternum or very near to it
Anywhere between epigastrium and pharynx
Occasionally limited to left shoulder and left arm
Rarely limited to right arm
Lower cervical or upper thoracic spine
Left interscapular or suprascapular area

Radiation of Pain
Medial aspect of left arm
Left shoulder
Jaw
Occasionally, right arm

0.5–30 min

Electrocardiogram
ST-segment depression >2 mm
T-wave inversion

Precipitating Factors
Mild, moderate, or heavy exercise, depending on patient
Effort that involves use of arms above the head
Cold environment
Walking against the wind
Walking after a large meal
Emotions: fright, anger, or anxiety
Coitus

Nitroglycerin Relief a

Relief of pain occurring within 45 sec to 5 min of taking nitroglycerin

aEsophageal spasm and other gastrointestinal disorders occasionally mimic anginal pain and also can be relieved by nitroglycerin.
SOB, shortness of breath.

is referred to the shoulder area or jaw. J.P.’s pain is described
as crushing or viselike in quality, which also is common; a
fullness in the throat or jaw may occur simultaneously or in
lieu of chest pain. In some cases, the patient may not consider
these sensations as pain, describing them instead as a sense
of pressure or heaviness. Many patients complain of shortness
of breath (SOB), J.P.’s symptoms are related to exercise and
exertion—both known precipitating factors of angina. Most
episodes of exertional angina last several minutes in duration
and are relieved with rest. Because J.P. has never sought medi-
cal attention for his chest pain, his response to NTG cannot be
determined.

After getting a detailed description of J.P.’s symptom com-
plex, his physician can characterize his chest pain and make a
global assessment. Initially, the chest pain should be classified
as either typical angina, atypical angina, or noncardiac chest
pain. Furthermore, angina should also be classified as either
stable or unstable. This distinction is important because it in-
dicates whether his short-term risk of an acute coronary event
could be life-threatening. Attempts to categorize J.P.’s anginal
symptoms on an objective measurement scale (e.g., Canadian
Cardiovascular Society Grading Scale) can be misleading.27

For example, a sedentary 65-year-old patient’s class II symp-
toms may be tolerable, but the same symptoms could signifi-
cantly disable an active 50-year-old patient.

J.P.’s chest pain is of a quality and duration characteristic of
angina, provoked by exertion, and relieved by rest; therefore,
J.P.’s constellation of symptoms can be classified as typical
chest pain. J.P.’s symptoms do not occur at rest, however, so
they can be classified as stable angina.1–3

2. Assess J.P.’s physical examination. What signs and symp-
toms are relevant to the angina?

The physical examination typically provides little infor-
mation about the presence of CAD. The most useful findings

pertain to the cardiovascular system where heart rate and BP
can be increased during an acute anginal episode. J.P.’s physical
examination is characteristic for a man of his age with angina.3

He is obese and hypertensive, but his cardiac examination is
normal. The presence of murmurs would have required further
workup; the absence of a third heart sound suggests that the left
ventricle may be functioning normally. (See Chapter 18, Heart
Failure, for a description of third heart sounds.) The absence
of a fourth heart sound in J.P. is indicative of a low probability
of either CHD or a cardiac end-organ damage resulting from
systemic hypertension. His chest radiograph, which is normal,
does not present evidence of other complications commonly
associated with myocardial ischemia (e.g., enlarged heart, heart
failure).

J.P.’s physical examination should also evaluate the pos-
sibility of peripheral vascular disease and abdominal aortic
aneurysm. The presence of xanthomas would suggest severe
hypercholesterolemia, but these were not noted in J.P.

Diagnostic Procedures

3. J.P.’s medical history and family history support the diag-
nosis of chronic stable angina. What other objective diagnostic
procedures are helpful to confirm CHD and angina?

A 12-lead ECG reading should be obtained in all patients
with symptoms suggestive of angina pectoris, although it will
be normal in >50% of patients. Although not useful in estab-
lishing a definitive diagnosis of CAD, the ECG will be useful
at detecting important information regarding conduction ab-
normalities, left ventricular hypertrophy, ongoing ischemia, or
evidence of a previous myocardial infarction. Chest radiogra-
phy is typically not useful except in patients with symptoms of
heart failure, valvular disease, or pericardial disease. In these
selected patients, echocardiography may also be used to better
(a) evaluate the structure and function of the cardiac valves,
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(b) characterize the extent of ischemia during pain, or (c) assess
global left ventricular systolic function.3 Electron beam com-
puterized tomography (EBCT) is evolving as a potential non-
invasive approach to detecting significant CAD through identi-
fication of coronary artery calcification. Although an attractive
alternative to other invasive diagnostic measures, current in-
formation suggest that a sufficient level of variability exists in
repeated measure of coronary calcium by EBCT and that the
specificity of the procedure remains poor. Current guidelines
do not recommend the routine use of EBCT in the diagnosis
of chronic stable angina.28

Exercise Tolerance Test
An exercise tolerance test or treadmill test would be helpful in
the diagnosis of CAD in J.P. Under controlled circumstances,
J.P. would exercise to a preset level, and the test would be in-
dicative of CAD on the development of angina, ECG signs of
ischemia, arrhythmias, abnormal heart rate, or abnormal BP
response. The product of the heart rate and systolic BP (i.e.,
the rate–pressure or double product) correlates well with my-
ocardial oxygen demand. The rate–pressure product normally
rises progressively during exercise, with the peak value best de-
scribing the cardiovascular response to stress. Often, patients
with stable angina experience chest pain at a consistent rate–
pressure product.29

Abnormal responses of either BP or heart rate may signal
CAD. A normal BP response to exercise is a gradual rise in
systolic BP with the diastolic BP (DBP) remaining unchanged.
A rise or fall of DBP >10 mmHg is considered abnormal. A
fall in systemic BP (SBP) during exercise is especially ominous
because this indicates that the cardiac output cannot increase
sufficiently to overcome the vasodilation in the skeletal muscle
vascular bed.

During exercise, the heart rate increases steadily until it
reaches a plateau. The maximal heart rate depends on age,
drug therapy, and cardiovascular fitness. Some patients ex-
hibit an abnormal slowing of heart rate, especially when tak-
ing β-blockers. Therefore, β-blockers should be tapered off
(i.e., gradually discontinued) before treadmill testing when the
test is being used for diagnosis or risk stratification. Similarly,
digoxin can also interfere with the results of exercise testing,
and other testing modalities are recommended if digoxin can-
not be safely discontinued before treadmill testing. In patients
with a history such as J.P.’s, the exercise tolerance test helps to
confirm the presence of CAD and provides a risk stratification
that may be helpful in determining whether he is a candidate
for revascularization therapy.29

Myocardial Imaging
Stress imaging studies, either echocardiographic or nuclear, are
preferred over the exercise tolerance test in patients with left
bundle-branch block, electronically paced ventricular rhythm,
prior revascularization (percutaneous coronary intervention
or coronary artery bypass surgery), pre-excitation syndrome,
>1 mm ST-segment depression at rest, or other ECG conduc-
tion abnormalities. In addition, many patients are not able to
develop an appropriate level of cardiac stress through exercise;
pharmacologic stress testing is preferred in these patients.1

Pharmacologic stress may be achieved through the use of
dipyridamole, adenosine, or dobutamine. Each of these agents
is used to induce changes in the balance between myocardial

oxygen supply and demand, similar to walking on a treadmill
during the exercise stress test. Vasodilators (dipyridamole and
adenosine) promote vasodilation in normal coronary segments,
but have no effect in arteries affected by atherosclerosis. The
net result is shunting of blood away from diseased coronary ar-
teries and the development of ischemia that may be detected by
changes in blood pressure, heart rate, or ECG changes. These
agents are typically used in conjunction with myocardial per-
fusion scintigraphy. Stress thallium-201 myocardial perfusion
imaging provides a dynamic picture of the heart. The radionu-
clide is injected at peak stress and an image is obtained within
several minutes. A defect in myocardial uptake of the thallium
indicates an area of ischemia or possible infarction.1

Dobutamine is a positive inotrope and typically is used with
echocardiography. Administration of dobutamine leads to an
increase in myocardial oxygen demand secondary to increases
in heart rate and contractility. If demand exceeds available oxy-
gen supply, ischemia develops. Subsequent to the infusion of
dobutamine, defects or decreases in the wall motion or thick-
ening of the left ventricle are indicative of ischemia.1

Cardiac Catheterization

4. Should J.P. undergo cardiac catheterization? How will the
results of this invasive procedure influence future therapy?

Coronary artery disease can be diagnosed definitively only
by coronary catheterization and subsequent angiography. In ad-
dition, angiography is the most accurate means of identifying
less common causes of chronic stable angina, such as coronary
artery spasm.1,30 Cardiac catheterization is a procedure used to
provide vascular access to the coronary arteries. Once access is
gained with an intravascular catheter, a number of procedures
(angiography, ventriculography, percutaneous coronary inter-
vention) can be performed. Access to the vasculature is usu-
ally obtained percutaneously through the brachial or femoral
arteries. From this point, the catheter is advanced through the
vasculature until the coronary arteries are accessible. After the
tip of the catheter is advanced into the coronary arteries, ra-
diocontrast dye is injected into the coronary arteries and the
location and extent of atherosclerosis can be determined. Ap-
proximately 75% of patients with chronic stable angina, such
as J.P., are noted to have one-, two-, or three-vessel disease by
this procedure (approximately equally divided).3

The results of angiography will be useful in determining
the risk of death or MI in J.P. and, subsequently, the course of
needed treatment. For example, patients who have a significant
stenosis in the left main coronary artery are at high risk of death
and should undergo CABG.31

Risk Stratification and Prognosis

5. J.P. is found to have two-vessel CAD with obstructive lesions
of 55% and 70%; the LAD coronary artery is not involved. What
is his prognosis?

The prognosis of patients with stable angina is variable and
dependent on the presence of other factors and comorbid con-
ditions. Developing a level of risk for a particular patient helps
determine the appropriate treatment strategy. The extent of
CAD, quantification of ventricular function, the response to
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stress testing, as well as the initial clinical evaluation all help
to provide a estimate of risk in a given patient.

J.P.’s history and physical examination suggest he does not
have HF; poor LV function would be an ominous concurrent
finding. J.P. also does not have three-vessel disease or block-
age of the LAD artery.1 Overall, he probably will do well with
medical therapy. His life expectancy depends on progression
of the disease and development of other complications of CHD
(e.g., HF, MI, sudden cardiac death). Medical therapy is a rea-
sonable treatment strategy for J.P., but revascularization via
percutaneous transluminal coronary angioplasty (PTCA) is an
equally viable option. Although PTCA with or without stent
placement would offer no mortality advantage over medical
therapy at this time, it has been shown to decrease the inci-
dence of recurrent symptoms.1 Both strategies, including both
pros and cons, should be offered to J.P. so that an informed
decision can be made in accord with his wishes.

Presently, J.P. is not a candidate for CABG because
the usual indications for surgical therapy include presence
of left main CAD, presence of three-vessel disease (es-
pecially if LV function is impaired), or ineffectiveness of
medical therapy.30,31

Overview of Medical Management

6. After consultation, J.P. and his cardiologist elect to control
his angina medically. What are the goals of his therapy and how
can they be achieved?

Two major pharmacotherapeutic goals exist for treating all
patients with angina. The first goal includes relief of symp-
toms and reduction of myocardial ischemia to improve quality
of life. The second goal, and more important overall, is to pre-
vent major complications of CAD such as acute MI and death.
Therapies that prevent death (vasculoprotective agents) should
receive priority. As with any chronic disease, education of the
patient and his or her family are important objectives. The ulti-
mate goal of patient education is a better quality of life through
improved understanding of the disease and its therapy. Every
effort should be made to reverse J.P.’s modifiable risk factors
(i.e., obesity, hypertension, and diabetes). He also could re-
ceive one or more of the following: a nitrate, calcium channel
blocker (CCB), β-adrenergic blocker, ranolazine, angiotensin-
converting enzyme (ACE) inhibitor, or antiplatelet drug.1 J.P.
should continue metoprolol therapy because it will be helpful
in treating both his hypertension and angina. Compliance to
metoprolol should be assessed because his BP was elevated
on admission. His BUN and creatinine are slightly elevated
(probably as a consequence of his hypertension), and he devel-
oped angina symptoms despite use of a β-blocker. Reduction
of precipitating factors may be difficult, given J.P.’s work. He
should be counseled, however, to avoid sudden bursts of physi-
cal activity. Moderate exercise should be encouraged, such as a
walking program. J.P.’s family members should be screened for
smoking because passive (secondhand) smoke can aggravate
angina.

GENERAL MANAGEMENT
Patients and family members should receive education regard-
ing the nature of chronic stable angina, the progressive nature

of CAD, as well as specific information regarding potential
complications and overall prognosis. All patients should be
able to recite specific instructions for how to deal with exer-
tional angina attacks. These include immediate cessation of
the provoking activity, rest, as well as the use of sublingual
(SL) nitroglycerin for immediate relief. All patients with CAD
and angina should have a prescription for SL nitroglycerin, as
well as receive instructions for the appropriate use and stor-
age of the medication.32 If rest or SL nitroglycerin does not
provide adequate relief from angina after the first dose, pa-
tients should be instructed to immediately call for medical
assistance.2,11,12

Risk Factors and Lifestyle Modifications

7. What independent risk factors for CAD are present in J.P.?
Which of these may be altered?

The first step in the treatment of any patient with chronic
stable angina, or CAD for that matter, should be the modifica-
tion of any existing risk factors and the adoption of a healthy
lifestyle. By addressing the underlying circumstances which
likely led to the development of CAD, a significant impact can
be made at halting the progression of the disease and prevent-
ing complications of CAD. Current recommendations for the
goals for risk factor management are listed in Table 16-3.33 In
addition to specific risk factor goals, attention should be paid
to evidence that may favor specific drug therapies that have ev-
idence supporting reductions in morbidity and mortality. Ex-
amples would include the use of metformin34 or pioglitazone35

in the treatment of type 2 diabetes, the use of 3-hydroxy-
3-methylglutaryl co-enzyme A inhibitors (HMG-CoA reduc-
tase inhibitors) in the treatment of hyperlipidemia,1,2,33 as

Table 16-3 AHA/ACC Guidelines for the Secondary
Prevention for Patients with Coronary and Other
Atherosclerotic Vascular Disease33

Risk Factor Intervention and Goal

Smoking Complete cessation
No exposure to environmental tobacco smoke

Blood pressure <140/90 mmHg
<130/80 mmHg if patient has diabetes or

chronic kidney disease
Lipid management LDL-C <100 mg/dL

If triglycerides >200 mg/dL, non–HDL-C
should be <130 mg/dL

Diabetes Hemoglobin A1C <7%
Physical activity At least 30 min of moderate intensity aerobic

activity (e.g., brisk walking) for minimum of
5 days/wk

Weight management BMI between 18.5–24.9 kg/m2

Waist circumference men <40 in
Waist circumference women <35 in

Influenza vaccination Patients with CAD should have an annual
influenza vaccination

BMI, body mass index; CAD, coronary artery
disease; HDL-C, high-density lipoprotein
cholesterol; LDL-C, low-density lipoprotein
cholesterol.
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well as the use of ACE inhibitors for the treatment of hyper-
tension.36

J.P. has several risk factors for CAD, some of which cannot
be altered, such as middle age, male gender, and a strong fam-
ily history of CAD. Risk factors, such as hypertension, obesity,
hypercholesterolemia, smoking, and possibly stress, can poten-
tially be modified to decrease the likelihood of adverse sequelae
for J.P. His hypertension should be controlled and his serum
cholesterol concentration should be tested and fractionated for
LDL, high-density lipoprotein (HDL), and triglycerides (TG)
(see Chapter 12, Dyslipidemias, Atherosclerosis, and Coro-
nary Heart Disease). A fasting hemoglobin A1C should be
drawn with a goal of <7% (see Chapter 50, Diabetes Mellitus).
Dietary modification and weight reduction for J.P. are manda-
tory, because they positively influence several risk factors. J.P.,
however, does not smoke cigarettes, which would significantly
increase his cardiovascular risk.1 J.P.’s active lifestyle may in-
fluence his prognosis favorably.37

Dietary Interventions

8. J.P. states he had heard that antioxidants such as vitamin E
could benefit him along with a daily B vitamin. Are there other di-
etary changes he could make that would benefit his cardiovascular
disease?

Because oxidation of LDL in the arterial wall was iden-
tified as a key step in the atherosclerotic process, consider-
able interest exists in the theory that supplementation with
high doses of antioxidants, such as vitamin E, vitamin C, and
β-carotene, might mitigate this process and slow the progres-
sion of atherosclerosis. Early observational studies of dietary
patterns high in these antioxidants seemed to confirm this the-
ory. Multiple large randomized studies, however, have shown
no positive effect from supplemental intake of antioxidants,
such as vitamin E, on the incidence of cardiovascular outcomes
including MI or death. These findings were observed in both
primary and secondary prevention of cardiovascular events.
J.P. should be informed that supplemental intake of vitamin E
will not have any positive effect on his cardiovascular disease.
(See Chapter 12 Dyslipidemias, Atherosclerosis, and Coronary
Heart Disease, for further discussion.)38,39

Interest in the use of supplemental intake of folic acid and
B vitamins stems from their ability to lower homocysteine
levels. It is well established that elevated levels of homocys-
teine are associated with a higher incidence of cardiovascu-
lar disease.40,41 Despite this association, the great majority of
appropriately designed, randomized, placebo-controlled stud-
ies have demonstrated that supplemental ingestion of folic
acid and B vitamins has no impact in reducing hard car-
diovascular outcomes such as MI or death in patients with
CAD.42 Therefore, similar to the advice for vitamin E, J.P.
should be counseled that folic acid and B vitamin supple-
mentation will not provide him any tangible cardiovascular
benefit.

In contrast to the data regarding specific dietary interven-
tions, such as vitamin E or folic acid, several healthy dietary
patterns have compelling evidence to support their implemen-
tation to prevent the development or progression of CAD.
These include the substitution of nonhydrogenated saturated
fats for saturated fats and trans-fats in the diet; consump-
tion of omega-3 fatty acids (primary source is fish); and con-

sumption of a diet high in fruits, vegetables, nuts, and whole
grains.43 When patients post-MI were randomized to a tra-
ditional western diet or a Mediterranean diet high in fruits,
vegetables, cereals, beans, nuts, and olive oil as the primary
source of fat intake, a 50% to 70% lower risk was seen of
recurrent heart disease (which includes cardiac death and non-
fatal MI).44,45 These dietary alterations are in line with the cur-
rent dietary guidelines from the American Heart Association.43

Additional trial data have demonstrated a beneficial effect of
either increasing weekly fish consumption, or taking omega-
3 fatty acid fish oil supplements on reducing cardiovascu-
lar morbidity and mortality.46–48 J.P. can make a number of
dietary changes that can significantly benefit his cardiovas-
cular disease, and he should be encouraged to do so. J.P.
should be asked if he regularly consumes alcohol and coun-
seled to limit his intake to one to two drinks per day if he
does.43

ANTI-ISCHEMIC DRUG THERAPY
Organic Nitrates
Nitrates are commonly used in the treatment of all anginal syn-
dromes. They are effective in treating all forms of angina be-
cause they decrease venous return to the heart and, therefore,
decrease cardiac work load. Nitrates also promote coronary
vasodilation, even in the presence of atherosclerosis. Nitrates
generally are well tolerated. To prevent loss of effect over time,
however, they must be scheduled to provide a nitrate-free inter-
val of 10 to 12 hours. Therefore, nitrates should be combined
with a β-blocker or a CCB (e.g., verapamil, diltiazem). The
individual nitrate products differ primarily in their onset and
duration of action.

Mechanism of Action

9. During the first hospital day, J.P. decides to walk up three
flights of stairs when returning to his room from the cafeteria
instead of taking the elevator. Midway through the third flight
of stairs J.P. develops chest pain. After quickly performing a 12-
lead ECG, the physician instructs J.P. to place a 0.4-mg sublingual
NTG tablet (Nitrostat) under his tongue. This relieves the pain.
J.P.’s physician elects to continue metoprolol and add both short-
and long-acting nitrates. What is the mechanism by which NTG
relieves angina? Why should J.P. continue his metoprolol therapy?

The mechanism of action of NTG and the other nitrate esters
is not completely understood, although they have been used for
>100 years. The overall benefits of nitrates result from a re-
duction in myocardial oxygen demand caused by venodilation
and some arteriolar dilation.1,2,32 Nitrates produce vasodilation
by at least two mechanisms: stimulation of cyclic guanosine
monophosphate (cGMP) production and inhibition of throm-
boxane synthetase. Organic nitrates are converted into NO.
Nitric oxide is identical to EDRF, an endogenous vasodila-
tor. Nitric oxide reacts with sulfhydryl groups in the vascular
smooth muscle to produce S-nitrosothiols, which subsequently
activate guanylate cyclase and increase the intracellular con-
centration of cGMP. cGMP controls the amount of vascular
smooth muscle calcium available for muscle contraction by
binding to calmodulin and phosphorylating myosin light chain
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kinase. The cGMP enhances calcium uptake into the sarcoplas-
mic reticulum, or inhibits its cellular influx. Because less cal-
cium is available, dilation occurs.32,49

The peripheral effects of sublingual NTG in J.P. include
dilation of both veins and arteries. Venous dilation is more
pronounced because relaxation of arterial smooth muscle re-
quires higher plasma NTG levels. By dilating the veins and
reducing preload to the heart, filling pressures in the ventricles
are reduced. This, in turn, reduces myocardial oxygen demand,
thereby relieving J.P.’s angina.32,49 (See Chapter 18, Heart Fail-
ure, for a more detailed discussion of preload.)

Metoprolol should be continued in J.P. because it both lowers
BP and exerts antianginal effects. In addition, administration
of nitrates must include a daily nitrate-free interval; metopro-
lol will provide continued protection from ischemia during this
time.49 The addition of long-acting nitrates will provide J.P. ad-
ditional protection against developing angina, and short-acting
NTG will provide J.P. acute relief when an anginal attack oc-
curs.

Short-Acting Preparations
Sublingual Nitroglycerin

DOSING

10. How should J.P.’s dose of sublingual NTG be determined?
Can NTG be used prophylactically?

Because sensitivity to NTG varies among patients, the
dosage should be individualized (Table 16-4). Most patients,
however, use a dose of 0.4 mg. An optimal dosage relieves pain
and produces an objective hemodynamic response, such as a
10-mmHg fall in systolic BP or a 10-beat/minute rise in heart
rate. High doses can cause intolerable orthostatic hypotension,
however.49

The administration of sublingual NTG is also useful in pa-
tients who have a good understanding of what level of exertion
produces their chest pain. About 5 to 10 minutes before J.P. is
about to undergo heavy exertion, he can take a sublingual NTG
tablet to prevent angina.1

Table 16-4 Commonly Prescribed Organic Nitrates

Drug Dosage Form Duration Onset (min) Usual Dosage

Short-acting

Nitroglycerin (NTG) Sublingual (SL) 10–30 min 1–3 0.4–0.6 mga,b

NTG Translingual spray 10–30 min 2–4 0.4 mg/metered spraya,b

NTG Intravenous (IV) 3–5 minc 1–2 Initially 5 mcg/min. Increase every (Q) 3–5 min
until pain is relieved or hypotension occurs

Long-actingd

NTG Sustained release (SR) capsule 4–8 hr 30 6.5–9 mg Q 8 hr
NTG Topical ointmente 4–8 hr 30 1–2 inches Q 4–6 hr f

NTG Transdermal patch 4–>8 hr 30–60 0.1–0.2 mg/hr to start; titrate up to 0.8 mg/hr f

NTG Transmucosal 3–6 hr 2–5 1–3 mg Q 3–5 hr f

ISDNg SL 2–4 hr 2–5 2.5–10 mg Q 2–4 hr f

Chewable 2–4 hr 2–5 5–10 mg Q 2–4 hr f

Oral 2–6 hr 15–40 10–60 mg every 4–6 hr f

SR 4–8 hr 15–40 40–80 mg Q 6–8 hr f

ISMNh Tab (ISMO, Monoket) 7–8 hr 30–60 10–20 mg twice daily (BID) (morning and midday)
to start; titrate to 20–40 mg BID f

SR tablet (Imdur) 8–12 hr 30–60 60 mg every day (QD) to start; titrate to 30–120 mg QD

aWhen using sublingual or translingual spray forms of NTG, patients should administer the dose while sitting to minimize tachycardia, hypotension, dizziness, headache, and
flushing. The optimal dose relieves symptoms with <10–15 mmHg drop in systolic blood pressure or <10 beat/min rise in pulse. Pain relief is rapid (onset 1–2 min; relief in
3–5 min), but up to three doses at 5-min intervals may be given. After this, medical assistance should be summoned.
bSublingual NTG tablets are degraded rapidly by heat, moisture, and light. They should be stored in a cool, dry place; do not leave the lid open or refrigerate. Tablets should be
stored in the original manufacturer’s container or a glass vial because the tablets volatilize and bind to many plastic vials and cotton. Previously, stinging of the tongue was an
indicator of fresh tablets, but newer formulations only cause stinging in ∼75% of patients.
cDuration after infusion discontinued.
d Longer-acting forms of nitrates are effective drugs, but it is important to understand their limitations to optimize effectiveness. Sublingual isosorbide dinitrate (ISDN) tablets
display an onset and duration intermediate between that of sublingual NTG and oral ISDN. Because of high presystemic (1st-pass) metabolism of the oral forms of both NTG and
ISDN, very large doses may be required compared with SL or chewable dosage forms. Small oral doses (2.5 mg NTG, 5 mg ISDN) are probably not effective; doses as large as
9 mg NTG and 60 mg ISDN are not uncommon. Despite claims for longer activity, ointments and oral forms are often only effective for 4–8 hr, even when given as SR preparations.
Also, continued daily use leads to rapid development of tolerance (see f).
eSqueeze 1′′ to 2′′ of ointment onto the calibrated paper enclosed in the package with tube. Carefully spread the ointment on chest in a thin layer ∼2′′–2′′ in size. Keep area covered
with applicator paper. Wipe off previous dose before adding new dose or if hypotensive. If another person applies the ointment, avoid contact with fingers or eyes to prevent headache
or hypotension.
f Dosage regimens should maintain a nitrate-free interval (e.g., bedtime) to decrease tolerance development. Give last oral dose or remove ointment or transdermal patch at 7 P.M.
Give last dose of SR ISDN in early afternoon.
gISDN, isosorbide dinitrate.
h ISMN, isosorbide monohydrate, major active metabolite of ISDN; 100% bioavailable; no first-pass metabolism, but tolerance may still occur. Rapid release (ISMO, Monoket) as
10- and 20-mg tablets. SR form (Imdur) as 60-mg tablets. OK to cut Indur in half, do not crush or chew.
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PATIENT INSTRUCTIONS

11. What instructions should J.P. receive with regard to the use
and storage of sublingual NTG? How rapidly will sublingual NTG
relieve J.P.’s chest pain?

When angina occurs, J.P. should sit down immediately and
place the NTG tablet under his tongue; he should not swallow
it. Many patients experience dizziness and lightheadedness,
which is minimized by sitting. The onset of action is within 1 to
2 minutes, and pain usually is relieved within 3 to 5 minutes. If
he needs more than one tablet, he can take a maximum of three
tablets over 15 minutes. If the pain persists or is unimproved
5 minutes after the first dose of NTG, the patient should call
9-1-1 as they may be experiencing an MI.11,12

The tablets should be dispensed in the original, unopened
manufacturer’s container and stored in the original brown bot-
tle. Because sublingual NTG tablets are degraded by heat,
moisture, and light, they should be stored in a cool, dry place,
but not refrigerated. The bottle should be closed tightly af-
ter each opening. Safety caps are not necessary, although pa-
tients should be cautioned to keep all medications out of the
reach of children. The cotton plug sometimes is difficult to
remove. Therefore, it should be discarded on initial receipt
of the prescription and should not be replaced. Use of cotton
other than that supplied by the manufacturer should be dis-
couraged because NTG tablets are volatile and are adsorbed
by household cotton. This results in a significant loss in tablet
effectiveness. Expiration dating should be monitored closely,
and tablets should be replaced immediately if they are exposed
to excessive light, heat, moisture, or air. Once a container is
opened, the tablets should be used for only a limited time—
usually from 6 months to 1 year.49 A tablet left out of the bottle
on a table will lose its effectiveness in just a few hours.

Long-Acting Nitrates

12. J.P. does well over the next several months, but he is still
bothered by occasional angina episodes, ranging from one to four
times per week. He was changed to the translingual spray form of
NTG (0.4 mg/spray) because he had difficulty with storage of the
tablets. The attacks usually are precipitated by strenuous work
and are relieved by rest and two or three NTG sprays. The quality
and location of the pain are unchanged, although the duration
has increased by 1 or 2 minutes. He follows a low-cholesterol,
no-added-salt diet.

Physical examination is unchanged except for a 20-lb weight
loss. Vital signs include the following: supine BP, 119/76
mmHg; heart rate, 65 beats/minute; and respiratory rate, 12
breaths/minute. J.P.’s cardiologist elected to start a long-acting
prophylactic nitrate (isosorbide mononitrate) as well as continu-
ing his β-blocker and angiotensin-receptor blocker (ARB) ther-
apy. What therapeutic endpoints should be used to evaluate the
efficacy of long-acting nitrates? Could a CCB have been used in-
stead of the long-acting nitrate?

Long-acting nitrates occupy a key role in the prevention of
angina of all types. Their mechanism of action is the same as
that of short-acting NTG. The goals of therapy are to decrease
the number, severity, and duration of J.P.’s anginal attacks.

A CCB could be prescribed for J.P. instead of isosorbide
mononitrate because he has no contraindications to this class

of drugs. A CCB would have been a good alternative if his
BP had remained elevated, but for now, J.P.’s BP and pulse are
within a desired range. Because sublingual nitrates were well
tolerated by J.P., a long-acting nitrate would be acceptable. A
CCB (e.g., amlodipine) is an alternative as long as J.P.’s BP is
not unduly decreased by this combination of drugs. Ultimately,
the decision is based on the prescriber’s personal choice and
past experience, as well as the entire spectrum of the patient’s
disease complex.

Nitrate Tolerance

13. Will J.P. develop tolerance to the long-acting nitrate?

Early evidence for the development of nitrate tolerance and
dependence came from the munitions industry. Workers in this
industry were constantly exposed to NTG and ethylene glycol
dinitrate, components of explosives.50 Tolerance can develop in
as few as 24 hours after continuous exposure to nitrate prepa-
rations, however, the degree of tolerance may be variable in
terms of percentage of efficacy lost. Tolerance can be limited
by maintaining a nitrate-free interval of about 10 to 12 hours
daily. Nitrate dosing schedules should be arranged to permit a
nitrate-free interval during which time the patient may receive
angina protection from β-adrenergic blockers or CCB. Most
often, this nitrate-free interval is arranged during the night be-
cause angina is more likely to occur during the work day. Pa-
tients with nocturnal angina should arrange their nitrate-free
interval during the day.51 Because long-acting nitrates must
be dosed intermittently to avoid tolerance, metoprolol therapy
will provide J.P. with continuous protection, even during the
nitrate-free interval. Although J.P. uses a long-acting nitrate,
he still will respond favorably to sublingual NTG. No evidence
indicates that use of long-acting nitrates leads to resistance or
tolerance to the effects of sublingual NTG.

MECHANISM OF ACTION

14. What is the mechanism of action for nitrate tolerance?

Several mechanisms of nitrate tolerance have been pro-
posed, including the depletion of sulfhydryl groups, which are
necessary for the biotransformation of nitrate to NO; neurohor-
monal activation; plasma volume expansion; and abnormalities
in NO signal transduction. More recent investigations, how-
ever, have identified that chronic nitrate administration pro-
duces a state of oxidative stress, leading to dysfunction of
mitochondrial aldehyde dehydrogenase, which is the enzyme
responsible for biotransformation of nitrates to NO.52,53

One potential consequence of this current theory is that
long-term administration of organic nitrates, by producing neu-
rohormonal activation and endothelial dysfunction, may have
long-term detrimental effects. Further research is needed to
confirm this hypothesis for nitrate tolerance and its long-term
consequences on patient outcomes.54

INTERMITTENT APPLICATION OF TRANSDERMAL NITROGLYCERIN

15. Are all nitrate delivery systems capable of inducing nitrate
tolerance? How can tolerance be minimized?

All organic nitrates exhibit similar hemodynamic effects
through a common pharmacologic mechanism; yet, the dif-
fering pharmacokinetic profiles of the nitrate delivery sys-
tems lead to a variation in the development of tolerance.49
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Short-acting formulations (e.g., sublingual NTG, oral NTG
spray, and sublingual isosorbide dinitrate) are not likely to in-
duce tolerance given their rapid onset of action and short du-
ration of effect. Oral nitrates and transdermal products, both
having an extended duration of action, are likely to induce
tolerance.

Intermittent application of transdermal NTG can limit tol-
erance development in patients with both chronic stable angina
and HF. The effects of continuous (24 hours/day) and intermit-
tent (16 hours/day) transdermal NTG (10 mg/day) were com-
pared in 12 men with chronic stable angina who also were being
treated with β-blockers or CCB.55 Nitrate efficacy was main-
tained with intermittent treatment and an 8-hour nitrate-free in-
terval. Tolerance to the antianginal effects occurred, however,
with continuous transdermal NTG treatment. Twelve-hour in-
termittent patch therapy also prevents tolerance.56 The minimal
time necessary for a nitrate-free interval is unknown.

Intravenous (IV) NTG, a cornerstone therapy in manage-
ment of patients with unstable angina and severe HF, is asso-
ciated with nitrate tolerance if it is administered as a sustained
infusion. The immediate hemodynamic benefits observed with
NTG infusions in patients with severe chronic heart failure
were greatly reduced 24 to 48 hours after continuous IV ther-
apy. Tolerance to IV NTG was prevented by infusing NTG for
only 12 hours followed by a 12-hour nitrate-free interval.57

Intermittent NTG infusions for patients with unstable angina
appear reasonable, but have not been fully evaluated.

Isosorbide Dinitrate

16. J.P. ultimately receives a prescription for oral isosorbide
dinitrate (Isordil) 30 mg three times daily (TID). How should he
be instructed to take his medication so that he is nitrate free for
10 to 12 hours?

Despite the availability of nitrate preparations that can be
dosed once or twice a day (isosorbide mononitrate), oral isosor-
bide dinitrate is still commonly used in the treatment of angina.
J.P. should take his oral nitrate at 7 am, noon, and 5 pm be-
cause his exercise-induced angina is likely to occur during
daylight hours. He may need to adjust this schedule if he
arises earlier than 7 am because early-morning angina is com-
mon. Some physicians prescribe isosorbide dinitrate twice a
day at 7 am and noon for patients with less severe anginal
syndrome.

17. Does isosorbide mononitrate offer any distinct advantages
over other nitrate preparations for angina prophylaxis?

Isosorbide mononitrate (ISMO, Monoket, and Imdur) is the
primary metabolite of isosorbide dinitrate. In fact, most of the
clinical activity of isosorbide dinitrate is due to the monon-
itrate. Therefore, both drugs share a similar pharmacology.
Isosorbide mononitrate does not undergo first-pass metabolism
and has no active metabolites. Its oral bioavailability is almost
100%, and its overall elimination half-life is about 5 hours.49

Maximal serum concentrations are observed 30 to 60 minutes
after a dose. To minimize the potential development of nitrate
tolerance, isosorbide mononitrate should be used in a twice-
daily, asymmetric dosing regimen in which the first dose is
taken on awakening and the second dose about 7 hours later.
Because of this unconventional dosing pattern and the avail-

ability of the sustained-release (SR) product, which can be
taken once a day, most use of isosorbide mononitrate is in the
form of the SR preparation (Imdur).

General precautions and adverse reactions for isosorbide
mononitrate are similar to those for the other nitrates. Poten-
tial advantages for the clinical use of isosorbide mononitrate
are less dosage fluctuation because of the absence of presys-
temic clearance and an effective once- or twice-daily dosing
schedule, which could perhaps lead to improved patient dos-
ing adherence. Nevertheless, isosorbide dinitrate is effective
clinically when administered two or three times a day and is a
viable alternative.

Transdermal Patches

18. J.P. likes the idea of using topical nitrates instead of an oral
agent. Are the transdermal patches a viable alternative?

Transdermal NTG patches originally were designed to pro-
vide angina protection with once-daily application. The con-
cept of a compact, easy-to-apply transdermal NTG patch
prompted pharmaceutical manufacturers to design a number of
products, which the U.S. Food and Drug Administration (FDA)
subsequently approved based on plasma level data, not clini-
cal efficacy studies. Subsquently, the shortcomings of plasma
level data have become apparent and prompted numerous clin-
ical efficacy studies.

Transdermal NTG therapy has been shown to increase exer-
cise duration and maintain an anti-ischemic effect for 12 hours
after patch application. These beneficial responses remained
consistent throughout 30 days of therapy. No significant nitrate
tolerance or rebound was noted when the patch was applied for
not more than 12 of 24 hours.49

Although the various patches use different pharmaceuti-
cal delivery systems, clear-cut advantages of one over another
are not apparent. Despite variations in surface area and NTG
content, the most important common denominator of the trans-
dermal NTG systems is the amount of drug released per hour
expressed as the release rate (e.g., 0.2 mg/hour). Each prod-
uct label includes this information. Low dosages (0.2 to 0.4
mg/hour) may not produce sufficient plasma and tissue con-
centrations to produce a clinically significant effect3; however,
it is still recommended to start with a low-dose patch and titrate
upward as needed. Because the skin is the major factor influ-
encing NTG absorption rate, product release characteristics do
not favor one system over another. Contact dermatitis has been
reported with the transdermal patches. Patient instructions are
included with the patches and should be reviewed with the
patient, emphasizing the appropriate time for application and
removal of the patch.

Adrenergic Blockers
MECHANISM OF ACTION

19. T.I. has a 5-year history of chronic stable angina. Cardiac
catheterization 3 months ago showed two-vessel coronary artery
disease with obstructions of 55% and 65% in the right coronary
and circumflex coronary arteries, respectively. Despite appropri-
ate use of sublingual NTG tablets (0.4 mg) and oral isosorbide
dinitrate (40 mg at 6 AM, noon, and 5 PM), T.I. is having four to
five angina attacks per week. His physician writes a prescription
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for atenolol (Tenormin) 50 mg every day. How do β-adrenergic
blockers prevent angina?

β-Adrenergic blockers reduce myocardial oxygen demand
by decreasing catecholamine-mediated increases in heart rate,
BP, and, to some extent, myocardial contractility.58–60 As such,
β-blockers have been demonstrated to be very effective at re-
ducing anginal symptoms and ischemia, including silent my-
ocardial ischemia.1,2 β-Blockers might also favorably affect
myocardial metabolism, coronary microvasculature, collateral
blood flow, myocardial blood flow, and oxygen-hemoglobin
affinity.61

In patients with chronic angina, current guidelines recom-
mend β-blockers be administered before a nitrate or a CCB
when long-term therapy is indicated.1,2 Although β-blockers
significantly reduce anginal symptoms, increase exercise toler-
ance, as well as time to ST-segment depression during exercise
testing, few randomized controlled trials have assessed the im-
pact of β-blockers on clinical outcomes in patients with chronic
stable angina.60 Several cohort and case-control studies have
demonstrated, however, that β-blockers do improve clinical
outcomes, including reductions in mortality in patients with
chronic stable angina or CAD.62–66 In addition, recent evi-
dence indicates that β-blockers may also slow the progression
of atherosclerosis.67 In a meta-analysis of clinical trials that
compared the three classes of anti-ischemics, differences in
long-term mortality were not noted. β-Blockers, however, were
more effective in lowering the incidence of anginal episodes.68

β-Blockers are generally considered the most effective class of
agents at preventing silent myocardial ischemia.3 In addition,
β-blockers clearly lower morbidity and mortality in patients
with hypertension,69 acute MI,11,12 and heart failure.60 Al-
though mortality benefits have not been demonstrated specif-
ically in patients with chronic angina, the body of literature
available supports the recommendation that all patients with
angina should receive a β-blocker as initial therapy unless
contraindicated.36 (See Chapter 13, Essential Hypertension,
and Chapter 18, Heart Failure, for more in-depth information
on β-blocker product availability, dosage forms, pharmacol-
ogy, and dosing.)

Judging Therapeutic Endpoint

20. How can the efficacy of the atenolol be assessed?

All patients receiving antianginal drugs should be moni-
tored for frequency of angina attacks and NTG consumption.
Nevertheless, this provides only an estimate of therapeutic ef-
ficacy because the patient’s exercise and stress levels change
from day to day. Traditionally, clinicians have monitored the re-
duction in resting heart rate and have progressively increased
the β-blocker dose until the resting heart rate was 55 or 60
beats/minute. Heart rates <50 beats/minute may be accept-
able, provided the patient is asymptomatic and heart block is
not present. This approach does not take into account, however,
that although the initial β-blocker dose reduces heart rate, sub-
sequent increases in dose may only slightly reduce the resting
heart rate. Variations in resting heart rate are normal and sub-
ject to the influence of the endogenous sympathetic nervous
system and other exogenous factors, such as drugs, tobacco,
and caffeine-containing beverages. β-Blockers with intrinsic

sympathomimetic activity (e.g., pindolol) will not reduce the
resting heart rate as much as β-blockers lacking this activity.59

Exercise testing is probably the most accurate, but least
practical method of documenting the adequacy of β-blocker
therapy. During an exercise tolerance test, atenolol should sub-
stantially increase the time T.I. walks before developing angina.
There also may be a reduction in ST-segment depression dur-
ing exercise, indicating less myocardial ischemia. The heart
rate-SBP product probably will be markedly lowered, reflect-
ing a decrease in both heart rate and systolic wall tension.58

β-Blocker dosages needed to achieve these effects are highly
variable. Therefore, therapy should be initiated with the low-
est possible effective dosage and titrated upward. Continuous
assessment of T.I.’s exercise tolerance is advisable.

Dosing Frequency

21. Is once-daily dosing of atenolol sufficient to provide T.I.
with 24-hour protection? How often should immediate-release
propranolol be administered?

The pharmacodynamic effects of β-blockers are longer than
their plasma half-lives, and β-blockers can be dosed once or
twice a day for angina. The half-life of atenolol is about 10
hours during chronic dosing; however, clinical studies support
a once-a-day dosing schedule.61

Propranolol has a relatively short plasma half-life of 2 to 3
hours, yet clinicians have observed that a single dose lowers
the heart rate and BP for at least 12 hours. Subsequent studies
have confirmed the efficacy of twice-daily dosing for propra-
nolol in the treatment of angina. (See Chapter 13, Essential
Hypertension, for detailed pharmacokinetic and pharmacody-
namic discussion of β-blockers.) 61

β-Blocker Cardioselectivity
Contraindications

22. R.O. is a 65-year-old man with a 40-pack-year smoking his-
tory and a 13-year history of insulin-dependent diabetes mellitus.
His ability to walk is limited by peripheral vascular disease and
claudication, as well as by exertional angina. A β-blocker is to be
initiated for treatment of chronic angina. Which β-blocker would
be preferable for this patient?

Although all β-blockers are equally effective in the treat-
ment of angina, R.O.’s medical history poses several relative
contraindications to the use of some β-blockers. His smoking
history may have caused some degree of chronic obstructive
pulmonary disease (COPD) with a bronchospastic component
despite the absence of a medical history. His history of diabetes
and peripheral vascular disease will influence the selection of a
β-blocker for management of his angina. A cardioselective β-
blocker offers several advantages in R.O.59 Drugs such as aceb-
utolol (Sectral), atenolol, and metoprolol (Lopressor) primarily
inhibit β1-receptors in the heart and produce less blockade of
β2-receptors in the bronchial and vascular smooth muscle. In
patients with asthma and obstructive lung disease, β2-receptors
mediate airway responsiveness and blockade of β2-receptors
can cause severe bronchospasm and respiratory difficulty. In
one meta-analysis, cardioselective β-blockers were not found
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to produce clinically significant adverse respiratory effects in
patients who had mild to moderate reactive airway disease.70

Cardioselective β-blockers also are less likely to inhibit
β2-mediated vasodilation in the peripheral arterioles. There-
fore, cardioselective β-blockers are preferred over nonselective
β-blockers for patients with peripheral vascular disease and
Raynaud’s disease. Blockade of peripheral β2-receptors would
permit unopposed α-mediated vasoconstriction and could de-
crease R.O.’s walking tolerance markedly.

Although β-blockers can alter glucose metabolism and
mask the symptoms of hypoglycemia, their use has clearly been
demonstrated to lower overall mortality in diabetic patients af-
ter acute MI.11,12 In addition, diabetic patients in general de-
velop more severe CAD and overall have a worse prognosis
than patients without diabetes. Because of the significant ben-
eficial effects on mortality with β-blockers, diabetes should
not be considered a contraindication to β-blocker therapy.

Adverse Effects

23. If R.O. receives a cardioselective β-blocker, could he still
experience more difficulty breathing or walking?

Cardioselectivity is not an all-or-none response; instead, it
is a dose-dependent phenomenon. As the dose is increased, car-
dioselectivity is lost. The dose at which cardioselectivity will
be lost in R.O. cannot be predicted, however; even a very small
dose (e.g., metoprolol 37.5 mg) could cause wheezing.59,61

Some evidence suggests that atenolol may have a larger win-
dow of dosing than metoprolol before cardioselectivity is lost.
Similarly, a cardioselective drug could worsen R.O.’s claudi-
cation. If R.O. experiences worsening control of COPD or pe-
ripheral vascular disease, a better alternative may be a CCB
either alone or with intermittent nitrate therapy.

Abrupt Withdrawal

24. J.F., a 76-year-old retiree with a long history of chronic sta-
ble angina controlled with oral isosorbide mononitrate 90 mg ev-
ery day, and atenolol 100 mg every day, stopped his atenolol 36
hours ago when he forgot to get his prescriptions refilled. He is
transported to the hospital emergency department (ED) for treat-
ment of angina unresponsive to five NTG tablets. How could J.F.’s
situation have been avoided?

The β-blocker withdrawal syndrome places patients with
CAD at high risk for adverse cardiovascular events, which
may include acute MI and sudden cardiac death. After J.F.’s
angina has been controlled with medications during this partic-
ular hospitalization and before reinstitution of β-blocker ther-
apy, he should be warned not to precipitously discontinue his
β-blockers in the future. Failure to renew prescriptions and fi-
nancial hardship are common reasons for abrupt discontinua-
tion, and clinicians need to have sufficient professional rapport
with patients to understand when patients encounter difficulties
in obtaining medications.

The β-blocker withdrawal syndrome is a rebound phe-
nomenon resulting from heightened β-receptor density and
sensitivity (i.e., upregulation) subsequent to receptor blockade.
An “overshoot” in heart rate, as a consequence of sympathoad-
renal activity from abrupt β-blocker withdrawal increases my-
ocardial oxygen demand and platelet aggregation. Withdrawal

syndromes may be less severe in patients taking β-blockers
with partial agonist activity.56,58

If β-blockers are to be discontinued, a gradual tapering
schedule (preferably over 1 to 2 weeks) should be used. Shorter
periods for β-blocker withdrawal (e.g., 2–3 days) have been
proposed, although the optimal strategy for discontinuation
is not known. Ensuring that β-blockers are tapered and that
the patient is reasonably monitored for adverse events for the
duration of the taper is imperative. Patients should limit phys-
ical activity throughout the β-blocker withdrawal period and
seek prompt medical attention when angina symptoms become
apparent.

Calcium Channel Blockers
Classification
Calcium channel blockers are highly diverse compounds. They
differ markedly in chemical structure as well as specificity for
cardiac and peripheral tissue. Using these characteristics, it
is possible to classify calcium antagonists into several major
types (Table 16-5).71,72

Both diltiazem and verapamil exert qualitatively similar
effects on myocardial and peripheral tissue. They slow con-
duction and prolong the refractory period in the AV node.
Ventricular refractory period is not affected. Therefore, the
antiarrhythmic utility of these drugs is limited to controlling
the ventricular rate in supraventricular tachyarrhythmias. Both
agents can depress myocardial contractility and should be used
with caution in patients with LV dysfunction (heart failure).
They are moderate peripheral vasodilators and potent coronary
artery vasodilators.71,72

Nifedipine is the prototype compound of the dihydropy-
ridine derivatives. Although amlodipine, felodipine, isradip-
ine, and nicardipine are second-generation dihydropyridines,
only nicardipine and amlodipine currently are approved for
the treatment of chronic stable angina pectoris. In addition,
amlodipine is indicated for vasospastic angina. In contrast to
diltiazem or verapamil, the dihydropyridines do not slow car-
diac conduction and, therefore, have no antiarrhythmic action.
They, however, are more potent peripheral vasodilators and
are associated with a reflex increase in the heart rate. All dihy-
dropyridines have negative inotropic effects in vitro, but these
effects, clinically, are overshadowed by the reflex sympathetic
activation and decreased afterload. The net effect of these ac-
tions essentially results in no depression of myocardial function
(see Chapter 18, Heart Failure).71,72 The dihydropyridines also
can dilate coronary arteries, but vary in their potency.

Pharmacology
Depending on the agent, CCBs decrease myocardial oxygen
demand and increase myocardial blood supply.71,72 By inhibit-
ing smooth muscle contraction, CCBs dilate blood vessels
and decrease resistance to blood flow. Dilation of peripheral
vessels reduces systemic vascular resistance and BP, thus de-
creasing the work load of the heart. Coronary artery dilation
improves coronary blood flow. Diltiazem and verapamil also
decrease the myocardial contractile force (negative inotropic
effect) as well as heart rate. All these actions can reduce angina
symptoms.
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Table 16-5 Calcium Channel Blockers in Anginal Syndromesa

Drug Name FDA Approved a Usual Dose for Chronic Stable Angina b Product Availability c

Dihydropyridines

Amlodipine Angina, hypertension 2.5–10 mg QD 2.5, 5, 10 mg tab
Felodipine Hypertension 5–20 mg QD 5, 10 mg ER tab
Isradapine Hypertension 2.5–10 mg BID 2.5, 5 mg IR cap

5–10 mg QD 5, 10 mg CR tab
Nicardipine Angina (IR only), 20–40 mg TID 20, 30 mg IR cap

Hypertension 30–60 mg BID 30, 45, 60 mg SR cap
Nifedipine Angina, Hypertension 10–30 mg TID 10, 20 mg IR cap

30–180 mg QD 30, 60, 90 mg ER tab
Nisoldipine (Sular) Hypertension 20–60 mg QD 10, 20, 30, 40 mg ER tab

Diphenylalkylamines

Verapamil Angina, hypertension, 30–120 mgTID/QID 40, 80, 120 mg IR tab
SVT 120–240 mg BID 120, 180, 240 mg SR tab

120–480 mg Q HS 180, 240 mg DR, ER tab
120, 180, 240, 360 mg ER cap
100, 200, 300 mg DR, ER tab

Benzothiazepines

Diltiazem Angina, hypertension, 30–120 mg TID/QID 30, 60, 90, 120 mg IR tab
SVT 60–180 mg BID 60, 90, 120, 180 mg SR cap

120–480 mg QD 120, 180, 240, 300, 360 mg cap
120, 180, 240 mg ER cap
120, 180, 240, 300, 360, 420 mg ER cap

aFDA-approved indications vary among IR and ER products. However, most all have been used clinically for both angina and hypertension. Avoid IR release products in hypertension.
bBecause of short half-lives, most of these drugs are given TID if using IR tabs or caps. Amlodipine has a long half-life and is given PD.
Also see Tables 14-15 and 14-16 in Chapter 14: Essential Hypertension.
Cap, capsules; CD, controlled diffusion; CR, controlled release; DR, delayed release; ER, extended release; FDA, U.S. Food and Drug Administration; HS, bedtime; IR, immediate
release; Q, every; QID, four times a day; SR, sustained release; SVT, supraventricular including atrial fibrillation, atrial flutter, and reentry; Tab, tablets; XL and XR, extended
release.

Potent arterial (peripheral) vasodilators, such as nifedip-
ine, markedly reduce peripheral vascular resistance,71 and re-
flexively stimulate the sympathetic nervous system to cause
a slight to moderate increase in heart rate and perhaps in-
crease myocardial oxygen demand (Table 16-6). The cardiode-
pressant effect of verapamil- and diltiazem-like drugs pre-
vents reflex tachycardia. Verapamil and diltiazem are more
likely to worsen ventricular function in patients with HF sec-
ondary to systolic dysfunction.72 Two dihydropyridines, am-
lodipine and felodipine, have been studied in the setting of LV
dysfunction and found to be relatively safer than other cal-
cium blockers in heart failure, but have a negligible effect on
mortality.71 Therefore, these two drugs are available options
in patients with HF who have other disease states that would
benefit from CCB therapy. Diltiazem and verapamil should be
avoided in HF. Individualization of CCB therapy must con-
sider the drug’s overall pharmacologic effect and side effect
profile.

Indications for Use

25. B.N., a 56-year-old man, has just undergone cardiac
catheterization, which showed two-vessel CAD. He refuses to
take nitrates because they cause severe headaches. His medi-
cal history includes asthma and hyperlipidemia. His physician

begins antianginal therapy with oral diltiazem 120 mg every
day. Are the calcium channel blockers indicated for all types of
angina?

Calcium channel blockers are effective in both vasospastic
and classic exertional angina. These drugs relieve vasospasm
of the large coronary arteries and, as a result, are effective in
treating Prinzmetal’s variant angina. Their beneficial effect in
chronic stable (effort-induced) angina is the result of multiple
factors. Their vasodilatory effects in the coronary circulation
increase myocardial oxygen supply, whereas dilation of the
peripheral arterioles leads to a reduction in myocardial oxygen
demand. Because coronary vasospasm can occur at the site
of an atherosclerotic plaque, a CCB is particularly useful in
patients who have a vasospastic component to their angina.

Although β-blockers are considered the drugs of choice
when instituting antianginal therapy, recent data indicate that
the selection of a heart rate-lowering CCB may also be a rea-
sonable first-line choice as well. Calcium channel blockers and
β-blockers appear to provide equivalent efficacy in head–to-
head trials of chronic stable angina.73,74 In addition, the avail-
able head-to-head trials with sufficient numbers also suggest
that CCBs and β-blockers produce similar effects on cardio-
vascular outcomes and mortality in patients with chronic stable
angina.75,76 In addition, several recent trials in the setting of
hypertension have demonstrated that CCBs can produce mean-
ingful reductions in mortality.77–79 It would appear that either
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Table 16-6 Calcium Channel Blockers

Effect Dihydropyridine Derivativesa Diltiazem Verapamil

Peripheral vasodilationb +++ ++ ++
Coronary vasodilationb +++ +++ ++
Negative inotropesc ± ++ +++
AV node suppressionc ± + ++
Heart rate Increase (reflex) Decrease or unchanged Decrease or unchanged
Pharmacokineticsd

Dosinge

Side Effects

Nausea, vomiting + (most) +/1 ±
Constipation Not observed ± +
Hypotension, dizzinessg ++ + +
Flushing, headache ++ + +
Bradycardia, heart failure (HF) symptoms ± + ++
Reflex tachycardia, angina + g Not observed Not observed
Peripheral edema + ± ±
Drug Interactionsh

Also see Tables 13-15 and 13-16 in Chapter 13: Essential Hypertension.
aDihydropyridine derivatives U.S. Food and Drug Administration (FDA) approved for angina: amlodipine (Norvasc), nicardipine (Cardene), and nifedipine (Adalat, Procardia).
See Table 13–6 for others that are approved for hypertension but have been used clinically for angina. Investigational: nitrendipine (Baypress).
bPeripheral and coronary vasodilation helpful for angina, hypertension, and possibly HF, but peripheral dilation is the basis for side effects of flushing, headache, and hypotension.
cAtrioventricular (AV) node suppression is helpful for controlling supraventricular arrhythmias, but this property plus the negative inotropic effect may worsen HF. Nifedipine has
less negative inotropic effect than verapamil and diltiazem, but still may worsen HF. Amlodipine may have the least negative inotropic effect.
d All have poor bioavailability owing to high first-pass metabolism and all are eliminated primarily by hepatic metabolism; intra- and interindividual variability in bioavailability
and metabolism is extensive. Diltiazem, nifedipine, nicardipine, and verapamil have short half-life (<5 hr) requiring frequent dosing or use of sustained release (SR) products.
Amlodipine, isradipine (8 hr), and felodipine (10–20 hr) have longer half-life.
eSee Table 13-6 and Tables 13-16 in Chapter 13: Essential Hypertension.
gHypotension and reflex tachycardia most with immediate release nifedipine, occasional with immediate-release diltiazem and verapamil, minimal with sustained release products
or intrinsically long-acting agents.
h Diltiazem and verapamil, weak CYP 3A4 inhibitors and strong P-glycoprotein inhibitors. Increase cyclosporine and digoxin bioavailability via increased gastrointestinal (GI)
transport and possibly less gut metabolism. Case reports of cyclosporine renal toxicity when combined with diltiazem. Bradycardia and heart failure risk with combined verapamil
and digoxin via additive AV block and negative inotropic effects. Risk of interaction with drugs metabolized by CYP 3A4 not known.

a heart rate-lowering CCB, or a β-blocker, may be considered
relatively equal options and initial therapy for chronic stable
angina. The selection of a particular class will likely be dictated
by patient characteristics.

In the case of B.N., his asthma may be worsened by the
addition of a β-blocker. Although a cardioselective β-blocker
could be tried to see if B.N. could tolerate it, a heart rate-
lowering CCB is a good alternatives to a β-blocker for the
treatment of angina in this situation. The choice of a CCB as
initial therapy in this patient is appropriate because of B.N.’s
previous intolerance to nitrates and because nitrate therapy re-
quires the scheduling of a nitrate-free period.1 Patients with
significant peripheral arterial disease, or demonstrated exer-
cise intolerance to β-blockers, are also likely good candidates
for CCB monotherapy for chronic angina. For patients with
a history of MI or who have HF, β-blockers would likely
be preferred because of the substantial literature demonstrat-
ing improved outcomes in these patient populations. In the
absence of any patient-specific characteristics to help guide
selection, it is pertinent to recognize that current guidelines
still recommend β-blockers as the primary initial antianginal
therapy.1,2

Although the selection of a heart rate-lowering CCB may
be generally preferred, the distinct pharmacologic and adverse
event profiles of the various classes may also help dictate agent
selection. Some side effects of CCBs reflect an extension of
their hemodynamic and electrophysiologic profiles and, there-

fore, are predictable (Table 16-6). Dihydropyridine-induced
hypotension and dizziness occur in approximately 15% of pa-
tients. Patients also may complain of light-headedness, facial
flushing, headache, and nausea. Swelling of the lower legs and
ankles (peripheral edema) is related to the potent peripheral
vasodilating effects of these agents. Verapamil and diltiazem
have similar side effect profiles, although diltiazem appears to
be better tolerated. The lower incidence of side effects reported
with diltiazem, compared with verapamil, may reflect a true
difference or, perhaps, less aggressive dosing regimens. Both
drugs can cause sinus bradycardia and worsen already existing
conduction defects and heart block.65 Neither should be used in
patients with sick sinus syndrome or advanced degrees of heart
block unless a functioning ventricular pacemaker is present.
Patients should be monitored for signs of worsening HF, such
as SOB, weight gain, and peripheral edema. Verapamil-induced
constipation can be particularly troublesome to the elderly.
Rare instances of fecal impaction requiring surgery illustrate
the need for the aggressive use of stool-softening agents and,
often, bulk-forming laxatives.

Generalized fatigue and nonspecific gastrointestinal (GI)
complaints can occur with any of the calcium channel block-
ers. In rare instances, elevations of hepatic enzymes and acute
hepatic injury have occurred with CCBs. Appreciation for the
individual side effect profiles helps determine preference for
one CCB over another. B.N. is not likely to experience major
side effects with either verapamil or diltiazem.
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Pharmacokinetics

26. Do any of the calcium channel blockers require dosage ad-
justment in patients with renal or hepatic disease?

Currently available calcium channel antagonists demon-
strate similar pharmacokinetic properties.71 With the excep-
tion of amlodipine and the SR formulations, all are absorbed
rapidly after oral administration and generally reach peak con-
centrations within 1 to 2 hours. Peak concentrations for am-
lodipine usually are achieved within 6 to 9 hours after ad-
ministration. Although calcium channel antagonists are well
absorbed, bioavailability generally is low owing largely to first-
pass metabolism. In addition, calcium channel antagonists tend
to have high metabolic clearances; their pharmacokinetic pa-
rameters are related to hepatic blood flow and intrinsic clear-
ance, and they are metabolized almost exclusively by the liver.
Furthermore, intraindividual and interindividual variations in
bioavailability and total body clearance for most calcium chan-
nel antagonists are great. Therefore, dosage adjustment prob-
ably is necessary in patients with severe hepatic impairment,
but not in those with renal disease.

Sustained-Release Calcium Channel Blockers

27. L.M., a 45-year-old female surgeon with a 3-year history
of hypertension, recently was switched to sustained release vera-
pamil 240 mg BID. As newly diagnosed with chronic stable angina,
she wonders if studies support the use of SR calcium channel
blockers in angina.

Nifedipine, diltiazem, and verapamil all were originally in-
troduced into the United States as immediate-release prepara-
tions. As a consequence, dosing regimens called for TID or
four times daily (QID) administration. SR CCBs are attractive
alternatives to immediate-release products. The SR formula-
tions of verapamil, diltiazem, and nifedipine offer promise in
improving patient drug adherence and, thereby, better control
of anginal episodes. L.M. uses the first SR CCB marketed
in the United States. SR verapamil is absorbed more slowly
than immediate-release verapamil, thus providing more con-
stant serum levels. The SR formulation, with a bioavailability
of 0.9, extends the verapamil elimination half-life to 12 hours
compared with about 6 hours observed with the immediate-
release product.80 Although some patients experience adequate
control with once-daily SR verapamil, most patients require
twice-daily dosing.67 Another SR verapamil product (Verelan)
uses beaded capsules and can be dosed reliably once a day.
Therefore, SR verapamil and Verelan should not be inter-
changed. The side effect profiles for immediate-release and
SR verapamil are similar, with constipation being frequent.

Diltiazem SR also exhibits slowed absorption and a pro-
longed half-life compared with immediate-release diltiazem.
As with verapamil SR, twice-daily dosing of diltiazem SR is
appropriate for most patients. A newer version of SR diltiazem
(Cardizem CD available as 180-, 240-, and 300-mg capsules)
may be given once daily. It is important that the Cardizem SR
and Cardizem CD products are not confused. Another SR dil-
tiazem product (Dilacor SR) uses yet another delivery system.
Although verapamil SR and diltiazem SR and CD are FDA
approved for treatment of hypertension only, many clinicians
use these drugs to treat angina.

Sustained-release nifedipine (Procardia XL) uses a unique
drug delivery system based on the osmotic pump principle.
The GITS (GI system) nifedipine tablet consists of a semiper-
meable membrane that surrounds an active drug core. The core
is composed of two layers: an active drug layer and an inert, but
osmotically active push layer. Water entering the tablet from the
GI tract activates the osmotic pump mechanism and pushes the
active nifedipine out through a laser-drilled hole in the tablet’s
active layer. The inert components eventually are eliminated in
the feces as a shell. The tablet should not be crushed, divided,
or chewed. It should be taken at the same time each day and
may be taken either with food or on an empty stomach.

The GITS nifedipine provides consistent (zero order rate),
24-hour serum nifedipine levels independent of pH or GI motil-
ity. Although this formulation decreases the vasodilatory ef-
fects observed with immediate-release nifedipine, dose-related
edema is a common adverse experience occurring in 10% to
30% of patients. Headache is another common adverse ef-
fect. Limited experience suggests that patients switched from
immediate-release nifedipine to GITS nifedipine will expe-
rience fewer angina episodes and side effects. Another form
of extended-release tablets (Adalat CC) can be administered
once daily and appears to be therapeutically equivalent to GITS
nifedipine. Nevertheless, when patients are converted to any
SR CCB, reassessment of therapeutic efficacy is necessary.
Because variations in SR products exist, they should not be
substituted for one another without prior approval and pa-
tient counseling. The cost of the SR CCB is similar to the
equivalent immediate-release doses. At one time, the use of
generic immediate-release products was considered a cost-
saving alternative, but now generic SR products are marketed
as well.

Any of the SR preparations of nifedipine, verapamil, or
diltiazem are reasonable choices for patients with chronic sta-
ble angina. Immediate-release preparations of CCBs should
be reserved for situations in which rapid titration of the dose
is needed or desired, such as in patients with supraventricu-
lar arrhythmias. As stated, use of immediate-release nifedip-
ine should be discouraged in any situation owing to the risk
of reflex sympathetic drive and potential precipitation of my-
ocardial ischemia. (See Chapter 13, Essential Hypertension,
for further discussion of SR dosage forms of calcium channel
blockers.)

Ranolazine
Approved by the FDA in early 2006, ranolazine is the first new
antianginal agent marketed in nearly 20 years. The need for ad-
ditional agents to modify and treat myocardial ischemia is illus-
trated by the fact that many patients have contraindications to
one or more traditional antianginal agents, or may not tolerate
larger therapeutic doses of a specific drug used as monother-
apy. Others may have intolerance to the additive hemodynamic
effects of combination therapy, as well as incomplete relief of
symptoms from revascularization therapy. For example, despite
the effectiveness of PCI at relieving symptoms of angina, 10%
to 25% of patients still have angina and 60% to 80% require
antianginal therapy 1 year after the procedure.81,82 Therefore,
a need clearly exists for new antianginal agents to complement
existing pharmacologic and revascularization strategies.
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Mechanism of Action
Unlike traditional antianginal agents, such as β-blockers,
CCBs, and long-acting nitrates, ranolazine does not have any
appreciable effects on heart rate, arterial resistance vessels,
the inotropic state of the myocardium, or coronary blood flow.
When administered clinically, no changes in blood pressure or
heart rate are observed.83 As such, ranolazine does not affect
myocardial oxygen supply or demand in the traditional sense.
Early preclinical work identified inhibition of fatty acid oxi-
dation as the probable mechanism for antianginal efficacy.84,85

Subsequent investigations revealed, however, that these effects
only occur at plasma concentrations of ranolazine substantially
higher than those obtained with current approved doses.86,87 It
is now known that ranolazine’s anti-ischemic effects are modu-
lated through inhibition of the late sodium current (INa).16,83 By
inhibiting late sodium entry, and hence calcium overload dur-
ing ischemia, ranolazine effectively inhibits the consequences
of ischemia such as decreased microvascular perfusion, as well
as increased myocardial oxygen demand. This novel mecha-
nism of action offers the possibility of complementary effects
when added to more traditional antianginal agents which act
through their hemodynamic actions.

Pharmacokinetics and Dosing
Initial investigations of ranolazine involved an immediate-
release product that necessitated three times/day dosing. Be-
cause of the short half-life of the parent drug, the peak-to-
trough ratio in clinical studies were suboptimal, with sig-
nificant loss of therapeutic efficacy at the end of the dos-
ing interval.88–91 Consequently, ranolazine is marketed as an
extended-release tablet formulation that should be dosed twice
daily. Maximal plasma concentrations are observed 4 to 6 hours
after administration of the extended-release formulation with
a terminal half-life of 7 hours. With twice-daily dosing of
the extended-release preparation, a more favorable peak-to-
trough fluctuation of 1.6 is observed.83 Steady-state is typi-
cally reached within 3 days and oral bioavailability is in the
30% to 55% range. Ranolazine is primarily metabolized by
the liver through cytochrome P450 (CYP) 3A4 (70%–85%),
and CYP2D6 (10%–15%). Ranolazine also is a substrate for
P-glycoprotein.16,83 Patients should initially be started at an
oral dose of 500 mg twice daily, which can be titrated up to a
maximal dose of 1,000 mg twice daily.

Place in Therapy

28. A.E., a 65-year-old man, has been treated for chronic angina
pectoris for 4 years. He refuses cardiac catheterization and revas-
cularization; however, his coronary risk factors include a strong
family history of cardiovascular disease and hyperlipoproteine-
mia. He experienced rheumatic fever at age 12; 5 years ago, his mi-
tral valve was replaced. At that time, he had two-vessel CAD with
80% and 85% occlusion and an LV EF of 30% (normal, 55%).
Current medications include a prescription for SL nitroglycerin;
warfarin 5 mg for 5 days/week and 2.5 mg for 2 days/week; meto-
prolol 50 mg every day; enalapril 10 mg every day; digoxin 0.125
mg/day (serum digoxin concentration drawn 18 hours after the
last dose is 0.7 ng/mL); oral simvastatin 40 mg every day; and
furosemide 40 mg/day. At his regular follow-up visit with his car-
diologist, A.E. reports an increase in weekly anginal attacks over
the last 2 months during his daily routine of working in his yard.

Current vital signs include a blood pressure of 110/60 mmHg and
a resting heart rate of 60 beats/minute. What therapeutic options
would be available for A.E. for additional control of his chronic
stable angina? Would ranolazine be an option?

As discussed, monotherapy for chronic stable angina typi-
cally starts with a β-blocker or, in select patients, a heart rate-
lowering CCB. These agents are typically titrated up based on
both efficacy and tolerance. Once a maximal dose of the initial
agent is reached, additional antianginal agents can be added, if
needed, for additional symptom control. The choice of which
agent to add on is likely dictated by the specific characteristics
of the patient. In a patient on a β-blocker who needs additional
blood pressure control, the addition of a dihydropyridine CCB
would seem prudent. A nondihydropyridine agent may be an
option, however, if additional heart rate control is also needed.
Conversely, in a patient maximized on β-blocker therapy, with
adequate blood pressure control and also a history of heart
failure, the addition of a long-acting nitrate may be preferred.
Triple therapy with a β-blocker, a CCB, and a nitrate is also an
option in patients whose condition is difficult to control, but
careful attention must be paid to the additive hemodynamic
effects to minimize intolerance.

In the setting of additional antianginal therapy, ranolazine
should be considered. Several large, randomized studies with
ranolazine have been conducted, all demonstrating it is effec-
tive at reducing ischemia and angina when added on to existing
therapy. Although not FDA approved as monotherapy in the
treatment of chronic stable angina, the Monotherapy Assess-
ment of Ranolazine in Stable Angina (MARISA) trial random-
ized patients in a crossover fashion who had met screening ex-
ercise treadmill criteria to either escalating doses of ranolazine
(500 mg BID, 1,000 mg BID, 1,500 mg BID) or placebo. All
other antianginal agents, except for SL nitroglycerin, were dis-
continued before start of the study. Ranolazine significantly
increased exercise duration, time to onset of angina, and to 1
mm ST-segment depression during exercise treadmill testing.86

Similar results were seen in the Combination Assessment of
Ranolazine in Stable Angina (CARISA) trial where ranolazine
(500 mg BID, 750 mg BID, 1,000 mg BID) was added onto
antianginal monotherapy that consisted of either atenolol 50
mg/day, diltiazem 180 mg/day, or amlodopine 5 mg/day.87 The
Efficacy of Ranolazine in Chronic Angina (ERICA) trial as-
sessed the effects of ranolazine when added to the maximal
dose of an existing antianginal agent, in this case amlodopine
10 mg/day. Importantly, up to one-half of the patients enrolled
in ERICA were also on a long-acting nitrate. Patients were
randomized to either ranolazine 500 mg/day for 1 week and
then had their dose increased to 1,000 mg/day for an addi-
tional 6 weeks, or placebo. Patients receiving 1,000 mg/day
of ranolazine had a significant reduction in both the number
of weekly anginal attacks, as well as the number of SL ni-
troglycerin tablets used on a weekly basis.92 Ranolazine was
well-tolerated in the CARISA, MARISA, and ERICA trials
with the most common side effects being dizziness, constipa-
tion, nausea, and headache. The incidence of adverse effects
increased with increasing doses. No other significant adverse
effects were noted, although it is important to note the duration
of these trials was limited.83

A.E. is at goal heart rate and his blood pressure is well
controlled on his current regimen, but he continues to have
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Table 16-7 Considerations for the Use of Ranolazine If Patients With Chronic Stable Angina16,83

Clinical Issue Recommended Management Strategy

Renal insufficiency Ranolazine plasma levels may increase up to 50%. Caution with dose titration to maximal recommended
dose.

Hepatic insufficiency Ranolazine is contraindicated in patients with Child-Pugh Classes A, B, or C hepatic impairment.

Drug interactions: Effects on ranolazine
CYP 3A4 inhibitors Plasma concentrations of ranolazine are significantly elevated when combined with potent inhibitors of

CYP3A4.
Ketoconazole, diltiazem, verapamil, and other potent or moderately potent inhibitors of CYP 3A4 should

not be coadministered with ranolazine.
CYP 3A4 inducers Rifampin coadministration should be avoided owing to significant decreases in ranolazine plasma

concentrations. Coadministration with other CYP 3A4 inducers should also be avoided.
P-glycoprotein inhibitors Caution should be exercised when coadministering ranolazine with P-glycoprotein inhibitors.

Drug interactions: effects on other medications
Simvastatin Plasma levels of simvastatin are increased twofold with coadministration with ranolazine through CYP

3A4 inhibition by ranolazine. Closely monitor for adverse effects (e.g., myositis) from simvastatin.
Digoxin Ranolazine coadministration increases plasma concentrations of digoxin by 1.5 times. Adjust dose of

digoxin accordingly to maintain desired therapeutic level and response.
CYP 2D6 substrates Ranolazine can inhibit the activity of CYP 2D6 and thus the metabolism of drugs metabolized by this

enzyme may be impaired. The dose of these medications may need to be reduced.

QTc prolongation Use of ranolazine is contraindicated in patients with pre-existing QTc prolongation.
Use of ranolazine is contraindicated in patients receiving other QTc prolonging medications.

anginal symptoms. Because of the lack of hemodynamic ef-
fects, ranolazine is a reasonable option for A.E., in addition to
continuing metoprolol. A long-acting nitrate is also an option,
but this could lower his blood pressure more than is desired. A
CCB should not be given because A.E. has evidence of poorly
controlled heart failure (EF of 30%). His initial dose of ra-
nolazine should be 500 mg orally two times/day and titrated
up to 1,000 mg twice daily if needed for additional efficacy.

29. Is ranolazine safe for long-term use in A.E.?

Initial information regarding the safety of ranolazine in pa-
tients with longer drug exposure came from the Ranolazine
Open Label Experience (ROLE) program,93 which followed
patients from the MARISA and CARISA trials who contin-
ued participation in an open-label extension program. A total
of 746 patients initially entered the 6-year run-on safety pro-
gram. At the time of publication, the mean duration of therapy
was 2.82 years, with 23.3% of patients discontinuing therapy.
One-half of the withdrawals were because of adverse events,
but the incidence of common adverse effects did not seem to
change from that seen in the randomized portions of the clinical
trials. Mortality rates at both 1 year (2.8%) and 2 years (5.6%)
indicate no adverse risk of ranolazine on overall mortality.

Additional safety data are now available from the Metabolic
Efficiency with Ranolazine for Less Ischemia in Non–ST-
Elevation Acute Coronary Syndrome (MERLIN)-TIMI 36
trial.94 Patients in the MERLIN trial were randomly assigned
to ranolazine or placebo in the setting of non–ST-segment
ACS. Ranolazine was administered as an IV infusion for 12
to 96 hours, then converted to 1,000 mg twice daily. Patients
were assessed for clinical endpoints during the acute hos-
pitalization, then every 4 months thereafter. Treatment was
continued for a median of 348 days. The primary endpoint
of the trial (cardiovascular death, MI, or recurrent ischemia)
trended lower with patients on ranolazine, but was not sta-
tistically significant (23.5% placebo, 21.8% ranolazine, P =
0.11). The incidence of recurrent ischemia was significantly

reduced, however, with ranolazine (4.2% vs. 5.9%, P = 0.02),
providing additional support for the efficacy of ranolazine in
treating chronic stable angina. Although ranolazine appeared
to offer no benefit in the setting of ACS, significant long-term
safety data were seen in the trial. Importantly, the risk of mor-
tality, sudden cardiac death, or symptomatic arrhythmias was
not increased with ranolazine versus placebo. In fact, the in-
cidence of arrhythmias in the first 7 days as documented by
Holter monitor was significantly lower with ranolazine than
with placebo.95 This was an important finding given ranolazine
produces a dose-dependent increase in the QT interval.16,83 As
QT prolongation activity has been associated with proarrhyth-
mia in other medications, results from the MERLIN trial are
reassuring that ranolazine appears to be safe to use for chronic
treatment of patients with stable angina.

30. Are there special considerations for the use of ranolazine
in A.E.?

Although ranolazine is a promising new option in the treat-
ment of chronic stable angina, careful patient selection is re-
quired for the drug to be used safely and effectively. Table 16-7
summarizes significant issues which should be evaluated when
the drug is being considered for a patient. For A.E., the main
issues are the potential for ranolazine to increase plasma con-
centrations of both simvastatin (twofold increase) and digoxin
(1.5 times increase). A.E. should be monitored closely for pos-
sible increased adverse effects from both simvastatin (myal-
gias, liver toxicity), as well as digoxin (heart block, GI
intolerance) after the initiation of ranolazine. The dose of each
medication ultimately may need to be decreased.

VASCULOPROTECTIVE DRUG THERAPY
Angiotensin-Converting Enzyme Inhibitors

31. E.R., a 62-year-old woman with a long history of angina
pectoris, has survived one out-of-hospital cardiac arrest and two
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MIs. She is not considered a surgical candidate for CABG because
of severe COPD. Her current medications include oral isosorbide
mononitrate 60 mg every day, oral metoprolol 50 mg BID, oral dil-
tiazem CD 240 mg every day, fluticasone two puffs BID, albuterol
two puffs as needed (PRN), NTG spray 0.4 mg PRN chest pain,
and enteric-coated aspirin 325 mg/day. Would the addition of an
ACE inhibitor be beneficial for E.R. at this time?

Historically, ACE inhibitors have not been thought of as
having anti-ischemic properties. Recent information indicates,
however, that ACE inhibitors have a prominent role in the over-
all treatment of patients with CAD.

As a class, ACE inhibitors have demonstrated signifi-
cant benefits on morbidity and mortality in a number of pa-
tient groups, such as those with HF, acute MI, and diabetes
mellitus.96 Interest in these agents for the treatment of chronic
angina stems from results of studies investigating ACE in-
hibitors in patients with HF. Overall, ACE inhibitors decreased
the risk of MI by approximately 23% in patients with HF.97,98

This set the stage for the investigation of ACE inhibitors in
patients with CAD who do not have LV dysfunction or who
are status post MI.

In a large, randomized, placebo-controlled trial of 9,297 pa-
tients with chronic CAD and no HF (the HOPE study), ramipril
significantly decreased the incidence of death, MI, stroke, need
for revascularization, and worsening angina. All patients were
on appropriate medical therapy for angina, and the benefit
appeared to be independent of any antihypertensive effect of
ramipril in the treatment group.99 Although the direct mech-
anism of action is unclear, it is thought that ACE inhibitors
have a number of beneficial effects relative to the atherosclero-
sis process. These include antagonizing the growth-mediating
properties of angiotensin-2 on smooth muscle cells, prevent-
ing the rupture of atherosclerotic plaques by reducing inflam-
mation, reducing LV hypertrophy, and improving endothelial
function.100

The results of the European trial on reduction of car-
diac events with perindopril in stable coronary artery disease
(EUROPA) replicated the benefits seen in the HOPE study
with the administration of perindopril in 12,218 patients with
stable coronary heart disease and no apparent heart failure.
Perindopril use (target dose 8 mg every day) for an average of
4.2 years resulted in a 20% relative risk reduction in the com-
bined incidence of cardiovascular death, myocardial infarction,
or cardiac arrest.101 The results of the Prevention of Events
with Angiotensin Converting Enzyme Inhibitors (PEACE),
however, did not produce similar results as the HOPE and
EUROPA trials. In PEACE, the addition of trandolapril 4
mg/day to standard therapy in patients with CAD did not reduce
the rate of the primary endpoint, a composite of cardiovascular
death, MI, or coronary revascularization.

Several plausible explanations exist for the different results
seen in these three trials. The first is that patients in the PEACE
trial appeared to be at much lower risk for a cardiovascular
event than the patients enrolled in HOPE and EUROPA as evi-
denced by an event rate in the placebo group in PEACE that was
lower than the treatment arm of the HOPE trial. Furthermore,
patients in the PEACE trial were in general receiving more
intensive risk factor modification as compared with those in
the other two trials. Secondly, an inherent difference may exist
in the three ACE inhibitors used, or the dosages used in the

clinical trials. The results of the PEACE trial call into question
whether all patients with CAD should receive an ACE inhibitor.
ACE inhibitors are well established in the treatment of patients
with HF, MI, and diabetes, however, so it is certainly prudent
to treat patients with stable angina and the other compelling
indications with an ACE inhibitor.36

While in theory angiotensin-receptor blockers (ARBs)
should produce the same beneficial effects as ACE inhibitors in
patients with atherosclerosis, there are no clinical trials avail-
able documenting whether this is indeed true. However, given
the similar results ARBs have shown to ACE inhibitors in pa-
tients with HF and post-MI, and the significant beneficial ef-
fects with ARBs seen in treating patients with hypertension
and diabetes, the administration of an ARB in patients with
CAD and intolerance to ACE inhibitors seems reasonable.36

Antiplatelet Therapy
Aspirin

32. E.R. is taking enteric-coated aspirin every day. She wants
advice to why she is being given this drug and if it is safe for her
stomach. What is the most appropriate dose?

Platelet activation produces coronary occlusion either by
formation of a platelet plug or through release of vasoac-
tive compounds from the platelets. Two indices of platelet
activity that have been studied intensely in patients with
CAD are thromboxane A2 and prostacyclin. Thromboxane
A2 is a cyclooxygenase-catalyzed product of arachidonic
acid metabolism and a potent vasoconstrictor. Prostacyclin
(PGI2), another arachidonic acid metabolite produced under
the influence of cyclooxygenase, counterbalances the effect
of thromboxane A2. It is a potent inhibitor of platelet aggre-
gation and a vasodilator. Although PGI2’s production is in-
creased in USA and acute MI, the amount produced is insuf-
ficient to fully offset the effects of elevated thromboxane A2
levels.102

The mechanism of action for aspirin’s antiplatelet effect
is inhibition of cyclooxygenase (see Chapter 15, Thrombosis).
By acetylating the active site of cyclooxygenase, aspirin blocks
the formation of prostaglandin endoperoxides from arachi-
donic acid. This inhibits the formation of both thromboxane
and prostacyclin. Researchers have tested various aspirin doses
hoping to find a dose that inhibits thromboxane synthesis but
does not inhibit formation of prostacyclin. A single 100-mg
aspirin dose virtually eliminates thromboxane A2 production,
whereas doses below 100 mg result in a dose-dependent re-
duction in thromboxane A2 synthesis. Therapeutic benefit has
been demonstrated with doses as low as 30 mg/day.103

Recent research has attempted to determine the effect of as-
pirin doses on the thromboxane A2 to PGI2 balance. PGI2 pro-
duction recovers within hours of aspirin administration because
the endothelial cell can resynthesize cyclooxygenase. In con-
trast, the inhibition of platelet cyclooxygenase is irreversible.
Selective inhibition of platelet-generated thromboxane A2 syn-
thesis has been shown with 75 mg of controlled-release as-
pirin daily.102–104 This aspirin formulation undergoes extensive
first-pass metabolism forming salicylic acid, a weak and re-
versible cyclooxygenase inhibitor. Theoretically, administra-
tion of 75 mg aspirin daily in a controlled-release formulation
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may selectively spare vascular endothelial PGI2 production,
but at the same time still inhibit platelet cyclooxygenase. Con-
trolled clinical trials on this proposed aspirin dosage regimen
are lacking, however. Therefore, the proposed biochemical se-
lectivity of aspirin on platelet function versus the vascular en-
dothelium is difficult to achieve clinically.

Because of the lack of precise understanding of the phar-
macodynamic effect of aspirin, it is not surprising that con-
troversy exists regarding the optimal dose of aspirin to be
used in patients with angina, as well as post-MI and as sec-
ondary prevention of stroke. It has been believed that higher
doses of aspirin would produce a higher level of efficacy than
low doses; however, all available literature indicates that low
dosages of aspirin (75–325 mg/day) are as effective as higher
dosages (625–1,300 mg/day) in the treatment of patients with
angina.104 Conversely, as the aspirin dosage increases, the in-
cidence of adverse effects, especially GI bleeding, increases as
well. Therefore, current guidelines recommend a daily dosage
of 75 to 162 mg orally for the prevention of MI and death
in patients with CAD.104 Given this information, E.R. should
be advised to lower her daily dose of aspirin to 81 mg/day to
maintain efficacy but decrease the risk of adverse effects.

Aspirin remains the most commonly prescribed antiplatelet
agent for the treatment of cardiovascular disease. Essentially
all patients with a history of angina or CAD, especially if they
have also experienced an MI, should take aspirin daily. Fur-
ther discussions of aspirin use in the secondary prevention
of MI, combined therapy with thrombolytics in the treatment
of acute MI, atrial fibrillation, prosthetic valves, and postop-
erative CABG are discussed in Chapter 17, Myocardial In-
farction, Chapter 15, Thrombosis, and Chapter 19, Cardiac
Arrhythmias. Aspirin also is a key drug in treating cerebrovas-
cular disease as presented in Chapter 51, Cerebrovascular
Disorders.

Clopidogrel

33. As noted in Question 31, E.R. was taking 325 mg/day of
enteric-coated aspirin. This was later reduced to 81 mg/day based
on the discussion above. Last week she was hospitalized for rapidly
worsening angina, diagnosed as unstable angina. She is being dis-
charged today with a new prescription for oral clopidogrel 75 mg
every day. Is the combined use of aspirin and clopidogrel appro-
priate? How long should clopidogrel be continued?

Clopidogrel (Plavix), a thienopydridine, inhibits platelet
function in vivo. Its mechanism of action has not been identi-
fied, although it appears to be a noncompetitive antagonist of
the platelet adenosine diphosphate (ADP) receptor. Stimula-
tion of the ADP receptor produces platelet activation similar
to thromboxane A2. Clopidogrel at a dosage of 75 mg orally
every day was demonstrated in one study to be slightly more
effective than aspirin in the secondary prevention of MI and
death in patients with various manifestations of atherosclerotic
vascular disease.105 The magnitude of difference in benefit seen
with clopidogrel was quite small and not sufficient to justify its
broad scale use in the treatment of CAD. Based on this study,
the role of clopidogrel historically was to serve as an alterna-
tive antiplatelet agent in patients with a true contraindication
to aspirin and it is still used in this fashion.1,2,33

The combination of aspirin and clopidogrel was compared
with aspirin alone in patients with acute coronary syndromes
without ST-segment elevation in the CURE study. Patients re-
ceived combination antiplatelet therapy acutely while in the
hospital and continued it for an average of 9 months. The
combination of aspirin and clopidogrel significantly reduced
the occurrence of death from cardiovascular causes, nonfatal
MI, or stroke.106 The results of the CURE study were con-
firmed in the Clopidogrel for Results of Events During Ob-
servation (CREDO) trial where patients with acute coronary
syndromes who were treated with percutaneous coronary in-
tervention with stent placement received aspirin plus clopi-
dogrel acutely in the hospital and then for 1 year. Patients
receiving both aspirin and clopidogrel for 1 year had a lower
incidence of death, MI, and stroke in comparison to patients
who only received aspirin.107 Based on the results of these two
studies, it appears appropriate for E.R. to receive the combi-
nation of aspirin and clopidogrel for up to 1 year after her
recent episode of ACS. The occurrence of bleeding should be
closely monitored because bleeding events were significantly
increased in patients receiving combined antiplatelet therapy in
both the CURE and CREDO study.106,107 Dual therapy with as-
pirin and clopidogrel has not been investigated beyond 1 year;
therefore, the combination should be limited to a duration of
1 year in patients who have experienced an acute coronary
event.

Given the beneficial effects seen in patients with recent
ACS, as well as data supporting the use of dual antiplatelet
therapy in patients with PCI plus stent placement, investiga-
tors hypothesized that dual therapy with aspirin plus clopido-
grel would be superior to aspirin in the treatment of chronic
stable CAD. In the Clopidogrel for High Atherothrombotic
Risk and Ischemic Stabilization, Management, and Avoidance
(CHARISMA) trial, 15,063 patients with documented vascu-
lar disease (CAD, cerebrovascular, peripheral arterial disease),
or no documented vascular disease but with multiple cardio-
vascular risk factors, were assigned to aspirin alone or aspirin
plus clopidogrel for an average of 28 months duration.108,109

Unlike the results from ACS studies, however, the combination
of aspirin plus clopidogrel did not reduce the incidence of the
primary endpoint (risk of death, MI, stroke, or coronary revas-
cularization) as compared with aspirin alone. In a secondary
analysis of patients who entered the trial with documented vas-
cular disease, dual therapy did produce statistically significant
reductions in the primary endpoint as compared with aspirin.
Further trials should be conducted, however, to further eluci-
date the role of dual antiplatelet therapy outside the setting of
ACS or PCI, and at this time combination therapy cannot be
recommended as treatment strategy for patients with chronic
stable CAD.

Ticlopidine (Ticlid) is a related thienopyridine antiplatelet
agent that is similar to clopidogrel in both structure and mech-
anism of action and is a potential alternative to aspirin for E.R.
Ticlopidine compares unfavorably with clopidogrel, however,
because of a lack of any data examining its use in ischemic
heart disease (IHD) and its side effect profile. Of particular
concern is a roughly 2% incidence of neutropenia, which may
be life-threatening.102 Because of these factors, ticlopidine
should not be considered as a potential alternative to aspirin
now that clopidogrel is available.
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Oral anticoagulation with warfarin represents another alter-
native to aspirin in patients with angina. Although the efficacy
of warfarin (international normalized ratio [INR] 2.0–3.0) ap-
pears to be similar to aspirin in the prevention of MI and death,
the need for monitoring and the risk of bleeding relegate this
mode of therapy as second line behind antiplatelet strategies.33

Primary Prevention

34. E.R. returns to the pharmacy 1 week later with her brother
who wants to know if he should be taking an aspirin a day to
prevent heart disease. His only medical history consists of hy-
pertension for which he is taking oral hydrochlorothiazide 25 mg
every day. Is primary prevention of CAD with aspirin appropriate
for E.R.’s brother?

The question of whether aspirin is valuable in the primary
prevention of cardiovascular events has been debated for more
than 20 years. Meta-analyses indicate that aspirin reduces the
risk of a serious vascular event (nonfatal MI, nonfatal stroke,
or death from vascular causes) by 25%; however, low-dose
aspirin also doubles the risk of major extracranial bleeding
(mostly GI), including hemorrhagic stroke. As these propor-
tional changes for both efficacy and safety apply to any given
category of patients with vascular disease, the absolute risk-
to-benefit ratio for aspirin in the primary prevention arena
will depend on the overall absolute risk of vascular ischemic
events.110,111

In 2002, the U.S. Preventative Services Task Force devel-
oped guidelines for aspirin use in primary prevention based on
the results of five large randomized studies.112 In patients who
have a high risk of developing cardiovascular disease (>1.5%
per year), the benefits of aspirin in preventing cardiovascu-
lar events far outweigh the bleeding risks. In patients at low
risk (<0.6% per year), the risk of bleeding events negates any
potential benefit in cardiovascular outcomes. Patients at inter-
mediate risk (0.6%–1.4% per year) derive some benefit in pre-
venting cardiovascular events. The magnitude of benefit is not
sufficiently large, however, to recommend routine administra-
tion of aspirin for primary prevention. In these circumstances
patients should be informed about the risks and benefits of
aspirin use to make an informed decision about whether they
wish to take aspirin to prevent the occurrence of cardiovas-
cular disease.112 The recommendations from the U.S. Preven-
tative Services Task Force are consistent with recommenda-
tions from the American College of Cardiology (ACC), Amer-
ican Heart Association (AHA), American College of Chest
Physicians (ACCP), and the American Diabetes Association
(ADA).111

Recently, the value of aspirin for primary prevention of CAD
in women has come under question owing to the overall results
of the Women Health Study which did not find a statistically
significant reduction in the composite outcome of nonfatal MI,
nonfatal stroke, or death.113 A statistically significant reduction
in the risk of ischemic stroke was found, however. A recent
meta-analysis that included 51,342 women and 44,114 men
found that low-dose aspirin reduced the risk of a composite
of cardiovascular events (MI, stroke, cardiovascular mortality)
in both men and women. In men, the primary benefit was a

reduction in first time MI, whereas a reduction of first time
ischemic stroke was observed in women.114

For E.R.’s brother, the first step is to calculate what is his
risk of developing cardiovascular disease. This can be done
by using a validated risk assessment scoring system, such as
the Framingham risk score (see Chapter 12, Dyslipidemias,
Atherosclerosis, and Coronary Heart Disease).111 Once his
risk is known, an appropriate recommendation can be made
regarding his use of aspirin for primary prevention.

Drug Interactions with Nonsteroidal
Anti-Inflammatory Drugs

35. During the discussion with E.R. regarding her brother, she is
noticed buying a bottle of over-the-counter ibuprofen. On further
questioning, it is learned that E.R. suffers from occasional back
and knee pain and uses ibuprofen three to five times a week for
pain relief. How should E.R. be educated on regarding the use of
ibuprofen and aspirin concomitantly?

In 2006, the FDA released a warning statement on the con-
comitant use of both aspirin and ibuprofen. The impetus for
the statement was the growing recognition that nonsteroidal
anti-inflammatory drugs (NSAIDs), in particular ibuprofen,
may attenuate the antiplatelet effects of low-dose aspirin. This
FDA warning was then followed by an updated scientific state-
ment from the AHA.115 The mechanism behind this interaction
is that both aspirin and nonselective NSAID bind to the same
acetylation sites of the cyclo-oxygenase enzyme. Although as-
pirin does this in a nonreversible fashion, binding by an NSAID
occurs in a reversible fashion. If an NSAID, such as ibuprofen,
is present, aspirin will be unable to bind to its site of action,
and will be rapidly cleared from the plasma. The result is the
patient will not receive the antiplatelet benefit of aspirin.

E.R. should be counseled on the nature and consequences
of the interaction between her low-dose aspirin and ibupro-
fen. Additionally, if she can avoid or at least minimize (both
dose and duration) the use of ibuprofen, the effect on her car-
diovascular health would be optimized. If occasional use of
ibuprofen cannot be avoided, it should be administered in such
a fashion as to minimize the potential for interacting with her
low-dose aspirin. This would include taking ibuprofen at least
2 hours after her daily dose of aspirin, as well as taking her daily
aspirin dose at least 8 hours after the last dose of ibuprofen. Al-
though similar concerns exist for other nonselective NSAIDs
(naproxen, diclofenac), no formal recommendations exist on
how to manage concomitant use of these agents with aspirin.

Hormone Replacement Therapy

36. E.R. returns to the pharmacy 4 months later to obtain refills
of her isosorbide mononitrate, metoprolol, diltiazem, albuterol,
lisinopril, and clopidogrel. She mentions that a few years back she
remembers that her mother was put on estrogen by her doctor to
help prevent heart disease and is wondering if she should be on
estrogen replacement as well?

Epidemiologic evidence initially supported the notion
that hormone replacement therapy (HRT) in postmenopausal
women would prevent cardiovascular events. When put to the
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test of a randomized, placebo-controlled trial, the benefits of
HRT on cardiovascular disease, however, were not seen and
potential harm was noted.116,117 One of these studies was the
Women’s Health Initiative (WHI), which sought to answer the
question of whether administering estrogen alone (in women
without a uterus) or estrogen plus progesterone (in women with
a uterus) would prevent the development of CAD in healthy
(without history of CAD) postmenopausal women. Unexpect-
edly, a 29% increase was found in the incidence of CAD in
those women on estrogen plus progesterone compared with
placebo after an average treatment duration of 5 years. No in-
crease was noted in women on estrogen alone; that part of the
trial is still ongoing.118 Based on the negative results seen in
clinical trials of HRT, the AHA released a specific recommen-
dation in 2001 not to initiate HRT for prevention of cardiovas-
cular disease.33,119,120

Recent information indicates, however, that HRT may
have varying effects, depending on the age and time from
menopause for women.121 When the WHI trial was analyzed
in terms of timing of HRT initiation, women in whom HRT
was started in close proximity to menopause actually derived
a cardiovascular benefit. If HRT was initiated at a time re-
mote from menopause, an increase in cardiovascular events
was noted. The results from this analysis need to be confirmed
in an appropriately designed trial, but it may be plausible that
HRT is safe to use in the first few years after menopause
for other indications without any increased risk of cardio-
vascular events. In the case of E.R., because she is 62 years
of age and likely more then 10 years past menopause, she
should be educated that the current body of knowledge does
not support the use of HRT in the treatment of cardiovascular
disease.

VARIANT ANGINA (CORONARY ARTERY SPASM)
Clinical Presentation

37. A.P., a 35-year-old woman, is hospitalized for evaluation
of severe chest pain, which occurs almost daily at about 5 AM.
A.P. ranks the severity of pain as 7 to 8 on a scale of 1 to 10. It
is associated with diaphoresis and is not relieved by change in
position. A.P. has no cardiovascular risk factors, and her hobbies
include triathlon competition and rock climbing, neither of which
has caused chest pain. She follows a strict vegetarian diet and takes
no medications. Admission ECG reveals sinus bradycardia at 56
beats/minute. Serum electrolytes, chemistry panel, and cardiac
enzymes are all within normal limits.

At 6 AM the next morning, A.P. is awakened abruptly by se-
vere chest pain. Her vital signs include the following: heart rate,
55 beats/minute; supine BP, 110/64 mmHg; and respiratory rate,
12 breaths/minute. An immediate ECG shows sinus bradycardia
with marked ST-segment elevation. The pain is relieved within
60 seconds by one NTG 0.4-mg sublingual tablet. During the day,
she completes an exercise tolerance test without complication or
evidence of CAD.

On the second day, A.P. undergoes cardiac catheterization, and
no coronary atherosclerosis is visualized. An ergonovine provo-
cation test is performed during cardiac catheterization. At 3-
minute intervals, escalating IV ergonovine maleate bolus doses
are given: 0.05, 0.10, and 0.25 mg. After the 0.25-mg dose, A.P. de-

velops severe chest pain associated with an ST-segment elevation
of 0.3 mV. The cardiologist observes almost complete vasospasm
of the RCA and immediately injects 200 mcg NTG into the coro-
nary artery along with administering two lingual sprays of NTG.
A.P.’s chest pain resolves within 60 seconds, and the ECG nor-
malizes within 3 minutes. A.P. is diagnosed as having Prinzmetal’s
variant angina. Discharge medications include oral amlodopine
10 mg every day at 11 PM and NTG lingual spray 0.4 mg PRN
chest pain. Is A.P.’s presentation typical for Prinzmetal’s variant
angina?

A.P. presents with a classic picture of variant (Prinzmetal’s)
angina, with transient total occlusion of a large epicardial coro-
nary artery as a result of severe segmental spasm. Clinical
manifestations include chest pain occurring at rest, often in the
morning hours. As with A.P., patients with Prinzmetal’s variant
angina generally are younger than patients with chronic stable
angina and do not carry a high-risk profile. Other vasospastic
disorders, such as migraine attacks or Raynaud’s phenomenon,
may be present; smoking and alcohol ingestion can be impor-
tant contributing factors.122

The hallmark of variant angina is ST-segment elevation
on the ECG, which denotes rapid and complete occlusion of
the coronary artery. Many patients also have asymptomatic
episodes of ST-segment elevation. Transient arrhythmias and
conduction disturbances may be observed during pain, depend-
ing on the severity of the myocardial ischemia. In contrast to
chronic stable angina in which the heart rate–BP product of-
ten is elevated with pain, no hemodynamic factors appear to
contribute to Prinzmetal’s variant angina.122

As documented by angiography, A.P. has vasospasm of the
large RCA. This transient, reversible narrowing probably is
caused by increased coronary vascular resistance. It can occur
in the absence of atherosclerosis, as illustrated by A.P., or it
can occur in the presence of CAD. One possible explanation
for vasospasm occurring more commonly at night or during the
early morning hours is increased vasomotor tone secondary to
diurnal variations in catecholamines.

Ergonovine Stimulation Test

38. Why was the ergonovine test used? Was intracoronary NTG
necessary to reverse the effects of ergonovine?

Because Prinzmetal’s variant angina does not occur pre-
dictably, spasm must be induced under controlled circum-
stances. Ergonovine maleate, an ergot alkaloid that stimu-
lates α-adrenergic and serotonergic receptors, exerts a direct
vasoconstrictive effect on the vascular smooth muscle. The
ergonovine maleate provocation test is highly specific and sen-
sitive, especially in patients with normal coronary arteries.
The risks of the test, which often discourage some physicians
from using ergonovine, include arrhythmias (heart blocks,
ventricular tachycardia, ventricular fibrillation) and possible
MI.122

The vasospasm induced by ergonovine should be reversed
promptly. Although sublingual NTG tablets or lingual spray
might relieve the episode, the coronary vasospasm could be
unresponsive to these agents. Direct injection of NTG into
the coronary arteries immediately reverses the vasoconstrictor
action of ergonovine.
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Therapy

39. Oral amlodopine 10 mg every day was ordered for A.P.
Would long-acting nitrates or β-adrenergic blockers be alterna-
tives to amlodopine for A.P.? Is one CCB preferable to another
for treatment of Prinzmetal’s variant angina?

Because of their antispasmodic effects and low incidence
of side effects, CCBs are generally selected over nitrates or
β-blockers for nocturnal vasospastic angina. All CCBs appear
equally effective in preventing Prinzmetal’s variant angina.122

Intrinsically long-acting or SR forms are preferred, however,
and some patients may respond better to one agent than to
another.

In patients who continue to experience pain using maxi-
mal CCB doses, combination therapy with a nitrate should be
tried.122 Nitrates cause vasodilation by a different mechanism
than CCBs and are effective in treating Prinzmetal’s variant
angina.122 To avoid tolerance, the nitrate-free interval for A.P.
should be scheduled during the day so that the early morning
hours when vasospasm occurs are covered by NTG. For ex-
ample, if needed, A.P. could apply a transdermal NTG patch
at bedtime and remove it on awakening. Aspirin therapy is
indicated for A.P.

β-Blockers are likely to worsen A.P.’s angina because block-
ade of the β2-receptors that mediate vasodilation may allow
unopposed α1-mediated vasoconstriction. A cardioselective β-
blocker also could worsen Prinzmetal’s variant angina. There-
fore, a CCB or nitrate is preferable.

40. Will A.P. require treatment for the remainder of her life?

During the first year of therapy, up to 50% of patients ex-
perience spontaneous remission by an unknown mechanism.
This occurs most often in patients who have had a short du-
ration of symptoms or who have normal or mildly diseased
coronary arteries (i.e., isolated vasospasm without atheroscle-
rosis). If A.P. is pain free and not experiencing significant ar-
rhythmias or silent ischemic episodes of Prinzmetal’s angina
after 1 year, amlodopine could be tapered and discontinued.
It is also possible, however, that she will require treatment in-
definitely. Modification of smoking and ethanol ingestion may
promote remission of Prinzmetal’s angina.122

41. Can variant angina lead to acute MI or death?

Variant angina, particularly in patients with multivessel
coronary artery spasm, can lead to acute MI or death. In a
study of 159 consecutive patients with variant angina in Japan
who required hospitalization, 76% of patients experienced a
cardiac event (acute MI in 19 patients, sudden death in 5 pa-
tients, and coronary artery bypass graft in 1 patient) within 1
month of onset of angina.122 These patients had greatly im-
proved outcomes if treated aggressively with calcium antago-
nists, nicorandil, and NTG infusion during the early stages. If
variant angina persisted, revascularization of coronary arteries
with underlying critical lesions was indicated.

MICROVASCULAR ISCHEMIA (SYNDROME X)

42. K.G., a 50-year-old female executive, has undergone an ex-
tensive cardiovascular workup for exertional angina associated
with a 3-mm ST-segment depression. A recent cardiac catheteri-

zation did not reveal any atherosclerosis, and an ergonovine stim-
ulation test did not produce observable coronary vasospasm. The
cardiologists believe K.G. has microvascular ischemia. What drug
therapy might be indicated for K.G.?

Syndrome X, increasingly known as microvascular angina,
is a syndrome of angina or anginalike chest pain in the setting of
a normal coronary arteriogram. Several theories exist regard-
ing the mechanism of pain production, including microvascular
dysfunction producing ischemia or chest discomfort without
ischemia in patients who may have an abnormal perception of
pain. Microvascular dysfunction can be the result of either di-
minished responsiveness to vasodilating stimuli (e.g., endothe-
lia relaxation factor [NO], kinins, atrial natriuretic peptide or
prostaglandin I2) or increased sensitivity to vasoconstricting
stimuli (e.g., catecholamines, vasopressin, angiotensin-2 or
thromboxane A2). Patients who display a heightened percep-
tion of pain may have an awareness of pain in response to
atrial stretch or changes in heart rate. Ischemia is not univer-
sally present in patients with syndrome X; therefore, differ-
ent mechanisms may be responsible for symptoms in different
patients.3,123

Microvascular angina differs substantially from variant
angina. Although spasm-causing variant angina may be vis-
ible with coronary angiography, the microvascular coronary
circulation is not visible. The changes in coronary artery tone
are in the distal coronary arteries and perhaps the collateral
vessels. Some patients with microvascular ischemia have other
smooth muscle disorders, such as esophageal motility disor-
ders. A definite link is found between coronary vasoconstric-
tion and mental or psychological stress.3

By symptoms alone, K.G.’s presentation does not signifi-
cantly differ from that of a patient with exercise-induced angina
secondary to atherosclerosis. Of concern is the finding of a 3-
mm ST- segment depression on K.G.’s ECG, which raises con-
cern of severe CAD. The negative findings from her cardiac
catheterization and ergonovine stimulation testing, however,
rule against both CAD and coronary artery spasm as a cause
of her symptoms, and help to confirm the diagnosis of syn-
drome X. Overall, the prognosis for patients with syndrome X
appears to be good. Long-term survival is no different from
age-matched controls. Most patients, however, continue to ex-
perience symptoms and control of anginal pain is the main goal
in therapy.3

Treatment with a nitrate, CCB, or β-blocker all appear to
offer some relief, but overall the response to therapy in these
patients is poor. The choice of agent will likely depend on
specific patient characteristics. Sublingual NTG, however, is
often ineffective at treating acute attacks, although it should
still be prescribed.

SILENT MYOCARDIAL ISCHEMIA
Definition

43. Y.G., a 60-year-old man who has had his first complete phys-
ical examination in 12 years, is found to have Q waves on ECG,
indicating a previous MI. Physical findings are normal except for
borderline LV hypertrophy. Abnormal laboratory studies include
moderately elevated total serum cholesterol and TG. His medi-
cal history is remarkable for hypertension controlled with oral
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hydrochlorothiazide 25 mg every day. Y.G. does not recall ever
experiencing angina, nor has he ever been told he had a heart
attack. What characteristic syndrome does Y.G. exhibit, and how
does it differ from angina pectoris?

Y.G. had a silent MI, often the first indicator of silent my-
ocardial ischemia.5 Silent myocardial ischemia is unrecog-
nized by the patient because there are no symptoms of angina. It
can occur in totally asymptomatic persons (type 1), in asymp-
tomatic postinfarction patients (type 2), and in patients with
angina (type 3).124 The prevalence of silent myocardial is-
chemia is difficult to estimate because it often is undetected. An
estimated 1 to 2 million totally asymptomatic men have silent
myocardial ischemia, and approximately 50,000 new cases of
postinfarction silent ischemia occur each year. Most patients
with angina also appear to have episodes of silent ischemia,
with the silent episodes occurring two to three times more
often than the anginal episodes. The pathogenesis of silent is-
chemia is not fully defined. An abnormality in pain threshold
may exist so that the anginal warning system is not triggered,
or it may represent varying activation of coronary vasomotor
tone or platelet activity.3

Prognosis

44. What is Y.G.’s prognosis?

Y.G.’s prognosis depends on the extent of his underlying
CAD, ventricular function, and arrhythmia status. If Y.G. has
multivessel disease, he is more likely to develop adverse car-
diac events (reinfarction, unstable angina, sudden death) than
if he has single-vessel disease. Silent myocardial ischemia is
especially ominous in patients with unstable angina.124

Diagnosis

45. What diagnostic tests will be used to evaluate Y.G.’s total
ischemic burden both before and after therapy is started?

The total ischemic burden, the sum of painful and painless
ischemic episodes that occur, is assessed with exercise testing
and 24-hour ambulatory electrocardiographic (Holter) moni-
toring. Both tests measure ST-segment depression, the usual
abnormal ECG response to ischemia. ST-segment depression
>2 mm at low levels of exercise or ST-depression with hy-
potension or arrhythmias is a strong indicator of disease. Ra-
dionuclide procedures help confirm ECG responses.124

Management

46. What management goals and techniques are likely to apply
to Y.G.?

Treatment of patients with silent myocardial ischemia is un-
resolved, but modification of risk factors is mandatory. Y.G.’s
cholesterol and hypertension should be corrected and the aim
of pharmacotherapy is to abolish all ECG evidence of ischemia.
The same drugs used to treat angina (nitrates, β-blockers,
CCBs, and aspirin) also prevent silent myocardial ischemia if
used at sufficiently high doses or in appropriate combinations.
β-Blockers may be the most effective agents in decreasing the
episodes of silent ischemia. Calcium antagonists are useful, but

dihydropyridines are less efficacious than verapamil and dil-
tiazem. Aspirin and nitrates also are key therapies in treating
silent myocardial ischemia. Each patient requires careful titra-
tion to reduce both symptomatic and asymptomatic ischemic
episodes. Although many questions remain unanswered about
silent myocardial ischemia, it is no longer acceptable to treat
painful ischemic episodes only.3,124

REVASCULARIZATION
Percutaneous Coronary Intervention

47. T.T., a 54-year-old man, had a recent onset of angina that
was precipitated by exertion. His current medications include oral
isosorbide mononitrate 30 mg every day, oral atenolol 50 mg every
day, NTG SL 0.4 mg PRN for chest pain, and enteric-coated as-
pirin 81 mg/day. After discussions with his cardiologist, he elects
to undergo revascularization with PCI for symptom relief. What
is the current standard for prevention of acute complications
during PCI?

Percutaneous coronary intervention (PCI), also known as
angioplasty, involves the percutaneous insertion of a balloon
catheter into the femoral artery in a similar fashion to angiog-
raphy. The catheter is advanced up the aorta and into the coro-
nary arteries at the coronary sinus. PCI, which was introduced
in 1977, initially involved the inflation of a catheter-borne
balloon that mechanically dilated a coronary artery obstruc-
tion through arterial intimal disruption, plaque fissuring, and
stretching of the arterial wall. Balloon inflations were repeated
until the plaque was compressed and coronary blood flow re-
sumed. Since then, alternative devices have been developed,
including rotational blades designed to remove atheromatous
material, lasers to ablate plaques, and intracoronary stents that
are designed to maintain the patency of the vessel after it is
reopened.125 Stents can be of the bare metal (BMS) variety,
or contain a drug impregnated on the surface of the stent to
prevent restenosis (drug-eluting stent or DES). It is estimated
that more than 1,265,000 PCI procedures are performed in the
United States each year. An overwhelming majority of these
procedures involve placement of a BMS or DES (Fig. 16-5).
PCI is indicated in patients with single- or multivessel disease
and who are either symptomatic or asymptomatic.125,126

Because of mechanical disruption of the atherosclerotic
plaques and exposure of plaque contents to the bloodstream
during PCI, potent antiplatelet and antithrombotic strategies
are needed to prevent acute thrombotic events such as MI and
death. Initially, strategies involved the use of high-dose un-
fractionated heparin and aspirin. Current strategies involve the
administration of aspirin, clopidogrel, an antithrombin agent,
as well as a glycoprotein (Gp) IIb/IIIa receptor antagonist in
selected patients. In patients not taking aspirin on a daily basis,
300 to 325 mg of aspirin should be given at least 2 hours be-
fore the procedure. Patients currently on daily aspirin therapy
should receive 75 to 325 mg of aspirin before PCI is performed.
A 600-mg loading dose of clopidogrel on or before the time
of the procedure is currently recommended, producing an an-
tiplatelet action within 2 hours.11,126

With the development of the Gp IIb/IIIa receptor antago-
nists, significant improvements were made in patient outcomes
during and after PCI.126 Currently, three agents are available
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FIGURE 16-5 Vascular stent. A: A balloon catheter po-
sitions stent at site of arterial stenosis. B: inflation of
balloon dilates artery and expands stent. C: balloon
is collapsed and withdrawn, leaving expanded stent
in position. (Illustration by Neil O. Hardy, Westpoint,
Conn.)

in the United States (Table 16-8). Abciximab, a human-murine
monoclonal antibody fragment, was the first agent available.
Subsequently epitifibatide (cyclic heptapeptide) and tirofiban
(nonpeptide mimetic) have become available.126 These agents,
when administered IV during PCI and for 12 to 24 hours af-
terward, significantly decrease the risk of death, acute MI, or
need for repeat PCI. Major adverse effects include bleeding and
thrombocytopenia. Therefore, hematocrit and platelet counts
should be monitored appropriately. Clearance of both eptifi-
batide and tirofiban is renal, and dose adjustments should take
place accordingly.127

In addition to appropriate use of the antiplatelet agents (as-
pirin, clopidogrel and Gp IIb/IIIa inhibitors), patients having
PCI should also receive adequate antithrombin therapy dur-
ing the procedure. Available options include unfractionated

heparin (UFH), the low-molecular weight heparin (LMWH)
enoxaparin, and the direct thrombin inhibitor bivalirudin. Any
of the available agents may be initiated at the time of the
procedure, or may be continued with appropriate dose ad-
justment if administered to the patient before PCI. See Table
16-9 for information regarding appropriate dosing and man-
agement strategies for each agent. Current guidelines do not
specify a preference for any particular antithrombin agent dur-
ing the course of PCI. Therefore, the choice of agent will likely
depend on local practice variations. Antithrombin agents are
typically discontinued immediately after the PCI procedure
unless a compelling separate indication exists for therapeu-
tic anticoagulation. Of note, significant interest exists in using
direct thrombin inhibitors, such as bivalirudin, in place of hep-
arin during PCI. One advantage for this approach is that most

Table 16-8 Indications and Dosing of Glycoprotein IIb/IIIc Receptor Antagonists

Indication Abciximab (ReoPro) Eptifibatide (Integrilin) Tirofiban (Aggrestat)

Percutaneous transluminal
coronary angioplasty (PCTA)

0.25 mg/kg IV bolus, then
0.125 mcg/kg/min IV
infusion × 12 hr

180 mcg/kg IV bolus, then
2.0 mcg/kg/min
IV × 20–24 hr

Repeat 180 mcg/kg IV
bolus 10 mins after first
bolus

Not approved use

Coronary stent placement 0.25 mg/kg IV bolus, then
0.125 mcg/kg/min IV
infusion × 12 hr

Same dose as for PCTA Not approved use

Acute coronary syndrome
(unstable angina and
non–Q-wave MI)

Not approved use 180 mcg/kg IV bolus, then
2.0 mcg/kg/min
IV × 20–24 hr

0.4 mcg/kg/min IV load × 30 mins,
then 0.1 mcg/kg/min IV infusion ×
48–102 hr

Reduce dose by 50% if CrCl
<30 mL/min

CrCl, creatinine clearance; IV, intravenous.
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Table 16-9 Dosing of Antithrombin Agents in Different Settings 11,126

Antithrombin Agent Dosing Strategy

Unfractionated Heparin
Acute coronary syndromes: Medical management 60 U/kg IV bolus, 12 U/kg/hr IV continuous infusion, titrated to goal aPTT

PCI: Therapy initiated at time of procedure With IV Gp IIb/IIIa: 60–70 U/kg bolus, target ACT of 200 sec
Without IV Gp IIb/IIIa: 100–140 U/kg bolus, target ACT of 250–350 sec

PCI: Continuation of prior therapy Provide additional boluses if needed to meet specified ACT goals above

Enoxaparin
Acute coronary syndromes: Medical management Loading dose of 30 mg IV may be given 1 mg/kg SQ twice daily

Reduce to 1 mg/kg QD in patients with CrCL <30 mL/min
Do not use in renal failure, dialysis

PCI: Therapy initiated at time of procedure 0.5 to 0.75 mg/kg IV bolus

PCI: Continuation of prior therapy If last SQ dose <8 hr ago; no additional medication required
If last SQ dose 8–12 hr ago; give one-time additional 0.3 mg /kg IV bolus

Bivalirudin
Acute coronary syndromes: Medical management 0.1 mg/kg IV bolus, then 0.25 mg/kg IV infusion

Use only with an interventional strategy

PCI: Therapy initiated at time of procedure 0.75 mg/kg IV bolus
1.75 mg/kg IV infusion for duration of the procedure
Preferred agent if HIT present or suspected

PCI: Continuation of prior therapy Give additional 0.5 mg/kg IV bolus, then increase IV infusion to 1.75 mg/kg/hr

Fondaparinux
Acute coronary syndromes: Medical management 2.5 mg SQ QD

Contraindicated in patients with a CrCL <30 mL/min

PCI: Therapy initiated at time of procedure Not recommended

PCI: Continuation of prior therapy Give 50–60 mg/kg IV bolus of UFH for adequate protection during PCI procedure

ACT, activated clotting factor; HIT, heparin-induced thrombocytopenia; IV, intravenous; PCI, percutaneous coronary intervention; QD, every day; SQ, subcutaneous; UFH,
unfractionated heparin.

patients receiving bivalirudin during PCI do not require a Gp
IIb/IIIa receptor antagonist. This strategy has the potential to
reduce overall medication costs, as well as decrease the inci-
dence of bleeding in association with PCI.128

48. T.T. undergoes PCI plus placement of a drug-eluting stent
(sirolimus) to address a 75% lesion in his proximal left circum-
flex artery. What advantages and disadvantages are there in the
decision to place a DES versus a BMS in T.T.?

The overall success of any procedure is directly related to the
experience of the operator, patient factors (such as LV func-
tion or number of vessels treated), and the equipment used.
In patients receiving balloon angioplasty alone (without stent
placement), repeat revascularization procedures (either repeat
angioplasty or surgery) may be required in as many as 32%
to 40% of cases because of the reoccurrence of plaque at the
angioplasty site. The process is known as restenosis.125 Many
pharmacologic strategies have been studied in an attempt to
reduce the risk of restenosis. The outcome with most meth-
ods has been disappointing. The only strategy that has been
associated with a decrease in restenosis is the use of intralumi-
nal stents.125 Stents are essentially metal scaffolding devices
placed into the vessel after balloon inflation has taken place.
They provide a physical barrier to the reoccurrence of a sig-
nificant stenosis at the site. One of the early drawbacks of the
use of stents was the need for complicated anticoagulation reg-

imens, including aspirin, heparin, dipyridamole, and warfarin,
to prevent in-stent thrombosis. Dual antiplatelet therapy—a
combination of clopidogrel and aspirin—is effective at reduc-
ing in-stent thrombosis and is now recommended for use after
stent placement.126 The duration of dual antiplatelet therapy
will depend on the type of stent used, as well as other clinical
characteristics of the patient.

Recently, stents that elute antiproliferative agents such as
sirolimus (SES) or paclitaxel (PES) have been shown in clini-
cal trials to reduce the incidence of restenosis compared with
BMS.129,130 Restenosis rates in clinical trials with these DES
were in the single digit range, as compared to 15% to 20%
with traditional BMS. Soon after their introduction to the U.S.
market, DES use grew to the point that >90% of stent use
was DES. This trend abruptly halted in the fall of 2006 when
several reports indicated a higher than expected incidence of
stent thrombosis a year or more after DES placement. Although
late stent thrombosis had previously been reported with BMS
usage, the incidence was rare.130 Shortly after these initial
reports, an explosion of scientific literature emerged on the
topic. Many potential explanations exist for the occurrence of
late stent thrombosis in a patient receiving a DES, but per-
haps the most relevant from a pharmacotherapy standpoint is
the delayed healing response seen with DES compared with
BMS. After placement of an intracoronary stent, a healing pro-
cess typically occurs resulting in growth of a protective layer
of endothelial cells over the stent surface, removing the stent
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surface from blood exposure and drastically reducing the stim-
ulus for thrombosis. In the case of DES coated with paclitaxel
or sirolimus, cellular growth may be inhibited, significantly im-
pairing endotheliazation of the stent surface. In a small number
of patients, endothelialization does not seem to occur at all. In
this scenario, the stent structure remains continually exposed
to flowing blood and is a potent stimulus for thrombosis.131

Because of the concerns of late stent thrombosis, the usage of
DES has dramatically decreased. Some use of DES is likely to
continue, however owing to the tangible benefits in reduction
of revascularization procedures in some patients. Therefore,
practitioners will need to continue to stay abreast of evolving
information regarding appropriate strategies to prevent late
stent thrombosis.

Although there has been speculation to the causes of late
stent thrombosis with DES as described above, one critical is-
sue that has been identified is the premature discontinuation
of dual antiplatelet therapy consisting of aspirin and clopido-
grel. Previous recommendations called for varying durations of
combined therapy, depending on the type of stent used. Because
of the recognition of a delayed healing response to DES, cur-
rent guidelines recommend at least 1 year of dual antiplatelet
therapy in patients receiving a DES if patients are not at an el-
evated risk of bleeding. For BMS placement, dual antiplatelet
therapy should continue for a minimum of 1 month, and up to
1 year ideally, but this extended duration is not as critical as it
is in the setting of DES placement. The dose of aspirin during
dual antiplatelet therapy should be 162 to 325 mg/day, and then
decreased to 81 mg/day once dual antiplatelet therapy is dis-
continued. When administered, the dose of clopidogrel should
be 75 mg/day.126

For T.T. the decision of placing a DES versus a BMS will
likely be a lower risk of needing a repeat revascularization for
restenosis within 6 to 9 months. He will, however, need to take
dual antiplatelet therapy for at least a year, significantly in-
creasing the costs of his prescriptions as well as putting him
at an increased risk of bleeding in the long run. Regardless,
it is vital that T.T. be educated about the importance of main-
taining his therapy with aspirin and clopidogrel is to prevent
complications. This discussion should commence before the
PCI procedure to assess whether T.T. has the economic re-
sources to comply with the needed therapy, or whether there

may be any planned upcoming surgery necessitating the dis-
continuation of antiplatelet therapy. If these present a problem
for T.T., placement of a BMS is a viable option. T.T. should
also be counseled to alert his cardiologist if another health care
professional wishes to discontinue antiplatelet therapy for any
reason.132

49. Would revascularization therapy with coronary artery by-
pass grafting have been a better option for T.T. than PCI and stent
placement?

Coronary Artery Bypass Graft Surgery
Coronary artery bypass grafting is a complicated surgical pro-
cedure during which an atherosclerotic vessel is “bypassed”
using either a patient’s saphenous vein or internal mammary
artery (IMA; Fig. 16-6). The “graft” (i.e., the saphenous vein
or IMA) then allows blood to flow past the obstruction in the
native vessel. The goals of antianginal therapy, whether med-
ical (pharmacologic) or revascularization, remain unchanged:
(a) to prolong life, (b) to prevent MI, and (c) to improve the
quality of life.

The outcomes of medical therapy, PCI, and revasculariza-
tion with CABG have been compared, and current guidelines
are available.31 Of interest to practitioners and patients are the
relative effects of each treatment modality on mortality, occur-
rence of symptoms, and quality of life. When compared with
medical treatment in patients who would not be considered
high risk, PCI in general offers no improvement in the long-
term incidence of MI or cardiovascular death, but significantly
reduces symptoms.1,126 Because of his escalating symptoms
on triple drug therapy, the choice of PCI for T.T. is justified.

Certain high-risk patient subgroups clearly have an im-
proved outcome with CABG. These include (a) patients with
significant left main coronary disease; (b) patients who have
three-vessel disease, especially with LV dysfunction; (c) pa-
tients with two-vessel disease with a significant proximal LAD
lesion; (d) patients who have survived sudden cardiac death;
and (e) patients who are refractory to medical treatment. In pa-
tients who do not meet these criteria, either medical treatment,
or PCI is a viable option.1,31 Because T.T does not fall into one
of these categories, PCI is preferable at this time owing to the
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FIGURE 16-6 Coronary artery bypass graft (CABG). A: A seg-
ment of the saphenous vein carries blood from the aorta to a
part of the right coronary artery that is distal to an occlusion.
B: The mammary artery is used to bypass an obstruction in
the left anterior descending (LAD) coronary artery. (From Co-
hen BJ. Medical Terminology. 4th ed. Philadelphia: Lippincott
Williams & Wilkins; 2003, with permission.)
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less invasive nature of the procedure and the equivalent out-
comes that are seen in long-term prognosis. These results were
recently confirmed in the Clinical Outcomes Utilizing Revas-
cularization and Aggressive Drug Evaluation (COURAGE)
trial.133 Patients with CAD were randomized to aggressive
medical treatment with optimization of medical therapy and
risk factors, or aggressive medical treatment plus PCI. Over a
4.6-year period, no significant difference was noted between
the groups in cardiovascular outcomes (death, MI, stroke, hos-
pitalization for ACS). The only difference noted was better
control of anginal symptoms early on with PCI, but that dif-
ference was no longer significant at the end of the study. These
results highlight the crucial role of optimizing medical therapy
(including diet, lifestyle changes, risk factor modification) for
patients with CAD, regardless of whether revascularization is
performed.

ACUTE CORONARY SYNDROMES: UNSTABLE ANGINA
AND NON–ST-SEGMENT ELEVATION MYOCARDIAL
INFARCTION

50. F.G., a 54-year-old man, is brought to the ED by helicopter
for treatment of severe, unrelenting chest pain of 2 hours’ dura-
tion. He has no history of CAD, but cardiac risk factors include
a strong positive family history of CAD, a 45-pack-year smoking
history, and a 5-year history of hypertension. He is taking oral
metoprolol 100 mg BID. Physical examination reveals a middle-
aged man in obvious distress with the following vital signs: heart
rate, 110 beats/minute; BP, 176/108 mmHg; respiratory rate, 18
breaths/minute; and temperature, 37◦C. Normal lung and heart
sounds are heard, with the exception of an S4 gallop. Examination
of F.G.’s abdomen and extremities is unremarkable, as is the fun-
duscopic examination. F.G. has received 10 mg morphine sulfate
IV and three sublingual 0.4 mg NTG tablets and is still experi-
encing severe pain that is associated with ST-segment depression.

He is placed on oxygen (2 L by nasal prongs) and an NTG infu-
sion (5 mcg/minute). Rapid upward titration of the NTG to 60
mcg/minute alleviates the chest pain. His admitting diagnosis is
acute coronary syndrome. What general guidelines exist for the
treatment of acute coronary syndromes?

Clinical Presentation
Acute coronary syndromes include unstable angina (also
known as preinfarction angina, crescendo angina, and angina
at rest), non–ST-segment elevation myocardial infarction
(NSTEMI), and ST-segment elevation myocardial infarction
(STEMI). On presentation, the ultimate diagnosis usually can-
not be determined because the diagnosis of MI requires the
presence of biomarkers such as creatinine kinase (CK) or tro-
ponin. Often these results are not available for the first 12 to 24
hours. Because of this delay in the determination of the final di-
agnosis, initial treatment must be driven by other factors. One
critical factor during the acute presentation is the initial ECG
and, more specifically, whether ST-segment elevation is present
on the initial ECG. Patients who have ST-segment elevation
acute coronary syndromes (e.g., acute MI) are candidates for
immediate reperfusion therapy and are discussed in detail in
Chapter 17, Myocardial Infarction. Treatment of patients who
present with non–ST-segment elevation acute coronary syn-
dromes (this includes patients presenting with ST-segment de-
pression, T-wave inversions, or no ECG changes) is discussed
briefly here.11

Unstable angina is a syndrome falling between chronic sta-
ble angina and MI. The prognosis of patients with unstable
angina is variable, and classification systems have been devel-
oped to determine whether a patient is at low, intermediate, or
high risk for acute MI and death in the short term (Table 16-
10).11 Patients at intermediate or high risk should be hospital-
ized for acute treatment and assessment of potential long-term
treatment strategies. Patients at low risk may be treated without

Table 16-10 Short-Term Risk of Death or Nonfatal Myocardial Infarction (MI) in Patients With Unstable Angina

High Risk (at least one of the following Intermediate Risk (no high-risk features, Low Risk (no high- or intermediate-risk features,
Feature must be present) but must have one of the following) but may have any of the following)

History Accelerating tempo of ischemic symptoms
in preceding 48 hr

Prior MI, peripheral or cerebrovascular
disease, or CABG, prior aspirin use

Character of
pain

Prolonged ongoing (>20 min), rest pain Prolonged (>20 min) rest angina, now
resolved, with moderate or high
likelihood of CAD

New-onset angina32 CCS class III or IV
angina in the past 2 wk without
prolonged (>20 min) rest pain, but with
moderate or high likelihood of CAD

Clinical
findings

Pulmonary edema
New or worsening MR murmur
S3 or new/worsening rales
Hypotension, bradycardia, tachycardia
Age >75 yr

ECG Angina at rest with transient ST-segment
changes >0.05 mV

Bundle-branch block, new or presumed new

T-wave inversions >0.2 mV
Pathologic Q waves

Normal or unchanged ECG during episode
of chest discomfort

Cardiac
markers

Markedly elevated (e.g., TnT or TnI
>0.1 ng/ml)

Slightly elevated (e.g., TnT >0.01 but
<0.1 ng/mL)

Normal

CABG, coronary artery bypass graft; CAD, coronary artery disease; CCS, Canadian Cardiovascular Society; ECG, electrocardiogram; MR, mitral regurgitation; S3, third heart
sound; TnI, troponin I; TnT, troponin T.
Adapted from ref. 11, with permission.
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admission to the hospital. F.G. is a high-risk patient because
he has ST-segment depression at rest or with pain.

Management
Coronary arteriographic studies of patients with USA usually
reveal severe atherosclerotic disease complicated by the rup-
ture of an atherosclerotic plaque with the formation of a super-
imposing thrombus.11 Therefore, the pathophysiology of USA
is closely related to that of MI, and similar treatment strate-
gies are used in both disease states. The treatment of USA in
recent years has evolved to include medical therapy as well as
revascularization procedures. Typically, revascularization with
PCI is reserved for patients who are considered intermediate
to high risk for developing adverse cardiovascular outcomes
in the next 30 days or whose condition does not stabilize with
medical therapy.11

The immediate challenge in the treatment of USA is relief
of pain and control of all ischemic episodes. Hospitalization,
bedrest, diagnosis, and treatment of underlying precipitating
factors, such as infection, anemia, hypertension, heart failure,
and arrhythmias, are essential. Pharmacologic therapy is tar-
geted at relieving ischemia and at attenuating the thrombotic
process.

As with patients experiencing an acute MI, β-blockers
should be administered acutely because they have been demon-
strated to prevent the progression to MI and death. Nitrates,
both sublingually and then intravenously, are effective for re-
lieving pain and acutely treating ischemia. CCBs are effec-
tive for treating ischemia in patients with USA, but should
be reserved for patients who have ischemia refractory to
β-blockade.11

A 325-mg dose of chewable aspirin should be administered
to all patients because it has been shown to prevent the pro-
gression to MI and death. In addition, the combined use of
aspirin (81–325 mg daily) and clopidogrel (300 mg load, 75
mg orally every day) acutely and for up to 1 year in patients with
USA/NSTEMI has been shown to decrease the risk of cardio-
vascular death, MI, or stroke at 30 days and up to 1 year.106,107

Based on these results from the CURE and CREDO studies,
aspirin and clopidogrel should be administered to all patients
with USA/NSTEMI who are unlikely to undergo PCI acutely.
In patients who will undergo emergent PCI for treatment of
USA/NSTEMI, clopidgrel administration can be delayed until
the procedure is completed and then continued for up to 1 year,
depending on the course of events during PCI.

Historically UFH has been the primary antithrombin used
in the treatment of ACS. The beneficial effects of UFH are
additive to aspirin in the prevention of acute MI and death.11

Several new antithrombotic strategies have become available,
which may improve on the results seen with aspirin and UFH.
These include LMWH, the synthetic pentasaccharide fonda-
parinux, as well as the direct thrombin inhibitor bivalirudin.
Each of these agents has demonstrated efficacy in the setting
of non–ST-segment ACS and the choice of agent will likely be
determined by cost, physician preference, and overall treatment
strategy (invasive versus conservative management).

Several LMWHs have been investigated in the setting of
USA and non–Q-wave MI and, as a group, are considered at
least as effective as UFH at improving clinical outcomes. Re-
sults for individual agents have not been uniform, however. Tri-
als comparing enoxaparin with UFH have consistently shown

that enoxaparin is superior to UFH in preventing cardiovascu-
lar events. Trials investigating other LMWH have only demon-
strated equivalency to UFH. Based on these results from clin-
ical trials, the current ACC/AHA guidelines specifically rec-
ommend enoxaparin as the LMWH of choice to be used during
ACS.11

In patients who are at low risk and being treated with a
conservative medical strategy, UFH, enoxaparin, and fonda-
parinux all represent reasonable options for antithrombin ther-
apy. Enoxaparin or fondaparinux are preferred, however, owing
to demonstrated superiority for enoxaparin in clinical trials as
compared with UFH,134 as well as equivalence of enoxaparin
and fondaparinux in the Organization to Assess Strategies in
Acute Ischemic Syndromes (OASIS)-5 study.135 In the conser-
vative management setting, bivalirudin is not an option because
trial data in this setting are lacking, as well as the prohibitive
cost associated with a prolonged infusion duration. UFH is
typically continued for 48 hours, whereas enoxaparin and fon-
daparinux can be continued for up to the duration of hospital-
ization.

In patients who present with non–ST-segment ACS, and
who are at high risk requiring aggressive intervention with
early angiography (with or without PCI), UFH, bivalirudin,
enoxaparin, and fondaparinux all are reasonable options. Sup-
port for bivalirudin comes from the ACUITY trial, which
demonstrated similar outcomes with a reduced incidence of
bleeding for bivalirudin as compared with heparin (UFH or
enoxaparin).136 Although fondaparinux is listed as an option
in association with an invasive strategy, the need for an ad-
ditional antithrombin agent with anti-IIa activity during PCI
makes this a less attractive strategy.11 Dosing strategies for
various antithrombin agents can be found in Table 16-9.

The Gp IIb/IIIa receptor antagonists are potent antiplatelet
agents that provide significantly improved outcomes in pa-
tients with USA/NSTEMI who are being treated medically or
who undergo revascularization via PCI.137 These agents have
a unique mechanism of action in that they block the final com-
mon pathway in platelet aggregation. Platelets can be stim-
ulated by a number of different agonists (e.g., epinephrine,
serotonin, ADP, thromboxane A2), some of which may be in-
hibited by aspirin (thromboxane A2) or clopidogrel. Blockade
of one or more of these agonists by aspirin or clopidogrel still
leaves the platelet susceptible to stimulation via other agonists.
Regardless of the initial stimulus, the end result is the expres-
sion of the Gp IIb/IIIa receptor. This receptor is critical because
it binds and cross-links fibrin, which stabilizes the clot. This
process is blocked with the receptor antagonists. Because of
their mechanism of action, the Gp IIb/IIIa antagonists are sig-
nificantly more potent in terms of their antiplatelet effects than
aspirin or clopidogrel.

These agents, in addition to aspirin, clopidogrel, and an-
tithrombin therapy, significantly decrease the composite risk of
death, acute MI, and urgent revascularization in patients with
USA/NSTEMI. The Gp IIb/IIIa receptor antagonists currently
are recommended as options in patients with USA/NSTEMI in
one or more of the following groups: (a) in whom catheteriza-
tion and PCI is planned; (b) who have continuing ischemia
despite treatment with aspirin, UFH/LMWH/fondaparinux/
bivalirudin, nitrates, β-blockers, and clopidogrel; and/or (c)
who have other high risk features, such as elevated troponin or
ST-segment changes on the initial ECG.11
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Acute myocardial infarction (AMI), now referred to as ST seg-
ment elevation myocardial infarction (STEMI), is a manifesta-
tion of ischemic heart disease characterized by cellular death
or necrosis occurring in the setting of severe or prolonged
ischemia. STEMI is believed to be the result of complete oc-
clusion in a coronary artery.

STEMI is a medical emergency requiring immediate in-
tervention. Until the 1980s, patients with AMI were treated
symptomatically. Their pain was controlled; arrhythmic com-
plications were treated; and bed rest, nitrates, and β-blockers
minimized the amount of oxygen required by the heart. In
1980, an angiographic study by DeWood et al. found to-
tal occlusion in a coronary artery in 87% of patients who
were examined by angiography within the first 4 hours of
symptoms.1 This study stimulated interest in using throm-
bolytics to interrupt the progression of myocardial necrosis.
Thrombolytics and percutaneous coronary intervention (PCI)
are now considered first-line therapies unless a contraindica-
tion is present. A committee composed of representatives from
the American College of Cardiology (ACC) and the American
Heart Association (AHA) periodically review the literature
and publish practice guidelines to aid health care practition-
ers in selecting the most effective treatments for patients with
STEMI.2,3

Epidemiology
The estimated annual incidence of STEMI is 565,000 for new
and 300,000 for repeat attacks.4 Twenty to 30% of patients die
before reaching a hospital, presumably as a result of ventricular
fibrillation.4 Prompt recognition and treatment of AMI have
dramatically reduced event-related mortality since the 1990s.
In-hospital and 30-day mortality rates have been estimated to
be 8.8% and 18.4%, respectively.5 Treatment disparities and
access to care exist for women, blacks, and patients who are at
least 75 years of age.6–8

Pathophysiology
The majority of AMIs results from occlusion of a coronary
artery secondary to thrombus formation overlying a lipid-rich
atheromatous plaque that has undergone fissuring or rupture.
Damage to the plaque results in blood being exposed to col-
lagen and fatty acids; this in turn activates platelets, the first
step in thrombosis and formation of a fibrin clot. Rarely, coro-
nary artery spasm may cause an AMI in a patient with normal
coronary arteries, particularly in the setting of cocaine abuse.
More likely, spasm occurs before, during, or after the AMI
and further compromises blood flow in an already stenotic
artery.9

17-1
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Most infarctions are located in a specific region of the heart
and are described as such (e.g., anterior, lateral, inferior). Some
patients develop permanent electrocardiographic abnormali-
ties (Q waves) following an AMI. In the past, patients with
Q-wave infarctions were generally believed to have more ex-
tensive necrosis and a higher in-hospital mortality rate. Patients
with a non–Q-wave infarct were believed to have a greater like-
lihood of experiencing postinfarction angina and early rein-
farction. More recently, however, these distinctions have come
into question. Some cardiologists now believe that there is no
difference in prognosis. The terminology has changed: Q-wave
MI is now called STEMI and non–Q-wave MI is now called
non–ST segment elevation MI (NSTEMI) or non–ST segment
elevation acute coronary syndrome (NSTE-ACS). An anterior
wall infarction carries a worse prognosis than an inferior or
lateral wall infarction.10

Clinical Presentation
It is important to make the diagnosis of STEMI as quickly
as possible so appropriate action may be taken. Patients may
complain of prolonged substernal chest pain or pressure, short-
ness of breath, diaphoresis, nausea, and vomiting. In some
patients, the symptoms may be confused with indigestion or
other gastrointestinal (GI) complaints. The pain may be atyp-
ical in nature and location. The pain might be described as
burning, and it may occur in the arms, shoulder, neck, jaw, or
back.2,3 Presentation may differ by gender and age. Men com-
monly complain of chest pain, whereas women present with
nausea and diaphorsis.11 Elderly patients may present with hy-
potension or cerebrovascular symptoms rather than chest pain.
However, not all STEMIs are symptomatic: An estimated 20%
of STEMIs are “silent,” and this presentation tends to occur
more frequently in the elderly and people with diabetes.

The physical examination is not particularly helpful in mak-
ing the diagnosis of STEMI, but the findings are important in
guiding initial therapy. Signs of severe left ventricular or right
ventricular dysfunction may be present (see Chapter 19). The
patient may have severe hypertension due to pain or, conversely,
may be hypotensive. Significant tachycardia (heart rate >120
beats/minute) suggests a large area of damage. On cardiac aus-
cultation, a fourth heart sound (S4) may be heard, denoting
an ischemia-induced decrease in left ventricular compliance.
New cardiac murmurs may be heard, resulting from papillary

Table 17-1 Differential Diagnosis of Acute Myocardial
Infarction

Acute cerebrovascular disease
Aortic dissection
Acute anxiety or panic attacks
Esophageal rupture or spasm
Gallbladder disease
Pancreatitis
Peptic ulcer disease
Pericarditis
Pneumothorax
Pulmonary embolism
Spinal or chest wall diseases

muscle dysfunction. The cerebral and peripheral vasculature
should be assessed. Patients with a history of cerebrovascular
disease may not be eligible for thrombolytic therapy. Peripheral
pulses should be examined to assess perfusion and to obtain a
baseline before invasive procedures are instituted.

Diagnosis
Failure to make the appropriate diagnosis in STEMI can lead
to disastrous results. The list of other medical conditions that
mimic the presentation of STEMI is extensive (Table 17-1). In
addition to the patient’s history and presentation, the diagnosis
of STEMI is based on the ECG and laboratory results in a
cardiac injury profile. Usually two of the three criteria (history,
ECG changes, and cardiac injury profile findings) should be
consistent with STEMI before the diagnosis is made.2,3

The electrocardiogram (ECG) is an indispensable tool in the
diagnosis of STEMI and has become the key point in the deci-
sion pathway. The presence of ST segment elevation is used to
identify patients who will benefit from thrombolytic therapy.
The 12-lead ECG is helpful in determining the location of an
infarct. The presence of a new Q wave, new bundle branch
block, or ST segment elevation is consistent with a STEMI.
The electrocardiographic diagnosis of a STEMI is extremely
difficult in the presence of a left bundle branch block. Fig-
ures 17-1 and 17-2 show the ECG in a patient presenting with
STEMI before and after successful thrombolysis.12

Patients presenting with ischemic chest pain but without
ST segment elevation and without laboratory evidence of

aVR V1 V4

aVL V2 V5

aVF V3 V6

I

II

III

FIGURE 17-1 On this admission electro-
cardiogram (ECG), note the extensive
ST segment elevation in leads II, III,
and aVF (brackets), indicating an infe-
rior wall AMI. The patient also displays
reciprocal ST segment depression in I
and aVL (arrows), which are the lateral
ECG leads and are opposite the inferior
leads.



MYOCARDIAL INFARCTION � 17-3

aVR V1 V4

aVL V2 V5

aVF V3 V6

I

II

III

FIGURE 17-2 After successful thrombol-
ysis, the electrocardiogram shows no
ST segment changes suggestive of is-
chemia, but evolution of new Q waves
in leads II, III, and aVF (arrows) is appar-
ent.

infarction are classified as having unstable angina, part of the
acute coronary syndrome spectrum. Patients with a history
consistent with ischemic chest pain, without ST segment ele-
vation, but who develop a positive cardiac injury profile (i.e.,
elevated troponin) within hours of presentation are also given
the diagnosis of AMI (referred to as NSTEMI or NSTE-ACS).
Patients with NSTEMI and unstable angina continue to have
some blood flow, although limited, through the affected coro-
nary artery. Patients with NSTEMI usually have partial occlu-
sion of the artery and/or thrombi that are comprised largely of
platelets and fibrinogen. Thrombolytic therapy is not beneficial
in these patients and is a major point of differentiation.3 Figure
17-3 shows the relationship between different forms of acute
coronary syndromes (ACSs).

Laboratory Changes
When a cardiac cell is injured, enzymes are released into the
circulation. The measurement of cardiac enzymes is routine
in making the diagnosis of AMI. One of the enzymes used
for the laboratory diagnosis of AMI is creatine kinase (CK).

• Large R in V1, V2

• Maybe Q in V6

• Mirror test

Posterior

• Q in V1, V2,

   V3 or V4

Anterior

• Q in I, AVL

Lateral

• Q in II, III, AVF

Inferior

FIGURE 17-3 Diagnosis and presentation of the acute coronary syn-
dromes. Source: Reprinted with permission from Dubin D. Infarction.
In Dubin D, ed. Rapid Interpretation of EKGs. 6th Ed. Tampa. COVER
Publishing Co., 2000:290.

There are three isoenzymes of CK: the BB, MM, and MB
bands. Of these, the CK-MB isoenzyme is the most specific
for the diagnosis of AMI. It can appear in the serum within 3
to 6 hours after myocardial damage, and levels generally peak
in 12 to 24 hours.2,3 Serum enzymes are normally determined
at admission and then repeated at least once 12 hours after
the onset of chest pain. The magnitude of rise of peak CK is
related to the size of the infarct, but the peak may be missed if
admission is delayed. There are several conditions other than
AMI in which CK-MB may be elevated (Table 17-2).13 CK is
usually reported as enzymatic activity (U/L), and CK-MB is
reported as mass (ng/mL) in either plasma or serum. CK-MB
is often reported as percentage of activity.

The most sensitive markers of damage to cardiac muscle are
the troponins I and M. The troponins are enzymes that normally

Table 17-2 Conditions Where CK-MB Isoenzyme May
Be Elevated

False Elevations Myocardial Damage

Isoenzyme variant Myocardial infarction
Nonspecific fluorescence Myocardial puncture/trauma
Spillover of CK-MM Myocarditis

Pericarditis

Peripheral Source of
CK-MB

Systemic Disorders With
Cardiac Involvement

Athletic activity (e.g., marathons) Hyperthermia
Cesarean section Hypothermia
Surgery (gastrointestinal, prostate) Muscular dystrophy
Myositis Reye syndrome
Rhabdomyolysis
Tumors

Miscellaneous
Hypothyroidism
Renal failure
Subarachnoid hemorrhage

CK, creatine kinase.
Adapted with permission from Lee TH, Goldman L. Serum enzyme assays in the
diagnosis of acute myocardial infarction. Recommendations based on a quantitative
analysis. Ann Intern Med. 1986;105:221.
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regulate the interaction of actin and myosin within the cardiac
cell. When cell death occurs, they diffuse into the peripheral
circulation. Although troponins are more sensitive than CK
and CK-MB, they have a similar lag time before they can be
detected in the blood following an acute coronary occlusion.
Elevation of troponins has been associated with subsequent
cardiac events.13

Another laboratory change that may be seen is an increase
in lactate dehydrogenase (LDH). The increase in LDH gener-
ally appears 24 to 48 hours after the onset of chest pain and
peaks in 3 to 6 days. Measurement of LDH may be helpful
in patients who present with a history of chest pain that be-
gan several days before admission. In these cases, the CK may
have already returned to normal before the patient is evalu-
ated. Increases in LDH are also seen in liver disease, hemoly-
sis, leukemia, pulmonary embolism, myocarditis, and skeletal
muscle disease. LDH is comprised of five isoenzymes. Be-
cause the heart muscle contains LDH1, a ratio of LDH1 to
LDH2 >1 may be helpful in distinguishing AMI from other
disorders. Because troponins are known to remain elevated in
patients who have sustained myocardial necrosis, they have
replaced the less specific LDH enzyme. Other nonspecific lab-
oratory changes that occur in AMI include hyperglycemia and
increases in aspartate aminotransferase, the white blood cell
count, and C-reactive protein.13

Complications
The primary complications of AMI can be divided into three
major groups: pump failure, arrhythmias, and recurrent is-
chemia and reinfarction. Depression of cardiac function fol-
lowing an AMI is related directly to the extent of left ven-
tricular damage. As a result of decreased cardiac output and
decreased perfusion pressure associated with left ventricular
dysfunction, a number of compensatory mechanisms become
activated. The levels of circulating catecholamines increase in
an attempt to increase contractility and restore normal perfu-
sion. In addition, the renin-angiotensin-aldosterone system is
enhanced, leading to an increase in systemic vascular resis-
tance and sodium and water retention. These compensatory
mechanisms can eventually worsen the imbalance between
myocardial oxygen supply and consumption by increasing the
myocardial oxygen demand.

Signs and symptoms of heart failure are common in patients
who have abnormal wall motion affecting 20% to 25% of the
left ventricle. If 40% or more of the left ventricle is damaged,
cardiogenic shock and death can occur.14 In addition to systolic
dysfunction, patients who have suffered an AMI may also have
diastolic dysfunction. Scar formation following an AMI may
lead to a decrease in ventricular compliance, resulting in ab-
normally high left ventricular filling pressures during diastole.
(See Chapter 18 for further discussion on systolic dysfunction
versus diastolic dysfunction.)

Decreased contractility and a compensatory increase in left
ventricular end-diastolic volume and pressure lead to increased
wall stress within the left ventricle. Left ventricular enlarge-
ment is an important determinant of mortality after AMI. Over
a period of days to months following an AMI, the infarcted area
may expand as a result of dilatation and thinning of the left ven-
tricular wall. These changes are known as ventricular remodel-
ing. In addition, hypertrophy of the noninfarcted myocardium

occurs. Administration of oral angiotensin-converting enzyme
(ACE) inhibitors, angiotensin receptor blockers, and/or aldos-
terone antagonists may limit remodeling and will attenuate the
progression of left ventricular dilatation.15

During the peri-infarction period, the heart is irritable and
subject to ventricular arrhythmias. The continuous monitoring
of patients in a coronary care unit has reduced the in-hospital
mortality rate related to ventricular arrhythmias. However, pa-
tients who have had an AMI have an increased risk of sudden
cardiac death for 1 to 2 years following hospital discharge. The
most important predictor for sudden cardiac death is an abnor-
mal ejection fraction (EF). During the first 30 days after an
AMI, each 5% decrease in EF will increase the risk of sudden
death by 21%.14 Other factors associated with an increased
risk for sudden cardiac death are complex ventricular ectopy,
frequent (>10/hour) premature ventricular complexes, and the
identification of late potentials on a signal-averaged ECG.

OVERVIEW OF DRUG AND NONDRUG THERAPY

Thrombolytics
In the management of patients with AMI, emphasis has shifted
from preventing or managing complications (arrhythmias,
pain, and blood pressure [BP] control) to limiting the extent
of myocardial necrosis and preventing reinfarction. The 2004
update of the ACC/AHA guidelines for the management of
patients with STEMI addressed the most significant advances
made in the prior 2.5 years and should be used in conjunction
with the 1999 guidelines.2

Because the majority of STEMI cases result from the sudden
occlusion of a coronary artery due to the formation of a throm-
bus, the therapeutic priority is to open the occluded artery as
quickly as possible. This is accomplished by administering a
thrombolytic that enhances the body’s own fibrinolytic system
or by mechanically reducing the obstruction with PCI.

Large clinical trials have proven that administration of a
thrombolytic agent reduces mortality. Early mortality from
STEMI has been reduced by approximately one-third (from
10%–15% to 6%–10%) with the advent of thrombolytic
therapy.16

The thrombolytics currently used for STEMI patients in
the United States are streptokinase, anistreplase, alteplase (t-
PA), reteplase (r-PA), and tenecteplase (TNK). Streptokinase
is a polypeptide derived from β-hemolytic streptococcal cul-
tures. It binds to plasminogen to form an active plasminogen-
to-streptokinase complex that cleaves other molecules of
plasminogen to form plasmin. Plasmin, which is an active
fibrinolytic enzyme, then acts on a fibrin clot to enhance its dis-
solution. Anistreplase, also known as anisoylated plasminogen
streptokinase activator complex, is a combination of streptoki-
nase and plasminogen with an anisoyl group reversibly placed
within the catalytic center of the plasminogen moiety. This
moiety is deacylated in the circulation at a controlled rate.

Alteplase, or t-PA, is a naturally occurring enzyme produced
commercially by recombinant DNA technology. t-PA cleaves
the same plasminogen peptide bond that urokinase cleaves.
However, t-PA has a binding site for fibrin, which allows it to
bind to a thrombus and preferentially lyse it over the circulating
plasminogen.
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Table 17-3 Pharmacologic Comparison of Available Thrombolytic Agents

Enzymatic Efficiency Potential
Drug for Clot Lysis Fibrin Specificity Antigenicity Average Dose Dosing Administration Cost

Streptokinase (Streptase) High Minimal Yes 1.5 MU 1 hr IV infusion Low

Anistreplase (Eminase) High Minimal Yes 30 U 2–5 min IV infusion Moderate

Alteplase (Activase) High Moderate No 100 mg 15 mg IV bolus, 50 mg
over 30 min, then 35
mg over 60 mina

High

Reteplase (Retavase) High Moderate No 10+10 U 10 U IV bolus, sec
bolus 30 min later

High

Tenecteplase (TNK) High High No 30–50 mg
(based on
weight)b

Bolus over 5–10 sec High

aFor patients = 65 kg; reduced doses for patients weighing <65 kg.
bFor patients <60 kg, 30 mg; 60–69 kg, 35 mg; 70–79 kg, 40 mg; 80–89 kg, 45 mg; 90 kg, 50 mg.
Adapted from references 2, 3, 16, and 17.

Reteplase is a genetically modified plasminogen activator
that is similar to t-PA. Reteplase has a longer half-life, allowing
it to be administered as two bolus injections 30 minutes apart,
rather than as a bolus plus infusion.

TNK is a genetically modified form of t-PA. Compared to t-
PA, TNK has a longer plasma half-life, better fibrin specificity,
and higher resistance to inhibition by plasminogen-activator
inhibitor. The pharmacologic properties of these agents are
compared in Table 17-3.2,3,17

Urokinase, although available in the United States, has not
gained widespread use as a thrombolytic agent for patients with
STEMI. The ideal thrombolytic would be thrombus specific,
easily administered, highly efficacious, inexpensive, and rapid
acting, and the incidence of reocclusion and side effects would
be low. Unfortunately, such an ideal thrombolytic does not ex-
ist. Three problems common to all thrombolytics are the inabil-
ity to open 100% of coronary artery occlusions, inconsistent
ability to maintain good blood flow in the infarcted artery af-
ter it is opened, and bleeding complications. Good blood flow
is commonly defined as thrombolysis in myocardial infarc-
tion (TIMI) grade 3 flow, which is complete reperfusion of the
vessel.

To minimize the risk of bleeding complications, contraindi-
cations to the use of thrombolytics must be evaluated prior to
administration (Table 17-4).2,3 There are relatively few abso-
lute contraindications to thrombolytic therapy, but each patient
should be assessed carefully to ascertain whether the potential
benefit outweighs the potential risk. Because of the serious na-
ture of intracerebral hemorrhage associated with thrombolytic
therapy, patients should be selected carefully before receiving
these agents.2 Generally, the diagnosis of STEMI must be en-
sured, with a history consistent with ischemic heart disease,
presence of ST segment elevation in two contiguous leads, or a
new left bundle branch block on the ECG. Once the diagnosis
is made, the thrombolytic should be administered immediately
if there are no contraindications.

The benefit derived from thrombolytic therapy is directly
related to the time from the onset of chest pain to the time of
administration. The 2004 guidelines recommend initiation of
thrombolytic therapy within 12 hours from the onset of chest

pain. However, data from clinical trials suggest that mortal-
ity reduction is greater when thrombolytic therapy is initiated
within 0 to 2 hours of symptom onset compared to treatment
begun more than 2 hours after symptoms have begun (44% vs.
20%, respectively, p = 0.001).2,3 The guidelines recommend a
“door-to-needle time” of 30 minutes, meaning the diagnosis of
STEMI and initiation of thrombolytic therapy should ideally
take place within 30 minutes from the time the patient arrives
at the hospital door.

Table 17-4 Risk Factors Associated With Bleeding
Complications Secondary to Thrombolytic Use

Major (thrombolytics
contraindicated)

Intracranial tumor (primary or metastatic)

Prior intracranial hemorrhage
Recent head/facial trauma within 3 months
Suspected aortic dissection
Ischemic stroke within 3 months, EXCEPT

acute ischemic stroke within 3 hr
Active internal bleeding or bleeding diathesis

(excluding menses)

Important (relative
contraindication)

Uncontrolled hypertension on presentation (SBP
>180 mm, DBP >110 mmHg)

Chronic, severe, poorly controlled hypertension
Prior ischemic stroke >3 months, dementia, or

known intracranial pathology
Puncture of a noncompressible vessel
Cardiopulmonary resuscitation for >10 min
Major surgery (<3 wk)
Recent internal bleeding within 24 wk
Active peptic ulcer
Current use of anticoagulants (the higher the

INR, the greater the risk for bleeding)
Pregnancy
For streptokinase or anistreplase: prior exposure

(>5 days) or prior allergic reaction

DBP, diastolic blood pressure; INR, international normalized ratio; SBP, systolic
blood pressure.
From reference 2.
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Antiplatelet and Anticoagulant Drugs
When thrombolysis occurs, whether due to the administration
of a thrombolytic agent or through activation of the body’s
own fibrinolytic system, the fibrin clot begins to disintegrate.
As the clot dissolves, there is a paradoxic increase in lo-
cal thrombin generation and enhanced platelet aggregability,
which may lead to rethrombosis. Aspirin, unfractionated hep-
arin (UFH), and low-molecular-weight heparin (LMWH) have
been used to minimize repeat thrombosis. LMWH may of-
fer advantages over heparin due to its ease of administration,
improved bioavailability, and less need for monitoring. Bi-
valirudin, lepirudin, and argatroban are thrombin inhibitors
that bind directly to thrombin and inactivate it. Unlike UFH,
the direct thrombin inhibitors (DTIs) offer better protection
against thrombin reactivation after therapy discontinuation.
When used with early invasive treatment (<72 hours), DTIs
appear to reduce the rate of death or reinfarction to a greater
extent than UFH (9.50% vs. 13.86%, respectively, p <0.05).18

The 2004 ACC/AHA guidelines recommend DITs, specifi-
cally bivalirudin, as an alternative to heparin in patients with
heparin-induced thrombocytopenia.2

Another class of agents being used is the glycoprotein (GP)
IIb/IIIa inhibitors. GP IIb/IIIa receptors are abundant on the
platelet surface. Platelets become activated when patients are
having an acute ischemic coronary event or are undergoing
a PCI. With platelet activation, the GP IIb/IIIa receptor un-
dergoes a conformational change that increases its affinity for
binding to fibrinogen. The binding of fibrinogen to receptors
on platelets results in platelet aggregation, which can lead to
thrombus formation. The GP IIb/IIIa receptor inhibitors pre-
vent platelet aggregation by preventing fibrinogen from bind-
ing to GP IIb/IIIa receptor sites on activated platelets. The GP
IIb/IIIa inhibitors are more often used in conjunction with as-
pirin and UFH in patients with ischemic chest pain, usually
without ST segment elevation (ACS patients) and in patients
undergoing PCI. When used in conjunction with thrombolytic
agents for patients with STEMI, the dose of thrombolytic drug
is reduced by one-half.

β-Blockers
In addition to antiplatelet, antithrombotic, and thrombolytic
agents,β-blockers are fundamental in the management of AMI.
Before the advent of thrombolytics, β-blockers were shown
to decrease infarct-associated morbidity and mortality. These
benefits are additive to those of thrombolytics. β-blockers de-
crease myocardial oxygen consumption, limit the amount of
myocardial damage, and reduce some of the complications of
MI, specifically sudden death attributed to ventricular fibril-
lation. During the prethrombolytic era, 28 randomized clini-
cal trials involving more than 27,000 patients with AMI were
conducted to evaluate β-blocker use. A retrospective analy-
sis of these studies suggests that β-blockers reduce mortality
by 14% with a 19% reduction in nonfatal reinfarction and a
19% reduction in nonfatal cardiac arrest during the first week
in hospital. These short-term benefits are also seen with long-
term use in the post-MI period. Unless there are contraindi-
cations to their use, β-blocking agents should be prescribed
for all patients having an AMI, and they should be continued
indefinitely.2,3

Statins
HMG-CoA reductase inhibitors or statins reduce long-term
morbidity and mortality in patients with cardiovascular dis-
ease. What is less clear is whether statins provide short-
term benefit when started immediately after hospitalization for
AMI. Beyond their lipid-lowering properties, statins are be-
lieved to exhibit pleiotropic effects, which include plaque sta-
bilization, anti-inflammation, antithrombogenicity, enhance-
ment of arterial compliance, and modulation of endothelial
function.19 Data regarding early intensive statin therapy in pa-
tients with STEMI or NSTEMI exist with atorvastatin, simva-
statin, pravastatin, and fluvastatin.20 Debate continues to exist
over which statin to initiate, the dosage, and the timing21 (see
Chapter 13).

Vasodilators
Other strategies for minimizing myocardial damage include the
use of vasodilators in the peri-infarction period. Progressive
left ventricular dilatation (“remodeling”) occurs in some pa-
tients following an AMI and has become an important marker
for prognosis. Vasodilators reduce oxygen demand and myo-
cardial wall stress by reducing afterload and/or preload and can
halt the remodeling process. Some vasodilators may increase
the blood supply to the myocardium by enhancing coronary
vasodilatation.

ACE inhibitors have been assessed in a large number of clin-
ical trials, and all trials using oral agents have demonstrated a
benefit in reducing mortality.2,3 Only one trial has not shown
a benefit. Enalapril was studied in the Cooperative New Scan-
dinavian Enalapril Survival Study (CONSENSUS-II) trial. In
this study, more than 6,000 patients were randomized to either
placebo or enalapril, which was started within 24 hours from
the onset of chest pain. Enalapril was initiated by intravenous
(IV) administration, followed by oral enalapril administration
6 hours later. In this trial, enalapril did not improve 6-month
survival, but this may be because hypotension was more com-
mon in the enalapril-treated group. It appears that early IV
administration of ACE inhibitors results in excessive hypoten-
sion, offsetting their potential benefits. The benefit of ACE
inhibitors is greatest in patients with anterior infarction, signs
of heart failure, tachycardia, or a history of previous infarction.
Ideally, oral ACE inhibitors should be started within 24 hours
of diagnosis, after BP has stabilized. Initial doses should be
low and then titrated as quickly as possible.2,3

The effects of nitrates have been evaluated in AMI patients.
Pooled effects from several studies show a small but statisti-
cally significant benefit in reducing mortality in patients re-
ceiving nitrates. Nitroglycerin (NTG) is more beneficial than
nitroprusside in this population. IV NTG is recommended
for routine use during the first 24 to 48 hours in most pa-
tients with STEMI, particularly those with large anterior wall
infarctions.2,3

Another class of vasodilators that has been investigated in
the treatment of AMI is the calcium channel blockers. There
are several proposed mechanisms whereby a calcium channel
blocker might be beneficial. As a group, they dilate coronary
and peripheral vessels. They could alleviate some of the coro-
nary vasospasm present at the time of coronary thrombosis.
In addition, they are effective anti-ischemic agents through
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their action in improving coronary blood supply and reducing
myocardial oxygen demand. Because intracellular calcium
overload has been observed in the ischemic myocardium, it was
believed that calcium channel blockers would protect cardiac
cells during the peri-infarction period. Despite these theoretical
benefits, the outcomes of clinical trials have varied, depending
on the individual drug used and the timing of administration
resulting in a decline in use.2,3

There have been two trials evaluating diltiazem in the setting
of AMI. The first study evaluated the effect of oral diltiazem,
started 24 to 72 hours after the onset of chest pain, on rein-
farction rates in patients with non–Q-wave AMI. There was a
51% reduction in the reinfarction rate in the diltiazem group
compared to placebo after 14 days of follow-up. Diltiazem also
reduced the frequency of postinfarction angina. Another trial
initiated oral diltiazem (240 mg daily) 3 to 15 days after infarc-
tion in patients with both Q wave and non–Q wave. Diltiazem
was continued indefinitely, and patients were followed for 12
to 52 months. Overall, there was no difference in mortality
between the two groups. However, patients assigned to dilti-
azem who did not have pulmonary congestion at the time of
randomization had a reduced number of cardiac events com-
pared to placebo patients. In contrast, patients who had signs
of pulmonary congestion at the time of randomization had an
unfavorable response to diltiazem (i.e., more deaths from car-
diac causes or nonfatal reinfarction). Diltiazem may be used
to lower the heart rate or decrease angina in patients who can-
not tolerate a β-blocker. However, diltiazem should be avoided
in patients with signs or symptoms of pulmonary congestion
because its negative inotropic properties may worsen systolic
function.2,3

The Danish Verapamil Infarction Trial (DAVIT-II) study
showed a trend toward a reduction in mortality at 18 months in
patients receiving verapamil (11.1% vs. 13.8% in the placebo
group). In patients who did not have heart failure at the time
of randomization, verapamil showed a statistically significant
benefit in reducing mortality (7.7% vs. 11.8% in the placebo
group). In contrast to the diltiazem trial, verapamil had neither
a demonstrable benefit nor a detrimental effect in patients with
heart failure. It has been suggested that the use of verapamil
and diltiazem should be limited to patients who do not tolerate
β-blocker therapy and who do not have systolic dysfunction.2,3

Analgesics
It is important to abolish the patient’s pain as quickly as possi-
ble because the pain and anxiety associated with an AMI will
contribute to increased myocardial oxygen demand. If the pain
is not relieved by the thrombolytic and anti-ischemic medi-
cations (e.g., nitrates, β-blockers), then additional analgesia
may be necessary. Morphine and meperidine are the two most
commonly prescribed analgesics.

Oxygen
Many patients are modestly hypoxemic during the initial hours
of an AMI. Oxygen should be administered via nasal cannula
to all patients suspected of having ischemic pain. Patients with
severe hypoxemia or pulmonary edema may require intubation
and mechanical ventilation.2,3

Antiarrhythmics
Ventricular arrhythmias, including ventricular fibrillation, are
common complications associated with myocardial ischemia
and AMI. Lidocaine, procainamide, and amiodarone are the
drugs of choice for the treatment of ventricular arrhythmias
in the peri-infarction period. The routine use of prophylactic
lidocaine or other antiarrhythmic agents to prevent ventricular
tachycardia and ventricular fibrillation is not recommended.
Although the routine use of lidocaine may reduce the number
of episodes of ventricular fibrillation, it may contribute to an
increased number of episodes of asystole (see Chapter 20).2,3

Suppression of ventricular ectopy following an AMI with
the chronic use of oral antiarrhythmic agents is not recom-
mended. Results of Cardiac Arrhythmia Suppression Trial
(CAST)-I and CAST-II demonstrated an increase in mortal-
ity in asymptomatic patients with ventricular ectopy follow-
ing an AMI who were treated with flecainide, encainide, or
moricizine.2,3

Stool Softeners
It is common to administer agents such as docusate to prevent
constipation in AMI patients because straining causes unde-
sirable stress on the cardiovascular system. Table 17-5 sum-
marizes the common adjunctive therapy used in patients with
AMI.

Nondrug Therapy
PCI is an attractive alternative to thrombolytic therapy. PCI
consists of the insertion of a guidewire though a catheter into
the occluded coronary vessel. Using fluoroscopy, the wire is
directed and manipulated across the stenosis. A balloon an-
gioplasty catheter is then progressed across the guidewire to
the stenosis and inflated, which mechanically compresses the
plaque in the vessel to increase lumen size. However, when bal-
loon angioplasty alone is employed, reocclusion (9%–20%),
reintervention (10%–20%), and restenosis (31%–45%) of the
affected coronary artery occur. To correct these problems, a
bare metal or drug-eluting stent may be placed in the coronary
lumen (Fig. 17-4).22 Specific guidelines have been published
by the ACC/AHA addressing PCI and stent use in AMI.23

PCI is preferred only if a skilled interventional cardiolo-
gist and catheterization laboratory are available, if the proce-
dure can be preformed within 90 minutes after initial medical
contact, and/or a contraindication for a thrombolytic exists.23

Thrombolytic therapy is preferred for patients whose first med-
ical contact occurs less than 3 hours after symptom onset but
for whom PCI is not immediately available, those who seek
medical attention less than 1 hour after onset of symptoms,
and those with a history of anaphylaxis to radiographic con-
trast material.

The disadvantages of PCI include the longer amount of
time needed to mobilize the personnel needed to prepare the
catheterization laboratory and its initial higher cost. A potential
advantage of PCI is the greater ability to achieve TIMI grade 3
flow in the affected vessel (90% vs. 50%–60%, respectively).22

Pooled data from major trials comparing PCI to thrombol-
ysis have found PCI to be associated with fewer major ad-
verse cardiac events, irrespective of patient presentation time.
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Table 17-5 Adjunctive Therapy for Acute Myocardial Infarction

Drug Indication Dose and Duration Therapeutic End Points Precautions Comments

ACE inhibitorsa AMI with EF <40% Usual captopril dose
12–50 mg TID; then
start longer-acting
ACE inhibitor.
Duration indefinite.

Titrate to usual doses
and maintain systolic
BP >90–110 mmHg

Avoid IV therapy within
48 hr of infarct

Oral therapy in patients with EF
<40%.

Aldosterone
antagonists

AMI with EF <40%
with symptomatic
HF or DM
currently
receiving ACE
inhibitors

Spironolactone 12.5–50
mg daily or
eplerenone
25–50 mg daily.

Titrate to heart failure
symptom control
without evidence of
hyperkalemia

Hyperkalemia Avoid if potassium ≥5 mEq/L
or Scr ≥2.5 mg/dL for men
and 2.0 mg/dL for women.
Dose can be increased every
4–8 weeks.

Aspirina AMI and ischemic
heart disease

160–325 mg during
AMI, then
75–325 mg/day for
an indefinite period.

No firm end point Active bleeding,
thrombocytopenia

Unless clear contraindication
exists, aspirin should be given
to all AMI patients.

β-blockersa General use in all
AMI patients to
reduce
reinfarction and
improve survival

Variable; titrate to HR
and BP. Immediate
IV therapy
preferable. Duration
indefinite. See Table
17–8 for specific
dosing
recommendations.

Titrate to resting HR
approx. 60 beats/min,
maintain systolic BP
>100 mmHg

Usual β-blocker
contraindications.
Observe HR and BP
closely when
given IV

Unless clear contraindication
exists, β1-selective agents
such as metoprolol and
atenolol should be given to all
AMI patients. In patients with
systolic dysfunction,
metoprolol or carvedilol can
be considered.

Calcium channel
blockers

Postinfarction
angina, non–
Q-wave AMI

Usual doses of calcium
channel blockers are
used. Duration
dictated by clinical
scenario (see Chapter
17).

Titrate to usual doses
and maintain systolic
BP >90 mmHg

Usual calcium channel
blocker
contraindications.
Avoid in patients with
pulmonary congestion
or EF <40%

a) In patients with good EF, most
calcium channel blockers will
exert beneficial effects.

b) Some data support use of
verapamil or diltiazem for
non–Q-wave AMI, but not
dihydropyridine types.

Clopidogrela For patients with
aspirin allergy

75 mg/day No firm end point Active bleeding,
thrombotic
thrombocytopenia
purpura (rare)

Clopidogrel +
aspirina

For STEMI, prior to
thrombolytic
therapy or PCI

300 mg load 10–45
minutes before
thrombolytic therapy,
followed by 75 mg
daily and continued
to the day of
angiography; aspirin
150–325 mg on first
day, then 75–162 mg
daily.

No firm end point Active bleeding,
thrombotic
thrombocytopenia
purpura (rare)

Whether administered before
thrombolytic or PCI,
clopidogrel + aspirin reduced
CV death, MI, or ischemia at
30 days. The 600 mg load
should be considered if a
GIIb/IIIa is not used.
Aspirin + clopidogrel should
be continued for at least
1 month after placement of a
BMS and at least 1 year for
DES.

For STEMI 75 mg daily; aspirin 162
mg daily.

No firm end point Initial clopidogrel dose should
be started within 24 hr of
symptoms and continued
until hospital discharge.

For NSTEMI and
unstable angina
patients

300 mg load, followed
by 75 mg daily for
1–9 months; aspirin
75–325 mg daily.

No firm end point Clopidogrel + aspirin
reduced death,
reinfarction, or stroke
through index
hospitalization
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Table 17-5 Adjunctive Therapy for Acute Myocardial Infarction (Continued)

Drug Indication Dose and Duration Therapeutic End Points Precautions Comments

Factor Xa
inhibitor

To replace UFH or
LMWH in ACS
and STEMI

STEMI
Fondaparinux: 2.5 mg

SQ daily for 8 days
or discharge.

ACS
Fondaparinux: 2.5 mg

SQ daily for 6 days.

No firm end point Active bleeding In STEMI, fondaparinux
reduced mortality and
reinfarction without increased
bleeds or strokes compared to
UFH, but only in patients not
undergoing PCI. In ACS,
fondaparinux was at least as
effective as enoxaparin but
exhibited less bleeding. Can
possibly be used in HIT.

No firm end point

Heparina Acute
anticoagulation,
patients
undergoing
reperfusion
with t-PA

Variable; 60 U/kg
loading at initiation
of t-PA, then 12
U/kg/hr. Usual
duration 24–48 hr.

aPTT ratio 1.5–2.5
patient’s control
value

Active bleeding,
thrombocytopenia

Unless clear contraindication
exists, UFH should be given
to all AMI patients who do
not receive thrombolytic
therapy.

Lidocaine Treatment of VT, VF Variable, 1.5 mg/kg
loading dose, then 14
mg/min. Use for <48
hr.

Cessation of arrhythmia Bradycardia.
Observe for CNS
toxicity.

Some data indicate increased
mortality with generalized
use.

LMWHa STEMI
To replace UFH in

STEMI and ACS
Enoxaparin: 30 mg IV

bolus (optional), then
1 mg/kg SQ twice
daily for
7– 8 days

Dalteparin: 100 U/kg
SQ prior to
thrombolytic, then
120 U/kg twice daily.

ACS
Enoxaparin: 1 mg SQ

twice daily for 28
days.

Dalteparin: 120 U/kg
SQ twice daily for
6 days.

No firm end point Active bleeding In ACS, enoxaparin was
superior to UFH for reducing
mortality and ischemic
events. In STEMI, compared
to UFH, LMWHs may lower
coronary reocclusion with
variable effects on mortality.

Morphine Treatment of severe
chest pain;
venodilator

2–5 mg IV
Q3–5 min PRN.

Decreased chest pain
and HR

Bradycardia, right
ventricular infarct

Good choice for acute pain
relief along with NTG.

Nitratesa General use in most
AMI patients

Variable; titrate to pain
relief or systolic BP.
5–10–200 mcg/min
typical regimen.
Usually maintain IV
therapy for 24–48 hr
after infarct.

Titrate to pain relief or
systolic BP >

90 mmHg

Use cautiously in right
ventricular infarct or
large inferior infarct
because of effects on
preload

Use acetaminophen, NSAIDs,
narcotics for headache. NTG
should be tapered gradually
in ischemic heart disease
patients.

Warfarin Left ventricular
thrombus

Variable; titrate to INR.
Duration usually for
several months.

INR 2–3 patient’s
control value

Usual warfarin problems
such as
noncompliance,
bleeding, diatheses

May be useful in the presence of
a left ventricular thrombus to
prevent embolism.

a Indicates specific drug therapies that are known to reduce morbidity and/or mortality.
ACE, angiotensin-converting enzyme; ACS, acute coronary syndrome; AMI, acute myocardial infarction; aPTT, activated partial thromboplastin time; BMS, bare metal stent; BP,
blood pressure; CNS, central nervous system; CV, cardiovascular; DES, drug-eluting stent; DM, diabetes mellitus; EF, ejection fraction; GIIb/IIIa, glycoprotein 2b3a inhibitor; HF,
heart failure; HIT, heparin-induced thrombocytopenia; HR, heart rate; INR, international normalized ratio; IV, intravenously; LMWH, low-molecular-weight heparin; NSAIDs,
nonsteroidal anti-inflammatory drugs; NSTEMI, non–ST segment elevation myocardial infarction; NTG, nitroglycerin; PCI, percutaneous coronary intervention; PRN, as needed;
Q, every; Scr, serum creatinine; SQ, subcutaneously; STEMI, ST segment elevation myocardial infarction; TID, three times a day; t-PA, tissue plasminogen activator; UHF,
unfractionated heparin; VF, ventricular fibrillation; VT, ventricular tachycardia.
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A Before myocardial infarction

No symptoms

Normal electrocardiogram
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FIGURE 17-4 Myocardial infarction before, during, and after percutaneous coronary intervention.
Source: Reprinted from reference 22, with permission.

Unfortunately, many hospitals do not have the facilities or
skilled personnel to complete this procedure in the necessary
time frame.22

SIGNS AND SYMPTOMS OF ACUTE
MYOCARDIAL INFARCTION

1. P.H., a 65-year-old, 80-kg man, is being admitted to the
emergency department (ED) after experiencing an episode of sus-
tained chest pain while mowing his yard. After waiting 5 hours,
he called 911 and was transported to the ED. Physical examina-
tion reveals a diaphoretic man who appears ashen. Heart rate and
rhythm are regular and no S3 or S4 sounds are present. Vital signs
include BP 180/110 mmHg, heart rate 105 beats/minute, and res-
piratory rate 32 breaths/minute. P.H.’s chest pain radiates to his
left arm and jaw, and he describes the pain as “crushing” and
“like an elephant sitting on my chest.” He rates it as a “10/10” in

intensity. Thus far, his pain has not responded to five sublingual
(SL) NTG tablets at home and three more in the ambulance. His
ECG reveals a 3-mm ST segment elevation and Q waves in leads
I and V2 to V4. Based on this, P.H. is diagnosed with an anterior
infarction. Laboratory values include sodium (Na), 141 mEq/L
(normal, 135–145); potassium (K), 3.9 mEq/L (normal, 3.5–5);
chloride (Cl), 100 mEq/L (normal, 100–108); CO2, 20 mEq/L
(normal, 24–30); blood urea nitrogen (BUN), 19 mg/dL (normal,
8–25); serum creatinine (SrCr), 1.2 mg/dL (normal, 0.6–1.5); glu-
cose, 149 mg/dL (normal, 70–110); magnesium (Mg), 1.3 mEq/L
(normal, 1.5–2); CK, 1,200 U/L (normal, 60–370), with a 12% CK-
MB fraction (normal, 0%–5%); troponin-I, 60 ng/mL (normal,
<2); cholesterol, 259 mg/dL (normal, <200); and triglycerides,
300 mg/dL (normal, 40–150). P.H. has a prior history of coronary
artery disease (CAD). A previous cardiac catheterization 2 years
ago revealed a lesion in his middle left anterior descending coro-
nary artery (75% stenosis) and in the proximal left circumflex
artery (30% stenosis). His ventriculogram at the time showed
an EF of 58%. These lesions were deemed suitable for medical
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management. He also has a history of recurrent bouts of bron-
chitis with bronchospastic disease for 10 years, diabetes mellitus
treated with insulin for 18 years with fair control, and mild hy-
pertension with fair control for 20 years. His father died of an MI
at age 70. His mother and siblings are all alive and well. P.H. has
smoked one pack of cigarettes a day for 30 years, and he drinks
approximately one six-pack of beer a week. He has no history
of IV drug use. On admission, P.H.’s medications include insulin
glargine 40 U daily; albuterol inhaler, PRN; hydrochlorothiazide,
25 mg daily; NTG patch, 0.2 mg/hour; and NTG SL, 0.4 mg PRN
chest pain. What signs and symptoms does P.H. have that are
consistent with the diagnosis of AMI?

[SI units: Na, 141 mmol/L (normal, 135–145); K, 3.9 mmol/L (normal, 3.5–

5.0); Cl, 100 mmol/L (normal, 100–108); CO2, 20 mmol/L (normal, 24–

30); BUN, 6.8 mmol/L (normal, 2.9–8.9); SrCr, 72 mmol/L (normal, 36–90);

glucose, 8.3 mmol/L (normal, 3.9–6.1); Mg, 0.65 mmol/L (normal, 0.75–

1.0); CK, 20 and 33.34 kat/L, respectively (normal, 1.0–6.7); cholesterol,

6.7 mmol/L (normal, <5.2); triglycerides, 3.9 mmol/L (normal, 0.45–1.7)]

P.H. described his pain as a pressure sensation, which is
common with ischemic heart disease. The chest discomfort
associated with AMI is described more often as pressure or
as a tight band around the chest rather than pain. Although
P.H. was involved in physical exertion when his chest pain
began, this is not always the case. It can begin at rest and,
frequently, in the early morning hours. At least 20% of patients
with AMI have no pain or discomfort; these are described as
having “silent” MIs. Presentations range from asymptomatic
to shortness of breath, hypotension, heart failure, syncope, or
ventricular arrhythmias. Silent or atypical infarctions occur
more commonly in people with diabetes or hypertension and
in the elderly. P.H. is diaphoretic, a common finding, but other
common symptoms such as nausea and anxiety are not present.
He also describes his pain as “10/10” in intensity, or perhaps
“the worst pain I’ve ever experienced,” which is typical of an
AMI. The typical patient with an uncomplicated AMI has few
useful physical findings. The diagnosis primarily lies in the
symptoms, the ECG, and the laboratory findings.

The history of diabetes, hypertension, smoking, and a pos-
itive family history in P.H. are all risk factors for coronary
disease. His admission BP is high, which could indicate poor
underlying control or anxiety and stress related to his AMI.
The blood sugar of 140 mg/dL is high, again indicating either
poor control or a stress response. Measurement of glycosylated
hemoglobin is indicated during his hospitalization to better as-
sess his diabetes control.2,3

Laboratory Abnormalities

2. What laboratory abnormalities can you expect to see in
P.H.?

P.H. demonstrates several laboratory abnormalities com-
monly seen in AMI. His CK was high on admission and the
CK-MB of 12% (normal, <5%) is indicative of myocardial
necrosis. CK-MB rises acutely over the first 12 to 24 hours
and returns to normal in 2 to 3 days. The troponin level is
also increased, which is consistent with myocardial necrosis.
Several other nonspecific laboratory findings should be mon-
itored in P.H. Hyperglycemia may develop because P.H. is a
diabetic, but this can also occur in nondiabetic patients. To-
tal cholesterol and HDL cholesterol concentrations may fall

dramatically within a few days following an AMI; therefore,
it is best to check serum lipid profiles within 24 to 48 hours.
Leukocytosis and an increase in the erythrocyte sedimentation
rate may also be observed with AMI.2,3

ST Segment Elevation Myocardial Infarction versus
Non–ST Segment Elevation Myocardial Infarction

3. P.H. was noted to have “ST segment elevation and Q waves”
on the ECG. What are the implications of a ST segment elevation
versus non–ST segment elevation MI?

Perhaps the most important diagnostic test in someone who
is suspected to have an AMI is the ECG. The ECG is an impor-
tant tool because it is noninvasive, can be performed rapidly,
is readily available in most clinical settings, and adds valuable
clues as to where the AMI is located (i.e., anterior, inferior,
lateral) (Fig. 17-4). It is valuable in determining whether a
thrombolytic should be administered. Although enzyme pro-
files are helpful, the results are often not available for hours,
or the patient may present to the hospital before the cardiac
enzymes are present in the serum. Therefore, enzymes allow
one to confirm “retrospectively” the presence of an AMI, but
do not necessarily influence the immediate therapeutic course
for the patient. P.H. has classic ECG changes such as ST seg-
ment elevation and Q waves. Their presence in the anterior
ECG leads (V2–V4) indicates which part of the heart is af-
fected and also points to the coronary arteries that are likely
to be blocked. P.H.’s previous left anterior descending lesion
may have had a plaque rupture leading to thrombosis of the
vessel.

The presence of ST segment elevation in two contiguous
leads indicates severe ischemia and occlusion of the coronary
artery. Every effort should be made to open the infarct-related
artery as soon as possible. If the ECG showed ST segment
depression instead of elevation, P.H. would not be eligible for
thrombolytic therapy.

Anterior versus Inferior Infarction

4. What are the prognostic implications of an anterior versus
an inferior MI?

Damage to the anterior section of the heart is more likely
to be associated with increased morbidity (e.g., left ventricular
dysfunction) and mortality. The patients at highest risk of death
are those with an anterior AMI, left ventricular dysfunction,
and complex ventricular ectopy.10 P.H. is at an increased risk
because he has sustained an anterior AMI.

Risk Stratification

5. What is P.H.’s initial risk of morality based on his presenting
signs and symptoms?

Much of the information used to stratify patients is based on
their physical findings, test results, and past medical history.
Risk stratification should be conducted on initial diagnosis and
repeated or modified as needed based on an initial response to
therapy and results of laboratory findings.
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The first risk stratification method was introduced in 1967
by Killip et al. and found to be a useful, easy tool for early
risk stratification for patients with STEMI.24,25 Higher Killip
class was found to be associated with increased in-hospital
and 1-year mortality (Table 17-6). The TIMI risk score was
introduced in 2000 and can be used with either STEMI or
NSTEMI.26,27 For STEMI, the higher the risk score, the greater
the 30-day mortality rate. In the case of NSTEMI, the higher the
risk score, the greater the 14-day risk of death or MI. Table 17-6
describes the various risk factors and corresponding percentage
risks.

P.H. has a TIMI risk score of 7 based on his age (2 points);
history of angina, hypertension, and diabetes (1 point); heart
rate (2 points); location of his MI (1 point); and time to reperfu-
sion therapy (1 point). P.H. has a 30-day mortality rate of 23%,
thereby highlighting the serious nature of his heart disease and
the importance of adherence to medications.

TREATMENT
Therapeutic Objectives

6. What are the immediate and long-term therapeutic objec-
tives in treating P.H.?

The immediate therapeutic objectives in treating P.H. are
to minimize the amount of myocardial necrosis that develops,
to alleviate his symptoms, and to prevent his death. These ob-
jectives are achieved primarily by restoring coronary blood
flow (administering a thrombolytic and/or performing a PCI)
and lowering myocardial oxygen demand. Any life-threatening
ventricular arrhythmias that develop must be treated. The long-
term therapeutic objectives are to prevent or minimize recur-
rent ischemic symptoms, reinfarction, heart failure, and sudden
cardiac death. The specific therapeutic regimens are discussed
in the questions that follow.

Thrombolytic Therapy

7. Is P.H. a candidate for thrombolytic therapy? Is any one
agent preferred?

AMI is a medical emergency and rapid administration of
drug therapy is crucial to save myocardial tissue. The results
of several major trials have shown unequivocally that if used
appropriately, thrombolytics can reduce the mortality associ-
ated with an AMI.2,3 Because mortality benefit is greatest when
thrombolytic therapy is administered within 2 hours of symp-
tom onset, many institutions are employing early prehospital
thrombolytic therapy, in which trained paramedics administer
the thrombolytic in the field.16

Controversy still exists over which thrombolytic should be
used, the best dosing regimen, the most appropriate adjunctive
therapy, and whether the risk outweighs the benefit in some
subpopulations of patients (e.g., those with an inferior AMI).
Each issue is discussed in subsequent cases.

P.H. has a history of hypertension, and at presentation, his
BP is 180/110 mmHg. A BP this high is a relative contraindi-
cation to thrombolytic therapy because of an increased risk
of cerebral hemorrhage; however, P.H. has an anterior MI and
is likely to benefit from thrombolytic therapy. In this case, he
should receive IV NTG immediately because the onset of blood

Table 17-6 Risk Stratifications Tools for Acute Myocardial
Infarction

TIMI Risk Score a

STEMI NSTEMI

Risk Factor No. of Points Risk Factor No. of Points

Age 65–75 yr 2 Age ≥65 yr 1
Age ≥75 yr 3 ≥3 risk factors for

CADb
1

SBP <100 mmHg 3 Prior history of CADc 1
Heart rate >100

beats/min
2 Aspirin use in past 7

days
1

Killip class II–IV 2 ≥2 anginal events in
past 24 hr

1

Weight <67 kg 1 ST segment deviation
≥0.5 mm

1

History of HTN,
diabetes,
or angina

1 Elevation of cardiac
markersd

1

Time to reperfusion
therapy >4 hr

1

Anterior ST
segment elevation
or left bundle
branch block

1

Killip Classe

Class Symptoms In-Hospital and 1-yr
Mortality (%)

I No heart failure 5
II Mild heart

failure, rales,
S3, congestion
on chest
radiograph

21

III Pulmonary
edema

35

IV Cardiogenic
shock

67

aTIMI risk score data from refs. 26 and 27. A risk score is calculated by adding the
total number of risk factors. Total points for STEMI are 0–14, in which risk scores of
0, 2, 4, 6, 7, and >8 correspond to a 30-day mortality rate of 0.8%, 2.2%, 7.3%, 16%,
23%, and 36%, respectively. Total points for NSTEMI are 0–7, in which scores of 0 or
1, 3, 5, and 7 correspond to a 3%, 5%, 12%, or 19% risk of death or repeat MI at 14
days, respectively.
bRisk factors include smoking, diabetes, hypertension, family history of coronary artery
disease, and hypercholesterolemia.
cDefined as a prior coronary stenosis ≥50%; history of previous MI, percutaneous
coronary intervention, or coronary artery bypass graft; or chronic stable angina pectoris
associated with a positive exercise tolerance test or pharmacologically induced nuclear
imaging or echocardiographic changes (positive nuclear imaging or echocardiographic
changes required if female).
d Either troponin I or T or CK-MB.
eKillip class data from reference 25.
CAD, coronary artery disease; HTN, hypertension; NSTEMI, non–ST segment eleva-
tion myocardial infarction; SBP, systolic blood pressure; STEMI, ST segment elevation
myocardial infarction; TIMI, thrombolysis in myocardial infarction.

pressure control with this agent usually occurs within minutes.
Once his systolic BP is <180 mmHg and the diastolic is <110
mmHg, a thrombolytic can be administered. The NTG will also
reduce the workload on his heart and may provide pain relief.

Because P.H. has severe pain and ECG changes consis-
tent with an anterior AMI, he is at great risk for substantial
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morbidity and/or mortality. Alteplase is more rapid acting and
effective in restoring TIMI grade 3 blood flow than strepto-
kinase; however, the slightly increased risk of stroke and the
increase in cost with t-PA may outweigh its advantages. The
argument for or against a specific thrombolytic is probably less
important than the decision to use an agent and to administer
the medication as soon as possible after the onset of symptoms.
P.H. is fortunate because he has presented within 5 to 6 hours
of the onset of chest pain.

Dosage Regimens

8. “Alteplase 100 mg infused over 90 minutes” is ordered for
P.H. Is this an appropriate dosage? If streptokinase, anistreplase,
reteplase, or tenecteplase had been ordered, what would be an
appropriate regimen?

To enhance reperfusion while minimizing bleeding com-
plications, accelerated dosage regimens of t-PA are recom-
mended. The recommended regimen is a 15 mg bolus followed
by a 50 mg infusion over 30 minutes and then the remaining
35 mg over 60 minutes. The Global Utilization of Streptoki-
nase and t-PA for Occluded Arteries (GUSTO) trial used this
accelerated or front-loaded regimen for administration of t-PA.
In this trial, t-PA was compared to streptokinase and a com-
bination of streptokinase and t-PA. The results showed that
t-PA alone was the most effective in reducing mortality. The
30-day mortality rate for the accelerated t-PA group was 6.3%
compared to 7.3% in the streptokinase group. In GUSTO, the
t-PA regimen was also weight adjusted, such that after the 15
mg bolus dose, the infusion was 0.75 mg/kg over 30 minutes
followed by 0.5 mg/kg over 60 minutes. The maximum dose
received was 100 mg.

Most of the large trials with streptokinase have used an
IV infusion of 1.5 MU administered over 60 minutes. There
have been some trials in which the infusion was shortened to
30 minutes; however, there have been no large studies that have
compared a 30-minute infusion to a 60-minute infusion.

Anistreplase is usually given intravenously as 30 U over 2
to 5 minutes. This convenient dosing schedule is the major
advantage of this agent. As mentioned previously, it has been
suggested that prehospital administration of anistreplase by
emergency services personnel would reduce the amount of time
from the onset of chest pain to the administration of this life-
saving drug.

Reteplase was compared to t-PA in the GUSTO-III trial.
Reteplase has a slower clearance from the body, allowing the
drug to be given as a bolus without the need for a constant
infusion. In the GUSTO-III trial, reteplase was administered
in two bolus doses of 10 MU, given 30 minutes apart. The
mortality rate and incidence of stroke were the same in the two
groups of patients.

TNK was compared to t-PA in the Second Assessment of
Safety and Efficacy of a New Thrombolytic (ASSENT-2) trial.
TNK was administered as a bolus of 30 to 50 mg over 5 to
10 seconds, based on body weight (Table 17-3). No difference
existed between TNK and t-PA in 30-day mortality and stroke.

Many institutions have streptokinase in addition to one of
the more expensive, fibrin-selective agents (t-PA, reteplase, or
TNK) on their formulary. Choice of the later is based on con-
tract pricing, ease of administration, and simplicity of dosing
regimen. From GUSTO and GUSTO III, t-PA and reteplase

are effective therapies for achieving early coronary reperfu-
sion, providing an advantage over streptokinase. The 2004
ACC/AHA guidelines recommend t-PA or reteplase for pa-
tients who present early after onset of chest pain and in those
with a large area of injury (e.g., anterior infarction) who have
a low risk for an intracranial bleed. However, based on the
ASSENT-2 trial, TNK appears to be just as effective as t-PA
with fewer bleeding complications. Compared to t-PA, both
TNK and reteplase can be administered as bolus doses.2,3

Once P.H.’s BP is controlled, he should receive a throm-
bolytic as quickly as possible. Because he appears to be having
a large anterior infarction, the added cost of t-PA, r-PA, or
TNK versus streptokinase may be justified. Table 17-7 sum-
marizes the major thrombolytic trials. With regard to medica-
tion safety, the thrombolytic dose should always be carefully
checked because over- and underdosing of thrombolytics has
been associated with higher 30-day mortality.2,3,28

Adjunct Therapy

9. Orders are written for UFH 5,000 U IV bolus, followed by
1,000 U/hour by continuous infusion. Also prescribed is aspirin
325 mg STAT. Are both agents necessary?

The Second International Study of Infarct Survival (ISIS-2)
trial showed that aspirin 160 mg/day alone and in combination
with streptokinase reduced mortality in patients with AMI by
23% and 42%, respectively, when compared to a control group
of patients who received neither aspirin nor streptokinase. In
doses of 160 mg or more, aspirin generates a prompt clinical
antithrombotic effect as a result of its inhibition of thrombox-
ane A2 production. Thus, immediate administration of 160 to
325 mg of aspirin in patients diagnosed with AMI, regard-
less of whether they receive thrombolytics, is indicated. In
the acute setting, aspirin should be chewed because it is ab-
sorbed more quickly. All patients should receive 75 to 325 mg
of daily aspirin indefinitely following AMI. If patients have a
contraindication to aspirin, clopidogrel can be substituted.2,3

The use of UFH as adjunct therapy to prevent reocclusion
has been evaluated in many studies (Table 17-7). Overall, it
appears that UFH administration offers no benefit to patients
receiving streptokinase or anistreplase.2,3 However, because
P.H. will receive t-PA, due to his anterior wall infarct, an IV
UFH bolus followed by a continuous infusion should be started
before the end of the t-PA infusion. The 2004 ACC/AHA guide-
lines recommend a 60 U/kg bolus of UFH at the initiation of
t-PA, followed by a maintenance infusion of 12 U/kg/hour or a
maximum of a 4,000 U bolus, followed by 1,000 U/hour. The
target activated partial thromboplastin time should be 1.5 to
2.0 × control (generally 50–75 seconds). UFH should always
be considered in patients at high risk for systemic or venous
embolism.

10. Would P.H. benefit from the addition of clopidogrel to his
current drug regimen?

Recent studies have defined the potential role of in-hospital
clopidogrel as an integral part of reperfusion therapy in pa-
tients with STEMI. Although the data with clopidogrel are
quite promising, the risk and cost of chronic therapy of the
drug must be weighed against its benefits.

The Clopidogrel as Adjunctive Reperfusion Therapy-
Thrombolysis in Myocardial Infarction 28 (CLARITY-TIMI
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Table 17-7 Summary of Major Thrombolytic Trials

Number of Duration of
Trial Thrombolytics Heparin, Aspirin, LMWH Patients Symptoms Results

ISIS-2
1988

Streptokinase 1.5 MU over
1 hr vs. placebo

Also randomized to aspirin
160 mg/day or no aspirin.
Heparin not specified.

17,187 <24 hr Streptokinase, aspirin, streptokinase +
aspirin all reduced mortality compared to
placebo.

Most benefit from streptokinase + aspirin.
Aspirin alone and in combination with
streptokinase reduces mortality. Some
benefit from aspirin and/or streptokinase
even administered late.

ISG 1990 t-PA 100 mg over 3 hr vs.
streptokinase 1.5 MU
over 1 hr

Also randomized to heparin SQ
or no heparin. All patients
received aspirin and atenolol
unless contraindicated.

20,891 <6 hr No significant difference in hospital
mortality between streptokinase and t-PA.
More episodes of major bleeding with
streptokinase and more strokes with t-PA.
Results questioned due to the use of SQ
heparin.

ISIS-3
1992

t-PA (duteplase) 0.6 MU
over 4 hr vs.
streptokinase 1.5 MU
over 1 hr vs. APSAC 30
U over 3 min

Also randomized to SQ heparin
or no heparin. All patients
received aspirin 162 mg/day.

41,299 <24 hr No significant difference in mortality
between thrombolytics. More episodes of
major bleeding with heparin and more
strokes with t-PA. Results questioned due
to the use of SQ heparin.

GUSTO
1993

t-PA 1.25 mg/kg (100 mg)
over 90 min vs.
streptokinase 1.5 MU
over 1 hr vs. t-PA
1 mg/kg + streptokinase
1 MU over 1 hr

Aspirin 160–325 mg/day to all
patients. Heparin IV with t-PA
groups. Heparin IV or SQ in
streptokinase groups.

41,021 <6 hr Statistically significant decrease in 30-day
mortality in the t-PA group (6.3%) vs.
streptokinase (7.3%). More strokes in t-PA
groups.

GUSTO-III
1997

t-PA 100 mg over
90 min vs. r-PA
10 + 10 U

Aspirin 160 mg immediately,
then daily. Heparin 5,000 U
bolus, 1,000 U/hr.

15,059
No upper

age
limit

<6 hr Mortality rate at 30 days was 7.47% in r-PA
vs. 7.24% in t-PA (p = NS). Stroke
occurred in 1.64% of r-PA patients vs.
1.79% of t-PA patients (p = NS).

ASSENT-2
1999

TNK 30–50 mg over 5–10
sec vs. t-PA
1.25 mg/kg over
90 min

Aspirin 150–325 mg and heparin
4,000 U bolus, 800 U/hr for
patients 67 kg or 5,000 U
bolus, 1,000 U/hr >67 kg.

16,949 <6 hr No significant difference in 30-day mortality,
death or nonfatal stroke, or intracranial
bleeding between thrombolytics. TNK had
significantly fewer bleeding complications.

GUSTO-V
2001,
2002

r-PA two 10 U boluses vs.
r-PA two 5 U boluses +
abciximab 0.25 mg/kg
bolus, 0.125 mcg/kg/min
for 12 hr

Aspirin 150–325 mg orally or
250–500 mg IV immediately,
then 75–325 mg daily. For r-PA
alone: heparin 5,000 U bolus,
1,000 U/hr. (≥80 kg) or 800 U
bolus, 800 U/hr. (<80 kg). For
combination therapy, heparin
60 U/kg bolus, 7 U/kg/hr.

16,588 <6 hr No significant difference between groups in
all-cause mortality at 30 days and 1 year,
confirmed cerebrovascular events, or
nonfatal disabling strokes. Combination
therapy had a statistically significant
higher rate of bleeding complications
(p <0.0001).

ASSENT-3
2001

TNK 30–50 mg over 5 sec
vs.TNK 15–25 mg over
5 sec + abciximab
0.25 mg/kg bolus,
0.125 mcg/kg/min for
12 hr

Aspirin 150–325 mg orally. For
full-dose TNK, patients were
randomized to either
enoxaparin 30 mg bolus,
1 mg/kg Q 12 hr 7 days or IV
heparin 60 U bolus, 12 U/kg/hr
48 hr. For combination therapy,
40 U bolus, 7 U/kg/hr.

6,095 <6 hr For the composite end point of 30-day
mortality, reinfarction, or refractory
ischemia, event rates were 6.1% for
full-dose TNK + enoxaparin, 5.2% for
half-dose TNK+ abciximab, 8.8% for
full-dose TNK + heparin (p <0.0001). No
significant difference in 30-day mortality
between groups. More major bleeding
(p = 0.0002) and transfusions (p = 0.001)
in the abciximab group compared to
heparin.

ASSENT-4
2006

Standard PCI vs.
pretreatment with TNK
30–50 mg over
5 sec, 1–3 hr before PCI

Aspirin 150–325 mg orally and
single heparin bolus (70 U/kg
for PCI group, 60 U/kg for
TNK group).

1,667 <6 hr Study terminated early due to increased
in-hospital mortality in the TNK group
(6%) compared to standard PCI (3%)
(p = 0.0105). Patients receiving TNK had
more strokes (p <0.0001) and 90-day
reinfarction (p = 0.0279) and repeat
revascularizations (p = 0.0041).

APSAC, anisoylated plasminogen streptokinase activator complex; IV, intravenously; LMWH, low-molecular-weight heparin; NS, nonsignificant TNK, tenecteplase; PCI, percuta-
neous coronary intervention; r-PA, reteplase; SQ, subcutaneously; t-PA, tissue plasminogen activator.
From reference 2, 3, and 28.
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28) evaluated 3,497 patients (18–75 years of age) with STEMI
who received standard thrombolytic therapy, aspirin, and UFH,
and were scheduled for angiography within 2 days. Patients re-
ceived either clopidogrel (300 mg loading dose, followed by
75 mg daily) or placebo within 10 minutes of thrombolytic ad-
ministration. Clopidogrel was continued up to and including
the day of angiography and stopped. The primary end point was
the composite of an occluded infarct-related artery on predis-
charge angiography or death or an MI up to the start of coronary
angiography. Compared to placebo, patients in the clopidogrel
group demonstrated a 36% reduction in the primary end point
(p <0.001). By 30 days, the clopidogrel treatment group had
a 20% reduction in cardiovascular death, recurrent MI, or re-
current ischemia (p = 0.03). No difference in the rate of major
bleeding was seen between groups.29

Similar results were seen in the Adjunctive Reperfusion
Therapy (PCI-CLARITY) study in which STEMI patients
scheduled for PCI received pretreatment with either placebo
or clopidogrel (300–600 mg load, then 75 mg daily) up to and
including the day of angiography.30 Those receiving clopido-
grel had a 38% reduction in the MI or stroke prior to PCI (p =
0.028), as well as a 46% reduction in the incidence of cardio-
vascular death, MI, or stroke 30 days following the procedure
(p = 0.008). No difference in the rate of major bleeding was
seen between groups.

Finally, the Clopidogrel and Metoprolol in Myocardial In-
farction Trial (COMMIT) evaluated the effect of administrat-
ing either clopidogrel 75 mg daily with no loading dose or
placebo in 45,852 patients presenting with STEMI.31 The ini-
tial clopidogrel dose was given within 24 hours of symptom
onset and continued until hospital discharge or up to 4 weeks
in the hospital. Compared to placebo, the allocation to clopido-
grel was associated with a 9% reduction in death, reinfarction,
or stroke (p = 0.002) and a 7% reduction in all-cause mor-
tality (p = 0.03). No significant excess in bleeding was noted
in the treatment group or in those who received concomitant
thrombolytic therapy or who were younger than 70 years.

Based on the data from COMMIT, P.H. could safely receive
clopidogrel 75 mg daily as an inpatient. However, long-term
clopidogrel use in patients with STEMI remains questionable,
unless the patient receives a stent. As discussed later in the
chapter, most of the data with maintenance clopidogrel use
are documented in patients with acute coronary syndromes
(NSTE-ACS) and PCI.

11. Would P.H. benefit from a LMWH, factor Xa inhibitor, or
a GP IIb/IIIa inhibitor added to his thrombolytic regimen?

The replacement of UFH with a LMWH, factor Xa inhibitor,
or the addition of an antiplatelet agent such as a GP IIb/IIIa
inhibitor to thrombolytic therapy has been evaluated in patients
with STEMI.

In the Enoxaparin and Thrombolysis Reperfusion for Acute
Myocardial Infarction Study-25 (ExTRACT-TIMI 25), 20,506
patients with STEMI scheduled for thrombolytic therapy were
randomized to receive either enoxaparin throughout the index
hospitalization or continuous infusion UFH for 48 hours.32

Enoxaparin was dosed according to age and renal function.
For patients younger than 75 years, enoxaparin was dosed as a
fixed 30 mg bolus followed 15 minutes later by 1 mg/kg subcu-
taneously (SQ) twice daily. For patients older than 75 years, the

bolus was eliminated, and the dose reduced to 0.75 mg/kg SQ
twice daily. If the creatinine clearance was <30 mL/minute, the
dose was modified to 1.0 mg/kg SQ daily. UFH was dosed ac-
cording to weight (60 U/kg bolus, followed by 12 U/kg/hour)
and adjusted to achieve an aPTT 1.5 to 2.0 × control. The
composite end point of death or nonfatal MI through 30 days
occurred in 12.0% in the UFH group and 9.9% in the enoxa-
parin group, representing a 17% risk reduction (p <0.001).
Although no difference was noted in mortality between the
two groups, treatment with enoxaparin did reduce the 30-day
risk of nonfatal reoccurrence of AMI by 33% compared to
UFH (p <0.001). However, major bleeding was higher in the
enoxaparin group compared to those receiving UFH (2.1% vs.
1.4%, respectively, p <0.001).2,3

The TIMI-14 trial demonstrated enhanced reperfusion
(TIMI 3 flow) using reduced-dose t-PA combined with abcix-
imab (0.25 mg/kg bolus, then 12-hour infusion of 0.125 mcg/
kg/minute) compared to full-dose t-PA alone. This improve-
ment occurred without an increase in the risk of major
bleeding.33 Similar rates of enhanced reperfusion have also
been observed with the combination of double-bolus dose ep-
tifibatide (180/90 mcg/kg, 10 minutes apart) with a 48-hour
infusion (1.33 mcg/kg/minute) plus half-dose t-PA (50 mg).2,3

In the GUSTO-V trial, 16,588 patients with STEMI were
randomized to standard-dose reteplase or half-dose reteplase
plus full-dose abciximab. There was no difference in death
rates between the groups at 30 days or 1 year. The combination
group had less reinfarction and recurrent ischemia, but this
benefit was offset by more episodes of moderate and severe
bleeding, especially in the elderly.2,3

The ASSENT-3 trial randomized 6,095 AMI patients to full-
dose TNK + enoxaparin, half-dose TNK + UFH, and a 12-
hour infusion of abciximab, or full-dose TNK + UFH. The
addition of either abciximab or enoxaparin to TNK reduced
the composite end point of 30-day mortality, in-hospital rein-
farction, or ischemia compared to UFH. More major bleeding
complications were seen with abciximab compared to UFH.2,3

The Enoxaparin as Adjunctive Antithrombin Therapy for
ST-Elevation Myocardial Infarction (ENTIRE-TIMI 23) trial
evaluated the use of a thrombolytic in combination with a GP
IIb/IIIa inhibitor and either UFH or LMWH. In this trial, 483
AMI patients were randomized to full-dose TNK or half-dose
TNK + abciximab. Each group was then randomized to receive
either UFH or enoxaparin. Patients receiving full-dose TNK
plus enoxaparin exhibited lower 30-day mortality/recurrent MI
rates compared to those receiving TNK + UFH. Rates of major
bleeding were highest with the TNK, abciximab, and enoxa-
parin combination.2,3

The Organization for the Assessment of Strategies for Is-
chemic Syndromes (OASIS) 6 was a complex, randomized
double-blind trial of 12,092 patients with STEMI designed to
assess the effect of early initiation of fondaparinux with pri-
mary PCI and medical therapy.34 The study compared the ef-
fects of fondaparinux (2.5 mg/day for up to 8 days) with two
different control arms: stratum 1, in which placebo was used
if UFH was not indicated; and stratum 2, in which UFH was
administered for up to 48 hours followed by placebo for up
to 8 days. Each control group included a mix of the different
treatment strategies, with essentially all primary PCI patients
receiving UFH. Compared to the control group, those receiving
fondaparinux had a significant reduction in the composite of
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death or reinfarction at 30 days (11.2% vs. 9.7%, respectively,
p = 0.008). Significant reductions in this end point were also
observed at 9 days (7.4% for the fondaparinux group vs. 8.9%
for the controls, p = 0.003), and at the end of the study (13.4%
vs. 14.8%, p = 0.008). Specifically, in stratum 1, fondaparinux
reduced the incidence of death or MI compared to the control
group (11.2% vs. 14.0%, p <0.05), but in stratum 2, demon-
strated no difference in this end point when compared to UFH.
Fondaparinux did not appear to offer benefit in patients who
were managed with primary PCI. Although the rates of death,
MI, and severe bleeds did not differ in these patients, there was
a higher rate of catheter thrombosis with fondaparinux.

In a meta-analysis of 11 trials involving 27,115 STEMI pa-
tients who received adjunctive abciximab in addition to either
PCI or thrombolytic therapy, use of abciximab was associated
with a significant reduction in 30-day (p = 0.047) and 6- to
1-month mortality (p = 0.01) in patients undergoing PCI but
not in those receiving thrombolytic therapy. Although both
reperfusion strategies demonstrated a significant reduction in
30-day reinfarction (p <0.05), only those patients receiving
abciximab with a thrombolytic had an increased risk in major
bleeding (p <0.001).35

For P.H., enoxaparin could be substituted for UFH based
on the ExTRACT-TIMI 25 trial. However, P.H. will have a
higher risk for bleeding and will need to be monitored closely.
Because P.H. is not undergoing PCI, he may not benefit from the
addition of a GP IIb/III at this time. GP IIb/IIIa inhibitors are
used primarily in NSTEMI and PCIs. If a GP IIb/IIIa inhibitor
was to be used in conjunction with a thrombolytic agent for
patients with STEMI, the dose of the thrombolytic agent is
reduced by one-half.

Determination of Reperfusion

12. How can you monitor for successful reperfusion in P.H. after
he has received thrombolytic therapy?

Performing coronary angiography following thrombolytic
therapy will reveal whether the infarcted artery is open, how
vigorous the blood flow is, and the extent of residual steno-
sis. There are several clinical indicators that correspond with
reperfusion, one of which is the resolution of chest pain. Some
investigators have found the development of “reperfusion ar-
rhythmias” to be associated with infarct-related artery patency,
but neither of these clinical markers is very reliable.

Two other methods used to estimate reperfusion are the ECG
and laboratory changes. Because the extent of the reduction of
ST segment elevation may be related to the extent of patency,
12-lead ECGs should be obtained frequently. ECGs have the
advantage of being readily available and noninvasive.

Early peaking of total CK and the CK-MB isoenzyme levels
may also differentiate patients who have achieved reperfusion
from those in whom thrombolytic therapy has failed. Lewis
et al. found an absolute rise in CK activity of 480 U/L or a
relative rise of 34% within the first hour following successful
thrombolysis. CK-MB activity was found to have a relative rise
of 27% during the first hour. In the absence of reperfusion, CK
activity was only increased by 15 U/L or had a relative rise of
3% over the first 2.5-hour period.2,3

Some hospitals routinely evaluate regional wall motion us-
ing echocardiography. Unfortunately, it may take several days
before improvement in wall motion is seen; therefore, it is

difficult to use this test to assess the initial success of throm-
bolysis.

It is important to determine whether thrombolysis has been
successful because the prognosis of the patient appears to be
related to the presence or absence of an open infarct-related
artery. If thrombolytic therapy fails to open the infarct-related
artery, then the patient may benefit from mechanical revascular-
ization such as PCI or a coronary artery bypass graft (CABG)
surgical procedure.2,3,22

Overall, coronary angiography is expensive, and although
rare, it does carry the risk of major bleeding, stroke, and re-
nal dysfunction. To minimize expense and complications, P.H.
should undergo a 12-lead ECG to evaluate reperfusion.

Time From Onset of Chest Pain

13. If P.H.’s arrival at the hospital had been delayed >6 hours
from the onset of his chest pain, should he still have received a
thrombolytic?

Although efforts should be directed toward administering a
thrombolytic as early as possible, many patients present several
hours after the onset of chest pain. There are several theoretical
reasons why the late administration of a thrombolytic may be
helpful. Some patients present with a “stuttering” MI, which is
chest pain that waxes and wanes over a period of hours or days,
presumably from recurrent or ongoing ischemia. These patients
should be considered candidates for thrombolytic therapy or
angiographic evaluation. The magnitude of left ventricular di-
latation may be diminished by reperfusion of the infarct-related
artery, even if it is late. Another potential advantage of open-
ing an infarct-related artery, even hours after an MI, is that the
opened artery could become a source of collateral blood flow
in the future. The Gruppo Italiano per lo Studio della Strep-
tochinasi nell’Infarto Miocardico (GISSI)-1 trial enrolled pa-
tients within 12 hours from the onset of chest pain. After 12
months of follow-up, the cumulative survival rate showed a
statistically significant benefit from the administration of strep-
tokinase compared to placebo. However, a subgroup analysis
showed no benefit for the patients who received streptokinase
after 6 hours from the onset of chest pain.2,3

The ISIS-2 trial expanded patient enrollment to include pa-
tients admitted within 24 hours from the onset of chest pain.
In that trial, there was a 17% reduction in vascular death at 5
weeks in the streptokinase group treated 5 to 24 hours from
the onset of chest pain, compared to a 35% reduction in the
group who received streptokinase within 4 hours from the on-
set of pain. Although the benefit was reduced, a statistically
and clinically significant benefit was still present.2,3

Overall, there appears to be a statistically significant benefit
associated with administering a thrombolytic up to 12 hours
from the onset of chest pain and a trend toward benefit when
given between 13 and 24 hours. Late administration may be
most beneficial in patients at the highest risk for mortality. This
would include the elderly, patients with large infarctions, and
those with continuing pain or hypotension.36 P.H. still may ben-
efit from thrombolytic therapy even if he presents beyond the
6-hour time frame. If he is still having symptoms, he probably
has viable myocardium at risk that may be salvaged. Streptok-
inase is the most cost-effective drug and the thrombolytic that
has been shown to be effective in this situation.
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Readministration of Thrombolytic Agents

14. This is P.H.’s first infarction. If he had a history of a previous
MI that was treated with a thrombolytic agent, would he still be
eligible for thrombolysis?

The need to administer a thrombolytic for a second infarc-
tion is becoming common. Many patients who are admitted
to a hospital with AMI have a history of a previous infarc-
tion. Both streptokinase and anistreplase are associated with
the formation of neutralizing antibodies within several days
following administration and up to 4 years with streptokinase.
Unfortunately, the clinical significance of these antibodies on
thrombolytic efficacy remains unknown. Based on observa-
tions made in ISIS-2, repeat doses of streptokinase were asso-
ciated with allergic reactions (4.4% of individuals) consisting
of shivering, pyrexia, or rashes, which were resistant to use of
prophylactic corticosteroids.37 If P.H. was presenting with a
second infarction within a year and had received streptokinase
for his first infarction, the thrombolytic of choice would be
t-PA, TNK, or reteplase.

15. P.H. was stable initially following thrombolysis, but 48 hours
later he experienced recurrent chest pain and ECG changes con-
sistent with extension of his infarct. The attending cardiologist
would like to readminister t-PA at this time. Is this a reasonable
course of therapy?

Reocclusion of the infarct-related artery following initial
successful thrombolysis is a major setback for this therapeutic
strategy. If reocclusion occurs, mechanical intervention (e.g.,
PCI) is often attempted. Debate has existed between whether to
readminister the thrombolytic or refer the patient for PCI.38 In
a meta-analysis of eight trials composed of 1,177 patients with
STEMI who failed thrombolytic therapy, patients receiving res-
cue PCI showed no significant reduction in all-cause mortality,
but had a 27% risk reduction in heart failure (p = 0.05) and
42% reduction in reinfarction (p = 0.04) when compared with
conservative treatment. Repeat fibrinolytic therapy was not as-
sociated with significant improvements in all-cause mortality
or reinfarction. Both treatment strategies demonstrated a sig-
nificant increase in minor bleeding, but PCI was associated
with an increase in stroke.39

In the case of P.H., a repeat infusion with t-PA would proba-
bly be safe, but it may not be effective. As discussed in question
12, repeat doses of streptokinase should be avoided. If facil-
ities for either PCI or surgery exist at the institution, many
cardiologists would choose an invasive strategy at this time for
P.H.

Use in the Elderly

16. B.T., an 85-year-old woman, presents to the ED with a his-
tory and examination that are nearly identical to P.H.’s. Should
an elderly person (older than 70 years) be treated any differently
with regard to thrombolytic therapy?

Some of the early trials with thrombolytic therapy excluded
the elderly. Although the elderly may have a higher prevalence
of relative contraindications such as severe hypertension or
history of stroke at presentation, they also have a higher in-
cidence of mortality following an AMI. The 30-day mortality
rate following an AMI is 19.6% for patients between 75 and
85 years of age and 30.3% for those who are 85 years of age.40

In a trial using streptokinase, a higher incidence of bleeding
in patients older than age 70 was reported. However, in the
ISIS-2 trial, the greatest reduction in mortality occurred in the
elderly subgroup. There are no controlled trials in which throm-
bolytic therapy has increased mortality in the elderly. If B.T.
had no contraindications to thrombolytic therapy, she should
receive it. However, in a high-risk cohort of elderly female
patients (older than 75 years, <67 kg), the ASSENT investi-
gators demonstrated that, compared with bolus and infusion of
t-PA, TNK was associated with lower rates of major bleeding
(15.15% vs. 8.33%) and intracerebral hemorrhage (3.02% vs.
1.14%).2,3,36

Strokes Associated With Thrombolysis

17. G.M., a 45-year-old man, presents with signs and symptoms
consistent with an anterolateral AMI. On admission, he received
t-PA (100 mg over 90 minutes). He developed nystagmus, blurred
vision, dysarthria, and paresthesias in his right hand 18 hours
after the infusion. How often are stroke symptoms observed in
patients with AMI? Is there a difference in the risk of stroke
among the various thrombolytic agents?

Stroke is a serious but infrequent complication of AMI. In
the prethrombolytic era, thrombotic stroke occurred in 3.7% of
AMI patients. In recent years, the number of ischemic strokes
has diminished to <0.6%, with a 17% mortality rate.41 The risk
factors identified for stroke associated with AMI include large,
akinetic segments of myocardium and the presence of a left
ventricular mural thrombus. Other comorbid conditions can
also increase stroke risk such as atrial fibrillation, hypertension,
diabetes, CABG, and previous stroke. An estimated one third
of patients with anterior wall infarction who do not receive a
thrombolytic will develop a mural thrombus, usually within the
first week of the event.41 Echocardiograms are recommended
before discharge in patients who have had an anterior wall
infarction to rule out a mural thrombus.

The risk of stroke was analyzed from the GISSI-2 and In-
ternational Study trials, where streptokinase was compared to
t-PA with and without SQ UFH. Of the 20,768 patients who
had complete records, 236 had a stroke while in the hospi-
tal. Thirty-one percent of the cases were intracerebral hemor-
rhage, 42% were ischemic stroke, and 26% were not classified.
More hemorrhagic and ischemic strokes occurred in patients
receiving t-PA (1.33% vs. 0.94% for streptokinase). Elderly
patients (older than age 70) had a stroke rate of 2.6% with
t-PA and 1.6% with streptokinase. Patients older than age 75
had a higher incidence of death and stroke compared to pa-
tients younger than 75 in the GUSTO trial. Patients older than
75 who were randomized to the t-PA group had a higher inci-
dence of hemorrhagic stroke (2.08%) versus those randomized
to either streptokinase group (1.23%). This has prompted some
to suggest that patients older than age 75 should receive strep-
tokinase rather than t-PA.40 Furthermore, Van De Graaff et al.
suggested that administration of thrombolytic therapy within
15 minutes of hospital arrival is associated with a 42% lower
risk of in-hospital stroke (p <0.05).41

Risk of Ventricular Fibrillation

18. After thrombolysis, P.H. is in normal sinus rhythm with
rare premature ventricular contractions (PVCs). Should he re-
ceive prophylactic lidocaine?
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Ventricular fibrillation is a major cause of death in patients
who are having an AMI. More than half of the episodes of ven-
tricular fibrillation that occur with an AMI are within 1 hour
of the onset of symptoms. Because ventricular fibrillation is
estimated to occur in 2% to 19% of patients with AMI, pro-
phylactic lidocaine has been used in an attempt to reduce this
complication.42 It was assumed initially that ventricular ectopy
such as frequent PVCs or short runs of ventricular tachycardia
would precede any episodes of ventricular fibrillation. How-
ever, it was noted that not all patients who developed ventric-
ular fibrillation had warning arrhythmias, so it became routine
to give all patients with AMI prophylactic infusions of lido-
caine. Subsequent meta-analyses of the use of prophylactic
lidocaine in AMI found that while lidocaine was associated
with a 35% reduction of ventricular fibrillation, no signifi-
cant reduction in all-cause mortality was noted. In fact, early
mortality and asystole, although not significant, were detected
in the lidocaine-treated patients.43 Nonetheless, as ventricular
fibrillation is treated readily with defibrillation in an inten-
sive care unit, the risk of prophylactic lidocaine in all patients
may exceed the benefit. Because electrical cardioversion is an
unpleasant experience, it is reasonable to use prophylactic li-
docaine in patients at highest risk for ventricular fibrillation
(see Chapter 19).

Risks of Using Lidocaine

19. How should lidocaine be given, and if so, for how long? How
should lidocaine be monitored?

Lidocaine should be given as a loading dose followed by
a continuous infusion. Loading doses of 1 mg/kg (maximum
100 mg) are used, followed by a constant infusion of 20 to
50 mcg/kg/minute. Patients should be monitored for the side
effects of lidocaine; the most common are those associated
with central nervous system toxicity. Symptoms may include
drowsiness, dizziness, tremor, paresthesias, slurred speech,
seizures, and coma. Massive overdoses may cause respiratory
depression. Lidocaine may suppress ventricular escape mech-
anisms, leading to atrioventricular block or asystole. The over-
all incidence of side effects in studies has been approximately
15%.42,43

Plasma Concentrations

20. What factors following an AMI may complicate the mea-
surement of lidocaine plasma concentrations?

The likelihood of developing adverse effects from lidocaine
is dose related; however, side effects are frequently reported
when plasma concentrations are within the therapeutic range.
The elderly and patients with heart failure and hepatic dysfunc-
tion have reduced clearance of lidocaine and may be predis-
posed to lidocaine toxicity. Lidocaine is bound to alpha1-acid
glycoprotein (AAG) and albumin in the serum. AAG plasma
concentrations have been shown to increase within 36 hours of
the time of infarction.44 Patients with AMI have an increased
binding of lidocaine to AAG and a rise in total lidocaine plasma
concentrations, but a reduced percentage of free lidocaine. This
could result in a patient with a plasma lidocaine concentration
that is above the “therapeutic range” without signs of toxicity.
Therefore, plasma lidocaine concentrations may be difficult to
interpret in the setting of AMI. (See Chapter 19 for a complete
discussion of lidocaine dosing and toxicity.)

Magnesium

21. Will the administration of IV magnesium be beneficial for
P.H.? How is magnesium administered?

There has been considerable debate regarding the use of
magnesium in the setting of AMI. The potential mechanisms
by which magnesium may benefit a patient include an antiar-
rhythmic effect, an antiplatelet effect, reversal of vasoconstric-
tion, reduction of catecholamine secretion, and enhancement
of adenosine triphosphate production.

In the Second Leicester Intravenous Magnesium Inter-
vention Trial (LIMIT-2), a randomized, placebo-controlled,
double-blind trial of 2,316 patients with suspected AMI, IV
magnesium was found to decrease mortality at 28 days by
24%. However, in the Magnesium in Coronaries (MAGIC)
trial, 6,213 patients with AMI were randomized to 2 g of IV
magnesium sulfate given as a bolus followed by a 17 g infu-
sion over 24 hours or matching placebo. Early administration
of magnesium did not reduce 30-day mortality. There was no
benefit seen in the ISIS-4 study.2,3

At this time, most clinicians do not routinely administer IV
magnesium to AMI patients. However, because P.H. has a low
serum magnesium concentration (1.3 mEq/L), he could benefit
from the drug. Increasing P.H.’s serum magnesium concentra-
tion to 2.0 mEq/L could reduce his risk for potential arrhyth-
mias. Based on trials using magnesium in AMI, P.H. should
receive 8 mmol over 5 to 15 minutes followed by 65 to 72
mmol, or 8 to 9 g, given as an IV infusion over 24 hours.2,3

β-Blockers

22. The physician has written orders for IV metoprolol 5 mg
Q 5 minutes for three doses. What are some of the benefits of
administering β-blockers to P.H.? Should they be given early in
his therapeutic course as IV therapy or simply started as oral
therapy a few days after the infarct?

As with thrombolytics, β-blockers offer significant bene-
fits to the MI patient in both the acute infarct period and/or
several days later as initial oral therapy. Several large trials
were designed to give early IV β-blockers (up to 24 hours after
symptom onset), followed by oral therapy; other studies used
oral therapy alone beginning days after the infarct. Early IV
administration appears to be most beneficial, with a reduction
of mortality of around 25% in the first 2 days when the results
of these trials are pooled. However, late oral therapy alone,
up to 21 days post-MI in the β-Blocker in Heart Attack Trial,
was also associated with a substantial reduction in mortality
(around 10%).2,3

Propranolol, metoprolol, timolol, and atenolol have been
studied extensively. All have been given by early IV adminis-
tration. Typically, metoprolol and atenolol are used in the acute
setting due to their β-1 selectivity, ease of dosing and adminis-
tration, and weight of evidence. Oral carvedilol, a nonselective
β- and α-blocker, has been used in the peri-infarction period,
specifically in patients with left ventricular dysfunction. In the
Carvedilol Post-Infarction Survival Control in Left Ventricu-
lar Dysfunction (CAPRICORN) trial, carvedilol reduced all-
cause and cardiovascular mortality as well as recurrent nonfatal
MI.2,3

In general, if a patient has transient cardiac decompensa-
tion (e.g., hypotension, bradycardia, or worsening symptoms
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of heart failure) during the acute infarct period, early IV β-
blockers are withheld. The patient’s condition is then observed
for a few days; if it stabilizes, oral therapy is initiated and
titrated slowly. Data from COMMIT highlight the importance
of tailored β-blockade therapy.45 In this study, 45,852 patients
were randomized to receive placebo or metoprolol (up to 15 mg
IV, then 200 mg orally daily) within 24 hours of AMI. Although
metoprolol use reduced reinfarction (p <0.001) and ventricu-
lar fibrillation rates (p <0.001) compared to placebo, the drug
was also associated with a significant increase in episodes of
cardiogenic shock (p <0.00001). In a subgroup analysis, pa-
tients with hemodynamic instability at randomization appeared
to bear the brunt of early cardiogenic shock associated with
metoprolol.

Because P.H. has experienced an uncomplicated MI and
is stable, he is a candidate for early IV therapy. Acute
and chronic dosing regimens for β-blockers are listed in
Table 17-8.2,3

Use in Diabetes

23. What are some reasons for concern about the use of a
β-blocker in P.H. (refer to the data presented in question 1)?
How should this therapy be monitored?

Recall that P.H. has a long-standing history of hypertension
and diabetes and that his admission BP was 180/110 mmHg
and heart rate was 100 beats/minute. Historically, the pres-
ence of diabetes was a relative contraindication for β-blockade
due to the adverse effects on insulin release and blunting of
the hypoglycemia-associated tachycardia. However, diabetics
comprise a large portion of AMI patients, and many β-blocker
trials contained diabetic AMI patients. Gottlieb et al. found that
post-MI diabetic patients treated with β-blockers experience a
36% reduction in mortality.46

Furthermore, data from the Glycemic Effects in Diabetes
Mellitus: Carvedilol-Metoprolol Comparison in Hyperten-
sives (GEMINI) trial suggest that in hypertensive, diabetic
patients receiving RAS blockade, carvedilol does not affect
glycemic control and may improve insulin sensitivity com-
pared to metoprolol.47 Due to these positive data, β-blockers
would have to possess major negative effects on the diabetic
condition to be considered contraindicated. Diabetic patients

who are given β-blockers should receive nonintrinsic sym-
pathomimetic activity, cardioselective agents (e.g., metopro-
lol, atenolol) or a more cardioselective α-β blocker (e.g.,
carvedilol). Patients should be advised to monitor their blood
glucose levels carefully for both hypo- and hyperglycemia after
the β-blocker is initiated, making adjustments to their insulin
or oral hypoglycemic therapy as needed.

In a patient like P.H., a low dose of metoprolol 25 mg twice a
day (BID) or carvedilol 3.125 mg BID can be given and titrated
to either adequate β-blockade or loss of diabetic control. At
these doses, the relative β1 selectivity will be more likely to
remain intact and is less likely than some of the nonspecific
β-blockers to affect his diabetes.

Use in Hyperlipidemia
P.H. has elevated serum cholesterol (259 mg/dL) and triglyc-
eride (300 mg/dL) levels. His low-density lipoprotein (LDL)
and high-density lipoprotein (HDL) cholesterol levels are
unknown. Although β-blockers have undesirable effects on
plasma lipids (they decrease HDL and increase total choles-
terol and triglycerides), the evidence in support of their use in
MI patients is compelling (see Chapter 13). β-blockers have
reduced post-MI morbidity and mortality in hyperlipidemic
patients. An appropriate lipid-lowering treatment plan should
be developed and initiated as soon as possible.

Use in Heart Failure
Years ago, heart failure was considered a contraindication to
β-blockade, but that is no longer the case. There are several
factors to consider before withholding β-blockers. In general,
patients who receive early IV β-blockade will benefit from
this therapy. If the patient has a relative contraindication to β-
blockade, one could consider using esmolol (500 mcg/kg IV
bolus over 1 minute followed by a maintenance infusion of 50
to 300 mcg/kg/minute), which has a short duration of action.
IV β-blockade should be withheld only if the patient has signs
and symptoms of moderate to severe left ventricular dysfunc-
tion. However, chronic, oral therapy should be initiated before
discharge (see Chapter 19). β-blockade should be given to P.H.
because he has no heart failure symptoms and his previous EF
was >50%.

Table 17-8 Dosing Summary of β-Blockers in Acute Myocardial Infarction

β-Blocker IV Dose Chronic Dose

Atenolol (Tenormin) Administer 5 mg IV over 5 min, followed by 5 mg IV 10 min later; after second IV dose,
immediately begin 50 mg PO, followed by 50 mg PO 12 hr later.a

50–100 mg PO dailya

Carvedilol (Coreg) None 6.25–25 mg PO twice dailya

Metoprolol (Toprol) Administer 5 mg IV over 2 min for three doses; 15 min after the last IV dose, begin
50 mg PO Q 6 hr for eight doses.a

50–100 mg PO twice dailya

Propranolol (Inderal) Administer 58 mg IV over 5 min, followed by 40 mg PO 2 hr apart, then Q 4 hr for
seven doses.a

180–240 mg PO daily in 24
divided dosesa

Timolol (Blocadren) Administer 1 mg IV, followed by 1 mg IV 10 min later; 10 min after the second IV dose,
begin constant infusion of 0.6 mg/hr for 24 hr; on completion of infusion, begin
10 mg PO twice daily.

10 mg PO twice dailya

aFDA-approved dose.
IV, intravenously; PO, orally; Q, every.
From references 2 and 3.
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Use in Pulmonary Disease
P.H.’s acute situation is complicated by his history of intermit-
tent pulmonary problems. In deciding whether to attempt use
of β-blockers in patients with pulmonary disease, one must
determine the nature of the pulmonary problem (i.e., reactive
airways or restrictive lung disease). It also would be helpful
to determine P.H.’s need for routine use of β-agonists to help
quantify the severity of his disease. By history, P.H. does not use
β-agonist bronchodilators routinely. No history is given regard-
ing his pulmonary function tests or the degree of reversibility
of his airway disease with bronchodilators. β1-selective antag-
onists are the drugs of choice in these patients, but at higher
doses (e.g., metoprolol doses >100 mg/day), the relative β1
selectivity may be lost. Similar to the argument regarding dia-
betes, a patient would need to experience significant worsening
of the pulmonary disease to justify avoiding β-blockers. A bet-
ter history of P.H.’s pulmonary problems should be obtained;
if they are minor, low doses of metoprolol or atenolol (started
in the hospital so he may be monitored closely) should be
considered.

Weighing the risk versus benefit of β-blockers, one could
make a case for cautiously administering IV agents to him
at this time. His dose of IV metoprolol (5 mg Q 5 minutes
for three doses) is a typical treatment plan. He must have fre-
quent monitoring of heart rate, BP, and respiratory status. Ther-
apy should be discontinued if P.H.’s heart rate drops below
60 beats/minute, systolic BP falls below 100 mmHg, or any
respiratory distress is noted. Oral metoprolol therapy could
begin at 25 to 50 mg a few hours after his last IV dose. Substi-
tuting the ultra–short-acting agent esmolol for metoprolol is an
option for P.H. because any adverse effects would be relatively
short lived. Unfortunately, there are no data to support the use
of esmolol for an AMI.

Objective evidence of adequate β-blockade consists of a
resting heart rate of 50 to 60 beats/minute, an exercise heart
rate of <120 beats/minute, and/or a resting systolic BP of 100
to 120 mmHg. Therefore, P.H. needs a significant reduction in
heart rate and BP from his admission values (100 beats/minute
and 180/110 mmHg, respectively) to be considered as having
achieved adequate β-blockade.48

24. Several days later, a routine echocardiogram is performed
on P.H. that shows hypokinesis of the anterior and lateral left ven-
tricular walls, a slightly enlarged left ventricle, no valvular abnor-
malities, EF 35% to 40%, and the appearance of a thrombus in
the left ventricle. Clinically, he has no signs or symptoms of heart
failure. What are the therapeutic and prognostic implications of
this echocardiogram?

Hypokinesis of the infarcted areas of the heart is not un-
usual. P.H. may have an area of “stunned” or “hibernating”
myocardium; it could take several weeks to recover some of
the wall motion if the area is still viable.49 Therefore, P.H. may
recover some of the wall motion and EF over time.

The presence of a thrombus in the left ventricle is a risk
factor for embolization. Several studies have shown that this
may increase P.H.’s risk of experiencing a later embolic event. If
P.H. is believed to be compliant with his medications, he would
be a candidate for warfarin therapy (titrated to an international
normalized ratio [INR] of 2 to 3) for 1 to 3 months because of
this thrombus. This should be enough time for the thrombus

to organize and become less of an embolic threat. Because of
his reduced EF, P.H. is an ideal candidate for treatment with an
ACE inhibitor and β-blocker.

Nitroglycerin

25. A.J., a 75-year-old man, presents to the ED with complaints
of dizziness and chest discomfort. He is a poor historian, but it
appears that his symptoms have been ongoing for >12 hours. His
physician is concerned that the symptoms represent an STEMI.
He had a GI bleed 6 weeks ago and has chronic obstructive pul-
monary disease with a bronchospastic component. The ECG is
consistent with a new anterolateral AMI. His vital signs are BP,
150/94 mmHg; heart rate, 55 beats/minute; and respiratory rate,
20 breaths/minute. Physical examination reveals wheezing. What
is the best treatment strategy for A.J.?

Because of the time delay since symptoms first appeared and
his history of recent GI bleeding, A.J. is not a good candidate
for thrombolysis. β-blockers also should be avoided in A.J. be-
cause of his serious pulmonary disease and current heart rate.
Thus, symptomatic management with IV NTG is indicated, and
PCI should be considered. NTG lowers the left ventricular fill-
ing pressure and systemic vascular resistance, thereby reduc-
ing myocardial oxygen consumption and myocardial ischemia.
At lower doses (<50 mcg/minute), IV NTG preferentially di-
lates the venous capacitance vessels, which leads to a decrease
in left ventricular filling pressure.2,3 For patients who have
signs of pulmonary congestion, IV NTG is of particular value.
(See Chapter 16 for further discussion of NTG pharmaco-
logy.)

26. How should IV NTG be administered to A.J.? How should
it be monitored?

IV NTG should be initiated with a small bolus dose of 15
mcg. A constant infusion is then delivered by a controlled in-
fusion device, starting with 5 to 10 mcg/minute, which is then
increased by an additional 5 to 10 mcg/minute every 5 to 10
minutes.2,3 Many cardiologists routinely give patients an infu-
sion of NTG for the first 24 to 48 hours following an AMI. In-
creasing doses may be required over this period to maintain the
desired hemodynamic effect due to tolerance that occurs from
prolonged nitrate exposure. However, if >200 mcg/minute is
needed to achieve the desired response, another vasodilator
such as nitroprusside or an ACE inhibitor may be needed. NTG
is typically administered in combination with thrombolytics in
patients who require relief of myocardial ischemia. Two stud-
ies have reported that concurrent administration of NTG may
impair the thrombolytic effects of t-PA, but these data have
been questioned.50,51

Some patients may have a problem with increased sensitiv-
ity to NTG, described as development of mean BP <80 mmHg.
Of the patients who become hypotensive, many have an inferior
AMI. Ferguson et al. noted that hypotension following NTG
infusion was a common complication in patients with right
ventricular infarction.52

NTG readily migrates into many plastics; therefore, manu-
factured solutions are available only in glass containers. Some
filters may absorb NTG, so they should be avoided. Polyvinyl
chloride (PVC) tubing may absorb NTG, especially during
the early phases of infusion. Some institutions use non-PVC
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tubing for NTG infusions to minimize this problem. However,
if standard PVC tubing is used, the usual starting dose of ni-
troglycerin is 25 mcg/minute and should be titrated to hemo-
dynamic response.2,3

A.J.’s BP should be monitored closely during this infusion.
On admission, his BP was elevated at 150/94 mmHg, and his
pulse rate was low at 55 beats/minute. After starting NTG,
we would expect to see his BP decline; the pulse rate may or
may not increase. The NTG dose should be titrated to relieve
pain while avoiding hypotension. In patients with evidence
of heart failure, NTG can reduce left ventricular filling pres-
sure (preload), as well as improve orthopnea and pulmonary
congestion. However, excessive doses of IV NTG can reduce
left ventricular filling pressure and potentially decrease car-
diac output, especially in patients like A.J. who do not have
signs of heart failure. The end points for dose titration include
relief of pain or other symptoms. The systolic BP should be
kept equal to 90 mmHg. Nitrate tolerance can be minimized
by providing a nitratefree interval to the patient. If A.J. later
receives chronic nitrate therapy with either an oral agent or a
transdermal delivery system, a nitratefree interval should be
used (see Chapter 16).

27. Because A.J. has an elevated BP (154/94 mmHg), should he
receive nitroprusside instead of NTG?

NTG is preferred over nitroprusside in the setting of an
AMI. Although the drugs have similar hemodynamic effects,
nitroprusside has been shown to increase ST segment eleva-
tion, whereas NTG decreases ST segment elevation.53 Others
have shown similar results and have proposed that nitroprusside
may redistribute coronary blood flow away from the ischemic
area, causing a worsening of the injury, known as coronary
steal.54

Analgesic Use

28. A.J.’s chest pain becomes increasingly severe despite NTG,
and the physician is considering use of a potent analgesic. Which
analgesic would be best for A.J.?

The pain associated with AMI is due to continuing tissue
ischemia surrounding the area of infarcted tissue. The relief of
pain should involve efforts to optimize the myocardial blood
supply and minimize myocardial oxygen demand. Pain is usu-
ally relieved with successful thrombolysis. Other interventions
can include oxygen, nitroglycerin, and β-blockers. As noted
previously, A.J. is not a candidate for either thrombolysis or
β-blockade. If his pain continues despite administration of IV
NTG, he will need an analgesic. A.J. may also need to un-
dergo emergency revascularization with either PCI or bypass
surgery.

Morphine sulfate is usually the analgesic of choice in pa-
tients with AMI. In addition to diminishing pain and anxi-
ety, morphine also has beneficial hemodynamic effects. By
reducing pain and anxiety, the release of circulating cate-
cholamines is diminished, possibly reducing the associated
arrhythmias. Morphine also causes peripheral venous and ar-
terial vasodilatation, which reduces preload and afterload, and
consequently, the myocardial oxygen demand. Morphine is ad-
ministered in small (2- to 4-mg) IV doses as often as every 5
minutes if needed. Cumulative doses of 25 to 30 mg may be

required. The risks associated with morphine use include hy-
potension, bradycardia, and respiratory depression. Because
A.J. already has bradycardia, meperidine may be used because
it has vagolytic properties.

POSTINFARCTION ARRHYTHMIAS

29. D.T., a 45-year-old man who is recovering from an AMI
(onset 12 hours ago), is noted to have sustained ventricular tachy-
cardia on the telemetry monitor in the coronary care unit. During
the episode, he was hemodynamically unstable (BP 80/40 mmHg,
heart rate >200 beats/minute). The arrhythmia was terminated
with a 100-J countershock. He now is in sinus rhythm and clini-
cally stable. Would D.T. be a candidate for further workup of the
arrhythmia? If so, what tests are appropriate?

In the past, it was assumed that ventricular ectopy in the im-
mediate post-MI period would be a negative prognostic factor,
especially for sudden cardiac death. Overall, ventricular ar-
rhythmias detected during hospitalization have not been help-
ful in identifying patients at high risk for sudden cardiac death
on long-term follow-up.55 Because D.T.’s arrhythmia occurred
within the first 48 hours after the infarct (i.e., the peri-infarct
period, when some residual ischemia may be occurring), he
is not a candidate for any further specific arrhythmia workup,
such as electrophysiologic testing. D.T. should receive a β-
blocker and aspirin during hospitalization and after discharge
to prevent reinfarction and reduce mortality.

30. Two weeks after D.T.’s AMI, he returns to the clinic for rou-
tine follow-up. A Holter monitor (continuous ambulatory ECG
monitoring) is ordered for him because he states that he has had
several “skipped beats” since the MI. This is a new finding. The
results of the Holter indicate that he is having >30 PVCs/hour
that are asymptomatic to mildly symptomatic. What is the appro-
priate antiarrhythmic therapy at this time?

It has been known for some time that frequent PVCs in
patients with organic heart disease (e.g., post MI) are indica-
tors for an increased risk of sudden cardiac death. However,
the CAST showed that when PVCs were suppressed with fle-
cainide, encainide, or moricizine, survival was significantly
worse than in patients treated with placebo. This may be related
to the proarrhythmic effects of these drugs (see Chapter 20).
Therefore, treatment of asymptomatic or mildly symptomatic
PVCs with antiarrhythmics (other than β-blockers) in this type
of MI patient is not recommended. A pooled-data analysis
of class I antiarrhythmic trials in these patients also supports
these conclusions. Therapies should be aimed at correcting
the patient’s underlying ischemia and/or coexisting heart fail-
ure rather than administering antiarrhythmics. D.T. should not
be given any of the class I antiarrhythmics.2,3

Amiodarone has been extensively studied in post-MI
patients. The largest trials to date have been the Cana-
dian Amiodarone Myocardial Infarction Arrhythmia Trial
(CAMIAT) and European Myocardial Infarction Amiodarone
Trial (EMIAT) studies. CAMIAT enrolled 1,202 patients be-
tween 6 and 45 days post MI who had ≥10 PVCs/hour. EMIAT
enrolled 1,486 patients between 5 and 21 days post MI with
a documented EF <40%. CAMIAT found a nonsignificant re-
duction in total mortality rate but a 38% reduction (p = 0.03) in
the rate of ventricular fibrillation or arrhythmic death. EMIAT
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also found no difference in total mortality rate, but a 32%
reduction (p = 0.05) in arrhythmic death and resuscitated car-
diac arrest. The Amiodarone Trials Meta-Analysis Investiga-
tors evaluated data from 6,553 post-MI patients enrolled in 13
randomized trials. These investigators found that amiodarone
significantly reduced the total mortality rate by 13% and the
arrhythmic/sudden death rate by 29%.2,3

Outside amiodarone, randomized trials also strongly sup-
port implantable cardioverter-defibrillators (ICDs) as an option
for secondary prevention in patients with prior life-threatening
arrhythmias and as primary prophylaxis for those with a low
EF and CAD56 (see Chapter 20).

At this time, D.T. should not receive empiric amiodarone or
an ICD because his symptoms are mild and treatment would
not prolong his life.

ACUTE CORONARY SYNDROMES

31. J.W. is a 55-year-old man who presented to the ED with
chest tightness and shortness of breath. He gives a history of sim-
ilar symptoms the prior day that lasted 15 minutes. He was given
aspirin 325 mg and started on an IV NTG infusion, which was in-
creased to 80 mcg/minute; at that time, his BP was 100/60 mmHg,
and his heart rate was 88. His ECG continued to show ST segment
depression in the anterior leads. His shortness of breath was re-
lieved, but he still complained of chest tightness. His past medical
history is unremarkable, and he was on no medications prior to
admission. He has smoked a pack of cigarettes per day for the
past 30 years. Blood is drawn for troponin and CK as well as rou-
tine chemistries. Based on his symptoms and ECG, the diagnosis
is presumed unstable angina. Should J.W. receive an additional
oral antiplatelet agent?

J.W. is presenting with signs and symptoms consistent with
ACS. If his cardiac enzymes come back positive, his diagnosis
will be NSTEMI. If they remain unchanged, his diagnosis will
be unstable angina. Regardless of the diagnosis, clopidogrel
should be added to aspirin as soon as possible on admission. It
should be administered for 1 month and may be given for up
to 9 months in patients who are not at a high risk for bleeding.

In hospitalized patients with unstable angina or NSTEMI
who do not require early interventional therapy, clopidogrel
may be used in combination with aspirin. In the Clopido-
grel in Unstable Angina to Prevent Recurrent Ischemic Events
(CURE) trial, 12,562 patients with NSTEMI presenting within
24 hours were randomized to receive placebo + aspirin (75–
325 mg) or clopidogrel (300 mg, immediately followed by
75 mg daily) plus aspirin. After 9 months, cardiovascular death,
MI, or stroke occurred in 11.5% of patients in the placebo group
and 9.3% in those receiving clopidogrel (p <0.001). Clopido-
grel was associated with reductions in severe ischemia and
revascularization. Compared to placebo, an increase in major
and minor bleeding was seen with clopidogrel. Based on these
data, clopidogrel with aspirin should be administered immedi-
ately on admission and continued for at least 1 month and up
to 9 months.2,3

In the PCI-CURE study, 2,658 patients from the CURE
trial undergoing PCI were randomized to receive clopidogrel
or placebo in addition to aspirin. Patients were treated prior to
the PCI with aspirin and study medication for a median of 10
days. After the PCI, patients received open-label clopidogrel

or ticlopidine for about 2 to 4 weeks, after which the study
drug was restarted for a mean of 8 months. In the clopido-
grel group, there was a statistically significantly reduction in
the composite of cardiovascular deaths, MIs, or urgent target-
vessel revascularizations within 30 days of the PCI compared to
placebo (4.5% vs. 6.4%, p = 0.03). Overall, patients receiving
clopidogrel exhibited a 31% reduction in cardiovascular death
or MI compared to those receiving placebo (p = 0.002).2,3

Based on these data, in patients with unstable angina or
NSTEMI receiving aspirin and undergoing PCI, clopidogrel
should be administered prior to the procedure, followed by
1 month and possibly up to 12 months of additional treat-
ment. In patients undergoing elective CABG or other surgery,
clopidogrel should be discontinued for 5 to 7 days prior to the
procedure.

32. What other antithrombotic medications should be consid-
ered for J.W.?

The ACC/AHA guidelines recommend the use of ei-
ther LMWH or UFH for the treatment of unstable
angina/NSTEMI.2,3 Enoxaparin is preferred over UFH unless
CABG is anticipated within 24 hours. In the Efficacy and Safety
of Subcutaneous Enoxaparin (ESSENCE) study, enoxaparin (1
mg/kg SQ twice daily) was compared to UFH (5,000 U IV bo-
lus followed by continued infusion titrated to an activated par-
tial thromboplastin time of 55–86 seconds) administered for
48 hours to 8 days. The composite outcome of death, MI, or re-
current angina at 14 days was 19.8% in the UFH group versus
16.6% in the enoxaparin group, a 20% relative risk reduction.
This benefit was maintained over 1 year.

In the TIMI-11B trial, enoxaparin (30 mg IV bolus fol-
lowed by 1 mg/kg SQ twice daily for 8 days) compared to UFH
(70 U/kg bolus followed by 15 U/kg/hour for 3–8 days) reduced
the composite end point of death, MI, or need for urgent revas-
cularization at 8 days (p = 0.048) and 43 days (p = 0.048).

In the Superior Yield of the New Strategy of Enoxa-
parin, Revascularization and Glycoprotein IIb/IIIa Inhibitors
(SYNERGY) trial, 9,978 high-risk NSTEMI patients were ran-
domized to receive either enoxaparin (1 mg/kg SQ twice daily)
or weight-based UFH (60 U/kg bolus followed by 12 U/kg/hour
adjusted to an aPTT 1.5 to 2 × control) prior to an early in-
vasive strategy. Enoxaparin was found to be as efficacious as
UFH in reducing 30-day all-cause mortality or nonfatal MI
but was associated with a significant risk of major bleeding
(p = 0.008).57 Bleeding was especially problematic in those
patients who crossed-over from one treatment to the other dur-
ing the trial.

Finally, enoxaparin has been compared with the factor Xa
inhibitor fondaparinux. In the OASIS-5 trial, 20,078 NSTEMI
patients were randomized to receive either fondaparinux
(2.5 mg SQ daily) or enoxaparin (1 mg/kg SQ twice daily)
for a mean of 6 days and evaluated at 9 days for the primary
end point of death, MI, or refractory ischemia. No difference
existed between groups for the primary end point; however,
compared to enoxaparin, fondaparinux demonstrated a signif-
icantly lower incidence of major bleeding at 9 days (p <0.001)
and a greater reduction in mortality at 30 days (p = 0.05).58

The addition of a LMWH with a GP IIb/IIIa inhibitor for
the initial management of unstable angina/NSTEMI has been
evaluated in small trials. The major finding was that major
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hemorrhage rarely occurred in the combination arms (0.3%–
1.8%). Although not powered to detect a difference, the rates of
ischemic events were noted to be similar between the LMWH
and UFH groups.59 Similar findings have also been seen when
a DTI, bivalirudin, has been added to a GP IIb/IIIa.60

33. What is the role of a GP IIb/IIIa inhibitor in patients with
NSTE-ACS or NSTEMI?

The ACC/AHA guidelines recommend that a platelet GP
IIb/IIIa inhibitor be administered, in addition to aspirin and/or
clopidogrel and UFH or LMWH, to patients in whom PCI is
planned.23 A GP IIb/IIIa inhibitor may also be administered
just prior to PCI. Eptifibatide or tirofiban, when used in com-
bination with aspirin and UFH or LMWH, is also approved for
the medical management of patients with NSTE-ACS. When
used to treat patients medically, the GP IIb/IIIa inhibitors (in
combination with the other drugs previously mentioned) are
generally given for 2 to 3 days.

The GUSTO-IV-ACS trial enrolled 7,800 patients with un-
stable angina/NSTEMI in whom early (<48 hours) revascu-
larization was not intended. All patients received aspirin and
either UFH or LMWH. They were randomized to placebo, an
abciximab bolus and 24-hour infusion, or an abciximab bolus
and 48-hour infusion. At 30 days, death or MI occurred in 8.0%
of patients taking placebo, 8.2% of patients receiving 24-hour
abciximab, and 9.1% of patients receiving 48-hour abciximab
(p = NS). At 48 hours, death occurred in 0.3%, 0.7%, and 0.9%
of patients in these groups, respectively (placebo vs. abciximab
at 48 hours, p = 0.008). Abciximab should be used only if a
patient is planning to undergo PCI; it should be avoided if
only medical management is intended. Major trials have been
done with other GP IIb/IIIa inhibitors in patients with ACS,
showing them to be useful for the medical management of
NSTE-ACS.61,62

LONG-TERM THERAPY
Angiotensin-Converting Enzyme Inhibitors

34. A patient with an uncomplicated MI has no signs or symp-
toms of heart failure. An order is written for captopril 12.5 mg
three times a day (TID). Is this appropriate? If so, how should the
therapy be monitored?

After an AMI, the heart undergoes processes that initially
compensate for the loss of contractile function but may increase
the long-term risk for development of heart failure. This is
referred to as “remodeling” of the ventricle. (See Chapter 18
for a more detailed description of ventricular remodeling.) The
increase in the number of survivors of AMI has increased the
number of heart failure patients.

In the SAVE (Survival and Ventricular Enlargement) trial,
captopril (up to 50 mg TID) had a statistically significant bene-
ficial effect on mortality when given to asymptomatic patients
with an EF <40% who were 3 to 16 days post MI. This 4-year
follow-up study also showed significant decreases in morbidity
from heart failure and recurrent AMI in the captopril group.
Data from the ISIS-4, GISSI-3, Trandolapril cardiac evalua-
tion (TRACE), Infarction Ramipril Efficacy (AIRE), and Sec-
ond Survival of Myocardial Infarction Long-term Evaluation
(SMILE) trials have also shown a benefit with the use of ACE
inhibitors post MI.2,3

Based on these studies, oral ACE inhibitor therapy should
be started within the first 24 hours of an AMI, preferably af-
ter completion of thrombolytic therapy and BP stabilization
(systolic BP >100 mmHg). ACE inhibitor therapy is particu-
larly beneficial in patients with an anterior infarction and an
EF <40% (even if asymptomatic) or clinical evidence of heart
failure.2,3 ACE inhibitors may be used to prevent the occur-
rence of heart failure symptoms or for treatment of heart failure
in the AMI patient. However, unlike β-blockers, the use of IV
ACE inhibition therapy is not recommended by the ACC/AHA
guidelines.2,3 Captopril could be given on postinfarct day 2 or
3, beginning with a test dose of 6.25 mg and then titrated to a
maintenance dosage of 25 to 50 mg TID. BP should be moni-
tored closely, with the systolic BP maintained above 90 mmHg.
Renal function and serum potassium levels should be followed
closely during the first few months of therapy. In diabetics,
an ACE inhibitor may also benefit long-term renal function.63

Once it is established that the patient can tolerate an ACE in-
hibitor, he or she can be switched to a longer-acting agent such
as lisinopril or enalapril to simplify the regimen. (See Chapter
18 for ACE inhibitor dosing recommendations.)

If the patient cannot tolerate an ACE inhibitor due to cough,
an ARB may be an alternative. In the Optimal Therapy in
Myocardial Infarction with the Angiotensin II Antago-
nist Losartan (OPTIMAAL) Trial and Valsartan in Acute
Myocardial Infarction Trial (VALIANT), losartan and val-
sartan demonstrated similar reductions in all-cause mortality
compared to captopril, with a nonsignificant trend in favor of
captopril. Dual therapy of captopril with valsartan offered no
additional benefits but increased side effects.2,3

Aldosterone Antagonists

35. Should this patient receive an aldosterone antagonist?

Like angiotensin II, aldosterone also plays an important
role in left ventricular remodeling. (See Chapter 18 for further
discussion of aldosterone.) Inhibiting aldosterone directly in
addition to ACE inhibitor therapy was first evaluated in the
heart failure patients in the Randomized Aldactone Evaluation
Study (RALES).64 Patients who received spironolactone ex-
hibited a 30% reduction in mortality compared to placebo (p
<0.001). Another aldosterone antagonist, eplerenone, is a se-
lective inhibitor of the mineralocorticoid receptor with fewer
sexual side effects.

In the Eplerenone Post Acute Myocardial Infarction Heart
Failure Efficacy and Survival Study (EPHESUS), 6,600 pa-
tients with AMI and an EF <40% were allocated to optimal
medical therapy with either eplerenone or placebo. After 16
months, a 15% risk reduction in mortality (p = 0.008), 13%
reduction in sudden death (p = 0.002), and 21% reduction in
cardiovascular death or hospitalization (p = 0.02) was seen in
the eplerenone group compared to placebo.64

Based on these data, the 2004 ACC/AHA guidelines rec-
ommend an aldosterone antagonist in STEMI patients with-
out significant renal dysfunction (creatinine <2.5 mg/dL in
men and <2.0 mg/dL in women) or hyperkalemia (potassium
<5 mEq/L) who are already receiving therapeutic doses of an
ACE inhibitor, have an EF <40%, and have either symptomatic
heart failure or diabetes.2,3
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Because our patient does not have heart failure or diabetes,
he is not a candidate for aldosterone antagonism. However, if
his EF was <40%, either spironolactone or eplerenone would
be an option. Serum potassium and renal function would need
to be carefully checked 3 days and at 1 week after therapy
initiation and every month for the first 3 months. ACE inhibitor
and potassium supplement doses may need to be adjusted.64

β-Blockers

36. Should the previous patients receive a β-blocker upon dis-
charge?

The 2004 ACC/AHA guidelines recommend β-blocker
therapy indefinitely for all patients following an AMI.2,3 The
benefits of β-blockers in reducing reinfarction and mortality
are believed to outweigh the risk, even in patients with asthma,
insulin-dependent diabetes, severe peripheral vascular disease,
first-degree heart block, and moderate left ventricular dysfunc-
tion. Due to his bronchospastic disease, P.H. should be carefully
titrated on a β-blocker to see if he can tolerate it. Propranolol,
metoprolol, and atenolol are available as generics, making any
of them a cost-effective alternative. Metoprolol or carvedilol
are considered first-line choices in patients with heart fail-
ure, whereas atenolol or metoprolol should be considered in
patients with stable asthma or bronchospastic pulmonary dis-
order.

Lipid-Lowering Agents

37. Should AMI patients be started on a lipid-lowering agent?
When should it be initiated?

Although the results of a complete fasting lipid panel were
not made available, P.H. had elevated total cholesterol and
triglycerides as part of his routine screening laboratory tests.
A complete fasting lipid profile would be helpful and should
be completed within 24 hours of presenting with an AMI. This
is often overlooked or not done because the patient is not fast-
ing. Most patients will require a low-cholesterol, low saturated
fat diet in addition to lipid-lowering therapy. The goal for P.H.
will be to reduce his LDL to <100 mg/dL, with an ideal goal
of <70 mg/dL with a statin (see Chapter 12). When triglyc-
erides are >200 mg/dL, drug therapy with niacin or a fibrate
is beneficial.2,3 Hormone replacement therapy is not benefi-
cial for secondary prevention in postmenopausal women. If a
patient is receiving hormone replacement therapy, it should be
discontinued during the acute event (see Chapter 12).

The Myocardial Ischemia Reduction with Aggressive
Cholesterol Lowering (MIRACL) trial, which enrolled
NSTEMI patients, reported a 16% lower rate of death and
nonfatal major cardiac events at 4 months follow-up in pa-
tients receiving atorvastatin 80 mg/day within 24 to 96 hours
of hospitalization when compared with placebo (p = 0.048).
The A to Z trial, showed a favorable trend toward major cardio-
vascular event reduction during 624 months follow-up in AMI
patients receiving an intensive simvastatin regimen (40 mg/day
for 1 month followed by 80 mg/day thereafter) initiated within
12 hours of stabilization when compared with those receiving
a less intensive regimen (placebo for 4 months followed by
simvastatin 20 mg/day).2,3,65

In the case of P.H., a statin should be administered during his
hospitalization. Statin choice and dose should be based on cur-
rent published evidence, cost, and potential drug interactions
(see Chapter 12).

Antithrombotic Agents

38. Three days before P.H.’s anticipated discharge, the medical
team is discussing the need to administer long-term anticoagulant
therapy with warfarin in addition to antiplatelet therapy with
aspirin. Is either therapy indicated for P.H. at this time?

In addition to its use in the setting of AMI, aspirin is rou-
tinely prescribed for post-MI patients. The prophylactic role
of aspirin in asymptomatic patients has also been established
by such trials as the Physicians’ Health Study as well as in
patients with chronic stable angina.66,67

Antiplatelet therapy should be lifelong because of its effects
on secondary prevention of reinfarction. There appears to be
no difference in efficacy over a wide range of aspirin doses
(75–1,500 mg/day), although higher doses may increase the
incidence of side effects. Much interest exists in using lower
doses of aspirin for cardiovascular disease. Most clinicians use
dosages of 81 to 325 mg daily or every other day.68,69

Long-term warfarin may be beneficial in some patients, but
clinical judgment is needed to decide whether the benefit is
likely to exceed the risk. Kaplan reviewed data for the develop-
ment of left ventricular thrombi in AMI and found an incidence
of approximately 35% in patients who suffered an anterior
infarct.70 Although anticoagulation will decrease the incidence
of stroke, <3% of patients will develop a cerebrovascular acci-
dent following an AMI if not anticoagulated. The ACC/AHA
guidelines recommend warfarin for post-MI patients unable
to take aspirin or clopidogrel, patients with a left ventricular
thrombus, and those with persistent atrial fibrillation.2,3 There
is also consensus that post-MI patients with extensive wall mo-
tion abnormalities and those with paroxysmal atrial fibrillation
will benefit from anticoagulation. Data have suggested that the
use of high-intensity warfarin (INR 3–4) or moderate inten-
sity warfarin (INR 2–2.5) with low-dose aspirin (75–100 mg)
may significantly reduce subsequent cardiovascular events and
death post MI compared to aspirin (100–160 mg).71

P.H. is probably a good candidate for 1 to 3 months of war-
farin therapy titrated to an INR of 2 to 3 because of his left ven-
tricular thrombus. The use of low-dose aspirin in conjunction
with warfarin will probably not increase his risk of bleeding.

39. Is clopidogrel more effective than aspirin in reducing the
risk for further cardiovascular events?

In patients with STEMI and NSTEMI, clopidogrel (Plavix)
may be used when aspirin is contraindicated or not tolerated;
however, it is significantly more expensive than aspirin. In the
Clopidogrel Versus Aspirin in Patients at Risk of Ischemic
Events (CAPRIE) trial, 19,185 patients with atherosclerotic
vascular disease such as ischemic stroke, MI, or peripheral ar-
terial disease were randomized to clopidogrel 75 mg once daily
or aspirin 325 mg once daily and followed for 1 to 3 years.
On completion of the study, an intention-to-treat analysis
demonstrated a lower risk for the combined end points of is-
chemic stroke, MI, or vascular death in the clopidogrel group
compared to aspirin (5.32% vs. 5.83%, p = 0.043). A post hoc
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analysis of these data found a lower rate of AMI in patients
receiving clopidogrel compared to aspirin (4.2% vs. 5.04%,
p = 0.008).2,3 (See Chapters 16 and 55 for further discussion
of anticoagulants and antiplatelet drugs.) However, the 2004
ACC/AHA guidelines still recommend aspirin over clopido-
grel, except when aspirin is contraindicated or if a patient is
undergoing PCI with stent placement.2,3

40. How would you summarize the long-term therapy needed
by P.H. on discharge?

Appropriate discharge medications for P.H. include a
β-blocker, aspirin 81 mg/day, an ACE inhibitor, and warfarin
to achieve an INR of 2 to 3. He also should receive a prescrip-
tion for sublingual NTG to carry with him for use as needed.
Some clinicians also might choose to continue his low-dose
chronic nitrate therapy. These agents should be continued long
term except for the warfarin, which should be discontinued af-
ter a few months. P.H. can be started on a statin drug to reach
his LDL goal of <100 mg/dL, ideally 70 mg/dL. Routine liver
function tests should be obtained prior to initiation of therapy
and periodically thereafter. His previous hydrochlorothiazide
may be discontinued because his hypertension will likely be
controlled with the β-blocker and ACE inhibitor. His insulin
should be continued, and his blood glucose monitored closely.
The goal is to achieve a state of β-blockade that will allow
P.H. to maintain a systolic BP of >100 mmHg; therefore, the
clinician must balance the hypotensive effects of the ACE in-
hibitor and the β-blocker. If P.H. experiences postinfarction
angina, then the addition of a calcium channel blocker such as
diltiazem and/or chronic nitrate therapy would be indicated.

LIFESTYLE MODIFICATIONS

41. What types of lifestyle modifications should P.H. be encour-
aged to pursue to reduce his risk factors?

P.H. must be encouraged to stop smoking; this may be the
most important intervention. Rosenburg et al. showed that the
risk of AMI in men who quit smoking was reduced to that of
nonsmokers within a few years after quitting72 (see Chapter
85). Weight management, diabetic treatment, and serum lipid
control are also important risk factors to address. (See Chapters
13 and 50 for further information on lipid-lowering drugs and
diet therapy.)

SUMMARY
The use of thrombolytics and PCI has significantly improved
the survival of patients with STEMI. Despite the overwhelm-
ing results favoring thrombolytic therapy in all subgroups,
it is believed that these agents remain underused in patients
with STEMI. The major risk associated with thrombolysis is
bleeding, especially within the central nervous system. An-
other problem associated with thrombolytic therapy is re-
occlusion of the artery that was initially opened. Coronary
angioplasty is more effective than thrombolytic therapy; how-
ever, it is available only in hospitals with experienced inva-
sive cardiologists, thereby limiting its availability to many
patients.

Aspirin should be given to all patients with AMI; unless
there is a contraindication, β-blockers and statins should be
administered as well. Clopidogrel is often used in conjunc-
tion with aspirin, especially in patients receiving stents. ACE
inhibitors and aldosterone antagonists have been shown to
be beneficial in patients who have left ventricular dysfunc-
tion (EF <40%) and are also recommended for secondary
prevention. Nitrates are also useful, but care must be taken
to maintain an adequate perfusion pressure. Secondary pre-
vention emphasizing a healthy lifestyle and aggressive lipid
lowering are important components to the overall treatment
plan.
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INTRODUCTION
The descriptive terminology, diagnostic techniques, and treat-
ment of heart failure (HF) have undergone significant change
in the past 15 to 20 years. Since 1994, a series of consen-
sus and evidence-based practice guidelines have been pub-
lished in an effort to standardize HF management. The first was
from an expert panel appointed by the Agency for Health Care
Policy and Research (AHCPR) and the RAND Corporation.1

At about the same time, the American College of Cardiol-
ogy (ACC)/American Heart Association (AHA) Task Force on
Practice Guidelines published their initial recommendations.2

The recommendations from both groups were remarkably sim-
ilar and included three key principles: differentiation of HF into
systolic and diastolic dysfunction, recommendation of ejection
fraction measurement to determine type of HF, and establishing
angiotensin-converting enzyme (ACE) inhibitors as the gold
standard for the treatment of HF. The Heart Failure Society
of America (HFSA) Guidelines were first released in 1999,3

and updated in 2006.4 The European Society of Cardiology
(ESC) published updated guidelines in 2005.5 Important addi-
tions from these later guidelines include recommendation of
β-adrenergic blockers for all patients with New York Heart
Association (NYHA) class II and III HF and use of low-dose
spironolactone (Aldactone) in class IV HF. The ACC/AHA
guidelines were updated in 2001 and revised again in 2005.6,7

These revised guidelines continue to adhere to the four disease
stages of HF first assigned by the ACC/AHA 2001 guidelines.
The guidelines also incorporate the latest clinical trials and
continue to emphasize the role of neurohumoral drug ther-
apy. Furthermore, the updated guidelines recognize the large
growing geriatric population and end-of-life issues and how
these will impact the management of advanced HF. It is highly
recommended that practitioners look at least annually for the
most recently published guidelines to be aware of the rapidly
evolving treatment strategies for HF.

Epidemiology of Heart Failure
Heart failure “is a complex clinical syndrome that can result
from any structural or functional cardiac disorder that impairs
the ability of the ventricle to fill with or eject blood.”6 As a
consequence the heart fails to pump sufficient blood to meet
the body’s metabolic needs. “The cardinal manifestations of
HF are dyspnea (breathlessness) and fatigue, which can limit
exercise tolerance; and fluid retention, which can lead to pul-
monary congestion and peripheral edema.”6 Congestive heart
failure (CHF) is a specific subset of HF characterized by left
ventricular systolic dysfunction and volume excess present-

ing as an enlarged, blood-congested heart. Because of wide
variability in the causes and clinical presentation of HF, it is
recommended that the term congestive heart failure be aban-
doned.

It is estimated that 5 million people in the United States
(1.5% to 2% of the population) have HF.7,8 The prevalence
continues to increase, with 550,000 new cases diagnosed each
year. A recent analysis by an Olmstead county (Minnesota)
epidemiologic group showed that, although the prevalence of
systolic HF did not change significantly, the recognition of
diastolic HF has increased.9 HF incidence approaches 10 per
1,000 population after age 65 and is the most common cause of
hospitalizations in the elderly population in the United States.
In 2004, approximately 1 million people were hospitalized
for HF. Direct and indirect health care costs of HF in 2007
are estimated to be $33.2 billion. HF is the number one dis-
charge diagnosis in the Medicare population (70,000 hospital-
ized for HF). In the last 10 years the reported HF visits rose to
3.4 million. In the year 2001, Medicare expended $5,912 per
discharge for Medicare beneficiaries with HF.8 More aggres-
sive treatment of hypertension may have contributed to the
lower incidence of HF in some populations, whereas improved
survival after myocardial infarction (MI) may leave others at
greater risk of developing post-infarction HF. As the size of the
geriatric population increases, HF likely will become a more
frequently encountered clinical entity.

Quality of life is adversely affected by progressive func-
tional disability. Of greater consequence is the high mortality
rate. Of men and women under age 65 who have HF, 80% and
70%, respectively, will die with in 8 years.8 Despite earlier di-
agnosis and aggressive medical management, the prognosis is
poor.

Etiology
Low-Output Versus High-Output Failure
Traditionally, HF has been described as being either low-output
or high-output failure, with a predominance (>90%) of cases
being low-output failure (Table 18-1). In both types, the heart
cannot provide adequate blood flow (tissue perfusion) to meet
the body’s metabolic demands, especially during exercise. The
hallmark of classic low-output HF is a diminished volume of
blood being pumped by a weakened heart in patients who have
otherwise normal metabolic needs.

In high-output failure, the heart itself is healthy and pumps
a normal or even higher than normal volume of blood. Because
of high metabolic demands caused by other underlying medical
disorders (e.g., hyperthyroidism, anemia), the heart becomes
exhausted from the increased workload and eventually cannot
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Table 18-1 Classification and Etiology of Left Ventricular Dysfunction

Type of Failure Characteristics Contributing Factors Etiology

Low output, systolic dysfunction
(dilated cardiomyopathy)a

(60%–70% of cases)

Hypofunctioning left ventricle;
enlarged heart (dilated left
ventricle); ↑left ventricular
end-diastolic volume; EF <40%;
↓stroke volume; ↓CO; S3 heart
sound present

1. ↑Contractility (cardiomyopathy)
2. ↓Afterload (elevated SVR)

1. Coronary ischemia,b MI, mitral
valve stenosis or regurgitation,
alcoholism, viral syndromes,
nutritional deficiency, calcium and
potassium depletion, drug induced,
idiopathic

2. Hypertension, aortic stenosis,
volume overload

Low output, diastolic dysfunction
(30%–40% of cases)

Normal left ventricular contractility;
normal size heart; stiff left
ventricle; impaired left ventricular
relaxation; impaired left
ventricular filling; ↓left ventricular
end-diastolic volume; normal EF;
↓SV; ↓CO; exaggerated S4 heart
sound

1. Thickened left ventricle
(hypertrophic cardiomyopathy)

2. Stiff left ventricle (restrictive
cardiomyopathy)

3. ↑Preload

1. Coronary ischemia,b MI
hypertension, aortic stenosis and
regurgitation, pericarditis,
enlarged left ventricular septum
(hypertrophic cardiomyopathy)

2. Amyloidosis, sarcoidosis
3. Sodium and water retention

High-output failure (uncommon) Normal or ↑contractility; normal size
heart; normal left ventricular
end-diastolic volume; normal or
↑EF; normal or increased stroke
volume; ↑CO

↑Metabolic and oxygen demands Anemia and hyperthyroidism

aSame as congestive heart failure if symptoms also present.
bHeart failure caused by coronary artery ischemia or myocardial infarction classified as “ischemic” etiology. All other types combined as “nonischemic.”
CO, cardiac output; EF, ejection fraction; K, potassium; MI, myocardial infarction; SV, stroke volume; SVR, systemic vascular resistance.

keep up with demand. The primary treatment of high-output
HF is amelioration of the underlying disease. The remainder
of this chapter focuses on the treatment of low-output HF.

Left Versus Right Ventricular Dysfunction
Simple classification of HF as being low-output failure does not
adequately describe the complex nature of this disorder. Con-
sequently, low-output HF is further divided into left and right
ventricular dysfunction, or a combination of the two (biventric-
ular failure). Because the left ventricle is the major pumping
chamber of the heart, it is not surprising that left ventricular
dysfunction is the most common form of low-output HF and
the major target for pharmacologic intervention. Right ven-
tricular dysfunction may coexist with left ventricular HF if
damage is sustained by both sides of the heart (e.g., after MI)
or as a delayed complication of progressive left-sided HF (see
Question 1).

Isolated right-sided ventricular dysfunction, which is rela-
tively uncommon, is usually caused by either primary or sec-
ondary pulmonary arterial hypertension (PAH). In these con-
ditions, elevated pulmonary artery pressure impedes emptying
of the right ventricle, thus increasing the workload on the right
side of the heart.10,11 Primary PAH is idiopathic, caused by
stenosis or spasm of the pulmonary artery of unknown etiol-
ogy. Secondary causes include collagen vascular disorders, sar-
coidosis, fibrosis, exposure to high altitude, drug and chemical
exposure, and cor pulmonale. Drug-induced sources include
opioid overdoses (especially heroin), 5 hydoxytryptamine 2B
(5HT-2B) agonists (e.g., dexfenfluramine, fenfluramine, and
pergolide), and pulmonary fibrosis caused by intravenous (IV)
injection of poorly soluble forms of methylphenidate (e.g., IV
drug users injecting partially dissolved Ritalin tablets). Cor
pulmonale is defined as pulmonary hypertension, and sec-

ondary right-sided failure as a complication of chronic ob-
structive pulmonary disease (COPD).

Systolic Versus Diastolic Dysfunction; Ischemic Versus
Nonischemic Heart Failure
Left ventricular dysfunction is further subdivided into systolic
and diastolic dysfunction, with mixed disorders also being en-
countered (Table 18-1). In both forms, the stroke volume (SV)
(i.e., the volume of blood ejected by the heart with each sys-
tolic contraction; normal, 60–130 mL) and the subsequent 1-
minute cardiac output (CO) (i.e., SV × heart rate; normal, 4
to 7 L/minute) are reduced. In diagnosing HF, a critical marker
differentiating systolic from diastolic dysfunction is the left
ventricular ejection fraction (LVEF), defined as the percent-
age of left ventricular end-diastolic volume expelled during
each systolic contraction (normal, 60%–70%).

In systolic dysfunction, the LVEF is <40%, dropping to
<20% in advanced HF. Thus, systolic dysfunction is synony-
mous with low ejection fraction (EF) heart failure and is almost
always caused by factors causing the heart to fail as a pump
(decreased myocardial muscle contractility). The heart dilates
as it becomes congested with retained blood, leading to an
enlarged hypokinetic left ventricle.

Heart failure caused by damage to heart muscle or valves
because of chronic coronary ischemia or after MI is clas-
sified as ischemic, with all other types grouped as nonis-
chemic. Coronary artery disease is the cause of HF in ap-
proximately two thirds of patients with left ventricular systolic
dysfunction. Other causes of left ventricular pump failure
include persistent arrhythmias, post-streptococcal rheumatic
heart disease, chronic alcoholism (alcoholic cardiomyopathy),
viral infections, or unidentified etiology (idiopathic dilated
cardiomyopathy). Chronic hypertension, and certain cardiac
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valvular disorders (aortic or mitral stenosis), also precipitate
systolic HF by increasing resistance to CO (i.e., a high afterload
state).

In contrast, left ventricular diastolic dysfunction refers to
impaired relaxation and increased stiffness of the left ventri-
cle; ejection fraction may or may not be abnormal and the
patient may or may not be symptomatic. The terms diastolic
dysfunction and diastolic heart failure are not synonymous.
Diastolic dysfunction is one diagnostic criterion for diastolic
heart failure. Diastolic HF is defined as “a clinical syndrome
of HF characterized by a normal ejection fraction and abnor-
mal diastolic function.”12–16 In this form of HF, cardiac muscle
function (contractility) is not impaired and, most importantly,
the EF remains ≥45%. The SV and CO, however, are still
reduced because the end-diastolic ventricular volume is less
than normal. In simple terms, a high fraction of a low vol-
ume is ejected. Possible causes for diastolic failure include
coronary ischemia, long-standing uncontrolled hypertension,
left ventricular wall scarring after an MI, ventricular wall hy-
pertrophy, hypertrophic cardiomyopathy (formerly known as
idiopathic hypertrophic subaortic stenosis), constrictive peri-
carditis, restrictive cardiomyopathy (e.g., amyloidosis and sar-
coidosis), and valvular heart disease (mitral stenosis, acute
aortic regurgitation, mitral regurgitation). These factors lead
to left ventricular stiffness (reduced wall compliance), an in-
ability of the ventricle to relax during diastole, or both, which
result in an elevated resting pressure within the ventricle de-
spite a relatively low volume of blood in the chamber. In turn,
the elevated pressure impedes left ventricular filling during
diastole that would normally occur by passive inflow against
a low resistance pressure gradient. Heart size is usually (but
not always) normal. To summarize, in diastolic dysfunction
regardless of the EF, the SV and CO are deficient because
of impaired ventricular filling and a relatively small left ven-
tricular volume. It is estimated that 20% to 60% of pa-
tients with HF may have normal LVEF and reduced ventricle
compliance.1,7,12–16 Because coronary ischemia, MI, and hy-
pertension are contributors to both systolic and diastolic fail-
ure, many patients have symptoms of a combined disorder.

The pathology of systolic dysfunction most closely resem-
bles what has historically been referred to as “congestive heart
failure”; nevertheless, in the strictest sense, CHF only exists if
the patient has both systolic dysfunction and the classic symp-
toms of HF. Tremendous variability exists in the clinical pre-
sentation of both systolic and diastolic dysfunction, however,
and both disorders can have essentially identical symptoms.6,12

For example, some patients with either systolic or diastolic dys-
function exhibit exercise intolerance, but have little evidence
of fluid retention. Others may have significant edema with few
complaints of exercise intolerance or shortness of breath. It is
also possible to have no symptoms in the early stages of both
forms of HF. For all these reasons, it is best to avoid the ab-
breviation CHF, especially because CHF has also been used to
denote chronic heart failure. In the meantime, clinicians are
strongly encouraged to obtain an EF measurement in all pa-
tients with suspected HF to help define the clinical state more
fully.1–6

Some drugs used to treat systolic dysfunction, such as
digoxin, can worsen symptoms in diastolic dysfunction. Con-
versely, negative inotropes (β-adrenergic blockers and calcium
channel blockers) may be beneficial in diastolic dysfunction by

slowing the heart and allowing the ventricles to fill more fully
at low pressures.

Cardiac Workload
A common factor to all forms of HF is increased cardiac work-
load. Four major determinants contribute to left ventricular
workload: preload, afterload, contractility, and heart rate (HR).

PRELOAD
Preload describes forces acting on the venous side of the

circulation to affect myocardial wall tension. The relationship
is as follows: as venous return (i.e., blood flowing into the heart)
increases, the volume of blood in the left ventricle increases.
The volume is maximal when filling finishes at the end of
diastole (left ventricular end-diastolic volume). This increased
volume raises the pressure within the ventricle (left ventricular
end-diastolic pressure), which in turn increases the “stretch,”
or wall tension, of the ventricle. Peripheral venous dilation and
decreased peripheral venous volume diminish preload, whereas
peripheral venous constriction and increased peripheral venous
volume increase preload.

Elevated preload can aggravate HF. For example, rapid ad-
ministration of blood plasma expanders and osmotic diuretics
or administration of large amounts of sodium (Na) or sodium-
retaining agents can increase preload. A malfunctioning aortic
valve (aortic stenosis, aortic insufficiency), resulting in regur-
gitation of blood back into the left ventricle, also can increase
the volume of blood that must be pumped. A malfunctioning
mitral valve (mitral regurgitation) can cause retrograde ejec-
tion of blood from the left ventricle back into the left atrium,
with a resultant decrease in EF. In patients with systolic fail-
ure, ventricular blood is ejected less efficiently because of a
hypofunctioning left ventricle; the volume of blood retained in
the ventricle is thus increased, and preload becomes elevated.
In diastolic failure with a stiffened left ventricle, relatively
small increases in end-diastolic volume from sodium and wa-
ter overload can lead to exaggerated increases in end-diastolic
pressure, despite normal or even reduced end-diastolic vol-
umes.

AFTERLOAD
Afterload is the tension developed in the ventricular wall

as contraction (systole) occurs. The tension developed during
contraction is affected by intraventricular pressure, ventricular
diameter, and wall thickness. More simply, afterload is regu-
lated by the systemic vascular resistance (SVR) or impedance
against which the ventricle must pump during its ejection and
it is chiefly determined by arterial blood pressure (BP). Hy-
pertension, atherosclerotic disease, or a narrowed aortic valve
opening increases arterial impedance (afterload), thereby in-
creasing the workload on the heart. Hypertension is a major
etiologic factor in the development of both systolic and dias-
tolic HF. The Framingham group found that 75% of patients
who developed HF had a history of hypertension.17,18 The risk
of developing HF was six times greater for hypertensive than
for normotensive patients.

CARDIAC CONTRACTILITY
The terms contractility and inotropic state are used synony-

mously to describe the myocardium’s (cardiac muscle’s) inher-
ent ability to develop force and shorten its fibers independent
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of preload or afterload. Myocardial contractility is decreased
when myocardial fibers are diminished or poorly functioning
as may occur in patients with primary cardiomyopathy, valvu-
lar heart disease, coronary artery disease, or following an MI.
Defects in contractility play a major role in systolic HF, but
are not a component of pure diastolic dysfunction. Occasion-
ally, drugs, such as nonselective β-adrenergic blockers or dox-
orubicin (Adriamycin), induce HF by decreasing myocardial
contractility. (See Questions 4 and 5 for a more complete dis-
cussion of drug-induced HF.) As summarized in Table 18-1,
the major contributors to systolic failure are decreased contrac-
tility and increased afterload, whereas structural abnormalities
and increased preload play a greater role in diastolic failure.

HEART RATE
An increased heart rate is a reflex mechanism to improve CO

as EF declines. As discussed below, the sympathetic nervous
system is the major mediator of this response. The workload
and energy demands of a rapid heart rate ultimately place undo
strain on the heart, however, and can eventually worsen HF.

Pathogenesis
When the heart begins to fail, the body activates several com-
plex compensatory mechanisms in an attempt to maintain CO
and oxygenation of vital organs. These include increased sym-
pathetic tone, activation of the renin-angiotensin-aldosterone
system (RAAS), sodium and water retention, other neurohor-
monal adaptations, and cardiac “remodeling” (ventricular dila-
tion, cardiac hypertrophy, and changes in left ventricular lumen
shape). The long-term consequences of these adaptive mech-
anisms can create more harm than good, however (Fig. 18-1).
The relative balance of each of these adaptive processes can
vary depending on the type of HF (systolic versus diastolic
dysfunction) and even from patient to patient with the same

type of disorder. An understanding of the potential benefits and
adverse consequences of these compensatory mechanisms is
essential to understanding the signs, symptoms, and treatment
of HF.19

Sympathetic (Adrenergic) Nervous System
Stroke volume, CO, or both are low in both systolic and dias-
tolic left ventricular dysfunction, resulting in decreased tissue
perfusion. The body’s normal physiologic response to a de-
creased CO is generalized activation of the adrenergic (sym-
pathetic) nervous system as evidenced by increased circulating
levels of norepinephrine (NE) and other catecholamines. The
inotropic (increased contractility) and chronotropic (increased
HR) effects of NE initially maintain near-normal CO and pre-
serve perfusion of vital organs such as the central nervous sys-
tem (CNS) and myocardium. Catecholamine-mediated vaso-
constriction in the skin, gastrointestinal (GI) tract, and renal
circulation, however, decreases perfusion of these organs and
ultimately increases the workload on the heart by increasing
SVR. Other adverse consequences of NE activation include
impaired sodium excretion by the kidneys, restricted ability
of coronary arteries to supply blood to the ventricular wall
(myocardial ischemia), increased automaticity of cardiac tis-
sue to provoke arrhythmias, hypokalemia, and oxidative stress
to trigger programmed cell death (apoptosis).6

In the long term, high levels of NE or its metabolites are
potentially harmful to heart muscle because they decrease β1-
receptor sensitivity and reduce β1-receptor density on the sur-
face of myocardial cells by as much as 60% to 70% in severe
HF.20–25 The normal ratio of β1:β2 receptors in the heart is 75
to 80:20 to 25. As a negative feedback response to overstim-
ulation, this balance is shifted to a ratio of 60 to 70:30 to 40
in the failing myocardium by downregulation of β1 subtype
receptors. This selective downregulation of β1-receptors is ac-
companied by a complex phenomenon of “uncoupling of the

Angiotensinogen

Decreased Cardiac Output

Cardiac dilation
Cardiac hypertrophy

Activation of sympathetic
nervous system; release
of catecholamines

Decreased renal blood
flow; decreased renal
perfusion pressure

Renin release

Angiotensin I
Angiotensin-
converting
enzyme

Angiotensin II

+ = Increased cardiac 
contractility

+ = Increased heart rate and
contractility; vasoconstriction to
shunt blood to vital organs and
increased ventricular return 
(increase preload)

— = Increased cardiac
oxygen demand and work

— = Increased cardiac
oxygen demand and work;
vasoconstriction to reduce
renal blood flow, increased
afterload, increased preload

— = Vasoconstriction to further
reduce renal blood flow, increase
afterload, increase preload;
stimulate aldosterone secretion
causing increased sodium and
water retention to further
increase preload

FIGURE 18-1 Adaptive mechanisms in systolic heart failure (HF). +, beneficial results; –, neg-
ative (detrimental) effects.
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β1- and β2-receptor activity,” whereby the number of β2-
receptors are unchanged and the responsiveness of these re-
ceptors in eliciting a response can be reduced by 30%.20 Over
time this leaves the myocyte less responsive to adrenergic stim-
uli and further decreases contractile function. At the same time,
the postsynaptic β1 subtype is upregulated in the failing heart
resulting in cell growth (hypertrophy) and a positive inotropic
effect. β2 receptors on the presynaptic side of the sympathetic
nerve act to suppress NE release, providing a partial protective
mechanism from adrenergic overstimulation.

Alterations in sympathetic adrenergic receptors in the heart
during HF are complex and partially determined by genetic
phenotype. Interestingly, among black patients with HF is seen
a disproportionately high incidence of polymorphisms for vari-
ants of the β1-receptor that are associated with increased func-
tion. Additionally, a variant of the β2-receptor with defective
response to adrenergic overstimulation is also seen. These com-
bined defects are found less often in whites, perhaps partially
explaining a higher incidence of HF in blacks. A better under-
standing of α and β receptor phenotyping may someday lead
to improved prevention and treatment strategies for HF.26

Renal Function and the Renin-Angiotensin System
The combined actions of the decreased CO and vasoconstric-
tion secondary to sympathetic tone in HF causes decreased
renal blood flow (RBF). This, in turn, sets off a complex chain
of events leading to sodium and water retention and, eventually,
increased blood volume. Renal vascular resistance is increased
and the glomerular filtration rate (GFR) is decreased. As the
GFR decreases, more sodium is reabsorbed in the proximal
tubule. Additionally, the glomerular filtrate may be preferen-
tially shunted to nephrons with long loops of Henle, increasing
the surface area for sodium reabsorption. A diminished effec-
tive circulating plasma volume and angiotensin II also stimu-
late release of antidiuretic hormone (ADH) from the pituitary,
resulting in the retention of free water in the renal collecting
ducts.

The kidney releases the enzyme renin when renal perfusion
pressure is decreased. Renin acts to convert a substrate present
in the blood called angiotensinogen into the inactive decapep-
tide, angiotensin I. Angiotensin I is further metabolized to the
active decapeptide, angiotensin II, under the influence of cir-
culating ACE (Fig. 18-1). Angiotensin II has multiple effects
favoring sodium and water retention: Its vasoconstricting ef-
fects may further decrease GFR, and it stimulates the adrenal
glands to secrete aldosterone, a hormone that increases sodium
reabsorption in the distal tubule. Further, angiotensin II stim-
ulates increased synthesis and release of vasopressin, thereby
increasing free water retention and stimulation of thirst centers
in the CNS. Finally, angiotensin II may directly stimulate NE
release. The net result of the kidney and angiotensin II effects
is detrimental. Increased sodium and water retention increase
preload, whereas angiotensin II-induced vasoconstriction in-
creases SVR and afterload.

Of further concern is recent evidence that angiotensin II
and aldosterone can have other adverse effects that contribute
to the pathophysiology of HF independent of their renal and
electrolyte mechanisms.27 These effects include coronary and
vascular remodeling, endothelial cell and baroreceptor dys-
function, and inhibition of myocardial NE uptake. Morpho-
logic studies indicate that a chronic excess of aldosterone (plus

salt loading), as occurs in HF, can cause fibrosis in the atria and
ventricles, kidneys, and other organs in animals and humans.27

Thus, aldosterone may promote the remodeling of organs and
fibrosis, independent of angiotensin II.

Other Hormonal Mediators
ENDOTHELINS
Several other regulatory hormones and cytokines have been

identified as playing a role in the pathogenesis and adaptation to
HF. The first of these are the endothelins, a family of 21 amino
acid peptides.28,29 Within this family, endothelin-1 (ET-1) is the
most active. ET-1 was first isolated from vascular endothelial
cells, but it is also synthesized by vascular and airway smooth
muscle, cardiomyocytes, leukocytes, and macrophages. Serum
concentrations of ET-1 are elevated in HF, pulmonary hyper-
tension, MI, ischemia, and shock and are implicated in causing
vasoconstriction, potentiation of cardiac remodeling, and de-
creased renal blood flow and glomerular filtration. Although
these effects of ET-1 are detrimental in HF, its pharmacology
is complex and dependent on the relative balance of two dis-
tinct G protein-coupled receptor subtypes referred to as ETA
and ETB. As illustrated in Table 18-2, ET-1 can elicit opposing
effects from each receptor, with the net effect being dependent
on the relative density of the two receptors.

Synthesis of ET-I begins with a precursor protein called
pre-proendothelin (PPET-1) and involves several enzymatic
steps and intermediates. Key enzymes in its synthesis are diba-
sic specific endopeptidase, carboxypeptidase, and endothelin-
converting enzyme. Possible therapeutic implications of un-
derstanding this synthetic pathway are development of specific
inhibitors of one or more of the enzymes to prevent activation
of ET-1. Alternatively, selective inhibitors of ETA receptors
could shift responses toward the favorable aspects of ETB re-
ceptor activation. Currently, no such drugs exist, but bosen-
tan (Tracleer) and tezosentan are investigational nonselective
dual ETA/ETB antagonists. Bosentan has U.S. Food and Drug

Table 18-2 Biological Effects of Endothelin-1

Organ System Effect

Blood vessels Potent vasoconstriction via ETA receptors
Collagen deposition via ETA receptors
Vasodilation via release of nitrous oxide and

prostacyclin in endothelial cells via ETB

receptors

Heart ↑Heart rate. Positive or negative inotropism under
varying conditions

Hypertrophy, remodeling via ETA receptors

Lungs Bronchoconstriction via ETA receptors

Kidney Afferent and efferent vasoconstriction via ETA

receptors
↓Renal blood flow and GFR via ETA receptors
Natriuresis, diuresis via tubular ETB receptors

Neuroendocrine Stimulate release of catecholamines, renin,
aldosterone, atrial natriuretic hormone

ETA, endothelin A; ETB, endothelin B; GRF, glomerular filtration rate.
Adapted from Ergul A. Endothelin-1 and endothelin receptor antagonists as potential
cardiovascular therapeutic agents. Pharmacotherapy 2002;22:54, with permission.
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Administration (FDA) approval for the treatment of pulmonary
hypertension and is being investigated for use in HF.10,11

NATRIURETIC PEPTIDES
Natriuretic peptides are a family of peptides containing a

common 17 amino acid ring. A-type natriuretic peptide (ANP),
previously referred to as either atrial natriuretic peptide or
atrial natriuretic factor, is secreted by the atrial myocardium in
response to dilation and stretch. Similarly, B-type natriuretic
peptide (BNP), formerly referred to as brain natriuretic pep-
tide, is produced by the ventricular myocardium in response
to elevations of end-diastolic pressure and volume. Type-C
(CNP) is secreted by lung, kidney, and vascular endothelium
in response to shear stress. Collectively, the natriuretic pep-
tides have been referred to as “cardiac neurohormones” and are
generally considered to be a favorable form of neurohormonal
activation. Among their positive attributes are antagonism of
the renin-angiotensin system, inhibition of sympathetic out-
flow, and endothelin-1 antagonism. The net effect is peripheral
and coronary vasodilation to decrease preload and afterload
on the heart. As their name implies, they also have diuretic
or natriuretic properties with improved renal blood flow and
glomerular filtration resulting from afferent arteriolar dilation
and possibly efferent arteriolar constriction. Sodium reabsorp-
tion is blocked in the collecting duct by virtue of an indirect
aldosterone inhibition. Natriuretic peptides also inhibit vaso-
pressin secretion from the pituitary gland and block “salt ap-
petite” and thirst centers in the CNS. Each of these CNS effects
contributes further to diuresis. Of note, type-C has minimal di-
uretic properties.

Earlier research on natriuretic peptides centered on ANP, but
BNP is now receiving greater attention both for diagnostic and
treatment purposes. BNP precursor is cleaved to produce the
biologically active C-terminal fragment (BNP) and an inactive
N-terminal fragment (NT-proBNP). Plasma level measurement
of either BNP or NT-proBNP can be used as a biologic marker
to differentiate HF-induced acute dyspnea from other causes of
respiratory distress (e.g., chronic bronchitis).30–32 BNP levels
>200 pcg/L indicate a high probability of HF. Higher con-
centrations correlate to severity of heart failure, with a mean
plasma level of 241 pcg/mL in NYHA class I patients and
>800 pcg/mL in NYHA class IV HF. Similarly, clinical reso-
lution of symptoms is often accompanied by a decline in BNP
concentration. (Also see Question 9 later in this chapter).

Possible therapeutic implications are synthesis of natriuretic
hormone analogs or inhibitors of their metabolism as possi-
ble drug therapies. Nesiritide (Natrecor) is a recombinant pro-
duced human B-type natriuretic peptide approved by the FDA
for IV management of acute HF exacerbations in hospitalized
patients.33,34 Downregulation of natriuretic peptide receptors,
however, occurs during chronic HF, reducing the protective
benefit of their actions and possibly limiting their usefulness
as therapeutic entities.

Metabolism by neutral endopeptidase (NEP) and recep-
tor sequestration are the primary modes of clearance of na-
triuretic peptides. NEP is a plasma membrane-bound zinc-
metalloprotease enzyme found primarily in renal tubular cells,
but also in the lung, GI tract, adrenal gland, heart, brain, and
peripheral vasculature. This enzyme also assists in the degra-
dation or metabolism of bradykinin and possibly of angiotensin
II. It is speculated that drugs formulated to inhibit NEP (and

thus maintain protective natriuretic peptide levels) might have
additive effects to ACE inhibitors in the treatment of HF and hy-
pertension. On the other hand, administering an NEP inhibitor
in the absence of a concurrent ACE inhibitor, theoretically,
could be counterproductive by leaving unopposed angiotensin
II activity. No selective NEP inhibitors are being actively in-
vestigated.

VASOPRESSIN RECEPTOR ANTAGONISTS
To date, all standard therapies to relieve acute decompen-

sated heart failure (ADHF) have had disappointing outcomes.
These agents have either caused serious side effects or in-
creased mortality in HF. The potent vasoconstrictor antidi-
uretic hormone arginine vasopressin, which modulates volume
homeostasis, is elevated in HF. Early studies with tolvaptan
(selective vasopressin subtype V2 receptor antagonist) demon-
strated improvement in congestive symptoms of HF and overall
hemodynamic profile.35

Recent publication of the findings in the EVERST trial,
which studied the efficacy of vasopressin antagonism in heart
failure, provides evidence for another possible drug in the
war chest of HF.36,37 Tolvaptan was tested in 4,133 patients
with ADHF with NYHA class III-IV and LVEF of <40%. All
patients also received standard therapy (ACE inhibitors, an-
giotensin receptor blockers [ARB], β-blockers, diuretics, ni-
trates, and hydralazine). The patients were randomized within
48 hours of hospitalization to 30 mg/day tolvaptan or placebo.
The trial was a composite of three distinct analyses. The pri-
mary endpoint for the two identical short-term trials was to
assess the change in global clinical status and body weight at
day 7 or the day of discharge, whichever came earlier. The
primary outcome for the long-term trial was all cause mortal-
ity and cardiovascular (CV) death or HF hospitalizations. The
results of the short-term trial showed only modest improve-
ment in the global clinical score compared with placebo. The
most clinical benefit was seen in change in body weight. The
long-term trial failed to show any statistical significance be-
tween the study drug and placebo in achieving the primary
endpoints. Common side effects that resulted in the discon-
tinuation of tolvaptan were dry mouth and thirst. In a small
number of patients, hyponatremia was corrected. In conclu-
sion, the results of EVERST trials suggest a novel drug with a
potential role in ADHF. Because long-term benefits are lack-
ing, the use of tolvaptan should be restricted to patients with
similar characteristics as the original study design.

CALCIUM SENSITIZERS
Calcium sensitizers represent another new class of drugs

under investigation for the treatment of ADHF. They ex-
ert positive inotropic effects by stabilizing the calcium tro-
ponin C-complex and facilitating actin-myosin cross-bridging
without increasing myocardial consumption of adenosine
triphosphate.38 Levosimendan (Simdax), the prototype for this
drug class, has a dual mechanism of action to increase my-
ocardial contractibility and induce vasodilation. Unlike other
inotropic agents, it does not affect the intracellular calcium
concentrations and, therefore, has a lower potential for induc-
ing proarrhythmias. The safety and efficacy of levosimendan
in ADHF has been evaluated in placebo-controlled trials and
in comparative trials with dobutamine. In patients with decom-
pensated HF, levosimendan significantly reduced the incidence
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FIGURE 18-2 Cardiac remodeling.
(Reprinted with permission from Jessup
M, Brozena S. Medical progress: heart
failure. N Engl J Med 2003;348:2007.
Copyright 2003 Massachusetts Medical
Society. All rights reserved.)

of worsening HF, and improved hemodynamic indices.39–41

In addition, mortality was lower in the levosimendan group.
These trials, however, were not powered to show a difference
in mortality as an endpoint. A recent trial comparing levosi-
mendan with dobutamine in acute HF, designed to confirm the
beneficial effects on morbidity and mortality, did not reduce
all-cause mortality, which contrasts with earlier studies.42 The
most common adverse effects associated with levosimendan
are headache and hypotension. Currently it is only approved in
Europe for ADHF.

INFLAMMATORY CYTOKINES, INTERLEUKINS, TISSUE NECROSIS FACTOR,
PROSTACYCLIN, AND NITROUS OXIDE
Vascular endothelial cells release various other proinflam-

matory cytokines, vasodilator, and vasoconstrictor substances,
including interleukin cytokines (IL-1β , IL-2, IL-6), tumor
necrosis factor (TNF-α), prostacyclin, and nitrous oxide (NO)
(also known as endothelium-derived relaxing factor).43–45 The
exact role of these mediators in the pathogenesis of HF is un-
clear. Recent studies have shown that patients with HF have
elevated levels of the proinflammatory cytokines IL-1β , IL-6,
and TNF-α that correlate with the severity of disease.45–47 Ini-
tial enthusiasm for use of the TNF-α receptor antagonist etan-
ercept (Enbrel) as a treatment of HF has been abandoned after
disappointing results in larger phase 2 and 3 clinical trials.48

Of even greater concern, at least 47 spontaneous adverse event
reports were made to the FDA describing new onset HF or
exacerbation of existing HF with etanercept and infliximab in
patients being treated for either Crohn disease or rheumatoid
arthritis.49

Other investigators have tried using either NO or prosta-
cyclin (epoprostenol) as therapeutic vasodilators with mixed
success.50–52 A particular concern with prostacyclin was a
trend toward increased death rates despite an improved hemo-
dynamic status in treated patients during the Flolan Interna-
tional Randomized Survival Trial (FIRST).52

Cardiac Remodeling
Progression of HF results in a process referred to as cardiac
remodeling, characterized by changes in the shape and mass of
the ventricles in response to tissue injury.53 The three primary
manifestations of cardiac remodeling are chamber dilation, left

ventricular cardiac muscle hypertrophy, and a resulting spher-
ical shape of the left ventricular chamber (Fig. 18-2) Cardiac
remodeling, which starts months to years before the appear-
ance of clinical symptoms, contributes to the progression of
the disease despite treatment.

CARDIAC DILATION
Cardiac dilation results when the ventricles fail to pump an

adequate volume of blood with each contraction. This is most
evident in systolic dysfunction. If the rate at which blood is de-
livered to the heart (preload) remains the same, but the rate at
which it is pumped to other tissues diminishes, residual blood
will begin to accumulate in the ventricles. Thus, end-diastolic
volume increases, myocardial fibers are stretched, and the ven-
tricle(s) become dilated. In the healthy heart, the end-diastolic
volume is about 180 to 200 mL. With an EF of 60%, the SV
is approximately 100 mL, leaving an end-systolic residual vol-
ume in the ventricle of 80 to 100 mL. Early in HF, a near normal
SV of 100 mL is maintained, although the EF may be low (e.g.,
33%). This leaves a 200- to 300-mL end-systolic residual vol-
ume in the ventricle. Over time, an enlarged heart will become
evident on a chest radiograph, and the body cannot completely
compensate. Cardiac dilation is less evident in diastolic dys-
function because normal contractility is maintained and the
stiffened left ventricle is resistant to filling and not likely to
enlarge (Fig. 18-2).

FRANK–STARLING CURVE
The Frank-Starling ventricular function curve (Fig. 18-3)

implies a curvilinear relationship between left ventricular my-
ocardial muscle fiber “stretch” (wall tension) and myocardial
work. As stretch increases, the volume of blood ejected with
each systolic contraction (stroke volume) increases. In systolic
HF, the work capacity for any degree of stretch is diminished.
A simple analogy is drawn using a balloon. The greater amount
of air blown into a balloon, the more it stretches and, if released,
the farther it flies around a room. As the balloon gets old, it loses
its elasticity and thus has less recoil when stretched. Similarly,
dilation of the ventricles initially may serve as an effective
compensating mechanism in systolic failure, but it becomes
inadequate as the elastic limits of the myocardial muscle fibers
are reached. HR may also increase to maintain CO if SV is
low. The downside of cardiac dilation is increased myocardial
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FIGURE 18-3 Representation of Frank-Starling ventricular
function curve.

oxygen demand. Theoretically, as cardiac dilation progresses
beyond a certain point, CO could decrease (as visualized on
the descending limb of the Starling curve), but this rarely is
observed clinically.

CARDIAC HYPERTROPHY
Cardiac hypertrophy, a long-term adaptation to increased

diastolic volume in systolic failure, represents an absolute in-
crease in myocardial muscle mass and muscle wall thickness
(Fig. 18-2). This is somewhat analogous to increased muscle
mass in skeletal muscle in response to weight lifting or other
forms of exercise. Cardiac hypertrophy should not be confused
with cardiac dilation. Of the two, hypertrophy provides more
desirable effects, but its absolute benefit is inadequate in severe
disease.

Functional Limitation Classification and Stages of Heart Failure
NEW YORK HEART ASSOCIATION CLASSIFICATION
The NYHA classification scheme identifies four categories

of functional disability associated with HF. Patients in class
I are well compensated with no physical limitations and lack
symptoms with ordinary physical activity. In class II, ordinary
physical activity results in mild enhancement of symptoms

and imparts slight limitations on exercise tolerance. Patients in
class III are comfortable only at rest; even less than ordinary
physical activity leads to symptoms. In class IV, symptoms of
HF are present at rest and no physical activity can be under-
taken without symptoms. Determination of class placement for
a specific patient is highly subjective and will vary between ob-
servers. In some cases, subdivisions such as class IIIA or IIIB
may be used to further individualize grading of severity.

A shortcoming of the NYHA classification scheme is that
it does not include asymptomatic individuals who are at high
risk for developing HF and who may benefit from preemptive
lifestyle changes and drug therapy. The 2001 ACC/AHA Prac-
tice Guidelines introduced a new staging algorithm that can be
used in conjunction with the NYHA classifications.6 Patients
in stage A have hypertension, coronary artery disease, diabetes
mellitus, or other conditions that, if left untreated, can result
in the development of overt HF. HF symptoms or identifiable
abnormalities of the myocardium or heart valves are absent
in stage A. Patients in stage B remain asymptomatic but have
structural defects within the heart (e.g., left ventricular hyper-
trophy, dilation, or valve disease) that indicate the existence
of impending HF. Patients in stage C exhibit varying degrees
of HF symptoms corresponding to NYHA classes I–III along
with structural changes in the heart consistent with systolic or
diastolic HF. Stage D in the ACA/AHA scheme roughly cor-
relates to NYHA class IV. Patients in this latter category are
frequently hospitalized, dependent on IV therapy, and could be
considered to have end-stage disease. Table 18-3 summarizes
these two classification schemes and how they overlap.

Treatment Principles
The 2005 ACC/AHA Task Force Practice Guidelines serve as
the primary basis for recommendations within this chapter.7 A
clinical algorithm reprinted from the ACC/AHA guidelines is
found in Figure 18-4.7 The ACC/AHA Task Force recommends
that most patients with HF should be routinely treated with a
combination of the following classes and drugs: a diuretic, an
ACE inhibitor, a β-adrenergic blocker, and (usually) digitalis.7

Table 18-3 American College of Cardiology-American Heart Association (ACC/AHA) Staging and New York Heart Association
(NYHA) Classification of Heart Failure

ACA-AHA Stage NYHA Functional Class

A. At high risk for heart failure, but without structural heart disease
(normal heart exam) or symptoms of heart failure (e.g., patients with
hypertension, coronary heart disease, diabetes, alcoholism, or strong
family history)

No corresponding category

B. Structural heart disease present (e.g., LV hypertrophy, dilation, fibrosis,
old MI), but without symptoms of heart failure

I. Asymptomatic or no limitations on normal physical activity, but
symptoms with strenuous exercise.

C. Structural heart disease with prior or current symptoms of heart failure II. Symptoms of heart failure with normal activity or with moderate
exertion

III. Symptomatic with minimal exertion; marked limitations in physical
activity including activities of daily life (e.g., bathing, dressing)
(or IIIB). Symptoms of heart failure at rest.

D. Refractory heart failure requiring specialized interventions IV (or IVB). Symptoms of heart failure at rest and requiring
hospitalization or intravenous inotropic support

Adapted from Foody J, et al. β-Blocker therapy in heart failure. Part I: Scientific review. Part II: Clinical applications. JAMA 2002;287:883 (part I) and 890 (part II), with permission.
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At Risk for Heart Failure

STAGE A STAGE B STAGE C STAGE D

Heart Failure

At high risk for HF but without
structural heart disease or

symptoms of HF

Structural heart disease but
without signs or symptoms of HF

Structural heart disease with
prior or current symptoms of HF

Refractory HF requiring
specialized interventions

e.g.: Patients with:
- hypertension
- atherosclerotic
  disese
- diabetes
- metabolic syndrome
or
Patients:
- using cardiotoxins
- with FHx CM

e.g.: Patients with:
- previous MI
- LV remodeling
   including LVH and
   low EF
- asymptomatic
   valvular disease

e.g.: Patients with:
- known structural
   heart disease
                 and
- shortness of breath
   and fatigue, reduced
   exercise tolerance

e.g.: Patients:
who have marked
symptoms at rest
despite maximal
medical therapy (e.g.,
those who are
recurrently
hospitalized or cannot
be safely discharged
from the hospital
without specialized
interventions)

Refractory
symptoms of
HF at rest

Development
of symptoms
of HF

Structural
heart disease

- Treat hypertension
- Encourage smoking cessation
- Treat lipid disorders
- Encourage regular exercise
- Discourage alcohol intake, illicit
   drug use
- Control metabolic syndrome

- ACEI or ARB in appropriate patients
for vacular disease or diabetes

- All measures under Stage A

- ACEI or ARB in appropriate patients
- Beta-blockers in appropriate
   patients

- All measures under Stages A and B
- Dietary salt restriction

- Diuretics for fluid retention
- ACEI
- Beta-blockers

- Aldosterone antagonist
- ARBs
- Digitalis
- Hydralazine/nitrates

- Biventrciular pacing
- Implantable defibrillators

- Appropriate meaures under stages
   A, B, C
- Decision re: appropriate level of
   care

- Compassionate end-of-life
   care/hospice
- Extraordinary measures
   •  heart transplant
   •  chronic inotropes
   •  permanent mechanical
      support
   •  experimental surgery or
      drugs

THERAPYTHERAPYTHERAPYTHERAPY

GOALS GOALS GOALS GOALS

DRUGS

DRUGS

DRUGS FOR
ROUTINE USE

DRUGS IN
SELECTED PATIENTS

DEVICES IN
SELECTED PATIENTS

OPTIONS

FIGURE 18-4 Stages in the development of heart failure/recommended therapy by stage.
FHx CM indicates family history of cardiomyopathy; ACEI, angiotensin converting enzyme inhibitor; ARB,
angiotensin receptor blocker. (Reprinted ACC/AHA 2005 guidelines update for the diagnosis and man-
agement of chronic heart failure in the adult: a report of the American College of Cardiology, American
Heart Association Task Force on Practice Guidelines (Writing Committee) to update the 2001 Guidelines
for the Evaluation and Management of Heart Failure. J Am Coll Cardiol 2005;46E1, with permission.)

An aldosterone antagonist (e.g., spironolactone) is a fifth class
of drug recommended for patients with advanced HF.

The objectives of therapy for all forms of HF are to abolish
disabling symptoms, avoid complications such as arrhythmias,
and improve the quality of the patient’s life. Increased walking
distance during a 6-minute treadmill test or transition to a lower
NYHA symptom class is used as a rough measure of success for
these objectives. Specific quality of life questionnaires are also
available. The ultimate goal is to prolong survival in individuals
and reduce mortality rates within the population of patients
with HF. Short of a heart transplant, none of the treatment
measures are curative.

Nonspecific medical management of systolic HF includes
addressing CV risk factors, correcting underlying disease
states (e.g., hypertension, ischemic heart disease, arrhythmias,
lipid disorders, anemia, or hyperthyroidism), moderate physi-
cal activity as tolerated, immunization with influenza and pneu-
mococcal vaccines to reduce the risk of respiratory infections,
and discontinuing possible drug-induced causes. A sodium-
restricted diet and diuretics are required if fluid retention is

evident. Pharmacotherapeutic interventions include ACE in-
hibitors, certain β-blocking drugs (e.g., carvedilol and meto-
prolol), digoxin, and other vasodilators (nitrates, hydralazine,
or angiotensin receptor blockers). Amiodarone is indicated in
the treatment of symptomatic ventricular tachycardia and atrial
fibrillation (AF) associated with HF. The role of natriuretic
peptides, endothelin inhibitors, vasopressin receptor antag-
onists, and calcium sensitizers continue to be investigated.
Nondigitalis inotropic agents and TNF-α inhibitors, although
theoretically valuable, have yielded disappointing results and
significant complications, including arrhythmias and increased
mortality rates.

Treatment of diastolic failure is less well defined.12–16 The
term heart failure with normal left ventricular ejection fraction
has been proposed instead of diastolic heart failure. A sodium-
restricted diet and diuretics are indicated for symptomatic relief
of shortness breath or edema. ACE inhibitors are frequently
used, although controlled trials of effectiveness are lacking.
Negative inotropes such as nonselective β-blockers (e.g., pro-
pranolol) and calcium blockers (especially verapamil) are
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often advocated to slow HR and allow more efficient ventricu-
lar filling during diastole. Digitalis is relatively contraindicated,
especially in patients with ventricular septal hypertrophy.

Physical Activity
Patients should be encouraged to maximize their activities
of daily life and exercise to maintain physical conditioning.
Edema can be minimized by use of elastic hosiery, which in-
creases interstitial pressure and helps mobilize fluid into vascu-
lar spaces. During acute exacerbations, bed rest and restricted
physical activity decrease the metabolic demands of the failing
heart and minimize gravitational forces contributing to the for-
mation of edema. Renal perfusion is increased in the prone po-
sition, resulting in diuresis and eventual mobilization of edema
fluid.

Sodium-Restricted Diet
Reduction of dietary salt is prudent in patients with hyper-
tension or evidence of fluid retention, but is not required in
all patients. No evidence indicates that salt restriction in nor-
motensive or asymptomatic patients will prevent the onset of
HF. It is convenient to remember that 1 g of sodium (Na) is
equivalent to 2.5 g of salt (NaCl), and that one level teaspoon
of salt weighs approximately 6 g. Similarly, 1 g Na = 43 mEq
Na and 1 g NaCl = 17 mEq Na. In patients with clinically
evident HF, moderate sodium restriction (<3 g/day Na) may
allow patients to use lower doses of diuretics by decreasing
blood volume and offsetting abnormal retention of sodium by
the kidneys. If the kidney’s ability to excrete sodium is not
severely compromised, it is possible to approach normal bal-
ance by restricting sodium intake to match excretion. Although
<1 g of sodium chloride (NaCl) is required to meet physiologic
needs, the average U.S. diet contains 10 g. Dietary sodium can
be reduced to 2 to 4 g of NaCl by eliminating cooking salt.
This diet is more palatable and leads to better adherence than
a severely salt-restricted diet.

Diuretics: Clinical Use and Renal Pharmacology
Only those points salient to the treatment of HF are included
in this chapter. Diuretic use also is discussed in Chapter 13,
Essential Hypertension. (See Chapter 11, Fluid and Electrolyte
Disorders, for a thorough review of kidney physiology and
the classification, mechanism of action, and side effects of
diuretics.)

Diuretics are indicated in both systolic and diastolic HF for
patients with circulatory congestion (pulmonary and periph-
eral edema) or cardiac distension (enlarged heart on chest ra-
diograph). They produce symptomatic relief more rapidly than
other drugs for HF. Monotherapy with diuretics is discouraged,
however, even in patients with mild symptoms that respond
well to diuretics. Because activation of the renin-angiotensin-
aldosterone and sympathetic nervous systems contribute to
the progression of HF, diuretics should be combined with an
ACE inhibitor and a β-blocker unless contraindications exist.
Conversely, continuous treatment with diuretics is not always
necessary in patients with little or no evidence of fluid over-
load, and diuretics are relatively contraindicated in persons
who are volume depleted or have compromised renal blood
flow.6,7

By enhancing renal excretion of sodium and water, diuretics
diminish vascular volume, thus relieving ventricular and pul-
monary congestion and decreasing peripheral edema. Initially,
the goal of diuretic therapy is symptomatic relief of HF by de-
creasing excess volume without causing intravascular volume
depletion. Once excess volume is removed, therapy is aimed
at maintaining sodium balance and preventing reaccumulation
of new fluid, while avoiding dehydration. The rate at which
edema fluid can be removed is limited by its rate of mobiliza-
tion from the interstitial to the intravascular fluid compartment.
If diuresis is too vigorous, intravascular volume depletion, hy-
potension, and a paradoxical decrease in CO (caused by com-
promised venous return and inadequate ventricular filling) may
result. Weight loss exceeding 1 kg/day is to be avoided except
in patients with acute pulmonary edema.

The effectiveness of diuretics depends on the amount of
sodium delivered to their site of action in the kidney and the
patient’s renal function.54,55 Proximal tubular reabsorption of
sodium is increased in patients with severe HF when RBF is
compromised, rendering thiazide and potassium sparing di-
uretics (which act primarily on the distal tubule) minimally ef-
fective. Thiazides increase the fractional excretion of sodium
no more than 5% and lose their effectiveness when creati-
nine clearance (ClCr) decreases to <30–50 mL/minute. The
loop diuretics (furosemide, bumetanide, and torsemide) are
more potent and retain their effectiveness until the creatinine
clearance is <5 mL/minute. Metolazone has diuretic effects
intermediate to that of the thiazide and loop diuretics and may
maintain activity in patients with compromised renal function.
In most patients with HF, loop diuretics are preferred. In ad-
dition to having activity in the ascending limb of the loop of
Henle, furosemide has vasodilating properties that decrease
renal vascular resistance. It also enhances sodium excretion
by shifting RBF from the long juxtamedullary nephrons to
shorter superficial nephrons. In pulmonary edema, the initial
beneficial effects of furosemide may result more from dilation
of venous capacitance vessels (decreasing preload) than from
diuresis.54,55

The onset of response after an IV injection of loop diuretics
is ≤10 minutes, peaking within the first 30 minutes, and usually
abating within 2 hours. Natriuresis usually begins 30 to 90
minutes after the oral administration of loop diuretics; it peaks
within the first or second hour and lasts for 6 to 8 hours. The
usual recommended doses for the loop diuretics are found in
Table 18-4.54

The concept of ceiling doses for loop diuretics should be
understood.54,55 A key observation is that the effectiveness of
diuretics depends on delivery (active secretion) of the drug
into the proximal tubule in the kidney. Slow absorption (even
if bioavailability is high) or protein binding impair tubular de-
livery and compromise diuretic response. Once the drug is in
the tubule, however, further drug delivery produces no greater
diuresis. Increasing single doses beyond the ceiling dose pro-
duces no additional diuretic response. As an alternative, im-
proved diuresis may be obtained by giving the drug more fre-
quently.

As discussed later in this chapter, combinations of diuret-
ics with different mechanisms (e.g., a loop diuretic and meto-
lazone) are used in patients whose conditions are refractory
to high-dose loop diuretics.54,55 Because diuresis can lead to
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Table 18-4 Loop Diuretic Dosing

Furosemide Bumetanide Torsemide

Usual daily oral dose (mg) 20–160 0.5–4 10–80
Ceiling dose (mg)

Normal renal function 80–160 (PO/IV) 1–2 (PO/IV) 20–40 (PO/IV)
Clcr: 20–50 mL/min 160 mg (PO/IV) 2 (PO/IV) 40 mg (PO/IV)
ClCr: <20 mL/min 200 IV, 400 (PO) 8–10 (PO/IV) 100 (PO/IV)

Bioavailability 10%–100% 80%–90% 80%–100%
Average 50% Lower with food No food effect
Lower with food

IV, intravenous; PO, oral.
Adapted from Kramer BK, et al. Diuretic treatment and diuretic resistance in heart failure. Am J Med 1999;106:90, with permission.

compensatory activation of the RAAS, combining a diuretic
with an ACE inhibitor or using spironolactone has a theoretic
basis (see Question 13).

Diuretics are indicated in diastolic HF, but pose a diffi-
cult challenge. This form of HF is highly volume dependent,
becoming significantly worse in states of fluid overload, but
responding with a rapid reduction in filling pressures and res-
olution of dyspnea following diuresis. Conversely, chronic di-
uretic use therapy runs the risk of restricting the end-diastolic
volume, resulting in a significant reduction of CO. Thus, el-
evated filling pressure may be controlled at the expense of a
greatly reduced SV such that the symptoms of dyspnea may
be traded for those of fatigue and loss of exercise tolerance.56

Aldosterone Antagonists
Despite their profound effects on reducing HF symptoms, no
data substantiate that loop diuretics counteract the underlying
cause of HF or modify mortality rates. The aldosterone antago-
nists (e.g., eplerenone and spironolactone) exert a mild diuretic
effect by competitive binding of the aldosterone receptor site
in the distal convoluted renal tubules. They are also referred to
as potassium retaining or potassium sparing diuretics because
sodium excretion at this level of the kidney is accompanied by
an equimolar exchange for potassium. The Randomized Aldac-
tone Evaluation study investigators found that spironolactone
substantially reduced both morbidity and mortality in a select
group of patients with severe HF (NYHA class III and IV).57

The authors speculated, however, that the protective effect of
spironolactone was related more to a reduction in aldosterone-
induced vascular damage and myocardial or vascular fibrosis
than to its diuretic effect. Similarly, reduced mortality was ob-
served in patients with left ventricular dysfunction following
a recent MI treated with 25 to 50 mg of eplerenone (Inspra)58

(see Question 14). No evidence indicates that the direct act-
ing potassium sparing diuretics amiloride or triamterene exert
a similar protective effect. The 2005 ACC/AHA guidelines
recommend initiating aldosterone antagonists in patients with
severe HF and in patients immediately post-MI who have LV
dysfunction.7

Angiotensin-Converting Enzyme Inhibitors and Angiotensin
Receptor Inhibitors 59–62

Drugs with vasodilating properties have become a primary
treatment modality of HF. Arterial dilation provides symp-

tomatic relief of HF by decreasing arterial impedance (af-
terload) to left ventricular outflow. Venous dilation decreases
left ventricular congestion (preload). The combination of these
two properties provides additive benefits to alleviate the symp-
toms of HF and increase exercise tolerance. The first vasodila-
tor drugs to be studied were hydralazine (essentially a pure
arterial dilator) and nitrates (predominately venous dilators).
By combining these two drugs, significant reductions in HF
symptoms can be achieved along with a modest reduction in
mortality rates. With the advent of ACE inhibitors, the use of
hydralazine and nitrates has been relegated to a secondary role.

Angiotensin-converting enzyme inhibitors (e.g., benazepril
[Lotensin], captopril [Capoten], enalapril [Vasotec], fosinopril
[Monopril], lisinopril [Prinivil, Zestril], moexipril [Univasc],
perindopril [Aceon], quinapril [Accupril], ramipril [Altace]),
and trandolapril [Mavik]) possess both afterload and preload
reducing properties (by blocking angiotensin II-mediated vaso-
constriction) and volume-reducing potential (by inhibiting ac-
tivation of aldosterone). They not only produce similar hemo-
dynamic effects to the hydralazine-nitrate combination as a
single agent, but they also favorably modify cardiac remod-
eling independent of vasodilation and have a more tolerable
side effect profile. These advantages, coupled with evidence
that ACE inhibitors slow the rate of mortality in HF more
than the hydralazine-nitrate combination, led the authors of
all the current guidelines to recommend unequivocally that
ACE inhibitors are the drugs of choice for initial therapy,
even in patients with relatively mild left ventricular systolic
dysfunction.1–3,6

The 2005 ACC/AHA guidelines state:

ACE inhibitors should be prescribed to all patients with HF
due to left ventricular systolic dysfunction (LVEF) unless they
have a contradiction to their use or have been shown to be un-
able to tolerate treatment with these drugs. Because of their
favorable effects on survival, treatment with an ACE inhibitor
should not be delayed until the patient is found to be resistant
to treatment with other drugs. In general, ACE inhibitors are
used together with β-blockers. ACE inhibitors should not be
prescribed without diuretics in patients with current or recent
history of fluid retention, because diuretics are needed to main-
tain sodium balance and prevent the development of peripheral
and pulmonary edema. ACE inhibitors should be initiated at
low doses, followed by gradual increments in dose if lower
doses have been well tolerated. Fluid retention can blunt the
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therapeutic effects and fluid depletion can potentiate the ad-
verse effects of ACE, healthcare providers should ensure that
the appropriate doses of diuretics are used before and during
treatment with these drugs. Clinicians should attempt to use
doses that have been shown to reduce CV events in clinical
trials, but they should not delay the initiation of β-blockers
in patients because of a failure to reach target ACE inhibitor
doses.7

The pharmacologic actions of all the ACE inhibitors are
essentially identical, but some of them have not been exten-
sively studied or received FDA approval for use in HF. Their
value in diastolic failure still is being investigated. Expanded
discussion of ACE inhibitor use and side effects is found later
in this chapter starting with Question 16.

A related class of drugs includes the angiotensin recep-
tor blocker drugs candesartan [Atacand], eprosartan [Teveten],
irbesartan [Avapro], losartan [Cozaar], olmesartan [Benicar],
telmisartan [Micardis], and valsartan (Diovan).59,62 The recep-
tor inhibitors offer theoretic advantages over ACE inhibitors
by being more specific for angiotensin II blockade and having
a lower risk of drug-induced cough. On the other hand, indi-
rect block of bradykinin, NE, or prostaglandins by some or all
of the ACE inhibitors may offer an advantage over receptor
inhibitors. Before the Candesartan in the Treatment of Heart
Failure—Assessment of Reduction in Mortality and Morbid-
ity (CHARM) trial, no convincing evidence showed that an-
giotensin receptor blockers (ARB) were as effective as ACE
inhibitors in reducing morbidity and mortality in patients with
HF (see Question 20). According to the 2005 ACC/AHA guide-
lines, ARB are recommended in patients who are intolerant to
ACE inhibitors (e.g., angioedema or intractable cough). Also,
ARB can be considered as an add-on therapy in patients who
continue to be symptomatic despite optimal conventional ther-
apy. Currently, only candesartan and valsartan have FDA ap-
proved labeling for the treatment of HF.

β-Adrenergic Blocking Agents 21–26

Until the mid 1990s, some variation of the following state-
ment could be found in any standard text on the treatment of
HF: “β-blockers and other negative inotropes are contraindi-
cated.” This is a logical extension of previously held belief
that sympathomimetic agonists and other positive inotropes
are the logical choice to counteract the hemodynamic defects
of systolic failure and that negative inotropes will exacerbate
HF. A better understanding of the pathophysiology of HF led
to a rethinking of this logic.20–25 As discussed, cardiac adren-
ergic drive initially supports the performance of the failing
heart, but long-term activation of the sympathetic nervous
system exerts deleterious effects that can be counteracted by
the use of β-blockers. Nonetheless, initial trials with propra-
nolol, pindolol, and labetalol in patients with systolic failure
were disappointing. Much more favorable results have been
achieved with metoprolol (Lopressor, Toprol XL) and biso-
prolol, both of which are partially selective β1-blockers, and
carvedilol (Coreg), a mixed α1- and nonselective β-blocking
agent. Extended release metoprolol succinate (Toprol XL) and
carvedilol are FDA approved for use in HF. Although some
patients can initially have a temporary worsening of symp-
toms, continued use results in improved quality of life, fewer
hospitalizations, and most importantly, longer survival. The

2005 ACC/AHA guidelines state thatβ-blockers should be pre-
scribed to all patients with stable HF owing to reduced LVEF
unless they have a contraindication to their use or have been
shown to be unable to tolerate treatment with these drugs. β-
Blocker treatment should be initiated as soon as LV dysfunc-
tion is diagnosed because of favorable effects that treatment
can have on survival and disease progression. Intolerance or
resistance to other HF therapies should not precede nor delay
the initiation of β-blocker use in patients with HF.7 β-Blockers
are discussed in greater detail in the case study portion of this
chapter (see Questions 27–30 and 52).

Digitalis Glycosides (Digoxin)
Digitalis glycosides have several pharmacologic actions on the
heart. Digoxin is the only drug from this family still marketed
following the withdrawal of digitoxin in the late 1990s. It binds
to and inhibits sodium-potassium (Na+-K+) adenosine triphos-
phatase (ATPase) in cardiac cells, decreasing outward trans-
port of sodium and increasing intracellular concentrations of
calcium within the cells. Calcium binding to the sarcoplasmic
reticulum causes an increase in the contractile state of the heart.

Until recently, the primary benefit of digoxin in systolic HF
was assumed to be an increase in the force of contraction (pos-
itive inotropic effect) of the failing heart to increase EF and
CO. Recent evidence suggests that even at serum concentra-
tions below those associated with positive inotropism, digoxin
has beneficial neurohumoral and autonomic effects by reduc-
ing sympathetic tone and stimulating parasympathetic (vagal)
responses.6,63–66 Inhibition of (Na+-K+) ATPase in vagal af-
ferent fibers sensitizes cardiac baroreceptors to reduce sym-
pathetic outflow from the CNS. Similarly, inhibition of (Na+-
K+) ATPase in renal cells reduces renal tubular reabsorption
of sodium and indirectly suppresses renin secretion. This has
led to the suggestion that the positive benefits of digoxin can
be obtained with a lower risk of side effects by using smaller
than traditional doses.6

In addition to effects on contractility, digoxin decreases
the conduction velocity and prolongs the refractory period of
the atrioventricular (AV) node. This AV node–blocking effect
prolongs the PR interval and is the basis for use of digoxin
in slowing the ventricular response rate in patients with AF
and other supraventricular arrhythmias (see Chapter 19, Car-
diac Arrhythmias). At higher serum concentrations, however,
digoxin increases cardiac automaticity and irritability and de-
creases the refractory period of the atrial and ventricular my-
ocardium, all of which predispose the patient to a multitude of
unwanted heart rhythm disturbances.

Before the advent of ACE inhibitors, the emphasis of HF
management was to stimulate the failing heart with inotropes.
Digoxin was considered the obvious drug of choice, particu-
larly for patients with coexistent HF and supraventricular ar-
rhythmias. This was followed by a period when the role of
digoxin was challenged, especially in patients with normal si-
nus rhythm, with critics proclaiming it as being minimally ef-
fective and having a high risk for toxicity. As evidence mounted
that vasodilators could improve survival rates, no such data
existed for digoxin. In the past few years, several studies have
confirmed a clinical benefit for digoxin in reducing HF symp-
toms, independent of rhythm status, but survival data are still
not convincing (see Question 15). As a result, the latest clini-
cal guidelines state that digoxin therapy is unlikely to benefit
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patients with stage A or stage B HF. In these patients, digoxin
can be used for symptom management, only if they are treated
with drug therapy shown to prolong survival (ACE inhibitors
and β-blockers) or have not responded adequately to appropri-
ate therapy. Patients in stage C or stage D HF who are symp-
tomatic, with an enlarged heart and reduced LVEF, digoxin can
be beneficial.7 Monotherapy with digoxin or in combination
with only a diuretic is no longer recommended. Digoxin can
also be considered in patients with HF who also have chronic
AF, although β-blockers may be more effective than digoxin
in controlling the ventricular response, especially during exer-
cise. It is also important to document the patient’s EF before
considering the use of digoxin because the digitalis glycosides
are not useful in diastolic HF and, in fact, may worsen this
form of left ventricular dysfunction. Further discussions of
the controversies surrounding digoxin use and detailed dosing
guidelines are found in the case studies.

DIGOXIN PHARMACOKINETICS (TABLE 18-5)
Digoxin is a polar glycoside that is adequately but incom-

pletely absorbed. Studies from the 1970s indicated that the
absorption of oral tablets varied between manufacturers and
from lot to lot of the same product.67–71 (See the sixth edition
of Applied Therapeutics: The Clinical Use of Drugs for the
citations and abstracts of older articles.) In some instances, the
differences were only in the rate of absorption but not neces-
sarily in the extent of absorption (i.e., bioavailability) (Table
18-5). At least part of the variability correlated to differences
in vitro dissolution. For this reason, most clinicians prefer to
use the brand name product (Lanoxin), but published data re-
garding the lack of equivalence of current generic products are
lacking. Four manufacturers (Bertek, Caraco, Stevens J, and
Actavis Totowa) now market generic versions of digoxin that
have been given an AB rating (one under the brand name of
Digitek).

Bioavailability of digoxin also depends on the dosage form
given. Again, most published information is from the 1970s
and is subject to such limitations as differences in methodol-
ogy between studies (single-dose versus multiple-dose studies)
and use of nonspecific assays. The original studies appear to
underestimate digoxin bioavailability.67–71 As summarized by
Reuning and others and based on studies using improved as-
say methods, the bioavailability of conventional tablets ranges
from 70% to 80% (mean, 75%), whereas that of the commer-
cially available elixir is slightly greater, ranging from 75% to
85%.70 Nonetheless, considerable interpatient and intrapatient
variability exists. Higher bioavailability of solutions reported
in some studies might be of little clinical relevance because the
solutions used were prepared extemporaneously from solutions
for injection.

Lanoxicaps are a liquid-filled soft gelatin capsule form of
digoxin with improved bioavailability averaging 90% to 100%.
The digoxin content of these capsules, however, is 80% of the
corresponding tablet. Thus, a 0.2-mg Lanoxicaps is approxi-
mately equal to a 0.25-mg digoxin tablet. Because of high cost
relative to conventional tablets, use of the capsules usually is
reserved for those cases when the response achieved with the
tablets has been erratic.

Digoxin’s rapid onset of action (30–60 minutes) corre-
sponds with peak plasma levels. Maximal effects from a single
dose are observed 5 to 6 hours after drug administration, a time

Table 18-5 Digoxin Pharmacokinetics

Parameter Value

Bioavailability (F)
Tablets 0.75 (0.5–0.9)a

Elixir 0.80 (0.65–0.9)
Liquid-filled capsules 0.95 (0.8–1.0)

Half-Life (t1/2)
Normal 1.6–2 day
Renal failure ≥4.4 day
Children 0.7–1.5 day

Volume of Distribution (Vd)b

Normal 6.7 (4–9) L/kg
Renal failure Smaller: 4.7 (1.5–8.5) L/kg

Clearance (Cl)
Normal 1.02 ClCr + 57 mL/min or

2.7 L/min/kg
Severe HF 0.88 ClCr + 23 mL/min
% Renally Cleared Unchanged PO: 50–60%

IV: 70–75%
% Nonrenal Elimination 40% (20–55%)
% Eliminated/Day 14% + ClCr/5
% Enterohepatic Recycling 6.8%
Protein Binding 20–30%
Therapeutic Serum

Concentrationc
0.5–1.2 ng/mL

Digitalizing (loading) dosed 0.5–1 mg or 0.01–0.02 mg/kg
Usual Maintenance Dosee 0.125–0.25 mg/day

Pediatric Dosing
Neonate loading 0.01–0.03 mg/kg IV
Infant loading 0.01–0.05 mg/kg PO
>2-year-old load 0.05 mg/kg PO
Premature maintenance 0.001–0.009 mg/kg/day
Neonate maintenance 0.01 mg/kg/day
Infant maintenance 0.015–0.025 mg/kg/day
>2-year-old maintenance 0.01–0.015 mg/kg/day

aMean value with range in parentheses.
bVolume of distribution decreases in renal failure, possibly because of change in
protein binding.
cDigoxin serum concentration and effect are poorly correlated. Levels drawn <6
hours after a dose may be falsely elevated. Spironolactone and endogenous digoxin-
like substances in the blood of neonates and renal failure patients can result in falsely
elevated levels. Resting concentrations may be higher than those taken after exercise.
d Loading doses not recommended except for patients in acute distress, but it takes
several days (five half-lives) to reach steady-state with maintenance dose. A more
specific loading dose can be calculated by multiplying the desired steady-state con-
centration by the volume of distribution.
eThe dosage should be adjusted lower in the elderly or those with renal insufficiency
by first estimating ClCr to calculate an estimated digoxin clearance. The dosage is es-
timated by multiplying the target serum concentration times the estimated clearance.
ClCr, creatine clearance; HF, heart failure; IV, intravenous; PO, by mouth.

at which drug distribution in the body is complete. Digoxin
has a steady-state volume of distribution averaging 6.7 L/kg of
lean body weight (range, 4–9 L/kg).67,70,71 Only 23% is protein
bound, but the volume of distribution may be decreased sig-
nificantly in renal failure (see Questions 46 and 47). A serum
level of 0.8 to 2 ng/mL was recommended in older guide-
lines as being the therapeutic target, but new evidence indi-
cates therapeutic benefit and greater safety by targeting serum
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concentrations in the range of 0.5 to 1.2 ng/mL (see Questions
34 and 36).

Digoxin has a half-life (t1/2) of 1.6 to 2 days (36–40 hours)
and is characterized by first-order pharmacokinetics.67,69–71

With renal impairment, the half-life of digoxin is prolonged,
reaching 4.4 days or more in total anuria.70–72 The renal clear-
ance of digoxin (1.86 mL/minute/kg) is slightly greater than
creatinine clearance, indicating a component of tubular secre-
tion. Many have the erroneous impression that nonrenal excre-
tion of digoxin is unimportant. In fact, anywhere from 20% to
40% of a given digoxin dose is excreted nonrenally, either as
metabolites or in the feces,67,69–71 corresponding to a nonre-
nal clearance of 40 to 60 mL/minute (0.82 mL/minute/kg). In
a few individuals, up to 55% of a dose is eliminated as metabo-
lites, primarily as inactive dihydrodigoxin.70–72 Little digoxin
(6.8%) enters the enterohepatic circulation, and its metabolism
is unaltered in patients with cirrhosis.

Digoxin absorption, bioavailability, and elimination are par-
tially mediated by P-glycoprotein (PGP), a multidrug trans-
porter that acts as a drug efflux pump across cell membranes
in epithelial and endothelial cells of the intestine, kidney, and
liver.71,73 For drugs and toxins affected by PGP, the net ef-
fect is to reduce bioavailability (by transporting drugs from
the blood back into the gut lumen) and promote clearance
(e.g., by enhancing renal tubular secretion). For digoxin, this
system comes into play when certain drugs that block the
action of PGP are taken along with digoxin.73,74 For exam-
ple, quinidine blocks intestinal and renal PGP, thus increasing
digoxin bioavailability and reducing renal clearance. As a re-
sult, digoxin serum levels rise. This and other digoxin drug in-
teractions are considered in greater detail in Questions 38–40.

In approximately 10% of patients given digoxin, a substan-
tial portion of the drug can be metabolized by bacteria in the
GI tract to cardioinactive reduced metabolites.71,72,75 In iso-
lated cases, significantly increased requirements for digoxin
dosage may be seen in patients who excrete large amounts of
digoxin by this route. The resulting reduced bioavailability of
digoxin is more of a problem when slowly absorbed generic
tablets are used as opposed to rapidly absorbed solutions or
Lanoxin brand tablets. In addition, concurrent use of certain
oral antibiotics (e.g., erythromycin or clarithromycin) can lead
to increased digoxin toxicity. This was initially ascribed to al-
tered intestinal metabolism by the antibiotics, but with better
understanding of the role of PGP in digoxin absorption and ex-
cretion, a probable explanation is that these antibiotics inhibit
renal PGP, thus reducing enhanced digoxin renal clearance (See
Question 40).

Jelliffe et al. present digoxin elimination in a slightly differ-
ent context by describing the percent elimination in 24 hours.76

By plotting creatinine clearance versus percent of drug elim-
inated per day (Fig. 18-5), they found a linear relationship
between 24-hour drug excretion and renal function. As can be
seen from the figure, the best-fit equation of the line (y = b +
mx) is:

% Digoxin eliminated/day = 14 + Clcr

5
(18-1)

where the y intercept (b), representing nonrenal elimination,
is 14%, and the slope of the line (m), representing that portion
of daily elimination dependent on renal elimination, is one-
fifth. At a creatinine clearance of 100 mL/minute, the percent
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FIGURE 18-5 Relationship of digoxin elimination to renal
function.

eliminated per day is 35%, whereas at a creatinine clearance
of 0 (i.e., anuria), the percent eliminated per day is 14%, all
via nonrenal clearance mechanisms.

Other Vasodilating Drugs: Hydralazine and Nitrates
Although ACE inhibitors have become the vasodilator drug
of choice, the first vasodilators used in patients with HF were
hydralazine and nitrates. Hydralazine (Apresoline) is a potent
arterial dilating agent that provides symptomatic relief of HF
by decreasing arterial impedance (afterload) to left ventricular
outflow. Nitrates (e.g., nitroglycerin [NTG], isosorbide dini-
trate, and isosorbide mononitrate) have venous dilating prop-
erties that decrease left ventricular congestion (preload). Used
in combination, these two agents have additive benefits in alle-
viating the symptoms of HF and increasing exercise tolerance.
Importantly, the hydralazine-isosorbide dinitrate combination
was the first treatment regimen to show improved survival in
severe HF compared with placebo (while patients continued
their previous diuretic and/or digitalis therapy). In the post
hoc analysis of the hydralazine-isosorbide dinitrate combina-
tion trial, there appeared to be greater efficacy in the cohort
of black patients. The African American Heart Failure Trial
(AHeFT)77 has subsequently been performed and confirms the
finding that the addition of hydralazine combined with isosor-
bide dinitrate to standard HF therapy with an ACE inhibitor
and/or a β-blocker showed added benefit. Based on the results
of AHeFT, the FDA has approved the combination product of
hydralazine and isosorbide dinitrate (BiDil) for the treatment
of HF as an adjunct to standard HF therapy in black patients.
The 2005 ACC/AHA guideline recommendations state that the
combination of hydralazine and a nitrate might be reasonable
in patients with current or prior HF symptoms and reduced
LVEF who cannot tolerate ACE inhibitors or ARB. The guide-
lines go on to say that the addition of hydralazine and isosor-
bide dinitrate to patients with HF receiving ACE inhibitors
and β-blockers, is reasonable and can be effective in blacks
with NYHA functional class III or IV HF.7 The role of these
vasodilators in diastolic failure is not well studied. IV NTG
and nitroprusside (a mixed arterial and venous dilator) are also
used in hospitalized patients with acute HF exacerbations (see
Questions 47).

Other Inotropic Agents
Previous doubt about the clinical effectiveness of digitalis
derivatives and concern over their potential for toxicity
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prompted a search for alternative positive inotropic drugs.
Dopamine and dobutamine, both of which are sympathomimet-
ics, are commonly used in acute cardiac emergencies, but their
use is limited by the need for IV administration. (See Chapter
21, Shock, for a more detailed discussion of these drugs.) Am-
rinone and milrinone, nonsympathomimetic inotropes (phos-
phodiesterase inhibitors), are associated with an unacceptably
high incidence of side effects (thrombocytopenia and increased
death rates) when given orally, but are available in parenteral
form for short-term use (see Question 48).

Despite differing mechanisms of action to produce their car-
diac stimulatory effect (primarily sympathomimetics or phos-
phodiesterase inhibitors), and whether or not the drug also has
vasodilating properties (e.g., flosequinan), a disturbing trend
emerged: Initial positive hemodynamic effects during the first
few weeks to months of therapy with all of these drugs was
followed by a trend toward increased mortality compared with
placebo with continued therapy. The explanation for these un-
expected findings are related to an overall undesirability of
further enhancing sympathetic tone, overstimulation of an al-
ready fatigued heart, or proarrhythmic effects of some of the
drugs. Whatever the mechanism, the enthusiasm for using in-
otropic therapy has waned. It is important, however, not to
extrapolate these results to digoxin in light of the newer find-
ings that digoxin also has neurohumoral modulating effects.
All inotropes are relatively contraindicated in diastolic HF.

Calcium Channel Blockers
Amlodipine (Norvasc), felodipine (Plendil), isradipine
(DynaCirc), nifedipine (Adalat, Procardia), and nicardipine
(Cardene) are examples of calcium antagonists with arterial
vasodilating and antispasmodic properties. They offer the the-
oretic advantage of being afterload-reducing agents in HF, but
their applicability in systolic dysfunction is diminished by neg-
ative inotropic effects. Among these drugs, only amlodipine78

and felodipine79 have been documented to be safe in HF (i.e.,
do not make HF worse), but only a small subset of patients
with nonischemic dilated cardiomyopathy actually had a pos-
itive beneficial effect with amlodipine.78 Until more data are
available, calcium channel blockers other than amlodipine and
felodipine are contraindicated in patients with systolic dys-
function. On the other hand, the negative inotropic effects of
some calcium antagonists, especially that of verapamil (Calan,
Isoptin, Verelan), is an indication for use in diastolic HF.

PATIENT EVALUATION
Signs and Symptoms

1. A.J., a 58-year-old man, is admitted with a chief complaint of
increasing shortness of breath (SOB) and an 8 kg weight gain. Two
weeks before admission, he noted the onset of dyspnea on exertion
(DOE) after one flight of stairs, orthopnea, and ankle edema. Since
then, his symptoms have increased. He has also noted episodic
bouts of paroxysmal nocturnal dyspnea (PND). Since then, he has
been able to sleep only in a sitting position. A.J. notes a productive
cough, nocturia (two to three times/night), and mild, dependent
edema.

A.J.’s other medical problems include a long history of heart-
burn; a 10-year history of osteoarthritis, managed with various
nonsteroidal anti-inflammatory drugs (NSAID); depression, and

hypertension, which has been poorly controlled with hydrodi-
uril (HCTZ). A strong family history of diabetes mellitus is also
present.

Physical examination reveals dyspnea, cyanosis, and tachycar-
dia. A.J. has the following vital signs: BP, 160/100 mm Hg; pulse,
90 beats/minute; and respiratory rate, 28 breaths/minute. He is
5 ft 11 in tall and weighs 78 kg. His neck veins are distended. On
cardiac examination, an S3 gallop is heard; point of maximal im-
pulse (PMI) is at the sixth intercostal space (ICS), 12 cm from the
midsternal line (MSL). His liver is enlarged and tender to palpa-
tion, and a positive hepatojugular reflux (HJR) is observed. He
is noted to have 3+ pitting edema of the extremities and sacral
edema. Chest examination reveals inspiratory rales and rhonchi
bilaterally.

The medication history reveals the following current medica-
tions: HCTZ 25 mg QD; ibuprofen (Motrin) 600 mg QID; raniti-
dine (Zantac) 150 mg QHS; citalopram (Lexapro) 20 mg QD. He
has no allergies and no dietary restrictions.

Admitting laboratory values include the following: hematocrit
(Hct), 41.1% (normal, 40%–45%); white blood cell (WBC) count,
5,300/mm3 (normal, 5,000–10,000/mm3); Na, 132 mEq/L (normal,
136–144 mEq/L); potassium (K), 3.2 mEq/L (normal, 3.5–5.3
mEq/L); chloride (Cl), 100 mEq/L (normal, 96–106 mEq/L); bi-
carbonate, 30 mEq/L (normal, 22–28 mEq/L); magnesium (Mg),
1.5 mEq/L (normal, 1.7–2.7 mEq/L); fasting blood sugar (FBS),
100 mg/dL (normal, 65–110 mg/dL); uric acid, 8 mg/dL (normal,
3.5–7 mg/dL); blood urea nitrogen (BUN), 40 mg/dL (normal, 10–
20 mg/dL); serum creatinine (SrCr), 0.8 mg/dL (normal, 0.5–1.2
mg/dL); alkaline phosphatase, 44 U (normal, 40–80 U/L); aspar-
tate aminotransferase (AST), 30 U/L (normal, 8–42 U/L); BNP
364 pcg/mL (normal<200 pcg/mL); and thyroid-stimulating hor-
mone (TSH) 2.0 μU/mL (0.5–5.0 μU/mL) The chest radiograph
shows bilateral pleural effusions and cardiomegaly.

What signs, symptoms, and laboratory abnormalities of HF
does A.J. exhibit? Relate these clinical findings to the pathogenesis
of the disease and to left-sided or right-sided HF.

[SI units: Hct, 0.411 (normal, 0.4–0.45); WBC count, 5.3 109/L (normal,

5.0–10.0); Na, 132 mmol/L (normal, 136–144); K, 3.2 mmol/L (normal,

3.5–5.3); Cl, 90 mmol/L (normal, 96–106); bicarbonate, 30 mmol/L (normal,

22–28); Mg, 0.1 mmol/L (normal, 0.85–1.35); FBS, 6.661 mmol/L (normal,

3.608–6.106); uric acid, 475.84 mmol/L (normal, 208.18–416.36); BUN,

14.28 mmol/L (normal, 3.57–7.14); SrCr, 70.72 mmol/L (normal, 44.2–

106.08); alkaline phosphatase, 120 U (normal, 40–80); and AST, 100 U/L

(normal, 8–42 U/L)(normal LFT, Na and Mg, chloride)]

The signs and symptoms of HF observed in A.J. are easily
visualized when recalling that the work of the left ventricle is
the major determinant of CO and that blood flows from the left
ventricle into the arterial system, through capillaries into the
venous system, and back into the right side of the heart. From
the right side, the blood circulates through the pulmonary tree
and back into the left ventricle. Thus, left-sided ventricular
dysfunction primarily causes pulmonary symptoms because
of back-up of blood into the lungs, whereas right-sided ven-
tricular dysfunction causes mostly signs of systemic venous
congestion. Although left ventricular failure usually develops
first, most patients, including A.J., present with signs of com-
bined left- and right-sided failure. The signs and symptoms
of both left-sided and right-sided ventricular dysfunction are
summarized in Table 18-6.
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Table 18-6 Signs and Symptoms of Heart Failure

Right Ventricular
Left Ventricular Failure Failurea

Subjective DOE
SOB
Orthopnea (two to three

pillows)
PND, cough
Weakness, fatigue, confusion

Peripheral edema
Weakness, fatigue

Objective LVH
↓BP
EF <40%b

Rales, S3 gallop rhythm
Reflex tachycardia
↑BUN (poor renal perfusion)

Weight gain (fluid
retention)

Neck vein distention
Hepatomegaly
Hepatojugular reflux

a Isolated right-sided failure occurs with long-standing pulmonary disease (cor pul-
monale) or after pulmonary hypertension.
bEjection fraction normal in patients with diastolic dysfunction.
BP, Blood pressure, BUN, blood urea nitrogen; DOE, dyspnea on exertion; EF, ejec-
tion fraction; LVH, left ventricular hypertrophy; PND, paroxysmal nocturnal dyspnea;
SOB, shortness of breath.

Left-Sided Heart Failure (Left Ventricular Dysfunction)
Weakness, fatigue, and cyanosis result from decreased CO and
compromised tissue perfusion. If the left ventricle is not emp-
tied completely, blood backs up into the pulmonary circulation.
SOB, dyspnea (labored or uncomfortable breathing) on exer-
tion (DOE), a productive cough, rales (crackles in the lung
during auscultation), pleural effusions on chest radiograph,
and cyanosis all result from pulmonary congestion. Pulmonary
symptoms are aggravated in the reclining position, which min-
imizes the gravitational effects on excess fluids in the extrem-
ities and improves venous return to the heart and lungs. SOB
in the prone position (orthopnea) is quantified by the number
of pillows the patient must lie on to sleep comfortably. A.J.,
for example, could sleep only sitting upright. PND, also called
cardiac asthma, is characterized by severe SOB that awakens
the patient from sleep and is alleviated by an upright posi-
tion. PND results from pulmonary vascular congestion that
has advanced to pulmonary edema and bronchospasm while
the patient sleeps.

Left ventricular hypertrophy (LVH) and cardiac dilation are
caused by an increased end-diastolic volume (see section on
Pathogenesis). These effects are observed on chest radiogra-
phy as an enlarged heart silhouette. The PMI corresponds to
the apex of the left ventricle and is visualized as an external
pulsation on the left side of the chest. It is displaced laterally
and downward from its normal location at the fifth intercostal
space, <10 cm from the midsternal line. An S3 gallop rhythm
denotes a third heart sound often heard in close time proximity
to the second heart sound (closing of the aortic and pulmonary
valves) in HF. Rapid filling of the ventricles causes the S3 sound
and, in an adult, usually indicates decreased ventricular com-
pliance. In patients with mitral valve regurgitation, an S3 heart
sound is common and denotes systolic dysfunction and ele-
vated filling pressure. Tachycardia is caused by compensatory
increases in sympathetic tone.

Weight gain and edema reflect sodium and water reten-
tion resulting from decreased renal perfusion (see section on

Pathogenesis). As RBF and GFR decrease, a disproportionate
amount of BUN may be retained. This phenomenon is termed
prerenal azotemia and may be detected by an elevated BUN-to-
serum creatinine ratio of >20:1. A.J. has a ratio of >40:1. Pre-
renal azotemia also can be caused by dehydration and overuse
of diuretics. Frequency of urination at night (nocturia) is be-
cause of improved perfusion of the kidney when the patient is
lying down.

Right-Sided Heart Failure (Right Ventricular Dysfunction)
The signs and symptoms of right ventricular dysfunction are
related either to hypervolemia or the back-up of blood from
the right ventricle into the peripheral venous circulation. The
overall effect is development of systemic venous hypertension.

Dependent pitting edema results from increased venous and
capillary hydrostatic pressure, causing a redistribution of fluid
from the intravascular to interstitial spaces. Ankle and pretibial
edema are common findings after prolonged standing or sitting
because fluid tends to localize in the dependent portions of the
body secondary to gravitational forces. Sacral edema can be
present in patients at bed rest. Edema is subjectively quantified
on a 1+ (minimal) to 4+ (severe) scale. A.J. has 3+ pitting
edema.

Hepatomegaly, hepatic tenderness, and ascites (fluid in the
abdomen) arise from hepatic venous congestion and increased
portal vein pressure. Metabolism of drugs highly dependent on
the liver for body elimination can be notably impaired by both
the backward venous congestion of the liver from right-sided
heart failure and the decreased arterial perfusion of the liver
from left-sided heart failure. Congestion of the GI tract makes
the patient anorectic.

Neck vein distention, primarily seen as internal jugular ve-
nous distention (JVD), denotes an elevated jugular venous
pressure (JVP). How high the neck veins are distended while
the patient is lying down and how much the patient’s head has
to be raised before the JVD disappears give the clinician a
rough estimate of the patient’s central venous pressure (CVP).
Jugular distension in centimeters is measured as the vertical
distance from the top of the venous pulsation down to the ster-
nal angle. Neck vein distension of <4 cm when the patient is
lying with the head elevated at a 45 degree angle is consid-
ered normal for an average, healthy adult. Applying pressure
to the liver can cause further distention of the neck veins if he-
patic venous congestion is present. This phenomenon is termed
hepatojugular reflux.

Ejection Fraction Measurement

2. Does A.J. have systolic or diastolic HF?

Shortness of breath, crackles on auscultation, neck vein dis-
tention, edema, and nearly all of A.J.’s other signs and symp-
toms are common between either form of left ventricular HF.
An enlarged heart on a chest radiograph increases the suspicion
of systolic failure, but this finding can be absent in some pa-
tients with systolic failure and present in others with diastolic
failure.

The only correct way to differentiate systolic from dias-
tolic failure is by measuring the LVEF. Thus, it is impera-
tive that A.J., as with all patients with suspected HF, have an
EF measured before beginning therapy because the treatment
strategies between the two disorders differ. Two-dimensional
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echocardiography coupled with Doppler flow studies (Doppler
echocardiogram) is the diagnostic test of choice for measuring
EF. This procedure uses sound waves, similar to sonar tech-
nology, to visualize and measure ventricular wall thickness,
chamber size, valvular functioning, and pericardial thickness.
EF is visually estimated based on changes in ventricular cham-
ber size between diastole and systole. This method of EF mea-
surement is not as technically accurate as that provided by ven-
triculography, but the procedure is more comfortable for the
patient, and the correlation of the measured EF to that of the
other methods is acceptable. The EF results from echocardiog-
raphy are graded as normal, or mildly, moderately, or severely
depressed.

Radionuclide left ventriculography (also called a multiple
gated acquisition [MUGA] scan) uses radiolabeled technetium
as a tracer to measure left ventricular hemodynamics. Although
this method is the most accurate measurement of EF, it is mod-
erately invasive because it requires venipuncture and radiation
exposure. In addition, radionuclide scanning does not provide
information on the architecture of the left ventricle. Magnetic
resonance imaging and computed tomography are useful in
evaluating ventricular mass but do not provide EF data.

Subsequently, A.J. underwent an echocardiogram. The re-
sults were reported as LVH with mild to moderate depression
of EF, correlating approximately to an EF of 30% to 40%. This
indicates mild systolic dysfunction. Because he has the com-
bination of systolic dysfunction and classic congestive signs,
he fits the criteria for having true CHF.

Stages of Heart Failure and New York Heart
Association Classification

3. What stage of HF does A.J. exhibit according the ACA/AHA
criteria? How severe is A.J.’s disability according to the NYHA
functional classification of HF?

The ACA/AHA staging scheme and the NYHA functional
classification are described in the pathogenesis section of this
chapter and are summarized in Table 18-3.6,22

Because A.J. has active symptoms of HF and structural
changes in cardiac architecture, he is in ACA/AHA stage C. On
admission, A.J. is in NYHA functional class IIIB or IVA as evi-
denced by a need to sleep upright and an inability to undertake
even minimal physical activity. Two years ago he would have
been considered NYHA class II, but 3 weeks ago he was clas-
sified class IIIA. Because he will not require inotropic support,
he is not in ACA/AHA stage D.

Predisposing Factors

4. What factors contributed to the cause of A.J.’s HF?

Age and Hypertension
A.J.’s age of 58 puts him in a high-risk category for devel-
opment of CV disease. He is especially vulnerable to HF be-
cause of his poorly controlled hypertension, which places an
increased afterload on his left ventricle.

Nonsteroidal Anti-Inflammatory Drugs and Sodium Content
Ibuprofen used for A.J.’s arthritis could contribute to sodium
overload. All NSAID (including COX-2 inhibitors) have well–
documented, renally mediated sodium–retaining properties, in-

creasing the blood volume by up to 50% in some individuals
(see Chapter 43, Rheumatoid Disorders).80 Published epidemi-
ologic studies have indicated that NSAID can exacerbate HF
symptoms, resulting in hospitalizations for HF.81–83 This has
been reported in patients with or without a previous diagnosis
of HF.84 NSAID exert their anti-inflammatory effects by in-
hibiting prostaglandins (PG) (prostacyclin and thromboxane).
In the presence effective circulating volume depletion (HF or
renal insufficiency), renal perfusion depends on prostaglandin
synthesis. Blocking PG leads to sodium reabsorption, thus
counteracting the beneficial effects of diuretics and ACE in-
hibitors. Without a compelling reason for their use, NSAID
should be avoided in patients with HF.

Another potential source for sodium overload is in IV for-
mulations. Sodium chloride is often used as a diluent for IV
drug administration. Selected parenteral antibiotics, particu-
larly nafcillin and ticarcillin, have high sodium content which
should not be overlooked. Likewise, many over-the-counter
(OTC) products, such as effervescent antacids and headache
powders contain sodium bicarbonate (Alka-Seltzer, Bromo-
Seltzer, Goody’s Headache powder), making these drugs ex-
ceptionally high sources of sodium. Most prescription and non-
prescription drug labels carry a disclosure of sodium content,
however.

A.J.’s hypertension and HF are both poorly controlled and he
has gained 8 kg. His clinical presentation (orthopnea, dyspnea,
SOB, lower extremity edema, elevated JVP) clearly indicate
fluid overload. This could be a result of high-dose ibuprofen
use. His HCTZ should be replaced by a loop diuretic to enhance
diuresis and resolve signs and symptoms of HF. Also, an ACE
inhibitor should be added to the current regimen for BP con-
trol. Once he is euvolemic, consider adding a β-blocker before
discharge. Lowering the dose or preferably discontinuing all
NSAID might reduce sodium retention and edema and allow
ACE inhibitor therapy to be more effective. Acetaminophen is
an alternative for treating his osteoarthritis, although it lacks
anti-inflammatory properties.

Diet
It is possible that A.J.’s diet contains a considerable excess of
sodium from foods such as canned soups and vegetables, potato
chips, or overuse of salt at mealtime. Dietary supplements (e.g.,
Ensure and Sustacal) and sports drinks (e.g., Gatorade) can
also be rich sources of sodium. He should follow a controlled-
sodium (e.g., 2–3 g/day) diet. If salt substitutes are used, he
should be warned that they are high in potassium and could
cause hyperkalemia if used concurrently with potassium sup-
plements, an aldosterone inhibitor (spironolactone), or other
potassium-sparing diuretics (amiloride, triamterene).

Drug-Induced Heart Failure

5. What are the basic mechanisms by which drugs can induce
HF, and how can an understanding of these mechanisms be pre-
dictive of drugs to avoid in A.J.?

Drug-induced HF is mediated by three basic mecha-
nisms: inhibition of myocardial contractility (negative in-
otropic agents), proarrhythmic effects, or expansion of plasma
volume (Table 18-7). The latter category includes drugs that
act primarily on the kidney (to either alter RBF or increase
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Table 18-7 Drugs That May Induce Heart Failure

Negative Inotropic Agents
β-Blockersa Most evident with propranolol or other nonselective agents

Less with agents with intrinsic sympathomimetic activity (acebutolol, carteolol, pindolol); can also be
caused by use of timolol eye drops

Calcium channel blockersa Verapamil has most negative inotropic and AV-blocking effects; amlodipine has least
Antiarrhythmics Most with disopyramide (Norpace); also quinidine

Least with amiodarone

Direct Cardiotoxins
Cocaine, amphetamines Overdoses and long-term myopathy
Anthracycline cancer chemotherapeutic drugs Daunomycin and doxorubicin (Adriamycin); dose related; keep total cumulative dose <600 mg/m2

Proarrhythmic Effects
Class IA, IB, Class III antiarrhythmic drugs QT interval widening

Probable torsade de pointe
HF develops if disturbed rhythm compromises cardiac functioning

Non-antiarrhythmic drugs Same mechanism as above
(See reference 87 for a complete list) Often associated with drug interactions that inhibit metabolism of the offending drug leading to higher

than desired plasma levels

Expansion of Plasma Volume
Antidiabetics Metformin high dose may increase risk of lactic acidosis.

Na retention with pioglitazone (Actos) and rosiglitazone (Avandia)
NSAID Prostaglandin inhibition; Na retention
Glucocorticoids, androgens, estrogens Mineralocorticoid effect; Na retention
Licorice Aldosterone-like effect; Na retention
Antihypertensive vasodilators (hydralazine,
methyldopa, prazosin, minoxidil)

↓Renal blood flow, activation of renin-angiotensin system

Drugs high in Na+ Selected IV cephalosporins and penicillins
Effervescent or bicarbonate containing antacids or analgesics
Also liquid nutrition supplements

Unknown Mechanism
Tumor necrosis factor antagonists Multiple case reports of new-onset HF or exacerbation of prior HF with etanercept and infliximab in

patients with Crohns disease or rheumatoid arthritis

aβ-Blockers and verapamil may be beneficial in diastolic HF. Carvedilol and metoprolol counteract autonomic hyperactivity in systolic dysfunction.
AV, atrioventricular; HF, heart failure; IV, intravenous; Na, sodium; NSAID, nonsteroidal anti-inflammatory drugs.

sodium retention) or those that increase total body sodium and
water because of their high sodium content.

The most recognized negative inotropic agents are the β-
blockers. Nonselective β-adrenergic blockers (e.g., propra-
nolol) decrease myocardial contractility and slow the HR. Both
of these factors can compromise the heart’s ability to empty ef-
fectively. Therefore, these drugs should not be used in systolic
HF. Other well-documented negative inotropes include the cal-
cium channel blockers (CCB), most notably verapamil (Calan,
Isoptin); various antiarrhythmic agents, especially disopyra-
mide (Norpace), quinidine, and other class IA drugs; and the
anthracycline cancer chemotherapeutic agents (daunomycin
and doxorubicin [Adriamycin]). The anthracyclines have a di-
rect, dose-related cardiotoxicity that can be minimized by lim-
iting total cumulative doses to 500 to 600 mg/m2.85,86 For a
more detailed description of anthracycline toxicity (see Chap-
ter 89, Adverse Effects of Chemotherapy). In the final group
of drugs gaining increased notoriety as cardiotoxins are the
amphetamine-like drugs and cocaine when used chronically in
large quantities or after an overdose.

Drugs that increase the QT interval induce proarrhythmic
effects in some patients. Worsening of HF occurs if the dis-

turbed rhythm compromises cardiac functioning. Of particu-
lar concern is drug-induced torsade de pointes. Paradoxically,
class IA (quinidine, disopyramide, and procainamide), class IC
(encainide, flecainide, and propafenone), and class III (amio-
darone, dofetilide, ibutilide, and sotalol) antiarrhythmics are
among the best-documented proarrhythmic drugs. A multi-
tude of noncardiac drugs, however, also are associated with
QT interval prolongation and torsade de pointe (see Chapter
19, Cardiac Arrhythmias).87

Examples of drugs that induce sodium and water reten-
tion are NSAID (via prostaglandin inhibition), certain an-
tihypertensive drugs, glucocorticoids, androgens, estrogens,
and licorice. Weight gain accompanied by peripheral and pul-
monary edema has been observed in patients with stable HF
given the thiazolidinedione antidiabetic drugs pioglitazone and
rosiglitazone.88 Worsening of HF appears to be dose dependent
and is presumed to be at least partly caused by fluid retention.
As a consequence, the FDA requires that the package insert
for these two drugs recommend they not be administered to
patients with NYHA class III or IV HF and that they be used
cautiously in earlier stages of HF. Antihypertensive drugs ei-
ther decrease RBF via direct vasodilation (e.g., hydralazine,
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minoxidil, diazoxide) or via inhibition of the autonomic ner-
vous system (e.g., guanethidine, methyldopa). Glucocorti-
coids and licorice (glycyrrhizic acid, carbenoxolone) have an
aldosterone-like action.

TREATMENT
Therapeutic Objectives

6. What are the therapeutic goals in treating A.J.?

Cure is not a feasible therapeutic objective in patients with
any form of HF. Exceptions include patients who are candidates
for cardiac transplantation or in certain forms of idiopathic di-
lated cardiomyopathy (e.g., viral origin). The immediate ob-
jective for A.J. is to provide symptomatic relief as assessed
by a reduction in his complaints of SOB and PND, improved
sleep quality, and increased exercise tolerance. Over the next
several days or weeks, the goal will be to get him back to his
baseline status of NYHA class II or III HF. Parameters used
to measure success in meeting this objective include reduced
peripheral and sacral edema, weight loss, slowing of the HR to
<90 beats/minute, normalization of BP, reduction of the BUN
back to baseline, a smaller heart size on chest radiograph, de-
creased neck vein distention, loss of the S3 heart sound, and an
improved EF.

Long-range goals are to improve A.J.’s quality of life, in-
cluding better tolerance of daily life activities, fewer future
hospitalizations, avoidance of side effects of his therapy, and ul-
timately, an increased survival time. The achievement of these
goals depends on the severity of A.J.’s disease, his understand-
ing of his disease, and his adherence to prescribed interven-
tions.

Diuretics

7. Bed rest and a 3-g sodium diet were ordered. Why should
A.J. continue his diuretic therapy?

Excessive volume increases the workload of a compromised
heart, and diuretics are an integral part of therapy. This is espe-
cially true if volume overload is symptomatic (e.g., pulmonary
congestion) as it is in A.J. Diuretics produce symptomatic im-
provement more rapidly than any other drug for HF. They can
relieve pulmonary and peripheral edema within hours or days,
whereas the clinical effects of ACE inhibitors, β-blockers, and
digoxin take weeks to months to be fully realized. Diuretics,
however, should not be used alone in HF. Even when they
are initially successful in controlling symptoms and reducing
edema, they are ineffective in maintaining clinical stability for
long periods without the addition of other drugs. More im-
portantly, activation of the renin-angiotensin-aldosterone and
sympathetic nervous systems in response to diuresis could pos-
sibly lead to HF progression.

Current guidelines all recommend diuretic therapy, both
acutely and chronically, if clinical volume overload is evi-
dent, but further state that patients without peripheral or pul-
monary edema can be treated either intermittently or without
diuretics.1–3,6,7 Diuretics used on an intermittent (as-needed)
basis are titrated based on changes in weight gain, neck vein
distention, peripheral edema, or SOB. Patients with a good un-
derstanding of their disease can be instructed to weigh them-

selves daily and start taking their medicine if they gain more
than 1 to 2 pounds in 1 day or 5 pounds over 1 week or have
leg swelling. Doses can be withheld as long as patients are
at their target weight. In other cases, diuretic-free intervals or
weekends can be arranged. Even with these options, if the pa-
tient has experienced volume overload at some time during the
course of his or her disease, either past or present, a diuretic
should always be part of the regimen.6,7

Despite their remarkable initial benefits, vigorous diuretic
therapy carries the risk of volume depletion and diminished
CO. Abrupt worsening of renal function (increased BUN or
SrCr) or hypotension indicates the need to consider temporarily
discontinuing diuretics.

Essentially, all patients with clinically evident HF require
loop diuretics. A.J. has obvious signs of volume overload, indi-
cating a need for more vigorous diuresis with a loop diuretic.
His elevated BUN is worrisome and could worsen if he be-
comes dehydrated. The more likely outcome, however, is im-
proved renal blood flow as his heart failure symptoms resolve,
and subsequently improved renal function tests.

Furosemide and Other Loop Diuretics

8. It is decided to begin a combination regimen of furosemide
and an ACE inhibitor for A.J. What route, dose, and dosing sched-
ule of furosemide should be used?

ROUTE OF ADMINISTRATION
The pharmacology and dose comparison of loop diuretics

is discussed in the Treatment Principles section of this chapter
and in Table 18-4. Furosemide is the most commonly used loop
diuretic for HF because of greater clinical experience and low
cost. Bumetanide and torsemide are preferred in some settings
because of more predictable absorption.54,55,89,90

According to one group of investigators, patients with
HF treated with torsemide fare better than those receiving
furosemide.90 During a 1-year open-label trial of 234 sub-
jects, patients receiving torsemide were less likely to be ad-
mitted to the hospital for HF (17% with torsemide versus 32%
for furosemide; p = 0.01). Admissions for all cardiovascu-
lar causes were also lower among patients taking torsemide
(44%) than patients taking furosemide (59%). No differences
were found in all cause hospital admission between the two
groups (71% torsemide, 76% furosemide). Fatigue scores im-
proved better in patients treated with torsemide, but no differ-
ence was found between groups in the rate of dyspnea score
improvement. Because generic furosemide is much less costly
to prescribe, routine switching to torsemide cannot be advo-
cated until these results are verified by a double-blind, placebo-
controlled trial.

Erratic responses to furosemide are more prevalent in per-
sons with severe HF or diminished renal function. Some pa-
tients respond promptly and vigorously to small oral doses of
furosemide, whereas others require large IV doses to achieve
only minimal diuresis. Part of these differences can be ex-
plained by the drug’s pharmacokinetics.54,91 Oral absorption
of furosemide is incomplete, averaging 50% to 60% in healthy
subjects and 43% to 46% in those with renal failure. When
taken with a meal, absorption is delayed because of slowed
gastric emptying, but the total amount absorbed does not dif-
fer significantly from that in fasting states. Claims are that
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the absorption and, therefore, effectiveness of furosemide is
further diminished in patients with HF attributable to edema
of the bowel and decreased splanchnic blood flow. This has
been partially refuted by one investigator, who noted an aver-
age furosemide bioavailability of 61% in patients with HF, the
same as in normal patients.92 Total absorption in patients with
HF varies widely (34%–80%), however, and both the rate of
absorption and time to peak urinary excretion are delayed for
furosemide and bumetanide.54,55,92

When interpreting these bioavailability data, another impor-
tant factor must be considered. The rate and extent of absorp-
tion are not only different among individuals (as illustrated
by the examples already given), but intraindividual variabil-
ity also exists. Ingestion of the same brand of furosemide by
the same individual on multiple occasions can show up to a
threefold difference in bioavailability. These differences are
evident whether considering the innovator’s brand (Lasix) or
one of several generic brands.54,55,93,94 As with digoxin, these
data on bioavailability differences are old and have not been
verified or refuted by newer studies.

It might inferred that IV therapy is the preferred route, giv-
ing a better response for any given dose. Surprisingly, this is
not always the case. In both healthy volunteers and patients
with HF, total daily fluid and electrolyte loss after oral therapy
and parenteral therapy are comparable. The major difference is
in the time course of response. During the first 2 hours, diuresis
from the IV dose far exceeds that from the oral therapy, but by 4
to 6 hours, the total urinary output is equivalent.92,95,96 There-
fore, considering the significant cost differential between oral
and parenteral furosemide, the clinical advantage in using IV
therapy is small. Exceptions to the rule are those patients with
severe pulmonary edema who need acute symptomatic relief
and those patients who have failed to respond to an adequate
oral challenge.

DOSING
Typically, a patient’s treatment is initiated with 20 to 40 mg

of oral or IV furosemide given as a single dose and monitored
for responsiveness (Table 18-4). If the desired diuresis is not
obtained, the dose can be increased in 40- to 80-mg increments
over the next several days to a total daily dose of 160 mg/day,
usually divided into two doses. For torsemide, a usual starting
dose is 10 to 20 mg/day, but a ceiling effect is noted in patients
with HF at a dosage of 100 to 200 mg/day.54,97 Equivalent doses
of bumetanide are 0.5 to 1.0 mg once or twice daily, titrated to a
maximum of 10 mg daily. Because A.J. is not in acute distress,
it could be argued that oral therapy would suffice. The deci-
sion, however, is to give a single 40 mg IV dose of furosemide
for immediate symptom control, followed by 40 mg each
morning.

Opinions differ to whether furosemide should be given once
daily or in multiple doses. The drug’s short half-life of 2 to
4 hours implies the need for multiple dosing. Nonetheless,
equivalent daily diuresis has been observed following the same
dose given in single or divided doses.98 Another investigator
found better effects from divided doses.99 Because evening
and nighttime doses of diuretics often disturb patients’ sleep
patterns (because of nocturnal diuresis), the total daily dose
usually should be given as a single morning dose. For patients
with symptomatic nocturnal dyspnea, two-thirds of the dose is
given in the morning and one-third in the late afternoon or, if

necessary, at night. Torsemide (Demadex) has a slightly longer
half-life and generally can be given once daily.

Adverse Effects

9. Examine A.J.’s laboratory values (see Question 1). Does A.J.
have any of abnormal values? What is the significance of these
abnormalities?

More thorough discussions of diuretic-induced side effects
are found in Chapter 11, Fluid and Electrolyte Disorders and
Chapter 13, Essential Hypertension. Those findings pertinent
to A.J.’s case are discussed below.

AZOTEMIA
A.J. has an elevated BUN (40 mg/dL) but a normal SrCr

(0.8 mg/dL). Normally, a BUN-to-creatinine ratio of 10 to 20:1
is seen. Progressive renal failure is characterized by an eleva-
tion of both BUN and creatinine. A disproportionately elevated
BUN relative to creatinine is indicative of prerenal azotemia,
the major cause of which is dehydration (e.g., overdiuresis) or
poor renal perfusion (e.g., HF). SCr will also rise in some pa-
tients with prerenal azotemia, but will quickly return to normal
with rehydration.

A.J.’s laboratory values reflect prerenal azotemia, but his
edematous state and elevated BP point to a cause other than
dehydration. The most probable cause of his azotemia is
decreased RBF secondary to uncompensated HF. Diuretics
should not be withheld and, in fact, judicious diuresis should
improve his HF and help lower his BUN. Caution must be ex-
ercised because prolonged overdiuresis and dehydration can
cause renal ischemia, leading to true renal damage. If this hap-
pens, the SCr also will begin to rise (see also Question 23).

HYPONATREMIA
A marginally low serum sodium of 132 mEq/L is noted. Low

serum sodium, however, is not necessarily a sign of overdiure-
sis. Serum sodium reported by the laboratory is the concen-
tration of sodium in the serum. A person may be significantly
overdiuresed (dehydrated) with a large body deficit of sodium,
but if that sodium is lost isotonically, the serum sodium concen-
tration will be normal. Conversely, a person such as A.J. can
be volume overloaded (edema and hypertension), indicating
excessive body sodium, but the serum sodium concentration
may be normal or even low as explained below.

Hyponatremia (low serum sodium concentration) reflects
the dilutional effect of extra free water in the plasma on sodium
concentration. The most common causes of dilutional hypona-
tremia are excess ADH production or excessive water drink-
ing (i.e., electrolyte-free fluids). Following a severely sodium-
restricted diets, persons can develop hyponatremia. Likewise,
patients given too much diuretic and who are then given salt-
free fluids or who have compensatory ADH release by the
body can become hyponatremic. Dilutional hyponatremia, re-
sembling the syndrome of inappropriate antidiuretic hormone
(SIADH) secretion, has been described following treatment
with thiazide and loop diuretics. Patients with HF or he-
patic cirrhosis are more likely to develop diuretic-induced di-
lutional hyponatremia because of preexisting defects in free
water clearance. The exact cause of hyponatremia in A.J. is
unknown, but his marginally low serum sodium does not con-
traindicate continued diuretic therapy.
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HYPOKALEMIA
A.J. has a serum potassium of 3.2 mEq/L. Hypokalemia re-

flecting total body potassium depletion is a well-described, but
often over emphasized, side effect of thiazide and loop diuret-
ics. Using a definition of hypokalemia as a serum potassium
<3.5 mEq/L, the incidence is 15% to 40% in patients receiv-
ing 50 to 100 mg/day of HCTZ.100,101 Lower doses of HCTZ
(12.5–25 mg), however, can produce similar antihypertensive
effect as higher doses, with little, or no change in plasma con-
centrations of potassium. Hypokalemia is associated with an
increased incidence of ventricular arrhythmias. The develop-
ment of arrhythmias may not be seen until the plasma con-
centration falls to 3.0 meq/L or lower.102 Some studies showed
increased ectopic activity in persons with serum levels between
3.0 and 3.5 mEq/L.103–105 These latter studies have been criti-
cized for including patients at high risk for complications. Mild
hypokalemia can escalate into life-threatening hypokalemia,
however. Also to be taken into account is the serum potassium
concentration in patients before therapy, as well as the actual
degree of fall in serum potassium. It is estimated that the risk of
arrhythmias increases by 27% with each 0.5 meq/L reduction
in the plasma potassium concentration below 3.0 mEq/L.106

In chronic HF, potassium abnormalities are commonly seen,
which is probably caused by the pathophysiologic alterations
(renal dysfunction, activation of RAAS, and enhanced sympa-
thetic tone) coupled with mandated aggressive diuresis. Sev-
eral investigators have reported sudden cardiac death related
to low serum potassium levels.107,108 Consensus guidelines for
potassium replacement recommend that in patients with HF,
instead of using higher doses of non–potassium-sparing di-
uretics it would be beneficial to use low doses in combination
with potassium-sparing diuretics. This will prevent the risk of
sudden cardiac death. Some experts recommend that the best
strategy to avoid arrhythmias in patients with HF is to maintain
serum potassium levels between 4.5 and 5.0 mEq/L.109

A.J.’s serum potassium is 3.2 mEq/L. Although long-term
potassium supplementation is not necessary with concomitant
administration of ACE inhibitors. A.J. will be receiving in-
creased doses of diuretics over the next several days and, there-
fore, may need additional potassium supplementation to pre-
vent life-threatening hypokalemia. In addition, he could start
digoxin in the future. Because low serum potassium levels
predispose a patient to digitalis toxicity (see Questions 41–43),
potassium replacement is warranted for A.J. (see Question 10).

HYPOMAGNESEMIA
A.J.’s serum magnesium level is 1.5 mEq/L. Severe hypo-

magnesemia can lead to somnolence, muscle spasms, a de-
creased seizure threshold, and cardiac arrhythmias, effects sim-
ilar to those seen with hypocalcemia and hyperkalemia. Some
investigators have claimed that many of the arrhythmias previ-
ously ascribed to diuretic-induced hypokalemia were actually
caused by diuretic-induced hypomagnesemia.110 Concurrent
hypokalemia and hypomagnesemia can be especially danger-
ous. A.J. should be given 1 g of MgSO4 IV and observed for
changes in his magnesium level. If needed, he could be given
oral supplements of magnesium.

HYPERURICEMIA
Increases of 1 to 2 mg/dL in uric acid levels are common

during thiazide administration. Rarely, 4- to 5-mg/dL eleva-

tions have been reported. A.J. shows an increase of 1 mg/dL.
Most patients who develop elevated uric acid levels during
treatment with diuretic agents remain asymptomatic and need
not be treated. Only those with uric acid levels persistently
>10 mg/dL, as well as those with a history of gout or a fa-
milial predisposition, should be considered for treatment with
urate-lowering agents (see also Chapter 42, Gout and Hyper-
uricemia).

BNP
A.J.’s BNP is elevated (365 pcg/mL). Various studies eval-

uating the diagnostic accuracy of BNP and N-terminal pro-
B-type natriuetic peptide (NT-ProBNP) have used different
cut-offs to define abnormal values. The most commonly used
plasma concentration to define the upper limit of normal for
BNP is 100 pcg/mL, with concentrations >200 pcg being con-
sidered an indicator of heart failure. Corresponding, concen-
trations for NT-proBNP are 125 pcg/mL for patients <75 years
of age and 450 pcg/mL for patients >75 years of age. In pa-
tients with renal impairment, the clearance of these peptides
is reduced; therefore, the reference range is 200 pcg/mL for
BNP and the corresponding value for NT-proBNP is 1200
pcg/mL.111 Moreover, concentration of these biomarkers is in-
fluenced by other factors such as age, sex, obesity, and other
cardiac and noncardiac comorbidities. Asymptomatic patients
with HF can also present with elevated BNP or NT-proBNP lev-
els. This confounds the accurate interpretation of these markers
and makes it challenging to integrate their usefulness into rou-
tine clinical practice. Elevated BNP and NT-ProBNP have an
established utility in ruling out HF in patients who present to
the emergency department with shortness of breath.112 Mea-
suring BNP levels for monitoring and guiding titration of drug
therapy is still under investigation. According to the ACC/AHA
guidelines, the value of serial BNP measurements in guiding
therapy for patients with HF is not well established.7 A.J’s
elevated BNP levels, along with his clinical presentation, is
indicative of HF exacerbation.

Potassium Supplementation

10. The physician gave A.J. one 1-g dose of magnesium sulfate
and three 20-mEq doses of potassium chloride IV. This raised his
serum magnesium to 2.0 and his potassium to 3.9 mEq/L. Should
he receive prophylactic magnesium or potassium supplementa-
tion? What is the best drug and appropriate dose?

At this time A.J. does not need further magnesium replace-
ment, but his serum magnesium level should be remeasured
after he has received furosemide for a few days. If the level
drops again, maintenance therapy with oral magnesium oxide
tablets can be started.

A fall in serum potassium concentration can be seen within
hours of the first dose of a diuretic, and the maximal fall usually
is reached by the end of the first week of treatment. Potassium
supplementation is not required in all patients receiving diuret-
ics. They should be monitored frequently in the first few months
of diuretic therapy to determine their potassium requirements.
Similarly, when diuretics are stopped, it can take several weeks
for serum potassium to return to normal. Therefore, it is pos-
sible that A.J.’s admitting potassium level of 3.2 mEq/L re-
flects the nadir of his response to HCTZ. His initial response to
potassium supplementation shows that his hypokalemia will be
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easily controlled. It might be argued that he should be observed
for a few days and not given further supplements; however, be-
cause his diuresis is to be increased and digitalis therapy may
later be considered, potassium supplementation is warranted.

DIETARY SUPPLEMENTS AND DOSAGE FORMS
Potassium replacement can be accomplished by one or more

of the following: dietary supplementation with potassium-
containing foods, pharmacologic replacement with various
oral potassium salts, or use of potassium-sparing diuretics.
Table 18-8 lists the potassium content of selected foods. In-

Table 18-8 Potassium Content of Selected Foods (400 mg
Potassium is Approximately Equal to 10 mEq K+)a

Potassium Content
Food Quantity (mg) (Approximate)

Meats
Beef chuck 3 oz 200–400
Beef round 3 oz 200–400
Hamburger 3 oz 200–400
Rib roast 3 oz 200–400
Chicken fryer 4 oz >400
Turkey 4 oz 200–400

Vegetables
Artichoke 1 medium 200–400
Avocado 1/2 uncooked 200–400
Baked potato 1 medium >400
Sweet corn 1/2 cup 200–400
Dried beans 8 oz (1 cup) cooked >400
Lima beans 1/2 cup 200–400
Tomato 1 medium raw or 4 oz

(1/2 cup) cooked
200–400

Brussels sprouts 1/2 cup 200–400
Broccoli 4 oz (1/2 cup cooked) 200–400
Collard greens 4 oz (1/2 cup cooked) 200–400
Spinach 4 oz (1/2 cup cooked) 200–400
Winter squash 4 oz (1/2 cup cooked) >400

Fruits
Banana 1 medium >400
Orange 1 medium 200–400
Grapefruit 1 cup 200–400
Apricot 3 medium >400
Peach 1 medium 200–400
Nectarine 1 large >400
Cantaloupe 8 oz (1 cup) >400
Honeydew melon 8 oz (1 cup) >400
Watermelon 8 oz (1 cup) 200–400
Raisins 1/2 cup >400
Prunes 4 medium 200–400
Dates 4 oz (1/2 cup) >400

Juices and milk
Orange 8 oz (1 cup) >400
Grapefruit 8 oz 200–400
Pineapple 8 oz 200–400
Prune 8 oz >400
Tomato 8 oz >400
Milk 8 oz (1 cup) 200–400

a39 mg K+ = 1 mEq.

clusion of these foods in the patient’s diet may be all that is
required to maintain potassium balance, especially in the 60%
to 90% of people who are not susceptible to hypokalemia in
the first place. The food products listed are expensive, how-
ever, and many are high in sodium, which makes them difficult
to use for people following low-salt diets. Salt substitutes are
another exogenous source of potassium. Patients using these
products liberally may get adequate potassium replacement; in
fact, they can contribute to hyperkalemia. Some patients object
to the taste of salt substitutes.

If potassium replacement is prescribed, only potassium
chloride (KCl) should be used because potassium-wasting di-
uretics can cause hypochloremic alkalosis; if the chloride ion
is not replaced, alkalosis and hypokalemia will persist, even if
large quantities of potassium are given.

Klor-Con and Kaon-Cl are slow-release, solid dosage forms
of KCl crystals imbedded in a wax matrix. They are equal to
KCl solution in bioavailability and are associated with less
GI bleeding, ulceration, and stricture formation than enteric-
coated potassium tablets. The major drawback to their use is
high cost and the large number of tablets needed per day. Klor-
Con has only 600 mg (8 mEq) or 750 mg (10 mEq) per tablet.
Kaon-Cl contains 750 mg (10 mEq) per tablet. Slow-release
potassium tablets should be avoided in patients with impaired
GI motility, and enteric-coated potassium tablets should be
avoided at all times.

A slow-release, microencapsulated form of KCl (Micro
K, multiple generics) was originally postulated to produce
fewer GI mucosal ulcerations than wax matrix slow-release
tablets.113 Other investigators, however, could not detect any
difference between the two formulations,114,115 and the Boston
Collaborative Drug Surveillance Program could not find a pos-
itive association between wax matrix potassium use and sig-
nificant upper GI bleeding.116

Another sustained-release potassium product, K-Dur, avail-
able as either 750 mg (10 mEq) or 1,500 mg (20 mEq) tablets,
can either be swallowed whole or dissolved in water. It offers
the advantage of being tasteless even when prepared as a solu-
tion. The only patient complaint is that the capsules dissolve
in the mouth if not swallowed quickly.

DOSE REQUIREMENTS
It is difficult to predict the dose of KCl that will be re-

quired to maintain proper potassium balance. Many patients
do well with 20 mEq/day, but it is questionable how many of
these need any supplement at all. People with well-documented
hypokalemia can require anywhere from 20 to 120 mEq of
KCl/day.100,101,117 Those patients with disease states associ-
ated with high circulating aldosterone levels require doses of
potassium in excess of 60 mEq/day.

POTASSIUM-SPARING DIURETICS

11. Would use of a potassium-sparing diuretic such as triam-
terene offer any advantage over a potassium supplement to pre-
vent or treat hypokalemia? What dose should be used?

The direct-acting, potassium-sparing diuretics (amiloride
and triamterene) may be more effective in preventing or
correcting the fall in serum potassium than potassium
supplements.118,119 These agents reduce urinary potassium
losses, minimize alkalosis, and mobilize edema. Approximate



18-24 � CARDIAC AND VASCULAR DISORDERS

equivalent doses are amiloride 20 mg and triamterene 200 mg.
At these doses, potassium-replenishing capacity is similar to
that observed with a 10- to 20-mEq KCl supplement.118

Dyazide (or generic equivalent) and Maxzide are popular
products that contain a combination of triamterene plus HCTZ.
Although these products are effective in most cases, their cost
is warranted only in a patient with documented hypokalemia
with thiazide use alone. In one study, one full-strength Maxzide
tablet (50 mg thiazide; 75 mg triamterene) was equivalent to 20
to 40 mEq of KCl.119 Moduretic (a combination of amiloride
plus a thiazide) could also be used.

Hyperkalemia is the major toxicity from all the potassium-
sparing diuretics and could occur even when they are used in
combination with potassium-wasting diuretics. As a general
rule, direct-acting, potassium-sparing diuretics should not be
used together with either KCl, ACE inhibitors, ARB, or aldos-
terone inhibitors (spironolactone). Their combined use is war-
ranted, however, in those patients requiring >50 mEq/day of
KCl. Judicious monitoring is necessary to avoid hyperkalemia.
(Also see Question 14 for additional considerations for using
spironolactone in patients with severe HF.)

Monitoring

12. After a single 40-mg IV dose of furosemide, A.J. is begun
on 40 mg of furosemide each morning and KCl tablets 20 mEq
BID. How should his therapy be monitored?

A.J. needs to be monitored for both an improvement in his
HF and for side effects (Tables 18-6 and 18-9). Subjectively,
the clinician should monitor for decreased pulmonary distress
and an increased exercise tolerance, demonstrating control of
HF. Objective monitoring parameters for disease control in-
clude weight loss (ideal, 0.5–1 kg/day until ideal dry weight
is achieved), a decrease in edema, flattening of neck veins,
and disappearance of the S3 gallop and rales. Because A.J. has
hypertension, his BP also requires monitoring with a goal to
reduce it to <120/80 mm Hg.

Table 18-9 Monitoring Parameters with Diuretics

↓CHF symptoms (see Table 18-6)
Weight loss or gain; goal is 1–2 pound weight loss/day until “ideal

weight” achieveda

Signs of volume depletion
Weakness
Hypotension, dizziness
Orthostatic changes in BPb

↓Urine output
↑BUNc

Serum potassium and magnesium (avoid hypokalemia and
hypomagnesemia)

↑ Uric acid
↑ Glucose

aWeight loss may be greater during first few days when significant edema is present.
bA ↓ in systolic BP of 10–15 mm Hg or a ↓ in diastolic BP of 5–10 mm Hg.
cA rising BUN can be caused by either volume depletion from diuretics or poor renal
flow from poorly controlled HF. Small boluses of 0.9% saline can be given cautiously
to differentiate a rising BUN from volume depletion versus poor cardiac output. If
volume depletion is present, saline will cause an ↑ in urine output and a ↓ in BUN.
However, if the patient has severe HF, the saline could cause pulmonary edema.
BP, blood pressure; BUN, blood urea nitrogen; HF, heart failure; K, potassium;
Mg, magnesium.

Patients are sometimes instructed to record their weight
each day and are allowed to adjust their diuretic dose based
on changes observed. If they are at their ideal “dry weight,”
they may reduce their dose of diuretic by 50% or even hold one
or more doses. If weight increases more than 1 or 2 pounds in
a day or 5 pounds per week, edema increases, or SOB returns,
the dose of diuretic is temporarily increased.

Dizziness and weakness are subjective indices of volume
depletion, hypotension, or potassium loss. Muscle cramps and
abdominal pain could indicate rapid changes in electrolyte bal-
ance. Objectively, a lowering of BP, especially on standing,
and a rising BUN (prerenal azotemia) signify overdiuresis. As
discussed in Questions 9 and 10, serum sodium, potassium,
and uric acid should be monitored routinely. Questioning the
patient with regard to the onset of diuresis (relative to drug
ingestion) and the duration of the diuretic effect helps develop
the most convenient schedule for the patient.

Refractory Patients: Combination Therapy

13. Another patient presents with an initial history was similar
to A.J.’s. After nearly 2 years of relatively good HF control on a
regimen of 40 mg furosemide, 20 mg QD lisinopril, 200 mg QD
metoprolol succinate, and 0.125 mg QD digoxin, urinary output
diminished about 1 week ago and edema increased significantly.
Nonadherence to drug therapy and salt restriction was ruled out.
The dose of furosemide was increased to 80 mg QD two days ago
without much effect. Should the dose of furosemide be increased
further? Could another diuretic be added to the therapy?

As described in the discussion of the pharmacology of di-
uretics earlier in the chapter, all loop and thiazide diuretics
must reach the tubular lumen to be effective. Because these
drugs are highly bound to serum proteins and endogenous or-
ganic acids, they cannot enter the tubular lumen by glomerular
filtration. For diuresis to begin, they must be transported into
the proximal tubule by active secretion from the blood into
the tubule. If this active transport is blocked, diuretics will not
reach their site of action. This can lead to a diminished di-
uretic response in patients with either renal insufficiency or
decreased RBF associated with uncompensated HF. In partic-
ular, patients with renal insufficiency or poor RBF often re-
quire large doses of diuretics to achieve a desired response.
Endogenous organic acids also can accumulate during renal
insufficiency, avidly binding the drug and preventing its access
to the site of action.54,55

Both the total amount of drug delivered to the tubule and
the rate of delivery of the drug to the tubule determine the
magnitude of diuretic response elicited.54,55 This explains why
80 mg of furosemide yields more diuresis than a 40-mg dose
and why an IV injection provides a more rapid and vigorous
diuresis than an oral dose. Once a threshold concentration (ceil-
ing dose) is achieved within the tubule, higher concentrations
produce no greater intensity of effect, but the duration of action
may be prolonged. (See Question 8 for an expanded discussion
about loop diuretic bioavailability and the concept of “gut wall
edema.”)

In addition to these explainable causes, many patients
develop a blunted diuretic response with continued therapy
for unknown reasons. Generally, alternative treatment plans
are pursued when the dose given approaches the ceiling doses
for each drug listed in Table 18-4. Continuous infusions
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of furosemide (2.5–3.3 mg/hour), bumetanide (1 mg/hour),
or torsemide (3 mg/hour) can be more efficacious than
intermittent bolus doses in patients with severe HF or renal
insufficiency.54,55,120–124 Even higher doses are recommended
by one clinician: 0.25 to 1 mg/kg/hour for furosemide,
0.1 mg/kg/hour for bumetanide, and 5 to 20 mg/hour for
torsemide.125 Another institution uses an aggressive protocol
of a 100-mg IV bolus of furosemide followed by a continuous
IV infusion at a rate of 20 to 40 mg/hr, which is doubled
every 12 to 24 hours in nonresponding patients to a maximal
infusion rate of 160 mg/hr to attain a diuresis rate of 100
mL/hr or higher.126

In some instances, switching from one loop diuretic to
another can overcome the problem.55,58,125 For example,
torsemide might work when furosemide fails because of more
reliable absorption with torsemide.89,90 If this maneuver fails,
a combination of diuretics can be tried. The most effective
regimens combine drugs that work at two different parts of the
tubule.55,58 For example, a loop diuretic that works on the as-
cending limb of the loop of Henle is added to metolazone that
blocks sodium reabsorption in the distal tubule. Various thi-
azide diuretics, including chlorthalidone (Hygroton), chloroth-
iazide (Diuril), and HCTZ, have been reported to effectively
enhance diuresis when combined with a loop diuretic, but it is
unclear if the responses are simply additive or truly synergis-
tic. Rarely, triple therapy regimens of metolazone, loop, and
potassium-sparing diuretics are used to optimize diuresis and
electrolyte control.

Most clinicians choose a combination of metolazone plus
furosemide or bumetanide based on demonstrated value in the
literature and clinical experience. A small dose of metolazone
(5 mg) is first added to the furosemide therapy, doubling the
dose of metolazone every 24 hours until the desired diuretic
response is achieved. If the synergism desired is seen with the
first dose, the dose of the loop diuretic should be decreased.
Metolazone’s longer duration of action can cause a greater
than predicted diuresis and electrolyte loss when combined
with a loop diuretic. Thus, careful monitoring of weight, urine
output, BP, and BUN is required. Because no parenteral form of
metolazone exists, chlorothiazide, at a dose of 500 to 1,000 mg
once or twice daily, is the only option for a non–loop diuretic
that can be given intravenously.

Nondiuretic Effect of Spironolactone: Effect on Mortality

14. We return now to A.J. who was treated in Questions 1 to
12. It has been 2 days since he started furosemide, potassium sup-
plements, and an ACE inhibitor. He complains of gastric cramp-
ing after each dose of potassium, even when taken with food.
It is decided to discontinue the potassium supplement and start
spironolactone at a dosage of 25 mg/day. Does this therapy of-
fer any advantages other than diuresis and a source of potassium
repletion?

Aldosterone contributes to HF through the increased reten-
tion of sodium and the depletion of potassium. Likewise, the
diuretic and potassium-sparing actions of spironolactone are
attributed to inhibition of aldosterone.118 Until recently, it was
believed that optimal doses of ACE inhibitors fully suppressed
the production of aldosterone because angiotensin II is a po-
tent stimulus for aldosterone production. It is now recognized,
however, that aldosterone levels can remain elevated through

a combination of nonadrenal production and reduced hepatic
clearance. In addition, it has become clear that both angiotensin
II and aldosterone have other negative effects on the CV sys-
tem, including myocardial and vascular fibrosis, direct vascular
damage, endothelial dysfunction, oxidative stress, and preven-
tion of norepinephrine uptake by the myocardium.27,127 This
led the Randomized Aldactone Evaluation Study (RALES) in-
vestigators to test the hypothesis that low doses of spirono-
lactone might impart a cardioprotective effect in patients with
severe HF independent of diuresis or potassium retention.57 In
this trial, 1,663 patients with a history of NYHA class IV HF
within the previous 6 months (but in class III or IV on study
entry), an EF of 35% or less, and continued treatment (unless
contraindicated or not tolerated) with a loop diuretic (100%),
an ACE inhibitor (94%), and digoxin (74%) were randomized
to receive either spironolactone 25 mg (n = 822) or placebo
(n = 841). The dose of spironolactone could be increased to
50 mg if HF worsened without evidence of hyperkalemia.

The study was discontinued prematurely after a mean
follow-up of 24 months when a statistically significant reduc-
tion in mortality was observed. There were 386 deaths in the
placebo group (46%) compared with 284 (35%) in the spirono-
lactone group. These differences were first evident at 2 to 3
months after starting treatment. The greatest risk reduction was
in CV deaths. In addition, more subjects had symptomatic im-
provement (as evidenced by moving to a lower NYHA class)
and fewer had symptomatic worsening with the active drug.
Hospitalization rates were lower in the patients treated with
spironolactone. Serum creatinine and potassium concentra-
tions were somewhat higher with active drug, but the changes
were not considered clinically significant. Hyperkalemia de-
veloped in 2% of the patient on spironolactone and 1% of
those on placebo. Gynecomastia was reported in 10% of men
treated with spironolactone compared with only 1% of those
receiving placebo.

It is important to emphasize that nearly all subjects had
continuing HF symptoms despite maximal drug therapy with
multiple drugs, including an ACE inhibitor. Although ACE in-
hibitors indirectly suppress aldosterone at therapeutic doses,
the inhibition is not as complete as with spironolactone. Thus,
this study provided the first clinical evidence that spironolac-
tone protects against myocardial and vascular fibrosis and alters
hemodynamic or hormonal mediators of HF.

Subsequently, the aldosterone receptor inhibitor eplerenone
(Inspra) was studied in 6,632 patients with left ventricular
dysfunction following MI. In the EPHESUS study, subjects
were randomized to receive either eplerenone 25 mg QD ini-
tially, titrated to 50 mg QD, or placebo.58 Concurrent therapy
included diuretics (60%), ACE inhibitors (87%), β-blockers
(75%), and aspirin (88%). During a mean follow-up of 16
months, there were 478 deaths (14.4%) in the active treat-
ment group compared with 554 deaths (16.7%) with placebo
(relative risk, 0.85; p = 0.008). Most deaths were from CV
causes. Similar to spironolactone, more subjects experienced
hyperkalemia with eplerenone than with placebo. Because
eplerenone does not block progesterone and androgen recep-
tors, gynecomastia and sexual dysfunction may be less.58,127

Eplerenone was initially approved by the FDA for hyperten-
sion, and gained labeling for patients after MI in late 2003.

Because A.J. had NYHA class III symptoms when first seen,
he fits the profile of the subjects in the RALES study, although
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he had not been taking his ACE inhibitor sufficiently long to ob-
tain the full therapeutic benefit. Starting A.J. on spironolactone
is appropriate because of his intolerance of potassium supple-
ments and it might provide CV protection. The dose of 25
mg was chosen for A.J. This was the dose studied in RALES
trial. This dose may or may not be sufficient to normalize his
serum potassium. He will need to be followed to determine
whether larger doses of spironolactone will be necessary or
if a small dose of a potassium supplement might need to be
restarted. If gynecomastia develops, eplerenone could replace
spironolactone. (Also, see Question 21 regarding risk factors
for hyperkalemia with spironolactone.)

Drugs of First Choice After Diuretics
Vasodilators and ACE Inhibitors: Comparison With Digoxin

15. The medical resident on your team asks you if it would be
appropriate to add digoxin to A.J’s medical treatment of HF. He
has been told by a colleague that in clinical trials digoxin reduced
both HF symptoms and hospitalizations for HF? What would you
recommend?

Debates raged for years about whether digitalis glycosides
or vasodilators should be the drug(s) of first choice for treat-
ing HF. By the time the AHCPR and first ACC/AHA guide-
lines were published in 1994 to 1995, a clear consensus was
evident.1,2 Vasodilators are first-line therapy, with digoxin be-
ing added for patients with either supraventricular arrhythmias,
failure to achieve symptomatic relief with vasodilators alone,
or intolerable side effects from vasodilators. ACE inhibitors
are preferred over other vasodilators because of proved effi-
cacy, convenience of dosing, and fewer side effects. By 1999,
experts also recommended starting β-blocker therapy earlier
in the treatment plan.3 This latter point is discussed later. To
understand the reason for the increased emphasis on ACE in-

hibitors and secondary role of digoxin requires an historical
overview. A partial review is given here, but the citations and
abstract of older articles are found in the sixth edition of Ap-
plied Therapeutics: The Clinical Use of Drugs.

CONTROVERSY OVER EFFICACY OF DIGOXIN
Correction of the underlying defect is a rational approach

to the treatment of any disease. When considering HF solely
as “pump failure” with a weakened myocardial muscle, then
digitalis is the logical choice to improve cardiac contractility,
CO, and renal perfusion. By focusing on symptom relief and
increased exercise tolerance as markers of benefit, digoxin is
effective. Critics, however, raised concerns that symptom relief
was less in patients with normal sinus rhythm than in those with
supraventricular arrhythmias. The most vocal critics claimed
that the risk of digitalis toxicity did not warrant using this class
of drugs in patients with normal sinus rhythm.

Using multivariate analysis, one group of investigators con-
cluded that a third heart sound (S3 gallop rhythm), an en-
larged heart, and a low EF best predict those patients with
normal sinus rhythm who will derive a beneficial response
from digoxin.128 Several other meta-analyses and critical re-
views of the literature later concurred that many of the origi-
nal trials were designed improperly or lacked proper controls
and that digoxin therapy provides a beneficial effect, espe-
cially in patients with severe symptomatic ventricular systolic
dysfunction.129,130

VASODILATORS IMPROVE SURVIVAL (TABLE 18-10)
While these debates were ongoing, recognition of the con-

tributions of the RAAS and the sympathetic nervous system
in perpetuating the defects of HF brought initial interest in
vasodilators. Again, the focus was on symptom relief. First
hydralazine and nitrates, then their combination, and finally
ACE inhibitors were all shown to be effective in reducing
the symptoms of HF. Nonetheless, digitalis was usually used

Table 18-10 Clinical Trials of ACE Inhibitors in Left Ventricular Dysfunction60

Time Started Treatment
Study Patient Population ACE Inhibitor After MI Duration Outcome

Studies in LV Dysfunction
CONSENSUS132 NYHA IV (n = 253) Enalapril vs. placebo 1 day–20 mos Decreased mortality and HF
SOLVD-Treatment134 NYHA II/III (n = 2,569) Enalapril vs. placebo 22–55 mo Decreased mortality and HF
V-HeFT II135 NYHA II/III (n = 804) Enalapril vs. hydralazine,

isosorbide
0.5–5.7 yrs Decreased mortality and sudden

death
SOLVD-Prevention Asymptomatic LV

dysfunction
(n = 4,228)

Enalapril vs. placebo 14.6–62 mos Decreased mortality and HF
hospitalizations

Studies in LV Dysfunction after MI
SAVE193 MI, decreased LV function

(n = 2,331)
Captopril vs. placebo 3–16 days 24–60 mos Decreased mortality

CONSENSUS II192 MI (n = 6,090) Enalaprilat/enalapril vs.
placebo

24 hrs 41–180 days No change in survival;
hypotension with enalaprilat

AIRE194 MI and HF (n = 2,006) Ramipril vs. placebo 3–10 days >6 mos Decreased mortality
ISIS-4335 MI (n = >50,000) Captopril vs. placebo 24 hrs 28 days Decreased mortality
GISSI-3337 MI (n = 19,394) Lisinopril vs. placebo 24 hrs 6 wks Decreased mortality
TRACE148 MI, decreased LV function

(n = 1,749)
Trandolapril vs. placebo 3–7 days 24–50 mos Decreased mortality

SMILE336 MI (n = 1,556) Zofenopril vs. placebo 24 hrs 6 wks Decreased mortality

Adapted from Brown N, Vaughan D. Angiotensin-converting enzyme inhibitors. Circulation 1998;97:1411, with permission from reference.
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first, especially in those patients with either supraventricular
arrhythmias, an S3 gallop rhythm, or both. Vasodilators were
added to those patients failing a combined regimen of a diuretic
and digoxin.

Finally, investigators began focusing on the more im-
portant issue of improving survival in patients with HF.
The first evidence for decreased mortality came from the
First Veteran’s Administration Cooperative Study (V-HeFT I),
which showed combined hydralazine–isosorbide dinitrate (hy-
dralazine isosorbide dinitrate) treatment reduced mortality to
a greater extent than placebo in patients with NYHA class III
or IV HF.131 All subjects continued their previously prescribed
diuretic and digitalis regimens. Active intervention consisted
of combination hydralazine (300 mg/day) plus isosorbide dini-
trate (160 mg/day). Cumulative mortality rates over an average
of 2.3 years were significantly lower in the combination ther-
apy group (38.7%) than with placebo (44%). Exercise tolerance
and LVEF were improved with combination therapy at both the
8-week and 1-year follow-up, but not in the placebo group.

The Cooperative North Scandinavian Enalapril Survival
(CONSENSUS) study was the first to show improved survival
in patients with HF treated with an ACE inhibitor.132,133 A
total of 253 men and women with severe HF (NYHA class
IV) were treated with either enalapril or placebo. Digitalis, di-
uretics, and other vasodilators were continued. At the end of 6
months, 42% of patients in the enalapril group showed symp-
tomatic improvement compared with 22% of those on placebo.
The mortality rate was 26% in patients treated with enalapril
compared with 44% in the placebo group, a 40% reduction.
Follow-up at 2 years showed a sustained effect, with mortal-
ity being 47% with enalapril and 74% with placebo, a 37%
reduction. Almost all deaths were cardiac in origin.

Although the results from both studies were encouraging,
the high rate of mortality in the vasodilator groups (even when
combined with diuretics and digoxin) is evidence of the poor
outcome in patients with advanced HF. This is a sobering re-
minder of the poor prognosis associated with the later stages of
HF despite aggressive therapy. In addition, both V-HeFT I and
CONSENSUS I left several questions unanswered: Does va-
sodilator therapy work without digitalis? Would patients with
less advanced HF (NYHA class I or II) show similar benefit?
Which is the better treatment regimen, hydral-iso or an ACE
inhibitor?

The SOLVD study addressed the issue of treating patients
with less severe disease.134 Subjects with NYHA class II or
III HF and an EF <35% were treated with either enalapril
at a dosage of 2.5 to 20 mg/day (n = 1,284) or placebo (n =
1,285) in addition to conventional therapy over an average of
41.4 months. Mortality rate was 35.2% in the enalapril group
compared with 39.7% in the placebo group, with the greatest
benefit being a reduction in deaths attributed to progressive
HF. Two lessons can be gained from this trial: Patients with less
severe disease also experience symptom improvement from va-
sodilator therapy, as well as experiencing lower mortality rates.

Next, the second Veteran’s Administration Cooperative
Study (V-HeFT II)135,136 sought to answer the question of rel-
ative benefit of hydral-iso versus enalapril. Patients receiving
diuretics and digoxin for HF of varying degrees of severity
(primarily functional class II or III) were randomized to either
enalapril at a fixed dose of 20 mg/day or the hydralazine isosor-
bide dinitrate combination at a dosage of 300 mg hydralazine
plus 160 mg of isosorbide. Mortality rates were lower in the

enalapril group (18%) than with combination therapy (28%),
with the greatest benefit in both groups being for patients with
less severe disease (functional class I or II). Although a placebo
group was not included in this trial, the survival rate with hy-
dralazine isosorbide dinitrate was the same as seen in V-HeFT
I,131 inferring a beneficial effect with hydralazine isosorbide
dinitrate in V-HeFT II as well. In addition, treatment with hy-
dralazine isosorbide dinitrate was more effective than enalapril
in improving patients’ exercise tolerance and body oxygen con-
sumption during peak exercise. EF also increased faster (but
not necessarily to a greater extent) with hydralazine isosorbide
dinitrate than with enalapril. In both V-HeFT I131 and V-HeFT
II,136 enalapril was better tolerated than hydralazine isosorbide
dinitrate. In summary, a trend toward better symptom control
occurred with hydralazine isosorbide dinitrate, but improved
survival and fewer side effects were seen with enalapril. Al-
though not specifically studied in this trial, these trends sug-
gest a possible benefit to using all three drugs in combination
together.

In all these trials, the investigators were careful to include
only patients with systolic failure as evidenced by an EF <40%.
Thus taken as a whole, they provide convincing evidence for
the value of vasodilators in systolic failure.

DIGOXIN WITHDRAWAL TRIALS
In 1993, two digoxin withdrawal trials, PROVED137 and

RADIANCE,138 were published. Both attempted to determine
whether patients with HF who are already treated with digoxin
will show deterioration of control or remain stable after discon-
tinuation of digoxin. In both studies, patients had documented
systolic failure (LVEF <35% by radionuclide ventriculogra-
phy), mild to moderate symptoms (NYHA class II or III); and
they were in normal sinus rhythm and were stable for at least
3 months with a treatment regimen of a diuretic and digoxin
(baseline digoxin level 0.9–2.9 ng/mL). A significant differ-
ence was that patients in the RADIANCE trial were also sta-
bilized on an ACE inhibitor in addition to the diuretic and
digoxin.137 A 12-week, double-blind, placebo-controlled treat-
ment period followed initial stabilization in both studies. Pa-
tients in the active treatment groups continued digoxin at their
previous dose. Those in the placebo groups were withdrawn
from digoxin and given an identical looking placebo.

In PROVED,137 42 subjects continued digoxin and 46 were
given placebo. There were 29% treatment failures in the with-
drawal group compared with only 19% in those still taking
digoxin. Treatment failure was defined as worsening HF symp-
toms requiring a therapeutic intervention (e.g., increased di-
uretic dosage or addition of a new drug), an emergency depart-
ment (ED) visit or hospitalization for HF, or death. Exercise
tolerance worsened in more patients taking placebo. Those tak-
ing digoxin tended to maintain lower body weight and HR as
well as higher EF. In the RADIANCE study, 85 subjects con-
tinued digoxin therapy and 93 were switched to placebo.138

Over the 12-week follow-up period, only 4 of the subjects tak-
ing digoxin (4.7%) developed worsening symptoms compared
with 23 (24.7%) of the placebo-treated patients. More of the
placebo-treated patients had worsening of the EF and lower
quality of life scores. The finding that deterioration in symp-
toms after discontinuing digoxin often was delayed for several
weeks offers a possible explanation why earlier clinical trials
using shorter observation periods failed to establish a benefit
from digoxin. When comparing the two trials directly, fewer
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patients deteriorated in both arms in the RADIANCE study.
Whether this is attributed to a greater benefit from combin-
ing an ACE inhibitor with a diuretic compared with using a
diuretic alone cannot be established.

These studies establish a beneficial effect of digoxin, even
in those patients receiving concurrent ACE inhibitors in
RADIANCE. At least two factors, however, limit extrapola-
tion to all patients with HF. First, the investigators only assessed
the value of therapy indirectly by using a withdrawal design
instead of initiating therapy in patients previously untreated
with digoxin. Second, the patients had advanced disease as ev-
idenced by NYHA class II or III symptoms despite triple drug
therapy. Thus, the benefit of digoxin as initial monotherapy in
early disease is still open to debate.

EFFECT OF DIGOXIN ON MORTALITY
An obvious missing link was whether treatment with

digoxin improves survival rates. The seminal study to an-
swer this question is the Digitalis Intervention Group (DIG)
study.139 In this study 6,800 patients with HF from 302 centers
in the United States and Canada were randomized to receive
either digoxin (n = 3,397) or placebo (n = 3,403). Eligibility
requirements included an EF of 45% or less (mean, 28% in both
treatment groups), normal sinus rhythm, and clinical evidence
of HF. Most subjects were in NYHA class II or III HF, although
a small number of both class I and class IV subjects were in-
cluded. Concurrent therapies were diuretics (82%), ACE in-
hibitors (94%), and nitrates (42%). Of subjects in both groups,
44% were taking digoxin before randomization. The starting
digoxin dose (or matching placebo) was based on age, weight,
and renal function, with subsequent adjustments made accord-
ing to plasma level measurements. Approximately 70% of sub-
jects in both groups ended up taking 0.25 mg/day, compared
with 17.5% taking 0.125 mg/day and 11% receiving dosages
of 0.375 mg/day or higher. By 1 month, 88.3% of subjects on
active drug had serum levels between 0.5 and 2.0 ng/mL, with
a mean of 0.88 ng/mL. Patients were followed for an average
of 37 months (range, 28 to 58 months).

For the primary outcome of total mortality from any cause,
34.8% of patients on digoxins and 35.1% of those on placebo
patients died; corresponding CV deaths were 29.9% and
29.5%, respectively. Although neither of these differences
is statistically different, a trend was seen toward fewer HF-
associated deaths and statistically fewer hospitalizations (risk
ratio, 0.72) with active treatment. As would be expected, cases
of suspected digoxin toxicity were greater in the active treat-
ment group (11.9% vs. 7.9%), but the incidence of true toxicity
was low. These results can be interpreted either as disappoint-
ing in that overall mortality is not reduced, or as positive in that
hospitalizations were fewer in the digoxin group and there is no
increase in mortality as reported with nondigitalis inotropes.

This study improves on the PROVED and RADIANCE
trials because it added digoxin to other therapy as opposed to
being a withdrawal study and also because of the larger study
population. Because nearly all patients were receiving concur-
rent vasodilator therapy, the value of digoxin as monotherapy
on mortality rates remains unanswered.

DIRECT COMPARISON OF DIGOXIN TO VASODILATORS
Little data are available to directly compare digoxin with

an ACE inhibitor.140–142 Two widely quoted studies are the
Captopril-Digoxin Multicenter Research Group Study141 and

the Canadian Enalapril vs. Digoxin Study Group trial.142 Sim-
ilarities between these two trials are inclusion of NYHA class
II or III patients, all of whom had a reduced EF and were in
normal sinus rhythm. All subjects continued to take diuretics,
but other vasodilator therapy was discontinued. About half of
the patients had an S3 gallop rhythm, and about 60% were tak-
ing digoxin before entry into the studies. After an appropriate
run-in period during which time diuretic doses were stabilized
and previous digoxin therapy was discontinued, patients were
randomized to receive either digoxin or an ACE inhibitor.

In the Captopril-Digoxin study, both drugs were superior to
placebo as measured by symptom scores and treadmill exercise
time.141 The trend toward a more favorable functional improve-
ment with captopril (41% improving with captopril, 31% with
digoxin, 22% with placebo) was nonsignificant. The increase
in the EF in the digoxin group was greater. Six-month mortal-
ity was unchanged with either drug compared with placebo.
More minor side effects were associated with captopril (44%
vs. 30%), but more patients had to discontinue digoxin because
of side effects (4.2% vs. 2.9%).

In the Enalapril-Digoxin study, more patients in the
enalapril group showed functional improvement at 4 weeks
(18% vs. 10%) and fewer showed functional deterioration
(12.5% vs. 23%).142 By the end of 14 weeks, however, an equal
number of patients had improved with both drugs (19%), but
more patients continued to show deterioration with digoxin
(30% vs. 12.5%). No differences in the more objective mea-
surements of exercise time, left ventricular function, BP, pulse,
and electrocardiographic (ECG) changes were noted between
the two groups. More patients withdrew from the digoxin arm
because of side effects.

Taken in the aggregate, these studies show no clear benefit
of one class of drug vs. the other; ACE inhibitors may be
slightly more rapid in onset of effect and associated with better
tolerance of side effects, but digoxin may improve EF to a
greater extent. Mortality differences were undetectable in the
Captopril-Digoxin study because of the relatively mild disease
in the patients at the outset resulting in mortality rates of only
6% to 8% in either study group. A larger sample size and
longer duration of observation would be required to detect a
significant difference in mortality.

To summarize, based on clinical outcomes (resolution of
symptoms and improved cardiac function), both vasodilators
and digitalis glycosides are effective in patients with docu-
mented systolic dysfunction. The documented improvement
in survival rates with both hydralazine isosorbide dinitrate and
ACE inhibitors, coupled with the neutral findings of the DIG
study, tip the balance in favor of ACE inhibitors as initial ther-
apy in all stages of HF. The use of both classes of drugs, plus
diuretics, is indicated for severe HF.

The latest clinical ACC/AHA guidelines state that digoxin
therapy is unlikely to benefit patients with stage A or stage B
HF7. In these patients, digoxin can be used for symptom man-
agement, only if they are treated with drug therapy shown to
prolong survival (ACEI and β-blockers) or have not responded
adequately to appropriate therapy. For patients in stage C or
stage D HF who are symptomatic, with enlarged heart and
reduced LVEF, digoxin can be beneficial. Monotherapy with
digoxin or in combination with only a diuretic is no longer
recommended.5

In the case of A.J., his physician should be discouraged from
starting digoxin at this time. Instead, he should be counseled to
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continue with the already prescribed ACE inhibitor in addition
to continuing the furosemide. A strong argument can be made
for starting a β-blocker such as metoprolol or carvedilol now
or within the next few days. Based on your advice, A.J.’s doctor
has decided to withhold digoxin and assess the response to just
one drug (i.e., the ACE inhibitor) for now.

Angiotensin-Converting Enzyme Inhibitors
Agents of Choice

16. The formulary for A.J.’s insurance company only covers
four ACE inhibitors: benazepril, captopril, enalapril, and lisino-
pril. Benazepril is being promoted because the current contract
makes it the least expensive of the four drugs. Is there a preference
for any specific agent to order for A.J.?

As a general rule, formulary decisions are first based on
comparative pharmacologic activity, efficacy, and drug safety.
Other factors to consider are labeled (FDA approved) indi-
cations, convenience of dosing schedule, and—all else being
equal—the cost to the pharmacy (or institution) and the pa-
tient (or insurance carrier). A confounding factor is that hy-
pertension is the primary labeled indication for all of the ACE
inhibitors and was the initial basis for placing these drugs on
formularies. The indication for HF was added after initial mar-
keting and does not appear in the FDA-approved labeling for
all of the drugs. Each of these factors is considered below.

The basic mechanism of action of all ACE inhibitors is
the same and is described in the pathogenesis section of this
chapter.59–61,143 They inhibit ACE (also called kinase II),

thereby reducing the activation of angiotensin II, a major con-
tributor to the undesired hemodynamic responses to HF. De-
creased circulating levels of norepinephrine, vasopressin, neu-
rokinins, luteinizing hormone, prostacyclin, and NO also have
been noted after administration of ACE inhibitors.

In addition, ACE is responsible for degradation of
bradykinin, substance P, and possibly other vasodilatory sub-
stances unrelated to angiotensin II. Thus, part of the beneficial
effects of ACE inhibitors is caused by the accumulation of
bradykinin (Fig. 18-6). After attaching to bradykinin-2 (B2)
receptors, vasodilation is produced by stimulating the produc-
tion of arachidonic acid metabolites, peroxidases, nitric ox-
ide, and endothelium-derived hyperpolarizing factor in vascu-
lar endothelium. In the kidney, bradykinin causes natriuresis
through direct tubular effects.

The net effect is that ACE inhibitors regulate the balance
between the vasoconstrictive and salt-retentive properties of
angiotensin II and the vasodilatory and natriuretic properties
of bradykinin. The physiologic consequences of the pharma-
cologic effects of ACE inhibitors are reduced pulmonary cap-
illary wedge pressure (preload) and lowered systemic vascular
resistance and systolic wall stress (afterload). CO increases
without an increase in HR. ACE inhibitors promote salt ex-
cretion by augmenting RBF and reducing the production of
aldosterone and antidiuretic hormone. The beneficial effects
on RBF, coupled with the drug’s indirect inhibition of aldos-
terone, lead to a mild diuretic response, a distinct benefit over
other vasodilator compounds such as hydralazine.

Vasodilation and diuresis are not the only value of ACE in-
hibitors in HF. Angiotensin II enhances vascular remodeling
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FIGURE 18-6 Angiotensin receptor blocker mechanism. ACE, angiotensin-converting enzyme; LV,
left ventricular; NO, nitrous oxide.
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(referred to as trophic effects on cardiac myocytes), whereas
bradykinin impedes this process.59,144 In experimental models,
ACE inhibitors impede ventricular remodeling by blocking the
trophic effects of angiotensin II on cardiac myocytes. Evidence
to whether preserving bradykinin levels effects remodeling is
inconclusive, although it might attenuate the progressive depo-
sition of collagen during the chronic phase of post-MI cardiac
remodeling.

As of this writing, captopril (Capoten), enalapril (Va-
sotec), fosinopril (Monopril), lisinopril (Prinivil, Zestril), and
quinapril (Accupril) have FDA-labeled approval for symp-
tomatic relief of HF symptoms (Table 18-11). Evidence exists
that other agents such as benazepril (Lotensin) also increase
exercise capacity and quality of life in patients with chronic
HF.145 Moexipril (Univasc), ramipril (Altace), and trandolapril
(Mavik) have FDA-labeled approval for the treatment of left
ventricular dysfunction after myocardial infarction. There does
not seem to be a significant difference in side effects between
agents. Based on these factors, no one drug is preferred over
another.

Numerous placebo-controlled trials have documented the
favorable effects of ACE inhibitor therapy on hemodynamic
variables, clinical status, and symptoms of HF.143,146 Multiple
studies demonstrate a consistent 20% to 30% relative reduction
in HF mortality that is superior to other vasodilator regimens
including the hydralazine–nitrate combination or angiotensin
receptor inhibitors (see Question 15). The benefits of ACE
inhibitors are independent of the etiology of HF (ischemic
vs. nonischemic) or the severity of symptoms (NYHA class
I through class IV).

Table 18-10 provides a brief summary of the results of the
key ACE inhibitor HF trials.59–61,131–134,136,146,335−337 Many
of these were reviewed previously in Question 15. Of the five
approved agents, the most evidence for improved survival is
available for enalapril in both chronically symptomatic patients
(NYHA classes II–IV) and asymptomatic patients (NYHA
class I) with evidence of an impaired EF after an MI.131–134,136

A 3-year follow-up to the Acute Infarction Ramipril Efficacy
(AIRE) study reported mortality rates of 27.5% in ramipril-

treated subjects (target dose, 5 mg twice daily) compared with
38.9% with placebo, a 36% risk reduction.147 Published data
are also available for a positive effect on reducing short-term
mortality with captopril, lisinopril, trandolapril, and zofeno-
pril, primarily in relatively small populations of patients with
chronic symptoms or in patients with new onset HF symptoms
following an MI.60,148,149

Direct comparison of different ACE inhibitors is limited
to three trials. The first two comparing lisinopril (5 to 20 mg
every day) to either captopril (12.5–50 mg daily in two di-
vided doses)150 or enalapril (5–20 mg daily)151 were only 12
weeks in duration. Exercise duration improved significantly
with all three drugs at weeks 6 and 12. No statistically signif-
icant differences were found between drugs for NYHA class
changes, HF symptoms, or side effects, although a trend was
noted toward greater exercise duration at week 12 with lisino-
pril compared with enalapril. In the third study, fosinopril (5–
20 mg) was compared with enalapril (5–20 mg) daily for 1
year.152 The fosinopril group had significantly fewer patients
who were hospitalized for HF or who died (19.7%) than did
the enalapril group (25%; p = 0.028). Nearly 60% of patients
in the fosinopril group improved their NYHA class. The in-
cidence of orthostatic hypotension was lower in the fosinopril
group (1.6% vs. 7.6%, p = 0.05). No explanation was provided
to why there might be a difference.

Based on the total body of data, it is difficult to designate
an agent of choice. The 2005 ACC/AHA guidelines recom-
mend selecting an ACE inhibitor that has shown reductions
in both morbidity and mortality in clinical trials in either HF
or in populations after MI. The following ACE inhibitors are
considered first-line options based on clinical trials: captopril,
enalapril, lisinopril, perindopril, ramipril, or trandolapril.7

Captopril and lisinopril (the lysine derivative of enalaprilat)
are both active as the parent compound and do not have active
metabolites. All other ACE inhibitors are inactive prodrugs
that require enzymatic conversion by esterolytic enzymes to ac-
tive metabolites (benazeprilat, enalaprilat, fosinoprilat, moexi-
prilat, perindoprilat, quinaprilat, ramiprilat, and trandolapri-
lat). The only clinical consequence of these differences is

Table 18-11 ACE Inhibitor Dosing in Systolic Dysfunctiona

Drug Dosage Form Starting Doseb Target Dosec MaximumalDose

Captoprild (Capoten, generic) 12.5, 25, 50, 100 mg tablets 6.25–12.5 mg TID 50 mg TID 100 mg TID
Enalapril (Vasotec) 2.5, 5, 10, 20 mg tablets 2.5–5 mg QD 10 mg BID 20 mg BID
Fosinopril (Monopril) 10, 20, 40 mg tablets 5–10 mg QD 20 mg QD 40 mg QD
Lisinopril (Prinivil, Zestril) 2.5, 5, 10, 20, 40 mg tablets 2.5–5 mg QD 20–40 mg QD 40 mg QD
Quinapril (Accupril) 5, 10, 20, 40 mg tablets 5–10 mg QD 20 mg BID 20 mg BID
Perindopril (Aceon) 2, 4, 8 mg tablets 2 mg QD 8–16 mg QD 16 mg QD
Ramipril (Altace) 1.25, 2.5, 5, 10 mg capsules 1.25–2.5 mg QD 5 mg BID 10 mg BID
Trandolapril (Mavik) 1, 2, 4 mg tablets 1 mg QD 4 mg QD 8 mg QD

aBenazepril, cilazapril, moexipril, peridnopril, ramipril, trandolapril not labeled for use in heart failure.
bStart with lowest dose to avoid bradycardia, hypotension, or renal dysfunction. All but captopril given QD in the morning at starting doses. Increase dose slowly at 2- to 4-week
intervals to assess full effect and tolerance.
cEnalapril, quinapril, ramipril could possibly be given QD instead of BID based on half-life.
d Captopril is short acting. Start with a 6.25- or 12.5-mg test dose, then 6.25 to 12.5 mg TID.
Adapted from ACC/AHA 2005 Guidelines update for the diagnosis and management of chronic heart failure in the adult: a report of American College of Cardiology, American
Heart Association Task Force on Practice Guidelines (Writing Committee) to update the 2001 Guidelines for the Evaluation and Management of Heart Failure. J Am Coll Cardiol
2005;46E1; and American Society of Health-System Pharmacists. ASHP therapeutic guidelines on angiotensin-converting-enzyme inhibitors in patients with left ventricular
dysfunction. Am J Health Syst Pharm 1997;54:2999, with permission.
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a slightly delayed onset of effect with the first dose ( 2–6
hours for captopril, 4–12 hours for the others). Of greater
distinction, captopril has a relatively short half-life and du-
ration of action, necessitating three to four times daily admin-
istration in most patients. Although this characteristic may be
advantageous when initiating therapy by allowing closer as-
sessment of early side effects, for chronic maintenance it is
preferred to use a drug that can be given either once or twice
daily. All other ACE inhibitors meet this criterion, either as the
parent drug (lisinopril) or as the active metabolite (all others).
Based solely on half-life data, there would be no expected dif-
ference between any of the longer-acting agents. Theoretically,
they could all be administered once daily. Package insert la-
beling and common standards of practice, however, have led
to twice daily dosing, especially at higher doses, for enalapril,
quinapril, and ramipril.

We can conclude that A.J. should start captopril for 1 to
2 days for initial dosage titration, but then quickly transferred
to a longer-acting drug if he has a good response to the cap-
topril. Because of the lack of demonstrated superiority of one
agent over another, cost does become a factor in choosing a
long-acting ACE inhibitor. Because costs are often site- or
agency-specific, reflecting interplay between institutional or
managed care purchasing contracts and insurance company or
drug benefit manager policies, it is not possible to identify the
single less expensive agent. A.J.’s doctor decides not to use
benazepril, even though it is the least expensive drug, because
it does not have FDA approval for HF. Instead, he chooses to
start enalapril based on evidence for clinical efficacy, improved
survival, and availability of a reduced-cost generic.

Dosage

17. A captopril dosage of 25 mg TID was ordered for A.J.
How will this dosage be titrated in preparation for conversion
to enalapril? How should he be monitored?

CAPTOPRIL DOSING
Continued experience with captopril has led to a better un-

derstanding of dose-response relationships and more rational
therapy. Complete inhibition of ACE is achieved with 10 to
20 mg, but larger doses prolong the duration of action. Early
single-dose studies suggested that large doses (25–150 mg)
were needed for maximal reduction of HF symptoms. Thus,
until a better understanding was gained on how to use the drug,
patients often were started on 25 mg every 8 hours and quickly
titrated to 150 to 300 mg/day. It is now recommended to start
patients on doses as low as 6.25 to 12.5 mg every 8 hours for a
few days and then titrate to the desired symptomatic and objec-
tive responses. This conservative dosing approach minimizes
the bradycardia and hypotension associated with higher doses
and also allows better assessment of changes that may occur
in the patient’s renal function. It is especially important to start
with low doses in persons with renal insufficiency or a very low
EF. Renal function and serum potassium should be assessed
within 1 to 2 weeks of initiation of therapy and periodically
thereafter, especially in patients with preexisting hypotension,
hyponatremia, diabetes, or azotemia and in those taking potas-
sium supplements or potassium-sparing diuretics.6,7

Diuretic therapy must be monitored to prevent volume de-
pletion or azotemia. ACE inhibitors are relatively contraindi-

cated in people who are volume depleted or who have severe
renal impairment.

Although symptoms might abate in some patients within the
first 48 hours of therapy with an ACE inhibitor, the clinical re-
sponses to these drugs are generally delayed and might require
several weeks or months to become apparent. The lag period
likely results from the time needed for the body to readjust
various hormonal responses rather than a pharmacokinetic or
pharmacologic phenomenon. Even if symptoms do not abate,
long-term treatment with an ACE inhibitor should be main-
tained because these drugs can reduce the risk of hospitaliza-
tion or death independent of their effect on symptoms. Abrupt
withdrawal can lead to clinical deterioration and should be
avoided unless life-threatening side effects (e.g., angioedema
or renal failure) are evident.153

Reviewing A.J.’s history (Question 1) and repeat vital signs
and laboratory values (Question 15), we recall that he was
hypertensive and had an elevated BUN at the time of his
hospitalization. Both of these problems abated after starting
furosemide, but his BUN is now still slightly above normal,
although he is not hypotensive. We are, therefore, less con-
cerned about the risk of hypotension, but we are unsure of how
the ACE inhibitor will affect his renal function. If CO increases
as desired, his renal function should improve; but if he becomes
hypotensive, renal function may get worse. The 25-mg dose as
currently ordered is probably safe in a stable patient such as A.J.
It is prudent, however, to recommend lowering A.J.’s dosage of
captopril to 12.5 mg as a single dose on the first morning. For
less stable patients, a starting dose of 6.25 mg should be used.
If A.J.’s BP and renal function remain stable after the test dose,
he can get a total of three doses, approximately 8 hours apart,
of 12.5 mg on the first day. On day 2, the dose can be raised to
25 mg three times daily. If he again remains stable on day 3, his
regimen can be converted to enalapril, using a single daily dose.

CAPTOPRIL COMPARED WITH ENALAPRIL

18. After 2 days of taking captopril, A.J.’s exercise capacity has
improved and his lower extremity edema has abated, but his HF
is not optimally controlled. He is assessed to have between NYHA
class II and III symptoms. BP values throughout the day have
fluctuated in the range of 127–145/80–95 mm Hg and his weight
is down to 70 kg. Repeat laboratory measurements include the
following: Na, 139 mEq/L; K, 4.7 mEq/L; Cl, 98 mEq/L; CO2, 27
mEq/L; BUN, 24 mg/dL; and SrCr, 0.6 mg/dL. An order is written
to begin 5 mg/day of enalapril. Is this an appropriate choice of
therapy? What is the target dose for him?

DOSE-RESPONSE RELATIONSHIPS
Cumulative evidence from all the clinical trials indicates a

relationship between the degree of abatement in HF symptoms
and the dose of drug given. Larger doses are more likely to
improve the patient’s quality of life and reduce the incidence
of hospital stays, but the impact of larger doses when assessing
mortality data is less clear. At the same time, higher doses are
associated with a greater risk of side effects. Based on these
principles, proposed recommended starting, target, and maxi-
mal doses for the ACE inhibitors are listed in Table 18-11.7,61

In general, the guidelines conclude that ACE inhibitors
should be initiated at low doses, but titrated to the maximal tol-
erated target dose. Supporting this principle are the results of
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the ATLAS Trial.154,155 Lisinopril was given to 3,164 patients
hospitalized during the previous 6 months and with NYHA
class II–IV HF and an LVEF <30%. Open label lisinopril 2.5
to 5 mg was given for first 2 weeks, then 12.5 to 15 mg for
an additional 2 weeks. If the initial doses were tolerated, sub-
jects were randomized to daily therapy with lisinopril 2.5 to
5 mg (low dosage) or 32.5 to 35 mg (high dosage). All-cause
mortality did not differ between the two groups (8% lower
in the highest dose group compared with the lowest dose;
p = 0.128). In the high dosage group, hospitalizations and the
combined end point of death and hospitalization were reduced
by 24% (p = 0.003) and 12% (p = 0.002), respectively. The
higher dosage was tolerated by 90% of patients assigned this
dose.

Despite these recommendations for using the highest toler-
ated doses, evidence also suggests that lower doses are ben-
eficial. For example, the UK Heart Failure Network Study
found that 10 mg twice daily enalapril was no more effec-
tive than 2.5 mg twice per day.156 In this study, enalapril was
given in low (2.5 mg BID), moderate (5 mg BID), and higher
(10 mg BID) dosages to patients with NYHA class II–III HF.
The primary combined end point (death, hospitalization from
HF, and worsening HF incidence) occurred in 12.3%, 12.9%,
and 14.7%, respectively, of patients receiving low, moderate,
and higher enalapril dosages. None of the between group dif-
ferences were statistically different. Mortality, evaluated sep-
arately, was 4.2%, 3.3%, and 2.9%, respectively, which were
all not significant comparisons. Further information on dos-
ing, pharmacologic, and pharmacokinetic information regard-
ing the ACE inhibitors is found in Chapter 13, Essential Hy-
pertension.

For enalapril, the recommended starting dosage is 2.5 to
5 mg/day. For older patients or those with other risk factors
(i.e., systolic BP <100 mm Hg, those taking large doses of
either loop diuretics or potassium-sparing diuretics, or those
with preexisting hyponatremia, hyperkalemia, or renal insuffi-
ciency), the starting dosage of 2.5 mg/day would be more ap-
propriate. This dosage, or an equivalent with one of the other
drugs, should also be considered if the patient is being started
directly on a long-acting drug without prior titration on cap-
topril. For a patient such as A.J. who has already been treated
with captopril for 2 days with no evidence of intolerance, a
5-mg dose is an appropriate recommendation.

The long-term target dosage of enalapril for A.J. is 10 to
20 mg BID. No clear formula exists for deciding how quickly to
titrate to this dose. It depends on several factors, including the
degree of reduction in his HF symptoms and side effects, and
his motivation to take the medicine. Whenever dosage adjust-
ments are made, it may take as few as 24 hours for the patient
to perceive symptom reduction, but generally full hemody-
namic steady state is not reached for 1 to 2 months. On the
other hand, hypotension and other side effects are more imme-
diate. A.J. should have his dose reassessed in 1 to 2 weeks
to determine whether he can tolerate a dosage increase to
5 mg BID. Thereafter, an extra 5 mg/day could be added every
2 to 4 weeks. Thus, it could take 6 months or more to titrate
upward to 20 mg BID. If the response to his symptoms is not
positive and he has no side effects, the rate of titration could be
made faster, either by shortening the assessment periods (e.g.,
every week) or by using larger dosage increments (e.g., 10-mg
increase).

One study comparing long-term treatment with 50 mg TID
of captopril vs. 20 BID of enalapril showed more hypoten-
sive episodes and compromised cerebral and renal function in
the patients treated with enalapril.157 From this, it was postu-
lated that the more sustained hypotensive effect of enalapril
may actually be a disadvantage. A potential confounding
variable, however, is that the 40-mg daily dose of enalapril
may have been disproportionately high compared with the
150 mg/day dose of captopril.

ACE Inhibitor–Induced Cough

19. M.Y., presents to the outpatient HF clinic with an annoy-
ing productive cough after 6 weeks of lisinopril therapy. He has
been titrated up to a dose of 20 mg QD. He is also taking 40 mg
of furosemide OD, 50 mg metoprolol succinate OD, and 50 mg
spironolactone OD. His HF symptoms are much improved. About
2 weeks ago, he developed an annoying nonproductive cough that
persisted throughout the day and also made it difficult for him
to fall asleep at night. After about 1 week, he went to see his pri-
mary care physician who told him that he had bronchitis and
recommended that he use a guaifenesin and dextromethorphan
containing cough syrup. During a routine clinic visit today, he still
is bothered by his “bronchitis.” A chest examination reveals no
evidence of wheezing, the S3 heart sound has disappeared, and
he still has a few crackles, but much less than when he was first
admitted. His neck veins are only minimally elevated over nor-
mal, his ankle edema is 1+, and his weight is still 70 kg. BP today
is 140/90 mm Hg. All laboratory values are normal except his
potassium high at 5.0 mEq/L, BUN and creatinine are 19 mg/dL
and 0.6 mEq/dL, respectively. Could the cough and “bronchitis”
be a symptom of his HF? What are the recommendations for an
ACE-induced cough?

Cough can be a sign of HF in patients with pulmonary
congestion. In extreme cases, patients demonstrate “cardiac
asthma” with severe air hunger, wheezing, and dyspnea. How-
ever, A.J.’s HF is much improved as evidenced by the objective
data. The absence of wheezing and no prior history of asthma
or smoking make an obstructive airways disease (asthma or
COPD) unlikely. It is possible that he does have bronchitis, but
he does not recall having a cold or other respiratory illness pre-
ceding the cough. Without other causes, a lisinopril-induced
cough is suggested.

This side effect occurs with all ACE inhibitors.158 Case
reports indicate a possible lower incidence with fosinopril
(Monopril), but this has not been confirmed under controlled
conditions.159 Cough is a well-established complication of
lisinopril. ACE inhibitor-induced cough presents as a dry, non-
productive cough sometimes described as a “tickle in the back
of the throat.” This complication can arise within hours of first
dose, or it can present after weeks to months of starting an ACE
inhibitor. Although, resolution of the cough can occur within
1 to 4 weeks, in some patients, it can persist up to 3 months
after discontinuation of therapy.

Various case reports have found an incidence of cough in
5% to 35% of all patients. The incidence may be even lower,
approximately about 3%, and is dose independent.160 One in-
vestigator found a 5% to 10% incidence in white patients of
European descent that rose to nearly 50% in Chinese
patients.161 There may also be a higher incidence in women
and black populations.158
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Bradykinin accumulation within the upper airway, de-
creased metabolism of proinflammatory mediators, such as
substance P or prostaglandins, or both are proposed mecha-
nisms of ACE inhibitor-induced cough. These chemicals then
act as irritant substances in the airways to increase bronchial re-
activity and induce coughing. Bradykinin stimulates unmyeli-
nated afferent sensory C fibers by type J receptors involved in
the cough reflex. Bradykinin is also a potent bronchoconstric-
tor, but pulmonary function remains unchanged, and persons
with asthma are no more susceptible to the reaction than those
who do not have asthma. Substance P, also degraded by ACE,
has been implicated because it is a neurotransmitter for afferent
sensory fibers, specifically C fibers. Because this is a pharma-
cologic effect rather than an allergic reaction, dosage reduction
or switching from one ACE inhibitor to another is generally not
helpful. Likewise, dosage reduction is often not helpful. The
only way to definitively diagnose the drug-induced cough is to
discontinue therapy. Even then, false–positive results can occur
if the patient had a mild case of bronchitis that spontaneously
resolved at about the same time that the ACE inhibitor was
discontinued. If the cough persists after drug discontinuation,
other causes should be investigated.

The AHA guidelines recommend continuing ACE in-
hibitors if the cough is not severe even when other causes of
cough have been excluded. Arguing in favor of this action is
the long-term survival benefits of ACE inhibitors. On the con-
trary, American College of Chest Physicians (ACCP) evidence-
based practice guidelines recommend discontinuation of ther-
apy if ACE inhibitor-induced cough is even suggested.160 After
cessation of therapy, resolution of cough confirms the diagno-
sis. For patients with persistent cough, ARB or hydralazine-
isosorbide are safe alternatives. For now, M.Y. can continue
taking lisinopril for another couple of weeks to determine if the
cough will resolve on its own. His symptoms of HF have abated
since the initiation of ACEI and the cough may be no more than
an annoyance. He is not at risk for developing asthma or other
airway problems. If his cough persists, an ARB is probably the
best alternative.

The ACCP guidelines suggest that in patients for whom
continuation of ACE therapy is determined to be medically
necessary, either attempt rechallenge with an ACE inhibitor
(although only a small subset of patients will tolerate the rein-
troduction of therapy with no reoccurrence of cough) or use
a pharmacologic agent to suppress the cough (e.g., aspirin,
amlodipine, ferrous sulfate).

Angiotensin Receptor Blockers

20. M.Y., is sufficiently disturbed by his cough and he has re-
quested discontinuing lisinopril. Because he has had such good
success with the ACE inhibitor, his physician wants to replace
lisinopril with valsartan 40 mg BID. What evidence indicates that
valsartan or other angiotensin-receptor blocking drugs are effec-
tive in treating HF? Are these drugs still associated with causing
a cough?

Angiotensin II that is normally activated by the renin-
angiotensin cascade interacts with several different membrane-
bound receptors, two of which include angiotensin type 1
(AT1) and type 2 (AT2) receptors (Fig. 18-6).59,62,162 Attach-
ment to AT1 is responsible for most of the unwanted CV
actions of angiotensin II, including vasoconstriction, activa-

tion of aldosterone, and stimulation of norepinephrine release.
Angiotensin-receptor antagonists all preferentially bind to AT1
to competitively inhibit attachment by endogenous angiotensin
II, thus blocking angiotensin II activity.

As described above, ACE inhibition both affects angiotensin
II production and also impairs the metabolism of bradykinin,
substance P, and other vasoactive substances.59,62,162 These
substances do not interact with either of the angiotensin re-
ceptors, but may independently be associated with production
of the cough and first-dose hypotension seen with ACE in-
hibitors. By giving an AT1 receptor antagonist, the positive ben-
efits of blocking the CV effects of angiotensin II are achieved
while sparing alteration of the kinin metabolism. Indeed, nearly
all trials using various ARB to treat hypertension or HF have
shown a reduced incidence of cough relative to the ACE in-
hibitors, with prevalence no greater than that of placebo. Of
further interest is preliminary information that angiotensin II
attachment to the AT2 receptor might actually lead to beneficial
effects, including vasodilation and protection of the vascular
wall from proliferative atherosclerotic effects. These responses
should remain intact with AT1 receptor antagonists, but are at
least partially blunted by ACE inhibitors.

Life-saving drugs (e.g., ACE inhibitors, β-blockers, and
spironolactone) have an established role in the management
of HF. Despite these therapies, many patients with HF re-
main at a high risk of CV death. Several clinical trials in HF
have shown potential therapeutic benefit of the receptor an-
tagonists in modifying HF symptoms (Table 18-12).162–169 A
meta-analysis combined data on all-cause mortality and HF-
related hospitalizations from 17 clinical trials that compared
an ARB with either placebo or an ACE inhibitor in patients
with HF.163 Most of the trials also assessed short-term clinical
end points such as exercise tolerance and EF. In total, 12,469
patients participated and 5 ARB (candesartan, eprosartan, irbe-
sartan, losartan, and valsartan) were tested, assuming a class
effect for all ARB. ARB favorably improved exercise toler-
ance and EF compared with placebo. They were not superior
to ACE inhibitors in reducing all-cause mortality or hospital-
izations for HF, however. The combination of an ARB and an
ACE inhibitor was superior to ACE inhibitor monotherapy in
reducing hospitalizations for HF but not in improving survival.
In patients not receiving an ACE inhibitor (but receiving other
HF drugs), a nonsignificant trend favored ARB over placebo for
both reductions in all-cause mortality and hospitalizations for
HF.

The first major clinical trial comparing an ARB with an ACE
inhibitor in patients with HF was the Evaluation of Losartan in
the Elderly (ELITE) study.167 Among the strengths of this trial
are (a) a relatively large population (722 subjects) who were all
ACE inhibitor–naive, (b) comparison of the receptor antagonist
with an ACE inhibitor (captopril), and (c) an adequate duration
(48 weeks) to allow a preliminary outcome evaluation of fre-
quency of hospitalizations and incidence of death. All subjects
were 65 years of age or older with NYHA class II–IV HF, had
an EF of 40% or less (mean, 31%), and were not previously
treated with either an ACE inhibitor or an ARB. Diuretics were
used by 75% of the subjects, with 55% taking digoxin and 40%
taking a non–ACE-inhibitor vasodilator. Losartan was started
at 12.5 mg/day in 352 patients and titrated to a dose as high
as 50 mg/day in 300 of them. The 370 subjects randomized
to captopril began therapy at 6.25 mg three times daily and
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Table 18-12 Clinical Trials of Angiotensin Receptor Blockers (ARB) in Heart Failure (HF)

Patient Treatment
Trial Population ARB Duration Outcome

ELITE167 NYHA II-IV (N = 722)
EF ≤40%

Losartan (50 mg QD) or
Captopril (50 mg TID)

48 wks No significant difference observed for the primary
endpoint (persistent renal dysfunction) or the
secondary endpoint (composite of death/HF
admissions) Losartan was associated with a lower
mortality than Captopril

RESOLVD169 NYHA II-IV (N = 768)
EF ≤ 40%

Candesartan (4, 8 or 16 mg), or
Candesartan (4 mg or 8 mg) +

20 mg Enalapril, or 20 mg
Enalapril

43 wks Combination has greater benefits on LV remodeling.
No difference in mortality
No difference in NYHA class, QOL, 6 min walking

distance
ELITEII168 NYHA II-IV (N = 3,152)

EF ≤40%
Losartan (50 mg QD) or
Captopril (50 mg TID)

48 wks Losartan was not superior to Captopril in improving
survival, but was significantly better tolerated. A
subgroup analysis of ELITE II found a greater risk
of death when Losartan was used in addition to
β-blockers

Val-Heft170 NYHA II-IV (N = 5,010)
EF < 40%

Valsartan 160 mg bid or placebo
bid

23 mos There was no difference in mortality between the two
groups. In patients previously receiving both
ACEI and a β-blocker (N = 1,610) the risk of
death was increased with the addition of Valsartan

CHARM172

Alternative
NYHA II-IV (N = 2,028)
EF ≤40%

Candesartan (32 mg) vs. placebo. 34 mos 23% reduction in CV mortality or HF hospitalization
favoring the Candesartan group. More side effects
in the Candesartan group (hypotension,
hyperkalemia, inc SCr vs placebo

CHARM173

Added
NYHA II-IV (N = 2,548)
EF ≤40%

Candesartan (32 mg) + ACEI vs
placebo

41 mos 15% risk reduction in CV mortality or HF
admissions compared to placebo. However more
side effects in the candesartan group (hypotension,
hyperkalemia, increased SCr) vs placebo

CHARM174

Preserved
NYHA II-IV (N = 3,032)
EF>40%

Candesartan (32 mg) vs placebo 37 mos Composite endpoint failed to reach significance.
More side effects in the Candesartan group
(hypotension, hyperkalemia, increased SCr) vs
placebo

CHARM175

Overall
NYHA II-IV (N = 7,599) Candesartan (32 mg) vs placebo 38 mos There was no overall difference in primary outcome

of all cause death.

ACEI, angiotensin converting enzyme inhibitor; EF, Ejection fraction; QOL, quality of life.

were titrated to a maximal dose of 50 mg three times daily
(n = 310). For the primary study end point, a sustained increase
in renal function decline, the two drugs performed identically
with 10.5% of subjects in each group having a >0.3 mg/dL
rise in SrCr. Similarly, functional ability increases were equal
in both groups, and only 5.7% of both groups were hospitalized
for worsening HF. An unexpected finding was a nonsignificant
trend toward more deaths from all-causes in the captopril group
(n = 32, 8.7%) compared with losartan (n = 17; 4.8%). Also,
more subjects discontinued captopril than losartan because of
adverse effects (20.8% vs. 12.2%). In particular, 3.8% of pa-
tients on captopril stopped the drug because of cough compared
with none of those on losartan.

Several limitations of this study should be noted: (a) by de-
sign, the patients were all elderly; (b) 40% of the subjects were
taking other vasodilators as a confounding variable; and (c) the
primary end point was renal function changes, not hospitaliza-
tion or death. Nonetheless, the study provided evidence that
losartan is at least as effective as the reference ACE inhibitor
(captopril) and that patients with HF have equal or fewer side
effects with losartan, especially less cough.

The follow-up ELITE II Trial was specifically designed to
test the hypothesis that losartan is superior to captopril in terms

of reduction in mortality and morbidity in patients 60 years of
age or older.168 Inclusion criteria and the dosages of losartan
and captopril were identical to the first ELITE Trial. By en-
rolling a larger number of subjects (N = 3,162), it was powered
to assess the primary endpoint of all-cause mortality. The in-
tent was to continue the study until a combined total of 510
deaths occurred between the two treatment groups. After a
mean follow-up of 1.5 years, no significance difference was
seen in all-cause mortality (17.7% losartan vs. 15.9% capto-
pril), sudden death (9% vs. 7.3%), or all-cause mortality plus
hospitalization (47.7% vs. 44.9%) between the two treatment
groups. Although ARB treatment was not clinically superior to
ACE-inhibitor therapy, it was better tolerated with a withdrawal
rate of 9.4%, as compared with 14.5% with ACE-inhibitor
therapy (p = 0.001). Specifically, significantly fewer patients
experienced cough with the ARB.

In the Randomized Evaluation of Strategies for Left Ven-
tricular Dysfunction (RESOLVD)169 study, 768 subjects were
randomized to receive enalapril (up to 20 mg/day), candesartan
(up to 16 mg/day), or a combination of both drugs added to di-
uretics, digoxin, or both for an average of 43 weeks. Inclusion
criteria included NYHA class II–IV HF, LVEF <40%, and a 6-
minute walking distance <500 meters. As in the ELITE trials,
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all the subjects were ACE inhibitor-naive. The combination of
candesartan and enalapril was more beneficial for preventing
left ventricular dilation and suppressing neurohormonal activa-
tion than either candesartan or enalapril alone. No differences
were found among any of the three treatment groups in ei-
ther hospitalization or mortality rates. Although not powered
as a mortality trial, mortality rates were higher in the subjects
receiving candesartan alone (6.1%) or candesartan combined
with enalapril (8.7%) than in the group that received enalapril
alone (3.7%).

The Val-HeFT trial was a double-blind, placebo-controlled
study to measure the morbidity and mortality in NYHA class
II–IV HF patients given valsartan.170 In contrast to the ELITE
and RESOLVD studies, 93% of subjects were already taking
an ACE inhibitor at the time of randomization, 35% were tak-
ing a β-blocker, and 30% were taking both drugs. Patients
were randomized to receive valsartan (n = 2,511) or placebo
(n = 2,499) twice daily. The starting dose of valsartan was
40 mg BID, which was then titrated up to 160 mg BID by dou-
bling the dose every 2 weeks. The target dose was achieved in
84% of patients taking the active drug. After a mean follow-up
of 23 months (range, 0 to 38 months), no significant differ-
ence was observed in all-cause mortality between the valsartan
group (19.7%) and the control group (19.4%). The combined
end point of mortality and morbidity (including hospitaliza-
tion from HF, cardiac arrest with resuscitation, and need for
IV support) was significantly reduced among patients receiving
valsartan (723 events, 28.8%) as compared to those receiving
placebo (801 events, 32.1%), a 13% reduction (p = 0.009). Ad-
verse events were low, leading to discontinuation of valsartan
in 9.9% of subjects compared with 7.2% with placebo. Dizzi-
ness, hypotension, and renal impairment all occurred more
frequently in those treated with valsartan.

Subgroup analysis of the VAL-HeFT study data raises in-
teresting questions. For example, the observed reduction in the
combined end point of morbidity and mortality was most pro-
nounced in the small subgroup of only 226 patients (7% of the
total study population) not receiving an ACE inhibitor com-
pared with patients on the combination of an ACE inhibitor and
valsartan. Further post hoc analysis found that within the 35%
of subjects (n = 1,610) taking the combination of an ACE in-
hibitor and a β-blocker at baseline, the addition of valsartan as
a third drug was associated with a trend toward increased mor-
bidity and a statistically significant increase in the combined
end point of mortality and morbidity. The clinical significance
of these findings is unknown.

The overall study results suggest that a combination of val-
sartan and an ACE inhibitor reduces morbidity, but not mor-
tality. Despite the intriguing results of the subgroup analysis,
it is difficult to determine the independent effect of valsartan
(i.e., when not combined with an ACE inhibitor or β-blocker)
on morbidity or mortality. More worrisome is the implication
that the three-drug combination of valsartan, an ACE inhibitor,
and a β-blocker adversely affects morbidity and mortality.

Subsequent trials were designed to determine if a combina-
tion of neurohumoral agents provided additional benefits with-
out causing harm in patients with HF. The Valsartan in Acute
Myocardial Infarction Trial (VALIANT) of stable patients after
MI with left-ventricular dysfunction was designed to test the
hypothesis that valsartan alone and in combination with cap-
topril (ACE inhibitors) will improve survival. In VALIANT,

70% of the patients were also receiving β-blockers. All-cause
mortality, the primary endpoint, was identical in all groups.
In addition, an increased rate of side effects was seen in the
combination group. The failure to show a statistically signifi-
cant difference in survival benefits could be owing to the trial
design. The patients were simultaneously started on an ACE in-
hibitor and ARB, which is a variation from typical heart failure
trials where patients are entered with an ACE inhibitor before
the initiation of an ARB. Interestingly, among the subgroup of
patients taking β-blockers, no evidence was found of harmful
interaction with triple therapy.171 As a result of the VALIANT
trial, the FDA approved the use of valsartan in patients at high
risk following a heart attack and, in those with HF, the drug is
no longer only reserved for ACE intolerant patients.

The most evidence addressing the efficacy and safety of
ARB in HF comes from a series of three investigations known
collectively as the Candesartan in Heart Failure Assessment
of Reduction in Morbidity and Mortality (CHARM) trial.
The individual components of the CHARM Program are (a)
CHARM-Alternative, (b) CHARM-Added, and (c) CHARM-
Preserved.172–174 All three investigations were randomized,
double-blind, placebo-controlled trials that enrolled adult pa-
tients (>18 years of age) with at least a 4-week history of
symptomatic (NYHA class II–IV) heart failure. Subjects ran-
domized to candesartan were started on 4 mg and titrated to
32 mg once daily, as tolerated. Standard therapy (diuretics, β-
blockers, digoxin, and spironolactone) was continued. For all
three trials, the primary endpoint was the combined incidence
of CV death, HF hospitalizations, or both. The differences in
admission criteria and outcomes between the individual trials
are discussed in the sections below.

CHARM-Alternative enrolled 2,028 subjects who met all of
the inclusion criteria defined above plus two additional criteria:
an EF of 40% or less (i.e., systolic dysfunction) and intoler-
ance of ACE inhibitors (cough 72%, hypotension 13%, renal
dysfunction 12%). Thus, subjects in this group received either
an ARB alone (n = 1,013) or placebo (n = 1,015) without
an ACE inhibitor, but this was not a head-to-head comparison
of an ACE inhibitor with an ARB. After a median follow-up
of 33.7 months, a 23% reduction was found in the primary
outcome of CV death, hospital admission for HF, or both in
the candesartan group (33%) compared with placebo (40%,
p = 0.004). The overall incidence of drug discontinuations
because of adverse events was not statistically different be-
tween candesartan (21%) and placebo (19%), but there were
significantly more reports of symptomatic hypotension (3.7%
vs. 0.9%), increased creatinine levels (6.1% vs. 2.7%), and
hyperkalemia (1.9% vs. 0.3%) in those treated with candesar-
tan. Of 39 patients who previously experienced angioedema on
an ACE inhibitor, only 1 patient discontinued the study drug
because of angioedema (Table 18-13). It is concluded that can-
desartan was generally well tolerated and reduced cardiovas-
cular morbidity and mortality in patients with symptomatic
chronic HF who were not receiving ACE inhibitors because of
intolerance.

The CHARM-Added trial attempted to determine if the
combination of an ACE-inhibitor plus an ARB offered any
clinical advantages compared with an ACE inhibitor alone in
patients with symptomatic HF with an ejection fraction of 40%
or less (systolic dysfunction). Prior use of an ACE inhibitor was
required for the 2,548 patients enrolled in this trial (96% were
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Table 18-13 Adverse Events That Lead to Permanent Drug
Discontinuation

Trial Outcomes Candesartan Placebo P Value

CHARM-
Alternative172

Any adverse event
or laboratory
abnormality

21.5% 19.3% 0.23

Hypotension 3.7% 0.9% <0.0001
Increased creatinine 6.1% 2.7% <0.0001
Hyperkalemia 1.9% 0.3% 0.0005

CHARM-
Added173

Any adverse event
or laboratory
abnormality

0.0003

Hypotension 4.5% 3.5% 0.079
Increased creatinine 7.8% 4.1% 0.0001
Hyperkalemia 3.4% 0.7% <0.0001

CHARM-
Preserved174

Any adverse event
or laboratory
abnormality

17.8% 13.5% 0.001

Hypotension 2.4% 1.1% 0.006
Increased creatinine 4.8% 2.4% <0.001
Hyperkalemia 1.5% 0.6% 0.019

CHARM-
Overall174

Any adverse event
or laboratory
abnormality

21% 16.7% <0.001

Hypotension 3.5% 1.7% <0.0001
Increased creatinine 6.2% 3.0% <0.0001
Hyperkalemia 2.2% 0.6% <0.0001

on an ACE inhibitor dose comparable to that used in previous
mortality trials). At baseline, 55% of the patients were treated
with β-blockers and 17% were on spironolactone. After a me-
dian follow-up of 41 months, 483 (38%) of patients in the
combination ACE inhibitor-candesartan added group experi-
enced the primary outcome of CV death, hospital admission
for HF, or both compared with 538 (42%) in the placebo plus
ACE inhibitor group (a 15% relative risk reduction, p = 0.011).
Overall, the addition of candesartan to an ACE inhibitor and
other usual HF treatments leads to a further clinically important
reduction in CV events in patients with chronic systolic HF. It
is interesting to compare the result of the CHARM-Added trial
with those of the Val-HeFT trial. In Val-HeFT, 93% of the sub-
jects receiving the ARB valsartan were concurrently receiving
an ACE inhibitor. The combined end point of morbidity and
mortality was significantly reduced with combination therapy
in Val-HeFT, but not mortality alone. In that trial was also
seen a trend toward more deaths in the small subgroup re-
ceiving the triple combination of a β-blocker with an ACE
inhibitor and ARB. β-Blocker use had no adverse effect in
CHARM-Added.

Limited information has been published regarding the role
of ARB in patients with HF with preserved LV function (i.e.,
diastolic dysfunction). CHARM-Preserved enrolled 3,023 sub-
jects who met the overall CHARM trial inclusion criteria de-
fined previously plus one additional criterion: an EF of >40%
(mean 54%). Thus, subjects would be classified as having
symptomatic HF with normal (preserved) ejection fraction.
They received either an ARB alone (n =1,514) or placebo;
only 20% of subjects in both groups were taking an ACE in-
hibitor at randomization, 56% were on a β-blocker, and 11%

were on spironolactone.174 After a median follow-up of 36.6
months, a nonsignificant trend was noted toward reduction in
the primary outcome of CV death or hospital admission for
HF in the candesartan group (22%) compared with placebo
(24.3%, p = 0.118). Cardiovascular deaths (170 vs. 170) and
all cause mortality (244 vs. 237) were nearly identical in both
groups, but the total number of hospitalizations for HF (402
vs. 566) was significantly reduced in the candesartan group
(p = 0.014). Secondary outcomes consisting of composites of
the primary outcomes plus MI, nonfatal stroke, and coronary
revascularization also showed a nonsignificant trend in favor
of candesartan. The most common side effects with candesar-
tan were hypotension (2.4%), increase in creatinine (4.8%),
and hyperkalemia (1.5%). Discontinuation because of an ad-
verse event occurred in 17.8% of those treated with candesar-
tan compared with 13.5% of placebo recipients (p = 0.001)
(Table 18-13). Overall, the conclusion is that, in symptomatic
patients with diastolic HF, no significant improvement in mor-
bidity or mortality occurs with candesartan compared with
placebo, other than a significant reduction in HF-related hos-
pitalizations.

The combined results of all three CHARM compo-
nents (CHARM-Added, CHARM-Alternative and CHARM-
Preserved) were reported in the CHARM–Overall trial.175 This
composite analysis evaluates the benefits of candesartan in
symptomatic patients with HF, regardless of left ventricular
systolic function. Overall, 3,803 patients were assigned to can-
desartan and 3,796 to placebo. A different primary endpoint
was chosen for the CHARM-Overall analysis: all-cause death.
Although the combined results failed to detect a clinically sig-
nificant reduction in all-cause death between candesartan and
placebo (9% reduction; p = 0.32), significant reductions were
seen in CV death (12%), hospital admission for HF (21%), and
combined CV death or hospital admission for HF (the primary
end point for the individual trials—16%).

The results of the CHARM trial further reinforce the con-
clusion that ARB can reduce morbidity and mortality in symp-
tomatic patients with systolic HF, and they can be safely used
in patients who are intolerant to ACE. Combination therapy
(ACE inhibitor plus ARB) with concomitant use of β-blockers
appears to be beneficial and safe, as long as patients are closely
monitored for adverse effects. For symptomatic patients with
HF with normal ejection fraction (diastolic dysfunction), addi-
tion of an ARB may be beneficial in reducing hospitalizations;
however, the study did not show improved survival.

Based on this information, it is considered that the ARBs
cause less cough than ACE-inhibitors and provide survival ben-
efits in systolic HF. Because of his prior use of large doses of
lisinopril with no evidence of hypotension, M.Y. should be able
to tolerate valsartan (40 mg BID). He should be evaluated in 2
weeks for resolution of his cough. (See Chapter 13, Essential
Hypertension, for further information on the mechanisms of
action, metabolism, and dosing of ARB.)

Other ACE Inhibitor and Angiotensin Receptor Blocker Side Effects
HYPERKALEMIA

21. Based on the data in Question 19, are there other side ef-
fects of M.Y.’s medications that need special monitoring? Will
changing from lisinopril to valsartan reduce the risk of these side
effects?
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The ACE inhibitors, ARB, and β-blockers all have the po-
tential to raise serum potassium concentrations via indirect
aldosterone inhibition and other neurohormonal actions.176,177

For most patients, the magnitude of increase in serum potas-
sium concentration from ACE inhibitors and ARB alone is rela-
tively small, but the risk for developing hyperkalemia is greater
if the patient has compromised renal function or advanced
HF. Combination therapy of an ACE or ARB with potassium
supplements, potassium-sparing diuretics, or β-blockers fur-
ther accentuates the risk of hyperkalemia, regardless of the
sequence of initiation of the individual drugs.

Of greater concern, several case reports and case series
have reported hyperkalemia and hospitalizations induced by
spironolactone in patients with HF. This became more evi-
dent as prescribing patterns for spironolactone dramatically
changed after publication of the RALES study.178 Not only
was there a significant increase in the number of prescriptions
for spironolactone for patients with HF, but doses higher than
recommended by the clinical trials were often used, especially
in patients with evidence of preexisting renal dysfunction. In
addition, evidence indicated inadequate monitoring of serum
potassium, renal function, and concomitant drug therapy (also
see Question 14). Although concurrent use of a potassium-
losing diuretic (e.g., a thiazide or loop diuretic) may coun-
teract potassium retention from spironolactone or other drugs
(ACE inhibitors, ARB, β-blockers), it is nearly impossible to
predict who will develop hypo- or hyperkalemia or remain
normokalemic.179,180 Thus, each patient must be assessed in-
dividually for personal response to various drug combinations
and whether there is a need for potassium supplements or a
reduction in their doses (Table 18-14).

M.Y. is concurrently receiving lisinopril and spironolac-
tone. His potassium levels are elevated at 5.0 mEq/L. M.Y.’s
dietary potassium intake should be assessed. He should be
asked about the use of NSAID as well as herbal remedies, be-
cause herbs can be a hidden source of dietary potassium. He is
on a combination of lisinopril and spironolactone. If M.Y. had
to continue on lisinopril, his dose of lisinopril or spironolac-
tone could be reduced. With the substitution of valsartan for
lisinopril, the spironolactone dose will still most likely have
to be lowered because ARB can also cause hyperkalemia by
blocking the effects of aldosterone in the kidney identical to
ACE inhibitors. On the other hand, if he were switched to a
hydralazine–nitrate combination in place of the lisinopril, his
spironolactone should be continued for its disease-modifying
effects.

ANGIOEDEMA

22. R.S. is a 65-year-old black man who recently experienced
new onset HF with presenting symptoms of shortness of breath
while playing golf and persistent edema. Until then, he was healthy
and taking no medications. He does not smoke, has no history of
asthma or COPD, and no known allergies to food or drugs. R.S.
has been taking furosemide 40 mg QD and lisinopril 10 mg QD
for 3 weeks. He woke up this morning complaining of difficult
breathing, neck swelling, and a “thick tongue.” Could this be
an abnormal presentation of HF? What drug side effect may be
occurring?

Angioedema (angioneurotic edema) is a severe, po-
tentially life-threatening complication of ACE inhibitor

Table 18-14 Management of Hyperkalemia in Patients
Treated With Aldosterone Antagonists

Guidelines for Minimizing the Risk of Hyperkalemia

1. Impaired renal function is a risk factor for hyperkalemia during
treatment with aldosterone antagonists. The risk of hyperkalemia
increases progressively when serum creatinine >1.6 mg/dL.* In
elderly patients or others with low muscle mass in whom serum
creatinine does not accurately reflect glomerular filtration rate,
determination that glomerular filtration rate of creatinine clearance
>30 mL per min is recommended.

2. Aldosterone antagonists should not be administered to patients with
baseline serum potassium >5.0 mEq/L.

3. An initial dose of spironolactone 12.5 mg or eplerenone 25 mg is
recommended, after which the dose may be increased to
spironolactone 25 mg or eplerenone 50 mg if appropriate.

4. The risk of hyperkalemia is increased with concomitant use of higher
doses of ACEI (captopril ≥75 mg daily; enalapril or lisinopril ≥10
mg daily).

5. Nonsteroidal anti-inflammatory drugs and cyclo-oxygenase-2
inhibitors should be avoided.

6. Potassium supplements should be discontinued or reduced.
7. Close monitoring of serum potassium is required; potassium levels

and renal function should be checked in 3 days and at 1 week after
initiation of therapy and at least monthly for the first 3 months.

8. Diarrhea or other causes of dehydration should be addressed
emergently.

aAlthough the entry criteria for the trials of aldosterone antagonists included crea-
tinine >2.5 mg/dL, most patients had creatinine much lower; in one trial, 95% of
patients had creatinine of ≤1.7 mg/dL.
ACEI, angiotensin converting enzyme inhibitor.
From ACC/AHA 2005 Guidelines update for the diagnosis and management of
chronic heart failure in the adult: a report of American College of Cardiology,
American Heart Association Task Force on Practice Guidelines (Writing Committee)
to update the 2001 Guidelines for the Evaluation and Management of Heart Failure.
J Am Coll Cardiol 2005;46E1.

treatment.181–183 Characterized by facial and neck swelling
with obstruction to air flow by laryngeal and bronchial edema,
this reaction resembles anaphylaxis. These symptoms are com-
patible with those being experienced by R.S. The mechanism
of ACE inhibitor induction of angioedema is unknown, but is
thought to be related to hypersensitivity to accumulated va-
sodilating kinins, similar to the cough reaction.

Some, but not all persons with drug-induced angioedema
have a history of familial angioedema associated with a ge-
netic defect in their complement system. ACE inhibitors are
contraindicated in this population. In one series of case reports,
22% of the reported angioedema reactions occurred within 1
month of starting therapy, with the remaining 77% arising from
several months to years later.182 Blacks and females may have
a higher prevalence. The timing of when R.S. started lisino-
pril and his being black are consistent with the diagnosis of
drug-induced angioedema.

Of concern is the observation that ACE inhibitor-induced
angioedema is often misdiagnosed.183 Several of the patients
described in one series had been re-treated with the same or
a different ACE inhibitor followed by a repeat episode of an-
gioedema. It is prudent to avoid all ACE inhibitors in any pa-
tient with a history of angioedema from any cause.

Because the mechanism of ACE-induced angioedema is
speculated to be caused by kinin accumulation, changing R.S.



18-38 � CARDIAC AND VASCULAR DISORDERS

to an ARB might be an option.184 Several case reports, however,
have implicated candesartan, losartan, and valsartan as possi-
ble causative agents of angioedema.181,185–188 In some cases,
the subjects had previously experienced angioedema with an
ACE inhibitor (indicating possible cross reactivity), whereas
others were ACE inhibitor-naive. One author claims that ARB-
induced angioedema usually manifests after long-term admin-
istration (late onset) and with milder symptoms compared with
relatively earlier onset with ACE inhibitors. Similar findings
showing a low, but potential risk for ARB-induced angioedema
in patients who are ACE inhibitor intolerant comes from the
CHARM-Alternative trial.172 Of 39 patients with a history of
angioedema while taking an ACE inhibitor, 3 developed an-
gioedema on candesartan, although only 1 of the 3 actually
discontinued taking candesartan. This and other conclusions
regarding risk will require further observation. For now, it is
prudent not to start an ARB in R.S. Options include starting
a β-blocker or hydralazine-isosorbide. As discussed in Case
51, hydralazine-isosorbide might be a better choice for a black
man.

EFFECTS OF ACE INHIBITORS AND ARB ON KIDNEY FUNCTION

23. B.N., a 62-year-old man, was admitted to the cardiac care
unit (CCU) with a 2-day history of breathlessness causing him
to sleep upright in a chair and preventing him from walking to
the bathroom. Physical examination showed 4+ pitting edema
of the legs, scrotal and sacral edema, and significantly distended
neck veins. He had a CVP of 26 mm Hg (normal, 12). Labora-
tory values were: urine output, <20 mL/hour; BUN, 48 mg/dL;
SCr, 2.0 mg/dL; and serum potassium, 3.2 mEq/L. Home medica-
tions, faithfully administered by his wife, included furosemide 240
mg/day, KCl 40 mEq/day, hydralazine 75 mg Q 6 hr, isososorbide
dinitrate 20 mg Q 6 hr, metoprolol XL 200 mg QD, and digoxin
0.125 mg QD. He was not taking either an ACE inhibitor or an
ARB because of a history of fluctuating SCr while taking both of
these drugs.

A 100-mg IV bolus of furosemide in the ED resulted in a urine
output of 600 mL over 2 hours, but with a subsequent rise of his
BUN to 65 mg/dL. Finally, B.N. began captopril 12.5 mg TID.
Within 2 days, B.N.’s breathing improved, his CVP was down to
16 mm Hg, and he was diuresing briskly. He was discharged 1
week later with mild SOB on exertion, 2+ ankle edema, and a re-
duction of his BUN to 28 mg/dL. Discharge medications included
furosemide 120 mg/day, lisinopril 10 mg QD, metoprolol XL 200
mg QD, and digoxin 0.125 mg QD.

B.N. had a BUN of 48 mg/dL and a SCr of 2.0 mg/dL when
he started captopril. The BUN first went up while he was in the
hospital and later declined. Explain why these changes occurred.
Are ACE inhibitors contraindicated in patients with renal insuf-
ficiency? Can they be used safely with diuretics in patients with
renal insufficiency?

[SI units: BUN, 17.14, 23.21, and 9.99 mmol/L, respectively; SCr, 176.9

mmol/L; K, 3.2 mmol/L]

Note: The CVP measurement in this question refers to cen-
tral venous pressure, an indicator of the right ventricular filling
pressure or preload. (Refer to Chapter 21, Shock, and Question
48 in this chapter for a more thorough review of this and other
cardiac hemodynamic monitoring parameters.) His initial CVP
of 26 mm Hg was significantly elevated and the repeat value
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↓ Cardiac output
Systemic hypotension
Blood loss
Overdiuresis, dehydration
Renal artery stenosis 
(obstruction)
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FIGURE 18-7 Factors affecting renal blood flow. Glomerular fil-
tration is optimal when adequate hydrostatic pressure is maintained
in the glomerulus. Governing factors include the blood flow rate to
the glomerulus and the balance of afferent and efferent arteriole dila-
tion/constriction. ACE, angiotensin-converting enzyme; NSAIDs, non-
steroidal anti-inflammatory drugs; PGE, prostaglandin E.

of 16 mm Hg was returning toward the normal value of 12 mm
Hg.

The effects of ACE inhibitors and ARB on RBF and renal
function are complex. As seen in Figure 18-7, glomerular fil-
tration is optimal when intraglomerular pressure is maintained
at normal pressures. The balance between afferent flow into
the glomerulus and efferent flow exiting the glomerulus deter-
mines the intraglomerular pressure. A drop in afferent flow or
pressure occurring as a result of hypotension, volume loss (e.g.,
blood loss or overdiuresis), hypoalbuminemia, decreased CO
(e.g., HF), or obstructive lesions such as renal artery stenosis
all can significantly lower intraglomerular pressure and lead
to impaired renal function. Similarly, long-standing hyperten-
sion can damage glomerular basement membrane capillaries
and cause renal insufficiency.

In the case of low-pressure or low-flow states, the RAAS
is activated to maintain intraglomerular pressure. A key factor
in preserving glomerular pressure is efferent vasoconstriction
mediated by angiotensin II. Increased efferent pressure helps
to maintain intraglomerular pressure by impeding blood flow
out of the glomerulus. When patients with low-pressure states
are given ACE inhibitors or ARB, the protective mechanism
of efferent vasoconstriction is inhibited and renal function can
significantly and rapidly worsen. Conversely, in patients with
hypertensive renal disease, glomerular function actually can
improve because the ACE inhibitors lower afferent pressure
and help protect the kidney. ACE inhibitors slow the progres-
sion of diabetic nephropathy and reduce proteinuria indepen-
dent of their effect on BP (see Chapter 50, Diabetes Mellitus).

Patients with HF present with a complex picture. By de-
creasing afterload and preload, hope is that CO will improve
after ACE inhibitor or ARB therapy, thus preserving or even
enhancing RBF. If, however, starting ACE inhibitors or ARB
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leads to a rapid decrease in systemic BP that is not followed by
an increase in CO, worsening renal function may ensue. It is
impossible to predict which event will occur. Therefore, ACE
inhibitor or ARB therapy needs to be started with low doses
and careful monitoring of the BP and renal function should
occur as dosages are increased. Diuretics are not contraindi-
cated, but the diuretic dosage may need to be reduced to avoid
volume depletion and hypotension.

These events are illustrated in B.N. When he was first di-
uresed, the BUN increased. Addition of an ACE inhibitor in
combination with furosemide led to significant clinical benefit,
including improved renal function. For now, B.N. is tolerating
captopril and is obtaining the desired effect. Because he has a
history of fluctuating renal function with both ACE inhibitors
and ARB, he will require frequent observation. NSAID also
must be used with caution because inhibition of vasodilating
renal prostaglandins in patients with low afferent flow can
worsen renal function (see Question 26).

LESS COMMON SIDE EFFECTS

24. What side effects other than those experienced by M.Y.,
B.N., and R.J. have been associated with ACE inhibitors? Are any
of these unique to a specific drug, or are they all a class effect?

Captopril initially was associated with significant side ef-
fects. Of subjects, 10% to 15% of those in early studies de-
veloped skin eruptions or fever. These effects were associated
primarily with higher dosage (average, 683 mg/day) and are
found less frequently when the drug is used in smaller doses
(<225 mg/day). Skin reactions may be edematous, urticarial,
erythematous, maculopapular, or morbilliform in nature. That
the rashes disappear with continued therapy in some patients
suggests that they may be caused by potentiation of kinin-
mediated skin reactions. Transient loss of taste (ageusia), reflex
tachycardia, and hypotension also are common at high doses.
None of these have occurred in any of the patients in our cases.

Proteinuria, a transient rise in serum creatinine (indepen-
dent of the mechanisms described in the previous question),
agranulocytosis, neutropenia, and fatal pancytopenia189 also
have been attributed to captopril therapy. The marrow toxicity
is minimized by keeping total daily doses below 75 mg and
avoiding the use of captopril in patients with advanced renal
failure.

A theoretic advantage of the newer ACE inhibitors over
captopril is the lack of a sulfhydryl group as part of their clin-
ical structures. The sulfhydryl group (also found in penicil-
lamine) is associated with a high incidence of rashes, ageusia,
proteinuria, and neutropenia. The clinical significance of this
difference remains to be determined, especially because cap-
topril side effects have declined since clinicians have begun to
prescribe lower doses.

All ACE inhibitors are contraindicated in pregnancy.190 Ter-
atogenic effects, including kidney failure and skull and facial
deformities, have been reported when taken during the second
or third trimester of pregnancy. Risk of use during the first
trimester is less clear.

One report described captopril-induced inhibition of
digoxin renal clearance, resulting in increased serum digoxin
levels.191 As with many of the other digoxin interactions de-
scribed elsewhere in this chapter, the clinical significance of
this interaction remains to be defined.

ACE Inhibitors in Asymptomatic Patients

25. W.N. is a 44-year-old white man diagnosed with an acute
MI by ECG and cardiac enzyme changes 3 days ago following
an episode of acute chest pain while driving his car. He was im-
mediately treated with IV NTG and morphine and underwent
thrombolytic therapy with streptokinase within 2 hours of the
pain. He has no history of angina or hypertension, but was told
that he had a high cholesterol level during a screening program 2
years ago. He was taking no medication before this event. Of note,
W.N. has a strong family history of coronary artery disease and
hyperlipidemia.

His hospital course has been unremarkable with only one
episode of mild chest pain responding to sublingual NTG. BP is
130/83 mm Hg, pulse is 80 beats/minute with a regular rhythm. He
has no ectopy, no complaints of SOB, and no evidence of edema.
Lung sounds are normal as is his chest radiograph. All laboratory
values have been normal except for an elevated creatine kinase
(CK) and lactate dehydrogenase (LDH) on the day of admission,
a total cholesterol of 245 mg/dL, and an LDL of 180 mg/dL. In
preparation for discharge, he underwent repeat angiography and
EF was measured by radionuclide ventriculography. His coronary
arteries remain patent, but the EF is 35%. Discharge medications
include aspirin 82 mg QD and simvastatin 5 mg OHS.

W.N. has evidence of left ventricular dysfunction based on his
EF but is asymptomatic. How would his HF be staged in the
ACC/AHA scheme and in the NYHA classification? Should he
be started on a diuretic, an ACE inhibitor, or both?

This case exemplifies a patient with asymptomatic (NYHA
symptom class I) left ventricular dysfunction. An EF <40%
indicates systolic dysfunction following heart muscle damage
from the MI. These abnormalities would place him in stage
B by the ACC/AHA guidelines (Table 18-3). An absence of
edema, SOB, or other clinical symptoms argues against the
need for diuretics. The ACC/AHA guidelines, however, recom-
mend starting patients such as W.N. on both an ACE inhibitor
and a β-blocker.6,7

Evidence supports the use of ACE inhibitors in asymp-
tomatic patients with early left ventricular dysfunction to slow
the progression of the disease, possibly by retarding the remod-
eling effects on the cardiac muscle that may otherwise occur.
This is best exemplified by the results of the SOLVD preven-
tion trial.191 Subjects enrolled in this study were actually a
subset of the original SOLVD study,134 with one important dif-
ference; although they had an EF of <35%, they were asymp-
tomatic at the time of entry into the trial. Patients received either
placebo (2,117 subjects) or enalapril titrated to a dose of 2.5 to
20 mg/day (2,111 subjects). Diuretics and all other active drugs
were withheld unless the patient developed overt HF. Over
the 37.4-month study period, 20% of the enalapril-treated pa-
tients developed symptoms of HF compared with 30% in the
placebo group, a 37% reduction. The treatment group also
had fewer hospitalizations for anginal symptoms and MI. As
would be expected in this relatively low-risk population, mor-
tality rates were low (14.9%–15.8%) and not statistically sig-
nificant between the two groups. The death rates became more
divergent in favor of enalapril late in the study as more pa-
tients developed overt HF. Because W.N. has no contraindi-
cations to using an ACE inhibitor, he should be started on
5 mg/day of enalapril and titrated to a target dose of 20 to
40 mg/day.
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The reader also is referred to Chapter 17, Myocardial Infarc-
tion, for a related discussion on the early use of ACE inhibitors
in symptomatic patients following infarction (CONSENSUS
II, SAVE, and AIRE trials).192–194 Chapter 17 also thoroughly
reviews the rationale for prescribing β-blockers in all patients
following an MI unless contraindications exist. W.N.’s physi-
cian chose not to use propranolol because of his low LVEF. This
is an acceptable choice, but metoprolol should be substituted
for propranolol. Metoprolol reduces morbidity and mortality
following MI and also slows the onset and progression of HF.

DRUG INTERACTION OF ACE INHIBITORS WITH ASPIRIN

26. Enalapril was started in B.N. for the reasons stated in Ques-
tion 25. Aspirin, 82 mg QD, has also been prescribed. What are
the potential benefits and risks of this combination of drugs?

Aspirin is recommended for all patients following MI (see
Chapter 18, Myocardial Infarction). Several studies suggest
that aspirin may attenuate the beneficial affects of ACE in-
hibitors when given together in patients with HF and other car-
diovascular disorders. The proposed mechanism is inhibition of
prostaglandin formation by aspirin, thus counteracting the clin-
ical effects of ACE inhibitors that rely in part on prostaglandins
to elicit their positive hemodynamic effects. The significance
of this interaction is still being debated. Two comprehensive
reviews of this interaction appear elsewhere.195,196 Both con-
clude that insufficient data exist to firmly establish or refute an
adverse clinical outcome associated with the combination of
aspirin and an ACE inhibitor in patients with HF.

The most widely quoted supporting evidence for a possible
adverse effect comes from subgroup analysis of the SOLVD
trial that compared enalapril with placebo in patients with
HF.134 Overall, patients taking aspirin and other antiplatelet
drugs at the beginning of the trial had lower mortality rates.
Antiplatelet drugs, however, were of benefit primarily only in
patients taking placebo as opposed to those taking enalapril.
The combination of enalapril with an antiplatelet agent was
not associated with a mortality benefit, whereas combining
placebo with aspirin was associated with reduced mortality
(0.68 hazard ratio; 95% confidence interval [CI], 0.58 to 0.80).
Similarly, the mortality benefit of enalapril was primarily in
patients not taking antiplatelet agents (0.77 hazard ratio; 95%
CI, 0.657 –0.87) as opposed to those who were taking them
(1.10 hazard ratio; 95% CI, 0.3 to 1.30). These observations are
limited because it was a post hoc, retrospective analysis of the
study data, and continuing use of antiplatelet drugs at the end of
the trial was not assessed. Four other small published trials and
two abstracts indicate a possible interaction with aspirin, all of
which are limited by small sample sizes, short duration of as-
sessment (single dose to several weeks), and reliance on hemo-
dynamic measures, such as peripheral vascular resistance and
pulmonary responses, instead of HF clinical outcomes.195,196

In these trials, the interaction appeared to be limited to aspirin
and various ACE inhibitors, but was not observed between as-
pirin and losartan or between ticlopidine (which does not affect
prostaglandins) and ACE inhibitors. Conversely, one published
trial and two abstracts cited in the review articles suggest no
interaction between aspirin or ifetroban (a thromboxane A2 re-
ceptor antagonist) and an ACE inhibitor.195,196 In the largest
of these trials (317 patients with ischemic cardiomyopathy and
LVEF <35%) and with the longest follow-up (mean, 5.7 years),

use of aspirin was associated with lowered risk of mortality and
hospital readmission, regardless of whether an ACE inhibitor
was prescribed. Recently, a retrospective review of aspirin use
in combination with ACE inhibitors in patients with HF re-
sulted in no adverse effects seen in regard to the long-term
survival.197 Dosages of aspirin (100 mg/day or less) interact
little with ACE inhibitors, whereas higher dosages may carry
a greater risk. Some patients, for unknown reasons, are more
susceptible to the interaction.

The 2005 ACC/AHA practice guidelines claim that many
physicians believe that the data supporting the existence of
an adverse interaction between aspirin and ACE inhibitors are
not sufficiently compelling to justify altering the current prac-
tice of prescribing the two agents together.7 In contrast, other
physicians would consider the withdrawal of aspirin (because
no data indicate it can reduce the risk of ischemic events in pa-
tients with HF) or use of an alternative antiplatelet agent, such
as clopidogrel, which does not interact with ACE inhibitors
and which may have superior effects in preventing ischemic
events.7

Use of β-Blockers in Systolic Heart Failure

27. Returning to the case of AJ: After 3 days of furosemide
and an ACE inhibitor, A.J.’s PND has resolved, but he still has
difficulty walking without SOB and fatigue. His lower extremity
edema has significantly reduced. His current BP is 145/90 mm Hg,
pulse 82 beats/minute and his weight has dropped to 73 kg after
diuresis. Repeat laboratory measurements include the following:
Na, 139 mEq/L; K, 4.3 mEq/L; Cl, 98 mEq/L; CO2, 27 mEq/L;
BUN, 27 mg/dL; and SrCr, 0.6 mg/dL. The medical team has
decided to discharge the patient soon. You recommend that the
patient should be initiated on a β-blocker before discharge. What
is your rationale?

The physiologic basis for the use of β-blockers in HF and the
changes observed in receptor sensitivity is described in greater
detail in the pathophysiology section of this chapter.20–25 β-
blockers have been evaluated during randomized clinical trials
in more than 20,000 patients with varying degrees of systolic
HF.20–25 Five meta-analyses have arrived at the same conclu-
sions: the use of β-blockers is associated with a consistent 30%
reduction in mortality and a 40% reduction in hospitalizations
in patients with HF.198–202

The 2005 ACC/AHA guidelines state that because biso-
prolol, metoprolol succinate and carvedilol have been shown
to reduce both HF symptoms and mortality, they should be
prescribed to all patients with stable HF caused by left ven-
tricular systolic dysfunction, unless there is a contraindication
to their use or the patient is unable to tolerate treatment with
a β-blocker.7 They should be a part of the primary treatment
plan, usually in combination with a diuretic and an ACE in-
hibitor. Contrary to the practice of some clinicians, the use of
β-blocker drugs should not be delayed until the patient is found
to be resistant to treatment with other drugs. Another com-
mon misperception is that patients who have mild symptoms
or who appear clinically stable on diuretics and ACE inhibitors
(with or without digoxin) do not require additional treatment.
Even these patients should receive a β-blocker to slow the rate
of disease progression and reduce the risk of sudden death.
Similarly, patients need not be taking high doses of ACE
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inhibitors before being considered for treatment with a β-
blocker. To the contrary, in patients taking a low dose of an
ACE inhibitor, the addition of a β-blocker produces a greater
reduction in symptoms and in the risk of death than an increase
in the dose of an ACE inhibitor. Only those clinically unstable
patients who are hospitalized in an intensive care unit, require
IV positive inotropic support, have severe fluid overload or
depletion, have symptomatic bradycardia or advanced heart
block (unless treated with a pacemaker), or a history of poorly
controlled reactive airways disease should not be given a β-
blocker.5 Recent data, show that β-blockers can be initiated
prior to discharge in patients hospitalized for HF, if they did
not require IV inotropic support for their HF exacerbation.203

Based on all these factors, there is no question that A.J.
should be started on a β-blocker. Treatment with a β-blocker
should be initiated at low doses, followed by gradual incre-
ments in dose every 1 to 2 weeks as tolerated by the patient.
Transient bradycardia, hypotension, and fatigue are not uncom-
mon during the first 24 to 48 hours when β-blockers are first
started or during subsequent incremental increases in dosage.
Thus, patients should be monitored daily for changes in vi-
tal signs (pulse and blood pressure) and symptoms during this
up-titration period. Bradycardia, heart block, and hypotension
can be asymptomatic and require no intervention other than
instructing the patient not to arise too quickly from a lying
position to avoid postural changes. If either of these complica-
tions is accompanied by dizziness, lightheadedness, or blurred
vision, it may be necessary to reduce the dose β-blocker, the
ACE inhibitor, or both or to slow the up titration. The sense
of lassitude generally resolves within several weeks without
other intervention, but may be a reason to slow up-titration of
the dose and rarely to reduce the dose or discontinue therapy.
In patients where benefits are especially apparent, but brady-
cardia or heart block is a concern, insertion of a pacemaker
should be considered.

Because initiation of β-blocker therapy can also cause fluid
retention, patients should be instructed to weigh themselves
daily and to adjust concomitantly administered diuretics as
appropriate. Conversely, diuretic doses should be decreased
temporarily when patients become hypotensive or their BUN
begins to rise. Planned increments in the dose of a β-blocker
should be delayed until any side effects observed with lower
doses are tolerable or absent. In clinical trials, up to 85% of
patients are able to tolerate short- and long-term treatment with
these drugs and achieve the maximal planned dose.

Metoprolol and Bisoprolol

28. Metoprolol succinate (12.5 mg) is prescribed for A.J. Is this
a good choice of agent and starting dose? What other similar
drugs have been used to treat HF?

Several clinical trials substantiate the clinical benefits
of metoprolol, a relatively selective β1-receptor blocker, in
HF.204–207 By blocking β1 receptors in the myocardium, HR,
contractility, and CO are reduced at rest and during exer-
cise, without a compensatory increase in peripheral vascu-
lar resistance. The relative sparing of β-receptors in the pe-
ripheral vasculature and lungs reduces vasoconstrictive and
bronchospastic complications. In contrast to bucindolol and
carvedilol, metoprolol has been shown to upregulate myocar-
dial β2-receptors.20

In the Metoprolol in Dilated Cardiomyopathy (MDC) study,
383 patients with nonischemic dilated cardiomyopathy and
class II or III HF were randomized to immediate-release meto-
prolol tartrate (initiated at 5 mg BID and titrated to 100–150
mg/day in divided doses) or placebo.207 All were continued on
standard therapy with diuretics, vasodilators, and digoxin as
tolerated. In this trial was noted a nonstatistically significant
trend toward both decreased mortality and listing for heart
transplantation in the active treatment group.

Of greater interest is the Metoprolol CR/XL Randomized
Intervention Trial in Heart Failure (MERIT HF) in which
a 35% reduction in all-causes of mortality was observed
with sustained-release metoprolol succinate.207 In this trial,
3,991 patients, most of whom had either NYHA class II or
III HF, were randomized to metoprolol succinate controlled-
release/extended-release (CR/XL) or placebo. The starting
dose of metoprolol was 12.5 to 25 mg/day, which was gradually
increased every 2 weeks to the target dose of 200 mg/day. Con-
ventional therapy with diuretics, ACE inhibitors, and digoxin
was continued. At the end of the trial, 64% of subjects assigned
to active drug had reached the target dose. Planned follow-up
was for 2 years, but the study was halted prematurely because
of a statistically significant decrease in all-cause mortality in
the metoprolol arm. Specifically, there was a 34% reduction
in total mortality with a 38% decrease in cardiovascular mor-
tality, a 41% reduction in sudden death, and a 49% reduction
from death owing to worsening HF. All-cause hospitalization
was also reduced by 18% and hospitalization for worsening
HF was decreased by 35%. Although the number of subjects
was too small to detect a statistical difference, patients with
severe (class IV) HF seemed to benefit as well. Up to 15% of
subjects had clinical worsening of HF, even at low metoprolol
doses.

Encouraging results have also been seen with another rel-
ative β1-selective drug, bisoprolol fumarate (Zebeta).208,209

In the first Cardiac Insufficiency Bisoprolol Study (CIBIS I),
641 subjects with moderate to severe HF were randomized to
placebo or bisoprolol (starting dose, 1.25 mg/day; maximal
dose, 5 mg/day) added to conventional therapy for an average
of 23 months.208 A statistically significant reduction in HF-
associated hospitalization with the active drug and a nonsignif-
icant trend toward reduced mortality were noted. In the larger
Second Cardiac Insufficiency Bisoprolol Study (CIBIS II), re-
duction in both hospitalization and mortality in the bisoprolol-
treated group was significant.209 A total of 2,647 patients were
included in the second trial and doses were increased to as
high as 10 mg/day. The study was stopped prematurely (aver-
age follow-up, 1.3 years) because of a 34% reduction in total
mortality with bisoprolol. Post hoc analysis showed a 44% re-
duction in sudden death and a 26% reduction in death owing
to worsening HF. As in the MERIT HF study, the number of
patients with severe (class IV) HF was inadequate to determine
the value of β-blocker therapy in this population.

Two dosage forms of metoprolol are marketed: metoprolol
succinate extended release (Toprol XL) and metoprolol tartrate
immediate release (Lopressor and generic). Only metoprolol
succinate form is approved for HF in the United States, indi-
cated for patients with mild to moderate (NYHA class II or III)
HF of ischemic, hypertensive, or cardiomyopathic origin. The
starting dose of 12.5 mg of metoprolol succinate prescribed
for A.J. is consistent with the clinical trials and manufacturer’s
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package insert labeling. If the initial dose is tolerated, the dose
can be doubled to 25 mg OD for an additional 2 to 4 weeks.
The final target dose is 150 to 200 mg daily either as 100 mg
BID or 200 mg QD.

An alternative is to use immediate release metoprolol tar-
trate (Lopressor) even though it is not approved for this
indication in the United States. Following a test dose of
12.5 mg, the starting dose is 12.5 mg twice daily for 1 or
2 weeks. The smallest immediate release tablet size avail-
able is 25 mg tablets, therefore during the initial 1 to 2
weeks of treatment, the tablets will have to be split in half to
achieve the appropriate dosing regimen. Since the only FDA-
approved dosage form of metoprolol is the extended release
succinate product, it is prescribed in most cases. Maintenance
with a generic form of the immediate release product is less
expensive, however, than the brand name extended release
product.

When choosing among the various formulations of meto-
prolol, pharmacokinetic and bioavailability differences should
be considered.204,205 Metoprolol succinate available as 25, 50,
100, and 200 mg tablets. Each tablet contains many tiny meto-
prolol succinate pellets, each individually coated with an ethyl-
cellulose polymeric membrane. GI fluid penetrates the mem-
brane of each pellet and slowly dissolves the drug. The sat-
urated metoprolol solution is then released at a constant rate
over 20 hours, consistent with zero-order kinetics, and pro-
vides β-blockade for 24 hours. The extended release formula-
tion retains its release characteristics even if the scored tablet
is divided in half, but it should not be crushed or chewed.

Absorption of metoprolol tartrate is approximately 95%, but
the bioavailability metoprolol succinate is only 50% because
of extensive first pass metabolism.204,205 Systemic bioavail-
ability of the extended release product is even lower, averag-
ing 70% of the immediate release preparation. This is likely
because of the greater opportunity for first pass metabolism
during slow absorption and less opportunity to saturate the me-
tabolizing enzyme system. Because metoprolol succinate has
consistently reduced bioavailability compared with immediate
release metoprolol tartrate there is a concern that if a patient
is receiving metoprolol tartrate and is switched to the same
dosage of the succinate formulation, the patient, in effect, will
receive approximately 25% less drug. Clinical studies, how-
ever, indicate that the β-blocking effects are similar, perhaps
because of the prolonged action of the succinate product. The
higher peak concentrations obtained with the metoprolol tar-
trate formulation is accompanied by a greater potential for hy-
potension compared with metoprolol succinate. Because the
dosage has to be titrated to an individual patient, these differ-
ences may not be relevant unless the patient is being switched
from one product to the other.

Metoprolol has several metabolic routes of elimination that
can affect dosing and drug interactions. The major routes of
elimination are via α-hydroxylation, O-demethylation, and N-
dealkylation.204,205 A smaller portion is metabolized by cy-
tochrome P450 2D6, and drugs that inhibit metabolism of that
isoenzyme may affect the drug’s plasma levels. Approximately
10% of patients are poor metabolizers, resulting in higher drug
plasma concentrations in these patients.

A.J. should be advised that clinical response to metoprolol
is usually delayed and may require 2 to 3 months to become
apparent. Even if symptoms do not abate, long-term treatment

should be maintained to reduce the risk of major clinical events.
Abrupt withdrawal of treatment with a β-blocker can lead to
clinical deterioration and should be avoided.210

Bisoprolol is FDA approved for treatment of HF. Dosage
size limitations, however, restrict clinical use of this drug.
For example, the starting dose of bisoprolol is 1.25 mg/day,
whereas the smallest commercially available dose is a 5-mg
scored tablet. Attempting to break the tablet into quarters is
not practical.

Carvedilol

29. Might carvedilol be a better alternative than metoprolol for
A.J.? What would be an appropriate dose and dosing schedule?

Carvedilol (Coreg), a mixed α- and β-blocker, was the first
drug of this class to obtain FDA approval for management of
HF.211 It might also have antioxidant effects to protect against
loss of cardiac myocytes and to act as a scavenger of oxygen-
free radicals that could potentiate myocardial necrosis. The
correlation of these findings to clinical outcome is unknown.

Two pivotal studies support the use of carvedilol. The first
was the U.S. Carvedilol Heart Failure Study.212–216 Subjects
were almost equally divided between class II and III HF and
all had an EF of 35% or less (mean, 22%) despite diuretics
(95%), digoxin (90%), and an ACE inhibitor (95%). Subjects
with a major myocardial event in the previous 3 months were
excluded. After an initial open-label period when all patients
received 6.25 mg twice daily of carvedilol, subjects were strat-
ified based on severity of their HF and then randomized to
either placebo (n = 398) or carvedilol (n = 690). The maximal
dose given was 50 mg twice daily. Using an intention-to-treat
analysis, 7.8% of deaths occurred in the placebo group over an
average of 6.5 months compared with only 3.2% in the active
treatment group, a statistically significant 65% risk reduction
(p = 0.001). Most notably, death caused by progressive HF or
sudden cardiac death was reduced. The patients treated with
carvedilol also had fewer HF-related hospitalizations (19.6%
vs. 14.1%). The most common side effect with carvedilol was
dizziness, usually during the first few days of therapy, but more
patients discontinued placebo for worsening HF or side effects
than with carvedilol.

In the Australia/New Zealand Carvedilol Study, 415 pa-
tients with chronic, stable HF (NYHA class II or III, 85% tak-
ing concurrent ACE inhibitors, and average EF of 28%) were
randomized to placebo (n = 208) or carvedilol (n = 207).217

As in the U.S. study, those with severe symptoms were ex-
cluded, although 88% had a history of MI. Maintenance doses
in subjects randomized to carvedilol ranged from 6.25 to 25
mg twice daily with an average follow-up of 19 months.

After 12 months, EF had increased by 5.3% and heart size
was reduced in the carvedilol group compared with essentially
no change in the placebo group. No differences between groups
were found in treadmill exercise time, change in NYHA classi-
fication, or HF symptom scores, however. Only 26% of patients
on carvedilol and 28% of those receiving placebo had improved
NYHA symptom scores, with most (58% in both groups) hav-
ing neither improvement nor worsening of symptoms.

At 19 months, the frequency of episodes of worsening HF
was similar in the two groups. Total deaths in the carvedilol
group (n = 20) were less than the placebo group (n = 26),
but most of the difference in mortality was attributed to
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noncardiovascular deaths. No difference was found in death
from HF, MI, or total cardiac-related deaths. On a more pos-
itive note, there were 68% fewer hospital admissions for HF
in the carvedilol group (n = 23) than for the placebo group
(n = 33). Overall, these findings could be interpreted as being
evidence for safety with either no overall benefit or a modest
improvement with carvedilol.

The original FDA-approved indication for carvedilol was to
reduce the progression of HF in patients with mild to moderate
(NYHA class II or III) HF of ischemic or cardiomyopathic
origin and whose conditions had been stabilized with other
drugs (digitalis, diuretics, and ACE inhibitors). In keeping with
the exclusion of patients with an unstable condition from the
study protocols, carvedilol was not approved for use in NYHA
class IV decompensated cardiac failure. As discussed in the
next case, later studies confirmed the value of carvedilol in
NYHA class IV HF. As with any β-blocker, carvedilol is not
recommended for use in patients with asthma, COPD, or poorly
controlled diabetes.

The starting dose of carvedilol is 3.125 mg twice daily, with
a doubling of the dose every 2 weeks as needed or tolerated
up to a maximum of 25 mg twice daily in patients weighing
<85 kg and 50 mg twice daily in larger patients. Hypotension,
bradycardia, fluid retention, and worsening HF symptoms can
occur in the first few weeks of therapy, necessitating additional
diuretics, a reduction of dose, or discontinuation of carvedilol.
Taking carvedilol with food slows the rate of absorption and
reduces the incidence of orthostatic hypotension, which occurs
in up to 10% of patients taking the drug. Carvedilol phosphate
(Coreg CR), a once-a-day extended release form of carvedilol,
is market in the United States for hypertension treatment, but
currently it has not been studied in patients with HF.

Because carvedilol is metabolized by the cytochrome P450
2D6 (CYP2D6) enzyme system, several potential drug interac-
tions should be considered.211,218 The best documented are in-
hibition of metabolism by cimetidine and decreased carvedilol
serum concentrations when taken with rifampin. Known in-
hibitors of CYP2D6 (e.g., quinidine, fluoxetine, paroxetine,
and propafenone) can increase the risk of toxicity (especially
hypotension), but substantiating data are lacking. Carvedilol
has also been reported to increase serum digoxin levels by
15% by an unknown mechanism. Other sources of intrasubject
variability in carvedilol response may be caused by differences
in the extent or rate or absorption, stereospecific metabolism
of the two isomers of the drug (carvedilol is a racemic mixture
of S[–] and R[+] isomers), and impaired metabolism in the
10% of the population who lack CYP2D6 activity.218

Choice of β-Blocker: Metoprolol vs. Carvedilol
No consensus exists regarding the relative superiority of one
β-blocker over another. Although the additional properties of
carvedilol (e.g., α1 blockade and antioxidant properties) pro-
vide a theoretical basis for selecting carvedilol over metopro-
lol succinate or bisoprolol, the data from clinical trials pro-
vide conflicting conclusions. In one small head-to-head trial,
carvedilol showed greater improvement in hemodynamic re-
sponse during peak exercise and EF but no difference in symp-
tom scores or exercise tolerance.219 Another reported 30 pa-
tients with HF with persistent symptoms, despite at least 1 year
of combined metoprolol and an ACE inhibitor.220 They were
enrolled in an open-label, parallel trial and randomized either to

continue with metoprolol (mean dose, 142 ± 44 mg/day) or to
cross over to maximal tolerated doses of carvedilol (mean dose,
74 ± 23 mg/day). At the end of 12 months, patients random-
ized to carvedilol showed a greater decrease in end-diastolic
volume, more improvement in LVEF, and fewer ectopic beats
on electrocardiogram. No significant difference was seen in
symptoms or quality of life measures nor a negative effect of
carvedilol on peak oxygen consumption.

One meta-analysis attempted a comparison of carvedilol
with metoprolol using the surrogate end point of LVEF as a
comparator.221 Nineteen randomized, placebo or concurrent
controlled trials involving a total of 2,184 patients with im-
paired LVEF were reviewed. Patients received a mean dose of
58 mg of carvedilol or the equivalent of 162 mg of extended
release metoprolol. Combined results from the placebo con-
trolled trials showed that both drugs significantly improved
LVEF, with carvedilol found to be significantly better than
metoprolol. Carvedilol increased LVEF 0.065% more than
placebo compared with a 0.038% increase with metoprolol.
These differences persisted when patients with ischemic HF
were compared with those with nonischemic cardiomyopa-
thy. In head-to-head comparative trials, carvedilol once again
raised LVEF greater than metoprolol. No apparent difference,
however, was noted between the two drugs based on improve-
ments in symptom scores or exercise tolerance. The authors
caution that EF is only one of several end points to be mea-
sured, and the question of superiority in clinical outcomes, such
as mortality rates, remains unanswered.

Since publication of the meta-analysis, the results of the
COMET trial became available.222 In this multicenter, double-
blind trial, 3,029 patients with NYHA class II–IV HF and
EF <35% were randomized to either carvedilol (target dose,
25 mg BID) or metoprolol tartrate (target dose, 50 mg BID).
Diuretics and ACE inhibitors were continued in all subjects
if tolerated. All-cause mortality was 34% for carvedilol com-
pared with 40% with metoprolol (p = 0.0017). The composite
end point of mortality or all-cause hospital admissions was not
statistically significant between groups (74% carvedilol and
76% metoprolol). One criticism of this study was use of meto-
prolol tartrate instead of the FDA-approved metoprolol succi-
nate form. Comparable doses between the two study groups
has been questioned because the target dose of carvedilol
was 25 mg twice daily compared with the target dose of
metoprolol tartrate being 50 mg twice daily. Also, the trial
used resting HR to determine comparable β-blockade among
study groups rather than HR response to exercise. Exercise-
induced HR changes are considered a better indicator of
β-blockade.

Side effects and patient tolerance is similar between
β-blockers in most trials. One investigator observed that
carvedilol caused more hypotension and dizziness than meto-
prolol or bisoprolol, possibly owing to α1 blockade or more
rapid absorption.223 Thus, metoprolol or bisoprolol may be
preferred in patients with hypotension or with complaints of
dizziness. Conversely, carvedilol may be preferred in patients
with inadequately controlled hypertension.

Whether carvedilol is a better choice for A.J. cannot be
definitely answered. A starting dosage of 3.125 mg twice daily
of carvedilol could be used in place of metoprolol. Because of
lower cost, it is decided to continue metoprolol and reserve use
of carvedilol only if A.J. has difficulty tolerating metoprolol.



18-44 � CARDIAC AND VASCULAR DISORDERS

β-Blockers in Severe Heart Failure

30. The original clinical trials of β-blockers excluded patients
with severe (NYHA class IV) HF at the time of randomization. For
this reason the FDA limited the original approval of carvedilol
for use in class II–III HF. Likewise, the ACC/AHA guidelines
strongly support the use of β-blockers in class II–III HF, but are
less definitive about severe HF. What evidence supports or refutes
the use of β-blockers in class IV HF?

The COPERNICUS study demonstrated clear benefit of
carvedilol without undue side effects in patients with severe
HF.224 Conversely, the BEST Trial reported unimpressive re-
sults with another drug, bucindolol.225 Details of these two
trials are provided below.

The COPERNICUS study was a double-blind, placebo-
controlled trial assessing the clinical benefits and risks of
carvedilol in 2,289 patients with advanced HF (NYHA class
IIIB/IV).224 Subjects had symptoms of HF at rest or with mini-
mal exertion and an EF of 25% or less despite diuretics (99%),
ACE inhibitors (97%), and digoxin (67%). Excluded were sub-
jects who required intensive care, had significant fluid reten-
tion, were hypotensive, had evidence of renal insufficiency, or
were receiving IV vasodilators or positive inotrope drugs. The
starting dose of carvedilol or matching placebo was 3.125 mg
twice daily, which was increased every 2 weeks to a target dose
of 25 mg twice daily. Of those in the carvedilol group, 65%
achieved the target dose, with the mean dose being 37 mg at the
end of the first 4 months of the trial. The trial was discontinued
prematurely after an average patient follow-up of 10.4 months
because of a significant survival benefit from carvedilol. There
were 130 deaths in the carvedilol group and 190 deaths in the
placebo group, with a 35% decrease in the risk of death with
carvedilol (95% CI, 19% to 48%; p = 0.0014). For the sec-
ondary end point of all deaths and hospitalizations combined,
there were 425 events with carvedilol compared with 507 in
the placebo group, a 24% decrease (95% CI, 13% to 33%,
p = 0.001). Fewer patients in the carvedilol group (14.8%)
than in the placebo group (18.5%) withdrew because of ad-
verse effects at 1 year (p = 0.02).

A concern over using β-blockers in patients with class IV
HF is that they may be predisposed to more side effects dur-
ing the initiation phase of therapy. One study retrospectively
analyzed the outcomes of 63 patients who were NYHA class
IV compared with 167 subjects ranging from class I through
III.226 Adverse events occurred more frequently in the class IV
patients (43%) than in the other subjects (24%; p = 0.0001)
and more often resulted in permanent withdrawal of the drug
(25% vs. 13%). Conversely, more class IV patients treated with
carvedilol improved by more than one NYHA functional class
than in the less symptomatic group (59% vs. 37%). A reanal-
ysis of the COPERNICUS study data did not confirm a higher
rate of intolerance over the first 8 to 12 weeks of carvedilol
compared with placebo.227 No difference was found between
carvedilol and placebo in terms of death, hospitalizations, or
withdrawal because of adverse events during the first 8 weeks
of therapy.

The BEST Investigators failed to demonstrate that bucin-
dolol, a nonselective β-blocker with vasodilator properties,
improved overall survival in patients with NYHA class III–IV
HF.225 They randomized 2,708 patients to receive either bucin-

dolol or placebo. Although the active drug yielded a significant
decrease in norepinephrine levels and improvement in left ven-
tricular function, the study was stopped prematurely because of
the low probability of showing any significant cardiovascular
mortality benefit over placebo. A possible explanation is that
bucindolol has intrinsic sympathomimetic activity (ISA) that
may counteract some of the benefits of β-blockade. Moreover,
subgroup analysis suggested that black patients might have
fared worse with bucindolol, raising concerns that β-blockers
may not be effective therapy for black patients with advanced
HF (see Question 52 for further discussion of possible racial
differences in drug response).

It can be concluded that β-blockers are safe and effective
in class IV HF. The best data exist for carvedilol. Bucindolol
should be avoided.

Digitalis Glycosides
Preparation for Treatment

31. Over the next 2 months, A.J.’s dose of extended release meto-
prolol was gradually increased to 200 mg/day. Other than some
episodes of fatigue and lassitude during each dosage increment,
he tolerated metoprolol well and, over time, he was more func-
tional than he had been for several years. Over the ensuing 9
months, however, he again had several episodes of HF symptoms
that necessitated a gradual increase of his furosemide dose to
120 mg in the morning and 40 mg in the mid afternoon. A potas-
sium supplement was reinstituted because his potassium levels
were beginning to fluctuate as his furosemide was increased.

Today, his wife brought him to the ED because she could no
longer care for him. His chief complaints are weakness, dizzi-
ness, extreme SOB, and inability to get out of bed. His weight has
increased to 80 kg. His BP is considerably lower at 128/83 mm
Hg, with a postural drop to 112/75 mm Hg. Abnormal laboratory
values on admission are BUN, 31 mg/dL and serum creatinine,
1.4 mg/dL. His K is 4.3 mEq/dL. An ECG shows a HR of 98
beats/minute, normal sinus rhythm (NSR), and LVH, but no T-
wave changes or ectopy. His valsartan is held for 24 hours while he
is diuresed with several 40- and 80-mg boluses of IV furosemide
and maintained on an NTG drip titrated to lower his pulmonary
capillary wedge pressure (PCWP) below 15 and to keep his sys-
tolic BP >100 mm Hg. The plan is to reinstitute valsartan and
to begin a digitalis glycoside. Is digitalis indicated for A.J.? What
digitalis preparation should be prescribed?

Digoxin is the only digitalis glycoside marketed in the
United States. The arguments for and against its use are pre-
sented in Question 15. Most of the recommendations stem from
the Digoxin Intervention Group trial that found, in patients who
had primarily class II or III symptoms, treatment with digoxin
for 2 to 5 years had little effect on mortality, but modestly
reduced the combined risk of death and hospitalization.139

As presented earlier in this chapter, the ACC/AHA guide-
lines indicate that patients with HF are unlikely to benefit from
the addition of digoxin in stage A or stage B HF. In these pa-
tients, digoxin can be used for symptom management, only if
they are treated with drug therapy shown to prolong survival
(ACE inhibitors and β-blockers) or have not responded ade-
quately to appropriate therapy. In those patients who are stage
C HF with current or prior symptoms of HF, despite receiving
optimal doses of ACE inhibitors of β-blockers, digoxin can
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be beneficial to reduce HF hospitalizations. A.J. fits the latter
situation and, thus, is a logical candidate for adding digoxin as
a fourth therapeutic intervention.

Digoxin is also prescribed routinely in patients with HF and
concurrent chronic AF, but β-blockers may be more effective in
controlling the ventricular response, especially during exercise.
Digoxin should be avoided if the patient has significant sinus
or atrioventricular block, unless the block is treated with a
permanent pacemaker. It should be used cautiously in patients
taking other drugs that can depress sinus or AV nodal function
(e.g., amiodarone or β-blockers), although patients usually will
tolerate this combination.

When A.J. entered the hospital today, he initially required
IV furosemide and a NTG drip, but quickly stabilized. Digoxin
is not indicated as primary therapy for stabilization of patients
with acutely decompensated HF. Such patients should first re-
ceive appropriate treatment, including IV medications, as A.J.
did. Thereafter, digoxin can be started as part of a long-term
treatment strategy.

Gender Differences in Response to Digoxin

32. If A.J. had been a woman, would it have made in any differ-
ence in the determination to prescribe digoxin?

Until recently, nothing indicated that gender-based differ-
ences existed relative to prognosis of HF or in response to
drugs such as digoxin. Two interesting reports published in
2002 sparked interest in this topic. The first was an extension
of the Framingham Heart Study.228 It was observed that over
the past five decades the incidence of HF has been constant in
men, but has declined by 31% to 40% in women during the in-
terval of the last decade. During the last decade, survival rates
for patients with HF have improved in both men and women,
although the mortality rate is higher in men than in women.
The more aggressive use of drugs, such as ACE inhibitors and
β-blockers, are likely contributors to the improved outcomes.
The authors speculate that the differences observed between
men and women may reflect different causes of HF. For ex-
ample, hypertension is a predominate cause of HF in women,
whereas more men have prior MI as a contributor to HF.

The second report (a review article) more directly addresses
the question of use of digoxin in men compared with women.229

As previously discussed, the DIG Trial reported approximately
equal mortality rates (35%) in subjects with HF randomized
to either placebo or digoxin, while continuing usual doses of
diuretics and ACE inhibitors.139 A 12% reduction was found
in the rate of death from HF in the digoxin group, but a corre-
sponding increase was noted in death presumed to be caused
by arrhythmias. On retrospective post hoc analysis of the DIG
study data, it was discovered that women overall had a lower
death rate from any cause than men (31.0% vs. 36.1%, p =
0.001), an absolute difference of 5.8%.229 The death rate was
also lower among women in the placebo group than among
men taking placebo (28.9% vs. 36.9%; p = <0.001). Like-
wise, women taking digoxin had a lower death rate than men
taking active drug (33.1% vs. 35.2%), but this difference
was not statistically different (p = 0.034). A surprising find-
ing was that women taking digoxin had a higher death rate
than women taking placebo (33.1% vs. 28.9%), whereas death
rates in men where essentially equal in both groups. The au-
thors speculate that a possible mechanism for the increased

risk of death among women taking digoxin is an interaction
between hormone-replacement therapy and digoxin. Proges-
terone might increase serum digoxin levels by inhibiting PGP,
thus reducing digoxin renal tubular excretion. Consistent with
this hypothesis, digoxin serum concentrations after 1 month
of digoxin intervention were higher in women than in men.
The study investigators, however, did not routinely gather data
on estrogen and hormone replacement therapy or consistently
measure serum digoxin levels later in the trial. Because these
observances are a retrospective, it is difficult to establish the
clinical significance of the data and it is premature to argue
against the use of digoxin in women. Nonetheless, it is prudent
to recommend keeping serum digoxin concentrations <1.0 to
1.2 ng/mL in all patients and avoid hormone replacement ther-
apy in women with HF when taking digoxin.

Loading Dose

33. Can A.J. be started with a properly chosen digoxin mainte-
nance dose, or is a loading (digitalizing) dose necessary?

Loading doses of digoxin are rarely necessary. Slow ini-
tiation of therapy with maintenance doses of digoxin in lieu
of a loading dose is the method of choice for ambulatory or
non-acutely ill patients with normal renal function. Even in
the acute care setting, no indication exists for loading doses of
digoxin for HF alone. The exception might be if the patient has
AF and it is desired to control ventricular response as quickly
as possible. Even then, alternative drugs are likely to be used
(see Chapter 19, Cardiac Arrhythmias).

The main disadvantage to foregoing a loading dose is the de-
lay in accumulating maximal body glycoside stores and achiev-
ing therapeutic effects. The time required to achieve 92% of
plateau concentrations of a drug administered on a routine ba-
sis at maintenance doses is four half-lives. Thus, a patient with
normal renal function (t1/2 = 1.8 days) given a daily dose of
0.125 mg of digoxin will reach peak serum concentration in
approximately 7 days. If the same patient was anephric (t1/2 =
4.4 days), it would take 17 days to reach plateau, and the max-
imal concentration would be approximately 2.5 times that of
a healthy subject receiving the same dose. Slow digitalization
can delay the onset of toxic signs, which could go unrecognized
if the patient is at home.

A further argument against using a loading dose is that no
evidence indicates that achieving a steady-state serum con-
centration quicker has any demonstrable effect on the time to
reduction of HF symptoms. In any case, the full benefit of
digoxin can be delayed for several days or weeks. Thus, clin-
icians should avoid rapidly increasing doses. For example, it
would be improper to increase a patient’s maintenance dose
after 3 days if no clinical improvement had been observed.

A.J. is in moderate to severe HF and in the hospital. It could
be argued that a loading dose of digoxin would be safe in this
environment and possibly could speed his therapeutic response.
Nonetheless, the logical decision is to forgo a loading dose.

Serum Level Interpretation

34. What is the target serum digoxin concentration for A.J.?

The target therapeutic serum digoxin concentration is 0.5
to 1.2 ng/mL (mean, 0.75 ng/mL). Many older textbooks, re-
view articles, and clinical trials contain the prior standard of
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targeting serum digoxin concentrations in the range of 0.8 to
2 ng/mL, or a mean of 1.0 ng/mL. These older recommenda-
tions should be abandoned. Factors driving this change are
information suggesting that the positive hemodynamic and
neurohormonal effects of digoxin can be achieved at lower
serum concentrations than those needed to induce a positive
inotropic effect (see digoxin pharmacology discussion in the
introduction to this chapter),63–66 use of digoxin as an adjunct
to vasodilator therapy instead of as the primary intervention,
and allowance for possible overestimation of the patient’s renal
function because of fluctuating control of HF. The correlation
between serum digoxin concentrations and both therapeutic
and toxic responses is considered in greater detail in Ques-
tions 36 and 41.

Maintenance Dose

35. As predicted, A.J.’s renal function improved with diuresis
and IV NTG. The latest values are BUN 24 mg/dL and SrCr
0.8 mg/dL. Determine the appropriate maintenance dose of
digoxin for A.J.

The usual maintenance doses of digoxin have traditionally
ranged from 0.125 to 0.25 mg/day. With the increased empha-
sis on targeting lower serum concentrations, more patients are
now empirically started at 0.125 mg/day. For example, because
A.J. is of average body size, is relatively young, and has es-
sentially normal kidney function, he empirically would have
been started on a 0.25 mg/day maintenance dose in the past. A
0.125 mg dose, however, is recommended for him now. It is
safest to start with a conservative dose and assess his needs
after 1 to 2 weeks.

In all cases, smaller doses of digoxin are given to patients
with impaired excretion rates (e.g., those with renal failure,
older patients) or small-framed individuals. For example, a
totally anuric patient may receive only 0.0625 mg/day. Because
of the long half-life of digoxin, all patients are given a single
daily dose.

Monitoring Parameters

36. Even after hearing the dosing principles from the prior
question, A.J.’s physician decided to use a dose of 0.25 mg/day
of digoxin because of his experience in using this size dose pre-
viously. How should A.J.’s digitalis therapy be monitored? How
useful are digoxin serum levels in monitoring therapy?

No clear therapeutic end point exists for digitalis therapy.
Nonspecific ECG changes (ST depression, T-wave abnormal-
ities, and shortening of the QT interval) correlate poorly with
both toxic and therapeutic effects of the drug.70,71 Although
digoxin serum levels are readily available from most clinical
laboratories, no “therapeutic level” and corresponding “toxic
level” are clearly defined.

SERUM LEVEL INTERPRETATION
As stated in Question 34, a serum digoxin concentration

of 0.5 to 1.2 ng/mL is now considered therapeutic because
the beneficial parasympathomimetic and antiadrenergic effects
of digoxin occur at lower concentrations than the inotropic
effects. Interestingly, a recent post hoc analysis of the DIG
trial, found that patients with serum digoxin concentrations
in the range of 0.5 to 0.8 ng/mL had lower all-cause mor-

tality rates than patients with serum concentrations in either
the 0.9 to 1.1 ng/mL range or >1.2 ng/mL.139,230 A few pa-
tients, especially if they are hypokalemic or hypomagnesemic,
will manifest apparent signs of toxicity when serum digoxin
concentrations are <1 ng/mL. At the other extreme, some pa-
tients tolerate concentrations >2 ng/mL with no signs of overt
toxicity. Such overlap between therapeutic concentrations and
toxic levels limits the absolute value of serum level monitor-
ing. Serum levels can be used as a guide in confirming sus-
pected toxicity or in explaining a poor therapeutic response,
but clinical evaluation ultimately remains the best therapeutic
guide. The correlation between serum digoxin concentrations
and toxicity is considered in greater detail in Questions 40
and 41.

When interpreting serum digoxin concentrations, several
procedural problems and patient characteristics must be taken
into account. These include proper timing of sample collection,
the effects of exercise, assay technique, and possible interfering
substances in the patient’s blood. A discussion of each of these
factors follows.

Following an IV bolus dose or a single oral dose, equilibra-
tion of digoxin between the blood and tissues is slow. Because
of this slow distribution phase, digoxin levels obtained <6 to
8 hours after the last dose may be falsely elevated and can lead
to a misdiagnosis of toxicity. At steady-state, serum digoxin
concentrations obtained after 24 hours (just before the next
dose) are considered most reliable. If a sample is obtained ran-
domly, the time of the last dose should be carefully noted.

Physical activity increases binding of digoxin to skeletal
muscle; by redistributing the drug from the blood to the tissue, a
lower serum digoxin concentration is observed clinically.231,232

The more strenuous the exertion, the greater the magnitude of
effect, but even daily physical activity such as walking can de-
crease serum digoxin concentration by 20%.232 About 2 hours
of supine rest is required for digoxin levels to reach a new
steady state. Clinical consequences of this effect might be the
inappropriate increase of the digoxin dose or failure to iden-
tify a possible toxic level in a patient who has a serum digoxin
concentration drawn soon after walking briskly.

Similarly, a patient’s serum digoxin concentration while
hospitalized might be higher than serum digoxin concentra-
tions drawn as an outpatient even with no dose change. Con-
versely, other investigators concluded that the changes in con-
centration are not clinically relevant during everyday activity
and may only be of consequence for patients with large dif-
ferences in activity level in the time surrounding the blood
draws.232 Obviously, a standardized approach to obtaining
blood samples is key to the appropriate interpretation of re-
sults.

INTERFERING SUBSTANCES
In addition to the poor correlation between serum digoxin

concentration and clinical effect, both endogenous and exoge-
nous substances can interfere with the digoxin assay.233–235

This is complicated further by the existence of a multitude of
different assay methodologies, some of which are more suscep-
tible to interference than others. All the tests are based on im-
munoassay methods, including several different fluorescence
polarization immunoassays (FPIA) and numerous enzymatic
immunoassays (e.g., CLIA, EMIT, TDx, ACA, Dimension,
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Vitros). Among potential interfering substances are drugs and
chemicals that are structurally similar to digoxin, most notably
spironolactone (Aldactone) and possibly corticosteroids. Some
assays also measure accumulated digoxin metabolites.

Other patient groups may have “endogenous digoxin-like
substances” in their blood, imparting falsely elevated measure-
ments. This has been noted in patients with liver and renal
failure, pregnant women, and 2- to 6-day-old neonates. One
theory is that excess bile acids in neonates or patients with
liver or renal disease may be a source of endogenous digoxin-
like immunoreactive factors (DLIF).234 In some of these patient
groups, “digoxin levels” as high as 1.4 ng/mL may be measured
without any drug in the body. It is essential that anyone moni-
toring serum digoxin levels be aware of which assay method is
used in their laboratory and which substances can cause false–
positive reactions. New turbidimetric digoxin immunoassays
and enzyme-linked immunosorbent digoxin assays minimize
or almost completely eliminate interference with DLIF, but
enzymatic immunoassays are still the standard assay being uti-
lized in United States laboratories.233,235,236

CLINICAL EVALUATION
As with diuretic and vasodilator therapy, clinical monitor-

ing is the key to evaluating adequacy of digitalis therapy. As
A.J. begins to improve, he should have less dyspnea and com-
plain less of orthopnea; venous distention and signs of pul-
monary congestion will diminish or disappear; diuresis (mon-
itored through urinary output and weight loss) may increase;
and a lower HR may be observed.

The response of HR to digitalis can vary, depending on
the patient’s underlying disease. Because bradycardia and
other rhythm disturbances may herald digitalis toxicity, daily
monitoring of A.J.’s pulse will be needed until his condition
and serum levels have reached a steady state. Ankle edema
does not mobilize immediately and is a poor therapeutic end
point.

Factors That Alter Response

37. Two days after starting digoxin, A.J. was discharged from
the hospital. After 10 days of taking a maintenance dose of
0.25 mg, a serum digoxin level drawn during a clinic visit was re-
ported as 0.7 ng/mL. Examination in the outpatient clinic 2 weeks
later revealed that he had become progressively dyspneic and ede-
matous since his hospital discharge. A STAT serum digoxin level
at 3:00 PM was 0.3 ng/mL. A.J. had taken his dose of digoxin at
8:00 AM. What are some possible explanations for these events?

As stated in Question 36, serum levels are not an absolute
guide to monitoring digitalis therapy. A partial explanation
could be that A.J. was not at rest when the level was drawn.
In this case, however, the low serum levels are accompanied
by deterioration in his symptoms of HF. We can be reason-
ably sure of the accuracy of the serum concentration mea-
sured because it was drawn at the appropriate time (i.e., at
steady-state and at least 6 to 8 hours after the last dose); fur-
ther, A.J.’s responses were compatible with the reported level.
When doubt exists regarding the reliability of a reported serum
level, the laboratory should be asked to repeat the measure-
ment.

PATIENT ADHERENCE
Patient adherence must definitely be taken into considera-

tion whenever unusually low serum concentrations are seen or
a lack of response to any drug is observed. It is possible that
A.J. is a poor complier because his BP was high on his first
admission. He should be carefully counseled on the proper use
of his medications.

DIGOXIN MALABSORPTION
Alteration of the absorption of digoxin following oral ad-

ministration in patients with malabsorption syndromes has
been studied.68,237 Finding was that poor and erratic absorption
occurred in patients with malabsorption states, such as sprue,
short-bowel syndrome, and rapid intestinal transit. Other inves-
tigators studied digoxin bioavailability in malabsorptive states,
but could not demonstrate large differences in serum digoxin
concentrations. They found, however, that use of more soluble
forms, such as liquid-filled capsules, gave a better absorption
than conventional tablets.68

ALTERED DIGOXIN METABOLISM
Altered digoxin metabolism is rare, but should be con-

sidered. One patient has been described who required 1 to
2 mg digoxin daily to control AF.238 Although her half-life
for digoxin was the same as control subjects, she metabo-
lized a greater percentage of digoxin to cardioinactive prod-
ucts. Also, as previously stated, approximately 10% of persons
given digoxin demonstrate bacterially mediated metabolism of
the drug in the GI tract leading to a relative decrease in total
amount of drug absorbed.75

Concurrent metabolic abnormalities can decrease the re-
sponsiveness of digoxin. Hypocalcemia has been reported to
cause a digitalis resistance, as has hyperthyroidism70,71 (see
Chapter 49, Thyroid Disorders).

Drug Interactions
QUINIDINE

38. As suspected, A.J. was found to have been taking his digoxin
only sporadically. After being counseled on the importance of
good adherence, he was restarted on 0.25 mg/day. He did well
for the next 6 months until he noted the onset of palpitations,
which were diagnosed by ECG as atrial fibrillation. A digoxin level
drawn at that time was 1.2 ng/mL, but all other laboratory tests
were normal. He began quinidine sulfate at a dosage of 200 mg
QID with rapid resolution of the atrial fibrillation. Four days later,
during a follow-up clinic visit, he was noted to have bradycardia
with a pulse rate of 50 beats/minute. He also complained of nausea,
dizziness, and weakness. His digoxin level was 2.0 ng/mL. What
factors could be contributing to the apparent digitalis toxicity
in A.J.?

In the past, quinidine and digoxin were frequently used ad-
junctively in the treatment of AF: digoxin to control ventricular
response by decreasing AV node conduction, and quinidine to
decrease atrial irritability. With the advent of newer drugs, this
combination has largely fallen out of favor. Reports show that
>90% of patients previously stabilized by digoxin who sub-
sequently begin quinidine experience a 2- to 2.5-fold increase
in serum digoxin levels.239–241 The actual magnitude of effect
is highly variable and may depend on the dose of quinidine
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administered. Little change is seen with quinidine doses of
<500 mg/day. Serum digoxin concentrations usually begin to
rise within 24 hours of starting quinidine and reach a new
steady state in about 5 days. Conversely, when quinidine is dis-
continued, digoxin concentrations return to prequinidine levels
in about 5 days.

Several conflicting effects of quinidine on digoxin pharma-
cokinetics have been observed.71,74 The most consistent find-
ing is a 40% to 50% decrease in total body clearance of digoxin;
much of this change is accounted for by decreased renal clear-
ance.

The nonrenal clearance of digoxin also is affected by quini-
dine as evidenced by up to a doubling of digoxin plasma lev-
els after addition of quinidine in patients with chronic renal
failure.242,243 A reduced volume of distribution has been ob-
served in some individuals, but this is not a consistent find-
ing. Digoxin’s half-life does not change, probably because the
changes in distribution and clearance tend to counterbalance
each other. A unifying mechanism to explain all of these obser-
vations is the ability of quinidine to inhibit PGP-mediated drug
transport in the kidney, intestine, and possibly the liver.71,73,74

Under usual conditions, digoxin enters the renal tubule via
both glomerular filtration and renal tubular secretion, the latter
mechanism being under the influence of PGP-mediated trans-
port. Inhibition of PGP by quinidine in the kidney partially
blocks the tubular secretion step, thus decreasing renal clear-
ance of the digoxin. In the intestines, PGP facilitates active
transport of absorbed digoxin back into the intestinal tract. The
net effect of inhibition of gut PGP by quinidine is increased
bioavailability of digoxin.

Digoxin is found in only small concentrations in the plasma,
with most of the drug being distributed to lean body tissues
(e.g., skeletal and cardiac muscle). Despite clear evidence that
serum digoxin levels are increased with quinidine, much less is
known about the importance of this interaction on the heart and
the clinical effects that ensue. Because both of these drugs can
individually cause GI intolerance (e.g., nausea, vomiting, diar-
rhea), AV block, and bradycardia, it is difficult to differentiate
simple additive effects from a true drug interaction without
measuring serum level changes. One 9-month study of hos-
pital admissions for suspected digitalis toxicity observed that
50% of patients treated with the quinidine–digoxin combina-
tion had ECG evidence of digoxin toxicity compared with 5%
of patients taking digoxin alone or in combination with ve-
rapamil or amiodarone.244 Conversely, many patients tolerate
the increased serum levels of digoxin with no apparent adverse
consequences.

Faced with the complexity of this interaction, it is difficult
for the clinician to plan a course of action when using these two
drugs together. It has been suggested that the dose of digoxin be
reduced by 50% when adding quinidine. Although this might
minimize bradycardia, ventricular tachyarrhythmias, and GI
effects, it also can lead to a loss of desired neurohormonal
or positive inotropic effects. A more rational approach is to
use smaller doses of digoxin in all patients, whether or not
they are taking quinidine. Then, when adding quinidine, pa-
tients can maintain their previous digoxin dose with careful
clinical monitoring for undesirable side effects. If necessary,
a serum digoxin level can be obtained after 5 to 7 days of
concurrent therapy. If it exceeds 1.2 ng/mL, the dose can be
decreased. Concentrations in excess of 2.0 ng/mL are a definite

cause for concern. A.J. should have his digoxin dose reduced to
0.125 mg QD.

Treatment of Supraventricular Arrhythmias in Heart Failure
DIGOXIN DRUG INTERACTION WITH AMIODARONE AND PROPAFENONE

39. Quinidine was started in A.J. because of atrial fibrilla-
tion. What alternatives to quinidine and digoxin could be rec-
ommended for A.J.? What other potential drug interactions does
this present?

Supraventricular arrhythmias are frequently encountered in
HF because volume or pressure overload can cause atrial dis-
tention and irritability. Specifically, atrial fibrillation is present
in 25% to 50% of patients with advanced HF, contributing to
reduced exercise capacity, increased risk of pulmonary or sys-
temic emboli, and worse long-term prognosis.6,245 As in any
patient with these arrhythmias, drug therapy should be aimed
at controlling ventricular rate and preventing thromboembolic
events. Cardioversion to normal sinus rhythm is unlikely to
be successful. Left ventricular function and clinical status fre-
quently improve after controlling atrial fibrillation, however,
whether or not normal sinus rhythm is restored.

Digoxin slows the ventricular response associated with
atrial fibrillation and, thus, is a logical choice in patients with
concurrent HF. A potential limiting factor is that digoxin’s
AV blocking properties are most evident at rest, but are less
consistent during exercise. Hence, digoxin may be ineffective
at controlling exercise-induced tachycardia that limits the pa-
tient’s functional capacity. β-Blockers are more effective than
digoxin during exercise.246–248 Propranolol or atenolol are the
β-blockers of choice in patients without HF, but metoprolol is a
better choice in those with HF because of its proved role in HF
management. If digoxin, β-blockers, or both are ineffective,
amiodarone is another useful alternative. Verapamil and dilti-
azem are not appropriative choices for rate control in patients
with HF because of their negative inotropic effects.

The benefits of restoring sinus rhythm remain unclear (see
Chapter 19, Cardiac Arrhythmias.) Most patients who are elec-
trically cardioverted revert to atrial fibrillation in a short time.
The use of most other antiarrhythmic agents (e.g., quinidine,
procainamide, propafenone, and other class II antiarrhyth-
mics), except amiodarone, is associated with worse progno-
sis because of proarrhythmic effects and should be avoided.
Warfarin is required for patients with AF, but not for other pa-
tients with HF. Finally, atrioventricular nodal ablation may be
needed if tachycardia or bothersome symptoms persist despite
aggressive pharmacologic intervention.

A.J. developed AF while already taking a relatively high
dose of digoxin (0.25 mg/day) and metoprolol. As discussed
above, quinidine is not the best choice because of its drug in-
teraction potential and side effects, most notably the potential
to cause other life-threatening arrhythmias. One alternative is
to discontinue quinidine, keep the digoxin dose at 0.25 mg
QD, and continue metoprolol. If his AF-associated palpita-
tions persist, amiodarone should be started. (See Chapter 19,
Cardiac Arrhythmias, for dosing of amiodarone in supraven-
tricular tachyarrhythmias.) Because amiodarone is also a PGP
inhibitor with a documented ability to reduce digoxin clear-
ance in a manner similar to that described with quinidine, A.J.’s
digoxin dose will need to be lowered to 0.125 mg.71,73 The on-
set of the interaction may not be apparent for a prolonged time
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because of the long half-life of amiodarone. As serum con-
centrations of amiodarone slowly increase, digoxin clearance
and bioavailability will be changing simultaneously. The net
effect may be easily overlooked, but can result in increased
serum concentrations of 30% to 60%. Similarly, propafenone
increases digoxin steady-state concentrations by 30% to 60% in
a dose-dependent fashion over the range of 450 to 900 mg/day
of propafenone.71,249

Other Digoxin Drug Interactions

40. What other potential drug interactions with digoxin might
affect A.J.’s therapy?

Two comprehensive reviews of cardiac glycoside drug in-
teractions have been compiled.239,250 Since publication of
these earlier reviews, a greater understanding of PGP-mediated
drug interactions has evolved.73,74 A brief summary of all
digoxin interactions is found in Table 18-15. Two of the better-
documented interactions (quinidine and amiodarone) were dis-
cussed in the previous cases. Others drugs recently recognized

as raising digoxin serum concentrations through PGP inhibi-
tion include atorvastatin (increased intestinal absorption),251

CCB (especially verapamil and diltiazem),252 erythromycin
and clarithromycin (reduced renal digoxin clearance),253,254

and cyclosporine. Conversely, rifampin255 and St. John’s
Wort256 reduce oral digoxin bioavailability and serum con-
centrations via induction of intestinal PGP. Mylanta is the only
drug listed in Table 18-15 that A.J. was taking. He should be
counseled to avoid antacids within 1 or 2 hours before or 1 hour
after a dose of digoxin or to use a nonprescription histamine2
receptor blocker.

Digitalis Toxicity
SIGNS AND SYMPTOMS

41. Digoxin was prescribed for Z.T., a 70-year-old man with
mild HF. The label on his prescription bottle instructed him to
take one tablet (0.25 mg) BID for 3 days, then one tablet daily
thereafter. Ten days later Z.T. returned to the clinic complaining
of extreme fatigue, anorexia, nausea, and a “funny” heart beat.

Table 18-15 Digoxin Drug Interactionsa

Drugb Effect

Drugs Lowering Serum Digoxin Concentration
Antacids ↓Bioavailability via adsorption in gut
Cancer chemotherapy Possible ↓bioavailability (especially combinations of cyclophosphamide and vincristine)
Cholestyramine (Questran) ↓Bioavailability via adsorption in gut
Colestipol (Colestid) ↓Bioavailability via adsorption in gut
Kaolin-pectin ↓Bioavailability via adsorption in gut
Laxatives ↓Bioavailability via gut hypermotility
Metoclopramide (Reglan) ↓Bioavailability via enhanced gastric emptying (slow-release digoxin only)
Neomycin Malabsorption of digoxin
Psyllium hydrophilic mucilloid (Metamucil)

and dietary bran fiber
Possible ↓bioavailability via adsorption in gut

Rifampin255 Probable induction of intestinal P-glycoprotein causing ↓bioavailability.
↓Serum concentration after oral, but not IV digoxin. No change in digoxin renal clearance or half-life.

St. John’s Wort256 Possible induction of P-glycoprotein
Sulfasalazine (Azulfidine) Malabsorption of digoxin

Drugs Raising Serum Digoxin Concentration
Alprazolam329 ↑Serum digoxin levels by unknown mechanism
Amiodarone (Cordarone)71,73 ↑Serum digoxin levels by unknown mechanism
Atorvastatin251 20% increase in serum digoxin concentration with 80 mg dose, minimal effect with 20 mg dose.

Speculated to inhibit intestinal P-glycoprotein, but not proven
Calcium channel blockers71,73,252 (See

Question 56)
Inhibition of P-glycoprotein. Best documented with verapamil.

Captopril191 Inhibition of digoxin renal clearance by unknown mechanism
Clarithromycin253,254 Inhibition of P-glycoprotein, decreased digoxin renal clearance
Cyclosporine71,73 Inhibition of P-glycoprotein, decreased digoxin renal clearance
Erythromycin ↑Bioavailability in persons who normally metabolize digoxin in intestinal tract. May also inhibit

P-glycoprotein in gut.
Itraconazole330 ↑Serum digoxin levels by unknown mechanism
Omeprazole331,332 ↑Bioavailability (slight) due to altered gut metabolism
Propafenone71,249 Inhibition of P-glycoprotein
Quinidine (see Question 38)71,73,74,239–244 Inhibition of P-glycoprotein; decreased digoxin renal clearance and increased bioavailability.
Propantheline (Pro-Banthine) ↑Bioavailability via slowed gastric emptying (slow-release digoxin only)
Telmisartan333 Unknown mechanism. Increased peak serum concentration 3–4 hr after dose, but only slight increase

in 24 hr AUC or trough serum concentration

aReferences 71, 239, and 250 include a discussion of many of these interactions that do not include a specific reference citation.
bReference numbers.
AUC, area under curve.
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Close questioning and a “tablet count” disclosed that Z.T. failed
to decrease his digoxin to 0.25 mg/day. An ECG revealed multiple
premature ventricular contractions (PVC) and second degree AV
block. A STAT serum digoxin level was 2.8 ng/mL. What signs
and symptoms in Z.T. are consistent with digitalis toxicity? What
are some other adverse effects of digitalis?

This case illustrates a risk of using digoxin loading doses
and one of several ways that digitalis toxicity might present.
The clinical presentation of digitalis toxicity is unpredictable.
In some cases, a high serum digoxin level without any ap-
preciable adverse effects is the only clue to possible digitalis
toxicity. In other patients, such as Z.T., a multitude of symp-
toms can be present, including both noncardiac signs (e.g., GI
complaints) and rhythm disturbances (e.g., palpitation, heart
block, arrhythmias).

The most important adverse effects are those relating to the
heart. A common misperception is that GI or other noncardiac
signs will precede cardiac toxicity. To the contrary, cardiac
symptoms precede noncardiac symptoms of digitalis toxicity
in up to 47% of cases. Frequently (26%–66%), nonspecific
arrhythmias are the only manifestation of toxicity, with esti-
mates that rhythm disturbances occur in 80% to 90% of all
patients with digitalis toxicity.257 On the other hand, rhythm
disturbances in patients taking digitalis are not always related
to toxicity. In one study of 100 consecutive patients with sus-
pected digitalis-induced arrhythmias, only 24 were confirmed
as being toxic as defined by resolution of cardiac irritability
following drug withdrawal. In the other 76 patients, the dys-
rhythmia persisted long after drug removal.258

Most known arrhythmias can occur as a result of digoxin
toxicity. Decreased conduction velocity through the AV node
presents as a prolonged PR interval (first-degree AV block) and
is seen in many patients with therapeutic levels of digitalis. As
exemplified in Question 38, however, higher concentrations of
digitalis can impair conduction and result in bradycardia or a
variable block (second-degree AV block). With severe toxic-
ity, complete (third-degree) AV block results in dissociation
of the atrial and ventricular rates with a slow idioventricular
rate predominating. AV block also may predispose patients to
accelerated junctional rhythms. Increased automaticity of the
atria can cause multifocal atrial tachycardia (MAT) with block,
paroxysmal atrial tachycardia (PAT) with block, or atrial fi-
brillation.

Ventricular arrhythmias (as seen in Z.T.) are among the most
common rhythm disturbances caused by digitalis toxicity and
include unifocal and multifocal PVC, bigeminy (every other
beat is a PVC), trigeminy, ventricular tachycardia, and ventric-
ular fibrillation. Comprehensive reviews are available on the
topic of digitalis-induced arrhythmias.257,258

Hyperkalemia can develop as a consequence of massive
digitalis poisoning.259 Toxic doses of digitalis severely poison
the Na+ -K+ -ATPase system, causing inhibition of the uptake
of potassium by the myocardium, skeletal muscle, and liver
cells. The shift of potassium from inside to outside the cell can
result in significant hyperkalemia, especially in patients with
underlying renal insufficiency. These same patients also are
likely to accumulate digoxin in the body because of decreased
clearance of the drug. Cardiac ectopy can be potentiated by the
increase in serum potassium, especially when the potassium

concentration exceeds 5 mEq/L. Paradoxically, in patients with
good renal function, hyperkalemia can enhance renal excretion
of potassium, resulting in a deficit in total body potassium
despite the continued high serum concentration of potassium.

Vague GI symptoms characteristic of digitalis toxicity are
difficult to evaluate because anorexia and nausea are also part
of H.F.’s clinical picture. During one prospective clinical study,
an equal frequency of anorexia and nausea occurred in both
toxic and nontoxic patients taking digoxin.260 Anorexia may be
the earliest symptom, followed in 2 to 3 days by nausea. More
than 25% of patients have GI symptoms for >3 weeks before
diagnosis. Nonspecific abdominal pain and bloating caused
by nonocclusive mesenteric ischemia secondary to digitalis-
induced vasoconstriction also has occurred.

Central nervous symptoms of digitalis are common, pos-
sibly associated with potassium depletion in neural tissue.
Chronic digitalis intoxication resulting from misformulation
was observed in 179 patients.260 Acute extreme fatigue or vi-
sual disturbances were a complaint in 95% of these patients.
Approximately 80% experienced weakness of the arms and
legs, and 65% had psychic disturbances in the form of night-
mares, agitation, listlessness, and hallucinations. Hazy vision
and difficulties in both reading and red-green color perception
frequently were present. Other complaints included glitterings,
dark or moving spots, photophobia, and yellow-green vision.
Disturbances in color vision returned to normal 2 or 3 weeks
after discontinuation of digitalis.

Interestingly, six elderly patients had apparent digitalis-
induced visual disturbances at serum concentrations below
those considered to be toxic (all <1.5 ng/mL; range, 0.2 to
1.5 ng/mL).261 Five of the reactions were described as pho-
topsia (seeing lights not present in the environment) and one
person had decreased visual acuity. Color vision disturbances
or seeing color lights, both well-described with digitalis tox-
icity, were absent. The symptoms went away in all but one
subject when digoxin was discontinued.

Some prospective studies showed a good correlation be-
tween serum digoxin levels and toxicity,260,262,263 whereas
other investigators found a poor correlation.264,265 In one study,
87% of digitalis-toxic patients had levels >2 ng/mL and 90%
of nontoxic patients had levels <2 ng/mL. Conversely, other
investigators found that nearly 50% of subjects with a serum
digoxin level >3 ng/mL were clinically stable without signs
of digitalis toxicity.264 In the largest series studied to date,
the average serum digoxin concentration in documented toxic
patients (i.e., those with a suspected digitalis-induced arrhyth-
mia that disappeared after drug withdrawal) was 2.9 ng/mL
compared with 1.0 ng/mL in patients with suspected digi-
talis toxicity, but in whom the arrhythmia persisted after drug
withdrawal.258 Approximately 38% of documented toxic pa-
tients, however, had serum digoxin concentrations <2 ng/mL
(false–negative test results). Once levels exceed 6 ng/mL, the
risk of mortality greatly increases.266

Because a significant overlap between toxic and therapeu-
tic levels exists, serum level determinations are currently most
useful as an aid in confirming suspected digitalis toxicity and
in individualizing dosing regimens so that toxicity might be
avoided. In particular, subjects with low serum potassium con-
centrations can demonstrate digitalis toxicity at lower serum
digoxin concentrations.267
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Allergic reactions to digitalis are rare. Unilateral or bilateral
gynecomastia is observed during chronic digoxin administra-
tion and is reversible on withdrawal of the drug. This latter
effect may occur in addition to the gynecomastia seen with
spironolactone.

PREDISPOSING FACTORS

42. B.V., a 64-year-old alcoholic man, is admitted to the hospi-
tal with a 3-day history of epigastric pain radiating to the back
and associated with nausea and vomiting. B.V. also has cirrhosis
of the liver and mild HF that is well controlled with furosemide
80 mg/day, ramipril 2.5 mg BID, and digoxin 0.25 mg/day. He has
a 3-year history of severe rheumatoid arthritis, which is moder-
ately relieved with NSAID and prednisone 15 mg/day. Because the
initial impression was acute pancreatitis, B.V. was placed on a na-
sogastric suction and 3 L of D51/4 NS daily. The next evening, the
laboratory report disclosed the following: Na, 136 mEq/L (nor-
mal, 136–144 mEq/L); K, 2.3 mEq/L (normal, 3.5–5.3 mEq/L);
Cl, 90 mEq/L (normal, 96–106 mEq/L); bicarbonate, 32 mEq/L
(normal, 23–28 mEq/L); Mg, 1.3 mEq/L (normal, 1.7–2.7 mEq/L);
creatinine, 0.8 mg/dL (normal, 0.5–1.2 mg/dL); AST, 80 U (nor-
mal, 40 U); alkaline phosphatase, 130 U (normal, 80 U); amy-
lase, 1,200 U (normal, 4–25 U); digoxin, 1.8 ng/mL; and ClCr,
100 mL/minute (normal, 100–125 mL/minute). An ECG showed a
HR of 70 beats/minute with occasional PVC and runs of bigeminy.
What factors predispose B.V. to digitalis toxicity?

[SI units: Na, 136 mmol/L (normal, 134–144); K, 2.3 mmol/L (normal,

3.5–5.3); Cl, 90 mmol/L (normal, 96–106); bicarbonate, 32 mmol/L (normal,

23–28); Mg, 0.65 mmol/L (normal, 0.85–1.35); creatinine, 70.72 mmol/L

(normal, 44.2–106.08); AST, 80 U/L (normal, 40); alkaline phosphatase,

130 U/L (normal, 80); amylase, 1,200 U/L (normal, 4–25); and ClCr,

1.67 mL/sec (normal, 1.67–2.08)]

This is an example of a subtle presentation of digitalis tox-
icity. The serum level is in the high end of the therapeutic
range. Nevertheless, B.V. shows clinical signs of digitalis tox-
icity (e.g., PVC and bigeminy). His renal function is normal,
so digoxin renal clearance should not be significantly altered.
The major contribution to toxicity in B.V. is hypokalemia.

The association between digitalis toxicity and hypokalemia
is well recognized. It has been observed that twice as much
digitalis is required to produce toxicity in patients with serum
potassium of 5 mEq/L than in those with a serum potassium
of 3 mEq/L.267 A few patients will develop signs of toxic-
ity with serum digitalis concentrations as low as 1.5 ng/mL if
hypokalemia is present. Therefore, drugs, diseases, and med-
ical maneuvers that induce hypokalemia or reduce the serum
potassium from elevated to normal levels may unmask digitalis
toxicity. A low serum potassium has been observed to increase
the uptake of digitalis by the myocardial tissue.268

B.V. is taking furosemide. All diuretics, with the excep-
tion of potassium-sparing diuretics, can cause hypokalemia
through kaliuresis. In addition, prednisone in high doses pro-
motes potassium excretion in the distal portion of the renal
tubule. B.V.’s prednisone dose should be tapered and eventu-
ally discontinued while one of the newer disease-modifying
drugs is started (see Chapter 43, Rheumatic Disorders). Simi-
larly, diseases in which mineralocorticoid activity is high (e.g.,
Cushing’s disease, hyperaldosteronism) are associated with

low serum potassium levels. B.V.’s history of cirrhosis could
lead to development of portal hypertension and ascites, both
of which are associated with hyperaldosteronism.

Other causes of hypokalemia in B.V. include vomiting and
nasogastric suction. Similarly, hypokalemia can result from
diarrheal losses, including drug-induced diarrhea (e.g., amox-
icillin, quinidine).

Although the relationship of hypokalemia to digitalis toxic-
ity is stressed, hyperkalemia is also a risk factor.259 A bimodal
effect of potassium on the AV node has been observed, whereby
both hypokalemia and hyperkalemia may delay AV nodal con-
duction resulting in bradycardia and compensatory ventricular
ectopy.

B.V. has metabolic alkalosis (HCO3
–, 32 mEq/L) from the

combined effects of diuretic therapy, vomiting, and nasogastric
suctioning of hydrogen ion. Alkalosis results in the redistribu-
tion of potassium intracellularly and an increased renal excre-
tion of potassium, thereby potentiating effects of hypokalemia
(see Chapter 10, Acid-Base Disorders). In addition, alkalosis
in and of itself has been associated with an increased incidence
of digitalis toxicity. This is attributed to an intracellular deple-
tion of potassium caused by increased urinary excretion and
a relative increase in the ratio of extracellular to intracellu-
lar potassium.268 This has the same effect on the membrane
potential as digoxin.

Another metabolic problem that could contribute to digi-
talis toxicity in B.V. is hypomagnesemia. The causes are the
same as for hypokalemia, including diuretic therapy, nasogas-
tric suction losses, and chronic alcoholism. The prevalence of
hypomagnesemia is higher in digitalis-toxic patients; magne-
sium sulfate has been used successfully in the treatment of
digitalis toxicity.269

Although not illustrated by B.V., hypercalcemia theoreti-
cally can predispose patients to digitalis toxicity. The elec-
trical and contractile effects of calcium on the myocardium
are similar to those of digitalis. For this reason, rapid IV in-
fusions of calcium can facilitate the development of digitalis
toxicity, and normal or low doses of digitalis can induce toxi-
city in patients with hypercalcemia (e.g., hyperparathyroidism
or metastatic cancer). The clinical significance of calcium-
induced digitalis toxicity is questionable; there have been no
reports of digitalis toxicity secondary to oral administration of
calcium-containing products.

Age may be an important predisposing factor in the produc-
tion of digitalis toxicity in B.V. The same IV dose of digoxin
administered to elderly and young patients produces higher
serum concentrations of digoxin in the elderly. The higher lev-
els and prolonged half-life observed in these patients are likely
caused by diminished renal clearance of the drug and this pop-
ulation’s smaller body size. It is important to emphasize that,
although the serum creatinine of elderly patients may be within
normal limits, the mean creatinine clearance is reduced.

The response to digitalis also can be altered in the very
young (see Question 45). Lower doses are recommended in
premature infants and neonates (<1 month) because of the
decreased renal function normally observed in newborns.270

Although absorption, tissue distribution, and excretion of
digoxin in infants are similar to those observed in adults, in-
fants excrete a smaller percentage of digoxin metabolites than
adults.
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TREATMENT OF DIGITALIS TOXICITY

43. How should B.V.’s digitalis toxicity be treated?

Withholding Digitalis and Electrolyte Replacement
For many patients without life-threatening arrhythmias or ma-
jor electrolyte imbalances, simple withdrawal of digitalis is the
only treatment required. Although it may take five half-lives
for the drug to be totally eliminated from the body, the serum
concentration will drop to a safe level after one to two half-lives
(2 to 3 days for digoxin) in most individuals.

B.V. does not have significantly elevated digoxin levels, so
his ectopy should disappear rapidly with drug withdrawal. His
major problem is related to hypokalemia that must be cor-
rected. As a general rule, potassium replacement should be
considered in any patient with digitalis-induced ectopic beats
who has low or normal serum potassium levels. Oral admin-
istration is acceptable unless the patient cannot take medica-
tion orally or has life-threatening ectopy. If digitalis-induced
arrhythmias are sufficiently severe to warrant intravenously
administered potassium, the maximal recommended rate of
administration is 40 mEq/hour (preferably 10 mEq/hour) at a
concentration not exceeding 80 to 100 mEq/L. A total of sev-
eral hundred milliequivalents of potassium might be required
to replete body stores. Potassium should be administered with
caution in patients who have conduction disturbances charac-
terized by second-degree or complete AV block because high
doses can further depresses conduction velocity in the AV node.

B.V. has a significant potassium deficit with potentially dan-
gerous arrhythmias but no contraindications to potassium ther-
apy. He should receive 80 to 120 mEq of IV potassium over the
next 24 hours and then be switched to an appropriate oral dose.
He should be monitored for signs and symptoms of potassium
toxicity with frequent ECG tracings (look for tall, peaked T
waves; prolonged PR interval) and serum potassium determi-
nations.

It is important to obtain a serum magnesium concentration
when measuring potassium levels. Patients with a low serum
magnesium level (<1.5 mEq/L) or whose condition fails to re-
spond after potassium repletion should receive a 20 mg/kg (2 g
in an adult) loading dose of magnesium sulfate administered as
a 10% solution over 20 minutes, followed by a continuous infu-
sion at a rate of 0.5 to 2 g/hour to maintain a serum magnesium
level of at least 4 to 5 mEq/L. Magnesium is relatively con-
traindicated in patients with renal failure, hypermagnesemia,
or a high-level AV block. The infusion should be discontinued
if deep tendon reflexes are diminished or serum concentrations
of magnesium exceed 7 mEq/L.

Antiarrhythmic Agents
Patients with bradycardia because of second- or third-degree
AV block should be given IV atropine. The usual atropine dose
is 0.5 to 1 mg over 1 to 2 minutes with a repeat in 15 to
30 minutes if the patient does not respond. Doses <0.5 mg
can paradoxically worsen the AV block. Atropine should be
used with caution in patients with prostatic hypertrophy be-
cause significant urinary retention and postrenal azotemia can
occur. Alternatively, a temporary pacemaker can be placed. Be-
cause B.V.’s HR is 70 beats/minute, atropine is not indicated.

Virtually all of the antiarrhythmic agents have been used
to treat digitalis-induced arrhythmias. Lidocaine and phenyt-
oin have a theoretic advantage over quinidine-like agents be-

cause they do not further depress AV conduction. Phenytoin is
particularly efficacious in the suppression of digitalis-induced
tachyarrhythmias with or without first- or second-degree AV
block. For B.V., potassium replacement will probably be all that
is required. Because of his bigeminy, however, lidocaine could
be administered for a few hours until he has been given suf-
ficient potassium supplementation. (See Chapter 19, Cardiac
Arrhythmias, for dosing guidelines for lidocaine and phen-
ytoin.)

Peritoneal and hemodialysis are ineffective in removing
digoxin from the body, but charcoal hemoperfusion is used
for life-threatening overdoses in patients with renal failure.271

Digoxin Immune Fab

44. All the treatments above are symptomatic. When is a specific
antidote such as digoxin immune Fab indicated?

Most treatment regimens for digitalis toxicity are support-
ive only, either by counteracting the pharmacologic effects of
digitalis or by interfering with further absorption of ingested
tablets. A more definitive treatment consists of administration
of digoxin-specific antibodies that bind digoxin molecules, ren-
dering them unavailable for binding at receptors in the heart and
other areas of the body.272–277 The antibodies bind intravascu-
lar digoxin and also diffuse into interstitial spaces to bind free
digoxin. As the extracellular unbound (free) digoxin concentra-
tion decreases, intracellular digoxin diffuses into extracellular
fluid and becomes available to be bound to the antidigoxin anti-
bodies. A concentration gradient is thus created that promotes
release of digoxin from binding sites. Ultimately, the digitalis–
antibody complex is excreted in the urine. The official name
of this product is digoxin immune Fab, ovine sold under the
brand names of Digibind and DigiFab.

The use of digoxin Fab products is restricted to potentially
life-threatening intoxications (severe arrhythmias or hyper-
kalemia) that are either refractory to more conservative therapy
or associated with extremely high serum concentrations. The
major reason for this approach is the high cost of digoxin Fab.

Digoxin immune Fab is supplied as a lyophilized powder
(38 mg/vial of Digibind, 40 mg/vial of DigiFab) that, after
reconstitution with 4 mL of sterile water for injection, yields
a 10 mg/mL solution that should be used within 4 hours. One
milligram of digoxin immune Fab binds 12.5 mcg of digoxin.
Thus, the contents of one vial will bind approximately 0.5 mg
of digoxin. The actual dose administered varies according to
the estimated amount of digitalis glycoside in the body. For
digoxin, the amount of drug in the body can be estimated by
the formula:

Body load in mg = 5.0(SDC)(Weight in kg)

1,000
(18-2)

where 5.0 is the volume of distribution of digoxin in liters
per kilogram. An oral absorption of approximately 80% for
digoxin is assumed. From this estimate, the total number of
vials required for neutralization is calculated by dividing the
total body load by 0.5 mg/vial. Patients with renal failure have a
smaller volume of distribution of digoxin and thus have higher
serum concentrations for any given dose.

In cases of extremely large single-dose ingestions for which
the results of digoxin serum concentrations are not available,
an empiric dose of 380 to 400 mg (10 vials) is given to an
adult. An additional 380 to 400 mg can be given if needed.
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For patients with toxicity during chronic therapy, 228 to
240 mg (6 vials) is adequate to treat most adults, whereas 38
to 40 mg (1 vial) is appropriate for children weighing <20 kg.
The antibody usually is administered IV over 30 to 45 min-
utes, but it can be given more rapidly if the patient is in acute
distress. It is recommended that the drug be infused through a
0.22-micron filter. Efficacy and safety is the same in children
as in adults.273

Clinical improvement in the signs and symptoms of digi-
talis intoxication should occur within 30 minutes of antibody
administration, with complete reversal of symptoms in 4 hours.
If, after several hours, toxicity has not been adequately reversed
or symptoms reappear, an additional dose can be given. In pa-
tients with renal insufficiency, the digitalis–antibody complex
can be retained in the body for a prolonged time. If retained suf-
ficiently long, Fab fragments could be degraded by the reticu-
loendothelial system, releasing active digitalis glycosides back
into the circulation and necessitating re-treatment. For this rea-
son, it has been proposed to give 50% of the calculated dose
immediately over 15 minutes, then the remaining 50% as a
continuous infusion over 7 hours.274

Immediately after treatment with digoxin-specific Fab, the
active (free or unbound) digitalis concentration decreases to
nearly undetectable levels, but the total (free plus antibody-
bound) digoxin concentration increases. In <1 hour, the total
concentration increases by 10- to 20-fold, peaking in about
10 hours at concentrations often exceeding several hundred
nanometers per liter. The monitoring of serum digoxin levels
following treatment with Digibind is of no value because most
clinical laboratories measure only “total” serum concentrations
of digitalis glycosides, a composite of both “free” and bound
(to protein or Fab) drug.275,276

The Fab fragment–digoxin complex is excreted via the kid-
neys. It takes several days before the entire complex is removed,
allowing routine digoxin assays to once again become reliable.
In one study of patients with varying degrees of renal func-
tion, the half-life of the initial phase of total digoxin decline
was 11.6 hours and the half-life of the second, or terminal,
elimination phase was 118 ± 57 hours.276 Unbound digoxin
serum levels rebound to a mean maximal free digoxin concen-
tration of 1.7 ± 1.3 mmol/L in 77 ± 46 hours, but are delayed
to a greater extent in anephric patients.275 Paradoxical return
of toxicity may be caused either by release of digoxin from
the Fab-digoxin complex or late redistribution of digoxin from
tissue stores into the plasma.274,276 As long as antibodies re-
main in the system, further therapy with digitalis preparations
is compromised because of binding of any new doses. Thus,
monitoring of unbound concentrations is necessary.

Side effects to digoxin-specific Fab antibodies are uncom-
mon, but several cautions must be heeded.277 HF or AF can be
precipitated by the removal of the pharmacologic effects of the
digitalis glycoside. Similarly, as Na+-K+-ATPase enzyme ac-
tivity is restored, hypokalemia can develop. Serum potassium
concentrations must be monitored frequently for the first sev-
eral hours after Fab administration because potassium levels
can drop precipitously as potassium shifts back into cells. This
may require immediate potassium supplementation.

The incidence of hypersensitivity or other allergic reactions
after Fab administration is rare, but the risk after repeated inges-
tions is unknown.277 Skin testing according to the directions in
the digoxin immune Fab package insert should be followed in
individuals at high risk, especially in patients with known aller-

gies to sheep serum or in whom digoxin-specific Fab has been
administered previously. If an accelerated allergic reaction oc-
curs, the drug infusion should be discontinued and appropriate
therapy initiated, including antihistamines, corticosteroids, and
airway management. Epinephrine should be used cautiously in
patients with arrhythmias.

Pediatric Dosing

45. H.H., a 3-year-old girl with a congenital heart defect, is dis-
playing increased symptoms of HF. She is awaiting surgery for
repair of a ventricular septal defect and a damaged aortic valve.
In the meantime, she is to receive digoxin therapy. All laboratory
values, including renal function and electrolytes, are within nor-
mal limits. She weighs 28 lb (12.7 kg). Should digoxin dosing for
H.H. be formulated using the same guidelines as for an adult?
What loading dose and maintenance dose should H.H. be given?

Although many of the general principles that apply to use of
digoxin in adults also apply to children, certain practical con-
siderations and changes in pharmacokinetic parameters must
be considered.270 Dosing in children is complicated by rapid
changes in body size and tissue distribution, GI motility, and
maturation of the liver and kidney.

Most children cannot swallow conventional tablets or cap-
sules and must be given the liquid (elixir) dosage form. Al-
though the pediatric population does not differ significantly
from adults in their ability to absorb digoxin, large individual
variability is noted and the elixir is generally more bioavailable
than the tablets (Fig. 18-1).

An important difference is noted between children and
adults in regard to tissue uptake and volume of distribution of
digoxin. As noted previously, the average adult has a steady-
state digoxin volume of distribution of 6.7 L/kg. Greater vari-
ability is seen in very young to older children with volume of
distribution reported to be 7.5, 16.3, and 16.1 L/kg in neonates,
11-month-old infants, and children, respectively.270 Children
have slightly higher digoxin protein-binding than adults, but
neither group has a high enough percentage bound (i.e., <50%)
to significantly affect tissue concentrations of the drug.

As in adults, clearance and half-life of digoxin in children
are highly dependent on renal function and, to a lesser degree,
on metabolism and biliary excretion. Elimination data in chil-
dren are limited by the small number of available reports and
the absence of studies in healthy pediatric subjects; nonethe-
less, a few generalizations can be made. Total body clearance is
significantly impaired in premature and term neonates (with t1/2
ranging from 61–170 hours). Older children and adolescents
clear the drug at approximately the same rate as adults. These
findings are consistent with poorly developed renal function in
premature or young newborns, but the kidney becomes highly
functional by 1 month of life and function approaches that of
an adult by 1 year of age.

From these data, can be surmised that after the first year of
life and through early childhood, children will need a larger
dose on a per-kilogram basis than adults. This is based on
a larger apparent volume of distribution, not altered drug
clearance. Although no clear consensus is available on dos-
ing of digoxin in children, the following guidelines have been
published270: premature and term neonates should be digital-
ized with 0.01 to 0.03 mg/kg IV; infants should be given 0.04 to
0.05 mg/kg orally. For maintenance, the premature neonate can
be given 0.001 to 0.009 mg/kg/day, neonates 0.010 mg/kg/day,



18-54 � CARDIAC AND VASCULAR DISORDERS

and infants (1 month to 2 years) 0.015 to 0.025 mg/kg/day.
For children older than 2 years of age, the loading dose is
0.05 mg/kg orally followed by a daily maintenance dose of
0.01 to 0.015 mg/kg. As in adults, doses are adjusted based on
clinical signs, renal function, and serum levels (Table 18-5).

For H.H., an argument can be made for starting a main-
tenance dose without a loading dose because she is not in
acute distress. If a loading dose is required, an oral elixir could
be used at 0.05 mg/kg (0.6–0.65 mg), split into two doses.
Maintenance would be started at 0.01 mg/kg or approximately
0.125 mg/day. These doses are surprisingly large and reflect
the large volume of distribution in children.

This IV loading dose is considerably smaller than what
would be used in a person with normal renal function because
of assuming a smaller volume of distribution. A correspond-
ing oral loading dose would be approximately 0.3 mg after
correcting for an average bioavailability of 75%. When using
larger loading doses, the total dose is often divided into two
portions, giving two-thirds of the dose to start and the remain-
ing one-third 6 to 8 hours later. Because the dose for R.D. is
small, the entire 0.2 mg can be given at once. If after 8 to
12 hours she is still in atrial fibrillation, an extra 0.1 mg could
be given safely because the serum concentration was targeted
at only 0.75 ng/mL.

Critical Care Management of Heart Failure
Non-ACE Inhibitor Vasodilator Therapy

46. L.M., a 50-year-old black man, was admitted several days
ago with severe, progressive, and debilitating symptoms of HF.
Family history is significant in that his father and two brothers
died of heart attacks shortly after the age of 40. L.M. has a 12-year
history of HF that is symptomatic despite treatment with full ther-
apeutic doses of furosemide, enalapril, carvedilol, and digoxin. He
has no history of hypertension, but previous studies suggested a
diagnosis of cardiomyopathy with an EF of 18%. Over the previ-
ous 8 months, L.M.’s DOE became progressively worse, and for
the month before admission he was confined to bed because of
extreme fatigue. He awoke once or twice nightly with PND.

Physical examination on this admission revealed a dyspneic,
cyanotic man in obvious distress but with no complaints of
chest pain. His BP was 100/66 mm Hg and his pulse was 105
beats/minute. Significant JVD, bilateral rales, hepatomegaly, and
3+ peripheral edema also were observed. Chest radiograph re-
vealed cardiomegaly and pulmonary congestion. L.M. was admit-
ted to the CCU where a Swan-Ganz catheter was passed from an
antecubital vein to the pulmonary artery.

Before therapy, L.M.’s PCWP was 27 mm Hg (normal, 5 to
12 mm Hg) and his cardiac index (CI) was 1.9 L/minute/m2 (nor-
mal, 2.7 to 4.3 L/minute/m2). Several doses of IV furosemide
were given, and IV nitroprusside was initiated at a dosage of 16
mcg/minute and eventually increased to 200 mcg/minute. At this
dose, L.M.’s PCWP decreased to 15 mm Hg and his CI increased
to 2.5 L/minute/m2. He was eventually discharged home with
furosemide 80 mg BID, spironolactone 50 mg QD, enalapril 20
mg BID, carvedilol 25 mg BID, digoxin 0.125 mg/day, hydralazine
75 mg QID, and isosorbide dinitrate 40 mg Q 6 hr. Categorize
L.M.’s HF by NYHA class and ACC/AHA staging.

On admission L.M. was in NYHA class IV HF despite max-
imal doses of the recommend four-drug therapy with a loop

diuretic, ACE inhibitor, β-blocker, and digoxin. He was ap-
proaching ACC/AHA stage D as well. His PCWP was high
and his CI was low, reflecting pulmonary vascular congestion
(elevated preload) and poor CO, respectively. (See Chapter
21, Shock, for a more thorough review of principles of Swan-
Ganz catheterization and hemodynamic monitoring. Also see
the introduction to this chapter to review the concepts of af-
terload, preload, and the relative contributions of arterial and
venous dilation to these hemodynamic changes). The imme-
diate objective of therapy is to provide symptomatic relief by
decreasing the PCWP and increasing the CO.

Most patients with acute HF can be classified into one of
four hemodynamic profiles using relatively simple assessment
techniques (Fig. 18-8).278−281 When using this scheme, pa-
tients are assessed for the presence or absence of elevated ve-
nous filling pressures (wet vs. dry patients) and adequacy of
vital organ perfusion (warm vs. cold patients). Elevated filling
pressure can be assessed at the patient’s bedside by observ-
ing orthopnea, jugular venous distension, the presence of a
third heart sound (S3), peripheral edema, and ascites. Presence
or absence of rales on auscultation is not considered a reli-
able indicator.281 Hypotension, weak peripheral pulse, a nar-
row pulse pressure (<25%), cool forearms and legs, decreased
mental alertness, and rising BUN and SrCr are indicators of
decreased organ perfusion. In one series, 67% of patients ad-
mitted to the hospital with a low LVEF and class IV HF symp-
toms were classified as “wet and warm,” with 28% assessed
as “cold and wet,” and only 5% as “cold and dry.”278 Few if
any patients were in the “warm and dry category” because this
is the status one is trying to achieve in well-compensated pa-
tients. Continuous blood pressure, ECG, urine flow, and pulse
oximetry measurements are standard noninvasive monitoring
for all patients. Invasive hemodynamic monitoring is used in
critically ill patients when more precise measurements of fill-
ing pressure (e.g., right atrial or pulmonary artery pressure),
systemic vascular resistance, and CO or cardiac index are de-
sired. The goals are to achieve a right atrial pressure of <5 to
8 mm Hg, pulmonary artery pressure of <25/10 mm Hg, pul-
monary artery wedge pressure of 12 to 16 mm Hg or less,
a systemic vascular resistance of 900 to 1,400 dyn.s.m–5,

and a cardiac index of 2.8 to 4.2 L/minute/m2 (see Chap-
ter 21, Shock, for more detailed discussion of hemodynamic
monitoring).

For most patients presenting in the “wet and warm” cate-
gory, the primary intervention is aggressive diuresis to reduce
fluid overload rapidly. This is followed by optimization of the
standard three-drug regimen of ACE inhibitors, β-blockers,
and digoxin. In more severe cases (e.g., when pulmonary artery
wedge pressure is >18 mm Hg), initial use of an IV vasodilator,
such as nitroglycerin or nesiritide, to reduce preload may be
indicated. Nesiritide offers an advantage of having both natri-
uretic and vasodilatory properties and can add to the diuretic ef-
fect of furosemide in refractory patients.34 Careful monitoring
of pulmonary wedge pressure and cardiac index is necessary
to avoid excessive reduction of pulmonary pressure that will
then lead to deterioration of CO. In some cases, pulmonary
artery pressure must be maintained somewhat above the
normal range for optimal balance. Milrinone and other in-
otropes are not necessary for these patients, and may even
cause deterioration of symptoms.282,283 (See also question 53
for further discussion of dobutamine and milrinone.)
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15 – 18 mm Hg

Cardiac Index
(L/min/m2)

2.2 L/min/m2

Subset I
(Normal)
Warm and dry

Subset II
(Congestion)
Warm and wet

Subset III
(Hypoperfusion)
Cold and dry

Subset IV
(Congestion &
Hypoperfusion)
Cold and wet

DIURETICS
or
VASODILATORS
Nitroprusside
Nitroglycerin
or
NATRIURETIC
PEPTIDES
Nesiritide

INOTROPES
Dobutamine
Milrinone

Indicators of low organ perfusion:
Hypotension: SBP < 100 mm Hg
h Peripheral vascular resistance
i Cardiac output
Weak peripheral pulse
Cool extremities
i Mental altertness
h BUN or SCr
i Urine flow

Indicators of high filling pressure:
h Right atrial pressure
h Pulmonary pressure
Orthopnea
Jugular venous distension
Third heart sound
Peripheral edema
Ascites

Pulmonary Capillary Wedge Pressure (mm Hg)

FIGURE 18-8 Hemodynamic profile of acute heart failure. BUN, blood urea nitrogen; SBP, sys-
tolic blood pressure; SrCr, serum creatinine. (Adapted with permission. Copyright c© 2002 American
Medical Association. All rights reserved.)

The “wet and cold” patients, such as L.M., who present
with signs of both volume overload and hypoperfusion are
more clinically challenging. Pulmonary artery wedge pressure
is elevated and cardiac index is <2.2 L/minute/m2. Immediate
attention must be directed toward correcting hypoperfusion fol-
lowed by aggressive diuretic therapy as in the “wet and warm”
patients. β-Blockers and ACE inhibitors should be temporar-
ily withdrawn if symptomatic hypotension is present. Because
these patients often have both a low CO and high systemic
vascular resistance, both vasodilators (e.g., nitroglycerin and
nitroprusside) and an inotropic-vasodilator (e.g., dobutamine,
low dose dopamine, or milrinone) might be considered; how-
ever, agreement is not unanimous regarding the agent of choice.
The desired effect is reduced right-sided filling pressure (re-
duced preload via venous dilation) and reduced resistance to
left ventricular outflow (reduced afterload via arterial dilation),
both of which can increase CO and responsiveness to IV di-
uretics. These patients are generally monitored with pulmonary
artery catheterization. The use of nesiritide in place of nitro-
prusside is possible, although it has not been well studied in
this patient type. After stabilization, nitroprusside is slowly
withdrawn and ACE inhibitors are reinstituted, sometimes in
combination with an oral nitrate, oral hydralazine, or both.
Chronic discontinuation of ACE inhibitors with transition to
a hydralazine–nitrate combination becomes necessary when

SrCr and BUN levels remain chronically elevated or worsen af-
ter ACE inhibitor dosage escalation. If inotropes are used, they
can be started simultaneously with nitroprusside or reserved
for patients not responding to vasodilators. Dobutamine may
be preferred to milrinone because it causes less hypotension
and is less expensive. Both milrinone and dobutamine are asso-
ciated with undesirable tachyarrhythmias. Low dose dopamine
is indicated if renal function is deteriorating.

The rare patient with low CO without evidence of volume
overload (“cold and dry”) may be relatively stable and poses
less need for immediate intervention. A short course of dobu-
tamine or milrinone can be tried, but ultimately these patients
should be placed on an outpatient regimen that includes an oral
β-blocker if they are not already on this therapy.

Nitroprusside

47. What is the role of vasodilator therapy in L.M.?

On admission, L.M. had an elevated PCWP and a low CI.
The presence of an elevated JVD and peripheral edema indicate
volume overload. He is hypotensive, consistent with his low CI.
Thus, he fits into the “wet and cold” category described in the
previous question. Consistent with this diagnosis, he was given
vigorous diuresis and nitroprusside. The HFSA guidelines4

recommend the addition of vasodilators in conjunction with
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diuretics to reduce congestion in patients with fluid overload.
In the presence of asymptomatic hypotension, IV nitroglyc-
erin, nitroprusside, or nesiritide may be considered cautiously
in combination with diuretics for rapid improvement of ADHF.
In the presence of low systemic vascular resistance, arterial va-
sodilators (e.g., nitroprusside, high dose nitroglycerin, nesiri-
tide) can further compromise perfusion, especially in patients
who have preexisting hypotension.

Nitroprusside dilates both arterial and venous vessels; there-
fore, it has the theoretic advantage of decreasing both afterload
and preload. Its major disadvantages include risk of hypoten-
sion that can cause a decrease in CO and reflex tachycardia;
coronary steal (in ischemic patients); and accumulation of toxic
metabolites, including thiocyanate toxicity (see Chapter 20,
Hypertensive Emergencies). In addition, nitroprusside must
be given by continuous IV infusion, which necessitates arterial
line placement in most situations, and it is unstable if exposed
to heat and light after reconstitution.

Intravenous Nitroglycerin
As the prototype of all nitrates, NTG primarily dilates the ve-
nous capacitance vessels with only a slight effect on the arterial
bed. Intravenous NTG is indicated for patients with significant
respiratory distress from pulmonary congestion despite large
diuretic doses (see Question 31 for an example patient). It
is hoped that the resulting reduction in left ventricular filling
pressure (preload) will reduce PCWP to <18 mm Hg. Because
nitrates have minimal or no effect on afterload, CO will likely
remain unchanged or increase only slightly. NTG actually can
decrease CO in some patients by reducing the left ventricular
filling pressure to <15 mm Hg. Nitroprusside is a better choice
for patients such as L.M. who have a low CI without evidence
of myocardial ischemia. (See Chapter 17, Myocardial Infarc-
tion, and Chapter 21, Shock, for more information on dosing
and side effects of IV NTG.)

Patients should be initiated on small doses of nitroprusside
(6–20 mcg/minute) that are increased slowly to a maximum of
300 to 800 mcg/minute until a decrease in the PCWP or arterial
pressure is observed. When stopping nitroprusside therapy, a
slow taper is recommended because a rebound increase in HF
has been observed 10 to 30 minutes after drug withdrawal. (For
a more thorough discussion of nitroprusside use, see Chapters
20, Hypertensive Emergencies and 21, Shock.)

Nesiritide
Nesiritide (Natrecor) is recombinantly produced human B-type
natriuretic peptide (hBNP) containing the same 32 amino acids
as native hBNP.33,34 (The pharmacologic activity of the natri-
uretic peptides was reviewed in the pathogenesis section of this
chapter.) BNP binds to guanylate cyclase receptors on vascu-
lar smooth muscle (the BNP receptor) leading to expression of
cyclic GMP and subsequent vasodilation. Other actions include
inhibition of ACE, sympathetic outflow, and endothelin-1. Pe-
ripheral and coronary dilation coupled with improved renal
blood flow and increased glomerular filtration all contribute
to the beneficial effects of nesiritide. Metabolic clearance of
nesiritide is by a combination of binding to cell surfaces with
subsequent cellular internalization and lyposomal proteolysis
as well as proteolytic cleavage by endopeptidase (e.g., neutral
endopeptidase). It undergoes only minimal renal clearance.

The mean elimination half-life is 8 to 22 minutes (mean, 18
minutes), necessitating IV infusion therapy.

In clinical trials of hospitalized patients with severe HF, ne-
siritide produced hemodynamic effects and reduction in dysp-
nea scores comparable to NTG when used in combination with
IV diuretics and either dopamine or dobutamine.33,34 Dose-
dependent hypotension is the most common side effect with
nesiritide, reported in 11% to 32% of patients. In some trials,
nesiritide caused a higher incidence or longer duration of hy-
potension than NTG, whereas in other trials the incidence of
hypotension was similar. The incidence of PVC and nonsus-
tained ventricular tachycardia is less with nesiritide than with
dopamine, dobutamine, or milrinone. Other side effects in-
clude headache, abdominal pain, nausea, anxiety, bradycardia,
and leg cramps.

Because of high cost, the use of nesiritide is generally re-
stricted to those patients with acute HF exacerbations who are
fluid overloaded and have a PCWP >18 to 20 mm Hg despite
high doses of diuretics and IV NTG. In contrast to NTG, ne-
siritide has natriuretic properties that are additive to those of
the loop diuretics. It should avoided in patients with a systolic
blood pressure <90 to 100 mg Hg or in cases of cardiogenic
shock. Dobutamine or milrinone should be added or substituted
in hypotensive patients or those with a CI <2.2 L/minute/m2.

The IV infusion of nesiritide is prepared by diluting the
contents of a 1.5 mg vial to 6 mcg/mL in 250 mL of 5% dextrose
or 0.9% NaCl. An initial loading dose of 2 mcg/kg is given
intravenously over 60 seconds, followed by a continuous IV
infusion at a rate of 0.01 mcg/kg/minute. The desired response
is a reduction of PCWP of 5 to 10 mm Hg at 15 minutes. The
dose can be increased in 0.005 mcg/kg/minute increments at
3-hour intervals to a maximum of 0.03 mcg/kg/minute. Dosage
should be titrated to a PCWP <18 mm Hg and a systolic BP
>90 mm Hg.

Although nesiritide is indicated in the treatment of ADHF,
concerns have been raised about its safety. A meta-analysis
of randomized, controlled trials of nesiritide in ADHF sug-
gests that nesiritide use may be associated with worsening re-
nal function and increased mortality.284,285 The conclusions of
the meta-analysis have been criticized, however. For example,
the Vasodilation in the Management of Acute congestive Heart
Failure (VMAC) study that was included in the meta-analysis
was not designed to evaluate renal endpoints and, therefore,
the inclusion of the renal effects from this study may not be
appropriate.286 Also, differences in baseline characteristics of
the treatment groups may have contributed to an increased
risk of 30-day mortality seen in those patients treated with
nesiritide.

The efficacy and safety of nesiritide have also been evalu-
ated in the outpatient setting. The Follow-up Serial Infusions of
Nesiritide (FUSION I) trial287was a pilot trial that included 202
patients with NYHA class III–IV who had been hospitalized
for ADHF at least twice within the preceding year and once
in the preceding month. Patients were randomized to receive
usual care with or without open-label nesiritide. A subgroup of
patients were identified as high risk if they had at least four of
the following: serum creatinine >2.0 mg/dL during the preced-
ing month, NYHA class IV for the preceding 2 months, >65
years of age, a history of sustained ventricular tachycardia, is-
chemic HF etiology, diabetes, or use of nesiritide or inotropic
agents as outpatients within the preceding 6 months. These
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patients at high risk experienced fewer HF exacerbations and
renal adverse effects with nesiritide infusions.

This suggestion of potential benefit and safety in outpa-
tients with severe HF was further explored in the Follow-Up
Serial Infusions of Nesiritide for the Management of Patients
With Heart Failure (FUSION II) trial.288 This was a random-
ized, placebo-controlled, double-blind prospective trial of 911
subjects with advanced HF or chronic decompensated HF. Sub-
jects were randomized to receive a 2 mcg/kg nesiritide bolus
followed by a 0.01 mcg/kg/minute infusion for 4 to 6 hours,
or a matching placebo regimen, once or twice weekly for 12
weeks. Both groups also received optimal medical therapy and
device therapy. Patients were entered only if their creatinine
clearance was <60 mL/minute. No outpatient IV inotropic or
vasodilator therapy was allowed during the 24-week study. Af-
ter 24 weeks, no difference was noted in the primary end point
of either death or hospitalization for cardiac or renal causes
among patients in the nesiritide and placebo groups. Signifi-
cantly more (p = 0.79) drug-related adverse events occurred
in those in the nesiritide group (42.0%) compared with the
placebo group (27.5%), mainly caused by hypotension. The
incidence of worsening renal function, however, was signif-
icantly lower (p = 0.046) with nesiritide (32% in nesiritide
group vs. 39% in the placebo group). There was no evidence
that changes in SrCr were associated with renal harm.

The results of these studies alleviate some concerns regard-
ing the safety of nesiritide. Additional data from the Acute
Study of Clinical Effectiveness of Nesiritide in Decompen-
sated Heart Failure (ASCEND-HF) study will shed more light
on the safety and efficacy of nesiritide in ADHF.289

L.M. responded well to nitroprusside and needed no other
therapy. However, IV nitroglycerin and IV nesiritide are alter-
natives to nitroprusside in patients with either “wet and warm”
or “wet and cold” acute HF. Nitroglycerin or nesiritide can
either be a substitute for nitroprusside or combined with nitro-
prusside.

Use of Inotropic Drugs

48. B.J. is a 60-year-old man who presents to the emergency
department with worsening dyspnea on exertion. He reports in-
creased SOB over the last week. His medical history includes HTN,
CAD, hyperlipidemia, and HF (EF 25%). His medications include
metoprolol XL 100 mg QD, enalapril 5 mg QD, furosemide 40
mg BID, aspirin 81 mg, and lovastatin 20 mg HS. His vital signs
on admission included BP 92/70 mmHg, HR 92 beats/min RR
18 breaths/minute, O2 saturation 94% on room air. Laboratory
values were BUN 20 mg/dL, SrCr 1.4 mg/dL PCWP 21 mm Hg,
CI 1.8 L/min/m2, SVR 580 dyne sec/cm5. Physical examination
reveals pulmonary and peripheral edema. He is given 80 mg IV
furosemide and he does not respond adequately. The decision is
to admit him to the CCU. His SrCr has increased to 1.8 mg/dL. Is
B.J. a candidate for inotrope therapy? Why is milrinone preferred
over amrinone?

Dopamine and Dobutamine
The hemodynamic profile of B.J. is category IV (cold and wet)
because of hypoperfusion and congestion. According to the
HFSA guidelines, IV inotropic agents (dobutamine, dopamine,
milrinone, amrinone) are indicated in symptomatic patients

with reduced LVEF, low CO, or end-organ dysfunction (i.e.,
worsening renal function), and in patients who are intolerant
to vasodilators.4 They are also recommended for patients with
cardiogenic shock or refractory symptoms, and may be used
in patients requiring perioperative support following cardiac
and noncardiac surgery or for those awaiting transplantation.
Dopamine is more effective as an arterial dilator, especially
in the kidney, whereas dobutamine has more potent inotropic
properties. (See Chapter 21, Shock, for further information on
dopamine and dobutamine dosing.)

Phosphodiesterase Inhibitors: Amrinone and Milrinone
Although β-agonists, such as dobutamine, have been tradi-
tionally used in patients with ADHF, the phosphodiesterase
inhibitors, amrinone (Inocor) and milrinone (Primacor), are al-
ternatives to the catecholamines and vasodilators for the short-
term parenteral treatment of severe congestive failure. These
agents selectively inhibit phosphodiesterase F-III, the cyclic-
adenosine monophosphate (AMP)-specific cardiac phospho-
diesterase. They have direct cardiac-stimulating effects, but
they are not sympathomimetics or inhibitors of Na+-K+-
dependent ATP. Enzyme inhibition results in increased cyclic
AMP levels in myocardial cells and, thus, enhances contractil-
ity. Their activity is not blocked by β-blockers. Because they
are phosphodiesterase inhibitors, they also act as vasodilators.
It has been suggested that at low doses they act more as unload-
ing agents rather than inotropes; others refute this viewpoint.
Their overall hemodynamic effect probably results from a com-
bination of positive inotropic action plus preload and afterload
reduction.

Amrinone initially was investigated for oral use, but it failed
to gain FDA approval because of dose-dependent, reversible
thrombocytopenia (up to 20% of patients), drug fever, liver
function abnormalities, and possibly drug-induced ventricu-
lar arrhythmias. Amrinone remains available in an IV form
for short-term use in severe HF. Therapy is initiated with a
0.75 mg/kg bolus over 2 to 3 minutes followed by a mainte-
nance infusion of 5 to 10 mcg/kg/minute. Higher doses occa-
sionally have been given, but doses exceeding 18 mcg/kg/day
should be avoided. It has a half-life of approximately 2.5 to
3.5 hours in healthy individuals; this is prolonged to 6 to 12
hours in patients with HF. Lower doses are necessary in pa-
tients with renal insufficiency because amrinone is 50% ex-
creted unchanged in the kidney. All dilutions should be made
in saline (0.45%–0.9%) because amrinone is incompatible with
dextrose-containing solutions.

With IV use, the major side effects to monitor are hypoten-
sion and precipitation of arrhythmias. The prevalence of throm-
bocytopenia is reduced to 2.4% with parenteral use. In sum-
mary, amrinone is effective in reducing SVR and PCWP and
in increasing cardiac output, but as described below it appears
to be less effective than dobutamine.

Milrinone is structurally and pharmacologically similar to
amrinone.290–292 Besides inhibiting phosphodiesterase, it also
may increase calcium availability to myocardial muscle. It
has both inotropic and vasodilating properties. Heart rate in-
crease and myocardial consumption may be less with milri-
none than with dobutamine.282–283 The half-life of milrinone
is short (1.5–2.5 hours) with renal clearance accounting for
approximately 80% to 90% of total body elimination. Milri-
none is about 15 to 20 times more potent than amrinone on
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a weight basis. A typical loading dose is 50 mcg/kg admin-
istered over 10 minutes followed by a maintenance infusion
of 0.5 mcg/kg/minute. The infusion is adjusted according to
hemodynamic and clinical responses and should be lowered
in patients with renal insufficiency. The primary concern with
the use of milrinone is induction of ventricular arrhythmias,
reported in up to 12% of patients. Supraventricular arrhyth-
mias, hypotension, headache, and chest pain also have been
reported. Thrombocytopenia is rare, a distinct advantage over
amrinone. Overall, milrinone has become the drug of choice
among the phosphodiesterase inhibitors.

The Outcomes of a Prospective Trial of Intravenous Milri-
none for Chronic Heart Failure (OPTIME-CHF) trial assessed
the in-hospital management of 951 patients with acute HF ex-
acerbation (NYHA class III or IV, mean LVEF 23%), but not in
cardiogenic shock.282,283 In addition to standard diuretic and
ACE inhibitor therapy, subjects were randomized to receive
either milrinone or placebo. The initial milrinone infusion rate
was 0.5 mcg/kg/minute with no loading dose. For the primary
end point of total numbers of days hospitalized for cardiovascu-
lar causes from the time of the start of study drug infusion to day
60, no difference was found between active drug and placebo
(mean 12.3 days with milrinone and 12.5 days with placebo),
nor was any difference seen in the mean number of days of
hospitalization during the primary event. Death rates within 60
days were 10.3% with milrinone and 8.9% with placebo (NS,
p = 0.41).282 Follow-up analysis categorized subjects by eti-
ology of HF (ischemic vs. nonischemic).283 Not unexpectedly,
those with an ischemic cause did less well with hospital rates
of 13.0 days for ischemic patients compared with 11.7 days
for those without ischemia (p = 0.2). Corresponding death
rates over 60 days were 11.6% and 7.5% (p = 0.03). Impor-
tantly, within the cohort of patients with ischemia (n = 485),
milrinone-treated patients tended to have worse outcomes than
those treated with placebo: 13.6 hospital days with milrinone
vs. 12.4 days with placebo. Death occurred in 13.3% of pa-
tients on milrinone compared with 10.0% of those on placebo.
For the composite of patients dying or being rehospitalized,
42% of milrinone subjects had events compared with 36% with
placebo (p = 0.01). In contrast, nonischemic patients (n = 464)
had a trend toward better outcomes with milrinone than with
placebo: 10.9 hospital days for milrinone vs. 12.6 days with
placebo, 7.3% deaths with milrinone compared with 7.7% with
placebo, and the composite of death or hospitalization occur-
ring in 28% of subjects with milrinone vs. 35% with placebo.
From these data, the following conclusions can be drawn. The
benefits of milrinone in patients with acute exacerbations of
HF are minimal and more likely to be seen in patients with a
nonischemic etiology of HF. Worse outcomes may be seen in
patients with ischemic HF. Milrinone was not associated with
excess mortality.

Few trials have yet compared dobutamine with milrinone
in ADHF patients. One small retrospective analysis evaluated
329 patients admitted for ADHF with an EF of <20% who
either received IV dobutamine or milrinone.293 Hemodynamic
response, need for additional therapies, adverse effects, length
of stay, and drug cost were evaluated. Patients in both groups
were comparable in clinical presentation. Further, both groups
had similar HR, BP, PCWP, and CO at baseline. The milrinone
group, however, had higher mean pulmonary arterial pressure.

A greater percentage of patients received dobutamine therapy
(269, 81.7%) vs. milrinone therapy (60, 18.3%.). Only 19%
of patients were taking β-blockers before admission. Clinical
outcomes in both groups were similar. There was no significant
difference in the in-hospital mortality rate, adverse effects, ven-
tilator use, or length of stay. More patients in the dobutamine
group required nitroprusside to achieve optimal hemodynamic
response. A slightly better hemodynamic response occurred in
the milrinone group, which did not translate into a more ben-
eficial short-term clinical outcome. The study concluded that
because both drugs have comparable efficacy, dobutamine may
be a better choice than milrinone because it provided more drug
cost savings during the hospital stay.

Other factors to consider when deciding which inotropic
agent should be used in ADHF are renal function, BP, and con-
comitant β-blocker use. Milrinone has a longer half-life than
dobutamine, and accumulates in cases of renal dysfunction.
Milrinone is also a vasodilator, which can limit its use in pa-
tients with hypotension. The concomitant use of β-blockers
can antagonize the action of dobutamine.

B.J. has responded poorly to IV furosemide, his renal func-
tion has deteriorated and his systolic BP is low. Patients with
advanced HF, reduced blood pressure, and normal or low sys-
temic vascular resistance often will not tolerate vasodilator
therapy. Inotropic agents may be necessary to maintain circu-
latory function in these patients. According to HFSA guide-
lines, IV inotropes may be considered for patients who are un-
responsive to diuretics or who have worsening renal function,
especially if they have marginal systolic BP (<90 mm Hg).
Phosphodiesterase inhibitors are preferred over dobutamine
for patients who are receiving concomitant β-blockers. For
the above-mentioned reasons, B.J. is a candidate for milrinone
therapy. Patients must be on telemetry because milrinone has
the potential to cause arrhythmias. Vital signs, SrCr, symptom
relief, and urine output should be monitored. Once the patient’s
hemodynamic profile improves, milrinone should be discontin-
ued and oral furosemide therapy can be resumed. At discharge,
the outpatient HF medications should be optimized.

Outpatient Inotropic Infusions

49. Are there any indications for using repeated intermittent
infusions of inotropes as part of a home care regimen?

It has been proposed to use regularly scheduled (e.g.,
weekly) intermittent infusions of dobutamine or milrinone in
outpatient care centers or at home. The long-term safety and
efficacy of inotropic therapy in general is regarded with skepti-
cism, however. Nearly all the data on this therapeutic approach
are from open-label and uncontrolled trials or studies that com-
pare two inotropic agents without a placebo group.294–298 It is
unclear if the benefit observed was the result of more inten-
sive patient monitoring or an actual pharmacologic benefit.
It also is speculated that long-term therapy actually may be
cardiotoxic, as evidenced by an acute worsening of HF on
withdrawal of the drug. The only placebo-controlled trial of
intermittent infusion dobutamine was terminated because of
excess mortality in the treatment group.295 Death occurred in
32% of 31 patients treated with dobutamine and only 14%
of 29 treated with placebo. Whether this phenomenon is was
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caused by progression of the underlying heart disease, con-
tinued drug therapy, or is a true cardiotoxic effect remains
unknown. No corresponding data exist for milrinone, although
as cited previously, a placebo-controlled trial with milrinone
failed to support the routine use of IV milrinone as an adjunct
to standard therapy in the treatment of patients hospitalized for
an acute exacerbation of chronic HF.282,283 For this reason, the
ACA/AHA guidelines explicitly indicate that intermittent infu-
sions of dobutamine and milrinone in the long-term treatment
of HF, even if advanced stages, should be avoided.6 Dobu-
tamine is sometimes administered as long-term infusions (5–
7.5 mcg/kg/minute continuously for 48–72 hours) in patients
with refractory HF while awaiting transplant. The infusion is
repeated as often as weekly.

Hydralazine

50. After L.M.’s condition was controlled with nitroprusside
therapy, he was given his original medications plus spironolac-
tone, hydralazine, and isosorbide dinitrate. Why were hydralazine
and isosorbide used? What other forms of nitrates can be used in
place of the isosorbide? Is combination therapy rational?

L.M. had already been treated with a loop diuretic, an ACE
inhibitor (enalapril), a β-blocker, and digoxin. Despite this
therapy, he was still doing poorly. Spironolactone was added
for reasons discussed in Question 14. A possible next step in
treating a patient with this advanced stage of HF is the addition
of a non-ACE inhibitor vasodilator.

Hyralazine’s predominate action is as an arteriolar dilator,
making hydralazine the prototype afterload-reducing agent.
Decreasing aortic impedance (afterload) is of little benefit in
a normal or minimally diseased heart, but it may greatly im-
prove severely compromised left ventricular function. SVR is
decreased predictably and this, in turn, increases cardiac output
(cardiac index).135,136,299 Hydralazine is also a direct-acting,
smooth muscle relaxant with significant arteriolar dilating ef-
fects in the kidneys and limbs. It has essentially no effect on
the venous system or on hepatic blood flow.

The reflex tachycardia and hypotension that frequently ac-
company hydralazine therapy when used in treating hyperten-
sion are minimal or absent, however, when it is used to treat
HF. Increased CO overrides vasodilatory effects in the latter
instance. In patients with end-stage cardiomyopathy, how-
ever, significant hypotension still can occur if the heart can-
not respond appropriately. Another beneficial response to
hydralazine is reduction of pulmonary vascular resistance in
patients with severe pulmonary hypertension. This pulmonary
arteriolar dilating effect of hydralazine is generally less ben-
eficial than the venodilating effects of drugs such as nitrates
and nitroprusside. Because hydralazine is devoid of venous
dilating properties, CVP and PWCP are unchanged.136,299

The effect of a single dose occurs in about 30 minutes and
lasts up to 6 hours. Larger doses than typically used for the
treatment of hypertension may be required for HF manage-
ment. The average maintenance dose is 200 to 400 mg/day
(50–100 mg every 6 hours). L.M. required 75 mg four times a
day. Hydralazine used as monotherapy is not associated with
long-term improvement in functional status, however.299 Com-
bination therapy of hydralazine with either nitrates or ACE
inhibitors is highly effective.

Although tachyphylaxis generally is not a significant prob-
lem with prolonged courses of hydralazine, some patients
require increased diuretic doses to counteract hydralazine-
induced fluid retention. This latter response reflects activation
of the renin-angiotensin system following vasodilation of the
renal vasculature. Other side effects accompanying hydralazine
include transient nausea during the first few days of therapy;
headache, flushing, or tachycardia; and a lupus syndrome asso-
ciated with prolonged, high doses. (See Chapter 13, Essential
Hypertension, for further discussion of hydralazine side effects
and dosing.)

Oral and Topical Nitrates
Nitrates have complementary effects to those of hydrala-
zine.135,136 They primarily dilate venous capacitance vessels,
with minimal effects on selected arterial beds (coronary and
pulmonary arteries). Venous dilation reduces preload, result-
ing in significant reductions in PCWP and right atrial pres-
sure. They are especially effective in reducing the symptoms
of pulmonary edema. The lack of significant arterial dilation
accounts for the observations that SVR is minimally reduced
and CO remains unchanged. Nitrate monotherapy is indicated
for HF patients with valvular defects such as mitral or aor-
tic regurgitation. In these patients, reduction of the ventricular
filling pressure reduces left ventricular congestion.

ISOSORBIDE DINITRATE
Because sublingual NTG has a short duration of response,

more attention has been focused on sublingual and oral isosor-
bide dinitrate. Sublingual isosorbide is well absorbed and does
not undergo first-pass metabolism. Its onset is rapid (approx-
imately 5 minutes), but its effects are relatively short (1–3
hours). The usual starting dosage is 5 mg every 4 to 6 hours,
but dosages may be titrated to 20 mg or more every 4 to
6 hours. These larger doses are associated with longer benefi-
cial effects (approximately 3 hours), but also a high frequency
of intolerable headaches and hypotension.

Previous claims of a poor response to orally administered
isosorbide because of a large first-pass metabolic effect have
been refuted. Large oral doses overwhelm the metabolic ca-
pacity of the liver and produce beneficial effects. Oral isosor-
bide has a slow onset (15–30 minutes), but the duration of
activity is slightly longer than that associated with sublingual
administration (4–6 hours). Oral doses of 5 mg are probably
ineffective; 10 mg is the smallest effective starting dose with
further titration to dosages as high as 20 to 80 mg every 4 to
6 hours. The best dose for both sublingual and oral nitrates is
that which provides the desired beneficial effect with the least
side effects.

TRANSDERMAL NITROGLYCERIN
An innovative approach to NTG administration is trans-

dermal patch systems (Minitran, Nitrek, Nitro-Dur). Topical
application of these systems is said to provide 24 hours of con-
tinuous cutaneous absorption with more convenience and less
mess than NTG ointment. Although most published data on
these dose forms are in patients with angina, several reports
are on their use in HF.

The initial enthusiasm for transdermal NTG has been
tempered by the suggestion that tolerance develops quickly,
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resulting in a benefit for much less than 24 hours following
patch application. Considerable debate has arisen over this
topic.300–302 Some reviewers suggest abandoning this form of
therapy, whereas others argue that the studies showing nega-
tive benefit were flawed. Removal of the patch during the night
might lead to restoration of response the following day. It has
been suggested that while the antianginal effects of NTG are at-
tenuated with chronic therapy, the beneficial preload-reducing
properties for HF are sustained. Large doses (20–40 mg/
24 hour), however, may be required, necessitating the use of
several patches per day and resulting in significant expense to
the patient. (See Chapter 16, Ischemic Heart Disease: Anginal
Syndromes, for a more detailed discussion on the application
and controversy surrounding NTG transdermal patches.)

Hydralazine–Nitrate Combination
Combined afterload and preload reduction is clearly of bene-
fit both in improving symptoms and in enhancing long-term
survival. Compared with ACE inhibitors, the hydralazine–
isosorbide combination provides more significant improve-
ment in exercise tolerance, but the side effect profile and
survival statistics are better with ACE inhibitors.131 With com-
bination therapy, CO is greater for any given level of ventricular
filling pressure. Generally, the use of the two drugs together is
not accompanied by reflex tachycardia or hypotension, but it
is important to be careful not to compromise coronary blood
flow in patients with coexistent angina.

The most compelling argument for the use of combination
hydralazine and nitrate vasodilator therapy comes from the
results of the two Veterans Administration Cooperative Stud-
ies (V-HeFT I and V-HeFT II).131,135,136 As discussed in more
detail in Question 15, these two studies not only confirmed
symptomatic relief and improved exercise tolerance with com-
bination therapy, but they also showed improved survival. Also,
see Question 51 for the a discussion of the possible unique place
in therapy of the hydralazine–nitrate combination in black pa-
tients.

In summary, nitrates alone are indicated for those patients
with signs and symptoms of isolated pulmonary and venous
congestion (i.e., dyspnea, increased pulmonary pressure, neck
vein distention, edema). Conversely, use of an arterial dila-
tor is more appropriate in a patient with high SVR, low CO,
and normal PCWP. Most patients, such as L.M., exhibit symp-
toms of decreased CO and elevated venous pressure, making
combination therapy the most attractive option. Although the
hydralazine–isosorbide combination actually reduces symp-
toms slightly better than ACE inhibitors, the data on survival
are more impressive with the ACE inhibitors. As illustrated by
L.M.’s treatment regimen, a combination of an ACE inhibitor
plus hydralazine, a nitrate, or both, is common in patients with
far advanced disease.

Role of Race in the Pharmacotherapy of Heart Failure

51. Because L.M. is black, would he be expected to respond any
differently to ACE inhibitors or hydralazine–isosorbide dinitrate
than a patient who is not black?

In general, black patients develop HF at an earlier age and
are more likely to have hypertension as a cause for HF. Con-
versely, the etiology of HF in non-black patients more often

results from ischemic heart disease. The rate of death caused
by HF is higher for black patients than for non-black patients.

ACE Inhibitors and Hydralazine–Isosorbide
Racial differences in response to drug therapy have been pro-
posed, although this issue is far from resolved.303–306 For exam-
ple, a post hoc analysis of the V-HeFT trial data cited previously
showed no difference in annual mortality between black (n =
180) and non-black patients (n = 450) in the placebo group
(17.3% vs. 18.8%).131,273 Black patients in the hydralazine-
nitrate group had a significantly lower annual mortality rate
(9.7%), however, than did black subjects in the placebo group
(17.3%), whereas non-black subjects had no survival benefit
from the drug combination (16.9% vs. 18.8%). This implies
that black patients, but not non-blacks, derive benefit from
the treatment with hydralazine–isosorbide. These same inves-
tigators then reanalyzed the V-HeFT II trial results for pos-
sible racial differences between response to enalapril and the
hydralazine–nitrate combination.136,304 The outcome is diffi-
cult to interpret because of the absence of a placebo group. The
all-cause annual mortality rate for blacks (n = 215) was iden-
tical in the two drug groups (12.8% with enalapril and 12.9%
with hydralazine–isosorbide.) In non-blacks (n = 574), the cor-
responding mortality rates were 11% with enalapril and 14.9%
with hydral-iso. These data could be interpreted as either su-
perior response to hydralazine–isosorbide in black subjects or
inferior activity of ACE inhibitors in black patients. The lat-
ter interpretation is consistent with the hypothesis that ACE
inhibitors might have a lesser BP-lowering effect in black pa-
tients with hypertension compared with non-blacks. A similar
reanalysis of the SOLVD Prevention and Treatment134 trials,
both of which compared enalapril with placebo in patients with
recent MI, concluded that enalapril therapy is associated with
a significant reduction in the risk for hospitalization for HF
among white patients (44% reduction) with left ventricular
dysfunction, but not among similar black patients. Confound-
ing variables contributing to all of the analyses presented in-
clude disproportionately low numbers of blacks in the trials,
and possibly more underlying risk factors (e.g., hypertension)
in the black subjects.

To further address the effect of race on response to ACE in-
hibitors, a meta-analysis of the seven major ACE inhibitor stud-
ies, representing a total of 14,752 patients was conducted.305

The conclusion was that that relative risk for mortality when
taking an ACE inhibitor compared with placebo was identical
(0.89) for both black and white patients. The authors of the
meta-analysis urged that ACE inhibitors not be withheld from
black patients. One other consideration with ACE inhibitors is
an observed higher rate, although still rare, of angioedema in
blacks than in whites. Until more data are available, ACE in-
hibitors should not be withheld from black patients, but careful
monitoring is required to assess response.

The African American Heart Failure Trial (AHeFT) was
designed to determine possible superiority of combination hy-
dralazine plus isosorbide dinitrate in black patients.77 AHeFT
was a randomized comparison trial (n = 1050) of hydralazine-
isosorbide dinitrate and placebo in black patients with NYHA
class III or IV HF who were receiving standard HF ther-
apy (94% diuretics, 87% β-blockers, 93% ACE inhibitors or
ARB, 62% digoxin, and 39% aldosterone antagonists). The
primary end point was a composite of all-cause death, first
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hospitalization for HF, and quality of life scores at 6 months
with secondary end points being individual components of
the primary end point. Reduction in the composite primary
end point events was statistically significant in favor of the
active drug combination. Importantly, all-cause mortality de-
clined 43% in the hydralazine–isosorbide dinitrate arm vs.
placebo (p = 0.012). The study also reported a 39% reduction
in first hospitalization for HF in the hydralazine–isosorbide
dinitrate group vs. placebo (p <0.001). As a result, the 2005
ACC/AHA guideline recommendations state that the addi-
tion of hydralazine and isosorbide dinitrate to HF patients re-
ceiving ACE inhibitors and β-blockers is effective in blacks
with NYHA functional class III or IV HF.7 The results of
AHeFT were also the primary factor leading the FDA to ap-
prove the combination product of hydralazine and isosorbide
dinitrate (BiDil) for adjunctive treatment of heart failure in
self-identified black patients already receiving standard ther-
apy. Advantages of using BiDil in clinical practice include use
of the same product studied in the clinical trial and poten-
tial improved compliance by using a combination tablet. Cost,
however, may be lower when using generic hydralazine and
isosorbide as separate drugs.

β-Blockers
A possible racial difference in response to β-blocker drugs has
also been hypothesized based on differential effects observed
in patients with hypertension.303,305,306 A post hoc analysis
of the various U.S. Carvedilol Heart Failure trials212–216 con-
cluded, however, that the benefit of carvedilol was apparently
of similar magnitude in both black (n = 217) and non-black
(N = 877) patients.306 Using the combined end point of the risk
of death from any cause or hospitalization, the risk reduction of
β-blockers compared with placebo was 48% in black patients
and 30% in non-black patients. Because fewer black patients
were studied, these differences did not reach statistical signif-
icance. Also seen were a significant improvement in NYHA
functional class, EF, and patient global symptom assessment
with carvedilol in both black and non-black patients.

Contradictory evidence comes from the β-Blocker Evalu-
ation of Survival Trial (BEST).225 In this trial (also discussed
in Question 30), 2,708 patients with NYHA class III (92%)
or IV (8%) HF were randomly assigned to either bucindolol
or placebo. Bucindolol is a nonselective β-blocker with partial
agonist activity that imparts weak vasodilation. A unique char-
acteristic of this study was that a subgroup analysis for racial
differences was planned from the start. Although there was a
trend toward reductions in cardiovascular mortality and hos-
pitalization with the active drug, the trial was terminated after
2 years when it was determined that there was no mortality
benefit of active drug compared to placebo (33% mortality in
placebo group vs. 30% with bucindolol). A subgroup analysis
showed a mortality benefit in non-black subjects, but none in
black subjects. Subsequently, a meta-analysis of the five major
β-blocker in HF studies was conducted, representing a total of
12,727 patients.305 When the BEST was included in the meta-
analysis, the relative risk for mortality when taking an ACE
inhibitor compared with placebo was 0.69 in white subjects,
but only 0.97 for black patients. When this trial was excluded,
the relative risks were reduced in both groups to 0.63 and 0.67
in whites and blacks, respectively. The difference between the
two groups was not statistically significant, although the 95%

confidence interval for black patients was broader and included
1.0 (0.38–1.16). Based on all of these factors, it is likely that
black patients will derive similar benefit from β-blockers as
do whites when given carvedilol, metoprolol, or bisoprolol.
Bucindolol should be avoided, most likely because of its par-
tial agonist activity.

Left Ventricular Diastolic Dysfunction

52. D.F., a 58-year-old white woman, has a 5-year history of HF
symptoms, including decreased exercise capacity, SOB, and dis-
tended neck veins. She has minimal peripheral edema. History is
suggestive of rheumatic fever as a child, but she does not recall
having any cardiac symptoms when she was younger, other than
being told she had a murmur. Her symptoms are controlled with
diuretics. She has history of hypertension. She has no other med-
ical problems and all laboratory test findings are normal. Her BP
is 155/85 and HR 90 beats/minute. Cardiac examination reveals a
prominent S4 heart sound and murmurs consistent with both sig-
nificant mitral regurgitation and mild aortic regurgitation. Non-
invasive echocardiography reveals a normal EF of 50%. Prior
treatment included furosemide, most recently at 120 mg/day. The
physician is considering adding a β-blocker or CCB to control
the BP. Why might this consideration be appropriate?

This case exemplifies a patient with diastolic heart failure
(DHF), also referred to as heart failure with preserved LV func-
tion. Risk factors for DHF include advanced age, female sex,
hypertension, and coronary artery disease. This diagnosis can
be made on the basis of LVH, clinical evidence of HF, a normal
EF, and Doppler tissue echocardiography findings. The ideal
treatment strategies for DHF have not been devised. Also, no
drug selectively enhances myocardial relaxation without hav-
ing associated effects on left ventricular contractility or on the
peripheral vasculature.12–16

Factors affecting HF control, such as dietary sodium in-
take, fluid intake, compliance, and NSAID and herbal rem-
edy use, should be appropriately managed along with drug
therapy. Symptomatic left ventricular diastolic HF is initially
treated similarly to other forms of HF, by slow diuresis. Di-
uresis decreases preload and lessens passive congestion of the
ventricles. Excessive lowering of venous and ventricular filling
pressures, however, can worsen cardiac output and hypoten-
sion.

The most common cause of DHF is hypertension that
leads to left ventricular hypertrophy and decreased car-
diac compliance.307 Recent ACC/AHA guidelines recommend
treating associated hypertension in accordance with the na-
tional guidelines and suggest considering lower blood pressure
targets for patients with DHF (<130/80 mm Hg).7 Drugs that
cause regression of LV hypertrophy (e.g., ACE inhibitor, ARB,
β-blockers) may also slow or reverse structural abnormalities
associated with DHF.

Although ACE inhibitors have been used with success in
some patients with DHF, the role of RAAS inhibition in HF
with preserved LV function has not been rigorously studied.
Several recent clinical trials have attempted to address this is-
sue. In the Perindopril in Elderly patients with Chronic HF
(PEP-CHF) trial,308 the ACE inhibitor perindopril failed to
reduce the incidence of the primary endpoint (all-cause mor-
tality or HF hospitalizations), but did reduce symptoms and
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improved functional capacity over 2 years in patients with pre-
served LV function. The CHARM-preserved trial174 also failed
to show any difference in CV mortality, but fewer hospitaliza-
tions were seen in the candesartan group (see Question 21).

The Valsartan in Diastolic Dysfunction (VALIDD) trial,309

the first large-scale, randomized trial comparing the effects of
valsartan or placebo added to standard antihypertensive ther-
apy (which included diuretics, β-blockers, CCB or α-blockers)
in patients with mild hypertension and diastolic HF. The hy-
pothesis of this trial was that RASS inhibition with an ARB
would be associated with greater improvement in diastolic dys-
function, possibly because of a greater regression of LVH or
myocardial fibrosis. Patients with a history of stage 1 or 2 essen-
tial hypertension were randomized to receive either valsartan
160 mg, up-titrated to 320 mg, or matching placebo. Patients
who did not achieve a target blood pressure goal of <135/80
mm Hg received additional therapy starting with a diuretic fol-
lowed by a CCB or a β-blocker, then an α-blocker (excluding
ARB, ACE, and aldosterone blockers). The primary endpoint
was the change in diastolic myocardial relaxation velocity from
baseline to 9 months with a secondary endpoint of change in LV
mass. During the study, the placebo group received more con-
comitant antihypertensive therapy compared with the valsartan
group. A small, but significant, increase was seen in diastolic
relaxation velocity in both groups from baseline to follow-up
(p <0.001), but no significant difference between the treat-
ment groups (p = 0.29). Blood pressure reduction at the end
of the trial did not differ significantly between the two treat-
ment groups (13 mm Hg reduction in valsartan vs. 10 mm Hg
in placebo), which was associated with significant improve-
ment in diastolic function. Thus, the authors concluded that
aggressive BP control—even in mild hypertension—was as-
sociated with improvement in diastolic dysfunction, irrespec-
tive of whether BP reduction was achieved with a RAAS in-
hibitor or other antihypertensive agents. Several other trials
are in progress that may provide further insight into the role of
RAAS inhibitors in preserved LV function HF.

β-blockers or CCB are other classes of drugs of interest in
DHF. Part of their value is to control hypertension, a risk fac-
tor for all forms of HF. More specific to DHF, β-blockers and
CCB (especially verapamil) possess negative inotropic prop-
erties that may favorably influence the pathophysiology of di-
astolic dysfunction by (a) slowing the HR to allow more time
for complete ventricular filling (via more complete left atrial
emptying), particularly during exercise; (b) reducing myocar-
dial oxygen demand; and (c) controlling BP. In addition, nega-
tive inotropic agents decrease myocardial contractility and can
assist in overcoming the mechanical obstruction of the aortic
and mitral valves during systole in patients with hypertrophic
cardiomyopathy. Both agents also are beneficial in decreasing
ischemia in patients with coronary artery disease.

Previous HF trials of β-blockers demonstrating decreased
morbidity and mortality have mainly focused on patients with
reduced LVEF. The Study of the Effects of Nebivolol Interven-
tion on Outcomes and Rehospitalization in Seniors with Heart
Failure (SENIORS) study309 is the first major trial to evalu-
ate β-blocker use in elderly HF patients (70 years or older),
irrespective of LV function. The trial randomized patients to
Nebivolol (n = 1,067) or placebo (n = 1,061). Nebivolol is a
selective β1-adernergic receptor blocker with vasodilator prop-
erties that are mediated through nitric oxide release. This effect

may be beneficial in elderly patients, who tend to have low re-
serves of endothelial vasodilation.

The primary endpoint of the study was the combina-
tion of all-cause mortality and cardiovascular hospital ad-
missions. The end point was significantly reduced by 14%
in the Nebivolol group, regardless of the ejection fraction.
Prospective subgroup analyses of the primary outcome by
LVEF (≤35% or >35%), gender, age (≤75 years or >75 years)
showed benefits across all subgroups. Patients with EF>35%,
however, appeared to benefit a little more than those with low
EF%, and all-cause mortality was lower in patients aged >75
years. The study reinforces the current recommendations that
all HF patients with reduced EF should receive β-blockers.
Only 35% of the patients had preserved LV function, how-
ever, and were mostly men. This is not typical of patients with
HF, who are generally females and who tend to have greater
incidence of diastolic HF.

Further studies are required to define the role of β-blockers
in subject groups that are under-represented. On the other hand,
no randomized controlled trials have demonstrated mortality
benefits with CCB in patients with preserved LV function.
CCB can be used in patients who have a contraindication to
β-blockers to control BP and HR. Non-dihydropyridine CCB
should not be used in patients with impaired LV dysfunction,
however.

D.F. fulfills the criteria for having diastolic dysfunction,
probably on the basis of mitral and aortic regurgitation as a
result of childhood rheumatic fever. Her BP is not at goal and
her HR is elevated. As already discussed, uncontrolled hyper-
tension can promote left ventricle hypertrophy and myocardial
remodeling, and can adversely affect the diastolic function.
Therefore, an additional antihypertensive agent is warranted.
Tachycardia alone can compromise the ventricle filling time
and cause myocardial ischemia. So far, no data support use
of one agent over the other. β-blockers and CCB can each re-
duce BP and HR. Because more experience has accrued with
β-blockers and some mortality data on their use with DHF pa-
tients, D.F. can be started on a β-blocker such as metoprolol
(25 mg BID).

53. A.F., a 48-year-old man, has a 5-year history of atrial fi-
brillation and mild HF stabilized with furosemide 40 mg/day and
digoxin 0.25 mg/day. His previously well-controlled BP is now ris-
ing; the last pressure was 160/100 mm Hg despite good adherence
with his diuretic therapy. All laboratory findings are normal. The
digoxin level is 1.2 mg/mL. Is there evidence that calcium channel
blockers may be helpful in controlling both hypertension and HF?
If a calcium channel blocker is prescribed, will any interactions
occur with his other drugs?

The arterial vasodilator properties of CCB form the basis for
their use in hypertension. A logical extension would suggest
a role in HF symptom management via afterload reduction.
Use of these drugs, however, is limited by their negative in-
otropic effect, resulting from inhibition of calcium influx into
heart muscle cells. This can result in a worsening of HF.310–312

Clinically, verapamil elicits the most negative inotropic ef-
fect and the dihydropyridine derivatives the least; diltiazem
has intermediate effects. It is important not to develop a false
sense of security that nifedipine or other dihydropyridines are
clinically devoid of negative inotropic effects as demonstrated
by the following randomized, crossover trial comparing IV
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hydralazine (5–30 mg) with oral nifedipine (20–50 mg) in 15
patients.311 Both drugs were equally effective in reducing BP
and SVR (a sign of afterload reduction), but hydralazine was
more effective in increasing SV and CI. Four of the patients
taking nifedipine experienced deterioration of their HF symp-
toms. The authors concluded that the vasodilatory properties
of nifedipine are partially offset by its negative inotropic effect
and that hydralazine is clinically superior.

A follow-up study using a randomized, crossover design
challenged 28 patients with class II or III HF with nifedipine,
isosorbide, and a combination of the two.312 Of patients, 24%
on nifedipine and 26% on combined therapy had worsening of
symptoms and required hospitalization compared with none in
the isosorbide treatment arm.

The search for a more vascular selective CCB has focused
on the newer agents amlodipine and felodipine. In the Prospec-
tive Randomized Amlodipine Survival Evaluation (PRAISE)
trial, patients with dyspnea or fatigue at rest or minimal exer-
tion (NYHA class III or IV) and an EF of 30% or less (mean
21%), were randomized to either placebo (n = 582) or am-
lodipine (n = 571) and followed for a median of 13.8 months
(range, 6–33 months).78 The starting dose of amlodipine
(5 mg daily) was titrated to 10 mg daily if tolerated; the aver-
age dose at the end of the trial was 8.8 mg daily. Essentially all
the patients were taking a combination of a diuretic, an ACE
inhibitor, and digoxin. Nitrates were allowed for chest pain
management, but hydralazine was excluded. For the combined
primary end point of death from any cause, a cardiovascular-
related hospitalization, or both, a nonstatistically different 9%
risk reduction was noted in events with amlodipine compared
with placebo (39% vs. 42%). For death rates alone, 33% of pa-
tients on amlodipine died compared with 38% in the placebo
group. Again, these differences were not statistically signifi-
cant (p = 0.07). Changes in EF, specific symptom scores, and
quality of life measures were not reported, but the frequency of
hospitalization for worsening HF was similar in both groups
(36% amlodipine, 39% placebo.) Peripheral edema and pul-
monary edema were more frequent in the amlodipine group,
but hypertension and angina were more evident in the placebo
group.

Stratification of the subjects into those with evidence of
ischemic heart disease vs. those with nonischemic dilated car-
diomyopathy showed a trend toward improved survival with
amlodipine in the patients without ischemia. Overall, the re-
sults of this trial show a neutral effect of amlodipine, indicat-
ing that it could be used safely for concurrent hypertension or
angina without making HF worse, but it does not appear to
offer a significant advantage in actually treating the HF.

Similar findings have been reported with felodipine in the
third report from the Vasodilator-Heart Failure Trial Study
Group (V-HeFT III).79 The primary objectives of this study
were to evaluate the effects of extended-release (ER) felodipine
(n = 224) compared with placebo (n = 226) on exercise toler-
ance, clinical symptoms, and clinical signs of HF for up to 39
months. Subjects were all men, with class II–III HF and an EF
of <45% (mean, 30%). Before starting the study drug, subjects
were optimized with an ACE inhibitor (97% with enalapril),
diuretics (87%–90%), and digoxin (75%). The starting dose
for felodipine was 2.5 mg twice daily, with a goal dose of 5
mg twice daily (mean dose, 8.6 mg/day after titration). At the
3-month evaluation point, EF increased slightly (2.1 ± 7.0%)

with amlodipine, compared with –0.1% ± 6% with placebo.
At 12 months, no difference was seen between the two groups
(0.6 ± 8.6% with felodipine vs. –0.6 ± 8.6% with placebo).

During the first 12 weeks of evaluation, neither felodipine
nor placebo had either a positive or negative effect on time to
dyspnea or fatigue on exercise testing; however, thereafter, a
trend toward deterioration in exercise capacity was found with
placebo, but not with felodipine. In the first 3 months, slightly
more patients on felodipine were hospitalized than those on
placebo (14.7% vs. 10.6%), but overall the rate of hospital-
ization was identical in the two groups (42% to 43%). The
study was not powered to evaluate the effect of felodipine on
mortality, but the observed mortality rates were 13.8% in the
felodipine arm and 12.9% in the placebo arm.

In contrast to the PRAISE trial, treatment with felodipine
had a more favorable effect in the subgroup of patients with
a history of ischemia and CAD. The only adverse effect more
common in the patients on felodipine was edema, which was
reported at least once in 21% of felodipine subjects and 12.8%
of those on placebo. The conclusions are almost identical to
those with amlodipine: there does not seem to be any negative
consequences to using felodipine, but it has little role in the
management of HF. Both the amlodipine and felodipine trials
leave unanswered the question of efficacy of CCB in patients
not already taking an ACE inhibitor or digoxin.

Based on the previous discussion, nifedipine is not a good
choice for A.F. In fact, nifedipine is contraindicated in any
patient with systolic dysfunction. Likewise, verapamil is con-
traindicated even though it would otherwise lower his BP and
control his atrial fibrillation by virtue of its AV nodal-blocking
effect. Amlodipine and felodipine are safer alternatives for
A.F.’s hypertension, but still not preferred. The more logical
solution to A.F.’s problem is to add an ACE inhibitor and pos-
sibly a β-blocker to get a dual effect of controlling his BP and
treating his HF. Digoxin can be continued for rate control of his
atrial fibrillation, although as discussed in Question 40, adding
a β-blocker can also help in rate control.

Interaction With Digoxin
In the absence of HF, a case could be made for the use of ver-
apamil or diltiazem together with digoxin for additive benefit
in the treatment of supraventricular arrhythmias; but, as with
the use of digoxin and quinidine, a risk of increased digoxin
serum levels exists. The most reproducible interaction is with
verapamil.71,73,252 Steady-state concentrations of digoxin are
consistently increased by 44% to 70% after the addition of
verapamil. In some instances, the changes are only transient,
with digoxin levels returning toward baseline concentrations
(but not completely) after several weeks of continued combi-
nation therapy. The interaction is more pronounced in patients
taking larger doses of verapamil (240–360 mg/day) and in pa-
tients taking quinidine as well. Verapamil’s primary action is
the reduction of nonrenal digoxin clearance, at least partially
mediated by increased digoxin bioavailability via inhibition of
intestinal PGP by verapamil.

Several investigators also have confirmed an interaction
with diltiazem, but the magnitude of the rise in serum digoxin
concentrations (20%–35%) is less than that seen with vera-
pamil. One study reported a 45% increase in digoxin concen-
trations after nifedipine, whereas several other investigators
could not detect a change in digoxin clearance. Although not
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confirmed, the mechanism may involve inhibition of PGP by
diltiazem, thus enhancing digoxin bioavailability. In summary,
an interaction between CCB and digoxin definitely should be
considered when using verapamil; it may be of some concern
with diltiazem, and is probably insignificant with nifedipine.

Ventricular Arrhythmias Complicating Heart Failure
Amiodarone

54. B.J. (from Question 48) was stabilized over the next several
days and discharged home with furosemide 40 mg QD, enalapril 5
mg QD, metoprolol XL 100 mg QD, aspirin 81 mg QD, and NTG
0.4 mg sublingual (SL) to be used as needed for chest pain. His EF
after the infarction was 23%. Laboratory values were all normal.
ECG monitoring during B.J.’s hospital stay showed normal sinus
rhythm, but he was having 15 to 20 asymptomatic PVC/hour.
At that time, it was decided not to treat his arrhythmia other
than with metoprolol because he was asymptomatic. Over the
next several months, he continued to have frequent PVC during
follow-up examinations in the cardiology clinic.

It has now been 5 months since B.J.’s infarction and he is still
having up to 12 to 15 PVC/minute. His exercise capacity is limited
by SOB after walking about a block despite having his enalapril
increased to 20 mg/day, metoprolol XL to 200 mg/day, and adding
digoxin 0.25 mg QD. The furosemide is still at 40 mg/day because
he has little edema. Is an antiarrhythmic agent indicated for B.J.
at this time? What is the agent of choice and what dose should be
given?

Premature ventricular contractions and other arrhythmias
are a common complication of left ventricular dysfunction and
may be present regardless of whether the patient has had an
MI. Approximately 50% to 70% of patients with HF have
episodes of nonsustained ventricular tachycardia on ambula-
tory monitoring.6 This myocardial irritability may be a result
of autonomic hyperactivity or ventricular remodeling that can
accompany HF. It is not clear, however, if these rhythm dis-
turbances contribute to sudden death or simply reflect the un-
derlying disease process. Recent studies suggest that sudden
death in patients with HF is more likely caused by an acute is-
chemic event in patients with underlying CAD or to a bra-
dyarrhythmia or electromechanical dissociation in patients
with nonischemic cardiomyopathy. More importantly, suppres-
sion of ventricular ectopy in patients with HF has not been
shown to lead to a reduction of sudden death in clinical tri-
als. B.J.’s PVC were first noted after his MI. As discussed in
detail in Chapters 17 (Myocardial Infarction) and 19 (Cardiac
Arrhythmias), neither prophylactic antiarrhythmic therapy nor
treatment of asymptomatic PVC following an MI has been
proven to improve outcome or survival. In fact, because of
concerns over proarrhythmic effects of most class IA (e.g.,
quinidine) and class IC (e.g., encainide, flecainide) drugs, as
well as sotalol, treatment is considered contraindicated.

It has now been several months since B.J.’s infarct and he
continues to have frequent PVC along with HF symptoms that
place him in the NYHA class II–III category. It is suggested
that amiodarone has value in patients with HF with arrhyth-
mias because it has both antiarrhythmic properties as well as
coronary vasodilating effects and α- and β-blocking proper-
ties. Thus, it may offer a dual benefit to reduce myocardial
irritability and improve the hemodynamics of HF.

One meta-analysis reviewed 13 randomized, controlled trial
of prophylactic amiodarone in patients with either recent MI
(n = 8) or HF (n = 5).313 None of the individual trials was
powered to detect a mortality reduction of 20%. After loading
doses of 400 to 800 mg/day for 2 weeks, maintenance doses
ranged from 200 to 400 mg/day. This information taken as
a whole, the authors concluded that prophylactic amiodarone
reduces the rate of arrhythmic or sudden death in high-risk
patients and this effect results in an overall 13% reduction in
total mortality. Because this analysis combined trials of both
MI and HF patients, it is helpful to look at two of the key HF
trials.

In the Grupo de Estudio de la Sobrevida en la Insuficiecia
Cardiaca en Argentina (GESICA) study,314 516 patients with
class II to IV HF symptoms (79% class III or IV), an aver-
age EF of 20%, and frequent PVC on cardiac monitoring were
randomized to receive either standard treatment (diuretics, va-
sodilators, digoxin) or a fixed dose of amiodarone plus standard
treatment. The dose of amiodarone was 600 mg daily for the
first 2 weeks, then 300 mg/day for at least 1 year. Of 260 pa-
tients on amiodarone, 87 (33.5%) died during follow-up com-
pared with 106 of 256 (41.4%) receiving standard treatment, a
statistically significant difference in favor of amiodarone (p =
0.02). Similarly, the number of HF-related hospitalizations was
reduced with amiodarone. No data were presented on changes
in EF, but a trend toward more patients in the amiodarone group
being judged to have a decrease of at least one stage in NYHA
class was noted.

Somewhat different outcomes were noted by the investiga-
tors in the Veteran’s Administration Cooperative Survival Trial
of Antiarrhythmic Therapy in Congestive Heart Failure (CHF-
STAT) study.315,316 Entry criteria to this trial were similar to
the GESICA study, with a primary indicator being >10 asymp-
tomatic PVC per minute on 24-hour monitoring, but without
sustained ventricular tachycardia. A higher dose of amiodarone
was used, starting with 800 mg for the first 2 weeks, then
400 mg/day for 1 year. The dose was reduced to 300 mg/day
after the first year, with the average follow-up being 45 months
(4.5 years maximum). Disappointingly, no difference between
groups for either all-cause mortality (39% amiodarone vs. 42%
placebo) or sudden cardiac death (15% amiodarone vs. 17%
placebo) was found. Similarly, 2-year survival was 69.4% with
amiodarone and 70.8% with placebo. Higher survival in the
amiodarone group after the first 2 years was a noted trend,
but the number of subjects followed for longer periods was
not sufficiently large to establish significance. An encouraging
finding in this study was that EF improved more in the pa-
tients treated with amiodarone, rising from a baseline average
of 24.9% to posttreatment values of 33.7%. Corresponding
change in the standard treatment group was from a baseline
of 25.8% to 29.2% at follow-up. Despite the increase in EF,
symptom scores did not differ between the two groups.

Together, these two studies still leave unclear the role of
amiodarone in patients with HF with asymptomatic arrhyth-
mias. The encouraging finding is that amiodarone does not
seem to have a negative effect on mortality as seen with other
antiarrhythmic agents or with inotropic stimulants. On the
other hand, the two studies cited have conflicting findings re-
garding value in improving survival and functional capacity
of patients. In comparing the two studies, it has been noted
that the patients in the GESICA study had more advanced
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disease (79% class III or IV; average EF 20%; 55% 2-year
placebo mortality) than those in the VA study (43% class III
or IV; average EF 25%; 29% 2-year placebo mortality); more
patients had nonischemic cardiomyopathy in GESICA (60%)
compared with 29% in the VA study; 99% of the VA subjects
were men, whereas 19% of GESICA subjects were women;
and the dose of amiodarone was lower in GESICA.317 Further
subgroup analysis suggests that those with more advanced dis-
ease, nonischemic cardiomyopathy, and female sex have better
outcomes. Contradicting this speculation was a trend toward
better outcomes in the small number of patients with class II
symptoms in GESICA.314 Other factors to consider are the po-
tential for significant side effects with amiodarone (see Chapter
19, Cardiac Arrhythmias) and the risk that digoxin levels might
increase after the addition of amiodarone (see Question 39).

The ACC/AHA guidelines do not recommend routine
ambulatory ECG monitoring in to detect asymptomatic
ventricular arrhythmias in patients with HF, and also recom-
mend against treatment if such arrhythmias are inadvertently
detected.7 If symptomatic ventricular arrhythmias should
arise, or there is determined to be a high risk for sud-
den death, one of the following should be considered: a
β-blocking drug, amiodarone, and/or an implantable cardio-
verter-defibrillator (ICD). As discussed extensively through-
out this chapter, nearly all patients with HF should have a
β-blocker as part of their regimen because these drugs reduce
all cause mortality, not just sudden death. B.J. was started on
metoprolol after his MI, but continued to have ectopy despite
continued use of a β-blocker. Nonetheless, it is decided not to
use amiodarone because he has ischemic cardiomyopathy and
is not bothered by his arrhythmia.

IMPLANTABLE CARDIOVERTER-DEFIBRILLATER

55. Is B.J. a candidate for an implantable cardioverter-
defibrillator implantation?

Although amiodarone is the preferred antiarrhythmic agent
in patients with HF with reduced EF to prevent reoccurrent
atrial fibrillation and symptomatic ventricular arrhythmias, it
has not shown survival benefits. Ventricular arrhythmias are
associated with high frequency of sudden cardiac death (SCD)
in patients with HF. Numerous trials have established the role
of ICD in primary and secondary prevention of sudden car-
diac death. The most recent trial, the Sudden Cardiac Death
in Heart Failure trial (SCD-HeFT) evaluated the efficacy of
amiodarone in patients with LV dysfunction.317 The patients
(NYHA class II–III) were randomized to conventional ther-
apy or placebo, conventional therapy plus amiodarone, or con-
ventional therapy plus ICD. Amiodarone was no better than
placebo, whereas, ICD decreased mortality by 23%. A sub-
group analysis showed that patients with class II HF had a
greater drop in mortality with ICD use than class III patients.
Also, amiodarone decreased survival in class III HF. The role
of amiodarone in patients with NYHA class III needs to be
further evaluated before it is routinely used in patients with LV
dysfunction.

The 2005 ACC/AHA guidelines recommend the use of ICD
in patients after MI with reduced LVEF and who have a his-
tory of ventricular arrhythmias. ICD is also recommended for
primary prevention in patients with nonischemic cardiomy-
opathy and ischemic heart disease who have a LVEF ≤30%,

with NYHA functional class II or III symptoms while on opti-
mal standard oral therapy, and in patients who have reasonable
expected survival with a good functional status of 1 or more
years.7 Patients with ischemic heart disease should be at least
40 days post MI to receive an ICD. B.J. is currently on optimal
HF drug regimen. Based on the results of SCD-HeFT trial, he
would benefit from ICD implantation.

CARDIA-RESYNCHRONIZATION THERAPY

56. C.M., a 49-year-old woman with a history of cardiomyopa-
thy (EF 25%), presents to the HF clinic with NYHA class III
symptoms. She reports increased SOB, chest pain, and fatigue.
She has been optimized on drug therapy for 3 months. Her med-
ications include metoprolol 200 mg QD, furosemide 40 mg BID,
lisinopril 20 mg QD, spironolactone 25 mg QD, and KCl 40 mEq.
An ECG showed sinus rhythm at a rate of 72 beats/minute, QRS
duration of 144 millisecond. Is she a candidate for CRT?

Approximately one-third of the patients with advanced sys-
tolic HF exhibit intra- or interventricular conduction delays
that cause the ventricles to beat asynchronously.318 This ven-
tricular dyssynchrony, which is often seen on the ECG as a
wide QRS complex with a left bundle branch block, can lead
to deleterious effects on cardiac function. Patients may present
with reduced EF, decreased CO, and presence of NYHA class
III–IV HF symptoms. These are all associated with increased
mortality.

Cardiac resynchronizathion therapy (CRT) is the use of car-
diac pacing to coordinate the contraction of the left and right
ventricles.319 Initial randomized trials of CRT show reduced
HF symptoms, and improved exercise tolerance and quality of
life; but they have not demonstrated conclusive mortality ben-
efits. The Comparison of Medical Therapy, Pacing, and Defi-
brillator in Heart Failure (COMPANION) trial319 enrolled
1,520 patients with NYHA class II or IV(ischemic or non-
ischemic cardiomyopathies, QRS interval of at least 120 mil-
liseconds, and LVEF ≤35%) who were treated with optimal
drug therapy (ACE, diuretics, β-blockers, and spironolactone).
Patients were randomized to receive optimal drug therapy
(OPT) alone, OPT and CRT with a pacemaker, or OPT and
CRT with ICD (CRT-D). The primary endpoint was a compos-
ite of all-cause mortality and hospitalization. Both CRT and
CRT-D groups were associated with a decreased risk of pri-
mary endpoint, respectively (p = 0.014, p = 0.01) compared
with OPT alone. All-cause mortality at 1 year was decreased by
24% in the CRT group and 43% in the CRT-D group however
was not significantly reduced in the CRT group.

The results of the Cardiac Resynchronization in Heart Fail-
ure study (CARE-HF)320 extended the landmark findings of the
COMPANION trial. CARE-HF demonstrated a significant all-
cause mortality reduction for CRT pacing without defibrillator
backup (CRT-P) in patients with HF medically treated simi-
larly. This study was conducted in a total of 813 patients. The
inclusion criteria were NYHA class III–IV, EF ≤35%, and QRS
duration of ≥120 milliseconds (MS). Approximately 35% of
patients had ischemic heart disease. The primary endpoint of
all-cause deaths and hospitalizations for a major cardiovascular
reason occurred in fewer patients in the CRT group compared
with the OPT group (39% vs. 55%; p <0.001). Death or hos-
pitalization for worsening HF was also significantly reduced
in the CRT group.
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Thus, the combined results of CARE-HF and COMPAN-
ION confirm the importance of CRT and CRT-D in improving
ventricular function, HF symptoms, and exercise tolerance,
while also reducing frequency of HF hospitalizations by 37%
and death by 22%.321 The role of CRT in patients with mild HF
symptoms, narrow QRS, chronic atrial fibrillation, and right
bundle branch block need to be explored.

According to the 2005 ACC/AHA guidelines,7 patients with
NYHA class III and ambulatory patients with class IV HF
should receive CRT (unless contraindicated) if they meet the
following criteria: LVEF ≤35%, presence of electric asyn-
chrony as shown by a wide QRS (>120 milliseconds), and
receiving optimal HF standard medical therapy. Despite op-
timal doses of HF medications, C.M. continues to have HF
symptoms. CRT could provide incremental benefits beyond
what is provided with neurohormonal therapy.

Herbal Products and Nutritional Supplements

57. W.L., a 60-year-old man with HF recently diagnosed by his
naturopath, is concerned by his decreasing exercise capacity and
increasing SOB during his morning walks in the local mall. His
blood pressure is 170/85 mm Hg and he has 1 to 2+ ankle edema.
He distrusts medical doctors and wants to treat his HF naturally.
One time in the past he was given hydrochlorothiazide for BP re-
duction, but stopped taking it after a few days because he did not
tolerate the urinary urgency it caused. The naturopath has pre-
scribed 200 mg/day of Hawthorn leaf and 50 mg/day of coenzyme
Q. How effective is this treatment plan likely to be?

Hawthorn
Hawthorn extracts from the leaves and flowers of Crataegus
monogyna and C. oxyacantha have been reported to have ben-
eficial effects in mild HF.322,323 Oligomeric procyanids and fla-
vanoids are considered the key active ingredients. Hawthorn
extracts have shown positive inotropic action, weak ACE inhi-
bition, vasodilating properties, and increased coronary blood
flow in vitro and in animal models. In short-term (8 weeks or
less), placebo-controlled trials in patients with the equivalent of
NYHA class II HF, modest improvements were noted in exer-
cise tolerance and subjective symptoms as well as decreases in
HR and BP. Patients with more advanced HF were excluded. A
systematic review by Pittler et al. also concluded that hawthorn
extract was efficacious in the treatment of HF on top of standard
HF therapy.324 Conversely, the results of the Hawthorne Extract
Randomized Blinded Chronic Heart Failure (HERB-CHF) trial
failed to provide any evidence that hawthorn was beneficial in
patients with HF who were already receiving standard medical
therapy.325 The Commission E monograph lists no side effects
or contraindications. In clinical trials, side effects of hawthorn
include nausea, vomiting, diarrhea, palpitations, chest pain,
and vertigo. These side effects are more common when doses
exceed 900 mg/day, but in some trials have not occurred more
often than placebo. The risks and benefits of using hawthorn
and digoxin together, both of which have positive inotropic
effects, is not known.

To further investigate the longer-term benefits of hawthorn,
additive effects to conventional therapy, and effect on mor-
tality were tested in the Survival and Prognosis: Investigation
of Crataegus Extract WS 1442 in Congestive Heart Failure

(SPICE) trial.326 The trial enrolled 2,681 patients with NYHA
class II–III, LVEF ≤35%, who were randomized to hawthorn
or placebo for 2 years. Although the study failed to show any
clear cardioprotective benefits in the treatment of chronic HF,
hawthorn was well tolerated and can be safely added to stan-
dard therapy.

Coenzyme Q
Coenzyme Q, also known as ubiquinone and ubidecarenone,
is an endogenously synthesized provitamin that is structurally
similar to vitamin E and serves as a lipid-soluble electron
transport carrier in mitochondria and aids in the synthesis of
adenosine triphosphate.327,328 It might also have membrane-
stabilizing properties, enhance the antioxidant effects of vita-
min E, and stabilize calcium-dependent slow channels. In ani-
mal models, it has positive inotropic effects, although weaker
than from digoxin. As has been reviewed, more than 18 open-
label and double-blind, randomized clinical trials have been
conducted of coenzyme Q in patients with HF ranging from
NYHA classes II to IV.327 Doses varied from 50 to 200 mg/day.
In contrast to Hawthorn, the patients in many of these tri-
als were also taking diuretics, ACE inhibitors, and digoxin.
Different trials used different end point measurements. Pos-
itive effects on subjective symptoms, NYHA class improve-
ment, EF, quality of life and hospitalization rates have all been
observed. Two trials, however, failed to demonstrate signifi-
cant changes in EF, vascular resistance, or exercise tolerance.
None of the trials had sufficiently large samples sizes or ade-
quate duration of assessment to detect reduction in mortality.
Side effects were consistently minimal, but included nausea,
epigastric pain, diarrhea, heartburn, and appetite suppression.
Mild increases in lactate dehydrogenase and hepatic enzymes
have been rarely reported with coenzyme Q doses in excess of
300 mg/day.

It can be concluded that hawthorn and coenzyme Q are both
safe in the treatment of HF and might provide symptomatic im-
provement, especially in patients with mild HF (NYHA class
II). Only coenzyme Q has been shown to be of benefit as an ad-
junct to conventional therapies. It is unknown if using hawthorn
and coenzyme Q together, as prescribed for W.L., will have an
additive effect. No conclusion can be drawn about their effects
on mortality rates.

W.L. has poorly controlled systolic hypertension and HF
that is beginning to interfere with his activities of daily life.
Although evidence indicates that patients with NYHA class
II HF obtain symptomatic improvement with hawthorn and
coenzyme Q, this does not address W.L.’s hypertension. (As
reviewed by Tran et al.,327 conflicting data exist on the value
of coenzyme Q in lowering blood pressure.) Also the results
of the SPICE trial did not demonstrate any mortality bene-
fits. Also, no incremental benefits were seen when combined
with standard therapy. Even if W.L. and his naturopath are both
satisfied with his responses to hawthorn and coenzyme Q, sig-
nificant concern still exists of what will happen when and if
his disease progresses. Uncontrolled hypertension in patients
with HF can further lead to cardiac remodeling resulting in
worsening HF. Currently he is presenting with symptomatic
HF, therefore he should be started on a diuretic to alleviate
his symptoms. Starting with a 20-mg dose of furosemide and
titrating slowly may be one approach. For all of the reasons
cited throughout this chapter, one must also argue strongly
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for starting an ACE inhibitor to control his hypertension. He
should be counseled that the urinary frequency he experienced
previously should diminish after a few days.

He is being started on both hawthorn and coenzyme Q si-
multaneously. If he does improve, it will be difficult to assess

whether it is because of only one of the agents or the combi-
nation. With this in mind, it might be more logical to continue
hawthorn alone at a dose of 450 mg BID. If no benefit is derived
after 1 month, hawthorn should be stopped and coenzyme Q
started at 100 mg/day.
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Adequate blood pumping depends on a continuous, well-
coordinated electrical activity within the heart. This chapter
reviews and discusses cardiac electrophysiology, arrhythmo-
genesis, common arrhythmias, and antiarrhythmic treatment.

Electrophysiology
Cellular Electrophysiology
An electrical potential exists across the cell membrane that
changes in a cyclic manner related to the flux of ions across the
cell membrane, principally K+, Na+, and Ca2+. If the change
in the membrane potential is plotted against time in a given
cycle of a His-Purkinje fiber, a typical action potential results
(Fig. 19-1).

The action potential can be described in five phases. Phase
0 is related to ventricular depolarization resulting from sodium

entry into the cell through fast sodium channels. On a surface
electrocardiogram (ECG), phase 0 is represented by the QRS
complex. Phase 1 is the overshoot phase where calcium enters
the cell and contraction occurs. During phase 2, the plateau
phase, inward depolarizing currents through slow sodium and
calcium channels are counterbalanced by outward repolarizing
potassium currents. Phase 3 constitutes repolarization, which
on an ECG is represented by the T wave. During phase 4,
sodium moves out of the cell and potassium moves into the
cell via an active pumping mechanism. During this phase, the
action potential remains flat in some cells (e.g., ventricular
muscle) and does not change until it receives an impulse from
above. In other cells (e.g., sinoatrial [SA] node), the cell slowly
depolarizes until it reaches the threshold potential and again
spontaneously depolarizes (phase 0). The shape of the action
potential depends on the location of the cell (Fig. 19-1). In both
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FIGURE 19-1 The cardiac conduction system. A: Cardiac conduction system anatomy. B: Action potentials
of specific cardiac cells. C: Relationship of surface electrocardiogram to the action potential. SA, sinoatrial;
AV, atrioventricular.

the SA and atrioventricular (AV) nodes, the cells are more de-
pendent on calcium influx than sodium influx, resulting in a
less negative resting membrane potential, a slow rise of phase
0, and the capability of spontaneous (automatic) phase 4 de-
polarization (Fig. 19-1).

The upward slope of phase 0, referred to as Vmax, is related
to the conduction velocity. The steeper the slope, the more
rapid is the rate of depolarization. Another influence on Vmax is
the point at which depolarization occurs. The less negative the
threshold potential, the slower Vmax will be, and hence conduc-
tion velocity is slowed. Drugs can affect Vmax and conduction
velocity by blocking the fast sodium channels or by making the
resting membrane potential less negative (e.g., class I agents).

The action potential duration is the length of time from
phase 0 to the end of phase 3. The effective refractory period is
the length of time that the cell is refractory and will not prop-
agate another impulse. Both measurements can be obtained
from intracardiac recordings of the action potential. Class IA
and III agents prolong the refractoriness of the heart.

Normal Cardiac Electrophysiology
Normal cardiac electrical activity begins with automatic im-
pulse generation (automaticity) at the SA node and then normal
impulse conduction through the heart.

AUTOMATICITY
Automaticity is the ability of cells (often referred to as pace-

maker cells) to depolarize spontaneously. These cells are lo-
cated in the SA and AV nodes and the His-Purkinje system.
The SA node is normally the dominant pacemaker because
it reaches the threshold faster than other nodes in a normal
heart, resulting in 60 to 100 depolarizations per minute. The
innate AV node and Purkinje rate of depolarization is 40 to 60
and 40 depolarizations per minute, respectively. In the healthy
heart, the AV node and Purkinje fibers are prevented from
spontaneous depolarization (overridden) by the more frequent
impulses from the SA node. If the normal conduction system
is disrupted (e.g., after a myocardial infarction [MI]), the AV
node or Purkinje fibers may temporarily become the dominant
pacemaker.

CONDUCTION
An impulse normally originates in the SA node and trav-

els down the specialized intranodal pathways to activate the
atrial muscle and the AV node. The AV node holds the impulse
briefly before releasing it to the bundle of His. It then travels
to the right and left bundle branches and out to the ventricular
myocardium via the Purkinje fibers. The ECG tracing consists
of a series of complexes that correspond to electrical activity



CARDIAC ARRHYTHMIAS � 19-3

Table 19-1 Normal Electrophysiological Intervals

Normal Indices
Interval (milliseconds) Electrical Activity Measured by

P-R 120–200 Atrial depolarization Surface ECG
QRS <140 Ventricular depolarization Surface ECG
QTca <400 Ventricular repolarization Surface ECG
J-Tb — Ventricular repolarization Surface ECG
A-Hc <140 — Intracardiac lead
H-Vd <55 — Intracardiac lead

aQTc interval is the Q-T interval corrected for heart rate. A common method for
calculating QTc is the Q-T interval/(R-R interval)1/2 (Bazett formula).
bJ-T interval is obtained by subtracting the QRS interval from the Q-T interval.
cA-H interval is the time it takes for an impulse to travel from the sinotrial node to
the bundle of his.
d H-V interval is the time it takes for an impulse to travel from the bundle of His to
the Purkinje fibers.
ECG, electrocardiogram.

in a specific location or anatomic site. By convention, these
electrical deflections have been labeled the P wave, QRS com-
plex, and T wave. The P wave represents depolarization of the
atria, whereas the QRS complex reflects ventricular depolar-
ization. The T wave reflects repolarization of the ventricles. To
evaluate the intact conduction system, conduction intervals at
different sites can be obtained. The normal intervals as mea-
sured by ECG or intracardiac electrodes are shown in Table
19-1. Drugs and ischemia can alter the conduction and hence
the ECG intervals. The effects of antiarrhythmic agents on the
ECG are described in Table 19-2.

An Approach to Reading Electrocardiograms
Electrocardiographic Paper
Calculation of the various intervals and widths is facilitated by
recording the ECG waveforms on graph paper consisting of
large squares defined by heavier lines, which in turn are com-
posed of smaller squares. Each small square is 1 mm long and
represents 0.04 seconds. The larger squares are composed of
five small squares (5 mm in length) and represent 0.20 seconds
(Fig. 19-2).

Table 19-2 Pharmacologic Properties of Antiarrhythmics

Surface ECG

P-R QRS Q-T Conduction Refractory
Type Interval Interval Interval Velocity Period

IA 0/↑ ↑ ↑↑ ↑↓a ↑
IB 0 0 0 0/↓ ↓
IC ↑ ↑↑ ↑ ↑ 0
II ↑↑ 0 0 ↓b ↑b

III 0c 0 ↑↑ 0 ↑
IV ↑↑ 0 0 ↓b ↑b

aConduction increases at low dosages and decreases at higher dosages.
bOn atrial and atrioventricular nodal tissue.
cMay cause P-R prolongation independent of class III antiarrhythmic activity.
ECG, electrocardiogram.

Rhythm Interpretation
ECG tracings are evaluated through a systematic review as
described:

1. Is the rate fast or slow? A simple method to determine the
rate is to count the number of complexes occurring within
6 seconds and multiply by 10. Most ECG recording paper
places vertical lines at the top of the grid, 3 seconds apart.
Therefore, if eight complexes appear within a 6-second
length of strip, the rate is 80 beats/minute.

2. Are there P waves before each QRS complex, and is their
configuration normal? Are the P wave–to–P wave and R
wave–to–R wave intervals regular or irregular? If the rhythm
is irregular, is the pattern of irregularity consistent (regu-
larly irregular) or totally random (irregularly irregular)? P
waves appearing before the QRS complex usually indicate
that the impulse originated in the SA node and was subse-
quently conducted to the ventricle. Abnormal-appearing P
waves indicate that an atrial site other than the SA node is
initiating the beat. Irregular rhythms may be due to an im-
pulse originating from a site other than the SA node before
the normal pacemaker can fire (premature beat); they also
may result from failure to conduct impulses from the atria.

3. Are the P-R and QRS complexes within normal limits? Is
the QRS complex normal in its configuration? Impulses
originating above the ventricles with normal conduction
through the bundle branches and myocardium produce a
normal-appearing, narrow QRS complex. Impulses origi-
nating in the ventricle give rise to wide, bizarre-appearing
QRS complexes.

Pathophysiology
Abnormal Impulse Formation
Abnormal impulse formation can arise from abnormal auto-
maticity or triggered activity originating from the SA node
(e.g., sinus bradycardia) or other sites (e.g., junctional or id-
ioventricular tachycardia). Causes of abnormal automaticity
include hypoxia, ischemia, or excess catecholamine activity.

Triggered activity occurs when there is an attempted depo-
larization before or after the cell is fully repolarized, but not by
a pacemaker cell (Fig. 19-3). These after-depolarizations may
occur in phase 2 or 3 (early) or phase 4 (delayed) of the ac-
tion potential. Early after-depolarizations (EADs) arise from a
reduced level of membrane potential and may require a brady-
cardic state. Torsades de pointes (TdP), a form of polymor-
phic ventricular tachycardia (VT), is believed to be initiated by
EADs. Delayed after-depolarizations, often seen with digoxin
toxicity, are believed to be secondary to an overload of intra-
cellular free calcium.

Abnormal Impulse Conduction
RE-ENTRY
The most common abnormal conduction leading to arrhyth-

mogenesis is re-entry. A re-entrant circuit is formed as normal
conduction occurs down a pathway that bifurcates into two
pathways (e.g., AV node or left and right bundle branches).
The impulse travels along one pathway (Fig. 19-4, pathway 1)
but encounters unidirectional antegrade (forward movement)
block in the other pathway (Fig. 19-4, pathway 2). The impulse
that passed through the unblocked pathway propagates in a
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FIGURE 19-2 Electrocardiogram recording paper.
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FIGURE 19-3 Triggered activity. A: Early after-depolarizations; repo-
larization is interrupted by secondary depolarization. Such responses
may excite neighboring fibers and be propagated. B: Delayed after-
depolarizations; after full repolarization is achieved, the cell transiently
depolarizes. If the delayed after-depolarization reaches threshold, a
propagating response can be seen (– – –). Source: Reproduced with
permission from Bigger JT, Hoffman BF. Antiarrhythmic drugs. In: Good-
man AG et al, eds. Goodman and Gilman’s The Pharmacologic Basic
of Therapeutics. New York: McGraw Hill; 1991:853.

retrograde manner (i.e., moves backward) through the previ-
ously blocked pathway. This abnormal impulse can travel down
the first pathway again when it is not refractory. Supraventric-
ular and monomorphic VT are both examples of re-entrant
arrhythmias (see question 20).

BLOCK
Another form of abnormal impulse conduction occurs when

the normal conducting pathway is blocked and the impulse is
forced to travel through nonpathway tissues to cause depo-
larization. Common examples are left bundle branch blocks

PF

21

VM

FIGURE 19-4 Re-entrant circuit of the ventricle. A branched Purkinje fiber
(PF) terminates on a strip of ventricular muscle (VM). The shaded area
in branch 2 represents a depolarized area that is the site of a one-way
block; thus, the sinus impulses are blocked in this area, but retrograde
impulses are propagated. Retrograde conduction in branch 2 is slow
enough for the cells in branch 1 to recover and respond to the re-entry
impulse. Source: Reproduced with permission from Bigger JT, Hoffman
BF. Antiarrhythmic drugs. In: Goodman AG et al, eds. Goodman and
Gilman’s The Pharmacologic Basic of Therapeutics. New York: McGraw
Hill; 1991:853.
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(LBBBs) and right bundle branch blocks (RBBBs) in the ven-
tricles. A block in one path necessitates retrograde conduction
through the opposite bundle to stimulate both ventricles. Typ-
ically, the nonpathway tissue conducts the electrical impulse
more slowly than normal conduction tissues.

Classification of Arrhythmias
All arrhythmias originating above the bundle of His are re-
ferred to as supraventricular arrhythmias. These may include
sinus bradycardia, sinus tachycardia, paroxysmal supraventric-
ular tachycardia, atrial flutter, atrial fibrillation (AF), Wolff-
Parkinson-White (WPW) syndrome, and premature atrial
contractions (PACs). These arrhythmias are characterized by
normal QRS complexes (i.e., normal ventricular depolariza-
tion) unless there is a bundle branch block. Not all of these
rhythm changes are necessarily a sign of pathology. For ex-
ample, athletes with a well-conditioned heart and large stroke
volume commonly have slow heart rates (sinus bradycardia).
Vigorous exercise is commonly accompanied by transient si-
nus tachycardia.

Arrhythmias originating below the bundle of His are re-
ferred to as ventricular arrhythmias. These include premature
ventricular contractions (PVCs), VT, and ventricular fibrilla-
tion (VF).

Conduction blocks often are categorized separately based
on their level or location, which can be a supraventricular site
(e.g., first-, second-, or third-degree AV block, see Question
27) or in the ventricle (e.g., RBBB or LBBB). An alternative
method of classifying arrhythmias is based on the rate: brad-
yarrhythmia (<60 beats/minute) or tachyarrhythmia (>100
beats/minute).

Antiarrhythmic Drugs
Based on their electrophysiologic and pharmacologic effects,
there are four Vaughn-Williams antiarrhythmic drug classes.
Class I drugs, sodium channel blockers, are subdivided further,
depending on the duration of channel blockade (class IA is
intermediate, IB is quick, and IC is long). Class II drugs are
β-adrenergic blockers, class III drugs are potassium channel
blockers, and class IV drugs are calcium channel blockers. The
classification, pharmacokinetics, and adverse effects of these
agents are summarized in Table 19-3.

Class IA and class III antiarrhythmics increase repolariza-
tion time, the QTc interval, and the risk of TdP. Class II and IV
antiarrhythmics can decrease the heart rate (may cause brady-
cardia), decrease the force of ventricular contractility (may de-
crease stroke volume), and prolong the PR interval (may cause
second- or third-degree AV block). Class IB antiarrhythmics
work only in ventricular tissue, so they cannot be used in AF
or atrial flutter. Class IC antiarrhythmic agents are useful, but
should never be used after an MI or with heart failure (HF)
or severe left ventricular hypertrophy (classified as structural
heart diseases) because increased mortality can result. These
drugs are discussed in greater detail later.

SUPRAVENTRICULAR ARRHYTHMIAS
The specific arrhythmias include (a) those primarily atrial in
origin, such as AF, atrial flutter, paroxysmal sinus tachycardia,

ectopic atrial tachycardia, and multifocal atrial tachycardia; and
(b) atrioventricular nodal re-entrant tachycardia (AVNRT) and
atrioventricular re-entrant tachycardia (AVRT) involving
accessory pathways within the atria and/or ventricle. AVNRT
and AVRT often self-terminate and are paroxysmal (episodic)
in nature; thus, they are commonly referred to as paroxys-
mal supraventricular tachycardias (PSVTs). The most common
supraventricular arrhythmias are AF, atrial flutter, and PSVT.

Atrial Fibrillation/Flutter
AF is characterized by rapid, ineffective writhing of the atrial
muscle with a classic “irregularly irregular” ventricular rate.
The source of the arrhythmia is one or more ectopic areas (foci)
that act as independent pacemakers and fire at such a rate as
to suppress normal impulse generation from the SA node. On
the ECG, no identifiable P waves are present (Fig. 19-5). In
contrast, atrial flutter (Fig. 19-6) is characterized by typical
sawtooth atrial waves, at a rate of 280 to 320 beats/minute
and a variable ventricular rate, depending on the nature of
the AV block present (e.g., 2:1, 3:1, or 4:1 block). In most
cases, the ventricular rate is approximately 150 beats/minute.
Patients with atrial flutter often progress to AF. The underlying
diseases and treatments of atrial flutter and AF are similar. The
arrhythmogenic mechanism of AF may be due to multiple re-
entrant wavelets, occurring in a paroxysmal, chronic, or acute
pattern. The most common presentation is paroxysmal atrial
fibrillation (PAF), which can progress to chronic AF; thus, the
two overlap. An example of PAF is presented in the following
section.

Clinical Manifestation and Underlying Causes

1. J.K., a 66-year-old man, presents with complaints of mild
shortness of breath (SOB) and palpitations for the last 2 weeks.
He experienced palpitations of shorter duration three times in the
last year, but these were not associated with SOB. His medical his-
tory includes type II diabetes mellitus for the past 5 years, hyper-
tension, and gout. There is no history of rheumatic heart disease,
MI, HF, pulmonary embolism, or thyroid disease. Medications in-
clude glyburide (DiaBeta) 5 mg twice a day (BID), hydrochloroth-
iazide 25 mg/day, and allopurinol (Zyloprim) 300 mg/day. J.K.
does not smoke or drink alcohol. Physical examination reveals a
blood pressure (BP) of 136/84 mmHg, pulse of 154 beats/minute
with an irregularly irregular pattern, respiratory rate (RR) of 16
breaths/minute, and temperature of 98.2◦F. He has bilateral rales
on chest auscultation. Cardiac examination reveals an irregularly
irregular rhythm without murmurs, gallops, or rubs. His jugular
vein is distended 4 cm, but no organomegaly is found. His ex-
tremities have 1+ pitting edema. The ECG shows AF (Fig. 19-5),
and the chest radiograph is compatible with mild HF. A cardiac
echocardiogram reveals the atrial size to be <5 cm (normal) and
a previously unknown ejection fraction (EF) of 35% (low). In view
of his history and previous episodes, J.K. is diagnosed with PAF.
Which of J.K.’s other medical problems may predispose him to
AF development? What other conditions commonly are associ-
ated with AF?

AF is commonly associated with or a manifestation of other
diseases or disorders (Table 19-4).1 When treatable underlying
causes are present, they should be corrected because this may
resolve the AF. This episode of AF in J.K. could be due to
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Table 19-3 Vaughn-Williams Classification of Antiarrhythmic Agents

Drug and Classification Pharmacokinetics Indications Side Effects

Class IA (can cause torsade de pointes similar to class III agents)
Quinidine sulfate (83% quinidine;

SR: Quinidex) Quinidine gluconate
(62% quinidine; SR: Quinaglute)

t1/2 = 6.2 ± 1.8 hr (affected by age,
cirrhosis); Vd = 2.7 L/kg (↓ in
HF); liver metabolism, 80%; renal
clearance, 20%; Cp = 2–6 mcg/
mL, CYP3A4 substrate, CYP2D6
inhibitor, P-glycoprotein inhibitor

AF (conversion or
prophylaxis), WPW,
PVCs, VT

Diarrhea, hypotension, N/V,
cinchonism, fever,
thrombocytopenia, proarrhythmia

Procainamide (Pronestyl; Pronestyl
SR, Procan SR)

t1/2 = 3 ± 0.6 hr; Vd = 1.9 ± 0.3
L/kg; liver metabolism 40%; renal
clearance (GFR + possible CTS)
60%; active metabolite (NAPA)a

Cp = 4–10 mcg/mL

AF (conversion or
prophylaxis), WPW,
PVCs, VT

Hypotension, fever, agranulocytosis,
SLE (joint/muscle pain, rash,
pericarditis), headache,
proarrhythmia

Disopyramide (Norpace; SR:
Norpace CR)

t1/2 = 6 ± 1 hr; Vd = 0.59 ± 0.15
L/kg; liver metabolism, 30%; renal
clearance, 70%; Cp = 3–6 mcg/mL

AF, WPW, PSVT, PVCs, VT Anticholinergic (dry mouth, blurred
vision, urinary retention), HF,
proarrhythmia

Class IBb (cannot use to treat atrial arrhythmias)
Lidocaine (Xylocaine) t1/2 = 1.8 ± 0.4 hr; Vd = 1.1 ± 0.4

L/kg; liver metabolism, 100%; Cp
= 1.5–6 mcg/mL

PVCs, VT, VF Drowsiness, agitation, muscle
twitching, seizures, paresthesias,
proarrhythmia

Mexiletine (Mexitil) t1/2 = 10.4 ± 2.8 hr; Vd = 9.5 ±
3.4 L/kg; liver metabolism,
35%–80%; Cp = 0.5–2 mcg/mL

PVCs, VT, VF Drowsiness, agitation, muscle
twitching, seizures, paresthesias,
proarrhythmia, N/V, diarrhea

Tocainide (Tonocard) t1/2 = 13.5 ± 2.3 hr; Vd = 3 ± 0.2
L/kg; liver metabolism, 60%–65%;
Cp = 6–15 mcg/mL

PVCs, VT, VF Drowsiness, agitation, muscle
twitching, seizures, paresthesias,
proarrhythmia, N/V, diarrhea,
agranulocytosis

Class IC (cannot be used in patients with structural heart disease)
Flecainide (Tambocor) t1/2 = 12–27 hr; CYP2D6 substrate,

75%; renal clearance, 25%; Cp =
0.4–1 mcg/mL

AF, PSVT, severe
ventricular arrhythmias

Dizziness, tremor, lightheadedness,
flushing, blurred vision, metallic
taste, proarrhythmia

Propafenone (Rythmol) t1/2 = 2 hr (extensive metabolizer);
10 hr (poor metabolizer); Vd =
2.5–4 L/kg, CYP2D6
substrate/inhibitor, P-glycoprotein
inhibitor

PAF, WPW, severe
ventricular arrhythmias

Dizziness, blurred vision, taste
disturbances, nausea, worsening of
asthma, proarrhythmia

Moricizine (Ethmozine) t1/2 = 1.3–3.5 hr; Vd >300 L Severe ventricular
arrhythmias

Nausea, dizziness, perioral
numbness, euphoria

Class III (can cause torsade de pointes similar to class IA agents)
Amiodarone (Cordarone) t1/2 = 40–60 days; Vd = 60–100

L/kg; erratic absorption; liver
metabolism, 100%; oral F = 50%,
Cp = 0.5–2.5 mcg/mL, CYP1A2,
2D6, 2C9, 3A4 inhibitor,
P-glycoprotein inhibitor

AF, PAF, PSVT, severe
ventricular arrhythmias,
VF

Blurred vision, corneal
microdeposits, photophobia, skin
discoloration, constipation,
pulmonary fibrosis, ataxia,
hypo/hyperthyroid, hypotension,
N/V

Sotalolc (Betapace) t1/2 = 10–20 hr; Vd = 1.2–2.4 L/kg;
renal clearance, 100%

AF (prophylaxis), PSVT,
severe ventricular
arrhythmias

Fatigue, dizziness, dyspnea,
bradycardia, proarrhythmia

Dofetilide (Tikosyn) t1/2 = 7.5–10 hr; Vd = 3 L/kg; renal
elimination, 60% (GFR + CTS),
CYP3A4 substrate

AF or atrial flutter
conversion and
prophylaxis

Chest pain, dizziness, headache,
proarrhythmia

Bretylium (Bretylol) t1/2 = 8.9 ± 1.8 hr; Vd = 5.9 ± 0.3
L/kg; renal clearance, 80%–90%

VT, VF Hypotension, N/V, lightheadedness,
dizziness, transitory hypertension,
tachycardia

Ibutilide (Corvert) t1/2 = 6 (2–12) hr; Vd = 11 L/kg,
Cp = undefined

AF or atrial flutter
conversion

Headache, nausea, proarrhythmia

aNAPA is 100% renally eliminated and possesses class III antiarrhythmic activity.
bPhenytoin is classified as a class IB antiarrhythmic.
cPossesses both class II and III antiarrhythmic activity.
AF, atrial fibrillation; AF, atrial flutter; Cp, steady-state plasma concentration; CR, controlled release; CTS, cation tubular secretion; GFR, glomerular filtration rate; HF, heart
failure; NAPA, N-acetylprocainamide; N/V, nausea and vomiting; PAF, paroxysmal atrial fibrillation; PSVT, paroxysmal supraventricular tachycardia; PVC, premature ventricular
contraction; SLE, systemic lupus erythematosus; SR, sustained release; t1/2, half-life; Vd, volume of distribution; VF, ventricular fibrillation; VT, ventricular tachycardia; WPW,
Wolff-Parkinson-White syndrome.
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Note undulating baseline with no discernable P waves.
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FIGURE 19-5 Atrial fibrillation. Note the irregularly irregular R-R intervals, undulating baseline without
definitive P waves, normal width of the QRS complexes, and ventricular rate of 140 beats/minute.

a previously undiagnosed cardiomyopathy (EF = 35%). In a
small percentage of patients who do not have underlying heart
disease, AF is called “lone” AF, which usually has a more
benign course.

Consequences of Atrial Fibrillation

2. What clinical findings demonstrated by J.K. are typically
associated with AF? What are the likely consequences of his AF?

The most common complaint in AF, as illustrated by J.K.’s
history, is chest palpitations (the sensation of the heart beat-
ing rapidly or unusually in the chest). This is a result of the
rapid ventricular contraction rate, which typically ranges from
100 to 160 beats/minute. The H-R and R-R interval (time from
the R wave in one QRS complex to the R wave in the next
complex) is irregularly irregular (random irregularity). During
AF, the atrial kick, or the atria’s contribution to stroke volume
(via the Frank-Starling mechanism), is lost. Because the atrial
kick may account for 20% to 30% of the total stroke volume,
symptoms of inadequate blood flow such as lightheadedness,
dizziness, or reduced exercise tolerance may occur during AF.
However, some patients are asymptomatic except for palpita-
tions. Depending on the underlying ventricular function, signs
of HF, such as SOB and peripheral edema, may develop, as ex-
perienced by J.K. Conversely, AF could have been precipitated
by his previously undiagnosed underlying HF.

Patients with AF are at risk for thrombotic stroke.2 With
the chaotic movement of the atria, normal blood flow is dis-
rupted and atrial mural thrombi may form. The risk of stroke

FIGURE 19-6 Atrial flutter. Note the sawtooth appearance of the rhythm strip. Source: Reproduced with
permission from Stein E. Rapid Analysis of Arrhythmias: A Self-Study Program. 2nd ed. Philadelphia: Lea
& Febiger; 1992.

increases following restoration of normal sinus rhythm, which
allows more efficient cardiac contractility and expulsion of
the thrombus. Patients with nonvalvular AF have a fivefold in-
crease in the risk of stroke; this risk increases as patients have an
increased number of associated risk factors. Other concurrent
diseases that may increase the risk of stroke are HF, cardiomy-
opathy, thyrotoxicosis, congenital heart disease, and valvular
heart disease.

Treatment of Atrial Fibrillation
GOALS OF THERAPY

3. What are the initial therapeutic goals and general ap-
proaches used to treat AF in patients like J.K.?

The two initial goals of treatment are to relieve symptoms
and reduce the risk of stroke. Slowing the ventricular rate dur-
ing AF can help accomplish the first goal in most patients;
anticoagulation can help achieve the second goal if it is in-
dicated. Cardioversion to normal sinus rhythm can be delayed
unless the patient is hemodynamically compromised due to the
AF.

VENTRICULAR RATE CONTROL

4. J.K. is given a 1-mg loading dose of digoxin, followed by a
0.25-mg every day (QD) maintenance dose. What is the purpose
of administering digoxin? What are the relative advantages and
disadvantages of digoxin compared with other agents to control
ventricular rate?
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Table 19-4 Causes of Atrial Fibrillation and Flutter

Cardiac Causes
Atrial septal defect
Cardiac surgery

Pericarditis
Tachycardia-bradycardia syndrome

Cardiomyopathy
Ischemic heart disease

Tumors, lipomatous hypertrophy
Wolff-Parkinson-White syndrome

Mitral valve disease
Nonrheumatic heart disease

Systemic Causes
Alcohol (“holiday heart”) Pneumonia
Cerebrovascular accident Pulmonary embolism
Chronic pulmonary disease
Defibrillation

Sudden emotional or psychological
stress

Electrolyte abnormalities Thyrotoxicosis
Fever
Hypothermia

Trauma

Reproduced with permission from reference 22.

Digoxin
The first treatment goal is to slow the ventricular response rate,
which allows better ventricular filling with blood. Table 19-5
displays the agents commonly used to control the ventricular
response and provides the loading and maintenance doses. Be-
cause of its direct AV node blocking effects and vagomimetic
properties, digoxin prolongs the effective refractory period of
the AV node and reduces the number of impulses conducted
through the AV node (negative dromotropy). Cardioversion to
normal sinus rhythm can be delayed unless the patient is hemo-
dynamically compromised due to the AF.

Digoxin should not be regarded as first-line therapy for con-
trol of ventricular response rate in AF, except in patients with

impaired left ventricular function or HF.3 First, this is because
there are several limitations associated with digoxin use. After
an intravenous (IV) dose, it will take more than 2 hours for
the onset of effect and 6 to 8 hours for the maximal effect,
which is markedly slower than other negative dromotropes.4

Second, digoxin therapy may prolong AF episodes. In one
study of 72 patients with PAF, the relative risk of longer AF
episodes associated with digoxin was 4.3 compared with other
negative dromotropic agents (p = 0.01). This may be because
digoxin shortens the refractory period of atrial muscle, which
increases AF susceptibility. Third, digoxin is less effective than
β-blockers and nondihydropyridine calcium channel blockers
during states of heightened sympathetic tone (e.g., exercise or
emotional stress), a common precipitant of PAF.3−6 Finally,
digoxin serum concentrations may be increased when com-
bined with P-glycoprotein inhibitors such as verapamil, quini-
dine, propafenone, flecainide, and amiodarone.7−10 Normally,
P-glycoprotein in the brush border membrane of intestinal en-
terocytes pumps digoxin into the lumen of the gut and reduces
its bioavailability. When digoxin is given with inhibitors, more
complete absorption occurs. (See Chapter 18 for further dis-
cussion of digoxin and digoxin drug interactions.)

5. What other drugs can be used for ventricular rate control,
and what are their relative advantages and disadvantages com-
pared with digoxin?

β -Adrenergic Blocking Agents
β-adrenergic blocking agents are another class of negative dro-
motropes used in AF. Propranolol, metoprolol, and esmolol
are available for IV administration. Each agent rapidly con-
trols the ventricular rate both at rest and during exercise.
β-blockers are the first choice in high catecholamine states

Table 19-5 Agents Used for Controlling Ventricular Rate in Supraventricular Tachycardiasa

Drug Loading Dose Usual Maintenance Dose Comments

Digoxin (Lanoxin) 10–15 mcg/kg LBW up to 1–1.5 mg IV
or PO over 24 hr (e.g., 0.5 mg initially,
then 0.25 mg Q 6 hr)

PO: 0.125–0.5 mg/day; adjust
for renal failure (see Chapter
19)

Maximum response may take several
hours; use with caution in patients
with renal impairment

Esmolol (Brevibloc) 0.5 mg/kg IV over 1 min 50–300 mcg/kg/min
continuous infusion with
bolus between increases

Hypotension common; effects additive
with digoxin and calcium channel
blockers

Propranolol (Inderal) 0.5–1.0 mg IV repeated Q 2 min (up to
0.1–0.15 mg/kg)

IV infusion: 0.04 mg/kg/min
PO: 10–120 mg TID

Use with caution in patients with HF or
asthma; additive effects seen with
digoxin and calcium channel blockers

Metoprolol (Lopressor) 5 mg IV at 1 mg/min PO: 25–100 mg BID Use with caution in patients with HF or
asthma; additive effects seen with
digoxin and calcium channel blockers

Verapamil (Isoptin, Calan) 5–10 mg (0.075–0.15 mg/kg) IV over 2
min; if response inadequate after
15–30 min, repeat 10 mg (up to 0.15
mg/kg)

IV infusion: 5–10 mg/hr PO:
40–120 mg TID or 120–480
mg in sustained-release form
daily

Hypotension with IV route; AV blocking
effects are additive with digoxin and
β-blockers; may increase digoxin
levels

Diltiazem (Cardizem) 0.25 mg/kg IV over 2 min; if response
inadequate after 15 min, repeat 0.35
mg/kg over 2 min

IV infusion: 5–15 mg/hr PO:
60–90 mg TID or QID or
180–360 mg in
extended-release form daily

Response to IV therapy occurs in 4–5
min; hypotension; effects additive
with digoxin and β-blockers

aAV nodal ablation is a nonpharmacologic alternative to control the ventricular response, but the effect is permanent and requires chronic ventricular pacing afterward.
AV, atrioventricular; BID; twice a day; HF, heart failure; LBW, lean body weight; PO, orally; IV, intravenously; Q, every; QID, four times a day; TID, three times a day.
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such as thyrotoxicosis and postcardiac surgery. However, given
their negative inotropic effects, β-blockers should not be
used to acutely control the ventricular response in patients
with HF. Even though β-blockers are used to treat HF (e.g.,
bisoprolol, carvedilol, metoprolol), they need to be started at
low doses and titrated prudently over several weeks to thera-
peutic doses11,12 (see Chapter 18). When trying to achieve rate
control, more aggressive dosing may be needed. β-blockers
should also be avoided in patients with asthma because of their
β2-blocking properties, and blood sugar levels should be mon-
itored more closely in patients with diabetes mellitus because
the signs and symptoms of hypoglycemia (except sweating)
can be masked.

Calcium Channel Blockers
Calcium channel blockers are also effective in slowing ven-
tricular rate at rest and during exercise. Both verapamil and
diltiazem can be administered IV for a rapid (4–5 minutes) re-
duction in heart rate.13 They work through their effect on slow
calcium channels within the AV node. Although the duration
of action produced by bolus dosing is short, both agents can
be administered either as a continuous drip or orally. Given the
ability of calcium channel blockers to cause arteriolar dilation,
a transient decrease in blood pressure can be expected. IV cal-
cium pretreatment can be used to attenuate the blood pressure
decrease among patients with hypotension, near hypotensive
blood pressure, or left ventricular dysfunction. Calcium pre-
treatment does not appear to diminish the negative dromotropic
effects of nondihydropyridine calcium channel blockers.14−16

Verapamil and diltiazem should be used with caution in HF,
and verapamil can increase the concentrations of other car-
diovascular drugs such as digoxin, dofetilide, simvastatin, and
lovastatin.17 Verapamil and diltiazem are good alternatives to
β-blockers in asthmatics.3

For chronic therapy, oral negative dromotropes are recom-
mended. A recent study suggests that β-blockers are the most
effective rate controlling agents but that many patients require
changes from initial therapy before adequate rate control is
achieved.18 If higher-dose monotherapy with one of the neg-
ative dromotropes is needed to control symptoms but is as-
sociated with intolerable side effects, combining lower-dose
digoxin with a β-blocker or calcium channel blocker might be
effective.5,19−21

J.K. has signs of HF, so digoxin is a reasonable choice. IV
verapamil and β-blockers may worsen the signs and symptoms
of HF and the β-blockers may mask signs of hypoglycemia in
J.K. The goal of rate control should be a resting and an exer-
cising heart rate of <90 and 140 beats/minute, respectively.21

LONG-TERM MANAGEMENT STRATEGY
Rate versus Rhythm Control

6. Despite adequate rate control with digoxin (resting heart
rate = 75 beats/minute), J.K. still complains of SOB. Would a
rhythm or rate control strategy be most appropriate for J.K. at
this point?

Several trials have compared rate control to rhythm control
as long-term management strategies in AF. The North Amer-
ican Atrial Fibrillation Follow-up Investigation of Rhythm
Management (AFFIRM) study was the largest of these.
AFFIRM was a randomized, multicenter comparison of rate

control and rhythm control, and it enrolled 4,060 patients with
AF and a high risk of stroke.22 The primary end point was
all-cause mortality. Antiarrhythmic drugs were chosen at the
discretion of the treating physician, but more than 60% of
the patients received amiodarone or sotalol as the initial an-
tiarrhythmic agent. Rate control agents included digoxin, β-
blockers, and nondihydropyridine calcium channel blockers.
After a mean follow-up of 3.5 years, there was a trend toward
lower overall mortality (p = 0.08), with significant reductions
in hospitalizations (10% lower, p = 0.001) and TdP (300%
lower, p = 0.007) in the rate control group. The results of three
smaller studies of rate versus rhythm control in AF echo those
of AFFIRM.23−25 Rate control has also been shown to be more
favorable from a cost-effectiveness standpoint, and quality of
life appears to be the same, regardless of whether a long-term
rate or rhythm control strategy is chosen.26−28

In conclusion, using rhythm control in patients with AF
rather than rate control does not improve outcomes and in-
creases the risk of hospitalizations and TdP. This suggests that
a majority of patients can simply be managed with rate control
and, if indicated, anticoagulation. However, it should be noted
that studies in this area generally included older, less symp-
tomatic patients, and it is unclear whether a rhythm control
strategy could be beneficial in younger, highly symptomatic
patients.3

Conversion to Normal Sinus Rhythm

7. Due to continued bothersome symptoms, J.K. is scheduled
for elective cardioversion in 3 weeks. Warfarin treatment is begun,
and J.K.’s prothrombin time is to be maintained at an interna-
tional normalized ratio (INR) of 2 to 3. Why is warfarin therapy
being used?

J.K. is to be maintained on warfarin for 3 weeks before
cardioversion to prevent the embolization of any atrial clots.
These atrial clots form most often in small side pouches on
the atria called appendages.3,29 Because the frequency of right
atrial appendage thrombosis is half that of left atrial appendage
thrombosis in AF patients, the risk of stroke is enhanced much
more than the risk of pulmonary embolism.29 Studies in pa-
tients with AF showed that those who were anticoagulated be-
fore cardioversion had a lower incidence (0.8%) of emboli than
those who were not anticoagulated (5.3%).30 Warfarin is rec-
ommended during the 3-week period before cardioversion for
patients who have been in AF for more than 2 days.31 The dose
should be titrated to produce an INR of 2 to 3. If cardioversion
is successful, patients should remain on warfarin for 4 weeks
because normal atrial activity/function may not return for up
to 3 weeks, and patients may be at risk of late embolization.32

J.K. has had AF for a minimum of 2 weeks; thus, he should be
maintained on warfarin for 3 weeks before he is scheduled for
cardioversion.

Cardioversion can be accomplished pharmacologically or
with electrical or direct current (DC) cardioversion. DC car-
dioversion quickly and effectively restores 85% to 90% of pa-
tients with AF to normal sinus rhythm.32 If DC conversion
alone is ineffective, it can be repeated in combination with an-
tiarrhythmic drugs.33 In one study, the success rate of electrical
cardioversion was significantly higher in AF patients (dura-
tion of AF averaged 119 days) with ibutilide pretreatment (1
mg) compared to those without pretreatment (100% vs. 72%,
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p = 0.001).33,34 Other studies have found promising results
with class IA antiarrhythmic agents and contradictory data with
flecainide. Amiodarone is effective for this purpose, but it may
be inconvenient to load patients with amiodarone several days
before DC cardioversion.3

Although DC cardioversion is highly effective, its use is
limited to some degree by the need for general anesthesia
(short-acting benzodiazepine, barbiturate, or propofol). Phar-
macologic conversion could be used in order to avoid the use of
general anesthesia or if a patient wants to avoid DC cardiover-
sion; however, success rates are generally lower with pharma-
cologic cardioversion than with DC cardioversion. One study
suggests that attempting chemical conversion first with ibu-
tilide, with all failures subsequently receiving electrical car-
dioversion, is more cost effective (saving $138/patient) than
using DC cardioversion in all patients.34 Therefore, many fac-
tors must be considered when selecting the optimal method for
cardioversion of atrial fibrillation in an individual patient.

Chemical Conversion—Ibutilide, Propafenone, and Flecainide

8. The decision is made to attempt chemical cardioversion with
ibutilide. If therapy fails, J.K. will undergo DC cardioversion later
in the day. How does ibutilide therapy compare with the other ther-
apeutic choices for chemical cardioversion? What type of patient
is likely to remain free of AF recurrence following cardioversion?

Many class I and III antiarrhythmic agents have been eval-
uated for efficacy in placebo-controlled trials for conversion
of AF or atrial flutter to normal sinus rhythm. The best-
studied agents include IV ibutilide, oral propafenone, IV or
oral flecainide, oral quinidine, oral sotalol, oral and IV amio-
darone, and oral dofetilide. This section focuses on ibutilide,
propafenone, and flecainide.

IV ibutilide, a class III antiarrhythmic agent with potas-
sium channel–blocking and slow sodium channel–enhancing
effects, was the first agent that the U.S. Food and Drug Admin-
istration (FDA) approved for the termination of recent onset
AF/atrial flutter. Ibutilide is administered as a 1-mg infusion
over 10 minutes, followed by another 1-mg infusion over 10
minutes if conversion has not occurred by 10 minutes after the
infusion. The conversion rate for recent onset AF is 35% to
50%; the conversion rate is 65% to 80% in atrial flutter. Coad-
ministration of magnesium (1–2.2 g) with ibutilide produced
a 20% relative increase in rate of successful conversion.35

As is the case with most class III antiarrhythmic agents,
the main adverse effect is TdP, which occurred in approxi-
mately 4% of patients. Coadministration of ibutilide with mag-
nesium may also reduce the risk for TdP; however, more study
is needed in this area.31 A recent study suggests that the use of
ibutilide for acute conversion in patients already taking amio-
darone or propafenone does not increase proarrhythmia risk.36

Aside from the risk of TdP, therapy is well tolerated.37,38

Propafenone is a class IC agent with β-blocking proper-
ties. When given in doses of 450 to 750 mg orally (600 mg
was the most used dose), the initial conversion rate in patients
with AF ranged from 41% to 57%. In contrast to ibutilide, no
patients experienced ventricular arrhythmias (including TdP),
but a risk of hypotension, bradycardia, and QRS prolongation
was noted.39−41

Oral flecainide is another class IC antiarrhythmic agent.
In one study, 300 mg oral flecainide converted 68% of pa-

tients to sinus rhythm within 3 hours and 91% of patients by
8 hours. Another study using 2 mg/kg IV flecainide over 10
minutes followed by 200 to 300 mg orally demonstrated a 71%
conversion rate. The efficacy in atrial flutter has yet to be es-
tablished. Sinus node dysfunction; prolongation of intraven-
tricular rhythm; dizziness, weakness, and gastrointestinal (GI)
disturbances have been reported.42,43

Conversion to and maintenance of normal sinus rhythm is
determined by the duration of the arrhythmia, underlying dis-
ease processes, and left atrial size. Duration of AF for more
than 1 year significantly reduces the chances of maintaining
a normal sinus rhythm.44 When the atrial size exceeds 5 cm,
there is a <10% chance of maintaining normal sinus rhythm
at 6 months.

J.K.’s chance of being maintained in normal sinus rhythm is
good because the duration of his AF is short and the echocar-
diogram revealed only slight enlargement of his left atrium.
Ibutilide is chosen because it has good efficacy and safety,
does not interact with digoxin like propafenone can, and is not
contraindicated like the class IC agents in patients with heart
failure or left ventricular hypertrophy (structural heart disease)
like J.K.

Quinidine

9. If an agent like quinidine is used, instead of ibutilide, to con-
vert the patient to normal sinus rhythm, why would it be especially
important to attempt ventricular rate control first?

The effects of quinidine and other type IA antiarrhythmic
agents on the AV node are bimodal. At low concentrations, AV
node conduction may be enhanced by the drug’s antivagal prop-
erties. If this occurs before normal sinus rhythm is achieved by
quinidine, the ventricular rate may actually increase. At higher
concentrations, the type IA agents slow AV node conduction.
Because it is difficult to predict which effect on the AV node
will predominate in a given patient, it is prudent to initiate a
rate controlling agent first.

Dofetilide

10. After failing cardioversion with ibutilide, J.K. is converted
to normal sinus rhythm using a single 200-J electric shock. He is
discharged from the hospital on digoxin and warfarin and advised
to follow up with a cardiologist 4 weeks later. Within 2 weeks,
J.K. experiences several episodes of brief, symptomatic, and self-
terminating palpitations. His physician prescribes oral dofetilide
and informs J.K. that he will be admitted to the hospital for the
first 3 days of treatment to determine a safe and effective dose.
Why is dofetilide unique among the antiarrhythmic drugs used
in AF and atrial flutter? What drug interactions limit its use?

Oral dofetilide is a class III antiarrhythmic agent that in-
hibits the delayed rectifier potassium current (IKr).45,46 It is
the only class III agent indicated for both acute cardioversion
of AF/atrial flutter and maintenance of normal sinus rhythm.
However, the risk of TdP has prompted its manufacturer to
mandate a minimum of 3 days of ECG monitoring in a properly
equipped facility during therapy initiation. Two clinical trials,
EMERALD (European and Australian Multicenter Evaluative
Research on Atrial Fibrillation Dofetilide)47 and SAFIRE-D
(Symptomatic Atrial Fibrillation Investigation and Random-
ized Evaluation of Dofetilide),48 have shown AF/atrial flutter
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patients to have conversion rates of 30% on higher doses of
dofetilide. Patients failing chemical conversion received elec-
trical conversion. If this conversion succeeded, they were con-
tinued on dofetilide for 1 year. At 1 year, 60% of those con-
verted with the 500-mcg dose were still in sinus rhythm. Also,
dofetilide appears to exert neutral effects on mortality rates in
HF and post-MI patients.49,50

The dofetilide dose is based on the patient’s creatinine clear-
ance (Clcr); the doses are 500, 250, and 125 mcg twice daily
with Clcr above 60 mL/minute, 40 to 60 mL/minute, and 20 to
39 mL/minute, respectively. The QTc interval must be mea-
sured (using a 12-lead ECG) 2 to 3 hours after the first dose. If
the QTc interval does not increase by >15% or if it does not
surpass 500 milliseconds (550 milliseconds in patients with
ventricular conduction abnormalities), the QTc interval still
needs to be measured 2 to 3 hours after each subsequent dose,
but not with a 12-lead ECG. If the QTc interval exceeds the
above parameters, the subsequent dose should be reduced by
50%. If the QTc interval measured 2 to 3 hours after the first ad-
justed dose (using a 12-lead ECG) is still above the acceptable
range, dofetilide should be discontinued. If the QTc interval is
within an acceptable range following the first adjusted dose, all
subsequent postdose QTc intervals do not need to be measured
with a 12-lead ECG. All patients must be ECG monitored by
at least a single lead for 3 days.51

Drug interactions pose a significant problem with dofetilide.
Cimetidine, ketoconazole, megestrol, prochlorperazine, and
trimethoprim (including in combination with sulfamethoxa-
zole) inhibit active tubular secretion of dofetilide and can
elevate dofetilide plasma concentrations.46,51 Because the inci-
dence of TdP is directly related to dofetilide plasma concentra-
tions, concomitant use with these agents is contraindicated.51

Concomitant administration of dofetilide with verapamil or
hydrochlorothiazide increases the incidence of TdP by an
unknown mechanism and is contraindicated as well.46 Con-
current use of agents that can prolong the QTc interval is
not recommended with dofetilide.51 Dofetilide also under-
goes metabolism by the CYP3A4 isoenzyme to a minor ex-
tent. Therefore, inhibitors of this isoenzyme (e.g., amiodarone,
azole antifungal agents, diltiazem, nefazodone, protease in-
hibitors, quinine, serotonin reuptake inhibitors, zafirlukast)
should be coadministered with caution with dofetilide. Other
agents that can potentially increase dofetilide levels (through
inhibition of tubular secretion) include amiloride, metformin,
and triamterene. Hence, these agents should be cautiously
coadministered with dofetilide.51

Maintenance Antiarrhythmic Therapy

11. Evaluate the value of using an antiarrhythmic agent to
maintain J.K. in normal sinus rhythm. What are the risks and
benefits of the different antiarrhythmic agents used for this pur-
pose?

Whether J.K. should be placed on an antiarrhythmic is a
judgment of benefit versus risk. There is no doubt that various
antiarrhythmics can prevent episodes of AF. However, J.K.’s
need for antiarrhythmic therapy should be weighed against the
potential for adverse effects. Overall, both rate and rhythm con-
trol strategies lead to similar rates of overall mortality, but the
risk of hospitalization and TdP and cost is likely higher with

rhythm control. Hence, if adequate rate control can eliminate
J.K.’s symptoms, that is the preferred strategy. If symptoms
are limiting his quality of life or adequate rate control can-
not be achieved, rhythm control is a valuable option. In this
case, the physician has chosen rhythm control, and there are
no compelling reasons to try to persuade him otherwise given
the symptomatic nature of the AF episodes. The question now
becomes how to choose the best antiarrhythmic agent for J.K.
To do this, the efficacy and adverse effect profiles for each
agent should be reviewed.

Class IA, IC, and III antiarrhythmics (see Table 19-2 for
electrophysiologic and ECG effects and Table 19-3 for phar-
macokinetics and side effects) prevent the recurrence of AF.
Quinidine, flecainide, sotalol (Betapace AF), and dofetilide
are approved by the FDA for maintenance of sinus rhythm;
propafenone and amiodarone are commonly used as well.

Quinidine
If quinidine is used, sustained-release (SR) formulations
such as quinidine sulfate (Quinidex) or quinidine gluconate
(Quinaglute) are preferred because they produce smaller peak-
to-trough fluctuations than rapid-release products and can be
administered twice daily to enhance compliance. Nausea, vom-
iting, and diarrhea occurring early in therapy are reported in
up to 30% of patients receiving quinidine, requiring 10% to
discontinue therapy. A unique symptom complex referred to
as cinchonism occurs when quinidine blood levels exceed 5
mcg/mL. This disorder is characterized by disturbed hear-
ing (tinnitus, decreased auditory acuity), visual abnormali-
ties (blurred vision, altered color perception, diplopia), and
central nervous system (CNS) alterations (headache, confu-
sion, delirium). Quinidine raises digoxin serum concentrations,
which is important in J.K., but it is also a potent inhibitor
of the CYP2D6 isoenzyme, which affects the metabolism of
carvedilol, codeine, desipramine, and propafenone. HF and
older age are additional risk factors that can raise quinidine
concentrations, which would be a confounder for J.K. Use of
quinidine is limited to third-line therapy for this indication
based on a meta-analysis showing improved maintenance of
sinus rhythm but nonsignificant increases in mortality (3.2%
mortality vs. 0.8%).52

Flecainide and Propafenone
The class IC agents flecainide and propafenone are effective in
suppressing AF.53−55 The efficacy rate may be as high as 61%
to 92% for flecainide.56 Flecainide and possibly other class
IC agents may cause other arrhythmias, especially in patients
with structural heart disease, and they should be avoided in
such patients. Propafenone, a class IC agent with β-blocking
properties, is as efficacious as flecainide and is relatively safe
in patients without ischemic heart disease and an EF above
35%; it may be preferred in patients who require additional
AV blockade.57,58 In comparison with quinidine (average dose
1,067 mg), propafenone (average dose 615 mg) was signif-
icantly better at reducing the occurrence of AF and at re-
ducing the ventricular rate when AF occurred. A 75% reduc-
tion in symptomatic arrhythmic attacks occurred in 75% of
the propafenone group versus 46% of the quinidine group.
Both therapies were well tolerated, with 4% of patients in
both groups withdrawing. Dizziness was the most common
reason for discontinuation in the propafenone group, whereas
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GI disturbances were most common in the quinidine group.59

Propafenone was superior to placebo and sotalol in a study of
254 patients with paroxysmal or persistent AF.60 In this study,
the monthly rate of developing either AF recurrence or an ad-
verse effect was 5.26% with sotalol, 3.13% with propafenone,
and 9.19% with placebo. Propafenone was also shown to be
superior to amiodarone when both efficacy and adverse effects
were considered in another study.55 Monthly progression to
AF recurrence or adverse effects in this study was 3.18% for
amiodarone and 3.96% for propafenone.

A novel approach to maintaining sinus rhythm with fle-
cainide and propafenone has been recently reported.61 In this
study, patients with AF and no significant cardiovascular dis-
ease self-administered oral propafenone or flecainide on ex-
periencing symptoms of AF recurrence. AF recurrence was
experienced on 618 occasions in 165 patients. Patient-initiated
therapy was successful in converting 84% of these patients
and 7% experienced adverse effects. Use of this strategy (sin-
gle dose of propafenone or flecainide when AF recurs instead
of chronic suppression) also reduced the number of emergency
room visits and hospitalizations.

Sotalol, Amiodarone, and Dofetilide
Class III agents (sotalol, dofetilide, and amiodarone) prolong
refractoriness in the atria, ventricle, AV node, and accessory
pathway tissue, and can prevent recurrence of AF. The effi-
cacy of sotalol in delaying the recurrence of AF was evaluated
in a double-blind, placebo-controlled, multicenter, randomized
trial that enrolled 253 patients with AF or atrial flutter.62 The
median times to recurrence were 27, 106, 229, and 175 days
with placebo, sotalol 160 mg/day (divided in two doses), sotalol
240 mg/day (divided in two doses), and sotalol 320 mg/day (di-
vided in two doses), respectively. In one comparative study, so-
talol was as effective as quinidine in maintaining sinus rhythm
after cardioversion.63 The risk of developing TdP with sotalol
has prompted its manufacturer to mandate a minimum of 3 days
of ECG monitoring in a properly equipped facility during ther-
apy initiation. Furthermore, during initiation and titration, QTc
intervals should be monitored 2 to 4 hours after each dose, and
sotalol is contraindicated in patients with a Clcr of less than
40 mL/minute. Bradycardia, dizziness, and GI disturbances
are common intolerable side effects of sotalol.64

Amiodarone is more effective than quinidine, sotalol, and
propafenone.65−69 The Canadian Trial of Atrial Fibrillation
(CTAF) compared the ability of low-dose amiodarone (200 mg/
day) versus propafenone (450−600 mg/day) and sotalol
(160−320 mg/day) to prevent recurrence of atrial fibrillation
in 403 patients with a recent episode of AF (within the preced-
ing 6 months).67 After a mean follow-up of 16 months, 35%
of the amiodarone-treated patients had a recurrence of AF ver-
sus 63% in the combined group with sotalol and propafenone
(p = 0.001). Another more recent study supports the CTAF
study results by demonstrating superior efficacy with amio-
darone as compared to sotalol and placebo.68 Low doses of
amiodarone (200–400 mg/day) have a high rate of efficacy and
a reduced incidence of the serious adverse effects often asso-
ciated with high doses of this drug.66 In view of its unusual
pharmacokinetics and potential serious adverse effects, how-
ever (see Table 19-3 and Questions 30, 36, and 37), amiodarone
should be reserved for patients with HF, where it has specific
safety data, or when other agents such as sotalol, propafenone,
or dofetilide have failed.3

Dofetilide is another class III agent that has been shown to be
effective for the maintenance of sinus rhythm after conversion
and safe in heart failure patients (see question 10 for dosing in
renal impairment, critical drug interactions, and monitoring).

In view of J.K.’s new onset of HF and frequent uncomfort-
able episodes of AF, dofetilide, and amiodarone are logical
first choices with proven efficacy and studies in HF patients
showing relative safety. Propafenone and flecainide are con-
traindicated in patients like JK with structural heart disease
(heart failure and possible left ventricular hypertrophy due to
hypertension).

12. Do any medications without direct effects on cardiac ion
channels have a role in maintaining sinus rhythm?

Angiotensin-converting enzyme (ACE) inhibitors, an-
giotensin receptor blockers (ARBs), and statins may have a
potential role in the management of atrial fibrillation. A recent
meta-analysis reported that ACE inhibitors or ARBs prevent
the development of atrial fibrillation (odds ratio [95% con-
fidence interval (CI)] = 0.51 [0.36–0.72]), prevented failure
of DC cardioversion (0.47 [0.24–0.92]), and prevented recur-
rence of atrial fibrillation after DC cardioversion (0.39 [0.20–
0.75]).70 These agents likely prevent structural remodeling of
the atria in patients with or at risk for atrial fibrillation. There-
fore, these medications probably prevent the formation of the
substrate necessary for atrial fibrillation. Preliminary data sug-
gest that statins may also prevent AF recurrence after DC car-
dioversion of persistent AF.71 In this study, 3-month recurrence
rate in the control group was 45.8% compared to 12.5% in the
statin (atorvastatin) group (p = 0.02). The anti-inflammatory
properties of atorvastatin were proposed as the reason for
less recurrence with statin therapy because C-reactive pro-
tein was reduced in the atorvastatin group but not the control
group.

13. If J.K. fails trials of multiple antiarrhythmic agents, what
nonpharmacologic treatments are available to him for mainte-
nance of sinus rhythm?

A premature stimulus originating from the pulmonary veins
is often responsible for initiating atrial fibrillation. As such, a
technique in which ablation is used to isolate the pulmonary
veins has been developed. At 1 year, this technique prevented
AF recurrence in 86% of patients, while antiarrhythmic drugs
prevented recurrence in 22% of patients (p <0.001).72

Stroke Prevention
ASPIRIN AND WARFARIN

14. J.K. is discharged from the hospital on dofetilide 500 mcg
BID, which is appropriate given his Clcr of 92 mL/minute. He has
been doing fine for 2 weeks after discharge. Should J.K. remain
on warfarin therapy? Should aspirin be added or substituted?

Patients with nonvalvular and valvular AF have a 5- and 17-
fold increased risk for stroke compared with patients without
AF, respectively.2 Stroke can lead to death or significant neuro-
logic disability in up to 71% of patients, with an annual recur-
rence rate as high as 10%.73 In large, randomized trials, patients
with nonvalvular atrial fibrillation benefited from antithrom-
botic therapy. In the Stroke Prevention in Atrial Fibrillation
(SPAF) study, both aspirin 325 mg/day and warfarin (titrated
to an INR 2.0–4.5) reduced the risk of stroke significantly with
an acceptable level of hemorrhagic complications.74 In this
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trial, patients younger than 60 years of age without hyperten-
sion, recent heart failure, or prior thromboembolism had a low
risk of thromboembolism and did not benefit from warfarin
therapy.74 The results of SPAF II and Copenhagen Atrial Fib-
rillation, Aspirin and Anticoagulation Trials, both of which
were direct comparisons of warfarin and aspirin, indicate that
warfarin is more effective than aspirin in preventing stroke.75,76

Although greater efficacy was derived from warfarin therapy
in the SPAF II study, a higher incidence of bleeding complica-
tions was noted with warfarin in patients older than 75 years of
age, especially those with risk factors for bleeding (previous
thromboembolism, GI, or genitourinary bleeding).75

Patients younger than 60 years who have “lone” AF should
be maintained on aspirin alone because the bleeding risk with
warfarin is maintained, but the benefits are reduced in this
population. Older patients and those with thromboembolic risk
factors should receive warfarin because the benefits of therapy
far outweigh the risks, and the patient should maintain an INR
of 2.0 to 3.0.77,78

A common issue with warfarin therapy is the variability in
dosing requirements from patient to patient. Intensive partici-
pation in anticoagulation monitoring is necessary to ensure that
patients reach a therapeutic range and stay within that range.
Recently, a simple blood test has been developed for commer-
cial use called the PGx Predict warfarin test. This test could be
used to help predict maintenance warfarin dose requirements
by assessment of CYP2C9 genotype and VKORC1 genotype.79

Certain polymorphisms in CYP2C9 genotype translates into
variability in activity of the CYP2C9 enzyme, a principal en-
zyme in warfarin metabolism. The VKORC1 gene encodes for
part of the vitamin K epoxide reductase complex, the target
for warfarin therapy. Therefore, VKORC1 genotype polymor-
phisms lead to variability in sensitivity to the effects of war-
farin. Use of this test may become more common in the future
and could help simplify the dosing of warfarin in patients with
atrial fibrillation.

Because J.K. has a low bleeding risk (no history of
thromboembolism, diastolic hypertension, or GI/genitourinary
bleeding) and an increased risk of stroke due to his age
(66 years), he should continue to receive warfarin therapy with-
out concomitant aspirin. Even though J.K. is in normal sinus
rhythm on dofetilide at this time, in the AFFIRM trial, only
73% and 63% of patients remained in sinus rhythm at 3 and
5 years, respectively.22 These patients did not necessarily know
when they went back into AF.

15. M.P. is a 38-year-old woman who has had chronic atrial
flutter for the past 2 years. She has no other medical history
and is taking metoprolol 50 mg BID. She does not want to take
the drug any longer because it reduces her exercise tolerance.
Is there a nonpharmacologic therapy for atrial flutter? Does the
treatment of atrial flutter differ from the treatment of AF? Is ra-
diofrequency catheter ablation an acceptable nonpharmacologic
option for M.P.?

As mentioned previously, atrial flutter is an unstable rhythm
that often reverts to sinus rhythm or progresses to AF. If atrial
flutter is episodic, its underlying cause should be identified and
treated if possible. If a patient remains in atrial flutter, the treat-
ment goals (control of ventricular rate, return to normal sinus
rhythm) are the same as those for AF. Similar agents and doses
can be used to control the ventricular response. Chemical con-
version, low-energy (<50 J) DC cardioversion or rapid atrial

pacing may acutely convert atrial flutter back to sinus rhythm,
but the recurrence of atrial flutter is high.

Radiofrequency catheter ablation therapy is a nonpharma-
cologic treatment of atrial flutter. Electrophysiologic studies
are performed initially to determine the optimal site for abla-
tion. Various sections of the atria and pulmonary veins (where
they intersect with the atria) are probed with a catheter that de-
livers cardiac pacing. Once an area is stimulated with pacing
and an atrial ectopic/re-entrant focus is recognized, the area
is ablated. Ablation destroys atrial or pulmonary vein tissue
integral to the initiation or maintenance of the atrial flutter
by delivering electrical energy over electrodes on the catheter.
This procedure is successful in 75% to 90% of cases and can
be recommended for patients with atrial flutter who are drug
resistant or drug intolerant, or who do not desire long-term
therapy.

Radiofrequency ablation therapy may be suitable for M.P.
However, if exercise intolerance is her primary complaint, this
can be relieved by switching M.P. to another drug such as
verapamil.

Atrial Fibrillation After Bypass Surgery
β-BLOCKERS AND AMIODARONE

16. H.L., a 55-year-old woman with triple vessel disease, is
scheduled for coronary artery bypass surgery (CABG) in 3 days.
Her medical history includes exercise-induced angina treated with
nitrates, metoprolol, and diltiazem. What is the incidence of AF
after CABG surgery? Should H.L. be treated with a drug to pre-
vent the postoperative occurrence of AF?

More than 750,000 CABG or heart valve surgeries (car-
diothoracic surgery) are performed annually in the United
States.80 Without prophylaxis, AF develops in up to 65% of
patients, and two-thirds of the cases occur on postoperative day
2 or 3.81 The underlying mechanism is unknown, but it may be
related to sympathetic activation, pericarditis, or atrial dilation
from volume overload.82,83 The arrhythmia usually converts
spontaneously but can result in temporary symptomatology
(lightheadedness), a higher risk of cerebrovascular accident,
and a longer hospital stay.83

β-blockers, amiodarone, and sotalol are proven prophylac-
tic strategies to reduce the incidence of postcardiothoracic
surgery AF.83–85 Of these, β-blockers and amiodarone have
been shown to reduce other clinical events and shorten length
of stay.80,83–85 In addition, both β-blockers and amiodarone
can be used together in the same patient as a prophylactic
strategy.84,85 If a patient is receiving a β-blocker before surgery
and cannot receive it after surgery, the risk of postcardiotho-
racic surgery AF is even higher than if they were never on the
β-blocker (due to β-blocker withdrawal). Therefore diligence
in trying to assure continued β-blockade in these patients is
important.85

Although many studies evaluating the use of amiodarone
prophylaxis have been conducted, the Atrial Fibrillation Sup-
pression Trial II (AFIST II) had a regimen that allowed for
dosing patients with elective and emergent surgery and the
beneficial results were in addition to a high baseline utilization
of β-blockers.85 In AFIST II, a hybrid IV and oral amiodarone
regimen was evaluated versus placebo. In this study, IV amio-
darone (1,050 mg) was given over 24 hours after surgery and
then oral drug (400 mg three times daily) was given for 4 post-
operative days (equal to 7 g oral drug given over 5 days). In
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FIGURE 19-7 Supraventricular tachycardia. Source: Reproduced with permission from Stein E. Rapid
Analysis of Arrhythmias: A Self-Study Program. 2nd ed. Philadelphia: Lea & Febiger; 1992.

this study, amiodarone reduced the 30-day risk of AF by 42.7%
and symptomatic AF by 68.3%. Amiodarone regimens using
all oral dosing have also been studied and showed similar ben-
efits with similar delivered amiodarone doses.83,84

17. H.L.’s metoprolol therapy was discontinued prior to surgery
and she was not treated prophylactically. There were no immedi-
ate postsurgery complications. On postoperative day 2, she devel-
ops AF with a ventricular response rate of 142 beats/minute and
a BP of 126/75 mmHg. How should H.L. be managed?

β-blocker withdrawal after surgery is one of the most potent
risk factors for developing postcardiac surgery AF. Now that
she has AF, the decision to treat H.L.’s AF depends on her heart
rate and how well she tolerates the arrhythmia; antiarrhythmics
are often not needed in the short-term management of this
disorder. For many years, digoxin has been used to control
the ventricular response. However, following surgery, patients
have a high sympathetic tone, and digoxin is often ineffective.
β-blockers are effective and preferred if there are no other
contraindications.86 They are especially preferred in patients
such as H.L., who have been taking β-blockers preoperatively
because withdrawal of β-blockers can increase the occurrence
of postoperative AF.86,87

H.L.’s rapid ventricular rate should be controlled. Propra-
nolol 1 mg IV every 5 minutes (up to 0.1 mg/kg), metoprolol
5 mg IV repeated at 2-minute intervals (up to a total dose of
15 mg), esmolol 0.5 mg/kg bolus followed by a continuous
infusion at a rate of 50 to 300 mcg/kg/minute, or verapamil
5 to 10 mg IV every 1 to 4 hours are all options for H.L.,
who appears to be hemodynamically stable. If one of these
therapy choices is ineffective, a loading dose of digoxin can
be administered IV as adjunctive therapy with a β-blocker or
verapamil.

18. Metoprolol is started and ventricular rate control is
achieved 4 minutes after administering the second 5-mg dose.
The patient receives 50 mg oral metoprolol therapy an hour later,
converts to normal sinus rhythm spontaneously the next day, and
is prepared for discharge. The metoprolol therapy is discontinued.
Should an antiarrhythmic agent be initiated for H.L. to prevent
recurrence of AF?

Using prophylactic antiarrhythmic agents after discharge in
patients with AF within a few days of CABG surgery does not
seem to protect against recurrent AF. In one trial, all patients
with AF after CABG surgery were given verapamil, quinidine,
amiodarone, or placebo at discharge and were then followed
with Holter monitoring for 90 days. There was no difference
in the occurrence of AF between the placebo group (3.3% in-

cidence) and the other groups (6.7% incidence for each treat-
ment group).88 Because H.L. was treated with metoprolol for
angina pectoris before the surgery, therapy can be reinitiated
if the anginal pain resumes with exercise.

Paroxysmal Supraventricular Tachycardia
Clinical Presentation

19. B.J., a 32-year-old woman, presents to the emergency de-
partment (ED) complaining of fatigue and palpitations. She has
had similar episodes approximately twice a year for the past
2 years but has not sought medical attention. She is in no appar-
ent distress and has a temperature of 98◦F, heart rate of 180–190
beats/minute, BP of 95/60 mmHg, and RR of 12 breaths/minute.
Her ECG (Fig. 19-7) shows a heart rate of 185 beats/minute; the
P waves cannot be found, and the QRS complex is 110 millisec-
onds (normal <120). The diagnosis is PSVT. What is the clinical
presentation of PSVT, and what are the consequences of this ar-
rhythmia?

PSVT often has a sudden onset and termination. At the time
of PSVT, the heart rate is usually 180 to 200 beats/minute. As
illustrated by B.J., patients experience palpitations as well as
nervousness and anxiety. In patients with a rapid ventricular
rate, dizziness and presyncope (near-fainting) can occur, and
the rhythm may degenerate to other serious arrhythmias. De-
pending on the underlying heart function, angina, HF, or shock
may be precipitated. It has not been demonstrated that patients
with episodes of PSVT are at an increased risk of stroke.

Arrhythmogenesis Re-entry

20. What is the arrhythmogenic mechanism of PSVT?

AV nodal re-entry is the most common mechanism of parox-
ysmal supraventricular arrhythmias (Fig. 19-4). Under certain
conditions, such as following an acute MI, atrial impulses will
be blocked in one of the two AV nodal pathways in a unidirec-
tional manner (antegrade block). After the impulse reaches the
distal end of one pathway, it will conduct in a retrograde fash-
ion through the other pathway, setting up a circular movement
causing tachycardia.

Reciprocating tachycardias occur when there is an acces-
sory pathway. Orthodromic AV reciprocating tachycardia is a
re-entry tachycardia involving antegrade conduction through
the AV node and retrograde conduction through a bypass
tract. Antidromic AV reciprocating tachycardia is a re-entry
tachycardia involving antegrade conduction through an acces-
sory pathway and retrograde conduction via the AV node or
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FIGURE 19-8 The atrioventricular (AV) node in paroxysmal supraventric-
ular tachycardia and Wolff-Parkinson-White syndrome. A. A bifurcation
of an impulse, one propagated fast and another slow. B. The slow im-
pulse in Figure 19-8A can send impulses in a retrograde fashion. C.
The re-entry from Figure 19-8A to Figure 19-8B can be self-sustaining.
D. Normal impulse conduction through the AV node, but abnormal ret-
rograde conduction up an accessory pathway, as would be seen in a
patient with Wolff-Parkinson-White syndrome.

another accessory pathway (e.g., WPW syndrome) (Fig. 19-8).
Antidromic reciprocating tachycardias manifest as wide QRS
complexes resembling ventricular arrhythmias.

Treatment

21. B.J. tries the Valsalva maneuver, and her ventricular rate
is reduced to 175 beats/minute; the other parameters are un-
changed. She is given adenosine 6 mg as an IV bolus, adminis-
tered over 1 minute, with no effect on the PSVT rate. Another
dose of adenosine 12 mg has no effect. No side effects are noted
from therapy. What treatment options can be used if B.J. is hemo-
dynamically unstable? What is the Valsalva maneuver? What
is a probable reason for B.J.’s unresponsiveness to adenosine?
Are there any drug interactions that might diminish adenosine’s
effect?

NONDRUG TREATMENT
Valsalva Maneuver
Although her BP is low at 95/60 mmHg, B.J. is maintaining
an adequate perfusion pressure, so nondrug treatment or va-

gal maneuvers should be attempted first. Two common vagal
techniques are pressure over the bifurcation of the internal and
external carotid arteries and the Valsalva maneuver (forcible
exhalation against a closed glottis, similar to bearing down to
have a bowel movement). The increase in pressure induced
by these maneuvers is sensed by the baroreceptors, causing a
reflex decrease in sympathetic tone and an increase in vagal
tone. The increase in vagal tone will increase refractoriness
and slow conduction in the AV node, thereby slowing the heart
rate; the arrhythmia will terminate in 10% to 30% of cases.89

If B.J. is hemodynamically unstable or becomes hemodynami-
cally unstable at any time, she should receive synchronous DC
cardioversion.

DRUG THERAPY
Adenosine
Drug therapy involves blocking the AV node because most
PSVT rhythms involve a re-entry circuit within this area.
Adenosine, a purine nucleoside that exerts a transient negative
chronotropic and dromotropic effect on cardiac pacemaker tis-
sue, is considered the drug of choice for the acute treatment of
PSVT because of its rapid and brief effect.90 An initial 6-mg
IV bolus is given; if this is unsuccessful within 2 minutes, it
can be followed by one or two additional 12-mg IV boluses, up
to a maximum of 30 mg. Because of its short half-life (9 sec-
onds), adenosine should be administered as a rapid bolus (over
1–3 seconds), followed immediately by a saline flush. Thus,
B.J.’s failure to respond is likely attributed to the prolonged
(1-minute) infusion time.

Theoretically, adenosine may be ineffective or higher doses
may be required in patients who are receiving theophylline be-
cause theophylline is an effective adenosine receptor blocker.
Larger doses of other methylxanthines (caffeine or theo-
bromine) may also theoretically interact like theophylline.
Conversely, concomitant use of dipyridamole may accentuate
adenosine’s effects because dipyridamole blocks the adenosine
uptake (and subsequent clearance).

22. B.J. is given 12 mg adenosine IV over 2 seconds, followed by a
20-mL normal saline flush. Thirty seconds later, she complains of
chest tightness and pressure. Is B.J. experiencing a heart attack?
Is this response a result of a drug interaction between adenosine
and another medication?

B.J. is experiencing a common side effect of adenosine.
Patients receiving adenosine should be warned that they may
experience transient chest heaviness, flushing, or feelings of
anxiety. SOB and wheezing may be observed in patients with
asthma. Lower doses are usually required in heart transplant
patients, and caution should be observed when administering
adenosine to these patients.

Calcium Channel Blockers

23. B.J. is still in PSVT. What other acute therapeutic options
should be considered at this time?

Nondihydropyridine calcium channel blockers, verapamil
and diltiazem, can be used in patients with PSVT. Verapamil
(2.5–5 mg IV given over 2 minutes) achieves peak therapeutic
effects in 3 to 5 minutes after dosing and can be repeated
at 10- to 15-minute intervals to a maximum dose of 20 mg
if needed. The elderly should receive the verapamil infusion
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over 3 minutes. Patients ages 8 to 15 years should receive 0.1
to 0.3 mg/kg as an IV bolus over 1 minute. A repeat dose
of 0.1 to 0.2 mg/kg can be administered 15 to 30 minutes
later if the effect was inadequate. Diltiazem is given as a 0.25-
mg/kg IV bolus over 2 minutes, and a second bolus of 0.35
mg/kg can be given 15 minutes later if the effect is inadequate.
Both calcium channel blockers have an 85% conversion rate.91

However, verapamil should not be used in patients with wide
complex tachycardia of unknown origin because it may lead to
hemodynamic compromise and, potentially, VF.

β-blockers and digoxin can be used if calcium channel
blockers or adenosine fail.

24. B.J. is given 5 mg IV verapamil over 1 minute, followed by
an additional 5 mg 10 minutes later. She converts to normal sinus
rhythm 3 minutes after the second dose. Because she has experi-
enced symptoms that could be attributed to PSVT in the past, she
may be a candidate for chronic therapy to slow conduction and
increase refractoriness at the AV node. Which agents have been
evaluated for this indication? Is there a role for radiofrequency
catheter ablation therapy for PSVT like there is for atrial flutter?

On a long-term basis, PSVT is managed with agents that
slow conduction and increase refractoriness in the AV node,
thereby preventing a rapid ventricular response. These include
oral verapamil, diltiazem, β-blockers, or digoxin. Class IA,
IC, and III agents are used occasionally to slow conduction
and increase refractoriness of the fast bypass tract to prevent
triggering impulses such as premature atrial and ventricular
contractions. Radiofrequency catheter ablation is indicated if
drug therapy cannot be administered safely (e.g., in a preg-
nant woman), managed conveniently (e.g., in noncompliant
patient), or tolerated (because of side effects).

Electrophysiologic testing is used to determine the location
of the re-entrant tract, which then can be abolished, thereby
interrupting accessory pathways. This treatment approach po-
tentially is curative and is used increasingly in medical centers
under the direction of a specially trained electrophysiologist.

B.J. has had a few episodes of PSVT in the past but has
not been on any suppressive therapy. This history suggests that
chronic suppressive therapy should be tried first. Because she
responded to IV verapamil, oral SR verapamil (Isoptin SR)
was prescribed at a dosage of 240 mg/day.

Wolff-Parkinson-White Syndrome

25. M.B., a 35-year-old man, presents to the ED with a chief
complaint of chest palpitations for 4 hours. He relates a history
of many similar self-terminating episodes since he was a teenager.
He took an unknown medication 5 years ago that decreased the
occurrence of the palpitations, but he stopped taking it due to side
effects. M.B.’s vital signs are BP 96/68 mmHg; pulse 226 beats/
minute, irregular; RR 15 breaths/minute; and temperature
98.7◦F. A rhythm strip confirms AF, with a QRS width varying
from 0.08 to 0.14 seconds. To control the ventricular rate, 10 mg
IV verapamil is administered over 2 minutes. Within 2 minutes,
VF is noted on the monitor. M.B. is defibrillated to normal si-
nus rhythm. A subsequent ECG demonstrates a P-R interval of
100 milliseconds (normal 120–200) and delta waves compatible
with WPW. What is WPW syndrome?

WPW is a pre-excitation syndrome in which there is an
accessory bypass tract (known as a Kent bundle) connecting

the atria to the ventricle (Fig. 19-8). An impulse can travel
down this pathway and excite the ventricle before the expected
regular impulse through the AV node arrives (hence the term
pre-excitation). If there is antegrade conduction over the by-
pass tract while the patient is in normal sinus rhythm, the ECG
will demonstrate a short P-R interval (<100 milliseconds), a
delta wave that represents a fused complex from pre-excitation,
and the regular QRS complex following AV conduction. WPW
can occur in children and adults without overt cardiac disease.
Paroxysmal AV reciprocating tachycardias and AF occurs in
these patients at a higher incidence than in the general popula-
tion of the same age.92 Similar to M.B., the rapid heart rate
experienced during the tachycardia may cause palpitations,
lightheadedness, and fatigue. When patients with WPW de-
velop AF, there is a danger that impulses will be conducted
directly to the ventricle, causing a rapid ventricular rate that
may evolve into VF.

26. Why did verapamil cause VF in M.B.? What drug or
drugs would be appropriate for M.B., and what drugs should
be avoided?

Verapamil can block AV conduction by increasing the effec-
tive refractory period, allowing all impulses from the atrial area
to conduct down the bypass (Kent) tract. Because M.B. had AF,
the rapid atrial impulses were conducted directly down the by-
pass tract to the ventricle, causing VF. In addition, verapamil
may enhance conduction over the accessory pathway by short-
ening its effective refractory period. Also, peripheral vasodi-
lation can induce a reflex sympathetic discharge that can, in
turn, decrease the effective refractory period of the accessory
pathway.93,94

The most common presentation of WPW syndrome involves
normal antegrade conduction down the AV node and retrograde
conduction back up through the accessory pathway. This will
manifest as orthodromic reciprocating re-entrant tachycardia.
Thus, drugs that inhibit antegrade impulse conduction through
the AV node (e.g., verapamil, digoxin) will terminate the re-
entrant tachycardia and can be suitable in the absence of AF.
The less common variety of WPW is antegrade conduction
through the accessory pathway with retrograde transmission
up through the AV node, resulting in an antidromic re-entrant
tachycardia. Similarly, AV nodal blocking agents will terminate
this type of re-entrant tachycardia. In some situations, such as
experienced by M.B., rapid AF with an accessory pathway
occurs, which can lead to VF and cardiac arrest.

The antiarrhythmic drugs used to treat patients with AF
who have an accessory pathway, such as M.B., include those
that depress conduction and increase the effective refractory
period of the fast sodium channel–dependent tissue of the ac-
cessory pathway. This includes most class I antiarrhythmics,
with the class IB agents being least effective. Procainamide,
an FDA-approved drug for this indication, is a reasonable first
choice.95 Propafenone and flecainide are also effective and may
be preferred over procainamide.96–99 Amiodarone and sotalol
may also be effective, but clinical experience is limited.100–102

Radiofrequency ablation of the bypass tract is used more fre-
quently for these patients to prevent VF.

Further therapy for M.B. may not be useful at this time.
However, if he has recurrent AF or other symptomatology as-
sociated with WPW, radiofrequency catheter ablation or drug
therapy as outlined previously could be indicated.
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FIGURE 19-9 Bundle branch block. Note that the QRS interval is pro-
longed. A 12-lead electrocardiogram is required to make the diagnosis
of left bundle branch block. Source: Reproduced with permission from
Stein E. Rapid Analysis of Arrhythmias: A Self-Study Program. 2nd ed.
Philadelphia: Lea & Febiger; 1992.

CONDUCTION BLOCKS
Various arrhythmias can result from blockage of impulse con-
duction. These can occur above the ventricle, such as first-,
second-, and third-degree (complete) AV block. Others, such
as RBBB or LBBB and trifascicular block, originate below
the bifurcation of the His bundle. Although conduction blocks
can be classified as either supraventricular or ventricular ar-
rhythmias, they are discussed as a separate group because their
mechanism of arrhythmogenesis is similar and their treatment
is different from other arrhythmias.

27. H.T., a 63-year-old man, was admitted to the coronary care
unit (CCU) 12 hours ago with an acute inferior wall MI. He has
remained stable. On admission, he had the rhythm strip shown
in Figure 19-9 (LBBB). Twelve hours later, it has changed to
the rhythm strip shown in Figure 19-10 (Wenckebach or type
I, second-degree AV block). Are these rhythms potentially haz-
ardous to H.T.? How is second-degree AV block different from
first- or third-degree AV block?

H.T.’s rhythm strip revealed a diagnosis of LBBB. Bundle
branch block occurs when the electrical impulse cannot be con-
ducted along the left or right fascicle of the His-Purkinje system
(Fig. 19-1). In H.T., the impulse travels down the right bundle
normally, and the right ventricle contracts at the normal time.
The left bundle is blocked and, therefore, the left side is de-
polarized from an impulse conducted from the right ventricle.
This impulse must travel through atypical conduction tissues
(with slower conduction), and hence the left side depolarizes
later. This is revealed on the ECG by a widened QRS complex.
Bundle branch blocks, particularly in the left fascicle, are as-
sociated with coronary artery disease, systemic hypertension,
aortic valve stenosis, and cardiomyopathy.103 Typically, they
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FIGURE 19-10 Second-degree atrioventricular block type I (Wencke-
bach). The P-R interval progressively prolongs until, after the third com-
plex, a QRS complex is not conducted. Source: Reproduced with permis-
sion from Stein E. Rapid Analysis of Arrhythmias: A Self-Study Program.
2nd ed. Philadelphia: Lea & Febiger; 1992.
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FIGURE 19-11 Second-degree atrioventricular block type II (3:1 fixed
block).

do not lead to clinical cardiac dysfunction on their own. Be-
cause H.T. has LBBB, he can develop complete heart block
(third-degree block) if for any reason his right fascicle is dam-
aged.

First-degree AV block is usually asymptomatic. The ECG
will show P waves with a prolonged P-R interval (normal
>200 milliseconds), but each wave is followed by a normal
QRS complex. First-degree AV block is a common finding in
patients taking digoxin, verapamil, or other drugs that slow AV
conduction.

Second-degree heart block consists of two types. Mobitz
type I (Wenckebach) is characterized by progressive length-
ening of the P-R interval with each beat and a corresponding
shortening of the R-R interval until finally an impulse is not
conducted; the cycle then starts over again. Mobitz type II (Fig.
19-11) impulse conduction is blocked in a fixed, regular pat-
tern (e.g., 3:1 block, where for every three P waves, only one
is conducted).

Third-degree heart block (complete heart block) occurs
when none of the impulses from the SA node are conducted
to the ventricles. During third-degree block, the ventricle must
develop its own pacemaker (escape rhythm), which may be too
slow to provide adequate cardiac output, causing the patient to
become symptomatic. A mechanical pacemaker is needed for
treatment of third-degree AV block. AV blocks can be caused by
drugs, acute MI, amyloidosis, and congenital abnormalities.104

Atropine

28. How should H.T.’s heart block be treated?

H.T. is experiencing a Wenckebach rhythm, which is of-
ten transient following an inferior wall MI. As long as he is
hemodynamically stable, he should be monitored closely. If his
heart rate and BP drop, atropine 0.5 mg IV bolus (maximum 2
mg) can increase the heart rate. This is only a short-term ther-
apy; if the hemodynamic compromise persists, a pacemaker
must be inserted to initiate the impulse to control the heart
rate.

VENTRICULAR ARRHYTHMIAS
Recognition and Definition
Ventricular arrhythmias arise from irritable ectopic foci within
the ventricular myocardium. Impulses from these ectopic foci
generate wide, bizarre-looking QRS complexes leading to
PVCs (Fig. 19-12). PVCs can arise from the same ectopic site
(unifocal) or can be multifocal in origin. They can be simple
(e.g., isolated or infrequent) or complex (e.g., R on T, in which
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FIGURE 19-12 Premature ventricular contraction. Every other beat is a premature ventricular (ectopic)
contraction.

the R wave of a PVC falls on top of a normal T wave). Other pre-
sentations include runs of two or more beats, bigeminy (every
other beat is a PVC), or trigeminy (every third beat is a PVC).
Three consecutive PVCs are usually defined as VT, which can
be nonsustained or sustained. Ventricular flutter, VF, and TdP
are other serious forms of ventricular arrhythmias (Figs. 19-
13 to 19-16). The presentation, etiology, treatment, and ion
channels associated with TdP are discussed separately.

Nonsustained ventricular tachycardia (NSVT) (Fig. 19-13)
commonly is defined as three or more consecutive PVCs last-
ing <30 seconds and terminating spontaneously. Sustained VT
(SuVT) is defined as consecutive PVCs lasting >30 seconds,
with a rate usually in the range of 150 to 200 beats/minute. P
waves are lost in the QRS complex and are indiscernible. SuVT
(Fig. 19-15) is a serious development because it can degenerate
into VF. Ventricular flutter is characterized by sustained, rapid,
regular ventricular beats (normal >250/minute) and usually
degenerates into VF. VF (Fig. 19-14) is characterized by irreg-
ular, disorganized, rapid beats with no identifiable P waves or
QRS complexes. It is believed to be triggered by multiple re-
entrant wavelets in the ventricle. There is no effective cardiac
output in patients with VF.103,104

Etiology
Common factors that cause ventricular arrhythmias are is-
chemia, the presence of organic heart disease, exercise,
metabolic or electrolyte imbalance (e.g., acidosis, hypokalemia
or hyperkalemia, hypomagnesemia), or drugs (digitalis, sym-
pathomimetic amines, antiarrhythmics). It is essential to iden-
tify and remove any treatable cause (e.g., metabolic or elec-
trolyte imbalance and proarrhythmic drugs) before initiating
antiarrhythmic drug therapy.

Evaluation of Life-Threatening Ventricular Arrhythmias
An episode of life-threatening ventricular arrhythmia (i.e.,
SuVT, TdP, VF) carries a significant risk of morbidity and
mortality. Adequate documentation of the arrhythmia and its
suppression by either drugs or a mechanical device are es-
sential. Patients suspected of having or documented to have
symptoms of a life-threatening arrhythmia (e.g., syncope, out-
of-hospital cardiac arrest) should be admitted to the hospital
and evaluated. At present, two approaches are used to evaluate
the arrhythmia and the effectiveness of therapy: ambulatory
(Holter) monitoring and electrophysiologic studies.103,104

Holter Monitoring
Holter monitoring is continuous ECG monitoring, usually for
24 to 48 hours, with or without exercise (e.g., treadmill exer-
cise). The patient wears a portable ECG monitoring device in a
purselike carrier and maintains a written log of daily activities
and possible arrhythmia symptoms. The ECG is then played
back in the laboratory, correlating the presence of arrhyth-
mias with patient activity and symptoms. Monitoring should be
implemented before and after drug intervention. One criterion
clinically used in judging efficacy is that a drug is consid-
ered effective if it suppresses 100% of runs of VT longer than
15 beats, 90% of shorter runs, 80% of paired PVCs, or 70% of
all PVCs, and there is an absence of exercise-induced VT.105

Electrophysiologic Studies
Electrophysiologic studies are the second approach in evalu-
ating the efficacy of antiarrhythmic drugs. This approach is
especially useful in patients with sporadic ventricular arrhyth-
mias that may be missed by short-term monitoring. This proce-
dure involves right ventricular catheterization and introduction

FIGURE 19-13 Nonsustained ventricular tachycardia. Source: Reproduced with permission from Gold-
berger Al, Goldberger E. Clinical Electrocardiology: A Simplified Approach. 4th ed. St. Louis, MO:
Mosby–Year Book; 1990.
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FIGURE 19-14 Ventricular fibrillation.

of up to three electrical stimuli at the right ventricular apex of
the heart to induce baseline VT.106 If the arrhythmia is not
reproducibly induced, repeated stimulation with up to three
extra stimuli is usually performed at the right ventricular out-
flow tract. Once VT is reproducibly induced at baseline, drug
therapy is started. The drug is considered effective if the SuVT
is rendered noninducible or occurs in runs of less than six
beats. A partial response to drug therapy is obtained if the
drug converts SuVT to NSVT or decreases the VT rate (e.g.,
increases VT cycle length by 100 milliseconds), with elimina-
tion of symptoms.107

Drugs that achieve satisfactory response by Holter tech-
nique or complete suppression by the electrophysiologic
technique have been shown to improve long-term survival
in uncontrolled trials.108–110 Similarly, a partial response by
the electrophysiologic method has also improved long-term
outcome.111 In a randomized, comparative study of Holter
monitoring versus electrophysiologic study, Holter monitoring
led to a prediction of efficacy more often than electrophysio-
logic study, although there was no difference in the success of
drug therapy as selected by either method.110

Premature Ventricular Contractions

29. A.S., a 56-year-old woman, is admitted to the CCU with
a diagnosis of acute anterior wall MI. Her vital signs are BP
115/75 mmHg, pulse 85 beats/minute, and RR 15 breaths/minute.
Auscultation of the heart reveals an S3 gallop. Her electrolytes in-
clude potassium (K) 3.8 mEq/L (normal 3.5–5.0) and magnesium
(Mg) 1.4 mEq/L (normal 1.6–2.4). Otherwise, her examination
is within normal limits. Two days later, an echocardiogram es-
timates her EF to be 35% (normal >50%). During her stay in
the CCU and in the step-down unit, multiple PVCs (15/minute)
were noted on the bedside monitor. No antiarrhythmic agent was
ordered. Should A.S.’s multiple PVCs be treated with a class I
antiarrhythmic drug?

[SI units: K, 3.8 mmol/L (normal 3.5–5.0); Mg, 0.72mmol/L (normal 0.8–
1.2)]

Occasional PVCs are a benign, natural occurrence, even
in a healthy heart, and are not an indication for drug therapy.
Similarly, asymptomatic simple forms of PVCs, even in pa-
tients with other cardiac disease, are usually not an indication
for treatment. However, the presence of frequent PVCs is a

FIGURE 19-15 Sustained ventricular tachycardia.

well-described risk factor for sudden cardiac death (SCD).112

In patients with a low EF induced by the PVCs or NSVT, the
risk for sudden cardiac death can increase 13-fold. Suppressing
PVCs under these conditions may reduce the risk of SCD.

Type IC Antiarrhythmic Agents
Because PVCs are a risk factor for SCD, the National Institutes
of Health launched the Cardiac Arrhythmia Suppression Trial
(CAST)113,114 to assess the benefit of PVC suppression in sur-
vivors of MI. CAST was a prospective, randomized, placebo-
controlled trial that evaluated three antiarrhythmic agents: fle-
cainide, encainide, and moricizine (all class IC agents). The
choice of these drugs was based on results of a pilot study of
1,498 patients that showed adequate suppression of arrhythmia
(PVCs) in the target population. Ten months after initiation of
the study, CAST was discontinued because of excess total mor-
tality and cardiac arrests in patients receiving flecainide and en-
cainide. Forty-three of 755 patients in the flecainide/encainide
group died of arrhythmia or cardiac arrest versus 16 of the
743 patients taking placebo. Furthermore, total mortality in
the flecainide/encainide group was 8.3% (63/755) compared
with 3.5% (26/743) in the placebo group.113 In the moricizine
group, which was reported separately in CAST II, 16 of 660
patients in the drug group died compared with 3 of 668 patients
in the placebo group in the initial 2 weeks. Subsequent long-
term follow-up did not show a difference between moricizine
and placebo.114 It is generally believed that the excessive death
rate in the drug-treated groups was due to the proarrhythmic
effect of the drugs. Because the patients enrolled in CAST
were asymptomatic and at low risk for the development of ar-
rhythmias, they were at greater risk for drug toxicity (relative
to benefit). Although many issues have been raised concerning
CAST, one conclusion is that patients with a recent MI and the
presence of asymptomatic PVCs should not be treated with
encainide, flecainide, or moricizine. Whether other class I an-
tiarrhythmics will produce similar results is unknown. Thus,
the decision not to treat A.S.’s PVCs with class I antiarrhyth-
mic medications was a sound one. The proarrhythmic effects
of the drug may outweigh the potential danger of PVCs at this
time.

30. What alternatives to class I antiarrhythmics should be con-
sidered for A.S.?

β-Blocking Agents
A β-blocker should be considered in this patient and in all pa-
tients with an acute MI unless specific contraindications exist.
β-blocking drugs have been shown to reduce the risk of rein-
farction and cardiac arrest when started early in the course of
an MI and continued for more than 7 to 14 days. In pooled
analyses from 28 clinical trials on β-blockers, the mortality
rate was decreased by 28% at 1 week, with most of the ben-
efit obtained within the first 48 hours. An 18% reduction in
reinfarction and a 15% reduction in cardiac arrest were also
documented.115–117 A recent substudy looking specifically at
patients with new signs of mild to moderate HF and acute MI
determined that IV metoprolol (5-mg bolus every 5 minutes re-
peated three times to deliver 15 mg over 15 minutes) followed
by 200 mg/day of oral metoprolol reduced overall mortality
significantly at 3 months and 1 year.118 This suggests that a
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FIGURE 19-16 Torsades de pointes.

reduced EF after MI (as in A.S.) or a large MI is not a con-
traindication to β-blocker therapy.

The importance of the β-blocking effect after MI is further
illustrated by the results of two MI sotalol trials. The first trial of
sotalol, a class III antiarrhythmic agent with β-blocking prop-
erties, showed an 18% reduction in overall mortality, which
was similar to that seen in other β-blocking trials.119 The sec-
ond trial, the Survival With Oral D-Sotalol (SWORD) trial,
evaluated the d-isomer of sotalol only. This isomer does not
have β-blocking properties, and this trial was stopped early
because the mortality rate was significantly increased.120 The
American Heart Association and the American College of Car-
diology recommend the routine use of IV β-blockers (followed
by oral therapy) to prevent the early occurrence of VF121 (see
Chapter 17).

Amiodarone
In high-risk patients with MI who are not candidates for β-
blockade, alternative antiarrhythmic therapy with amiodarone
can be considered. Amiodarone is a class III antiarrhythmic
agent but also has antiadrenergic, class I, and class IV activity.
The first trial evaluating the use of amiodarone in patients who
had specific contraindications for β-blockade was conducted
in Poland. Treatment with amiodarone (800 mg/day for 7 days
followed by 400 mg/day for 6 days of the week for 1 year)
was associated with a significant reduction in cardiac mortal-
ity and significant ventricular arrhythmias. Overall mortality
showed a trend toward benefit, but statistical significance was
not achieved.122 An evaluation of amiodarone in post-MI pa-
tients with frequent PVCs (>10/hour) or at least one run of
VT was conducted in the Canadian Amiodarone Myocardial
Infarction Arrhythmia Trial (CAMIAT).123 In this trial, amio-
darone (10 mg/kg/day for 14 days, then 300−400 mg/day for
16 months) significantly reduced the incidence of VF or ar-
rhythmic death by 48.5% compared with placebo. Arrhythmic
death alone was reduced by 32.6%, and all-cause mortality was
reduced by 21.2%, but statistical significance was not achieved
for these end points. Patients with heart failure or a previous
MI had a majority of the benefit from amiodarone therapy.

A complementary study, the European Myocardial Infarct
Amiodarone Trial (EMIAT), evaluated MI survivors with a re-

duced EF (<40%).124 Based on the results of this study, amio-
darone (800 mg for 14 days, then 400 mg for 14 weeks, and then
200 mg for the rest of the study) significantly reduced arrhyth-
mic deaths by 35% compared with placebo. However, this study
did not demonstrate any trend toward reduced mortality (mor-
tality was 13.86% with amiodarone vs. 13.72% with placebo).
This suggests that amiodarone should not be used in all pa-
tients with a reduced EF after an MI, but that it could benefit
patients in whom antiarrhythmic therapy is indicated. Hence, if
A.S. reports problematic symptoms associated with the PVCs
or develops additional risk factors for arrhythmia while on
β-blockade, antiarrhythmic therapy with amiodarone can be
given without an increased risk of overall mortality122–124 (see
Chapter 17).

Nonsustained Ventricular Tachycardia

31. D.S., a 62-year-old man, was admitted recently for an infe-
rior wall MI. Following the infarction, he has been free of further
pain and does not exhibit signs of HF. An echocardiogram shows
an EF of 48%, but D.S. does experience runs of VT (Fig. 19-13)
lasting from three beats to 20 seconds in length. D.S. states that
he feels his heart racing during the longer episodes. Should D.S.’s
VT be treated? If so, what are the treatment options?

D.S. is experiencing NSVT, which can occur in patients
with underlying heart disease, both ischemic and nonischemic
(idiopathic dilated cardiomyopathy, hypertrophic cardiomy-
opathy). It is not clear which of these patients is at highest
risk for SCD. The Multicenter Unsustained Tachycardia Trial
(MUSTT) used electrophysiologic testing to see if laboratory
inducibility of sustained monomorphic VT could predict the
duration or frequency of NSVT in patients with NSVT, coro-
nary artery disease, and a reduced EF. No significant difference
in the frequency or duration of spontaneous NSVT was noted,
and no clinically important differences were noted between the
groups with or without laboratory inducibility.125

The present treatment guidelines are based on the un-
derlying left ventricular function.126 If a patient has an EF
higher than 40% and no symptoms, therapy is not indicated.
If symptoms are present (e.g., palpitations, lightheadedness),
a β-blocker is preferred unless it is contraindicated by the
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presence of uncompensated HF or asthma/chronic obstructive
pulmonary disease. In addition to controlling symptoms, β-
blockers reduce the incidence of cardiac death in post-MI pa-
tients with and without PVCs.127 If the patient has a reduced EF
(<40%), it is uncertain what the best treatment should be. How-
ever, oral β-blocker therapy, with careful titration of dosage,
may be considered because β-blockade is now an approved
therapeutic approach in HF patients.

Because D.S. is symptomatic but has preserved ventricular
function, he should certainly be started on a β-blocker. Pin-
dolol or any other β-blocker with intrinsic sympathomimetic
activity should be avoided because they have not been shown
to be “cardioprotective” following an MI. The results from the
CAMIAT study suggest a role for amiodarone in this patient if
β-blockers are contraindicated or inadequate.123

Sustained Ventricular Tachycardia
Treatment

32. S.L., a 64-year-old woman, presents to the ED with a chief
complaint of palpitations. Her medical history includes hyperten-
sion controlled with a diuretic and an inferior wall MI 6 months
ago. She is pale and diaphoretic but able to respond to commands.
Her vital signs are BP 95/70 mmHg, pulse 145 beats/minute, and
RR 10 breaths/minute. When telemetry monitoring is established,
S.L. is found to be in SuVT (Fig. 19-15). S.L. states that she has a
history of allergy to Novocain. How should she be treated?

The acute treatment of patients with SuVT depends on their
hemodynamic stability. If unstable, patients should receive
synchronous cardioversion, which will decrease the chance of
triggering VF. If the patient is conscious, a short-acting ben-
zodiazepine (e.g., midazolam) should be administered before
the procedure.

LIDOCAINE
In patients with stable BP, IV agents such as lidocaine or pro-

cainamide are used to abolish the tachycardia. Lidocaine can be
administered as a 1-mg/kg bolus, no faster than 50 mg/minute.
More rapid rates can cause hypotension and asystole. If the
initial bolus does not “break” the tachycardia, additional bo-
luses of 0.5 mg/kg are administered 8 to 10 minutes apart until
a total dose of 3 mg/kg is given. The need for a supplemental
bolus dose at 8 to 10 minutes is based on the rapid distribution
half-life (8 minutes) of lidocaine. At one distribution half-life,
the plasma concentration is reduced by 50%, and the concen-
tration at the effective site (the central compartment) is also
reduced by 50%.128

PROCAINAMIDE
Procainamide is an alternative agent if lidocaine is inef-

fective or is not tolerated. The efficacy of lidocaine is low
(11%–25% success) if it is being used to convert VT not aris-
ing during ischemia or within 72 hours of an MI, while the
efficacy of procainamide is similar, regardless of the presence
of baseline ischemia or infarction.129 A loading dose of 12 mg/
kg is administered at a rate of 50 mg/minute. Hypotension is
often the rate-limiting factor and can be minimized by admin-
istering the drug at a slower rate (20–35 mg/minute). Once the
patient has converted to normal sinus rhythm, a continuous in-
fusion (dosage, 1–4 mg/minute) can be started. The infusion
should be reduced in renal failure because the parent drug and

the active metabolite, N-acetyl procainamide (NAPA), can ac-
cumulate. NAPA itself has class III antiarrhythmic activity and
is eliminated entirely by the kidneys.

S.L. is hemodynamically stable at this time, so lidocaine
should be given in an attempt to abolish the tachycardia. Li-
docaine can be used even though S.L. reports an allergy to
procaine (Novocain). Procaine is an ester-type local anesthetic,
whereas lidocaine and procainamide are amide-type local anes-
thetics; thus, there is no cross-reactivity between the two types.

33. A 1-mg/kg lidocaine bolus is given at 50 mg/minute, and two
additional boluses of 0.5 mg/kg are given at 10-minute intervals
before normal sinus rhythm is restored. A continuous infusion of
lidocaine is started at 4 mg/minute and continued for 48 hours.
How should lidocaine concentrations be monitored over the next
12 to 24 hours?

Once converted to normal sinus rhythm, S.L. can be main-
tained on a continuous lidocaine infusion at a rate based on
the estimated clearance of the drug (1–4 mg/minute). Lido-
caine clearance can be reduced by HF, acute MI, advanced
age, significant liver disease, and drugs such as propranolol or
cimetidine.128,130,131 Under these conditions, a lower infusion
rate should be used and the plasma lidocaine concentration
determined in 12 to 24 hours (see average therapeutic concen-
tration in Table 19-3). The lidocaine concentration also should
be obtained after 24 hours if a prolonged infusion is antici-
pated because lidocaine clearance decreases in this situation.
Phenobarbital and phenytoin may increase lidocaine clearance,
thereby lowering the plasma concentration.132

34. After 17 hours of the lidocaine infusion, S.L. is having dif-
ficulty manipulating a spoon to eat her Jell-O. She is becoming
increasingly agitated and is inaccurately saying that people keep
coming into her room and taking her things. Could these side
effects be a result of lidocaine toxicity?

S.L. is probably exhibiting CNS side effects from lidocaine.
If longer-term antiarrhythmic therapy is needed, it should be
with another agent that is administered orally.

Lidocaine toxicity typically presents as alterations in
the CNS such as dizziness, drowsiness, paresthesias, vi-
sual disturbances, tinnitus, slurred speech, trembling, loss
of coordination, confusion, somnolence, hallucinations, un-
responsiveness, seizures, or agitation. Cardiovascular toxicity
(conduction disturbances, bradyarrhythmias, and hypotension)
is rare and usually occurs when serum concentrations exceed
9 mcg/mL. Lidocaine also possesses weak negative inotropic
activity, which is clinically most evident during prolonged infu-
sions or in patients with a pre-existing depressed myocardium
(e.g., acute MI).133 In those at-risk individuals, negative in-
otropy could reduce cardiac output and cause or worsen HF
symptoms. It is likely that S.L. is experiencing lidocaine tox-
icity, and her infusion should be reduced to 2 mg/minute or
lidocaine therapy discontinued.

SOTALOL

35. S.L.’s attending physician believes that she should undergo
further testing, and an electrophysiologist is consulted. It is de-
termined that electrophysiologic testing is necessary because S.L.
has a history of SuVT. On baseline testing, SuVT at a rate of
220 beats/minute was induced twice with the catheter placed at the
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right ventricular apex. Sotalol 80 mg BID is prescribed. Describe
the properties of sotalol and its adverse effects. How effective is
sotalol in this situation? Is it the right choice for S.L.?

Sotalol is a unique agent that possesses nonselective β-
blocking activity (class II) and prolongs repolarization (class
III activity).134 The immediate effect of sotalol in suppression
of inducible VT or fibrillation is modest, generally averaging
response rates of 30% to 35% using Holter monitoring, but as
high as 56% in one report.110 However, a randomized, compar-
ative trial called the Electrophysiologic Study Versus Electro-
cardiographic Monitoring (ESVEM) study, using both Holter
monitoring and electrophysiologic testing, demonstrated that
sotalol treatment produced a significantly lower probability of
recurrence of arrhythmia, death from any cause, death from a
cardiac cause, and death from arrhythmia compared with other
drugs.110 Thus, the initial or acute efficacy of sotalol, although
not impressive, can lead to better long-term results than many
other drugs. The adverse effects associated with sotalol (e.g.,
fatigue, bradycardia, hypotension, TdP) are covered in the AF
and TdP sections, respectively.

Because S.L. has no contraindications and had an MI
6 months ago, sotalol is a suitable initial choice. Sotalol can
be initiated at 80 mg twice daily and advanced to a maximum
recommended dose of 640 mg/day. The half-life of sotalol is 8
to 18 hours. Because it is cleared by the kidneys, its clearance
is reduced and its half-life prolonged in patients with renal dys-
function. S.L.’s BP, heart rate, and ECG should be monitored.
If her rate-related (“corrected”) Q-T (QTc) interval becomes
prolonged (see section on TdP), the dose should be reduced or
the drug discontinued.

AMIODARONE

36. Sotalol is discontinued because S.L. developed a QTc inter-
val above 500 milliseconds. What is the role of amiodarone for
S.L.’s arrhythmia based on its efficacy and safety? If S.L. is to
be treated with amiodarone, how should it be initiated and mon-
itored?

Amiodarone exhibits properties of classes I, II, III, and IV
antiarrhythmic agents. Although it has class II effects on the
heart, amiodarone is virtually devoid of antiadrenergic effects
outside the heart and is not contraindicated in patients with
asthma. The antiadrenergic effects arise from inhibition of
adenylate cyclase, the enzyme that catalyzes production of
the second-messenger product cyclic adenosine monophos-
phate. Amiodarone can also cause a reduction in ß-1 receptor
density.129,135

This drug has unique pharmacokinetic properties. Its appar-
ent volume of distribution is 5,000 L. Because it is extensively
bound to tissue and is lipophilic, its half-life after long-term
administration is 14 to 53 days. The main metabolite of amio-
darone is desethylamiodarone. Although this metabolite is ac-
tive, its contribution to the overall antiarrhythmic activity is
not clearly delineated.

Because of the extremely long half-life of amiodarone, load-
ing doses are used to accelerate the onset of drug effect. One
to 2 g/day (200–500 mg four times daily) is given over a
1-week period; after that time, a maintenance dose can be es-
tablished. Typically, for treating ventricular arrhythmias, 300
to 400 mg/day is used for maintenance, but doses may range
from 100 to 800 mg/day. Although a concentration–effect

relationship is hard to determine for amiodarone, levels above
2.5 mg/L are associated with an increased incidence of adverse
effects.135

Amiodarone has many serious adverse effects involving a
variety of organ systems, the most serious and life-threatening
of which is pulmonary fibrosis. This historically occurred in
5% to 10% of the population given chronic doses of 600 to
1,200 mg QD for amiodarone, with a 5% to 10% mortality
rate for those who developed it.136 Large-scale, multicenter,
double-blind, placebo-controlled clinical trials in HF and after
MI have provided much information on the safety of amio-
darone using new and lower dosages (e.g., maintenance doses
of 300–400 mg QD). From these trials, comprising 2,250 pa-
tients who received amiodarone for 1 or 2 years, there were
three deaths from pulmonary fibrosis in the EMIAT study
(0.4% incidence in this study), and no deaths were reported
in the other studies.67,122–124,129,137 Severe pulmonary fibrosis
was reported in 0.3% of patients in a Polish study and in 1.2%
of patients in the CHF STAT trial (compared with 0.9% in the
placebo group).67,122 Unspecified pulmonary disorders were
reported in 5.2% of patients in the EMIAT study (compared
with 4% in the placebo group) and in 3.8% of patients in the
CAMIAT study (compared with 1.2% in the placebo group).
The dosage regimens and beneficial effects of therapy from
the Polish, EMIAT, and CAMIAT studies were reported in the
section on the treatment of PVCs. Briefly, the dosage for all
studies ranged from 600 to 800 mg/day for 7 to 14 days as
a loading dose followed by maintenance regimens of 300 to
400 mg/day.

Despite the lower incidence of adverse pulmonary events
observed in these studies, it is still necessary to monitor for
the development of pulmonary fibrosis. A baseline chest ra-
diograph and pulmonary function tests (diffusion capacity in
particular) are recommended. The chest radiograph should be
repeated at 6- to 12-month intervals, but pulmonary function
tests need be repeated only if symptoms (dyspnea, nonproduc-
tive cough, weight loss) occur. Patients should be specifically
questioned about these symptoms because early detection can
decrease the extent of lung damage67,122–124,138 (see Chapter
25).

Liver toxicity can range from an asymptomatic elevation
of transaminases (two to four times normal) to fulminant hep-
atitis. Thus, liver enzymes should be monitored at baseline
and every 6 months (see Chapter 29). The most common GI
complaints are nausea, anorexia, and constipation.

Both hypothyroidism and hyperthyroidism have been re-
ported, although hypothyroidism is more common. The thyroid
complications are a consequence of amiodarone’s large iodine
content and its ability to block the peripheral conversion of
thyroxine (T4) to triiodothyronine (T3).

Other bothersome side effects are corneal deposits (usually
asymptomatic); blue-gray skin discoloration in sun-exposed ar-
eas; photosensitivity; exacerbation of HF; and CNS effects that
include ataxia, tremor, dizziness, and peripheral neuropathy.
Other than an eye examination and pulmonary function tests,
which should be repeated when the patient is symptomatic, all
other blood tests should be repeated every 6 months for routine
monitoring.136

37. S.L. is placed on amiodarone 400 mg BID for 7 days. On day
2 of amiodarone therapy, her INR is 2.5. On day 8, she is switched
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to 400 mg/day of amiodarone for maintenance therapy. Her INR
on day 16 of amiodarone therapy is 4.2, and warfarin is held. Why
is her INR above normal?

Amiodarone is a potent enzyme inhibitor of the cytochrome
P450 enzyme system. Two of the most significant interactions
associated with amiodarone are with warfarin and digoxin.
Warfarin is composed of two isomers, R and S. The R-isomer is
eliminated through the cytochrome P450 1A2 system, whereas
the S-isomer is eliminated through the cytochrome P450 2C9
system. The S-isomer is five times more potent than the R-
isomer. Amiodarone inhibits the elimination of warfarin’s iso-
mers through both enzyme sites. However, the time course of
the interaction is somewhat different than other enzyme in-
hibitors due to amiodarone’s long half-life. When amiodarone
is added to stable warfarin therapy, close monitoring (at least
weekly) is needed for up to 4 weeks.139 Usually, dosages of
warfarin are reduced by 30% to 50% after amiodarone is
instituted.139

Amiodarone inhibits the elimination of digoxin as well.
Digoxin levels increase approximately 50% by day 5 and 100%
by day 14140 (see Chapter 18). Close monitoring is required for
2 weeks after digoxin initiation.140 Even if amiodarone is dis-
continued, it can continue to interact with other drugs for more
than a month (depending on the dose delivered) due to its long
half-life.9 Amiodarone may substantially increase the levels of
quinidine, whereas ritonavir (Norvir) may potently inhibit the
elimination of amiodarone.139

Implantable Cardiac Defibrillators

38. After 2 weeks on amiodarone, S.L. develops a run of VT
lasting about 2 minutes. She is admitted for placement of an im-
plantable cardioverter-defibrillator (ICD). What is an ICD, and
how does it work?

ICDs are devices implanted under the skin with wires or
patches that are advanced or attached so they are in direct con-
tact with the ventricular myocardium. The ICD has sensing,
pacing, and defibrillation capabilities. When an arrhythmia is
sensed, the ICD will first try to pace the heart out of the ar-
rhythmia. This is most effective (80% successful) when the VT
rate before pacing is below 180 beats/minute. If pacing fails to
terminate the arrhythmia, a generator will turn on and create a
certain number of joules (J) of energy. Unlike external paddle
defibrillators, which deliver 100 to 360 J of energy, the energy
delivered by an ICD to defibrillate the heart is usually 5 to 30 J.
This is adequate for two main reasons. The ICD delivers en-
ergy directly to the heart rather than having to pass the energy
through skin, bone, and other organs. The use of a biphasic
waveform in an ICD rather than a monophasic waveform also
reduces the energy needed to defibrillate.

As the energy needed to defibrillate the heart with an ICD
is increased, the amount of time the generator needs to create
the energy is also increased. This is problematic because long
charge times leave the patient in the arrhythmia for a longer pe-
riod of time and may cause syncope. As such, the lowest energy
needed to defibrillate the patient (the defibrillation threshold)
is determined experimentally. To do this, the patient has an
arrhythmia started by the electrophysiologist, and the device is
set to shock at different energies to determine the lowest suc-
cessful defibrillation energy. The electrophysiologist then sets

the energy output at 10 J above that level (a safety margin).141

Using the “DFT 10-J” rule prolongs battery life and reduces
syncopal episodes associated with arrhythmia recurrence ver-
sus always using the ICD’s maximal energy output.

However, the impact of drugs, herbals, and endogenous sub-
stances on the DFT are not well described. If a drug signifi-
cantly increases the DFT, then it may reduce the effectiveness
of a 10-J safety margin.

The first major results from a randomized trial came in
1996 with the publication of the MADIT (Multicenter Au-
tomatic Defibrillator Implantation Trial) study.142 This study
enrolled 196 patients with prior MI; left ventricular EF 35%
or below; documented asymptomatic NSVT; and inducible,
nonsuppressible, ventricular tachyarrhythmia on electrophysi-
ologic testing. The effect of ICDs versus conventional medical
therapy (the majority of patients received amiodarone) on the
primary end point, all-cause mortality, was followed for an av-
erage of 27 months. There were 39 deaths in the conventional
medical therapy group and 15 deaths in the ICD group (hazard
ratio for the ICD was 0.46; 95% CI, 0.26−0.82; p = 0.009).

A few years later, the results from the MUSTT extended
the evidence that ICD therapy may have beneficial effects on
mortality in patients at high risk for sudden death.143 This
larger study (n = 704) had similar inclusion criteria to the
MADIT trial with the exception of a slightly higher EF cut-off
(>40%). The primary end point was cardiac arrest or death
due to arrhythmia. Patients were randomized to electrophys-
iologically guided therapy or no antiarrhythmic therapy. Of
the patients who received electrophysiologically guided ther-
apy, nearly half received antiarrhythmic drugs (mostly class
I agents), and the remainder were given ICDs. The primary
end point was achieved in 25% of patients receiving electro-
physiologically guided therapy and in 32% of patients who did
not receive antiarrhythmic therapy (relative risk, 0.73; 95% CI,
0.53–0.99).

The Antiarrhythmics Versus Implantable Defibrillators
(AVID) study compared ICDs to therapy with amiodarone or
sotalol. This study investigated a population at high risk (they
had already experienced VF and been cardioverted previously,
or they had documented VT with syncope or another seri-
ous complication and an EF <40%). Overall, 1,016 patients
were randomly assigned to either antiarrhythmics or ICDs.
This study was stopped early (after 18 months) because the in-
cidence of overall mortality was significantly lower in the ICD
group (15.8%) than in the antiarrhythmic group (24.0%).144

Patients with ICDs who have frequent bouts of ventricular
arrhythmogenesis are at high risk of developing ICD anxiety
(known as ICD psychosis). They live in fear of their ICD going
off again because it causes pain and they are forced to think
of their own mortality. Use of antiarrhythmic agents to reduce
the number of times the ICD goes off per month usually helps
alleviate this anxiety.

Whether ICDs could be used in patients at high risk of
arrhythmia (post-MI with a left ventricular EF <30%) but
without past ventricular arrhythmic events was investigated in
the Multicenter Automatic Defibrillator Implantation Trial II
(MADIT II). ICD implantation plus conventional therapy was
compared with conventional therapy alone. Conventional ther-
apy consisted of β-blockers, ACE inhibitors, lipid-lowering
drugs, diuretics, and digoxin in approximately 60% to 80%
of patients in both groups. The ICD group had a 31% lower



19-24 � CARDIAC AND VASCULAR DISORDERS

overall mortality rate than the conventional therapy group. If
this therapy becomes standard of care for this population, ap-
proximately 3 to 4 million patients will be eligible, and 400,000
new patients will be eligible each year.145

Clearly, S.L. should have the device placed: It is her best
chance for prolonging long-term survival. Depending on the
number of times the machine discharges per month and the
patient’s response, adjunctive antiarrhythmics may be needed.

Torsades de Pointes
Proarrhythmic Effects of Antiarrhythmic Drugs and
Clinical Presentation

39. G.G. is a 71-year-old woman who is taking sotalol 80 mg BID
for a previous episode of SuVT. At baseline, her QTc interval was
445 milliseconds, and her Clcr was 52 mL/minute. Four weeks
after therapy was initiated, she complained of bouts of dizziness.
She went to her cardiologist’s office earlier today, and an ECG
was performed by the ECG technician. She was released and told
that the cardiologist would call her later in the day after she read
the ECG. While driving home 10 minutes ago, she passed out
and hit a parked car. When the paramedics arrived, the ECG
strip showed TdP with a ventricular rate of 110 beats/minute.
She is now awake and alert. The ECG taken in the physician’s
office shows a QTc interval prolonged at 540 milliseconds. What is
QTc interval prolongation? Why does QTc interval prolongation
indicate an increased risk of TdP? Could an antiarrhythmic agent
such as sotalol cause this arrhythmia? How does Clcr factor into
this?

The QT interval denotes ventricular depolarization (the
QRS complex in the cardiac cycle) and repolarization (from
the end of the QRS complex to the end of the T wave). Cer-
tain ion channels in phases 2 and 3 of the action potential are
vital in determining the QT interval (Fig. 19-1). An abnormal
increase in ventricular repolarization increases the risk of TdP.
TdP is defined as a rapid polymorphic VT preceded by QTc
interval prolongation. TdP can degenerate into VF and as such
can be life threatening (Fig. 19-16).146

Because there is tremendous variability in the QT interval
resulting from changes in heart rate, the QT is frequently cor-
rected for heart rate (QTc interval). Several correction formulas
for the QT interval exist and give similar results at most heart
rates. The most common correction formula uses QT and RR
intervals measured in seconds as follows: [QTc = QT/(RR0.5)].

The Committee for Proprietary Medicinal Products sug-
gests that a QTc interval over 500 milliseconds or a level that
has increased as a result of medications by more than 60 mil-
liseconds from baseline is a cause for concern of enhanced risk
of TdP. Increases of 30 to 60 milliseconds from baseline are
a potential concern.146 The American College of Cardiology,
American Heart Association, and European Society of Car-
diology produced combined guidelines that address this issue
as well. They suggest that agents prolonging the QTc interval
through potassium channel blockade, with the possible excep-
tion of amiodarone, should be dosed to keep the QTc in sinus
rhythm below 520 milliseconds.3 As an aside, amiodarone is
unique among class III antiarrhythmic agents in that it blocks
both IKr and the slow IK channel (IKs). This provides less het-
erogeneity in ventricular repolarization and reduces the risk of

TdP over agents that prolong the QTc interval solely by IKr
blockade.

G.G. was in excess of the acceptable QTc interval of
500 milliseconds shortly before the time when TdP occurred.
This QTc interval is much higher than would be expected in a
subject without drug therapy or other risks of TdP. In a 150-
subject trial, the average QTc interval of patients without co-
morbid diseases or concurrent medications was 403 ± 28
milliseconds. The QTc interval was 13 milliseconds lower in
men than women (397 ± 27 and 410 ± 28 milliseconds, re-
spectively). This is backed up by epidemiologic studies where
70% of TdP was found to occur in women. The QTc inter-
val also increases with aging. Within the age categories of
20 to 40 years, 41 to 69 years, and >69 years, the QTc in-
tervals were 397 ± 27, 401 ± 28, and 412 ± 28 millisec-
onds, respectively.147 Hence, G.G.’s increased age and female
gender probably contributed to her higher baseline QTc in-
terval of 445 milliseconds, but this is still below the baseline
450 milliseconds cut-off for using sotalol.

Sotalol is known to cause QTc interval prolongation in a
dose-dependent manner. Total daily doses of 160, 320, 480,
and >640 mg gave patients a steady-state QTc interval of 463,
467, 483, and 512 milliseconds, and the incidence of TdP was
0.5%, 1.6%, 4.4%, and 5.8%, respectively.

It is likely that G.G.’s reduced renal function put her at high
risk for sotalol accumulation and accentuated QTc interval
prolongation. In patients with a Clcr above 60 mL/minute, the
sotalol dose of 80 mg BID is appropriate, but in patients like
G.G. with a Clcr <40 to 60 mL/minute, the starting dose should
be 80 mg daily owing to sotalol’s predominant renal clearance.

40. What transient conditions or other disorders can increase
the risk of TdP in patients on class IA or III antiarrhythmics?

Hypokalemia, hypomagnesemia, and hypocalcemia are im-
portant transient causes of QTc interval prolongation. Follow-
up ECG monitoring is advised if a patient on a class IA or III
antiarrhythmic has a disorder that radically alters electrolytes,
such as severe diarrhea, metabolic acidosis, or ketoacidosis.
Also, patients with renal failure have dramatic electrolyte shifts
occurring during dialysis that may cause QTc interval changes.
As such, avoidance of these antiarrhythmics or close ECG
monitoring is warranted.

All class III and class IA antiarrhythmic agents except amio-
darone and ibutilide exhibit IKr potassium channel reverse use
dependence: This means that they block IKr potassium chan-
nels when the channels are in their inactive state. As such,
the QTc interval will tend to shorten at faster heart rates and
lengthen at slower heart rates. Hence, patients with an accept-
able QTc interval while in AF may have an elevated QTc in-
terval after they convert back to sinus rhythm if the ventricular
rate markedly slows. A second ECG should be taken once sinus
rhythm is restored to avoid this complication. Proper ventric-
ular rate control with class II or IV antiarrhythmics before
using chemical cardioversion can reduce the chances of dra-
matic heart rate reductions after conversion to sinus rhythm. In
addition, patients who develop a bradycardic disorder should
be monitored very closely. Finally, patients with vasovagal syn-
cope usually experience transient vagally mediated bradycar-
dia during a syncopal episode. This can increase the QTc in-
terval and may make therapy more dangerous.
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Investigators have discovered gene mutations responsible
for hereditary long QTc interval syndrome,148 an inherited car-
diac disorder that predisposes patients to syncope, seizures, and
sudden death. Sudden death in long QTc interval syndrome is
usually secondary to TdP, which degenerates into VF.148,167

Drug therapy with QTc-prolonging agents would be risky in
this population.

Because G.G. did not have a family history of hereditary
long QT syndrome, but was being treated with sotalol (an agent
known to be associated with TdP) in renal dysfunction, it can
be assumed that sotalol therapy was responsible for her ar-
rhythmia.

Proarrhythmic Effects of Nonantiarrhythmic Drugs

41. Which nonantiarrhythmic drugs cause TdP? What is the
mechanism of TdP initiation in this situation?

Nonantiarrhythmic agents can also exhibit potassium chan-
nel inhibition and can prolong the QTc interval. Most of
these drugs, including erythromycin, fluoroquinolones, and
antipsychotics cause QTc interval prolongation by inhibiting
the IKr ion channel, just like quinidine and sotalol.146,149–151

Ranolazine, however, inhibits IKr, IKs, calcium, and sodium
channels, and given its unique pharmacologic profile, the re-
lationship between QTc interval prolongation and TdP is not
established.152

In general, nonantiarrhythmic agents increase the QTc in-
terval in relation to the dosage administered and the blood
concentration attained.150,151 However, antipsychotics such as
ziprasidone seems to have a plateau effect for QTc prolon-
gation. The placebo group had a 2.6-millisecond reduction in
the QTc interval, compared to increases of 0.6 to 9.7 millisec-
onds over the range of approved doses of ziprasidone (<80–
160 mg/day). When doses >200 mg/day were given, the QTc
interval increases were 6.4 milliseconds on average, suggest-
ing a plateau effect. This is underscored by the experience
with the drug to date, where 10 cases of overdose (>300 mg
single dose) were reported, with no QTc interval exceeding
500 milliseconds.153

In most subjects, the QTc interval prolongation for nonan-
tiarrhythmic agents is less than the 30-millisecond increase
from baseline that consensus groups have defined as being
a potential concern for TdP. The lack of concern for a gen-
eral population receiving normal doses of antiarrhythmics is
underscored by data on terfenadine that led to its eventual re-
moval from the market. It increased random ECG QTc in-
tervals by 4 to 18 milliseconds in most studies. In addition,
when its metabolism is blocked via CYP3A4 enzyme in-
hibitors such as itraconazole and ketoconazole, QTc interval
increases of 41 and 82 milliseconds resulted, respectively.146

Terfenadine underwent the largest evaluation of the risk
of life-threatening ventricular arrhythmias to date in the
COMPASS study. This cohort trial compared the incidence
of life-threatening arrhythmic events in 597,189 patients
from four medicaid databases. Terfenadine was compared to
two other over-the-counter (OTC) antihistamines (diphenhy-
dramine and clemastine—the active ingredient in Tavist) and
ibuprofen. In this trial, terfenadine was shown to have sig-
nificantly fewer life-threatening arrhythmic events (0.037%)
than the other OTC antihistamines (0.085%, p = 0.05) and
ibuprofen (0.057%, p = 0.05), and similar events to clemastine

(0.021%). However, when the subgroup of patients receiving
ketoconazole with terfenadine was evaluated, the adjusted rela-
tive risk was 23.55 times that of terfenadine alone (p = 0.001),
a substantial risk.154 Hence, the risk of arrhythmogenesis was
not realized before taking into account the pharmacokinetic
drug interaction, which in previous studies had been shown
to increase the QTc interval into the zone for concern. Pa-
tient with renal failure (including those on dialysis), severe
electrolyte disturbances, or hereditary long QTc interval syn-
drome were not rigorously studied but would theoretically also
be at greater baseline risk.

Drug interactions accentuating the blood concentrations and
subsequently the risk of TdP led to the withdrawal of terfena-
dine, astemizole, and cisapride from the U.S. market.155,156

Interestingly, erythromycin is not only metabolized through
the cytochrome P450 3A4 system, but its active metabolite can
also inhibit the cytochrome P450 3A4 system. Because the
metabolite of erythromycin must be enzymatically activated
and accumulate in the plasma before inhibiting the 3A4 system,
it does not usually affect its own elimination (autoinhibition),
but it can affect other drugs eliminated through this metabolic
route.156

The antipsychotics are unique in that inhibitors of their
metabolism do not result in appreciable increase in the QTc in-
terval. This is likely because of the aforementioned QTc inter-
val plateau effect. This was clearly demonstrated in Study 054,
where several atypical antipsychotics (ziprasidone, risperi-
done, olanzapine, and quetiapine) and two typical antipsy-
chotics (thioridazine and haloperidol) were evaluated. Therapy
was given for more than 21 days to allow steady state to occur,
and maximal doses in the package inserts were used for all
drugs except thioridazine, for which half the maximum dose
was given. In the second phase of the study, a CYP metabolic
inhibitor was added to assess the impact of drug interactions on
the QTc interval. In phase I of the trial, only thioridazine had
QTc interval increases above 30 milliseconds (average 35.6
milliseconds; 95% CI, 30.5−40.7 milliseconds). None of the
other agents had an average or an upper limit of the 95% CI for
the QTc interval change exceeding 30 milliseconds. In phase
II, the use of a specific CYP enzyme inhibitor did not cause a
significant increase in the QTc interval for any agent compared
to phase I. 157

A list of nonantiarrhythmic agents implicated in causing
QTc interval prolongation and known pharmacokinetic drug
interaction increasing the blood concentrations of these drugs
is given in Table 19-6.

Because G.G. was not taking nonantiarrhythmic agents
that are associated with TdP, sotalol is still the most likely
culprit.

Treatment

42. How should TdP be treated? What treatments should be
considered for L.S.?

If the patient is significantly hemodynamically compro-
mised (frequently associated with a ventricular rate >150
beats/minute and unconsciousness) while in TdP, electrical car-
dioversion is the therapy of choice and should be given imme-
diately. Stepwise increasing shocks of 100 to 200, 300, and
360 J (monophasic energy) can be tried if earlier shocks are
unsuccessful.
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Table 19-6 Nonantiarrhythmic Agents Implicated in QTc Interval Prolongation or Torsades de Pointesa

Drugs That Increase Blood Concentrations of These
Drug Class Agent QTc Interval Prolonging Drugs

Antianginal Ranolazine CYP3A4 inhibitors
Antibiotics: macrolides Erythromycin (lactobionate and base) CYP3A4 inhibitors
Antibiotics: fluoroquinolones Gatifloxacin, grepafloxacin, lomefloxacin, moxifloxacin,

sparfloxacin
Antibiotics: other Trimethoprim-sulfamethoxazole, pentamidine isethionate
Antidepressants Tricyclics, maprotiline CYP1A2, 2D6, or 2C9 inhibitors
Antiemetics Dolasetron
Antimalarials Mefloquine, quinine Sodium bicarbonate, acetazolamide, cimetidine
Antipsychotics Atypicals, butyrophenones, typicals CYP1A2, 2D6, 2C9, 3A4 inhibitors
Calcium channel blockers Bepridil
Dopaminergics Amantadine Hydrochlorothiazide, quinidine, quinine,

trimethoprim-sulfamethoxazole
Narcotics Methadone CYP3A4 and 1A2 inhibitors
Sympathomimetics Albuterol, ephedra, epinephrine, metaproterenol, terbutaline,

salmeterol
Monoamine oxidase inhibitors

Other Arsenic, organophosphates

aAn up-to-date list can be found at www.torsade.org.

MAGNESIUM
In a hemodynamically stable patient, magnesium is fre-

quently considered the drug of choice to restore normal sinus
rhythm. It benefits patients whether they have hypomagne-
semia or normal serum magnesium levels. However, magne-
sium is not effective for patients with polymorphic VT without
TdP and with normal QT intervals. A common magnesium reg-
imen is 1 to 2 g given over 5 to 10 minutes (in 50 mL D5W) as
a loading dose and then 1 g/hour for up to 24 hours. However,
loading doses of 1 to 6 g given over several minutes followed by
an IV infusion for 5 to 48 hours at a rate of 3 to 20 mg/minute
have also been used. The exact mechanism of action for mag-
nesium in TdP is not known, but it reduces the occurrence of
triggered activity such as early after-depolarizations and has
L-type calcium channel and IK1 blockade during phase 3 of
the action potential.

CLASS IB ANTIARRHYTHMICS
The second class of drugs commonly used to abolish TdP

is the class IB antiarrhythmic agents (e.g., mexiletine, lido-
caine, tocainide). Unlike quinidine and the class III antiar-
rhythmic agents, the class IB agents do not inhibit potassium
outflow during phases 2 and 3.150,158 In addition, blockade of
inward sodium channels causes a shortening of the QT interval
in some patients. Preliminary data suggest that class IB an-
tiarrhythmic agents have considerable benefit in patients with
sodium channel–activated QT prolongation, but virtually no ef-
fect on patients with potassium channel blockade–induced QT
prolongation.159,160 In a landmark trial, mexiletine was given
to patients who had hereditary long QT syndrome,159 and the
patients were analyzed by their genetic etiology of long QT.
The group with a deficient gene for the potassium channel
had no QT shortening, whereas those with a defective sodium
gene had significant shortening of the QT interval. These di-
vergent responses were confirmed in an in vitro study using
mexiletine with either clofilium, a potassium channel blocker,
or almokalant, a pure sodium channel activator.160

Cardioacceleration with isoproterenol (1–4 mcg/minute) or
cardiac pacing has also been shown to be beneficial.161,162

As previously described, sotalol, quinidine, and N-acetyl pro-
cainamide’s ability to prolong the action potential duration is
diminished at faster heart rates (reverse use dependence).163

The more the IKr potassium channels are activated, the less sus-
ceptible the channels are to inhibition by potassium channel–
blocking drugs.

Because G.G. has regained consciousness and is hemody-
namically stable, a bolus injection of 2 g magnesium should
be administered over 10 minutes. If it is successful, a con-
tinuous infusion of magnesium (1 g/hour for up to 24 hours)
should be given, and the serum potassium level should be de-
termined. If hypokalemia is present, it should be corrected. If
the arrhythmia recurs, cardiac pacing should be used. If the
patient becomes hemodynamically unstable again, electrical
cardioversion with 200 J is warranted. Future drug therapy
with appropriately dosed sotalol, amiodarone, or ICD therapy
will need to be determined subsequently.

Naturopathic Therapy for Arrhythmias

43. D.B. is interested in natural products to replace his antiar-
rhythmic therapy, which he says is too expensive. Are there any
herbal or natural agents that can prevent or treat arrhythmias?

Herbal Therapies
Many herbal remedies have been touted as beneficial in “nor-
malizing heart rhythm,” but in vivo supportive data are lacking
for most agents. Avoid using herbal products that contain car-
diac glycosides such as lily of the valley, oleander, strophantus,
hispidus seeds, squill, dogbane, Adonis vernalis, ouabain, and
Thevetia peruviana. Although the effects can mimic those of
digoxin, there is no way to monitor blood concentrations so
they cannot be used safely.

Food Supplements and Minerals
Omega-3 fatty acids and magnesium are the best-studied alter-
native and complementary therapies for arrhythmias and are
described as follows. In addition, dietary deficiencies of taurine
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Table 19-7 Commonly Used Drugs in Cardiac Arrest

Drug Formulation Dosage/Administrationa Rationale/Indications Comments

Amiodarone 50 mg/mL
Vials: 3, 9, 18

mL

300 mg diluted in 20–30 mL D5W or
NS; additional 150 mg (diluted
solution) can be given for recurrent
or refractory VT or VF.

Exhibits antiadrenergic properties and
blocks sodium, potassium, and
calcium channels. First-line
antiarrhythmic pulseless VT and VF.

Excipients (polysorbate 80 and
benzyl alcohol) can induce
hypotension. Failing to dilute
can induce phlebitis.

Atropine Sulfate 0.05, 0.1, 0.4,
0.5, and 1
mg/mL

1 mg IV, repeated every 3–5 minutes
(maximum of 3 mg) for persistent
asystole.

Blocks parasympathetic activity due to
excessive vagal activity. Indicated in
asystole, or slow PEA.

Must be given rapidly to avoid
paradoxical vagal activity.

Epinephrine 0.1 mg/mL
(1:10,000)
or 1 mg/mL
(1:1,000)

10 mL of a 1:10,000 solution of
epinephrine (1 mg; dilute 1:1,000
solution in 0.9% sodium chloride)
every 3–5 minutes.

Increases coronary sinus perfusion
pressure through α-1 stimulation.

Indicated in pulseless VT, VF, asystole,
and PEA.

Epinephrine or vasopressin can
be used for these indications.

PEA, pulseless electrical activity; VF, ventricular fibrillation; VT, ventricular tachycardia.

and selenium may predispose to arrhythmias. If deficiencies are
found, supplementation seems promising.164,165

The largest prospective randomized controlled trial to test
the efficacy of omega-3 fatty acids for secondary prevention
of coronary heart disease was the Grupo Italiano per lo Studio
della Spravvivenza nell’Infarcto Miocardico (GISSI) preven-
tion study.166 In this trial, 11,324 patients with coronary heart
disease were randomized to 300 mg vitamin E, 850 mg omega-
3 fatty acids (given as eicosapentaenoic acid [EPA] and docosa-
hexanoic acid [DHA] ethyl esters), both, or neither. After 3.5
years, the group given omega-3 fatty acids had a 20% reduc-
tion in overall mortality and a 45% reduction in sudden death.
Vitamin E was ineffective. Limitations to this study were that
it was not placebo controlled, and the dropout rate was 25%.
However, a prospective cohort study, a case-control study, and
four prospective dietary intervention trials also demonstrated
a reduction in sudden cardiac death from increases in sources
high in omega-3 fatty acids (e.g., fatty fish). A nested case-
control study showed that patients with MI and subsequent
sudden death had lower levels of both EPA and DHA in their
blood than MI patients without sudden death.167

Animal and in vitro studies suggest that omega-3 fatty acids
may prevent arrhythmias by reducing the amount of scar tis-
sue formation after an MI, and prevent calcium overload by
maintaining the activity of L-type calcium channels and by
inhibiting voltage-gated sodium channels.168

In addition to its beneficial effects in AF and TdP chemi-
cal conversion, magnesium has been evaluated as a ventricular
rate controller in AF. In a small study, IV magnesium (MgSO4,
2 g over 1 minute then 1 g/hour for 4 hours) reduced the heart
rate by 16% within 5 minutes and then maintained the heart
rate. No heart rate change occurred in the placebo group.169

In a direct comparative trial versus verapamil (5 mg plus 5 mg
IV followed by an infusion of 0.1 mg/minute), verapamil was
significantly better as a rate controller (28% of patients had
a heart rate <100 beats/minute with magnesium vs. 48% for
verapamil). However, the magnesium group had significantly
better conversion to normal sinus rhythm (58% in the mag-
nesium group vs. 23% in the verapamil group).170 Combina-
tion therapy with digoxin and magnesium versus digoxin alone
was investigated in a small study. Digoxin use alone resulted
in 50% of patients achieving a ventricular rate of <90 beats/

minute at 24 hours. However, combination therapy with
MgSO4 (2 g over 15 minutes, then 8 g MgSO4 over 6 hours)
and digoxin resulted in 100% of patients achieving the ven-
tricular rate goal.171 There is some indication that magnesium
can also benefit patients on digoxin chronically for AF who
have frequent PVCs. Magnesium glycerophosphate 570 mg
daily (23.4 mmol elemental magnesium) or placebo was given
over the course of 4 weeks. The use of magnesium reduced
the incidence of PVCs by 56%. No difference was noted for
the patients randomized to placebo over the 4 weeks.172 Future
studies should be conducted to further evaluate this potentially
cost-effective therapy.

In summary, omega-3 fatty acids may provide protection
against ventricular arrhythmias in patients with ischemic heart
disease. How it interacts with other antiarrhythmic agents is
not well studied. In AF, magnesium can improve the rate-
controlling effects of digoxin, but it should be used only when
digoxin alone cannot adequately control the ventricular re-
sponse. Magnesium does not seem to inhibit spontaneous car-
dioversion and may have some efficacy in chemical cardiover-
sion.

CARDIOPULMONARY ARREST
Cardiopulmonary Resuscitation
Cardiac arrest from VF, pulseless VT, pulseless electrical ac-
tivity (PEA), and asystole are life-threatening emergencies.
Table 19-7173 reviews commonly used drugs for these indica-
tions, and Figure 19-17 highlights key features of the man-
agement of pulseless arrest. This section reviews important
aspects of therapy and provides clinical pearls, but the reader
should also review the national consensus source document for
these disorders, which includes more detail than can be given
here.173

Treatment

44. M.N., a 52-year-old man, is visiting his wife, who is hospi-
talized for pneumonia. He goes into the bathroom and 2 minutes
later his wife hears a dull thud. She calls out for her husband, but
he does not respond. After an additional 2 minutes, health care
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Patient Unconscious:

No Pulse

If DNR Status, Don’t

Start CPR

VF/VT

CPR for 5 Cycles:

Check Rhythm

Asystole/PEA

Go to top of

Asystole/PEA

algorithm

ROSC (Perfusing Rhythm)

Congratulations!

Begin postresuscitation care

VF/VT

Go to VF/VT

art of algorithm

CPR for 5 Cycles:

Check Rhythm

CPR for 5 Cycles:

Check Rhythm

CPR for 5 Cycles:

Check Rhythm

Persistent VF/VT

Go to Top of VF/VT arm

of algorithm

- Clinical judgement influences decision

- If out-of-hospital ACLS fails to

   resuscitate victim, ED care will not improve

   chances of resuscitation 

   -Exceptions include hypothermia,

    non-traumatic cardiac arrest, or blunt

    traumatic out-of-hospital cardiac arrest

- If long standing VF degenerates into asystole

Persistent VF/VT

Vasopressor Therapy

Continue CPR and give 1 shock (as described above)

Resume CPR immediately after shock

When IV/IO available, give vasopressor during CPR

Epinephrine 1 mg IV/IO (repeat every 3-5 min)
or

See figure 20.14 and 20.15 for rhythms See figure 20.18 for asystole rythm

Electrically Defibrillate

Start CPR, check Rhythm,

Start IV Line

Asystole/PEA

CPR for 5 Cycles:

Check Rhythm

Drug Therapy

Choose One:

� AED: energy is device specific

� Monophasic: 360 J

� Biphasic: typically 120 to 200 J

� Vasopressin 40 UIV/IO to replace 1st or 2nd

       dose of epinephrine

� May give 1 dose of vasopressin 40 U IV/IO to

       replace 1st or 2nd dose of epinephrine

Consideration: atropine 1 mg IV/IO for asystole or slow

PEA rate. Repeat every 3 to 5 min (up to 3 doses, no more

then 3 mg)

or
� Epinephrine 1 mg IV/IO (repeat every 3-5 min)

When to Quit

Persistent VF/VT

Antiarrhythmic Therapy

Amiodarone (300 mg IV/IO once, then consider

additional 150 mg IV/IO once) or 

Lidocacine (1 to 15 mg/kg first dose, then 0.5 to 

0.75 mg/kg IV/IO, maximum 3 doses or 3 mg/kg) 

Consider magnesium sulfate, loading dose

1 to 2 g IV/IO for Tosade de pointes

Continue and give 1 shock as (described above)

Resume CPR immediately after shock

FIGURE 19-17 Cardiac arrest treatment algorithm. AED, automated external defibrillator; CPR, cardiopul-
monary resuscitation; DNR, do not resuscitate; ED, emergency department. IO, intraosseous; IV, intra-
venous; PEA, pulseless electrical activity; ROSC, restoration of spontaneous circulation; VF, ventricular
fibrillation; VT, ventricular tachycardia. Source: Adapted from reference 173.
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workers open the bathroom door and find M.N. unresponsive and
pulseless. Cardiopulmonary resuscitation (CPR) is initiated and
a Code Blue is called. The ECG shows VF (Fig. 19-14), and there
is no BP. In addition to CPR, what initial therapy is available?

Determining the underlying rhythm disturbance is impor-
tant because it directs health care workers to follow the ad-
vanced cardiac life support (ACLS) algorithm for pulseless
VT or VF (Fig. 20.17). This algorithm calls for electrical de-
fibrillation first, but other clinicians should work to establish
IV access in case defibrillation fails.173

External Defibrillation
Although commercially available manual defibrillators provide
monophasic or biphasic waveform shocks, the biphasic defi-
brillator has become the preferred device due to its high first-
shock efficacy (>90% termination of VF at 5 seconds post-
shock). Biphasic defibrillators deliver one of two waveforms,
a truncated exponential waveform or a rectilinear waveform.
Most commercially available biphasic defibrillators display the
device-specific energy dose range that should be used. Respec-
tive initial selected energies of 150 to 200 J and 120 J are
reasonable choices for initial shocks delivered by truncated
exponential waveform and rectilinear waveform defibrillators,
respectively. However, if a health care provider operating a
manual biphasic defibrillator is uncertain of the effective en-
ergy dose to terminate VF, an initial 200 J shock can be em-
ployed. For second and subsequent shocks delivered by manual
biphasic defibrillators, the same or higher energies should be
used. For first and subsequent shocks, a shock of 360 J should
be delivered if a monophasic defibrillator is used to terminate
VF.173

45. The initial shock fails to cause a return of spontaneous cir-
culation in M.N. An IV line is established in a peripheral arm
vein. The algorithm now calls for epinephrine or vasopressin, but
which one should be used?

Epinephrine/Vasopressin
Although epinephrine stimulates β-1, β-2, and α-1 adrenore-
ceptors, it is the α-1 adrenoceptor effects that are most closely
associated with efficacy in VF or pulseless VT.173 Applying
α-1 adrenoceptor stimulation increases systemic vascular re-
sistance (via vasoconstriction), which elevates coronary perfu-
sion pressure. This increase in coronary perfusion pressure is
most likely the key to enhancing the return of spontaneous cir-
culation after subsequent electrical defibrillation. Epinephrine
may convert fine VF to a coarse variety that may be more
amenable to defibrillation.

The recommended dose of epinephrine is 1 mg (10 mL of a
1:10,000 dilution; refer to Table 19-7) given by IV push. The
dosage can be repeated at 3- to 5-minute intervals during resus-
citation. If the drug is given IV via a peripheral line, which in
this case includes a peripherally inserted central catheter, then a
20-mL flush with normal saline is recommended to ensure de-
livery into the central compartment. Only chest compressions
cause blood circulation in VF or pulseless VT, so movement
of drugs from the periphery to the heart (where the benefit will
occur) is severely impaired.

If intravenous access is unavailable, health care providers
may attempt to establish intraosseous (IO) access in the pa-
tient. For IO injection of drugs, a cannula should be placed in

a noncollapsible venous plexus; the onset and systemic drug
concentrations achieved with IO administration are similar to
that achieved by central venous access. Typical sites of IO nee-
dle insertion include the anterior tibial bone marrow, distal
femur, medial malleolus, or anterior superior iliac spine.

Vasopressin is an exogenously administered antidiuretic
hormone. In supraphysiological doses, vasopressin stimulates
V1 receptors and causes peripheral vasoconstriction. Vaso-
pressin use during CPR causes intense vasoconstriction to the
skin, skeletal muscle, intestine, and fat, with much less con-
striction of coronary vascular beds. Cerebral and renal vasodi-
lation occurs as well.173

The results of a prospective, randomized, controlled, mul-
ticenter study (n = 1,186) that enrolled out-of-hospital car-
diac arrest patients who presented with VF, PEA, or asystole,
showed that administration of vasopressin as adjunctive ther-
apy resulted in similar survival to hospital admission rates com-
pared with adjunctive epinephrine therapy.174 Patients were
randomized to receive two ampules of 40 IU vasopressin or two
ampules of 1 mg epinephrine. The second dose of vasopressor
was injected if spontaneous restoration of circulation did not
occur within 3 minutes after the first injection of the drug. If
the absence of spontaneous circulation persisted, the physician
administering CPR had the option of injecting epinephrine.
The primary outcome measure of the study was overall sur-
vival to hospital admission. The reported survival rates were
similar between the two treatment groups for both patients with
PEA and those with VF. Of note, a post-hoc analysis showed
that survival to hospital admission rates were 29% and 20%,
respectively, for vasopressin- and epinephrine-treated patients
who presented with asystole requiring CPR (p = 0.02).

An in-hospital study of 200 cardiac arrest patients (ini-
tial rhythm: 16%–20% VF, 3% VT, 41%–54% PEA, 27%–
34% asystole) showed no difference in 1-hour or hospital
discharge survival for vasopressin 40 IU versus epinephrine
1 mg.175 Similarly, a recent meta-analysis of five randomized
trials showed no survival advantage of vasopressin treatment
over epinephrine treatment at the times of hospital discharge
or 24 hours posttreatment.176

Based on these trials, it would be reasonable to use a single
dose of vasopressin 40 IU as an alternative to either the first
or second dose of epinephrine 1 mg in the treatment of VF (or
pulseless VT).

ENDOTRACHEAL ADMINISTRATION
If IV access is not available, endotracheal administra-

tion of epinephrine is acceptable. Many agents (lidocaine,
epinephrine, atropine, or naloxone [LEAN]) can be delivered
via this route.173,177 The patient should be horizontal rather
than in the Trendelenburg position. A catheter should be passed
beyond the tip of the endotracheal tube, at which point chest
compressions should be stopped. The drug solution should
be sprayed quickly down the endotracheal tube, followed by
5 to 10 rapid ventilations with a respirator bag. Medications
should be diluted in 10 mL of normal saline or distilled water.
Endotracheal absorption is greater with distilled water than
with normal saline, but distilled water has a more negative
effect on Pao2. In general, the total bioavailability by the en-
dotracheal route is reduced compared with the direct IV route;
therefore, 2 to 2.5 times the usual dose should be given.
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If IV or endotracheal routes are not available, then intracar-
diac injection could be used. Potential problems with the intrac-
ardiac route include pneumothorax, inability to perform chest
compressions while the intracardiac drugs are being given,
and coronary artery laceration. Intramuscular or subcutaneous
administration is not appropriate because poor peripheral per-
fusion leads to unpredictable absorption.

46. Because M.N. has an IV site and the time from cardiac arrest
to ACLS was brief, epinephrine was chosen and a 1-mg bolus
was given, followed with a 20-mL normal saline flush. The arm
was elevated for 20 seconds to ensure adequate delivery. Thirty
seconds after administration, a 200-J shock is given (via biphasic
manual defibrillator), but it fails to convert VF. What can be done
now?

The most recently updated ACLS guideline calls for the use
of amiodarone in cases of VF or pulseless VT that do not re-
spond to CPR, a minimum of two shocks, and a vasopressor.173

Intravenous Amiodarone/Lidocaine
The effect of amiodarone in VF or pulseless VT was studied
in the ARREST (Amiodarone for Resuscitation of Refractory
Sustained Ventricular Tachyarrhythmias) trial.178 This study
was conducted in patients who experienced cardiac arrest in
an out-of-hospital situation with therapy given by paramedics
in the field. Patients who failed three stacked shocks and one
dose of epinephrine with an electrical countershock were ran-
domized to amiodarone 300 mg IV bolus or placebo. This was
followed by other antiarrhythmics used in ACLS (2000 guide-
lines; lidocaine, procainamide, or bretylium) if the clinicians
desired. Amiodarone significantly increased the chance of sur-
vival to hospital admission (44% vs. 34% of placebo group,
p = 0.03), but survival to hospital discharge was not changed.
Of note, 66% of patients received antiarrhythmic drug treat-
ment for pulseless VT or VF after amiodarone adminis-
tration. In addition, recipients of amiodarone were more
likely to experience hypotension (59% vs. 48% of placebo,
p = 0.04) or bradycardia (41% vs. 25% of placebo group,
p = 0.004).

The occurrence of hypotension among amiodarone recip-
ients has been attributed to the presence of two excipients,
polysorbate 80 and benzyl alcohol. Of interest, a recent study
conducted by Somberg et al.179 showed that a new formulation
of amiodarone (Amio-Aqueous; Academic Pharmaceuticals,
Lake Bluff, IL) had a similar risk of hypotension as lidocaine
after VT termination (1% in both groups).

The ALIVE (Amiodarone Versus Lidocaine in Ventricu-
lar Ectopy, n = 347) trial directly compared IV amiodarone
300 mg to lidocaine 1- to 1.5-mg/kg bolus.180 In this trial,
patients needed to fail three stacked shocks and epinephrine
plus an additional shock to be eligible for randomization to
either amiodarone or lidocaine. Amiodarone was given as an
initial dose of 5 mg/kg followed by a shock. If unsuccess-
ful, a dose of 2.5 mg/kg was given followed by a subsequent
shock. Lidocaine was given as a 1.5-mg/kg bolus followed by a
shock. If therapy failed, then a second bolus of 1.5 mg/kg was
used with a subsequent shock. If the first antiarrhythmic drug
failed, other routine antiarrhythmic drugs for cardiac arrest (per
2000 ACLS guidelines; e.g., procainamide, bretylium) could
be tried. Patients given amiodarone were 90% more likely to
experience the primary outcome, survival to hospital admis-

sion, than those given lidocaine (p = 0.009). Unfortunately, no
significant advantage to hospital discharge occurred (5% vs.
3%).

On the basis of these findings, amiodarone is the only an-
tiarrhythmic agent with proven ability to improve return of
spontaneous circulation and short-term survival versus other
antiarrhythmic therapy. However, it has not yet been shown to
improve survival to hospital discharge.178,180 Lidocaine should
be considered as an alternative to amiodarone for VF or pulse-
less VT patients who remain unresponsive to multiple shocks,
epinephrine/vasopressin, and CPR. The dosing regimens of
amiodarone and lidocaine for the treatment of VT or pulseless
VF are highlighted in Table 19-7.

47. Amiodarone 300 mg followed by electrical defibrillation
fails to cause a return of spontaneous circulation in M.N. A subse-
quent 150-mg dose also fails. However, M.N. did convert to normal
sinus rhythm for 9 seconds before going back into VF. Should re-
suscitation be discontinued?

M.N. is at serious risk of death due to VF. However, as long
as M.N. remains in VF, it is appropriate to continue active ther-
apy. If M.N. degenerates into asystole after this long period of
VF, then resuscitation efforts should be discontinued. How-
ever, if a patient only had a brief period of VF before having
asystole, it is prudent to use the asystole algorithm and apply
active therapy.

48. Because the patient is still in VF and had a brief period in
sinus rhythm, a 1.5-mg/kg bolus of lidocaine is given. Is it neces-
sary to give additional bolus doses or start a lidocaine infusion at
this time?

In cardiac arrest, the movement of lidocaine from the initial
volume of distribution to the total body volume of distribution
is attenuated, and with a cardiac output of only 15% of normal
with chest compressions, there is not enough liver perfusion
to clear the lidocaine, making supplemental boluses or con-
tinuous infusion unnecessary while cardiac arrest continues.
M.N. converts to sinus rhythm, and the rhythm holds. He is
unconscious and has three broken ribs, and his mental func-
tioning or long-term survival is not known at this time. M.N.
is a candidate for two supplemental bolus doses (0.75 mg/kg)
at 10-minute intervals now and for a continuous infusion of
lidocaine at 30 to 50 mcg/kg/minute.

Pulseless Electrical Activity

49. J.D. is an 80-year-old woman who experiences cardiac arrest
in the hospital. A rhythm is noted on the monitor, but no femoral
pulse is felt. M.N. is in PEA. How should she be treated?

PEA is the clinical situation in which there is organized
electrical activity on the monitor without a palpable pulse. Al-
though electrical activity is present, it fails to stimulate the

FIGURE 19-18 Asystole.
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contractile process. Virtually all patients in true PEA die. How-
ever, not all patients who present with a rhythm and no pulse
are in true PEA. Therefore, it is important to rule out treatable
causes in patients who appear to be in PEA. The major treatable
causes are hypovolemia, hypoxia, acidosis, hyperkalemia, hy-
pokalemia, hypothermia, cardiac tamponade, pulmonary em-
bolism, acute coronary syndrome, trauma, and drug overdose.
In the absence of an identifiable cause, the focus of resusci-
tation is to administer high-quality CPR, and after the initial
rhythm check, resume CPR during the establishment of IV/IO
access.173

Once IV/IO access becomes available, administer
epinephrine 1 mg every 3 to 5 minutes or give one dose of vaso-
pressin 40 U in place of the first or second dose of epinephrine,
because published studies have failed to demonstrate a sur-
vival advantage of either vasopressor for patients experiencing
PEA.173,175,176 In addition, although its efficacy has not been
validated by prospective controlled studies, the current ACLS
guidelines recommend the consideration of atropine as an ad-
junct to vasopressor treatment for patients in PEA. Atropine
1 g can be given every 3 to 5 minutes up to a maximum dose of
3 mg for persistent PEA. Figure 19-17 summarizes the se-
quence of interventions in PEA.

In establishing the diagnosis of PEA, two points should be
made. First, the carotid artery is the preferred site to check
for a pulse. A systolic pressure of 80 mmHg is required to
generate a radial pulse, 70 mmHg for a femoral pulse, and
60 mmHg for a carotid pulse. A Doppler ultrasound can be
used to more accurately determine if blood flow is present.
Second, it may be useful to interrupt CPR and listen for heart
sounds. The presence of sounds indicates that the heart valves
are opening and closing and that contraction is occurring. Thus,
one should intensify the search for a treatable cause. The ab-
sence of heart sounds does not confirm a lack of contrac-
tion.

Asystole

50. K.K. is a 73-year-old man who experiences cardiac arrest.
The ECG shows a flat line, and the patient is determined to be in
asystole (Fig. 19-18). Is this rhythm treatable?

Lack of electrical activity or asystole, such as PEA, carries a
grave prognosis. Its development usually indicates a prolonged
arrest, which may explain its poor response to treatment. How-
ever, a few patients will go directly from a sinus rhythm into
asystole and may be resuscitated. Enhanced parasympathetic
tone, possibly due to a vagal reaction, manipulation of the air-
way from intubation, suctioning or insertion of an oral airway,
or chest compression, may play a role in inhibiting supraven-
tricular and ventricular pacemakers. Therefore, anticholinergic
or parasympathetic drugs that block vagal activity may be ben-
eficial.

As described in case 45, a post-hoc analysis performed by
Wenzel et al.205 demonstrated superior survival rates at the time
of hospital admission in vasopressin-treated patients, com-
pared to epinephrine-treated patients. However, no difference
in intact neurologic survival was noted between the two vaso-
pressor treatment groups. Consequently providers may choose
to administer vasopressin 40 IU IV (in place of a first or sec-
ond dose of epinephrine) or epinephrine 1 mg IV every 3 to
5 minutes. Because of its vagolytic effects, atropine 1 mg IV
may be repeated every 3 to 5 minutes or until a total of 3 mg
has been administered. Figure 19-17 summarizes the sequence
of interventions in patients with asystole.

The patient should be evaluated for adequate oxygenation
and ventilation or the presence of severe metabolic imbalances.
Electrical defibrillation to rule out fine VF may be attempted,
but defibrillation of asystole is of no benefit. When VF and
asystole are terminated, it is common for the patient to become
hypotensive. Fluids and inotropic and vasopressor support are
then warranted.
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The term hypertensive crisis is arbitrarily defined as a severe el-
evation in blood pressure (BP), generally considered to be a di-
astolic pressure >120 mmHg.1 If these disorders are not treated
promptly, a high rate of morbidity and mortality will ensue.2

These disorders are divided into two general categories: hy-
pertensive emergencies and hypertensive urgencies (Table 20-
1).3,4 Signs and symptoms of these disorders are nonspecific
and may overlap. The distinction usually depends on the clin-
ical assessment of the life-threatening nature of each episode.
The term hypertensive emergency describes a clinical situation
in which the elevated BP is immediately life threatening and
needs to be lowered to a safe level (not necessarily to normal)
within a matter of minutes to hours.1,3 The level to which the
BP is elevated does not in itself represent a true emergency. A
hypertensive urgency is less acute and can be accelerated or
even malignant. It is not immediately life threatening, and a
reduction of BP to a safe level can occur more slowly over 24
to 48 hours.1,5

Hypertensive crises are usually characterized by an acute
and marked elevation of arterial pressure, arteriolar spasm,
necrotizing arteriolitis (necrosis in the media of the arteri-
oles), and secondary organ damage. Hypertensive emergen-
cies generally occur in patients with catecholamine producing
adrenal tumors (pheochromocytoma), renal vascular disease,
or accelerated essential hypertension. Acute life-threatening
elevations of BP can also occur in previously normotensive in-
dividuals with acute glomerulonephritis, head injury, or severe

burns; during pregnancy (eclampsia); and with use of recre-
ational drugs such as cocaine, as well as from abrupt drug with-
drawal, drug–drug interactions (including herbal medications),
erythropoietin administration, or drug–food interactions (i.e.,
patients receiving monoamine oxidase inhibitors who ingest
foods rich in tyramine).6–8

Rapid, severe BP elevation is not always the hallmark of
a hypertensive emergency. Indeed, even moderate elevations
of arterial pressure in the context of multiple disease states
demand prompt treatment. Examples include acute left ven-
tricular failure, intracranial hemorrhage, eclampsia, dissecting
aortic aneurysm, and postoperative bleeding at suture sites.

Hypertensive emergencies rarely develop in previously nor-
motensive patients.9 Most commonly, they complicate the ac-
celerated phase of poorly controlled, chronic hypertension.1 In
several studies of patients with hypertensive emergency, a his-
tory of hypertension was previously diagnosed in >90% of the
patients, suggesting that hypertensive emergencies are almost
entirely preventable.9,10 Effective management of chronic hy-
pertension has lowered the number of patients who present
with hypertensive emergencies to <1%.11 In a study on the
prevalence of end organ complications in hypertensive crisis,
central nervous system (CNS) abnormalities were the most
frequently reported. Cerebral infarctions were noted in 24%,
encephalopathy in 16%, and intracranial or subarachnoid hem-
orrhage in 4% of patients. CNS abnormalities were followed in
incidence by cardiovascular complications, such as acute heart

20-1
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Table 20-1 Hypertensive Emergencies Versus Urgencies

Emergencies Urgencies

Severely elevated blood pressure
(diastolic >120 mmHg)a

Severely elevated blood
pressure (diastolic
>120 mmHg)a

Potentially life threatening Not life threatening
End organ damage present or high risk:

CNS (dizziness, N/V, encephalopathy,
confusion, weakness, intracranial or
subarachnoid hemorrhage, stroke)

Eyes (ocular hemorrhage or
funduscopic changes, blurred
vision, loss of sight)

Heart (left ventricular failure,
pulmonary edema, MI, angina,
aortic dissection)

Renal failure/insufficiency

Minimal end-organ
damage with no
pending complications
Accelerated malignant
hypertension
Optic disc edema
Coronary artery disease
Post- or perioperative

hypertension Pre- or
post-kidney
transplant

Pheochromocytoma crisis

Drug-induced hypertensive crisis
MAOI–tyramine interactions
Overdose with PCP, cocaine, or LSD
Drug interaction–induced

hypertension
Clonidine withdrawal
Cocaine use

Eclampsia (complicated pregnancy)
Requires immediate pressure reduction Treated over several h to d
Requires IV therapy (Table 20-2) Oral therapy or slower-

acting parenteral drugs
preferred (Table 20-3)

aDegree of blood pressure elevation less diagnostic than rate of pressure rise and
presence of concurrent diseases or end organ damage. See Chapter 13 for staging
of hypertension.
CNS, central nervous system; IV, intravenous; LSD, lysergic acid diethylamide;
MAOI, monoamine oxidase inhibitor; MI, myocardial infarction; N/V, nausea and
vomiting; PCP, phencyclidine.

failure and pulmonary edema, which were seen in 36% of pa-
tients and acute myocardial infarction and unstable angina in
12% of patients. Acute dissection was noted in 2% and eclamp-
sia in 4.5% of patients.9

However, even with effective therapy, the mortality for pa-
tients with a history of hypertensive crisis continues to be
significant. Hypertensive emergencies occur more often in
African Americans than in Caucasians, among patients who
have no primary care physician, and among those who do not
adhere to their treatment regimens.9,12 In addition, systolic
blood pressure control has been identified as an independent
risk factor for the development of hypertensive crisis.13

ACCELERATED AND MALIGNANT HYPERTENSION
The terms accelerated and malignant hypertension have been
used to describe severe hypertension accompanied by specific
funduscopic changes.4,14 Accelerated hypertension is charac-
terized by the presence of retinal hemorrhages, exudates (yel-
low deposits within the retina due to leaks from capillaries and
microaneurysms), and arteriolar narrowing and spasm. The
incidence of accelerated hypertension among ambulatory pa-
tients is diminishing, and mortality from it is declining.15 Ma-

lignant hypertension, an extension of the accelerated form, is
remarkable for the presence of papilledema (edema of the optic
nerve).11 It occurs more commonly in middle-age hypertensive
patients, with peak prevalence in the 40- to 60-year age range.
If malignant hypertension occurs with no previous history of
hypertension or in a patient who is younger than 30 or older
than 60, a secondary cause should be suspected. Despite the
funduscopic changes, the terms accelerated and malignant are
often used synonymously. It is now also known that the clinical
outcomes do not differ on the basis of funduscopic findings,
suggesting that they are part of the same process.15 Currently,
these terms are used infrequently and have been replaced by
terms such as “hypertensive crisis,” “hypertensive emergency,”
and “hypertensive urgency.”16 Although hypertensive emer-
gencies are much less common than hypertensive urgencies,
without a thorough patient history it is often difficult to know
whether end organ dysfunction is new or has progressed.

Signs and Symptoms
Symptoms associated with hypertensive crisis are highly vari-
able and reflect the degree of damage to specific organ systems.
The primary sites of damage are the CNS, heart, kidneys, and
eyes.

Central Nervous System
CNS damage can present solely as a severe headache or may
be accompanied by dizziness, nausea, vomiting, and anorexia.
Headache (42%) and dizziness (30%) were the most frequently
reported symptoms for emergency room patients diagnosed
with hypertensive urgency.17 Mental confusion with apprehen-
sion indicates more severe disease, as does nystagmus, local-
ized weakness, or a positive Babinski sign (i.e., upward exten-
sion of the great toe and spreading of the smaller toes when
moderate pressure is applied along a curve from the sole to
the ball of the foot). CNS damage may be rapidly progressive,
resulting in coma or death. If a cerebrovascular accident has
occurred, slurred speech or motor paralysis may be present.

Other Complications
Cardiac complications of hypertensive crisis include heart fail-
ure (HF), acute pulmonary edema, angina pectoris, and acute
coronary syndrome. Myocardial infarction (MI) can also be
precipitated. Ocular symptoms of hypertensive crisis usually
are related to changes in visual acuity. Complaints of blurred
vision or loss of eyesight are often associated with fundus-
copic findings of hemorrhages, exudates, and occasionally pa-
pilledema. Renal complications include hematuria, protein-
uria, pyelonephritis, and elevated serum blood urea nitrogen
(BUN) and creatinine levels.

Principles of Treatment
Oral Versus Parenteral Therapy
An elevated BP in the absence of life-threatening signs or
symptoms is not an indication for parenteral treatment. Oral an-
tihypertensive regimens are more appropriate for the manage-
ment of these urgent cases. Practitioners should exercise cau-
tion in the treatment of patients with elevated blood pressures
in the absence of target organ damage. Aggressive dosing with
oral medications to rapidly lower blood pressure is not without
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risk and can lead to hypotension and subsequent morbidity.
Some have suggested that the term “hypertensive urgency”
leads to overly aggressive treatment and should be discarded
in favor of a less ominous term such as “uncontrolled” blood
pressure.5 In contrast, hypertensive emergencies require im-
mediate hospitalization, generally in an intensive care unit,
and the administration of parenteral antihypertensive medica-
tions to reduce arterial pressure.18 Effective therapy greatly
improves the prognosis, reverses symptoms, and arrests the
progression of end organ damage. Treatment reverses the vas-
cular changes in the eyes and slows or arrests the progressive
deterioration in renal function. Treatment of malignant hyper-
tension can transiently worsen renal function. However, after
2 to 3 months of adequate medical therapy, renal function may
gradually improve to the premalignant level of renal insuffi-
ciency or to a new, slightly deteriorated level. The time re-
quired for recovery of renal function ranges from 2 weeks to 2
years. A low serum creatinine level, in the absence of marked
cardiomegaly or renal shrinkage, has been associated with a
good chance for recovery of renal function.19 In patients with
mild encephalopathy, neurologic symptoms resolve within 24
hours after treatment.20 Resolution of papilledema occurs in
2 to 3 weeks, whereas funduscopic exudates can require up
to 12 weeks for complete resolution.21 Whether treatment can
completely reverse end organ damage is related to two factors:
how soon treatment is begun, and the extent of damage at the
initiation of therapy.

There are two fundamental concepts in the management
of hypertensive emergencies. First, immediate and intensive
therapy is required and takes precedence over time-consuming
diagnostic procedures. Second, the choice of drugs will de-
pend on how their time course of action and hemodynamic
and metabolic effects meet the needs of a crisis situation.
If encephalopathy, acute left ventricular failure, dissecting
aortic aneurysm, eclampsia, or other serious conditions are
present, the BP should be lowered promptly with rapid-
acting, parenteral antihypertensive medications such as dia-
zoxide (Hyperstat), esmolol (Brevibloc), enalaprilat (Vasotec
IV), fenoldopam (Corlopam), hydralazine (Apresoline), la-
betalol (Normodyne, Trandate), nicardipine (Cardene IV), ni-
troglycerin (Tridil, Nitrostat IV, Nitro-Bid IV), nitroprusside
(Nipride), or trimethaphan (Arfonad) 1,3,4,11,22–24 (Table 20-2).
If a slower BP reduction over several hours or days is accept-
able, rapid-acting oral therapy using captopril (Capoten), cloni-
dine (Catapres), prazosin (Minipress), labetalol, or minoxidil
(Loniten) may be used 4,11,24–26 (Table 20-3). A summary of
treatment recommendations for acutely lowering blood pres-
sure for selected indications are listed in Table 20.4.

Goals of Therapy
The rate of BP lowering must be individualized because is-
chemic damage to the heart and brain can be provoked by a
precipitous fall in BP.26–30 Antihypertensive drugs should be
used cautiously in patient groups at high risk for developing
hypotensive complications, such as the elderly and patients
with severely defective autoregulatory mechanisms. The lat-
ter group includes those with autonomic dysfunction or fixed
sclerotic stenosis of cerebral or neck arteries.31 In addition,
patients who have chronically elevated BP are less likely to
tolerate abrupt reductions in their BP, and the amount of re-
duction appropriate for those patients is somewhat less than

for those whose BP is acutely elevated. In patients with hy-
pertensive encephalopathy, cerebral hypoperfusion may occur
if the mean BP is reduced by >40%.32 Thus, it has been sug-
gested that the mean pressure be lowered by no more than
20% to 30%.32,33 For hypertensive emergencies, it is recom-
mended that the mean arterial pressure be reduced initially by
no more than 25% (within minutes to 1 hour), then if stable,
this should be followed by further reduction toward a goal of
160/100 mmHg within 2 to 6 hours and gradual reduction to
normal over the next 8 to 24 hours.3 A diastolic pressure of 100
to 110 mmHg is an appropriate initial therapeutic goal.1 Lower
pressures may be indicated for patients with aortic dissection.
Another exception to this rule applies in patients with acute
cerebrovascular accidents. Cerebral autoregulation is disrupted
in this setting and the use of antihypertensives may cause a re-
duction in cerebral blood flow and increasing morbidity. Cur-
rent guidelines recommend lowering blood pressure following
acute ischemic stroke in the presence of end organ damage if
the blood pressure is >220/120 mmHg in patients ineligible
for thrombolytic therapy or >185/110 mmHg in those who
are candidates for thrombolytics.34,35 Lower blood pressure in
patients undergoing thrombolytic therapy reduces the risk of
intracerebral bleeding.

HYPERTENSIVE URGENCIES
Patient Assessment

1. M.M. is a 60-year-old African American male with a long
history of heart failure, poorly controlled hypertension believed
to be due to nonadherence, and a history of MI. He was referred
from a community health center this morning for a thorough eval-
uation of his elevated BP. He has not taken his captopril (Capoten),
amlodipine (Norvasc), or hydrochlorothiazide for the past 7 days.
M.M. is completely asymptomatic. Physical examination reveals a
BP of 180/120 mmHg and a pulse of 92 beats/minute. Funduscopic
examination is pertinent for mild arteriolar narrowing, without
hemorrhages or exudates. The discs are flat. His lungs are clear,
and the cardiac examination is unremarkable. The electrocar-
diogram (ECG) indicates normal sinus rhythm (NSR) at a rate
of 90 beats/minute with first-degree atrioventricular (AV) block.
The chest radiograph is interpreted as mild cardiomegaly. Serum
electrolytes, BUN, and serum creatinine (SrCr) are within normal
limits. A urinalysis (UA) is significant for 2+ proteinuria. What is
the therapeutic objective in treating M.M.? How quickly should
his BP be lowered, and what therapeutic options are available?

M.M. has stage II hypertension with a BP of 180/120
mmHg.3 However, the absolute magnitude of BP elevation
does not in itself constitute a medical emergency requiring an
acute reduction in BP. There is no evidence of encephalopathy,
cardiac decompensation, chest pain, or rapid change in renal
function. Therefore, no evidence exists to indicate a rapid de-
terioration in the function of target organs.

As is often the case, M.M.’s lack of BP control is related
to medication nonadherence. M.M.’s clinical presentation re-
quires that his BP be lowered over the next several hours,
while being careful not to induce hypotension. Rapid-acting
oral agents can be used for this purpose; parenteral therapy is
not warranted. A number of different oral regimens using cloni-
dine, captopril, labetalol, prazosin, or minoxidil are available.
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Table 20-2 Parenteral Drugs Commonly Used in the Treatment of Hypertensive Emergencies

Drug (Brand Name) Dose/Route Onset of Action Duration of Action

Nitroprussidea (Nitropress)
50 mg/2 mL (most commonly used)

IV infusiona

Start: 0.5 mcg/kg/min
Usual: 2–5 mcg/kg/min
Max: 8 mcg/kg/min

Sec 3–5 min after D/C
infusion

Diazoxide (Hyperstat IV)
300 mg/20 mL

50–150 mg IV Q 5 min or as infusion
of 7.5–30 mg/mind

1–5 min 4–12 hr

Enalaprilate (Vasotec IV)
1.25 mg/mL
2.5 mg/2 mL

0.625–1.25 mg IV Q 6 hr 15 min (max,
1–4 hr)

6–12 hr

Esmolol f (Brevibloc)
100 mg/10 mL
2,500 mg/10 mL concentrate

250–500 mcg/kg over 1 minute then 50–300
mcg/kg/min

1–2 min 10–20 min

Fenoldopam (Corlopam)
10 mg/mL
20 mg/2 mL
50 mg/5 mL

0.1–0.3 mcg/kg/min <5 min 30 min

Hydralazineg (generic)
20 mg/mL

10–20 mg IV 5–20 min 2–6 hr

Labetalolh (Normodyne)
20 mg/4 mL
40 mg/8 mL
100 mg/20 mL
200 mg/20 mL

2 mg/min IV or
20–80 mg Q 10 min up to 300 mg total dose

2–5 min 3–6 hr

Nicardipinei (Cardene IV)
25 mg/10 mL

IV loading dose 5 mg/hr increased by 2.5 mg/hr Q 5
min to desired BP or a max of 15 mg/hr Q 15 min,
followed by maintenance infusion of 3 mg/hr

2–10 min (max,
8–12 hr)

40–60 min after D/C
infusion

Nitroglycerin j (Tridil, Nitro-Bid IV,
Nitro-Stat IV)
5 mg/mL
5 mg/10 mL
25 mg/5 mL
50 mg/10 mL
100 mg/20 mL

IV infusion pump
5–100 mcg/min

2–5 min 5–10 min after D/C
infusion

Trimethaphan (Arfonad)
500 mg/10 mL

IV infusion pump
0.5–5 mg/min

1–5 min 10 min after D/C
infusion

Phentolamine (Regitine) 1–5 mg IV initially, repeat as needed Immediate 10–15 min

aNitroprusside is the drug of choice for acute hypertensive emergencies. It is supplied as 50 mg of lyophilized powder that is reconstituted with 2–3 mL of 5% dextrose in water
(D5W), yielding a red-brown solution. The contents of the vial are added to 250, 500, or 1,000 mL of D5W to produce a solution for IV administration at a concentration of 200,
100, or 50 mcg/mL, respectively. The container should be wrapped with metal foil to prevent light-induced decompensation. Under these conditions, the solution is stable for 4 to
24 hr. A rising BP may indicate loss of potency. A change in color to yellow does not indicate effectiveness. The appearance of a dark brown, green, or blue color indicates loss in
activity. The drug is more effective if the head of the bed is slightly raised. When changing to a new bag, the administration rate may require adjustment.
bThiocyanate levels rise gradually in proportion to the dose and duration of administration. The t1/2 of thiocyanate is 2.7 days with normal renal function and 9 days in patients
with renal failure. Toxicity occurs after 7–14 days in patients with normal renal function and 3–6 days in renal failure patients. Thiocyanate serum levels should be measured after
3–4 days of therapy, and the drug should be discontinued if levels exceed 10–12 mg/dL. Thiocyanate toxicity causes a neurotoxic syndrome of toxic psychosis, hyperreflexia,
confusion, weakness, tinnitus, seizures, and coma.
cSigns of cyanide toxicity include lactic acidosis, hypoxemia, tachycardia, altered consciousness, seizures, and the smell of almonds on the breath. Concurrent administration of
sodium thiosulfate or hydroxocobalamin may reduce the risk of cyanide toxicity in high-risk patients.
d Diazoxide is administered as a bolus dose (13 mg/kg Q 5 min to a max of 150 mg/injection) or as a slow infusion (15–20 mg/min) until a diastolic pressure of 100 mmHg is
reached. Significant fluid retention following diazoxide can cause HF and pulmonary edema. Concurrent loop diuretics are recommended (e.g., furosemide 40 mg IV) if diazoxide
is given by rapid IV bolus. Reflex in heart rate and stroke volume are potentially dangerous in patients with angina or MI. Concurrent β-blockers may be protective.
eNot approved by the U.S. Food and Drug Administration for treatment of acute hypertension.
f Approved for intraoperative and postoperative treatment of hypertension.
gParenteral hydralazine is an intermediate treatment between oral agents and more aggressive therapies such as nitroprusside or diazoxide. It can be given IV or intramuscularly,
but there is no appreciable difference in onset of action (20–40 min) between the two routes. This slow onset minimizes hypotension.
h Labetalol is contraindicated in acute decompensated HF due to its β-blocking properties. A solution for continuous infusion is prepared by adding two 100-mg ampules to 160
mL of IV fluid to give a final concentration of 1 mg/mL. Infusions start at 2 mg/min and are titrated until a satisfactory response or a cumulative dose of 300 mg is achieved.
i Indicated for short-term treatment of hypertension when the oral route is not feasible or desirable.
j Requires special delivery system due to drug binding to PVC tubing. Also see Chapters 16 and 17 for further information regarding nitroglycerin.
ACE, angiotensin-converting enzyme; BP, blood pressure; Ca, calcium; D/C, discontinued; HF, heart failure; IV, intravenous; MI, myocardial infarction; Na, sodium; Q, every.
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Major Side Effects (All Can Cause Hypotension) Mechanism of Action Avoid or Use Cautiously in Patients with These Conditions

Nausea, vomiting, diaphoresis, weakness,
thiocyanate toxicity,b cyanide toxicity (rare)c

Arterial and venous
vasodilator

Renal failure (thiocyanate accumulation), pregnancy, increased
intracranial pressure

Hyperglycemia, Na retention,d tachycardia,
painful extravasation

Arterial vasodilator Angina pectoris, MI, aortic dissection, pulmonary edema,
intracranial hemorrhage

Hyperkalemia ACE inhibitor Hyperkalemia, renal failure in patients with dehydration or bilateral
renal artery stenosis, pregnancy (teratogenic)

Nausea, thrombophlebitis, painful extravasation β-adrenergic blocker Asthma, bradycardia, decompensated HF, advanced heart block

Tachycardia, headache, nausea, flushing Dopamine-1 agonist Glaucoma

Tachycardia, headache, angina Arterial vasodilator Angina pectoris, MI, aortic dissection

Abdominal pain, nausea, vomiting, diarrhea α- and β-adrenergic blocker Asthma, bradycardia, decompensated HF

Headache, flushing, nausea, vomiting, dizziness,
tachycardia; local thrombophlebitis change
infusion site after 12 hr

Arterial vasodilator (Ca
channel blocker)

Angina, decompensated HF, increased intracranial pressure

Methemoglobinemia, headache, tachycardia,
nausea, vomiting, flushing, tolerance with
prolonged use

Arterial and venous
vasodilator

Pericardial tamponade, constrictive pericarditis, or increased
intracranial pressure

Tachyphylaxis, ileus, constipation, urinary
retention, pupillary dilation

Ganglionic blocker Postoperative glaucoma

Chest pain, nausea, vomiting, dizziness,
headache, nasal congestion, arrhythmia

α-adrenergic blocker Angina, coronary insufficiency, MI or history of MI, hypersensitivity
to mannitol

In M.M., restarting his medications in a controlled manner
so as not to drop his BP too rapidly may also be a reason-
able option for treatment. Later, he can be converted to a reg-
imen designed to enhance outpatient compliance by selecting
medications with once-daily dosing. For example, lisinopril or
another long-acting angiotensin-converting enzyme (ACE) in-
hibitor would be preferred for outpatient maintenance instead
of the captopril previously prescribed. Good patient counsel-
ing will help M.M. better understand the severity of his disease
and the need to take his medications. Timely follow-up within
several days following treatment of hypertensive urgency is
of paramount importance for the appropriate management of
these patients.

Oral Drug Therapy
Rapidly Acting Calcium Channel Blockers

2. M.M.’s physician has ordered nifedipine to be given 10 mg
sublingually. Is this appropriate therapy to acutely lower his BP?

Clonidine, labetalol, prazosin, minoxidil, and captopril have
all been used to lower BP acutely. These oral agents take several
hours to adequately lower pressure and are therefore useful in
treating hypertensive urgencies but not emergencies. Oral ACE
inhibitors, other than captopril, are not useful for acutely lower-
ing BP because their onset of action is too slow. The immediate-
release calcium channel blockers, including diltiazem, vera-
pamil, and nicardipine, can rapidly lower BP; however, the
most extensive experience is with nifedipine. Nifedipine, when
given orally or by the “bite and swallow” method, was previ-
ously recommended as a rapid-acting alternative to parenteral
therapy in the acute management of hypertension. However,
its use has been associated with life-threatening adverse events
due to ischemia, MI, and stroke.26–30 The prompt absorption of
rapidly acting calcium channel blockers is followed by a sudden
and precipitous decrease in BP as a result of peripheral vasodi-
lation. This reduces coronary perfusion, induces a reflex tachy-
cardia, and increases myocardial oxygen consumption.28,36 De-
creased cerebral blood flow with sublingual nifedipine has also
been reported.37 Elderly patients with underlying coronary or
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Table 20-3 Oral Drugs Commonly Used in the Treatment of Hypertensive Urgencies

Avoid or Use Cautiously
Drug Duration Mechanism in Patients With
(Brand Name) Dose/Route Onset of Action of Action Major Side Effectsa of Action These Conditions

Captoprilb

(Capoten)
12.5-, 25-, 50-,
100-mg tablets

6.5–50 mg PO 15 min 4–6 hr Hyperkalemia, angioedema,
BUN if dehydrated, rash,
pruritus, proteinuria, loss
of taste

ACE inhibitor Renal artery stenosis,
hyperkalemia,
dehydration, renal
failure, pregnancy

Clonidine
(Catapres)
0.1-, 0.2-,
0.3-mg tablets

0.1–0.2 mg PO
initially, then
0.1 mg/hr up
to 0.8 mg total

0.5–2 hr 6–8 hr Sedation, dry mouth,
constipation

Central
α-2-agonist

Altered mental status,
severe carotid
artery stenosis

Labetalol
(Normodyne,
Trandate) 100-,
200-, 300-mg
tablets

200–400 mg PO
repeated
Q 2–3 hr

30 min –2 hr 4 hr Orthostatic hypotension,
nausea, vomiting

α- and β-
adrenergic
blocker

Heart failure, asthma,
bradycardia

Minoxidil
(Loniten) 2.5-,
10-mg tablets

5–20 mg PO 30–60 min; maximum
response in 2–4 hr

12–16 hr Tachycardia, fluid retention Arterial and
venous
vasodilator

Angina, heart failure

aAll may cause hypotension, dizziness, and flushing.
bOther oral ACE inhibitors too slow in onset to be useful but can be used for maintenance.
ACE, angiotensin-converting enzyme; ↑BUN, blood urea nitrogen; PO, orally.

cerebrovascular disease, volume depletion, or concurrent use
of other antihypertensive drugs are at increased risk for signifi-
cant adverse events. In addition, no outcome data are currently
available to critically assess the efficacy of this therapeutic
intervention. Therefore, until more data become available, ad-
ministration of immediate-release nifedipine capsules or other
rapidly acting calcium channel blockers sublingually, by the

“bite and chew” method, or by swallowing intact is not recom-
mended.

The cavalier use of rapid-release nifedipine to acutely lower
BP is potentially dangerous and should be discouraged in M.M.
His age, history of MI, absence of symptoms, and lack of new
or progressive target organ damage do not warrant the acute and
potentially dangerous drop in BP. M.M.’s BP can be managed

Table 20-4 Treatment Recommendations for Hypertensive Crises

Clinical Presentation Recommendation Rationale

Aortic dissection Nitroprusside, nicardipine, or fenoldopam plus esmolol
or IV metoprolol; labetalol; trimethaphan. Avoid
inotropic therapy.

Vasodilator will decrease pulsatile stress in aortic vessel to
prevent further dissection expansion. β-blockers will
prevent vasodilator-induced reflex tachycardia.

Angina, myocardial infarction Nitroglycerin plus esmolol or metoprolol; labetalol.
Avoid nitroprusside.

Coronary vasodilation, decreased cardiac output,
myocardial workload, and oxygen demand.
Nitroprusside may cause coronary steal.

Acute pulmonary edema, left
ventricular failure

Nitroprusside, nicardipine, or fenoldopam plus
nitroglycerin and a loop diuretic. Alternative:
enalaprilat. Avoid nondihydropyridines, β-blockers.

Promotion of diuresis with venous dilatation to decrease
preload. Nitroprusside, enalaprilat decrease afterload.
Nicardipine may increase stroke volume.

Acute renal failure Nicardipine or fenoldopam. Avoid nitroprusside,
enalaprilat.

Peripheral vasodilation without renal clearance.
Fenoldopam shown to increase renal blood flow.

Cocaine overdose Nicardipine, fenoldopam, verapamil, or nitroglycerin.
Alternative: labetalol. Avoid β-selective blockers.

Vasodilation effects without potential unopposed
α-adrenergic receptor stimulation. CCBs control
overdose-induced vasospasm.

Pheochromocytoma Nicardipine, fenoldopam, or verapamil. Alternatives:
phentolamine, labetalol. Avoid β-selective blockers.

Vasodilation effects without potential unopposed
α-adrenergic receptor stimulation.

Hypertensive encephalopathy,
intracranial hemorrhage,
subarachnoid hemorrhage,
thrombotic stroke

Nicardipine, fenoldopam, or labetalol. Avoid
nitroprusside, nitroglycerin, enalaprilat, hydralazine.

Vasodilation effects without compromised CBF induced
by nitroprusside and nitroglycerin. Enalaprilat and
hydralazine may lead to unpredictable BP changes
when carefully controlled BP management is required.

BP, blood pressure; CBF, cerebral blood flow; CCB, calcium channel blocker; IV, intravenous.
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safely using other oral medications. Captopril, labetalol, or
clonidine can be used to lower his BP, and he can be restarted
on his oral maintenance regimen with appropriate follow-up
care.

Clonidine

3. A decision is made not to use nifedipine, but rather to give
M.M. oral clonidine. What is an appropriate starting dose? What
is the correlation between the loading dose and the maintenance
dose?

Clonidine is considered a safe, effective first-line therapy
for hypertensive urgency. It is a centrally acting, α2-adrenergic
agonist that inhibits sympathetic outflow from the CNS. After
acute administration, clonidine reduces mean arterial pressure,
cardiac output, stroke volume, and cardiac rate. There is lit-
tle change in the total peripheral resistance or renal plasma
flow. The initial reduction in cardiac output is caused by de-
creased venous return to the right side of the heart secondary
to venodilation and bradycardia, not secondary to decreased
contractility. Guanabenz (Wytensin) has a similar mechanism
of action, but documented efficacy in the acute treatment of
hypertension is lacking.

BP can be lowered gradually over several hours using oral
clonidine. Traditional dosing regimens have included an initial
oral loading dose (0.1–0.2 mg) followed by repeated doses of
0.1 mg/hour until the desired response is achieved or until a
cumulative dose of 0.5 to 0.8 mg is reached.38 A significant
reduction in BP is first seen within 1 hour, and the mean arterial
pressure decreases by 25% in most patients after several hours.
Anderson et al. reported a 94% response rate to an oral loading
dose.38 Patients required a mean total dose of 0.45 mg, and
the maximum response occurred 5 to 6 hours after the start of
therapy. Some authors, however, have cautioned against the use
of sequential loading doses, citing lack of benefit over placebo
and the potential for unpredictable adverse effects, particularly
abrupt occurrences of hypotension.39 If loading doses are to
be used, it is especially important to reduce doses in patients
with volume depletion, those who have recently used other
antihypertensive drugs, and the elderly.1,23,40

The acute response to oral clonidine loading is not predictive
of the daily dose required to maintain acceptable BP control.
Maintenance oral therapy with clonidine is somewhat empiric;
however, total daily doses should be spread between twice and
three times daily dosing due to the drug’s short half-life. The
major portion of the total daily dose can be given at bedtime
to minimize daytime sedation.

ADVERSE EFFECTS AND PRECAUTIONS

4. What precautions should be exercised when using the oral
clonidine loading regimen?

Oral clonidine is generally well tolerated. Adverse effects
include orthostatic hypotension, bradycardia, sedation, dry
mouth, and dizziness. Sedation is a particularly troublesome
side effect, and because of this, clonidine should not be used
in patients in whom mental status is an important monitoring
parameter. Because clonidine can decrease cerebral blood flow
by up to 28%, it should not be used in patients with severe cere-
brovascular disease.22,41 Clonidine also should be avoided in
patients with HF, bradycardia, sick sinus syndrome, or cardiac

conduction defects,23 as well as patients at risk for medication
nonadherence because of the rapid rise in BP that can occur
with sudden drug withdrawal.42,43

Other Oral Drugs
CAPTOPRIL

5. M.M. has a history of heart failure and normal renal func-
tion on admission. Based on these findings, would captopril be a
reasonable choice for initial treatment? How should it be given?
What if his BUN or SrCr were elevated?

Captopril, an orally active ACE inhibitor, has been used
both orally and sublingually to acutely lower BP.44,45 Captopril
decreases both afterload and preload, increases regional blood
flow, and lowers total peripheral vascular resistance.23 For this
reason, captopril and other ACE inhibitors are often consid-
ered the drugs of choice in patients with heart failure. (See
Chapter 18 for a discussion of the use of ACE inhibitors in
heart failure.) Given that M.M. appeared to be well controlled
on his ACE inhibitor prior to arbitrarily stopping his medica-
tions, it is reasonable to restart an ACE inhibitor and reinforce
medication adherence issues.

After oral administration, the onset of action of captopril
occurs within minutes and peaks 30 to 90 minutes after in-
gestion. Sublingual captopril (25 mg) significantly reduces an-
giotensin II levels within 24 hours.46 Sublingual captopril also
has been recently reported to increase cerebral blood flow to
a greater extent in patients with BP >180/120 mmHg com-
pared to nifedipine.37 Clinically, it reduces BP within 10 to 15
minutes, with effects persisting for 2 to 6 hours. Sublingual
captopril is as effective as nifedipine in acutely reducing mean
arterial pressure in both urgent and emergent conditions.45,47,48

Despite these beneficial effects, captopril, as well as all
other ACE inhibitors, must be used with caution in patients
with renal insufficiency or volume depletion. In most cases,
an elevated BUN or SrCr will provide a clue to the existence
of these conditions; however, captopril can also induce severe
renal failure in patients with bilateral renal artery stenosis or
renal artery stenosis in a solitary kidney. Such conditions may
not be easy to detect in the context of an acute hypertensive
emergency. Therefore, in patients in whom these conditions
can be excluded, captopril can be considered for therapy. First-
dose hypotension is a common limiting factor with captopril
use. This complication is most likely to occur in patients with
high renin levels, such as those who are volume depleted or
those receiving diuretics. Under these circumstances, initial
doses should not exceed 12.5 mg, with repeat doses an hour
or more later if necessary. Although he was not taking his
diuretic, M.M. is still likely to have high renin levels due to
his history of HF. Therefore, captopril would be a reasonable
choice as initial therapy in M.M., which can later be replaced
by a longer-acting ACE inhibitor.

MINOXIDIL, PRAZOSIN, AND LABETALOL

6. What other oral agents are used to acutely lower BP?

Minoxidil, a potent oral vasodilator, has been used suc-
cessfully in the treatment of severe hypertension.49,50 An oral
loading dose of 10 to 20 mg produces a maximal BP response
in 2 to 4 hours and can be followed by a dose of 5 to 20 mg
every 4 hours if necessary. Unfortunately, its onset of action is
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slower than that of clonidine or captopril. Another complicat-
ing factor is that β-blockers and loop diuretics generally must
be used concomitantly to counteract minoxidil-induced reflex
tachycardia and fluid retention.50 Therefore, minoxidil should
be used only in patients who are refractory to other forms of
therapy or who have previously been taking this agent.

Prazosin has been used to a limited degree to treat hyper-
tensive urgencies. An oral loading dose of 5 mg maximally
reduced BP within 60 to 120 minutes.51 However, hypotension
can be a significant limiting factor. More controlled studies are
required before this drug can be recommended.

Oral labetalol, a combined α- and β-receptor antagonist, is
an alternative to oral clonidine or captopril for the treatment
of severe hypertension, but the most appropriate dosing regi-
men remains to be determined.52–55 Initial doses of 100 to 300
mg may provide a sustained response for up to 4 hours.53 La-
betalol (200 mg given at hourly intervals to a maximum dose
of 1,200 mg) was comparable to oral clonidine in reducing
mean arterial pressure.55 An alternative regimen using 300 mg
initially followed by 100 mg at 2-hour intervals to a maximum
of 500 mg was also successful in acutely lowering BP.54 How-
ever, Wright et al.56 were unable to achieve an adequate BP
response in a small series of patients using a single loading
dose of 200 to 400 mg. Because labetalol can cause profound
orthostatic hypotension, patients should remain in the supine
position and should be checked for orthostasis before ambula-
tion. In addition, labetalol should be avoided in patients with
asthma, bradycardia, or advanced heart block.

Following initial treatment with oral captopril, M.M.’s BP
was reduced to 150/100 mmHg. His oral medications were
then restarted, captopril was switched to lisinopril, and he was
scheduled for follow-up in 1 week.

HYPERTENSIVE EMERGENCIES
Patient Assessment

7. M.R., a 55-year-old African American male, presents to the
emergency department (ED) with a 3-day history of progressively
increasing shortness of breath (SOB). Over the past 2 days, he
developed a severe headache unrelieved by ibuprofen (Advil), as
well as substernal chest pain, anorexia, and nausea. His medical
history includes asthma and a 5-year history of angina, which
resulted in hospitalization for an acute inferior MI 2 months be-
fore admission. He has been taking albuterol via metered-dose in-
haler (MDI; Proventil, Ventolin), furosemide (Lasix), isosorbide
dinitrate (Isordil Titradose, Sorbitrate), felodipine (Plendil), and
lisinopril (Prinivil, Zestril), but discontinued these medications
on his own 3 weeks ago.

Physical examination reveals an anxious-appearing man who
is alert, oriented, and in moderate respiratory distress. His vi-
tal signs include a pulse of 125 beats/minute, respiratory rate
of 36 breaths/minute, BP of 220/145 mmHg without orthostasis,
and a normal body temperature. Funduscopic examination shows
arteriolar narrowing and AV nicking without hemorrhages, exu-
dates, or papilledema. There is no jugular venous distention, but
bilateral carotid bruits are present. Chest examination reveals de-
creased breath sounds with bilateral rales extending to the tip of
the scapula. M.R.’s heart is displaced 2 cm left of the midclav-
icular line with no thrills or heaves. The rhythm is regular with

an S3 and an S4 gallop; no murmurs are noted. The remainder of
M.R.’s examination is within normal limits.

Significant laboratory values include sodium (Na), 142 mEq/L
(normal 136–144); potassium (K), 4.9 mEq/L (normal 3.5–5.5);
chloride (Cl), 101 mEq/L (normal 96–106); bicarbonate, 23
mEq/L (normal 23–28); BUN, 30 mg/dL (normal 10–20); crea-
tinine, 1.2 mg/dL (normal 0.5–1.2); hematocrit (Hct), 38% (nor-
mal 40%–45%); hemoglobin (Hgb), 13 g/dL (normal 14–18); and
white blood cell (WBC) count and differential, within normal
limits. UA shows 1+ hemoglobin and 1+ protein. Microscopic
examination of the urine reveals 5 to 10 red blood cells (RBCs)
per high-power field (HPF) and no casts. Pulse oximetry reveals an
oxygen saturation of 88%. An ECG demonstrates sinus tachycar-
dia and left ventricular hypertrophy. The chest radiograph shows
moderate cardiomegaly and bilateral fluffy infiltrates.

What aspects of M.R.’s history and physical examination are
characteristic of an emergent need to immediately lower his BP?

[SI units: Na, 142 mmol/L (normal 136–144); K, 4.9 mmol/L (normal 3.5–

5.5); Cl, 101 mmol/L (normal 96–106); bicarbonate, 23 mmol/L (normal 23–

28); BUN, 10.71 mmol/L urea (normal 3.57–7.14); creatinine, 106 mmol/L

(normal 44.2–106.08); Hct, 0.38 (normal 0.40–0.45); Hgb, 130 g/L (normal

140–180)]

As discussed previously, hypertensive crisis occurs most
often in African American men and individuals between the
ages of 40 and 60. M.R. meets all characteristics of this pop-
ulation. Furthermore, many patients who present with hyper-
tensive emergencies have a recent history of discontinuing the
use of their antihypertensives,9,12 as is the case with M.R and
M.M. in case 1.

Recent-onset severe headache, nausea, and vomiting are
consistent with CNS signs of severe hypertension, as are the
acute onset of angina (substernal pain) and HF (SOB, increased
pulse and respiratory rate, cardiomegaly, S3, and chest x-ray
findings of pulmonary edema). The absence of signs of right-
sided HF such as jugular venous distention or hepatomegaly
suggests an acute onset of HF caused by hypertension as op-
posed to a gradual worsening of chronic HF. M.R.’s urinary
sediment is relatively unimpressive at this time, especially in
light of his history, and his ocular complications are minimal.

Parenteral Drug Therapy
Nitroprusside

8. M.R. is to be started on nitroprusside. Is this an appropriate
choice of drug? What alternatives to nitroprusside are available?

M.R.’s arterial pressure should be lowered with parenteral
medications, which have a rapid onset of action. Nitroprusside,
fenoldopam, intravenous (IV) nitroglycerin, and trimethaphan
all decrease total peripheral resistance rapidly with minimal
effect on myocardial oxygen consumption and heart rate. Of
these agents, either nitroprusside or fenoldopam would be pre-
ferred in patients with hypertension accompanied by acute
left ventricular failure in the absence of MI. Parenteral ni-
troglycerin is similar to nitroprusside except that it has rela-
tively greater effect on venous circulation and less effect on
arterioles. It is most useful in patients with coronary insuffi-
ciency, ischemic heart disease, MI, or hypertension following
coronary bypass surgery (also see question 24). In addition,
nitroprusside and IV nitroglycerin may both improve elevated
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left ventricular diastolic pressures in patients presenting with
hypertensive urgency. Trimethaphan is not an acceptable
choice because rapid tolerance develops to its hypotensive ac-
tion and its use is associated with many side effects (see Ques-
tion 29). Fenoldopam and nitroprusside are equally efficacious
in acutely lowering BP.57–60 Both drugs have an immediate on-
set, are easily titratable, have a short duration of action, and
are relatively well tolerated. Fenoldopam may also increase
renal blood flow, thereby reducing the risk for worsening re-
nal function.61–64 Unlike nitroprusside, fenoldopam does not
cause cyanide or thiocyanate toxicity, but it is considerably
more expensive than nitroprusside.

Therefore, in the absence of any significant renal or liver
disease, nitroprusside is the preferred treatment for M.R.

HEMODYNAMIC EFFECTS
Nitroprusside has many pharmacologic effects that should

improve M.R.’s condition. It dilates both venous and arterial
vessels, thereby increasing venous capacitance and decreasing
the venous return or preload on the heart (see Chapters 18 and
21). A decrease in the pulmonary capillary wedge pressure
and ventricular filling pressure will ultimately improve M.R.’s
pulmonary edema. Afterload is also decreased as a result of
arterial dilation. This action increases cardiac output, reduces
arterial pressure, and increases tissue perfusion.

CONCURRENT USE OF DIURETICS

9. Should M.R. be given a diuretic before nitroprusside ther-
apy is begun?

Administration of potent IV diuretics is relatively ineffec-
tive in the acute treatment of hypertension except in patients
with concomitant volume overload or HF. Many patients with
hypertensive emergencies are vasoconstricted and have normal
or reduced plasma volumes; therefore, diuretics have little ef-
fect and may actually aggravate renal failure or cause other
adverse effects.19,65 Furthermore, when diuretics are given
acutely in combination with other antihypertensive agents, pro-
found hypotension can occur.

The immediate value of diuretics in acute HF is related
more to their hemodynamic effects (venodilation) than to
diuresis. Venodilation following IV diuretic administration
decreases right-sided cardiac filling pressures, decreases pul-
monary artery and wedge pressures, and increases cardiac out-
put before diuresis occurs.66 The presence of HF and severely
elevated BP in M.R. warrants the IV administration of either
furosemide 20 to 40 mg or bumetanide (Bumex) 1 mg.

DOSING AND ADMINISTRATION

10. How should nitroprusside be prepared and administered?
What dose should be used initially?

Because of its extreme potency, sodium nitroprusside must
be prepared in exact concentrations and administered at pre-
cisely calculated rates using a controlled infusion device, and
BP must be closely monitored. Sodium nitroprusside is sup-
plied in units of 50 mg of lyophilized powder. The powder is
reconstituted with 2 to 3 mL of 5% dextrose in water (D5W),
shaking gently to dissolve.67 The contents of the vial are then
added to 250, 500, or 1,000 mL of D5W to produce a solution
for IV administration with a drug concentration containing

200, 100, or 50 mcg/mL. This solution should have a slight
brownish tint.

Nitroprusside decomposes on exposure to light, so the so-
lution should be shielded with an opaque sleeve. It is not nec-
essary to protect the tubing from light. Reconstituted solutions
are stable for 24 hours at room temperature. A change in the
solution’s color from light brown to dark brown, green, orange,
or blue indicates a loss in activity, and the solution should be
discarded.

Effective infusion rates range from 0.25 to 10 mcg/kg/
minute. Cyanide toxicity may occur with prolonged
administration or with infusion rates >2 to 3 mcg/kg/
minute.68,69 For M.R., an infusion of nitroprusside should
be initiated at a rate of 0.25 mcg/kg/minute, using a micro-
drip regulator or an infusion pump. The dose should be in-
creased slowly by 0.25 mcg/kg/minute every 5 minutes until
the desired pressure is achieved. A maximum infusion rate of
10 mcg/kg/minute has been recommended. If adequate BP re-
duction is not achieved within 10 minutes following maxi-
mum dose infusion, nitroprusside should be discontinued.3 The
dosage must be individualized according to patient response
using continuous intra-arterial BP recording and observing for
signs or symptoms of toxicity.

THERAPEUTIC END POINT

11. A nitroprusside infusion of 0.25 mcg/kg/minute is started.
What is the goal of therapy?

M.R.’s arterial pressure should be reduced to near-normal
levels; however, because he has cerebral occlusive disease
(carotid bruits), excessive reduction of his BP should be
avoided. Overly aggressive reduction of BP in the presence
of major cerebral vessel stenosis may decrease cerebral blood
flow and produce strokes or other neurologic complications.

Normal cerebral blood flow remains relatively constant over
a wide range of systemic BP measurements through autoreg-
ulatory mechanisms.41,70 The autoregulatory effects can pre-
vent gross alterations in cerebral blood flow from either slow
or rapid changes in systemic arterial pressures. In addition,
the BP required to maintain cerebral perfusion is higher in hy-
pertensive patients than in normotensive individuals. If M.R.’s
BP is reduced excessively, cerebral blood flow may decrease
sharply. Therefore, a diastolic BP of 100 to 105 mmHg would
be a reasonable initial therapeutic goal for him. If hypotension
occurs, nitroprusside should be discontinued and M.R. should
be placed in the Trendelenburg position, where the head is kept
lower than the trunk.

CYANIDE TOXICITY

12. M.R. is being treated with nitroprusside. However, over the
last 36 hours, dose titration to 7 mcg/kg/minute has been necessary
to control his BP. Is he at risk for developing cyanide toxicity?
What indices of toxicity should be monitored? Should thiosulfate
or hydroxocobalamin be given to prevent toxicity?

A major concern when using sodium nitroprusside is toxic-
ity secondary to the accumulation of its metabolic byproducts,
cyanide and thiocyanate. Sodium nitroprusside decomposes
within a few minutes after IV infusion. Free cyanide, which
represents 44% of nitroprusside by weight, is released into
the bloodstream, producing prussic acid (hydrogen cyanide),
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which is responsible for the acute toxicity.71 The amount of
hydrogen cyanide released is directly proportional to the size
of the dose.72 Endogenous detoxification of cyanide occurs
through a mitochondrial rhodanese system, which, in the pres-
ence of a sulfur donor such as thiosulfate, converts cyanide
to thiocyanate.71 This enzymatic detoxification of cyanide ex-
hibits zero-order pharmacokinetics and is dependent on the
enzyme rhodanese and an adequate supply of thiosulfate. A
healthy person can eliminate cyanide hepatically at a rate equiv-
alent to the cyanide production during a nitroprusside infusion
of up to approximately 2 mcg/kg/minute.73 Theoretically, cy-
anide can be expected to accumulate in the body when the rate
of the sodium nitroprusside infusion exceeds 2 mcg/kg/minute
for a prolonged period. This rise can be prevented by admin-
istering sodium thiosulfate simultaneously.74,75 A mixture of
0.1% sodium nitroprusside plus 1% sodium thiosulfate is as ef-
fective as sodium nitroprusside alone and is substantially less
toxic.74 For this reason, some clinicians have recommended
that all patients receiving nitroprusside receive concomitant
thiosulfate infusions.76,77 IV boluses of thiosulfate may be ef-
fective, but they require frequent dosing. Rindone and Sloane72

noted that 10 mg of sodium thiosulfate for every 1 mg of ni-
troprusside should be considered in high-risk patients (e.g.,
those with malnutrition) or when large doses of nitroprusside
are administered (>3 mcg/kg/minute). The presence of he-
patic or renal failure may also predispose the patient to cyanide
toxicity.73,78 However, no studies have assessed the chemical
compatibility of nitroprusside and sodium thiosulfate.

It is generally stated that symptomatic cyanide toxicity oc-
curs infrequently, although several deaths have been reported
after the use of sodium nitroprusside.77 Cyanide toxicity oc-
curs most commonly when large doses (total dose 1.5 mg/kg)
of nitroprusside are administered rapidly to patients undergo-
ing a surgical procedure that requires induction of hypoten-
sion. However, cyanide toxicity and mortality associated with
nitroprusside exceed 3,000 and 1,000 cases per year, respec-
tively, according to two sources.77,79 The increasing concern
about cyanide toxicity has resulted in a revision of the product
label, which warns that sodium nitroprusside administration
increases the body’s concentration of cyanide ion to toxic and
potentially fatal levels, even when given within the range of
recommended doses. The revised labeling further states that
infusions at the maximum recommended dose can overwhelm
the body’s ability to buffer the cyanide within 1 hour.

Although concurrent sodium thiosulfate administration has
been recommended in high-risk patients, no clinical data are
available to indicate that it reduces overall mortality. Fur-
thermore, this intervention may result in the accumulation of
thiocyanate, particularly if sodium thiosulfate is given at high
infusion rates or to patients with renal insufficiency. A 1-year
retrospective review at a tertiary care teaching hospital with a
level 1 trauma center found that none of the patients receiving
nitroprusside at infusion rates >2 mcg/kg/minute were con-
currently treated with sodium thiosulfate.80

Hydroxocobalamin has also been used to reduce cyanide
toxicity secondary to nitroprusside infusions.78 The concur-
rent administration of a continuous infusion of hydroxo-
cobalamin (25 mg/hour) lowers RBC and plasma cyanide
concentrations.81 Hydroxocobalamin combines with cyanide
to form cyanocobalamin, which is nontoxic and excreted in
the urine. Approximately 2.4 g of hydroxocobalamin is re-
quired to neutralize the cyanide released from 100 mg of

nitroprusside. Therefore, its use is limited due to poor avail-
ability and cost considerations. Importantly, unlike hydrox-
ocobalamin, cyanocobalamin is not effective in reducing or
preventing cyanide toxicity.

To summarize, the use of hydroxocobalamin or sodium thio-
sulfate is likely to be of greatest value in patients receiving
large doses of sodium nitroprusside acutely or in patients re-
ceiving high infusion rates for an extended period. However,
with the availability of safer alternatives (e.g., fenoldopam, IV
labetalol, IV nicardipine) for use in high-risk patients, the use
of hydroxocobalamin or thiosulfate is rarely required.

Cyanide toxicity can be detected early by monitoring M.R.’s
metabolic status. Lactic acidosis is an early indicator of toxic-
ity because the progressive inactivation of cytochrome oxidase
by cyanide results in increased anaerobic glycolysis.81A low
plasma bicarbonate concentration and low pH, accompanied by
an increase in the blood lactate or lactate-to-pyruvate ratio, and
an increase in the mixed venous blood oxygen tension could in-
dicate cyanide toxicity.82 Additional signs of cyanide intoxica-
tion include tachycardia, altered consciousness, coma, convul-
sions, and the occasional smell of almonds on the breath.72,82

Hypoxemia resulting from pulmonary arterial shunting has
also been reported during nitroprusside therapy. Measuring
serum thiocyanate levels is of no value in detecting the onset
of cyanide toxicity. If toxicity develops, the infusion should be
stopped and appropriate therapy for cyanide intoxication insti-
tuted. The need for such a high-dose infusion of nitroprusside
to maintain M.R.’s pressure may increase his risk for cyanide
toxicity, warranting close monitoring of his acid–base balance.

THIOCYANATE TOXICITY

13. Explain the difference between cyanide toxicity and thio-
cyanate toxicity. What is M.R.’s risk for thiocyanate toxicity if
he is continued on a dose of 7 mcg/kg/minute? Is monitoring of
serum thiocyanate concentrations necessary?

Sodium nitroprusside is more likely to produce thiocyanate
toxicity. Although this complication is also rare, patients with
renal failure who receive prolonged infusions are particularly
susceptible. The cyanide released from nitroprusside is nor-
mally metabolized by thiosulfate in the liver to thiocyanate
via sulfation. This conversion of cyanide to thiocyanate pro-
ceeds relatively slowly, and thiocyanate levels rise gradually
in proportion to the dose and duration of sodium nitroprus-
side administration. The half-life of thiocyanate is 2.7 days
with normal renal function and 9 days in patients with renal
failure.76 When sodium nitroprusside is infused for several
days at moderate dosages (2–5 mcg/kg/minute), toxic levels
of thiocyanate can occur within 7 to 14 days in patients with
normal renal function and 3 to 6 days in patients with severe
renal disease.71 A total daily dose of up to 125 mg is nontoxic
in patients with normal renal function, whereas 1,000 mg/day
may produce toxicity within 24 to 48 hours. Unfortunately,
infusion of sodium thiosulfate, which helps reduce cyanide
toxicity, can cause accumulation of thiocyanate, resulting in
clinical toxicity, especially in patients with renal failure.78

Thiocyanate causes a neurotoxic syndrome manifested
by psychosis, hyperreflexia, confusion, weakness, tinnitus,
seizures, and coma.73,76 Prolonged exposure to thiocyanate can
suppress thyroid function through inhibition of iodine uptake
and binding by the thyroid.76 Routine measurement of blood
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levels of thiocyanate is unnecessary and is recommended only
in patients with renal disease or when the duration of the ni-
troprusside infusion exceeds 3 or 4 days. Nitroprusside should
be discontinued if serum thiocyanate levels exceed 10 to 12
mg/dL.83,84 Life-threatening toxicity is of concern when blood
thiocyanate levels exceed 20 mg/dL. In emergency cases, thio-
cyanate can be readily removed by hemodialysis.76

For M.R., the potential for thiocyanate toxicity is low be-
cause his renal function is normal and the anticipated infusion
duration is relatively short. Therefore, measurement of thio-
cyanate levels is not indicated at this time.

Other side effects associated with nitroprusside therapy in-
clude nausea, vomiting, diaphoresis, nasal stuffiness, muscular
twitching, dizziness, and weakness. These effects are usually
acute and occur when nitroprusside is administered too rapidly.
They can be reversed by decreasing the infusion rate.

14. M.R.’s serum chemistries and arterial blood gas values in-
dicate a metabolic acidosis. Should the nitroprusside infusion be
continued at 7 mcg/kg/minute? What alternative is available?

Although the duration of M.R.’s nitroprusside therapy has
been short, tolerance to the antihypertensive effect requires
the use of a high-dose infusion to maintain BP control. Thus,
acidosis may represent toxicity as a result of cyanide accu-
mulation. The nitroprusside infusion should be discontinued
at this time, and another rapidly acting, easily titratable par-
enteral antihypertensive such as fenoldopam or IV nicardipine
should be initiated.

Fenoldopam

15. What are the advantages and disadvantages of fenol-
dopam compared with sodium nitroprusside?

HEMODYNAMIC EFFECTS
Fenoldopam is a parenteral, rapidly acting, peripheral

dopamine-1 agonist used to manage severe hypertension when
a rapid reduction of BP is required.85–88 Stimulation of the
dopamine-1 receptors vasodilates coronary, renal, mesenteric,
and peripheral arteries.89 Vasodilation of the renal vascula-
ture increases renal blood flow in hypertensive patients,61,62,64

a property that may be particularly advantageous in patients
with impaired renal function.63,90 However, no outcome data
are available to document that this effect reduces morbidity and
mortality in patients with severe hypertension. Fenoldopam has
also been used to control perioperative hypertension in patients
undergoing cardiac bypass surgery because, relative to nitro-
prusside, it either maintains or increases urinary output.91,92

Fenoldopam is as effective as sodium nitroprusside for the
acute treatment of hypertension and does not cause either
cyanide or thiocyanate toxicity.58–60 Fenoldopam is as effi-
cacious as, but considerably more expensive than, sodium
nitroprusside.57 Outcome studies will be required to assess
the impact of fenoldopam on increasing renal blood flow and
urine output in the management of patients with hypertensive
emergencies. Until such time, it should be used only as an al-
ternative to nitroprusside in patients such as M.R., who are at
high risk for cyanide or thiocyanate toxicity.

DOSING AND ADMINISTRATION

16. How should fenoldopam be administered?

Fenoldopam is administered as a continuous infusion (with-
out a bolus dose) beginning at a rate of 0.1 mcg/kg/minute. It
is then titrated upward, according to BP control, in increments
of 0.05 to 0.1 mcg/kg/minute at 15-minute intervals. The max-
imum dose is 1.6 mcg/kg/minute, and its use has been studied
for up to 48 hours of therapy. Clearance of fenoldopam is not al-
tered by renal or liver disease. Like nitroprusside, fenoldopam
also has a short duration of action, with an elimination half-life
of approximately 5 minutes, thus allowing for easy titration.
Once the target blood pressure is achieved, fenoldopam can
be gradually tapered as oral therapy is initiated, if rebound
hypertension has not occurred.87,93

ADVERSE EFFECTS

17. M.R. is converted to a continuous infusion of fenoldopam,
and his BP is well controlled on 0.3 mcg/kg/minute. What moni-
toring parameters should be followed?

Fenoldopam is well tolerated and relatively free of side ef-
fects. BP and heart rate should be followed closely to avoid
hypotension and dose-related tachycardia. The vasodilating ef-
fect may also cause flushing, dizziness, and headache. Serum
electrolytes should be monitored, and in some cases, potassium
supplementation is required. Fenoldopam should be used cau-
tiously in patients with glaucoma or intraocular hypertension
due to a dose-dependent increase in intraocular pressure.94,95

18. Which antihypertensive agents should be avoided in M.R.?
Why?

Labetalol, a potent, rapidly acting antihypertensive with
both α- and β-blocking activity, is very effective in the treat-
ment of various hypertensive emergencies,96–102 but it should
not be used in M.R. (see Question 19). Hemodynamically, la-
betalol reduces peripheral vascular resistance (afterload), BP,
and heart rate, with almost no change in the resting cardiac
output or stroke volume.103

M.R. is experiencing chest pain, and he is tachycardic; these
signs and symptoms are most likely caused by his severely
uncontrolled hypertension and the presence of acute left ven-
tricular failure. Even though labetalol might improve M.R.’s
angina, the negative inotropic action could acutely compro-
mise his left ventricular dysfunction, an effect that outweighs
the potential benefit of afterload reduction. In addition, even
though labetalol is one of the safest β-blocking drugs when
used in patients with asthma,104 no β-blocker should be used
as initial treatment in patients with asthma. Labetalol should
be used only if alternative methods of reducing M.R.’s pressure
fail.

Diazoxide, a potent, rapidly acting hypotensive agent
closely related to the thiazide group of drugs, should also be
avoided in M.R. for several reasons (see Question 25). The
hypotensive action is caused by a reduction in peripheral vas-
cular resistance through direct relaxation of arterioles. As ar-
terial pressure is lowered, baroreceptor reflexes are activated,
leading to cardiac stimulation with increased heart rate, stroke
volume, and cardiac output. The cardiostimulating effect of
diazoxide could be potentially dangerous in patients such as
M.R., who have ischemic heart disease and a recent history
of MI.105 Neurologic and cardiovascular symptoms may occur
with rapid administration of diazoxide.
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There are other reasons why diazoxide should be avoided
or used cautiously in M.R. Although diazoxide has a thiazide-
like structure, it causes significant sodium and water retention,
which could be deleterious in a patient such as M.R. with se-
vere HF and pulmonary edema.106,107 The exact mechanism
for this effect is unknown, but it may be through an activation
of the renin system or a direct antinatriuretic effect on the renal
tubules.

Labetalol

19. C.M., a 52-year-old Caucasian male, is admitted to the
hospital with a 3-day history of increasing exertional subster-
nal chest pain (without SOB), diaphoresis, nausea, and vomit-
ing. His history is significant for poorly controlled hypertension,
glaucoma, and angina pectoris. Prior medications include dor-
zolamide ophthalmic drops (Trusopt), atenolol (Tenormin), hy-
drochlorothiazide, and oral nitrates. Physical examination re-
veals an anxious man who is alert and oriented. He has a BP
of 210/146 mmHg without orthostasis and a regular pulse of 115
beats/minute. Bilateral hemorrhages and exudates are present on
funduscopic examination. The lungs are clear and the heart is
enlarged, but there are no murmurs or gallops. Examination of
the abdomen is unremarkable, and there is no peripheral edema.
The neurologic examination is normal.

Significant laboratory values include the following: Na, 140
mEq/L (normal 136–144); Cl, 109 mEq/L (normal 96–106); bicar-
bonate, 18 mEq/L (normal 23–28); BUN, 49 mg/dL (normal 10–
20); and creatinine, 2.8 mg/dL (renal function previously noted to
be within normal limits). UA shows proteinuria and hematuria.
The ECG demonstrates sinus tachycardia with left axis deviation,
left ventricular hypertrophy, and nonspecific ST-T wave changes.
The chest radiograph reveals mild cardiomegaly.

C.M. is given nitroglycerin sublingually (Nitrostat), and 1 inch
of nitroglycerin ointment (Nitrol Paste) is applied topically. He
is started on IV labetalol. Is this choice of treatment reasonable,
considering C.M.’s angina and acute renal failure?

[SI units: Na, 140 mmol/L (normal 136–144); Cl, 109 mmol/L (normal 96–

106); bicarbonate, 18 mmol/L (normal 23–28); BUN, 17.493 mmol/L urea

(normal 3.57–7.14); creatinine, 247.52 mmol/L (normal 44.2–106.08)]

The presence of chest pain, retinopathy, and new onset re-
nal disease, as well as the magnitude of the BP elevation in
C.M., warrant a prompt reduction in BP. The combination of
sublingual and topical nitroglycerin may help in acutely lower-
ing his BP and relieving his chest pain while waiting for more
definitive treatment to be implemented.

IV labetalol is a potent antihypertensive drug that has been
used successfully in various hypertensive emergencies.96–102

Labetalol blocks both β- and α-adrenergic receptors and also
may exert a direct vasodilator effect. The β-blockade is nons-
elective with α to β potency of 3:1 for oral and 7:1 for IV la-
betalol. Labetalol is particularly advantageous in C.M. because
the immediate onset of action will reduce peripheral vascular
resistance without causing reflex tachycardia. Myocardial oxy-
gen demand will be reduced and coronary hemodynamics will
be improved, making this agent an excellent choice for patients
such as C.M., who have coronary artery disease or MI. In addi-
tion, IV labetalol does not significantly reduce cerebral blood
flow; therefore, it may be useful in patients with cerebrovascu-
lar disease.1,23

Fenoldopam or nitroprusside could also be used to treat
C.M. Fenoldopam could potentially benefit renal function by
increasing renal blood flow, but C.M.’s history of glaucoma
would preclude its use. In addition, equally effective but less
costly alternatives are available. Treatment with nitroprusside
would expose C.M. to the potential risk of cyanide and thio-
cyanate toxicity with his new onset renal failure. In contrast, la-
betalol has been used successfully in patients with renal disease
without deleterious side effects.108,109 Labetalol is eliminated
by glucuronidation in the liver, with <5% of the dose being
excreted unchanged in the urine. Therefore, labetalol may be
better tolerated than nitroprusside by patients with hepatic fail-
ure because toxic nitroprusside metabolites also accumulate in
this situation. The presence of renal disease in C.M. will not
necessitate an alteration in the dose of labetalol.

CONTRAINDICATIONS

20. What cautions should be exercised when using labetalol in
C.M.?

Labetalol’s disadvantages are primarily related to its β-
blocking effects, which predominate over its α-blocking ef-
fects. Therefore, it should not be used in patients with asthma,
heart block greater than first degree, or sinus bradycardia, and
it should be used with caution in patients with severe uncon-
trolled HF97,101,110 (see Question 18). None of these is present
in C.M. Like other β-blockers, labetalol may mask the symp-
toms of hypoglycemia in insulin-dependent diabetic patients;
it should also be used with caution in patients with Raynaud’s
syndrome.110 Labetalol has been effective in the treatment of
hypertension associated with pheochromocytoma and excess
catecholamine states.111 However, because labetalol is primar-
ily a β-blocker, paradoxic hypertension may occur in patients
with pheochromocytoma. These individuals have adrenal tu-
mors that excrete high amounts of norepinephrine, which re-
sults in relatively unopposed α-receptor stimulation.112 More
clinical experience is required before labetalol can be rec-
ommended in patients with pheochromocytoma.5,96 Labetalol
may also be particularly useful for the treatment of antihyper-
tensive withdrawal syndromes.11

21. Will C.M.’s age or prior use of antihypertensives affect his
response to labetalol?

There appears to be a positive correlation between age and
response to labetalol. Older patients achieve a greater reduc-
tion in BP and, therefore, require smaller doses.113,114 Failure
to lower BP has also been observed.115–117 This phenomenon
was believed to be related to single-bolus administration or
prior treatment with α- and β-blocking drugs.110 However,
subsequent studies have confirmed the effectiveness of la-
betalol in patients pretreated with antihypertensives, including
β-blockers.118

22. How should parenteral labetalol be given to C.M.?

For acute BP reduction, C.M. should be placed in the supine
position. IV labetalol can be given by pulse administration or
continuous infusion.96–101 Small incremental bolus injections
are administered, beginning with 20 mg given over 2 minutes,
followed by 40 to 80 mg every 10 to 15 minutes until the de-
sired response is achieved or a cumulative dose of 300 mg is
reached. The desired response is usually achieved with a mean
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dose of 200 mg in 90% of patients.97 Following IV injection,
the maximal effect occurs within 5 to 10 minutes,99 and the
antihypertensive response may persist for >6 hours.118 Be-
cause the rate of BP reduction is accelerated with an increase
in infusion rate,99 a controlled continuous infusion may pro-
vide a more gradual reduction in arterial pressure with less
frequent adverse effects.101,119 A solution for continuous infu-
sion (0.5–2.0 mg/minute) is prepared by adding two ampules
(200 mg total) to 160 mL of IV fluid to give a final concentra-
tion of 1 mg/mL. The infusion can then be started at a rate of 2
mg/minute and titrated until a satisfactory response is achieved
or until a cumulative dose of 300 mg is reached.

PARENTERAL/ORAL CONVERSION

23. C.M. was treated with a labetalol infusion and required a
cumulative dose of 180 mg to achieve a diastolic pressure of 100
mmHg. His anginal symptoms resolved almost immediately, but
3 hours after the infusion, C.M. became faint and dizzy while am-
bulating. Should oral labetalol be withheld? When oral labetalol
is given, what adverse effects can be expected?

Postural hypotension and dizziness are dose related and
more commonly associated with the IV route of administra-
tion.103,110 C.M. should remain in a supine position following
the IV administration of labetalol, and his ability to tolerate an
upright position should be established before permitting am-
bulation. Oral labetalol can be given to C.M. when his supine
diastolic BP increases by 10 mmHg. There is no correlation
between the oral maintenance dose and the total initial IV dose.
C.M. should be started on an empirical dose of 100 to 200 mg
oral labetalol twice daily, and this should be titrated as nec-
essary. Other side effects commonly associated with labetalol
include nausea, vomiting, abdominal pain, and diarrhea in up to
15% of the patients.110 Scalp tingling is an unusual side effect
that has been reported in a few patients after IV administra-
tion; it tends to disappear with continued treatment. Other side
effects include tiredness, weakness, muscle cramps, headache,
ejaculation failure, and various skin rashes.

Nitroglycerin

24. Would parenteral nitroglycerin be an acceptable alternative
to labetalol for C.M.?

Severe, uncontrolled hypertension in the setting of unstable
angina or MI requires an immediate reduction in BP. Nitro-
prusside has been used successfully, but IV nitroglycerin can
have more favorable effects on collateral coronary flow in pa-
tients with ischemic heart disease.120 By diminishing preload,
nitroglycerin decreases left ventricular diastolic volume, di-
astolic pressure, and myocardial wall tension, thus reducing
myocardial oxygen consumption.121 These changes favor re-
distribution of coronary blood flow to the subendocardium,
which is more vulnerable to ischemia. At high dosages, nitro-
glycerin dilates arteriolar smooth muscles, and this reduction
in afterload also decreases myocardial wall tension and oxygen
consumption.122

IV nitroglycerin has a rapid onset of action and a short dura-
tion, and is easily titratable. It is generally appropriate to begin
IV nitroglycerin at dosages in the range of 5 to 10 mcg/minute,
increased as needed to control pressure and symptoms. The
usual dose is in the range of 40 to 100 mcg/minute. The ma-

jor limiting side effects are headache and the development of
tolerance. In general, IV nitroglycerin is well suited for use in
patients such as C.M. who have unstable angina or in patients
who have hypertension associated with MI or coronary bypass
surgery.

Diazoxide

25. R.N., a 32-year-old African American female, is admitted
to the hospital with a 2-day history of nausea, blurred vision,
confusion, and an intractable generalized headache. Her medi-
cal history is remarkable for asthma and diet-controlled diabetes
mellitus. Physical examination reveals an alert but disoriented
woman with a BP of 220/160 mmHg (without orthostasis) and
a pulse of 110 beats/minute. There is no evidence of heart fail-
ure, but the neurologic examination reveals an altered mental
status. Serum electrolytes, BUN, creatinine, UA, chest x-ray, and
ECG are within normal limits. R.N.’s plasma glucose level is 275
mg/dL. The assessment at this time is hypertensive encephalopa-
thy. Diazoxide is ordered. How should diazoxide be administered
to R.N. to achieve an optimal hypotensive response? Under what
circumstances is diazoxide preferred over other agents?

Diazoxide should be administered as a small bolus or by
slow infusion because larger doses cause cerebral and cardio-
vascular hypoperfusion due to an abrupt decline in blood pres-
sure. Studies confirm that diazoxide can be administered safely
and effectively as a minibolus (1–3 mg/kg every 5–15 minutes
to a maximum of 150 mg in a single injection) or by slow
infusion (15–30 mg/minute)123,124 until a diastolic BP of 100
mmHg is achieved. Single-dose injections of >150 mg should
not be used. Diazoxide can also be given by repetitive infu-
sions according to the following schedule: loading dose of 7.5
mg/kg IV over 1.5 hours (which usually decreases mean ar-
terial pressure by 25%), followed by 10% of the loading dose
every 6 hours for maintenance.125 In general, diazoxide should
be used only in patients who (a) cannot tolerate labetalol (e.g.,
asthma or advanced heart block), (b) require a more gradual
lowering of BP than that produced by nitroprusside, and (c)
require a more rapid and certain drop in BP than that which
can be produced by oral antihypertensive agents.126

Diazoxide should be used with caution in patients with dia-
betes mellitus because it can increase blood glucose. Blood
glucose needs to be monitored during therapy and treated
accordingly.127

The hypotensive effects of diazoxide begin within 1 minute,
and maximum effects occur within 2 to 5 minutes. The patient
should remain recumbent for 15 to 30 minutes after the injec-
tion of each dose of diazoxide, and the BP should be monitored
every 5 minutes for the first 30 minutes. The duration of action
is variable in that the BP gradually increases to the pretreatment
level in 3 to 15 hours. Diazoxide, when given by slow infusion,
produces a maximum reduction in mean arterial pressure of
25% in 25 to 30 minutes, which lasts up to 8 hours.124,126 If
R.N. fails to respond to the first dose, repeated doses should
be given at 10-minute intervals until a cumulative dose of 600
mg is reached.

A major disadvantage of diazoxide is the occurrence of re-
flex tachycardia, which can precipitate or worsen angina in
patients with coronary artery disease. Small IV doses of pro-
pranolol (0.2 mg/kg) can be used in situations in which tachy-
cardia is dangerous.126
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Hydralazine

26. T.M., a 30-year-old Caucasian male with a history of chronic
glomerulonephritis and poorly controlled hypertension, came to
the ED complaining of early morning occipital headaches dur-
ing the past week. He has no other complaints. He has not taken
any BP medication in a month. Physical examination revealed an
afebrile male in no acute distress with a BP of 160/120 mmHg
without orthostasis and a regular pulse of 90 beats/minute. Fun-
duscopic examination revealed bilateral exudates without hemor-
rhages or papilledema. The lungs were clear. Cardiac examination
was pertinent for cardiomegaly and an S4 gallop. The remainder
of the physical workup was normal.

Laboratory results include Hct, 32%; BUN, 40 mg/dL; cre-
atinine, 2.5 mg/dL; and bicarbonate, 18 mEq/L. UA reveals 2+
protein, 2+hemoglobin with 4 to 10 RBCs/HPF. The ECG demon-
strates NSR with left ventricular hypertrophy. The chest radio-
graph is unremarkable.

T.M. was given 20 mg hydralazine IV, and a repeat BP after
1 hour was 150/100 mmHg. What are the advantages and disad-
vantages of parenteral hydralazine, and when should it be used
to acutely lower BP?

[SI units: Hct, 0.32; BUN, 14.28 mmol/L urea; creatinine, 221 mmol/L; bicar-

bonate, 18 mmol/L]

Hydralazine is a direct vasodilator that reduces total periph-
eral resistance through relaxation of arterial smooth muscle.
It is rarely used to treat hypertensive emergencies, excluding
eclampsia, because its antihypertensive response is less pre-
dictable than that of other parenteral agents. It is not consis-
tently effective in controlling crises associated with essential
hypertension.

Contraindications
Hydralazine should not be used in patients with coronary heart
disease because the reflex tachycardia causes an increase in my-
ocardial oxygen demand, which may result in the development
or worsening of ischemic symptoms. In addition, hydralazine
should be avoided in patients with aortic dissection because
of its reflex cardiostimulating effect. In contrast, hydralazine
can be useful in patients such as T.M., who have chronic renal
failure because the reflex increase in cardiac output is accom-
panied by an increase in organ perfusion. In addition, there is
considerable experience with the use of hydralazine in patients
with eclampsia who are less likely to have underlying coronary
artery disease (see Chapter 47).

DOSING AND ADMINISTRATION
Parenteral hydralazine should be considered an intermedi-

ate treatment between oral agents and more aggressive ther-
apy with such agents as fenoldopam or nitroprusside. It can
be given IV or intramuscularly. The onset of action develops
slowly over 20 to 40 minutes, thus minimizing the risk of acute
hypotension. Parenteral doses are considerably lower than oral
doses because of increased bioavailability.

Other Parenteral Drugs

27. Are there alternatives to hydralazine for parenteral treat-
ment of hypertensive urgencies?

INTRAVENOUS ENALAPRILAT
Enalaprilat, the active metabolite of the oral prodrug

enalapril (Vasotec), is approved by the U.S. Food and Drug
Administration for the treatment of hypertension when oral
therapy is not feasible. Although not approved for the treat-
ment of hypertensive crisis, enalaprilat has been used to treat
severe hypertension.128–133 The initial dose is 0.625 to 1.25
mg IV and can be repeated every 6 hours, if necessary. Initial
doses should not exceed 0.625 mg in patients receiving diuret-
ics or in patients with clinical evidence of hypovolemia. The
onset of action is within 15 minutes, but the maximum effect
may take several hours. Because only 60% of the patients re-
spond to BP reduction within 30 minutes, it cannot be reliably
used to acutely lower pressure in emergent cases.131 Although
higher initial doses have been successfully used to achieve
BP control,132 some evidence indicates that doses >0.625 mg
do not significantly alter the magnitude of enalaprilat’s anti-
hypertensive effect.130 Because ACE inhibitors do not impair
cerebral blood flow, enalaprilat may be useful for the hyper-
tensive patient at risk for cerebral hypoperfusion. Enalaprilat
also is beneficial in patients with HF. Precautions for the use
of enalaprilat are similar to those of captopril (see question 5).
Because of the prolonged time required to achieve an adequate
response, limited clinical experience, and variable response
rates (especially in African Americans), enalaprilat cannot be
recommended for the routine treatment of patients with hyper-
tensive emergencies.131,133

INTRAVENOUS ESMOLOL
Esmolol is a parenteral cardioselective β1-blocker with a

rapid onset and short duration of action. It has been used
primarily in perioperative settings to control tachycardia in-
duced by various surgical stimuli, including endotracheal
intubation.134 Esmolol has also been used to manage supraven-
tricular tachyarrhythmias.135,136 It has been particularly useful
in treating postoperative hypertension, especially if associated
with tachycardia. In a small series of patients undergoing car-
diac bypass surgery, the antihypertensive effect of esmolol was
comparable to that of nitroprusside.137

Hypotension is the most commonly reported adverse event
and is directly related to the duration of esmolol adminis-
tration.138 However, because of the short half-life, resolution
of hypotension occurs within 30 minutes of discontinuing the
infusion. Like other β-blockers, esmolol is contraindicated in
patients with asthma, advanced heart block, or severe HF.

For the management of hypertension, esmolol should be
given as a loading dose of 250 to 500 mcg/kg over 1 minute,
followed by a maintenance infusion of 50 to 300 mcg/kg/
minute. Irritation, inflammation, and induration at the infusion
site occur in 5% to 10% of patients.

INTRAVENOUS CALCIUM CHANNEL BLOCKERS
Parenteral verapamil (Isoptin) and diltiazem (Cardizem), al-

though clinically effective for prompt lowering of blood pres-
sure, have not been extensively studied in patients with hy-
pertensive emergencies. In addition, they should be used with
extreme caution when acutely treating any hypertensive patient
with concomitant systolic HF due to their negative inotropic
effects. Nicardipine (Cardene IV), in contrast, has been proven
effective in multiple studies of populations with hypertensive
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emergencies, and, as a dihydropyridine, has less negative in-
otropic activity compared to nondihydropyridines.

Intravenous Verapamil
IV verapamil (5–10 mg) produces a significant reduction in
BP, which occurs within 15 minutes and persists for 6 to 8 hours.
As a cardiovascular drug, it is primarily used as a rate-con-
trolling agent in the treatment of supraventricular tachycardias.

Intravenous Diltiazem
IV diltiazem is approved for temporary control of the ven-
tricular rate in atrial fibrillation or atrial flutter and for rapid
conversion of paroxysmal supraventricular tachycardia.139–141

Parenteral diltiazem has also been used to control hyperten-
sion that occurs intraoperatively and postoperatively142,143 and
in patients with acute coronary artery disease.144,145 However,
published experience with the use of IV diltiazem for the treat-
ment of severe hypertension is limited. Onoyama et al.146 ad-
ministered a continuous infusion of diltiazem at a dosage of 5 to
40 mcg/kg/minute to a small group of patients with hyperten-
sive crisis. A normotensive level was achieved within 6 hours
without any signs of organ ischemia. In a follow-up study,147 a
continuous infusion of diltiazem averaging 11 mcg/kg/minute
resulted in a 25% reduction in both systolic and diastolic BP
measurements within 30 minutes. The magnitude of the de-
crease was directly correlated with the pretreatment BP level.
Atrioventricular nodal conduction abnormalities were noted in
both studies during drug infusion. Patients receiving IV dilti-
azem require continuous monitoring by ECG and frequent BP
checks. This form of therapy should be avoided in patients with
sick sinus syndrome or advanced degrees of heart block. Until
additional information is available, caution should be exercised
in using parenteral diltiazem to lower BP acutely.

Intravenous Nicardipine
Nicardipine is a potent cerebral and systemic vasodilator
and a useful therapeutic option in the management of se-
vere hypertension. Unlike other dihydropyridines, nicardipine
is photo resistant, water soluble, and available intravenously.
Its onset of action is within 1 to 2 minutes, and its elimi-
nation half-life is 40 minutes.148 Hemodynamic evaluations
demonstrated that IV nicardipine significantly decreased mean
arterial pressure and systemic vascular resistance and signifi-
cantly increased cardiac index with little or no change in heart
rate.149 Titratable IV nicardipine has been studied extensively
for use in controlling postoperative hypertension,149–153severe
hypertension,154,155and acute hypertension in patients with
hemorrhagic or ischemic stroke.156,157

In the treatment of postoperative hypertension,149 IV nicar-
dipine was administered as an infusion titrated in the following
manner: 10 mg/hour for 5 minutes, 12.5 mg/hour for 5 minutes,
and 15 mg/hour for 15 minutes, followed by a maintenance in-
fusion of 3 mg/hour thereafter. The mean response time and
infusion rate were 11.5 minutes and 12.8 mg/hour, respectively.
Ninety-four percent of the patients responded, and adverse ef-
fects included hypotension (4.5%), tachycardia (2.7%), and
nausea and vomiting (4.5%).

The efficacy and safety of IV nicardipine for the treatment
of severe hypertension were documented in a double-blind,
placebo-controlled multicenter trial of 123 patients.154 Ther-
apy of IV nicardipine was begun with dosages of 5 mg/hour

and titrated up to 15 mg/hour as indicated until the therapeutic
end point was achieved. The mean dosage of IV nicardipine at
the end of maintenance therapy was 8.7 mg/hour. Ninety-one
percent of patients on nicardipine achieved the prespecified
BP target within a mean administration time of 77 minutes. In
an open-label trial,155patients receiving nicardipine required
significantly fewer dose adjustments per hour than patients re-
ceiving nitroprusside (1.7 vs. 3.3, respectively). Serious ad-
verse effects reported in these trials were uncommon. The
most commonly reported adverse effects included headache,
hypotension, tachycardia, dizziness, and nausea.

When compared with sodium nitroprusside for patients with
severe hypertension, IV nicardipine was as effective with fewer
adverse effects.155 In studies of patients receiving nicardipine
versus nitroprusside for postoperative hypertension following
cardiac endarterectomy and coronary artery bypass grafting,
breakthrough BP was controlled more rapidly with nicardipine
and required fewer overall dose titrations. In addition, nicardi-
pine was well tolerated and did not lead to an increased risk of
complications.158,159

In summary, IV nicardipine is an alternative to sodium ni-
troprusside for the immediate treatment of severe and postop-
erative hypertension.40,160 It has a rapid onset of action, with
sustained BP control over the infusion period. It is easily titrat-
able, with a predictable response, and is relatively free of severe
adverse effects. It may be useful in patients with cerebral insuf-
ficiency or peripheral vascular disease. Because of the potential
for reflex tachycardia, it should be used with caution in patients
with coronary ischemia.

INTRAVENOUS PHENTOLAMINE (REGITINE)
IV phentolamine is primarily used in the management

of hypertensive emergencies induced by catecholamine ex-
cess, as seen in pheochromocytoma. The mechanism of
action is through nonselective competitive antagonist at α-
adrenergic receptors. Phentolamine is dosed in 1- to 5-mg bo-
luses and should be given cautiously due to the risk of causing
hypotension. The onset of action is almost immediate and the
duration of action is short (<15 minutes). IV infusions are not
recommended due to unpredictable drops in BP. As BP control
is achieved, an oral α-adrenergic blocking agent such as phe-
noxybenzamine (Dibenzyline) can be given if needed. β1- and
β2-selective antagonists are not recommended for BP control
in cases of pheochromocytoma.161

Aortic Dissection
Treatment

28. B.S., a 68-year-old Caucasian male with a long history of
hypertension, asthma, and noncompliance, presents to the lo-
cal ED complaining of the sudden onset of severe, sharp, diffuse
chest pain that radiates to his back between his shoulder blades.
Significant findings on physical examination include a pulse of
100 beats/minute, BP of 200/120 mmHg, clear lungs, and an S4

without murmurs. The laboratory data are unremarkable. The
ECG results are interpreted as sinus tachycardia with left ven-
tricular hypertrophy, but no acute changes are noted. The chest
radiograph is significant for widening of the mediastinum. An
emergency chest computed tomography scan reveals a dissection



20-16 � CARDIAC AND VASCULAR DISORDERS

at the arch of the aorta. What antihypertensive medication would
be most appropriate for B.S., and why?

Dissection of the aorta occurs when the innermost layer
of the aorta (the intima) is torn such that blood enters and
separates its layers. The ultimate treatment for dissection of
the aorta depends on its location and severity; however, the
first principle of therapy is to control any existing hypertension
with agents that do not increase the force of cardiac contraction.
This lessens the force that the cardiac impulse transmits to the
dissecting aneurysm.

THERAPEUTIC CONSIDERATIONS
The aim of antihypertensive therapy in aortic dissection is

to lessen the pulsatile load or aortic stress by lowering the BP.
Reducing the force of left ventricular contractions, and conse-
quently the rate of rise of aortic pressure, retards the propaga-
tion of the dissection and aortic rupture.162 The treatment of
choice for aortic dissection has classically been a vasodilatory
agent such as sodium nitroprusside, fenoldopam, or nicardi-
pine in combination with a β-blocker titrated to a heart rate of
55 to 65 beats/minute.162,164 Labetalol monotherapy has been
used as an alternative.165 These drugs decrease BP, venous re-
turn, and cardiac contractility.

One common regimen is a combination of IV sodium nitro-
prusside (0.5–2 mcg/kg/minute) plus IV esmolol (25–200 mcg/
kg/minute).160 The concurrent administration of a β-blocking
agent with a vasodilator is desirable because the latter may
induce reflex tachycardia in response to vasodilation.

Trimethaphan can also be used in aortic dissection. Its ad-
vantage over sodium nitroprusside is that it reduces both ar-
terial pressure and its rate of increase; therefore, it does not
require concurrent administration of β-blockers. However, the
major disadvantages are tachyphylaxis, urinary retention, and
ileus. Direct vasodilators such as diazoxide and hydralazine
should be avoided because they increase stroke volume and
left ventricular ejection rate. These effects augment the pul-
satile flow and accentuate the sharpness of the pulse wave.
This increases mechanical stress on the aortic wall and may
lead to further dissection.161

Depending on the location of the dissection, surgical in-
tervention may be required.164,166 However, until a definitive
diagnosis is made, the primary goal is to reduce the BP and
myocardial contractility to the lowest level compatible with
the maintenance of adequate renal, cerebral, and cardiac
perfusion.161 In aortic dissection, the systolic BP should be
lowered to 100 to 120 mmHg or a mean arterial pressure
<80 mmHg.166

The first choice of drug for B.S. is trimethaphan. Although
labetalol or a combination of nitroprusside with esmolol has
been used successfully in the antihypertensive treatment of
dissecting aortic aneurysms, B.S.’s medical history of asthma
precludes the use of β-blockers.

TRIMETHAPHAN

29. How should trimethaphan be administered, and what in-
dices of toxicity should be monitored?

Trimethaphan is a ganglionic blocking drug that inhibits
sympathetic nervous effects on the arterioles, veins, and heart.
Its hypotensive effect is immediate. Severe hypotension af-
ter administration of trimethaphan may last for 10 to 15 min-

utes. The hypotensive effect is most pronounced when the pa-
tient is upright, and it is often necessary to elevate the head of
the bed to achieve an optimal effect. To correct hypotension,
trimethaphan should be discontinued and the patient should be
placed in the Trendelenburg position.

The drug is usually prepared in a concentration of 500 mg/L
of D5W. The infusion is initiated at 0.5 to 1 mg/minute, and
the rate is increased every 3 to 5 minutes until the desired
response is obtained. Because minor changes in the infusion
rate can produce dramatic changes in BP, the rate must be
carefully regulated (preferably by a constant infusion pump),
and the BP must be monitored continuously. Therapy with oral
antihypertensive agents should begin simultaneously, and an
attempt should be made to discontinue the ganglionic blocker
within 48 hours before significant tolerance renders the patient
resistant to its action.

The prolonged use of trimethaphan is limited by its impor-
tant sympathoplegic side effects and the rapid development of
tachyphylaxis. Urinary retention often occurs with prolonged
therapy, necessitating insertion of an indwelling catheter. Con-
stipation and paralytic ileus may occur, as well as paralysis of
visual accommodation.

Cocaine-induced Hypertension
Treatment

30. B.K. is a 54-year-old Caucasian male who presents to the
ED complaining of 8/10 chest pain associated with diaphoresis
and nausea that began 2 hours ago. BK reports using cocaine
about 1 hour before his chest pain began. His medical and social
histories include hypertension for which he takes hydrochloro-
thiazide 25 mg daily. He also admits to using cocaine five to seven
times per week for the past 21 years and smoking one and a half
packs per day for the past 35 years. An ECG reveals ST seg-
ment elevations <1 mm in leads V2 and V3 and sinus tachycar-
dia. Cardiac enzymes are drawn, and the first set is negative. His
cardiac exam was unremarkable. His vital signs include a blood
pressure of 205/162 mmHg; heart rate of 132 beats/minute, regu-
lar rate and rhythm; and respiratory rate of 24 breaths/minute,
and he is afebrile. All laboratory values are within normal lim-
its. Chest x-ray is unremarkable. What agents should be used to
manage cocaine-induced hypertension? What agents should be
avoided?

Cocaine, a sympathomimetic, can induce severe hyperten-
sion by inhibiting the reuptake of norepinephrine and dopamine
and thereby increasing neurotransmitter concentrations in the
synaptic cleft. This leads to pronounced vasoconstriction and
tachycardia. This increase in heart rate and/or BP increases
cardiac oxygen demand leading to coronary vasospasm. Co-
caine exerts its onset of action within seconds to minutes and
has a serum half-life of 30 to 90 minutes.167,168

Management of cocaine-associated hypertensive crisis
should be controlled with nicardipine, verapamil, or nitro-
glycerin. Calcium channels blockers and IV nitroglycerin are
preferred in patients with active myocardial ischemia because
they have both been shown to reverse cocaine-induced hy-
pertension and vasoconstriction.169,170 Benzodiazepines can
also be used because they can attenuate the effect of cocaine
on the cardiac system, decrease chest pain, and reduce heart
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rate.167,171 Fenoldopam and nitroprusside can be used as alter-
native agents.172,173

The use of β-blockers should be avoided in patients
who present with hypertension or myocardial ischemia/MI
with recent cocaine use. β-blockers will result in unop-
posed α-adrenergic vasoconstriction, leading to further ele-
vation in BP and heart rate.172,173 Labetalol possesses both
α- and β-blockade, and its use has been reported in cocaine-

intoxicated patients.174 Labetalol has been shown to increase
seizure activity and mortality in animals with cocaine in-
toxication and does not alleviate cocaine-induced coronary
vasoconstriction.175,176 Labetalol has also been shown to
worsen BP when α-stimulation has been left unopposed in
patients with pheochromocytoma.112,177 Therefore, caution
should be used if labetalol is used in patients with recent co-
caine use.

REFERENCES
1. Calhoun DA, Oparil S. Treatment of hypertensive

crisis. N Engl J Med 1990;323:1177.
2. Ault MJ, Ellrodt AG. Pathophysiologic events lead-

ing to the end organ effects of acute hypertension.
J Emerg Med 1985;3(Suppl 2):10.

3. The Seventh Report of the Joint National Commit-
tee on Prevention, Detection, Evaluation and Treat-
ment of High Blood Pressure. NIH Publication 04–
5230. Bethesda, MD: National Institutes of Health;
2004.

4. Bales A. Hypertensive crisis: how to tell if
it’s an emergency or an urgency. Postgrad Med
1999;105:119.

5. Vidt DG. Hypertensive crises: emergencies and ur-
gencies. J Clin Hypertens 2004;6:520.

6. Abo-Zena RA et al. Hypertensive urgency induced
by an interaction of mirtazapine and clonidine.
Pharmacotherapy 2000;20:476.

7. Patel S et al. Hypertensive crisis associated with
St. John’s wort. Am J Med 2002;112:507.

8. Novac BL et al. Erythropoietin-induced hyperten-
sive urgency in a patient with chronic renal insuf-
ficiency: case report and review of the literature.
Pharmacotherapy 2003;23:265.

9. Zampaglione B et al. Hypertensive urgencies and
emergencies: prevalence and clinical presentation.
Hypertension 1996;27:144.

10. Bennett NM, Shea S. Hypertensive emergency:
case scenarios, sociodemographic profile, and pre-
vious care of 100 cases. Am J Public Health
1988;78:636.

11. Ram CV. Immediate management of severe hyper-
tension. Cardiol Clin 1995;13:579.

12. Shea S et al. Predisposing factors for severe un-
controlled hypertension in an inner-city minority
population. N Engl J Med 1992;327:776.

13. Tisdale JE et al. Risk factors for hypertensive crisis:
importance of out-patient blood pressure control.
Fam Prac 2004;21:420.

14. Hammond S et al. Ophthalmoscopic findings in ma-
lignant hypertension. J Clin Hypertens 2006;8:221.

15. Webster J et al. Accelerated hypertension: patterns
of mortality and clinical factors affecting outcomes
in treated patients. Q J Med 1993;86:485.

16. Aggarwal M, Khan IA. Hypertensive crisis: hyper-
tensive emergencies and urgencies. Cardiol Clin
2006;24:135.

17. Bender SR et al. Characteristics and management
of patients presenting to the emergency depart-
ment with hypertensive urgency. J Clin Hypertens
2006;8:12.

18. McRae RP et al. Hypertensive crisis. Med Clin
North Am 1986;70:749.

19. Bakir A, Dunea G. Accelerated and malignant hy-
pertension: experience from a large American inner
city hospital. Int J Artif Organs 1989;12:675.

20. McNair A et al. Reversibility of cerebral symptoms
in severe hypertension in relation to acute antihyper-
tensive therapy. Acta Med Scand 1984;6935:107.

21. Winer N. Hypertensive crisis. Crit Care Nurs Q
1990;13:23.

22. Hirschl MM. Guidelines for the drug treatment of
hypertensive crisis. Drugs 1995;50:991.

23. Murphy C. Hypertensive emergencies. Emerg Med
Clin North Am 1995;13:973.

24. McKindley DS, Boucher BA. Advances in pharma-

cotherapy: treatment of hypertensive crisis. J Clin
Pharm Ther 1994;19:163.

25. Gales MA. Oral antihypertensives for hypertensive
urgencies. Ann Pharmacother 1994;28:352.

26. Psaty BM et al. The risk of myocardial infarc-
tion associated with antihypertensive drug thera-
pies. JAMA 1995;274:620.

27. Leavitt AD, Zweifler AJ. Nifedipine, hypotension,
and myocardial injury. Ann Intern Med 1988;108:
305.

28. O’Mailia JJ et al. Nifedipine-associated myocardial
ischemia or infarction in the treatment of hyperten-
sive urgencies. Ann Intern Med 1987;107:185.

29. Schwartz M et al. Oral nifedipine in the treat-
ment of hypertensive urgency: cerebrovascular ac-
cident following a single dose. Arch Intern Med
1990;150:686.

30. Fami MJ et al. Another report of adverse reactions
to immediate-release nifedipine. Pharmacotherapy
1998;18:1133.

31. Bertel O et al. Effects of antihypertensive treatment
on cerebral perfusion. Am J Med 1987;82(Suppl
3B):29.

32. Dinsdale HB. Hypertensive encephalopathy.
Neurol Clin 1983;1:3.

33. Waldman R et al. Treatment of hypertensive en-
cephalopathy. Neurology 1983;33:118.

34. Talbert RL. The challenge of blood manage-
ment in neurologic emergencies. Pharmacotherapy
2006;26(8 pt 2):123S.

35. Adams H et al. Guidelines for the early management
of patients with ischemic stroke: 2005 guideline up-
date. Stroke 2005;36:916.

36. Grossman E et al. Should a moratorium be placed on
sublingual nifedipine capsules given for hyperten-
sive emergencies and pseudoemergencies? JAMA
1996;276:1328.

37. Gemici K et al. Evaluation of the effect of sub-
lingually administered nifedipine and captopril via
transcranial Doppler ultrasonography during hyper-
tensive crisis. Blood Press 2003;12:46.

38. Anderson RJ et al. Oral clonidine loading in hyper-
tensive urgencies. JAMA 1981;246:848.

39. Handler J. Case studies in hypertension: hyperten-
sive urgency. J Clin Hypertens 2006;8:61.

40. Varon J. Clinical review: the management of hyper-
tensive crises. Crit Care 2003;7:374.

41. Reed WG et al. Effects of rapid blood pressure
reduction on cerebral blood flow. Am Heart J
1986;111:226.

42. Stewart M, Burris JF. Rebound hypertension during
initiation of transdermal clonidine. Drug Intell Clin
Pharm 1988;22:573.

43. Vernon C, Sakula A. Fatal rebound hypertension af-
ter abrupt withdrawal of clonidine and propanolol.
Br J Clin Pract 1979;33:1112.

44. Damasceno A et al. Efficacy of captopril and
nifedipine in black and white patients with hyper-
tensive crisis. J Hum Hypertens 1997;11:471.

45. Misra A et al. Sublingual captopril in hypertensive
urgencies. Postgrad Med J 1993;69:498.

46. van Onzenoort HA et al. The effect of sublin-
gual captopril versus intravenous enalaprilat on
angiotensin II plasma levels. Pharm World Sci
2006;28:131.

47. Komsuoglu B et al. Treatment of hypertensive ur-

gencies with oral nifedipine, nicardipine, and cap-
topril. Angiology 1991;42:447.

48. Angeli P et al. Comparison of sublingual captopril
and nifedipine in immediate treatment of hyperten-
sive emergencies. Arch Intern Med 1991;151:678.

49. Wood BC et al. Oral minoxidil in the treatment of
hypertensive crisis. JAMA 1979;241:163.

50. Alpert MA, Bauer JH. Rapid control of severe
hypertension with minoxidil. Arch Intern Med
1982;142:2099.

51. Hayes JM. Prazosin in severe hypertension. Med J
Aust 1977;2(Suppl 2):30.

52. McDonald AJ, Yealy DM. Oral labetalol versus oral
nifedipine in hypertensive urgencies. Ann Emerg
Med 1989;18:461.

53. Gonzalez ER et al. Dose response evaluation of
oral labetalol in patients presenting to the emer-
gency department with accelerated hypertension.
Ann Emerg Med 1991;20:333.

54. Zell-Kanter M, Leikin JB. Oral labetalol in hyper-
tensive urgencies. Am J Emerg Med 1991;9:136.

55. Atkin S et al. Oral labetalol versus oral clonidine
in the emergency treatment of severe hypertension.
Am J Med Sci 1992;303:9.

56. Wright SW et al. Ineffectiveness of oral la-
betalol for hypertensive urgency. Am J Emerg Med
1990;8:472.

57. Devlin JW, Seta ML, Kanji S, Somerville AL.
Fenoldopam versus nitroprusside for the treatment
of hypertensive emergency. Ann Pharmacother
2004;38:755.

58. Panacek E et al. Randomized, prospective trial of
fenoldopam vs. sodium nitroprusside in the treat-
ment of acute severe hypertension. Acad Emerg
Med 1995;2:959.

59. Pilmer B et al. Fenoldopam mesylate versus sodium
nitroprusside in the acute management of se-
vere systemic hypertension. J Clin Pharmacol
1993;33:549.

60. Reisin E et al. Intravenous fenoldopam versus
sodium nitroprusside in patients with severe hyper-
tension. Hypertension 1990;15(Suppl 1):I59.

61. Garwood S, Hines R. Perioperative renal preserva-
tion: dopexamine, and fenoldopam: new agents to
augment renal performance. Semin Anesth Periop
Med Pain 1998;17:308.

62. Murphy M et al. Augmentation of renal blood flow
and sodium excretion in hypertensive patients dur-
ing blood pressure reduction by intravenous admin-
istration of the dopamine-1 agonist, fenoldopam.
Circulation 1987;6:1312.

63. Shusterman N et al. Fenoldopam but not nitroprus-
side improves renal function in severely hyperten-
sive patients with impaired renal function. Am J
Med 1993;95:161.

64. Elliott W et al. Renal and hemodynamic effects of
intravenous fenoldopam versus nitroprusside in se-
vere hypertension. Circulation 1990;81:970.

65. McKinney TD. Management of hypertensive crisis.
Hosp Pract 1992;27:133.

66. Brater DC et al. Prolonged hemodynamic effect of
furosemide in congestive heart failure. Am Heart J
1984;4:1031.

67. United States Pharmacopeia Drug Information:
Nipride. Greenwood Village, CO: Thomson Mi-
cromedex; 2003.



20-18 � CARDIAC AND VASCULAR DISORDERS

68. Hirschl M. Guidelines for the drug treatment of hy-
pertensive crises. Drugs 1995;50:991.

69. Nightingale S. New labeling for sodium nitroprus-
side emphasizes risk of cyanide toxicity. JAMA
1991;265:847.

70. Lavin P. Management of hypertension in patients
with acute stroke. Arch Intern Med 1986;146:66.

71. Schultz V. Clinical pharmacokinetics of nitroprus-
side, cyanide, thiosulphate and thiocyanate. Clin
Pharmacokinet 1984;9:239.

72. Rindone JP, Sloane EP. Cyanide toxicity from
sodium nitroprusside: risks and management. Ann
Pharmacother 1992;26:515.

73. Friederich J, Butterworth J. Sodium nitroprus-
side: twenty years and counting. Anesth Analg
1995;81:152.

74. Schultz V et al. Hypotensive efficacy of a mixed so-
lution of 0.1% sodium nitroprusside and 1% sodium
thiosulphate. J Hypertens 1985;3:485.

75. Baskin S et al. The antidotal action of sodium nitrite
and sodium thiosulfate against cyanide poisoning.
J Clin Pharmacol 1992;32:368.

76. Curry SC, Capell-Arnold P. Toxic effects of drugs
used in the ICU: nitroprusside, nitroglycerin, and
angiotensin converting enzyme inhibitors. Crit
Care Clin 1991;7:555.

77. Robin E, McCauley R. Nitroprusside-related
cyanide poisoning: time (long past due) for urgent,
effective interventions. Chest 1992;102:1842.

78. Zerbe NF, Wagner BK. Use of vitamin B12 in the
treatment and prevention of nitroprusside-induced
cyanide toxicity. Crit Care Med 1993;21:465.

79. Sarvotham S. Nitroprusside therapy in post-open
heart hypertensives: a ritual tryst with cyanide
death. Chest 1987;91:796.

80. Johanning R et al. A retrospective study of sodium
nitroprusside use and assessment of the poten-
tial risk of cyanide poisoning. Pharmacotherapy
1995;15:773.

81. Cottrell JE et al. Prevention of nitroprusside-
induced cyanide toxicity with hydroxocobalamin.
N Engl J Med 1978;298:809.

82. Kayser SR et al. Hydroxocobalamin in nitro-
prusside-induced cyanide toxicity. Drug Intell Clin
Pharm 1986;20:365.

83. Stumpf JL. Drug therapy in hypertensive crises.
Clin Pharm 1988;7:582.

84. Dwyer M, Morris C. Toxicity of sodium nitroprus-
side. Conn Med 1993;57:489.

85. Fenoldopam. Med Lett Drug Ther 1998;40:57.
86. Ellis D et al. Treatment of hypertensive emergencies

with fenoldopam, a peripherally acting dopamine
(DA1) receptor agonist. Crit Care Med 1998;26(1
Suppl):A23.

87. Brogden R, Markham A. Fenoldopam: a review of
its pharmacodynamic and pharmacokinetic proper-
ties and intravenous clinical potential in the man-
agement of hypertensive urgencies and emergen-
cies. Drugs 1997;54:634.

88. Murphy MB et al. Fenoldopam—a selective periph-
eral dopamine-receptor agonist for the treatment
of severe hypertension. N Engl J Med 2001;345:
1548.

89. Nichols A et al. The pharmacology of fenoldopam.
Am J Hypertens 1990;3:116S.

90. White W, Halley S. Comparative renal effects of in-
travenous administration of fenoldopam mesylate
and sodium nitroprusside in patients with severe
hypertension. Arch Intern Med 1989;149:870.

91. Oparil S et al. A new parenteral antihypertensive:
consensus roundtable on the management of peri-
operative hypertension and hypertensive crises. Am
J Hypertens 1999;12:653.

92. Goldberg M, Larijani G. Perioperative hyperten-
sion. Pharmacotherapy 1998;18:911.

93. Yakazu Y et al. Hemodynamic and sympathetic ef-
fects of fenoldopam and sodium nitroprusside. Acta
Anaesthesiol Scand 2001;45:1176.

94. Everitt D et al. Effect of intravenous fenoldopam on
intraocular pressure in ocular hypertension. J Clin
Pharmacol 1997;37:312.

95. Piltz J et al. Fenoldopam, a selective dopamine-1 re-
ceptor agonist, raises intraocular pressure in males

with normal intraocular pressure. J Ocul Pharma-
col Ther 1998;14:203.

96. Cressman MD et al. Intravenous labetalol in the
management of severe hypertension and hyperten-
sive emergencies. Am Heart J 1984;107:980.

97. Wilson DJ et al. Intravenous labetalol in the treat-
ment of severe hypertension and hypertensive emer-
gencies. Am J Med 1983;75(Suppl):95.

98. Smith WB et al. Antihypertensive effectiveness of
intravenous labetalol in accelerated hypertension.
Hypertension 1983;5:579.

99. Dal Palu C et al. Intravenous labetalol in severe
hypertension. Br J Clin Pharmacol 1982;13(Suppl
1):97S.

100. Lebel M et al. Labetalol infusion in hypertensive
emergencies. Clin Pharmacol Ther 1985;37:615.

101. Vidt DG. Intravenous labetalol in the emer-
gency treatment of hypertension. J Clin Hypertens
1985;2:179.

102. Patel RV et al. Labetalol: response and safety in
critically ill hemorrhagic stroke patients. Ann Phar-
macother 1993;27:180.

103. Kanto JH. Current status of labetalol, the first alpha-
and beta-blocking agent. Int J Clin Pharmacol Ther
Toxicol 1985;23:617.

104. George RB et al. Comparison of the effects of la-
betalol and hydrochlorothiazide on the ventilatory
function of hypertensive patients with asthma and
propranolol sensitivity. Chest 1985;88:815.

105. Kanada S et al. Angina-like syndrome with diazox-
ide therapy for hypertensive crisis. Ann Intern Med
1976;84:696.

106. Vidt DG et al. Safety of diazoxide administration
in antihypertensive therapy: an analysis of 1,268 in-
jections in 423 patients [abstract]. Clin Pharmacol
Ther 1977;21:120.

107. Moser M. Diazoxide: an effective vasodilator in ac-
celerated hypertension. Am Heart J 1974;87:791.

108. Walstad RA et al. Labetalol in the treatment of hy-
pertension in patients with normal and impaired
renal function. Acta Med Scand 1982;212(Suppl
665):135.

109. Wood AJ et al. Elimination kinetics of labetalol
in severe renal failure. Br J Clin Pharmacol
1982;13(Suppl):81.

110. MacCarthy EP et al. Labetalol: a review of its phar-
macology pharmacokinetics, clinical uses and ad-
verse effects. Pharmacotherapy 1983;3:193.

111. Abrams JH et al. Successful treatment of a
monoamine oxidase inhibitor-tyramine hyperten-
sive emergency with intravenous labetalol. N Engl
J Med 1985;313:52.

112. Navaratnarajah M et al. Labetalol and phaeochro-
mocytoma. Br J Anaesth 1984;56:1179.

113. Kelly JG et al. Bioavailability of labetalol increases
with age. Br J Clin Pharmacol 1982;14:304.

114. Eisalo A et al. Treatment of hypertension in
the elderly with labetalol. Acta Med Scand
1982;665(Suppl):129.

115. McGrath BP et al. Emergency treatment of severe
hypertension with intravenous labetalol. Med J Aust
1978;2:410.

116. Anderson CC et al. Poor hypotensive response and
tachyphylaxis following intravenous labetalol. Curr
Med Res Opin 1978;5:424.

117. Yeung CK et al. Comparison of labetalol, clonidine
and diazoxide intravenously administered in severe
hypertension. Med J Aust 1979;2:499.

118. Pearson RM et al. Intravenous labetalol in hyperten-
sive patients treated with β-adrenoceptor blocking
drugs. Br J Clin Pharmacol 1976;3(Suppl 3):795.

119. Cumming AM et al. Intravenous labetalol in the
treatment of severe hypertension. Br J Clin Phar-
macol 1982;13(Suppl 1):93S.

120. Flaherty JT et al. Comparison of intravenous nitro-
glycerin and sodium nitroprusside for treatment of
acute hypertension developing after coronary artery
bypass surgery. Circulation 1982;65:1072.

121. Chun G, Frishman WH. Rapid-acting parenter-
al antihypertensive agents. J Clin Pharmacol 1990;
30:195.

122. Francis GS. Vasodilators in the intensive care unit.
Am Heart J 1991;121:1875.

123. Huysmans FT et al. Combined intravenous admin-
istration of diazoxide and beta-blocking agent in
acute treatment of severe hypertension or hyper-
tensive crisis. Am Heart J 1982;103:395.

124. Ram CV et al. Individual titration of diazoxide
dosage in the treatment of severe hypertension. Am
J Cardiol 1979;43:627.

125. Ogilvie RI et al. Diazoxide concentration–response
relation in hypertension. Hypertension 1982;4:167.

126. Garrett BN et al. Efficacy of slow infusion of
diazoxide in the treatment of severe hyperten-
sion without organ hypoperfusion. Am Heart J
1982;103:390.

127. Finnerty F. Hyperglycemia after diazoxide admin-
istration. N Engl J Med 1971;285:1487.

128. Rutledge J et al. Effect of intravenous enalaprilat
in moderate and severe hypertension. Am J Cardiol
1988;62:1062.

129. Evans RR et al. The effect of intravenous enalapri-
lat (MK-422) administration in patients with mild to
moderate essential hypertension. J Clin Pharmacol
1987;27:415.

130. Hirschl M et al. Clinical evaluation of different
doses of intravenous enalaprilat in patients with hy-
pertensive crises. Arch Intern Med 1995;155:2217.

131. White C. Pharmacologic, pharmacokinetic, and
therapeutic differences among ACE inhibitors.
Pharmacotherapy 1998;18:588.

132. Misra M et al. Evaluation of the efficacy, safety, and
tolerability of intravenous enalaprilat in the treat-
ment of grade III essential hypertension in Indian
patients. Indian Heart J 2004;56:67.

133. DiPette DJ et al. Enalaprilat, an intravenous
angiotensin-converting enzyme inhibitor, in hyper-
tensive crises. Clin Pharmacol Ther 1985;38:199.

134. Menkhaus P et al. Cardiovascular effects of esmolol
in anesthetised humans. Anesth Analg 1985;64:
327.

135. Allin D et al. Intravenous esmolol for the treatment
of supraventricular tachyarrhythmia: results of a
multicenter, baseline-controlled safety and efficacy
study in 160 patients. Am Heart J 1986;112:498.

136. Anderson S et al. Comparison of the efficacy and
safety of esmolol, a short-acting beta-blocker, with
placebo in the treatment of supraventricular tach-
yarrhythmias. Am Heart J 1986;111:42.

137. Gray R et al. Use of esmolol in hypertension after
cardiac surgery. Am J Cardiol 1985;56:49F.

138. Benfield P, Sorkin E. Esmolol: a preliminary review
of its pharmacodynamic and pharmacokinetic prop-
erties, and therapeutic efficacy. Drugs 1987;33:392.

139. Salerno DM et al. Efficacy and safety of intra-
venous diltiazem for treatment of atrial fibrillation
and atrial flutter. Am J Cardiol 1989;63:1046.

140. Ellenbogen KA et al. A placebo-controlled trial of
continuous intravenous diltiazem infusion for 24-
hour heart rate control during atrial fibrillation and
atrial flutter: a multicenter study. J Am Coll Cardiol
1991;18:891.

141. Dougherty AH et al. Acute conversion of paroxys-
mal supraventricular tachycardia with intravenous
diltiazem. Am J Cardiol 1992;79:587.

142. Koh H et al. Clinical study of total intravenous anes-
thesia with droperidol, fentanyl, and ketamine: con-
trol of intraoperative hypertension with diltiazem.
Jpn J Anesth 1991;40:1376.

143. Boylan JF et al. A comparison of diltiazem,
esmolol, nifedipine, and nitroprusside therapy
of post-CABG hypertension. Can J Anaesth
1990;37:S156.

144. Jaffe AS. Use of intravenous diltiazem in patients
with acute coronary artery disease. Am J Cardiol
1992;69:25B.

145. Fang ZY et al. Intravenous diltiazem versus nitro-
glycerin for silent and symptomatic myocardial is-
chemia in unstable angina pectoris. Am J Cardiol
1991;68:42C.

146. Onoyama K et al. Effect of drug infusion or a bolus
injection of intravenous diltiazem on hypertensive
crisis. Curr Ther Res 1987;42:1223.

147. Onoyama K et al. Effect of a drip infusion of dilti-
azem on severe systemic hypertension. Curr Ther
Res 1988;43:361.



HYPERTENSIVE CRISES � 20-19

148. Cheung D et al. Acute pharmacokinetic and hemo-
dynamic effects of intravenous bolus dosing of
nicardipine. Am Heart J 1990;119:438.

149. IV Nicardipine Study Group. Efficacy and safety of
intravenous nicardipine in the control of postoper-
ative hypertension. Chest 1991;99:393.

150. Halpern NA et al. Nicardipine infusion for postop-
erative hypertension after surgery of the head and
neck. Crit Care Med 1990;18:950.

151. Halpern NA et al. Postoperative hypertension:
a prospective placebo controlled, randomized,
double-blind trial with intravenous nicardipine hy-
drochloride. Angiology 1990;41:992.

152. Kaplan JA. Clinical considerations for the use of
intravenous nicardipine in the treatment of postop-
erative hypertension. Am Heart J 1990;119:443.

153. Halpern NA et al. Postoperative hypertension:
a prospective, placebo controlled, randomized,
double-blind trial with intravenous nicardipine hy-
drochloride. Angiology 1990;41:992.

154. Wallin JD et al. Intravenous nicardipine for treat-
ment of severe hypertension. Arch Intern Med
1989;149:2662.

155. Neutel J et al. A comparison of intravenous
nicardipine and sodium nitroprusside in the imme-
diate treatment of severe hypertension. Am J Hy-
pertens 1994;7:623.

156. Qureshi AI et al. Treatment of acute hypertension in
patients with intracerebral hemorrhage using Amer-
ican Heart Association guidelines. Crit Care Med
2006;34:1975.

157. Curran MP et al. Intravenous nicardipine. Drugs
2006;66:1755.

158. Kwak YL et al. Comparison of the effects of
nicardipine and sodium nitroprusside for control
of increased blood pressure after coronary artery
bypass graft surgery. J Int Med Res 2004;32:
342.

159. Dorman T et al. Nicardipine versus nitroprusside
for breakthrough hypertension following carotid
endarterectomy. J Clin Anesth 2001;13:16.

160. Haas AR et al. Current diagnosis and man-
agement of hypertensive emergency. Semin Dial
2006;19:502.

161. Varon J, Marik PE. The diagnosis and management
of hypertensive crises. Chest 2000;118:214.

162. Chen K et al. Acute thoracic aortic dissection: the
basics. J Emerg Med 1997;15:859.

163. Khoynezhad A et al. Managing emergency hyper-
tension in aortic dissection and aortic aneurysm
surgery. J Card Surg 2006;21:S3.

164. DeSanctis RW et al. Aortic dissection. N Engl J
Med 1987;317:1060.

165. Lindsay J. Aortic dissection. Heart Dis Stroke
1992;2:69.

166. Gupta R et al. Cardiovascular emergencies in the
elderly. Emerg Med Clin North Am 2006;24:339.

167. Lange RA, Hillis LD. Cardiovascular complications
of cocaine use. N Engl J Med 2001;345:351.

168. Shanti CM, Lucas CE. Cocaine and the critical chal-
lenge. Crit Care Med 2003;31:1851.

169. Brogan WC III et al. Alleviation of cocaine-induced
coronary vasoconstriction by nitroglycerin. J Am
Coll Cardiol 1991;18:581.

170. Negus BH et al. Alleviation of cocaine-induced
coronary vasoconstriction with intravenous vera-
pamil. Am J Cardiol 1994;73:510.

171. Honderick T. A prospective, randomized, controlled
trial of benzodiazepines and nitroglycerine or ni-
troglycerine alone in the treatment of cocaine-
associated acute coronary syndromes. Am J Emerg
Med 2003;21:39.

172. Ramoska E, Sacchetti AD. Propranolol-induced hy-
pertension in treatment of cocaine intoxication. Ann
Emerg Med 1985;14:1112.

173. Lange RA et al. Potentiation of cocaine-induced
coronary vasoconstriction by beta-adrenergic
blockade. Ann Intern Med 1990;112:897.

174. Gay GR, Loper KA. The use of labetalol in the
management of cocaine crisis. Ann Emerg Med
1998;17:282.

175. Boehrer JD et al. Influence of labetalol on cocaine-
induced coronary vasoconstriction in humans. Am
J Med 1993;94:608.

176. Spivey WH et al. Comparison of labetalol, di-
azepam, and haloperidol for the treatment of co-
caine toxicity in a swine model. Ann Emerg Med
1990;19:467.

177. Chung PCH et al. Elevated vascular resistance after
labetalol during resection of a pheochromocytoma.
Can J Anaesth 2002;49:148.





C H A P T E R 21
Shock

Andrew D. Barnes and Susan H. Lee

INTRODUCTION 21-1

CAUSES 21-2

PATHOPHYSIOLOGY 21-2

CLINICAL PRESENTATION 21-2

HEMODYNAMIC MONITORING 21-3
Noninvasive Monitoring 21-3
Invasive Monitoring 21-3

Arterial Pressure Line 21-3
Central Venous Catheter 21-3
Pulmonary Artery Catheter 21-4

DETERMINANTS OF CARDIAC FUNCTION AND
HEMODYNAMIC INDICES 21-4
Measured Hemodynamic Indices 21-4

Right Atrial Pressure and Central Venous Pressure 21-4
Pulmonary Artery Systolic Pressure 21-5
Pulmonary Artery Diastolic Pressure 21-5
Pulmonary Capillary Wedge Pressure 21-6
Cardiac Output 21-6
Mixed Venous Oxygen Saturation 21-6

Derived Hemodynamic Indices 21-7
Stroke Volume 21-7
Cardiac Index 21-7
Pulmonary Vascular Resistance and Systemic Vascular

Resistance 21-7
Left Ventricular Stroke Work Index 21-7

Oxygen Transport Variables 21-7
Oxygen Delivery 21-7
Oxygen Consumption 21-7

ETIOLOGIC CLASSIFICATION OF SHOCK AND
COMMON MECHANISMS 21-7
Hypovolemic Shock 21-7
Cardiogenic Shock 21-8
Distributive Shock 21-8

Septic Shock 21-8

HYPOVOLEMIC SHOCK 21-10
Acute Hemorrhagic Shock 21-10

Treatment 21-11
Choice of Fluid in Hypovolemic Shock 21-11
Crystalloids Versus Colloids 21-11
Crystalloids 21-12

Volume Requirements 21-12
Lactated Ringer’s Versus Normal Saline 21-13
Hypertonic Saline 21-13
Blood Replacement 21-13
Adverse Effects of Transfusion 21-14

Postoperative Hypovolemia 21-15
Hypovolemia Versus Pump Failure 21-15
Causes 21-15
Volume Replacement and Ventricular

Function 21-15
Fluid Challenge 21-16
Albumin and Hetastarch 21-16

CARDIOGENIC SHOCK 21-16
Postoperative Cardiac Failure 21-16

Assessment by Hemodynamic Profile 21-16
Therapeutic Interventions 21-17

Fluid Challenge (Preload Increase) 21-17
Vasodilators (Afterload Reduction) 21-17
Inotropic Support 21-18

Inotropic Agents 21-18
Dopamine 21-18
Dobutamine 21-19
Epinephrine 21-19

Selection and Initiation of Therapy 21-19
Changing Therapy 21-20

Effects on Hemodynamics 21-20
Tapering Inotropic Support 21-20

Severe Heart Failure 21-21
Assessment by Hemodynamic Profile 21-21
Therapeutic Interventions 21-21

Vasodilators 21-21
Nitroprusside 21-22

Choice of Additional Therapy 21-22
Transition to Oral Vasodilators 21-23
Other Therapies 21-23

Phosphodiesterase Inhibitors 21-23
Milrinone 21-23

Nesiritide 21-24
Acute Myocardial Infarction 21-24

Immediate Goals of Therapy and General
Considerations 21-24

Assessment by Hemodynamic Profile 21-25
Therapeutic Interventions 21-26

Fluid Therapy Versus Inotropic
Support 21-26

Combination Inotropic Therapy 21-26
Norepinephrine 21-26
Intra-Aortic Balloon Pump 21-27

SEPTIC SHOCK 21-27
Clinical and Hemodynamic Features 21-27
Therapeutic Approach 21-28

Eradicating the Source of Infection 21-28
Initial Stabilization 21-28
Hemodynamic Management 21-29

Fluid Therapy Versus Inotropic Support 21-29
Vasopressors 21-30

Norepinephrine 21-30
Phenylephrine 21-30
Vasopressin 21-30

Inotropic Agents 21-31
Dopamine 21-31
Dobutamine 21-31

Other Therapies 21-32
Corticosteroids 21-32
Statins 21-32
Drotecogin Alfa 21-32

INTRODUCTION
Shock is defined in simple terms as a syndrome of impaired
tissue perfusion usually, but not always, accompanied by hy-
potension. This impairment of tissue perfusion eventually leads
to cellular dysfunction, followed by organ damage and death
if untreated. The most common causes of shock are situations
that result in a reduction of intravascular volume (hypovolemic
shock), myocardial pump failure (cardiogenic shock), or

increased vascular capacitance (distributive shock, sepsis). The
type of treatment required depends on the etiology.

In recent years, medical support of patients with shock has
improved because of better technologies for hemodynamic
monitoring, recognition of the value of vigorous volume re-
placement, appropriate use of inotropic and vasoconstrictive
agents, and the development of better ways to treat the un-
derlying cause of the shock syndrome. Understanding the
principles of shock should further enhance prompt recognition

21-1
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Table 21-1 Classification of Shock and Precipitating Events

Hypovolemic Shock
Hemorrhagic

Gastrointestinal bleeding
Trauma
Internal bleeding: ruptured aortic aneurysm, retroperitoneal

bleeding
Nonhemorrhagic

Dehydration: vomiting, diarrhea, diabetes mellitus, diabetes
insipidus, overuse of diuretics

Sequestration: ascites, third-space accumulation
Cutaneous: burns, nonreplaced perspiration and insensible

water losses

Cardiogenic Shock
Nonmechanical Causes

Acute myocardial infarction
Low cardiac output syndrome
Right ventricular infarction
End-stage cardiomyopathy

Mechanical Causes
Rupture of septum or free wall
Mitral or aortic insufficiency
Papillary muscle rupture or dysfunction
Critical aortic stenosis
Pericardial tamponade

Distributive Shock
Septic Shock

Anaphylaxis
Neurogenic

Spinal injury, cerebral damage, severe dysautonomia
Drug-Induced

Anesthesia, ganglionic and adrenergic blockers, and over-doses
of barbiturates, narcotics

Acute Adrenal Insufficiency

of patients at risk, rapid initiation of corrective measures, and
development of innovative treatment regimens.

CAUSES
Table 21-1 outlines the classification of shock and precipitating
events.1 Recognition of the etiology and underlying pathol-
ogy of the various forms of shock is essential for managing
this condition. The distinctions among subtypes of shock only
apply, however, in the relatively early stages. As the syndrome
evolves and compensatory mechanisms are overwhelmed, it
becomes increasingly difficult to determine the subtypes be-
cause the clinical and pathophysiologic features of advanced
shock are the same for all. Also, different types of shock can
occur at the same time (e.g., a patient with septic shock who
is also hypovolemic).

PATHOPHYSIOLOGY
Tissue perfusion is a complex process of oxygen and nutrient
delivery as well as waste removal. When perfusion is impaired,
it sets up a cascade of events that can eventually end in death.
Although the etiology of shock is varied, the eventual progres-
sion (if untreated) to cell death and subsequent organ dysfunc-
tion results from a common pathway of ischemia, endogenous

inflammatory cytokine release, and the generation of oxygen
radicals. When cells are subjected to a prolonged period of is-
chemia, anaerobic metabolism begins. This inefficient process
results in a decrease of adenosine triphosphate (ATP) stores and
causes the buildup of lactic acid and other toxic substances that
can alter the cellular machinery and eventually result in cell
death. In the advanced stages of shock, irreversible cellular
damage leads to multiple organ system failure (MOSF), also
known as multiple organ dysfunction syndrome (MODS).

Inflammatory cytokines are produced by the body in re-
sponse to ischemia, injury, or infection. The phrase systemic
inflammatory response syndrome (SIRS) is the recommended
umbrella term to describe any acute, overwhelming inflamma-
tory response, independent of the cause.2 This syndrome can
occur after a wide variety of insults, including hemorrhagic
shock, infection (septic shock), pancreatitis, ischemia, multi-
trauma and tissue injury, and immune-mediated organ injury.
SIRS is usually a late manifestation of hypovolemic forms of
shock. It is uncommon in cardiogenic shock, but is the hallmark
of septic shock. SIRS is clinically characterized by profound
vasodilation, which impairs perfusion, and increased capillary
permeability, which can lead to reduced intravascular volume.

The following mediators have been identified as possible
causes of the proinflammatory reaction underlying sepsis and
multiple organ failure3:

� Macrophages and their products
� Cytokines: tumor necrosis factor (TNF), interleukin-1(IL-
1), interleukin-6 (IL-6), and interleukin-8 (IL-8)

� Neutrophils and products of degranulation
� Platelets and the coagulation factors formed on their sur-
faces

� Derivatives of arachidonic acid
� T and B lymphocytes and their products

CLINICAL PRESENTATION
Independent of the pathophysiologic cause, the clinical syn-
drome of shock progresses through several stages. During each
step, the body uses and exhausts various compensatory mecha-
nisms to balance oxygen delivery (Do2) and oxygen consump-
tion (Vo2) in an effort to maintain perfusion of vital organs. A
major determinant of tissue perfusion is the systemic or mean
arterial pressure. Mean arterial pressure (MAP) is a function of
the product of blood flow (cardiac output [CO]) and systemic
vascular resistance (SVR). Cardiac output is the product of
heart rate (HR) and stroke volume (SV) (Fig. 21-1). Vascular
resistance is determined primarily by vascular smooth muscle
tone, modulated by the sympathoadrenal system and by circu-
lating humoral and local metabolic factors. These interacting
factors are what contribute to the clinical syndrome seen in
patients with shock.

The classic findings observed with shock include the fol-
lowing:

� Systolic blood pressure (SBP) <90 mmHg (or >60 mmHg
decrease from baseline in a hypertensive patient)

� Tachycardia (HR >90 beats/minute)
� Tachypnea (respiratory rate [RR] >20 breaths/minute)
� Cutaneous vasoconstriction: cold, clammy, mottled skin
(although not typical of distributive shock)
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FIGURE 21-1 Determinants of blood pressure, cardiac output, and oxygen delivery.

� Mental confusion (agitation, stupor, or coma)
� Oliguria: urine output <20 mL/hour
� Metabolic acidosis (lactic acidosis secondary to anaerobic
glycolysis)

Not all these described findings are encountered in every pa-
tient with shock, and considerable variability exists in both
the rapidity and sequence of onset. This depends on the sever-
ity of the initiating event, the underlying mechanism, and the
baseline condition of the patient, including medications that
may alter the clinical presentation. Therefore, it is important
to consider the patient’s medical and pharmacologic history
while closely monitoring for subtle clinical changes that may
signal impending deterioration and necessitate immediate in-
tervention.

HEMODYNAMIC MONITORING
Hemodynamic monitoring in the critically ill patient is manda-
tory to properly assess and manage various shock states. Both
noninvasive and invasive monitoring techniques can be used
to measure cardiovascular performance in patients and to dif-
ferentiate the causes of various conditions that result in hy-
poperfusion and organ dysfunction. The values obtained with
hemodynamic monitoring should always be used in conjunc-
tion with clinical judgment.

Noninvasive Monitoring
An important part of hemodynamic monitoring in the critically
ill patient involves noninvasive measures. Clinical examination
and vital signs (temperature, HR, BP, RR) provide valuable
information regarding the cardiovascular system and organ
perfusion. Other well-established noninvasive techniques for
monitoring the hemodynamic status of patients include pulse

oximetry (for measuring arterial oxygen saturation [Sao2]) and
transthoracic echocardiography, which can estimate the func-
tional status of the heart and heart valves.

New noninvasive technologies are being developed. End
tidal carbon dioxide (EtCO2) monitors are used to deter-
mine oxygen consumption and help guide therapies designed
to improve oxygen delivery and consumption. New devices
that can measure CO and tissue perfusion noninvasively (or
minimally invasively), such as gastric tonometry, esophageal
Doppler monitoring, thoracic bioimpedance, and others have
been developed,4,5 but are not used routinely in most inten-
sive care units (ICU). Although important, noninvasive mea-
sures have limitations, and certain hemodynamic values must
be measured invasively at the present time.

Invasive Monitoring
The evaluation of critically ill patients is a complicated matter,
and data that can be important in the diagnosis and assessment
of illness as well as the patient’s response to therapy must
occasionally be obtained by invasive techniques.

Arterial Pressure Line
The arterial line is a common tool in the ICU. It consists of
a small catheter placed into an artery (usually the radial or
femoral artery) and attached to a pressure transducer. This
allows for continuous measurement of BP and also provides
for easy access for arterial blood gas (ABG) samples to be
drawn and analyzed. Arterial lines should never be used for
medication administration.

Central Venous Catheter
Common in the ICU, the central venous catheter consists of
a large-bore catheter usually inserted into either a subcla-
vian or jugular vein. It can be used for infusion of fluid and
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medications; when attached to a pressure transducer, it can be
used to measure the central venous pressure (CVP), a reflection
of right atrial pressure and the volume status of the patient.

Pulmonary Artery Catheter
The introduction of flow-directed, balloon flotation pulmonary
artery (PA) catheters by Swan and colleagues6 (Swan-Ganz
catheter) in the 1970s represented a major advance in invasive
bedside hemodynamic monitoring. The PA catheter enables
clinicians to assess both right and left intracardiac pressures,
determine CO, and obtain mixed venous blood samples. These
capabilities allow one to evaluate volume status and ventricu-
lar performance, derive hemodynamic indices, and determine
systemic oxygen delivery and consumption. There are several
versions of the PA catheter. Some include additional lumens
for intravenous (IV) infusions, temporary transvenous pacing,
and continuous monitoring of mixed venous oxygen satura-
tion. Newer catheters can measure CO on a continuous basis.
The essential components for hemodynamic monitoring are in-
corporated in the standard quadruple lumen catheter pictured
in Figure 21-2. This catheter is composed of multiple lumens,
each terminating at different points along the catheter. When
properly positioned, the proximal port (C) terminates in the
right atrium is used to measure right atrial pressure, to inject
fluid for CO determination, and to administer IV fluids. The
distal port (B), which terminates at the tip of the catheter (E),
is positioned in the pulmonary artery beyond the pulmonary
valve and is used to measure pulmonary artery and pulmonary
capillary wedge pressure (PCWP; described below) and to ob-
tain mixed venous blood samples. Intermittent inflation of the
balloon is accomplished by inserting 1.5 mL of air into the
balloon inflation valve (D). The thermistor (A) contains a tem-
perature probe and electrical leads that connect to a computer,
which calculates CO by the thermodilution technique.

Although the pulmonary artery catheter is confined to the
pulmonary vasculature, left ventricular (LV) pressure can be
ascertained from the PCWP. When the balloon is inflated, the
PA catheter advances to a pulmonary artery branch of equal
diameter and becomes lodged or “wedged” in this position. Be-
cause forward flow from the right ventricle ceases beyond the
wedged PA segment, a static fluid column exists between the
LV and PA catheter tip during diastole when the mitral valve is
open. If no pressure gradients are in the pulmonary vasculature
beyond the balloon and if mitral valve function is normal, the
PCWP then equilibrates with all distal pressures and thus indi-

FIGURE 21-2 Pulmonary artery catheter. (See text for definitions
of A, B, C, D, and E.)

rectly reflects left ventricular end-diastolic pressure (LVEDP).
Based on the relationship between pressure and volume, the
LVEDP is equivalent to the left ventricular end-diastolic vol-
ume (LVEDV) which is also known as preload.

The use of PA catheters is not without potential compli-
cations. Arrhythmias, thrombotic events, infections, and, very
rarely, PA rupture have been reported. Several recent trials
have called into question the routine use of pulmonary artery
catheters. A meta-analysis of 13 randomized, controlled trials
involving 5,051 patients was recently published.7 The authors
found that the use of the PA catheter did not have a significant
effect on mortality or number of days in the hospital. The use
of the catheter was associated with a higher use of inotropic
agents and IV vasodilators. The trials included in the analy-
sis excluded patients in whom the catheter was thought to be
required for treatment. An international consensus conference
recommends against the routine placement of the pulmonary
artery catheter in patients with shock.8 More studies are needed
to determine the value of PA catheter data-driven treatment
protocols. Because hypotension alone is not required to define
shock, the presence of inadequate tissue perfusion on physical
examination is more important than the numbers obtained by
invasive monitoring.8

DETERMINANTS OF CARDIAC FUNCTION AND
HEMODYNAMIC INDICES
The effective interpretation and management of hemodynamic
parameters requires a thorough understanding of the physio-
logic determinants of CO and arterial pressure. Assuming oxy-
gen content of blood is adequate, CO and SVR are the ultimate
determinants of oxygen delivery and adequate arterial pres-
sure, and thus overall tissue perfusion. As outlined in Figure
21-1, cardiac output may be quantified as the product of SV
and HR. SV is determined by preload, afterload, and contrac-
tility. The effects of these factors on hemodynamic parameters
are interrelated and complex and must be assessed carefully
when selecting therapeutic interventions that will produce the
desired response. A good review of the determinants of car-
diac performance is found in Chapter 18, Heart Failure. Table
21-2 and the Glossary provide definitions of terms and normal
hemodynamic indices, which are discussed in the following
section.

Measured Hemodynamic Indices

Right Atrial Pressure and Central Venous Pressure
The right atrial pressure (RAP), as measured by a PA catheter,
reflects the filling pressure or end-diastolic pressure of the right
ventricle (RV) and is used as an index of RV preload. Central
venous pressure, as determined by a catheter advanced to the
superior vena cava or right atrium, is another means of measur-
ing RV filling pressure and is considered equivalent to the RAP.
Vascular capacitance, circulating blood volume, and myocar-
dial contractility maintain RAP. A low RAP usually reflects
hypovolemia or vasodilation. An elevated RAP can signify in-
creased intravascular volume, right ventricular heart failure,
tricuspid regurgitation, pulmonary embolus, pulmonary hy-
pertension, obstructive airway disease with cor pulmonale, or
pericardial tamponade. In tamponade, the LV filling pressure
also is elevated to the same degree as the RAP.
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Table 21-2 Normal Hemodynamic Values and Derived Indices

Equation Normal Value Units

Directly Measured
Blood pressure (BP)

(systolic/diastolic)
120–140/80–90 mmHg

Cardiac output (CO) CO = SV × HR 4–7 L/min
Central venous pressure (CVP)a 2–6 mmHgb

Heart rate (HR) (pulse) 60–80 beats/min
Mean pulmonary artery pressure

(MPAP)
12–15 mmHg

Pulmonary artery pressure (PAP)
(systolic/diastolic)

20–30/8–12 mmHg

Pulmonary capillary wedge
pressure (PCWP)

5–12c mmHg

Derived Indices

Cardiac index (CI) CI = CO

BSAd
2.5–4.2 L/min/m2

Left ventricular stroke work index
(LVSWI)

LVSWI = (MAP – PCWP) (SVI)(0.0136) 35–85 g/m2/beat

Mean arterial pressure (MAP) MAP = 2(Diastolic BP) + Systolic BP

3
80–100 mmHg

Perfusion pressure (PP) PP = MAP − PCWP 50 mmHg

Pulmonary vascular resistance
(PVR)

PVR = (MPAP − PCWP)

CO
(74) 20–120 dynes.sec.cm–5

Stroke volume (SV) SV = CO

HR
60–130 mL/beat

Stroke volume index (SVI) SVI = SV

BSA
30–75 mL/beat/m2

Systemic vascular resistance
(SVR)e

SVR = (MAP − CVP)

CO
(74) 800–1,440 dyne.sec.cm–5

Systemic vascular resistance
index (SVRI)

SVRI = SVR × BSA 1,680–2,580 dyne.sec.cm–5.m2

Oxygen delivery (Do2) Do2 = CO – Cao2 [Cao2 = (Hgb – Sao2 – 13.9)] 700–1,200 mL/min
Oxygen consumption (Vo2) Vo2 = Co – Hgb – 13.9 – (Sao2 – Svo2) 200–400 mL/min

aCVP is essentially synonymous with RAP.
b2–6 mmHg = 3–6 cm H2O (conversion: 1 mm = 1.34 cm H2O).
cMay optimally ↑ PCWP to 16–18 mmHg in critically ill patients.
d BSA, body surface area = 1.7 m2 (average male).
eSVR is synonymous with total peripheral resistance (TPR).

Right-sided heart pressures are unreliable indicators of con-
current LV function.9 In patients with cardiac or pulmonary dis-
ease or on mechanical ventilation, RAP or CVP measurements
actually may vary inversely with the PCWP. Therefore, reliance
on right-sided heart pressures from CVP catheters alone is ad-
equate only in select patients.

Pulmonary Artery Systolic Pressure
Pulmonary artery systolic (PAS) pressure is obtained during
systole after the opening of the pulmonic valve when blood is
ejected from the right ventricle into the pulmonary artery. It
measures the pressure generated by the RV during contraction.
Elevations in PAS pressure occur when pulmonary vascular
resistance is increased. This occurs in patients with acute or

chronic parenchymal pulmonary disease, pulmonary embolus,
hypoxemia, or acidosis, as well as in those receiving vasoac-
tive drugs. A low PAS pressure usually results from a reduced
circulating blood volume.

Pulmonary Artery Diastolic Pressure
Pulmonary artery diastolic (PAD) pressure is measured dur-
ing diastole after the closure of the pulmonic valve when the
blood moves from the pulmonary artery into the pulmonary
capillaries. As previously described with respect to the PCWP,
the PAD pressure also may reflect LVEDP. Under normal cir-
cumstances, the PAD pressure is approximately equal (within
1–3 mmHg) to the PCWP and can be used in place of the lat-
ter as an indication of LVEDP. Because the catheter is more
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proximally located and is not in a “wedged” position, the PAD
pressure may not correlate as well as the PCWP with the
LVEDP. In conditions that increase pulmonary vascular resis-
tance, such as those mentioned for pulmonary artery systolic
pressure, the PAD may be substantially greater than the PCWP.
Also, when heart rates are >120 beats/minute, PAD pressure
exceeds PCWP. This is because diastole is shortened and re-
duces the time necessary for equilibrium of blood flow.

Pulmonary Capillary Wedge Pressure
Pulmonary capillary wedge pressure is the most reliable reflec-
tion of LVEDP measured with the pulmonary artery catheter.
LVEDP, in turn, provides the closest approximation of preload,
the initial end-diastolic fiber length, which is determined
clinically by LVEDV. Because neither LVEDV nor LVEDP
are readily measurable, PCWP is used as an indicator of
preload.

Preload is an important determinant of stroke volume. The
relationship between preload and stroke volume is illustrated
in Figure 21-3, the Frank-Starling curve. According to this
mechanism, the degree of myocardial fiber shortening, and
hence SV, is proportional to the initial myocardial fiber length,
or ventricular volume, at the onset of contraction. As shown
in Figure 21-1, if HR remains the same, SV is proportional
to cardiac output. Initially, for any given state of contractility,
an increase in preload generates a contraction that results in
a corresponding increase in SV. Once an optimal preload is
attained, as indicated by the flat portion of the curve, further
elevations in ventricular filling pressure will not enhance SV
and, in fact, can result in a decline in contractility and a de-
crease in SV. Significant increases or decreases in the level of
ventricular contractility (inotropy), independent of alterations
in preload or afterload, result in shifts in the ventricular func-
tion curve, with corresponding changes in SV. As shown in
Figure 21-3, enhanced myocardial contractility caused by such
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FIGURE 21-3 Ventricular function (Frank-Starling) curve. In the normal
heart, as preload (LVEDP), measured clinically by PCWP, increases,
stroke volume (cardiac output, stroke work) increases, until the contractile
fibers reach their capacity, at which point the curve flattens. A change
in contractility causes the heart to perform on a different curve. If the
contractile fibers exceed their capacity, as with severe heart failure, the
heart will operate on the descending limb of the curve.

factors as increased sympathetic nerve activity, endogenous
catecholamines, or exogenous inotropic agents, shifts the ven-
tricular function curve upward and to the left, thus augmenting
SV for a given preload. Conditions that reduce contractility,
such as loss of contractile mass, use of pharmacologic de-
pressants, systemic hypoxia, local ischemia, or acidosis, shift
the curve downward and to the right, thereby diminishing
SV.

Although LVEDP or PCWP can generally be substituted for
LVEDV when evaluating cardiac function, the use of PCWP
as a reflection of LVEDV has limitations. In patients with mi-
tral stenosis, pulmonary veno-occlusive disease, or high levels
of positive end-expiratory pressure (PEEP) with mechanical
ventilation, PCWP will exceed LVEDV and inaccurately re-
flect LVEDV.

The relationship between LVEDP and LVEDV is curvilin-
ear and is determined by compliance. In conditions in which
ventricular compliance is abnormal, the correlation between
LVEDP and LVEDV is altered, and PCWP cannot be assumed
to accurately reflect preload. Therefore, it is important to be
aware that certain conditions or interventions can result in po-
tential alterations in ventricular compliance and PCWP and
interpret measurements accordingly.

The PCWP also is a useful measure of pulmonary cap-
illary hydrostatic pressure, the major driving force for the
development of pulmonary congestion. Thus, the PCWP
helps the clinician determine whether pulmonary edema is
cardiogenic or noncardiogenic in origin. PCWP is higher
than pulmonary hydrostatic pressure with adult respiratory
distress syndrome (ARDS) or elevated pulmonary vascular
resistance.

Cardiac Output
Cardiac output determination involves injecting a 10-mL
bolus of cold crystalloid solution through the PA catheter and
measuring the temperature at the tip of the catheter via the
thermistor. The relationship between the temperature change
over time and blood flow allows calculation of the CO.10 PA
catheters are available that use a small heat generator and a
heat sink in the catheter itself, which allows the continuous
determination of CO with the same concept of thermodilu-
tion. Some conditions may make measurement of CO less re-
liable. Tricuspid valve regurgitation and intracardiac shunts,
such as ventricular septal defects, affect the way blood flows
past the tip of the thermistor and, thus, may give erroneous
values.

Mixed Venous Oxygen Saturation
Mixed venous oxygen saturation (SVo2) can be measured with
fiberoptic sensors in newer versions of the PA catheter, or it can
be measured directly from blood drawn from the catheter be-
fore oxygenation in the lungs. It can be used as an indicator of
the global adequacy of perfusion and can be used to calculate
the body’s consumption of oxygen (Vo2, see later section).
The SVo2 may be particularly useful in situations in which
CO measurements are unreliable (e.g., tricuspid valve regur-
gitation) or in clinical situations in which oxygen consump-
tion is increased despite normal oxygen delivery (e.g., septic
shock).
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Derived Hemodynamic Indices
Parameters that reflect cardiovascular function can be de-
rived from the hemodynamic measurements obtained from the
Swan-Ganz catheter (Table 21-2 and Glossary).

Stroke Volume
Stroke volume is the amount of blood ejected by the ventricle
with each systolic contraction, and it is directly proportional to
the contractile state of the myocardium. When CO is increased
by therapeutic maneuvers, it is important to know whether
the increase is caused by an inotropic (SV) or a chronotropic
response (HR).

Cardiac Index
Cardiac index is the CO adjusted for body surface area (BSA).
Because CO is a relative measure based on size, cardiac
index provides a more meaningful assessment of a person’s
output.

Pulmonary Vascular Resistance and Systemic Vascular Resistance
Pulmonary vascular resistance (PVR) and systemic vascular
resistance (SVR, afterload) are determined by dividing the
change in pressure by the flow (pressure change/cardiac out-
put = resistance). Therapeutic maneuvers that alter SVR do
not indicate a change in any specific vascular bed, such as the
renal or splanchnic vascular beds; changes in SVR reflect the
overall change. The systemic vascular resistance index (SVRI)
is a normalized SVR for body surface area.

Left Ventricular Stroke Work Index
Left ventricular stroke work index (LVSWI) is an indication of
LV contractility that takes into account preload, afterload, and
CO. The constant 0.0136 is the conversion factor that changes
millimeters of mercury per liter (mmHg/mL) into gram-meters.
Elevation in LVSWI can be achieved by changing preload,
afterload, or contractility.

Oxygen Transport Variables
Hypoperfusion associated with shock is not as readily de-
tectable as hypotension. An imbalance between oxygen supply
and demand may not be recognized until irreversible organ dys-
function has begun. Thus, it can be valuable in some patients
to monitor oxygen transport variables and use these values to
guide therapy.

Oxygen Delivery
Oxygen delivery (Do2) can be calculated as the product of CO
and the arterial concentration of oxygen (Cao2). Hemoglobin
concentration (Hgb) and arterial oxygen saturation (Sao2) are
the primary determinants of Cao2. A smaller contribution to
the equation is the amount of oxygen dissolved in the blood,
determined by the arterial pressure of oxygen (Pao2), which
can be left out to simplify calculations:

Do2 = (CO)(Cao2)

where

Cao2 = (Hgb)(Sao2)(13.9)

Oxygen Consumption
Oxygen consumption (Vo2) estimates the oxygen demand of
the body and can be calculated as the product of CO and the
difference between the arterial and venous concentrations of
oxygen (Cao2 – CVo2). Rearranged and simplified, the equa-
tion can be represented as follows:

Vo2 = (CO)(Hgb)(13.9)(Sao2 − Svo2)

Normally, consumption is independent of supply, except
at low rates of Do2. In some critically ill patients, however,
consumption can depend on supply even in what would be
considered “normal” Do2 ranges. In these patients, it may be
appropriate to increase the delivery of oxygen until the in-
crease in consumption has reached a plateau.11 This may help
to “repay” some of the oxygen debt induced by hypoperfusion.
Further increases in Do2 to supranormal ranges with inotropic
drugs, such as dobutamine, have not been conclusively shown
to benefit patients and may have a detrimental effect.12,13 A
factor to consider in evaluating these values and the studies
that use them is the potential for mathematic coupling of data.
CO, hemoglobin, and arterial oxygen saturation are common
components of both equations. Errors in the measurement of
these parameters lead to errors in the calculation of both de-
livery and consumption of oxygen.

ETIOLOGIC CLASSIFICATION OF SHOCK AND
COMMON MECHANISMS
The most common clinical conditions associated with the ma-
jor forms of shock are reviewed in the following sections
and detailed in Table 21-1. The pathogenesis, epidemiology,
clinical, and hemodynamic manifestations for each classifica-
tion are briefly discussed and further illustrated in case stud-
ies throughout the chapter. Table 21-3 describes the common
hemodynamic findings for the various forms of shock.

Hypovolemic Shock
Shock secondary to a reduction in intravascular volume is re-
ferred to as hypovolemic shock. Whether the primary insult
is the external loss of fluid volume (e.g., blood, plasma, or
free water) or the internal sequestration of these fluids into
body cavities (third spacing), the overall result is reduced ve-
nous return (decreases in CVP and PCWP) and decreased CO
(Table 21-3). The severity of hypovolemic shock depends on
the amount and rate of intravascular volume loss and each
person’s capacity for compensation. Although responses vary,

Table 21-3 Hemodynamic Findings in Various Shock States

Hypovolemic Cardiogenic Distributive (Septic)

Heart Rate ↑ ↑ ↑
Blood Pressurea ↓ ↑/↓ ↓
Cardiac Output ↓ ↓ ↓b

Preload (PCWP) ↓ ↑ ↑/↓
Afterload (SVR) ↑ ↑ ↓
aPatients may be in a state of compensated shock in which BP is normal but clinical
signs of hypoperfusion are evident.
bCardiac output is increased early in sepsis but can be decreased in late, severe.
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a healthy person may tolerate an acute loss of as much as 30%
of his or her intravascular volume with minimal clinical signs
and symptoms.14 Compensatory mechanisms such as increases
in HR, myocardial contractility, and SVR, are sufficiently ef-
fective for this loss in volume such that measurable falls in
systolic BP are not detected. Losses in excess of 80% gener-
ally overwhelm compensatory mechanisms and the patient’s
condition can deteriorate to overt shock with hypotension and
signs of hypoperfusion. If restorative measures are not taken
immediately, irreversible shock and death may result. The most
common and dramatic cause of hypovolemic shock is hemor-
rhagic shock in which intravascular volume depletion occurs
as a result of bleeding. Trauma is responsible for most cases
of acute hemorrhagic shock; other significant causes are rup-
ture of vascular aneurysms, acute gastrointestinal bleeding,
ruptured ectopic pregnancy, and postoperative bleeding. Other
mechanisms for hypovolemic shock are conditions associated
with either (a) excess fluid losses from gastrointestinal or re-
nal sources or (b) plasma loss caused by burns or sequestration
(also known as third-space accumulation).

Cardiogenic Shock
A shock state arising primarily from an abnormality of car-
diac function constitutes cardiogenic shock. The causes of car-
diogenic shock can be separated largely into mechanical and
nonmechanical (Table 21-1), although occasionally, patients
may have a combination of causes. Regardless of the source,
the underlying problem in cardiogenic shock is a decrease in
CO that is not caused by a reduction in circulating blood vol-
ume. This decrease in CO results in the syndrome of shock:
hypotension with a decrease in arterial BP, and hypoperfusion
as the delivery of oxygenated blood to the tissues is reduced.
Eventually, organ dysfunction and death result if measures to
restore perfusion are not successful.

The most common cause of cardiogenic shock is LV dys-
function and necrosis as a result of acute myocardial infarction
(AMI) (see Chapter 17, Myocardial Infarction). Necrosis of the
left ventricle can be the result of a single massive myocardial
infarction (MI), or it may follow numerous smaller events. In-
creases in sympathetic tone—seen clinically as increased HR
and peripheral vasoconstriction—initially serve to increase CO
and maintain central arterial pressure. When LV necrosis ex-
ceeds approximately 40% of the contractile mass of the heart,
normal compensatory responses can no longer maintain CO,
and hypotension and hypoperfusion result. In addition to de-
creased perfusion to vital tissues and organs, the decrease in
CO leads to a reduction in the flow of blood through the coro-
nary arteries, which can lead to infarct extension and a further
worsening of cardiac performance.

The incidence of cardiogenic shock after AMI has remained
relatively stable over the past 20 years. A recent study found
an average incidence of 7.1% from 1975 to 1997.15 The in-
hospital mortality for those patients developing shock has de-
creased somewhat over this time frame, most likely because
of coronary reperfusion strategies. The overall mortality rate,
however, has remained high, with most series reporting an av-
erage of 60% to 80%.15,16

Cardiogenic shock caused by mechanical problems occurs
relatively infrequently. In this setting, the systolic function
(contractile ability) of the heart may be normal, but other

defects render the heart unable to eject a normal volume of
blood. Pericardial tamponade (bleeding into the pericardial sac)
and tension pneumothorax (air leakage from the lung into the
chest) cause cardiogenic shock by compressing the heart and
decreasing the diastolic filling. Acute valvular insufficiency or
stenosis prevents the normal ejection of blood. Ventricular sep-
tal or free wall rupture can occur, often in the setting of AMI,
with the reduction in CO related to the inability of the LV to
eject a normal volume of blood during systole.

Nonmechanical origins of cardiogenic shock involve a de-
crease in the function of the heart muscle itself. Myocardial
infarction involving the RV can cause cardiogenic shock, even
with normal LV systolic function. In this situation, the vol-
ume of blood reaching the LV (preload) is reduced because
of the right ventricle’s inability to move blood to the left side
of the heart. In most patients with cardiogenic shock and RV
infarction, significant LV dysfunction is present as well.

Patients with chronic heart failure (HF) (see Chapter 18,
Heart Failure) usually can compensate for their poor cardiac
function, but acute exacerbations can cause cardiogenic shock
with hypotension, hypoperfusion, and organ dysfunction. Car-
diac dysfunction occasionally can be seen with severe sepsis
because of increases in the production of inflammatory cy-
tokines that have a depressant effect on the myocardium. A
similar picture also can be seen following cardiopulmonary
bypass during heart surgery, which activates the inflammatory
cascade.

The symptoms of cardiogenic shock are largely the same
as for other types of shock. Hypotension and signs of inade-
quate tissue perfusion, such as confusion, oliguria, tachycardia,
and cutaneous vasoconstriction, are present in many patients.
Differentiating cardiogenic shock from distributive or hypov-
olemic shock requires further examination. A history of coro-
nary artery disease or symptoms of MI are important findings.
Hypovolemia occurs in up to 20% of patients in cardiogenic
shock, but patients frequently have signs of volume overload
because the heart cannot move blood through the circulation.
Peripheral edema can be seen in the extremities; lung sounds
are diminished and rales may be present as pulmonary edema
develops. These findings are particularly evident in patients
with severe HF.

Because the distinction between cardiogenic and other
forms of shock can be difficult to make based on physical
examination alone, further testing with invasive hemodynamic
monitoring may be required to establish the diagnosis and guide
therapy. Table 21-4 lists the common laboratory, electrocardio-
gram (ECG), chest radiograph findings, and Table 21-3 lists the
common hemodynamic findings in cardiogenic shock.

Distributive Shock
Distributive shock is characterized by an overt loss of vascular
tone, causing acute tissue hypoperfusion. Although numerous
events can initiate distributive shock, most cases are readily
reversed by supportive measures and treatment or elimination
of the underlying cause.

Septic Shock
Distributive shock secondary to sepsis, or septic shock, is
associated with a high mortality rate, reflecting the limited
therapeutic options available at this time. Approximately
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Table 21-4 Typical Findings of Early Cardiogenic Shock
� Arterial blood gas (ABG)

− Hypoxemia secondary to pulmonary congestion with
ventilation-perfusion abnormalities

− Metabolic acidosis with a compensatory respiratory alkalosis

� Elevated blood lactate levels (which contributes to the acidosis)

� Complete blood count (CBC)
− Leukocytosis
− Thrombocytopenia (if disseminated intravascular coagulation is

present)

� Elevated cardiac enzymes if myocardial infarction is present

� Electrocardiogram (ECG)–one or more of the following
− T-wave changes indicating infarction
− Left bundle-branch block
− Sinus tachycardia
− Arrhythmia

� Chest radiograph
− Pulmonary edema or evidence of adult respiratory distress

syndrome (ARDS)

� Echocardiography
− Valvular or mechanical problems if present
− Normal or decreased ejection fraction

� Hemodynamic monitoring–one or more of the following
− Reduced cardiac output
− Arterial hypotension
− Elevated pulmonary capillary wedge pressure (PCWP) and

pulmonary artery pressure (PAP)
− Elevated systemic vascular resistance (SVR)

500,000 cases of sepsis syndrome are seen annually, with mor-
tality rates ranging from about 30% at 1 month to 50% at 5
months. Epidemiology studies show that approximately 25% of
cases of sepsis syndrome eventually result in septic shock. Sep-
tic shock is the number one cause of death in the noncoronary
ICU and the 13th most common cause of death in the United
States. It has been projected that the incidence of sepsis will
increase 1.5% per year mainly because of the disproportionate
growth of the elderly in the U.S. population.17–20

The consensus conference of the American College of Chest
Physicians (ACCP) and the Society of Critical Care Medicine
(SCCM) defines sepsis syndrome as a systemic inflammatory
response resulting from infection.2 When associated organ dys-
function, hypoperfusion, or hypotension is present, it is termed
severe sepsis; when hypotension persists despite adequate fluid
resuscitation and requires inotropic or vasopressor support, it
is termed septic shock (see Table 21-5 for definitions). More
than half the cases of septic syndrome occur in the ICU, one-
third occur in other currently hospitalized patients, and 10% to
15% of cases are present on admission to the emergency de-
partment (ED).19 Progression to septic shock occurs in about
half of patients who have septic syndrome within 1 month
of onset, as defined by hypotension. Persons most at risk for
septic shock are those who are immunocompromised or have
underlying conditions that render them susceptible to blood-
stream invasion. Groups at risk include neonates, the elderly,
patients with acquired immune deficiency syndrome (AIDS),

alcoholics, childbearing women, and those undergoing surgery
or who have experienced trauma. Other predisposing factors
include coexisting diseases such as diabetes mellitus, malig-
nancies, chronic hepatic or renal failure, and hyposplenism;
exposure to immunosuppressant drugs and cancer chemother-
apy; and procedures such as insertion of urinary catheters, en-
dotracheal tubes, and IV lines.

Septic shock is characterized initially by a normal or high
cardiac output and a low systemic vascular resistance (Table
21-3). Hypotension is caused by the low SVR as well as al-
terations in macrovascular and microvascular tone, which re-
sult in maldistribution of blood flow and volume. Changes
in the microvasculature can lead to loss of normal microvas-
cular autoregulatory mechanisms resulting in constriction of
capillaries, changes in cellular rheology, fibrin deposition, and
neutrophil adherence. This causes vascular “sludging” and, in
some cases, arteriovenous shunts that bypass capillary beds.
Loss of intravascular fluid caused by increased vascular perme-
ability and third spacing of fluid further adds to hypovolemia. In
an effort to compensate for the changes in volume and SVR,
the body goes into a hyperdynamic state and increases CO.
Most patients develop myocardial dysfunction as manifested
by decreased myocardial compliance, reduced contractility,
and ventricular dilation, but maintain a normal CO because
of tachycardia and cardiac dilatation. Although the cause of,
and mechanism for, this abnormality are not fully understood,
it is not believed to be caused by myocardial ischemia. Rather,
it is thought to be caused by one or more circulating inflam-
matory mediators, such as cytokines, tumor necrosis factor-α
(TNF-α), platelet activating factor (PAF), arachidonic acid, ni-
tric oxide (NO), and reactive oxygen species. In late septic
shock, the body is no longer able to compensate because of the
cardiac effects of the inflammatory mediators and myocardial
edema, therefore resulting in a decreased CO. The end product
of this complicated pathway is cellular ischemia, dysfunction,
and eventually cellular death unless the chain of events is in-
terrupted.

The pathogenesis of sepsis is more fully understood now, but
the exact mechanisms are still not completely clear. It is known
that the changes that take place during sepsis are caused by the
immunologic host response to infection which involves inflam-
matory and immunodepressive (anti-inflammatory) phases. It
is unknown, however, whether these phases are sequential (in-
flammatory then immunodepressive) or whether immunosup-
pression is a primary response to sepsis rather than a compen-
satory response.

The inflammatory stage of sepsis is initiated by an infection
with a microorganism, most commonly bacterial. Organisms
can either enter the bloodstream directly (producing positive
blood cultures) or may indirectly elicit a systemic inflammatory
response by locally releasing their toxins or structural compo-
nents at the site of infection. The lipopolysaccharide endotoxin
of gram-negative bacteria is the most potent soluble product
of bacteria that can initiate a response and is the most studied,
but other bacterial products can initiate the response, includ-
ing exotoxins, enterotoxins, peptidoglycans, and lipoteichoic
acid from gram-positive organisms. The binding of these tox-
ins to cell receptors promotes proinflammatory cytokine pro-
duction, primarily TNF-α and IL-1. These toxins stimulate the
production and release of numerous endogenous mediators that
are responsible for the inflammatory consequences of sepsis.
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Table 21-5 ACCP/SCCM Consensus Conference Definitions

Infection Microbial phenomenon characterized by an inflammatory response to the presence of microorganisms or
the invasion of normally sterile host tissue by those organisms.

Bacteremia The presence of viable bacteria in the blood.

Systemic inflammatory
response syndrome (SIRS)

The systemic inflammatory response to a variety of severe clinical insults. The response is manifested by
two or more of the following conditions:
Temperature >38◦C or <36◦C
Heart rate >90 beats/min
Respiratory rate >20 breaths/min or Paco2 <32 mmHg (<4.3 kPa)
WBC >12,000 cells/mm3, <4,000 cell/mm3, or >10% immature (bands) forms

Sepsis The systemic response to infection. The systemic response is manifested by two or more of the following
conditions as a result of infection:
Temperature >38◦C or <36◦C
Heart rate >90 beats/min
Respiratory rate >20 breaths/min or Paco2 <32 mmHg (<4.3 kPa)
WBC >12,000 cells/mm3, <4,000 cell/mm3, or >10% immature (band) forms

Severe sepsis Sepsis associated with organ dysfunction, hypoperfusion, or hypotension. Hypoperfusion and perfusion
abnormalities may include, but are not limited to, lactic acidosis, oliguria, or an acute alteration in
mental status.

Septic shock Sepsis with hypotension, despite adequate fluid resuscitation, along with perfusion abnormalities that may
include, but are not limited to, lactic acidosis, oliguria, or an acute alteration in mental status. Patients
who are on inotropic or vasopressor agents may not be hypotensive at the time that perfusion
abnormalities are measured.

Hypotension A systolic BP of <90 mmHg or a reduction of >40 mmHg from baseline in the absence of other causes
for hypotension.

Multiple organ dysfunction
syndrome

Presence of altered organ function in an acutely ill patient such that homeostasis cannot be maintained
without intervention.

Reprinted with permission from American College of Chest Physicians (ACCP)/Society of Critical Care Medicine (SCCM) Consensus Conference. Definitions for sepsis and organ
failure and guidelines for the use of innovative therapies in sepsis. Crit Care Med 1992;20:864, with permission.

The cytokines act synergistically to directly affect organ func-
tion and stimulate the release of other proinflammatory cy-
tokines, such as IL-6, IL-8, PAF, complement, thromboxanes,
leukotrienes, prostaglandins, NO, and others.

The presence of these cytokines promotes inflammation and
vascular endothelial injury, but also causes an overwhelming
activation in coagulation. Thrombin has potent proinflamma-
tory and procoagulant activities and its production is increased
in sepsis. The human body normally counteracts these effects
by increasing fibrinolysis, but the homeostatic mechanisms in
the septic patient are dysfunctional. There are decreases in
the levels of protein C, plasminogen, and antithrombin III as
well as increased activity of plasminogen activator inhibitor-1
(PAI-1) and thrombin activatable fibrinolysis inhibitor (TAFI),
endogenous agents that inhibit fibrinolysis.21 The patient is in a
coagulopathic state, which promotes formation of microvascu-
lar thrombi leading to hypoperfusion, ischemia, and ultimately,
organ failure. Multiple organ failure is responsible for about
half the deaths caused by septic shock.22

The clinical features of septic shock are fever, chills, nau-
sea, vomiting, and diarrhea. Characteristic laboratory findings
include leukocytosis or leukopenia; thrombocytopenia with or
without coagulation abnormalities; and often, hyperbilirubine-
mia. These features are usually readily detectable and occur
within 24 hours after bacteremia develops, particularly if the
bacteremia is caused by gram-negative organisms. In the ex-

tremes of age (very young or very old) or in debilitated patients,
hypothermia can be present, however, and positive findings
may be limited to unexplained hypotension, mental confusion,
and hyperventilation.

In contrast to the classic progression of shock, persons dy-
ing from septic shock often have a normal or elevated CO.
Death within the first week after the onset of sepsis occurs as a
result of intractable arterial hypotension that is secondary to a
significantly depressed SVR. This causes extensive maldistri-
bution of blood flow in the microvasculature, with subsequent
tissue hypoxia and the development of lactic acidosis. Death
occurring beyond the first week usually is caused by multiple
organ failure that began during the acute circulatory failure. Se-
vere, unresponsive hypotension as a result of a decreased CO
does occur in a subpopulation of patients with septic shock;
cardiogenic shock becomes superimposed on the distributive
shock of sepsis, but this is not the most common cause of
death.23

HYPOVOLEMIC SHOCK

Acute Hemorrhagic Shock

1. B.A. is a 55-year-old man brought to the ED after being
stabbed in the abdomen; he had significant blood loss at the
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scene. On arrival, he is confused and oriented only to person.
His skin is pale and cool, with vital signs showing a HR of 125
beats/minute, SBP of 85 mmHg, and a RR of 30 breaths/minute.
Describe the physiologic changes in B.A. in response to his injury.
What are the goals of resuscitation in patients with hemorrhagic
shock?

B.A. has lost a significant amount of intravascular fluid
directly from his stab wound and also from traumatic tissue
edema. He is hypotensive with a compensatory increase in
both HR and respiratory rate (RR). His pale, cool skin indi-
cates shunting of blood from the periphery to maintain perfu-
sion of vital organs. Based on his clinical presentation, B.A. is
in decompensated shock.

The major hemodynamic abnormality in hypovolemic
shock is decreased venous return (preload) to the heart, re-
sulting in a decrease in CO. Oxygen delivery to the tissues
is reduced from this and from the loss of oxygen-carrying
hemoglobin. The physiologic response of the body to a sudden
decrease in volume (preload) is a release of catecholamines
(epinephrine, norepinephrine). The subsequent increase in HR
and contractility help maintain CO. The peripheral vasocon-
striction caused by the sympathomimetic response serves to
maintain arterial pressure. In addition, fluid shifts from the in-
terstitial spaces into the vasculature to increase preload. These
responses are effective at maintaining BP in patients with a
loss of up to approximately 30% of the total blood volume.
B.A.’s increased HR and signs of peripheral vasoconstriction
are consistent with these compensatory changes. His SBP is
still low, however, and he has signs of decreased perfusion to
his brain, manifested by confusion and disorientation. Given
the severity of his condition, if intravascular losses are not
rapidly replaced, myocardial dysfunction may ensue and lead
to irreversible shock.

The goals of resuscitation of patients in hypovolemic shock
are the correction of inadequate tissue perfusion and oxygena-
tion, and limiting secondary insults, such as reperfusion injury
or compartment syndrome. HR, BP, and urine output have been
traditional markers for the adequacy of resuscitation, but re-
liance on these end points alone is acceptable only in the initial
management of hemorrhagic shock. One concern is that pa-
tients may persist in a state of compensated shock even after
these parameters are normalized.24,25 Ongoing deficiencies in
oxygen delivery to vital organs may progress and, if left un-
treated, organ dysfunction and death may result. Measurement
of base (bicarbonate) deficit and lactate levels can be used to
assess the global adequacy of perfusion. Metabolic acidosis
can signal that resuscitation is incomplete despite normal vital
signs.

Treatment
CHOICE OF FLUID IN HYPOVOLEMIC SHOCK

2. Is an IV saline solution adequate to compensate for BA’s
blood loss? What other type of fluid might be better to resuscitate
this patient?

Once an adequate airway is established and initial vital signs
are obtained, the most important therapeutic intervention in
hypovolemic shock is the infusion of IV fluids. Initially, crys-
talloids or colloids are used to restore blood volume as blood
products may not be immediately available and are frequently
unnecessary to manage mild shock (10%–20% blood loss).14

CRYSTALLOIDS VERSUS COLLOIDS
Crystalloids are isotonic solutions that contain either saline

(0.9% sodium chloride; “normal saline”) or a saline equivalent
(lactated Ringer’s [LR] solution). Colloidal solutions contain
large oncotically active molecules that are derived from natural
products such as proteins (albumin), carbohydrates (dextrans,
starches), and animal collagen (gelatin) (Table 21-6).

The choice of a crystalloid versus a colloid solution to
restore blood volume in hemorrhagic shock is controversial.
The controversy primarily involves the ultimate distribution
of these fluids in the extracellular compartment, which, in
turn, depends on their composition. Isotonic solutions (normal
saline or RL solution) freely distribute within the extracellular
fluid compartment, which is divided between the interstitial
and intravascular spaces at a ratio of 3:1. This distribution
is determined by the net forces of colloid oncotic pressure
(COP) and hydrostatic pressure, both inside and outside the
capillary vascular space. Consequently, large volumes of crys-
talloid fluid are required to expand the intravascular space dur-
ing resuscitation. In contrast, intact capillary membranes are
relatively impermeable to colloids and, therefore, colloids ef-
fectively expand the intravascular space with little loss into the
interstitium. Comparatively smaller volumes of colloids than
of crystalloids are thus required for resuscitation, and because
these large molecules persist intravascularly, their duration of
action is longer. It is often thought that three to four times as
much volume of crystalloid is necessary to provide the same
degree of volume expansion as obtained from a colloid. Many
of the colloidal agents, however, can cause allergic or hypersen-
sitivity reactions as well as coagulopathic effects and colloids
are much more expensive than crystalloids.

Proponents of crystalloids argue that both intravascular and
interstitial fluids are depleted in hypovolemic shock because of
the rapid shifts between the extracellular compartments. Vol-
ume replacement of both fluid spaces is best accomplished

Table 21-6 Composition and Properties of Crystalloids

Sodium Chloride Potassium Calcium Magnesium Lactate Tonicity Relative Osmolarity
Solution (mEq/L) (mEq/L) (mEq/L) (mEq/L) (mEq/L) (mEq/L) to Plasma (mosm/l)

5% Dextrose 0 0 0 0 0 0 Isotonic 253
0.9% Sodium Chloride 154 154 0 0 0 0 Isotonic 308
Plasma-Lyte (Baxter) 140 103 10 5 3 8 Isotonic 312
Lactated Ringer’s 130 109 4 3 0 28 Isotonic 273
7.5% Sodium Chloride 1,283 1,283 0 0 0 0 Hypertonic 2,567
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by using crystalloids. In addition, loss of capillary integrity in
shock can cause the leak of larger molecules (e.g., the colloidal
proteins) into the interstitium. This increase in the oncotic pres-
sure in the interstitium would favor fluid movement out of the
vascular space into the tissues, with resultant edema.

Proponents of colloids contend that resuscitation with these
solutions more rapidly and effectively restores intravascular
volume following acute hemorrhage. For a given infusion vol-
ume, colloidal solutions (e.g., albumin) will expand the in-
travascular space two to four times more than crystalloids.
Because a larger volume of crystalloid would have to be infused
to restore the vascular space, the risk of developing pulmonary
edema may be higher. It is also argued that large volumes of
crystalloids will further dilute the plasma proteins, resulting
in a decrease in the COP, which can also promote the develop-
ment of pulmonary edema. This concept is based on Starling’s
law of capillary forces governing fluid movement, which in
the pulmonary vessel wall is determined by the COP-PCWP
gradient (i.e., the net force generated by the colloid oncotic
pressure minus the pulmonary hydrostatic pressure [PCWP]).
The normal colloid oncotic pressure is 25 mmHg and an av-
erage PCWP is 12 mmHg; thus, a net intravascular force of
13 mmHg favors fluid retention in the vascular space. In criti-
cally ill patients, a COP-PCWP gradient <6 mmHg is thought
to be associated with a higher incidence of pulmonary edema.
Despite these theoretic differences, clinical studies comparing
colloids with crystalloids have failed to show any differences
in the development of pulmonary edema. Research suggests
that certain subgroups may be at greater risk for the develop-
ment of pulmonary edema, but considerable variance remains
because of differences in physiologic end points, criteria for
assessing pulmonary edema, and the extent of shock.

In an effort to find a consensus among the results of
divergent clinical trials, numerous meta-analyses have been
performed comparing resuscitation with crystalloids or col-
loids. Two earlier meta-analyses concluded that resuscitation
of burn and trauma patients with colloids results in increased
mortality.26,27 The explanation offered for the detrimental ef-
fect of colloids is that trauma and burns cause an increase
in pulmonary capillary and vascular permeability resulting in
extravasation of the colloid into the interstitium, which fur-
ther worsens the effective vascular volume and pulmonary
edema. The Cochrane Database analysis found that albumin
was associated with an overall higher risk of death, whereas
the most recent meta-analysis funded by the Plasma Protein
Therapeutics Association did not find an increase in mortality
in any patient groups including trauma.28,29 It is important to
recognize that several limitations to these meta-analyses exist
because of differences in study inclusion criteria (heterogene-
ity), differences in fluid management, and dosages of albumin
used. What is known is the difference in cost per therapy. One
study determined the secondary cost-effectiveness analysis per
therapy, which revealed that the cost of using crystalloids was
$43.13 per life saved, as opposed to $1,493.60 per life saved
with colloid.28 These estimates were based on an average per-
patient intake of 6.57 L of fluid for the crystalloid group, at
a cost of $5.95/L, and an average of 230 g of albumin in the
colloid group, at a cost of $5.00/g.

Recent evidence supports the idea that albumin may not be
as detrimental as once thought. The SAFE trial is the largest
randomized, prospective trial to evaluate albumin versus nor-

mal saline (NS) resuscitation in the critically ill.30 The pri-
mary end point was 28-day mortality, which was not statisti-
cally different for albumin compared with NS. Also no sta-
tistical differences were identified in any of the preidentified
subgroups (trauma, ARDS, severe sepsis), although a trend
was seen toward increased mortality in the trauma patients
who received albumin, most specifically in patients with head
trauma. Because resuscitation with albumin was not found to
be better than saline, this landmark trial will most likely alter
perceptions of albumin; whether or not this trial will have an
impact on albumin prescribing practices remains to be deter-
mined.

Given the lack of evidence for a significant clinical differ-
ence between crystalloids and colloids and the greater expense
of using albumin, the guidelines for the use of resuscitation flu-
ids developed by the University Hospital Consortium (UHC),
a nonprofit alliance of U.S. academic medical centers, remain
unchanged.31 For the resuscitation of hemorrhagic shock, crys-
talloids should be the initial fluid of choice. The American
College of Surgeons Advanced Trauma Life Support course14

also recommends the rapid infusion of isotonic crystalloids for
the initial fluid resuscitation of trauma patients. Thus, use of
either normal saline or LR solution would be appropriate for
B.A. Albumin and blood are not needed.

CRYSTALLOIDS

3. A large-bore IV catheter is inserted into B.A.’s arm and
STAT blood samples are sent for type and crossmatch, complete
blood count (CBC), prothrombin time (PT), partial thromboplas-
tin time (PTT), and serum chemistry (BUN, creatinine, Na, K, Cl,
and bicarbonate). Warmed LR solution (2 L) is infused rapidly,
and the operating room is notified. B.A.’s systolic BP has increased
to 90 mmHg, but the bleeding has not stopped. A Foley catheter
is inserted to measure urine output. LR is continued, with 500 to
1,000 mL boluses ordered to be given to maintain hemodynamic
stability while waiting for fully crossmatched blood. Are the doses
of LR given to B.A. appropriate? What clinical and objective pa-
rameters should be monitored to determine the success of fluid
replacement?

Volume Requirements
Isotonic crystalloids equilibrate rapidly between the intersti-
tial and intravascular spaces at a ratio of 3:1. For every liter
of fluid infused, approximately 750 mL will pass into the in-
terstitium, whereas 250 mL will remain in the plasma. Based
on estimated blood loss, the “three-to-one rule” may be ap-
plied as a general guideline: for each 1 mL of blood loss, 3 mL
of crystalloid is infused. Because this determination of blood
loss is based solely on clinical assessment and not on quantita-
tive measurements, treatment is best directed by the response
to initial therapy rather than the initial classification. Close
observation of hemodynamic status with consideration of the
patient’s age, particular injury, and prehospital fluid therapy is
essential to avoid inadequate or excessive fluid administration.

A safe and effective approach for using crystalloids in the
resuscitation of patients in hemorrhagic shock is to give 1 to
2 L of fluid as an initial bolus as rapidly as possible for an
adult or 20 mL/kg for a pediatric patient.14 Additional fluid
boluses may be necessary, depending on the patient’s response.
Between boluses, fluids are slowed to maintenance rates
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(150–200 mL/hour), with ongoing evaluation of the patient’s
physiologic response for signs of continued blood loss or in-
adequate perfusion that would indicate the need for additional
volume replacement.

Indications that circulation is improving include normal-
ization of BP, pulse pressure, and HR. Signs that actual organ
perfusion is normalizing and that fluid resuscitation is ade-
quate include improvements in mental status, warmth and color
of skin, improved acid-base balance, and increased urinary
output. The minimal acceptable urine output for a patient is
0.5 mL/kg. Persistent metabolic acidosis in a normothermic
shock patient usually indicates the need for additional fluid
resuscitation; sodium bicarbonate is not recommended unless
the pH is <7.2.14 The serum lactate and base deficit are impor-
tant values to track to determine that the patient is receiving
adequate resuscitation. It is important to note that resuscitation
is not defined by just one value or number, such as BP, but the
constellation of indicators of overall perfusion.

LACTATED RINGER’S VERSUS NORMAL SALINE

4. Is there an advantage to using LR solution over normal
saline?

The American College of Surgeons Committee on Trauma
recommends lactated Ringer’s solution as the fluid of choice for
the initial resuscitation of trauma patients and normal saline as
the second choice.14 Because normal saline has a high chloride
content (45 mEq more than LR), it can cause hyperchloremic
acidosis, thereby worsening the tissue acidosis that occurs in
the setting of hypovolemic shock. This likelihood is increased
with impaired renal function. LR, in contrast, is a buffered
solution designed to simulate the intravascular plasma elec-
trolyte concentration. It contains 28 mEq/L of lactate, which is
metabolized to bicarbonate in patients with normal circulation
and intact liver function.32 In situations in which hepatic per-
fusion is reduced (20% of normal) or hepatocellular damage is
present, lactate clearance may be significantly decreased, par-
ticularly in combination with hypoxia (O2 saturation 50% of
normal).33 In patients with shock and those having cardiopul-
monary bypass during surgery, the half-life of lactate, normally
20 minutes, increases to 4 to 6 hours and 8 hours, respectively.
Because unmetabolized lactate can be converted to lactic acid,
prolonged infusion of LR could cause tissue acidosis in predis-
posed patients. In actuality, however, no differences in serum
pH, electrolytes, lactate, or survival have been found in pa-
tients with hemorrhagic trauma who have received either LR
or normal saline. In practice, normal saline and LR typically
are used interchangeably because neither solution appears to
be superior to the other.

HYPERTONIC SALINE

5. What is the role of hypertonic saline (HS) in the setting of
hemorrhagic shock?

The use of HS (with and without dextran) for resuscitation
in hemorrhagic shock has been studied extensively in animal
models,34–36 and more recently has been the focus of clinical
research.37–39 The advantage of HS as a resuscitative fluid is
the smaller volume of fluid required to expand the intravas-
cular compartment as compared with isotonic solutions. This
could be a particular advantage in the prehospital setting (e.g.,

field rescue by emergency medical technicians) given the large
volumes of fluids necessary to keep up with ongoing blood
loss.

With a high concentration of sodium, HS exerts an osmotic
effect, translocating fluid from the interstitial and cellular com-
partments to the intravascular space. Consequently, plasma vol-
ume is rapidly expanded to a greater extent than similar vol-
umes of crystalloid solutions, and systemic BP, CO, and oxygen
transport are readily increased. HS also improves myocardial
contractility, causes peripheral vasodilation, and redistributes
blood flow preferentially to the splanchnic and renal circula-
tion. In addition, intracranial pressure is reduced, which may
be a potential advantage in trauma patients with concomitant
head injury.34–39

Hypertonic saline-dextran (7.5% sodium chloride in 6%
dextran 70 [HSD]) was compared with isotonic crystalloid so-
lution for prehospital resuscitation in a multicenter trial of hy-
potensive trauma patients.38 Patients were randomly assigned
to receive 250 mL of either HSD or a standard isotonic solution,
after which fluids were given as necessary to achieve stabiliza-
tion. No differences in overall survival were noted; however,
a significant survival advantage was seen in the HSD group
requiring surgery. Fewer complications occurred in the HSD
group, including a lower incidence of ARDS, renal failure,
and coagulopathy. Although serum sodium levels were signifi-
cantly higher in the HSD group, no adverse clinical symptoms
of hypernatremia were seen.

In a similar trial, the effects of resuscitation with 250-mL
volumes of HS (7.5%), HSD, or normal saline were com-
pared in trauma patients admitted to the ED in hypovolemic
shock.39 Differences in overall mortality or complication rates
in the three groups were not significant. In comparison to iso-
tonic saline, however, the hypertonic solutions significantly im-
proved MAP and significantly decreased the volume of fluid
required to restore systolic pressure.

Recent studies with HS suggest that it may help to reduce
multiple organ system failure and infections following trau-
matic injury. The mechanism has yet to be fully elucidated, but
in animal models, HS reduces neutrophil margination,40 which
may play a role in the development of lung injury, ARDS, and
reperfusion injury. In another study the use of HS resulted in
a decreased susceptibility to sepsis and improved survival in a
murine model of hemorrhagic shock.41

These clinical trials suggest that HS may be safe and effec-
tive for the initial resuscitation of hemorrhagic shock and may
help prevent the development of posttraumatic multiple organ
system failure and sepsis. Despite these positive findings, hy-
pertonic saline solutions are not widely used.

BLOOD REPLACEMENT

6. B.A. has received 3 L of LR solution to maintain hemo-
dynamic stability. His current vital signs are BP, 92/60 mmHg;
HR, 115 breaths/minute; and RR, 28 breaths/minute. He is still
confused and is becoming more agitated and combative. Urine
output has been only 10 mL in the past 30 minutes. Laboratory
results include the following: hematocrit, 23% down from 27%
(normal, 40%–54%); hemoglobin, 7.6 g/dL down from 9 g/dL
(normal, 14–18 g/dL); ABG pH, 7.18 (normal, 7.35–7.45); PCO2,
35 mmHg (normal, 35–45 mmHg); PO2, 110 mmHg (normal, 75–
100 mmHg); and HCO3

–, 17 mEq/L (normal, 23–29 mEq/L). Two
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units of packed red blood cells (PRBC) are now available, and B.A.
is being prepared for the operating room. Describe the current
status of B.A.’s resuscitation and the need for blood products.

[SI units: Hct, 0.23 (normal, 0.40–0.54); hemoglobin, 1.18 mmol/L (normal,

2.17–2.79 mmol/L); HCO3
–, 17 mmol/L (normal, 23–29 mmol/L)]

B.A. is still exhibiting signs of inadequate tissue perfusion.
Although his BP has improved and his HR has decreased, his
mental status has declined, urine output has been negligible,
and his blood gas indicates metabolic acidosis. B.A. has not
been adequately resuscitated from his hemorrhage, is still ac-
tively bleeding, and should receive the available blood at this
point.

The prior conventional approach to the transfusion of crit-
ically ill patients was to maintain the hemoglobin above
10 g/dL or the hematocrit above 30%. This transfusion trigger
was found to be detrimental in a population of mixed medical-
surgical ICU patients compared with a group of patients who
were maintained at a lower hemoglobin of 7 g/dL and therefore
received fewer transfusions. This lower hemoglobin level may
be appropriate for critically ill patients who are in an ICU and
have decreased hematocrit values because of fluid resuscita-
tion and daily blood draws, but not for a patient who is actively
bleeding as evidenced by the falling hemoglobin and hema-
tocrit and signs of underperfusion. In acute hemorrhage, the
actual degree of blood loss is not accurately reflected by the
hemoglobin and hematocrit values, and it also does not take
into account the body’s ability to compensate for the loss of
oxygen-carrying capacity. Because it takes at least 24 hours
for all fluid compartments to come to equilibrium, a normal
hematocrit (or Hgb concentration) in the setting of hemor-
rhagic shock does not rule out significant blood loss or indicate
adequacy of transfusion. Only when equilibrium has been
reached can these measures be used reliably to gauge blood
loss. On the other hand, if cardiopulmonary function is normal
and if volume status is maintained, an increase in CO can com-
pensate for a reduction in hemoglobin (O2 content) to a certain
degree (Fig. 21-1).

Because inadequacy of tissue perfusion, and hence oxygen
delivery, is the primary abnormality in shock, the need for
transfusion therapy is more accurately determined by the pa-
tient’s oxygen demand, rather than an arbitrary hematocrit or
hemoglobin value. Calculation of Do2 and Vo2 can be used to
determine the adequacy of perfusion. Although these values
can be determined by use of a pulmonary artery catheter and
arterial and venous blood samples, for practical purposes, the
patient’s response to initial fluid resuscitation and clinical signs
of inadequate tissue perfusion are the primary determinants for
blood transfusion. Patients who are not acutely bleeding and
who do not respond to initial volume resuscitation or who tran-
siently respond but remain tachycardic, tachypneic, and olig-
uric, clearly are underperfused and will likely require blood
transfusion. Trauma patients who have acute bleeding issues
or who demonstrate signs of underperfusion should be consid-
ered for transfusion much sooner, thus B.A. should receive a
transfusion.

ADVERSE EFFECTS OF TRANSFUSION

7. After the transfusion, B.A. has a serum potassium concen-
tration of 4.8 mEq/L (normal, 3.7–5.2 mEq/L) compared with

4.5 mEq/L before the transfusion. Could this be a result of the
blood product? Is B.A. also at risk for contracting human immun-
odeficiency virus (HIV) or viral hepatitis from his transfusion of
PRBC? Would whole blood be a better choice than packed cells?

Possible risks of blood transfusions include electrolyte ab-
normalities, hemolytic reactions, transmission of infectious
disease, coagulopathies, and immunosuppression. Banked
blood is stored with citrate anticoagulant additive. With multi-
ple transfusions, the large amount of citrate can cause hypocal-
cemia and acid-base abnormalities. Hyperkalemia also can oc-
cur because transfusion of stored blood causes the release of
potassium from hemolyzed (ruptured) red blood cells (RBC).
Hemolytic transfusion reactions are the most common cause
of acute fatalities from blood transfusions. Astute recognition
of the signs and symptoms of a transfusion reaction, such as
anxiety, pain at infusion site, fever, hypotension, tachycardia,
hemolysis, and hemoglobinuria, can prevent unnecessary mor-
bidity and mortality. Transfusions can also cause acute lung
injury owing to recipient neutrophil priming by reactive lipid
products from the red blood cell membrane, which causes cap-
illary endothelial damage in the lungs. The increase in serum
potassium observed in B.A. may be from the blood product or it
may simply reflect hemolysis of blood cells in the test tube after
the blood draw. In either case, the measured serum concentra-
tion of 4.8 mEq/L is not sufficiently high to be of concern. It
is unlikely that a true hemolytic reaction is occurring.

Blood products and donors are screened for disease, thus
transmission of viral illness is a small risk. It is estimated that
the transmission of hepatitis B is 1 case for every 63,000 units
transfused, hepatitis C is 1:103,000, and HIV is 1:676,000.42

Hemostatic abnormalities, specifically coagulopathies and
thrombocytopenia, may be transiently related to dilution from
administration of large volumes of crystalloids, colloids, or
banked blood, but are more likely caused by the extent of injury
and the development of disseminated intravascular coagulopa-
thy. Banked whole blood contains sufficient coagulation factors
(including labile factors V and VIII) to maintain hemostasis
during the life span of the unit; however, it does not contain
platelets because they do not survive the temperatures required
for RBC storage.

Immunosuppression has also been associated with blood
transfusions as evidenced by enhanced graft survival in renal
transplant recipients, tumor recurrence in patients with col-
orectal carcinoma, and in postoperative infections. The im-
munosuppression from transfusion is multifactorial, but it is
most likely caused by the infusion of donor white cells, which
create a competition between the donor and recipient leuko-
cytes. This mechanism is not, however, the only cause because
immunosuppression is associated with autologous blood trans-
fusions as well as the infusion of plasma alone.

Whole blood offers no significant advantage over packed
red cells as long as other less-expensive fluids (crystalloids)
are used for volume expansion. After extracting the red cells to
provide oxygen-carrying capacity, other blood elements (e.g.,
fresh frozen plasma and platelets, clotting factors) can be used
for other patients with specialty needs. Thus, packed RBC are
an appropriate blood replacement product for B.A. His PT,
PTT, platelets, electrolytes, and mixed venous blood gases, if
available, should be monitored frequently. These tests enable
correction of any coagulopathy or electrolyte abnormality and
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assist in the assessment of the adequacy of tissue oxygenation.
This information, in addition to the aforementioned factors,
can be used to gauge his response to therapy and his need for
supplemental blood products such as platelets and frozen fresh
plasma.

Because of the limited supply and potential adverse effects
associated with blood, research is under way to develop blood
substitutes. The ideal agent would have a longer shelf life, a re-
duced risk of disease transmission, and less risk of transfusion
reactions. The agents in various stages of clinical research in-
clude the modified hemoglobins and the perfluorocarbons. The
exact role the blood substitutes would play in transfusions is
unclear, and problems have occurred, such as short half-life and
vasoconstriction associated with some of the products thus far.
No agents have yet been approved, but research is continuing.

Postoperative Hypovolemia

Hypovolemia versus Pump Failure

8. B.A. goes to the operating room and they find several colonic
tears that require a colon resection. He has been admitted to the
ICU following surgery, intubated and receiving 60% oxygen. His
ABG are adequate and he is receiving 150 mL/hour of LR solu-
tion intravenously. His initial post-operative and 2-hour postop-
erative hemodynamic profiles are as follows (initial parameters in
parentheses): BP (S/D/M), 90/50/63 (110/70/68) mmHg; pulse, 90
beats/min (84); CO, 3 L/min (4.5); CVP, 6 (10); PCWP, 8 mmHg
(12); SVR, 1,200 dyne.sec.cm–5 (950); urine output, 25 mL/hour
(70); temperature, 37.9◦C (35); Hct, 32% (30%). Based on the
hemodynamic profile, determine whether B.A. is hypovolemic or
experiencing pump failure following his surgery.

[SI unit: Hct, 0.32 (normal, 0.40–0.54)]

Most of B.A.’s hemodynamic changes are consistent with
hypovolemia. These include a drop in BP, CVP, CO, PCWP,
and urine output. The decrease in PCWP suggests that preload
is reduced, resulting in a lower CO. Urine output has declined
and probably reflects a compensatory drop in renal perfusion to
preserve intravascular volume. The pulse pressure is narrowed,
suggesting blood flow has decreased. (Changes in pulse pres-
sure correlate with changes in SV in individual patients; that
is, as pulse pressure narrows, SV decreases.) B.A.’s HR did not
increase by that much, but it is unclear if he was taking any
medications before his injury, such as a β-blocker. As the body
temperature rises postoperatively, vasodilation decreases SVR
and increases the intravascular space. If intravascular volume
is inadequate and increased sympathetic tone cannot generate
a sufficient CO, mean BP falls. The most likely explanation for
the hemodynamic change in B.A. is hypovolemia, although he
also should be evaluated for the occurrence of a perioperative
cardiac event. His ABG should be checked to assess oxygen
requirements.

Causes

9. What are the most likely causes of hypovolemia in B.A.?

Common causes of hypovolemia in surgical patients are
postoperative bleeding, third spacing, and temperature-related
vasodilation. Postoperative bleeding can produce hypov-
olemia; however, B.A.’s initial and 2-hour postoperative he-

matocrit of 30% and 32%, respectively, do not support bleed-
ing as a cause.

Following major vascular or bowel surgery, it is not unusual
for patients to “third space” significant amounts of intravascu-
lar volume. The bowel walls and interstitial space can sequester
large amounts of fluids, and this can produce a state of rela-
tive hypovolemia as is occurring with B.A. This is especially
apparent for the first 12 to 24 hours after the surgical proce-
dure. B.A. is receiving 150 mL/hour of LR solution, but this is
apparently not sufficient to maintain his intravascular volume.

Mild hypothermia is common during operative procedures.
As patients warm up postoperatively, vasodilation occurs, ex-
panding the intravascular space. If the amounts of IV fluids
administered are insufficient to compensate for the increased
venous capacitance, BP and CO will decline during the re-
warming phase, which can range from 1 to 6 hours. B.A. has
rewarmed from 34◦C to 37◦C in 2 hours, which is not unusual
after a major operative procedure. His temperature could con-
ceivably rise to as high as 38◦C to 38.5◦C during the first 12 to
24 hours after surgery.

Other considerations include inadequate fluid administra-
tion during the operative procedure and the effects of drugs
given in the operating room or in the immediate postoperative
period (e.g., morphine sulfate and other narcotics) that have
systemic vasodilatory properties.

Volume Replacement and Ventricular Function

10. How will volume replacement improve B.A.’s CO and per-
fusion pressure?

Starling’s mechanism indicates that the volume of blood
returned to the heart is the main determinant of volume pumped
by the heart. Therefore, as venous return is increased, the CO
also will increase within physiologic limits (Fig. 21-1). The
PCWP, which approximates LV end-diastolic volume, can be
used to assess venous return or preload to the left ventricle.

A ventricular function curve can be constructed by plotting
a measure of cardiac pumping action (CO, SV, or LVWSI)
against a measure of preload (PCWP). A change in preload
moves the ventricular output upward or downward along a
given curve (Fig. 21-3). Two hours after surgery, B.A.’s PCWP
has fallen from 12 to 8 mmHg and his CO has fallen from
4.5 to 3 L/minute. Therefore, additional volume replacement
is warranted.

11. B.A. is given a 500-mL bolus of NS over 10 minutes and
this results in the following hemodynamic profile: BP (S/D/M),
96/60/71 mmHg; pulse, 84 beats/minute; CO, 3.5 L/minute;
PCWP, 10 mmHg; SVR, 1,170 dyne.sec.cm–5. Assess B.A.’s re-
sponse to the fluid challenge (see Table 21-2 for normal values).

According to the Starling curve, a small change in PCWP
in response to a volume challenge with a minimal change in
CO, represents a ventricle on the flat portion of the ventricular
function curve (Fig. 21-3). Additional fluid therapy given to
these patients can increase their risk for pulmonary edema
without improving CO. In contrast, a large change in PCWP in
response to a fluid challenge with a significant increase in CO
represents a ventricle on the steep portion of the curve. In B.A.,
the change in PCWP from 8 to 10 mmHg and the increase in
CO show that he is still responsive to fluid; thus, it is reasonable
to administer more fluid to enhance CO and renal perfusion.
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Fluid Challenge

12. One hour after the 500-mL NS bolus, B.A.’s hemodynamic
profile returns to his postoperative state. ABG are acceptable and
LR solution is infusing at 200 mL/hour. B.A. is continuing to
“third-space” intravascular volume. Based on this information,
develop guidelines for additional fluid challenges in B.A.

Acceptable guidelines for administering additional fluid
challenges to hypovolemic patients are based on the direction
and degree of change in the various hemodynamic parameters
in response to a fluid load rather than to their absolute val-
ues. These include the right atrial pressure, PCWP, CO, and
BP. Using the PCWP as a guide, an increase in the PCWP of
5 mmHg after a 250- to 500-mL fluid challenge over 10 min-
utes implies the LV is still functioning on the steep portion of
the volume-pressure curve. If the PCWP rises abruptly as fluid
is given, with a small change in CO, the flat portion of the ven-
tricular function curve has been reached and the IV infusion
rate should be slowed. If signs and symptoms of inadequate
tissue perfusion fail to improve or worsen and if the PCWP
remains >16 to 18 mmHg, fluid challenges should be stopped
and inotropic therapy initiated.

Generally, most critically ill patients require a CI
>2.5 L/minute/m2 and a PCWP of 10 to 18 mmHg to maintain
acceptable MAP of 65 to 75 mmHg. A downward trend in the
lactate and base deficit, the change in hemodynamic param-
eters as well as vital signs and urine output should serve as
appropriate indicators for additional fluid.

13. B.A. has received a total of 3.5 L normal saline in boluses
over the past 6 hours and remains hemodynamically unchanged.
His urine output has averaged 25 mL/hour for the past 4 hours, in-
dicating volume replacement is inadequate. Given his age and the
lack of response to initial crystalloid administration, the decision
is made to infuse 500 mL of 6% hetastarch over the next 30 min-
utes. How does hetastarch compare with human serum albumin
as a volume expander for B.A.?

Albumin and Hetastarch
Albumin, the predominant protein in the plasma, accounts for
approximately 80% of the colloid oncotic pressure,43 the force
that maintains fluid in the intravascular space. Human serum
albumin is the colloidal agent against which all others are com-
pared for volume-expanding properties. It is prepared commer-
cially from pooled donor plasma that is heat-treated to elim-
inate the potential for disease transmission. On infusion, 5%
albumin increases plasma volume by approximately half the
volume infused, or 18 mL/g, with an initial duration of action
of 16 hours.43 Substantial side effects primarily involve tran-
sient clotting abnormalities and anaphylactic reactions (0.5%),
both of which are rare.35 The anaphylactoid reaction is caused
by the pasteurization process, causing albumin to polymerize,
which produces an antigenic macromolecule. Albumin solu-
tions also contain citrate, which can lower serum calcium con-
centrations, and which in turn could theoretically lead to de-
creased LV function.32 It is now generally believed that the
effects on coagulation and serum calcium are related to the
volume of fluid infused rather than albumin administration.43

Albumin is available as a 5% solution that is isotonic with the
plasma and a 25% solution that is hypertonic. The 5% solution
is generally preferred for routine volume expansion, whereas

the 25% solution is most useful in correcting hypoproteinemia
or intravascular hypovolemia in patients with excess interstitial
water.

Hetastarch or hydroxyethyl starch (HES) is a synthetic col-
loid made from amylopectin, which closely resembles human
serum albumin, but is considerably less expensive. Available as
a 6% solution in normal saline, HES expands the plasma vol-
ume by an amount greater than the volume infused because the
high oncotic pressure draws water from the interstitial spaces.
HES solutions are composed of a wide range of molecular
weights which explains its complex pharmacokinetics. It has
an average molecular weight of 69,000 units with a range of
10,000 units to greater than 1 million units. Smaller molec-
ular weights are excreted more quickly in the urine, whereas
larger particles remain in the circulation longer and are slowly
taken up by tissues or the reticuloendothelial system. The clin-
ical effects of HES last up to 24 hours. Hetastarch generally
is well tolerated with a low incidence of side effects and al-
lergic reactions. Dose-related reductions in platelet count and
transient increases in PT and PTT have been reported with
moderate infusions of HES (<1,500 mL/day) and are signif-
icant with larger volumes.44 HES causes factor VIII levels to
be lowered beyond that which can be attributed to hemodilu-
tion and also increases fibrinolysis. This places patients with
von Willebrand’s disease at greater risk of bleeding. There
have not been any direct accounts of HES causing bleeding,
but it is recommended that a maximum of 20 mL/kg/day (or
1,500 mL) be used to prevent alterations in coagulation pa-
rameters. Most patients respond to 500 to 1,000 mL so this
limit does not usually impede treatment. HES can also cause
elevation in serum amylase levels up to three times the nor-
mal level. This is because hetastarch binds to amylase and thus
delays its excretion. HES does not actually interfere with pan-
creatic function.

Numerous clinical studies have compared albumin and het-
astarch for fluid resuscitation in patients with and without
shock. One study reported that HES was as effective as al-
bumin in restoring hemodynamic stability and improving oxy-
gen delivery in patients who were given comparable amounts
of either fluid over 24 hours.45 Other studies in hypovolemic
patients have reported no difference in hemodynamic param-
eters when similar volumes of either HES or albumin were
given as serial boluses to maintain CO and ventricular filling
pressures.46,47 In postoperative cardiac surgery patients, HES
and albumin were found to be equally efficacious in restoring
volume status and maintaining hemodynamic stability.48,49

In summary, resuscitation with moderate volumes of het-
astarch is safe and hemodynamically equivalent to albumin.
Either 5% albumin or 6% HES would be acceptable for in-
travascular volume expansion in B.A.

CARDIOGENIC SHOCK

Postoperative Cardiac Failure
Assessment by Hemodynamic Profile

14. R.G. is a 68-year-old man who is admitted to the ICU fol-
lowing coronary artery bypass grafting. He has a long history of
ischemic heart disease with two previous myocardial infarctions.
His preoperative ejection fraction was 45%. He also has a history
of hypertension and hypercholesterolemia. His home medications
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are aspirin, lisinopril, metoprolol, and simvastatin. He is sedated,
intubated, and on mechanical ventilation with 60% inspired oxy-
gen. One hour after admission to the ICU, his blood pressure
and urine output have fallen. Urine output has dropped from
80 mL/hour initially to 15 mL/hour. Chest tube output has been
stable at 40 mL/hour. His ECG shows no signs of ischemia. Labo-
ratory values show pH 7.32 (normal, 7.36–7.44); PaCO2 28 mmHg
(normal, 35–45); PaO2 110 mmHg (normal, 80–100); HCO3

– 2O
mEq/L (normal, 23–29); Hct 34% (normal, 39%–49%). His cur-
rent hemodynamic profile shows: BP (S/D/M) 92/45/61; pulse 105
beats/min; CO 2.8 L/minute (normal, 4–7) CI 1.4 L/minute/m2

(normal, 2.5–4.2); CVP 12 mmHg (normal, 2–6); PA pressure
(S/D) 35/22 mmHg (normal, 20–30/8–12); PCWP 22 mmHg (nor-
mal, 5–12) SVR 1400 dyne.sec.cm−5 (normal, 800–1,440). What
is your assessment of R.G.’s clinical status and hemodynamics?

[SI units: HCO3
–, 20 mmol/L (normal, 23–29 mmol/L); Hct, 0.34 (normal,

0.39–0.49)]

Clinically, R.G. has signs of hypoperfusion manifested by
low urine output and metabolic acidosis. Evaluation of his
hemodynamics will help determine a potential cause for his
hypoperfusion and decide on appropriate therapeutic interven-
tions to prevent his condition to worsen to serious organ dys-
function and death.

Possible causes of hypoproliferative shock or shock in car-
diac surgery patients include hypovolemia from operative and
postoperative bleeding; excessive vasodilation from medica-
tions; the effects of cardiopulmonary bypass on the inflam-
matory cascade; tamponade; or perioperative MI. Another
concern is “stunning” of the myocardium caused by surgical
trauma, which can take from hours to days to resolve.

Hypovolemia should always be evaluated first when assess-
ing hemodynamic profiles. Using pressor or inotropic agents
in the setting of hypovolemia is rarely effective and can lead to
serious adverse effects (e.g., cardiac arrhythmias). Also, cor-
rection of hypovolemia is relatively straightforward and can
be accomplished rapidly. R.G.’s tachycardia, low urine output,
low blood pressure, and low cardiac output could indicate vol-
ume depletion. His hematocrit is adequate, however, and the
data from his PA catheter show an elevated CVP and PCWP,
suggesting that preload is not the problem.

Excessive vasodilation is also unlikely in R.G., given that
his calculated SVR (afterload) is in the high normal range.
Cardiac tamponade should always be considered after cardiac
surgery, and is usually manifested by very high CVP, PCWP
and PA pressures, with significant decreases in CO and BP.
R.G.’s CVP and PCWP are not as high as would be expected in
pericardial tamponade, and his chest tube output has remained
consistent, suggesting that blood is not accumulating.

Based on this hemodynamic profile, it appears that R.G.
is in shock because of acute heart failure, most likely from
postoperative myocardial dysfunction, although he should also
be evaluated for myocardial ischemia or infarction and to rule
out early cardiac tamponade. This evaluation should not delay
the initiation of therapy. His severely depressed CO should be
treated immediately to prevent further decompensation.

Therapeutic Interventions

15. The chest radiograph shows mild pulmonary edema, and
fine rales were heard throughout the lower half of lung fields on

auscultation. Tamponade is not evident on the radiograph. The
ECG shows ST-T wave changes, but no indication is seen of an
acute MI. Cardiac enzymes are pending. BP and CO need to be
improved to increase perfusion to vital organs. Three therapeutic
interventions are available: fluid challenge, vasodilators, and in-
otropic agents. How would these choices affect R.G.’s ventricular
function?

FLUID CHALLENGE (PRELOAD INCREASE)
Augmentation of preload with a fluid challenge to improve

CO is the first option. However, R.G.’s PCWP is already 22
mmHg and increasing this value above 18 to 20 mmHg usu-
ally does not result in further benefit.50 Furthermore, R.G. has
signs of pulmonary edema on chest radiograph and his Pao2 is
110 mmHg on 60% inspired oxygen (Fio2). Therefore, eleva-
tion of intravascular volume might increase the pulmonary vas-
cular hydrostatic pressure and worsen his pulmonary edema.
If a fluid challenge is attempted to enhance preload, no more
than 100 mL of normal saline should be given without repeat-
ing the hemodynamic measurements. If the PCWP rises, but
the CO does not improve, fluid challenges should be discon-
tinued. Elevating the preload without appreciably improving
CO also can increase LV wall tension, which is a major de-
terminant of myocardial oxygen consumption; consequently,
myocardial ischemia could develop. Although R.G. has signs
of pulmonary edema, diuretics to reduce his volume overload
can be detrimental to his cardiac output and should not be used
until R.G.’s hemodynamics and signs of hypoperfusion have
improved.

VASODILATORS (AFTERLOAD REDUCTION)
A peripheral vasodilator also could be used. This will

decrease pulmonary venous congestion by reducing preload
(PCWP), and thus pulmonary vascular hydrostatic pressure. It
will improve CO by decreasing the resistance to ventricular
ejection (afterload) as well. With myocardial ischemia, a re-
duction of the LV filling pressure may improve subendocardial
blood flow, reduce the myocardial wall tension, and reduce the
LV radius. The resultant decrease in myocardial oxygen con-
sumption will help prevent further depression of cardiac func-
tion. In patients with LV failure, arterial resistance is elevated
because of a reflex increase in sympathetic tone in response to
a fall in systemic arterial pressure. In LV failure, CO becomes
increasingly dependent on resistance to outflow from the left
ventricle. Lowering the SVR will shift the ventricular function
curve up and to the left, depending on whether an arterial, ve-
nous, or mixed vasodilator is used, thereby improving cardiac
performance at a lower filling pressure (Fig. 21-4).

R.G. appears to have LV failure with elevations in PCWP
and SVR. Vasodilator therapy in this setting will likely im-
prove his CO and, therefore, increase the delivery of oxygen
to the tissues and prevent organ dysfunction. The major risk
of vasodilator therapy in R.G., however, is further reduction
of an already low MAP. Although the reduction in BP may
be offset by an increase in CO, a significant drop in arterial BP
could occur, which could reduce coronary pressure and thereby
exacerbate or produce myocardial ischemia in addition to de-
creasing perfusion to other vital organ systems. Vasodilator
therapy should be reserved for situations in which hemody-
namic monitoring shows the patient to have LV failure with
elevations in PCWP, SVR, and a systolic BP >90 mmHg.
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FIGURE 21-4 Ventricular function curve for R.G. PCWP, pul-
monary capillary wedge pressure.

INOTROPIC SUPPORT
A rapid-acting inotropic agent (e.g., dopamine, dobutamine,

epinephrine) also can be used to increase myocardial contrac-
tility and CO. This intervention shifts the ventricular function
curve upward and slightly to the left (Fig. 21-4). The disadvan-
tage of this intervention is that improved CO is accompanied
by an increased myocardial oxygen demand. Depending on the
agent selected, three of the determinants of myocardial oxygen
consumption could be elevated: HR, contractility, and ventric-

ular wall tension. Therefore, inotropic support is directed at
establishing or maintaining a reasonable arterial pressure and
ensuring adequate tissue perfusion by improving the CO.

In summary, the most appropriate therapeutic interven-
tion for R.G. at this time would be inotropic support. The
PCWP is elevated, suggesting that the preload has been maxi-
mized; therefore, fluid boluses may worsen R.G.’s pulmonary
edema. Although R.G.’s SVR is slightly elevated (1,400
dyne.sec.cm–5), his BP is low; therefore, initial use of a periph-
eral vasodilator could jeopardize perfusion. Thus, an accept-
able initial therapeutic intervention to improve CO and tissue
perfusion is inotropic support. After a reasonable BP has been
established, addition of a peripheral vasodilator could be con-
sidered to further enhance CO if needed, and diuretics added
to reduce his pulmonary edema.

Inotropic Agents

16. Which inotropic agent is the best choice for R.G.?

DOPAMINE
Dopamine, a precursor of norepinephrine, has inotropic,

chronotropic, and vasoactive properties, all of which are dose
dependent (Table 21-7). At 0.5 to 2 mcg/kg/minute, dopamine
stimulates dopaminergic receptors primarily in the splanchnic,
renal, and coronary vascular beds, which may produce vasodi-
lation, improve renal blood flow (controversial), and maintain
natriuresis. The effect on dopaminergic receptors is not blocked
by β-blockers, but is antagonized by dopaminergic-blocking
agents such as the butyrophenones and phenothiazines.

Table 21-7 Inotropic Agents and Vasopressors

Receptor Sensitivity Pharmacologic Effect

Drug Usual Dose α β1 β2 VD VC INT CHT

Dobutamine 2.5–15 mcg/kg/min + +++ ++ ++ – – +++a +
Dopamine 0.5–2 mcg/kg/minb (renal) – – −− −− – –b + + +

2–5 mcg/kg/min – – + – – – –b + + +
5–10 mcg/kg/min + ++ – – ++ ++ ++ ++
15–20 mcg/kg/min +++ ++ – – – –b +++ ++ ++

Epinephrinec 0.01–0.1 mcg/kg/min + +++ ++ + – +++ ++
0.1 mcg/kg/min +++ ++ ++ – – +++ ++ ++

Isoproterenol 0.01–0.1 mcg/kg/min – – ++++ +++ +++ – – +++ +++
Milrinone 50 mcg/kg bolus, then 0.375–0.75 mcg/kg/min – – – – – – +++ – – ++ – –

Norepinephrine 0.05–0.5 mcg/kg/min ++++ ++ −− −− +++ +d +
Highly variable, titrate to desired MAP

Phenylephrine 0.5–5 mcg/kg/min +++ −− −− −− +++ −− −−
Highly variable, titrate to desired MAP

Vasopressine 0.04 units/min f −− −− −− −− +++ −− −−
aDobutamine, amrinone, and milrinone have more inotropic effect than dopamine.
bDopamine at 0.5–2 mcg/kg/min stimulates dopaminergic receptors, causing vasodilation in the splanchnic and renal vasculature.
cEpinephrine has predominant inotropic effects; norepinephrine has predominant vasoconstrictive effect. Epinephrine may vasodilate at low dosages, vasoconstrict at high dosages.
d Cardiac output unchanged or may decline because of vagal reflex responses that slow the heart.
eVasopressin stimulates V1 receptors to cause vasoconstriction in the periphery.
f Dosing for sepsis; in other vasodilatory conditions, may be titrated from 0.01 to 0.1 U/min.
CHT, chronotropic; INT, inotropic; MAP, mean arterial pressure; SBP, systolic blood pressure; VC, peripheral vascular vasoconstriction; VD, peripheral vascular vasodilation.
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Depending on the clinical state of the patient, low dosages of
dopamine may slightly increase myocardial contractility, but
usually will not alter HR or SVR significantly.

At 2 to 5 mcg/kg/minute, the improved cardiac performance
produced by dopamine is through direct stimulation of β1-
adrenergic receptors and indirectly through release of nor-
epinephrine from nerve terminals. Increased β1-adrenergic re-
ceptor stimulation increases stroke volume (inotropic effect),
HR (chronotropic effect), and consequently CO. These cardiac
effects can be blocked by β-blockers.

At infusion rates of 5 to 10 mcg/kg/minute, the α-adrenergic
receptors are activated. At this dosage, the vasoactive effects
on peripheral blood vessels are unpredictable and depend on
the net effect of β1-adrenergic stimulation, α-adrenergic stim-
ulation, and reflex mechanisms. MAP and PCWP usually will
rise.

At doses >15 to 20 mcg/kg/minute, dopamine primarily
stimulates peripheral α-adrenergic receptors. SVR increases,
splanchnic and renal blood flow decreases, and LV filling pres-
sure is raised. Cardiac irritability is a potential complication
and the overall myocardial oxygen consumption is increased.
The increase in SVR limits CO; thus, infusion rates should be
limited to <10 to 15 mcg/kg/minute in patients with cardiac
failure.

DOBUTAMINE
Dobutamine, a synthetic catecholamine, is a potent posi-

tive inotropic agent with predominant direct β1-agonist effects
and weak β2- and α1-effects. With greater β2-vasodilatory
than α1-vasoconstrictive actions, dobutamine can produce re-
ductions in systemic and pulmonary vascular resistance. The
reduction in SVR also may be caused by a reflex decrease
in vasoconstriction secondary to enhanced CO. Phenoxyben-
zamine blocks the α-adrenergic response and propranolol
blocks the β-adrenergic response. Unlike dopamine, dobu-
tamine does not release endogenous norepinephrine or stimu-
late renal dopaminergic receptors.51

Studies assessing dobutamine in cardiac failure demon-
strate consistent increases in CO and stroke volume, with re-
ductions in PCWP and SVR. The reduction in filling pres-
sures, as indicated by a lowered PCWP, results in a decrease
in LV wall tension and oxygen consumption. Consequently,
coronary perfusion pressure, a major determinant of coronary
blood flow, improves and, thus, the oxygen supply to the heart
is improved (see Glossary for the definition of perfusion pres-
sure). In comparison to dopamine, dobutamine tends to induce
less tachycardia. This feature, combined with the reductions in
PCWP and systemic vascular pressure, in addition to the in-
creased perfusion pressure, tends to reduce overall myocardial
oxygen consumption.

Compared with dopamine, dobutamine has equal or greater
inotropic action. Dobutamine lowers PCWP and SVR with
increasing doses, whereas dopamine may increase PCWP
and SVR with increasing doses.52 The effect on HR is vari-
able; however, evidence suggests that dobutamine is less
chronotropic than dopamine at lower infusion rates. In the
clinical setting, dobutamine may be preferred in patients with
depressed CO, elevated PCWP, and increased SVR with mild
hypotension. The increase in CO may not be sufficient to raise
the BP in a patient who initially is moderately to severely hy-
potensive. Thus, dopamine may be preferred in patients with

depressed CO, normal or moderately elevated PCWP, and mod-
erate or severe hypotension.

EPINEPHRINE
Similar to dopamine, epinephrine has dose-dependent

hemodynamic effects (Table 21-7). At lower infusion ranges
(0.01–0.1 mcg/kg/minute) epinephrine stimulates β1-adrener-
gic receptors, causing increases in HR and contractility. As the
dose increases, more α1-receptor stimulation occurs, resulting
in vasocontriction and corresponding increases in SVR.

Epinephrine is frequently used in the cardiac surgery set-
ting, despite a lack of comparative evidence. A survey from
Germany found that epinephrine was the first agent chosen
for low cardiac output by 41.8% of physicians, compared with
dobuatmine by 30.9%.53 The favorable hemodynamic effects
(increased CO and BP) make it an attractive option for R.G.;
however, epinephrine can induce hyperglycemia through glu-
coneogenesis and has been shown to increase lactate levels
compared with other pressors and inotropes.54 R.G. already has
signs of acidosis (pH 7.32, HCO3

− 20 mEq/L) and increased
lactic acid production by epinephrine could be detrimental to
his organ function. Epinephrine should be reserved for patients
with a markedly depressed cardiac output in conjunction with
severe hypotension.

In summary, very few comparable studies of inotropic
agents in this setting have been conducted and, thus, the se-
lection of agent is often based on the expected clinical benefit
as well as individual experience with the drugs. R.G. would
benefit from an increase in his CO, as well as in his MAP. The
clinician elects to start R.G. on a dopamine infusion.

Selection and Initiation of Therapy

17. Based on the hemodynamic dose effects described in the
previous question, at what dose would you initiate a dopamine
infusion in R.G.? What therapeutic outcomes are anticipated at
this dose and over what time? What adverse effects may be en-
countered with this dose of dopamine?

R.G. has a MAP of 61 mmHg, a CI of 1.4 L/minute/m2, a
PCWP of 22 mmHg, and an HR of 105 beats/minute. The goal
of therapy is to increase the CI to at least 2.5 L/minute/m2,
maintain a MAP of at least 70 mmHg (preferably closer to 80
mmHg, depending on clinical signs of hypoperfusion), reduce
the PCWP, and maintain a HR <125 beats/minute. A urine out-
put of at least 0.5 mL/kg/hour (37 mL/hour in R.G.) is desirable.
A reasonable initial infusion rate would be 3 mcg/kg/minute.
This dose should increase cardiac contraction and CO, resulting
in an increase in renal blood flow. Because the onset of action is
within minutes, the patient can be re-evaluated and the infusion
rate can be titrated upward by 1 to 2 mcg/kg/minute every 10
minutes, depending on the hemodynamic data obtained. The
hemodynamic response to dopamine is highly variable among
patients; thus, careful titration to lowest effective infusion rate
is advised.

Adverse effects encountered with dopamine infusion in-
clude increased HR, anginal pain, arrhythmias, headache, hy-
pertension, vasoconstriction, nausea, and vomiting. Extrava-
sation of large amounts of dopamine during infusion can
cause ischemic necrosis and sloughing. At higher dosages, α1-
adrenergic effects are more prominent, causing peripheral ar-
terial vasoconstriction and an increase in venous pressure that



21-20 � CARDIAC AND VASCULAR DISORDERS

leads to increases in afterload, preload, and myocardial oxygen
demand as well as ischemia.

18. Dopamine is initiated at 3 mcg/kg/minute in R.G. and
titrated to 8 mcg/kg/minute over the next 2 hours. A repeat chest
radiograph shows slight worsening of pulmonary edema. The fol-
lowing hemodynamic profile is obtained (previous values are in
parentheses): BP (S/D/M), 115/62/80 mmHg (92/45/61); pulse, 140
beats/minute (105); CO, 3.8 L/minute (2.8); CI, 2.2 L/minute/m2

(1.4); RAP, 10 mmHg (12); PCWP, 20 mmHg (22); SVR, 1,473
dyne.sec.cm–5 (1,400); urine output, 30 mL/hour (15); and Hct,
36% (34). Do these data indicate a favorable or adverse hemody-
namic effect from dopamine in R.G.?

Dopamine at 8 mcg/kg/minute has established a trend in
the desired direction for CI; however, the HR has increased
significantly. The SVR and PCWP have not changed apprecia-
bly, and the urine flow has increased. Further analysis reveals
that the stroke volume (CO/HR) has only increased from 25
mL/beat to 27 mL/beat; thus, the major increase in CO has
resulted from the chronotropic rather than the inotropic ef-
fect of dopamine. As a net response, the dopamine has most
likely affected the myocardial oxygen supply-to-demand ra-
tio adversely; however, this cannot be established definitively.
R.G. should be monitored closely for signs of myocardial
ischemia.

Changing Therapy

19. The clinician decides that a HR of 140 beats/minute is un-
acceptable in R.G., who has a history of MI. Subsequent attempts
to taper the dopamine to lessen the induced tachycardia without
dropping the CI and perfusion pressure are unsuccessful. Dobu-
tamine is suggested as an alternative to dopamine. What hemody-
namic changes would you expect with dobutamine in R.G.? Does
dobutamine offer any advantages over dopamine?

As mentioned above, dobutamine has equivalent or greater
inotropic action than dopamine and can cause less tachycar-
dia. The major difference between the two agents is the effect
of dopamine on α1-receptors. With dobutamine’s absence of
clinical effect on α1, patients may experience a decrease in the
SVR resulting from the unopposed β2-receptor effects. In R.G.,
we should see an increase in CI from the inotropic effect and
perhaps a decrease in SVR which would further improve his
CI. We will have to monitor R.G. carefully as his MAP is still
relatively low, and any major reduction in vascular resistance
could adversely affect this.

20. How would you initiate therapy with dobutamine and re-
duce the dopamine?

Dobutamine should be started at a low dosage (i.e.,
2.5 mcg/kg/minute). The onset of effect is rapid and the half-
life short (approximately 2 minutes), with steady-state con-
ditions generally achieved within 10 minutes of initiation of
therapy. This allows dose titration every 10 minutes based on
patient tolerance. The rate of infusion required to increase
CO typically is between 2.5 and 10 mcg/kg/minute, although
higher infusion rates are sometimes rarely required (up to
20 mcg/kg/minute). Once the dobutamine has been started,
a reduction in the dose of dopamine should be attempted.
A decrease of 20% of the current infusion rate every 10 to
15 minutes is reasonable.

21. What are the adverse effects associated with dobutamine?

Adverse effects that can occur during dobutamine admin-
istration are arrhythmias, nausea, anxiety, and tremors. The
increases in contractility and HR caused by dobutamine can
cause an increase in myocardial oxygen consumption and can
lead to ischemia in patients with coronary artery disease. An-
other limiting factor to dobutamine is tolerance to its hemo-
dynamic effects with long-term continuous use. A decline in
CO and HR has been seen after prolonged infusion and is
most likely caused by downregulation of β1-receptors. Of con-
cern, evidence suggests that inotropic agents can be associated
with an increased risk of mortality in patients with heart fail-
ure despite the improvement of symptoms and hemodynamic
indices.55

EFFECTS ON HEMODYNAMICS

22. Dobutamine is initiated and titrated up to 7.5 mcg/kg/
minute. Concurrently, the dopamine is tapered down to 2.0 mcg/
kg/minute, resulting in the following hemodynamic profile (pre-
vious values in parentheses): BP (S/D/M), 122/60/80 mmHg
(115/62/80); pulse, 115 beats/minute (140); CO, 4.2 L/minute (3.8);
CI, 2.5 L/minute (2.2); RAP, 10 mmHg (10); PCWP, 16 mmHg
(20); SVR, 1,333 dyne.sec.cm–5 (1,473); PaO2, 115 (110) mmHg;
PaCO2, 38 (28) mmHg; pH, 7.41 (7.32); HCO3

–, 24 mEq/L (20);
and urine output, 60 mL/hour (30). Assess the improvement in
hemodynamic change and urine output with the addition of dobu-
tamine and decreased infusion rate of dopamine.

The CI has continued to increase and the PCWP and SVR
have fallen. The increase in perfusion pressure in conjunction
with the fall in afterload, preload, and HR will favorably affect
the myocardial oxygen supply:demand ratio. The fall in HR
with the increase in CO indicates that the stroke volume has
increased significantly from 27 to 36 mL/beat. Other signs of
improved systemic perfusion include the reversal of the acido-
sis observed initially and improved urine output.

The improved urine output can be attributed to the combined
effects of dobutamine on the CO and subsequent improvement
in the perfusion to the kidney and perhaps to the renal effects
of dopamine, although the latter effects are controversial and
have been debated vigorously. Traditionally, it was thought
that the effects of low-dose dopamine on the dopaminergic re-
ceptors in the renal vasculature improves kidney blood flow
and, consequently, renal function. Randomized, controlled tri-
als have demonstrated increases in urine output with low-dose
dopamine,56 but have not been able to show a reduction in in-
cidence or degree of renal dysfunction.57,58 Despite the lack of
convincing evidence for benefit, low-dose dopamine is widely
used in critical care units. The use of low-dose dopamine of-
ten does not produce any hemodynamic changes, and adverse
effects are rare.59 Thus, its use can be considered in patients
with oliguria, with the understanding that it may only have a
diuretic action.

Tapering Inotropic Support

23. R.G. has remained stable with dobutamine 7.5 mcg/kg/
minute and dopamine 2.0 mcg/kg/minute for the past 4 hours.
Urine output continues to be adequate. How would you taper the
inotropic agents and what parameters would you monitor?
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An acceptable method is to taper dobutamine by 2 mcg/kg/
minute every 30 to 60 minutes and discontinue the dopamine.
At such a low infusion rate, the effect of dopamine on R.G.’s
hemodynamics is probably negligible and there is no need to
titrate down at this level. Dobutamine has an elimination half-
life of approximately 2.5 minutes; thus, steady-state plasma
levels will occur in a short period. When tapering vasoactive
agents, it is prudent, however, to let the patient stabilize hemo-
dynamically at new infusion rates for a period that exceeds the
time to achieve a new steady-state plasma concentration. After
each reduction in the infusion rate, hemodynamic data can be
assessed. Reasonable guidelines would be to keep the mean
arterial pressure at 75 to 80 mmHg, HR at <110 beats/minute,
PCWP at 12 to 18 mmHg, and CI at >2.5 L/minute/m2. After
the dobutamine is discontinued, the dopamine can be discon-
tinued as well. R.G. should be evaluated for reinstitution of the
medications he was receiving before surgery.

Severe Heart Failure
Assessment by Hemodynamic Profile

24. A.R. is a 65-year-old woman admitted to the ICU in acute
respiratory distress. She has a medical history of coronary artery
disease, an MI 4 years ago, hypertension, HF, and renal insuffi-
ciency. A.R. has a history of poor compliance with her medications
and admits to discontinuing her usual medications (furosemide,
enalapril, metoprolol, and digoxin) 5 days ago.

A.R. is confused, in obvious distress, and cannot catch her
breath. Her extremities are pale and slightly cool. Her vital signs
are as follows: temperature, 36.8◦C; HR, 124 beats/minute; RR,
35 breaths/minute; BP, 104/65; and SaO2, 85% on 6 L/minute of
O2 via a face mask. Her admission weight is 95 kg (stated home
weight, 87 kg). A Foley catheter and peripheral IV are placed,
and samples are sent to the laboratory for analysis. ABG values
include the following: pH, 7.33 (normal, 7.35–7.45); PaCO2, 28
mmHg (normal, 35–45 mmHg); PaO2, 57 mmHg (normal, 75–
100 mmHg); and HCO3

–, 20 mEq/L (normal, 23–29 mEq/L).
Other laboratory results are sodium, 130 mEq/L (normal, 136–
145 mEq/L); potassium, 5.2 mEq/L (normal, 3.5–5.0 mEq/L);
and creatinine, 1.9 mg/dL (normal, 0.2–0.8 mg/dL). A pulmonary
artery catheter is placed and initial hemodynamic values are RAP,
15 mmHg (normal, 2–6 mmHg); PCWP, 30 mmHg (normal, 5–12
mmHg); pulmonary artery pressure (PAP), 45/28 mmHg (S/D);
CO, 3.5 L/minute (normal, 4–7 L/minute); CI, 1.6 L/minute (2.5–
4.2 L/min) (BSA, 2.2 m2); and SVR, 1,440 dyne.sec.m–5 (normal,
800–1,440 dyne.sec.m–5). Chest radiograph shows pulmonary
edema with no signs of pneumonia. ECG shows sinus tachycardia
with nonspecific T-wave changes and LV hypertrophy.

Describe A.R.’s clinical situation and assess her hemodynamic
variables. What initial therapies should be instituted? (Also see
Chapter 19, Heart Failure.)

[SI units: sodium, 130 mmol/L (normal, 136–145); potassium, 5.2 mmol/L

(normal, 3.5–5); creatinine, 168 μmol/L (normal, 18–71 μmol/L)]

A.R. is in respiratory distress because of pulmonary edema
and acute heart failure. Her vital signs show a decreased BP and
poor oxygenation. Her CO is low with high preload (PCWP,
30 mmHg) and she has increased SVR. She has some signs
of inadequate perfusion manifested by her confusion and cool
skin. As described in Chapter 18, patients can be classified

into four different hemodynamic categories based on volume
status (wet versus dry) and organ perfusion status (cold vs.
warm) with subsequent treatment strategies based on which
category the patients fits.60,61 A.R would best be described as
wet and warm, although she does have some early evidence of
inadequate perfusion as well.

A.R.’s laboratory values (potassium, 5.2 mEq/L; creati-
nine, 1.9 mg/dL) show renal insufficiency, and the low serum
sodium (130 mEq/L) most likely represents volume overload
and hemodilution because total body sodium load in patients
with HF is usually high. A.R.’s high RAP and PCWP are con-
sistent with volume overload as well and probable cardiogenic
pulmonary edema. In many patients, the onset of pulmonary
congestion occurs when the PCWP is 18 to 20 mmHg, and
overt pulmonary edema can occur when the PCWP exceeds
30 mmHg. Filling pressures are elevated secondary to activa-
tion of the renin-angiotensin system with subsequent sodium
and water retention by the kidney in response to the low CO.
Patients with chronic HF often can tolerate higher filling pres-
sures (PCWP) than patients who acutely develop HF because
the change is gradual. It is, therefore, important to follow the
clinical signs, rather than treat a specific number for patients
in pulmonary edema.

Improvement of A.R.’s respiratory status is the initial prior-
ity, and she should be intubated if attempts to provide supple-
mental oxygen via face mask are not successful in elevating
her Po2. An MI should be ruled out, although the probable
precipitating event is the noncompliance with her medication
regimen. In the “wet and warm” patient, diuretics should be
given to reduce volume overload and pulmonary edema. (See
Chapter 18, Heart failure for a discussion of diuretic use in
patients with heart failure.)

Therapeutic Interventions
VASODILATORS

25. Sixty minutes after a 40-mg IV furosemide dose, A.R. is
now more confused, and her urine output has declined after an
initial good response to the furosemide. A.R.’s vital signs are HR,
110 beats/minute; BP, 110/50 mmHg; RR 20 breaths/minute; and
SaO2 93% on 100% face mask O2. The PA catheter shows a RAP of
16 mmHg; PAP, 38/24 mmHg; PCWP, 24 mmHg; CO, 4.2 L/min;
CI, 1.9 L/min/m2; and SVR, 1,028 dyne.sec.m–5. Laboratory re-
sults show the following: PO2, 79; Hct, 34%; Hgb, 11.2; and SVO2,
54%. What other therapeutic options are available for treatment
of A.R.’s acute HF and pulmonary edema given the current hemo-
dynamic values and clinical situation?

A.R.’s condition has deteriorated clinically; her calculated
oxygen delivery is low (Do2 608 mL/minute) and her mixed
venous oxygen saturation (Svo2) is decreased, suggesting hy-
poperfusion. Improvement in A.R.’s CO is needed to increase
perfusion and prevent organ dysfunction. A.R. is now best clas-
sified as “wet and cold.” Vasodilators have become an accepted
part of treatment for HF based on the following underlying
pathophysiology (also see Chapter 18, Heart Failure). As CO
falls, the sympathetic nervous system and renin-angiotensin
system are activated to maintain circulatory stability. Arterial
pressure is maintained by the excessive increase in SVR (af-
terload), which increases the resistance to ejection of blood
from the LV. Venoconstriction shifts some of the blood vol-
ume from the peripheral veins to the central circulation, which
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contributes to an elevation of right and left atrial pressures
(preload). A normal heart responds to the increase in preload
and afterload by increasing contractility, but in HF, the heart’s
intrinsic capacity to increase contractility has been lost. As a re-
sult, the neurohormonal compensatory mechanism activated to
maintain arterial pressure increases the work load on the heart
and this leads to a further decrease in CO. Patients tend to spiral
down this vicious cycle until the CO is lower and the SVR is
higher than optimal to maintain perfusion pressure. Vasodila-
tors disrupt the compensatory mechanisms that elevate preload
and afterload and shift the ventricular function curve upward,
which allows a greater CO at a lower LV filling pressure.

Three categories of vasodilators are available. Arterial va-
sodilators (e.g., hydralazine) decrease afterload, thus reduc-
ing impedance to LV outflow. Venous vasodilators (e.g., nitro-
glycerin [NTG]) primarily decrease venous return (preload),
thus improving ventricular compliance, subendocardial coro-
nary perfusion, and pulmonary hydrostatic pressure. Finally,
mixed arterial and venous vasodilators have balanced effects
on both preload and afterload reduction (e.g., nitroprusside,
nesiritide, angiotensin-converting enzyme inhibitors). The fall
in SVR from arterial vasodilation can potentially cause hy-
potension and a reflex increase in HR; however, this is infre-
quently seen in patients with HF because the decrease in SVR is
counterbalanced by an increase in CO, which tends to maintain
arterial pressure. Excessive preload reduction can cause defi-
cient ventricular filling, thereby reducing the CO. The overall
response in any given patient depends on that patient’s baseline
hemodynamic and volume status. At this time, A.R.’s BP has
normalized, but she still has signs of inadequate perfusion. A
trial of a vasodilator therapy for afterload and preload reduction
may improve A.R.’s clinical status.

Nitroprusside

26. The clinician decides to begin an infusion of nitroprusside
for afterload and preload reduction in A.R. How should therapy
be initiated? What are the end points of therapy? What adverse
effects are associated with nitroprusside infusion?

The initial infusion rate of nitroprusside should be no greater
than 0.5 mcg/kg/minute. The infusion rate can be titrated up-
ward by 0.25 mcg/kg/minute every 5 minutes until the mean
arterial pressure falls 5 to 10 mmHg. Nitroprusside will lower
SVR through arterial vasodilation and will decrease PCWP
through venodilation. Cardiac output will increase as the af-
terload is reduced. Reasonable goals of therapy in A.R. are a
cardiac index of >2.5 L/minute. A mean arterial pressure above
70 mmHg will ensure adequate organ perfusion, but BP should
be kept as low as A.R. tolerates clinically, because this will re-
flect maximal afterload reduction. A reduction in PCWP to a
level that maintains CO without causing pulmonary edema is
also desirable. In A.R., a goal PCWP of 16 to 18 mmHg is
reasonable.

Adverse effects associated with nitroprusside adminis-
tration include excessive hypotension, reflex tachycardia,
potential worsening of myocardial ischemia, thiocyanate toxic-
ity (especially with renal dysfunction, prolonged infusions, and
high infusion rates), accumulation of cyanide with subsequent
cyanide toxicity, worsening arterial hypoxemia from increases
in ventilation–perfusion mismatch, and, rarely, methemoglo-

binemia and hypothyroidism. (Also see Chapter 20, Hyper-
tensive Emergencies, for a discussion of nitroprusside.)

27. Over the next 2 hours, A.R. received two doses of IV
furosemide (40 mg). Nitroprusside was titrated to 1.2 g/kg/minute
resulting in the following hemodynamic profile (previous values in
parentheses): BP (S/D/M), 100/50/66 mmHg (110/50/70); pulse, 94
beats/minute (110); CI, 2.8 L/minute/m2 (1.9); PCWP, 22 mmHg
(24); SVR, 906 dyne.sec.cm–5 (1,028); urine output, 50 mL/hour
(10); PaO2, 80 mmHg (70); PaCO2, 46 mmHg (46); pH, 7.32 (7.26);
and HCO3

–, 24 mEq/L (21). Cardiopulmonary examination re-
veals an S3 gallop and bibasilar rales are present, but diminished
from previous examination. The ECG shows a sinus rhythm. Eval-
uate the effect that nitroprusside and furosemide have had on
A.R.’s hemodynamic profile and clinical status.

The CI has improved significantly (1.9 to 2.8 L/minute/m2)
and the stroke volume has increased from 27 to 48 mL/beat.
The improved stroke volume has decreased endogenous cate-
cholamine levels, which, in turn, has decreased the HR (110–94
beats/minute) and SVR. A.R. has improved clinically and her
ABG indicate improvement of the metabolic acidosis. The in-
creased urine output can be attributed to the combined effects
of the diuretic and increased CO. Overall, A.R. has improved
substantially. Supplemental oxygen still is required, but the
oxygen concentration needed to maintain an adequate arterial
oxygen content has been lowered.

At this point, a further reduction in preload may benefit
A.R.’s respiratory function because the PCWP still is elevated
at 22 mmHg. The mean arterial pressure is slightly lower than
acceptable, however, and a further increase in the nitroprus-
side dose to reduce preload further may lower the MAP to a
level that would compromise coronary and cerebral perfusion,
as well as perfusion to other vital organs.

CHOICE OF ADDITIONAL THERAPY

28. What therapeutic interventions are available to further re-
duce A.R.’s preload and improve her status?

Four options are available. The first is to continue current
therapy (nitroprusside and furosemide) and wait for the diure-
sis to continue to reduce preload. However, because her MAP
is slightly lower than desired, signs of inadequate systemic per-
fusion must be monitored closely as a guide to additional or
reduced diuretic therapy. The goal is to find the filling pres-
sure (PCWP) that maximizes SV without causing pulmonary
edema.

The second option to reduce preload would be the addition
of IV NTG. An initial dose of 0.25 mcg/kg/minute is reason-
able. Initial titration should be in 0.25 mcg/kg/minute incre-
ments at intervals of 3 to 5 minutes guided by patient’s clinical
response. If no response is seen at 1 mcg/kg/minute, titration
increments of 0.5 to 1 mcg/kg/minute may be used. (See Chap-
ter 17, Myocardial Infarction, and Chapter 18, Heart Failure,
for additional discussion of intravenous nitroglycerin.)

The third option is to continue the nitroprusside and add
dobutamine to improve CO through inotropic support. A dobu-
tamine infusion of 3 mcg/kg/minute is a reasonable initial dose.
Either choice is acceptable as long as A.R. is monitored closely.

A fourth option would be the use of an agent, such as nes-
iritide (see below), to reduce preload and potentially augment
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diuresis, although A.R.’s blood pressure may not tolerate the
hemodynamic effects of this agent.

Transition to Oral Vasodilators

29. After 48 hours of nitroprusside, intermittent furosemide,
and low-dose dobutamine, A.R. has remained hemodynami-
cally stable. The decision is made to reinstitute A.R.’s previous
medications (furosemide, enalapril, metoprolol, and digoxin). No
evidence supports a new MI. How would you reinstitute the
enalapril (10 mg BID) and taper the nitroprusside in A.R.?

Guidelines for tapering short-acting vasodilators when sub-
stituting long-acting oral agents are not strict. In this case,
a reasonable approach would be to give the enalapril (Va-
sotec) at a lower dosage than A.R. was taking previously (e.g.,
5 mg BID) and reduce the nitroprusside infusion rate by 25%.
Then, obtain a CO and PCWP every 2 to 4 hours to assess
the contribution of the enalapril to the afterload and preload
reduction. If the MAP declines excessively after the addition
of enalapril, the nitroprusside dose will have to be reduced
further. A smooth transition from IV therapy to oral therapy
often depends on the skill of the nursing staff and their famil-
iarity with the hemodynamic effects of the drugs. In addition,
A.R. will have to be monitored for signs of renal insufficiency,
a potential adverse effect of angiotensin-converting enzyme
(ACE) inhibitors. If she develops worsening renal function, an
alternative vasodilator strategy, such as hydralazine and nitrate
therapy, may be necessary (see Chapter 18, Heart Failure).

Other Therapies
PHOSPHODIESTERASE INHIBITORS

30. Milrinone is a noncatecholamine inotropic agent with va-
sodilator activity. If A.R.’s condition had failed to respond to ni-
troprusside and furosemide, this drug would have been a poten-
tial therapeutic option for treatment of her acute cardiac failure.
What are the considerations in choosing which agent to use? How
would you dose milrinone and what adverse effects would you ex-
pect with its administration? Does milrinone offer any advantage
over catecholamine inotropic agents (e.g., dobutamine, dopamine)
or a pure vasodilator such as nitroprusside?

The phosphodiesterase (PDE) inhibitors (also referred to
as inodilators) are a class of drugs that have combined in-
otropic and vasodilator effects. All agents in this class have
basically the same mechanism of action: they inhibit intracel-
lular phosphodiesterase, the enzyme responsible for metabolic
inactivation of cyclic adenosine monophosphate (cAMP). The
resulting increased concentration of cAMP enhances sympa-
thetic nervous system activity that produces positive inotropic
effects. Increased cAMP also causes relaxation of vascular
smooth muscle and, therefore, decreases SVR.

The hemodynamic effects seen with PDE inhibitors include
increased inotropy, reduced SVR, and improved LV diastolic
compliance. These changes result in an increase in CI and
a decrease in LV afterload and filling pressures. Almost all
the phosphodiesterase inhibitors have been shown to elevate
CI and stroke volume index. Myocardial oxygen demand is
increased by the increase in myocardial contractility and HR.
On the other hand, LV filling pressures and SVR are decreased,

leading to a decrease in myocardial oxygen demand. The net
effect depends on the balance of the opposing forces.

Milrinone
Milrinone is the phosphodiesterase inhibitor most often used
in clinical practice. It is primarily cleared by the kidneys, and
has an elimination half-life from 1 to 3 hours in patients with
normal renal function. In patients with severe heart failure,
or in patients with renal failure, an increase in the elimination
half-life can be seen. The onset of action occurs within minutes
following a loading dose.

The long half-life of milrinone compared with the cate-
cholamine agents makes a loading dose necessary before an in-
fusion can be started. IV milrinone usually is initiated with a 50
mcg/kg loading dose administered over 10 minutes, followed
by a maintenance infusion of 0.25 to 0.75 mcg/kg/minute. The
loading dose is frequently skipped in patients at risk for hy-
potension. Patients with HF or renal insufficiency will have a
reduced elimination rate and require dose adjustment.

Intravenous administration of milrinone in patients with se-
vere heart failure results in a significant increase in CO, while
decreasing PVR and SVR through vasodilation. HR usually re-
mains unaltered, although hypotension can occur when vasodi-
lation exceeds the increase in CO and in hypovolemic patients.
Theoretically, the effect of milrinone on myocardial oxygen
consumption should be favorable because it does not substan-
tially alter HR while lowering LV filling pressure. A recent
placebo-controlled study of the short-term use (48-hour infu-
sion) of milrinone in patients with acute exacerbations of heart
failure found no significant differences in mortality, length of
hospitalization, or readmission, and found significant increases
in arrhythmias and hypotension in the milrinone group.62 Al-
though patients were excluded from this trial if their treating
physician felt that inotropic therapy was essential, it is im-
portant to recognize that the improvement of hemodynamic
variables does not necessarily imply improved outcome.

Milrinone therapy has few serious side effects, the most
significant being hypotension and arrhythmias. Because mil-
rinone may increase arrhythmia frequency and cause sudden
death, it should be used cautiously in patients with severe ven-
tricular arrhythmias. Thrombocytopenia has also been reported
with milrinone use.

Compared with pure vasodilators such as nitroprusside, mil-
rinone offers the advantage of positive inotropic action, which
can increase CO to a greater degree. The increased inotropy
comes at a cost of increased myocardial work, or oxygen con-
sumption, which is a potential disadvantage of PDE inhibitors.

Comparisons of the hemodynamic effects of milrinone,
dobutamine, and dopamine show that milrinone is more simi-
lar to dobutamine than to dopamine. Therefore, the advantage
of milrinone over dopamine would be the same as that of dobu-
tamine over dopamine (see Question 19). In contrast to dobu-
tamine, milrinone is a less potent inotropic agent and a more
potent vasodilator. In a comparison of these agents, patients re-
ceiving dobutamine had a higher BP and PCWP compared with
those on milrinone, reflecting the increased vasodilation with
milrinone.63 The longer duration of action poses a problem if an
undesirable effect occurs, although the lack of a chronotropic
effect with a resultant increase in myocardial oxygen consump-
tion may be beneficial in A.R., who has a history of MI. Trials
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evaluating milrinone-based versus dobutamine-based therapy
have found similar outcomes in patients with decompensated
heart failure and in patients awaiting heart transplantation, with
increased cost associated with milrinone.64,65 The current cost
of milrinone has decreased with the arrival of a generic product.

Because the inotropic mechanism of milrinone is indepen-
dent of β-receptors, it may be of value in patients who do
not respond to catecholamine inotropic agents because of β-
receptor blockade or downregulation of β-receptors.66 This
may be an important consideration, as β-blocker therapy is
becoming standard in the treatment of heart failure as evi-
denced by the use of metoprolol in A.R. In addition, milrinone
has a different mechanism of action and, therefore, it may have
synergistic inotropic effects with catecholamines.

NESIRITIDE

31. Nesiritide is a new agent approved for the treatment of de-
compensated heart failure. What are the hemodynamic effects of
nesiritide and how does it compare with other agents used in the
treatment of advanced heart failure?

Human brain, or B-type, natriuretic peptide (BNP) is pro-
duced by the ventricle in response to increased filling pres-
sures. The endogenous protein has several important actions
on hemodynamics as described in Chapter 18, Heart Failure.
Nesiritide is a recombinant form that is identical to endoge-
nous BNP. The actions of nesiritide include mixed arterial and
venous dilation, increased sodium excretion, and suppression
of the deleterious effects of the renin-angiotensin-aldosterone
and sympathetic nervous system.67–69 Compared with placebo,
the effects on hemodynamics are a decrease in PCWP, PA pres-
sures, and SVR, and an increase in CO.69 Nesiritide does not
possess direct inotropic activity; the increase in CO is a result
of the decrease in afterload.

The Vasodilation in the Management of Acute CHF
(VMAC) study evaluated nesiritide compared with nitroglyc-
erin in the treatment of heart failure.70 The investigators found
that nesiritide improved PCWP better than nitroglycerin, and
was more effective at reducing the symptoms of dyspnea with
fewer adverse effects. Compared with dobutamine in a random-
ized, open-label trial, nesiritide caused less tachyarrhythmias
and more hypotension, with similar effects on the signs and
symptoms of CHF.70 Nesiritide is dosed as a 2 mcg/kg load,
followed by an infusion of 0.01 mcg/kg/minute. The infusion
may be titrated up to a maximum of 0.03 mcg/kg/minute. Few
data are available concerning infusions of nesiritide for longer
than 48 hours. The balanced vasodilation and increased sodium
excretion with nesiritide makes it an attractive option in the
treatment of advanced heart failure, particularly in diuretic-
resistant patients with elevated filling pressures and dyspnea.
Hypotension is the most common adverse effect, occurring in
up to 35% of patients.70

The use of nesiritide has generated controversy. A meta-
analysis of three randomized, controlled trials suggested that
nesiritide use may be associated with worsening renal function
and an increased risk of short-term mortality.71 These findings
have been debated considerably with other analyses failing
to confirm the increased mortality risk.72 Until more conclu-
sive outcome data are available, the use of nesiritide should be
reserved for those patients with acutely decompensated heart
failure who are not responding to more conventional strategies,

and should be limited to no more than 48 hours of therapy. (See
Chapter 18, Heart Failure, for additional information about the
clinical use of nesiritide.)

Acute Myocardial Infarction
Immediate Goals of Therapy and General Considerations

32. M.J., a 57-year-old man, is brought to the ED complain-
ing of severe chest pain and difficulty breathing. On physical
examination, M.J. has a BP of 80/40 mmHg (normal, 120/80
mmHg) (by cuff) with a weak pulse of 115 beats/minute (nor-
mal, 60–80 beats/minute). His RR is 24 breaths/minute (normal,
18 breaths/minute) and his breathing is shallow. Heart sounds
include S3/S4 gallops, but no murmurs are heard. The jugular
venous pulse is normal. He has diffuse rales over the lower lung
fields with moderate wheezing. M.J. is cold and clammy to touch;
however, his temperature is normal. He is restless, anxious, and
confused about time and date. Arterial blood gas (ABG) mea-
surements on 2 L/minute oxygen via nasal prongs are PaO2, 65
mmHg (normal, 75–100 mmHg); PaCO2, 44 mmHg (normal, 35–
45 mmHg); pH, 7.22 (normal, 7.35–7.45); and HCO3

–, 18 mEq/L
(normal, 23–29 mEq/L). The ECG shows ST segment elevation in
the anterior lateral leads and 6 to 10 premature ventricular con-
tractions (PVC) per minute. Serum potassium is normal. A Foley
catheter is inserted to monitor urine output. Cardiac enzymes are
pending. M.J. has no known history of cardiac disease and takes
no medication. What immediate goals of therapy are necessary to
stabilize and treat M.J.?

[SI unit: HCO3
–, 18 mmol/L (normal, 23–29)]

M.J. has signs of cardiogenic shock with decreased systemic
perfusion. His BP is low, his HR is elevated, and his respiratory
status is compromised. M.J. is restless, anxious, and confused,
indicating poor cerebral perfusion. His ABG results indicate a
component of metabolic acidosis secondary to poor systemic
perfusion. The ST elevation on the ECG is consistent with an
acute anterior MI.

As discussed in Chapter 17, Myocardial Infarction, most
patients presenting with MI are routinely treated with aspirin,
a β-blocker, and a thrombolytic (unless contraindicated) or im-
mediate percutaneous coronary intervention (PCI). The pres-
ence of cardiogenic shock can alter the interventional strat-
egy, however. Patients presenting in cardiogenic shock after
MI may progress rapidly to irreversible organ system dysfunc-
tion as the compensatory mechanisms fail to maintain tissue
perfusion. Treatment of these critically ill patients involves two
components: (a) stabilization and (b) definitive treatment. Ini-
tial stabilization of the patient must be attained before further
evaluation and treatment of the cause of cardiogenic shock can
proceed. The goals are to maintain adequate oxygen delivery to
the tissues and to prevent further hemodynamic compromise.
Stabilization includes (a) establishing ventilation and oxygena-
tion (arterial Po2 should be >70 mmHg); (b) restoring central
arterial BP and CO with vasopressors and inotropic agents, if
needed; (c) infusing fluids, if hypovolemic; and (d) treating
pain, arrhythmias, and acid-base abnormalities, if present.

Administration of oxygen by mechanical ventilation en-
hances the myocardial oxygen supply and may contribute to
improved ventricular performance. Mechanical ventilation is
indicated when arterial oxygen saturation cannot be maintained
above 85% to 90% despite 100% oxygen per face mask. Once
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the patient is intubated, maximal sedation should be provided
to alleviate anxiety and discomfort.

The arterial pressure must be increased to provide adequate
coronary and systemic perfusion to meet oxygen requirements.
Some areas of ischemia in the infarct zone may be depressed
but viable, provided myocardial oxygen supply exceeds de-
mand. If the myocardial oxygen demands are not met, how-
ever, myocardial tissue necrosis will expand into the area of is-
chemia. This results in further hemodynamic impairment and
initiates a vicious feedback cycle that can lead to intractable
pump failure and irreversible shock. To be effective, treatment
of cardiogenic shock should favorably influence the balance
between oxygen supply and demand in the ischemic zone.

Optimizing preload to improve CO and systemic perfusion
is crucial, especially in patients with RV infarction. In patients
with severe LV impairment caused by cardiogenic shock, in-
creasing intravascular volume can worsen pulmonary conges-
tion. M.J. currently has signs of pulmonary congestion and RV
infarction is not immediately evident; thus, a fluid challenge
must be administered cautiously or withheld until hemody-
namic monitoring can be established.

Inotropic agents or vasopressors should be used to increase
systemic BP and re-establish coronary perfusion in patients
with cardiogenic shock and hypotension. The use of vasoactive
agents is not without risk, however, because they can exacer-
bate ventricular arrhythmias and increase oxygen consumption
in ischemic myocardium. Therefore, the minimal dose that will
provide adequate perfusion pressure should be used. Achiev-
ing a MAP of 65 to 70 mmHg is the immediate goal of therapy.
Elevation of the MAP above 80 mmHg is unnecessary because
at this level, coronary blood flow is not significantly changed,
but energy expenditure is high.

Correction of metabolic acidosis is best accomplished by
treating the underlying cause. Improving tissue perfusion by
optimizing oxygen content and increasing CO can eventually
restore aerobic metabolism and eliminate lactic acid produc-
tion. The use of sodium bicarbonate to correct lactic acidosis in
cardiogenic shock and other critically ill patients is controver-
sial. Sodium bicarbonate can have numerous adverse effects,
such as hypernatremia, paradoxical intracellular acidosis, and
hypercapnia; conclusive data on its efficacy are lacking. Bi-
carbonate therapy, therefore, warrants caution and is recom-
mended only, if at all, when severe acidemia (pH <7.2 or
HCO3

– <10 to 12 mEq/L) is present.
Because inotropic agents and vasoconstrictors can increase

myocardial oxygen consumption and potentially extend the
area of necrosis in patients with infarct-induced cardiogenic
shock, the careful selection and titration of agents that will best
preserve myocardium while sustaining systemic arterial pres-
sure and tissue perfusion is essential. Although correction of
volume deficits and early pharmacologic support may prevent
the extension of myocardial damage, it must be emphasized
that exclusive use of these measures does not improve sur-
vival. Therefore, drug therapy must be considered only an in-
terim maneuver to preserve myocardial and systemic integrity
while further therapeutic interventions and definitive therapy
are being considered.

As mentioned, cardiogenic shock following AMI occurs in
only a small percentage of patients, but carries a high mortality
rate. Reperfusion of the occluded artery is of paramount impor-
tance in these patients. Two options are available for restoring

patency of the artery. Thrombolytic therapy and percutaneous
transluminal coronary angioplasty, with or without stenting
(see Chapter 17, Myocardial Infarction).

Thrombolytic therapy in acute MI may reduce the incidence
of subsequent cardiogenic shock, but its value may be limited
in patients who have already developed shock.73 The effec-
tiveness of thrombolytics is reduced in this setting, possibly
because of reduced delivery of the agent to the coronary artery
thrombus as a result of hypotension.74 The use of an intra-aortic
balloon pump (IABP) to augment coronary artery blood flow
may improve the efficacy of thrombolytics.75 In settings when
interventional cardiac procedures such as percutaneous trans-
luminal coronary angioplasty (PTCA) or stenting are not read-
ily available, insertion of an IABP and thrombolytics should
not be delayed if indicated.

Early PTCA may be of more benefit than thrombolytics
in patients with cardiogenic shock complicating acute MI. In
a subset of patients with cardiogenic shock in the GUSTO-1
trial, angioplasty resulted in a reduction in 30-day mortality
rate from 61% to 43%.76 Numerous other trials have demon-
strated improved outcomes with PTCA in patients with shock
compared with historical controls. However, problems with
subgroup analysis and nonrandomized trials include the po-
tential for selection bias. Operator skill also is a consideration
in this setting, and larger centers with greater experience may
have better outcomes than smaller centers.

An early revascularization strategy with angioplasty or by-
pass surgery was recently compared with medical management
of these patients, including thrombolytics and intra-aortic bal-
loon counterpulsation.77 No significant difference was found
in mortality rate at 30 days; however, at 6 months, the mortality
rate in the revascularization group was 50.3% versus 63.1% for
the medical therapy group. Follow-up at 1 year also demon-
strated a significant increase in survival.78

Assessment by Hemodynamic Profile

33. M.J. has a history of cerebrovascular disease and is thus in-
eligible for thrombolytic therapy. Therefore, he will require revas-
cularization in the form of balloon angioplasty or coronary artery
bypass surgery to improve his chances of survival. Meanwhile, he
is given dopamine at 5 mcg/kg/minute to stabilize him hemody-
namically before revascularization procedures are initiated. Li-
docaine (100-mg IV bolus plus a 2-mg/minute infusion) also is
instituted to correct the PVCs. Oxygen administration is changed
to 100% via face mask. Morphine sulfate, 2 mg IV, is given for
chest pain. IV NTG was initiated at 0.25 mc/kg/minute for my-
ocardial ischemia, but had to be discontinued because intolerable
hypotension developed. M.J. is admitted to the ICU where an ar-
terial line and pulmonary artery line are placed, revealing the
following hemodynamic profile (previous values in parentheses):
BP (S/D/M), 92/46/61 mmHg (80/40 by cuff); pulse, 122 beats/min
(115); CO, 2.8 L/minute; CI, 1.5 L/minute/m2; RAP, 16 mmHg;
PCWP, 26 mmHg; SVR, 1,314 dyne.sec.cm–5; PaO2, 70 mmHg
(65); PaCO2, 48 mmHg (44); pH, 7.24 (7.22); HCO3

–, 21 mEq/L
(18); and urine output, 10 mL/hour. (M.J. weighs 82 kg and has
a BSA of 1.9 m2.) The chest radiograph shows evidence of pul-
monary edema. Assess M.J.’s hemodynamic profile and response
to dopamine therapy.

M.J.’s clinical and hemodynamic parameters confirm the
diagnosis of cardiogenic shock. He is clearly not hypovolemic,
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as manifested by an elevated RAP and PCWP. Although his
SBP is slightly improved, his CI (<1.8 L/minute/m2), PCWP
(>18 mmHg), and low urine output (<25 mL/hour) are all
characteristic findings with this form of shock. Patients with
cardiogenic shock from an acute event (such as an MI) are
usually in a much more critical clinical situation than patients
who have an acute exacerbation of chronic heart failure. Pa-
tients with HF have compensated over time for the increases
in preload and reduced CO, but patients such as M.J. have not
had time to develop compensatory mechanisms.

Dopamine, at an infusion rate of 5 to 10 mcg/kg/minute, has
made M.J. more tachycardic, has not substantially enhanced
CO, and the MAP is less than optimal for coronary perfusion.
M.J. has signs of pulmonary edema that are consistent with the
elevated pulmonary wedge pressure. The Pao2 of 70 mmHg is
marginally acceptable considering he is on 100% oxygen per
face mask.

Therapeutic Interventions
FLUID THERAPY VERSUS INOTROPIC SUPPORT

34. The decision is made to intubate M.J. Would a fluid chal-
lenge or additional doses of dopamine improve M.J.’s status?

In M.J., a fluid challenge could exacerbate the pulmonary
edema because after an AMI, ventricular compliance is de-
creased and a small change in LVEDV could result in a dispro-
portionately large increase in PCWP. Thus, in patients with an
AMI, the benefits of a fluid challenge must be balanced against
the risk of aggravating pulmonary edema. M.J. has an elevated
RAP and PCWP, indicating that he has at least adequate, if not
excessive, preload. If a fluid challenge is going to be adminis-
tered, no >100 mL of normal saline should be infused without
further evaluation of hemodynamic and clinical data.

Increasing the dopamine infusion rate might improve CO
and perfusion pressure, but at the expense of increasing the
HR even further. The increased HR, along with the elevated
PCWP, could adversely affect the myocardial oxygen supply-
to-demand ratio. However, the increase in coronary blood flow
(caused by the rise in arterial pressure) and the decrease in LV
chamber size (associated with the increase in contractility), it
is hoped would tend to offset the increase in myocardial oxygen
requirements.

It is not entirely clear which patients in cardiogenic shock
will respond to dopamine. One trial of 24 patients in car-
diogenic shock found that a mean infusion rate of 9.1
mcg/kg/minute was required to produce beneficial effects on
CO, urine output, HR, and PCWP in survivors.79 Nonsurvivors
had no change in MAP, PCWP, or HR at an average infusion
rate of 17.1 mcg/kg/minute.

COMBINATION INOTROPIC THERAPY

35. Occasionally, a patient’s hemodynamic status improves with
the combined use of inotropic agents. Would the addition of dobu-
tamine or a phosphodiesterase inhibitor to treat M.J.’s cardio-
genic shock be beneficial?

The combination of dobutamine and dopamine was stud-
ied in eight cardiogenic shock patients requiring mechan-
ical ventilation.80 None of the patients had experienced
an MI within the preceding 7 days. Each patient received
three infusions in a randomly assigned order: dopamine at

15 mcg/kg/minute; dobutamine at 15 mcg/kg/minute; and a
combination of dopamine and dobutamine each at 7.5 mcg/kg/
minute. All three regimens increased CI, stroke index, LVSWI,
and HR similarly. MAP increased with the dopamine and the
dobutamine–dopamine combination, but did not change with
dobutamine alone. SVR was significantly lower with dobu-
tamine alone compared with the other two regimens. PCWP
was elevated most with the dopamine infusion alone as was
myocardial oxygen consumption. The combination regimen
offered hemodynamic superiority over either agent alone in
this group of patients.

Given M.J.’s significantly low arterial BP, the addition of a
PDE inhibitor, such as milrinone, could be problematic. These
agents tend to have more vasodilating properties than dobu-
tamine, and their long-half lives can present difficulties in
management if hypotension does develop. Until M.J.’s BP is
improved, PDE inhibitors should be avoided.

In summary, further inotropic support with dopamine or
the addition of dobutamine would be indicated in M.J. at this
time. The dopamine could be increased to 12.5 mcg/kg/minute
or dobutamine could be initiated at 5 mcg/kg/minute. Neither
maneuver is without risk. Dobutamine could lower the MAP,
adversely affecting coronary perfusion pressure. Dopamine
might elevate the PCWP. The addition of dobutamine or an
increase in dopamine dose could increase HR even more. Any
of these would adversely affect the myocardial oxygen supply-
to-demand ratio and could further extend the area of ischemia
or necrosis.

36. Despite the addition of dobutamine at a rate of 5 to
7.5 mcg/kg/minute and initiation of ventilatory support via tra-
cheal intubation, M.J. continues to show signs of deterioration,
with progressive obtundation and loss of bowel sounds. His sys-
temic arterial pressure has continued to decline, and his dopamine
is now up to 18 mcg/kg/minute. Preload reduction was attempted
previously with NTG; however, the drop in BP was intolerable.
A repeat hemodynamic profile shows the following (previous val-
ues in parentheses): BP (S/D/M), 86/40/55 (92/46/61); pulse, 132
beats/minute (122); CO, 3.0 L/minute (2.8); CI, 1.6 L/minute/m2

(1.5); RAP, 18 mmHg (16); PCWP, 24 mmHg (26); SVR, 986
dyne.sec.cm–5 (1,314); urine output, 8 mL/hour (10); PaO2, 75
mmHg (70); PaCO2, 42 mmHg (48); pH, 7.26 (7.24); and HCO3

–,
19 mEq/L (21). The ECG shows atrial tachycardia with occa-
sional PVC. What therapeutic alternatives can be considered at
this time?

M.J. is still in severe cardiogenic shock and his tissue per-
fusion continues to deteriorate as evidenced by a further re-
duction in urine output, a loss in bowel sounds, continuing
acidosis, and central nervous system (CNS) obtundation. Be-
cause his systemic arterial pressure and tissue perfusion have
declined despite the addition of dobutamine and maximal doses
of dopamine, additional support with a potent vasopressor and
the insertion of an IABP are indicated.

NOREPINEPHRINE
Norepinephrine is a potent α-adrenergic agonist that vaso-

constricts arterioles at all infusion rates, thereby increasing
SVR. Thus, systemic arterial and coronary perfusion pressures
both rise. Norepinephrine also stimulates β1-adrenergic recep-
tors to a lesser extent, resulting in increased contractility and
stroke volume. However, HR and CO usually remain constant,
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or may even decrease secondary to the increased afterload and
reflex baroreceptor activation. Although coronary perfusion
pressure is enhanced as a result of the elevation in diastolic
pressure, myocardial oxygen consumption also is increased.
Consequently, myocardial ischemia and arrhythmias may be
exacerbated and LV function further compromised.

Infusions of norepinephrine are begun at 0.01 to 0.05 mcg/
kg/minute and titrated upward to achieve a SBP of 90 to
100 mmHg. Administration should be through a central
IV line because local subcutaneous necrosis can result from
peripheral IV extravasation. Prolonged infusion of larger doses
will transiently exert a beneficial effect by diverting blood flow
from the peripheral and splanchnic vasculature to the heart and
brain; however, this ultimately can compromise capillary per-
fusion to the extent that end-organ failure, particularly renal
failure, ensues.

To reduce the potential risk of end-organ damage, a rea-
sonable approach is to add norepinephrine to the infusion of
dobutamine, and reduce the dopamine infusion rate to 0.5 to
2 mcg/kg/minute. This will theoretically support renal and
splanchnic perfusion, although this effect is controversial, as
discussed above. In addition, any deficits in plasma volume
should be corrected when identified by hemodynamic moni-
toring.

Adverse effects of norepinephrine are related mostly to ex-
cessive vasoconstriction and compromise of organ perfusion.
Worsening of ventricular function can occur because of in-
creased afterload and tissue necrosis and sloughing can develop
if extravasation occurs. Cardiac arrhythmias can emerge and
HR can increase; however, in some cases the HR may slow sec-
ondary to baroreceptor-mediated reflex increases in vagal tone.

Again, it must be emphasized that pharmacologic support
for M.J., particularly the use of norepinephrine, is only an in-
terim maneuver to temporarily maintain hemodynamic func-
tion while revascularization procedures are being considered.
Patients who cannot be stabilized with pharmacologic inter-
vention, and in whom systemic or myocardial perfusion is
becoming compromised, may require further support through
insertion of a mechanical circulatory assist device (e.g., intra-
aortic balloon pump).

INTRA-AORTIC BALLOON PUMP
When drug therapy is ineffective at stabilizing patients in

cardiogenic shock, mechanical intervention should be con-
sidered. Mechanical interventions such as intra-aortic balloon
counterpulsation can rapidly stabilize patients with cardiogenic
shock, especially those with global myocardial ischemia or
infarction complicated by mechanical defects, such as papil-
lary muscle rupture or ventricular septal rupture. Intra-aortic
balloon counterpulsation augments coronary arterial perfusion
pressure during diastole and reduces LV impedance during sys-
tole. Sometimes combined inotropic support and intra-aortic
balloon counterpulsation are required to maintain an accept-
able BP (SBP >90 mmHg) and CI (>2.2 L/minute/m2).

The IABP or intra-aortic counterpulsation has been in use
for more than 15 years and remains the most commonly
used mechanical assist device. It is designed to improve coro-
nary perfusion and reduce afterload, thus providing short-term
reperfusion of the ischemic myocardium. A 30- to 40-mL bal-
loon catheter is inserted into an artery (usually femoral) and
advanced to just below the arch of the aorta. Balloon inflation

and deflation are synchronized with the ECG to inflate during
diastole (after the aortic valve closes) and deflate at the onset
of systole. The inflated balloon in diastole increases coronary
perfusion by elevating the mean aortic pressure. The rapid de-
flation of the balloon at the onset of systole decreases SBP,
thus reducing afterload and improving cardiac ejection. The
enhanced myocardial perfusion provided by IABP may reduce
vasopressor requirements, thereby further decreasing myocar-
dial oxygen consumption. Occasionally, IABP augmentation
is sufficient to allow the institution of vasodilators (e.g., ni-
troprusside) or inodilators (e.g., milrinone). Complications of
IABP include thrombocytopenia from the mechanical destruc-
tion of platelets and the potential for limb ischemia because of
reduced blood flow in the artery into which the IABP catheter
is inserted. Heparin anticoagulation is usually used with IABP
because the device has a large surface area that can be throm-
bogenic.

Recently, more advanced circulatory-assist devices (Heart-
Mate, Novacor, Abiomed) have been developed. Mechanical
assistance with these devices is used for patients with car-
diogenic shock who need support while awaiting definitive,
corrective therapy or as a bridging mechanism before cardiac
transplantation.81 Long-term use of some of these devices has
been investigated in patients with severe cardiac failure who are
not transplant candidates.82 Implantation of a left ventricular
assist device (LVAD) was compared with medical management
in patients with severe heart failure. Survival at 1 year was 52%
in the LVAD group, compared with 25% in the medical man-
agement group. The high cost of these devices will undoubtedly
limit their use to only the most severely ill patients.

In summary, M.J.’s condition has continued to deteriorate
since his admission to the ICU. Attempts at stabilizing his
hemodynamic parameters with dopamine, dobutamine, and
norepinephrine have failed. This is evidenced by inadequate
tissue perfusion, which is reflected clinically by his continued
lactic acidosis, decreased urine output, reduced bowel sounds,
and CNS obtundation. M.J.’s best chance of survival is to have
early revascularization of his ischemic myocardium with either
coronary bypass surgery or PTCA. Meanwhile, the addition of
norepinephrine and intra-aortic counterpulsation can provide
temporary support for M.J. before his procedure.

SEPTIC SHOCK
Clinical and Hemodynamic Features

37. M.K., a 56-year-old man, was admitted 5 days ago with a
chief complaint of acute abdominal pain of 3 days’ duration asso-
ciated with bloody diarrhea, fever, tachypnea, and hypotension. A
diagnosis was superior mesenteric artery occlusion with necrotic
bowel, leading to surgery for removal of necrotic bowel tissue. Dur-
ing postoperative days 1 through 4, his serum creatinine (SrCr)
increased to 1.5, and he could not be completely weaned from
ventilatory support. Vital signs were stable. Antibiotic therapy
included clindamycin and gentamicin in appropriate doses.

M.K. has a history of coronary artery disease with stable
angina pectoris that has been treated with lisinopril, simvastatin
and NTG. He had no other medical problems before admission.

On the morning of postoperative day 5, M.K. complains of
chills and has a spiking fever to 39.4◦C. Physical findings in-
clude a BP of 98/60 mmHg, pulse 128 beats/minute, and a RR of
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28 breaths/minute. His urine output has dropped to 25 mL/hour
and bowel sounds are absent. The chest radiograph shows an en-
larged heart with bilateral pulmonary infiltrates and right lower
lobe atelectasis. M.K. has become confused and disoriented. ABG
on an inspiratory oxygen concentration (FIO2) of 40% are as
follows: PaO2, 76 mmHg (normal, 75–100 mmHg); PaCO2, 34
mmHg (normal, 35–45 mmHg); HCO3

–, 15 mEq/L (normal, 23–
29 mEq/L); and pH, 7.31 (normal, 7.35–7.45). M.K. has had in-
creased bronchial secretions over the past 2 days. Pertinent lab-
oratory values are SrCr, 1.8 mg/dL (normal, 0.2–0.8 mg/dL);
BUN, 32 mg/dL (normal, 10–20 mg/dL); and WBC count, 18,000
cells/mm3 (normal, 4,500–11,000 cells/mm3).

Urine, sputum, and blood samples are sent for culture and sen-
sitivity. A fluid bolus of 1,000 mL normal saline is given. Arterial
and pulmonary artery catheters are inserted revealing the follow-
ing hemodynamic profile M.K. weighs 70 kg and has a BSA of
1.7 m2): BP (S/D/M), 90/50/63 mmHg; pulse, 122 beats/minute;
CO, 6 L/minute (normal, 4–7 L/min); CI, 3.5 L/minute/m2

(normal, 2.5–4.2 L/minute/m2); PCWP, 12 mmHg (normal,
5–12 mmHg); SVR, 720 dyne.sec.cm–5 (normal, 800–1,440
dyne.sec.cm–5). What hemodynamic and clinical features of M.K.
are consistent with septic shock?

[SI units: SrCr, 135 μmol/L (normal, 15–61); BUN, 22.72 mmol/L (normal,

7.1 to 14.3); WBC count, 18 109/L (normal, 4.5–11); HCO3
–, 15 mmol/L

(normal, 23–29)]

Hemodynamic signs consistent with septic shock include
hypotension, tachycardia, elevated CO, low SVR, and a low
PCWP. Although the absolute value for CO is high or at the
upper limits of the normal range in septic shock, it is inadequate
to maintain a BP that will perfuse the essential organs in the
face of a decreased SVR, evidenced by the low oxygen delivery
and consumption. M.K. has a metabolic acidosis (pH 7.31 with
a Paco2 30 mmHg, HCO3

– 15 mEq/L), indicating anaerobic
metabolism most likely caused by decreased perfusion causing
lactic acidosis, and a CO that is inadequate to meet the oxygen
requirements of the tissues.

Other features consistent with septic shock in M.K. include
worsening pulmonary function as indicated by his ABG mea-
surement; declining urine output and altered sensorium, indi-
cating decreased renal and cerebral perfusion; a rising WBC
count; and a spiking fever.

Therapeutic Approach
The management of septic shock is directed toward three pri-
mary areas: (a) eradication of the source of infection, (b) hemo-
dynamic support and control of tissue hypoxia, and (c) inhibi-
tion or attenuation of the initiators and mediators of sepsis.

Eradicating the Source of Infection

38. What factors should be considered in determining antimi-
crobial therapy in septic shock? What are the potential sources of
infection in M.K.?

Systemic infection caused by either aerobic or anaerobic
bacteria is the leading cause of septic shock. Fungal, my-
cobacterial, rickettsial, protozoal, or viral infections can also
be encountered. Among sepsis syndromes caused by aerobic
bacteria, gram-negative organisms (e.g., Enterobacteriaceae,
Pseudomonas, and Haemophilus, in decreasing order of fre-
quency) are implicated slightly more often than gram-positive

bacteria (e.g., Staphylococcus aureus, Staphylococcus coagu-
lase negative, Streptococcus, and Enterococcus, from highest
to lowest frequency). Even these trends vary, however, depend-
ing on the infection site. For example, when an organism can
actually be cultured in the blood, slightly more gram-positive
infections (35%–40%) than gram-negative infections (30%–
35%) are found. In non-bloodstream infections (e.g., respi-
ratory tract, genitourinary system, and the abdomen, in de-
scending order of frequency) 40% to 45% can be attributed
to gram-negative organisms and 20% to 25% are caused by
gram-positive organisms.19 Polymicrobial infections make up
the next largest group, followed by fungi, anaerobes, and oth-
ers. In 10% to 30% of sepsis syndrome cases, no organisms
can be isolated. Careful consideration of the patient’s his-
tory and clinical presentation often reveals the most likely
cause.

Eradicating the source of infection involves the early ad-
ministration of antimicrobial therapy, and, if indicated, surgi-
cal drainage. The use of an appropriate antibiotic regimen is
associated with a significant increase in survival. In one large
retrospective study, shock and mortality rates were reduced
by 50%.83 The selection of antibiotics should take into ac-
count the presumed site of infection; whether the infection is
community- or hospital-acquired; recent invasive procedures,
manipulations, or surgery; any predisposing conditions; and
the likelihood of drug resistance. Ideally, the primary source
of the infection can be determined and therapy specifically tai-
lored to the most likely organisms. If the source of infection
is unclear, however, early institution of broad-spectrum an-
tibiotics is generally recommended while awaiting culture re-
sults. Empiric therapy is indicated, given a >50% mortality rate
caused by gram-negative sepsis within the first 2 days of illness
and the increasing frequency of polymicrobial infections.83

Recommended empiric regimens typically include an amino-
glycoside plus a third-generation cephalosporin or a similar
broad-spectrum agent to cover for gram-positive cocci, aero-
bic gram-negative bacilli, and anaerobes (Also see Chapter 56,
Principles of Infectious Diseases.)

M.K. has several potential sources of sepsis. The first is
hospital-acquired pneumonia. M.K. has been intubated for
5 days, infiltrates appear on chest radiograph, and sputum pro-
duction has increased over the past 2 days. Abdominal abscess
or recurrent bowel ischemia also should be considered because
bowel sounds are absent. Although no complaints of abdomi-
nal tenderness have been elicited, surgical exploration may be
necessary. Other potential sources for infection include the uri-
nary tract because M.K. has had an indwelling Foley catheter
in place since admission. All IV catheters should be changed
if possible.

Clindamycin is discontinued and imipenem and van-
comycin are added to broaden M.K.’s antibiotic coverage.
Imipenem should adequately cover nosocomial gram-negative
pathogens such as Pseudomonas aeruginosa and Acinetobac-
ter baumannii as well as abdominal anaerobic organisms. Van-
comycin will cover S. aureus from possible IV contamination
as well as potential staphylococcal pneumonia. Antimicrobial
therapy is adjusted once cultures are finalized.

Initial Stabilization

39. What are the immediate goals of therapy in M.K.? How can
they be achieved and assessed?
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The goals in treating septic shock, in addition to eradicat-
ing the precipitating infection, are to optimize the delivery of
oxygen to the tissues and to control abnormal use of oxygen
and anaerobic metabolism by reducing the tissue oxygen de-
mand. Tissue injury is widespread during sepsis, most likely
because of vascular endothelial injury with fluid extravasation
and microthromboses, which decrease oxygen and substrate
utilization by the affected tissues. The mainstay of therapy is
volume expansion to increase intravascular volume, enhance
CO, and ultimately delay associated development of refractory
tissue hypoxia. The therapeutic goals used for hemodynamic
resuscitation are controversial. The issue is whether therapy
should be directed to physiologic end points of tissue perfusion
or clinical end points, such as BP and urine output. The physi-
ologic end points include clearance of blood lactate concentra-
tions, base deficit, mixed venous oxygen saturation (Svo2), and
increased CO. Although definitive evidence is lacking, a com-
bination of these physiologic and clinical end points should be
used to guide therapy.

Fluids are the mainstay of treatment because increasing CO
will improve capillary circulation and tissue oxygenation by
maintaining sufficient intravascular volume. If fluids do not
correct the hypoxia or if filling pressures are increased, the se-
quential addition of inotropes and vasopressors is indicated.
Blood transfusions should be used if the hematocrit is below
21% unless there is an active source of bleeding or a history
of cardiac disease, in which case the hematocrit value would
be maintained at a higher value. Crystalloids (with electrolytes
to correct imbalances) should be initiated to maintain the CI
goal as well as a MAP of 65 mmHg or a SBP of 90 mmHg.
The MAP is a better reflection of systemic arterial pressure be-
cause it considers the diastolic pressure, which is an essential
component of blood flow. Although MAP and BP are not abso-
lute measures of blood flow to all vital organs, these pressures
are considered the therapeutic end points that will sustain my-
ocardial and cerebral perfusion. After optimization with fluid
therapy, inotropic and vasopressor agents are indicated if the
patient remains hypotensive with a low CI and if signs of in-
adequate tissue perfusion persist.

One study has shown that early goal-directed therapy in the
treatment of severe sepsis and septic shock leads to improved
survival.84 This approach to patient care integrates both physi-
ologic and clinical end points of resuscitation as early as possi-
ble to maintain perfusion during the early stages of sepsis. This
study randomized patients admitted to an ED to standard ther-
apy versus goal-directed therapy, which consisted of at least
6 hours of continuous care in the ED where they received a
central venous catheter capable of measuring central venous
oxygen saturation (Scvo2). The treatment group maintained a
CVP of 8 to 12 mmHg with continued fluid boluses and a MAP
>65 mmHg with vasopressor treatment initiated if necessary.
If the Scvo2 was <70%, red cells were transfused to achieve
a hematocrit of at least 30%. If the CVP, MAP, and HCT were
optimized and the Scvo2 was still <70%, dobutamine was ad-
ministered to improve the delivery of oxygen to the tissues. The
primary efficacy end point was in-hospital mortality, which was
statistically significantly lower in the early goal-directed group.
The results of this study have prompted many institutions to
develop sepsis bundles that incorporate the same variables and
end points of therapy as early as possible in the treatment of
sepsis. Sepsis bundles often incorporate the many issues ad-
dressed in the Surviving Sepsis Campaign Guidelines, such as

ventilatory support, initial choice of antibiotics, glucose con-
trol, and stress ulcer prophylaxis.85

M.K should receive fluid boluses to maintain perfusion with
a MAP >65 mmHg and a CVP in the 8 to 12 mmHg region,
and ideally receive a central line to monitor his mixed ve-
nous oxygen saturation. Continued, excessive fluid challenges
to increase preload in M.K. must be approached cautiously,
however, because he has a history of ischemic heart disease
and ongoing evidence suggestive of pneumonia, both of which
could be made worse by overly aggressive fluid boluses. In
addition, patients in septic shock are susceptible to developing
noncardiogenic pulmonary edema or ARDS, which can cause
severe deterioration in pulmonary function. Therefore, fluid
boluses should be given with ongoing monitoring to determine
the CVP and PCWP at which CO is maximal. This approach
will avoid excessive CVP and PCWP beyond which CO is no
longer increased, thereby reducing the potential formation of
pulmonary edema.

In summary, the immediate goal of therapy is to maximize
oxygen delivery to the tissues. Fluid resuscitation is the main-
stay of therapy and improves oxygen delivery by increasing
CO; however, inotropic and vasopressor agents are often re-
quired for additional cardiovascular support. A favorable re-
sponse to immediate resuscitative efforts will be reflected by
a reversal or halt in the progression of the metabolic acidosis,
improved sensorium, and increased urine output. In M.K., sur-
gical evaluation for an ongoing or new abdominal process and
selection of appropriate antibiotics while maintaining hemo-
dynamic support are the clinical goals of therapy.

Hemodynamic Management
FLUID THERAPY VERSUS INOTROPIC SUPPORT

40. M.K. is given two 1,000-mL fluid boluses, and nore-
pinephrine is begun at a rate of 0.02 mcg/kg/minute. Over the next
2 hours, he receives 3 L of fluid in boluses and the norepinephrine
is increased to 0.15 mcg/kg/minute to maintain his BP. Signs of
pulmonary edema have become more prominent. M.K. has the
following hemodynamic profile (previous values in parentheses):
BP (S/D/M), 94/46/62 mmHg (90/50/63); pulse, 124 beats/minute
(122); CO, 7.0 L/minute (6); CI, 3.2 L/minute/m2 (3.5); RAP, 13
mmHg (8); PCWP, 18 mmHg (12); SVR, 560 dyne.sec.cm–5 (733);
urine output, 15 mL/hour; PaO2, 62 mmHg (76); PaCO2, 38 mmHg
(34); HCO3

–, 19 mEq/L (15); pH, 7.30 (7.31); DO2, 445 mL/minute
(438); VO2, 118 mL/minute (114); and PEEP, 5 cm H2O. Which of
the following therapeutic considerations would be reasonable for
M.K. at this time: additional fluid boluses, an increase in the nore-
pinephrine infusion rate, or initiation of a different vasopressor?

M.K. continues to be hypotensive despite a PCWP of 18
mmHg and a norepinephrine infusion rate of 0.15 mcg/kg/
minute. The goals of therapy remain the same (i.e., maximize
arterial oxygen content and oxygen delivery to reverse cellular
anaerobic metabolism).

M.K.’s Pao2 of 62 mmHg correlates with an oxygen-
hemoglobin saturation of approximately 90%, which should
provide an adequate arterial oxygen content. However,
oxygen delivery still may be inadequate because the CI is
<3.5 L/minute/m2, and Do2 and Vo2 have not reached normal
levels. In addition, decreased oxygen use can contribute to
the continued acidosis. Thus, further attempts to enhance the
CI and hence, oxygen delivery, are appropriate. However,
M.K. has worsening signs of pulmonary edema and a history
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of cardiovascular disease that will influence the choice of
therapeutic options.

Although fluid administration is the mainstay of therapy
in septic shock, the elevation of M.K.’s PCWP to 18 mmHg
without a significant increase in CO suggests that an optimal
PCWP has been reached. Therefore, additional fluid therapy to
maintain his BP may worsen his pulmonary edema and further
compromise his pulmonary gas exchange. A plot of CO versus
the PCWP (ventricular function curve) would provide a more
accurate assessment of the PCWP at which CO is maximal.
Additional fluid boluses at this time should be used only to
maintain the current level of intravascular volume status.

Vasopressors
NOREPINEPHRINE
When fluid therapy fails to maintain a satisfactory MAP

despite an elevated CO, the use of a vasopressor should be
considered. Norepinephrine is predominantly an α-adrenergic
agonist (Table 21-7) and is frequently used as an adjunct to
therapy when inotropic agents alone are unsuccessful. Because
concern exists that excessive vasoconstriction might cause re-
flex decreases in CO and hypoperfusion of vital organs, the use
of norepinephrine has often been limited to end-stage shock.
However, studies indicate that norepinephrine alone, or in com-
bination with inotropic agents can be beneficial in the manage-
ment of septic shock.86

Martin et al. compared the ability of dopamine and nor-
epinephrine to reverse hemodynamic and metabolic abnormal-
ities of hyperdynamic shock.87 They prospectively randomized
32 volume-resuscitated patients with hyperdynamic sepsis to
receive either dopamine or norepinephrine with the goal of
achieving and maintaining normal hemodynamic and oxygen
transport parameters for at least 6 hours. If goals were not
achieved with one agent, the other agent was added. With the
use of dopamine, 31% of patients met the predefined thera-
peutic goals. In contrast, 93% of patients treated with nor-
epinephrine met the predefined goals. Of the patients who did
not respond to dopamine, 91% achieved the goals with the
addition of norepinephrine. In this study, norepinephrine was
found to be superior to dopamine, with improvement in arterial
BP, urine flow, oxygen delivery and consumption, and lactate
levels.

In a similar study of patients in whom previous therapy
with plasma volume expansion and dopamine or dobutamine
had failed, norepinephrine reversed hypotension and signifi-
cantly increased MAP, SVR, and urine output.86 The CI was
increased, albeit insignificantly, in 7 of 10 patients, presumably
because of stimulation of cardiac β-receptors. By limiting the
SVRI to 700 dyne.sec.cm–5/m2, the investigators were able to
prevent excessive vasoconstriction and promote an increased
perfusion pressure to vital organs as reflected by an improved
urine flow. Oxygen delivery and consumption were measured
in 6 of 10 patients with variable results. Although no patient
died of refractory hypotension, 4 of 10 patients died of progres-
sive hypoxia, leading the authors to conclude that regardless of
the catecholamines used, the ultimate goal of therapy should
be to maximize oxygen delivery and consumption.

PHENYLEPHRINE
Occasionally, patients will respond to epinephrine or

phenylephrine when other catecholamines have failed, al-

though neither of these agents is considered to be first-line
therapy. Epinephrine stimulates α-, β1-, and β2-adrenergic re-
ceptors (Table 21-7). CO is augmented via increased contractil-
ity and HR, with the contribution of each being highly variable.
Blood vessels in the kidney, skin, and mucosa constrict in re-
sponse toα-adrenergic stimulation, while vessels in the skeletal
muscle vasodilate because of β2 effects. A biphasic response
in SVR is observed with increasing doses as β2-receptors are
activated at the lower range, while α1-receptors are stimulated
at higher levels. The improvement in CO, therefore, may be
negated by an increase in afterload at higher dosages.

Phenylephrine is a pure α-adrenergic agonist (Table 21-7)
and, thus, increases systolic, diastolic, and mean arterial pres-
sures through vasoconstriction. Reflex bradycardia can occur
secondarily because of the absence of β-adrenergic effects.
The increase in afterload, while increasing myocardial oxy-
gen consumption, correspondingly increases coronary blood
flow because of increased perfusion pressure and autoregu-
lation. Therefore, in patients with myocardial hypoxia, or in
those experiencing atrial or ventricular arrhythmias, phenyl-
ephrine can be beneficial because it has minimal direct cardiac
effects. In situations in which the CO is decreased, however,
phenylephrine can be detrimental. This occurs because preload
is reduced from interstitial fluid losses as a result of increased
capillary hydrostatic pressure effects. This response, in ad-
dition to the reflex bradycardia may significantly impair CO
(Table 21-7).

VASOPRESSIN
Catecholamines have been the mainstay of treatment to sup-

port BP in septic patients once adequate fluid resuscitation has
been achieved. Sepsis, however, can cause a decrease in respon-
siveness to catecholamines resulting in refractory hypotension,
possibly because of downregulation of adrenergic receptors.
Thus, other avenues of supportive treatment have been re-
searched. Septic patients exhibit an increased sensitivity to va-
sopressin. Vasopressin is an endogenous hormone that has very
little effect on BP under normal conditions, but becomes very
important in maintaining BP when the baroreflex is impaired,
such as in shock states. Vasopressin’s direct vasoconstricting
actions are mediated by the vascular V1-receptors coupled to
phospholipase C.88,89 When these receptors are activated, cal-
cium is released from the sarcoplasmic reticulum in smooth
muscle cells leading to vasoconstriction. One study found that
vasopressin levels were very low in septic patients, whereas pa-
tients in cardiogenic shock displayed an appropriate increase in
vasopressin release for the degree of hypotension.90 The same
investigators showed that a low-dose, continuous IV infusion of
vasopressin at 0.04 U/minute in 19 patients with septic shock
caused a statistically significant increase in vasopressin lev-
els, systolic arterial pressure, and systemic vascular resistance
when added to pre-existing catecholamine treatment. Six of ten
patients were able to maintain BP on vasopressin alone. Stop-
ping the vasopressin infusion resulted in decreases of BP to
pretreatment levels, and reinstitution of the infusion increased
BP within minutes. It is presumed that vasopressin secretion
is impaired as opposed to enhanced vasopressin metabolism,
but it is not entirely clear why this occurs. Most likely it is
a combination of a deficient baroreflex-mediated secretion of
vasopressin, impaired sympathetic function, and potentially
depletion of the secretory stores of vasopressin.
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Other studies support the vasopressor effects of vasopressin
in septic patients already on catecholamines with persistent hy-
potension and also show a vasopressor-sparing effect on cat-
echolamines. The most recent double-blind, randomized trial
showed that norepinephrine infusion could be decreased by the
addition of vasopressin administration.91 Another statistically
significant finding from this study was that urine output and
creatinine clearance both increased more in the vasopressin
group than in the norepinephrine group. It seems reasonable at
this point to use vasopressin in patients with septic shock who
are on high doses of catecholamines or those who need further
vasopressor support. Further studies are needed to determine
if treatment with vasopressin confers a mortality benefit.

M.K. has decreased MAP despite the addition and increased
titration of norepinephrine. Because it has been found that
patients in septic shock have decreased endogenous levels
of vasopressin, it would be reasonable to add vasopressin at
0.04 U/minute to the prior norepinephrine infusion to increase
the MAP and renal perfusion.

Inotropic Agents
Although the use of inotropic agents is well established, con-
trolled comparative studies have not clearly determined which
agent, or combination of agents, is most useful in the manage-
ment of septic shock. Because differences among the inotropic
agents are significant, however, selection of the most appro-
priate drug should be guided by careful consideration of the
patient’s hemodynamic status.

DOPAMINE
Dopamine has frequently been the initial pharmacologic

agent chosen for the treatment of septic shock. If the MAP
is low with a depressed CO and a low SVR, dopamine is an
appropriate choice because its combined α-adrenergic vaso-
constrictive actions and β-adrenergic inotropic effects will in-
crease SVR and CO, thereby effectively raising it. In situations
in which the PCWP is elevated or in patients with decreased
ventricular compliance, the use of dopamine may be limited
because it significantly increases venous return and ventricu-
lar filling pressure. In addition, dopamine increases shunting of
pulmonary blood flow, leading to a decline in Pao2. This effect
may worsen hypoxemia in patients with pneumonia or ARDS.

DOBUTAMINE
Dobutamine is often advocated as the secondary inotropic

agent in the management of septic shock, particularly in pa-
tients with low CO and high filling pressures. Dobutamine pro-
duces a greater increase in CO than dopamine, but also lowers
SVR. In contrast to dopamine, dobutamine lowers PCWP, de-
creases myocardial oxygen consumption, and causes less pul-
monary shunting. Because dobutamine can lower ventricular
filling pressure, volume status must be monitored closely to
avoid the development of hypotension and reduced MAP. Flu-
ids should be administered as needed to maintain the PCWP
at maximal tolerated levels of 16 to 18 mmHg. With the ad-
ministration of greater amounts of fluid, CO, oxygen deliv-
ery, and systemic oxygen consumption are significantly in-
creased. Dobutamine does increase Do2 and CI when given
concurrently with or after volume resuscitation. Decreases
in Pao2 and increases in venous Po2, as well as adverse

effects on myocardium, may be evident at higher dosages
(>6 mcg/kg/minute).92

Combinations of vasopressors and inotropes can also be
used to achieve desired hemodynamic parameters. Because
gastrointestinal perfusion can be compromised owing to the
vasoconstricting effects of catecholamines and may play a role
in the pathogenesis of multiple organ dysfunction, the com-
bination of norepinephrine and dobutamine has been studied
to determine if an advantage exists to using norepinephrine
alone, epinephrine alone, or a combination.54,93 One prospec-
tive study randomized patients with a MAP <60 mmHg de-
spite adequate fluid resuscitation and treatment with high dose
dopamine to either dobutamine plus norepinephrine or epin-
ephrine monotherapy titrated to a MAP >80 mmHg.54 The
variables were the MAP, metabolic effects as evidenced by lac-
tate and pyruvate concentrations, and splanchnic perfusion
measured by gastric pH (pHi) and partial pressure of carbon
dioxide (Pco2) gap. This study showed that both therapies, nor-
epinephrine plus dobutamine and epinephrine monotherapy,
were equally effective at achieving hemodynamic goals, but
that treatment with epinephrine alone could worsen splanchnic
oxygen utilization and potentially lead to ischemic injury. Cur-
rently, it is unknown whether a specific catecholamine regimen
provides a significant benefit over others. There is conflicting
data about which vasopressor can increase gastric perfusion
and whether this increase can alter progression to organ dys-
function.

41. Given M.K.’s history of cardiovascular disease, what con-
siderations must be accounted for before initiating a vasopres-
sor agent? Outline an overall approach to maintaining adequate
hemodynamic status.

M.K. has a history of coronary artery disease and is sus-
ceptible to myocardial ischemia. Therefore, a careful balance
must be achieved between myocardial oxygen consumption
and coronary perfusion pressure. Further attempts to optimize
MAP and CI with norepinephrine alone could increase myocar-
dial oxygen consumption and precipitate ischemia. Evidence
suggests that the goal of therapy in treating patients with septic
shock, or any form of shock for that matter, is not to simply
normalize BP, but to optimize oxygen delivery and consump-
tion. Once anemia and hypoxia have been corrected, CO be-
comes the remaining parameter that can be adjusted to increase
oxygen supply, but raising arterial BP and CO with inotropic
agents or vasopressors before restoring adequate blood volume
actually can worsen tissue perfusion. Therefore, the selection
of an inotropic agent must take into consideration the patient’s
current hemodynamic status and the individual properties of
those agents that will most effectively maintain or increase
the MAP and CO. In many instances, because of individual
variability and response, more than one inotropic agent or ad-
dition of a vasopressor is required to achieve these end points.
These interventions must be made with strict follow up of the
patients’ response to the interventions to prevent any adverse
consequences, especially in those patients who are predisposed
to an adverse event such as M.K.

It is important to realize that the response to exogenous cat-
echolamines in patients with septic shock is highly variable
and a successful regimen in one patient may be unsuccessful
in another. In addition, septic patients often require infusion
rates in the moderate-to-high range. Therefore, the goal is to
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use one or more agents at the dosages necessary to achieve the
desired end points without unduly compromising the patient’s
status. The use of catecholamines, however, is only a stabilizing
measure. Strict attention to all other physiologic parameters—
as well as nutritional support, antibiotic modification, and on-
going surgical intervention—cannot be overemphasized.

Other Therapies
Therapies directed against the initiators and mediators of sepsis
are currently the focus of intense investigation. As previously
discussed, numerous exogenous and endogenous substances
are involved in the pathogenesis of sepsis. Strategies under
development include antioxidants and free radical scavengers,
antiendotoxin therapy, inhibition of leukocytes, secondary me-
diators (i.e., TNF-α, IL-1, cytokine pathway), coagulation and
arachidonic acid metabolites, complement, and NO. Although
several experimental therapies hold considerable promise for
the future, controlled human data are still lacking.

CORTICOSTEROIDS

42. What is the rationale for the use of glucocorticosteroids in
the treatment of septic shock, and is there evidence to support
their use for this indication?

The use of corticosteroids in sepsis and septic shock has
been a controversial topic for many years. Corticosteroids were
originally proposed as a treatment option because of their anti-
inflammatory properties with the hope of attenuating the body’s
response to infection. More recently it has been shown that crit-
ically ill patients exhibit impaired cortisol secretion because of
a relative adrenocortical insufficiency, and it is suspected that
these patients display a glucocorticoid peripheral resistance
syndrome. Almost 50% of patients with septic shock exhibit
relative adrenal insufficiency defined as a maximal change
in cortisol level of <9 mcg/dL after a 250 mcg IV dose of
corticotropin.94

Several clinical trials have been performed over the past few
decades with varying results and meta-analyses have recom-
mended discontinuation of high-dose corticosteroid therapy
because of detrimental outcomes.95,96 End points that have
been studied include time to reversal of septic shock (defined
by cessation of vasopressor support) and mortality. Older tri-
als used different definitions of septic shock, however, and the
timing and dosing of steroids were highly variable. Most re-
cently, the randomized, double-blind, placebo-controlled trial
by Annane et al.97 showed a mortality benefit after 28 days
associated with the use of low doses of hydrocortisone and
fludrocortisone in patients with relative adrenocortical insuf-
ficiency (nonresponders to corticotropin) and septic shock.
All patients received a corticotropin stimulation test and rela-
tive adrenocortical insufficiency was defined as a response of
9 mcg/dL or less (nonresponders). It was found that in non-
responders, 63% of the placebo group died, whereas 53% of
the corticosteroid group died (p = 0.02). Time to cessation of
vasopressor support was also shortened by the use of steroids
in the treatment group compared with placebo in the nonre-
sponders. Responders did not show any benefit from the use
of corticosteroids, and actually had slightly worse outcomes
when they did receive steroids. This study suggests the use of
corticosteroids in vasopressor-dependent septic shock only in
those patients who exhibit relative adrenal insufficiency. The
outcomes of this trial are controversial and some evidence that

is not yet published indicates that steroids may not be as bene-
ficial in every patient with septic shock, but possibly only for
those with severe sepsis with refractory hypotension.

Because M.K. is refractory to increasing doses of nor-
epinephrine and is in severe sepsis, a corticotropin stimula-
tion test should be administered and hydrocortisone 50 mg
IV every 6 hours plus fludrocortisone 50 mcg/feeding tube
every 24 hours should be started after the stimulation test.
Treatment can be discontinued if the results of the stimulation
test show that M.K. is not adrenally insufficient.

STATINS

43. Is there any significance to the fact that M.K. was on statin
therapy before his episode of sepsis? Should his statin therapy be
continued?

Aside from their well-described lipid-lowering effects,
statins appear to have immunomodulatory and anti-inflam-
matory effects. Statin therapy lowers C-reactive protein levels,
inhibits endothelial cell dysfunction, causes upregulation of
endothelial NO synthase, and blocks immune cell receptors.98

A growing body of evidence shows that patients who are on a
statin before the inciting septic event may have a decreased like-
lihood of developing sepsis, and a mortality benefit may exist
for those with sepsis or multiple organ dysfunction. All stud-
ies in humans thus far have been retrospective and in patients
who were previously on a statin. One trial showed a significant
survival benefit associated with continuing statin therapy in
patients who were bacteremic compared with those who were
never on statin therapy.99 Potentially more important is that the
highest mortality was seen in those patients who had been on
statin therapy, but had been discontinued (result not statisti-
cally significant). These results may lend credence to the idea
of a rebound phenomenon that could be detrimental if statins
are not continued. Statins are often discontinued in septic pa-
tients because of concern for adverse effects and further organ
dysfunction. Presently, it is not clear whether statins should al-
ways be continued in septic patients, and it is unknown whether
statins should be initiated in patients who develop sepsis. Fur-
ther evidence by means of prospective, randomized trials is
needed to further define the role of statins in sepsis.

DROTECOGIN ALFA

44. Is M.K. a candidate for recombinant activated protein C?
Is there any evidence to support its use in septic shock, and what
are the major risks associated with its use?

Activated protein C (APC) is an endogenous protein that
acts as one of the regulators of the coagulation cascade and
also interrupts the amplification cycle of inflammation.21 Pro-
tein C is the inactive precursor to APC, and conversion to
the active form requires thrombin to complex with thrombo-
modulin. APC enhances fibrinolysis and has potent inhibitory
effects on thrombin, which possesses thrombotic as well as
inflammatory effects. Other anti-inflammatory effects of APC
stem from suppression of TNF-α, IL-6, and IL-1production.

Patients in septic shock develop microvascular thrombosis,
which leads to organ hypoperfusion, cell dysfunction, multi-
ple organ dysfunction, and death. The systemic response to
infection activates the coagulation pathway leading to the gen-
eration of thrombin and deposition of fibrin as well as ini-
tiating an inflammatory reaction via activation of cytokines.
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Adult and pediatric septic patients have low levels of protein
C and a poor outcome is expected for those patients with the
lowest levels.100 The deficiency in protein C is probably due
to enhanced degradation as well as impaired synthesis of pro-
tein C. It is also apparent that patients in septic shock exhibit
lower levels of thrombomodulin, the protein necessary for the
conversion of protein C to activated protein C. Thus, the use
of APC would counter the anticoagulant deficiency as well as
suppress the inflammatory reaction that would normally take
place due to the infection.

The Protein C Worldwide Evaluation in Severe Sepsis
(PROWESS)101 trial is the only published phase III clinical trial
reporting the safety and efficacy of drotecogin-α (recombinant
APC). It was a randomized, double-blind, placebo-controlled,
multicenter trial that was stopped early because of the statis-
tically significant difference in the primary end point, 28-day
all-cause mortality, before enrollment was complete. Included
in the study were patients with a known or suspected infec-
tion plus three or more signs of systemic inflammation and at
least one organ system dysfunction caused by sepsis. Patients
also had to begin treatment of drotecogin-α at 24 mcg/kg/hour
for 96 hours within 24 hours of meeting inclusion criteria.
The list of exclusion criteria was extensive to ensure that pa-
tients who were at higher risk for bleeding did not partici-
pate in the trial. No standardized protocol was established for
the critical care provided to the patient (e.g., antibiotics, va-
sopressors, inotropes). Treatment with APC reduced D-dimer
and IL-6 levels, indicating attenuation of the procoagulant and
inflammatory effects of sepsis. Treatment with drotecogin-α
was associated with a 6.1% absolute reduction in mortality at
28 days after the start of infusion. The incidence of serious
bleeding was higher in the APC group, almost reaching sta-
tistical significance (p = 0.06). A subgroup analysis showed
that patients with higher Acute Physiology and Chronic Health
Evaluation (APACHE) II scores (>25) benefited the most from
treatment with APC. A follow-up study mandated by the U.S.
Food and Drug Administration (FDA) showed that APC use
in septic patients with single organ failure or an APACHE II
score <25 was not effective in achieving a decrease in mortal-
ity at 28 days and was actually associated with an increase in
bleeding complications.102 Based on the results of these stud-
ies, APC should be used only in patients with sepsis with an
APACHE II score >25 or with two or more organ systems in
failure.

M.K. meets the criteria for severe sepsis because he meets
three of the requirements for SIRS (white blood cell count
[WBC]=18,000 cells/mm3; use of mechanical ventilation; HR
>90 beats/minute) and has three dysfunctional organ systems.
He requires vasopressor support, is on a ventilator, and has an
increase in his SrCr. He also has several potential sources of
infection with pulmonary infiltrates and increased secretions,
and the formation of an abdominal abscess is a possibility. His
surgery was 5 days before his decompensation, so his bleed-
ing risk should be minimal; however, the patient should be
closely monitored. The cost of APC is substantial: approx-
imately $7,000 for a 70-kg person for 96 hours. M.K. is a
candidate for APC use; however, the risks of bleeding need
to be carefully assessed because the use of APC could lead
to devastating adverse events. Because of this, the formation
of institutional guidelines to determine the patient population
in which this drug can be more safely administered is highly
recommended.

45. What other treatment options are under research for septic
shock?

Because endotoxin is the initiator of the inflammatory cas-
cade of gram-negative sepsis, extensive research has been de-
voted to development and study of antibodies against the core
lipid-A portion of endotoxin, which possesses most of the bi-
ologic activity. To date no antiendotoxin therapies have shown
any benefit.

Monoclonal antibodies to TNF-α (anti-TNF-Mab) con-
fer significant protection in various animal models of septic
shock induced by endotoxin, gram-negative, or gram-positive
bacteremia. Investigations into anti-TNF antibodies prompted
a large controlled clinical trial, by the INTERSEPT study
group.103 The results showed no difference in 28-day mortal-
ity rates between groups, and patients in the nonshock group
derived no benefit. One recent study testing anti-TNF anti-
body fragments was terminated early because of funding is-
sues; however, a trend was noted toward more shock-free and
ventilator-free days.104 More interesting is the observation
that patients without a detectable baseline TNF-α level did
worse than those with an elevated baseline level. Some evi-
dence supports a biphasic immunologic pattern with an initial
hyperinflammatory phase that is counterbalanced by an anti-
inflammatory response, which may lead to a hypoinflammatory
state (immunoparalysis). It is possible that tailoring therapy by
providing anticytokine therapy to only those patients who are
in the proinflammatory state may be beneficial versus provid-
ing it to all patients who are in septic shock. More studies are
in progress.

Another approach to blocking the effects of TNF involves
the use of soluble TNF receptors, which bind to, and inactivate,
TNF before it interacts with its cellular receptor. Although ef-
fective in primate models of sepsis, a clinical trial examining
escalating doses of soluble TNF receptor in patients with sepsis
syndrome revealed an increase in mortality in patients receiv-
ing higher dosages of the receptor as compared with lower-dose
therapy and placebo.105

Ethyl pyruvate has recently been identified as an exper-
imental anti-inflammatory agent that also has anticoagulant
effects.106 This is currently the only other agent with a dual
immunomodulatory and anticoagulant effect such as drote-
cogin-α. Clinical studies are needed to determine whether
this therapy will have beneficial effects in the treatment of
sepsis.

Continuous hemofiltration is a technique that removes
proinflammatory mediators, and has potential for treatment
of septic patients. The use of adsorbents in hemoperfusion
columns aids in the removal of toxic compounds from the cir-
culatory system. Experimental data show that TNF-α, IL-1,
IL-6, IL-8, and endotoxin can be removed from the circulation
of septic patients by continuous hemofiltration.107,108 Many an-
imal studies show that hemofiltration improves hemodynamic
indices and human data are promising. No controlled, random-
ized clinical trials have evaluated continuous hemofiltration,
however.

GLOSSARY
Afterload: Ventricular wall tension developed during contrac-

tion. Determined by the resistance or impedance the ven-
tricle must overcome to eject end-diastolic volume. Left
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ventricular afterload is determined primarily by systemic
vascular resistance; right ventricular afterload is determined
primarily by pulmonary vascular resistance.

Arterial pressure (AP): Pressure in the central arterial bed; deter-
mined by cardiac output and systemic vascular resistance.

Body surface area (BSA): Average = 1.7 m2.
Cardiac index (CI): Cardiac output per square meter of body

surface area (BSA).
Cardiac output (CO): Amount of blood ejected from the left

ventricle per minute; determined by stroke volume and heart
rate. CO = SV × HR.

Central venous pressure (CVP)–also called right atrial pressure
(RAP): Measures mean pressure in right atrium and reflects
right ventricular filling pressure. Primarily determined by
venous return to the heart.

Compliance: Distensibility of the relaxed ventricle or stiffness
of the myocardial wall.

Contractility: The inotropic state of the myocardium; affects
stroke volume and cardiac output independently of preload
and afterload.

Heart rate (HR): Number of myocardial contractions per minute;
regulated by autonomic nervous system. An increase or de-
crease alters cardiac output in same direction.

Left ventricular stroke work index (LVSWI): Amount of work the
left ventricle exerts during systole; adjusted for body surface
area (BSA).

Oxygen consumption (VO2): The amount of oxygen consumed
by the body per unit time. The product of cardiac output and
the difference between the arterial and venous concentra-
tions of oxygen.

Oxygen delivery (DO2): The amount of oxygen delivered by the
body per unit time, the product of cardiac output and arterial
oxygen concentration.

Perfusion pressure: The pressure gradient between the coronary
arteries and the pressure in either the right atrium or left
ventricle during diastole. A major determinant of coronary
blood flow and oxygen supply to the heart.

Preload: End-diastolic fiber length before contraction; repre-
sented by left ventricular end-diastolic volume (LVEDV);
approximated by left ventricular end-diastolic pressure
(LVEDP) and pulmonary capillary wedge pressure (PCWP).
Right ventricular preload is reflected by central venous pres-
sure (CVP) or right arterial pressure (RAP).

Positive end-expiratory pressure (PEEP): The application of posi-
tive pressure at the end of the expiratory phase of respiration
to improve oxygenation.

Pulmonary artery pressure (PAP): Systolic (PAS): Measures pul-
monary artery pressure during systole; reflects pressure gen-
erated by the contraction of the right ventricle. Pulmonary
artery diastolic (PAD): Measures pulmonary artery pres-
sure during diastole; reflects diastolic filling pressure in the
left ventricle. May approximate pulmonary capillary wedge
pressure (PCWP); normal gradient <5 mmHg between PAD
and PCWP.

Pulmonary capillary wedge pressure (PCWP): Measures pressure
distal to the pulmonary artery; reflects left ventricular filling
pressures. May optimally increase to 16 to 18 mmHg in
critically ill patients. Usually lower than or within 5 mmHg
of pulmonary artery diastolic (PAD).

Pulmonary vascular resistance (PVR): Measure of impedance or
resistance within the pulmonary vasculature that the right
ventricle must overcome during contraction; determines
right ventricular afterload.

Stroke volume (SV): Amount of blood ejected from the ventricle
with each systolic contraction. SV = CO/HR.

Stroke volume index (SVI): Stroke volume per square meter of
body surface area (BSA).

Systemic vascular resistance (SVR): Measure of impedance ap-
plied by systemic vascular system to systolic effort of left
ventricle; determined by autonomic nervous system and
condition of vessels. Determinant of left ventricular after-
load.

Systemic vascular resistance index (SVRI): Systemic vascular re-
sistance adjusted for body surface area (BSA).
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ASTHMA
According to the National Institutes of Health (NIH) Expert
Panel Report 3 (EPR-3): Guidelines for the Diagnosis and
Management of Asthma,1 asthma is defined as a chronic in-
flammatory disorder of the airways in which many cells and cel-
lular elements play a role, in particular, mast cells, eosinophils,
T lymphocytes, neutrophils, and epithelial cells. In suscepti-
ble persons, this inflammation causes recurrent episodes of
wheezing, breathlessness, chest tightness, and cough, par-
ticularly at night and in the early morning. These episodes
are usually associated with widespread but variable airflow
obstruction that is often reversible either spontaneously or
with treatment. The inflammation also causes an increase in

the existing bronchial hyperresponsiveness to a variety of
stimuli.2 This definition of asthma is the same as the 1997 NIH
guidelines2 and has evolved from earlier national/international
guidelines.3−6

At least 22 million Americans have asthma.1 It is an un-
derdiagnosed and undertreated condition that is estimated to
have overall costs exceeding $12 billion annually in the United
States.7 Asthma is the leading cause of lost school days in chil-
dren and is a common cause of lost workdays among adults.

Mortality from asthma has decreased in the 21st cen-
tury, from 4,657 deaths in 1999 to 3,816 deaths in 2004 in
the United States according to the Centers for Disease Con-
trol and Prevention,8,9 but morbidity and mortality are still

22-1
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unacceptably high, especially in inner-city minority popula-
tions. This chapter emphasizes the 2007 NIH EPR-3 guide-
lines.1 Application of the principles of these recent guidelines
by clinicians and patients is vital to further reducing asthma
morbidity and mortality.

Etiology
Childhood-onset asthma is usually associated with atopy,
which is the genetic predisposition for the development of im-
munoglobulin E (IgE)-mediated response to common aeroal-
lergens. Atopy is the strongest predisposing factor in the de-
velopment of asthma.1 A very common presentation of asthma
is a child with a positive family history of asthma and allergy
to tree and grass pollen, house dust mites, household pets, and
molds.

Adult-onset asthma may also be associated with atopy, but
many adults with asthma have a negative family history and
negative skin tests to common aeroallergens. Some of these pa-
tients may have nasal polyps, aspirin sensitivity, and sinusitis.
In the British 1958 birth cohort study, participants were moni-
tored for wheezing and asthma at periodic intervals from birth
into their mid-forties.10 In the subset of patients who were
seemingly asymptomatic during late adolescence and early
adulthood, the presence of asthma at 42 years of age was signif-
icantly higher in those patients who had a history of wheezing
in childhood. Exposure to factors (e.g., wood dusts, chemicals)
at the workplace that may cause airway inflammation is also
important in many adults. Inflammatory mechanisms are simi-
lar, but not the same, as in atopic asthma. Some clinicians may
still refer to intrinsic asthma when referring to these patients
and extrinsic asthma when discussing atopic asthma.

In addition to atopy and exposure to occupational chem-
ical sensitizers being major risk factors for the development
of asthma, several contributing factors may increase the sus-
ceptibility to the development of the disease in predisposed
individuals.1,5 These factors include viral infections, small size
at birth, diet, exposure to tobacco smoke, and environmental
pollutants.1,5

Recent literature has focused on the “hygiene hypothesis,”
an imbalance of TH2- and TH1-type T lymphocytes, to explain
the marked increase in asthma in westernized countries.1,5,8

Infants who have older siblings, early exposure to day care, and
typical childhood infections are more likely to activate TH1
responses (protective immunity), resulting in an appropriate
balance of TH1/TH2 cells and the cytokines that they produce.
On the other hand, if the immune response is predominately
from TH2 cells (which produce cytokines that mediate allergic
inflammation), development of diseases such as asthma is more
likely. Examples of factors favoring this imbalance include
the common use of antimicrobial agents, urban environment,
and Western lifestyle. Further insights into the pathogenesis of
asthma continue to be discovered.1,7,11,12

Pathophysiology
Asthma is caused by a complex interaction between inflamma-
tory cells and mediators. As noted in the definition of asthma,
mast cells, eosinophils, T lymphocytes, neutrophils, and ep-
ithelial cells are of central importance. The bronchial epithe-
lium in asthmatics has been described as fragile, with various

abnormalities including destruction of ciliated cells and over-
expression of epidermal growth factors.13 Figure 22-1 depicts
the complex interaction of cells and mediators associated with
airway inflammation.

After exposure to an asthma-precipitating factor (e.g.,
aeroallergen), inflammatory mediators are released from
bronchial mast cells, macrophages, T lymphocytes, and ep-
ithelial cells. These mediators direct the migration and acti-
vation of other inflammatory cells, most notably eosinophils,
to the airways.1,11,12 Eosinophils release biochemicals (e.g.,
major basic protein and eosinophil cationic protein) that cause
airway injury, including epithelial damage, mucus hypersecre-
tion, and increased reactivity of smooth muscle.1,7,11

Research continues to determine the role of a subpopulation
of T lymphocytes (TH2) in asthmatic airway inflammation.1,11

TH2 lymphocytes release cytokines (e.g., interleukin [IL]-4
and IL-5) that at least partially control the activation and en-
hanced survival of eosinophils.1,4,11 The complexity of airway
inflammation is indicated by the fact that at least 27 cytokines
may have a role in the pathophysiology of asthma.11 In addition,
at least 18 chemokines (e.g., eotaxins) have been identified that
are important in delivery of eosinophils to the airways.11 One
biomarker of airway inflammation is exhaled nitric oxide (NO),
which has been used as a treatment guide in chronic asthma.1

Bronchial NO has been found to be elevated during periods of
exacerbations and is measurably decreased with administra-
tion of inhaled steroids but not β2-agonists.14,15 Failure to ad-
equately minimize severe and long-term airway inflammation
in asthma may result in airway remodeling in some patients.
Airway remodeling refers to structural changes, including an
alteration in the amount and composition of the extracellular
matrix in the airway wall leading to airflow obstruction that
eventually may become only partially reversible.1,16

Hyperreactivity (defined as an exaggerated response of
bronchial smooth muscles to trigger stimuli) of the airways
to physical, chemical, immunologic, and pharmacologic stim-
uli is pathognomonic of asthma.2 Examples of these stimuli
include inhaled allergens, respiratory viral infection, cold, dry
air, smoke, other pollutants, and methacholine. Endogenous
stimuli that can worsen asthma include poorly controlled rhini-
tis, sinusitis, and gastroesophageal reflux disease.1 In addition,
premenstrual asthma has been reported, but the exact hormonal
mechanism is not known.17

Although patients with allergic rhinitis, chronic bronchitis,
and cystic fibrosis also experience bronchial hyperreactivity,
these patients do not experience bronchiolar constriction as
severely as do patients with asthma. The degree of bronchial
hyperreactivity of asthmatics correlates with the clinical course
of their disease, which is characterized by periods of remis-
sions and exacerbations. During times of remission, a more
intense stimulus is required to produce bronchospasm than
during times of increased symptoms. Numerous theories have
been proposed to explain the bronchial hyperreactivity found
in asthma, yet none fully explains the phenomenon. Inflamma-
tion appears to be the primary process in the pathogenesis of
bronchial hyperreactivity; however, neurogenic imbalances in
the airways also may play a significant role.5 Inflamed airways
are hyperreactive (i.e., irritable). Hyperreactivity can be mea-
sured in the physician’s office by having the patient inhale small
concentrations of nebulized methacholine or histamine or by
exercise (e.g., treadmill). The concentration of aerosolized
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FIGURE 22-1 Airway inflammation. Inhaled antigen ac-
tivates mast cells and Th2 cells in the airway. They in
turn induce the production of mediators of inflammation
(such as histamine and leukotrienes) and cytokines includ-
ing interleukin-4 and interleukin-5. Interleukin-5 travels to
the bone marrow and causes terminal differentiation of
eosinophils. Circulating eosinophils enter the area of al-
lergic inflammation and begin migrating to the lung by
rolling, through interactions with selectins, and eventually
adhering to endothelium through the binding of integrins
to members of the immunoglobulin superfamily of adhe-
sion proteins: vascular-cell adhesion molecule 1 (VCAM-1)
and intercellular adhesion molecule 1 (ICAM-1). As the
eosinophils enter the matrix of the airway through the
influence of various chemokines and cytokines, their
survival is prolonged by interleukin-4 and granulocyte-
macrophage colony-stimulating factor (GM-CSF). On activa-
tion, the eosinophil releases inflammatory mediators, such
as leukotrienes and granule proteins, to injure airway tis-
sues. In addition, eosinophils can generate GM-CSF to pro-
long and potentiate their survival and contribution to per-
sistent airway inflammation. MCP-1, monocyte chemotactic
protein; and MIP-1∝, macrophage inflammatory protein.
(Reprinted with permission from Busse WW, Lemanske RF.
Advances in Immunology. N Engl J Med 2001; 344:350–
62.)

methacholine or histamine that decreases the forced expiratory
volume in 1 second (FEV1) by 20% is referred to as the PD20 or
the PC20 (provocative dose or concentration that decreases the
FEV1 by 20%).2 An indicator of optimal anti-inflammatory
therapy is an increase in the PD20 over time as the airways
become less inflamed and therefore less hyperreactive.

Another concept related to inflammation is “late-phase” ver-
sus “early-phase” asthma (Fig. 22-2). The inhalation of spe-
cific allergens in atopic asthmatics produces immediate bron-
choconstriction (measured by a drop in peak expiratory flow
[PEF] or FEV1) that spontaneously improves over an hour or
is reversed easily by inhalation of a β2-agonist. Although this
early asthmatic response (EAR) is blocked by the preadmin-
istration of β2-agonists, cromolyn, or theophylline, a second
bronchoconstrictive response often occurs 4 to 12 hours later.
This late asthmatic response (LAR) often is more severe, more
prolonged, and more difficult to reverse with bronchodilators
than is the EAR. The LAR is associated with the influx of in-
flammatory cells and mediators as described previously. Bron-
chodilators do not block the LAR to allergen challenge; cor-
ticosteroids block the LAR but do not affect the EAR; and
cromolyn blocks both.2

Pathologic changes in asthmatics found at autopsy in-
clude (a) marked hypertrophy and hyperplasia of the bronchial
smooth muscle, (b) mucous gland hypertrophy and excessive
mucous secretion, and (c) denuded epithelium and mucosal
edema due to an exudative inflammatory reaction and inflam-

matory cell infiltration.1 Hyperinflation of the lungs from air
trapping with extensive mucous plugging is found at autopsy
in patients who have died from acute asthma attacks, but these
changes also are seen at autopsy in asthmatics dying from other
causes. The bronchial smooth muscle hypertrophy and mucus
hypersecretion are secondary to the chronic inflammatory re-
sponse.
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FIGURE 22-2 Typical immediate and late asthmatic responses
seen after exposure to relevant allergen. Immediate asthmatic
response (IAR) occurs within minutes, whereas late asthmatic response
(LAR) occurs several hours after exposure. Patients may demonstrate iso-
lated IAR, isolated LAR, or dual responses. (Reproduced with permission
from Herfindal ET, Gourley DR. Textbook of Therapeutics Drug and Dis-
ease Management. 7th ed. Baltimore: Williams & Wilkins, 1996.)
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Symptoms
The heterogeneity of asthma is reflected best in its clinical
presentation. Classically, patients with asthma present with
intermittent episodes of expiratory wheezing, coughing, and
dyspnea. Some patients, however, experience chest tightness
or a chronic cough that is not associated with wheezing. There
is a wide spectrum of disease severity, ranging from patients
with occasional, mild bouts of breathlessness to patients who
wheeze daily despite continuous high dosages of medication.
In addition, the severity of asthma may be influenced by envi-
ronmental factors (e.g., specific seasonal allergens). Symptoms
often are associated with exercise and sleep (refer to Questions
43 and 48).

Classification of asthma severity is of major importance in
defining initial long-term treatment. Based on three age groups,
EPR-3 uses the classifications of intermittent, mild persistent,
moderate persistent, and severe persistent asthma (Tables 22-
1–22-3). The frequency of symptoms is a key component of
asthma classification.1 For example, mild persistent asthma is
defined as symptoms more than two times per week or noctur-
nal symptoms (including early morning chest tightness) more

than two times per month. Many clinicians are unaware that this
level of symptoms is defined as persistent asthma. This clas-
sification is of major significance when selecting long-term
drug therapy in that daily use of anti-inflammatory agents is
an essential part of management for persistent asthma.1

Diagnosis and Monitoring
History
The diagnosis of asthma is based primarily on a detailed his-
tory of intermittent symptoms of wheezing, chest tightness,
shortness of breath, and coughing. These episodes may be
worse seasonally (e.g., springtime or late summer and early
fall) or in association with exercise. History of nocturnal symp-
toms with awakening in the early morning is a critical compo-
nent to assess. In addition, history of symptoms after exposure
to other common triggers (e.g., cats, perfume, second-hand
tobacco smoke) is typical (Table 22-4). A positive family his-
tory and the presence of rhinitis or atopic dermatitis also are
significant. After a careful history is obtained, skin testing may

Table 22-1 Classifying Asthma Severity in Children 0 to 4 Years of Age

Classifying severity in children who are not currently taking long-term control medication.a

Classification of Asthma Severity (Children 0–4 Years of Age)

Persistent

Components of Severity Intermittent Mild Moderate Severe

Impairment Symptoms ≤2 days/week >2 days/week
but not daily

Daily Throughout the
day

Nighttime awakenings 0 1–2x/mo 3–4x/month >lx/week

SABA use for symptom control
(not prevention of EIB)

≤2 days/week >2 days/week
but not daily

Daily Several times per
day

Interference with normal
activity

None Minor limitation Some limitation Extremely limited

0–1/yr ≥2 exacerbation in 6 months requiring oral corticosteroids or ≥4
wheezing episodes in 1 year lasting >1 day AND risk factors for
persistent asthma

Risk Consider severity and interval since last exacerbation.
←−−−−−−−−−−−−−− Frequency and severity may fluctuate over time. −−−−−−−−−−−−−−→

Exacerbations requiring oral
systemic corticosteroids

Exacerbations of any severity may occur in patients in any severity category.

Level of severity is determined by both impairment and risk. Assess impairment domain by caregiver’s recall of previous 2–4 weeks. Assign severity to the
most severe category in which any feature occurs.

At present, there are inadequate data to correspond frequencies of exacerbations with different levels of asthma severity. For treatment purposes, patients
who had ≥2 exacerbations requiring oral corticosteroids in the past 6 months, or ≥4 wheezing episodes in the past year, and who have risk factors for
persistent asthma may be considered the same as patients who have persistent asthma, even in the absence of impairment levels consistent with persistent
asthma.

Classifying severity in patients after asthma becomes well controlled, by lowest level of treatment required to maintain control.a

Classification of Asthma Severity

Persistent

Intermittent Mild Moderate Severe
Lowest level of treatment required to maintain control
(See Fig. 23-7 for treatment steps.) Step 1 Step 2 Step 3 or 4 Step 5 or 6

aEIB, exercise-induced bronchospasm; SABA, short-acting inhaled β2-agonist.
Reprinted from reference 1.
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Table 22-2 Classifying Asthma Severity in Children 5 to 11 Years of Age

Classifying severity in children who are not currently taking long-term control medication.a

Classification of Asthma Severity (Children 5–11 Years of Age)

Persistent

Components of Severity Intermittent Mild Moderate Severe

Impairment Symptoms ≤2 days/week >2 days/week but not
daily

Daily Throughout the day

Nighttime awakenings ≤2x/month 3–4x/month >1x/week but not
nightly

Often 7x/week

SABA use for symptom
control (not prevention
of EIB)

≤2 days/week >2 days/week but not
daily

Daily Several times per day

Interference with normal
activity

None Minor limitation Some limitation Extremely limited

Lung function � Normal FEV1

betweenexacerbations
� FEV1 >80%

predicted
� FEV1/FVC >85%

� FEV1>80%
predicted

� FEV1/FVC >80%

� FEV1 = 60%–80%
predicted

� FEV1/FVC
75%–80%

� FEV1 <60%
predicted

� FEV1/FVC <75%

Risk Exacerbations requiring
oral systemic
corticosteroids

0–1 in 1 year (see note) ≥2 in 1 year
(see note) −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−→

Consider severity and interval since last exacerbation. Frequency and
severity may fluctuate over time for patients any severity category.

←−−−−−−−−−−−− −−−−−−−−−−−−→
Relative annual risk of exacerbations may be related to FEV1.

Level of severity is determined by both impairment and risk, Assess impairment domain by patient/caregiver’s recall of the previous 2–4 weeks and
spirometry. Assign severity to the most severe category in which any feature occurs.

At present, there are inadequate data to correspond frequencies of exacerbations with different levels of asthma severity. In general, more frequent and
intense exacerbations (e.g., requiring urgent, unscheduled care, hospitalization, or ICU admission indicate greater underlying disease severity. For
treatment purposes, patients who had ≥2 exacerbations requiring oral systemic corticosteroids in the past year may be considered the same as patients
who have persistent asthma, even in the absence of impairment levels consistent with persistent asthma.

Classifying severity in patients after asthma becomes well controlled, by lowest level of treatment required to maintain control.a

Classification of Asthma Severity

Persistent

Intermittent Mild Moderate Severe
Lowest level of treatment required to

maintain control
(See Fig. 23-8 for treatment steps.) Step 1 Step 2 Step 3 or 4 Step 5 or 6

aEIB, exercise-induced bronchospasm; FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; ICU, intensive care unit; SABA, short-acting β2-agonist.
Reprinted from reference 1.

be useful in identifying triggering allergens, but it is only of
supportive value in the diagnosis of asthma.

Pulmonary Function Tests
The diagnosis of asthma is based in part on demonstration of re-
versible airway obstruction. A brief discussion of tests to detect
reversibility of airway obstruction is important. Furthermore,
a short summary of arterial blood gases (ABGs) is pertinent
here in assessing the severity of asthma exacerbations.

SPIROMETRY
Lung volumes often are measured to obtain information

about the size of the patient’s lungs, because pulmonary dis-
eases can affect the volume of air that can be inhaled and
exhaled. The tidal volume is the volume of air inspired or ex-
pired during normal breathing. The volume of air blown off

after maximal inspiration to full expiration is defined as the
vital capacity (VC). The residual volume (RV) is the volume
of air left in the lung after maximal expiration. The volume
of air left after a normal expiration is the functional residual
capacity (FRC). Total lung capacity (TLC) is the VC plus the
RV. Patients with obstructive lung disease have difficulty with
expiration; therefore, they tend to have a decreased VC, an
increased RV, and a normal TLC. Classic restrictive lung dis-
eases (e.g., sarcoidosis, idiopathic pulmonary fibrosis) present
with decrements in all lung volumes.18 Patients also may have
mixed lesion diseases, in which case the classic findings are
not apparent until the disease has advanced considerably.

The spirometer also can be used to evaluate the performance
of the patient’s lungs, thorax, and respiratory muscles in mov-
ing air into and out of the lungs. Forced expiratory maneuvers
amplify the ventilation abnormalities produced. The single
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Table 22-3 Classifying Asthma Severity in Youths ≥12 Years of Age and Adults

Classifying severity in patients who are not currently taking long-term control medication.a

Classification of Asthma Severity (Youths ≥12 Years of Age and Adults)

Persistent

Components of Severity Intermittent Mild Moderate Severe

Impairment Symptoms ≤2 days/week >2 days/week but
not daily

Daily Throughout the day

Nighttime awakenings ≤2x/month 3–4x/month >1x/week but not
nightly

Often 7x/week

SABA use for symptom
control (not prevention of
EIB)

≤2 days/week >2 days/week but
not >1x/day

Daily Several times per day

Normal FEVl/FVC:
8–19 years, 85%

20–39 years, 80%
40–59 years, 75%
60–80 years, 70%

Interference with normal
activity

None Minor limitation Some limitation Extremely limited

Lung function � Normal FEV1

between
exacerbations

� FEV1>80%
predicted

� FEV1/FVC
normal

� FEV1≥80%
predicted

� FEV1/FVC
normal

� FEV1>60% but
<80% predicted

� FEV1/FVC
reduced 5%

� FEV1<60%
predicted

� FEV1/FVC
reduced >5%

Risk Exacerbations requiring oral
systemic corticosteroids

0–1 in 1 year (see note) ≥ 2 in 1 year
(see note) −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−→

Consider severity and interval since last exacerbation. Frequency and
severity may fluctuate over time for patients any severity category.

←−−−−−−−−− −−−−−−−−−→
Relative annual risk of exacerbations may be related to FEV1.

Level of severity is determined by assessment of both impairment and risk. Assess impairment domain by patient/caregiver’s recall of previous 2–4 weeks
and spirometry. Assign severity to the most severe category in which any feature occurs.

At present, there are inadequate data to correspond frequencies of exacerbations with different levels of asthma severity. In general, more frequent and
intense exacerbations (e.g., requiring urgent, unscheduled care, hospitalization, or ICU admission) indicate greater underlying disease severity. For
treatment purposes, patients who had ≥2 exacerbations requiring oral systemic corticosteroids in the past year may be considered the same as patients
who have persistent asthma, even in the absence of impairment levels consistent with persistent asthma.

Classifying severity in patients after asthma becomes well controlled, by lowest level of treatment required to maintain control.a

Classification of Asthma Severity

Persistent

Intermittent Mild Moderate Severe
Lowest level of treatment required to

maintain control
(See Fig. 23-9 for treatment steps.) Step 1 Step 2 Step 3 or 4 Step 5 or 6

aEIB, exercise-induced bronchospasm; FEV1, forced expiratory volume in 1 second: FVC, forced vital capacity; ICU, intensive care unit; SABA, short-acting β2-agonist.
Reprinted from reference 1.

most useful test for ventilatory dysfunction is the FEV. The
FEV is measured by having the patient exhale into the spirom-
eter as forcefully and completely as possible after maximal
inspiration. The resulting volume curve is plotted against time
(Fig. 22-3) so that expiratory flow can be estimated.

Standard spirometers contain pneumotachographs in the
mouthpieces that can measure airflow directly. A number of
important measures of lung function are made from the re-
sulting flow-volume curves (Fig. 22-4). The advantages of this
technique include a display of simultaneous flows at any lung
volume, visual estimation of patient effort and cooperation,
high reproducibility within as well as across individuals, and
an analysis of the distribution of flow limitation.18,19 The FEV1

of the forced vital capacity (FVC, the maximum volume of
air exhaled with maximally forced effort from a position of
maximal inspiration) commonly is measured to determine the
dynamic performance of the lung in moving air. The FEV1
usually is expressed as a percentage of the total volume of air
exhaled and is reported as the FEV1 to FVC ratio. Healthy
persons generally can exhale at least 75% to 80% of their VC
in 1 second and almost all of it in 3 seconds. Thus, the FEV1
normally is 80% of the FVC. The patient’s breathing ability is
compared against “predicted normal” values for patients with
similar physiologic characteristics, because lung volumes de-
pend on age, race, gender, height, and weight. For example,
an average-sized young adult male may have an FVC of 4 to



ASTHMA � 22-7

Table 22-4 Sample Questions for the Diagnosis and Initial
Assessment of Asthmaa

A “yes” answer to any question suggests that an asthma diagnosis is
likely.

In the past 12 months . . .
� Have you had a sudden severe episode or recurrent episodes of

coughing, wheezing (high-pitched whistling sounds when breathing
out), chest tightness, or shortness of breath?

� Have you had colds that “go to the chest” or take more than 10 days
to get over?

� Have you had coughing, wheezing, or shortness of breath during a
particular season or time of the year?

� Have you had coughing, wheezing, or shortness of breath in certain
places or when exposed to certain things (e.g., animals, tobacco
smoke, perfumes)?

� Have you used any medications that help you breathe better? How
often?

� Are your symptoms relieved when the medications are used?

In the past 4 weeks, have you had coughing, wheezing, or shortness
of breath . . .
� At night that has awakened you?
� On awakening?
� After running, moderate exercise, or other physical activity?

aThese questions are examples and do not represent a standardized assessment or
diagnostic instrument. The validity and reliability of these questions have not been
assessed.
Reprinted from reference 1.

5 L and a corresponding FEV1 of 3.2 to 4 L. The FEV1 and
the FVC are the most reproducible of the pulmonary function
tests.

PEAK EXPIRATORY FLOW
The PEF is the maximal flow that can be produced during the

forced expiration. The PEF can be measured easily with various

FIGURE 22-3 Volume-time curve from a forced expiratory maneuver.

handheld peak flow meters and commonly is used in emergency
departments (EDs) and clinics to quickly and objectively assess
the effectiveness of bronchodilators in the treatment of acute
asthma attacks. Peak flow meters also can be used at home by
patients with asthma to assess chronic therapy. The changes in
PEF generally parallel those of the FEV1; however, the PEF is a
less reproducible measure than the FEV1.5 A healthy, average-
sized young adult male typically has a PEF of 550 to 700
L/minute. Commercial peak flow meters come with a chart for
patients to determine their predicted normal PEFs based on
their gender, age, and height.

FIGURE 22-4 Flow-volume curves resulting from a forced expiratory maneuver. A: Normal flow-volume
curve. B: Typical pattern for obstructive disease. C: Typical pattern for restrictive disease.
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Obstructive versus Restrictive Airway Disease
Generally, pulmonary disorders fall into two categories: those
that restrict the lungs and thorax and those that obstruct them.
In simplest terms, restrictive disease limits airflow during in-
spiration, and obstructive disease limits airflow during ex-
piration. Restrictive disease results from a loss of elasticity
(e.g., fibrosis, pneumonia) or physical deformities of the chest
(e.g., kyphoscoliosis), with a consequent inability to expand
the lung and a reduced TLC. Therefore, a typical flow-volume
curve (Fig. 22-4C) for a patient with restrictive disease shows
markedly depressed volumes with increased flow rates (when
corrected for the volume).

Whereas restrictive airway diseases limit lung expansion,
obstructive airway diseases (e.g., bronchitis, asthma) narrow
air passages, create air turbulence, and increase resistance to
airflow. In obstructive diseases, maximal expiration may be-
gin at higher-than-normal lung volumes, and the expiratory
flow is depressed (Fig. 22-4B). Resistance to flow is increased
at lower lung volumes, giving the characteristic scooped-out
appearance of the obstructive flow-volume curve (Fig. 22-4B).

Reversible Airway Obstruction
Spirometry often is used to determine the reversibility of air-
way disease. Although many generally associate reversibility
with bronchospasm, therapy can improve airflow by revers-
ing any of the causative pathologic processes of asthma de-
scribed previously. Significant clinical reversibility produced
from bronchodilators is determined by the tests outlined in
Figure 22-5. The FEV1 is considered the gold standard test for
determining reversibility of airway disease and bronchodila-
tor efficacy. Significant clinical reversibility is defined as a
12% improvement in FEV1 following administration of a short-
acting bronchodilator.1 An improvement of 20% in FEV1 pro-
vides noticeable subjective relief of respiratory symptoms in
most patients. For patients with a very low baseline FEV1 (e.g.,
<1 L), an absolute improvement of 250 mL sometimes is con-
sidered a better indicator of therapeutic benefit than assessing
percentage of change. In either case, the patient’s subjective
clinical impression also should be considered when using pul-
monary function testing and drug challenges as predictors for
future therapy.

LIMITATIONS OF SPIROMETRY
Because the FEV1 and the PEF are both highly effort de-

pendent, complete patient cooperation is required for reliable
results. Therefore, spirometric tests often are unobtainable in
patients who are severely ill as well as in patients who are very
old or very young. The FEV1 and PEF also are relatively insen-
sitive to small airway changes and are therefore unable to detect
early mucous plugging and inflammation in small bronchioles.
Although the forced expiratory flow (FEF)25%−75% is a more
sensitive test of small airway obstruction, it is also much more
variable, requiring larger changes (30%–40%) to be clinically
significant.

Spirometric pulmonary function tests before and after ad-
ministration of an inhaled bronchodilator can be useful in as-
sessing the reversibility of airway obstruction. If significantly
depressed pulmonary function tests are not reversed by the ad-
ministration of a bronchodilator acutely, a 2- to 3-week trial of
oral corticosteroid treatment followed by retesting might detect
reversibility.1

If pulmonary function is normal or near normal at the time
of spirometric assessment, the patient can be challenged by
exercise or drugs that are known to produce bronchospasm in
asthmatics (e.g., aerosolized methacholine).

Blood Gas Measurements
The best indicators of overall lung function (ventilation and dif-
fusion) are the ABGs (i.e., PaO2, PaCO2, and pH). Although
ABG measurements also are dependent on the patient’s cardio-
vascular status, they are indispensable in assessing both acute
and chronic changes in pulmonary patients. (See Chapter 10
Acid-Base Disorders for a review of ABGs.) Another means of
assessing the patient’s ability to oxygenate tissues adequately
is to measure oxygen saturation, which is described by the
following equation:

Quantity of O2 actually
bound to hemoglobin

O2 saturation = × 100
Quantity of O2 that can
be bound to hemoglobin

According to this equation, oxygen saturation is the ratio be-
tween the actual amount of oxygen bound to hemoglobin
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FIGURE 22-5 Interpretation of results of spirometry. The graphs depicted are for illustration only. The Interpretation of flow rates may vary with the
age of the patient. (Reprinted with permission from reference 2.)
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FIGURE 22-6 The oxygen dissociation curve reveals that the percent sat-
uration of hemoglobin increases almost linearly with increases in the
arterial O2 tension until a PaO2 of 55 to 65 mmHg is reached. At PaO2
values above this, the increase in hemoglobin saturation becomes pro-
portionately less and relatively little additional oxygen is added to the
hemoglobin despite large increases in PaO2. (Reproduced with per-
mission from Guenther CA, Welch MH. Pulmonary Medicine. 2nd ed.
Philadelphia: JB Lippincott; 1982.)

and the potential amount of oxygen that could be bound to
hemoglobin at a given pressure. The denominator in the pre-
ceding equation is the oxygen capacity. The normal oxygen
saturation of arterial blood at a PaO2 of 100 mmHg is 97.5%;
that of mixed venous blood at a PO2 of 40 mmHg is about
75%.18

Oxygen saturations can be measured continuously with
transcutaneous monitors. This type of monitoring (pulse
oximetry) is extremely helpful in determining whether sup-
plemental oxygen therapy is indicated in patients with various
chronic respiratory diseases. At a PaO2 of <60 mmHg, oxygen
saturation begins to drop precipitously (Fig. 22-6)

Goals of Therapy
The EPR-31 established the following goals of therapy to
achieve control of asthma:

Reduce Impairment: (a) Prevent chronic and troublesome
symptoms (e.g., coughing or breathlessness in the night,
in the early morning, or after exertion), (b) maintain (near)
“normal” pulmonary function, (c) maintain normal activ-
ity levels (including exercise, other physical activities, and
attendance at work or school), (d) require infrequent use
of short-acting inhaled β2-agonist ([SABAs], ≤2 days a
week for quick relief of symptoms), and (e) meet patients’
and families’ expectations of and satisfaction with asthma
care.

Reduce Risk: (a) Prevent recurrent exacerbations of asthma
and minimize the need for ED visits or hospitalizations;
(b) prevent progressive loss of lung function—for children,
prevent reduced lung growth; and (c) provide optimal phar-
macotherapy with minimal or no adverse effects.

Major Components of Long-Term Management
To achieve these goals of therapy, EPR-31 also outlines some
general treatment principles. Asthma management has four
major components, including (a) measures of asthma as-
sessment and monitoring, (b) education for a partnership in
asthma care, (c) control of environmental factors and comorbid
conditions that affect asthma, and (d) medications. Optimal
long-term management requires a continuous care approach,
including each of these four major components, to prevent
exacerbations and decrease airway inflammation. Early thera-
peutic interventions in managing acute exacerbations are very
important in decreasing the chance of severe narrowing of the
airways. Achieving the goals of asthma therapy also involves
individualizing each patient’s therapy. In addition, optimal care
involves establishing a “partnership” between the patient, the
patient’s family, and the clinician.

For most patients with asthma, the condition can be ex-
tremely well controlled by using the step-care approach recom-
mended by EPR-31 (Figs. 22-7–22-9). A concerted effort in pa-
tient education as an integral part of state-of-the-art long-term
management has been demonstrated to improve outcomes, in-
cluding quality of life in patients with asthma. Because of the
excellent outcomes associated with optimal long-term man-
agement, if a patient requires an ED visit or hospitalization,
great care should be given to determining how the acute-care
visit could have been prevented.

ACUTE ASTHMA
Assessment
Signs and Symptoms

1. Q.C., a 6-year-old, 20-kg girl, presents to the ED with com-
plaints of dyspnea and coughing that have progressively worsened
over the past 2 days. These symptoms were preceded by 3 days of
symptoms of a viral upper respiratory tract infection (sore throat,
rhinorrhea, and coughing). She has experienced several bouts of
bronchitis in the last 2 years and was hospitalized for pneumo-
nia 3 months ago. Q.C. is not being treated with any medications
at present. Physical examination reveals an anxious-appearing
young girl in moderate respiratory distress with audible expira-
tory wheezes; occasional coughing; a prolonged expiratory phase;
a hyperinflated chest; and suprasternal, supraclavicular, and in-
tercostal retractions. Bilateral inspiratory and expiratory wheezes
with decreased breath sounds on the left side are heard on auscul-
tation. Q.C.’s vital signs are as follows: respiratory rate (RR), 30
breaths/minute; blood pressure (BP), 110/83 mmHg; heart rate,
130 beats/minute; temperature, 37.8◦C; and pulsus paradoxus,
18 mmHg. Her arterial oxygen saturation (SaO2) by pulse oxime-
try is 90%. Q.C. is given O2 to maintain SaO2 >90% and 2.5 mg
of albuterol by nebulizer Q 20 minutes for three doses. After the
initial treatment, Q.C. claims some subjective improvement and
appears to be more comfortable; however, wheezing on ausculta-
tion becomes louder. What signs and symptoms in Q.C. are consis-
tent with acute bronchial obstruction? Does increased wheezing
after albuterol indicate failure of the medication?

Asthma is an obstructive lung disease; therefore, the pri-
mary limitation to airflow occurs during expiration. This out-
flow obstruction leads to the classic findings of dyspnea, expi-
ratory wheezes, and a prolonged expiratory phase during the
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Step 6 

Step 5 

Step 4 

Step 3 

Step 2 

Step 1 

Intermittent 
Asthma

Preferred: 
SABA PRN 

Preferred: 
Low-dose ICS 

Alternative: 
Cromolyn or 
Montelukast

Preferred: 
Medium-dose
ICS

Preferred: 
Medium-dose
ICS + either 
LABA or 
Montelukast

Preferred: 
High-dose ICS
+ either 
LABA or 
Montelukast

Preferred: 
High-dose ICS
+ either 
LABA or 
Montelukast

Oral systemic 
corticosteroids 

Persistent Asthma: Daily Medication 

Consult with asthma specialist if Step 3 care or higher is required. 
Consider consultation at Step 2. 

Step up if 
needed

(first, check 
adherence,

inhaler
technique, and 
environmental 

control)

Step down if 
possible 

(and asthma is 
well controlled 

at least 
3 months) 

Patient Education and Environmental Control at Each Step 

Quick-Relief Medication for All Patients

• SABA as needed for symptoms. Intensify of treatment depends on severity of symptoms.
• With viral respiratory infection SABA every 4-6 hours up to 24 hours (longer with physician consult). 
  Consider short course of oral systemic corticosteroids if exacerbation is severe or patient has history 
  of previous severe exacerbations.
• Caution: Frequent use of SABA may indicate the need to step up treatment. See text for 
  recommendations on initiating daily long-term-control therapy.

Key: Alphabetical order is used when more than one treatment option is listed within either preferred or
alternative therapy. ICS, inhaled corticosteroid; LABA, inhaled long-acting β2-agonist; SABA, inhaled
short-acting β2-agonist.

Assess
control

Notes: 

�  The stepwise approach is meant to assist, not replace, the clinical decisionmaking required to meet individual patient needs.  

� If alternative treatment is used and response is inadequate, discontinue it and use the preferred treatment  before stepping up. 

� If clear benefit is not observed within 4–6 weeks and patient/family medication technique and adherence are satisfactory, consider 
adjusting therapy or alternative diagnosis.   

� Studies on children 0–4 years of age are limited.  Step 2 preferred therapy is based on Evidence A.  All other recommendations are 
based on expert opinion and extrapolation from studies in older children. 

FIGURE 22-7 Stepwise approach for managing asthma in children 0–4 years of age. (Reproduced with permission
from reference 1.)

ventilatory cycle.1 Wheezing is a whistling sound produced
by turbulent airflow through a constricted opening and usually
is more prominent on expiration. Thus, the audible expiratory
wheezing in Q.C. is compatible with bronchial obstruction.
In fact, Q.C.’s obstruction is so severe that even inspiratory
wheezes and decreased air movement were detected on aus-
cultation. It is important to realize that the classic symptom of
wheezing requires turbulent airflow; therefore, effective ther-
apy of acute asthma actually may result in increased wheez-
ing initially as airflow increases throughout the lung. As a re-
sult, Q.C.’s increased wheezing on auscultation is compatible
with her clinical improvement following the albuterol nebu-
lizer treatments.

The coughing experienced by Q.C. is another common find-
ing associated with acute asthma attacks. The coughing may be
due to stimulation of “irritant receptors” in the bronchi by the

chemical mediators of inflammation (e.g., leukotrienes) that
are released from mast cells or to the mechanics of smooth
muscle contraction.

In the progression of an asthma attack, the small airways
become completely occluded during expiration, and air can
be trapped behind the occlusion; therefore, the patient has to
breathe at higher-than-normal lung volumes.1 Consequently,
the thoracic cavity becomes hyperexpanded, and the diaphragm
is lowered. As a result, the patient must use the accessory mus-
cles of respiration to expand the chest wall. Q.C.’s hyperinflated
chest and her use of suprasternal, supraclavicular, and inter-
costal muscles to assist in breathing also are compatible with
obstructive airway diseases.

Occlusion of the small airways, air trapping, and resorp-
tion of air distal to the obstruction can lead to atelectasis
(incomplete expansion or collapse of pulmonary alveoli or
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Step 6 

Step 5 

Step 4 

Step 3 

Step 2 

Step 1 

Intermittent 
Asthma

Preferred: 
SABA PRN 

Preferred: 
Low-dose ICS 

Alternative: 
Cromolyn,
LTRA, 
Nedocromil,
or Theophylline 

Preferred: 
EITHER:  
Low-dose ICS 
+ either LABA, 
LTRA, or 
Theophylline 

OR: 

Medium-dose
ICS

Persistent Asthma: Daily Medication 

Consult with asthma specialist if Step 4 care or higher is required. 
Consider consultation at Step 2. 

Quick-Relief Medication for All Patients

• SABA as needed for symptoms. Intensity of treatment depends on severity of symptoms: up to 3
  treatments at 20-minutes intervals as needed. Short course of oral systemic corticosteroids may be
  needed.
• Caution: Increasing use of SABA or use >2 days a week for symptom relief (not prevention of EIB) 
  generally indicates inadequate control and the need to step up treatment.

Assess
control

Preferred: 
Medium-dose
ICS + LABA

Alternative: 

Medium-dose
ICS + either 
LTRA or 
Theophylline 

Preferred: 
High-dose
ICS + LABA

Alternative: 

High-dose
ICS + either 
LTRA or 
Theophylline 

Preferred: 
High-dose ICS
+ LABA + oral 
systemic
corticosteroid 

Alternative: 

High-dose ICS
+ either LTRA  
or Theophylline  
+ oral systemic 
corticosteroid 

Step up if 
needed

(first, check 
adherence, 

inhaler
technique, and 
environmental 
control, and 
comorbid

conditions)

Step down if 
possible 

(and asthima is 
well controlled 

at least 
3 months) 

Each step: Patient education, environmental control, and management of comorbidities.

Steps 2-4: Consider subcutaneous allergen immunotherapy for patients who have allergic asthma (see notes).

Key:  Alphabetical order is used when more than one treatment option is listed within either preferred or 
alternative therapy. ICS, inhaled corticosteroid; LABA, inhaled long-acting β2-agonist, LTRA, leukotriene 
receptor antagonist; SABA, inhaled short-acting β2-agonist

Notes:  
� The stepwise approach is meant to assist, not replace, the clinical decisionmaking required to meet individual patient needs.

� If alternative treatment is used and response is inadequate, discontinue it and use the preferred treatment before stepping up. 

� Theophylline is a less desirable alternative due to the need to monitor serum concentration levels. 

FIGURE 22-8 Stepwise approach for managing asthma in children 5–11 years of age. (Reproduced with permission
from reference 1.)

of a segment of lobe of the lung). Localized areas of at-
electasis often are difficult to distinguish from infiltrates
on a chest radiograph, and atelectasis can be mistaken for
pneumonia.

Q.C.’s history of multiple bouts of “bronchitis” is signif-
icant and typical of many young asthmatics. In any patient
with recurring episodes of bronchial symptoms (i.e., bronchi-
tis, pneumonia), the possible diagnosis of asthma should be
investigated.

The increased pulse, RR, and anxiety experienced by Q.C.
can be attributed both to hypoxemia and the feeling of suf-
focation. The hypoxemia in acute asthma is due principally
to an imbalance between alveolar ventilation and pulmonary
capillary blood flow, also know as ventilation-perfusion (V̇/Q̇)
mismatching.20 Each alveolus of the lung is supplied with cap-
illaries from the pulmonary artery for gas exchange. When
ventilation is decreased to an area of the lung, the alveoli in

that area become hypoxic, and the pulmonary artery to that re-
gion constricts as a normal physiologic response. As a result,
blood flow is shunted to the well-ventilated portions of the lung
because of the need to preserve adequate oxygenation of the
blood. The pulmonary arteries, however, are not constricted
completely, and when a small amount of blood flows to the
poorly ventilated alveoli, mismatching is the result. Conditions
of diffuse bronchial obstruction (i.e., acute asthma) increase the
amount of mismatching. In addition, some mediators of acute
bronchospasm (e.g., histamine) further worsen mismatching
by constricting bronchial smooth muscle while concurrently
relaxing vascular smooth muscle.

Q.C. also demonstrated a significant pulsus paradoxus. Pul-
sus paradoxus is defined as a drop in systolic BP of >10 mmHg
with inspiration. In general, pulsus paradoxus correlates with
the severity of bronchial obstruction; however, it is not always
present.20
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Step 6

Step 5

Step 4

Step 3

Step 2

Step 1

Intermittent
Asthma

Preferred:
SABA PRN

Preferred:
Low-dose ICS

Alternative:
Cromolyn,
LTRA,
Nedocromil,
or Theophylline

Preferred:
Low-dose ICS
+ LABA

OR

Medium-dose

ICS

Alternative:

Low-dose ICS

+ either LTRA,

Theophylline,

or Zileuton

Persistent Asthma: Daily Medication

Consult with asthma specialist if Step 4 care or higher is required.
Consider consultation at Step 3.

Quick-Relief Medication for All Patients

• SABA as needed for symptoms. Intensity of treatment depends on severity of symptoms: up to 3
  treatments at 20-minutes intervals as needed. Short course of oral systemic corticosteroids may be
  needed.
• Use of SABA >2 days a week for symptom relief (not prevention of EIB) generally indicates 
  inadequate control and the need to step up treatment.

Assess
control

Preferred:
Medium-dose
ICS + LABA 

Alternative:

Medium-dose
ICS + either
LTRA or
Theophylline,
or Zileuton

Preferred:
High-dose
ICS + LABA 

AND

Consider
Omalizumab
for patients
who have
allergies

Preferred:
High-dose ICS 
+ LABA + oral
corticosteroid

AND

Consider
Omalizumab
for patients
who have
allergies

Step up if
needed

(first, check
adherence,

environmental
control, and
comorbid

conditions)

Step down if
possible

(and asthima is
well controlled

at least
3 months)

Each step: Patient education, environmental control, and management of comorbidities.

Steps 2-4: Consider subcutaneous allergen immunotherapy for patients who have allergic asthma (see notes).

Key:  Alphabetical order is used when more than one treatment option is listed within either preferred or alternative 
therapy. EIB, exercise-induced bronchospasm; ICS, inhaled corticosteroid; LABA, long-acting inhaled β2-agonist;
LTRA, leukotriene receptor antagonist; SABA, inhaled short-acting β2-agonist

Notes:

� The stepwise approach is meant to assist, not replace, the clinical decisionmaking required to meet individual patient needs.  

� If alternative treatment is used and response is inadequate, discontinue it and use the preferred treatment before stepping up. 

� Zileuton is a less desirable alternative due to limited studies as adjunctive therapy and the need to monitor liver function.  
Theophylline requires monitoring of serum concentration levels.

� In step 6, before oral systemic corticosteroids are introduced, a trial of high-dose ICS + LABA + either LTRA,
theophylline, or zileuton may be considered, although this approach has not been studied in clinical trials. 

FIGURE 22-9 Stepwise approach for managing asthma in youth ≥12 years of age and adults. (Reproduced with permission
from reference 1.)

Extent of Obstruction

2. What additional tests would be helpful in assessing the ex-
tent of pulmonary obstruction in Q.C.?

Chest radiographs are not recommended routinely but
should be obtained in patients who are suspected of a com-
plication (e.g., pneumonia).1 Hyperinflated lungs and areas of
atelectasis can be seen on a chest x-ray film; however, chest
x-ray studies usually are negative and of little value in eval-
uating acute asthma attacks. The finding of a local decrease
in breath sounds in Q.C.’s left lung may justify the need for
a chest x-ray study, particularly if a significant differential in
air movement persists after initial therapy. A local decrease in

breath sounds may indicate pneumonia, aspiration of a foreign
object, pneumothorax, or merely thickened mucous plugging
of a large bronchus.

Pulmonary function testing (e.g., FEV1, PEF) provides ob-
jective measurement of the degree of airway obstruction. Peak
flow meters are helpful in the ED for assessing both the sever-
ity of airway obstruction and the response to bronchodilator
therapy. Unfortunately, infants and many young children do
not have the cognitive or motor skills necessary to perform
pulmonary function tests. EPR-3 points out that in one study,
only 65% of children 5 to 16 years of age could complete
either FEV1 or PEF during an acute exacerbation. Because
of Q.C.’s initial anxiety, the PEF should be measured after
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bronchodilator therapy has been initiated when she may be
calmer. One disadvantage of pulmonary function tests in acute
asthma is that the forced expiratory maneuver commonly trig-
gers coughing. ABG measurements are the gold standard
for assessing very severe airway obstruction.21 EPR-31 sug-
gests ABGs for evaluation of PCO2 in patients who have sus-
pected hypoventilation, severe distress, or FEV1 or PEF <25%
of predicted after initial treatment. However, in less severe
exacerbations, ABG measurements are unnecessary if other
objective measures of airway obstruction (e.g., pulmonary
function tests) have been monitored.1 In acute asthma, ABG
determinations usually indicate hypoxemia because of mis-
matching and hypocapnia with respiratory alkalosis because
of hyperventilation.21 The degree of hypoxemia correlates
with the severity of obstruction. Severe hypoxemia (PO2 <50
mmHg) that is associated with an FEV1 <15% of predicted
represents very severe airway obstruction.20,21 Likewise, when
the FEV1 is <25% of the predicted value, carbon dioxide in-
creasingly is retained and the PCO2 begins to rise into the usual
normal range.1 Because of mismatching and the ease of cor-
rection of hypoxemia with oxygen therapy, the PCO2 is the
more sensitive indicator of ventilation abnormalities in acute
asthma with prolonged or chronic airway obstruction; carbon
dioxide retention (hypercapnia) and respiratory acidosis are
prominent. ABG measurements are indicated in patients who
fail to respond adequately to initial therapy or in patients requir-
ing hospitalization; they are not indicated at this time for Q.C. A
repeat pulse oximetry at 1 hour after treatment initiation is war-
ranted in Q.C. to ensure adequate arterial oxygen saturation.

Need for Hospitalization

3. Q.C. may require hospitalization. Which clinical test is
predictive of the need for admission or whether Q.C. will re-
lapse if sent home from the ED? Are Q.C.’s signs and symptoms
predictive of whether she will relapse and return to the ED if not
hospitalized?

The most useful predictive tool is the FEV1 or PEF response
to initial treatment. Patients who do not improve to at least
40% of predicted FEV1 or PEF after initial intensive therapy
are more likely to require hospitalization.1 Although Q.C. is
not able to perform spirometry, she is able to execute the PEF
maneuver, and the plan is to check her PEF after 1 hour of
therapy. Signs and symptom scores alone are not adequate to
predict outcome of ED treatment of asthma, but scores along
with pulse oximetry and PEF or FEV1 are helpful predictors.1

Short-Acting Inhaled β-Adrenergic Agonist Therapy
Short-Acting Inhaled β-Agonists Compared With Other
Bronchodilators

4. Why was a SABA selected as the bronchodilator of first
choice in preference to other bronchodilators such as amino-
phylline or ipratropium for Q.C.?

Because of their potency and rapidity of action, inhaled β2-
agonists are considered the first choice for the treatment of
acute asthma.1−5 The bronchodilatory properties of SABAs
are particularly effective in reversing early-phase asthma re-
sponses. Aminophylline (a theophylline salt) is not as effica-
cious and has more risks for serious adverse effects than inhaled
albuterol.1−5 Similarly, the bronchodilation from the anti-

cholinergic drug ipratropium is of smaller magnitude than with
short-acting inhaled β2-agonists.1−5 However, two double-
blind pediatric trials found that the sickest children had a
reduced rate of hospitalization if given ipratropium with al-
buterol in the ED.22,23 In one trial,22 children with baseline
FEV1 <30% of predicted value had a reduced rate of admis-
sion with ipratropium, and in the other trial,23children with
baseline PEF <50% had a reduced rate of hospital admission.
Consequently, although early addition of inhaled ipratropium
in adequate doses to SABAs will improve pulmonary function
tests and reduce the rate of hospitalization in severely ill pa-
tients, Q.C.’s physician chose to use only inhaled short-acting
β2-agonists initially because Q.C. was not severely ill.

Preferred Routes of Administration

5. What is the preferred route of administration for short-
acting bronchodilators?

It is well documented that SABAs administered by the in-
haled route provide as great or greater bronchodilation with
fewer systemic side effects than either the parenteral or oral
routes.1−6 In situations of acute bronchospasm, concerns over
adequate penetration of aerosols into the bronchial tree led
many clinicians to believe that the parenteral route of admin-
istration would be more effective than the inhaled route of
administration. In clinical trials, however, SABAs were as ef-
fective as the standard treatment of subcutaneous epinephrine
for ED treatment of acute asthma in adults and children.1−6,24

Therefore, short-acting aerosolized β2-agonists now are con-
sidered the agents of choice for ED or hospital management
of asthma.1 β2-Agonists should not be administered orally to
treat acute episodes of severe asthma because of the slow onset
of action, lower efficacy, and erratic absorption.1

6. Q.C. received albuterol by nebulization. Would intermittent
positive-pressure breathing (IPPB) or metered-dose aerosol ad-
ministration of the SABA have been preferred? Is the dose given
by nebulization the same as that given by a metered-dose inhaler
(MDI)?

Aerosols are mixtures of particles (e.g., a drug–lipid
mixture) suspended in a gas. An MDI consists of an aerosol
canister and an actuation device (valve). The drug in the
canister is a suspension or solution mixed with propellant.
The valve controls the delivery of drug and allows the precise
release of a premeasured amount of the product (Fig. 22-10).
A second aerosol device, the air jet nebulizer, mechanically
produces a mist of drug. The drug is placed in a small volume
of solute (typically 3 mL of saline) and then placed in a
small reservoir (nebulizer) connected to an air source such
as a small compressor pump, oxygen tank, or wall air hose.
Air travels from the relatively large-diameter tubing of the
air source into a pinhole-sized opening in the nebulizer.
This creates a negative pressure at the site of the air entry
and causes the drug solution in the bottom of the nebulizer
reservoir to be drawn up through a small capillary tube where
it then encounters the rapid airflow. The drug solution is
forced against a small baffle that causes mechanical formation
of a mist (Fig. 22-11). IPPB devices aerosolize drugs in a
similar manner as air jet nebulizers except that the airflow
that exits the nebulizer in an IPPB device is enhanced to
exceed atmospheric pressure. An ultrasonic nebulizer is a
type of nebulizer that uses sound waves to generate the aerosol.
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Open Nebulizer

Closed Nebulizer

Metered-Dose Inhaler
(MDI)

FIGURE 22-10 Metered-dose inhaler and nebulizer.

Mainstream
Gas Flow

Capillary
Tube

Jet Orifice Baffle

Patient

Medication Solution

Nebulized
Medication
Solution

FIGURE 22-11 Air jet nebulizer.

Studies comparing responses to SABAs administered by
nebulization versus IPPB have shown no significant advan-
tages for the IPPB method of administration.5 Furthermore,
dose-response studies that compared nebulization with IPPB
and pressurized metered-dose aerosols in stable chronic asthma
patients have shown no advantage among these methods of
administration when equivalent doses are administered.5,25,26

Each method delivers approximately 10% of the beginning
dose to the patient’s airways.27 Trials comparing metered-dose
aerosols of short-acting inhaled β2-agonists with the nebuliza-
tion of those same drugs in acute asthma also have shown no
significant advantage for the nebulization method of adminis-
tration when the metered-dose aerosolized administration was
carefully supervised by experienced personnel and a spacer
device was used.28,29 However, in some younger acutely ill
children, it is difficult (even with supervision) to administer an
effective SABA with a metered-dose canister. Because many
patients and clinicians perceive that nebulizers provide more
intensive therapy, it often is important psychologically to give
at least the first dose of a SABA via a nebulizer. Thereafter,
it is more cost-effective to use the therapeutically equivalent
MDI plus spacer.30

The dose ratio for SABAs delivered by MDI plus spacer
versus nebulizer has varied in the literature. For children with
mild acute asthma, 2 puffs of albuterol MDI attached to a
spacer were not different from 6 to 10 puffs of albuterol or via
nebulizer 0.15 mg/kg.31 In one double-blind trial in children
with a severe exacerbation, investigators used a dose ratio of 1:5
(i.e., albuterol MDI-spacer 1 mg [10 puffs]: nebulized albuterol
5 mg).32 Nebulization of albuterol with compressed air or,
preferably, oxygen was the preferred method of administration
for Q.C. initially.

DOSING

7. Starting 20 minutes after the first albuterol dose, two more
doses of 2.5 mg of albuterol were administered by nebulizer Q 20
minutes over the next 40 minutes. After three treatments, Q.C.’s
breath sounds became increasingly clear. She was no longer in
distress and could speak in complete sentences. Her PEF was now
70% of predicted, her SaO2 was 97% on room air, and discharge to
home was planned. Were the dose and dosing interval of albuterol
appropriate for Q.C.?

Schuh et al.33 demonstrated that a higher-dose albuterol reg-
imen (0.15 mg/kg vs. 0.05 mg/kg every 20 minutes) produced
significantly greater improvement with no greater incidence of
adverse effects. Schuh et al.34 subsequently reported greater ef-
ficacy of albuterol in a dose of 0.3 mg/kg (up to 10 mg) hourly
over a dose of 0.15 mg/kg (up to 5 mg) hourly in children.
The larger dose was tolerated as well as the 0.15 mg/kg dose.
Therefore, Q.C.’s albuterol regimen of 2.5 mg (0.13 mg/kg)
nebulized every 20 minutes for 40 minutes subsequent to her
first dose of aerosolized albuterol could have been even more
aggressive but was appropriate. Figure 22-12 and Table 22-5
list the doses for inhaled β-agonists for acute asthma as well
as doses of other medications.1

COMPARISON OF SHORT-ACTING INHALED β2-AGONISTS

8. Would another SABA have been more effective in the initial
therapy of Q.C.?
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Improve Improve

Initial Assessment
Brief history, physical examination (auscultation, use of accessory muscles, heart rate, 
respiratory rate), PEF or FEV1, oxygen saturation, and other tests as indicated.

FEV1 or PEF 40% (Mild-to-Moderate)
   Oxygen to achieve SaO2 90%
   Inhaled SABA by nebulizer or MDI with 
   valved holding chamber, up to 3 doses in 
   first hour
   Oral systemic corticosteroids if no immediate 
   response or if patient recently took oral 
   systemic corticosteroids

FEV1 or PEF <40% (Severe)
   Oxygen to achieve SaO2 90%
   High-dose inhaled SABA plus 
   ipratropium by nebulizer or MDI 
   plus valved holding chamber, 
   every 20 minutes or continuously
   for 1 hour
   Oral systemic corticosteroids

Impending or Actual 
Respiratory Arrest
   Intubation and mechanical 
   ventilation with 100% oxygen
   Nebulized SABA and ipratropium
   Intravenous corticosteroids
   Consider adjunct therapies

Admit to Hospital Intensive Care
(see box below)

Repeat Assessment 
Symptoms, physical examination, PEF, O2 saturation, other tests
as needed

Moderate Exacerbation
FEV1 or PEF 40–69% 
predicted/personal best
Physical exam:  moderate symptoms
   Inhaled SABA every 60 minutes
   Oral systemic corticosteroid
   Continue treatment 1–3 hours, 
   provided there is improvement; 
   make admit decision in <4 hours

Severe Exacerbation
FEV1 or PEF <40% predicted/personal best
Physical exam:  severe symptoms at rest, accessory muscle use, 
chest retraction
History:  high-risk patient
No improvement after initial treatment
   Oxygen
   Nebulized SABA + ipratropium, hourly or continuous
   Oral systemic corticosteroids
   Consider adjunct therapies

Good Response
   FEV1 or PEF 70%
   Response sustained 60 minutes 
   after last treatment
   No distress
   Physical exam: normal

Incomplete Response 
   FEV1 or PEF 40–69%
   Mild-to-moderate symptoms

Individualized decision re: 
hospitalization

Poor Response 
   FEV1 or PEF <40%

   PCO2 42 mmHg
   Physical exam:  
   symptoms severe, 
   drowsiness, confusion

Discharge Home
   Continue treatment with inhaled SABA.
   Continue course of oral systemic corticosteroid.
   Consider initiation of an ICS.
   Patient education
      – Review medications, including inhaler technique.
      – Review/initiate action plan.
      – Recommend close medical followup.

Admit to Hospital Ward
   Oxygen
   Inhaled SABA
   Systemic (oral or intravenous) 
   corticosteroid
   Consider adjunct therapies
   Monitor vital signs, FEV1 or
   PEF, SaO2

Admit to Hospital Intensive Care
   Oxygen
   Inhaled SABA hourly or continuously 
   Intravenous corticosteroid
   Consider adjunct therapies
   Possible intubation and mechanical 
   ventilation

Discharge Home
   Continue treatment with inhaled SABAs.
   Continue course of oral systemic corticosteroid.
   Continue on ICS. For those not on long-term control therapy, consider initiation of an ICS.
   Patient education (e.g., review medications, including inhaler technique and, whenever possible, 
   environmental control measures; review/initiate action plan; recommend close medical followup).
   Before discharge, schedule followup appointment with primary care provider and/or asthma 
   specialist in 1–4 weeks.  

Key:  FEV1, forced expiratory volume in 1 second; ICS, inhaled corticosteroid; MDI, metered dose inhaler; PCO2, 
partial pressure carbon dioxide; PEF, peak expiratory flow; SABA, short-acting β2-agonist; SaO2, oxygen saturation 

FIGURE 22-12 Management of asthma exacerbations: emergency department and hospital-based care.
(Reprinted with permission from reference 1.)
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Table 22-5 Dosages of Drugs for Asthma Exacerbations

Dosages

Medication Child Dosea Adult Dose Comments

Inhaled Short-Acting β2-Agonists

Albuterol
Nebulizer solution (0.63 mg/3 mL,

1.25 mg/3 mL, 2.5 mg/3 mL,
5.0 mg/mL)

0.15 mg/kg (minimum dose 2.5 mg)
every 20 min for 3 doses, then
0.15–0.3 mg/kg up to 10 mg every
1–4 hr as needed or 0.5 mg/kg/hr by
continuous nebulization.

2.5–5 mg every 20 min for
3 doses, then 2.5–10 mg
every 1–4 hr as needed
or 10–15 mg/hr
continuously.

Only selective β2-agonists are recommended.
For optimal delivery, dilute aerosols to
minimum of 3 mL at gas flow of 6–8 L/min.
Use large volume nebulizers for continuous
administration. May mix with ipratropium
nebulizer solution.

MDI (90 mcg/puff) 4–8 puffs every 20 min for 3 doses,
then every 1–4 hr inhalation
maneuver as needed. Use VHC;
add mask in children <4 yr.

4–8 puffs every 20 min up
to 4 hr, then every 1–4 hr
as needed.

In mild to moderate exacerbations, MDI plus
VHC is as effective as nebulized therapy
with appropriate administration technique
and coaching by trained personnel.

Levalbuterol
(R-albuterol)
Nebulizer solution (0.63 mg/3 mL,

1.25 mg/0.5 mL, 1.25 mg/3 mL)
0.075 mg/kg (minimum dose 1.25 mg)

every 20 min for 3 doses, then
0.075–0.15 mg/kg up to 5 mg every
1–4 hr as needed.

1.25–2.5 mg every 20 min
for 3 doses, then
1.25–5 mg every 1–4 hr
as needed.

Levalbuterol administered in one half the mg
dose of albuterol provides comparable
efficacy and safety. Has not been evaluated
by continuous nebulization.

MDI (45 mcg/puff) See albuterol MDI dose. See albuterol MDI dose.

Pirbuterol
MDI (200 mcg/puff) See albuterol MDI dose; thought to be

half as potent as albuterol on a
milligram basis.

See albuterol MDI dose. Has not been studied in severe asthma
exacerbations.

Systemic (Injected) β2-Agonists

Epinephrine 1:1,000
(1 mg/mL)

0.01 mg/kg up to 0.3–0.5 mg every
20 min for 3 doses subcutaneously

0.3–0.5 mg every 20 min
for 3 doses
subcutaneously

No proven advantage of systemic therapy over
aerosol.

Terbutaline (1 mg/mL) 0.01 mg/kg every 20 min for
3 doses, then every 2–6 hr as needed
subcutaneously

0.25 mg every 20 min for
3 doses subcutaneously

No proven advantage of systemic therapy over
aerosol.

Anticholinergics

Ipratropium bromide
Nebulizer solution (0.25 mg/mL) 0.25–0.5 mg every 20 min for

3 doses, then as needed.
0.5 mg every 20 min for

3 doses, then as needed.
May mix in same nebulizer with albuterol.

Should not be used as first-line therapy;
should be added to SABA therapy for severe
exacerbations. The addition of ipratropium
has not been shown to provide further
benefit once the patient is hospitalized.

MDI (18 mcg/puff) 4–8 puffs every 20 min as needed
up to 3 hr.

8 puffs every 20 min as
needed up to 3 hr.

Should use with VHC and face mask for
children <4 yr.

Studies have examined ipratropium bromide
MDI for up to 3 hr.

Ipratropium with albuterol
Nebulizer solution (Each 3 mL vial

contains 0.5 mg ipratropium
bromide and 2.5 mg albuterol.)

1.5 mL every 20 min for 3 doses,
then as needed.

3 ml every 20 min for
3 doses, then as needed.

May be used for up to 3 hr in the initial
management of severe exacerbations. The
addition of ipratropium to albuterol has not
been shown to provide further benefit once
the patient is hospitalized.

MDI (Each puff contains 18 mcg
ipratropium bromide and 90 mcg
albuterol.)

4–8 puffs every 20 min as needed
up to 3 hr.

8 puffs every 20 min as
needed up to 3 hr.

Should use with VHC and face mask for
children <4 yr.

(continued)
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Table 22-5 Dosages of Drugs for Asthma Exacerbations (Continued )

Medication Child Dosea Adult Dose Comments

Systemic Corticosteroids

(Applies to all three corticosteroids.)
Prednisone
Methyl prednisolone
Prednisolone

1 mg/kg in 2 divided doses
(maximum = 60 mg/day) until PEF
is 70% of predicted or personal best.

40–80 mg/day in 1 or 2
divided doses until PEF
reaches 70% of predicted
or personal best.

For outpatient “burst,” use 40–60 mg in single
or 2 divided doses for total of 5–10 days in
adults (children: 1–2 mg/kg/day maximum
60 mg/day for 3–10 days).

aChildren, 12 yr of age.
MDI, metered-dose inhaler; PEF, peak expiratory flow; SABA, short-acting β2-agonist; VHC, valved holding chamber
Reprinted from reference 1.

Short-acting β2-specific agonists (e.g., albuterol) are pre-
ferred over nonspecific agonists (e.g., isoproterenol). Long-
acting β2-agonists (e.g., salmeterol) are not indicated for treat-
ment of asthma in the ED. Levalbuterol (R-albuterol) became
available in the late 1990s, but further study is needed to de-
termine whether this single isomer, higher-potency drug offers
any clinically significant advantages (i.e., improved outcomes)
over racemic albuterol to justify its higher cost.1,35

Systemic Corticosteroids in the Emergency Department for Children

9. Should Q.C. receive corticosteroid therapy as part of her
ED management?

Yes. Because asthma is primarily an inflammatory airway
disease, the degree of inflammation associated with Q.C.’s cur-
rent exacerbation should be considered. Per EPR-31 (Fig. 22-
12), if there is not an immediate response to inhaled β2-agonist
therapy, oral systemic corticosteroids should be administered
(refer to further discussion of this subject in Questions 14 and
15). Furthermore, if Q.C. had a peak flow meter at home, ear-
lier objective detection of the development of this exacerbation
might have prevented an ED visit. When the PEF is in the red
zone (<50% of personal best) and poorly responsive to SABAs,
early intervention with oral corticosteroids is associated with a
reduction in ED visits1 (Fig. 22-13; refer to the Outcomes sec-
tion at the end of the chapter). Q.C. and her parents should also
understand that if respiratory distress is severe and nonrespon-
sive to treatment, they should proceed to an ED or call 911.
Finally, before going home from the ED, Q.C. and her parents
should receive some basic education regarding asthma and its
acute and long-term management. It is important to follow-up
with more detailed education during future clinic visits. Based
on EPR-3,1 Q.C. should receive a short course of systemic cor-
ticosteroids as part of her discharge plan, thereby reducing her
risk of re-exacerbation. Typically, oral prednisolone solution
at a dose of 1 to 2 mg/kg in daily or divided doses twice daily
is given for approximately 5 to 7 days. While this regimen
is very effective, to improve compliance, several studies have
examined shorter (1–2 day) courses of oral or intramuscular
dexamethasone and have found similar results when compared
with usual regimens of oral prednisone/prednisolone.36−38

ADVERSE EFFECTS

10. H.T., a 45-year-old, 91-kg man with a long history of severe
persistent asthma, presents to the ED with severe dyspnea and
wheezing. He is able to say only two or three words without taking

a breath. He has been taking four inhalations of beclomethasone
HFA (80 mcg/puff) BID and two inhalations of albuterol MDI
QID PRN on a chronic basis. H.T. ran out of beclomethasone a
week ago; since then, he has been using his albuterol MDI with
increasing frequency up to Q 3 hr on the day before admission.
He is a lifelong nonsmoker. His FEV1 was 25% of the predicted
value for his age and height, and his SaO2 was 82%. Vital signs are
as follows: heart rate, 130 beats/minute; RR, 30/minute; pulsus
paradoxus, 18 mmHg; and BP, 130/90 mmHg. ABGs on room air
were as follows: pH, 7.40; PaO2, 55 mmHg; and PaCO2, 40 mmHg.
Serum electrolyte concentrations were sodium (Na), 140 mEq/L;
potassium (K), 4.1 mEq/L; and chloride (Cl), 105 mEq/L. Because
of the severity of the obstruction, H.T. was monitored with an
electrocardiogram (ECG) that showed sinus tachycardia with oc-
casional premature ventricular contractions (PVCs). Terbutaline
0.5 mg SC was administered with minimal improvement. H.T.
then was started on O2 at 4 L/minute by nasal cannula, followed by
another injection of 0.5 mg terbutaline SC. Subsequently, H.T.’s
heart rate increased to 145 beats/minute, more PVCs appeared
on the ECG, and he complained of palpitations and shakiness.
His PEF was now 25% of personal best. Laboratory values were
pH, 7.39; PaO2, 60 mmHg; PaCO2, 42 mmHg; Na, 138 mEq/L;
and K, 3.5 mEq/L. What adverse effects experienced by H.T. are
consistent with systemic β2-agonist administration?

H.T. experienced palpitations, which may have been due to
the widening of his pulse pressure from vasodilation or the
PVCs.3 Albuterol, terbutaline, and all other β–agonists are
cardiac stimulants that may cause tachycardia and, very rarely,
arrhythmias. Because they are relatively β2-specific, the car-
diac effects are more prominent with systemic administration
(as opposed to inhalation) and at higher dosages. However,
other causes of cardiac effects must also be considered, such
as hypoxemia, which is also a potent stimulus for cardiac ar-
rhythmias Therefore, H.T.’s tachycardia and PVCs may have
been caused by the β2-agonist, by the worsening of his airway
obstruction (as reflected in the increase in PaCO2), or by both
of these variables.

The decrease in the serum potassium concentration from
4.1 mEq/L to 3.5 mEq/L could be attributed to β2-adrenergic
activation of the Na+-K+ pump and subsequent transport
of potassium intracellularly.39,40 However, at usual doses,
aerosolized albuterol and terbutaline cause relatively little ef-
fect on serum potassium. The effects may be more notice-
able with systemic (oral or injectable) administration. A β2-
adrenergic–mediated increase in glucose and insulin secretion
also can contribute to the intracellular shift of potassium.39
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To ED. 

Assess Severity

   Patients at high risk for a fatal attack require immediate medical attention after initial treatment.
   Symptoms and signs suggestive of a more serious exacerbation such as marked breathlessness, 
   inability to speak more than short phrases, use of accessory muscles, or drowsiness should result in 
   initial treatment while immediately consulting with a clinician.
   Less severe signs and symptoms can be treated initially with assessment of response to therapy and 
   further steps as listed below.
   If available, measure PEF—values of 50–79% predicted or personal best indicate the need for quick-relief 
   medication. Depending on the response to treatment, contact with a clinician may also be indicated.  
   Values below 50% indicate the need for immediate medical care. 

Initial Treatment 

   Inhaled SABA:  up to two treatments 20 minutes apart of 2–6 puffs by  
   metered-dose inhaler (MDI) or nebulizer treatments. 
   Note: Medication delivery is highly variable. Children and individuals  
   who have exacerbations of lesser severity may need fewer puffs than  
   suggested above. 

Good Response

No wheezing or dyspnea
(assess tachypnea in young 
children).
PEF 80% predicted or 
personal best.
   Contact clinician for followup
   instructions and further 
   management.
   May continue inhaled SABA 
   every 3–4 hours for 24–48 
   hours.
   Consider short course of oral 
   systemic corticosteroids.

Incomplete Response 

Persistent wheezing and  
dyspnea (tachypnea). 
PEF 50–79% predicted or  
personal best. 
   Add oral systemic  
   corticosteroid. 
   Continue inhaled SABA. 
   Contact clinician urgently  
   (this day) for further  
   instruction. 

Poor Response

Marked wheezing and dyspnea.
PEF <50% predicted or personal 
best.
   Add oral systemic 
   corticosteroid.
   Repeat inhaled SABA 
   immediately.
   If distress is severe and 
   nonresponsive to initial 
   treatment:
        – Call your doctor AND
        – PROCEED TO ED;
        – Consider calling 9–1–1  
           (ambulance transport).

Key:  ED, emergency department; MDI, metered-dose inhaler; PEF, peak expiratory flow; SABA, short-acting 
β2-agonist (quick-relief inhaler) 

FIGURE 22-13 Management of asthma exacerbations: home treatment. (Reproduced with
permission from reference 1.)

H.T.’s potassium dropped from 4.1 to 3.5 mEq/L. Part of this
drop may have been due to the terbutaline injections.

The shakiness (tremors) experienced by H.T. probably can
be attributed to β2-receptor stimulation of skeletal muscle.
Again, this effect is most prominent with oral or parenteral ad-
ministration, but some patients are very sensitive to even small
doses of SABAs. To minimize adverse effects, H.T. should have
been given frequent high doses of inhaled albuterol rather than
SC terbutaline on admission to the ED. He should have also ini-
tially been given nebulized ipratropium in addition to albuterol
because his FEV1 was <30% predicted.

β-Adrenergic Agonist Subsensitivity

11. Why did H.T. fail to respond to the initial therapy? Could
tolerance to the β2-agonists have contributed?

Although tolerance to systemic effects of β2-agonists (e.g.,
tremor, sleep disturbances) is documented, tolerance to the air-
way response does not occur to a clinically significant extent.41

Even with long-term use, the intensity of response to β2-
agonists is retained (i.e., the maximal percent increase in pul-
monary function), but the duration of response with each dose
may shorten. Such an effect is unlikely with intermittent use
but may occur in patients who routinely use large, multiple
doses daily. Possible explanations for this variability include
downregulation of receptors, disease progression, or true drug
tolerance. The exact contribution of each is not known. There-
fore, H.T.’s failure to respond to the initial therapy most likely
is due to the severity of his airway obstruction. H.T.’s history of
severe chronic asthma, the slow progression of this attack, and
the lack of response to his inhaled β2-agonist also are largely
due to a significant inflammatory component to this attack.



ASTHMA � 22-19

Thus, bronchodilators would not be expected to immediately
reverse the airway obstruction in H.T. It would be difficult to
attribute his lack of initial response to therapy to β2-adrenergic
subsensitivity. In addition, it is not likely that β2-adrenergic re-
ceptor polymorphisms could account for H.T.’s initial lack of
response.42

Although polymorphic variations are documented to be rel-
evant in some stable patients,1 further study is needed to es-
tablish clinical relevance.

Short-Acting Inhaled β-Agonists in Combination With Theophylline

12. When would the addition of theophylline to H.T.’s therapy
be indicated?

Studies on the treatment of acute asthma in the ED have
failed to demonstrate any benefit of adding theophylline to op-
timal, inhaled β-agonist therapy,1,43 and the NIH guidelines do
not recommended this practice.1−6 Further evidence of the lack
of value of theophylline in the acute-care setting emerged in the
1990s. Several double-blind, randomized, placebo-controlled
studies have demonstrated that theophylline does not add ben-
efit to intensive therapy with inhaled β2-agonists and systemic
corticosteroids in hospitalized adults44 or children45−48who
fail to respond to aggressive ED therapy with SABAs. Note
in Figure 22-12 from EPR-31 that theophylline is not rec-
ommended for routine management of hospitalized patients
with asthma. Although one study49 has shown a slight bene-
fit of theophylline in hospitalized adult asthmatics, one of the
authors of that study has since noted that if adequate doses
of SABAs and systemic corticosteroids are used, theophylline
is probably not routinely indicated.50 While further research
is needed to establish whether theophylline may add benefit
to hospitalized patients who have impending respiratory fail-
ure, routine use of theophylline in hospitalized asthmatics no
longer is justified.

13. Repeat measurements of PEF and ABGs indicate continued
significant bronchial obstruction. What should be the next step in
H.T.’s therapy?

H.T. should have had therapy initiated with inhaled SABAs
and certainly now should be changed from systemic to an
aerosolized β-agonist. Because of the concern for cardiac tox-
icity, a β2-selective agent such as albuterol should be selected.
Three or four doses of albuterol, 5 mg by nebulizer admin-
istered every 20 minutes, should be started immediately with
continuous monitoring of H.T.’s cardiac status. H.T.’s PEF (or
preferably FEV1) also should be monitored.

Short-Acting Inhaled β-Agonists in Combination With Corticosteroids

14. Are systemic corticosteroids appropriate for H.T.? When
can a response be expected?

Corticosteroids have potent anti-inflammatory activity
and are definitely indicated in H.T.1−6 In patients like
H.T. with acute asthma, corticosteroids decrease airway
inflammation51−54 and increase the response to β2-selective
agonists.1,51

Corticosteroids are not smooth muscle relaxants (i.e., not
bronchodilators); however, they can relieve bronchial obstruc-
tion by improving the responsiveness of β2-receptors and by
inhibiting numerous phases of the inflammatory response (e.g.,

cytokine production, neutrophil and eosinophil chemotaxis and
migration, and release of inflammatory mediators).1−6

The anti-inflammatory activity of corticosteroids is de-
layed for about 4 to 6 hours after the dose has been admin-
istered. Corticosteroid-induced restoration of responsiveness
to endogenous catecholamines and exogenous β2-agonists,
however, occurs within 1 hour of administration of the cor-
ticosteroid in severe, chronic, stable asthmatics.51 Significant
improvement in objective measures (e.g., FEV1) generally oc-
curs 12 hours after administration.53 Consequently, EPR-31

advocates early initiation of corticosteroids in cases of acute se-
vere asthma. Corticosteroids also hasten the recovery of acute
exacerbations of asthma55−59 and decrease the need for hos-
pitalization if given early in the initial management of acute
asthma in the ED.54

Based on his initial presentation, H.T. should be started on
systemic corticosteroid therapy immediately in the ED (Fig.
22-12). Preferably, oral corticosteroids would have been started
at home before H.T.’s exacerbation escalated to this degree of
severity (Fig. 22-13).

15. What would be an appropriate dosing regimen of cortico-
steroids for H.T. in the ED? Would the dose and route be the same
if he were hospitalized?

Doses of corticosteroids used to treat acute asthma are
largely empiric. Studies comparing very high dosages (e.g.,
intravenous [IV] methylprednisolone 125 mg every 6 hours
in an adult) versus moderate dosages (40 mg every 6 hours)
have shown no advantage with very high dosages.1,60,61 In
addition, oral therapy is as efficacious as the IV route.1,60,61

Dosing recommendations for systemic corticosteroids in the
management of asthma exacerbations in the ED or hospital
are shown in Table 22-5. Higher corticosteroid dosages may
be considered in patients with impending respiratory failure.
When patients cannot take oral medication, IV methylpred-
nisolone is preferred over hydrocortisone in patients with heart
disease or fluid retention or when high dosages of corticos-
teroids are used; this is because it has less mineralocorticoid
activity.

For patients who require IV corticosteroid therapy, the
dosage can usually be reduced rapidly to 60 to 80 mg/day for
adults (1–2 mg/kg/day for children) as the condition improves
(usually after 48–72 hours). On discharge from the hospital,
EPR-3 recommends, for example, prednisone 40 to 80 mg/day
in one or two doses for 3 to 10 days. Although some clinicians
may prescribe a tapering regimen, no taper is necessary in this
situation. On the other hand, if the patient required long-term
oral corticosteroid therapy before hospitalization, tapering the
dose to the preadmission dosage is prudent. For patients who
are discharged from the ED, ≤7 days of prednisone therapy
usually is sufficient.

16. H.T. was given one dose of 60 mg methylprednisolone (Solu-
Medrol) IV and three doses of albuterol 5 mg/ipratropium 0.5 mg
by nebulizer Q 20 minutes in the ED (after the two initial doses
of SC terbutaline). H.T. claimed slight subjective improvement
after this therapy; yet, expiratory wheezes still were audible, and
he still was using his accessory muscles for ventilatory efforts.
His PEF improved only to 35% of predicted, and a repeat ABG
measurement showed a PaCO2 of 40 mmHg. What should be done
at this time?
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H.T. still is significantly obstructed despite intensive therapy
in the ED. As a result, he should be admitted to the intensive
care unit (ICU), where he can be monitored closely.

Respiratory Failure
Signs and Symptoms

17. What would be the best method of assessing the adequacy
of therapy in H.T.? What are the signs of impending respiratory
failure?

When patients continually must expand their chest wall with
high lung volumes over a prolonged period, respiratory mus-
cle fatigue may ensue, resulting in a decreased ventilatory ef-
fort. Clinical signs of impending respiratory failure include
increased heart rate, decreased breath sounds, agitation from
worsening hypoxia, or lethargy from increased CO2 retention.
These clinical signs and symptoms are relatively nonspecific
and are affected by many variables. Thus, they should not be
used to detect impending respiratory failure.

The best way to assess therapy is to monitor ABGs. The
PaO2 component of an ABG determination is not very helpful
because of V̇/Q̇ mismatching and the administration of oxy-
gen. The PaCO2 is the best indicator of hypoventilation in acute
asthma1; however, there is no single value for PaCO2 that indi-
cates impending respiratory failure, because different PaCO2
values are acceptable under different clinical circumstances. A
PaCO2 of 55 mmHg 1 to 2 hours after intensive bronchodila-
tor therapy or an increase in PaCO2 of 5 to 10 mmHg/hour
during aggressive therapy is an ominous sign. The fact that
H.T.’s PaCO2 is not rising with therapy is a good sign.

β2-Agonists and Other Potential Therapies

18. H.T. initially received two doses of terbutaline 0.5 mg SC
and subsequently three doses of albuterol 5 mg/ipratropium
0.5 mg by nebulizer Q 20 minutes in the ED. He has also received
IV methylprednisolone 60 mg. Would the IV administration of
a β-agonist be indicated in H.T. at this time? What are other
potential therapies in H.T.?

Although the use of IV β-agonists for asthmatics in the ICU
formerly was advocated, current standards of care discourage
the use of these agents.1 H.T.’s history of PVCs and response
to inhaled albuterol also suggest that IV β-agonists are inap-
propriate at this time. Since standard therapies already admin-
istered were not sufficient, IV magnesium sulfate may benefit
severely ill patients like H.T.1,62 Recent research suggests that
nebulized isotonic magnesium sulfate is a valuable adjunctive
therapy to inhaled albuterol in the treatment of severe asthma
exacerbations.63 Further, heliox (a mixture of helium and oxy-
gen) may also add benefit.1,64

Theophylline

19. Intravenous theophylline is being considered for H.T. Is
theophylline likely to be of benefit in impending respiratory
failure?

It was stated previously that there is no role for theophylline
in ED treatment, and its use is not justified for routine hospital
admissions for asthma.1 However, two studies suggest a poten-
tial benefit of theophylline for some patients in the ICU who
have impending respiratory failure.65,66 The authors of these

studies point out that if theophylline is used, clinicians must
be competent in dosing and monitoring serum concentrations.
Based on a lack of evidence in several trials in hospitalized
asthmatics,54−58 more trials are needed to evaluate if possible
benefits outweigh risks of this drug for impending respiratory
failure. Based on inconclusive evidence of improved patient
response but documented increased risks, EPR-3 does not rec-
ommend the use of theophylline in the hospital.1 H.T.’s clini-
cians decide not to use theophylline. If a clinician decides to
use theophylline in this setting, a current pharmacokinetics text
should be consulted to help ensure safe and effective dosing
and monitoring.67

RESPONSE TO THERAPY

20. H.T. has continued to improve slowly over the last 72 hours.
The nebulizer treatments with albuterol are now administered
Q 4 hr, and he is taking oral prednisone 80 mg/day in two di-
vided doses. PEF measurements taken before and after the last
albuterol treatment were 65% of predicted and 80% of predicted,
respectively. Is H.T.’s long duration of recovery unusual?

No. In a patient such as H.T., whose condition progres-
sively deteriorated over a long period, a slow reversal should
be expected. The prolonged deterioration reflects an increas-
ing inflammatory response in the lung. These patients require
prolonged, intensive bronchodilator and anti-inflammatory
therapy before maximal improvement is noted in pulmonary
function tests. Thus, H.T. should continue to receive systemic
corticosteroids for approximately 10 days after such a severe
acute exacerbation of asthma.1

Adverse Effects of Short-Term Corticosteroid Therapy

21. H.T. has been taking corticosteroids for a total of 6 days.
Long-term corticosteroid use is associated with many adverse ef-
fects (e.g., adrenal suppression, osteoporosis, cataracts). What ad-
verse effects are related to short-term corticosteroid use?

Short courses of daily corticosteroids are usually associated
with minor side effects.55−59 Facial flushing, appetite stimula-
tion, gastrointestinal irritation, headache, and mood changes
ranging from a mere sense of well-being to overt toxic psy-
chosis are the most commonly encountered adverse effects of
short-term corticosteroid therapy. Acne can be exacerbated in
patients susceptible to this skin problem, and weight gain also
can occur because of sodium and fluid retention. In addition,
hyperglycemia, leukocytosis, and hypokalemia are possible.
All of these problems are transient and will disappear over time
after the corticosteroids are discontinued. These short-term ad-
verse effects are less common when small corticosteroid doses
are used; however, corticosteroid doses must be adequate to
prevent disease exacerbation. The minor risks of short-term
use are far outweighed by the marked benefits.

Overuse of Short-Acting Inhaled β-Agonists

22. H.T.’s history of increased use of his SABA inhaler during
the early stages of this asthma attack and the cardiac irregularities
noted during admission suggest improper use of this medication.
What are the risks from overuse of β2-agonists?

The overuse of SABAs as a possible risk factor for asthma
death has been debated for decades, and this debate was revived
in the early 1990s.68 Because most deaths from asthma occur
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outside the hospital setting before the patient can reach medical
assistance, the primary cause of death in asthma most probably
is due to underestimation of the severity of the asthma attack
by the patient and delay in seeking medical help. Overuse of
quick reliever medication suggests inadequate asthma control
and can lead to fatal asthma.1,68

The frequency of as-needed doses of albuterol is a good
marker of the adequacy of inhaled anti-inflammatory therapy
and environmental control measures. For example, if the pa-
tient needs the SABA more than two or three times a day, the
clinician should reassess environmental control, increase the
dose of inhaled anti-inflammatory therapy, or add other con-
troller agents per the NIH guidelines.1−6

Patients should be instructed verbally and in writing regard-
ing the proper use of their inhalers during acute attacks and in
recognizing when it is necessary to seek medical assistance
(Fig. 22-13). Patients can continue using their short-acting β-
agonist inhalers on an as-needed basis until they reach med-
ical care. H.T. should be considered at high risk because of
the severity of his latest attack and should be given oral cor-
ticosteroids to self-administer at the first sign of significant
deterioration.1 In addition, H.T. should have a home peak flow
meter so that he can objectively determine the severity of his
attacks. Finally, the β2-agonist controversy does not extend to
use of high dosages in the acute-care setting. High dosages are
essential in the ED and hospital and, as discussed previously,
usually are tolerated very well.

CHRONIC ASTHMA
Classification of Severity

23. B.C. is a 3-year-old, 16-kg boy with a 1.5-year history of
recurrent wheezing 3 days per week and nocturnal awakenings
four times per month.

The following medications had been prescribed for B.C. by
the primary care clinician: albuterol syrup (2 mg/5 mL) 1 tea-
spoonful TID and albuterol metered-dose aerosol inhalation
QID PRN for wheezing. B.C. demonstrates the use of the in-
haler with his mother’s assistance. The mother holds the inhaler
in B.C.’s mouth and actuates it at the end of a deep inhalation.
B.C.’s mother tells the clinician that he appears “jittery” after
taking albuterol syrup. What is the first step in deciding how
to improve B.C.’s long-term drug therapy?

While keeping in mind the goals of therapy defined by the
NIH guidelines (EPR-3),1 the first step here is to classify B.C.’s
asthma severity (refer to Table 22-1 for infants to age 4 years).
Because B.C. has symptoms 3 days per week and 4 nights per
month, he should be classified as “moderate persistent.” Note
that the presence of even one of the features of severity places
the patient in that category.

Selection of Appropriate Initial Long-Term Therapy

24. What would be a reasonable initial regimen for B.C.?

Because B.C.’s asthma is classified as moderate persistent,
the clinician is now in a position to select appropriate long-
term therapy. Using EPR-31 for very young children (Fig. 22-
7), low- or medium-dose inhaled corticosteroids (ICS) with an
as-needed SABA would be the choice for B.C.1 EPR-3 sug-
gests an initial trial of low dose ICS in very young children who

have not previously been treated with ICS. B.C. could receive
ICS treatments via nebulizer (budesonide) or MDI + spacer.
Most children aged 3 years or younger cannot use dry powder
inhalers because of inability to generate sufficient peak inspira-
tory flow (PIF). As B.C. matures, he may be able to use some
dry powder inhalers (e.g. Diskus). Because oral β2-agonists
are not recommended by EPR-3 and since the albuterol syrup
was not well tolerated, they should not be used. If concurrent
inhaled albuterol is administered correctly, PO albuterol is not
needed and would only be expected to add adverse effects.
B.C.’s mother must be educated about asthma, its treatment,
and the appropriate use of medications (e.g., proper use of
inhaler devices; refer to Questions 45 and 46).

25. It is anticipated that because of his young age, B.C. will find
it difficult to use an MDI. What alternative inhalation devices are
reasonable?

Children younger than 5 five years of age generally have
a difficult time coordinating the use of standard MDIs; there-
fore, the ICS and short-acting β2-agonist should be admin-
istered by another mode of delivery. For example, the as-
needed β2-agonist and scheduled ICS could be administered
with an inhalational aid such as a spacer or valved holding
chamber, which is connected to an MDI. A nebulized corti-
costeroid preparation (budesonide) is available for very young
children.69 Inhalation aids (also called spacers) significantly
improve the efficacy of medications that are administered by
MDI in very young children or other patients who are unable
to coordinate the plain inhalers correctly.70 The AeroCham-
ber is a widely used valved holding chamber (the medication
stays in the chamber for a few seconds until the patient in-
hales slowly and the inhalation valve opens). An example of a
simple open tube device (i.e., without an inhalation valve) is
the integrated spacer with the triamcinolone MDI (Azmacort).
Studies have shown that many children as young as 2 and 3
years of age can use MDIs with spacer devices by modeling
after a parent.71,72 Spacer devices with face masks are required
for some young children. Extender device-assisted delivery of
aerosolized medications is as effective as nebulization in the
home management of chronic severe asthma73 and even in the
ED treatment of asthma in children.30−32,73 The InspirEase and
AeroChamber are examples of devices that contain a flow in-
dicator whistle that sounds if the patient inhales rapidly. This
whistle is particularly effective in teaching the patient the ap-
propriate slow inhalation technique. As a 3-year-old, B.C. may
not need a spacer with a face mask, but the clinician should
verify correct use of the device by observation of the patient
and/or caregiver’s administration technique.

Alternatively, the ICS could be administered to selected
children by using a breath-activated dry powder inhaler (e.g.,
budesonide [Pulmicort Flexhaler] or fluticasone [combined
with salmeterol in Advair Diskus]). In young children, Diskus
has the advantage of requiring lower PIF than Flexhaler, and
it has been used successfully in children as young as 4 years
of age.74 Another option is the Twisthaler used for delivery of
mometasone (Asmanex), but it is only approved for children
≥12 years of age.

Many pediatricians may choose a nebulizer to administer
short-acting β2-agonists to a 3-year-old child. This method
is certainly acceptable and very common, but it takes longer
to administer the medication (about 15 minutes), and the
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device must be properly cleaned and maintained. Because B.C.
recently turned 3 years old, therapy should be initiated with
nebulized budesonide (Pulmicort Respules) in a low dose of
0.25 mg BID. As mentioned previously, EPR-31 suggests an
initial trial of low-dose ICS in very young children who have
not previously been treated with ICS. The plan is to switch
B.C. to a dry powder inhaler or MDI-spacer in 12 months, as
soon as he and his caregiver can demonstrate correct use. B.C.’s
clinician should assess the response to low-dose budesonide in
4 weeks. Therapy can be stepped up if necessary and subse-
quently stepped down over the coming months, if possible, so
that optimal asthma control is achieved at the lowest ICS dose
possible.

26. B.C.’s parents are wary of their son taking corticosteroids
on a continual basis after having read about serious side effects
attributed to corticosteroids on the Internet. How should the par-
ents be counseled?

Corticosteroids reach the systemic circulation minimally
via inhalation in part because they are largely inactivated
through first-pass hepatic metabolism. However, a dose-
dependent response is evident, and clinically significant ad-
verse events resulting from systemic exposure can occur,
albeit more commonly with doses at the high end of the range.
Long-term studies in pediatric patients have examined the ef-
fects of ICS on growth reduction, bone density, and adrenal
suppression.

Although ICS can cause a mild and temporary reduction in
growth velocity, final height attained in adulthood appears to
be within normal limits.75 Bone density and risk of fractures
have not been found in the vast majority of investigations to be
affected by ICS.75 While a measurable reduction in serum and
urinary cortisol levels is not an uncommon finding in studies
of ICS, clinically significant adrenal insufficiency solely due to
ICS is rare, although again it is more likely to occur with high
doses.75 In summary, these adverse effects are generally of min-
imal clinical significance, with the benefits of well-controlled
asthma far outweighing the risks.

The most common local side effect with ICS therapy is
oropharyngeal candidiasis (thrush), but this problem is rare
with any delivery system. With MDIs, it can be further mini-
mized by use of a spacer device. Rinsing the mouth with water
after use of any ICS is also recommended. Another possible lo-
cal side effect is hoarseness (dysphonia), and spacers may not
effectively reduce this problem.76 Dry powder devices (e.g.,
Flexhaler) may have less dysphonia associated with their use,
but further study is required to verify this.76

Seasonal Asthma

27. C.V., a 33-year-old woman, presents to the clinic with a his-
tory of asthma and seasonal allergic rhinitis (“hay fever”) each
spring but not the rest of the year. She describes her asthma
as “mild” and intermittent. Except during springtime, her day-
time symptoms occur less than once per week, and she does not
have nocturnal symptoms. Each spring, however, these symptoms
worsen, and she requires her albuterol inhaler (her only asthma
medication) TID or QID every day. During springtime, she takes
a nonprescription antihistamine, which offers some relief. How
can C.V.’s management be improved?

C.V. appears to have intermittent asthma during most of
the year but converts to moderate persistent asthma combined
with worsening rhinitis symptoms in the springtime. This syn-
drome is consistent with a diagnosis of seasonal asthma and
allergic rhinitis. Although as-needed albuterol is appropriate
for most of the year for C.V., she needs anti-inflammatory ther-
apy during the spring.1 Therapy to reduce airway inflammation
should begin before the onset of tree and grass pollen sea-
son and continue throughout the spring (e.g., 3 months). Per
the NIH guidelines, an excellent treatment option for C.V. is
low-dose ICS combined with a long-acting inhaled β2-agonist
(LABA). Monotherapy with medium-dose ICS would also be
an acceptable therapy. Not only are the causes and pathophys-
iology of allergic rhinitis and allergic asthma similar, poorly
controlled rhinitis serves as a major asthma trigger. In addition,
C.V. should also ideally receive an intranasal corticosteroid if
antihistamines (preferably nonsedating) do not provide optimal
relief of her allergic rhinitis. Intranasal corticosteroid therapy
not only offers excellent relief of nasal symptoms but also
improves asthma control.6 Good control of rhinitis is help-
ful in maintaining optimal asthma control1,2 (see Chapter 24,
Acute and Chronic Rhinitis). Despite precautions listed in man-
ufacturer literature that older (sedating) antihistamines should
be avoided in asthma, these agents are safe in patients with
asthma.1,2

Corticosteroids

28. S.T., a 12-year-old girl with severe persistent asthma, has not
been well controlled on mometasone (Asmanex) one inhalation
daily (she admits to using it only when she feels as if she needs it)
and uses as-needed inhaled albuterol MDI five or six times every
day. When her symptoms worsen, she uses her “breathing ma-
chine” (nebulizer) at home. S.T. awakens most nights with wheez-
ing. She has been hospitalized four times in the last 2 years and has
required “bursts” of prednisone with increasing frequency. S.T.
has missed many days of school in the past year and has with-
drawn from physical education classes and her extracurricular
sports activity after school. Her parents are concerned about her
increased use of prednisone now that she is approaching puberty.
S.T. is just finishing a 2-week course of prednisone 20 mg/day
and has a round facies appearance typical of chronic oral cortico-
steroid use. On physical examination, S.T. has diffuse expiratory
wheezes, and pulmonary function testing reveals significant re-
versibility. Her FEV1 is only 60% predicted before use of albuterol
in the physician’s office and improves to 75% predicted 15 min-
utes after use of the SABA. What actions are needed to improve
S.T.’s care?

Because S.T. is suffering needlessly and requiring frequent
systemic corticosteroids, all efforts must be made to optimize
other therapies and to minimize systemic corticosteroid toxi-
cities. Although S.T. is receiving an ICS, she admits to poor
adherence. Therefore, with her severe persistent asthma, she
initially needs higher-dose ICS therapy. Per EPR-3,1 she should
also receive a LABA. Although short “bursts” of prednisone
(e.g., 40 mg/day for 3 days) are very helpful occasionally, fre-
quent short courses often indicate the need to optimize other
therapies. Some patients require courses of 1 to 2 weeks. S.T. is
requiring longer frequent bursts and is showing signs of adverse
effects. Obviously, S.T. and her parents also need a concerted
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Table 22-6 Estimated Comparative Daily Dosages for Inhaled Corticosteroids in Children

Low Daily Dose Medium Daily Dose High Daily Dose

Drug Child 0–4 Years Child 5–11 Years Child 0–4 Years Child 5–11 Years Child 0–4 Years Child 5–11 Years

Beclomethasone HFA
40 or 80 mcg/puff NA 80–160 mcg NA >160–320 mcg NA >320 mcg

Budesonide DPI
90, 180, or 200 mcg/inhalation NA 180–400 mcg NA >400–800 mcg NA >800 mcg

Budesonide inhaled
Inhalation suspension for nebulization 0.25–0.5 mg 0.5 mg >0.5–1 mg 1 mg >1 mg 2 mg

Flunisolide
250 mcg/puff NA 500–750 mcg NA 1,000–1,250 mcg NA >1,250 mcg

Flunisolide HFA
80 mcg/puff NA 160 mcg NA 320 mcg NA >640 mcg

Fluticasone
HFA/MDI: 44, 110, or 220

mcg/puff
176 mcg 88–176 mcg >176–352 mcg >176–352 mcg >352 mcg >352 mcg

DPI: 50, 100, or
250 mcg/inhalation

NA 100–200 mcg NA >200–400 mcg NA >400 mcg

Mometasone DPI
200 mcg/inhalation NA NA NA NA NA NA

Triamcinolone acetonide
75 mcg/puff NA 300–600 mcg NA >600–900 mcg NA >900 mcg

DPI, dry powder inhaler; HFA, hydrofluoroalkane; MDI, metered-dose inhaler; NA, not approved and no data available for this age group.
Reprinted from reference 1.

and persistent effort in patient education as a partnership (refer
to Patient Education and Outcomes section).

ICS are chemically modified to maximize topical effective-
ness while minimizing systemic toxicities. Tables 22-6 and
22-7 are taken from EPR-31−5 and compare the dosages of ICS
products. These differences in dosages (low, medium, and high)
reflect differences among ICS in receptor-binding affinity and
topical potency. There are also differences among these agents
in oral bioavailability (i.e., absorption of drug that is swal-

lowed after inhalation) and systemic availability via absorption
from the lungs. Of these two variables, absorption from the
lungs is the most likely contributor to possible hypothalamic-
pituitary-adrenal (HPA) suppression or other systemic effects.
Fortunately, the total absorption has not been shown to be clin-
ically important except at the higher recommended dosages.
Although the various ICS are not equipotent on a microgram-
per-microgram basis, major differences in efficacy or adverse
effects are not firmly established.1,75,77 For patients with severe

Table 22-7 Estimated Comparative Daily Dosages for Inhaled Corticosteroids for Youths ≥12 Years of Age and Adults

Drug Low Daily Dose Adult Medium Daily Dose Adult High Daily Dose Adult

Beclomethasone HFA
40 or 80 mcg/puff 80–240 mcg >240–480 mcg >480 mcg

Budesonide DPI
90, 180, or 200 mcg/inhalation 180–600 mcg >600–1,200 mcg >1,200 mcg

Flunisolide
250 mcg/puff 500–1,000 mcg >1,000–2,000 mcg >2,000 mcg

Flunisolide HFA
80 mcg/puff 320 mcg >320–640 mcg >640 mcg

Fluticasone
HFA/MDI: 44, 110, or 220 mcg/puff 88–264 mcg >264–440 mcg >440 mcg
DPI: 50, 100, or 250 mcg/inhalation 100–300 mcg >300–500 mcg >500 mcg

Mometasone DPI
200 mcg/inhalation 200 mcg 400 mcg >400 mcg

Triamcinolone acetonide
75 mcg/puff 300–750 mcg >750–1,500 mcg >1,500 mcg

DPI, dry powder inhaler; HFA, hydrofluoroalkane: MDI, metered-dose inhaler.
Reprinted from reference 1.
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persistent asthma, a logical choice would be a high-potency
agent that would allow for a minimum number of inhalations
per day, potentially improving treatment adherence. Further-
more, the delivery system used affects pulmonary deposition.
For example, the Turbuhaler delivers about twice the dose of
budesonide versus an MDI and is associated with excellent
efficacy if used correctly.78 Clinical trials evaluating fluticas-
one efficacy administered via the Diskus have likewise shown
excellent efficacy.79 The differences between the various dry
powder inhalers is discussed later in this chapter. Addition of
a spacer device to an MDI also enhances pulmonary deposi-
tion. In very high dosages (the equivalent of 1,600 mcg/day of
beclomethasone dipropionate), all ICS produce some degree
of HPA-axis suppression.75 The clinical significance of this
suppression has yet to be firmly established.

Although low to moderate dosages of ICS are accepted as
being quite safe, very high dosages continue to be scrutinized
regarding the potential adverse effects.80 Clearly, for patients
who require high dosages for optimal control of asthma, the
benefits of therapy with these agents far outweigh the risks.1,75

A possible association between prolonged, very high dosages
of ICS and cataracts81 and glaucoma82 has been reported.
EPR-3 has summarized recent research that has allayed con-
cerns regarding use of ICS therapy and growth suppression
in children (i.e., the decrease in growth velocity is small, not
progressive, and appears to be reversible).1,83,84

29. How should S.T. be managed?

In the treatment of S.T., most clinicians would begin with
a short course (e.g., 1 week) of systemic corticosteroids to
maximally improve her pulmonary function. This approach
is consistent with EPR-31, which recommends gaining quick
control. Using short-course systemic therapy is logical be-
cause it is inexpensive, efficacious, and associated with low
risk. While gaining quick control with a short course of oral
corticosteroids, it is logical to start ICS in many patients at
a low1,85 to moderate dosage (as defined in Tables 22-6 and
22-7). The evidence that ICS are highly effective in persistent
asthma is unequivocal. Patients in this category who consis-
tently take ICS are at a lower risk of hospitalization and death,
and one study found an increased risk of death after discontin-
uation of ICS compared with patients who remained on these
drugs.86,87 ICS therapy should be initiated concomitantly with
a short course of systemic corticosteroid therapy. Patient ed-
ucation at this time may have greater effectiveness, because
some patients are more attentive after having just experienced
an exacerbation, and they know that change is needed to im-
prove their health. Because S.T.’s asthma is classified as severe
persistent, it is reasonable to start her on a moderate to high
dosage of an ICS in combination with a LABA (Fig. 22-9 and
Table 22-3). More aggressive therapy initially is especially im-
portant in S.T. because of her four hospitalizations in the last 2
years. In partnership with S.T. and her parents, her preference
should be determined as to the delivery method (i.e., discuss
options with her regarding breath-activated devices or MDI and
spacer, including which spacer). Ideally, the clinician should
recognize her emerging independence as a 12 year old and talk
with her alone and then with her parents. After S.T. is stabilized
for 3 months, attempts should be made to slowly decrease the
ICS dosage every 3 months until the lowest-effective dosage
is achieved. Administration of the total daily ICS dose is pre-

ferred twice daily or in many patients, with mild to moderate
persistent asthma, once daily.1 Since adherence is a major de-
terminant of success or failure with ICS and other therapies,
simplified regimens and continued patient education and con-
tact are essential.1

Combination of Inhaled Corticosteroids and Long-Acting
Inhaled β2-Agonists

30. Because S.T. is 12 years old, what options are appropriate
to minimize the ICS dosage, realizing that aggressive therapy is
needed? What are the risks associated with LABAs? Clinicians
should monitor for which local side effects in S.T. with ICS ther-
apy?

LABAs have been very successful in prevention of “step-
ping up” the dose of ICS while markedly enhancing overall
asthma control,78,79,88−90 and this fact is reflected in EPR-31.
A reasonable therapeutic option for S.T. would be the combina-
tion of fluticasone 500 mcg and salmeterol 50 mcg via Diskus
(Advair 500) 1 inhalation BID or the budesonide/formoterol
(Symbicort) combination inhaler (160 mcg/4.5 mcg; 2 inhala-
tions BID). S.T. should be reevaluated in 2 weeks. The plan is
to “step down” the dose of fluticasone after excellent asthma
control is achieved.

ADVERSE EFFECTS ASSOCIATED WITH LONG-ACTING INHALED β2-AGONISTS

31. S.T.’s parents recently discovered an article in a national
newspaper that addressed concerns of using LABAs due to an
increased risk of death. Since S.T.’s parents have called and left a
message for the clinician, what would be important information
to share with her family regarding this issue? What other side
effects should S.T. and her family be aware of?

Several randomized trials for over a decade have demon-
strated that LABAs have minimal adverse effects (e.g., tachy-
cardia, tremor).1,78,79,88−90 Although there are limited data,
based primarily on one study (SMART),91 there may be a very
small increased risk of asthma-related death and asthma ex-
acerbation in patients receiving LABAs. This small risk is
likely due to patients receiving LABAs without concomitant
ICS. In fact, EPR-31 recommends against the use of LABAs
as monotherapy for long-term control of persistent asthma.
SMART91 data suggested that blacks may be at greater risk, but
much more study is needed to confirm these data. LABA ther-
apy should only be used in combination with ICS in patients
with asthma. Combination ICS/LABA therapy for asthma is
safe and effective.1,92 EPR-31 suggests giving equal consider-
ation to moderate dose of ICS alone or low-dose ICS combined
with LABA for patients with moderate persistent asthma. For
S.T., she has severe persistent asthma, and ICS/LABA combi-
nation therapy is preferred.1

STEP-DOWN TREATMENT

32. After being adherent to her new therapy (fluticasone
500 mcg/salmeterol 50 mcg BID) for 1 month, S.T.’s asthma con-
trol has markedly improved. She required no ED visits or hospi-
talizations, was sleeping through the night, and began to exercise
again. Her personal best PEF was 320 L/minute, and she was
staying in her green zone (260–320 L/minute), requiring PRN al-
buterol no more than once per week. After 2 more months, S.T.
continues to do well. Although S.T. clearly needs long-term ICS
therapy, after 3 months of excellent response, her clinician is now



ASTHMA � 22-25

ready to step down from high-dose fluticasone. What is a prudent
approach to dosage reduction?

EPR-31 suggests stepping down the dose at a rate of 25%
to 50% every 3 months to the lowest dose that maintains con-
trol. A step down to fluticasone 250 mcg/salmeterol 50 mcg
(Advair 250) BID would be a reasonable reduction in ther-
apy for S.T. If a single ICS product had been started in S.T.
initially (e.g., budesonide, beclomethasone, fluticasone), the
dosage reduction would normally proceed at a slower pace.
However, fluticasone 500 mcg daily, especially in combination
with salmeterol, will likely be an adequate dose for S.T. After
S.T.’s dose of fluticasone was stepped down to 500 mcg/day,
she started requiring only slightly more PRN albuterol (but still
was symptom free most days).

33. If symptoms recur during step-down, what management
could possibly facilitate dosage reduction of the ICS in S.T.?

During follow-up evaluations, clinicians should carefully
investigate factors that may contribute to poor asthma con-
trol, including exposure to inhalant allergens, indoor/outdoor
irritants, medications, and tobacco smoke. Secondhand smoke
exposure has been demonstrated to negate the benefit of ICS
in children, and asthma patients who smoke have reduced re-
sponse to ICS therapy.93,94

Leukotriene Modifiers

34. P.W. is a 52-year-old man with mild persistent asthma. His
asthma symptoms began when he was 2 years of age, and he
has never smoked. P.W. has had numerous drug regimens for his
asthma over the years, but he tells his physician that he wants the
simplest regimen possible and that he prefers oral medication if at
all possible. What is a good choice for controller therapy in P.W.?

In patients of any age with mild persistent asthma, and cer-
tainly in children or adolescents, an oral agent such as mon-
telukast with once-daily dosing at bedtime (or zafirlukast with
twice-daily dosing) has obvious advantages. An ICS is the pre-
ferred treatment for mild persistent asthma. Studies comparing
ICS with LTRA have consistently demonstrated the superior-
ity of ICS for most asthma outcome measures,1 but in patients
(adults or children) who much prefer oral therapy to inhaling
medication every day, leukotriene modifiers are a reasonable
option. The simplest and safest possible oral controller regimen
for P.W. is montelukast 10 mg HS (with PRN inhaled albuterol).
Bedtime dosing with montelukast is recommended because it
will have peak activity late at night and in the early morning
hours, when asthma symptoms tend to be more frequent. It is
likely that this regimen will result in very good asthma con-
trol. If P.W. does not have good control of his asthma when he
returns to the clinic in a few weeks, switching to a low-dose
ICS in the evening only would keep the regimen simple while
enhancing efficacy.

Cromolyn and Nedocromil

35. E.G. is a 7-year-old boy with mild persistent asthma. His
family has just moved from the northeastern United States to
the Midwest. E.G.’s new pediatrician notes that he has been pre-
viously managed only by “as-needed” inhaled albuterol. E.G.’s
pediatrician is aware of the NIH guidelines1 recommendation for
ICS in mild persistent asthma, even in small children. However,

despite recent evidence in the literature regarding the safety of
ICS, she is concerned about the risks of these agents in children
and is considering a trial of cromolyn or nedocromil therapy com-
bined with strict environmental control. If the trial fails, she plans
to switch to the lowest possible dosage of ICS. Should cromolyn
(Intal) or nedocromil (Tilade) be added to E.G.’s β2-agonist ther-
apy? Is either agent preferred over theophylline or a leukotriene
modifier in E.G.?

In studies of childhood asthma, cromolyn has been found
to reduce symptoms and the need for acute-care visits, and
this drug has an excellent safety profile.1−6,95 Although theo-
phylline is a relatively weak bronchodilator, it also may have
very modest anti-inflammatory effects.1,50 Note in Figure 22-8
from EPR-31 that theophylline, cromolyn, and nedocromil are
alternatives as controller medications in mild persistent asthma
(children 5–11 years of age). Nedocromil is an effective anti-
inflammatory agent, especially for mild persistent asthma,1

and is similar to cromolyn in efficacy and tolerability.1 Cro-
molyn and nedocromil have similar mechanisms of action as
anti-inflammatory agents, and their mechanisms are compared
with other agents in Table 22-8.

Based on efficacy and safety concerns and the need to
monitor serum theophylline concentrations, either cromolyn or
nedocromil is a better option for E.G.’s controller therapy. E.G.
can learn to use an MDI plus spacer device with proper teach-
ing, but the concern is adherence to therapy with the required
QID or TID dosing schedule. Cromolyn MDI two puffs QID
would be an appropriate regimen here. Therapy should be con-
tinued for at least 4 weeks to determine response.

A simpler approach to managing mild persistent asthma
in a young child whose physician does not choose the pre-
ferred low-dose ICS therapy is once-daily montelukast.1 Tak-
ing a 5-mg cherry chewable montelukast tablet at bedtime is
preferred as an option in E.G. over cromolyn, nedocromil, or
theophylline.

Theophylline
Dosing

36. K.J., a 14-year-old, 40-kg girl, has a history of recurring
cough and wheezing. These symptoms worsen on vigorous run-
ning or when she has an upper respiratory infection. She has
not required hospitalization for these symptoms but has missed a
few school days. She has symptoms daily and uses her pirbuterol
inhaler more than two times daily. K.J. has a family history of
asthma. A diagnosis of moderate persistent asthma is made. How
should K.J. be managed?

Because K.J. has moderate persistent asthma, treatment with
an anti-inflammatory agent is indicated. Low to moderate–dose
ICS in combination with a LABA is the preferred treatment in a
14-year-old child with moderate persistent asthma.1 However,
K.J.’s clinician opts to prescribe theophylline in combination
with a low dose of budesonide via the Flexhaler.

37. What dosage of theophylline is appropriate for K.J.?

Low doses of budesonide combined with twice-daily theo-
phylline that resulted in a median serum theophylline concen-
tration of 8.7 mcg/mL was superior in efficacy to high-dose
budesonide as single controller therapy.96 Thus, it is wise to
give a therapeutic trial with low-dose theophylline initially,
aiming for serum concentrations between 5 and 10 mcg/mL.
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Table 22-8 Long-Term Control Medications

Name/Products Therapeutic Issues
(Listed Alphabetically) Indications/Mechanisms Potential Adverse Effects (Not All Inclusive)

Corticosteroids
(Glucocorticoids)

Inhaled (ICS):
Beclomethasone

dipropionate
Budesonide
Flunisolide
Fluticasone

propionate
Mometasone furoate
Triamcinolone

acetonide

Indications
� Long-term prevention of

symptoms: suppression, control,
and reversal of inflammation.

� Reduce need for oral corticosteroid.

Mechanisms
� Anti-inflammatory. Block late

reaction to allergen and reduce
airway hyperresponsiveness. Inhibit
cytokine production, adhesion
protein activation, and
inflammatory cell migration and
activation.

� Reverse β2-receptor
downregulation. Inhibit
microvascular leakage.

� Cough, dysphonia, oral thrush
(candidiasis).

� In high doses (Tables 22-6, 22-7),
systemic effects may occur, although
studies are not conclusive, and
clinical significance of these effects
has not been established (e.g., adrenal
suppression, osteoporosis, skin
thinning, and easy bruising). In low to
medium doses, suppression of growth
velocity has been observed in
children, but this effect may be
transient, and the clinical significance
has not been established.

� Spacer/holding chamber devices with
nonbreath-activated MDIs and mouth
washing after inhalation decrease local
side effects.

� Preparations are not absolutely
interchangeable on a mcg or per puff
basis (Tables 22-6, 22-7 for estimated
clinical comparability). New delivery
devices may provide greater delivery to
airways; this change may affect dose.

� The risks of uncontrolled asthma should
be weighed against the limited risks of
ICS therapy. The potential but small risk
of adverse events is well balanced by
their efficacy.

� “Adjustable dose” approach to treatment
may enable reduction in cumulative
dose of ICS treatment over time without
sacrificing maintenance of asthma
control.

� Dexamethasone is not included as an
ICS for long-term control, because it is
highly absorbed and has long-term
suppressive side effects.

Systemic:
Methylprednisolone
Prednisolone
Prednisone

Indications
� For short-term (3–10 days) “burst”:

to gain prompt control of
inadequately controlled persistent
asthma.

� For long-term prevention of
symptoms in severe persistent
asthma. suppression, control, and
reversal of inflammation.

Mechanisms
� Same as inhaled.

� Short-term use: Reversible
abnormalities in glucose metabolism,
increased appetite, fluid retention,
weight gain, mood alteration,
hypertension, peptic ulcer, and rarely
aseptic necrosis.

� Long-term use: Adrenal axis
suppression, growth suppression,
dermal thinning, hypertension,
diabetes, Cushing’s syndrome,
cataracts, muscle weakness; in rare
instances, impaired immune function.

� Consideration should be given to
coexisting conditions that could be
worsened by systemic corticosteroids,
such as herpes virus infections,
varicella, tuberculosis, hypertension,
peptic ulcer, diabetes mellitus,
osteoporosis, and Strongyloides.

� Use at lowest effective dose. For
long-term use, alternate-day am dosing
produces the least toxicity. If daily doses
are required, one study shows improved
efficacy with no increase in adrenal
suppression when administered at
3 pm rather than in the morning.

Cromolyn Sodium
and Nedocromil

Indications
� Long-term prevention of symptoms

in mild persistent asthma may
modify inflammation.

� Preventive treatment prior to
exposure to exercise or known
allergen.

Mechanisms
� Anti-inflammatory. Blocks early

and late reaction to allergen.
Interferes with chloride channel
function. Stabilizes mast cell
membranes and inhibits activation
and release of mediators from
eosinophils and epithelial cells.

� Inhibits acute response to exercise,
cold dry air, and SO2.

� Cough and irritation.
� 15%–20% of patients complain of an

unpleasant taste from nedocromil.

� Therapeutic response to cromolyn and
nedocromil often occurs within 2 wk,
but a 4- to 6-wk trial may be needed to
determine maximum benefit.

� Dose of cromolyn by MDI (1 mg/puff)
may be inadequate to affect airway
hyperresponsiveness. Nebulizer
delivery (20 mg/ampule) may be
preferred for some patients.

� Safety is the primary advantage of these
agents.

(continued)
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Table 22-8 Long-Term Control Medications (Continued )

Name/Products Therapeutic Issues
(Listed Alphabetically) Indications/Mechanisms Potential Adverse Effects (Not All Inclusive)

Immunomodulators
Omalizumab

(anti-IgE)
For subcutaneous

use

Indications
� Long-term control and prevention

of symptoms in adults (≥12 yr old)
who have moderate or severe
persistent allergic asthma
inadequately controlled with ICS.

Mechanisms
� Binds to circulating IgE, preventing

it from binding to the high-affinity
(FCERI) receptors on basophils and
mast cells.

� Decreases mast cell mediator
release from allergen exposure.

� Decreases the number of FCERIs in
basophils and submucosal cells.

� Pain and bruising of injection sites has
been reported in 5%–20% of patients.

� Anaphylaxis has been reported in
0.2% percent of treated patients.

� Malignant neoplasms were reported in
0.5% of patients compared with 0.2%
receiving placebo; relationship to drug
is unclear.

� Monitor patients following injection.
Be prepared and equipped to identify
and treat anaphylaxis that may occur.

� The dose is administered either every
2 or 4 wk and is dependent on the
patient’s body weight and IgE level
before therapy.

� A maximum of 150 mg can be
administered in one injection.

� Needs to be stored under refrigeration
at 2◦–8◦C.

� Whether patients will develop
significant antibody titers to the drug
with long-term administration is
unknown.

Leukotriene
Receptor
Antagonists

Mechanisms
� Leukotriene receptor antagonist;

selective competitive inhibitor of
CysLT1 receptor.

� May attenuate EIB in some patients,
but less effective than ICS therapy.

� Do not use LTRA + LABA as a
substitute for ICS + LABA.

Montelukast tablets
and granules

Zafirlukast tablets

Indications
� Long-term control and prevention

of symptoms in mild persistent
asthma for patients ≥1 yr of age.
May also be used with ICS as
combination therapy in moderate
persistent asthma.

� Long-term control and prevention
of symptoms in mild persistent
asthma for patients ≥7 yr of age.
May also be used with ICS as
combination therapy in moderate
persistent asthma.

� No specific adverse effects have been
identified.

� Rare cases of Churg-Strauss have
occurred, but the association is
unclear.

� Postmarketing surveillance has
reported cases of reversible hepatitis
and, rarely, irreversible hepatic failure
resulting in death and liver
transplantation.

� A flat dose-response curve, without
further benefit, if dose is increased
above those recommended.

� Administration with meals decreases
bioavailability; take at least 1 hr
before or 2 hr after meals.

� Zafirlukast is a microsomal P450
enzyme inhibitor that can inhibit the
metabolism of warfarin. INRs should
be monitored during coadministration.

� Patients should be warned to
discontinue use if they experience
signs and symptoms of liver
dysfunction (right upper quadrant
pain, pruritis, lethargy, jaundice,
nausea), and serum ALTs should be
monitored.

5-Lipoxygenase
Inhibitor

Mechanisms
� Inhibits the production of

leukotrienes from arachidonic acid,
both LTB4 and the cysteinyl
leukotrienes.

Zileuton tablets Indications
� Long-term control and prevention

of symptoms in mild persistent
asthma for patients ≥12 yr of age.

� May be used with ICS as
combination therapy in moderate
persistent asthma in patients ≥12 yr
of age.

� Elevation of liver enzymes has been
reported. Limited case reports of
reversible hepatitis and
hyperbilirubinemia.

� Zileuton is microsomal P450 enzyme
inhibitor that can inhibit the
metabolism of warfarin and
theophylline. Doses of these drugs
should be monitored accordingly.

� Monitor hepatic enzymes (ALT).

(continued)
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Table 22-8 Long-Term Control Medications (Continued )

Name/Products Therapeutic Issues
(Listed Alphabetically) Indications/Mechanisms Potential Adverse Effects (Not All Inclusive)

Long-Acting
β2-Agonists

(LABA)
Inhaled LABA:
Formoterol
Salmeterol

Indications
� Long-term prevention of symptoms

added to ICS.
� Prevention of EIB.
� Not to be used to treat acute

symptoms or exacerbations.

Mechanisms
� Bronchodilation. Smooth muscle

relaxation following adenylate
cyclase activation and increase in
cyclic AMP, producing functional
antagonism of bronchoconstriction.

� Compared with SABA, salmeterol
(but not formoterol) has slower
onset of action (15–30 min). Both
salmeterol and formoterol have
longer duration (>12 hr) compared
with SABA.

� Tachycardia, skeletal muscle tremor,
hypokalemia, prolongation of QTc
interval in overdose.

� A diminished bronchoprotective effect
may occur within 1 week of chronic
therapy. Clinical significance has not
been established.

� Potential risk of uncommon, severe,
life-threatening or fatal exacerbation:
see text for additional discussion
regarding safety of LABAs.

� Not to be used to treat acute symptoms
or exacerbations.

� Should not be used as monotherapy
for long-term control of asthma or as
anti-inflammatory therapy.

� May provide more effective symptom
control when added to standard doses
of ICS compared with increasing the
ICS dosage.

� Clinical significance of potentially
developing tolerance is uncertain,
because studies show that symptom
control and bronchodilation are
maintained.

� Decreased duration of protection
against EIB may occur with regular
use.

Oral:
Albuterol,

sustained-
release

� Inhaled route is preferred because
LABAs are longer acting and have
fewer side effects than oral
sustained-release agents. Oral agents
have not been adequately studied as
adjunctive therapy with ICS.

Methylxanthines
Theophylline,

sustained-release
tablets and
capsules

Indications
� Long-term control and prevention

of symptoms in mild persistent
asthma or as adjunctive with ICS in
moderate or persistent asthma.

Mechanisms
� Bronchodilation. Smooth muscle

relaxation from phosphodiesterase
inhibition and possibly adenosine
antagonism.

� May affect eosinophilic infiltration
into bronchial mucosa as well as
decreases T-lymphocyte numbers in
epithelium.

� Increases diaphragm contractility
and mucociliary clearance.

� Dose-related acute toxicities include
tachycardia, nausea and vomiting,
tachyarrhythmias (SVT), central
nervous system stimulation, headache,
seizures, hematemesis, hyperglycemia,
and hypokalemia.

� Adverse effects at usual therapeutic
doses include insomnia, gastric upset,
aggravation of ulcer or reflux, increase
in hyperactivity in some children, and
difficulty in urination in elderly males
who have prostatism.

� Maintain steady-state serum
concentrations between 5 and
15 mcg/mL. Routine serum
concentration monitoring is essential
due to significant toxicities, narrow
therapeutic range, and individual
differences in metabolic clearance.
Absorption and metabolism may be
affected by numerous factors that can
produce significant changes in
steady-state serum theophylline
concentrations.

� Patients should be told to discontinue
if they experience toxicity.

� Not generally recommended for
exacerbations. There is minimal
evidence for added benefit to optimal
doses of SABA. Serum concentration
monitoring is mandatory.

ALT, alanine aminotransferase; Anti-IgE, anti-immunoglobulin E; EIB, exercise-induced bronchospasm; ICS, inhaled corticosteroids; IGS, inhaled glucocorticoids; INR, Interna-
tional Normalized Ratio; LABA, long-acting inhaled β2-agonist, LTRA, leukotriene receptor agonist; MDI, metered-dose inhaler; SABA. short-acting inhaled β2-agonist; SVT,
supraventricular tachycardia.
Reprinted from reference 1.

In the nonacute asthma patient in whom the theophylline dose
requirement is unknown, dosages suggested for ages >1 year
are listed in Table 22-9; infant dosing is listed in Table 22-10.
Accordingly, the initial dosage in K.J. would be 300 mg/day in
divided doses (i.e., 150 mg Q 12 hr). If tolerated, the dosage
is increased at 3-day intervals by about 25% to the mean dose
that usually is needed to produce a peak theophylline serum
concentration between 5 and 10 mcg/mL. The final dosage can
be adjusted by using the guidelines listed in Table 22-11. Serum

theophylline concentrations should be obtained at steady state
(i.e., when there have been no missed doses and no extra doses
have been taken for at least 48 hours).

Toxicity

38. M.M., a 14-year-old boy who has been treated with theo-
phylline SR 300 mg BID, now complains of headache and difficulty
in getting to sleep. Why should a theophylline serum concentra-
tion be evaluated?
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Table 22-9 Theophylline Dosing Guide for Chronic Usea,b

Starting dose for children 1–15 yr <45 kg: 12–14 mg/kg/day to
maximum of 300 mg/day

Starting dose for adults and children 1–15 yr >45 kg: 300 mg/day
Titrate dose upward after 3 days if necessary and if tolerated to:

� 16 mg/kg/day to maximum of 400 mg/day in children 1–15 yr
<45 kg

� 400 mg/day in adults and children >45 kg

Titrate dose upward after 3 more days if necessary and if tolerated to:
� 20 mg/kg/day to a maximum of 600 mg/day in children 1–15 yr

<45 kg
� 600 mg/day in adults and in children >45 kg

aDose using ideal body weight or actual body weight, whichever is less. These dosages
do not apply if liver disease, heart failure, or other factors documented to affect theo-
phylline clearance are present. Doses must be guided by monitoring serum concen-
trations to ensure optimal safety and efficacy.
bDosing schedule dependent on product selected; sustained-release products are
much preferred, if at all possible.
Adapted from reference 98.

Theophylline side effects can be related to excessive serum
concentrations, or adverse effects can be transient and unre-
lated to the amount in serum. Unfortunately, it is not always
possible to determine which it might be. Side effects can in-
clude headache, nausea, vomiting, irritability or hyperactivity,
insomnia, and diarrhea. With higher serum theophylline lev-
els, cardiac arrhythmias, seizures, and death can occur.97 Less
severe symptoms may not be present before the onset of cardiac
arrhythmias or seizures and cannot be relied on as a forewarn-
ing of these more serious adverse theophylline effects. It is
important not to ignore any symptom consistent with theo-
phylline toxicity. The insomnia and headaches experienced by
M.M. may not be associated with excessive (i.e., out of the
usual therapeutic range) serum theophylline concentrations,
but a reduction in dosage should be contemplated because
some patients experience toxicity when serum theophylline
concentrations are within the therapeutic range. Guidelines for
managing toxicity have been revised.98

Table 22-10 Food and Drug Administration Guidelines for
Theophylline Dosing in Infantsa

Premature Neonates

<24 days postnatal age: 1.0 mg/kg Q 12 hr
≥24 days postnatal age: 1.5 mg/kg Q 12 hr

Term Infants and Infants Up to 52 Wk of Age

Total daily dose (mg) = [(0.2 × age in weeks) + 5.0] × (kg body weight)
� Up to age 26 weeks; divide dose into 3 equal amounts administered

at 8-hr intervals
� >26 weeks of age; divide dose into 4 equal amounts administered at

6-hr intervals

aFinal doses adjusted to a peak steady-state serum theophylline concentration of
5–10 mcg/mL in neonates and 10–15 mcg/mL in older infants.
Adapted from reference 98.

Drug Interactions

39. T.R., a 55-year-old woman with asthma, is well controlled
on theophylline SR 300 mg BID, albuterol two puffs QID PRN,
and mometasone (Asmanex) one inhalation at bedtime. A peak
theophylline serum concentration obtained 3 months ago was 14
mcg/mL. Six months ago, on the same dose of theophylline, her
serum concentration was 15 mcg/mL. M.M. presents with an up-
per respiratory tract infection, and clarithromycin 500 mg BID is
prescribed. Is this antibiotic appropriate?

A large number of medications inhibit cytochrome P450
isoenzymes and are capable of inhibiting the metabolism of
theophylline. Because theophylline is metabolized by CYP
1A2, 3A3, and 2E1, inhibitors of these isoenzymes can
cause clinically significant interactions.50,98 Cimetidine, clar-
ithromycin, and some (but not all) of the quinolone antibiotics
(e.g., enoxacin, ciprofloxacin) are well documented to inhibit
theophylline metabolism.1,50,98 Because numerous other drugs
inhibit the metabolism of theophylline, all patients receiving
this agent should be screened carefully for potential interac-
tions. As with any drug interaction, mechanism, time course,
management, and clinical significance should be assessed

Table 22-11 Adjusting Doses of Theophylline Based on Serum Concentrations

Peak Theophylline
Concentration
(mcg/mL)a Approximate Adjustment in Daily Dose Comment

<5.0 ↑ by 25% Recheck serum theophylline concentration.

5–10 ↑ by 25% if clinically indicated Recheck serum concentration; ↑ dose only if poor response to therapy.

10–12 Cautious 10% ↑ if clinically indicated If asymptomatic, no ↑ needed. Recheck serum theophylline concentration before
further dose changes.

12–15 Occasional intolerance requires a 10% ↓ If asymptomatic, no dose change needed unless side effects present.

16–20 ↓ by 10%–25% Even if asymptomatic and side effects absent, a dose ↓ is prudent.

20–24.9 ↓ by 50% Omit 1 dose even if asymptomatic and side effects absent, a dose ↓ is indicated.

25–29.9 ↓ by >50% Omit next doses even if asymptomatic and side effects absent; a dose ↓
indicated; repeat serum theophylline concentration after dose adjustment.

>30 Omit next doses; ↓ by 60%–75% Seek medical attention and consult regional poison center even if not
symptomatic; if >60 years of age, anticipate need for treatment of seizures.

a It is important that levels are obtained at steady state. If laboratory results appear questionable, suggest repeat measurements.
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Table 22-12 Factors Affecting Serum Theophylline Concentrationsa

Increases Theophylline
Factor Decreases Theophylline Concentrations Concentrations Recommended Action

Food ↓ or delays absorption of some
sustained-release theophylline
(SR) products

↑ rate of absorption
(fatty foods)

Select theophylline preparation that is not
affected by food.

Diet ↑ metabolism (high protein) ↓ metabolism (high
carbohydrate)

Inform patients that major changes in diet are
not recommended while taking
theophylline.

Systemic, febrile viral illness
(e.g., influenza)

↓ metabolism Decrease theophylline dose according to
serum concentration level. Decrease dose
by 50% if serum concentration
measurement is not available.

Hypoxia, cor pulmonale, and
decompensated congestive
heart failure, cirrhosis

↓ metabolism Decrease dose according to serum
concentration level.

Age ↑ metabolism (1–9 yr) ↓ metabolism (<6
mon, elderly)

Adjust dose according to serum concentration
level.

Phenobarbital, phenytoin,
carbamazepine

↑ metabolism Increase dose according to serum
concentration level.

Cimetidine ↓ metabolism Use alternative H2-antagonist (e.g.,
famotidine or ranitidine).

Macrolides: TAO, erythromycin,
clarithromycin

↓ metabolism Use alternative antibiotic or adjust
theophylline dose.

Quinolones: ciprofloxacin,
enoxacin, pefloxacin

↓ metabolism Use alternative antibiotic or adjust
theophylline dose.

Rifampin ↑ metabolism Increase dose according to serum
concentration level.

Ticlopidine ↓ metabolism Decrease dose according to serum
concentration level.

Smoking ↑ metabolism Advise patient to stop smoking; increase dose
according to serum concentration level.

aThis list is not all-inclusive; for discussion of other factors, see package inserts.
Modified from reference 1.

before any interventions. For example, cimetidine decreases
theophylline clearance within 24 hours, and this interaction
should be circumvented by using another H2-blocker or a pro-
ton pump inhibitor (Table 22-12). Classic inducers (e.g., ri-
fampin) of cytochrome P450 also affect theophylline clear-
ance, and patients should be monitored for decreased serum
concentrations. In T.R., the interaction with clarithromycin can
easily be circumvented by using azithromycin, which does not
affect theophylline metabolism.

Anticholinergics
40. R.K. is a 24-year-old graduate student with moderate per-

sistent asthma, which has been well controlled for 10 years with
ICS therapy and albuterol PRN. Recently, he has noticed that his
asthma symptoms tend to worsen when he has anxiety over major
examinations. What drug therapy might be helpful in R.K.?

One of the myths related to asthma is that it is an emo-
tional illness. It is true, however, that among many typical
triggers (e.g., aeroallergens, exercise), emotional upset can be
a precipitating factor in some asthmatics,1 and it has been
shown that inhaled anticholinergic bronchodilators can block
this response.99 Although it is not an established therapy in this

situation, a therapeutic trial of ipratropium given by an MDI is
warranted in R.K. He probably only needs to use ipratropium
a day or so before major examinations and on the day of the
examination (i.e., he is well controlled all other times).

Anticholinergic bronchodilators also are useful in patients
with asthma who are intolerant of the side effects of SABAs.
For example, a patient who experiences nervousness or tremor
with SABAs could use an ipratropium MDI as an alternative.
Ipratropium is slower in onset (up to 30 minutes) but may be
slightly longer acting than albuterol. As a general rule, anti-
cholinergics are inferior to β2-agonists in patients with asthma
and should not be used as a rescue drug. These agents also
benefit some patients who have asthma and then, very unfortu-
nately, smoke for several years and develop chronic obstructive
pulmonary disease (COPD). Tiotropium (Spiriva) is an impor-
tant agent in the treatment of COPD; further research is needed
to determine if it has a role in the management of some patients
with asthma.100

ANTI-IMMUNOGLOBULIN E THERAPY

41. M.M. is a 30-year-old female with severe persistent asthma.
Despite optimal assessment, drug therapy, environmental control,
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and patient education per the principles of management detailed
in EPR-3, she has had two recent hospitalizations due to asthma.
Her allergist is considering anti-IgE therapy. Is M.M. a good can-
didate for such therapy? How would it be given? M.M. has a
pretreatment IgE level of 90 IU/mL, and she weighs 55 kg.

Omalizumab (Xolair) is a humanized monoclonal anti-IgE
antibody that binds to free IgE in serum. Thus, binding of IgE
to high-affinity receptors on mast cells is subsequently inhib-
ited, and the initiation of the allergic inflammatory cascade is
blocked.1,101−105 Omalizumab is effective in reducing oral and
ICS dose requirements in patients with severe asthma and in
reducing exacerbations.101,102,105−107 This novel therapy is ad-
ministered as a 150- to 375-mg subcutaneous injection every
2 or 4 weeks. The dose and frequency of administration are
based on the serum total IgE level (IU/mL) and the patient’s
body weight. Therefore, M.M.’s omalizumab dose is 150 mg
SC every 4 weeks.

Common side effects associated with omalizumab include
injection site reactions, upper respiratory tract infections, si-
nusitis, and headache. Less common but potentially serious
adverse effects include anaphylaxis (0.2% in postmarketing
spontaneous reports), which can occur after any dose even if
previous doses have been well tolerated and 24 or more hours
after administration, and the development of malignant neo-
plasms (0.5% of omalizumab-treated patients compared with
0.2% in controls).

Because omalizumab is expensive and must be adminis-
tered as a subcutaneous injection, it should be reserved for
patients with severe asthma who are not adequately controlled
with standard therapies. Despite the high cost, anti-IgE therapy
might be cost-effective in selected patients with severe disease
(e.g., those with frequent ED visits and hospitalizations), be-
cause an estimated <5% of asthma patients (severe disease)
account for >50% of the dollars spent for asthma care.108

42. As the nurse prepares the dose of omalizumab for M.M.,
what are some special considerations regarding administering
and monitoring this drug?

Following reconstitution of omalizumab, the drug must be
administered within 4 hours if stored at room temperature and
within 8 hours when refrigerated. Due to its viscosity, the in-
jection may take 5 to 10 seconds. No more than 150 mg is
injected at each site. While the risk of anaphylaxis is rare, pa-
tients should stay in the physician’s office for at least 30 minutes
after injection of omalizumab and be educated regarding the
signs and symptoms of anaphylaxis. After leaving the physi-
cian’s office, patients should seek emergency medical treatment
at the first sign of anaphylaxis. Despite the low risk of severe
allergic reactions, the manufacturer recently added a black box
warning regarding this risk.

EXERCISE-INDUCED ASTHMA

43. T.W., a 33-year-old woman, presents to the clinic with a
history of severe coughing and chest tightness after exercise. She
recently joined an exercise club to lose weight but is unable to
keep up with others of her own age and relative condition when
jogging outside. She recalls having mild respiratory problems as
a young child but has never taken any asthma medications. She
has a positive treadmill test for exercise-induced asthma (EIA).
How should T.W. be treated?

FIGURE 22-14 Changes in peak expiratory flow rate with exercise in an
asthmatic and normal subject. PEFR, peak expiratory flow rate.

During sustained exercise, at least 90% of patients with
asthma experience an initial improvement in pulmonary func-
tions quickly followed by a significant decline (Fig. 22-14).
This phenomenon may be the only symptom of subclinical
asthma.1,109 Patients can be diagnosed by measuring the FEV1
or PEF before and after exercise (6–8-minute treadmill or bicy-
cle exercise test). A reduction of FEV1 by >15% of the baseline
value is a positive test.

Hyperventilation of cold, dry air increases the sensitivity to
EIA and induces bronchospasm.109 The main stimulus for EIA
is respiratory heat loss, water loss, or both,109 while breath-
ing heated, humidified air completely blocks EIA in many
patients.109 Masks are indicated for patients with EIA in the
wintertime, and patients with severe asthma accompanied by
EIA also should be encouraged to swim or engage in other
indoor exercise that does not promote EIA. A warm-up period
before strenuous exercise is helpful in some patients. With
appropriate premedication, most EIA can be prevented, so vir-
tually all patients with stable asthma should be encouraged to
exercise. The mechanism of bronchoconstriction after airway
heat and water loss is still incompletely understood.109

Although several drugs inhibit EIA, SABAs are generally
the agents of choice for prophylaxis.1−6,109,110 Inhaled β2-
agonists are superior to cromolyn.110 For typical periods of
exercise (e.g., <3 hours), pretreatment with agents such as
albuterol 5 to 15 minutes before exercise usually provides ex-
cellent protection from EIA.

For prolonged periods of exercise, LABAs (formoterol, sal-
meterol) provide several hours of protection.111 Two differ-
ences in formoterol and salmeterol include the delivery sys-
tems for inhalation and the onset of action. If either of these
agents is to be used to prevent EIA, it is important for the
patient to inhale the medication at the proper time before exer-
cise. Formoterol should be inhaled at least 15 minutes before
exercise, and salmeterol administration should occur at least
30 minutes before vigorous activity. Patients who are receiving
Q 12 hr therapy with either drug concomitantly with ICS for
long-term control of asthma, should already be protected and
therfore only use albuterol if symptoms occur after exercise.
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With maintenance therapy, as opposed to single doses before
exercise, bronchoprotection from exercise may be reduced to
5 hours with LABAs.1 Formoterol is inhaled via the Aerolizer
(a single dose is loaded each time), and salmeterol is inhaled
through the Diskus (multiple-dose inhaler).

Leukotriene receptor antagonists (e.g., montelukast once-
daily chronic therapy) have also been demonstrated to pre-
vent EIA.112 Finally, it is important to point out that in persis-
tent asthma, long-term anti-inflammatory therapy is helpful
in reducing the response to most asthma triggers, includ-
ing exercise.1 For most patients who have EIA only, use
of a SABA 15 minutes before exercise is the only therapy
needed.

Because of the hyperventilation of relatively cool, dry air,
jogging is a potent stimulus for EIA. A number of possible
therapeutic interventions exist for T.W. She could be encour-
aged to swim, because the inhalation of humidified warm air is
less likely to produce EIA. However, if she wishes to continue
jogging, two inhalations of a short-acting β2-agonist (e.g., al-
buterol) from a metered-dose aerosol 15 minutes before ex-
ercise should provide adequate protection for 2 to 3 hours. If
outdoor temperatures are quite cool or cold, T.W. should jog
indoors. T.W. also should be counseled to take two additional
inhalations if she “breaks through” the initial protection and
experiences tightness.

44. W.L., a 17-year-old boy, presents to the clinic with a com-
plaint of dyspnea and coughing that has limited his ability to keep
up with his basketball teammates. He states that it is worse when
playing outdoors unless the gym is cold and that it seems to be
worse (occurring sooner during exercise) than a month ago. W.L.
experienced several bouts of bronchitis as a young child but has
not had any problems for the past 6 years. His symptoms are
consistent with EIA. How should his EIA be treated?

W.L. presents a special problem in that he is a teenager. Both
for adolescents and children, peer pressure usually is extremely
significant. Optimal prophylaxis is important to allow W.L. to
compete at his best level. Embarrassment over not keeping
up with teammates can be very hurtful now, and it has im-
plications for setting habits of exercise into adulthood. Many
adults with asthma do not exercise because they think they
cannot do so based on childhood experiences. Lack of exercise
can have a negative impact on physiologic and psychologic
well-being. W.L. should receive preventive treatment with an
inhaled β2-agonist. The question is whether he should receive a
short-acting or a long-acting agent. The clinician should probe
as to the duration of exercise. If W.L. exercises for >3 hours,
formoterol or salmeterol administered 15 to 30 minutes before
exercise would be a logical choice. Finally, the clinician should
verify that exercise is the only factor that precipitates asthma
symptoms. It could be that further questioning of W.L. will re-
veal persistent asthma or mild intermittent asthma beyond EIA
only. If that is the case, long-term ICS or montelukast therapy
should be started to reduce overall airway hyperresponsive-
ness.

PATIENT EDUCATION

45. A.B., a 26-year-old woman, calls her clinician and states
that she has run out of her albuterol MDI. She has a prescription

for a budesonide dry powder inhaler but admits that she does
not use this medication “because it doesn’t seem to work as well
as her albuterol MDI.” A.B. has had asthma all of her life. She
complains of symptoms most days but has not required visits to
the ED or hospitalizations. The provider determines that A.B. is
bothered most about daily shortness of breath and worries that
her condition may get worse. What should the provider do in this
situation?

If optimal long-term drug therapy of asthma is prescribed,
treatment may still fail or be suboptimal if the patient does
not receive adequate education. Patients with asthma require
special educational efforts because of the use of inhalation de-
vices and peak flow meters. In addition, it often is a major chal-
lenge to have patients and parents understand the critical impor-
tance of long-term daily controller therapy and environmental
control. Of course, an important first step in educating asthmat-
ics is to be caring and a good listener. Rather than sharing your
knowledge initially, it is important to help establish a “partner-
ship” with the patient by first asking the following question:
“What is bothering you the most about your asthma?” Really
listening to the patient and then addressing patient concerns
is extremely important to successful education and long-term
management. EPR-3 lists several patient education activities
in Table 22-13.1

Table 22-13 Key Educational Messages: Teach and
Reinforce at every Opportunity

Basic Facts About Asthma
� The contrast between airways of a person who has and a person

who does not have asthma; the role of inflammation
� What happens to the airways in an asthma attack

Roles of Medications—-Understanding the Difference Between
the Following:
� Long-term-control medications: prevent symptoms, often by

reducing inflammation. Must be taken daily. Do not expect them
to give quick relief.

� Quick-relief medications: short-acting β2-agonists relax muscles
around the airway and provide prompt relief of symptoms. Do
not expect them to provide long-term asthma control. Using
quick-relief medication on a daily basis indicates the need for
starting or increasing long-term control medications.

Patient Skills
� Taking medications correctly

– Inhaler technique (demonstrate to patient and have the patient
return the demonstration)

– Use of devices, such as prescribed valved holding chamber,
spacer, nebulizer

� Identifying and avoiding environmental exposures that worsen
the patient’s asthma (e.g., allergens, irritants, tobacco smoke)

� Self-monitoring to:
– Assess level of asthma control
– Monitor symptoms and, if prescribed, peak flow
– Recognize early signs and symptoms of worsening asthmas

� Using written asthma action plan to know when and how to:
– Take daily actions to control asthma
– Adjust medication in response to signs of worsening asthma
– Seek medical care as appropriate

Reprinted from reference 1.
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Clinicians can be of invaluable assistance to the patient by
repeatedly reinforcing education on the necessity to use anti-
inflammatory (and LABA) therapies on a regular schedule.
Many patients underuse long-term preventive therapy because
no health professional took the time to adequately instruct them
that most asthma symptoms are preventable. While underus-
ing the most important medicines for long-term control, many
patients overuse “quick relievers” (i.e., SABAs). Health care
providers must be able to detect these problems and intervene
to enhance patient care.

Because a large percentage of patients have difficulty using
MDIs, teaching patients the correct use of MDIs (alone, or in
combination with spacers) and dry powder inhalers is abso-
lutely essential.1,113 In one study, 89% of patients could not
perform all of the steps for MDI use correctly.1,114 Competent
teaching requires observation of the patient using the devices
initially and again on repeat visits to the clinic, hospital, or
community pharmacy. Telling the patient about correct use is
inadequate. Health professionals must demonstrate use of the
devices (live or with videotapes) for patients who cannot use
the devices correctly. Although there is more than one correct
way to use an MDI, Table 22-14 summarizes two commonly
accepted approaches.1,113 Many asthma experts prefer to use
spacers to help ensure optimal efficacy. Spacers should be used
in virtually all patients receiving ICS via an MDI, even those
with perfect MDI technique, because spacers enhance efficacy
and greatly reduce the risk of oropharyngeal candidiasis.115−117

On the other hand, spacers do not add efficacy to correct use of
a β2-agonist MDI.118 Although any spacer can be helpful, mar-
keted devices that have a flow indicator whistle when inhalation
is fast may be preferred (e.g., AeroChamber, InspirEase).

Table 22-14 Steps to Correct Use of Metered-Dose
Inhalersa

1. Shake the inhaler well and remove the dust cap.
2. Exhale slowly through pursed lips.b

3. If using the “closed-mouth” technique, hold the inhaler upright
and place the mouthpiece between your lips. Be careful not to
block the opening with your tongue or teeth.

4. If using the “open-mouth” technique, open your mouth wide and
hold the inhaler upright 1–2 inches from your mouth, making sure
the inhaler is properly aimed.

5. Press down on the inhaler once as you start a slow, deep inhalation.
6. Continue to inhale slowly and deeply through your mouth. Try to

inhale for at least 5 seconds.
7. Hold your breath for 10 seconds (use your fingers to count to 10

slowly). If 10 seconds makes you feel uncomfortable, try to hold
your breath for at least 4 seconds.

8. Exhale slowly.c

9. Wait at least 30–60 seconds before inhaling the next puff of
medicine.

a If using a spacer, see manufacturer’s instructions. Same basic principles of slow,
deep inhalation with adequate breath hold apply. With spacers, put mouthpiece on
top of your tongue to ensure that tongue does not block aerosol.
bAs long as exhalation is slow, exhale can take place over several seconds. Some
experts insist on exhaling only a tidal volume, but the key is to exhale slowly.
cIf patient has concomitant rhinitis, exhaling through the nose may be of benefit when
using corticosteroids, cromolyn, or ipratropium (i.e., some medication may deposit
in nose).

Studies have shown that health professionals, like some pa-
tients, generally are not competent in using MDIs.119−121 Ob-
viously, the clinician should practice with a placebo inhaler
and gain competence before teaching a patient. Among clini-
cians who educate asthmatics, pharmacists can be very helpful
in teaching correct use of MDIs.122 Unfortunately, one study
showed that community pharmacists commonly are not pro-
viding such teaching.123

In addition to teaching the correct use of MDIs and spac-
ers, clinicians should help patients via education regarding
the correct use of breath-activated dry powder inhalers (e.g.,
Turbuhaler, Diskus, Aerolizer), breath-activated MDIs (e.g.,
Autohaler), and nebulizing machines.1 When using the Flex-
haler, for example, patients must clearly understand the need
for a rapid (preferably 60 L/minute), deep inhalation (not
slow as with an MDI).124 Such rapid PIF is achievable by
some young children, but many children <8 years of age have
difficulty reaching PIF >60 L/minute.124 With the Diskus, PIF
does not have to be as rapid as with Flexhaler, but it should be
>30 L/minute.125 In addition, patients need to breath-hold 10
seconds if possible, as with an MDI.

Asthma Self-Management Plans
Objective monitoring of lung function at home with the use
of peak flow meters can be very helpful to patients and health
care professionals. EPR-3 discusses the debates about PEF
versus symptom-based action plans.1 Use of peak flow meters
may be valuable in patients who have had severe exacerbations
and those who are “poor perceivers” of deteriorating asthma
control. Instructing patients on the correct use of the devices,
including use of the green, yellow, and red zones is essential.1

After establishing that optimal therapy has maintained the PEF
in the “green zone” in the early morning, most patients can
simply verify their values once daily in the early morning.
Analogous to a traffic light, green, yellow, and red zones have
been established to guide the patient and clinician. The green
zone refers to a PEF that is 80% to 100% of “personal best”
and generally indicates that therapy is providing good control.
Before a course of optimal therapy to attain a personal best, the
zones are set based on predicted values found in each peak flow
meter package insert. The yellow zone indicates a PEF that is
50% to 79% of personal best. Patients should be instructed to
call their physician or other health care provider for adjustment
in preventive medication if the PEF stays in yellow zone after
using two puffs of a β-agonist. The red zone indicates a PEF
that is <50% of personal best. The patient should know to call
his or her health care provider immediately if the use of an
inhaled β-agonist does not bring the PEF to the yellow zone or
green zone. Figure 22-15 gives an example of PEF monitoring,
and Figure 22-16 gives an example of a written action plan.

Correct use of the peak flow meter includes standing, in-
haling completely, forming a tight seal with the lips around
the mouthpiece, exhaling as hard and fast as possible (blast!),
and repeating this maneuver twice. The best of three attempts
should be recorded. Beyond giving maximal effort when us-
ing peak flow meters, patients should be instructed to place
the instrument well into the mouth on top of the tongue to
avoid acceleration of air in the mouth with the tongue and
buccal musculature. In essence, “spitting” into the peak flow
meter causes a dramatic “false” elevation in PEF.126 Some data
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Asthma Changes Over Time:  Patient Monitoring
and Follow-Up Required
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FIGURE 22-15 Asthma changes over time: patient monitoring and
follow-up required. (Reproduced with permission from National Insti-
tutes of Health. Practical guide for the diagnosis and management of
asthma 1997; NIH publication No. 97-4053.)

suggest that females need more initial coaching than men in
giving maximum effort when using peak flow meters to ensure
accurate assessments of PEF.127

A.B. needs education regarding the benefits of long-term
inhaled anti-inflammatory therapy. The clinician should ex-
plain with enthusiasm that A.B.’s budesonide is an extremely
effective medicine and that it is the cornerstone of her asthma
management. The delayed onset and safety of ICS must be
stressed as well as the requirement of regular use every day.
Teaching A.B. the differences between “preventers” and “quick
relievers” is essential. Showing her colored pictures, models,
or a video of inflamed airways can be very helpful—these
teaching aids are available from several pharmaceutical manu-
facturers. Likewise, a peak flow meter should be given to A.B.
and correct use ensured by observing her use of it along with
establishment of green, yellow, and red zones, coupled with
a written action plan developed by her asthma care provider.1

A.B. needs to hear from the clinicians treating her that asthma
is preventable, and in the words of a title to an NIH booklet for
patients, “Your asthma can be controlled: Expect nothing less.”
As part of comprehensive education, such a positive message
from all of her caregivers, as well as carefully listening to A.B.’s
concerns, can have a major impact on A.B., who has not been
managing her asthma optimally.

46. A.B. tells the provider that she was previously instructed to
place the albuterol MDI in front of her open mouth and spray
rather than put the MDI in her mouth. She says she is confused
because the package insert shows placement of the inhaler in the
mouth. Finally, she is concerned that her albuterol was changed
to “HFA.” What should the clinician tell A.B.?

A.B. is correct that this is a confusing issue to many patients
and health professionals. A small number of studies show that
the “open-mouth” technique is better, but several other stud-
ies with SABAs show that the “closed-mouth” technique is as
good as or better than putting the MDI in front of the open
mouth.1,113 In addition, the correctly performed closed-mouth
technique is as efficacious with a β2-agonist as with a spacer118

or nebulizer.128 Thus, the closed-mouth technique is perfectly

acceptable, as is the open-mouth technique with SABAs or
LABAs. One caution with the open-mouth technique is that
incorrect aiming of the MDI may result in the aerosol be-
ing sprayed onto the face or into the eyes. Finally, due to the
phasing out of chlorofluorocarbon (CFC) propellants (prohib-
ited after December 31, 2008), increasing numbers of patients
are already using albuterol MDIs with non-CFC propellants
(e.g., HFA [tetrafluoroethane]). A.B. should be reassured that
albuterol-HFA MDIs have been tested extensively and work as
well as her former MDI (but with a less forceful spray).129

47. For patients who are using both a bronchodilator and an
anti-inflammatory inhaler, is there a preferred sequencing of the
inhalers?

For patients who have several inhalers, questions regarding
sequencing of the inhalers are frequently asked. First, there is
no well-documented evidence that outcomes are better using,
for instance, a bronchodilator or an anti-inflammatory agent
first. A commonsense approach is that using a rapid-onset
bronchodilator such as a β2-agonist first and then an anti-
inflammatory second has some appeal (i.e., quick relief and
theoretically enhanced penetration of the anti-inflammatory).
However, as discussed previously, short-acting β2-agonists are
preferred for as-needed use (and before exercise) and are not
generally used on a scheduled basis. Thus, if a patient is not
symptomatic at the time the anti-inflammatory is scheduled,
current literature suggests that the patient inhales only the anti-
inflammatory agent. Therefore, it is usually not necessary to
counsel patients regarding sequencing of inhaled medications.
Because time is limited in counseling patients, teaching them
correct inhalation technique, the purpose of each medication
(controllers vs. quick relievers), and the need for strict ad-
herence with controller therapies is far more important than
spending precious time on the sequencing of inhalers.

NOCTURNAL ASTHMA

48. R.R., a 41-year-old man, presents to the clinic with a history
of coughing and shortness of breath that awakens him at least
two nights a week. Most mornings on awakening, he complains of
chest tightness. He has a history of asthma since childhood and
currently is managed with beclomethasone HFA 160 mcg BID
via a spacer and albuterol (90 mcg/puff) two puffs Q 6 hr PRN,
and before exercise. R.R.’s morning PEF is consistently in the
yellow zone, usually at about 400 L/minute (personal best, 600
L/minute), whereas the evening PEF is consistently 550 to 600
L/minute. What treatment should be recommended?

Many patients with asthma complain of symptoms that
awaken them in the night or occur on awakening in the morning.
Morning cough with or without bronchospasm may be a clue
to nocturnal asthma. Although nocturnal asthma may be ap-
propriately viewed as simply another manifestation of airway
inflammation, it is so common and troublesome among asth-
matics that it deserves special note. Circadian rhythm in PEF is
exaggerated in patients with asthma. The difference in PEF in
nonasthmatics averages about 8% between 4 pm (maximal air-
flow) and 4 am (minimal airflow), but in patients with asthma,
the average variation can be as high as about 50%.130,131 Sev-
eral mechanisms account for this diurnal variation in PEF. The
following are examples of factors that contribute to nocturnal
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asthma: increased release of inflammatory mediators,130,131 in-
creased activity of the parasympathetic nervous system, lower
circulating levels of epinephrine, and lower levels of serum cor-
tisol (lowest at about midnight). In addition, for patients whose
asthma is triggered by gastroesophageal reflux, this problem is
worse at night and is another factor to consider.

The initial approach to managing nocturnal symptoms is
the same as that for overall long-term therapy of persistent
asthma, including adequate anti-inflammatory agents.1,131 ICS
are often effective in eliminating or reducing nocturnal asthma,
including symptoms and the drop in PEF.131 If low to moder-
ate dosages (i.e., correctly inhaled every day) do not eliminate
symptoms, a LABA (salmeterol, formoterol) is indicated. Also,
the basic asthma treatment principle of good control of con-
comitant rhinitis and environmental control, especially in the
bedroom (e.g., house dust mites, household pets), should be
considered in the patient with nocturnal asthma symptoms.

Bedtime doses of SABAs do not have sufficient duration of
action to prevent early morning symptoms. Salmeterol or for-
moterol, both of which have a 12-hour duration of action, are
preferred. Before the advent of LABAs, long-acting oral agents
such as SR theophylline often were indicated.131 Although SR
theophylline is helpful, it has the potential to cause more ad-
verse effects than inhaled agents, may interfere with sleep,
and is less efficacious.131 Before a long-acting oral agent is
prescribed, adequate inhaled anti-inflammatory therapy should
be ensured and then LABAs should be used.

Because asthma is primarily an inflammatory disease and
nocturnal symptoms are due largely to airway inflammation,
the first drug therapy concern in R.R. is to ensure that he is
strictly adhering to his beclomethasone therapy, and demon-
strating excellent inhalation technique. If his use of the medica-
tion is optimal, a reasonable approach would be to add LABA
therapy, because he is already at a moderate ICS dosage.

As part of optimal management of nocturnal asthma, R.R.
also should be asked about avoiding or minimizing exposure to
his asthma triggers (e.g., if he is allergic to cats, is there a cat in
the bedroom?). Follow-up visits for R.R. should verify that the
early morning and evening PEF are staying in the green zone
and that symptoms, both during the night and on awakening in
the morning, have been eliminated.

DRUG-INDUCED ASTHMA

49. M.B., 32-year-old woman with asthma, asks her clinician
which over-the-counter medications would be preferred for minor
aches and pains. M.B. says that she is very sensitive to aspirin
(causes severe wheezing).

The clinician should counsel the patient regarding the fact
that patients with asthma who are aspirin sensitive often react to
other nonsteroidal anti-inflammatory drugs (NSAIDs) such as
ibuprofen by developing asthma symptoms with the first dose.
The health care professional should suggest acetaminophen.
If M.B. says that acetaminophen does not give adequate relief
of her pain, other options are salsalate2 or consultation with a
board-certified allergist with experience in aspirin and NSAID
desensitization.132 The clinician should also suggest consulta-
tion with an allergist regarding a recent study that gives strong
evidence that cyclo-oxygenase-2 (COX-2) inhibitors are safe

in aspirin-sensitive asthma.133 This case also points out the
need for health professionals to pay attention to patient use of
nonprescription medications. Although drug-induced asthma
may present as relatively mild symptoms in some patients,
fatal asthma caused by medicinal agents has been reported nu-
merous times. The most extensive literature on drug-induced
asthma involves NSAIDs and β-blockers. Other drugs and drug
preservatives also can induce symptoms of asthma, but because
the topic is beyond the scope of this chapter, the reader is re-
ferred to other sources134,135 for further discussion.

The percentage of asthmatics reported to be aspirin sensi-
tive ranges from 4% to 28%. Clinical manifestations of aspirin
sensitivity include rhinorrhea; mild wheezing; or severe, life-
threatening shortness of breath. Once the reaction has occurred,
there is a refractory period of 2 to 5 days.136 If an asthmatic
is aspirin sensitive, it is likely that the patient also will re-
act to most other NSAIDs. Aspirin and other NSAIDs share
common mechanisms involving the arachidonic acid path-
ways, including inhibition of cyclo-oxygenase, which results
in more rapid synthesis and overproduction of leukotrienes.136

Not surprisingly, because leukotrienes are an important part
of the mechanism of NSAID-induced asthma, inhibitors of 5-
lipoxygenase such as zileuton are generally effective in block-
ing this response.137 Similarly, leukotriene receptor antago-
nists such as zafirlukast and montelukast are generally effective
in blocking aspirin-induced asthma.138 Because most patients
with asthma do not react to aspirin and other NSAIDs, the NIH
guidelines recommend avoiding these agents only in patients
with known sensitivity.1 In addition, patients with severe per-
sistent asthma or nasal polyps should be counseled regarding
the risks associated with these drugs. In patients with known
sensitivity, acetaminophen or salsalate are recommended for
headaches and relatively minor pain.1 For patients who are
sensitive but who need to take aspirin (e.g., post myocardial
infarction [MI]) or an NSAID [(e.g., arthritis]), it is possible
to desensitize the patient, and daily use then prevents further
reaction.132

When discussing drug-induced asthma, the other major
consideration is β-blockers. These agents should be used
with great caution in patients with asthma. Because even β1-
adrenergic blockers lose selectivity as dosages are increased,
they, as well as nonselective β-blockers, should be avoided
in most patients. Furthermore, ophthalmic timolol has been
reported several times to cause fatal asthma and should ab-
solutely be avoided in patients with a history of asthma.139

Other β-blocker eye drops (e.g., betaxolol) have been reported
to have less propensity to induce asthma, but all have some
risk.134,140

Two notable exceptions to using β-blockers in patients with
asthma are patients who are post MI and patients with heart
failure.141 Because β-blockers prolong life post MI and im-
prove the care of patients with heart failure, benefits versus
risks should be weighed. Risks outweigh benefits if a pa-
tient has severe persistent asthma.141,142 If a post-MI patient
has mild intermittent asthma or well-controlled mild persis-
tent (and possibly moderate persistent141) asthma with optimal
management, a low dosage of atenolol 50 mg/day is a rea-
sonable consideration where benefits may outweigh risks.142

Asthma patients have been shown to respond to inhaled β2-
agonists when receiving this dosage of atenolol.142 While low
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dosages ofβ-blockers are not proven to prolong life after an MI,
some studies suggest efficacy of lower dosages. For patients
with heart failure, metoprolol CR/XL is the cardioselective β-
blocker approved in the United States, while carvedilol, which
has nonselective β-blocker as well as α-blocking properties,
can worsen asthma symptoms.142

If a patient with asthma is given a β-blocker and initially
reports no symptoms, subsequent exacerbations may not re-
spond well to administration of usual doses of a β-agonist.
The drug of choice for β-blocker–induced bronchospasm is
ipratropium.142 A more subtle risk with β-blockers involves
the adult with allergic rhinitis and a family history of asthma.
If this individual is given a β-blocker for hypertension, symp-
toms of asthma could be induced, especially if another trigger
is introduced such as running in cold, dry air.

OUTCOMES

50. C.C. is a 36-year-old woman admitted to the hospital for
asthma. This is her second hospitalization in the past 2 years,
and she has had three ED visits during the same period. She also
complains of nocturnal awakenings at least 4 nights per week
and is bothered that she is gaining weight, because she cannot
exercise. Lack of exercise is also troubling her because her 5-year-
old daughter wants her to go outside and play with her. C.C. has
been taking flunisolide one puff BID without a spacer for years
along with frequent PRN albuterol. C.C. carefully controls her
home environment. What could her clinicians do to improve her
outcomes, including quality of life?

C.C. needs a reassessment of her long-term management
considering her very poor outcomes over the past 2 years. First,
her clinicians need to establish a partnership with her in ed-
ucation regarding asthma and its management. Clearly, she
needs dosage adjustment with her anti-inflammatory therapy.
Her dosage is too low, plus she is receiving a low-potency cor-
ticosteroid. Based on her recent history, she should be treated
initially with high-dose ICS and a LABA, preferably with a
more potent ICS product that would require fewer inhalations
per day (e.g., combination budesonide-formoterol or combina-
tion fluticasone-salmeterol). C.C. should have the importance
of daily controller therapy stressed, including the need for strict
adherence and proper inhalation technique. C.C. needs a writ-
ten asthma action plan and an emergency supply of prednisone
(i.e., to use when her PEF is in the red zone and unresponsive
to albuterol). C.C. should be told to expect a reduced need for
albuterol.

Numerous studies have documented that applying the prin-
ciples of the NIH guidelines1−6 results in improved clinical
outcomes, and many of these studies have been summarized
in EPR-3.1, Several studies have documented that pharmacists
who are highly knowledgeable of the NIH guidelines and who
work closely with patients and physicians improve outcomes,
including reduced ED visits and hospitalizations.143−148 These
successful studies involved highly motivated pharmacists, who
were asthma experts based in university-affiliated clinics or in
large private HMOs.

A recent randomized controlled trial based in community
pharmacies with specially trained pharmacists has also shown
very positive outcomes for patients with asthma.148 Another

randomized controlled trial based in chain drug stores with
staff pharmacists did not show a benefit related to attempts at
asthma care.149 Unfortunately, the level of training and incen-
tives did not appear optimal, and the authors pointed out that
the staff pharmacists were “not universally enthusiastic” about
the program. The authors also described their intervention as
“cumbersome” for the pharmacists. Further study is needed
to assess asthma care in this setting when pharmacists are op-
timally trained, given appropriate incentives, and enthusiastic
about the program.

When assessing the effect of comprehensive management
on clinical outcomes, quality-of-life measures should be as-
sessed as well as reduction in ED visits and hospitalizations.1

To achieve optimal outcomes, attention to each of the four
major components of management is required (objective as-
sessment, environmental control, pharmacologic therapy, and
patient education as a partnership). Examples of areas that pose
special challenges for inner-city patients include psychoso-
cial factors, underuse of controller medications, and passive
cigarette smoke.150−153 As part of overall management to im-
prove outcomes, recent studies have emphasized again the im-
portance of good inhalation technique with ICS and education
in use of peak flow meters.154,155

51. C.C. returns to the clinic in 2 months and is elated be-
cause she is sleeping through the night and not waking up short
of breath. In addition, she is beginning to exercise again, which
makes her and her child very happy. C.C. has had no further ED
visits. What should the clinician do at this point?

Optimal asthma management that improves outcomes is a
continuous process of education and reassessment of the over-
all therapy. Observation of C.C. using her peak flow meter and
inhalation devices on each clinic visit is important and should
be routine. Having C.C. verbalize her understanding of the role
of the ICS plus LABA versus albuterol and the action plan with
“crisis” prednisone is important. Despite her current optimism,
asking C.C. about her current asthma concerns is important.
Over the next month or two, a trial of slowly stepping down
the ICS dosage to a medium dose should be attempted. Finally,
C.C. needs continued partnership with her clinician.

52. C.C. is in the clinic 2 years later, reflecting with her clini-
cian over her total elimination of ED visits and hospitalizations
as well as her improved quality of life. Her management initi-
ated 24 months ago has continued, including environmental con-
trol, controller therapy tailored for her, PRN albuterol and early
morning PEF monitoring, and partnership with her clinician.
Unfortunately, C.C. forgot to get an influenza vaccine last Octo-
ber and became ill with influenza in early March. Although this
episode only slightly worsened her asthma symptoms, when she
was almost recovered from the flu, she went to the grocery store
and breathed secondhand smoke unexpectedly. In addition, early
spring tree and grass pollen was affecting her allergic rhinitis. By
the time she got back to her house, she was wheezing and her PEF
was in the yellow zone, but it responded to three puffs of albuterol.
C.C. asks what she should have done if this series of events had
resulted in her PEF decreasing to the red zone.

C.C. needs to be re-educated regarding the action plan based
on symptoms and PEF values. Referring back to the written
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plan for doses of albuterol and, if needed, oral corticosteroid
therapy is important. Emphasizing the need for annual in-
fluenza vaccination in October is important. Reinforcement of
the importance of continued preventive therapy that has given
such remarkable success is appropriate for C.C. and reassur-
ing her that despite this minor setback, she is in control of
her asthma. The clinician should continue to work with her to
further tailor the therapy, including control of rhinitis, to main-
tain optimal outcomes at the lowest dosages and the simplest
possible regimen. Recent research has further emphasized the
goal of simplified regimens and achieving the lowest effective
doses of anti-inflammatory therapy.156,157

COMPLEMENTARY ALTERNATIVE THERAPIES

53. C.C. is in the clinic a few months later. She is continuing to
have excellent control of her asthma and allergic rhinitis. C.C. asks
her health care professional for her opinion of herbal remedies for
asthma as well as other nontraditional approaches to treatment.

Complementary and alternative approaches that have been
used in the treatment of asthma include black tea, coffee,
ephedra, marijuana, dried ivy leaf extract, acupuncture, med-
itation, and yoga.1,158,159 Despite the widespread use of alter-
native medications for chronic conditions, the clinician should
discuss with C.C. that there is no established scientific basis for
their use in the management of asthma.1 Complementary al-
ternative medicine cannot be recommended as a substitute for
the drug therapy recommended by EPR-3 and other medical
literature based on randomized controlled studies.

USE OF VALIDATED QUESTIONNAIRES FOR PATIENT
SELF-ASSESSMENT OF ASTHMA CONTROL

54. A multidisciplinary group of health science center students
have been invited to present a program on asthma at a local inner-
city high school. The small group of nursing, pharmacy, and med-
ical students are discussing the materials they want to use in the
program. What would be some key points to cover, and are there
validated instruments to assess asthma control that may be help-
ful?

Volunteer service to help educate patients with asthma is en-
couraged and has the potential to make a positive difference in
the lives of patients and health science center students.160 Ex-
amples of key points to cover at schools, churches, health fairs,
or other venues include showing pictures and models of normal
versus inflamed airways, avoidance of common asthma trig-
gers, discussion of “preventer” versus “quick-reliever” med-
ications, demonstrations of inhalers and peak flow meters,
and written action plans. Discussion of prevention of EIA
and showing pictures of famous athletes is of obvious impor-
tance. EPR-3 recommends that clinicians encourage patients
to use self-assessment tools to determine whether asthma is
well controlled.1 Consequently, the health science center stu-
dents also decide to use one of those validated questionnaires
shown in EPR-3, the Asthma Control Test.161 The high school
students will be told to take the brief test and give it to the clin-
icians caring for them. For patients whose asthma is not well
controlled, the test scores can be a helpful tool in initiating or
modifying long-term treatment.
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Definitions
In 2001, the National Institutes of Health (NIH) and the
World Health Organization (WHO) collaborated to develop
the Global Initiative for Chronic Obstructive Lung Disease
(GOLD) guidelines.1 These guidelines address a wide vari-
ety of topics related to chronic obstructive pulmonary dis-
ease (COPD), including current concepts of pathophysiology,
and recommendations regarding diagnosis and treatment. The
guidelines are updated yearly, represent an international ef-
fort, and are based on the strength of the evidence support-
ing them. The most recent definition of COPD according to
GOLD is as follows: “Chronic obstructive pulmonary disease
(COPD) is characterized by chronic airflow limitation and a
range of pathological changes in the lung, some significant
extra-pulmonary effects, and important comorbidities which
may contribute to the severity of the disease in individual pa-
tients. Thus, COPD should be regarded as a pulmonary disease,
but these significant comorbidities must be taken into account
in a comprehensive diagnostic assessment of severity and in
determining appropriate treatment.”1

Chronic obstructive pulmonary disease generally refers to
emphysema or chronic bronchitis. Emphysema is pathologi-
cally defined and characterized by alveolar wall destruction and
air–space enlargement. Chronic bronchitis is clinically defined
as a chronic cough for at least 3 months for 2 consecutive years.
Its pathologic hallmark involves inflammation and fibrosis of
the small airways.2

Clearly, much overlap exists between these two conditions
because both are primarily caused by cigarette smoking. It

should also be pointed out that small airway inflammation is
an important characteristic of COPD, which appears to corre-
late with the more severe stages of the disease whether or not
the patient has “chronic bronchitis.”3 Asthma, the other major
disease entity characterized by airflow limitation, can clearly
coexist in patients with COPD. Nevertheless, the pattern of
airway inflammation in asthma differs significantly from that
which occurs in COPD and asthma is not generally considered
part of the spectrum of COPD.4

Epidemiology
Chronic obstructive pulmonary disease is an extremely im-
portant cause of morbidity and mortality. For example, the
prevalence of COPD more than doubled between 1990 and
2002, making it the fourth leading cause of death in the United
States.5 Furthermore, it is projected to be the third leading
cause of death by the year 2020.1 This increase in prevalence
of COPD is felt to be related to the aging of the population and
past smoking behavior, because COPD death rates and preva-
lence lag behind smoking rates by several decades. Because
the smoking rates for women peaked later than rates for men,
the increase in COPD prevalence in the United States is related
primarily to an increase in COPD among women.6

The economic impact of COPD is also significant, with
estimated annual treatment costs exceeding $30 billion. This
includes health care expenditures of $18 billion and indirect
costs of $14 billion (e.g., lost earnings because of illness or
early death).5

23-1



23-2 � PULMONARY DISORDERS

A major cause of disability, COPD currently is considered
the 11th leading cause of disability worldwide. Current pro-
jections suggest that by the year 2020, COPD will be the 5th
leading cause of disability worldwide, behind only ischemic
heart disease, major depression, traffic accidents, and cere-
brovascular disease.1

Risk Factors
Clearly, cigarette smoking is the major risk factor for COPD.
Most cases of COPD are attributed to a current or past history
of cigarette smoking.1 Importantly, with more severe disease,
the relevance of cigarette smoking as a risk factor becomes even
more pronounced. Evidence exists that among patients with
severe emphysema ∼99% have a history of regular cigarette
smoking.7 It should be noted that only a few smokers de-
velop clinically significant COPD, suggesting that other risk
factors may be important cofactors with smoking in COPD
development. Such factors include occupational dusts and
chemicals,8−11 indoor and outdoor air pollution,12−14 and
certain infections, including respiratory viruses15 as well as
infection with human immunodeficiency virus (HIV).16 It is
possible that such factors may upregulate the inflammatory re-
sponse of the lungs to cigarette smoke.15,16 Genetic factors are
also likely to be important, although precise genetic charac-
teristics have not yet been elucidated.17−19 One exception is
α1-antitrypsin deficiency, which affects <2% of patients with
emphysema. Affected individuals have an inherited deficiency
of this protective antiprotease and are at much greater risk of
developing emphysema than the general population.20

The risk of COPD from cigarette smoking is related to an
accelerated loss of lung function. After age 35, nonsmokers
experience a decline in forced expiratory volume in the first
second of expiration (FEV1) of about 20 to 30 mL/year. In
smokers, the decline may be 50 to 120 mL/year21 A model of
the annual decline in lung function in nonsmokers, smokers,
and susceptible smokers is illustrated in Figure 23-1.

Pathogenesis
The exact mechanisms responsible for the pathogenesis of
COPD are not entirely clear, but likely involve activation of

the innate and adaptive immune system leading to chronic in-
flammation. In general, inhalation of noxious agents, such as
cigarette smoke, leads to the activation of resident immune and
parenchymal cells, which in turn, recruit additional inflamma-
tory cells from the systemic compartment into the resident
tissue and airway (Fig. 23-2). The activation and recruitment
of immune cells is largely mediated through the production
and release of cytokines and chemokines (Table 23-1). Recent
evidence also supports a role for oxidant stress as a disease
mediator.22,23 The consequences of an oxidant-rich environ-
ment include the activation of inflammatory genes, inactiva-
tion of antiproteases, stimulation of mucous secretion, and in-
creases in plasma exudate.

The most well studied cause of COPD, and particularly
emphysema, relates to protease–antiprotease imbalance. In
this setting, inflammation promotes the production and re-
lease of proteases from inflammatory and parenchymal cells.
When the local concentration of antiproteases becomes over-
whelmed, proteases go unchecked and destroy the major con-
nective tissue components in the lung, such as elastin, lead-
ing to the irreversible loss of alveoli (Table 23-2). The classic
example of this occurs in patients with α1-antitrypsin defi-
ciency.

Although the traditional idea of disease pathogenesis fo-
cuses on smoking-related lung injury, more recent hypotheses
suggest that another important component of disease pathogen-
esis may involve inadequate lung repair. Indeed, recent studies
demonstrate that normal lung homeostatic mechanisms are al-
tered in COPD. This may involve inadequate production of
growth factors as well as altered regulation of apoptosis, or
programmed cell death.24

Pathophysiology
The airflow obstruction caused by COPD is usually progres-
sive and attributed to pathologic changes in the lung that affect
the proximal airways, peripheral airways, lung parenchyma,
and pulmonary vasculature.3 Alterations in tissue structure are
caused by chronic inflammation that involves recruitment of
inflammatory cells into the lung, as well as structural changes
that result from repeated injury and tissue remodeling. The

FIGURE 23-1 Model of annual decline in FEV1 with accelerated decline in susceptible smokers. On stopping
smoking subsequent loss is similar to that in healthy nonsmokers. (Modified from Fletcher C, Peto R. The
natural history of chronic airflow obstruction. BMJ 1977;1:1645.)
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FIGURE 23-2 Pathogenesis of COPD. (Reprinted with permission from reference 1.)

magnitude of structural changes and tissue dysfunction varies
among patients and is often distinguished by two major pheno-
types that include chronic bronchitis and emphysema. Chronic
airflow limitation can result from both of these processes. The
GOLD or most recent American Thoracic Society (ATS) and
European Thoracic Society guidelines25 do not distinguish be-
tween these two entities; however, the classic definitions and
pathophysiologic features are described here to aid in a better
understanding of the disease process.

In the simplest view, bronchitis is inflammation of the
bronchioles. The clinical definition from the ATS for chronic
bronchitis is “the presence of chronic productive cough for 3
months in each of 2 consecutive years in a patient in whom
other causes of chronic cough (e.g., asthma, congestive heart
failure, gastroesophageal reflux) have been excluded.”26 Em-
physema is described as “abnormal permanent enlargement
of the airspaces distal to the terminal bronchioles, accom-
panied by destruction of their walls and without obvious

Table 23-1 Inflammatory Cells and Mediators in Chronic Obstructive Pulmonary Disease (COPD)

Cell

Neutrophils ↑ in sputum of normal smokers. Further ↑ in COPD and related to disease severity. Few neutrophils are seen in tissue.
May be important in mucus hypersecretion and through release of proteases.

Macrophages Greatly ↑ numbers in airway lumen, lung parenchyma, and bronchoalveolar lavage fluid. Derived from blood
monocytes that differentiate within lung tissue. Produce increased inflammatory mediators and proteases in patients
with COPD in response to cigarette smoke and may show defective phagocytosis.

T lymphocytes Both CD4+ and CD8+ cells are increased in the airway wall and lung parenchyma, with ↑ CD8+:CD4+ ratio.
↑ CD8+ T cells (Tc1) and Th1 cells which secrete interferon-γ and express the chemokine receptor CXCR3. CD8+
cells may be cytotoxic to alveolar cells, contributing to their destruction.

B lymphocytes ↑ in peripheral airways and within lymphoid follicles, possibly as a response to chronic colonization and infection of the
airways.

Eosinophils ↑ eosinophil proteins in sputum and ↑ eosinophils in airway wall during exacerbations.
Epithelial cells May be activated by cigarette smoke to produce inflammatory mediators.

Mediators

Chemotactic factors � Lipid mediators: e.g., leukotriene B4 (LTB4) attracts neutrophils and T lymphocytes.
� Chemokines: e.g., interleukin-8 (IL-8) attracts neutrophils and monocytes.

Proinflammatory cytokines Cytokines, including tumor necrosis factor-α (TNF-α), IL-1β, and IL-6 amplify the inflammatory process and may
contribute to some of the systemic effects of COPD.

Growth factors e.g., transforming growth factor-β (TGF-β) may induce fibrosis in small airways.

Adapted from reference 1, with permission.



23-4 � PULMONARY DISORDERS

Table 23-2 Proteases and Antiproteases Involved in Chronic
Obstructive Pulmonary Disease (COPD)

Increased Proteases Decreased Antiproteases

Serine proteases
Neutrophil elastase α-1 antitrypsin
Cathepsin G α-1 antichymotrypsin
Proteinase 3 Secretory leukoprotease

inhibitor Elafin

Cysteine proteinases
Cathepsins B, K, L, S Cystatins

Matrix metalloproteinases (MMP)
MMP-8, MMP-9, MMP-12 Tissue inhibitors of MMP 1-4

(TIMP 1-4)

From reference 1, with permission.

fibrosis.” The degree of impairment of the small airways (bron-
chioles) or the lung parenchyma (alveoli and supporting struc-
tures) directly influences tissue dysfunction and the clinical
symptoms of the patient (Fig. 23-3).

Large (Central) and Small (Peripheral) Airways
The large airways, which include the trachea and first gener-
ations of the bronchi, are a major site of inflammation and
mucus hypersecretion. This results from an increase in num-
bers (hyperplasia) and enlargement (hypertrophy) of the sub-
mucosal glands and mucus-producing goblet cells within the
surface epithelium.27,28 Overproduction of mucus in the large
airways results in a chronic productive cough, as observed in
chronic bronchitis, but this does not have a major impact on air-
flow limitation. Mucus hypersecretion coupled with impaired
ciliary function, reduces mucociliary clearance, increases the
accumulation of secretions, and enhances the risk of bacteria

colonization in an otherwise sterile environment.29 As a result,
recurrent infections often occur owing to the inability to clear
pathogens.

The peripheral airway is composed of the smaller bronchi
down to the terminal bronchioles, the smallest branches in the
lung that are not involved in gas exchange. The extent of inflam-
mation, fibrosis, and airway exudate in the peripheral airway
correlates best with the reduction in airflow as measured by a
decrease in FEV1 or the FEV1/FVC ratio.3 Chronic obstruction
of the peripheral airway also results in air trapping on expira-
tion, which contributes to hyperinflation. Hyperinflation places
the respiratory muscles at a mechanical disadvantage and fur-
ther reduces respiratory capacity. Hyperinflation can become
more pronounced during exercise, leading to dyspea and de-
creased exercise capacity. It is now known that hyperinflation
can occur early in the course of COPD and is an important
cause of exertional dyspnea.30

Parenchymal Destruction
The terminal bronchioles lead directly to the alveolar ducts
and sacs, the major site where gas exchange occurs. Emphy-
sema is characterized by the destructive loss of alveolar walls
and enlargement of the terminal airspaces resulting in a loss
of gas-exchanging surface area.29,31 In advanced cases, large,
balloon-shaped bullous lesions may develop. Rupture of these
bullae can lead to collapse of lung segments (pneumothorax).
Panacinar emphysema is a term used to describe when en-
largement of the airspaces is relatively uniform throughout
the entire acinus, and involves the respiratory bronchioles and
alveoli. The lower lobes are most commonly involved. This
is the pattern associated with α1-antitrypsin deficiency.26 In
centrilobular (centriacinar) emphysema, the primary lesions
occur in the respiratory bronchioles, alveolar ducts, and cen-
tral alveoli, with sparing of the peripheral acini. This is the
most common pattern of emphysema and primarily involves

FIGURE 23-3 Inflammatory mechanisms in chronic obstructive pulmonary disease. (From Barnes PJ,
Chronic obstructive pulmonary disease. N Engl J Med 200;343(4):269. Copyright c© Massachusetts
Medical Society, 2000.)
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the upper lobes of the lung. The distinction between panlobu-
lar and centrilobular emphysema may be relevant with regard
to disease pathogenesis and pathophysiology, but is generally
not important clinically. Both phenotypes lead to gas exchange
abnormalities and loss of lung elastic recoil and structural sup-
port. Abnormalities in gas exchange ultimately leads to hypox-
emia, hypercarbia, or both. Loss of lung recoil and structural
support promotes collapse of small airways during expiration
and progressive airflow limitation.

Significant Comorbid Illness
In the later stages of disease, chronic hypoxemia causes per-
sistent vasoconstriction in the lung vascular bed, particularly
the small pulmonary arteries. This can result in permanent
structural alteration of the blood vessels causing intimal
hyperplasia and smooth muscle hypertrophy.32 The loss of
pulmonary capillaries in emphysema can also contribute to in-
creased pulmonary vasculature pressures. The cumulative im-
pact of vascular changes can result in progressive pulmonary
hypertension and eventually, right-sided cardiac failure (cor
pulmonale).

As COPD progresses, additional systemic consequences
can arise, including cachexia, skeletal muscle dysfunction, os-
teoporosis, depression, and anemia. The cause of these addi-
tional systemic disease processes is not entirely clear but likely
involves the dynamic interplay of progressive respiratory dys-
function, lung and systemic inflammation, side effects from
medication use, and physical debilitation.

In summary, although COPD is primarily a disease of the
large and small airways and adjacent alveolar structures, it also
includes important systemic consequences. The clinical conse-
quences of the morphologic and pathophysiologic alterations
include progressive dyspnea on exertion, chronic cough and
sputum production, increased risk for respiratory infections,
deconditioning, and an overall reduction in quality of life.

Comparison With Asthma
Because COPD and asthma are both common diseases, both
illnesses can coexist in the same patient. Nevertheless, these
conditions should be considered as separate and distinct enti-
ties (Fig. 23-4). For example, although inflammation is a key
component of both conditions, the pattern of inflammation
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macrophage 
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FIGURE 23-4 Inflammatory cascade in COPD and asthma. (Reprinted with permission from reference 1.)
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Table 23-3 Differences in Pulmonary Inflammation Between Asthma and Chronic Obstructive Pulmonary Disease (COPD)

COPD Asthma Severe Asthma

Cells Neutrophils ++
Macrophages +++
CD8+ T cells (Tc1)

Eosinophils ++
Macrophages +
CD4+ T cells (Th2)

Neutrophils+
Macrophages
CD4+ T cells (Th2)
CD8+ T cells (Tc1)

Key Mediators IL-8, TNF-α, IL-1β, IL-6, NO+ Eotaxin
IL-4, IL-5, IL-13
NO+++

IL-8
IL-5, IL-13
NO ++

Oxidative stress +++ + +++
Site of disease Peripheral airways

Lung parenchyma
Pulmonary vessels

Proximal airways Proximal airways
Peripheral airways

Consequences Squamous metaplasia
Mucous metaplasia
Small airway fibrosis
Parenchymal destruction
Pulmonary vascular remodeling

Fragile epithelium,
Mucous metaplasia
↑ Basement membrane
Bronchoconstriction

Response to therapy Small bronchodilator response
Poor response to steroids

Large bronchodilator response
Good response to steroids

Smaller bronchodilator response
Reduced response to steroids

NO, nitric oxide.
From reference 1, with permission.

differs significantly (Table 23-3). As a result, the patho-
physiologic consequences, patient symptoms and response
to medications typically differ. Asthma is generally not pro-
gressive and symptoms and airflow obstruction are often
completely reversible. Patients with asthma respond well
to anti-inflammatory medication, including inhaled gluco-
corticoids. Furthermore, in the absence of an acute ex-
acerbation, significant gas exchange abnormalities are un-
common. COPD, on the other hand, is a progressive
and often fatal disorder. Although bronchodilators are
clearly helpful in COPD, the degree of bronchodilator re-
versibility is typically less than that seen in asthma. In
addition, the beneficial effects of anti-inflammatory medica-
tion, including inhaled glucocorticoids, are much more modest.
Patients with COPD, particularly those with emphysema, have
substantial derangements in pulmonary gas exchange even at
baseline.

α1-Antitrypsin Deficiency
The best characterized antiprotease in the lung is α1-
antitrypsin. This serum glycoprotein is primarily produced in
the liver and works by binding to and neutralizing proteases. As
previously described, cigarette smoke can activate and attract
inflammatory cells into the lung, thereby promoting the release
of proteases such as elastase. Cigarette smoke can also inacti-
vate endogenous protease inhibitors, including α1-antitrypsin,
further supporting protease activity and increasing the risk of
tissue damage. This risk of tissue damage is greatly accentu-
ated in patients with α1-antitrypsin deficiency.

α1-Antitrypsin deficiency occurs in <2% of all COPD
cases. Clinically significant disease is usually associated only
with severe deficiency (i.e., serum α1 levels <45 mg/dL; nor-
mal >150 mg/dL). The diagnosis of α1-antitrypsin deficiency
is made by measuring circulating serum α1-antitrypsin lev-
els, followed by phenotype analysis.33 The PiM allele confers

production of the fully functional protein. Accordingly, a ho-
mozygous PiMM individual will produce a functional protein
with normal plasma concentrations. Other gene types include
PiS (normal serum levels of a poorly functioning enzyme),
PiZ (an active form but poorly secreted leading to low circu-
lating levels), and Pi null (gene polymorphism leads to pro-
duction of a truncated protein and undetectable serum levels
of functional protein). Different allele pairs can exist. PiMZ
and PiSZ are heterozygous disorders, and PiSS is a homozy-
gous phenotype, all with >35% of normal enzyme activity and
a relatively low risk of developing emphysema. PiZZ is a rare
homozygous disorder characterized by accelerated lung de-
struction and serum α1-antitrypsin levels approximately 15%
of normal. In these rare patients, the disease develops as early
as age 20, but more typically in the fourth to fifth decade of
life.

Replacement therapy is available for patients with COPD
with documented α1-antitrypsin deficiency and emphysema.
Patients who do qualify typically receive weekly intravenous
infusions of α1-antitrypsin to maintain acceptable antipro-
tease activity and minimize the progression of lung disease.
This therapy is very expensive, not well tolerated by some
(fever, chills, allergic reactions, flu-like symptoms), and has
been hampered by supply problems. Currently, no placebo-
controlled, randomized trials have documented the efficacy of
replacement therapy. Case-controlled studies, however, sug-
gest the replacement therapy may improve outcomes in patients
with α1-antitrypsin deficiency, documented emphysema and
an FEV1 between 35% and 60% of predicted.20 Three different
formulations of α1-antitrypsin are available: Aralast, Prolastin,
and Zemaira. No clinically significant differences exist among
these preparations. Because the α1-antitrypsin products are de-
rived from pooled human plasma, there are also associated risks
for the transmission of infectious diseases (e.g., viral infections
and Creutzfeldt-Jakob disease).
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DIAGNOSIS AND PATIENT ASSESSMENT
The diagnosis of COPD is based on the presence of risk factors
(generally smoking), clinical symptoms, and airflow obstruc-
tion on spirometric testing.1 Generally, individuals with COPD
present in the sixth decade of life (or later) with symptoms
of cough, wheeze, or dyspnea on exertion.25 Patients usually
have at least a 20-pack/year history (e.g. averaging one pack
of cigarettes a day for 20 years) history of cigarette smoking.
Because the severity of COPD is related to the cumulative ex-
posure to cigarette smoke, patients with more severe disease
are likely to be older with a heavier smoking history. Cough
and sputum production may be present for many years be-
fore airflow limitation develops, but not everyone with those
symptoms will develop COPD. Dyspnea on exertion may not
be present until the sixth or seventh decade.

On physical examination, patients with early COPD may
not exhibit any changes.25 Later, objective findings include
the presence of a barrel chest (defined as an increase in the
anteroposterior diameter of the chest), rales (defined as inter-
mittent, nonmusical, brief crackle sounds), rhonchi (defined
as continuous, musical high of low pitched sounds), prolonged
expiratory phase, and cyanosis.1 Symptomatic patients may
present with decreased breath sounds, wheezes, or slight rales
on auscultation. In advanced disease, cyanosis, edema, inter-
costal retractions, and pursed lip breathing may be present.1

Spirometry Testing
Spirometry is the gold standard measurement in assessing and
monitoring obstructive lung disease.1,25 In the evaluation of
COPD, spirometry testing should be performed according to
published guidelines, when the patient’s condition is stable and
after administration of two to four puffs of albuterol by metered
dose inhaler. During spriometry, a full breath is taken, followed
by a forceful exhalation of all the air that can be exhaled (forced
vital capacity [FVC]). Flow rates and volumes of air that are
expired at different time intervals can be recorded. The FEV1
is the volume of air that can be expired within the first second
of an FVC maneuver. A decrease in the FEV1/FVC ratio in-
dicates airflow obstruction. Although the range of normal for
FEV1/FVC depends on the age, sex, and height of the patient, a
value of <0.70 indicates airflow obstruction that is compatible
with COPD.1,25 Also, patients with COPD may have some im-
provement in spirometry testing with an acute bronchodilator
challenge. The degree of reversibility is typically less than that
seen with asthma, although up to 50% of patients with mod-
erate to severe emphysema will have an increase in FVC with
acute bronchodilator challenge that meets ATS criteria as sig-
nificant. It is important to point out that, although a decrease in
the FEV1/FVC ratio categorizes the patient as having airflow
obstruction, the disease severity is best assessed by examin-
ing the FEV1 as a percent of predicted. Indeed, most major
organizations that have provided recommendations regarding
the clinical management of COPD use the percent of predicted
FEV1 to determine the disease severity.1,25 In addition to be-
ing critical for making the diagnosis of COPD, spirometry also
affords the best objective way to monitor disease progression.
Although optimal frequency of spirometric testing for patients
with COPD is not known, spirometry should be considered if

there has been a persistent change in clinical symptoms (e.g.,
worsened dyspnea).

Other pulmonary function testing is sometimes used to as-
sess patients with COPD. The determination of lung volumes,
including the total lung capacity (TLC) and residual volume
(RV) as well as measurements of the diffusing capacity for car-
bon monoxide may provide more detail regarding lung physiol-
ogy. For example, a reduction in diffusing capacity of the lung
for carbon monoxide (DLco) indicates disruption or destruction
of the alveolar capillary interface and correlates with the degree
of emphysema. Determination of lung volumes may be used
to assess the presence of concomitant restrictive lung disease
(e.g., idiopathic pulmonary fibrosis) in the case of diagnostic
uncertainty. Patients with COPD typically have normal or in-
creased lung volumes; a reduction in total lung capacity may
indicate a superimposed restrictive process. Furthermore, lung
volumes and diffusion capacity are used to assess patients for
surgical procedures, such as lung volume reduction surgery.7

In general however, spirometric testing is adequate to make the
diagnosis of COPD and follow the course of disease.1,25

A chest x-ray (CXR) study is often performed during the ini-
tial assessment of patients with COPD. Because the CXR lacks
sensitivity and demonstrates minimal changes until COPD is
moderately severe, its main utility is in ruling out other disease
processes that may be contributing to the patients symptoms.
In severe disease, the chest radiograph may indicate hyper-
inflation manifested by a flattened diaphragm or evidence of
pulmonary arterial hypertension characterized by enlarged pul-
monary arteries.

Assessing the oxygen status of a patient with COPD can
be done by pulse oximetry. This should be considered in pa-
tients with dyspnea and advanced disease, and patients with
evidence of right ventricular pressure overload (e.g., peripheral
edema, or jugular venous distension). Although a decrease in
pulse oximetry (normal, ≥97%) is common in COPD, values
of ≤88% are consistent with chronic respiratory failure and
qualify the patient for supplemental oxygen. Arterial blood
gas (ABG) determination is generally reserved for patients
with severe disease (i.e., an FEV1 <50% of predicted). ABG
can more precisely define the oxygen status of a patient and
can be used to assess whether the patient has carbon dioxide
retention (normal Pco2 = 40 mm Hg). Determining the α1-
antitrypsin concentration is indicated for patients developing
COPD before age 45, and for patients who have emphysema
without a significant history of cigarette smoking or who have
a family history of emphysema.

Classification of Severity and Clinical Presentation
A number of staging systems have been proposed to categorize
the severity of COPD. All are based primarily on the degree of
airflow obstruction as assessed by the FEV1.1,25,26 The stag-
ing system recommended by the most recent GOLD guideline
is demonstrated in Table 23-4. The GOLD expert panel clas-
sifies disease severity into four stages based on spirometric
measurements, symptoms, and complications.1 This staging is
intended to serve as an educational and research tool and to
guide management strategies. It should be noted that, although
FEV1-based staging systems can provide important prognostic
information, more comprehensive scoring systems may pro-
vide more discriminating information with regard to survival
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Table 23-4 Spirometric Classification of Chronic Obstructive
Pulmonary Disease (COPD) Severity Based on
Post-Bronchodilator FEV1

Stage Classification Spirometry Results

I Mild FEV1/FVC <0.70
FEV1 ≥80% predicted

II Moderate FEV1/FVC <0.70
50% ≤FEV1<80% predicted

III Severe FEV1/FVC <0.70
30% ≤FEV1 <50% predicted

IV Very Severe FEV1/FVC <0.70
FEV1 <30% predicted or FEV1 <50%

predicted plus chronic respiratory failure

FEV1: forced expiratory volume in one second; FVC: forced vital capacity; respira-
tory failure: arterial partial pressure of oxygen (Pao2) <8.0 kPa (60 mm Hg) with
or without arterial partial pressure of CO2 (Paco2) >6.7 kPa (50 mm Hg) while
breathing air at sea level.

in COPD. For example, a scoring system based on body mass
index, obstruction on spirometry, dyspnea level, and exercise
capacity (BODE) can predict survival in COPD far better than
the FEV1 alone34 (Table 23-5).

Natural Course
The natural course of COPD is highly variable, generally span-
ning 20 to 40 years and influenced by numerous factors, in-
cluding genetic predisposition, exposure to inhaled irritants
(tobacco smoke, workplace, or environmental pollutants), and
repeated infections. The typical smoker who develops COPD
remains asymptomatic for the first two decades of smoking,
except for more frequent viral or bacterial upper respiratory
tract infections. Clinical symptoms appear after significant ir-
reversible lung damage occurs. After 25 to 30 years of smok-
ing, mild dyspnea on exertion is commonly noted and can be
accompanied by a morning cough; however, physical exam-
ination and chest radiograph are often unremarkable.25 With

continued exposure to risks (e.g., cigarette smoking), the dis-
ease progresses and patients develop increased airflow limita-
tion and worsened dyspnea on exertion, and increased cough
and sputum production. Ultimately, structural changes result
in alveolar hypoxia and the secondary problems of pulmonary
hypertension and cor pulmonale.

Exacerbations, or flares, of COPD are common and can
be infectious or noninfectious. Moderate to severe exacerba-
tions may require hospitalization. Acute or chronic respiratory
failure can develop secondary to an acute infection, or other
factors, including oversedation, heart failure, or pulmonary
embolism.35,36

GENERAL MANAGEMENT CONSIDERATIONS
The overall goals for treatment of the patient with COPD are
depicted in Figure 23-5.25 The only interventions that have
proved to reduce mortality in COPD are smoking cessation,
oxygen therapy for patients with severe hypoxemia at rest, and
lung volume reduction surgery for very select patients with ad-
vanced emphysema.7,37−39 As such, many of the interventions
are aimed at alleviating symptoms and maximizing quality of
life.

Because, continued cigarette smoking is associated with ac-
celerated progression of disease in susceptible smokers, smok-
ing cessation is critical to disease treatment. Strategies for
smoking cessation are detailed in Chapter 85, Tobacco Use
and Dependence. The benefits of smoking cessation in COPD
include decreases in respiratory symptoms, exacerbation rate,
and lung function decline.21,40 It should also be noted that car-
diovascular complications, including coronary artery disease,
are more common in patients with COPD and that smoking
cessation may attenuate morbidity and mortality from this com-
plication.

Immunizations provide protection against serious illness
and death in patients with COPD.41 The efficacy, benefit, and
cost-effectiveness of vaccination against influenza among this
population are significant.42 Data concerning the value of vac-
cinating against pneumococcal pneumonia are lacking, but it is

Table 23-5 Variables and Point Values Used for the Computation of the Body-Mass Index, Degree of Airflow Obstruction and
Dyspnea, and Exercise Capacity (BODE) Index

Points

Variable 0 1 2 3

Body Mass Index (kg/m2) ≥21 <21
Obstruction of airflow (FEV1%

predicted)
≥65 50–64 36–49 ≤35

Dyspnea? None or only with
strenuous exertion

Walking up a slight hill Walking on the level Getting dressed

Exercise capacity (6 min walk
distance, feet)

>1,148 820–1,149 492–819 <492

Approximate 4-year survival based on total BODE score:
0–2 points: 80%
3–4 points: 70%
5–6 points: 60%
7–10 points: 20%

From reference 25, with permission.
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FIGURE 23-5 Continuum of care for chronic obstructive pulmonary dis-
ease (COPD). (Reprinted with permission from reference 25)

recommended in the GOLD guidelines because of a favorable
risk:benefit ratio.1

Pulmonary rehabilitation is an exercise-based program
aimed at maximizing the patient’s functional status and quality
of life. Multiple studies have now documented the beneficial
effects of pulmonary rehabilitation, particularly with respect
to improved exercise tolerance and alleviation of dyspnea.43

In addition, cost-effective analysis suggests that pulmonary
rehabilitation programs are very cost-effective.44 Pulmonary
rehabilitation programs are multidisciplinary programs typ-
ically running for 6 to 12 weeks, two to three sessions per
week. A number of interventions are used, including breath-
ing retraining, psychosocial counseling, education, dietary
counseling, and airway clearance techniques for patients with
chronic sputum production. Arm strengthening and arm en-
durance exercises are important because patients with COPD
commonly have excessive dyspnea when utilizing their upper
extremities.43 The most important component of a pulmonary
rehabilitation program is lower extremity endurance training,
often utilizing a treadmill or bicycle ergometer. Because the
large muscle groups have diminished oxidative capacity,45−47

likely related to deconditioning and chronic inflammation,48,49

patients with COPD convert to anaerobic metabolism, leading
to increased lactate production for a given level of activity50

and, subsequently, increased CO2 production. Lower extrem-
ity endurance training can significantly improve mitochondrial
oxidative capacity in patients with COPD.45,51 This physio-
logic benefit is felt to be an important mechanism whereby
pulmonary rehabilitation exerts its effect. Other important ef-
fects, such as alleviation of depression and anxiety, may be
important as well.43

As mentioned, patients with severe resting hypoxemia
have improved mortality with supplemental oxygen treatment.
Based on studies published in the 1980s, it has been found
that patients with a Po2 ≤55 mm Hg (corresponding to an
oxygen saturation of ∼88%), have decreased mortality and

evidence of better end-organ function when treated with sup-
plemental oxygen.38,39 Whether supplemental oxygen benefits
subjects with moderate hypoxemia, corresponding to an oxy-
gen saturation of 89% to 93%, is the objective of an ongoing,
randomized, multicenter study, the Long-Term Oxygen Treat-
ment Trial (LOTT).

PHARMACOTHERAPY
The fundamental goals of medication use are to prevent or
control symptoms, reduce the frequency and severity of exacer-
bations, and improve both health status and exercise tolerance.
The currently available medications used to treat COPD, how-
ever, do not alter the natural course of this condition; therefore,
pharmacotherapy should be individualized for each patient and
focused on the management of symptoms to improve quality
of life.21,52−54 Because of the potential for limited benefit with
therapy, a specific set of desired goals must be defined for each
patient before therapy is initiated. The initial outcomes should
be realistic and developed jointly by the caregiver and the pa-
tient. In general, COPD is a progressive disease and general
guidelines will apply to most patients with COPD as they begin
to require pharmacologic management.

� The number of medications will cumulatively increase as
disease worsens.

� Patients will eventually require daily maintenance therapy for
sustained periods unless adverse effects of the medication(s)
preclude further use.

� Interindividual variability in medication response is expected
and requires careful monitoring over a continuum of time to
ensure an acceptable benefit:risk ratio is achieved.

When medications are initiated or modified, a minimal trial
period of several weeks to a few months is usually recom-
mended before determining their full benefit. Single-dose chal-
lenges and frequent alterations in therapy do not allow ade-
quate assessment and can compromise patient compliance. No
consensus currently exists on the most appropriate outcome
measure or degree of improvement needed to be determined
clinically significant.

Although the standard for assessing benefit from treatment
has been to measure spirometric improvement in FEV1, many
patients will not demonstrate noticeable changes following
either an acute or extended therapeutic trial of any therapy.
Increasingly, clinicians are considering other measures to de-
termine the benefit of therapy. These include measuring im-
provements in quality of life, dyspnea, and exercise tolerance.55

Other appropriate measures may include COPD exacerbation
rates, utilization of health care resources, and mortality. In
most patients, it is important to consider the use of multiple
outcome measures, both objective and subjective, to guide the
therapeutic decision-making process.

Bronchodilators
Bronchodilators are central to the symptomatic management of
COPD and include short-acting and long-acting β2-agonists,
short-acting and long-acting anticholinergic agents, and theo-
phylline. These medications, although pharmacologically dis-
tinct, improve airflow primarily by reducing bronchial airway
smooth muscle tone. In COPD, the spirometric response, as
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measured by FEV1, can be variable and, in many cases, will
demonstrate no change, although the patient subjectively feels
better. This can be attributed to treatment facilitating empty-
ing of the lungs and a reduction in thoracic hyperinflation at
rest and during exercise. No clear evidence exists for benefit
of one bronchodilator over another in the chronic management
of COPD, although inhaled therapy is generally preferred over
oral therapy to achieve a more rapid onset of action and to
minimize the risk of systemic exposure and adverse events. A
short-acting, selective β2-agonist or short-acting anticholiner-
gic (ipratropium) are rational first-line treatments for patients
with mild disease. Initially, medication should be given for
symptomatic relief on an as-needed (PRN) basis. As disease
progresses and the frequency of symptoms increases along with
medication requirement, the patient should be transitioned onto
daily maintenance bronchodilator therapy.31 At this point, sub-
stitution of a short-acting agent with a long-acting agent of the
same class is recommended because the bronchodilatory ef-
fect will be sustained over a longer duration and reduce the
number of daily inhalations. This strategy will also enhance
patient compliance. The use of short-acting agents should still
be recommended for acute symptomatic relief, especially be-
cause the long-acting inhaled agents take a significantly longer
period of time for onset of effect following inhalation. The
side effects of bronchodilators, particularly β2-agonists, are
predictable and dose dependent, even with excessive use of in-
haled agents. The most common adverse effects are an exten-
sion of stimulation of β2-adrenergic receptors that can produce
resting sinus tachycardia or provoke cardiac dysrhythmias in
predisposed individuals, especially the elderly. Precipitation of
somatic tremors and hypokalemia can also occur with exces-
sive use.

The relationship between β2-agonist use and cardiovascu-
lar complications remains somewhat controversial. It is rec-
ognized that albuterol and long-acting inhaled β2-sympathetic
agents can induce systemic sympathetic states, hypokalemia,
and other metabolic derangements that can contribute to car-
diac rhythm disturbances. This has led to speculation that
these abnormalities could contribute to an increase in cardio-
vascular death among patients with COPD using β2-agonist
inhalers.56 Nevertheless, this speculation has been largely re-
futed by the recently published TORCH (Towards a Revolu-
tion in COPD Health) study, in which >6,000 patients with
COPD were randomized to salmeterol, fluticasone, combina-
tion salmeterol–fluticasone, or placebo.57 Overall mortality,
cardiovascular mortality, and cardiovascular-related adverse
events were no greater in the salmeterol group compared with
any of the other groups.

Inhaled anticholinergic agents have less potential to cause
adverse events by virtue of their positive charge at physiologic
pH leading to negligible systemic absorption. Excessive dry
mouth is the most common complaint from patients who use
inhaled anticholinergic agents, both short- and long-acting.
Cardiovascular complications have been reported with regu-
larly scheduled use of ipratropium bromide, but this associa-
tion requires further investigation.58

It is not unusual to find reports in the literature that sug-
gest superiority of one bronchodilator class over another for
COPD treatment. It is difficult, however, to predict individual
responses to treatment. For some patients, β2-agonist bron-
chodilators will increase airflow, improve pulmonary function

test results, and reduce symptoms of dyspnea.59 Others may
achieve greater improvement with an anticholinergic in com-
parison with a β2-agonist.60,61 Still, others may not have a
reversible component with either drug, but still may perceive
symptomatic benefit.62,63 Because single-dose trials of inhaled
bronchodilators are usually inadequate in predicting long-term
response to bronchodilator therapy, a minimum of a 1- to 2-
week course of therapy should be administered before evalu-
ating the response.59,64

The risks and potential benefits of theophylline have been
long debated.65,66 Although objective evidence demonstrat-
ing a patient benefit is often absent, patients with advanced
stage COPD may report a worsening of symptoms when theo-
phylline is withdrawn.66 Currently, theophylline is reserved
for patients who do not tolerate, or fail to adequately re-
spond, to a combination of first-line inhaled bronchodilators.
The major limitation of theophylline is its relatively narrow
therapeutic window and potential to cause significant adverse
events. Despite these limitations, it is known that theophylline
may positively contribute to a favorable patient response, in
the absence of improved pulmonary function, through other
mechanisms that include stimulation of diaphragmatic con-
tractility and anti-inflammatory effects. Based on these pos-
itive attributes, a more specific class of phosphodiesterase-
4 (PDE-4) inhibitors has recently been developed. Cilomast
is an orally active, potent, selective PDE-4 inhibitor that has
shown benefit in phase III clinical trials involving patients with
COPD by maintaining pulmonary function, reducing exacerba-
tions, and improving health status.67 In comparison with theo-
phylline, cilomast has much less potential for drug–drug inter-
actions and should not require drug level monitoring, thereby
making it an attractive alternative pending further clinical
study.

Glucocorticoids
Historically, initiation of a short (2-week) course of oral glu-
cocorticoids was often advocated to identify patients with
COPD who might benefit from long-term treatment. Recent
evidence however, indicates that a short course challenge is a
poor method to predict patients who will benefit from long-
term inhaled corticosteroid use.54,68 Based on the lack of evi-
dence and risk for significant side effects that include steroid
myopathy and loss of bone density, chronic systemic corti-
costeroid therapy is not generally recommended. For patients
with COPD experiencing an acute exacerbation of their dis-
ease, the short-term use of systemic corticosteroids has proven
efficacy.

In contrast, inhalation of glucocorticoids leads to substan-
tially less systemic absorption, thereby minimizing many of the
risks associated with systemic corticosteroid therapy. Based
on this, several national and international studies have been
conducted to evaluate the potential benefit of inhaled corti-
costeroid maintenance therapy.52−54,69 Well-conducted clinical
trials have revealed that daily treatment with inhaled glucocor-
ticoseriods does not delay the long-term decline in FEV1 in pa-
tients with COPD. Daily use can result, however, in a reduction
in the frequency of exacerbations and an improvement in over-
all health status, particularly in patients with more advanced
disease.70−73 Recently, it has been shown that inhaled glucocor-
ticoid use in combination with a long-acting β2-agonist is more
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effective than either agent alone or placebo in patients with ad-
vanced COPD.59 Specifically, patients using combination ther-
apy (one inhalation twice daily) experienced decreased exac-
erbations, improved spirometric values, and increased health
status. Although no difference was seen in mortality or disease
progression among treatment groups, some advocate mainte-
nance therapy with inhaled glucocorticoids in symptomatic
patients with COPD with an FEV1 <60% predicted.74 The
safety of chronic inhaled glucocorticoids beyond 3 years use
is unknown. Safety concerns include decreased bone density,
ocular changes, and increased risk of pneumonia. Until defini-
tive trials are completed, long-term patient safety must be taken
into consideration and weighed with the beneficial effects of
the medication.

PHARMACOLOGIC THERAPY BY DISEASE SEVERITY
As described, it is expected that patients with COPD will re-
quire an increase in the dose and number of medications to ef-
fectively manage their disease over time. Figure 23-6 provides
a summary of the recommended strategy for pharmacologic
therapy. Patients with infrequent or intermittent symptoms
(stage I: mild COPD) will initially require use of one short-
acting bronchodilator on an as-needed basis. As disease pro-
gresses beyond this stage (stage II: moderate to stage IV: very
severe COPD), PRN use of bronchodilators alone will not

maintain adequate relief from these symptoms. Patients will
begin to manifest daily symptoms that require maintenance
therapy. At this point, regular treatment with one or more long-
acting bronchodilator agents is recommended. Patients should
also continue to use a short-acting bronchodilator PRN for ad-
ditional symptomatic relief. In patients with a postbronchodila-
tor FEV1 of <50% predicted (stage III to stage IV COPD) and
a history of repeated exacerbations, maintenance therapy with
an inhaled glucocorticosteroid should be added to the long-
acting bronchodilators.

In general, nebulization of bronchodilators is primarily re-
served for the acute care setting for quick symptomatic relief
and is not advocated routinely for home use. In select patients
who are not achieving maximal benefit with standard inhalation
delivery devices, a 2-week trial with nebulized therapy can be
considered and then continued if a clear benefit is observed.75

COPD EXACERBATION
An acute exacerbation of COPD is defined as an acute wors-
ening of a patient’s chronic symptoms (dyspnea, cough, spu-
tum production) necessitating treatment. Acute exacerbations
of COPD are important events in the natural history of this
disease.76,77 They are associated with considerable morbid-
ity; severe exacerbations are associated with an increased
mortality.77 Furthermore, acute exacerbations are responsible
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FIGURE 23-6 Therapy at each stage of COPD. (Reprinted with permission from reference 1.)
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for a high percentage of health care costs associated with
COPD.78

The cause of acute exacerbations is believed to be a re-
sult of respiratory tract infections, either viral or bacterial, air-
pollution, or other environmental exposures.79,80 These trig-
gers can initiate increased bronchospasm and airway resistance
in an individual with already compromised lung function. Al-
though mild exacerbations may be readily managed with out-
patient therapy, severe exacerbations can result in respiratory
failure and death, particularly if they occur in a patient with
severe COPD.

Key therapeutic interventions for acute COPD exacerba-
tions include regular bronchodilator therapy, a short course of
systemic corticosteroid therapy, and antibiotics. Bronchodila-
tor therapy is given PRN by metered dose inhaler (MDI) or
nebulizer every 3 to 4 hours. Systemic corticosteroids are
commonly given for a 7- to 10-day course. Although 30 to
40 mg/day for 7 to 10 days is commonly used, the optimal dose
is not known,81 High-dose intravenous corticosteroids (methyl-
prednisolone 125 mg every 6 hours) have been shown to be
effective in hospitalized patients.82 Such large doses, however,
are associated with an increased risk of hyperglycemia and it
is not known whether this regimen is superior to lower dose
oral regimens.

Antibiotic use in the setting of an acute exacerbation should
be made based on the presence of the following respiratory
symptoms: increased dyspnea, sputum volume, and sputum
purulence. Data suggest that if two of the three are increased,
antibiotics are beneficial.83 The optimal antibiotic regimen for
acute COPD exacerbations has not been rigorously studied.
For many outpatients, however, generic, low-cost antibiotics,
including amoxicillin, trimethoprim–sulfamethoxazole or
doxycycline may be very effective. Indeed, these agents can
effectively cover the most common bacterial causes of acute
exacerbations, including S. pneumoniae, Haemophilus influen-
zae, and Moraxella catarrhalis. Hospitalized patients, par-
ticularly those in respiratory failure, have a higher risk for
more resistant organisms and should receive broad-spectrum
antimicrobials that include activity against Pseudomonos
aeruginosa.25

STAGE I (MILD) COPD

1. T.A., a 51-year-old white male smoker, presents with daily
cough and mild dyspnea on exertion with strenuous activity. He
has noticed that walking up two flights of steps bothers him, when
previously it did not. He has had a slight amount of wheezing, but
no chest pain. He has no known chronic medical problems. He
has smoked 1.5 packs/day for 34 years and he continues to smoke
that amount. His physical examination is unremarkable. Chronic
obstructive pulmonary disease is suspected. What diagnostic test
should be ordered?

Diagnosis
Spirometry is the gold standard diagnostic test for making the
diagnosis of COPD. The main values gleaned from spirom-
etry will include the FVC, FEV1, and the FEV1/FVC ratio.
An FEV1/FVC <0.70 indicates obstruction to expiratory flow
consistent with COPD. The severity of disease is best assessed

by the FEV1 as a percent of predicted. The diagnosis of COPD
can be made based on the presence of symptoms (dyspnea,
cough, wheeze), risk factors (most often associated with a his-
tory of regular cigarette smoking), and airflow obstruction on
spirometry.1

2. Office spirometry demonstrates an FEV1/FVC of 0.69 and
an absolute FEV1 of 81% of predicted. At what GOLD stage
of COPD is this patient? What other diagnostic tests would be
necessary before initiating therapy?

Based on GOLD guidelines, this patient would be consid-
ered to have mild COPD (GOLD stage I). A CXR study is often
performed to exclude other respiratory diagnoses contributing
to the patient’s symptoms; however, the abnormal spirometry
is sufficient to make the diagnosis of COPD and to initiate
therapy.

In certain cases of diagnostic uncertainty or in patients with
severe disease being considered for surgical intervention, such
as lung volume reduction surgery, a complete set of pulmonary
function tests, including the determination of lung volumes
and DLCO may be performed. Complete pulmonary function
testing, however, is not necessary to make the diagnosis of
COPD.

In patients with more severe symptoms or airflow obstruc-
tion, assessment of oxygen status by means of pulse oximetry
or ABG may be necessary. For example, ABGs are recom-
mended if the FEV1 is <50% of predicted.1 An α1-antitrypsin
level to rule out α1-antitrypsin deficiency is generally reserved
for patients with disease onset at a young age (<50 years of
age), or in patients with a strong family history of COPD.1

Therapeutic Management

3. What therapeutic interventions should be recommended for
T.A. at this point?

Smoking Cessation
Clearly, the most important intervention at this point is smoking
cessation.84 Although pharmacologic interventions for smok-
ing cessation are covered elsewhere in the text (see Chapter 85,
Tobacco Use and Dependence), it should be pointed out that a
personalized message may be beneficial for this patient. Indeed,
discussion of spirometry results with the patient can provide
an important opportunity to deliver a personalized message. It
can be explained to T.A. that he is beginning to develop defi-
nite irreversible abnormalities in his pulmonary function and,
therefore, is a “susceptible” smoker. It is critical for him to stop
smoking and thereby prevent continued deterioration in lung
function.

Immunizations
In addition to smoking cessation, this patient’s immunization
status should be evaluated.84 According to the GOLD guide-
lines and in the absence of contraindications, T.A. is a candidate
for vaccination against influenza and pneumococcal pneumo-
nia, even though he is in the early stages of COPD.1 Patients
with COPD are at risk for increased morbidity and mortality
if they develop either of these infectious complications.

Individuals at greatest risk for significant morbidity and
mortality from influenza pneumonia are those with chronic
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disease, including lung disease. Optimally, the influenza vac-
cine should be administered between October and January.
This allows an adequate antibody response before the peak
influenza season, which typically occurs within the first quar-
ter of the year. Annual immunization is required to ensure
adequate antibody protection against influenza virus and is ef-
fective in reducing morbidity and mortality from influenza.85

The influenza vaccine is administered intramuscularly; the live
attenuated intranasal preparation is not recommended for pa-
tients with COPD.

Pneumococcal polysaccharide vaccine (Pneumovax 23) is
also recommended for patients with COPD.1 This vaccine
consists of antigen that provides protection against 23 com-
mon strains of Streptococcus pneumoniae. Candidates for this
vaccine include individuals at risk for significant morbidity
and mortality if they develop a pneumococcal infection, in-
cluding patients with chronic lung disease and even those
potentially immunocompromised following prolonged use of
systemic corticosteroids. Data concerning efficacy of the vac-
cine in this population are limited, but the GOLD guidelines
recommend its use based on expert opinion and a favorable
risk:benefit ratio.1,86 Pneumococcal polysaccharide vaccine is
recommended to be administered subcutaneously or intramus-
cularly as a one-time dose. In some cases, patients require a
second dose after 5 years, commonly when the initial dose was
administered before age 65.87 Pneumococcal polysaccharide
vaccine used for this purpose should be differentiated from
the conjugated, 7-valent pneumococcal vaccine (Prevnar) that
is used as a primary immunizing series for infants to provide
protection against invasive pneumococcal disease.

To manage T.A.’s symptoms, treatment with a PRN bron-
chodilator may be reasonable to start. Bronchodilators are the
primary pharmacologic therapy used in the management of
COPD.1,25

Available bronchodilator therapies include β2-agonists, an-
ticholinergics, and methylxanthines (theophylline). For initial
treatment, the most common choice for T.A. would be a short-
acting, inhaled β2-agonist, (e.g., albuterol), an inhaled anti-
cholinergic (e.g., ipratropium), or the combination of these
two agents. Any of these therapies has a relatively short onset
of action and is effective in relieving symptoms.

β2-Agonists
β2-Agonists produce bronchodilation by relaxing bronchial
smooth muscle through activation of cyclic adenosine
monophosphate (cAMP).88 The inhalation route of delivery
for bronchodilators is recommended over oral therapy based
on safety and efficacy. The dose response curve among all avail-
able bronchodilators is relatively flat and similar. No evidence
suggests that one agent is superior to another.

Albuterol is the most frequently used agent in this class. It
is available as a MDI 90 mcg/inhalation and a solution for neb-
ulization (2.5 mg/0.5 mL). The onset of action of short-acting
β2-agonists (e.g., albuterol, pirbuterol) is rapid (within 5 min-
utes) and generally reaches maximal effect in 15 to 30 minutes.
The duration of action is approximately 4 hours. Although in-
haled β2-agonists are usually well tolerated, some patients ex-
perience adverse effects (tremors, tachycardia, or nervousness)
with even low dosages. Although concern has been expressed
about the safety of short-acting, inhaled β2-agonists in patients
with cardiac disease, a cohort study using the Saskatchewan

Health Services database concluded that there was no increased
risk for fatal or nonfatal myocardial infarction in patients using
these agents.89

Anticholinergics
The parasympathetic (cholinergic) nervous system plays a pri-
mary role in the control of bronchomotor tone in COPD. By in-
hibiting cyclic guanosine monophosphate (cGMP) in the lung,
aerosolized anticholinergic drugs are effective bronchodila-
tors. The bronchodilation produced by anticholinergics in pa-
tients with stable COPD is equal or superior to that achieved
by inhaled β2-agonists.

Ipratropium bromide is the primary short-acting anticholin-
ergic agent used in COPD. It is marketed as both an MDI
(18 mcg ipratropium per puff) and as a solution for nebuliza-
tion (0.5 mg ipratropium/2.5 mL). Anticholinergics have an
average onset of effect within 15 minutes, with a maximal
bronchodilator effect in 60 to 90 minutes, although some pa-
tients may experience more rapid symptom relief. The duration
of action is 6 hours. Although some reports suggest a quicker
onset of action, patients should be advised that the relief of
acute symptoms will be slower compared with an inhaled β2-
agonist. A typical dose of ipratropium is two to four inhalations
three (TID) to four times (QID) daily. Although well tolerated,
some patients experience dry mouth, nausea, and blurred vi-
sion with use of ipratropium.

Ipratropium’s anticholinergic actions are localized predom-
inantly in the lungs, with an apparent specificity of action in the
larger airways. Because it has minimal effects on sputum vis-
cosity, there is little problem with drying of airway secretions.
In addition, ipratropium’s structure as a quaternary amine in-
creases its polarity, thereby minimizing absorption from the
lung and systemic side effects. These structural properties also
reduce penetration across the blood–brain barrier, reducing the
incidence of confusion and other central nervous system (CNS)
side effects.

Combination β2-Agonists–Anticholinergics
Combination therapy with two different classes of bronchodila-
tors is appealing, because it may decrease the cumulative dose
of individual agents, thereby decreasing the risk of side effects
while maintaining the benefits of each medication. In addition,
anticholinergics and β-agonists have different mechanisms of
action, and combining the two classes may provide additional
benefit. Indeed, it has been demonstrated that combination ther-
apy results in significantly greater increases in FEV1 compared
with use of either albuterol or ipratropium alone.90

STAGE II (MODERATE) COPD

4. J.O., a 46-year-old woman with a 32-pack/year history of
cigarette smoking, presents with increasing shortness of breath.
She gets winded walking on level ground after about 100 yards.
She quit smoking 2 years ago. The chronic cough that she pre-
viously had lessened after smoking cessation but the dyspnea
is now somewhat worse, despite use of an albuterol inhaler on
a PRN basis. On examination, mild wheezing is noted. A CXR
is unremarkable. Office spirometry demonstrates an FEV1/FVC
of 0.54 and an absolute FEV1 of 2.0 L or 60% of predicted.
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Postbronchodilator treatment demonstrated an FEV1 increase by
100 mL, a 5% increase. How should J.O. be treated?

Therapeutic Management
This patient would be considered to have moderate COPD
or GOLD stage II. She has had progression of dyspnea de-
spite smoking cessation and the addition of a short-acting
β2-agonist. Because pharmacologic management of COPD in-
volves a step-wise approach, regular use of a long-acting bron-
chodilator would be the next step in treatment.

The main classes of long-acting bronchodilators cur-
rently available include β2-agonists and anticholinergics. Both
classes have been shown to improve quality of life and reduce
dyspnea in patients with COPD.

Long-Acting β2-Agonist
The role of inhaled, long-acting β2-agonists in the chronic
management of COPD has become well established in recent
years. Available evidence with both salmeterol and formoterol
shows improved pulmonary function, reduced dyspnea, and
enhanced quality of life in patients with COPD.1,25 Addition-
ally, these agents offer the convenience of a long duration of
action allowing twice daily dosing. A plateau in bronchodila-
tion is achieved for most patients at the recommended dose for
each agent, so no benefits exist in exceeding the recommended
dose. In addition, higher doses will increase the risk of adverse
events associated with β2-agonist excess. Therefore, salme-
terol should be prescribed as 42 mcg (50 mcg in a dry powder
device) twice daily and formoterol at 12 mcg twice daily.

Inhaled, long-acting β2-agonists relieve symptoms, and im-
prove exercise tolerance and health status for patients with
COPD. Several recent studies reported the value of these agents
in improving spirometry and overall quality of life.91−93 Clini-
cal evidence suggests that long-acting β2-agonists are equally
or more effective than short-acting β2-agonists or ipratropium.
Based on these results and the convenience of twice daily dos-
ing, these agents are reasonable options for bronchodilator ther-
apy in patients experiencing chronic persistent symptoms.1,25

Tiotropium
Vagal cholinergic tone is a reversible component of the air-
way limitation in COPD. Stimulation of the vagal parasympa-
thetic nerves causes the release of acetylcholine, which then
binds to muscarinic receptors to produce bronchoconstriction
and secretion of mucus. Three muscarinic subtypes have been
identified in human airways: the M1, M2, and M3 receptors.
Tiotropium is a long-acting anticholinergic that binds to the
M1, M2, and M3 muscarinic receptors of bronchial smooth
muscle.94 Although tiotropium dissociates rapidly from the
M2 receptor, it dissociates much more slowly from the M1
and M3 receptors. In fact, its dissociation from the M1 and
M3 receptors is 100 times slower than that of ipratropium. M1
receptors are located on parasympathetic ganglia, where they
facilitate postganglionic transmission, thus enhancing cholin-
ergic tone. M3 receptors are found on airway smooth muscle
and mucous glands, where activation leads to bronchoconstric-
tion and mucus secretion. Conversely, M2 receptors are located
on postganglionic nerve endings, where they serve as autore-
ceptors regulating acetylcholine release and, thereby, choliner-

gic tone. Thus, anticholinergics, by virtue of antagonizing M1
and M3, relax airway smooth muscle and can reduce mucus
secretion. M2 blockade, however, augments acetylcholine re-
lease and thus enhances cholinergic tone. Therefore, the slower
dissociation rate from both the M1 and M3 receptors enhances
bronchodilation and allows the convenience of once-daily
dosing.

This agent has a very long duration of action and can provide
effective bronchodilation with once daily dosing. Numerous
studies have documented its beneficial effect on pulmonary
function and quality of life. An ongoing clinical trial is be-
ing performed to see whether tiotropium improves the natural
history of disease (i.e., alters the slope of FEV1 decline over
time). Tiotropium is also a quaternary amine with limited sys-
temic absorption; therefore, the agent is well tolerated with dry
mouth being the major side effect.

J.O. should be started on a long-acting bronchodilator, such
as salmeterol, formoterol, or tiotropium. It should be noted
that the tolerability and efficacy of the available long-acting
bronchodilators are comparable. The choice of agent is largely
based on considerations, such as the frequency of drug ad-
ministration, the patient’s ability to use the inhalation device
correctly, and any out-of-pocket costs incurred by the patient.
J.O. should also be instructed to continue her albuterol two
puffs every 4 hours PRN. A 3-month follow-up visit should be
scheduled to assess her response.

5. J.O. is started on tiotropium one puff (18 mcg) daily and
returns to the office for a check-up in 3 months as recommended.
She has had significant benefit from the medication and has had
decreased wheezing and a noticeable improvement in her exercise
tolerance. She asks to have spirometry repeated to see if her lung
function has improved on the new medication. Spirometry is re-
peated and no significant improvement noted in her FEV1. She
wonders how she can feel better, with improved exercise tolerance
without an improvement in her lung function.

Increasing evidence suggests that bronchodilators, includ-
ing long-acting β2-agonists and anticholinergics, may reduce
exercise-related dyspnea in patients with COPD by decreas-
ing dynamic hyperinflation.95 This improvement may be inde-
pendent of marked changes in spirometry performed at rest.
Indeed, because of flow limitation, these patients who exer-
cise can have significant worsening of air-trapping, which can
worsen lung compliance and adversely affect respiratory mus-
cle mechanics. A number of studies have shown that alleviation
of such “dynamic hyperinflation” may be an important mech-
anism whereby bronchodilators improve exercise tolerance in
patients with obstructive lung disease.95

6. J.O. seemed to do reasonably well for a number of years,
but now, 5 years later, she has noticed progressive dyspnea on
exertion. She is now having difficulty carrying laundry up from
her basement and she has noticed that her overall activity level has
been curtailed. Repeat office spirometry now shows an FEV1/FVC
of 0.49 and an absolute FEV1 of 49% of predicted. J.O. has been
compliant with her tiotropium regimen and has had no other
significant changes to her medical history. She remains smoke
free and is not exposed to second-hand smoke in her home and
work environments. What therapeutic intervention(s) should be
considered at this point?
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At this point, J.O would be considered to have severe COPD,
or GOLD stage III. She is symptomatic now, despite the regular
use of a long-acting bronchodilator. To continue with the step-
wise approach, addition of another long-acting bronchodilator
with a different mechanism of action would be reasonable.
Evidence suggests that the combination of a long-acting an-
ticholinergic and a long-acting β2-agonist can increase lung
function compared with either agent used alone.96,97 Salme-
terol and formoterol have a similar side-effect profile and have
similar effectiveness. Either salmeterol one inhalation (50 mcg)
every 12 hours or formoterol, one inhalation (12 mcg) twice
daily would be reasonable options for J.O.

Safety of Long-Acting Bronchodilators

7. J.O. calls the next day, having read something on the in-
ternet regarding possible increased risk of death in people with
obstructive lung disease who take long-acting bronchodilators.
She is reluctant to take it. What should you tell her?

Although some evidence in asthma indicates that use of
long-acting bronchodilators may be associated with an in-
creased risk of death; such evidence does not exist in pa-
tients with COPD. In fact, the TORCH study demonstrated
no increased risk of death or adverse events among patients
prescribed salmeterol compared with placebo.59 The patient
should be reassured that long-acting bronchodilators are safe
in COPD.

8. J.O. also wonders if anything else other than her medication
can be done for her. What advice might be given?

Pulmonary Rehabilitation
At this point, pulmonary rehabilitation should be strongly con-
sidered. In fact, a comprehensive multidisciplinary pulmonary
rehabilitation program should be considered in any patient
with COPD experiencing persistent shortness of breath despite
pharmacologic management.43

Increasing evidence points to COPD as a systemic
process,98 and pulmonary rehabilitation addresses the systemic
nature of the disease. Figure 23-7 illustrates the cycle that
occurs in COPD. Although the proximate cause of disabil-
ity involves the respiratory system, leading to dyspnea on ex-
ertion, this in turn has systemic consequences. Although the
changes may be fairly subtle to start, most patients will gradu-
ally manifest increasing limitations in their activity. This results

Lack of Fitness 

COPD Dyspnea 

Social Isolation Depression

Immobility 

FIGURE 23-7 The Cycle of Physical, Social and Psychosocial Conse-
quences of COPD. (Reprinted with permission from reference 1.)

in substantial deconditioning. It is likely that this decondition-
ing, in addition to other factors such as systemic inflamma-
tion, adversely affect skeletal muscle function. Indeed, evi-
dence is clear that oxidative capacity is diminished in patients
with COPD,45−47 which results in overall decreased aerobic
capacity and results in increased lactic acid production for a
given level of activity.50 The increased acid load will lead to
a greater requirement for ventilation, which makes dyspnea
more severe. The more dyspneic the patient is, the less ac-
tivity he or she will do, leading to more deconditioning and
recapitulation of the downward spiral.

Pulmonary rehabilitation is an exercise-based, multidisci-
plinary program that seeks to address this cycle.43 Most pro-
grams generally last 8 to 12 weeks and involve two to three
sessions per week. Education, particularly about medication
use, as well as psychosocial counseling and breathing retrain-
ing are important components of the program. An important
component of breathing retraining involves coaching patients
how to use pursed lip breathing effectively. Pursed lip breath-
ing involves pursing the lips together (as in whistling) during
exhalation. This helps to slow down respirations and also pro-
vides a back pressure in the small airways, preventing dynamic
airway collapse and exercise-induced hyperinflation. The
major intervention, however, is exercise training, especially en-
durance training of the lower extremities (e.g., using a treadmill
or bicycle ergometer). Numerous studies have demonstrated
that a rehabilitation program can significantly improve exer-
cise capacity and quality of life, as well as decrease health
care utilization.43 This may partly be related to the beneficial
effects of exercise on the oxidative capacity of the skeletal
muscles.

J.O. should be referred to a local outpatient pulmonary reha-
bilitation program. A typical program involves 2-hour sessions,
three times per week for 10 weeks. The sessions will involve
education, breathing retraining, and strength and endurance
exercise training.

STAGE III (SEVERE) COPD

9. R.L., a 66-year-old man with diabetes mellitus and severe
(stage III) COPD, presents with increased cough with productive
discolored sputum following a “cold.” He had been hospitalized 6
weeks earlier with community-acquired pneumonia. He is a for-
mer smoker (quit 10 years ago); current medications includes for-
moterol inhalation powder (12 mcg twice daily [BID]), albuterol
MDI two puffs every 4 hours PRN and theophylline 200 mg BID.
He also has increased dyspnea and chest tightness. On examina-
tion, he is in no acute distress and vital signs are stable. There
is increased wheezing on chest examination and the rest of the
examination is unchanged. Room air pulse oximetry is 90% and
a CXR in the office shows no infiltrates. How should this patient
be treated?

Acute Exacerbation of COPD
Antimicrobial Therapy
This patient has increased sputum purulence and increased
dyspnea consistent with an exacerbation of COPD. It is not un-
common for such an exacerbation to be triggered by an upper
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respiratory viral infection. Given that the patient has increased
dyspnea and purulent sputum production, a course of systemic
corticosteroids (e.g., 30 to 40 mg of prednisone daily for 7 to
10 days) and a course of antibiotics is warranted. In outpatients
with low risk factors, a low-cost antibiotic regimen is a rea-
sonable option. Amoxicillin, trimethoprim–sulfamethoxazole
or doxycycline could be used. Although other antibiotics are
commonly given, no data support that they are superior in this
setting when compared with these conventional, less-expensive
agents. An acute exacerbation of COPD is one of the few in-
stances where antibiotic therapy is warranted to treat a respira-
tory infection in the absence of evidence of lower respiratory
tract involvement (i.e., pneumonia).

Patients with COPD and risk factors for poor outcome (se-
vere COPD, comorbid conditions, history of frequent exacer-
bations) may be more susceptible to resistant pathogens. As
such, guidelines recommend that a broader spectrum antibi-
otic regimen be considered, including β-lactam/β-lactamase
inhibitor combinations, quinolone antibiotics, or second- or
third-generation cephalosporins.1,25

Because of his recent hospitalization, R.L. is at increased
risk for resistant pathogens, including P. aeruginosa. A broad-
spectrum antimicrobial regimen, such as oral ciprofloxacin,
750 mg BID or oral levofloxacin 750 mg every day for 7 to
14 days would be appropriate. A course of oral prednisone,
30 mg daily for 7 to 10 days is also indicated to improve R.L.’s
lung function, reduce his hypoxemia, and hasten his recovery
time.

10. R.L. was treated with oral ciprofloxacin 750 mg BID and
demonstrated a decrease in sputum volume and purulence with
less dyspnea after 3 days of therapy. However, 5 days later he is
feeling palpitations and has become nauseous. What laboratory
value should be checked?

This patient has clinical evidence of theophylline toxicity.
Both gastrointestinal complaints (e.g., nausea) and CNS symp-
toms, including sleep difficulty and nervousness, are consistent
with theophylline toxicity. Other adverse reactions associated
with methylxanthines are cardiac irritability (tachycardia or ar-
rhythmias) and seizures. All these side effects are dose related.
Gastrointestinal intolerance, nervousness, and insomnia can
occur at any serum concentration, but increase in frequency
when serum concentrations are >15 mcg/mL.

In R.L., the addition of the antibiotic ciprofloxacin to his
regimen most likely resulted in a drug interaction causing a
rise in his theophylline concentration. The potential for an
interaction with theophylline varies among the available flu-
oroquinolone antibiotics. Drug interactions are dependent on
several factors, including the dose of each agent and the base-
line serum theophylline concentration. Elevations in the theo-
phylline concentration of 25% are typical with ciprofloxacin
interactions, although elevations of 50% have been observed.
In R.L., a theophylline concentration should be obtained and
further doses withheld until results are known.

In general, theophylline metabolism is associated with sig-
nificant interpatient and intrapatient variability. Patients should
be monitored closely for early signs of toxicity as well as for the
initiation of drugs that potentially may interact. Understanding
and recognizing the potential for drug interactions can allow
safe and effective therapy with theophylline.

11. A theophylline serum concentration is measured for R.L. It
is reported as 21 mcg/mL. What action should be taken?

The serum concentration is consistent with the interaction
between theophylline and ciprofloxacin reported in the litera-
ture. His symptoms do not appear life-threatening at this point,
so a conservative approach to treatment is appropriate. Theo-
phylline should be withheld for one dose and then restarted
at a lower dose (100 mg BID) until the ciprofloxacin ther-
apy is completed. Alternatively, theophylline could be with-
held until the antibiotic treatment is finished or discontinued.
As mentioned, theophylline has a narrow therapeutic window
and has the potential for serious toxicity as is evidenced by
the current case. If the patient is unclear how beneficial the
theophylline has been, a trial off of the medication is rea-
sonable. After approximately 2 to 4 weeks, R.L. should be
reassessed. If he feels that his chronic symptoms are no dif-
ferent without the drug, it should be withheld. On the other
hand, his symptoms may become more pronounced without
the theophylline and it could then be restarted. Alternatively, it
would be reasonable to replace theophylline with an additional
long-acting bronchodilator from a different class, in this case,
tiotropium.

Chronic obstructive pulmonary disease has a progressive
course, highlighted by a worsening of symptoms over time.
Because step-wise therapy is recommended, it is not uncom-
mon to find patients on multiple medications “added-on”
in an attempt to alleviate symptoms. Nevertheless, it is im-
portant periodically to assess the patient to determine if all
the medications are continuing to provide symptomatic ben-
efit and are still needed. This may result in a “step-down”
approach.

STAGE IV (VERY SEVERE) COPD

12. K.K., a 57year-old woman with a long history of COPD
presents to establish care. She is concerned about her recurring
hospitalizations because of lung problems. She has been to the
emergency department five times in the last year and admitted
twice because of episodes of worsening cough, sputum produc-
tion and dyspnea. Her most recent FEV1/FVC was 0.46 and her
absolute FEV1 was 45% of predicted. She is currently taking
tiotropium one puff (18 mcg) as well as albuterol inhaler PRN
for shortness of breath (SOB). She uses oxygen at 2 L/minute
when sleeping (∼8 hours/night). She is a former smoker, 50 pack
years, but quit 2 years ago. What change in treatment would you
recommend?

Inhaled Corticosteroid Therapy
This is a patient with advanced COPD, who has had significant
deterioration in status and repeated COPD exacerbations and
who is an ideal candidate for regular use of an inhaled cor-
ticosteroid. A number of multicenter, randomized, controlled
clinical trials have demonstrated the efficacy of inhaled corti-
costeroids in COPD.70−73 The data have supported the use of
inhaled corticosteroids in advanced COPD and in patients with
frequent exacerbations. Regular use of inhaled corticosteroids
can decrease the frequency of acute exacerbations and improve
health-related quality of life.
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The recently published TORCH study has defined the ben-
efits and potential side effects of inhaled corticosteroids in
a broader patient population of COPD.57 In this multicenter,
randomized, placebo-controlled study, mean FEV1 was 50%
predicted, but entry criteria did not require a history of re-
peated exacerbations. More than 6,000 patients were random-
ized to either an inhaled corticosteroid (fluticasone 500 mcg
BID), inhaled salmeterol (50 mcg BID), combination flutica-
sone 500 mcg/salmeterol 50 mcg BID, or placebo. Subjects
were followed for approximately 3 years. A significant ben-
efit was seen as measured by decreased exacerbation rates
in subjects taking either inhaled fluticasone or a combination
of fluticasone–salmeterol therapy. Also, an improvement was
found in mortality with combination therapy that approached,
but did not reach statistical significance. Overall adverse side
effects with inhaled corticosteroids were similar to placebo.
An increased risk, however, was seen of lower respiratory tract
infections with inhaled fluticasone or fluticasone–salmeterol.
Of note, patients did not experience an increased risk of ocular
manifestations or decreased bone density with inhaled corti-
costeroid treatment.

K.K. is already taking tiotropium so a decision must be
made regarding step-up therapy. A number of potential in-
terventions exist at this point. The first would be to dis-
continue the tiotropium and initiate a combination inhaled
corticosteroid–long-acting β2-agonist. Secondly, an inhaled
corticosteroid could be added to the tiotropium. Finally, recent
data suggest that inhaled tiotropium and combination inhaled
corticosteroid–long-acting β2-agonist therapy may have sig-
nificant benefits.99 Currently, any of these three choices is rea-
sonable provided no other major contraindications in doing so
exist. It should be noted that currently two corticosteroid–long-
acting β2-agonist inhalers are available: Advair (fluticasone–
salmeterol) and Symbicort (budesonide–formoterol). No data
suggest that one preparation is superior to the other in the treat-
ment of COPD.

The exact duration of treatment that inhaled glucocorticoids
should be given before making an assessment of their benefit
is not clear. Generally, an adequate trial is at least 4 to 6 weeks.
One rationale for the use of inhaled glucocorticoids in COPD
is, however, the prevention of acute exacerbations. As such, it
can be very difficult to measure objectively the clinical benefit
of the medication in individual patients.

Oxygen Therapy

13. P.J., a 62-year-old man with long-standing COPD, presents
with worsening dyspnea on exertion. He is currently prescribed
combination fluticasone–salmeterol (Advair 250/50 one puff BID),
tiotropium (Spiriva 18 mcg one puff every day), and PRN albuterol
(two to four puffs every 4 to 6 hours PRN). P.J. reports excellent
compliance with his medications and an evaluation of his inhaler
technique reveals he is able to use all three devices correctly. He
has undergone pulmonary rehabilitation in the past with some
benefit. He is no longer exercising, however. He has smoked 1.5
packs of cigarettes a day for 40 years (60 pack years), but quit 1
year previously. His most recent FEV1/FVC is 0.41 and his FEV1

is 1.25 L, or 38% of predicted. His room air oxygen saturation at
rest is 85%. On examination, reduced breath sounds are noted in

his chest and he has lower extremity edema. His physician recom-
mended supplemental oxygen; however, he is resistant and won-
ders what kind of benefit he might receive.

The Nocturnal Oxygen Treatment Trial, a randomized con-
trolled study, studied patients with COPD and severe hypox-
emia Pao2 ≤55 mm Hg, or Pao2 ≤59 mm Hg associated with
polycythemia, or peripheral edema.38 Patients were random-
ized to continuous oxygen or nocturnal oxygen. The primary
outcome variable was mortality. Subjects using continuous
oxygen had a significantly greater survival and improved end-
organ function, including improved cognitive function. The
Medical Research Council Study published in 1981, using
similar entry criteria, demonstrated a significant survival ben-
efit with continuous supplemental oxygen compared with no
oxygen.39

Based on these studies, supplemental oxygen is currently
recommended for severe hypoxemia currently defined as an
oxygen saturation <88% or Pao2 ≤55 mm Hg (oxygen sat-
uration <90% or Pao2 ≤59 mm Hg in the presence of poly-
cythemia or clinical evidence of pulmonary hypertension; e.g.,
peripheral edema). These guidelines (Table 23-6) are used by
Medicare and most insurance companies as criteria to deter-
mine coverage for supplemental oxygen. This patient should
be encouraged to use supplemental oxygen because it is one of
the few available interventions that has been associated with
improved survival in COPD.

In addition to supplemental oxygen, the patient should be re-
enrolled in pulmonary rehabilitation. As mentioned, existing
data suggest that this intervention can improve quality of life
and exercise tolerance and decrease health care utilization.

Surgical Treatments for COPD

14. The patient is prescribed supplemental oxygen and enrolls
in a pulmonary rehabilitation program. These interventions are
successful in improving exercise tolerance; however, he presents
12 months later complaining of worsening dyspnea. In addition,
although he is compliant with the oxygen, he is wondering if any
other interventions available might improve his lung function and
allow him to “get off” of oxygen.

He is re-evaluated with pulmonary function studies, which
demonstrate a reduced FEV1/FVC ratio of 0.38 and an ab-
solute FEV1 of 29% of predicted. In addition, lung volume

Table 23-6 Guidelines for Insurance Reimbursement of
Oxygen Therapy in Chronic Obstructive Pulmonary Disease
(COPD)

1. Severe hypoxemia at resta :
Pao2 ≤55 mm Hg
Or
Pao2 ≤59 mm Hg, with polycythemia and/or evidence of cor

pulmonale
Or
Oxygen saturation ≤88%

2. Oxygen desaturation ≤88% with activity or during sleepb

aProven to improve survival.
bEfficacy not proven.
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determinations show severe hyperinflation (TLC = 135% of pre-
dicted and air-trapping RV = 292% of predicted). His CXR
shows marked decrease in lung markings in the upper lung zones
with vascular crowding in the lower lung fields. What therapeutic
options are available for P.J.?

Lung volume reduction surgery, which involves the surgi-
cal removal of approximately 30% of the volume of each lung,
can significantly improve quality of life, exercise tolerance,
and mortality in selected patients with COPD. The National
Emphysema Treatment Trial (NETT) demonstrated that pa-
tients with severe, upper lobe predominant emphysema who
have lung volume reduction surgery have significant benefits
in health-related quality of life as well as exercise tolerance.7

Subjects who also had persistently poor exercise tolerance be-
fore surgery appeared to have the most benefit compared with
control subjects with similar impairment. These patients also
had a mortality benefit.7 The rationale for the surgery is that
removing the areas of the lung most involved with emphysema
can improve the physiology of the remaining lung. This in-
cludes improvement in expiratory airflow and improved lung
elastic recoil as well as improved ventilation perfusion match-
ing. The major patient selection criteria for lung volume reduc-
tion surgery are depicted in Table 23-7. Following a successful
surgery, patients can have improved gas exchange and may no
longer require supplemental oxygen.

The CXR for this patient suggests upper lobe predominant
emphysema. This would need to be confirmed with a high

Table 23-7 Major Selection Criteria for Lung Volume
Reduction Surgery

Moderate to severe airflow obstruction
Hyperinflation
Upper lobe predominant emphysema
Nonsmoker
Rehabilitation potential

resolution computed tomography (CT) scan of the chest. Fur-
thermore, the patient would need to complete a comprehen-
sive pulmonary rehabilitation program before surgery. Only
few centers within the United States are certified by Medicare
to perform lung volume surgery and this could be an impor-
tant issue for P.J., depending on where he lives. It should be
stressed that lung reduction surgery is only appropriate for a
select group of patients with advanced emphysema.

Recent studies utilizing bronchoscopic lung volume reduc-
tion are currently being evaluated and may prove to be a less
invasive option to perform lung reduction in patients with se-
vere emphysema.100

In patients with severe emphysema, another option is lung
transplantation. This intervention has not been shown to de-
crease mortality, but can improve quality of life and exercise
tolerance in carefully selected candidates.101 Patients consid-
ered are those with severe disease, whose life expectancy is
<5 years and individuals with an FEV1 <25% of predicted.
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Definitions
Rhinitis is an inflammatory condition affecting the mucous
membranes of the nose and upper respiratory system. The term
is used broadly to encompass a syndrome of nasal symptoms
characterized by periods of rhinorrhea (nasal discharge), pru-
ritus (itching), sneezing, congestion, and postnasal drainage
(postnasal drip). These nasal symptoms can be accompanied
by ocular redness, itching, and discharge. Rhinitis can be exac-
erbated by the development or presence of sinusitis. The most
common form of rhinitis occurs in response to an allergen,
although a variety of other causes have been demonstrated.1,2

Practice parameters for the diagnosis and management of
allergic and nonallergic rhinitis were published in 1998 by a
Joint Task Force representing the American Academy of Al-
lergy, Asthma and Immunology (AAAAI), the American Col-
lege of Allergy, Asthma and Immunology (ACAAI), and the
Joint Council on Allergy, Asthma and Immunology.1 Follow-
ing this, the European Academy of Allergology and Clinical
Immunology published a consensus statement on the treatment
of allergic rhinitis in 2000.2 More recently, evidence linking
asthma and allergic rhinitis epidemiologically, pathologically,

and physiologically was published.3 These data support the
tenet that upper respiratory allergic disorders and asthma rep-
resent components of a single inflammatory airway syndrome.4

The resulting guidance, known as Allergic Rhinitis and Its Im-
pact on Asthma (ARIA), was adapted for use specifically by
pharmacists.5 An updated version of ARIA has now been pub-
lished, with the goal of extending the knowledge of allergic
rhinitis and filling gaps in areas such as the use of complemen-
tary and alternative therapies, rhinitis in developing countries,
and rhinitis in athletes.6

Prevalence and Impact
Prevalence rates for rhinitis are difficult to quantify because
the condition is often undiagnosed, different definitions have
been used, and the data collection methods vary.7,8 In addition,
because rhinitis in its mildest form is largely self-managed, it is
likely that health statistics under represent the actual scope of
the problem9 and that the prevalence of rhinitis is increasing.10

Despite these confounders, a conservative estimate suggests
that up to 30% of adults (and even more children) are affected
by allergic rhinitis (representing the greatest proportion of this
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family of diagnoses), making it the sixth most common chronic
illness in the United States.11,12

Rhinitis can lead to sleep disorders, loss of appetite, general
weakness, fatigue, mood disorders, decreased concentration,
and difficulty learning.1,9,13 Despite the impact of symptoms
and the burden of disease, less than half (47%) of nasal allergy
sufferers reported seeing a health care practitioner about their
symptoms in the last 12 months.8 Although symptom severity
is associated positively with seeking treatment, 41% of patients
who reported several nasal allergy symptoms in the past week
had not seen a doctor about this within the last year.8 Most nasal
allergy sufferers report taking medication for their condition;
with more than half (53%) reporting that they have used a non-
prescription medication and more than a third (36%) reporting
that they have used a prescription nasal spray in the past 4
weeks.8 Most patients taking medications for their symptoms,
however, report that they are less than very satisfied with the
products they use.8

Although rhinitis does not lead to the mortality associated
with some illnesses, its prevalence and negative health impact
make it an important health problem in the United States. Al-
lergic diseases are the most frequent contributor to the total
cost of health-related absenteeism and presenteeism (i.e., be-
ing physically present at the workplace, but not being fully
functional because of disruptive medical symptoms), with al-
lergic rhinitis being the most prevalent of the allergic diseases.
Most employees report annual allergic symptoms on aver-
age of 52.5 days, absence 3.6 days, and lack of productivity
2.5 hrs/day when experiencing symptoms.12 The most recent
estimates of the annual cost of allergic rhinitis range from $2
to $5 billion.14 The total cost of allergic rhinitis in 2002 was
estimated to be $4.86 billion, including $4.2 billion in direct
costs (e.g., emergency department visits, clinic visits, prescrip-
tion medications) and $666 million in indirect costs.15 Clearly,
acute and chronic rhinitis has a great impact on the physical
and economic health of Americans.

Applied Anatomy and Physiology of the Nose
An understanding of the anatomy and physiology of the nose is
helpful in understanding the pathophysiology and presentation

of rhinitis, as well as the rationale for various pharmacothera-
peutic approaches. The primary functions of the nose are smell,
speech, and conditioning of inspired air. Related to the latter,
the nose and upper airway warm, humidify, and filter air for
delivery to the lungs.16

The external nose is pyramidal and consists of paired nasal
bones and associated cartilage. Its base has two elliptical-
shaped openings called nares, or nostrils. Internally, a septum
separates the nasal cavity into two halves and consists of bone
and cartilage covered by a mucosal membrane.17 The lateral
walls of the internal cavity contain the conchae, or turbinates.
These bony projections increase surface area substantially and
contribute to turbulence of airflow, which is useful in filter-
ing and conditioning inspired air. Sinuses and eustachian tubes
open into the nasal cavity near the turbinates, as do the lacrimal
drainage ducts.17 Figure 24-1 shows a lateral view of the head
with the nasal anatomy labeled.

The membranes of the nasal cavity consist primarily of cil-
iated columnar epithelial cells with mucus-producing goblet
cells interspersed among them. The tiny cilia beat rhythmi-
cally to transport mucus across the upper airway membrane
to the nasopharynx. The cilia-lined mucous membranes of the
nose provide a physical barrier of defense to microorganisms
and other particles in the inspired air.16 In addition, respira-
tory secretions residing on these mucous membranes contain
immunoglobulin A (IgA), which serves as an immunologic
defense.17

The autonomic nervous system controls the vascular supply
and the secretion of mucus to the nasal membrane. Sympa-
thetic activation results in vasoconstriction, which decreases
nasal airway resistance. Parasympathetic stimulation results
in glandular secretion and nasal congestion.18 The mucosa is
also innervated by the nonadrenergic–noncholinergic system
(NANC). Neuropeptides from these nerves (e.g., substance P
and neurokinins) play a role in vasodilation, mucus produc-
tion and inflammation, although their significance is unclear.
The trigeminal nerve also provides sensory innervation; the
stimulation of which can result in sneezing and itching.18

During normal breathing, inspired air flows through the ex-
ternal nose before turning posteriorly almost 90 degrees into
the nasopharynx. The airstream then makes another right angle

Frontal Sinus

Pharyngeal Orifice of
Eustachian Tube

Superior Turbinate
and Meatus

Middle Turbinate
and Meatus

Inferior Turbinate
and Meatus

Vestibule

FIGURE 24-1 Lateral view of the head with
nasal anatomy. (Reprinted with permission from
the LifeArt Human Anatomy II collection.)
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turn through the pharynx and larynx toward the lower airway.
The upper airway diameter is extremely narrow in places, al-
lowing for close contact between inhaled air and mucosal sur-
faces. Under normal conditions, turbinates in either side of the
nasal cavity swell or contract alternately, resulting in preferen-
tial airflow through the right or left nasal cavity. This process
is disrupted in the presence of inflammation and congestion.
Normal nasal physiology is also affected by the presence of
anatomic deformities including septal deviation, nasal polyps,
or both.17

CLASSIFICATION OF RHINITIS
Rhinitis is not a single disease but rather has multiple causes
and underlying pathophysiologic mechanisms.1,19 Figure 24-2
depicts the common causes of acute and chronic rhinitis symp-
toms. Strictly speaking, some of these are not causes of rhini-
tis, but rather disorders (e.g., nasal septal deviation, foreign
body) with symptoms that mimic inflammatory conditions of
the nose. These conditions are considered in the differential
diagnosis of allergic rhinitis.

Acute
The most common cause of acute rhinitis is a viral upper res-
piratory infection or the common cold. In most patients, these
viral infections are self-limited and require only symptomatic
treatment.19 Nasal foreign bodies, especially in young chil-
dren, are a common cause of acute rhinitis and should be sus-
pected when a pediatric patient presents with acute unilateral
symptoms.16 Hormonal causes of acute rhinitis, usually asso-
ciated with a clear, watery discharge without other symptoms,
include hypothyroidism and pregnancy.18,20 Finally, the devel-
opment of acute rhinitis-like symptoms has been attributed to

some medications. Angiotensin-converting enzyme inhibitors
(ACEI), β-blockers, reserpine, nonsteroidal anti-inflammatory
drugs (NSAID), oral contraceptives, phosphodiesterase type 5
inhibitors, and over use of topical decongestants all have been
associated with nasal effects.21,22

Chronic
Chronic rhinitis can be classified as allergic or nonallergic. Al-
lergic causes are typically associated with atopy, an inherited
tendency to develop a clinical hypersensitivity condition.2 The
current guidelines classify allergic rhinitis as either intermit-
tent or persistent based on frequency of symptoms.6 This has
replaced the earlier classification system (seasonal or peren-
nial), which was based on both frequency of symptoms and
the allergen responsible.1 Patients with any form of allergic
rhinitis can experience symptoms ranging from mild to severe.
This classification system is summarized in Figure 24-3.

Nonallergic causes of chronic rhinitis symptoms include
idiopathic rhinitis, nonallergic rhinitis with eosinophilia syn-
drome (NARES) and anatomic abnormalities.19 Idiopathic
rhinitis, also called vasomotor rhinitis, refers to symptoms
associated with environmental stimuli, including temperature
changes, strong odors, tobacco smoke, stress, or emotional
factors.23 NARES occurs frequently in middle-aged patients
who have no evidence of allergic disease excepting the pres-
ence of eosinophils in the nasal smear. In these cases, increased
permeability of the nasal mucosa is likely caused by non–IgE-
mediated inflammation, and neurogenic mechanisms may play
a role in membrane hyperreactivity.19

Common anatomic causes of chronic rhinitis include nasal
septum deviation, nasal polyps, tumors, choanal atresia (a con-
genital condition where the mouth and nose are not connected),
and enlarged adenoids and tonsils. Often these anatomic ab-
normalities require surgical intervention.18

CHRONIC

RHINITIS 
SYMPTOMS

Foreign
 bodies
•  Coins

•  Candy

•  Beans

ACUTE

Drugs
•  Table 25-9
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•  Hypothyroidism
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•  Bacterial

•  Fungal
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FIGURE 24-2 Possible causes of acute and chronic rhinitis symptoms NARES, nonallergic
rhinitis with eosinophilia syndrome.
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Symptoms occur:
Fewer than 4 days/week or 
for fewer than 4 weeks

Symptoms occur:
At least 4 days/week and 
for at least 4 weeks

All of the following: At least one of the following:
• Normal sleep • Impaired sleep
• No impairment of usual daily activities, 
  sport & leisure

• Impairment of daily activities, sports & 
  leisure

• No interference with work or school • Interference at work or school
• No troublesome symptoms

ARIA, Allergic Rhinitis and its Impact on Asthma

• Troublesome symptoms
aFormerly “seasonal” symptoms.
bFormerly “perennial” symptoms.

Mild Moderate-Severe

Intermittenta Disease Persistentb Disease

FIGURE 24-3 ARIA classification of allergic
rhinitis. (Adapted from references 4,6.)

ETIOLOGY OF ALLERGIC RHINITIS
Genetic, environmental, and lifestyle influences are associ-
ated with the development of allergic rhinitis.6 Problems with
methodology and sample size in genome-wide screening stud-
ies preclude any definitive conclusions about candidate genes
for allergic rhinitis6; however, atopy is a significant inheritable
factor, and the risk of a child developing allergic symptoms is
50% with one atopic parent and 66% with two atopic parents.24

Environmental exposures, particularly early in life are also im-
portant in the development of symptoms.25 In addition, lower
socioeconomic status may be a risk factor for development of
allergic rhinitis.26

One theory, referred to as the hygiene hypothesis, is that
the initial differentiation of lymphocytes early in life has ei-
ther positive or negative influences on the development of sub-
sequent allergies. In the normal development of the immune
system, the lymphocytes differentiate into either Th1 or Th2
cells based on environmental stimuli. Factors associated with
a Th1 (allergy protective) response include exposures to var-
ious bacteria and viruses, the presence of older siblings, and
early attendance in day care. Factors associated with a Th2
(predisposition to allergies) response include environmental
exposures to house dust mites, cockroaches, or early, frequent
antimicrobial use.24,27

In patients with intermittent allergic rhinitis, pollens and air-
borne mold spores are the most common allergens. Although
the pollen season varies with geographic location, grasses,
trees, and weeds can be problematic for many people during
active pollination. In the United States, ragweed is a primary
cause of intermittent symptoms and sensitivity to this pollen
is historically referred to as “hay fever.”19

In patients with persistent allergic rhinitis, the major aller-
gens are house dust mites, indoor molds, animal dander, and
cockroach antigen. Another common cause is occupational ex-
posure, in which symptoms can be precipitated by agents such
as flour, wood, and detergents.19

PATHOPHYSIOLOGY
The primary pathophysiologic feature in allergic rhinitis is
inflammation of mucous membranes of the nose. Common
symptoms include sneezing, watery discharge, itching of the

nose and eyes, nasal obstruction, and postnasal dripping of
secretions.1,6

The pathogenesis of allergic rhinitis and asthma includes nu-
merous areas of commonality. Inflammation is a central mecha-
nism and the role of cytokines in this process is similar. This has
led many scientists and clinicians to adopt the concept of “one
airway, one disease.”6 Further evidence for this association in-
cludes that rhinitis is a known risk factor for asthma, some
patients with rhinitis exhibit bronchial hyperresponsiveness,
viral upper respiratory tract infections are a common cause of
asthma exacerbations, and sinusitis can worsen asthma.6 Some
treatment strategies, including pharmacotherapy, have a role in
both rhinitis and asthma.

Allergic rhinitis is characterized by an immunoglobulin E
(IgE)-mediated response that involves three primary steps: sen-
sitization, early-phase events, and late-phase events. This pro-
cess is depicted in Figure 24-4. Sensitization occurs after initial
allergen exposure in a susceptible patient and involves the pro-
duction of IgE antibodies. These antibodies bind to receptors
on other cells, including mast cells. On subsequent exposure,
an interaction occurs between the complex of the allergen,
IgE antibody, and the mast cell, such that a cross-linking oc-
curs that results in activation and initiation of the inflamma-
tory response. The events can occur early after exposure if the
mediators are preformed or late if mediators are synthesized
after the process begins or are attracted to the area through
chemotaxis.28

Sensitization
In an atopic patient, the result of initial exposure to aller-
gens is production of IgE. Following initial exposure, antigen-
presenting cells of the immune system react to allergens
deposited on the nasal mucosa. This results in helper T-
lymphocyte differentiation into Th2 cells, which are associated
with production of cytokines and other mediators of inflamma-
tion. As a result, memory cells programmed for IgE production
are produced.6,24,28

Early Response
When a susceptible patient is exposed to an allergen to which
previous sensitization has occurred, an early-phase allergic
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FIGURE 24-4 Pathophysiology of allergic rhinitis.

response generally occurs. This reaction is attributed largely
to the interaction between the allergen, IgE, and the sensitized
mast cell, resulting in mast cell degranulation. Other cells, in-
cluding basophils, play an important role as well. As a result,
mediators of the allergic response, including histamine, are re-
leased along with various chemotactic factors, which amplify
and perpetuate the allergic response. Because these mediators
are already present in the mast cell, they act within minutes
to cause the common symptoms of allergic rhinitis, including
itching, sneezing, and congestion.28,29,30

Histamine receptors (H1) are present throughout the nasal
mucosa and their activation results in vascular engorgement,
leading to nasal congestion, direct stimulation of mucus
secretion, and increased glandular secretion.30 In addition,
parasympathetic nervous system stimulation results in cholin-
ergically mediated nasal secretions. Finally, stimulation of
peripheral nerve receptors results in itching and sneezing
reflexes.19

Late Response
Up to one-third of patients with allergic rhinitis also experi-
ence a late response that develops approximately 8 hours af-
ter initial exposure and may persist for up to 4 hours. In this
phase, the nature of inflammation is even more complex, and
nasal congestion is a prominent feature. Numerous cells and

mediators, including T lymphocytes, cytokines, eosinophils,
neutrophils, macrophages, mast cells, and leukotrienes, play
important roles. These additional mediators, attracted to the
area through chemotaxis, sustain the inflammatory response.
This response is also perpetuated through continued exposure
to the offending allergen.31

DIAGNOSIS AND ASSESSMENT OF RHINITIS
The diagnosis of rhinitis is not defined by one specific labora-
tory test; rather, it is related to the coordinated results of a thor-
ough patient interview, including medication history, pertinent
physical examination, and a limited number of relevant lab-
oratory assessments.32 Because both allergic and nonallergic
stimuli are common; health care practitioners must be able to
distinguish these to develop effective management strategies.19

History, Signs, and Symptoms
The patient history for rhinitis should include a discussion of
the onset, character, frequency, duration, and severity of the
patient’s symptoms and any identifiable factors that provoke
or relieve these symptoms.1,19,32 Common nasal symptoms
suggestive of allergic rhinitis include watery rhinorrhea, nasal
pruritis, sneezing, and nasal congestion. Sneezing can occur
paroxysmally or be preceded by itching of the nose, ears, eyes,
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and throat. Some patients experience concomitant allergic con-
junctivitis, with symptoms such as bilateral pruritic; watery, red
eyes; and even photophobia.5,19 The presence of other nasal
symptoms (e.g., nasal obstruction as a sole symptom, muco-
purulent rhinorrhea, chronic sinus pain, recurrent epistaxis,
and anosmia) may be important in differentiating allergic rhini-
tis from other causes.18

Information about the patient’s medical history, current ill-
nesses or conditions, and all current and past medications
should be collected. Because genetic factors are predictors of
allergic rhinitis,24 information about parental atopy should be
obtained, if possible. In addition to family history, other com-
mon predisposing factors of allergic rhinitis (e.g., serum IgE
>100 IU/mL before 6 years of age, exposure to indoor aller-
gens, and personal history of eczema) should be queried.

The negative impact of rhinitis on a patient’s quality of life
can be substantial, and it is important to assess this during
the patient interview. Symptoms (e.g., congestion, rhinorrhea,
and sneezing) and symptom-induced interference with neces-
sary (i.e., work, school) and enjoyable (e.g., hobbies, family
events) activities can lead to patient irritability, anxiety, and
exhaustion.15 The questions listed in Figure 24-5 provide a
guide to collecting the information needed to initiate and mod-
ify therapy based on the underlying causes of the rhinitis symp-
toms.

Physical Examination
During a physical examination for rhinitis, the patient’s nose
should be inspected for nasal patency, position of the sep-
tum, appearance of the nasal mucosa (especially over the
turbinates), quantity and appearance of secretions, and abnor-
mal growths.1,19,32 If the nasal passage is extremely occluded,
application of a topical vasoconstrictor (e.g., oxymetazoline
0.025%) allows better visualization. Common physical char-
acteristics of patients with allergic rhinitis are clear nasal dis-
charge and pale, boggy, swollen nasal mucosa.18,19,32

The patient’s eyes, ears, pharynx, sinuses, and chest should
also be examined.1,19,31 Chronic mouth breathing because of
nasal obstruction can cause recognizable facial characteris-
tics or dental abnormalities, such as allergic shiners and nasal
crease.32

Laboratory Tests
Several diagnostic tests are available for confirming a diagno-
sis of allergic rhinitis in patients who present with a suggestive
history and symptoms. Microscopic examination of nasal se-
cretions can be performed, but current recommendations sug-
gest that this is more commonly used by subspecialists or in
research.19 In allergic conditions, the clinician would expect
numerous eosinophils to be present in the sample; however,
this could also be true of NARES or nasal polyps.1

Immediate hypersensitivity skin tests are used to demon-
strate an IgE-mediated response of the skin. This provides con-
firmatory evidence for a specific allergy.33 A variety of skin test
methods are available; however, the prick and puncture test (in
which the wheal and flare reaction is evaluated 15 minutes after
allergen administration) is the preferred technique.6,33 Another
method of assessing specific allergens is serum-specific IgE
sensitivity via in vitro testing (e.g., radioallergosorbent testing

[RAST]). In selected cases, other diagnostic tests, such as si-
nus x-ray study, computed tomography (CT), rhinomanometry,
and spirometry may be useful.18,33,34

GENERAL MANAGEMENT OF ALLERGIC RHINITIS
The treatment goals for allergic rhinitis are to prevent or relieve
symptoms, and improve quality of life without prohibitory con-
cerns about adverse effects or expense. These goals should be
achievable through the establishment of a therapeutic partner-
ship with a competent and caring clinician. With appropri-
ate treatment, the patient should be able to maintain a normal
lifestyle and perform desired activities.35 Common manage-
ment strategies include patient education, allergen and irritant
avoidance, and pharmacotherapy.6 Figure 24-6 depicts an al-
gorithm for the general management of allergic rhinitis.

Patient Education
An increasing trend is seen in health care to limit clinical rec-
ommendations to those based on sound evidence.36 Despite
the paucity of data about the benefits of patient education in
patients with allergic rhinitis, it is likely to play a significant
role in treatment adherence.1 Considerations for patient educa-
tion include instruction about the disease and specific triggers,
the range of symptoms, and the role of various treatments.
An appropriate understanding of prevention versus treatment
strategies is critical to achieving optimal outcomes.

Allergen and Irritant Avoidance
Although the benefit of allergen avoidance has proved difficult
to document, most national and international guidelines recom-
mend using this strategy in a comprehensive management plan
for allergic rhinitis.37 Various strategies for minimizing expo-
sure to known allergens (e.g., pollens, house dust mites, molds,
animal dander, and cockroaches) are commonly employed for
prevention. Because little evidence supports a single physical
or chemical intervention to reduce allergen exposure, a multi-
faceted approach should be used.6 Efforts to reduce exposure
to irritants (e.g., tobacco smoke, indoor or outdoor pollutants)
should also be recommended.38

Pharmacotherapy
Several classes of medications are used in the management
of allergic rhinitis.38,39 Choices should be based on goals of
treatment, safety, efficacy, cost-effectiveness, adherence, sever-
ity, comorbidity, and patient preferences.35 Therapy can be ad-
ministered orally, topically, or systemically and medications
may be used on a regular schedule or an as needed basis.1 Few
cost-effectiveness data exist comparing the classes of therapy,
excepting the second generation antihistamines and nasal corti-
costeroids, which have both been shown to be cost-effective.40

Table 24-1 summarizes the effectiveness of agents for specific
symptoms used in the treatment of allergic rhinitis.

Antihistamines
Antihistamines are most effective for reducing sneezing, itch-
ing, and rhinorrhea. They also diminish eye symptoms, but
have minimal effects on nasal congestion.1,4 Although first
generation antihistamines (FGA) are efficacious, their use is
limited by anticholinergic and sedative effects which challenge
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1. Which of the common symptoms of rhinitis is the patient experiencing?
•  Sneezing, nasal itching, runny nose, nasal congestion, postnasal drip, altered sense of smell,
   watery eyes, itching eyes, ear “popping”

2. What color are the nasal secretions?
•  Clear, white, yellow, green, blood-streaked, rusty brown

3. When did the symptoms first appear?
•  Infancy, childhood, adulthood

4. Where the symptoms associated with a change in state/environment?

•  After a viral upper respiratory infection, after a traumatic blow to the head or face, upon moving
   into/visiting a new dwelling, after obtaining a new pet

5. How often do the symptoms occur?
•  Daily, episodically, seasonally, constantly

6. For how long has this symptom pattern persisted?
•  Days, weeks, months, years

7. Which factors or conditions precipitate symptoms?
•  Specific allergens, inhaled irritants, climatic conditions, food, drinks

8. Which specific activities precipitate symptoms?
•  Dusting, vacuuming, mowing grass, raking leaves

9. Are other members of the family experiencing similar symptoms?

10. Which of the following are prevalent in the household?
•  Carpeting heavy drapes, foam or feather pillows, stuffed toys, areas of high moisture (basements,
   bathrooms),  tobacco use (by patient or others)

11. Does the patient have other medical conditions that can cause similar symptoms?

12. Is the patient taking any medications that might cause or aggravate these symptoms?

13. What prescription and nonprescription medications have been used for these symptoms in
      the past? Were they effective? Did they cause any unwanted effects?

14. What is the patient's occupation?

15. What are the patient's typical leisure activities?

16. To what extent have the symptoms interfered with the patient's lifestyle (i.e., are they
      disabling or merely annoying)?

•  Greatly, somewhat, not much

FIGURE 24-5 Patient history interview.

their cost-effectiveness.41 The magnitude of these effects is a
subject of debate; nonetheless, newer antihistamines (second
generation antihistamines, SGA) are recommended as first-line
therapy for mild allergic rhinitis.1,2,34 Antihistamines are avail-
able in oral, ophthalmic, and nasal formulations and can also
be found in combinations with oral decongestants. They are
most effective when administered before allergen exposure.

Nasal Corticosteroid Agents
Nasal corticosteroids, which are recognized as the most effec-
tive medication class for the treatment of allergic rhinitis, are
particularly useful for more severe or persistent symptoms.18,34

Although achieving optimal outcomes depends on the patient’s
ability to use the device correctly, if administered as intended,
these agents are appropriate for all symptoms, are generally
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Allergen and irritant avoidance may be appropriate

If conjunctivitis
Add
H1-blocker (intraocular, oral)
or intraocular mast cell stabilizer
or intraocular saline

Consider specific immunotherapy

Not in preferred order
H1-blocker (oral, 
intranasal) and/or
decongestant or
LTRA

Mild

Intermittent
symptoms

Persistent
symptoms

Not in preferred order
oral H1-blocker (oral,
intranasal) and/or
decongestant or
intranasal CS or LTRA
or mast cell stabilizer

If failure: step-up
If improved: continue
for 1 month

Mild
Moderate-

severe

Failure
referral to specialist

Moderate-
severe

Failure

Review diagnosis
Review compliance
Query infections
or other causes

Add or increase
intranasal CS

dose

Rhinorrhea
add ipratropium

Blockage
add

decongestant
or oral CS

(short term)

Improved

Step-down
and continue
treatment
for >1 month

Review the patient
after 2–4 weeks

In preferred order
intranasal CS
H1-blocker (oral, intranasal) or LTRA

Check for asthma
especially in patients with severe
and/or persistent rhinitis

Diagnosis of allergic rhinitis

In persistent rhinitis
review the patient
after 2–4 weeks

FIGURE 24-6 Treatment algorithm for allergic rhinitis. Treatment should be directed at predom-
inant symptoms (i.e., for eye symptoms in absence of other symptoms use ophthalmic preparation). Pre-
vention strategies are more effective than treatment strategies. For intermittent symptoms, begin treatment
several weeks before antigen exposure and discontinue when no longer needed. CS, corticosteroid; LTRA,
leukotriene receptor antagonist (leukotriene modifier). (Adapted from reference 6.)

well tolerated, and have few adverse effects.34 They are most
beneficial when dosed on a regular schedule; some evidence
indicates, however, that they are effective when used on an as
needed basis.42 Nasal corticosteroids are also useful for some
forms of nonallergic rhinitis.

Leukotriene Modifiers
Leukotriene modifiers are effective in relieving many of
the nasal symptoms of allergic rhinitis.43,44 In some stud-
ies, the efficacy of leukotriene modifiers is comparable to
antihistamines44; however, they are generally recommended
as adjunct treatment as opposed to monotherapy. These agents
may have a role in concomitant asthma and allergic rhinitis,
particularly, if both diseases are relatively mild.45

Cromolyn
Intranasal cromolyn, a nonsteroidal agent, acts as a mast cell
stabilizer and, although safe, it is generally less efficacious
than other therapies. Because it is administered four to six
times daily and requires several weeks to be effective, it is best

reserved for acute prophylaxis before exposure to a known
allergen and for use by children or in pregnancy.46

Decongestants
Oral and nasal decongestants can effectively reduce nasal con-
gestion produced by allergic and nonallergic forms of rhinitis.1

Oral agents are often combined with antihistamines, but they
can lead to profound side effects (e.g., insomnia, nervousness,
urinary retention) and should be used with caution in elderly
patients and in those with arrhythmias, hypertension, and hy-
perthyroidism. Nasal agents are not typically associated with
these effects, but should be limited to short-term use to avoid
rebound nasal congestion.2 Recent restrictions on the sale of
nonprescription formulations containing pseudoephedrine and
questions regarding the efficacy of phenylephrine have resulted
in challenges to the optimal use of oral decongestants.

Anticholinergic Agents
Intranasal ipratropium bromide is an anticholinergic agent ef-
fective in reducing watery, nasal secretions in allergic rhinitis,
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Table 24-1 Effectiveness of Agentsa Used in Management of Allergic Rhinitis

Rhinorrhea Nasal Pruritus Sneezing Nasal Congestion Eye Symptoms Onset

Antihistamines

Nasal Moderate High High 0/Low 0 Rapid
Ophthalmic 0 0 0 0 Moderate Rapid
Oral Moderate High High 0/Low Low Rapid

Decongestants

Nasal 0 0 0 High 0 Rapid
Ophthalmic 0 0 0 0 Moderate Rapid
Oral 0 0 0 High 0 Rapid

Corticosteroids

Nasal High High High High High Slow (days)
Ophthalmic 0 0 0 0 High Slow (days)

Mast Cell Stabilizers

Nasal Low Low Low 0/Low Low Slow (weeks)
Ophthalmic Low Low Low Low Moderate Slow (weeks)

Anticholinergics

Nasal High 0 0 0 0 Rapid

Leukotriene Modifiers

Oral Low 0/Low Low Moderate Low Rapid

a Immunotherapy can lead to significant responses in all symptom categories; however, onset of action is delayed (months).
High, significant effect; moderate, moderate effect; low, low effect; 0, no effect.
Adapted from references 2, 43.

nonallergic rhinitis, and viral upper respiratory infections.1,4

Anticholinergic agents have no significant effects on other
symptoms.

Ophthalmic Therapies
Ophthalmic products used to treat symptoms of allergic con-
junctivitis include antihistamines, mast cell stabilizers, de-
congestants and nonsteroidal anti-inflammatory agents. These
agents are effective in reducing ocular symptoms and may be
used in combination with oral and intranasal agents.

Immunotherapy
Allergen immunotherapy should be considered for patients
who have severe symptoms despite optimal pharmacother-
apy, require systemic corticosteroids, or have coexisting con-
ditions such as sinusitis and asthma.1 The clinical efficacy of
immunotherapy by subcutaneous injection (SIT), sometimes
called “allergy shots,” is well established.47 A recent meta-
analysis of sublingual immunotherapy (SLIT) showed a re-
duction in symptoms and medication requirements.48 Studies
involving nasal immunotherapy (NIT) are ongoing.

Anti-IgE Therapy
Omalizumab is a recombinant humanized monoclonal anti-
IgE antibody that complexes free circulating IgE in the body.
The complex cannot interact with mast cells and basophils and,
thus, reduces IgE-mediated allergic reactions. When adminis-
tered as a subcutaneous injection once or twice monthly, oma-

lizumab has been shown to decrease all nasal symptoms and
improve quality of life in patients with allergic rhinitis.49 Cur-
rently, this therapy is approved only for people 12 years of age
and older with moderate to severe allergy-related asthma inad-
equately controlled with inhaled corticosteroids. Recently, the
U.S. Food and Drug Administration (FDA) called for a black
box label warning to alert users that omalizumab can cause po-
tentially life-threatening allergic reactions after any dose, up
to 24 hours after the dose is given and even if there was no
reaction to the first dose.50

Nondrug Therapies
Supportive care is the foundation of treatment for patients with
symptoms of allergic rhinitis.1 These strategies can be help-
ful during an acute worsening of symptoms as well as for the
patient who suffers chronically. Supportive care can amelio-
rate discomfort, relieve mild symptoms, and assist with side
effects from pharmacotherapies. Examples include the appli-
cation of compresses to the sinuses or external nasal passages
and humidification of mucous membranes with artificial tears
or nasal saline solutions.

Recently, the effectiveness of irradiation as a nondrug treat-
ment option for allergic rhinitis has been explored.51 To date,
these studies have shown modest improvement in nasal symp-
tom scores, with mild side effects in small numbers of par-
ticipants; although larger, controlled trials are needed before
safety, efficacy, and cost-effectiveness can be established.
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SPECIFIC THERAPEUTIC OPTIONS

Antihistamine Therapy

1. L.B. is a 57-year-old man with a history of controlled hyper-
tension for 10 years and intermittent allergic rhinitis since child-
hood (confirmed sensitivity to birch tree pollen via skin testing).
L.B. presents with complaints of nasal itching, sneezing, clear rhi-
norrhea, and stuffiness. He usually experiences similar symptoms
with added ocular itching every spring, but has noticed that the
problem has become persistent since he moved into an older home
in the historic district of town. In the past, L.B. has successfully
self-medicated his seasonal symptoms with an over-the-counter
(OTC) antihistamine and decongestant (diphenhydramine 50 mg
and pseudoephedrine 60 mg TID to QID as needed for symptoms),
although “nothing seems to help much with the itchy eyes.” L.B.’s
chronic medications are hydrochlorothiazide 25 mg every morn-
ing and amlodipine 10 mg every day. He denies any other medical
problems, is afebrile, and his blood pressure is 128/82 mm Hg.
He has no history of adverse drug reactions or drug allergies. He
does not smoke, but drinks alcohol socially.

Diagnosis of Allergic Rhinitis

2. What elements of L.B.’s presentation indicate a probable
diagnosis of allergic rhinitis?

L.B. is exhibiting the classic symptoms of persistent (peren-
nial) allergic rhinitis with intermittent (seasonal) exacerba-
tions: nasal itching, sneezing, watery (often profuse) rhinor-
rhea, and congestion.19 His history of positive skin tests and
that his symptoms previously responded to antihistamine or
decongestant also support the diagnosis. In the past, L.B. has
experienced symptoms predictably at the onset of the tree pol-
lination season, with only minimal symptoms during the re-
mainder of the year. Moving into an older home, however, has
likely triggered latent sensitivities to dust mite allergens and
mold spores.

Allergen Avoidance Measures

3. What allergen avoidance strategies could L.B. use to mini-
mize his exposure to triggers?

Allergen avoidance is commonly used to reduce symptoms
in sensitized patients. General agreement is that allergen avoid-
ance should lead to an improvement of symptoms; however,
little evidence supports the use of a single physical or chemi-
cal method.37,52 A need exists for well-controlled studies to as-
sess the effects of multiple approaches to allergen avoidance.53

Although total allergen avoidance is often impractical to im-
plement, simple changes that can reduce exposure to many
perennial triggers, such as house dust mites, animal dander,
and mold, can assist with symptom control.1

Dust mite avoidance (e.g., the use of impermeable covers
on box springs, mattresses, and pillows) has traditionally been
used as a method of reducing allergen exposure. Although
this practice continues to be recommended frequently, a recent
study demonstrated despite reduced exposure to antigen, this
strategy alone did not reduce symptoms in patients with al-
lergic rhinitis.54 Other methods of reducing antigen exposure
include washing bedding at least weekly in hot water (>130◦F)
and reducing humidity in the home to below 50%. In addition,

replacing carpets with linoleum, tile, or wood floors and re-
placing curtains and heavy draperies with blinds that can be
wiped clean has been recommended.1

Mold avoidance is difficult when outdoor humidity levels
are high, but removing carpeting may be effective in reduc-
ing buildup. Live plants should be removed from the home
to reduce mold contamination from the soil. Air conditioners
should be used, and filters should be changed frequently to
reduce humidity and assist with air filtration.1

Because L.B. has recently moved into an older home, he
may not have used these avoidance strategies. These should be
recommended and explained during the initial clinical consul-
tation.

Therapeutic Objectives for Allergic Rhinitis

4. What are the therapeutic objectives in treating L.B.?

The therapeutic objectives for the treatment of allergic rhini-
tis are to control symptoms and permit all usual daily activities
with no adverse effects of therapy. In patients with seasonal ex-
acerbations, another objective is to prevent the onset of symp-
toms by anticipating the patient’s season of sensitivity. In L.B.’s
case, he should use environmental measures to reduce expo-
sure and then begin chronic treatment with possible add-on
therapy instituted 2 weeks before the start of pollen season.

5. L.B. has used diphenhydramine for many years with good
symptom relief and, as he recalls, only minimal daytime sedation.
He asks your opinion regarding whether this is the best treatment
for his allergic symptoms. He specifically requests the most cost-
effective treatment available because he must pay cash out-of-
pocket for any medications.

Choice of Therapeutic Agent

6. What therapy do you recommend and how should it be ini-
tiated?

Because of their convenience, oral antihistamines are rec-
ommended as initial therapy in patients with allergic rhinitis,
particularly those with mild symptoms.55 They reduce symp-
toms of nasal itching, sneezing, and rhinorrhea, with vari-
able effectiveness on ocular symptoms but no efficacy for
nasal congestion. FGA (e.g., diphenhydramine, brompheni-
ramine, chlorpheniramine, and clemastine) can cause signif-
icant side effects because of their sedative and anticholiner-
gic properties. Their use has been supplanted by the SGA
(e.g., loratadine, desloratadine, fexofenadine, cetirizine, and
levocetirizine), which are equally effective with fewer side
effects.6,56

In general, SGA include agents marketed after 1980 with
one or more of the following properties: (a) improved H1-
receptor selectivity, (b) absent or reduced sedative effects,
and (c) antiallergic properties separate from antihistamine
effects.55 The first SGA, astemizole and terfenadine, were
withdrawn from the market because of potential cardiovascular
toxicity, usually related to higher doses and interactions with
agents metabolized via the cytochrome P450 system.55 This is
not a significant concern with currently available SGA; how-
ever, many of the current agents undergo substantial hepatic
metabolism and some evidence exists of potential drug interac-
tions or variability in metabolic capacity associated with this.56

Some references have begun referring to the most recently
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approved agents (i.e., fexofenadine, desloratadine, and levoce-
tirizine) as third generation agents (TGA) to highlight that they
are active metabolites of other products. The Consensus Group
on New Generation Antihistamines concluded, however, that
on the basis of evidence, these agents do not merit a new class
title because they do not demonstrate distinct clinical advan-
tages over the SGA.57,58 For this reason, they will be discussed
as SGA in this chapter.

Antihistamines block the effects of histamine by one of
two mechanisms: (a) as an H1-receptor antagonist and (b) as
an inverse agonist of the H1-receptor.59 Whereas all marketed
antihistamines have sufficient effects on the histamine receptor
to provide clinical benefits, the SGA are more specific for the
peripheral histamine receptor than are the FGA60 and, for this
reason, they present a lower risk for adverse effects, such as
sedation.

L.B. has experienced a good response to an FGA with-
out complaints of excessive drowsiness. However, sedation in-
cludes both drowsiness (i.e., the subjective state of sleepiness
or lethargy) and impairment (i.e., an objective decrease of ab-
sence of specific physical or mental abilities)61 and evidence
indicates that cognitive impairment can occur, even in the ab-
sence of overt drowsiness.61,62

In light of these findings, the Joint Task Force on Practice
Parameters in Allergy, Asthma and Immunology has stated
“many patients may not perceive performance impairment that
is associated with FGAs. Consequently, SGAs that are associ-
ated with less risk or no risk for these side effects should usu-
ally be considered.”1 In another expert consensus statement
on the use of antihistamines in the treatment of allergic rhini-
tis, experts agreed that many of the FGA produce sedation,
impairment, and reduced quality of life. They acknowledge
that allergic rhinitis is more appropriately treated with SGA
in all patients.62 One exception to this is pregnant women in
whom there is more long-term data on the use of FGA and,
thus, they are preferred by the American College of Obstet-
rics and Gynecology.63 If these drugs are not tolerated, ceti-
rizine or loratadine may be considered, ideally after the first
trimester.

Second generation agents prevent the onset of symptoms
better than they reverse symptoms that are already present.
Also, the maximal antihistamine effects occur several hours
after the drug’s serum concentration peaks.58 For maximal ef-
fect, therefore, the SGA should be administered before aller-
gen exposure, whenever possible. For the same reason, chronic
dosing is preferred to intermittent dosing.

Essentially, all the antihistamines listed in Table 24-2 are
equally effective.58,60 Therefore, the choice of agent is based
on duration of action, side-effect profile (especially drowsi-
ness and anticholinergic effects), risk of drug interactions, and
cost.64 Some patients claim that one product is more helpful
in relieving their symptoms than another; however, for many
years there have been reports that tolerance to specific agents
can occur after consistent use. Although no pharmacologic
explanation exists for these observations,64 patients may ex-
perience benefit from switching therapies if the perception of
tolerance occurs.

The major advantages of SGA are their selectivity to the
H1-receptor and their reduced central nervous system (CNS)
sedative effects.58 Desloratadine, fexofenadine, loratadine, and
levocetirizine—at prescribed doses—are reported to have an

incidence of sedation that does not differ from placebo for both
somnolence and performance impairment.65 Cetirizine and in-
tranasal azelastine are not considered to be entirely nonse-
dating, although the incidence of sedation is less than with
FGA.58,66 Another advantage of SGA is that most products
can be dosed once daily to improve patient adherence to ther-
apy. Specific antihistamines are compared in Table 24-2. In
the case of L.B., it would be reasonable to begin therapy with
loratadine 10 mg daily, because as an SGA, it has demonstrated
efficacy with minimal side effects and is also available without
a prescription.

Nasal Antihistamines

7. L.B. has a friend who had side effects from antihistamines
and had been given a nasal spray instead. Is it possible to give
antihistamines by this route, or is L.B. confusing this with other
topical therapies, such as decongestants or corticosteroids?

An aqueous intranasal solution (125 mcg/spray) of aze-
lastine is approved for the treatment of allergic rhinitis. This
drug has an objectionable taste, making it unsuitable for oral
administration, but the nasal and ophthalmic formulations
have been shown beneficial in allergic rhinitis and conjuncti-
vitis.67–69 In studies comparing intranasal azelastine with oral
antihistamines and placebo, azelastine has been found to be
equal to the oral antihistamines,66 although a meta-analysis
comparing azelastine with nasal corticosteroids suggests that
nasal corticosteroids were superior in efficacy in all but oph-
thalmic symptoms.67 As with the oral agents, the intranasal
formulation is less effective for nasal congestion than it is for
nasal itching, sneezing, and rhinorrhea.67 Dosing recommen-
dations for azelastine (for adults and children >12 years of age)
are two sprays in each nostril twice a day. Before the first use
and anytime when the product has not been used for 3 days or
more, the dosage form must be primed. This is accomplished
by pumping the spray mechanism two to four times until a
consistent mist is expelled.

The side effects of azelastine are comparable to the FGA
in terms of somnolence (10%–15%) and headache (15% to
30%).70 Intranasal azelastine can also cause local side effects,
including nasal irritation, dry mouth, sore throat, and mild epis-
taxis. Bad aftertaste remains a significant problem, occurring in
up to 20% of patients, even those using the ophthalmic formu-
lations. A potential role for intranasal antihistamines is for pa-
tients who do not respond adequately to oral antihistamines.67

In addition, some patients may prefer the intranasal route of ad-
ministration or benefit from concomitant therapy with nasal an-
tihistamines and nasal corticosteroids. As a prescription-only
product, a nasal antihistamine would be more expensive than
many oral alternatives.

Decongestant Therapy

8. What role do decongestants have in L.B.’s treatment?

Nasal congestion is often much less severe in patients who
experience only intermittent symptoms, but as L.B.’s symp-
toms have become persistent since his move, the exact fre-
quency and severity of his nasal congestion should be assessed
before recommending drug therapy. In patients with only
mild, intermittent symptoms, saline irrigation (administered as
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Table 24-2 Oral Antihistaminesa,b Commonly Used in Allergic Rhinitis

Generic Name
(Example Brand Product) Adult Dose Pediatric Dosec Other Effects

First Generation Sedative Antiemetic Anticholinergic

Brompheniramine
(Dimetane)

4 mg every 4–6 hrs Children 6–12 yrs: 2 mg every 4–6 hrs
Children 2–5 yrs: 1 mg every 4–6 hrs

+ 0 ++

Chlorpheniramine
(Chlor-Trimeton)

4 mg every 4–6 hrs Children 6–12 yrs: 2 mg every 4–6 hrs
Children 2–5 yrs: 1 mg every 4–6 hrs

+ 0 ++

Clemastine
(Tavist)

1.34–2.68 mg every 8–12 hrs Children 6–12 yrs: 0.67–1.34 mg
every 12 hrs

++ ++ +++

Diphenhydramine
(Benadryl)

25–50 mg every 4–6 hrs Children 6–12 yrs: 12.5–25 mg every
4–6 hrs

Children 2–5 yrs: 6.25–12.5 mg every
4–6 hrs

+++ ++ +++

Second Generation Sedative Antiemetic Anticholinergic

Cetirizine
(Zyrtec)

5–10 mg once daily Children 6–12 yrs: 5–10 mg once daily
Children 2–5 yrs: 2.5–5 mg once daily

or 2.5 mg every 12 hrs

+ 0 ±

Desloratadined

(Clarinex)
5 mg once daily Children 6–11 yrs: 2.5 mg once daily

Children 1–5 yrs: 1.25 mg once daily
Children 6–11 mos: 1 mg once daily

± 0 ±

Fexofenadined

(Allegra)
60 mg every 12 hrs or

180 mg once daily
Children 6–11 yrs: 30 mg every 12 hrs

(tablets)
Children 2–11 yrs: 30 mg every 12 hrs

(oral suspension)

± 0 ±

Levocetirizined

(Xyzal)
5 mg once daily Children 6–11 yrs: 2.5 mg once daily ± 0 ±

Loratadine
(Claritin)

10 mg once daily Children 6–12 yrs: 10 mg once daily
Children 2–5 yrs: 5 mg once daily

± 0 ±

aMany oral antihistamines are sold as combination products with the oral decongestants pseudoephedrine and phenylephrine. The addition of the decongestant may alter the dosing
scheme for the product. As of 2005, pseudoephedrine products have been placed behind the pharmacy counter in the United States. Federal law limits the quantity available for
purchase to 9 g/mo, 3.6 g/day with signature and photo identification. Individual states may have additional restrictions regarding the sale of pseudoephedrine, consult local boards
of pharmacy for details.
bSome oral antihistamines are available in both short-acting and extended or sustained release formulations. Refer to package insert for specific dosing instructions for long-acting
products.
cThe Centers for Disease Control and Prevention has released a report concerning the use of antihistamines and decongestants in infants less than 2 years of age. In October 2007,
The Consumer Healthcare Products Association on behalf of the makers of over-the-counter (OTC) cough and cold medicines announced voluntary market withdrawals of oral
cough and cold medicines that refer to “infants”. Although these medicines are safe and effective when used as directed, rare patterns of misuse leading to overdose have been
identified, particularly in infants. The voluntary withdrawal does not affect medicines intended for children age 2 and older; however, clinicians are reminded always to ask caregivers
about the use of OTC products in order to avoid exposure to multiple medications containing the same or similar ingredients.
d Currently available by prescription only.
Adapted from references 57, 64, 98.

frequently as needed) is helpful in soothing and moisturizing
irritated nasal mucosa. Antihistamines do little to relieve nasal
congestion; therefore, patients with moderate to severe con-
gestion may require a combination of an antihistamine with a
decongestant. The combination of an antihistamine and an oral
decongestant is more effective than either component alone in
the treatment of allergic rhinitis.56

Both the topical (nasal) and the oral decongestants are sym-
pathomimetics that directly stimulate α1-adrenergic receptors,
resulting in vasoconstriction. Local effects on the nasal mucosa
include decreased tissue hyperemia, decreased tissue swelling,

decreased nasal congestion, and improved nasal airway
patency.56 The primary oral decongestants are phenylephrine
and pseudoephedrine. Until 2005, pseudoephedrine was the
more popular agent; however, because of the potential to use
it in the manufacturer of illicit substances (e.g., metham-
phetamine), restrictions on the allowable quantity and meth-
ods for purchasing pseudoephedrine-containing products have
been implemented at both the state and federal levels. These
restrictions have resulted in the reformulation of many oral
decongestant products to include phenylephrine as an alterna-
tive decongestant. A recent meta-analysis has questioned the
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Table 24-3 Decongestantsa,b Commonly Used in Allergic Rhinitis

Generic Name (Example Brand Product) Adult Dose Pediatric Dosec

Orala

Pseudoephedrine (Sudafed) 60 mg every 4–6 hrs (MAX 240 mg/day) Children 6–12 yrs: 30 mg every 4–6 hrs (MAX 120 mg/day)
Children 2–5 yrs: 15 mg every 4–6 hrs (MAX 60 mg/day)

Phenylephrine (Sudafed PE) 10–20 mg every 4 hrs (MAX 120 mg/day) Children 6–11 yrs: 10 mg every 4 hrs (MAX 60 mg/day).

Topicald

Naphazoline (Privine) 1–2 drops or sprays/nostril every 6 hrs Children <12 yrs: Avoid, unless under physician direction

Phenylephrine (Neo-Synephrine) 0.25–0.5% solution: 2–3 sprays or
drops/nostril every 3–4 hrs

Children 6–11 yrs: 2–3 sprays or drops (0.25%
solution)/nostril every 4 hrs

Children 2–5 yrs: 2–3 drops (0.125% solution) into each
nostril not more than every 4 hrs

Oxymetazoline (Afrin) 0.05% solution: 2–3 sprays or
drops/nostril every 10–12 hrs

Children 6–12 yrs: 2–3 sprays or drops/nostril every 12 hrs

Xylometazoline (Otrivin) 0.1% solution: 1–3 sprays or 2–3 drops/
nostril every 8–10 hrs

Children 2–12 yrs: 2–3 drops (0.05% solution) into each
nostril every 8–10 hrs

aMany oral decongestants are sold as combination products with the oral antihistamines. The addition of the antihistamine may alter the dosing scheme for the product. As of 2005,
pseudoephedrine products have been placed behind the pharmacy counter in the United States. Federal law limits the quantity available for purchase to 9 grams in a month, 3.6
grams in a day with signature and photo identification. Individual states may have additional restrictions regarding the sale of pseudoephedrine, consult local boards of pharmacy
for details.
bSome oral decongestants are available in both short-acting and extended/sustained release formulations. Refer to package insert for specific dosing instructions for long-acting
products. Note that some extended release formulations are not recommended for children less than 12 yrs of age.
cThe Centers for Disease Control and Prevention has released a report concerning the use of decongestants and antihistamines in infants less than 2 years of age. In October 2007,
The Consumer Healthcare Products Association on behalf of the makers of over-the-counter (OTC) cough and cold medicines announced voluntary market withdrawals of oral
cough and cold medicines that refer to “infants”. Although these medicines are safe and effective when used as directed, rare patterns of misuse leading to overdose have been
identified, particularly in infants. The voluntary withdrawal does not affect medicines intended for children age 2 and older; however, clinicians are reminded always to ask caregivers
about the use of OTC products in order to avoid exposure to multiple medications containing the same or similar ingredients.
d Limit duration of treatment to <10 days (preferably, <5 days) to minimize risk of rebound congestion.
Adapted from reference 98.

efficacy of phenylephrine as a decongestant in doses approved
for nonprescription use and further study is needed before it
should be routinely recommended.71 The available oral and
topical decongestants, all of which are available without pre-
scription, are compared in Table 24-3.

Oral decongestants can cause systemic side effects, particu-
larly those associated with CNS stimulation (e.g., nervousness,
restlessness, insomnia, tremor, dizziness, and headache).18

Cardiovascular stimulation (e.g., tachycardia, palpitations, in-
creased blood pressure) also can occur, so patients with hy-
pertension should be monitored carefully while taking oral
decongestants.72 Because oral decongestants are not associ-
ated with the development of rebound congestion, in most
patients, they are appropriate for chronic use. They are not
recommended, however, for use during pregnancy.63 Topical
administration of decongestants generally does not lead to sys-
temic side effects; however, these agents are not appropriate
for chronic use in rhinitis because of their potential for causing
rebound congestion (see Question 33).

Because L.B. is complaining of nasal congestion, he will
require a decongestant in addition to the loratadine. He may
choose to use a fixed-dose combination product (e.g., lorata-
dine + pseudoephedrine) or to supplement the daily lorata-
dine with pseudoephedrine as needed. Although L.B. has used
pseudoephedrine in the past without a problem, he may re-
quire education regarding the new procedures for purchasing
this product while assuring him that the new restrictions are not
related to the drug’s safety as a decongestant. In addition, al-

though his hypertension is controlled, his blood pressure should
be monitored regularly to detect any deterioration.

Ocular Therapies

9. L.B.’s new therapies are effective for his persistent nasal
symptoms; however, in the spring he complains that his eyes are
itchy and watery and that the loratadine and pseudoephedrine do
not seem to be helping. How are L.B.’s ocular symptoms related
to his allergic rhinitis?

Relationship between Ocular and Nasal Symptoms
Allergic ocular disease is part of the full range of allergic
diseases, including rhinitis, eczema, and asthma, which share
a common pathophysiology and inflammatory presentation.73

The most common of the allergic ocular diagnoses is seasonal
(intermittent) allergic conjunctivitis, which accounts for up to
50% of all ocular allergy cases. The symptoms of both inter-
mittent and persistent allergic conjunctivitis are identical in
that they are caused by allergic response in the conjunctiva
to airborne allergens. Seasonal symptoms commonly occur in
response to pollens, whereas perennial symptoms are more
often associated with house dust mites. The symptoms of al-
lergic conjunctivitis are itchy eyes, with or without a burning
sensation, and a watery discharge or tearing. Physical exam-
ination reveals conjunctival surfaces that are mildly injected
(reddened) with varying degrees of conjunctival edema.
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Swelling of the eyelids can also occur. The symptoms are usu-
ally bilateral, but not always symmetric.73

Because of the potential for long-term damage to vision,
persistent ocular conditions should always be assessed by an
eye care professional. Other ocular problems that can be con-
fused with allergic conjunctivitis include atopic keratocon-
junctivitis, keratopathy, and giant papillary conjunctivitis (see
Chapter 51, Eye Disorders).

Choice of Therapeutic Agent

10. What are the treatment options for L.B.’s allergic conjunc-
tivitis, and how does the clinician choose between the available
options?

Seasonal and perennial allergic conjunctivitis are treated
similarly with only the duration of the treatment course dif-
fering (i.e., intermittent versus persistent treatment). Nonphar-
macologic treatment includes avoidance of aeroallergens to the
extent possible, cold compresses or the use of refrigerated eye
drops, and lubrication with frequent application of saline or
tear substitutes. Part of the effectiveness of all of the ocular
preparations, including lubricating eye drops, is attributable
to physical dilution and irrigation of aeroallergens from the
eye.73

The available therapeutic options for management of aller-
gic conjunctivitis include topical ocular administration of anti-
histamines, vasoconstrictors, mast cell stabilizers, and NSAID
(Table 24-4). Randomized, controlled trials have demonstrated
that these agents significantly reduce ocular symptoms, includ-
ing itching, and improve sleep.73–77 These ocular medications
act by the same mechanisms as their nasal counterparts. In ad-
dition, topical ophthalmic corticosteroids have a limited role
in the acute management of allergic conjunctivitis; however,
they are not indicated for prolonged use because of the risk of
serious infectious complications in the eye.

In the case of L.B., a trial of antihistamine + vasoconstrictor
combination eye drops (e.g., pheniramine maleate + naphazo-
line hydrochloride) for management of acute symptoms is an
appropriate recommendation for short-term use. Note that the
overuse of ocular vasoconstrictors can lead to rebound con-
junctivitis, similar to that occurring with nasal decongestants
(see section, Drug-Induced Nasal Congestion). If the patient
exhibits chronic symptoms, consider a switch to a nasal cor-
ticosteroid (which may have better efficacy for combination
symptoms78) or refer to specialist care.

Cromolyn Therapy

11. J.C. is a 10-year-old girl who recently began experiencing
rhinorrhea and sneezing when visiting her father in another state
a couple of times each year. On questioning, J.C.’s mother reveals
that, although J.C. has not complained of symptoms previously,
her father adopted a puppy from the local animal shelter about
a year ago and the symptoms correspond to the times that the
child spends with the dog. J.C. will be visiting her father again
next month, and she is hoping to purchase something without a
prescription to prevent her from “getting sick and missing out on
her summer vacation.” What options are available to treat J.C.’s
intermittent symptoms of allergic rhinitis?

J.C. appears to have mild allergic rhinitis triggered by expo-
sure to animal dander. When it is possible to anticipate symp-
toms, as in J.C.’s case, initiating prophylactic therapy can help
lessen the impact of allergen exposure.1 J.C. appears to be a
good candidate for treatment with intranasal corticosteroids
or cromolyn sodium, administered regularly beginning several
weeks before each trip. Because the mother indicates that she
wants to select an OTC product, allergen avoidance strategies
plus cromolyn nasal spray would be a reasonable choice for ini-
tial therapy. The drawbacks to this are its out-of-pocket cost, its
technique-dependent administration, its multiple daily dosing
requirements (up to six times daily), and its reduced effective-
ness compared with other treatments.40

12. What strategies should J.C.’s father use to minimize expo-
sure to the allergic triggers?

To minimize J.C.’s exposure to allergens, the dog should be
kept out of the child’s bedroom at all times and, when possible,
kept outside or confined to an uncarpeted area of the home.
J.C.’s father should use a high-quality air filter and should vac-
uum the home with a double-filter system while J.C. is out of
the house. Although evidence is unclear on this topic, it may
be helpful to wash the dog weekly while the child visits. The
additional expense of regular, commercial cleaning of air ducts
is not cost justified.1

Instructions for Use

13. How should J.C. be advised to use cromolyn nasal spray to
prevent her symptoms?

To be effective, cromolyn nasal spray must be dosed sev-
eral times each day, which can have a detrimental effect on
adherence.46 The initial dose for the 4% cromolyn sodium nasal
spray is one spray in each nostril four to six times daily. In some
patients, symptom control can be maintained with dosing two
to three times per day. J.C. should be instructed to begin ther-
apy at least two weeks before her planned visit because of the
delay in the onset of action for this agent.

The clinician should ensure that both parent and child can
demonstrate appropriate administration technique before ther-
apy is initiated. On first use, the device should be primed until
a consistent spray is achieved. J.C. should be instructed to gen-
tly blow her nose and then spray the cromolyn sodium solution
into each nostril in a slightly upward direction, parallel to the
nasal septum.

Topical nasal cromolyn has an excellent safety profile, in-
cluding minimal incidence of adverse effects. Local irritation
occurs in <10% of patients, with burning, stinging, and sneez-
ing being the most common manifestations. The safety of
cromolyn has made it a popular choice as initial therapy for
children with allergic rhinitis and for treating rhinitis during
pregnancy.63 Table 24-5 includes information about intranasal
cromolyn dosing and availability.

Intranasal Corticosteroid Therapy

14. A.C. is an 8-year-old boy with allergic rhinitis and asthma.
He has been treated with a budesonide Flexhaler for asthma and
loratadine for rhinitis. His mother reports that he frequently
sneezes, complains of an itchy nose and eyes, and does not sleep
well at night because of nasal congestion. She also reports that
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Table 24-4 Topical Ophthalmic Medications Commonly Used for Allergic Conjunctivitis

Generic Name (Example Brand Product) Available Dosage Forms/Strength Dose

Antihistamines

Azelastine (Optivar) Ophthalmic solution: 0.05% Adults and children ≥3 yrs: 1 drop into each affected
eye(s) every 12 hrs

Emedastine (Emadine) Ophthalmic solution: 0.05% Adults and children ≥3 yrs: 1 drop in the affected eye(s)
up to 4 times daily

Antihistamine/Decongestant Combinations

Antazoline + Naphazoline
(Vasocon-A)a

Ophthalmic solution: antazoline phosphate
0.5% naphazoline HCl 0.05%

Adults and children ≥6 yrs: 1–2 drops in the affected
eye(s) every 6 hrs for up to 3 days

Pheniramine + Naphazoline
(Naphcon-A)a

Ophthalmic solution: naphazoline HCl 0.025%
pheniramine maleate 0.3%

Adults and children ≥6 yrs: 1–2 drops in the affected
eye(s) every 6 hrs for up to 3 days

Antihistamine/Mast Cell Stabilizers

Ketotifen (Zaditor)a Ophthalmic solution: 0.025% Adults and children ≥3 yrs: 1 drop in the affected eye(s)
every 8–12 hrs

Olopatadine (Patanol) Ophthalmic solution: 0.1% Adults and children ≥3 yrs: 1–2 drops in the affected
eye(s) 2 times daily at an interval of 6–8 hrs

Mast Cell Stabilizers

Cromolyn Sodium (Crolom) Ophthalmic solution: 4% Adults and children ≥4 yrs: 1–2 drops in the affected
eye(s) 4–6 times daily

Lodoxamide (Alomide) Ophthalmic solution: 0.1% Adults and children ≥2 yrs: 1–2 drops in affected eye(s)
4 times daily for up to 3 mos

Nedocromil (Alocril) Ophthalmic solution: 2% Adults and children ≥3 yrs: 1–2 drops in the affected
eye(s) every 12 hrs

Pemirolast (Alamast) Ophthalmic solution: 0.1% Adults and children ≥3 yrs: 1–2 drops in each affected
eye(s) every 6 hrs

Nonsteroidal Anti-Inflammatory Drugs (NSAID)b

Ketorolac (Acular) Ophthalmic solution: 0.5% Adults and children ≥3 yrs: 1 drop into the affected
eye(s) 4 times daily.

Corticosteroids

Loteprednol (Alrex) Ophthalmic suspension 0.2% Adults: 1 drop into the affected eye(s) 4 times daily

aAvailable without a prescription.
bOther ophthalmic NSAID (diclofenac, flurbiprofen, suprofen) indicated for intraoperative miosis and for postcataract surgery, but not approved for allergic conjunctivitis.
Adapted from reference 98.

she usually cannot give him loratadine on a daily basis because it
makes him drowsy at school. His asthma has been well controlled
in the past; however, she is concerned that he is experiencing some
shortness of breath and that this might be related to his aller-
gies. While you are talking to him, you note that A.C. breathes
exclusively through his mouth, sniffs frequently, and rubs his nose.
You also notice dark circles under his eyes. What signs and symp-
toms of allergic rhinitis is A.C. displaying?

A.C. is displaying the classic signs of allergic airways dis-
ease in children. He is sniffing and snorting in response to nasal
itching and discharge. The frequent upward rubbing of the nose
(generally with the palm of the hand) is known as the “allergic
salute” and is caused by nasal itching. Long-standing symp-
toms can lead to facial abnormalities, including the formation
of a transverse crease across the bridge of the nose. Infraorbital

discoloration can develop with frequent rubbing of the eyes in
patients with severe ocular itching and the resultant dark circles
under the eyes are commonly known as “allergic shiners.”32

Role in Therapy

15. What would be the role of intranasal corticosteroids for this
patient?

Intranasal corticosteroids are the most effective therapy
available for the treatment of allergic rhinitis. They are safe,
well tolerated, and are highly effective in reducing itching,
sneezing, rhinorrhea, and congestion.79 Nasal corticosteroids
may also be beneficial in relieving cough associated with
postnasal drip in patients with allergic rhinitis.80 In addition
to improving all nasal symptoms, evidence also suggests that
intranasal administration of corticosteroids effectively relieves
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Table 24-5 Additional Oral and Topical Agents for Rhinitis

Generic (Brand Product) Available Dosage Forms/Strength Adult Dose Pediatric Dose

Oral

Leukotriene Modifiers
Montelukast (Singulair)

Tablets: 10 mg
Tablets, chewable: 4 mg, 5 mg
Oral granules: 4 mg

10 mg once daily Children 6–14 yrs: 5 mg once daily
Children 2–5 yrs: 4 mg once daily
Children 6–23 mos: 4 mg once daily

Topical

Antihistamine
Azelastine (Astelin)

Nasal spray: 137 mcg/spray 2 sprays/nostril every 12 hrs Children 5–11 yrs: 1 spray/nostril every 12 hrs

Mast cell stabilizer
Cromolyn Sodium
(Nasalcrom)a

Nasal spray: 5.2 mg/spray 1 spray/nostril every 4–6 hrs Children ≥2 yrs: 1 spray/nostril every 4–6 hrs

Anticholinergic
Ipratropium (Atrovent)b

Nasal spray: 21 mcg/spray
(for perennial symptoms),
42 mcg/spray (for seasonal
symptoms)

2 sprays/nostril up to
4 times daily
(MAX = 672 mcg/day)

Children ≥5 yrs: 2 sprays/nostril up to 4 times
daily (MAX = 672 mcg/day)

aAvailable without a prescription
bOptimum dosage varies with the response of the individual patient, however; it is always desirable to titrate an individual to the minimum effective dose to reduce the risk of side
effects. In addition, the safety and efficacy of the use of ipratropium 42 mcg nasal spray beyond 3 weeks in patients with seasonal allergic rhinitis has not been established.
Adapted from reference 98.

ocular symptoms.81 These agents also have demonstrated effi-
cacy for nonallergic rhinitis, rhinitis medicamentosa, and nasal
polyposis.22,23 The currently available nasal corticosteroids are
listed in Table 24-6.

Intranasal corticosteroids perform well in clinical trials
when compared with other therapeutic options. They are fre-
quently rated as more effective than antihistamines, although
their effects are technique-dependent.82,83 In a systematic re-
view of the medical literature performed by the Agency for
Healthcare Research and Quality, nasal corticosteroids pro-
vided significantly greater relief of symptoms compared with

antihistamines for various nasal symptoms and total nasal
symptom scores.84

Mechanism of Action

16. How do intranasal corticosteroids work to reduce symp-
toms?

Corticosteroids interact with a specific steroid receptor in
the cytoplasm of a cell, and the steroid receptor complex
then moves into the cell nucleus where it influences pro-
tein synthesis.85 Among the proteins synthesized is lipocortin,

Table 24-6 Intranasal Corticosteroidsa Commonly Used for Rhinitis

Generic Name Available Dosage
(Example Branded Product) Forms/Strengths Adult Dosea Pediatric Dosea

Beclomethasone
(Beconase AQ)

42 mcg/spray 1–2 sprays/nostril twice daily Children 6–12 yrs: 1–2 sprays/nostril twice daily

Budesonide
(Rhinocort Aqua)

32 mcg/spray 1 spray/nostril once daily
(MAX 4 sprays/nostril daily)

Children 6–12 years: 1 spray/nostril
once daily (MAX 2 sprays/nostril daily)

Fluticasone propionate
(Flonase)

50 mcg/spray 2 sprays/nostril once daily or
1 spray/nostril twice daily

Children 4–17 yrs: 1–2 sprays/nostril once daily

Fluticasone furoate
(Veramyst)

27.5 mcg/spray 2 sprays/nostril once daily Children 2–11 years: 1–2 sprays/nostril daily

Flunisolide
(Nasarel)

29 mcg/spray 2 sprays/nostril twice daily
(MAX 8 sprays/nostril daily)

Children 6–14 years: 1 spray/nostril three times daily or
2 sprays/nostril twice daily (MAX 4 sprays/nostril daily)

Mometasone
(Nasonex)

50 mcg/spray 2 sprays/nostril once daily Children 2–11 yrs: 1 spray/nostril once daily

Triamcinolone
(Nasacort AQ)

55 mcg/spray 2 sprays/nostril once daily Children 6–11 yrs: 1–2 sprays/nostril once daily

a It is always desirable to titrate an individual patient to the minimum effective steroid dose to reduce the risk of side effects. When the maximum benefit has been achieved and
symptoms have been controlled, reducing the steroid dose might be effective in maintaining control of rhinitis symptoms.
Adapted from reference 98.
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which inhibits the breakdown of phospholipids to arachidonic
acid; this, in turn, inhibits the formation of prostaglandins
and leukotrienes. Topical corticosteroids reduce the number
of eosinophils, basophils, and mast cells in the nasal mu-
cosa and epithelium; directly inhibit the release of mediators
from mast cells and basophils; reduce mucosal edema and va-
sodilation; stabilize the endothelium and epithelium, resulting
in decreased exudation; and reduce the sensitivity of irritant
receptors, resulting in decreased itching and sneezing.33 Top-
ical corticosteroids inhibit both the early- and late-phase re-
actions to antigen challenge, in contrast to systemic cortico-
steroids, which inhibit only the late-phase reaction in allergic
rhinitis.86

17. Are there any specific considerations related to the use of
intranasal corticosteroids in treating allergic rhinitis in a patient
with concomitant asthma?

Based on the relationship between inflammation in the up-
per and lower airways, and the similar immunologic mecha-
nisms involved in allergic rhinitis and asthma, it is a reason-
able assumption that poor control of upper airway allergies
can have a negative impact on asthma control.87–89 In fact,
rhinitis is a risk factor for asthma development,90 and poorly
controlled rhinitis can aggravate asthma control.91 In a patient
with asthma, treatment of allergic rhinitis with nasal cortico-
steroids can reduce airway hyperresponsiveness and symptoms
of asthma.92

Historically, the use of antihistamines was considered prob-
lematic for patients with asthma because of a theoretic concern
about excessive drying of airway secretions caused by the anti-
cholinergic properties of these agents. It is now clear that most
patients with asthma can take any of the antihistamines without
adverse pulmonary effects.

Choice of Therapeutic Agent

18. What are considerations in selecting among the various
nasal corticosteroid products?

Currently marketed intranasal corticosteroid products vary
in the pharmacologic characteristics that can influence patient
acceptance and adherence; however, there do not appear to be
significant advantages with regard to efficacy among them.93

Topical application is very effective in controlling nasal symp-
toms with minimal risks of systemic effects.94 Primary dif-
ferences among products include potency, dosing regimens,
delivery systems, spray volume, and patient preference.95

The method to determine potency among topical cortico-
steroids is to measure topical vasoconstrictive activity on the
skin. Cutaneous vasoconstriction may not consistently cor-
relate with anti-inflammatory potency in the nasal mucosa,
however.96 Potency can also be described as a measure of
lipophilicity because agents that are highly lipophilic may
have faster absorption and longer residence at the receptor
in the mucosa. The lipophilicity from highest to lowest among
current products is flunisolide, triamcinolone, budesonide, be-
clomethasone, fluticasone, and mometasone.96

The topical-to-systemic potency relationship should also be
considered as the ideal agent should exhibit high topical po-
tency and low systemic activity. After topical administration,
the corticosteroid may reach the systemic circulation by ab-
sorption across the nasal mucosa or through gastrointestinal

absorption of the swallowed portion of the dose.96 Among
the available agents, mometasone and fluticasone have the
lowest systemic bioavailability, ranging from 0.1% to <2%.
Beclomethasone may exert greater systemic effects owing to
its metabolism to an active metabolite (beclomethasone 17-
monopropionate). For this reason, newer agents are often fa-
vored over beclomethasone.97

Studies have shown that varying sensory attributes (e.g.,
taste, smell, aftertaste, throat rundown, nose runout, and feel
of spray in nose and throat) affect acceptability of, and pref-
erence for, particular nasal corticosteroid products.93,95 Al-
though more patients rated aftertaste as the most important
feature determining their preference,93 no head-to-head trials
have directly compared the available products and, thus, some
degree of experimentation may be required in individual pa-
tients.

Safety

19. How safe are intranasal corticosteroids in this situation?

The corticosteroids currently available for intranasal
administration are listed in Table 24-6. Among available
products, intranasal corticosteroids have similar efficacy
in clinical trials.81 Budesonide, flunisolide, triamcinolone,
and beclomethasone are indicated for ages 6 years or older.
Fluticasone and mometasone are labeled for ages 4 years and
older and 2 years and older, respectively.98

A common concern regarding the use of corticosteroids
in children is the risk of growth suppression. In 1998, the
FDA required new labeling on inhaled and intranasal corti-
costeroid preparations to alert heath care providers that use of
these products in children may reduce their rate of growth.
Although beclomethasone may be associated with reduced
growth velocity,99 numerous studies have shown no growth
delay in children treated long term with newer intranasal
steroids.100–102

In 2003, the FDA approved revised labeling for flutica-
sone nasal spray, indicating no adverse effect on growth even
with use for up to 1 year. Data are lacking, however, about
the potential risk of reduced growth velocity associated with
a combination of intranasal and orally inhaled corticosteroids.
With this in mind, it is appropriate to recommend agents with
low systemic bioavailability and to utilize the lowest effective
dose.

Other potential adverse effects of chronic nasal cortico-
steroids have been investigated. Prolonged topical use of in-
tranasal corticosteroids does not impose a significant risk for
mucosal atrophy, histologic changes in nasal mucosa have
not been demonstrated, and intranasal candidiasis has never
been documented.103 Although the effects of systemic steroids
on the eyes are well-established, nasal steroids have not been
shown to increase intraocular pressure.104 A report from the
National Registry of Drug-Induced Ocular Side Effects linked
21 cases of bilateral posterior subcapsular cataracts to the use
of intranasal or inhaled corticosteroids105; however, several of
these patients were also on systemic corticosteroids or had used
high-dose beclomethasone for more than 5 years. The risk of
cataracts with the newer agents has not been established.105

It may be important for the clinician to consider the to-
tal corticosteroid load in atopic patients who may be treated
with an inhaled or systemic preparation for asthma, intranasal
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preparation for rhinitis, and dermatologic preparation for
eczema, although no guidelines to follow exist in this area.
Although nasal steroids are considered safe and are some-
times available without a prescription from pharmacies outside
the United States, recently a Joint Taskforce for the Amer-
ican Academy of Allergy, Asthma and Immunology issued
a position statement recommending that these agents remain
prescription-only and prescribed under the direct supervision
of a physician.106

Instructions for Use

20. A.C. is given a prescription for budesonide, two actuations
in each nostril twice daily. How should he be counseled to use this
drug?

Although nasal corticosteroids have an excellent safety pro-
file, some local adverse effects can occur. The currently avail-
able products are all aqueous solutions delivered via a manual
spray pump; these are much less drying than the original
propellant-based aerosol formulations of the same products.
The most commonly reported side effect is epistaxis, with ex-
cessive nasal dryness and crusting also reported.32 A more
serious concern is the risk for nasal septal perforation. Proper
technique in using the nasal corticosteroid products can reduce
the risks for these side effects.1

Patient education is important to ensure proper use of, and
response to, the intranasal corticosteroids. A.C. should be in-
structed to blow his nose gently before using the nasal inhaler
as severe blockage of the nasal passage may prevent deposi-
tion of the drug at the intended site of action. If the patient is
severely congested, a short course (up to 3 days) of topical de-
congestant used just before the intranasal corticosteroid may be
indicated. The patient should be instructed to direct the spray
away from the nasal septum. This is accomplished by pointing
the applicator nozzle straight and back using the contralateral
hand to ensure application is parallel to the septum.32

Therapeutic benefit to nasal steroids is generally appreci-
ated in as few as 2 days, although some newer agents (e.g.,
budesonide, mometasone, and fluticasone) may begin to re-
lieve symptoms within hours.81 Fluticasone has been effective
when used on an as-needed basis.42 Nonetheless, it is reason-
able to advise patients that full benefit may not be realized for
up to 3 weeks.

Systemic Corticosteroids

21. What is the role of systemic corticosteroid therapy for al-
lergic rhinitis?

In contrast to the minimal side effects of the topical corti-
costeroids, systemic administration of these drugs can cause
numerous, and at times serious, side effects. Systemic admin-
istration, therefore, must be reserved for only short-term, ad-
junctive therapy in cases of severe, debilitating rhinitis. In such
cases, a short course of relatively high-dose corticosteroid,
so-called “burst” therapy, can be administered. Prednisone
40 mg/day for adults or 1 to 2 mg/kg/day for children (or
an equivalent dose of a comparable compound) every morn-
ing for up to 7 days effectively relieves acute, severe rhinitis
symptoms. If A.C. were to have a particularly severe exacer-
bation of his allergic rhinitis such that it interfered with sleep
or ability to attend school, an oral corticosteroid burst would
be indicated. More likely, A.C. would require a short course of
systemic corticosteroids for an acute asthma exacerbation, but

despite the stimulus, short course oral steroids should result in
improved nasal symptoms.

Combination Therapy

22. Would there be an advantage in combining various thera-
pies for allergic rhinitis in this patient?

The rationale for combining agents to treat allergic rhini-
tis is based on the theoretic benefit of additive or synergis-
tic reactions. Various combinations have been studied. Con-
comitant use of antihistamines and decongestants has been
shown to relieve individual nasal symptoms as well as the total
symptom score as compared with either agent alone. When
combinations of antihistamines and nasal corticosteroids were
compared with either agent alone, the combination was supe-
rior to antihistamine monotherapy but not to treatment with
nasal corticosteroids alone.107 In one study using an algorithm
for treatment, this combination, however, was the standard for
severe rhinitis.108 Studies evaluating the combination of an-
tihistamines and leukotriene modifier therapies have yielded
inconsistent results.109,110 Therefore, it is unclear that the com-
bination is superior to monotherapy with either agent alone
and it is likely less effective than treatment with nasal steroids
alone.83 When combination therapy of any kind is used, once
symptoms are controlled, one agent should undergo a trial for
discontinuation.

Leukotriene-Modifying Agent Therapy

23. K.H. is a 58-year-old man with allergic rhinitis. He has ex-
perienced symptoms during ragweed pollen season for several
years. He has used various antihistamines for his symptoms dur-
ing this time with moderate success. At times, K.H. has self-
medicated with nonprescription medications, including clemas-
tine and diphenhydramine. This year, he initiated therapy with
diphenhydramine 1 week before the pollen season, but began ex-
periencing symptoms of urinary retention after 10 days. His physi-
cian advised him that this might be related to the antihistamine
aggravating his enlarged prostate and he was given a prescription
for fexofenadine. After 1 week, K.H. complains that the medica-
tion is not working. After seeing an advertisement on television,
he inquires about the use of a leukotriene modifier for his allergic
rhinitis. What is the mechanism for the K.H.’s urinary discomfort
attributed to the diphenhydramine?

K.H. is exhibiting symptoms of urinary outflow obstruction
or prostatism. Common features of this are frequency, hesi-
tancy, slow urine stream, dribbling, and bladder fullness af-
ter voiding. The most common cause of obstruction is benign
prostatic hyperplasia (BPH). Because the prostate is located
anatomically around the urethra, enlargement of the gland can
obstruct urine flow.111

The bladder and urethra are made up of smooth muscle
tissue that is innervated by the sympathetic and parasympa-
thetic divisions of the autonomic nervous system. The detrusor
musculature is predominantly innervated by β-adrenergic and
cholinergic receptors, whereas the bladder neck (or outlet) is
innervated predominately by α-adrenergic receptors. Sympa-
thetic stimulation causes relaxation of the detrusor muscle to
allow bladder filling, closure of the urethra, and decreased blad-
der emptying. Cholinergic stimulation of the detrusor causes
contraction of the detrusor to cause bladder emptying. Ini-
tially, the detrusor musculature can compensate for the urethral



ACUTE AND CHRONIC RHINITIS � 24-19

obstruction in BPH. Eventually, however, the detrusor muscle
fibers hypertrophy and decompensate, resulting in urinary re-
tention and detrusor hyperreflexia manifesting as urinary fre-
quency, urgency, urge incontinence, and nocturia.111

When K.H. took diphenhydramine, the anticholinergic
properties of the drug blocked detrusor contraction and
precipitated acute urinary retention.112 In this case, therapy
with a SGA (i.e., fexofenadine) is more appropriate because
these agents have little to no anticholinergic side effects.

Efficacy

24. What is the rationale and evidence that a leukotriene mod-
ifier might be beneficial in this case of allergic rhinitis?

Leukotrienes are important inflammatory mediators in the
upper and lower airways and are present in nasal secretions
of patients with allergic rhinitis. They serve as inflammatory
mediators that result in increased vascular permeability, tis-
sue edema, mucus secretion, and increased eosinophils. These
actions lead to the symptoms of allergic rhinitis, as well as
those of asthma.43 In clinical trials, leukotriene modifiers re-
lieve nasal symptoms in patients with allergic rhinitis44 with
similar efficacy to SGA45 and less efficacy than nasal cortico-
steroids.113

In actual use, the benefit of leukotriene modifiers has been
modest; therefore, their role is typically adjunctive to the use
of first-line agents for allergic rhinitis.114 Clinical decisions
about the value of combining treatments should be based on
the specific clinical situation. Because K.H. has experienced
intolerance to first-generation antihistamines and a lack of ef-
ficacy with second-generation antihistamines, a trial with a
leukotriene-modifying agent is appropriate. Note that a pa-
tient with mild asthma and allergic rhinitis may benefit from
therapy with a leukotriene modifier with or without an antihis-
tamine. If used, however, a risk exists of a rare complication
known as Churg-Strauss syndrome, which is characterized by
eosinophilia, vasculitic rash, worsening pulmonary symptoms,
cardiac complications, and neuropathy.98 Table 24-5 includes
information about the use and availability of montelukast,
which is currently the only leukotriene modifier approved for
allergic rhinitis.

Complementary and Alternative Therapies

25. C.L., a 25-year-old woman presents in mid-August com-
plaining that her allergies are worsening daily. Symptoms are
nasal discharge and obstruction, repetitive sneezing, and itching
of the nose, eyes, and throat. She is fatigued and has difficulty
concentrating. Her symptoms have been occurring in late spring
and summer since high school, and she has used a variety of medi-
cations intermittently over the years. C.L. is a competitive runner
but has been unable to run as far or as often as usual owing to
symptoms. She is also reluctant to use medications as they may be
prohibited by her race sponsors. A running partner mentioned
that she could control her allergy symptoms with diet, exercise,
and herbal remedies purchased at a local nutritional supplement
shop. She asks your advice about this. What, if any, alternative
treatments have been shown to be efficacious in allergic rhinitis?

Alternative treatments are common among adults with
rhinitis and should be taken into account by health care
providers. A survey of 300 adults indicated that herbal agents,

caffeine-containing products, homeopathy, acupuncture, aro-
matherapy, reflexology, and massage were common alternative
treatments for respiratory conditions.115 Still, because allergic
rhinitis is largely a self-managed disease, it is likely that re-
ported use of these agents is underestimated. For these reasons,
patients should always be questioned specifically about the use
of alternative therapies during the patient interview. Although
some alternative approaches have been deemed to be safe, effi-
cacy for many modalities has not been clearly established.39 In
addition, some complementary therapies have been associated
with side effects and potential drug interactions.116,117

Some reports have indicated that patients with allergic rhini-
tis may benefit from hydration and a diet low in sodium, omega-
6 fatty acids, and transfatty acids, but high in omega-3 fatty
acids (e.g., fish, almonds, walnuts, pumpkin, and flax seeds),
and at least five servings of fruits and vegetables per day.118

These recommendations are not without merit, because they
may be beneficial for the population at large, but insufficient
evidence exists to support specific value for allergic rhinitis
symptoms.

No good clinical data are available on the efficacy of supple-
ments containing vitamin C, grapeseed extract, bee pollen and
honey, burdock, ginger, freeze-dried stinging nettle leaves, or
quercetin (a bioflavonoid found in apples, buckwheat, grapes,
red onions, red wine, and white grapefruit).39,119 Further stud-
ies are needed to assess the efficacy of these supplements and
herbs.

Menthol delivered in lozenges and rubs has been shown
to have an ameliorating effect on nasal congestion; however,
the effects are short-lived.120 Other forms of aromatherapy sug-
gested to relieve nasal congestion include massaging the essen-
tial oils of lavender and niaouli around the sinuses, or inhaling
eucalyptus and peppermint oils.121

For the motivated patient, mind-body interventions, such
as yoga, hypnosis, and biofeedback-assisted relaxation and
breathing exercises, are beneficial for stress reduction, in gen-
eral, which may improve the quality of life associated with
rhinitis symptoms and treatment.116 Acupuncture has been
shown to have an attributive effect in inflammatory diseases
such as rhinitis; however, not sufficient data are found to recom-
mend this therapy at this time.122 Although some studies have
shown that patients with allergic rhinitis who received home-
opathic dilutions of allergens had significantly better nasal air
flow than those in the placebo group, overall no difference was
seen in subjective measurement on a visual analog scale.123

A recent study reported that butterbur extract was as effec-
tive as cetirizine for symptoms of hay fever124; however, these
results have been challenged on methodological concerns.125

Further investigation is required to determine the role of but-
terbur extract in the management of rhinitis.126

Reports regarding the use of intranasal zinc for upper respi-
ratory symptoms, particularly those associated with the com-
mon cold, have been conflicting. Although zinc gels and sprays
are popular OTC products, they have been shown to be inef-
fective in a double-blind, placebo-controlled clinical trial127

and have been associated in zinc-induced anosmia syndrome,
particularly when the products are sniffed deeply.128

It has been suggested that herbs that support improved im-
mune function could theoretically also help to ease symp-
toms of allergy.129 With this in mind, echinacea has become
one of the top-selling herbal products in the United States.
Echinacea, however, is closely related to sunflowers, daisies,
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and ragweed—all members of the Compositae (Asteraceae)
family.130 The possibility that cross-sensitivity between echi-
nacea and other environmental allergens may trigger aller-
gic reactions is supported by an Australian review of all ad-
verse drug reports, including cases of anaphylaxis, associated
with echinacea.131 Patients with known allergy to these plants
should be cautioned regarding the use of echinacea products.

Although a variety of alternative remedies are widely avail-
able and used frequently in self-treatment, based on evaluation
of these data, there is no firm recommendation for C.L. regard-
ing the use of alternative therapies in allergic rhinitis.39

Immunotherapy

26. R.C. is a 25-year-old schoolteacher who has experienced al-
lergic symptoms since childhood, but noticed a worsening after
she graduated from college and moved to a new area of the coun-
try. Although she has mild symptoms year-round, she has severe
exacerbations during April through–June and August through
October each year. During these periods, she feels that exposure
to cut grass and weeds provoke profound nasal symptoms. She
also notes that when she spends more time outdoors in spring
and early fall, her regular therapy, fluticasone nasal spray, is less
effective. She has added loratadine during this time, but is frus-
trated by having to take so many medications while continuing to
experience symptoms. R.C. asks your opinion about allergy shots,
remarking that she started them as a child with some relief, but
moved after a year and never resumed treatment. Is allergen im-
munotherapy effective for reducing symptoms of allergic rhinitis?

Efficacy
Allergen-specific immunotherapy has long-term efficacy, in-
duces clinical and immunologic tolerance, and may prevent
progression of allergic disease.132,133 This process usually
involves subcutaneous injection (sometimes called “allergy
shots”) of dilute solutions of allergen extracts to increase tol-
erance to allergens so that the threshold for symptoms is in-
creased (i.e., subsequent exposure elicits no or mild symp-
toms).

Immunotherapy administered via SIT has been used em-
pirically since the early 1900s, and its efficacy has been docu-
mented in many controlled trials.134 A meta-analysis of 51 pub-
lished studies involving 2,871 patients concluded that SIT is
effective in the treatment of allergic rhinitis.47 In addition, stud-
ies of immunotherapy for allergic rhinitis in children suggest
that immunotherapy may prevent the onset of asthma.135,136

Taken together, these studies show that SIT should be con-
sidered a supplement to drug therapy in specific patients and
possibly be used earlier in the course of allergic disease to
achieve maximal benefit.2

Allergen Testing

27. How can the clinician determine R.C.’s specific sensitivities?

Skin testing using the modified prick test method or a prick-
puncture method is used to confirm the diagnosis of allergic
rhinitis and to determine specific allergen sensitivities. Skin
testing is a highly sensitive and relatively inexpensive objec-
tive measurement of allergen sensitivity. Small quantities of
allergen are introduced into the skin by pricking or puncturing
the skin in the immediate presence of the diluted allergen ex-

tract. Fifteen to 35 tests are placed on the upper portion of the
back or the palmar surface of the forearms. A positive skin test
produces a wheal and flare at the site within 15 to 30 minutes
of application. An experienced clinician, usually an allergist,
should conduct skin testing using high-quality allergen extracts
and should interpret the results.137

The allergens tested vary with geographic location, empha-
sizing the most common offending plant species that generate
airborne particles. Pollen, the primary particle, is produced by
trees, grasses, and weeds. Each of these plant groups gener-
ally pollinate at about the same time each year: trees in the
spring, grasses from early to midsummer, and weeds from late
summer into fall before the first killing frost. The onset and
potency of the pollen season varies with geographic location
and weather, particularly with respect to temperature and mois-
ture. Seasonality can be misleading, however, because settled
pollen particles from a previous season may be resuspended
in the air following the spring snow melt or periods of heavy
winds.

Mold spores also are common airborne allergens. The out-
door molds release their spores from early spring through late
fall. Within this long season, spore counts increase and de-
crease, depending on the presence of local flora on which these
molds grow (e.g., grain and other crops, forests, and orchards).
Some perennial allergens (e.g., house dust mites, insect and an-
imal dander, and some indoor molds) occur consistently across
all geographic distributions. In each case, skin test results must
be correlated with the patient’s clinical history.132

R.C.’s perennial symptoms with seasonal exacerbations in-
dicate sensitivity to the common perennial allergens with a
particular sensitivity to seasonal allergens such as tree, grass,
and weed pollen, but these subjective relationships should be
confirmed with skin testing.

An alternative to skin testing is the radioallergosorbent test,
in which the patient’s serum is tested for allergen-specific IgE
antibodies. However, this test is less sensitive and more expen-
sive than skin testing.138 It is indicated only in selected clinical
situations: when a patient consistently reacts positively to the
negative control skin test (dermatographism), when antihis-
tamine therapy cannot be discontinued, or when the patient
has extensive atopic dermatitis or other skin lesions. Blood
eosinophil counts and total serum IgE antibody measurements
are neither sensitive nor sufficiently specific to be useful in the
diagnosis of allergic rhinitis.1

28. Because R.C. is currently using medications (fluticasone
nasal spray and loratadine) for her symptoms, should these be
discontinued before skin testing?

Antihistamines blunt the wheal-and-flare reaction by block-
ing the effects of histamine on capillaries. Different antihis-
tamines vary in the extent to which they can inhibit wheal
formation and in the duration of the inhibitory effect (Table
24-7). Depending on the agent selected, antihistamines must
be discontinued from 24 hours to 10 days before skin testing
and even then, considerable interpatient variability exists in
blocking effects.139 For best results, R.C.’s loratadine should
be discontinued 10 days before her skin testing.

Other allergy medications, including cromolyn and nasal
corticosteroids, have no effect on skin tests. Likewise, most
asthma medications, including leukotriene modifiers, in-
haled β2-agonists, cromolyn, theophylline, and inhaled and
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Table 24-7 Effects of Antihistamines on Allergen Skin Tests

Drug Extent of Suppressiona Half-life (hr)b Duration of Suppression (day)

Brompheniramine + 24.9 1–4
Cetirizine +++ 7.4–11 (7) 3–10
Chlorpheniramine + 24.4 (11) 1–4
Clemastine ++ 21.3 1–10
Cyproheptadine +/– 16 1–4
Desloratadine +/++ 27 (27) 3–10
Diphenhydramine +/– 4–9 1–4
Fexofenadine ++ 14 (18) 3–10
Hydroxyzine ++ 20 (7.1) 1–10
Loratadine +/++ 11–24 (3.1) 3–10
Promethazine + 12 1–4

a+++, extensive; ++ moderate; +, mild; +/– minimal to none, – unknown.
bParenthetical numbers indicate half-life in children.
Adapted from references 1, 98, 140.

short-course systemic (burst) corticosteroids have no effect on
skin tests.137,140,141 R.C. can continue the use of fluticasone
nasal spray while she waits to be skin tested.

Oral β2-agonists, long-term systemic corticosteroids, and
high-potency topical corticosteroids (applied to the skin testing
sites) may block cutaneous wheal-and-flare reactions. Tricyclic
antidepressants are potent inhibitors of the wheal-and-flare re-
action, and their effects can last up to 10 days. Phenothiazine-
type antipsychotics and antiemetics (e.g., chlorpromazine,
prochlorperazine) also can block cutaneous reactions to aller-
gens. β2-blockers can increase skin reactivity.137 Depending
on the indication for drug therapy, however, discontinuation of
these drugs before skin testing is not always advisable. Recom-
mendations for discontinuing antihistamines before allergen
skin testing are listed in Table 24-8.

29. Is R.C. a candidate for immunotherapy injections?

Immunotherapy via SIT is indicated for patients with ev-
idence of sustained, clinically relevant IgE-mediated disease
and a limited spectrum of allergies (i.e., one or two clini-
cally relevant allergens) and in whom pharmacotherapy and
avoidance measures are insufficient.142 Further considerations
are the patient’s attitude to available treatment modalities, costs
of treatment, and the quality of allergen vaccines available for
treatment.132 In the case of R.C., she has year-round symptoms
with seasonal exacerbations, she has not experienced symptom
relief when using appropriate therapies, and she is motivated to
try immunotherapy. In addition, a previous trial in childhood
was beneficial. For these reasons, skin testing and a trial of
immunotherapy with specific allergens are reasonable.

Other Forms

30. Are there alternatives to injectable delivery of immuno-
therapy?

Traditional subcutaneous immunotherapy presents some
disadvantages, such as costs, adherence, and rare systemic
reactions. Because regular injections can be unacceptable to
some patients, alternative methods of delivering antigens, such
as SLIT and NIT, have been investigated.143–145 A recent re-
view of sublingual therapy for allergic rhinitis determined that
SLIT is a safe treatment that significantly reduces symptoms

and medication requirements in allergic rhinitis.48 Less evi-
dence is found about the efficacy of NIT, but a recent multi-
center trial in children suggests improvement in nasal symptom
scores as compared with placebo.145 Neither SLIT nor NIT is
currently available in the United States and, although both have
shown potential, SIT is still optimal in severe allergic rhinitis
with signs of bronchial hyperreactivity.47

Length of Therapy

31. If R.C. decides to proceed with immunotherapy, how long
should her therapy continue and how long will the effects last?

After identifying the offending allergens via skin testing,
subcutaneous immunotherapy is generally administered in two
phases. During the build-up phase, increasing doses of aller-
gen are given once or twice a week until a predetermined
target or maintenance dose is achieved. This usually takes 3
to 4 months (e.g., 16–18 injections). Once this maintenance
dose is reached, shots are usually administered every 2 to

Table 24-8 General Recommendations for Discontinuation of
Antihistamines before Allergen Skin Testing

1. Remind patient that allergic symptoms may return during the
antihistamine-free period, but that reliable skin tests cannot be
performed in a patient taking antihistamines.

2. Discontinue any short-acting antihistamine (i.e., those in Table 24-7
with a duration of suppression ≤4 days) 4 days before skin testing.

3. Discontinue longer-acting antihistamines (i.e., those in Table 24-7
with a duration of suppression >4 days) at an interval appropriate to
their duration of effect (e.g., hydroxyzine should be discontinued
10 days before skin testing)

4. Before applying the full battery of skin tests, apply histamine
(positive) control and glycerinated diluent (negative) control tests.
Application of a 1 mg/mL histamine base equivalent should yield
wheal-and-flare diameters of 2–7 mm and 4.5–32.5 mm,
respectively, to be considered a normal histamine reaction. A normal
cutaneous reaction to histamine control suggests that accurate skin
testing can be performed.

Adapted from reference 140.
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3 weeks over the ensuing several years of treatment. Clinical
improvement with immunotherapy usually occurs in the first
year. In a small percentage of patients, there is no improvement
and immunotherapy is discontinued. If symptoms are reduced,
however, injections are usually continued for 4 to 5 years of
maintenance therapy.132

Although immunotherapy can lead to long-term remission
of symptoms, one drawback is the lengthy treatment period.
Preliminary data involving a 2-year study of 19 patients aller-
gic to ragweed who underwent one allergy shot per week for
6 weeks before the ragweed season suggest that significant re-
lief can be obtained from a shorter term of treatment.144 SIT
alters the natural course of disease and evidence suggests that
efficacy persists long after therapy ends.146

Risks

32. What are the risks associated with immunotherapy?

Local adverse reactions (i.e., redness, swelling) to im-
munotherapy can be common, but the risk of severe reac-
tion (i.e., anaphylaxis) is low. A new classification system for
grading systemic reactions has been proposed, which catego-
rizes these into immediate (occurring within 30 minutes) and
late (developing after 30 minutes).132 In addition, pretreatment
with antihistamines during immunotherapy induction has been
shown to reduce the incidence of such adverse events. In view
of the occasional occurrence of systemic side effects following
injections, it is important that SIT be performed by personnel
who are fully trained and experienced in the early recognition
and treatment of such reactions.47

DRUG-INDUCED NASAL CONGESTION

33. L.K. is a 27-year-old man who has suffered intermittent
symptoms of allergic rhinitis. He reports that his symptoms are
most bothersome in the spring and associated with blooming of
various grasses. During these periods, he typically uses chlor-
pheniramine, which relieves his symptoms adequately. This sea-
son, he reports that his symptoms have been more severe, with
sneezing, runny nose, and extreme itching in his nose. He has
tried chlorpheniramine and recently switched to loratadine, with
partial relief of symptoms. He also states that nasal congestion
has been more of an issue with this episode and to address this he
has used xylometazoline nasal spray for the past 3 weeks. Despite
increasing the use of nasal spray from two to four times a day,
however, he reports that the congestion is getting worse. What
might be an explanation for L.K.’s increasing need for nasal de-
congestant?

L.K. may be experiencing rhinitis medicamentosa (RM) or
rebound congestion, a condition characterized by nasal con-
gestion without rhinorrhea, postnasal drip, or sneezing and is
associated with overuse of topical nasal decongestants.22 For
this reason, topical decongestant therapy should be limited to
no more than 10 days, but because the time course can vary
among patients, preferably fewer than 5 days.147

Etiology

34. Why does rhinitis medicamentosa occur?

Sympathomimetic, or adrenergic, agents stimulate α-
adrenergic receptors on blood vessels, resulting in vasocon-
striction. In the nasal mucosa, the therapeutic effect is relief of
nasal congestion associated with edematous, congested blood
vessels as a result of the allergic response. Rhinitis medica-
mentosa occurs as a result of a rebound phenomenon where the
vessels in the nasal mucosa become more engorged and edema-
tous as a result of overstimulation of α-adrenergic receptors.148

As a result, patients use the decongestant more frequently
and may increase the dose for relief, creating a vicious cy-
cle. This problem is commonly reported with topical decon-
gestants, but is uncommon with oral agents. Note that top-
ical decongestants should never be used in infants younger
than 6 months of age because they are obligate nose breathers
and the resulting rebound congestion could cause obstructive
apnea.

The precise mechanism of rhinitis medicamentosa is un-
known, but theories suggest it may be secondary to the de-
creased production of endogenous sympathetic norepinephrine
through a negative feedback mechanism. With prolonged use
or following discontinuation of topical decongestants, the sym-
pathetic nerves may be unable to maintain vasocontriction
because norepinephrine release is suppressed.147 It has also
been suggested that benzalkonium chloride (BKC), used in
topical decongestant products as a preservative, worsens rhini-
tis medicamentosa; therefore, some authors recommend using
BKC-free products, even though no evidence exists of wors-
ening congestion in subjects who use nasal glucocorticoids
containing BKC.22 In addition to rhinitis medicamentosa, sys-
temic medications and some drugs of abuse can cause nasal
congestion or other nasal symptoms.22 Table 24-9 lists drugs
capable of causing rhinitis symptoms.

Strategies for Resolution

35. What are possible strategies to recommend to L.K. to ad-
dress this problem?

The best strategy for managing rhinitis medicamentosa is
prevention, but when that fails, several options for treatment
exist.147 Patients must be educated about the effects and poten-
tial complications of topical decongestants whenever they are
prescribed or purchased without a prescription. Ideally, topi-
cal decongestant use should be limited to fewer than 5 days.
If longer treatment is required, the patient should take a 1- to
2-day holiday during which the topical agent is not used before
resuming treatment.

In any case of drug-induced nasal congestion, the most im-
portant intervention is to discontinue the offending agent and,
if necessary, substitute another therapy that will not cause nasal
symptoms.22 In the case of topical decongestants, discontin-
uation of the nasal spray can be difficult for the patient and
presents the clinician with a therapeutic challenge. It also is
important to appropriately treat the underlying cause of the
nasal congestion that led to the overuse of the topical decon-
gestant.

A simple strategy is to discontinue the topical deconges-
tant spray. This can be done abruptly, but is likely to cause
the patient considerable discomfort for the first 4 to 7 days af-
ter discontinuation.147 There are also strategies to ameliorate
the uncomfortable symptoms for the patient. The use of saline



ACUTE AND CHRONIC RHINITIS � 24-23

Table 24-9 Drugs Capable of Causing Nasal Symptoms

Antihypertensives

Amiloride
Angiotensin converting enzyme (ACE) inhibitor class
β-blocker class
Chlorothiazide
Clonidine
Doxazosin
Guanethidine
Hydralazine
Hydrochlorothiazide
Methyldopa
Phentolamine
Prazosin
Reserpine

Phosphodiesterase type 5 inhibitors

Sildenafil
Tadalafil
Vardenafil

Hormonal products

Estrogens
Oral contraceptives

Pain relievers

Aspirin
Nonsteroidal anti-inflammatory drugs (NSAIDs)

Neuropsychotherapeutic agents

Alprazolam
Amitriptyline
Chlordiazepoxide
Gabapentin
Risperidone
Perphenazine
Thioridazine

Adapted from references 21, 22.

nose drops or spray can moisturize and alleviate nasal irritation.
Intranasal corticosteroids often help decrease the tissue inflam-
mation associated with rhinitis medicamentosa and can help
patients in the immediate period after discontinuing the topi-
cal decongestant. Oral decongestants can also be used for the
recovery period. In refractory cases, a short course of systemic
corticosteroids may be necessary.22 Note that if the patient has
used the topical decongestant continuously for many months
or even years, the nasal mucosa can be damaged irreversibly.

An alternative to abrupt cessation of the topical deconges-
tant is to recommend that the patient discontinue use of the top-
ical decongestant one nostril at a time. In this case, the patient
can continue using the topical agent in one nostril while wait-
ing for resolution of the condition in the other nostril. When the
drug is withdrawn completely from one nostril, begin decreas-
ing the amount of drug used in the other nostril. For example,
have the patient substitute normal saline nasal spray for decon-

gestant spray in the right nostril every other dose. Later, use
saline twice for each decongestant dose. Eventually, the decon-
gestant is discontinued totally in the right nostril and saline is
substituted. Repeat the process for the left nostril. Saline can
be used as often as needed throughout this process and after
the topical decongestant is completely withdrawn. This method
has been suggested in several reviews, although no prospec-
tive trial results are available to support it.22 Thus, this method
should be combined with careful patient education, support,
and frequent follow-up.

IDIOPATHIC RHINITIS

36. M.S., a 29-year-old man, complains of profuse watery rhin-
orrhea that has been a chronic and progressively worsening prob-
lem for the past 5 years. He also experiences some nasal conges-
tion with the rhinorrhea, but denies nasal itching or sneezing.
Although the symptoms tend to remit and exacerbate, they do
not occur in any definable seasonal pattern. His symptoms are
worsened by exposure to tobacco smoke, strong fumes such as
paint or ammonia, and hot coffee, and they often are associated
with headaches. Also, the rhinorrhea is substantially worse on
exposure to cold air. M.S. has no other medical problems and no
family history for allergies. He does not smoke and drinks only
occasionally. His only medication, beclomethasone dipropionate
(42 mcg/spray), two sprays in each nostril twice daily as needed,
only partially relieves the symptoms. M.S. sniffs and blows his
nose several times during the medical history taking. Physical
examination reveals a mildly erythematous nasal mucosa and a
minimally edematous inferior turbinate. Copious nasal discharge
is clear and watery and air movement through the nose is relatively
good. There is no sinus tenderness. The remainder of his physi-
cal examination is normal. Microscopic examination of a nasal
smear demonstrates only a few neutrophils and no eosinophils.
What information about M.S. supports the diagnosis of idiopathic
rhinitis?

Diagnosis
Idiopathic rhinitis is a diagnosis of exclusion encompassing
those patients with nasal mucous membrane inflammation with
no proved immunologic, microbiologic, pharmacologic, hor-
monal, or occupational cause.23 The syndrome is sometimes
called “vasomotor rhinitis,” but using this terminology can be
confusing because the cause of the symptoms has still not been
clearly identified.1,19 The prevailing theory holds that an im-
balance in the autonomic nervous system exists in which the
cholinergic parasympathetic activity exceeds the α-adrenergic
activity in the nasal mucosa.23 Theoretically, this is the reason
that stimuli that normally increase parasympathetic activity
in the nose, such as cold air and inhaled irritants, aggravate
symptoms.149 Still, substantial debate exists over whether id-
iopathic rhinitis represents a localized allergic response in the
absence of systemic atopic markers150 as well as the evidence
for inflammatory pathophysiology in the disease.151

The symptoms of idiopathic rhinitis are variable. Most
patients experience perennial nasal obstruction accompanied
by profuse, watery nasal and postnasal discharge. Many
patients complain of nasal obstruction as the primary symp-
tom, whereas for others it is rhinorrhea. Sneezing is usually not
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a prominent symptom and nasal itching is uncommon.1,19,23

Headache may occur and usually is frontal or localized over
the bridge of the nose. In patients with chronic nasal obstruc-
tion, chronic sinusitis and significant morbidity can result. In
contrast to allergic rhinitis, the onset of symptoms in patients
with idiopathic rhinitis usually occurs in adulthood, but before
40 years of age.19

Patients report worsening of their symptoms when exposed
to nonspecific irritants, including tobacco smoke, industrial
pollutants, strong odors and perfumes, newsprint, chemical
fumes; cold, dry air; changes in humidity; and ingestion of
very cold or very hot beverages or spicy foods. Most patients
have no history or evidence of atopy.19

The appearance of the nasal mucosa also is variable. The
turbinates are usually erythematous and, during an exacerba-
tion, considerable quantities of nasal secretions usually are
present. Mast cells may be present in the nasal smear; how-
ever, by definition, nasal eosinophilia is not present. Skin tests
are usually negative.23

37. M.S.’s symptoms of bothersome watery rhinorrhea, nasal
congestion, and headache without itching or sneezing are typi-
cal. His complaint of worsening symptoms with exposure to nox-
ious inhalants, cold air, and hot beverages supports the diagno-
sis of idiopathic rhinitis. The nasal smear, which notably lacks
large numbers of eosinophils, initially differentiates this disease
from NARES. M.S. asks what causes idiopathic rhinitis and what
can be done to alleviate his symptoms. What are the available
nonpharmacologic and pharmacologic treatments for idiopathic
rhinitis?

Choice of Therapeutic Agent
Nasal symptoms in patients with idiopathic rhinitis have been
shown to be influenced by psychological factors. Some ther-
apeutic benefit may be realized by establishing an ongoing,
trusting relationship between the health care provider and the
patient. This should include a thorough explanation of the dis-
ease state and the realistic outcomes of therapy for most pa-
tients. Psychotherapy is helpful in some cases. In addition, pa-
tients should be instructed to avoid as many aggravating factors
as possible, such as smoking, exposure to smoke or other irri-
tants, and very cold or very hot beverages. Saline irrigation is
valuable as a general soothing and moisturizing treatment. Ex-
ercise may be particularly helpful for patients with idiopathic
rhinitis because it increases sympathetic tone.23

Pharmacotherapy for idiopathic rhinitis should be directed
toward the predominant symptoms of the individual patient.23

For patients with predominant nasal congestion and minimal
rhinorrhea, the intranasal corticosteroids may be helpful. The
addition of oral decongestants may improve nasal obstruction
in some patients with idiopathic rhinitis, but objective mea-
sures of improvement are affected variably and side effects
can be problematic.

M.S.’s case is typical of the often frustrating course in treat-
ing idiopathic rhinitis.23 Commonly, multiple therapeutic plans
fail, and M.S. has responded incompletely and unsatisfactorily
to intranasal corticosteroids. Surgical treatments have been at-
tempted for patients in whom medical management fails, al-
though recent clinical evidence is limited primarily to case
reports.152

In patients such as M.S., who have rhinorrhea as their pre-
dominant symptom, nasal ipratropium bromide, a topically ac-
tive congener of atropine, may decrease nasal secretions.23

Also, FGA may be helpful because of their anticholinergic
drying effects. In general, however, FGA are less effective in
the treatment of idiopathic rhinitis than for allergic rhinitis,
and patients may have difficulty complying with therapy be-
cause of side effects. Of note, the nonsedating SGA have little
value in idiopathic rhinitis because they lack anticholinergic
properties.

38. How does ipratropium bromide work for idiopathic rhinitis
and how effective is it?

Ipratropium bromide’s quaternary ammonium structure
makes it lipophobic; therefore, it is absorbed poorly from the
nasal mucosa and gastrointestinal tract and does not cross
the blood–brain barrier. It significantly reduces rhinorrhea (as
measured by the number of nose-blowing episodes or daily
number of tissues used), but has no effect on sneezing or nasal
obstruction.153

The recommended dose of ipratropium bromide is two
sprays of the 0.03% nasal solution (42 mcg) in each nostril two
to three times per day, but dosage individualization (from 168
to 1,600 mcg/ day) is often required to achieve symptomatic
relief.98 A 0.06% nasal formulation is also available, but its use
is typically reserved for short-term treatment of common cold
symptoms. Table 24-5 includes information about intranasal
ipratropium dosing and availability.

In general, intranasal ipratropium bromide is well tolerated,
although its use is associated with dose-related side effects.1

The most common side effects are nasal dryness, nasal burning,
bloody nasal discharge (epistaxis), dry or sore throat, and dry
mouth.1 Theoretically, elderly men with BPH may experience
difficulty in urinating, but the risk is low because of negligible
systemic absorption. No significant adverse cardiovascular or
blood pressure effects have been observed.

CONCLUSIONS
The initial management of acute and chronic rhinitis should
be directed at preventing symptoms, which can be achieved
through a variety of pharmacologic and nonpharmacologic
methods. Plans for allergic rhinitis, the most common form,
should include patient education, allergen or irritant avoid-
ance and the appropriate medications, including immunother-
apy, if indicated. Control of the disease process is the expected
outcome—in which patients are able to live their lives comfort-
ably without symptoms or impairment. Customizing therapy
for each patient based on symptom history and response to
treatments is important. Rhinitis can be controlled and effec-
tive management can greatly improve the quality of patients’
lives.
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Because the lungs are exposed directly to the atmospheric envi-
ronment and whole circulating blood across an enormous sur-
face area, they are uniquely susceptible to the effects of air- and
blood-borne toxins. More than 350 drugs and diagnostic agents
are known to cause pulmonary injuries of varying pathophys-
iological patterns, degrees of severity, and pathogenic mecha-
nisms that involve the airways, lung parenchyma, pulmonary
vasculature, pleura, and neuromuscular system.1,2

The resolution of acute drug-induced pulmonary disorders
is dependent on early recognition and identification of the of-
fending agent, its prompt withdrawal, and the initiation of man-
agement strategies. The diagnosis of drug-induced pulmonary
toxicity generally rests on the exclusion of other causes or
disorders with similar presentation. Therefore, it is incum-
bent on health care providers to have an awareness of the
clinical findings consistent with drug-induced pulmonary dis-
orders. An understanding of the mechanism of reaction and
possible risk factors for adverse reactions is invaluable in the
selection of alternative therapies to avoid or minimize toxi-
cities.3

Drug-induced pulmonary disorders can be subdivided into
categories based on the pathophysiological patterns of involve-
ment. Some drugs can produce more than one pattern. Tables
25-1 and 25-2 include some commonly encountered pathology
and implicated drugs with clinical details of the pulmonary re-
actions. This is not a complete listing of pathophysiological
patterns or drugs reported to cause pulmonary disorders. For
more comprehensive drug lists and greater detail, the reader is
referred to several general reviews on this topic, including an
online database.2−9

Generally, the initial step in the management of drug-
induced pulmonary disorders is the discontinuation of the of-
fending agent, where possible. Some management strategies
include the use of corticosteroids. However, the potential ben-
efit of corticosteroid therapy for the treatment of the serious
acute respiratory distress syndrome (ARDS) remains contro-
versial and appears to vary with the drug involved, the extent
and type of toxicity elicited, the dosage of corticosteroid, and
the time of the administration of corticosteroid therapy during
the course of the reaction.10−12

PULMONARY FIBROSIS

1. A.E., a 35-year-old man with recently diagnosed Stage IIIB
non-seminoma testicular cancer, has completed four cycles of
bleomycin, etoposide, and cisplatin (BEP) therapy. A residual
retroperitoneal mass is identified, and surgical resection under
general anesthesia is scheduled. What is A.E.’s total lifetime dose
of bleomycin, and how is this information relevant to his scheduled
surgical procedure?

BEP administered every 3 weeks for four cycles is the rec-
ommended treatment of Stage IIIB non-seminoma testicular
cancer. Bleomycin 30 units is administered weekly for three
doses per cycle, for a cumulative dose of 360 units.13

Pulmonary toxicity is present in 10% of patients receiving
bleomycin, and although it rarely progresses to pulmonary fi-
brosis, it can lead to death in 1% of all patients who receive
this drug. Pulmonary fibrosis is the dose-limiting toxicity of
bleomycin. It is recommended that the cumulative lifetime dose
of bleomycin be restricted to <400 units, because pulmonary
toxicity is rarely fatal at total cumulative doses of <400 units.
The incidence increases appreciably if >450 units are given,
and approaches a 10% fatality rate when patients receive cumu-
lative doses >550 units. Additional risk factors include older
age (increases with every decade over 30 years), renal insuf-
ficiency (creatinine clearance <35 mL/minute), and concomi-
tant use of cisplatin.14−18

There have been reports of postoperative deaths attributed
to the use of supplemental oxygen in patients given bleomycin.
This combination may be synergistic for pulmonary toxic-
ity. Although there have been data indicating that restricting
inspired oxygen concentration (fraction of inspired oxygen
[FiO2]) to 22% to 25% mitigates the toxicity of combination
use, there have also been data showing that the use of higher
concentrations (37%−45% FiO2) may not lead to respiratory
failure. As data to support all practices of oxygen adminis-
tration to patients receiving bleomycin are currently available,
it has been recommended that inspired oxygen concentrations
be kept at the lowest level that provides adequate tissue oxy-
genation (oxyhemoglobin saturation by pulse oximetry, SpO2
>90%), particularly in patients with other risk factors.15,19

25-1
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Table 25-1 Drugs Associated with Pulmonary Disordersa

Drugs Pulmonary Reactionsb Drugs Pulmonary Reactionsb

Acebutolol IVc Inhaled pentamidine I
Adenosine I Interferon-α IVb, IVc, VIII
Allopurinol IX Interferon-β IIb, VI
Amiodarone IVb, IVc Interleukin-2 IIb, VI, VIII
Amphetamine derivatives III Intravenous (IV) fluids IIa
Amphotericin B I, IVc Irinotecan VIII
Angiotensin-converting enzyme inhibitors I Isotretinoin V
Anticoagulants VII Isoxsuprine (IV) IIb
Asparaginase I Labetalol I
Aspirin I, VIII Magnesium sulfate (IV) IIa
Atenolol I Melphalan VIII
Benzalkonium chloride I Mesalamine IVc
Bleomycin IVb, IVc, VII Methadone IIb
Bromocriptine IVb, VI Methotrexate IVa, VIII
Busulfan IVb, VIII Minocycline IVc, V
Cabergoline IVb, VI Mitomycin IIb, IVb, VII
Carbamazepine IVc, VIII, IX Morphine IIb
Carmustine IVb, VII, VIII Muromonab CD3 IIb
Cephalosporins I, IVc Naloxone IIb
Chlorambucil VIII Nitrofurantoin IVa, IVb, IVc, V, VI, VII, VIII
Cocaine IIb, IVc, VII, VIII Nitrosoureas IVb, VII, VIII
Contrast media I, IIa Nonsteroidal anti-inflammatory drugs I,V
Corticosteroids I Opiates IIb, VIII
Cromolyn I Paclitaxel I, VIII
Cyclophosphamide IVb, VIII Penicillamine IVc, VIII
Cytarabine IIb Penicillins I, VII
Cytosine-arabinoside VIII Phenytoin VII, IX
Dantrolene VI Platelet aggregation inhibitors VII
Dextran 70 VII Platelet glycoprotein IIb/IIIa inhibitors VII
Docetaxel I, VIII Propoxyphene IIb
Doxorubicin IVc Propranolol I
Ergot derivatives IVb, VI Propylthiouracil VII
Erlotinib IVa Ritodrine (IV) IIb
EDTA I Salicylates IIb
Etoposide VIII Serotonin-specific reuptake inhibitors III
Fenfluramine III Simvastatin IVc, VIII
Fentanyl (IV) I Sirolimus IVa, VIII
Fludarabine VIII Sulfasalazine IVc
Gefitinib IVa, VIII Sulfites, metabisulfites I
Gemcitabine IIb, IVa Sulfonamides I, IX
Gold IVc Talc (IV) IVb
Heroin IIb, III, IVb Terbutaline (IV) IIb
HMG Co-A reductase inhibitors IVc Thrombolytic agents VII
Hydralazine VII Ticlopidine IVc, VII
Hydrochlorothiazide IIb, VIII Timolol I
Imatinib IVa, VIII Zafirlukast V
Inhalants/nebulized agents/preservatives I Zileuton V
Inhaled human insulin I

aThis is not a complete listing of all drugs that have been associated with pulmonary disorders or a complete listing of all types of pulmonary disorders reported with the drugs
listed. Readers are advised to consult manufacturer labeling and/or general references such as Micromedex38 for adverse event profiles of individual agents and references and
databases specific to drug-induced toxicities such as Pneumotox at http://www.pneumotox.com.4,8,9,43

b I. Bronchospasm, wheezing, and cough
II. Pulmonary edema: a. Cardiogenic, b. Noncardiogenic

III. Pulmonary hypertension
IV. Interstitial lung disease: a. Infiltrates/pneumonia, b. Pulmonary fibrosis, c. Bronchiolitis obliterans organizing pneumonia
V. Pulmonary eosinophilia

VI. Pleural inflammation
VII. Diffuse alveolar hemorrhage/vasculitis

VIII. Diffuse alveolar damage
IX. Drug hypersensitivity syndrome
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Table 25-2 Drug-Induced Pulmonary Disorders

Reaction/Drugs Clinical Remarks

I. Bronchospasm, wheezing, and
cough

� Bronchospasm is the most common drug-induced pulmonary adverse event. Many drugs cause
bronchospasm via different pathophysiological mechanisms, including extension of pharmacologic effect,
direct airway irritation, sensitization with subsequent anaphylactic reactions (IgE-mediated), and
anaphylactoid (non−IgE-mediated) reactions.8,9,43

� Clinical presentation is the same as with nondrug-induced bronchospasms (asthma, COPD; i.e., cough,
shortness of breath, wheezing, chest tightness). Risk factors include pre-existing hyperreactive lung disease,
smoking, advanced age, and respiratory infections.8,9

� General management consists of withdrawal and avoidance of the causative agent and potential
cross-reactive agents. Treat acute anaphylaxis with small doses of injectable epinephrine: in adults,
administer 0.3 to 0.5 mL of a 1:1,000 dilution intramuscularly in the lateral thigh and supplementary
treatment, including oxygen, corticosteroids, and parenteral antihistamines.44 Inhaled β2-agonists are useful
for persistent bronchospasm.8,9,44

Adenosine � IV adenosine is associated with a 12% to 28% incidence of dyspnea, which is generally transient.45

Although there have been reports of bronchospasm when administered to patients with asthma or COPD,
recent data indicate that adenosine does not cause bronchospasm as measured by spirometry, but can cause
dyspnea, with an increased intensity in asthmatics.43,46

Amphotericin B � Pulmonary reactions (bronchospasm and dyspnea) to amphotericin B infusions may be chemical, not
allergic. Risk is related to rate of infusion, rather than to dose. This has been reported for both conventional
and liposomal formulations.47 Although generally rapid in onset, there have been delayed reactions for up to
several weeks. May involve direct injury of endothelial cells, enhanced pulmonary leukostasis, and release of
cyclo-oxygenase (COX) products from the metabolism of arachidonic acid. Characteristic infusion-related
chills and fever are related to amphotericin-induced tumor necrosis factor-alpha (TNF-α) and interleukin
(IL)-1 production. Pulmonary infiltrates consistent with acute pulmonary edema are common. The drug
should be withdrawn, and corticosteroids, nonsteroidal anti-inflammatory drugs (NSAIDs), epinephrine, or
aminophylline may be administered. Cautious re-exposure with a slowed rate of infusion and premedication
could allow for treatment continuation with the same drug. True allergic reactions to amphotericin are
extremely rare. Desensitization in an intensive care unit can be considered in a patient with previous
anaphylactic reaction who requires amphotericin therapy.47−49

Angiotensin-converting enzyme
inhibitors (ACEIs)

� Incidence of ACEI-induced cough is 5% to 35% and is twice as likely in women. Likely mediated by
bradykinin and substance P normally degraded by angiotensin-converting enzyme, prostaglandins stimulated
by bradykinin, or activation of bradykinin receptors. Can occur in the absence of pre-existing hyperreactivity.
Characterized by dry, persistent cough, and tickling sensation in the throat, without changes in pulmonary
function. Onset from 24 hours to 1 year after start of drug (average 14.5 weeks). Not dose dependent. Cough
resolves in 1 to 4 weeks after drug discontinuation (up to 3 months in some patients). In a minority of
patients, cough will not recur on rechallenge. Switching therapy to an angiotensin-receptor blocker or agent
of another drug class is an option.8,9,43,50

Antibiotics
cephalosporins
penicillins
sulfonamides

� Cephalosporins, penicillins, and sulfonamides are commonly involved in IgE-mediated bronchospasm.
For some compounds, desensitization protocols have been developed. 9,51

Antineoplastic agents
asparaginase
taxanes

paclitaxel
docetaxel

� Asparaginase is the most common cause of antineoplastic-induced hypersensitivity reactions (increases
from 3%–32% after fourth weekly IV dose). Reactions can be immediate type I IgE-mediated or delayed
type II IgM- and IgG-mediated, with symptoms ranging from transient rash to moderate bronchospasm and
severe hypotension with or without anaphylaxis. Risk factors include the number of previously administered
doses, previous reaction to asparaginase, IV route of administration and higher doses (≥25,000 U/m2).
PEG-asparaginase is tolerated in the majority of patients with hypersensitivity to asparaginase.52

� Hypersensitivity reactions occur in up to 42% of patients receiving paclitaxel (2% serious)9 and in 25% to
50% of patients receiving docetaxel.53 Symptoms include dyspnea and bronchospasm, as well as urticaria,
angioedema, and hypotension. Most reactions occur with the first exposure. To prevent severe
hypersensitivity reactions, patients should be premedicated. Regimens typically include a steroid and
histamine H1- and H2-blocker. In cases of severe reactions, rechallenge should not be attempted.9,53,54

β-adrenergic receptor blockers
(β-blockers)
acebutolol metipranolol
atenolol metoprolol
betaxolol nadolol
bisoprolol penbutolol
carteolol pindolol
carvedilol propranolol
labetalol sotalol
levobunolol timolol

� Noncardioselective β-blockers cause bronchoconstriction in almost all asthmatics by antagonizing the
maintenance of normal airway tone by the sympathetic nervous system. They also compromise the
bronchodilator effect of inhaled β-adrenergic treatment. Oral, intravenous (IV), and ophthalmic formulations
have been implicated. Inhaled anticholinergic agents (e.g., ipratropium bromide) are indicated for
β-blocker–induced bronchoconstriction. β2-agonists will not be effective. Use of cardioselective β-blockers
in the lowest dose possible can be considered for chronic obstructive pulmonary disease (COPD) patients
who would benefit from β-blocker therapy. However, cardioselectivity is compromised with increasing
doses, potentially resulting in β2 antagonism and bronchoconstriction.8,9,55,56

(continued)
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Table 25-2 Drug-Induced Pulmonary Disorders (Continued)

Reaction/Drugs Clinical Remarks

Contrast media � Acute life-threatening reactions to iodinated contrast media are rare (1.4%) and have decreased with the
introduction of nonionic, low-osmolality contrast agents. Iodinated agents can illicit the release of histamines
and other mediators via direct degranulation of mast cells. Pretesting for reactions is not useful.
Premedication in at-risk patients with corticosteroids, antihistamines, or combinations thereof is not
universally supported.57,58

Fentanyl � IV fentanyl-induced cough can be explosive and ranges in frequency from 28% to 65%. It appears to increase
with rapid injection. Fentanyl cough is attenuated by pretreatment with inhaled cromolyn sodium and
corticosteroids. IV ketamine and lidocaine have decreased the frequency, but not the severity of cough.9,59,60

Inhalants/nebulized agents
and preservatives

benzalkonium chloride (BAC)
corticosteroids
cromolyn
desflurane
ethylenediamine tetra-acetic acid
(EDTA)
inhaled human insulin
inhaled pentamidine
sulfites

� Carrier agents (particles, propellants, and dispersants), pH, osmolality, or temperature of inhalational and
nebulized agents used in the treatment of asthma may cause bronchial irritation. Propellants comprise 58% to
99% of metered-dose inhaler products. If there is no response or a history of increased wheezing after
inhaled treatment, a change in specific product should be considered.9,20

� Inhaled corticosteroids, N-acetylcysteine, pentamidine, and desflurane are known airway irritants.
Preservatives (e.g., sulfites, metabisulfites, benzalkonium chloride, EDTA) found in some nebulized
solutions can provoke reactions. Inhaled sulfites may stimulate afferent parasympathetic receptors on the
lung surface. BAC directly stimulants airway irritant C fibers and causes mast cell degranulation. EDTA
potentiates histamine-induced bronchoconstriction.8,9,61

� Human insulin inhalation powder (Exubera) has been associated with a nearly 30% incidence of mild,
rarely productive cough, which occurred within seconds to minutes after administration and decreased with
continued use. The manufacturer discontinued marketing this product in January 2007.95−97

� Inhaled pentamidine has been associated with cough (38% incidence) and bronchospasm (15% incidence).
Prior treatment with an inhaled bronchodilator may help prevent these effects.9,98

Nonsteroidal Anti-Inflammatory Drugs
(NSAIDs)

aspirin

� NSAIDs and Aspirin have the highest incidence of drug-induced bronchospasm (6%−34%). May be due to
inhibition of COX with resultant ↑ synthesis of proinflammatory leukotrienes and ↓ synthesis of
anti-inflammatory prostaglandin, PGE2. Rapid and often life-threatening reaction. Primary therapy is
avoidance of NSAIDs that inhibit COX, including selective COX-2 inhibitors. The degree of cross-reactivity
is dependent on the potency of inhibition. Sodium salicylate, salicylamide, and choline magnesium
trisalicylate can be taken safely. Acetaminophen is a very weak COX inhibitor; on average, <5% of this
population will react to acetaminophen, but the incidence increases (34%) with high doses (>1,000 mg).
Pretreatment with leukotriene receptor antagonists (LTAs) does not provide consistent prophylaxis.
Desensitization to aspirin under medical supervision is an option and will confer protection to cross-reacting
NSAIDs.8,9,43

Sulfites � Ingestion of sulfites used as preservatives in food and wine can elicit bronchoconstriction (5% incidence),
particularly in patients with corticosteroid-dependent asthma.8

II. Acute pulmonary edema � Typical symptoms include dyspnea, chest discomfort, tachypnea, and hypoxemia with crackles on
auscultation. Foamy tracheal exudates may develop with alveolar flooding. May be associated with fever and
lead to acute respiratory distress syndrome (ARDS).2,62

� Management focuses on adequate life support, then specific therapy that targets the causes of the
accumulation of extravascular water in the lungs. Useful strategies would limit further accumulation of fluid
and favor its removal from the lungs.63

II. a. Cardiogenic � Cardiogenic (increased pressure) pulmonary edema can have an insidious onset, as the barriers to fluid and
protein that flow into the lungs remain intact. Symptoms may be only vague fatigue, mild pedal edema, and
exertional dyspnea. Iatrogenic causes include IV fluids with resultant cardiovascular fluid overload.63

IV fluids
contrast media
magnesium sulfate

� The amount of Contrast media infused, irrespective of the osmolality, may be a major cause of contrast
media–induced pulmonary edema. Risks may reduced by decreasing the volume injected and ensuring a
normal state of hydration prior to infusion. Can also cause anaphylactoid reactions. However, pathogenesis
may not be related to anaphylaxis or fluid overload, but may involve the chemical irritation of the pulmonary
endothelium via formation of endothelium-derived prostacyclin.3,57,58

� IV Magnesium sulfate tocolysis-induced pulmonary edema appears to be due to the delivery vehicle, rather
than to the drug itself because higher risk is associated with higher infusion rates and lower drug
concentrations. Incidence of pulmonary edema is significantly increased when given with β2-agonists. 64

II. b. Noncardiogenic pulmonary
edema (NCPE)

� NCPE comprises most cases of drug-induced pulmonary edema via drug-related increases in capillary
pulmonary permeability. Can develop within a few days after exposure or immediately after drug
administration with rapid alveolar flooding. Fluid in alveolar spaces will contain high concentrations of
protein. In addition to drug discontinuation, treatment may require mechanical ventilatory support with
positive pressure. Corticosteroid treatment (methylprednisolone 1 mg/kg) started early in the course of
ARDS has been shown to be beneficial, but remains controversial.65 Condition will recur with drug
rechallenge.2,3,10
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Reaction/Drugs Clinical Remarks

Antineoplastic agents
cytarabine
gemcitabine
interleukin-2 (IL-2)
mitomycin
muromonab CD3
vinca alkaloids

� Rare reaction with antineoplastic agents. Likely due to due to a cytokine-mediated inflammatory response.
High incidence of cytarabine-induced NCPE noted with moderate or high doses in patients with leukemia.
Although rarely seen with gemcitabine (0.1% incidence), NCPE may occur after a single dose, but is
generally seen after repeated administration. IL-2−induced NCPE is dose related, with an estimated
incidence of 3% to 20%. Although severe, it is reversible on discontinuation of IL-2. The combination
mitomycin/vinblastine is associated with an estimated 2% incidence of NCPE. A cytokine release syndrome
(CRS) commonly occurs with initial doses of muromonab CD3 and may result in serious, potentially fatal
cardiorespiratory effects, including pulmonary edema (cardiogenic and noncardiogenic). Overhydration
increases the risk of pulmonary edema. Pretreatment with methylprednisolone may reduce cytokine levels
and incidence of CRS.3,62

IV β2-agonists
ritodrine
terbutaline
isoxsuprine

� IV tocolytic β2-agonists may cause peripheral vasodilation (with rapid reversal on discontinuation) and
resultant large shift of intravascular volume into tissues, including the lungs. Incidence is 0.5% to 5%. It is
not clear whether the pathogenic mechanism is cardiogenic or noncardiogenic based on conflicting reports of
left ventricular function. Risk factors include excessive administration, infusions >24 hours, anemia, twin or
multiple gestations, corticosteroid use, low serum K+, sustained tachycardia (>140 beats/min). In addition
to drug withdrawal, treatment should include oxygen supplementation, fluid restriction with diuretic therapy,
and acid−base management.3,66

Cocaine � Cocaine abuse is associated with numerous patterns of pulmonary reactions, including pulmonary edema.
Whether the mechanism is cardiogenic or noncardiogenic remains speculative.20

Hydrochlorothiazide (HCTZ) � HCTZ-induced NCPE is rare, but has occurred within one hour of the first oral dose of HCTZ. Can also
develop unexpectedly later in treatment. Usually a history of previous thiazide exposure with mild reaction.
More commonly reported in women. May be an idiosyncratic reaction or direct toxic effect. Clinical recovery
is rapid, usually within 1 to 2 days. Avoid thiazide diuretics. Other sulfonamide nonantibiotics (e.g.,
furosemide or glyburide) and antibiotics are not expected to cross-react.2,3,67

Naloxone � High-dose or rapidly infused naloxone may cause pulmonary edema.68

Opiates
heroin
methadone
morphine
propoxyphene

� Common complication of intoxication with opiates, including morphine, heroin, methadone, and
propoxyphene.64

� Heroin-induced pulmonary edema is common after IV use. Heroin via injection or inhalation can cause other
acute reactions, including bronchospasm. Secondary bacterial and aspiration pneumonias are frequent
complications. Treatment consists of naloxone, in addition to respiratory support.69

Salicylates � Risk factors for salicylate reaction include serum levels >40 mg/dL, neurologic abnormalities, and
proteinuria.3

III. Pulmonary hypertension � Drug-induced primary (idiopathic) pulmonary hypertension (PPH) is rare, but life threatening. Early stages
may be asymptomatic. The most frequent presenting symptom is exertional dyspnea, which may be present
at rest as the disease progresses. Fatigue, weakness, chest pain, or syncope may also be reported. In addition
to supplemental oxygen, management may include diuretics, inotropic agents, anticoagulants, prostacyclin
analogues (e.g., epoprostenol), an endothelin receptor antagonist (e.g., bosentan), and calcium channel
blockers (nifedipine, amlodipine, and diltiazem have been used most frequently) in patients with proven
acute vasoreactivity.70,102

Appetite suppressants
fenfluramine derivatives
amphetamine derivatives

� The widely implicated anorectic agents are no longer marketed, but stimulants, in particular
methamphetamine, have also been strongly associated with the development of PPH. Patients with
idiopathic PPH were approximately ten times more likely to have had stimulant use than those with PPH and
known risk factors.71

Serotonin-specific reuptake inhibitors
(SSRIs)

� The risk of persistent pulmonary hypertension of the newborn (PPHN) in mothers taking SSRI
antidepressants in the second half of their pregnancy is increased from 0.1% in the general population to
0.6%.72

IV. Interstitial lung disease
(ILD)

� ILD is the most common drug-induced lung disease and can lead to respiratory failure. Presentation may be
acute, subacute, or chronic. Symptoms include nonproductive cough, dyspnea, low-grade fever, and diffuse
reticular infiltrate on chest x-ray. Diagnosis is based on temporal association between exposure and
development of pulmonary infiltrate with meticulous exclusion of other potential causative factors. Types of
ILD include interstitial pneumonia, pulmonary eosinophilia, bronchiolitis obliterans organizing pneumonia
(BOOP), pulmonary fibrosis, and diffuse alveolar damage (DAD). Oxidant injury, either through the
increased production of oxidants (e.g., bleomycin, cyclophosphamide, nitrofurantoin) or the inhibition of
the antioxidant system (e.g., carmustine, cyclophosphamide, nitrofurantoin) accounts for the majority of
drug-induced ILD.2,7,73

� Management tends to be empirical. Following drug withdrawal, respiratory failure is commonly treated with
high-dose methylprednisolone, with dose reduction and gradual taper after response. Respiratory distress is
commonly treated with low-dose methylprednisolone (1 mg/kg or 60 mg/day) with gradual dose reduction.
Immunosuppressants have been used for patients who cannot tolerate corticosteroids or who are unable to
taper corticosteroids.21

(continued)
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Table 25-2 Drug-Induced Pulmonary Disorders (Continued)

Reaction/Drugs Clinical Remarks

IV. a. Interstitial
infiltrates/pneumonia

� Interstitial infiltrates represent changes on the chest x-ray that occur from diseases involving the space
between the alveolus and capillary. The infiltrates consist of fluid and/or cells that gather in this area of the
lung.

Epidermal growth factor receptor
(EGFR) antagonists/
tyrosine kinase inhibitors (TKIs)

cetuximab
erlotinib
gefitinib
imatinib

� EGFR antagonist/TKIs have been rarely associated with ILD. Gefitinib has been available longer, and there
is more information available regarding gefitinib-induced ILD. The worldwide incidence of gefitinib-induced
ILD is 1%, with a higher percentage noted in Japan (2%). It may be fatal in one-third to 40% of cases. There
are also reports of ILD associated with erlotinib, and, rarely, cetuximab and imatinib. Because epidermal
growth factor signaling may play an important role in the coordination of recovery from lung injury, EGFR
inhibition may reduce the ability of pneumocytes to respond to lung injury.23,31

Gemcitabine � Relatively uncommon reaction to gemcitabine. Risk factors include concomitant administration of
bleomycin, vinorelbine, paclitaxel, docetaxel, or chest radiotherapy. The rate could be as high as 48% in
patients with Hodgkin’s disease who received a combination of gemcitabine and bleomycin. Median time to
diagnosis was 48 days after initiation of gemcitabine. May be related to release of proinflammatory cytokines
such as TNF-α.42,74

Methotrexate

Nitrofurantoin

� Pulmonary infiltrate is the most common form of lung toxicity with methotrexate (1%−10%). Serum
surfactant protein (SP-D) and protein KL-6 levels are related to the severity of the pneumonitis.75,76

� Nitrofurantoin-induced acute pneumonitis may be one of the most common of the drug-induced diseases. In
a series of patients reporting adverse effects from this drug, 43% reported acute pulmonary reactions. It does
not appear to be dose related. Onset of symptoms, fever, dyspnea, and cough occurs within 1 month.
Characterized by alveolar interstitial infiltrates, often without pleural involvement. In one series of cases,
52% of patients had infiltrates alone, 15% had infiltrates and effusions, and only 3% had only effusions.6,66

Sirolimus � Sirolimus has about an 8% incidence of pulmonary reaction. The major risk factors appear to be high dose
(>5 mg/day) and high trough level (>15 ng/mL). Other potential risk factors include use of a loading dose,
late exposure compared with de novo treatment, allograft dysfunction, hypervolemia, older age, and male
gender.77

IV. b. Pulmonary fibrosis � Pulmonary fibrosis is characterized by accumulation of excessive connective tissue in the lung caused by
prolonged exposure to certain drugs. It may or may not be preceded by inflammation (pneumonitis).
Evidence suggests that activation of the coagulation cascade and generation of coagulation proteases play a
key role. The mean survival time for patients with pulmonary fibrosis has been estimated at five months, but
earlier diagnosis and cessation of causative agent may have decreased mortality rates.7,78

Cytotoxic drugs
bleomycin
busulfan
carmustine
cyclophosphamide
interferon-α, -β
mitomycin

� Bleomycin is the cytotoxic agent with the highest incidence of pulmonary toxicity (3%−40%). Risk factors
include cumulative dose (threshold 400−450 U), older age (increases with each decade over 30 years), and
radiation therapy. Pneumonitis rarely progresses to fibrosis, but can be fatal (1%). High concentrations of
oxygen (FiO2 ≥25%) should be avoided when possible due to the possible enhancement of pulmonary
toxicity. Bleomycin should be immediately stopped at finding a decrease ≥15% in pulmonary function tests
(diffusing capacity for carbon monoxide [DLCO] and vital capacity). Although response to corticosteroids is
highly variable, prednisone 60−100 mg/day is recommended.7,14,17,79

� Busulfan pulmonary fibrosis (“busulfan lung”) is rare (1%−4%), but usually progressive and fatal. It can
occur 1 to 10 years after drug discontinuation. Risk factors include cumulative dose (threshold 500 mg),
radiation therapy, and length of therapy.7,14,20,66,79

� Carmustine risk factors include cumulative dose, young age (<7 years), oxygen therapy, and prior lung
disease. In one study, 10% of patients receiving 1,000 mg/m2 of carmustine and 100% of those receiving
1,400 mg/m2 experienced pulmonary toxicity; overall incidence is approximately 30%–40%. The onset may
be very delayed, with a reported occurrence 17 years after treatment. Nitrosourea-induced pulmonary fibrosis
may not respond to corticosteroids.7,14,20,79

� The incidence of cyclophosphamide-induced pneumonitis is unknown, but may be largely underestimated.
An early onset pneumonitis, occurring within 1 to 6 months of the start of therapy, generally responds to drug
withdrawal. However, a delayed pneumonitis, developing after months or years of therapy, can result in
progressive fibrosis and pleural thickening, with minimal response to drug withdrawal or corticosteroid
therapy.66

� Interferon-α, -β may include or exacerbate sarcoidosis. Sarcoidosis most often (90%) manifests in the
lungs and can lead to pulmonary fibrosis.103

� Mitomycin is associated with many types of pulmonary toxicities, including pneumonitis, NCPE, and
pleural effusions. Incidence ranges from 10% (monotherapy) to 35% (combined with vinca alkaloids). Risk
factors include radiation or oxygen therapy. In patients receiving mitomycin with other anticancer drugs, the
FiO2 concentration perioperatively should be maintained at <50%. Toxicity is not clearly dose dependent. A
favorable response to corticosteroid therapy, possibly greater than for other chemotherapy-induced
pulmonary injuries, has been reported.7,66,79
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Non-cytotoxic agents
amiodarone
bromocriptine
cabergoline
ergot derivatives
heroin (IV)
methysergide
nitrofurantoin
pergolide
IV abuse of oral drugs

� The incidence of amiodarone-induced pulmonary toxicity is dose related: 0.1%−0.5%, up to 200 mg/day;
5%−15%, up to 500 mg/day; and as high as 50%, in doses of 1,200 mg/day. Can occur within 2 weeks or up
to more than a decade into treatment. Amiodarone therapy may enhance drug-induced pulmonary toxicity
with cyclophosphamide. Length of recovery time or recurrence may be correlated with high body mass
index.2,32,80−82

� Pulmonary fibrosis appears to be a class effect of ergot-derived dopamine agonists (pergolide,
bromocriptine, cabergoline, methysergide). Condition is often irreversible. Pergolide was recently
withdrawn from the U.S. market due to the potential for valvulopathy.99−101

� Nitrofurantoin is involved in several forms of pulmonary injury. Most common are an acute hypersensitivity
pneumonitis and a chronic alveolitis/fibrosis (nitrofurantoin lung), which do not overlap clinically (see
interstitial infiltrates, BOOP, pulmonary eosinophilia, and pleural effusions). Overall estimated incidence of
pulmonary injury is <0.01%, with chronic reactions occurring far less commonly than acute. The chronic
form is related to dose and duration of therapy, and is commonly found in patients on long-term therapy for
persistent bacteriuria. It is characterized by insidious, progressive dyspnea, nonproductive cough, interstitial
pneumonitis, and fibrosis, which may impair pulmonary function permanently and may continue to
deteriorate. Onset may occur 6 months to many years after either continuous or intermittent use. The utility
of corticosteroids in the management of nitrofurantoin pulmonary fibrosis is unclear.6,7,66,83

� The use of IV heroin and of drugs intended for oral use (e.g., crushed methylphenidate pills) can lead to the
development of interstitial or vascular foreign body granulomas (talcosis) from the injection of filler
materials used as tablet binders or used to cut heroin. Symptoms range from dyspnea and cough to
pulmonary hypertension, right-sided heart failure, and sudden death. Radiographs may be normal or show
diffuse micronodular densities. Bronchoalveolar lavage (BAL) contains increased lymphocytes and
intracellular and free talc. Corticosteroids do not provide consistent improvement.66,69

IV. c. Bronchiolitis obliterans
organizing pneumonia
(BOOP)/cryptogenic
organizing pneumonia

� BOOP is an inflammation of the lungs characterized by alveolar fibrosis. The clinician needs to distinguish
between underlying connective tissue disease (e.g., polymyalgia) and drug-induced disease. Clinical signs
and symptoms include dyspnea, low-grade fever, and, occasionally, acute pleuritic chest pain. Typically, chest
films show migratory opacities if taken over a period of weeks or months. There may be occasional “normal”
chest x-rays even with continued exposure. The pattern of the opacities may be suggestive of the causative
agent. Although resolution of symptoms and radiographic abnormalities generally respond to the
discontinuation of medication or corticosteroid therapy, in rare cases, the outcome is fatal.2,5

Antimicrobials
amphotericin B
cephalosporins
minocycline
nitrofurantoin

Cytotoxic drugs
bleomycin
doxorubicin

Cardiovascular drugs
acebutolol
amiodarone

HMG CoA reductase inhibitors
(statins)
Anti-inflammatory drugs

gold
mesalamine
sulfasalazine

Miscellaneous
carbamazepine
cocaine
interferon-α, -β
penicillamine
ticlopidine

� More than 20 medications are associated with BOOP.5
� Radiographic patterns: Patchy, stellate shadows or diffuse infiltrates may suggest nitrofurantoin. Multiple

shaggy nodules may suggest bleomycin, carbamazepine, minocycline, or statins. Biapical masses have
been associated with mesalamine or sulfasalazine.2

V. Pulmonary eosinophilia � Pulmonary eosinophilia is characterized by pulmonary infiltration of eosinophils in alveolar spaces, the
interstitium, or both. When found with peripheral eosinophilia, it is often called PIE (pulmonary infiltrates
with eosinophilia) syndrome. Diagnosis is confirmed by demonstration of an excess of eosinophilia either in
lung biopsy or in BAL. Loeffler syndrome is an acute eosinophilic pneumonia with transient pulmonary
infiltrates and peripheral blood eosinophilia, characterized by mild or absent respiratory symptoms.
Churg-Strauss syndrome (CSS) is a systemic, multiorgan necrotizing vasculitis that includes pulmonary
eosinophilia. Drug-induced cases of pulmonary eosinophilia typically show ground-glass opacities in a
peripheral and upper lobe distribution.84−86

(continued)
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Reaction/Drugs Clinical Remarks

V. Pulmonary eosinophilia (Cont’d) � Corticosteroids are indicated in severe cases; however, because eosinophils are very sensitive to
corticosteroids, their complete disappearance from the bloodstream within hours of administration may
obscure the diagnosis.84,86

� Many drugs have been implicated in causing pulmonary eosinophilia, but the number with established
causality with multiple case reports is much less. The drugs most commonly causing pulmonary eosinophilia
are antimicrobial agents (penicillins, clarithromycin, and levofloxacin) and NSAIDs.86

Isotretinoin � Isotretinoin-induced PIE is rare, but in one case showed >20% pleural fluid eosinophilia (>10% of
nucleated cells).6

Leukotriene antagonists (LTAs)
zafirlukast
zileuton

� Cases of LTA-induced CSS are suggested by case reports and postmarketing surveillance. It is not clear if
this rare disorder is a direct drug effect or an unmasking of a pre-existing condition on withdrawal of
corticosteroids for asthma on initiation of LTA therapy.43,85

Minocycline

Nitrofurantoin

� Minocycline has been associated with pulmonary lupus, hypersensitivity pneumonitis, pleural effusions, and
eosinophilic pneumonia. Several cases of respiratory distress have also been reported, including one of a
relapsing form of hypersensitivity eosinophilic pneumonia that required mechanical ventilation.86,87

� Most cases of nitrofurantoin-induced acute pneumonitis have peripheral eosinophilia (in 83% of patients)
and lymphopenia. Pleural eosinophilia has been described (see pulmonary fibrosis, interstitial pneumonia,
BOOP, and pleural effusions). The acute effects may be observed within 1 month.6,66,83

NSAIDs � There have been case reports of NSAIDs (ibuprofen, naproxen, diclofenac, indomethacin, sulindac, and
meloxicam) causing PIE. Prevalence of NSAID-induced PIE is likely underestimated.88−90

VI. Pleural inflammation � Drug-induced pleural reactions are rare compared with those affecting the parenchyma. Pleural reactions
range in presentation from asymptomatic effusion to acute pleuritis to symptomatic pleural thickening.
Common symptoms of pleural effusion are pleuritic chest pain, dyspnea, and cough. Suggested mechanisms
for the development of drug-induced pleural disease include hypersensitivity or allergic reaction, direct
toxicity, increased production of oxygen-free radicals, suppression of antioxidant defenses, and
chemically-induced inflammation.6

Dantrolene � The incidence of dantrolene-induced pleural effusion is rare, but likely underestimated. Onset has occurred
from 2 months to 12 years of initial administration. Effusion is usually unilateral, with peripheral and pleural
fluid eosinophilia. Fever may be present. Structural similarity to nitrofurantoin suggests an immunologic
basis for this reaction. Drug withdrawal results in rapid symptomatic recovery; however, it may take several
months for complete resolution of the effusion.6,91,92

Ergot alkaloids
bromocriptine
cabergoline
methysergide
pergolide

� Pleural effusions or thickening can result from the chronic administration of ergot alkaloids, including
bromocriptine, cabergoline, and pergolide. Approximately 6% of patients receiving bromocriptine develop
pleuropulmonary complications. Fibrosis typically occurs 12 to 48 months after initiation of therapy and
appears to be dose related. Pleural lymphocytosis or eosinophilia may occur. Pleural effusion responds to
drug withdrawal; however, fibrosis may not completely resolve.6,91

� Less than 1% of patients taking methysergide experience pleuropulmonary reactions (pleural effusions and
fibrosis). Symptoms occur 1 month to 3 years after initiation of therapy. Increased stimulation of fibroblast
activity via increased levels of serotonin is a proposed pathogenic mechanism. Symptoms improve on
discontinuation; however, pleural thickening may persist.6,91

IL-2 � IL-2−induced pleuropulmonary complications occur in approximately 75% of patients, with pleural
effusions in approximately 50% of patients receiving IL-2. Capillary leak results in effusions and
noncardiogenic pulmonary edema. Pleural effusions may persist in 17% of patients at 4 weeks after drug
discontinuation.6

Nitrofurantoin � Up to one-third of acute nitrofurantoin-induced pleuropulmonary reactions may include pulmonary
effusions, rarely without concomitant parenchymal involvement. In contrast, pleural effusions are rare with
the chronic nitrofurantoin syndrome. Effusions are usually bilateral and responsive to prompt drug
withdrawal. Severe symptoms can be treated with corticosteroids.6

VII. Diffuse alveolar hemorrhage
(DAH) and vasculitis

� DAH is characterized by bleeding from pulmonary capillaries, leading to the accumulation of red blood cells
in the alveolar spaces. Symptoms include varying degrees of hemoptysis (may be absent in up to 33% of
cases), cough, and progressive dyspnea. Hematocrit is reduced with hemorrhagic BAL. Presentation is
usually acute, often resulting in respiratory failure by intra-alveolar clotting. DAH can develop in many
systemic conditions, and it is difficult to prove drug causality. Drug-related pathogenic mechanisms include
hypersensitivity reaction, direct toxicity diffuse alveolar damage (DAD), and coagulation defects. Pulmonary
capillaritis, the most frequent underlying histology, and pulmonary veno-occlusive disease (PVOD), a fibrous
obliteration of pulmonary venules and small veins, are considered autoimmune reactions.2,93
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Anticoagulants
Dextran 70
Platelet aggregation inhibitors
Platelet glycoprotein IIb/IIIa
inhibitors
Thrombolytic agents

� Anticoagulant and thrombolytic agents cause pulmonary hemorrhage without damage to the interstitial
compartment. Anticoagulant-related bleeding is generally managed by withdrawal of the drug. In addition to
drug withdrawal, the addition of corticosteroids may be indicated in other forms or significant cases of
DAH.2,93

Chemotherapeutic agents
bleomycin
carmustine
gemcitabine
mitomycin
vinca alkaloids

� Chemotherapeutic agents cause direct epithelial injury and damage to the alveolar capillary basement
membrane, which can result in DAH. Outcomes are poor (50%−100% mortality), and although high-dose
corticosteroid therapy is the only recommended treatment, effectiveness is questionable.93

� Bleomycin, carmustine, gemcitabine, mitomycin, and vinca alkaloids have been associated with the
development of PVOD.93

Cocaine
Hydralazine
Mitomycin
Nitrofurantoin
Penicillin
Phenytoin
Propylthiouracil

� Pulmonary capillaritis has occurred with phenytoin and propylthiouracil.93

� Other drugs associated with hypersensitivity reactions with concomitant DAH include penicillin,
sulfasalazine, and hydralazine.93

� Smoking crack cocaine, either due to cocaine or the residual solvents, may cause hemoptysis and pulmonary
infiltrates due to DAH. Onset is usually within hours and is reversible on discontinuation. There is also a
possible relationship between IV cocaine and alveolar hemorrhage.69,93

VIII. Diffuse alveolar damage (DAD) � In DAD, the alveolar epithelial cells are sloughed, and the lung interstitium becomes edematous. Chronic
inflammation and fibroproliferation of the alveolar walls can present early in the process. The
histopathological basis for ARDS is DAD. In severe cases, DAH can develop with resultant hemoptysis.
DAD presents with dyspnea, diffuse pulmonary infiltrates, and ARDS unresponsive to conventional therapy.
DAD of recent onset may respond to corticosteroid therapy; however, chemotherapeutic agent-induced DAD
carries a poor prognosis.2,93

Alkylating agents
Antibiotics
Antimetabolites
Aspirin
Carbamazepine
Chemotherapeutic agents
Cocaine
Epidermal growth factor receptor

(EGFR) antagonists

� Chemotherapeutic agents associated with the development of DAD, which may be accompanied by DAH,
include antibiotics, alkylating agents, antimetabolites, nitrosoureas, podophyllotoxins, tretinoin,
gefitinib, imatinib, irinotecan, interferon-α, IL-2, and sirolimus. The reaction is more severe and
frequent with multiple drug treatments or with concurrent radiation therapy or oxygen.2

� Noncytotoxic drug-induced DAD is unusual, but has been associated with aspirin, narcotics, crack
cocaine, nitrofurantoin, carbamazepine, penicillamine, hydrochlorothiazide, and simvastatin.2

Hydrochlorothiazide
Interferon-α
IL-2
Irinotecan
Narcotics
Nitrofurantoin
Nitrosoureas
Penicillamine
Podophyllotoxins
Simvastatin
Sirolimus

IX. Drug hypersensitivity
syndrome (DHS)

� DHS is a systemic idiosyncratic reaction defined by the presence of fever, rash, and organ involvement,
including pneumonitis or pulmonary infiltrates. It is associated with aromatic anticonvulsants (phenytoin,
carbamazepine, phenobarbital, felbamate, lamotrigine, oxcarbazepine, and zonisamide), and is most
commonly reported with phenytoin, carbamazepine, and phenobarbital. DHS develops within 8 weeks of
treatment, with a 1 in 1,000 to 10,000 incidence.2,94 Clinical presentations may involve dermatologic,
hematologic, lymphatic, or internal organ systems. Pulmonary reactions include lymphoid interstitial
pneumonia, interstitial lung disease, eosinophilic pneumonia, and pleural effusion. Management involves
drug withdrawal, supportive care and corticosteroid therapy. Although improvement occurs in a few days
after drug discontinuation for most patients, a few experience acceleration of the disease. Continued
corticosteroid therapy may be necessary to avoid relapse. There is a mortality rate of up to 10% for DHS.
Rechallenge with the drug or related drugs results in relapse of increased severity.2

Allopurinol
Anticonvulsants

carbamazepine
phenytoin

Sulfonamides

� Drugs known to cause DHS include allopurinol, anticonvulsants (particularly carbamazepine,
phenytoin, and phenobarbital), and sulfonamides. Other drugs less commonly associated with DHS
include abacavir, atenolol, azathioprine, bupropion, captopril, diltiazem, gold, leflunomide,
minocycline, nevirapine, NSAIDs, sulfasalazine, and trimethoprim.2,94
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2. What is the postulated mechanism for bleomycin toxicity?

Bleomycin toxicity is attributed to direct cytotoxic injury
to the lung epithelium, likely caused by free radical generation
following binding of the drug to DNA. It is postulated that
the relative lack of hydrolase (an enzyme necessary for degra-
dation of bleomycin) in the lung may contribute to increased
pulmonary levels of the drug with resultant toxicity. Studies in
animals have confirmed that bleomycin is concentrated in the
lungs and skin.16

3. How can A.E. be monitored for pulmonary toxicity?

There are no pathognomonic signs or symptoms of
bleomycin-related pulmonary damage. Patients usually present
with dyspnea, tachypnea, and a nonproductive cough, which
can develop from days to weeks. Rales, initially at the bases
and then throughout the lungs, may be present on physical ex-
amination. Signs and symptoms usually precede changes on
the chest radiograph. The utility of pulmonary function tests
as an indicator for the extent of the pulmonary damage pro-
duced by bleomycin is controversial. Spirometry usually shows
a restrictive pattern in the presence of cytotoxic drug-induced
pulmonary damage; however, such changes may not always
be present in patients with subclinical bleomycin-induced pul-
monary fibrosis. For this reason, pulmonary function tests are
of questionable predictive value.16,20

4. How should A.E. be managed?

Because A.E.’s total cumulative dose of bleomycin is 360 U,
he should not receive further treatments of bleomycin to avoid
exceeding the recommended total cumulative dose of 400 U.
His treatment team should be apprised of A.E.’s treatment with
bleomycin to ensure management of the oxygen concentration
as recommended in bleomycin-exposed patients.13,15

TYROSINE KINASE INHIBITOR-INDUCED
INTERSTITIAL LUNG DISEASE

5. J.T., a 55-year-old male with Stage IV, performance status
1, non-small cell lung cancer (NSCLC), adenocarcinoma, com-
pleted four cycles of cisplatin/etoposide with disease stabilization.
Prior to chemotherapy, he had undergone radiotherapy with 20
treatments of 200 centigray (cGy) per treatment, for a total of
4,000 radiation doses (rads). On return from visiting his family
in Japan, 5 months after completing therapy, treatment with er-
lotinib 150 mg orally was initiated due to disease progression.
After 1 month of erlotinib therapy, J.T. was admitted to the hos-
pital due to complaints of increasing cough and dyspnea at rest.
He denied resumption of smoking, which he had quit on diagnosis
of lung cancer. He was afebrile. Crackles were audible bilaterally.
His pulmonary function test results were indicative of a restric-
tive condition: forced vital capacity (FVC) 61.5% of predicted,
forced expiratory volume in 1 second (FEV1) 69.5% of predicted,
FEV1/FVC ratio 87.7%, 110% predicted, and diffusion capac-
ity for carbon monoxide (DLCO) 48.6% of predicted. Parenchy-
mal shadows were present on his initial chest radiograph. The
subsequent high-resolution computed tomography (HRCT) re-
vealed bilateral diffuse ground-glass infiltrates and interlobular
septal thickening of the lower lung fields. Lab results included
white blood cell count 6,600/mm3, erythrocyte sedimentation rate

(ESR) 30 mm/hour (normal, ≤10 mm/hour in males), and normal
electrolyte panel. Electrocardiogram and echocardiogram were
normal. Blood and sputum were negative for culture and vari-
ous infectious pathogen antibody titers. What causes of dyspnea
should be investigated in this patient?

The potential causes of dyspnea in a patient with NSCLC
include infection, cancer progression, pulmonary embolism
(may develop in up to 20% of lung cancer patients), fluid over-
load, and drug-induced pulmonary disorder. His laboratory and
blood culture results argue against the presence of infection.
Findings are not suggestive of heart failure or pulmonary em-
bolus. The chest radiograph is not suggestive of disease pro-
gression; however, bronchoscopy and bronchoalveolar lavage
(BAL) may be useful in some cases of dyspnea in patients with
NSCLC to assess for cancer progression versus opportunistic
infections.21

6. What findings would be suggestive of a tyrosine kinase
(TNK) inhibitor-induced interstitial lung disease (ILD)?

A definitive diagnosis depends on the rigorous elimination
of other potential etiologies. Other possible causes can be ruled
out based on clinical criteria. The short interval between the
initiation of erlotinib therapy and the onset of symptoms should
raise suspicion that these events are related. The onset of symp-
toms with erlotinib-induced lung injury has been reported as
early as 5 days after start of therapy, but has also been reported
after 9 months (median 39 days). Symptoms have typically
appeared in the first 1 to 2 months of gefitinib treatment. The
presence of bilateral diffuse ground-glass opacities on HRCT
is a characteristic finding of drug-induced ILD, although it may
not be definitive.21−23

7. Why might J.T. have been at greater risk for TNK-inhibitor
ILD?

TNK-inhibitors gefitinib and erlotinib are rarely associated
with the development of ILD. In the data reviewed by the
U.S. Food and Drug Administration (FDA), ILD occurred in
≤1% of patients receiving either agent. The global incidence of
gefitinib-induced ILD is about 1%, with a higher incidence in
Japan (2%). Several smaller studies in Japan have reported inci-
dences ranging from 4% to 6%. Reasons for higher incidences
in Japan may be due to genetic differences involving polymor-
phisms of transporter genes and drug-metabolizing enzyme
genes.24 Risk factors identified for gefitinib-induced ILD are
male gender, history of smoking, pre-existing pulmonary fibro-
sis, or other pulmonary comorbidities and radiotherapy.24,25

8. J.T.’s physician decides to treat J.T. for TNK-inhibitor ILD.
How should be proceed, and what recovery might be expected for
J.T.?

There is no treatment specific to TNK-inhibitor−induced
ILD. Although the discontinuation alone of the TNK-inhibitor
may result in symptom resolution, corticosteroids can be
used to treat respiratory symptoms.26 The treatment of drug-
induced ILD tends to be empirical, and the optimal dose
and duration of corticosteroids for the treatment of most
ILDs is not known.21,27 For patients with severe symptoms
of drug-induced ILD, high-dose intravenous (IV) methyl-
prednisolone (e.g., 250 mg four times daily for 3 days)
is commonly used. The dose is reduced to a maintenance
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oral dose (e.g., 0.5–1 mg/kg/day) for several weeks be-
fore a gradual dose reduction. 21,29 One of many sug-
gested regimens for the tapering of oral corticosteroids
(not specific to ILD treatment) recommends decreasing by
≤2.5 mg prednisone equivalents (e.g., 2 mg methylpred-
nisolone) every 1 to 2 weeks.28 For less severe symp-
toms, initiation with oral methylprednisolone (1 mg/kg/day
or 60 mg/day) is commonly used to treat drug-induced
ILD.21

In a retrospective review of four patients diagnosed with
gefitinib-induced ILD, all patients discontinued gefitinib and
responded favorably to IV methylprednisolone up to 1 g/day.
Therapy was reduced to oral maintenance doses of 20 mg to
30 mg/day of oral prednisone.24 Two case reports of erlotinib-
induced ILD reported response to oral steroids (doses not
specified). A third case report described the successful res-
olution of symptoms following a course of 250 mg of IV
methylprednisolone given every 6 hours for 3 days, followed
by oral prednisone 60 mg daily, with tapering of dose af-
ter 2 weeks. Several of these patients also required sup-
plemental oxygen.23,29,30 Not all reported cases of TNK-
inhibitor–induced ILD have noted successful resolution with
corticosteroid therapy.24 Although immunosuppressive agents
(azathioprine and cyclophosphamide 1−2 mg/kg/day) with or
without corticosteroids have been tried in the treatment of ILDs
with variable success, their role remains to be determined.27

Prognosis can vary significantly from complete resolution to
death. Cessation of therapy can result in spontaneous resolu-
tion after 2 weeks, or the patient may respond to corticosteroid
therapy. If diagnosed early, prognosis with treatment is good.
However, permanent and irreversible loss of lung function may
result once fibrosis has occurred. Some patients may require
supplemental oxygen.29 Gefitinib-induced ILD has been asso-
ciated with high mortality rates (i.e., one-third in one report
and 40% in another small study).23,26,31

Based on available evidence from case reports, J.T.’s physi-
cian decided to discontinue erlotinib and administer IV methyl-
prednisolone 250 mg every 6 hours for 3 days. Thereafter, oral
prednisone 60 mg daily was given for 2 weeks, with rapid re-
duction of lung opacities. Dosage was then tapered.

AMIODARONE-INDUCED PULMONARY TOXICITY

9. R.W., a 55-year-old man admitted with a 5-day history of
fatigue, exertional dyspnea, and tachypnea, reports that his symp-
toms have progressively worsened to the point at which he can no
longer walk his dog around the neighborhood without feeling “out
of breath.” He denies experiencing coughing or chest pain. He
has a medical history of recurrent ventricular tachycardia and a
10-year history of hypertension controlled with benazepril. Phys-
ical examination reveals a tachypneic, tired-looking man with no
signs of congestive heart failure evident on physical examination.
Diffuse inspiratory crackles are audible on lung auscultation. His
blood pressure and temperature are unremarkable. A chest radio-
graph shows patchy interstitial infiltrates, and HRCT reveals dif-
fuse ground-glass opacities. BAL reveals the appearance of foamy
alveolar macrophages and lamellated inclusion bodies. All labo-
ratory tests are within normal limits, except for an elevated ESR.
His medications on admission include amiodarone 400 mg every
day (QD; initiated 12 months previously) and benazepril 40 mg

QD. What signs and symptoms are consistent with a diagnosis of
amiodarone-induced pulmonary toxicity in R.W.?

Amiodarone-induced pulmonary toxicity (APT) is one of
the leading causes of amiodarone discontinuation. The es-
timated risks of APT from clinical trials range from 1% to
5%; however, risk appears to be linked to indexes of exposure
(a composite of daily dosage and duration of treatment).2,26

APT can appear within a few days following an initial load-
ing dose or after more than a decade of treatment, with an
average onset of 18 to 24 months into treatment. APT is not a
single clinical entity and can present as various patterns of pul-
monary toxicity, including interstitial pneumonitis, organizing
pneumonia, ARDS, pulmonary nodules, and pulmonary fibro-
sis. Patients commonly present with an insidious progression
of symptoms. Fatigue and progressive dyspnea often present
for several weeks to months prior to diagnosis. Nonproduc-
tive cough, pleuritic chest pain, crackles, weight loss, and
hypoalbuminemia can also be present. APT is characterized
by alveolar, interstitial, or mixed alveolar interstitial shadows
on imaging, and commonly presents with an asymmetric pat-
tern of involvement (in contrast to other drug-induced pul-
monary disorders). Differential diagnosis includes left ven-
tricular dysfunction, pulmonary infarction, bronchoalveolar
carcinoma or lymphoma, and pulmonary toxicity caused by
other commonly prescribed cardiovascular drugs. A thorough
physical examination is vital to exclude a diagnosis of conges-
tive heart failure because this population is at high risk for this
disorder.2,32,33

The earliest sign of APT is typically a precipitous decrease
in DLCO. However, this finding alone does not establish a
diagnosis. Conversely, a lack of clinically meaningful APT is
indicated by the presence of a stable diffusing capacity. Leuko-
cytosis, increased circulating lactate dehydrogenase levels, and
an elevated ESR are often noted in patients with APT. Histo-
logic appearances of the lung include septal thickening; in-
terstitial edema; nonspecific inflammation; fibrosis; and lipids
within the interstitial, endothelial cells, and alveolar spaces. A
large number of free foamy intra-alveolar macrophages sup-
port a diagnosis of APT. The role of BAL in the diagnosis
of APT is controversial, as a wide range of abnormalities can
be found in the BAL of patients with APT. Foam cells with
lamellar inclusions in BAL of patients chronically exposed to
amiodarone is a routine finding, not necessarily indicative of
drug toxicity. However, the diagnosis of classic APT is unlikely
in the absence of foam cells. R.W.’s pulmonary complaints, ra-
diographic findings, elevated ESR, and BAL results are all
consistent with a diagnosis of APT.2,32,33

10. What are risk factors that predispose patients to developing
amiodarone-induced pulmonary toxicity?

Risk factors include a higher drug dosage and longer dura-
tion of therapy. Prevalence increases from 0.1% to 0.5% with
doses up to 200 mg/day to 5% to 15% with doses up to 500
mg/day, and up to 50% with doses of 1,200 mg/day. A review
of pulmonary toxicity associated with low-dose amiodarone
reported the average age of affected patients was 77 years; the
elderly may be at higher risk for APT. Other risk factors include
pre-existing lung disease, male gender, and exposure to high
concentrations of oxygen, as during surgical procedures.2,32

R.W.’s overall exposure to amiodarone (dose and duration)
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may have increased his risk of developing pulmonary toxi-
city.2,32,33.

11. What is the likely mechanism of APT in R.W.?

During chronic therapy, amiodarone and its metabolite
desethyl-amiodarone (DEAm) accumulate extensively in the
tissue of the lung, as well as liver, skin, thyroid, and eye.
At therapeutic serum concentrations, both agents are toxic to
lung cells, and this toxicity is likely increased by the 100-fold
and 500-fold concentration ratio of amiodarone and DEAm in
lung tissue. The localization of amiodarone and DEAm, re-
spectively, in cell lysosomes leads to blockage of the turnover
of endogenous phospholipids, which then also accumulate in
the lung and lead to the characteristic finding of foamy lipid-
laden macrophages in BAL or lung tissue of patients receiv-
ing chronic amiodarone therapy. Efflux from tissues is slow,
and significant amounts of both compounds have been found
in the lungs of patients on autopsy 1 year after treatment
cessation.2,32,33

12. How should R.W. be managed?

Due to the persistence of significant levels of amiodarone
and DEAm in lung tissues, the sole withdrawal of amiodarone
may not result in improvements in symptoms or imaging. Pa-
tients showing substantial involvement on imaging or hypox-
emia should be given corticosteroids to try to hasten recovery
and possibly minimize the likelihood of lung fibrosis. Contin-
ued exposure to amiodarone after discontinuation of the drug
necessitates the administration of corticosteroid therapy for
extended periods of time to prevent recurrences of symptoms
during tapering, which have been reported up to 8 months after
the discontinuation of amiodarone. Recurrences may be more
severe than the initial episode of APT and may lead to res-
piratory failure or death. Six months, and more often 1 year,
is a reasonable estimate for duration of corticosteroid therapy.
Although no data from controlled studies are available, accu-
mulated clinical evidence supports the use of corticosteroids
when there are potentially life-threatening signs due to APT.
Good data on the dosing and duration of corticosteroid therapy
are lacking. However, one suggested regimen is to initiate with
a sufficient dosage (e.g., 0.75−1 mg/kg of oral prednisolone or
equivalent, or 40−60 mg daily) and maintain pending clinical
and radiographic response.32,34,35 The long-term use of corti-
costeroids requires monitoring for adverse effects, including
opportunistic infections. Following tapering over at least 2 to 6
months and discontinuation of corticosteroid therapy, patients
should be monitored for recurrence of APT.2,32,33,35

Clinical symptoms may resolve within 2 to 4 weeks; how-
ever, chest radiographic findings usually clear over 3 months or
more. In some cases, pulmonary toxicity may actually progress
before it begins to resolve. However, there is a 10% mortality
rate from APT, which increases to 21% to 33% for patients ad-
mitted to the hospital for amiodarone pneumonitis. The mortal-
ity rate is 50% for those who develop ARDS, even if the drug is
discontinued and IV corticosteroid therapy is given.2,32,33 The
routine use of corticosteroids in patients with persistent ARDS
(>14 days) is currently not recommended, although the place
of corticosteroid therapy in the treatment of acute ARDS re-
mains controversial.36,37Other pharmacotherapies (e.g., beta-
adrenergic agonists, prostaglandin E1, indomethacin) have not
shown any survival benefit.37

It was decided that R.W. would likely respond to the dis-
continuation of amiodarone, followed by treatment with oral
corticosteroids. He was started on 40 mg of prednisone with
radiologic improvement noted after 2 weeks. The prednisone
was then tapered gradually over 6 months. Sotalol treatment
was initiated to address R.W.’s ventricular tachycardia.

13. What steps could possibly lead to the prevention or earlier
detection of APT?

Given the potential for severe consequences of APT, the
early detection of the APT is desirable. However, it has not been
proved that earlier diagnosis necessarily improves prognosis.
There are currently no evidence-based standards for screen-
ing for APT in patients receiving amiodarone. Candidates for
amiodarone therapy should be carefully selected, and amio-
darone should be titrated to the lowest possible effective dose.
The 2007 Heart Rhythm Society guide for clinicians treat-
ing patients with amiodarone recommends that chest x-ray
and pulmonary function tests, including DLCO, be obtained
at baseline and on clinical suspicion of pulmonary toxicity. A
pulmonologist should be consulted for patients with abnormal
chest x-ray, abnormal pulmonary function test, or unexplained
new cough or dyspnea.34 The optimal frequency of monitoring
has not been determined; however, more frequent monitoring
of pulmonary function and/or imaging every 3 to 6 months
should be undertaken in patients with the greatest risk of de-
veloping APT (e.g., those with poor lung function or previous
pneumonectomy). Although yearly serial pulmonary function
testing in patients receiving conventional doses of amiodarone
is likely unrewarding because APT is uncommon in this sub-
set of patients, such patients should be instructed to contact
their physicians if they experience symptoms indicative of pul-
monary toxicity (e.g., cough, shortness of breath).32,38

GEMCITABINE-INDUCED PULMONARY TOXICITY

14. C.B. is a 66-year-old man with NSCLC. One year previously,
he had a right upper lobe (RUL) wedge resection and radiation
therapy. He now presents with a large local recurrence and en-
larged bilateral mediastinal lymph nodes. Weekly IV gemcitabine
treatment is initiated. He receives gemcitabine 1 g/m2 on days 1,
8, and 15, followed by a 2-week rest period. After the second cy-
cle, he presents to the emergency department with complaints
of dyspnea on exertion. Physical examination reveals that he has
significant peripheral edema, and his vital signs are notable for
an O2 saturation of 82% on room air. C.B. has maintained good
room air saturations at all times, despite a 100 pack-year history
of smoking and a history of RUL wedge resection. A chest radio-
graph shows increased interstitial markings. C.B. is admitted to
the hospital for further workup of his dyspnea.

How do patients with gemcitabine-induced pulmonary toxicity
usually present?

Different terms have been used to describe gemcitabine-
associated lung injuries with similar presentations (i.e., cap-
illary leak syndrome, noncardiogenic pulmonary edema,
interstitial pneumonitis, acute pneumonitis, ARDS, acute
pulmonary toxicity, or acute lung injury). Mild dyspnea occurs
in 25% of patients receiving gemcitabine, but there have been
only occasional reports of severe lung injury from initial clini-
cal trials or reports to the FDA or manufacturer. Although most
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cases of gemcitabine-induced pulmonary toxicity are mild and
self-limiting, severe lung injury (22%−42%) was recently re-
ported as the dose-limiting toxicity when combination gem-
citabine regimens were administered to patients with Hodgkin
disease.41 The most common clinical findings in a review of
severe gemcitabine-associated lung injury reports were dysp-
nea (70%), fever (35%), pulmonary infiltrates (22%), cough
(19%), respiratory distress (18%), and hypoxia (14%). The
median time to diagnosis was 48 days (range, 1−529 days).
Pulmonary toxicity may develop with the first dose of gem-
citabine, but more commonly develops after multiple cycles;
however, it is not clear whether this is dose related.39–42

15. How is gemcitabine-induced pulmonary toxicity dia-
gnosed?

As with other drug-induced pulmonary toxicities, this is a
diagnosis of exclusion. Temporal association is important, as
is ruling out other causes such as infection, metabolic causes,
cardiac compromise, lymphangitic spread, and disease pro-
gression. Typical radiologic features include diffuse interstitial
and alveolar changes on chest radiograph. Computed tomog-
raphy shows a ground-glass appearance in conjunction with
increased interstitial markings.42

16. What is the mechanism of gemcitabine-induced pulmonary
toxicity?

The mechanism of gemcitabine-induced lung toxicity is
unknown. Cytarabine, another pyrimidine analog, has been
known to cause a syndrome of noncardiogenic pulmonary
edema in 13% to 28% of patients and develops after treatment
with conventional and high-dose regimens. Histopathological
studies of these patients show interstitial and intra-alveolar
proteinaceous edema consistent with ARDS. It is postulated

that damage to the capillary endothelial cells causes the leak-
age of the fluid resulting in pulmonary edema. In view of the
structural and metabolic similarities between the two drugs,
it is likely that they share the same mechanism of pulmonary
injury.42

17. What risk factors that predispose C.B. to the development
of gemcitabine-associated pulmonary toxicity?

There is a subset of patients that appears to be more prone
to developing pulmonary symptoms, including men, age older
than 65 years, significant smoking history, concomitant ad-
ministration of bleomycin, chemotherapeutic agents known to
release cytokine mediators of inflammation (e.g., paclitaxel,
docetaxel, or vinorelbine), concomitant or prior radiotherapy,
and primary lung neoplasm. C.B. has four such risk factors,
including age, a 100 pack-year smoking history, and NSCLC
treated with radiation therapy.39,41,42

18. How should C.B. be managed?

It has been reported that gemcitabine-associated pulmonary
toxicity is generally self-limiting on discontinuation and is
often responsive to glucocorticoid therapy alone or plus a
diuretic. However, fatal outcomes have resulted from high-
risk combinations of chemotherapeutic agents. Gemcitabine
should be discontinued, and C.B. should be started on oral cor-
ticosteroid therapy (prednisone 40−100 mg has been used) and
low-dose furosemide (20−40 mg has been used).39,41,42
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26-2 � GASTROINTESTINAL DISORDERS

Upper gastrointestinal (GI) disorders include a wide spec-
trum of maladies that range in importance from simple discom-
fort to life-threatening illness and include dyspepsia, peptic
ulcer disease (PUD), gastroesophageal reflux disease (GERD),
and upper GI bleeding. The majority of upper GI disorders are
acid-related diseases in which gastric acid plays an important
role in their development, progression, and treatment. In the
United States, over 40 billion dollars is spent yearly treating
GI disorders, with over 10 billion dollars of this amount spent
on proton pump inhibitors (PPIs), a primary pharmacothera-
peutic option used to reduce gastric acid secretion.1,2 These
diseases place a substantial burden on both patients and the
health care system. It has been estimated that in 2002, over
5.5 million outpatient clinic visits were for patients evaluated
for a diagnosis of GERD, and an additional 2.3 million were
seen for dyspepsia or gastritis complaints.1 Between 250,000
and 300,000 patients are hospitalized each year for upper GI
bleeding, and despite numerous advances in diagnostic tech-
niques and management strategies, mortality rates of approxi-
mately 9% are reported with more than 2.5 billion dollars spent
each year to manage these patients.3−6

The introductory section of this chapter includes a brief
discussion of the physiology of the upper GI tract and the
pharmacotherapy of drugs used to treat upper GI disorders.
This section highlights the most important aspects associated
with these topics. A more in-depth and comprehensive review
can be found in GI textbooks or journal articles that discuss
upper GI physiology and the pharmacology, pharmacokinetics,
interactions, and side effects of the drugs.

PHYSIOLOGY OF THE UPPER GASTROINTESTINAL TRACT
The upper GI tract consists of the mouth, esophagus, stomach,
and the duodenum (Fig. 26-1). Ingested food or liquids pass
from the mouth through the esophagus and into the stomach. As
these substances enter into the esophagus, the lower esophageal
sphincter (LES), an area of smooth muscle near the distal end
of the esophagus, relaxes to allow their entry into the stomach.
The LES usually remains contracted to prevent the reflux of
gastric contents into the esophagus. However, peristaltic con-

tractions of the esophageal muscles allows the LES to remain
open until all food has entered the stomach.7 Although the LES
is the primary barrier for the prevention of gastric refluxate en-
tering the esophagus, healthy individuals reflux throughout the
day and night without clinical consequences.8

The stomach consists of three distinct anatomical regions,
each of which possesses specialized functional processes (Fig.
26-1). The cardia, which is the uppermost portion of the stom-
ach at the junction between the esophagus and stomach, is
responsible for the mucus secretion that protects against the
acid milieu of the stomach. The body, which makes up the ma-
jority of the surface area (80%–90%) of the stomach, contains
the parietal cells, which are responsible for gastric acid and in-
trinsic factor (required for vitamin B12 absorption) secretion.
The body also contains the peptic (chief) cells, which secrete
pepsinogen (a precursor to pepsin). Pepsinogen, under acidic
conditions in the stomach, is converted to pepsin (a proteolytic
enzyme), which is responsible for breaking down protein. The
antrum makes up the final 10% to 20% of the stomach. It con-
tains the G cells, which secrete the hormone gastrin, which
through a feedback mechanism stimulates acid secretion by
the parietal cell. The final portion of the upper GI tract is the
duodenum, which begins just after the pylorus and extends to
ligament of Trietz. At this point, the jejunum begins the first
portion of the lower GI tract.

The parietal cell is responsible for secreting gastric acid
(Fig. 26-2). Three stimuli (neurologic, physical, and hormonal)
trigger the parietal cell to secrete acid. Neurologic impulses,
from the central nervous system (CNS) and initiated by the
sight, smell, and taste of food, travel along cholinergic path-
ways to stimulate the release of acetylcholine, which arrives
via nerve endings and activates the muscarinic receptor on the
parietal cell.9 Ingested food causes gastric distention, which
triggers the release of acetylcholine and also stimulates G cells
within the antrum to produce gastrin. Elevated intragastric pH
also stimulates the production of gastrin. Gastrin works via a
feedback mechanism which, although produced in response to
elevated pH, can be inhibited by low gastric pH. The stomach
is protected from overproduction of gastric acid by the release
of somatostatin from antral D cells, which signal the G cell to

CARDIA
    Mucus-Secreting Cells

BODY
    Parietal Cells (Acid and Intrinsic Factor)
    Chief Cells (Pepsinogen)

ANTRUM
    G Cells (Gastrin)

DUODENUM

ESOPHAGUS

PYLORUS

LOWER ESOPHAGEAL SPHINCTER

FIGURE 26-1 Gastrointestinal anatomic regions.



UPPER GASTROINTESTINAL DISORDERS � 26-3

HCl

HCl HCl

ATPcAMP

Ca+2

Ca+2

Cl- Cl-

K+

K+

K+

H+

H+

H+

Secretory
canaliculus

Proton
pump

Muscarine
receptor for

acetylcholine

Nerve
ending

ECL or
mast cell

Blood
vessel

Gastrin
receptor

Histamine H2
receptor

Protein
kinase

Apical
membrane

Basolateral
membrane

Gastric gland lumen

FIGURE 26-2 Parietal cell. Source: Used with permission from the APhA
Special Report “The Use of Proton Pump Inhibitors in Acid-Peptic Disor-
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stop producing gastrin.10 Gastrin enters the blood and arrives at
the parietal cell, where it binds to the gastrin receptor. Acetyl-
choline and gastrin promote the release of histamine from the
mast cell or enterochromaffinlike (ECL) cells, which then bind
to the histamine H2-receptor on the parietal cell. Histamine re-
lease is associated with both postprandial and nocturnal acid
secretion. The gastrin, histamine H2, and muscarinic receptors
are located on the basolateral membrane of the parietal cell
(Fig. 26-2). Binding of any of these receptors leads to a cas-
cade of events that stimulates gastric acid secretion. Calcium
influxes into the parietal cell, leading to increased intracellular
levels of calcium. Levels of cyclic adenosine monophosphate
(cAMP) also increase and activate intracellular protein phos-
phokinases. This activates the hydrogen-potassium adenosine
triphosphatase (H+/K+-ATPase) or proton pump to move into
position in the secretory canaliculus located in the apical mem-
brane of the parietal cell. The proton pump is an ion transport
pathway that transports hydrogen ions out of the cytoplasm and
into the secretory canaliculus, where they are exchanged for
potassium ions that enter the parietal cell via the opposite ion
channel. In the secretory canaliculus, the hydrogen ion com-
bines with chloride from the blood to form hydrochloric acid
(HCl), which is then released from the secretory canaliculus
into the gastric acid lumen.11 The proton pump is the final
common pathway for gastric acid secretion.9,11

PHARMACOTHERAPY OF DRUGS USED TO TREAT
ACID-RELATED DISORDERS
The following section briefly reviews the pharmacotherapy of
drugs used to treat acid-related disorders (Table 26-1). Their
therapeutic use is discussed under each specific GI disorder.

Antacids and Alginic Acid
Antacids are widely used to relieve mild and infrequent symp-
toms associated with acid-related diseases. They act by neu-
tralizing gastric acid and thus increasing intragastric pH.12 The
elevation of intragastric pH is dose dependent and usually re-
quires a substantial dose to raise the intragastric pH above 4
or 5.12,13 Antacids are very quick acting and modestly elevate
intragastric pH within minutes, but their duration of action is
short (about 30 minutes on an empty stomach). The duration
of action can be extended to 3 hours when given with or within
1 hour after a meal).12 Antacids are available as individual salts
or as combination of salts of magnesium, aluminum, calcium,
or sodium. Aluminum- and magnesium-containing salts are
also able to bind bile salts.12 Aluminum salts may enhance mu-
cosal protection by increasing mucosal prostaglandins, stim-
ulating mucus and bicarbonate secretion and enhancing mi-
crovascular blood flow. Antacids also inhibit the action of
pepsin. These findings suggest that in addition to their neu-
tralizing capacity, antacids have other mechanisms by which
they act. This helps to explain their many pharmacotherapeu-
tic benefits.9,12 A review of specific antacid products and their
acid-neutralizing capacity is discussed elsewhere.12 Antacids
can also be combined with alginic acid. Alginic acid, however,
is not an acid-neutralizing agent. It acts by forming a viscous
solution that floats on top of the gastric contents and theo-
retically protects the esophageal mucosa from the potent acid
refluxate.14

Antacids are generally well tolerated. The magnesium-
containing antacids may cause a dose-related osmotic diarrhea,
but combining it with aluminum salts (which can cause con-
stipation when used alone) can offset this side effect. When
higher doses of combination magnesium/aluminum antacids
are used, the predominating side effect is diarrhea.12,15 Small
amounts of aluminum and magnesium are absorbed systemi-
cally and have the potential to accumulate in patients with renal
insufficiency and lead to toxicity. Thus, magnesium-containing
antacids should be avoided in patients with a creatinine clear-
ance <30 mL/minute, and chronic use of aluminum-containing
antacids in patients with renal failure should be avoided.12,15

Hypercalcemia has been described in patients taking pro-
longed courses of large doses of calcium carbonate (>20 g/day
in patients with normal renal function and >4 g/day in pa-
tients with renal failure).9,12 High-dose regimens of calcium
(4–8 g/day) in combination with alkalinizing agents (sodium
bicarbonate) can produce the milk-alkali syndrome (i.e., hy-
percalcemic nephropathy with alkalosis).9,12,15 Aluminum-
containing antacids (with the exception of aluminum phos-
phate) binds to dietary phosphate within the GI tract to form
insoluble salts that are excreted in feces. High-dose or frequent
administration may lead to hypophosphatemia.9,12,15 Sodium
bicarbonate should not be used for long periods of time (es-
pecially in the renally impaired patient) because systemic al-
kalosis can result from the accumulation of bicarbonate. Ad-
ditionally, the high sodium content (274 mg sodium/g sodium
bicarbonate) has been associated with sodium retention and
may pose a problem in patients with hypertension, ascites, se-
vere renal dysfunction, or congestive heart failure.9,12,15

Antacids may interfere with the absorption of many orally
administered drugs (e.g., digoxin, phenytoin, isoniazid, keto-
conazole, itraconazole, iron preparations) that require an acidic
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environment for dissolution and absorption.12,14,16 This may
lead to potential therapeutic failures with these medications.
Calcium-, aluminum-, or magnesium-containing antacids can
bind to concomitantly administered drugs and interfere with
the absorption of drugs that are susceptible to complexation
with these salts. Tetracyclines and the fluoroquinolones are
susceptible to this interaction, as they bind to divalent and triva-
lent cations.15 The bioavailability of ciprofloxacin for example
is reduced by >50% when concomitantly administered with
an antacid, because aluminum and magnesium ions chelate
with the antibiotic to form an insoluble and inactive complex.
The administration of ciprofloxacin 2 hours before an antacid
increases ciprofloxacin bioavailability more than when admin-
istered 2 hours after the antacid.17 An increase in gastric pH
may also result in the premature dissolution and altered ab-
sorption of enteric-coated dosage forms as the enteric coating
is usually designed to dissolve at a pH >6.0.16 Urinary alkalin-
ization may result in increased urinary excretion (salicylates) or
decreased excretion (amphetamines and quinidine) leading to
decreased or increased blood concentrations, respectively.12,15

The majority of these drug interactions can be avoided by sep-
arating the antacid from the interacting drug by a minimum of
2 hours.15

H2-Receptor Antagonists
There are currently four H2-receptor antagonists (H2RAs) ap-
proved for use in the United States. These include cimetidine,
ranitidine, famotidine, and nizatidine. All four agents are
available in prescription and over-the-counter (OTC) dosage
forms as well as oral and parenteral formulations (nizatidine
is not available parenterally in the United States). H2RAs
competitively and selectively inhibit the action of histamine on
the H2 receptors of the parietal cells, thus reducing both basal
and stimulated gastric acid secretion (Fig. 26-2). Although the
relative antisecretory potency on a milligram-per-milligram
basis differs (famotidine has the greatest potency followed by
nizatidine, ranitidine, and cimetidine), this is not an important
factor, as standard oral dosages of the four H2RAs have been
adjusted accordingly to have an equipotent antisecretory
effect (Table 26-1).18 Oral absorption from the small intestine
is rapid, and peak drug concentrations usually are achieved
within 1 to 3 hours after administration.18 The bioavailability
is lower for cimetidine, famotidine, and ranitidine because they
are absorbed incompletely and undergo first-pass metabolism
resulting in 40% to 65% bioavailability. The bioavailability of
nizatidine is considered near 100% since this agent does not un-
dergo first-pass metabolism.9,18,19 Parenteral H2RAs given by
the intravenous (IV) route have 90% to 100% bioavailability.
All four drugs are eliminated by a combination of he-
patic metabolism, glomerular filtration, and tubular
secretion.18 Hepatic metabolism is the principal pathway for
the elimination of cimetidine, famotidine, and ranitidine,
whereas renal excretion is the major route for elimination of
nizatidine.9,18−22 For each of these agents, the elimination
half-life is increased, the total body clearance is decreased, and
dosage reduction is recommended for patients with moderate
to severe renal insufficiency. The pharmacokinetics appear
to be unaffected by hepatic dysfunction; however, in patients
with combined hepatic failure and renal insufficiency, dosage
reduction is likely necessary.20

The H2RAs are remarkably safe, and the frequency of severe
adverse effects is low for all four drugs.9,23 A meta-analysis of
randomized placebo-controlled trials reported no difference in
the incidence of adverse events of cimetidine versus placebo.24

The most common adverse effects include GI discomfort (e.g.,
diarrhea, constipation), CNS effects (e.g., headache, dizzi-
ness, drowsiness, lethargy, confusion, psychosis, and hallu-
cinations), and dermatologic effects (e.g., rashes).9,23 The
most frequent hematologic adverse effect is thrombocytope-
nia, which occurs in about 1% of patients but is reversible on
discontinuation of the H2RA.25 Although thrombocytopenia is
more commonly reported with IV administration, it is likely
that the overall incidence of H2RA-associated thrombocytope-
nia is overestimated.26 Hepatotoxicity, although uncommon,
has been described primarily in patients receiving IV H2RAs.27

Cimetidine has demonstrated weak antiandrogenic effects, and
its use in high doses (hypersecretory conditions) has been asso-
ciated with gynecomastia and impotence in men. This effect is
reversible with discontinuation of the medication or by switch-
ing to another H2RA.23,28 Patients at highest risk of developing
any of these adverse effects include the elderly, those requiring
higher doses (usually parenteral), and those with altered renal
function.9

All four H2RAs can potentially alter the absorption and
reduce the bioavailability of drugs that require an acidic en-
vironment for absorption. The most important of these inter-
actions is with ketoconazole, which requires an acidic pH for
dissolution and absorption. Concomitant administration of a
H2RA and ketoconazole may lead to therapeutic failure of the
antifungal.9,16 Cimetidine has the greatest potential to cause
drug interactions because of its ability to inhibit several he-
patic CYP450 isoenzymes. The greatest concern is with those
agents that have a relatively narrow therapeutic window (e.g.,
theophylline, lidocaine, phenytoin, quinidine, and warfarin).16

Although ranitidine is more potent on a molar basis, it binds
less intensely to the CYP450 isoenzyme system than cimeti-
dine. Thus, when used in equipotent doses, there is less poten-
tial for interactions. Famotidine and nizatidine do not bind ap-
preciably to the CYP450 system and do not interact with drugs
that are metabolized through this hepatic system.16 Since the
H2RAs undergo renal tubular excretion, there is a potential for
competition with other medications.29 Cimetidine and raniti-
dine inhibit the tubular secretion of procainamide by as much
as 44%, but famotidine does not have this effect.30 Tachyphy-
laxis or tolerance has been described with all H2RAs because
of up-regulation of the H2-receptor site. It appears to occur
more frequently with high-dose parenteral formulations but
has also been described with oral therapy.31,32 Tolerance to the
antisecretory effect may develop after several days of regularly
scheduled (continuous) use but can be avoided by taking the
H2RA only when needed.

Proton Pump Inhibitors
PPIs are highly specific inhibitors of gastric acid secretion and
include omeprazole, lansoprazole, rabeprazole, pantoprazole,
and esomeprazole. These agents are substituted benzimida-
zoles and act by irreversibly binding to the H+/K+-ATPase
(proton pump). The PPIs are the most potent inhibitors of
gastric acid secretion in that they inhibit the terminal step in
the acid production cycle.9,33−35 They inhibit both basal and
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stimulated gastric acid secretion in a dose-dependent and sus-
tained fashion.34 The PPIs are prodrugs and require an acidic
environment for conversion to the active sulfonamide. They
are absorbed in the small intestine (protected from the acidic
milieu of the stomach by enteric coating) and taken via the
bloodstream to the acidic secretory canaliculus of the pari-
etal cell for protonation to the active form (Fig. 26-2).9,33,35

This conversion requires an actively secreting proton pump,
and hence, these agents are most efficacious when taken 30 to
60 minutes prior to a meal on an empty stomach.35 Despite
the short plasma elimination half-lives of these agents (∼ 1–2
hours), the duration of the antisecretory effect is considerably
longer (48–72 hours depending on the agent used) because
of covalent (irreversible) binding to the proton pump.9,35,36

The PPIs have similar acid-inhibitory effects and healing rates
when used in equivalent doses (Table 26-1).37−42 The PPIs are
superior to the H2RAs in terms of acid reduction and mucosal
healing.37,43 A dosage reduction is not required in patients
with renal insufficiency; however a dosage reduction is recom-
mended for patients with severe hepatic impairment.9,44

The oral PPIs are formulated as delayed-release enteric-
coated granules within capsules (omeprazole, lansoprazole, es-
omeprazole), delayed-release enteric-coated tablets (pantopra-
zole, rabeprazole, OTC omeprazole), a rapidly disintegrating
tablet (lansoprazole), delayed-release oral suspension (lanso-
prazole), and an immediate release formulation (omeprazole
and sodium bicarbonate capsules and powder for oral suspen-
sion). IV formulations in the United States include pantopra-
zole and esomeprazole. Various methods of administration,
specific dosage forms, and compounding options for patients
with special needs (e.g., dysphagia, gastric tubes) will be dis-
cussed later in this chapter (see Upper Gastrointestinal Bleed-
ing section).

The short-term adverse effects of PPIs are relatively in-
frequent and comparable to the H2RAs or placebo. The most
common side effects include GI discomfort (e.g., nausea, di-
arrhea, abdominal pain), CNS effects (e.g., headache, dizzi-
ness), and rare isolated reactions (e.g., skin rash, increased liver
enzymes).9,45 The immediate-release formulation of omepra-
zole contains sodium bicarbonate, and care should be taken
in sodium-restricted patient populations, as discussed in the
Antacids section. All PPIs are metabolized by the hepatic
cytochrome P450 microenzyme system. Omeprazole and es-
omeprazole have been described as inhibiting CYP2C19 and
decreasing the clearance of diazepam, phenytoin, and R-
warfarin, while lansoprazole increases the metabolism of theo-
phylline by inducing CYP1A.35,46 Although the clinical im-
portance of these interactions is thought to be negligible, care
should be taken when combining these agents to prevent pos-
sible toxicity or therapeutic failure. An increase in intragastric
pH may increase the bioavailability of orally administered med-
ications (e.g., digoxin, nifedipine) or decrease the absorption
of ketoconazole and cefpodoxime.35,47

The PPIs have been associated with a number of adverse
effects when used long term and in high dosages. However, in
most cases, there is insufficient evidence to support a causal re-
lationship between the PPI and the effect. There is evidence to
suggest a relationship between elevated serum gastrin concen-
trations and ECL hyperplasia as a result of the PPI’s profound
ability to inhibit gastric acid secretion. It has been hypothe-
sized that this can progress to gastric carcinoid tumors (a pre-

cursor of gastric cancer). Although ECL hyperplasia has been
described with the use of PPIs, there is no clinical evidence
to suggest that long-term (>10 years) therapy progresses to
a higher grade of hyperplasia or gastric ECL carcinoid.9,48,49

Atrophic gastritis has been observed in gastric corpus biopsies
from patients treated long term with omeprazole and positive
for Helicobacter pylori. However, review of the data by the
Food and Drug Administration (FDA) has been inconclusive
and not able to show causality between long-term use of PPIs,
H. pylori, and atrophic gastritis.9,49,50

PPIs have been associated with an increased risk of infec-
tions (e.g., pneumonias, enteric infections) possibly due to the
ability of the microorganisms ability to survive in a less acidic
environment.49,51−53 Acute nosocomial infections (pneumo-
nia) associated with critically ill patients will be described
later when discussing high-dose oral and parenteral PPI ther-
apy (see Upper Gastrointestinal Bleeding section). Enteric in-
fections and cancer have also been described due to poten-
tial bacterial overgrowth. The most common pathogens are
Clostridium difficile, Salmonella typhimurium, and Campy-
lobacter jejuni; however, data suggest that they rarely lead
to illness.51,52 A retrospective database study of PPI use de-
scribes a near threefold increase in the risk of C. difficile–
associated diarrhea in patients receiving PPIs versus patients
not on a PPI, but the overall risk remains low and should not
be considered a contraindication to therapy.52 Bacterial over-
growth (secondary to PPI treatment) has been hypothesized
to increase the risk of gastric cancer, because bacteria in the
stomach responsible for conversion of dietary nitrates to ni-
trites can flourish at a higher pH and increase the development
of N-nitrosamines (a carcinogenic by-product). Presently, there
are no convincing studies to support the increased production
of N-nitrosamines in humans with prolonged PPI therapy.49,51

Long-term PPI use in older patients on high dosages has also
been associated with an increased risk of hip fractures through
the presumed inhibition of calcium absorption by PPI-induced
hypochlorhydia.54 Although the overall risk was low and was
statistically significant, data from previous studies reported
normal calcium absorption in patients on PPIs for at least 4
years.55 Additional studies are required to confirm a causal
relationship.

A decrease in vitamin B12 (cyanocobalamin) has been de-
scribed in patients with long-term PPI use and may occur be-
cause gastric acid is required to liberate the vitamin from di-
etary sources.49,55 This may only be problematic in the elderly,
vegetarians, and patients with chronic alcohol ingestion. PPIs
have been associated with interstitial nephritis, but this is an
extremely rare finding.56 Although the long-term effects asso-
ciated with PPIs appear to be rare, the benefit of long-term use
must always be weighed against potential risks for the patient.

Sucralfate
Sucralfate (an aluminum salt of a sulfated dissacharide) pro-
motes gastric mucosal protection by shielding ulcerated tissue
from aggressive factors such as acid, pepsin, and bile salts.57

At a pH of 2.0 to 2.5, sucralfate binds to damaged and ulcerated
mucosa, forming a physical barrier against injury from these
aggressive factors. The drug has minimal systemic absorp-
tion and does not possess antisecretory activity. Sucralfate may
also have other protective actions related to the stimulation of
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mucosal prostaglandins.9 The most common side effect asso-
ciated with sucralfate is constipation, which occurs in about
3% of patients. This is most likely due to the aluminum con-
tent of the compound. Because aluminum toxicity has occurred
secondary to accumulation in patients with renal insufficiency,
long-term use should be avoided.9 Since aluminum salts can
bind with dietary phosphate in the GI tract, the potential for
hypophosphatemia exists (see Antacids section). Sucralfate
tablets are large, and some patients, particularly the elderly,
may have difficult swallowing them. Gastric bezoar formation
has also been described.58 A liquid formulation is available for
patients with swallowing difficulties. The bioavailability of oral
fluoroquinolones, warfarin, phenytoin, levothyroxine, quini-
dine, ketoconazole, amitriptyline, and theophylline may be re-
duced when concomitantly administered with sucralfate.9,16

The mechanism of these interactions is thought to be caused
by binding of the medication with sucralfate in the GI tract,
thus limiting their absorption. Because of these interactions,
sucralfate should be given at least 2 hours after these medica-
tions.

Misoprostol
Misoprostol, a synthetic prostaglandin E1 analog, is the only
prostaglandin analog approved for use in the United States.
Misoprostol acts primarily by enhancing mucosal defense
mechanisms.9 It produces cytoprotective effects by stimulating
the production of mucus and bicarbonate, improving mucosal
blood flow, and reducing mucosal cell turnover similar to the ef-
fects of endogenous prostaglandin.9 Misoprostol also produces
a dose-dependent inhibition of gastric acid, but even at high
doses, it is less than that of the H2RAs. The use of misoprostol
is limited because of its potential to cause a dose-dependent
diarrhea (in up to 30% of patients) and abdominal cramping.9

Taking the drug with meals may help to reduce the diarrhea.
Decreasing the daily dose may reduce the diarrhea, but effi-
cacy may be compromised59 (see Peptic Ulcer Disease section).
Other troublesome side effects include nausea, flatulence, and
headaches.9 Misoprostol is excreted primarily as metabolites
in the urine, but a dose reduction is not required in patients with
renal insufficiency. Misoprostol is an abortifacient because of
its uterotrophic effects. Thus, it is contraindicated in women
who are pregnant who take it for a GI indication.9,60 Use in
women in their childbearing years requires a negative serum
pregnancy test and adequate contraception.

Bismuth Salts
Bismuth subsalicylate has been used for years as an OTC op-
tion for many GI aliments. Although its mechanism of action
is not completely understood, bismuth is thought to work by
binding to and protecting mucosal lesions and enhancing cel-
lular protective mechanisms. Bismuth also has an antimicro-
bial effect, primarily against H. pylori.9 Bismuth salts have no
acid-inhibitory effects. Bismuth-containing products have few
side effects, but patients with renal impairment may have a
decreased elimination of the bismuth. Bismuth subsalicylate
should be used with caution in patients on concomitant salicy-
lates, as the potential exists for salicylate toxicity or increased
risk of bleeding. Patients with salicylate allergies or sensitivi-
ties should also be warned of the salicylate component. Long-

term use is also not advised. Bismuth salts are associated with
a harmless black coloring of the stools due to colonic con-
version of bismuth to bismuth sulfide and a potential black
discoloration of the tongue with liquid dosage forms.9 Bis-
muth subcitrate potassium (biskalcitrate) is only available as a
combination product with metronidazole and tetracycline for
the treatment of H. pylori61 (see Peptic Ulcer Disease section).
Although side effects are similar to bismuth subsalicylate, it
has the advantage of not containing salicylate.

DYSPEPSIA
The term dyspepsia is derived from the Greek words that
mean “hard or difficult digestion” and refers to a subjective
feeling of pain or discomfort located primarily in the upper
abdomen.62−63 Although the symptom complex and duration
may vary, most patients complain of acute dyspeptic symp-
toms (indigestion) that are often but not necessarily restricted
to food or alcohol consumption; medications such as non-
steroidal anti-inflammatory drugs (NSAIDs), antibiotics such
as erythromycin, digoxin, theophylline, and bisphosphonates;
and smoking or a stressful lifestyle (Fig. 26-3). Chronic dys-
pepsia is defined as recurrent symptoms that may include epi-
gastric pain, abdominal boating, belching, nausea, vomiting,
and early satiety (early sense of fullness with meals). Clinicians
consider heartburn an accompanying symptom, but regulatory
agencies in the United States and Rome II diagnostic crite-
ria have adopted a definition of chronic dyspepsia for clinical
research purposes that excludes heartburn.63,64 For some indi-
viduals, dyspepsia occurs regularly and may indicate a serious
underlying medical problem.

Patients who have not undergone diagnostic testing are re-
ferred to as having “uninvestigated” dyspepsia, while those
who have undergone testing (usually upper endoscopy) are said
to have “investigated” dyspepsia (Fig. 26-3). The four major
causes of investigated dyspepsia include chronic PUD, GERD
with or without esophagitis, malignancy, and functional or idio-
pathic dyspepsia. Functional dyspepsia is a clinical syndrome
in which there is no evidence of mucosal damage related to
PUD, GERD, or malignancy found at endoscopy. Specific types
of functional dyspepsia include nonulcer dyspepsia (NUD),
which describes “ulcer-like” symptoms, and nonerosive reflux
disease (NERD), which describes “GERD-like” symptoms in
an endoscopy-negative patient.

Epidemiology
Dyspepsia is a common problem that occurs in about 25% of
the U.S. population when patients with typical GERD symp-
toms are excluded.62 When all patients with heartburn or regur-
gitation are excluded, the prevalence is lower. The prevalence
remains stable, as the number who develop dyspepsia is similar
to the number who no longer complain of symptoms.

Pathophysiology
Acute, infrequent dyspepsia is most often related to food, alco-
hol, smoking, or stress. Chronic dyspepsia may be related to an
underlying cause such as PUD, GERD, or malignancy or may
not have any known cause (endoscopy-negative, functional,
idiopathic dyspepsia). About 40% of patients with functional
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Dyspeptic symptoms

Acute (Indigestion) Chronic dyspepsia

Meal-related
Beverage-related
Medications (e.g., NSAIDs)
Other (e.g., stress, smoking)

Univestigated Investigated (endoscopy)

Age �55
No alarm signs 
or symptoms

Age >55 
or alarm signs 
or symptoms

Functional 
(nonulcer)

PUD
GERD
Malignancy

Management options
• Avoid food, beverages
• Discontinue medications
• Stop smoking
• Minimize stress
• Antacids
• OTC H2RA or PPI

H. pylori
prevalence
(<10%)

H. pylori
prevalence
(�10%)

EGD H. pylori
positive

H. pylori
negative

• Reevaluate symptoms
• Consider other sources
   for abdominal pain 
   (e.g., pancreas, colon)
• Does the patient have 
   delayed gastric 
   emptying or IBS?
• Does the patient have
   psychological issues?

Treat for 
H. pylori

Test for H. pylori

PPI trial
4  weeks

Test and treat
for H. pylori

Treat for 
H. pylori

Consider
EGD

Consider
EGD

Negative Positive

Fail Fail

Fail

FIGURE 26-3 Management of dyspeptic symptoms. GERD, gastroesophageal reflux disease; H. pylori,
Helicobacter pylori; H2RA, H2 -receptor antagonist; OTC, over-the-counter; PPI, proton pump inhibitor;
PUD, peptic ulcer disease.

dyspepsia have pathophysiological disturbances that involve
delayed gastric emptying.63 There is also evidence that the
esophagus, stomach, duodenum, and other regions of the GI
tract are hypersensitive and may be associated with irritable
bowel syndrome, especially in women.63 Others have failed
to find a pathological association between functional dyspep-
sia and gastroduodenal motility, hypersensitivity, or any other
GI abnormality and suggest that psychologic disturbances
are an important contributing factor. Although H. pylori in-
fection has been identified in 20% to 60% of patients with
functional dyspepsia, its pathophysiological relevance remains
uncertain.62

Clinical Assessment and Diagnosis
Acute, infrequent dyspepsia is usually self-limiting and gen-
erally requires no further investigation. Chronic dyspeptic
symptoms cannot be used to predict endoscopic findings of
PUD, GERD, or malignancy in patients with uninvestigated
dyspespia.63,65,66 In addition, individual symptoms or symp-
tom subgroups such as PUD-like, GERD-like, or dysmotility-
like dyspepsia are not useful in distinguishing organic dis-

ease from functional dyspepsia, nor does it appear to aid in
management. This is because there is considerable overlap of
symptoms among patients with PUD, GERD, malignancy, and
functional dyspepsia.

The clinical assessment of uninvestigated dyspeptic in pa-
tients ≤55 years of age with no alarm signs or symptoms in-
cludes a test-and-treat H. pylori option, which is preferable in
geographic areas of moderate to high prevalence of H. pylori
infection ≥10%)63 (Fig. 26-3). H. pylori testing should be con-
ducted by using a nonendoscopic validated test (see Tests for
Detecting Helicobacter pylori section). New-onset dyspepsia
in an older individual is considered an independent risk factor
for an underlying malignancy such as gastric cancer.63 Dys-
peptic patients >55 years of age or those with alarm signs
or symptoms should undergo upper endoscopy (Fig. 26-3).
Other alarm features that assist in identifying serious under-
lying diseases, especially malignancy, include early satiety,
anorexia, worsening dysphagia or odynophagia, unexplained
weight loss (>10% body weight), vomiting, anemia, GI bleed-
ing, lymphadenopathy, jaundice, a history of PUD, a family
history of upper GI tract cancer, previous gastric surgery, or
malignancy.63 Although a symptom duration threshold has not
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been established, a long history of symptoms or antisecretory
drug use may suggest a serious underlying condition.

Treatment
The recommended strategies for managing dyspepsia are pre-
sented in Figure 26-3. Individuals with acute dyspepsia (in-
digestion) can be effectively treated with self-directed ther-
apy using antacids or OTC antisecretory drugs if they are un-
able or unwilling to avoid offending foods and beverages, stop
smoking, or discontinue troublesome medications. The initial
management of patients ≤55 years of age with uninvestigated
dyspepsia and no alarm features depends on the prevalence of
H. pylori and whether the patient is H. pylori positive or neg-
ative (Table 26-2). Empiric therapy with a PPI for 4 weeks is
considered first line and cost effective in areas with a low preva-
lence of H. pylori and in patients who are H. pylori negative.63

One meta-analysis reports better symptomatic outcomes with a
short course of a PPI when compared with H2RAs, alginate, or
placebo.67 The PPI should be stopped after 1 month if the pa-
tient’s symptoms respond to treatment. If symptoms recur, then
longer-term PPI treatment may be considered, but the need for
a PPI should be evaluated every 6 to 12 months.62 If standard
doses of a PPI fail, a short course of doubling the PPI dose may
be considered.62 Prokinetics are not recommended as first-line
therapy for uninvestigated dyspepsia in the United States.62,63

Patients who are H. pylori positive should receive a PPI-based
eradication regimen62,65 (see Helicobacter pylori–Related Ul-
cers section).

Early endoscopy with biopsy for H. pylori is recommended
for patients >55 years of age and those with alarm features. In
the event that an abnormality is found, such as PUD, GERD, or
malignancy, it should be treated accordingly. The management
of NUD is challenging and should take into consideration the
cost-effectiveness of treatment.2 Analyses of trials evaluating
H2RAs and PPIs show that less than one-third of patients be-
come asymptomatic and that PPIs may be marginally superior

Table 26-2 Indications for Testing and Treating Helicobacter
pylori Infection

Recommended (evidence established)

� Uninvestigated dyspepsia (depending on H. pylori prevalence)
� PUD (active gastric or duodenal ulcer)
� History of PUD (confirmed ulcer not previously treated for H. pylori)
� Gastric MALT lymphoma
� Following resection of early gastric cancer
� Reduce the risk of recurrent bleeding from gastroduodenal ulcer

Controversial (evidence not well established)

� NUD
� Individuals using NSAIDs (no signs/symptoms of peptic ulcer)
� GERD
� Individuals at risk for gastric cancer
� Individuals with unexplained iron deficiency anemia

GERD, gastroesophageal reflux disease; MALT, mucosa-associated lymphoid tissue;
NUD, nonulcer dyspepsia; NSAID, nonsteroidal anti-inflammatory drug; PUD, peptic
ulcer disease.
Adapted from references 63, 78, and 80, with permission.

to H2RAs.63 An economic review, however, suggests that PPIs
are cost-effective for NUD in the United States.68 There is
no evidence to support the use of antacids or sucralfate,69 but
simethicone may be of benefit.70 The effectiveness of H. py-
lori eradication in NUD remains controversial, as some meta-
analyses show a beneficial effect71 while others fail to confirm
such benefits72 (Table 26-2). An update of these meta-analyses,
however, reports a small therapeutic gain with eradication.73

The beneficial effects of eradication may last for up to 5 years.74

Although the benefit of prokinetics have been reported, most
studies were conducted with cisapride, which was withdrawn
from the U.S. market.69 The use of available prokinetics (meto-
clopramide, erythromycin) should be reserved for difficult-
to-treat patients because of their limited efficacy and side
effects.63 Antidepressants are often prescribed in NUD but are
of uncertain efficacy.63 Alternative therapies, including herbal
products, remain unproven.63 Patients with persistent dyspepia
despite a negative endoscopy in whom PPI therapy and H. py-
lori eradication fails should have their diagnosis reevaluated.

PEPTIC ULCER DISEASE
PUD is one of the most common gastroenterologic diseases
affecting the upper GI tract.9 Chronic peptic ulcers are de-
fects in the gastric (gastric ulcer) or duodenal (duodenal ulcer)
mucosa that require gastric acid for their formation. Chronic
peptic ulcers differ from erosions and gastritis in that the ul-
cer extends deeper into the muscularis mucosa. Stress ulcer is
an acute form of peptic ulcer, but it occurs primarily in criti-
cally ill patients and differs in its underlying pathogenesis (see
Stress-Related Mucosal Bleeding section).

Epidemiology
Peptic ulcers develop in 10% of Americans during their lifetime
and result in impaired quality of life, work loss, and high-cost
medical care.9 A declining ulcer rate for younger men and an
increasing rate for older women has shifted the prevalence of
PUD in the United States from predominantly men to a com-
parable rate in men and women.9 Hospitalizations, operations,
physician visits, and deaths in the United States have declined
by >50% during the last four decades.9 While hospital ad-
missions for uncomplicated duodenal ulcer have decreased,
admissions for ulcer-related complications (bleeding and per-
foration) have increased.9 Although the overall mortality from
PUD has decreased, death rates have increased among older
patients (>75 years) and are most likely related to the use of
NSAIDs.

Etiology and Risk Factors
H. pylori and NSAIDs are the two most common causes of
chronic PUD and influence the chronicity of the disease.9

Less common causes include hypersecretory states such as
Zollinger-Ellison syndrome (ZES) (see Zollinger-Ellison Syn-
drome section), viral infections (e.g., cytomegalovirus), radia-
tion, and chemotherapy (e.g., hepatic artery infusion).9 Factors
that may increase the risk of a peptic ulcer include alcohol in-
gestion, cigarette smoking, diet, and psychologic stress; corti-
costeroids; and chronic diseases such as chronic renal failure,



26-10 � GASTROINTESTINAL DISORDERS

hepatic cirrhosis, chronic pancreatitis, chronic pulmonary dis-
ease, and Crohn’s disease.9

Helicobacter pylori–Related Ulcers
H. pylori infection is causally linked to chronic gastritis, PUD,
mucosa-associated lymphoid tissue (MALT) lymphoma, and
gastric cancer (Table 26-2), but only 20% of infected indi-
viduals develop symptomatic ulcers and <1% develop gastric
cancer.9,75,76 Differences in strains account for the variable
pathogenesis of the organism.75,76 Evidence is lacking to sup-
port a causal role for H. pylori and GERD,77,78 extragastric
manifestations (e.g., cardiovascular disease),79 or iron defi-
ciency anemia.80

The prevalence of H. pylori varies by geographic location,
socioeconomic environment, ethnicity, and age.75 The infec-
tion is more common in developing countries than in industri-
alized countries. Prevalence in the United States is estimated
to be 30% to 40%80 but is higher in older individuals and in
African and Latin Americans.81 The higher prevalence among
older individuals reflects acquisition during infancy and early
childhood.9 However, infection rates in the United States have
been declining in children because of improved socioeconomic
conditions.80,81 Prevalence is not affected by gender or smok-
ing. Transmission occurs by the fecal–oral route from an in-
fected person or from fecal-contaminated water or food.9 Indi-
viduals living in the same household are at risk for infection.9,81

H. pylori can also be transmitted through vomitus or the use
of inadequately sterilized endoscopes.9 Transmission by the
oral–oral route has been postulated, but it is unlikely.

Nonsteroidal Anti-inflammatory Drug-Induced Ulcers
There is considerable evidence linking the chronic use of
NSAIDs with injury to the GI tract.9,82−84 Gastric and duo-
denal ulcers develop in 15% to 30% of chronic NSAID
users,9 whereas 1% to 2% experience serious ulcer-related
complications.82,83 Gastric ulcer is most common and de-
velops primarily in the antrum.75 NSAIDs may cause ulcers
in the esophagus and the colon, but these ulcers occur less
frequently.9,84 It has been estimated that about 16,500 NSAID-
related deaths and 107,000 hospitalizations occur annually in
the United States,82,83 but the death rates may be overstated
because of the recent decline in hospitalizations.84 Over 111
million NSAID prescriptions are filled each year in the United
States at a cost of about 5 billion dollars.82 Additionally, about
2 million dollars is spent annually on OTC NSAIDs.82 The risk
factors for NSAID-induced ulcers and upper GI complications
are listed in Table 26-3. Combinations of factors confer an
additive risk.

Pathophysiology
A physiological balance exists in healthy individuals between
gastric acid secretion and gastroduodenal mucosal defense.
Peptic ulcers occur when the balance between aggressive fac-
tors (gastric acid, pepsin, bile salts, H. pylori, and NSAIDs)
and mucosal defensive mechanisms (mucosal blood flow, mu-
cus, mucosal bicarbonate secretion, mucosal cell restitution,
and epithelial cell renewal) are disrupted.9 Increased acid se-
cretion may occur in patients with duodenal ulcer, but most
patients with gastric ulcer have normal or reduced rates of

Table 26-3 Risk Factors for Nonsteroidal Anti-inflammatory
Drug-Induced Ulcer and Ulcer-Related Upper Gastrointestinal
Complications

Established

� Confirmed prior ulcer or ulcer-related complication
� Age >65 years
� Multiple or high-dose NSAID use
� Concomitant use of aspirin (including cardioprotective dosages)
� Concomitant use of an anticoagulant, corticosteroid,

bisphosphonate, clopidogrel, or SSRI
� Selection of NSAID (selectivity of COX-1 vs. COX-2)

Controversial

� H. pylori
� Alcohol consumption
� Cigarette smoking

COX-1, cyclo-oxygenase-1; COX-2. cyclo-oxygenase-2; NSAID, nonsteroidal anti-
inflammatory drug; SSRI, selective serotonin reuptake inhibitor.
Adapted from references 9, 80, 82–84, 122, and 125, with permission.

acid secretion.11 Pepsin is an important cofactor that plays
a role in the proteolytic activity involved in ulcer formation.
Mucosal defense and repair mechanisms protect the gastro-
duodenal mucosa from noxious endogenous and exogenous
substances.9 The viscous nature and near-neutral pH of the
mucus-bicarbonate barrier protect the stomach from the acidic
contents in the gastric lumen. The maintenance of mucosal
integrity and repair is mediated by the production of endoge-
nous prostaglandins. When aggressive factors alter mucosal
defense mechanisms, back diffusion of hydrogen ions occurs
with subsequent mucosal injury. H. pylori and NSAIDs cause
alterations in mucosal defense by different mechanisms and
are important factors in the formation of peptic ulcers.

Helicobacter pylori–Related Ulcers
H. pylori is a gram-negative, spiral-shaped bacillus that thrives
in a microaerophilic environment. The bacterium resides be-
tween the mucus layer and surface epithelial cells in the stom-
ach or any location where gastric-type epithelium is found.9,75

Flagella enable it to move from the lumen of the stomach,
where the pH is low, to the mucus layer, where the pH is neutral.
The acute infection is accompanied by transient hypochlorhy-
dria, which enables the organism to survive the acidic gastric
juice.85 Although the exact method by which H. pylori induces
hypochlorhydria is uncertain, it is hypothesized that its urease-
producing ability hydrolyzes urea in the gastric juice and con-
verts it to ammonia and carbon dioxide, which creates a neutral
microenvironment that surrounds the bacterium.75 Adherence
pedestals permit the bacterium to attach to gastric-type epithe-
lium and prevent it from being shed during cell turnover and
mucus secretion. Colonization of the body of the stomach is
associated with gastric ulcer. Duodenal ulcers are thought to
arise from colonization by antral organisms of gastric-type ep-
ithelium that develops in the duodenum in response to changes
in duodenal pH.9,75

The exact mechanism by which H. pylori infection leads
to ulceration is not yet known. Direct mucosal damage is
produced by virulence factors (e.g., vacuolating cytotoxin,
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elaborating bacterial enzymes) and adherence.86,87 Approx-
imately 50% of H. pylori strains produce vacuolating cyto-
toxin (VacA), which leads to cell death and possibly gastric
cancer.87 Strains with cytotoxin-associated gene (CagA) pro-
tein are associated with duodenal ulcer, atrophic gastritis, and
gastric cancer.75,76,86 H. pylori infection also causes alterations
in the host immune response,9,75 hypergastrinemia leading to
increased acid secretion,9,75 and carcinogenic conversion of
susceptible gastric epithelial cells.76,86,87

Nonsteroidal Anti-inflammatory Drug-Induced Ulcers
Nonselective NSAIDs (Table 26-4), including aspirin, cause
peptic ulcers and upper GI complications by systemically
inhibiting protective prostaglandins in the gastric mucosa.9

NSAIDs inhibit cyclo-oxygenase (COX), the rate-limiting en-
zyme in the conversion of arachidonic acid to prostaglandins.
There are two COX isoforms: cyclo-oxygenase-1 (COX-1),
which is found in the stomach, kidney, intestine, and platelets,
and cyclo-oxygenase-2 (COX-2), which is induced with acute
inflammation.9 The inhibition of COX-1 is associated with up-
per GI and renal toxicity, while the inhibition of COX-2 is re-
lated to anti-inflammatory effects.9,88 Nonselective NSAIDs,
including aspirin, inhibit both COX-1 and COX-2 to vary-
ing degrees and decrease platelet aggregation, which may in-
crease the risk for upper GI bleeding.9 The partially selective
NSAIDs may be associated with less GI toxicity.9,88−90 Selec-
tive COX-2 inhibitors have a similar efficacy to the nonselective
NSAIDs but with fewer harmful GI effects.9,90 In contrast to
the nonselective NSAIDs, the COX-2 inhibitors do not pos-
sess antiplatelet effects. Two selective COX-2 inhibitors, rofe-
coxib and valdecoxib (Table 26-4), were withdrawn from the
U.S. market in 2004 because of concerns about cardiovascu-
lar safety. Celecoxib, a NSAID initially marketed as a COX-2
inhibitor, is now considered a partially selective agent.

Aspirin and nonselective NSAIDs also have a topical (di-
rect) irritating effect on the gastric mucosa, but the resulting
inflammation and erosion usually heals within a few days.63

Formulations such as enteric-coated aspirin, buffered aspirin,
NSAID prodrugs, and parenteral or rectal preparations may

Table 26-4 Selected Nonsteroidal Anti-inflammatory Drugs

Salicylates

Acetylated: aspirin
Nonacetylated: trisalicylate, salsalate

Nonsalicylatesa

Nonselective (traditional) NSAIDs: ibuprofen, naproxen, tolmetin,
fenoprofen, sulindac, indomethacin, ketoprofen, ketorolac,
flurbiprofen, piroxicam

Partially selective NSAIDs: etodolac, diclofenac, meloxicam,
nabumetone

Selective COX-2 inhibitors: celecoxib, rofecoxibb , valdecoxibb

aBased on COX-1/COX-2 selectivity ratio in vitro.
bWithdrawn from U.S. market.
COX-2, cyclo-oxygenase-2; NSAIDs, nonsteroidal anti-inflammatory drugs.

spare topical effects on the gastric mucosa, but all have the
potential to cause a gastric ulcer because of their systemic in-
hibition of endogenous prostaglandins.9,91

Clinical Presentation
Signs and Symptoms
The signs and symptoms associated with a peptic ulcer
range from mild epigastric pain to life-threatening upper GI
complications.9 A change in the character of the pain may in-
dicate an ulcer-related complication. The absence of epigastric
pain, especially in the elderly who are taking NSAIDs, does
not exclude the presence of an ulcer or related complications.
Although the reasons for this are unclear, they may be related
to the analgesic effect of the NSAID. There is no one sign
or symptom that differentiates a H. pylori–related ulcer from
a NSAID-induced ulcer. Ulcer-like symptoms may occur in
the absence of peptic ulceration in association with H. pylori–
related gastritis or duodenitis.

Complications
The most serious life-threatening complications associated
with chronic PUD are upper GI bleeding (10%–15%), perfo-
ration into the abdominal cavity (7%), and gastric obstruction
(2%).9 The incidence of ulcer-related upper GI bleeding and
perforation is increased in older patients taking NSAIDs. The
bleeding may be occult (hidden), present as melena (black-
colored stools), or hematemesis (vomiting of blood). Mortal-
ity is high in patients who continue to bleed or who rebleed
after the initial bleeding has stopped (see Upper Gastrointesti-
nal Bleeding section) and in patients with a perforated ulcer.
The pain associated with perforation is typically sudden, sharp,
and severe, beginning initially in the epigastric area but quickly
spreading throughout the upper abdominal area. Gastric outlet
obstruction is caused by previous ulcer healing and then scar-
ring or edema of the pylorus or duodenal bulb and can lead to
symptoms of gastric retention, including early satiety, bloating,
anorexia, nausea, vomiting, and weight loss.

Clinical Assessment and Diagnosis
Tests for Detecting Helicobacter pylori
The detection of H. pylori infection can be made by using gas-
tric mucosal biopsies in patients undergoing upper endoscopy
or by nonendoscopic tests9,80,92 (Table 26-5). The selection of
a specific method is influenced by the clinical circumstance
and the availability and cost of the individual test. The endo-
scopic tests require a mucosal biopsy for the rapid urease test,
histology, or culture. Medications that reduce urease activity
or the density of H. pylori may decrease the sensitivity of the
rapid urease test by up to 25%.80 When possible, antibiotics
and bismuth salts should be withheld for 4 weeks and H2RAs
and PPIs for 1 to 2 weeks prior to endoscopic testing. Patients
who are taking these medications at endoscopy will require
histology in addition to the rapid urease test. Two biopsies are
taken from different areas of the stomach because patchy dis-
tribution of H. pylori can result in false-negative results. Acute
ulcer bleeding at the time of testing is likely to decrease the
sensitivity of the rapid urease test and histology and increase
the likelihood of false-negative results.80,93
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Table 26-5 Diagnostic Tests for Helicobacter pylori Infection

Tests Utilizing Gastric Mucosal Biopsy in Patients Undergoing Endoscopy

Rapid Urease Test

� Tests for active H. pylori infection; >90% sensitivity and >95% specificity.
� Withhold H2RAs and PPIs 1 to 2 weeks prior to testing and antibiotics and bismuth salts 4 weeks prior to testing to reduce the risk of false negatives.
� In the presence of H.pylori urease, urea is metabolized to ammonia and bicarbonate resulting in an increase in pH, which changes the color of a

pH-sensitive indicator.
� Results are rapid (usually within a few hours), and test is less expensive than histology or culture.

Histology

� Considered “gold standard” for detection of H. pylori infection; >95% sensitivity and >95% specificity.
� Permits further histologic analysis and evaluation of infected tissue (e.g., gastritis, ulceration, adenocarcinoma); tests for active H. pylori infection.
� Results are not immediate; not recommended for intitial diagnosis; more expensive than rapid urease test.

Culture

� Permits sensitivity testing to determine antibiotic choice or resistance; 100% specific.
� Use usually limited to patients who fail several courses of eradication therapy; tests for active H. pylori infection.
� Results are not immediate; not recommended for initial diagnosis; more expensive than rapid urease test.

Tests That do not Utilize Gastric Mucosal Biopsy

Urea Breath Test

� Tests for active H. pylori infection; >95% sensitivity and >95% specificity.
� Radiolabeled urea with either C13 or C14 is given orally; urease secreted by H. pylori in the stomach (if present) hydrolyzes radiolabed urea to produce

radiolabled CO2, which is exhaled and then quantified from the expired breath; radiation exposure is minimal.
� Withhold H2RAs and PPIs 1 to 2 weeks prior to testing and antibiotics and bismuth salts 4 weeks prior to testing to reduce the risk of false negatives.
� Used to detect H. pylori prior to treatment and to document posttreatment eradicaton.
� Results usually take about 2 days; less expensive than tests that utilize gastric mucosal biopsy but more expensive than serologic tests.
� Availability and reimbursement is inconsistent.

Serologic Antibody Tests

� Detects IgG antibodies to H. pylori in serum, whole blood or urine; quantitative seriologic tests have a sensitivity of about 85% and specificity of about
79%.

� Qualitative in office tests; provide results quickly (usually within 15 minutes) but yield more variable results.
� Tests are widely available and inexpensive.
� Not of benefit in documenting eradication, because antibodies to H. pylori remain positive for years following successful eradication of the infection.
� Results not affected by H2RAs, PPIs, antibiotics, or bismuth.

Fecal Antigen Test

� Identifies H. pylori antigen in stool; sensitivity and specificity comparable to the UBT for initial diagnosis.
� H2RAs, PPIs, antibiotics, and bismuth may cause false-negative results but to a lesser exent than the UBT.
� Considered an alterative to detecting H. pylori prior to treatment and documenting posttreatment eradicaton.

H2RA, H2-receptor antagonist; IgG, immunoglobulin G; PPI, proton pump inhibitor; UBT, urea breath test.
Adapted from references 9, 80, and 92, with permission.

Three nonendoscopic tests are available to detect H. pylori
infection and include the urea breath test (UBT), serologic an-
tibody detection tests, and the fecal antigen test9,80,92 (Table
26-5). If endoscopy is not planned, these tests are a reasonable
choice to determine H. pylori status, as they are noninvasive,
more convenient, and less expensive than the endoscopic tests.
However, testing should only be undertaken if eradication ther-
apy is planned for positive results. The UBT tests for active H.
pylori infection and is the most accurate noninvasive test.80,92

The 13carbon (nonradioactive isotope) and 14carbon (radioac-
tive isotope) tests require that the patient ingest radiolabeled
urea, which is then hydrolyzed by H. pylori (if present in the
stomach) to ammonia and radiolabeled bicarbonate. The radio-
labeled bicarbonate is absorbed in the blood and excreted in the

breath. A mass spectrometer is used to quantitative 13carbon,
whereas 14carbon is measured by using a scintillation counter.
The serologic antibody tests are a cost-effective alternative
for the initial diagnosis of H. pylori infection. Antibodies to
H. pylori can be assessed quantitatively by using the laboratory-
based enzyme-linked immunosorbent assay (ELISA) or qual-
itatively by using the office-based kits. Because the antibody
tests do not differentiate between active infection and previ-
ously eradicated H. pylori, they should not be used to confirm
eradication.9,80,92 The fecal antigen test identifies H. pylori
antigens in the stool by enzyme immunoassay.80,92 It is less
expensive and easier to perform than the UBT and may be
useful in children. Although comparable to the UBT in the ini-
tial detection of H. pylori, the fecal antigen test may be less
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accurate when used to document eradication post treatment.
Salivary and urine antibody tests are under investigation.92

Laboratory Tests, Radiography, and Endoscopy
Generally, laboratory tests are not helpful in the diagnosis of
PUD. Fasting serum gastrin concentrations are only recom-
mended for patients unresponsive to therapy or those suspected
of having a hypersecretory disease. Serum hematocrit (Hct)
and hemoglobin (Hgb) and stool hemoccult tests assist in the
evaluation of ulcer-related bleeding.

Gastric acid secretory studies are not routinely performed
for patients suspected of having an uncomplicated peptic ulcer.
However, measurements of acid secretion are instrumental in
the evaluation of patients with severe, recurrent PUD that is
unresponsive to standard drug therapy. Acid secretion is ex-
pressed as basal acid output (BAO), in response to a meal
(meal-stimulated acid secretion), or as maximal acid output
(MAO).11 The BAO, meal-stimulated acid secretion, and MAO
varies according to age, gender, health, and time of day. The
BAO follows a circadian rhythm, with the highest acid secre-
tion occurring at night and the lowest in the morning. An in-
crease in the BAO:MAO ratio suggests a basal hypersecretory
state such as ZES.

Confirmation of a peptic ulcer requires visualizing the ulcer
either by GI radiography or upper endoscopy.9 Radiography is
often the initial diagnostic procedure because is less expensive
than endoscopy and more widely available. Double-contrast
radiography is preferred because it detects 60% to 80% of ul-
cers, while tests using single-barium contrast detect 30% of
peptic ulcers.9 Fiberoptic upper endoscopy (esophagogastro-
duodenoscopy [EGD]) is the gold standard, as it detects >90%
of peptic ulcers and permits direct inspection, biopsy, visu-
alization of superficial erosions, and sites of active bleeding.
Upper endoscopy is preferred if complications are suspected
or if an accurate diagnosis is required. If a gastric ulcer is found
on radiography, malignancy should be excluded by direct en-
doscopic visualization and histology.

Clinical Course and Prognosis
The clinical course of PUD is characterized by periods of
exacerbations and remissions unless the underlying cause is
removed.9 Eradication of H. pylori decreases ulcer recurrence
and complications. Prophylactic cotherapy or the use of a
selective COX-2 inhibitor decreases the risk for ulcers and
related complications in high-risk patients taking NSAIDs. It
is estimated that about 20% of patients with chronic PUD expe-
rience ulcer-related complications. Mortality is highest in pa-
tients with gastric ulcer. Adenocarcinoma in H. pylori-infected
patients occurs over 20 to 40 years and is associated with a life-
time risk <1%.9,76

Treatment
Therapeutic Goals
The therapeutic goals for treating PUD depend on whether
the ulcer is related to H. pylori or associated with a NSAID.
Treatment goals may differ depending on whether the ulcer is
initial or recurrent and whether complications have occurred.
Treatment is aimed at relieving ulcer symptoms, healing the
ulcer, preventing ulcer recurrence, and reducing ulcer-related

complications. When possible, the most cost-effective drug
regimen should be utilized.

Nonpharmacologic Therapy
Patients with PUD should discontinue NSAIDs (including as-
pirin) if possible. Patients unable to tolerate certain foods and
beverages (e.g., spicy foods, caffeine, and alcohol) may benefit
from dietary modifications. Lifestyle modifications including
reducing stress and decreasing or stopping cigarette smoking
is encouraged.

Probiotics containing strains of Lactobacillus and Bifi-
dobacterium and foodstuffs (e.g., cranberry juice and some
milk proteins) with bioactive components have been studied
in at-risk individuals to proactively control colonization of H.
pylori. When combined with eradication regimens, the same
probiotic strains have been reported to augment H. pylori erad-
ication by possibly by decreasing mucosal inflammation.94 The
regular intake of probiotics may eventually become a low-cost
alternative for individuals at risk for H. pylori infection and
may enhance eradication in conjunction with drug treatment
regimens.

Patients with ulcer-related complications may require
surgery for bleeding, perforation, or obstruction. Surgery for
medical treatment failures (e.g., vagotomy with pyloroplasty
or vagotomy with antrectomy) are rarely performed because of
effective medical management. However, patients may present
with postoperative consequences (e.g., postvagotomy diar-
rhea, dumping syndrome, anemia) associated with these proce-
dures.

Pharmacotherapy
Drug regimens used to eradicate H. pylori are identified in Ta-
ble 26-6. First-line therapy should be initiated with a PPI-based
three-drug regimen (Fig. 26-4). If a second course of treatment
is required, the PPI-based three-drug regimen should contain
different antibiotics or a four-drug regimen with a bismuth
salt, metronidazole, tetracycline, and a PPI should be used.
Successful treatment will heal the ulcer and eradicate the in-
fection (cure the disease). Treatment of H. pylori–positive pa-
tients with a conventional antiulcer drug is not recommended
because of the high rate of ulcer recurrence and complica-
tions. Combining a PPI and H2RA or sucralfate and either a
H2RA or PPI is not recommended, because it adds to drug
costs without improving efficacy. Maintenance therapy with a
PPI or H2RA (Table 26-1) should only be necessary in high-
risk patients with a history of ulcer complications, those with
H. pylori–negative ulcers, and patients with other concomitant
acid-related diseases (e.g., GERD).

Drug regimens used to treat and prevent NSAID-induced ul-
cers are identified in Table 26-1. Patients with NSAID-induced
ulcers should be tested to determine their H. pylori status.
H. pylori–positive patients should be initially treated with a
PPI-based three-drug eradication regimen (Fig. 26-4). If the pa-
tient is H. pylori–negative, the NSAID should be discontinued
and treatment should be initiated with antiulcer medications.
The duration of treatment should be extended if the NSAID is
continued. Prophylactic cotherapy with a PPI or misoprostol
or switching to an NSAID with greater COX-2 selectivity is
recommended for patients at risk of developing ulcer-related
upper GI complications.
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Table 26-6 Oral Drug Regimens Used to Eradicate Helicobacter pylori Infection

Drug Regimen Dose Frequency Duration

Proton Pump Inhibitor–Based Three-Drug Regimens

PPI Standard dosea BIDa 10–14 daysb

Clarithromycin 500 mg BID 10–14 daysb

Amoxicillinc

or
1 g BID 10–14 daysb

PPI Standard dosea BIDa 10–14 daysb

Clarithromycin 500 mg BID 10–14 daysb

Metronidazolec 500 mg BID 10–14 daysb

Bismuth-Based Four-Drug Regimens

Bismuth subsalicylated 525 mg QID 10–14 days
Metronidazole 250–500 mg QID 10–14 days
Tetracycline
plus

500 mg QID 10–14 days

PPI
or

Standard dosea QD or BIDa 10–14 days

H2RAe Standard dosee BIDe 4–6 wks

Sequential Therapy f

PPI Standard dosea BIDa Days 1–10
Amoxicillin 1 g BID Days 1–5
Clarithromycin 250–500 mg BID Days 6–10
Metronidazole 250–500 mg BID Days 6–10

Salvage or Rescue Therapy

Bismuth subsalicylated 525 mg QID 10–14 days
Metronidazole 250–500 mg QID 10–14 days
Tetracycline 500 mg QID 10–14 days
PPI
or

Standard dosea QD or BIDa 10–14 days

PPI Standard dosea BIDa 10–14 days
Amoxicillin 1 g BID 10–14 days
Levofloxacin 500 mg QD 10–14 days

aOmeprazole 20 mg BID; lansoprazole 30 mg BID; pantoprazole 40 mg BID; rabeprazole 20 mg BID or QD; esomeprazole 20 mg BID or 40 mg QD.
bAlthough 7-day regimens provide acceptable eradication rates, the preferred treatment duration in the United States is 10 to 14 days.
cUse amoxicillin in nonpenicillin-allergic individuals; substitute metronidazole for amoxicillin in penicillin-allergic patients.
d Pylera, a prepackaged H. pylori regimen, contains bismuth subcitrate potassium (biskalcitrate) 140 mg as the bismuth salt in place of bismuth subsalicylate, metronidazole
125 mg and tetracycline 125 mg per capsule. The patient is directed to take three capsules/dose with each meal and at bedtime. A standard dose of a PPI is added to the regimen
and taken twice daily. All medications are taken for a 10-day period.
eSee Table 26-1 for standard peptic ulcer healing dosage regimens.
f Requires validation in the United States.
BID, twice a day; H2RA, H2-receptor antagonist; PPI, proton pump inhibitor; QID, four times a day; QD, every day.
Adapted from references 9, 75, 80, 96, and 107, with permission.

HELICOBACTER PYLORI–RELATED PEPTIC ULCER

1. R.L. is an otherwise healthy 45-year-old man who works
in a high-stress job as an air traffic controller at a major air-
port. He complains of a 2-week history of “burning stomach
pain” sometimes accompanied by “indigestion and bloating.” The
pain initially occurred several times a day, usually between meals,
and sometimes awakened him at night, but it has increased in
frequency over the last week. Initially, the pain was temporar-
ily reduced by food or antacids. Last week, R.L. tried an OTC
H2-receptor antagonist that “lasted longer” but did not provide
adequate symptom relief. R.L. indicates that he experienced a
similar type of pain about 10 years ago when he was treated

with omeprazole for a suspected peptic ulcer. He has smoked
one pack of cigarettes daily for the past 20 years, has an oc-
casional glass of red wine with dinner, and usually drinks 4 to
6 cups of caffeinated coffee throughout the day. R.L. takes ac-
etaminophen for occasional headaches and a multivitamin but de-
nies the use of any other OTC or prescription medications, includ-
ing NSAIDs. He denies nausea, vomiting, anorexia, weight loss,
and any changes in stool consistency or color. A review of other
body systems is noncontributory. There are no known food or drug
allergies.

Physical examination is normal except for epigastric tender-
ness on palpation of the upper abdomen. Vital signs include a
temperature of 98.8◦F, blood pressure of 132/80, and a heart rate
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Ulcer-like symptoms

No alarm symptoms Alarm symptoms

NSAID? Endoscopy

Yes No Ulcer No Ulcer

• Stop NSAID
• Decrease dose 
• Switch to more COX-2 
  selective NSAID

• If symptoms resolve; no
  further treatment

• If symptoms persist; begin
  treatment with PPI

• If symptoms resolve with 
  PPI, continue PPI

• If symptoms continue 
  while on PPI, refer for 
  further evaluation

Previously treated
for H. pylori?

• If no, perform serology

• If negative, begin
  treatment with PPI

• If positive, begin 
   treatment with 
   eradication regimen

• If previously treated
  for H. pylori, EGD to
  determine ulcer status

Test for H. pylori Consider other
etiologies for
symptoms, eg.,
GERD, NUD

On NSAID

• Stop NSAID 
 
• Treat ulcer with PPI

• Continue NSAID or
  switch to more COX-2 
  selective NSAID

• Treat ulcer with PPI
  followed by cotherapy 
  with PPI or misoprostool

Positive Negative

FIGURE 26-4 Management of peptic ulcer disease. H. pylori, Helicobacter pylori; H2RA, H2-receptor
antagonist; NSAID, nonsteroidal anti-inflammatory drug; NUD, nonulcer dyspepsia; PPI, proton pump
inhibitor.

of 78 beats/minute. Pertinent laboratory values include Hgb of
14.0 g/dL, Hct of 44%, and a negative stool guiaic test. All other
laboratory values are within normal limits. What signs and symp-
toms are suggestive of a recurrent peptic ulcer?

Most patients with PUD present with abdominal pain that
is epigastric and often described as burning or gnawing, while
others complain of abdominal discomfort, fullness, or cramp-
ing. Epigastric pain, however, does not necessarily correlate
with an ulcer, as patients with ulcer-like symptoms may have
NUD and asymptomatic patients may have an NSAID-induced
ulcer. Heartburn, bloating, and belching may accompany the
pain. Ulcer pain typically occurs during the day but can also
awaken the patient from sleep (nocturnal pain). In patients with
a duodenal ulcer, epigastric pain frequently occurs between
meals and is often relieved by food, but this varies from patient
to patient. Alternatively, food may precipitate or accentuate
pain in patients with a gastric ulcer.

The severity of ulcer pain varies from patient to patient. The
pain may be seasonal, occurring more frequently in the spring
or fall and occurring in clusters lasting up to a few weeks fol-
lowed by a pain-free period or remission lasting from weeks to
years. Antacids and antisecretory medications usually provide
relief of ulcer pain in most patients. Pain usually diminishes
or disappears during treatment, but epigastric pain after heal-
ing often suggests an unhealed or recurrent ulcer. Changes in
the character of the pain may suggest the presence of com-
plications. Nausea, vomiting, anorexia, and weight loss are
more common with gastric ulcer but may also be suggestive of
ulcer-related complication. The diagnosis of PUD cannot be

made on symptoms alone and requires visualization of the ulcer
crater.

2. R.L. underwent upper endoscopy (EGD), which revealed a
single 0.5-cm ulcer in the duodenal bulb. The ulcer base was clear
without evidence of active bleeding. Antral gastritis was biopsy
positive for H. pylori. What risk factors may have contributed to
ulcer recurrence in this patient?

R.L. indicates that he had a similar type of abdominal pain
about 10 years ago, when he was treated with omeprazole for
a suspected peptic ulcer. When conventional antiulcer therapy
(e.g., PPI) is discontinued after ulcer healing, 60% to 100%
of patients develop a recurrent ulcer within 1 year.9,75 The
most important factors that influence ulcer recurrence are H.
pylori infection and NSAID use. It is not known whether R.L.
underwent testing for H. pylori 10 years ago. The patient denies
the use of OTC and prescription NSAIDs. The long-term use of
maintenance therapy with conventional antiucler medications
(Table 26-1) may have been an option for this patient at the
time he was treated for a suspected peptic ulcer, because it
reduces ulcer recurrence to 20% to 40% at 1 year.9 However,
the eradication of H. pylori (in a H. pylori–positive patient)
decreases ulcer recurrence to <10% at 1 year, cures the disease,
and eliminates the need for long-term maintenance therapy in
most patients.9,75

Other factors such as cigarette smoking, psychologic stress,
and diet may have contributed to ulcer recurrence in this pa-
tient. There is epidemiologic evidence linking cigarette smok-
ing to PUD. The risk appears proportional to the number of
cigarettes smoked per day and is greatest when >10 cigarettes
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are smoked per day.9 Although a number of mechanisms have
been postulated, including delayed gastric emptying, inhibition
of pancreatic bicarbonate secretion, promotion of duodenogas-
tric reflux, reduction in mucosal prostaglandin production, and
increases gastric acid secretion. There is insufficient evidence
to conclude that cigarette smoking actually causes a peptic
ulcer.9 However, cigarette smoking, nicotine, or other compo-
nents of smoke may provide a favorable milieu for H. pylori
infection.

R.L. works as an air traffic controller, which is a high-stress
job. However, the importance of psychologic stress and how it
affects PUD is complex and probably multifactorial. Results
from controlled trials are conflicting and have failed to demon-
strate a cause-and-effect relationship.9 However, the clinical
observation of ulcer patients with high-stress jobs and a stress-
ful lifestyle suggest that they are adversely affected. Emotional
stress may induce behavioral risks such as cigarette smoking
and the use of NSAIDs or alter the inflammatory response or
resistance to H. pylori infection.

Caffeine-containing coffee, tea, and cola beverages, con-
stituents in decaffeinated coffee or tea, caffeinefree carbonated
beverages, and alcoholic beverages such as beer and wine all
increase gastric acid secretion, but there is no evidence that
they increase the risk for PUD. Certain foods (e.g., spicy) may
cause dyspepsia but do not cause peptic ulcers. In high con-
centrations, alcohol is associated with acute gastric mucosal
damage and upper GI bleeding, but there is insufficient evi-
dence to confirm that alcohol causes ulcers.9 Dietary restric-
tions and bland diets do not alter the frequency of ulcer recur-
rence. Because certain foods and beverages may exacerbate or
worsen ulcer symptoms, the patient may decide to avoid them.
R.L. is otherwise healthy and does not have any other medi-
cal conditions (e.g., chronic renal failure) that are associated
with an increased risk of PUD (see Etiology and Risk Factors
section).

3. What are the goals of therapy when treating this patient?

The goals of therapy in a H. pylori–positive patient with
an active ulcer, a previously documented ulcer, or a history of
an ulcer-related complication is to render the patient asymp-
tomatic, heal the ulcer, eradicate the infection, and cure the
disease. Treatment should be effective, well-tolerated, easy to
comply with, and cost-effective. Drug regimens should have an
eradication rate of at least 70% (intention-to-treat) and should
minimize the potential for antimicrobial resistance.75,80,95,96

The use of a single antibiotic, bismuth salt, or antiulcer drug
does not achieve this goal.75 Two drug regimens (PPI and
amoxicillin or clarithromycin) are not recommended in the
United States because of marginal eradication rates and be-
cause the use of only one antibiotic increases the risk for an-
tibiotic resistance9,75

Primary Treatment of Helicobacter pylori Infection

4. What is the preferred H. pylori eradication regimen for this
patient? Which factors should be taken into consideration when
selecting an eradication regimen?

The selection of a first-line eradication regimen should in-
clude an antibiotic combination that permits second-line treat-

ment (if necessary) with different antibiotics. The antibiotics
that have been most extensively studied and found to be ef-
fective in various combinations include clarithromycin, amox-
icillin, metronidazole, and tetracycline.9,75 The recommended
first-line eradication therapies in the United States are the
PPI-based three-drug regimens75,80,95,96 (Table 26-6). When
given in recommended dosages, most recent studies report
intention-to-treat eradication rates of 70% to 80%.80 Increas-
ing the antibiotic daily dose usually does not improve eradi-
cation rates. When combined with a PPI and clarithromycin,
the inclusion of amoxicillin or metronidazole provides sim-
ilar eradication rates.97 However, amoxicillin is usually pre-
ferred initially because it is associated with little or no bacte-
rial resistance, has fewer adverse effects, and leaves metron-
idazole as an option for second-line therapies.9 Thus, the PPI-
amoxicillin-clarithromycin regimen is an acceptable first-line
regimen for R.L., as he has no known allergies to drugs (in-
cluding penicillin) and has not received previous eradication
therapy.

The recommended duration of treatment in the United States
is 14 days, even though 10 to 14 days is typically used and inter-
national guidelines recommend a treatment duration of 7 to 10
days.80 A meta-analysis of seven trials indicates that a 14-day
course of a PPI-based triple therapy containing clarithromycin
yielded better eradication rates than a 7-day course and showed
a trend toward improved efficacy with a 10-day course when
compared with 7 days.98 A large randomized trial also reports
the superiority of a 14-day eradication regimen over a 7-day
regimen.99 A longer treatment duration favors a higher eradica-
tion rate and is less likely to be associated with antimicrobial
resistance.75,80 A treatment duration <7 days is not recom-
mended and is associated with unsatisfactory eradication rates.
A meta-analysis of 13 studies indicates that twice-daily dosing
of the PPI in the PPI-based regimens containing clarithromycin
may be superior to a single daily dose.100 Pretreatment with a
PPI dose prior to initiating H. pylori eradication does not ap-
pear to decrease eradication rates.101 Prolonged treatment with
the PPI beyond 14 days is not necessary for ulcer healing in
most patients.

A 14-day bismuth-based four-drug regimen that contains a
H2RA (Table 26-6) yields eradication rates similar to those
achieved with a PPI-based three-drug regimen containing
clarithromycin.75,80 A meta-analysis of five randomized trials
reports eradication rates of 79% for PPI-based clarithromycin
triple therapy and 80% for bismuth-based quadruple therapy
when using intention to-treat analysis.102 Quadruple therapy
(bismuth, metronidazole, and tetracycline) using a PPI instead
of a H2RA permits a shorter duration of treatment (10 days
vs. 14 days) and may provide increased efficacy in patients
with metronidazole-resistant strains of H. pylori.102,103 Com-
parable eradication rates have been achieved by using a novel
bismuth-based quadruple therapy containing bismuth subci-
trate potassium (biskalcitrate) in place of bismuth subsalicylate
and a twice-daily PPI104 (Table 26-6). Increasing the duration
of quadruple therapy to 1 month does not substantially in-
crease eradication. The bismuth-based four-drug regimens are
as effective as the PPI-based three-drug regimens containing
clarithromycin and are indicated as first-line therapy. How-
ever, the complexity of these regimens often relegates them to
second-line status in clinical practice.
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Alternative first-line therapies are needed because of
the declining eradication rates reported with the PPI-based
three-drug regimens containing clarithromycin and the
bismuth-based four-drug regimens.80 These lower eradication
rates have been attributed to an increase in clarithromycin and
metronidazole resistance. Sequential therapy with a PPI and
amoxicillin for 5 days followed by a PPI, clarithromycin, and
an imidazole for an additional 5 days (Table 26-6) has achieved
eradication rates that are superior to the PPI-based three-drug
regimens containing clarithromycin.80,105 An increased effi-
cacy has also been reported with sequential therapy in patients
with clarithromycin-resistant H. pylori strains.106 The ratio-
nale for sequential eradication therapy is to initially treat the
patient with antibiotics that rarely promote resistance (e.g.,
amoxicillin) in order to reduce the bacterial load and preex-
isting resistant organisms and then to follow with different
antibiotics to kill the remaining organisms. Although the pre-
cise mechanism for the success of sequential therapy is uncer-
tain, the higher efficacy may be related to the increased number
of antibiotics (amoxicillin, metronidazole, and clarithromycin)
to which the organism is exposed. Although sequential ther-
apy looks promising, it must be validated in the United
States before it can be recommended as first-line eradication
therapy.

Patient Education

5. R.L. is prescribed a 14-day PPI-based three-drug eradica-
tion containing amoxicillin and clarithromycin. What instructions
would you provide R.L. regarding his medications?

R.L. should be informed of the importance of taking his
medications as prescribed in order to minimize treatment fail-
ure and the development of antibiotic resistance. He should be
advised that the PPI is an integral part of the three-drug regi-
men and should be taken twice daily 30 to 60 minutes before
breakfast and dinner (see Pharmacotherapy Proton Pump In-
hibitor section) along with the amoxicillin and clarithromycin
(Table 26-6). If he were taking a bismuth-based four-drug reg-
imen containing a PPI, all medications except the PPI should
be taken four times a day with meals and at bedtime. If the PPI
is to be taken once daily, it should be taken 30 to 60 minutes
prior to breakfast; if twice daily, the second dose should be
taken 30 to 60 minutes prior to dinner.

R.L. should also be informed of the most common side
effects associated with his treatment regimen. All antibiotics
included in the H. pylori eradication regimens are usually
associated with mild side effects, including nausea, abdom-
inal pain, and diarrhea. C. difficile–associated diarrhea, a seri-
ous antibiotic-related complication, occurs occasionally. Oral
thrush and vaginal candidiasis (in women) may also occur.
Clarithromycin and metronidazole may cause taste distur-
bances. If R.L.’s medications included metronidazole, tetra-
cycline, or a bismuth salt, he should be provided additional
information on these medications. Metronidazole-containing
regimens increase the frequency of side effects (especially
when the dose is>1 g/day) and may be associated with a disulfi-
ramlike reaction in patients who consume alcohol. Tetracycline
may cause photosensitivity and should not be used in children

because it may cause tooth discoloration. Bismuth salts may
cause darkening of the tongue and stool.

Regimens for the Management of Helicobacter pylori
Infection in Patients With Penicillin Allergies

6. What would have been the preferred initial H. pylori eradi-
cation regimen if R.L. had a documented allergy to penicillin?

There are two first-line treatment options if R.L. had a docu-
mented allergy to penicillin. Metronidazole can be substituted
for amoxicillin in the PPI-based three-drug regimen, as similar
eradication rates are achieved97,107 (Table 26-6). Alternatively,
the bismuth-based four-drug regimens may also be used, as
they provide similar eradication rates to the PPI-based three-
drug regimens.

7. What drug substitutions are acceptable in the PPI-based
three-drug and bismuth-based four-drug eradiation regimens?

Substitution of one PPI for another is acceptable and does
not enhance or diminish eradication rates in either the three-
or four-drug regimens.80,108 A PPI may be substituted for a
H2RA in the bismuth-based four-drug regimen (Table 26-6).
However, a H2RA should not be substituted for a PPI in the
three-drug regimens109 unless the patient is unable to tolerate
the PPI.110 There are insufficient data to support the substitu-
tion of ampicillin for amoxicillin, doxycycline for tetracycline,
and azithromycin or erythromycin for clarithromycin.

Substitution of clarithromycin 250 to 500 mg four times
a day for tetracycline in the bismuth-based four-drug reg-
imen yields similar results, but substitution of amoxicillin
for tetracycline lowers the eradication rate and is not recom-
mended.9,102

8. What are the most important predictors of H. pylori treat-
ment outcomes, and how may they alter R.L.’s response to treat-
ment?

The two most important factors in predicting a favorable
response to H. pylori eradication are medication adherence
and antibiotic resistance.75,80,96,111,112 Medication adherence
decreases with multiple medications, increased frequency of
administration, increased duration of treatment, intolerable ad-
verse effects, and costly drug regimens. Although a longer
treatment duration may contribute to nonadherence, missed
doses in a 7-day regimen may also lead to failed eradication.111

The bismuth-based four-drug regimen requires the patient
to take medications four times a day and as many as 18
tablet/capsules per day. The complexity of this regimen ex-
plains why many consider it second-line even though it is sim-
ilar in efficacy to the PPI-based three-drug regimens that are
taken twice daily. While mild side effects are common with
all of the eradication regimens, some patients will experience
clinically important effects that lead to discontinuation of a
specific drug or of the entire regimen. There are limited data
to suggest that smoking, alcohol consumption, and diet may
negatively impact eradication.111

Antibiotic resistance is an important determinant of suc-
cessful H. pylori eradication.80,87,96,111 Antibiotic resistance
rates among H. pylori strains in the United States from 1993
to 1999 were reported to be 37.0% for metronidazole, 10.0%



26-18 � GASTROINTESTINAL DISORDERS

for clarithromycin, and 1.4% for amoxicillin.113 More re-
cent data collected from 1998 to 2002 reveal resistance rates
of 25.0% for metronidazole, 13.0% for clarithromycin, and
0.9% for amoxicillin.114 Although difficult to compare, it ap-
pears that clarithromycin rates have increased, while metron-
idazole and amoxicillin have remained relatively stable. It
is likely that the increase in clarithromycin resistance may
explain, in part, the decreasing efficacy of clarithromycin-
containing eradication regimens.80 The clinical importance of
metronidazole resistance is uncertain, as higher metronida-
zole doses and the synergistic effect of combining metron-
idazole with other antibiotics appears to render resistance to
metronidazole more relative. Alternatively, even though resis-
tance to clarithromycin is lower, it is more likely to affect the
clinical outcome.80,111 Resistance to amoxicillin and tetracy-
cline is uncommon. Resistance to bismuth has not been re-
ported. Other factors that may contribute to treatment fail-
ure include the specific H. pylori strain and CYP2C19 poly-
morphism when PPIs are used as part of the eradication
regimen.80

9. What parameters should be monitored to determine R.L.’s
response to treatment?

Posttreatment testing to confirm eradication is recom-
mended for patients with a H. pylori–related ulcer, persis-
tent dyspeptic symptoms, MALT lymphoma, or early gastric
cancer.80

However, posttreatment testing is neither practical nor cost-
effective for all patients with a H. pylori–positive peptic ulcer.80

When endoscopy follow-up is not necessary, the UBT (Table
26-5) is the preferred test to confirm eradication of H. pylori.
To avoid confusing bacterial suppression with eradication, the
UBT must be delayed at least 4 weeks after the completion
of treatment. The term eradication or cure is used when post-
treatment tests conducted 4 weeks after the end of treatment
do not detect the organism. Antibody tests should be avoided
post treatment, because antibody titers remain elevated for a
long period of time (up to 1 year) before they return to the un-
infected range following successful eradication.9,80,92 If per-
formed post treatment, only a negative test is considered to be
reliable.

Upper endoscopy should only be used to confirm eradica-
tion and ulcer healing if indicated (e.g., severe or frequent re-
current symptoms, current or previous ulcer complication), as
the procedure is costly and invasive. When endoscopic follow-
up is necessary, testing to prove eradication includes a biopsy
for the rapid urease test and histology (Table 26-5). Ulcer heal-
ing can also be confirmed at that time.

In clinical practice, the need for confirmation of ulcer heal-
ing and eradication must be weighed against the need, feasi-
bility, availability and cost of tests and procedures. Although
posttreatment testing to confirm H. pylori eradication is rec-
ommended, patients like R.L., who present with an uncom-
plicated H. pylori–positive ulcer, are usually monitored for
symptomatic recurrence 1 to 2 weeks post completion of drug
therapy.80 The absence of symptoms is considered a surrogate
marker for successful ulcer healing and eradication. The per-
sistence, or recurrence, of symptoms within 2 weeks after the
end of treatment suggests failure of ulcer healing or eradication
or an alternative diagnosis such as GERD.

Therapy for Refractory Helicobacter pylori Infection

10. What other drug regimens can be used if R.L. fails initial
eradication therapy with a PPI-amoxicillin-clarithromycin regi-
men?

Eradicating H. pylori is more difficult after initial treat-
ment fails, as attempts to eradicate the organism are extremely
variable.75,96 Second-line regimens should (a) avoid using an-
tibiotics that were used during initial therapy, (b) use antibi-
otics that have less problems with resistance, (c) use drugs that
have a topical effect (e.g., bismuth), and (d) employ a 10- to
14-day treatment regimen.111 If R.L. was not successfully erad-
icated initially with omeprazole-amoxicillin-clarithromycin,
he should receive second-line therapy with bismuth subsal-
icylate, metronidazole, tetracycline, and a PPI for 10 to 14
days75,80,111,115 (Table 26-6). An eradication rate of 76% has
been reported in the pooled analysis of 16 studies and 24 ab-
stracts when bismuth quadruple therapy is used as second-line
therapy after initial treatment failure.116

A PPI-based triple therapy containing levofloxacin and
amoxicillin (Table 26-6) has been evaluated as second-line
therapy in patients with persistent infection. The results of a
meta-analysis containing four randomized trials indicates that a
10-day PPI-based three-drug regimen containing levofloxacin
was superior to a 7-day bismuth-based four-drug regimen and
was associated with fewer side effects.117 Although the results
from the levofloxacin-based regimens look promising, they re-
quire validation. A PPI-based three-drug regimen containing
rifabutin and amoxcillin reported a 91% eradication rate, but
side effects were common.118 Regimens using furazolidone
(100 mg four times a day) in place of metronidazole in either
the PPI-based three-drug regimens or the bismuth-based four-
drug regimen have been studied and yield variable eradication
rates.111 However, furazolidone is not available in the United
States.

NONSTEROIDAL ANTI-INFLAMMATORY DRUG-INDUCED
PEPTIC ULCER

11. A.D. is a 70-year-old woman who retired from teaching
about 5 years ago. Several days ago, she noticed black “tarry”
stools and was hospitalized for an upper GI bleed most likely
secondary to NSAID use. She complains of “feeling tired” and
occasionally dizzy for about 1 week. A.D. presents with a 5-year
history of rheumatoid arthritis for which she takes naproxen 250
mg in the morning and 500 mg in the evening. She states that prior
to admission, she was also taking prednisone 10 mg daily about a
week for her arthritic pain that was not controlled with naproxen.
She denies any history of previous ulcer or ulcer-related complica-
tion. Other prescription medications include hydrochlorothiazide
25 mg daily for hypertension. OTC self-directed medications in-
clude enteric-coated aspirin 81 mg daily, calcium carbonate, and
a multivitamin. A.D. does not use tobacco or drink caffeinated
beverages but does have an occasional beer with friends. She de-
nies epigastric pain, nausea, vomiting, anorexia, and weight loss
but notes a recent change in stool color. A review of other body sys-
tems are noncontributory other than previously indicated. There
are no known food or drug allergies.

Physical examination reveals a well-developed weak woman
in no acute distress. The abdomen was normal with no pain on
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palpation. Bowel sounds were normal with no guarding, masses,
hepatomegaly, or spleenomegaly. The rectum was normal but with
guiaic-positive stool. Vital signs include a temperature of 98.9◦F,
blood pressure of 100/65, and a heart rate of 90 beats/minute.
Pertinent laboratory values include Hgb of 11.0 g/dL, Hct of 35%,
blood urea nitrogen (BUN) 40, and serum creatinine (SrCr) 1.5
mg/dL. All other laboratory values are within normal limits. What
factors place A.D. at increased risk for developing an NSAID-
induced ulcer and related upper GI bleeding?

The use of a nonselective NSAIDs (e.g., naproxen) is linked
to a three- to fourfold increase in upper GI complications while
there is a two- to threefold increase with COX-2 inhibitors
when partially and highly selective agents are evaluated as a
group90 (Table 26-4). The risk for NSAID-induced ulcer and
related complications is dose related, but ulcers can occur at
any dosage, including low doses of OTC NSAIDs.119 Upper GI
events can occur at any time during treatment with an NSAID,
as the risk for complications is similar throughout treatment.
The use of cardioprotective dosages (81–325 mg/day) of as-
pirin in combination with another NSAID increases the risk
of upper GI complications to a greater extent than the use
of either drug alone.82,84,89 The use of buffered or enteric-
coated aspirin confers no added protection from ulcer or GI
complications.89,91 Corticosteroids do not increase the ulcer
risk when used alone, but the risk is increased twofold in cor-
ticosteroid users such as A.D. who are also taking concurrent
NSAIDs.120 A.D.’s age (70 years) is an independent risk fac-
tor for NSAID-induced ulcers, as risk increases linearly with
the age of the patient120 (Table 26-3). The increased incidence
in older patients may be explained by age-related changes in
gastric mucosal defense. The combined risk factors greatly in-
crease A.D.’s risk for an NSAID-related upper GI event, as
ulcer risk is additive.

A.D. did not have a history of an ulcer or ulcer-related com-
plication. However, the risk of a NSAID ulcer or complica-
tion increases 14-fold in a patient with a previous ulcer or
complication.9 The risk of upper GI bleeding is also markedly
increased when NSAIDs are taken with anticoagulants or med-
ications such as clopidogrel.90 Selective serotonin reuptake in-
hibitors (SSRIs) have been reported to independently increase
the risk of upper GI bleeding,121 although more recent data
suggest the increased bleeding risk may be less than that ini-
tially reported.122 Whether H. pylori is a risk factor for NSAID-
induced ulcers is uncertain.89,123 Because the incidence of PUD
is higher in a H. pylori–positive patient taking NSAIDs, it is
possible that they have additive effects.124

12. A.D. was admitted for further evaluation and treatment.
An upper endoscopy (EGD) revealed two bleeding antral ulcers
(0.2 and 0.4 cm). An antral biopsy was reported to be H. pylori
negative. All medications were discontinued. Oral oxycodone was
instituted at 5 mg every 6 hours when needed to control A.D.’s
arthritic pain while she was hospitalized. Consideration was given
to decreasing the naproxen dose and switching to acetaminophen,
a nonacetylated salicylate, or a partially selective NSAID (Table
26-4), but none of these options were satisfactory for this patient.
Treatment was initiated with a continuous infusion of IV panto-
prazole for 3 days and then she was switched to oral pantopra-
zole 40 mg BID. A.D. was discharged on pantoprazole 40 mg QD
and naproxen 250 mg in the morning and 500 mg in the evening.

All other oral medications were reinstituted except for the pred-
nisone. Will A.D.’s gastric ulcer heal if she continues to take the
naproxen?

The naproxen should be discontinued, if possible, in the
presence of an active ulcer.82,120 If A.D. were able to discon-
tinue the naproxen permanently, a PPI would be preferred, as
it provides a more rapid rate of ulcer healing (4 weeks) and
symptom relief than H2RAs or sucralfate (6–8 weeks).9 Be-
cause the naproxen was reinstituted at discharge in the pres-
ence of an active ulcer, a PPI is the drug of choice, as potent
acid suppression is required to heal the ulcer and relieve the
symptoms.82,120 However, the duration of PPI therapy should
be extended from 4 weeks to 8 to 12 weeks.

13. Which ulcer-healing regimen would you have recommended
if A.D. was reported to be H. pylori positive?

All patients with PUD should be tested for H. pylori. If
positive, patients should be treated with an eradication regi-
men. A PPI-based eradication regimen is recommended in a
H. pylori–positive patient with an active ulcer who is also tak-
ing an NSAID. One reason for this is that it is not possible to
determine whether the H. pylori, the NSAID, or both actually
caused the ulcer. In addition, if an individual is tested and found
to be H. pylori positive, he or she should be offered eradication
therapy whether or not there is a documented ulcer. The selec-
tion of a specific regimen (Table 26-6) depends on a number of
factors, including whether the individual is penicillin allergic.

Strategies to Reduce the Risk of NSAID-Induced
Peptic Ulcers

14. Three months later, A.D. returned to her gastroenterologist
for a follow-up EGD, which confirmed that the gastric ulcers were
healed. On return to her primary care physician, the pantoprazole
was changed to ranitidine 150 mg BID. Other medications at this
time include naproxen 250 mg in the morning and 500 mg in the
evening, enteric-coated aspirin 81 mg QD, calcium carbonate,
and multivitamins. What pharmacological options are available
to reduce the risk of a NSAID ulcer now that A.D.’s initial ulcer
is healed and she continues to take the naproxen and aspirin?

Strategies to reduce the risk of NSAID ulcers and upper
GI complications in a patient taking a nonselective NSAID
include cotherapy with a PPI or misoprostol or the use
of a selective COX-2 inhibitor in place of the nonselec-
tive NSAID.82,88,89,120,125,126 All PPIs, when used in standard
dosages (Table 26-1), are effective for this indication. A reduc-
tion in upper GI complications in high-risk patients receiving
PPI cotherapy has been reported in two small studies.127,128

The H2RAs should not be recommended as prophylactic
cotherapy to reduce the risk of NSAID ulcers. Although stan-
dard H2RA dosages (Table 26-1) are effective in reducing the
risk of a duodenal ulcer, they are not effective in reducing the
risk of gastric ulcer, which is the most common ulcer associated
with NSAIDs.82,88,89,120 Higher H2RA dosages (e.g., famoti-
dine 40 mg twice daily) reduce the risk of gastric and duodenal
ulcer but are less effective than a PPI.88,89 There are no studies
that have evaluated the use of H2RAs in reducing the risk of
ulcer-related upper GI complications. The H2RAs may be used
when necessary to relieve NSAID-related dyspepsia.
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Misoprostol reduces the risk of NSAID-induced gastric and
duodenal ulcers.82,88,89,120 An important trial in rheumatoid
arthritis patients indicates that misoprostol also reduces the
risk of upper GI complications in high-risk patients.129 Ini-
tially, the recommended dosage was 200 mcg four times a day,
but diarrhea and abdominal cramping limited its use. A dosage
of 200 mcg three times a day is comparable in efficacy to 800
mcg/day and should be used in patients unable to tolerate the
higher dose.82,88,89 When misoprostol 800 mcg/day was com-
pared with lansoprazole (15 mg/day or 30 mg/day) or placebo,
misoprostol and both dosages of lansoprazole reduced the risk
of ulcer recurrence, although the PPI was better tolerated.130

A misoprostol dosage of ≤400 mcg/day reduces the incidence
of diarrhea but is less efficacious. A fixed dosage form con-
taining misoprostol 200 mcg and diclofenac (50 mg or 75 mg)
is available, but flexibility to individualize dosage is lost.

Two large multicenter clinical trials evaluated the GI safety
of COX-2 inhibitors, one using celecoxib (CLASS)131 and the
other rofecoxib (VIGOR).132 Their trials reported a reduction
of 50% to 60% in upper GI events with the COX-2 inhibitors
when compared with non- and partially selective NSAIDs. The
initial 6-month analysis of celecoxib in the CLASS trial re-
vealed a lower rate of ulcer complications, but evaluation of
the data at 13 months indicated that celecoxib did not have
a GI safety advantage over ibuprofen or diclofenac.88,133 The
most likely explanation for these results is that celecoxib is
not as highly a selective COX-2 inhibitor as was originally
anticipated.134 Thus, its improved GI safety when compared
with nonselective NSAIDs has not been established. Further
analysis of the results indicated that patients taking cardiopro-
tective doses of aspirin had a similar rate of upper GI events as
those taking either diclofenac or ibuprofen.131 Thus, the gas-
troprotective benefits of celecoxib may be negated in patients
taking low-dose aspirin. Aspirin appears to have similar ef-
fects on other COX-2 inhibitors. Unlike the CLASS study, the
VIGOR trial excluded aspirin users. Results from this trial in-
dicated that ulcers and related complications were lower with
rofecoxib than with naproxen.132

Cyclo-oxygenase-2 Inhibitors and Cardiovascular Toxicity

15. What is the concern regarding the use of COX-2 inhibitors
and the risk for cardiovascular toxicity?

The risk for cardiovascular events in patients taking COX-2
inhibitors increases with a number of factors, including in-
creased COX-2 selectivity, higher dosages, a longer duration
of treatment, and preexisting cardiovascular risk.133−136 Al-
though ulcers and ulcer-related complications were less likely
with rofecoxib than with naproxen in the VIGOR trial, there
was an increased number of myocardial infarctions and throm-
botic strokes observed with rofecoxib.132 Similar cardiothrom-
bolic events were observed in other rofecoxib studies of longer
duration.137 In 2004, rofecoxib was withdrawn from the U.S.
market. Soon thereafter, valdecoxib was also taken off the mar-
ket amid concerns about cardiovascular risk.

The cardiovascular safety of celecoxib has also been eval-
uated, but the risk of myocardial infarction and thrombotic
stroke is less certain. Although there appeared to be no dif-
ference in cardiovascular risk when celecoxib was compared
with diclofenac and ibuprofen in the CLASS trial,131 a dose-

related increase was reported in one large trial.138 Celecoxib
remains available in the United States, but cardiovascular risk
must be evaluated in each patient when considering the use of
this drug. Patients with cardiovascular disease or risk factors
for cardiovascular disease are at greatest risk for cardiovascular
events with celecoxib. The lowest effective dose should always
be used for the shortest duration of time.

There is increasing evidence that certain non- and partially
selective NSAIDs (e.g., ibuprofen, diclofenac, and meloxicam)
may also increase the risk of myocardial infarction and throm-
botic stroke.139 The American Heart Association has published
recommendations for NSAID use in persons with confirmed
cardiovascular disease or risk factors.140 Recommendations in-
clude initiating short-term treatment with less risky options
such as acetaminophen or aspirin, tramadol, or narcotics. A
NSAID should be considered if these medications are ei-
ther inappropriate or not effective. The preferred nonselective
NSAID is naproxen, because it does not appear to increase car-
diovascular risk. NSAIDs with increasing COX-2 selectivity
(Table 26-4) may be tried if symptoms are not relieved. How-
ever, selective COX-2 inhibitors should be reserved for those
patients in whom there are no other alternatives and should be
used in the lowest effective dose for the shortest period of time.
Thus, GI safety of NSAIDs and selective COX-2 inhibitors
must be weighed against the potential increase in cardiovascu-
lar risk.

16. How does a COX-2 inhibitor compare with a PPI and a non-
or partially selective NSAID when used to decrease ulcer risk and
related complications? Have any studies evaluated GI safety in
patients taking a COX-2 inhibitor plus a PPI?

Two small nonplacebo controlled trials in H. pylori–
negative patients at high risk for NSAID-related complica-
tions compared celecoxib versus a PPI plus a nonselective or
partially selective NSAID.141,142 These trials were undertaken
before the GI and cardiovascular safety of celecoxib was ques-
tioned. In the first trial, celecoxib was compared with lanso-
prazole plus naproxen,141 while in the second, celecoxib was
compared with omeprazole plus diclofenac.142 The results of
these two studies indicate that when celecoxib was compared
with a PPI plus a NSAID in high-risk patients, ulcer compli-
cations rates were similar but fairly high in both groups.141,142

Cotherapy using a COX-2 inhibitor plus a PPI in high-risk
patients should be considered, but this regimen is reported to
have a very modest benefit when compared with a nonselective
NSAID plus a PPI.143

17. What factors should be considered when evaluating man-
agement strategies for patients at risk of a developing a NSAID-
induced ulcer? What risk reduction strategies are considered ac-
ceptable for A.D.?

Strategies to reduce the risk of NSAID-induced ulcers and
related complications depend on the assessment of risk for
each patient (Table 26-3). Although some have attempted
to define levels of risk, there are no universally accepted
definition.82,88,125,126,144 In general, individuals with no risk
factors, most individuals <65 years of age, and those taking
NSAIDs in the short term are considered to be at low risk and



UPPER GASTROINTESTINAL DISORDERS � 26-21

usually do not require risk-reduction cotherapy. Some patients
may benefit from a partially selective NSAID (Table 26-4). Pa-
tients at moderate risk include those >65 years of age with one
or two risk factors, excluding a history of a prior ulcer or ulcer-
related complication. The preferred risk reduction strategy in
this group is cotherapy with a PPI. Although cotherapy with
misoprotol is also effective, it is used as a second-line therapy
because of frequent daily dosing and a dose-dependent diar-
rhea. When indicated, the patient may be switched to a selective
COX-2 inhibitor. The use of a nonselective or partially selec-
tive NSAID and a PPI is most likely as effective as a selective
COX-2 inhibitor.125

Patients like A.D., who have a history of a prior ulcer
and ulcer-related upper GI bleed, are at high-risk for future
NSAID-related ulcers and complications and require an effec-
tive risk-reduction strategy. Additionally, A.D. has other fac-
tors that contribute to her high-risk status, including her age
(70 years), concurrent use of a nonselective NSAID (naproxen)
and enteric-coated aspirin, and the use of corticosteroids. Ra-
nitidine should be discontinued, and A.D. should be switched
to an evidence-based risk-reduction regimen. Although the op-
timal strategy for a high-risk patient like A.D. is unknown,
the preferred strategy should take into consideration the risks,
benefits, and cost of treatment. High-risk patients may benefit
from several strategies, including PPI or misoprostol cotherapy
with a nonselective or partially selective NSAID or a selective
COX-2 inhibitor. If celecoxib is used, the risk of cardiovascular
effects must be weighed against the gastroprotective benefits,
especially since A.D. has a history of hypertension. Patients at
very high risk, including those with a prior ulcer or complica-
tion, renal dysfunction (creatinine clearance <30 mL/minute)
and cardiovascular disease should avoid NSAIDs and selective
COX-2 inhibitors and should be treated with other analgesics
(e.g., tramadol, narcotics), keeping in mind that NSAIDs and
selective COX-2 inhibitors are also associated with fluid reten-
tion, hypertension, and renal failure.133,134 The recommended
risk-reduction strategy for A.D. is cotherapy with a PPI or
misoprostol.

18. What information should be conveyed to A.D. regarding the
combined use of OTC aspirin and NSAIDs?

Counsel A.D. to discuss the use of enteric-coated aspirin
with her physician to be certain that the benefit of taking car-
dioprotective aspirin outweighs the risk for an ulcer-related
complication. A.D. should be advised that enteric-coated as-
pirin may protect against the topical mucosal damage in the
stomach and minimize dyspepsia, but the enteric coating does
not prevent an ulcer from forming. Even low-dose aspirin (e.g.,
81 mg/day) remains capable of causing an ulcer, especially
when used in conjunction with a NSAID (naproxen). Buffered
aspirin may cause less dyspepsia, but buffering does not pre-
vent ulcers. Taking food, milk, or an antacid with aspirin or
NSAIDs may minimize dyspepsia but does not prevent an
ulcer.

Inform A.D. that she should not take OTC NSAIDs in con-
junction with her naproxen unless advised to do so by her
physician, as combining NSAIDs use will the risk for ulcers
and upper GI bleeding. Advise A.D. that even though NSAIDs
available for self-treatment may have different generic names
(e.g., ibuprofen, naproxen) or brand names (e.g., Advil, Aleve),

they all belong to the same drug class and have similar side
effects.

19. A.D.’s physician decides to maintain her on naproxen and
enteric-coated aspirin but changes the ranitidine to lansoprazole
30 mg QD. What instructions should you provide A.D. regarding
her medications?

A.D. should be advised of the major signs and symptoms
of upper GI bleeding and cardiovascular disease and what ac-
tion should be taken if these signs or symptoms develop. She
should be instructed to take the lansoprazole every day 30 to
60 minutes prior to breakfast and continue taking naproxen
twice daily. The importance of adhering to PPI cotherapy must
be stressed, especially since A.D. may not have accompanying
dyspeptic or ulcerlike symptoms. There is a strong relationship
between the level of adherence to gastroprotective medication
and the risk for ulcers and serious GI complications in patients
like A.D. who are high-risk NSAID users.145 Older patients,
like A.D., who are at risk for osteoporosis and hip fractures
and who require long-term PPI therapy should be counseled
to take recommended dosages of a calcium salt and vitamin D
and have periodic bone density examinations.54

20. What parameters should be monitored to determine A.D.’s
response to treatment?

High-risk patients like A.D. who continue to take a NSAID
should be closely monitored for upper abdominal pain and
signs or symptoms associated with bleeding, obstruction, or
perforation. The presence of upper abdominal pain or a change
in the severity of the pain may suggest an upper GI complica-
tion. Every effort should be made to monitor A.D.’s compliance
to her PPI regimen because of the strong relationship between
nonadherence and the risk of upper GI complications in high-
risk NSAID users.

ZOLLINGER-ELLISON SYNDROME
ZES is an uncommon gastric acid hypersecretory disease char-
acterized by severe recurrent peptic ulcers that result from
a gastrin-producing tumor (gastrinoma).146−148 The primary
tumor is usually located in the duodenum or pancreas, but
other locations (e.g., mesenteric lymph nodes, spleen, stom-
ach, liver) have been described.147 Although most gastrinomas
occur sporadically, about 20% occur in association with multi-
ple endocrine neoplasia type 1 (MEN I), which is an autosomal
dominant inherited syndrome.146,147 Most gastrinomas are ma-
lignant and tend to be slow growing, but a small number grow
and metastasize rapidly to the regional lymph nodes, liver, and
bone. Abdominal pain is the most predominant symptom and
is usually related to persistent peptic ulcers, which are less re-
sponsive to antisecretory therapy. Duodenal ulcers occur most
often, but ulcers may also occur in the stomach or jejunum.
Diarrhea, which is present in more than half of patients, may
precede ulcer symptoms and results from massive gastric acid
hypersecretion, which activates pepsinogen and contributes to
mucosal damage.146,147 Steatorrhea may also occur and results
from inactivation of pancreatic lipase by intraluminal acid. This
leads to the precipitation of bile acids, which in turn reduces
micelle formation necessary for fatty acid absorption. Vita-
min B12 deficiency may develop secondary to malabsorption
related to reduced intrinsic factor activity. GERD often occurs
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and is complicated by esophageal ulcers and strictures. Other
symptoms include nausea, vomiting, upper GI bleeding, and
weight loss. Bleeding is related to duodenal ulceration and is
the presenting symptom in about 25% of patients.

Epidemiology
The incidence of ZES in the United States is 0.1% to 1.0%
among patients with duodenal ulcer.146,148 The average age
at presentation is between 45 and 50 years, with men being
slightly more affected than women. The morbidity and mor-
tality of ZES is low because of improved medical and surgical
management.

Pathophysiology
The pathophysiology of ZES is related to a nonbeta islet cell
gastrin-secreting tumor that stimulates the parietal cells of the
stomach to hypersecrete gastric acid.146,147 Large amounts of
gastrin are produced by the gastrinoma cells, usually resulting
in a profound hypergastrinemia. The gastric parietal cell mass
is expanded in response to the trophic effects of hypergastrine-
mia and causes an increase in basal and stimulated acid output.
Hypersecretion of gastric acid results in severe mucosal ulcer-
ation, diarrhea, and malabsorption and is responsible for the
signs and symptoms associated with ZES.

Clinical Assessment and Diagnosis
The diagnosis of ZES is established when the fasting serum
gastrin is >1,000 pg/mL and the BAO is >15 mEq/hour in
patients with an intact stomach (or >5 mEq/hour in the post-
gastric surgery patient) or when hypergastrinemia is associated
with a gastric pH value <2.146,147 When serum gastrin is be-
tween 100 and 1,000 pg/mL and gastric pH is <2, a provoca-
tive test (secretin or calcium) is recommended to assist in the
diagnosis.147 Imaging techniques are performed to localize the
tumor and are useful in evaluating metastatic disease. Upper
endoscopy is performed to confirm mucosal ulcerations. The
use of PPIs may mask the clinical presentation and complicate
the diagnosis.149

Treatment
The goal of treatment for ZES is to pharmacologically con-
trol gastric acid secretion and to surgically resect the tumor, if
possible. The oral PPIs are the drugs of choice for controlling
acid secretion. Treatment should be initiated with omeprazole
60 mg/day or an equivalent oral dose of lansoprazole, panto-
prazole, esomeprazole or rabeprazole (Table 26-1) and should
be titrated to maintain a BAO <10 mEq/hour (1 hour prior to
next dose) in uncomplicated patients or <5 mEq/hour in pa-
tients with complicated disease.146−148 Once adequate control
of acid secretion has been achieved, the daily PPI dose should
be gradually reduced and administered every 8 to 12 hours. In
most patients, an omeprazole dose of 60 to 80 mg/day reduces
the BAO to target levels, but doses as high as 360 mg/day have
been required.147,148 IV PPIs should be reserved for those pa-
tients who are not able to take oral medications.147 The H2RAs
are no longer used to treat ZES, even though they were initially
proven to be effective (Table 26-1). Results of long-term studies

indicate that the use of H2RAs in treating ZES is limited by
poor control of gastric acid hypersecretion and the need for
high and frequent doses.147

Octreotide, a synthetic somatostatin analogue, also inhibits
gastric acid secretion and decreases serum gastrin concentra-
tions, but its subcutaneous route of administration, frequent
dosing (100–250 mcg three times a day), and side effects
(abdominal pain, diarrhea, gallstones, and pain at the injec-
tion site) make it less desirable for use in treating ZES.147

Slow-release formulations of octreotide (Sandostatin LAR)
can be administered less frequently (at 4-week intervals) and
may be useful in controlling temporal growth.147 Patients with
metastatic gastrinomas can be treated with chemotherapeutic
agents to inhibit tumor growth or may require resection of the
tumor. Localization and surgical removal of the gastrinoma
should be considered in all patients unless widespread metas-
tases exist.

GASTROESOPHAGEAL REFLUX DISEASE
GERD is a common acid-related GI disorder associated with a
wide array of symptoms, the most frequent of which is heart-
burn, and acid regurgitation. Gastroesophageal reflux (GER)
is defined as the retrograde passage of gastric contents from
the stomach into the esophagus. It is primarily the result of
transient relaxation of the LES. When the LES is relaxed,
the esophagus is exposed to small amounts of acidic stom-
ach contents. This normal physiological event occurs many
times throughout the day in healthy individuals.8,150 Protec-
tive mechanisms such as esophageal peristalsis and bicarbo-
nate-rich saliva quickly return the acidic pH to normal.
GERD develops when alterations in reflux result in symp-
toms, mucosal injury, or both.151 Esophageal injury occurs
with continued exposure of the mucosa to gastric acid and re-
sults in inflammation that can progress to ulceration (erosive
esophagitis).8,152 Complications associated with long-standing
GERD include esophageal strictures, Barrett’s metaplasia (re-
placement of normal esophageal squamous epithelium by spe-
cialized intestinal-like columnar epithelium), and adenocarci-
noma of the esophagus.8

Epidemiology
GERD is a chronic disease that affects patients across all age
groups with equal distribution between men and women.8 The
prevalence of GERD appears to be greater in the Western pop-
ulation with patients presenting with more clinically important
disease and complications than in Eastern countries (especially
Asian populations) where GERD is uncommon. However, re-
cent studies suggest that GERD may be emerging in the Eastern
populations and that its increasing prevalence may someday
match Western populations.153 When considering the symp-
toms of GERD, such as heartburn and acid regurgitation, the
overall prevalence in the United States is approximately 45%.8

In Western populations, 25% of patients report heartburn
monthly, 12% weekly, and 5% describe daily symptoms.154

It has also been estimated that 7% of the U.S. population have
complicated GERD associated with erosive esophagitis; how-
ever, this finding is difficult to validate, as most patients do
not undergo diagnostic esophageal endoscopy.8 Many patients
with erosive esophagitis are asymptomatic on diagnosis, which
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suggests that symptoms do not correlate with the degree of
esophageal injury. Up to 75% of patients who undergo endo-
scopic procedures due to symptoms associated with GERD
have normal esophageal findings.155 These patients are iden-
tified as having functional heartburn, NERD, or endoscopy-
negative reflux disease (ENRD). Other patients with GERD
have symptoms that occur outside of the esophagus which
are considered atypical or extraesophageal manifestations of
GERD. Extraesophageal manifestations may be present with
or without accompanying typical symptoms (e.g., heartburn).
Extraesophageal manifestations have been estimated to occur
in about 80% of patients with at least weekly symptoms of
GERD (see Extraesophageal GERD section).156

Childhood GERD appears to continue into adolescence and
adulthood. Although most infants develop physiological regur-
gitation, or spitting up, the majority (95%) will have abatement
of symptoms by 1.0 to 1.5 years of age.157,158 However, in-
fants with persisting symptoms beyond 2 years of age are at
risk of developing complicated GERD.159,160 One prospective
study evaluated children with a prior diagnosis of complicated
GERD (erosive esophagitis) made at about 5 years of age and
then reevaluated the subjects 15 years later. This study revealed
that 80% of the children reported monthly symptoms of heart-
burn and regurgitation, while 23% described weekly symp-
toms. In addition, 30% still required antisecretory therapy, and
24% underwent antireflux surgery161 (see Chapter 93, Pediatric
Considerations). Pregnancy has also been associated with an
increased incidence of GERD with 30% to 50% of pregnant
women complaining of heartburn; however, in patients without
a previous diagnosis of GERD, the symptoms resolve when the
child is born.8 The mechanisms for GERD in pregnancy are re-
lated to (a) the hormonal effects of progesterone and estrogen,
which lower LES pressure, and (b) increasing intra-abdominal
pressure8,162 (see Chapter 46, Obstetric Drug Therapy).

Complications associated with GERD include esophageal
erosions (5%), strictures (4%–20%), and Barrett’s metapla-
sia (8%–20%).8 Male gender and advancing age (men and
women) are associated with an increase in the prevalence of
esophageal complications, presumably due to refluxed acidic
contents damaging the mucosa over time.8 Patients with GERD
may have a decrease in quality of life. When comparing quality
of life in patients with GERD to those with other chronic med-
ical diseases, the quality of life in GERD patients was between
patients with psychiatric disorders and patients with mild heart
failure.163

Etiology and Risk Factors
The causes of GERD are associated with factors that in-
crease the frequency or duration of GER leading to in-
creased contact of the acidic refluxate with the esophageal
mucosa. Risk factors associated with GERD include dietary
and lifestyle factors, drugs, and certain medical and surgi-
cal conditions8,15,150−152,164−166 (Table 26-7). These factors
may precipitate or worsen GERD symptoms by lowering the
LES pressure (e.g., nitrates, progesterone, foods high in fat,
mint, chocolate) or having a direct irritating effect on the
esophageal mucosa (e.g., citrus, tomatoes, bisphosphonates).
Stress reflux from increased intra-abdominal pressure has been
associated with overeating, coughing, and bending or straining
to lift heavy objects as well as tight-fitting clothing.8,15 Certain

Table 26-7 Risk Factors Associated With Gastroesophageal
Reflux Disease

Drugs Dietary

α-adrenergic agonists Foods high in fat
Anticholinergics Spicy foods
Aspirin Carminatives (peppermint, spearmint)
Barbiturates Chocolate
Benzodiazepines Caffeine (coffee, tea, colas)
β2-adrenergic agonists Garlic or onions
Bisphosphonates Citrus fruits and juices
Calcium channel blockers Tomatoes and juice
Dopamine Carbonated beverages
Estrogen
Isoproterenol Lifestyle
Iron Cigarette/Cigar smoke
Narcotics Obesity
Nitrates Supine body position
NSAIDs Tight-fitting clothing
Progesterone Heavy exercise
Potassium
Prostaglandins Medical/Surgical Conditions
Quinidine Pregnancy
Tetracycline Scleroderma
Theophylline ZES
Tricyclic antidepressants Gastroparesis
Zidovudine Nasogastric tube intubation

NSAID, nonsteroidal anti-inflammatory drug; ZES, Zollinger-Ellison syndrome.
Adapted from references 8, 15, 150–152, and 164–166, with permission.

medical and surgical conditions such as gastroparesis, sclero-
derma, ZES, and long-term placement of nasogastric tubes may
also be associated with GERD.8 Although it has been suggested
that the eradication of H. pylori infection may increase the risk
of GERD symptoms and esophagitis, additional information
is needed to confirm this association.80,167,168

Pathophysiology
The pathophysiology of GERD is associated with defects in
transient relaxations of the LES, esophageal acid clearance
and buffering capabilities, anatomy, gastric emptying, mucosal
resistance and with exposure of the esophageal mucosa to ag-
gressive factors (gastric acid, pepsin, and bile salts) leading to
esophageal damage.

Transient Relaxations of the Lower Esophageal Sphincter
The LES, when in a resting state, remains at a high pressure
(10–30 mmHg) to prevent the gastric contents from entering
into the esophagus.8 Pressures are lowest during the day and
with meals and highest at night.8 Transient relaxations of the
LES are short periods of sphincter relaxation that are different
from those that occur with swallowing or peristalsis.8,169,170

They occur due to vagal stimulation in response to gastric dis-
tension from meals (most common), gas, stress, vomiting, or
coughing and can persist >10 seconds.8 These transient re-
laxations of the LES are associated with virtually all GER
events in healthy individuals but account for 50% to 80% of
occurrences in patients with pathogenic GERD.8 Thus, not all
transient relaxations of the LES are associated with GERD.
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A small percentage of patients may also have a continu-
ously weak and hypotensive LES (decreased LES resting tone).
Stress reflux increases intra-abdominal pressure and may blow
open the hypotensive LES.8 When LES pressures remain con-
stantly low, the risk for serious complications (e.g., erosive
esophagitis) increase dramatically. Scleroderma, which is re-
lated to fibrosis of smooth muscle, may reduce LES tone and
increase the potential for GERD.171

Esophageal Acid Clearance and Buffering Capabilities
Although the number of reflux events and quantity of refluxate
are notable, it is the duration of time the mucosa is in con-
tact with these noxious substances that determines esophageal
damage and complications. More than 50% of patients diag-
nosed with severe esophagitis have decreased acid clearance
from the esophagus.8 Peristalsis is the primary mechanism by
which acid refluxate is removed from the esophagus. Other
mechanisms include swallowing, esophageal distension in re-
sponse to refluxate, and gravity (which is only effective when
the patient is in an upright position).

Saliva plays an important role in the neutralization of gas-
tric acid within the esophagus. Its bicarbonate-rich content
buffers the residual acid that remains in the esophagus after
peristalsis.8 However, saliva is only effective on small amounts
of gastric acid, as patients with larger volumes of acid refluxate
may not have the neutralizing capacity in saliva necessary to
protect the esophagus.8 Swallowing increases the rate of saliva
production and esophageal acid clearance. The reduction of
swallowing that occurs during sleep is associated with noc-
turnal GERD. Patients with decreased saliva production (e.g.,
elderly, patients taking medication with anticholinergic effects,
and those with certain medication conditions such as xerosto-
mia or Sjogren’s syndrome) may also be at increased risk of
developing GERD.172

Anatomic Abnormalities
Hiatal hernia (protrusion of the upper portion of the stomach
into the thoracic cavity due to weakening in the diaphragmatic
muscles) is frequently described as a cause of GERD, but its
causal relationship remains uncertain.8 Although hiatal hernia
is associated with a greater degree of esophagitis, strictures,
and Barrett’s metaplasia, not all patients with hiatal hernia
develop symptoms or complications. This may be related to
the size of the hiatal hernia and its effect on LES pressure.8

An increase in the size of the hernia may decrease its ability
to remain below the diaphragm during swallowing and thus
reduces LES pressure. Hypotensive LES in combination with
hiatal hernia increases the likelihood of reflux and complicated
disease.8

Gastric Emptying
Delayed gastric emptying increases the volume of gastric fluid
remaining within the stomach that is available for reflux and is
associated with gastric distension.8 Although delayed gastric
emptying is present in up to 15% of patients with GERD, a
causal relationship has not been established.8,173 Because some
patients such as those with diabetic gastroparesis also have
GERD, the association between delayed gastric emptying and
GERD cannot be overlooked.8

Mucosal Resistance
The capability of the esophageal mucosa to endure contact with
and withstand injury from gastric refluxate (acid and pepsin)
is a substantial determinate for the development of GERD.
When considering the mucosal resistance within the esoph-
agus compared with that of the stomach and duodenum, the
esophagus is less resistant to damage from gastric acid.8 How-
ever, mucosal resistance in the esophagus is composed of many
defensive factors working in tandem to prevent esophageal in-
jury. An increase in mucosal cell thickness and intracellular
junctional complexes prevents the diffusion of hydrogen ions
from penetrating into the esophageal epithelium and leading to
cell death.8 The esophagus also secretes a protective mucous
layer and bicarbonate.174 Enhanced blood flow in response to
an acidic environment within the esophagus improves tissue
oxygenation, provides nutrients, and helps to maintain a nor-
mal acid–base balance.8 Esophageal injury also occurs when
the concentration of acid and pepsin exceed the protection af-
forded by mucosal resistance mechanisms.

Aggressive Factors Associated With Esophageal Damage
The gastric refluxate, which is composed primarily of gastric
acid and pepsin, is the primary aggressive factor associated
with GERD. The development and degree of mucosal damage
is dependent on the pH and contents of the refluxate as well as
the total exposure time of refluxate with the esophageal mu-
cosa. A pH <4 is usually required to produce injury to the
esophageal mucosa, but as the refluxate becomes more acidic,
the mucosal damage is accelerated.8 The addition of pepsin
(which is converted from secreted pepsinogen in an acidic pH)
to the acidic refluxate will markedly increase the propensity of
the refluxate to compromise mucosal resistance and increases
the potential for esophageal bleeding.8,173,175 Duodenogastric
reflux or alkaline reflux containing bile acids and pancreatic
juices may also contribute to esophagitis. Because gastric and
duodenogastric reflux are often concomitantly present, their
actions may be additive in causing esophageal damage. The
duration of total exposure time of the esophagus to the re-
fluxate is the primary mechanism involved in the development
of GERD and its complications. The longer the duration of
exposure time, the greater the possibility of severe disease,
including progression to Barrett’s metaplasia.

Eradication of Helicobacter pylori
The relationship between H. pylori infection and GERD re-
mains controversial.167 Early studies suggest that H. pylori
eradication is associated with increased gastric acidity and sub-
sequent development of erosive esophagitis.80,167 In contrast, it
appears that H. pylori may be protective against GERD symp-
toms and related complications.80,166,167 This is presumably
due to the microorganisms ability to decrease the acidity of
the refluxate, as it does not appear to affect the functional de-
fense mechanisms of the esophagus.167,168 Although H. pylori
testing in patients with GERD is not standard practice, if the
patient is tested and found to be H. pylori positive, eradication
is recommended80 (see Primary Treatment of Helicobacter py-
lori section).
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Clinical Presentation
Signs and Symptoms

21. W.J. is a 39-year-old, 130-kg, 67-inch-tall man who presents
with complaints of indigestion. He describes a burning sensation
behind his breastbone and some belching that is often associated
with an acid taste in the back of his mouth. He indicates that his
symptoms began a few months ago, and they only occur a few
times a month, especially after eating large or spicy meals. Also,
if he eats too close to his bedtime, the burning keeps him up at
night. He has used liquid antacids in the past for these symptoms
and states they work fairly well, but he has to take frequent doses,
as the symptoms return quickly. He asks if there is something
that he could take to prevent his symptoms. He does not take any
other medications. Which of W.J.’s symptoms are consistent with
GERD?

Symptoms that are typically associated with GERD include
heartburn, or pyrosis (a retrosternal burning that occurs in the
upper esophagus and travels up through the throat), regurgi-
tation of gastric contents into the throat, or in many patients,
the presence of both.8,176 These symptoms may be episodic
or meal related and are often alleviated by antacids.8,176

Heartburn, the most frequent typical symptom, is caused by
the contact of acidic refluxate with nerve endings within
esophageal mucosa.8 Other symptoms include water brash
(salty or sour fluid occurring abruptly within the mouth), early
satiety, belching, hiccups, nausea, and vomiting.8 Worrisome
symptoms (alarm signs or symptoms) include dysphagia (trou-
ble swallowing), odynophagia (painful swallowing), vomit-
ing of blood, bloody or tarry stools, unexplained weight loss,
and anemia.8,176 These symptoms suggest complicated disease
such as erosive esophagitis, esophageal stricture, malignancy,
or GI bleeding and require immediate evaluation by a health
care professional. Some patients, such as the elderly, may not
have typical GERD symptoms, but present initially with alarm
symptoms.8,177 This is due in part to older patients having a
reduced pain perception and a possible reduction in the acidity
of the refluxate.8 Other patients may present with only extrae-
sophageal or atypical symptoms (see Treatment of the Extra-
esophageal Manifestations of GERD section). Despite the lack
of esophageal symptoms, the potential for serious esophageal
damage exists, as there is no correlation between symptoms
and the degree of esophageal injury.8 W.J.’s symptoms of a
burning sensation (heartburn), regurgitation soon after eating
spicy or large meals, and the association of symptoms with
eating a meal near his bedtime are all consistent with GERD.
The fact that his symptoms are relieved by his use of antacids
is also suggestive of GERD.

Treatment
Therapeutic Goals

22. What are the therapeutic goals for the treatment of W.J.’s
GERD?

The therapeutic goals for the management of GERD are to
alleviate symptoms, promote esophageal healing, prevent re-
currence, provide cost-effective pharmacotherapy, and avoid
long-term complications.8 One long-term consequence is Bar-

rett’s esophagus, or Barrett’s metaplasia, which is identified in
10% to 15% of GERD patients on endoscopic evaluation.8

This premalignant condition may predispose the patient to
esophageal adenocarcinoma. Patients with Barrett’s esophagus
have a 30- to 125-fold greater risk of developing esophageal
cancer than an age-matched population.178 GERD is a chronic
disease that carries the potential for serious complications.

Nonpharmacologic Measures and Self-Directed Treatment

23. What lifestyle and dietary changes may potentially reduce
W.J.’s GERD symptoms?

Lifestyle and dietary modifications comprise the initial step
in managing patients with GERD15,166,176,179 (Table 26-8).
Strategies should be discussed with the patient and tailored
to his or her specific needs. The paucity of evidence to date
suggests that although many patients may benefit from these
modifications, they are unlikely to completely alleviate symp-
toms in most patients.176,179 Lifestyle modifications are aimed
at reducing acid exposure within the esophagus by increas-
ing LES pressure, decreasing intragastric pressure, improving
esophageal acid clearance, and avoiding specific agents that
irritate the esophageal mucosa. There is evidence to support
several modifications that reduce esophageal gastric acid ex-
posure and symptoms.179 These include raising the head of
the bed 6 to 8 inches by using blocks underneath the legs of
the bed or using a foam wedge instead of traditional pillows;
sleeping in a left lateral decubitus position; and weight loss,
which also decreases intra-gastric pressure.179 Avoiding large
meals within 3 hours of bedtime or lying down in the supine
position may also decrease symptoms.

Patients with GERD symptoms should avoid troublesome
foods and beverages (Table 26-7). However, the evidence sug-
gesting benefit is absent or unclear.176,179 When possible, ap-
propriate alternative OTC or prescription medications that do
not exacerbate GERD symptoms should be recommended. It is
likely that most GERD patients have tried many of the dietary
and lifestyle modifications without obtaining satisfactory re-
lief of their symptoms and that others will not be amenable
to making these changes in their life. However, appropriate
lifestyle and dietary modifications should be recommended to
all patients with GERD symptoms.

W.J. should be counseled to lose weight, wear loose-fitting
clothing, and avoid eating spicy meals that he knows will ex-
acerbate his symptoms. Recommend that he avoids eating at
least 3 hours before bedtime and that he considers raising the
head of his bed 6 to 8 inches with wooden blocks. W.J. should
be asked to keep a journal in order to track symptoms in re-
lationship to diet and lifestyle and to record the effect of any
lifestyle and dietary modifications. The health care practitioner
should review the journal and discuss with W.J. which dietary
and lifestyle factors trigger symptoms and which measures are
most effective in relieving his symptoms.

24. Which OTC treatment options (if any) would you recom-
mend for W.J.?

Many patients with mild, infrequent symptoms can be man-
aged with OTC medications8,15,176,180−182 (Fig. 26-5). First, a
determination must be made as to the suitability of the patient
for self-treatment. If the patient does not meet the criteria for
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Table 26-8 Dietary and Lifestyle Modifications Used to Manage Gastroesophageal Reflux Symptoms

Dietary Medication Lifestyle

Avoid foods listed in Table 26-7 Avoid medications with a potential to relax the
lower esophageal sphincter or have a direct
irritant effect on the esophageal mucosa
(Table 26-7)

Stop or decrease smoking/tobacco

Avoid eating large meals Medications with the potential to irritate the
esophagus should be taken with a full glass
of water

Avoid alcohol

Avoid eating within
3 hours of bedtime

Weight lossa

Elevate the head of bed 6–8 inches or use a foam wedgea

Sleep in the left lateral decubitus positiona

aSufficient evidence exists to support lifestyle modification.
Adapted from references 8, 15, 166, 176, and 179, with permission.

self-treatment as described below, he or she should be referred
for further medical evaluation.15,176 It is important to ensure
that the following are not present: alarm signs or symptoms,
severe or frequent (2 or more days a week) heartburn last-
ing >3 months, presence of extraesophageal manifestations
(see Question 28), or symptoms that persist despite appropri-
ate drug therapy. OTC antacids and H2RAs are the drugs of
choice for patients with mild, infrequent heartburn. The non-
prescription PPI (omeprazole) should be reserved for patients
who experience frequent heartburn.15

Antacids remain an effective option for treating mild, in-
frequent heartburn, as they rapidly (within minutes) relieve
symptoms, but the duration of symptom relief only lasts about
30 minutes when taken on an empty stomach.8,15,176 The du-
ration can be extended for several hours if taken within 1 hour
after a meal.15 Antacids are available in tablet and liquid form

and are usually interchangeable when used in recommended
dosages.15 The dose can be repeated every 1 to 2 hours as
needed, but the maximum recommended daily dose should not
be exceeded. The addition of alginic acid to the antacid may im-
prove symptom relief for some patients.8,180 Patients requiring
frequent or regular antacid use for more than 2 weeks should
be reevaluated, as an OTC H2RA or PPI may be needed.15

About 20% of patients will achieve symptom relief with the
use of antacids.8,176 Antacids are not effective in healing ero-
sive esophagitis.8

The OTC H2RAs are indicated for mild to moderate infre-
quent GERD symptoms.15,176 When compared with antacids,
their onset of symptom relief occurs within 30 to 45 minutes,
and they have a longer duration of action (up to 10 hours).8,15

One benefit of the H2RAs is that they can be taken prior to
eating a heavy or spicy meal as prophylaxis for postprandial

GERD

Typical
symptoms

Atypical
symptoms

Alarm
signs/symptoms

Mild to
Moderate

Severe symptoms
and/or esophagitis

Refer for further
evaluation

Refer for further
evaluation

Infrequent Frequent Diet & lifestyle
modifications

• Endoscopy
• 24-hr pH monitor

Endoscopy

Diet & lifestyle
modifications

Diet & lifestyle
modifications

PPI GERD-
related

Not
GERD-related

PPI• Antacid
• Antacid + alginic acid
• H2RA - low dose
• H2RA - standard dose
• H2RA + antacid Maintenance therapy

PPI twice daily
x 3 months

Pursue other
diagnosis

FIGURE 26-5 Management of gastroesophageal reflux disease. H2RA, H2 -receptor antagonist; PPI, proton
pump inhibitor.
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GERD symptoms.8,15,175 They also have a beneficial effect on
reducing nocturnal acid secretion.15 Tachyphylaxis (tolerance)
has been reported with continued use of H2RAs, but this effect
can be overcome with intermittent or as-needed use.15 OTC
H2RAs are available in one-half the original prescription low
dose and as the full prescription doses. Patients should use
the lower OTC dose twice daily for mild, intermittent symp-
toms and the higher dose twice daily for moderate symptoms15

(Table 26-1). The four OTC H2RAs (cimetidine, famotidine,
ranitidine, nizatidine) are interchangeable when used in rec-
ommended dosages.15,175 Patients should avoid cimetidine if
the potential for a clinically important drug interaction exists
with drugs metabolized by the hepatic CYP P450 enzyme sys-
tem. When used for self-treatment, the H2RA dose should not
exceed two doses per day, and the treatment duration should
not exceed 2 weeks. Use beyond 2 weeks should be under the
care of a health care provider.8,15

Omeprazole is available OTC in the original prescription
strength of 20 mg. A potent inhibitor of gastric acid, it is in-
dicated for use in patients with frequent heartburn (2 or more
days a week).15 The onset of symptom relief is slower (2 to 3
hours) than with the H2RAs, and complete relief may require
up to 4 days after initiating therapy. The PPIs are superior to
the H2RAs with regard to symptom relief and duration of acid
suppression.15 Patients should take omeprazole 30 to 60 min-
utes prior to a meal (breakfast is preferable) and not take more
than 20 mg daily for up to 2 weeks. Another course of therapy
should not be taken more then every 4 months unless directed
by a health care provider, as this may indicate more serious
disease.15,176

W.J. is an appropriate candidate for self-treatment because
his symptoms are mild and occur infrequently, and he has
no alarm symptoms. Although antacids are an acceptable op-
tion for W.J., he has tried these and is unhappy with the fre-
quency of dosing needed to relieve his heartburn. Because
W.J. has requested a medication to specifically “prevent” meal-
related symptoms, he should take a H2RA 30 to 60 minutes
prior to eating or drinking. If symptoms remain infrequent but
are unrelated to meals, the use of an OTC H2RA as needed
for symptoms may be required. He can increase the dose to
twice daily if symptom relief is not optimal and may con-
sider OTC omeprazole if symptoms occur more than 2 days
a week. If he continues to have symptoms beyond 2 weeks,
the symptoms become more severe, or they are accompa-
nied by alarm symptoms, he should be referred for further
evaluation.

Severe Disease With Complications

25. L.F. is a 48-year-old woman who presents to her primary
care provider complaining of recurrent heartburn occurring daily
for the past 6 weeks. She states that the heartburn occurs fre-
quently after meals and often wakens her at night. Lately, she has
been experiencing difficulty swallowing solid foods. L.F. currently
smokes two packs of cigarettes per day and likes to have a glass of
wine each night before bedtime. She states that she occasionally
uses OTC ranitidine 150 mg orally up to twice daily, which tem-
porarily relieves her symptoms. What diagnostic modalities are
available for the evaluation of her GERD?

Clinical Assessment and Diagnosis
Numerous diagnostic options exist for the evaluation of the
patient with presumed GERD. The medical history should in-
clude the identification of specific symptoms and an assess-
ment of symptom frequency, severity, and duration as well as
risk factors or triggers. An empiric diagnosis can be made in
the majority of patients based on the symptoms of heartburn
and regurgitation. However, patients who present with severe
symptoms, alarm symptoms, or long-standing GERD or who
do not respond to empiric therapy warrant further diagnostic
evaluation.

Acid Suppression Empiric Test
A trial of a PPI is commonly used to empirically diagnose typi-
cal GERD-like symptoms in patients without alarm symptoms
or symptoms of complicated disease. Doses used in clinical
trials range from 20 mg to 60 mg omeprazole (or equivalent)
once daily for up to 4 weeks.1,183 If symptoms are relieved after
a short trial of a PPI, an empiric diagnosis of GERD may be
made and other invasive and costly diagnostic methods may be
avoided.8,150,176,180,184 However, this methodology is not with-
out its limitations. The test cannot differentiate between other
acid-related disorders such as PUD, and studies evaluating its
ability to detect GERD versus other diagnostic options have
been equivocal.8,183,184 Despite these shortcomings, guidelines
suggest that an empiric trial of a PPIs is appropriate in selected
patients given its ease of use and reduced cost.176 The empiric
use of a PPI may also be beneficial in identifying patients with
extraesophageal manifestations of GERD8 (see Treatment of
Extraesophageal Manifestations of GERD section). Further di-
agnostic evaluation is warranted in patients who do not respond
to acid suppressive therapy, who present with alarm symptoms
or symptoms suggestive of complicated disease, or who have
long-standing GERD where the possibility of Barrett’s esoph-
agus exists.

Upper Endoscopy and Biopsy
Upper endoscopy is the primary diagnostic method for eval-
uating the esophageal mucosa for injury or cellular changes.
This test is highly specific yet only moderately sensitive for the
diagnosis of GERD, since many patients present with nonero-
sive disease. There are four primary reasons why endoscopy
is performed in patients suspected of having GERD.8,185 The
first is to rule out significant disease (e.g., adenocarcinoma of
the esophagus) or complications (e.g., stricture); the second
is to screen for Barrett’s metaplasia; the third is the ability to
evaluate and grade the severity of esophagitis; and the fourth
is to allow the provider to optimize treatment and predict the
long-term course of the disease. The endoscope can be fit-
ted with surgical instruments to allow the operator to perform
procedures or obtain tissue specimens for biopsy. Endoscopic
grading of the esophagus is based on the level of inflammation
and mucosal damage. Two endoscopic classification systems
are used for the grading of esophagitis186,187 (Table 26-9). The
Savary-Miller classification categorizes patients from grade 0
to grade 4 based on the severity of mucosal erosions of the
esophagus.186 The addition of a grade 5 was added to include
the diagnosis of Barrett’s esophagus.188 Although this classifi-
cation system is no longer recommended in the United States,
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Table 26-9 Classification Systems for Endoscopically Determined Esophagitis

The Savary-Miller Classification System of Esophagitis

Grade 0 Normal esophageal mucosa
Grade 1 Erythema or diffusely red mucosa, edema causing accentuated folds
Grade 2 Isolated round or linear erosions extending from the gastroesophageal junction upward, not involving entire circumference
Grade 3 Confluent erosions extending around entire circumference or superficial ulceration without erosions
Grade 4 Complicated cases; erosions as in grade 3 plus deep ulcerations, strictures, or columnar epithelium-lined esophagus
Grade 5 Presence of Barrett’s metaplasia

The Los Angeles Classification System of Esophagitis

Grade A One (or more) mucosal break no longer that 5 mm that does not extend between the tops of two mucosal folds
Grade B One (or more) mucosal break more that 5 mm long that does not extend between the tops of two mucosal folds
Grade C One (or more) mucosal break that is continuous between the tops of two or more mucosal folds but that involves <75% of the circumference
Grade D One (or more) mucosal break which involves at least 75% of the esophageal circumference

Adapted from references 186–188, with permission.

it is still used in many practices. The Los Angeles classifica-
tion is preferred because it is more specific and categorizes
patients from A to D based on the number of mucosal breaks,
their size, and the amount of surface area with esophagitis
involvement.187 There is no classification for normal esopha-
gus with this system and symptomatic patients are often clas-
sified with NERD.

Biopsy of the esophageal mucosa is performed during en-
doscopy, and tissue samples are evaluated by microscopy for
evidence of Barrett’s metaplasia or neoplastic disease.8 In pa-
tients with suspected Barrett’s metaplasia, the biopsy is ob-
tained after the esophagus has healed to prevent misinterpre-
tation of the inflammatory markers for dysplastic syndrome.
Mucosal biopsy for inflammatory markers in nonerosive dis-
ease remains debatable.

24-Hour Continuous Ambulatory pH Monitoring
Ambulatory pH monitoring is a valuable diagnostic test for
evaluating GERD. It is especially helpful in patients who have
not responded adequately to reasonable pharmacotherapy, in
patients with nonerosive disease, and when there is the need
to correlate reflux events with symptoms. A small (2–3 mm
diameter) pH electrode is threaded through the patient’s nostril
(similar to placing a nasogastric tube), past the patient’s larynx,
to approximately 5 cm above the LES in the distal esophagus.1,8

Once it is connected to a logging device, which documents pH
measurements every few seconds, it allows for the determina-
tion of reflux events (defined as esophageal pH <4), duration
of reflux events, and percentage of time within a 24-hour pe-
riod that the patient’s pH is <4. The patient is asked to keep
a diary to record symptomatic events that can be correlated
with a decrease in esophageal pH. This is especially important
when correlating extraesophageal manifestations with reflux
events.

Radiologic Testing
The barium esophagram (barium swallow) is used primarily
to identify suspected esophageal abnormalities such as stric-
tures, narrowing, and hiatal hernia and to determine peristalsis
disorders.8 The procedure is relatively noninvasive and inex-
pensive when compared with endoscopy.

Esophageal Manometry
Esophageal manometry is used to evaluate the patients LES
pressure and esophageal peristalsis.8 This procedure does not
have a specific role in the diagnosis of GERD, as it does not de-
tect the presence of acid within the esophagus. It is used primar-
ily to evaluate patients prior to 24-hour continuous ambulatory
pH monitoring and antireflux surgical procedures (e.g., Nissen
fundoplication) to determine the location of the LES.8,189

26. L.F.’s frequent severe symptoms continue despite full-dose
OTC H2RA therapy and the presence of warning signs warranted
that she undergo endoscopy, which revealed moderate esophagitis
(Los Angeles grade C), the presence of an esophageal stricture,
and no evidence of Barrett’s metaplasia. Esophageal dilation was
performed during the procedure to widen the lumen of the esoph-
agus. What treatment options exist for L.F.?

Pharmacotherapy
Antacids
Antacids are useful only in the relief of mild symptoms as-
sociated with GERD (see Nonpharmacologic Measures and
Self-Directed Treatment section). Because of their short dura-
tion of action and inability to heal erosive esophagitis, they are
not an option for treating moderate to severe GERD.8

H2-Receptor Antagonists
The H2RAs are effective in treating patients with mild to mod-
erate GERD, but response rates vary with the severity of dis-
ease, the dose of the drug, and the duration of therapy. The
H2RAs are considered equally effective when used in equipo-
tent doses for symptomatic relief and esophageal healing (Ta-
ble 26-1). They are effective in reducing nocturnal symptoms
but only modestly effective in relieving meal-related symp-
toms, as they only block one mechanism of parietal cell ac-
tivation (the H2 receptor).8 The H2RAs relieve symptoms
in about 50% to 60% of patients treated after 12 weeks of
continuous therapy and are superior to placebo.176,190 In-
creasing the H2RA dose may not improve symptoms in
some patients.191 Esophageal healing requires higher doses
(e.g., famotidine 40 mg BID) compared with those used for
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symptom relief (Table 26-1). Esophageal healing rates with
the H2RAs are reported to be about 50% after 8 to 12 weeks
of treatment, but rates will vary depending on the degree of
esophagitis.176,190 For example, endoscopic healing rates in
trials with high-dose H2RAs were approximately 60% to 90%
in patients with grades I and II esophagitis but were only 30%
to 50% in patients with more severe disease (grades III and IV
esophagitis).8,190 When a H2RA is used to heal the esophagus,
higher daily dosages and prolonged treatment (8–12 weeks)
are required.176 Some investigators have attributed inadequate
esophageal healing to the development of tachyphylaxis.180

Proton Pump Inhibitors
The PPIs are the drugs of choice for patients with frequent mod-
erate to severe GERD symptoms and esophagitis because they
provide more rapid relief of symptoms and esophageal heal-
ing than do the H2RAs. When used in recommended dosages,
all of the PPIs provide similar rates of symptom relief and
esophageal healing (Table 26-1). Their superior efficacy, when
compared with the H2RAs, is related to their ability to main-
tain an intragrastric pH >4 for a long duration time (up to 24
hours/day vs. up to 10 hours with a H2RA).15,192 Typically,
PPIs are taken once daily 30 to 60 minutes before breakfast,
but if a second dose is required, it should be taken prior to the
evening meal.

A large meta-analysis of 16 trials confirms that PPIs are
superior to the H2RAs for achieving rapid and complete relief
of GERD symptoms. Complete symptom relief (within 4–12
weeks) was achieved in 77.4% of patients taking a PPI versus
47.6% of those taking and H2RA (p <0.0001).190 PPIs have
also been shown to heal esophagitis more quickly and effec-
tively than the H2RAs. In the same meta-analysis, which evalu-
ated 43 double or single blinded, randomized studies (including
patients with severe esophagitis), the PPIs (83.6%) were more
effective than H2RAs (51.9%) at healing erosive esophagitis
at 12 weeks.190 Healing also occurred more quickly with PPI
therapy in that by week two, 63.4% of patients had healed with
the PPI, while it took 12 weeks with the H2RAs for 60.2% of
patients to heal.190 Another large meta-analysis, which eval-
uated over 33 randomized trials, demonstrated similar results
with 81.7% of patients healed at 8 weeks with a PPI versus
52.0% with a H2RA.193

Esophageal healing among the five PPIs appears to be equiv-
alent, as about 85% to 90% of patients achieve complete heal-
ing at 8 weeks in numerous head-to-head trials with equivalent
doses.38−41 One meta-analysis, which compared esophageal
healing rates among omeprazole 20 mg, lansoprazole 30 mg,
pantoprazole 40 mg, and rabeprazole 20 mg (each given once
daily), reported no statistical difference.37 However, all of the
PPIs were superior to ranitidine 300 to 600 mg/day. Esomepra-
zole 40 mg once daily has been reported to be superior to
omeprazole 20 mg once daily, both at 4 and 8 weeks, when used
to heal erosive esophagitis.194 However, the esomeprazole 40
mg and omeprazole 20 mg dosages are not equipotent, and this
study has been heavily criticized based on this fact. Another
study, which compared equipotent doses of esomeprazole (40
mg) and lansoprazole (30 mg), also suggests that esomeprazole
has superior healing rates (92.6% vs. 88.8%, respectively).40

In contrast, a similar study comparing lansoprazole 30 mg
with esomeprazole 40 mg showed no statistical difference in
esophageal healing, albeit with a smaller population.41 Given

the disparity in the results of these comparative trials, some
clinicians prefer esomeprazole 40 mg/day as a better option,
especially for those patients with severe erosive esophagi-
tis. However, clinical evidence to support this practice is
minimal.

The ability of a high-dose PPI to reverse Barrett’s meta-
plasia remains controversial.8 Although studies have demon-
strated islands of normal squamous epithelium returning, no
data have determined that this is associated with a risk reduc-
tion in adenocarcinoma.8 In fact, others have suggested that
this return of normal mucosa may actually mask carcinogenic
changes occurring deeper in the gastric mucosa.195

Improvement of quality of life has also been evaluated in
patients receiving PPI therapy in the management of GERD.
A recent study comparing esomeprazole with ranitidine over a
period of 6 months showed a significant improvement in both
physical functioning and sleep with the PPI therapy.196

Prokinetic Agents
Two prokinetic agents, metoclopramide and bethanechol, may
be effective in the management of GERD. Both drugs stimulate
the motility of the upper GI tract without altering gastric acid
secretion and increase LES pressure.8 Although these drugs
may provide relief of symptoms, they are ineffective in heal-
ing erosive esophagitis unless they are combined with a H2RA
or PPI. Prokinetics are not widely used to treat GERD, because
they are not as effective as other treatments and are associated
with numerous side effects. Prokinetics are reserved for pa-
tients who are refractory to other available treatment options
or who have delayed gastric emptying.

Sucralfate
Sucralfate appears to be effective in treating mild cases of
GERD and possibly mild esophagitis but is not effective in the
management of severe disease.197 Given better options at this
time, sucralfate is rarely used in the management of GERD.

The PPIs are considered the drugs of choice for patients
with frequent or severe GERD symptoms, or who have compli-
cated disease, because of their potent inhibition of gastric acid
secretion176,180−182 (Fig. 26-5). In this case, L.F., who presents
with severe esophagitis (Los Angeles grade C), will require a
PPI taken once daily in order to relieve her symptoms and heal
the esophagus (Table 26-1). A reasonable option for L.F. would
be lansoprazole 30 mg daily to be taken 30 to 60 minutes prior
to breakfast each morning for the next 8 weeks; however, if
the cost of pharmaceuticals is a issue for L.F., generic omepra-
zole 40 mg daily would also be appropriate. L.F. should also
be counseled regarding lifestyle and dietary modifications, in-
cluding smoking cessation and abstinence from alcohol. She
should avoid eating large meals prior to bedtime and may wish
to elevate the head of her bed by 6 to 8 inches with wooden
blocks.

Maintenance Therapy

27. L.F.’s symptoms resolved in about 2 weeks after starting PPI
therapy, and she remained asymptomatic after 8 weeks. She then
underwent endoscopy again, which revealed that the esophagus
had healed completely. Her primary care physician then stopped
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the PPI. Now, 2 weeks later, she is experiencing mild heartburn.
Is L.F. a candidate for long-term maintenance therapy?

GERD is chronic disease. Up to 80% of patients with se-
vere esophagitis and 15% to 30% with less severe disease have
a symptomatic relapse within 6 months after discontinuing
treatment.8 The goal of maintenance therapy is to keep the
patient symptom-free and prevent potentially life-threatening
complications. Continuous maintenance therapy with a daily
PPI is more effective than a H2RA, with reported relapse
rates of 25% and 50%, respectively.8 Thus, PPIs are the drugs
of choice for maintaining remission in patients with healed
esophagitis. A H2RA may be considered for patients with mild
nonerosive disease. Although one-half of the PPI dose used for
esophageal healing has been suggested, guidelines indicate that
the recommended maintenance dose should be the dose that
is required to render the patient asymptomatic.176,180 Mainte-
nance therapy with lansoprazole 15 mg to 30 mg once daily
should be initiated in L.F., given the level of her esophagitis
and recurrence of symptoms after the PPI was discontinued,
to reduce the risk of morbidity associated with this chronic,
relapsing disease.

On-Demand Pharmacotherapy
The use of intermittent (on-demand) courses of PPI therapy (2–
4 weeks) have been suggested as being potentially beneficial
in patients with GERD.198−203 One trial, which compared con-
tinuous maintenance therapy with esomeprazole 20 mg daily
versus on-demand therapy with the same drug and dose in
patients with healed erosive esophagitis, reported that con-
tinuous therapy was superior to on-demand therapy (81% vs.
58%, respectively) in maintaining endoscopic remission at 6
months.203 The ability to maintain remission with on-demand
therapy was reduced as the severity in esophagitis increased.
Although numerous studies with a variety of PPIs have demon-
strated patient satisfaction with on-demand therapy,199−202 a
systemic review of 17 trials evaluating the use of on-demand
therapy indicates that intermittent therapy should only be con-
sidered in patients with mild, nonerosive disease.198

Combination of a Proton Pump Inhibitor and
H2-Receptor Antagonists
The addition of a H2RA at bedtime to a once or twice daily
PPI regimen is sometimes used for patients who continue to
have nocturnal symptoms, although the evidence to support
this combination remains inconclusive. The rational for this
practice is based on evidence that suggests a period of noc-
turnal acid breakthrough (defined as intragastric pH <4 for
longer than 1 hour during the night) in a significant number of
patients despite twice-daily PPI therapy, suggesting that his-
tamine release may have an important function in nocturnal
acid secretion.204 One study suggests that the addition of a
H2RA to a twice-daily PPI regimen resulted in a statistically
significant reduction in nocturnal acid breakthrough during the
sleeping hours.204 This trial, however, evaluated only a single
bedtime dose of a H2RA and did not consider the tachyphy-
laxis that can occur with continuous use. A more recent trial
using a twice-daily PPI regimen with continuous use of a H2RA
for 4 weeks demonstrated no difference in nocturnal acid sup-

pression, suggesting that tolerance does play an important role
in the use of H2RAs for this indication.32 It has been theo-
rized that one way to possibly avoid this occurrence is to use
the H2RA on only an as-needed basis when lifestyle and di-
etary modifications are not effective for preventing nocturnal
symptoms.8

Nonerosive Reflux Disease
Up to 75% patients with typical GERD symptoms who undergo
endoscopy will not have evidence of esophagitis or compli-
cated disease.205 These patients are described as having func-
tional heartburn, NERD or ENRD and usually undergo 24-hour
ambulatory pH monitoring to determine whether abnormal re-
flux is present despite a negative endoscopy. A trial of a PPI
is usually indicated despite no esophageal findings, as many
patients will respond to this therapy.205 Further medical eval-
uation is usually required if a patient does not respond to PPI
therapy despite a doubling of the daily dose.

Extraesophageal Manifestations

28. S.P. is a 71-year-old retired gentleman who was eating din-
ner with his wife when he experienced a sudden onset of chest pain
described as crushing, burning, and squeezing. His wife notified
emergency personnel, who transported S.P. to the emergency de-
partment. His past medical history reveals some cardiovascular
risk factors, including age, hypertension, hyperlipidemia, and a
sedentary lifestyle. His medications prior to admission include
aspirin 81 mg daily, hydrochlorothiazide 25 mg daily, and ator-
vastatin 40 mg at bedtime. He also takes OTC famotidine 20 mg
daily as needed for dyspepsia. On examination, he complains of
substernal crushing chest pain that has lasted over 1 hour. He is
diaphoretic and extremely anxious. He denies any shortness of
breath, pain radiating to upper extremities or jaw, or cough. His
vital signs include a temperature of 99.1◦F, blood pressure 155/95
mmHg and heart rate of 115 beats/minute. Pertinent laboratory
results at this time are white blood cell (WBC) count 7,700/mm3,
Hgb 14.2 g/dL, Hct 45%, platelets 270,000/mm3, SrCr 1.1 mg/dL,
BUN 11 mg/dL, total cholesterol 161 mg/dL, low-density lipopro-
tein 96 mg/dL, high-density lipoprotein 30 mg/dL, triglycerides
190 mg/dL, sodium (Na) 141 mEq/L, potassium (K) 4.1 mEq/L,
and troponin I 0.3 ng/mL. Electrocardiogram reveals sinus tachy-
cardia with no evidence of ST-segment elevation, depression, or
T-wave inversion or new left bundle branch block. Because of S.P.’s
cardiovascular risk factors and indeterminate troponin, he under-
went immediate diagnostic cardiac catheterization, which showed
normal coronary angiography and an ejection fraction of 65%.
S.P. was diagnosed with noncardiac chest pain (NCCP). Could
S.P.’s chest pain be associated with an extraesophageal manifes-
tation of GERD?

Extraesophageal (atypical) manifestations of GERD are
those signs and symptoms that occur outside of the esopha-
gus yet are presumed to be associated with GERD. The ex-
traesophageal manifestations of GERD include NCCP; pul-
monary symptoms; and complaints related to the ear, nose,
and throat; as well as hypersalivation and dental erosions
(Table 26-10). Interestingly, these symptoms are often the only
complaint that a patient has when he or she presents to the
health care provider.206,207
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Table 26-10 Atypical Manifestations of Gastroesophageal
Reflux Disease

Noncardiac Chest Pain Pulmonary

Ear, nose, and throat Chronic cough
Laryngitis/Pharyngitis Nonallergic, nonseasonal asthma
Hoarseness Aspiration
Globus sensation Bronchiectasis/Bronchitis
Laryngeal cancer Sleep apnea
Sinusitis Idiopathic pulmonary fibrosis
Otitis Pneumonia

Other
Hypersalivation
Dental erosions

Adapted from references 207 and 208, with permission.

Noncardiac Chest Pain
About 30% of patients with anginalike chest pain have nor-
mal coronary arteries or minimal microvascular disease as
demonstrated by cardiac angiography.208 About 40% to 50%
of these patients will have concomitant GERD as demon-
strated by an abnormal esophageal endoscopy or ambulatory
pH monitoring.209,210 The symptoms associated with NCCP
are very similar to those associated with cardiac angina. The
chest pain is usually described as crushing, squeezing, or burn-
ing; retrosternal in location; and with or without lateral radi-
ation to the upper extremities, back, neck, or jaw. The pain is
often temporally related to a meal or occurs nocturnally, usu-
ally awakening the patient and continuing for hours. The onset
of pain may coincide with a reflux episode, and symptoms are
often relieved by oral antacid therapy.211 Numerous trials have
evaluated the use of acid suppression as a means to treat NCCP
once cardiac etiology has been ruled out through appropriate
evaluation.212−216 The PPI test, in which a short course (1–8
weeks) of high-dose (twice-daily) PPI is used, is an effective
diagnostic tool and is associated with a reduction in costs com-
pared with other diagnostic methods of GERD. An appropriate
workup for coronary artery disease must be performed in all
patients presenting with chest pain prior to considering a GI
cause or trial of antireflux therapy. This is especially impor-
tant in women, the elderly, and diabetic patients, as their initial
presentation may be similar to GI complaints when in fact an
acute coronary syndrome is present.

Asthma and Gastroesophageal Reflux Disease
GERD may play a role in the pathophysiology of asthma. Re-
ports suggest that concomitant GERD occurs in 34% to 89% of
the asthmatic population.217 Two theoretical mechanisms ex-
ist as to how GERD can potentially exacerbate asthma symp-
toms. The reflex theory proposes that symptoms result from
the direct irritation of the vagus nerve when refluxate comes
into contact with the esophageal mucosa, resulting in reflex
bronchospasm.218 In contrast, the reflux theory proposes that
aspiration of refluxed acid into the lungs causes caustic in-
jury of tissue within the bronchial tree, resulting in asthmatic
symptoms.219 An important meta-analysis of trials that evalu-
ated the effects of antireflux therapy on patients with asthma
indicates that asthma symptoms improved in 69% of patients,

that the use of asthma medications was reduced by 62%, and
that only 26% of the subjects showed improvement in evening
peak expiratory flow rate. All other pulmonary function tests
(PFTs) showed little or no change with antireflux therapy.220

However, this meta-analysis only evaluated studies of up to 8
weeks in duration. A recent trial with esomeprazole 40 mg daily
for 3 months demonstrated improvements in PFTs and a de-
creased use of short-acting rescue bronchodilators in asthmat-
ics with GERD compared with asthmatics without GERD.221

One-third of the patients in the GERD group were also able
reduce their dose of inhaled corticosteroid and remained
stable.

Otolaryngology Symptoms and Gastroesophageal Reflux Disease
GERD is the most common etiologic factor in 80% of patients
with chronic hoarseness222 and in 25% to 50% of patients with
a globus sensation (the feeling that something is caught in
the throat).223−226 Symptoms relating to GERD are responsi-
ble for up to 10% of the patients seen by otolaryngologists.227

The most likely mechanism for the pathophysiology of GERD-
related laryngitis is that damage and inflammation occurs at
night while the patient is sleeping. It is during this time when
upper esophageal sphincter pressures are especially low and the
protective or neutralizing mechanisms of cough and salivation
are suppressed.228 This damage may be in addition to injury
or laryngeal inflammation sustained from other causes such
as excessive voice usage, chronic throat clearing or cough,
vomiting, or injury from endotracheal tubes.229 The extent
of injury in GERD-related hoarseness is directly related to
the exposure time of the pharyngeal mucosa to the reflux-
ate as well as the pH. Patients with GERD-related hoarseness
usually do not have any other GERD-related symptoms. The
diagnostic procedure of choice is laryngoscopy and should
be considered in all patients presenting with GERD-related
hoarseness. Once the diagnosis of GERD-related hoarseness
or laryngitis is established, the patient will likely require ex-
tended high-dose PPI therapy with the realization that the ma-
jority of patients will relapse within 6 weeks once therapy is
discontinued.230

S.P.’s chest pain is not of cardiac origin based on angio-
graphic findings. Therefore, it is reasonable to presume that
he having an extraesophageal manifestation of GERD. S.P.’s
symptoms were meal related, and he has a history of dyspepsia
for which he takes an OTC H2RA. The H2RA should be discon-
tinued, and S.P. should be given a trial of empiric twice-daily
PPI therapy for a 2 to 4 week period. If symptoms are severe,
the use of endoscopy (to determine if esophageal damage is
present) or 24-hour esophageal pH monitoring (to correlate
reflux events with symptomatic chest pain) is appropriate.

Treatment of the Extraesophageal Manifestations of
Gastroesophageal Reflux Disease
Treatment should be initiated with a high-dose (twice-daily)
PPI for at least 3 months before considering drug therapy to
be ineffective.208 Alternatively, it is possible that GERD may
not be the cause of the patient’s symptoms.

29. S.P. responded well to the trial of omeprazole 40 mg orally
twice daily and has not had chest pain in 2 months. He has
heard that surgical options exist that may eliminate his need for
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medications, as they are very expensive for him. Is S.P. a candidate
for antireflux surgery?

Antireflux Surgery
Numerous surgical and endoscopic procedures exist for pa-
tients with GERD. These include, but are not limited to, Nis-
sen fundoplication, Toupet partial fundoplication, Belsey Mark
IV repair, and the Hill posterior gastroplexy repair, as well as
newer endoscopic techniques.8 The primary goal of these pro-
cedures is to restore LES pressure by repairing a hiatal hernia
or diaphragmatic hiatus. Appropriate candidates include pa-
tients who are in a good health and request another treatment
option due to poor medication adherence, patients who are un-
able to afford their medication, patients who suffer from side
effects or worry about risks with long-term therapy, patients
with extraesophageal symptoms who have responded well to
antireflux therapy, or patients experiencing volume regurgita-
tion and aspiration of gastric contents who have not responded
to PPI therapy.8,209 Despite the availability of these surgical
options, the consideration of antireflux surgery is one in which
the benefits should be heavily weighed against the risks of such
an invasive approach, as these procedures are not without po-
tential complications. The effectiveness of these procedures
has been questioned, as many patients will still require drug
therapy.209 S.P. has responded well to high-dose PPI therapy
for his NCCP, but he describes some financial difficulties with
affording his medications. Alternatively, he is 64 years of age,
which may increase the risk associated with surgery. S.P. should
be referred for further medical evaluation to determine whether
he is a candidate for antireflux surgery.

UPPER GASTROINTESTINAL BLEEDING
Upper GI bleeding is a common medical emergency that occurs
in about 170 cases per 100,000 adults annually and is associated
with increased morbidity and mortality as well as substantial
costs to the health care system.231,232 Despite advances in endo-
scopic hemostatic therapy and pharmacotherapy, the mortality
rate associated with upper GI bleeding remains at 7% to 10%,
which is the same as it has been for the last 30 to 40 years. How-
ever, mortality is higher in hospitalized patients.3,231,233−235

Upper GI bleeding can be categorized as either variceal or
nonvariceal bleeding (see Chapter 28, Complications of End-
Stage Liver Disease). Nonvariceal bleeding describes bleed-
ing associated with PUD or stress-related mucosal bleeding
(SRMB). Other causes include erosive esophagitis, Mallory-
Weiss tear (a tear near the gastroesophageal junction associated
with retching or coughing), and malignancy.235 Although PUD
and SRMB are both acid-related disorders, their presentation
and pathophysiology differ.

PEPTIC ULCER BLEEDING
Epidemiology
About 50% of all upper, nonvariceal GI bleeding is due
to PUD.4,233,234 Bleeding ulcers account for approximately
150,000 hospitalizations in the United States each year.233,234

The mortality rate for peptic ulcer bleeding can be as high
as 10%. It has been suggested that an older presenting pa-

tient population (>60 years of age) with a greater number of
comorbidies may account for this continued high mortality
rate.3,231,233,234 Fortunately, the vast majority (80%) of upper
GI bleeding events are self-limited and require only minimal
intervention.3,234−236 Length of stay has been dramatically re-
duced due to a majority of patients who receive early endoscopy
(within 24 hours of admission) and up to 35% who undergo
endoscopic hemostatis procedures.4 However, in the 20% of
patients who continue to bleed or rebleed after appropriate in-
tervention, mortality increases to nearly 40%.4,232

Pathophysiology
The most common causes of upper GI bleeding in patients with
PUD are NSAID use and H. pylori infection. Bleeding oc-
curs when an ulcer extends deeper into the mucosa and erodes
the wall of a blood vessel.234,235 The incidence of H. pylori
infection in bleeding ulcers is 15% to 20% lower than in pa-
tients with nonbleeding ulcers.9,234 Bleeding associated with
PUD is generally not caused by the hypersecretion of gastric
acid, with the exception of patients with ZES.234 The patho-
physiology and risk factors associated with PUD are described
earlier in this chapter (see Peptic Ulcer Disease section).

Clinical Assessment and Diagnosis
The clinical presentation of a patient with a bleeding pep-
tic ulcer usually includes the presence of melena (dark, tarry
stools), which occurs in 20% of patients, hematemesis (vom-
iting of blood) in 30%, and both in about 50% of patients.
Up to 5% of patients present with hematochezia (bloody di-
arrhea) indicative of rapid and substantial blood loss.234 The
primary step in evaluating the patient is to assess the degree
of urgency for rapid medical management.235 Hypovolemia
due to substantial blood loss can rapidly lead to shock. The
initial management of these patients should focus on volume
resuscitation and improving the patient’s hemodynamic sta-
tus. Clinical features suggestive of high-risk for rebleeding or
mortality include patients >60 years of age, serious comorbidi-
ties (e.g., hepatic or renal dysfunction, cardiac or pulmonary
disease), hemodynamic instability (e.g., hypotension, tachy-
cardia), shock, poor health, continued bleeding, mental status
changes, and prolonged prothrombin/activated partial throm-
boplastin time (aPTT) (or elevated international normalized
ratio [INR]).3,231,234−237 These patients should immediately be
transferred to an intensive care setting.

Most patients should receive early diagnostic endoscopic
evaluation within 24 hours of presentation to determine the
source of the bleeding, to predict the risk for rebleeding, and,
when required, to perform endoscopic interventions directed
at stopping the bleeding ulcer and restoring hemostasis.231,235

Risk of rebleeding may be predicted based on the present-
ing lesion(s) identified on endoscopy.234 The most common
ulcer identified on endoscopy is a clean-base ulcer found in
about 42% of patients. This ulcer has a very low risk of re-
bleeding (5%), and the patient can usually be discharged im-
mediately after recovery from the endoscopy and managed
with appropriate antisecretory therapy. Intermediate stigmata
of bleeding include lesions identified as flat-spot ulcers and/or
adherent clots, which have a risk of rebleeding of 10% and
22%, respectively. Although endoscopic procedures are not
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usually necessary with flat-spot ulcers, adherent clots remain
an area of controversy and usually require the endoscopist to
attempt to remove the clot and manage the underlying lesion
as appropriate.235 Patients identified with high-risk ulceration
(nonbleeding visible vessel or active bleeding) will require en-
doscopic intervention and have a high risk of rebleeding (43%
and 55%, respectively) despite intervention. Nonbleeding visi-
ble vessel and active bleeding are associated with an 11% mor-
tality on initial presentation.234 Ulcer size is also predictive
of mortality and rebleeding, as ulcers >1 or 2 cm in diame-
ter confer greater risk.233,234 Despite appropriate endoscopic
hemostasis, 10% to 30% will rebleed within 48 to 72 hours fol-
lowing treatment.231,233,235 Mortality associated with rebleed-
ing is about 25% to 37%.232,235 Patients undergoing endoscopy
should be tested for H. pylori infection with biopsy (rapid ure-
ase test), as infection with this organism is associated with an
increased risk of rebleeding.4,231 Because false negatives can
occur in the presence of active bleeding, all H. pylori–negative
patients should have a confirmatory follow-up test with sero-
logic antibody testing on discharge to ensure that the patient is
not infected.231

Treatment
Patients with upper GI bleeding require rapid risk stratifica-
tion based on the presenting signs and symptoms. Patients with
hemodynamic instability require immediate institution of re-
suscitative measures.235,238 IV access should be obtained with
a large-bore catheter to facilitate the administration of fluids
and blood products.4 Intravascular volume should initially be
repleted with normal saline to prevent the patient from going
into hypovolemic shock. During this time, blood can be typed
and crossed in the event a transfusion is required.325 A nasogas-
tric tube should be placed to allow for lavage and determination
of the upper GI tract as the source of the bleed and evaluation
of continued bleeding.4,231,238

Endoscopic evaluation with hemostatic techniques (when
required) should be performed as soon as safely possible.231,235

Endoscopic hemostasis is the cornerstone of management for
patients with serious bleeding ulcers, as it reduces the inci-
dence of rebleeding, the need for surgery, and mortality when
compared with placebo or drug therapy.231 Endoscopic proce-
dures include thermocoagulation, laser therapy, injection ther-
apy (epinephrine, ethanol, or saline), injection with sclerosing
agent, or placement of endoscopic clips. Combining thermo-
coagulation with injection therapy is superior to either therapy
alone and hemoclipping alone in patients with serious ulcer
bleeding.231,233 Despite initial hemostasis, however, the poten-
tial for rebleeding remains high, especially in patients with
high-risk lesions.234,235

Improvements in hemostatic parameters (e.g., platelet ag-
gregation, inactivation of pepsin, and correction of coagula-
tion) leading to clot stabilization correlate directly with an
intragastric pH >6).232,233,236 Therefore, treatment with an an-
tisecretory drug is beneficial in patients after endoscopy to
promote healing of the lesion. After the acute phase, the pa-
tient should be placed on appropriate drug therapy to continue
healing and prevent ulcer recurrence (see Peptic Ulcer Disease
section). Patients who are H. pylori positive should receive
appropriate eradication therapy.4,231

H2-Receptor Antagonists
Once widely used to manage upper GI bleeding, the H2RAs
are now considered inferior to the PPIs for reducing the in-
cidence of rebleeding and the need for surgery.231,233 This is
likely due to the inability of the H2RAs to achieve an intra-
gastric pH ≥6 (even with continuous IV administration) and
the rapid development of tachyphylaxis (especially with high
IV doses).231−233,236,239 Thus, the H2RAs are no longer rec-
ommended for the prevention of rebleeding associated with a
peptic ulcer.231

Proton Pump Inhibitors
The PPIs are the drugs of choice to reduce the inci-
dence of PUD-related rebleeding and the need for surgical
intervention.240−244 However, no clinical trials were able to
show a mortality benefit when entire treatment cohorts were
evaluated. A Cochrane Collaboration meta-analysis of 24 stud-
ies evaluating randomized, controlled trials that compared IV
or orally administered PPIs with H2RAs or placebo showed
similar results with a reduction in rebleeding, surgery, and re-
peat endoscopic treatment.240 Although no reduction in the
number of deaths were identified when all patients were con-
sidered, PPI treatment of patients at the highest risk of mortal-
ity, as evidenced by endoscopically determined active bleeding
or nonbleeding visible vessel, did impart a mortality benefit.
All-cause mortality was also reduced in Asian trials, with a
concomitant greater reduction in the incidence of rebleeding
and need for surgery than in trials performed elsewhere in the
world. This may be explained by the inclusion of a younger
patient population, more potent acid suppression because of
genetic polymorphism in P450 metabolism leading to a slower
clearance of PPIs, a lower parietal cell mass, and a greater
incidence of H. pylori infection.240

Despite the data, important questions remain as to the
most appropriate dose and route of administration for PPIs
in patients with peptic ulcer bleeding. Evidence suggests
that patients with low-risk lesions (clear-base or flat-spot ul-
cers) may be treated with oral PPIs and immediately dis-
charged after endoscopy, as rebleeding is infrequent in this
population.231,240,245 However, in patients with higher-risk en-
doscopic stigmata, a parenteral PPI should be administered
and titrated to an intragastric pH >6 after the endoscopic
procedure.231,240 Current guidelines suggest an initial IV bolus
equivalent to 80 mg of omeprazole followed by a continuous
IV infusion of 8 mg/hour of the omeprazole equivalent for 72
hours (although no head-to-head trials of omeprazole equiva-
lence have been performed with pantoprazole or esomeprazole,
most clinicians consider them equivalent on a milligram-per-
milligram basis).231,232,233,236,240 Rebleeding is highest dur-
ing this first 72 hours and is the reason for such high-dose
therapy.233,235 This strategy has been compared with standard-
dose therapy with IV omeprazole 40 mg/day in a retrospective
analysis that found the high-dose therapy to be superior with
respect to rebleeding, surgical requirement, and mortality.246

One meta-analysis has also suggested that PPI therapy is asso-
ciated with reduced blood transfusion requirements.247 Some
patients may be switched to an oral PPI if rapid stabilization
occurs, but careful clinical assessment should be performed
to ensure the patient is stable.245 Early initiation of a PPI bo-
lus infusion prior to endoscopy has been shown to reduce the
proportion of patients with active bleeding once endoscopy is
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performed, reduce the requirements for endoscopy, and reduce
hospital stay.248 However, this strategy should not replace early
endoscopic management in high-risk patients, as combination
PPI therapy with endoscopic maneuvers have been proven to
be better than monotherapy with an IV PPI.231,249 High-dose
oral PPI therapy after endoscopic treatment may also be effi-
cacious in patients with peptic ulcer bleeding.236,240 However,
one trial evaluating the use of high-dose esomeprazole (40 mg
orally twice daily for 3 days) versus placebo after endoscopic
hemostasis failed to show a reduction in rebleeding, transfu-
sions, surgery, or mortality.250

Other Agents
The use of somatostatin or octreotide is not recommended for
the treatment of patients with nonvariceal upper GI bleeding, as
there is no evidence of benefit to support their use.231 However,
these agents are commonly used in the management of variceal
bleeding (see Chapter 28, Complications of End-Stage Liver
Disease).

STRESS-RELATED MUCOSAL BLEEDING
Acute stress-related mucosal damage (SRMD) is a type of
erosive gastritis that occurrs in critically ill patients with se-
vere physiological stress (e.g., surgery, trauma, organ failure,
sepsis, severe burns, neurologic injuries).236,251−253 The term
stress ulcer is a misnomer in that SRMD may range from
numerous diffuse superficial erosive mucosal lesions (those
that do not penetrate the muscularis mucosa) to major deep
ulceration (penetration of the muscularis mucosa and poten-
tially submucosa).254,255 Initial lesions occur early (<24 hours)
and appear as subepithelial petechiae that can develop into
superficial erosions and ulcerations.253,254 Early stress-related
mucosal lesions are multiple, usually asymptomatic, without
perforation, and commonly bleed from superficial mucosal
capillaries.252,254 The gastric fundus is the most likely anatom-
ical region of the stomach to be involved. Distal lesions in-
volving the gastric antrum and duodenum have also been de-
scribed, but tend to appear later in the hospital course and
are often deeper and associated with a greater probability for
bleeding.254 SRMB from these lesions may be categorized into
three distinct types based on clinical presentation.252−255 Oc-
cult bleeding is defined as aspirated gastric fluid or stool that
is guaiac-positive for the presence of occult blood and with-
out other signs or symptoms. Overt bleeding, defined as frank
hemorrhage identified by hematemesis (bloody vomitus or the
appearance of coffee grounds in gastric aspirates or vomitus),
hematochezia (bloody diarrhea), or melenic stools. Clinically
important bleeding or life-threatening bleeding is the presence
of overt bleeding that is associated with hemodynamic changes
(tachycardia, hypotension, orthostatic changes, or hemoglobin
concentration decline of>2 g/dL) and the requirement of trans-
fusion of blood products. Endoscopic therapy is generally not
a viable option because of the extensive distribution of lesions
associated with SMBD.235

Epidemiology
The majority (>75%) of critically ill patients admitted to in-
tensive care units (ICUs) will develop mucosal lesions consis-
tent with SRMD within 24 hours of admission.252−255 Only a

small percentage (up to 6%) of these patients will progress to
clinically important GI bleeding.252−255 Clinically important
SRMB has been associated with an increased length of stay in
the ICU by up to 11 days and results in substantial increases
in the cost of health care.252−254,256 The mortality of clinically
important SRMB approaches 50%, but mortality may also be
associated with underlying comorbidities related to the critical
illness.236,253

Pathophysiology
Numerous factors have been identified in the pathogenesis of
SRMD and resultant bleeding. These include gastric acid and
pepsin secretion, disruptions to the normal homeostatic mech-
anisms that protect the gastric mucosa against the highly acidic
environment (decreases in prostaglandin, bicarbonate, and GI
mucus formation as well as impaired turnover of gastric epithe-
lium), GI motility disturbances, and mucosal ischemia result-
ing from decreased blood flow.252,253,255 Gastric acid is likely
the central factor associated with development of SRMD.254

Because of the absence of protective defenses, substantial
amounts of acid are not required for the formation of lesions,
but some acid is required for damage to occur.255 Although
some patients may have increased acid secretion (e.g., sepsis,
CNS injuries, small bowel resections), the majority of critically
ill patients have normal or decreased acid secretion.251,254,255

Pepsin secretion is associated with the lysis of clots due to
its protolytic action on fibrin.250 Gastric prostaglandins play a
key role in the cellular defense against gastric acid.255 These
prostaglandins are responsible for maintaining the integrity
of the mucosal barrier by stimulating mucus and bicarbonate
production; regulating blood flow; and to some degree, in-
hibition of acid production. Mucosal ischemia secondary to
splanchnic hypoperfusion also plays a large role in the patho-
genesis of SRMD.252,255 Mucosal ischemia is associated with
reduced ability to neutralize hydrogen ions leading to intra-
cellular acidosis within the mucosa and subsequent cell death.
These factors all contribute to an imbalance by increasing in-
jurious factors and reducing the protective mechanisms within
the gastric fundus.

Risk Factors
30. J.S., a 58-year-old, 110-kg male was admitted to the medi-

cal ICU for severe necrotizing pancreatitis identified on abdom-
inal computed tomography. The patient was immediately made
“nothing by mouth” (NPO) and started on imipenem/cilastatin
1,000 mg IV Q 8 hr. He was given meperidine 50 mg intramus-
cularly Q 6 hr for pain. He subsequently developed shortness of
breath on his third day after admission. He required intubation
and was placed on a ventilator. A chest x-ray showed a left lower
lobe infiltrate suggestive of hospital-acquired pneumonia. Antibi-
otic coverage was increased with the addition of ciprofloxacin 400
mg IV q12h and linezolid 600 mg IV Q 12 hr. He has a tem-
perature of 103.5◦F, heart rate of 115 beats/minute, and blood
pressure of 70/40 mmHg. Pertinent laboratory results at this time
are WBC count 38,000/mm3, Hgb 13.6 g/dL, Hct 40%, platelets
150,000/mm3, SrCr 1.3 mg/dL, BUN 24 mg/dL, INR 1.0, aPTT 39
seconds, aspartate aminotransferase (AST) 292 Units/L, alanine
aminotransferase (ALT) 305 Units/L, amylase 508 Units/L, and
lipase 624 Units/L. In addition to the antimicrobials and initiation
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Table 26-11 Risk Factors for Stress-Related Mucosal
Bleeding

� Respiratory failure
� Coagulopathy
� Hypotension
� Sepsis
� Hepatic failure
� Acute renal failure
� Enteral feeding
� High-dose corticosteroidsa

� Organ transplant
� Anticoagulants
� Severe burns (>35% of body surface area)
� Head injury
� Intensive care unit stay >7 days
� History of previous GI hemorrhage

aGreater than 250 mg/day hydrocortisone or equivalent.
Adapted from references 251–254, with permission.

of fluid resuscitation, the critical care team is considering stress
ulcer prophylaxis. What risk factors does J.S. have (if any) for
SRMB, and is he a candidate for stress ulcer prophylaxis?

Numerous risk factors have been associated with
SRMB251−254 (Table 26-11). However, a large landmark, mul-
ticenter, prospective study involving more than 2,200 critically
ill patients admitted to a medical ICU identified only the re-
quirement of mechanical ventilation (respiratory failure) or
coagulopathy as independent risk factors for development of
clinically important bleeding.257 Considering the cost associ-
ated with the redution of risk related to SRMB, the authors
concluded that only these two risk factors warrant the use of
prophylactic therapy. Because not all risk factors impose the
same level of risk, clinical guidelines and most practitioners
recommend prophylaxis only when the patient is mechanically
ventilated, has a coagulopathy, or when two or more of the re-
maining risk factors are present251,253 (Table 26-11). J.S.’s risk
factors include septic shock as evidenced by hemodynamic in-
stability and mechanical ventilation. Therefore, a prophylactic
regimen to reduce the risk of SRMB is appropriate.

Treatment

31. What options exist to prevent SRMB in J.S.?

Not all patients admitted to the critical care unit will re-
quire prophylaxis for SRMB. However, since mortality can be
high in patients when bleeding occurs, evaluation of risk is of
absolute importance to ensure that protective pharmacother-
apy is initiated in appropriate patients.251−253 Because acid is
required for mucosal injury, the inhibition of gastric acid is
the primary target when pharmacotherapy is used to reduce
the risk of SRMB. An intragastric pH >4 is the recommended
goal of therapy.233,236,251−255 Therapeutic options include the
use of antacids, sucralfate, H2RAs, and PPIs (Table 26-12).

Antacids
The use of aggressive antacid therapy is superior to placebo
in reducing clinically important SRMB when an intragastric
pH >3.5 is maintained.252,253 Although antacids are effective

in preventing SRMB, their use has fallen out of favor due to
difficult administration regimens (every 1–2 hours) with the
continuous requirement of intragastric pH monitoring for dose
titration, electrolyte abnormalities (especially in patients with
renal dysfunction), diarrhea, constipation, and the potential
risk of aspiration pneumonia.252−254 In addition, an elevated
intragastric pH can lead to the proliferation of bacteria within
the stomach, and aspiration of these microbes may be associ-
ated with nosocomial pneumonia.252

Sucralfate
Sucralfate is effective in preventing SRMB but does not have an
important effect on intragastric pH.258,259 Despite the fact that
antisectory therapy is preferred, sucralfate remains an avail-
able therapeutic option. Early studies suggested a reduction in
nosocomial pneumonia with sucralfate when compared with
ranitidine or antacids. However, a more recent randomized trial
involving 1,200 mechanically ventilated patients revealed no
increase in pneumonia with the H2RAs when compared with
sucralfate or antacids.260 The usual dose of 1 g four times daily
can present problems within the critical care setting because of
multiple daily dosing, binding of other drugs, and occlusion of
nasogastric tubes (may be reduced with available suspension).
Other potential issues include the potential for aluminum toxi-
city in patients with renal failure, constipation, and electrolyte
imbalances. The concomitant use of sucralfate with antisecre-
tory therapy may reduce the effectiveness of sucralfate as an
intragastric pH <4 is needed for conversion to its active form,
which binds to the gastric mucosa.253

H2-Receptor Antagonists
The H2RAs are effective in preventing SRMB and are the most
widely used for this indication.261,262 Although only cimetidine

Table 26-12 Stress-Related Mucosal Bleeding Prevention:
Regimens and Doses

Dose and Frequency of FDA
Agent Administration Approvala

Antacid 30 mL PO/NG Q 1–2 hr No
Cimetidine 300 mg IV Q 6–8 hr or No

300 mg IV loading dose, then 50
mg/hr continuous IV infusion

Yes

Famotidine 20 mg IV Q 12 hr or No
1.7 mg/hr continuous infusion No

Ranitidine 50 mg IV Q 6–8 hr or No
6.25 mg/hr continuous infusion No

Sucralfate 1 g PO/NG Q 6 hr No
Omeprazole 20–40 mg PO/NGb Q 12–24 hr No
Omeprazole/

Sodium
bicarbonate
powder for oral
suspension

40 mg PO/NG initially, followed
by 40 mg in 6–8 hr as a
loading dose, then 40 mg
PO/NG Q 24 hr

Yes

Lansoprazole 30 mg PO/NGb ,c Q 12–24 hr No
Pantoprazole 40 mg IV/PO/NGb Q12–24 hr No

40 mg IV Q 12–24 hr NoEsomeprazole 40 mg IV Q 12–24 hr No

aFor prevention of stress-related mucosal bleeding.
bExtemporaneously compounded in sodium bicarbonate.
cOral disintegrating tablet.
IV, intravenous; NG, by nasogastric tube; PO, by mouth; Q, every.
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continuous infusion has been FDA-labeled for the prevention
of SRMB, continuous or intermittent infusions of ranitidine
and famotidine are most often used for this indication.236,252

Continuous infusions have been suggested as being more ef-
fective in maintaining a pH >4, but there are no data com-
paring these two treatment options with respect to clinical
outcomes.254 Despite this, intermittent dosing is used more
commonly than continuous infusions for the prophylaxis of
SRMB.236,252,261,262

Numerous meta-analyses have evaluated the effectiveness
of H2RAs for prophylaxis of SRMB.263,264 Cook et al. reviewed
63 randomized trials and determined that prophylaxis with
the H2RAs was associated with a statistically significant re-
duction in overt and clinically important upper GI bleeding
when compared with no therapy and a significant reduction
in overt bleeding when compared with antacids.263 A trend
toward reduced clinically important bleeding was identified
when H2RAs were compared with sucralfate, but this was
not statistically significant. In another meta-analysis, raniti-
dine was shown to be of no benefit in preventing SRMB and
increased the risk of pneumonia.264 However, neither of these
meta-analyses included the large study involving 1,200 me-
chanically ventilated patients that compared sucralfate, ranti-
tidine, and placebo.260 Despite these conflicting results, the
H2RAs remain a recommended option for the prophylaxis of
SMRB.261,262 One shortcoming of H2RAs is that tolerance may
develop (within 72 hours) and thus theoretically lead to poten-
tial prophylaxis failure.239 The H2RAs are eliminated renally,
and dosage reductions may be required in patients with renal
failure.

Proton Pump Inhibitors
The PPIs, because of their profound ability to inhibit gastric
acid secretion and lack of tolerance to their antisecretory ef-
fect, would appear to be the preferred option for preventing
SRMB. However, there is very little evidence to confirm their
clinical superiority to the H2RAs for this indication. Observa-
tional studies have compared the PPIs with H2RAs or placebo
in critically ill patients in small populations using varied pre-

determined end points.253 These studies suggest that the PPIs
provide greater acid suppression compared with the H2RAs
and are likely to be as effective in preventing SRMB.265−267

One study in 359 critically ill patients evaluated the use
of immediate-release omeprazole suspension in bicarbonate
given via nasogastric tube at a dose of 40 mg for two doses, then
40 mg/day versus IV cimetidine given as a 300 mg bolus and
then infused at 50 mg/hour (dosing was adjusted for patients
with renal dysfunction).268 The results indicate that the PPI-
bicarbonate suspension was associated with a greater mean
time of intragastric pH >4 than the cimetidine infusion but that
the rate of clinically important bleeding did not differ between
cimetidine (6.8%) and omeprazole (4.5%). The FDA consid-
ered the immediate-release omeprazole-bicarbonate suspen-
sion to be noninferior to cimetidine for the prevention of
SRMB.269

The incidence of nosocomial pneumonia in patients receiv-
ing PPI therapy in the critical care setting has been evaluated.
A 22-month observational study in 80 patients receiving either
omeprazole or ranitidine did not find a difference in the rates
of nosocomial pneumonia between the two groups, thus sug-
gesting rates may be equivalent.270 Numerous alternative ad-
ministration options exist for patients in the critical care setting
who cannot take medications by mouth, have nasogastric tubes
in place, or have difficulty swallowing253,269,271 (Table 26-13).
The PPIs are becoming first-line therapy for the prevention of
SRMB, but additional studies are needed to confirm the most
effective dose and route of administration in order to obtain
optimal clinical outcomes in patients at risk of SRMB.252,261

Monitoring

32. J.S. has been started on famotidine 20 mg IV every 12 hours.
How should this pharmacotherapy be monitored for safety and
efficacy?

The famotidine dose should be adjusted to maintain an intra-
gastric pH >4 and should be based on severity of the patient’s
illness, renal function, and intragastric pH measurements. The
intragastric pH can be determined with an indwelling probe
or by measuring the pH of nasogastric aspirates. The patient

Table 26-13 Alternative Proton Pump Inhibitor Administration Options

Omeprazole Lansoprazole Pantoprazole Esomeprazole Rabeprazole

Capsule granules sprinkled on selected soft foods (i.e.,
applesauce)

√a √a

Capsule granules mixed in water and flushed down NG tube
√

Capsule granules mixed in juice (can be administered via NG
tube if required)

√ √a √a

Extemporaneous compound of PPI in bicarbonate for NG tube
√ √ √

Package for oral suspension
√a,b √a,c

Oral disintegrating tablet
√a

IV formulation Not available in Removed from
√a √a

the United U.S. market
States

aLabeled by the Food and Drug Administration for this administration option.
bOmeprazole suspensions available in 20-mg and 40-mg packets with bicarbonate (1,680 mg); both contain same amount of bicarbonate, and two 20-mg packets cannot be substituted
for one 40-mg packet.
cNot to be administered via NG tube, as occlusion of tube is possible.
IV, intravenous; NG, nasogastric; PPI, proton pump inhibitor.
Adapted from references 253, 269 and 271, with permission.
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should be monitored for signs of bleeding (e.g., presence of
blood or coffee ground material in nasogastric aspirates, he-
matemesis, hematochezia, or melena), hypotension, reductions
in hemoglobin or hematocrit, and thrombocytopenia.

33. Over the next 6 days, J.S. improves and is subsequently re-
moved from mechanical ventilation and transferred to the medical
ward. He is now able to eat normally. Should J.S. be continued on
SRMD prophylaxis?

Patients receiving prophylaxis for SRMB should be evalu-
ated for the continued presence of risk factors. As the patient
improves, the risk factors should in turn be reversed, and the

need for SMRB prophylaxis should diminish. Factors such as
extubation, correction of coagulopathies, discharge from the
intensive care setting, and the ability to take oral feeding advo-
cate the discontinuation of prophylaxis. Erstad et al. surveyed
153 institutions with the United States and found that in 65%
of the hospitals, >25% of patients remained on SRMB pro-
phylaxis after discharge from the ICU.272 This can lead to in-
creased costs, the potential of the patient being discharged on
medication for which there is no indication, and future poten-
tial adverse effects from the medication. Since J.S. does not
possess any risk factors for SRMB, the famotidine should be
discontinued at this time.
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OVERVIEW OF INFLAMMATORY BOWEL DISEASE
Definition and Epidemiology
Inflammatory bowel disease (IBD) is a generic classification
for a group of chronic, idiopathic, relapsing inflammatory dis-
orders of the gastrointestinal (GI) tract. IBD is common in
developed countries.1 It is estimated that more than 600,000
persons in the United States have IBD, and the prevalence
of these disorders ranges from 20 to 200 per 100,000 peo-
ple; however, the prevalence of IBD may actually be greater
because many affected patients may be asymptomatic or have
mild symptoms for which they do not seek medical attention.2,3

By convention, IBD is divided into two major disorders: ul-
cerative colitis (UC) and Crohn’s disease (CD).2,4 However,
approximately 10% to 15% of patients with IBD have symp-
toms that defy this schema.5 Both UC and CD frequently af-
fect a similar group of patients (Table 27-1). Whites appear
to have the higher incidence of IBD compared with Asians
or blacks.6 In particular, Jews of European descent may have
up to a fourfold increase in the incidence of IBD. Studies
have found trends toward an increased incidence of IBD in

urban compared with rural communities. Hypotheses for this
trend include overcrowding, exposure to infectious agents, and
lifestyle differences. Although both UC and CD are generally
considered diseases of the young, with peak incidences from
ages 20 to 40 years, about 15% of IBD cases are diagnosed in
patients older than 60 years.7 There seems to be no significant
gender preference for IBD.

Etiology
The true cause of IBD is unclear; however, hypotheses for
these disorders include a combination of genetic abnor-
malities, chronic infection, environmental factors (bacterial,
viral, and dietary antigens), autoimmunity, and other abnor-
malities of immunoregulatory mechanisms.1 Whatever the
mechanism, it is now generally agreed that the symptoms of
IBD result from dysregulation of the mucosal immune system.
The role of genetics has been strongly supported by epidemio-
logic studies, showing familial aggregation, consistent ethnic
differences, and an increased concordance rate in monozygotic
twins. Patients with a first-degree relative with IBD are at an
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Table 27-1 Population Characteristics of Patients at High
Risk for Inflammatory Bowel Disease Development

No sexual predilection
Peaks between ages of 15 and 30 years
European ancestry
Urban greater than rural dwellers
Whites greater than non-whites
Jews living in Europe and North America greater than non-Jews
Occurs in familial clusters

Reprinted from reference 3, with permission.

increased risk of developing the disorder, with a frequency
of up to 40%.8 Detailed mapping of chromosome 16 in the
Human Genome Project found a strong association with the
NOD2 (also termed CARD15) gene and increased susceptibil-
ity to CD, particularly ileal and ileocolonic disease.9 Evidence
exists that patients with an NOD2 polymorphism have a weak-
ened mucosal immune response to bowel flora, which may
cause chronic inflammation.9 Smoking has been the most con-
sistent and most studied environmental factor associated with
IBD. Interestingly, the effects of smoking are different between
UC and CD, with smokers having a decreased risk of devel-
oping UC but an increased risk for CD.3 Use of nonsteroidal
anti-inflammatory drugs (NSAIDs) has been associated with
exacerbation of IBD.10

Although emotional stress has long been believed to play
a role in IBD flares, objective evidence to support this notion
remains scant. Debated for decades, the theory of an infec-
tious etiology for IBD remains appealing.8 Murine models of
colitis have shown a decreased development of IBD in a mi-
crobefree environment. Repeated exposure of the GI tract to
a particular micro-organism may trigger the immune dysreg-
ulation evident in this disease. However, some investigators
believe that normal intestinal flora may be a catalyst for IBD.
As mentioned previously, patients may be genetically predis-
posed to mucosal immune dysregulation, and either normal
flora or bacterial pathogens may trigger the inflammatory re-
sponse that leads to IBD. At various times, common intestinal
organisms such as Escherichia coli and unusual bacteria such
as Mycobacterium paratuberculosis have been investigated as
causes of IBD, although no definitive conclusions regarding
their etiologic role have been reached.11

Pathogenesis
Under normal conditions, the mucosal immune system inter-
acts with luminal antigens and mucosal bacteria on a contin-
uous basis to maintain a state of controlled inflammation. As
might be expected, the GI tract is exposed to an extremely
high number of antigenic substances daily, and a delicate bal-
ance must exist for the system to operate properly. Several
immune-specific genes partially determine the type of anti-
gens that will trigger the immune response. In IBD, this im-
mune response is perpetuated and an autoimmune cascade oc-
curs. Thus, proinflammatory cytokines in the gut trigger an
“attack” on the colonic mucosa by leukocytes and other fac-
tors leading to edema, ulceration, and destruction of the tis-
sue. Normal immune regulators fail to halt this process and

the disease progresses. This can be due to a lack of regula-
tory or suppressor cells, an enhanced numbers of T cells, or
both. The T-cell immune response is Th1 dominated, which is
manifested by an increased production of interferon and tumor
necrosis factor which promotes macrophage activation and de-
velopment of delayed-type hypersensitivity response. In UC,
Th2 response dominates with an increased production of inter-
leukin (supports humoral-mediated immunity).12 Studies have
demonstrated that this increase of proinflammatory cytokines,
chemokines, prostaglandin, and reactive oxygen species leads
to increased inflammation and tissue destruction.5

Clinical Presentation
UC usually presents as shallow, continuous inflammation of
the colon ranging from limited forms of proctitis (rectal in-
volvement only) to disease involving the entire colon. Crypt
abscesses consisting of accumulations of polymorphonuclear
neutrophil (PMN) cells, necrosis of the epithelium, edema,
hemorrhage, and surrounding accumulations of chronic in-
flammatory cells are typical in UC.13 Fistulas, fissures, ab-
scesses, and small bowel involvement are not present. The in-
flammation is limited to the mucosa, which presents as friable,
granular, and erythematous, with or without ulceration. Most
patients with UC experience a chronic, intermittent course of
disease. Chronic, loose, bloody stools are the most common
symptom of UC.2,4 Other common complaints include tenes-
mus (urge to defecate) and abdominal pain. Patients with pan-
colitis usually have more severe symptoms than those with
disease limited to the rectum. Mild UC is defined as fewer
than four stools a day, no systemic signs of toxicity, and a nor-
mal erythrocyte sedimentation rate (ESR). Moderate disease
is characterized by more than four stools a day but minimal ev-
idence of systemic toxicity. Severe disease is defined as more
than six bloody stools a day, fever, tachycardia, anemia, and/or
an ESR >30.14,15 Proctitis is usually considered a separate
type of UC for treatment purposes. Relapses and remissions
are common in UC, with up to 70% of patients with active
disease relapsing within 1 year after induction treatment.16,17

CD is a chronic, transmural, patchy, granulomatous, in-
flammatory disease that can involve the entire GI tract, from
mouth to anus, with discontinuous ulceration (so-called “skip
lesions”), fistula formation, and perianal involvement. The de-
gree of colonic involvement is variable; however, the terminal
ileum is most commonly affected. Intestinal involvement is
characteristically segmented and can be interrupted by areas
of normal tissue. Unlike UC, the severity of the disease does
not correlate directly with the extent of bowel involvement.
Patients usually present with one of three patterns of disease:
predominantly inflammatory, stricturing, or fistulizing. These
patterns are the primary determinants of the disease course
and the nature of complications.3 The inflammatory infiltrate
is made up of T and B lymphocytes, macrophages, and plasma
cells.

The disease course of CD is variable. Years of frequent
relapses may be followed by complete remission. Patients with
IBD often require surgery to control symptoms. For patients
with UC, surgery is often curative. In contrast, in patients with
CD, the frequency of recurrent disease after surgery is high
and anatomically correlates with the original pattern of the
disease.18
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Table 27-2 Pathophysiological Differences Between
Ulcerative Colitis and Crohn’s Disease

Characteristic Ulcerative Colitis Crohn’s Disease

Incidence (per year) 6–12/100,000 5–7/100,000
Anatomical location Colon and rectum Mouth to anus
Distribution Continuous, diffuse,

mucosal
Segmental, focal,

transmural, rigid,
thick, edematous,
and fibrotic

Bowel wall Shortened, loss of
haustral markings,
generally not
thickened

Gross rectal bleeding Common Infrequent
Crypt abscesses Common Infrequent
Fissuring with sinus

formation
Absent Common

Noncaseating
granulomas

Absent Common

Strictures Absent Common
Abdominal mass Absent Common
Abdominal pain Infrequent Common
Toxic megacolon Occasional Rare
Bowel carcinoma Greatly increased Slightly increased

Adapted from references 1–4, 17, and 18.

Patients usually present with abdominal pain and chronic,
often nocturnal, diarrhea.2,4,18 Weight loss, low-grade fever,
and fatigue are also common. Features such as abdominal
masses or abscesses and fistula (an abnormal communication
between two organs) can make management of CD difficult
and often require surgical intervention. Fistulizing disease is
particularly difficult to treat and is the source of significant mor-
bidity in CD patients. Enterocutaneous and enterorectal fistula
are common, but other types, such as enterovaginal, can occur.
Fistula can be excruciatingly painful, can be a source of infec-
tion, and can also exert significant psychosocial distress. Other
similarities and differences in the pathophysiology of these
disease states are outlined in Table 27-2.2,3,17,18 Extraintesti-
nal manifestations of IBD that can cause significant morbidity
include reactive arthritis, uveitis, ankylosing spondylitis, pyo-
derma gangrenosum, and primary biliary cirrhosis. Although
their incidence varies, many of the manifestations of UC and
CD are similar, as summarized in Table 27-3.5,17,18

A careful patient history, physical examination, and en-
doscopic and radiologic studies are necessary to determine
the severity of IBD. Laboratory studies such as an increased
ESR can also aid in the diagnosis, but no single marker is
pathognomic. Defining the severity of CD is a difficult, yet
important step in successful treatment.19 Current guidelines
from the American College of Gastroenterology define mild-
to-moderate CD as ambulatory patients who are able to tolerate
oral feeding without signs of systemic toxicity. Moderate-to-
severe disease is defined as patients with symptoms of fever,
weight loss, abdominal pain, nausea and vomiting, and/or sig-
nificant anemia. Severe fulminant disease refers to patients
with persistent symptoms despite standard induction regimens
or those with signs of severe systemic toxicity.19

Table 27-3 Extraintestinal Complications of Ulcerative
Colitis and Crohn’s Disease

Manifestation Ulcerative Colitis (%) Crohn’s Disease (%)

Acute arthropathy 10–15 15–20
Erythema nodosum 10–15 15
Pyoderma gangrenosum 1–2 1–2
Iritis/uveitis 5–15 5–15
Ankylosing spondylitis 1–3 3–5
Sacroiliitis 9–11 9–11
Primary sclerosing cholangitis 2–7 1
Choledocholithiasis <1 15–30
Nephrolithiasis <1 5–10
Amyloidosis <1 Rare

Reprinted from reference 3, with permission.

Treatment
When considering IBD therapy, one must appreciate that the
cause of the disease is unknown and, therefore, precludes
definitive therapy. In addition, specific therapy depends on
the anatomical location of the disease. Other factors to take
into consideration are coexisting medical conditions, patient
perception of quality of life, medication adherence behavior,
lifestyle (e.g., smoking), dietary factors, and patient’s knowl-
edge of the disease.4

With the advent of newer treatments for IBD, aggressive
goals of therapy should be considered. These would include (a)
complete relief from symptoms (induction and maintenance of
remission); (b) improving quality of life; (c) maintaining ade-
quate nutritional status; (d) relieving intestinal inflammation,
dysfunction, and the development of cancer; and (e) reducing
the need for surgery or chronic corticosteroid use.20 The ideal
medications should be effective, easy to administer with few
side effects, and cost effective.14,15,19

Most drug therapies for IBD have been tested for both
UC and CD (Table 27-4). It is important to differentiate ther-
apy used for acute exacerbations from those used to maintain
remission.14

Aminosalicylates
Aminosalicylates were the first class of drugs to show benefits
in IBD. The prototypical agent is sulfasalazine, which is com-
posed of sulfapyridine (a sulfonamide antibiotic) linked by an
azo bond to 5-aminosalicylic acid (5-ASA). The former moiety
acts as a carrier to transport 5-ASA past its primary absorption
site in the upper intestine. Later, cleavage of the azo bond by
lower intestinal bacteria releases 5-ASA (the active moiety) for
localized action in the colon. Systemic absorption of the sul-
fapyridine is responsible for most of the drug’s adverse effects,
but contributes nothing to the therapeutic benefit.

A significant number of patients discontinue this medica-
tion because of dose-dependent adverse effects, including nau-
sea, vomiting, headache, alopecia, and anorexia. Other idiosyn-
cratic adverse effects include hypersensitivity rash, hemolytic
anemia, hepatitis, agranulocytosis, pancreatitis, and male in-
fertility. This poor adverse effect profile has led to the develop-
ment of safer sulfa free compounds that contain only 5-ASA.
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Table 27-4 Pharmacotherapy for Inflammatory Bowel Disease

Drug Indication Dose Adverse Reactions Comment

Sulfasalazine UC: mild-to-moderate
maintenance

CD: limited role

See Table 27-5 N/V, diarrhea, HA, rash,
myelosuppression

High ADR rate has caused use
to decline

Mesalamine UC: mild-to-moderate
induction/maintenance

CD: limited role

See Table 27-5 N/V, diarrhea, HA, abdominal pain Topical forms effective for
proctitis and distal UC

Olsalazine As above See Table 27-5 As above, diarrhea common
Balsalazide As above See Table 27-5 As above
Corticosteroids UC: mild-to-severe induction

CD: mild-to-severe induction
Various Hyperglycemia, CNS excitation,

immunosuppression,
osteoporosis, cataracts

Goal should be avoiding
chronic use in UC and CD

Budesonide UC: limited role
CD: mild-to-moderate

induction/maintenance

9 mg daily As above for corticosteroids,
probably less short-term effects

Long-term use may still cause
chronic corticosteroid ADRs

6-MP/azathioprine UC: mild-to-severe maintenance
CD: mild-to-severe maintenance

6-MP: 0.75–1.5
mg/kg/day

Azathioprine: 1.5–2.5
mg/kg/day

N/V, diarrhea, HA, rash,
myelosuppression (esp.
neutropenia), pancreatitis

Methotrexate UC: limited role
CD: mild-to-moderate

induction/maintenance

25 mg IM/SQ weekly
induction dose,
then 15 mg weekly
for maintenance

N/V, stomatitis, hepatoxicity,
pulmonary fibrosis

Usually reserved for patients
who have failed
6-MP/azathioprine

Infliximab UC: moderate-to-severe
induction/maintenance

CD: moderate-to-severe
induction/maintenance

(fistulizing disease)

5 mg/kg IV at weeks
0, 2, and 6, then Q
8 weeks thereafter

Infusion reactions (acute and
delayed), immunosuppression,
reactivation of latent infection
(TB, hepatitis B,
histoplasmosis), may worsen
neuromuscular disease and
congestive heart failure

Probable small increase in
lymphoma

Scheduled treatment preferred
to episodic treatment to
maintain response and
decrease delayed infusion
reactions

UC, ulcerative colitis; CD, Crohn’s disease; N/V, nausea/vomiting; HA, headache; ADR, adverse drug reaction; CNS, central nervous system; 6-MP, 6-mercaptopurine;
IM, intramuscularly; SQ, subcutaneously; IV, intravenously; TB, tuberculosis.
Adapted from refreances 15 and 35.

Techniques to decrease systemic absorption and maximize lo-
cal delivery of 5-ASA to the lower bowel include creating
pH-dependent materials to delay drug dissolution and devel-
oping hybrid or dimer molecules of 5-ASA that are activated
by gut bacteria (Fig. 27-1). Various synonyms and generic

names have been assigned to these 5-ASA derivatives, in-
cluding aminosalicylate, mesalamine, and mesalazine (in Eu-
rope). Up to 90% of sulfasalazine-intolerant patients are able
to tolerate these newer agents, and use of sulfasalazine has
largely fallen out of favor for the treatment of IBD.21 Various

Stomach

Small
intestine

Large
intestine

Pentasa®
Asacol®

Lialda®

Rowasa®

Sulfasalazine,
Olsalazine,
Balsalazide

FIGURE 27-1 Sites of action of the 5-ASA compounds. Adapted from Gary Lichtenstein, MD, Professor of
Medicine, University of Pennsylvania, Philadelphia.
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mesalamine products have been developed for oral or rectal ad-
ministration. Administration of mesalamine by retention ene-
mas or suppositories is significantly more effective in the treat-
ment of active distal colitis than placebo and at least as effective
as sulfasalazine given rectally or orally.22 Olsalazine consists
of two 5-ASA molecules connected by a diazo bond that is
cleaved in the gut to release both active moieties. The newest
5-ASA agent to be approved for UC is balsalazide.23 Similar to
olsalazine, balsalazide is a 5-ASA dimer that is cleaved by gut
bacteria to its active form. Significant efficacy advantages of
any 5-ASA drug over another have not been demonstrated.23,24

Combination oral and rectal therapy for ulcerative proctitis may
be superior to either modality alone.25 5-ASA suppositories are
indicated for proctitis, whereas enema formulations can be use-
ful in IBD confined to the distal colon. With the exception of
abdominal pain, cramps, and discomfort (8.1%), rectally ad-
ministered mesalamine is well tolerated.22,26 Enemas or sup-
positories should be administered in the evening. Mesalamine
enemas are significantly more expensive than oral forms of 5-
ASA. The oral 5-ASA agents are effective in inducing remis-
sion in mild-to-moderate UC and for maintaining remission in
UC and perhaps for mild CD confined to the colon. Recent stud-
ies, some using newer formulations of 5-ASA, have evaluated
the use of higher doses of these drugs for UC. Two trials exam-
ined a 6-week course of high-dose (4.8 g daily) Asacol c© tablets
versus standard-dose therapy (2.4 g daily).27 A pooled analy-
sis of these trials demonstrated that patients receiving higher
doses of 5-ASA were more likely to achieve treatment success
than those in the standard-dose group (72% vs. 58%, p <0.05).
Adverse effects of the oral 5-ASA compounds include diarrhea
(especially with olsalazine), headache, arthralgias, abdominal
pain, and nausea. Interstitial nephritis has rarely been reported
with chronic use of mesalamine, but the association remains
controversial. Cross-reactive allergic reactions to mesalamine
in patients with a previous reaction to sulfasalazine have also
been documented. An important drug interaction is the possi-
bility of increasing 6-mercaptopurine levels in patients receiv-
ing balsalazide.28

Corticosteroids
Corticosteroids are the most commonly used agents in the
treatment of acute flares in patients with moderate-to-severe
IBD.5,15,19 The anti-inflammatory actions of corticosteroids
are well known, but how these translate into their full mech-
anism of controlling IBD is not completely understood.
First-line treatment for moderate-to-severe active UC includes
doses of corticosteroid equivalent to 40 to 60 mg of prednisone.
Data are insufficient to demonstrate any difference between
single versus divided oral doses or continuous versus intermit-
tent bolus intravenous (IV) administration. IV doses should
be equivalent to hydrocortisone 300 mg/day or methylpred-
nisolone 40 to 60 mg/day.15 Although corticosteroids are effec-
tive for inducing remission in most cases of IBD, up to 30% of
patients may not respond. Corticosteroids are not effective and
should be avoided for maintenance therapy of CD and UC.2,19

Topical steroids (enemas, foams, and suppositories) are ben-
eficial for distal colitis and can serve as an adjunct in patients
with rectal disease that also have more proximal disease and
have failed topical 5-ASA therapy.15,29 Steroids are absorbed to
a significant extent from the rectum and, with long-term use,
can cause adrenal suppression.30 Oral enteric-coated budes-
onide is approved for the treatment of CD. Budesonide pos-

sesses a high degree of topical anti-inflammatory activity with
low systemic bioavailability.31 The Entocort EC formulation of
budesonide delivers drug primarily to the ileum and ascending
colon.32 It was believed that these factors would make budes-
onide more effective than traditional corticosteroids, while
decreasing systemic side effects. Current data suggest that
budesonide may be as effective or slightly less effective
than traditional corticosteroids in active CD. Short-term
corticosteroid-associated adverse effects may be less than with
traditional agents, but adrenal suppression has been detected in
study patients receiving budesonide, and its long-term safety
profile remains to be determined.33 The use of budesonide to
maintain remission in patients with CD remains uncertain.34

European guidelines for CD consider budesonide the preferred
treatment for mild ileocolonic disease.35

Immunomodulators
Azathioprine and 6-mercaptopurine (6-MP) are commonly
used for the management of steroid-dependent and quiescent
IBD. Azathioprine is converted to 6-MP, which is then metab-
olized to thioinosinic acid, the active agent that inhibits purine
ribonucleotide synthesis and cell proliferation. It also alters
the immune response by inhibiting natural killer cell activity
and suppressing cytotoxic T-cell function.30 Azathioprine (2–
2.5 mg/kg/day) and 6-MP (1–1.5 mg/kg/day) are used in the
treatment of active UC and CD in patients whose conditions
have not responded to systemic steroids.5,15,36 These agents
are also used as maintenance therapy for both UC and CD and
may be used as “steroid-sparing” agents in patients unable to
be weaned from corticosteroids.37 Because of the long onset
of action of 6-MP and azathioprine, many clinicians prefer to
induce remission with either corticosteroids or infliximab and
use these agents for maintaining remission. Adverse effects
of 6-MP/azathioprine include rash, nausea, pancreatitis, and
diarrhea. Myelosuppression, especially neutropenia, may have
a delayed onset, and clinicians should monitor the complete
blood count monthly for the first 3 months of treatment, then
every 3 months thereafter.19 Neutropenia necessitating discon-
tinuation of therapy occurs in approximately 10% of patients.
Despite previous concerns, it appears these agents do not in-
crease the risk of developing lymphoma.

Methotrexate (MTX), a folate antagonist, impairs DNA syn-
thesis. It may also reduce interleukin-1 (IL-1) production or
induce apoptosis of selected T-cell populations.26,30 MTX ap-
pears to be ineffective for induction or maintenance of UC.38

However, data suggest that MTX (15–25 mg IM weekly) may
have a role for both initial and chronic treatment of CD.39,40

The onset of effect often takes weeks to months with MTX.
Most experts and recent guidelines suggest reserving MTX
use for patients with CD intolerant of, or refractory to, 6-
MP/azathioprine treatment.35 Adverse effects with MTX in-
clude stomatitis, neutropenia, nausea, hypersensitivity pneu-
monitis, alopecia, and hepatotoxicity. MTX-induced nausea
and stomatitis may be prevented by the addition of folic acid 1
mg PO daily. Some data suggest that even the risk of hepato-
toxicity may be ameliorated by folate use.41

Cyclosporine (CSA), which selectively inhibits T-cell–
mediated responses, has advantages over azathioprine, 6-MP,
and MTX because of its more rapid onset of action.37 Both oral
and IV forms have been used to manage severe UC.42 Due to
serious adverse effects, CSA is usually reserved for patients
with severe UC refractory to corticosteroids. CSA 4 mg/kg IV
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daily has been used in severe steroid-refractory UC.15 A re-
cent randomized controlled trial found equal efficacy (about
85% response) with a 2-mg/kg dose compared to the standard
4-mg/kg dose.43 The role of CSA therapeutic drug monitor-
ing for this indication has not been firmly established but may
be beneficial for toxicity monitoring.43 The use of CSA for
maintenance therapy or nonfistulizing disease is uncertain.

Infliximab
Early research indicating an increase in the amount of tumor
necrosis factor-alpha (TNF-α) in the stool of patients with ac-
tive CD, as well as an increase in the amount of lamina propria
cells in the gut, led investigators to target this cytokine for
treatment of CD.44 Infliximab is a recombinant chimeric mon-
oclonal antibody that binds to human TNF-α and neutralizes
its biological activity by binding with high affinity to both sol-
uble cell receptors and free TNF-α in the blood. Infliximab is
indicated for a broad spectrum of IBD patients. This includes
inducing and maintaining remission in patients with moderate-
to-severe active CD who have had an inadequate response to
conventional treatment.45,46 It is also effective for healing CD
fistula, with data showing that chronic treatment can maintain
fistula closure and decrease the need for surgery.47,48 Most
recently, infliximab received an indication for the induction
and maintenance of moderate-to-severe UC refractory to other
treatment.49 For all indications, infliximab is given as a 5 mg/kg
IV infusion over 2 hours. An induction regimen, administered
at 0, 2, and 6 weeks is followed by a maintenance infusion
every 8 weeks. Some clinicians will increase the dose to 10
mg/kg in patients experiencing a loss of response. The re-
sponse to infliximab is usually rapid, often occurring within
several days, and can be dramatic in up to 60% of patents. Re-
cent European guidelines for CD outline the importance of this
therapy, especially in patients with corticosteroid intolerance
or dependence.35 Because infliximab is a monoclonal antibody,
a number of immunologic-mediated adverse effects are associ-
ated with therapy. Antibodies to infliximab have been detected
in up to 60% of CD patients using the drug,50 and although a
causative relationship remains unclear, patients who develop
these antibodies may be at more risk not only for infusion
reactions but also for reduced efficacy over time. Immediate
infusion-related reactions such as fever, chills, pruritus, ur-
ticaria, and (rarely) severe cardiopulmonary symptoms can oc-
cur in about 1% of patients. Delayed hypersensitivity reactions
resembling serum sickness and severe pulmonary symptoms
are rarely reported and are more common in patients receiv-
ing episodic (rather than scheduled maintenance) treatment.51

Use of infliximab with concomitant immunosuppressives, such
as azathioprine, decreases the development of these antibod-
ies. Infectious complications, including pneumonia, cellulitis,
sepsis, cholecystitis, endophthalmitis, furunculosis, and reac-
tivation of tuberculosis and histoplasmosis, have also been re-
ported in 2% to 6% of patients.52,53 Tubercular infections, in-
cluding reactivation of latent disease are a particular concern
with infliximab, and patients should be appropriately screened
for latent disease before starting infliximab treatment.54 Pa-
tients who have latent tuberculosis (usually identified by a pos-
itive tuberculin test) must start antitubercular treatment before
use of infliximab can be considered. Patients with active tu-
berculosis should not receive the drug. Numerous case reports
of reactivation of hepatitis B have also been published, and

some experts recommend a serum hepatitis screen before ther-
apy with infliximab begins.55 Lupuslike symptoms, such as
arthralgias, have been seen rarely and usually resolve after dis-
continuation of the drug. Patients with serious active infections,
a history of chronic infections, a history of a neural demyeli-
nating disorder, or severe heart failure should avoid infliximab
treatment.52 The latter two cautions are due to previous reports
of exacerbations of multiple sclerosis and heart failure when
patients with those diseases received anti–TNF-α therapy.

Other Biological Therapies
Success with infliximab in IBD has led scientists to develop and
test other biological therapies designed to either block proin-
flammatory mediators or enhance anti-inflammatory media-
tors in the gut. Therapies, such as onercept and interleukins-10
and -11, have been examined or are undergoing investigation
for CD.56 To date, three other biologic agents are approved in
the United States for the treatment of moderate-to-severe CD:
the humanized α4-integrin antibody natalizumab, the fully hu-
manized anti-TNF-α antibody adalimumab, and, most recently,
pegylated humanized Fab’ fragments against TNF-α (cer-
tolizumab pegol). Two randomized controlled trials have found
that natalizumab may be beneficial for induction and mainte-
nance of remission in a small subset of patients, but at the
increased risk of developing progressive multifocal leukoen-
cephalopathy, a potentially fatal adverse effect.57Natalizumab
is approved for inducing and maintaining remission in adults
with moderate-to-severe CD who have had an inadequate re-
sponse to or are unable to tolerate conventional therapies.
Adalimumab is approved for the treatment of moderate-to-
severe CD and may be particularly useful in patients with
an attenuated response to infliximab.58 Clinical studies have
suggested a roughly equivalent symptom response between
adalimumab and infliximab, and because the former drug is
also a potent TNF-α blocker, similar safety concerns and ad-
verse effects have been shown between the two agents.59−60

Certolizumab contains only the antibody receptor for TNF-α
bound to polyethylene glycol to increase its duration in the
body. Like the other biologic agents discussed it is effective in
both inducing and maintaining remission in CD.61 Infectious
and other adverse effects have been reported in clinical trials
that are similar to other TNF-α blockers. The precise place in
therapy of the newer biologic agents for CD is controversial.
Most experts consider infliximab the biologic agent of first
choice with the other agents reserved for a loss/lack of effi-
cacy or adverse effects. Some experts are also advocating the
earlier use of these agents in an attempt to forestall or prevent
CD complications such as fistula development, but this topic
is also controversial.62

Antibiotics
Because an infectious etiology has been proposed for IBD, it
stands to reason that antibiotics may have some utility.5,11,14

All studies showing benefit of antibiotics have been in pa-
tients with CD; no consistent benefit has been demonstrated
for patients with UC.15,19,63 Metronidazole, which also has im-
munosuppressive properties, is the best studied antibiotic. It is
especially effective in patients with perianal and postopera-
tive CD, with benefits improving as the dosage is increased
up to a maximum of 2 g/day.64 Adverse effects with chronic,
high-dose metronidazole include metallic taste and peripheral
neuropathy, which is common. The European guidelines for
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CD relegate the use of metronidazole to active gut infection,
bacterial overgrowth, or perianal CD for a maximum duration
of 6 months.35

Nutritional Therapies
Nutritional therapies for IBD have been used because di-
etary intraluminal antigens may stimulate a mucosal immune
response.8 Patients with active CD respond to bowel rest, total
parenteral nutrition (TPN), or total enteral nutrition. Bowel rest
and TPN are as effective as corticosteroids for inducing remis-
sion in patients with active CD in the short term.65 Enteral nu-
trition, with elemental or peptide-based preparation, appears to
be as efficacious as TPN, without its associated complications.
Unfortunately, poor compliance often limits this modality. Nei-
ther enteral nor parenteral nutrition is effective treatment for
the maintenance of remission.18 UC is not effectively treated
with either TPN or enteral nutrition.

Supportive Therapy
Symptomatic management of IBD is important to the patient’s
quality of life. This includes pain relief and diarrhea con-
trol. Loperamide or diphenoxylate-atropine may be used to
treat mild symptoms provided obstruction or toxicity is not
evident.26 Severe worsening of symptoms and abdominal dis-
tention may indicate toxic megacolon caused by the inability
to empty rapidly produced secretory products of the bowel. Pa-
tients should be monitored for iron and vitamin B12 deficien-
cies, especially if ileal involvement is extensive or resection
has been performed.

Surgery
Surgery is indicated in the treatment of UC when the patient
(a) fails to respond to medical management acutely or chroni-
cally, (b) develops uncontrollable drug-related complications,
(c) experiences impaired quality of life from the disease or
its drug therapy, (d) develops complications of a severe at-
tack (perforation, acute dilation), (e) fails to grow and develop
at a normal rate, or (f) develops carcinoma of the rectum or
colon.17 In addition, patients who have had UC for longer than
10 years or who demonstrate premalignant changes on rectal
biopsy may be managed surgically as a prophylactic measure
against colonic carcinoma.66

Generally accepted indications for surgical intervention in
patients with CD include failure of medical management, inca-
pacitation because of the disease or its drug therapy, retarded
growth and development in children, intestinal obstruction,
fistula formation, abscess formation, toxic megacolon, perfo-
ration and hemorrhage, and carcinoma.19 Despite advances in
medical treatment of CD, surgical intervention is common in
these patients.

ULCERATIVE COLITIS
Pathophysiology and Clinical Presentation

1. C.M., a 25-year-old female college student, has had episodic,
watery diarrhea and colicky abdominal pain relieved by defeca-
tion for the past 9 months. Eight weeks before admission, the di-
arrhea increased to 3 to 5 semiformed stools daily. The frequency
of the stools gradually increased to 5 to 10 times a day 1 week ago.
At that time, C.M. noted bright red blood in the stools. Stool fre-
quency has now increased to 10 to 15 per day, although the volume
of each stool is estimated to be only “one-half cupful.” She feels

a great urgency to defecate, even though the volume is small. She
has not traveled outside the United States, has not been camping,
and has not taken any antibiotics within the past 6 months.

C.M. complains of anorexia and a 10-lb weight loss over the
past 2 months. For the past 4 months, she has had intermittent
swelling, warmth, and tenderness of the left knee, which is unasso-
ciated with trauma. She denies any skin rashes or any difficulties
with her vision. A review of other body systems and social and
family history are noncontributory.

C.M. appears to be a slightly anxious and tired young woman
of normal body habitus. Her temperature is 100◦F; her pulse rate
is 100 beats/minute and regular. Physical examination is normal,
except for evidence of acute arthritis of the left knee and tender-
ness of the left lower abdomen to palpation.

Stool examination shows a watery effluent that contains nu-
merous red and white cells with no trophozoites. Stool cultures
and an amebiasis indirect hemagglutination test are negative.
Other laboratory values include hematocrit (Hct), 32% (nor-
mal, 33%–43%); hemoglobin (Hgb), 8.5 g/dL (normal, 12.3–
15.3 g/dL); white blood cell (WBC) count, 15,000/mm3 (normal,
4.4–11.3/mm3) with 82% PMNs (normal, 50%–70%); ESR, 70
mm/hour (normal,<20 mm/hour); serum albumin, 2.4 g/dL (nor-
mal, 3.5–5.0 g/dL); and alanine aminotransferase (ALT), 35 U/mL
(normal, 8–20 U/mL).

Sigmoidoscopy showed evidence of granular, edematous, and
friable mucosa with continuous ulcerations extending from the
anus throughout the colon.

What is the most likely cause of C.M.’s diarrheal illness, and
what is the evidence for this? How should the signs and symptoms
be managed and monitored?

C.M.’s presentation is typical of a patient with new onset
UC. Drug-induced (pseudomembranous colitis) and infectious
(parasitic) causes of diarrhea have been ruled out by history
(no travel outside the United States, no recent camping, no an-
tibiotic use) and stool examination. As discussed previously,
UC is an inflammation of the mucosal layer of the colon and
rectum.17 Characteristically, the inflammation does not extend
beyond the submucosa, and transmural ulcers are rare. On ex-
amination, the mucosa appears erythematous and is friable.
Differentiation from CD is made by sigmoidoscopic and ra-
diologic evidence of continuous distribution of pathology (as
opposed to segmental), as well as the anatomical location (con-
fined to colon and rectum).

C.M. presents with the classic triad of UC clinical symp-
toms: chronic diarrhea, rectal bleeding, and abdominal pain.
The diarrhea is secondary to the decreased colonic absorption
of water and electrolytes and diminished colonic segmental
contractions that normally serve to decrease the flow of bowel
content. A good indication of the severity of the patient’s dis-
ease is the volume of stool passed per day.15,17 C.M.’s disease
would be classified as severe. As the severity of the disease
increases, incontinence and nocturnal diarrhea commonly oc-
cur. Diarrhea can vary in severity from three to four bowel
movements daily to one to two bowel movements per hour.
The stools are usually soft, mushy, formed, and often contain
small amounts of mucus mixed with blood, although in patients
with mild, early involvement, blood and mucus may be totally
absent. In addition to the diarrhea, the malabsorption of water
and electrolytes causes dehydration, weight loss (as observed
in C.M.), and electrolyte disturbances.
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C.M.’s rectal bleeding is secondary to colonic mucosal ero-
sions and occurs in most patients with UC.17 Generally, bright
red blood mixed in the stools indicates a colonic origin, whereas
blood-streaked stools indicate an anal or rectal origin. The ane-
mia associated with UC is generally secondary to this rectal
bleeding. It presents as a hemorrhagic or iron-deficiency ane-
mia, depending on the acuteness of the bleeding. Hemoglobin
and hematocrit laboratory values often are decreased as in
C.M.’s case. Chronic inflammatory disease–induced hypoal-
buminemia is often exacerbated by malnutrition.

C.M.’s abdominal pain and cramping are caused by spasm
of the irritated and inflamed colon. This abdominal pain is
commonly associated with urgency to defecate. As illustrated
by C.M., the pain is usually relieved with defecation, even
though the stool volume may be small.

C.M.’s arthritis and elevated liver enzymes (alkaline phos-
phatase and ALT) are indicative of the extraintestinal manifes-
tations that occur in IBD (Table 27-3). Her nonspecific symp-
toms (i.e., anorexia, fatigue, weight loss, anxiety, tachycardia)
could become profound during an exacerbation of UC.23 Fever,
leukocytosis, and increased ESR are also systemic manifesta-
tions of an inflammatory disease. Rehydration is important to
assure fluid balance and maintain good renal function.

2. Would it be safe to administer loperamide to C.M.?

Treatment of the diarrhea associated with UC is often diffi-
cult. In patients with mild-to-moderate disease, antidiarrheals,
such as loperamide or diphenoxylate with atropine, may help
minimize chronic diarrhea. Extreme caution must be used,
however, especially in patients with severe disease because
of the chance of inducing toxic megacolon (see question 13).
For this reason, antidiarrheals are best avoided in patients with
severe active disease and, if used, should be titrated according
to the volume of stool produced. Bulk-forming agents, such as
psyllium, may be helpful for patients suffering from constipa-
tion caused by ulcerative proctitis.67

Remission Induction
Corticosteroids

3. What agents can be used to induce disease remission in
C.M.?

Corticosteroids are the most effective agents to induce re-
mission of acute, severe exacerbations of UC.15 Clinical im-
provement or remission occurs in 45% to 90% of patients tak-
ing 15 to 60 mg/day of prednisone, with an increased response
at 40 to 60 mg/day. However, corticosteroids are not beneficial
for maintaining remission. One strategy to minimize adverse
effects of therapy with corticosteroids includes well-defined ta-
pering regimens. Once improvement has occurred, prednisone
is tapered by 5 to 10 mg/week until the dose is 15 to 20 mg/day.
The dosage is then tapered by 2.5 to 5 mg/week until the drug
is discontinued. Unfortunately, a subset of patients will ex-
perience a disease flare if the steroid dosage is decreased or
tapered too quickly. IV corticosteroids are an important op-
tion, especially in patients who have poor oral intake. Patients
with active distal disease can be treated with hydrocortisone
enemas; however, 5-ASA topical therapy is as or more effec-
tive. Other medications that could be considered for induction
of remission would include cyclosporine and infliximab. Due

to cost and safety issues with these agents, they should prob-
ably be considered only in fulminant disease or in those who
have failed corticosteroids.68

4. Methylprednisolone at a dosage of 40 mg IV Q 6 hr is or-
dered. What are the treatment goals for C.M.?

The goal of parenteral corticosteroid therapy for C.M.
should be to achieve a rapid therapeutic response as mea-
sured by decreased frequency of stools, decreased pain, and
decreased fever and heart rate. This goal may be attained with
a high initial dose followed by a gradual dosage reduction to
minimize the development of corticosteroid adverse reactions.
The initial dose, as well as the rate of a subsequent dosage re-
duction, should be individualized based on the severity of the
patient’s signs, symptoms, and disease course.

Poorly nourished patients in whom oral intake is expected
to be absent for more than 7 days should receive parenteral
nutrition, and treatment should be continued until oral feeding
is tolerated.69 An adequate response is defined as resolution
of fever, improved patient well-being, no tachycardia, and less
abdominal tenderness on palpation. Diarrhea is usually consid-
ered to be resolved with four or fewer bowel movements daily.
Stools are rarely formed at this stage, but macroscopic bleeding
has stopped. Patients can then receive oral prednisone, a 5-ASA
drug, and a light diet. If the patient does not respond within 72
hours of starting high-dose corticosteroids, cyclosporine, in-
fliximab, or surgery may be indicated (see question 16). Once
C.M.’s symptoms are controlled, the goal should be to switch
to oral corticosteroids and discharge her from the hospital.

ORAL ADMINISTRATION

5. C.M. is responding well to methylprednisolone. She is
afebrile, her abdominal pain is reduced (to a score of 5 on a 1–10
scale), and her diarrhea is decreasing. When is the oral route of
corticosteroid administration indicated in UC? What are the most
appropriate dosages?

Oral corticosteroids are effective for the initial treatment of
mild-to-moderate acute UC.26 In addition, they should be sub-
stituted for parenteral corticosteroids once a satisfactory initial
response of more severe exacerbations has been achieved. In
one controlled trial, 40 mg/day of prednisone was significantly
more efficacious than 20 mg/day in controlling ambulatory
patients with moderately severe acute UC.30 Prednisone doses
of 60 mg/day had no additional therapeutic value, but caused
more adverse effects. In addition, a single 40-mg morning dose
of prednisone was as effective as and more convenient than
an equivalent divided dose (10 mg QID). Therefore, the ini-
tial dose of corticosteroid for a patient with moderately severe
acute UC is 40 mg of prednisone or its equivalent administered
once daily in the morning.

TOPICAL ADMINISTRATION

6. What if C.M.’s UC was limited to the distal colon or rectum?
Would topical corticosteroids be indicated? When should other
topical agents be used (e.g., 5-ASA)?

Topically administered 5-ASA and corticosteroids, in the
form of suppositories, foams, and retention enemas, are effec-
tive in the management of acute, mild-to-moderate UC that is
limited to the distal colon and rectum.22,70,71 To justify the use
of such a difficult route of administration, a clear-cut advantage
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of either increased efficacy or decreased side effects over other
administration routes for these agents must be demonstrated.

Theoretically, 5-ASA and corticosteroids administered via
this topical route provide a higher concentration of drug to
the diseased mucosal area, exerting a local anti-inflammatory
effect while minimizing systemic side effects. Unfortunately,
variable but significant systemic absorption (up to 90%) and
adrenal suppression occur from the topical administration of
corticosteroid to the rectum and distal colon.31 Therefore, the
beneficial effects produced by topical use of these agents may
accrue from both systemic and local effects. The apparent and
relatively low incidence of corticosteroid side effects associ-
ated with topical administration may be related to the low doses
used and to the infrequent administration (daily to twice daily)
needed to control mild acute UC. When prednisolone is given
in equivalent doses orally and rectally, the incidence of side
effects and therapeutic effects are similar.72

5-ASA suppositories and enemas are preferred over topi-
cal corticosteroids for the treatment of distal UC and proctitis
because they produce higher remission rates in proctitis and ef-
fectively maintain remission of distal UC.71,73,74 For distal UC,
therapy is initiated with a nightly enema (4 g mesalamine), and
the response should be evaluated in 3 to 4 weeks. If remission
is attained, therapy can be tapered to one enema every third
night. Simultaneous therapy with oral plus topical mesalamine
showed greater efficacy than either alone in achieving remis-
sion of distal UC.15,23 Administrating one suppository twice
daily for 3 to 6 weeks of 5-ASA is generally sufficient to in-
duce disease remission in patients with mild acute proctitis. Im-
provement should be seen in 2 to 3 weeks, and therapy should
be maintained until complete remission is achieved. Therapy
can then be tapered to one suppository or enema, two to three
times weekly. If topical corticosteroids are to be used to man-
age mild, acute UC, the corticosteroid of choice would be the
one with the lowest absorptive characteristics. Unfortunately,
no trials have compared the absorption characteristics of all
corticosteroids available for administration by this route. The
available evidence indicates that, of the hydrocortisone salts,
the acetate is the least absorbed.75

ADVERSE EFFECTS

7. What particular corticosteroid adverse effects are of impor-
tance in patients with IBD?

Corticosteroid side effects and precautions for use often
limit the therapeutic effectiveness of these agents and should
never be overlooked76 (see Chapter 44, Connective Tissue Dis-
orders: The Clinical Use of Corticosteroids, for a detailed dis-
cussion of these effects). Certain glucocorticoid adverse effects
are of particular importance in patients with IBD in that they
may mimic, mask, or intensify symptoms and complications
of this disease. For example, the symptoms of one of the ma-
jor complications of intestinal perforation, peritonitis, may be
masked by corticosteroids. Other deleterious effects of corti-
costeroids include hyperglycemia, avascular necrosis, cataract
formation, and central nervous system effects, including mood
disorders, insomnia, psychoses, and euphoria.

Corticosteroids have been noted to mask the clinical signs
of abdominal and pelvic abscess in IBD patients, resulting in
septic complications. Other corticosteroid adverse effects that
may be secondary to either the drug and/or IBD include re-
tardation of growth and development in prepubescent patients,
osteoporosis with secondary pathological fractures and spinal
column decompression, and hypokalemic alkalosis.76 Patients
with IBD may have decreased bone mineral density, especially
with prolonged use of corticosteroids. This is an often over-
looked side effect of these drugs. One study suggested that
even budesonide, with its low overall bioavailability causes
this adverse effect.77 Thus, calcium, vitamin D supplements,
and possibly bisphosphonates (e.g., alendronate 5 mg daily) are
recommended to minimize metabolic demineralization in all
IBD patients taking corticosteroids for longer than 3 months.78

8. C.M. is still responding well to oral prednisone; however,
her blood glucose concentrations have ranged from 250 to 450
mg/dL (normal, 70–110 mg/dL). Her physician would like to try
another modality for active treatment. What other drugs could
be used for remission induction?

Sulfasalazine and 5-ASA
Previously, sulfasalazine was considered the drug of choice in
UC exacerbation because of its demonstrated efficacy and re-
duced toxicity when compared to corticosteroids.30 However,
controlled trials have shown that corticosteroids may act more
promptly than sulfasalazine alone for severe acute UC.5,30 Sul-
fasalazine use has declined significantly since the availability
of better tolerated 5-ASA formulations (Table 27-5). Clinical

Table 27-5 Comparison of Aminosalicylate Compounds

Generic (Trade) Delivery System Intestinal Site of Release Usual Dose and Frequency

Balsalazide (Colazal) Bacterial cleavage of azo bond Colon 750 mg PO TID
Mesalamine (Asacol) pH-dependent coating (Eudragit S)

dissolves at pH ≥7
Ileum (distal), colon 800 mg PO TID

Mesalamine (Lialda) Multi-matrix (pH-sensitive coating
and delayed-release)

Ileum (distal), colon 2.4–4.8 g PO QD

Mesalamine (Pentasa) Controlled-release microspheres Duodenum, jejunum, ileum, colon 1 g PO QID
Mesalamine (Rowasa) Direct topical therapy Rectum (supp)

Descending colon/rectum (enema)
500 mg PR QD-BID

4 g/60mL enema PR QHS
Olsalazine (Dipentum) Bacterial cleavage of azo bond Colon 500 mg PO BID
Sulfasalazine (Azulfidine) Bacterial cleavage of azo bond Colon Initially 500 mg PO BID;

increase to 1g PO TID-QID

BID, twice daily; PO, orally; PR, per rectum; QHS, at bedtime; QID, four times daily; TID, three times daily; supp, suppository
From Fernandez-Becker NQ, Moss AC. Improving delivery of aminosalicylates in ulcerative colitis: effect on patient outcomes. Drugs 2008;68:1089. Drug Facts and Comparisons
Drug Facts and Comparisons 4.0 [on-line] 2008. Available from Wolters Kluwer Health Inc. Accessed June 17, 2008.
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Proctitis

Mild-to-Moderate
Distal UC

Mild-to-Moderate
Pancolitis

Severe Pancolitis

Topical 5-ASA

5-ASA Foam/Enema
or oral 5-ASA

Oral 5-ASA
Corticosteroids if 5-ASA

ineffective

IV corticosteroids

Topical 5-ASA

5-ASA Foam/Enema
or oral 5-ASA

Oral 5-ASA
6MP/Azathioprine if
5-ASA ineffective

Oral 5-ASA
6MP/Azathioprine if 5-ASA ineffective
Scheduled infliximab may be added

for further benefit

Oral 5-ASA

Treat as
Mild-to-Moderate

Pancolitis

Infliximab or
Cyclosporine IV or

Surgery

Infliximab or
Cyclosporine IV or

Surgery

REFRACTORY
TREATMENTMAINTAINANCE TREATMENTINDUCTION OF REMISSIONTYPE OF UC

FIGURE 27-2 Treatment algorithm for ulcerative colitis. 5-ASA, mesalamine products, including mesala-
mine (e.g., Asacol, Pentasa, Rowasa), olsalazine, and balsalazide (see text for selection guidelines); UC,
ulcerative colitis; pancolitis, extensive ulcerative colitis; 6MP, 6-mercaptopurine; IV, intravenous. Source:
Adapted from references 15 and 76.

improvement or remission of mild-to-moderate UC can be at-
tained in 40% to 74% of patients treated with oral 5-ASA in
doses ranging from 1.5 to 4.8 g/day with further improved
response at dosages >2 g/day.23,79 For mild-to-moderate proc-
titis or proctosigmoiditis, topical 5-ASA has been effective in
60% to 89% of patients. Both suppositories (0.5–2 g/day) and
enemas (1–4 g/day) have been used.73 In summary, oral 5-
ASA compounds are usually considered first-line therapy for
mild-to-moderate exacerbations of UC, with systemic corticos-
teroids reserved for more severe active UC or milder disease
that has failed 5-ASA treatment. Even though sulfasalazine is
less expensive than mesalamine compounds, the latter drugs
are usually chosen because of their superior tolerability. Figure
27-2 describes a treatment approach to UC.

Remission Maintenance
Mesalamine

9. C.M. feels much better and claims to be “back to normal.”
Her abdominal pain is gone, and she currently has two formed,
nonbloody stools daily. Most of her laboratory parameters have
returned to normal (ESR, 25 mm/hour; blood glucose, 80 mg/dL;
WBC, 8,000/mm3). She is currently taking mesalamine (Asacol®)
400 mg PO TID. What drug regimen should be used to maintain
disease remission in C.M.?

5-ASA agents significantly reduce the incidence of relapse
in UC patients who are in remission.15,23 At 12 months, about
65% to 70% of patients remain relatively symptom free com-
pared to placebo.80 As discussed previously, the anatomical
site of disease is an important consideration in the selection

of a 5-ASA preparation. Data also suggest that, if tolerated, a
higher dosing strategy has a higher treatment success rate and
should be the goal for most patients. In contrast, oral and topi-
cal corticosteroids do not prevent relapse of UC once remission
has occurred.

On the basis of this information, C.M.’s mesalamine should
be titrated to a total dose of 4.8 g in divided doses. If she experi-
ences a relapse, a course of oral corticosteroids may be needed
to reachieve remission. Prophylactic therapy should be contin-
ued indefinitely unless intolerable adverse effects develop.26

ADVERSE EFFECTS

10. C.M.’s mesalamine has been increased to 1,200 mg QID for
UC maintenance therapy. Several days after starting this higher
dose of mesalamine, C.M. developed anorexia, nausea, and epi-
gastric pain. What is the possible cause of C.M.’s symptoms? How
can they be minimized?

C.M. appears to be experiencing adverse effects of
mesalamine. Although usually better tolerated than sul-
fasalazine, unwanted adverse effects occur in 10% to 45% of
patients.30Most 5-ASA adverse reactions are dose related and
tend to occur early in the course of therapy.

Dose-related 5-ASA adverse effects can be minimized by
initiating the patient on a low dosage (1–2 g/day) and gradually
increasing the amount to tolerated therapeutic levels of 2.4 to
4.8 g/day.81 If dose-related reactions do occur, the drug should
be discontinued until the symptoms subside, then it may be
reinstituted at a lower dosage. C.M.’s symptoms are probably
dose-related adverse reactions to the mesalamine. The dosage
should be decreased, or the drug temporarily withheld. If tol-
erated, the dosage can be increased slowly as necessary, or she
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can be switched to another agent to maintain disease remission
such as an immunomodulator.

TERATOGENICITY

11. C.M. would like to have a baby. What are the fertility and
pregnancy concerns in a patient with IBD? Should she receive
5-ASA maintenance therapy if she becomes pregnant and plans
to breast-feed her baby?

Fertility concerns are common in patients with IBD because
many of these patients are of child-bearing age. Fertility is
generally normal in patients with IBD, with the exception of
active CD.82 In males, fertility may be reduced due to azoosper-
mia if they are using sulfasalazine. Pregnant women with UC
tend to have normal outcomes, but some evidence suggests
that patients with CD have an increased risk for preterm de-
livery and babies with lower birth weights. Pregnancy itself
does not seem to activate quiescent disease. Because active
disease increases the chances of a complicated pregnancy, ef-
forts to control IBD are critical. Increases in congenital defects
or newborn toxicity have not been attributed to sulfasalazine
or standard-dose mesalamine use during pregnancy.83 Thus,
UC patients being maintained on these agents can be contin-
ued on the drug during pregnancy.84 The supplemental dose
of folate recommended for most pregnant women may need to
be increased whenever sulfasalazine therapy is prescribed.81

Little data on olsalazine or balsalazide use in pregnancy
exist.

Although sulfasalazine and sulfapyridine do appear in
breast milk, the actual concentrations are estimated to be low.85

In addition, the ability of sulfapyridine and sulfasalazine to
displace bilirubin is minimal, which probably explains why
the literature has no reports of jaundice in breastfed babies
whose mothers take sulfasalazine. Conservatively, it is appro-
priate to monitor bilirubin concentrations in infants nursing
from mothers taking this drug. The American Academy of Pe-
diatrics classifies mesalamine and sulfasalazine as agents that
have produced adverse effects in a nursing infant and advises
cautious use during breast-feeding because of possible allergic
reactions. Thus, C.M. may continue her mesalamine therapy
during conception and pregnancy, but she and her providers
will have to weigh the risks of potential toxicity versus the
benefits of breast-feeding. If C.M. decides to breast-feed, she
should carefully monitor the infant for signs of diarrhea.

Other agents may be used in pregnant patients with IBD. Hu-
man studies suggest that prednisone and prednisolone are well
tolerated and appear to pose a small risk to the fetus in utero.
In fact, IBD is more detrimental to the fetus than corticos-
teroids, thus warranting continued use when necessary during
pregnancy.82 The American Academy of Pediatrics considers
prednisone to be compatible with breast-feeding. The studies
of metronidazole have arrived at conflicting conclusions. Sev-
eral studies, case reports, and reviews have described the use
of metronidazole as safe for use during pregnancy,86 whereas
others have shown possible associations with malformations.87

These malformations include, but are not limited to, hydrocele
(two cases), congenital dislocated hip (one case), metatarsus
varus (one case), mental retardation (one case), and midline
facial defects (two cases). The long-term risks from metronida-
zole exposure have not been fully elucidated. The Centers for
Disease Control and Prevention recommends that metronida-

zole be considered contraindicated during the first trimester.
Using the drug for trichomoniasis in the second and third
trimesters may be acceptable if other therapies have failed. For
other indications, the risk–benefit ratio must be considered.

Immunosuppressants are alternatives for patients with re-
fractory IBD. These agents can cause low fetal birth weight
and congenital abnormalities, but they have been used safely
in pregnant transplant patients.82 Due to a paucity of objec-
tive information concerning 6-MP/azathioprine use in preg-
nancy, these agents should only be used if absolutely neces-
sary to maintain quiescent disease activity. Due to possible
maternal toxicity, the role of CSA is limited. Methotrexate is
contraindicated during pregnancy86 (see Chapter 46, Obstetric
Drug Therapy).

12. C.M.’s dose of mesalamine was decreased to 800 mg BID.
After 2 weeks, C.M. continued to have nausea, diarrhea, and
headache severe enough to cause her to miss classes and call in
sick from her part-time job. What types of therapy should be
considered at this point?

Immunosuppressive and Biological Agents
The results of several trials suggest azathioprine and 6-MP are
appropriate alternatives for patients with active UC that has
not responded to systemic steroids.15,37 These drugs are also
used to maintain remission, although they are probably used
more in CD than UC for this purpose (see Question 20).

Infliximab is now approved in the United States for
moderate-to-severe UC (both for induction therapy and to
maintain remission) that is refractory to other modalities. Due
to the cost and adverse effects of the drug, it should probably
be reserved for patients with severe symptoms or patients who
cannot tolerate other treatments.

CSA has also been used to treat active UC. In one clin-
ical trial, an 82% response rate was achieved using IV
CSA 4 mg/kg/day for severe steroid-refractory UC.88 CSA
blood levels should be obtained, although correlation of
clinical response and toxicity to blood levels has not been
consistent. Many drug interactions and adverse effects are
associated with CSA. Hypertension, gingival hyperplasia,
hypertrichosis, paresthesias, tremors, headaches, electrolyte
disturbances, and nephrotoxicity are common.26 Studies us-
ing oral CSA for maintenance of remission in UC have been
disappointing.42 In C.M., a reasonable choice would be aza-
thioprine 2.5 mg/kg/day. Monthly monitoring of WBC counts
and periodic assessment for any signs and symptoms of pan-
creatitis would be appropriate.

Toxic Megacolon
Signs and Symptoms

13. One year has passed since C.M. last had an acute attack
of UC. She has been taking azathioprine 2.5 mg/kg/day. Now she
presents with a fever of 104◦F, a heart rate of 110 beats/minute,
abdominal pain, weakness, and a sudden decrease in frequency of
bowel movements. Physical examination discloses abdominal dis-
tention with nonlocalized rebound tenderness, tympany, and no
bowel sounds. Abnormal laboratory values include a leukocytosis
of 15,000 WBC/mm3 and serum potassium of 3.0 mEq/L (normal,
3.5–5.0 mEq/L). Other laboratory parameters, including serum
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amylase and lipase, are within normal limits. Radiographic ex-
amination of the abdomen shows the transverse colon dilated to 9
cm. What is the most probable cause of C.M.’s symptoms? What
are potential sequelae of this complication of IBD?

C.M.’s signs and symptoms are consistent with an acute
dilation of the colon associated with systemic toxemia. This
complication of UC, commonly referred to as toxic megacolon,
occurs in about 5% of patients at some time during their disease
course.17 Toxic megacolon is also a complication of Crohn’s
colitis and ileocolitis.

Toxic megacolon represents the most life-threatening com-
plication of IBD and has an overall mortality rate of up to
16% with perforation. It is defined as a severe attack of colitis
with total or segmental colonic dilation.17 A patient is con-
sidered toxic if colonic dilation is present with two or more
of the following symptoms: temperature >101.5◦F, tachycar-
dia with a pulse rate >100 beats/minute, leukocytosis with a
WBC count >10,000 cells/mm3, or hypoalbuminemia with an
albumin <3.0 g/dL. Other symptoms include abdominal dis-
tention and tenderness, anemia, hypotension, and electrolyte
imbalance. Signs and symptoms present in C.M. that are con-
sistent with toxic megacolon include prostration, fever, tachy-
cardia, electrolyte imbalance, abdominal pain and tenderness,
leukocytosis, dilation of the colon to a diameter >6 cm, signs
of diminished colonic peristalsis as evidenced by decreased
stool frequency, and absence of bowel sounds. Other signs
consistent with this diagnosis include dehydration, anemia, and
hypoalbuminemia.15 Colonic perforation followed by peritoni-
tis and hemorrhage is the major complication of toxic mega-
colon. C.M.’s condition should be considered a medical emer-
gency.

PREDISPOSING FACTORS

14. What factors does C.M. have that predispose her to toxic
megacolon? What drugs should be avoided in C.M.?

A contributing factor that predisposes C.M. to the devel-
opment of toxic megacolon is hypokalemia, which decreases
bowel wall muscular tone.17,89 Other predisposing factors in-
clude the use of antispasmodics, such as the opiates or anti-
cholinergic agents, and irritant cathartics, such as castor oil,
barium enemas, and hypoproteinemia, which produces bowel
wall edema.17,89 Although corticosteroids may be necessary
for the treatment of IBD, they may mask signs of peritonitis, a
precursor to toxic megacolon.

MEDICAL MANAGEMENT

15. What medical therapeutic modalities should be considered
for the treatment of C.M.’s toxic megacolon?

General supportive measures are used to arrest the necrotic
process taking place in the colon. C.M.’s bowel should be al-
lowed to rest. Nothing should be taken by mouth, and nasogas-
tric suction should be initiated to prevent passage of swallowed
air and fluid into the colon. Fluid and electrolyte imbalances
must be addressed, and C.M.’s hypokalemia should be cor-
rected as quickly as safely possible. She should also be given
adequate nutritional support, including TPN, if a prolonged re-
covery is anticipated. High doses of IV corticosteroids should
be initiated. C.M. is not currently taking steroids, but if she
were, the dose would need to be increased to prevent adrenal
insufficiency. A blood sample should be sent for culture and

sensitivity, and C.M. should begin empiric antibiotic therapy
because she exhibits signs and symptoms of systemic bac-
teremia and sepsis (e.g., leukocytosis, fever, tachycardia). The
antibiotic regimen chosen should include an agent effective
against anaerobes and Enterobacteriaceae because both types
of organisms occur in large numbers in the colon.

Other measures that may be appropriate in patients with
toxic megacolon would include discontinuance of any drugs
(e.g., opiates, anticholinergic agents) that decrease intestinal
peristalsis and might predispose the patient to this condition.
C.M. must be monitored carefully for signs of improvement or
persistent dilation, perforation, peritonitis, and hemorrhage.

SURGICAL INTERVENTION

16. C.M. has been treated as previously described for 3 days.
Nevertheless, her abdominal radiologic examination indicates no
diminution in the caliber of the distended bowel, her temperature
continues to spike to 103◦F with negative blood cultures, and the
abdomen remains distended and silent. Fluid and electrolyte im-
balances have been restored. How should C.M. be managed at this
point?

Within the first 72 hours of therapy and observation, the need
for corrective surgery will be determined.15,89 The three gen-
eral patterns of response are improvement, no change, and de-
terioration. Those who improve with medical therapy demon-
strate decreased colonic distention, a return of bowel sounds,
and a decreased pulse and temperature. Medical management
should be continued in these patients as long as they continue
to show progress. Unfortunately, only 50% of toxic megacolon
patients respond satisfactorily to medical therapy.17

C.M.’s course is illustrative of most patients with toxic
megacolon who show fluctuating degrees of response to med-
ical management. These patients may appear to respond ini-
tially with decreased tachycardia and fever but become toxic
again in 2 to 3 days. Despite signs of improvement, change in
bowel sounds or a decrease in colonic size may be variable. If
these objective parameters do not improve, perforation of the
colon may occur unless they are managed surgically (subtotal
colectomy and ileostomy). Early surgery reduces the overall
mortality rate in patients such as C.M.

17. J.K. is a 49-year-old man who has had UC for 22 years. His
disease is fairly well controlled with mesalamine tablets 800 mg
PO TID. He has not had any UC flares for more than 5 years. He
underwent a colonoscopy 1 week ago for routine cancer screening.
Pathology results from this procedure indicate premetaplastic le-
sions in several areas of his colon. What are C.K.’s medical and
surgical options for treatment of these lesions?

Of the various therapeutic modalities available for the man-
agement of UC, surgery is the most definitive form of therapy
in that it is curative in most instances.90 Because the lesions
in UC are generally localized and continuous, colectomy will
remove the primary focus of the disease. It will also eliminate
both extraintestinal and local complications of UC in most
patients. In addition, patients may require further surgery for
anastomotic leaks, intraperitoneal abscesses, adhesions, ob-
struction, stomal ileitis, and mechanical problems associated
with the ileostomy. Patient acceptability of ileostomies is poor,
and major psychological adjustments are required of patients
and their families.81 Patients must be given support and edu-
cated with regard to the care of their ileostomies; this includes



LOWER GASTROINTESTINAL DISORDERS � 27-13

the prevention and management of common skin problems as
well as control of odor and leakage of the effluent. Therefore,
even though UC can be cured by surgery, it is indicated only
after all reasonable nonsurgical forms of therapy have been ex-
hausted. Considering the degree of inflammatory damage that
occurs in colonic tissue, it is probably not surprising that the
risk for colon cancer is elevated in patients with UC. Inter-
estingly, at least one study has suggested that chronic 5-ASA
therapy may be protective against colon cancer.92 Surveillance
colonoscopies are recommended on a regular basis (usually
every 1–2 years after the patient has had the disease 10 years)
to screen for precancerous lesions.66 If dysplastic lesions are
detected, as they have been in J.K., surgical resection is usu-
ally considered the treatment of choice. Thus, even in patients
with well-controlled UC, surgery may be required for cancer
prevention.

CROHN’S DISEASE
Pathophysiology and Clinical Presentation
18. J.P., a 30-year-old man, was well until 18 days ago when

he developed crampy right lower quadrant abdominal pain asso-
ciated with an increased frequency of semiformed stools (four to
five per day). The pain was episodic at first, exacerbated by meals,
and somewhat relieved by defecation. During this time, J.P. expe-
rienced anorexia and a 15-lb weight loss. He denied any change
in vision, joint pain, or the appearance of skin rashes. He has not
traveled outside the United States or taken antibiotics recently.

Physical examination is essentially normal, except for soft,
loose, watery stools that are streaked with fat and positive for oc-
cult blood. The abdomen is tender on palpation of the right lower
quadrant. Pertinent laboratory values include Hct, 28% (normal,
39%–49%); Hgb, 9 g/dL (normal, 14.0–17.5 g/dL); WBC count,
14.0 × 109/L (normal, 4.4–11.3 × 109 /L); and ESR, 60 mm/hour
(normal, <20 mm/hour).

Results of sigmoidoscopy and rectal biopsy are negative. Stool
cultures and toxin studies for Clostridium difficile are negative,
as is the examination for signs of trophozoites. A barium enema
shows an edematous ileocecal valve and a terminal ileum that has a
nodular irregularity of the mucosa. Follow-up endoscopy reveals a
cobblestone-appearing terminal ileum with areas of normal tissue
separated by diseased mucosa.

Which of J.P.’s signs, symptoms, and laboratory data are con-
sistent with CD? Describe the pathophysiological basis for J.P.’s
clinical presentation.

J.P., like most patients with CD, presents with the classic
symptom triad of abdominal pain, diarrhea, and weight loss.18

His most frequent symptom is right lower quadrant abdominal
pain, which is secondary to an indolent inflammatory process
in the ileocecal area. Diarrhea is also a characteristic symp-
tom; however, in contrast to UC, the stools are usually partly
formed, and gross blood is generally not visible. If the disease
is limited to the colon, the diarrhea may be of the same quality
and quantity as that associated with UC. If the disease is limited
to the ileum, as it appears to be with J.P., the diarrhea is gener-
ally moderate, with four to six stools daily. If ileal involvement
is significant, bile salt malabsorption may occur, resulting in
steatorrhea. Weight loss may be pronounced in patients with
long-standing CD2,18 because of anorexia and malabsorption.

Rectal bleeding often occurs in patients with CD, partic-
ularly those with colonic involvement, although it is not as

common as that associated with UC. Slow blood loss may oc-
cur in patients with disease limited to the small intestine, which
may cause occult blood-positive feces and, eventually, anemia,
as illustrated by J.P. Massive hemorrhage is usually a late com-
plication of CD and is generally due to transmural ulceration
and subsequent erosion into a major blood vessel.

J.P.’s leukocytosis and increased ESR demonstrate that, like
UC, CD is a systemic disease. Extraintestinal manifestations
such as arthritis, liver disease, and skin rash occur in CD
with the same frequency as UC (Table 27-3).3 However, some
types of extraintestinal disease appear to be more common in
UC (e.g., primary biliary cirrhosis) than CD (e.g., pyoderma
gangrenosum).94

Most patients with CD have recurrent, symptomatic
episodes of pain and diarrhea with gradual progression of their
disease to shorter and shorter asymptomatic periods. Although
the clinical course is generally progressive, 10% of patients will
remain essentially asymptomatic after a few acute episodes.5

Other patients may only manifest a slight fever for years until
a late complication of the disease, such as fistula formation,
develops. Alternatively, CD may be rapidly progressive.

Remission Induction

19. What agents can be used to induce a remission of J.P.’s CD?

Because the clinical course of CD varies among patients,
the management of this disease must be individualized. The
anatomical location of the disease is also an important deter-
minant of therapy. Most investigations evaluating the treatment
of acute symptomatic CD have ignored this factor and are there-
fore difficult to assess or compare.26

Corticosteroids
Corticosteroids are the most widely used therapeutic agents
for the treatment of active, symptomatic CD.19,95 A systematic
review of the literature confirms that steroids have a valuable
role in remission induction.31 Landmark studies have demon-
strated that approximately 60% to 80% of patients with active
CD will respond to a course of steroids. These agents seem to
be particularly effective in ileal and ileal-colonic disease and
can induce remission in even moderate-to-severe CD. Budes-
onide is recommended in the European CD guidelines for ac-
tive mild-to-moderate ileocolonic CD.35

5-ASA
Although previously used extensively for mild to moderate CD,
current trial data and expert opinion have limited the role of
5-ASA drugs to mild active colonic CD. A large meta-analysis
comparing 5-ASA (Pentasa) versus placebo found a small and
probably clinically insignificant treatment benefit.96 Some ex-
perts still argue in favor of chronic 5-ASA treatment, especially
in light of the possible role of these agents in colon cancer
protection, as mentioned previously. Recent European guide-
lines suggest that sulfasalazine is an option only in mild active
colonic CD.35

Other Induction Agents
The immunomodulators azathioprine, 6-MP, and MTX have
onset action of weeks to months and are not usually appropriate
therapy alone for treatment of a CD flare. Infliximab is effective
as a treatment for both active and quiescent disease. It can be
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         6MP = 6-Mercaptopurine, MTX = Methotrexate

FIGURE 27-3 Treatment algorithm for Crohn’s disease.

used alone due to its rapid onset; however, many experts elect
to have patients on concomitant immunomodulator therapy,
based on the theory that this decreases the development of
anti-infliximab antibodies. Due to its expense and concerns of
safety, use of infliximab is often reserved for severe disease, as a
steroid-sparing strategy, or in patients who do not tolerate other
modalities. A treatment algorithm based on guidelines19,35 for
the treatment of CD is depicted in Figure 27-3.

Remission Maintenance

20. After 4 weeks of prednisone 40 mg daily, J.P. experienced
fewer symptoms of CD; he has one to two well-formed stools a
day, increased appetite and weight, decreased abdominal pain and
tenderness, and normal body temperatures. Should prednisone be
discontinued? What agents are effective in maintaining remission
of symptoms in patients with CD?
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Corticosteroids
Once prednisone has induced remission of active symptomatic
CD, attempts should be made to taper the drug.19 The tapering
schedule is usually fairly slow (typically, a dose reduction of
5%–10% per week), taking several weeks to months to com-
plete. Several studies have demonstrated that corticosteroids
are ineffective in maintaining remission in CD, and many pa-
tients continue to have active disease while receiving ther-
apy. However, a significant subset of patients (25%) with CD
requires chronic administration of corticosteroids to prevent
recurrence of symptoms (termed steroid-dependent CD).97

Given the poor long-term adverse effect profile of steroids,
many clinicians attempt treatment with other modalities to
maintain remission.

Sulfasalazine
Large long-term studies have shown that the continued use
of sulfasalazine or mesalamine in patients with symptomatic
CD is not significantly more effective in preventing recurrence
of symptoms than placebo, irrespective of original disease
location.98 An exception to this may be the maintenance of
postsurgical CD.99

6-Mercaptopurine/Azathioprine
Evidence suggests that both 6-MP and azathioprine have a ma-
jor role in maintenance treatment of CD.100 In addition, these
agents are often used as a “steroid-sparing” strategy. Recent
guidelines recommend the use of 6-MP and azathioprine in
most relapsing cases of CD, regardless of anatomical site, and
for both severe and steroid-dependant disease.35 Provided pa-
tients are appropriately monitored, these agents are safe with
a favorable risk–benefit ratio. Both 6-MP and azathioprine
are the first-line immunomodulators used in CD. Should these
agents be ineffective or not tolerated, either MTX or infliximab
can be used to maintain remission.22 Some experts believe that
infliximab should be used earlier in the course of relapsing
disease, especially in patients with fistula.101

In summary, J.P.’s prednisone should be tapered as suggested
previously and then discontinued if possible. As the tapering
regimen is begun, J.P. should start 6-MP 1.5 mg/kg/day or aza-
thioprine 2.5 mg/kg/day. This is due to the long onset of effect
for the latter drugs (usually 3–6 months). J.P.’s WBC counts
should be monitored regularly and he should be counseled re-
garding the signs and symptoms of severe infection (e.g., fever,
sore throat, or chills) and pancreatitis (e.g., severe epigastric
pain and nausea).

ADVERSE EFFECTS

21. Six weeks after starting to taper J.P.’s prednisone dosage
(currently, 10 mg/day) and the initiation of azathioprine, he
returns to the clinic for routine laboratory monitoring. His
WBC count is 1,800/mm3 with an absolute neutrophil count of
1,100/mm3. He is afebrile and without complaint. His physical
examination is negative for any sign of infection. Why is J.P. expe-
riencing leukopenia? What is the treatment for this side effect?

6-MERCAPTOPURINE/AZATHIOPRINE MONITORING
Azathioprine is a prodrug that is converted to the active moi-

ety, 6-MP, in the liver. 6-MP is then metabolized by xanthine
oxidase, hypoxanthine-guanine-phosphoribosyltransferase, or
thiopurine-S-methyltransferase (TPMT). Genetic polymor-

phism determines the extent of TPMT activity. In approx-
imately 90% of whites, TPMT activity is considered high,
but the remainder of the population have either intermediate
or low TPMT activity.100 These patients are predisposed to
6-MP/azathioprine myelosuppression because diminished
TPMT activity leads to the metabolism of these compounds
being shunted to the other enzymatic pathways. Accumulation
of the 6-thioguanine byproducts is correlated with leukopenia.
Recently, a laboratory test to assess TPMT activity has been
developed and found to be effective in guiding therapy with
azathioprine or 6-MP, while minimizing the incidence of bone
marrow suppression.102 Some data even suggest that patients
with a high TPMT level may be less likely to respond to these
drugs.103 Still, the optimal role for this test remains to be fully
determined, and although some experts are screening patients
before initiating therapy with azathioprine or 6-MP, routine use
cannot be recommended at this time.

In patients who have developed neutropenia from azathio-
prine therapy, as J.P. has, the primary treatment is to discon-
tinue azathioprine. In most cases, the WBC count will normal-
ize over several days to weeks. In extreme cases, the use of
granulocyte colony-stimulating factor may be considered.104

J.P. should be monitored for signs and symptoms of infection,
and the azathioprine should be held. Frequent, probably daily,
WBC determinations should be made until the count is above
3,000/mm3.

Other Agents

22. J.P.’s leukocyte count returns to normal after 2 weeks. Un-
fortunately, he experiences a flare of his CD symptoms; specifi-
cally, an increase in diarrhea and abdominal pain that J.P. has
noted over the past 5 days. What other agents should be consid-
ered to maintain remission in J.P.?

A number of other immunosuppressive drugs have been
examined in CD. Methotrexate produces and maintains remis-
sion in patients with refractory disease. Clinical improvement
or reduction in corticosteroid dosages have been observed with
15 mg/week oral methotrexate or 25 mg/week of intramuscu-
lar or subcutaneous methotrexate in 39% to 54% of patients
who had active bowel disease or fistulas.105 In clinical studies,
GI toxicity was the most common reason for discontinuing
treatment, but neutropenia and liver enzyme elevations were
also reported.106 European guidelines recommend reserving
methotrexate for patients who have failed or are intolerant of
6-MP/azathioprine. Some experts consider MTX to be inferior
to 6-MP/azathioprine in CD, but no comparison studies have
been published to date.

CSA has a limited role for remission induction treatment in
patients with severe, refractory CD. It has no role in maintain-
ing remission.

METRONIDAZOLE
Metronidazole has been advocated for the treatment of

active CD, especially that involving fistulas or the perineal
area. Earlier controlled trials demonstrated that 800 mg/day of
metronidazole is at least as effective as sulfasalazine (3,000
mg/day) in treating active CD and that it was more effective
than placebo in patients with disease relapse.18,107 In contrast
to these positive reports, Ambrose and others demonstrated
in a prospective, randomized trial that although metronidazole
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was more effective than placebo in improving symptoms after
2 weeks of therapy (67% vs. 35%) for patients with relapse of
their disease, no difference was noted at the end of 4 weeks of
therapy.108 Recent guidelines recommend that antibiotics have
little role in the maintenance of remission in CD, but may be
helpful in fistulizing disease or in patients with abscesses. Taste
disturbances and peripheral neuropathy are the most commonly
reported adverse effects associated with metronidazole treat-
ment. The long-held dogma that ethanol causes a disulfiramlike
reaction with metronidazole has been questioned.109

INFLIXIMAB

23. J.P. has developed an enterocutaneous fistula with his latest
disease exacerbation, and nothing is helping him achieve remis-
sion. What alternatives exist?

Infliximab is now firmly established as an important therapy
in the treatment of CD, especially fistulizing disease. However,
a number of concerns regarding this agent must be discussed
with the patient before initiation of therapy. It is an expensive
therapy (about $15,000/year), and a full pharmacoeconomic
analysis of this agent in CD has not yet been published.110 In-
fliximab should be considered for moderate-to-severe disease
that does not respond to other therapies. Fistulizing disease
seems to respond particularly well to infliximab, and its use
may avert the need for surgery.111 Acute and delayed hypersen-
sitivity reactions can occur and are occasionally life threaten-
ing. Some clinicians premedicate patients with a combination
of diphenhydramine, acetaminophen, or corticosteroids before
an infusion; however, the most effective strategy to avoid a seri-
ous reaction is to regularly monitor vital signs during infliximab
infusion and slow the rate or stop the infusion if any symptoms
develop. The majority of reactions consist of headache, flush-
ing, itching, and dizziness, with anaphylactic reactions rarely
occurring. It is hypothesized that patients who receive regular
infliximab therapy or are taking concomitant immunosuppres-
sive drugs are at a decreased risk for these reactions.112 Also of
concern is the development of human antichimeric antibodies
in some patients receiving infliximab.

Infliximab should be avoided in patients who have a se-
rious active infection. Due to reports that infliximab treat-
ment may reactivate tuberculosis, all patients considered for
treatment must receive a tuberculin skin test to rule out the
disease (see Chapter 61, Tuberculosis). If this test is neg-
ative and, because J.P. does not appear to have any other
contraindications, he would seem to be an appropriate can-
didate for infliximab. If latent tuberculosis is found, antitu-
bercular treatment must be initiated before infliximab can be
considered.52 In addition, screening for hepatitis B (and prob-
ably C) is reasonable due to the number of cases describing
reactivation of these viral infections. Concern that use of in-
fliximab may increase the risk of malignancies is currently
under investigation. Studies examining this issue may be dif-
ficult to interpret because CD itself may cause an increase
in lymphoproliferative cancers.44 Also, other immunosuppres-
sant agents commonly used for CD (e.g., MTX, CSA) may
increase the risk of developing cancer.37 Current data con-
cerning a link between infliximab use and malignancy are
conflicting.109 To date, the balance of data suggests a small
but real risk of developing lymphoma in CD patients using

infliximab, but despite this, its use is associated with an in-
crease in quality adjusted years of life.114−116

24. J.P. consents to the use of infliximab, and it is successful
at keeping him symptom free. However, after 2 years of remis-
sion, J.P. is hospitalized for an acute exacerbation of right lower
quadrant pain associated with abdominal distention, lack of bowel
movements, and vomiting over the past 24 hours. Radiographic
studies indicate partial small bowel obstruction at the terminal
ileum. Is surgery indicated at this time?

SURGERY IN CROHN’S DISEASE
Because medical therapy of CD is often inadequate, 78% of

patients with this disease will require surgery within 20 years
of symptom onset.6 In contrast to UC, surgical removal of the
involved bowel in CD is not a definitive form of therapy. CD
can recur even after extensive resections.18 Various investiga-
tions have determined that cumulative recurrence rates after
surgery for this disease are as high as 80%, depending on the
surgical procedure and disease location. Therefore, multiple
operations and their attendant risks are often necessary over
the life span of the CD patient. Depending on the amount and
site of the bowel removed during surgery, specific malabsorp-
tion syndromes can occur (e.g., vitamin B12 malabsorption
with removal of the terminal ileum). If an ileostomy is part of
the surgical procedure, the patient will have to undergo sig-
nificant psychological adjustments. Therefore, surgery is indi-
cated only for specific complications that are unresponsive to
medical therapy and should be avoided if possible.86

OVERVIEW OF IRRITABLE BOWEL SYNDROME
Irritable bowel syndrome (IBS) is one of the most common
chronic disorders causing patients to seek medical treatment.
It exerts a significant economic burden and is responsible for
considerable morbidity in Western countries. Until recently,
little was understood about the pathophysiology or etiology
of this disorder. Indeed, some controversy exists today as to
whether IBS is a distinct syndrome or a grouping of several
chronic GI disorders. Still, investigators have made strides in
understanding IBS, particularly the role of the enteric nervous
system in the etiology of this disorder. As a result, new phar-
macotherapeutic options are emerging for patients suffering
from this often bewildering condition.

IBS can be defined as “a functional bowel disorder in which
abdominal pain is associated with defecation or a change
in bowel habit with features of disordered defecation and
distension.”117,118 The incidence of IBS has been reported to
be 15% to 20% in Western countries.119 It is the most com-
mon disorder seen by gastroenterologists and is commonly
seen by primary care clinicians as well.120,121 Prevalence rates
are dependent on IBS diagnostic criteria, which have varied
over the years. A female gender predominance of about 3:1 is
evident in most epidemiologic studies of IBS.122 Some stud-
ies have demonstrated a white predominance in IBS, whereas
other studies have found no such association.123 Many pa-
tients with IBS never seek medical attention, and those who
do tend to see their physician frequently.124 Many of these
patients also suffer from other functional disorders, such as
fibromyalgia and interstitial cystitis, and psychiatric disorders,
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such as major depression and generalized anxiety disorder.125

As mentioned previously, the economic costs associated with
IBS are considerable; it is estimated that IBS accounts for
$33 billion in direct and indirect costs in the United States
annually.126

Pathophysiology
Although knowledge of the cause of IBS remains incomplete,
several theories have emerged to explain the underlying patho-
physiology of this disorder. Previously, the primary cause of
IBS was believed to be psychiatric or psychosomatic. This pic-
ture was at least partially validated by the finding that many IBS
patients had psychiatric comorbidities. More recently, it is be-
lieved that factors such as psychological stress may exacerbate
the disease, but they are not the sole cause of IBS.127 It has long
been known that IBS patients tend to exhibit visceral hyper-
sensitivity to colonic stimulation or manipulation. Although
concomitant anxiety and hypervigilance undoubtedly played a
role in such observations, it is now believed that the reaction
to visceral stimuli in these patients results in the perception of
abdominal pain, whereas patients without IBS would have no
symptoms. The etiology of this hypersensitivity is the focus of
intense research efforts. Theories have emerged suggesting that
the activation of silent gut nociceptors due to ischemia or in-
fection may lead to increased abdominal pain in IBS.127 Other
experts propose that an increase in the excitability of neurons
in the dorsal horn of the spinal cord lead to gut hyperalgesia.
An abnormality in the processing of ascending signals from the
dorsal horn may be responsible for a lower pain threshold in
IBS patients. Similarly, findings suggest that neurotransmitter
abnormalities may cause the symptoms of IBS. Of particular
interest is the role of serotonin (5-HT) in the etiology of this
disorder. Greater than 95% of the body’s 5-HT is located in the
GI tract and is stored in many cells, such as enterochromaffin
cells, neurons, and smooth muscle cells. When released, this
5-HT can trigger both GI smooth muscle contraction and re-
laxation, as well as mediate GI sensory function.128 Different
5-HT receptor subtypes may be responsible for these differ-
ing actions. A study examining rectal biopsy specimens in
patients with IBS found defects in 5-HT signaling, supporting
the theory of neurotransmitter abnormalies.129 The primary 5-
HT subtypes in the GI tract are 5-HT3 and 5-HT4. Some data
suggest that IBS patients may have higher levels of 5-HT in the
colon compared with control subjects.130 Thus, these receptors
have become the target of pharmacotherapeutic manipulation
for IBS.

Another proposed pathological mechanism of IBS is al-
tered colonic motility. Diarrhea, constipation, and abdomi-
nal bloating are common features of IBS. Patients with IBS
are often categorized as having either diarrhea-predominant
or constipation-predominant disease.131 About one-half of pa-
tients with IBS report increased symptoms postprandially, and
patients with diarrhea-predominant IBS (DP-IBS) have been
shown to have an exaggerated response to cholecystokinin after
eating, leading to increased colonic propulsions.132 However,
constipation-predominant IBS (CP-IBS) patients tend to have
fewer colonic propulsions postprandially. Patients in whom
bloating is the primary symptom of IBS may have gas pro-
duction from poor fermentation of carbohydrates.133 This has

led investigators to search for a link between food intolerance
and IBS.

Etiology
The pathogenesis of IBS is poorly understood, although con-
sensus theories are emerging. Some investigators believe that
inflammation of the GI mucosa associated with infection may
be the triggering factor that results in IBS, although this no-
tion is controversial.134,135 The fact that symptoms associated
with IBS can appear in up to 30% of patients who had an
episode of bacterial gastroenteritis in the recent past lend cre-
dence to an infectious etiology.136 Also controversial is the
possible association of a history of physical or sexual abuse
and the development of IBS.127 Most IBS patients under emo-
tional or psychological stress will report an exacerbation of
their symptoms, but this is not surprising considering that such
stressors affect non-IBS patients’ GI function as well.135 Fa-
milial clustering of IBS patients suggests that both genetics
and formative environments may play a role in the pathogene-
sis of this disorder.137 Finally, food intolerances (e.g., lactose
intolerance) may be involved in the etiology of IBS or may be
misdiagnosed as IBS.

Diagnosis
One of the more challenging and frustrating aspects of IBS is its
lack of biochemical or physical markers that are pathognomic
for the disorder. Thus, the diagnosis of IBS is usually symp-
tom based.138 Unfortunately, this lack of “objective” criteria
for diagnosis can propagate the notion that IBS is a psycholog-
ical or psychosomatic disorder. Many patients express frustra-
tion with the traditional medical establishment and individual
providers.139 In addition, the lack of a definitive marker for
diagnosis may lead clinicians to order excessive testing and
procedures in patients with suspected IBS. To address these
issues, guidelines for the diagnosis and management of IBS
have been published in the United States and Canada.138,140

Both guidelines suggest that extensive testing in IBS patients
is usually unnecessary provided that patients are younger than
50 years and do not present with any so-called “alarm symp-
toms” (Table 27-6). Several symptom-driven criteria have been
published, including the recently proposed Rome III criteria
(Table 27-7). Both consensus panels agree that once IBS is di-
agnosed, it should be further differentiated by symptom pattern
into DP-IBS, CP-IBS, or pain-predominant IBS (PP-IBS). Be-
cause there is no known cure for IBS, it is logical to use these
subgroups to help direct symptomatic therapy. In most cases,
the primary clinician can successfully manage the IBS patient

Table 27-6 Alarm Symptoms Requiring Gastroenterology
Consultation

Weight loss
Gastrointestinal bleeding
Anemia
Fever
Frequent nocturnal symptoms

From reference 137.
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Table 27-7 Rome III Criteria—Diagnostic Criteria for
Irritable Bowel Syndrome

� More than 3 months of symptoms
� Abdominal pain at least 3 days per month relieved with defecation

and/or associated with a change of stool consistency or frequency

From Drossman et al. Rome III: The Functional Gastrointestinal Disorders. McLean,
VA: Degnon Associates; 2006.

using the treatment algorithm depicted in Figure 27-4. How-
ever, the presence of alarm symptoms or an unusual finding on
routine examination (e.g., thyroid abnormality) may prompt
further referrals and testing.

There are limited data concerning the natural history of
IBS.127 IBS is generally considered a benign disease with a
good prognosis.137 Patients’ symptoms often wax and wane,
and, in some cases, the syndrome resolves spontaneously.138

Management

25. V.H. is a 33-year-old woman who presents with complaints
of severe abdominal pain (rated 6 on a scale of 1–10), bloating, and
the passage of hard pelletlike stools about every 3 days. This has
gone on for about 6 months, and V.H. notices that an “attack” oc-
curs usually after a large meal. Her past medical history is signif-
icant for a generalized anxiety disorder. Her current medications
include buspirone and YAZ©(drospirenone and ethinyl estradiol).
Her immediate family is alive and well, except for a brother with
depression. She drinks socially and does not smoke or use illicit
drugs. V.H. is concerned that her symptoms are indicative of can-
cer. How should the clinician respond to V.H.’s concerns?

Patient Education
Clinicians must reassure patients with IBS that their symptoms
are real. Furthermore, patients should be thoroughly counseled
concerning the prognosis of IBS. Many patients are fearful that
their symptoms are indicative of severe pathology such as can-
cer. Reassurance and education are vital to assuage fears and
to reinforce the generally benign nature of this disorder. In-
volving patients at the earliest stages in their treatment plan is
vital for patient acceptance and to avoid “doctor shopping.”124

Helping patients discover triggers that may exacerbate IBS
symptoms is an effective strategy for treating the disorder and
empowering the patient. This may include having the patient
keep a food diary and attending IBS educational classes.124,133

As noted previously, psychological disorders are present in a
large segment of IBS patients. The clinician should again re-
inforce the notion that IBS is not “all in the patient’s head.”
However, treatment of comorbid disorders, including the dis-
covery of a history of physical or sexual abuse (and possible
posttraumatic stress disorder), is an important component in
successfully treating IBS.125,144

26. After a discussion concerning IBS, V.H. seems less worried.
She relates her concern that her dietary habits are responsible for
the symptoms she is experiencing. She wonders if changing her
diet will “cure” her of IBS. What is the role of diet in the treatment
of IBS? Will V.H. be relieved of her IBS symptoms if she changes
her diet?

Diet
As mentioned previously, food intolerance may cause symp-
toms similar to those associated with IBS. Patients with lactose
intolerance can experience pain, bloating, and diarrhea after
ingesting milk-based products. A dietary and symptom diary
may reveal such an intolerance, and avoidance of the impli-
cated foods would constitute effective treatment.124 Unfortu-
nately, most patients with IBS have difficulty complying with
exclusion diets or will not achieve significant relief with them.
Patients with CP-IBS may benefit from increased dietary con-
sumption of fiber.145 Both U.S. and Canadian IBS guidelines
state that an increase in dietary fiber (e.g., wheat bran up to 20
g daily) is a reasonable first-line treatment for CP-IBS.137,140

However, large doses of fiber can lead to abdominal gas and
bloating, and overall objective long-term evidence of benefit
in IBS is lacking.146,148

27. V.H. has gradually increased her dietary fiber over the past
6 weeks. The frequency of her stools has improved slightly, but
she often still feels constipated. In addition, new symptoms of
abdominal bloating have occurred in the past week. What is a
reasonable strategy to treat V.H.’s CP-IBS?

Pharmacotherapy for Constipation-Predominant IBS
In patients with CP-IBS in whom fiber therapy fails, other stan-
dard laxatives may be tried for symptomatic relief.140 Few well-
designed trials looking at any laxative for IBS have been pub-
lished. The Canadian IBS guidelines recommend occasional
use of osmotic laxatives such as citrate of magnesia or lactu-
lose. These agents are usually well tolerated, although they can
occasionally cause abdominal bloating. Other adverse effects
of the osmotic laxatives include diarrhea, taste disturbances,
and hypermagnesemia (especially in patients with renal impair-
ment). Some experts believe that newer laxatives containing
propylene glycol may be better tolerated, but no data in IBS pa-
tients exist to support this.127 Although laxatives may provide
relief of constipation, they will not effectively treat abdominal
pain. Thus, other treatments will be required in many patients.

28. Several months have passed since V.H. was first diagnosed
with CP-IBS. She has had therapeutic trials of several agents
that were either poorly tolerated (poor palatability of propylene
glycol) or lacked effectiveness. What other options are available
for treating V.H.’s CP-IBS?

Tegaserod
Stimulation of the 5-HT4 receptor accelerates colonic transit
and has been exploited as a target for pharmacotherapy of CP-
IBS. The first of these agents, tegaserod, was approved in the
United States for women with CP-IBS. Tegaserod is a spe-
cific 5-HT4 partial agonist that has been evaluated in several
12-week trials. These studies evaluated tegaserod 6 mg PO
BID versus placebo in women with at least a 3-month his-
tory of CP-IBS symptoms.148,149 The primary outcome mea-
sures were patient-assessed global improvement of IBS symp-
toms and specific improvement in abdominal pain and bloating.
The studies demonstrated a modest but significant benefit with
tegaserod. Unfortunately post-marketing analysis by the FDA
found an increase incidence of heart attack, stroke, and unsta-
ble angina in patients receving the drug and in April 2008, the
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Diagnosis of Irritable Bowel Syndrme
(IBS)

Assess need and
perform patient

education

Assess/treat
con comitant
psychiatric or
other disorders

If needed have
patient keep
dietary/symptom
diary

Determine
predominant
symptoms

First line:  slowly increase dietary fiber (up
   to 20 gms/day)
Second line:  4-6 week trial of milk of
   magnesia or lactulose or polyethene glycol

Constipation (CP-IBS)

Adbominal Pain (PP-IBS)

Diarrhea (DP-IBS)

First line: 4 to 6 week trial of hyoscamine as
   needed
Second line:  4-6 week trial of dicyclomine as
   needed
Third line:  Low-dose amitriptyline or nortriptyline
   for refractory or continuous pain

First line: Ioperamide as needed or
   phrohylactic use
Second line:  4 to 6 week trial of diphenoxylate
   w/atropine as needed
Third line:  4 to 6 week trial of cholestyramine

Referral to IBS specialist if standard
measures fail

Consider alosetron for
selected female patients

with DP-IBS

FIGURE 27-4 Treatment algorithm for irritable bowel syndrome. Source: Adapted from references 135,
138, and 140.

manufacturer of tegaserod halted all sales and marketing of
this agent.150

29. L.K. is a 38-year-old woman who has a long history of ab-
dominal pain and episodic diarrhea. L.K. works as a sales rep-
resentative for a major software vendor and is called on peri-
odically to make formal presentations. She finds that just before
these presentations she develops “attacks” of abdominal pain and

diarrhea. Her past medical history is significant for fibromyal-
gia, which manifests as chronic tiredness and fatigue. She has no
other medical problems and takes no medications. She does not
drink, smoke, or use illicit drugs. She has undergone an extensive
workup, including colonoscopy, upper GI endoscopy with small
bowel follow-through, CT abdominal scans, serum electrolytes,
thyroid function tests, and stool studies. These procedures and
tests were negative, and L.K.’s gastroenterologist has diagnosed
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her with IBS. L.K. currently has one to two loose stools daily.
They are not greasy appearing or foul smelling. She has bouts of
abdominal pain (severity of 7 on a 1–10 scale) with or without
diarrhea several times daily. She describes the pain as “stabbing”
and “cramping.” She has not noted any temporal relationship to
meals or that certain foods exacerbate her condition. What phar-
macologic options are available for L.K.’s abdominal pain? What
adverse effects are associated with these medications?

Pain-Predominant IBS
Antispasmodics
Drugs that possess smooth muscle relaxation properties, usu-
ally by anticholinergic pathways, have long been used to treat
IBS. In the United States, the two most commonly prescribed
antispasmodics are hyoscyamine and dicyclomine, both of
which possess significant anticholinergic properties.124 Clin-
ical trials that have examined the use of these agents in IBS
have been plagued by small numbers and methodologic prob-
lems, and recently several meta-analyses have been conducted
to provide insight in this area. The most recently published
of these analyses had results in agreement with older studies,
namely, that smooth muscle relaxants were superior to placebo
in improving abdominal pain, although they were less effective
at treating other IBS symptoms.151 Most of the trials reviewed
did not use antispasmodic agents available in the United States.
Both U.S. and Canadian guidelines list antispasmodics as op-
tions for PP-IBS. If prescribed, an “as needed” strategy of use is
preferred to continuous dosing due to anticholinergic adverse
effects.135

Antidepressants
The previous meta-analysis and the guidelines recommend the
use of tricyclic antidepressants for patients with severe or con-
tinuous abdominal pain. The analgesic effects of these agents
are well known, and it is believed that these agents may work
by a similar mechanism in PP-IBS.152 One separate study ex-
amined the use of amitriptyline (in doses up to 75 mg daily)
for patients with IBS.153 It found that active treatment did im-
prove feelings of well-being and abdominal pain, but had a
large dropout rate due to adverse effects. Low doses of tri-
cyclic antidepressants (e.g., amitriptyline 10–25 mg at bed-
time) are often effective in relieving abdominal pain and diar-
rhea. A 3-month trial at a target dose of drug (e.g., amitripty-
line 50 mg) should be attempted before therapeutic failure is
confirmed.135 Secondary amine tricyclic antidepressants (nor-
triptyline, desipramine) are better tolerated by many patients
than tertiary amines (amitriptyline, imipramine) due to de-
creased anticholinergic adverse effects such as sedation, dry
mouth and eyes, urinary retention, and weight gain. The evi-
dence supporting the use of other antidepressants is limited;
however, a small controlled study with fluoxetine in CP-IBS
(with pain) did show some benefit.154

30. Two weeks after L.K. starts nortriptyline 25 mg Q HS, she
reports significant relief from both her abdominal pain and fa-
tigue. She reports that she is sleeping better, and she now rates
her pain as a 2 on a 1-to-10 scale. Her diarrhea has improved
somewhat; however, she still suffers from a “diarrhea attack” be-
fore each presentation. What other treatments are available for
DP-IBS? What are the risks and benefits of these treatments?

Diarrhea-Predominant IBS
Standard Antidiarrheals
Small bowel and colonic transit is accelerated in patients with
DP-IBS; thus, drugs that slow this process should be effec-
tive in relieving diarrhea.135 Loperamide, an opioid agonist
that penetrates poorly into the central nervous system, is the
preferred agent for DP-IBS.124 Meta-analyses have found lop-
eramide to be an effective agent for improving diarrhea and, in
some cases, improving patients’ global well-being.147,155 As
with the antispasmodics, “as-needed” treatment is preferred to
scheduled dosing (e.g., 2–4 mg PO up to four times daily as
needed). Prophylactic dosing before a stressful situation or an
event during which bathroom access is limited is particularly
effective. Diphenoxylate with atropine is generally considered
a second-line agent due to its increased risk of anticholinergic
adverse effects. Finally, cholestyramine is occasionally used in
refractory cases of DP-IBS, especially when bile acid malab-
sorption is suspected.156 This agent is often poorly tolerated
due to palatability problems. Cholestyramine also has a signif-
icant number of drug interactions of which the clinician must
be aware.

Alosetron
Alosetron is a highly potent 5-HT3 receptor antagonist that
slows colonic transit time, increases intraluminal sodium ab-
sorption, and decreases small intestinal secretions.157 Consti-
pation is the most frequently reported adverse effect in clin-
ical studies (approximately 30% of alosetron patients), with
approximately 10% of patients withdrawing from studies for
this reason.157 Postmarketing reports of severe constipation
with cases of bowel obstructions and ischemic colitis were
reported.158 Bowel perforation and, rarely, death were also re-
ported with alosetron use, and the drug was voluntarily with-
drawn from the market in November 2000. Following extensive
lobbying by several patient groups, alosetron was reintroduced
to the U.S. market in June 2002, with restricted conditions for
use. Prescribers must be registered with the drug manufacturer,
and patients must sign a patient–physician agreement and be
provided with a written medication guide. The new starting
dose and regimen for alosetron is 1 mg PO daily for 1 month.
If, after 4 weeks, this is well tolerated but does not adequately
control IBS symptoms, then the dosage can be increased to
1 mg BID.159 It is imperative that patients not start alosetron
if they have a history of problems with constipation, bowel
obstruction or ischemic colitis, IBD, or a thromboembolic
disorder. Patients must immediately discontinue alosetron if
they become constipated or have symptoms of ischemic col-
itis, such as new or worsening abdominal pain, bloody diar-
rhea, or blood in the stool. A recent review of the manda-
tory postmarketing surveillance system designed to monitor
the safety of the drug found an overall low rate of ischemic
colitis.160

Emerging Therapies
Currently, numerous agents are being investigated for all
types of IBS.161 Several serotonergic agonists and antago-
nists, including cilansetron and renzapride, have shown some
efficacy in small trials and are undergoing further examination.
Alvimopan, a peripheral μ-opioid antagonist designed for
opioid-induced constipation may have utility in CP-IBS;
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however, formal studies are needed to delineate its role. The
possible association of bacterial GI infection and IBS have
prompted some investigators to postulate that small bowel flora
overgrowth may be responsible for the symptoms of IBS.162

The nonabsorbable antibiotic rifaximin (indicated for treat-
ment of traveler’s diarrhea) was shown in a small study to im-
prove global symptoms in IBS for up to 10 weeks, so further
study of this modality is warranted.163 Probiotic agents such as
Lactobacillus plantarum and Bifidobacterium infantis, which

may alter colonic inflammation, have shown some efficacy in
a small study.164 Most recently lubiprostone, a gastrointestinal
chloride channel activator that enhances intestinal fluid secre-
tion and acts as a laxative, was approved in the United States for
CP-IBS in women over age 18. Published data to date suggest
that 8 mcg orally twice daily is effective in improving consti-
pation and abdominal pain in CP-IBS, but nausea and diarrhea
are limiting adverse effects.162 Lubiprostone’s role in CP-IBS
is yet to be fully defined.
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OVERVIEW
According to the National Vital Statistics Report published
by the Center for Disease Control and Prevention, chronic
liver disease and cirrhosis is the 12th leading cause of death in
the United States accounting for approximately 26,000 deaths
each year.1 Cirrhosis, or end-stage liver disease, can be de-
fined as fibrosis of the hepatic parenchyma resulting in nodule
formation and altered hepatic function, which results from a
sustained wound healing response to chronic or acute liver
injury from a variety of causes. Although there are other com-
mon causes of cirrhosis, most cases of cirrhosis worldwide
result from chronic viral hepatitis, or liver injury associated
with chronic alcohol consumption.2 This chapter describes the
pathogenesis of cirrhosis and the associated complications of
portal hypertension (esophageal varices, gastric varices, as-
cites, spontaneous bacterial peritonitis, hepatic encephalopa-
thy, and hepatorenal syndrome), the clinical symptoms of
these complications, and the pharmacologic approach to their
treatment.

PATHOGENESIS OF CIRRHOSIS
The liver consists of the hepatic parenchyma (hepatocytes)
and a large proportion of nonparenchymal cells, including
sinusoidal endothelial cells, Ito cells, and macrophages also
known as Kupffer cells. Most of the liver’s role in detoxifica-
tion (phase I and II metabolism) takes place within the hepa-
tocytes, whereas the nonparenchymal cell population provides
physical and biochemical structure to the liver as well as active
transport of substances into the bile.3 Although the liver has a
strong capacity to regenerate, this ability can be impaired by
toxic or viral agents, such as ethanol and hepatitis viruses.4

Stress on the liver, such as chronic ethanol abuse in humans,
leads to liver injury and over time cirrhosis and a disruption
of hepatic function. Fatty liver or steatosis from ethanol, the
first stage of liver injury, is characterized by lipid deposition
in the hepatocytes. Steatosis is followed by liver inflamma-
tion (steatohepatitis), hepatocyte death, and collagen deposi-
tion leading to fibrosis. The specific mechanisms by which
chronic ethanol-induced liver injury is initiated and progresses
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are not completely understood.5 Research into the causes of
alcohol-related liver injury has primarily focused on the role
of ethanol-induced oxidative stress on the liver. Multiple path-
ways leading to oxidative stress have been described, and many
systems likely contribute to the ability of ethanol to induce
a state of oxidative stress. It is important to note that not
all heavy drinkers develop liver cirrhosis.6 Factors such as
gender, genetic predisposition, and chronic viral infection play
a role in the development and progression of ethanol-induced
liver disease.7

Hepatitis C virus (HCV) affects millions of people world-
wide, with approximately 20% of infections progressing to
cirrhosis.8 The progression of liver disease in patients with
HCV is dependent on both patient and viral factors. Although
the mechanisms by which HCV causes liver damage are not
well known, a few proposed mechanisms for liver injury asso-
ciated with HCV infection include diminished immune clear-
ance of HCV, oxidative stress, hepatic steatosis, increased iron
stores, and increased rate of hepatocyte apoptosis.9 Because
only a small percentage of patients infected with HCV de-
velop cirrhosis, factors other than viral clearance, such as the
individual’s immune response to the virus, age at the time of
infection, gender, hepatic iron content, and HCV genotype are
all implicated as cofactors in the development of cirrhosis.10

Among other causes, autoimmune hepatitis, primary bil-
iary cirrhosis, primary sclerosing cholangitis, biliary atresia,
metabolic disorders (e.g., Wilson’s disease and hemochro-
matosis), chronic inflammatory conditions (e.g., sarcoidosis),
and vascular derangements can lead to hepatic fibrosis and
cirrhosis.2 Although not common, end-stage liver disease can
also stem from problems related to obesity. An estimated 20%
of Americans have nonalcoholic fatty liver disease (NAFLD),
a condition that in most cases has no symptoms, but is occa-
sionally characterized by symptoms of upper abdominal dis-
comfort and right upper quadrant fullness. The most common
physical examination findings are obesity and occasionally he-
patomegaly, with biopsy results showing macrovesicular stea-
tosis or fatty liver. Risk factors commonly associated with the
development of NAFLD include obesity, hyperlipidemia, and
diabetes. Although corticosteroids cause fatty liver, NAFLD
diagnosis excludes corticosteroids and other causes of fatty
liver such as hepatitis B, hepatitis C, autoimmune hepatitis,
and Wilson’s disease. Nonalcoholic steatohepatitis (NASH) is
a more serious form of NAFLD. Most patients generally toler-
ate NAFLD well, whereas NASH can lead to cirrhosis. Current
evidence suggests that insulin resistance and lipid peroxidation
play a role in the pathogenesis of this condition.11,12 Regard-
less of the cause of end-stage liver disease, the most frequent
complications of portal hypertension are esophageal or gastric
varices, ascites with or without spontaneous bacterial peritoni-
tis, hepatic encephalopathy, and hepatorenal syndrome.13

COMPLICATIONS OF CIRRHOSIS
Portal Hypertension
The portal vein begins as a confluence of the splenic, superior
mesenteric, inferior mesenteric, and gastric veins, and ends in
the sinusoids of the liver (Fig. 28-1). Blood in the portal vein
contains substances absorbed from the intestine, and delivers
these substances to the liver to be metabolized before entering
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FIGURE 28-1 Schematic diagram of portal venous system.

the systemic circulation.14,15 Once the portal blood reaches
the liver, it crosses through a high-resistance capillary system
within the hepatic sinusoids.

Portal pressure is a function of flow and resistance to that
flow across the hepatic vasculature, and described mathemat-
ically by Ohm’s law (Pressure = Flow × Resistance).16 In
cirrhosis, increased intrahepatic resistance results from intra-
hepatic vasoconstriction that is hypothesized to be caused by
a deficiency in intrahepatic nitric oxide (NO). Increased in-
trahepatic resistance also results from an enhanced activity of
vasoconstrictors, and by structural changes within the liver ow-
ing to liver regeneration, sinusoidal compression, and fibrosis.
Portal hypertension results from both an increase in resistance
to portal flow and also an increase in portal venous inflow,
which is hypothesized to be caused by splanchnic vasodilata-
tion that, in turn, is secondary to increase NO production in the
extrahepatic circulation leading to vasodilation and increased
in-flow.17

Portal pressure can be assessed by the use of surgical pro-
cedures which are invasive and not routinely performed. The
hepatic venous pressure gradient (HVPG), which reflects the
gradient between the portal vein and vena cava pressure, is an-
other accurate, safe, and less invasive procedure that has been
widely accepted as a measurement of the portal venous pres-
sure gradient.18–20 Normal portal pressure is generally below
6 mmHg, and in cirrhotic patients may increase to 7 to 9 mmHg.
Clinically significant portal hypertension develops, however,
when the portal pressure increases above 10 to 12 mmHg, the
threshold for complications of portal hypertension, such as
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Table 28-1 Classification and Etiologies of Portal Hypertension

Classification Prehepatic Intrahepatic Posthepatic

Etiologies Splenic vein thrombosis Hepatic cirrhosis Hepatic vein obstruction (Budd-Chiari
syndrome)

Portal vein thrombosis Hepatic fibrosis Inferior vena cava obstruction
Nodular regeneration (with distortion of

hepatic veins)
Right-sided heart failure

esophageal varices and ascites.19,21 Portal hypertension can
be further classified as prehepatic, intrahepatic, or posthepatic
portal hypertension (Table 28-1).22–24 Persistent portal hyper-
tension may (a) change both blood flow as well as the lym-
phatic circulation and lead to ascites formation; (b) increase
pressure in the vessels that branch off the portal vein, such
as the coronary veins, leading to the formation of esophageal
varices; and (c) lead to the development of increased abdominal
collateral circulation. Hepatic encephalopathy and hepatorenal
syndrome are other complications associated with advanced
cirrhosis and portal hypertension.22–24

Laboratory Findings
Laboratory evaluations may not reflect the extent of the
parenchymal necrosis, cellular regeneration, and fibrotic nodu-
lar scarring in cirrhotic liver disease. Conventional liver “func-
tion” tests, such as the serum aminotransferases (aspartate
aminotransferases [AST, formerly known as SGOT], alanine
aminotransferases [ALT, formerly known as SGPT]), and al-
kaline phosphatase, are actually better characterized as liver
“injury” tests and are modestly helpful to the clinician for
screening hepatobiliary disease and following liver injury pro-
gression. These tests, however, do not quantitatively measure
the functional capacity of the liver. The aminotransferases are
released during the normal turnover of liver cells (see Chap-
ter 2, Interpretation of Clinical Laboratory Tests). High serum
concentrations of aminotransferases suggest release of these
enzymes from injured hepatocytes. The serum concentrations
of AST and ALT may initially rise very high with acute liver
injury and then fall when the cause for liver injury is removed
or when necrosis is so severe, that few hepatocytes remain.

Because alkaline phosphatase is present in high concentra-
tions in biliary canaliculi (as well as bone, intestines, kidneys,
and white blood cells [WBC]), an increase in the serum con-
centration of alkaline phosphatase is greater with biliary injury
rather than during a parenchymal injury. High serum concen-

trations of gamma glutamyl transpeptidase and bilirubin are
also suggestive of biliary injury. Increases in alkaline phos-
phatase, and AST, ALT, or both serum concentrations may
suggest hepatic injury, but because they are also found intra-
cellularly in other places in the body, their elevation is not
diagnostic for liver disease.25,26

Serum concentrations of proteins such as albumin, or fac-
tor V and VIII, as well as coagulation tests such as the pro-
thrombin time (PT) and international normalized ratio (INR),
can provide insight into the functional capacity of the liver.
The hepatic parenchymal cells exclusively synthesize albu-
min, therefore albumin concentrations can provide some indi-
cation of hepatocellular function. Changes in albumin concen-
tration are nonspecific, however, and can be influenced by other
factors, including poor nutrition, renal wasting (proteinuria),
and gastrointestinal (GI) losses. Prolongation of PT owing to
vitamin K deficiency often caused by cholestasis, usually im-
proves within 24 hours after a 10-mg subcutaneous or oral dose
of vitamin K. A prolonged PT owing to poor hepatic synthetic
function is not responsive, however, to the administration of
vitamin K. If the INR requires rapid correction because of
bleeding or a planned invasive procedure, fresh frozen plasma
should be transfused.27

A number of the factors described above have been incor-
porated into the Child-Turcotte-Pugh classification of liver dis-
ease severity (Table 28-2).22–24,28,29 This classification yields
a scoring system to help clinicians grade disease severity, and
predict the long-term risk of mortality and quality of life. A per-
son with Child-Turcotte-Pugh class A cirrhosis may survive as
long as 15 to 20 years, whereas those with class C cirrhosis may
survive only 1 to 3 years.30 The main limitation of the Child-
Turcotte-Pugh classification is the use of subjective measures,
such as ascites and hepatic encephalopathy, which are subject
to clinical interpretation and may be altered by therapy.31,32

An alternative method for assessing short-term survival in
patients with liver disease is the Model for End-Stage Liver

Table 28-2 Child-Turcotte-Pugh Classification of Severity of Liver Diseasea

Score 1 Point 2 Points 3 Points

Bilirubin (mg/dL) <2 2–3 >3
Albumin (mg/dL) >3.5 3–3.5 <3
Prothrombin time (sec)b <4 4–6 >6
Ascites None Easily controlled (mild) Poorly controlled (moderate)
Encephalopathy (grade) None Mild (1 and 2) Advanced (3 and 4)

aClass A, <7 points; class B, 7–9 points; class C, 10–15 points.
bSeconds prolonged.
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Disease (MELD) score that utilizes laboratory values, and
is used to predict short-term (3 month) mortality associated
with liver disease. The MELD score is calculated by the
formula32:

MELD score = (0.957 × ln[creatinine mg/dL] + 0.378 ×
ln[total bilirubin mg/dL] + 1.120 × ln[INR] + 0.643) × 10

Because of the good correlation between the MELD score
and short-term mortality as well as the objective nature
of the MELD scoring system, it has replaced the Child-
Turcotte-Pugh score in the United Network for Organ Sharing
(UNOS) prioritization of organ allocation of cadaveric livers
for transplantation.33–35 MELD scores range from 6 (less ill) to
40 (gravely ill).36 A high MELD score is strongly associated
with early pretransplantation wait-list mortality. Therefore a
patient with a higher MELD score is given priority by UNOS
in terms of organ allocation.

1. R.W. is a 54-year-old man with a 2-week history of nau-
sea, vomiting, and lower abdominal cramps without diarrhea.
Despite chronic anorexia, he has managed to drink a fifth of vodka
(750 mL) and eat about two meals a day for the past 2 years. During
this time, he experienced a 30-lb weight loss. He began drinking
9 years ago when his wife became disabled following diagnosis of
a brain tumor. Two years ago, his alcohol consumption increased
from one pint to a fifth daily. Recently, he has noted bilateral
edema of his legs, an increased tenseness and girth of his abdomen,
jaundice and scleral icterus. His medical history is noncontrib-
utory, other than a history of spontaneous bacterial peritonitis
(SBP).

Physical examination reveals an afebrile, jaundiced, and
cachectic male in moderate distress. Spider angiomas were found
on his face and upper chest. In addition, palmar erythema was
noted. Abdominal examination reveals prominent veins on a very
tense abdomen. The liver edge is percussed below the right costal
margin and ascites is noted by shifting dullness and a fluid wave.
The spleen is not palpable. On neurologic examination, R.W. is
awake and oriented to person, place, and time. Cranial nerves II
to XII are grossly intact, but a decrease in vibratory sensation
of the lower extremities is noted bilaterally. Admission labora-
tory data are as follows: sodium 135 mEq/L; chloride 95 mEq/L;
potassium 3.8 mEq/L; bicarbonate 25 mEq/L; blood urea nitro-
gen (BUN) 15 mg/dL; serum creatinine (SrCr) 1.4 mg/dL; glucose
136 mg/dL; hemoglobin 11.2 g/dL; hematocrits (Hct) 33.4%; AST
212 IU (normal, 0–35 IU); alkaline phosphatase 954 IU (normal,
30–120 IU); PT 13.5 seconds with a control of 12 seconds (INR
1.1); total/direct bilirubin 18.8/10.7 mg/dL (normal, 1.0/<0.5
mg/dL); albumin 2.3 g/dL (normal, 3.5–4.0); and guaiac positive
stools. On admission to the hospital, the impression is alcoholic
cirrhosis, ascites, and heme-positive stools.

What subjective and objective evidence are compatible with
alcoholic cirrhosis in R.W.?

Clinical Presentation
R.W.’s liver function tests (elevated AST, alkaline phosphatase,
and bilirubin) and physical findings (an enlarged, palpable liver
edge; jaundice; spider angiomas on his face and upper chest;
palmar erythema; and cachexia) are all consistent with ad-
vanced alcoholic cirrhosis in a patient with a history of chronic
alcohol abuse. The prolonged PT and hypoalbuminemia sug-
gest impaired hepatic synthesis of both albumin and vitamin

K-dependent clotting factors. The low albumin contributes to
both the ascites and edema. The bilirubin of 18.8 mg/dL sug-
gests that vitamin K absorption may be a factor in the pro-
longed PT. The presence of ascites (an enlarged fluid-filled
abdomen) and prominent abdominal veins are suggestive of
portal hypertension. A biopsy of the liver may confirm or es-
tablish the presence and severity of cirrhosis. R.W.’s prolonged
PT, however, will increase the risk of bleeding from a liver
biopsy. R.W.’s positive guaiac finding could be indicative of
bleeding esophageal varices but could also be explained by
bleeding from another GI source. This needs to be confirmed
by endoscopy. He is oriented to person, place and time, but
needs to be fully tested for hepatic encephalopathy. R.W.’s
MELD score is 22 which predicts a 90-day mortality of ap-
proximately 20%.33 A patient’s MELD score may increase or
decrease over a period of time depending on the patient’s clin-
ical status and treatment. A number of MELD scores will be
calculated over the course of R.W.’s treatment if the patient is
listed as a transplantation candidate to determine his status for
organ allocation.36 Muscle wasting and poor nutrition are the
most common causes of weight loss in patients with alcoholic
cirrhosis (see Chapter 84, Alcohol Use Disorders).

ASCITES
Pathogenesis of Ascites

2. What physiologic mechanism predisposes R.W. to fluid ac-
cumulation in the peritoneal cavity?

Ascites, or accumulation of fluid in the peritoneal cav-
ity, is the most commonly encountered clinical symptom of
cirrhosis.37 This complication can be detected during the phys-
ical examination when >3 L of fluid has accumulated. In ad-
dition to an obviously enlarged abdomen, R.W. was found to
have a positive fluid wave and shifting dullness, indicating
that the abdominal enlargement is not simply obesity. The
fluid wave can be observed by having the patient lie on his
or her back. While supporting one side of the abdomen with
one hand, use the second hand to tap the opposite side of
the abdomen. A wave of fluid moving across the abdomen
can be felt by the hand on the opposite side. If the diagno-
sis is in doubt, ascites is confirmed with ultrasound. Once
ascites develops, the 1-year survival rate decreases to about
50%.37

In cirrhosis, hepatic venous outflow is restricted, resulting
in an increase in the portal vein back-pressure. High hepatic
venous pressure leads to high intrasinusoidal pressure and de-
velopment of ascites across the hepatic capsule. Portal hyper-
tension from cirrhosis is associated with splanchnic dilatation
and increased splanchnic blood flow. This increase in splanch-
nic blood flow is associated with an upregulation of endothelial
nitric oxide synthase (eNOS) and increased production of a po-
tent vasodilator, NO. This increase in NO has been proposed as
a major mediator of the arterial dilatation and hyperdynamic
circulation in cirrhosis.38 NO leads to an overall vasodilated
state. The systemic compensation to this vasodilation is an in-
crease in cardiac output and sodium and water retention in the
kidneys as a result of activation of the renin-angiotensin aldos-
terone system (RAAS).39 The activation of RAAS, in addition
to R.W.’s hypoalbuminemia (2.3 g/dL) leads to worsening of
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the ascites. Exudation of fluid from the splanchnic capillary
bed and the liver surface when the drainage capacity of the
lymphatic system is exceeded, and decreased ability of fluid
to be contained within the vascular space owing to impaired
hepatic albumin synthesis, contributes to the development of
ascites.

Goals of Therapy

3. What are the therapeutic goals in the treatment of R.W.’s
ascites?

The goals of treatment for R.W.’s ascites are to mobilize as-
citic fluid; to diminish abdominal discomfort, back pain, and
difficulty in ambulation; as well as to prevent complications
(e.g., bacterial peritonitis, hernias, pleural effusions, hepatore-
nal syndrome, and respiratory distress). The goal is a weight
loss of 0.5 to 1 kg/day, which corresponds to a net fluid vol-
ume loss of about 0.5 to 1 L/day. Treatment of ascites in R.W.
should be undertaken cautiously and gradually because acid-
base imbalances, hypokalemia, or intravascular volume deple-
tion caused by overly aggressive therapy can lead to compro-
mised renal function, hepatic encephalopathy, and death.40–42

The initial medical management of ascites involves restriction
of sodium intake and the use of diuretics to promote salt and
water excretion.40,42

Fluid and Electrolyte Balance

4. The 24-hour urinary electrolytes for R.W. were Na, 10
mEq/L and K, 28 mEq/L. Why would sodium or water restriction
be appropriate (or inappropriate) for R.W.?

Urinary Na:K Ratio
Normally, the urine concentration of electrolytes mirrors the
serum concentration of electrolytes (i.e., sodium concentration
is greater than that of potassium). A reversal of this pattern (i.e.,
potassium excretion exceeding sodium excretion) may indicate
a relative hyperaldosteronism secondary to diminished renal
blood flow and low oncotic pressure. A study by Trevisani
et al.43 evaluated renal sodium and potassium handling, and
plasma aldosterone in a 24-hour period in cirrhotic patients
without ascites (n = 7), with ascites (n = 8), and healthy con-
trols (n = 7). Plasma aldosterone was significantly higher in
patients with ascites, resulting in reduced renal sodium excre-
tion, and more than doubling of renal potassium excretion in
comparison to healthy controls.43 For urine electrolyte mon-
itoring to be meaningful, the first sample must be obtained
before initiating diuretic therapy.44,45

Sodium Restriction
Although serum sodium in patients with ascites is often low,
they are total body sodium overloaded. Sodium restriction has
been shown to enhance mobilization of ascites, because fluid
loss and weight change are directly related to sodium balance in
patients with portal-hypertension–related ascites.46 This find-
ing has been incorporated into the American Association for
the Study of Liver Diseases (AASLD) guidelines for the treat-
ment of ascites. The AASLD recommends that dietary sodium
should be restricted to ≤ 2,000 mg/day [88 mmol/day].42 Al-
though bedrest has been advocated in the past, no controlled

trials support this practice. R.W. should benefit from sodium
restriction of ≤2 g/day.

Water Restriction
A large prospective, observational study (n = 997) by Angeli
et al.47 evaluated the prevalence of low serum sodium concen-
tration and the association between serum sodium levels with
severity of ascites and complications of cirrhosis. The results
indicated that low serum sodium levels are a common feature
in patients with cirrhosis, and that serum sodium concentra-
tions <135 mEq/L are associated with a poor control of ascites
as well as a greater frequency of hepatic encephalopathy, he-
patorenal syndrome, and spontaneous bacterial peritonitis
compared with patients with serum sodium concentrations
within the normal range (135–145 mEq/L).47 In addition, very
low serum sodium concentrations (<120 mEq/L) are inde-
pendent predictors of 3- to 6-month mortality from the MELD
score in patients with end-stage liver disease. The AASLD rec-
ommends that water restriction should be implemented in cir-
rhotic patients who have severe dilutional hyponatremia (serum
Na <120–125 mEq/L).42 For R.W., water restriction is not in-
dicated at this time because his serum sodium concentration is
within normal limits (135 mEq/L).

Diuretic Therapy
Choice of Agent

5. R.W. was prescribed sodium restriction after initial evalua-
tion. Spironolactone 100 mg/day and furosemide 40 mg/day were
ordered to induce diuresis. Why is spironolactone preferred over
other diuretics in the treatment of ascites?

Most patients with advanced liver disease have high cir-
culating levels of aldosterone.48 High serum concentrations of
aldosterone may be attributed to both increased production and
decreased excretion of the hormone. Increased portal pressure,
ascites, depletion of intravascular volume, and decreased renal
perfusion can lead to activation of the RAAS.49 In addition,
hepatic shunting also increases aldosterone production by de-
creasing renal blood flow.50 The liver metabolizes aldosterone,
and hepatic impairment prolongs the physiologic half-life of
aldosterone.51 The AASLD consensus guidelines recommend
the use of spironolactone as the initial diuretic of choice in
the treatment of ascites.42 Although no large comparative
studies have evaluated different diuretics as first-line treat-
ment of ascites, spironolactone is a rational diuretic choice for
R.W. based on its aldosterone antagonist activity. Perez-Ayuso
et al.52 conducted a small randomized trial to study the effi-
cacy of furosemide versus spironolactone in nonazotemic cir-
rhotic patients (n = 40) with ascites. They found that spirono-
lactone was more effective than furosemide, and that the ac-
tivity of the renin-aldosterone system influences the diuretic
response to furosemide and spironolactone in patients with
cirrhosis. In the study, patients were treated with furosemide
(initial doses of 80 mg/day, maximal dose of 160 mg/day) or
spironolactone (initial dose 150 mg/day, maximal dose of 300
mg/day). Patients not responding to furosemide or spironolac-
tone were later converted to the alternate therapy. The results
showed a higher response to spironolactone than furosemide
(18/19 vs. 11/21; p <0.01). Of the 10 non-responders to
furosemide, 9 responded to spironolactone when therapy was
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switched. The authors also found that patients with higher renin
and aldosterone levels did not respond to furosemide and re-
quired higher doses of spironolactone to achieve a diuretic
response.52

Some clinicians may initiate spironolactone at a dose of
25 mg once or BID; however, much larger doses (100–400
mg/day) are generally necessary to antagonize the high circu-
lating levels of aldosterone present in patients with ascites.42

The diuretic effect is enhanced when spironolactone is com-
bined with sodium restriction (0.5–2 g/day).41 In addition,
furosemide can be started to minimize the risk of hyper-
kalemia and enhance diuresis. The AASLD guidelines rec-
ommend starting spironolactone 100 mg and furosemide
40 mg simultaneously and maintaining a 100:40 mg ratio. The
doses of both oral diuretics can be increased simultaneously
every 3 to 5 days (maintaining the ratio) to achieve adequate
response. Usual maximal doses are 400 mg/day of spironolac-
tone and 160 mg/day of furosemide.42 In controlled clinical
trials, sodium restriction and diuretic therapy are effective in
90% of patients without renal failure.53–55

Triamterene and amiloride can be used as alternatives to
spironolactone if intolerable side effects (e.g., gynecomastia)
occur with spironolactone.42,57 In a small trial conducted by
Angeli et al.,58 cirrhotic patients were randomized to receive
amiloride (n = 20) or potassium canrenoate (an active metabo-
lite of spironolactone not available in the United States; n=20),
to study the efficacy of each drug in nonazotemic cirrhotic pa-
tients with ascites. The initial doses of amiloride and potas-
sium canrenoate were 20 and 150 mg, respectively, and were
increased (up to 60 and 500 mg/day) if no response occurred.
Nonresponders to the highest doses of each drug were later con-
verted to the alternate agent. A higher response rate was seen
in the canrenoate group versus the amiloride group (14/20 vs.
7/20; p <0.025). The authors also assessed plasma aldosterone
activity and found that all responders to amiloride had normal
plasma aldosterone concentrations, and all nonresponders to
amiloride who later responded to potassium canrenoate had
increased levels of plasma aldosterone.58

Eplerenone (a selective aldosterone blocker, more specific
for the aldosterone receptor with a lower affinity for proges-
terone and androgen receptors than spironolactone) has been
studied in patients with heart failure, hypertension, and renal
disease.59,60 The usual dose for eplerenone is 25 to 50 mg/day.61

No dosage adjustment is needed with mild to moderate liver
disease, but severe liver disease has not been studied.62 Ap-
proximately 10% of patients treated with spironolactone de-
velop gynecomastia or breast pain, with 2% requiring drug
discontinuation.63 In contrast, gynecomastia occurs at a similar
rate with eplerenone as with placebo (0.5%).64,65 Eplerenone
is also much more expensive than spironolactone.65 The lower
risk of gynecomastia with eplerenone may make it a useful
alternative to spironolactone. However, given its higher cost
and the lack of data in the treatment of ascites and patients
with severe liver disease, its eventual role in ascites treatment
remains unclear.

R.W. should receive spironolactone 100 mg and furosemide
40 mg simultaneously (and maintaining a 100:40 mg ratio)
as recommended by the AASLD.42 This approach to therapy
may be taken, as long as the patient is carefully monitored for
diuretic complications and a clinical response to diuresis (see
Questions 6, 7, and 8).

Monitoring
CLINICAL RESPONSES

6. What clinical responses should be monitored to ensure the
therapeutic effectiveness of spironolactone therapy for R.W.?

Because ascitic fluid is slow to re-equilibrate with vascu-
lar fluid, diuresis >0.5 to 1 kg/day (0.5–1 L) may be associ-
ated with volume depletion, hypotension, and compromised
renal function.42 Patients may tolerate a faster diuresis if pe-
ripheral edema is present. Once edema has resolved, a scaled
back weight loss, not to exceed 0.5 kg/day, can be used as
a rule of thumb to minimize the risk of renal insufficiency
induced by plasma volume contraction and other diuretic-
induced complications.42,66 Monitoring body weight and ab-
dominal girth are routinely performed in both the inpatient and
outpatient settings. Monitoring fluid intake and urine output
are performed primarily for inpatients, owing to practical con-
straints in the outpatient setting. Ideally, urine output should
exceed fluid intake by about 300 to 1,000 mL/day. These mea-
surements do not account for nonrenal fluid losses; therefore,
total fluid loss will be somewhat higher. Abdominal girth mea-
surement (circumference around the abdomen) is subject to
error, because of its dependence on patient position and mea-
surement location on the abdomen.56 Attempts should be made
to standardize patient position (e.g., sitting at a 45-degree an-
gle) and location of measurement (level of umbilicus) to min-
imize variability in abdominal girth measurements.

LABORATORY PARAMETERS

7. What laboratory parameters could be monitored to assess
the therapeutic efficacy of R.W.’s spironolactone treatment?

Serum concentrations of creatinine and urine chemistries
(sodium and potassium) can be monitored to define and guide
the need for increasing dosage of spironolactone. A low base-
line urine Na:K ratio (<1.0) suggests high intrinsic aldos-
terone activity and that larger dosages of spironolactone may
be needed, as is the case for R.W. If necessary, the dosage
of adjunctive diuretic therapy may be doubled after a few
days.49 AASLD recommends increasing both spironolactone
and furosemide simultaneously every 3 to 5 days (maintaining
a 100:40 mg ratio) to achieve adequate diuresis and maintain
a normal serum potassium.42

Diuretic Complications and Management

8. The spironolactone dosage was increased to 200 mg/day and
80 mg/day (maintaining a 100:40 mg ratio). What potential com-
plications from the diuretic therapy might arise in R.W. and how
can they be minimized?

ELECTROLYTE AND ACID-BASE DISTURBANCES
Hyponatremia, hyperkalemia, metabolic alkalosis, and un-

commonly hypokalemia occur as side effects of diuretic ther-
apy in patients with ascites. Hyponatremia results from a re-
duction in filtered sodium, an increase in sodium reabsorption
and a reduction in free water clearance (dilutional hypona-
tremia). Diuresis exacerbates hyponatremia by causing volume
depletion and antidiuretic hormone (ADH) release. Hypona-
tremia, if present, usually can be corrected by temporary with-
drawal of diuretics and free water restriction.53,67–69 Although
serum sodium may be low, these patients are total body sodium
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overloaded. Hyperkalemia is common in patients with refrac-
tory ascites and impaired renal function requiring high doses
of diuretics such as spironolactone. Hyperkalemia can be ap-
proached in multiple ways, depending on the clinical situation
(see Chapter 12, Fluid and Electrolyte Disorders). Furosemide
is added to the therapeutic regimen to maintain normal
serum potassium. Decreasing or holding spironolactone
may be appropriate depending on the patient’s renal function
and serum potassium.42 Metabolic alkalosis, another acid-base
disorder found in cirrhotic patients as a result of loop diuret-
ics, occurs because of increased urinary hydrogen loss from
enhanced distal hydrogen secretion. Hypokalemia often ac-
companies metabolic alkalosis owing to loop diuretics.42,68

Furosemide can be temporarily withheld in patients present-
ing with hypokalemia.42 R.W. has some degree of renal im-
pairment (SrCr 1.4 mg/dL) and is receiving spironolactone
and furosemide. Therefore, his electrolytes and renal function
tests should be monitored daily while hospitalized. After hos-
pital discharge, monitoring will be dictated by the stability of
the patient and need for diuretic dosage adjustments. For ex-
ample, outpatients may need electrolytes and renal function
monitoring once or twice weekly early after hospital discharge
to as infrequently as every 3 months for the very stable patient.

PRERENAL AZOTEMIA
Prerenal azotemia usually results from over diuresis with

subsequent compromise of intravascular volume and decreased
renal perfusion. In addition to looking for clinical signs of hy-
povolemia, such as dizziness, orthostatic hypotension, and in-
creased heart rate, frequent measurements of BUN and serum
creatinine concentrations provide a relatively simple means
of assessing the intravascular volume. A gradual rise in serum
creatinine, BUN as well as the BUN:serum creatinine ratio can
serve as a warning to slow the rate of diuresis.70 In a small study
conducted by Pockros et al.,66 serial measurements of plasma
volume and ascites volume were made during treatment with
diuretics in patients with cirrhosis (n = 14). Patients with as-
cites and no edema were able to mobilize >1 L/day during
rapid diuresis, but at the expense of plasma volume contrac-
tion and renal insufficiency. Patients with peripheral edema
appear to be somewhat protected from these effects and may
safely undergo diuresis at a more rapid rate (>2 kg/day) until
edema resolves.66 Others suggest, however, that the maximal
daily fluid loss should not exceed >0.5 L/day (>0.5 kg/day)
for patients with ascites alone or >1 L/day (>1 kg/day) for
those with both ascites and edema to prevent plasma volume
depletion and decreased renal perfusion. If faster removal of as-
cites is required because of respiratory distress, large-volume
paracentesis may be more effective than rapid diuresis (see
Question 9).42,45,71,72

Because R.W. presented with both edema and ascites, an
initial fluid loss of up to 1 L/day would be reasonable. The
rate of weight loss should be slowed not to exceed >0.5 L/day
when the edema resolves. Gradual diuresis avoids diuretic-
induced depletion of intravascular fluid volume by permitting
ascitic fluid to equilibrate with intravascular fluid. Long-term
management of ascites is done in the outpatient setting. Se-
vere cases with respiratory distress or impaired ambulation as
well as patients with spontaneous bacterial peritonitis require
hospitalization. If outpatient therapy is an option, a weekly

evaluation initially would be prudent to prevent over diuresis
and electrolyte disturbances.53

Refractory Ascites

9. Over the next several days, R.W.’s spironolactone dosage
was increased to 400 mg/day. Furosemide was simultaneously
increased to 80 mg twice daily (BID) without major improve-
ment in his diuresis. Laboratory data revealed that R.W.’s SrCr
had increased to 3.2 mg/dL (calculated creatinine clearance:
26 mL/minute) and his BUN had increased to 45 mg/dL. Serum
electrolytes were as follows: K, 3.1 mEq/L; Na, 130 mEq/L; Cl,
88 mEq/L; and bicarbonate, 32 mEq/L. R.W. became progres-
sively short of breath because of restricted diaphragmatic move-
ment secondary to his significantly enlarged abdomen. What
therapeutic measures are appropriate for refractory (diuretic-
resistant) ascites?

Because of the increase in SrCr and respiratory distress,
R.W.’s ascites treatment needs modification. Patients with cir-
rhosis experiencing respiratory distress despite diuretic and
sodium restriction warrant more aggressive second-line treat-
ment, including large volume paracentesis, shunting proce-
dures, or both.42 Paracentesis involves the removal of ascitic
fluid from the abdominal cavity with a needle or a catheter. Al-
though paracentesis can remove large amounts of ascitic fluid
(e.g., 10 L), removal of as little as 1 L of fluid may provide
considerable relief from the painful stretching of skin and the
respiratory distress that occurs with massive ascites. The ascitic
fluid often reaccumulates rapidly after paracentesis owing to
transudation of fluid from the interstitial and plasma compart-
ments into the peritoneal cavity. The major complications of
overly aggressive, large-volume paracentesis include hypoten-
sion, shock, oliguria, encephalopathy, and renal insufficiency.
Other potential complications of paracentesis are hemorrhage,
perforation of the abdominal viscera, infection, and protein
depletion.42

Albumin

10. R.W. continues to reaccumulate ascitic fluid and is exhibit-
ing signs of declining renal function. A 6-L paracentesis coupled
with a 50-g albumin infusion is ordered. Why are albumin infu-
sions used in conjunction with paracentesis?

Large volume (>4 L) paracentesis should be performed for
patients with tense ascites resulting in respiratory distress or
impaired ambulation. Large volume paracentesis alone is as-
sociated, however, with paracentesis-induced circulatory dys-
function (PICD). PICD is characterized by a reduction in sys-
temic vascular resistance and significant increase in plasma
renin activity and plasma norepinephrine.73 Following para-
centesis, a period of impaired circulatory function occurs,
which manifests as worsening renal function 24 to 48 hours
after the procedure.74 Intravenous (IV) albumin infusions are
commonly administered to prevent PICD following large vol-
ume paracentesis.42

Although albumin is costly and sometimes in short supply,
for some patients, it is an appropriate treatment in conjunction
with paracentesis.75 Patients treated with large volume para-
centesis (≥6 L/day) and IV albumin (40 g after each tap) were
compared with patients treated with paracentesis and saline
solution. The incidence of PICD was significantly higher in the
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saline-treated group versus the albumin-treated group (33.3%
vs. 11.4%, respectively). The prevalence of PICD following
paracentesis depends on the volume of ascites removed.75 For
large volume paracentesis ≥6 L, 8 to 10 g of albumin is typ-
ically administered for each liter of ascites removed.42 Post-
paracentesis albumin infusion may not be necessary for a sin-
gle paracentesis of <4 to 5 L.42 Use of albumin in combination
with large volume paracentesis produces an expansion of circu-
lating blood volume, increases cardiac output, and suppresses
release of renin and norepinephrine.74

The effects of albumin administration for a variety of indi-
cations on patient mortality have also been evaluated. Wilkes
et al.76 conducted a meta-analysis of 55 randomized, controlled
trials comparing albumin therapy with crystalloid therapy, no
albumin, or lower doses of albumin on patient mortality (27
involved surgery or trauma; 4 involved burns; 5 involved hy-
poalbuminemia; 6 involved high-risk neonates; 5 involved as-
cites; and 8 involved other indications). For all trials, the rel-
ative risk for death was 1.11 (95% confidence interval [CI],
0.95–1.28). For ascites, in particular, the relative risk for death
was 0.93 (95% CI, 0.67–1.28). Overall, albumin did not af-
fect mortality.76 In a study by Sort et al.,77 patients with SBP
(n = 126) were randomized to receive IV antibiotics alone
(n = 63) or IV antibiotics and albumin (n = 63). Albumin
(1.5 g/kg) was administered at the time of SBP diagnosis, and
again on day 3 (1 g/kg). The albumin group had a lower inci-
dence of renal impairment (10% vs. 33%; p = 0.002), overall
mortality at 3 months (22% vs. 41%; p = 0.03) and hospital
mortality (10% vs. 29%; p = 0.01) than the group that did not
receive albumin.77

Dextran 70 and Other Plasma Expanders
The use of synthetic plasma expanders in combination with
large volume paracentesis has been explored as a therapeu-
tic option for patients with ascites refractory to diuretics and
fluid restriction.78,79 Gines et al.79 studied patients with as-

cites refractory to diuretic therapy. Patients were randomized
to paracentesis plus albumin (n = 97), dextran 70 (n = 93),
or polygeline (n = 99). More patients treated with dextran 70
(34.4%) or polygeline (37.8%) versus those receiving albu-
min (18.5%) experienced PICD. In addition, during follow-
up, patients who experienced PICD versus those who did not,
had a shorter time to first readmission (1.3 vs. 3.5 months;
p = 0.03) and a shorter survival (9.3 vs. 16.9 months;
p = 0.01).79 Hydroxyethyl starch, an effective colloid agent
for intravascular volume expansion, should not be used in pa-
tients with chronic liver disease, because repeated administra-
tion of this agent to patients with cirrhosis has been reported
to accumulate in the hepatocytes, causing severe portal hyper-
tension and acute liver failure.80 R.W. should be given 50 g of
25% albumin administered at a rate of 3 mL/minute, for the
6 L of ascitic fluid removed. More rapid administration than
3 mL/minute in hypoproteinemic patients can cause circula-
tory overload and pulmonary edema. R.W. should be monitored
for anaphylactic reactions (rare), hypo- and hypertension, and
signs of pulmonary edema.81–83

Alternative Therapy

11. What alternative treatments are available for management
of refractory ascites? How would these alternatives be applied in
R.W.’s case?

Transjugular Intrahepatic Portosystemic Shunt
Transjugular intrahepatic portosystemic shunt (TIPS) is an-
other option for patients who are refractory to the pharma-
cologic interventions described above. It is an interventional
(nonsurgical) technique for establishing a shunt in patients
with portal hypertension (Fig. 28-2).84 The TIPS procedure
involves opening a conduit between the hepatic vein and in-
trahepatic segment of the portal vein with an expandable
metal stent placed during an angiographic procedure. This

Portal vein

Hepatic vein

TIPS

FIGURE 28-2 Transjugular intrahepatic portosys-
temic shunt (TIPS) decompressing the portal
circulation into the systemic circulation. (Repro-
duced with permission from reference 84.)
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low-resistance channel allows blood to return to the systemic
circulation and reduces portal pressure. In addition, TIPS
may improve urinary sodium excretion. The major compli-
cations of TIPS include severe encephalopathy, and shunt oc-
clusion. Hepatic encephalopathy (see Question 19) occurs in
approximately 20% of patients following TIPS.84 Because of
poor prognosis, liver transplantation should be considered for
appropriate candidates refractory to pharmacologic treatment
and or shunt placement.42 Selection of surgical shunt proce-
dures may include evaluation of liver transplantation candidacy
as some procedures may complicate the feasibility of a future
liver transplantation procedure.

A study by Gines et al.85 evaluated TIPS versus large volume
paracentesis plus albumin in the control of refractory ascites.
Patients with cirrhosis and refractory ascites were randomly
assigned to TIPS (n = 35) or repeated paracentesis plus IV
albumin (n = 35). The probability of survival without liver
transplantation was 41% at 1 year and 26% at 2 years in the
TIPS group, as compared with 35% and 30%, respectively in
the paracentesis group not significant (NS). Recurrence of as-
cites and development of hepatorenal syndrome (49% and 9%,
respectively) were lower in the TIPS group compared with the
paracentesis group (83% and 31%, respectively; p = 0.003
and p = 0.03) whereas the frequency of severe hepatic en-
cephalopathy was greater in the TIPS group (p = 0.03). The
calculated costs of procedures performed per patient in the
TIPS group were 103% greater than those in the paracentesis
and albumin group.85

Treatment guidelines recommend TIPS for the treatment
of refractory ascites in patients for whom paracentesis is con-
traindicated, ineffective as determined by the frequency of re-
peated paracentesis (more than three times per month), or in-
tolerant of repeated large volume paracentesis.42,86

Peritoneovenous Shunt
A peritoneovenous shunt consists of a surgically implanted
valve in the abdominal wall, an intra-abdominal cannula, and
an outflow tube tunneled subcutaneously from the valve to a
vein that empties directly into the superior vena cava. In this
manner, ascitic fluid can be withdrawn from the abdominal
cavity and be returned to the vascular space. Multiple con-
traindications exist to surgical shunts and significant surgical
risks that increase with worsening hepatic function.87 Gines
et al.88 compared peritoneovenous shunting (LaVeen Shunt)
with paracentesis plus albumin infusions, and found shunting
to be more effective in the long-term management of ascites
as reflected by a longer period before readmission, a lower
number of readmissions for ascites, and lower diuretic require-
ments. Peritoneovenous shunting did not improve survival over
paracentesis, and the probability of shunt occlusion was 52%
after 2 years.88 In summary, the lack of survival benefit, sur-
gical complications, including fibrous adhesions complicating
future liver transplantation, and high risk of shunt occlusion
have led to the reserving of peritoneovenous shunt procedures
for patients with ascites and fairly well-preserved renal and
hepatic function and are not candidates for liver transplanta-
tion, in whom more standard therapies fail.42

Clonidine
It has been shown that the activation of the sympathetic ner-
vous system leads to renal hypoperfusion and sodium retention.

The activated sympathetic nervous system stimulates renal
α1-adrenoreceptors and causes decreases in renal blood flow
and glomerular filtration rate. Additionally, norepinephrine in-
creases proximal tubular reabsorption of sodium and enhances
renin, aldosterone, and vasopressin secretions.89–91 Prelimi-
nary evidence has suggested that clonidine may be of benefit
in refractory ascites and those with an activated sympathetic
nervous system. Lenaerts et al.92 conducted a very small study
comparing repeated large volume paracentesis with the combi-
nation of clonidine–spironolactone in the treatment of patient
with refractory ascites. Study patients (n = 20) were randomly
assigned to receive repeated large volume paracentesis (4–5 L
every 48 hours) plus IV albumin (7 g/L of ascites) until ascites
disappeared, or a combination of clonidine 0.075 mg BID for
8 days and then clonidine 0.075 mg BID with spironolactone
200 to 400 mg daily for 10 days. Both groups were discharged
with spironolactone adjusted according to individual response
(maximal dose of 400 mg/day). During the first hospitalization,
the mean weight loss in the paracentesis group was higher than
in the clonidine group, but the mean hospital stay was shorter
in the clonidine group (p ≤0.01). Clonidine decreased sympa-
thetic activity and increased glomerular filtration rate. During
the follow-up, the number of rehospitalizations for ascites was
higher and the mean time to the first readmission was shorter in
the paracentesis group than in the clonidine group (p ≤0.01).92

Lenaerts et al.91 also studied the effects of clonidine on
ascites treatment in patients with cirrhosis and an activated
sympathetic nervous system (plasma norepinephrine concen-
tration >300 picogram/mL). Patients were randomized to re-
ceive placebo (n = 32) or clonidine 0.075 mg BID (n = 32) for
3 months, as well as spironolactone 200 mg/day (furosemide
40 mg/day was added for insufficient response). Diuretics were
individually titrated to response. The time needed for diuretic
response was shorter and diuretic dosage lower in the clonidine
group than placebo. In addition, the diuretic complications (hy-
perkalemia and renal impairment) were significantly lower in
the clonidine group (p <0.01). The time to the first readmission
for tense ascites was shorter in the placebo group than in the
clonidine group.91 The addition of clonidine to diuretic ther-
apy may be an effective therapeutic modality; however, a large
randomized trial is needed to establish the role of clonidine in
the treatment of ascites.

In consideration of R.W.’s increasing serum creatinine con-
centration, rising BUN, and the grave prognosis of hepatorenal
syndrome, TIPS is a reasonable therapeutic alternative if R.W.
cannot tolerate or requires frequent large volume paracentesis.

Spontaneous Bacterial Peritonitis
Pathogenesis

12. Should R.W. receive spontaneous bacterial peritonitis pro-
phylaxis?

Spontaneous bacterial peritonitis is an infection that occurs
in cirrhotic patients and accounts for about 25% of the in-
fections in this population. SBP is defined as the spontaneous
infection of the ascitic fluid in the absence of an identified intra-
abdominal source of infection or inflammation. This condition
has a mortality rate of about 30% to 50%.93,94 The diagnosis
of SBP is defined by a polymorphonuclear cell count (PMN)
of ≥250 cells/mm3 or a positive bacterial culture of the ascitic
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fluid. Patients with ascites caused by cirrhosis, with overlap-
ping complications such as prior episodes of SBP and upper GI
bleeding, and patients with low-protein (≤1 g/dL) ascites are at
an increased risk for the development of SBP. Gram-negative
enteric bacilli account for most SBP episodes (most commonly
by Escherichia coli and Klebsiella species).95,96 The primary
mechanism for SBP is bacterial translocation from the gut, al-
though multiple mechanisms have been proposed. Other fac-
tors in the pathogenesis of SBP may include the inability of the
gut to contain bacteria and the failure of the immune system
to clear the organisms once they have translocated. Cirrhosis
can lead to intestinal bacterial overgrowth, and the intestinal
permeability may be enhanced in cirrhotic patients with portal
hypertension and bowel edema favoring bacterial translocation
into the portal vein or lymphatics. Organisms may reach the
systemic circulation from the mesenteric lymph nodes causing
bacteremia. Deficiencies in the reticuloendothelial system in
cirrhotic patients can lead to bacteria not being cleared from
the circulation, which eventually leads to colonization of the
ascitic fluid. Endogenous antimicrobial activity is diminished
or nonexistent in patients with low-protein ascites, and if the
immune system fails to destroy the bacteria, bacterascites (cul-
tures from ascitic fluid are positive but the number of PMN is
<250 cells/mm3), in some cases, may progress to SBP (culture
positive and PMN ≥250 cells/mm3).95,96

Spontaneous Bacterial Peritonitis Prophylaxis
NORFLOXACIN
Because of its activity against aerobic enteric gram-negative

bacilli and poor oral absorption, norfloxacin has been uti-
lized for prophylaxis in patients at increased risk for SBP.97

A multicenter, double-blind trial was conducted comparing
norfloxacin 400 mg/day versus placebo in the prevention of
SBP recurrence in cirrhotic patients (n = 80) with a prior
episode of SBP. The results of the trial showed that the over-
all probability of SBP recurrence at 1 year of follow-up was
20% in the norfloxacin group and 68% in the placebo group
(p = 0.006). Of note, in a small subset of patients (n = 6)
who had stool cultures, norfloxacin administration produced a
selective intestinal decontamination of aerobic gram-negative
bacilli from the fecal flora without significant changes in other
microorganisms.98 In a prospective randomized study, selec-
tive intestinal decontamination with norfloxacin (n = 32) was
compared with untreated controls (n = 31) in cirrhotic pa-
tients with low ascitic fluid total protein levels. A significantly
lower incidence of infections and SBP were found (0% vs.
22.5%; p <0.05) in patients receiving norfloxacin, but no sig-
nificant change in mortality.97,99 In a randomized controlled
trial conducted by Fernandez et al.,100 cirrhotic patients with
low-protein ascitic levels (<1.5 g/dL) and with advanced liver
failure (Child-Turcotte-Pugh score >9, serum bilirubin level
>3 mg/dL), or impaired renal function (serum creatinine level
>1.2 mg/dL, BUN >25 mg/dL, or serum sodium level <130
mEq/L) were included to compare norfloxacin (n = 35; 400
mg/day) with placebo (n = 33) in the primary prophylaxis of
SBP. The trial showed a reduced incidence of SBP (7% vs.
61%; p <0.001), and hepatorenal syndrome (28% vs. 41%;
p = 0.02) in the norfloxacin group compared with placebo.
There was also an improved 3-month (94% vs. 62%, p = 0.003)
and 1-year (60% vs. 48%; p = 0.05) probability of survival in
the norfloxacin group compared with placebo.100

One concern regarding norfloxacin prophylaxis is the emer-
gence of infections caused by E. coli resistant to quinolones
in cirrhotic patients undergoing prophylaxis with norfloxacin.
Not surprisingly, a study by Ortiz et al.101 showed that in cir-
rhotic patients with infections caused by norfloxacin-resistant
E. coli as compared with those with norfloxacin-sensitive
E. coli, were more likely to have received norfloxacin pre-
viously (82% vs. 22%; p <0.0001).101

TRIMETHOPRIM-SULFAMETHOXAZOLE
Trimethoprim-sulfamethoxazole (n = 25; 160/800 mg/day

given 5 days a week) has been compared with norfloxacin
(n = 32; 400 mg/day) for SBP prophylaxis in patients with prior
SBP and low-protein ascites. No significant difference in SBP
recurrence was seen between the two groups (9.4% in the nor-
floxacin group and 16% in the trimethoprim-sulfamethoxazole;
p = 0.68). Trimethoprim-sulfamethoxazole may be a rea-
sonable alternative to norfloxacin, although the study was
small. The incidences of side effects (skin rash, epigastric
pain, and worsening of renal function) were higher in the
trimethoprim-sulfamethoxazole group.102 A meta-analysis
was conducted to assess the effect of antibiotic prophy-
laxis (long-term administration of quinolones or trimethoprim-
sulfamethoxazole) on prevention of infections and survival rate
in cirrhotic patients with GI bleeding. Antibiotic prophylaxis
significantly increased the mean survival rate by 9.1%.103 Pa-
tients with a history of SBP and those with low-protein ascites
with advanced liver failure or renal impairment appear to ben-
efit from SBP prophylaxis.42,97 Further studies are needed to
evaluate the effectiveness of SBP prophylaxis for other sub-
groups of patients with low-protein ascites.93,104 R.W. would
benefit from the addition of SBP prophylaxis because he has
had a prior episode of SBP. A reasonable prophylactic regimen
would be long-term administration of norfloxacin 400 mg/day
to prevent recurrence of SBP. This dosage is acceptable based
on his renal function (estimated CrCl 26 mL/minute).105

ESOPHAGEAL VARICES
Treatment

13. C.V., a 55-year-old, pale-looking woman with known pri-
mary alcoholic cirrhosis, was admitted for a chief complaint of
hematemesis. C.V. has a history of recurrent upper GI bleeding
and documented esophageal varices. She has no other significant
medical history. On examination, her blood pressure (BP) was
78/40 mmHg, pulse rate was 110 beats/minute, and respiratory
rate was 22 breaths/minute. Her skin was cold; chest and cardiac
examinations were within normal limits and abdominal exami-
nation revealed ascites and a palpable spleen. Bowel sounds were
normal. Laboratory values included the following: Hgb 7 g/dL
(normal, 11.5–15.5 g/dL); Hct 22% (normal, 33%–43%); albumin
3.0 g/dL (normal, 4–6 g/dL); AST 160 IU (normal, 0–35 IU); ALT
250 IU (normal, 0–35 IU); alkaline phosphatase 40 IU (normal,
30–120 IU); and creatinine 2.0 mg/dL (normal, 0.6–1.2 mg/dL;
calculated creatinine clearance: 30 mL/minute). The PT was
18 seconds with a control of 12 secs (INR 1.5). Serum electrolytes
were all within normal limits. An electrocardiogram (ECG) re-
vealed sinus tachycardia. What are the immediate goals of ther-
apy and treatment measures of the highest priority in managing
C.V.’s hematemesis?
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Goals of Therapy
Most patients with cirrhosis develop portal hypertension,
which in turn can progress to bleeding varices (dilated veins in
the upper GI tract that protrude into the esophageal or gastric lu-
mens). Of patients with Child-Turcotte-Pugh A cirrhosis, 40%
develop esophageal varices, as compared with 85% of those
with Child-Turcotte-Pugh C.106 Unless varices bleed, they do
not cause significant complications or symptoms.

The progression and severity of varices is directly related
to the severity of portal hypertension. The major sites of con-
cern in portal hypertension are the coronary vein, draining the
bottom of the esophagus and upper stomach, and the veins
draining the spleen and lower GI tract. The scarring and fi-
brosis associated with cirrhosis initially leads to an increase
in portal vein pressure (PVP). The PVP may eventually rise,
causing backflow of blood supply and subsequent pressure in
the veins coming off the portal vein. Hyperkinetic circulation
in the branches of the portal vein raises the esophageal trans-
mural pressure and increases the risk of upper GI bleeding.
Because the veins are designed for low-pressure circulation
(5–8 mmHg) and generally cannot tolerate a sustained hy-
perdynamic circulation, the shunting of high portal pressure
blood results in gastric and esophageal varices. When PVP
exceeds 12 mmHg, patients are at increased risk of variceal
hemorrhage.107

Varices can be visualized only during a diagnostic en-
doscopy. Esophageal varices are graded as small or large
(>5 mm). The presence or absence of red signs (red wale
marks or red spots) on varices is also noted.106

Despite improvement in the management of portal hyper-
tension, massive bleeding from esophageal or gastric varices
is the leading cause of death in patients with cirrhosis.108 Pre-
vention of variceal bleeding is critical because the mortality
rate remains at 32% in Child-Turcotte-Pugh classification C
patients.109 New varices develop at a rate of 5% to 10% per
year in cirrhotic patients. Once varices develop, they enlarge
by 4% to 10% each year.110 Acute variceal bleeding is consid-
ered a medical emergency and should be treated immediately.
Treatment goals include volume resuscitation, acute treatment
of bleeding, and prevention of recurrence of variceal bleeding.
Approximately 10% of patients are refractory to endoscopic
and medical intervention and may require life-saving portal
decompressive shunt surgery or TIPS.111

General Management
Resuscitation is the first priority in patients with acute bleed-
ing episodes. An indwelling nasogastric tube (NG) should
be placed, then saline or tap water lavage of the stomach,
with suctioning of the gastric contents, should be initiated
promptly to prevent airway complications such as aspiration
pneumonia.84,112 Obtunded or unconscious patients should be
intubated to maintain and protect the airway. Pharmacologic
treatment should be initiated immediately to reduce bleeding
and the risk of hypotension-induced renal failure. The pa-
tient should also be monitored for any abnormal electrolyte
and metabolic chemistries (e.g., potassium, sodium, bicarbon-
ate), hypoxia (e.g., PO2, pH), serum creatinine, and decreased
urinary output.112

Rebleeding is most likely to occur within the first 48 hours in
patients with large varices and in patients with advanced liver
disease (i.e., Child-Turcotte-Pugh class C (Table 28-2). Factors

associated with early rebleeding include age >60 years, acute
renal failure, and severe initial bleeding defined by hemoglobin
<8 g/dL at presentation. Risk factors for late rebleeding are
severe liver failure, continued alcohol abuse, large variceal
size, renal failure, and hepatocellular carcinoma.113

Hypovolemia/Blood Loss
Care should be taken when correcting hypovolemia so as
not to increase the degree of portal hypertension by over-
transfusion, which can increase the risk of further bleeding.
Hypovolemia should be immediately managed to maintain
mean arterial pressure at 80 mmHg and the hemoglobin at ap-
proximately 8 g/dL.106,114 C.V.’s pallor, cold and clammy skin,
rapid pulse, and a systolic BP <80 mmHg suggest significant
hypotension and hypovolemia needing correction with whole
blood or packed red cell transfusion along with fresh frozen
plasma.113,115

Patients with liver disease and elevated bilirubin frequently
develop some level of vitamin K deficiency because of fat
malabsorption. Prolongation of the PT owing to vitamin K de-
ficiency usually improves within 24 hours after a 10-mg sub-
cutaneous or oral dose of vitamin K. A prolonged PT owing
to poor hepatic synthetic function is not responsive to the ad-
ministration of vitamin K, because the PT prolongation results
from poor synthetic function rather than vitamin K deficiency.
If the INR requires rapid correction because of bleeding or
a planned invasive procedure, fresh frozen plasma should be
transfused. Although vitamin K is often administered in the
treatment of acute variceal bleeding, there is no data to sup-
port this practice.116

14. Three units of whole blood and two units of fresh frozen
plasma were transfused initially. C.V.’s stomach was lavaged with
saline, and the gastric aspirate from the NG tube continued to
be strongly positive for blood. Four hours later, her bleeding still
persisted. What other pharmacologic interventions can be used
to control C.V.’s bleeding esophageal varices?

Several vasoconstricting drugs have been used to control
variceal bleeding. The first, and at one time the gold stan-
dard, was vasopressin (Pitressin).117,118 This naturally occur-
ring hormone (also known as 8-arginine vasopressin, ADH) is
produced by the posterior pituitary and was originally derived
for the treatment of diabetes insipidus in persons with pituitary
insufficiency. Its use to control variceal bleeding is a non–U.S.
Food and Drug Administration (FDA)-labeled use that takes
advantage of its intense smooth muscle and vasoconstrictive
properties. Because efficacy of vasopressin for treatment of
esophageal bleeding is limited and adverse effects (e.g., ab-
dominal cramping, arrhythmias, and gangrene) are of great
concern (Table 28-3), it has largely been replaced by octreotide.
Nonetheless, some clinicians still prescribe vasopressin.

Octreotide
Octreotide (Sandostatin) is a synthetic analog of the somato-
statin, with similar pharmacologic properties and a slightly
longer half-life. Somatostatin is available in Europe, but is sub-
stituted with octreotide or vapreotide (orphan drug status) in
the United States (Table 28-3).117,119,120 Octreotide is shown to
be effective for controlling acute variceal bleeding and appears
comparable in efficacy to vasopressin and balloon tamponade,
with fewer side effects. Octreotide is administered as a 50- to
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Table 28-3 Treatment of Acute Bleeding

Therapy Mechanism Side Effects and Risks

Octreotide Selective and potent vasoconstrictor that reduces portal and
collateral blood flow by constricting splanchnic vessels

Diarrhea, hyperglycemia, hypoglycemia,
constipation, rectal spasms, abnormal stools,
headache, dizziness, and fat malabsorption

Vasopressin Nonspecific vasoconstrictor of all parts of the vascular bed Abdominal cramping, nausea, tremor, skin
blanching, phlebitis, hematoma at the site of the
infusion, worsening of hypertension, angina,
arrhythmias, myocardial infarction, bowel
necrosis, gangrene, and dilutional hyponatremia

Endoscopic band ligation
(EBL) or endoscopic
variceal ligation (EVL)

An elastic band is placed around the mucosa and submucosa of
the esophageal area containing the varix, leading to
strangulation, fibrosis, and ideally obliteration of the varix

Moderate bleeding, hypotension, gastrointestinal
discomfort, esophageal ulceration, and
perforation

Sclerotherapy Injection of 0.5 to 5 mL of a sclerosing agent (e.g., concentrated
saline: 11.5% NaCl or ethanolamine oleate [Ethamolin]) into
each varix at points about 2 cm apart to induce immediate
hemostasis (cessation of bleeding within 2 to 5 min)

Esophageal ulceration, stricture formation,
esophageal perforation, retrosternal chest pain,
and temporary dysphagia

Balloon tamponade Bleeding is controlled by direct compression of the varices at the
gastroesophageal junction or at the bleeding site by a
Sengstaken-Blakemore tube or Lintern tube (gastric varices
only). The tube is passed through the mouth and into the
stomach. A balloon is then inflated, which applies direct
compression to the varices.

Aspiration (>10% incidence), pressure necrosis,
pneumonitis, esophageal ulceration and rupture,
bleeding on balloon deflation, chest pain,
asphyxia (aspiration may be minimized by
endotracheal intubation and continued aspiration
of oropharyngeal secretions)

Transjugular intrahepatic
portal systemic shunt
(TIPS)

A conduit between the hepatic vein and intrahepatic segment of
the portal vein with an expandable metal stent is placed during
an angiographic procedure. This channel allows blood to return
to the systemic circulation and reduces portal pressure.

Bleeding, thrombosis, stenosis, severe
encephalopathy, hepatic failure, shunt occlusion
and shunt migration

100-mcg bolus followed by an infusion of 25 to 50 mcg/hour
for 18 hours to 5 days. In one study, patients (n = 68) with
portal hypertension and upper GI bleed were randomized to re-
ceive octreotide (n = 24), vasopressin (n = 22), or omeprazole
(n = 22). Complete bleeding control was achieved in all pa-
tients receiving octreotide after 48 hours of therapy compared
with 64% of vasopressin-treated patients, and 59% in the
omeprazole groups (p <0.005). Patients receiving vasopressin
also experienced more side effects (abdominal cramps, nau-
sea, tremor, decreased cardiac output, myocardial ischemia,
and bronchial constriction) than those receiving octreotide or
omeprazole (p <0.01). In the patients with bleeding not con-
trolled within 48 hours in the vasopressin and omeprazole
groups, complete bleeding control was subsequently achieved
by octreotide.121 In a meta-analysis of octreotide and so-
matostatin versus vasopressin in the management of acute
esophageal variceal bleeds (6 trials; n = 275), octreotide and
somatostatin appeared to be more effective in controlling acute
bleeding (82% vs. 55%; p = NS) and had less adverse ef-
fects requiring discontinuation than vasopressin (0 vs. 10%;
p = 0.00007).122 In general, both octreotide and somatostatin
are fairly well tolerated.121 Although some centers may still
initiate therapy with vasopressin, most will use octreotide
as first-line therapy and reserve vasopressin for treatment
failures.

Vasopressin
Vasopressin (Table 28-3) is effective in reducing or terminat-
ing bleeding in approximately 60% of patients with variceal
hemorrhage.117,118 Of concern are reports of patients develop-

ing hypertension, angina, arrhythmias, and rarely, myocardial
infarction while receiving vasopressin. Vasopressin is given as
a continuous IV infusion because of its short half-life. To min-
imize dose-related adverse effects, the lowest effective dosage
should be used. Vasopressin may be administered by periph-
eral IV infusion, but use of a central vein is preferred be-
cause of the risk of tissue necrosis if extravasation occurs.
Most commonly, vasopressin is initiated as a continuous IV
infusion of 0.2 to 0.4 unit/minute, and increased every hour
by 0.2 unit/minute until control of bleeding is obtained (max-
imal dose 0.9 unit/minute). Approximately 12 hours after the
control of bleeding, the infusion rate can be decreased by half.
Higher doses should be avoided because dosages exceeding
1 unit/minute fail to control hemorrhage in patients who are
unresponsive to lower dosages.123 When the bleeding is con-
trolled, it is customary to taper vasopressin over 24 to 48 hours,
but tapering does not appear to decrease the incidence of re-
bleeding or side effects.117 Because of the potential for seri-
ous cardiovascular and dermatologic complications caused by
nonspecific vasoconstriction, vasopressin should be used only
when necessary and for a duration necessary to control bleed-
ing. The duration of infusion should not exceed 72 hours.

Nitroglycerin can help to minimize the side effects of vaso-
pressin. Nitroglycerin administration may also enhance the re-
duction in portal pressure and reduce the adverse vascular and
cardiac effects. When given by IV infusion, the nitroglycerin
dosage is 40 to 200 mcg/min.117,119,124 A randomized trial by
Gimson et al.125 was conducted to determine the efficacy of
nitroglycerin when added to a vasopressin. The results of the
trial found a lower rate of complications in the vasopressin and
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nitroglycerin group compared with vasopressin alone. Combi-
nation therapy was also more effective in controlling variceal
hemorrhage. A total of 57 patients received either vasopressin
or vasopressin plus nitroglycerin, for an infusion period of
12 hours. At the end of the 12-hour period, hemorrhage was
controlled in 68% receiving combined therapy versus 44% in
those given vasopressin alone (p <0.05). Major complications
requiring cessation of therapy were less common in those given
nitroglycerin compared with those given vasopressin alone
(p <0.02).125 Interestingly, a meta-analysis of four random-
ized controlled trials (n = 157) comparing vasopressin for the
acute treatment of variceal bleeding with nonactive treatment
or placebo found no difference in mortality.117

Terlipressin
Terlipressin (Glypressin), a synthetic analog of vasopressin
and a prodrug of lypressin (currently not available in the
United States), effectively controls acute bleeding from
esophageal varices in 80% of patients. Fewer cardiovascular
side effects have been associated with terlipressin than with
vasopressin.126 Octreotide, vapreotide, vasopressin, and ter-
lipressin have been shown to have efficacy in the control of
acute variceal hemorrhage.127,128 Terlipressin, however, is the
only medication for the acute treatment of variceal hemor-
rhage that has been shown to improve patient survival. In a
meta-analysis of seven randomized, placebo-controlled trials
(n = 443), terlipressin led to significant reductions in mortal-
ity as compared with placebo (relative risk [RR] of 0.66; 95%
CI 0.49–0.88).129

Pharmacologic therapy (somatostatin or its analogues
[octreotide or vapreotide] or terlipressin) should be initiated
as soon as variceal hemorrhage is suspected and continued for
3 to 5 days after diagnosis is confirmed.106

Endoscopic Variceal Ligation and Sclerotherapy

15. Vasopressin and octreotide are nonspecific vasoconstrictors
that require continuous IV infusion and carry a risk of systemic
side effects. What are endoscopic variceal ligation, sclerotherapy,
and balloon tamponade?

After successful resuscitation, endoscopy should be per-
formed within 12 hours to establish the cause of bleeding.
Fiberoptic endoscopy allows direct visualization of the esoph-
agus and location of the bleeding sites. Those with actively
bleeding varices can be treated with endoscopic variceal lig-
ation (EVL), sclerotherapy, or balloon tamponade. EVL is
a well-tolerated procedure (Table 28-3).127,130–134 Villanueva
et al.135 conducted a randomized, controlled trial compar-
ing variceal ligation and sclerotherapy as an emergency en-
doscopic treatment added to somatostatin infusion in acute
variceal bleeding. Patients admitted with acute GI bleeding
and with suspected cirrhosis received somatostatin infusion
(for 5 days). Endoscopy was performed within 6 hours and
those with esophageal variceal bleeding were randomized to
receive either sclerotherapy (n = 89) or ligation (n = 90). The
authors found that the use of variceal ligation instead of scle-
rotherapy had a lower failure rate (4% vs. 15%; p = 0.02),
and a lower transfusion requirement (p = 0.05). No statisti-
cally significant differences were found in mortality. Adverse
effects (e.g., aspiration pneumonia, esophageal bleeding, ul-
ceration, and chest pain) occurred in 28% of patients receiving

sclerotherapy and 14% with ligation (RR = 1.9, 95% CI =
1.1 to 3.5; p = 0.03).135 In another similar but smaller study,
Sarin et al.136 found that the rate of rebleeding was lower in the
EVL group (n = 47) than in the sclerotherapy group (n = 48)
(6.4% vs. 20.8%; p <0.05). EVL is the recommended form
of therapy for acute esophageal variceal bleeding, although
sclerotherapy may be used in the acute setting if ligation is
technically difficult. Endoscopic treatments are best used in
combination with pharmacologic therapy, which preferably
should be started before endoscopy.128 The AASLD Practice
Guidelines Committee and the Practice Parameters Commit-
tee of the American College of Gastroenterology (ACG) on the
Prevention and Management of Gastroesophageal Varices and
Variceal Hemorrhage in Cirrhosis recommend that for the con-
trol and management of acute hemorrhage, the combination of
vasoconstrictive pharmacologic therapy and variceal ligation
is the preferred approach.106

Balloon Tamponade
Balloon tamponade controls bleeding by direct compression
at the bleeding site (Table 28-3). It is important to remember
that balloon tamponade is only a temporary measure and can
cause pressure necrosis after 48 to 72 hours. Thus, the balloon
should be deflated after 12 to 24 hours. Balloon tamponade will
achieve temporary control of the bleeding and allow time for
other measures (e.g., EVL or sclerotherapy) to be undertaken.
Also, deflation and removal of the tube can result in removal
of the fibrin scab at the bleeding site, resulting in rebleeding.
Balloon tamponade is only used in massive bleeding and for a
maximum of 24 hours, as a temporary ‘bridge’ until definitive
treatment can be instituted.106,127,137,138

Alternative Treatment Modalities

16. C.V. was immediately treated with octreotide and EVL. Al-
though the procedure was transiently successful, variceal bleeding
has developed again. What alternative treatment modalities could
be used?

Although the combination of pharmacotherapy (somato-
statin, terlipressin, or octreotide) in combination with endo-
scopic procedures (EVL or sclerotherapy) has been shown to
be beneficial in controlling acute bleeding, a chance exists for
variceal rebleeding episodes.106,127 Poor responders to initial
therapy may require surgical correction of the underlying por-
tal hypertension to control the bleeding.

TRANSJUGULAR INTRAHEPATIC PORTAL SYSTEMIC SHUNT
Henderson et al.139 conducted a prospective, randomized,

multicenter trial comparing distal splenorenal shunts (DSRS)
or TIPS for variceal bleeding refractory to medical treatment
with β-blockers and endoscopic therapy. Patients with Child-
Turcotte-Pugh class A and B cirrhosis (n = 140) and refractory
variceal bleeding were enrolled and randomized to DSRS or
TIPS with a follow-up for 2 to 8 years. No significant differ-
ences were found in survival at 2 and 5 years (DSRS, 81% and
62%; TIPS, 88% and 61%, respectively). Thrombosis, stenosis,
and reintervention rates were significantly higher in the TIPS
group (DSRS, 11%; TIPS, 82%; p <0.001). Rebleeding, en-
cephalopathy, ascites, need for transplantation, quality of life,
and costs did not significantly differ between groups. DSRS and
TIPS had similar efficacy in the control of refractory variceal
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bleeding in Child-Turcotte-Pugh class A and B patients, al-
though reintervention rates were significantly greater for TIPS
compared with DSRS.139 TIPS has the advantage of being
less invasive and faster than surgical portal systemic shunts.
Long-term patency of the TIPS remains problematic (Table
28-3).130 TIPS can be used as a bridge to liver transplanta-
tion, and may be an effective option for nonsurgical patients or
those with advanced cirrhosis (Child-Turcotte-Pugh Score C)
with recurrent bleeding, uncontrolled by pharmacologic and
endoscopic therapy.106,127,140,141

SURGERY
Surgical creation of a portacaval shunt has been effective in

reducing portal pressure and in preventing recurrent bleeding.
These shunts, however, are associated with a high incidence of
hepatic encephalopathy and may exacerbate hepatic parenchy-
mal dysfunction by shunting blood away from the liver. Meso-
caval shunts and distal splenorenal shunts are also effective in
preventing variceal rebleeding and may be associated with a
lower incidence of hepatic encephalopathy.142

Infection Prophylaxis—Short-Term Antibiotics
Short-term administration of antibiotics for the prevention of
bacterial infections in patients with variceal hemorrhage has
shown favorable results.93,143,144 In a prospective, randomized
trial comparing norfloxacin 400 mg BID for 7 days (n = 60)
with no treatment controls (n = 59), the norfloxacin group
had a significantly lower incidence of SBP (3.3% vs. 16.9%;
p <0.05); although, the decrease in mortality (6.6% vs. 11.8%)
did not reach statistical significance.143 Because of the emer-
gence of infections caused by quinolone-resistant bacteria, Fer-
nandez et al.144 compared oral norfloxacin versus IV ceftriax-
one in the prophylaxis of bacterial infection in cirrhotic pa-
tients with GI hemorrhage. Patients were randomly assigned
to oral norfloxacin 400 mg BID (n = 57) or IV ceftriaxone
1 g/day (n = 54) for 7 days. Antibiotics were initiated following
emergency endoscopy and within 12 hours of hospital admis-
sion. The probability of developing proved infections (26%
vs. 11%; p <0.03), and bacteremia or spontaneous bacterial
peritonitis (12% vs. 2%, p <0.03) was significantly higher in
patients receiving norfloxacin as compared with ceftriaxone.
No significant difference was seen in mortality, within the 10
days after inclusion, between treatment groups.144

The AASLD and ACG consensus guidelines recommend
7 days of antibiotic prophylaxis for prevention of SBP in pa-
tients with variceal hemorrhage with oral norfloxacin (400 mg
BID) or ciprofloxacin IV (400 mg BID) when oral administra-
tion is not possible. Ceftriaxone IV (1 g/day) may be a prefer-
able option in centers with a high prevalence of quinolone-
resistant organisms.106 C.V. should be treated with norfloxacin
400 mg orally once daily (dose adjusted for creatinine clear-
ance of 30 mL/minute), or ceftriaxone 1 g/day for 7 days to
prevent SBP.

Primary Prophylaxis

17. All variceal hemorrhage interventions up to this point were
aimed at terminating the acute bleeding episode. Could drug ther-
apy have helped prevent the first episode of bleeding from C.V.’s
esophageal varices?

Preventing the initial occurrence of variceal bleeding is re-
ferred to as primary prevention or primary prophylaxis. Phar-
macologic prophylaxis is aimed at reducing the HVPG to
≤12 mmHg, or a decrease in baseline of≥20%.145,146 In a small
study by Vorobioff et al.,145 none of the patients with HVPG
≤12 mmHg (n = 6) bled from portal hypertensive-related
causes as compared to 42% in the HVPG >12 mmHg group
(n = 24). In addition, only 1 of the 6 patients with a HVPG
≤12 mmHg as compared with 16 in the HVPG >12 mmHg
group died during the study period (p <0.06). This study sug-
gests that patients with an HVPG ≤12 mmHg may have a
better prognosis than those with HVPG >12 mmHg. Escorsell
et al.146 has shown that a fall of HVPG by ≥20% from base-
line was associated with a decreased risk of variceal bleeding
(6% vs. 45%; p = 0.004).

β-BLOCKERS
Nonselective β-adrenergic blockers decrease portal pres-

sure through a reduction in portal venous inflow as a result
of a decrease in cardiac output (β1-adrenergic blockade) and
splanchnic blood flow (β2-adrenergic blockade). They are the
most frequently studied drug class for primary prevention of
bleeding. Only nonselective β-blockers have an adrenergic
dilatory effect in mesenteric arterioles resulting in a decrease in
portal blood circulation and pressure. Nonselective β-blockers
have been studied in comparison with other modalities of treat-
ment, such as endoscopic variceal ligation, for the primary pre-
vention of variceal hemorrhage in patients with existing varices
in a number of randomized trials.147,148 Usual starting dosages
of propranolol are 10 mg three times a day, or nadolol 20 mg
daily. Selective β-blockers (e.g., atenolol and metoprolol) have
little effect on mesenteric arterioles and have not been shown
to be effective in primary prophylaxis.149

Propranolol or nadolol, given in dosages to reduce the
resting heart rate to 55 to 60 beats/minute or by 25%, have
been shown to prevent or delay the first episode of variceal
bleeding.17 Nonselective β-blockers are considered first-line
therapy in the prevention of variceal hemorrhage based on
numerous randomized, placebo-controlled trials and meta-
analyses.127,150 For example, Pascal et al.151 conducted a
prospective, randomized, multicenter, single-blind trial of pro-
pranolol compared with placebo in the prevention of bleed-
ing in patients with large esophageal varices without previ-
ous bleeding. Patients received either propranolol (n = 118)
or placebo (n = 112), with the endpoints of the study being
bleeding and death. The dosage of propranolol was progres-
sively increased to decrease the heart rate by 20% to 25%. The
cumulative percentages of patients free of bleeding 2 years
after inclusion in the study (74% vs. 39%; p <0.05) and cu-
mulative 2-year survival (72% vs. 51%; p <0.05) were higher
in the propranolol group versus the placebo group.

The role of propranolol added to EVL in the prevention of
first variceal bleeding has also been compared with EVL alone
as primary prophylaxis. Sarin et al.152 conducted a prospective,
randomized, controlled trial comparing EVL with propranolol
(n = 72) with EVL alone (n = 72) in the prevention of first
variceal bleeding among patients with high-risk varices. EVL
was performed at 2-week intervals until obliteration of varices.
Propranolol was administered at a dosage sufficient to reduce
heart rate to 55 beats/minute or 25% reduction from base-
line, and continued after obliteration of varices. No significant
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differences were seen in the rates of bleeding and survival be-
tween groups, although more patients in the EVL alone group
had recurrence of varices (p = 0.03).152

Treatment with a β-blocker must be continued indefinitely.
A study by Abraczinskas et al.153 reported the outcomes of
patients in whom β-blocker therapy was discontinued. Pa-
tients completing a prospective, randomized, double-blind,
placebo-controlled trial of propranolol for the primary preven-
tion of variceal hemorrhage were tapered off of propranolol and
placebo and followed prospectively for subsequent events. The
authors found that when propranolol was withdrawn, the risk
of variceal hemorrhage increased from 4% (while on propra-
nolol therapy) to 24% (after propranolol withdrawal), and was
comparable to the risk of bleeding in an untreated population
(22% in the placebo group from the previous study). The au-
thors suggested that the protective effect of propranolol against
variceal hemorrhage was no longer present. Also, patients who
discontinued β-blockers experienced increased mortality com-
pared with the untreated population (48% vs. 21%; p<0.05).153

Therefore, avoiding sudden discontinuation of β-blockers in
this population is essential.

The AASLD/ACG guidelines recommend nonselective β-
blockers for primary prophylaxis in patients with small varices
that have not bled but are at increased risk of hemorrhage
(Child B or C or presence of red wale marks on varices). Pa-
tients with medium or large varices that have not bled but are
at a high risk of hemorrhage (Child B or C or variceal red wale
markings on endoscopy), nonselective β-blockers or EVL may
be recommended. In contrast, patients with medium or large
varices that have not bled and are not at the highest risk of
hemorrhage (Child A patients and no red signs), nonselective
β-blockers are preferred and EVL should be considered in pa-
tients with contraindications or intolerance or noncompliance
to β-blockers. The β-blocker should be titrated to the maximal
tolerated dose.106

ISOSORBIDE-5-MONONITRATE
Isosorbide-5-mononitrate has been evaluated as primary

prophylaxis for variceal hemorrhage as monotherapy in pa-
tients intolerant or refractory to β-blockers and in combination
with β-blockers in a number of trials and in prior consensus
conferences.154 Isosorbide-5-mononitrate in combination with
β-blockers has had mixed success, however, when studied for
primary prevention of bleeding in patients with cirrhosis. Also,
its use as monotherapy has not proved to be effective.154,155

Garcia-Pagan et al.155 conducted a multicenter, prospective,
double-blind randomized controlled trial evaluating whether
isosorbide-5-mononitrate prevented variceal bleeding in cir-
rhotic patients (n = 133) with gastroesophageal varices, who
had contraindications or could not tolerate β-blockers. Patient
received isosorbide-5-mononitrate (n = 67) or placebo (n =
66). No significant differences were noted in the 1- and 2-year
actuarial probability of bleeding or survival between the two
treatment groups.155

When combined with a β-blocker, isosorbide-5-mono-
nitrate causes a greater reduction in the hepatic venous pressure
gradient than propranolol alone.156 Merkel et al.157 examined
the value of combining nadolol and isosorbide-5-mononitrate
for primary prevention of variceal bleeding. Patients in the
nadolol monotherapy group (n = 74) received between 40 and
160 mg/day titrated to achieve a 20% to 25% decrease in rest-

ing heart rate. Patients receiving both drugs (n = 72) received
nadolol and isosorbide-5-mononitrate 10 to 20 mg orally BID.
The overall risk of variceal bleeding was 18% in the nadolol
group compared with 7.5% in the combined treatment group
(p = 0.03). A higher number of patients had to be withdrawn
from the study owing to side effects in the group receiving
combination therapy compared with the nadolol monotherapy
group (8 vs. 4 patients).157 The AASLD and ACG guidelines
suggest that nitrates (either alone or in combination with β-
blockers), shunt therapy, or sclerotherapy should not be used
in the primary prophylaxis of variceal hemorrhage.106

Secondary Prophylaxis

18. C.V.’s hepatologist would like to start treatment to prevent
further variceal hemorrhage. What are the long-term objectives
for the treatment of C.V.? What treatment approaches can be
used to prevent a recurrence of bleeding (secondary prevention)?

Secondary prevention or secondary prophylaxis is the ter-
minology used to describe therapy to prevent rebleeding once
it has occurred. All patients who survive a variceal bleeding
episode should receive therapy to prevent recurrent episodes.
It is important that the initiation of β-blockers be delayed until
after recovery of the initial variceal hemorrhage. Initiation of a
β-blocker during the treatment of an acute bleed would block
the patient’s acute tachycardia in response to his or her hy-
potension, which may adversely impact survival. The bene-
fit of nonselective β-blockers in the prevention of rebleeding
episodes has been demonstrated by a number of trials.130,158,159

For example, a trial by Colombo et al.158 studied the efficacy of
β-blockers in preventing rebleeding in cirrhotic patients. Pa-
tients were randomly assigned to propranolol (n = 32), atenolol
(n = 32), or placebo (n = 30). Randomization was made at
least 15 days after the bleeding episode. Propranolol was given
orally and titrated until the resting pulse rate was reduced by
approximately 25%, and atenolol was given at a fixed dose
of 100 mg daily. The incidence of rebleeding was significantly
lower in patients receiving propranolol than in those on placebo
(p = 0.01). Bleeding-free survival was better for patients on
active drugs than for those on placebo (propranolol vs. placebo,
p = 0.01; atenolol versus placebo, p = 0.05).158

Eradication of varices by endoscopic procedures is also ef-
fective in preventing recurrent variceal bleeding.17,159 A study
by de la Pena et al.159 showed that nadolol plus EVL (n = 43)
reduced the incidence of variceal rebleeding compared with
EVL alone (n = 37). Variceal bleeding recurrence rate was
14% in the EVL plus nadolol group and 38% in the EVL group
(p = 0.006). Mortality was similar in both groups and the ac-
tuarial probability of variceal recurrence at 1 year was lower
in the EVL plus nadolol group than in the EVL alone group
(54% vs. 77%; p = 0.06). The adverse effects in the β-blocker
group were high, and led to the withdrawal of 20% to 30% of
patients.159 Interestingly, Gonzalez-Suarez et al.160 conducted
a study to compare the occurrence of SBP in cirrhotic patients
treated with nadolol plus isosorbide mononitrate (n = 115) ver-
sus sclerotherapy or endoscopic variceal ligation (n = 115) for
the prevention of rebleeding. They found that the probability
of SBP was lower in the medication group at 1 year (6% vs.
12%; p = 0.08) and at 5 years (22% vs. 36%; p = 0.08). The
probability of survival was similar in both groups.160
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TIPS may be an option for those patients who fail both EVL
and prophylaxis withβ-blocker therapy. Escorsell et al.161 stud-
ied 91 Child-Turcotte-Pugh class B or C cirrhotic patients sur-
viving their first episode of variceal bleeding. Subjects were
randomized to TIPS (n = 47) or combination therapy with
propranolol and isosorbide-5-mononitrate (n = 44) to prevent
variceal rebleeding. Rebleeding occurred in a lower percent-
age of patients treated with TIPS versus those treated with
drug (13% vs. 39%; p = 0.007). The 2-year rebleeding proba-
bility was lower in the TIPS group (13% vs. 49%; p = 0.01).
Encephalopathy was more frequent in TIPS than in patients
treated with drug (38% vs. 14%, p = 0.007). Child-Turcotte-
Pugh class improved more frequently in those treated with drug
than with TIPS (72% vs. 45%; p = 0.04). The 2-year survival
probability was identical (72%). The cost of therapy was dou-
ble for TIPS treatment. Drug therapy was less effective than
TIPS in preventing rebleeding; however, drug therapy caused
less encephalopathy, had identical survival, and more frequent
improvement in Child-Turcotte-Pugh class with lower costs
than TIPS in high-risk cirrhotic patients.161

The AASLD/ACG guidelines suggest the use of a combi-
nation of nonselective β-blockers plus EVL for secondary pro-
phylaxis. TIPS should be considered in patients who are Child
A or B who experience recurrent variceal hemorrhage despite
combination pharmacological and endoscopic therapy.106

Depending on the size of C.V.’s varices on endoscopy and
the risk of hemorrhage, C.V. should have been given non-
selective β-blockers (propranolol or nadolol) or EVL to pre-
vent or delay the first episode of variceal bleeding. Because
C.V. has a history of recurrent upper GI bleeding, the best op-
tion to prevent further bleeding is to initiate a nonselective
β-blocker and begin EVL. The β-blocker should be titrated to
reduce the resting heart rate to 55 to 60 beats/minute or by 25%.
EVL should be repeated every 1 to 2 weeks until obliteration
with a repeat endoscopy performed 1 to 3 months after oblit-
eration and then every 6 to 12 months to check for variceal
recurrence.106 If this combination fails to prevent variceal
hemorrhage, then TIPS would be considered as a therapeutic
option.

HEPATIC ENCEPHALOPATHY

19. R.C., a 57-year-old man, was admitted to the hospital be-
cause of nausea, vomiting, and abdominal pain. He had a long
history of alcohol abuse, with multiple hospital admissions for
alcoholic gastritis and alcohol withdrawal. Physical examination
revealed a cachectic male patient with clouded mentation who
was not responsive to questions about name and place. Tense as-
cites and edema were noted, and the liver was percussed at 9 cm
below the right costal margin. The spleen was not palpated, and
no active bowel sounds were heard. Laboratory results on ad-
mission included the following: Na 132 mEq/L; K 3.7 mEq/L;
Cl 98 mEq/L; bicarbonate 27 mEq/L; BUN 24 mg/dL; SrCr
1.4 mg/dL; Hgb 9.2 g/dL; Hct 24.1%; AST 520 IU (normal,
0–35 IU); alkaline phosphatase 218 IU (normal, 30–120 IU); lac-
tate dehydrogenase (LDH) 305 IU (normal, 82–226); and total
bilirubin 3.5 mg/dL. PT was 22 seconds with a control of 12 sec-
onds (INR 1.8).

A 60-g protein, 2,000-kcal diet was ordered. Furosemide 40 mg
IV every 12 hours was ordered in an attempt to reduce the edema

and ascites. Morphine sulfate and prochlorperazine (Compazine)
were ordered for his abdominal pain and nausea, respectively. Two
days after admission, R.C. had an episode of hematemesis. He
became mentally confused and at times nonresponsive to verbal
command. An NG tube was inserted and coffee ground material
was produced on continuous suctioning. Saline lavage was con-
tinued until the aspirate became clear. The next morning, R.C.
was still in a confused mental state. He demonstrated prominent
asterixis, and fetor hepaticus was noted in his breath. On the sec-
ond day of his hospitalization, laboratory data were as follows:
Hgb 7.4 g/dL; Hct 21.2%; K 3.1 mEq/L; SrCr 1.4 mg/dL; BUN
36 mg/dL; PT 22 seconds with a control of 12 seconds (INR 1.8);
and guaiac positive stool. Hepatic encephalopathy and upper GI
bleeding were added to the problem list.

What aspects of R.C.’s history are compatible with a diagnosis
of hepatic encephalopathy?

Hepatic coma or encephalopathy is a metabolic disorder
of the central nervous system (CNS), which occurs in patients
with either advanced cirrhosis or fulminate hepatic failure. It is
commonly accompanied by portal systemic shunting of blood.
The clinical features (as seen in R.C.) include altered men-
tal state, asterixis, and fetor hepaticus. During the early phase
of encephalopathy, the altered mental state may present as a
slight derangement of judgment and personality, and change
in sleep pattern or mood. Drowsiness and confusion become
more prominent as the encephalopathy progresses. Finally, un-
responsiveness to arousal and deep coma ensue.

Asterixis, or flapping tremor, is the most characteristic neu-
rologic abnormality in hepatic encephalopathy. This tremor
can be demonstrated by having the patient hyperextend his
or her wrist with the forearms outstretched and fingers sepa-
rated. It is characterized by bilateral, but synchronous, repeti-
tive arrhythmic motions occurring in bursts of one flap (twitch)
every 1 to 2 seconds. Asterixis is not specific for hepatic en-
cephalopathy and may also be present in uremia, hypokalemia,
heart failure, ketoacidosis, respiratory failure, and sedative
overdose.

Fetor hepaticus, a peculiar sweetish, musty, pungent odor
to the breath, is believed to be caused by circulating unme-
tabolized mercaptans. A staging scheme for grading the sever-
ity of hepatic encephalopathy is found in Table 28-4.162,163

As discussed in the questions that follow, the pharmacologic
management of encephalopathy is guided by both an under-
standing of the pathogenesis of this disorder and the stage
of severity demonstrated by the individual patient. In most
cases, hepatic encephalopathy is fully reversible; therefore, it
is likely a metabolic or neurophysiologic rather than an organic
disorder.162 Progressive hepatic encephalopathy (a plasma am-
monia level >150 μmol/L), however, can lead to irreversible
brain damage caused by increased intracranial pressure, brain
herniations, and death.164,165

Pathogenesis

20. What is the pathogenesis of hepatic encephalopathy?

Several theories exist about the pathogenesis of hepatic en-
cephalopathy. The most widely referenced theories involve ab-
normal ammonia metabolism, altered ratio of branched chain
to aromatic amino acids, imbalance in brain neurotransmit-
ters, such as γ -aminobutyric acid (GABA) and serotonin,
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Table 28-4 Stages of Encephalopathy

Physical Sign Stage I Prodrome Stage II Impending Coma Stage III Stupor Stage IV Coma Stage V Coma

Mental status Alert; slow mentation; euphoria,
occasional depression,
confusion; sleep pattern
reversal

Stage I signs
amplified;
lethargic, sleepy

Arousable, but
generally asleep;
significant confusion

Unarousable or
responds only to
pain

Unarousable

Behavior Restless, irritable, disordered
speech

Combative, sullen,
loss of sphincter
control

Sleeping, confusion,
incoherent speech

None None

Spontaneous motor
activity

Uncoordinated with tremor Yawning, grimacing,
blinking

Decreased, severe
tremor

Absent None

Asterixis Absent Present Present Absent Absent

Reflexes Normal Hyperactive Hyperactive
+ Babinski

Hyperactive
+ Babinski

Absent

derangement in the blood brain–barrier, and exposure of the
brain to accumulated “toxins”.166 None of these are consid-
ered to be a single cause, and the pathogenesis of hepatic en-
cephalopathy is likely to be multifactorial.

Ammonia
Ammonia is a byproduct of protein metabolism, and a large
portion is derived from dietary ingestion of proteins or pre-
sentation of protein-rich blood into the GI tract (e.g., from
bleeding esophageal varices). Bacteria present in the GI tract
digest protein into polypeptides, amino acids, and ammonia.
These substances are then absorbed across the intestinal mu-
cosa, where they are either further metabolized, stored for
later use, or used for production of new proteins. Ammonia
is readily metabolized in the liver to urea, which is then re-
nally eliminated. When blood flow and hepatic metabolism
are impaired by cirrhosis, serum and CNS concentrations of
ammonia are increased. The ammonia that enters the CNS
combines with α-ketoglutarate to form glutamine, an aro-
matic amino acid. Ammonia has been considered central to
the pathogenesis of hepatic encephalopathy. An increased am-
monia level raises the amount of glutamine within astrocytes,
causing an osmotic imbalance resulting in cell swelling and
ultimately brain edema. Although high serum ammonia and
cerebrospinal glutamine concentrations are characteristic of
encephalopathy, they may not be the actual cause of this
syndrome.165,167

Amino Acid Balance
Body stores of branched chain and aromatic amino acids are af-
fected by their rate of synthesis from protein metabolism (both
in the GI tract and in the liver), their utilization in the resyn-
thesis of new proteins within the liver, and their utilization by
various tissues for energy. In both acute and chronic liver fail-
ure, the serum concentrations of aromatic amino acids signifi-
cantly increase and the ratio of the branched chain to aromatic
amino acids is altered as a result. The utilization of branched
chain amino acids for skeletal muscle metabolism during liver
failure can decrease branched chain amino acids.166 At the
same time, the blood–brain barrier appears to be more perme-
able to aromatic amino acid uptake into the cerebrospinal fluid

(CSF). Once in the CSF, some aromatic compounds can be me-
tabolized to produce “false neurotransmitters” (e.g., tyrosine
conversion to octopamine) that disrupt normal CSF neurotrans-
mitter balance, and compete with norepinephrine for normal
CNS function.167

γ-Aminobutyric Acid
Schafer et al.168 proposed that, in liver disease, gut-derived
GABA escapes hepatic metabolism, crosses the blood–brain
barrier, binds to its postsynaptic receptor sites, and causes the
neurologic abnormalities associated with hepatic encephalopa-
thy. Others hypothesize that endogenous benzodiazepinelike
substances, via their agonist properties, contribute to the patho-
genesis of hepatic encephalopathy by enhancing GABA-ergic
neurotransmission. The role of GABA and endogenous benzo-
diazepines in hepatic encephalopathy is still not clearly defined
and requires further clarification.169,170

Of all the toxins suspected to cause hepatic coma, ammo-
nia and certain aromatic amino acids are those most com-
monly studied. Other precipitating factors (Table 28-5) in-
crease the serum ammonia or produce excessive somnolence
in patients with impending hepatic coma. Excess nitrogen load
and metabolic abnormalities may increase ammonia levels and
precipitate an exacerbation of hepatic encephalopathy.171,172

21. What are the probable precipitating causes of hepatic en-
cephalopathy in R.C.?

The main precipitating cause of the encephalopathy in
R.C. was the sudden onset of upper GI bleeding. The bac-
terial degradation of blood in the gut results in absorption
of large amounts of ammonia and possibly other toxins into
the portal system. Other important contributory factors in this
case are diuretic-induced hypovolemia (BUN:Serum creati-
nine ratio, >20), hypokalemia (potassium, 3.1 mEq/L), and
potentially metabolic alkalosis (continuous NG suctioning and
furosemide). Overzealous diuretic therapy enhances hepatic
encephalopathy by inducing prerenal azotemia, hypokalemia,
and metabolic alkalosis. Alkalosis promotes diffusion of non-
ionic ammonia and other amines into the CNS. The associ-
ated intracellular acidosis “traps” the ammonia by converting
it back to ammonium ion (NH4

+).173,174
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Table 28-5 Factors That May Precipitate Hepatic Encephalopathy

Drug-Induced Central Nervous
Excess Nitrogen Load Fluid and Electrolyte Abnormalities System Depression

Bleeding from gastric and esophageal varices Hypokalemia Sedatives
Peptic ulcer Alkalosis Tranquilizers
Excess dietary protein Hypovolemia Narcotic analgesics
Azotemia or kidney failure Excessive diarrhea
Deteriorating hepatic function Over diuresis
Infection: tissue catabolism
Constipation Excessive vomiting

Sedating drugs can also precipitate hepatic encephalopathy.
Drugs that have been associated with hepatic encephalopathy
are opioids (e.g., morphine, methadone, meperidine, codeine),
sedatives (e.g., benzodiazepines, barbiturates, chloral hydrate),
and tranquilizers (e.g., phenothiazines). Encephalopathy pre-
cipitated by most drugs can be explained by increased CNS
sensitivity and decreased hepatic clearance with subsequent
drug and, in some cases, active metabolite accumulation. In ad-
dition, the effects of morphine, chlorpromazine, and diazepam
may be increased in liver disease because of decreased plasma
protein binding. Thus, the morphine and prochlorperazine that
were prescribed for R.C. also may have contributed to the wors-
ening of his hepatic encephalopathy. Although not applicable
to this case, excessive dietary protein, infections, and consti-
pation can contribute to excess nitrogen load and the genesis
of hepatic coma as well (Table 28-5).

Treatment and General Management

22. What steps should be taken to manage R.C.’s hepatic en-
cephalopathy?

After identifying and removing precipitating causes of he-
patic coma, therapeutic management is aimed primarily at re-
ducing the amount of ammonia or nitrogenous products in
the circulatory system. In general, the 2006 European Soci-
ety for Clinical Nutrition and Metabolism (ESPEN) recom-
mends an energy intake of 35 to 40 kcal/kg of body weight/day
and a protein intake of 1.2 to 1.5 g/kg of body weight/day is
recommended for cirrhotic patients and those awaiting liver
transplantation surgeries.175–178 A study conducted by Cor-
doba et al.179 assessed the effects of the amount of protein
in the diet on the evolution of hepatic encephalopathy. Cir-
rhotic patients admitted to the hospital for encephalopathy
(n = 30) were randomized to two dietary groups, in addition
to standard measures to treat hepatic encephalopathy, for 14
days. The first group followed a progressive increase in the
dose of protein in the diet, and received 0 g of protein for the
first 3 days, then the amount of protein was increased pro-
gressively every 3 days (12, 24, and 48 g) up to 1.2 g/kg/day
for the last 2 days. The second group received 1.2 g/kg/day
from the first day. Results showed that the course of he-
patic encephalopathy was not significantly different between
both dietary protein restriction groups. The patients in the
first group, however, experienced a higher degree of protein
breakdown.179

23. How are lactulose and neomycin used in hepatic en-
cephalopathy? Which agent would be more appropriate for
R.C.?

Lactulose
Lactulose is broken down by GI bacteria to form lactic, acetic,
and formic acids. It is believed that acidification of colonic con-
tents converts ammonia into the less readily absorbed ammo-
nium ion. Back diffusion of ammonia from the plasma into the
GI tract may also occur. The net result is a lower plasma ammo-
nia concentration. The absorption of other protein breakdown
products (e.g., aromatic amino acids) may also be reduced.
Lactulose-induced osmotic diarrhea may also decrease the
intestinal transit time available for ammonia production and
absorption, and may help clear the GI tract of blood. Lactulose
syrup (10 g/15 mL) has been used successfully in both acute
and chronic hepatic encephalopathy. For acute encephalopathy,
lactulose 30 to 45 mL is administered every hour until evacua-
tion occurs. Then, the dosage is titrated to two to four soft bowel
movements per day and clear mentation. When the oral route of
administration is not possible, as in the treatment of a comatose
patient, it may be necessary to administer the drug through an
NG tube. Alternatively, a rectal retention enema compounded
with 300 mL of lactulose in 700 mL water can be prepared.
The lactulose water mixture (125 mL) is retained for 30 to
60 minutes, although this may be difficult in patients with
altered mental status. The beneficial clinical effect of lactulose
occurs within 12 to 48 hours. Patients may need long-term
administration of lactulose as maintenance therapy, especially
in patients with recurring encephalopathy. For chronic en-
cephalopathy, oral dosing of lactulose should be administered
daily to four times daily titrating to two to four soft stools
per day and clear mentation. The chronic administration
of lactulose permits better dietary protein tolerance and is
well tolerated if dosages are kept sufficiently low to avoid
diarrhea.180

Very limited data exist evaluating the efficacy of lactulose
for the treatment of hepatic encephalopathy. Care should be
taken not to induce excessive diarrhea that could lead to dehy-
dration and hypokalemia, both of which have been associated
with exacerbation of hepatic encephalopathy. Although lactu-
lose is generally well tolerated, 20% of patients may complain
of gaseous distention, flatulence, or belching. Diluting it with
fruit juice, carbonated beverages, or water can reduce the ex-
cessive sweetness of the syrup.163
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Neomycin
Neomycin, at dosages of 500 mg to 1 g orally four times daily, or
as a 1% solution (125 mL) given as a retention enema (retained
for 30–60 minutes) four times daily, is effective in reducing
plasma ammonia concentrations (presumably by decreasing
protein-metabolizing bacteria in the GI tract). Approximately
1% to 3% of the neomycin dose is absorbed. Chronic use in
patients with severe renal insufficiency can cause ototoxicity
or nephrotoxicity. Routine monitoring of the serum creatinine,
the presence of protein in the urine, and estimation of creatinine
clearance are advisable for patients receiving high dosages for
more than 2 weeks.180 Neomycin therapy can also produce a
reversible malabsorption syndrome that not only suppresses
the absorption of fat, nitrogen, carotene, iron, vitamin B12,
xylose, and glucose, but also decreases the absorption of some
drugs, such as digoxin, penicillin, and vitamin K.163

Comparison With Lactulose
Lactulose and neomycin appear to have similar efficacy for the
acute treatment of hepatic encephalopathy.181 In the treatment
of an acute exacerbation, particularly in an acute GI bleed, lac-
tulose may, however, produce a faster response than neomycin.
Neomycin may be used in patients who do not respond to
lactulose.180

Interestingly, while lactose therapy is considered the stan-
dard of practice in both acute and chronic hepatic encephalopa-
thy, a meta-analysis evaluating the efficacy of lactulose in
patients with hepatic encephalopathy questions its benefit.182

Large randomized, controlled trials are needed to determine the
optimal treatment for hepatic encephalopathy management.165

Neomycin in Combination With Lactulose

24. Would the combined use of neomycin and lactulose have any
additive beneficial effect for R.C.?

The ACG guidelines state that combination therapy of lac-
tulose and neomycin may be reasonable in patients who do not
respond to monotherapy. Although the mechanism of additive
effects is unclear, theoretically it may be that either degrada-
tion of lactulose may not be essential for reduction of ammonia
level or there are other unknown mechanisms for the activity
of lactulose. Lactulose should be tried first, and if satisfactory
results do not occur, neomycin alone should be given a trial.
If both agents fail when used as monotherapy, the two agents
can then be tried in combination.180 Although the combined
use of lactulose and neomycin may be beneficial, lactulose
alone may be more desirable for long-term use because it is
potentially less toxic in patient with renal impairment. Fur-
ther research is needed evaluating the efficacy of combination
therapy.

25. Are there other potential treatments for hepatic en-
cephalopathy?

Rifaximin
Rifaximin is a synthetic antibiotic structurally related to
rifamycin. It displays a wide spectrum of antibacterial ac-
tivity against gram-negative and gram-positive bacteria, both
aerobic and anaerobic, and has a very low rate of systemic
absorption.183 It has been available for enteric bacterial con-
ditions for more than a decade in several countries outside the

United States, and was recently introduced in the United States
for the treatment of travelers’ diarrhea.184 Miglio et al.185 con-
ducted a randomized, controlled, double-blind study to evaluate
the efficacy and tolerability of rifaximin (400 mg three times
daily) in comparison to neomycin (1 g three times daily) treat-
ment for 14 days each month over 6 months (n = 49). During
the study, blood ammonia concentrations in both the rifaximin
and in the neomycin groups decreased a similar amount. The
advantage of rifaximin over neomycin for the treatment of he-
patic encephalopathy is for patients intolerant to neomycin or
those with renal insufficiency.185 Bucci et al.186 evaluated the
use of rifaximin in a double-blind study comparing rifaximin
and lactulose in patients (n = 58) with moderate to severe hep-
atic encephalopathy. Rifaximin was administered at a dose of
1,200 mg/day, and lactulose was administered at a dose of 30
g/day, both for 15 days. At the end of the treatment period,
cognitive function test scores improved in both groups. Also,
concentrations of ammonia normalized after 7 days of treat-
ment in both groups. Rifaximin therapy was better tolerated.186

Although the data reported from these and other trials suggest a
benefit with rifaximin for the treatment of hepatic encephalopa-
thy, larger trials must be conducted to determine its eventual
place in therapy.

Flumazenil
Based on the theory of increased GABA-ergic neurotransmis-
sion in hepatic encephalopathy, flumazenil, a benzodiazepine
antagonist, has been evaluated for its role in the treatment of
hepatic encephalopathy. Several trials have demonstrated both
clinical and electrophysiologic improvement in patients with
hepatic encephalopathy.187 In one study, 60% of patients had
transient neurologic improvement after the administration of
IV flumazenil 0.5 mg.188 However an IV product with modest
benefits in the treatment of hepatic encephalopathy is not an
ideal treatment option.

Lactulose would be the preferred option to treat R.C.’s
encephalopathy because it would shorten the time to clear the
blood from his GI tract and, it is hoped, lead to a rapid resolution
of his encephalopathy. Although neomycin is not contraindi-
cated for R.C., the potential for worsening of his coagulopathy
(by interfering with vitamin K absorption) and risk of nephro-
toxicity (SrCr 1.4 mg/dL) make this a less optimal choice.
If R.C.’s renal function continues to decline, neomycin may
become contraindicated. Lactulose can be initiated at 30 mL
every hour until diarrhea occurs; the dose can then be reduced
to maintain two to four soft stools per day and improved men-
tal status. R.C. may receive lactulose by NG tube if necessary
in the early treatment period. Rifaximin 400 mg three times
daily may be an option if lactulose therapy fails, because it can
be used in renal insufficiency. Finally, flumazenil would not
be recommended owing to its lack of evidence as a beneficial
chronic therapy.

HEPATORENAL SYNDROME

26. Lactulose treatment was initiated at 30 mL every hour and
titrated to effect with some improvement in R.C.’s mental status.
A few days after resolution of his GI bleeding, his serum creatinine
increased from 1.4 to 2.7 mg/dL and he became progressively olig-
uric. His BP was 85/65 mmHg, pulse rate was 70 beats/minute,
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Elevated levels of splanchnic
nitric oxide production

Central hypovolemia and
impaired chrontropic function

Splanchnic arterial vasodilation and
decreased systemic vascular resistance
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and cardiac output

Decreased effective
arterial blood volume

Renal vasoconstriction

Late stages of cirrhosis Early stages of cirrhosis

Decreased production of local vasodilators and
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SBP, bacterial
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FIGURE 28-3 Pathogenesis of hepatorenal syndrome and its precipitating factors. AVP,
arginine vasopressin; LVP, large-volume paracentesis; RAAS, renin–angiotensin–aldosterone system; SBP,
spontaneous bacterial peritonitis; SNS, sympathetic nervous system. (Reproduced with permission from
reference 190.)

and respiratory rate was 16 breaths/minute. Furosemide was dis-
continued, and R.C. was treated with albumin infusions to allow
volume expansion and improve urine output. A renal ultrasound
did not reveal any specific abnormalities. Minimal improvement
occurred in his blood pressure and urine output. Laboratory re-
sults included the following: Na 123 mEq/L; K 3.6 mEq/L; Cl 98
mEq/L; bicarbonate 25 mEq/L; BUN 96 mg/dL; SrCr 2.7 mg/dL;
Hgb 8.4 g/dL; Hct 27.1%; AST 640 IU (normal, 0–35 IU); alkaline
phosphatase 304 IU (normal, 30–120 IU); LDH 315 IU (normal,
82–226 IU); and total bilirubin 4.1 mg/dL. PT was 22 seconds with
a control of 12 seconds (INR 1.8). A 24-hour urinalysis showed pro-
tein 50 mg/day; RBC 1 to 2 per high power field (HPF); negative
for WBC, glucose, and ketones. After exclusion of other possi-
ble causes of kidney disease, R.C. is diagnosed with hepatorenal
syndrome.

Pathogenesis
Hepatorenal syndrome (HRS) is a complication of advanced
cirrhosis. It is characterized by an intense renal vasoconstric-
tion, which leads to a very low renal perfusion and glomerular
filtration rate, as well as a severe reduction in the ability to
excrete sodium and free water.189 Cardenas et al.190 have sum-

marized the pathogenesis and the precipitating factors of HRS
(Fig. 28-3). HRS is diagnosed by exclusion of other known
causes of kidney disease in the absence of parenchymal dis-
ease. The revised criteria for the diagnosis of HRS as defined
by the International Ascites Club are listed in Table 28-6.191,192

Table 28-6 Diagnostic Criteria for Hepatorenal Syndrome in
Cirrhosis

1. Cirrhotic patients with ascites
2. Serum creatinine >133 μmol/L (1.5 mg/dL)
3. No improvement of serum creatinine (↓ to a level of ≤133 μmol/L)

after at least two days along with
a. Diuretic withdrawal and
b. Volume expansion with albumin (1 g/kg of body weight per day up

to a maximum of 100 g/day)
4. The absence of shock
5. No current or recent treatment with nephrotoxic drugs
6. The absence of parenchymal kidney disease as indicated by

a. Proteinuria >500 mg/day,
b. Microhematuria (>50 red blood cells per high power field),
c. And/or abnormal renal ultrasonography

From reference 192, with permission.
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Hepatorenal syndrome can be classified into two categories.
Type-1 HRS is characterized by an acute and progressive kid-
ney failure defined by doubling of the initial serum creatinine
concentrations to a level >2.5 mg/dL in<2 weeks. Type-1 HRS
is precipitated by factors such as SBP or large volume paracen-
tesis, but can occur without a precipitating event. This usually
occurs within the setting of an acute deterioration of circula-
tory function characterized by hypotension and activation of
endogenous vasoconstrictor systems. It may be associated with
impaired cardiac and liver functions as well as encephalopa-
thy. The prognosis of patients exhibiting type-1 HRS is very
poor (Fig. 28-4).192,193 In contrast, type-2 HRS is a progressive
deterioration of kidney function with a serum creatinine from
1.5 to 2.5 mg/dL. It is often associated with refractory ascites,
and has a better survival rate than that of patients with type-1
HRS.190–192

Treatment
Treatments for HRS are still investigational. HRS is associ-
ated with a high mortality rate (within 2 weeks of diagnosis of
type-1 HRS and within 6 months of type-2 HRS). The definitive
treatment for type-1 and type 2 HRS is liver transplantation,
which is the only treatment that assures long-term survival.69

The main goal of pharmacologic therapy is to reverse HRS suf-
ficiently so that appropriate candidates for liver transplantation
can survive until suitable donor organs can be procured.191,192

Diuretics therapy must be stopped because this can worsen the
kidney disease.190

A small randomized study by Solanki et al.194 showed that
vasoconstrictor therapy using terlipressin, in conjunction with
albumin, was an effective treatment for patients with type-1
HRS. Patients were randomly assigned to treatment with IV
terlipressin 1 mg at 12-hour intervals (n = 12) or placebo at
12-hour intervals (n = 12). Urine output, creatinine clearance,
and mean arterial pressures significantly increased in patients
treated with terlipressin compared with the placebo group
(p <0.05). Survival was significantly higher in the terlipressin
group compared with placebo (42% vs. 0%; p <0.05). All
survivors in the terlipressin group had a reversal of HRS.194

Other nonrandomized studies suggest that vasoconstric-
tor therapy with norepinephrine (combined with albumin and
furosemide) or midodrine (combined with octreotide and albu-
min), improve renal function in patients with type 1 HRS. The
impact of vasoconstrictor therapy in terms of efficacy (i.e., im-
provement of kidney function and survival) and safety should
be evaluated in large, randomized clinical trials.195–197 Du-
voux et al.197 conducted a pilot study describing the efficacy
and safety of norepinephrine in combination with IV albumin
and furosemide in patients (n = 12) with type-1 HRS. Nor-
epinephrine was given for 10 ± 3 days, at a mean dosage of
0.8 ± 0.3 mg/hour. Reversal of HRS was observed in 83% of
patients after a median of 7 days, with a reduction in serum
creatinine (358 ± 161 to 145 ± 78 μmol/L; p <0.001), a
rise in creatinine clearance (13 ± 9 to 40 ± 15 mL/minute;
p = 0.003), an increase in mean arterial pressure (65 ±
7 to 73 ± 9 mmHg, p = 0.01) and a marked reduc-
tion in active renin and aldosterone plasma concentrations
(p <0.05).197

Type-2 HRS manifests itself as a progressive disease and,
therefore, patients do not present acutely with deterioration
in kidney function. No particular treatment exists for type-2
HRS. The main clinical problem in type-2 HRS is refractory
ascites, which can be controlled by large volume paracentesis
along with IV albumin or TIPS.190,195,198 Studies are needed to
determine the place in therapy for vasoconstrictors and other
potential treatments (e.g. TIPS) in patients with type-2 HRS.192

Because of the poor prognosis associated with hepatorenal
syndrome, R.C. should be evaluated for transplantation. It may
be beneficial to enroll R.C. in investigational research studies
evaluating the use of vasoconstrictor therapy in conjunction
with albumin while awaiting transplantation.

27. When should liver transplantation be considered in patients
with end-stage liver disease?

Liver transplantation for appropriate candidates may be
the best option for end-stage liver disease and its complica-
tions. Transplantation is generally considered in patients with
refractory ascites, severe hepatic encephalopathy, esophageal
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or gastric varices and hepatorenal syndrome.199 Because of
the shortage of organs available and significant complica-
tions associated with transplantation, therapeutic alternatives
should be considered to avoid the necessity for transplanta-
tion. For those patients who are transplantation candidates,

therapeutic strategies to improve outcomes after transplanta-
tion should be considered in therapeutic decision-making be-
fore transplantation (see Chapter 34, Kidney and Liver Trans-
plantation, for further information on the indications for liver
transplantation).198
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INTRODUCTION
Drug-induced liver injury (DILI) is a term that is used to de-
scribe abnormalities in liver function following exposure to a
drug or noninfectious agent.1,2 Generally, a distinction should
be made between hepatic injury and function, because when
function is impaired, clinically significant liver disease usually
follows. The loss of hepatic function often leads to a com-
promised ability to perform activities of daily living, hospital-
ization, or life threatening events. Before World War II, DILI
was an issue of minor proportions, but with the introduction
of a large number of new drugs during the ensuing 25 years, a
notable increase in the instances of DILI was observed. Over
the past few years, there has been a heightened awareness of
DILI in the United States. DILI has been associated with nearly
1,000 agents and is the single most common reason for drug
withdrawal from the market by the Food and Drug Adminis-
tration (FDA). Furthermore, DILI is responsible for more than
50% of all cases of acute liver failure with acetaminophen
being the principal offending agent (28% of cases in 1998, in-
creasing to 51% of cases in 2003), accounting for 15% of all
liver transplants in the United States.1–3 Additional causative
agents of DILI include antibacterials (especially antitubercular
agents), nonsteroidal anti-inflammatory drugs (NSAIDs), and
antiepileptic drugs. Thus, the widespread risk of DILI imparts
a challenging task for health care professionals.

Hepatotoxicity appears to be responsible for 2% to 5% of
the cases of jaundice or acute hepatitis and for even fewer cases
of chronic liver disease 1,4–23 but the true incidence is difficult
to determine. The exact incidence may be much greater due
to under reporting, complexities in diagnosis and detection,

and limited follow-up of exposed persons. Other data suggest
that adverse drug reactions cause a larger number of liver dis-
eases than previously reported.1,2,6–8 However, certain patient
populations may have a greater incidence of DILI.9–16 For ex-
ample, in a population-based study conducted in France from
1997 to 2000, researchers found that the crude incidence of
hepatotoxicity was 13.9 cases per 100,000 patients per year;
12% of the patients were hospitalized, and 6% died.10 The
agents most often responsible for hepatotoxicity in this report
included antimicrobials (25%), psychotropic agents (22.5%),
lipid lowering agents (12.5%), and NSAIDs (10%). The au-
thors noted that the observed frequency of hepatotoxicity was
16 times greater than that typically reported to the drug reg-
ulatory authorities as part of the postmarketing surveillance
system. Based on these findings, the authors speculated that
the incidence and severity of drug-induced liver dysfunction
is grossly underestimated in the general population. Addition-
ally, investigators from a Swedish University hospital reported
that DILI cases occurred more often in females and accounted
for 77/1,164 (6.6%) of all referrals to an outpatient hepatology
clinic.11

Until recently, a paucity of data has existed with respect
to the incidence and outcome of DILI or acute liver failure
in the United States. This was due to the relatively rare oc-
currence of the condition, the variability among patient re-
ferral systems in North America, and the lack of an orga-
nized data registry.1,2,8,9,17 Subsequently, a consortium of liver
centers was developed to prospectively define the etiologies
and outcomes of patients with acute liver failure.1,2,5,12 This
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organization, known as the Drug-induced Liver Injury Net-
work (DILIN), was challenged with the specific aim of study-
ing the problem of hepatotoxicity (http://dilin.dcri.duke.edu).
Over a 41-month period beginning in 1998, 308 patients (≥15
years) with acute liver failure from 17 tertiary care liver cen-
ters were studied.12 Results showed that most of these patients
were women (73%) with a median age of 38 years. The pri-
mary cause of acute liver failure was acetaminophen over-
dose (39% of cases), followed by idiosyncratic drug reactions
(13%). Short-term transplant-free survival was 68% and 25%
for patients with acute liver failure secondary to acetaminophen
ingestion or an idiosyncratic drug reaction, respectively. Ad-
ditionally, a comprehensive summary of their findings with
respect to DILI was published.12 Other data also suggest that
in cases of acute liver failure, fatality rates are high and range
from 10% to 50%.24–27

EPIDEMIOLOGY AND RISK FACTORS
Epidemiologic reports suggest the overall prevalence of
DILI is low.28–37 For example, the risk of liver injury
secondary to NSAIDs use is 1 to 10/100,000 exposed
individuals,20–22,28,29,37 and the combination of amoxicillin
with clavulanic acid has been associated with hepatitis in 1 to 5
per 1 million exposed individuals.1,18,22,32,33 Isoniazid-induced
liver injury may occur in as many as 100/100,000 exposed per-
sons, possibly because of its ability to exert a metabolic type
of hepatotoxicity,1,7,21–23 whereas the rate of acute liver fail-
ure with lovastatin is 1/1.14 million patient-treated years.34

Furthermore, the incidence of significant elevation in ALT or
AST associated with the use of protease inhibitors (PIs) in
combination with other antiretroviral agents has been reported
to be up to 9.5% in the randomized controlled registration
trials.1,22,35,36 However, the reported rate of ADRs may be a
poor indicator of risk, because it depends on case recognition
and definition as well as the motivation of observers to report
ADRs.

Recent methodology, such as prescription event monitoring,
medical record linkage, and case-controlled studies, have better
defined the true risk of an agent’s association with DILI.2,7,31

In many circumstances, drugs are the only cause of liver in-
jury, whereas in other cases, they may augment the relative
risk for types of liver injury that could potentially occur even
without drug exposure. For example, salicylates are associated
with Reye’s syndrome, oral contraceptives have been linked to
hepatic veno-occlusive disease, and methotrexate may exacer-
bate hepatic fibrosis in patients with coexisting alcoholic and
diabetic types of fatty liver disease.5,14,38

1. C.W. is a 63-year-old female, 61 inches tall, and weighs 75 kg
with a history of chronic urinary tract infections for which she had
previously taken prophylactic trimethoprim-sulfamethoxazole.
C.W. also has a history of generalized tonic-clonic seizures fol-
lowing an automobile accident 7 years ago. For the previous 18
months, her seizures have been well controlled on valproic acid 1 g
Q 8 hr. Of note, C.W. has recently been initiated on venlafaxine
50 mg twice daily (BID) for treatment of depression. On a rou-
tine visit to the neurology clinic, she was noted to have ALT, 66
U/L (normal, 5–40); AST, 88 U/L (normal, 5–40); alkaline phos-
phatase, 85 U/L (normal, 21–91); and total bilirubin, 0.8 mg/dL

(normal, 0.1–1.2). What nonpharmacologic risk factors does C.W.
have for DILI?

Several host factors affect the risk of DILI (Table 29-1).
As previously described, most hepatic adverse drug reac-
tions occur in adults rather than in children.1,2,6,22,38 In the
adult population, the relative risk of hepatotoxicity induced
by isoniazid,23,39 halothane,40 erythromycin estolate and its
analogues,5,7,22,41–43 and diclofenac44 is greater in patients
older than 40 years of age. Generally, the increased fre-
quency of adverse reactions observed in adults may cor-
respond with an increased exposure, ingestion of multiple
agents, or altered drug disposition. Exceptions to these find-
ings include valproic acid- or salicylate-induced hepatotoxi-
city, which occurs most commonly in children younger than
3 years of age.1,2,45,46 Although DILI is uncommon in chil-
dren, it accounts for about 25% of childhood acute liver fail-
ure. Causative agents include acetaminophen, antiepileptic
drugs, antineoplastic drugs, herbal supplements, and recre-
ational drug use. Gender may also be related to risks for DILI.
For example, female gender has been associated with an in-
creased risk of hepatotoxicity, especially from agents such
as halothane,40 nitrofurantoin,47 methyldopa,6,7 and sulfon-
amides.9,48

In addition to age and gender, genetic factors may also have
an impact on the ability to metabolize or eliminate drugs, en-
code pathways of bile excretion, and modulate the immune
response. Although rarely encountered, a familial predisposi-
tion to hepatic ADRs from agents, such as halothane40,49 and
phenytoin,50 has been shown. Other factors that have an impact
on DILI risk include a previous history of ADRs and ingestion
of multiple drugs. The mechanism of DILI in the latter ap-
pears to be enhanced cytochrome P450-mediated metabolism
of the second agent to toxic intermediates (i.e., acetaminophen,
isoniazid, and valproic acid). Chronic excessive ingestion of al-
cohol may also enhance the risk of DILI from agents, such as
acetaminophen, by reducing the body’s stores of glutathione,
which essentially lowers the dose threshold for hepatotoxicity.
Other concomitant diseases or conditions, such as rheuma-
toid arthritis, diabetes, hyperthyroidism, obesity, pregnancy,
infection with human immunodeficiency virus, hepatitis B or
hepatitis C virus, or renal dysfunction, may also place patients
at risk for DILI.1,2,22,51–60 Furthermore, drug dose, concentra-
tion, and duration of intake may be additional determinants
in DILI. Environmental risk factors, such as malnutrition may
also enhance the risk of DILI.22

Thus, C.W.’s age, gender, and obesity appear to be nonphar-
macologic risk factors for developing DILI. However, because
C.W. is asymptomatic and does not have manifestations of
DILI, her baseline laboratory values are not reported, and the
current hepatic enzyme elevation is less than three times nor-
mal, she should undergo close monitoring of her liver function
tests within the next 2 to 4 weeks and return to the clinic for a
follow-up.

PATHOPHYSIOLOGY OF HEPATIC INJURY
Because the hepatotoxicity of drugs is often related to reac-
tive metabolites and exposure to these intermediates is deter-
mined by genetic and environmental factors, having a general
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Table 29-1 Risk Factors for Developing Drug-induced Liver Disease1,5,7,22,28

Factor Examples of Drugs Affected Comments

Age Isoniazid, nitrofurantoin, halothane Increased incidence/severity with age >60 year
Valproic acid, salicylates Higher incidence in children

Sex Halothane, methyldopa, nitrofurantoin Higher incidence in females
Flucloxacillin, azathioprine Higher incidence in males

Dose Acetaminophen, aspirin Higher-blood concentrations associated with risk of hepatotoxicity
Methotrexate, vitamin A Total dose, frequency, and duration associated with hepatotoxic risk

Genetic factors Halothane, phenytoin, sulfonamides,
isoniazid

Numerous familial cases; defective epoxide hydrolases increase
susceptibility to phenytoin and halothane associated injury;
acetylator phenotype may predispose to isoniazid hepatotoxicity

Valproic acid Familial cases, correlation with mitochondrial enzyme abnormalities
History of other drug reactions Halothane, enflurane; erythromycins;

diclofenac, ibuprofen
Rare incidence of cross-sensitivity reported between drug classes

Concomitant drug therapy Acetaminophen Isoniazid, zidovudine may lower toxic dose threshold for hepatotoxicity
Busulfan, azathioprine Increased risk of hepatic veno-occlusive disease
Valproic acid Other anti-epileptic drugs increase risk of hepatotoxicity

Excessive alcohol use Acetaminophen Lowered dosage threshold
Isoniazid, methotrexate Increased liver injury and enhanced fibrosis

Other diseases
Obesity Halothane hepatitis, methotrexate Increased liver injury and enhanced fibrosis
Fasting Acetaminophen Increased risk of hepatotoxicity
Renal failure Tetracycline, methotrexate Increased liver injury and enhanced fibrosis
Preexisting liver disease Niacin (nicotinamide), methotrexate Increased risk of liver injury
Organ transplantation Azathioprine, busulfan Increased risk of vascular toxicity
AIDS Dapsone, trimethoprim-sulfamethoxazole,

oxacillin
Increased risk of liver injury; hypersensitivity

Diabetes Methotrexate Increased risk of hepatic fibrosis

understanding of the pathophysiology and pathways is im-
portant. Thus, hepatic injury secondary to phase I mediated
cytochrome P450 (toxification), phase II (detoxification) con-
jugation reactions, and phase III (excretion/transport), as well
as biochemical mechanisms of cellular injury or death, will be
reviewed in the following section.1,2,18,22

The liver is an extremely resilient organ and is well equipped
to resist toxic insults because of its unique cellular attributes
(e.g., cell cooperation, acute-phase response, synthesis of hep-
atoprotective substances). Despite this resiliency, the liver is
vulnerable to injury because it is frequently exposed to agents
in their most reactive, thus toxic, forms. Because the liver is lo-
cated between the absorptive lining of the gastrointestinal tract
and drug targets within the body, orally administered drugs en-
ter the portal circulation and undergo “first-pass metabolism,”
leading to significant exposure of the drug or its metabolites
to the hepatocytes. Several factors promote the close contact
between hepatocytes, blood, and drugs, including (a) the struc-
ture of the hepatic sinusoids; (b) the fenestrated hepatic en-
dothelium; and (c) the enhanced overall surface area of the
hepatocytes.6,22,61,62 The liver may also be rapidly exposed to
intravenously administered drugs because it receives approxi-
mately 25% of the cardiac output.

Hepatic uptake of drugs is thought to occur through passive
diffusion, carrier-mediated uptake, facilitated transport, or ac-
tive transport. After drugs have entered the hepatocytes, back
diffusion out of the cells may be minimized through cytosolic
transfer proteins, such as glutathione S-transferase, fatty acid–
binding proteins, and 3–hydroxysteroid dehydrogenase.61,62

Drugs are, thereby, transferred to either the endoplasmic retic-

ulum, where they are metabolized, or to the canalicular mem-
brane, where transporters actively secrete endogenous or ex-
ogenous substances into the bile. Because most drugs are pri-
marily lipophilic, they are not readily excreted in the urine
or bile and must be converted to a more excretable hy-
drophilic form. The liver is responsible for this biotransfor-
mation either through phase I mediated cytochrome P450 ox-
idative metabolism and formation of potentially hepatotoxic
metabolites (toxification)62,63 or through phase II conjugation
(detoxification)62,63 reactions.

In drugs undergoing oxidative metabolism, an activated
oxygen molecule is integrated into lipophilic substrates re-
sulting in the formation of reactive electrophiles, free radicals,
and reduced oxygen compounds.62,63 Reactive electrophiles
can bind to cellular membranes, disrupt their function, and
subsequently lead to hepatocellular necrosis.6,63,64 Examples
of causes of this type of liver injury include isoniazid and
acetaminophen. Free radical formation from agents, such as
carbon tetrachloride (CCl4), may lead to peroxidative injury
of membrane lipids and necrosis,7,62,63 whereas activated oxy-
gen appears to be primarily associated with pulmonary injury
rather than with DILI.62,63 Several cytochrome P450 isoen-
zymes exist that have different substrates and can be expressed
differently based on increasing age, genetic polymorphisms,
and environmental conditions.

Because cellular function is overwhelmingly disrupted
through these cytochrome P450-mediated mechanisms, cellu-
lar death is a common result. This process occurs through the
following mechanisms: (a) plasma membrane alteration and
disruption of the cytoskeleton (e.g., loss of ionic gradients);
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(b) mitochondrial dysfunction (e.g., decline in adenosine
triphosphate levels and disrupting fatty acid oxidation); (c) loss
of intracellular homeostasis; and (d) activation of degradative
enzymes.62,62 Additional mechanisms causing hepatocellular
death are immunoallergenic (antibody-mediated cytotoxicity
or induction of direct cytolytic T-cell responses). Another re-
sponse involving cytokines (e.g., interferon, tumor necrosis
factor, and Fas pathways), nitric oxide, complement activation,
and other immune cells (e.g., Kupffer’s, thymus, sinusoidal en-
dothelial cells) has also been postulated, which results in in-
flammation and neutrophil-mediated hepatotoxicity.5,62,63,65,66

Finally, apoptosis (programmed cellular death) may occur si-
multaneously with immune-mediated injury.

A second means of drug metabolism is by phase II (detoxifi-
cation) conjugation reactions. Phase II reactions occur through
binding drug metabolites to glutathione, glucuronate, or sul-
fate, which leads to the formation of nontoxic, readily ex-
cretable hydrophilic products.62,63,66 Subsequently, these com-
pounds are excreted from the body in bile or urine through
excretory transporters in the hepatocyte canalicular and sinu-
soidal membrane (phase III elimination). Inadequate detoxifi-
cation due to reduced binding substance concentrations (e.g.,
inadequate glutathione stores) may lead to a greater concentra-
tion of a reactive metabolite. An example of phase II-induced
liver injury may arise from the inability to detoxify phenytoin
metabolites. In addition, the combination of phase I- and phase
II-induced liver injury may occur in situations resulting in both
formation of toxic metabolites and inadequate detoxification
(e.g., acetaminophen).

Overall, the pathogenesis of hepatotoxic drug reactions is
likely a result of a “multi-hit” process.5,62 Several genetic
P 450 isoenzyme variants that result in toxic metabolites, the in-
volvement of suppressor and attenuator pathways modulating
the hepatotoxic effects, cell-mediated and antibody-induced
immune responses, cell surface neoantigens and cytokine ex-
pression (interleukin-10 and tumor necrosis factor), inadequate
detoxification pathways and individual genetic predisposition
all may contribute to DILI. Ultimately, a series of events begin-
ning with intracellular hepatocyte disruption, cellular necrosis,
and apoptosis, followed by an immune inflammatory response
have been proposed to cause DILI. The actual incidence and
resolution of a DILI event may rely on the adaptive phenotypes
of the host, which likely is a function of a genetic predisposi-
tion. The emerging field of pharmacogenomics could help pre-
dict and identify patients with aberrant gene polymorphisms
or P450 alleles that affect drug concentrations leading to DILI.

Histopathologically, there are no absolute definitive features
of DILI. However, certain patterns suggest a drug etiology.
These include (a) zonal necrosis or fatty changes that are as-
sociated with mitochondrial injury and (b) mixed histologic
manifestations of necrosis and cholestasis. The presence of
neutrophils and/or eosinophils within destructive bile duct le-
sions is suggestive of DILI.5,62

Classification of Drug-induced Liver Injury
The nature of drug-induced liver injury may mimic several
known liver diseases, but classification is challenging due to
overlap between categories and the fact that some drugs may
be associated with more than one syndrome. Often there is
discordance between the clinical and laboratory features of

the liver disease and hepatic histology. Identification of spe-
cific patterns or syndromes provides only a clue to the diag-
nosis of DILI; more important is the temporal relationship be-
tween drug administration and liver injury or exclusion of other
causes of liver disease. Therefore, drugs are often classified as
predictable or unpredictable hepatotoxins, and as a result, the
terms intrinsic hepatotoxicity and idiosyncrasy have evolved to
help clinically characterize the proposed drug-induced mech-
anism of hepatic injury. Briefly, intrinsic hepatotoxicity gener-
ally is dose dependent and has a short and consistent latency
period between drug exposure and liver injury, whereas id-
iosyncratic reactions occur without warning, are unrelated to
dose and may have a latency period from a few days to 12
months. Idiosyncratic reactions often result from a hypersensi-
tivity reaction (immunologic) or metabolic aberration (altered
drug metabolism).

However, because the aforementioned terms may not fully
elucidate all forms of DILI, the nature of the hepatic injury
has been further delineated based on the time frame in which
it occurs (i.e., acute vs. chronic), or it may be classified based
on whether the drug-induced liver insult is confined to the hep-
atocytes (hepatocellular injury) or involves areas such as the
biliary tract, liver parenchyma, or hepatic vasculature. Finally,
several types of drug-induced lesions resulting from acute or
chronic administration of drugs are recognized histologically.
Along with the proposed mechanism for liver injury and the
time frame of occurrence, the histologic characterization of
hepatic lesions is also useful in describing DILI and is reviewed
next.

Intrinsic and Idiopathic Reactions to Drugs as Causes
of Hepatic Injury
From a clinical perspective, the terms used for identifying and
describing drug-induced hepatic injury are intrinsic hepatotox-
icity and idiosyncrasy (Table 29-2). Intrinsic or true hepatotox-
ins (e.g., chloroform) have the inherent property of predictably
injuring the liver. Idiosyncratic or unpredictable hepatotoxins
(e.g., halothane) cause hepatic damage only in a small number
of uniquely susceptible individuals. The major differences be-
tween these two types of drug-induced hepatic injury are listed
in Table 29-3.

Table 29-2 Mechanisms of Drug-induced
Hepatotoxicity1,2,15,22,28

Classification Lesion Incidence

Intrinsic Hepatotoxicity

Direct hepatotoxins Necrosis or steatosis High
Indirect hepatotoxins

Cytotoxic Steatosis or necrosis High
Cholestasis Bile casts High

Host Idiosyncrasy

Hypersensitivity Hepatocellular or cholestatic Low
Metabolic abnormality Hepatocellular or cholestatic Low
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Table 29-3 Characteristics of Intrinsic versus Idiosyncratic
Hepatotoxins

Intrinsic Idiosyncratic

Distinctive histologic pattern
observed for any given drug

Variable histologic pattern of
lesions

Dose-dependent hepatotoxicity Dose-independent hepatotoxicity
Elicited in all individuals Only a small fraction of exposed

individuals affected
Reproducible in experimental

animals
Cannot be reproduced in

experimental animals
Predictable appearance of lesions

and usually a brief latent period
following exposure

Appearance of lesions bears no
temporal relationship to the
institution of drug therapy

No extrahepatic manifestations of
hypersensitivity

Lesions often accompanied by
extrahepatic manifestations of
hypersensitivity (e.g., fever,
rash, eosinophilia)

Intrinsic Hepatotoxicity
Intrinsic hepatotoxins can be subdivided into direct and indi-
rect toxins. Direct intrinsic hepatotoxins (e.g., carbon tetra-
chloride) destroy hepatocytes by a physicochemical attack,
mostly through the toxic effects of their metabolites. There
are no known direct hepatotoxins that are used as therapeutic
agents.5,7

In contrast, indirect hepatotoxins (e.g., antimetabolites)
induce structural changes in the hepatocytes by competi-
tive inhibition of essential metabolites or by interference
with selective metabolic or secretory processes of the hep-
atocytes. These changes in the hepatocytes can be due
to either cytotoxic or cholestatic mechanisms. Indirect in-
trinsic hepatotoxins that produce cytotoxic changes include
tetracycline, mechlorethamine, alcohol, acetaminophen, and
mercaptopurine.13–15,22,28 Indirect intrinsic cholestatic hepato-
toxins produce jaundice and hepatic dysfunction by interfering
with mechanisms for the excretion of bile from the liver (e.g.,
C-17 alkylated anabolic steroids, C-17 ethinylated contracep-
tive steroids).7,22,62,63

2. One month after her initial visit, C.W. returns to the clinic
with a 1-week history of jaundice, anorexia, fever, and nau-

sea while continuing to take her valproic acid (well-controlled
seizures with no change in pattern). Upon obtaining an additional
medication history, C.W. states that she briefly reinitiated her
trimethoprim-sulfamethoxazole for a couple of days during the
last 4 weeks for a recurrence of her urinary tract infection, and
increased her venlafaxine dose to 100 mg BID. Laboratory values
are as follows: ALT, 164 U/L (normal, 5–40); AST, 177 U/L (nor-
mal, 5–40); alkaline phosphatase, 105 U/L (normal, 21–91); and
total bilirubin, 2.3 mg/dL (normal, 0.1–1.2). What type of liver
injury could C.W. have and what is the clinical significance of her
elevated liver function tests?

Idiosyncrasy
Like intrinsic hepatic injuries, idiosyncratic injuries may be
cytotoxic, cholestatic, or mixed.7,22,62,63 Most idiosyncratic
drug reactions cause damage to hepatocytes throughout the
hepatic lobule with various degrees of necrosis and apopto-
sis. Hepatic injury due to host idiosyncrasy can be caused
by hypersensitivity reactions or by other mechanisms (e.g.,
an aberrant metabolic pathway for the drug in the suscep-
tible patient). The liver injury may be tentatively attributed
to hypersensitivity when it develops after a “sensitization”
period of 1 to 5 weeks and is accompanied by systemic
characteristics of rash, fever, and eosinophilia.7,22,62,63 These
hallmarks of an immunological reaction suggest that the he-
patic injury is caused by drug allergy, especially when they
reappear in response to a subsequent challenge dose of the
drug. Examples of drugs causing allergic hepatic dysfunctions
are methyldopa, phenytoin, para-aminosalicylic acid, chlor-
promazine, erythromycin estolate, rarely clarithromycin, and
sulfonamides.1,5,14,22,41 Thus, C.W.’s recent elevation of liver
function tests could be explained as an apparent “idiosyn-
cratic” reaction to her trimethoprim-sulfamethoxazole (Table
29-4). Furthermore, the second-generation nonselective sero-
tonin reuptake inhibitor venlafaxine has also been identified as
a possible cause of hepatic injury. Two cases of venlafaxine-
associated “hepatitis” have been reported in the literature.1,22,69

The first case occurred in a 44-year-old woman receiving 150
mg/day within 7 months of initiating therapy, whereas the sec-
ond case was reported in a 78-year-old man within 1 month
of a dosage increase from 37.5 mg/day to 150 mg/day. In both
cases, discontinuation of venlafaxine resulted in resolution of

Table 29-4 Drug-induced Hepatotoxicitya

Drug Clinical Remarks

I = Incidence
H = Hepatocellular (elevated ALT)
M = Mixed (elevated ALP + elevated ALT)
C = Cholestatic (elevated ALP + TBL)

Acarbose
I: Low
H138

Mild ALT elevation, diabetic patients receiving long-term therapy should be monitored closely.

Acetaminophen See Chapter 5: Managing Acute Drug Toxicity

Alcohol See Chapter 28: Complications of End-Stage Liver Disease

Allopurinol
I: Occasional
H1,139

Onset of symptoms varies from 7 days to 6 weeks, but mostly during the first month. Mild to moderate
increases in alkaline phosphatase and AST have been reported in most cases. Hepatic granulomas are
observed in about half the cases. Fever, rash, and eosinophilia are frequent. Incidence may be increased
in those on diuretics or with decreased renal function. Death from hepatic failure occurs rarely.

(continued)
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Table 29-4 Drug-induced Hepatotoxicitya (Continued)

Drug Clinical Remarks

Amiodarone
I: Uncommon
H93,94,140–143

Phospholipidosis is a frequent hallmark of amiodarone therapy. Serum transferase levels modestly
increase in about 40% of patients. Liver disease is frequently associated with peripheral neuropathy,
corneal deposits, a bluish skin discoloration, or thyroid dysfunction. Incidence and severity of these
adverse effects appear to be dose and duration related. Due to the long half-life of amiodarone, liver
injury may persist for months even after the drug is discontinued. In severe hepatitis, jaundice,
hepatomegaly, ascites, and encephalopathy can develop. Fatal cases of amiodarone-induced hepatitis
have been reported after IV loading doses. Polysorbate 80, an organic surfactant that is added to the IV
solution of amiodarone, may be responsible for hepatotoxicity.

Amoxicillin-clavulanic acid (Augmentin)
I: Low
C32,33,131–134

More than 100 cases of cholestatic jaundice have been reported with this combination. Onset of
symptoms range from 2–45 days. Common clinical features include jaundice, pruritus, GI distress, and
eosinophilia. Although 40% of this combination is used in pediatric patients, hepatic dysfunction has
largely been observed in adults >30 years, suggesting advancing age as a risk factor; male to female
ratio was about 2:1. Because some patients had previous or later exposure to amoxicillin without
complications, it has been suggested that clavulanic acid or the combination is the cause.

Androgenic steroids
I: High incidence of hepatic dysfunction;

cholestatic jaundice dose related
C1,6,144,145

Anabolic steroids with an alkyl group in the C-17 position are more likely to cause hepatic dysfunction
and jaundice than testosterone and 19-nortestosterone. Although hepatic enzymes can be increased by
10%–20%, many patients might not have clinical symptoms. However, cholestatic jaundice can
develop in patients taking the drug for 1–10 months. The onset of cholestatic jaundice and the severity
of hepatic dysfunction are dose dependent. The larger the daily dose, the more likely is the
development of jaundice. Individual susceptibility and preexisting liver disease enhance the potential
for hepatic damage. Jaundice may be preceded by nonspecific prodromal symptoms such as malaise,
mild anorexia, and nausea. Pruritus may be present in about 10% of patients. Serum transferase levels
usually <150 U/mL. Values for alkaline phosphatase are normal or modestly increased in most
patients. Serum bilirubin levels are usually <170 mmol/L (9.9 mg/dL), but occasionally patients may
reach up to 800 mmol/L (46.8 mg/dL). Recovery is prompt after cessation of the drug, but may take up
to 6 months in severe cases

Anabolic-androgenic steroids have been associated with a number of cases of peliosis hepatis. Peliosis
hepatis is a vascular lesion that may rupture and lead to hemoperitoneum in some patients.

Hepatic adenoma and carcinoma also have been ascribed to the taking of androgens. Anabolic steroids
are more likely incriminated in causing hepatic carcinoma than estrogens. The degree of risk probably
relates to the type of anabolic steroid, dose, and duration of therapy. Clinically, patients with
hepatocellular carcinoma may present with hepatomegaly, abdominal discomfort, pain, or jaundice. In
some cases, the patients are asymptomatic with normal biochemical tests.

Aspirin and other salicylates
I: 0.1%–0.5%
C1,6,146,147

Anicteric injury may occur in 5%–50% of patients with high salicylate blood levels (>15 mg/dL). Most
patients who have developed hepatic injury have had levels >25 mg/dL, although a few instances have
been noted at levels as low as 10 mg/dL. The injury is manifested by increased serum transferases
(10- to 40-fold) and is reversible upon withdrawal of the drug. Fatal hepatitis is very rare. Bilirubin
levels are normal or moderately elevated. Children with juvenile rheumatoid arthritis or acute
rheumatic fever, and adults with active RA or SLE seem to be more vulnerable. Recently, cholestatic
hepatitis during low-dose (250 mg/day) aspirin therapy has been reported. Use of salicylates in
children with varicella or influenza-like illnesses is reported to be strongly associated with an
increased risk of Reye’s syndrome, which includes liver failure as part of the syndrome.

Azathioprine
I: Rare
M1,148–151

Only a few isolated instances of cholestatic jaundice have been attributed to azathioprine. Jaundice starts
3 weeks to 6 months after initiation of therapy. Generalized pruritus, widespread abdominal pain, and
hypochromic greasy diarrhea may be present. Although azathioprine has been used in the treatment of
chronic active hepatitis, worsening of the hepatic disease also may occur.

Azathioprine is the most common drug in the United States implicated in causing VOD. Approximately
20% of bone marrow and renal transplant patients may be affected with a mortality rate of 50%. VOD
results from a nonthrombotic concentric occlusion of the lumen of small intrahepatic veins, also
known as “bush tea” disease.

Bupropion
I: Rare
H, C1,6,152,153

Laboratory findings primarily show increase in ALT within 6 months of initiation of therapy. Fatal cases
with autoimmune characteristics have been reported.

Calcium channel blockers
I: Rare
H178–183

Mild to marked elevations in liver function test results have been reported in <1% of patients taking
diltiazem, and drug discontinuation was not required. Six case reports of hepatocellular injury, usually
early in the therapy (1–8 weeks), have been published. Eight reported cases of hepatic injury have been
associated with nifedipine, each producing acute hepatocellular, cholestatic, or a mixed hepatocellular
picture. Three additional chronic cases have been documented beginning 9–72 months after initiation
of therapy. Cases were characterized by steatosis and the presence of Mallory-like bodies. Nicardipine,
a similar agent, has also been associated with hepatocellular injury. Verapamil-induced hepatocellular
injury has been reported in about 6 cases. Hypersensitivity was the proposed mechanism of the injury.
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Table 29-4 Drug-induced Hepatotoxicitya (Continued)

Drug Clinical Remarks

Captopril
I: Rare
M1,119–122

Hepatotoxicity, usually cholestatic in nature, has been reported with captopril, enalapril, and lisinopril
use. Cross-sensitivity also has been reported. Jaundice was the most common finding, followed by
pruritus, nausea, other GI symptoms, fever, rash, and confusion. Onset of symptoms varied from 5
days to 12 months (mean: 14 weeks; median: 1 month). Doses employed were variable. Hepatotoxicity
usually resolves in 2 weeks to 9 months after ACE inhibitors are stopped, but may progress to liver
failure and death if therapy is continued.

Carbamazepine
I: <1%
M55,56,83,154–156

Hepatotoxic syndrome resembles that observed with phenytoin. Onset of injury is usually within the first
8 weeks of therapy in 80% of cases. Hepatic injury is associated with modest hyperbilirubinemia,
fever, rash, and eosinophilia. Morphologic features are hepatocellular, cholestatic or mixed. Fatality
rates are less than those reported with phenytoin and range from 7%–12%.

Chlorpromazine (CPZ)
I: 0.1%–0.2%
C157,158

The effect of age, gender, race, or other predisposing factors has not been established. In approximately
80% of cases, icterus develops between 1–5 weeks of CPZ treatment. In rare instances, jaundice has
developed after the first dose. Prodromal symptoms consist of fever, itching, abdominal pain, anorexia,
and nausea. Skin rash is observed only in about 5% of reported cases. CPZ jaundice often resembles
extrahepatic obstructive jaundice.

Severe pruritus is common and may be the first evidence of hepatic injury in some patients. Serum
alkaline phosphatase and cholesterol levels are often markedly elevated. Serum transferase levels are
increased slightly to moderately in almost all patients. Eosinophilia has been noted in 25%–50% of
cases reported. The outlook for CPZ-induced jaundice is good. Cholestatic jaundice associated with
CPZ often resolves within 8 weeks but occasionally may continue for a year or longer. Some of the
patients with prolonged cholestasis have developed a syndrome resembling that of primary biliary
cirrhosis. The clinical syndrome is characterized by itching, xanthoma, hepatomegaly, and
splenomegaly. Although it has been suggested that this syndrome is frequently benign and reversible,
at least two cases of irreversible cirrhosis and fatality due to CPZ have been described.

Other phenothiazines also have been reported to cause cholestatic jaundice, but no reliable estimate of
the incidence is available. Because there is a potential for cross-sensitivity between chlorpromazine
and other phenothiazines, it is best to avoid using any agent in this class for patients who have had
CPZ-induced jaundice. Cholestasis also has been associated with almost all other phenothiazines, and
the clinical manifestations reported are similar to chlorpromazine.

Chlorpropamide (and other sulfonylurea oral
hypoglycemics)

I: Rare
M159–163

Host factors that modify the susceptibility to hepatic injury are unknown. Onset of jaundice usually
occurs between 2–6 weeks of chlorpropamide therapy. Initial symptoms are anorexia, nausea, and
vomiting. Soon thereafter, dark urine, jaundice, and clay-colored stools appear. Pruritus and
hepatomegaly are common. Fever, rash, and eosinophilia occur frequently but not in all cases.
Complete recovery generally occurs within 1–3 months after chlorpropamide is stopped. Patients who
recover from chlorpropamide-induced jaundice apparently do not relapse when given tolbutamide.
Other sulfonylureas in clinical use (i.e., acetohexamide, tolbutamide, glibenclamide, and tolazamide)
also have been reported to cause jaundice, but the incidence appears to be very low.

Clindamycin
I: Rare
M6,131,164

Patients present with elevated ALP and ALT. Rarely fatal; resolution follows discontinuation of the drug.

Clopidogrel
I: Rare
C1,165

Rapid onset of elevation in ALP and TBL. Monitoring of liver function tests may be warranted.

Contraceptive steroids (OCs)
I: Dose related 1:10,000 in Europe and North

America; 1:4000 in Chile and Scandinavia
1) M1,6,166–175

1) Estrogens can selectively interfere with bilirubin excretion by the liver. The importance of structural
specificity of the estrogen molecule in causing hepatic dysfunction has been established. The phenolic
character of ring A and the addition of an alkyl group at the C-17 position of the estrogen molecule
seem to be responsible for the injury. Progesterone has little or no demonstrable adverse effect on
hepatic function by itself, but may enhance the hepatic injury produced by the estrogens. Transient
hepatic dysfunction occurs much more frequently and may be as high as 40%–50% of patients taking
these agents but the overall incidence of jaundice appears to be much lower (i.e., 1 per 4,000–10,000).
Postmenopausal women appear to be more susceptible to hepatic dysfunction induced by estrogen than
younger women. Certain ethnic groups (Swedes, Chileans) seem to be more prone to develop anicteric
dysfunction than others. Susceptibility to estrogen-induced cholestasis probably is related to a genetic
factor because of the strong link with recurrent cholestasis of pregnancy. The jaundice usually is noted
during the first 6 months of therapy and often during the first cycle. Jaundice is preceded by
nonspecific symptoms including malaise, anorexia, nausea, and pruritus. Splenomegaly is not seen and
hepatomegaly is infrequent. Serum concentrations of bilirubin levels are increased moderately in most
cases (≥10 mg/dL) but values >20 mg/dL have been described. Other biochemical features resemble
the jaundice produced by the C-17 alkylated anabolic steroids. Prognosis of the cholestatic jaundice is
good. In most individuals, the clinical syndrome resolves completely within 1 month of
discontinuation.

(continued)
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Table 29-4 Drug-induced Hepatotoxicitya (Continued)

Drug Clinical Remarks

2) Adenoma, peliosis hepatis 2) Hepatic adenoma was a very rare tumor before the widespread use of contraceptive steroids. Since
then, the increase in incidence of adenoma seems to have paralleled the increased use of OCs. Women
taking contraceptive steroids for periods >5 years appear to be at higher risk of developing an
adenoma than those who have taken the drug <3 years. One-third to one-half of patients found to have
adenoma remain asymptomatic. Approximately one-third may present with a painful, tender mass.
The remaining one-fourth to one-third of reported patients often present with a sudden life-threatening
intra-abdominal hemorrhage secondary to rupture of the adenoma. Prognosis is good if the adenoma
can be resected before the rupture. For patients with hemoperitoneum, the outlook is fair if the
diagnosis is made promptly and the tumor resected. Otherwise, death may result from hemorrhagic
shock, coagulation abnormalities, and related complications. Peliosis hepatis is a rare complication
from contraceptive steroids and often occurs along with the adenoma.

3) Budd-Chiari syndrome 3) Budd-Chiari syndrome is characterized by acute or subacute development of abdominal pain,
hepatomegaly, portal hypertension, ascites, edema, and moderate jaundice. This syndrome is caused
by thrombosis and subsequent occlusion of the hepatic veins. Although this complication is very rare,
an extremely high mortality rate clearly makes it an important consideration in the use of estrogens.

4) Carcinoma 4) Several types of malignant tumors have been associated with the use of OCs. Over 100 cases have
been reported, but the incidence is low when compared to the widespread use of OCs. Hepatic
carcinoma may be more likely in women who have used the OCs for >8 years.

Cyclosporine
I: Uncommon
M6,176,177

Increased serum transferase, gamma-glutamyl transferase, and serum bilirubin concentrations are signs
of cyclosporine hepatotoxicity. Elevated LFTs have been observed in about 4% of renal transplant, 7%
of heart allograft, and 4% of liver transplant recipients, usually during the first month of cyclosporine
therapy. Reduction of cyclosporine dosage usually reverses hepatotoxic effects. Several cases of
cholestasis have been reported. There was a significant increased incidence of VOD among patients
who received cyclosporine and methotrexate (CYC-MTX) versus those who received cyclosporine and
methylprednisolone (70% vs. 18%) as prophylaxis against graft-versus-host disease for allogenic bone
marrow transplantation. Incidence of early deaths due to VOD was significantly higher in the
CYC-MTX group (25% vs. 4.5%).

Erythromycin
M1,41–43,131

Erythromycin-associated cholestasis is primarily associated with the estolate salt; less common with the
ethylsuccinate and propionate derivatives. Children may be less susceptible than adults. Onset of
cholestatic jaundice usually occurs 1–3 weeks after exposure; however, patients previously exposed
may exhibit symptoms within 2 days. Abdominal pain occurs in about 75% of the cases. Icterus may
precede or accompany GI complaints, such as anorexia, nausea, and vomiting. Fever occurs in about
60% of patients, and rash is often absent. Eosinophilia occurs frequently (45%–80%). Serum bilirubin
values are generally <100 mmol/L (5.8 mg/dL). Response to a challenge dose of the same
erythromycin derivative is usually prompt. The hepatic injury is reversible, and jaundice often
subsides within 2–5 weeks after the drug is discontinued.

Cholestatic jaundice has also been reported with clarithromycin and in seven cases of patients receiving
roxithromycin.

Felbamate
I: <1%
C57,184

Twenty-three cases of hepatic failure have been reported following the use of felbamate, 13 of these were
not clearly related to felbamate therapy. Of the remaining 10 cases, 5 deaths were attributable to
felbamate. The overall incidence appears to be 1 per 26,000–34,000 exposed. The drug remains
available; close biochemical and hematologic monitoring has been recommended.

Fluoroquinolones
I: Rare
H131,185–189

Elevations in aminotransferase, bilirubin, and alkaline phosphatase levels were observed in 1.8%–2.5%
of patients who received fluoroquinolones. Sporadic cases of drug-induced hepatitis had appeared in
the literature for ciprofloxacin, enoxacin, ofloxacin, and norfloxacin. Hepatic injury due to
fluoroquinolones apparently is not dose related and generally is reversible when the drug is stopped.
However, one fatal case of hepatic failure, apparently due to oral ciprofloxacin, was reported.

The broad spectrum fluoroquinolone trovafloxacin has also been associated with more than 100 cases of
hepatotoxicity, fourteen of which involved acute liver failure, with liver transplantation required in
four of these. An immuno-allergenic mechanism has been suggested as an etiology. The drug remains
available in the United States for very restricted indications.

Fluoxetine (paroxetine)
I: Very low
H1,6,190,191

According to three published reports of fluoxetine-induced liver disease, patients generally presented
with elevated bilirubin, ALT, and AST. Patients generally required from several weeks to months
before liver function tests normalized.

Haloperidol
I: Low
C6,192

Incidence has been estimated to be between 0.2% and 3% of recipients. Most reported cases of jaundice
appear to be cholestatic.
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Table 29-4 Drug-induced Hepatotoxicitya (Continued)

Drug Clinical Remarks

Halothane
I: 1) Mild form >25%
2) Severe 1:35,000 to 1:3,500
C40,49,52,54,81,193–196

Halothane exposure may be followed by two distinct types of hepatotoxicity: asymptomatic with
abnormal laboratory values only or severe acute hepatitis with massive hepatic necrosis. The incidence
and severity appear to be greater in females and enhanced by obesity and previous exposure to
halothane or irradiation. Jaundice is rare in children and young adults <30 years. The clinical
syndrome of halothane-induced liver disease often consists of a history of unexplained delayed fever
postoperatively (>3 days) after halothane anesthesia. There is usually a latent period of 5–14 days
between the anesthetic episode and the appearance of hepatic injury, but it may appear as early as 1
day after the operation in patients who have had multiple prior exposures to halothane. Fever with or
without chills, aching, anorexia, nausea, and abdominal distress preceded jaundice in 75% of the
patients. After jaundice appears, other manifestations of serious hepatocellular damage often develop
rapidly. Coagulation abnormalities, ascites, renal insufficiency, GI bleeding, and encephalopathy may
follow.

Values for serum transferases are markedly elevated (≥3000 U/L), whereas alkaline phosphatase is
increased only modestly. Eosinophilia has been observed in 20%–50% of reported cases. Rash is
uncommon. Mortality rate for halothane hepatitis ranges from 14%–67%.

Serological testing for antibodies specific to halothane-altered antigens is positive in about 75% of
patients and can be used as a diagnostic aid along with the drug history and clinical presentation.

Isoniazid (INH)1,39,131,197,198 See Chapter 61: Tuberculosis. Fast and slow acetylators may be equally susceptible to the hepatotoxic
effects of INH. It appears that specific P450 isoenzymes may be involved because of the enhanced
hepatotoxicity by alcohol, other drugs (rifampicin), and advancing age.

Irbesartan/Losartan
I: Rare
C (irbesartan)199

H (losartan)200

Eight cases of hepatoxicity due to angiotensin II antagonist are reported in the literature. General
presentation following initiation of therapy (1 week to 5 months) includes anorexia, and abdominal
pain. Age of patients range from 41–77 years with female predominance.

Ketoconazole
I: 0.03%–0.1%
H1,6,131,201–206

Serum transferase concentrations can be increased in 8%–12% of patients without overt clinical
symptoms. Symptomatic hepatic injury is infrequent and often presents as a mixed or cholestatic
jaundice. Fulminant hepatitis is also possible. Hepatitis is more common in females, especially those
over 40 years of age, and usually occurs after 10 days to 26 weeks of therapy. Hypersensitivity
manifestations are usually absent.

Fluconazole, itraconazole, and voriconazole have also been implicated in cases of hepatic injury, but the
overall incidence is extremely low.

Lovastatin
I: Very rare
H1,34,207–211

In 613 patients who received lovastatin during controlled trials, the most common laboratory
abnormalities were elevations in hepatic enzymes. Serum concentrations of ALT, AST, and CPK were
increased by 7.3%, 5.9%, and 5.1%, respectively. Serum aminotransferase concentrations were
increased by more than threefold in about 1.9% of all patients in this study. Increased transferase levels
have been reported in patients with the homozygous form of familial hypercholesterolemia and may
be dose related. Hepatitis, fatty change in the liver, cholestatic jaundice, and chronic active hepatitis
have been reported rarely. Liver function tests are usually reversible after a few weeks upon
discontinuation, but recovery may be delayed for up to 21 months. Rechallenge can result in elevations
of aminotransferases in about 50% of patients. Lovastatin should be avoided in patients who have liver
disease or a history of alcohol abuse.

Pravastatin and simvastatin also have been reported to cause increases in aminotransferases that may lead
to cessation of therapy. Simvastatin has been associated with at least five cases of presumed hepatitis.

Methotrexate (MTX)
I: Dose, frequency, and duration related
H1,6,212,213

MTX frequently causes steatosis and portal inflammation in the liver when it is used in the acute
treatment of leukemia, choriocarcinoma, and other neoplastic diseases. Overt clinical symptoms
occasionally accompany these lesions. Prolonged use of MTX in patients with psoriasis may lead to
hepatic fibrosis and cirrhosis but apparently not in those with RA. The likelihood of hepatic injury
probably is directly related to the total dose and duration of therapy; it is inversely related to the time
interval between doses. Other risk factors include age, obesity, diabetes, alcoholism, and perhaps
severity of psoriasis. Biochemical changes provide insensitive reflections of MTX-induced hepatic
injury. Serum concentrations of AST and ALT are usually increased for 1–2 days after a single dose of
MTX; however, cirrhosis can develop insidiously without increases in the liver enzyme concentrations.
Serial liver biopsies at yearly intervals are highly recommended for patients with psoriasis to facilitate
the discovery of cirrhosis and its complications which can progress without overt clinical symptoms.
Some of these patients may progress to hepatic failure and death. Early recognition of this syndrome
can minimize irreversible hepatic damage and improve long-term survival. Preventative measures
include giving intermittent rather than small daily doses of MTX. Single weekly dosing regimens of
<15 mg have been successful in reducing the incidence of significant hepatic injury.

(continued)
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Table 29-4 Drug-induced Hepatotoxicitya (Continued)

Drug Clinical Remarks

Nonsteroidal anti-inflammatory drugs
(NSAIDs)

I: 1:100,000 recipients
H1,6,37,214–221

Two-thirds of the cases of sulindac-induced hepatic injury had clinical hallmarks of hypersensitivity.
Ratio of females to males was 3.5:1 with 69% of patients >50 years. Most commonly reported clinical
features of sulindac-induced hepatitis were jaundice (67%), nausea (67%), fever (55%), rash (48%),
pruritus (40%), and eosinophilia (35%). Onset ranged from 1 day to 3 years, but mostly <8 weeks.
Rechallenge leads to recurrence in a few days, thus suggesting an allergic mechanism. Complete
recovery occurred in all patients 2–3 weeks after drug discontinuation.

Severe cholestatic hepatitis, which can progress to subacute hepatic necrosis, has been reported with
piroxicam. Elderly patients >60 years seem to be more prone to piroxicam-induced cholestasis. Liver
enzymes may take 3–4 months to return to normal levels after piroxicam is discontinued. Other
NSAIDs, such as naproxen, diclofenac, ketoprofen, and ibuprofen, also have been implicated.

Although cases of NSAID-induced hepatitis are rare, they can be fatal; serious hepatoxicity resulted in
the removal of benoxaprofen and bromfenac from the U.S. market. The majority of cases of hepatitis
secondary to NSAIDs occur within the first few months of treatment.

Nitrofurantoin
I: Rare
M1,91,131,222–224

Symptoms of hepatic injury are usually abrupt with fever (60%), rash (30%), and eosinophilia (70%).
Approximately two-thirds of the patients have had previous exposure to nitrofurantoin. The latent
period before the development of symptoms ranges from 2 days to 5 months, but is usually within the
first 5 weeks. Cholestatic jaundice is the most common acute injury observed with nitrofurantoin.
Biochemical abnormalities and jaundice are generally reversible when the drug is discontinued. CAH
of the “lupoid” type is rare and may be accompanied by pulmonary lesions. Most patients have a low
serum albumin concentration and a high gamma globulin serum concentration. Antinuclear and/or
antismooth muscle autoantibodies are found in most patients. Few cases of cirrhosis have been
reported.

Oxacillin and its derivatives
I: Low
C131,225–227

Oxacillin has been associated with rare cholestatic jaundice and numerous cases of anicteric hepatic
dysfunction. Liver transferase levels can be as high as 1,000 U/L in some cases. Alkaline phosphatase
levels are only modestly elevated and serum bilirubin remains normal in most patients. Eosinophilia
accompanies only about 25% of cases. Upon cessation of oxacillin, liver enzyme values generally
return to normal within 2 weeks. Apparently there is no cross hepatotoxicity between oxacillin and
other penicillins. Nafcillin or penicillin G often can be substituted without recurrence of liver injury.
Cloxacillin and flucloxacillin also have been associated with severe cholestatic jaundice. Occasionally,
the cholestatic injury may last for months to years even after the drug is stopped. Estimated incidence
of flucloxacillin-induced liver dysfunction ranged from 1:11,000–1:30,000 prescriptions. Higher risk
was associated with female sex, age, high daily doses, and duration of >2 weeks.

Phenytoin
I: <1%
M1,58,59,154

Subclinical hepatic enzyme elevation is common with phenytoin but overt hepatitis is much less
common. Children seem to be less vulnerable to hepatic injury from phenytoin. Almost 80% of cases
involved adults >20 years. Symptoms generally occur after 1–5 weeks of therapy. Fever, rash,
lymphadenopathy, and eosinophilia followed by jaundice appear in most patients. Leukocytosis with
lymphocytosis and atypical lymphocytes is common. The syndrome resembles that of serum sickness
or infectious mononucleosis. Biochemical features are similar to those of severe viral hepatitis. Values
for AST and ALT are very high (200–4,000 U/L), and the serum concentrations of alkaline
phosphatase usually is only modestly increased. A case mortality rate of about 30% is due partly to
accompanying severe hypersensitivity reactions (e.g., exfoliative dermatitis) and partly to resulting
hepatic failure. A single case of phenytoin-induced chronic persistent hepatitis which was verified by
histology and rechallenge was reported.

Propylthiouracil (PTU)
I: Rare
H, C6,228,229

Asymptomatic and transient elevations of liver enzymes are common in patients receiving PTU (up to
28% in one study). However, ALT levels decrease after dosage reduction and normalize in most cases.
Signs and symptoms of hepatocellular damage usually appear within 2–4 weeks after initiation of the
drug and often are accompanied by rash, fever, and lymphadenopathy. CAH and cholestatic jaundice
secondary to PTU have been described. Fatal cases of PTU-induced jaundice have been attributed to
hepatic necrosis or accompanying granulocytosis.

Quinidine
I: Rare
M5,6,20

Mild hepatic injury induced by quinidine most commonly occurs within 6–12 days of initiation of
treatment and is usually anicteric. Quinidine-induced hepatitis is usually heralded by fever in
association with increased AST, ALT, LDH, and ALP levels. Discontinuation of the drug usually
results in rapid resolution of fever and laboratory abnormalities. Upon rechallenge with a single dose
of quinidine, most patients have promptly developed fever and increased concentrations of serum
transferases, thereby supporting hypersensitivity as a mechanism.

Risperidone
I: Very rare
H1,230

Atypical presentation; hepatocellular damage occurs weeks to months following exposure. Reverses
upon discontinuation of therapy.

Rifampin1,39,131 See Chapter 61: Tuberculosis
Sertraline
I: Very rare
H1,231

The primary presentation is increased ALT levels between 1 and 5 months after exposure. It is likely to
be an idiosyncratic mechanism.



ADVERSE EFFECTS OF DRUGS ON THE LIVER � 29-11

Table 29-4 Drug-induced Hepatotoxicitya (Continued)

Drug Clinical Remarks

Sulfamethoxazole-trimethoprim
(Co-Trimoxazole)

I: Very low
M1,6,43,70–73,131,232,234

Twelve cases of cotrimoxazole-induced liver injury (including fatality) have been reported. The
cholestasis can be severe and might last for >12 months, even after the drug was stopped. Prominent
features are pruritus, fever, skin rash, arthralgias, and eosinophilia.

Sulfonamides
I: 0.5%–1% cholestatic jaundice
M1,6,131

Clinical presentation of hepatic injury often occurs within 5–14 days, but occasionally presents as late as
several months. About 25% of the patients with hepatic dysfunction have had prior exposure to
sulfonamides. The reaction is characterized by fever, rash, and signs of visceral and bone marrow
injury. The clinical and morphologic features of such reactions resemble those of serum sickness.
Usually, the onset of symptoms is sudden, with fever, anorexia, nausea, vomiting, and sometimes rash.
Jaundice appears on the third to sixth day after the onset of fever, but may be delayed for as long as 2
weeks. Dark urine and acholic stools are frequent, and hepatomegaly may be noted. Prognosis depends
on the extent of cytotoxic injury. Case fatality rate is reportedly above 10%. Patients who survive
generally recover slowly over a period of several weeks to months. Fatal massive necrosis has been
described with pyrimethamine-sulfadoxine (Fansidar). Slow acetylators are more susceptible to
sulfonamide-included hepatic injury.

Tetracyclines
I: Low
H1,6,131,235,236

Tetracycline has been reported to produce hepatic steatosis. The development of clinically significant
fatty liver appears to depend on the presence of high blood levels of the drug. Large doses (>1.5
g/day) of tetracycline, especially when given IV to pregnant women or individuals with renal disease,
may give rise to severe hepatic injury. Clinical manifestations usually appear 4–10 days after initiation
of tetracycline therapy. Early symptoms include nausea, vomiting, abdominal pain, hematemesis, and
headache. Mild jaundice then follows. Hemorrhagic complications, azotemia, hypotension, shock, and
coma may develop subsequently. Tetracycline-induced massive steatosis does not differ clinically or
morphologically from the spontaneous form of fatty liver of pregnancy. Mortality rate from this
syndrome is 80%. This serious untoward reaction can be avoided by using safer alternative antibiotics
whenever possible.

Tricyclic antidepressants (TCAs)
(amitriptyline, imipramine, desipramine)
I: Rare to infrequent
C1,6,237–242

TCAs usually cause a mixed hepatitis with either the necrotic or the cholestatic component
predominating depending on the agent. Jaundice appears within 1 week to 4 months. Hypersensitivity
manifestations are seen in some patients. Severe hepatic necrosis and death are rare. Prolonged
cholestasis and progressive hepatic fibrosis have been reported in a few cases.

Troglitazone
I: Very low
C1,6,123–130

Reports of troglitazone-associated liver failure led to the removal of this agent from the U.S. market by
the FDA in 2000. However, the clinical presentation of thiazolidinedione DILI is significant because
this class of agents is still routinely administered to manage type II diabetes. The clinical presentation
of thiazolidinedione DILI includes significant increases in ALT (>20× upper limit of normal)
between the third and several months (mean 147 days; range 17–287) following initiation of therapy.
In patients who had therapy discontinued, ALT usually returned to baseline (mean, 55 days; range
8–142). Patients may not have symptoms of liver dysfunction (e.g., fatigue, nausea, and abdominal
pain), yet jaundice may be present in some instances. Liver transplantation was required in some cases.
Additional thiazolidinediones, such as rosiglitazone and pioglitazone, may also be associated with
idiosyncratic hepatotoxicity. Two case reports describe ALT and AST elevations following initiation of
rosiglitazone therapy with rapid normalization following discontinuation.

Valproic acid
I: 0.05%–0.1%
H1,6,74–78,154,243

Valproate can increase the serum transferase concentration in 6%–44% of patients without overt clinical
symptoms. Numerous cases of fatal and nonfatal liver disease due to valproate have been reported.
Infants and young children (<2 years) are at much higher risk than adults. Lethargy, lassitude,
anorexia, nausea, vomiting, edema, facial puffiness, and a frequent change in the pattern of
convulsions may precede jaundice, ascites, and hemorrhage. Severe hepatic necrosis can result in
coma and azotemia. Prothrombin time is prolonged, serum ammonia concentrations are increased, and
hypoglycemia may occur. The hepatotoxicity is thought to be related to an inherited or acquired
deficiency in the beta oxidation of valproate resulting in increased formation of a toxic metabolite
(4-envalproate). This toxic metabolic pathway seems to be cytochrome P450 enzyme-dependent and is
inducible by other drugs such as phenobarbital and phenytoin.

Zidovudine (HAART)
I: Very low
H 1,6,35,36,244–247

See Chapter 69: Pharmacotherapy of Human Immunodeficiency Virus Infection
Patients generally present with weakness, malaise, abdominal discomfort, prolonged coagulation time,

acidosis, an increase in ALT, hyperbilirubinemia, and hepatomegaly following several months of
therapy. The primary injury is macrovesicular steatosis, but cholestasis has also been seen.
Discontinuation of therapy may only reverse acidosis.

Didanosine and nevirapine have also caused macrovesicular steatosis and have lead to several cases of
fulminant hepatic failure. Of the PIs, indinavir has been reported to produce hepatic injury.

aACE = Angiotensin converting enzyme; ALP = Alkaline phosphatase; ALT = Alanine aminotransferase; AST = Aspartate aminotransferase; CAH = Chronic active hepatitis;
GI = Gastrointestinal; IV = Intravenous; LDH = Lactate dehydrogenase; LFTs = Liver function tests; OCs = Oral contraceptives; PIs = Protease inhibitors; RA = Rheumatoid
arthritis; SLE = Systemic lupus erythematosus; SR = Sustained-release; TBL = Total bilirubin; VOD= Veno-occlusive disease.
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liver function tests within 5 weeks, and 4 months, respectively.
Thus, C.W. should be advised to discontinue trimethoprim-
sulfamethoxazole and venlafaxine, and the clinician should
monitor her liver function tests closely for the next several
weeks to months. Generally, the recovery from a sulfonamide-
induced injury depends on the extent of the cytotoxic injury
but usually occurs over a period of weeks to months.70–73

Idiosyncratic hepatic injury also can be caused by toxic
metabolites (e.g., isoniazid, halothane, valproate, ketocona-
zole, methyldopa).1,7,13,22 The idiosyncratic or unpredictable
hepatic injury that results from a metabolic aberration rather
than hypersensitivity usually develops after variable latent pe-
riods of 1 week to 12 months and usually is not accompanied by
fever, rash, eosinophilia, or histologic findings of eosinophilic
or granulomatous inflammation in the liver. In addition, re-
production of the hepatic injury requires administration of the
drug for a period of days or weeks, rather than for only one
or two doses, presumably to allow for accumulation of toxic
metabolites.

Furthermore, C.W.’s clinical presentation could also be ex-
plained by her chronic ingestion of valproic acid (Table 29-4).
The hepatotoxicity associated with valproic acid is thought
to be related to an inherent or acquired deficiency in the β-
oxidation of valproic acid, resulting in formation of a toxic
metabolite (4-envalproate).7,22,46,74–78 However, infants and
children younger than 2 years of age are at much higher risk
than adults for valproic acid-induced liver disease. In addi-
tion, there appears to be a change in the pattern of the seizure
frequency, which generally precedes clinical manifestations
(jaundice, anorexia, fever, nausea) of valproic acid-induced
liver disease. Although possible, it is unlikely that C.W.’s DILI
is from valproic acid because of her age (>2 years). Thus, it
should be continued with close monitoring for resolution of
clinical symptoms and liver function tests as described previ-
ously.

The classification of the mechanism of hepatic injury by an
individual drug into either intrinsic, predictable hepatotoxic-
ity, or unpredictable idiosyncrasy can sometimes be impossi-
ble, and in many instances, both major types of mechanisms
may have a role. Thus, toxic hepatitis may occur after large
overdoses of an intrinsically hepatotoxic drug or in an id-
iosyncratic manner after therapeutic doses. The reasons for
the unique susceptibility of some patients are still poorly un-
derstood, and both genetic and acquired factors are likely to be
involved.5,9,18,19,22

FORMS OF DRUG-INDUCED LIVER DISEASE
In addition to classifying DILI as a result of intrinsic hepa-
totoxicity or idiosyncratic reactions, the nature of the hepatic
lesion can be used to categorize a specific type of liver in-
jury. However, there are several limitations to fully differen-
tiating the number and forms of DILI based on the nature of
the hepatic lesion. These limitations may include an inability
to completely analyze the histologic, clinical, and biochemical
characteristics of the offending agent or the lack of recogni-
tion and confidence in implicating a potentially hepatotoxic
agent due to the sporadic nature of ADR reporting. Other lim-
itations may include the concomitant use of additional hepa-
totoxic agents, pre-existing hepatic diseases, and the inability
to rechallenge a patient with the agent in question. Despite

these concerns, drug-induced hepatic injury continues to be
classified according to the morphology of the liver injury, the
presumed mechanism, or the circumstances of drug-induced
damages.

Drug-induced hepatic lesions can also generally be charac-
terized as either acute (clinical or histologic evidence present
for <3 months) or chronic (clinical or histologic evidence
present for >3 months). Although acute injuries have received
the most attention, chronic DILI has become increasingly
prevalent. Both types of injury (acute and chronic), along with
the characteristic clinical patterns and lesion(s), are discussed
in the following sections.

Acute Drug-induced Liver Disease
The FDA, American Pharmaceutical Manufacturers, and se-
lected members of the American Association of the Study of
Liver Diseases (AASLD) have adopted guidelines that rec-
ommend that an alanine aminotransferase level of more than
three times the upper limit of normal and a total bilirubin
level of more than twice the upper limit be used as a com-
bined test to define clinically relevant abnormalities on liver
tests with additional verification through analysis of available
clinical data. Elevations in serum enzyme levels, including
alanine aminotransferase, aspartate aminotransferase, and al-
kaline phosphatase, are to be considered as indicators of liver
injury as opposed to increases in both total and conjugated
bilirubin levels, which should be considered measures of over-
all liver function. Furthermore, the pattern of liver injury is
important to recognize, because specific drugs elicit an in-
jury according to one pattern or another. Thus, the pattern of
DILI can be hepatocellular, mixed, or cholestatic (Table 29-5).
Clinically, hepatocellular injury pertains to elevations of ala-
nine aminotransferase, mixed patterns are manifested by an
elevated alkaline phosphatase, and the cholestatic pattern in
defined by an increase in both alkaline phosphatase and total
bilirubin levels. Hepatocellular injury can be either cytotoxic
or cytolytic, and it results in damage to the liver parenchyma.
The lesions responsible for hepatocellular injury can be due
to necrosis, steatosis, or a combination thereof. Most cases of
DILI have a “mixed” pattern with features of both hepatocel-
lular and cholestatic injury. Cholestatic injury depicts arrested
bile flow with jaundice and is associated with minimal or no
parenchymal injury.5,7,22,79

Precise measures of conjugated bilirubin are infrequently
obtained and the direct reacting bilirubin fraction overestimates
bilirubin elevations. Thus, a concept of combining the mea-
sures of liver injury and function were developed from a clini-
cal observation (referred to as Hy’s law) that states that “drug-
induced hepatocellular jaundice is a serious lesion.”1,2,22

Furthermore mortality rates are approximately 10% in patients
who have both hepatocellular injuries with jaundice, even if the
offending agent is discontinued.1,2,22 Two surveys have sup-
ported the assertion that drug-induced hepatocellular injury
with jaundice results in greater mortality or the need for liver
transplantation than is cholestatic or mixed injury.1,2 Because
C.W. has evidence of hepatic injury and compromised func-
tion, she is more likely to have a greater risk of mortality and
require liver transplantation. Thus, she should be referred to an
inpatient setting for additional evaluation of her liver disease.
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Table 29-5 Features of Acute Drug-induced Acute Hepatic Injury 1,5–6,7,15,22,28

Biochemical Markers

Lesion Syndrome Clinical Presentation ALT/AST ALK/Phos Examples of Offending Agents

Hepatocellular

Necrosis Acute hepatitis A, N, V 8–200× 3× Isoniazid, diclofenac, halothane
Sinusoidal beading Pseudomononucleosis A, N, V, L, S 8–200× Variable Phenytoin, dapsone
Massive Acute liver failure A, N, V, L, S, C, E 25–200× <3× Phenytoin, dapsone
Subacute Prolonged hepatitis A, N, V, J, FG 8–25× <3× Propylthiouracil, diclofenac
Spotty Subclinical None 2–5× <3× Isoniazid, diclofenac
Steatosis, microvesicular Reye-like N, V, E 2–15× <3× Tetracycline

Cholestatic Injury

Hepatocanalicular
Bile casts + spotty necrosis
Portal inflammation Obstructive jaundice A, N, J, PR, FV, R, P 8× >3× Carbamazepine, erythromycin estolate,

sulfonylureas
Canalicular Obstructive jaundice PR, J, P <5× <3× Anabolic steroids
Bile casts Oral contraceptives

A, anorexia; ALKPhos, alkaline phosphatase; ALT, alanine aminotransaminase; AST, aspartate aminotransaminase; C, coagulopathy; E, encephalopathy; FG, fatigue; FV, fever;
J, jaundice; L, lymphadenopathy; N, nausea; P, pain; PR, pruritus; R, rash; S, splenomegaly; V, vomiting.

Hepatocellular Injury
NECROSIS
Drug-induced hepatocellular necrosis may primarily in-

volve cells in a centrilobular (zonal) pattern (e.g., ac-
etaminophen, CCl4, enflurane, ferrous sulfate, halothane), a
diffuse (nonzonal) pattern, or hepatocytes similar to that of
viral hepatitis (e.g., methyldopa), or it may affect signifi-
cant portions of the entire liver (e.g., valproic acid).5,7,22,28

Additional agents reported to cause hepatocellular injury in-
clude trazodone, diclofenac, nefazodone, venlafaxine, and
lovastatin.5,7,22 Serum aminotransferases are the hallmark
of hepatic damage. The serum AST and ALT in patients
with hepatic necrosis are elevated from 8 to 500 times the
upper limit of normal, whereas values for alkaline phos-
phatase are usually increased modestly to no more than
three times normal.5,13,15,22,80 Blood cholesterol concentra-
tions are often normal or sometimes low. These biochemi-
cal patterns resemble those observed in acute viral hepatitis;
thus, hepatocellular necrosis is often referred to as drug-
induced or toxic hepatitis.1,5,7,22 Clinical features include fa-
tigue, anorexia, nausea, and jaundice. With increasing degrees
of liver cell necrosis, patients may experience manifestations of
acute liver failure, such as deep jaundice, coagulopathy, ascites,
hepatic encephalopathy, coma, and death.7,24,26,27A final clin-
ical presentation of drug-induced acute hepatitis may mimic
infectious mononucleosis.6,7,22,28 In addition to hepatocellu-
lar injury, lymphadenopathy, lymphocytosis, and circulating
lymphocytes may be present. This presentation has been asso-
ciated with the use of phenytoin, dapsone, sulfonamides, and
para-aminosalicylic acid.6,7,22,28

STEATOSIS
A second type of acute drug-induced lesion is steatosis,

which can be microvesicular or macrovesicular. In microvesic-
ular steatosis, the hepatocytes are filled with many tiny droplets
of fat that do not displace the nucleus (e.g., valproic acid,
tetracycline, aspirin overdose).22,37,46,81–83 In macrovesicular

steatosis, the hepatocyte contains a large fat droplet that dis-
places the nucleus to the periphery (e.g., ethanol, glucocorti-
coids, methotrexate). Generally, acute toxic steatosis is likely
to be microvesicular, whereas chronic steatosis is usually
macrovesicular (e.g., amiodarone, tamoxifen). Although mi-
crovesicular steatosis results in enlargement of the liver, rou-
tine liver function tests often remain normal. In contrast, fatty
degeneration caused by drugs such as valproic acid may result
in irreversible cell damage reflected by increased AST and ALT
serum concentrations of 100 to 500 U/L.7,22,46 Elevations in
aminotransferase levels in patients with drug-induced hepatic
steatosis are not as high as those reported with hepatocellular
necrosis. The histologic picture of drug-induced fatty degen-
eration is similar to that observed with fatty liver of pregnancy
or Reye’s syndrome1,5,6,22,28 Certain drugs (e.g., high dosages
of estrogens) also can induce a form of degenerative, necro-
tizing liver damage known as fatty liver hepatitis, which can
eventually result in micronodular cirrhosis.1,5−7,22 Fatty liver
hepatitis is often asymptomatic, and the appearance of malaise,
diarrhea, fever, jaundice, leukocytosis, ascites, or edema may
indicate that the damage is already irreversible with a poor
prognosis.

Cholestatic Injury
CANALICULAR AND HEPATOCANALICULAR
Cholestatic injury has been associated with two prominent

types of lesions.1,5−7,22,28 These are manifested by bile stasis
without inflammation and with minimal parenchymal injury
(i.e., bland, pure, or steroid cholestasis) or by cholestasis with
inflammation and slight parenchymal injury (i.e., cholestatic
hepatitis, pericholangitis, cholangiolitic cholestasis, or sensi-
tivity cholestasis). The former can be characterized as hepato-
canalicular (i.e., combined with hepatocyte injury), whereas
the latter is referred to as canalicular (i.e., portal inflamma-
tion).

Canalicular cholestasis is characterized by AST and/or
ALT elevations less than eightfold above normal, normal
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cholesterol, alkaline phosphatase elevations less than three-
fold above normal, in a patient who is jaundiced or has a
serum bilirubin level >42 mmol/L. In contrast, hepatocanalic-
ular cholestasis usually presents with AST and/or ALT levels
less than eightfold elevated, increased cholesterol, and alkaline
phosphatase 3- to 10-fold above normal. Patients with AST,
ALT, and alkaline phosphatase levels in the canalicular range
but with a serum bilirubin level <42 mmol/L are categorized
as having an “indeterminate type,” because these values could
reflect either minor hepatocellular injury or anicteric injury
of the cholestatic type. Hepatocanalicular injury is typically
seen in chlorpromazine-induced jaundice, and the canalicular
type usually is observed in cases resulting from anabolic or
contraceptive steroids.1,2,5,7,22

Drug-induced canalicular and hepatocanalicular cholestatic
injury often resembles extrahepatic obstructive jaundice both
clinically and biochemically.1,5,13,22,28 Pruritus, jaundice, pale
stools, and dark urine are the primary clinical manifestations.
Other patient complaints may include upper abdominal pain
or dull abdominal aching. The serum bilirubin level is in-
creased in all cases of drug-induced cholestasis, but it usu-
ally is <170 mmol/L (normal, 2–17), although on occasion, it
can be >800 mmol/L.1,4,5,15,22,28 The serum aminotransferase
concentrations are generally only moderately increased. The
serum concentrations of alkaline phosphatase are usually in-
creased more than threefold when cholestasis is caused by oral
hypoglycemic agents, some antithyroid drugs, erythromycin
estolate and its derivatives, or chlorpromazine (hepatocanalic-
ular), but they do not increase as much when the cholestasis is
not accompanied by cellular injury (e.g., anabolic, contracep-
tive steroids).5,13,15,22,28

The immediate prognosis in patients with either hepato-
canalicular or canalicular injury is good. The mortality rate
for pure cholestasis is much lower than when the cholesta-
sis is accompanied by cytotoxic damage and is believed to be
<1%.5,13,22,28 However, a syndrome of chronic intrahepatic
cholestasis with clinical, biochemical, and histologic features
that resemble primary biliary cirrhosis (PBC) has been ob-
served following acute drug-induced cholestasis 22,82,83 (Table
29-6). These cases of PBC-like disease are likely to resolve,

yet a permanent and fatal PBC-like syndrome (vanishing bile
duct syndrome) has been identified.5,7,22,82,83

Mixed Injury
Mixed forms of drug-induced injury can be primarily hepato-
cellular with significant cholestatic characteristics, or primar-
ily cholestatic with significant hepatocellular features. They
appear to be more consistent with a drug-induced etiology
rather than with viral hepatitis. Biochemical markers for mixed
cholestatic injury may be defined by elevations in ALT, AST
(values more than eight times the upper level of normal), and
alkaline phosphatase levels (values more than three times the
upper level of normal).

Several drugs appear to exhibit a distinct relationship be-
tween their therapeutic class and the type of injury they
elucidate.5,7,15,22,28 For example, some anti-epileptic drugs
(e.g., phenytoin, carbamazepine) tend to produce hepato-
cellular or mixed hepatocellular jaundice. Most neuroleptic
agents tend to produce cholestatic (hepatocanalicular) jaun-
dice, whereas hydrazide antidepressants cause hepatocellu-
lar jaundice, and tricyclic antidepressants primarily cause
cholestatic injury.

Nevertheless, most drugs do not exhibit a distinct relation-
ship between their therapeutic class and the type of injury they
induce. Specifically, some oral hypoglycemic agents such as
acetohexamide produce mixed hepatocellular injury, whereas
others, such as chlorpropamide, tolbutamide, and tolazamide,
cause cholestatic jaundice.5,7,15,22,28 Second-generation hypo-
glycemic agents, such as glyburide and glipizide, have rarely
been associated with causing cholestatic jaundice. Also, the
antimicrobial agent nitrofurantoin and the NSAID sulindac
may cause either cholestatic or hepatocellular injury.22,37 Gold
compounds appear to be associated with cholestatic rather
than hepatocellular jaundice, but this relationship is not con-
sistent. Other agents that lead to mixed injury include para-
aminosalicylic acid, sulfonamides, amoxicillin-clavulanate,
cyclosporine, methimazole, carbamazepine, troglitazone (no
longer available), and herbal supplements.5,7,22,28 The mortal-
ity rate of the mixed form seems to depend on the extent of
cytotoxic injury.

Table 29-6 Drug-induced Chronic Cholestasis Compared With Primary Biliary Cirrhosis7,15,22,28

Characteristics Drug-induced Chronic Cholestasis Primary Biliary Cirrhosis

Associated disease Irrelevant Sicca syndrome
Drug intake Phenothiazines, organic arsenicals None
Clinical symptoms Pruritus, early severe jaundice, xanthomas, hepatomegaly,

splenomegaly, cirrhosis
Pruritus, latent mild jaundice, xanthomas, hepatomegaly

splenomegaly, meloderma, cirrhosis

Laboratory Markers

Bilirubin 1–20 mg/dL 1–5 mg/dL
ALT/AST 2–8× 2–8×
Alkaline phosphatase 3–10× 3–10×
Histologic Markers

Ductopenia Slight Remarkable
Nonsuppurative cholangitis Absent Present
Hepatic granulomas Absent Present

ALT, alanine aminotransaminase; AST, aspartate aminotransaminase.
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Table 29-7 Features of Drug-Induced Chronic Hepatic Injury5–7,15,22,28

Biochemical Markers

Lesion Associated Syndrome ALT/AST ALK Phos Examples of Offending Agents

Hepatocellular

Necroinflammatory Chronic hepatitis 3–50× 1–3× Nitrofurantoin, minocycline, methyldopa
Steatosis Alcoholic steatosis 1–3× 1–3× Methotrexate, glucocorticoids
Phospholipidosis Alcoholic hepatitis 1–5× Variable Amphophilic agents
Pseudoalcoholic Alcoholic hepatitis 1–5× Variable Amiodarone, perhexiline

Cholestatic Injury

Cholangiodestructive Primary biliary cirrhosis 1–3× 3–20× Carbamazepine, haloperidol
Biliary sclerosis Sclerosing cholangitis 1–5× 3–20× Floxuridine
Granulomatous Hepatomegaly; hepatitis 1–3× 3–20× Allopurinol, carbamazepine, hydralazine, quinine

Vascular Lesions

Peliosis Hepatomegaly 1–3× <3× Anabolic steroids, oral contraceptives
Budd-Chiari syndrome Congestive hepatopathy 2–20× Variable Oral contraceptives
Veno-occlusive Congestive hepatopathy 2–20× Variable Pyrrolizidine alkaloids, azathioprine
Sinusoidal dilation Hepatomegaly 3× Variable Oral contraceptives
Pericellular/sinusoidal fibrosis Noncirrhotic portal HTN 1–3× Variable Vitamin A

Neoplasm

Adenoma, carcinoma Asymptomatic hepatic mass Variable Variable Oral contraceptives, anabolic steroids

ALK Phos, alkaline phosphatase; ALT, alanine aminotransaminase; AST, aspartate aminotransaminase; HTN, hypertension.

Chronic Drug-induced Liver Disease
Chronic adverse effects of drugs on the liver generally can
be categorized based on the type of lesion or on similar-
ity to clinical syndromes (Table 29-7). These categories in-
clude parenchymal lesions secondary to chronic hepatitis,
subacute hepatic necrosis, chronic steatosis, phospholipido-
sis (PL), or fibrosis and cirrhosis. Also included are two
forms of cholestatic lesions either from chronic intrahepatic
cholestasis or biliary sclerosis. In addition, vascular, granulo-
matous, and neoplastic lesions may also lead to chronic hepatic
disease.5,7,22,28

Parenchymal Disease
CHRONIC HEPATITIS
Formerly categorized as chronic active or persistent hepati-

tis, all chronic necroinflammatory disease of the liver is now
referred to as chronic hepatitis (CH).84 In addition to viral
etiologies (e.g., hepatitis B virus, hepatitis C virus), autoim-
mune hepatitis (AIH), Wilson’s disease, and cryptogenic cir-
rhosis, drug-induced hepatic parenchymal lesions have been
reported. Drug-induced lesions appear to mimic AIH because
they predominantly affect females and are accompanied by
hyperglobulinemia, antinuclear antibodies, anti–single-strand
DNA, and other serologic autoimmune markers.5,7,22,28 Drugs
associated with this syndrome include dantrolene, diclofenac,
fenofibrate, methyldopa, minocycline, nitrofurantoin, sulfon-
amides, and drugs of abuse such as ecstasy. Acetaminophen
and isoniazid also have been incriminated in causing chronic
active viral hepatitis-like disease, perhaps owing to continued
toxic injury rather than an autoimmune response.5,7,13,22 To
date, at least 24 drugs have been associated with CH, and al-

though the overall presentation is not homogeneous, they have
been categorized into four separate types of injury.13,22

The first group (type 1) consists of drugs that induce liver
injury that resembles autoimmune hepatitis.6 Drugs associated
with this from of injury are often taken for prolonged periods
and are continued beyond the initial liver insult. The overall in-
cidence of this “type” appears to be <5%. Unique clinical fea-
tures in this group includes a high incidence in women (>90%
of cases reported), hypergammaglobulinemia, autoantibodies,
and a chronic necroinflammation rich in plasma cells.

Type 2 drug-induced chronic hepatitis is characterized by
antibody formation against isoforms of cytochrome P450 or
other microsomal proteins, which apparently leads to “neoanti-
gen” production during biotransformation.5,13,22,85–87 Com-
pared with type 1, hyperglobulinemia is not a prominent feature
of this entity. Only two drugs (dihydralazine and tienlic acid)
have led to this type of drug-induced CH.

Drugs such as etretinate, lisinopril, sulfonamide, and tra-
zodone make up a third form of drug-induced CH, but the
serologic markers of autoimmune disease are absent.6,7,22 Pa-
tients with type 3 injury often have elevations in their amino-
transferases with histologic evidence of chronic hepatitis.

Type 4 of drug-induced CH consists of agents, such as ac-
etaminophen, aspirin, and dantrolene, which produce chronic
toxicity rather than the chronic necroinflammatory disease that
resembles chronic hepatitis.22,28,88,89

Overall, the clinical picture of drug-induced CH has mixed
characteristics, with features of both acute and chronic he-
patic injury. Patients may first present with either features
of acute hepatocellular injury or clinical evidence of cirrho-
sis. Physical examination often reveals a firm, enlarged liver,
splenomegaly, and spider angiomas with or without ascites,
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Jaundice, anorexia, and fatigue are common. Arthralgias or
“arthritis” may occur. Serum transferase levels are usually
moderately increased; hypoalbuminemia and coagulopathy are
common.90,91 Recognition of drug-induced CH is extremely
important because withdrawal of the responsible drug may
lead to marked improvement and complete resolution of the
injury within 4 weeks. However, continuation of these agents
may lead to cirrhosis, fulminant hepatic failure and death.

SUBACUTE HEPATIC NECROSIS
Subacute hepatic necrosis (toxic cirrhosis) is different from

acute necrosis and CH in that the clinical deterioration is slower
than that seen in acute injury, yet it progresses faster than that
associated with CH. Manifestations include a progressive, se-
rious liver disease with deep jaundice and evidence of cirrho-
sis. Drugs that have been associated with this type of presen-
tation include isoniazid,28,39 methyldopa,6,90 nitrofurantoin,91

and propylthiouracil.92

CHRONIC STEATOSIS
Compared with the acute microvesicular type of drug-

induced steatosis, chronic steatosis is usually macrovascular
and has minimal clinical manifestations. Ethanol, glucocorti-
coids, and a number of antineoplastic agents such as methotrex-
ate (which all primarily lead to hepatomegaly) are agents as-
sociated with this type of insult.7,22 Glucocorticoid-induced
steatosis appears to be benign, whereas methotrexate-induced
steatosis can progress to cirrhosis. However, in some instances,
the lesions seen in chronic steatosis may be microvesicular and
lead to prominent hepatic disease (i.e., necrosis). This presen-
tation has been reported with asparaginase and valproic acid.
Valproic acid not only can induce microvesicular lipid deposits
in the liver, but also causes fatty degeneration that can re-
sult in chronic liver failure with encephalopathy and a fatal
outcome.7,22,74–79

PHOSPHOLIPIDOSIS
PL occurs frequently and is caused by an amphophilic

drug (i.e., a drug that is both lipophilic and hydrophilic) that
accumulates within the lysosomes. PL is usually clinically
silent or causes only mild liver dysfunction. Hepatomegaly
is the predominant feature of PL with or without other or-
gan injury (e.g., PL of peripheral nerves, lungs, thyroid, and
skin). Pseudoalcoholic liver disease (PALD) or nonalcoholic
steatohepatitis (NASH) consisting of steatosis, focal necro-
sis, inflammatory aggregates, and Mallory bodies in associ-
ation with PL have also been reported. These lesions have
progressed to cirrhosis in several instances after long-term
administration of amiodarone5,6,82,93,94 This clinical presen-
tation of PALD or NASH can include hepatomegaly, ascites,
spider angiomas, wasting syndrome, neuropathy, and moderate
increase in aminotransferases (less than five times the upper
limit of normal).

FIBROSIS AND CIRRHOSIS
CH, PL-associated PALD, chronic cholestatic injury, lesions

affecting hepatic outflow, and chronic injury from methotrexate
and etretinate can all lead to hepatic fibrosis and cirrhosis.
Portal hypertension and its associated complications are the
main characteristics in advanced cases.

Cholestatic Lesions
CHRONIC INTRAHEPATIC CHOLESTASIS
One form of drug-induced chronic intrahepatic cholestasis

has features that resemble PBC, but it does not have some of
the defining characteristics of PBC such as late-onset jaun-
dice or antimitochondrial antibodies.5,7,82,83 Common clinical
findings associated with this form of lesion are pruritus, early-
onset jaundice, and elevated serum bilirubin and alkaline phos-
phatase levels, but only moderately increased AST and ALT
levels. In advanced stages, xanthomatosis, ascites, edema, and
portal hypertension may occur. Bile duct destruction and por-
tal inflammation are less significant from chronic cholestatic-
associated drug-induced injury compared with PBC, and it
may lead to a unique form of the vanishing bile duct syn-
drome. Drugs reported to cause this syndrome include carba-
mazepine, haloperidol, imipramine, phenothiazines (chlorpro-
mazine, prochlorperazine), sulfamethoxazole-trimethoprim,
thiabendazole, and tolbutamide.5,7,82,83

BILIARY SCLEROSIS
A second form of cholestatic cholestasis is biliary sclerosis,

which has been observed in cases of bile duct injury produced
by intrahepatic arterial infusion of floxuridine.95 The incidence
of injury due to floxuridine appears to be high. Clinical fea-
tures include upper abdominal pain, anorexia, weight loss, and
jaundice. Alkaline phosphatase levels are more than three times
normal, whereas the aminotransferases are less than five times
the normal limit.

Vascular Lesions
Four significant drug-induced vascular lesions have been re-
ported, including hepatic vein thrombosis, hepatic venule oc-
clusion, peliosis hepatitis, and hepatoportal sclerosis. Vascular
injury that affects efferent blood flow (e.g., portal blood flow)
to the liver leads to hepatic vein thrombosis. Budd-Chiari syn-
drome can be manifested by symptoms such as hepatomegaly,
abdominal pain, ascites, moderate elevations in serum amino-
transferases, and occasionally, jaundice.38 Rapid deterioration
and death may soon follow. This type of injury can be caused
by oral contraceptives (OCs), and although the incidence re-
mains low relative to the large number of women taking OCs,
case-controlled studies demonstrate that women taking these
agents have greater than double the risk compared with other
women of developing this lesion.

Veno-occlusive disease as a result of injury and fibrotic
occlusion of the terminal hepatic venules has clinical symp-
toms similar to those of Budd-Chiari syndrome and may re-
sult in death or can be followed by complete recovery. This
type of hepatic injury has historically been associated with
alkaloid derivatives (e.g., etoposide, vincristine, vinblastine),
but agents such as thioguanine, azathioprine, chemotherapeu-
tic agents (e.g., busulfan, cyclophosphamide, dactinomycin,
methotrexate, mitomycin) and radiation injury serve as com-
mon etiologies.5,7,98 Additional etiologies of this type of injury
include herbal medications or dietary supplements that are of-
ten obtained in natural food stores.99

Peliosis Hepatitis
Peliosis hepatis, a rarely encountered blood-filled cyst in the
liver, can be caused by anabolic or contraceptive steroids, as
well as related agents such as danazol.5,7,100 Most cases with
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this type of injury are often associated with hepatic tumors or
with cholestatic jaundice induced by the offending drug. Clin-
ical manifestations include hepatomegaly, jaundice, or liver
failure.100 Occasionally, the cyst may rupture and result in a
syndrome of hemoperitoneum.

Drug-induced portal hypertension may occur without evi-
dence of cirrhosis.5,7,28 An example is hepatoportal sclerosis
after chemotherapeutic or immunosuppressive therapy.5,7,101

Additional causes of this lesion include chronic exposure to
inorganic arsenicals, copper sulfate, and vinyl chloride, as well
as vitamin A intoxication.5,7,13,22 Clinically, splenomegaly,
leukopenia, thrombocytopenia, pancytopenia, or esophageal
varices may be present.

Granulomatous Hepatitis (Drug-Induced)
Granulomatous reactions are a common presentation of DILI
and account for 2% to 29% of cases of granulomatous hepati-
tis. The clinical presentation includes fever, malaise, headache,
and myalgia between 10 days and 4 months after the initiation
of treatment, with splenomegaly present in up to 15% of cases.
Hepatic granulomas are always noncaseating and can be sur-
rounded by eosinophils. The granulomas can be accompanied
by cytotoxic or cholestatic injury as part of a hypersensitivity
reaction (e.g., allopurinol, methyldopa, penicillin, phenytoin,
quinidine, sulfonamides) or without any clinical evidence of
hepatic injury (e.g., gold salts).7,13,22,28,102 Up to 60 drugs have
been associated with hepatic granulomas.5,7,22

Neoplastic Lesions
Several associations between pharmacologic agents and liver
tumors have been reported, but causality has been difficult to
prove because of the infrequent nature of these events. Hepa-
tocellular adenoma and carcinoma, although rare, are clearly
associated with the use of OCs and anabolic (C-17 alkylated)
steroids.5,7,103–107 Several cases of hepatic adenomas have in-
volved women, virtually all of whom had a history of OC use.
The results of two large, case-controlled studies suggest that the
incidence is between 3 and 4 per 100,000 exposed persons an-
nually. This represents a relative risk (compared with patients
not receiving OCs) of approximately 20-fold in those patients
ingesting OCs for <10 years and more than 100-fold in those
exposed for >10 years.5,103 Similarly, some cases have been
associated with anabolic steroid use in men.104 Danazol has
been associated with causing hepatocellular adenoma and car-
cinoma in humans, whereas griseofulvin, hycanthone, and iso-
niazid have been known to produce hepatocellular carcinoma
in experimental animals.5,7,22 OCs have also been associated
with causing hepatocellular carcinomas 7,105 and possibly focal
nodular hyperplasia.6,7,106,107

In general, prognosis of DILI is good when the offending
agent is withdrawn; however, the prognosis clearly is affected
by the type of liver damage (injury vs. function as described
earlier), the duration of the insult, and whether the hepatic
damage is irreversible.5,13,14,22

HERBAL SUPPLEMENT-INDUCED HEPATOTOXICITY

3. H.D. is a 48-year-old female with a history of chronic
back pain secondary to an auto accident 3 years ago. She previ-
ously had taken oral Vicodin (hydrocodone 5 mg/acetaminophen

500 mg), 1 to 2 tablets Q 6 hr for pain relief, but recently, she
discontinued the drug because of constipation; subsequently, the
pain became worse. After several months of acupuncture as pri-
mary therapy, H.D. began taking the herbal supplement Jin Bu
Huan per her mother’s recommendation. However, after taking
the herbal remedy for 2 months, H.D. began experiencing fever, fa-
tigue, and mild abdominal pain. Her husband noticed that H.D.
had also become “jaundiced” around that time; as a result, he
brought her to the emergency department for treatment. Upon
obtaining a careful medication history, laboratory tests revealed
that H.D.’s ALT, AST, and total bilirubin were 1,378 U/L, 1,333
U/L, and 3.9 mg/dL, respectively. A biopsy was also obtained, and
the results are pending. What is the association between herbal
medications and hepatotoxicity?

Previous reports indicated that 3% of the population of the
United States had taken herbal medications for a variety of rea-
sons (e.g., analgesia, sedation, nutrition, weight reduction, skin
disorders).99,108–118 Herbals used for treating these diseases can
be derived from the root, stem, leaf, or seed of a plant and are
available as crude and commercial products. Recent studies
show that 42% of Americans take some form of complemen-
tary and alternative medicine, and that herbal medicine use
is now estimated to be 12.5%. In the United States, herbal
products are labeled as dietary supplements, which are not
expected to meet the standards for drugs specified in the Fed-
eral Food, Drug, and Cosmetic act. Because they are exempt
from the rigorous regulations that are required for drug ap-
proval in the United States, there are considerable disparities
in the composition of these agents. In addition, 20% to 30% of
patients attending hepatology clinics use herbal remedies on
the erroneous assumption that these agents are “natural” and,
therefore, safe.111,113 Although herbal remedies have histori-
cally been considered benign, a plethora of information has
suggested that many agents are associated with toxic effects
and they are not safe (Table 29-8). Some include asafetida,
chaparral leaf, camphor, carp capsules, comfrey, dai-saiko-to
(TJ-9), gentian, germander, greater celandine, hops, impila, is-
abgol, kava, mistletoe, mother wart, pennyroyal oil, senna fruit
extract, skullcap, and valerian.99,111,113,117 Adverse effects usu-
ally manifest when the recommended threshold for toxic doses
are surpassed, although the duration of therapy may also be a
factor. The range of herbal-induced liver injury includes minor
transaminase elevations, acute and chronic hepatitis, steatosis,
cholestasis, zonal or diffuse hepatic necrosis, hepatic fibrosis
and cirrhosis, veno-occlusive disease, and acute liver failure
requiring liver transplantation.99

In one representative report, seven adult patients ingesting
Jin Bu Huan, a traditional herbal remedy used primarily as
a sedative and analgesic, presented with fever, fatigue, nau-
sea, pruritus, abdominal pain, jaundice, and hepatomegaly at a
mean time of 20 weeks (range, 7–52 weeks) after ingestion of
normal doses of this agent.111,113,118 Serum transaminases were
increased 20- to 50-fold in most cases. One patient who had
taken the agent for 12 months underwent a liver biopsy, which
showed lobular hepatitis with microvesicular steatosis. Resolu-
tion of liver injury occurred within 8 weeks after the cessation
of therapy. Other than a female predominance, no predispos-
ing risk factors for developing liver disease were evident in
this case series. However, it appears that concomitant agents
that induce cytochrome P450 enzymes may also increase
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Table 29-8 Selected Herbal Medications/Remedies Associated With Hepatic Injury108–118

Herb Proposed Use Toxic Ingredient Feature of Hepatic Injury

Comfrey Health tonic Pyrrolizidine alkaloids Veno-occlusive disease
Gordolobo yerba tea
Mate tea
Chinese medicinal tea Health tonic T’u-san-chi’i (Compositae) Veno-occlusive disease
Jin bu huan Sedative, analgesic Lycopodium serratum Hepatocellular injury: hepatitis, fibrosis, steatosis
Chinese herbs Eczema, psoriasis Many Nonspecific hepatic injury
Germander (tea, capsules) Weight reduction, health tonic Teucrium chamaedrys Hepatitis: necrosis, fibrosis
Chaparral leaf Herbal remedy Larrea tridenta Hepatic necrosis
Mistletoe/skullcap/valerian Herbal tonic, cathartic Senna, podophyllin, aloin Elevated liver function tests
Margosa oil Tonic Melia azadirachta indica Reye’s syndrome
Pennyroyal oil (squaw mint) Abortifacient, herbal remedy Labiatae plants (possibly diterpenes) Elevated liver function tests
Oil of cloves Dental pain Unknown Dose-dependent hepatotoxin

susceptibility to developing liver disease. In summary, because
herbal agents are readily available, are not subject to rigor-
ous purity testing or regulation, and may often contain small
amounts of arsenic or cadmium, it is critical for clinicians to
obtain a detailed medication use history when evaluating atyp-
ical cases of liver injury. H.D. should discontinue this agent
and, pending the biopsy results, be followed closely for the
next few weeks for resolution of her liver injury. However, if
her symptoms worsen, liver transplantation may be necessary.

PATIENT ASSESSMENT

4. K.V., a 52-year-old female with a 12-year history of type 2
diabetes is admitted with a 2-week history of nausea, anorexia,
fatigue, and intense generalized pruritus. She noted dark urine,
light-colored stools, and yellow pigmentation of the skin about
10 days ago, which has progressively worsened. She reports no
history of fever, rash, vomiting, abdominal pain, or fatty food
intolerance. She denies use of alcohol or recreational drugs and
has never had a blood transfusion nor has she recently traveled to a
foreign country. Her medical history includes diabetes controlled
by diet and pioglitazone (for the past 18 months) and hypertension
treated with hydrochlorothiazide (HCTZ) and lisinopril for the
past 4 years. One month ago, K.V. was treated with a 10-day course
of amoxicillin-clavulanic acid (Augmentin) for sinusitis, but her
symptoms remained throughout therapy. Subsequently, she was
placed on a 5-day course of telithromycin.

On admission, K.V. appears weak and icteric. Other significant
findings include scratch marks and a slightly tender, but normal-
sized, liver. Vital signs are all within normal limits. Laboratory
findings show the following: serum AST, 430 U/L; serum ALT,
294 U/L; alkaline phosphatase, 1,230 U/L; conjugated bilirubin
0.8 mg/dL (range 0.0–0.2 mg/dL); total bilirubin 3.8 mg/dL (range
0.2–1.1 mg/dL); and albumin, 4.1 g/dL. All other chemistry data
are within normal limits. Complete blood count (CBC) and dif-
ferential count are normal. Serologic tests for hepatitis A, B, and
C all are negative. Ultrasound with a subsequent magnetic res-
onance image (MRI) shows a normal biliary tract system with
no obstruction in the bile ducts or gallbladder or near the end
of the pancreas. Liver biopsy showed preserved normal liver ar-
chitecture, marked centrilobular cholestasis with bile pigment in
hepatocytes and canaliculi, and a mild portal inflammatory infil-
trate with an excess of eosinophils.

K.V. is placed on a 1,200-calorie daily diet with no added salt
and regular insulin before meals titrated to a premeal glucose level
of 100 to 150 mg/dL. All other drugs are discontinued. Cholestyra-
mine (Questran) 4 g PO TID is started for itching. By the fifth day
of hospitalization, her laboratory values are as follows: AST, 85
U/L; ALT, 214 U/L; alkaline phosphatase, 288 U/L; and conju-
gated/total bilirubin 0.3 mg/dL and 1.8 mg/dL, respectively. Her
blood pressure increased to 190/105 mmHg and HCTZ 25 mg/day
is restarted with a plan to add a calcium channel blocker if this
does not adequately control her blood pressure. What signs and
symptoms are suggestive of DILI in K.V.?

Diagnosis
There is no single test, including a liver biopsy that can be used
to diagnose DILI.1,2,22 Routine screening of serum aminotrans-
ferases in patients taking potentially hepatotoxic drugs gener-
ally is not recommended because the changes in laboratory
tests often are delayed or erratic in onset, making detection
of abnormalities difficult. Elevations of less than three times
normal may reflect normal variations or spurious laboratory
results. However, minor elevations that continue to trend up-
ward on repeat evaluations or that are more than three times
normal are cause for concern, especially in the presence of in-
creased bilirubin levels. The presence of nonspecific symptoms
ranging from anorexia, nausea, and fatigue to more specific
symptoms, such as jaundice, in the setting of the administra-
tion of prescription or nonprescription medications or dietary
supplements should direct suspicion toward drug-related he-
patic injury. Other potential causes of liver injury in the diag-
nostic workup must also be ruled out including: (a) hepatitis
A, B, and C (or hepatitis E with a history of recent travel
to a developing country); (b) alcoholic or autoimmune he-
patitis; (c) biliary tract disease; (d) hemodynamic insults; and
(e) genetic and metabolic disorders (e.g., hemochromatosis α1-
antitrypsin deficiency or Wilson’s disease)1,2,22 (see Fig. 1).
Thus, liver injury in the absence of another etiology could be
drug-induced, but a meticulous drug history in relation to the
onset of the injury is mandatory. The clinical presentation of
hepatotoxicity is most evident with acute hepatocellular injury
and cholestatic liver disease.

In K.V., weakness, anorexia, dark urine, light-colored stools,
icterus, pruritus, hyperbilirubinemia, and a high-serum alka-
line phosphatase concentration suggest cholestatic jaundice.
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Table 29-9 Components and Caveats in Assessing Cause in
the Diagnosis of Drug-related Hepatic Injury1,2

1. Exposure to a drug must precede the onset of liver injury for
diagnosis as drug-induced.
Caveat: The latent period for the onset of injury after drug use is
highly variable.

2. Disease as a cause of liver injury should be ruled out before
concluding that hepatotoxicity is drug related.
Caveat: Drugs taken concurrently should also be evaluated.

3. Injury may prove when administration of a drug is stopped
(dechallange).
Caveat: Liver injury may initially worsen for days or weeks. In
severe cases, falling enzyme levels may indicate impending liver
failure, not improvement, especially if accompanied by worsening
function.

4. Liver injury may recur more rapidly and severely on repeated
exposure, especially if immunological in nature. (rechallenge)
Caveat: Worsening on rechallenge may not occur if adaptive
tolerance has occurred.

The slightly tender liver and the high-serum concentrations
of AST and ALT suggest hepatocellular damage. K.V.’s clini-
cal presentation is consistent with that of a mixed cholestatic-
cytotoxic hepatic injury.

Etiology

5. How can the potential etiology of DILI be determined, and
what was the most likely etiology in K.V.?

Drug-induced liver injury should be suspected in every pa-
tient with jaundice. Relevant elements and caveats in assessing
the cause of DILI are outlined in Table 29-9. A negative history
of fever, abdominal pain, and fatty food intolerance rule out
gallbladder disease in K.V. She has no history of alcoholism
and her viral hepatitis serologic tests are negative. In addition,
negative ultrasound studies rule out the possibility of extrahep-
atic obstructive jaundice.

The presence of dark urine rules out unconjugated hyper-
bilirubinemia, which may be associated with hemolysis. AST
elevations alone may be seen in injury to cardiac and skeletal
muscles, but together with increased ALT, as in K.V., usually
indicate hepatic origin. The presence of eosinophils in the liver
biopsy, together with the rapid decline of serum aminotrans-
ferases, alkaline phosphatase, and bilirubin concentrations to-
ward normal when all drugs are withdrawn, supports the as-
sessment of drug-induced hepatitis in K.V.

There are several possible causes for K.V.’s drug-induced
hepatitis, including telithromycin, amoxicillin-clavulanic
acid, pioglitazone, hydrochlorothiazide, and lisinopril. Hy-
drochlorothiazide is an unlikely candidate because allergic
cholestatic jaundice is very rarely associated with thiazide di-
uretics, and K.V. has taken the drug for 4 years. Lisinopril,
like other angiotensin-converting enzyme inhibitors, can cause
acute hepatocellular injury with mostly mixed hepatocellular
and cholestatic injury; pure hepatocellular injury is rare. Fur-
thermore, most cases of lisinopril-induced hepatic injury occur
within the first 14 weeks of exposure.119–137 Thus, lisinopril,
which is known to cause mixed hepatocellular injury, is prob-
ably not the causative agent in K.V. based on the time frame

of the presentation of hepatic injury. Pioglitazone, on the other
hand, has been reported to cause a mixed cholestatic-cytotoxic
injury, but not to the same degree as its predecessor, troglita-
zone, which was previously withdrawn from the market due
to over 90 cases of hepatotoxic effects (68 fatalities and 10
required liver transplantation).123–130 There are few reports
of pioglitazone-associated hepatotoxicity. In one case, a 49-
year-old male taking 30 mg/day for 6 months was found to
have an ALT level three times the upper limit of normal, and
a serum bilirubin concentration five times the upper limit of
normal.1,22,129 Therefore, it is unlikely in K.V. because she had
been taking pioglitazone for 18 months and her ALT elevation
is not consistent with those previously reported. Amoxicillin-
clavulanic acid, a semisynthetic penicillin–lactamase inhibitor
combination drug, has been reported to cause hepatic dys-
function and jaundice in a number of patients.131–134 The la-
tent period between the initiation of the drug and onset of
jaundice or hepatic dysfunction ranged from 2 to 45 days
with a mean of 27 days. In review of K.V.’s recent history of
amoxicillin-clavulanic acid intake and the physical and labora-
tory findings, amoxicillin-clavulanic acid is a probable cause of
DILI.

Additionally, telithromycin, the first ketolide agent ap-
proved by the FDA, was designed to have improved antimi-
crobial activity and pharmacokinetics compared to macrolide
antimicrobials. Although the occurrence of telithromycin re-
lated hepatotoxicity is rare (1.6%) based on clinical trials, the
precise incidence is unknown. The FDA Adverse Reporting
System described 10 postmarketing cases of hepatic adverse
events associated with telithromycin use.131,135–137 The sever-
ity of the reactions ranged from serious to fatal (two deaths)
and was associated with cholestatic hepatitis, abnormal amino-
transferase levels, increased bilirubin levels, liver disorder,
cholestatic jaundice, and hepatocellular damage. The duration
of administration of telithromycin ranged from 1 to 30 days,
and patients were from 35 to 85 years of age. In 2006, the FDA
announced changes to the product labeling for telithromycin
to warn healthcare practitioners and patients about the risk of
liver injury. This was based on several reports of serious liver
injury and liver failure, along with four deaths and one liver
transplant. Furthermore, another case series describe similar
cases of severe DILI secondary to telithromycin use resulting
in death or liver transplantation. Thus, K.V.’s recent exposure
to telithromycin and her laboratory and physical findings are
consistent with telithromycin-induced liver injury. Neverthe-
less, the possibility of hydrochlorothiazide- or pioglitazone-
induced hepatic injury cannot be ruled out without an inadvis-
able rechallenge test with one or both of these drugs.

Procedure to Determine
To determine the cause of DILI, a detailed drug history should
be obtained for all patients with jaundice (Table 29.10). Spe-
cial attention should be paid to the duration of exposure to a
specific drug and its relationship to the onset of symptoms. A
history of taking OCs, nonprescription drugs such as laxatives
and vitamins, and illicit drug use should not be overlooked
and obtained. Predisposing factors to drug-induced hepatitis,
if any, should be noted (Table 29-1). The presumptive diagno-
sis of DILI requires a history of exposure to a drug, awareness
of the characteristic syndromes produced by various agents,
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and a search for supportive evidence. If the liver injury is
accompanied by fever, rash, and eosinophilia, the likelihood
of drug-induced disease increases. In some instances, these
features may be associated with lymph node enlargement,
lymphocytosis, and atypical circulating lymphocytes, lead-
ing to a syndrome that mimics infectious mononucleosis and
serum sickness. Additional plausible systemic manifestations
are listed in Table 29-7. Lack of these features, however, does
not exclude the possibility of drug-induced disease.2,7,222,224

As described previously, differentiation of DILI from viral hep-
atitis involves evaluation of the epidemiologic circumstances;
serologic studies to detect hepatitis A, B, or C antigens or an-
tibodies; and determination of whether a history of receiving
blood transfusions or injection with a contaminated syringe
exists. Distinction between drug-induced cholestatic jaundice
and extrahepatic obstructive jaundice often requires radio-
graphic or ultrasonic studies. If liver biopsy reveals cholesta-
sis with an eosinophil-rich portal inflammation, as observed in
K.V., drug-induced causes are more likely.

Rechallenge With Offending Agent

6. Should K.V. be given a challenge dose of amoxicillin-
clavulanic acid or telithromycin to confirm the cause of her DILI?

Confirmation of the cause may be obtained by giving a
rechallenge dose of the incriminated drug. Recurrence of he-
patic dysfunction or hyperbilirubinemia after a test dose offers
valuable support for the diagnosis. Failure to develop abnor-
malities, however, does not preclude drug-induced dysfunc-
tion, because only 40% to 60% of patients show a recurrence
of hepatic injury after a test dose.1,2,5,7,20 Furthermore, some
drugs will produce the hepatic injury only after an extended
period (1 to 12 weeks) of readministration. Testing for the ef-
fect of a challenge dose can be potentially dangerous if the
drug is known to cause hepatocellular injury, whereas rechal-
lenge is considered safe if the drug usually leads to cholesta-
sis alone. Therefore, risk must be weighed against benefit
before giving a challenge dose of an incriminated drug to a
patient.

Rechallenge of K.V. with amoxicillin-clavulanic acid or
telithromycin is potentially dangerous given her clinical pic-
ture consistent with hepatocellular injury. Rapid occurrence of
jaundice and liver enzyme abnormalities following rechallenge
with amoxicillin-clavulanic acid or telithromycin suggests an
immunoallergic type of idiosyncrasy.1,5,7,20,22,28 Since alterna-
tive antibiotics can be used to manage K.V.’s infection, rechal-
lenging with amoxicillin-clavulanic acid or telithromycin is not
recommended, because a recurrent injury may be more severe
than the initial insult.

Management

7. Was K.V. treated appropriately for her suspected drug-
induced hepatic injury?

If patients present with symptoms, especially jaundice and
signs of acute liver failure (e.g., encephalopathy) the adminis-
tration of any potential hepatotoxic agent should be discontin-
ued. To assess liver injury, biochemical tests should be obtained
at baseline and serially; consultation with a gastroenterologist

or hepatologist is recommended. In most cases of DILI im-
provement occurs, but at variable rates. Worsening of DILI
may occur followed by a long protracted course of recovery
(weeks to months), and may be seen following discontinuation
of the suspected offending agents. In K.V.’s case, all medica-
tions taken before admission were discontinued and an atyp-
ical rapid recovery was observed. The management of drug-
induced jaundice is similar to the treatment of other hepatic
diseases. Treatment usually includes a diet high in carbohy-
drates, moderately high in protein, and adequate in calories
(e.g., 2,000–3,000 calories/day). However, a lower caloric diet
was prescribed for K.V. because of her diabetes. Treatment of
jaundice is mainly supportive. If itching is severe, the use of
cholestyramine to enhance the rate of bile acid excretion may
alleviate the symptoms. If possible, the use of amoxicillin-
clavulanic or telithromycin acid should be avoided in K.V., and
appropriate alternative drugs should be used instead. If present,
ascites, esophageal variceal bleeding, and other complications
are treated accordingly. The use of large doses of glucocor-
ticoids (e.g., 1,000 mg hydrocortisone/day) in acute hepatic
failure is largely empirical and may have a role in hypersensi-
tivity related cases, but otherwise is not recommended.13,25–27

There was no indication of these complications in K.V.

8. What preventative measures can be taken to minimize the
risk of DILI in patients like K.V.?

During the stages of drug development, opportunities to
prevent hepatotoxicity occur.1,19,22 Preclinical animal data can
help detect dose-related, predictable hepatotoxicity rather than
unpredictable hepatotoxicity in humans. Phase 1 drug trials
provide the initial opportunity to assess the hepatotoxic risk of
drugs in humans. Generally, these trials have a small number
of subjects and the duration of exposure of an agent is short at
relatively low dosages. As a drug enters phase 2 trials, exposure
to higher dosages occurs, but the relatively small number of pa-
tients still limits the determination of hepatotoxic risk. During
phase 3 efficacy trials, more patients can be exposed to a drug
and the relative likelihood of hepatotoxicity is increased. How-
ever, there are still relatively low numbers of patients enrolled
in clinical trials, and to predict a true incidence of hepatotox-
icity in 1 in 1,000 patients requires at least 3,000 be studied.
Thus, phase 3 clinical trials may underpredict the true risk of
a drug’s hepatotoxic potential.

Perhaps the most significant time period for recogniz-
ing drug-induced liver injury is in the postmarketing time
period.1,19,22 During this time, several thousand patients may
be exposed to an agent and surveillance programs such as
the FDA MedWatch program may help elucidate and report
drug-related hepatotoxicity. This type of program is volun-
tary, and probably underreports the frequency and severity of
DILI. Clinicians should also rely on case reports that appear
in the medical literature to help guide or confirm suspicion
of the risk of drug-related hepatotoxicity from prescription
drugs, over the counter drugs, herbal (dietary) supplements,
or other alternative medications. Additionally, patients should
be educated on the recognition and symptoms of DILI and
instructed to report any perceived adverse events promptly
(Table 29-10). Finally, the evolving science of pharmacoge-
nomics may help clinicians predict those at greatest risk of
DILI, but currently genetic testing has not been added to
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Table 29-10 Essential Guidelines in the Recognition and Prevention of Hepatotoxicity in Clinical Practice1,2

Do not ignore symptoms When a drug is being used, even vague symptoms such as nausea, anorexia, malaise, fatigue, and right upper quadrant
pain as well as specific symptoms such as itching or jaundice should prompt consideration of hepatotoxicity. Testing for
liver injury and abnormal function should be performed.

Take a careful history Elicit a detailed history of prescribed and nonprescribed over-the-counter herbal and other medications or remedies with
dates and amounts.

Remove the causative agent Discontinue the causative agent or agents, especially if symptoms have occurred or abnormal liver function (e.g.,
increased bilirubin level or prothrombin time) exists. Watch closely over time for changes and consult a hepatologist or
gastroenterologist.

Pay attention to “Hys” Law Jaundice that appears after drug-induced hepatocellular liver injury suggests a serious and potentially fatal liver problem,
consult a specialist at once.

Report the injury 1-800-332-1088 (telephone)
1-800-332-4178 (fax)
http//www.fda.gov/medwatch
Provide information for differential diagnosis and assessment of cause, time course of the reaction, and normal ranges of

laboratory tests.

routine patient management strategies. The ability to imple-
ment novel fields, such as proteonomics and metabonomics,
may also provide insight into establishing the mechanisms
of DILI.

DRUGS REPORTED TO CAUSE CLINICALLY SIGNIFICANT
HEPATIC DYSFUNCTION
There are many reports of drug-related hepatitis in the litera-
ture. Most of these are reports of single cases involving one
drug and are difficult to evaluate. Furthermore, hepatic drug
effects that occurred early after exposure may differ in char-
acter from those that occurred later (e.g., chlorpromazine). In
addition, certain drugs may cause various types of morpho-
logic responses via different mechanisms (i.e., hepatotoxic vs.
idiosyncratic). In an attempt to summarize and facilitate dis-
cussion of the vast amount of information on this subject, se-
lected drugs that have been implicated in causing significant

liver dysfunction are listed in Table 29-4. The hepatotoxicity
of acetaminophen (see Chapter 5, Managing Acute Drug Tox-
icity), antituberculous agents (see Chapter 61, Tuberculosis)
and certain antiretrovirals (see Chapter 69, Pharmacotherapy
of Human Immunodeficiency Virus Infection) are included in
other chapters. The types of morphologic findings and pre-
sumed mechanisms of hepatotoxicity for each drug are pre-
sented in Table 29-4. References are listed so that more detailed
information may be obtained if desired. In the column labeled
“Clinical Remarks,” prominent clinical features, such as clini-
cal presentation, dose, and duration of therapy associated with
the adverse effect, pertinent laboratory data, and prognosis are
summarized.
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DEFINITION
Acute renal failure (ARF) is characterized clinically by an
abrupt decrease in renal function over a period of hours to
days, resulting in the accumulation of nitrogenous waste prod-
ucts (azotemia) and the inability to maintain and regulate fluid,
electrolyte, and acid–base balance.1 Many attempts have been
made to objectively quantify ARF based on laboratory data,
daily urine output, or the need for renal replacement therapy
(RRT), but a consensus using these parameters has not been
attained. Traditionally, ARF has been defined as an increase
in serum creatinine (SrCr) of >0.5 mg/dL when the baseline
SrCr is <2.5 mg/dL, and an increase in SrCr of >1.0 mg/dL
when the baseline SrCr is >2.5 mg/dL.1 These criteria are often
inaccurate because SrCr and glomerular filtration rate (GFR)
do not follow a linear relationship. Diagnosing ARF solely
on creatinine concentration is problematic because many pa-

tients are in a high catabolic state as a result of their critical
illness. Catabolism leads to the accumulation of creatinine and
noncreatinine waste products (urea nitrogen), organic acids,
water, and electrolytes. To help clarify much of this confusion,
the Acute Dialysis Quality Initiative created an international
expert panel, which has proposed a new classification system
named “RIFLE.”2 This system represents various stages of
ARF, including risk, injury, failure, loss (defined as the need
for dialysis at least 1 month following failure), and finally “end-
stage renal disease.” Although it is too early to tell if this new
classification system will provide advantages over traditional
definitions, it represents a significant step forward to detect
and prevent ARF. Regardless of the definitions used, the clini-
cian should suspect ARF when the kidney is unable to regulate
fluid, electrolyte, acid–base, or nitrogen balance, even in the
presence of a normal SrCr concentration.
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EPIDEMIOLOGY
Acute renal failure occurs almost exclusively in hospitalized
patients; hallmark studies conducted in the United States and
abroad indicate the incidence of community-acquired ARF (de-
velopment of ARF before hospitalization) is just 1%; approx-
imately 75% of these admissions result from decreased kid-
ney blood flow, termed prerenal azotemia. Other less-common
causes include obstructive uropathy (17%) and intrinsic re-
nal disease (11%).3 Community-acquired ARF can usually
be reversed by correcting the underlying problems of vol-
ume status or obstruction. Hospital-acquired ARF is much
more common, and the incidence and severity vary based
on intensive care unit (ICU) or non-ICU setting.4 The inci-
dence of ARF in general medicine patients is approximately
2% to 5%, with the most common causes being prerenal
azotemia, postoperative complications, or nephrotoxin expo-
sure. These patients can experience one or more of these re-
nal insults throughout their hospitalization. Conversely, ICU-
acquired ARF is more prevalent and severe. Data suggest the
incidence of ARF in patients in the ICU approaches 25%, stem-
ming from multiple risk factors, including older age, infection,
nephrotoxin exposure, male gender, multiorgan dysfunction,
and the need for mechanical ventilation.5 Although many pa-
tients with ARF will initially require dialysis, a small percent-
age will devlop end-stage renal disease requiring long-term
dialysis.

PROGNOSIS
Despite recent advances in dialysis delivery and the develop-
ment of sophisticated continuous RRT, ARF continues to have
a grim prognosis. Indeed, the occurrence of ARF in critically
ill patients carries at least a 50% mortality rate.6 Worse yet,
the mortality rate increases correspondingly by 10% with each
additional failed organ system. The mortality rate of ARF has
declined minimally during the last 50 years. This slow decline
may be explained in part by three important factors. First, pa-
tients are older when they develop ARF. Second, patients are of-
ten afflicted with serious underlying medical illnesses beyond
ARF. Third, the clinical severity status of the patient is much
higher now than ever before. Before the widespread avail-
ability of RRT, the most common causes of death in patients
with ARF were fluid and electrolyte disorders and advanced
uremia. Today, the most common causes of death are infec-
tion, bleeding, cardiopulmonary failure, and withdrawal of life
support.7,8

CLINICAL COURSE
Three distinct phases of ARF exist. The oliguric phase gener-
ally occurs over 1 to 2 days and is characterized by a pro-
gressive decrease in urine production. Urine production of
<400 mL/day is termed oliguria, and urine production of <50
mL/day is termed anuria. The oliguric stage may last from days
to several weeks. Nonoliguric renal failure (>400 mL/day of
urine output) carries a better prognosis compared with olig-
uric renal failure, although the exact reason remains unknown.
Similarly, the shorter the duration of oliguria, the higher the
likelihood of successful recovery. This is probably because the

renal insults in these cases are less severe (e.g., dehydration,
nephrotoxin exposure, postrenal obstruction). Strict fluid and
electrolyte monitoring and management are required during
this phase until renal function normalizes.

After the oliguric phase, a period of increased urine pro-
duction occurs over several days; this is called the diuretic
phase. This phase signals the initial repair of the kidney in-
sult. The diuretic phase can result, in part, from a return to
normal GFR before tubular reabsorptive capacity has fully re-
covered. The elevated osmotic load from uremic toxins and
the increased fluid volume retained during the oliguric phase
may also contribute to the diuretic phase. Despite the increased
urine production, patients may remain markedly azotemic for
several days. Daily modifications in the fluid and electrolyte
requirements are necessary based on urine output.

The recovery phase occurs over several weeks to months,
depending on the severity of the patient’s ARF. This phase
signals the return to the patient’s baseline kidney function,
normalization of urine production, and the return of the diluting
and concentrating abilities of the kidneys.

PATHOGENESIS
The production and elimination of urine requires three basic
physiologic events.

� Blood flow to the glomeruli
� The formation and processing of ultrafiltrate by the glomeruli
and tubular cells

� Urine excretion through the ureters, bladder, and urethra

Many conditions can alter the above physiologic events
leading to ARF. These are classified as prerenal azotemia, func-
tional, intrinsic, and postrenal ARF (Table 30-1). It is possible
for more than one of these categories to coexist.

Normal renal function depends on adequate renal perfu-
sion. The kidneys receive up to 25% of cardiac output, which
is >1 L/minute of blood flow. Prerenal azotemia occurs when
blood flow to the kidneys is reduced. Major causes include
decreased intravascular volume (e.g., hemorrhage, dehydra-
tion, including overdiuresis), decreased effective circulating
volume states (e.g., cirrhosis or chronic heart failure [CHF]),
hypotensive events (e.g., shock or medication-related hypoten-
sion), and renovascular occlusion or vasoconstriction. Because
no structural damage occurs to the kidney parenchyma per se,
correcting the underlying cause rapidly restores GFR. Sus-
tained prerenal conditions can result, however, in glomerular
ischemia causing acute tubular necrosis (ATN).

Functional ARF results when medical conditions or drugs
impair glomerular ultrafiltrate production or intraglomerular
hydrostatic pressure. Blood travels through the afferent arte-
riole and enters the glomerulus, where it is filtered, and exits
through the efferent arteriole (Fig. 30-1). The afferent and effer-
ent arterioles work in concert to maintain adequate glomerular
capillary hydrostatic pressure to form ultrafiltrate. Many medi-
cations can drastically reduce intraglomerular hydrostatic pres-
sure and GFR by producing afferent arteriolar vasoconstriction
or efferent arteriolar vasodilation (Fig. 30-2).

Intrinsic ARF can occur at the microvascular level of the
nephron, glomeruli, renal tubules, or interstitium. Vasculitic
diseases (e.g., Wegener’s granulomatosis, cryoglobulinemic
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Table 30-1 Causes of Acute Renal Failure

Classification Common Clinical Disorders

Prerenal Azotemia Intravascular Volume Depletion

Hemorrhage (surgery, trauma)
Dehydration (gastrointestinal losses, aggressive diuretic administration)
Severe burns
Hypovolemic shock
Sequestration (peritonitis, pancreatitis)

Decreased Effective Circulating Volume

Cirrhosis with ascites
Congestive heart failure

Hypotension, Shock Syndromes

Antihypertensive vasodilating medications
Septic shock
Cardiomyopathy

Increased Renal Vascular Occlusion or Constriction

Bilateral renal artery stenosis
Unilateral renal stenosis in solitary kidney
Renal artery or vein thrombosis (embolism, atherosclerosis)
Vasopressor medications (phenylephrine, norepinephrine)

Functional Acute Renal Failure Afferent Arteriole Vasoconstrictors

Cyclosporine
Nonsteroidal anti-inflammatory drugs

Efferent Arteriole Vasodilators

Angiotensin-converting enzyme inhibitors
Angiotensin II–receptor antagonists

Intrinsic Acute Renal Failure Glomerular Disorders

Glomerulonephritis
Systemic lupus erythematosus
Malignant hypertension
Vasculitic disorders (Wegener’s granulomatosis)

Acute Tubular Necrosis

Prolonged prerenal states
Drug induced (contrast media, aminoglycosides, amphotericin B)

Acute Interstitial Nephritis

Drug induced (quinolones, penicillins, sulfa drugs)

Postrenal Acute Renal Failure Ureter Obstruction (Bilateral or Unilateral in Solitary Kidney)

Malignancy (prostate or cervical cancer)
Prostate hypertrophy Anticholinergic drugs (affect bladder outlet muscles)
Renal calculi

vasculitis) involve the small vessels of the kidney. Glomeru-
lonephritis and systemic lupus erythematosus, although rela-
tively uncommon, result in glomerular damage. ATN is by far
the most common cause of intrinsic ARF. In fact, the term acute
tubular necrosis is often used interchangeably with ARF. ATN
occurs in part because the renal tubules require high oxygen de-
livery to maintain their metabolic activity. Consequently, any
condition that causes ischemia to the tubules (e.g., hypoten-
sion, decreased blood flow) can induce ATN. Moreover, the
tubules may be exposed to exceedingly high concentrations of

nephrotoxic drugs (e.g., aminoglycosides). Interstitial nephri-
tis or inflammation within the renal parenchyma, is most often
associated with drug administration (e.g., penicillins).

Postrenal ARF occurs when there is an outflow obstruction
in the upper or lower urinary tract. Lower tract obstruction
is most common and can be caused by prostatic hypertrophy,
prostate or cervical cancer, anticholinergic drugs that cause
bladder sphincter spasm, or renal calculi. Upper tract obstruc-
tion is less common and occurs when both ureters are ob-
structed or when one is obstructed in a patient with a single
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FIGURE 30-1 Schematic of renal blood flow. Blood enters the glomerulus via the afferent arteriole. The
intraglomerular hydrostatic pressure leads to ultrafiltration across the glomerular into the proximal tubule.
The unfiltered blood leaves the glomerulus via the efferent arteriole. In conditions of decreased renal
perfusion, efferent arteriolar vasoconstriction occurs to increase intraglomerular hydrostatic pressure and
maintain ultrafiltrate production. Afferent arteriolar vasodilation also occurs to improve blood flow into
the glomerulus.

FIGURE 30-2 Drugs that alter renal hemodynamics by causing afferent arteriole vasoconstriction or
efferent arteriole vasodilation. ACEIs, angiotensin-converting enzyme inhibitors; ARBs, angiotensin II-
receptor blockers; CCBs, calcium channel blockers; COX-2, cyclooxygenase-2; NSAIDs, nonsteroidal
anti-inflammatory drugs.
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functioning kidney. Postrenal ARF usually resolves rapidly
after the obstruction has been removed. Postobstructive diure-
sis can be dramatic (e.g., 3–5 L/day).

CLINICAL EVALUATION
History and Physical Examination
A detailed history and physical examination often reveal the
cause(s) of ARF. The clinician’s responsibility is to ask specific,
open-ended questions regarding the patient’s chief complaint;
history of present illness; medical history; family, social, and
allergy history; and current prescription and nonprescription
medication use. Probing for pertinent information regarding
recent surgery, nephrotoxin exposure, or concurrent medical
conditions can aid in rapidly determining the etiology of ARF.
For example, does the patient have pre-existing conditions that
point toward prerenal azotemia, such as CHF or liver dis-
ease? Did the patient receive prophylactic antibiotics before
surgery? Did the patient hemorrhage or have protracted hy-
potension during surgery? Furthermore, assessment of the vital
sign flowchart for documented weight loss, hypotensive events,
fluid intake, and urine output may also prove useful.

A thorough physical examination, when used in conjunction
with the history, can be invaluable in confirming the cause of
ARF. The patient’s volume status should be evaluated first. Ev-
idence of dehydration (e.g., syncope, weight loss, orthostatic
hypotension) or decreased effective circulating volume (e.g.,
ascites, pulmonary edema, peripheral edema, jugular venous
distention) usually indicates prerenal azotemia. The presence
of edema in a patient with normal cardiac function can, how-
ever, signal the early signs of nephrotic syndrome. Concur-
rent rash and ARF associated with recent antibiotic exposure
suggest drug-induced allergic interstitial nephritis. The clini-
cian should suspect rhabdomyolysis in a patient with trauma
or crush injuries and ARF. An enlarged prostate, painful urina-
tion, or wide deviations in urine volume can suggest obstructive
ARF causes. Flank and lower abdominal pain suggest upper
obstruction, whereas urinary frequency, hesitancy, dribbling,
and abdominal fullness indicate lower obstruction.

Laboratory Evaluation
Quantifying Glomerular Filtration Rate
Because of the dynamic changes that occur in ARF, it is dif-
ficult to quantify renal function accurately in this population.
Although equations were created decades ago to address the dy-
namic changes in SrCr during ARF, none have proved helpful.
One of the most widely used clinical measures for estimating
GFR is determination of creatinine clearance (ClCr). Creati-
nine is produced at a relatively constant rate by nonenzymatic
hydrolysis of muscle stores of creatine and phosphocreatine.
An individual’s muscle mass, age, and sex are predictors of
creatinine production. Under steady-state conditions, the uri-
nary excretion of creatinine equals the creatinine production
rate, and the SrCr concentration remains relatively stable. Cre-
atinine is freely filtered at the glomerulus, with about 10% to
20% eliminated by active tubular secretion. Consequently, the
ClCr overestimates the true GFR by 10% to 20%. As GFR
declines further, tubular creatinine secretion can account for
up to 50% of creatinine elimination, which may overestimate

actual GFR by as much as 100%. Commonly used drugs, such
as trimethoprim, can inhibit the secretion of creatinine. Ac-
cordingly, administration of these agents can increase the SrCr
and decrease ClCr without affecting GFR.9 Various methods
for determining ClCr have been developed, including urine and
nonurine methods. All these methods have potential limitations
and pitfalls when used in patients with ARF. Clinicians com-
monly use nonurine methods for estimating kidney function.
The Cockcroft-Gault (CG) equation is one method commonly
used to estimate ClCr10:

ClCr = (140 − Age) (IBW)

(72) (SrCr)
30-1

where age is in years, IBW is ideal body weight in kilograms
[male IBW = 50 + (2.3 height × >60 inches); female IBW =
45 + (2.3 × height >60 inches)], and SrCr is the serum crea-
tinine concentration (mg/dL).

For women, the CG equation is multiplied by 0.85 to ac-
count for decreased muscle mass. The CG equation should not
be used to estimate GFR in patients with rapidly changing SrCr
concentrations because it was derived from normal, healthy
subjects with stable renal function. The CG equation produces
falsely high ClCr estimates in the early stages of ARF and
falsely low ClCr estimates when ARF is resolving. An exam-
ple of this is a patient who develops ATN and anuria. Within
the first few days, the creatinine level may increase slightly
because it takes time for the serum creatinine concentration
to achieve a new steady state. In fact, the calculated ClCr may
even remain in the normal range, although the true GFR is sub-
stantially lower. The converse is true with patients recovering
from ATN. As the diuretic phase of ATN begins, urine output
can be dramatic, but patients may remain markedly azotemic
for several days. Using the CG equation in this setting will
produce a falsely low ClCr estimate. The CG equation is also
inaccurate in populations that have little muscle mass, such as
elderly, obese, or cachectic patients.

A more recent development is the acceptance of the abbrevi-
ated Modification of Diet in Renal Disease (MDRD) equation
for quantifying GFR in most clinical laboratories.11,12 As such,
clinicians are routinely provided the estimated GFR (eGFR) for
their respective patients. An important point is that the results
from the MDRD and CG equation are not interchangeable. For
example, the MDRD equation should only be used to quan-
tify GFR and to detect or stage the degree of chronic kidney
disease; the CG equation should be used simply as a guideline
for drug dosing adjustment in patients with ARF. No published
data using the MDRD in cases of ARF exist.

In the past, many clinicians advocated the collection of
timed urine specimens to calculate creatinine clearance in ARF.
Although this may seem relatively easy, it is susceptible to seri-
ous errors, particularly the timing of the collection and assuring
the patient has not voided urine in the commode. For these rea-
sons, the practice of collecting timed urine specimens is not
routinely performed.

Blood Tests
Assessment of the blood urea nitrogen (BUN) and creatinine
concentrations is crucial for guiding the diagnosis, treatment,
and monitoring of ARF. The BUN:SrCr ratio can delineate
prerenal causes from intrinsic and postrenal causes. Urea re-
absorption is inversely proportional to the urine flow rate. The
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Table 30-2 Urinary Indices in Acute Renal Failure

Component Prerenal Azotemia Acute Tubular Necrosis Postrenal Obstruction

Urine Na+(mEq/L) <20 >40 >40
FENa+ <1% >2% >1%
Urine/plasma creatinine >40 <20 <20
Specific gravity >1.010 <1.010 Variable
Urine osmolality (mOsm/kg) Up to 1,200 <300 <300

normal steady-state BUN:SrCr ratio is approximately 10:1.
In prerenal conditions, the BUN:SrCr ratio is >20:1 because
sodium and water are actively reabsorbed in the renal tubules
to expand the effective circulating volume. Urea, an ineffective
osmole, is reabsorbed as a result of increased water reabsorp-
tion, while creatinine is not reabsorbed. Whereas the SrCr may
increase owing to decreased glomerular filtration, BUN in-
creases to a greater degree as a result of increased proximal
reabsorption.

The presence of hypercalcemia or hyperuricemia can indi-
cate a hematologic malignancy. Tumor lysis syndrome is a con-
dition that occurs in patients with leukemia after chemotherapy
induction. The destruction of cancerous cells results in the re-
lease of large quantities of cellular contents (e.g., potassium,
uric acid) into the bloodstream, which can overwhelm the kid-
ney’s functional ability, especially in dehydrated states.

Other elevated enzymes may also aid in the diagnosis of
ARF. An increased level of creatine kinase or myoglobin in the
face of ARF usually indicates rhabdomyolysis. Eosinophilia
may suggest acute allergic interstitial nephritis from drug ex-
posure. High levels of circulating immune complexes in the
presence of ARF suggest glomerulopathies.1

Urinalysis
The urinalysis is an important diagnostic tool for differentiat-
ing ARF into prerenal azotemia, intrinsic, or obstructive ARF
(Table 30-2). The presence of highly concentrated urine, as
determined by elevated urine osmolality and specific grav-
ity, suggests prerenal azotemia. During dehydrated states,
vasopressin (antidiuretic hormone [ADH]) is secreted, and
the renin-angiotensin-aldosterone (RAA) system is activated.
These mechanisms promote the reabsorption of water and
sodium at the collecting duct of the nephron, which serves
to expand the effective circulating volume in an attempt to re-
store renal perfusion. As a result of diminished urine volume,
the urine osmolality and specific gravity increase dramatically.
Patients with prerenal azotemia and oliguria often have a urine
osmolality >500 mOsm/kg. The maximal urine osmolality can
exceed 1,200 mOsm/kg.

The presence of proteinuria or hematuria can indicate
glomerular damage. Nephrotic syndrome is characterized by
urinary protein losses >3.5 g/1.73 m2/day. Proteinuria can also
result from tubular damage; however, the protein loss is rarely
>2 g/day. The protein content can be used to differentiate
glomerular versus tubular damage. The low-molecular-weight
protein, 2-microglobulin is freely filtered at the glomerulus
and reabsorbed at the proximal tubule. Therefore, the presence
of excessive β2-microglobulin in the urine suggests a tubu-
lar source of ARF, such as ATN. Conversely, albumin is not
readily filtered at the glomerulus; hence, the presence of heavy
albuminuria suggests a glomerular source of ARF.

Microscopic examination of the urine provides helpful clues
for determining the source of ARF (Table 30-3). Pigmented
granular casts are generally seen with ischemic or nephrotoxin-
induced ARF. White blood cells (WBC) and WBC casts can
indicate an inflammatory process in the glomerulus, such as
acute interstitial nephritis (AIN) or pyelonephritis. Red blood
cells (RBC) and RBC casts can result from strenuous exercise
or can indicate glomerulonephritis. Allergic interstitial nephri-
tis can be detected by the presence of urinary eosinophils. Ob-
structive ARF causes, such as nephrolithiasis, can be identified
by the presence of crystals in the urine. Cystine, leucine, and
tyrosine crystals are considered pathologic. The presence of
calcium oxalate crystals may suggest toxic ingestion of ethy-
lene glycol.

Urinary Chemistries
Analyzing urine electrolyte concentrations and simultaneously
comparing them with serum sodium and creatinine concentra-
tions is useful for differentiating between prerenal azotemia
and ATN (Table 30-2). The fractional excretion of sodium
(FENa+ ) is a measurement of how actively the kidney is reab-
sorbing sodium, and it is calculated as the fraction of filtered

Table 30-3 Clinical Significance of Urinary Sediment in Acute
Renal Failure

Cellular Debris Clinical Significance

Red blood cells Glomerulonephritis
IgA nephropathy
Lupus nephritis

White blood cells Infection (pyelonephritis)
Glomerulonephritis
Acute tubular necrosis

Eosinophils Drug-induced acute interstitial nephritis
Pyelonephritis
Renal transplant rejection

Hyaline casts Glomerulonephritis
Pyelonephritis
Congestive heart failure

Red blood cell casts Acute tubular necrosis
Glomerulonephritis
Interstitial nephritis

White blood cell casts Pyelonephritis
Interstitial nephritis

Granular casts Dehydration
Interstitial nephritis
Glomerulonephritis
Acute tubular necrosis

Tubular cell casts Acute tubular necrosis
Fatty casts Nephrotic syndrome
Myoglobin Rhabdomyolysis
Crystals Nonspecific
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sodium excreted in the urine using creatinine as a measure of
GFR. In normal conditions, the proximal tubule reabsorbs 99%
of filtered sodium. The FENa+ formula is listed as follows: (Eq.
30-2)

FENa+(%) = (UNa) (SrCr)

(UCr) (SNa)
× 100% 30-2

where UNa is the urine sodium concentration (mEq/L), SrCr is
the serum creatinine concentration (mg/dL), UCr is the urine
creatinine concentration (mg/dL), and SNa is the serum sodium
concentration (mEq/L).

In prerenal azotemia, the functional ability of the proxi-
mal renal tubule remains intact. In fact, its sodium-reabsorbing
abilities are markedly enhanced because of the effects of circu-
lating vasopressin and activation of the RAA system. Both the
FENa+ and urinary sodium concentration become markedly low
(<1% and <20 mEq/L, respectively) in prerenal conditions. In
contrast, these indices are elevated in ATN because the renal
tubules lose their ability to reabsorb sodium; the FENa+ is >2%,
and the urine sodium is >40 mEq/L. FENa+ values between 1%
and 2% are generally inconclusive. The clinician should ensure
that the patient is not receiving scheduled thiazide or loop di-
uretic therapy when the FENa+ is calculated. These diuretics
increase natriuresis, thereby making the results difficult to in-
terpret.

PRERENAL AND FUNCTIONAL ACUTE RENAL FAILURE
Congestive Heart Failure and Nonsteroidal
Anti-Inflammatory Drug Use

1. A.W. is a 71-year-old white man who had a ST-segment el-
evation myocardial infarction (STEMI) 2 months ago. His ejec-
tion fraction is currently 15% (normal, 50%–60%). He presents
today for his 2-month follow-up clinic appointment complain-
ing of shortness of breath, dyspnea on exertion, and inability to
produce much urine. His medical history is significant for long-
standing hypertension, coronary artery disease, osteoarthritis,
and recent-onset heart failure (HF) after his MI. His home medi-
cations include furosemide 40 mg every day, enalapril 5 mg daily,
metoprolol XL 100 mg daily, digoxin 0.125 mg daily, atorvastatin
40 mg QD, and naproxen sodium 550 mg twice daily (BID), all of
which are taken orally (PO). With the exception of naproxen, A.W.
often forgets to take his medications. Physical examination reveals
lower leg 3+pitting edema, pulmonary crackles and wheezes, pos-
itive jugular venous distention, and an S3 heart sound. His vital
signs are significant for a blood pressure (BP) of 198/97 mm Hg
and a weight gain of 4 kg since his last visit 2 months ago. Last
month, his BUN and SrCr were 23 (normal, 5–20) and 1.2 mg/dL
(normal, 0.5–1.2), respectively. What are A.W.’s risk factors for
ARF?

[SI units: BUN, 8.2 mmol/L (normal, 1.8–7.1); SrCr, 106 mol/L (normal,

44.2–106)]

A.W.’s risk factors for ARF are CHF with poor cardiac out-
put (ejection fraction, 15%) that resulted from his STEMI and
his medication, naproxen sodium. CHF is a major cause of
functional ARF.13 A.W.’s diminished cardiac output has re-
sulted in decreased effective circulating volume and activa-
tion of the RAA system, which are impairing his renal per-
fusion. In states of decreased renal perfusion, prostaglandins

E2 and I2 compensate for the afferent arteriole vasoconstric-
tion by stimulating afferent arteriole vasodilation, and thereby
enhancing renal blood flow. Prostaglandin synthesis is medi-
ated predominantly by cyclooxygenase-1 (COX-1) and perhaps
cyclooxygenase-2 (COX-2). Nonsteroidal anti-inflammatory
drugs (NSAID), such as naproxen, are often overlooked as
causes of ARF.14,15 NSAID exert their pharmacologic effect
by inhibiting prostaglandin synthesis, thereby negating com-
pensatory vasodilation. NSAIDs induce abrupt decreases in
GFR in at-risk patient populations, specifically those with CHF,
liver disease, the elderly, or dehydrated patients. Indomethacin
is associated with the highest risk of NSAIDs-induced renal
ischemia, whereas aspirin appears to have the lowest risk.
Naproxen, ibuprofen, piroxicam, and diclofenac are consid-
ered intermediate in their relative capacities to acutely compro-
mise renal perfusion.15,16 Sulindac may offer a “renal-sparing”
effect. Sulindac is a prodrug that is converted to its active
sulfide metabolite by the liver and then becomes reversibly
oxidized back to its parent compound in the kidney; renal
prostaglandin synthesis is essentially unaltered by sulindac.
Cases of sulindac-induced renal dysfunction have been re-
ported when the drug was administered to patients with cir-
rhosis and ascites.

COX-2 inhibitors also inhibit prostaglandin synthesis. A
study comparing the effects of rofecoxib and celecoxib to non-
selective NSAIDs demonstrated similar renovascular effects.16

These data suggest that COX-2 selective agents do not offer
any benefit over nonselective NSAID with regard to renovas-
cular effects. Figure 30-2 illustrates common medications that
alter renal hemodynamics by causing either afferent arteriole
vasoconstriction or efferent arteriole vasodilation.

2. A.W.’s cardiologist obtains a stat digoxin level, electrolyte
panel, urinalysis, and urine electrolyte panel. The digoxin level
is reported as “not detectable” (target, 0.5–0.8 ng/mL). Other
significant serum laboratory values include Na+ of 140 mEq/L
(normal, 135–145), BUN 56 mg/dL (normal, 5–20), and creatinine
of 1.5 mg/dL (normal, 0.5–1.2). The urinalysis is significant for a
urinary osmolality of 622 mOsm/kg (normal, 300–500 mOsm/kg),
and specific gravity of 1.092 (normal, 1.010–1.020). The urine
electrolytes are significant for Na+ of 12 mEq/L (normal, 20–40)
and creatinine of 87 mg/dL. What laboratory findings suggest
functional ARF?

[SI units: sodium, 140 mmol/L(normal, 135–145); BUN, 20 mmol/L (normal,

1.8–7.1); SrCr, 132.6 mol/L (normal, 44.2–106); urine Cr, 7691 mol/L]

A.W. has classic laboratory findings associated with poor
renal perfusion (Table 30-2). It is important to compare the
current and previous laboratory data to assess acute changes in
renal function. Compared with last month, A.W.’s renal func-
tion has deteriorated based on substantial increases in BUN
and SrCr concentrations; BUN has increased nearly twofold
and creatinine by 25%. The BUN:SrCr ratio is >20:1, sug-
gesting poor renal blood flow, which is corroborated by other
urinary indices such as the urinary Na+ 12 mEq/L; specific
gravity (elevated), 1.090; urine osmolality, 622 mOsm/kg; and
the calculated FENa+ , 0.14%. These values reflect the ability of
the renal tubules to respond to vasopressin and aldosterone in
an attempt to expand effective circulating volume and restore
renal perfusion.

Another consideration is furosemide-induced volume de-
pletion; however, the nondetectable serum digoxin level
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FIGURE 30-3 Compensatory hormonal mechanisms of decreased renal perfusion.

indicates likely noncompliance with his medications. A more
likely explanation is poor renal perfusion because of his heart
failure (i.e., low cardiac output).

3. How should A.W.’s prerenal azotemia be treated?

The presence of volume overload in the face of prerenal
azotemia suggests a decreased effective circulating volume,
most likely from poorly controlled HF. Restoring and improv-
ing A.W.’s cardiac output and renal perfusion will rapidly cor-
rect the prerenal azotemia. This can be achieved by (a) as-
suring adherence to his heart failure medications (furosemide,
enalapril, metoprolol XL, and digoxin), (b) controlling BP to
a goal of <135/85 mm Hg by decreasing both preload and
afterload, and (c) modifying any drug therapy that has delete-
rious effects on the renal hemodynamics (e.g., NSAID). The
specific therapies for controlling hypertension and improving
cardiac output are presented in Chapter 14, Essential Hyper-
tension, and Chapter 19, Heart Failure. Naproxen should be
discontinued and substituted with acetaminophen to treat his
osteoarthritis. Normal renal function should return in a few
days after correction of the underlying causes.

Angiotensin-Converting Enzyme Inhibitor- and
Angiotensin Receptor Blocker-Induced Acute Renal Failure

4. G.B. is a 53-year-old white woman with hypertension, coro-
nary artery disease, peripheral vascular disease, and diabetes, for
which she had been taking hydrochlorothiazide 25 mg PO daily,
atorvastatin 10 mg PO daily, aspirin 81 mg PO daily, and NPH
insulin 30 U subcutaneously Q morning and 15 U subcutaneously
Q evening. At last week’s clinic visit, she had two consecutive BP
readings of 187/96 and 193/95 mm Hg, respectively, measured 20
minutes apart. At that time, G.B.’s primary care physician discon-
tinued her hydrochlorothiazide and started her on lisinopril 5 mg
PO daily. She returns to the clinic today for her 1-week follow-up
appointment complaining of dizziness, very little urine produc-
tion over the past week, and swelling in her ankles. Her BP is
98/43 mm Hg. A stat serum electrolyte panel is significant for
a BUN of 62 mg/dL (normal, 5–20) and an SrCr of 6.1 mg/dL
(normal, 0.5–1.2). Why is G.B. experiencing ARF?

[SI units: BUN, 22.1 mmol/L (normal, 1.8–7.1); SrCr, 539 mol/L (normal,

44.2–106)]

Inhibition of the RAA system in patients with compromised
renal blood flow is a common cause of functional ARF. A basic
understanding of the effects of the RAA system on renal hemo-
dynamics is necessary in this situation (Fig. 30-3). When renal
perfusion is impaired, the juxtaglomerular cells of the kidney
secrete renin into the plasma and lymph. Renin cleaves circulat-
ing angiotensinogen to form angiotensin I (AT I), which is fur-
ther cleaved by angiotensin-converting enzyme (ACE), to form
angiotensin II (AT II). AT II induces two physiologic events to
improve renal perfusion. First, it directly causes systemic vaso-
constriction, which shunts blood to the major organs, and indi-
rectly increases intravascular volume through aldosterone- and
vasopressin-mediated activity. Second, it preferentially vaso-
constricts the efferent renal arteriole to maintain adequate in-
traglomerular hydrostatic pressure. Under conditions of de-
creased arterial pressure or effective circulating volume, the
RAA system is activated and plasma renin and AT II activity
are increased.17

G.B. has extensive atherosclerotic disease indicated by
the presence of coronary artery and peripheral vascular dis-
ease. Atherosclerosis not only affects major blood vessels,
but also the macro- and microvasculature of the kidney; in-
deed, atherosclerosis is a major cause of renal artery occlu-
sion and decreased renal perfusion. This activates the RAA
system, which causes sodium and water reabsorption and AT
II-mediated efferent arteriole vasoconstriction, in an attempt to
restore normal renal perfusion and intraglomerular hydrostatic
pressure.

The administration of ACE inhibitors directly inhibits the
formation of AT II, which is necessary for efferent arteriole
vasoconstriction. Consequently, the compensatory physiologic
event that maintains G.B.’s renal blood flow is inhibited, thereby
reducing her intraglomerular hydrostatic pressure and GFR.
ACE inhibitors are contraindicated in patients with bilateral
renal artery stenosis or unilateral stenosis in patients with a
single functioning kidney.17

5. Are there other factors that predispose patients to ACE
inhibitor-induced ARF?

In addition to the above situation, three other general sce-
narios will result in the development of ARF with ACE in-
hibitors. First, conditions of sodium and water depletion (e.g.,
dehydration, overdiuresis, poor fluid intake, low-sodium diet)



ACUTE RENAL FAILURE � 30-9

can increase the dependency of the efferent arteriole on AT II.
When ACE inhibitors are given in these situations, GFR can
fall dramatically, and SrCr rises. ARF can be averted by with-
holding the ACE inhibitor (or diuretic, or both) for a day and re-
pleting the intravascular fluid volume with a saline-containing
fluid (e.g., normal saline or 0.45% saline). The ACE inhibitor
can be restarted at the same dose after adequate hydration. Sec-
ond, ACE inhibitors can decrease the mean arterial pressure to
such a degree that renal perfusion cannot be sustained. This is
more likely to occur with long-acting agents or in situations
in which the pharmacologic half-life of the ACE inhibitor is
prolonged (e.g., pre-existing renal disease). Finally, ACE in-
hibitors may precipitate ARF in patients who are taking con-
comitant drugs with renal afferent arteriole vasoconstricting
effects, most notably cyclosporine and NSAIDs.

6. How is ACE inhibitor-induced ARF managed?

Patients who are receiving ACE inhibitors should be moni-
tored judiciously with regard to their serum creatinine and elec-
trolyte concentrations. Once an ACE inhibitor is initiated, an
increase in SrCr of 20% to 30% can be expected.17 This slight
increase should not worry clinicians, because it typically nor-
malizes within 2 to 3 months. SrCr rises greater than this along
with reduced urine output signal ARF, however. ARF related
to ACE inhibitors is usually reversible, principally because the
ARF is caused by inadequate glomerular capillary pressure,
which is restored as soon as sufficient AT II is produced. This
normally takes 2 to 3 days to re-equilibrate. Anecdotally, ARF
appears to develop more commonly in hypotensive patients
or in those with intravascular volume depletion (e.g., patients
with HF receiving high-dose diuretics). In these conditions, it is
prudent to replete the intravascular fluid volume or temporarily
discontinue diuretic therapy. ACE inhibitor therapy should be
temporarily discontinued and reinstituted when the patient has
a normalized intravascular volume and is hemodynamically
stable.

7. Do angiotensin II–receptor blockers (ARB) cause less ARF
compared with ACE inhibitors?

The ARBs competitively inhibit the angiotensin II recep-
tor. At least two subtypes of the angiotensin II receptors exist:
AT I and AT II. The ARBs exert their pharmacologic effect
at the AT I receptor subtype, which is responsible for most, if
not all, of the cardiovascular effects of angiotensin II, such as
vasoconstriction, aldosterone release, and β-adrenergic stim-
ulation. Few differences are seen in the incidence of ARF be-
tween ACE inhibitors and ARBs,18 and one should not be
interchanged with the other in an attempt to decrease ARF
risk.

INTRINSIC ACUTE RENAL FAILURE
Intrinsic ARF is a general term that connotes damage at the
parenchymal level of the kidney. The term acute tubular necro-
sis is often used to describe this type of ARF, but this is a his-
tologic diagnosis that describes only one of several intrinsic
disorders. Pragmatically, intrinsic ARF can be subdivided into
vascular, glomerular, or tubular disorders.

Disorders involving the large renal vessels are relatively un-
common. Acute renal artery or vein occlusion can be caused by
vasculitis, atheroembolism, thromboembolism, dissection, or

clamping of the ascending aorta during surgery. To affect serum
BUN and creatinine, occlusion must be bilateral, or it can be
unilateral in patients with concomitant renal insufficiency or
one functioning kidney. Reduced blood flow to the renal mi-
crovasculature and glomeruli also can result in ARF. Common
examples are rapidly progressing glomerulonephritis (RPGN)
and vasculitis. If these conditions become sufficiently severe,
they can cause ischemia, resulting in superimposed ATN. Any
disorder that produces tubular ischemia, such as prolonged hy-
potension or shock syndromes, can result in ATN.

Nephrotoxic drugs are a common cause of ATN, especially
when given in septic or volume-contracted patients. The vari-
ous mechanisms by which drugs can cause ATN, are explained
in detail later in this chapter. Although relatively uncommon,
drug-induced acute interstital nephritis (AIN) is another type
of intrinsic ARF. This is a hypersensitivity reaction that results
from the formation of drug–antibody complexes that subse-
quently deposit in the glomerular membrane.

Acute Glomerulopathies
Poststreptococcal Glomerulonephritis

8. B.M. is an 18-year-old male college freshman in otherwise
good health who recently developed strep throat. He received a
10-day course of amoxicillin, which cleared the infection. He re-
turns to the student health center after completing his 10-day
course complaining of “puffy eyes,” swelling in his legs, a cough
productive of clear sputum, and decreased urine output that ap-
pears “tea-colored.” Other than the amoxicillin, he is not on any
medication. Baseline records from a routine physical examination
2 months ago revealed a serum BUN and creatinine of 10 mg/dL
and 0.8 mg/dL (normal, 5–20 and 0.5–1.2), respectively, and a BP
of 120/80 mm Hg. Today, the physical examination is significant
for a BP of 176/95 mm Hg, 2+ peripheral edema, and bilateral
pulmonary rales. The urinalysis is significant for gross hematuria,
nephritic-range proteinuria, RBC and WBC casts, and epithelial
cells. B.M.’s SrCr has increased to 7.1 mg/dL. Based on the his-
tory, physical examination, and laboratory findings, what is the
most likely cause of ARF in this patient?

[SI units: BUN, 3.6 mmol/L (normal, 1.8–7.1); SrCr, 70.7 and 627.6 mol/L,

respectively (normal, 44.2–106)]

B.M.’s recent history of a streptococcal infection with
the development of ARF suggests poststreptococcal glomeru-
lonephritis (PSGN), which results from the formation of an-
tibodies against streptococcal antigens. The streptococcal–
antigen immune complexes are deposited in the glomerulus,
resulting in complement, cytokine, and clotting cascade activa-
tion; neutrophils and monocytes attack the glomerulus causing
glomerulonephritis. The onset of PSGN is usually 7 to 21 days
after the start of the pharyngeal infection. PSGN is the most
common acute-onset, immune-mediated, diffuse glomerulopa-
thy. It primarily affects children, although it can affect any age
group and is more prevalent in males than in females. Only
certain serologic subtypes of group A hemolytic streptococci,
known as nephritogenic strains, cause PSGN. Strains that fol-
low pharyngeal infections (e.g., strep throat) include types 1,
3, 4, 6, 12, 25, and 49. Type 49 is the most prevalent strain
worldwide. Positive diagnosis of PSGN requires identifica-
tion of a nephritogenic group A hemolytic streptococcal strain;
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objective urinalysis findings suggestive of glomerular damage,
such as proteinuria, hematuria, and casts; and elevated strep-
tococcal antibody titers.

B.M. exhibits the classic physical and laboratory findings
associated with PSGN. The pertinent positive physical find-
ings include periorbital, pulmonary, and peripheral edema;
tea-colored urine, hypertension, and decreased urine output.
Edema is a common manifestation, with periorbital edema typ-
ically being the first to appear. Reduced GFR, proteinuria, and
sodium retention by the kidney all contribute to edema forma-
tion. When protein, principally albumin, is lost in the urine, the
intravascular oncotic pressure declines, causing a shift of fluid
into the extravascular space. The loss of intravascular volume
stimulates sodium and water reabsorption by the kidney via
aldosterone and vasopressin, which often produces stage 1 to
2 hypertension.

Pertinent laboratory data in B.M. include elevated SrCr, and
urinalysis positive for hematuria, proteinuria, WBC casts, and
epithelial cells. Hematuria, which is found in almost all patients
with PSGN, accounts for the reddish-brown, tea-colored urine.
Other commonly found urine sediments include cellular casts
and hyaline and granular casts. Oliguria is common in PSGN,
but anuria is rare.

9. Are there other tests that can be used to confirm this diag-
nosis?

Given that B.M. has received a 10-day course of amoxicillin,
it is unlikely that throat cultures for the nephritogenic group
A hemolytic streptococcal strain will be positive. Cultures of
close contacts may, however, be positive for the streptococcal
strain, even if they are asymptomatic. The presence of cir-
culating antibodies to the nephritogenic streptococcal strains
indicates recent exposure. The antistreptolysin O (ASO), an-
tihyaluronidase (AHase), antideoxyribonuclease B (ADNase
B), and antinicotyladenine dinucleotidase (NADase) antibody
titers can be measured clinically. ASO titers begin to rise 2
weeks after pharyngeal infection, peak at 4 weeks, and slowly
decline over 1 to 6 months. No correlation exists between de-
gree of ASO rise and nephrogenicity. In fact, ASO titers may
not be elevated at all if early antibiotic treatment is initiated or
in cases of streptococcal skin infections. The use of ADNase
and AHase titers is more specific to detect recent infection in
these situations.

The streptozyme test, which can be used clinically for rapid
screening purposes, uses several antistreptococcal antibody as-
says. False–positive and false–negative results are common,
however, because of cross-reactivity between the antibody and
normal collagen.

Serial complement determinations may be of value in diag-
nosing PSGN. Decreased levels of C3 protein and hemolytic
complement activity (CH50) are observed in nearly all patients
with active PSGN. Serum C3 levels can fall by nearly 50% of
normal in the first weeks of infection and return to normal
within 8 weeks after infection. No correlation, however, exists
between the degree of C3 depression and severity of nephritis.
Circulating antibody complexes of C3 can be found in patients
with acute infection.

Rarely, is renal biopsy needed, but it may be prudent in
patients who present with atypical symptoms, such as anuria,
prolonged oliguria, marked azotemia, hematuria for >3 weeks,
or in those who have no streptococcal antibody titers.

10. What are the therapeutic goals and treatment options for
PSGN?

The therapeutic goals are to minimize further kidney dam-
age and to provide symptomatic relief for B.M. The underly-
ing streptococcal infection should be treated with appropriate
antibiotics, but as illustrated by B.M., this has no effect in
preventing PSGN. Family members and close contacts of the
infected patient should receive antibiotic prophylaxis as well.
Restriction of protein to 0.8 g/kg/day may be beneficial in pa-
tients with marked proteinuria, and antihypertensive drugs can
be used on a short-term basis to control BP. Sodium and water
restriction is beneficial in reducing edema, and loop diuretics
may be used as needed for symptomatic pulmonary or periph-
eral edema. Close monitoring of electrolytes is warranted if
diuretics are used. Dialysis is rarely required.

Rapidly Progressive Glomenularnephritis

11. Are there other glomerulopathies that cause ARF?

Yes. RPGN, also called crescentic glomerulonephritis, is a
clinical syndrome of rapid decline in renal function (from days
to weeks) combined with the hallmark findings of gross hema-
turia, proteinuria, and the presence of extensive glomerular
crescents (>50% of glomeruli) on renal biopsy. It is not un-
common for patients with RPGN to have a 50% decline in
GFR in only a few weeks. RPGN is a medical emergency, and
treatment success depends on how early therapy is initiated. If
left untreated, progression to end-stage renal disease or death
is almost certain.

Idiopathic RPGN is divided into three categories based on
immunofluorescence microscopy. Type I idiopathic RPGN is
characterized by linear deposition of immunoglobulins, pri-
marily IgG, along the glomerular basement membrane (GBM)
indicating anti-GBM antibodies. Type II idiopathic RPGN is
identified by granular immunoglobulin and complement depo-
sitions in the glomerular microvasculature and mesangium sug-
gesting immune complex deposition. Type III idiopathic RPGN
is also called pauci-immune because there are no hallmark
immunoglobulin or complement findings on immunofluores-
cence microscopy. Type III idiopathic RPGN is identified by the
presence of circulating antineutrophil cytoplasmic antibodies.

Multisystem vasculitic disorders that result in glomerular
capillary inflammation are the most common cause of RPGN.19

Many of these patients present with nonspecific flu-like symp-
toms such as fever, weight loss, myalgia, and malaise with
proteinuria and hematuria.20 Uremic symptoms can occur with
severe disease. The presence of ARF with pulmonary conges-
tion, cough, hemoptysis, or dyspnea suggests Wegener’s gran-
ulomatosis. The treatment for autoimmune RPGN generally
involves immunosuppressive agents, such as prednisone, aza-
thioprine, or cyclophosphamide. A more detailed discussion of
glomerulonephritis is presented in Chapter 31, Chronic Kidney
Disease.

Nonsteroidal Anti-Inflammatory Drug-Induced Glomerulopathy

12. What drugs cause glomerulonephropathy?

Minimal-change disease and membranous nephropathy
have been associated with NSAID use.21 The mechanism
is probably related to NSAID-induced inhibition of the cy-
clooxygenase pathway, which leads to increased arachidonate
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FIGURE 30-4 Schematic of acute tubular necrosis (ATN). The process is initiated by ischemia or nephrotoxin
exposure that leads to tubular cell death. The cellular debris sloughs off and obstructs the proximal tubule
lumen. Once the nephron is obstructed, a backleak of the glomerular ultrafiltrate occurs across the tubular
basement membrane and impairment of glomerular filtration. During the recovery phase of ATN, the
obstructive cellular casts are released into the urine and filtration begins to normalize. GFR, glomerular
filtration rate.

catabolism and increased proinflammatory leukotriene produc-
tion. The hallmark feature of NSAID-induced nephropathy is
nephrotic-range proteinuria. The nephropathy resolves slowly
over several months once the NSAID is discontinued.

TUBULOINTERSTITIAL DISEASES
Acute Tubular Necrosis
Acute tubular necrosis arises most often from ischemia or drug-
induced causes.1,22 Prolonged prerenal conditions, such as hy-
potension, surgery, overwhelming sepsis, or major burns, can
lead to ischemic ATN. Unlike prerenal azotemia, tubular cell
death occurs in ATN, and immediate volume resuscitation will
not reverse the damage. The pathophysiology of ATN is com-
plex and remains unclear. It is currently thought that when
tubular cells die, they slough off into the tubule lumen and
contribute to cast formation. The casts completely obstruct the
tubule lumen and increase intratubular pressure, which causes
a back leak of ultrafiltrate across the tubular basement mem-
brane (Fig. 30-4). The aforementioned processes are mediated
by a variety of substances, including calcium, phospholipases,
and perhaps growth factors as well as free radical and protease
activation.

Treatment With Diuretics and Dopamine

13. Do diuretics and dopamine have a role in treating estab-
lished ATN?

It is well documented that patients with nonoliguric renal
failure have significantly better outcomes compared with those
with oliguria. This is probably because patients who are nono-
liguric have less extensive renal damage and are better able
to maintain fluid and electrolyte balance. Loop diuretics are
commonly used in established ATN in an attempt to convert
patients with oliguria to a nonoliguric state. Numerous clinical
trials, however, have failed to demonstrate improved mortality
or duration of azotemia in oliguric patients who receive loop
diuretics, despite improved urine output. Two large systematic
reviews of the primary literature convincingly showed that di-
uretic therapy plays little role in altering the course of ARF,
decreasing length of hospitalization, or helping recover renal
function.23,24 These data suggest that, although patients who
are nonoliguric generally have better outcomes, converting a
patient from oliguria to nonoliguria through pharmacologic in-
tervention does not improve patient outcomes. Currently, the
only role that diuretic administration has in patients with estab-
lished ATN is to increase urine output, which facilitates fluid,
electrolyte, and nutritional support.

Another controversy that has been debated extensively in
the literature is the use of dopamine in patients with established
ATN. Dopamine is a catecholamine that stimulates dopaminer-
gic receptors at low dosages (1–3 mcg/kg/minute), and α- and
β-receptors at higher dosages (5–20 mcg/kg/minute). Animal
and human studies have demonstrated that low-dose dopamine
improves renal blood flow by inducing afferent arteriolar
vasodilation. No data, however, support the use of dopamine in
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the treatment of established ARF. A recent meta-analysis of 61
clinical trials including nearly 3,500 patients failed to detect
any significant improvement in variables such as occurrence
of ARF, need for renal replacement therapy, or mortality.25

Unequivocally, dopamine has no role in preventing or treating
ARF.

Radiocontrast Media–Induced Acute Tubular Necrosis

14. K.S., a 74-year-old man, presents to the emergency depart-
ment complaining of chest pain. His medical history is significant
for advanced type 2 diabetes mellitus, with retinopathy, peripheral
vascular disease, and advanced coronary artery disease. Based on
cardiac enzymes, K.S. is ruled in for STEMI. He is taken to the
cardiac catheterization laboratory for a percutaneous coronary
intervention. Immediately before the procedure, K.S. is given io-
hexol PO to enhance visualization of his cardiac arteries. His ad-
mission BUN is 37 mg/dL (normal, 5–20) and SrCr is 1.5 mg/
dL (normal, 0.5–1.2). Two days later, pertinent laboratory find-
ings include a BUN and SrCr of 60 and 2.0 mg/dL, respec-
tively, and his urine output is 700 mL/day. Why did K.S. develop
ARF?

[SI units: BUN, 13.1 and 21.3 mmol/L (normal, 1.8–7.1); SrCr, 132.6 and

176.8 mol/L, respectively (normal, 44.2–106)]

Radiocontrast media administration is one of the most com-
mon causes of drug-induced ATN. Although no set criteria
exist for its diagnosis, it is generally considered when the SrCr
increases by >0.5 g/dL over 2 to 5 days. Contrast-induced
nephropathy (CIN) usually presents as a nonoliguric ATN. It is
also differentiated from other forms of ATN in that the FENa+ is
usually <1% (vs. the typical >2%). Nephropathy is indicated
by a progressive rise in creatinine 24 to 48 hours after con-
trast administration, which usually peaks within 5 days. The
degree of creatinine rise and the presence of oliguria are widely
variable. Because of the lack of an accepted CIN definition and
differences in both clinical trial design and populations studied,
estimating the true prevalence of CIN is daunting. Neverthe-
less, patients without risk factors prevalence have a relatively
minute risk of developing CIN; for those with recognized risk
factors prevalence may approach 50%.26

The mechanisms by which radiocontrast media induce ARF
are complex. Initially, the radiocontrast medium produces re-
nal vasodilation and an osmotic diuresis. This, however, is fol-
lowed by intense vasoconstriction in the medullary portion of
the kidney, which has been demonstrated by significant de-
creases in medullary Po2 after contrast administration.27 The
ischemia is compounded by the increased medullary O2 con-
sumption because of the osmotic diuresis. Consequently, dis-
equilibrium exists between O2 supply and demand creating
ischemic ATN. Various vasoactive substances are suspected of
decreasing medullary blood flow, including oxygen-free rad-
icals, prostaglandins, endothelin, nitric oxide, angiotensin II,
and adenosine. Endothelin and adenosine are potent vasocon-
strictors that are directly released from endothelial cells on
exposure to radiocontrast media.

15. What are the risk factors for CIN?

The documented risk factors for CIN are listed in Table
30-4. Any condition that decreases renal blood flow increases

Table 30-4 Proven Risk Factors for Developing
Radiocontrast Media–Induced Acute Tubular Necrosis

Diabetic nephropathy
Chronic kidney disease
Severe heart failure
Volume depletion and hypotension
Dosage and frequency of contrast administration

the risk of nephropathy. At-risk patient populations include
individuals with underlying diabetic nephropathy or chronic
renal insufficiency, CHF, volume depletion, or those receiving
aggressive diuretic regimens. The use of the ionic high-osmolar
or low-osmolar contrast products also increases the risk of
nephropathy, as well as the previously discussed medications
that markedly reduce renal perfusion (e.g., NSAIDs, COX-2
inhibitors, ACE inhibitors). Iso-osmolar contrast appears to be
better tolerated.

K.S. was at high risk for developing radiocontrast-induced
ATN. He was volume depleted, as evidenced by his admission
BUN:SrCr ratio, which was >20:1. Second, it is very likely
that K.S. had underlying diabetic nephropathy, as evidenced
by his elevated admission SrCr. The presence of retinopathy,
coronary artery disease, and peripheral vascular disease sug-
gest long-term uncontrolled diabetes mellitus, a risk factor for
nephropathy.

Prevention

16. What strategies can be performed to prevent the occurrence
of CIN?

Attempts have been made to minimize or prevent CIN using
a variety of approaches. Medullary vasodilation with dopamine
infusions have generally had disappointing results. Volume ex-
pansion, mannitol, and furosemide have been tried as a means
of “flushing” radiocontrast from the kidney. Volume expansion
is a rational approach to prevent renal dysfunction in this popu-
lation because human and animal data have revealed dehydra-
tion as a major risk factor for developing CIN. Hydration with
normal saline, hypotonic saline (0.45% sodium chloride), and
sodium bicarbonate in dextrose have all shown benefits in pre-
venting CIN. Notably, sodium bicarbonate may be more bene-
ficial in decreasing the incidence of radiocontrast nephropathy
relative to other fluids because it reduces oxygen-free radicals
in the renal medulla and, therefore, increases the medullary
pH. Whatever fluid is given, data suggest it should be infused
before and after the procedure to adequately reduce the risk of
developing nephropathy. Another important point is that the
administration of diuretics such as mannitol and furosemide
should be avoided. These diuretics result in volume depletion
and increase oxygen demand in the medullary portion of the
kidney when diuresis occurs, thereby counteracting the benefits
of hydration. Other therapeutic modalities for the prevention of
CIN have been studied. A systematic review and meta-analysis
of aminophylline and theophylline have affirmed a renopro-
tective effect in patients who have underlying chronic kidney
disease; however, large-scale clinical trials are lacking.28 Al-
though the use of calcium channel blockers theoretically seems
rational to prevent contrast-induced ATN, limited clinical data
exist. Other emerging data suggest that ascorbic acid may be
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FIGURE 30-5 Preventing contrast-induced nephropathy (CIN) in high-risk populations. (From reference
26, with permission.)

beneficial in preventing contrast nephropathy given its an-
tioxidant effects; however, large-scale prospective trials are
lacking.29

N-acetylcysteine (NAC) has received the most attention for
its renal-sparing effects relative to radiocontrast media. In-
deed, since 2001, nearly 30 primary studies and more than
10 meta-analyses have been conducted to assess its prophy-
lactic effects.26 Although much data have been generated with
NAC, many of these studies have significant pitfalls, including
relatively small sample size; single-center design; heterogene-

ity of patient populations; differing doses, dosage forms, and
schedules of NAC therapy; and differing hydration regimens.
Therefore, trying to delineate meaningful conclusions from
this body of literature is daunting. At this time, recommending
a specific dose of NAC is difficult. The commonly accepted
regimen at many institutions is 600 mg orally twice daily pre-
and postprocedure for a total of four doses along with con-
comitant hydration therapy.

Figure 30-5 summarizes one possible strategy to pre-
vent CIN in high-risk populations. When possible, alternative
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imaging studies that do not require radiocontrast should be at-
tempted. If this is not practical, the lowest effective dose of
nonionic, iso- or low-osmolar radiocontrast media should be
used. Concomitant drug therapy that can impair renal perfu-
sion, such as diuretics, NSAIDs, COX-2 inhibitors, ACE in-
hibitors, and ARBs, should be discontinued 1 day before and 1
day after radiocontrast administration. Metformin should also
be discontinued before giving radiocontrast media and held for
at least 48 hours because it can cause lactic acidosis if patients
develop ARF. If patients are receiving calcium channel block-
ers for underlying cardiovascular disease, no change in therapy
is warranted. All patients should be well hydrated with saline
or sodium bicarbonate fluids before and after radiocontrast ad-
ministration.

17. What treatment options are available for established
radiocontrast-induced ATN?

Few data exist regarding treatment of existing radiocontrast-
induced ATN. The acute management largely involves support-
ive care that includes strict fluid and electrolyte management
to prevent undue sequelae. Approximately 25% of patients will
require temporary dialysis therapy; patients who are oliguric
generally require long-term dialysis therapy. As already noted,
attempts to convert oliguria to nonoliguria with furosemide
and mannitol have been largely unsuccessful.

Aminoglycoside-Induced Acute Tubular Necrosis

18. H.H. is a 43-year-old, 80-kg man being treated for gram-
negative septic shock. He was admitted to the hospital 6 days ago,
but he has spent the last 3 days intubated in the medical respira-
tory ICU because of hypotension, respiratory failure, and altered
mental status. Since admission, H.H. has received ceftriaxone 2 g/
day and gentamicin 140 mg IV Q 8 hr. Admission laboratory
results were significant for the following: BUN, 13 mg/dL (nor-
mal, 5–20); SrCr, 0.9 mg/dL (normal, 0.5–1.2); and WBC count,
23,500 cells/mm3 (normal, 4,000–9,000) with a left shift (90%
polymorphonuclear leukocytes [PMN] and 12% bands). Serial
blood, urine, and sputum cultures were positive for Acinetobacter
baumanii sensitive to ceftriaxone and gentamicin. In addition to
the previously listed antibiotics, his current medication regimen
includes norepinephrine IV 18 mcg/minute, pancuronium 0.02
mg/kg IV Q 3 hr, famotidine 20 mg IV Q 12 hr, and lorazepam IV
2 mg/hour. Today (hospital day 7), H.H.’s vital signs include the fol-
lowing: temperature, 101.5◦F (38.6◦C); BP, 90/40 mm Hg; pulse,
135 beats/minute; and respirations, 20 breaths/minute. Signifi-
cant laboratory values are as follows: BUN, 67 mg/dL; SrCr, 5.4
mg/dL; and WBC count, 16,700 cells/mm3 with continued left
shift. Over the last 2 days, H.H.’s urine output has steadily de-
clined, and today it is 700 mL/24 hours (normal, 1,500–2,500).
Urine electrolytes were obtained and reveal Na+, 55 mEq/L (nor-
mal, 20–40) and creatinine, 26 mg/dL (normal, 50–100). A uri-
nalysis revealed many WBC (normal, 0–5), 3% RBC casts (nor-
mal, 0%–1%), brush-border cells (normal, negative), and gran-
ular casts (normal, negative) with an osmolality of 250 mOsm/kg
(normal, 400–600). Serum gentamicin concentrations obtained
with the last dose reveal a peak of 15 mg/dL (target, 6–10) and a
trough of 9.1 mg/dL (target, <2.0). Given the history and labora-
tory data, what is the likely source of H.H.’s ARF?

Table 30-5 Risk Factors for Developing Aminoglycoside
Nephrotoxicity

Patient Factors

Elderly
Underlying renal disease
Dehydration
Hypotension and shock syndromes
Hepatorenal syndrome

Aminoglycoside Factors

Aminoglycoside choice: gentamicin > tobramycin > amikacin
Therapy >3 days
Multiple daily dosing
Serum trough >2 mg/L
Recent aminoglycoside therapy

Concomitant Drug Therapy

Amphotericin B
Cisplatinum
Cyclosporine
Foscarnet
Furosemide
Radiocontrast media
Vancomycin

[SI units: BUN, 4.6 and 24 mmol/L (normal, 1.8–7.1); SrCr, 79.6 and 477.4

mol/L (normal, 44.2–106); WBC count, 23.5 and 16.7 × 106 (normal,

4.0–9.0); urine creatinine, 2,298 μmol/L (normal, 4,419–8,838)]

The source of ARF in this situation is likely multifacto-
rial (Table 30-1). First, H.H. is experiencing diminished renal
perfusion from profound hypotension and septic shock. As a
result, he is receiving high-dose norepinephrine, a potent va-
sopressor. Consequently, the combination of these variables
reduces renal perfusion further, resulting in prolonged renal
ischemia. Second, H.H. has received 1 week of gentamicin, a
well-known nephrotoxic antibiotic. The risk factors for devel-
oping aminoglycoside nephrotoxicity are listed in Table 30-5.
The latest gentamicin trough concentration of 9.1 mg/L is far
higher than the target value of <2 mg/L for a traditional three-
times-daily dosing regimen. Given the laboratory data (Table
30-2) and the clinical course of prolonged hypotension, vaso-
pressor, and aminoglycoside administration, nonoliguric ATN
is the most likely diagnosis.

Presentation

19. How does aminoglycoside-induced ATN present, and what
are the mechanisms of toxicity?

H.H. illustrates the typical presentation of aminoglycoside-
induced nephrotoxicity. Generally, the onset occurs after 5 to
7 days of treatment and presents as a hypo-osmolar, nonolig-
uric renal failure with a slow rise in SrCr.30 Because of the
tubular necrosis that occurs, the urinalysis is often positive for
low-molecular-weight proteins, tubular cellular casts, epithe-
lial cells, WBC, and brush-border cells.31 H.H.’s plasma and
urinary laboratory indices are consistent with those listed for
ATN in Table 30-2.
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The mechanism of aminoglycoside-induced ATN is com-
plex. Approximately 5% of filtered aminoglycoside is actively
reabsorbed by the proximal tubule cells. These agents are poly-
cationic and bind to the negatively charged brush-border cells
within the tubule lumen. Once attached, these agents undergo
pinocytosis and enter the intracellular space, setting off com-
plex biochemical events that result in the formation of myeloid
bodies. With continued formation of myeloid bodies, the brush-
border cells swell and burst, releasing large concentrations of
aminoglycoside and lysosomal enzymes into the tubule lumen,
thereby beginning a cascade of further tubular destruction.30,32

The following rank order of nephrotoxicity has been collated
from human and animal data: neomycin > gentamicin = to-
bramycin = amikacin = netilmicin > streptomycin.31

Extended-Interval Dosing

20. Is “extended-interval” aminoglycoside dosing less nephro-
toxic than multiple daily dosing regimens?

Extended-interval aminoglycoside dosing entails the ad-
ministration of one large daily aminoglycoside dose. This dos-
ing scheme takes advantage of the concentration-dependent
killing activity and postantibiotic effect observed with amino-
glycosides while minimizing time-dependent toxicity. The
net effect of this dosing scheme, purportedly, is greater ef-
ficacy with reduced toxicity. Aminoglycoside nephrotoxic-
ity is a function of drug exposure, and it might be mini-
mized with extended-interval dosing because of saturable up-
take kinetics in the proximal tubule. That is, only a maximal
amount of aminoglycoside is transported into the tubule cell,
no matter how much aminoglycoside is present in the tubule.
Consequently, once saturation occurs, the remaining amino-
glycoside concentration passes through the proximal tubule
without being absorbed, and is excreted in the urine. Accu-
mulation is therefore averted.33 This concept is supported by
studies demonstrating that continuous-rate gentamicin infu-
sions, which produce sustained low plasma concentrations,
result in greater proximal tubule uptake and nephrotoxicity
than extended-interval regimens. This is probably because the
achieved drug concentrations are well below those required to
saturate the uptake mechanism. Extended-interval dosing re-
sults in very high peak concentrations to improve efficacy and
generally undetectable trough concentrations before the next
dose, thus minimizing accumulation.

Numerous clinical trials and meta-analyses have compared
the efficacy and toxicity of extended-interval aminoglyco-
side dosing with conventional multiple daily dosing regimens.
Many of these meta-analyses concluded that less nephrotoxic-
ity was associated with extended-interval aminoglycoside dos-
ing. Given the inherent biases of meta-analyses, these results,
however, must be interpreted cautiously. For example, meta-
analyses combine results from different clinical trials, which
can differ in patient population, severity of illness scores, de-
gree of underlying renal dysfunction, and dosing regimen and
duration of therapy. Most of the clinical trials did not show
a clinically or statistically significant difference in efficacy or
toxicity between regimens. Contemporary practice suggests
that patients should receive extended-interval aminoglycoside
dosing unless they have specific contraindications.

In summary, extended-interval aminoglycoside dosing ap-
pears to result in similar or greater efficacy, with similar or

reduced toxicity. This dosing schedule is also less costly when
considering therapeutic drug monitoring, preparation, and ad-
ministration costs. Although the typical extended interval in
patients with normal renal function is dosing every 24 hours,
the interval may have to be prolonged to several days in patients
with renal failure.

Drug-Induced Acute Interstitial Nephritis (AIN)
Drug-induced AIN accounts for approximately 1% to 3% of
all ARF cases. A variety of antibiotics, such as penicillins,
cephalosporins, quinolones, sulfonamides, and rifampin, as
well as NSAID have been implicated as major causes of drug-
induced AIN. The pathophysiology of this reaction is not well
understood; however, it is suspected that either humoral or
cell-mediated immune mechanisms or both are involved.34

Humoral immune reactions occur within minutes to hours of
drug exposure and involve the drug or its metabolite acting as
a hapten that binds to host proteins, making them antigenic.
The drug-protein antigens become lodged in the renal tubules,
which initiate the inflammatory cascade. Cell-mediated injury
can occur days to weeks after drug exposure and is identified
by the presence of mononuclear inflammation and the lack of
detectable immune complexes. This suggests a delayed hyper-
sensitivity rather than a direct cytotoxic effect from a given
drug. Both immune mechanisms probably contribute to the
development of drug-induced AIN.

Penicillin-Induced AIN

21. J.S. is a 50-year-old woman who developed a cellulitis 3 days
after a car door was closed on her right hand. She was admitted
to the hospital, where blood and wound cultures were found to
be positive for methicillin-sensitive Staphylococcus aureus. She
received two full days of nafcillin 2 g IV Q 4 hr before being dis-
charged to complete a 14-day course with dicloxacillin 500 mg PO
four times daily (QID). Ten days after discharge, J.S. returned to
the emergency department complaining of malaise, fever, diffuse
rash, hematuria, and reduced urine output. The following labora-
tory values were significant: BUN, 39 mg/dL (normal, 5–20); SrCr,
2.3 mg/dL (normal, 0.5–1.2); and WBC count, 18,500 cells/mm3

(normal, 4,000–9,000) with 18% eosinophils. The urinalysis was
positive for elevated specific gravity, WBC, RBC, eosinophiluria,
and a FENa+ of 3%. What objective data suggest drug-induced
AIN?

[SI units: BUN, 13.9 mmol/L (normal, 1.8–7.1); SrCr, 203.3 mol/L (normal,

44.2–106); WBC count, 18.5 × 106 (normal, 4.0–9.0)]

J.S.’s onset of symptoms suggests drug-induced AIN. As
illustrated by this case, the median onset of penicillin-induced
AIN generally occurs 6 to 10 days after drug exposure. Hall-
mark symptoms of AIN include fever, macular rash, and
malaise. Fever is present in nearly all patients with AIN,
whereas rash occurs in 25% to 50% of patients. J.S.’s objective
laboratory data that suggest AIN include azotemia, elevated
SrCr, proteinuria, cellular urinary sediment, eosinophilia, and
eosinophiluria. Her FENa+ of 3% suggests intrinsic renal
disease and her eosinophiluria and eosinophilia indicate an
immune-mediated allergic reaction. Drug-induced AIN is gen-
erally nonoliguric, but oliguria can develop in severe cases of
AIN.



30-16 � RENAL DISORDERS

22. How should J.S.’s drug-induced AIN be treated?

The dicloxacillin should be stopped immediately because
most patients recover normal kidney function once the of-
fending agent is discontinued. General supportive measures
that maintain fluid and electrolyte balance are necessary. Cor-
ticosteroids have been used with variable results to shorten
the duration of ARF, but no clinical guidelines have been de-
veloped to delineate when to administer them and for how
long. Some administer prednisone 1 mg/kg for 7 days and then
gradually taper the dose over the next several weeks. The re-
sponse to corticosteroids may be delayed or absent in some
patients. Dialysis may be needed in patients who are oliguric,
but it is usually not required for those who are nonoliguric.
The clinician should document J.S.’s allergic reaction to peni-
cillins because repeated exposure is likely to result in similar
reactions.

POSTRENAL ACUTE RENAL FAILURE
Any condition that results in the obstruction of urine flow at any
level of the urinary tract is termed postrenal ARF. Common
causes of postrenal ARF are stone formation, underlying ma-
lignancies of the prostate or cervix, prostatic hypertrophy, or bi-
lateral ureter strictures. Conditions that result in bladder outlet
obstruction (e.g., prostatic hypertrophy) are the most common
causes of postrenal ARF. The onset of signs and symptoms is
generally gradual; it often presents as decreased force of urine
stream, dribbling, or polyuria. Drugs can also result in insoluble
crystal formation in the urine and should be included in the dif-
ferential diagnosis.

Nephrolithiasis
Kidney stones are relatively common and affect approximately
10% of all people at least once in their lifetime.35 A strong
genetic predisposition appears to exist in this population. Epi-
demiologic data have found that men with stones were three
times more likely to have parents or siblings with a history
significant for stones.36 In addition to genetics, other under-
lying risk factors exist for stone development (Table 30-6).
Nephrolithiasis has a male:female incidence of 3:1, and whites
are twice as likely as blacks to develop stones. Kidney stones
generally consist of uric acid, cystine, struvite (also called mag-
nesium ammonium phosphate or triple phosphate nephrolithi-
asis), and calcium salts. Of these, calcium stones are by far the
most prevalent.

Calcium Stones
Calcium nephrolithiasis constitutes approximately 70% to 80%
of all kidney stones,36 with calcium oxalate and calcium phos-
phate stones making up most of these. Genetic factors ap-
pear to play an important role in the development of calcium

Table 30-6 Risk Factors for Nephrolithiasis

Low urine volume
Hypercalciuria
Hyperoxaluria
Hyperuricosuria
Hypercitruria
Chronically low or high urinary pH

nephrolithiasis; the stereotypical patient is a man in his third
to fifth decade of life. Other risk factors for developing cal-
cium nephrolithiasis are low urine output, inadequate hydration
(e.g., living in a hot climate and not drinking adequate fluids),
hypercalciuria, hyperoxaluria, hypocitraturia, hyperuricosuria,
and distal renal tubular acidosis. Generally, more than one of
these conditions is present simultaneously.

Struvite Stones
Magnesium ammonium phosphate crystallization, termed
struvite stones, represents the second most common type of
nephrolithiasis (∼2%–20% of cases). Struvite stones can re-
sult in significantly high morbidity and mortality because they
tend to recur and can result in irreversible kidney damage.37

These stones often fill the renal collecting ducts and assume a
“staghorn” appearance. Struvite stones generally result when
existing stones are colonized with Proteus, a bacterium that
produces urease, an enzyme that hydrolyzes urea and alkalin-
izes the urine. The alkaline environment promotes the forma-
tion of insoluble crystals of ammonium, calcium, and phos-
phate. In vitro, simply alkalinizing the urine results in the
immediate precipitation of amorphous struvite stones. Pop-
ulations at risk for developing struvite stones include obese
women, patients with frequent urinary tract infections or
pyelonephritis, and patients with genitourinary tract abnor-
malities that promote bacterial colonization or make eradica-
tion of infection difficult. The most problematic form of stone
disease develops in paralyzed patients with indwelling Foley
catheters. Recurrent nephrolithiasis is one of the most common
causes of death in patients with spinal cord injury. Treatment
of struvite stones can consist of surgical intervention; pro-
longed courses of broad-spectrum antibiotics; administration
of acetohydroxamic acid, which inhibits bacterial urease; or
shock-wave lithotripsy.37

Uric Acid Stones
Uric acid stones commonly occur in patients whose uric acid
metabolism is altered because of various medical conditions. In
particular, patients with gout and those receiving chemotherapy
are susceptible to these stones. This topic is discussed further
in Chapter 43, Gout and Hyperuricemia.

Cystine Stones
Cystinuria is a rare autosomal-recessive hereditary disorder of
amino acid transport in the renal tubules that results in the uri-
nary excretion of large amounts of cystine. These stones form
when the cystine excretion rate exceeds the urinary solubil-
ity limit. The calculi form staghorns in the renal tubules and
can cause urinary obstruction, infection, and ARF. Therapy of
cystine stones is targeted at reducing the urinary cystine excre-
tion while increasing its urinary solubility. This can be accom-
plished by diet modification, increased fluid intake, urine alka-
lization, and drug therapy. Low-sodium diets decrease cystine
excretion, and restriction of methionine, a cystine precursor,
may reduce cystine excretion. It may also result in depletion of
other important amino acids, however. To decrease the urinary
cystine concentrations, urine volume should be increased by
maintaining a fluid intake of >4 L/day. The solubility of cys-
tine in urine also can be increased by alkalinizing the urine.
Pharmacologic therapy is indicated when the above nondrug
measures have failed. Drug therapy is targeted at increasing the
urinary solubility of cystine, which can be achieved by forming
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a thiol-cysteine disulfide bond. D-Penicillamine and tiopronin
are the most commonly used drugs, although tiopronin appears
to be better tolerated than D-penicillamine.

Presentation and Treatment

23. T.C., a 48-year-old man, presents to the emergency depart-
ment complaining of sharp flank pain radiating to the groin, gross
hematuria, and dysuria. He states that these symptoms have been
present for 4 hours and that they are similar to previous episodes
of calcium nephrolithiasis he has experienced. Serum chemistries
are ordered and are significant only for a BUN of 34 mg/dL (nor-
mal, 5–20) and an SrCr of 1.5 mg/dL (normal, 0.5–1.2), which are
up from his baseline values of 15 and 0.9 mg/dL, respectively. A
urine sample was obtained and visualized with microscopy. It was
determined that T.C. passed a kidney stone, based on the large
amount of calcium oxalate crystals found in the urinary sediment.
On questioning, he admits that he has not been drinking much
fluid over the past week owing to a busy work schedule, and his
urine volume has been markedly lower than usual. What are the
common subjective and objective data that suggest nephrolithia-
sis, and how can this be prevented from occurring in the future?

[SI units: BUN, 12.1 and 5.3 mmol/L (normal, 1.8–7.1); SrCr, 132.6 and 79.5

mol/L, respectively (normal, 44.2–106)]

T.C. illustrates the classic presentation of nephrolithiasis:
acute, severe flank pain that radiates to the groin. It is usually
accompanied by gross or microscopic hematuria, dysuria, or
frequency. Of symptomatic calculi, 90% pass spontaneously,
as in T.C.’s case, and invasive surgical treatment is rarely
necessary.38 The risk factors that predispose T.C. to stone re-
currence include a previous episode of nephrolithiasis, age
within the fourth decade, and decreased fluid intake and urine
output.

T.C. should take preventive measures to reduce the likeli-
hood of stone recurrence. Many randomized trials have demon-
strated that nondrug and pharmacologic mechanisms can pre-
vent stone formation. The most cost-effective way to prevent
stone formation is to increase fluid intake. A classic 5-year ran-
domized study compared a high fluid intake group (>2 L/day)
with one that had normal daily fluid intake (∼1 L/day). The
results demonstrated a significantly longer time to stone re-
currence (39 vs. 25 months) in the high fluid intake group.39

Dietary modifications remain controversial. Although it ap-
pears that limiting protein, calcium, and sodium intake should
decrease the likelihood of recurrent nephrolithiasis, the data
are conflicting.40 In summary, a high calcium intake probably
increases the risk of nephrolithiasis but only in patients with
absorptive hypercalciuria and not in normal subjects.

Pharmacologic control of calcium oxalate stones has been
tried with thiazide diuretics.41 Thiazide diuretics promote cal-
cium reabsorption in the distal tubule, which decreases the
concentration in the lumen. Thiazides also may decrease in-
testinal calcium absorption in patients with absorptive hyper-
calciuria, although this remains unclear. Patients receiving thi-
azide diuretics should be sodium restricted because excessive
sodium intake negates their hypocalciuric effect. Allopurinol
has been used successfully to prevent recurrent calcium oxalate
nephrolithiasis, presumably by inhibiting purine and uric acid
metabolism.41 Alkalization of the urine with potassium cit-
rate and potassium-magnesium citrate also prevents recurrent
calcium oxalate nephrolithiasis.

Table 30-7 Commonly Used Drugs That Cause
Crystal-Induced Acute Renal Failure

Acyclovir
Indinavir
Methotrexate
Sulfonamides
Triamterene

T.C. should be instructed to drink at least 2 L of fluid (∼eight
8-ounce glasses) daily. Given his busy work schedule, a thi-
azide diuretic probably is not the most convenient option for
T.C., and noncompliance is likely. Allopurinol 200 mg orally
once daily is probably the most convenient preventive strategy
for T.C., and data suggest it is effective in preventing recur-
rent nephrolithiasis. Alternatively, urinary alkalinization with
potassium citrate or potassium-magnesium citrate is likely to
benefit T.C., but it may be less convenient because it needs to
be administered two to four times daily.

Drug-Induced Nephrolithiasis

24. Can drugs crystallize in the urine and cause ARF?

Many commonly prescribed drugs are insoluble in urine
and crystallize in the distal tubule (Table 30-7). Risk factors
that predispose patients to crystalluria include severe volume
contraction, underlying renal dysfunction, or acidotic or alka-
lotic urinary pH. In conditions of renal hypoperfusion, high
concentrations of drug become stagnant in the tubule lumen.
Drugs that are weak acids (e.g., methotrexate, sulfonamides)
precipitate in acidic urine; drugs that are weak bases (e.g., in-
dinavir, other protease inhibitors) precipitate in alkaline urine.
Prevention of crystal-induced ARF is targeted at dosage adjust-
ment for patients with underlying renal dysfunction, volume
expansion to increase urinary output, and urine alkalization.
Similarly, for established crystal-induced ARF, the above gen-
eral supportive measures of urinary alkalization and volume
expansion should be performed. Dialysis may be necessary
in a small percentage of patients. With appropriate pharma-
cotherapy, crystal-induced ARF is usually reversible without
long-term complications.

SUPPORTIVE MANAGEMENT OF ACUTE RENAL FAILURE

25. What is the supportive management of ARF?

Despite years of study, no pharmacologic “cure” for ARF
exists. Therefore, supportive therapy is directed at preventing
its morbidity and mortality. This is achieved by close patient
monitoring; strict fluid, electrolyte, and nutritional manage-
ment; treatment of life-threatening conditions, such as pul-
monary edema, hyperkalemia, and metabolic acidosis; avoid-
ance of nephrotoxic drugs; and the initiation of dialysis or
continuous renal replacement therapies (CRRT).

Clinicians should closely monitor patient vital signs (e.g.,
weight, temperature, BP, pulse, respirations, and fluid intake
and output) at least once every shift. Daily weights can
forewarn the clinician of edematous weight gain. The patient’s
medication profile should be reviewed daily to assess for
appropriate dosage adjustment in renal dysfunction. Because
estimation of ClCr is difficult in patients with rapidly chang-
ing renal function, therapeutic drug monitoring should be
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performed when using drugs with narrow therapeutic indices.
When possible, nephrotoxic drugs should be avoided, but this
may be difficult in patients who are septic or hypotensive and
require nephrotoxic antibiotics and vasopressors. Preventive
measures to reduce the likelihood of ARF should be used,
such as ensuring adequate hydration, using dosing strategies
or products that are associated with less nephrotoxicity, and
avoiding drug therapy combinations that enhance nephrotox-
icity (e.g., NSAID, aminoglycosides). If patients with ARF
are receiving total parenteral nutrition, close monitoring of
serum chemistries is needed to identify fluid and electrolyte
abnormalities.

Supportive drug therapy may be used to reduce ARF symp-
toms. As discussed, diuretics currently have no role in prevent-
ing ARF progression or reducing mortality, but they can pre-
vent complications, such as pulmonary and peripheral edema,
and they may prevent tubular obstruction from ATN. The pa-
tient’s volume status should be assessed daily, and fluids should
be adjusted based on laboratory chemistries, urine output, and
gastrointestinal and insensible losses. Dietary sodium restric-
tion of 2 to 2.5 g/day should be instituted to prevent edema
formation.

Diuretics for Edema in Acute Renal Failure
If edema occurs, intravenous (IV) furosemide is preferred be-
cause of its potency and pulmonary vasodilation properties.
Oral furosemide therapy should be avoided because gut edema
may limit its bioavailability. Torsemide, another loop diuretic,
has excellent oral bioavailability and is unaffected by gut
edema. Previously, torsemide was reserved for patients with
demonstrated bioavailability problems with furosemide be-
cause of cost concerns, but a generic version of torsemide is
now available. The dosage of diuretic needed is highly patient
specific, especially in those with frank proteinuria, glomeru-
lonephritis, or the nephrotic syndrome. Furosemide is highly
protein bound, and thus binds to filtered protein, which negates
its pharmacologic effect on the kidneys. Combinations of loop
and thiazide diuretics may be needed in patients with ARF
if they become diuretic resistant. This combination acts syn-
ergistically to block sodium and water reabsorption in both
Henle’s loop and the distal convoluted tubule. Other alter-
natives include continuous loop diuretic infusions, such as
furosemide 1 mg/kg/hour. The infusion rate should not ex-

ceed 4 mg/minute because these rates are associated with oto-
toxicity, especially when given in combination with amino-
glycoside antibiotics. Close monitoring of potassium, magne-
sium, and calcium is necessary when giving large doses of loop
diuretics.

Hyperkalemia commonly occurs in patients with ARF be-
cause the kidneys regulate potassium homeostasis. Acute ther-
apy of hyperkalemia is discussed in Chapter 12, Fluid and
Electrolyte Disorders. In cases in which conventional phar-
macologic treatment is not feasible, emergency hemodialysis
should be performed.

Metabolic acidosis is a common manifestation of ARF be-
cause the kidneys are responsible for excreting organic acids.
As GFR declines to <30 mL/minute, organic acids accumu-
late and clinical symptoms can occur. Severe metabolic aci-
dosis should be corrected with dialysis, but early initiation of
oral sodium bicarbonate may prolong or obviate the need for
dialysis.

Extracorporeal Continuous Renal Replacement Therapy
Renal replacement therapy is not always indicated in ARF. It
is reserved for patients with severe acid-base disorders, fluid
overload, hyperkalemia, symptomatic uremia, or drug intoxi-
cations. RRT can be divided into intermittent hemodialysis or
CRRT, such as continuous peritoneal dialysis or extracorporeal
CRRT. The decision to use one over the other is most often
decided by the nephrologist’s experience and comfort level.
Extracorporeal CRRT differs from peritoneal and hemodialy-
sis in its mechanism of solute removal; dialysis modalities rely
primarily on solute diffusion across a semipermeable mem-
brane, whereas CRRT relies primarily on convective ultrafil-
trate production. This discussion will be limited to extracor-
poreal CRRT therapies. (See Chapter 33, Renal Dialysis, for a
complete overview of peritoneal and hemodialysis.)

Not all extracorporeal CRRT is alike42; many variations
exist and include modalities such as continuous arteriovenous
hemofiltration (CAVH), continuous venovenous hemofiltration
(CVVH), continuous venovenous hemodialysis (CVVHD),
and continuous venovenous hemodiafiltration (CVVHDF).
Differences between these modalities are illustrated in Table
30-8. Drug dosing can be difficult in patients receiving these
therapies, especially in those who are undergoing both dialysis
and hemofiltration modalities (i.e., CVVHDF).

Table 30-8 Comparison of Extracorporeal Continuous Renal Replacement Therapies

Continuous Venovenous Continuous Arteriovenous Continuous Venovenous Continuous Venovenous
Parameter Hemofiltration (CVVH) Hemofiltration (CAVH) Hemodialysis (CVVHD) Hemodiafiltration (CVVHDF)

Volume control in hypotensive patients Good Variable Good Good
Solute control in highly catabolic patients Adequate Inadequate Adequate Adequate
Blood flow rates in hypotensive patients Adequate Poor Adequate Adequate
Ease of drug dosing Published recommendations Difficult Difficult Difficult
Dialytic solute clearance None None Moderate Moderate
Convective solute clearance Good Good Minimal Moderate
Corresponding GFR (mL/min) 15–17 10–15 17–21 25–26
Blood pump required Yes No Yes Yes
Replacement fluid required Yes Yes Yes Yes
Pharmacy expense High High High High

GFR, glomerular filtration rate.



ACUTE RENAL FAILURE � 30-19

Both CAVH and CVVH are modalities that rely solely on
convective solute removal. Convection is simply the movement
of water and solutes across a high-flux dialyzer or hemofilter.
Because it does not depend on the molecular weight (MW)
of a given solute, small solutes (MW, <500 D) and mid-
dle MW solutes (MW, 500–15,000 D) are removed to the
same extent if they fit through the membrane pore. Drugs and
solutes <15,000 D are removed very well. Most penicillin,
cephalosporin, and aminoglycoside antibiotics have MW <500
D, and vancomycin’s MW is 1,450 D. Continuous convective
modalities are much better than dialysis for middle molecule
and low–molecular-weight protein removal. CRRT is also bet-
ter able to maintain a constant total body water volume. These
therapies allow for a more gradual removal of large fluid vol-
umes (3–5 L/day), which is not possible with conventional
dialysis therapies.

Continuous Arteriovenous Hemofiltration)
The first extracorporeal therapy, CAVH, was developed in the
late 1970s. In this technique, a patient’s blood is accessed

through an artery and systemic BP and cardiac output are
used as the driving forces to pump it through a high-flux
hemofilter. Heparin is infused prefilter to prevent clot forma-
tion within the hemofilter. Blood flow rates are modest at 90 to
150 mL/minute. The mean arterial pressure (MAP) generates
a transmembrane pressure (TMP) that filters plasma water and
dissolved solutes (urea, creatinine, and drugs) across the
hemofilter membrane.43 Most of the filtered solution, or ul-
trafiltrate, is replaced by a solution that contains normal elec-
trolyte concentrations. In volume-overloaded patients, a de-
sired volume of plasma can be maintained by adjusting the
volume of replacement fluid returned to the patient. The pri-
mary disadvantage of CAVH is that arterial access is often
complicated by bleeding, aneurysm, ischemia, or embolism.
Second, because blood flow and ultrafiltration depend on the
MAP, volume and solute control becomes difficult in patients
who become hypotensive or hypercatabolic.44 These disadvan-
tages have been averted to a degree through the introduc-
tion of venovenous access and the addition of blood roller
pumps.

FIGURE 30-6 Schematic of continuous venovenous hemofiltration (CVVH). Blood is accessed by a dual-
lumen catheter in a central vein and is pumped through the extracorporeal circuit by a roller blood pump.
The blood pump maintains a constant hydrostatic pressure to create ultrafiltration, even in hypotensive
conditions. Patients receiving CVVH are most often in the intensive care unit and often receive concomitant
parenteral nutrition. Heparin is infused prefilter to prevent clot formation within the circuit. The ultrafiltrate
replacement solution is provided back to the patient through a second venous catheter port at a rate that
achieves a desired total body water volume. (From reference 45, with permission.)
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Continuous Venovenous Hemofiltration
A major advancement in extracorporeal CRRT is CVVH. Ve-
nous access is obtained by inserting a dual-lumen catheter into
a central vein (e.g., internal jugular or subclavian), and a roller
pump provides a constant driving force for the blood to enter the
hemofilter (Fig. 30-6).45 The pressure generated by the roller
pump results in continuous ultrafiltrate production. The blood
flow rate is considerably increased by the roller pump, achiev-
ing rates of 100 to 200 mL/minute, which provides adequate
ultrafiltrate, even in patients who are hypotensive or hyper-
catabolic. The ultrafiltrate production rate is generally started
at 1 L/hour, which corresponds to a GFR of approximately 16
mL/minute. On exiting the hemofilter, the blood is returned
through the second lumen of the venous access; a replacement
solution containing normal electrolyte concentrations is also
infused. As with CAVH, the patient’s volume status can be
controlled by adjusting the volume of replacement solution. A
common example is a patient with volume overload of 20 L
after surgery who develops ARF. A reasonable goal in such a
patient is a net fluid loss of 5 L/day. If the CVVH ultrafiltration
rate is 1 L/hour, the total daily volume of fluid removal will
be 24 L/day. To achieve a net loss of 5 L/day, the volume of
replacement solution needs to be 19 L. Hence, the replacement
solution should be infused at 792 mL/hour. At this rate, if all
variables remain constant, the patient will achieve euvolemia
within 4 days.

Combined Modalities
The CRRT modalities that combine hemofiltration with dialy-
sis (e.g., CAVHDF, CVVHDF ) are technically more difficult to
perform and require sophisticated equipment. Although the
same ultrafiltration principles described previously apply, a
dialysis component that promotes additional solute diffusion
across the high-flux hemofilter is added. In the case of CVVHD,
the process is initiated as for CVVH with blood flow rates of
50 to 200 mL/minute, but a dialysis solution is run counter-

current along the hemofilter at 10 to 35 mL/minute, resulting
in diffusion of solutes. This makes drug dosing extremely dif-
ficult because clinicians must account for both diffusive and
convective drug removal.

Estimating Drug Removal

26. Are there ways to calculate drug removal in extracorporeal
CRRT modalities?

Two recent reviews provide an excellent background on
dosing drugs in patients receiving CRRT.45,46 The principles
for drug removal in hemofiltration are basically identical with
those for removal in hemodialysis. For example, drugs with a
small volume of distribution and low protein binding are re-
moved readily by these modalities. The sieving coefficient (SC)
of a drug is the non–protein-bound fraction of the drug that is
in plasma. For example, an SC of 0.8 means that 80% of the
drug is unbound in plasma. Drug SC can be obtained from
the literature or by measuring concentrations simultaneously
in the prefilter blood and ultrafiltrate. The ratio of the ultra-
filtrate concentration to plasma concentration is the SC. Drug
clearance can be calculated by multiplying the SC by the ul-
trafiltration rate. For example, if a patient is receiving CVVH
at an ultrafiltration rate of 1 L/hour, and he or she is receiving
vancomycin (which has an SC of 0.8) 1 g/day, the vancomycin
clearance while receiving CVVH is 0.8 × 1,000 mL/hour =
800 mL/hour or 13 mL/minute.

Calculating drug clearance is much more difficult in
hemodiafiltration modalities (CAVHDF, CVVHDF) because
both convection and diffusion account for drug clearance and
it is difficult to predict drug clearance precisely. The use of
SC can be useful for small–molecular-weight drugs, but the
accuracy declines with larger drug molecules, such as van-
comycin. When possible, therapeutic drug monitoring should
be performed to maintain therapeutic concentrations and to
maximize drug therapy.
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INTRODUCTION
Chronic kidney disease (CKD) describes the continuum of
kidney dysfunction from early to late-stage disease. Es-
timated glomerular filtration rates (eGFR) range from 90
mL/minute/1.73 m2 in the early stages to 15 mL/minute/1.73
m2 in the late stages of disease. The most severe stage oc-
curs when the eGFR is less than 15 mL/minute/1.73 m2 and
is known as end-stage renal disease (ESRD).1 Patients with
ESRD require renal replacement therapy in the form of dial-

ysis or transplantation to sustain life. Complications associ-
ated with CKD that increase the complexity of the condition
and include fluid and electrolyte abnormalities, anemia, car-
diovascular disease, hyperparathyroidism, bone disease, and
malnutrition. Optimal treatment of patients with CKD is best
achieved using a multidisciplinary approach to address the
concurrent medical problems and complex pharmacothera-
peutic regimens. Alterations in drug disposition that occur
with kidney impairment and the subsequent need for dosage
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Table 31-1 Staging of Chronic Kidney Disease Based on eGFR

Stage Description eGFR (mL/min/1.73 m2)

At increased risk ≥90 (with CKD risk factors)
1 Kidney damage with normal or ↑ eGFR ≥90
2 Kidney damage with mild ↓ eGFR 60–89
3 Moderate ↓ eGFR 30–59
4 Severe ↓ eGFR 15–29
5 Kidney failure <15 (or need for renal replacement therapy)

Adapted with permission from the National Kidney Foundation. NKF-K/DOQI Clinical Practice Guidelines for Chronic Kidney Disease: Evaluation, Classification, and Stratification.
Am J Kidney Dis 2002;39:S1.

adjustments are additional considerations when determining
rational pharmacotherapy in this population.

Definitions
Chronic kidney disease is characterized by a progressive dete-
rioration in kidney function ultimately leading to irreversible
structural damage to existing nephrons. Based on the progres-
sive nature of this condition, a staging system has been estab-
lished to classify kidney disease according to the eGFR, which
is estimated clinically using creatinine clearance (ClCr) (Table
31-1).1 Specifically, CKD is defined as kidney damage with a
normal or a mildly decreased eGFR (stages 1 and 2) or a eGFR
<60 mL/minute/1.73 m2 for at least 3 months with or without
evidence of kidney damage (stages 3 to 5). Kidney damage
is indicated by pathologic abnormalities or markers of injury,
including abnormalities in blood or urine tests and imaging
studies.1 The presence of protein in the urine (defined as pro-
teinuria, albuminuria, or microalbuminuria based on protein
type and amount) is an early and sensitive marker of kidney
damage.

A substantial decline in kidney function also leads to
azotemia, the condition resulting from accumulation of ni-
trogenous wastes such as urea (blood urea nitrogen [BUN]),
and an increased risk for developing complications of CKD.
Uremic signs and symptoms from accumulation of nitroge-
nous wastes and other toxins lead to a myriad of complications
affecting most major organ systems. Laboratory abnormali-
ties include azotemia, hyperphosphatemia, hypocalcemia, hy-
perkalemia, metabolic acidosis, and worsening anemia. Clini-
cal signs of CKD and its associated complications, including
hypertension and uremic symptoms (e.g., nausea, anorexia),
and bleeding are observed as the disease advances to stages 3
through 5. Interventions to slow the progression of kidney dis-
ease and potentially reverse the disease process are critical, be-
cause patients with a decline in eGFR to <30 mL/minute/1.73
m2 (stage 4), in general, will ultimately have ESRD.

Epidemiology of Chronic Kidney Disease
Incidence and Prevalence
The Third National Health and Nutrition Examination Sur-
vey (NHANES III), a national study of more than 18,000 per-
sons 20 years of age or older conducted from 1988 through
1994, provides information on the stages of CKD in the U.S.
population.2 From these data, it is estimated that 8.3 million
Americans have CKD stages 3 to 5. They also reported that

11.3 million Americans are at risk for developing or have mild
decrease in kidney function (CKD stage 1 and 2).1

Data describing the ESRD population are made available
annually by the U.S. Renal Data System (USRDS). The reports
characterize the development, treatment, morbidity, and mor-
tality associated with ESRD in the United States and include
data from patients with kidney transplants. Based on the most
recent data from the USRDS, more than 472,000 patients were
receiving renal replacement therapy for ESRD at the end of
2004, with approximately 104,000 new patients starting treat-
ment during that year.3 A continued increase in incidence rates
of ESRD has been observed over the past decade, although this
rate has decreased to approximately 1.5% to 5% per year over
the past 5 years.3 The continued increase in incidence rates of
ESRD, in conjunction with a relatively stable death rate for this
population, accounts for the overall increase in the prevalence
of ESRD. CKD has been identified as one of the focus areas
for the Healthy People 2010 national health initiative; one of
the specific objectives is to reduce the number of new cases of
ESRD.4

Populations at increased risk for developing ESRD include
males and the older population, particularly patients 65 years
of age and older. More than 49% of incident hemodialysis pa-
tients in 2004 were age 65 or older, a much larger percentage
than for the peritoneal dialysis and transplant populations.3

Racial distribution of the dialysis population shows that the
prevalence is greatest in whites (61%) and blacks (32%), fol-
lowed by Hispanics (14%) and Asians (4%). Blacks and Native
Americans have a three to four times greater incident rate of
kidney failure than white individuals.3

Etiology
Chronic kidney disease most often results from a progressive
loss of functioning nephrons caused by a primary kidney dis-
ease or as a secondary complication of certain systemic dis-
eases, but it can also result from an acute event causing irre-
versible damage to the kidneys. The leading causes of ESRD
in patients newly diagnosed in 2004 were diabetes mellitus
(44%), hypertension (27%), and chronic glomerulonephritis
(8%).3 Among Native Americans, diabetes is the predominant
etiology, accounting for nearly two-thirds of the ESRD cases.
Diabetes also accounts for higher rates of ESRD in blacks and
Hispanics than in whites. Another of the Healthy People 2010
national health objectives for CKD is to focus on efforts to re-
duce the incidence of ESRD in blacks, Hispanics, and Native
Americans.4 Hypertension remains the most common cause
of ESRD among blacks, with approximately one-third of cases
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attributed to this disease. A variety of causes are responsible for
the remaining cases of ESRD, among which are cystic kidney
disease, other urologic causes, and acquired immunodeficiency
syndrome (AIDS) nephropathy.

Mortality
Advances in dialysis and transplantation have improved patient
care; however, mortality rates during the first year of ESRD
have not improved over the past decade (first-year adjusted
death rate is 234/1,000 patient-years in the year 2003 for preva-
lent ESRD patients).3 Patients with cardiovascular disease on
dialysis have a fivefold greater risk of all-cause mortality when
compared with the general Medicare population and with pa-
tients with CKD not yet requiring renal replacement therapy.
Comorbid conditions, low albumin, malnutrition, and anemia
at initiation of dialysis are strong predictors of mortality. Life
expectancy is 20% to 25% of that of the general population.
Cardiovascular-related events, particularly cardiac arrest and
myocardial infarction, are the leading causes of death in the
ESRD population. This is not surprising given the high preva-
lence of coexisting cardiac disorders in patients with ESRD
and the elevated risk for mortality associated with these con-
ditions. The Healthy People 2010 initiative for CKD will also
focus on decreasing deaths from cardiovascular disease.4 In-
fection (predominantly septicemia) and cerebrovascular dis-
ease are also substantial contributors to overall mortality in
patients with ESRD.3

Drug-Induced Causes of Chronic Kidney Disease
Analgesic Nephropathy
Analgesic nephropathy is a form of tubulointerstitial kidney
disease characterized by renal papillary necrosis as a primary
lesion and chronic interstitial nephritis as a secondary lesion
resulting from habitual ingestion of a mixture of two antipyretic
analgesics and usually caffeine, codeine, or both.5 Analgesic
nephropathy is part of the analgesic syndrome, including such
nonrenal complications as anemia, peptic ulcer disease, uri-
nary tract infection, and atherosclerosis.5 Phenacetin, an ac-
etaminophen prodrug, was the first agent to be identified as
causing this syndrome. Currently in the United States, most
cases are caused by long-term use or misuse of compound
analgesics containing acetaminophen and aspirin along with
caffeine or codeine.5 Similar findings in terms of the effect
on kidney function have also been observed with nonsteroidal
anti-inflammatory drugs (NSAID), with both acute and chronic
manifestations associated with long-term use.6 The cumulative
amount (at least 1 to 2 kg of acetaminophen), rather than the
duration of analgesic intake, is the primary risk factor for de-
veloping chronic analgesic nephropathy.7 Recommendations
made by the National Kidney Foundation (NKF) on analgesic
use have been published.5

Analgesic nephropathy is more prevalent in female patients,
with a female-to-male ratio of 5 to 7:1. The peak incidence oc-
curs between the fourth and the fifth decades of life.5,7 Pa-
tients usually complain of chronic pain syndromes and, in
most cases, psychiatric manifestations indicative of an addic-
tive behavior are observed. At presentation, patients may have
a reduced eGFR and findings consistent with CKD. During
acute necrosis, patients may experience flank pain, pyuria, and
hematuria. As necrosis progresses, cellular debris can cause

ureteral obstruction. Kidney dysfunction is characterized as
a salt-wasting nephropathy, with a substantial reduction in
urine-concentrating and urine-acidifying capabilities. The ex-
act mechanism for kidney damage is uncertain; however, it is
thought that because acetaminophen accumulates in the renal
medulla, its oxidative metabolite produced by the medullary
cytochrome P450 enzyme system may bind to macromolecules
causing cellular necrosis. Although the reduced form of glu-
tathione in the medulla can prevent this process, agents that
reduce medullary glutathione content (e.g., aspirin) may pro-
mote kidney damage. This mechanism may explain a lack of
analgesic nephropathy associated with acetaminophen alone.
NSAID, which attenuate prostaglandin-mediated vasodilation,
may induce an ischemic state within the renal medulla, leading
to papillary necrosis.6

Data on the adverse renal effects of selective cyclooxy-
genase 2 (COX-2) inhibitors is less clear. Recently, a meta-
anlaysis of 114 randomized, double-blind clinical trials eval-
uated the adverse renal events of COX-2 inhibitors. The
authors reported that, of the six agents evaluated, only rofe-
coxib was associated with adverse renal effects, defined as
significant changes in urea or creatinine levels, clinically diag-
nosed kidney disease, or renal failure. Higher doses and longer
duration of therapy were associated with higher rates of renal
dysfunction.8 Rofecoxib was voluntarily withdrawn from the
market in 2004 because of increased concern about cardiovas-
cular events.

The long-term management of analgesic nephropathy pri-
marily involves strict abstinence from use of NSAID and com-
bination analgesics. If possible, patients should be encouraged
to maintain a high fluid intake to prevent obstruction of the
tubules with necrotic debris and to reduce the risk of urinary
tract infection. If such patients develop ESRD, treatment is sim-
ilar to that for those with kidney disease from other causes. For
patients requiring analgesics, aspirin or propoxyphene taken
alone may be reasonable alternatives. Acetaminophen as a sin-
gle agent may be safe, although habitual use can contribute
to progression of kidney disease as well as to liver toxicity.7

Patients requiring chronic analgesic therapy should use the
lowest dose to control pain, avoid combination products when
possible, and maintain adequate hydration.

Lithium Nephropathy
Although lithium use has been associated with alterations in
kidney function secondary to acute functional and histologic
changes, its role in the development of chronic changes (i.e.,
chronic interstitial nephritis) is less clear. Both the concen-
trating ability within the kidney and the eGFR may decline
with long-term lithium use.9 In addition, chronic interstitial
changes may develop in patients receiving lithium, particu-
larly those with high serum lithium concentrations. Despite
these findings, however, others have failed to implicate lithium
as a chronic nephrotoxic agent.10 In patients taking lithium
chronically, close monitoring of serum lithium concentrations
is advised, and serum creatinine (SrCr) measurements should
be obtained annually to detect changes in kidney function.

Progressive Kidney Disease Treatment Options
Treatment of patients with stage 1 to 4 CKD focuses on re-
ducing risk factors for progression of CKD (e.g., uncontrolled
hypertension and diabetes) and providing interventions that
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delay progression. Management of complications of CKD,
including fluid and electrolyte abnormalities, anemia, hyper-
phosphatemia, secondary hyperparathyroidism, metabolic aci-
dosis, and malnutrition, is necessary once patients were in
stage 3 CKD and beyond. Renal replacement therapies includ-
ing hemodialysis (HD), peritoneal dialysis (PD), and kidney
transplantation are treatment options for patients with ESRD.
In the 1950s, a patient diagnosed with ESRD faced unavoid-
able death with a life expectancy of days to weeks. Continued
development of treatment options for ESRD introduced in the
1960s dramatically reduced ESRD-related morbidity and mor-
tality. At the end of 2004, 66% of patients with ESRD were
undergoing HD, 29% had a functioning transplant, and 5%
were receiving PD.3

Medication Use
Data regarding medication use in dialysis patients, includ-
ing those having HD and PD, reveal that these patients are
prescribed a total of 8 to 11 medications per patient.11,12

According to the USRDS, antihypertensive agents were pre-
scribed for 75% of patients, with calcium channel blockers and
angiotensin-converting enzyme (ACE) inhibitors as the most
common agents. Approximately 80% of patients on dialysis
were prescribed phosphate-binding agents with a similar per-
centage of patients requiring erythropoietin. These patterns of
medication use are reflective of the prevalence of complica-
tions in the latter stages of CKD. The extent of medication use
and the complexity of prescribed drug regimens contribute to
nonadherence and medication-related problems (MRP) in the
ESRD population. To manage MRP, some dialysis facilities
have utilized a clinical pharmacist, which has been shown to
be cost-effective and is associated with maintenance of health-
related quality of life in patients on HD.13,14

Economics
The cost of treating patients with ESRD is substantial, with
most of this cost paid by the federal government. In 2004, the
cost was $18.5 billion dollars, 6.7% of the Medicare budget.3

This amount reflects a consistent increase from prior years and
an increase in the percentage of the Medicare budget dedi-
cated to ESRD care. The increase is most likely associated
with the higher prevalence of ESRD, changes in the standard
of care, reimbursement structure, and types of patients be-
ing treated (e.g., diabetic patients versus nondiabetic patients).
Higher costs of treatment were associated with diabetes and pa-
tients with low hemoglobin values at initiation of dialysis. Out-
patient pharmacy-related costs accounted for approximately
$60.1 million of the ESRD Medicare budget for 2004.3

Pathophysiology
Progression of kidney disease to ESRD generally occurs over
months to years and is assessed by the rate of decline in eGFR.
There are approximately 1 million nephrons per kidney, each
maintaining its own single nephron eGFR. Progressive loss
of nephron function results in adaptive changes in remaining
nephrons to increase single nephron eGFR.15 Over time, the
compensatory increase in single nephron eGFR leads to hyper-
trophy and an irreversible loss of nephron function from sus-

tained increases in glomerular pressure. Glomerulosclerosis
(glomerular arteriolar damage) develops from prolonged ele-
vation of glomerular capillary pressure and increased glomeru-
lar plasma flow leading to a continuous cycle of nephron de-
struction. Regardless of the cause, a predictable and continuous
decrease in kidney function occurs in patients when the eGFR
drops below a “critical” value, to approximately one-half of
normal.16 The rate of decline remains fairly constant for an in-
dividual, but can vary substantially among patients and disease
states. A more rapid rate of decline in kidney function has been
associated with black race, lower baseline eGFR, male gender,
older age, and smoking. Compared with hypertensive kidney
disease, conditions associated with a faster decline include
diabetic kidney disease, glomerular diseases, and polycystic
kidney disease.1 Progressive disease is typically identified by
persistent proteinuria, decreasing kidney function, and the de-
velopment of glomerulosclerosis. Although early changes in
kidney function can be detected through routine laboratory
monitoring, most patients do not develop symptoms of uremia
until they have reached the more severe stages (stage 4 CKD
and ESRD).

As the leading causes of ESRD in the United States, di-
abetes, hypertension, and glomerular diseases have been the
focus of research to identify their associated mechanisms of
kidney damage. Diabetes accounts for most cases of ESRD,
which are caused not only by poor glycemic control, but also
by concurrent hypertension.3 Excess filtration of glucose and
contact with glomerular and tubular cells result in increased
cellular osmotic pressure and thickening of the capillary base-
ment membrane. The resulting glomerulopathy may or may
not result in proteinuria. Systemic hypertension is a potent
stimulus for the progression of kidney disease because of its
association with increased single nephron eGFR.15,17 Coexis-
tent diabetes and hypertension increase the risk of developing
ESRD by five- to sixfold compared with persons with hyperten-
sion alone. Proteinuria, one of the initial diagnostic signs, may
also contribute to the progressive decline in kidney function,
with a more rapid rate of progression associated with higher
protein excretion.18 Immunologic and hemodynamic mecha-
nisms have been identified to explain the glomerular injury and
increase in renal plasma flow associated with proteinuria and
high protein intake. Inflammatory cytokines may be responsi-
ble for fibrosis and renal scarring ultimately resulting in loss
of nephron function.

Dyslipidemias, which are common in patients with CKD,
are often observed concurrently with proteinuria. Increased
low-density lipoprotein (LDL) cholesterol, total cholesterol,
and apolipoprotein B, as well as decreased high-density
lipoprotein (HDL) cholesterol, have been observed in patients
with progressive kidney disease.19 Hypercholesterolemia has
been associated with loss of kidney function in patients with
and without diabetes.20,21 Accumulation of apolipoproteins in
glomerular mesangial cells contributes to cytokine production
and infiltration of macrophages and has been implicated in the
progression of CKD, primarily in the presence of previous kid-
ney disease or other risk factors such as hypertension.22 LDL
is thought to promote glomerular damage by initiating a series
of cellular events in mesangial cells and through oxidation to
a more cytotoxic derivative once within these cells. Although
serum total cholesterol, triglycerides, and apolipoprotein B all
correlate with the rate of decline in eGFR, it is not clear that
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they directly increase the rate of progression of kidney dis-
ease, particularly when present with concomitant conditions
that also cause kidney damage. Some evidence, however, sug-
gests that treatment of hypercholesterolemia with statin therapy
in patients with CKD may reduce proteinuria and progression
of CKD.23

Clinical Assessment
Evaluation of Kidney Function
The most reliable and practical means available to determine
baseline kidney function and monitor progression of kidney
disease over time is eGFR. The ideal marker of eGFR should be
a nontoxic substance that is freely filtered at the glomerulus and
not secreted, reabsorbed, or metabolized by the kidney. Inulin
and exogenous radioactive markers have been used to assess
eGFR because they meet these criteria; however, they are not
readily available to clinicians, require intravenous (IV) admin-
istration, and are costly. Creatinine is an endogenous substance
that is derived from the breakdown of muscle creatine phos-
phate. It is excreted primarily by glomerular filtration; thus,
creatinine clearance (ClCr) has been used as a reasonable sur-
rogate for eGFR. There are limitations to consider when using
methods to assess eGFR that incorporate creatinine. Creatinine
is eliminated not only through glomerular filtration, but also
via tubular secretion. As nephron function declines, tubular
secretion of creatinine contributes more substantially to over-
all elimination of creatinine such that ClCr overestimates true
eGFR. As a result, disease progression may be underestimated.
Administration of cimetidine to patients before measurement
of ClCr may provide a more accurate assessment because cime-
tidine blocks tubular secretion of creatinine.24

Serum creatinine (SrCr) alone is used clinically as an in-
dex of kidney function; however, multiple limitations to this
practice exist. In the initial stages of kidney disease, SrCr may
remain within the normal range. Consequently, SrCr may be
relatively insensitive in detecting early kidney disease and is
not accurate for estimating the progression of the disease. Be-
cause generation of creatinine is proportional to total muscle
mass, it is affected by diet (notably by the ingestion of meats),
age, and gender. Generally, muscle mass declines with age and
is smaller in women. Thus, a SrCr that is in the upper limit of
normal (e.g., 1.2 mg/dL) for a young athletic male is likely to be
associated with a high creatinine clearance, whereas the same
SrCr in a 70-year-old woman could indicate compromised re-
nal function. Use of creatinine to assess kidney function in
patients with liver disease may also lead to overestimation of
eGFR.25 This may be attributed to decreased production of
creatine, the precursor to creatinine, by the liver or increased
tubular secretion of creatinine by the kidney. Also, substantial
variation is seen in the calibration of SrCr among laboratories
that can result in differences in measured SrCr. Although SrCr
can provide a rough estimate of kidney function, other means
of assessing eGFR should be used when a more accurate deter-
mination is necessary. Other markers of early kidney damage,
such as proteinuria, should also be evaluated in patients at risk
for kidney disease.

Several equations have been developed to calculate eGFR
that incorporate SrCr and other variables (especially age and
gender) for reasons described above. The most commonly used

equation is the Cockcroft-Gault equation, which provides an
estimate of ClCr in patients with stable kidney function26 (see
Chapter 31, Acute Renal Failure). More recently a prediction
equation was developed using data from the Modification of
Diet in Renal Disease (MDRD) study, a multicenter trial that
evaluated the effects of dietary protein restriction and blood
pressure (BP) control on progression of kidney disease.27 This
equation, referred to as the MDRD equation, may provide a
better estimate of GFR based on the fact that the equation was
derived using eGFR measured directly by urinary clearance of
a radiolabeled marker (125I-Iothalamate) as opposed to crea-
tinine, and included a relatively large and diverse population
(>500 white and black individuals with varying degrees of
kidney disease) for derivation and validation of the equation.
The MDRD equation27 is as follows:

Estimated GFR (mL/minute/1.73 m2) = 170 × (SrCr)−0.999

× (Age)−0.176 × (BUN)−0.170 × (Alb)+0.318 (31-1)
× (0.762 if female) × (1.18 if African American)

An abbreviated version has also been developed1:

Estimated GFR (mL/minute/1.73 m2) = 186
× (SrCr)−1.154 × (Age)−0.203 × (0.742 if female) (31-2)

× (1.21 if African American)

The Schwartz28 equation is used to assess eGFR in children
as follows:

Creatinine clearance (mL/minute)= [k×length (in cm)]/SrCr
where k is dependent on age: infant (1 to 52 weeks)

k = 0.45; child (1 to 13 years) k = 0.55; adolescent male
k = 0.7; and adolescent female k = 0.55. (31-3)

Although historically accepted as a more accurate method,
calculation of ClCr using 24-hour urine collection methods has
not been proved to be more reliable than use of the Cockcroft-
Gault or MDRD equations. Problems with urine collection
methods include incomplete urine collection, diurnal varia-
tion in eGFR, and variation in creatinine excretion. Despite
these limitations, shorter collection times or spot untimed urine
samples may be useful to determine creatinine excretion. Pop-
ulations in whom estimation of GFR using a 24-hour urine
collection is more reasonable include patients with variation
in dietary intake of creatine sources, such as vegetarians, or
persons with poor muscle mass (e.g., malnourished individu-
als or amputees).1

Estimation of GFR by the MDRD equation is used to fol-
low the progression of kidney disease. Frequent assessment of
drug selection and dosage regimen design should be integral
to the evaluation of a patient with progressive kidney disease.
The Cockcroft-Gault equation is most commonly used to eval-
uate the appropriate doses of drugs that are eliminated by the
kidney.

Proteinuria
In patients who have (or are at risk for) kidney disease, addi-
tional assessment of kidney function should include evaluation
of urinary protein excretion, which has been shown to be pre-
dictive of disease progression. Protein is not normally filtered
at the glomerulus and is present only in trace amounts in the
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Table 31-2 Diagnostic Criteria for Proteinuria and Albuminuria

Total Protein Albumin

24-hr Spot Urine Spot Urine 24-hr Spot Urine Spot Urine
Collection Dipstick Protein-SrCr Collection Dipstick Albumin-SrCr
(mg/day) (mg/dL) Ratio (mg/g) (mg/day) (mg/dL) Ratio (mg/g)

Normal <300 <30 <200 <30 <3 <17 (men)
<25 (women)

Microalbuminuria NA NA NA 30–300 >3 17–250 (men)
25–355 (women)

Albuminuria or clinical proteinuria >300 >30 >200 >300 NA >250 (men)
>355 (women)

SrCr, serum creatinine.
Adapted from National Kidney Foundation. NKF-K/DOQI Clinical Practice Guidelines for Chronic Kidney Disease: Evaluation, Classification, and Stratification. Am J Kidney Dis
2002;39:S1, with permission.

urine. With glomerular damage, proteinuria is commonly ob-
served. Proteinuria may precede elevations in SrCr and should
be considered as an early marker of kidney damage. Microal-
buminuria is defined as an albumin excretion rate of 20 to
200 mcg/minute or 30 to 300 mg/24 hour. Specific assays with
increased sensitivity relative to standard assays are required
for detecting quantities of protein in the range defined as mi-
croalbuminuria. Proteinuria is defined as a total protein ex-
cretion rate >200 mcg/minute or >300 mg/24 hour (referred
to as albuminuria if albumin is the only protein measured).
Total protein includes albumin and other proteins, such as low
molecular weight globulins and apoproteins. Assessment of al-
buminuria is a better indicator of early kidney disease because
it is primarily indicative of glomerular damage as opposed to
total protein, which is not as specific for glomerular damage.
Other tests, including urinalysis, radiographic procedures, and
biopsy, may also be valuable in further assessing kidney func-
tion.

Quantification of albumin can be done using timed urine
samples. Typically, a 24-hour collection period is used, al-
though a timed sample collected overnight may be more re-
liable because protein excretion can vary throughout the day
and with postural changes (i.e., orthostatic proteinuria). Un-
timed or “spot” urine samples for measurement of protein-
or albumin-to-creatinine ratios are often more convenient. As
opposed to measuring protein or albumin in a timed collec-
tion, this method corrects for variations in hydration status and
may be more accurate because protein excretion is normalized
to glomerular filtration. The albumin and creatinine concen-
trations in the urine are measured from a spot urine sample,
preferably from a first-morning urine sample, because it cor-
relates best with 24-hour protein excretion. If a first morning
urine sample is not available, a random sample is acceptable.
Factors associated with proteinuria, such as ingestion of a high-
protein meal and vigorous exercise, must be considered when
evaluating urinary protein. Measuring urinary protein postex-
ercise will result in a falsely elevated urine protein level as a
consequence of an increase in the membrane permeability of
the glomeruli to protein and a saturation of the tubular reab-
sorption process of filtered protein. To minimize this risk, it
is recommended to wait approximately 4 hours postexercise
to test for proteinuria.29 Screening for albuminuria can also
be done using urine dipstick testing of a spot urine sample.

Reagent strips are available from several commercial test prod-
ucts and differ with regard to the specified testing procedure
and the sensitivity and specificity for detecting albuminuria.
Patients with a positive dipstick screening test should have a
subsequent quantitative assessment of the protein- or albumin-
to-creatinine ratio to confirm proteinuria.

According to the NKF-Kidney Disease Outcomes Quality
Initiative (K/DOQI) Clinical Practice Guidelines for CKD, per-
sistent proteinuria is diagnosed by at least two positive quan-
titative tests spaced by at least 1 to 2 weeks. The American
Diabetes Association (ADA) defines microalbuminuria as a
positive test on at least two of three quantitative measurements
performed within a 3- to 6-month period. ADA criteria specify
albumin-to-creatinine ratios of 30 to 300 mcg/mg as consistent
with microalbuminuria, whereas higher values are indicative
of albuminuria.30 The NKF-K/DOQI Guidelines for CKD pro-
vide criteria for diagnosis of proteinuria and albuminuria based
on testing method and gender (Table 31-2).1

Staging of Chronic Kidney Disease
Historically the term chronic renal insufficiency was used to
describe patients with decreased kidney function not requiring
dialysis. This included a broad range of patients from the earlier
stages of the disease, with eGFR >60 mL/minute/1.73 m2, as
well as those patients with more severe disease, with eGFR <30
mL/minute/1.73 m2. Failure to distinguish patients at these
differing levels of kidney function also resulted in failure to
recognize differences in management approaches required at
varying levels of eGFR. Only recently has a uniform classifi-
cation system been adopted to describe the various stages of
kidney dysfunction, similar to the rationale for staging or clas-
sifying other chronic disease (e.g., hypertension). This staging
system was developed to promote a more consistent dialogue
when referring to patients with kidney dysfunction and use
of terminology associated with a more objective description.
Kidney disease is classified into five stages based on the eGFR
(Table 31-1).1 A patient with stage 1 or 2 CKD would have
some pathologic abnormality indicative of kidney damage (See
Definitions above), although their eGFR is relatively normal.
Continued screening and interventions to delay progression
are essential at these stages. Patients with stages 3 to 5 CKD
are diagnosed with the disease based on eGFR alone (eGFR
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<60 mL/minute/1.73 m2). At these stages, management of
complications becomes a standard of care. Stage 5 is the most
severe stage when the eGFR is <15 mL/minute/1.73 m2 and
dialysis or transplantation is necessary.

Complications
Complications begin to develop as kidney disease progresses,
most often when patients reach to stage 3 CKD and the eGFR is
<60 mL/minute/1.73 m2. Among these complications are fluid
and electrolyte abnormalities, anemia, hyperphosphatemia, hy-
perparathyroidism, metabolic acidosis, cardiovascular compli-
cations, and poor nutritional status. Often, these complications
go unrecognized or are inadequately managed during the ear-
lier stages of CKD, leading to poor outcomes by the time a
patient is in need of dialysis therapy. Hypoalbuminemia and
anemia were identified in more than 50% of a population of
patients new to dialysis therapy, and these findings were as-
sociated with a decreased quality of life.31 Late referral to a
nephrologist to manage specific kidney disorders and asso-
ciated complications has also been associated with increased
mortality in the ESRD population.32 These and similar reports
underscore the need for early and aggressive therapy to manage
complications of CKD. These complications will be presented
in more detail throughout this chapter. Complications associ-
ated with dialysis therapy are discussed in Chapter 32, Renal
Dialysis.

Prevention
Appropriate management of CKD includes measures to pre-
vent or slow progression of the disease and regular evalua-
tion of kidney function to assess changes in disease severity
and to monitor therapy. This includes aggressive strategies to
manage the disorders that cause kidney disease or are known
to accelerate the disease process, such as diabetes, hyperten-
sion, high protein intake, and dyslipidemias (see Chapter 12,
Dyslipidemias, Athrosclerosis and Coronary Heart Disease;
Chapter 13, Essential Hypertension; and Chapter 50, Diabetes
Mellitus).

Antihypertensive Therapy
The association between BP and kidney disease is difficult to
establish because hypertension is both a cause and a result
of kidney failure. Hypertension, whether the primary cause
of kidney disease or a coexisting disease in the presence of
other etiologies, can promote kidney damage through transmis-
sion of elevated systemic pressure to glomeruli. The result is
glomerular capillary hyperperfusion and hypertension leading
to progressive kidney damage as nephron destruction contin-
ues. Glomerular ischemia induced by damage to preglomerular
arteries and arterioles can also occur. Antihypertensive therapy
prevents kidney damage and slows the rate of progression of
CKD in both diabetic and nondiabetic patients.30,33 The added
benefit of reduced cardiovascular mortality further supports the
use of antihypertensive therapy in patients at risk for progres-
sive CKD. Despite what is known about the beneficial effects
of BP control in patients with CKD, data from NHANES III
indicate that only 11% of individuals with hypertension and el-
evated SrCr had BP measurements below 130/85 mmHg (the
previous goal BP in patients with CKD) and just 27% had BP
less than 140/90 mmHg.1,2

The target BP for patients with or at risk for kidney dis-
ease differs from that recommended for the general population
with hypertension. Evidence now exists to support lowering
BP beyond the generally advocated target of <140/90 mmHg.
According to the Seventh Report of the Joint National Com-
mittee on Prevention, Detection, Evaluation, and Treatment
of High Blood Pressure (JNC-7) and recommendations from
the NKF-K/DOQI Hypertension and Diabetes Executive Com-
mittee, the goal BP for individuals with CKD or diabetes is
<130/80 mmHg.34,35 Results from the MDRD study showed
that further lowering of BP to <125/75 mmHg (or a mean
arterial pressure <92 mmHg) was more beneficial than usual
BP control in patients with higher rates of urinary protein ex-
cretion (>1 g proteinuria/day).18,30 The benefit seen in the
low-target-BP group was maintained for 7 years after the end
of randomization.30 The effects of more aggressive BP lower-
ing on progression of kidney disease were also studied in the
African American Study of Kidney Disease and Hypertension
(AASK) trial.36 In this population, some evidence was seen
in support of a lower BP goal in patients with higher baseline
proteinuria; however, the effect on eGFR did not reach statis-
tical significance. Changes in eGFR over a 4-year evaluation
period did not differ significantly between patients with a mean
BP of 141/85 mmHg and those with stricter control to a mean
BP of 128/78 mmHg.36 A post hoc analysis of the AASK trial
found that patients with proteinuria >1 g/day assigned to the
low-target BP group slowed progression to ESRD.37 Clearly,
BP control is important to delay progression of kidney dis-
ease, and with the expanding data supporting more aggressive
BP lowering in patients with more severe proteinuria, the im-
portance of BP control in this patient population is pivotal in
slowing progression of CKD.

Blood pressure reduction with any agent or combination of
agents is reasonable in patients with CKD. Among the avail-
able classes of antihypertensive agents, ACE inhibitors (e.g.,
enalapril, captopril, lisinopril) and angiotensin receptor block-
ers (ARB; e.g., losartan, irbesartan, candesartan) may afford
additional benefits in preserving kidney function. In conditions
of decreased kidney function and eGFR, angiotensin II primar-
ily causes compensatory vasoconstriction of the efferent arteri-
ole, thereby increasing glomerular capillary pressure (PGC) and
eGFR (Fig. 31-1). This effect is beneficial in conditions of acute
renal failure; however, sustained increases in PGC cause hyper-
trophy of individual nephrons and progressive kidney disease.
ACE inhibitor and ARB therapy prevents this chronic increase
in glomerular pressure mediated by angiotensin II. Benefits of
ACE inhibitors have been demonstrated in patients with di-
abetes who had some degree of proteinuria, suggesting that
use of ACE inhibitors be considered in this population regard-
less of BP.33,38–40 In patients without diabetes, ACE inhibitors
have been shown to reduce BP, decrease proteinuria, and slow
the progression of kidney disease when compared with other
agents.36,41–43 An initial and mild decrease in eGFR is ex-
pected with ACE inhibitor therapy; therefore, an increase in
SrCr of approximately 30% within the first 2 months of therapy
is acceptable.44 Hypotension, acute kidney failure, and severe
hyperkalemia are reasons to consider discontinuing therapy
(also, see Chapter 18, Heart Failure.)

Angiotensin II receptor blockers offer similar benefits to
ACE inhibitors based on their ability to decrease efferent ar-
teriolar resistance by blockade of the angiotensin type 1 (AT1)
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FIGURE 31-1 Renal hemodynamics are dependent on afferent and efferent arteriolar tone
and glomerular capillary pressure (PGC). With reduced nephron mass, afferent arteriolar vasodila-
tion (mediated primarily by prostaglandins PGI2 and PGE2) and efferent arteriolar constriction (mediated
primarily by angiotensin II) occur within remaining functioning nephrons to compensate. This leads to an
increase in blood flow, intraglomerular capillary filtration pressure (PGC), and hyperfiltration (increased
single-nephron eGFR). Sustained increases in plasma flow and hydrostatic pressure lead to hyperfiltration
injury and glomerular sclerosis. Over time, these changes contribute to continued loss of nephron function
(i.e., progression of kidney disease). Angiotensin-converting enzymes (ACE) inhibitors and angiotensin
receptor blockers (ARB) prevent vasoconstriction of the efferent arteriole and reduce the PGC.

receptor. In patients with type 2 diabetes mellitus, losartan de-
creased the incidence of a doubling of SrCr by 25% and of
ESRD by 28% when compared with placebo after a mean
of 3.4 years of therapy.45,46 Similar effects were observed
in the Irbesartan Diabetic Nephropathy Trial (IDNT) with
a 23% decreased risk of ESRD observed in patients treated
with irbesartan.47 In both studies, these beneficial effects were
independent of reduction in BP. Reduction in the degree of
proteinuria has also been demonstrated with candesartan and
valsartan.48,49 Combination therapy with an ARB and an ACE
inhibitor may confer additional benefits than either therapy
used alone, but larger clinical trials are needed to further as-
certain the effect combination therapy will have on proteinuria
and reducing time to HD.50

Aliskiren is the first available agent in a new class of an-
tihypertensives that targets the renin-angiotensin-aldosterone
system (RAS) by inhibiting renin. The advantages of renin inhi-
bition include inhibition of the rate-limiting step of angiotensin
II formation, preventing compensatory RAS activation by ACE
inhibitor or ARB therapy, and possible synergistic effects with
other antihypertensive regimens. Potential additional advan-
tages in the CKD population include nonrenal elimination and
possible antiproteinuric effects. Clinical trials evaluating the
use of aliskiren in the CKD population are lacking, therefore,
its role remains undefined until further data are available.51

Calcium channel blockers have been considered for prevent-
ing progression of kidney disease because of their effects on
renal hemodynamics and cytoprotective and antiproliferative
properties, which prevent mesangial expansion and renal scar-
ring. The nondihydropyridine agents (i.e., diltiazem and ve-
rapamil) have been beneficial in reducing proteinuria when
compared with dihydropyridines (e.g., amlodipine), which
have been found to worsen proteinuria.52 The NKF-K/DOQI
guidelines suggest that dihydropyridine calcium channel
blockers should not be used alone in nondiabetic or diabetic
kidney disease with proteinuria, but can be used safely in com-
bination with an ACE inhibitor or ARB. Combination therapy
with an ACE inhibitor and nondihydropyridine agents has re-
sulted in greater reductions in proteinuria in patients with di-
abetes than with either agent alone, suggesting that it may be
rational to use multiple agents in this population.53

β-Blockers may offer benefits in the treatment of diabetic
nephropathy as demonstrated by the United Kingdom Prospec-
tive Diabetes Study, which showed similar effects of atenolol
and captopril on decreasing the incidence of albuminuria in
patients with diabetes.54

Dietary Protein Restriction
Proteinuria was identified as the most significant predictor of
ESRD in patients with type 2 diabetes and early CKD.46 Evi-
dence such as this has led to investigation of measures to de-
crease the degree of proteinuria. In addition to controlling the
primary causes of kidney disease (e.g., diabetes, hypertension,
and glomerulopathies) and using ACE inhibitor and ARB ther-
apy, dietary protein restriction has been evaluated as a strategy
for reducing proteinuria and delaying progression of kidney
disease. Increases in protein ingestion are associated with a
rise in eGFR, potentially because of structural changes of the
glomerulus and changes in renal plasma flow with increased
protein load.55

A number of studies have investigated the effect of protein
restriction on disease progression with varying results.56–58

These conflicting conclusions may result from differences in
study design, patient populations, methods to assess kidney
function, degrees of protein restriction, and dietary compli-
ance. Evidence of the beneficial effects of protein restriction
is primarily from nondiabetic patients and individuals with
type 1 diabetes with protein restricted to approximately 0.6 to
0.8 g/kg of body weight per day.

In the MDRD study, the effects of protein and phosphorus
restriction on progression of kidney disease were evaluated.56

Nondiabetic patients with what is now considered stage 3 to
4 CKD (eGFR 25 to 55 mL/minute/1.73 m2) received either a
normal protein (1.3 g/kg/day) or low-protein (0.58 g/kg/day)
diet, whereas those with more severe kidney disease (eGFR 13
to 24 mL/minute/1.73 m2) were randomized to a low-protein or
very-low-protein diet (0.28 g/kg/day). Within each protein cat-
egory, patients were either maintained at a normal or low mean
arterial pressure. A secondary analysis of the MDRD study,
which accounted for dietary compliance, suggested that pa-
tients with severe kidney disease (eGFR <25 mL/minute/1.73
m2) could benefit from protein restriction to 0.6 g/kg/day.57
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Recently, a follow-up analysis of the above trial was published,
which found that after a mean follow-up of 7.3 years, no signif-
icant difference was seen in decline in eGFR for each group.59

The potential benefits of protein restriction in patients with
CKD must be weighed against the potentially adverse effect on
overall nutritional status. Malnutrition is prevalent in patients
with CKD starting dialysis and is a predictor of mortality in
this population.60 The decision to restrict protein should be
done with referral to a dietitian and frequent monitoring of
nutritional status.

Treatment of Dyslipidemia
Lipoprotein metabolism is altered early in the course of kid-
ney disease and becomes pronounced with more advanced dis-
ease, making hyperlipidemia common in patients with CKD.
Elevated triglyceride, total cholesterol, LDL cholesterol, and
decreased HDL cholesterol levels are generally observed. The
predominance of triglyceride-rich apo-B lipoproteins may con-
tribute to the progression of kidney disease and is also a risk
factor for the development of cardiovascular morbidity and
mortality.61

The role of antihyperlipidemic drug therapy in prevent-
ing progression of CKD is uncertain. Use of statin therapy
has been associated with decreased proteinuria and preserva-
tion of eGFR in a small number of patients with CKD.23,62 A
meta-analysis of trials, predominantly in patients with diabetes
and CKD, showed that lipid-lowering therapy slowed the rate
of decline in eGFR.63 Despite uncertainty of therapy to de-
lay progression, treatment of dyslipidemia should be consid-
ered, because abnormal lipid metabolism predisposes patients
to cardiovascular disease. The question of whether strategies
used to prevent and treat hyperlipidemia in the general pop-
ulation should be extrapolated to the population with kidney
disease was addressed by the NKF Task Force on Cardiovascu-
lar Disease.61 This group supported application of the National
Cholesterol Education Program (NCEP ATP III) guidelines to
the population with kidney disease and classified these patients
in the highest risk group.64 Guidelines for management of dys-
lipidemias in patients with CKD have recently been made avail-
able (NKF-K/DOQI guidelines).65 These guidelines also sup-
port classifying patients with CKD in the highest risk category
for cardiovascular disease, equivalent to the risk for patients
with coronary artery disease. The choice of the specific antihy-
perlipidemic agent should be based on the individual lipid pro-
file. In general, NCEP guidelines should be followed, with par-
ticular consideration of the effect of such interventions on pa-
tients with CKD, such as dietary restrictions and use of agents
that are renally eliminated. Hydroxymethylglutaryl-coenzyme
A (HMG-CoA) reductase inhibitors, which are necessary to
lower LDL cholesterol, may have added cardiovascular bene-
fits. Fibrates should be used cautiously in patients with CKD,
because all agents in this class are renally metabolized, and all
are eliminated primarily via the renal route leading to a possi-
ble increase risk of myositis and increase in SrCr. Small studies
have shown that excretion of gemfibrozil in renal insufficiency
to be less severely compromised, therefore the NKF-K/DOQI
recommends gemfibrozil as the fibrate of choice in patients
with CKD and hypertriglyceridemia (see Chapter 12, Dyslipi-
demias, Athrosclerosis and Coronary Heart Disease).

END-STAGE RENAL DISEASE (STAGE 5 CHRONIC
KIDNEY DISEASE)
Clinical Signs and Symptoms
During stages 4 and 5, patients may develop the more severe
signs and symptoms associated with advanced kidney disease,
often referred to as the uremic syndrome. The manifestations
and metabolic consequences of advanced kidney disease are
listed in Table 31-3. These manifestations certainly may de-
velop in the earlier stages of CKD, underscoring the impor-
tance of early intervention, but become more prominent as the
disease worsens. The pathogenesis of these disorders has been
attributed, in part, to the accumulation of uremic toxins. The
search for uremic toxins has led to the identification of nitroge-
nous compounds that are consistently observed in the serum of
patients with kidney disease. A cause-and-effect relationship
between these compounds and the clinical manifestations of
uremia has not been clearly established, however.

Treatment
Dialysis and Transplantation
As ESRD becomes inevitable, the appropriate dialysis modal-
ity must be selected based on patient preference and options

Table 31-3 Metabolic Effects of Progressive Kidney Disease

Cardiovascular
Hypertension
Congestive heart failure
Pericarditis
Atherosclerosis
Arrhythmias
Metastatic calcifications

Dermatologic
Altered pigmentation
Pruritus

Endocrine
Calcium-phosphorous imbalances
Hyperparathyroidism
Metabolic bone disease
Altered thyroid function
Altered carbohydrate metabolism
Hypophyseal-gonadal dysfunction
Decreased insulin metabolism
Erythropoietin deficiency

Fluid, Electrolyte, and Acid-Base
Effects
Fluid retention
Hyperkalemia
Hypermagnesemia
Hyperphosphatemia
Hypocalcemia
Metabolic acidosis

Gastrointestinal
Anorexia
Nausea, vomiting
Delayed gastric emptying
GI bleeding
Ulcers

Hematologic
Anemia
Bleeding complications
Immune suppression

Musculoskeletal
Renal bone disease
Amyloidosis

Neurologic
Lethargy
Depressed sensorium
Tremor
Asterixis
Muscular irritability and

cramps (i.e., restless
legs syndrome)

Seizures
Motor weakness
Peripheral neuropathy
Coma

Psychological
Depression
Anxiety
Psychosis

Miscellaneous
Reduced exercise tolerance

GI, gastrointestinal.
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for vascular access for HD or peritoneal access for PD. Early
planning for dialysis therapy and timely initiation may lower
patient morbidity and mortality. (Indications for dialysis and
considerations in selection of modality are discussed in Chap-
ter 33, Renal Dialysis.) Kidney transplantation is an option for
all patients with ESRD without specified contraindications if
a suitable organ match is available (see Chapter 34, Kidney,
Liver, and Pancreas Transplantation).

Pharmacotherapy
Pharmacotherapy in patients with ESRD involves interventions
to manage comorbid conditions and complications. The extent
of medication use, including medications administered during
dialysis therapy, contributes to the potential for drug interac-
tions, adverse reactions, and nonadherence to therapy.12 The
effect of decreased kidney function on absorption, distribution,
metabolism, and elimination of pharmacologic agents, in ad-
dition to the contribution of dialysis to drug removal, further
complicates pharmacotherapy in this population (see Chapter
33, Dosing of Drugs in Renal Failure). Appropriate pharma-
cotherapeutic management includes choice of rational agents
based on the indication, a regular comprehensive review of
all medications, and frequent re-evaluation to adjust regimens
relative to kidney function.

DIABETIC NEPHROPATHY

1. M.R. is a 32-year-old, Native American woman (weight, 63
kg; height, 5′8′′) with a 15-year history of type 1 diabetes mellitus.
She presents to the diabetes clinic with a 1-week history of nau-
sea, vomiting, and general malaise. She has been noncompliant
with regular appointments and her blood glucose has generally
remained >200 mg/dL on prior evaluations, with a hemoglobin
A1C of 9.1% (goal, <7%) 2 months ago. M.R. has been treated
for peptic ulcer disease for the past 6 months. The workup reveals
the following pertinent laboratory values: serum sodium (Na),
143 mEq/L (normal, 135–147 mEq/L); potassium (K), 5.3 mEq/L
(normal, 3.5–5.0 mEq/L); chloride (Cl), 106 mEq/L (normal, 95–
105 mEq/L); CO2 content, 18 mEq/L (normal, 22–28 mEq/L);
SrCr, 2.9 mg/dL (normal, 0.6–1.2 mg/dL); BUN, 63 mg/dL (nor-
mal, 8–18 mg/dL); and random blood glucose, 220 mg/dL (nor-
mal, 140 mg/dL). Physical examination revealed a BP of 155/102
mmHg, mild pulmonary congestion, and 2+ pedal edema. Addi-
tional laboratory studies show serum phosphate, 7.6 mg/dL (goal,
3.5–4.6 mg/dL); calcium (Ca), 8.8 mg/dL (goal, 8.4–9.5 mg/dL);
magnesium (Mg), 2.8 mEq/L (normal, 1.6–2.4 mEq/L); and uric
acid, 8.8 mg/dL (normal, 2.0–7.0 mg/dL). Hematologic studies
show hematocrit (Hct), 26% (normal, 36%–46%); hemoglobin
(Hgb), 8.7 g/dL (normal, 12–16 mg/dL); and white blood cell
(WBC) count, 9,600/mm3 (normal, 3,200–9,800/mm3). Red blood
cell (RBC) indices are normal. Platelet count is 175,000/mm3 (nor-
mal, 130,000–400,000/mm3). M.R.’s reticulocyte count is 2.0%
(normal, 0.1%–2.4%). Her urinalysis (UA) showed 4+ pro-
teinuria, later quantified as a urinary albumin of 700 mg/24
hrs (normal, <30 mg/day). What subjective and objective data
in M.R. are consistent with a diagnosis of advanced kidney
disease?

[SI units: Na, 143 mmol/L (normal, 135–147); K, 5.3 mmol/L (normal,

3.5–5.0); Cl, 106 mmol/L (normal, 95–105); CO2, 18 mmol/L (normal,

22–28); SrCr, 256 μmol/L (normal, 50–110); BUN, 22 mmol/L of urea

(normal, 3.0–6.5); glucose, 12.2 mmol/L (normal, <11 mmol/L); phosphate,

2.45 mmol/L (normal, 1.13–1.48); Ca, 2.2 mmol/L (normal, 2.1–2.38); Mg,

1.4 mmol/L (normal, 0.8–1.20); uric acid, 524 μmol/L (normal, 120–420);

Hct, 0.26 (normal, 0.36–0.46); Hgb, 87 g/L (normal, 120–160); WBC count,

9,600 × 106 /L (normal, 3,200–9,800); platelet count, 175 × 109/L (normal,

130–400); reticulocyte count, 0.02 (normal, 0.001–0.024), urinary albumin,

0.7 g/day (normal, <0.03)]

M.R.’s abnormal values for SrCr, BUN, serum potassium,
magnesium, phosphate, uric acid, CO2 content, hemoglobin,
and hematocrit are all consistent with kidney disease and
its associated complications. Assuming relatively stable kid-
ney function (i.e., no acute changes in kidney function), her
eGFR is approximately 24 mL/minute/1.73 m2 based on the
MDRD equation, placing her in stage 4 CKD (eGFR 15–29
mL/minute/1.73 m2). As the eGFR declines to the degree ob-
served in M.R., normal regulation of fluids and electrolytes is
impaired. Elevations in SrCr, BUN, sodium, potassium, mag-
nesium, phosphate, and uric acid as well as signs of fluid ac-
cumulation are observed. Although potassium is mildly ele-
vated in M.R., overall potassium balance is usually maintained
within the normal range until more severe kidney disease de-
velops (i.e., eGFR <10 mL/minute/1.73 m2). The substantial
degree of proteinuria observed in M.R. is consistent with more
advanced glomerular damage. Volume overload from contin-
ued intake and decreased sodium and water excretion leads to
weight gain (although likely not observed in M.R. because of
her recent onset of nausea and vomiting), hypertension, con-
gestive pulmonary disease, and edema. Metabolic acidosis re-
sults from impaired synthesis of ammonia by the kidney, which
normally buffers hydrogen ions and facilitates acid excretion.
Anemia associated with CKD is caused primarily by decreased
erythropoietin production by the kidneys, but it also can be
caused by increased bleeding from uremia and her peptic ulcer
disease. M.R.’s recent onset of nausea, vomiting, and malaise
may be a consequence of the accumulation of uremic toxins
(azotemia) from the decline in kidney function, although such
symptoms are generally associated with BUN values greater
than that observed in M.R.

2. What is the cause of M.R.’s advanced kidney disease?

Based on M.R.’s presentation, her kidney disease is most
likely caused by diabetic nephropathy from her 15-year his-
tory of type 1 diabetes mellitus. Her history of noncompliance
with regular appointments, elevated blood glucose concentra-
tion, and high hemoglobin A1C values support poor control
of diabetes and diabetic nephropathy as the primary etiology.
Diabetic nephropathy rarely develops within the first 10 years
after onset of type 1 diabetes. The annual incidence is greatest
after approximately 20 years’ duration of diabetes and declines
thereafter.66 ESRD develops in 50% of patients with type 1 dia-
betic within 10 years and in >75% of patients within 20 years.66

M.R. fits this pattern in that she has diabetic nephropathy after
a 15-year history of diabetes, although her nephropathy was
likely evident several years previously. M.R. may also be at in-
creased risk for developing ESRD because Native Americans
have a higher risk of ESRD relative to non-Hispanic whites.3

Diabetic nephropathy is a microvascular complication of di-
abetes resulting in albuminuria and a progressive decline in kid-
ney function. Diabetic nephropathy develops in approximately
one-third of all patients with type 1 and type 2 diabetes, with a
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larger percentage of patients with type 1 diabetes developing
ESRD. Because type 2 diabetes is more prevalent, however,
these patients account for most of diabetic patients starting
dialysis.66 With the increased prevalence of diabetes and the
increase in life expectancy of this population, it is likely that
diabetic nephropathy will remain the leading cause of ESRD
in the United States.3,4 Whereas most research has focused
on the pathophysiology, prevention, and treatment of diabetic
nephropathy in type 1 diabetes, it is reasonable to extrapolate
available evidence on prevention of diabetic nephropathy to
the population with type 2 diabetes.

The exact mechanisms leading to the development of di-
abetic nephropathy are not clearly defined; however, several
predictive factors for the development and progression of kid-
ney damage have been identified. These include elevated BP,
plasma glucose, glycosylated hemoglobin, and cholesterol;
smoking; advanced age; male gender; and potentially, high pro-
tein intake.67,68 Insulin deficiency and increased ketone bodies
have also been proposed as contributors to the pathogenesis.
Advanced glycosylation end products (AGE) that form in con-
ditions of hyperglycemia have also been implicated as a cause
of end organ damage. The accumulation of multiple AGE is
associated with the severity of kidney disease in patients with
diabetic nephropathy.69 A genetic predisposition exists in that
higher rates of diabetes and nephropathy, hypertension, car-
diovascular events, albuminuria, and elevated BP have been
observed in relatives of patients with type 2 diabetes.67,70 Cer-
tain genes and polymorphisms have also been associated with
the development of diabetic nephropathy, and further explo-
ration into this area may prove beneficial in identifying high-
risk patients.71

3. What is the significance of M.R.’s albuminuria?

Albuminuria, the earliest sign of kidney involvement in pa-
tients with diabetes mellitus, correlates with the rate of pro-
gression of kidney disease. For most patients, eGFR begins
to decline once proteinuria is established. Because of this as-
sociation, annual testing for the presence of microalbumin-
uria is indicated in patients who have had type 1 diabetes for
more than 5 years and in all patients with type 2 diabetes start-
ing at diagnosis.72 The presence of albuminuria indicates ir-
reversible kidney damage. M.R. has likely reached the point
at which such damage is inevitable, because her urinary pro-
tein exceeds ranges normally observed at the earlier stages of
kidney disease. M.R.’s current laboratory data suggest that she
has substantial kidney disease and has developed associated
complications of the disease. Although progression to ESRD
is generally beyond prevention at this stage, appropriate in-
tervention can extend the time period until M.R. will require
dialysis therapy.

Management

4. How should M.R.’s kidney disease be managed?

Because reversal of M.R.’s kidney disease is unlikely, the
primary goals are to delay the need for dialysis therapy as long
as possible and to manage complications. The three main risk
factors for the progression of incipient nephropathy to clinical
diabetic nephropathy are poor glycemic control, systemic hy-
pertension, and high dietary protein intake (>1.5 g/kg/day).

M.R.’s current random blood glucose concentration of
220 mg/dL, history of elevated glucose on prior visits, and in-
creased hemoglobin A1C indicate poorly controlled diabetes,
which will accelerate progression of her diabetic nephropathy.
Thus, her blood glucose concentrations need to be maintained
within target concentrations while avoiding hypoglycemia.
M.R.’s elevated BP is likely the result of kidney disease and
changes in intravascular volume; reduction of BP may prevent
further damage to functioning nephrons. Similarly, protein in-
take should be less liberal in an attempt to reduce the rate of
further progression, although this needs to be evaluated in the
context of her overall nutritional status.

Intensive Glucose Control
Strict glycemic control is clearly indicated to reduce protein-
uria and to slow the rate of decline in eGFR.66 The Diabetes
Control and Complications Trial (DCCT) was a multicenter
trial in 1,441 patients, which was designed to address how
rigidly blood glucose concentrations should be controlled to
reduce diabetic complications.73 The DCCT evaluated the ef-
fect of intensive insulin treatment for type 1 diabetes on the
development and progression of long-term complications, in-
cluding diabetic nephropathy. Patients were randomized to re-
ceive either conventional insulin treatment (one to two insulin
doses a day) or intensive treatment (three or more insulin doses
a day). The goal of the intensive regimen was to maintain fast-
ing blood glucose concentrations between 70 and 120 mg/dL,
with postprandial blood glucose concentrations <180 mg/dL.
After a mean follow-up of 6.5 years, the intensive insulin reg-
imen reduced the overall risk of microalbuminuria (defined as
urine albumin ≥40 mg/24 hours) by 39%, and albuminuria
(defined as urine albumin ≥300 mg/24 hours) by 54%. Stricter
glycemic control was associated with an increased incidence
of hypoglycemic episodes, however.73 The effect of intensive
glycemic control has also been studied in patients with type
2 diabetes. Over a 10-year treatment period, glucose control
with either insulin or an oral sulfonylurea reduced microvas-
cular complications, including albuminuria, when compared
with conventional dietary therapy.74

Based on this information and the need to minimize risk
of hypoglycemia, the recommended goals in the adult dia-
betic population are a preprandial plasma glucose of 90 to
130 mg/dL, peak postprandial plasma glucose of <180 mg/dL,
and an A1C <7%.72 M.R. will benefit from intensive insulin
therapy and achievement of these goals despite her advanced
kidney disease. M.R. should be counseled on appropriate tech-
niques for insulin administration and home glucose monitor-
ing, particularly given her history of noncompliance. Com-
pliance with this regimen will require motivation as well as
encouragement from M.R.’s family and health care providers.
(See Chapter 50, Diabetes Mellitus, for a more complete dis-
cussion of intensive insulin therapy and counseling.)

Antihypertensive Therapy
Systemic hypertension usually occurs with the development of
microalbuminuria in patients with type 1 diabetes and is present
in about one-third of patients at the time of diagnosis of type 2
diabetes. The coexistence of these disorders further increases
the risk of cardiovascular events. Hypertension may be a result
of underlying diabetic nephropathy and increased plasma vol-
ume or increased peripheral vascular resistance. Regardless of
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the etiology, virtually any level of untreated hypertension (ei-
ther systemic or intraglomerular) is associated with a reduction
in eGFR. As such, the control of systemic and intraglomerular
BP is perhaps the single most important factor for retarding the
progression of kidney disease and has been shown to increase
life expectancy in patients with type 1 diabetes.33

Patients with diabetes and hypertension develop elevated
systemic vascular resistance and increased vasoconstriction
from angiotensin II, which are in large part responsible for
the glomerular damage characteristic of diabetic nephropathy.
Although the management of hypertension with virtually any
agent can attenuate the progression of kidney disease, ACE
inhibitors, which inhibit the synthesis of angiotensin II, and
ARB, which block angiotensin II AT1 receptors, are preferred
owing, in part, to the effects of these agents on renal hemody-
namics (Fig. 31-1). Reductions in proteinuria and a decreased
rate of decline in eGFR have been observed with ACE in-
hibitors and ARB in patients with type 1 and type 2 diabetes
(see also the Prevention section in Progressive Kidney Dis-
ease in this chapter).33,38–40,45–50 As a result of these and other
studies, ACE inhibitors or ARB should be considered for all
patients with diabetes and microalbuminuria, even if their BP
is normal.66 Data comparing these two classes of agent are
lacking. A recent trial compared the effects of the ARB, telmi-
sartan, with the ACE inhibitor, enalapril, in patients with type
2 diabetes over 5 years. Conclusion was that the renoprotective
effects of telmisartan were not inferior to enalapril, but a large
dropout rate limits interpretation of the results. Additional tri-
als may help clarify if one class of agents is superior to the
other.75

The primary goal in M.R. is to delay development of ESRD
and to reduce the risk of cardiovascular complications and
death. Treatment with an ACE inhibitor, such as enalapril,
should be initiated, because she has substantial albuminuria
(700 mg/day) and an elevated BP. An ARB (e.g., losartan) is
a reasonable alternative to an ACE inhibitor in patients with
ACE inhibitor-induced cough or other adverse effects that do
not cross-react with an ARB. The initial product selected is
generally based on tolerance to therapy and cost. A goal BP for
M.R., based on the fact that she has type 1 diabetes and kidney
disease, is a BP <130/80 mmHg.34,35 Because the beneficial
effects of ACE inhibitor therapy occur over months to years,
M.R. must be monitored on a long-term basis for changes in
kidney function and albuminuria and for side effects of ther-
apy, such as hyperkalemia. An increase in SrCr of up to 30%
is acceptable with initiation of therapy with ACE inhibitors
or ARB.44 Contraindications for the use of ACE inhibitors and
ARB include bilateral renal artery stenosis and pregnancy. The
risk of hyperkalemia must also be weighed against the potential
beneficial effects of these agents.

Some evidence suggests that a nondihydropyridine calcium
channel blocker (e.g., diltiazem, verapamil) may be beneficial
alone or in combination with an ACE inhibitor.52,76,77 Diuret-
ics may be considered for patients with diabetic nephropathy
and edema, depending on their degree of kidney function. For
patients with kidney disease as extensive as that observed in
M.R. (eGFR <30 mL/minute/1.73 m2), loop diuretics are gen-
erally preferred because, unlike thiazide diuretics, they may
retain their effect at this reduced eGFR level (see Chapter 12,
Fluid and Electrolyte Disorders and Chapter 13, Essential Hy-
pertension). Other antihypertensive agents may be considered

based on response to initial therapy and changes in kidney
function. Currently, clinical studies are examining the use of
the aldosterone blocker, spironolactone, and the selective al-
dosterone blocker, eplerenone, for use in patients with diabetic
nephropathy and overt proteinuria on maximal doses of both
an ACE inhibitor and an ARB. These agents have antiprotein-
uric effects, but the potential increase risk for hyperkalemia
when adding these agents to patients already as an ACE in-
hibitor and ARB warrants further evaluated of their use. The
effect on slowing of progression of kidney disease has not been
evaluated with these agents.78

Dietary Protein Restriction
High protein consumption accelerates the progression of dia-
betic nephropathy, presumably because of increased glomeru-
lar hyperfiltration and intraglomerular pressure. In patients
with overt albuminuria, some evidence indicates that the rate of
decline in eGFR, as well as urinary albumin excretion, can be
blunted by restricting protein intake to 0.6 to 0.8 g/kg/day and
maintaining an isocaloric diet.30,57 Limited evidence indicates,
however, a beneficial role of dietary protein restriction in dia-
betic patients with microalbuminuria. Nonetheless, given the
potential benefits to delay progression of kidney disease, M.R.
should be advised to maintain an isocaloric diet with a protein
intake of 0.8 g/kg/day (∼10% of daily calories).66 The deci-
sion to decrease this intake even further to 0.6 g/kg/day must
be based on the rate of decline in eGFR and her nutritional sta-
tus. Because the typical Western diet is high in protein, some
patients may have difficulty complying with such a low-protein
diet because of its perceived unpalatability. Intervention by a
dietitian is recommended to design a feasible dietary regimen
limited in protein, yet consistent with nutritional requirements
in a diabetic patient.

FLUID AND ELECTROLYTE COMPLICATIONS
Sodium and Water Retention

5. Assess M.R.’s sodium and water balance. What interven-
tions may be used to address this problem?

As illustrated in M.R., patients in the latter stages of CKD
commonly retain sodium and water. This is supported by M.R.’s
elevated BP, 2+ pedal edema, and mild pulmonary congestion.
Sodium and water retention also lead to weight gain, although
this may not be evident in M.R. because of volume loss from
her recent onset of nausea and vomiting. Early in the course
of CKD, glomerular and tubular adaptive processes develop,
such as an increase in the fractional excretion of sodium (FENa).
These mechanisms enable patients to maintain relatively nor-
mal sodium and water homeostasis. As M.R.’s normal serum
sodium concentration indicates, this value is of little use in es-
tablishing the diagnosis of total body sodium and fluid excess
because retention of sodium and water usually occurs in an
isotonic fashion, leaving the serum sodium concentration rel-
atively normal. Eventually, however, patients with advanced
kidney dysfunction exhibit signs of sodium and fluid reten-
tion, because sodium balance is maintained at the expense of
increased extracellular volume, which results in hypertension.
Expansion of blood volume, if not controlled, can cause pe-
ripheral edema, heart failure, and pulmonary edema. Thus,
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management of sodium and water retention is essential. To
achieve control, most patients with more advanced kidney dis-
ease will be placed on sodium restriction (∼2 to 4 g/day) and
fluid restriction (∼2 L/day). These restrictions will depend on
the current dietary intake, extent of volume overload, and urine
output and should be altered according to the special needs of
the patient. The primary consideration in CKD is that the kid-
ney cannot adjust quickly to changes in sodium intake; there-
fore, any dietary intervention should be initiated gradually.
Because M.R. has edema and hypertension, initial restriction
of salt to 4 g/day, which is essentially a no-added-salt diet, is
reasonable at this stage.

Because some patients with more advanced kidney disease
produce normal amounts of urine, whereas others may produce
less (or no urine if the patient has ESRD), fluid restrictions must
be based on urine output. Diuretic therapy, usually with loop
diuretics (e.g., furosemide, bumetanide, torsemide), is often
required. Combination therapy with two different types of di-
uretics (i.e., loop and thiazide) may be successful in patients
resistant to a single agent; however, limitations in efficacy of
diuretics exist under certain conditions (e.g., a reduced eGFR
and hypoalbuminemia), and these situations must be consid-
ered when designing a diuretic regimen. Thiazide diuretics as
single agents are generally not effective when the eGFR is
<30 mL/minute/1.73 m2, as in M.R. The possible exception is
use of the thiazidelike diuretic, metolazone, which may retain
its effect at reduced eGFRs.79 As kidney failure progresses,
manifestations of excess fluid accumulation develop that are
resistant to more conventional interventions, and dialysis will
be required to control volume status.

Hyperkalemia

6. M.R. has a serum potassium concentration of 5.3 mEq/L.
Describe the mechanisms by which potassium imbalance occurs
in patients such as M.R. who have progressive CKD.

[SI unit: K, 5.3 mmol/L]

Hyperkalemia can result from a combination of factors, in-
cluding diminished renal potassium excretion, redistribution
of potassium into the extracellular fluid owing to metabolic
acidosis, and excessive potassium intake. In M.R., all these
mechanisms are likely to be contributing to hyperkalemia, al-
though in the short-term dietary intake of potassium may not be
substantial because of her recent onset of nausea and vomiting.

Potassium normally is filtered at the glomerulus and under-
goes nearly complete reabsorption throughout the renal tubule.
Distal tubular secretion is the primary mechanism by which
potassium is excreted in the urine. A variety of factors af-
fect this distal secretion of potassium, including aldosterone,
sodium load presented to the distal reabsorptive site, hydro-
gen ion secretion, the amount of nonresorbable anions, uri-
nary flow rate, diuretics, mineralocorticoids, and potassium
intake.80 Serum potassium concentrations are relatively well
maintained within normal limits in patients with CKD. At
eGFR >10 mL/minute/1.73m2 hyperkalemia is rare without
an endogenous or exogenous load of potassium. This balance
is maintained despite a decreasing nephron population and an
overall drop in eGFR, because the remaining nephrons un-
dergo adaptive changes to enhance the distal tubular secretion
of potassium per nephron (i.e., increased fractional excretion

of potassium, FEK).81 Gastrointestinal (GI) excretion of potas-
sium is also important because increased GI excretion and
fecal losses may account for up to 50% of the daily potas-
sium loss in patients with severe kidney disease. M.R.’s eGFR
of 24 mL/minute/1.73 m2 is above the “threshold” value for
adequate potassium homeostasis. M.R. should be carefully ob-
served for manifestations of hyperkalemia as her kidney dis-
ease progresses.

Additional factors that alter potassium homeostasis include
metabolic or respiratory acidosis. Acidotic conditions can
cause a redistribution of intracellular potassium to the extra-
cellular fluid. M.R. has metabolic acidosis as indicated by a
serum bicarbonate of 18 mEq/L. This condition may account
for her mildly elevated potassium concentration. Correction of
metabolic acidosis could lower her potassium concentration.
For each 0.1-unit change in blood pH, an average correspond-
ing opposite change of approximately 0.6 mEq/L in the serum
potassium concentration occurs (see Chapter 10, Acid-Base
Disorders).

M.R. is not taking any drugs that could contribute to hyper-
kalemia, although the influence of ACE inhibitors and ARB
must be considered because they are now advocated for M.R.
to delay progression of kidney disease. Potassium-sparing di-
uretics, such as spironolactone (Aldactone), triamterene (Dyre-
nium), and amiloride (Midamor), should be avoided in patients
with severe CKD because they decrease tubular secretion of
potassium. Some diabetic patients with only mild degrees of
kidney disease develop hyperkalemia from these diuretics be-
cause they have low plasma renin activity and, as a result, lower
aldosterone concentrations.

7. Is treatment of M.R.’s potassium indicated? How should
severe hyperkalemia be managed?

Treatment of hyperkalemia depends on the serum concen-
tration of potassium as well as the presence or absence of symp-
toms and electrocardiographic (ECG) changes. Manifestations
of hyperkalemia include weakness, confusion, and muscular
or respiratory paralysis. These symptoms may be absent, how-
ever, especially if hyperkalemia develops rapidly. Early ECG
changes include peaked T waves, followed by a decreased R-
wave amplitude, widened QRS complex, and a prolonged PR
interval. These changes may progress to complete heart block
with absent P waves and, finally, a sine wave. Ventricular ar-
rhythmias or cardiac arrest may ensue if no effort to lower
serum potassium is initiated. Hyperkalemic ECG changes are
uncommon at potassium concentrations of <7 mEq/L, but oc-
cur regularly at concentrations >8 mEq/L.

M.R. has a mild elevation in potassium to 5.3 mEq/L; there-
fore, no specific treatment is required. Generally, treatment is
unnecessary if the potassium concentration is <6.5 mEq/L and
there are no ECG changes. Although this serum potassium
concentration does not require immediate intervention, close
monitoring for hyperkalemia and its manifestations is neces-
sary. This would be particularly important after starting ACE
inhibitor therapy, which can contribute to development of hy-
perkalemia by decreasing aldosterone production. If potassium
concentrations rise above 6.5 mEq/L, and especially if they are
accompanied by neuromuscular symptoms or changes in the
ECG, treatment should be instituted.

Goals of therapy include prevention of adverse events re-
lated to excessive potassium and reduction of serum potassium
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concentrations to a relatively normal range (4.5–5.5 mEq/L).
Chronic management involves prevention of hyperkalemia by
limiting potassium intake and avoiding the use of agents that
could elevate potassium levels. This requires regular monitor-
ing of potassium concentrations. Acute management involves
reversal of cardiac effects with calcium administration and re-
duction of serum potassium. The latter can be achieved by
shifting potassium intracellularly with administration of glu-
cose and insulin, β-adrenergic agonists, or alkali therapy (if
metabolic acidosis is a contributing factor) and by removing
potassium using exchange resins or dialysis (see Chapter 11,
Fluid and Electrolyte Disorders).

Metabolic Acidosis

8. Assess M.R.’s acid-base status. How should her acid-base
disorder be managed?

M.R.’s low blood CO2 content and high chloride concentra-
tion are consistent with metabolic acidosis. Normal buffering
of hydrogen ions by the bicarbonate and carbonic acid sys-
tem as well as other extracellular and intracellular buffers,
including proteins, phosphates, and hemoglobin, is essential
for maintaining normal acid-base balance (i.e., normal pH).
Normal metabolism of ingested food produces approximately
1 mEq/kg of metabolic acid daily, which must be excreted by
the kidneys (primarily as ammonium ion) to maintain acid-
base balance. The kidney is responsible for reabsorption of
bicarbonate and excretion of hydrogen ions through buffering
by ammonia (produced by the kidney) and filtered phosphates.
Reduced bicarbonate reabsorption and impaired production of
ammonia by the kidneys are the major factors responsible for
development of metabolic acidosis in advanced kidney dis-
ease. As nephron function declines, production of ammonia
is increased to compensate for a decrease in secretion of hy-
drogen ions; however, once the maximal capacity for ammonia
production is reached, acidosis develops. Mild hyperchloremia
is generally observed in the earlier stages. As kidney disease
progresses, metabolic acidosis with an elevated anion gap is
observed owing to accumulation of organic acids (see Chapter
10, Acid-Base Disorders). Bone carbonate stores serve as a
source of alkali, but over time cannot compensate for changes
in acid-base balance. Metabolic acidosis can contribute to bone
disease by promoting bone resorption, and it may also influ-
ence nutritional status by decreasing albumin synthesis and
promoting a negative nitrogen balance.82

M.R.’s mild acidosis should be treated with a goal of normal-
izing the plasma bicarbonate concentration or at least achieving
bicarbonate levels near ≥ 22 mEq/L. Treatment includes use of
preparations containing sodium bicarbonate or sodium citrate.
Each 650-mg tablet of sodium bicarbonate provides 8 mEq of
sodium and 8 mEq of bicarbonate. Shohl’s solution and Bicitra
contain 1 mEq of sodium and the amount of citrate or citric
acid to provide 1 mEq of bicarbonate/mL. These latter agents
may be used in patients who experience excessive GI distress
with sodium bicarbonate from production and elimination of
carbon dioxide. If a patient such as M.R. is sodium and fluid
overloaded, it is important to consider that sodium bicarbonate
can exacerbate this problem. Polycitra, or potassium citrate, is
a possible alternative; however, the potassium content limits its
use in patients with more severe kidney disease. Citrate also
promotes aluminum absorption and should not be used in pa-

tients taking aluminum-containing agents. The NKF-K/DOQI
guidelines do not give an exact recommendation of the amount
of bicarbonate supplementation to achieve a bicarbonate ≥22
mEq/L. The use of two to four 650-mg sodium bicarbonate
tablets per day, usually divided into two to three doses, is a
typical regimen used to correct metabolic acidosis. Equations
based on the serum bicarbonate level are available if an imme-
diate correction of the metabolic acidosis is warranted.83

Once dialysis therapy is initiated in patients with kidney
disease, IV and oral supplementation with bicarbonate or cit-
rate or citric acid preparations is generally not required. At this
point, dialysis therapy is used to chronically manage metabolic
acidosis through use of dialysate baths containing bicarbonate.
Bicarbonate is added to the dialysate solution and is delivered
through the process of diffusion from the dialysate bath into
the plasma (see Chapter 32, Renal Dialysis). If dialysis ther-
apy is initiated in M.R., the continued need for oral bicarbonate
supplementation should be reassessed.

Other Electrolyte and Metabolic Disturbances
of Chronic Kidney Disease

9. What other electrolyte and metabolic disturbances are ex-
hibited by M.R.?

The mild degree of hypermagnesemia seen in M.R. is a com-
mon finding in patients with CKD owing to decreased elimina-
tion of magnesium by the kidney. Magnesium is eliminated by
the kidney to the extent required to achieve normal serum mag-
nesium concentrations until eGFR is <30 mL/minute/1.73 m2.
Serum magnesium concentrations <5 mEq/L rarely cause
symptoms. Higher concentrations can lead to nausea, vom-
iting, lethargy, confusion, and diminished tendon reflexes,
whereas severe hypermagnesemia may depress cardiac con-
duction. The risk of hypermagnesemia can be reduced by
avoiding magnesium-containing antacids and laxatives and by
use of magnesium-free dialysate in patients with stage 5 CKD
requiring dialysis.

M.R.’s hyperphosphatemia is a result of decreased phos-
phorus elimination by the kidneys (see Question 17 for a
more detailed discussion of hyperphosphatemia). Based on the
NKF-K/DOQI guidelines for bone metabolism, patients should
reduce dietary phosphorus to 800 to 1,000 mg/day while main-
taining adequate nutritional needs.84 Phosphorus-containing
laxatives and enemas should also be avoided. Hyperphos-
phatemia is associated with low serum calcium concentrations,
not a current finding in M.R.

M.R. also has mild hyperuricemia. Asymptomatic hyper-
uricemia frequently develops in patients with kidney disease
owing to diminished urinary excretion of uric acid. In the ab-
sence of a history of gout or urate nephropathy, asymptomatic
hyperuricemia does not require treatment.

ANEMIA OF CHRONIC KIDNEY DISEASE

10. What findings in M.R. are consistent with the diagnosis of
anemia of CKD, and what is the etiology of this disorder?

M.R.’s hemoglobin of 8.7 g/dL and hematocrit of 26% are
substantially lower than the normal range for premenopausal
females (hemoglobin, 12–16 g/dL; hematocrit, 36%–46%)
indicating that she has anemia.85 Her normal RBC indices
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suggest her red cells are of normal size, but the absence of an
elevated reticulocyte count suggests an impaired bone marrow
response for her degree of anemia. Her recent history of peptic
ulcer disease may also have contributed to the observed drop
in hemoglobin and hematocrit as a result of blood loss. Her
complaint of general malaise is consistent with the symptoms
of anemia.

Characteristics and Etiology
Anemia, which affects most patients with CKD, is caused by a
decreased production of erythropoietin (EPO), a glycoprotein
that stimulates red blood cell production in the bone marrow
and is released in response to hypoxia. Approximately 90% of
the total EPO is produced in the peritubular cells of the kidney;
the remainder is produced by the liver. EPO concentrations
in patients with kidney failure are lower than in individuals
with normal kidney function who have the same degree of
anemia and, therefore, the same stimulus for EPO production
and release.86

Anemia appears as early as stage 3 CKD and is character-
ized by normochromic (normal color) and normocytic (nor-
mal size) red blood cells unless a concomitant iron, folate, or
B12 deficiency exists. A direct correlation between eGFR and
hematocrit has been demonstrated with a 3.1% decrease in
hematocrit for every 10 mL/minute/1.73 m2 decline in eGFR.87

A higher prevalence of anemia occurs in the population with
an eGFR <60 mL/minute/1.73 m2.1 Pallor and fatigue are the
earliest clinical signs, with other manifestations developing as
anemia worsens progressively with declining kidney function.
A significant consequence of anemia is development of left
ventricular hypertrophy (LVH), further contributing to cardio-
vascular complications and mortality in patients with CKD.
LVH has been observed in approximately 30% of patients with
eGFR 50 to 75 mL/minute/1.73 m2 (stages 2 and 3 CKD) and in
up to 74% of patients at the start of dialysis (stage 5 CKD).88,89

These findings support the need for early and aggressive treat-
ment of anemia of CKD before the development of stage 5
CKD.

A more complete workup for anemia of CKD is recom-
mended for patients with an eGFR of <60 mL/minute/1.73
m2.1,85 This workup includes monitoring of hemoglobin and
hematocrit, assessment of iron indices with correction if iron
deficiency is present, and evaluation for sources of blood loss,
such as bleeding from the GI tract. This workup should be
done regularly as CKD progresses because of the association
between anemia and the progressive decline in eGFR.

As discussed later in this chapter (see Question 12), the
availability of recombinant human EPO to directly stimulate
erythrocyte production revolutionized the treatment of CKD-
associated anemia. However, iron deficiency is the leading
cause of erythropoiesis stimulating agent (ESA) hyporespon-
siveness and must be corrected before ESA therapy is initiated
(see Question 12 for Iron Therapy). Iron deficiency can de-
velop as a result of increased requirements for RBC production
with ESA administration and from chronic blood loss owing
to bleeding or hemodialysis. Identification and management
of iron deficiency through regular follow-up testing and iron
supplementation is essential for adequate RBC production (see
Question 12 for Iron Therapy and also Chapter 86, Anemias).85

M.R.’s iron status should be assessed at this time to determine
if iron supplementation is needed.

Other factors that contribute to anemia include a shortened
RBC life span secondary to uremia, blood loss from frequent
phlebotomy and HD, GI bleeding, severe hyperparathyroidism,
protein malnutrition, accumulation of aluminum, severe infec-
tions, and inflammatory conditions.85 Substances present in
the plasma of patients with CKD, collectively termed “uremic
toxins,” may inhibit the production of EPO, the bone marrow
response to EPO, and the synthesis of heme. The negative ef-
fects of these substances on RBC production are supported by
improvement in erythropoiesis with dialysis, which removes
these uremic toxins. This uremic environment also causes a
decrease in the RBC life span, from a normal life span of 120
days to approximately 60 days in patients with severe CKD.
A shortened RBC life span has been observed in uremic pa-
tients transfused with RBC from individuals with normal kid-
ney function, whereas RBC from uremic individuals have a
normal survival time when transfused into patients without
kidney failure.90

Blood loss also contributes to anemia of CKD, particularly
in patients requiring HD. With each HD session, generally per-
formed three times per week, blood loss occurs. In addition,
these patients are usually administered heparin during dialysis
or antiplatelet drugs to prevent vascular access clotting, which
further increases the risk of bleeding. Although a stool guaiac
test was not performed in M.R., many patients with uremia and
CKD will have a positive guaiac reaction because of the risk
of bleeding from uremia itself. M.R. also has a peptic ulcer,
which increases her potential for blood loss.

Other deficiencies can contribute to anemia of CKD. Defi-
ciency of folic acid, as evidenced by low serum folate concen-
trations and macrocytosis, is relatively uncommon in patients
with early kidney disease, but occurs most often in patients on
dialysis, because folic acid is removed by dialysis. Therefore,
the daily prophylactic administration of the water-soluble vi-
tamins, including 1 mg of folic acid, is recommended. Routine
use of the fat-soluble vitamin A is discouraged, because hyper-
vitaminosis A may develop, contributing to anemia.91 Several
multivitamin preparations devoid of vitamin A (e.g., Nephro-
caps) are available for patients with kidney failure. Pyridox-
ine (vitamin B6) deficiency can also occur in both dialyzed
and nondialyzed patients with CKD. Significant similarities
are seen between this deficiency and the symptoms of uremia,
which include skin hyperpigmentation and peripheral neuropa-
thy. Current multivitamin products for patients with stage 5
CKD contain adequate amounts of pyridoxine to prevent defi-
ciency.

Goals of Therapy

11. What are the goals of therapy for anemia of CKD in M.R.?

Target Hemoglobin and Hematocrit
NKF-K/DOQI guidelines recommend a target of ≥11 g/dL
for hemoglobin (≥33% for hematocrit) in patients with CKD
receiving ESA therapy.85 It is at these targets that benefits such
as increased survival, exercise capacity, quality of life, cardiac
output, cognitive function, and decreased risk of LVH were
observed in the CKD population.85 Routine maintenance of
hemoglobin levels ≥13 g/dL (≥39% for hematocrit) is not
recommended for patients being treated with ESA secondary to
increased risk for mortality and for serious cardiovascular and
thromboembolic events. Two recent trials evaluated the efficacy
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and safety of hemoglobin targets in patients with CKD not on
HD. These trials showed no benefit on left ventricular mass
index. In one study, increased mortality rates were observed
in the high target hemoglobin group. Likely this is based on
these recent data that the target hemoglobin will be restricted
to a more narrow range in the future.92,93

Hemoglobin, rather than hematocrits, should be used to
evaluate anemia in this population for several reasons. Hemat-
ocrit is dependent on volume status, which can be problematic
for patients with fluctuations in plasma water (e.g., dialysis,
volume overload). In addition, a number of variables can affect
the hematocrit value, including temperature, hyperglycemia,
the size of the red blood cell, and the counters used for the test.
These variables do not significantly affect hemoglobin, making
it the preferred test for anemia.85

Once M.R.’s iron status is evaluated, and corrected if nec-
essary, ESA therapy may be started (see Treatment below).

Iron Status
Because iron deficiency is the primary cause of ESA-
hyporesponsiveness, assessment of iron status is essential
before initiating erythropoietic therapy. The two tests that
best evaluate iron status are the transferrin saturation percent
(TSAT), a measure of iron immediately available for erythro-
poiesis, and serum ferritin, a measure of storage iron.85 Trans-
ferrin is a carrier protein and its concentration depends on
nutritional status. The TSAT indicates the saturation of the
protein transferrin with iron and is determined as:

% TSat = serum iron (mcg/dL)

TIBC (mcg/dL)
× 100 (31-4)

where TIBC is the total iron-binding capacity of the transferrin
protein. Serum ferritin is a marker for iron reserves, which are
stored primarily in the reticuloendothelial system (e.g., liver,
spleen). The goal of iron replacement therapy is to maintain
the TSAT >20% and a serum ferritin >100 ng/mL for CKD
stages 2 through 4 and >200 ng/mL for CKD stage 5 to pro-
vide sufficient iron for erythrocyte production.85 Values below
these targets are indicative of absolute iron deficiency. A func-
tional iron deficiency may exist when ferritin is >500 ng/mL,
TSAT is <20%, and anemia persists despite appropriate ESA
therapy. In these cases, iron supplementation may lead to im-
proved erythropoiesis. Other tests, including the percentage of
hypochromic red cells, reticulocyte hemoglobin content, serum
transferrin receptor, red cell ferritin, and zinc protoporphyrin,
have been proposed as indicators of iron status.85 Although
some of these markers have demonstrated predictive value in

assessing iron status, either alone or in conjunction with other
laboratory data, further investigation is warranted to determine
their utility and to make such testing procedures readily avail-
able.

Treatment

12. Describe the options available to treat anemia of CKD and
achieve the goals of therapy in M.R.

Iron Therapy
Before initiating ESA therapy, M.R.’s iron indices should be
determined. If M.R. is iron deficient, as indicated by the TSAT
and serum ferritin and other supporting laboratory data (see
Chapter 86, Anemias), supplemental iron therapy should be ad-
ministered. If iron deficiency is the cause of anemia, M.R. may
benefit from iron supplementation alone (i.e., without erythro-
poietic therapy) to increase hemoglobin and hematocrit. Peptic
ulcer disease will need to be evaluated as a source of blood loss.
Given the poor bioavailability of oral iron and patient noncom-
pliance, oral iron is usually inadequate for repletion of iron in
patients receiving HD who experience chronic blood loss.94

For the population with early CKD and for patients receiving
peritoneal dialysis, an initial trial of oral iron may correct the
deficiency because these patients do not have the same degree
of blood loss. For some patients, however, IV therapy will be
required to replete iron and meet the increased demands once
erythropoiesis is stimulated with ESA therapy. Administration
of IV iron requires IV access and frequent outpatient visits,
which are drawbacks to therapy with IV iron in CKD stage 3
and 4. A recent trial examined an accelerated dosing regimen
(500 mg given on two consecutive days) of IV iron sucrose to
address these issues. This regimen was adequate to restore iron
stores with only two patients experiencing hypotension related
to iron therapy.95

Common infusion-related effects associated with IV iron
include hypotension, myalgias, and arthralgias. Despite the
controversy over the best strategy for iron supplementation
in patients with early CKD, current recommendations support
reserving IV iron for patients in whom oral iron has failed.96

Therefore, a trial of oral iron is reasonable for M.R. Oral iron
supplementation with 200 mg/day of elemental iron should be
started to address iron deficiency, if present, and this regimen
should be continued to maintain sufficient iron status while
receiving ESA therapy. Many oral iron preparations are avail-
able, and their iron content varies as will the number of tablets
or capsules that must be taken per day to provide the required
elemental iron (Table 31-4). Some oral formulations include

Table 31-4 Oral Iron Preparations

Commonly Prescribed Unit Size Number of Units/Day to
Preparation Common Brand Names (Amount Elemental Iron in mg) Yield 200 mg Elemental Iron

Ferrous sulfate Slow FE, Fer-In-Sol 325 (65) 3 tablets
Ferrous gluconate Feratab 325 (36) 5 tablets
Ferrous fumarate Femiron, Feostat 200 (66) 3 capsules
Iron polysaccharide Niferex, Nu-Iron 150 (150) 2 capsules
Heme iron polypeptide Proferrin-ES 12 (12) 17 tablets

Proferrin-Forte

aUnit size reflects common tablet/capsule sizes prescribed and not necessarily that of the brand names listed.
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ascorbic acid to enhance iron absorption. A heme iron prod-
uct, Proferrin-ES, has recently been approved. Heme iron is
more readily absorbed; however, a large number of tablets are
required to supply the 200 mg elemental iron (Table 31-4).
M.R. should be advised to take oral iron on an empty stom-
ach to maximize absorption, unless side effects prevent this
strategy. She also should be counseled on potential drug inter-
actions with oral iron (e.g., antacids, quinolones) and GI side
effects (e.g., nausea, abdominal pain, diarrhea, constipation,
dark stools). Noncompliance with therapy is a primary cause
of therapeutic failure with oral iron.

If M.R.’s condition does not respond to oral therapy, as indi-
cated by either persistent iron deficiency based on iron indices,
or inadequate response to what is considered an adequate dose
and duration of erythropoietic therapy, IV iron is necessary. The
IV iron preparations currently available are iron dextran (In-
FeD, DexFerrum), sodium ferric gluconate complex in sucrose
(Ferrlecit), and iron sucrose (Venofer). The dextran products
have caused anaphylactic reactions and, as a result, have a FDA
mandated black box warning that requires administration of a
25 mg test dose followed by a 1-hour observation period be-
fore the total dose of iron is infused.97 The dextran component
is believed to be the cause of such reactions. The dose of IV
iron recommended to correct absolute iron deficiency is a total
dose of 1 g administered in divided doses or over a prolonged
period to minimize the risk of adverse effects.85 For iron dex-
tran, the approved dose is 100 mg increments, administered
over 10 dialysis sessions for patients on HD to provide a total
of 1 g.97 Larger doses of 500 mg up to the total 1-g dose have
been safely administered over a longer infusion period of 4 to
6 hours.85,96

Sodium ferric gluconate and iron sucrose are the most
widely used iron products in the CKD population. Both the
ferric gluconate and iron sucrose products have been used suc-
cessfully in patients who have experienced allergic reactions to
the dextran products and evidence indicates that they are safer:
8.7 adverse events per million doses for dextran versus 3.3
adverse events for gluconate.98 To provide the recommended
total dose of 1 g, ferric gluconate is administered as 125 mg
(10 mL) over eight consecutive dialysis sessions for patients
on HD. The dose can be administered as a slow IV injection at
a rate of up to 12.5 mg/minute or diluted in 100 mL of normal
saline and infused over 1 hour.99 Administration of 125 mg
over 10 minutes (without a test dose) was determined to be
a safer alternative to dextran preparations in patients on HD
and is an approved dosing strategy.99,100 Doses up to 250 mg
over 1 hour have been administered safely.101 The flexibility
of administering larger doses of iron is an important factor in
achieving efficiencies in the outpatient setting for patients with
early CKD and those receiving PD.

Iron sucrose (Venofer) is a polynuclear iron hydroxide su-
crose complex. The recommended dose of iron sucrose is 100
mg (5 mL) over 10 consecutive HD sessions to provide the
total dose of 1 g.102 The dose can be administered by a slow
IV injection over 5 minutes or diluted in 100 mL of normal
saline and infused over at least 15 minutes. As with sodium
ferric gluconate, a test dose is not required. Iron sucrose doses
of 250 to 300 mg have been safely administered over 1 hour
and found to be as effective as sodium ferric gluconate ad-
ministration in maintaining hemoglobin in patients receiving
epoetin.103

Smaller doses of IV iron, in increments of 25 to 200 mg,
can be administered on a weekly, every 2 week, or a monthly
basis, to patients without absolute iron deficiency. These doses
will sustain adequate iron stores, maintain target hemoglobin
values, and potentially reduce the required dose of the ery-
thropoietic agent.85,104 This regimen is most convenient for
patients on HD who have regular IV access and increased iron
needs because of chronic blood loss. Maintenance iron ther-
apy replaces these losses and minimizes the need for the more
aggressive 1-g total doses of IV iron required for absolute iron
deficiency. If HD is started in M.R. in the future, regular dos-
ing of IV iron during dialysis is the most reasonable way to
maintain adequate iron required for sustained erythropoiesis.
Iron indices should be monitored at least every 3 months to
guide IV iron therapy. Targeting a ferritin of ≥500 ng/mL is
not routinely recommended because of the lack of evidence
available.85 A recent study evaluated the response to iron ther-
apy in patients with elevated ferritin (500–1,200 ng/mL) and
a low TSAT (≤25%) found that administration of IV iron re-
sulted in a statistically significant increase in Hgb levels and
a faster Hgb response in patients receiving ESA therapy.105

This strategy, however, could lead to increased exposure to
free iron, which may place the patient at an increase risk of
adverse effects (e.g., inflammation, oxidative stress).106

Ferumoxytol, a semisynthetic carbohyrdrate-coated, mag-
netic iron oxide preparation, is in phase III clinical trials for
use in patients with CKD requiring iron supplementation. A
potential advantage of ferumoxytol is that higher doses can be
safely administered over a shorter period (17 seconds). There
is also a proposed reduced immunologic sensitivity, resulting
in less risk for anaphylactic type reactions compared with the
other available high molecular weight IV iron products (e.g.,
iron dextran).107

Erythropoiesis Stimulating Agent (ESA) Therapy
Recombinant human EPO is the primary treatment option for
patients such as M.R. with anemia of CKD. Regular dialysis
may improve an anemic condition, but it will not restore the
hemoglobin and hematocrit concentrations to normal because
the primary cause of anemia is reduced EPO production by
the kidneys. Although blood transfusions were once the main-
stay of treatment, they are now avoided, if possible, because
they are associated with a risk for viral diseases (hepatitis, hu-
man immunodeficiency virus [HIV]), iron overload, and further
suppression of erythropoiesis. Transfusions may be required
in certain patients with substantially low oxygen-carrying ca-
pacity, substantial blood loss, and in those patients exhibiting
persistent symptoms of anemia (fatigue, dyspnea on exertion,
tachycardia). M.R. is currently not a candidate for transfusions
based on her hemoglobin of 8.7 g/dL (hematocrit 26%) and the
absence of significant symptoms on presentation. Androgens
were previously used to treat the anemia of CKD because they
directly or indirectly raise EPO concentrations. Their routine
use is not recommended, however, because the erythropoietic
response is inconsistent, they cause many adverse effects, and
recombinant EPO is now available.

HUMAN ERYTHROPOETIN-EPOETIN ALFA
Human erythropoietin or epoetin, the exogenous form of

EPO, is produced using recombinant technology. Epoetin alfa
is available in the United States, whereas epoetin beta is
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available primarily outside the United States. Since it became
available in 1989, epoetin alfa (Epogen, Procrit) has provided
an effective treatment option for anemia and has substantially
decreased the need for RBC transfusions. Epoetin alfa stimu-
lates the proliferation and differentiation of erythroid progen-
itor cells, increases hemoglobin synthesis, and accelerates the
release of reticulocytes from the bone marrow.

For patients such as M.R. who do not yet require dialysis and
for patients receiving PD, epoetin alfa is generally administered
by subcutaneous (SC) injection. However, patients on HD of-
ten receive epoetin alfa by IV administration because easy IV
access is established. According to the NKF-K/DOQI guide-
lines for anemia management, SC administration is preferred
because lower doses can be administered less frequently and
cost is lower than with IV administration.85,108 Starting doses
for SC administration are 80 to 120 U/kg/wk (∼6,000 U/wk),
whereas IV starting doses are 120 to 180 U/kg/wk (∼9,000
U/wk). Based on the half-life of epoetin alfa (8.5 hours IV,
24.4 hours SC), the total weekly dose is usually divided into
smaller doses, administered one to three times per week with
SC administration and three times per week for IV administra-
tion in patients on HD.109 For patients being converted from
IV to SC administration whose hemoglobin is within the tar-
get range, the SC dose is usually two-thirds the IV dose.85 For
patients not yet at the target hemoglobin, a SC dose equiva-
lent to the IV dose is recommended. Patients receiving epoetin
alfa SC should be instructed on the appropriate administration
technique, which includes rotating the sites for injection (e.g.,
upper arm, thigh, abdomen).

Extended dosing intervals for SC administration of epo-
etin alfa have been evaluated in patients with CKD who are
not having dialysis.108,109 Doses of 10,000 U once weekly to
40,000 U once every 4 weeks have been shown to maintain
target hemoglobin values for those patients with CKD not on
dialysis.110,111 Such dosing strategies may provide more con-
venient therapy for these patients who are not yet on dialysis,
but must come to the clinic for erythropoietic therapy.

DARBEPOETIN ALFA
Darbepoetin alfa (Aranesp) was approved in 2001 for the

treatment of anemia of CKD, whether or not the patient re-
quires dialysis. Darbepoetin is a hyperglycosylated analog of
epoetin alfa that stimulates erythropoiesis by the same mech-
anism. Instead of the three N-linked carbohydrate chains on
epoetin alfa, darbepoetin has five, which increase the capacity
for sialic acid residue binding on the protein. The increased
protein binding slows total body clearance and increases the
terminal half-life to 25.3 hours and 48.8 hours following IV
and SC administration, respectively. Darbepoetin alfa’s longer
half-life relative to epoetin alfa offers the potential advantage
of less frequent dosing to maintain target hemoglobin values.

Studies in patients with early CKD (stages 3 and 4) de-
termined that starting SC doses of 0.45 mcg/kg administered
once per week and 0.75 mcg/kg once every other week were
effective in achieving target hemoglobin and hematocrit val-
ues in patients who had not previously received erythropoietic
therapy.112 In patients on dialysis converted from epoetin alfa
to darbepoetin alfa (IV and SC), darbepoetin maintained target
hemoglobin values when administered less frequently (i.e., one
dose every week in patients previously receiving epoetin alfa

Table 31-5 Estimated Darbepoetin Alfa Starting Doses
Based on Previous Epoetin Alfa Dose

Previous Weekly Epoetin Alfa Dosea,b Weekly Darbepoetin Alfa
(<2,500 U/wk) Dose (6.25 –mcg/wk)

2,500–4,999 12.5
5,000–10,999 25

11,000–17,999 40
18,000–33,999 60
34,000–89,999 100
≥90,000 200

aDarbepoetin alfa should be administered weekly for patients receiving epoetin alfa
two or three times per week and every other week for patients receiving epoetin alfa
once per week.
bFor patients requiring darbepoetin alfa every other week, the weekly dose of epoetin
alfa should be multiplied by 2 and this dose used in the conversion chart to determine
the appropriate darbepoetin alfa dose.
Adapted from Aranesp [darbepoetin alfa] package insert. Thousand Oaks, CA:
Amgen Inc.; July 19, 2002, with permission.

three times per week and one dose every other week in patients
previously receiving epoetin once weekly).113,114

The approved starting dose of darbepoetin alfa in patients
who have not previously received epoetin therapy is 0.45
mcg/kg given either IV or SC once weekly.115 Patients who
are already receiving epoetin therapy may be converted to dar-
bepoetin alfa based on the current total weekly epoetin dose
(Table 31-5).115 For patients currently receiving epoetin alfa
two to three times per week, darbepoetin alfa may be adminis-
tered once weekly. Patients who are receiving epoetin alfa once
weekly should receive darbepoetin alfa once every 2 weeks. To
calculate the once every 2-week darbepoetin dose, the weekly
epoetin alfa dose should be multiplied by 2 and that value
used in column 1 of Table 31-5 to find the corresponding dar-
bopoetin dose from column two in Table 31-5. For example, a
patient receiving epoetin 6,000 U/wk should receive 40 mcg
of darbepoetin alfa once every 2 weeks (6,000 U epoetin ×
2 = 12,000 U, which corresponds to a weekly darbepoetin
dose of 40 mcg).115

Epoetin alfa and darbepoetin alfa are generally well toler-
ated, with hypertension being the most common adverse event
reported. Although elevated BP is not uniformly considered a
contraindication to therapy, BP should be monitored closely so
that changes in antihypertensive therapy and the dialysis pre-
scription are made, if justified. Failure to elicit a response to
erythropoietic therapy requires evaluation of factors that cause
resistance, such as iron deficiency, infection, inflammation,
chronic blood loss, aluminum toxicity, malnutrition, and hyper-
parathyroidism. Resistance to erythropoietic therapy has been
observed in patients receiving ACE inhibitors, although data
are conflicting.116,117 Rare cases of antibody formation to epo-
etin therapy have been reported.118 Neutralizing anti-EPO anti-
bodies were identified in 13 patients with pure red-cell aplasia
who required blood transfusions after a course of therapy with
epoetin alfa or beta.118 Similar cases have been reported, pri-
marily with one epoetin alfa product manufactured outside the
United States, Eprex. Some evidence supports cross-reactivity
of these antibodies with darbepoetin, although the information
is currently limited.119 Although the clinical implications of an-
tibody formation in patients receiving erythropoietic therapy
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are uncertain, clinicians should be aware of these reports when
evaluating response to therapy.

Treatment of M.R.’s anemia must be initiated, given
the chronic nature of her kidney disease and her current
hemoglobin and hematocrit. Patients with hemoglobin values
<11 g/dL (hematocrit, <33%), such as M.R., are the best can-
didates for erythropoietic therapy. It is also important to iden-
tify and correct any iron or folate deficiency and perform a
stool guaiac test to rule out active GI bleeding. Iron supple-
mentation is indicated, not only if M.R. is iron deficient, but
also to maintain iron status while receiving erythropoietic ther-
apy (see section on iron therapy). Although administration of
iron alone may improve her anemia, epoetin alfa or darbepoetin
alfa will likely be required, based on the severity of her anemia
and the progressive nature of her kidney disease. M.R. may
start epoetin alfa at a dose of 6,000 U (∼100 units/kg) admin-
istered SC once per week or divided into two weekly doses of
3,000 U, assuming her iron status is appropriate (see section on
iron status). Another option would be darbepoetin alfa admin-
istered at a dose of 25 mcg (0.45 mcg/kg) SC once per week.
She also should be instructed on how to administer SC epo-
etin alfa or darbepoetin alfa. Dose adjustments should not be
made more frequently than once every 4 to 6 weeks for either
agent because of the time course for response (i.e., the phar-
macodynamic effects on RBC homeostasis). The time it takes
to reach a new steady-state, when RBC production is equal
to RBC destruction, depends on the life span of the red cell,
which is approximately 60 days in patients with kidney failure.
Therefore, it will take approximately 2 to 3 months to reach a
plateau in measured hemoglobin/hematocrit. Dose adjustments
should be made based on M.R.’s hemoglobin and hematocrit,
which should be monitored every 1 to 2 weeks after initiation
of therapy or following a dose change. If a rapid increase in
hemoglobin/hematocrit is observed (hemoglobin >1.0 g/dL,
hematocrit >3%–4%, over a 1- to 2-week period) or the target
hemoglobin/hematocrit is exceeded, then doses of either agent
should be decreased by approximately 25%. If response is in-
adequate (hemoglobin increase <1 g/dL, hematocrit increase
<2%–3%, in 2 to 4 weeks), then the doses should be increased
by approximately 50% for epoetin alfa and 25% for darbepo-
etin alfa.85,115 Once stable, the hemoglobin/hematocrit should
be monitored every 2 to 4 weeks. If a response is not observed
despite appropriate dose titration, M.R. should be evaluated for
possible reasons for nonresponse (i.e., iron deficiency, bleed-
ing, aluminum intoxication, hyperparathyroidism, infection).

In early 2007, a FDA mandated black-box warning was
added to the safety labeling for all ESA products, which states
that use of ESA therapy may increase the risk for death and for
serious cardiovascular events when administered to achieve a
hemoglobin >12 g/dL. This came as a result of four recently
completed cancer trials that evaluated new dosing regimens,
use of ESA in a new patient population, and use of new un-
approved ESA. Since then, two trials in patients with CKD
have shown that targeting Hgb levels >13 g/dL results in in-
crease mortality and morbidity, thus observing these black-box
warnings in CKD is warranted.92,93

CONTINUOUS ERYTHROPOIETIN RECEPTOR ACTIVATOR (CERA)
Continuous erythropoietin receptor activator (Mircera) has

completed phase III of its clinical development program and
has received an approval letter from the FDA for use in patients

with CKD with anemia. CERA is twice the molecular weight of
EPO because of the addition of a single 30-kd polymer chain
into the erythropoietin molecule resulting in a considerably
longer elimination half-life compared with EPO (130 hours
vs. 4–28 hours). This allows for extended interval dosing of
biweekly and once monthly. It has an efficacy and safety profile
comparable to available ESA. The approved dosing of CERA
is pending the release of the FDA-approved package insert.
Extended interval dosing agents, such as CERA, have several
advantages in patients with CKD stage 3 and 4, including im-
proved patient compliance, less administration costs, reduced
burden on patient from fewer injections given, and less outpa-
tient visits to receive IV administration.120

Other novel molecules that promote erythropoiesis are in
phase II and III clinical trials. These include hematide (an
erythropoietin-mimetic peptide) and the hypoxia-inducible
factor (HIF) stabilizers. The latter are orally active agents that
induce both renal and extrarenal erythropoietin production. If
these investigational agents are approved, they will provide
health care professionals new options to correct anemia in
CKD.

CARDIOVASCULAR COMPLICATIONS

13. H.B. is a 65-year-old white man with stage 5 CKD who has
just started chronic HD. He comes in today for his third HD ses-
sion (dialysis scheduled three times per week, 4-hour duration).
He has a history of hypertension, which has been poorly controlled
over the past 4 months (BP ranges 150–190/85–105 mmHg), and
he has experienced shortness of breath and a significant weight
gain over the past month. His pertinent medical history includes
hypertension for the past 14 years. H.B.’s current medications
include metoprolol 50 mg BID, furosemide 80 mg BID, calcium
carbonate 500 mg TID with meals, and Nephrocaps 1 PO QD.
H.B.’s most recent predialysis BP was 175/98 mmHg, and his post-
dialysis BP was 158/90 mmHg. A recent ECG showed evidence of
LVH.

Predialysis laboratory values were as follows: serum sodium
(Na), 140 mEq/L (normal, 135–147 mEq/L); potassium (K), 5.1
mEq/L (normal, 3.5–5.0 mEq/L); chloride (Cl), 101 mEq/L (nor-
mal, 95–105 mEq/L); CO2 content, 23 mEq/L (normal, 22–28
mEq/L); SrCr, 8.8 mg/dL (normal, 0.6–1.2 mg/dL); BUN, 84
mg/dL (normal, 8–18 mg/dL); phosphate, 5.2 mg/dL (normal,
2.5–5.0 mg/dL); Ca, 8.6 mg/dL (normal, 8.8–10.4 mg/dL); serum
albumin, 3.0 g/dL (normal, 4.0–6.0 g/dL); cholesterol (nonfast-
ing), 345 mg/dL (normal, <200 mg/dL); triglycerides, 285 mg/dL
(normal,<200 mg/dL); Hct, 27% (normal, 39%–49%); and Hgb,
9.0 g/dL (normal, 13–16 g/dL). H.B. has a urine output of 50
mL/day. What conditions evident in H.B. put him at increased
risk of cardiovascular complications and mortality?

[SI units: Na, 140 mmol/L (normal, 135–147); K, 5.1 mmol/L (normal,

3.5–5.0); Cl, 101 mmol/L (normal, 95–105); CO2, 23 mmol/L (normal,

22–28); SrCr, 778 μmol/L (normal, 50–110); BUN, 30 mmol/L of urea

(normal, 3.0–6.5); phosphate, 1.68 mmol/L (normal, 0.8–1.60); Ca, 2.15

mmol/L (normal, 2.2–2.6); serum albumin, 30 g/L (normal, 40–60 g/L);

cholesterol, 8.9 (normal, <5.2); triglycerides, 3.2 (normal, <2.3); Hct, 0.27

(normal, 0.39–0.49); and Hgb, 90 g/L (normal, 130–160 for male patients)]

H.B. has uncontrolled hypertension that is not being ad-
equately managed with his current drug therapy or HD.
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Hypertension is associated with LVH, ischemic heart disease,
and heart failure, all of which are contributing factors to over-
all mortality in patients with stage 5 CKD who are undergoing
dialysis.3 H.B.’s ECG evidence of LVH should trigger addi-
tional evaluation to determine the extent of cardiac involve-
ment and diagnosis of heart failure, which is associated with in-
creased mortality in both diabetic and nondiabetic patients (see
Chapter 18, Heart Failure). LVH develops early in the course of
CKD and progresses as kidney disease progresses.88,89 H.B. is
in the most severe stage of CKD and has greatest likelihood of
developing LVH. Anemia contributes substantially to the de-
velopment of LVH and heart failure as well. H.B.’s hemoglobin
of 9.0 g/dL (hematocrit 27%) is below the target value and re-
quires treatment with erythropoietic therapy and iron supple-
mentation based on evaluation of his iron indices (see section
on anemia).

Additional factors that increase the risk of cardiovascu-
lar complications and mortality in H.B. include the elevated
cholesterol and triglycerides levels as well as hypoalbumine-
mia (serum albumin, 3.0 g/dL). Increased levels of homocys-
teine are common in patients with kidney failure and have
been associated with increased risk of coronary artery dis-
ease (CAD).121 Because elevated concentrations of homocys-
teine have been observed in conjunction with decreased folate
and vitamin B12 levels, more aggressive supplementation of
these vitamins in this population has been suggested. Because
H.B.’s total corrected calcium (corrected for hypoalbumine-
mia; see Question 17 for an explanation of this correction) is
9.4 mg/dL, his calcium, calcium-phosphorus product, and use
of a calcium-containing phosphate binder will need to be mon-
itored frequently. Cardiac calcification is common in patients
with kidney disease and also is associated with cardiovascular
complications. It has been reported that up to 80% of patients
with ESRD have detectable coronary artery calcification.122

Cardiovascular disease and complications continue to be the
leading cause of mortality in patients with kidney failure. Ac-
cording to data from a large population of patients on dialysis,
cardiovascular disease increases the risk of all-cause mortality
fivefold when compared with the general Medicare population
without kidney disease.3 All-cause death rates are almost four
times greater in patients on dialysis age 65 and older, such as
H.B., than in the general Medicare population.3 For these rea-
sons, the risk of CAD should be evaluated regularly in patients
with ESRD (see Chapter 32, Renal Dialysis).

Hypertension

14. What options are available to treat H.B.’s hypertension con-
sidering his other cardiac complications and BP goal?

Dialysis
Hypertension is common in patients with CKD with a preva-
lence that varies depending on the cause of CKD and resid-
ual kidney function. Prevalence of hypertension has been es-
timated to be 80% in HD and 50% in PD populations.79

Multiple factors are involved in the development of hyper-
tension in the CKD population, including extracellular vol-
ume expansion from salt and water retention and activation of
the renin-angiotensin-aldosterone system.123 Increased sym-

pathetic tone also has been observed with an increase in nore-
pinephrine activity.

Because H.B. is just beginning dialysis therapy, it is difficult
to assess the degree to which volume removal will ultimately
affect his BP. To control BP related to volume changes, dial-
ysis therapy should be adjusted as needed to achieve H.B.’s
dry weight, the postdialysis weight at which symptoms of hy-
pervolemia and hypovolemia are absent. H.B. has had recent
findings consistent with worsening volume status (shortness of
breath, weight gain) that should be considered when modifying
his dialysis prescription; further workup is needed to determine
if H.B. has systolic or diastolic heart failure. It is also impor-
tant to counsel H.B. on the importance of salt and fluid intake
restriction between HD sessions to minimize weight gain, vol-
ume expansion, and hypertension. Restriction of salt intake to
2 to 3 g/day and fluid to 1 L/day is appropriate and will require
regular follow up by a dietitian.

Antihypertensive Therapy
Antihypertensive therapy should be used in conjunction with
dialysis therapy in H.B. to target a BP <140/90 mmHg pre-HD
and <130/80 mmHg post-HD.79 For some patients, initiation
of dialysis alone may achieve this goal and antihypertensive
therapy may be withdrawn. The BP goal in patients with stage
5 CKD should minimize cardiovascular complications, but it
should not increase the risk for hypotension and its associ-
ated complications during dialysis. The choice of an agent is
based on the patient’s comorbid conditions, because no single
agent has a proven mortality benefit in patients on HD. The
complexity of managing hypertension in patients on HD is en-
hanced by the apparent “U”-shaped relationship between BP
and mortality. A study of patients on HD found an increased
risk of cardiac-related death at systolic BP <110 mmHg and
at systolic BP >180 mmHg.124 The mortality risk with a low
pre-HD BP may be indicative of severe cardiac disease at the
initiation of HD. If patients experience hypotensive symptoms
during HD, the goal BP can be increased, but they also should
be evaluated for other cardiovascular disorders. Because the
BP between dialysis sessions varies owing to volume changes,
the ideal time to measure BP relative to dialysis (i.e., predialy-
sis versus postdialysis) is unclear, but predialysis BP has been
favored.

Diuretics are commonly used in patients in the early stages
of CKD. As previously discussed, the effectiveness of diuretics
depends on the amount of sodium delivered to their site of ac-
tion in the renal tubule and on the patient’s kidney function. For
example, a decrease in the eGFR from 125 to 25 mL/minute/
1.73 m2, theoretically, could result in an approximate 80% de-
crease in the amount of sodium filtered. Early in the course of
kidney failure, thiazides or thiazidelike diuretics are effective
antihypertensive agents. As eGFR is further reduced (eGFR
<30 mL/minute/1.73 m2), the thiazide diuretics become es-
sentially ineffective. Potassium-sparing diuretics are also in-
effective and may increase the risk of hyperkalemia in this
population. Loop diuretics (e.g., furosemide), which function
more proximally, are indicated in patients with stage 4 CKD
(eGFR 15–29 mL/minute/1.73 m2).125 These drugs can be ef-
fective for BP and volume control in patients with advanced
kidney disease if residual kidney function is substantial (urine
output >100 mL/day). Their effect must be frequently reeval-
uated based on urine output and any effect on volume control.
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H.B.’s urine output should be assessed to determine the ra-
tionale for continued use of furosemide and the current dose
should be assessed, because doses higher than his current dose
of 80 mg BID are often required in patients with this degree
of kidney dysfunction. It is likely that furosemide will need to
be discontinued as H.B.’s residual renal function declines.

Given the role of the renin-angiotensin system in the de-
velopment of hypertension in patients with CKD, ACE in-
hibitors are a logical choice for antihypertensive therapy. ACE
inhibitors are effective antihypertensive agents in patients with
CKD and have been shown to reverse LVH.126 They are under-
used in this population, however. Response must be assessed
individually to determine if renin-angiotensin-aldosterone ac-
tivity is a predominant etiology of hypertension. Initiating ther-
apy with low doses is prudent to evaluate patient response and
tolerance. Use of these agents in combination with other antihy-
pertensives is often required for adequate BP control. Most of
these agents can be administered once daily; however, because
of the renal elimination of the parent drug or active metabo-
lite, dosage adjustments are necessary in patients with CKD.
Fosinopril is the exception, because it undergoes substantial
hepatic elimination. ACE inhibitors should also be used cau-
tiously in patients dialyzed with the polyacrylonitrile (AN69)
membrane. This is because ACE inhibitors decrease the break-
down of bradykinin. Bradykinin production is increased in pa-
tients who experience systemic or immune-mediated reactions
when blood comes in contact with the dialyzer, which can lead
to anaphylactic reactions. Such reactions are common with
AN69 because of its composition; therefore, ACE inhibitor
use in combination with this dialyzer should be avoided.

Although ARB effectively lower BP in patients without kid-
ney disease,127 less is known about their effectiveness in pa-
tients with kidney failure. These agents may offer an alternative
to ACE inhibitors in patients experiencing kinin-mediated ad-
verse effects; however, similar side effects have been reported
with ARB. The combined use of ARB with other antihyper-
tensive agents may be rational when patients are unresponsive
to other regimens. One ARB, valsartan, has been approved for
use in heart failure and this may offer an advantage in patients
with concurrent heart failure128; however, this concept must be
studied in a CKD population.

Calcium channel blockers are effective antihypertensives
in patients with CKD. Because the nondihydropyridine agents
(i.e., diltiazem, verapamil) have negative chronotropic and in-
otropic effects, they should be used with care in patients with
heart disease. Generally, dosage adjustment is not required in
patients with kidney disease.

Other agents used to treat hypertension in the CKD popu-
lation include β-blockers, centrally acting agents (e.g., cloni-
dine, methyldopa), vasodilators (e.g., minoxidil, hydralazine),
and α1-adrenergic blockers (prazosin, terazosin, doxazosin).
β-Blockers inhibit release of renin and may be useful in hy-
pertension associated with CKD. Risk versus benefit should be
evaluated when β-blockade is considered in conjunction with
other comorbid conditions such as asthma, heart failure, and
lipid abnormalities. Dosage adjustment is required for the less
lipophilic agents (i.e., atenolol, acebutolol, nadolol).

H.B. is currently taking the β-blocker, metoprolol, and the
loop diuretic, furosemide. It is likely that his diuretic will need
to be discontinued as his residual kidney function decreases
and response to therapy is inadequate. Although an effective

antihypertensive, metoprolol may not be the best single agent
for H.B. and its use must be reassessed based on the recent
evidence of LVH and whether systolic or diastolic dysfunc-
tion is diagnosed on further workup. If changes in H.B.’s HD
prescription to improve volume control and achieve his dry
weight do not reduce his BP, another antihypertensive regi-
men should be selected. A reasonable antihypertensive regi-
men would include an ACE inhibitor (e.g., enalapril) with or
without β-blocker therapy or a calcium channel blocker based
on cardiac findings. The selection will depend substantially
on follow-up results of his cardiac disease, BP control with
HD, and the development of adverse effects (see Chapter 13,
Essential Hypertension, and Chapter 18, Heart Failure).

Dyslipidemia

15. How should H.B.’s lipid abnormalities be treated?

H.B. has elevated serum cholesterol and triglyceride con-
centrations, a common finding in patients with CKD. Dys-
lipidemia and increased oxidative stress contribute to pre-
mature atherogenesis in these patients. Several atherogenic
factors in patients with CKD have been postulated, includ-
ing arterial wall injury, platelet activation and adherence,
smooth muscle cell proliferation, and intra-arterial accumu-
lation of cholesterol. Whether lowering of serum lipids will
improve long-term morbidity and mortality remains to be
determined, but treatment should be consistent with NCEP
ATP III guidelines and the NKF-K/DOQI guidelines for treat-
ment of dyslipidemias.64,65 Dietary intervention successfully
reduces triglyceride and cholesterol concentrations, and many
drugs are available to treat lipid abnormalities in patients with
stage 5 CKD (see Chapter 12, Dyslipidemias, Athrosclero-
sis and Coronary Heart Disease). Statin use has been sup-
ported by recent evidence associating these agents with a de-
crease in cardiovascular mortality and all-cause mortality in
patients on dialysis.129 Because many β-adrenergic blocking
drugs might elevate triglyceride concentrations, antihyperten-
sive drugs with insignificant or beneficial effects on serum
lipids (e.g., ACE inhibitors, calcium channel blockers, cloni-
dine, prazosin) may be preferable.

SECONDARY HYPERPARATHYROIDISM AND
RENAL OSTEODYSTROPHY

16. D.B. is a 42-year-old white woman who has a 24-year
history of type 1 diabetes mellitus with complications of dia-
betic nephropathy, retinopathy, and neuropathy. She has hypothy-
roidism and was diagnosed with stage 5 CKD 4 years ago. She
started HD three times weekly at that time. Her current medica-
tions include levothyroxine 0.1 mg/day, metoclopramide (Reglan)
10 mg TID before meals, insulin aspart 10 U with meals, insulin
glargine 25 U QHS, docusate 100 mg QD, OsCal 500 mg PO TID
with meals, EPO 5,000 U IV twice weekly, iron sucrose 100 mg
IV (TIW), paricalcitol 1 mcg IV three times per week (TIW),
and Nephrocaps 1 capsule QD. At a recent clinic visit, findings
on physical examination included a BP of 128/84 mmHg, diabetic
retinopathic changes with laser scars bilaterally, and diminished
sensation bilaterally below the knees. Her laboratory values were
as follows: normal serum electrolytes; a random blood glucose
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of 175 mg/dL (normal, 140 mg/dL); BUN, 45 mg/dL (normal,
8–18 mg/dL); SrCr, 8.9 mg/dL (normal, 0.6–1.2 mg/dL), Hgb,
10 g/dL (goal, >11 g/dL); WBC count, 6,200/mm3 (normal,
3,200–9,800/mm3); Ca, 8.5 mg/dL (normal, 8.4–9.5 mg/dL);
phosphate, 6.8 mg/dL (normal, 2.5–5.0 mg/dL); intact parathy-
roid hormone (iPTH), 450 pg/mL (normal, 5–65 pg/mL); total
serum protein, 5.0 g/dL (normal, 6.0–8.0 g/dL); serum albumin,
3.1 g/dL (normal, 4.0–6.0 g/dL); and uric acid, 8.9 mg/dL (normal,
2.0–7.0 mg/dL). Describe the etiology of D.B.’s abnormal bone,
calcium, phosphorus, and PTH findings.

[SI units: blood glucose, 9.7 mmol/L (normal, <11 mmol/L); BUN, 16.1

mmol/L of urea (normal, 3.0–6.5); SrCr, 787 μmol/L (normal, 50–110);

Hgb, 100 g/L (goal, 110 g/L); WBC count, 6,200 × 106 /L (normal,

3,200–9,800); Ca, 2 mmol/L (normal, 2.1–2.36); phosphate, 2.19 mmol/L

(normal, 0.8–1.60); total serum protein, 50 g/L (normal, 60–80); serum al-

bumin, 31 g/L (normal, 40–60 g/L); uric acid, 529 μmol/L (normal, 120–420)]

Etiology
Renal osteodystrophy (ROD) is the term used to describe the
skeletal manifestations that occur as kidney function declines.
Collectively, ROD refers to specific bone abnormalities that
include osteitis fibrosa (most common pattern), osteomalacia,
osteosclerosis, and osteopenia. Hyperphosphatemia, hypocal-
cemia, hyperparathyroidism, decreased production of active
vitamin D, and resistance to vitamin D therapy are all frequent
problems in CKD that can lead to the secondary complication
of ROD.

The interrelationships between phosphorus, calcium, vita-
min D, and PTH have been reviewed extensively.130,131 Re-
tention of phosphorus and secondary hyperparathyroidism
(sHPT) play a major role in the development of osteitis fibrosa
or high-turnover bone disease. The “trade-off” hypothesis best
describes the events leading to changes in bone metabolism.130

As eGFR decreases, phosphorus excretion by the kidney de-
creases, resulting in hyperphosphatemia. Hyperphosphatemic
conditions lead to a corresponding decrease in ionized calcium
concentration, a primary stimulus for release of PTH from the
parathyroid gland. Higher concentrations of PTH decrease re-
nal tubular reabsorption of phosphorus and promote its excre-
tion. Both serum phosphorus and calcium concentrations are
corrected depending on the degree of remaining kidney func-
tion, but this occurs at the expense of an elevated PTH con-
centration (the “trade off”). As kidney disease becomes more
severe (eGFR <30 mL/minute/1.73 m2), the phosphaturic re-
sponse to PTH diminishes and sustained hyperphosphatemia
and hypocalcemia develop. In response to hypocalcemia, cal-
cium is mobilized from the bone, a mechanism largely con-
trolled by PTH. Virtually all patients with kidney failure de-
velop sHPT. Decreased PTH degradation by the kidney may
also contribute to the hyperparathyroid state in patients with
kidney disease.

The kidney is the principal organ responsible for vitamin D
production and, as such, vitamin D metabolism is altered in the
presence of uremia. Persistent hyperphosphatemia inhibits the
normal conversion of 25-hydroxyvitamin D3 to its biologically
active metabolite, 1,25-dihydroxyvitamin D3, by the enzyme
1-α-hydroxylase. This enzyme is present in proximal tubular
cells of the kidney and is necessary for conversion of vita-
min D to the active form. This active form of vitamin D, also

known as calcitriol, increases gut absorption of calcium and
interacts with vitamin D receptors on the parathyroid gland to
suppress PTH release. As a result of decreased calcitriol pro-
duction, the absorption of dietary calcium in the gut is dimin-
ished, contributing to hypocalcemia. Decreased suppression of
PTH release by vitamin D in conjunction with hypocalcemia
promotes continued stimulus for mobilization of calcium from
bone. Furthermore, uremic patients require a higher extracel-
lular calcium concentration to suppress secretion of PTH. This
is also described as an increase in the calcium “set point” or the
concentration of calcium required to inhibit 50% of maximal
PTH secretion.130

The chronic effects of hyperparathyroidism on the skeleton
lead to bone pain, fractures, and myopathy. In children, these
effects may be particularly severe and usually retard growth.
The metabolic acidosis of kidney disease also contributes to a
negative calcium balance in the bone.

D.B.’s presentation is consistent with ROD based on the
observed changes in bone architecture and abnormalities in
serum phosphorus, calcium, and PTH; all can be attributed to
her kidney disease.

Treatment

17. What are the goals of therapy for D.B.’s calcium, phospho-
rus, and PTH abnormalities? What options are available to treat
these disorders?

The management objectives for D.B. are to (a) maintain
near-normal serum calcium and phosphorus concentrations,
(b) prevent secondary hyperparathyroidism, and (c) restore
normal skeletal development without inducing adynamic bone
disease (or low bone turnover). The NKF-K/DOQI guidelines
for bone metabolism and disease suggest target levels for serum
calcium and phosphorus, the calcium and phosphorus product
(Ca-P), and intact PTH for each stage of CKD.84,131 These
goals are best achieved with dietary phosphorus restriction,
appropriate use of phosphate-binding agents, vitamin D ther-
apy, calcimimetics, and dialysis.

Dietary Restriction of Phosphorus
In general, serum phosphorus should be maintained at near
normal levels in the earlier stages of CKD (∼2.7–4.6 mg/dL),
with a higher range (3.5–5.5) accepted in patients with stage
5 CKD.84 Dietary phosphorus restriction can prevent hyper-
phosphatemia and maintain target phosphorus concentrations.
Protein restriction will also limit phosphorus intake, because
high-protein foods tend to contain high amounts of phosphorus
(Table 31-6).132 The challenge is in tailoring a diet that fulfills
these criteria while providing adequate nutrition. During the
early stages of kidney disease (eGFR <60 mL/minute/1.73
m2), dietary phosphorus should be reduced to 800 to 1,000
mg/day (∼60% of normal) through restriction of meat, milk,
legumes, and carbonated beverages to achieve normal phos-
phorus concentrations.84,133 Patients requiring dialysis have
less dietary phosphorus restriction with a recommended phos-
phorus intake of approximately 800 to 1,200 mg/day.133 While
phosphorus is removed to some extent by dialysis, neither HD
nor PD removes adequate amounts to warrant complete liber-
alization of phosphorus in the diet. Regular dietary counseling
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Table 31-6 Phosphorus Content of Select High-Protein Foods

Phosphorus
Food Portion Size Content (mg)

Black-eyed peas, cooked 1 cup 288
Cheese, American 4 ounces 1,200
Cheese, cheddar 4 ounces 545
Cheese creamed cottage 4 ounces 150
Cheese, Swiss 4 ounces 800
Chicken, cooked 3.5 ounces 190
Chocolate candy 2 ounces 130
Egg 1 large 100
Fish, cooked 4 ounces 400
Hamburger, ground sirloin 3.5 ounces 186
Ice cream 8 ounces 163
Kidney beans, cooked 1 cup 278
Lamb 3.5 ounces 200
Liver, chicken 3.5. ounces 312
Milk, whole or skim 8 ounces (1 cup) 278
Peanut butter 2 tablespoons 118
Peanuts 3.5 ounces 466
Pork tenderloin 3.5 ounces 301
Salmon, canned 3.5 ounces 344
Sardines, canned in oil 3.5 ounces 434
Shrimp 3.5 ounces 156
Soybeans 1 cup 322
Steak, sirloin 4 ounces 282
Tofu 3.5 ounces 128
Tuna fish, canned 3.5 ounces 250
Turkey 3.5 ounces 200
Yogurt, plain 8 ounces 270

Data from Bowes AP, Church HN. Bowes & Church’s Food Values of Portions Com-
monly Used. Philadelphia: Lippincott-Raven; 1998.

by a renal dietitian is necessary to reinforce the importance of
phosphorus restriction and other dietary recommendations.

Phosphate-Binding Agents
Significant reduction of serum phosphorus may be difficult
to achieve with dietary intervention alone, particularly in
patients with more advanced kidney disease (eGFR <30
mL/minute/1.73 m2). For these patients, phosphate-binding
agents used in conjunction with dietary restriction are nec-
essary. Phosphate-binding agents limit phosphorus absorption
from the GI tract by binding with the phosphorus present from
dietary sources. Therefore, these agents must be administered
with meals. Available binders include products that contain
calcium, lanthanum, aluminum, or magnesium cations or the
polymer-based agent, sevelamer hydrochloride (Renagel).

CALCIUM-CONTAINING PREPARATIONS
Calcium-containing preparations, especially calcium car-

bonate and calcium acetate, are frequently used to prevent hy-
perphosphatemia in patients with kidney disease. The many
preparations available vary in their calcium content (Table
31-7). Correction of hypocalcemia is an added beneficial ef-
fect of the calcium-containing preparations; however, a risk
exists of hypercalcemia and cardiac calcification associated
with the prolonged use of these agents.134 Compared with cal-
cium carbonate, calcium acetate binds about twice the amount
of phosphorus for the same amount of calcium salts, which
may be owing to the increased solubility of calcium acetate in
both acidic and alkaline environments.135 Despite the reduc-
tion in the dose of elemental calcium required with the acetate
product, the incidence of hypercalcemia does not differ.135 Cal-
cium citrate is a calcium salt with a phosphate-binding capacity

Table 31-7 Phosphate-Binding Agents

Product Select Available Agents a Content of Compound Starting Dose

Calcium carbonate (40%
calcium)

Tums 200, 300, 400 mg 0.8–2 g elemental Ca with meals
Os-Cal-500 500 mg
Nephro-Calci 600 mg
Caltrate 600 600 mg
Calcarb HD (powder) 2,400 mg/packet
CaCO3 (multiple preparations) 200–600 mg

Calcium acetate (25% calcium) Phos-Lo 667 mg 169 mg 2–3 tablets with meals
Sevelamer hydrochloride

(polymer-based)
Renagel (tablet, capsule) 400, 800 mg (tablet) 800–1,600 mg with meals

Lanthanum carbonate
Aluminum hydroxideb

Fosrenol
AlternaGel (suspension)

250, 500, 750, 1,000 mg
600 mg/5 mL

250–500 mg with meals
300–600 mg with meals

Amphojel (tablet and suspension) 300, 600 mg (tablet)
320 mg/5 mL (suspension)

Alu-Cap (capsule) 400 mg
Alu-Tab 500 mg
Basaljel (tablet, capsule, and

suspension)
500 mg (tablet, capsule)

400 mg/mL (suspension)
Magnesium carbonateb Mag-Carb (capsule) 70 mg 70 mg with meals
Magnesium hydroxideb Milk of Magnesia (tablet and

suspension)
300, 600 mg (tablet) 300–400 mg with meals
400, 800 mg/5 mL (suspension)

aTablet unless noted otherwise.
bNot first-line choice as a phosphate binder for chronic use.
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similar to that of calcium carbonate; however, because it also
increases aluminum absorption from the GI tract, its use is not
recommended in patients with kidney disease.

Although calcium-containing binders have an added bene-
fit of correcting hypocalcemia, the potential for hypercalcemia
must be frequently evaluated in patients receiving these agents
chronically. Simultaneous administration of vitamin D prepa-
rations and calcium also increases the risk of hypercalcemia.
A “corrected” serum calcium and the “Ca-P product” (defined
below) should be determined before therapy is started and at
regular intervals thereafter.

Serum calcium should be maintained at near normal levels
in the earlier stages of CKD. Calculating corrected calcium
adjusts for the change in the ratio of free (unbound) versus
protein bound calcium owing to reduced serum albumin con-
centrations. A narrower range is recommended in patients with
stage 5 CKD (upper range of ∼9.5 mg/dL) to prevent both
hypocalcemia and hypercalcemia.84

Corrected total calcium (mg/dL) = Total calcium (mg/dL)
+ 0.8 × [4-Serum albumin (g/dL)]

(31-5)

The calculation for Ca-P is as follows:

Ca-P = Corrected calcium (mg/dL)
× serum phosphorus (mg/dL) (31-6)

The calculated Ca-P value gives some indication to when
calcium and phosphate may precipitate and be deposited into
soft tissue (e.g., coronary vasculature). Based on the increased
risk of mortality associated with an elevated Ca-P product and
the potential for cardiac calcification, the ideal Ca-P product
target has been decreased to <55 mg2/dL2.84 This is much
lower than the former recommendation of <65 to 70 mg2/dL2

and more difficult to achieve. When the Ca-P product exceeds
the target value, the patient should be switched to a non–
calcium-based phosphate binder. Alternatives include seve-
lamer and cations, such as lanthanum carbonate, aluminum,
or magnesium preparations. For patients requiring dialysis, re-
ducing the calcium concentration of the dialysate bath may
decrease the risk of hypercalcemia. Although avoiding hyper-
calcemia should reduce the risk of cardiac calcification, calci-
fications still can occur because of other contributing factors
in the CKD population (e.g., hyperphosphatemia).

Nausea, diarrhea, and constipation are other side effects
of calcium-containing products. Because calcium-containing
binders may interact with other drugs, timing of their admin-
istration relative to other agents must be considered. Fluoro-
quinolones and oral iron, for example, should be taken at least
1 or 2 hours before calcium-containing phosphate binders. Im-
portantly, if the calcium products are being used as supple-
mentation to treat hypocalcemia or osteoporosis, they should
be taken between meals to enhance intestinal absorption. This
is in contrast to their administration with meals if they are being
used as phosphate binders. Starting doses of common calcium-
containing phosphate binders are listed in Table 31-7.

SEVELAMER HYDROCHLORIDE
Sevelamer hydrochloride (Renagel) is a nonabsorbed,

polymer-based product that binds phosphorus in the GI tract.136

The benefit of lowering phosphorus without significantly af-

fecting serum calcium has led to the increased use of sevelamer
in patients with CKD, and it is now considered a first-line agent
in patients with stage 5 CKD.84 Sevelamer also lowers LDL and
total serum cholesterol, a substantial benefit considering the in-
creased risk of cardiovascular events in this population.137 The
combined use of sevelamer and calcium supplementation has
been evaluated. Coadministration of calcium (900 mg/day el-
emental calcium) with sevelamer resulted in greater decreases
in both phosphorus and PTH than either agent alone without
significant increases in serum calcium.138 This may prove to be
a useful way to control phosphorus and PTH, while avoiding
both hypocalcemia and hypercalcemia.

Sevelamer has a potential benefit of attenuating the progres-
sion of coronary calcification, which may be related to its LDL
and total serum cholesterol-lowering effects and a benefit from
reduced calcium loading. The actual benefit of sevelamer on
mortality is controversial. The post hoc analysis of the Renagel
in New Dialysis (RIND) trial showed a survival advantage with
sevelamer compared with calcium acetate, however, the Dialy-
sis Clinical Outcomes Revisited (DCOR) trial failed to show a
difference in mortality between the two agents.139 One expla-
nation for the disparity in these results may be the difference
in the population of patients on HD between the two trials. The
RIND included incident patients on HD, whereas the DCOR
included prevalent patients who likely would have advanced
cardiovascular disease.

Sevelamer is available as a 403-mg capsule and as 400-mg
and 800-mg tablets. The starting dose is variable and depends
on the baseline serum phosphorus concentration (800 mg TID
with meals if serum phosphorus is <7.5 mg/dL; 1,600 mg TID
with meals if serum phosphorus is >7.5 mg/dL).136 Gradual
adjustments can be made at 2-week intervals, based on serum
phosphorus levels. Dosing guidelines for sevelamer are also
available for patients being converted from calcium acetate.
Based on studies showing similar reductions in serum phos-
phorus, 800 mg of sevelamer is considered equivalent to 667
mg of calcium acetate (169 mg elemental calcium).136

Data regarding drug interactions with sevelamer are lim-
ited; however, in recent evaluations, no drug interactions with
digoxin, warfarin, metoprolol, and enalapril were observed.136

The current prescribing information recommends administer-
ing sevelamer 1 hour before or 3 hours after administration of
other agents with narrow therapeutic indices.136 The admin-
istration of sevelamer to patients on HD has been associated
with a lowering of serum bicarbonate. Several studies have
confirmed this effect and it should be taken into account when
using this agent.140

LANTHANUM CARBONATE
Lanthanum carbonate (Fosrenol) is a newly approved phos-

phate binder that offers another option for a noncalcium, non-
aluminum preparation. When ingested, it dissociates into a
trivalent cation with similar binding capacity as aluminum
salts, and lanthanum also has been found to be as effective
and tolerable as standard treatment. Both calcium and iPTH
were lower in the lanthanum group.141 Lanthanum is mainly
excreted via the biliary route, with minimal renal elimination.

Studies have evaluated the deposition and toxicity of lan-
thanum in the bone, liver, and brain because of concerns of
lanthanum accumulation. Although lanthanum accumulates
in lysosomes in the liver, this has not been correlated with
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increased liver enzymes or hepatobiliary adverse events in pa-
tients receiving lanthanum 3.75 g/day for up to 3 years.142 This
is likely an excretory process through the biliary tract similar to
iron and copper. A prospective trial of patients on HD receiving
lanthanum for 1 year found minimal deposition of lanthanum
within the bone and less likelihood of adynamic bone histology
compared with patients receiving calcium carbonate.143 Over a
2-year period, patients receiving lanthanum were not found to
accelerate the natural deterioration in cognitive function seen
in patients on HD.144

Lanthanum is supplied as chewable tablets for oral admin-
istration in four strengths: 250, 500, 750, and 1,000 mg. The
recommended initial total daily dose is 750 to 1,500 mg given
with meals and dosage titration up to a maximal dosage of
3,000 mg daily should be based on serum phosphate levels.
The most frequent adverse events reported in clinical trials are
nausea and vomiting.145

OTHER PHOSPHATE BINDERS
Aluminum preparations bind dietary phosphorus in the GI

tract from both dietary sources and enterohepatic secretions
and form an insoluble aluminum–phosphate complex that is
excreted in the stool. Although these products were once used
as first-line agents to decrease phosphorus, their use lost fa-
vor because of accumulation of aluminum in patients with
CKD. Elevated serum aluminum concentrations and aluminum
deposition in bone and other tissues of patients with kid-
ney disease have been associated with osteomalacia, micro-
cytic anemia, and a fatal neurologic syndrome, referred to as
dialysis encephalopathy.146 Treatment of aluminum toxicity
requires chelation with deferoxamine. Aluminum-containing
agents should only be considered on a short-term basis (up to
4 weeks) for patients with an elevated Ca-P product; however,
sevelamer is generally preferred in these situations. Sucralfate,
used primarily for the treatment of ulcers, also contains alu-
minum and should be used cautiously in patients with kidney
disease.

Magnesium agents (magnesium hydroxide, magnesium car-
bonate) may be beneficial, but as with aluminum, their use
should be limited, because at the high doses required to con-
trol serum phosphorus concentrations, severe diarrhea and hy-
permagnesemia invariably result. Magnesium might, however,
be considered in patients whose serum phosphorus concen-
trations cannot be controlled adequately by other phosphate-
binding agents. In this instance, a magnesium-containing phos-
phate binder may be added in conjunction with a reduction in
the dialysate magnesium concentration (in the dialysis popula-
tion). These agents should not be considered first-line therapy
for control of phosphorus and careful monitoring of magne-
sium is warranted if therapy is started.

D.B.’s corrected calcium is approximately 9.2 mg/dL and
the Ca-P product is 66 mg2/dL2. More aggressive control of
serum phosphorus is needed to achieve a phosphorus level
<5.5 mg/dL. Currently she is receiving 1,500 mg of elemen-
tal calcium. Although presumably much of this calcium will
be bound to phosphorus in the GI tract, a potential exists for
calcium absorption. Because her Ca-P product is above the
threshold of 55 mg/dL, she is at increased risk for cardiac cal-
cification and adverse outcomes. The total dose of elemental
calcium provided by binders should not exceed 1,500 mg/day
(or 2,000 mg/day from binders and diet).84 Sevelamer should

be started to limit her calcium exposure and decrease her phos-
phorus levels. The recommended starting dose is 800 mg TID
with meals and titrated based on follow up of calcium, phospho-
rus, and Ca-P values. Adjustments should also be considered in
conjunction with vitamin D therapy (see section on vitamin D
below). D.B. should be instructed to take her phosphate binder
with meals. This regimen should be implemented in conjunc-
tion with a restricted-phosphorus diet. Regular reinforcement
of the importance of compliance is necessary, because non-
adherence with prescribed dietary phosphorus restriction and
drug therapy is one of the most significant factors associated
with treatment failure. Use of a low-calcium dialysate may also
help decrease her risk of hypercalcemia.

Vitamin D
CALCITRIOL
Vitamin D occurs naturally as ergocalciferol (vitamin D2)

and cholecalciferol (vitamin D3), both of which are inactive
precursors of active forms of vitamin D. An intermediate ac-
tivation step (25-hydroxylation) occurs in the liver to produce
25-hydroxy vitamin D (25-hydroxycalciferol), which is also
relatively inactive. Final activation (1-hydroxylation) occurs in
the kidney, yielding calcitriol (l,25-dihydroxycholecalciferol),
the active form of vitamin D. Thus, the response to vitamins D2
and D3 in patients with compromised renal function can vary,
depending on the degree of kidney dysfunction and the ability
of the kidney to metabolize 25-hydroxyvitamin D to calcitriol.
For unexplained reasons, some patients in the early stages of
CKD can also have decreased levels of 25-hydroxyvitamin D,
reducing substrate for producing calcitriol.147 Altered vitamin
D metabolism that occurs in this population may warrant mea-
surement of 25-hydroxyvitamin D and supplementation with
vitamin D precursors, such as ergocalciferol.84 Oral therapy
with active vitamin D (oral calcitriol) or an analog (oral doxer-
calciferol) is likely warranted only when PTH remains elevated
despite normal 25-hydroxyvitamin D levels.84,147 As the final,
active metabolite of vitamin D, calcitriol is required in patients
with more severe kidney disease (stage 5 CKD).

Administration of active vitamin D, in conjunction with con-
trol of serum phosphorus and calcium, is necessary in many
patients with CKD to control PTH and prevent ROD. Calcitriol
interacts with the vitamin D receptor (VDR) located in the
parathyroid gland, intestines, bone, and kidney. It is thought to
decrease PTH messenger RNA (mRNA) resulting in decreased
PTH secretion. It also lowers the calcium set point for PTH re-
lease in patients with CKD with sHPT, most likely through
a direct effect on calcium receptors within the parathyroid
gland.130 In addition, calcitriol stimulates calcium absorption
from the GI tract to correct hypocalcemia and prevent sHPT. To
avoid hypercalcemia, the lowest-effective dose should be used
and the patient’s serum calcium and the Ca-P product should
be monitored at least every 2 weeks for 1 month and then
monthly thereafter. Furthermore, control of serum phosphorus
is critical before calcitriol is initiated, because this agent also
increases GI phosphorus absorption.

Calcitriol is available as an oral formulation (Rocaltrol) or
IV formulation (Calcijex). Administration of calcitriol by ei-
ther the oral or IV route may be based on conventional dosing
(usually 0.25–0.5 mcg/day) or pulse dosing (intermittent dos-
ing of 0.5 to 2.0 mcg two to three times per week). Higher
doses (e.g., 4 mcg three times per week) are generally required
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to reduce PTH secretion in more severe sHPT (PTH >1,000
pg/mL). Daily dosing of 0.25 to 0.5 mcg may be preferred
in patients with hypocalcemia, because this regimen primar-
ily works to stimulate calcium absorption from the GI tract.
Intermittent dosing of IV calcitriol is more routine in the HD
population, because administration is coordinated with dialy-
sis. In contrast, oral dosing is more convenient in patients with
CKD who are not having dialysis and the PD population. Intact
PTH and serum calcium concentrations are used to determine
starting doses and dosing adjustments for calcitriol. Acceptable
iPTH ranges of three to four times normal have been proposed
in patients with stage 5 CKD to prevent sHPT while avoid-
ing adynamic bone disease.131,147 Lower iPTH ranges of one
to two times normal may be more reasonable in patients with
stage 4 CKD.84

Intact PTH (1–84 PTH) is the 84 amino acid biologically
active form of this hormone. It is metabolized into smaller, less
active fragments (e.g., 7-84 PTH) with activity that is not well
characterized. These fragments are cleared from the circula-
tion by the kidney and may accumulate in patients with CKD.
Assays used for iPTH measure the intact structure as well as
the biologically active and inactive PTH fragments. Thus, pro-
posed ranges for iPTH in current guidelines are based on these
assays. Recently, assays that measure only the biologically ac-
tive form (1-84 PTH) have become available. When iPTH is
measured using both methods, there is roughly a 2:1 ratio be-
tween the nonspecific and specific assay results. For example,
the current guidelines for iPTH in patients with stage 5 CKD
state a value of 150 to 300 pg/mL (i.e., three to four times nor-
mal); this would correspond to a 1-84 PTH concentration of ap-
proximately 75 to 150 pg/mL measured by the new methods.148

These newer assays have not yet been adopted for most of the
CKD population; however, they are being used in some clinical
settings. Clearly, the clinician must know which assay has been
used to appropriately interpret the results, establish the desired
PTH range, and correctly adjust therapy.

Dose adjustments of calcitriol are generally made in 0.5-
to 1.0-mcg increments every 2 to 4 weeks in the early stages
of therapy until iPTH and serum calcium are maintained at
target levels. If hypercalcemia develops, the decision to with-
hold therapy or to switch to a vitamin D analog (see section on
vitamin D analogs) must be made. Serum iPTH should be mon-
itored every 3 to 6 months, and adjustments of calcitriol doses
made to maintain the goal iPTH and to prevent hypercalcemia
and hyperphosphatemia.

VITAMIN D ANALOGS
The unique interactions of vitamin D with the VDR have led

to the development of vitamin D analogs, which vary in their
affinity for the VDR. In the case of treatment for sHPT, some
were developed to retain the suppressive effect on PTH release
while decreasing the potential for hypercalcemia relative to
calcitriol. Currently approved agents for managing sHPT in
the United States are paricalcitol (Zemplar), also referred to as
19-nor-1,25-dihydroxyvitamin D2, and doxercalciferol (Hec-
torol), or 1-α-hydroxyvitamin D2. Doxercalciferol requires
conversion to the active form (1-α-,25-dihydroxyvitamin D2)
by the liver.

In patients with sHPT, paricalcitol significantly decreases
iPTH without significantly increasing calcium, phosphorus, or
Ca-P product.149,150 In one such study, a significant rise in cal-

cium concentration (within the normal range) was observed
after 12 weeks of paricalcitol therapy at a maximal dose of
0.12 mcg/kg. Patients experiencing transient episodes of hy-
percalcemia (calcium >11 mg/dL) were evaluated with regard
to their corresponding iPTH levels. An iPTH level<100 pg/mL
was associated with an increase in serum calcium concentra-
tion equal to or beyond the upper limits of normal, indicating
that these events were caused by inappropriate dosing and over-
suppression of PTH.149 Based on these data, the recommended
initial dose of paricalcitol is 0.04 mcg/kg to 0.1 mcg/kg IV ad-
ministered with each dialysis session or every other day.151

Doses can be titrated by 2- to 4-mcg increments every 2 to 4
weeks based on iPTH values. Some data have also suggested
paricalcitol dosing based on initial PTH levels (paricalcitol
dose = PTH/80), rather than weight, as a reasonable dosing
strategy.151 Oral paricalcitol capsules are now available for use
in CKD stages 3 and 4, and are available in three strengths (1,
2, and 4 mcg) administered daily or TIW. The starting dose
should be 1 mcg daily or 2 mcg TIW if the baseline iPTH level
is ≤500 pg/mL and 2 mcg daily or 4 mcg TIW if the iPTH is
>500 pg/mL. Dosage adjustments based on change in iPTH
levels should occur every 2 to 4 weeks.152

The recommended conversion ratio for calcitriol to par-
icalcitol is 1:4 (i.e., for every 1 mcg of calcitriol, 4 mcg
of paricalcitol should be administered). This information is
based on similar efficacy observed when patients treated for
secondary hyperparathyroidism with calcitriol were switched
to paricalcitol using this dosing strategy.149 A lower ratio of
1:3 also has been proposed in patients resistant to therapy
with calcitriol.153 Although data comparing paricalcitol with
calcitriol are currently limited, one study reported fewer cases
of hyperphosphatemia with paricalcitol at doses that had equiv-
alent efficacy with regard to PTH suppression. A trend was also
seen toward more rapid suppression of PTH in patients treated
with paricalcitol.154

Doxercalciferol is another vitamin D analog that has pro-
vided an alternative to the active form of vitamin D and has
been studied in patients with stage 5 CKD on dialysis.155,156

Intermittent oral therapy was administered to patients on HD
with hyperparathyroidism (iPTH, >400 pg/mL) in a multicen-
ter trial. In this study, 10 mcg of oral doxercalciferol was ad-
ministered three times per week with HD.155 Of the 99 patients
completing the study, 83% achieved the target iPTH; higher
doses and longer therapy was required for patients with more
severe sHPT (PTH, 1,200 pg/mL). Hypercalcemia occurred in
a larger percent of patients in the doxercalciferol group com-
pared with placebo, and this was corrected by lowering the
doxercalciferol dose or by reducing calcium-containing phos-
phate binders. In another study, intermittent IV therapy was
compared with intermittent oral administration.156 The doses
were 4 mcg IV or 10 mcg orally three times per week with HD.
Oral and IV therapy were both effective in reducing iPTH lev-
els in patients with sHPT; however, some evidence indicated
that intermittent IV therapy may result in less hypercalcemia
and hyperphosphatemia than oral intermittent therapy. Com-
parisons with calcitriol have not been reported. The recom-
mended starting dose of doxercalciferol for patients on dialy-
sis is 4 mcg IV or 10 mcg orally administered three times per
week with dosing titration based on changes in iPTH.157

Vitamin D analogs offer an alternative for patients in whom
persistent hypercalcemia develops with calcitriol therapy. Use
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of these agents is increasing in clinical practice because of
the concerns of hypercalcemia and its adverse consequences.
Recent retrospective reports indicate a mortality benefit with
vitamin D therapy. A historical cohort study of patients on
HD, found that patients receiving either calcitriol or paricalci-
tol had lower overall and cardiovascular-related mortality rates
than those not receiving vitamin D therapy.158 Two trials also
examined the survival advantages among the different forms
of vitamin D in patients on HD.159,160 One report indicated that
receiving paricalcitol for 36 months conferred a survival ad-
vantage starting at 12 months from initiation of therapy and in-
creased over time compared with those receiving calcitriol.159

Another study reported that patients taking either paricalcitol
or doxercalciferol had a significantly lower mortality rate than
patients receiving calcitriol, although when adjusted for labo-
ratory values and clinic standardized mortality, no difference
was found between the products.160

Possible biologic reasons for vitamin D improving outcomes
include its role downregulating the RAS and immunomodula-
tory properties. A prospective trial would be required to con-
firm a survival advantage associated with vitamin D therapy.

Calcimimetics
The discovery of extracellular calcium-sensing receptors
(CaSR) has prompted research with calcimimetic agents that
allosterically modulate CaSR. CaSR have been identified in
the parathyroid gland, thyroid, nephron, brain, intestine, bone,
lung, and other tissues. Calcimimetic agents increase the sen-
sitivity of the CaSR to extracellular calcium ions, inhibit the
release of PTH, lowering PTH levels within hours after ad-
ministration. The calcimimetic cinacalcet is the first agent in
this class to be approved by the FDA. Pooled data from two
phase III trials of this agent demonstrated efficacy in lower-
ing PTH concentrations and Ca-P product in patients on HD
with sHPT and a higher proportion of patients achieved NKF-
K/DOQI recommended targets for PTH, calcium, phosphorus,
and Ca-P product.161 No data are found on survival rates for
patients receiving cinacalcet versus those treated with vitamin
D. Cinacalcet, however, offers an additional choice of agent to
lower PTH when vitamin D cannot be increased because of el-
evated calcium, phosphorus, or calcium-phosphorus product.
Current studies are also examining the role of combined ther-
apy with cinacalcet and vitamin D therapy to improve achieve-
ment of bone metabolism and disease targets.162

Appropriate treatment for D.B. should be based on as-
sessment of her serum calcium, phosphorus, and PTH val-
ues. She currently has an elevated PTH, phosphorus, and
calcium-phosphorus product; therefore, cinacalcet should be
started in conjunction with her dietary phosphorus restriction,
phosphate-binder regimen, and vitamin D therapy. Cinacalcet
should be initiated at a dose of 30 mg daily with dosage titra-
tions occurring every 2 to 4 weeks to 60, 90, 120 or a maximum
of 180 mg daily to achieve target iPTH levels. Serum calcium
and phosphorous levels should be drawn within 1 week after
initiation or dosage increase, and plasma PTH levels drawn
within 4 weeks after initiation of therapy or dosage adjust-
ment. Nausea and vomiting are the most common adverse
events associated with cinacalcet. In phase III trials, 66% of pa-
tients receiving cinacalcet experienced at least one episode of
hypocalcemia (serum calcium <8.4 mg/dL), although, <1%
of patients discontinued treatment.163 The high incidence of

hyocalcemia is not solely caused by lowered PTH activity, but
is also attributed to the mechanism of action of cinacalcet. It
is thought that activation of CaSR in bone, intestine, and other
tissues may contribute to hypocalemia.164,165 Most episodes of
hypocalemia occur during the initiation of cinacalcet therapy
and slowly titrating the dose reduces the risk. Seizures caused
by hypocalcemia have been reported, however. Vitamin D or
calcium-based binders can be increased to manage serum cal-
cium levels between 7.5 and 8.4 mg/dL. If serum calcium falls
below 7.5 mg/dL and is associated with symptoms of hypocal-
cemia and vitamin D cannot be increased further, cinacalcet
should be withheld until serum calcium is 8.0 mg/dL or the pa-
tient is asymptomatic. Cinacalcet is a strong in vitro inhibitor
of CYP2D6, therefore, dose adjustments of concomitant med-
ications that are predominantly metabolized by CYP2D6 may
be required. Ketoconazole has also been documented to inter-
act with cinacalcet. Cinacalcet is a substrate of CYP3A4, and
ketaconazole, a potent inhibitor of CYP3A4, has been shown
to increase the area under the curve (AUC) of cinacalcet 2.3
times. Thus, other inhibitors of the CYP3A4 isoenzyme should
be used in caution in patients receiving cinacalcet.163 Short-
term aluminum hydroxide may be another alternative if more
aggressive lowering of phosphorus is necessary.

Parathyroidectomy
The parathyroid glands enlarge as a compensatory re-
sponse to disturbances of phosphorus, calcium, and calcitriol
metabolism in patients with CKD. Timely administration of vi-
tamin D therapy to prevent parathyroid hyperplasia is crucial,
because treatment with vitamin D cannot adequately reverse
established hyperplasia.133 Under circumstances in which se-
vere sHPT cannot be controlled by dietary phosphorus re-
striction and drug therapy, parathyroidectomy is considered.
Parathyroidectomy can be subtotal, total, or total with auto-
transplantation. One of the major complications of parathy-
roidectomy is the early development of postsurgical hypocal-
cemia. Clinical symptoms of hypocalcemia include muscle
irritability, fatigue, depression, and memory loss. Patients
should be monitored closely following parathyroidectomy, and
all patients with signs or symptoms of hypocalcemia should be
treated with calcium supplementation (see Chapter 11, Fluid
and Electrolyte Disorders). In patients who have had subtotal
parathyroidectomy, the remaining parathyroid tissues will start
functioning adequately, so that the acute hypocalcemia is only
transient, lasting only a few days. With total parathyroidectomy,
however, hypocalcemia is permanent, necessitating long-term
treatment with calcitriol and oral calcium supplements (1–1.5
g/day of elemental calcium).

OTHER COMPLICATIONS OF CKD
Endocrine Abnormalities Caused by Uremia

18. Does D.B.’s hypothyroidism have any relationship to her
CKD? What other endocrine abnormalities are associated with
uremia?

Disturbances in thyroid function are frequently encountered
in patients with CKD because the kidney is involved in all as-
pects of peripheral thyroid hormone metabolism. Common lab-
oratory abnormalities include reduced serum concentrations
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of total thyroxine (T4) and 3,5,3′-triiodothyronine (T3) and a
low free thyroxine index (FTI). The thyroid-stimulating hor-
mone (TSH) concentration is usually normal, but peripheral
conversion of T4 to T3 is reduced in uremic patients.166 De-
spite these abnormalities, clinical hypothyroidism does not
occur solely as a result of kidney disease, probably because
the amount of free (unbound to protein) thyroid hormone in
serum remains normal. Hypothyroidism in patients with kid-
ney failure should be confirmed by the presence of an elevated
serum TSH concentration and a low serum concentration of
free T4.

Other endocrine abnormalities that have been observed in
patients with CKD include gonadal dysfunction leading to im-
potence, diminished testicular size, menstrual abnormalities,
and cessation of ovulation.167 Decreased libido and infertil-
ity occur in both sexes. Uremic women should avoid becom-
ing pregnant, because there is a low likelihood of successful
delivery. In children with kidney disease, growth retardation
occurs despite normal or elevated growth hormone. Hyperpro-
lactinemia and altered vasoactive hormone activity are other
endocrine disturbances that can occur in patients with CKD.166

Altered Glucose and Insulin Metabolism

19. Other than the obvious effect of D.B.’s diabetes mellitus on
blood glucose, are there any effects of kidney disease itself on
glucose metabolism?

Uremia often is associated with glucose intolerance early
in the course of kidney disease in nondiabetic patients and this
may be referred to as “pseudodiabetes.” Specifically, patients
with CKD often exhibit an abnormal response to an oral glu-
cose challenge and have sustained hyperinsulinemia.168 The
fasting blood glucose is typically within normal limits. Di-
minished tissue sensitivity to the action of insulin is also ob-
served. Although their exact role is unclear, several uremic
toxins, including urea, creatinine, guanidinosuccinic acid, and
methylguanidine, have been implicated as causes for insulin
resistance. Elevated concentrations of growth hormone, PTH,
and glucagon also may contribute to glucose intolerance. Most
nondiabetic patients with kidney disease do not require therapy
for hyperglycemia, and dialysis can correct these abnormalities
in glucose metabolism.166

Patients with diabetes mellitus and advanced kidney dis-
ease may experience improved glucose control and decreased
insulin requirements. This is because the kidney is responsible
for a substantial amount of daily insulin degradation and, as
the disease progresses, less insulin is cleared, and its metabolic
half-life is increased.166 A decreased clearance of insulin by
muscle tissue also can occur in patients with uremia. Thus, in
diabetic patients with progressive kidney disease, blood glu-
cose concentrations should be monitored and insulin doses ad-
justed to avoid hypoglycemia. D.B. has stage 5 CKD and is re-
ceiving her insulin in the peritoneal dialysate solution. Hyper-
glycemia is also a concern in D.B. because the glucose present
in her continuous ambulatory peritoneal dialysis (CAPD) fluid
to promote fluid removal will be absorbed systemically. Insulin
dosage adjustments should be made on the basis of repeated
home blood glucose measurements, changes in the CAPD pre-
scription, and glycosylated hemoglobin determinations.

Gastrointestinal Complications

20. One month before her current clinic visit, D.B. complained
of nausea and vomiting of partially digested food. Metoclo-
pramide (Reglan) was begun at that time. Could D.B.’s nausea
and vomiting have been caused by her kidney failure? Was the
appropriate therapy selected?

Gastrointestinal abnormalities are extremely common in
patients with CKD and include anorexia, nausea, vomit-
ing, hiccups, abdominal pain, GI bleeding, diarrhea, and
constipation.169 Diminished gastric motility can occur from
uremia; however, this problem may improve with adequate HD.
Dyspeptic complaints and gastroparesis may be more preva-
lent in the PD population than in the HD population and in
the earlier stages of CKD.170 D.B has diabetes and diabetic
neuropathy, which also contributes to the delayed gastric emp-
tying (diabetic gastroparesis) and retention of food in the upper
intestinal tract. This frequently causes distention, nausea, and
vomiting. Metoclopramide is recommended to relieve these
symptoms, although the risk for extrapyramidal side effects
should be considered. A lower dose of 5 mg before meals
may be warranted for D.B. Cisapride (Propulsid), a prokinetic
agent that has restricted access, is contraindicated in patients
with kidney disease because its use is associated with the de-
velopment of arrhythmias in this population.

Severe uremia also causes nausea and vomiting, and these
can be initial presenting symptoms of kidney failure. Although
antiemetics, such as prochlorperazine (Compazine), are used,
dialysis is the preferred therapy. Drug-induced nausea and
vomiting always should be considered, because patients with
CKD often take multiple drugs and are at risk for drug toxicity
because of diminished kidney function (e.g., digitalis intoxi-
cation).

Bleeding

21. During her clinic visit, D.B. reports that her bowel move-
ments have become black and tarry in appearance. A rectal ex-
amination reveals guaiac-positive stools. Is GI bleeding related to
kidney failure?

D.B. should be evaluated for peptic ulcer disease and lower
GI bleeding. Uremic patients are at risk for bleeding from
mucosal surfaces such as the stomach. D.B.’s hemoglobin
and hematocrit are below the target values (11–12 g/dL for
hemoglobin, 33% to 36% for hematocrit), despite therapy with
epoetin, and it is likely that bleeding is contributing to poor re-
sponsiveness to therapy. Angiodysplasia of the stomach and
duodenum, as well as erosive esophagitis, are the most com-
mon causes of bleeding in patients with CKD.171 Treatment
of upper GI bleeding in uremic patients usually consists of
cautious use of antacid therapy and H2-receptor antagonists,
which should be given in reduced doses according to the de-
gree of kidney function. Proton pump inhibitors are primar-
ily eliminated by nonrenal routes and can be administered at
standard doses (see Chapter 26, Upper Gastrointestinal Disor-
ders). Use of H2-receptor antagonists has generally replaced
chronic antacid use for treatment of dyspepsia in patients with
CKD.
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Neurologic Complications

22. S.H., a 64-year-old, 72-kg, black man, went to his primary
care physician because of weakness, nausea, lethargy, decreased
exercise tolerance, and general malaise that has developed over
the past few weeks. S.H. had not been seen by a physician for
>10 years. His medical history was unremarkable, except he re-
calls being told approximately 5 years ago that he had borderline
hypertension. He was taking no medications. The physician’s ex-
amination revealed a BP of 168/92 mmHg, and funduscopic ex-
amination showed grade III hypertensive changes. On neurologic
examination, S.H. was slightly confused, appeared somnolent, and
had diminished sensation to pinprick in both lower extremities;
asterixis was present. Examination of the skin showed pallor and
excoriations across the abdomen, legs, and arms. Pertinent lab-
oratory values were as follows: Hct, 20% (normal, 39%–49%);
Hgb, 6.7 g/dL (normal, 13–16 g/dL); WBC count, 9,100/mm3

(normal, 3,200–9,800/mm3); serum Na, 135 mEq/L (normal, 135–
147 mEq/L); K, 5.8 mEq/L (normal, 3.5–5.0 mEq/L); Cl, 109
mEq/L (normal, 95–105 mEq/L); CO2 content, 16 mEq/L (nor-
mal, 22–28 mEq/L); random blood glucose, 121 mg/dL (nor-
mal, <140 mg/dL); BUN, 199 mg/dL (normal, 8–18 mg/dL);
SrCr, 19.8 mg/dL (normal, 0.6–1.2 mg/dL); Ca, 8.5 mg/dL (nor-
mal, 8.8–10.4 mg/dL); phosphate, 11.1 mg/dL (normal, 2.5–
5.0 mg/dL); intact PTH, 830 pg/mL (normal, 5–65 pg/mL);
uric acid, 11.9 mg/dL (normal, 2.0–7.0 mg/dL); and albumin,
3.0 g/dL (normal, 4.0–6.0 g/dL).

Renal ultrasonography revealed no obstruction and small
kidneys bilaterally. Subsequent kidney biopsy showed chronic
glomerular scarring. S.H. was diagnosed with stage 5 CKD, likely
caused by chronic, untreated hypertension. What is the likely ex-
planation for S.H.’s altered mental status? What treatment, if any,
is indicated for his neurologic findings?

[SI units: Hct, 0.20 (normal, 0.39–0.49); Hgb, 67 g/L (normal, 130–160);

WBC, 9,100 × 106/L (normal, 3,200–9,800); Na, 135 mmol/L (normal,

135–147); K, 5.8 mmol/L (normal, 3.5–5.0); Cl, 109 mmol/L (normal,

95–105); CO2, 16 mmol/L (normal, 22–28); blood glucose, 6.7 mmol/L

(normal, <11 mmol/L); BUN, 71.0 mmol/L of urea (normal, 3.0–6.5);

SrCr, 1,750 μmol/L (normal, 50–110); Ca, 2.12 mmol/L (normal, 2.2–2.6);

phosphate, 3.58 mmol/L (normal, 0.8–1.60); uric acid, 708 μmol/L (normal,

120–420); and albumin, 30 g/L (normal, 40–60)]

Disorders of the central nervous system (CNS) that occur in
patients with untreated kidney disease and in those receiving
dialysis are referred to collectively as uremic encephalopathy.
Symptoms generally occur when the eGFR is <10% of nor-
mal. Although S.H.’s altered neurologic function is most likely
caused by uremia, a careful drug history should exclude the
possibility of drug effects. Symptoms of uremic encephalopa-
thy include alterations in consciousness, thinking, memory,
speech, psychomotor behavior, and emotion. Patients or their
family members may note fatigue, daytime drowsiness, in-
somnia, diminished cognitive abilities, slurred speech, vom-
iting, and emotional volatility. The patient also may complain
of being cold, having “restless legs,” or “burning feet.” The
encephalopathy may progress to ataxia, vertigo, nystagmus,
coma, and convulsions. Electroencephalograms (EEG) of pa-
tients with CKD usually show diffuse abnormalities.

Evidence supports PTH as a major contributing factor to the
altered neurologic status of patients with ESRD; however, other
uremic toxins can play a role in this disorder. PTH may enhance
the entry of calcium into the brain and peripheral nerves, but it
also may be directly neurotoxic. In all likelihood, S.H.’s altered
mental status will improve with dialysis and correction of his
hyperparathyroidism, although additional factors, such as his
advanced age, must be considered.

The peripheral nervous system also shows abnormal func-
tion in many patients with advanced CKD, as illustrated by
S.H., who has loss of sensation in his legs by pinprick exami-
nation. Typically, the peripheral neuropathy will be slowly pro-
gressive, distal, and symmetric, usually first involving sensory
function. The abnormalities seen usually are indistinguishable
from other types of neuropathy, especially diabetic neuropathy.
Nerve conduction studies often reveal abnormalities preceding
clinical symptoms. Treatment generally consists of measures
to alleviate symptoms with agents, such as tricyclic antidepres-
sants (e.g., amitriptyline) and anticonvulsants (e.g., phenytoin,
gabapentin). Increasing the intensity of dialysis does not seem
to affect the neuropathy; however, successful renal transplan-
tation may ameliorate nerve dysfunction.

Abnormalities of the autonomic nervous system also have
been observed in patients with kidney failure and present as
postural hypotension, impotence, impaired sweating, and al-
terations in gastric motility. HD may be more likely to correct
autonomic dysfunction in nondiabetic patients.

Dermatologic Complications

23. Why does S.H. have excoriations on his skin? What therapy
would be useful?

Several dermal abnormalities have been observed in pa-
tients with CKD, including hyperpigmentation, abnormal per-
spiration, skin dryness, and persistent pruritus. Of these, ure-
mic pruritus can be the most bothersome for the patient and
may lead to repeated scratching and skin excoriation. Hyper-
parathyroidism, hypervitaminosis A, and dermal mast cell pro-
liferation with subsequent histamine release have been sug-
gested as causes of pruritus.172

Treatment of pruritus often is a frustrating experience for the
patient and clinician. Although many therapies have been ad-
vocated, few have provided sustained benefit. A trial-and-error
approach is recommended. Efficient dialysis therapy relieves
pruritus in some patients and pharmacologic therapy may be
avoided.173 When necessary, initial pharmacologic treatment
usually consists of oral antihistamines (e.g., hydroxyzine). Top-
ical emollients or topical steroids may provide benefit if anti-
histamine therapy is not completely successful. If pruritus is
still present, other treatment options can be tried. These in-
clude cholestyramine, ultraviolet B (UVB) phototherapy, and
oral administration of activated charcoal. Control of calcium
and phosphorus concentrations and prevention of secondary
hyperparathyroidism are also advocated to reduce pruritus in
patients with CKD.

GLOMERULAR DISEASE
Glomerular diseases lead to many complications that result
from disruption of normal glomerular structure and function.
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Several clinical syndromes of glomerular disease exist; how-
ever, glomerulonephritis, characterized as proliferation and in-
flammation of the glomerulus, is observed most frequently. Ac-
cording to the most recent USRDS report, glomerulonephritis
as a broad category remains the third leading cause of ESRD in
the United States, accounting for approximately 8.4% of new
cases and a higher proportion of the PD population (14.6%)
when compared with the HD population (8%).3 In developing
countries, glomerulonephritis is more common as a cause of
kidney failure because various infectious processes responsi-
ble for glomerulonephritis are more common.

Nephrotic Syndrome
Nephrotic syndrome is characterized by proteinuria >3.5g/day,
hypoalbuminemia, edema, and hyperlipidemia. In more se-
vere conditions, hypercoagulable conditions may be present
because of loss of hemostasis control proteins, including an-
tithrombin III, protein S, and protein C. This syndrome can
occur with or without a change in glomerular filtration rate.
Nephrotic syndrome may be caused by a primary disease, such
as membranous glomerulopathy, which is characterized by de-
position of immune complexes, or other systemic diseases
including diabetic glomerulosclerosis and amyloidosis. Ele-
vated serum cholesterol and triglycerides are observed in pa-
tients with this degree of proteinuria (>3.5 g/day). This hyper-
lipidemic condition also predisposes patients with nephrotic
syndrome to accelerated atherosclerosis. Hyperlipidemia itself
can also contribute to progression of kidney disease. Because
nephrotic syndrome is associated with numerous causes, fur-
ther evaluation of the patient for systemic causes is required to
then determine the course of therapy and prognosis.

Chronic Glomerulopathies
Glomerulonephritis can occur as a primary disease that is idio-
pathic in origin (focal segmental glomerulosclerosis [FSGS])
or as a secondary manifestation of other systemic disease (lu-
pus nephritis [LN]), Wegener’s granulomatosis). Renal biopsy
is often required for definitive diagnosis. Glomerular lesions
associated with glomerulopathies are characterized as diffuse,
focal, or segmental, depending on the extent of involvement
of individual glomeruli. Pathologic changes are characterized
as proliferative, membranous, and sclerotic based on the pat-
tern observed. Proliferative changes usually involve an over-
growth of the epithelium or mesangium, whereas membranous
changes are typically described as a thickening of the glomeru-
lar basement membrane. Signs and symptoms of glomeru-
lonephritis include hematuria, proteinuria, and decreased kid-
ney function. An autoimmune reaction is the predominant
pathogenic process leading to most forms of primary and
secondary glomerulonephritis. Although a number of autoan-
tibodies are associated with glomerulonephritis, their exact
role in the pathogenesis of glomerulonephritis is still unclear.
Nonetheless, analysis of autoantibodies in the clinical setting
can aid in early diagnosis of glomerulonephritis.174

Glomerular damage generally occurs in two phases: acute
and chronic. During the acute phase, immune reactions oc-
cur within glomeruli that stimulate the complement cascade,
ultimately resulting in glomerular damage. Nonimmune mech-
anisms that occur in response to loss of nephron function and

hyperfiltration of remaining nephrons are characteristic of the
chronic phase.

Glomerulonephritis often causes acute renal failure. Pa-
tients with damage to >50% of glomeruli in the presence of
rapid loss in kidney function (over days to weeks) are classified
as having rapidly progressive glomerulonephritis (RPGN).174

If kidney involvement is severe, signs and symptoms of ure-
mia may develop. RPGN may be classified based on the
immunopathogenic etiology of the glomerular damage: (a) im-
mune complex deposition (e.g., LN), (b) nonimmune deposit-
mediated mechanism (e.g., Wegener’s granulomatosis), and (c)
sclerotic lesions of the glomerulus (e.g., FSGS).174 This chap-
ter focuses on the treatment of the more common forms of
chronic glomerulonephritis (i.e., LN, Wegener’s granulomato-
sis, FSGS).

Lupus Nephritis
Systemic lupus erythematosus (SLE) is a multisystem autoim-
mune disease characterized by abnormalities in cell-mediated
immunity, such as B-cell hyperresponsiveness and defective
T-cell–mediated suppressor activity. In certain predisposed in-
dividuals, SLE can lead to the development of LN, a secondary
form of glomerulonephritis. LN is the prototypical immune
complex-mediated kidney disease, characterized by deposi-
tion or in situ formation of autoantibody–antigen complexes
along the glomerular capillary network. LN remains an impor-
tant cause of mortality. Up to 60% of adults with SLE have
some degree of kidney involvement later in the course of their
disease, discernible from clinical evidence of kidney damage:
heavy proteinuria, hematuria, decreased eGFR, and hyperten-
sion. Early in the disease, laboratory abnormalities indicative
of kidney involvement are seen in approximately 25% to 50%
of patients.

24. C.W., a 34-year-old black woman with a 7-year history
of SLE, presents to the nephrology clinic for follow up of her
LN. Pertinent laboratory values are as follows: serum Na, 146
mEq/L (normal, 135–147 mEq/L); K, 4.2 mEq/L (normal, 3.5–
5.0 mEq/L); Cl, 100 mEq/L (normal, 95–105 mEq/L); CO2 con-
tent, 25 mEq/L (normal, 22–28 mEq/L); SrCr, 2.0 mg/dL (nor-
mal, 0.6–1.2 mg/dL); BUN, 20 mg/dL (normal, 8–18 mg/dL); and
WBC count, 9,600/mm3 (normal, 3,200–9,800/mm3). RBC indices
were normal. Platelet count is 175,000/mm3 (normal, 130,000–
400,000/mm3). Her 24-hour urine contained 2.3 g of albumin (nor-
mal, <30 mg/day), and her urine analysis shows 12 RBC/high-
power field (HPF) (normal, 0–3). Compared with her visit of a
week ago, C.W.’s kidney function and urinary indices (protein-
uria, hematuria) show substantial worsening of her nephritis.
C.W. was hospitalized, and a kidney biopsy showed inflamma-
tion of 40% of the glomeruli. What subjective and objective data
in C.W. are consistent with a diagnosis of LN, and what is the
stage of her nephritis?

[SI units: Na, 146 mmol/L (normal, 135–147); K, 4.2 mmol/L (normal,

3.5–5.0); Cl, 100 mmol/L (normal, 95–105); CO2, 25 mmol/L (normal,

22–28); SrCr, 177 μmol/L (normal, 50–110); BUN, 7.14 mmol/L of urea

(normal, 3.0–6.5); WBC, 9,600 × 106/L (normal, 3,200–9,800); platelet

count, 175 × 109/L (normal, 130–400); urinary albumin, 2.3 g/day (normal,

<0.03)]

C.W. has clinical evidence of kidney damage as demon-
strated by her proteinuria, hematuria, and increased SrCr
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Table 31-8 2003 International Society of Nephrology/Renal Pathology Society Classification of Lupus Nephritis

Class Histologic Characterization Usual Clinical Presentation

I Minimal mesangial lupus nephritis Mild proteinuria
II Mesangial proliferative glomerulonephritis Mild proteinuria and urine sediment abnormalities
III Focal and segmental proliferative glomerulonephritis

A: Active lesions; A/C: active and chronic lesions; C: chronic lesions
Proteinuria and hematuria

IV Diffuse proliferative segmental (S) or global (G) glomerulonephritis
A: Active lesions; A/C: active and chronic lesions; C: chronic lesions

Heavy proteinuria; active sediment; hypertension;
renal failure

V Membranous glomerulonephritis Proteinuria; often nephrotic syndrome
VI Advanced sclerosing glomerulonephritis Proteinuria; renal failure; nephrotic syndrome

Data from reference 175.

concentration. Glomerular damage is most evident by the
presence of RBC or red cell casts in the urine, a finding ob-
served in C.W.

CLASSIFICATIONS
The International Society of Nephrology and the Renal

Pathology Society (ISN/RPS) classification system was de-
veloped in 2003 to replace the previous classification system
published by the World Health Organization. (Table 31-8).175

This classification scheme provides a reasonable correlation
among histopathology, outcome, and response to treatment.
C.W. has proteinuria, hematuria, and inflammation of <50%
of her glomeruli, and she is diagnosed as having class III/A
(focal proliferative) glomerulonephritis.

TREATMENT

25. Should C.W.’s LN be treated?

Unlike nonrenal manifestations of SLE, serologic markers
of disease correlate poorly with LN. Therefore, elevations in
SrCr and worsening of proteinuria and hematuria, as seen in
C.W., are used as primary markers of disease activity.

Treatment of LN must address both management of the
acute disease process and maintenance therapy for the more
stable chronic disease process. A general consensus is that
patients, such as C.W., who present with focal or diffuse pro-
liferative glomerulonephritis (class III or IV), should be treated
aggressively, with the primary goal of preventing irreversible
kidney damage. The prognosis of kidney function in patients
with SLE has improved. The likelihood of developing ESRD or
dying within 10 years of diagnosis has decreased from >80%
to <20%; however, the prognosis is worse in blacks when com-
pared with the white population treated for SLE.176 Elevated
serum creatinine, heavy proteinuria, anemia, and disease on-
set during childhood or in those >60 years of age are other
predictors of a worse prognosis. Advances in pharmacologic
therapy (i.e., safer immunosuppressive regimens, and antihy-
pertensives) have improved the prognosis for the population as
a whole.

The treatment of LN is primarily empiric but is based, to
some extent, on histologic findings. Although appropriate treat-
ment can improve patient outcomes, vigorous attempts to sup-
press SLE activity may lead to serious drug-related complica-
tions. Because the primary strategy in the treatment of LN
involves suppression of the immune system with cortico-
steroids and cytotoxic agents, such as cyclophosphamide
(CYC), azathioprine (AZA), and mycophenolate mofetil

(MMF), clinicians need to be aware of the potential com-
plications associated with therapy. Therefore, careful moni-
toring of patients is essential in determining the indication
for treatment and improving prognosis. Toxicities associated
with immunosuppressive agents depend on both the dose and
the duration of therapy. Abnormalities in hematopoiesis, such
as neutropenia and thrombocytopenia, are the most common
adverse effects associated with cytotoxic agents. Immuno-
suppression, in general, increases a patient’s susceptibility to
a vast array of infections and to lymphocytic malignancies.
In addition, the alkylating agent CYC can cause nausea and
vomiting, gonadal toxicity, hemorrhagic cystitis, and alopecia.
The antimetabolite azathioprine AZA can cause pancreatitis
and abnormalities in liver function. The selective inhibitor of
inosine-monophosphate-dehydrogenase MMF, although rela-
tively benign compared with the other agents, can cause GI
disturbances.

Induction Therapy
Therapy for LN is usually not indicated in patients with nor-
mal renal function and proteinuria <2 g, regardless of class,
because these patients have a good prognosis. Corticosteroids
represent the cornerstone of therapy in patients with a mild
form of LN. Low-dose prednisone should be initiated for pa-
tients with stable LN. In patients with a more severe form (class
III and IV), prednisone 1 to 2 mg/kg/day for 4 to 8 weeks, as
a single morning dose, may be initiated. Gradual tapering of
prednisone to a low-dose regimen of 0.2 to 0.4 mg/kg/day must
be attempted once glomerulonephritis has stabilized. For the
treatment of acute exacerbations of LN, high-dose pulse ther-
apy with methylprednisolone may be warranted. Given that
C.W.’s LN has worsened, she should receive 3 days of therapy
with pulse methylprednisolone (0.5 to 1 g IV, not to exceed 1
g) for 3 days in an attempt to reduce the degree of proteinuria
and improve kidney function.176 Although generally well tol-
erated, rapid methylprednisolone injections can cause transient
tremor, flushing, and altered taste sensation. To reduce the risk
of adverse effects associated with the rate of injection, C.W.
should receive methylprednisolone over 30 minutes. After a
course of pulse methylprednisolone therapy, oral prednisone
at a dose 10 to 20 mg daily may be initiated.176 Suppression
of C.W.’s active LN should be demonstrated by a reduction in
proteinuria and hematuria and an increase in her eGFR.

The addition of cytotoxic agents is reserved for patients
who do not respond to corticosteroids alone, or those who
have unacceptable toxicity to corticosteroids, worsening renal
function, severe proliferative lesions, or evidence of sclerosis
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on renal biopsy. Induction therapy with six monthly pulse doses
of IV CYC (0.5–1 g/m2) or six doses of CYC given every 2
weeks at a dose of 0.5 g/m2 along with steroid therapy was
shown to have improved renal outcomes with less flares and
relapses.177,178 Before, and for 24 hours after initiating IV
CYC, the patient must be well hydrated to prevent bladder tox-
icity. Recently, MMF (2,000–3,000 mg/day times 6 months)
has been proven to be as effective as CYC in the induction
treatment for LN.179 Given the significant toxicities associated
with CYC (e.g. gonadal toxicity, hemorrhagic cystitis), the
anti-inflammatory properties of MMF resulting in a possible
retardation of atherosclerosis and the lower side effect profile
with MMF, the option to use MMF as an alternative agent in
LN seems promising, but its use in LN is still unclear. Stud-
ies are currently ongoing to determine the optimal dosing and
duration of therapy with MMF, as well as, which patient popu-
lation would benefit the most from this therapy in the induction
therapy for LN.

Maintenance Therapy
Once the acute flare resolves (generally in up to 12 weeks),
low-dose, maintenance steroid therapy with 5 to 15 mg/day of
prednisone can be initiated in combination with cytotoxic ther-
apy, if indicated, based on severity of LN. In a meta-analysis
assessing the efficacy of therapeutic agents used to treat LN,
improved outcomes (total mortality and ESRD) were associ-
ated with use of oral prednisone in combination with IV CYC.
As a result, the National Institutes of Health (NIH) recom-
mends the use of IV CYC pulse therapy (0.5 to 1 g/m2) every 3
months for up to 2 years for maintenance therapy of LN.180 An
additional benefit of combination therapy with immunosup-
pressive agents is their steroid-sparing effect and, potentially,
lower risk of steroid toxicity.

Studies have evaluated other immunosuppressive agents
(AZA, MMF) for maintenance therapy in light of the toxicities
associated with CYC. The most recent trial compared mainte-
nance therapy with AZA (1 to 3 mg/day) and MMF (500–3,000
mg/day) with CYC along with steroids after induction with
CYC in patients with severe LN. Patients receiving AZA had
a lower mortality rate than with CYC and the MMF treatment
group had fewer relapses than the CYC treatment group.181

Until results from long-term trials with AZA and MMF are
available, CYC is still considered first-line therapy for most
classes of LN. MMF and AZA may be indicated in patients re-
sistant to CYC therapy or with a more severe type of LN (class
III and IV). The addition of CYC, AZA, and MMF, along with
corticosteroid therapy, should be considered in C.W. once the
acute lupus flare resolves. Once suppression of C.W.’s LN is
documented, initiation of either AZA or MMF and steroids are
indicated because of the severity of her LN (class III). The du-
ration of therapy is dictated by the individual’s response, but
typically patients will require up to 2 years of maintenance
therapy.

Alternative Agents
Exploration of alternative therapies for LN are also being stud-
ied. Rituximab, a monoclonal antibody that inhibits B-cell pro-
duction, is being studied because B-cell hyperactivity is one of
the major pathophysiologic mechanisms of LN. Small studies
in patients with LH resistant to therapy have shown rituximab
to be of benefit.180 Cyclosporine, in doses of 5 mg/kg/day, may

also provide an alternative therapy to treat lupus in the main-
tenance phase in patients unresponsive to treatment.176

Wegener’s Granulomatosis

26. J.M. is a 42-year-old white man who presents to the clinic
with a 1-month history of cough, nasal congestion, facial pain with
headache, fever, and lethargy. Over the past week, he has noted
bright red blood in his phlegm, which has worsened in the past
3 days. Pertinent laboratory values are as follows: serum Na, 143
mEq/L (normal, 135–147 mEq/L); K, 5.1 mEq/L (normal, 3.5–5.0
mEq/L); Cl, 102 mEq/L (normal, 95–105 mEq/L); CO2 content,
24 mEq/L (normal, 22–28 mEq/L); SrCr, 2.8 mg/dL (normal, 0.6–
1.2 mg/dL); BUN, 41 mg/dL (normal, 8–18 mg/dL). This compares
with last year’s physical checkup visit when his SrCr and BUN
were within the normal range. Hematologic studies reveal an Hct
of 35% (normal, 8–18 mg/dL); an Hgb of 11.7 g/dL (normal,
13–16 g/dL); mean corpuscular volume (MCV) 69 mm3 (normal,
76–100 mm3); mean corpuscular Hgb (MCH) concentration 24%
(normal, 33%–37%); and reticulocyte count 1.8% (normal, 0.1%
–2.4%). RBC indices are normal. Platelet count was 175,000/mm3

(normal, 130,000–400,000/mm3). His 24-hour urine contains 3.8 g
of albumin (normal, <30 mg) and his eGFR is calculated to be 27
mL/minute/1.73 m2. His urine also contains many RBC casts and
16 RBC/HPF (normal, 0–3 RBC/HPF). Chest radiograph shows
alveolar shadowing spreading from the hilar region. The result of
J.M.’s cytoplasmic-staining, antineutrophil cytoplasmic antibody
(c-ANCA) is positive. Based on his subjective and objective data,
which of the chronic glomerulopathies is J.M. likely to have?

[SI units: Na, 143 mmol/L (normal, 135–147); K, 5.1 mmol/L (normal,

3.5–5.0); Cl, 102 mmol/L (normal, 95–105); CO2, 24 mmol/L (normal,

22–28); SrCr, 247 μmol/L (normal, 50–110); BUN, 14.6 mmol/L of

urea (normal, 3.0–6.5); Hct, 0.35 (normal, 0.39–0.49); Hgb, 117 g/L

(normal, 130–160); MCV, 69 fL (normal, 76–100); MCH, 0.24 (normal,

0.33–0.37); reticulocyte count, 0.019 (normal, 0.001–0.024); eGFR,

0.40 mL/second]

Wegener’s granulomatosis is a primary systemic vasculitis
characterized by granulomatous inflammation of the upper and
lower respiratory tract and secondary glomerulonephritis. Pri-
mary systemic vasculitic syndromes, such as Wegener’s granu-
lomatosis, often cause glomerulonephritis. Although vasculitis
involves inflammation of blood vessels of any size, the small-
and medium-size vessels are most commonly affected.182 The
etiology of Wegener’s granulomatosis is unclear; however,
an autoimmune response is suspected for two reasons. First,
Wegener’s granulomatosis is a systemic inflammatory disease
without a known infectious etiology. Second, good treatment
response can be obtained with immunosuppressive therapy.

The clinical features of Wegener’s granulomatosis include
upper airway disease, such as sinusitis, epistaxis, and na-
sopharyngitis, as well as otitis media caused by blockage of
the eustachian tube. Constitutional symptoms include fever,
night sweats, arthralgia, anorexia, and malaise. After a few
months, weakness may progress, severely limiting physical
activity. Although the lungs are invariably affected, most pa-
tients remain asymptomatic; however, cough and hemoptysis
may be present. J.M.’s presenting symptoms are consistent with
the above clinical features. The laboratory signs also are non-
specific and indicate the presence of a systemic inflammatory
process. They include an elevated erythrocyte sedimentation



CHRONIC KIDNEY DISEASE � 31-33

rate in virtually all patients, anemia of chronic disease, and
thrombocytosis.182 Hematuria and proteinuria can be promi-
nent features of Wegener’s granulomatosis and are present on
initial presentation in 80% of patients. The presence of severely
diminished kidney function, seen in approximately 10% of
patients, is an ominous sign, with nearly one-third of these
patients progressing to ESRD. All patients with Wegener’s
granulomatosis are at risk for developing irreversible, rapidly
progressive kidney failure. Renal histologic findings are non-
specific, with most patients exhibiting necrotizing crescentic
glomerulonephritis.182

Wegener’s granulomatosis is diagnosed primarily by the
presenting signs and symptoms. According to the American
College of Rheumatology 1990 classification, a person is di-
agnosed with Wegener’s granulomatosis if any two of the fol-
lowing four criteria are present: (a) nasal or oral inflamma-
tion, (b) abnormal chest radiograph, (c) microhematuria (>5
RBC/HPF) or RBC casts in the urine sediment, or (d) granulo-
matous inflammation on biopsy.182 J.M. has satisfied three of
the four criteria for diagnosing Wegener’s granulomatosis.

TREATMENT

27. How should J.M.’s Wegener’s granulomatosis be treated?

The discovery of c-ANCA and its strong association with
Wegener’s granulomatosis has permitted a more certain diag-
nosis. Because of the substantial rise in titer that commonly
precedes relapse of Wegener’s granulomatosis, the c-ANCA
test is best used to follow the course of disease activity and
guide induction of therapy. Treatment with CYC and cortico-
steroids results in improvement in kidney function in approxi-
mately 80% to 85% of patients, versus 75% with pulse steroids
alone.183 The main predictive factors for treatment success are
the extent of kidney damage before therapy starts and how long
therapy is delayed after symptoms develop.

Cyclophosphamide
Because Wegener’s granulomatosis is considered an autoim-
mune inflammatory disease, immunosuppressive therapy is the
mainstay of treatment. Therapy is generally indicated for 6
months if remission occurs and up to 12 months in resistant
cases.183 J.M. should be initiated on oral CYC 2 mg/kg/day,
as a single morning dose to prevent irreversible glomerular
scarring. With a more fulminate form of the disease, higher
doses (4–5 mg/kg/day) may be used, although the potential
for toxicities must be carefully considered. High fluid intake
(>3 L/day) reduces the risk of hemorrhagic cystitis. Regular
urinalysis should be performed (every 3–6 months) to detect
hematuria caused by hemorrhagic cystitis.

Induction treatment with pulse IV boluses of CYC is not
satisfactory because of high relapse rates and increased tox-
icity. However, the two conditions for which IV CYC may
be considered are (a) patients whose conditions have not re-
sponded to conventional treatment and (b) patients in whom
severe kidney dysfunction developed initially, including those
requiring dialysis. In the former, IV CYC 1 g/m2 in 150 mL of
saline can be administered over 60 minutes. The dose must be
reduced by 25% in patients with a eGFR <10 mL/minute/1.73
m2. This regimen may be administered monthly for 6 months,
after which a dosage reduction may be attempted.184

Corticosteroids
The main role of corticosteroids is to induce remission of the
disease. J.M. should receive prednisone 1 mg/kg/day in addi-
tion to cyclophosphamide. The combined regimen should be
continued for 2 to 4 weeks until the immunosuppressive ef-
fect of CYC becomes evident. Then, over the next 2 months,
the prednisone dose can be tapered to 60 mg every other day
to reduce the risk of infection. Then, the dose can be tapered
by 5 mg/week to discontinue prednisone over 3 to 6 months.
For patients with a more fulminate form of the disease, pulse
methylprednisolone 1 g/m2/day for three doses is administered.
The dose can be repeated in 1 to 2 weeks if disease progression
is uncontrolled.

Azathioprine
Because of its poor efficacy, AZA should not be used as a
first-line agent to treat active Wegener’s granulomatosis. If re-
mission is induced with CYC and the patient cannot tolerate
long-term treatment with that agent, AZA 2 mg/kg/day may be
substituted.

Alternative Agents
Other agents have been studied as alternatives to CYC. Use
of trimethoprim-sulfamethoxazole over 1 year was evaluated
for patients in remission or after treatment with CYC and
prednisolone.185 A reduction in relapse rate was demonstrated
compared with placebo. Subgroup analysis indicates, how-
ever, that only patients with upper respiratory tract disease
had a lower relapse rate, but not in those with renal or lung
involvment.185 Methotrexate may be beneficial for patients
with milder disease, although one study demonstrated high re-
lapse rates in patients treated initially with weekly methotrex-
ate and daily prednisone; disease was controlled in only select
patients.186

Focal Segmental Glomerulosclerosis

28. A.G. is a 37-year-old morbidly obese (BMI 40 kg/m2), black
woman who presents to the clinic with complaints of increased
swelling in her extremities over the last 2 weeks, decreased urine
output, and pink-colored urine. Her medical history is significant
only for hypertension, which is well controlled with amlodipine 5
mg PO QD. She takes no other prescription or over-the-counter
(OTC) medications. Pertinent laboratory values are as follows:
SrCr 2.1 mg/dL (normal, 0.6–1.2 mg/dL), a spot albumin-to-
creatinine ratio of 1,200 mg/g (normal,<30 mg/g), her UA showed
18 RBC/ HPF (normal, 0–3), and eGFR of 34 mL/minute/1.73 m2.
The nephrologist schedules a biopsy to obtain a definitive diagno-
sis for her new onset kidney disease. Biopsy results are as follows:
light micrograph shows a moderately large segmental area of scle-
rosis with capillary collapse on the upper left side of the glomeru-
lar tuft; the lower right segment is relatively normal. Electron
micrograph shows diffuse epithelial cell foot process fusion with
occasional loss of the epithelial cells. The other major finding
is massive subendothelial hyaline deposits under the glomeru-
lar basement membrane. The pathologist’s impression is FSGS.
What is the relevance of FSGS and what are the management
strategies for FSGS?

[SI units: SrCr, 185 μmol/L (normal, 50–110)]

Focal segmental glomerulosclerosis is characterized by
sclerotic lesions of the glomerulus, which can be either focal
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or segmental in nature. The development of FSGS may be id-
iopathic (primary) or secondary to other diseases (i.e., morbid
obesity, sickle cell disease, congenital heart disease, AIDS).
Currently, FSGS is the leading cause of idiopathic nephrotic
syndrome and accounts for 15% to 20% of the cases. Black
patients are two to four times more likely to develop idiopathic
FSGS than white patients and they have a higher incidence of
ESRD caused by FSGS.187

Most all patients with FSGS will present with proteinuria,
but only about half of them will initially present with nephrotic
syndrome. Patients with nephrotic sydrome will also likely
present with hypertension, increased serum creatinine levels,
and hematuria. During the early stages of FSGS, the symptoms
may be indistinguishable from minimal-change nephropathy,
a glomerulopathy characterized by similar lesions within the
glomeruli. A renal biopsy is necessary for diagnosis. Predic-
tors of increased risk of progression to ESRD include massive
proteinuria (>10 g/day), higher serum creatinine level (>1.3
mg/dL), and black race.187

TREATMENT
Corticosteroids
A.G. should be placed on steroids, in addition to an ACE in-
hibitor or ARB and a loop diuretic, because she has FSGS and
nephrotic syndrome.188 A course of high-dose steroids (1–2
mg/kg) over 3 to 4 months with tapering of the dose over 3
months is recommended. The higher remission rates associated
with this high-dose regimen compared with low-dose regimens
have led to this regimen. The median time to remission is 3 to
4 months, with most patients achieving complete remission by
5 to 9 months. Patients whose proteinuria does not respond
after a 4-month trial of therapy should be considered resistant
to steroids and be rapidly tapered off over 4 weeks.187

Cytotoxic Agents
The addition of cytotoxic agents (CYC, AZA, chlorambucil)
may be considered for A.G. if she is steroid resistant, intoler-
ant of long-term steroid therapy, severely nephrotic, frequently
relapsing, or steroid dependent. The data supporting the use of
these agents in FSGS are limited. Retrospective studies have

shown that use of cytotoxic drugs can produce complete remis-
sion in 50% of cases. Length of therapy of these agents may
predict the remission rates of FSGS. Recent prospective stud-
ies are supporting a longer duration of therapy. Patients who
received either chlorambucil or CYC up to 75 weeks obtained
a higher complete remission rate (30%–47%). The duration of
use of these agents is limited by their toxicities (gonadal tox-
icity, malignancies). Cumulative doses of 300 mg/kg of CYC
and 10 mg/kg of chlorambucil have been shown to increase the
risk of developing these toxicities, thus limiting the exposure
to these agents is important.187

Cyclosporine
Evidence supporting the efficacy and safety of cyclosporine in
FSGS is minimal, but therapy with doses of 5 mg/kg/day for
6 to 12 months has been found to be effective and can result
in remission rates of up to 69% in patients resistant to steroid
and cytotoxic therapy.189,190 Limitations of cyclosporine ther-
apy include high relapse rate (23%–100%), side-effect profile
(nephrotoxicity, hypertension), and resistance to therapy. The
former two limitations may be overcome by prolonged treat-
ment with a slow tapering and targeting lower doses of cy-
closporine. The exact dose and duration of cyclosporine ther-
apy should be determined by the response of the patient’s pro-
teinuria and serum creatinine. Further studies will determine
the role cyclosporine therapy has in certain types of patients
with FSGS.

Mycophenolate Mofetil
Mycophenolate mofetil has the least available studies eval-
uating its use in FSGS. Recently, a small study of patients
with FSGS resistant to steroids, cytotoxic agents, or both and
cyclosporine received MMF for 6 months. At the end of 6
months, 44% of patients had improved proteinuria, but no pa-
tient achieved complete remission.191 Other studies examining
MMF therapy at doses of 1,500 to 2,000 mg/day have found
no clinically significant reduction in proteinuria or have little
effect on remission rates.189 Treatment with MMF in FSGS is
very limited and well-designed, prospective, randomized trials
are necessary to determine its role, if any, in FSGS.
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The prevalence of end-stage renal disease (ESRD) in the United
States at the end of 2004 was nearly 472,000 people. Of these,
71.2% (336,000) were treated by dialysis (3.4% greater than
in 2003) and the remainder had received a kidney transplant.1

Prevalence in both populations has more than doubled since
1988, with the rate of growth slightly higher in the transplant
group. Although the incidence of ESRD continues to increase
each year, the rate of increase has fallen from approximately
10% to less than 2% over the past 20 years. The reasons for
this decline are unknown but may be owing to reporting or
to a true change in the incidence rate. Patients age 45 to 64
years account for the largest segment of the ESRD population.
In 2004, 94,891 new patients with ESRD began therapy with
hemodialysis, 6,686 were placed on peritoneal dialysis, and
2,200 received a transplant. The shortage of donor kidneys
and the existence of patients with ESRD who are unaccept-
able transplant recipients sustain the demand for dialysis. Kid-
ney transplantation is further discussed in Chapter 34, Kidney,
Liver, and Pancreas Transplantation.

The two primary modes of dialysis therapy are hemodial-
ysis (HD) and peritoneal dialysis (PD). Variations of PD in-
clude continuous ambulatory peritoneal dialysis (CAPD) and
automated peritoneal dialysis (APD), an increasingly com-
mon modality that permits greater patient flexibility with dial-
ysis. Among the nearly 335,000 dialysis patients in the United
States, 92% undergo HD.1 Most of these patients receive dialy-
sis three times a week in a center designed primarily for stable,
ambulatory patients at either a hospital-based or a free-standing
dialysis facility. Home HD accounts for <1% of dialysis pa-
tients. Patients having PD also are managed through dialysis
centers for routine care, although less often than patients on
HD. Several factors are considered in the selection of the type
of dialysis for each patient. Often, the overriding consideration
is the suitability of the procedure for the patient’s lifestyle. A
patient who needs flexibility and freedom from a rigid sched-

ule may prefer PD over HD to avoid the necessity of being at
a dialysis center three times weekly for a 3- to 4-hour dialy-
sis treatment. Other considerations include the availability of
a vascular access site for HD, or a patient’s ability to perform
self-care for dialysate exchanges with PD.

Without dialysis or transplantation, patients with ESRD will
die of the metabolic complications of their renal failure. Over-
all morbidity and mortality are generally similar for both HD
and PD; however, the first-year death rate is higher for HD than
PD, and is reported to be 280 versus 249 deaths per 1,000 pa-
tient years. Second-year death rates are similar, at 268 and 286
deaths per 1,000 patient years for HD and PD, respectively.2

The length of time on dialysis (HD and PD) influences the
mortality rate. Since 1985, the mortality rate for patients who
have been on dialysis less than 2 years has fallen 25%, from
289 deaths per 1,000 patient years to 216. In patients on dial-
ysis 5 or more years, however, the mortality rate has risen to a
plateau of 8% since 2001.1

Patient characteristics and comorbid conditions influence
the death rate, including age (increased with increased age),
race (increased in white patients), and primary cause of ESRD
(increased with diabetes and hypertension compared with
glomerulonephritis).3 The expected survival of a patient hav-
ing chronic dialysis compared with the average life expectancy
in the United States is significantly reduced. For example, at 60
years of age, the average survival is approximately 4 years for a
patient on dialysis compared with 21 years for the average pop-
ulation. Among patients on dialysis, those with diabetes (the
most common cause of ESRD) or hypertension have a higher
mortality rate than patients without these conditions. The all-
cause mortality rates are 370 and 382 deaths per 1,000 patient
years, for diabetes and hypertension, respectively, compared
with 311 and 215 for patients with chronic nephritis and cystic
kidney disease.2 Over the past 15 years, however, deaths caused
by heart disease, cerebrovascular disease, or septicemia, have

32-1
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fallen most dramatically among dialysis patients with diabetes
from a peak of 36% to 7.5% in 2004.1 Other factors associated
with mortality include body mass index (BMI) (decreased with
increased BMI) and serum albumin (decreased with increased
albumin).2 Summary reports and analysis of survival and mor-
tality are included as part of the annual report of the United
States Renal Data System (USRDS).1

The demographic characteristics of the ESRD population
are based primarily on data from the Centers for Medicare and
Medicaid Services (CMS), because patients with ESRD are
eligible for Medicare benefits. Coverage for ESRD began in
1973, when Congress enacted the End-Stage Renal Disease
Program as an amendment to Medicare.4 Total Medicare ex-
penditures in 2004 were $299.6 billion, of which $20.1 billion,
or 6.7%, were for the ESRD program. This represents an in-
crease in the fraction expended for ESRD from 4.5% in 1991.
The total per person per month (PPPM) costs for dialysis fell
2.1% from 2003 and 2004 to $1,135.80; however, the costs
for erythropoiesis stimulating agents (ESA), parenteral (intra-
venous [IV]) iron, and IV vitamin D rose 11% to 13%.1

The rapid growth of the number of patients having dialy-
sis calls attention to the need for practitioners who understand
the processes and therapies for these patients. Both HD and
PD were developed as methods for the removal of metabolic
waste products across a semipermeable membrane. HD is an
extracorporeal (dialysis membrane is outside of the body) pro-
cess, whereas PD uses the patient’s peritoneal membrane for
the clearance of water and solutes. This chapter addresses the
fundamental clinical aspects of both HD and PD, including
principles, complications, and management. Throughout the
chapter, reference will be made, when appropriate, to the clini-
cal practice guidelines developed by the National Kidney Foun-
dation, originally published in 1997, and updated in 2000 and
2006.5–8 The initial guidelines focused on dialysis issues, the
Dialysis Outcomes Quality Initiative (DOQI), and included
four workgroups: Hemodialysis Adequacy,9 Peritoneal Dial-
ysis Adequacy,10 Vascular Access,11 and Anemia.12 The up-
dated clinical practice guidelines have been renamed the Kid-
ney Disease Outcomes Quality Initiative (K/DOQI) to reflect
the broader nature and impact of renal impairment. Additional
clinical practice guidelines developed under K/DOQI include
Nutrition of Chronic Renal Failure13 and Chronic Kidney Dis-
ease: Evaluation, Classification, and Stratification.14 The latter
guideline is addressed in Chapter 31, Chronic Kidney Disease.

HEMODIALYSIS
Principles and Transport Processes
Dialysis is a process that facilitates the removal of excess water
and toxins from the body, both of which accumulate as a result
of inadequate kidney function. During HD, a patient’s anticoag-
ulated blood (circulated to the dialyzer from a vein in the arm)
and an electrolyte solution that simulates plasma (dialysate)
are simultaneously perfused through a dialyzer (artificial kid-
ney) on opposite sides of a semipermeable membrane. Solutes
(e.g., metabolic waste products, toxins, potassium, and other
electrolytes) are removed from the patient’s blood by diffusing
across concentration gradients into the dialysate. The rate of
removal (flux) of various solutes from the blood is a function
of blood and dialysate flow rates through the dialyzer, relative

concentration of each solute in the blood and dialysis solu-
tion (thus determining their concentration gradients across the
membrane), physical characteristics of the dialysis membrane
(e.g., total available surface area, thickness, and pore size), and
properties (e.g., molecular size in daltons, molecular weight,
volume of distribution, and protein binding) of the solute being
removed. Because blood and dialysate flow in opposite direc-
tions through the dialyzer, the concentration gradient for each
solute across the membrane is amplified (Fig. 32-1). This prin-
ciple is defined in greater detail in the section labeled “dialyzer
characteristics.”

Solutes from the blood are removed through diffusion and
convection. Diffusion is the process whereby the molecule
moves across its concentration gradient by passing through
pores in the dialysis membrane.15,16 Once the concentration of
a solute reaches equilibrium on both sides of the membrane,
the net movement is zero because the rate of movement from
the blood to dialysate compartment is equal to the rate from the
dialysate to the blood compartment. For most substances, equi-
librium is not achieved, either because the blood and dialysate
flow rates are too rapid, or the molecule is too large to easily
move through the pores.

Convection is the process that removes toxins during dial-
ysis through the ultrafiltration of plasma water from the blood
compartment.15,16 A controlled pressure difference across the
semipermeable membrane permits water movement through
the membrane pores, which carries with it solute into the
dialysate, thereby further enhancing solute removal. The re-
moval of solutes by convection during ultrafiltration generally
is small relative to their elimination through diffusion.

Dialyzer Characteristics
Dialyzers are characterized by many factors, such as membrane
composition, size, and ability to clear solutes. Their primary
component is the dialysis membrane, made of cellulose (e.g.,
cuprammonium cellulose), substituted cellulose (e.g., cellu-
lose acetate, cellulose triacetate), cellulosynthetic (e.g., Hemo-
phan), or synthetic polymer (e.g., polysulfone, polyacryloni-
trile [PAN], polymethylmethacrylate [PMMA]).17 Membranes
differ not only by composition, but also by surface area, thick-
ness, and configuration within the dialyzer. The most common
configuration is the hollow fiber dialyzer, whereby the mem-
brane is formed as thousands of hollow fibers that run the
length of the dialyzer. Blood flows through the fibers and the
dialysate flows in the space surrounding the fibers within the di-
alyzer cartridge. The result is an extremely large surface area
for diffusion, which is functionally increased further by the
movement of blood and dialysate in opposite directions so
that equilibrium is never fully achieved. Another, less com-
mon design is the parallel-plate configuration, whereby blood
and dialysate flow between alternating sheets of the membrane.

Functionally, dialysis filters can be differentiated based on
their ability to remove solutes and water. Dialyzers are charac-
terized as low-flux or high-flux based on pore size and ability
to remove small versus large molecules. One method of cat-
egorizing and comparing efficiency (flux) of dialyzer units is
their relative in vitro and in vivo clearance rates of marker
solutes of varying molecular size. This information is usu-
ally printed on the outside of the dialyzer or in the package
insert (specification chart) for the dialyzer. For example, urea
(molecular size 60 Da) is a marker of small-molecule transport
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FIGURE 32-1 Representation of hemodialysis with blood flowing in one direction and
dialysate in the opposite, separated by a semipermeable membrane. Note pressure moni-
tors and dialysate pump with variable inflow resistance to create negative pressure for ultrafiltration from
the blood compartment. (Reproduced from reference 18.)

across the dialysis membrane. Urea (found in the blood as blood
urea nitrogen [BUN]) distributes freely throughout body water
and is cleared rapidly by HD, even when using standard low flux
dialyzers.18–21 Because the pore size of most dialyzer mem-
branes is large enough to allow this small molecule to freely dif-
fuse, the rate-limiting step for the removal of urea is blood flow
through the dialyzer. A larger-molecule, vitamin B12 (1,355
Da), also has been used as a measure of dialysis efficiency. Be-
cause vitamin B12 is too large to easily cross through the pores
of conventional dialysis membranes, its dialysis clearance is
less dependent on blood flow than on urea. Instead, the overall
removal of vitamin B12 depends more on the type of mem-
brane (i.e. thickness and pore size) and the duration of dialy-
sis. More recently, the clearance of β2-microglobulin, an even
larger molecule than vitamin B12 (11,800 Da), has been used to
characterize the flux of a dialyzer.5,17 High-flux dialyzers are
defined as providing β2-microglobulin clearances of at least
20 mL/minute.5 High-flux membranes have larger pores and
are able to clear larger molecules (e.g., middle molecules such
as β2-microglobulin and leptin) and drugs (e.g., vancomycin
or vitamin B12, with molecular weights in the range of 1,000–
5,000) more effectively than low-flux membranes with smaller
pores. High-flux membranes also have a greater permeability
to water, as reflected in a KUf value (to be defined later) of
>10 mL/hour/mmHg. Importantly, β2-microglobulin is not

only a surrogate marker for middle molecule dialysis clear-
ance, but it has also been found to be predictive of mortality.22

It also plays a role in the pathogenesis of amyloidosis (see sec-
tion on Amyloidosis, for further discussion). β2 -microglobulin
clearance, however, is not consistently reported in all dialyzer
specification charts.

Similarly, molecular weight of drugs is a predictor of dialy-
sis clearance. At a molecular weight of <500 (e.g., aminogly-
cosides and theophylline) dialyzability is expected to be high.
For these drugs, the actual amount dialyzed will vary based
on protein binding (i.e., amount of unbound drug available to
cross the dialysis membrane), volume of distribution (Vd) (i.e.,
a large Vd indicates a relatively small amount of drug will be
available in the blood for dialysis), blood flow rate through the
dialyzer, dialysis flow rate, and dialyzer surface area. Drugs
with a molecular weight between 500 and 100 (e.g., morphine
and digoxin) are less well dialyzed. For digoxin, a greater prob-
lem is its large Vd and relatively low serum concentrations.
Even if the drug in the blood is effectively removed, tissue-
bound drug will quickly redistribute back into the blood as soon
as dialysis is completed, a phenomenon known as rebound.
Finally, large molecular weight drugs, such as vancomycin,
are poorly dialyzed by conventional dialyzers, but may be
removed using high-flux techniques described later in this
chapter.
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The efficiency of a dialyzer is also a function of its sur-
face area. High-efficiency membranes generally have a large
surface area and are able to clear large quantities of small
molecules, such as urea. High-efficiency dialyzers can also
have small or large pores resulting in low or high clearance
of larger molecular weight solutes. Membranes also differ in
their degree of biocompatibility. Free hydroxyl groups on un-
substituted cellulose membranes when in contact with blood
evoke complement response and cytokine release, which can
lead to hypotension, fever, and platelet activation in patients.23

Use of these membranes is discouraged.5 The free hydroxyl
groups can be substituted with other chemical structures, such
as acetate, to improve biocompatibility. Complement activa-
tion and cytokine release occur to a much lesser extent with
substituted cellulose or cellulosynthetic membranes, and least
of all with synthetic membranes made from plastics. Dialyzers
coated with antioxidants, such as vitamin E, to minimize oxi-
dant stress and to improve biocompatibility, are under investi-
gation.24

Synthetic, high-flux membranes are more expensive than
conventional cellulose, but when reuse systems in which the
filter is cleansed and sterilized are put in place, the cost per
dialysis session is reduced substantially.25 Standards for dia-
lyzer reuse are set by the Association for the Advancement of
Medical Instrumentation. Both manual and automated systems
are used to reprocess dialyzers. These systems include rinsing
of blood and clots from the dialyzer, cleaning with agents such
as dilute sodium hypochlorite (bleach), testing of dialyzer per-
formance, and sterilization. Among all membranes, reuse of
high-flux synthetic membranes is associated with a lower risk
of mortality, particularly when exposed to bleach.26 The aver-
age number of times a dialyzer is reused depends on quality
control standards within the dialysis center, but generally it is
10 or more times for a patient. Universal precautions should be
used to handle dialyzers. Controversial issues regarding reuse
programs include safety of disinfectants, dialyzer efficiency
after processing, contamination and risk of infection, and py-
rogenic reactions. The potential benefits and risks of dialyzer
reuse have not adversely affected morbidity or mortality.25,26

One study, however, reported a survival advantage when pa-
tients were switched from reuse to single use dialyzers.27 As a
result of declining prices and the decision of a major dialysis
manufacturer to discontinue reuse, single use dialyzers may
become more commonplace.5

A typical package insert for a dialyzer will provide informa-
tion on the clearance of various molecules (e.g., urea, creati-
nine, phosphate, and vitamin B12). Urea clearance has become
a common measure of comparison for membranes; however,
clearance also depends on other factors, such as blood and
dialysate flow rates.15,16 A more standard measure for compar-
ison is KoA urea, the mass transfer area coefficient for urea.
Based on the urea clearance data from the package insert, KoA
urea can be estimated based on blood flow. Using this informa-
tion, the dialysis prescription can be individualized to provide
a specified dose of dialysis for the patient.

Patients having chronic HD typically are dialyzed for 3 to 4
hours, three times a week, either Monday-Wednesday-Friday
or Tuesday-Thursday-Saturday. During the interdialytic period,
fluids ingested and produced through metabolic processes are
retained in the patient. Although patients generally are on fluid-
restricted diets, accumulation of 1 to 5 L of fluid (translating

into 1- to 5-kg weight gain) between sessions is common and
must be removed during the dialysis treatment.

Blood and Dialysate Flow
Although small-molecule clearance is highly dependent on
blood flow, the relationship is not strictly linear. Increased
blood flow yields a less than proportional response in urea
clearance.18 This is likely because of an insufficient time for
equilibration to occur between the blood and dialysate com-
partments as well as a greater membrane resistance to diffusion
from an increased stagnant layer. A typical blood flow rate for
dialysis is 400 to 500 mL/minute but is dependent on the vas-
cular access site and the cardiovascular status of the patient.
Some patients are not able to tolerate this rate, and a lower
blood flow rate may be necessary. Dialysate flow rates gener-
ally are 500 mL/minute and can be increased to 800 mL/minute
for high-flux dialysis, which will increase urea clearance by ap-
proximately 10%.28

1. R.W., a 55-year-old man with a 25-year history of hyper-
tension and kidney insufficiency, presents to the renal clinic for
reassessment of his kidney function. He is 70 inches tall and weighs
70 kg. Since his last visit 3 months ago, his creatinine clearance
(ClCr) has decreased from 22 to 12 mL/minute (normal, 75–125
mL/minute) and the BUN has increased to 89 mg/dL (normal,
8–18 mg/dL). The serum potassium (K) is 4.5 mEq/L (normal,
3.5–5.0 mEq/L) and HCO3 is 17 mEq/L (normal, 24–30 mEq/L).
He has selected HD as his form of therapy until a suitable donor
kidney is available and is expected to begin dialysis within the next
1 to 3 months. When he begins dialysis, he will be dialyzed three
times a week for 4 hours each treatment, using a Fresenius F-60S
dialyzer, with blood and dialysate flows of 400 and 500 mL/minute,
respectively, and bicarbonate-containing dialysate. What charac-
teristics of the Fresenius F-60S dialyzer make it a good choice for
R.W.? What determines the composition of the dialysate?

[SI units: ClCr, 0.37 and 0.2 mL/second, respectively (normal, 1.24–2.08);

BUN, 31.8 mmol/L (normal, 3–6.5); K, 4.5 mmol/L (normal, 3.5–5)]

The Fresenius dialyzer is a high-flux dialyzer as described
in the introduction.17 This polysulfone membrane is a synthetic
membrane with larger pore sizes than conventional cellulose
membranes. The F-60S has a KUf, the ultrafiltration coeffi-
cient (volume of water removed/mmHg across the membrane
per hour of dialysis), of 40 mL/mmHg/hour, indicating a high
ultrafiltration capability; an in vitro KoAurea (the urea mass
transfer area coefficient) of 709, a measure of dialyzer effi-
ciency for urea removal; urea clearance of 185 mL/minute at
a blood flow of 200 mL/minute; and a surface area of 1.3 m2.
This information can be located in the product literature from
the manufacturer or summary tables from common dialysis
references.17 These data are used to individualize the dialysis
prescription for a patient.

Dialysate Composition
Dialysate composition usually is standardized within certain
limits of electrolyte content, yet allows for individualization as
necessary. Water is obtained through the public water system,
which then undergoes treatment by reverse osmosis, followed
by ion exchange with activated charcoal to remove contam-
inants, such as aluminum, copper, and chloramines, as well
as bacteria and endotoxins.29 The dialysate solution does not
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Table 32-1 Electrolyte Composition of Hemodialysis and
CAPD Dialysate Solutions

Solute Hemodialysis (mEq/L) CAPD (mEq/L)

Sodium 135–145 132
Potassium 0–4 0
Calcium 2.5–3.5 3.5
Magnesium 0.5–1.0 1.5
Chloride 100–124 102
Bicarbonate 30–38
Lactate 35
pH 7.1–7.3 5.5

CAPD, continuous ambulatory peritoneal dialysis.

require sterilization because the dialysis membrane separates
the blood and dialysate compartments. Nevertheless, pyrogen
reactions may occur, and a greater risk may exist with high-flux
membranes because of the increased pore size.

The final dialysate solution is prepared in the dialysis ma-
chine by proportioning a dialysate concentrate with the purified
water, resulting in a final product, which typically contains
those elements listed in Table 32-1. By adjusting electrolyte
concentration in the dialysate, the efficiency of dialysis for
particular chemicals can be manipulated. For example, if the
patient is hyperkalemic, the dialysate contains a low con-
centration of potassium. On the other hand, if the patient is
normokalemic at the start of dialysis, the potassium concen-
tration of the dialysate is set at a normal physiologic concentra-
tion to minimize flux of this electrolyte across the membrane.
If the concentration of a solute is higher in the dialysate than
in the blood, the net movement will be into the blood, not out.

Before delivery, the dialysate is heated to 37◦C to main-
tain body temperature and avoid hemolysis, which can occur
with excessive heating. Metabolic acidosis, which is associated
with ESRD because of an inability to excrete the daily obliga-
tory load of acid, is controlled with the addition of bicarbonate
buffer to the dialysate solution.17 Precipitation of calcium car-
bonate previously was a problem with the addition of bicarbon-
ate to the dialysate, which led to the use of acetate to control
acidemia instead. Acetate enters the blood compartment by
diffusion from the dialysate and is metabolized to bicarbon-
ate in vivo. Acetate, however, is associated with hypotension
and cardiac instability during HD and is no longer used.30 Im-
provements in delivery systems that provide for special mixing
methods prevent precipitation and allow for the resumption of
bicarbonate dialysis. Liquid bicarbonate concentrate and re-
constituted bicarbonate-containing dialysate, however, can
support the growth of gram-negative bacteria, filamentous
fungi, and yeast.15 Use of dry bicarbonate cartridges or mem-
brane filters at the point where the dialysate leaves the ma-
chine before entering the patient’s dialyzer obviates the prob-
lem of bacterial growth and contamination of the final dialysate
solutions.15,31

Vascular Access

2. To achieve a sufficient blood flow for dialysis, R.W. must
have a vascular site for chronic access. What are the options for
chronic vascular access in R.W.?

A permanent vascular access site provides easy access to
high blood flow, which cannot be achieved through routine
venipuncture of superficial veins. Different types of vascular
access are available: arteriovenous (AV) fistula, AV graft com-
posed of expanded polytetrafluoroethylene (PTFE), double-
lumen or tunneled catheters, and catheters with subcutaneously
implanted access ports. AV fistulas and grafts are placed in the
nondominant arm. Ideal vascular access delivers blood flow
rates necessary for chronic HD, has a long period of use, and has
a low rate of complications (e.g.,. infection, stenosis, throm-
bosis, aneurysm, and limb ischemia).

An AV fistula is preferred because of its longer survival of
approximately 75% at 3 years (compared with 30% for the AV
graft) and low rates of complications.32 An AV fistula is cre-
ated surgically by subcutaneous anastomosis of an artery to an
adjacent vein. The K/DOQI guidelines for vascular access ad-
vocate placement of a fistula at the location of the wrist (radial-
cephalic), or secondarily the elbow (brachial-cephalic), as the
preferred vascular access sites. If neither of these is feasible
for the patient, insertion of an arteriovenous graft or creation
of a transposed brachial basilica vein fistula is recommended.
During the dialysis procedure, one needle or catheter is placed
into the fistula site to deliver blood to the dialyzer. This is often
referred to as the “arterial line” to the dialyzer. Blood exiting
the dialyzer is returned back to the patient’s fistula site through
a second catheter and needle, referred to as the “venous line”
from the dialyzer.

Central venous catheters are discouraged for chronic vas-
cular access. Although preferred, the AV fistula may not be
suitable for patients with poor vasculature, such as elderly pa-
tients or those with diabetes, atherosclerosis, or small vessels.
The fistula should preferably be created 3 to 4 months before its
intended use to allow the vein to mature. The graft can be used
soon after insertion, although 2 weeks will allow for healing
at the anastomosis sites and may prolong patency. If R.W. has
adequate vasculature, a fistula should be created for chronic
access based on the higher long-term graft survival. Vascular
access is critical for chronic HD and often has been labeled
the “Achilles’ heel” of dialysis therapy. Complications associ-
ated with vascular access are a significant problem in patients
having chronic HD. The most common is thrombosis, usually
the result of venous stenosis.7 If not treated, thromboses will
result in loss of the access. Access-related complications are a
major cause of hospitalization and, therefore, attention to these
problems is important clinically and economically.

Anticoagulation

3. Recommend a reasonable anticoagulation regimen for R.W.
with the initiation of his HD. What are alternatives for patients
at high risk for bleeding?

Most patients having HD are anticoagulated with IV heparin
during the dialysis treatment. Anticoagulation is necessary to
prevent blood from clotting in the extracorporeal circuit for pa-
tients having HD. Several methods have been used in an attempt
to provide adequate anticoagulation without increasing the risk
of bleeding. Approaches include the administration of hep-
arin in adequate quantities to anticoagulate the patient during
the dialysis procedure either by intermittent bolus injections
or an initial bolus followed by a continuous infusion.33 Mod-
ern HD delivery systems have incorporated heparin infusion
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devices that can be programmed to provide the desired infusion
rate during dialysis.

With no evidence of a bleeding disorder, recent surgery, or
other risk factors for heparin anticoagulation, therapy should
be initiated with a 2,000-unit bolus of IV heparin 3 to 5 minutes
before initiation of dialysis, followed by an infusion of 1,200
units/hour.33 The target activated clotting time (ACT) is 40%
to 80% above the average baseline for the dialysis unit (e.g.,
200–250 seconds, for normal values of 120–150 seconds). The
clinician should monitor for signs of bleeding and measure the
ACT at 1-hour intervals during dialysis. Heparin should be dis-
continued 1 hour before the end of dialysis to prevent exces-
sive bleeding following dialysis. Using these standard doses,
the estimated elimination half-life for heparin is approximately
50 minutes and it should have a linear dose-response relation-
ship within the target ACT.33

Patients at increased risk of bleeding include those who have
had recent surgery, retinopathy, gastrointestinal (GI) bleeding,
and cerebrovascular bleeding. For these patients, the goal is
to prevent clot formation within the dialysis circuit as well as
to minimize the risk of active bleeding. This may be accom-
plished by using “minimal-dose” heparin (tight ACT control),
or even heparin-free anticoagulation. The minimal dose hep-
arin approach individualizes therapy to achieve ACT values
40% above baseline following an initial bolus of 750 units.33,34

The ACT is measured 3 minutes after the bolus dose, which
should allow for vascular distribution of the heparin to be com-
plete. If the goal ACT level is not achieved, repeat bolus doses
of heparin can be administered at a dose that is adjusted based
on the expectation of a linear response. For example, if the first
dose of 750 units reaches 75% of the ACT goal, an additional
250 units would be appropriate for the second dose. Similarly,
the initial heparin maintenance infusion rate of 600 units/hour
can be modified by monitoring the ACT at 30-minute inter-
vals. Adjustments in the infusion rate should be proportionate
to the bolus dose needed to maintain the ACT at 40% above
baseline. Samples collected for determination of ACT should
be obtained from the arterial line into the dialyzer, before the
infusion of heparin, to reflect systemic anticoagulation effects.

An alternative to heparinization for patients having dial-
ysis with high blood flow rates is heparin-free dialysis.33,35

This approach requires priming the hemodialysis circuit and
dialyzer with heparin 3,000 units/L in normal saline to coat
the extracorporeal surfaces. The heparin-containing priming
fluid is allowed to drain by filling the circuit with either the
patient’s blood or normal saline alone at the outset of dialy-
sis. Next, hemodialysis is set at a high blood flow rate of 400
mL/minute, if tolerated. During dialysis, the dialyzer is flushed
with normal saline every 15 to 30 minutes to rinse away mi-
croclots that may have formed. The incidence of clotting with
this approach is approximately 5%.

Enoxaparin and dalteparin are two low-molecular-weight
heparins (LMWH) that are commercially available, but not yet
approved by the U.S. Food and Drug Administration (FDA)
for hemodialysis. In a randomized, crossover study comparing
the safety and efficacy of enoxaparin with standard heparin, a
dose of 1.0-mg/kg body weight of enoxaparin produced less
minor fibrin or clot formation in the dialyzer, but more fre-
quent minor hemorrhage between dialyses. Dosage reduction
of enoxaparin to 0.75 mg/kg body weight resulted in similar ef-
ficacy and eliminated the minor hemorrhage.36 Differences in

body weight were found to influence maximal concentrations
of dalteparin. Therefore, weight-based dosing of dalteparin in
patients having hemodialysis is under investigation.37 Tinza-
parin also has been shown to be effective as an anticoagulant
during HD, using an IV dose of 75 IU/kg just before dialysis.38

Because LMWH undergo renal elimination, dose adjust-
ments are necessary in patients with ESRD, accompanied by
careful patient monitoring. While LMWH inhibit factor Xa,
factor XIIa, and kallikrein, measurement of antifactor Xa ac-
tivity is the only available laboratory monitoring parameter
for these factors. Because active heparin metabolites that are
not detected by the factor Xa assay can accumulate in dialysis
patients, the clinical utility of this test is unclear.39–41

Another concern with LMWH is that patients on dialysis ex-
hibit greater sensitivity to their effect than healthy volunteers.41

Furthermore, LMWH administered at fixed-weight doses and
without monitoring show unpredictable anticoagulant effects
in patients with stage 4 and 5 chronic kidney disease. In a case
series of patients on HD treated with LMWH for acute coro-
nary syndrome, two patients who received as few as two to
three doses of LMWH developed dialysis access site bleeding,
hematuria, and massive melena. Another subject who received
10 doses developed hemorrhagic pericardial effusion resulting
in death. Only one patient in the series, who received a total
of five doses, did not develop hemorrhagic complications.42

Based on these findings, it is recommended that unfraction-
ated heparin, rather than LMWH, should be used in patients
on dialysis for prophylaxis and treatment of thromboembolic
disease.43

Another class of agents with potential use in patients re-
quiring anticoagulation during HD are the direct thrombin in-
hibitors, argatroban and lepirudin (Refludan). Their use is espe-
cially attractive in individuals who experience heparin-induced
thrombocytopenia (HIT). This complication is reported to oc-
cur in 0% to 12% of patients on HD receiving heparin for anti-
coagulation. Argatroban is a synthetic derivative of L-arginine,
which is approved by the FDA for use in patients susceptible to
thrombosis who also have a history of HIT. Most dosage reg-
imens for argatroban consist of an initial bolus dose followed
by a continuous infusion during dialysis. Because it is elim-
inated by nonrenal routes, argatroban dosing in patients with
renal failure is the same as for patients with normal kidney
function.44 Similarly, dialysis clearance of argatroban during
high-flux hemodialysis is clinically insignificant, making dose
adjustments in patients on dialysis unnecessary.45,46 Murray
et al.45 evaluated three argatroban regimens in patients hav-
ing high-flux hemodialysis. Anticoagulation was more consis-
tently achieved (ACT >140% of baseline) when a continuous
infusion of 2 mcg/kg/minute with or without a bolus of 250
mcg/kg was used. The infusion was discontinued 1 hour be-
fore the end of the HD session. Argatroban therapy provided
adequate, safe anticoagulation throughout HD. No thrombosis,
bleeding, or other serious adverse events occurred.45

Another antithrombin product, lepirudin, is produced
through recombinant DNA technology. It is biologically similar
to hirudin, which is isolated from the saliva of leeches. Unlike
argatroban, lepirudin is significantly cleared by the kidneys
and requires individualized dosage adjustment based on the
patient’s residual renal function.44,47 No established dosage
regimens exist, because elimination is substantially delayed;
monitoring should be performed using a target activated partial
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thromboplastin time (aPTT) of 2.0 to 2.5 times baseline. Fur-
ther studies are necessary to define the role of these newer
agents in patients having chronic HD.

The regional administration of trisodium citrate through the
arterial line is an alternative to systemic anticoagulation. It
binds free calcium, which is necessary for the coagulation pro-
cess. The calcium citrate complex is removed by the dialysate
and, based on plasma calcium values, calcium chloride is ad-
ministered on the venous side to replace the citrate-bound cal-
cium to prevent hypocalcemia or hypercalcemia. Some of the
administered citrate is returned to the patient and is metabo-
lized to bicarbonate, leading to metabolic alkalosis in some
cases. Regional citrate anticoagulation is reserved for patients
who are at risk for bleeding and requires additional monitoring
to adjust the dual infusions.33 In a prospective study of 1,009
consecutive high-flux dialysis procedures in 59 patients, long-
term citrate anticoagulation achieved excellent anticoagulation
(99.6%) with rare (0.2%) adverse effects on ionized calcium
levels, electrolytes, and acid-base balance.48

Dialysis Prescription
Individualization of the “prescription” to quantify the desired
“dose” of dialysis to be delivered to a particular patient on
any given day has undergone several advances during the past
decade. In 1981, the report of the National Cooperative Dialy-
sis Study (NCDS) showed a relationship between the degree of
dialysis delivered to the patient and morbidity.19,20,49 Average
serum urea concentrations during hemodialysis, expressed as
time-averaged serum urea concentrations (TAC), were deter-
mined as an index of dialysis adequacy. Four groups of patients
were randomized to different combinations of time-averaged
serum urea concentrations (low TAC (50 mg/dL) or high TAC
(100 mg/dL)) and length of dialysis (2.5–3.5, or 4.5–5.0 hours).
No differences were found in mortality during the 1-year study;
however, patients with higher urea exposure (high TAC) expe-
rienced a greater withdrawal rate from the study and more
hospitalizations compared with patients with lower urea con-
centrations. These data suggested that urea kinetics could be
used to model dialysis therapy and that urea could be used as
a surrogate marker for the adequacy of dialysis. Because it is
well recognized that other uremic toxins also contribute to the
overall morbidity among these patients, surrogate markers of
their removal by dialysis have been used in an attempt to better
define the adequacy of dialysis. For example, creatinine (MW
113 D), which is slightly larger than urea, has been explored
as a marker, but it offers no additional predictive benefit. As
described in the introduction to this chapter, vitamin B12 is a
marker for the class of “middle molecules” that are thought to
be responsible for many of the complications of uremia. Be-
cause vitamin B12 is a larger molecule than urea or creatinine,
it is not easily cleared by membranes with smaller pores, al-
though it is more effectively cleared by high-flux membranes.
Nonetheless, the utility of vitamin B12 as a surrogate for dial-
ysis adequacy has not been established.15

Further analysis of the NCDS data by Gotch et al.20 using
a pharmacokineticlike term, Kt/V, demonstrated a relationship
between morbidity and Kt/V. The Kt/V term is based on the
predialysis and postdialysis BUN values, distribution of urea,
and duration of dialysis. K is the urea clearance (mL/minute),
t is time (minutes), and V is distribution volume for urea (mL).

The term has no units and represents the quantity of dialysis
delivered to the patient, or the total volume of blood cleared of
urea, relative to the urea distribution volume in a given patient.
Its basic relationship depends on the first-order elimination of
urea, as seen in the following general equations:

BUNpost = BUNpre (e−Kt/V)
Kt/V = −In(BUNpost/BUNpre)

Patients with a Kt/V <0.9 had a 54% failure rate, defined as
death, hospitalization, or withdrawal from the study for medical
reasons, whereas those with a Kt/V >0.9 had a 13% failure
rate on dialysis. Based on these data, it was recommended that
patients receive a dialysis “dose” of Kt/V >1.0 when having
dialysis three times weekly.

Several refinements of the Kt/V relationship have been
made to better approximate the actual observations in patients
on HD. These include corrections for ultrafiltration of fluid dur-
ing dialysis; access and cardiopulmonary recirculation, which
result in dilution of the arterial urea concentration in vivo;
single-pool, variable volume model for urea (spKt/V); using
body water volume in the denominator, so the clearance ex-
pression is reduced from a flow to a fractional removal rate
(rate constant), and adding residual renal urea clearance to
compute an “adjusted” or “total” Kt/V. Failure to account for
residual renal clearance could lead to excessive dialysis that
would compromise quality of life. On the other hand, omis-
sion will protect patients from underdialysis when residual
kidney function is lost.5 Timing of blood sample collection
is very important to avoid diluted samples and postdialysis re-
bound of the plasma urea concentration.18 Redistribution of
urea can occur for 30 to 60 minutes after dialysis treatment,
and the greatest change will be evident in the first few min-
utes following dialysis. The effect of redistribution on Kt/V
is a reduction in the apparent dose of dialysis provided to the
patient.5

Observations after the NCDS were implemented suggest
a discrepancy between the prescribed dialysis and actual de-
livered dialysis, with conclusions that some patients are not
receiving adequate dialysis.50 The K/DOQI clinical practice
guidelines for HD adequacy address the issue in detail and rec-
ommend formal urea kinetic modeling to determine the appro-
priateness of the patient’s dialysis prescription. The minimal
delivered dose of dialysis should be a Kt/V of at least 1.2 per
dialysis, which corresponds to an average urea reduction ratio
(URR, the percent reduction of plasma urea following an HD
treatment) of 65%. To achieve this delivered dose, the guide-
lines further recommend that the prescribed dose be based on
a Kt/V of 1.4 per dialysis or a URR of 70%.5

The National Institutes of Health supported the HEMO
study, a multicenter, prospective, randomized trial to assess
the impact of the dialysis prescription on morbidity and mor-
tality in hemodialysis patients.51 In this study (N = 1,846),
subjects were randomized to standard-dose hemodialysis with
a goal Kt/V of 1.3 or to high-dose hemodialysis with a goal
Kt/V of 1.7. Patients were also randomized to dialysis with
either a low-flux or high-flux filter. Neither a higher dose of
dialysis or use of high-flux filters significantly improved sur-
vival or reduced morbidity. No major benefit in the primary out-
come of mortality or in secondary outcomes relating to various
causes of hospitalizations (e.g., cardiac causes, infection) com-
bined with mortality was observed in the high-dose group. The
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results of the HEMO study provided little evidence to support
increasing the dialysis prescription beyond the K/DOQI rec-
ommendations.

4. What are the variables that determine the Kt/V for R.W.?

Based on a target Kt/V of 1.4 and known characteristics of
the dialysis system, it is possible to develop a dialysis prescrip-
tion to achieve that value.5,17 The operative variables include
the type and size of dialysis membrane with known urea re-
moval characteristics, blood and dialysate flow rates, and dura-
tion of treatment. The membrane usually is determined based
on the type of dialysis delivery equipment in the facility and
economic factors. The size of the filter to be used is determined
by the size of the patient, with larger patients generally being
dialyzed using membranes with larger surface area. Blood flow
rate is maximized based on the type of equipment and pump
capability, as well as the ability of the patient’s cardiovascular
system to tolerate a high blood flow. High-flux dialysis usually
is carried out with a blood flow rate of 400 to 500 mL/minute
and rapid- and high-efficiency dialysis blood flow rates of 300
to 500 mL/minute.15,16 The last variable—time—is important
to consider in providing adequate dialysis therapy to the pa-
tient. Longer dialysis sessions allow for greater Kt/V values,
and it is unknown whether an upper limit exists for ideal ther-
apy. With the introduction of high-flux membranes, dialysis
treatment times were initially reduced to provide therapy to
patients in a more cost-efficient manner. The total removal of
urea was considered to be similar with higher urea clearance
and shorter dialysis sessions, thereby allowing for reductions
in personnel to manage the center and the ability to dialyze
more patients.

Concern regarding increased morbidity and mortality in the
United States in the early 1990s, compared with other indus-
trialized nations, resulted in an examination of dialysis prac-
tices. Many factors were thought to contribute to this situation,
including an older dialysis population, patients with more co-
morbid conditions being accepted to dialysis programs, and
a shorter dialysis duration. Independent of the use of high-
flux membranes and higher blood flow rates, the duration of
dialysis appears to be a very important factor. This may be
related to the clearance of uremic toxins other than urea and
the removal of fluid which, if not removed, contributes to hy-
pertension. An international study of 22,000 patients on HD in
the Dialysis Outcomes and Practice Patterns Study (DOPPS)
found that longer treatment time (>240 minutes) and higher
Kt/V were independently and synergistically associated with
lower mortality.52 Every 30 minutes longer on HD was asso-
ciated with a 7% lower relative risk of mortality (RR = 0.93;
P <0.0001). One dialysis center in Tassin, France, reported
improved patient survival with dialysis sessions of 8 hour/day,
three times weekly. The mean Kt/V was 1.67, and the survival
rate was 87% at 5 years, 75% at 10 years, and 55% at 15 years.53

Although these data are promising, a major dilemma in U.S.
centers is insufficient funding for prolonged dialysis and the
unwillingness of many patients to commit the time required for
more prolonged dialysis treatment on a chronic basis. Newer
approaches for longer, slow dialysis are under investigation,
including overnight HD in the home.54 A systematic review
of available evidence revealed improvements in blood pressure
control and hemoglobin levels after conversion from traditional
intermittent hemodialysis to nocturnal hemodialysis (defined
as dialysis occurring at least 5 nights per week and at least

6 hour/night).55 No differences in these values, however, were
noted when compared with controls. Moreover, the impact of
nocturnal hemodialysis on mortality is not yet known.

Fluid Removal
In addition to solute removal, the artificial kidney must be used
to maintain fluid balance in the patient without renal function.
Most patients will become anuric once stabilized on HD, re-
quiring control of ingested fluids between treatment sessions.
Fluid removal during dialysis then is necessary to achieve the
“dry weight,” or weight below which the patient could become
symptomatic from volume depletion. The dry weight for R.W.
has been set at 69.1 kg. Below this weight, R.W. exhibited
symptoms of orthostasis. Achieving the dry weight is accom-
plished by ultrafiltration, through adjustment of the transmem-
brane pressure. Negative pressure on the dialysate side of the
membrane results in movement of fluid across the membrane
from the blood compartment.15,16 Dialysate membranes are
characterized by their water permeability, or KUf. Most mem-
branes have values in the range of 2.0 to 8.0 mL/mmHg/hour,
although high-flux membranes may have values as high as
60 mL/mmHg/hour. Adjustment of the transmembrane pres-
sure will provide the desired ultrafiltration rate, based on
the amount of fluid to be removed (predialysis weight + IV
saline + ingested fluids during dialysis – dry weight). For pa-
tients undergoing dialysis three times weekly, weight gains
of 1 to 5 kg are common between sessions. For membranes
with KUf values >10 mL/mmHg/hour, volumetric circuitry
in newer dialysis machines should be used to avoid errors
in rates of fluid removal based on transmembrane pressure.
Modern hemodialyzers have built-in functions to adjust the
transmembrane pressure and remove fluid at a predetermined
rate.

Complications
Hypotension

5. The dry weight for R.W. is 69.1 kg. During his most recent
dialysis session, he complained of nausea and light-headedness
3 hours into the procedure. His diastolic pressure had dropped
from 85 to 60 mmHg. Ultrafiltration was discontinued, and he
recovered without further event. His postdialysis weight was 69.9
kg. What are possible etiologies for his hypotension?

Many complications can occur in patients having HD. The
most common is intradialytic hypotension (IDH), which can
produce a variety of clinical signs and symptoms, including
nausea and vomiting, dizziness, muscle cramps, and headache.
The reported incidence of hypotension is 10% to 30%, and even
higher in patients with specific risk factors, such as autonomic
dysfunction with diabetes and cardiac disease. It primarily is
caused by excessive fluid removal from the vascular compart-
ment at a rate exceeding mobilization of fluid stores.56 As a
consequence, patients with an inadequate hemodynamic re-
sponse to intravascular volume depletion will develop a de-
crease in blood pressure and other symptoms. An ultrafiltra-
tion rate >10 mL/hour/kg was found to be associated with
higher odds of IDH (odds ratio = 1.30; P = 0.045) and a
higher risk of mortality (RR 1.02; P = 0.02).52 It may be nec-
essary to adjust the dry weight upward if the patient is volume
depleted and symptomatic following dialysis. Another cause
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of hypotension is related to excessive heating of the dialysate,
which can produce vasodilation. Cooling of the dialysate to
slightly below body temperature may correct this problem, al-
though many patients are uncomfortable and do not tolerate the
cooling effect. The use of acetate as the buffer in the dialysate
has been associated with hypotension because of its direct va-
sodilating effects, but it is no longer used. Antihypertensive
therapy before dialysis may exacerbate hypotensive episodes
as well; in some patients, these drugs may need to be with-
held until after the dialysis session. Immediate treatment of
the hypotensive episode can be accomplished by placing the
patient in the Trendelenburg position (bed positioned with legs
raised and head lowered), administering a small (100 mL) bo-
lus of normal saline into the venous blood line, and reducing
the ultrafiltration rate.

Several pharmacologic agents have been proposed for the
management of IDH, including ephedrine, fludrocortisone,
caffeine, vasopressin, L-carnitine, sertraline, and midodrine.
Perazella57 reviewed these agents for their potential use in the
treatment of IDH and concluded that only midodrine, sertra-
line and L-carnitine have shown potential benefit in patients.
Midodrine is an oral prodrug that is converted to desglymido-
drine, a selective α1-agonist. Doses of 10 to 20 mg, 30 minutes
before dialysis are effective for most patients, but the presence
of active myocardial ischemia is a major contraindication.57

Sertraline is a selective serotonin reuptake inhibitor that has
shown promise in IDH at daily doses of 50 to 100 mg/day. The
mechanism is proposed to be through attenuation of paradox-
ical sympathetic withdrawal. L-carnitine has also been shown
to have potential benefit for treatment of IDH with IV doses of
20 mg/kg at dialysis. Its mechanism of action is not known but
it may be related to improvements in vascular smooth muscle
and cardiac functioning.57

Because the volume status of R.W. is associated with his
weight, another consideration is a change in his lean mass. R.W.
has noted an improvement in his appetite lately and, as a result,
added a few extra pounds. It is important to consider “real”
weight changes when assessing the dry weight and volume
status. Without appropriately increasing the dry weight goal
to compensate for his real weight gain, R.W. became volume
depleted and hypotensive. His dry weight should be adjusted
upward to the point at which he no longer is symptomatic (to
∼70 kg).

6. What other hemodialysis related complications must be
watched for and how can they be treated?

Muscle Cramps
Perhaps also related to fluid shifts, muscle cramps develop-
ing during dialysis may be induced by excessive ultrafiltration
resulting in altered perfusion of the affected tissues. Several
treatments have been attempted, including reduced ultrafiltra-
tion and infusion of hypertonic saline or glucose to improve
circulation.58,59 Exercise and stretching of the affected limbs
also may be beneficial. Long-term therapy may be directed
at prevention with the use of vitamin E 400 IU at bedtime.60

Vitamin E in combination with vitamin C 250 mg daily has
been found to be more effective than either therapy alone.61

Vitamin C therapy, however, is known to produce hyperox-
aluria, oxalate-containing urinary stones, and renal damage.
Therefore, the-long term safety of vitamin C in hemodialysis
patients needs to be evaluated. Quinine sulfate is no longer

available for use in leg cramps. It is associated with a number
of serious adverse events, some of which are potentially fa-
tal. In February 2007, the FDA ordered the manufacturing of
unapproved quinine to cease.

Hypersensitivity
Reports of anaphylactic reactions to dialyzer membranes, par-
ticularly on initial exposure, may be directly related to the
membrane itself, or to ethylene oxide, which is commonly used
to sterilize the dialyzer.62,63 Membranes most commonly re-
sponsible for reactions are unsubstituted cellulose membranes
(bioincompatible) or the high-flux polyacrylonitrile membrane
when used in conjunction with angiotensin-converting enzyme
(ACE) inhibitors.64 This latter reaction is thought to be related
to the inhibition of bradykinin metabolism by ACE inhibitors,
resulting in an anaphylactoid reaction.

Dialysis Disequilibrium
Dialysis disequilibrium is a syndrome that has been recognized
since the initiation of HD more than 30 years ago. Its etiology
is related to cerebral edema, and patients new to HD are at
a greater risk because of the accumulation of urea.65 Rapid
removal of urea from the extracellular space lowers the plasma
osmolality, thereby leading to a shift of free water into the brain.
Lowering of intracellular pH, as can occur during dialysis, has
also been suggested as a cause. Clinical manifestations occur
during or shortly after dialysis and include central nervous
system (CNS) effects, such as headache, nausea, altered vision,
and in some cases, seizures and coma. Treatment is aimed
at prevention by initiating dialysis gradually by using shorter
treatment times at lower blood flow rates in new patients. Direct
therapy can be provided in the form of IV hypertonic saline or
mannitol.65

Some of the long-term complications associated with HD
include thrombosis or infection of the access site, aluminum
toxicity, and amyloidosis.

Thrombosis
Access loss is most often the result of thrombosis, which is usu-
ally a consequence of venous stenosis. Prospective monitoring
of access function (e.g., intra-access flow; static or dynamic
venous pressures; measurement of access recirculation; and
physical findings, such as swelling of the arm, clotting of the
graft, prolonged bleeding after needle removal, or altered char-
acter of the pulse or thrill) is paramount to the prevention of
thrombosis. Fistula patency generally is much greater than syn-
thetic graft patency; yet, thrombosis and loss of function may
occur in both.7,66 The stenosis may be corrected by percuta-
neous transluminal angioplasty (PCTA) or, if necessary, surgi-
cal revision of the access site. Successful correction is effective
as a means to prevent thrombosis. Once it occurs, thrombosis
is managed by surgical thrombectomy or with pharmacome-
chanical or mechanical thrombolysis. Thrombolytic therapy,
administered by pulse spray technique of urokinase or strep-
tokinase, combined with mechanical thrombectomy is as ef-
fective as surgical thrombectomy.67 The pulse spray technique
involves rapid pulse injections of small aliquots of highly con-
centrated thrombolytics directly into the clot. More recently,
because of the potentially life-threatening adverse events asso-
ciated with streptokinase and the nonavailability of urokinase,
clinicians have evaluated the use of alteplase as an alternative
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thrombolytic agent.68 Alteplase and reteplase appear to be ef-
fective for thrombomechanical lysis of the vascular access
site.68,69 Thrombolytic therapy should be avoided in those pa-
tients with an increased risk of bleeding.

Anticoagulants and antiplatelet agents have been evaluated
in the prevention of graft thrombosis. In two separate random-
ized, placebo-controlled trials, therapy with low-dose warfarin
to achieve a target international normalized ratio (INR) of 1.4
to 1.9 or combination therapy with clopidogrel and aspirin in
patients with PTFE grafts showed no benefit in the prevention
of thrombosis or prolongation of graft survival.70,71 In both
studies, patients receiving active treatment experienced a sig-
nificantly increased risk of bleeding.

Infection
Access infections, usually involving grafts to a greater extent
than a native fistula, are predominantly caused by Staphylococ-
cus aureus or S. epidermidis. Infections with gram-negative or-
ganisms as well as Enterococcus occur with a lower frequency.7

Access infections can lead to bacteremia and sepsis with or
without local signs of infection. Treatment usually is initiated
with vancomycin, administered as a single, 1-g dose, repeated
as necessary, depending on the type of dialysis being used, or
cefazolin 20 mg/kg three times weekly, and gentamicin 2 mg/kg
with appropriate serum concentration monitoring.72 High-flux
dialysis results in greater removal of vancomycin than con-
ventional dialysis and, therefore, more than a single dose may
be necessary for adequate treatment.73,74 Vancomycin can be
given either during or after high-flux dialysis. A vancomycin
postdialysis dosing algorithm using fewer vancomycin concen-
trations for patients receiving thrice-weekly high-flux dialysis
was developed by Pai et al.75 The algorithm achieved predialy-
sis vancomycin concentrations comparable to those found with
more frequent monitoring. Cost savings was realized because
of a 70% reduction in the number of drug concentrations. In-
tradialytic dosing of vancomycin is a convenient mode of drug
administration in patients receiving high-flux dialysis. It avoids
the need for additional intravenous access, longer stays in the
hemodialysis unit, or home antibiotic administration. Two stud-
ies have shown that vancomycin dosing in the last 1 to 2 hours of
high-flux hemodialysis achieves adequate predialysis plasma
concentrations of 5 to 20 mcg/mL depending on the adminis-
tered dose.76,77 K/DOQI clinical practice guidelines for vas-
cular access also advocate surgical incision and resection of
infected grafts. Fistula infections are rare and should be treated
as subacute bacterial endocarditis with 6 weeks of antibiotic
therapy.7

Aluminum Toxicity
Aluminum accumulation in patients having HD was a signifi-
cant problem before water sources were adequately treated to
remove aluminum.29 Major complications of aluminum tox-
icity include dementia, aluminum bone disease, and anemia.
Aluminum accumulation still occurs in patients treated with
aluminum-containing antacids as binding agents for phosphate
in the GI tract, although not to the degree associated with water
supplies.78 Aluminum toxicity is diagnosed by clinical signs
and symptoms associated with the aforementioned conditions,
and a serum aluminum concentration of >200 ng/mL or a
deferoxamine-stimulated serum aluminum concentration in-
crease of >200 ng/mL.79 Deferoxamine chelates with serum

aluminum and the shift in equilibrium results in movement of
aluminum from tissue storage sites. The complex can be re-
moved by dialysis (600 Da), and high-flux membranes are ca-
pable of removing the complexed aluminum in a single dialysis
session, minimizing systemic exposure to deferoxamine and its
potential adverse effects. The latter include mucormycosis, a
fungal infection caused by a rhizopus that grows avidly in iron
media, as well as ocular, auditory, and neurologic toxicity.80,81

Deferoxamine generally is continued until the stimulated alu-
minum concentration is <50 ng/mL, which may require 1 year
of therapy.82

Amyloidosis
Amyloidosis is caused by the deposition of β2-microglobulin–
containing amyloid in joints and soft tissues over prolonged
periods.83 The incidence of amyloidosis is approximately 50%
after 12 years of dialysis and nearly 100% after 20 years. β2-
Microglobulin (MW 11,800 Da) normally is eliminated by fil-
tration and metabolism in the intact nephron. Renal failure
leads to reduced elimination and accumulation of this sub-
stance even during dialysis. High-flux membranes are more
effective than conventional membranes for the removal of β2–
microglobulin, but they have not been in use long enough to
evaluate their role in preventing amyloidosis. Carpal tunnel
syndrome, manifested as weakness and soreness in the thumb
from pressure on the median nerve, is the most common symp-
tom. Bone cysts also appear along with joint deposition of
amyloid, which can impair mobility.83 The type of membrane
used for dialysis also has been implicated in increasing the rate
of production of β2-microglobulin, in that some types seem to
cause more rapid amyloid deposition. Biocompatible mem-
branes are proposed to stimulate production to a lesser degree,
but prospective studies demonstrating their long-term benefit
have not been conducted.84

Malnutrition
Chronic kidney disease produces a catabolic state in patients
and, along with the multifactorial complications of ESRD,
leads to malnutrition. Serum albumin concentrations <3.0
g/dL are associated with an increased mortality rate com-
pared with higher values. Inadequate dietary intake and losses
of amino acids by dialysis contribute to protein malnutrition,
which in turn can lead to additional complications, such as
impaired wound healing, susceptibility to infection, and others
(see Chapter 31, Chronic Kidney Disease, for further discus-
sion).

L-CARNITINE
L-Carnitine supplementation has been advocated in patients

with ESRD to relieve intradialytic symptoms. It is a metabolic
cofactor that facilitates transport of long-chain fatty acids into
the mitochondria for energy production. This cofactor is found
in both plasma and tissue as free carnitine, the active compo-
nent, or bound to fatty acids as acylcarnitine. The primary
source of carnitine is dietary intake, primarily from red meat
and dairy products. Patients with renal failure may have what
appear to be normal or elevated total carnitine concentrations
but low levels of free carnitine. Accumulation of acylcarni-
tine, decreased carnitine synthesis, reduced dietary intake, and
dialytic losses may account for the normal to elevated total
concentrations in this population.85,86
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Carnitine is a small water-soluble molecule that is freely
dialyzed, thus its levels are reduced in hemodialysis. The po-
tential benefits of correcting this relative carnitine deficiency
have been primarily studied in patients having chronic HD.
Recommended doses of carnitine are 10 to 20 mg/kg IV after
each HD treatment. Although some have suggested that carni-
tine supplementation benefits muscle cramps and hypotension
during dialysis, as well as minimizing fatigue, skeletal muscle
weakness, cardiomyopathy, and anemia resistant to large does
of erythropoietic therapy, no evidence supports its routine use
in patients undergoing chronic HD.13

PERITONEAL DIALYSIS
Peritoneal dialysis is performed using several different modali-
ties, including the most common, continuous ambulatory peri-
toneal dialysis. Development of specialized devices to facili-
tate the exchange process and improve patient convenience has
led to processes referred to as automated peritoneal dialysis,
including continuous cycling peritoneal dialysis (CCPD) and
nocturnal intermittent dialysis (NIPD). CAPD is the most com-
mon method for chronic PD, but the APD methods are rapidly
growing. The number of patients with ESRD having treatment
with PD in the United States increased from approximately
10,000 in 1985 to a peak of about 32,000 in 1995 and has been
on the decline, with 27,000 in 2000 and 25,765 in 2005.1,2

Principles and Transport Processes
Continuous ambulatory peritoneal dialysis is performed by the
instillation of 2 to 3 L of sterile dialysate solution into the peri-

toneal cavity through a surgically placed resident catheter. The
solution dwells within the cavity for 4 to 8 hours, and then is
drained and replaced with a fresh solution. This process of fill,
dwell, and drain is performed three to four times during the
day, with an overnight dwell by the patient in his or her normal
home or work environment87–89 (Fig. 32-2). Conceptually, the
process is similar to HD in that uremic toxins are removed by
diffusion down a concentration gradient across a membrane
into the dialysate solution. In this case, the peritoneal mem-
brane covering the abdominal contents serves as an endoge-
nous dialysis membrane, and the vasculature embedded in the
peritoneum serves as the blood supply to equilibrate with the
dialysate. A primary difference is that because the dialysate
solution is resident, the result is a very slow dialysate flow rate
of approximately 7 mL/minute when 10 L of fluid is drained
per day. Solute loss occurs by diffusion for small molecules,
and through convection for larger, middle molecules.

Blood and Dialysate Flow
Hemodialysis provides constant perfusion of fresh dialysate,
thereby maintaining a large concentration gradient across the
dialysis membrane throughout the dialysis treatment. During
a typical dwell period for CAPD, urea and other substances
increase in the dialysate relative to unbound plasma concen-
trations. For a daytime dwell period of 4 hours, urea achieves
nearly equal concentrations with plasma; therefore, the rate of
elimination can become very small (Fig. 32-3). Instillation of
fresh dialysate solution will re-establish the diffusion gradi-
ent leading to an increased rate of urea removal. For a patient
making four exchanges of 2 L each per day, assuming the urea
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FIGURE 32-2 Schematic representation of CAPD components and techniques of inflow
and outflow. (From Schoenfeld P. Care of the patient on peritoneal dialysis. In: Cogan MG, et al., eds.
Introduction to Dialysis. 2nd ed. New York: Churchill Livingstone; 1991:200, with permission.)
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FIGURE 32-3 Rate of entry into peritoneal dialysate of urea,
creatinine, and vitamin B12. The y-axis indicates the ratio of
dialysate to plasma concentration (D:P). (From Blake PG et al. Physi-
ology of peritoneal dialysis. In: Daugirdas JT et al., eds. Handbook of
Dialysis. 4th ed. Philadelphia: Lippincott Williams & Wilkins; 2007:332,
with permission.)

dialysate concentration equals the plasma concentration, and 2
L are removed by ultrafiltration, the urea clearance would be ap-
proximately 7 mL/minute. This is substantially lower than urea
clearances achieved with HD; therefore, CAPD must be per-
formed continually throughout the week to achieve adequate
urea removal. Clearance depends on blood flow; dialysate flow;
and peritoneal membrane characteristics, such as size, perme-
ability, and thickness. Dialysate flow, the only easily adjusted
variable to alter clearance, has been used effectively in acute
PD to achieve relatively high clearances with 30- to 60-minute
dwell periods in a cycling system. CCPD uses this concept
of shorter dwell periods during the sleeping hours with au-
tomatic fill, dwell, and drain periods, leaving a high-dextrose
dialysate in the peritoneal cavity throughout the day until the
next cycling session. NIPD is similar, with nightly exchanges,
but the peritoneum is left unfilled, or dry, during the daytime.
As a result, urea clearance is lower with NIPD, but may be
suitable for many patients, and preferable to the volume load
in the peritoneal cavity throughout the day with CCPD.87 Elec-
trolyte concentrations in the dialysate solution are near phys-
iologic concentrations to prevent substantial shifts in serum
electrolyte levels (Table 32-1). A potential advantage of PD
compared with HD is the continuous dialysis of larger, middle
molecules that may exert toxic effects. These molecules are
cleared through convection and follow water as it is removed
through ultrafiltration. Clearance of these molecules depends
less on flow and more on duration of dialysis. The continu-
ous process of PD, albeit associated with low clearance values,
provides for a more physiologic condition in patients, rather
than the intermittent treatment provided with HD.

Fluid Removal
Fluid is removed by ultrafiltration through adjustment of the
transmembrane pressure during HD. Because this pressure is
not easily adjusted in PD, fluid is removed by altering the os-

motic pressure within the dialysate. This is accomplished by
the addition of dextrose monohydrate to the dialysate in vary-
ing concentrations, depending on the degree of fluid removal
necessary in the patient. Concentrations of dextrose in com-
mercially available solutions include 1.5%, 2.5%, and 4.25%,
with net fluid losses during a 4-hour dwell period of 200 and
400 mL for the 1.5% and 2.5% solutions, respectively, and
approximately 700 mL for the 4.25% solution following an
overnight dwell.90 As the dwell time persists, the dextrose is
absorbed and is diluted by the movement of fluid from the vas-
cular space, so that most ultrafiltration occurs early during the
dwell period.

Acid-base balance is achieved through the absorption of
lactate from the dialysate, which subsequently is metabolized
to bicarbonate in vivo. Bicarbonate is not compatible with the
calcium and magnesium in the dialysate and can lead to pre-
cipitation.

Access
Delivery of dialysate into the peritoneal cavity is accomplished
through an indwelling catheter inserted through the abdominal
wall. The most common design is the Tenckhoff catheter, made
of silicone rubber or polyurethane; it consists of a tube, straight
or curled, with many holes in the distal end for fluid inflow and
outflow.91 The catheter also has a single or double cuff, which
serves to anchor it to the internal and external attachment sites
by promoting fibrous tissue growth; this also serves as a barrier
to bacterial migration. Several modifications to the original
catheter have appeared on the market, mostly in an attempt to
overcome problems related to outflow of dialysate. Maintaining
an unobstructed outlet port is essential for successful PD.

Delivery of dialysate through the catheter is accomplished
in several modes. A straight transfer set uses tubing attached
to the catheter at one end, and to the bag of dialysate at the
other, via a spike. The transfer set usually is changed every
1 to 2 months in the dialysis clinic. For each dialysate ex-
change, the patient attaches a bag of fresh dialysate, warmed
to body temperature, to the transfer set and infuses the solution.
The tubing is clamped and rolled up with the attached bag and
placed into a pouch carried on the patient. The primary purpose
for maintaining the connection is to prevent contamination and
the development of peritonitis. Following the dwell period, the
patient unrolls the bag and tubing, places it on the floor, un-
clamps the tubing and awaits drainage of the fluid, usually 5 to
15 minutes. Using aseptic technique, the patient changes the
dialysate bag and infuses fresh solution to repeat the process.
This process is used rarely today and has been replaced by Y
sets and double bag systems. The Y transfer set employs three
limbs, with fresh dialysate attached to the upper arm of the Y,
an empty bag to the lower arm, and the stem connected to the
catheter.91 Clamping the inflow arm and opening the stem and
outflow arm allow dialysate to drain from the peritoneum into
the empty bag. Reversing the clamps then permits infusion of
the fresh dialysate solution after a small rinse of the line is per-
formed with the fresh solution. Clamping of the catheter allows
removal of the Y transfer set and bags from the patient. The
double bag system employs preattached bags to both limbs and
the patient and makes only a single connection to the catheter.
Use of the Y transfer set has reduced episodes of peritonitis
from approximately 1 for every 9 to 12 patient-months to 1 for
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every 24 to 36 patient-months.92 PD performed with the cycler
involves only two disconnections of the system, compared with
four for CAPD.

Dialysis Prescription
The initial CAPD prescription for most patients consists of
three exchanges during the day with 1.5% dextrose and a
fourth, overnight exchange with 4.25% dextrose. This would
be expected to achieve fluid removal of approximately 1,300
mL, based on 200 mL from each daytime exchange and 700
mL overnight. Based on assessment of the patient’s fluid sta-
tus, it may be necessary to increase or decrease the dialysate
prescription to achieve fluid balance. Fluid retention is solved
by increasing the dextrose content of the daytime exchanges,
beginning with 2.5% in place of one of the 1.5% solutions.
This is expected to result in an additional removal of 200 mL,
and therapy can be further adjusted as necessary. For patients
with excessive fluid removal, it may be possible to decrease
the number of exchanges per day as long as adequate solute re-
moval is present. If four exchanges are needed, the fluid intake
can be liberalized to maintain adequate hydration.

Cycler machines automatically cycle dialysate into and out
of the peritoneal cavity. Patients having CCPD will generally
need three to five exchanges, each lasting approximately 2
hours, using a cycler while the patient sleeps. During the day-
time hours, the patient maintains a reservoir of dialysate in the
peritoneal cavity resulting in a long dwell. The cycler process
repeats at night. Six to eight exchanges are performed every
night for patients having NIPD. The peritoneum is left dry and
patients do not continue dialysis during the day. Nightly dwell
times are generally 1 to 2 hours for each exchange, resulting in
a higher clearance for small molecules because of the increased
dialysate flow rate.87

Dextrose is the dextrorotatory form of glucose. Glucose is
a small molecule that rapidly diffuses across the peritoneal
membrane. As glucose is absorbed, the osmotic gradient of the
dwell progressively dissipates reducing ultrafiltration. Toward
the end of the long dwell, more dialysate fluid may be absorbed
than ultrafiltered, resulting in a negative net ultrafiltration vol-
ume where the drained volume is less than the infused volume.
A negative net ultrafiltration volume is undesirable. Greater ul-
trafiltration and fluid management are predictors of survival.93

An alternative to dextrose as the osmotic agent in the dialysate
solution is icodextrin (Extraneal). It is approved for use in the
United States in patients having CAPD or APD during the long
dwell period. It is a starch-derived, water-soluble, glucose poly-
mer that is approximately 40% absorbed and subsequently me-
tabolized to maltose oligosaccharides. Unlike glucose, icodex-
trin does not readily diffuse across the peritoneal membrane,
but is slowly removed from the peritoneal cavity via convective
uptake into the peritoneal lymphatics.94 It is superior to 1.5%,
2.5%, and 4.15% dextrose solutions for ultrafiltration.95,96 Its
use may be most beneficial in those patients characterized as
high average to high transporters.

7. M.J., a 27-year-old woman, has a 14-year history of insulin-
dependent diabetes mellitus. She is 5 feet 5 inches tall and weighs
60 kg. One complication of her diabetes is ESRD necessitating
dialysis. She has been undergoing CAPD for 1 year and, until
now, has done well without any complications. Her dialysis pre-

scription consists of three exchanges with 1.5% dextrose during
the day and a fourth, overnight exchange with 4.25% dextrose. She
has a double-cuff Tenckhoff catheter and uses a Y transfer set for
her exchanges. Her blood pressure is controlled and she shows no
evidence of edema. She has no residual renal function. Her most
recent serum laboratory results showed the following: calcium
(Ca) 10.9 mg/dL (normal, 8.8–10.2 mg/dL) and K 3.2 mEq/L (nor-
mal, 3.5–5.0 mEq/L). Calculate the prescribed amount of dialysis
for M.J.

[SI units: Ca, 2.7 mmol/L (normal, 2.2–2.6); K, 3.2 mmol/L (normal, 3.5–5)]

Residual renal clearance and greater urine volume, rather
than peritoneal clearance, have been shown to be significant
and important predictors of patient survival.97,98 The 2006
K/DOQI clinical practice guidelines for PD adequacy recom-
mend that total small-molecule clearance should be measured
as Kt/Vurea and is based on a 24-hour collection of urine (kid-
ney Kt/Vurea) and a 24-hour collection of effluent for CAPD
and APD (peritoneal Kt/Vurea).6 In the new guidelines, the tar-
get Kt/Vurea has been revised downward to at least 1.7 week
from the previous Kt/Vurea of 2.0/wk because levels above this
range have not been shown to improve outcomes. Renal and
peritoneal Kt/V can be added to achieve the target.

Determining the number of exchanges needed for solute
removal is based on the clearance of urea as a surrogate for
uremia. Based on dialysate urea achieving 90% of plasma urea
at the end of the dwell period, and four exchanges per day, the
fluid removal would be approximately 9,300 mL/day, or a urea
clearance of 59 L/week. For M.J., body water content (urea
distribution volume) is approximately 33 L (0.55 L/kg); there-
fore, the dialysis prescription would provide a weekly Kt/V of
1.79. Based on her dialysis prescription, M.J. should achieve
the target dose. The evidence for a Kt/V 1.79 is based on the
assumptions that the patient has no residual renal function,
there is full equilibration between dialysate and plasma with
respect to urea, the target urea concentration is 60 mg/dL, and
the normalized protein catabolic rate (nPCR) is between 1.0
and 1.2 g/kg/day, indicating adequate nutrition. Larger patients
may need a larger volume for each exchange (up to 3 L) or an
additional exchange per day to achieve the target Kt/V. The
increased volume is preferable because of the inconvenience
of an additional exchange.

M.J. also is noted to have an elevated serum calcium con-
centration of 10.9 mg/dL, probably as a result of her calcium
carbonate requirements to serve as a binder of dietary phos-
phate. Dialysate preparations with a low calcium concentra-
tion (2.5 mEq/L) compared with the standard concentration
of 3.5 mEq/L can help control hypercalcemia associated with
increased oral calcium intake. Potassium is not present in the
dialysate solution but can be supplemented in patients who
are not able to maintain potassium within the normal range.
M.J. has a somewhat low serum potassium concentration of
3.2 mEq/L. Therefore, providing a dialysate concentration of
4 mEq/L will sustain normal concentrations and prevent hy-
pokalemia. This is particularly important for patients receiving
digitalis preparations.

Assessment of Dialysis Adequacy

8. Assess the actual dialysis provided to M.J., based on a
24-hour collection of 9,130 mL dialysate with a urea concentration
of 54 mg/dL and serum urea concentration of 60 mg/dL.
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Following stabilization of the patient on the new dialysis
prescription, it is necessary to assess the adequacy of the de-
livered dialysis dose. According to the 2006 K/DOQI clinical
practice guidelines for PD adequacy, Kt/V should be measured
within 1 month of initiating peritoneal dialysis and every 4
months thereafter.6 This is accomplished by taking into ac-
count both the peritoneal and residual renal clearance of urea,
and comparing these with the target Kt/V. Dialysis urea clear-
ance is determined by collecting and measuring the dialysate,
as well as urine output, for a 24-hour period.10,99 Clearance is
calculated by standard methods: rate of elimination divided by
average plasma concentration. The sum of the two urea clear-
ances then is multiplied by 7 to determine the volume cleared
per week, and then it is divided by the urea distribution volume
(estimated from total body water content). This value then is
compared with the target weekly Kt/V value for assessment and
adjustment of the prescription. For M.J., the urea clearance was
5.7 mL/minute, or 57.5 L/week. Based on her estimated urea
distribution volume of 33 L, her weekly Kt/V is approximately
1.74, near the target of 1.7, not accounting for any residual
renal function that may be present.

Another test of peritoneal function is the peritoneal equi-
libration test (PET).100 It is a standardized semiquantitative
test of peritoneal membrane transport function, and is useful
to assess membrane function over time as well as to provide
guidance for the appropriate mode of PD for a patient. Based
on the ratio of dialysate to plasma concentration of a solute at
2 hours into a 4-hour dwell, the patient is characterized as a
high, high-average, low-average, or low transporter. Glucose
absorption also is assessed by comparing the dialysate con-
centration at 2 hours with the baseline. High transporters are
those who equilibrate rapidly, and would benefit from NIPD
therapy with rapid overnight exchanges. Low transporters can
be treated with standard CAPD, as long as the Kt/V is sufficient
to meet their needs.

Complications

9. M.J. now presents to the dialysis clinic with complaints of
abdominal tenderness and cloudy effluent. Examination of the
dialysate reveals a white blood cell (WBC) count of 330 cells/mm3

with 62% neutrophils. Gram stain is positive for gram-positive
cocci. Her diabetes has been controlled by the addition of 10 units
of regular insulin to each daytime bag and 15 units to the overnight
bag. How should M.J.’s infection be treated?

[SI unit: WBC, 0.33 × 109 cells/L (normal, <0.05 × 109)]

Peritonitis
The most significant complication among patients having PD
is peritonitis, which is frequently caused by coagulase-negative
staphylococci, including S. epidermidis (30.6%) or S. aureus
(17.5%).71,101 The patient usually presents with abdominal
pain, nausea and vomiting, and fever with or without a cloudy
effluent. Bacterial peritonitis generally is accompanied by an
elevated dialysate WBC count >100/mm3 with >50% neu-
trophils. A positive Gram stain should be followed by culture,
with therapy initiated in the interim. For lower cell counts or
negative Gram stain, a culture should be obtained followed by
treatment for positive cultures and continued observation for

negative results. Specific consensus recommendations of the
Advisory Committee on Peritonitis Management of the Inter-
national Society for Peritoneal Dialysis (ISPD) are located at
http://www.ispd.org.102 These guidelines were first published
in 1983 and revised in 1989, 1993, 1996, 2000, and 2005. The
initial focus of the ISPD recommendations was the treatment of
peritonitis and exit-site infections. The most recent guidelines
stress the importance of prevention.

Empiric antibiotics must cover both gram-positive and
gram-negative organisms.102 The increasing prevalence of
vancomycin-resistant organisms has resulted in a shift in em-
piric therapy away from vancomycin, toward first-generation
cephalosporins: cefazolin or cephalothin. Without a Gram
stain, therapy should be initiated with a combination of ce-
fazolin or cephalothin (to cover gram-positive organisms) and
ceftazidime (to cover gram-negative organisms), coadminis-
tered in the same dialysate solution at a dose of 1 g/bag for
both drugs, once daily, given intraperitoneally.103 Separate sy-
ringes must be used to add the antibiotics to dialysis solutions.
An aminoglycoside can be used in place of ceftazidime, but it
is not recommended initially, in an attempt to preserve resid-
ual renal function. Gentamicin, tobramycin, or netilmicin are
given at doses of 0.6 mg/kg/bag, once daily, and for amikacin,
2 mg/kg/bag once daily. Antibiotics should be allowed to dwell
for at least 6 hours.102 In addition to antibiotics, heparin 500
to 1,000 units/L may be added to each exchange to prevent
the formation of fibrin clots, which can result in catheter
failure.103 Subsequent antibiotic therapy should be based on
culture and sensitivity results, incorporating specific dosage
regimens based on the treatment guidelines.103

This is M.J.’s first episode of peritonitis. The most likely
pathogen, a Staphylococcus species, is consistent with the pos-
itive Gram stain. Her treatment should consist of cefazolin or
cephalothin alone. Vancomycin should not be used for empiric
therapy. Instead, it should be reserved for methicillin-resistant
Staphylococcus aureus (MRSA) infections or methicillin-
resistant S. epidermidis (MRSE) if M.J. does not respond to
empiric therapy. Heparin 1,000 units/L should be added to the
dialysate to prevent fibrin clots from forming and obstructing
outflow from the peritoneal cavity. Her blood glucose should
be monitored, because infection causes insulin resistance and
peritonitis will increase glucose and insulin absorption. In-
ability to control the blood glucose concentration may require
temporary discontinuation of the intraperitoneal (IP) insulin
and administration by another route.

For patients having APD, the choice of first-line antibiotics
is the same as for CAPD because the likely organisms are simi-
lar. Drug dosage regimens, however, can differ because patients
having CCPD or NIPD undergo PD only during the night-time
hours, and those having NIPD do not have residual peritoneal
fluid during the day. For aminoglycoside antibiotics, once daily
dosing is preferred for the foregoing reasons, as well as their
longer duration of action because of the post-antibiotic effect
(see Chapter 32, Chronic Kidney Disease). Vancomycin and
other glycopeptides can be administered intermittently because
of their prolonged elimination half-life in patients with ESRD.
Because of the lack of clinical trials with other antibiotics in
patients having APD, extrapolation from the CAPD literature
may be necessary. A review addresses the current knowledge
and issues surrounding the pharmacokinetics of antibiotics in
patients with peritonitis undergoing APD.104
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Exit-Site Infection
Prevention of catheter exit-site infections (and thus peritoni-
tis) is the primary goal of exit-site care.102 Several preven-
tative measures are important: adequate catheter placement,
dedicated postoperative catheter care, and routine daily care
of the exit site. Dressing changes of a newly placed catheter
are done by a dialysis nurse using sterile technique until the
exit site is well healed, which can take up to 2 weeks. Once
the exit site is well healed, the patient is educated and trained
to do routine exit-site care. Routine care consists of thorough
handwashing with antibacterial soap before touching the exit
site. Antiseptics that contain at least 60% ethanol or isopropyl
alcohol can be used to augment handwashing.105 The exit site
is then washed daily with antibacterial soap, although use
of an antiseptic (e.g., povidone iodine or chlorhexidine) is a
reasonable option.102 Hydrogen peroxide should be avoided
as a routine antiseptic because it causes drying. After daily
cleansing, antimicrobial creams (e.g., mupirocin, gentamicin)
are applied around the catheter exit site using a cotton swab.
Mupirocin ointment, not the cream, can cause structural dam-
age to polyurethane catheters, and should be avoided in pa-
tients with these catheters.102 Catheter exit-site infections are
most often caused by S. aureus and Pseudomonas species.99

In a randomized, double-blind trial, gentamicin sulfate 0.1%
cream was found to be as effective as mupirocin 2% cream
in preventing S. aureus infections.106 Gentamicin cream was
also highly effective in reducing P. aeruginosa and other gram-
negative catheter infections, whereas mupirocin cream was not.
A longer time to first catheter infection and a reduction in peri-
tonitis, particularly gram-negative organisms, was also seen
with gentamicin use. For these reasons, daily gentamicin cream
at the exit site is considered to be the prophylaxis of choice in
patients having PD.106 Finally, the catheter should be immobi-
lized with a small gauze dressing and tape to prevent pulling
and trauma to the exit site, which may lead to infection.

Empiric therapy for exit-site infections may be started im-
mediately, and should always cover S. aureus. Oral antibiotic
therapy has been shown to be as effective as IP therapy.102

Local erythema alone can be treated with topical agents,
whereas purulent drainage indicates more significant infec-
tion and the need for systemic antibiotics.103 Hypertonic saline

dressings, as well as oral antibiotic therapy, can be used for
especially severe exit-site infections.102 Hypertonic saline is
prepared by adding 1 tablespoon of salt to 1 pint (500 mL)
of sterile water. The solution is then applied to gauze and
wrapped around the catheter exit site for 15 minutes, once
or twice a day. Gram-positive organisms are treated with
first-generation oral cephalosporins, a penicillinase-resistant
penicillin, or trimethoprim-sulfamethoxazole (TMP-SMX). A
1-week course of rifampin may be added at 600 mg/day orally
(in single or split dose) for nonresponding infections with pos-
itive cultures after 1 week of appropriate therapy. Rifampin
monotherapy treatment of S. aureus should be avoided. In ar-
eas where tuberculosis is endemic, rifampin should also be
avoided in the treatment of S. aureus to reserve this drug for
treatment of tuberculosis.102 Oral quinolone antibiotics are rec-
ommended as first-line agents in the treatment of P. aeruginosa
exit-site infections. P. aeruginosa infections are difficult to treat
and often require prolonged therapy with two antibiotics.102 If
the infection is slow to resolve or if in cases of a recurrence, a
second antipseudomonal drug can be added (e.g., ceftazidime
IP). Gram-negative organisms can be treated with ciprofloxacin
500 mg orally twice daily.103 Scheduling of the quinolone dose
is important so that coadministration with foods or other drug
therapies that may chelate the quinolone in the gut is avoided.
Potentially chelating agents include calcium products, iron,
multivitamins, antacids, zinc, sucralfate, and dairy products.
Antibiotic therapy should be continued for a minimum of
2 weeks until the exit site appears entirely normal.

Weight Gain
Dextrose is present in dialysate solutions primarily to serve as
an osmotic agent for the removal of fluid during each exchange.
Higher concentrations are expected to result in greater fluid
removal. Approximately 500 to 1,000 kcal/day are absorbed as
glucose from PD solutions, which can lead to weight gain in
patients. Some patients may require modification of oral caloric
intake to avoid excessive weight gain. Insulin requirements
generally are increased in patients with diabetes as a result of
the additional calories and, when administered IP, usually are
two to three times the normal subcutaneous dose because of
their reduced bioavailability of 20% to 50% by this route.
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BASIC PRINCIPLES
An increasing amount of information is available on the dis-
position of drugs in renal disease. It is important to design
specific pharmacotherapeutic regimens for patients with renal
impairment. Many patients are treated with multiple medica-
tions, which may require dosage adjustment. Without careful
dosing and therapeutic drug monitoring for select agents in
these patients, accumulation of drugs or toxic metabolites can
occur, resulting in serious adverse effects.

In addition to altered drug elimination, a number of fac-
tors associated with kidney disease predispose patients to the
potential for drug toxicity. Renal disease can affect the pharma-
cokinetic disposition as well as the pharmacodynamic effect of
drugs. For example, the physiologic changes associated with
uremia can alter drug absorption, protein binding, distribution,
or elimination. These physiologic changes can alter drug con-
centrations in the plasma or blood, and at the targeted tissue
site of activity, thereby affecting drug efficacy and toxicity.

Little is known about the effect of renal disease on drug
pharmacodynamics. Pharmacodynamics (or “what the drug
does to the body”) quantitatively describes the pharmacologic
or toxicologic effects of drugs relative to the drug concentra-
tion. Patients with renal disease may have a different response
to a given drug concentration than a patient with normal renal

function. Data in the area of pharmacodynamics and renal dis-
ease are limited. Patients with renal disease can be more sensi-
tive to some drugs, and can experience an increased frequency
of adverse drug reactions, with or without dosing modifica-
tions.

Figure 33-1 illustrates the relationship between pharma-
cokinetics and pharmacodynamics. The dose of drug produces
a drug concentration, which results in a pharmacologic or toxic
effect. Figure 33-2 illustrates how different components of drug
disposition influence the ability of a drug to exert its pharma-
cologic effect at the site of action.

Effect of Renal Failure on Drug Disposition
Bioavailability
Although several factors can affect drug absorption in pa-
tients with kidney disease, only limited data are available that
definitively document altered bioavailability. The absorption
of drugs in patients with renal disorders could be inhibited by
gastrointestinal (GI) disturbances present with uremia (e.g.,
nausea, vomiting, diarrhea), uremic gastritis, and pancreati-
tis. Edema of the GI tract, which can occur in patients with
nephrotic syndrome, can cause impaired absorption. Gastric
and intestinal motility as well as gastric emptying time can be

33-1
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Dose Concentration Effect

Pharmacokinetics Pharmacodynamics

FIGURE 33-1 Relationship between pharmacokinetics and
pharmacodynamics and the relationship of these two sci-
entific principles to drug dose and concentration, and drug
concentration and effect.

altered by the neuropathy that is commonly associated with
uremia. Uremia also can increase gastric ammonia, leading
to an increased gastric pH. Drugs that require an acidic envi-
ronment for absorption, such as ferrous sulfate, may be less
bioavailable.1 Calcium-containing antacids that often are used
by patients with renal failure for GI symptoms and hyperphos-
phatemia will neutralize hydrochloric acid in the stomach and
increase gastric pH. Patients with end-stage renal disease of-
ten take oral phosphate binders, such as sevelamer, which can
impair the absorption of other medications.

The bioavailability of orally administered drugs also de-
pends on the extent to which the drug is eliminated by first-
pass (presystemic) metabolism. In an early study, the first-
pass hepatic metabolism of oral propranolol was found to be
reduced in patients with renal disease, leading to increased
bioavailability.2 Subsequent studies, however, have attributed
these observed increased concentrations of propranolol in renal
failure to a significant increase in the blood-to-plasma ratio.3

Not only can decreased first-pass metabolism contribute to
increased bioavailability, but intestinal P-glycoprotein activ-
ity may be decreased as well.4 Additional drugs exhibiting
increased bioavailability in renal disease include cloxacillin,
propoxyphene, dihydrocodeine, encainide, and zidovudine
(AZT). For example, the area under the curve (AUC) of dihy-
drocodeine is increased by 70% in those patients with impaired
renal function.5

Protein Binding and Volume of Distribution
The extent to which a drug exerts its pharmacologic effects
is related to the amount of free or unbound drug available for
distribution to the target tissues. Patients with renal failure
often have alterations in plasma protein binding, which can in-
crease the amount of unbound drug.6 Although this generally
is true for acidic drugs, the binding of basic drugs is usually un-
changed or possibly decreased in renal disease. Clinically, this
is most important for highly protein-bound drugs (>80%). De-
creased protein binding of these drugs results in increases in the
free fraction of drug. This leads to an increase in the apparent

volume of distribution (Vd), and plasma clearance for drugs
with a low-extraction ratio. A simultaneous increase in both
the Vd and clearance results, however, in little or no change in
the elimination half-life (t1/2 ) of these drugs. Alternatively, the
Vd of high-extraction ratio drugs can increase without a con-
comitant change in clearance. In this situation, the elimination
half-life would increase, based on the relationships:

Kd = Cl/Vd
t1/2 = 0.693 × Vd/Cl

In patients with renal failure, the accumulation of uremic
toxins may alter protein binding. When the free fraction of
drugs that are highly protein bound changes, the interpretation
of the total drug concentration must also be considered. That
is, with increasing free fraction, the total drug concentration
necessary to exert the desired pharmacologic effect is lower
than that needed under normal conditions.

Hypoalbuminemia is a common complication of renal fail-
ure. Because acidic rather than basic drugs are bound to albu-
min, their protein binding tends to be altered in patients with
renal failure (Table 33-1).7 Patients with uremia accumulate
acidic by products that may inhibit binding, or displace acidic
drugs from albumin binding sites. This is supported by the ob-
served improvement in protein binding following removal of
uremic byproducts by hemodialysis. Finally, the conformation
or structural arrangement of albumin is altered in renal disease,
which may reduce the number and affinity of binding sites for
drugs. Studies have demonstrated differences in the amino acid
composition of albumin between healthy people and patients
with uremia.8

The anticonvulsant, phenytoin, is a classic example of a
drug whose protein binding is altered in renal disease.9 This is
discussed in more detail later in this chapter.

Renal disease can change the Vd of various drugs. The Vd
or “apparent volume of distribution” is the “volume” or size
of a compartment necessary to account for the total amount of
drug in the body if it were present throughout the body at the
same concentration as that found in plasma. A decrease in the
plasma protein binding of highly protein-bound drugs, such as
phenytoin, leads to an increase in the apparent Vd.

Drugs that are not highly protein bound (e.g., gentam-
icin, isoniazid) have little change in their Vd in renal disease.
Digoxin is a unique exception in that its Vd is decreased in
renal disease. This is attributed to a decrease in myocardial tis-
sue uptake of digoxin, leading to a decrease in the myocardial-
or tissue-to-serum concentration ratio.10

Drug

Excretion
 (Urine)

Central
Compartment

Protein Binding

Free Drug

GI

IV

Liver

Metabolism

Site of Action
 (Receptor)

Peripheral
Compartment

(Tissue)

Therapeutic or
Toxic Effect

FIGURE 33-2 Factors influencing drug disposition
and therapeutic or toxic effects. Following drug admin-
istration, a number of factors can influence pharmacokinetic
parameters, such as bioavailability, volume of distribution,
clearance, and target tissue binding. These factors may in-
clude first-pass metabolism, protein binding, and renal and
liver function.
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Table 33-1 Plasma Protein Binding (%) of Acidic Drugs in
Renal Failure

Drug Normal Renal Failure

Cefazolin 85 69
Cefoxitin 73 25
Clofibrate 97 91
Diazoxide 94 84
Furosemide 96 94
Pentobarbital 66 59
Phenytoin 88–93 74–84
Salicylate 87–97 74–84
Sulfamethoxazole 66 42
Valproic acid 92 77
Warfarin 99 98

Elimination
The extent to which renal disease affects the elimination of a
drug depends on the amount of drug normally excreted un-
changed in the urine and the degree of renal impairment. As
kidney disease progresses, the kidney’s ability to excrete ure-
mic toxins diminishes. Consequently, the ability to eliminate
certain drugs that are renally excreted also decreases. If the
dose of these drugs is not modified for patients with renal dys-
function, these drugs will accumulate, leading to an increase
in the pharmacologic effect and the potential for toxicity.

The kidney eliminates drugs primarily by filtration or active
secretion. Characteristics of a drug that determine its ability
to be filtered include its affinity for protein binding and its
molecular weight. Drugs with low protein binding or those
that are displaced from proteins in the setting of renal disease
(e.g., phenytoin) are filtered more readily. Molecules with a
high molecular weight (>20,000 Da) are not readily filtered
because of their large size. The reasons for how renal disease
selectively alters the process of glomerular filtration or tubular
secretion of specific drugs are not well understood. The renal
elimination of drugs in patients with renal disease usually is
estimated by measuring the ability of the kidney to eliminate
substances such as creatinine (i.e., creatinine clearance [ClCr])
(see Chapter 31, Acute Renal Failure).

Renal disease can also have an important impact on the
elimination of drugs that are primarily metabolized by the
liver.11 Metabolic processes, such as hydroxylation and glu-
curonidation, often produce inactive, more polar compounds
that can be eliminated by the kidney. The metabolites of some
drugs (e.g., meperidine, morphine, procainamide) are phar-
macologically active or toxic. In patients with renal disease,
these metabolites may accumulate, leading to an increase in
pharmacologic activity and adverse effects.12,13 For example,
the central nervous system (CNS) toxicity observed in renal
disease has been attributed to accumulation of the morphine
metabolite, morphine-6-glucuronide. Therefore, careful dos-
ing modifications or avoidance of these drugs are warranted in
patients with renal impairment. Metabolic enzymes have been
found within renal tissue, and may play a role in the metabolism
of some of these drugs.14,15 For example, the nonrenal clear-
ance of drugs (e.g., acyclovir) decreases in patients with re-
nal impairment, and is believed to be caused by a decrease in
“renal” metabolism.16

Although renal and hepatic dysfunction may alter the
metabolism and excretion of many drugs, the disposition of ex-
cipients used to formulate medications should also be consid-
ered. The pharmacokinetics of itraconazole and voriconazole
are not significantly altered in the setting of renal dysfunction.
The parenteral formulations of itraconazole and voriconazole
contain the solubilizing agent, β-cyclodextrin. Cyclodextrin is
rapidly eliminated by glomerular filtration, but can accumulate
in patients with renal impairment, causing GI disturbances.17

Drug Removal by Dialysis
The effect of dialysis on the removal of a specific drug must
be considered when using medications in patients undergoing
dialysis. Patients may need supplemental doses of a medication
after a dialysis session or alteration in their dosage to maintain
therapeutic drug concentrations. Dialysis also can be initiated
to hasten drug removal from the body in some cases of drug
overdose.

When using dialysis to manage a drug overdose, patients
may respond clinically to factors unrelated to dialysis of the
drug. For example, declining plasma concentrations may be
caused by concurrent drug elimination by hepatic metabolism
or renal excretion, which is independent of the dialysis proce-
dure itself. Furthermore, clinical improvement may result from
removal of active metabolites by dialysis rather than the parent
compound.

The primary literature should be used to determine if any
information is available about the ability of dialysis to remove
drug. The application of data from the literature to a specific
clinical situation often is difficult, however, and information
pertaining to the dialysis of a specific drug may be limited.
Anecdotal case reports in the primary literature seldom pro-
vide quantitative information. The effectiveness of dialysis is
often based on a positive clinical outcome rather than on ob-
jective measurements of drug concentrations in the plasma and
dialysate.

When applying information from the primary literature to
a specific patient, the specifics of the dialyzer (e.g., type of
machine, membrane surface area, pore size, and blood and
dialysis flow rates) must be considered (see Chapter 32, Re-
nal Dialysis). Furthermore, patient-specific information (e.g.,
time of drug ingestion, liver and renal function) from case re-
ports in the literature also should be evaluated appropriately.
The method used to calculate dialysis clearance also should be
considered. In addition, clinical investigators often use predial-
ysis and postdialysis serum drug concentrations for estimating
drug dialyzability without considering the contributing effects
of drug metabolism and excretion on drug elimination.

Drug-Specific Properties
The physical and chemical characteristics of drugs can be used
to predict the effectiveness of dialysis on drug removal.18–20

Low-molecular-weight (MW) compounds are more readily di-
alyzed by conventional hemodialysis procedures because they
can pass with greater ease across the dialysis membrane. Us-
ing cuprophane dialysis membranes, compounds with a MW
≤500 are more likely to be significantly dialyzed than com-
pounds with a high MW (e.g., vancomycin, MW ≈ 1,400).
Newer high-flux dialyzers using polysulfone membranes more
effectively remove large chemical compounds (see High-Flux
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Hemodialysis below and Chapter 32, Renal Dialysis). In addi-
tion, the water solubility of a compound can also help predict
drug dialyzability because water-soluble drugs are removed
more readily than lipid-soluble compounds.

Pharmacokinetic characteristics (e.g., Vd, protein binding)
also can affect drug dialyzability. A drug with a large Vd that
distributes widely into the peripheral tissues resides minimally
in the plasma and therefore is not substantially removed by
dialysis. This is particularly true for highly lipid-soluble drugs
such as digoxin (Vd = 300–500 L), and amiodarone (Vd =
60 L/kg). In addition, drugs that are highly protein bound,
such as warfarin (99%) and ceftriaxone (83%–96%), are not
significantly removed by dialysis because the large protein–
drug complex is unable to pass through the dialysis membrane.

The plasma clearance of a drug should also be compared
with the dialysis clearance. Clearance values are additive. Dial-
ysis clearance must contribute substantially to the patient’s own
clearance to enhance drug elimination. For example, zidovu-
dine (AZT) has a large plasma clearance in patients with se-
vere renal disease (≈1,200 mL/minute). Therefore, despite a
hemodialysis clearance of 63 mL/minute, the contribution of
dialysis to AZT removal is negligible.

High-Flux Hemodialysis
High-flux hemodialysis utilizes higher blood and dialysate flow
rates compared with conventional methods. The enhanced ef-
ficiency of high-flux dialysis and the larger pore size of the
polysulfone membranes allow for small- and mid-MW com-
pounds (e.g., vancomycin) to be partially removed. Drugs
such as gentamicin and foscarnet, which are removed by con-
ventional dialysis, are also efficiently removed by high-flux
hemodialysis.21,22 In many cases, the net amount of drug re-
moved during a high-flux dialysis session is greater than the
amount removed during conventional dialysis because of the
use of higher blood flow rates. The principal difference is
the greater efficiency and the ability to clear drugs of larger
MW compared with conventional dialysis.

Continuous Ambulatory Peritoneal Dialysis
Continuous ambulatory peritoneal dialysis (CAPD) uses the
patient’s peritoneum as the dialysis membrane. Patients main-
tained with CAPD undergo infusion of a dialysate solution via
a catheter inserted into the peritoneal cavity; the solution is
allowed to dwell in the cavity for several hours. The accumu-
lated fluid and uremic byproducts diffuse from the blood into
the dialysate solution, which is exchanged every 4 to 8 hours
(see Chapter 32, Renal Dialysis).

Some drugs, such as antibiotics, can be administered in-
traperitoneally in patients on CAPD by directly adding it to
the dialysate solution. This is particularly useful for patients
with peritonitis who require high intraperitoneal concentra-
tions of antimicrobial agents to treat this infection. Following
intraperitoneal administration of drugs, such as the aminogly-
cosides, plasma and intraperitoneal drug concentrations will
eventually reach equilibrium. Despite systemic absorption of
these drugs from the peritoneal fluid, peritoneal dialysis usu-
ally is inefficient at removing drugs from the plasma.23 Be-
cause CAPD contributes little to the overall elimination of
most drugs, dosage modifications are not always necessary in
patients having this procedure.

Continuous Renal Replacement Therapies
Continuous arteriovenous hemofiltration (CAVH) and contin-
uous venovenous hemofiltration (CVVH) are forms of contin-
uous renal replacement therapy (CRRT) used in the critically
ill patient with acute renal failure. These therapies are typically
reserved for patients who are unable to tolerate hemodialysis
because of hemodynamic instability. As with hemodialysis,
this procedure removes fluid, electrolytes, and low- and mid-
MW molecules from the blood. Using a hollow fiber that is
made of a semipermeable membrane, water and solutes are fil-
tered by hydrostatic pressure. A countercurrent dialysate can
be added to the circuit to improve solute removal (CAVHD or
CVVHD).

Limited data are available on the effect of CAVH or CVVH
on the removal of drugs. Drugs that have a high sieving co-
efficient (permeability of a drug through a semipermeable
membrane), such as the aminoglycosides, ceftazidime, van-
comycin, and procainamide, are readily removed by CAVH
or CVVH.24–26 Data concerning the removal of drugs by
hemodialysis cannot be extrapolated to CAVH or CVVH be-
cause of differences in the membranes used, blood flow rates,
ultrafiltration rate, dialysate flow rate, and the continuous na-
ture of the procedure compared with intermittent hemodialysis.
A way does exist to estimate CVVH clearance and determine
the appropriate dosage regimen based on the pharmacologic
characteristics of a specific drug (see Question 8).

Hemoperfusion
Hemoperfusion is another method of drug removal that may be
used to facilitate the elimination of a drug in the setting of an
overdose.27,28 During the hemoperfusion procedure, blood is
passed through a column of adsorbent material (e.g., activated
charcoal or resin) to bind toxins and drugs. Hemoperfusion can
be particularly useful for removing large-MW compounds or
highly protein-bound drugs that are not removed efficiently by
hemodialysis. Large compounds and drug–protein complexes
are adsorbed onto the high-surface-area resin as blood passes
through the adsorbent column. Hemoperfusion can also be used
to remove lipid-soluble drugs not easily removed by hemodial-
ysis. Lipid-soluble drugs often have a large Vd. Removal of
drugs by hemoperfusion is of limited value because a signifi-
cant amount of these lipophilic compounds reside in peripheral
tissues.

Pharmacodynamics and Renal Disease
Few studies have investigated the pharmacodynamics of drugs
in patients with renal disease. Clinical observations report that
patients with renal disease are more sensitive to various drugs.
For example, morphine has been associated with increased
neurologic depression in patients with renal failure.29,30 The
ability of morphine to potentiate the CNS depressant effects
of uremia may result from an alteration in the permeability
of the blood–brain barrier that results in higher CNS levels of
morphine and morphine-6-glucuronide.

Another example of altered drug response in uremia is that
of nifedipine, which, at similar unbound plasma concentra-
tions, has an increased antihypertensive effect in patients with
renal disease.31 The mean maximal effect change in diastolic
blood pressure (Emax) values in the control group and in pa-
tients with severe renal failure were 12% and 29%, respectively.
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Therefore, the dose of nifedipine needs to be adjusted in pa-
tients with renal disease because of changes in drug effects
rather than pharmacokinetic alterations.

The pharmacokinetics of warfarin is not significantly altered
in renal failure. Patients with renal failure who are prescribed
warfarin have a higher incidence of hemorrhagic complica-
tions, likely because of platelet dysfunction from uremia, and
drug–drug interactions from concomitant medications.32,33

PHARMACOKINETICS AND PHARMACODYNAMICS OF
SPECIFIC DRUGS IN RENAL FAILURE
Ceftazidime
Dosage Modification: Factors to Consider

1. G.G., a 31-year-old, 70-kg woman with a 3-year history of
systemic lupus erythematosus (SLE), presents to the emergency
department (ED) with a 5-day history of fatigue, weakness, and
nausea as well as worsening of her facial rash and a fever of 40◦C.
Her SLE had been moderately controlled until this acute flare.
Her admission laboratory workup now reveals the following per-
tinent values: potassium (K), 6.0 mEq/L (normal, 3.6–4.8 mEq/L);
sodium (Na), 142 mEq/L (normal, 135–144 mEq/L); serum crea-
tinine (SrCr), 3.4 mg/dL (normal, 0.6–1.3 mg/dL); and blood urea
nitrogen (BUN), 38 mg/dL (normal, 7–20 mg/dL). Complete blood
count (CBC) reveals a hematocrit (Hct) of 32% (normal, 35%–
45% [females]) and a hemoglobin (Hgb) of 9.2 g/dL (normal, 11.8–
15.4 g/dL [females]). The platelet count is 50,000/mm3 (normal,
140,000–300,000) and her erythrocyte sedimentation rate (ESR)
is 35 mm/hr (normal, 0–20). Physical examination is significant
for a blood pressure (BP) of 136/92 mm Hg and 2+ pedal edema.
Prednisone is started at a dose of 1.5 mg/kg/day.

Two weeks into her hospital course, G.G.’s condition worsens
and signs of sepsis develop. Pseudomonas aeruginosa is cultured
from her urine. Therapy with ceftazidime is initiated at a dose of
1 g Q 8 hr, a dose commonly used for patients with good renal
function. Considering that G.G.’s renal function has remained
stable and that she has an estimated ClCr of 27 mL/minute, what
factors should be considered before modifying her dose? What
would be an appropriate dose of ceftazidime for G.G.?

[SI units: K, 6.0 mmol/L (normal, 3.6–4.8); Na, 142 mmol/L (normal,

135–144); SrCr, 300.56 μmol/L (normal, 53.04–114.92); BUN, 13.57

mmol/L urea (normal, 2.5–7.14); Hct, 0.32 (normal, 0.35–0.45); Hgb, 92

g/L (normal, 118–154); platelet count, 50 × 109/L (normal, 140–300); ESR,

35 mm/hour (normal, 0–20)]

Before modifying the dose of any drug, its route of elim-
ination should be established. The elimination of most drugs
that primarily are cleared by the kidneys will be decreased
in the setting of renal impairment. The degree to which renal
impairment affects elimination depends on the percentage of
unchanged drug that is excreted by the kidney. For many drugs
that are cleared by the kidneys, relationships between some
measurement of renal function (e.g., ClCr) and some parame-
ter of drug elimination (e.g., plasma clearance or half-life) have
been established to help the clinician determine the appropriate
dosing modifications in patients with renal disease.

In contrast, the clearance of drugs that are eliminated pri-
marily by nonrenal mechanisms (e.g., hepatic metabolism) is
not altered significantly in patients with renal disease. Lim-

ited data indicate, however, that the kidney may play a role
in drug metabolism. Enzymes with metabolic capacity have
been found within renal tissue (see Question 12). The clinical
importance of this elimination pathway is unclear.

Of clinical significance is the role of the kidney in eliminat-
ing pharmacologically active or toxic metabolites. Despite the
metabolism of the parent drug and the lack of renal elimination
of unchanged drug, the formation of active, more water-soluble
metabolites that may accumulate with renal dysfunction war-
rants dosage adjustment or avoidance of the drug entirely (e.g.,
meperidine; see Question 22).

Another factor important to consider is the “therapeutic
window” for a given drug. The therapeutic window is the
range of drug concentrations thought to be most effective.
Drug concentrations below this range are usually subthera-
peutic, whereas concentrations above this range can lead to a
greater incidence of adverse effects. For drugs with a wide ther-
apeutic window, the difference between toxic and therapeutic
concentrations is large. Drugs that are cleared primarily by the
kidney may require dosing modifications in patients with renal
dysfunction. Aggressive dose reduction may not be necessary,
however, for drugs with a large therapeutic window, particu-
larly if the adverse effects of the drug (e.g., fluconazole) are
relatively mild. This is in contrast to drugs (e.g., aminoglyco-
sides, vancomycin, or foscarnet), which are eliminated primar-
ily by the kidney and have narrow therapeutic windows. For
these drugs, the toxic plasma concentrations are very close to
the therapeutic drug concentrations, with little room for dosing
error. Table 33-2 summarizes the pharmacokinetics and dos-
ing guidelines for drugs commonly used in patients with renal
failure.

Ceftazidime is a cephalosporin that has excellent activ-
ity against most strains of Pseudomonas sp. As with most
cephalosporins, ceftazidime primarily is cleared by the kid-
neys, with little nonrenal or hepatic elimination. The cor-
relation between the clearance of ceftazidime and ClCr in
mL/minute is represented by the following equation34:

Clceftaz (mL/min) = (0.95)(Clcr) + 6.59 (33-1)

Using Equation 33-1, the clearance of ceftazidime in G.G.
is estimated to be 32 mL/minute compared with an average
normal clearance of approximately 100 mL/minute. Because
her drug clearance is approximately one-third of normal, she
would require about one-third of the normal daily dose (i.e., 1
g every 24 hours). As with other cephalosporins, ceftazidime
has a large therapeutic window.37 Failure to reduce the dose
from a normal dose of 1 g every 8 hours might, however, lead
to accumulation of ceftazidime, predisposing G.G. to seizures
and other adverse effects associated with toxic β-lactam antibi-
otic plasma levels.35,36 This is in contrast to the aminoglyco-
sides, which must be dosed based on specific pharmacokinetic
calculations. Therefore, more generalized or empirical dosage
modifications can be made with ceftazidime.

Aminoglycosides
2. G.G.’s medical team decides that the addition of an amino-

glycoside antibiotic is now necessary to treat her infection. Con-
sidering that her renal function has remained stable, how should
the gentamicin be dosed in G.G.? Is it best to alter the dose or the
dosing interval for this drug?
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Table 33-3 Advantages and Disadvantages of General Approaches to Dosing Adjustments in Renal Disease

Method Advantages Disadvantages

Variable Frequency
Use the same dose but ↑ the dosing interval Same Cpave, Cpmax, Cpmin

Normal dose
Levels may remain subtherapeutic for prolonged periods in

patients requiring dosing intervals >24 hr
Variable Dose With Fixed Cpave
↓ dose to maintain a target Cpave; keep the

dosing interval the same
Same Cpave Normal dosing

interval
↓ peak levels, which may ↑ be subtherapeutic; ↑ trough levels,

which may ↑ potential for toxicity

Cpave, average plasma concentration; Cpmax, maximum plasma concentration; Cpmin, minimum plasma concentration.

Alteration of Dose versus Dosing Interval
The aminoglycosides (e.g., tobramycin, gentamicin, amikacin)
are effective in the treatment of serious systemic infections
caused by gram-negative organisms such as Pseudomonas sp.
Unlike the cephalosporins and penicillins, however, the amino-
glycosides have a relatively narrow therapeutic window. Using
pharmacokinetic principles, a dose regimen can be designed to
produce specific peak and trough serum concentrations. Peak
serum concentrations (Cppeak) (e.g., gentamicin or tobramycin
5–8 mg/L) correlate best with therapeutic efficacy, whereas
toxicity tends to correlate with elevated trough levels (Cptrough),
which reflects prolonged exposure to high drug concentrations.
To minimize the risk of toxicity, trough levels of <2 mg/L
should be maintained. In patients with normal renal function,
these target serum aminoglycoside concentrations are usually
obtained following standard doses (e.g., 1.5 mg/kg) adminis-
tered every 8 hours. For most patients, peak and trough levels
are usually measured once steady state is achieved, which is
typically within 24 hours.38–41

Many clinicians now utilize once-daily dosing of the amino-
glycosides (e.g., 5 mg/kg every 24 hours) for patients with
normal renal function in an attempt to minimize aminogly-
coside accumulation and nephrotoxicity. The rationale for
this regimen is based on the aminoglycosides’ concentration-
dependent killing and post-antibiotic effect. This approach is
not recommended for patients with renal impairment, how-
ever. When once-daily dosing is used, peak concentrations are
less helpful; however, trough concentrations should be mon-
itored, and are usually below the limit of analytic detection
(<1 mg/L). The discussion regarding aminoglycoside dosing
in renal impairment that follows is based on the traditional an
every 8-hour dosing regimen.

Aminoglycosides are almost completely eliminated by the
kidneys; thus, the clearance of these drugs essentially is
equal to the glomerular filtration rate (GFR). The pharma-
cokinetic properties of gentamicin and tobramycin are similar.
A close correlation exists between ClCr and gentamicin total
body clearance. As renal function deteriorates, aminoglyco-
side doses must be modified to maintain the desired peak and
trough plasma concentrations. Failure to appropriately adjust
the dosage of aminoglycosides in renal insufficiency can lead
to high drug plasma levels that can result in ototoxicity and
nephrotoxicity.

In many cases, the aminoglycoside dose can be modified
by extending the dosing interval rather than simply reducing
the dose. This permits maintenance of adequate peak plasma
concentrations to ensure efficacy, while allowing for sufficient

elimination between doses to produce trough levels <2 mg/L.
The advantages and disadvantages of adjusting the dosing in-
terval versus reducing the dose are summarized in Table 33-3.

Figure 33-3 illustrates the effect of increasing the dosing
interval in a patient such as G.G. with renal function that is 30%
of normal. Although this is the preferred method for adjusting
the dose of aminoglycosides, for many other drugs requiring
dose adjustments in renal disease, simple dosage reduction is
sufficient (Table 33-2).

Determination of Appropriate Dose
A number of methods have been developed to determine the
appropriate aminoglycoside dose for patients.42 One method is
Bayesian forecasting, in which pharmacokinetic data obtained
in the individual patient are integrated with population param-
eters. Initially, a dose is used that is based on population param-
eter values adjusted for characteristics such as increased SrCr.
Drug concentrations for the individual patient are measured at
specific times (e.g., peak and trough measurements) and these
are compared with the expected values from the population
data. Individualized pharmacokinetic parameter estimates are
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FIGURE 33-3 Serum concentration versus time profile for a
patient with renal function 30% of normal in whom the in-
terval of drug administration has been extended for dose
adjustment. Advantages to this method are summarized in Table 33-
3. (From Brater DC. Drug Use in Renal Disease. Sydney: ADIS Health
Science Press; 1983, with permission.153)
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subsequently derived using Bayes’ theorem to calculate a more
patient-specific dosing regimen.43

Because of the wide interpatient variability in aminoglyco-
side pharmacokinetic parameters and the therapeutic index for
these drugs is narrow, doses should be adjusted based on phar-
macokinetic principles (e.g., Bayesian calculations or methods
described later in this chapter) and plasma concentrations that
are specific for this patient.

PATIENT-SPECIFIC METHODS
Sawchuk and Zaske developed a method to derive patient-

specific estimates of Vd and clearance (Cl) based on the pa-
tient’s size and estimated ClCr.40 These parameters can be used
to calculate a specific dose for G.G. that will produce the de-
sired gentamicin peak and trough concentrations. If steady-
state serum concentrations of gentamicin are known, they can
be used to calculate even more specific parameters. To initiate
gentamicin therapy, pharmacokinetic parameters should first
be estimated from population values.

The clearance of gentamicin (Clgent) can be calculated based
on G.G.’s ClCr. Using the Cockroft and Gault equation,44 the
ClCr can be estimated as follows:

Clcr (males) = (140 − age)(IBW)

(SrCr)(72)
(33-2)

Clcr (females) = (140 − age)(IBW)

(SrCr)(72)
(0.85) (33-3)

where IBW is ideal body weight in kg, age in years, and SrCr
is serum creatinine in mg/dL.

With a SrCr of 3.4 mg/dL, an ideal body weight of 70 kg,
and an age of 31, G.G.’s estimated ClCr, is 27 mL/minute.

For practical purposes, Clgent is usually considered equiv-
alent to ClCr. Therefore, Clgent also is approximately 27
mL/minute or 1.6 L/hour. The Vd of gentamicin (Vdgent) is
approximately 0.25 L/kg in patients with normal or impaired
renal function.40,44,45

The Vdgent will be different in obese patients or those who
with fluid overload. Although G.G. does have some fluid re-
tention, this is minimal and should not affect her Vdgent signif-
icantly. Therefore, the Vdgent for G.G. is as follows:

Vdgent = (0.25 L/kg)(Body Weight)
= (0.25 L/kg)(70 kg) (33-4)
= 17.5 L

The loading dose of gentamicin can be determined using
the following equation:

LDgent = (Vdgent)(desired Cppeak) (33-5)

For treatment of infections caused by Pseudomonas sp., a
peak level of approximately 6 to 8 mg/L is desired:

LDgent = (17.5 L)(7 mg/L)
= 122.5 mg or round off to 120 mg (33-5A)

Using Clgent and Vdgent, the elimination rate constant (Kd)
and half-life for gentamicin can be estimated as follows:

Kd = Clgent

Vdgent

= 1.6 L/hr

17.5 L

= 0.091 hr−1 (33-6)

t1/2 = 0.693

Kd

= 0.693

0.091 hr−1

= 7.6 hr

For the aminoglycosides, the dosing interval (τ ) is deter-
mined by doubling the half-life because by the end of two half-
lives, 75% of the drug will have been eliminated. This will
usually lead to a desired trough level of <2 mg/L. Therefore,
gentamicin should be administered at least every 16 hours. For
convenience, an interval of 24 hours can be used, which also
will achieve the desired trough concentration.

Gentamicin is usually infused over 30 minutes. To deter-
mine the peak gentamicin concentration, serum samples are
drawn 30 minutes after the infusion has been completed. Be-
cause the estimated elimination half-life of gentamicin in G.G.
(7.6 hours) is much longer than the infusion time (0.5 hours),
the intravenous bolus model can be used to calculate an appro-
priate maintenance dose.

To achieve the peak concentration of 7 mg/L, the following
equation can be used:

Dose = (Cppeak)(1 − e−Kdt)(Vdgent)

(e−Kdtsample )

= (7 mg/L)(1 − e−(0.091 hr−1)(24 hr))(17.5 L)

(e−(0.091 hr−1)(1 hr))
(33-7)

= 119.2 mg
= or round off to 120 mg

where tsample usually equals 1 hour (30 minutes following a
30-minute infusion).

The expected trough level in G.G. can now be estimated by
the following equation:

Cptrough = (Cppeak)(e−Kdtsample )

= (7 mg/L)(e−(0.091 hr−1)(24 hr)) (33-8)
= 0.8 mg/L

Although not the case for G.G., patients with normal renal
function may eliminate a significant amount of gentamicin dur-
ing the 30-minute infusion. In these patients, the intermittent
infusion model should be used to account for this loss of drug,
where tin is the duration of the infusion:

Dose = (C1gent)(Cppeak)(1 − e−Kdt)(tin)

(1 − e−Kdtin )(e−Kdτ )
(33-9)

Revised Parameters

3. After 72 hours of gentamicin therapy, G.G.’s peak and
trough levels are 7.6 and 2.6 mg/L, respectively. Her physician
attributes this to a gradual decline in renal function. (Her most
recent SrCr is 4.8 mg/dL.) How would you revise G.G.’s dosing
regimen based on these levels?

A gentamicin trough level of >2 mg/L suggests that G.G.’s
dosing interval is too short. Although her peak concentration
is within the normal range of 5 to 8 mg/L, her trough con-
centration indicates that she is at a potentially toxic level. Her
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pharmacokinetic parameters can be revised based on these val-
ues, and a new Kd can be estimated from the equation:

Kd =
In

(
Cp1

Cp2

)

�t
=

In

(
7.6 mg/L

2.6 mg/L

)

23 hr
= 0.047 hr−1

(33-10)

Because little change in G.G.’s Vdgent is expected, a new
Clgent (Clrevised) can be estimated from her revised elimination
constant (if necessary, a revised Vdgent could be calculated,
keeping Clgent constant, although the clearance is more likely
to change than the volume of distribution):

Clrevised = (Vdgent)(Kd)

= (17.5 L)(0.047 hr−1) (33-11)
= 0.82 L/hr

These revised values for Kd and Cl can now be used to
calculate a revised maintenance dose to maintain the Cptrough
at <2 mg/L using Equation 33-7:

Dose = (7 mg/L)(1 − e−(0.047 hr−1)(48 hr))(17.5 L)

e−(0.047 hr−1)(1 hr)

= 115 mg (33-11A)

Cptrough = (7 mg/L)(e−(0.047 hr−1)(48 hr))
= 0.73 mg/L

The revised dose is now 115 mg (or ∼110 mg) every 48
hours.

4. What are some limitations in calculating G.G.’s ClCr based
on her SrCr? Can this estimate safely be used to predict gentam-
icin clearance?

The level of kidney function is best estimated by the
glomerular filtration rate (GFR). The GFR cannot be directly
measured. Prediction equations such as the Modification of
Diet in Renal Disease (MDRD) study include variables, such
as serum creatinine, age, body weight, race, and gender, in
the estimation of GFR.46 Although the MDRD equations are
a good measure of GFR, they have not been validated for the
dosing of drugs in the setting of renal dysfunction.47,48

The creatinine clearance is a widely used estimation of re-
nal function in patient care settings. The creatinine clearance
is often used to assess the degree of renal impairment and de-
velop rational drug dosing recommendations.49 For patients
with stable renal function, ClCr can be estimated from SrCr us-
ing the Cockroft and Gault equation (see Equations 33-2 and
33-3). In a patient such as G.G., however, whose renal function
has diminished during the hospital course, estimation of renal
function based on her increasing SrCr becomes more difficult.
Because her SrCr does not reflect a steady-state level, the pre-
vious equations can no longer be used to accurately estimate
her renal function. Because G.G.’s SrCr has increased rapidly
from 3.4 to 4.8 mg/dL over the past few days, her ClCr is prob-
ably much lower than that estimated using the Cockroft and
Gault method. A rising SrCr may represent a decline in renal
function manifesting as an accumulation of creatinine.

Effect of Hemodialysis
Conventional Dialysis

GENTAMICIN

5. G.G.’s renal function continues to deteriorate to the extent
that she requires hemodialysis. What additional alterations in
her gentamicin dosing regimen are necessary when she is having
dialysis?

Gentamicin has a molecular weight of about 500 and is
significantly removed by conventional hemodialysis.41 Gen-
tamicin has a relatively low Vd, averaging 0.25 L/kg, and is
about 10% bound to proteins. The dialysis clearance of gen-
tamicin using conventional methods depends on the actual fil-
ter used as well as the blood and dialysate flow rates. Dialysis
clearance averages 45 mL/minute compared with an average
plasma clearance of 5 mL/minute in patients with end-stage
renal disease (ESRD).50,51 Therefore, G.G.’s gentamicin dose
must be adjusted to compensate for the amount of drug that
will be removed by dialysis. Because drug removal represents
a combination of drug elimination by the body and dialysis,
the following equation can be used:

Cltotal = Cldial + Cl (33-12)

where Cltotal is the total clearance of the drug during dialysis,
Cldial is the clearance by dialysis, and Cl is plasma clearance.
If dialysis clearance is high relative to plasma clearance, drug
removal will be enhanced by the dialysis procedure. The total
clearance of gentamicin in a patient with severe renal dys-
function during dialysis is 50 mL/minute (45 mL/minute + 5
mL/minute) or 10 times the clearance while off dialysis. Plasma
clearance and dialysis clearance are related to the elimination
half-life by the following equation:

t1/2 = (0.693)(Vd)

Cldial + Cl
(33-13)

Thus, assuming a constant Vd of 17.5 L (i.e., 0.25 L/kg ×
70 kg), the elimination half-life on dialysis is approximately
4 hours compared with 40 hours off dialysis. In addition, the
extent (fraction) of drug removal (FD) during a timed dialysis
run can be predicted from the following equation:

FD = 1 − e−(Cl+Cldial)(t/Vd) (33-14)

where t is the duration of dialysis. Therefore, the fraction of
gentamicin removed (FD) during a 4-hour conventional dial-
ysis procedure is approximately 50%. If specific data are not
available for dialysis and plasma clearance, the following equa-
tion will predict fraction removed using the elimination half-
life data alone obtained during dialysis:

FD = 1 − e−(0.693/t1/2on)(t) (33-15)

The estimated value of 50% removal is consistent with liter-
ature values indicating that 50% to 70% of a dose of gentamicin
is removed during a 4-hour dialysis procedure. A limitation of
this equation, however, is that it does not consider the redistri-
bution of drug from the tissues back into the plasma following
the dialysis procedure.

These data suggest that one-half the dose of gentamicin
should be given to G.G. following each dialysis session.

It generally is difficult to calculate an appropriate main-
tenance dose for patients having hemodialysis that will
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maintain peak and trough concentrations similar to patients
with normal renal function, in part because of the large variabil-
ity found in aminoglycoside pharmacokinetic parameters.51,52

Sustained plasma concentrations >2 mg/L can increase the
risk of toxicity; however, dosing gentamicin to achieve trough
concentrations of <2 mg/L may lead to prolonged periods of
subtherapeutic concentrations. Therefore, in patients receiving
hemodialysis, gentamicin doses are given to achieve a predial-
ysis trough concentration of approximately 3 mg/L. A mainte-
nance gentamicin dose of 1 mg/kg after each dialysis session
commonly is used to achieve this desired concentration.

CEFTAZIDIME

6. Why does the dose of ceftazidime in G.G. have to be ad-
justed because of her hemodialysis when this drug has such a
large therapeutic window?

Because only 21% of ceftazidime is protein bound and its
Vd is 0.2 L/kg, it should be readily removed by hemodialysis.
The mean dialysis clearance of ceftazidime is 55 mL/minute,
with 55% of the drug removed during 4 hours of conventional
hemodialysis.53 A supplemental dose of ceftazidime should be
given to G.G. following each hemodialysis session to maintain
a therapeutic concentration. Half of the daily ceftazidime dose
should be administered after each dialysis session.

High-Flux Hemodialysis

7. G.G.’s physician is considering changing her from a conven-
tional dialysis system to a high-flux system that uses high efficiency
polysulfone membranes. How does the dialyzability of gentamicin
and ceftazidime differ with high-flux hemodialysis compared with
conventional hemodialysis?

High-flux hemodialysis is more effective than conventional
dialysis at removing certain pharmacologic agents (see Chapter
32, Renal Dialysis) because the membranes are more efficient
and the blood flow through the dialyzer is increased. Although
limited data are available, a greater fraction of drugs, such as
aminoglycosides, ceftazidime, and vancomycin, are removed
by high-flux versus conventional hemodialysis.54,55 Approxi-
mately 50% to 70% of gentamicin is removed during a 2.5-hour,
high-flux dialysis session.56,57 The clearance of ceftazidime
by high-flux dialysis is 75 to 240 mL/minute compared with
55 mL/minute for conventional hemodialysis.54 Thus, further
dosage adjustments for gentamicin and ceftazidime may be
necessary if she is converted from conventional hemodialysis
to high-flux hemodialysis.

Continuous Venovenous Hemofiltration

8. What changes would be necessary in G.G.’s gentamicin dos-
ing if she were to start a continuous renal replacement therapy
such as CVVH?

Because of the continuous nature of CVVH and CAVH, the
extent of drug eliminated by continuous renal replacement ther-
apies will differ from intermittent modes such as hemodialysis.
The clearance of a drug in a patient receiving CVVH can be
described in a fashion similar to Equation 33-12, where Cldial
is replaced with Clcvvh.

Cltotal = Cl + Clcvvh (33-16)

In G.G., the Clrevised from Equation 33-11 can be used for
the plasma clearance (Cl). The clearance by CVVH can be
described by Equation 33-17:

C1cvvh = Fu × UFR (33-17)

where Fu is the fraction of drug unbound, and UFR is the ultra-
filtration rate. Gentamicin exhibits low plasma protein binding
(Fu = 0.95). Typical ultrafiltration rates for CVVH are approx-
imately 1 L/hour, but can vary.

C1cvvh = Fu × UFR
= 0.95 × 1 L/hr (33-17A)
= 0.95 L/hr

C1total = C1revised + C1cvvh

= 0.82 L/hr + 0.95 L/hr
= 1.77 L/hr (33-17B)
= 29.5 ml/min

Because the clearance of gentamicin approximates that of
creatinine clearance, G.G.’s total clearance is approximately
one-third the normal clearance of 100 mL/minute. Therefore,
the gentamicin dose should be approximately one-third of the
normal dose. G.G. should be given 1.5 mg/kg/day or 100
mg of gentamicin as a single daily dose (normal dose is ∼5
mg/kg/day). Gentamicin trough concentrations should be mon-
itored, and her dose adjusted to maintain a trough concentration
of <2 mg/L.

Continuous Ambulatory Peritoneal Dialysis

9. J.J., a 24-year-old man with ESRD, is maintained with
CAPD. He presents to the ED with a fever of 38.2◦C and com-
plains of severe abdominal pain. He also reports that his peri-
toneal dialysate has become cloudy over the past few days. All
these symptoms are consistent with peritonitis, a frequent com-
plication of CAPD. His culture results reveal Escherichia coli,
sensitive to gentamicin. How should gentamicin be dosed in this
patient?

Management of dialysis-related peritonitis can vary from
one institution to another. Antibiotics often are administered
intraperitoneally with or without systemic antibiotic therapy.
For less severe cases, intraperitoneal (IP) administration is of-
ten considered sufficient. With IP administration, the goal is to
deliver a concentration of drug similar to the desired plasma
concentration for the treatment of systemic infections. There-
fore, 8 mg of gentamicin into each liter of dialysate (or 16 mg
into a 2-L bag of dialysate) is recommended. Once equilib-
rium or steady state is achieved, the dialysate concentration
will be comparable to the concentration of gentamicin in the
plasma. Despite a more rapid transfer of drug into the plasma
because of increased permeability of the peritoneal membrane
in patients with peritonitis, there will still be a substantial lag
time before steady state is reached. For more serious cases of
peritonitis, concomitant systemic antibiotics should be given.

10. Is gentamicin eliminated by CAPD?

In general, most drugs are not well removed via CAPD. This
is particularly true for drugs that are highly protein bound or for
drugs with a large Vd. Gentamicin and other aminoglycosides,
on the other hand, are effectively removed by CAPD because
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they have low protein binding and a small Vd. It is estimated
that 10% to 50% of gentamicin is removed by CAPD.58

Acyclovir
Renal Clearance

11. D.M., a 28-year-old man with acquired immune deficiency
syndrome (AIDS), presents with a severe herpetic infection re-
quiring intravenous (IV) acyclovir. Because of other complica-
tions associated with his human immunodeficiency virus (HIV)
infection, D.M. has developed renal insufficiency during his hos-
pital course. His SrCr is 4.5 mg/dL (normal, 0.6–1.4 mg/dL), and
his ClCr is 20 mL/minute (normal, 80–110 mL/minute). What are
important considerations for dosing acyclovir in D.M. now, and
if he requires dialysis?

[SI units: SrCr, 397.8 μmol/L (normal, 53.04–123.76); ClCr, 0.33 mL/sec

(normal, 1.33–1.83)]

Acyclovir is used to prevent or treat a variety of viral in-
fections, such as those caused by herpes simplex and varicella
zoster viruses.59 Acyclovir is cleared primarily by the kidneys,
with approximately 70% to 80% excreted unchanged in the
urine. Dosage adjustment is necessary in patients with renal
disease.16,60 Renal tubular secretion in addition to filtration
contributes to the elimination of acyclovir, which explains why
the renal clearance of acyclovir is about three times greater than
the estimated ClCr.

Acyclovir also can precipitate in the renal tubules and ex-
acerbate D.M.’s renal failure. This is more likely to occur
when high doses are infused too rapidly to patients with renal
dysfunction.60 To minimize nephrotoxicity, the patient should
be adequately hydrated to maintain good urine flow, and the
acyclovir dose should be infused over 1 hour. Nephrotoxicity is
usually reversible on discontinuation of the drug or reduction
of the dose.

In addition, acyclovir-associated neurotoxicity correlates
with elevated plasma concentrations, and further underscores
the need for adequate dosage adjustments in patients with renal
dysfunction.61

The clearance of acyclovir correlates with the ClCr accord-
ing to the following relationship:

Clacyclovir in mL/min/1.73 m2 (33-18)

= (3.4)(Clcr in mL/min/1.73 m2) + 28.7)

In patients with normal renal function, the clearance of acy-
clovir ranges from 210 to 330 mL/minute; in patients with
ESRD, the clearance is 29 to 34 mL/minute.16,60,62 Although
this change in clearance primarily results from decreased re-
nal clearance of the drug, nonrenal clearance of acyclovir also
decreases in these patients.16,62 As a result, the elimination
half-life increases significantly from approximately 3 hours in
patients with normal kidney function to 20 hours in patients
with ESRD. Therefore, doses should be reduced proportion-
ately from a normal daily dose of 15 mg/kg body weight (5
mg/kg given every 8 hours) for serious herpes simplex infec-
tions to doses as low as 2.5 mg/kg/day (given as a single daily
dose) in patients with ESRD.63 Because D.M. has a ClCr of
20 mL/minute and an estimated Clacyclovir of 97 mL/minute
(approximately one-third of normal), a single daily dose of

5 mg/kg (one-third of normal) would be appropriate to treat
this infection (see Table 33-2).

Dialysis
Acyclovir is moderately removed by conventional hemodial-
ysis, with plasma concentrations decreasing by 60% after 6
hours of dialysis.64 The elimination half-life on and off dialy-
sis is 6 and 20 hours, respectively, whereas the dialysis clear-
ance averages 80 mL/minute. Therefore, a supplemental dose
of 2.5 mg/kg following dialysis is recommended to replace the
amount of drug removed by hemodialysis. No data are available
on the removal of acyclovir by high-flux hemodialysis.

Effect of Renal Dysfunction on Metabolism

12. Does D.M.’s renal dysfunction affect the metabolism of acy-
clovir? Are there other drugs that are affected similarly?

Approximately 20% of acyclovir is cleared by nonrenal
mechanisms.16,62 The only significant metabolite that has been
isolated is 9-carboxymethoxymethylguanine, which accounts
for 9% to 14% of an administered dose. It is believed that
this metabolite is a product of hepatic metabolism; however,
the kidney may also play an important role.16 Whether renal
dysfunction alters hepatic metabolism or metabolic enzymes
are present within the kidney is unclear. Studies have shown
that renal tissue contains many of the same metabolic enzymes
found in the liver. Mixed-function oxidases have been found in
segments of the proximal tubule, whereas other metabolic pro-
cesses, such as glucuronidation, acetylation, and hydrolysis,
also occur within the kidney.14,15

Several studies have examined the effect of renal fail-
ure on hepatic metabolic enzyme activity.65,66 Most of these
investigations were carried out in animals that had dimin-
ished microsomal, mitochondrial, and cytosolic enzyme ac-
tivities. Renal dysfunction substantially alters the nonrenal
clearance of certain cephalosporins, such as ceftizoxime and
cefotaxime,67–69,70 as well as the benzodiazepines, diazepam,
and desmethyldiazepam.71,72

Zidovudine (AZT)
Dosage Adjustment

13. D.M. also is being treated with AZT for his HIV disease.
Will his AZT doses need to be adjusted?

Zidovudine was the first drug approved for treatment of
HIV infection and is still used as part of combination an-
tiretroviral regimens. Because it has potent bone marrow-
suppressive effects,73 the dose of AZT may require adjustment
based on the patient’s clinical response and the development of
toxicity.

AZT is metabolized primarily by the liver to the inac-
tive glucuronide metabolite, GAZT, which is eliminated by
the kidneys. Only 18% of AZT is eliminated unchanged by
the kidneys. Little change in AZT clearance and elimination
half-life occurs in patients with renal failure. Two studies re-
port only slight increases in the elimination half-life (from
1.0–1.4 hours, and from 1.4–1.9 hours in patients with re-
nal failure),74,75 whereas another case report measured a half-
life of 2.9 hours in a single patient with renal impairment.76
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Although GAZT accumulates in renal disease, this is not clin-
ically important.74

Despite little change in AZT plasma levels, patients with
renal failure are predisposed to bone marrow suppression
because their kidneys produce less erythropoietin. In addi-
tion, their white blood cell (WBC) counts are also decreased.
Therefore, AZT should be used more cautiously in these pa-
tients (see chapter 69, Pharmacotherapy of Human Immunod-
eficiency Virus Infection).

Hemodialysis

14. Is AZT significantly removed by dialysis?

A number of reports describe the removal of AZT by
dialysis.74–76 Based on the chemical characteristics, AZT
would be expected to be dialyzable: it has a low MW of 267,
a relatively small Vd (1–2.2 L/kg), and low protein binding
(34%–38%). The dialysis clearance of AZT is minimal, how-
ever, when compared with its plasma clearance in patients with
renal failure. Clearance by dialysis averages 63 mL/minute
compared with a plasma clearance (following oral administra-
tion) of approximately 1,200 mL/minute. Little change occurs
in the AZT plasma levels during dialysis; however, the elimi-
nation of GAZT may be enhanced.74

Penicillin
Dosage Adjustment

15. T.H., a 57-year-old, 85-kg man with chronic renal failure
secondary to poorly controlled hypertension, presents to the ED
with a 24-hour history of fever (39◦C), altered mental status, nau-
sea, and vomiting. On physical examination he was found to have
nuchal rigidity and a positive Brudzinski sign. Laboratory anal-
ysis revealed the following: WBC count, 22,000/mm3 with 89%
neutrophils; BUN, 45 mg/dL; and SrCr, 4.4 mg/dL. A lumbar
puncture revealed cerebrospinal fluid (CSF) with a WBC count
of 2,000/mm3 (90% polymorphonuclear neutrophils), a glucose
concentration of 36 mg/dL, and a protein concentration of 280
mg/dL. Gram-positive diplococci were seen on CSF smear. A di-
agnosis of meningococcal meningitis was made, and potassium
penicillin G was ordered. What dose should be used?

[SI units: count, 2.2 × 109/L and 0.2 × 109/L, respectively; BUN, 16.065

mmol/L urea; SrCr, 388.96 μmol/L; glucose, 1.998 mmol/L; protein, 2.8 g/L]

Meningococcal meningitis can be treated with 20 to 24
MU (million units) of IV penicillin G in patients with nor-
mal renal function. As with many β-lactam antibiotics, peni-
cillin is primarily excreted unchanged in the urine with lit-
tle or no evidence of hepatic metabolism. Thus, the elimina-
tion half-life, which averages <1 hour in patients with normal
kidney function, increases to 4 to 10 hours in patients with
ESRD.77–79

Methods to modify the dose of penicillin in renal insuffi-
ciency have been developed by numerous investigators. The
clearance of penicillin correlates closely to ClCr according to
the following equation 79:

Clpen in mL/min = 35.5 + 3.35 Clcr in mL/min (33-19)

This correlation is based on data from patients with varying
degrees of renal impairment.

An equation to estimate the total daily dose for patients with
renal failure to achieve serum levels similar to those produced
by high-dose penicillin (20–24 MU/day) in patients with nor-
mal renal function has been developed for patients with an
estimated ClCr of <40 mL/minute. The dose for T.H. should
be given in equal divided doses at 6- or 8-hour intervals:

Dosepen in MU/day = 3.2 + (Clcr/7) (33-20)

Using the Cockroft and Gault method, T.H.’s ClCr is approx-
imately 20 mL/minute. Therefore, his daily dose of penicillin
should be 6 MU. A dose of 2 MU every 8 hours would be
appropriate for T.H.

As is true for many agents, these dosing recommendations
are empiric and based on pharmacokinetic principles for pa-
tients in renal failure. These recommendations have not been
subjected to carefully designed clinical trials that establish ther-
apeutic efficacy. Therefore, other factors that can influence host
response also should be considered when designing an individ-
ualized therapeutic regimen. These include the host’s immune
status, the presence of other medical conditions, microbial sen-
sitivity patterns, and changes in pharmacokinetic disposition
(e.g., concomitant liver disease, fluid overload, dehydration).

Penicillin-Induced Neurotoxicity

16. The medical intern fails to consider T.H.’s renal dysfunction
when he prescribes penicillin, and begins a dose of 4 MU Q 4 hours.
Four days later, T.H. is encephalopathic (confused, disoriented,
and difficult to arouse), with some twitching that is noted on the
right side of his face. Are these toxic symptoms associated with
high-dose penicillin? What predisposing factors may contribute
to this neurotoxicity?

T.H. is experiencing signs of neurotoxicity that are consis-
tent with elevated penicillin concentrations in the plasma and
CSF. Penicillin usually produces few serious adverse effects.
When large doses are used in patients with renal impairment,
toxic symptoms such as those exhibited by T.H. can result.
Signs and symptoms of penicillin-induced CNS toxicity in-
clude myoclonus, complex or generalized seizure activity, and
encephalopathy progressing to coma.35,36

PREDISPOSING FACTORS
T.H.’s renal dysfunction predisposes him to penicillin-

induced neurotoxicity. In a review of 46 cases of penicillin-
associated neurotoxicity, decreased renal function was present
in 35 patients.36 Several possible explanations for this obser-
vation exist. First, penicillin accumulates in patients with renal
failure. Second, the binding of acidic drugs (such as penicillin)
to albumin is decreased, resulting in an increased fraction of
“free” or active drug that can pass into the CSF. Third, an
alteration in the blood–brain barrier has been observed in ure-
mic patients, which can lead to further increases in CSF drug
levels.35 Finally, high plasma concentrations of penicillin per
se may contribute to changes in the blood–brain barrier per-
meability of this drug.35 All these factors, together with the in-
creased sensitivity of patients with renal failure to centrally act-
ing agents, make CNS toxicity more likely. As with penicillin,
the carbapenem antibiotic combination, imipenem–cilastatin,
is associated with a higher incidence of seizures in patients
with renal dysfunction.80,81
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Antipseudomonal Penicillins
Piperacillin

17. M.H., a 44-year-old, 70-kg woman with acute nonlympho-
cytic leukemia, is admitted to the oncology ward for placement of
a Hickman catheter for her chemotherapy. Seven days following
treatment with cytarabine (Ara-C) and daunorubicin, her tem-
perature spiked to 39.4◦C. Other physical findings consistent with
sepsis included a BP of 109/70 mm Hg, pulse rate of 102 beats/min,
and a respiratory rate of 27 breaths/minute. M.H. is neutropenic
with a WBC count of 1,400/mm3 (3% polymorphonuclear leuko-
cytes, 70% lymphocytes, and 22% monocytes). Her platelet count
is 16,000/mm3. M.H. also has renal dysfunction as reflected by an
SrCr and BUN of 2.6 and 38 mg/dL, respectively. Empiric ther-
apy for sepsis is started with tobramycin, piperacillin/tazobactam,
and vancomycin. How should piperacillin/tazobactam be dosed in
M.H.?

[SI units: platelet count, 16 × 109/L; SrCr, 229.84 μmol/L; BUN, 13.566

mmol/L urea]

Piperacillin is an antipseudomonal penicillin that is often
used with an aminoglycoside to treat serious infections caused
by gram-negative organisms.82 Piperacillin is commonly given
as a combination with tazobactam, a β-lactamase inhibitor.83

In patients with normal renal function, piperacillin is primar-
ily excreted unchanged by the kidney with a clearance of 2.6
mL/minute/kg, and a half-life of approximately 1 hour.84,85

Doses of piperacillin/tazobactam can be as high as 4.5 g ev-
ery 6 hours for the treatment of serious Pseudomonal sp.
infections. In patients with ESRD, mean piperacillin clear-
ance and half-life values are 0.7 mL/minute/kg and 3.3 hours,
respectively.84–86 Although these parameters are significantly
different, they are less than those expected for a drug primarily
cleared by the kidneys, suggesting that some other compen-
satory mechanism for elimination must be present. Piperacillin
is partially cleared by biliary excretion, a route of elimination
that is increased in patients with renal failure.86,87 Therefore,
aggressive dosage reductions in M.H. are unnecessary. An ap-
propriate dose of piperacillin/tazobactam for M.H. would be
3.375 g every 8 hours (Table 33-2).

Vancomycin
Pharmacokinetic Dosage Calculations

18. In addition to the aforementioned regimen, vancomycin
therapy is initiated at 500 mg Q 24 hr to cover the possibility
of an infection resistant to antistaphylococcal penicillins, such as
nafcillin. Is this an appropriate dosing regimen for M.H.?

Vancomycin is a bactericidal antibiotic with excellent activ-
ity against most gram-positive organisms such as methicillin-
resistant Staphylococcus aureus (MRSA) and Streptococcus
sp., including some isolates of Enterococcus faecalis. It is
used empirically in the febrile neutropenic patient, because
the incidence of infection secondary to resistant organisms
is much greater in this patient population. However, cases of
vancomycin-resistant enterococci (VRE) have emerged at rates
as high as 50%, raising concern and reducing its empiric use.88

Vancomycin is poorly absorbed by the oral route and must
be administered intravenously when used to treat systemic in-

fections. As with many other antibiotics, vancomycin primarily
is cleared by the kidneys.89 Significant toxicities have been as-
sociated with elevated serum concentrations, making careful
dosing modification in renal failure necessary.90

As with the aminoglycosides, pharmacokinetic calculations
can be used to individualize a dosing regimen to produce the
desired peak and trough plasma levels. Unlike the aminogly-
cosides, the therapeutic range for vancomycin is less clear.
Normally, doses are designed to achieve peak levels of 25 to
40 mg/L and trough levels of 10 to 15 mg/L.91,92 The cor-
relation between vancomycin toxicity (e.g., ototoxicity) and
plasma levels is not well defined. Some clinicians have sug-
gested, however, that plasma levels ≥80 mg/L may correlate
with auditory dysfunction.

Vancomycin has an elimination half-life of 3 to 9 hours in
patients with normal renal function.93 This increases to 129 to
189 hours in patients with ESRD.94–96 Using pharmacokinetic
principles and considering that the plasma clearance of van-
comycin is approximately 60% to 70% of ClCr

91 and the Vd
averages 0.7 L/kg,91,93,97 the estimated Vdvanco and Clvanco can
be calculated using the following equation:

Clcr = 30.5 mL/min (calculated from Eq. 34-3)

Clvanco = (0.65)(Clcr)
= (0.65)(30.5 mL/min) (33-21)
= 19.8 mL/min or rounded off to 1.2 L/hr

Vdvanco = (0.7 L/kg)(Body Weight)
= (0.7 L/kg)(70 kg) (33-22)
= 49 L

Based on estimated values for Clvanco and Vdvanco, the elimi-
nation rate constant can be calculated using the following equa-
tion:

Kd = Clvanco

Vdvanco

= 1.2 L/hr

49 L
(33-23)

= 0.024 hr−1

Cppeak =
Dose

Vdvanco

1 − e−Kdτ

=
500 mg

49 L
1 − e−(0.024 hr−1)(24 hr)

(33-24)

= 23 mg/L

Cptrough = Cppeak(e−Kdτ )

= 23 mg/L(e−(0.024/hr−1)(24 hr)) (33-25)
= 13 mg/L

Because M.H.’s estimated peak concentration is <40 mg/L
and her trough falls within the range of 10 to 15 mg/L, the
starting dose of 500 mg every 24 hours is appropriate for M.H.

Routine monitoring of plasma vancomycin concentrations
in patients with normal renal function is controversial because
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the likelihood that toxicity will develop in this group is rela-
tively low. However, in patients with renal failure, such as M.H.,
it is advisable to measure vancomycin levels several days after
initiation of therapy to ensure that they are within an accept-
able range.93,95,96,98 This is prudent if an extended course of
therapy is anticipated. Vancomycin is usually infused over 60
minutes. Because there is a distribution phase, plasma sam-
ples should be drawn at least 30 minutes after the end of the
infusion.

Hemodialysis

19. M.H.’s renal function begins to deteriorate, however, so that
she requires hemodialysis. How should her regimen now be al-
tered?

Patients with ESRD may have measurable vancomycin lev-
els for up to 3 weeks following a single dose despite conven-
tional hemodialysis.96 This suggests that the ability of these
patients to eliminate vancomycin is minimal and that little of
the drug is removed by conventional hemodialysis. The elimi-
nation half-life for vancomycin in these individuals averages 5
to 7 days, which is consistent with a residual vancomycin clear-
ance of 3 to 4 mL/minute.94–96 Only about 5% of vancomycin
is metabolized hepatically in patients with normal renal
function.

Conventional hemodialysis removes about 7% of van-
comycin during a typical 4-hour dialysis run.99 The elimination
half-life on and off dialysis, and plasma levels of the drug be-
fore and after hemodialysis do not differ significantly. The poor
removal of vancomycin by conventional hemodialysis is owing
to its large MW of 1,400.

Patients receiving conventional hemodialysis are typically
given a single, 1-g dose every 7 to 10 days.93,96,98 Based on
M.H.’s estimated Vd of 49 L, this dose will produce an initial
peak plasma level of ∼20 mg/L. If vancomycin is administered
weekly, steady-state peak and trough levels of 40 and 16 mg/L,
respectively, would be predicted.

Vancomycin is removed to a greater extent by high-flux
hemodialysis than by conventional hemodialysis. As a result,
more frequent dosing is necessary to maintain therapeutic van-
comycin concentrations. High-flux dialysis clearance of van-
comycin using the Fresenius polysulfone dialyzer is 45 to 160
mL/minute and varies with membrane surface area.55,100 Up
to 50% of a dose of vancomycin is removed over 4 hours
by high-flux hemodialysis compared with 6.9% using con-
ventional dialysis. A rebound phenomenon following dialy-
sis suggests that the total amount of drug removed may be
less than initially reported.101,102 In any case, the efficiency of
high-flux procedures in removing vancomycin is greater than
that of conventional dialysis. Therefore, plasma levels should
be monitored carefully in these patients, and the necessity for
postdialysis replacement doses of around 500 mg (∼10–15
mg/kg) should be anticipated.

Amphotericin
Dosing

20. M.H. continues to be febrile despite her triple antimicrobial
regimen. Amphotericin therapy is started empirically for a poten-
tial fungal infection. In addition, pentamidine is begun to cover

Pneumocystis carinii pneumonia. How should amphotericin be
administered in patients such as M.H. with renal dysfunction?

Amphotericin is an antifungal agent used to treat serious
infections, such as invasive Aspergillosis and cryptococcal
meningitis. The exact mechanism of elimination for this drug
is unclear, but it may involve hepatic metabolism or inacti-
vation in body tissues. Small amounts of amphotericin are
gradually excreted in the urine for several weeks following
its discontinuation.103 This slow elimination may be owing to
the extensive distribution of amphotericin into peripheral tis-
sue and its large Vd (4 L/kg).103,104 The drug appears to bind to
cholesterol-containing cytoplasmic membranes of various tis-
sues, resulting in a very long elimination half-life of 15 days.
Pharmacokinetic studies report no significant change in the
disposition of amphotericin in patients with renal or liver dis-
ease. Therefore, no dosage adjustments are required in patients
with renal dysfunction.

Amphotericin is associated with acute tubular necrosis
(ATN), which is believed to be dose dependent.105–107 To pre-
vent exacerbation of nephrotoxicity, lower doses often are ad-
ministered to patients with decreased renal function. Adminis-
tration of amphotericin every other day often is suggested for
patients with renal failure. In addition to conventional ampho-
tericin, a liposomal (liposomal amphotericin) or lipid-based
formulation is available.18 Lipid-based formulations have re-
duced distribution to the kidneys, and they are associated
with a lower incidence of nephrotoxicity.108 Triazole antifun-
gal agents (e.g. fluconazole, voriconazole) or an echinocandin
class (e.g. anidulafungin, caspofungin, micafungin) are alter-
native choices that are not potentially nephrotoxic, nor do they
need to be dose adjusted in the setting of renal dysfunction
(with the exception of fluconazole). The oral formulation of
voriconzole should be used in renal dysfunction or for pa-
tients with a ClCr <50 mL/minute to prevent accumulation
of SBECD (sulfphobutylether beta cyclodextrin), the solvent
vehicle found in the IV formulation.109

Hemodialysis
Amphotericin is not removed significantly by hemodialysis be-
cause it is a very large compound and distributes widely into
peripheral tissues. Therefore, little drug remains in the plasma
to be removed by dialysis. Studies have found that <5% of am-
photericin is removed during a 4-hour conventional hemodial-
ysis period.

Phenytoin
Protein Binding

21. R.S., a 24-year-old man with ESRD from rapidly progressive
glomerulonephritis, is treated by hemodialysis three times weekly.
He has a 7-year history of generalized tonic–clonic seizures and
has been treated with phenytoin. He presents to the ED after hav-
ing had a seizure lasting about 5 minutes. His mother states that
he ran out of phenytoin 4 weeks ago. Because his plasma phen-
ytoin concentration on admission was <2.5 mg/L, R.S. is given
an IV loading dose of phenytoin: 15 mg/kg over 30 minutes.
Additional admission laboratory work includes the following:
SrCr, 8.6 mg/dL (normal, 0.6–1.4); BUN, 110 mg/dL (normal,
7–20); potassium, 5.4 mEq/L; calcium, 9 mg/dL; and albumin,
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2.9 g/dL. Eight hours after administration of phenytoin, his level
is 5 mg/L. Is this level subtherapeutic?

[SI units: phenytoin, <10 and 19.82 μmol/L, respectively; SrCr, 760.24

μmol/L (normal, 53.04–123.76); BUN, 39.27 mmol/L urea (normal,

2.5–7.14); potassium, 5.4 mmol/L; calcium, 2.24 mmol/L; albumin, 29 g/L]

R.S. has severe renal disease, which will affect how the to-
tal (bound plus free) phenytoin concentrations are measured.
Decreased plasma protein binding will result in lower mea-
sured total phenytoin concentrations, and the calculated ap-
parent volume of distribution may increase. In patients with
normal renal function, approximately 90% of the measured
phenytoin is bound to albumin, and 10% is free. The free frac-
tion of phenytoin is increased to about 20% to 25% in patients
with uremia.9,110–114 Because the free fraction for phenytoin is
increased in patients with uremia, lower plasma concentrations
will produce therapeutic effects that will be equivalent to those
produced by higher phenytoin concentrations in patients with
normal renal function.6,115 Phenytoin is an acidic drug that is
bound primarily to albumin. A number of mechanisms have
been proposed that account for the decreased binding, includ-
ing (a) decreased albumin concentration, (b) accumulation of
uremic byproducts that displace acidic drugs from their bind-
ing sites, and (c) alteration in the conformation or structure
of albumin in uremic patients, resulting in a reduced number
of binding sites or decreased affinity for drugs (see Chapter
54, Seizure Disorders). Other acidic drugs with altered protein
binding in renal disease are listed in Table 33-1.

Figure 33-4 illustrates changes in phenytoin levels when
uremic and nonuremic patients are given equivalent doses.116

The following equation should be used to correct for
R.S.’s altered binding owing to his renal dysfunction and
hypoalbuminemia.113

CpNormal Binding = Cp′

(0.48)(1 − α)

(
P′

PNL

)
+ α

(33-26)
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FIGURE 33-4 Plasma phenytoin concentrations in uremic (o)
and nonuremic (•) patients following 250 mg of intravenous
(IV) phenytoin. (From Letteri JM, et al. Diphenylhydantoin metabolism
in uremia. N Engl J Med 1971;285:648, with permission.116)

where Cp′ is the measured plasma concentration reported by
the laboratory, and CpNormal Binding is the corrected plasma con-
centration that would be seen if the patient had normal renal
function and normal albumin. Alpha (α) is the normal free
fraction (0.1), P ′ is the patient’s serum albumin, and PNL is
normal albumin (4.4 g/dL). The factor 0.48 was derived from
patients on hemodialysis and represents the decreased affinity
of phenytoin for albumin.

For R.S., 5 mg/L is comparable to 12 mg/L in a patient
without renal failure. Because this falls within the phenytoin’s
therapeutic range of 10 to 20 mg/L, his measured level is not
subtherapeutic.

The factor 0.48 should be used only to estimate changes in
protein binding for patients with ESRD receiving hemodialy-
sis. Data for patients with moderate renal disease are limited,
and it is unclear what changes exist in the binding of phenyt-
oin to albumin.111 For patients with normal or moderate renal
impairment, the following equation should be used only if the
serum albumin is low; the factor 0.48 should be omitted:

CpNormal Binding = Cp′

(1 − α)

(
P′

PNL

)
+ α

(33-27)

EFFECT OF RENAL FAILURE ON METABOLIZED DRUGS
Meperidine

22. F.G., a 56-year-old woman, is admitted for a cervical
laminectomy. She has a history of chronic renal insufficiency (ClCr

= 20 mL/minute) and arrhythmias that are treated with pro-
cainamide. Her admission laboratory values are as follows: SrCr,
4.4 mg/dL (normal, 0.6–1.3 mg/dL); BUN, 66 mg/dL (normal,
7–20 mg/dL); Hct, 34%; and Hgb, 12.6 g/dL.

Following surgery, she complains of severe pain and is treated
with meperidine 50 to 100 mg IM Q 3 to 4 hr. Three days post-
operatively, F.G. experiences a generalized tonic–clonic seizure.
She has no history of seizures. What might be responsible for this
sudden event?

[SI units: SrCr, 388.96 μmol/L (normal, 53–114.92); BUN, 23.6 mmol/L urea

(normal, 2.5–7.14); Hct, 0.34 1; Hgb, 126 g/L]

Meperidine is a narcotic analgesic commonly used to
control acute pain. It is metabolized hepatically via N-
demethylation to normeperidine, a metabolite known to ac-
cumulate in renal insufficiency.12,117 Although meperidine has
both CNS excitatory and depressant properties, normeperidine
is a very potent CNS stimulant that can cause seizures in pa-
tients with renal failure who are receiving multiple doses of
the parent drug.118 In a study of 67 cancer patients treated
with meperidine, 48 developed neurologic adverse effects; 14
of these 48 patients had renal dysfunction defined as a BUN
>20 mg/dL.118 Because the renal clearance of normeperidine
correlates significantly with ClCr, renal dysfunction can lead
to its accumulation, resulting in neurologic toxicity. In another
study, the normeperidine-to-meperidine plasma concentration
ratio was consistently higher in patients with renal failure, av-
eraging 2.0 compared with a mean of 0.6 for patients with good
renal function.118 Table 33-4 lists examples of additional drugs
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Table 33-4 Drugs With Active or Toxic Metabolites Excreted
by the Kidney

Drug Metabolite

Acetohexamide Hydroxyhexamide
Allopurinol Oxypurinol
Cefotaxime Desacetylcefotaxime
Chlorpropamide
Clofibrate
Cyclophosphamide

Hydroxy metabolites
Chlorphenoxyisobutyrate
4-Ketocyclophosphamide

Daunorubicin Daunorubicinol
Meperidine Normeperidine
Methyldopa
Midazolam

Methyl-o-sulfate-α-methyldopamine
Alpha-hydroxymidazolam

Morphine Morphine-3-glucuronide
Morphine-6-glucuronide

Phenylbutazone Oxyphenbutazone
Primidone Phenobarbital
Procainamide N-acetylprocainamide (NAPA)
Propoxyphene Norpropoxyphene
Rifampicin Desacetylated metabolites
Sodium nitroprusside Thiocyanate
Sulfonamides Acetylated metabolites

that have active or toxic metabolites that may accumulate in
renal disease.

Narcotic Analgesics

23. Are the pharmacokinetics or pharmacodynamics of other
narcotic analgesics altered in patients with renal insufficiency?

Morphine
The pharmacokinetic disposition of morphine does not appear
to be altered in patients with renal failure119; however, its ac-
tive metabolite, morphine-6-glucuronide as well as its principal
metabolite, morphine-3-glucuronide, do accumulate in renal
disease. The elimination half-life of morphine-6-glucuronide
increases from 3 to 4 hours in normal subjects to 89 to 136
hours in subjects with renal failure.120 This metabolite pene-
trates the blood–brain barrier more readily, has a greater affin-
ity for CNS receptors, and has analgesic activity that is 3.7
times greater than morphine.121 Therefore, accumulation of
morphine-6-glucuronide may be responsible for the morphine-
induced narcosis reported in patients with severe renal
disease.29,30

Codeine
Other analgesics that have been associated with CNS toxicity
in patients with renal failure include codeine, propoxyphene,
and dihydrocodeine.117 The disposition of orally administered
codeine does not appear to be altered in renal failure; however,
two cases of codeine-induced narcosis have been reported.122

Although the dose of codeine did not exceed 120 mg/day, CNS
and respiratory depression persisted for up to 4 days after dis-
continuation of codeine, and naloxone administration.

Guay et al.123 reported a prolonged terminal elimina-
tion half-life for intravenous codeine in patients on chronic
hemodialysis of 18.7 ± 9 hours versus 4 ± 0.6 hours in

subjects with normal renal function. Although the total body
clearance was not significantly decreased, the Vd for codeine
was approximately twice as large in the dialysis group. The
clinical significance of these alterations is not known.

Propoxyphene
Propoxyphene and its metabolite, norpropoxyphene accumu-
late in renal insufficiency. Norpropoxyphene is eliminated by
the kidneys, and its elimination half-life is prolonged in patients
with renal failure; however, the half-life of propoxyphene re-
mains unchanged. Accumulation of propoxyphene is thought
to result from decreased first-pass metabolism or systemic
clearance. Similar pharmacokinetic changes have been ob-
served in patients experiencing dihydrocodeine-associated
narcosis.124,125 The accumulation of these compounds may be
associated with CNS and cardiac toxicities in subjects with re-
nal failure, especially after multiple doses.121 Therefore, these
drugs also should be avoided in patients with renal failure.

Hydromorphone
Hydromorphone is metabolized in the liver to hydromorphone-
3-glucuronide, dihydroisomorphone, dihydromorphine, and
small amounts of hydromorphone-3-sulfate, norhydromor-
phone, and nordihydroisomorphone.126 All metabolites that
are eliminated are excreted by the kidneys. Hydromorphone
can be used in patients with renal failure, however, smaller
initial doses may be warranted.127

Procainamide

24. F.G.’s procainamide level is 9 mg/L (normal, 4–8 mg/L) and
her N-acetylprocainamide (NAPA) level is 34 mg/L (normal, 10–20
mg/L). How is the disposition of procainamide affected in patients
with renal disease?

[SI units: procainamide level 38.24 mmol/L (normal, 17–34)]

The pharmacokinetics of procainamide in patients with re-
nal insufficiency is complex. Of the parent drug, 50% to 70%
is excreted unchanged in the urine, and it can accumulate in
patients with renal disease because plasma clearance values
are reduced by as much as 70%.128 Procainamide (PA) is also
partially acetylated to NAPA, which has antiarrhythmic prop-
erties similar to procainamide and is primarily excreted by
the kidneys.129,130 Figure 33-5 summarizes the elimination of
procainamide and NAPA. The half-life of NAPA is longer, es-
pecially in patients with renal impairment, increasing from 6
hours in control subjects to as long as 40 hours in patients with
ESRD.128,129 Because significant cardiac toxicity has occurred
in some patients with NAPA levels >30 mg/L, plasma level
monitoring of both NAPA and procainamide is recommended.
When procainamide is used in patients with renal failure, ap-
propriate dosage reduction of procainamide may be necessary.
It also is important to realize that the time required to reach
steady state for NAPA in patients with renal failure may be
as long as 5 days. Therefore, plasma levels measured early
in therapy must be interpreted carefully, because these con-
centrations may be considerably lower than those that will be
achieved under steady-state conditions.
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FIGURE 33-5 Elimination of procainamide (PA) and N-
acetylprocainamide (NAPA) in subjects with normal renal
and liver function.

Nonsteroidal Anti-Inflammatory Drugs

25. F.G.’s physician would like to manage her pain with ibupro-
fen 400 mg Q 6 hours PRN. What factors should be consid-
ered when treating renal failure patients with nonsteroidal anti-
inflammatory drugs (NSAID)?

Because NSAID have been associated with nephrotoxicity,
they should be used cautiously in patients with renal disease.131

The clinical features of nephrotoxicity are variable, and can
present acutely or chronically with or without oliguria. Patho-
logic changes caused by these drugs also are variable and
range from interstitial nephritis to acute tubular necrosis.131,132

Mechanisms for NSAID-induced nephrotoxicity include in-
hibition of renal prostaglandin synthesis, leading to altered
renal blood flow and ischemia.133,134 Renal impairment may
more likely occur in patients who have abnormally high plasma
levels of vasoconstrictor hormones (e.g., angiotensin II and
catecholamines).132 Because a compensatory increase in the
synthesis of vasodilatory renal prostaglandins to counteract
the vasoconstriction occurs, blockade of this increase by an
NSAID can lead to ischemic changes and acute renal failure
(see Chapter 30, Acute Renal Failure).

A second proposed mechanism involves an autoimmune
response that is triggered by changes in cell-mediated
immunity.135,136 These changes are caused by similar alter-
ations in prostaglandin synthesis by NSAID. Although data are
limited, sulindac is an NSAID believed to have renal-sparing
effects. Unlike other NSAID, studies suggest that this drug
does not inhibit synthesis of renal prostaglandins.137

The NSAID accumulate in renal insufficiency, an interest-
ing finding because renal elimination is negligible for these
drugs.138 These compounds primarily are metabolized to an
acyl-glucuronide metabolite that accumulates in patients with
renal failure. This metabolite is unstable, and can deconju-
gate, leading to increased levels of parent drug. This phe-
nomenon is represented in Figure 33-6. Of additional impor-

NSAID

NSAID
hepatic

conjugation

NSAID—acyl glucuronide

Normal Renal Function

renal excretion

Renal Insufficiency

hepatic

conjugation

deconjugation
X

NSAID—acyl glucuronide

FIGURE 33-6 Schematic representation of pathways of elim-
ination of acyl-glucuronide metabolites or arylpropionic
nonsteroidal anti-inflammatory drugs. (From Brater DC. Renal
disease. In: Williams R, et al., eds. Rational Therapeutics. New York:
Marcel Dekker; 1990, with permission.154 Copyright c© 2001 Mas-
sachusetts Medical Society. All rights reserved.)

tance is fact that many of the NSAID are available as racemic
mixtures, with the pharmacologic activity residing primarily
with the S-enantiomer. The R-enantiomer can convert selec-
tively to the S-enantiomer, particularly at elevated levels, lead-
ing to even greater pharmacologic activity in patients with
renal dysfunction.139,140 This reconversion phenomenon also
has been reported for clofibric acid.141

Enoxaparin

26. Because F.G. is not ambulating well after her surgery, her
physician would like to initiate deep vein thrombosis prophylaxis
with enoxaparin. Are there any dosing considerations for enoxa-
parin in this patient?

Enoxaparin is a low-molecular weight heparin (LMWH)
that is used to prevent and treat various thromboembolic dis-
orders, such as deep venous thrombosis, unstable angina, and
non–Q-wave myocardial infarction. The kidneys play a major
role in the clearance of enoxaparin,142 and a higher incidence of
bleeding complications is associated with the use of enoxaparin
in patients with renal dysfunction.143 The elimination half-life
of enoxaparin is prolonged in patients with ESRD, although
the other pharmacokinetic parameters are similar to those in
healthy subjects.144,145 The increased incidence of bleeding
complications cannot be completely attributed to pharmacoki-
netic changes, but may also be related to the effects of enoxa-
parin on anti-factor IIa and antithrombin III, as well as the
effects of uremia on hemostasis.146

Enoxaparin should be used cautiously in patients with a ClCr
<30 mL/minute. Although monitoring the anticoagulant effect
by anti-Xa activity is not necessary in clinically stable patients,
it may be warranted in patients with renal dysfunction as well
as those who have other factors that may increase the risk of
bleeding complications.
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Direct Thrombin Inhibitors

27. A.H. is a 55-year-old woman with a history of chronic renal
failure (SrCr 3.7) who is diagnosed with a pulmonary embolus.
While being administered anticoagulation with a heparin infu-
sion, her platelet count drops from a baseline of 135 × 103 /mm3

to 40 × 103 /mm3. A positive heparin-platelet factor 4 antibody
result confirms the diagnosis of heparin-induced thrombocytope-
nia. What options are available for the therapeutic anticoagula-
tion of A.H. in the setting of heparin-induced thrombocytopenia?

Argatroban and lepirudin are direct thrombin inhibitors that
are U.S. Food and Drug Administration (FDA) approved for
the management of heparin-induced thrombocytopenia.147 Le-
pirudin is a recombinant hirudin that inhibits the catalytic site
of thrombin. The primary route of elimination of lepirudin is
by the kidneys, with about 35% excreted unchanged in the
urine. The dose of lepirudin should be reduced in the setting of
renal dysfunction, and its use should be avoided when the crea-
tinine clearance is <15 mL/minute.148 Argatroban is primarily
removed by the liver, with about 15% eliminated unchanged
by the kidneys. Argatroban is preferred in patients with renal

dysfunction.149,150 The dose of argatroban, however, needs to
be adjusted in patients with hepatic dysfunction.151

SUMMARY
The kidneys play a vital role in maintaining homeostasis by
regulating the excretion of water, electrolytes, and metabolic
byproducts. In addition, the kidneys are the primary route of
elimination for many drugs. Pharmacokinetic changes, such as
altered bioavailability, protein binding, drug distribution, and
elimination, can occur with many drugs in patients with renal
failure. Pharmacodynamic changes, such as altered sensitiv-
ity or response to medications, can also occur in this patient
population. Renal replacement therapies, such as hemodialy-
sis, continuous ambulatory peritoneal dialysis, and continuous
arteriovenous hemofiltration, will aid both in the removal of
fluid, electrolytes, and metabolic byproducts in drugs as well.
Data from clinical trials provide valuable information about
the disposition of drugs in patients with renal failure. Phar-
macokinetic principles should be applied when appropriate to
determine the optimal dose of drugs for patients with renal
failure.
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Solid organ transplantation is a well accepted therapeutic op-
tion for patients with end-stage kidney, liver, heart, and lung
disease. For many of these patients, it is the only option. One-
year patient survival for these major organs is between 85%

and 98%. One-year graft survival approaches these figures
as well.1 Pancreas or combined pancreas–kidney transplan-
tation is available as a treatment for diabetic patients with
end-stage renal failure. Intestinal transplantation is performed
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but in a limited number of patients. Pediatric and elderly pa-
tients are transplant candidates, increasing the pool of potential
recipients. Surgical techniques involving multiorgan transplan-
tation (e.g., heart with lung, liver, kidney), pancreatic islet cell
and liver cell transplantation, intestinal transplantation, living-
related and unrelated and segmental human organ transplan-
tation (e.g., kidney, liver, lung, pancreas), domino heart and
heart–lung transplantation, along with improvements in me-
chanical assist devices (e.g., for heart transplant candidates),
have made the transplantation of organs an increasingly vi-
able treatment option. Research continues in overcoming the
immunologic barriers associated with xenotransplantation (an-
imal to human).

Despite these approaches, many more patients are in need of
transplantation than there are organs available. In 2005, about
27,000 organ transplants were performed, whereas 90,000 peo-
ple were waiting for organs. Consequently, a significant number
of candidates die while waiting for a transplant.1

During the 1960s, drugs such as azathioprine, prednisone,
antilymphocyte serum, and antilymphocyte globulin (ALG)
made possible the success of kidney transplantation. In the
late 1970s, the introduction of cyclosporine created a new era
in solid organ transplantation, and in the 1980s the first mon-
oclonal antibody approved for human use, OKT3, was intro-
duced.

Since the mid-1990s a number of new agents have been
approved. These include tacrolimus, mycophenolate mofetil,
mycophenolate sodium, sirolimus (formerly rapamycin); mon-
oclonal antibodies, such as daclizumab and basiliximab; and
a polyclonal antibody, anti-thymocyte globulin (rabbit). More
recently, several agents, such as intravenous immunoglobulins
(IVIG), alemtuzumab, and rituximab have also been incorpo-
rated into transplant protocols. Several new agents are undergo-
ing investigation. These provide more individualized, specific,
and selective therapies for solid organ transplant recipients.

Although transplantation has had a significant positive im-
pact on the quality of life in most patients with end-stage dis-
ease, issues such as retransplantation because of graft failure
or recurrence of disease, donation source (living-related and
unrelated-neonatal organs, animal organs), and costs to indi-
viduals, insurers, and society continue to be discussed vig-
orously. Costs during the initial transplantation period range
from $30,000 for kidney transplants up to $250,000 for heart,
liver, or lung transplants. In addition, routine follow-up mon-
itoring and drug therapy for the first year can cost $5,000 to
$60,000. The ability of transplant recipients, particularly those
who are years out from their transplant, to pay for their med-
ications is a major issue. Also, the cost-effectiveness and ad-
verse effects of new immunosuppressive agents are important
issues.

The goal of immunosuppressive therapy is to prevent organ
rejection, prolong graft and patient survival, and improve qual-
ity of life. Short-term (i.e., 1–2-year) survival after transplan-
tation has improved dramatically. Long-term survival also has
improved, but not to the same degree.2 The current immuno-
suppressive regimens have not produced a permanent state of
tolerance (i.e., when the transplanted organ is seen as “self”).
Limited data suggest that some selected patients may not re-
quire lifetime immunosuppression; these are in a minority, and
more definitive studies must be done. As patients live longer
after transplantation, the focus of therapy has shifted toward
survival and management of long-term complications. Current

immunosuppressive drug therapies are associated with signif-
icant long-term complications. These include nephrotoxicity,
hypertension, hyperlipidemia, osteoporosis, and diabetes, as
well as graft loss secondary to infection, malignancy, recur-
rence of primary disease, and nonadherence. Although rates
of acute rejection are significantly lower, this remains a prob-
lem, along with chronic rejection. The search for safer and
more effective immunosuppressive regimens continues, along
with a better understanding of long-term immunosuppression.
This chapter addresses the immunology of transplantation and
rejection, indications for solid organ transplantation, appro-
priate use of immunosuppressive agents, and the management
of postoperative and long-term complications in the patient
who receives a solid organ transplant. Many of these issues are
similar for the various types of solid organ transplantations,
but there can be significant differences. This chapter addresses
some of these issues as they relate to kidney and liver trans-
plantation.

TRANSPLANTATION IMMUNOLOGY
Successful organ transplantation has come from a greater un-
derstanding and application of pharmacology, microbiology,
molecular and cellular biochemistry and biology, genetics, and
immunology. Suppression of the host’s immune system and
prevention of rejection are vital for host acceptance of the trans-
planted organ. The ultimate goal is permanent acceptance or
tolerance, a situation in which the new organ is seen as “self”
by the host’s immune system. In general, the currently used
immunosuppressive drugs provide a nonpermanent form of
tolerance. A basic understanding of the immune system and
the mechanisms of rejection is key to the effective use of im-
munosuppressive drugs in organ transplantation.

Major Histocompatibility Complex and Human
Leukocyte Antigen
The degree to which allogeneic grafting (i.e., a transplanted
organ from a genetically different donor of the same species)
is successful depends on the genetic similarities or differences
between the organ of the donor and the immune system of the
recipient. The recipient recognizes the transplanted graft as ei-
ther self or foreign. This recognition is based on the host’s reac-
tion to alloantigens or antigens (i.e., substances that initiate an
immune response that can lead to rejection of the transplanted
organ). These substances, also known as histocompatibility
antigens, play a very important role in organ transplantation.
Another group of substances that also plays an important role
is the ABO blood group system of red blood cells. In general,
the donor and recipient must be ABO compatible; otherwise,
immediate graft destruction occurs because of antibodies di-
rected against the ABO antigens.

Histocompatibility antigens are glycoproteins that are lo-
cated on the surface of cell membranes. These are encoded by
the major histocompatibility complex (MHC) genes located
on the short arm of chromosome 6. In humans, the MHC is
called the human leukocyte antigen (HLA). The gene prod-
ucts encoded on the HLA are divided into classes I, II, and
III based on their tissue distribution, antigen structure, and
function. Class I antigens (HLA-A, HLA-B, and HLA-C) are
present on all nucleated cell surfaces and are the primary tar-
gets for cytotoxic T-lymphocyte reactions against transplanted
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cells and tissues. The three class II antigens (HLA-DR, HLA-
DQ, HLA-DP) have a more limited distribution and are found
on macrophages, B lymphocytes, monocytes, activated T lym-
phocytes, dendritic cells, and some endothelial cells, all of
which can act as antigen-presenting cells (APC). Individual
HLA loci are extensively polymorphic. Each one possesses two
A, B, and DR antigens, one from each parent. This is called
a haplotype. Recognition of these polymorphic loci by host
T lymphocytes appears to account for rejection events seen in
vivo. Class III antigens (C4, C2, and Bf) are part of the comple-
ment system and do not play a specific role in the graft rejection
process.

Rejection of a transplanted organ is the outcome of the nat-
ural response of the immune system to a foreign substance, or
antigen, and is a complex process, the understanding of which
continues to evolve. This process, in some cases segmental and
simultaneous, involves an array of interactions between foreign
antigens, T lymphocytes, macrophages, cytokines (soluble me-
diators secreted by lymphocytes, also called lymphokines, in-
terleukins), adhesion molecules (also referred to as costimula-
tory molecules), and membrane proteins expressed on a wide
variety of cells that enhance binding of T cells, and B lympho-
cytes. This process of organ rejection ultimately can involve
all elements of the immune response, but it is predominantly
T-cell–mediated. This process can be divided into several im-
portant steps, which include antigen presentation as well as
T-cell recognition, activation, proliferation, and differentiation
of the various components of the immune response (Fig. 34-1).

For foreign antigens to interact with recipient T cells and B
cells, they must be prepared for presentation by APC. These
APC (Fig. 34-1) usually are recipient macrophages (indirect
pathway of allorecognition), although donor cells—referred to
as dendritic cells or passenger leukocytes and graft endothelial
cells—also can serve as APC (direct pathway of allorecogni-
tion). This phase takes place within the blood, lymph nodes,
spleen, and the transplanted organ (Fig. 34-2).

The next step (signal one) involves T-cell recognition of
the HLA molecules presented on the surface of the APC. The
primary site for this to occur is at the CD3–T-cell receptor
complex (TCR) on recipient T lymphocytes. This step involves
the binding of the antigen, MHC, and TCR for T-cell activation.
These T lymphocytes also express other molecules (clusters of
differentiation [CD]) on their surfaces that, along with CD3,
recognize and respond to different types of antigens. These T
cells are known as CD4+ cells (TH, helper or inducer T cells)
and CD8+ cells (TC, cytotoxic or suppressor T cells). CD4+
cells interact with class II antigens. CD8+ cells interact with
class I antigens.

In addition, proteins known as adhesion molecules or cos-
timulatory molecules promote T-cell signaling and activation
(signal two). For T-cell activation to occur, binding of these
costimulatory molecules as well as binding of the TCR with
the presented antigen and MHC is required. Examples of these
molecules include intercellular adhesion molecule (ICAM)-1
on APC, which bind with lymphocyte function-associated anti-
gen (LFA) expressed on the surface of T cells; ICAM-1 and
-3 on APC with CD2 on T cells; B7 (now called CD80 and
CD86) on APC with either CD28 or CTLA4 on T cells; CD40
on APC with CD40 ligand (now called CD154) on T cells.

The binding of these molecules are critical to T-cell acti-
vation. Without this costimulation, T cells undergo abortive
activation or programmed T-cell death (apoptosis). These cos-

timulatory molecules have become important targets for in-
vestigational drugs (e.g., CTLA4Ig, anti-CD40, anti-CD154)
designed to try to prevent acute and chronic rejection and to
promote long-term tolerance with minimal immunosuppres-
sion or none at all.

Once recognition occurs, T-cell activation and proliferation
are initiated. After interacting with class II antigens and stimu-
lation from IL-1 secreted from macrophages, TH cells produce
and secrete cytokines (e.g., interleukin [IL]-2 and interferon-
γ . TH cells are classified according to their cytokine-secretion
pattern into either TH1 or TH2 cells. TH1 cells secrete IL-2, inter-
feron (IFN), and tumor necrosis factor (TNF), which stimulate
TC cells. TH2 cells secrete IL-4, IL-5, IL-6, IL-10, and IL-13,
which stimulate B cells. TH cells, along with TC cells, are stim-
ulated to express cell-surface receptors specific for IL-2 (IL-
2R) and other cytokines. Once the TC cells express IL-2R, they
bind to IL-2 and other cytokines, which leads to signal trans-
duction that results in proliferation, division and stimulation
of T cells (signal 3). These committed TC cells bind directly to
allogeneic cells and produce cell lysis. TH-secreted cytokines
recruit other T cells, which results in further cytotoxicity. Dur-
ing this process, TH cells also produce cytokines that trigger
a cascade of events involving B cells and antibody produc-
tion, complement fixation, increased macrophage infiltration,
neutrophil involvement, fibrin deposition, platelet activation
and release, prostaglandin release, and inflammatory response
at the graft site. These delayed-type hypersensitivity and hu-
moral responses occur in conjunction with one another and are
not mutually exclusive. This results in cellular and tissue graft
destruction (Fig. 34-1).

The antibodies produced by plasma cells, which are trans-
formed B cells under the influence of cytokines, bind to the
target antigenic cells. This leads to local deposition of com-
plement and results in immune complexation and injury to the
graft (complement-mediated cell lysis). The newly formed an-
tibodies cause a series of interactions to occur with T cells,
which lead to cytotoxicity (antibody-dependent, cell-mediated
cytotoxicity). These cell-mediated and humoral immunologic
events can impair organ function so significantly that with-
out therapeutic intervention, complete organ graft dysfunction
may occur. Under certain circumstances, which are not clear,
the TC cells can actually downregulate the immune response
to alloantigen. These cells are known as suppressor T cells,
which express CD8+.3

Human Leukocyte Antigen Typing
The genetic compatibility between donor and recipient can
have an impact on graft survival. For example, in kidney trans-
plantation, the closer the HLA matching is between recipi-
ent and donor, the better the outcome, particularly over the
long term. To determine this compatibility, a number of labo-
ratory tests, including serologic, flow cytometric, genetic DNA
based, and cellular assessments of donor and recipient serum
and lymphocytes, are performed before organ transplantation.
This process is referred to as tissue typing.4 Lymphocytes are
typed for HLA-A, HLA-B, and HLA-DR. Typing for HLA
is performed using the donor and recipient lymphocytes for
serology-based techniques and any tissue or fluid containing
nucleated cells.

The panel reactive antibodies (PRA) test is commonly used
to assess organ compatibility because recipients may have HLA
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antibodies from previous exposure to antigenic stimuli (e.g.,
blood transfusions, previous transplantation, pregnancy). In
this test, the recipient’s serum is tested against a cell panel
of known HLA specificities that are representative of possible
donors in the general population. The percentage of cell re-
actions (recipient with donor) determines a recipient’s PRA.4

It is done periodically on patients on the waiting list to deter-
mine their immunologic reactivity. The potential recipient with
a higher percentage of PRA (>20%–>50%) is at higher risk
for rejection.

A lymphocyte cross-match is also performed. In this case,
the potential recipient’s serum is cross-matched to determine
whether preformed antibodies to the donor’s lymphocytes are
present. A positive cross-match indicates the presence of re-
cipient cytotoxic IgG antibodies to the donor. In solid organ
transplantation, this positive cross-match is often considered a
strong contraindication, although in some kidney transplants
therapeutic approaches involving the use of IVIG, plasma-
pheresis and rituximab before and after transplant appear to
be successful.5 In liver transplantation, a positive cross-match
is not an absolute contraindication because the need is urgent
and because the liver appears to be more resistant immunolog-

ically to this type of reaction. These liver transplant recipients
can, however, develop significant complications and experi-
ence early acute rejection.

ABO blood typing is one of the most critical of all evalua-
tions when determining the genetic compatibility for all solid
organ transplants. Transplantation of an organ with ABO in-
compatibility would result in a hyperacute rejection and de-
struction of the graft, although in kidney transplant therapeutic
approaches are being studied to minimize this outcome.6

IMMUNOSUPPRESSIVE AGENTS
Improvements in surgical techniques, better postoperative care
and monitoring, and more effective immunosuppressive agents
have all played significant roles in the success of solid organ
transplantation. The use of these immunosuppressives, based
on an improved understanding of their mechanisms of action
and the mechanisms of rejection, has had the most significant
impact on patient and graft survival. The number of currently
approved immunosuppressives has significantly increased
(Table 34-1), and a significant number of newly developed,
more selective and potentially less toxic immunosuppressive
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Table 34-1 Currently Used Immunosuppressive Agents

Drug (Brand Name) Usual Dose (How Supplied) Therapeutic Use(s) Adverse Effects

Alemtuzumab
(Campath-H1)

0.3 mg/kg or 30 mg × 1 dose Prevention of acute rejection;
steroid-free protocols

Lymphopenia, leukopenia, infection

Azathioprine (Imuran) 1–3 mg/kg/day (50-mg tab;
100-mg vial for injection)

As maintenance agent to prevent
acute rejection

Leukopenia, thrombocytopenia, hepatotoxicity,
nausea and vomiting, diarrhea, pancreatitis,
infection

Antithymocyte globulin,
equine (Atgam)

10–20 mg/kg/day (250 mg/
5 mL ampule for injection)

Treat acute rejection (including
severe or steroid-resistant forms);
as induction agent in high-risk
patient to prevent acute rejection

Anemia, leukopenia, thrombocytopenia,
arthralgia, myalgias, nausea and vomiting,
diarrhea, fevers, chills, hypotension,
tachycardia, anaphylaxis, infection

Antithymocyte globulin,
rabbit (Thymoglobulin)

1.5 mg/kg/day (25 mg/5 mL
vial for injection)

Treat acute rejection (including
severe or steroid-resistant forms);
as induction agent in high-risk
patient to prevent acute rejection

Fever, chills, nausea and vomiting, hypotension,
neutropenia, flushing, rash, itching, joint pain,
myalgias, thrombocytopenia, infection

Basiliximab (Simulect) 20 mg; 2 doses
10 mg; 2 doses for children if

<35 kg (10- and 20-mg
vial for injection)

As induction agent to prevent acute
rejection

Abdominal pain, dizziness, insomnia,
hypersensitivity reaction (rare)

Cyclosporine
(Sandimmune)

Oral
5–10 mg/kg/dose BID
IV
1.5–2.5 mg/kg/dose (100

mg/mL oral solution; 25-
and 100-mg cap; 250 mg/5
mL ampule for injection)

As maintenance agent to prevent
acute rejection

Nephrotoxicity, hypertension, neurotoxicity, hair
growth, gingival hyperplasia, hyperglycemia,
hyperkalemia, dyslipidemia, hypomagnesemia,
infection, neoplasm

Cyclosporine (Neoral,
Gengraf, various others)

4–8 mg/kg/day BID (100 mg
oral solution; 25-, 50-, and
100-mg cap)

As maintenance agent to prevent
acute rejection; conversion agent
from tacrolimus in patients with
intolerance or inefficacy

Same as above

Daclizumab (Zenapax) 1 mg/kg; 5 doses (25 mg/5
mL vial for injection)

As induction agent to prevent acute
rejection

Headache, infection, hypo- or hypertension

Methylprednisolone
sodium succinate
(Solu-Medrol, various
others)

10–1,000 mg/dose (40-, 125-,
250-, 500-, 1,000- and
2,000-mg vial for injection)

As induction and maintenance agent
to prevent acute rejection; to treat
acute rejection

Hyperglycemia, psychosis, euphoria, impaired
wound healing, osteoporosis, acne, peptic
ulcers, gastritis, fluid, electrolyte disturbances,
leukocytosis, cataracts, cushingoid state,
infection, insomnia, irritability

Mycophenolate mofetil
(CellCept)

1.5–3.0 g/day BID (250-mg
cap; 500-mg tab; 200
mg/mL oral suspension;
500-mg vial for injection)

As maintenance agent to prevent
acute rejection; conversion agent
from azathioprine and sirolimus
in patients with intolerance or
poor response

Diarrhea, nausea and vomiting, neutropenia,
dyspepsia, ulcers, infection, thrombocytopenia

Mycophenolate sodium
(Myfortic)

360–720 mg BID As maintenance agent to prevent
acute rejection. Alternative to
MMF

Similar side effect profile as MMF

OKT3 (Orthoclone) 2.5–5 mg/dose (5 mg/5 mL
ampule for injection)

Treat acute rejection (including
severe or steroid-resistant forms);
as induction agent in high-risk
patients to prevent acute rejection

Pulmonary edema, fever, chills, hypotension,
weakness, fatigue, muscle, joint pain, aseptic
meningitis, altered mental status, infection

Prednisone (Deltasone,
others)

5–20 mg/day (1-, 2.5-, 5-, 10-,
20-, 50-, and 100-mg tab)

As maintenance agent to prevent
acute rejection

See methylprednisolone

Sirolimus (Rapamune) 2–10 mg/day (1- and 2-mg
tab; 1 mg/mL oral solution)

As maintenance agent to prevent
acute rejection; conversion agent
from CNI or mycophenolate or
azathioprine in patients with
intolerance or poor response

Dyslipidemia, thrombocytopenia, neutropenia,
anemia, diarrhea, impaired healing, mouth
ulcers, hypokalemia, arthralgias, infection

Tacrolimus (Prograf) Oral
0.15–0.3 mg/kg/day BID IV

0.025–0.05 mg/kg/day as
continuous infusion (0.5-,
1-, and 5-mg cap; 5 mg/mL
ampule for injection)

As maintenance agent to prevent
acute rejection; conversion agent
from cyclosporine in patients with
intolerance

Nephrotoxicity, hypertension, neurotoxicity,
alopecia, hyperglycemia, hyperkalemia,
dyslipidemia, hypomagnesemia, infection,
neoplasm

BID, twice daily; CNI, calcineurin inhibitor; IV, intravenous; MMF, mycophenolate mofetil.



KIDNEY AND LIVER TRANSPLANTATION � 34-7

agents are under investigation. Sites of action of the currently
used agents, along with some of the investigational agents, are
represented in Figure 34-2.

Azathioprine
Azathioprine is a prodrug of 6-mercaptopurine (6-MP). Aza-
thioprine and 6-MP are purine antagonist antimetabolites. The
introduction of cyclosporine, tacrolimus, mycophenolate, and
sirolimus has led to a significant reduction of azathioprine use
or its elimination altogether in immunosuppressive protocols,
especially in the United States. It may, however, be useful in
some cases because it is available generically, or in patients
who cannot tolerate other agents. It continues to be used in
other countries.

Azathioprine, a nonspecific immunosuppressive agent, af-
fects both cell-mediated (i.e., T cell) and antibody-mediated
(i.e., B cell) immune responses. Because it inhibits the early
stages of cell differentiation and proliferation, azathioprine is
useful for preventing rejection, but it is ineffective for the treat-
ment of acute rejection. Active metabolites of 6-MP are incor-
porated into DNA and RNA, thereby interfering with the in-
tracellular formation of thioguanine nucleotides (TGN). 6-MP
is intracellularly converted by hypoxanthine phosphoribosyl
transferase (HPRT) to thioinosinic acid and then to thioguanine
nucleotides. 6-MP may have two separate immunosuppressive
effects: inhibition of cellular proliferation and cytotoxicity. A
decrease in the levels of intracellular purine ribonucleotides de-
creases cellular proliferation, and incorporation of TGN into
DNA mediates cytotoxicity.7

Azathioprine can be given intravenously (IV) or orally. Oral
absorption is rapid but incomplete. The usual dose is 1 to 3
mg/kg/day. Although the mean bioavailability of azathioprine
in renal transplant recipients is approximately 50%, oral doses
usually are not doubled when converting from IV to oral route.

The half-lives for azathioprine and 6-MP are estimated to
be 10 to 12 minutes and 40 to 60 minutes, respectively. Major
metabolic conversion of azathioprine to 6-MP is via nucle-
ophilic attack by glutathione. The liver and red blood cells are
thought to be major tissue sites for this metabolic conversion.
The 6-MP formed by this reaction can be metabolized further to
thiopurine ribonucleosides and ribonucleotides. Azathioprine
pharmacokinetics are not affected by renal dysfunction, but
there are higher 6-TGN metabolite concentrations. In contrast,
azathioprine’s immunosuppressive activity is absent in patients
with severe hepatic dysfunction.8

The most common adverse effect of azathioprine is bone
marrow suppression, which presents as leukopenia or, less
commonly, as thrombocytopenia and megaloblastic anemia.
Myelosuppression is dose dependent and typically observed
after 7 to 14 days of therapy. Bone marrow suppression may
be related to a genetic deficiency of the enzyme, thiopurine
methyltransferase (TPMT). Low activity of this enzyme is
rare but does lead to greater availability of 6-MP, elevated
6-thioguanine levels, and susceptibility to myelosuppression.
Low levels of TPMT and specific genetic polymorphisms of
this enzyme have been associated with severe azathioprine
myelotoxicity and reduced efficacy in some transplant recipi-
ents and testing for this polymorphsim has been advocated.9

Hepatitis, cholestasis, and reversible and irreversible liver dam-
age have been reported with azathioprine use. The irreversible

liver damage appears histologically compatible with central
vein phlebitis and occlusion, fibrosis, lobular necrosis, and bil-
iary stasis.10

The white blood cell (WBC) count should be maintained
at >5,000/mm3. If it decreases to 3,000 to 5,000/mm3, the
azathioprine dosage should be reduced by 50%. If the dose
reduction fails to keep the WBC count above 3,000/mm3, aza-
thioprine should be discontinued and reinstituted at the lower
dose when the leukopenia is resolved, if needed. A similar
approach should be taken if thrombocytopenia occurs. If he-
patotoxicity or other serious side effects occur, azathioprine is
discontinued.

Pancreatitis has been associated with azathioprine. Long-
term azathioprine administration also has been associated
with the occurrence of non-Hodgkin’s lymphoma, squamous
cell skin cancer, primary hepatic tumors, fever, rigors, rash,
headache, myalgia, tachycardia, hypotension, polyarthritis,
and acute hypersensitivity reactions. Anorexia, nausea, and
vomiting also occur.

Mycophenolate Mofetil and Mycophenolate Sodium
As a result of several comparative trials in kidney transplant
recipients, mycophenolate mofetil (MMF) has replaced aza-
thioprine in many transplantation protocols, especially in the
United States. Studies in other transplantation populations have
shown positive results as well. MMF is used as adjunctive
therapy in combination with cyclosporine or tacrolimus, pred-
nisone, sirolimus, and monoclonal and polyclonal antibodies
to prevent acute rejection. It is also used as rescue therapy
when patients have not responded to, or cannot tolerate, the
side effects of other immunosuppressive agents.11

Mycophenolate mofetil, as with azathioprine, can be clas-
sified as an antiproliferative antimetabolite in that it also in-
hibits purine synthesis, but in a more selective manner. Un-
like azathioprine, MMF interferes with the de novo pathway
for purine synthesis. MMF is the morpholinoethyl ester pro-
drug of mycophenolic acid (MPA), which is the active compo-
nent. MPA selectively, noncompetitively, and reversibly blocks
an enzyme known as inosine monophosphate dehydrogenase
(IMPDH) found primarily in actively proliferating T and B
lymphocytes. T and B lymphocytes rely on this enzyme and
the de novo purine pathway to produce purine nucleotides for
DNA and RNA synthesis. Thus, MPA interferes with T- and
B-cell proliferation. MPA also may affect cytokine production.
Other secondary effects include inhibition of B-lymphocyte an-
tibody production, decreased adhesion molecule expression,
decreased smooth muscle proliferation and recruitment, and
infiltration of neutrophils.12

Mycophenolate mofetil is rapidly converted to MPA on IV
or oral administration. It is well absorbed. MPA is metabo-
lized almost entirely by the liver to MPA-glucuronide (MPAG),
which undergoes enterohepatic recirculation and is ultimately
excreted renally as MPAG. MPA is highly protein bound to
albumin and renal dysfunction can lead to an increase in free
fraction.13

A new formulation of MPA, enteric-coated mycophenolate
sodium (Myfortic), has been FDA approved to prevent rejec-
tion in kidney transplantation, when used in combination with
a calcineurin inhibitor (CNI) and corticosteroids. The original
purpose of designing the enteric-coated formulation was
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to reduce or prevent the gastrointestinal side effects commonly
seen with MMF. All the compelling data currently published
indicates, however, that the efficacy rates and side effect pro-
files of MMF and mycophenolate sodium are nearly identical.
These two agents are not bioequivalent; because a 1-g dose
of MMF is equivalent to 720 mg of mycophenolate sodium14

(see Question 35).

Corticosteroids
Prednisone, methylprednisolone, and prednisolone—all syn-
thetic analogs of hydrocortisone—are the primary cortico-
steroids used to prevent and treat rejection of transplanted or-
gans. Although an important part of immunosuppression, a
goal of most transplantation programs, is to minimize, elim-
inate, or avoid corticosteroid use because of their numerous
and significant side effects.15

Corticosteroids have multiple effects on most cells and tis-
sues of the body, but it is their anti-inflammatory and, more
importantly, their immunosuppressive properties that serve as
the basis for their use in organ transplant recipients. These ef-
fects are exerted through specific intracellular glucocorticoid
receptors. The corticosteroids bind with these receptors and in-
terfere with RNA and DNA synthesis as well as transcription of
specific genes. Cell function is altered, resulting in suppression
or activation of gene transcription. Corticosteroids also affect
RNA translation, protein synthesis, production and secretion
of cytokines, and protein and cytokine receptor expression.

Even after a single dose, corticosteroids cause marked lym-
phocytopenia by redistribution of circulating lymphocytes to
other lymphoid tissues, such as the bone marrow, rather than
by cell lysis; they also transiently increase the number of circu-
lating neutrophils. Corticosteroids inhibit IL-1 and IL-6 pro-
duction from APC, a number of events associated with T-cell
activation, and IL-2 and IFNY production. They interfere with
the action of IL-2 and IL-2R on activated T cells, resulting
in the inhibition of T helper 1 (Th1) function. They can en-
hance Il-10 regulatory function and enhance Th2 cell function.
Moderate- to high-dose corticosteroids also inhibit cytotoxic
T-cell function by inhibiting cytokine production and lysis of
T cells. They can inhibit early proliferation of B cells but have
a minimal effect on activated B cells and immunoglobulin-
secreting plasma cells. The corticosteroids affect most cells
and substances associated with acute allograft rejection and
inflammatory reactions. They inhibit accumulation of leuko-
cytes at sites of inflammation; inhibit macrophage functions,
including migration and phagocytosis; inhibit expression of
class II MHC antigens induced by interferon-γ ; block release
of IL-1, IL-6, and TNF; inhibit the upregulation and expres-
sion of costimulatory molecules and neutrophil adhesion to
endothelial cells; inhibit secretion of complement protein C3;
inhibit phospholipase A2 activity; and decrease production of
prostaglandins.16

The plasma half-lives of prednisone and methylpred-
nisolone are much shorter than their biologic half-lives. Pred-
nisone is a prodrug that is rapidly converted to its active form,
prednisolone. Bioavailability in transplant recipients is rapid
and complete and similar to healthy subjects. In transplant re-
cipients, plasma half-lives are approximately 2.5 to 4 hours for
prednisolone and methylprednisolone. Prednisolone is metab-
olized extensively. Prednisolone and methylprednisolone are

70% to 90% protein bound. Clearance of the unbound frac-
tion is reduced in renal and liver transplant recipients. These
agents usually are given in fixed doses or dosing is based on
body weight (mg/kg) with little regard for pharmacokinetic
differences, despite the significant variability that exists.17,18

Calcineurin Inhibitors
Cyclosporine
The introduction of cyclosporine as an immunosuppressive
agent has been the single most important factor in the current
success of organ transplantation. Its use has increased patient
and graft survival, reduced morbidity associated with rejec-
tion and infection, and extended the types and numbers of
organ transplantations performed. Cyclosporine or tacrolimus
are the primary agents used in almost all transplant recipients.
In contrast to azathioprine and mycophenolate, cyclosporine
has relatively nonmyelotoxic, immunosuppressive effects. It
has been considered the prototype for agents such as tacrolimus
and sirolimus, as well as some investigational immunosuppres-
sive drugs.

Cyclosporine is an 11-amino acid undecapeptide metabo-
lite extracted from a soil fungus, Tolypocladium inflatum Gams.
The activity of cyclosporine is mediated through a reversible
inhibition of T-cell function, particularly helper T cells. Its
major effect is inhibiting the production of IL-2 and other
cytokines, including interferon-γ . These actions result in an
inhibition of the early events of T-cell activation, sensitiza-
tion, and proliferation. Cyclosporine has little effect on acti-
vated mature cytotoxic T cells. Therefore, it has little useful-
ness in the treatment of acute rejection. Its site of action is
within the cytoplasm of T cells after antigenic recognition and
signaling occurs. Cyclosporine binds to an intracellular pro-
tein (immunophilin) called cyclophilin. Although binding to
cyclophilin is required, it is not sufficient for immunosuppres-
sion. This cyclosporine–cyclophilin complex binds to a protein
phosphatase, calcineurin. This is thought to prevent activation
of nuclear factors involved in the gene transcription for IL-2
and other cytokines, including IFN.19 Also, because of this in-
hibition, cyclosporine indirectly impairs the activity of other
cells, macrophages, monocytes, and B cells in the immune
response. Cyclosporine has no effect on hematopoietic cells
or neutrophils. Cyclosporine is metabolized extensively in the
liver to >25 metabolites. Two of these metabolites, AM1 (for-
merly M17) and AM9 (formerly M1), can elicit an immuno-
suppressive effect in vitro, but they have much lower activity
than cyclosporine. The role of these metabolites in the develop-
ment of toxicity with cyclosporine is unclear22 (see Questions
15–17, 19–20).

Tacrolimus
Tacrolimus (formerly FK506) is isolated from a soil fungus,
Streptomyces tsukubaensis. It is a macrolide with a different
molecular structure than cyclosporine. Tacrolimus is as ef-
fective as cyclosporine in liver, kidney, kidney–pancreas or
pancreas, heart, and lung transplantation recipients as the pri-
mary immunosuppressant in combination with corticosteroids
or mycophenolate, azathioprine, sirolimus, and antibodies. It
also is effective as rescue treatment in liver, kidney, kidney–
pancreas or pancreas, heart, and lung transplant recipients
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experiencing acute or chronic rejection resulting from failure
of standard immunosuppressive therapy. Tacrolimus has be-
come the preferred CNI over cyclosporine in many transplant
centers.23,24

The activity of tacrolimus is similar to that of cyclosporine,
but the concentrations of tacrolimus needed to inhibit produc-
tion of IL-2, which is its major effect, are 10 to 100 times lower
than those of cyclosporine. Tacrolimus also inhibits produc-
tion of other cytokines, including IL-3, IL-4, and interferon-γ ,
TNF, and granulocyte-macrophage colony-stimulating factor
(GM-CSF). It has variable effects on B-cell response and also
has anti-inflammatory effects. The action of tacrolimus on T
cells is more difficult to reverse than cyclosporine. As with cy-
closporine, tacrolimus binds to an intracellular, although dif-
ferent, protein: FK binding protein 12 (FKBP12). This protein,
which interacts with calcineurin, inhibits gene transcription of
cytokines and interferes with T-cell activation.20 Further phar-
macologic and pharmacokinetic descriptions of tacrolimus are
presented in Questions 28–32.

Sirolimus
Sirolimus, formerly known as rapamycin (Rapamune), is an
FDA-approved agent for prevention of acute rejection and for
withdrawal of cyclosporine in kidney transplantation. It was
isolated from soil samples in Rapa Nui (Easter Island) and
is a macrolide, structurally related to tacrolimus. In multicen-
ter clinical trials, sirolimus combined with cyclosporine and
prednisone significantly reduced acute rejection episodes in
kidney transplant recipients when compared with a combined
regimen of cyclosporine, azathioprine, and prednisone. The re-
jection rate was decreased from approximately 30% to 40% to
<20%. Positive results for sirolimus also have been observed
in other transplantation populations; in situations in which it
is used in combination with other agents, including antibod-
ies, tacrolimus, and mycophenolate; and when it has been used
for rescue therapy. Its major use appears to be primarily in
calcineurin reduction or elimination protocols.21

Unlike tacrolimus and cyclosporine, which work earlier in
the T-cell activation cycle and inhibit cytokine production,
sirolimus is an inhibitor of late T-cell activation. It does not
block cytokine production; rather, it inhibits signal transduc-
tion, which blocks the response of T cells and B cells to cy-
tokines such as IL-2.

As with tacrolimus, sirolimus binds to intracellular pro-
teins. Specifically, sirolimus binds to the same immunophilin
bound by tacrolimus, FK binding protein (FKBP). This com-
plex interferes with the action of certain enzymes or proteins.
Both cyclosporine and tacrolimus inhibit calcineurin, whereas
sirolimus influences a protein called the mammalian target of
rapamycin (mTOR). Sirolimus also inhibits an enzyme called
P7056 protein kinase, which is involved in microsomal pro-
tein synthesis. These effects result in cell-cycle arrest, block-
age of messenger RNA (mRNA) production, and blockage
of cell proliferation. Early in its development, in vitro stud-
ies indicated that tacrolimus and sirolimus were antagonis-
tic. Clinical studies indicate that this is not true. Sirolimus
and cyclosporine or tacrolimus appear to work synergistically.
Sirolimus also inhibits proliferation of smooth muscle cells and
may, although it is too early to tell, reduce the development of
chronic rejection21 (see Question 18).

Antithymocyte Globulins
Before monoclonal antibody preparations were developed to
prevent and treat acute rejection, polyclonal antilymphocyte
preparations, such as antilymphocyte globulin (ATG), were
available. Products used today are administered IV and include
equine (Atgam, lymphoglobulin) and rabbit (Thymoglobu-
lin) globulin, which is considered the polyclonal antibody of
choice.

The ATG preparations made in goats and sheep also have
been synthesized for investigational study. However, the fol-
lowing discussion is limited to the products produced in
horses (Atgam) and rabbits (Thymoglobulin). Regardless of
the species from which they are produced, all ATG products
have similar pharmacologic effects. Their potency and anti-
body specificity vary, however, from batch to batch and be-
tween products.22 The production of polyclonal equine or rab-
bit antibody begins with the injection of homogenized human
spleen or thymus preparations into the animals. This injection
induces an immune response in the animals directed against
human T lymphocytes; serum containing antibodies to T cells
is collected from the animals and purified. Other antibodies
to human cells are produced as well, however. These antibod-
ies bind to all normal blood mononuclear cells in addition to
T lymphocytes and B lymphocytes, resulting in depletion of
lymphocytes, platelets, and leukocytes from the peripheral cir-
culation. The mechanism of action of these agents is thought
to be linked to lysis of peripheral lymphocytes, uptake of lym-
phocytes by the reticuloendothelial system, masking of lym-
phocyte receptors, apoptosis, and immunomodulation. These
agents contain antibodies to a number of cell-surface mark-
ers on lymphocytes, including CD2, CD3, CD4, CD8, CD11a,
CD25, CD44, CD45, HLA-DR, and HLA class I antigens. They
also interfere with leukocyte adhesion and trafficking and also
have effects against CD20+ B cells. ATG preparations can
produce a rapid and profound depletion of circulating T cells,
often within 24 hours of the initial dose. The duration of the
effect can last several weeks after a course of therapy, par-
ticularly with Thymoglobulin. Antibodies can be produced to
these products as well. This, however, does not appear to influ-
ence clinical outcomes.23 The clinical use of Thymoglobulin
is described further in Question 5.

Murine Monoclonal Antibody
Muromonab-CD3 (Orthoclone OKT3), the first therapeutic
murine monoclonal antibody approved for use in humans,
was developed to suppress T-cell–mediated rejection. It is
used for induction therapy (prophylaxis) or to treat acute
graft rejection.24 With the introduction of Thymoglobulin, da-
clizumab, and basiliximab, the prophylactic use of OKT3 has
significantly declined, although some centers still use it but
in lower doses. With the introduction of Thymoglobulin for
treatment of acute rejection, OKT3 is used if a patient is unre-
sponsive.

Murine monoclonal antibodies are formed by immunizing
a mouse with a specific antigen (in this case, human T lym-
phocytes). After the mouse produces B lymphocytes against
the injected antigen, it is killed and the spleen is removed. All
the lymphocytes derived from the spleen are suspended and
mixed with mouse myeloma cells, a tumor cell line that can



34-10 � SOLID ORGAN TRANSPLANTATION

grow indefinitely in culture. The two cell types are mixed with
polyethylene glycol (PEG), which allows the cells to fuse. This
mixture of mouse spleen cells, myeloma cells, and hybridomas
(fused spleen and myeloma cells) is grown in a medium that
allows only hybridomas to grow. Hybridoma colonies that are
producing the desired antibody are cloned, and the antibod-
ies they produce are harvested from cell supernatants. Another
method used to produce large amounts of monoclonal antibody
is to inject the appropriate hybridoma into the peritoneum of
a mouse. After 10 to 21 days, the ascitic fluid, which contains
secreted antibodies, is harvested and purified to obtain the de-
sired monoclonal antibody.

OKT3, an IV administered IgG2a immunoglobulin, binds to
the CD3 (cluster of differentiation 3) structure on CD3+T lym-
phocytes located near the T-cell receptor complex. All mature T
cells express CD3 and either the CD4 or CD8 surface antigen.
Once OKT3 is bound to the CD3 region of T cells, it is thought
to be opsonized and removed from the circulation by the retic-
uloendothelial system of the liver and the spleen. This removal
occurs within minutes after IV administration. The first one to
two doses, however, activate T cells thereby producing signif-
icant adverse effects known as the cytokine release syndrome.
OKT3 also can modulate the antigen-recognition complex of
T cells, which alters normal T-cell function. The third mecha-
nism involves blocking killer T cells attached to the allograft.
This occurs when high levels of OKT3 are achieved and the
killer T cells are coated and rendered inactive. Once therapy is
stopped, CD3+ cells return to measurable levels quickly, often
within 24 hours.

CD3+ cell counts of <25/mm3 represent an appropriate re-
sponse in most patients. Adequate response to OKT3 is delayed
by up to 5 to 7 days after a second course, which is owing to a
neutralizing antibody against OKT3.24 Patients sometimes re-
quire two to three times the initial dose, or it may be contraindi-
cated if anti-OKT3 antibody level is too high (see Questions
12–14).

Interleukin-2 Receptor Antagonists
Daclizumab and Basiliximab
Daclizumab (Zenapax) and basiliximab (Simulect) are two
monoclonal antibodies approved for use in combination with
other immunosuppressives to prevent acute cellular rejection
in kidney transplantation. They are not considered treatment
for acute rejection. Daclizumab is a humanized monoclonal
antibody, which contains 90% human and 10% murine anti-
body sequences. Basiliximab is a chimeric antibody that con-
tains both murine and human antibody sequences. In contrast
to daclizumab, it contains higher amounts of murine antibody
sequences.25 These agents prevent episodes of acute rejection
in kidney transplant recipients. Their use in combination with
other agents is being studied in other transplant populations.
Comparative studies between these agents or with other anti-
bodies, such as Thymoglobulin, are being conducted. Advan-
tages over these older agents include ease of administration,
minimal side effects, low immunogenicity, no greater infec-
tions or malignancy rates, and fewer required doses. Both are
well tolerated, although there are rare reports of anaphylaxis.
These agents appear to be most effective in immunologically
low-risk patients, whereas in high-risk patients, their use may

be limited. These agents, as with other antibodies, are expen-
sive. To date, the only perceived clinical difference between da-
clizumab and basiliximab is the dosing regimen. Daclizumab
is given as 1 mg/kg on day 0 of the transplant and then every 2
weeks for four more doses. This regimen creates issues related
to compliance, outpatient administration, and reimbursement.
Basiliximab is given as a 20-mg dose on days 0 and 4 after
transplantation. Several reports, however, have evaluated da-
clizumab regimens of one, two, or three doses given over the
first few days after transplant.25 Both daclizumab and basilix-
imab appear to have similar mechanisms. They bind to the α-
subunit of the IL-2R, also known as CD25 or the TAC subunit,
which is expressed only on the surface of activated T cells; this
subunit is critical to IL-2 activation of T cells in the acute rejec-
tion process. Daclizumab and basiliximab prevent the IL-2R
from binding with IL-2, thereby blocking T-cell activation.25

Differences exist in the elimination half-life and duration
of receptor saturation with these two agents, the significance
of which remains to be determined. Daclizumab has a terminal
half-life of 11 to 38 days, whereas that of basiliximab is 4 to
14 days. Daclizumab, using the approved five-dose regimen,
saturates the IL-2R for about 120 days. Basiliximab, with the
two-dose regimen, saturates the receptor for 36 days. Duration
of IL-2 saturation was also found to be shorter in liver trans-
plant recipients than that reported in kidney transplant recipi-
ents. The half-life and clearance of daclizumab and basiliximab
have been shown to be shorter and faster, respectively, in liver
transplant recipients. Total body clearance correlates positively
with the volume of postoperative blood loss; basiliximab also
is cleared through postoperative ascitic fluid.26

Alemtuzumab
Alemtuzumab (Campath-1H) is a humanized monoclonal an-
tibody against CD52 proteins on the surface of T and B cells,
natural killer cells, macrophages, and monocytes. It is approved
for use in certain types of leukemias, but not in organ trans-
plant. Because it causes a profound reduction or depletion in
lymphocytes, especially T helper lymphocytes, a number of
studies are evaluating its effect as induction therapy to prevent
acute rejection after kidney transplant. Several studies are in-
vestigating its use in steroid avoidance or withdrawal regimens
and calcineurin avoidance or withdrawal regimens. Short-term
studies have indicated a role for this agent in these situations.
Most protocols with this agent give a single 30 mg IV dose
in the operating room. With this dose, significant neutropenia
and lymphopenia can still occur, lasting for months to years
in some patients. This single dose regimen has been success-
ful in reducing the incidence of fungal and viral infections as
compared with multiple dose regimens.27

Investigational Agents
A number of agents are in various stages of development.
These include everolimus (SDZ-RAD), belatacept (LEA29Y),
FTY720, deoxyspergualin, brequinar, mizoribine, lefluno-
mide, FK-778, and AEB-071. These agents have more specific
activity directed at T-cell and B-cell function and some inter-
fere with costimulatory proteins. Everolimus is an analogue
of sirolimus.28 Belatacept is a CTL4-Ig, which blocks the cos-
timulatory pathway of CD28 or CTL-A4: CD80/CD86 bind-
ing interactions. CTLA4-Ig binds to CD80/CD86 to a greater
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degree than CD28, resulting in inhibition of costimulation and
T cell activation. Belatacept, which is given IV, once every
few weeks in combination with other agents, is currently un-
dergoing phase III trials as a replacement for CNI.29 FTY720
interferes with lymphocyte migration from the lymph nodes.
Leflunomide and its analogs, FK778, belong to a class of
agents called malanitriloamides and target pyrimidine synthe-
sis. Mizoribine and brequinar are inhibitors of DNA synthe-
sis. Deoxyspergualin inhibits cell activation and maturation.
In addition, a number of monoclonal antibodies and peptides
have been developed and are undergoing investigation. The tar-
gets of these antibodies and peptides are antigen-binding sites,
adhesion molecules, cytokines and enzymes such as tyrosine
kinase.31

KIDNEY TRANSPLANTATION
Indications and Evaluation

1. G.P. is a 52-year-old, 72-kg black man with end-stage re-
nal disease (ESRD) secondary to non–insulin-dependent diabetes
mellitus, hypertension and hyperlipidemia. He has been under-
going hemodialysis three times a week for 4 years. Other med-
ical problems include anemia, hypocalcemia, and hyperphos-
phatemia. G.P.’s medications include amlodipine 10 mg daily,
ramipril 10 mg twice daily (BID), Lipitor 20 mg daily, Tums two
tablets three times daily (TID) with meals, at bedtime, and in be-
tween meals, NPH insulin 30 U BID, regular insulin 8 U BID,
and erythropoietin 8,000 U IV three times weekly. He has been
on the kidney transplant waiting list for 2 years. He is called by
the transplant coordinator and admitted for a possible deceased
donor (formerly called cadaveric) kidney transplant. G.P. has the
same blood type as the donor. His most recent PRA is 10%. Cross-
match is negative, and HLA typing reveals a three-antigen match
(A1, A2, B35) between donor and recipient. On admission to the
hospital, his laboratory values are as follows: Na, 141 mEq/L (nor-
mal, 135–145); potassium (K), 4.7 mEq/L (normal, 3.4–4.6); Cl,
102 mEq/L (normal, 95–105); bicarbonate (HCO3), 23 mEq/L
(normal, 22–28); blood urea nitrogen (BUN), 44 mg/dL (normal,
8–18); serum creatinine (SrCr), 13.9 mg/dL (normal, 0.6–1.2); cal-
cium (Ca), 7.8 mEq/L (normal, 8.8–10.3); phosphorus, 6.2 mg/dL
(normal, 2.5–5.0); glucose, 225 mg/dL (normal, 65–110); WBC
count, 8.4 cells/mm3 (normal, 4,000–10,000); hemoglobin (Hgb),
10.8 g/dL (normal, 14–18); and hematocrit (Hct), 32% (normal,
39%–49%). His serology is negative for HIV, hepatitis B surface
antigen, hepatitis C, and cytomegalovirus (CMV), and is positive
for anti-HBS. What are the indications for and potential benefits
of kidney transplantation in G.P.?

[SI units: Na, 141 mmol/L (normal, 135–145); K, 4.7 mmol/L (normal,

3.4–4.6); Cl, 102 mmol/L (normal, 95–105); Hco3, 23 mmol/L (normal, 22–

28); BUN, 15.7 mmol/L (normal, 3.0–6.5); SrCr, 1,228.8 μmol/L (normal,

50–110); Ca, 1.95 mmol/L (normal, 2.20–2.58); P, 2.0 mmol/L (normal,

0.77–1.45); glucose, 12.5 mmol/L (normal, 3.9–6.1); WBC count, 8.4 ×
106 cells/L (normal, 4,000–10,000); Hgb, 108 g/L (normal, 115–155); Hct,

0.32 (0.39–0.49)]

All patients with ESRD are potential candidates for kidney
transplantation unless contraindicated. The contraindications
(absolute or relative) are determined by the individual trans-
plant center. Absolute contraindications include current malig-
nancy, active infection, active liver disease, HbsAg-positive,

severe or symptomatic cardiac or pulmonary disease, specific
renal diseases with an accelerated recurrence rate, substance
abuse, and abnormal psychosocial and noncompliant behavior.
Relative contraindications for the recipient of a kidney trans-
plant include chronic liver disease, active infection, positive
for hepatitis C, HIV-positive, morbid obesity, current positive
cross-match, and age >70 years.30 The relative contraindica-
tion for the elderly with ESRD is controversial because ap-
proximately 40% of the ESRD population is >65 years and
an increasing number of these patients are undergoing kid-
ney transplantation. Patients with ESRD need not wait until
they are receiving dialysis before being considered for a kid-
ney transplant because transplantation is associated with lower
cost, better quality of life and longer survival than patients on
dialysis awaiting transplantation. The primary diseases lead-
ing to ESRD and transplant are diabetes, glomerulonephritis,
polycystic kidneys, and arterionephrosclerosis.

In G.P., diabetes and hypertension would be the most likely
causes of his ESRD. For G.P., a renal transplant should return
his renal function to near normal, improve his quality of life,
and correct the complications of renal dysfunction such as ane-
mia, hypocalcemia, and hyperphosphatemia, but not diabetes
or hypertension or hyperlipidemia.

When evaluating a patient for any organ transplantation,
the risk-to-benefit ratio must be considered. In general, kidney
transplants are performed to improve the quality of life and
avoid the complications and outcomes associated with dialysis
and renal failure. It is also more cost effective than dialysis. In
contrast, patients who are candidates for heart, lung, and liver
transplantations will die if these vital organs fail. Therefore, the
criteria established for organ transplantation must be evaluated
carefully before it is offered to any patient.

Donor and Recipient Matching

2. What criteria are important in determining a good match
between the donor and G.P.?

G.P. had a series of serologic tests to determine his genetic
compatibility with the donor. He had a negative cross-match
and low PRA of 10%, indicating that he is not already sensitized
to this donor’s antigens, which should result in a more favor-
able post-transplantation course. HLA matching also indicated
a three-antigen match between G.P. and the donor. Matching
of donor and recipient at the HLA-A, HLA-B, and HLA-DR
loci is associated with better graft survival and longer half-
lives for both living-related and deceased donor kidney trans-
plants. Half-lives are longer with living donors (13–15 years)
compared with deceased donors (8–20 years). For a group of
recipients with a match similar to G.P., the 1-year and 3-year
graft survival for a first deceased donor transplant is projected
to be >90% and >80%, respectively. These positive factors
may be offset, however, by his ethnicity. Patient and graft
survival after kidney transplantation is reduced in the black
population compared with others because of immunologic,
medical, pharmacologic, pharmacokinetic, and socioeconomic
reasons.31 Along with black race, other risk factors associated
with decreased survival include advanced donor age, recip-
ient age <15 and >50 years, retransplantation, a high PRA
(>20%–>50%), and delayed graft function. Recipients who
fall into these categories are referred to as high-risk patients.32
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Because of a limited number of donors, this pool has been
expanded to include what are called expanded criteria donors
(ECD). These are deceased donors (DD) who are either older,
and have evidence of some pre-existing hypertension, higher
serum creatinine, or death caused by cerebrovascular disease
than the standard criteria DD. Survival appears to somewhat
lower in recipients of organs from ECD. G.P.’s donor was a
standard criteria DD donor.

Immunosuppressive Therapy

3. Before the transplant procedure, G.P. receives MMF 1 g
orally (PO) and cefazolin 1 g IV. During surgery, just before reper-
fusion of his new kidney, he received methylprednisolone 500 mg
IV and Thymoglobulin 100 mg IV. He is also given furosemide
100 mg IV after the kidney has been transplanted. Methylpred-
nisolone 250 mg IV is to be given on the day after surgery. The
methylprednisolone dose is to be decreased to 100 mg IV on
the second postoperative day for one dose. Prednisone 60 mg (1
mg/kg/day) PO is to be given on the subsequent day for one dose
and tapered by 0.3 mg/kg/day to 20 mg daily by day 7 after surgery.
Tacrolimus nasogastric (NG) or orally (PO) 0.1 mg/kg/day or 3 mg
Q 12 hr will be started within 12 hours after surgery if renal func-
tion improves. The dosage will be adjusted according to tacrolimus
whole blood trough concentrations. MMF will be continued at 1g
PO BID. He will also continue with antibody induction with Thy-
moglobulin 100 mg IV on days 1 and 3 after surgery. Why is G.P.
being treated with this immunosuppressive regimen?

The major goal of immunosuppressive therapy is to pre-
vent rejection and infection with minimal adverse side effects
and to ensure long-term patient and graft survival. Overall
acute rejection rates are <20% during the first year after kid-
ney transplantation. Most of these episodes respond to acute
antirejection therapy.

No consensus exists on the best immunosuppressive regi-
men, and the numerous dosing regimens in use primarily de-
pend on the program and the specific organ to be transplanted.
Although a number of studies have attempted to evaluate the
superiority of various regimens, comparisons are influenced by
variables such as differences in donor selection and condition,
organ preservation and procurement, organ ischemic (cold and
warm) time, recipient’s pretransplant conditions, comorbid and
high or low risk factors, surgical procedures and individual sur-
gical techniques, postoperative management and monitoring,
and length of follow-up. Another important consideration is
that many of the newer agents show significant effects during
the first year, but fail to show a significant impact on long-
term effects such as chronic rejection and graft survival.2 The
choice of a particular regimen generally depends on the risk
factors present at the time of transplantation. During this early
time period, the number of agents and doses used are higher
than later on after transplantation.

Most starting immunosuppressive drug regimens for the
management of solid organ transplantations rely on three to
four agents, although mono-or-dual therapy has been used, de-
pending on organ type and risk factors. These combination reg-
imens include a CNI (cyclosporine or tacrolimus) and MMF
or sirolimus; or azathioprine and prednisone with or without a
monoclonal antibody (alemtuzumab, basiliximab, daclizumab,

OKT3); or polyclonal antibody (Atgam, Thymoglobulin). Sev-
eral regimens are being studied that avoid the use of steroids
and CNI; or use a short course in the early transplantation pe-
riod, or are withdrawn sometime, usually several months, after
transplantation in an attempt to avoid the long-term side effects
of these agents.33

With DD kidney transplants, quadruple or triple therapy
is used. The most commonly used regimen is one that con-
tains an antibody with tacrolimus, MMF and prednisone. Cy-
closporine or tacrolimus are the foundation of this type of reg-
imen. Tacrolimus is used in >70% of new kidney transplant
recipients.20 In HLA-identical, living-related kidney trans-
plants, conventional dual therapy (e.g., azathioprine or my-
cophenolate and prednisone) gives excellent results; however,
acute rejection can still occur, and some programs may use
dual therapy that contains either cyclosporine or tacrolimus.
Combination therapy is used to take advantage of different
mechanisms of action and to reduce drug toxicity by using se-
quential therapy and smaller doses of multiple agents rather
than larger doses of any agent used alone. These multidrug
combinations can lead, however, to increased drug costs, com-
pliance issues, a higher incidence of infection and malignancy,
and difficulty in assessing adverse effects.

In G.P., triple or quadruple therapy would be used. In many
centers, an antibody such as Thymoglobulin, alemtuzumab,
basiliximab, or daclizumab would be added to his current triple
therapy, because G.P. is considered a high-risk recipient be-
cause he is black. Black recipients generally have a higher rate
of acute rejection and graft loss than other ethnic groups after
transplant.34

After the initial transplantation period, drug dosages are re-
duced over time and maintained at a stable dose for 6 months
to 1 year. In G.P., tacrolimus, MMF, or the corticosteroid may
be discontinued. Although the discontinuation of a drug may
reduce adverse effects, it must be counterbalanced against the
risk of acute rejection and graft loss. Monotherapy, generally
with tacrolimus or cyclosporine, may be achieved in kidney,
liver, and heart transplant recipients at some point after trans-
plantation. Most patients, however, require lifetime immuno-
suppression.

4. What is induction therapy?

Induction therapy after transplantation refers to the use of
an antibody, typically during the first week after transplant.
Acute rejection can occur in the early transplant period and also
delayed graft function (DGF). Both of these have a negative
impact on graft survival. Antibodies, such as Thymoglobulin
and OKT3, reduce the incidence of acute rejection and delayed
graft function and have typically been used in immunologically
high-risk patients. Their use in patients at low to moderate
risk is increasing, however, often as a means of reducing or
avoiding the use of CNI and steroids. The newer antibodies
(e.g., basiliximab, daclizumab, and alemtuzumab) are playing
a bigger role in these situations because they are easier to give
and have a less severe adverse effect profile.28 Recent data
indicate that about 70% of all kidney transplants during 2004 to
2005 received induction therapy, with Thymoglobulin making
up about 40%.20



KIDNEY AND LIVER TRANSPLANTATION � 34-13

Thymoglobulin and Antithymocyte Globulin (Atgam)

5. How would Thymoglobulin be administered and monitored
in G.P.?

Dosing and Administration
Both Thymoglobulin and antithymocyte globulin are effec-
tive as induction therapy or as treatment of acute rejection. In
general, Thymoglobulin appears to be more effective than an-
tithymocyte globulin and has replaced Atgam as the polyclonal
antibody of choice. Thymoglobulin, when used for induction,
also has been reported to result in improved survival, fewer side
effects, and less infection compared with OKT3. The dose of
Thymoglobulin is 1.5 mg/kg/day, and the dose of antithymo-
cyte globulin is 10 to 20 mg/kg/day. These drugs can be diluted
in 0.9% sodium chloride for injection and administered over
4 to 6 hours. Both are usually infused into a high-flow central
vein to reduce pain, erythema, and phlebitis at the injection
site. Peripheral administration has been used successfully with
Thymoglobulin by adding heparin and hydrocortisone to the IV
solution.25 Skin testing is recommended before horse-derived
antithymocyte globulin use, but not rabbit-derived Thymoglob-
ulin. Patients previously sensitized to horse serum are at risk
for an anaphylactoid reaction, but the prevalence of anaphy-
laxis has diminished with improved purification of this prod-
uct. Patients with a positive pretherapy skin test could undergo
desensitization, but alternatives, such as Thymoglobulin and
OKT3, are available.

Dose Regimen and Duration of Therapy
The first dose of Thymoglobulin is usually given intraopera-
tively rather than after transplant. Intraoperative administra-
tion of Thymoglobulin has been shown to reduce the inci-
dence and severity of DGF as compared with postoperative
adminstration.34 Duration of therapy with Thymoglobulin and
antithymocyte globulin ranges from 3 to 10 days for induc-
tion therapy. Protocols used to treat rejection commonly use
a 7- to 14-day course of therapy.20 In patients such as G.P., a
three-dose regimen has been shown to be as effective as a daily
regimen.35

Adverse Effects
A number of adverse effects have been related to the use of Thy-
moglobulin or antithymocyte globulin. Local phlebitis and pain
usually can occur. Anaphylaxis is rare. Chills and fever, ery-
thema, rash, hives, pruritus, headache, leukopenia, and throm-
bocytopenia are commonly encountered. Fever, chills, nausea,
and vomiting may be caused by the release of cytokines, such
as TNF and IL-6, from lysed lymphocytes. These symptoms
can be minimized by premedication with acetaminophen and
diphenhydramine before each dose. Methylprednisolone, up to
500 mg, is given 1 hour before Thymoglobulin for the first two
doses to minimize infusion reactions. Serum sickness leading
to acute glomerulonephritis, hypotension, and acute respira-
tory distress also has been associated with these agents. It may
not be evident until the seventh day of therapy or within 2 weeks
of discontinuation.36 Opportunistic viral, (CMV and Epstein-
Barr virus [EBV]), and fungal infections are the predominant
delayed side effect. Susceptibility to malignancy, such as post-
transplantation lymphoproliferative disease (PTLD) is also a

concern (see Chapter 35, Questions 15–16). Because of the
increased risk of CMV infection, patients are often given oral
valganciclovir or IV ganciclovir during therapy, and then oral
valganciclovir, which is continued up to several months after in-
duction.

Monitoring
Vital signs should be monitored hourly during infusion, and
WBC and platelet counts should be monitored daily. If the pa-
tient’s WBC count drops to <3,000 cells/mm3 or if the platelet
count drops to <100,000 cells/mm3, the dose of drug is de-
creased by 50% or held entirely until the counts return to de-
sired levels. The decision to decrease or hold the dose is based
on the status of the patient’s rejection and the degree of throm-
bocytopenia and leukopenia.

Dosages also can be adjusted based on absolute lymphocyte
counts or lymphocyte subsets as a way of maximizing efficacy
and minimizing infectious complications. For example, the
dose can be adjusted by using a target absolute T-lymphocyte
count (CD2 or CD3) of <25 to 50 cells/mm3. This latter ap-
proach results in a lower dose, less frequent dosing (e.g., every
other day instead of daily), lower costs, and a lower rate of
viral infection. Thymoglobulin produces a more profound and
longer duration of effect on lymphocytes than antithymocyte
globulin, but this does not result in a greater risk for infection
and malignancy.20

6. Could daclizumab or basiliximab be used as an alternative
to Thymoglobulin?

Daclizumab and basiliximab are agents approved for use as
induction therapy in kidney transplantations. Although they are
approved for use in kidney transplantations only, they are being
used and studied in other organ transplant recipients. Studies
with these agents have been in combination with cyclosporine
or tacrolimus and steroids with or without an antimetabolite,
such as azathioprine or MMF or sirolimus. These agents are
well tolerated and have a better adverse event profile than Thy-
moglobulin or OKT3.25 These agents have a limited role in
high-risk populations, such as G.P. who is black, or patients
with high PRA or long ischemic times, delayed graft function,
patients who have received a previous transplant, and children.
In these patients, induction with polyclonal antibodies is used
in most centers. The large initial trials with these IL-2R anti-
bodies included very few high-risk patients or excluded them
altogether. More potent agents, such as Thymoglobulin, are still
preferred in high-risk patients. A prospective study comparing
Thymoglobulin with basiliximab in high-risk kidney trans-
plants demonstrated that acute rejection rates were lower in
patients receiving Thymoglobulin.32 IL-2R antibodies can be
used for low- to intermediate-risk patients and in patients where
CNI minimization or steroid avoidance is implemented.25

Postoperative Course and Delayed Graft Function

7. G.P. is admitted to the transplant ward for initial post-
transplantation management. His urine output during the next
3 hours has decreased from 300 to 40 mL/hour. He is receiving
IV fluids at a rate equivalent to his urine output. He received 3
L of fluids in the operating room (OR). His blood pressure (BP)
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is 140/83 mmHg, heart rate is 87 beats/minute, and temperature
36.9◦C; he has no signs of dehydration. His BUN is 56 mg/dL
(normal, 8–18), and his SrCr is 12.8 mg/dL (normal, 0.6–1.2).
Another dose of furosemide 100 mg IV increased his urine output
to 140 mL/hour, but his urine output returned to <40 mL/hour
in a few hours. Fluids and IV furosemide were given again with
similar results. Renal ultrasound indicates no urine leaks, fluid
collections, or ureteral obstruction. A DPTA (diethylenetriamine
penta-acidic acid) renal scan indicates good perfusion, but de-
creased accumulation and clearance. Over the next 2 days, G.P.’s
BP is 150/93 mmHg, weight is 76 kg (4 kg higher than before the
transplantation), urine output has fallen to <200 mL/day, and
relevant laboratory values are as follows: BUN, 85 mg/dL; SrCr,
13.2 mg/dL; and K, 5.8 mEq/L (normal, 3.4–4.6). The decision
is made to institute hemodialysis. What has happened to G.P.’s
renal function? What is the most likely diagnosis?

[SI units: BUN, 20 mmol/L, 30.3 mmol/L (normal, 3.0–6.5); SrCr, 1,131.5

μmol/L, 1166.9 μmol/L (normal, 50–110); K, 5.8 mmol/L (normal, 3.4–

4.6)]

After kidney transplantation, recipients require manage-
ment and monitoring for fluid and electrolyte imbalance (potas-
sium, magnesium, phosphorous and calcium), BP and blood
glucose changes, surgical complications, gastrointestinal (GI)
complications, infection, rejection, immunosuppressive dosing
and toxicity, and, most important, kidney function. If all goes
well, recipients should be discharged from the hospital within
3 to 5 days after transplantation. The initial renal function after
kidney transplantation can reflect excellent, moderate, or slow
graft function or DGF. In recipients with excellent function,
a good diuresis begins immediately and continues; the serum
creatinine rapidly declines to <2.5 mg/dL within the first few
days after transplantation. Most living-related transplants and
between 30% to 50% of DD transplants generally experience
this excellent graft function pattern. Kidney transplant recipi-
ents with moderate or slow graft function usually experience a
slower decline in serum creatinine, which stabilizes within the
first week. Recipients with DGF usually experience anuria or
oliguria, require dialysis in the early period, and take days to
weeks to recover. DGF is most common in recipients of organs
from deceased transplant donors, occurring in between 2% to
50% (average 25%) of cases.37

The diagnosis of DGF is based on clinical, laboratory, and
diagnostic criteria that may vary among centers. DGF has been
defined simply as the need for dialysis in the early transplan-
tation period, whereas at others, the definition may be based
on both a lack of improvement in the serum creatinine (e.g., it
does not fall below 2.5 to 4 mg/dL or by 25%–30% from pre-
transplantation) and the presence of anuria or oliguria within
the first 6 to 24 hours after other causes of acute tubular necro-
sis (ATN) are ruled out. Slow graft function (SGF) is another
term that has been used to describe a lag in improvement and
does not involve dialysis. DGF is influenced by conditions af-
fecting the donor (age, condition of organ, prolonged ischemic
time), intraoperative conditions (hypotension, fluid imbalance,
ischemia or reperfusion injury), and recipient (prior transplan-
tation, postoperative hypovolemia or hypotension, and nephro-
toxic drugs).37

In G.P., poor urine output in the first hours after transplan-
tation and subsequent oliguria, the exclusion of other causes

of ATN, the results of the renal scan, the lack of improvement
in BUN and serum creatinine, and the need for dialysis are in-
dicative of DGF. DGF reduces kidney long-term graft survival,
increases the risk of acute rejection, and influences a patient’s
early management by requiring dialysis, increasing the length
of hospital stay, and increasing the costs of therapy. It also may
make the assessment of acute rejection more difficult because
the patient already has impaired renal function. In DGF, a re-
nal biopsy is obtained if no improvement in serum creatinine
is seen by day 7.37

8. What adjustments should be made in G.P.’s immunosup-
pressive regimen at this time?

The adverse renal effects of CNI can contribute to the onset
of DGF as well as prolong its duration. Therefore, tacrolimus
should be discontinued temporarily or its dose significantly
reduced. Because of this effect, induction and sequential im-
munosuppressive protocols do not include CNI, or they use
them only in low doses generally for the first week after a renal
transplantation until renal function improves. These protocols
include antibodies and provide more intense immunosuppres-
sion early after transplantation when the risk of acute rejection
is highest. Thymoglobulin or OKT3 is used in patients with
DGF because they have shortened the duration of DGF and the
need for dialysis when compared with the CNI. These agents
have an early positive impact on DGF but have failed to show
a positive effect on long-term graft survival compared with
standard therapies, such as CNI.35 Another potential option
would be to use one of the new IL-2R inhibitors, daclizumab
or basiliximab, which have been shown to reduce acute re-
jection rates and extend the time to first rejection. They have
been used primarily in low to moderate risk patients. Their
use in high-risk patients (blacks, retransplantations, high PRA,
prolonged ischemic time, DGF) is based primarily on single-
center and retrospective studies with encouraging results, but
their effectiveness in prospective studies in preventing acute
rejection has not always been equal to other antibodies such
as Thymoglobulin.38 Another concern with use of the anti IL-
2R agents is that a CNI may be required sooner than with
Thymoglobulin because these agents do not provide as long a
duration of protection from rejection.

In G.P., Thymoglobulin would be administered for between
5 to 10 days, depending on improvement in his SrCr and urine
output, along with his current regimen of prednisone and my-
cophenolate. A typical dose would be 1.5 mg/kg/day or every
other day, depending on his CD3+ level, and WBC and platelet
counts. His tacrolimus could be held for a few days to a week
and reintroduced at a lower dose of 0.025 mg/kg twice a day.
Afterwards, a tacrolimus dosage of 0.05 mg/kg orally twice
a day would be reasonable in G.P. with a goal of achieving
whole blood trough concentrations of 8 to 12 ng/mL after trans-
plant.

Rejection

9. G.P. was started on Thymoglobulin 1.5 mg/kg as a 6-hour IV
infusion with further dosages to be adjusted to maintain CD3+
cell counts of <25/mm3 and lymphocyte counts of <20 cells/mm3

for a total of 7 days. He received this along with his prednisone
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taper and MMF. He received three doses of Thymoglobulin, on
days 1, 3, and 5 after transplant. Tacrolimus PO 3 mg BID was
initiated on day 4 of Thymoglobulin therapy. G.P.’s urine output
has increased gradually to ∼1,600 mL/day 1 week after stopping
Thymoglobulin. His weight has decreased to 73 kg, BP is 142/84
mmHg, heart rate is 82 beats/minute, temperature is 36.7◦C, BUN
is 23 mg/dL (normal, 8–18), SrCr is 2.3 mg/dL (normal, 0.6–1.2),
and K is 4.6 mEq/L (normal, 3.4–4.6). He is on a regular diet
and taking all oral medications. His current medications include
MMF 500 mg BID, prednisone 10 mg daily, tacrolimus 5 mg BID,
ranitidine 150 mg at bedtime, dioctyl sodium sulfosuccinate 100
mg BID, amlodipine 10 mg daily, metoprolol 50 mg PO BID, NPH
insulin 28 U BID, regular insulin 10 U BID, valganciclovir 450 mg
daily, and trimethoprim-sulfamethoxazole (TMP-SMX) DS, one
tablet on Mondays, Wednesdays, and Fridays. Fifty days after
stopping Thymoglobulin, G.P.’s weight increased to 74.6 kg, and
his BP was 160/94 mmHg, heart rate was 98 beats/minute, tem-
perature was 37.6◦C, BUN was 30 mg/dL, SrCr was 3.4 mg/dL,
K was 4.8 mEq/L, trough whole blood tacrolimus concentration
was 5 ng/mL, and urine output decreased over the last 24 hours
to 850 mL. He feels tired and has a decreased appetite, but his
fluid intake has been adequate over the past day. What evidence
is consistent with rejection in G.P.?

[SI units: BUN, 8.2 mmol/L, 10.7 mmol/L (normal, 3.0–6.5); SrCr, 212.2

μmol/L, 300.6 μmol/L (normal, 50–110); K, 4.6 mmol/L, 4.8 mmol/L

(normal, 3.4–4.6)]

Although significant improvements in reduction in acute
rejection and improved graft survival have occurred over the
past decade, certain types of acute rejection and chronic re-
jection continue to be a major reason for graft loss in kidney
transplants. Rejection episodes in all solid organ transplan-
tations can be categorized as hyperacute, accelerated, acute,
or chronic. Kidney biopsy is considered the gold standard
for making the diagnosis of rejection after kidney transplant.
Approved criteria are used to classify and grade the type of
rejection.39

Hyperacute Rejection
Hyperacute rejection, which occurs within minutes to hours
after transplantation of the allograft, is the result of preformed
cytotoxic antibodies against donor-specific class I antigens.
This type of rejection is rare because of ABO matching and
improved HLA typing before transplant, but it remains asso-
ciated with a poor prognosis. Clinically, the patient presents
with anuria, hyperkalemia, hypertension, metabolic acidosis,
pulmonary edema and, in some cases, disseminated intravascu-
lar coagulopathy (DIC). Diagnostic scan of the kidney would
indicate no uptake. If other causes of anuria are excluded and
this diagnosis is made, then the transplanted kidney must be
removed.

Accelerated Rejection
Accelerated rejection usually occurs within a few days after
organ transplantation. This is a result of prior sensitization to
antigens that are similar to those of the donor and newly de-
veloped donor-specific antibodies. Accelerated rejections of
transplanted kidneys occur primarily in recipients who have
had prior transplantation, multiple pregnancies, or blood trans-
fusions. These patients usually maintain good renal function

for a few days before developing acute renal failure. Acceler-
ated organ rejections generally are more resistant to pharma-
cologic therapy.

Acute Rejection
Acute rejection is the most common type of kidney rejection
in transplant recipients and most episodes respond to therapy.
Most episodes of acute rejection are T-cell mediated (cellular),
although some can be B-cell (antibody or humoral) mediated,
whereas others are a combination of both. Acute rejection of a
transplanted kidney significantly reduces the half-life and sur-
vival of both living and DD transplants. The half-life refers to
the time it takes for half of the grafts that survive the first year
eventually to fail. Acute rejection can occur in the first week to
months after kidney transplantation. The prophylactic use of
antibody preparations may, however, delay the onset for several
weeks, as illustrated by G.P.’s case. If acute rejection occurs, its
onset is almost always within the first year, with most episodes
occurring within the first 60 days after transplantation. Acute
rejection can, however, also occur at any time after transplant
and can be a result of patient nonadherence (also called non-
compliance) to medications and monitoring. The clinical pre-
sentation of patients with acute rejection of a kidney ranges
from an asymptomatic patient with mild renal dysfunction as
indicated by an elevated serum creatinine, which is common,
to patients presenting with a flulike illness and acute oliguric
renal failure.40

G.P. presents with subjective complaints of malaise or tired-
ness and lack of appetite. Such nonspecific complaints occur
often in patients with rejection and can be accompanied by
myalgias as well as pain and tenderness at the graft site in
some cases. Objectively, G.P.’s fever, increased weight, hyper-
tension, decreased urine output, and increase in serum cre-
atinine are consistent with acute kidney rejection. In addi-
tion, the tacrolimus concentration and mycophenolate doses
are low, suggesting inadequate immunosuppressive coverage.
Acute rejection of a transplanted kidney must be distinguished
from CNI nephrotoxicity, and infections (e.g., pyelonephritis,
CMV) also must be ruled out. Although the clinical evidence
in G.P. probably represents an acute rejection, a kidney biopsy
is the gold standard for establishing the diagnosis. Biopsy re-
sults usually are available within 6 to 8 hours. If there is acute
rejection, the renal biopsy will show an interstitial infiltration
of mononuclear cells with tubulitis or intimal arteritis in more
severe cases. The severity of acute rejection would be classi-
fied and graded according to standardized pathologic criteria
and can determine treatment. Less severe grades would receive
high-dose steroids, whereas more severe grades would often
receive Thymoglobulin or OKT3.40

Antibody-Mediated Rejection
Antibody-mediated (also called humoral) rejection can be ei-
ther acute or chronic rejection mediated by antibodies. It differs
histologically from acute cellular rejection in that there is no
lymphocyte infiltration on biopsy. Presence of positive stain-
ing for the complement component C4d suggests antibody-
mediated rejection. Humoral rejection can occur in hours to
years after transplantation. Antibody-mediated rejection of-
ten is associated with hemodynamic compromise and is more
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resistant to drug therapy. In addition to standard therapy, such
as steroids and Thymoglobulin, plasmapheresis, IVIG, and rit-
uximab may be required to treat acute rejection episodes.41

Chronic Rejection
Chronic rejection is a major cause of long-term kidney graft
loss after the first year. It can be either cellular or humorally
mediated. It occurs slowly in most cases over several years. Be-
cause no specific treatment exists, therapy is supportive (e.g.,
dialysis in the case of a kidney transplantation). Ultimately, re-
transplantation is needed. Some data suggest that some patients
may benefit from some of the newer agents, such as mycophe-
nolate and sirolimus, which are considered non-nephrotoxic,
but this requires further study. The diagnosis of chronic re-
jection is determined by clinical signs and biopsy findings in-
dicative of obliterative fibrosis of hollow structures and vessels
within the graft. The chronic rejection of a kidney must be dis-
tinguished from chronic CNI nephrotoxicity, chronic infection,
and recurrence of the original kidney disease.42

Chronic Allograft Nephropathy
Chronic allograft nephropathy (CAN) is a term that has been
used, generally, as a diagnosis of exclusion that indicates a
slow deterioration of renal function over months to years after
kidney transplant, with the exact cause unknown. Immuno-
logic and nonimmunologic mechanisms play a role in CAN,
a term that has been used to describe this overall process
of graft deterioration. Another term, chronic renal allograft
dysfunction (CRAD) is the functional result of CAN. It is a
slow, insidious process that usually manifests as an increase
in serum creatinine after about 1 year, although it can occur
as early as 3 months after transplantation. The characteristic
signs of chronic rejection are hypertension, proteinuria, and a
progressive decline in renal function leading to renal failure.
Immunologic factors that increase the likelihood of chronic
rejection include a history of acute rejection, inadequate im-
munosuppression, noncompliance with immunosuppressive
therapy, and previous infection, such as CMV. Nonimmuno-
logic factors are donor related (age, hypertension, diabetes),
increased ischemic times, recipient hypertension, hyperlipi-
demia, CNI nephrotoxicity, and elevated body mass index
(BMI). CRAD is irreversible and unaffected by increased im-
munosuppressive therapy. Most recently, it has been recom-
mended that the term CAN be eliminated from the pathologic
diagnostic criteria for renal dysfunction because it is nonspe-
cific and the end result of a number of different processes.45

Acute Rejection Treatment

10. A biopsy of G.P.’s transplanted kidney shows grade 1A,
moderate acute rejection. G.P. is started on methylprednisolone
500 mg daily IV for three doses. His maintenance oral prednisone
is discontinued, but his other medications are maintained. He will
be placed on a high-dose oral prednisone tapering regimen after
his IV doses. Why is methylprednisolone therapy of G.P.’s first
acute episode of rejection appropriate?

High-dose or “pulse” IV methylprednisolone, IV OKT3,
IV Thymoglobulin, IV ATG, or oral prednisone are several
of the options used to treat acute rejection in all types of
solid organ transplants. A high-dose corticosteroid (usually IV

methylprednisolone) is considered first-line therapy because
it works very quickly in decreasing lymphocyte responsive-
ness, is easy to administer, and reverses at least 75% of acute
rejection episodes. Thymogloglobulin and OKT3 are usually
reserved for steroid-resistant rejection or more severe grades
of rejection. IVIG has also been used as an alternative for re-
sistant rejection.43 The ideal corticosteroid dosage, route, and
regimen are unknown, and the number of corticosteroid proto-
cols is as varied as the number of transplantation programs. IV
methylprednisolone and oral prednisone are equally effective
in reversing rejection, but oral corticosteroids are given for a
longer period and have been associated with a higher incidence
of adverse effects. Although as little as 50 mg of IV methyl-
prednisolone has a similar lymphocyte suppressive effect as
a 1-g IV dose of this drug, most programs use methylpred-
nisolone 250 to 1,000 mg, most commonly 500 mg, IV every
day for three doses and adjust the prerejection oral prednisone
regimen accordingly. An example of an oral prednisone regi-
men is 100 to 200 mg/day tapered over 1 to 3 weeks to baseline
maintenance dose.44

For G.P., IV methylprednisolone is appropriate because cor-
ticosteroids are considered first-line therapy for acute rejection
of a transplanted kidney, and first rejection episodes (such as
G.P.’s) are very responsive. In addition, G.P. has received a
prophylactic course of Thymoglobulin recently. Thymoglobu-
lin, ATG, or OKT3 therapy is associated with a higher risk of
CMV infection and malignancy; it is more difficult to adminis-
ter, requires more intensive monitoring, is more expensive, and
usually is held in reserve for corticosteroid-resistant or more
severe forms of rejection.

Nevertheless, high-dose corticosteroids are not without risk.
They increase the risk of infection, and long-term therapy can
induce ocular, bone, cardiovascular, and endocrine abnormali-
ties. Although G.P. will be receiving high-dose IV methylpred-
nisolone for only 3 days, because he is diabetic, he should be
monitored for hyperglycemia and a change in his insulin re-
quirements because corticosteroids can significantly alter glu-
cose metabolism. Short-course methylprednisolone also can
mask signs of infection (e.g., fever, changes in WBC counts,
pain associated with inflammation) and delay the diagnosis. In-
somnia, nervousness, euphoria, mood shifts, acute psychosis,
and mania also can occur with short-term corticosteroid use.
If this methylprednisolone regimen is effective in reversing the
acute rejection of G.P.’s transplanted kidney, his serum creati-
nine concentration should decline within 2 to 5 days and his
urine output should increase.

In addition, it would be appropriate to increase G.P.’s
tacrolimus dosage to 7 mg twice a day because the concentra-
tion is low and a relationship exists between concentration and
effect. Because small changes in tacrolimus dose can increase
levels disproportionately, a trough whole blood concentration
should be re-evaluated in 2 to 3 days. The mycophenolate dose
could be increased to 1 g BID, because this dose in combina-
tion with a CNI has reduced acute rejection in black patients.
If G.P. had been on cyclosporine, another option would be to
change cyclosporine to tacrolimus, which has been shown to
reduce future episodes of acute rejection.45 Another important
aspect for prevention of future rejection would be to assess
G.P.’s adherence with, and understanding of, his medication
regimen. Nonadherence is a cause of acute rejection and graft
loss.46



KIDNEY AND LIVER TRANSPLANTATION � 34-17

11. After receiving three doses of IV methylprednisolone, G.P.s
serum creatinine did not decrease and his urine output continued
to be low. What is going on? Could this represent a steroid resistant
acute rejection? If so, could muromonab (OKT3) be used if G.P.s
acute rejection is steroid resistant?

OKT 3
Because of no improvement in his renal function, based on
his serum creatinine and urine output, it appears that G.P. has
steroid resistant rejection. Although most centers would gener-
ally treat steroid resistant rejection with Thymoglobulin, OKT3
is also an effective agent in this situation. OKT3 is a mono-
clonal antibody that binds to the CD3 receptor and effectively
clears the body of T cells. It is indicated to prevent and treat
rejection and is effective to treat severe rejection and steroid-
resistant rejection. A typical regimen would be 5 mg IV daily
for 5 to 10 days.

Cytokine Release Syndrome

12. One hour after receiving his first 5-mg IV dose of OKT3,
G.P. began to experience chills, nausea, and severe muscle and
joint aches. His temperature rose from 100.8◦F to a maximum of
102.1◦F, and his BP dropped to 100/50 mmHg. Which of these
effects is consistent with OKT3 administration?

OKT3 produces many adverse effects, which occur with
higher frequency after the first and second doses. G.P.’s adverse
reaction after his first dose of OKT3 is consistent with this find-
ing. This complex of symptoms is referred to as the cytokine-
release syndrome. Flulike symptoms (e.g., fever, chills, myal-
gia, joint pains) are the earliest signal of this syndrome, but they
can be accompanied by less common, but more specific, symp-
toms that reflect the involvement of various organ systems.
For example, central nervous system (CNS) symptoms, such
as seizures, headaches, photophobia, confusion, and halluci-
nations, have been reported, as have aseptic meningitis and en-
cephalopathy. Acute reversible renal dysfunction, as evidenced
by a rise in the serum creatinine concentration and a decrease in
urine output over the first few days of therapy, also may occur.
This renal dysfunction usually resolves with continued ther-
apy. Intrarenal graft thrombosis has been reported after high
doses (i.e., 10 mg) of OKT3. Patients with evidence of fluid
overload on chest radiograph (or >3% over their base weight)
should receive furosemide and some may require dialysis be-
fore initiating OKT3, because of the possible risk of rapid
pulmonary edema and respiratory distress that are caused by
cytokine-induced increases in capillary permeability. Anaphy-
laxis is rarely reported.24

A proposed cause is the release of cytokines, tumor necrosis
factor-γ (TNF-γ ), IL-2, and IFN-α by T cells after their initial
binding with OKT3. OKT3 stimulation of cytokine production
is another proposed explanation for the cause of these adverse
effects. This effect is independent of cell lysis. The serum con-
centration of cytokines becomes acutely elevated within 1 to 4
hours after the first and second doses of OKT3, and these high
concentrations correlate in time with the onset of the initial
symptoms, which usually resolve in 4 to 6 hours. Furthermore,
these cytokines have been associated with similar adverse ef-
fects in other patient populations.

Cardiovascular effects, including hypotension, hyperten-
sion, and tachycardia, can occur in heart transplant recipients
and present as a biphasic response. The fever, hypertension,
and tachycardia are followed by hypotension, hypoxemia, and
decreased vascular resistance 5 to 7 hours later. The cardiopul-
monary effects are secondary to a series of events involv-
ing a number of mediators, including TNF-α, leukotrienes,
prostaglandins, thromboxane A2, and arachidonic acid metabo-
lites produced and released by endothelial cells, neutrophils,
and muscle cells.24

Dosing Protocol

13. What special procedures should be followed in G.P. when
using OKT3 therapy?

The high incidence of side effects associated with OKT3
therapy, especially after the first two doses, has prompted strict
dosing protocols in most medical institutions. If G.P. had not
had a chest radiograph within the last 24 hours, it would be
ordered and reviewed before initiation of OKT3 therapy. If he
had evidence of pulmonary edema, a dose of IV furosemide
appropriate for the patient (commonly, 40 mg in an adult) or
dialysis, if appropriate, would have been administered before
the first OKT3 dose. G.P. should receive a dose of methyl-
prednisolone 7 to 8 mg/kg (∼500 mg) IV 60 minutes before
the first dose of OKT3 and 4 mg/kg before the second dose
to significantly reduce the amount of cytokine released after
administration. Acetaminophen 650 mg orally or rectally (10
mg/kg in children) and diphenhydramine 50 mg orally or IV
(1 mg/kg in children) also are administered before the first two
doses of OKT3. Prophylactic IV ganciclovir (2.5 mg/kg/day)
or oral valganciclovir (both adjusted for renal dysfunction) to
prevent CMV infection also has been advocated.

Some transplant centers monitor peripheral T-lymphocyte
populations, such as CD3+T cells, during OKT3 therapy to de-
termine dosing and effectiveness. The effectiveness of OKT3
can be evaluated by monitoring for the presence of CD3+ cells
among T lymphocytes in the peripheral circulation. In some
transplant centers, the number of soluble CD3+ cells is kept
to <10 cells/mL, whereas others are willing to accept 20 to
50 CD3+ cells/mL. Anti-OKT3 titers, and CMV polymerase
chain reaction (PCR) blood levels are monitored for at least 3
weeks after discontinuation of OKT3 therapy.

Antibodies to OKT3

14. Why would doses of G.P.’s immunosuppressive drugs need
to be adjusted during OKT3 administration?

When OKT3 is administered, antibodies against OKT3 can
be formed. These antibodies can be anti-idiotype, anti-isotype,
or both, in most cases. Anti-isotype antibodies are formed
against the murine proteins of OKT3, and anti-idiotype an-
tibodies are formed against the specific CD3 region. In one
study of renal transplant recipients, 60% had an anti-idiotype
response and 44% had an anti-isotype response. Overall, an an-
tibody response was detected in 75% of patients. A reduction
in the dose of azathioprine, mycophenolate, and prednisone or
a reduction in the dose of cyclosporine or tacrolimus while re-
ceiving OKT3 has lowered the titers of antibody against OKT3.
Anti-idiotypic OKT3 antibodies have the potential to decrease
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the effectiveness of repeated courses of the drug. Multiple
courses of treatment with OKT3 have been successful, how-
ever, particularly if antibody titers are low (<1:100).24

When treatment of G.P.’s acute rejection is initiated with
OKT3, his tacrolimus dose should be reduced by 50% or
temporarily held, his MMF should be held temporarily or de-
creased by 50%, and his prednisone dose should remain the
same. On day 5 to 7 of his OKT3 treatment, his tacrolimus
dose should be increased to the dose that he was taking before
OKT3 therapy was initiated, and his MMF should be rein-
stituted or increased. He should be tested for an anti-OKT3
antibody titer 2 to 4 weeks after the end of OKT3 treatment,
when the maximal anti-OKT3 antibody level is present, in the
event that OKT3 would be required at a later time.

Cyclosporine

15. B.B. is a 27-year-old, 60-kg black man who received a de-
ceased donor kidney transplant. Within 12 hours of the transplan-
tation, his immunosuppression consisted of modified cyclosporine
(Neoral) 300 mg PO BID, MMF 1.5 g PO BID, and prednisone.
He was taking other medicines for hypertension and infection
prophylaxis. Describe the pharmacokinetic characteristics of cy-
closporine. Based on this information, is B.B.’s cyclosporine reg-
imen appropriate?

Pharmacokinetics
Cyclosporine pharmacokinetic parameters (e.g., absorption,
distribution, metabolism) exhibit significant intrapatient and
interpatient variability, resulting in poor dose-response rela-
tionships. A number of factors are known to influence its phar-
macokinetic behavior. These include age, transplant type, un-
derlying disease, time after transplantation, GI metabolism and
motility; biliary and liver function; metabolism, body weight,
cholesterol, albumin, red blood cell mass; and drug interactions
and formulation.47 These factors can change cyclosporine’s ab-
sorption, distribution, metabolism, and excretion and can influ-
ence therapeutic concentrations and, ultimately, outcomes.48,49

For example, children, blacks, and patients with cystic fibro-
sis tend to have reduced absorption, increased clearance of
cyclosporine, or both. Patients who are obese or who have
decreased liver function will have reduced clearance. Oral
absorption of cyclosporine, which has been characterized as
slow, incomplete, and highly variable, is the parameter that
is most significantly affected. Absorption can depend on the
type of transplant, time after transplantation, presence of food
and its composition, intestinal function (e.g., diarrhea, ileus),
small bowel length, and presence or absence of external bile
drainage.50 The mean absorption of the original cyclosporine
product (Sandimmune) in adults with relatively normal liver
function after a liver transplantation is 27%, which is com-
parable to that observed in recipients of kidney (27%), heart
(35%), and bone marrow (34%) transplants. Bioavailibility
ranges from <5% to 90%.51 In most transplant recipients, cy-
closporine absorption increases over time.

Dosing
Because cyclosporine (Sandimmune) absorption is so poor and
erratic, it is given IV for the first few days after transplantation,
particularly after liver transplantation. Cyclosporine is given
IV as a continuous infusion (2–3 mg/kg/day) or intermittently

(2.5 mg/kg/day) over 2 to 6 hours two times a day. As the trough
cyclosporine levels begin to rise, the IV dose is decreased grad-
ually, while the oral dose is maintained or increased. This route
may still be required in some patients with cystic fibrosis after
lung transplantation.

B.B. was given modified cyclosporine (Neoral), a readily ab-
sorbed cyclosporine formulation in a solubilized microemulsi-
fied state. Neoral’s bioavailability is better than that of Sandim-
mune, so less intrapatient and interpatient variability is seen in
transplant recipients. Furthermore, Neoral absorption is much
less dependent on bile and thus can be used in most liver
transplant recipients early after transplant without the need
for IV administration. However the doses used are initially
higher (10–15 mg/kg/day) than those used after kidney and
heart transplantation (5–10 mg/kg/day).49

Neoral and Sandimmune are not bioequivalent and, there-
fore, not interchangeable. Neoral produces a shorter time to
Cmax (Tmax), higher maximum concentration (Cmax), and higher
area under the concentration-time curve (AUC) than Sandim-
mune. It has significantly less intrasubject and intersubject
pharmacokinetic variability, and a better correlation exists be-
tween single doses and trough concentrations and AUC than
seen with Sandimmune. The bioavailability of Neoral is ap-
proximately 20% higher than that of Sandimmune (absolute
bioavailability is 10%–89%). When converting patients on
Sandimmune to Neoral, a 1:1 dosage ratio is used unless pa-
tients are taking >10 mg/kg/day of Sandimmune. Trough con-
centrations are initially obtained within the first 4 to 7 days,
and dosage adjustments are made accordingly. Most patients
tolerate conversion well, although some develop concentrated-
related headaches, tremors, or elevated serum creatinine levels
that resolve with dose adjustment. In most patients, the Neoral
dose is 10% to 20% lower than Sandimmune dose, but as much
as a 50% difference can be seen in patients taking large doses
(>10 mg/kg/day) of Sandimmune.49

The first generic cyclosporine, SangCya, is no longer avail-
able. SangCya was bioequivalent to Neoral but not Sandim-
mune. Three other capsule forms are now available, which are
also AB-rated bioequivalent to Neoral (Gengraf from Abbott
and modified cyclosporine from Eon and Sidmak). Neoral and
Sandimmune are available as both capsule and liquid.

Cyclosporine is extensively distributed into red blood cells,
about 60%, whereas in plasma it is highly bound to lipopro-
teins, about 90%. It is extensively metabolized by both the
gut and liver P450 3A4 enzymes and transported by P-
glycoprotein. The average half-life is about 15 to 20 hours.47–49

B.B. was started on Neoral 8 mg/kg/day BID. Because he is
black, he may require even higher doses, because the absorp-
tion of cyclosporine has been reported to be reduced in this
population.50 His blood concentration will have to be moni-
tored closely and adjusted if necessary. He should be watched
closely for signs of rejection and toxicity.

Adverse Effects

16. What are some of the adverse effects associated with cy-
closporine?

Cyclosporine can cause a number of adverse effects, of
which acute or chronic nephrotoxicity is the most frequent
and worrisome. Other major effects include hypertension,
hyperlipidemia, tremors, headaches, seizures, paresthesias,
hypomagnesemia, hypo- or hyperkalemia, hyperuricemia,
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hyperglycemia, gout, gingival hyperplasia, hirsutism,
hemolytic-uremic syndrome, and hepatotoxicity. If these
occur, they generally respond to a reduction in dose or
discontinuation of cyclosporine.49

Therapeutic Drug Monitoring

17. B.B.’s cyclosporine levels are being measured by whole
blood TDx® assay. How should cyclosporine levels be used to op-
timize his therapy?

Cyclosporine concentrations are monitored to prevent tox-
icity, optimize efficacy, and assess patient compliance to
the prescribed regimen. Most institutions monitor trough cy-
closporine levels. During the early postoperative period, cy-
closporine levels should be measured daily, keeping in mind
that these may not reflect steady-state concentrations, and that
dosage changes should be made every few days. Once B.B. is
home, cyclosporine monitoring can occur less frequently and
eventually every 1 to 2 months. The target trough therapeutic
concentration of cyclosporine during the first 2 months is 150
to 400 ng/mL with the monoclonal whole blood TDx assay.
About 1 to 6 months after transplantation, the cyclosporine
trough concentration target is lowered to 150 to 250 ng/mL.
After 6 months, the targeted cyclosporine trough concentra-
tion is lowered even further to 50 to 150 ng/mL. These ranges
may differ among institutions and also depend on the trans-
plant type, time after transplantation, and other agents used.
For example, lung and heart transplant recipients may require
higher trough concentrations than kidney and liver transplant
recipients. The range is reduced over time, given that less im-
munosuppression is required after transplantation and that the
pharmacokinetics change over time.47,48

A number of assay methods are used to measure cy-
closporine concentrations, and most institutions use the
method that is most familiar to their transplant physicians.
The type of cyclosporine assay used by a particular institution
significantly influences interpretation of results because there
are significant differences between methodologies. These is-
sues have contributed to the debate on the value of monitoring
cyclosporine concentrations. The pharmacologic effects of cy-
closporine metabolites and whether the concentrations of these
metabolites should be monitored individually, or in combina-
tion with cyclosporine, also need to be determined.52

Assays currently in use include high-performance liquid
chromatography (HPLC), radioimmunoassay with polyclonal
or monoclonal antibodies, enzyme immunoassay (EMIT)®,
and fluorescence polarization immunoassay. Cyclosporine
concentrations can be measured in either whole blood or
plasma, but plasma cyclosporine levels can differ by as much
as 50% if the plasma temperature is 21◦C or 37◦C; whole blood
cyclosporine concentrations are recommended. The most com-
monly used assay is the whole blood monoclonal TDx.52

No assay appears to be superior in its ability to correlate cy-
closporine trough levels with clinical events. Although many
studies have attempted to correlate the clinical events of acute
rejection or nephrotoxicity to trough concentrations of cy-
closporine in recipients of solid organ transplants, results from
these studies are conflicting. It may be that the ability to corre-
late a single blood level during the course of a day with a clinical
event that takes place over a longer time period is influenced by
too many other variables (e.g., other immunosuppressives, time
since transplant, dosage regimen, route, transplant type, assay

method, sample matrix, donor–recipient interaction). Never-
theless, most transplant programs, if not all, use cyclosporine
concentrations to guide therapy decisions.

Because of the limitations of using a single cyclosporine
level and the poor correlation between AUC and trough con-
centration, some programs use a more intensive sampling pro-
cedure (e.g., 6–10 samples collected over 12–24 hours) when
cyclosporine concentrations are expected to be at steady state.
The AUC and average steady-state concentrations are calcu-
lated and used to guide cyclosporine dosage adjustments. A
more limited sampling strategy involving one to three samples
(1–4 hours after a dose at steady state) collected over a dosing
interval has also been advocated.53–55 The more sophisticated
pharmacokinetic monitoring programs have developed better
correlations between the AUC and dose or AUC and rejection
than correlations based on cyclosporine trough levels only. A
number of studies have advocated the use of what is known as
C2 monitoring of cyclosporine levels. This level is obtained 2
hours after the Neoral dose. In studies conducted in kidney and
liver transplant recipients, a much better correlation was seen
with AUC 0 to 4 hour, used as surrogate marker for AUC 0 to 12
hour for Neoral, compared with any other time point, including
a C0 or trough levels. These studies indicate that C2 level is a
more sensitive predictor of acute rejection and toxicity than C0
or trough values.54 The limitation to this approach however, is
that it requires training and re-education of staff and patients,
potentially more personnel, modification of procedures, and
a narrower window for timing of dose and sampling. Also,
the concentrations ranges would be higher and different for
kidney and liver transplant recipients with this approach.55

Extrapolation to other populations, such as children, blacks,
and patients with cystic fibrosis or diabetes will require further
study.

As in all cases, pharmacokinetic data must be interpreted in
conjunction with the patient’s clinical condition. In addition,
deference always must be given to trends established by multi-
ple cyclosporine levels over that of a single level. Single levels
may be erroneous because of variability in dose administra-
tion, incorrect sampling techniques (e.g., not being obtained
at the correct time if drawn from an IV catheter in which IV
cyclosporine had been infused), or assay error.

Sirolimus

18. B.B., developed GI intolerance to MMF and cannot take it
anymore. A decision is made to use sirolimus instead. Describe
the pharmacokinetic characteristics of sirolimus. What would
be the appropriate regimen and monitoring parameters for this
agent?

Pharmacokinetics
Pharmacokinetic data are derived primarily from kidney
transplant recipients. Sirolimus, as with cyclosporine and
tacrolimus, exhibits significant pharmacokinetic variability. It
is rapidly absorbed after oral administration of the liquid with
a median time to maximum concentration (Tmax) of about 1
hour. Its average bioavailability is 15%; Cmax and AUC are
linear over a wide range of doses. Sirolimus is extensively dis-
tributed, with a mean apparent volume of distribution of 12
L/kg. It distributes primarily into red blood cells and is highly
plasma protein bound, approximately 92%. It also binds to
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lipoproteins. Sirolimus is extensively metabolized in the gut
and liver by CYP 3A4 isoenzymes, and it is a substrate for P-
glycoprotein. Its drug interaction profile is very similar to that
of cyclosporine and tacrolimus. Renal elimination accounts for
only 2% of a dose. The terminal half-life generally ranges from
57 to 63 hours and the time to reach steady state occurs in 10
to 14 days. In children, it can be shorter.56

Dosing
Sirolimus can be used in the early transplantation period, al-
though reports of impaired wound healing in kidney transplan-
tations, hepatic artery thrombosis after liver transplantations,
and bronchial anastamotic dehiscence in lung transplants dur-
ing this time period have required reconsideration of its use
in this capacity. In the case of liver or lung transplantations,
its use is contraindicated in the early post-transplantation pe-
riod. Sirolimus can be added later, as is the practice in many
centers, as replacement for or minimization of cyclosporine,
tacrolimus, steroids, or mycophenolate doses.57 An initial load-
ing dose is given followed by a once-daily maintenance dose.
The starting maintenance dose range is 2 to 5 mg. The typical
loading dose is 6 mg followed by 2 mg every day. In high-risk
patients, such as blacks, a 15-mg loading dose and 5-mg daily
dose is recommended along with cyclosporine. Other centers
have used loading doses of 10 to 15 mg, followed by 5 to 10
mg/day for the first week with target levels of 10 to 15 ng/mL
for the first month, and 5 to 10 ng/mL thereafter when used with
tacrolimus.58 Sirolimus is often given 4 hours after the morn-
ing dose of cyclosporine. If administered at the same time,
sirolimus concentrations were, on average, 40% higher, than
cyclosporine concentrations.59

Adverse Effects
As with other immunosuppressives, sirolimus is associated
with a number of side effects, including oral ulcerations, di-
arrhea, arthralgias, epistaxis, rash, acne, leukopenia, throm-
bocytopenia, nausea and vomiting, lymphocele, hypokalemia,
anemia, hypertension, and infection. The most concerning side
effects are dose-related hypertriglyceridemia and hypercholes-
terolemia. This occurs within the first few weeks of therapy
and is sufficiently significant to require intervention with lipid-
lowering agents, although it will respond to dosage reduction to
some degree.57 Recently, there have been reports of sirolimus
causing proteinuria in renal transplant recipients. The exact
mechanism is unknown, but many transplant centers are now
routinely monitoring for proteinuria in patients on sirolimus
therapy.60

Therapeutic Drug Monitoring
Monitoring of blood concentrations plays an important role
in the dosing of sirolimus. Trough concentrations are obtained
and correlate well with sirolimus AUC. Because it has a longer
half-life than the CNI, concentrations are obtained less fre-
quently and only 5 to 7 days after a dose change. The target
concentration range appears to be between 5 and 15 ng/mL;
however, this continues to be refined with more experience.
Early studies often achieved concentrations >15 ng/mL, es-
pecially if used without a CNI, which were associated with
a higher degree of immunosuppression and adverse events.61

Because sirolimus appears to work synergistically with the

CNI, their target concentrations are reduced as well when these
agents are used together. Target tacrolimus trough targets are
5 to 10 ng/mL, and the cyclosporine trough targets are 75 to
100 ng/mL.62

B.B. could be started on sirolimus at a loading dose of 6 mg,
followed by 2 mg daily. Sirolimus blood trough concentration
should be obtained 5 to 7 days after initiation. B.B.’s tacrolimus
may need to be reduced if concentrations exceed 10 ng/mL.
Monitoring parameters should include a fasting lipid panel,
complete blood count (CBC), chemistries, and electrolytes.

CNI–Induced Nephrotoxicity

19. C.C. is a 60-year-old man who received a DD kidney trans-
plant 3 years ago. His serum creatinine at 1 year after transplant
was 1.8 mg/dL; at 2 years, it was 2.0 mg/dL; now it is 2.3 mg/dL. He
says he feels fine. His BP is well controlled and urinalysis is nega-
tive for protein. A kidney biopsy conducted at this time indicates
that he has no signs of acute or chronic rejection, but has evidence
of CNI nephrotoxicity. His current regimen is cyclosporine 275 mg
BID, MMF 500 mg BID, and prednisone 5 mg daily. Prednisone
was reinstituted at 20 mg daily. His current cyclosporine blood
concentration is 120 ng/mL (target 100–150 ng/mL). Why does
C.C. have CNI nephrotoxicity?

With CNI nephrotoxicity, the rise in the serum creatinine
concentration is more gradual and not as high as that seen with
rejection. CNI concentrations may be elevated, although some
patients may experience CNI nephrotoxicity even with levels
below or within the targeted therapeutic range. Two forms of
CNI nephrotoxicity have been identified: functional or acute
renal dysfunction and chronic nephrotoxicity.63

Acute CNI nephrotoxicity is more likely to occur in the first
months after transplantation in most patients receiving ther-
apeutic doses because CNI doses and levels are highest and
are being adjusted at this time, whereas chronic toxicity usu-
ally takes longer. Functional renal dysfunction, the most com-
mon form of renal dysfunction, is characterized by rapid re-
versal when the CNI dosage is held or reduced. This syndrome
typically is not associated with histopathologic abnormalities,
which suggests that it is related to severe vasoconstriction of the
renal afferent arterioles. Repeated episodes of transient acute
renal dysfunction can result in protracted acute renal dysfunc-
tion. Recovery of renal function after repeated episodes usually
is not complete even when CNI is withdrawn. Protracted acute
renal dysfunction can be associated with the development of
thrombosis of glomerular arterioles or diffuse, interstitial fi-
brosis. Alternatively, cyclosporine may exacerbate intravascu-
lar thrombus formation or may serve as a stimulus to interstitial
cell proliferation. Another syndrome is a chronic, usually ir-
reversible, nephropathy, which often is associated with mild
proteinuria and tubular dysfunction. Renal biopsies in allo-
graft patients with chronic cyclosporine-related nephropathy
showed tubulointerstitial abnormalities, sometimes with focal
glomerular sclerosis.

Nephrotoxicity, one of the most common adverse effects as-
sociated with CNI, occurs to some degree in all patients. The
pathophysiology of cyclosporine or tacrolimus-induced tran-
sient acute renal failure is not understood completely, but seems
to be related to its effects on renal vessels. For example, CNI
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can induce glomerular hypoperfusion secondary to vasocon-
striction of the afferent glomerular arteriole, thereby reducing
glomerular filtration. One possible explanation for these ef-
fects is that cyclosporine alters the balance of prostacyclin and
thromboxane A2 in renal cortical tissue. Increased thrombox-
ane A2 results in renal vasoconstriction. Endothelin release
from renal vascular cells stimulated by CNI also may con-
tribute to this acute effect through its potent vasoconstrictive
properties. CNI also can cause a reversible decrease in tubular
function. The alterations in tubular function reduce magnesium
reabsorption and decrease potassium and uric acid secretion.
This may be a result of direct tubular toxicity and possibly
the result of thromboxane A2 stimulation of platelet activation
and aggregation. A chronic nephropathy, usually seen after >6
months of therapy, can also occur and may become irreversible.
In this situation, renal function progressively declines to a point
that dialysis is required.64

Concern for chronic nephropathy has led to the develop-
ment of cyclosporine or tacrolimus withdrawal or substitution
protocols, using agents, such as mycophenolate or sirolimus,
or protocols using low doses of cyclosporine or tacrolimus.65

G.P.’s rise in serum creatinine and hypertension in conjunction
with a high cyclosporine level suggests acute cyclosporine tox-
icity as the most likely cause of his findings. In this case, the
total cyclosporine dose should be lowered by approximately
25% to 225 mg twice a day, and G.P. should be monitored
closely for resolution of the symptoms or worsening if rejec-
tion results from lowering the dose. His elevated potassium,
uric acid, and low magnesium should correct themselves with
this dose reduction if it is acute CNI toxicity. In any case, mag-
nesium should be replaced to maintain a level >1.5 mEq/L. If
the nephrotoxicity is caused by cyclosporine, a decrease in the
serum concentration of creatinine may be evident when the cy-
closporine dose is reduced. If no such reduction occurs or if the
serum concentration of creatinine continues to increase, then
a renal biopsy is needed to rule out rejection, nephrotoxicity,
or other causes.

CNI Avoidance, Withdrawal, or Minimization

20. Would it be appropriate to withdraw cyclosporine in C.C.?
If attempted, how could this be accomplished?

Cyclosporine and tacrolimus are associated with a number
of metabolic, cardiovascular, neurologic and cosmetic side ef-
fects but the most concerning is nephrotoxicity, which con-
tributes to graft loss. The potential benefit of withdrawing
cyclosporine would be to reduce toxicity, but this has to be
weighed against the risk for rejection, graft loss, and toxicities
of replacement agents.

IL-2R antibodies, sirolimus, and mycophenolate, which
are not associated with nephrotoxicity, are being evaluated
in protocols that attempt to avoid, minimize, or withdraw
CNI. Alternative regimens that have included sirolimus, my-
cophenolate, and steroids; sirolimus and steroids; and dacli-
zumab, mycophenolate, and steroids have been compared
with cyclosporine-based regimens or historical data. Studies,
which were usually done in low-risk populations, generally
produced reduced serum creatinines and CNI-induced tox-
icities, but were associated with high rates of acute rejec-

tion (30%–50%). More recent trials in small numbers of pa-
tients that compared combinations of Thymoglobulin or basil-
iximab, sirolimus, mycophenolate, and steroids with either
cyclosporine- or tacrolimus-containing regimens have shown
equal effectiveness with acute rejection rates of <15%.66

In the case of cyclosporine withdrawal, a 10% to 20% in-
creased risk of acute rejection appears to exist, but no change
in graft survival. Several protocols are being developed that ei-
ther withdraw the CNI or at least reduce the dose to a minimal
level. Many are attempting to do this earlier after transplanta-
tion in the hope that the nephrotoxic effects can be reversed
before significant chronic damage occurs. These approaches
add mycophenolate, sirolimus, or both as the CNI is with-
drawn or reduced in dose. Most protocols have been tested
in small numbers of low-risk patients. A few larger studies
have used a low-risk population.67 In one of these, all patients
received cyclosporine, sirolimus, and corticosteroids as their
initial immunosuppressant regimen. In one arm, at 3 months af-
ter transplantation, cyclosporine was decreased and withdrawn
over 6 to 8 weeks while sirolimus and steroids were maintained.
In the other arm, cyclosporine, sirolimus, and corticosteroids
were continued throughout the study period. Acute rejection
rates were 9.8% in the CNI withdrawal group compared with
4.2% in the nonwithdrawal group. Renal function was better
and BP lower, in the withdrawal group. In the withdrawal group,
however, side effects associated with sirolimus, such as throm-
bocytopenia, hypokalemia, hyperlipidemia, and elevated liver
function tests (LFT), were more frequent and many patients
dropped out of the study. In a mycophenolate-based study, in
which cyclosporine was withdrawn, improvements were seen
in patients who did not develop acute rejection. Acute rejec-
tion episodes occurred in 10% in the withdrawal group with no
graft loss and lower lipid profiles.68 Usually, when sirolimus
is added to the CNI regimen, the CNI dose is reduced by 50%
initially and in some cases slowly withdrawn altogether over
several weeks to months. Improvement in serum creatinine may
be seen initially, which may be attributed to the diminution of
the CNI vasoconstrictive effects.

This approach may not reverse the nephrotoxicity observed
in C.C.’s biopsy, but it may slow the rate of deterioration of his
renal function. Because C.C. is currently receiving mycophe-
nolate, one approach would be to continue to reduce his cy-
closporine, increase his mycophenolate and maintain steroids.
Another approach would be to replace the mycophenolate with
sirolimus, maintain steroids, and reduce or withdraw the cy-
closporine. The best regimen for someone such as C.C. has not
been established, since the long-term consequences of these
changes are not known. If this approach is attempted, C.C.
should be watched carefully for acute rejection, and side effects
of these agents and infections should be closely monitored. In
addition, BP control as well as control of hyperlipidemia and
hyperglycemia could improve with reduction or withdrawal of
cyclosporine and could also be important in minimizing renal
injury.52

Steroid Avoidance or Withdrawal

21. D.T., a 60-year-old white woman, will receive a DD kidney
transplant today because she has a negative cross-match to this
donor and her previous PRA was <10%. She will be given one
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dose of alemtuzumab 30 mg IV and 1 dose of methylprednisolone
500 mg IV intraoperatively. After transplant, she will be started
on tacrolimus 0.025 mg/kg BID, adjusted to trough levels of 8
to 12 ng/mL for the first 3 months, along with MMF 750 mg
BID. Methylprednisolone IV will be given as 250 mg IV on post-
operative day (POD) 1, 125 mg IV on POD 2 and 3, and then
discontinued. Is D.T. a good candidate for steroid avoidance or
withdrawal?

Another important issue after kidney transplantation is the
role of short- and long-term steroid use. Most transplant proto-
cols incorporate steroid therapy, although an increasing num-
ber of protocols use steroids only in the early postoperative
period.20 The concept of either avoiding or discontinuing cor-
ticosteroids is appealing because they cause significant ad-
verse effects such as diabetes, cataracts, infection, hyperten-
sion, hyperlipidemia, osteoporosis, and avascular necrosis, and
have psychiatric, neurologic and cosmetic effects. Steroid with-
drawal or avoidance, however, could increase the risk of acute
rejection, compromise long-term graft function, and necessi-
tate higher doses of the other immunosuppressives.15

Steroid avoidance is defined as either no steroid use or
steroid use only for the first few days after transplant. Prelim-
inary studies suggest no adverse impact on short-term graft
survival exists and no need is seen for higher doses of other
immunosuppressives when corticosteroids are not included in
maintenance regimens. These protocols have included regi-
mens such as alemtuzumab; daclizumab, basiliximab, or Thy-
moglobulin; mycophenolate or sirolimus; and cyclosporine or
tacrolimus.15,30,52,53

Steroid withdrawal in the era of cyclosporine (Sandim-
mune)- and azathioprine-based regimens was associated with
a high rate of acute rejection and late graft loss. With the in-
troduction of newer agents, steroid avoidance or withdrawal
has been viewed with renewed interest. Steroid withdrawal
has been successful in at least 50% of kidney transplant
recipients—resulting in reductions in BP and lipid levels. Some
protocols have withdrawn corticosteroids within the first few
days to weeks after the initial transplantation period, whereas
others attempt to withdraw them 3 to 6 months or later after
transplantation. The rate of success depends not only on the
immunosuppressives used, but on the population (high risk
vs. low risk) and timing of withdrawal. Regimens that ap-
pear most successful include an antibody with cyclosporine or
tacrolimus, mycophenolate, or sirolimus. In terms of popula-
tion, blacks, pediatric patients, patients who have retransplants,
highly sensitized patients, and patients with a high serum cre-
atinine (>2.5 mg/dL) those who have had a recent rejection
episode are more difficult to withdraw from steroids. This is
particularly true early (<3 months) after transplantation. With-
drawal in these cases is associated with a higher rate of re-
jection. Later withdrawal may be attempted, but the benefits
in terms of side-effect profile may not be as great. Low-risk
populations are candidates for steroid avoidance or early with-
drawal. First-time transplantation, living-donor, well-matched
transplantation, older age, and stable graft function without re-
jection are factors associated with a positive response to steroid
withdrawal.69

D.T. would be considered a low-risk patient because of her
low immunologic activity evidenced by a low PRA, her age,
and ethnicity. Therefore a steroid avoidance protocol, such as

the one indicated above, would be appropriate. As with other
transplant recipients, she must be closely monitored for rejec-
tion and adverse effects.

BK Polyomavirus Infection

22. K.T., a 45-year-old white man, is now 16 months post-
transplant. His post-transplantation course has been complicated
by two rejection episodes. The first was severe and required Thy-
moglobulin therapy; the second was a mild rejection several weeks
later that was adequately treated with three pulse-doses of 500 mg
of IV methylprednisolone. His current immunosuppressant regi-
men consists of tacrolimus 8 mg PO BID, MMF 1 g PO BID, and
prednisone 10 mg PO daily. In addition, he is receiving amlodipine
10 mg PO daily, benazepril 10 mg PO daily, pravastatin 40 mg PO
at bedtime, and calcium with vitamin D 500 mg PO BID. Today,
he is in the transplant clinic for a routine follow-up visit. He has
no complaints and says he has been feeling “great,” although he
has noticed some blood in his urine over the past couple of weeks.
Because of this, a urinalysis is ordered in addition to the standard
laboratory values. The results are as follows: Na, 145 mEq/L (nor-
mal, 135–145); K, 4.2 mEq/L (normal, 3.4–4.6); Cl, 104 mEq/L
(normal, 95–105); HCO3, 26 mEq/L (normal, 22–28); BUN, 32
mg/dL (normal, 8–18); SrCr, 2.7 mg/dL (normal, 0.6–1.2); Ca,
10.1 mEq/L (normal, 8.8–10.3); phosphorus, 4.5 mg/dL (normal,
2.5–5.0); glucose, 110 mg/dL (normal, 65–110); amylase, 50 U/L
(normal, 27–150); lipase, 32 U/L (normal, 10–50); WBC count,
7.7 cells/mm3 (normal, 4,000–10,000); Hgb, 10.4 g/dL (normal,
14–18); and Hct, 31% (normal, 39%–49%); tacrolimus trough
level of 9 ng/mL; urinalysis, color yellow (normal, clear–yellow);
specific gravity, 1.013 (normal, 1.003–1.030); pH, 7.0 (normal,
5.0–7.0); protein 100 mg/dL (normal, negative–trace); glucose,
negative (normal, negative); ketones, negative (normal, negative),
bilirubin, negative (normal, negative), blood, moderate (normal,
negative); nitrite, negative (normal, negative) leukocyte, negative
(normal, negative); squamous epithelial cells, 3 cells/high power
field (HPF) (normal, 0–5 cells/HPF); bacteria, negative (normal,
negative). Urinalysis revealed “decoy” cells and plasma BKV PCR
was >104. Because of the increasing serum creatinine, a percu-
taneous kidney biopsy is performed. The pathologist reviews the
histology of the tissue sample and determines that it is consistent
with BK virus nephritis. What is BK polyomavirus? How is it
diagnosed and what are its clinical manifestations?

BK virus is a human polyomavirus, first isolated in 1971.
Polyomaviruses are small, nonenveloped viruses with a closed,
circular, double-stranded DNA sequence. Little is known about
the transmission or about the primary infection of BK virus. It is
believed that viremia during the initial exposure results in sys-
temic seeding and subsequently into a latent infection. The kid-
ney is the main site of BK virus latency in healthy people. More
than 50% of the general population express BK virus antibod-
ies by age 3. Immunosuppression after transplantation probably
leads to the reactivation of the virus, but other factors, such as
organ ischemia and coinfection with other pathogens, may con-
tribute to reactivation. Reactivation inevitably leads to viruria
or viral shedding into the urine. Asymptomatic viruria occurs
in approximately 10% to 45% of renal transplant recipients.70

Diagnosis of BK virus nephritis is made by careful review of
clinical, laboratory, and histologic findings. Patients are often
asymptomatic, although hematuria has been noted in some
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patients. Clinically, BK virus nephritis mimics acute rejection
very closely. Increases in serum creatinine often lead clinicians
to perform a tissue biopsy. Tissue histology is very similar in
cases of acute rejection and BK virus nephritis, with mononu-
clear infiltration as the predominant finding. The abundance
of plasma cells, prominent tubular cell apoptosis, collecting
duct destruction, and absence of endarteritis are features that
may distinguish BK virus nephritis from acute cellular rejec-
tion. Although BK virus has been implicated in up to 5% of
all cases of interstitial nephritis (of which 30% go on to graft
failure), it is still unclear whether asymptomatic biopsy find-
ings in the kidney transplant recipient is a prognostic indicator.
Decoy cells in the urine and BKV-PCR in blood are used as
screening tools. Blood or plasma BKV-PCR is a more sensitive
and stable test and correlates better with renal dysfunction.57

Most cases of BK nephritis occur within the first 3 months
after transplantation, although a number of cases have been re-
ported as long as 2 years after transplantation. The major risk
factor for the development of BK nephritis and subsequent
graft dysfunction or loss is the degree of immunosuppression.
In addition, accelerated graft loss has been demonstrated in
patients who received antilymphocyte antibodies in the pres-
ence of BK virus nephritis misdiagnosed as an acute rejection
episode. Because K.T. has received higher doses of immuno-
suppression recently to treat two acute rejection episodes, he
is at higher risk for developing BK virus nephritis.

Treatment

23. K.T. is told to stop taking MMF and to reduce his tacrolimus
dose to 4 mg PO BID with target trough levels <6 ng/mL. Why
was K.T.’s immunosuppressive regimen significantly reduced?

Because BK virus reactivation and BK nephritis are strongly
associated with the degree of immunosuppression, reduc-
tion in, or removal of, immunosuppressant agents is consid-
ered first-line therapy. Beneficial clinical responses have been
demonstrated in some patients when the dose of CNI is re-
duced. Not all patients, however, respond to this maneuver.
In addition, reduction in immunosuppression puts patients at
higher risk for an acute rejection episode. Close clinical follow-
up after reduction of immunosuppression is important to en-
sure adequate response and to make sure the patient does not
develop an acute rejection episode. In K.T.’s case, an improve-
ment of renal function can be expected, as seen by a reduction
in serum creatinine over time. Also, monitoring viral loads
both from the urine and serum have been shown to correlate
with clinical disease.57

Antiviral Therapy

24. Over the next 2 weeks, K.T.’s serum creatinine remains un-
changed, and his serum and urine viral loads also remain approx-
imately the same. Are there any additional treatment options for
K.T.’s BK nephritis at this time?

Cidofovir (Vistide), an antiviral agent indicated for the treat-
ment of CMV retinitis, inhibits polyomavirus replication in
vitro; however, to date, no well-conducted clinical trials have
proved this agent to be effective in treating or preventing BK
virus nephritis in the transplant population. In a small number
of case reports and case-series, this agent was beneficial, but the
appropriate dose and frequency are still undetermined. Most re-

ports have used very small doses (0.25–1.0 mg/kg/dose) given
IV either weekly or every other week; cidofovir was continued
until renal dysfunction resolved and a decrease in the viral load
occurred.

Cidofovir is associated with a high incidence of nephrotoxi-
city, especially at much higher doses; therefore, patients usually
receive pre- and postdose hydration with 0.9% NaCl boluses.
Close clinical monitoring of the patient is advised if this treat-
ment option is used. Because the doses of cidofovir currently
used are approximately 5% to 10% of the standard dose used
to treat CMV (5 mg/kg/dose), use of probenecid as a premed-
ication to prevent nephrotoxicity is not advocated. Other ther-
apies that have been tried with or without success are IVIG
and leflunomide in place of the discontinued antimetabolite,
such as mycophenolate, and fluoroquinolones. Retransplanta-
tion has also been conducted with some success.71

New Onset Diabetes After Transplant (NODAT)

25. J.F. is a 28-year-old black man who received a kidney trans-
plant 6 weeks ago secondary to focal segmental glomerulosclerosis
(FSGS), a glomerulonephridity of unknown etiology. His medical
history is significant for hypertension and nephrotic syndrome.
Before the transplant, he was taking lisinopril 20 mg PO daily,
amlodipine 10 mg PO daily, and valsartan 160 mg PO daily. After
the transplant, J.F. was started on tacrolimus, with his current
dose being 12 mg PO BID, mycophenolate mofetil 1 gm PO BID,
and a corticosteroid taper. He is currently receiving 20 mg PO BID
of prednisone, and will be tapered down over the next 6 weeks to
10 mg PO daily. J.F.’s tacrolimus trough concentrations have been
between 10 and 14 ng/L. Over the next 12 weeks, he will be main-
tained on a dose of tacrolimus to achieve trough concentrations
between 8 and 12 ng/L. J.F. currently weighs 108 kg and is 6 feet
tall. His BMI is 32 kg/m2. After transplant, he has required a
sliding-scale regular insulin regimen to maintain a blood glucose
level between 120 and 180 mg/dL.

What post-transplant complications are common and what is
J.F. at risk of developing?

Post-transplantation diabetes mellitus (PTDM), or now
more commonly referred to in the transplant literature as new
onset diabetes after transplant (NODAT), is another common
problem that appears to be on the increase in transplant recipi-
ents, similar to the increase in diabetes mellitus in the general
population. Diabetes significantly affects morbidity and mor-
tality in transplant recipients. It is often a pre-existing condition
in renal transplant recipients and a cause of ESRD. In recipi-
ents of other organs, such as livers, diabetes is common as well,
both as a pre-existing condition and as a post-transplantation
complication. The definition of NODAT varies among stud-
ies. It has been based on symptoms and plasma glucose, oral
glucose challenge results, or the need for insulin or oral antidi-
abetic drugs after transplantation.72 Reported rates range from
3% to >40%, with most cases of NODAT occurring within
the first year after transplantation. Risk factors, besides pre-
transplantation diabetes, include advanced age, family history,
CMV infection, certain HLA phenotypes, race (black or His-
panic), increased BMI, and infection with hepatitis C in the
liver transplant population.73

One of the most critical factors in the development of
NODAT is the immunosuppressive regimen. Cyclosporine,
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tacrolimus, sirolimus, and prednisone are all diabetogenic
through a multitude of mechanisms. The CNI appear to have
a direct toxic effect on the pancreatic beta cells leading to de-
creased insulin synthesis and secretion; this effect seems to
be dose related and generally reversible.74,75 Although still
debated by a few clinicians, the literature now clearly sug-
gests that tacrolimus is more likely to cause NODAT than
cyclosporine.74 Additionally, conversion from tacrolimus to
cyclosporine has been useful in some patients with NODAT.76

In evaluating these studies, other factors, such as CNI drug
concentrations, steroid doses, black race, transplant type, and
time lapsed following transplantation, must be considered.77

As with diabetes in the general population, a similar in-
tensive approach in controlling blood glucose should be un-
dertaken. Also, other conditions (e.g., hypertension and hy-
perlipidemia) should be managed aggressively. Another step
includes reducing or withdrawing diabetes-inducing immuno-
suppression as much as possible without jeopardizing graft
function or using agents that are nondiabetogenic, such as
mycophenolate.60,63 One important aspect of post-transplant
diabetes management is to realize the differences in pharmaco-
logic management is this patient population, as compared with
patients who are not transplant recipients. Often, in the imme-
diate post-transplant period, because of the rapidly changing
organ function, and the dramatic tapering of corticosteroids,
patient’s antidiabetic medicines may need frequent adjustment.
During this first 3 to 4 weeks post-transplant, insulin is the
agent of choice owing to the ability to use sliding-scales and
rapidly change dosing strategies. Once patients are stabilized
on their immunosuppressant regimen, and their organ function
has also stabilized, the use of oral agents can be introduced
or restarted. Because of metformin’s contraindications, it is
usually not recommended for use in transplant recipients.72

J.F. is requiring insulin post-transplant. By some clinicians’
definitions, he would be classified as having NODAT. Other
definitions would wait to see if J.F. still required insulin after
his immunosuppressant regimen was tapered to lower levels. In
either regard, because J.F. is obese and is black, he is considered
at high risk for the development of NODAT. At this point, J.F.’s
diabetes should continue to be controlled on a sliding-scale in-
sulin regimen. Once J.F.’s immunosuppression regimen is sta-
ble, he can be switched to oral antidiabetic agents if needed. J.F.
should be counseled on diet and exercise to help control his
blood glucose level. Other pharmacologic interventions that
may help prevent long-term diabetes in J.F. is changing his
tacrolimus to cyclosporine and reducing or withdrawing his
prednisone. The risks and benefits of changing immunosup-
pressant regimens must always be weighed in patients such as
J.F. For instance, changing his tacrolimus to cyclosporine may
reduce his blood glucose level or prevent NODAT, but it also
will put J.F. at higher risk of developing acute rejection. Addi-
tionally, reducing or removing J.F.’s steroids may also prevent
NODAT, but will likely put J.F. at higher risk of acute rejection.

Post-Transplantation Osteoporosis
Rapid bone loss with the subsequent development of osteope-
nia or osteoporosis is another common post-transplantation
disorder that must be evaluated, prevented, and treated. Osteo-
porosis, a silent disease, is characterized by low bone mass
and microarchitectural deterioration of bone tissue, which in-

creases bone fragility and eventually leads to fracture. Various
epidemiologic and cross-sectional studies estimate that 7% to
11% of nondiabetic kidney transplant recipients, 45% of dia-
betic kidney transplant recipients, 18% to 50% of heart trans-
plant recipients, and 24% to 65% of liver transplant recipients
develop atraumatic fractures resulting from osteoporosis in the
post-transplantation period.78

RISK FACTORS
Osteoporosis risk factors for transplant recipients, which are

similar to those in the general population, include menopausal
status, family history, smoking, alcohol use, lack of physical
activity, poor nutritional status, and use of various medications,
such as corticosteroids, phenytoin, thyroxine, heparin, war-
farin, and loop diuretics.78 Additional factors responsible for
bone loss in organ transplant recipients depend on the underly-
ing disease state and the particular organ system transplanted.
For example, patients with ESRF commonly have at least
some evidence of renal osteodystrophy, which includes hyper-
parathyroidism, osteomalacia, osteosclerosis, and adynamic
or aplastic bone disease. Hypogonadism can also be present.
Many renal transplant recipients have already been exposed to
medications that can affect bone and mineral metabolism, such
as corticosteroids, cyclosporine for immune complex disease,
loop diuretics, or aluminum-containing phosphate binders.79

Low bone mass and abnormal mineral metabolism are com-
mon in patients with several forms of chronic cholestatic liver
disease, such as biliary cirrhosis. Therefore, liver transplant
recipients are susceptible to this problem.80

Drugs used to prevent organ rejection predispose patients
to osteoporosis, especially the corticosteroids.81 Most trans-
plant recipients, however, require steroids in combination with
other immunosuppressive agents to prevent rejection. As noted,
efforts are underway among transplant centers to develop
corticosteroid-free or rapid-taper corticosteroid immunosup-
pressant regimens to help prevent post-transplant bone disease.
Corticosteroids reduce net intestinal calcium absorption, in-
crease urinary calcium excretion, increase parathyroid hor-
mone, decrease production of skeletal growth factors, and
decrease androgen and estrogen synthesis in the gonads and
adrenal gland. They also decrease bone formation by os-
teoblasts and increase bone resorption.81 The most dramatic
reduction in bone loss after transplantation occurs within the
first 3 to 6 months, when high doses of steroids are tapered to
prednisone doses equivalent to 7.5 to 10 mg every day. Areas
of the skeleton rich in trabecular or cancellous bone, such as
the ribs, vertebrae, distal ends of long bones, and the corti-
cal rim of the vertebral body, are most at risk for osteoporotic
fracture because (a) a greater degree of bone remodeling or
bone turnover occurs in these areas and (b) this is a target of
corticosteroid activity.78 Most studies suggest a minor effect
from CNI on bone. Other currently used agents appear to have
little or no effect.79

TREATMENT
Because rapid bone loss and fractures can occur during

the first few months postoperatively, strategies to prevent
bone loss and fractures should be initiated immediately af-
ter transplantation and if possible before transplantation.
Most recommendations are based on the American Col-
lege of Rheumatology’s (ACR) guidelines for the prevention
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and treatment of corticosteroid-induced osteoporosis.82 These
recommendations focus on providing calcium (1,500 mg ele-
mental calcium three times a day) and vitamin D (various dos-
ing depending on kidney and liver functions) to patients who
will be receiving continuous corticosteroid therapy. If patients
are diagnosed with low bone mineral density (osteopenia) or
even osteoporosis with bone mineral density scans using dual
energy x-ray absorptionmetry (DXA) scans, calcium and vita-
min D analogs are recommended in conjunction with either a
bisphosphonate or calcitonin.81

Clinical trials have demonstrated that bisphosphonates and
vitamin D analogs have had the best results in preventing and
treating post-transplant bone disease. Because of their lack of
size and short follow-up time, these studies have failed, how-
ever, to show a significant improvement in meaningful out-
comes, including reduction in bone fracture rates, bone pain,
or immobility owing to bone disease. Most studies show that
these agents can minimize the loss of bone post-transplant, as
demonstrated by stabilization of DXA scans.83

Although J.F. is young and likely does not have severe bone
disease, a DXA scan should still be performed, and he should
be given calcium and vitamin D because he is receiving steroids
(unless he has a contraindication to this therapy, such as hy-
percalcemia). Based on the results of J.F.’s DXA scan, he may
need to receive either a bisphosphonate or an activated vitamin
D analog, such as calcitriol, and continue calcium supplemen-
tation. A repeat DXA scan should be performed in 1 to 2 years.
J.F. should be carefully counseled on how to take his medicine
correctly to minimize adverse effects and he should be moni-
tored for hypo- or hypercalcemia.

LIVER TRANSPLANTATION
Indications

26. E.P., a 58-year-old, 78-kg man, with an 18-year history of
chronic liver disease secondary to hepatitis C infection, arrives at
the emergency room with a 2-day history of confusion, fever up
to 102.2◦F, and worsening jaundice, with scleral icterus. Because
the patient has severe abdominal distention, a paracentesis is per-
formed, and 7 L of fluid is drained from his peritoneal cavity. A
diagnosis of spontaneous bacterial peritonitis is made.

E.P.’s clinical status over the next several days gradually wors-
ens, and he is moved to the intensive care unit for closer monitor-
ing and better supportive care. E.P. continues to be severely jaun-
diced, with worsening Liver Function Test (LFT). He becomes
progressively more confused, and eventually comatose, requiring
intubation. Within 3 days of admission into the intensive care unit
(ICU), a suitable liver donor, matched for size and ABO blood
group, is found, and E.P. receives an orthotopic liver transplant
with a choledochocholedochostomy (duct-to-duct anastomosis).
Cytomegalovines (CMV) serology for E.P. is negative, and the
donor liver is CMV-positive.

After the transplantation, E.P. is started on fluid maintenance
with 45% NS; nystatin suspension 5 mL four times daily (QID);
tacrolimus 2 mg NG/PO BID; and high-dose methylprednisolone
with a rapid taper: 50 mg IV Q 6 hours for four doses, 40 mg
IV Q 6 hr for four doses, 30 mg IV Q 6 hours for four doses,
20 mg IV Q 6 hr for four doses, 20 mg IV Q 12 hours for two
doses, then 20 mg IV daily; famotidine 20 mg IV Q 12 hr; and

ganciclovir 150 mg IV daily. Ampicillin sulbactam 1.5 g IV Q 6 hr
for 48 hours was begun just before transplantation. An order also
is written to limit all pain medications and sedatives. E.P. returned
from surgery with three abdominal Jackson-Pratt (J-P) drains,
an nasogastric (NG) tube. Foley catheter, and Swan-Ganz central
venous catheter. What was the indication for E.P. to receive a liver
transplant?

E.P. was diagnosed with end-stage hepatic failure (cirrho-
sis) caused by chronic hepatitis C infection. The most common
indication for liver transplantation in adults is cirrhosis from
various causes. Each transplantation center varies with respect
to the most common disease states that indicate transplanta-
tion, but nationwide, hepatitis C and alcohol-induced disease
are the number one and two reasons for patients requiring liver
transplantation. Indications for liver transplantation in adults
include cholestatic liver disease (e.g., primary biliary cirrhosis
and primary sclerosing cholangitis), hepatocellular liver dis-
ease (e.g., chronic viral hepatitis B or C, autoimmune, drug-
induced, cryptogenic cirrhosis), vascular disease (e.g., Budd-
Chiari), hepatic malignancy, inherited metabolic disorders, and
fulminant hepatic failure (e.g., viral hepatitis, Wilson’s dis-
ease, drug or toxin induced). Controversial indications include
alcohol-induced disease and some types of hepatic malignan-
cies. The concern with these indications is either recurrence of
disease, as in the case of hepatic malignancies, or recidivism
in the case of alcoholics.84−86

Contraindications to transplantation have decreased in num-
bers over the past few years. Current contraindications to liver
transplantation include malignancy outside the liver, cholan-
giocarcinoma, active infection outside the biliary system,
patients with alcoholic liver disease who continue to abuse
alcohol, psychosocial instability and noncompliance, severe
neurologic disease, and advanced cardiopulmonary disease.
Patients with active infections are considered candidates af-
ter the infection has been eradicated.86 HIV infection is not
considered an absolute contraindication to transplantation.87

E.P. was within the age limitations for transplantation; he
had severe progressive disease and was at risk for death if
he had not received a liver transplant. Because he did not have
any of the listed contraindications, a liver could be transplanted
emergently. His anticipated survival after transplantation at 1
year is >80%; at 5 years it is >70%.84

Patient Monitoring

27. How should E.P. be monitored in the initial postoperative
period?

A typical course is as follows. E.P. should be awake and alert
within 12 to 24 hours after the operation, transferred from the
ICU to a regular bed in 1 to 3 days, and discharged home within
7 to 14 days if he has a standard postoperative course with no se-
vere complications. Because function of the transplanted liver
is essential for the survival of the patient, extensive clinical, lab-
oratory, and radiologic monitoring are necessary. E.P. has three
J-P abdominal drains that must be monitored for output pro-
duction. The serum concentrations of BUN, creatinine, LFT,
albumin, potassium, sodium, magnesium, calcium, phosphate,
and glucose should be monitored every 6 hours on the first
postoperative day.88 The surgical transplantation of a liver has
been associated with coagulopathies and bleeding. Therefore,
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platelets, prothrombin time, fibrinogen, and factors V and VII
also must be monitored and deficiencies rapidly corrected.89

Initial LFT results are highly variable; they can either in-
crease for the first day or two after transplantation because of
ischemic damage to the allograft, or they can decrease because
of initial dilution by high-volume blood replacement. If the
liver is functioning well, the LFT, bilirubin, and prothrombin
time all should begin to trend toward normal within 4 to 5 days
after the operation.

Magnesium, phosphate, and calcium levels may fall in the
early postoperative period and should be monitored closely.
Ionized calcium serum concentrations are monitored rather
than total calcium because most patients have low serum
albumin concentrations. Hypocalcemia can occur because
these patients may receive large amounts of citrate through
blood transfusions, which can lower serum calcium concentra-
tions. Magnesium deficiency is common in patients with end-
stage liver disease and may be exacerbated in the early post-
transplantation period by tacrolimus or diuretics. Why patients
develop hypophosphatemia is unclear, but increased demand
for phosphate for incorporation into adenosine triphosphate is a
possible explanation. Hypokalemia or hyperkalemia can occur,
depending on renal function and fluid status. Electrolyte serum
concentrations should be followed and electrolytes replaced if
needed (see Chapter 11, Fluid and Electrolyte Disorders).

Hyperglycemia, which is a good indication of a properly
functioning liver in this early period, may need to be con-
trolled with a continuous IV infusion of insulin, initially, and
then subcutaneous insulin dosed on the basis of periodic glu-
cose measurements. In contrast, persistent hypoglycemia indi-
cates a poorly functioning liver. Hypertension, which is mul-
tifactorial, also is seen during this time and usually is treated
with calcium channel blockers, nitroglycerin, nitroprusside, or
ß-blockers. Renal dysfunction and neurologic complications
also can occur.88,90 Neurologic complications, including those
that are drug induced, include oversedation, acute psychosis,
depression, tremor, headaches, peripheral neuropathy, cortical
blindness, paresthesias, paresis, and seizures.90

Other complications that can occur within the first 3 days to
3 weeks include respiratory distress, intra-abdominal hemor-
rhage, biliary tract leaks and strictures, hepatic artery throm-
bosis, and primary graft nonfunction. Because infection is an-
other early postoperative concern, E.P. should be monitored for
bacterial, fungal, and viral infections.

Tacrolimus
Pharmacokinetics

28. Seven days after his liver transplantation, E.P.’s J-P abdom-
inal drains, Foley catheter, and NG drain have been removed.
Current medications include tacrolimus (Prograf) 2 mg PO Q 12
hours; prednisone 20 mg PO daily; nystatin suspension 500,000
U to swish and swallow QID; amlodipine 5 mg PO daily; TMP-
SMX SS, one tablet every Monday, Wednesday, and Friday; and
valganciclovir 900 mg PO daily. E.P.’s current laboratory val-
ues include the following: BUN, 27 mg/dL (normal, 8–18); SrCr,
0.9 mg/dL (normal, 0.6–1.2); AST, 170 U/L (normal, 0–35); ALT,
154 U/L (normal, 0–35); γ-glutamyl transferase (GGT), 320 U/L
(normal, 0–30); total bilirubin, 3.4 mg/dL (normal, 0.1–1.0); and
tacrolimus 9.4 ng/dL (whole blood by mass spectrometry). What

important pharmacokinetic factors should be considered when
using tacrolimus after transplantation?

[SI units: BUN, 9.6 mmol/L (normal, 3.0–6.5); SrCr, 79.6 μmol/L (normal,

50–110); AST, 170 U/L (normal, 0–35); ALT, 154 U/L (normal, 0–35); GGT,

320 U/L (normal, 0–30); total bilirubin, 58.14 μmol/L (normal, 2–18)]

Tacrolimus is a very lipophilic compound that is absorbed
rapidly after oral administration in most patients. Peak blood
concentrations are achieved in about 0.5 to 1 hour. Some pa-
tients have slower absorption or have a lag time of up to 2
hours in their absorption profiles. Oral bioavailability is usu-
ally poor, highly variable, and ranges from 4% to 89% (mean
25%). Protein binding is approximately 75% and is mainly
to erythrocytes. Whole blood concentrations are significantly
higher than serum concentrations for this reason. Tacrolimus
has a large volume of distribution and accumulates in high
concentrations in tissues, including the lungs, spleen, heart,
kidney, brain, muscles, and liver. Tacrolimus is predominantly
metabolized in the liver through the cytochrome P450 3A4
isoenzyme system and is primarily eliminated from the body
as several inactive metabolites. Less than 1% of tacrolimus is
eliminated as the parent compound in the urine, and renal dys-
function does not alter the pharmacokinetics of this agent. The
elimination half-life ranges from 5.5 to 16.6 hours, with a mean
of 8.7 hours, and plasma clearance averages 143 L/hour. Vary-
ing degrees of liver dysfunction, including cirrhosis and se-
vere cholestasis, may have dramatic effects on the metabolism
and excretion of tacrolimus. Pediatric patients appear to clear
tacrolimus more rapidly and have a shorter half-life and larger
volume of distribution compared with adults.91 Black patients
may require higher dosages.92

Dosing

29. How would you initiate the dosing of tacrolimus for E.P.?

Although tacrolimus can be administered as a continuous
IV infusion through a central or peripheral infusion after trans-
plantation (initial dose 0.025–0.05 mg/kg/day), it is prefer-
able to give it via an NG tube or orally because adverse ef-
fects, such as headache, nausea, vomiting, neurotoxicity, and
nephrotoxicity, occur more commonly with IV administration.
If tacrolimus is given IV, patients should be converted as soon
as possible to oral therapy (initial doses of 0.1–0.3 mg/kg/day
in adults and 0.15–0.3 mg/kg/day in children divided into 12-
hour intervals). Pediatric patients require two to three times the
adult doses of tacrolimus.

In E.P., the initial starting dose was approximately 0.15
mg/kg/day given orally or through the NG tube every 12 hours.
Oral tacrolimus should be administered on an empty stomach
or taken consistently in relation to meals. Most institutions
extemporaneously prepare an oral solution for NG tube ad-
ministration because it is not commercially available.

30. How would you convert a patient from cyclosporine to
tacrolimus?

Although E.P. was initiated on tacrolimus without prior ex-
posure to cyclosporine, many patients are converted from cy-
closporine to tacrolimus either because of a poor response
(as evidenced by recurrent acute rejection episodes) or in-
tolerance (as evidenced by persistent adverse drug reac-
tions, most commonly gingival hyperplasia or unwanted hair
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growth). When switching from cyclosporine to tacrolimus, the
cyclosporine should be discontinued 24 hours before initiating
tacrolimus therapy or longer if cyclosporine concentrations are
elevated. The concomitant administration of cyclosporine and
tacrolimus has been accompanied by increases in the serum
concentrations of creatinine and urea nitrogen, which decline
after the discontinuation of cyclosporine. Thus, combination
therapy with cyclosporine and tacrolimus is not recommended
because of the additive or synergistic risk of nephrotoxicity.

Therapeutic Drug Monitoring

31. E.P.’s tacrolimus concentrations are being measured by
whole blood IMx® immunoassay. Why is it important to monitor
E.P.’s tacrolimus concentrations and how should his tacrolimus
therapy be monitored?

Because of the large inter- and intrapatient variability, the
narrow therapeutic index, and the large number of potential
drug interactions associated with this agent, tacrolimus con-
centrations should be monitored in all patients receiving ther-
apy. Concentrations are monitored to prevent toxicity, optimize
efficacy, and assess patient compliance to the prescribed reg-
imen. A relationship does appear to exist among concentra-
tion, efficacy, and toxicity.93 The primary monitoring parame-
ter used clinically is the trough concentration because, unlike
cyclosporine, trough concentrations correlate well with overall
total body exposure (AUC).94 Because of accuracy in measur-
ing the tacrolimus parent compound (without measuring inac-
tive metabolites) and a rapid turnaround time (within hours),
the microparticle enzyme immunassay (IMx®) assay method
for tacrolimus that uses whole blood is the one most commonly
used. The target range is 10 to 20 ng/mL for the first 3 months
and 5 to 10 ng/mL thereafter, but this can vary with each trans-
plantation center’s protocols. More centers are now switching
to using mass spectrometry to monitor all immunosuppressant
concentrations. Mass spectrometry is a more reliable method
of analysis that does not cross-react with metabolites.95

As in all cases, pharmacokinetic data must be interpreted
in conjunction with the patient’s clinical condition. In addi-
tion, deference always must be given to trends established by
multiple tacrolimus concentrations over that of a single con-
centration.

Adverse Drug Reactions

32. What are the major adverse effects associated with
tacrolimus and what clinical parameters should be monitored in
E.P.?

Nephrotoxicity, which usually is the limiting adverse effect
of tacrolimus, has been reported in >50% of patients in some
studies.96,97 This may have been related to the higher dosages
used in earlier trials because dose reduction usually reverses
the nephrotoxicity. The clinical presentation of tacrolimus-
induced nephrotoxicity is similar to that of cyclosporine. Be-
cause IV administration of tacrolimus during the first week
has been associated with acute renal failure in 20% of patients,
very few centers use this route or rapidly convert to oral ther-
apy. Presumably, liver recipients with poor graft function are
unable to metabolize tacrolimus rapidly and are at a greater risk
for acute renal failure.96 In a multicenter study involving 529
patients, the efficacy and toxicity of tacrolimus was compared

with cyclosporine in liver transplant recipients. Both agents
increased serum creatinine and decreased glomerular filtration
rate comparably.97 Thus, E.P.’s renal function should be mon-
itored closely.

Major neurologic toxicities (e.g., confusion, seizures,
dysarthria, persistent coma) occur in approximately 10% of
patients. Minor neurologic toxicities occur in approximately
20% to 60% of patients and include tremors, headache, and
sleep disturbances.97 Hypertension (40%) is another common
finding in patients treated with tacrolimus. A greater num-
ber of tacrolimus-treated patients, however, are able to dis-
continue or limit their use of antihypertensives as compared
with cyclosporine. Other adverse effects include diarrhea, nau-
sea, vomiting and anorexia, hypomagnesemia, hyperkalemia,
hemolytic anemia, hemolytic uremic syndrome, alopecia, in-
creased susceptibility to infection and malignancy, and hy-
perglycemia. Hyperglycemia is reported to occur often with
tacrolimus. This is most likely to be seen in patients with higher
tacrolimus levels or higher steroid doses and in blacks. With re-
duction in tacrolimus and steroid doses, hyperglycemia appears
to decrease. Hirsutism and gingival hyperplasia, in contrast to
that which occurs with cyclosporine, are not complications of
tacrolimus.

Rejection

33. E.P. was discharged from the hospital. He went to stay with
his brother and was followed up with laboratory tests obtained
three times a week. The following laboratory values were obtained
2 weeks later: AST, 36 U/L (normal, 0–35); ALT, 52 U/L (normal,
0–35); GGT, 65 U/L (normal, 0–30); and total/direct bilirubin,
1.0/0.3 mg/dL (normal, total 0.1–1.0, direct 0–0.3); and another
week later: AST, 158 IU/L; ALT, 322 U/L; GGT, 321 U/L; and
bilirubin, T/D 3.6/3.2 mg/dL.

E.P. was readmitted to the transplantation center because his
LFT findings suggested liver dysfunction, and a percutaneous nee-
dle liver biopsy was obtained to determine the cause. On admis-
sion, he complained of tiredness, severe headaches, a mild tremor,
and some pain over the area of the transplanted liver. E.P. also
stated that he had not felt like eating for the last 2 to 3 days. The
pathologist interpreted the liver biopsy as moderate rejection, and
E.P. was given a 1-g IV bolus of methylprednisolone followed by
rapidly tapered doses. This regimen used the following IV doses
of methylprednisolone: 50 mg every 6 hours for four doses; 40 mg
every 6 hours for four doses; 30 mg every 6 hours for four doses;
20 mg every 6 hours for four doses; 20 mg every 12 hours for two
doses; then back to the pretapered oral prednisone dose. Three
days into the recycle, E.P.’s liver enzyme values had not improved
and Thymoglobulin therapy was initiated. Laboratory values af-
ter 10 days of Thymoglobulin IV 1.5 mg/kg/day were as follows:
AST, 35 IU/L; ALT, 108 U/L; GGT, 169 U/L; and bilirubin, T/D
1.0/0.6 mg/dL. The 12-hour tacrolimus trough level at the end of
the treatment course was 15.2 ng/mL by IMx immunoassay. E.P.
was discharged and sent home with the following medications:
tacrolimus 5 mg PO BID; prednisone 20 mg PO daily; clonidine
0.3 mg PO BID; felodipine 10 mg PO daily; furosemide 20 mg PO
daily; co-trimoxazole one tablet daily Mondays, Wednesdays, and
Fridays; and valganciclovir 900 mg PO daily. What subjective and
objective evidence of liver rejection is present in E.P.?

[SI units: AST, 36 U/L, 158 U/L, 35 U/L (normal, 0–35); ALT, 52 U/L, 322

U/L, 108 U/L (normal, 0–35); GGT, 65 U/L, 321 U/L, 169 UL (normal,
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0–30); bilirubin, 17.1/5.13 μmol/L, 61.56/54.72 μmol/L, 17.1/6.2 μmol/L

(normal, 2–18)]

Rejection episodes in liver transplant recipients can be cate-
gorized as acute or chronic. Hyperacute rejection rarely occurs
with liver transplantation. Treatment is supportive and retrans-
plantation is needed.98 Unlike other organs, however, the liver
may function adequately, but survival is lower when the trans-
planted organ is incompatible.99

Acute Liver Rejection
Although acute liver rejection can occur at any time after
the transplantation, it is most commonly experienced within
the first week to 6 weeks in approximately 30% to 50% of
patients treated with either cyclosporine or tacrolimus and
prednisone.98 Early data in patients treated with tacrolimus,
mycophenolate, and prednisone indicate lower rejection rates
up to 6 months after transplantation.100,101 Late acute rejections
often are a result of either a reduction in dose or a discontinu-
ation of immunosuppressive agents. These rejection episodes,
although common, rarely lead to graft loss.

E.P. presented with some of the common subjective com-
plaints of patients experiencing rejection of their trans-
planted liver. Commonly, patients feel poorly and complain of
anorexia, abdominal discomfort, and headache. Other symp-
toms, such as a low-grade fever, back pain, or respiratory
distress, may occur. Objective evidence for rejection in E.P.
included an abrupt rise in serum concentrations of transami-
nases and bilirubin and a liver biopsy that was interpreted as
“moderate rejection” by the pathologist. These observations,
in conjunction with the subjective signs, pointed to a diagnosis
of rejection. Acute rejection is associated with mononuclear
cell infiltration of the graft, edema, and parenchymal necrosis.
Rejection should be diagnosed by biopsy using histologic cri-
teria. Areas most commonly damaged are the bile ducts, veins,
and arteries.102

Chronic Liver Rejection
Chronic liver rejection, also called ductopenic rejection, usu-
ally develops months to years after the transplant in about 5%
of recipients. Characteristics of chronic liver rejection include
occlusive arterial lesions, destruction of small intrahepatic bile
ducts (often referred to as vanishing bile duct syndrome), in-
tense cholestasis, accumulation of foamy macrophages within
the portal sinusoids, and fibrosis, which can lead to the devel-
opment of cirrhosis. Chronic rejection is irreversible and unaf-
fected by increased immunosuppressive therapy. Retransplan-
tation has been considered the only viable alternative. Some
patients with ductopenic rejection unresponsive to cyclospo-
rine-based therapy have responded to tacrolimus.103

Treatment of Rejection

34. Was the treatment of E.P.’s rejection of his transplanted
liver appropriate?

E.P. was receiving maintenance immunosuppression with
tacrolimus and prednisone. Double or triple therapy with
tacrolimus or cyclosporine and prednisone commonly is used
as chronic immunosuppressive therapy in liver transplant re-
cipients. E.P.’s tacrolimus trough whole blood concentration
was in the low normal therapeutic range (Note: normal values

for therapeutic range vary with the institution). Although E.P.’s
tacrolimus concentration appeared adequate, he was treated
with a bolus dose of IV methylprednisolone because of clini-
cal evidence that supported a diagnosis of graft rejection. This
treatment decision was reasonable because high-dose cortico-
steroids can reverse acute rejection episodes of a transplanted
liver.98 The decision to monitor E.P.’s response to the initial
bolus steroid dosage and the severity of rejection by biopsy
also was appropriate before proceeding with further treatment.
E.P. had experienced moderate rejection of his transplanted
liver, and the subsequent initiation of another cycle of corti-
costeroids was reasonable because the mainstay for treatment
of acute liver rejection is increased immunosuppression.

Adult liver transplant recipients usually are treated with 200
mg to 1,000 mg/day of IV methylprednisolone and tapered
rapidly, as described for E.P. When patients fail to respond to
recycle corticosteroid therapy, several options are available.
E.P. was begun on Thymoglobulin therapy; other options in-
clude the use of OKT3 or potentially alemtuzumab. Most cen-
ters use Thymoglobulin as a second-line agent if there is no
response to high-dose corticosteroids or it is used first-line if
the rejection is severe. The typical dose is 1.5 mg/kg per day
given as an infusion over 4 to 6 hours. Therapy is continued
for 7 to 14 days. Treatment of corticosteroid-resistant rejection
with Thymoglobulin is effective in about 70% to 80% of liver
transplant recipients. Other adjustments in immunosuppres-
sion could include the addition of mycophenolate or possibly
sirolimus.

Mycophenolate Mofetil

35. Following the rejection episode, E.P. is started on MMF.
Describe MMF’s pharmacokinetic characteristics and adverse ef-
fects. How will these characteristics affect the dosing and moni-
toring of MMF in this patient?

Mycophenolate mofetil is an alternative to azathioprine. In
most transplantation centers, MMF has replaced azathioprine
as the antiproliferative agent used in combination with anti-
bodies, CNI, and prednisone. Several studies have shown sig-
nificant reductions in acute rejection rates during the first year
after liver transplant as compared with azathioprine. Results
with longer follow-up, at 3 years, indicate no difference in
survival, however.91

Pharmacokinetics
Mycophenolate mofetil is a prodrug for the active form, MPA.
MMF is well absorbed (bioavailability 94%) and is rapidly
hydrolyzed to MPA after absorption. The Cmax for MPA occurs
between 1 and 3 hours, and it is hepatically metabolized via
glucuronidation to inactive MPAG, which is eliminated by the
kidney and excreted into the bile. Once MPAG is excreted into
bile, it undergoes enterohepatic recycling in the GI tract, where
it is deconjugated to MPA, which is reabsorbed back into the
systemic circulation. Because of this recycling, a second peak
occurs 6 to 12 hours after dosing. MPA has an elimination
half-life of 17 hours on average; the volume of distribution
is 4 L/kg, and it is highly protein bound to albumin (98%).
Protein binding correlates well with albumin and free MPA
concentrations correlate with the immunosuppressive effect.
Studies indicate that protein binding changes over time after
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transplantation, with the free fraction decreasing and total MPA
concentrations increasing over time. Renal impairment, liver
dysfunction, and elevated MPAG concentrations in transplant
recipients can reduce protein binding. This may be a function
of low albumin concentrations seen in these patients.104

Adverse Effects
The most commonly reported side effects for MMF are GI
(anorexia, nausea, vomiting and diarrhea, gastritis), hemato-
logic (leukopenia, thrombocytopenia, anemia), and infectious
in nature. GI side effects are common, and all side effects are
more common with higher dosages. If a patient complains,
try giving the dose without other medications, giving smaller
doses more frequently, or lowering the dosage and titrating
upward as tolerated.105 If the WBC count is <3,000 or abso-
lute neutrophil count (ANC) is <1.3, the MMF dose should be
reduced or discontinued.

Dosing
The usual starting dose in adults is 1 to 1.5 g twice daily. Some
advocate the higher dosage in high-risk patients (e.g., patients
receiving another transplant, patients with a high PRA, blacks).
Excluding the early post-transplantation period, 1 g two times a
day is the recommended regimen in patients with a glomerular
filtration rate <25 mL/minute. In heart transplant recipients,
the 1.5 g twice daily regimen is used. In children, 300 to 600
mg/M2 two times a day or 23 mg/kg/day two times a day has
been recommended.

Therapeutic Drug Monitoring
Monitoring MPA serum concentrations is controversial and
not generally recommended at this time because of so much
intrapatient and interpatient pharmacokinetic variability. Some
studies, however, have shown a relation between effect and
concentrations.106

Data in heart transplant recipients indicate that an MPA
trough level of >2.5 mg/L is required for therapeutic effect.
In kidney transplant recipients, AUC has been shown to cor-
relate with acute rejection. Another approach is to measure
free concentrations, but the primary limitation to using serum
concentrations is the lack of a simple, commercially available
assay. The preceding studies used an HPLC assay, but there are
ongoing investigations with an EMIT immunoassay.107

Once started on MMF, the patient should be monitored for
GI and hematologic side effects, as well as for any signs and
symptoms of infection and rejection.

Drug Interactions With Immunosuppressives

36. C.C. is a 42-year-old woman who underwent a liver trans-
plantation 5 days ago. She was noted to be febrile, with an ele-
vated WBC. Cultures were obtained, and her J-P drainage grew
Candida albicans. C.C. was started on fluconazole 400 mg daily.
Her other medications included tacrolimus 3 mg BID, prednisone
20 mg daily, mycophenolate 500 mg BID, valganciclovir 450 mg
daily, one-half TMP-SMX DS tablet daily, and esomeprazole 20
mg every night (QHS). The tacrolimus trough level is 11 ng/mL.
What drugs interact with immunosuppressive agents? Will the
initiation of fluconazole require any adjustments in current med-
ication doses?

Because the immunosuppressants have complex and highly
variable pharmacokinetic profiles with relatively narrow ther-
apeutic indexes, drug–drug interactions represent a significant
clinical problem. These drug interactions can be separated into
two main categories: pharmacokinetic and pharmacodynamic.
Pharmacokinetic drug interactions occur when one medication
alters the absorption, distribution, metabolism, or elimination
of the immunosuppressant agent.108–110 Table 34-2 displays
the most clinically relevant pharmacokinetic drug interactions
that are likely to be encountered in transplant recipients and
how to manage these interactions when they do occur. These
include drugs that alter either the absorption or metabolism of
the immunosuppressants. This table is not comprehensive.

Pharmacodynamic drug interactions with the immunosup-
pressant agents represent another significant problem in trans-
plantation. These interactions occur when one medication ei-
ther potentiates an adverse effect or alters the pharmacologic
effects of the immunsuppressant agent.108 An example of this
would be the use of CNI (cyclosporine and tacrolimus) in com-
bination with ACE inhibitors. Because both classes of agents
can cause hyperkalemia and potentially can decrease renal
function, toxicity may be more pronounced when these classes
are given in combination.111 Pharmacodynamic drug interac-
tions are usually more difficult to identify and require a thor-
ough knowledge of the pharmacologic effects of the agents be-
ing used. Often, little or no information in the literature on these
types of interactions exists to guide the clinician in determin-
ing whether this drug interaction will occur. As a general rule,
if an agent is known to cause a particular toxicity that is simi-
lar to a toxicity associated with the immunosuppressant agent,
then there is a high likelihood that a pharmacodynamic inter-
action will occur. Another example is an interaction between
metoclopramide and MMF. Both agents are known to cause
diarrhea and a higher incidence or severity of diarrhea likely
occurs when these agents are used together.108 It is important to
be alert for drugs with pharmacologic effects that may alter the
efficacy of an immunosuppressant.112 For example, a drug with
immunosuppressant properties, such as cyclophosphamide,
could lead to overimmunosuppression of the transplant re-
cipient and a higher incidence or severity of opportunistic
infections. Conversely, a drug with immunostimulant proper-
ties, such as the herbal medication echinacea, may reduce the
efficacy of the immunsuppressant agent and increase the risk of
rejection in the transplant recipient.108,113 Although agents that
have pharmacodynamic drug interactions with the immuno-
suppressants are not absolutely contraindicated, transplant re-
cipients should be closely monitored for either increased risk
of drug toxicity or decreased drug efficacy when these agents
are used in combination with the immunosuppressants. When
a transplant recipient adds any new medication—whether pre-
scription, over-the-counter, or herbal—it should be thoroughly
researched to determine whether there is a potential interaction
with the immunosuppressant regimen.

In C.C., the addition of fluconazole will lead to a pharma-
cokinetic drug interaction and significantly increase (on aver-
age double) tacrolimus concentrations. This interaction is usu-
ally evident within 2 days, and a maximal effect is seen within
a week of initiating fluconazole. Therefore, C.C.’s tacrolimus
dose should be reduced by 50% when fluconazole is started.
Tacrolimus blood levels should be monitored, as should signs
and symptoms of toxicity and rejection. Fluconazole could also
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Table 34-2 Immunosuppressant Drug Interactions

Immunosuppressant (IS) Interacting Drugs Mechanism Consequence Clinical Management References

Calcineurin inhibitors
(cyclosporine and
tacrolimus) and
sirolimus

Clarithromycin,a erythromycin,a

telithromycin,a ketoconazole,a

itraconazole,a fluconazole,
voriconazole,a fluoxetine,
fluvoxamine, citalopram,
nefazodone,a diltiazem,a

verapamil,a delaviridine,a

ritonavir,a cimetidine,a

grapefruit juice,a amiodarone,
saquinavir, nelfinavir, indinavir,
amprenavir, chloramphenicola

Inhibit CYP450
3A4
isoenzyme in
the liver and
intestines.

Increase the
concentration and
total AUC of the
IS.

Either prospectively
decrease the IS dose or
monitor trough
concentrations more
closely and adjust doses
accordingly.

85, 86,
87,
246

Calcineurin inhibitors
(cyclosporine and
tacrolimus) and
sirolimus

Carbamazepine,a dexamethasone,
phenobarbital,a phenytoin,a

St. John’s Wort,a rifampin,a

rifabutin,a efavirenza,
nevirapine,a nafcillin,
clindamycin

Induce CYP450
3A4
isoenzyme in
the liver and
intestines.

Decrease the
concentration and
total AUC of the
IS.

Either prospectively
increase the IS dose or
monitor trough
concentrations more
closely and adjust doses
accordingly.

86, 87,
245,
246,
247

Calcineurin inhibitors
(cyclosporine and
tacrolimus), sirolimus,
mycophenolate mofetil,
and mycophenolate
sodium

Cholestyramine, colestipol,
probucol, sevelamer, antacids
(magnesium and aluminum
containing),b iron containing
productsb

Bind to IS and
prevent
absorption.

Decrease the
concentration and
total AUC of the
IS.

Avoid concomitant
administration with IS
and monitor trough
concentrations.

86, 87,
248,
249,
250

Azathioprine Allopurinol Inhibits
metabolism by
inhibiting
xanthine
oxidase.

Increases the
concentration and
total AUC of
azathioprine.

Avoid use together or
prospectively reduce
azathioprine dose to
one-third or one-fourth
normal dose and monitor
for increased toxicity.

86, 251

AUC, area under the concentration-time curve.
a Indicates potent inhibitor or inducer.
bOnly occurs with mycophenolate mofetil and mycophenolate sodium.

influence steroid metabolism, but specific recommendations
are not available. In general, drug interactions can be managed
and, in some cases, may require only separate administration
times. In other cases, an alternative agent can be used within a
pharmacologic class that does not interact with these agents.

Infection Prophylaxis

37. S.C. is a 20-year-old man who underwent liver transplan-
tation for end-stage liver disease secondary to chronic hepati-
tis B. Besides his immunosuppressives, he received ampicillin
sulbactam 1.5 g Q 8 hours for 24 hours perioperatively. After
transplantation, he also was started on TMP-SMX one tablet
Mondays, Wednesdays, and Fridays; nystatin 5 mL TID; lamivu-
dine 100 mg daily; and valganciclovir 900 mg PO daily. Hepatitis
B immunoglobulin (HBIG) 10,000 U was started intraoperatively
and given every day for 8 days after transplantation. What is the
rationale for all the aforementioned agents? Should other mea-
sures be considered to prevent infection?

Infection continues to be a major source of morbidity and
mortality. Transplantation recipients have the same risk of
infection from transplant surgery as any other immunocom-
promised patient having a surgical procedure. The percentage
of transplantation recipients who develop infections has de-

creased since the advent of cyclosporine. Infection rates, how-
ever, remain high—50% in transplant recipients.114

Prophylactic antimicrobial therapy can decrease the risk
of surgical infections in patients having transplantation
surgery. As with other therapies in transplantation, prophy-
lactic regimens and antibiotic therapies are highly institution
dependent.115 Kidney transplant recipients typically receive
a first-generation cephalosporin, such as cefazolin, to cover
uropathogens and staphylococci, both perioperatively and, in
some cases, for 2 to 5 days postoperatively. Pancreas transplant
recipients usually receive an antibiotic that covers both the skin
flora and GI flora, such as ampicillin–sulbactam (Unasyn),
because both are breached during the surgical procedure. In
addition, because Candida is often within the GI flora and be-
cause postpancreas transplantation candidal infections occur
frequently, prophylaxis with an antifungal such as fluconazole
for 3 to 7 days is commonly used. Liver transplantations are
associated with the highest rate of life-threatening bacterial
infection. Ampicillin–sulbactam (Unasyn) commonly is used
to cover staphylococci, enterococci, and Enterobacteriacae.
Heart transplant recipients routinely receive a first-generation
cephalosporin, such as cefazolin, at anesthesia induction and
for 48 hours postoperatively. Cefuroxime or vancomycin is
an alternative for resistant organisms. For lung transplant
candidates, common practice is to culture the patient’s sputum
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Table 34-3 Common Opportunistic Infections After
Transplantation

Organisms Time of Onset After Transplantation

CMV 1–6 months
HSV 2 weeks–2 months
EBV 2–6 months
VZV 2–6 months
Fungal 1–6 months
Mycobacterium 1–6 months
PCP 1–6 months
Listeria 1 month–indefinitely
Aspergillus 1–4 months
Nocardia 1–4 months
Toxoplasma 1–4 months
Cryptococcus 4 months–indefinitely

CMV, cytomegalovirus; EBV, Epstein-Barr virus; HSV, herpes simplex virus; PCP,
Pneumocystis carinii pneumonia; VZV, varicella-zoster virus.

before transplantation, individualize the prophylactic regimen
to reflect the resident flora, and include an antipseudomonal
drug. Duration of therapy in these patients is individualized,
based on the patient’s postoperative recovery, but usually lasts
7 to 14 days.

Infections can occur at any time after transplantation,
but there are predictable time patterns for certain kinds of
infections.114 The time of highest risk for infection in trans-
plant recipients is during the first 6 months, because they are
receiving the highest doses of immunosuppressive agents dur-
ing this period. Another time of high risk is during and after
treatment of acute rejection with high-dose immunosuppres-
sion. Patients can acquire new infections (Pneumocystis carinii
pneumonia [PCP], CMV), reactivate old infections (e.g., CMV,
BK virus), or develop recurrence of underlying disease (hep-
atitis B or C). Opportunistic infections are common during this
time, as shown in Table 34-3. Because the infections shown in
Table 34-3 occur at such a high rate, it is routine to provide
specific prophylaxis for many of them. For example, nystatin
suspension 500,000 U by “swish and swallow” (S&S) three
to four times a day or fluconazole 100 mg every day are used
to reduce fungal colonization of the GI tract; acyclovir, gan-
ciclovir, valganciclovir, and immunoglobulins can be used for
CMV and herpes virus infections; and TMP-SMX is used for
Pneumocystis prophylaxis. For patients with sulfa allergies,
alternatives, such as dapsone 50 to 100 mg PO daily or in-
haled monthly doses of pentamidine 300 mg are used. These
generally are given for the first 3 to 6 months after transplan-
tation and, in some cases, up to 1 year or even for life.116 In
S.C., certainly a need exists for prophylaxis with TMP-SMX,
valganciclovir, HBIG, and lamivudine or adefovir.

Hepatitis B
Another major concern for S.C. would be recurrence of hep-
atitis B in his new liver. Hepatitis B recurs and is associated
with a poorer outcome.117 Strategies that have been effective
are the use of lamivudine, adefovir, entecavir, and telbivu-
dine preoperatively and HBIG, with or without oral antiviral
therapy, postoperatively.118–121 S.C. was started on lamivudine

and HBIG postoperatively because monotherapy with HBIG
is associated with recurrence in 10% to 50% patients, whereas
HBIG with lamivudine has been associated with development
of resistance in 15% to 30% per year. In patients who develop
a resistant form of hepatitis B to lamivudine, adefovir, ente-
cavir, and telbivudine have been shown to be effective.126 The
combination of an antiviral with HBIG is currently preferred.
After the first week of HBIG, S.C. will continue to receive
10,000 U IV as a 1- to 2-hour infusion weekly for 4 weeks,
then 10,000 U monthly for the first 6 to 12 months after trans-
plantation. During this time, anti-HBs titers are monitored and
kept >500 U/L. Because HBIG is incredibly expensive to give
in this regimen (up to $50,000 per patient per year), some trans-
plantation centers now use lower titers (>100 U/L) and HBIG
doses of 1,500 units intramuscularly (IM) every 3 to 4 weeks
with lamivudine.119

Hepatitis C
Another virus that is a major cause for concern is hepatitis C.
Hepatitis C is currently the most common reason for liver trans-
plantation, and recurrence of hepatitis C viral replication after
transplantation is universal.122 Immunosuppression, especially
overimmunosuppression, can have a significant detrimental ef-
fect on this disease after transplantation. Epidemiologic studies
indicate that patient survival rates may be significantly lower at
5 years after transplant compared with patients who received
liver transplants for nonhepatitis C causes.123 Strategies to im-
prove outcomes in hepatitis C-positive liver transplants include
using antiviral therapies early post-transplant or waiting later
until viral recurrence with pathologic changes on the trans-
planted liver can be documented. All strategies have vary-
ing degrees of efficacy, but the ideal regimen has not been
elucidated.124,125 In all cases, patients should be closely moni-
tored for signs and symptoms of viral reactivation. If this does
occur, a liver biopsy may be warranted to determine the sever-
ity of liver damage caused by the virus. In aggressive cases, the
need for antiviral therapy and reduction in immunosuppression
may be warranted.

Immunization
Another important element of S.C.’s care is the need for immu-
nization. Although immunosuppression can blunt the response
to some immunizations, the benefits outweigh the risks. At least
6 months after transplantation, he should receive a yearly flu
vaccine. He also should receive the pneumococcal and hepati-
tis A vaccines if he has not yet done so. Live vaccines should
be avoided.126

Treatment of infection in transplantation recipients should
be based on principles established for other immunocompro-
mised patients (see Chapter 68, Prevention and Treatment of
Infections in Neutropenic Cancer Patients). One major dif-
ference between transplant recipients and other immunocom-
promised hosts is that the immunocompromised condition of
transplant recipients is iatrogenic, secondary to their immuno-
suppression. Therefore, when a transplant recipient develops
a life-threatening infection, the doses of immunosuppressants
are usually decreased or, in some cases, discontinued. After the
patient has recovered from the infection, immunosuppression
can be restored to preinfection levels.
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Cytomegalovirus

38. A.A., a 58-year-old, 76-kg man with end-stage liver disease
caused by alcoholic cirrhosis, received an orthotopic liver trans-
plant 16 weeks ago. He presents to the transplantation clinic with
a 3-day history of generalized malaise, fatigue, nausea, vomiting,
diarrhea, fever, and anorexia. At the time of transplantation, the
liver he received was positive for CMV, but he had negative CMV
serology. His postoperative immunosuppressant regimen included
oral prednisone and tacrolimus 5 mg PO BID, with adjustments
made to his dose to maintain a 12-hour trough concentration be-
tween 10 and 15 ng/mL. He was also given valganciclovir 450 mg
PO daily for 3 months.

His postoperative course was complicated by an acute rejec-
tion episode on postoperative day 8, which was treated success-
fully with a pulse and taper of steroids. At that time, MMF 1 g
PO BID was added to his immunosuppressant regimen. He was
discharged from the hospital on postoperative day 12, with in-
structions to return to the transplant clinic in 4 days. Since then,
he has done fairly well with no complaints until now, 4 months
later. On admission to the hospital, a physical examination was
remarkable for an oral temperature of 38.8◦C, a BP of 112/79
mmHg, a heart rate of 104 beats/minute, a respiratory rate of 22
breaths/minute, and a mild tremor. All other findings on his ex-
amination were benign. Pertinent laboratory findings include the
following: WBC count, 3,400 cells/mm3 (normal, 4,000–10,000);
platelet count, 34,000 cells/mm3 (normal, 150,000–450,000); BUN,
29 mg/dL (normal, 5–22); SrCr, 1.4 mg/dL (normal, 0.6–1.1); total
bilirubin, 2.2 mg/dL (normal, 0.0–1.2); AST, 62 U/L (normal, 14–
38); ALT, 126 U/L (normal, 15–48); CMV PCR 184,000 copies/mL
(normal <500 copies/mL); and 12-hour tacrolimus concentra-
tion, 18.3 ng/dL (normal, 5–15). His current medications include
tacrolimus 6 mg PO BID; prednisone 10 mg PO daily; TMP-SMX
80 mg PO Mondays, Wednesdays, and Fridays; calcium carbonate
1.25 g PO TID; vitamin D 800 U PO daily; enteric-coated aspirin
325 mg PO daily; and nizatidine 150 mg PO BID. What is the
most likely diagnosis for A.A.?

A major concern in A.A. at this time after transplantation
is CMV infection, an infection that is commonly encountered
within 1 to 6 months after both solid organ and bone marrow
transplantation. It is a ubiquitous virus belonging to the her-
pes virus group. In healthy immunocompetent adults, infection
with the virus is usually asymptomatic, whereas in immuno-
compromised patients, CMV can cause significant morbidity
and mortality. CMV can potentiate the risk for developing both
bacterial and fungal infections and induce chronic injury to the
transplanted organ (arteriosclerosis in the heart, obliterative
bronchiolitis in the lungs, vanishing bile duct syndrome in the
liver, and chronic arteriopathy in the kidneys).127

Etiology
Cytomegalovirus infection in transplant recipients usually oc-
curs when latent viruses from a seropositive donor organ are re-
activated owing to immunosuppression. Transmission of CMV
from a positive donor to a negative recipient leads to an 80% to
100% infection rate and a 40% to 50% disease rate; a positive
donor to a positive recipient leads to a 40% to 60% reactivation
rate and a 20% to 30% disease rate; and a negative donor to a
negative recipient leads to a 0% to 5% infection rate. Trans-
plant recipients at highest risk for developing the disease are
(a) those who are or have serologically donor +/recipient –

(D+/R–) at the time of transplant, (b) elderly, (c) those who
received large amounts of perioperative blood transfusions, (d)
those who received antilymphocyte antibodies, (e) those who
received a retransplantation because of acute rejection, and
(f) those who received larger amounts of immunosuppressive
agents.127 A.A. is at high risk because his CMV serology is
D+/R−.

Diagnosis
Diagnosis of CMV is based on both clinical and laboratory
findings. CMV may be detected by culturing body fluids, such
as bronchoalveolar lavage, urine, blood, and tissue biopsies.
CMV is contained within the host’s leukocytes, which appear
to have large intranuclear inclusion bodies. CMV PCR is now
a readily available method for measuring viral loads in the
patient’s blood. Most transplant centers have the capability of
performing this test at their site, with a turnaround time of
hours. Documented viral shedding is not, however, diagnostic
for active disease without clinical signs and symptoms.127,128

A.A. certainly has laboratory criteria for the diagnosis of CMV
infection: viral shedding, as indicated by the CMV PCR of
184,000 copies/mL, leukopenia, and thrombocytopenia.

Clinical Manifestations
In healthy immunocompetent adults, the CMV-infected patient
is usually asymptomatic but may present with mild complaints
of malaise, fever, and myalgias, as well as abnormal liver en-
zymes and lymphocytosis. More severe reactions are rare.128

CMV may, however, be life threatening in the immunocompro-
mised patient and is the most common opportunistic infection
associated with solid organ transplantation. Evidence indicates
that CMV infection is associated with graft rejection and that
graft rejection in the setting of immunosuppression facilitates
CMV infection. It often is unclear which comes first. The actual
CMV course may be limited to fever and mononucleosis, or it
may extend to organs presenting as pneumonia, hepatitis, gas-
troenteritis, colitis, disseminated infection, encephalopathy, or
leukopenia.

A.A.’s clinical presentation meets the criteria for CMV dis-
ease: viremia with clinical signs and symptoms. At this time,
it is unclear whether or not A.A. has any end-organ involve-
ment. His liver enzyme concentrations are elevated and he is
having numerous GI symptoms, which may be indicative of
CMV hepatitis, CMV gastroenteritis, or CMV colitis, respec-
tively. Alternatively, the increased total bilirubin and serum
transaminases may be caused by acute rejection, and his GI
problems may be a side effect he is experiencing from his
medications (e.g., MMF). To fully differentiate among CMV
hepatitis, CMV gastroenteritis, CMV colitis, acute rejection,
and medication side effects, tissue biopsies should be obtained.

Treatment

39. What are the treatment options for A.A.’s diagnosed CMV
disease? What doses should be used, and how should the effects
of these drugs be monitored?

GANCICLOVIR
Before ganciclovir was available, CMV infection was

“treated” by reducing the level of immunosuppression. This
may be one of the explanations for an increased prevalence of
rejection associated with CMV infections. Graft loss in kidney
or pancreas recipients is undesirable; yet, it is not immediately
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life threatening. Reducing immunosuppression in liver, heart,
or lung transplant recipients, however, could result in the pa-
tient’s death owing to graft loss. Treatment has been attempted
with acyclovir, adenine-arabinoside, and immune globulin, all
of which have been largely unsuccessful. At present, ganci-
clovir is the first-line agent used for the treatment of CMV
disease in solid organ transplant recipients, bone marrow trans-
plant recipients, and patients with acquired immunodeficiency
syndrome (AIDS). Although ganciclovir is highly efficacious
in this regard, there is still a potential 20% relapse rate of CMV
after ganciclovir therapy in liver transplant recipients.

Ganciclovir, a virustatic agent, is a nucleoside analog that is
phosphorylated in infected cells to its active form and is then
incorporated into replicating viral DNA. Although ganciclovir-
resistant strains of CMV have been isolated, their occurrence is
far more common in patients with HIV; currently, ganciclovir-
resistant CMV in solid organ transplantation is not a large
concern.129 A.A. should receive ganciclovir IV; oral ganci-
clovir should not be used because its bioavailability is <10%.
Because relapses of CMV disease after IV ganciclovir are still a
concern, some suggest that patients should be placed on main-
tenance therapy with either oral ganciclovir, valganciclovir, or
oral acyclovir after the IV course is completed.129,130

Dosing
The usual dose of ganciclovir in patients with normal re-
nal function is 5 mg/kg/dose every 12 hours for 14 to 21
days. Dosage adjustment is necessary for patients with re-
nal dysfunction: 2.5 mg/kg/dose every 12 hours for creati-
nine clearances 50 to 79 mL/minute; 2.5 mg/kg/dose every
24 hours for creatinine clearances 25 to 49 mL/minute; and
1.25 mg/kg/dose every 24 hours for creatinine clearances <25
mL/minute. Because A.A. has an estimated creatinine clear-
ance of 60 mL/minute, he should receive 2.5 mg/kg/dose (190
mg) IV every 12 hours for 2 to 3 weeks, followed by either low-
dose IV ganciclovir (2.5 mg/kg every day), valganciclovir, or
oral ganciclovir for 2 to 4 weeks.

The most common adverse effect associated with ganci-
clovir therapy is neutropenia, which is seen in up to 27% of
patients being treated with this drug.129 Neutropenia is defined
as an absolute neutrophil count of <500 to 1,000 cells/mm3.
The neutropenia usually resolves with a decrease in dosage
or discontinuation of the drug, but colony-stimulating factors
may help correct it.131 Because CMV disease has a propensity
to cause neutropenia as well, it is often difficult to distinguish
the cause. If laboratory findings and clinical signs and symp-
toms of CMV disease are resolving and the patient remains
neutropenic, the most likely cause is ganciclovir. Thrombocy-
topenia occurs in approximately 20% of ganciclovir recipients.
Patients with initial platelet counts <100,000/mm3 appear to
be at greatest risk. Other adverse effects include CNS effects,
fever, rash, and abnormal LFT findings.129 A.A.’s WBC and
platelet counts should be assessed every 3 to 4 days during
therapy, and ganciclovir should be held if neutrophils fall to
<500/mm3 or platelets fall to <25,000/mm3. To monitor ei-
ther the regression or progression of A.A.’s CMV disease, a
weekly CMV antigen test should be obtained.

IMMUNE GLOBULINS
The use of immunoglobulins to treat CMV disease in

solid organ transplantation is controversial. Immunoglobulins
provide passive immunization by potentiating an antibody-

dependent, cell-mediated cytotoxic reaction. Basically, the
immunoglobulins modify the immunologic response that dam-
ages host tissue. Some evidence suggests that immunoglobu-
lins may have synergistic or additive effects with current antivi-
ral drugs in the treatment of CMV disease.132 Both unselective
immunoglobulins and CMV hyperimmune globulin have been
studied in combination with ganciclovir. CMV hyperimmune
globulin is prepared from high-titer pooled sera that have a
fourfold to eightfold enrichment of CMV titers compared with
unscreened immunoglobulin.

Most of the literature involving combination therapy for
CMV disease is in bone marrow transplant recipients. Initial
response rates appear to favor the combination therapy in this
group. In solid organ transplantation, the data are scarce. Most
of the literature is in the form of case reports or small ret-
rospective studies. It appears, however, that the combination
of CMV immunoglobulin and ganciclovir may be more effi-
cacious than ganciclovir alone in severe CMV disease (e.g.,
hepatitis, pneumonitis).132 Although it is controversial, many
clinicians would use combination therapy in patients with se-
vere disease, as indicated by end-organ involvement, or in those
who are refractory to monotherapy with ganciclovir.

Cytomegalovirus immunoglobulin may be given as 100
mg/kg/dose every other day for 14 days. This is the dose rec-
ommended for treatment of CMV when used in combination
with ganciclovir. The most common adverse effects associ-
ated with the administration of immunoglobulins appear to be
infusion related and include fever, chills, headache, myalgia,
light-headedness, and nausea and vomiting.

FOSCARNET
Foscarnet is a virustatic pyrophosphate analog that inhibits

DNA synthesis; however, unlike ganciclovir, no phosphoryla-
tion is required for activation. Because this drug has a high
nephrotoxicity propensity and because most transplant recip-
ients are already receiving drugs that are nephrotoxic, experi-
ence with the use of foscarnet in solid organ transplantation
is limited. In most centers, foscarnet is a second- or third-line
agent to be used only if intolerance or resistance develops with
ganciclovir therapy.

The usual dosage of foscarnet is 60 mg/kg/dose every 8
hours for 14 to 21 days. The dosage should be adjusted down-
ward in patients with renal dysfunction. The most serious ad-
verse effect with foscarnet is nephrotoxicity, which occurs
in up to 50% of patients and is probably induced by acute
tubular necrosis. Therefore, prehydration is suggested to help
minimize or avoid nephrotoxicity. GI effects, a decrease in
hemoglobin and hematocrit, an increase in LFTs, and alter-
ation of serum electrolyte concentrations are other side effects
of foscarnet. All of these appear to be reversible on discon-
tinuation of the drug. SrCr should be monitored daily during
therapy.128

Prophylaxis

40. Is there any way to prevent CMV in high-risk patients, such
as A.A.?

Because of its significant consequences, efforts should be
made to prevent CMV disease in the transplantation popula-
tion. One way to prevent primary CMV infections is to use
seronegative donors and seronegative blood products, which
should greatly reduce the risk. This solution is difficult if not
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impossible to implement because the availability of donor or-
gans is insufficient. Therefore, CMV status is not considered in
the donor-matching process. Many studies have tried to ascer-
tain the easiest, most cost-effective regimen to prevent CMV
disease. These studies have focused on the combined use of
different agents as well as IV followed by oral therapies. Trials
have also targeted high-risk patients.129,132–138

GANCICLOVIR
The use of both the IV and oral formulations of ganciclovir

to prevent CMV disease has been studied in lung, heart, liver,
kidney, and pancreas transplant recipients.127 Very few rela-
tively large trials have been conducted and most of the data
in the solid organ transplantation population are from small
uncontrolled trials. Another difficulty lies in that large discrep-
ancies exist between the trials with regard to the terminology
used to define prophylaxis and high-risk patients. Until the re-
cent introduction of valganciclovir, ganciclovir has been the
most widely used prophylactic agent.

Both oral and IV ganciclovir have been studied in lung trans-
plant recipients to prevent CMV disease.127,133 Although these
studies had very small numbers of subjects, it does appear that
both formulations can prevent CMV disease when used in the
first 90 days after transplantation. The populations targeted in
these trials were patients who were considered at risk for the de-
velopment of CMV disease because of their serologic status or
because antilymphocyte antibodies had been used as induction
therapy. Long-term follow-up in these patients, however, re-
vealed no difference in CMV disease rates when compared with
placebo. This may indicate that, although ganciclovir therapy
is effective in delaying CMV early in the post-transplantation
period, it does not prevent the disease.

Studies using prophylactic IV ganciclovir in heart trans-
plantation have found it to be both effective and ineffective
as prophylaxis. Oral ganciclovir has been compared with other
drug combinations and shown to be more effective.134,135 Stud-
ies conducted in heart transplantation focused on patients
at high risk for developing CMV disease. Most patients re-
ceived antilymphocyte antibody induction therapy and were
in the serologic high-risk groups as well (D+/R–, D+/R+, or
D–/R+).134,135

The prophylactic use of ganciclovir in liver transplantation
recipients has been evaluated as well. Trials have shown that
oral ganciclovir, given for an average of 3 to 4 months after
transplantation, significantly decreases the rates of CMV dis-
ease in this population. In addition, comparative trials have
concluded that oral ganciclovir is more effective than oral
acyclovir. Ganciclovir prophylaxis seems most effective when
used in D+/R– patients.136,137

When ganciclovir prophylaxis, either oral or IV, is used in
high-risk renal transplant recipients, it appears to reduce the
incidence of CMV disease.137,138 As in the liver transplantation
population, ganciclovir is superior to oral acyclovir. In most
studies, prophylaxis is continued for approximately 12 weeks
after transplantation. As seen in A.A., CMV can, however,
occur once prophylaxis is discontinued.

VALGANCICLOVIR
Valganciclovir was developed because oral ganciclovir has a

very low bioavailability (<10%). Valganciclovir is the l-valyl
ester of ganciclovir, which is a prodrug that is rapidly and

completely converted into ganciclovir by hepatic and intesti-
nal esterases once absorbed across the GI tract. The absolute
bioavailability of valganciclovir is approximately 60%, so that
a 900-mg single dose given with food has an AUC equivalent
to a 5 mg/kg IV dose of ganciclovir. This is roughly twice the
AUC achieved by 1,000 mg of ganciclovir given orally TID.139

Valganciclovir is currently FDA approved for the treatment of
HIV-associated CMV retinitis, and to prevent CMV disease in
heart, lung, kidney, and pancreas transplantation.140–141 Val-
ganciclovir is not FDA approved for prevention of CMV dis-
ease in liver transplantation, although it is often utilized in such
cases.142 Several small studies have demonstrated that valgan-
ciclovir is effective in treating CMV infection preemptively
and potentially preventing CMV disease.143,144

Similar to ganciclovir, valganciclovir is predominantly
eliminated from the body through the kidney, and dosage ad-
justment is required in renal impairment. The incidence of
adverse drug reactions is similar to IV ganciclovir and they
include headache, neutropenia, nausea, diarrhea, and anemia.
The incidence of neutropenia is significantly higher than oral
ganciclovir, and dosage reduction or temporary withdrawal of
the agent is recommended in patients with an ANC less than
1,000 cells/mm3.139,140,145

ACYCLOVIR
Acyclovir is ineffective in the treatment of established CMV

disease, but it does appear to have a beneficial preventive role.
Since the introduction of oral ganciclovir, several trials have
compared the prophylactic efficacy of high-dose acyclovir with
oral ganciclovir.137,138 As already noted, oral ganciclovir ap-
pears to be more effective in preventing CMV disease, espe-
cially in the D+/R− subgroup. Because of this, most consider
oral acyclovir to be second-line therapy to IV or oral ganci-
clovir or valganciclovir as a CMV prophylactic agent.

CMV HYPERIMMUNE GLOBULIN
The role of CMV hyperimmune globulin in preventing

CMV disease is controversial. Many studies have combined
this agent with either oral acyclovir or ganciclovir, but because
of its cost and IV route, its use as a prophylactic agent has de-
creased. In addition, in patients who are D+/R−, results have
been mixed.127,146

VALACYCLOVIR
One recently published meta-analysis of 12 trials that in-

cluded 1,574 patients evaluated valacyclovir as a prophylactic
agent in transplant recipients.147 Valacyclovir was found to be
more effective than acyclovir in preventing herpes viruses, in-
cluding CMV. Most transplantation centers, however, do not
use valacyclovir for routine prophylaxis of CMV.

41. Should A.A. have received prophylactic therapy and, if so,
which agent should be used?

A.A. has several risk factors that predispose him to devel-
oping CMV disease. At the time of transplantation, A.A. was
CMV D+/R−, which means that he has about an 80% chance
of developing CMV infection and a 40% chance of developing
CMV disease. In addition, A.A. had an early acute rejection
episode, which means he received higher doses of immuno-
suppression, also putting him at higher risk for developing
CMV disease. Because of these risk factors, A.A. should have
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(and did) receive CMV prophylaxis for at least 3 months after
transplantation. Immediately postoperatively, IV ganciclovir,
at a dose of 5 mg/kg every day, should be used. Once A.A. is
tolerating oral medications, he can be switched to oral valgan-
ciclovir at a dose of 900 mg daily with food. Because A.A. has
renal insufficiency, his oral valganciclovir dose was adjusted
to 450 mg daily.145 As illustrated by A.A.’s case, a patient who
has received prophylactic therapy does not preclude the devel-
opment of CMV disease after the prophylaxis is withdrawn or,
in rare instances, during prophylactic therapy. The incidence
of CMV disease while receiving valganciclovir is significantly
lower when compared to oral ganciclovir, probably because
drug exposure is approximately two times higher.140,141

PRE-EMPTIVE THERAPY
Because of recent advances in the laboratory tests used to

identify and quantify CMV; because prophylactic therapy is
not always effective; and because it is often toxic and very
expensive, pre-emptive therapy has been used in an attempt
to prevent CMV disease. The technique involves withholding
prophylactic therapy and monitoring laboratory tests to iden-
tify presymptomatic CMV viremia, usually by utilizing the
CMV PCR. Once a patient develops viremia (CMV PCR viral
load >2,000 copies/mL), he or she usually receives treatment
with IV ganciclovir or oral valganciclovir. This strategy has
been prospectively studied and is as effective as universal pro-
phylaxis, with some potential cost advantages.148
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INTRODUCTION
A general introduction to solid organ transplantation is pro-
vided in Chapter 34. This chapter addresses the indications for
heart and lung transplantation, the appropriate use of immuno-
suppressive agents, and the management of postoperative and
long-term complications. Although many of these issues are
similar for all solid organ transplantations, unique issues exist
for each organ.

HEART TRANSPLANTATION
Indications

1. M.S., a 60-year-old, 65-kg man (body mass index [BMI]
25 kg/m2) with end-stage ischemic heart disease in stage D heart
failure with functional class IV symptoms (according to New York
Heart Association [NYHA]), is in the coronary intensive care unit,
where he has been receiving continuous inotropic therapy for
1 month. He is on the heart transplant waiting list (status 1B).
He had an acute myocardial infarction (MI) in 1995, coronary
artery bypass graft in 1996 and 2003 along with several admis-
sions for exacerbation of heart failure (HF) over the past year
and an episode of sudden cardiac death 1 month ago. His most
recent multiple gated acquisition (MUGA) scan to evaluate left
ventricular function reveals a left ventricular ejection fraction
(LVEF) of 14%, and echocardiography shows extensive ante-
rior, septal, lateral, and apical akinesia, and severe mitral re-
gurgitation. Right-sided heart catheterization shows mild pul-
monary hypertension with a pulmonary vascular resistance of
2.8 Wood units. VO2 (oxygen uptake via cardiopulmonary ex-
ercise testing) is 8 mL/kg/minute. Medical history also includes
hypertension and hypercholesterolemia. He currently is being
treated with dobutamine intravenous (IV) infusion, carvedilol 25
mg twice daily (BID), valsartan 80 mg daily, warfarin 2.5 mg daily,
furosemide 80 mg BID, potassium chloride (KCl) 10 mEq BID,
spironolactone 25 mg daily, digoxin 0.125 mg daily, and simvas-

tatin 20 mg daily. His vital signs are as follows: blood pressure
(BP), 122/82 mmHg; heart rate (HR), 70 beats/minute; respi-
ratory rate (RR) 24 breaths/minute; and temperature, 36.6◦C.
His laboratory values are as follows: Na, 136 mEq/L (normal,
135–145); K, 4.3 mEq/L (normal, 3.4–4.6); Cl, 94 mEq/L (nor-
mal, 95–105); CO2, 32 mEq/L (normal, 24–30); blood urea nitro-
gen (BUN), 23 mg/dL (normal, 8–18); serum creatinine (SrCr),
1.1 mg/dL (normal, 0.6–1.2); total bilirubin, 1.7 mg/dL (normal,
0.1–1.0); aspartate aminotransferase (AST), 40 U/L (normal, 0–
35); alanine aminotransferase (ALT), 16 U/L (normal, 0–35);
lactate dehydrogenase (LDH), 267 U/L (normal, 50–150); alka-
line phosphatase, 100 U/L (normal, 30–120); 24-hour creatinine
clearance (ClCr), 60 mL/minute (normal, 75–125); cholesterol, 225
mg/dL (normal, <200); triglycerides, 99 mg/dL (normal, 1–249);
high-density lipoprotein (HDL), 71 mg/dL (normal, 28–71); and
low-density lipoprotein (LDL), 134 mg/dL (normal, <130). His
other laboratory tests are negative for hepatitis B, human immun-
odeficiency virus (HIV), and Epstein-Barr virus (EBV), but posi-
tive for cytomegalovirus (CMV) and toxoplasmosis. What makes
M.S. an appropriate candidate for heart transplantation?

[SI units: Na, 136 mmol/L (normal, 135–145); K, 4.3 mmol/L (3.4–4.6); Cl,

94 mmol/L (normal, 95–105); CO2, 32 mmol/L (normal, 24–30); BUN,

8.2 mmol/L (normal, 3.0–6.5); SrCr, 97.2 μmol/L (normal, 50–110); total

bilirubin, 29.1 μmol/L (normal, 2–18); AST 0.67 μkat/L (normal, 0–0.58);

ALT, 0.27 μkat/L (normal, 0–0.58); LDH, 4.45 μkat/L (normal, 0.82–2.66);

alkaline phosphatase, 1.67 μkat/L (normal, 0.5–2.0); ClCr, 1.0 mL/sec (nor-

mal, 1.24–2.08); cholesterol, 5.82 mmol/L (normal, <5.20); triglycerides,

1.12 mmol/L (normal, 0.01–2.8); HDL, 1.83 mg/dL (normal, 0.72–1.83);

LDL, 3.47 mmol/L (normal, 0.26–3.34)]

The success of heart transplantation has had a significant
impact on the survival of patients with end-stage heart disease
(ESHD). The 1- and 5-year survival rates are 85% to 90% and
approximately 75%, respectively, with a graft half-life of 9.9
years. In contrast, the 1-year survival rate for patients with
severe ESHD without transplant is 20% to 40%. Nonischemic
cardiomyopathy and coronary artery disease account for 46%
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and 42% of those having transplantation. Patients >50 years of
age are the fastest-growing segment of the population having
heart transplantation.1,2

The best candidates for heart transplantation are those who
are least likely to survive without a transplant; that is, those
with a low life expectancy and a high likelihood of a good
quality of life after transplantation. The criteria for the se-
lection of patients for heart transplantation varies from cen-
ter to center, but general criteria for selection of appropriate
candidates include NYHA functional class III or IV, having
intolerable symptoms despite maximal medical and surgical
management, lack of reversible factors, and a 1-year life ex-
pectancy of <50%. An ejection fraction of <20% alone is not
an indication for transplantation. Secondary comorbid con-
ditions also affect the selection of suitable patients for heart
transplantation (e.g., irreversible renal, hepatic, or pulmonary
disease; severe cerebrovascular or peripheral vascular disease;
active infection; current malignancy; acute pulmonary embo-
lus or pulmonary infarction; active gastrointestinal [GI] dis-
ease; insulin-dependent diabetes mellitus with end-organ dam-
age; coexisting illness with poor prognosis; morbid obesity;
severe osteoporosis; substance abuse; acute psychological dis-
order; noncompliance). One hemodynamic exclusion criterion
specific for heart transplant is an elevated pulmonary vascu-
lar resistance >5 Wood units or a transpulmonary gradient
>16 mmHg that does not reverse with treatment, indicating
severe irreversible pulmonary hypertension. Patients with this
characteristic are excluded as candidates for heart transplanta-
tion because they generally experience a poor outcome in the
immediate post-transplantation period. These patients could
be candidates for heart-lung transplant or, more commonly,
the placement of a ventricular assist device as destination ther-
apy, which also can be offered patients who do not qualify for
heart transplant for other reasons.3,4

M.S. has considerable evidence of a progressively failing
heart. His increasing number of admissions for HF exacer-
bations, an admission for sudden cardiac death, his need for
chronic IV inotropic support, and his poor LVEF and VO2
provide clear indications for heart transplantation. The sta-
tus of his organ function and his negative infectious serology
should clear the way for placement on the waiting list for trans-
plantation. The placement of M.S. into the appropriate status
category (1A, 1B, 2 or 7) for heart transplant is mainly de-
pendent on his severity of illness including current medical
management. Status is defined by United Network for Organ
Sharing (UNOS) policy and bylaws. A 1A patient is considered
to have the highest medically urgent need for a heart transplant.
Qualifiers include continuous infusions of dobutamine at 7.5
mcg/kg/minute or higher, or milrinone at 0.5 mcg/kg/minute,
or multiple inotropic infusions, all with a pulmonary artery
catheter in place or continuous mechanical ventilation. Pa-
tients on mechanical assist devices automatically receive 30
days of 1A time once they are considered stable for listing and
then they are downgraded to a 1B status. If they have a device
complication, they may remain a 1A. Maintenance of 1A status
requires recertification every 7 to 14 days, depending on the
qualifier. The patient classified as a 1B has a mechanical assist
device in place and has used up their 30 days of 1A status or
is on continuous dobutamine or milrinone infusions at doses
lower than those mentioned above. A status 2 patient does not
meet the qualifiers for 1A or 1B, whereas the status 7 patient is

considered temporarily inactive and unable to receive a heart
transplant at this time.5

POSTOPERATIVE COURSE

2. M.S. receives oral (PO) mycophenolate 1 g, vancomycin
1 g IV, and cefepime 2 g IV before surgery. During reperfusion
of his new heart, methylprednisolone 500 mg IV was given, and
IV infusions of dopamine, nitroglycerin, dobutamine, and isopro-
terenol were started. A temporary pacemaker was placed in the
new heart. M.S. is placed in the cardiac surgery ICU for post-
transplantation care. The following medications were given IV:
vancomycin 1 g every 12 hours, cefepime 1 g every 12 hours
for 48 hours, pantoprazole 40 mg IV daily, methylprednisolone
125 mg every 8 hours × three doses and then a prednisone taper,
mycophenolate 1g IV BID, thymoglobulin 1.5 g/kg IV × one sub-
sequent dosing based on CD3 counts, tacrolimus 2 mg PO BID
starting when SrCr was below 1.3 and ganciclovir 150 mg IV BID.
He also is maintained on continuous IV infusions of nitroglycerin,
dobutamine, and milrinone. Why would M.S. require vasopressor
and inotropic therapy perioperatively and postoperatively?

Most heart transplant recipients recover rapidly from the
transplantation procedure; they are extubated and taken off va-
sopressor or inotropic support within 24 to 48 hours. During
the early postoperative period, however, the cardiac, respira-
tory, fluid, and electrolyte status of the patient must be moni-
tored intensively. The transplanted heart is denervated such that
contractility and sinus node function are temporarily impaired
to varying degrees based on the condition of the donor heart,
quality of preservation, ischemic time, surgical technique, my-
ocardial depletion, and elevated pulmonary artery pressure.
Soon after transplantation, both left and right ventricular dys-
function can present with elevated right and left heart filling
pressures. For the first few days after transplantation, the heart
depends on direct stimulation from exogenously administered
catecholamines for inotropic and chronotropic support. At this
time, the heart is especially sensitive to β-agonists, such as
isoproterenol or dobutamine, because β-adrenergic receptors
are upregulated.6 Therefore, inotropic and chronotropic ther-
apy should be guided by hemodynamic monitoring results (see
Chapter 21, Shock). In addition, low-dose dopamine, diuretics,
or both may be needed to maintain adequate fluid balance and
urine output.

For recipients such as M.S., inotropic and chronotropic
agents usually are started in the operating room when the new
heart is being reperfused and cardiopulmonary bypass is being
discontinued. The choice of agent or combination of agents is
based on the aforementioned hemodynamic parameters. The
patient is eventually weaned off these agents. Isoproterenol and
epinephrine are the primary agents used to maintain a heart rate
between 110 and 130 beats/minute to maximize cardiac out-
put (CO). The inotropic effects of dobutamine or milrinone
are used to increase CO, reduce left ventricular dysfunction,
and reduce systemic vascular resistance. Dopamine, at low
dosages, could improve renal blood flow. Nitroglycerin or ni-
troprusside reduces pulmonary arterial pressure and afterload.
Temporary atrial pacing may be used to maintain the heart rate
as well. If elevated pulmonary artery pressures are unrespon-
sive to the above agents, leading to sustained right ventricular
failure, sildenafil, inhaled nitric oxide, IV prostaglandin E1, and
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norepinephrine may be required. If these interventions fail, in-
sertion of a mechanical assistance device may be effective.7,8

Sinus Node Dysfunction

3. Two days later, M.S. is extubated and hemodynamically
stable. Vasopressors are discontinued, and IV medications are
switched to oral formulations. On day 9, his heart rate has de-
creased to 50 to 60 beats/minute. A continuous IV infusion of iso-
proterenol was restarted because M.S.’s temporary pacemaker
had been removed 2 days earlier, resulting in a heart rate of 80 to
110 beats/minute. Theophylline extended release 150 mg BID is
started and the dosage adjusted. Why is this appropriate therapy
of M.S.’s bradycardia?

Sinus node dysfunction, which presents as nodal or sinus
bradycardia and episodes of sinus arrest, is common in the early
postoperative period. The donor sinus node serves as the heart’s
pacemaker, but because it is denervated, the transplanted heart
cannot respond to cholinergic or vagal stimulation. Therefore,
atropine, which commonly is used to treat bradycardia, is not
effective. In most patients, the bradycardia is transient, and
temporary use of isoproterenol or a pacemaker is needed. If
resistance to vagal stimulation persists (as it does in ∼5%–
20% of patients), placement of a permanent pacemaker has
been the traditional approach. The insertion of a permanent
pacemaker may increase the risk of infection and interfere with
the endomyocardial biopsy (EMB) procedure that is used to
assess the status of rejection. Ultimately, up to 70% of patients
with a permanent pacemaker return to normal sinus rhythm
within 12 months.9

Theophylline has been associated with a restoration of
normal vagal response, fewer days of temporary pacing and
days of hospitalization, and a decreased need for a permanent
pacemaker. It may antagonize the negative chronotropic and
dromotropic effects of adenosine and increase catecholamine
levels. The catecholamines stimulate the transplanted heart be-
cause of its increased sensitivity.10

Because M.S.’s temporary pacemaker was removed a few
days earlier, the use of IV isoproterenol, followed by theo-
phylline, is appropriate as long as he is hemodynamically
stable. Although no specific dosing guidelines exist for this
situation, oral theophylline extended release 150 mg every
12 hours or aminophylline IV infusion at 0.5 mg/kg/hour if the
patient cannot take drugs orally are appropriate starting regi-
mens. These regimens should be adjusted based on heart rate
and achievement of therapeutic theophylline serum concentra-
tions (10–15 mg/mL). A response should be evident within
4 days; if supraventricular tachyarrhythmias occur, the dosage
of theophylline should be reduced and the drug may have to
be discontinued. Terbutaline dosed three times daily PO is an
alternative agent.

Cardiac Denervation

4. What is the effect of denervation on the physiology of the
heart and what are the pharmacodynamic effects of cardiac med-
ications after heart transplantation?

Although the transplanted heart usually functions very well,
physiologic changes result in different responses to various

stimuli when contrasted to the normal innervated heart. The
transplanted heart has a higher resting heart rate than normal
because of vagal tone loss. Therefore, as already noted, drugs
that work via the parasympathetic pathway (e.g., atropine) will
be ineffective. The transplanted heart also accelerates more
slowly during exercise, usually taking several minutes to reach
a maximal heart rate, which is still less than a normal inner-
vated heart during exercise. Acute reflex changes in heart rate
do not occur in response to increases or decreases in BP in
the denervated transplanted heart, and the ability to feel angi-
nal pain is lost. Therefore, the clinical response to antianginal
medications is masked. CO and BP usually are normal in the
nonrejecting heart.6 Because the adrenergic system remains
intact in the transplanted denervated heart, drugs such as iso-
proterenol, milrinone, epinephrine, norepinephrine, dopamine,
phenylephrine, glucagon, and β-blockers still exert cardiac ef-
fects. The indirect chronotropic effect of digoxin on the sinus
and atrioventricular nodes will not be manifested in the den-
ervated heart, but the inotropic effect will be maintained. The
usual increase in heart rate secondary to nifedipine-lowered BP
usually is muted as well, and responses of the denervated heart
to verapamil, diltiazem, quinidine, and disopyramide also may
be altered.9 Because the effect of nonprescription sympath-
omimetics on the transplanted heart has not been determined,
these agents should be used cautiously.11 Reinnervation has
been reported in some patients.

Immunosuppression

5. What was the justification for using quadruple immuno-
suppressive therapy (i.e., thymoglobulin, tacrolimus, methylpred-
nisolone, and mycophenolate) in M.S.? What is the appropriate
therapeutic drug monitoring scheme for this regimen in M.S.?

After heart transplantation, immunosuppressive therapy
with three or four drugs is administered aggressively during the
early transplantation period when the risk of organ rejection is
greatest. Calcineurin inhibitors (CNI) remain the mainstay of
therapy, with tacrolimus being used a bit more frequently than
cyclosporine; mycophenolate mofetil (MMF) 1 to 1.5 g BID
is the antiproliferative agent of choice and corticosteroids are
used as the third maintenance agent. Historically, regimens of
azathioprine with prednisone or azathioprine, prednisone, and
antithymocyte globulin were associated with survival rates of
50% and 60%, respectively. The addition of cyclosporine in-
creased the rate of organ survival by 80% to 90%. Regimens
containing oral tacrolimus (initial regimen of 0.05 mg/kg BID)
are similar in efficacy to cyclosporine modified based regi-
mens in regards to rejection episodes and graft survival, but
with less hypertension and hyperlipidemia.1,2,12,13 Long-term
follow-up indicates that there may be less acute rejection, or
acute rejection of lower severity, which may explain why more
patients are receiving tacrolimus-based immunosuppressive
therapy.14,15 Because MMF is associated with lower rejection
rates and improved survival, it has replaced azathioprine in
heart transplantation at most U.S. centers.16–18 Furthermore,
data in patients converted from MMF to azathioprine late after
transplant show a high rate of acute rejection.19 Enteric-coated
mycophenolate sodium 720 mg BID has been shown to be bioe-
quivalent to MMF 1 g BID for mycophenolic acid in kidney
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transplant recipients and has a developing role in cardiac trans-
plant recipients.20

The 20 times higher cost of MMF keeps azathioprine in use
in the United States and extensively outside of North America.
The active components of azathioprine are the 6-thioguanine
nucleotides, which are metabolized by thiopurine methyltrans-
ferase (TPMT). The TPMT enzyme is polymorphically ex-
pressed, with heterozygous variants making up about 10% of
the population and homozygous variants occurring in <1%
of patients. If TPMT activity is decreased, 6-thioguanine nu-
cleotides accumulate and exert their antiproliferative activity
on white blood cells (WBC). Reports of excessive leukope-
nia in transplant recipients who are heterozygous for TPMT
continue to appear in the literature.21 Although the homozy-
gous variant is rare, these patients would be at extreme risk
of neutropenia and sepsis. The U.S. Food and Drug Admin-
istration (FDA)-approved information on azathioprine recom-
mends TPMT genotyping before therapy.

The adverse effect profile of CNI, has led to an increased
use of sirolimus (inhibitor of late T-cell function).1 Sirolimus
as a replacement for CNI in patients with renal failure showed
mixed results.22 When tacrolimus and sirolimus were used as
initial therapy, an increase was seen in fungal infections, dia-
betes and nephrotoxicity.23 Recently, tacrolimus or sirolimus
or cyclosporine-modified, plus MMF and steroids were com-
pared head to head. No difference was found in rejection at 6
months, whereas at 12 months an advantage was seen in the
tacrolimus and sirolimus arms. When looking at other end-
points, however, sirolimus was associated with more fungal
infections and wound healing issues. The authors concluded
that the most advantageous initial maintenance regimen at this
time includes tacrolimus, MMF, and a steroid.24

The use of antilymphocyte antibodies or antithymocyte
globulin or IL-2 receptor (IL–2R) antagonists as induction
therapy is increasing, with 50% of heart transplant recipients
receiving one of the aforementioned agents, whereas OKT3
use continues to decline (<5%).1 Induction therapy remains a
controversial topic; some centers may choose induction therapy
for every patient because it delays the onset of acute rejection.
Others are more selective, using these agents only for patients
who have pre- or postoperative renal insufficiency, which lim-
its the early initiation of CNI, (as in M.S.’s case) or for sensi-
tized patients (elevated panel reactive antibodies [PRA]) who
are considered to have a higher risk of rejection.25 Induction
therapy also may allow for a more rapid discontinuation of
maintenance corticosteroids.26–28 IL-2R antagonists decrease
the acute rejection rate when compared with placebo.29–32 For
basiliximab, patients receive two doses (perioperative and post-
operative day 4), whereas daclizumab is labeled for five doses
(1 mg/kg preoperative then every 2 weeks); however, two-dose
therapy has been studied with no deleterious effects.33,34 When
IL-2R antagonists have been compared with antithymocyte
globulins (also known as antilymphocyte antibodies) in head
to head clinical trials, the results are mixed regarding acute
rejection rates, and the long-term effects on chronic rejections
rates and graft loss are not known.35–37 The antithymocyte
globulins are polyclonal immuneglobulins that contain anti-
bodies that affect a variety of immune cell activities, includ-
ing T-lymphocytes and B-lymphocytes, making them unable
to generate a response to an immune stimulus. Thus, they can
be used for both induction and rejection therapy. Their mecha-

nism of action creates a profound immunosuppressed state that
may lead to an increased rate of infection, adverse effect profile
(cytokine release syndrome), and a higher risk of malignancy
long term. Antithymocyte globulin rabbit (Thymoglobulin) is
dosed at 1 to 1. 5 mg/kg/day, whereas antithymocyte globulin
horse (ATGAM) is dosed at 10 to 15 mg/kg/day for 3 to 10 days.
Studies have shown, however, that doses that are adjusted based
on CD3 counts have a similar efficacy, with decreased total
dose, length of stay, and lower costs. Overimmunosuppression
may be avoided as well.38,39 At U.S. transplant centers antithy-
mocyte globulin rabbit has greater use. If muromonab-CD3
(OKT3), a murine monoclonal antibody to the CD3 receptor
of the T-lymphocyte is used, the usual dose is 5 mg/kg IV daily
for 7 days.

The corticosteroid could be discontinued within the first
year depending on M.S.’s clinical course. Several reports have
indicated that steroid withdrawal, generally begun >6 months
after transplant, is possible in many patients who are consid-
ered low risk, such as whites with fewer and less severe acute
rejection episodes.40,41 A risk of late rejection always exists,
and the impact of steroid discontinuation on long-term sur-
vival has not been thoroughly evaluated. Recent registry data
indicate that ∼75% of patients are still on prednisone ther-
apy 12 months after transplant.1 Corticosteroid withdrawal is
particularly important in pediatric heart transplant recipients,
because they decrease growth. Corticosteroids are substrates
for the membrane transporter P-glycoprotein, which is very ac-
tive in T cells. The genotype for higher P-glycoprotein pump-
ing has been associated with the inability to wean pediatric
heart transplant recipients off of corticosteroids 1 year after
transplantation.42

Therapeutic drug monitoring for M.S. will include
tacrolimus whole blood levels. The therapeutic range is 10 to 20
ng/mL early after transplant and 8 to 12 ng/mL once the patient
is stabilized on the drug. The genotype of cytochrome P450
3A5 affects the dosage of tacrolimus required to achieve blood
concentrations in heart and lung transplant recipients, with
enzyme expressors requiring more drug to achieve the same
levels as nonexpressors.43,44 The availability of tacrolimus con-
centrations, however, negates the value of CYP3A5 genotyp-
ing in transplant recipients.45 Although some centers measure
mycophenolic acid plasma concentrations, most give an ar-
bitrary MMF or mycophenolate sodium dosage and adjust
doses as clinically indicated. Mycophenolic acid is very highly
bound to albumin in plasma, so concentration measurement
in the early postoperative period for heart or liver transplant
recipients may be misleading until albumin concentrations
stabilize.46

Transplant recipients older than 65 might experience lower
rejection rates and higher rates of infections, malignancy, and
toxicities. Although this requires further study, centers may
target lower drug levels and doses of maintenance medications
in this population.

Acute or Chronic Rejection

6. M.S. is discharged after 20 days in the hospital and re-
turns for a routine clinic visit and scheduled EMB. Current med-
ications include tacrolimus 3 mg PO BID; prednisone 20 mg
daily; mycophenolate 1.5 g BID; valganciclovir 900 mg daily;
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trimethoprim-sulfamethoxazole (TMP-SMX) double strength
one tablet on Monday Wednesday, and Friday; diltiazem CD 180
mg daily; omeprazole 20 mg at bedtime; theophylline extended
release 200 mg BID; pravastatin 40 mg daily; nystain swish four
times daily (QID) and aspirin 81 mg daily. M.S.’s BP readings,
which he monitors at home, range from 140–150/85–90 mmHg.
Laboratory test results are as follows: Na, 134 mEq/L (normal,
135–147); K, 4.3 mEq/L (normal, 3.5–5.0); Cl, 103 mEq/L (nor-
mal, 95–105); CO2, 26 mEq/L (normal, 22–28); BUN, 16 mg/dL
(normal, 8–18); SrCr, 1.4 mg/dL (normal, 0.6–1.2); tacrolimus
trough level 10 ng/mL; and theophylline level, 14 mg/mL. His vital
signs are as follows: HR, 105 beats/minute; BP, 155/84 mmHg; and
temperature, 36.8◦C. Biopsy results indicate a mild grade 1R re-
jection of his transplanted heart. His tacrolimus dose is increased
to 3 mg every morning and 4 mg every afternoon. A repeat EMB 1
week later now shows a grade 2R moderate rejection. What signs
and symptoms indicate that M.S. is experiencing acute rejection
of his transplanted heart?

[SI units: Na, 134 mmol/L (normal, 135–147); K, 4.3 mmol/L (normal,

3.5–5.0); Cl, 103 mmol/L (normal, 95–105); CO2, 26 mmol/L (normal, 22–

28); BUN, 5.7 mmol/L (3.0–6.5); creatinine, 173.3 μmol/L (normal, 50–110)]

Organ rejection can be classified as hyperacute, acceler-
ated, acute, vascular, and chronic. (See Chapter 34 Question
9). Current data indicate that acute rejection rates are <30% af-
ter heart transplantation. Approximately 50% of these occurred
within the first 6 weeks and 90% within the first 6 months, al-
though rejection can occur at any time.7 Acute rejection of a
transplanted heart accounts for approximately 12% of deaths
after transplantation.1 Risk factors for acute rejection include
younger recipient age, female gender (donor and recipient),
donor heart ischemic time, number of human leukocyte anti-
gen (HLA) mismatches, and retransplantation.

Most rejection episodes are asymptomatic. If clinical signs
are present, however, they can include nonspecific signs of fa-
tigue, malaise, and a low-grade temperature. In some cases,
dyspnea and weight gain are seen. Heart transplant recipients
do not experience cardiac chest pain because of denervation.
When patients with a heart transplant present with significant
hemodynamic cardiovascular symptoms, such as hypotension,
increased jugular venous distention, S3 sounds, and rales, it
may indicate advanced severe rejection. Patients experiencing
an acute rejection of a transplanted heart also may present with
new-onset arrhythmias and congestive heart failure (CHF), al-
though these usually occur late in the rejection process.7 There-
fore, acute rejection of a transplanted heart must be determined
by an internal jugular transvenous EMB, the gold standard
for diagnosis. A set of histologic criteria has been developed
to standardize the severity of rejection. A grading scale of
0 to 3R is used to describe the degree of damage to cardiac
tissue.47

Vascular or humoral rejection, which is an antibody-
mediated process, also may occur.48 This form of rejec-
tion is associated with a higher incidence of cardiac allo-
graft vasculopathy and an increased mortality rate and is
more difficult to treat. Because this rejection is antibody (B-
lymphocyte) mediated, there have been several case reports of
successful treatment using an anti-CD20 monoclonal antibody,
rituximab.49–51

M.S. is asymptomatic, which is consistent with most pa-
tients who have biopsy-proved evidence of acute rejection

but do not present with clinical symptoms. Although patients
with mild, grade 1 rejection often are asymptomatic, 20% to
30% can go on to develop moderate, grade 2 to 3 rejection.52

When rejection of a transplanted heart is detected, the EMB
should be repeated within 1 week. A number of other non-
invasive electrophysiologic, echocardiographic, immunologic,
radioisotopic, and biochemical methods are being investigated
for their value in detecting acute rejection of a transplanted
heart.

A genomic test is being used to monitor heart transplant
recipients for acute rejection, based on a study comparing a
messenger RNA (mRNA) microarray of the peripheral blood
to heart biopsy results.53 Stable patients can now have a blood
sample taken instead of having to undergo a heart biopsy. If the
score of this test, called Allomap (XDx, Brisbane, California),
suggests that the patient may be having acute rejection, then
a heart biopsy is taken. This form of monitoring may be ex-
panded in the future to include monitoring for renal dysfunction
or adverse drug effects.

Chronic rejection of a transplanted heart is called cardiac
allograft vasculopathy (CAV) and is sometimes referred to as
transplant coronary artery disease (TCAD), accelerated CAD,
or graft arteriosclerosis. It is a leading cause of death after the
first year in many heart transplant recipients.1 Despite immuno-
suppressive therapy, approximately 10% of patients experience
chronic rejection of a heart transplant within the first year, and
this increases to at least 50% within 8 years.1 The clinical pre-
sentation is insidious, nonspecific, and similar to the clinical
presentation associated with acute rejection. The first present-
ing signs may be CHF, arrhythmias, MI, or sudden death.54

Therefore, patients must undergo routine coronary angiogra-
phy or intravascular ultrasound, which is more sensitive, shortly
after heart transplantation and every year subsequently. On an-
giography, chronic rejection of a transplanted heart diffusely
affects both arteries and veins. The pathogenesis of this condi-
tion, which results in endothelial damage and a cascade of other
related events, is unknown. However, a number of immunologic
(acute rejection),55,56 infectious (CMV), and nonimmunologic
factors (graft ischemia, hyperlipidemia, hypertension, glucose
intolerance, smoking, obesity), along with donor factors (age,
male gender, hypertension [HTN], previous blood transfusion)
are associated with its development.54,57

Pharmacologic therapy has been directed toward preven-
tion of this condition. Antiplatelet agents, such as the aspirin
used by M.S., are used routinely, but have not been shown
to alter progression to CAV.58 Diltiazem, which M.S. also is
receiving for hypertension, inhibits progressive coronary ob-
struction as well.59 Other maneuvers include diet modifica-
tion and BP and lipid control.60 Pravastatin and simvastatin
initiated in the first days to weeks, decrease coronary artery
disease and improve survival after transplantation, such that
(HMG-CoA) reductase inhibitors are now considered as stan-
dard of care.61–63 Sirolimus and everolimus (investigational
in the United States) inhibit smooth muscle or fibroblastic
cellular growth, which has been shown to delay the onset
and slow the progression of CAV.64–67 When these agents are
added to therapy, the CNI dose is decreased or discontinued, or
the MMF or azathioprine therapy is removed. Although the
preceding pharmacologic interventions hold some promise,
retransplantation is the only effective therapy for chronic
rejection.
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Treatment of Acute Rejection

7. What approach should be taken in the treatment of M.S.’s
grade 1 acute cardiac rejection?

Rejection grade helps to form the basis for selecting phar-
macologic management. Although the individual drugs usually
are given at high doses over a short period, the doses, routes,
and regimens vary from program to program. High-dose cor-
ticosteroids are the primary agents used to treat moderate to
severe rejection, and IV methylprednisolone 1 g every day for 3
days is effective in 85% of the initial episodes of acute cardiac
rejection.68

When M.S. was asymptomatic and had a grade 1R mild
rejection, no treatment was indicated because many of these
episodes resolve without intervention. An adjustment in main-
tenance immunosuppression is appropriate, and the increase
in M.S.’s tacrolimus dose is reasonable, especially because
his blood concentration was lower than desired. Nevertheless,
some programs treat mild rejection because of the concern for
progression to a more severe grade. As was done with M.S., a
follow-up EMB, usually within 1 week of the initial diagnosis,
should be performed. In M.S.’s case, the grade 1R (mild acute
rejection) of his transplanted heart progressed to grade 2R.
In this situation, high-dose methylprednisolone 500 to 1,000
mg IV or 10 mg/kg every day for 3 days would be given.
Also, his maintenance prednisone regimen may be adjusted.
Patients who were off of prednisone may have it reinstated.
Alternatively, a high-dose prednisone regimen with a gradual
dosage reduction could be instituted after the 3-day IV course
of methylprednisolone was completed.69 Oral prednisone 50
mg twice a day for 2 to 5 days and tapered over 7 to 14 days to
the previous maintenance dose is another alternative because
M.S. already is on prednisone, and hemodynamic compromise
is not evident.70

After a course of high-dose methylprednisolone, M.S.
should be monitored for any hemodynamic and functional
changes that might indicate further progression of rejection,
and the biopsy should be repeated. If M.S. develops severe
rejection, he may receive another regimen of IV methylpred-
nisolone, or therapy could be initiated with Thymoglobulin,
ATG, or OKT3. When these antilymphocyte antibodies are
used for patients unresponsive to corticosteroids, the treatment
is known as rescue therapy. Thymoglobulin, ATG, and OKT3
are equally advantageous in this situation. A typical regimen is
Thymoglobulin 1 to 1.5 mg/kg/day or ATG 10 mg/kg IV every
day for 7 to 10 days and both could also be dosed using CD3
monitoring. OKT3, 5 mg IV every day for 7 to 10 days, can
also be given.

In some patients, the acute rejection episode is refractory to
high-dose corticosteroids, ATG, and OKT3. Treatment for re-
fractory or recurrent rejection includes replacing cyclosporine
with tacrolimus or azathioprine with mycophenolate.71 Other
therapies for this type of rejection include the addition of
sirolimus,72 methotrexate, or cyclophosphamide.

Hypertension

8. T.L., a 35-year-old woman, 15 months post heart transplant
secondary to valvular cardiomyopathy, has noted an increase
in the her home blood pressure readings. Her blood pressures

have been ranging from 145–160/90–95 mmHg. T.L.’s current
medication regimen includes tacrolimus 2 mg PO BID, sirolimus
2 mg daily, prednisone 2.5 mg daily, calcium and vitamin D 500 mg
twice daily, famotidine 20 mg PO BID, atorvastatin 20 mg daily,
aspirin 81 mg PO daily, and multivitamin PO daily. T.L. has no
other comorbid conditions. In clinic, her BP is 150/85 mmHg,
HR 90, BMI 23 kg/m2, Na, 138 mEq/L (normal, 135–145); K, 4
mEq/L (normal, 3.4–4.6); Cl, 100 mEq/L (normal, 95–105); CO2,
27 mEq/L (normal, 24–30); BUN, 30 mg/dL (normal, 8–18); SrCr,
1.3 mg/dL (normal, 0.6–1.2). What is the appropriate blood pres-
sure regimen to institute in T.L.?

[SI units: Na, 136 mmol/L (normal, 135–145); K, 4.3 mmol/L (3.4–4.6); Cl,

94 mmol/L (normal, 95–105); CO2, 32 mmol/L (normal, 24–30); BUN, 8.2

mmol/L (normal, 3.0–6.5); SrCr, 97.2 μmol/L (normal, 50–110)]

The prevalence of hypertension (HTN) increases following
transplantation of all organs. Kidney and heart transplant recip-
ients have a higher rate secondary to pre-existing HTN, which
may have led to end-stage organ failure. Post-transplant HTN is
a risk factor for the development of end-stage renal disease, car-
diovascular morbidity and mortality, and decreased graft and
patient survival.73 Immunosuppressive medication is a con-
founding factor, because HTN is a side effect of many CNIs
and corticosteroids. The target BP should be <140/90 mmHg,
following published recommendations. Nonpharmacologic
therapies (weight loss, low sodium diet, cessation of cigarette
smoking) also play a role in treatment.

Selecting an appropriate antihypertensive must take into
account the potential for significant drug interactions. Dihy-
dropyridine calcium channel blockers (CCB), such as amlodip-
ine (5 mg daily), have been considered first-line treatment.
Amlodipine can ameliorate some of the CNI vasoconstric-
tive effects on the kidney allowing for both a reduction HTN
and improvement in renal function with minimal effects on
drug levels. Lower extremity edema and proteinuria can occur.
In contrast, non-dihydropyridine CCBs (verapamil/diltiazem)
have negative inotropic effects and can significantly elevate
CNI levels as does nicardipine.

Angiotensin-converting enzymes inhibitors (ACEI) and an-
giotensin receptor blockers (ARB) may also be beneficial,
especially when the patient also has diabetes, heart failure,
proteinuria, or erythrocytosis.74 They should be started cau-
tiously because of their effects on renal perfusion, but they
are not contraindicated. Studies in renal and cardiac transplant
hypertensive populations show that CCB, ACEI, or ARB re-
sponse rates are below 50% with monotherapy.74–77 Thus, most
transplant recipients, as with the general population, will re-
quire treatment with more than one antihypertensive agent.
ACEIs and CCBs also decrease initimal thickening.78,79

β-blockers are important for patients with known coro-
nary artery disease; however they can worsen post-transplant
dyslipidemias, depression, and recognition of hypoglycemic
symptoms; they also have negative chronotropic effects. Carve-
dilol may increase cyclosporine levels via P-glycoprotein
inhibition.80 Diuretic use is reasonable if there are signs of fluid
overload; however, electrolytes and uric acid levels should be
monitored. Difficult-to-treat HTN may require the use of va-
sodilators such as hydralazine or minoxidil.

In T.L., it is reasonable to start amlodipine 5 mg daily
or a once-daily ACEI, while avoiding over aggressive titra-
tion which can lead to hypotension and compromised organ
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perfusion. Nonpharmacologic therapies should be strongly en-
couraged as well.

Hyperlipidemia

9. J.T., a 57-year-old black man, 22 months postorthotopic
heart transplant, is seen in the clinic for follow-up of an abnor-
mal lipid panel, HDL 40 mg/dL, LDL 170 mg/dL, triglycerides
(TG) 300 mg/dL, and total cholesterol of 350 mg/dL. Other labo-
ratory findings include an A1C of 8%, and an SrCr of 1.3 mg/dL.
Current comorbid conditions include HTN, post-transplant di-
abetes, gout, and a BMI of 32 kg/m2. His medications include
cyclosporine-modified 150 mg PO BID, sirolimus 2 mg daily, pred-
nisone 2.5 mg every other day, aspirin 81 mg daily, atorvastatin
10 mg daily, insulin glargine 15 U BID, correctional scale insulin
aspart, calcium + D 500 mg BID, allopurinol 300 mg daily, am-
lodipine 10 mg daily, and quinapril 10 mg daily. How should his
lipids be managed?

Cardiovascular disease after transplant is a major cause of
morbidity and mortality. After heart transplant, use of HMG-
CoA reductase inhibitors (statins) is a standard of care for
most heart transplant centers as a way to decrease cardiac allo-
graft vasculopathy.81 Patients who develop concurrent hyper-
lipidemia, however, will need to have their therapy adjusted.
The presence of confounding factors (e.g., concomitant dis-
eases, medications, diet, and lack of physical exercise) can
worsen the hyperlipidemia. J.T.’s risk factors for hyperlipi-
demia include male gender, ethnicity, obesity, and diabetes,
along with the following medications: sirolimus, cyclosporine
modified, and prednisone.

Several treatment options exist for hyperlipidemia includ-
ing diet, physical activity, tight diabetes control, and lipid-
lowering pharmacotherapy. A low-fat diet along with exercise
may not be sufficient to control lipids in patients after trans-
plant, and drug therapy is often needed. Drug therapy choices
include fibric acid derivatives, niacin, bile-acid binders, statins,
and cholesterol absorption inhibitors. Fibric acid derivatives,
such as fenofibrates and gemfibrozil, primarily decrease TG
levels rather than LDL. They also can affect the absorption
of statins and increase their myotoxic effects when used con-
currently with statins. Niacin can lower lipid levels; however,
in J.T. it may worsen glucose control and precipitate a gout
attack. Colestipol and cholestyramine, bile acid derivatives,
have been reported to increase TG and may alter the absorp-
tion of cyclosporine. Ezetimibe, a cholesterol absorption in-
hibitor, reduces lipid levels as a single agent and in combina-
tion with statins.82,83 Statins remain the mainstay of therapy for
the treatment of dyslipidemias in transplant recipients with the
following considerations. All statins—except pravastatin—are
metabolized via CYP3A4 (minimal for fluvastatin) and may
affect calcineurin inhibitor and sirolimus levels. The concur-
rent use of statins with CNIs and sirolimus may affect statin
metabolism, leading to an increased risk of myotoxicity. Mon-
itoring should be done for hepatotoxicity (liver function tests),
myopathies (muscle cramps or pain, elevation in creatinine
kinase). The use of statins in combination with other lipid-
lowering agents may increase the occurrence of these side
effects.

For J.T. the following may be considered: the cyclosporine
modified can be changed to tacrolimus, although it is unclear

whether its effects on dyslipidemia differ. Sirolimus is known
to increase TG, especially when it is initiated. J.T.’s blood glu-
cose levels should be more tightly controlled. His atorvastatin
dose can be increased to at least 20 mg daily with close mon-
itoring for side effects. Lastly, J.T.’s weight should be reduced
with diet and exercise. If these measures do not result in sig-
nificant changes, then the addition of ezetimibe therapy, 5 to
10 mg a day, could be considered.

LUNG TRANSPLANTATION
Postoperative Course

10. B.U., a 33-year-old, 54-kg man with a 12-year history of cys-
tic fibrosis (CF), is admitted for bilateral lung transplantation.
He had been doing reasonably well until 2 years ago. Since that
time, he has been hospitalized five times for acute pulmonary ex-
acerbations caused by Pseudomonas aeruginosa. In addition, he
has been hospitalized twice in a 6-month period over the past
year for hemoptysis secondary to pulmonary infarcts. He now
requires continuous oxygen at 3 L/minute via nasal cannula for
daily living. Other medical problems include diabetes mellitus,
gastroesophageal reflux disease, pancreatic insufficiency, and si-
nusitis. His current medications are deoxyribonuclease (DNase)
2.5 mL BID, albuterol BID, 4 mL 7% sodium chloride BID, to-
bramycin 300 mg BID (with monthly holiday), all given via a neb-
ulizer; ADEK vitamin one tablet BID, omeprazole 20 mg daily,
insulin glargine 10 U BID, correctional scale insulin aspart, cal-
cium supplement BID, and pancreatic enzymes with meals and
snacks. While on 3 L/minute of oxygen, his oxygen saturation is
100%, forced expiratory volume in 1 second (FEV1), 1.11 (22%
predicted), forced vital capacity (FVC), 2.04 (34% predicted). His
vital signs are as follows: temperature, 36.5◦C; BP, 120/90 mmHg;
RR, 20 breaths/minute; and HR, 96 beats/minute. His labora-
tory results are as follows: Na, 137 mEq/L (normal, 135–147); K,
4.2 mEq/L (normal, 3.5–5.0); Cl, 100 mEq/L (normal, 95–105);
CO2, 28 mEq/L (normal, 22–28); BUN, 24 mg/dL (normal, 8–
18); SrCr, 1.2 mg/dL (normal, 0.6–1.2); glucose, 104 mg/dL (nor-
mal, 80–120); Ca, 9.0 mg/dL (normal, 8.8–10.3); protein, 8.3 g/dL
(normal, 6.0–8.0); albumin 3.9 g/dL (normal, 4.0–6.0); biliru-
bin, 0.3 mg/dL (normal, 0.1–1.0); AST, 40 U/L (normal, 0–35);
ALT, 46 U/L (normal, 0–35); WBC count, 8,000 (normal, 4,000–
10,000); Hct, 30% (normal, 39%–49%); Hgb, 9.5 mg/dL (nor-
mal, 14.0–18.0); platelets, 340,000 (normal, 130,000–400,000);
prothrombin time, 11.6 sec (normal, 9–12); and partial thrombo-
plastin time, 26.4 seconds (normal, 22–37). He is CMV antibody
negative.

In the operating room, B.U. was given preoperative my-
cophenolate mofetil 1,000 mg IV, tobramycin 350 mg IV,
piperacillin/tazobactam 4.5 g IV with daclizumab 2 mg/kg IV
and methylprednisolone 500 mg IV × 2 during the surgery. B.U.
underwent a 12-hour surgery for double-lung transplantation.
During the procedure, he received 8 L of fluids and dopamine
to correct hypotension. He was admitted to the ICU on a ven-
tilator, where he received tacrolimus 1 mg sublingual (SL) BID,
mycophenolate 1 g BID IV, methylprednisolone 125 mg IV every
8 hours then transitioned to prednisone 20 mg daily by postoper-
ative day (POD) 4, D51/2 normal saline at a rate to keep the vein
open, insulin infusion, dopamine 3 mg/kg/minute IV, epidural and
patient-controlled analgesia (PCA) morphine, tobramycin 350 mg
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daily IV, piperacillin/tazobactam 4.5 g every 6 hours IV, panto-
prazole 40 mg IV daily, ganciclovir 125 mg IV BID, CMV immune
globulin × 1 on POD 1, cotrimoxazole daily, and albuterol nebu-
lizer QID. The donor was CMV-positive. What complications can
occur in B.U. during the early postoperative period?

[SI units: Na, 137 mmol/L (normal, 135–147); K, 4.2 mmol/L (normal, 3.4–

4.6); Cl, 100 mmol/L (normal, 95–105); CO2, 28 mmol/L (normal, 22–28);

BUN, 8.6 mmol/L (normal, 3.0–6.5); SrCr, 106.1 (μmol/L (normal, 50–110);

glucose, 5.8 mmol/L (normal, 3.9–6.1); Ca, 3.7 mmol/L (normal, 2.2–2.5);

protein, 83 g/L (normal, 60–80); albumin, 39 g/L (normal, 40–60); bilirubin,

5.13 μmol/L (normal, 2–18); AST, 40 U/L (normal, 0–35); ALT, 46 U/L

(normal, 0–35); WBC count, 4 × 109 cells/L (normal, 4,000–10,000); Hct,

0.3 (normal, 0.39–0.49); Hgb, 95 g/L (normal, 140–180); platelets, 340 ×
108/L (normal, 130–400)]

Lung transplantation is a therapeutic option for end-stage
pulmonary disease; >1,500 lungs worldwide are transplanted
each year. The 1- and 5-year survival rates are approximately
78% and 49% with a median half-life of 5 years. Chronic
obstructive pulmonary disease (COPD) and idiopathic pul-
monary fibrosis (IPF) are the primary indications for a single-
lung transplant (SLT). Cystic fibrosis and α1-antitrypsin defi-
ciency are the primary indications for bilateral lung transplant
(BLT); however, the aforementioned diseases for SLT are also
receiving more BLT.2,8 Recently, the allocation of lungs has
changed from time-on-the-list as priority (considering blood
type, geographic location) to a lung allocation score (LAS) for
recipients above the age of 12. The LAS score ranges from
0 to 100 (highest priority). Indications that a patient with CF
should be evaluated for lung transplant include an FEV1 be-
low 30% or significant rapid decline and frequent antibiotic
treated exacerbations. The use of oxygen, development of pul-
monary hypertension, and increasing CO2 indicate the need
for listing.84

B.U.’s CF-associated pancreatic and GI problems will not be
corrected by the double-lung transplantation. His pulmonary
function should improve significantly, however, reaching nor-
mal levels within 3 to 12 months. After the transplant, B.U.
should no longer require oxygen, achieve normal exercise ca-
pacity, and return to a good quality of life.

Patients such as B.U. usually leave the operating room un-
der mechanical ventilation and should be extubated within 24
to 48 hours. In the early postoperative period, the transplanted
lung(s) is susceptible to pulmonary edema, hemorrhage, de-
hiscence at the anastomotic sites, airway leaks, infection, and
rejection. Hemorrhage, ischemic or reperfusion injury, and
dehiscence have decreased as a result of improved donor
preservation and surgical techniques. The most common se-
rious complications are airway complications, reperfusion is-
chemic pulmonary edema, acute rejection, and infection. Sig-
nificant incisional pain, which occurs in all patients, also can
affect how quickly B.U. recovers. Altered GI function, such as
gastroparesis, also is a typical problem in the initial period.

Immunosuppression
B.U. is on the most commonly used regimen for immuno-
suppression of lung transplants, which consists of tacrolimus,
MMF, and steroids. Currently approximately 45% of lung
transplant recipients receive induction therapy primarily with
an anti-ILR2 antibody (daclizumab or basiliximab). Thy-

moglobulin and ATG are also used, with minimal use of
OKT3.8,85,86 The anti-IL2R antibodies reduce acute rejec-
tion compared with placebo, but when compared with an-
tithymocyte globulin the data are mixed. These drugs have
little impact on chronic rejection. A decreased risk of in-
fection may be seen, but is variable in CMV mismatched
patients.87–90 Tacrolimus and cyclosporine have similar ef-
fects on graft survival, but tacrolimus is associated with fewer
episodes of acute rejection and treated acute rejection and
may slow the development of chronic rejection.91,92 Early,
low-dose prednisone (0.5 mg/kg/day tapered to 0.15 mg/
kg/day) is used. B.U.’s tacrolimus regimen would be adjusted
to maintain a whole blood concentration of 10 to 20 ng/mL
(by monoclonal TDx).93 Tacrolimus must be diluted before
continuous IV administration. Because it is less stable in PVC
containers and could leach out phthalates, it should be stored
in glass or polyethylene containers and PVC tubing should not
be used. To simplify administration when patients cannot take
medications orally or have absorption problems (as in CF),
some centers are giving tacrolimus sublingually. This route
avoids the first-pass metabolism and has produced acceptable
drug levels and rejection rates in small studies, but no prospec-
tive randomized trials have been conducted. Initial doses are
0.03 mg/kg/day.94 MMF, instead of azathioprine, is used in ap-
proximately 50% of lung transplant recipients.8,95 The role of
sirolimus is increasing; however, use before 3 months postop-
eratively is avoided because it interferes with wound healing
and can lead to weakened airway anastomosis.

Acute Rejection

11. At his 3 month visit, B.U. has his scheduled protocol biopsy.
That afternoon, the transplant team is notified that he has an
A1B2 rejection. What is the appropriate regimen to treat this
rejection episode?

Rejection, both acute and chronic, occurs in all lung trans-
plant recipients. Acute rejection is common in the early post-
operative period, with up to 50% of patients having at least
one treated episode within the first year.8 Nevertheless, acute
rejection can occur at any time.96 The diagnosis of acute re-
jection is made using clinical and histologic criteria. Standard-
ized criteria have been established for histologic grading of
tissue from transbronchial biopsies (TBBX), which are sched-
uled routinely.97 Clinical signs of acute rejection include fever,
cough, dyspnea, rales, wheezes, infiltrates, and a decline in
FEV1. The FEV1 and FVC are assessed daily by the patient
using a hand-held spirometer. As little as a 10% decline in
pulmonary function (i.e., FEV1, FVC) can be significant in
the absence of other causes of respiratory decline, particularly
infection. Treatment for acute rejection can be initiated based
on clinical signs only, although they are not always accurate.
If clinical evidence of acute rejection is present, a TBBX is
needed to firmly establish the diagnosis of rejection. The diag-
nosis of lung transplant rejection still can be established even
in the face of a negative TBBX if other causes are ruled out.97

The primary treatment for acute rejection is methylpred-
nisolone 500 to 1,000 mg/day IV or 10 to 15 mg/kg/day every
day for 3 days. The dose of oral prednisone also can be in-
creased to 1 mg/kg/day and then tapered down to the main-
tenance dose over 2 to 3 weeks. More than 90% of acute
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rejection episodes of transplanted lungs respond to corticos-
teroid therapy, with clinical response seen within 2 days in
most patients.98 OKT3, ATGAM, Thymoglobulin, tacrolimus,
and experimental aerosolized cyclosporine have been used for
refractory cases.99–101

Pharmacogenetic factors may play a role in resistance to
treatment for acute rejection in lung transplant recipients. The
homozygous and heterozygous ABCB1 genotypes that are as-
sociated with higher P-glycoprotein pumping had more per-
sistent acute rejection that was resistant to drug therapy than
the homozygous variant genotype.102 The same association
has been made between acute rejection in kidney transplant
recipients and the ABCB1 high pumper genotype.

Chronic Rejection

12. B.U. is 36 months post transplant and is noticing a slight
increase in shortness of breath when he exercises. His pulmonary
function testing over the last two clinic visits has demonstrated
a sustained change in his FEV1. The FEV1 has declined by 30%
from his highest value post-transplant. The transplant team be-
lieves B.U. has chronic rejection. What is the appropriate man-
agement?

Chronic rejection is referred to as bronchiolitis obliterans
(OB) or bronchiolitis obliterans syndrome (BOS). OB is a his-
tologic finding of a fibroproliferative process in the small air-
ways, which leads to progressive airway obstruction. The di-
agnosis of OB is based on clinical, physiologic, and histologic
features.103 Pulmonary function and exercise capacity progres-
sively decline as a result of inflamed small airways and destruc-
tion of bronchioles. OB is found in 9% of patients at 1 year and
in 45% at 5 years.7 BOS represents the clinical description, de-
fined as an otherwise unexplained and sustained fall in FEV1
that is 20% or greater of the peak value after transplantation.
This lung dysfunction is uncommon during the first 6 months
after transplantation, but it can occur as early as 3 months after
transplantation. The BOS staging system indicates that B.U.
has BOS-2.104 Once diagnosed with BOS or OB, patients may
rapidly decline and experience early death. Alternatively, the
decline in FEV1 may stabilize or the patient may have alternat-
ing periods of decline and stabilization. Many proposed risk
factors exist for the development of BOS or OB, including both
immune and nonimmune factors.105

No evidence indicates superiority of one drug treatment
over another for OB or BOS. The primary treatment of chronic
rejection relies on short courses of high-dose corticosteroids,
ATG, or OKT3 to stabilize and improve the patient’s condi-
tion for a short time. Therapy generally stabilizes and slows
down this process, but does not reverse it. Inhaled cyclosporine,
antibodies, tacrolimus, mycophenolate, and methotrexate also
have been used.103 Only aerosolized cyclosporine has been
shown to have an effect on lung transplant recipient survival in
a placebo-controlled trial,106 but the drug is not available for
commercial use. Sirolimus has been used in a small number of
patients with little effect, but with a significant number of side
effects.107 Azithromycin (250 mg PO every Monday, Wednes-
day, and Friday) may have an impact on the rate of progression
of BOS and can be added to CNI therapy with minimal effect
on CNI levels.108–110 For B.U., a trial of short-course, high-

dose IV methylprednisolone with the addition of azithromycin
to his maintenance therapy may be considered.

Chronic rejection in lung transplant recipients has been as-
sociated with a genotype of the profibrotic cytokine, transform-
ing growth factor-β.111 A similar observation has been made
for interferon-γ , but genotyping patients for these cytokines is
not practical until chronic rejection in lung transplant recipi-
ents is better understood and treated.

Infection

13. B.U. has been talking to his fellow organ transplant recip-
ients on the floor while awaiting discharge from his initial trans-
plant episode, and he asks the transplant team why he is on more
antimicrobials than some of the other patients? His regimen in-
cludes valganciclovir 900 mg daily, CMV immune globulin infu-
sions until 16 weeks postoperative, TMP-SMX double strength
(DS) every Monday, Wednesday, and Friday, clotrimazole troches
10 mg after meals and at bedtime, nebulized lipid complex ampho-
tericin B 50 mg daily until discharge, and tobramycin nebulized
300 mg BID.

Risk
A patient’s overall infection risk depends on their net state of
immunosuppression, the environment, and the surgical proce-
dure. The first few months after transplant can be considered
the period of highest risk. There is a temporal pattern to the
infection type and how infections present in transplant recip-
ients. Infection is the leading cause of death in the first 60
days after lung transplantation and contributes significantly
to the number of deaths thereafter. There are several reasons
for this problem. These patients may be colonized with or-
ganisms along the upper airways and sinuses; the donor lung
may contain organisms at the time of transplantation; and the
transplanted organ may have ischemic damage. After lung
transplantation, patients lack a cough reflex because of den-
ervation. Consequently, pulmonary secretions that accumulate
can serve as a medium for bacterial growth. Furthermore, the
transplanted lung’s mucociliary clearance may be impaired;
alveolar macrophages may not function properly; and patients
are immunocompromised. Most infections present as bacterial
sepsis or pneumonia, primarily associated with Pseudomonas
aeruginosa, Enterobacter, other gram-negative organisms, and
staphylococci. In patients with CF, Candida and Aspergillus
infections also are common. Patients with CF still have a CF
airway above their anastomosis site and should continue their
pretransplant nebulized antibiotic regimen to prevent coloniza-
tion of the new lungs. Besides bacterial infections, viral and
fungal infections are a concern. Most transplant centers adopt
universal prophylaxis protocols in the early transplant period.
At least 50% of lung transplant recipients develop infections
despite prophylaxis. The most common infections for which
patients receive prolonged prophylaxis are CMV (see Chapter
34 Kidney and Liver Transplant) pneumocystis jiroveci pneu-
monia, thrush, and other fungal infections.

Pneumocystis jiroveci (PJP)
Pneumocystis jiroveci (formerly called Pneumocystis carinii),
an opportunistic pathogen, can cause pneumonia in immuno-
compromised patients. The incidence of PJP is highest in tho-
racic organ recipients. The first 6 months after transplant is
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the period of highest risk for nonlung transplant recipients.
Prophylaxis is very effective; life-long treatment is used for
lung transplant recipients or others deemed to have an increased
risk.112 TMP-SMX given as a daily single strength or double
strength tablet is the agent of choice; three times a week pro-
phylaxis has also been used.113 Nebulized pentamidine 300 mg
every month, dapsone 100 mg daily, and atovaquone 1,500 mg
daily are alternatives for patients intolerant or allergic to TMP-
SMX.114,115 For documented infection, the primary agent is
TMP-SMX (20 mg/kg/day of TMP); however, the above al-
ternatives may be used with pentamidine given IV instead of
nebulized at 2 to 4 mg/kg/day.

FUNGAL INFECTIONS
The use of fungal prophylaxis is based on a patient’s pre-

sumed risk, considering type of transplant, center patterns, col-
onization, or previous infection status, and the patient’s overall
state of immunosuppression.116 Prophylaxis to prevent the oc-
currence of thrush may include nystatin or clotrimazole troches
or oral triazoles that can cover other fungal organisms, includ-
ing nonalbicans Candida, and Aspergillus. The timeline for
fungal infections ranges from Candida in the early postoper-
ative period along with some Aspergillus, then opportunistic
infections for the next 6 months. After 6 months, infections
are caused by other fungal organisms, including cryptococcus,
zygomycetes, and endemic mycoses along with the previous
mentioned organisms.117 Drug interactions between the tria-
zole antifungal agents, CNI, and sirolimus create challenges
for prophylaxis. Triazole antifungals, such as fluconazole, itra-
conazole, voriconazole and posaconazole, are inhibitors of
CYP3A4, resulting in supertherapeutic immunosuppressive
levels. Because voriconazole use with sirolimus has resulted
in a ninefold elevation of sirolimus levels, the FDA label con-
traindicates the use of the combination. Transplant recipients
may still receive this drug combination, especially if the patient
is infected with Aspergillus, but close monitoring of sirolimus
levels is obviously required. Echinocandins are not used for
long-term prophylaxis because no orally bioavailable product
exists. These agents are used because they have fewer effects
on immunosuppressive drug levels, especially micafungin and
anidulafungin. Commonly, these agents may be used in com-
bination with triazole antifungals in the treatment of invasive
Aspergillus infections.118 Intravenous amphotericin B in the
conventional or lipid-based formulations would be used to treat
fungal infections, but not for prophylaxis. Nebulized ampho-
tericin B (or lipid based formulations) has been used, however,
for prophylaxis in lung transplant populations because it allows
for delivery of the antifungal agent to an area of high risk lung
tissue without the systemic complications associated with IV
therapy. Nebulized lipid complex amphotericin B was better
tolerated in one lung transplant population than the conven-
tional product.119 Zygomycosis infections remain a challenge
to treat; however, posaconazole with its spectrum of activity
may have a role, keeping in mind that this agent requires ad-
ministration with high fat meals for best absorption.

Cyclosporine Bioavailability

14. M.R. a 30-year-old woman status post bilateral lung trans-
plant 5 years ago for interstitial pulmonary fibrosis (IPF) has
called the transplant clinic because the cyclosporine she picked

up from her local pharmacy does not look like the capsules she
has received in the past. She reads the label to the pharmacist as
Apotex cyclosporine 100 mg capsules. Reviewing the chart, M.R.’s
cyclosporine is listed as GenGraf (generic Neoral) 125 mg BID.
M.R. is asked to come to the clinic to clarify her medications.

Cyclosporine was initially introduced as a non-micro-
emulsified product branded as Sandimmune, which demon-
strated great interpatient variability in absorption and drug
levels. Neoral, a microemulsion of cyclosporine, improved
the absorption characteristics resulting in more predictable
cyclosporine concentrations in lung transplant recipients. In
general, the time to Cmax (Tmax) for Neoral is shorter, the
maximum concentration (Cmax) is higher, and the AUC is
greater.120 The two branded agents are not interchangeable;
however, they both are available as generics. M.R. has received
the generic for Sandimmune instead of her usual generic of
GenGraf, the generic for Neoral, and is at risk for subthera-
peutic cyclosporine levels. To rectify the situation, M.R. needs
to have her local pharmacy dispense GenGraf instead. To
minimize this inappropriate interchange, the clinician should
specifically indicate the cyclosporine type on prescriptions.

SECONDARY MALIGNANCY
POST-TRANSPLANTATION LYMPHOPROLIFERATIVE DISORDER

Risk Factors

15. A.L., a 17-year-old, 42-kg girl with CF, had a double-lung
transplant 1 year ago. She now presents with low-grade fever,
malaise, pain, redness and swelling at her Port-A-Cath site, and
a 1-week history of decreased appetite. She has experienced
four episodes of rejection that were treated with 1 to 2 g of
methylprednisolone each time. She also received ATG, azathio-
prine, prednisone, and cyclosporine after transplantation and
has been on the latter three agents chronically along with ke-
toconazole, TMP-SMX, lactulose, and pancreatic enzymes. She
has just finished the last of two courses of IV ganciclovir (6
weeks) for CMV infection. The donor was CMV-positive and
she is CMV-positive. Her EBV IgG-VCA (viral capsid antigen)
titer is now elevated, although at the time of transplantation it
was negative (<1:40). On physical examination, she was noted
to have mediastinal adenopathy. She denies chills, sweats, nau-
sea, vomiting, or diarrhea. A chest computed tomography (CT)
scan revealed a mediastinal mass. Vital signs and all labora-
tory tests are within normal limits. Her cyclosporine level is 221
ng/mL. Seven days after admission, a biopsy of this mass shows
a thoracic lymphoproliferative lesion identified as a thoracic
immunoblastic lymphoma adherent to the right side of the heart.
Ten days later, she developed tachy/brady syndrome and a pace-
maker was implanted. Given the location of her lymphoma and
symptoms, surgery and radiation therapy are not viable options,
and chemotherapy is started the next day. What clinical signs and
risk factors in A.L. are associated with lymphoma?

A.L. has developed a post-transplantation lymphoprolifer-
ative disorder (PTLD), one of many types of malignancies that
have been reported after solid organ transplantation. The exact
etiology of this condition is unclear and probably multifacto-
rial. The presentation of PTLD varies significantly. Patients
can present asymptomatically, with mild mononucleosis-like
symptoms or with multiorgan failure. A.L. presents with fever,
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lymphadenopathy, malaise, and lack of appetite. Although
these symptoms are consistent with PTLD, they also are con-
sistent with infection and episodes of rejection. Because PTLD
can involve various organ systems, patients can present with
organ-specific symptoms (e.g., acute abdominal pain, perfora-
tion, obstruction, bleeding if a tumor is in the GI tract). De-
pending on its location, a tumor can impinge on the function
of other organs as seen in A.L.121

Besides immunosuppression, two factors that have been
strongly associated with PTLD are the presence of EBV and
the age of the patient. Children have a higher incidence of
PTLD.122 A.L. seroconverted from a negative to a positive EBV
titer, indicating that she had been exposed to this virus at the
time of transplantation or afterward. EBV also can be trans-
mitted from the donor lung and blood products. Also, EBV-
positive recipients at the time of transplantation can experience
reactivation of this virus as a result of immunosuppression.

A.L. received a significant amount of immunosuppression.
This could lead to an inability to suppress an active viral in-
fection by cytotoxic T cells and result in uncontrolled B-cell
proliferation and polyclonal and monoclonal expansion. In ad-
dition to this T-cell defect, an imbalance or alteration in cy-
tokine production in response to EBV, which infects B lym-
phocytes, may contribute to the exaggerated B-cell expansion
and transformation; most are classified as non-Hodgkin lym-
phomas primarily of B-cell origin. Small percentages are of
T-cell origin, however, and are harder to treat.123

The incidence and detection of PTLD has increased. Newer,
more potent agents used in different combinations, increased
numbers of transplantation procedures, and closer monitoring
certainly contributes to this phenomenon. When cyclosporine-
based regimens were compared with azathioprine-based or
cyclophosphamide-based regimens, lymphomas made up 26%
and 11% of all cancers, respectively. The lymphomas occurred,
on average, within 15 months in the cyclosporine group versus
48 months in the azathioprine group. One-third of these ma-
lignancies occurred in the first 4 months in the cyclosporine
group compared with only 11% in the latter group.123

The incidence of PTLD increases with ATG, Thymoglobu-
lin, and OKT3 therapy and appears to be related to a cumulative
dose and multiple courses. PTLD is not caused by any single
agent but probably reflects the intensity of immunosuppression
with multiple agents. Chronic antigenic stimulation by foreign
antigens, repeated infections, genetic predisposition, and indi-
rect or direct damage to DNA are other variables that might
affect the development of PTLD.123 A.L. had two recent CMV
infections, which also could have contributed to this process.

As a percentage of all malignancies, PTLD occurs more
commonly in thoracic than in renal transplant recipients and
is even more common in children.122 Lymphomas develop in
about 1% of renal transplantations, 2% of liver transplanta-
tions, 2% to 10% of heart transplantations, and 5% to 9%
of lung transplantations. These tumors often appear early and
progress rapidly. The overall prevalence of malignancies in the
transplantation population averages about 6%, and the risk of
cancer increases with time after a transplantation. Major organ
transplant recipients are 100 times more likely to have cancer
than the general population.124 Furthermore, the most com-
mon types of cancer observed in transplant recipients (e.g.,
lymphomas, cancer of the skin and lips) are uncommon in the
general population. The development of skin and lip cancers

in the transplant population has been attributed partially to ex-
posure to sunlight and sensitization of skin to sunlight by an
azathioprine metabolite, methylnitrothioimidazole.125

TREATMENT AND OUTCOMES

16. What are the therapeutic maneuvers and outcomes that
would be expected in A.L.?

Treatment of a PTLD depends on timing, presentation,
symptoms, extent of involvement, histologic type, and trans-
plant type. Early experiences with PTLD indicated that reduc-
tion or discontinuation of immunosuppression led to regression
of the cancer. Therefore, the first step in treating PTLD is to
consider the discontinuation of all immunosuppressives. This
course of action is not feasible for A.L., however, because her
transplanted lungs are essential for her life. The discontinua-
tion of immunosuppressive therapy also is not an option for
heart and liver transplants, but immunosuppressive drugs can
be discontinued in kidney transplant recipients because dial-
ysis is available. A.L. will need chemotherapy for her cancer.
Therefore, her azathioprine probably should be discontinued
to minimize the potential for severe bone marrow toxicity. If
her cyclosporine levels were high, a reduction in dose could be
attempted, but her cyclosporine concentration of 221 ng/mL is
in the lower range for this type of transplantation, and pred-
nisone is reduced to the lowest dose possible. If her immuno-
suppressive drug therapy is diminished, she should be moni-
tored closely for rejection of her transplanted lungs.

Antiviral therapy with IV acyclovir or ganciclovir has been
used to inhibit EBV replication in an effort to treat PTLD.
Response is variable and may depend on the type and extent
of PTLD. A.L. already has received ganciclovir for 6 weeks
during which time she presented with PTLD. Surgery, radi-
ation therapy, and chemotherapy are used to treat PTLD de-
pending on the situation. Interferon and immune globulin have
been effective in a few cases that appeared unresponsive to
other therapies. Monoclonal or immunoblastic, disseminated,
rapidly progressive PTLD responds poorly to traditional ther-
apy and has a mortality rate as high as 70%.126 Rituximab
(an anti–B-cell, anti-Cd20 antibody) is considered first-line
therapy for CD20-postive B-cell PTLD along with reduction
or withdrawal of immunosuppression if possible. Patients usu-
ally get 375 mg/m2 weekly for 4 weeks; some groups have used
prolonged therapy.127–129 Patients may have relapse or disease
progression that may respond to chemotherapy regimens such
as cyclophosphamide, adriamycin, vincristine, prednisone or
dexamethasone (CHOP), CHOP plus rituximab (CHOP-R),
cyclophosphamide, doxorubicin, etopside, prednisone, cytar-
bine and bleomycin (PROMACE-cytaBOM).130,131 Transplant
recipients have a higher risk of myelotoxic side effects, depend-
ing on their maintenance immunosuppression.132 A.L.’s prog-
nosis is poor given the type and extent of her PTLD, which
would have been more responsive to therapy if it had been
diagnosed early before it had metastasized. Polyclonal PTLD
responds well to reduction or discontinuation of immunosup-
pression and high-dose acyclovir or ganciclovir therapy for
several weeks to months. The roles of prophylactic antivi-
rals, immunoglobulins, and EBV polymerase chain reaction
(PCR) monitoring in the prevention of PTLD are currently
under study.133,134
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Enteral nutrition refers to nutrition provided via the gastroin-
testinal (GI) tract. However, as the term is commonly used,
enteral nutrition (EN) is synonymous with delivery of nutri-
ents into the GI tract by tube (e.g., nasogastric or jejunostomy
feeding). Tube feeding allows continued use of the GI tract
when one or more steps in the normal process of obtaining
nutrients from oral intake is disrupted. Chewing or swallowing
may be completely disrupted but some digestive and absorptive
function must remain for tube feeding to be a viable option.

Patient Selection
Patients generally are considered at risk of nutrient depletion
and associated increased morbidity and mortality when intake
is inadequate to meet nutritional requirements for 5 to 7 days or
when weight loss exceeds 10% of pre-illness weight within a
6-month period.1,2 For adequately nourished patients, special-
ized nutrition support is generally not warranted when support

will only be needed for fewer than 10 days.3 Nutrition screen-
ing is used to identify patients who may be at nutritional risk.
Parameters, such as weight, height, diagnosis, recent weight
loss, and serum albumin, are evaluated. Nutrition assessment
expands screening by including other data (hemoglobin [Hgb],
hematocrit [Hct], creatinine, cholesterol, nitrogen balance, to-
tal iron-binding capacity [TIBC], prealbumin [transthyretin]),
calculation of energy requirements, dietary history, and med-
ical history. Completion of nutrition assessment helps iden-
tify potential candidates for EN. (See Chapter 37, Adult
Parenteral Nutrition, for further information on nutrition
assessment.)

Routes of nutrition intervention may include modified oral
diet including oral supplements, EN by tube, or parenteral nu-
trition (PN). Tube feeding is considered the route of choice in
patients with a functional GI tract whose oral nutrient intake
is insufficient to meet estimated needs.1,3

Table 36-1 lists functional anatomic units of the GI tract
along with major steps occurring in preparing nutrients for
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Table 36-1 Functional Units of the GI Tract

Functional Unit Major Steps Conditions/Diseases

Mouth and oropharynx Chew and lubricate food; swallow Amyotrophic lateral sclerosis, muscular dystrophy, severe RA, CVA,
end-stage Parkinson’s disease, paralysis, coma, anorexia due to other
disease: cardiac or cancer cachexia, renal failure and uremia, liver failure,
neurologic disease

Esophagus Transport food to the stomach Esophageal disease: ulcer, cancer, obstruction, fistula, esophagectomy, CVA

Stomach Hold food for mixing and grinding; add
acid and enzymes; release chyme to
small bowel; osmoregulation

Severe gastritis or ulceration, gastroparesis, gastric outlet obstruction, gastric
cancer, severe gastroesophageal reflux

Duodenum Osmoregulation; neutralize stomach acid Severe duodenal ulcer, duodenal fistula, cancer: gastric, pancreatic

Small bowel: jejunum
and ileum

Digestion; absorption Enterocutaneous fistula, severe enteric infection, malnutrition, malabsorption,
Crohn’s disease, celiac disease, ileus and dysmotility syndrome

Pancreas Secretion of digestive enzymes Pancreatitis, pancreatic cancer, pancreatic injury, pancreatic fistula

Colon Absorb fluid; ferment soluble fiber and
unabsorbed carbohydrate; absorb water

Ulcerative colitis, Crohn’s disease, colon cancer, colocutaneous fistula,
colovaginal fistula, diverticulitis, colitis of any etiology, colon surgery

CVA, cerebrovascular accident; GI, gastrointestinal; RA, rheumatoid arthritis.

absorption and it provides examples of conditions potentially
impairing each region. EN may be appropriate for patients with
the disorders listed, depending on the extent to which normal
intake, transport, digestion, and absorption of nutrients is im-
paired. Clinical circumstances, not specific diagnoses, should
be the determining factor for initiating tube feeding. EN should
be used with caution in patients with severe necrotizing or
hemorrhagic pancreatitis, distal high-output enterocutaneous
fistulae, hypotension with significant inotropic support, GI is-
chemia, and partial bowel obstruction.1,3 Contraindications to
EN generally include diffuse peritonitis, complete bowel ob-
struction, paralytic ileus, intractable vomiting or diarrhea, se-
vere malabsorption, severe GI bleed, inability to access the GI
tract, and when aggressive intervention is not warranted or de-
sired. Frequent reassessment is recommended because patients
may become candidates for EN as the condition improves or

resolves. With advances in GI access and formula composition
over the past decade, many patients once requiring PN are now
treated successfully with EN.

Route of Tube Feeding
The route for EN is determined by the anticipated duration of
tube feeding, disrupted region or process in the GI tract, and the
risk of aspiration. Figure 36-1 illustrates the two basic types of
tube placement—nasal versus ostomy—and the sites available
for formula delivery (i.e., gastric, duodenal, or jejunal). The
name of the feeding route usually includes both the type of
tube placement and the site of formula delivery. For example,
nasogastric (NG) indicates nasal placement with gastric deliv-
ery of formula, whereas gastrostomy indicates ostomy place-
ment with gastric delivery of formula.

Jejunostomy

Gastrostomy

Cervical
Pharyngostomy

Nasogastric

Nasoduodenal
Nasojejunal

FIGURE 36-1 Nasoenteric and enterostomy feeding sites.



ADULT ENTERAL NUTRITION � 36-3

Tube Placement
NASAL
Nasal tube placement is preferred for short-term use in pa-

tients expected to resume oral feeding and without obstruction
of nasal, pharyngeal, or esophageal passages. Clinically ev-
ident injury from nasal intubation is very low, but patients
may suffer mucosal trauma in the nasopharynx.4−6 Perfora-
tion of the hypopharynx, esophagus, or stomach is a rare
complication.7,8 Pharyngitis, sinusitis, otitis media, and in-
competence of the lower esophageal sphincter are associated
with nasal tubes, especially large-bore tubes. The incidence of
inadvertent pulmonary placement of small-bore feeding tubes
is 4% or less.4 Radiographic confirmation of tube placement is
mandatory to rule out pleural perforation and pulmonary intu-
bation in unconscious patients and remains the standard to en-
sure correct tube placement in all patients. Tube displacement
is a potential complication occurring in 25% to 41% of cases.4

FEEDING OSTOMIES
Feeding ostomies (tube enterostomies) generally are re-

served for long-term EN, interpreted as anywhere from 4 weeks
to 6 months, depending on clinical circumstances and the type
of tube enterostomy placed. Nasal tubes are seldom tolerated
for more than 6 weeks in alert patients. Access for enteros-
tomies can be achieved through open surgery, laparoscopy, or
percutaneously. Most surgical enterostomies require general
anesthesia for placement.4

Percutaneous access is usually performed under local anes-
thesia or conscious sedation by endoscope (percutaneous en-
doscopic gastrostomy [PEG] or jejunostomy [PEJ]) or by ra-
diography (PRG or PRJ), including fluoroscopy, ultrasound,
or computed tomography (CT).4,9,10 The major advantage of
radiographic compared with endoscopic placement is reduced
contamination of the puncture site by oral pharyngeal microor-
ganisms, which are implicated in the 5.4% to 30% incidence of
site infections.7 Most patients requiring long-term EN receive
a PEG, with 216,000 procedures reported annually.11 Endo-
scopic placement is contraindicated when obstruction prevents
passage of the endoscope but radiographic placement may be
possible in such cases. Relative contraindications to percuta-
neous feeding tube placement include inability to see the en-
doscopic light through the abdominal wall (e.g., morbid obe-
sity, massive ascites), peritoneal dialysis, coagulopathy, gastric
varices, portal hypertension, hepatomegaly, and neoplastic or
infiltrative disease of the gastric or jejunal wall.4,5,7,9,10,12 Prior
total or subtotal gastrectomy prevents percutaneous gastros-
tomy placement, but percutaneous jejunostomy may be possi-
ble. Major advantages of percutaneous access are shorter pro-
cedure time and lower cost, because morbidity and mortality
appear to be similar to surgical feeding tube access.5,12 Ma-
jor complications, such as aspiration, peritonitis, hemorrhage,
gastrocutaneous fistula formation, necrotizing fasciitis, gastric
perforation, and migration of the tube through the gastric wall,
are generally low but have been reported in up to 2.5% of
patients.4,13

SITE OF DELIVERY
The preferred site for formula delivery is the stomach be-

cause this is the most physiologically normal feeding site. Stim-
ulation of normal digestive processes and hormonal responses
associated with eating occur with gastric feeding. The stomach

serves as a reservoir, typically allowing tolerance of bolus, and
intermittent or continuous feeding. Gastric feeding, either by
NG tube or gastrostomy, requires adequate gastric motility to
prevent accumulation of formula in the stomach. Patients with
gastric outlet obstruction, gastroparesis, gastric distention, or
gastroesophageal reflux are poor candidates for gastric feeding.

Transpyloric feeding into the duodenum or jejunum may
be appropriate when gastric dysfunction or disease is present,
when risk of aspiration is high, or for early postoperative feed-
ing when gastric emptying may be impaired. In healthy vol-
unteers, negligible reflux to the stomach occurs with dye in-
fused into the fourth portion of the duodenum or proximal
jejunum (beyond the ligament of Treitz), suggesting insignif-
icant risk of aspiration with feeding tube placement in these
positions.14 Nevertheless, despite widespread use of postpy-
loric feeding tube placement, evidence of reduced aspiration
remains controversial.15 Tube migration from the duodenum
into the stomach and equal risk of aspiration between post-
pyloric and intragastric tube placement has been observed.16

Critically ill patients are at risk for aspiration and ventilator-
associated pneumonia, with a 25% to 40% incidence of as-
piration in patients with long-term nasoenteric feeding.17,18

Tube placement beyond the ligament of Treitz may be best for
patients at risk of tube migration and aspiration; however, rig-
orous randomized trials comparing feeding sites are lacking.
Poor differentiation between aspiration of oral secretions and
aspiration of feedings may result in erroneously high rates for
aspiration of postpyloric feedings.

FORMULA SELECTION
Polymeric Formulas
Enteral formula selection is based on nutrient requirements,
fluid restrictions, and the extent of impaired digestion and
absorption. Many enteral formulas are available but few are
typically necessary on the formulary to meet patient needs.
Categorizing formulas as listed in Table 36-2 simplifies the
formula selection process.

Polymeric formulas are most common. Use of whole (i.e.,
intact) proteins in these formulas requires that patients have full
digestive capability for proteins. Carbohydrate and fat sources
also require full digestive function. Osmolality is decreased
and palatability increased with use of relatively intact nutrients.
Administration of approximately 1.5 to 2 L of most polymeric
formulas provides 100% of Dietary Reference Intakes (DRI)
for vitamins and minerals; thus, these formulas sometimes are
called “complete” formulas. Polymeric formulas tend to be the
least expensive, although prices can vary considerably based
on specific nutrient content (e.g., omega-3 [�-3FA] fatty acids,
fiber). Table 36-3 provides a relative cost summary for enteral
formulas.

Nutrient Source
Enteral products are typically lactose-free and these formulas
are the standard for tube-fed patients owing to presumed lactose
intolerance in many hospitalized patients.19,20 Reduced disac-
charidase production during fasting, malnutrition, and various
GI tract diseases contribute to lactose intolerance in hospital-
ized patients.21 In addition, most ethnic groups, except north-
ern Europeans, have reduced lactase production in adulthood,
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Table 36-2 Generic Groups and Subgroups of Enteral Formulas

Polymeric Formulas

Nutrient Source

Blenderized
Lactose free

Fiber Content

Fiber-free
Low fiber (1–9 g/1,000 kcal)
Moderate fiber (9.1–13.9 g/1,000 kcal)
High fiber (14 g or higher/1,000 kcal)

Caloric Density

Standard density (1–1.2 kcal/mL)
Moderate density (1.5 kcal/mL)
Calorically dense (1.8–2 kcal/mL)

Protein or Nitrogen Content

Low nitrogen (6%–9% of kcal)
Standard nitrogen (11%–15% of kcal)
High nitrogen (16%–25% of kcal)

Oligomeric Formulas

Elemental
Peptide based

Specialized Formulas

Renal Failure

Essential amino acid enriched
Low protein and electrolytes

Hepatic Failure (High BCAA, Low AAA)

Stress or Critically Ill

Branched-chain amino acid enriched
High nitrogen plus conditionally essential nutrients
Immune modulating

Pulmonary Disease

Traditional, high fat content

Immune modulating

Glucose Control

Modular Components

Carbohydrate
Protein
Fats

BCAA, branched-chain amino acids; AAA, aromatic amino acids.

leading to lactose intolerance. Lactose can cause bloating,
flatulence, abdominal cramps, and watery diarrhea in patients
with permanent or transient lactose intolerance. Milk protein
concentrate does not contain lactose. Lactose-free formulas
leave little residue in the colon and their viscosity is low un-
less fiber is added.

Table 36-3 Relative Cost of Enteral Formulasa

Relative Cost
Type of Formula (dollars)

Polymeric Formulas

Lactose free, standard caloric density, standard nitrogen
content plus
Fiber free for oral supplement or tube feedingb 1
Low to moderate fiber (1–8 g/1,000 kcal) 1.5
Moderate to high fiber (>8 g/1,000 kcal) 1.7

Lactose free, standard nitrogen content, fiber-free plus
Standard caloric density (1–1.2 kcal/mL)b 1
Moderate density (1.5 kcal/mL) 1.3
Calorically dense (1.8–2 kcal/mL) 1.3

Lactose free, standard caloric density, fiber-free plus
Low nitrogen (6%–10% of kcal as protein); low

electrolyte
3

Standard nitrogen (11%–15% of kcal as protein)b 1
High nitrogen (16%–25% of kcal as protein) 1.3

Oligomeric Formulas

Elemental (free amino acids) 16.8
Peptide-based

High protein 14.4
Very high protein 18.2

Specialized Formulas

Renal failure
Essential amino acid enriched 19
Low protein and electrolytes 3

Hepatic failure (high BCAA, low AAA)c 25
Stress or critically ill

Branched-chain enriched 22
High nitrogen plus conditionally essential nutrients 2.5
Immune modulating 19.5

Pulmonary disease (standard; not immune modulating) 2.1
Glucose control 4.6

aBased on average cost per 1,000 calories for equivalent formulas on contract from
2005–2007.
bIndex product; given a relative value of 1.
cBCAA, branched-chain amino acids; AAA, aromatic amino acids.

Fiber Content
Fiber content provides a second criterion for subdividing poly-
meric formulas. Fiber has potential physiologic benefits, in-
cluding increased fecal bulk, decreased transit time in patients
susceptible to constipation, increased transit time in patients
with diarrhea, reduction of serum cholesterol, and improved
glycemic control in patients with diabetes. Recommended fiber
intake for healthy Americans is 21 to 25 g for women and 30 to
38 g for men, with the lower end of these amounts for people
51 years of age or older.22,23 Adequate intake is determined by
calorie intake and fiber intake observed to protect against coro-
nary artery disease (14 g/1,000 calories). Optimal fiber intake
for ill persons has not been determined. Fiber-supplemented
formulas vary considerably in fiber content. There is no stan-
dardized terminology for low-, moderate-, and high-fiber con-
tent. Fiber intake to protect against coronary artery disease is
typically considered a high-fiber diet; thus, fiber at 14 g or
higher per 1,000 calories is considered high fiber. Diets pro-
viding 9 g fiber or less per 1,000 calories generally requires
excessive calories to meet recommended fiber intake and are
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Table 36-4 Fiber Amount and Sources for Selected Enteral Formulas

Total Dietary Kcal to Provide 25–38 g
Formula Name Fiber (g/L) Dietary Fiber Daily Insoluble Fiber Soluble Fiber FOS

Ensure with fiber 12 2,083–3,167 x x x
Glucerna 14.4 1,736–2,639 x
Glucerna Select 21.1 1,185–1,800 x x x
Jevity 1 Cal 14.4 1,736–2,639 x
Jevity 1.5 Cal 22 1,705–2,590 x x x
Nutren 1.0 with fiber 14 1,786–2,714 x
Nutren Glytrol 15.2 1,645–2,500 x x
Nutren Probalance 10 3,000–4,560 x x
Nutren Replete with fiber 14 1,786–2,714 x x
Peptamen AF 5.2 4,808–7,307 x

FOS, fructo-oligosaccharides.

considered low-fiber diets. EN formulas with 9 g or less per
1,000 calories are considered low-fiber formulas, and fiber con-
tent above 9 g but below 14 g per 1,000 calories is classified
as moderate fiber content.

Fiber is added to enteral formulas primarily to reduce the
rapid intestinal transit associated with fiber-free formulas.24

Insoluble fiber is associated with changes in fecal bulk and
transit time, whereas soluble fiber tends to be responsible for
effects on cholesterol and glycemic control. Enteral formu-
las may contain one or both types of fiber, as indicated in
Table 36-4. Soluble fibers, such as pectin, psyllium, and cer-
tain gums, tend to form gels and are seldom used as a single
fiber source.

The most common fiber source for enteral formulas is soy
polysaccharide, or soy fiber. Benefits associated with both sol-
uble and insoluble fibers have been noted with soy fiber despite
its primarily insoluble fiber content.25 Although soy polysac-
charide demonstrates beneficial effects in healthy subjects and
patients non-critically ill, studies do not provide clear evidence
of improved bowel function in critically ill patients.26 Given
the current data, stable patients on long term EN appear most
likely to benefit from fiber-supplemented formulas. Some pa-
tients on short-term EN without GI pathology who experience
altered stool consistency may benefit from fiber supplementa-
tion. The effect of fiber on patients with bowel pathology is less
clear, however, and it may be detrimental in the hypotensive
patient with subclinical ischemia.27

Addition of fiber to enteral formulas creates some potential
problems. Fiber tends to increase formula viscosity, which may
necessitate a pump for administration through feeding tubes.
GI symptoms from fiber can include increased gas production
and abdominal discomfort.24,28 Gradual introduction of fiber
may help reduce these symptoms. Bezoar formation also has
been reported in a patient receiving fiber-containing tube feed-
ings and medications that suppressed GI motility.26 Caution
is advised for the use of fiber-containing formulas in patients
with poor GI motility, underlying GI dysfunction, or those who
are critically ill.24,27,28 Inadequate fluid intake may also con-
tribute to the risk of bezoar formation and intestinal blockage
with fiber.

Fructo-oligosaccharides (FOS) are naturally occurring sug-
ars that are added to some enteral formulas (Table 36-4). Gly-
cosidic linkages between fructose units and glucose in the FOS
are not split by GI enzymes but can be fermented to short-chain

fatty acids by Bifidobacterium in the colon.26,29 Soluble fibers
also are fermented to short-chain fatty acids by colon bacteria;
they stimulate colonic blood flow, enhance fluid and electrolyte
absorption, and provide a trophic effect in the colon. This may
account for the association between soluble fibers and bene-
ficial effects on colonocytes (e.g., regulation of cell growth
and adhesion, including inhibition of neoplastic cell growth).
Improvement in constipation has been noted with FOS admin-
istration; however, intake of >45 g/day may cause diarrhea.30

Use of FOS in enteral formulas has increased over the past
several years as FOS appear to offer the benefits of soluble
fiber without the same physicochemical limitations.

Caloric Density
Caloric density is another method of subdividing polymeric
enteral formulas. The standard caloric density is 1 to 1.2
kcal/mL. Moderate density formulas contain approximately
1.5 kcal/mL, and calorically dense formulas contain 2 kcal/mL.
Increased caloric density increases formula osmolality. Gas-
tric emptying can be reduced when osmolality exceeds 800
mOsm/kg and this may result in feeding intolerance.31 GI in-
tolerance (e.g., nausea, flatulence, abdominal discomfort) also
can occur if the capacity of intestinal enzymes is overwhelmed
by infusion of a calorically dense formula. The risk of de-
hydration increases with increasing caloric density; however,
standard caloric density formulas can result in fluid overload
in patients with congestive heart failure, renal failure, or other
fluid-sensitive conditions.

Protein Content
The fourth method of subdividing polymeric formulas is by
protein content, either as a percentage of calories from protein
or as the nonprotein calorie:nitrogen ratio (NPC:N). Grams of
protein times 4 equals protein calories, and grams of protein
divided by 6.25 equals grams of nitrogen, assuming protein
is 16% nitrogen. Protein needs increase disproportionately to
caloric needs during injury and critical illness. High-nitrogen
enteral formulas, designed to supply this increased protein re-
quirement provide approximately 16% to 25% of calories from
protein. The NPC:N ratios in these formulas range from 75:1 to
130:1. Standard protein content is 11% to 15% of calories, with
NPC:N approximately 140:1 to 200:1. Low-nitrogen formulas
with 6% to 9% of calories from protein and a ratio >250:1 are
available for patients requiring protein restriction.
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Oligomeric Formulas

Oligomeric formulas, also called predigested, monomeric or
chemically defined formulas, require minimal digestive func-
tion and produce little residue in the colon. Pancreatic enzyme
activity is required for digestion of oligosaccharides and fats.
Brush-border disaccharidase activity also is required. Mini-
mal digestion is required, however, for the hydrolyzed protein
and medium-chain triglyceride (MCT) components. These for-
mulas can be used for patients with pancreatic insufficiency,
reduced mucosal absorption, or reduced hydrolytic capabil-
ity. Patients most likely to benefit from oligomeric formulas
are those with severe pancreatic insufficiency or short bowel
syndrome.1 Although the Canadian Clinical Practice Guide-
lines for Nutrition Support in Mechanically Ventilated, Criti-
cally Ill Adult Patients (CCPG) noted patients with these and
other GI complications may benefit from oligomeric formulas,
insufficient data were available to make recommendations re-
garding use of such formulas.32 Pancreatic enzyme supplemen-
tation with polymeric formulas may be tried before oligomeric
formulas for some patients with pancreatic insufficiency (e.g.,
cystic fibrosis).

Two subgroups of oligomeric formulas can be differentiated
based on the protein source. True “elemental” formulas contain
free amino acids, whereas “peptide-based” formulas contain
oligopeptides plus dipeptides, tripeptides, and free amino acids
from hydrolysis of protein. Amino acids require no digestion,
but the sodium-dependent active transport mechanism appears
to be somewhat slow and inefficient with only about one-third
of dietary protein absorbed as free amino acids; the remaining
two-thirds are absorbed as di- and tripeptides.30,31,33,34 Spe-
cific carriers for di- and tripeptides absorption located in small
bowel mucosa do not compete with the free amino acid trans-
port system. Peptides longer than three amino acids require
further hydrolysis within the lumen of the small bowel be-
fore they are absorbed. Most peptide-based formulas contain
a significant portion of peptides that require hydrolysis before
absorption.

Some data suggest enteral diets high in peptides stim-
ulate protein synthesis and tissue recovery better than free
amino acids; however, the clinical relevance is unclear.35 No
well-designed, randomized, controlled trials have clearly delin-
eated clinical differences in elemental (free amino acid) versus
peptide-based formulas. Elemental formulas generally have
the lowest fat content (10% f.a.a. (see Table 36-5)). Peptide
formulas typically contain one-fourth to one-third of calories
from fat, but provide 20% to 70% of the fat as MCT to mini-
mize the risk of malabsorption. Crucial, Optimental, Peptamen
products, and Perative are examples of formulas containing
peptides.

Oligomeric formulas are typically hypertonic owing to their
partially digested nature, although peptide-containing formu-
las tend to be only slightly hypertonic. Osmotic diarrhea can oc-
cur because of the hyperosmolality; however, the CCPG meta-
analysis found no difference in diarrhea occurrence between
patients receiving intact protein and those receiving peptide-
rich formulas.32 Taste and cost are disadvantages of oligomeric
formulas. Flavoring packets are available and newer formulas
may be better accepted, but patients commonly complain of
a bitter taste when these formulas are taken orally. In gen-

eral, patients do not tolerate adequate oral consumption of an
oligomeric formula to meet daily requirements. As shown in
Table 36-3, oligomeric formulas tend to cost several times more
than polymeric formulas.

Specialized Formulas
Specialized formulas are designed for specific disease states or
conditions, but their use and clinical benefits are controversial.
Formulas generally have a good theoretic basis for use, yet
lack conclusive clinical evidence of improved efficacy com-
pared with standard formulas. Well-designed studies showing
a difference in outcome between specialized and standard en-
teral formulas providing equal nitrogen and equal calories are
difficult to find. Given the high cost of most specialized formu-
las, it often is difficult to justify their use without evidence of
improved clinical efficacy compared with standard formulas.

Renal Failure
Specialty enteral formulas designed for patients with renal
failure have enriched essential amino acid content. Theoreti-
cally, recycling of urea nitrogen for nonessential amino acid
synthesis reduces the accumulation of blood urea nitrogen
(BUN).19,35,36 Clinically significant recycling of nitrogen and
incorporation into nonessential amino acids does not appear to
occur, however. Essential amino acid formulas may be appro-
priate for patients with chronic renal failure with glomerular fil-
tration rates <25 mL/minute/1.73 m2 who are receiving very-
low-protein diets and for whom dialysis is not an option.1,35

Use should be limited to no more than 2 to 3 weeks, because
hyperammonemia and metabolic encephalopathy have been
associated with longer use. These formulas are not appropriate
for patients in acute renal failure or for those receiving dial-
ysis. The NPC:N is generally >300:1 in these formulas. Ap-
propriate vitamin and mineral supplements must be provided
with essential amino acid formulas because the formulas them-
selves are incomplete. Renalcal contains higher-than-normal
essential amino acids in combination with nonessential amino
acids.

Polymeric enteral formulas designed for renal failure or
renal insufficiency are now the standard for patients with im-
paired renal function. A systematic review, however, found
data were insufficient to complete a meta-analysis comparing
outcomes with renal versus standard enteral formulas in pa-
tients on chronic dialysis.37 These formulas are not enriched
with essential amino acids and use a lower NPC:N ratio (e.g.,
140:1 or 160:1) than essential amino acid-enriched formulas.
Lower-than-normal concentrations of potassium, phosphorus,
and magnesium, as well as higher caloric concentrations (1.8–
2 kcal/mL) are used in these formulas to minimize fluid and
electrolyte problems. Polymeric enteral formulas meet 100%
of the DRI with <2,000 mL/day. Examples of intact protein
renal formulas include Suplena, Nepro, and Nutren Renal.

Hepatic Failure
Hepatic failure formulas contain 45% to 50% of protein as
branched-chain amino acids (BCAA), compared with 15% to
20% in standard formulas, and lower-than-normal concentra-
tions of aromatic amino acids (AAA), especially phenylala-
nine. Theoretically, increasing BCAA and decreasing AAA
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improves hepatic encephalopathy by reducing inhibitory and
false neurotransmitter formation.19,35,36 Prospective, random-
ized, controlled trials comparing BCAA-enriched formulas
with comparable enteral formulas containing standard protein
sources are limited. Most studies have not shown a clear ad-
vantage for hepatic failure formulas, especially with respect to
mortality, and most patients with liver disease tolerate formu-
las with standard protein sources.1,19,35 NutriHep is a ready-to-
use high BCAA formula containing appropriate vitamin con-
tent for patients with end-stage liver disease. Hepatic-Aid II
is a powder that must be mixed with water; supplementation
of vitamins, minerals, and electrolytes is necessary because it
contains negligible amounts of these nutrients.

Stress or Critically Ill
Specialized stress formulas designed for critically ill, hyper-
catabolic patients generally contain a NPC:N ratio of <100:1
(i.e., high nitrogen content) and >35% of protein content as
BCAA, without reduced AAA concentrations. Thus, stress and
hepatic failure formulas are not therapeutically interchange-
able. The theory behind stress formulas is as follows: BCAA
are used preferentially for energy production in skeletal muscle
of critically ill patients and exogenous BCAA reduces skele-
tal muscle breakdown and improves protein synthesis.19,35,36

Studies evaluating the effectiveness of BCAA in stressed pa-
tients have primarily involved parenteral BCAA, although re-
sults for both parenteral and enteral administration are con-
flicting and controversial, with no significant improvement in
clinical outcome, including morbidity and mortality. Objective
criteria for defining critical illness and determining entry into
studies may contribute to the inconclusive and controversial
results when these studies are viewed as a group.

Enteral formulas having a NPC:N ratio of ≤125:1, but with-
out BCAA supplementation, are commonly marketed as stress
or critical care formulas. Several of these formulas, as listed
in Table 36-5, also contain arginine, glutamine, or nucleic acid
supplementation, a modified fat component, or both. Such for-
mulas are often referred to as “immune-modulating” formulas
based on their proposed beneficial modulation of biologic re-
sponses to stress. Study formulas frequently contain varying
portions of potentially immune modifying components mak-
ing it difficult to determine the effect of any given component.
In addition, effects of immunonutrition in critically ill patients
are difficult to isolate from other effects of critical illness and
studies are not conclusive for the role of these formulas in
most cases. Properties of each of the main immunonutrition
substrates are discussed below.

Arginine. The postulated role of arginine in critical illness
is related to protein synthesis, cellular growth, and lympho-
cyte blastogenesis. Arginine is a nonessential amino acid syn-
thesized by the urea cycle during detoxification of ammonia
and it is normally available in sufficient quantities for growth
and tissue repair. Endogenous synthesis may, however, be-
come inadequate during metabolic stress, making it condi-
tionally essential. Studies in healthy and elderly volunteers
have shown beneficial effects from arginine supplementation
on T-lymphocyte response and collagen deposition in artifi-
cial wounds used as markers of wound healing.38–40 In burn
patients, reduced wound infections, hospital length of stay
(LOS), and mortality have been demonstrated with supplemen-

tal arginine.41 Arginine supplementation at two to seven times
normal dietary intake (∼5.4 g/day in the United States) was
suggested as safe for nonseptic burn patients in a review, but
further study was considered necessary in septic patients.40,42

Few studies with surgery and critically ill patients have used
arginine alone and results with arginine plus other immune
modulating components, most commonly �-3FA, nucleotides,
glutamine, and antioxidants, are controversial. A recent meta-
analysis found no difference in clinical outcomes (e.g., infec-
tious complications, ventilator days, LOS) and mortality for
critically ill patients receiving immunonutrition versus stan-
dard EN.43 This meta-analysis was heavily weighted by the
results of a large multicenter trial that showed no difference in
the outcome parameters of 597 critically ill patients random-
ized to isonitrogenous high protein, isocaloric formulas, and
study formula that contained 9 g/L arginine, 13 g/L glutamine,
high �-3FA, antioxidants, and low-fiber content.44 Several ear-
lier meta-analyses and systematic reviews indicated improved
clinical outcomes but no difference in mortality with combined
immune-modulating components.19,40,42,45 Inclusion of multi-
ple prospective, double-blind, randomized controlled studies
in patients with upper GI cancers undergoing major surgery
likely contributed to these results.40 One meta-analysis sug-
gested high arginine (>12 g/day) was associated with poten-
tial enhanced immune function and reduced infections in pa-
tients having elective surgery, yet advised of potential harm
in some subpopulations of critically ill patients, particularly
septic patients.45

Arginine produces some of its versatile physiologic effects
through a nitric oxide (NO) dependent pathway. The synthe-
sis of NO, a potent vasodilating agent, requires arginine as
a substrate. Although NO production increases during sepsis
(thereby creating a negative arginine balance), the exact role
of this effector molecule remains controversial. Many believe
that excess NO is part of an adaptive response directed toward
limiting infection, ischemia, coagulation, inflammation, and
tissue injury.42 One study indicates that a population of septic
patients, mostly with pneumonia, receiving a high–arginine-
containing, immune-enhancing formula (>12 g/L) had signif-
icant decreases in the incidence of bacteremia and decreased
mortality.45,46 On the other hand, a number of other studies and
subgroup analysis of higher quality studies reveal that arginine
supplementation in the critically ill patient population may be
detrimental owing to an enhanced systemic inflammatory re-
sponse and hemodynamic instability.45,47–49

Bertolini et al.49 reported about a 31% higher mortality with
an immune-modulating EN formula (supplemented with argi-
nine, glutamine, nucleic acids, and �-3FA) compared with PN
in septic patients. Patients with pneumonia receiving arginine,
�-3FA, and antioxidant-supplemented feeding also may be at
increased risk for death.50 High plasma arginine concentra-
tions in critically ill patients with hepatic failure have been
reported and the conclusion was that supplemental arginine
could be harmful in this patient population.51 Use of arginine-
containing, immune-enhancing diets is not recommended by
CCPG because higher-quality studies indicated no effect on
mortality with these formulas and increased mortality was re-
ported for septic patients in some studies.32 No randomized
studies were available for arginine alone in critically ill pa-
tients. A consensus statement published by another group also
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recommends against use of arginine-enriched formulas in crit-
ically ill patients.52 Clearly, the role of arginine-supplemented
EN remains controversial. Additional studies with well-
defined patient populations are necessary to determine
appropriate arginine doses, the effects of arginine alone ver-
sus combinations of immune-modulating components (argi-
nine, glutamine, nucleic acids, �-3FA), and to identify
which patient populations would benefit from this amino
acid.

Nucleic acids or nucleotides. Purines and pyrimidines, in-
cluding RNA and DNA, comprise the nucleotides. Evidence
for including nucleotides in the diet comes primarily from an-
imal studies that suggest a need for preformed pyrimidines to
develop and activate T cells in the immune system.53 Diets
lacking nucleotides may be immunosuppressive; however, lit-
tle data are available on the role of nucleotides in EN formulas.
Nucleotide use in EN formulas has only been in conjunction
with other immune-modulating components and studies are
needed to clarify their effects.

Glutamine. The proposed role of glutamine in critical illness
is enhanced neutrophil function and maintenance of intestinal
barrier function, thereby preventing translocation of bacteria
and endotoxins from the GI tract into systemic circulation and
reducing bacteremia.54–56 Glutamine potentially reduces the
inflammatory response, lowers the risk of insulin resistance,
and maintains acid-base balance. Glutamine is a nonessen-
tial amino acid synthesized in sufficient quantities for its roles
in transamination, as an intermediate in numerous metabolic
pathways, such as gluconeogenesis and renal ammoniagenesis,
as a fuel source for rapidly dividing lymphocytes and entero-
cytes, and in the synthesis of glutathione. Endogenous synthe-
sis may become inadequate during metabolic stress, however,
making glutamine conditionally essential. Large, abrupt drops
in plasma and muscular glutamine concentrations, which ap-
pear to correlate with increased mortality, have been reported
in patients who are critically ill or septic.55,57 Although this
observation does not necessarily indicate depletion, it is used
as a hypothesis for the supplementation of glutamine in cer-
tain patient populations. Although a number of benefits have
been attributed to the provision of glutamine, study results are
often conflicting. Decreased methotrexate-induced enterocoli-
tis, improved rates of GI tract recovery after radiation therapy,
and a reduction in the severity or duration of mucositis have
all been reported following glutamine administration.58,59 Al-
though glutamine supplementation has been associated with
improvements in the indicators for protein catabolic rate and
immune function in critically ill patients, improvements in ni-
trogen balance and visceral protein status are rarely noted. The
reports of less pneumonia, bacteremia, and septic events in
critically ill patients receiving glutamine supplementation do
not translate into reduced mortality.60 Glutamine supplemen-
tation may however be linked to a decrease in complications
and mortality rates when parenteral, high-dose glutamine is
utilized. Data from a meta-analysis confirm the previous hy-
pothesis of many investigators that the beneficial effect of glu-
tamine in the critically ill may be very dependent on dose and
route of administration.54

Protein-bound glutamine is present in all enteral formulas.
Free glutamine is unstable in ready-to-use formulas, however,
and it is generally administered separately from the formula.
Glutamate is stable in water and functions in many roles at-

tributed to glutamine. Additional research is needed to deter-
mine whether physiologic effects are equivalent for glutamate,
protein-bound glutamine, and free glutamine. Until such ques-
tions are answered, supplementation of free glutamine sepa-
rately from the formula is likely to continue despite its un-
certain role in many patient populations and suggestions that
it is not necessary.61 The currently recommended maximal
dose of glutamine is 0.57 g/kg/day, although lower doses are
used in most studies and >0.2 g/kg/day was adequate to see
benefit in one meta-analysis.38,62 Doses of enteral glutamine
used in studies reviewed for the CCPG varied from 0.16 to
0.5 g/kg/day, and the committee decided a reasonable dose
would be 0.3 g/kg/day.32,63 Although available data do not in-
dicate a harmful effect of glutamine, there are theoretic con-
cerns associated with providing a large quantity of one amino
acid that shares transport systems with other amino acids in the
body and that has a role in ammoniagenesis. Glutamine sup-
plementation should be avoided in patients with total bilirubin
>10 mg/dL or creatinine clearance <30 mL/minute because
ammonia excretion could be impared.64 Monitoring for poten-
tial complications with glutamine supplementation is advised
given these theoretic concerns.

Alteration in the fat component of enteral formulas. Stress
or critical care and immune-modulating formulas contain dif-
ferent sources of fat to alter the type of fatty acids provided.
Fat sources commonly include MCT, along with predomi-
nantly canola oil, high oleic oils, or fish oils as long-chain
fatty acids. Usual polyunsaturated vegetable oils (i.e., corn,
soy, and safflower oils) are avoided or provided in relatively
small quantities to limit omega-6 fatty acids (�-6FA), which
are precursors to arachidonic acid and therefore to dienoic or
“2” series prostaglandins, prostacyclins, and thromboxanes,
and to “4” series leukotrienes. These compounds, taken as a
whole, are potent inflammatory, vasoconstrictive, and platelet-
aggregating agents.65,66 The source of �-6FA may, however,
also influence the type of prostaglandins produced.67 Dietary
α-linoleic acid is converted to γ -linoleic acid (GLA), then to
dihomo-GLA, and subsequently to arachidonic acid. As a di-
etary supplement, GLA is converted to dihomo-GLA, which
effectively competes with arachidonic acid in the pathways for
prostaglandin synthesis rather than being elongated to arachi-
donic acid. The resulting “1” series prostaglandins have lower
proinflammatory effects, similar to “3” series prostaglandins.
Small amounts of �-6FA are required in the diet to prevent
deficiency of linoleic acid an essential fatty acid not provided
by MCT and fish oils.

Fish oils, including menhaden oil, provide fatty acids pri-
marily from the �-3 family, with the very long-chain fatty
acids eicosapentenoic acid (EPA) and docosahexenoic acid
(DHA) predominating. The proposed role of �-3FA in crit-
ical illness is to reduce infectious complications and death in
selected patient populations. The �-3FA are precursors to the
“3” series prostaglandins, prostacyclins, and thromboxanes,
and “5” series leukotrienes. In total, these compounds are less
inflammatory and more vasodilatory than compounds from �-
6FA.65,66,68 This may be beneficial in critically ill patients, but
few data are available evaluating effects of only fat modifica-
tion. Combinations of immune-modulating components may
produce different effects than single nutrients. For example,
in vitro data demonstrate an interaction between prostaglandins
and arginine metabolism. Greater arginase induction and lower
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nitrate levels exist with “1” and “2” series compared to “3” se-
ries prostaglandins.69

Improved clinical outcomes for postsurgical and critically
ill patients have been associated with EN containing �-3FA,
usually in conjunction with other immune-modulating com-
ponents, although the effects remain controversial.19,40,42,45,68

Studies suggest a minimum of 5 to 7 days of supplemen-
tation with immune-modulating components, including �-
3FA, is necessary to see beneficial effects on postoperative
outcomes.70–72 Incorporation of �-3FA into cell membranes
has been demonstrated in humans with supplementation for
5 days.73 Decreased wound infections and reduced mortality
have been demonstrated in burn patients with low-fat diets
containing 50% of fat as fish oil.41 Other studies, however,
have shown no benefit in this population.65 Fat modification
to provide high �-3FA content also has been studied in acute
respiratory distress syndrome (ARDS) and acute lung injury,
as discussed under pulmonary formulas.

Further research is needed to elucidate effects of �-3FA
alone and to determine their safety and efficacy in various dis-
ease states. Effects of �-3FA on antioxidant levels, especially
vitamin E, and the need for supplementation require study. Ap-
propriate quantities of �-3FA and the most beneficial ratios of
�-6FA to �-3FA also must be determined before routine sup-
plementation with �-3FA can be recommended beyond mod-
ifying the diet to include foods rich in �-3FA (i.e., fish, such
as salmon). Current ratios of �-6FA to �-3FA in diets range
from about 4:1 in Japan to 16:1 in the United States, although a
specific intake amount resulting in adverse effects has not been
determined for either �-6FA or �-3FA.61,64 No data exist to
guide the use in various illnesses.

Canola oil and high-oleic oils are other fat sources used in
EN. These oils are common in standard formulas, as well as
those used for stress and critical illness. Canola oil contains
approximately two-thirds monounsaturated fatty acids, com-
pared with less than half this amount in polyunsaturated veg-
etable oils. High-oleic safflower and sunflower oils also have
a high monounsaturated fatty acid content. Monounsaturated
fatty acids have been popularized by reports of low cardiovas-
cular disease in populations using olive oil, but further research
is needed to determine the role of these fatty acids in ill pa-
tients. The combination of canola oil and high-oleic oil does
increase the content of linolenic acid.

Enteral formulas often contain MCT to improve fat ab-
sorption. Absorption of MCT is relatively independent of
pancreatic enzymes and bile salts; thus, they can be ab-
sorbed in patients experiencing malabsorption of the long-
chain triglycerides. Rapid, carnitine-independent metabolism
occurs with MCT, whereas long-chain triglycerides require car-
nitine for metabolism. Therefore, use of long-chain triglyc-
erides is compromised when carnitine deficiency occurs, but
MCT metabolism is unaffected. Formulas containing a rela-
tively large percentage of fat calories as MCT are frequently
marketed for critically ill patients with malabsorption. Exam-
ples of formulas with higher percentages of fat calories as
MCT include Nutren 1.5 and Crucial with 50% to 65%, Nu-
tren 2.0, NutriHep, and Peptamen products with 65% to 80%,
and Portagen with over 85% of fat calories as MCT.

Carnitine. An important compound in normal nutrition, car-
nitine is required for transport of long-chain triglycerides into
the mitochondria for metabolism and export of acyl-coenzyme

A (CoA) compounds out of the mitochondria. Formulas mar-
keted for critical care may contain higher amounts than stan-
dard formulas, but most formulas contain an adequate quantity
of carnitine to prevent deficiency.

Taurine. A sulfur-containing amino acid, taurine protects
cell membranes by attenuating toxic substances and acting as
an osmoregulator.74 Taurine may improve fat absorption in pa-
tients with malabsorption through effects on bile acid produc-
tion and micelle formation. Taurine also is essential for normal
neuronal and retinal development in infants and children; thus,
pediatric formulas include taurine as an essential nutrient.74

Dietary taurine is adequate for adults, except possibly those
with catabolic illness such as cancer, chemotherapy, radiation,
burns, and operative injury. Taurine is typically added to for-
mulas marketed for stress and critical illness because these
populations may be at risk of inadequate intake.

The results of clinical trials examining the effects of
immune-modulating enteral formulations on mortality, hos-
pital LOS, intensive care unit (ICU) days, incidence of noso-
comial infection, duration of mechanical ventilation, and GI
complications are conflicting.32,41–50,52,54–56,61–63,68,70–77 Dif-
ferences in study design, patient population, enteral formula-
tion (immune-modulating components and doses), time to EN
commencement, and volume of formula received, make it dif-
ficult to compare study results reliably. Meta-analyses of major
studies reveal particular subsets of patients who may benefit
from certain immune-modulating components whereas other
subgroups may exhibit increased mortality. Patients with sep-
sis, pneumonia, and possibly other infections appear poten-
tially to be at risk of harm. Arginine has been identified as
the component most likely responsible for poor outcomes, but
no studies with arginine as a single supplemental ingredient
are available. Formulas generally include some combination
of arginine, glutamine, �-3FA, and antioxidants, making it
difficult to identify the effects of any single component clearly.
Elective surgical patients, especially upper GI surgery, appear
to be most likely to benefit from immunonutrition, with sig-
nificant reductions in infectious complications and lower hos-
pital LOS without mortality effect. Further research is needed
to examine this controversial area of nutrition. A need exists
to define which patients will benefit from immunonutrition,
and the optimal components, doses, and timing of immune
modulators for different patient subgroups. Until such infor-
mation is available, the immune-modulating formulas must
be used with caution and careful evaluation of each patient.
Guidelines, consensus statements, and recommendations have
been developed to help the clinician provide evidence-based
nutrition therapy; however, many barriers to implementation
exist.1,28,32,52,63,72,75,78

Pulmonary Disease
The percentage of calories from fat is relatively high (40%–
55%) in formulas marketed for patients with pulmonary dis-
ease. The premise for higher fat content is that fat oxidation
produces less carbon dioxide (CO2) than carbohydrate oxida-
tion, thereby reducing the work load of the lungs. Fats, partic-
ularly long-chain triglycerides, have a lower respiratory quo-
tient (RQ) than carbohydrates, meaning less CO2 is produced
per volume of oxygen consumed during fat metabolism. Early
studies comparing isocaloric, high-fat, low-carbohydrate diets
with higher carbohydrate diets showed improved respiratory
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parameters in ambulatory patients with chronic obstructive
pulmonary disease (COPD) as well as reduced time on the
ventilator and decreased arterial CO2 concentrations in me-
chanically ventilated patients.19,35,36,77 Calories at 1.7 to 2.25
times measured energy expenditure in these studies were ex-
cessive by current standards and excess calories contribute to
higher CO2 production.79 Preventing overfeeding is as impor-
tant for control of CO2 as high-fat, low-carbohydrate diets.19,20

In addition, improved respiratory parameters with a high-fat
EN product are unlikely to be seen in patients without ex-
cess CO2 production or retention. A more recent study in 60
malnourished, underweight patients with COPD does suggest
respiratory status in this population is more likely to benefit
from a high-fat, low-carbohydrate (28% of calories) formula
compared with a high-carbohydrate (60%–70% of calories)
formula.80 Although the percent of calories from fat (55%)
in the high-fat formula was similar to traditional pulmonary
formulas, fat distribution was considerably different with 20%
of fat as MCT and a predominance of monounsaturated fat.
During a period of overfeeding for weight gain, pulmonary
formulas may be reasonable; however, they are not warranted
for routine use.

An immune-modulating pulmonary (IMP) formula has
been studied in patients with ARDS and acute pulmonary
injury.81 Two high-fat formulas, the IMP formula containing
fish oil, borage oil, and antioxidants (vitamins C and E, beta-
carotene) and a typical pulmonary formula with high �-6FA
content were compared. The IMP formula was associated with
fewer days of supplemental oxygen, fewer days of mechanical
ventilation, decreased ICU days, and fewer new organ failures.
However, the choice of control formula in this study has been
questioned since there is some evidence of harmful effects from
administration of �-6FA-rich fats in critically ill patients.32

Mortality was not improved. This was the only study meeting
inclusion criteria for the CCPG using fish oils in critically ill
adults.32 Due to the potential need for higher antioxidant in-
take with �-3FA and because of inability to separate effects
of the combined components in the IMP formula, the CCPG
recommendation is to consider using IMP formulas contain-
ing a combination of fish oils, borage oils, and antioxidants in
patients with ARDS. Another study not available for CCPG
evaluation used the same IMP formula and found lower alve-
olar membrane permeability and reduced leukotriene B4 and
total neutrophils in bronchoalveolar lavage (BAL) fluid of pa-
tients with ARDS.82 As for all immune-modulating formulas,
the cost of the IMP formula is relatively high (Table 36-3).

Delayed gastric emptying is associated with high-fat di-
ets, and must be considered when evaluating possible benefits
and adverse effects of high-fat EN. Abdominal distention, in-
creased gastric residuals, nausea, and vomiting can result from
delayed gastric emptying. Delivery of a high-fat load, espe-
cially long-chain triglycerides, into the small bowel may over-
whelm pancreatic lipase activity in some patients, leading to
fat malabsorption. Formulas typically classified as pulmonary
formulas include Nutren Pulmonary and Pulmocare. Oxepa is
an IMP formula.

Glucose Control
Formulas for hyperglycemic patients, known as diabetic for-
mulas, have caloric distributions of 31% to 40% carbohydrate,
42% to 49% fat, and 16% to 20% protein. The fat content is

higher than recommended for healthy persons with diabetes,
but high monounsaturated fat sources predominate.83–85 The
source and type of carbohydrates in diabetic formulas varies,
with a predominance of more complex carbohydrates (i.e.,
oligosaccharides, cornstarch, fiber) and insulin-independent
sugars (i.e., fructose) despite total carbohydrate content proba-
bly being more important than carbohydrate type.19,85 For tube
feeding the American Diabetes Association suggests either a
standard formula with 50% carbohydrate or a formula contain-
ing 33% to 40% carbohydrate.86 Practice guidelines for nutri-
tion support suggest no changes in macronutrients compared
with the standard diet recommendations for diabetes, including
45% to 65% of calories from carbohydrate.1 Fiber sources asso-
ciated with improved glycemic control, mainly soluble fibers
but also soy polysaccharide, are included in these formulas
to help minimize postprandial hyperglycemia.24 Fiber content
ranges from 14 to 21 g/L and formulas are 1 kcal/mL; thus, the
recommended fiber intake of 25 to 38 g daily generally can be
achieved with <2,000 kcal/day.22,23

Results of studies with diabetic formulas have been mixed.
Early studies showing improvement in glucose response were
conducted in healthy volunteers, whereas patients with type 2
diabetes in a long-term care facility showed no improvement
compared with a standard EN formula.19,28,87 Studies show-
ing reductions in blood glucose frequently fail to achieve tight
control (i.e., 80–110 mg/dL) and lack improvement in clinical
outcomes, including infectious complications, hospital LOS,
and mortality.88,89 Current evidence is insufficient to support
routine use of diabetic formulas; thus, starting with a stan-
dard formula in conjunction with insulin use and changing to
a diabetes formula if insulin causes difficulties with glucose
control has been suggested.28,53,87,90,91 Problems with delayed
gastric emptying or fat malabsorption must be weighed against
possible benefits of improved glucose control with diabetic
formulas. Clearly, treatment goals for EN in patients with di-
abetes mellitus should include individualization of macronu-
trient composition, avoidance of excess calories, and mainte-
nance of euglycemia.1 Formulas marketed for glucose control
include Glucerna, Glucerna Select and Nutren Glytrol.

Modular Components
Modular components are individual nutrient substrates de-
signed for addition to oral diets or enteral formulas. Glucose
polymers are used to supplement calories as carbohydrate.
They do not increase osmolality or alter food or formula fla-
vor. Powdered carbohydrate modules contain 20 to 30 kcal/
tablespoon, whereas liquids contain 2 kcal/mL. Protein mod-
ules are powders containing 3 to 5 g protein/tablespoon. Most
protein modules are intact protein. Arginine and glutamine are
available as individual packets to allow supplementation as a
single amino acid. Modular components typically are mixed
with water and administered through the feeding tube rather
than being mixed directly into the formula.

TUBE-FEEDING ADMINISTRATION REGIMEN
The feeding route, formula selected, and anticipated duration
of feeding influence the administration regimen. Patient loca-
tion (e.g., hospital, nursing facility, home) and cost also are
considered when developing the regimen, including delivery
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schedule, formula strength or concentration for initiating and
advancing feedings, and the administration method (i.e., sy-
ringe, gravity drip, pump). Limited scientific data exist regard-
ing EN administration regimens; thus, expert opinion plays
an important role and different regimens can be used in vari-
ous settings, all of which appear to meet the needs of the pa-
tients and personnel. Practice guidelines or protocols for initia-
tion and advancement of EN have been suggested to minimize
variations in quality of care and facilitate optimal delivery of
nutrients and appropriate monitoring.92 The CCPG found in-
sufficient data to recommend the use of feeding protocols in
critically ill patients.32 With or without a protocol, the admin-
istration regimen should be adjusted as necessary for feeding
intolerance.

Four basic schedules for formula delivery are available to
provide the daily volume of formula: continuous infusion,
cyclic infusion, intermittent infusion, and bolus delivery of
formula. Continuous infusion provides formula at a continu-
ous rate over 24 hours/day. In contrast, cyclic infusion provides
formula at a continuous rate for <24 hours daily. Intermittent
infusion provides formula in a specified number of feedings
daily. Each of three to eight daily feedings is administered
over 20 to 60 minutes via gravity drip or infusion pump. Bo-
lus delivery is similar to intermittent infusion except that each
feeding is administered via a syringe or by gravity over a few
minutes up to 20 minutes.

Continuous Infusion
Continuous infusion can be used with any route of feeding.
Intragastric continuous infusion is most commonly used for
hospitalized patients, although small bowel feeding may be
more appropriate in certain settings (e.g., ICU).32 Risks of gas-
tric distention and aspiration may decrease with continuous
infusion compared with intermittent gastric infusion.18,93,94

In addition, continuous infusion may be better tolerated as
judged by stool frequency and time to attain full nutrition sup-
port, especially in the elderly and in metabolically unstable
patients.77,92,95,96 Insufficient evidence exists to include a rec-
ommendation for continuous infusion versus other administra-
tion methods for critically ill patients in the CCPG.32 Feeding
into the duodenum or jejunum is best initiated with continu-
ous infusion because rapid infusion of large formula volumes
into the small bowel can result in symptoms consistent with
a dumping syndrome, including sweating, lightheadedness,
abdominal distention, cramping, hyperperistalsis, and watery
diarrhea. With time, the jejunum may adapt to larger vol-
umes over a shorter time allowing cyclic or longer intermittent
infusions.

Cyclic Feeding
Cyclic feeding most commonly is used for patients who need
supplemental nutrition because of an inability to consume ad-
equate oral nutrients, during transition to an oral diet, and for
long-term home EN patients. Infusions are typically given at
night over 8 to 12 hours to minimize interference with oral
intake during the day and normal activities such as work or
school, although cycles can be as long as 20 hours. Formula
volume and osmolality can limit tolerance to cyclic feedings,
especially jejunal feedings, and transition from continuous to

cyclic infusion may require several days to weeks depending
on the cycle length and patient tolerance.

Intermittent or Bolus Feedings
The stomach’s reservoir capacity allows administration of rel-
atively large-volumes on an intermittent or bolus schedule.
This is more physiologic than continuous feeding and more
convenient for patients in nursing facilities and ambulatory
patients at home on EN. Patients are typically started on con-
tinuous infusion feedings, then transitioned to intermittent in-
fusions, and eventually to the shorter administration time of
bolus feedings. Patients may need feedings over at least 15
minutes to avoid bloating, cramping, nausea, and diarrhea. A
rate of <60 mL/minute is suggested to minimize symptoms
of GI intolerance with bolus feedings.97,98 In small studies,
healthy volunteers tolerated bolus feedings of up to 750 mL
at 60 mL/minute, but intolerance developed at the next higher
rate of 85 mL/minute.97

Initiation of Feedings
The rate and strength, or concentration, of formula used for
initiating EN primarily depends on the site of feeding and con-
dition of the patient’s GI tract. Diluted formula and a low in-
fusion rate were standard “starter regimens” for intragastric
tube feedings in the past and still are used in some institutions
based on concern for GI intolerance during the first few days
of feeding when full-strength formula or a large volume of
formula is administered, because adaptation to osmolality and
volume has not occurred. Controlled studies do not support
this theory.95–99 Dilution delays delivery of adequate nutri-
ents without significantly affecting the incidence of GI intoler-
ance. Hypertonic formulas are diluted rapidly in the GI tract,
reaching isotonicity before or shortly beyond the ligament of
Treitz.98 Rapid infusion of formula may, however, increase the
incidence of nausea, cramping, and abdominal discomfort.

For intermittent feeding, rates of 200 to 300 mL over 20 to 60
minutes every 4 to 6 hours are generally tolerated; bolus feed-
ings are better tolerated when the rate is <60 mL/minute.97,99

Volumes up to 750 mL every 4 to 6 hours may be tolerated.92,98

Although studies have demonstrated tolerance with initiation
of feedings at goal rate, starting slower is appropriate for most
patients. Various recommendations for continuous infusion in-
tragastric feedings include starting at 50 mL/hour for 6 to 10
hours then advancing to the goal rate in 20 to 25 mL/hour in-
crements every 6 to 8 hours; starting at 20 to 50 mL/hour and
advancing by 20 to 25 mL every 4 to 6 hours; or starting at 10
to 40 mL/hour, advancing in increments of 10 to 20 mL/hour
every 8 to 12 hours.92,95–98,100 For critically ill patients, those
with abnormal GI function, patients without use of the GI tract
for a prolonged time, those at risk of refeeding syndrome, and
when calorically dense or high-osmolality formulas are used,
the slower start and advancement may be preferable although it
is not an “evidence-based” practice.92,97,101,102 Feedings into
the small bowel are initiated at 10 to 40 mL/hour, with rate
increases of 10 to 25 mL/hour every 8 to 12 hours until goal
rate is reached.77,96,97 Isotonic formulas can start at 30 to 40
mL/hour; hypertonic formulas may require a slower rate. A
general rule for EN is to change one parameter at a time; thus,
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the formula and rate or concentration should not be changed
concurrently.

MONITORING ENTERAL FEEDING
Appropriate monitoring of patients receiving EN via tube is
essential to recognize and prevent complications. Complica-
tions can be divided into three groups: mechanical, GI, and
metabolic (Table 36-6).

Mechanical Complications
Mechanical complications often can be avoided with good
nursing technique and careful observation of feeding toler-
ance. Frequent assessment of tube placement by auscultation,
location of markings on the tube, and withdrawal of gastric
contents is important to prevent pulmonary aspiration of the
formula. Tube placement should be evaluated every 4 to 6 hours
with continuous feeding, or before each intermittent or bolus
feeding.97,99,103,104 Withdrawal of gastric contents through the
feeding tube using a syringe allows both confirmation of tube
placement and evaluation of volume in the stomach (gastric
residual volume [GRV]).

Gastric residual volume varies based on the volume and
timing of previous feeds, especially for intermittent or bolus
feeds, feeding tube characteristics, and patient position and
activity.97,99 Gastrostomy tubes may yield less volume than
NG tubes because of their more anterior position in the stom-
ach. Soft, small-bore feeding tubes may collapse when GRV is
checked, preventing accurate measurement. GRV is not usually
checked through tubes placed in the postpyloric region because
of (a) problems with tube collapse and (b) the small bowel does
not serve as a reservoir for residuals. If the patient has an NG
tube in addition to a small bowel feeding tube, GRV can be
checked through the NG tube to assess whether the formula is
“backing-up” or refluxing into the stomach. Previously, methy-
lene blue or blue food coloring was added to the formula to
evaluate reflux; however, reports of mortality associated with
this practice have resulted in its abandonment.18,105–107 The
use of glucose oxidase test strips to detect the presence of en-
teral formula in tracheobronchial secretions lacks sensitivity
and specificity, and the results have not been shown to correlate
with aspiration.92,97

Promotility agents (e.g., metoclopramide, erythromycin)
should be considered in the systematic management of a high
GRV.18,32,108,109 These agents may improve feeding tolerance
and formula delivery and the risk of aspiration may be de-
creased. Postpyloric tube placement generally is recommended
when the GRV is persistently high or for patients who have ex-
perienced aspiration. Elevating the head of the bed to 30 to
45 degrees, with 45 degrees preferred in critically ill patients,
during and after feedings also is recommended to reduce the
risk of aspiration.32,104

Gastrointestinal Complications
Gastrointestinal complications are frequently associated with
tube feeding. Diarrhea occurs in 2% to 70% of patients,
depending on the definition used, and is one of the most
difficult problems for nurses, patients, and caregivers to
address.97−99,110 Predisposing illnesses, including diabetes

mellitus, GI infections, pancreatic insufficiency, and malab-
sorption syndromes, are more likely to cause diarrhea in pa-
tients receiving EN than the formula itself.77,92,97,111 Formula-
related GI infections occur owing to contamination of an
opened can or package. Sources of contamination include the
water used for reconstitution or dilution, transfer to the delivery
bag, formula kept in the delivery bag for a prolonged period,
and poorly cleaned feeding bags or administration sets. Closed
enteral feeding systems using ready-to-hang bags of formula
decrease contamination by reducing manipulation of the bag
and formula. Concurrent drug therapy is another major con-
tributor to diarrhea in tube-fed patients, potentially accounting
for 61% of diarrhea cases.97

Metabolic Complications
Metabolic complications of EN include hyperglycemia, elec-
trolyte abnormalities, and fluid imbalance. Although rigorous
evaluation of monitoring frequency is lacking, regular bio-
chemical determinations similar to those used for PN are rec-
ommended to identify metabolic abnormalities and to correct
before severe abnormalities occur. Baseline values for serum
glucose, creatinine, BUN, and electrolytes should be available
to guide selection of the enteral formula. Fingerstick glucose
measurements every 6 hours or an insulin protocol are recom-
mended before EN starts in diabetic or hyperglycemic patients
or if hyperglycemia is anticipated. After EN is initiated, serum
glucose, sodium (Na), potassium (K), chloride (Cl), and bi-
carbonate should be determined daily until they are stable in
hospitalized patients, usually 4 to 5 days. Monitoring frequency
is decreased to once or twice weekly when results are stable,
but typically continue daily or every other day in critically
ill patients. Patients discharged to home or a nursing facil-
ity before reaching their tube feeding goal should have serum
glucose and electrolytes determined two to three times dur-
ing the first week of therapy, then weekly for 2 to 3 weeks
in stable patients after the EN is at goal rate. Serum creati-
nine (SrCr) and BUN are determined daily for a few days in
critically ill patients, then by the same schedule as electrolytes.
These laboratory values may be needed only two to three times
in the first week, then weekly in relatively stable hospitalized
patients.

Monitoring schedules for SrCr, BUN, calcium, phosphorus,
and magnesium for patients in a nursing facility or at home
are the same as for electrolytes. For hospitalized patients, cal-
cium, phosphorus, and magnesium are determined two to three
times during the first week, then once weekly if the patient is
stable. Nutrition monitoring also is recommended, including
serum albumin and prealbumin or transferrin weekly while
the patient is hospitalized. For patients receiving long-term
EN, the frequency of laboratory monitoring gradually is de-
creased. Laboratory monitoring should be done once or twice
yearly in stable patients without significant medical problems.
Patients who have medical problems that can affect nutrient,
electrolyte, or trace element requirements or tolerances should
be monitored as appropriate to the medical condition.

Weight and fluid status are important parameters to mon-
itor throughout EN therapy. For hospitalized patients, weight
is primarily a reflection of fluid status, whereas in long-term
patients it is an important parameter for adequacy of caloric
intake. Consistent increases or decreases from the required
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Table 36-6 Complications of Tube Feeding

Complication Cause/Contributing Factor Treatment/Prevention

Mechanical Complications
Aspiration Deflated tracheostomy cuff Inflate tracheostomy cuff before feeding; keep inflated 1 hr after feeding;

consider small-bore feeding tube placed past the ligament of Treitz
Displaced feeding tube Reinsert tube, check placement; consider hand restraints or feeding tube

bridle
Reduced gastric emptying Check residuals every 4–6 hrs for gastric tube; raise head of bed 30–45

degrees; use lower fat formula; use prokinetic medication; use small
bowel feeding tube

Lack of gag reflex; coma Place feeding tube into jejunum; keep head of bed elevated to 45 degrees;
provide continuous feeding

Nasal or pharyngeal irritation
or necrosis; esophageal
erosion; otitis media

Large-bore, polyvinyl chloride tube
for long periods of time

Reposition tube daily, change tape; use smaller-bore tube; position tube to
avoid pressure on tissues; moisten mouth and nose several times daily

Tube obstruction Poorly crushed medications Crush medications thoroughly, dissolve in water; use liquid medications
whenever possible; check compatibility of medication with tube and
formula

Inadequate flushing after medications
or thick formula

Flush tube with 50–150 mL water after medications or thick formula and
every 4–6 hr with 20 mL minimum

Poorly dissolved or mixed formula Use blender to mix powdered formula (check manufacturer’s mixing
guidelines); use ready-to-use formula

Formula mixed with low pH substance Avoid checking gastric residuals when safe to do so; use larger-diameter
tubes when checking residuals; avoid administering acidic medications
through small-diameter tubes; consider a nonacidic therapeutic
alternative; flush with a minimum of 30 mL water before and
immediately after medication administration

Metabolic Complications
Hyperglycemia, glycosuria

(can lead to dehydration,
coma, or death)

Stress response; diabetes mellitus Monitor fingerstick glucose every 6 hr, use sliding scale insulin plus
appropriate routine insulin (e.g., insulin drip in critically ill)

High-carbohydrate formula Change formula
Drug therapy (steroids) Monitor intake and output accurately

Excess CO2 production
(high RQ)

High percentage of carbohydrate
calories or excess calories from any
source

Reduce total calories to avoid overfeeding; consider formula with higher fat
calories

Hyponatremia Dilutional (fluid excess, SIADH);
inadequate sodium intake; excess
GI losses

Use full-strength formula or change to 1.5–2 kcal/mL formula; add salt to
tube feeding (1 tsp = 2 g Na = 90 mEq); use diuretics if appropriate;
replace GI losses

Hypernatremia Inadequate free water intake Use 1 kcal/mL formula; monitor intake and output accurately; temperature
and weight daily; increase flush volume

Excess water losses (diabetes
insipidus; osmotic diuresis from
hyperglycemia; fever)

Correct hyperglycemia and the cause of fever or diabetes insipidus

Hypokalemia Medications (diuretics,
antipseudomonal penicillins,
amphotericin B)

Monitor serum potassium; give PO or IV potassium replacement PRN

Intracellular or extracellular shifts
(insulin therapy, acidosis)

Correct underlying problem

Excess GI losses (NG suction, small
bowel fistula, diarrhea)

Routinely provide potassium in replacement fluid

Hyperkalemia Potassium-sparing medications
(triamterene, amiloride,
spironolactone, ACE inhibitors);
potassium-containing medications
(penicillin G potassium)

Monitor serum potassium; change to medications without
potassium-sparing effect or without potassium salts

Renal failure Monitor renal function; change to formula with lower potassium content

Hypercoagulability Warfarin antagonism due to formula Use lower vitamin K formula; hold formula 1–2 hr before and after warfarin
dose; monitor coagulation status

ACE, angiotensin-converting enzyme; GI, gastrointestinal; ICU, intensive care unit; IV, intravenous; NG, nasogastric; PO, oral; PRN, as needed/ RQ, respiratory quotient;
SIADH, syndrome of inappropriate antidiuretic hormone secretion.
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enteral formula volume can have significant effects on weight.
For example, a weight loss of 12.5 pounds over a year can be
expected if the daily intake of a 1-kcal/mL formula is 120 mL
less than required.

Fluid status must be monitored closely with EN therapy,
especially in patients with unusual losses, an inability to rec-
ognize thirst, or voluntarily adjust their oral fluid intake. En-
teral formula contains solutes, as well as water. Only free water
in the formula contributes toward meeting fluid requirements.
Standard caloric density formulas are approximately 80% to
85% free water and 65% to 80% is typical for calorically dense
formulas. Manufacturers generally list the free water content
of formulas in product labeling.

Water used to irrigate, or flush, the feeding tube can con-
tribute a significant volume of fluid daily. Protocols for flush-
ing feeding tubes have not been well studied, but it generally
is agreed that the tube should be flushed before and after each
intermittent administration of formula or medication and after
each GRV evaluation. Tube patency is maintained by flushing
the tube every 4 to 6 hours for continuous feedings.97,99,103,104

Each flush is generally 20 to 60 mL of water. For patients with
signs of fluid overload, a flush volume of 20 to 30 mL can be
used and the number of flushes should be kept to a minimum.
Patients requiring more daily fluid may benefit from increased
flush volume, number of flushes, or both.

MEDICATIONS AND ENTERAL NUTRITION BY TUBE
Patients receiving EN often receive medications through the
same tube. Feeding tube occlusion, adverse effects caused
by changes in pharmaceutical dosage forms, and alteration
of medication pharmacokinetics and pharmacodynamics are
among the potential problems. Interactions related to pharma-
cologic or physiologic effects of medications or enteral nutri-
ents also may occur. For this reason, oral medication adminis-
tration should be considered unless a strict “nothing by mouth”
status is required.

The incidence of feeding tube occlusion is 1.6% to
66%.7,103,112 Pump malfunction, lack of periodic tube flush-
ing, formula characteristics, and tube characteristics are non–
medication-related factors affecting tube occlusion. Important
tube characteristics include the inner diameter (bore size), tube
material, and the arrangement and number of delivery holes
(ports) at the distal end. The most important formula charac-
teristic appears to be the protein source. In vitro studies suggest
formulas with intact protein, particularly caseinates or soy, co-
agulate and clump when exposed to an acidic pH, whereas
formulas with hydrolyzed protein do not.31,113

Medication-related factors influencing feeding tube occlu-
sion include the administration method, dosage form, pH, and
viscosity. Medications admixed with formula have the greatest
potential for occluding tubes owing to alteration of the tex-
ture, viscosity, or physical form of the medication or formula.
Therefore, medications rarely should be admixed directly with
formula. Stopping the enteral formula infusion, flushing the
tube with a minimum of 10 to 20 mL water before and af-
ter medication administration and a minimum of 5 mL be-
tween each medication, limit the contact between medications
and formula within the tube lumen and decrease the risk of
occlusion.97,104,113

Restoring Feeding Tube Patency
When a feeding tube occludes, it must be replaced unless pa-
tency can be restored. Frequent tube replacement disrupts nu-
trient delivery and increases patient discomfort as well as the
cost of care.

The initial treatment for tube occlusion is to flush the tube
with warm water using a large syringe, at least 20 mL but
preferably 50 mL, to avoid generation of excessive pressure
that could rupture the tube. When a specific cause for occlusion
can be identified (e.g., a specific medication) and physiochem-
ical characteristics of the responsible product are known (e.g.,
solubility, pH), it may be possible to select a more appropriate
flush preparation than water. In most cases, however, use of an
acidic or basic flush preparation could worsen the occlusion.
Acidic liquids (e.g., cranberry juice, diet soda, regular soda)
may perpetuate or extend the occlusion, especially when co-
agulated proteins are the cause.36,103,113,114 When water fails
to restore patency, activated pancreatic enzymes prepared with
one crushed Viokase tablet and one sodium bicarbonate tablet
(324 mg) dissolved in 5 mL of warm water just before instilla-
tion may be useful.97,113 Alternatively, a commercial product
containing multiple enzymes, buffers, and antibacterial agents
in a powder form (Clog Zapper, Corpak Medical Systems,
Wheeling, IL) can be used.

Medication Selection
Solid dosage forms are the greatest challenge to administer by
feeding tube. Whenever possible, liquid dosage forms should
be selected, but these are not without problems. Liquids, es-
pecially those with a high viscosity, should be diluted before
administration to avoid coating the tube interior. Pharmaceu-
tical syrups with a pH of 4 or less must be used with caution
because immediate clumping and tackiness of formulas mixed
with the syrups have been reported.113,114

For medications not available in liquid form, a therapeuti-
cally equivalent medication in a liquid form can be considered.
Extemporaneous preparation of a liquid also may be considered
but can increase cost significantly. Simple compressed tablets
can be crushed, then dissolved or suspended in 10 to 30 mL
of water before administration through the tube. Medications
in a soft gelatin capsule are best delivered by dissolving the
capsule in warm water. Undissolved gelatin should not be ad-
ministered, because this may occlude the tube. Powder in hard
gelatin capsules can be poured into water and mixed thoroughly
before administration. Failure to dissolve any of these dosage
forms thoroughly in water before administration through the
tube can result in occlusion. Omeprazole, potassium chloride,
phenytoin, multivitamins, lansoprazole, protein supplements,
sucralfate, pentoxifylline, zinc salts, calcium salts, and iron
salts were identified by nurses as the products most frequently
contributing to feeding tube occlusion.110,112

Crushing a medication and mixing the powder in water re-
sults in an altered pharmaceutical dosage form, and this may
affect its efficacy or patient tolerance. The safety and efficacy of
simple compressed tablets are not affected by crushing and dis-
solving in water immediately before use. Crushing a sustained
release product, however, destroys slow release mechanisms,
resulting in the immediate release of several hours worth of the
medication at one time. An exaggerated therapeutic response
may be seen initially, followed by a loss of response part way
through the dosing interval. Therefore, sustained-release or
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long-acting dosage forms should not be crushed.115 Instead,
an immediate-release dosage form can be used with appro-
priate adjustment of dose and dosing interval, or an alternate
administration routes (e.g., morphine suppositories rather than
slow-release tablets).

Enteric-coated tablets are designed to release medication
in the small bowel because the medication is either acid la-
bile or irritates the stomach. Protection for the medication or
stomach is lost when enteric-coated tablets are crushed and
delivered via feeding tube into the stomach, resulting in de-
creased efficacy of the medication or increased gastric irri-
tation. When an irritating medication must be given by tube
into the stomach, diluting the medication in at least 60 mL of
water is recommended.113 Administering buccal or sublingual
dosage forms via feeding tube may result in altered absorp-
tion or destruction of the medication by stomach acid. There-
fore, therapeutically equivalent medications (e.g., isosorbide
dinitrate rather than sublingual nitroglycerin) or an alternate
route of administration (e.g., nitroglycerin ointment or trans-
dermal system rather than sublingual nitroglycerin) should be
used.

Pharmacokinetic parameters can be altered when medica-
tions are administered by feeding tube. The medication de-
livery site can affect bioavailability, although few studies ad-
dress this issue. Medications taken orally are delivered to
the stomach, where dissolution occurs for most dosage forms
and hydrolysis of some medications may occur. Delivery into
the small bowel may alter these processes, thereby affecting
bioavailability. For instance, recovery of digoxin from intraje-
junal dosing is higher than with oral administration, primarily
because of reduced intragastric hydrolysis.31,113 Bioavailabil-
ity of medications also can be affected by the presence of en-
teral formula in the GI tract. Medications affected by the pres-
ence of food are expected to be affected in a similar manner by
the presence of formula. For example, administration of tetra-
cycline with formula present is expected to reduce tetracycline
bioavailability because of interactions with divalent cations. A
similar interaction is expected between ciprofloxacin and en-
teral formula, although some evidence suggests a mechanism
other than binding with divalent cations is responsible for re-
duced ciprofloxacin concentrations with enteral feeding.31

Phenytoin is particularly troublesome to manage in patients
receiving EN, with reduced phenytoin concentrations reported
in numerous case reports and small studies. Methods suggested
for management include using a meat-based formula, admin-
istering phenytoin capsules rather than the suspension, and
stopping formula delivery for 1 to 2 hours before and after the
phenytoin dose.113,116 Holding formula administration before
and after phenytoin dosing is usually recommended. None of
these methods, however, clearly prevents low phenytoin con-
centrations; thus, monitoring of serum concentrations is impor-
tant whenever EN is started or altered. Large-scale, controlled
trials are needed to determine the most appropriate method for
managing the phenytoin–EN interaction.

Reversal of warfarin anticoagulation by the vitamin K in-
cluded in enteral formulas is an important pharmacologic
interaction.31 The vitamin K content of most enteral formulas
today is unlikely to interfere with anticoagulation, but should
be evaluated if adequate anticoagulation is difficult to achieve.
In addition, binding of warfarin to a component of enteral for-
mulas, likely protein, has been proposed to explain warfarin

resistance with formulas containing low vitamin K content.31

Stopping formula administration for an hour before and after
warfarin administration appears to prevent this type of inter-
action.

Diarrhea is a potential problem related to physiologic effects
of hypertonic medications. Diluting hypertonic medications
(e.g., potassium chloride) with 30 to 60 mL of water before
administration is suggested. Dividing the medication dose and
separating doses by about 2 hours also decrease GI effects of
hypertonic medications. In addition, selection of brands and
dosage forms with minimal sorbitol can reduce the risk of
diarrhea. Cumulative sorbitol doses >5 g can cause bloating
and flatulence, whereas larger doses may act as a cathartic.113

PATIENT ASSESSMENT
Evaluation of Nutrition Status

1. J.K., an 81-year-old man, was hospitalized 6 days ago after
collapsing at the golf course. Physical examination on admission
revealed left-sided paralysis and overall muscle weakness. He was
confused and disoriented, and his mucous membranes were dry.
J.K. was diagnosed with mild dehydration and was thought to
have had a cerebrovascular accident (CVA). His condition has
changed little since admission. J.K. is estimated to be 5 ft 9 in
tall; his admission weight by bed scale was 132 lb (60 kg). His
maintenance IV is 5% dextrose/0.45% sodium chloride with KCl
20 mEq/L at 100 mL/hour. Laboratory evaluation today shows a
serum albumin of 3.1 g/dL, down from 3.8 on admission. Other
biochemical data are within normal limits: glucose, 89 mg/dL
(normal, 70–110); creatinine, 0.8 mg/dL (normal, 0.6–1.2); Na,
140 mEq/L (normal, 135–145); K, 4.4 mEq/L (normal, 3.5–5.5);
and Cl, 104 mEq/L (normal, 95–105). Assess J.K.’s nutrition sta-
tus. Identify factors placing him nutritionally at risk. Is nutrition
support indicated at this time?

J.K. has mild malnutrition based on his weight for height
and serum albumin concentration. Low serum albumin in
the elderly is a risk factor for malnutrition, sarcopenia, and
mortality.117,118 He is at risk for developing more severe mal-
nutrition during hospitalization, and possibly death. Serum al-
bumin at the time of admission was falsely elevated because of
dehydration; therefore, today’s albumin should be used to eval-
uate his visceral protein status. Mild visceral protein depletion
may have resulted from metabolic stress associated with his
CVA. Weight loss to 85% of ideal body weight (IBW, 70.7 kg)
most likely is owing to chronic deficiency in total energy intake
but may also be associated with significant loss of lean mass,
especially in older men.119

At 85% of IBW, J.K. should appear underweight. If not,
the estimated height may be wrong. The weight of 60 kg was
obtained at admission and is expected to be falsely low (by a
few kilograms at most) because of J.K.’s dehydration. Records
of clinic visits and hospitalizations may provide information
on chronic or recent illnesses that may be contributing to his
weight loss.

Socioeconomic factors contributing to nutrition risk also
should be considered.120 Low income is associated with food
insecurity and inadequate nutrition. Social conditions also may
influence nutrition. A nursing note states, per his friend, that
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they were playing golf like they usually do two to three times
weekly since J.K.’s wife died a few months ago. He says J.K.
spends too much time alone staring out his window at the golf
course rather than getting out to play. This indicates J.K. lives
alone but also suggests he is probably not low income.

J.K. most likely has been without oral intake since admis-
sion because he is unable to feed himself; he is expected to
have difficulty chewing and swallowing as a result of the CVA.
The low amount of dextrose in his maintenance IV is inad-
equate to minimize protein breakdown for gluconeogenesis.
Patients with inadequate intake for 5 to 7 days or those who
are not expected to have adequate intake for 5 to 7 days are
considered candidates for specialized nutrition support.1 Mal-
nourished patients should be considered for nutrition support
sooner. Because J.K. has mild malnutrition and is not likely
to take adequate nutrients by mouth within the next few days,
specialized nutrition support is indicated.

Estimation of Nutrition Requirements

2. What are J.K.’s requirements for calories, protein, and
fluid? Does he have any special nutrient requirements?

Because J.K. is below IBW for height, his actual weight
should be used to estimate energy and protein requirements.
It would be best to use a weight after J.K. was rehydrated. His
chart indicates a weight of 62 kg the past 3 days, which will
be used for calculations. Use of IBW to estimate requirements
for malnourished patients may result in fluid and electrolyte
imbalance. Once the patient is stabilized on nutrition sup-
port, calories can be increased, if necessary, to achieve weight
gain.

J.K.’s level of metabolic stress is relatively low. He has no
surgical wounds, no fractures or skeletal trauma, no burns, and
no major infections. Therefore, caloric requirements are only
slightly higher than basal needs. Although the term calorie is
used interchangeably with kilocalorie (kcal) in nutrition litera-
ture, the large “Calorie” or kilocalorie technically is correct and
energy requirements generally are listed as kcal/day or kcal/kg
body weight when specific numbers are given for a patient. Re-
quirements can be estimated using predictive equations such as
Harris-Benedict or one of the many other equations.2,36 Indi-
rect calorimetry (metabolic cart measurements) is an expensive
procedure and probably is unnecessary in a mildly stressed
patient. Metabolic cart measurements determine energy (or
“metabolic”) requirements from oxygen consumption and car-
bon dioxide production. They account for individual variations
in energy expenditure not adequately accounted for by predic-
tive equations or by the kcal/kg method of determining energy
requirements, especially in highly complex patients. An es-
timation of 20 to 25 kcal/kg actual weight also can be used
based on J.K.’s low level of metabolic stress but higher caloric
intake may be needed for weight gain after he is stable. Pro-
tein requirements for healthy elderly people are estimated to
be to be 1 g/kg/day, which is slightly higher than the DRI of
0.8 g/kg/day.120

Mild visceral protein depletion and metabolic stress are ex-
pected to increase J.K.’s protein needs to at least 1 to 1.2 g/kg
actual weight per day. Renal function appears adequate for J.K.
to tolerate up to 1.2 g/kg/day without developing azotemia.
SrCr, however, may provide a poor estimate of renal func-

tion in underweight patients owing to below-normal muscle
mass. Daily fluid requirements for geriatric patients can be
estimated at 30 to 35 mL/kg, with a minimum of 1,500 mL
daily, plus replacement of excess losses from hyperthermia,
vomiting, or diarrhea.1,120 Baseline requirements of 1,500 mL
for the first 20 kg plus 20 mL per each additional kilogram of
body weight also can be used to estimate fluid requirements.
Based on caloric intake, fluid requirements can be estimated as
1 mL/kcal ingested.1 J.K. does not appear to have any excess
fluid losses at this time; therefore, calculation of baseline fluid
requirements should provide adequate fluids.

J.K.’s estimated daily requirements are approximately 1,240
to 1,550 total calories, 62 to 74 g protein, and 1,860 to 2,168
mL of fluid. These are estimated requirements that should be
adjusted based on frequent reassessment of J.K.’s response to
therapy and changes in his clinical situation. Additional calo-
ries and protein may be needed for repletion of weight and
protein status.

J.K.’s apparently suboptimal nutrition before hospitalization
increases his risk for vitamin deficiencies. Vitamins of particu-
lar concern are antioxidants (i.e., vitamin C and beta carotene)
and those that influence plasma concentrations of homocys-
teine (i.e., vitamin B12, folic acid, and pyridoxine). Vitamins A
and D also are of concern since free-living, generally healthy
elderly have deficient intake of these vitamins.120 No medical,
medication, or dietary histories are available to determine nu-
tritional risks associated with specific conditions. Factors that
predispose patients to vitamin deficiencies include weight loss
of >5% of usual body weight in 1 month or >10% of usual
body weight in 6 months, prolonged periods of dietary restric-
tion, high levels of physiologic stress as occurs with trauma
and large areas of burn, significant alterations in biochemical
tests such as serum glucose and albumin, abnormal or pro-
tracted body fluid losses, administration of medications that
alter vitamin absorption or metabolism, and diagnoses asso-
ciated with alteration in vitamin absorption or requirements.
J.K.’s age, along with his acute illness and mild mixed protein-
calorie malnutrition, increase his risk of vitamin deficiencies,
and it is likely that he has at least some subclinical deficiencies.
J.K. should receive 100% up to 200% of the DRI for vitamins
and minerals daily. A daily multivitamin preparation provid-
ing 100% of the DRI should be considered in addition to an
oral diet or EN. If actual deficiencies are identified, J.K. will
require higher, therapeutic doses of the specific vitamins that
are deficient.

Enteral Nutrition Route

3. The health care team decides to initiate specialized nutrition
support via tube feeding. What route for tube feeding is most
appropriate for J.K.?

It is likely J.K. has problems with chewing and swallowing,
in addition to difficulty getting food to his mouth. Otherwise,
J.K.’s GI tract is expected to be functional. Nothing indicates
that J.K. has risks associated with aspiration. Some patients
have a poor gag reflex after a CVA, but J.K. has no reported
coughing or choking. The duration of tube feeding is uncertain
because J.K. may improve with time. An NG tube is the least
invasive feeding route at this time. Measures to prevent J.K.
from pulling the feeding tube may be necessary.
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Enteral Formula Selection

4. What type of enteral formula is most appropriate for J.K.?

J.K. has full digestive capability; therefore, a polymeric
formula is most appropriate. Standard caloric density (1–1.2
kcal/mL) should be used because J.K. has no fluid restriction
and no evidence of fluid overload. A high-nitrogen formula
will provide protein at the upper end of the estimated require-
ment (1.2 g/kg/day), whereas a standard nitrogen formula will
provide between 0.8 and 1 g/kg/day. A high-nitrogen formula
may replete J.K.’s visceral protein status sooner but it may not
provide adequate calories for weight gain. The decision to use
a high- versus standard-nitrogen formula depends on the exact
nutrient composition of available formulas.

Fiber can be included in the formula if desired. The benefits
of fiber for short-term feeding are not clearly defined, so a fiber-
free formula is an equally appropriate selection at this time.
If a fiber-containing formula is selected initially, the formula
should contain a low to moderate fiber content or be started at
a low rate and advanced slowly to minimize gas and abdominal
distention.

Fluid Provision

5. How much fluid is necessary to meet J.K.’s estimated daily
fluid requirements?

The free water content of EN must be calculated to deter-
mine the volume of additional fluid that must be provided to
J.K. Formulas with 1 to 1.2 kcal/mL generally contain 80%
to 85% free water. Assuming a goal volume of 1,440 mL/day
(six cans) of a 1 kcal/mL, 0.044 g protein/mL formula, ap-
proximately 1,150 to 1,225 mL of free water is provided daily.
Using 30 mL/kg/day as J.K.’s fluid requirement, he will need
1,860 mL daily. Therefore, the volume of fluid needed in addi-
tion to the enteral formula is 635 to 710 mL/day, which can be
provided with medications and tube irrigation (flushes). The
feeding tube should be irrigated with a minimum of 20 mL of
fluid every 4 to 6 hours, as well as before and after adminis-
tration of each medication through the tube.97,99,103,104 Using
five flushes daily with 125 mL of water each will provide 625
mL of fluid.

Selection of a 2 kcal/mL, 0.075 g protein/mL formula for
J.K. would require approximately 720 mL (three cans) of for-
mula daily to meet his caloric and protein requirements. For-
mulas with 2 kcal/mL contain approximately 65% to 80% free
water, meaning J.K. would receive about 470 to 575 mL of
free water from the formula and still need an additional 1,285
to 1,390 mL of fluid daily. Large flushes of water would be
necessary. Diluting the formula to half-strength is not recom-
mended because this increases the risk of error and contami-
nation. Thus, a 1 kcal/mL formula is more appropriate for J.K.
than a 2 kcal/mL product.

Enteral Nutrition Administration

6. Recommend a plan for initiating and advancing J.K.’s tube
feeding.

J.K. receives gastric feeds; therefore, continuous infusion,
intermittent infusion, or bolus feedings can be used. Continu-

ous infusion most commonly is used for hospitalized patients
despite no clearly established difference in tolerance compared
with intermittent infusion.

Full-strength formula should be used to initiate feedings.
J.K. is assumed to have full digestive capacity and is being
fed into the stomach; therefore, diluting the formula is not ex-
pected to improve tolerance to either an isotonic or hypertonic
formula. Dilution or starting the feedings at a very low rate
also is likely to delay reaching J.K.’s nutrition goals. The stan-
dard of practice in most institutions for patients without GI
disease who are not critically ill is to start continuous infusion
polymeric feedings at 40 to 50 mL/hour and advance by 20 to
25 mL/hour every 4 to 8 hour, as tolerated, until the goal rate
is achieved.

The goal volume of enteral nutrition for J.K. is 1,440 mL/day
of a 1 kcal/mL formula, or 60 mL/hour continuous infusion.
The infusion can be started at 40 mL/hour for 4 to 6 hours,
then increased to 60 mL/hour. If J.K. experiences diarrhea,
abdominal distention, or a large GRV, the feeding may be
held at the initial rate for 24 hours, then increased only 10 to
15 mL/hour every 12 to 24 hour as tolerated. If the formula is
not advanced to goal rate within 24 hours of initiating feedings,
extra care must be taken to ensure he receives an adequate fluid
intake.

Continuous infusion enteral feeding can be administered by
gravity drip or by enteral pump. With gravity drip, the infusion
rate must be adjusted frequently to maintain a consistent flow
rate and the formula flow must be checked regularly to ensure
that the flow has not stopped because of kinked administration
tubing or an empty delivery container. Gravity infusion has no
alarms to alert nurses to these problems. Enteral pumps pro-
vide a consistent flow rate and alarms to alert nurses if there
are problems with the infusion, but they are more expensive
than gravity drip. Pumps often are used for hospitalized pa-
tients to help maintain delivery of the prescribed volume of
enteral formula. Either gravity drip or an enteral pump could
be used for J.K., depending on the hospital’s protocol for enteral
feeding. To prevent inadvertent IV infusion of enteral formula
when an enteral pump is used, the connector at the distal (pa-
tient) end of the delivery set should not be compatible with IV
devices.83

Monitoring Enteral Nutrition Support

7. Recommend a plan for monitoring J.K.’s response to enteral
nutrition, including clinical and biochemical parameters.

Monitoring patients on enteral nutrition is necessary to pre-
vent complications and to assess appropriateness of therapy.
Clinical parameters to monitor include tube placement, GRV,
GI symptoms, respiratory status, vital signs, and weight. Tube
placement should be evaluated every 4 to 6 hours, by aus-
cultation, location of markings on the tube, and GRV. A tube
displaced into the esophagus or pharynx could result in pul-
monary aspiration of the formula.

High GRV has been assumed to increase the risk of
esophageal reflux and pulmonary aspiration. No consensus
exists, however, on the frequency for GRV assessment or
the volume at which feedings should be held. GRV is typi-
cally checked every 4 to 8 hours, although this practice has
been questioned because it may contribute to feeding tube



ADULT ENTERAL NUTRITION � 36-19

occlusion.103 The incidence of tube occlusion was reduced
from 66% to 7.6% when one institution eliminated GRV eval-
uation in their EN protocol.7 Few data are available from
prospective, randomized, controlled trials to define an ap-
propriate GRV at which to hold EN, or even to demonstrate
a correlation between GRV and gastroesophageal reflux or
aspiration.18,98,104,108,111 Endogenous secretions from saliva
and gastric fluids are about 4,500 mL/day in normal adults
receiving food.98 This represents about 185 mL/hour cross-
ing the pyloric sphincter and food or formula increases the
volume. Continuing EN with a GRV <500 mL has been rec-
ommended, along with careful bedside assessment and a sys-
tematic approach to managing a GRV of 200 to 500 mL.18,108

Other authors suggest acceptance of GRV up to 250 or 300
mL.32,98 Nonetheless, many institutions hold feedings if the
GRV is >200 mL, which may compromise nutrient delivery.
In general, a GRV of 200 to 500 mL should prompt clinical
assessment of EN tolerance and feedings should continue un-
less volumes are persistently high, a trend of a rising GRV is
evident, or other evidence of feeding intolerance is present.
Setting the residual volume too low can result in inadequate
nutrition because feedings are stopped frequently. Residuals
should be checked every 4 to 8 hours as long as no residual
is above the volume for holding feeding. If the feeding is held
because of a high GRV, hourly evaluation of the GRV is recom-
mended until the volume is <200 to 250 mL and the feeding
is restarted. The fluid withdrawn for GRV assessment should
be infused through the tube back into the stomach to avoid
electrolyte imbalances.

Assessment of GI symptoms is important for determining
EN tolerance. Abdominal distention and bloating should be
evaluated at least every 8 hours while J.K. is hospitalized.
Small-bore feeding tubes may collapse during withdrawal of
the gastric residual, resulting in a falsely low residual volume.
Abdominal distention may be an indication of accumulating
formula. Gas formation secondary to lactose intolerance or
rapid increases in fiber intake, and poor gastric emptying sec-
ondary to a high-fat formula, medications, recent surgery, criti-
cal illness, or an underlying disease such as diabetes are among
the conditions associated with distention. When considerable
distention is present, the formula should be held temporar-
ily, and the patient evaluated further to rule out a contraindi-
cation to EN. Gastric outlet obstruction, complete or partial
small bowel obstruction, or severe ileus preclude restarting
EN until the condition resolves. If no contraindication to EN
is found, feeding can be restarted, preferably with the feed-
ing tube placed into the small bowel, a formula with lower
fat or fiber content, or medications to promote gastric empty-
ing (e.g., metoclopramide or erythromycin). Feeding should be
restarted at a rate of 25 to 40 mL/hour, and J.K. should be ob-
served closely for signs of feeding intolerance. The head of the
bed should be elevated 30 to 45 degrees during feeding.32,104

Nausea, vomiting, abdominal cramping, diarrhea, and con-
stipation are other GI symptoms monitored as indicators of
EN tolerance. Vomiting creates the most immediate concern
because tube displacement and pulmonary aspiration can oc-
cur. Nausea and vomiting commonly occur with a high GRV,
severe gastric distention, poor gastric emptying during gastric
feeding, GI tract obstruction, or poor GI motility. Lactose intol-
erance and bolus feeding into the jejunum can lead to diarrhea
and abdominal cramping, as well as nausea and vomiting. Initi-

ation of EN with a hypertonic formula, a rapid rate of infusion
or a large volume, and use of formula at refrigerator temper-
ature are other factors often cited as causing GI symptoms.
Although controlled studies have not supported these factors
as significant contributors to GI intolerance, subjective evi-
dence suggests they are important. Constipation is most likely
to occur with long-term tube feeding in nonambulatory pa-
tients. Inadequate fluid intake and lack of fiber may be factors
associated with constipation.

Respiratory status should be evaluated every 8 hours in hos-
pitalized patients, to help recognize pulmonary aspiration and
pulmonary edema. A stethoscope should be used for assess-
ment at least two times per week, but simple observation of
the patient’s breathing pattern is adequate at other times unless
altered respirations are noted. Coughing or respiratory distress
may be indications of aspiration or other developing respira-
tory problems. Vital signs also may provide clues to aspiration
or other problems, such as dehydration, fluid overload, or in-
fection.

Weight and fluid input and output should be monitored daily
in hospitalized patients. Day-to-day changes in weight reflect
fluid status. Increasing weight for 3 or 4 consecutive days may
be an indication fluid intake needs to be reduced, whereas de-
creasing weight may indicate a need for increased fluid. Gen-
erally, total fluid can be adjusted by the number of times the
feeding tube is flushed daily and the volume of each flush.
Caloric density of the formula can be changed when alter-
ing the number or volume of flushes is not adequate for fluid
control. For patients with a stable fluid status, the week-to-
week weight change can be used as an indicator of appropriate
caloric intake. An upward trend in weight (e.g., ≥3 consec-
utive weeks with an increase) may indicate a need for fewer
calories unless weight gain is a goal. A downward trend may
indicate a need to increase caloric intake, unless weight loss is
desired.

Regular monitoring of biochemical parameters is important
for identifying metabolic abnormalities before they become
critical problems. Serum glucose, sodium, potassium, chlo-
ride, and bicarbonate should be determined daily in J.K. for
4 to 5 days after feeding starts. Monitoring can then be de-
creased to once or twice weekly if J.K. has no evidence of
tube feeding intolerance or metabolic abnormalities. Finger-
stick glucose measurements should be ordered every 6 hours
after tube feeding starts; then, based on the results, a decision
can be made whether fingersticks are needed routinely. Because
J.K. has a normal serum glucose (89 mg/dL) while receiving
5% dextrose in his IV fluid and is not highly stressed, hyper-
glycemia is not a major concern with EN.

During the first week of EN, SrCr, BUN, calcium, phospho-
rus, and magnesium should be monitored a minimum of three
times. Daily monitoring of SrCr and BUN for a few days may
even be considered in J.K. because of his recent dehydration.
Daily phosphorus and magnesium also may be considered for
a few days in J.K. because of his low body weight. Chronic
malnutrition can lead to intracellular depletion of potassium,
phosphorus, and magnesium, while serum concentrations are
maintained. When specialized nutrition support begins, refeed-
ing syndrome may develop as these electrolytes move from the
extracellular space into the cells, causing a decrease in serum
concentrations over the first few days of feeding.101,102 Failure
to monitor the patient and replace electrolytes as necessary can



36-20 � NUTRITION ISSUES

result in serious electrolyte abnormalities. If SrCr, BUN, phos-
phorus, and magnesium are stable after the first 4 or 5 days,
the frequency of monitoring could be reduced to once or twice
weekly.

Biochemical parameters used to assess response to protein
provision should be monitored. For example, prealbumin (i.e.,
transthyretin) and transferrin are short-term indicators of vis-
ceral protein response to nutrition support and can be moni-
tored every 3 to 4 days (transthyretin) or weekly (transferrin).
Because of J.K.’s age, transferrin would not be an appropriate
parameter to use, because transferrin levels are significantly re-
duced in the elderly as a result of increased tissue iron stores.120

Albumin is a long-term indicator that requires 2 to 3 weeks to
reflect a response to nutrition therapy; however, it may be in-
cluded on a weekly monitoring schedule to allow adjustment of
serum calcium for hypoalbuminemia. Nitrogen balance can be
used as an alternative to prealbumin, but it requires an accurate
12- to 24-hour urine collection to be useful.

Electrolyte Abnormalities

8. J.K. has been receiving EN for 4 days. Feeding was started
at 40 mL/hour for 8 hours, then increased to 60 mL/hour (goal
rate). The IV fluids were stopped when the tube feeding reached
the goal rate. Laboratory evaluation today shows the following:
K, 2.9 mEq/L (decreased from 3.5 mEq/L yesterday, 3.9 mEq/L
the previous day, and 4.6 mEq/L when tube feeding started);
Cl, 95 mEq/L (normal, 95–105); calcium, 7.9 mg/dL (normal, 9–
11); Mg, 2.4 mEq/L (normal, 2.5–3.5), decreased from 3.5 mEq/L
2 days ago; phosphorus, 3.5 mg/dL (normal, 3.5–4.5), decreased
from 4.4 mg/dL 2 days ago; and albumin, 2.6 g/dL. Micro-K (8
mEq KCl/capsule) has been ordered as six capsules via feeding
tube and calcium carbonate (260 mg elemental calcium/tablet) as
two tablets twice daily (BID) via feeding tube. Is the electrolyte re-
placement appropriate as ordered? What changes, if any, should
be considered?

Calcium carbonate, a simple compressed tablet, can be
crushed, suspended in 10 to 30 mL of water, and administered
through the feeding tube. Calcium salts, however, have been
identified by nurses as among the products most frequently
contributing to feeding tube occlusion.110 Risk of tube occlu-
sion from an inadequately crushed tablet may be decreased
by use of calcium carbonate suspension (500 mg Ca/5 mL),
if available. Administration of either crushed and suspended
tablets or commercial suspension requires flushing the tube
with at least 10 to 20 mL of water before and after medication
administration.97,104,113 Diluting the suspension 1:1 with wa-
ter and flushing with 75 to 100 mL may be advisable because
suspensions may otherwise coat the tube. The appropriateness
of calcium supplementation should be questioned, however,
because J.K.’s serum calcium concentration is within normal
limits after correction for his low serum albumin concentra-
tion. Administering any medication via the feeding tube may
occlude the tube. The oral route should be used for medica-
tions whenever appropriate. Many patients receiving EN are
allowed some oral intake, and oral medications are frequently
acceptable. J.K.’s risk for aspiration may be too high at this
time to allow oral medications, however. Alternative dosage
forms for electrolytes are limited to IV forms so the easiest

and most cost effective route is via feeding tube if J.K. cannot
take oral medications.

Potassium is below normal today and has been decreas-
ing since tube feeding began. Potassium supplementation
should have been considered yesterday, rather than waiting
until hypokalemia developed because a definite trend down-
ward in serum potassium was evident. The selected potas-
sium supplement is inappropriate for administration by tube
because Micro-K is a slow-release product. Crushing slow-
release products destroys the slow-release mechanism. Potas-
sium chloride powder for solution (three packets with 15 mEq
KCl/packet) or liquid (10% KCl 35 mL, 15% KCl 25 mL, or
20% KCl 15–20 mL) should be ordered rather than the slow-
release product. Dividing the potassium dose into two or three
smaller doses and diluting each dose with 60 mL of water is
recommended. Giving 45 to 50 mEq of potassium as a single
dose may cause nausea, vomiting, abdominal discomfort, or
diarrhea. These symptoms might be mistaken as intolerance
to EN, resulting in the tube feeding being stopped temporar-
ily. The larger fluid volume for administration also may help
reduce the gastric irritation associated with potassium doses.

Consideration also should be given to changes occurring in
other electrolytes. J.K. appears to be developing mild refeed-
ing syndrome.101,102 Magnesium and phosphorus are slightly
below the normal range and have decreased significantly over
the past 2 days. Supplements should be started today so that
smaller daily quantities can be used before electrolytes are crit-
ically low. This may decrease the risk of diarrhea and GI up-
set caused by the administration of magnesium or phosphate.
Magnesium supplementation could be accomplished with a
magnesium oxide tablet (400 or 500 mg) administered two to
four times daily. These are simple compressed tablets that can
be crushed and suspended for administration via feeding tube.
An alternative would be magnesium hydroxide suspension 5
mL two to four times daily. Magnesium doses are distributed
through the day to avoid the cathartic action.

Phosphate supplementation could be accomplished by
changing part of the potassium ordered to Neutra-Phos-K,
which provides 8.1 mmol of phosphate and 14.2 mEq of potas-
sium per 250 mg capsule. Contents of each capsule are de-
signed to be dissolved in 75 mL of water for administration,
so dissolution is not a concern. One Neutra-Phos-K twice a
day plus KCl liquid to provide 20 mEq potassium is the same
potassium dose as is ordered currently. The liquid KCl should
be given at least 2 hours before or after the Neutra-Phos-K to
minimize GI effects. The feeding tube must be flushed ade-
quately before and after each dose of electrolyte replacement.
The flush volume should be a minimum of 10 to 20 mL, al-
though 75 to 100 mL following the magnesium dose may be
better to ensure the electrolyte preparation is out of the tube.
Intermittent tube flushes can be accomplished with medication
administration to limit the total fluid intake to the estimated re-
quirement of 1,860 to 2,168 mL, or 635 to 710 mL in addition
to that provided by a 1 kcal/mL formula.

With the current electrolyte abnormalities, it is important to
monitor potassium, magnesium, and phosphorus for the next
several days. The extent of electrolyte depletion in the body
is difficult to evaluate, but 1 day of electrolyte replacement is
not expected to replete intracellular stores. It is difficult to pro-
vide large quantities of potassium, phosphate, and magnesium
via feeding tube secondary to the GI intolerance they cause.
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Therefore, IV electrolyte replacement may be necessary if in-
tracellular depletion is extensive.

Transfer to a Nursing Facility

9. J.K. has received EN for 10 days. During this time he re-
moved his feeding tube twice despite mittens to hinder his ability
to grab the tube. Feedings were off for approximately 5 to 8 hours
each time the tube was removed. J.K.’s electrolyte abnormalities
have been corrected with 3 days of electrolyte replacement. He
has tolerated his tube feeding without metabolic abnormalities or
electrolyte replacement for the past 2 days. J.K. remains confused
and disoriented. The prognosis for improvement in J.K.’s ability
to feed himself is poor. Plans are made to discharge J.K. in 1 to
2 days to a nursing facility. What changes in the care plan would
be appropriate relative to nutrition support goals?

J.K. should be evaluated for gastrostomy placement because
he is expected to need EN for a prolonged period. Gastrostomy
placement also should solve the problem of repeated tube dis-
placement, although this alone is not an appropriate reason
to place a gastrostomy. Placement of a percutaneous gastros-
tomy can be accomplished with local anesthesia, which may
be advantageous given J.K.’s age and lack of another reason
for general anesthesia. Percutaneous gastrostomy placement is
less expensive and typically requires less time to perform than
surgical gastrostomies, but the incidence of major complica-
tions remains essentially the same at up to 2.5%.4,9,12

If fiber-free formula was selected initially, fiber-containing
formula should be considered. Fiber may prevent GI tract
changes associated with prolonged use of fiber-free formulas.24

Constipation is frequently a problem in elderly and bedrid-
den patients. Increased stool weight and frequency has been
demonstrated in patients with constipation receiving fiber-
containing formula versus fiber-free formula. Starting with a
low to moderate fiber content may minimize gas and abdom-
inal distention. To approach the recommended fiber intake of
30 g/day, however, a high-fiber formula is necessary.22,23 Fiber
content can be gradually increased by providing half the daily
formula volume as a fiber-free formula and half as a formula
containing 15 g fiber/1,000 kcal for a few days, then chang-
ing completely to the fiber-containing formula. With 1,440 mL
daily, the fiber provided will be slightly below recommended
amounts; however, it would be reasonable to assess stooling
pattern before adding another fiber source to J.K.’s regimen.
Fiber can be problematic for tube occlusion.24,110 The fiber-
free and fiber-containing formulas should not be mixed directly
without prior in vitro observation of compatibility. Although
the likelihood of incompatibility is low, mixing different for-
mulas together could result in gelling or separation of formula
components.

J.K. should transition to an intermittent schedule before dis-
charge. Many nursing facilities do not routinely use enteral
pumps because of increased cost. Without a pump, delivery of
the prescribed volume of formula at a consistent rate may not be
reliable. Transitioning from 60 mL/hour continuous infusion to
intermittent delivery of formula can be accomplished by vari-
ous methods. An overlapping regimen of gradually decreasing
the continuous infusion rate and increasing the intermittent vol-
ume appears to be economic and efficient.92 For J.K., change
the continuous rate to 40 mL/hour and add four intermittent

feedings of 120 mL over 60 minutes every 6 hours initially. If
tolerated, decrease continuous infusion to 20 mL/hour and in-
crease intermittent feeding to 240 mL. Finally, stop continuous
feeding and increase intermittent feedings to 360 mL, or add a
fifth feeding to keep the intermittent volume at 285 to 300 mL.
Other methods stop the continuous feedings and progressively
infuse larger intermittent volumes, starting with the equivalent
volume of 2 to 4 hours of continuous infusion, over shorter time
periods, starting with 2- to 3-hour infusions and ending with
20- to 60-minute infusions, with fewer daily infusions. Start
with 180 mL over 2 hours for J.K, allowing an hour between
each of eight feedings, then decrease infusion time to 60 min-
utes with 2 hours between feedings. If tolerated, the volume
increases to 240 mL over 60 minutes every 4 hours, then to
360 mL every 6 hours. The time between feedings can be de-
creased further to allow feedings during typical meal hours and
the infusion time for each feeding can be decreased down to
20 minutes, if tolerated. Ideally, the transition will be com-
pleted before he is discharged to the nursing facility.

The discharge EN prescription should state clearly the de-
sired caloric density, protein content, fiber content per 1,000
kcal and formula volume, or the daily calories, protein, fiber,
and fluid to be provided. The brand name may be included,
but the nursing facility may not have the same brand of for-
mula. Any special considerations for the feeding schedule also
should be communicated (e.g., J.K. does not tolerate feeding
after 9 pm; raise the head of the bed to 45 degrees for 3 hours
after the last daily feeding to avoid regurgitation).

Twice-weekly monitoring of glucose, creatinine, and elec-
trolytes should be recommended during the first week after
discharge. Careful monitoring of fluid status and tolerance to
the intermittent delivery schedule also is recommended. J.K.
will have been on the new schedule for only a short time before
discharge, so a full evaluation of tolerance to the new regimen
will not have been completed.

Transfer to Home on Enteral Nutrition

10. J.K.’s overall status has improved during 3 weeks at the
nursing facility, and he is now ready for discharge. J.K. has made
no progress toward an oral diet; dysphagia and aspiration con-
tinue to be severe on “per swallow” studies. He is not to take solids
or liquids by mouth at this time, and swallow studies are not to be
repeated for 6 months. Intermittent tube feedings with a total of
1,680 mL (seven cans) daily of a 1 kcal/mL, 0.044 g protein/mL, 15
g fiber/1,000 kcal polymeric formula are to continue. His weight
has increased 2 kg since hospital discharge. J.K. still needs assis-
tance with some activities of daily living; thus, he will be staying
with his sister. She is concerned about insurance coverage for the
EN therapy and states J.K. has a Medicare Part D prescription
plan. Will Medicare cover EN?

Strict guidelines exist for home EN coverage, Medicare
Part B (not Part D) will cover 80% of the cost if criteria
are met.121−123 EN must be medically necessary to “maintain
weight and strength commensurate with overall health status”
and there must be a functional disability of the GI tract
(e.g., dysphagia, swallowing disorder) that is expected to be
“permanent.”124 The formula must be delivered by feeding
tube (i.e., not oral supplements) and must provide most of
the patient’s nutritional requirements (i.e., not supplemental
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Table 36-7 Medicare Categories for Enteral Formulas

Category Description Examples (Partial Listing)

Category I Semisynthetic intact protein or
protein isolates

Ensure fiber w/FOS, Jevity 1 Cal, Monogen, Osmolite 1 Cal, Osmolite 1.2 Cal
Disease-specific formulas: Glytrol

Category II Intact protein or protein isolates;
calorically dense

Ensure Plus, Ensure Plus HN, Jevity 1.5 Cal, Nutren 1.5, Nutren 2.0

Category IIIa Hydrolyzed protein or amino acids Optimental, Peptamen 1.5, Peptamen AF
Documentation that may provide justification for use: dumping syndrome, uncontrolled

diarrhea, evidence of malabsorption on appropriate semisynthetic formulas (e.g.,
isotonic, low long-chain fat content, lactose free) that resolves with an oligomeric
formula or documentation of the disease process causing malabsorption

Category IVa Defined formula for special
metabolic need (i.e., disease-
specific formulas)

Advera, Alitraq, Glucena, Glucerna Select, Modulen, NutriHep, NutriRenal, Peptamen,
Peptamen VHP, Pulmocare, Renalcal, Replete

Documentation that may provide justification for use: evidence of inability to meet
nutritional goals with category I or II products without compromising patient safety and
documentation of the specific diagnosis for which a formula is intended

Category Va Modular components for protein,
fat, and carbohydrate

Protein: Complete amino acid mix, Propac, Propass, Protifar

Carbohydrate: Moducal, Polycal, Polycose
Fat: MCT oil
Documentation that may provide justification for use: inability to meet specific nutrient

requirements (i.e., protein, carbohydrate, or fat) with a commercially available formula

aFailure to provide adequate documentation of medical necessity for the specific formula will likely result in denial of claim or payment at the lower category I rate for Medicare
Part B insurance coverage.
MCT, medium-chain triglyceride.

nutrition). Approval is on an individual basis, requires a physi-
cian’s written order, and sufficient documentation must be
available to support the need for EN. Calories above or be-
low 20 to 35 kcal/kg/day require additional documentation and
90 days or more meets the test of permanence. J.K.’s therapy
falls within these guidelines. In addition, the formula J.K. re-
ceives is in a category that does not require him to meet addi-
tional eligibility criteria related to the formula itself. Additional
documentation would be needed to justify a pump if J.K. was
receiving EN via pump.

Enteral formulas are divided into five categories for reim-
bursement purposes by Medicare Part B (Table 36-7). For-
mula manufacturers typically list the Medicare category on
the product label. Medicare intermediaries may also list for-
mula categories.125 Most polymeric formulas containing in-
tact (whole) protein and 1 to 1.2 kcal/mL are in category I.
These products have the lowest reimbursement rate and do
not require documentation of medical necessity for the spe-
cific formula itself but still require documentation of the need
for EN. Clear documentation of medical need for formulas in
specific categories (e.g., category III and IV) is required for
their higher reimbursement rates. Appropriate forms available
from the Centers for Medicare and Medicaid (CMS) must be
completed for Medicare reimbursement of any EN therapy.126

Evaluation of Nutrition Status

11. R.L., a 29-year-old woman, was admitted to the hospital 52
days ago following a motor vehicle crash. She sustained multiple
rib fractures, pelvic fracture, cardiac contusion, and liver lac-
eration. She required endotracheal intubation shortly after ad-

mission and a tracheostomy was placed 2 weeks later when pro-
longed intubation was expected owing to ARDS. She developed
an enterocutaneous fistula about a month after admission and
more recently a large perihepatic abscess was noted on a CT scan.
During her hospitalization, R.L. has had several exploratory la-
parotomies and has been treated for multiple infections, including
pneumonia, sepsis, and wound infection. She has been treated for
Clostridium difficile diarrhea but has not had diarrhea since ther-
apy was completed 3 weeks ago. Lysis of adhesions, closure of an
enterocutaneous fistula, and placement of a feeding jejunostomy
tube (J tube) were done during the last laparotomy 8 days ago.

After admission, EN was considered but ruled out based on
high-dose inotropic support and abdominal distension. PN was
started on hospital day 3. R.L.’s current PN regimen contains 250
g dextrose, 96 g amino acid, and 50 g fat, with a rate of 85 mL/hour.
EN is to start today. R.L. is 5 ft tall and weighs 88 kg. Her weight
before surgery 8 days ago was 79 kg and admission weight was 75
kg. The electronic medical record shows her weight at 64.4 kg in
a clinic note 3 weeks prior to the accident. Laboratory evaluation
today shows the following: Na, 133 mEq/L (normal, 135–145);
Cl, 98 mEq/L (normal, 95–105); glucose, 128 mg/dL (normal,
70–110); BUN, 35 mg/dL (normal, 8–20); creatinine, 0.8 mg/dL
(normal, 0.6–1.2); triglycerides, 145 mg/dL (normal, <160); C-
reactive protein (CRP), 8 mg/dL (normal<0.8); albumin, 2.6 g/dL
(normal, 4–6); and the prealbumin, 7 mg/dL (normal, 10–40).
One week ago the CRP was 17 mg/dL and prealbumin was 15
mg/dL. A urine collection ending last night shows a volume of
2,500 mL/24-hour collection and a urine urea nitrogen (UUN) of
560 mg/dL. R.L. has been afebrile the past week, but remains
on broad-spectrum antibiotics. Assess R.L.’s nutrition status and
identify factors that place her at risk nutritionally.
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R.L. is obviously at risk owing to her injuries, multiple surg-
eries, multiple complications, and duration of hospitalization.
Currently, she appears to be malnourished based on low vis-
ceral protein concentrations. Her weight has increased because
of fluid retention. Large urinary nitrogen losses indicate she is
highly catabolic. This also is evident from the low serum preal-
bumin concentration despite a daily intake of 2.1 g protein/kg
of IBW. Nutrition status should have been maintained with PN,
but visceral protein status has declined during the past week.

R.L. has an increased risk of nutrient deficiencies because
of her critical illness, long-term hospitalization, antibiotic ther-
apy, highly catabolic condition, and complications, includ-
ing a fistula.1,63,100,127−129 Vitamin and trace element sup-
plementation in PN formulations generally is adequate, but
highly catabolic, critically ill patients may have increased re-
quirements for micronutrients with antioxidant properties, in-
cluding vitamins C and E plus copper, selenium, zinc, and
manganese.1,128 Niacin, thiamine, calcium, and vitamin D are
other problematic micronutrients in the critically ill.128,129 In-
creased GI losses of zinc occur in patients with diarrhea and
GI tract fistulas, both of which were problems for R.L. before
the latest laparotomy. It is assumed excess losses of vitamins
and trace elements have been managed appropriately in the
PN formulation. Thus, R.L. should not have overt deficiencies.
Measurement of most vitamin and trace element serum con-
centrations is difficult in the clinical setting in metabolically
unstable patients, and interpretation of values may be equally
difficult. Therefore, objective measures of marginal vitamin
deficiencies rarely are available. Clinical impressions must be
relied on. R.L. should receive 100% to 200% of the DRI for
all vitamins and minerals.

Estimation of Nutrition Requirements

12. What are R.L.’s requirements for calories, protein, and
fluid?

R.L.’s current weight is significantly above her IBW of 45.5
kg. Some of the “extra” weight most likely is water. The admis-
sion weight may not be reliable, because R.L. likely received
fluid resuscitation before she was weighed. Her clinic weight is
most reliable as an indicator of nutrition status. The appropriate
weight, actual or adjusted, for energy calculations in obese pa-
tients remains controversial.130−132 R.L.’s clinic weight should
be used as the “dosing” weight if no adjustment is done or
to calculate an adjusted weight for dosing. Using an adjusted
weight may reduce the risk of overfeeding. An adjustment of
40% of weight over IBW is based on aminoglycoside phar-
macokinetics and is commonly used by pharmacists.131 Using
this adjustment, the weight for calculations is 55 kg.

Calories and protein provided by the PN give an indica-
tion of R.L.’s requirements. A decline in CRP, especially <10
to 15 mg/dL, should result in a rise of 0.5 to 1 mg/dL/day
in prealbumin.133 Because prealbumin has declined despite a
large protein intake and decreasing CRP, the nitrogen (N) bal-
ance should be calculated. (N balance = daily N intake from
all sources minus N output that includes daily UUN and oblig-
atory losses.) Intake of nitrogen is calculated from grams of
protein (g protein/6.25 = g N). The UUN for nitrogen bal-
ance is based on total urine urea loss per 24 hours and must be

calculated as follows:

560 mg N/100 mL urine ×
2,500 mL urine/24 hours = 14,000 mg N/day 36-1

Obligatory losses generally are estimated as 2 to 4 g/day of
nitrogen. Thus, the nitrogen balance for R.L. is calculated as
follows:

N balance = 96 g protein from PN

6.25
−

(14 g N from UUN + 3 g) 36-2

where N is nitrogen, PN is parenteral nutrition, and UUN is
urine urea nitrogen.

R.L. is negative approximately 1.6 g N or 10 g of protein
(1.6 g N × 6.25). In addition, because R.L. has wounds to
heal, a positive nitrogen balance of approximately 3 to 5 g of
nitrogen is desirable. Therefore, R.L. needs another 4.6 to 6.6
g N/day or 29 to 41 g protein/day more than the 96 g pro-
tein currently provided by PN. Optimal conditions for wound
healing may actually require N balance results of 5 to 10 g pos-
itive when using insensible losses but not wound exudate.127

In addition, urea accounts for only about 80% of total urine N
(TUN).34 Use of TUN is more reliable than UUN, when avail-
able, or an estimate of TUN can be made by adding 20% of
UUN losses along with the 2 to 4 g obligatory losses. Thus, the
calculated N balance for R.L. may under estimate her protein
requirement. Maintaining positive nitrogen balance may not
be feasible in such highly catabolic patients and some ques-
tion if protein >1.5 g/kg/day promotes positive N balance or
lean tissue accretion.129 So long as R.L. does not demonstrate
adverse effects, such as azotemia or hyperammonemia, from
the high protein intake it is reasonable to aim for a positive N
balance.

R.L. currently receives 1,734 kcal daily (31.5 kcal/kg/day);
1,350 as nonprotein calories (NPC). With R.L.’s highly
catabolic state, maintaining the current NPC:N ratio of approx-
imately 90:1 or down to 75:1 is advisable as long as R.L. can
tolerate the extra protein. Estimating caloric requirements in
patients such as R.L. is subject to greater error than in patients
with low metabolic stress, but the most appropriate method
to determine energy requirements is unclear.134 Use of indi-
rect calorimetry is considered the gold standard, although data
were insufficient for the CCPG to recommend this method
versus predictive equations in critically ill adults.32 In a study
of patients in a surgical ICU, use of indirect calorimetry was
no better than Harris-Benedict calculations multiplied by 1.5
or 30 kcal/kg adjusted body weight for determining energy
requirements.135 Other studies indicate unbiased and precise
results in critically ill patients using adjusted body weight
with Harris-Benedict equations multiplied by 1.2, or 1.6.136,137

Predictive equations, including Swinamer, Ireton-Jones, and
Penn State, have also been developed for critically ill patients
and produce varying results in different studies.36,134,136−138

It is reasonable to consider indirect calorimetry for R.L. If a
metabolic cart is not available, the total caloric intake from the
PN formulation plus calories from another 30 g of protein can
be calculated as a guideline for R.L.’s caloric requirement:

1,734 kcal from PN + (30 g of protein
for positive balance × 4 kcal/g) = 1,854 total kcal 36-3
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Fluid requirements for younger patients (i.e., those <65
years) can be estimated at 35 to 40 mL/kg/day plus replacement
of excess losses from hyperthermia, vomiting, diarrhea, fistu-
lae, or wound drainage. Based on this method, R.L.’s fluid re-
quirements are 1,925 to 2,200 mL/day. Estimated fluid needs
also may be based on 1 mL/kcal ingested or on 1,500 mL
plus 20 mL/kg over 20 kg.1 R.L. should receive a minimum of
1 mL/kcal owing to her high-protein intake but she is likely to
need at least 35 to 40 mL/kg/day.

Enteral Nutrition Therapy (Tube Feeding)

13. Enteral feeding is to start today via the J tube. What type
of formula is most appropriate for R.L.?

R.L.’s hospitalization has been unusually long and com-
plicated. She may have impaired absorptive function be-
cause of her prolonged period without GI tract stimulation.
Some practice-based publications suggest consideration of an
oligomeric formula for patients whose GI tract has not been
used for >7 days.1,127,133 The CCPG recommend initiation of
EN with a polymeric formula.32 Only four studies comparing
oligomeric with polymeric formulas in critically ill patients
were found for the CCPG, and none met the criteria for the
highest level of study. Available data did not indicate a clin-
ically important benefit for oligomeric formulas. Given the
limited data and conflicting suggestions for formula selection,
implementing the CCPG can be difficult.78 Formula selection
may instead be determined by physician preference and the
calorie, protein, and fat content of formulas on the formulary.
To obtain the necessary NPC:N ratio, a high or very high pro-
tein formula is needed, or a modular protein component must
be added to the EN regimen.

One very high nitrogen polymeric formula and one
oligomeric formula are available on formulary. The very high
nitrogen formula has a caloric distribution of 25% protein
(NPC:N = 75:1), 45% carbohydrate, and 30% fat with a
25:75 MCT:long-chain triglyceride ratio. This formula pro-
vides 1,000 kcal and 62.5 g protein/L. The hydrolyzed pro-
tein formula has a caloric distribution of 20% protein (NPC:N
= 115:1), 65% carbohydrate, and 15% fat with a 50:50
MCT:long-chain triglyceride ratio. This formula provides
1,000 kcal and 50 g protein/L.

The oligomeric formula is selected based on current prac-
tice in the ICU. The osmolality is 460 mOsm/kg and the free
water content is 830 mL/L (83%). The goal volume is 1,920
mL (80 mL/hour) to provide 1,920 kcal, 96 g protein, and 1,594
mL fluid. The remaining fluid requirement will be met by flush-
ing the tube three to four times daily and by IV medications.
The enteral formula provides slightly more calories than the
estimated requirements (Eq. 36-3), but it is acceptable at 34.9
kcal/kg/day. The formula does not meet R.L.’s protein require-
ment based on nitrogen balance. At some point, the formula
should be changed to a higher protein formula or 30 g of a
modular protein component must be added. This is a signifi-
cant amount of protein; thus, it would be preferable to transi-
tion R.L. to a very high nitrogen formula. The primary con-
cern with the formulary product listed earlier will be whether
R.L. can tolerate the more complex nutrients and higher fat
content.

Additional Nutrients

14. Overall, R.L. appears to be improving despite the perihep-
atic abscess. She no longer requires inotropic support and ventila-
tory parameters have improved, although she continues to require
mechanical ventilation. Should additional nutrients, such as those
associated with immune modulation, be considered for R.L.?

Based on the CCPG, EN with fish oils, borage oils, and an-
tioxidants should be considered for patients with ARDS, which
R.L. was diagnosed with early in her hospitalization.32 Protein
content of the pulmonary formula matching CCPG recom-
mendations is 16.7% of calories (∼42 g/1,000 kcal) and would
require an exceptionally large dose of supplemental protein to
meet R.L.’s requirement. This would increase the risk of tube
occlusion, as well as the risk of inadequate protein provision.
Soon after R.L.’s diagnosis of ARDS, the immune-modulating
pulmonary formula might have received higher consideration
but with her improving ventilatory status it is not warranted.

The CCPG does not recommend formulas supplemented
with arginine and other selected nutrients for use in critically ill
patients by owing to a potentially higher mortality rate associ-
ated with their use, especially in septic patients.32,48 Although
R.L. does not appear septic at this time, no impetus exists to
use an arginine-supplemented formula.

Glutamine should be considered based on the CCPG
recommendation.32 One moderate quality study in trauma pa-
tients reported a significant reduction in infectious compli-
cations, leading CCPG to include consideration of enteral
glutamine for trauma patients. It is questionable whether glu-
tamine will provide any benefit to R.L. because she is im-
proving overall; however, she does have a recently diagnosed
intra-abdominal (perihepatic) abscess. No data indicate harm
from enteral glutamine; therefore, it is reasonable to add
0.3 g/kg/day of glutamine to the EN regimen.63 Glutamine
powder, available in individual packets, is mixed with water
and administered via the feeding tube.

Enteral Nutrition Administration

15. Recommend a plan for initiating and advancing R.L.’s tube
feeding.

Enteral nutrition should be initiated slowly because R.L. has
not used her GI tract for a prolonged period and may have both
impaired absorption and digestion.92,97 Initiation at 10 to 40
mL/hour is typical in patients such as R.L., with rate increases
of 10 to 25 mL/hour every 8 to 12 hours until the goal rate is
reached.77,96,97 EN in R.L. is probably best started at 10 to 20
mL/hour for 8 to 12 hours and increased in 10- to 15-mL/hour
increments every 8 to 12 hours until 80 mL/hour (goal rate) is
reached, assuming tolerance with each step. An enteral infusion
pump should be used to maintain consistent flow. Small-bore
feeding tubes can occlude if the flow is disrupted and surgery
may be required to replace the J tube if the tract has not matured
adequately for nonsurgical tube replacement.

Protein in the PN formula may remain at the current level,
or be increased to provide protein for a 3- to 5-g positive nitro-
gen balance because transition to EN is expected to be slow.
The selected enteral formula is hypertonic; nonetheless, full-
strength formula should be started and the formula diluted only
if full strength formula causes abdominal distention, diarrhea,
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or other signs of intolerance. A transition plan from the PN to
EN must also be developed. Typically, the PN rate is gradually
decreased as tolerance to EN is established. The sum of enteral
and parenteral calories and protein should be monitored closely
to avoid complications of overfeeding while ensuring adequate
nutrition provision. For R.L., maintaining adequate protein in-
take is critical; thus, cumulative protein intake (i.e., protein
from PN plus EN) should be kept at 125 g/day or higher.

Tube Feeding Intolerance

16. R.L. develops diarrhea approximately 18 hours after EN is
increased to 80 mL/hour. The PN formulation is at 20 mL/hour.
What is the likely cause of the diarrhea? Should the EN be stopped
and the PN formulation increased to goal rate again?

Diarrhea affects 15% to 30% of patients in the ICU.129 In
patients receiving EN, diarrhea is multifactorial. Factors as-
sociated with diarrhea, but not related to EN, include med-
ications, partial small bowel obstruction or fecal impaction,
bile salt malabsorption, intestinal atrophy, hypoalbuminemia,
infections such as C. difficile, and underlying conditions af-
fecting the GI tract.97,99,104,111,113,114,129 Tube feeding-related
causes of diarrhea include high fat content, lactose content, and
bacterial contamination. Formula temperature, caloric density,
osmolality, formula strength, lack of fiber content, and method
of delivery also have been associated with diarrhea, although
a cause-and-effect relationship is not clear.

R.L.’s diarrhea may be related to increasing the formula
volume. The jejunum adapts slowly to changes in volume or
concentration, and formula volume was increased <24 hours
before diarrhea started. Changing back to the previous volume
or slightly less should decrease stool output within 24 hours if
the volume change was responsible. If R.L. does not respond
to decreasing formula volume, the formula may be held for
24 hours to assess whether diarrhea decreases or stops. Diar-
rhea related directly to EN usually is an osmotic diarrhea that
stops within 24 hours of stopping the formula.104 The PN rate
should be increased to 85 mL/hour (goal rate) if EN is stopped
for more than 2 days or so. A more objective approach than
stopping the formula is to measure stool osmolality. Enteral
formula-induced diarrhea is associated with a large osmotic
gap, whereas secretory diarrhea (e.g., infectious diarrhea) is
associated with a low or negative osmotic gap.104

Evaluate other potential causes of diarrhea before stopping
R.L.’s EN. The current formula is lactose free and low in long-
chain triglyceride content. As a ready-to-use formula, bacte-
rial contamination from mixing technique is not of concern.
Cleanliness during formula transfer to the delivery bag, the
period of time formula is in the bag, and methods of cleaning
the delivery bag may contribute to bacterial contamination of
formula. Closed enteral systems (i.e., ready-to-hang formula-
filled containers) virtually eliminate transfer-related contami-
nation when proper technique is used. Any addition (e.g., med-
ication, carbohydrate, fat or protein module, MCT oil) to the
prefilled container before hanging can contaminate the system
as well, and guidelines (e.g., hang-time, set changes) for an
open enteral system should be followed.

Medications are a major contributor to diarrhea in tube-fed
patients.97 Study results implicating antibiotic therapy in di-
arrhea have been questioned because of failure to report stool

frequency and consistency as well as lack of a clear definition of
diarrhea.139 Treatment of antibiotic-associated diarrhea can in-
clude administration of Lactobacillus acidophilus preparations
via the feeding tube to restore normal GI flora, administering
antidiarrheal agents, changing antibiotics, or stopping therapy
when appropriate to do so. Infectious causes of diarrhea require
appropriate antibiotic therapy. Antidiarrheal agents decreasing
motility should not be used when C. difficile is present, but ad-
sorbents such as Kaolin may be beneficial.

R.L. currently receives antibiotics and has for some time. C.
difficile may have relapsed after her previous treatment. Stool
specimens should be sent for culture and C. difficile toxin. Eval-
uation of R.L.’s medications may reveal medications associated
with diarrhea (e.g., sorbitol-containing products, antacids, oral
magnesium, potassium chloride, phosphate supplements, H2-
receptor antagonists) for which therapeutic alternatives or dif-
ferent routes of administration could be considered.97 High
osmolality liquid medications should be diluted before admin-
istration to reduce GI side effects.113,114

Malnutrition and hypoalbuminemia are associated with di-
arrhea in the ICU and might contribute to R.L.’s diarrhea
given her low serum albumin and prolonged PN course with-
out GI tract stimulation.129 Diarrhea would be expected within
24 to 48 hours of starting feedings if this were the primary
cause. Malabsorption should be limited in R.L. by use of an
oligomeric formula containing only 15% of calories from fat
and 50% of fat calories from MCT. Continued use of the GI
tract is encouraged when malabsorption and hypoalbuminemia
are the primary causes of diarrhea.

R.L.’s GI tract should continue to be used to the extent possi-
ble. EN appears to be better than PN for maintaining the GI tract
barrier and host immunologic function.1,41,63,72,75,127,133,140

Based on 13 moderate to high level studies, the CCPG strongly
recommend use of EN over PN in critically ill patients.32 The
risk of sepsis increases without enteral stimulation of the GI
tract. Whether this occurs through bacterial translocation, an
unproved process in humans in which enteric bacteria or en-
dotoxin cross the GI mucosa into mesenteric lymph nodes and
portal circulation or through another mechanism is unclear.
In addition, the GI tract serves an immune function, especially
with respect to IgA secretion. Respiratory tract infections, such
as pneumonia, may increase without proper stimulation of the
GI tract, owing to less-effective protection from IgA. Com-
pared with PN, EN attenuates catabolism in highly stressed
patients, although initiation of feedings soon after the stress-
ing event may be required to obtain this response. Before a
decision is made to stop R.L.’s EN, possible benefits of im-
proved fluid and electrolyte balance by stopping EN should
be weighed against the potential benefits of reduced infections
from continued use of the GI tract.

Medication Administration via Feeding Tube

17. It is determined that R.L. has C. difficile in her stool again.
The tube feeding is at 30 mL/hour and the PN formulation is at
55 mL/hour. Kaolin has been ordered for administration via tube
feeding. Is this an appropriate order?

It generally is better to administer medication separate from
the enteral formula, because interactions are more likely to oc-
cur if the medication is admixed with the formula. Interactions
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can lead to feeding tube occlusion, loss of nutrients, or loss of
medication. Addition of kaolin directly into the enteral formula
could result in nutrient losses because adsorption by kaolin is
not selective and may include nutrients as well as bacteria,
toxins, noxious materials, and drugs.141 Administration via
a small inner-diameter jejunostomy also is likely to occlude
the tube. To the extent possible, medications should be given
by a route other than the feeding tube because of the risk of
tube occlusion. Occlusion of the feeding tube would be more

detrimental to the overall plan of transitioning R.L. to tube
feedings than stopping the tube feeding for 2 or 3 days until
treatment of C. difficile resolves the diarrhea. PN should be
increased to goal rate if EN is stopped owing to severe di-
arrhea. Stopping the tube feeding is not expected to resolve
R.L.’s infectious diarrhea, however, and kaolin should not be
administered through the jejunostomy tube even if tube feed-
ing is stopped. Other methods of controlling diarrhea should be
investigated.
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Since the mid-1600s, efforts have been made to provide nutri-
ents intravenously. Peripheral veins were cannulated and var-
ious feeding solutions, including salt water, cow’s milk, and
glucose, were administered. Unfortunately, peripheral venous
access necessitated the administration of large volumes (up
to 5 L/day) of solutions with low nutrient content to provide
sufficient calories to a patient. This method of feeding often
resulted in thrombophlebitis or fluid overload.

It was not until the 1960s that Dudrick et al. introduced the
technique of placing an intravenous (IV) catheter into the su-
perior vena cava, a large vessel with rapid blood flow. Hemod-
ilution of fluids administered into this vessel allowed deliv-
ery of small volumes of solutions with high concentrations of
nutrients.1

Since then, many advances in the techniques for IV can-
nulation and formulation of IV nutrient solutions have been
made. Today, the IV provision of complex mixtures of nu-
trients, known as parenteral nutrition, is an integral part of
the medical management of patients, both hospitalized and at
home, who cannot eat or ingest nutrients by the gastrointestinal
(GI) tract.

MALNUTRITION
Adequate nutrition is important to maintain optimal health.
Malnutrition occurs when there is any disorder of nutrition
status, including disorders resulting from a deficiency of nu-
trient intake, impaired nutrient metabolism, or overnutrition.
Clinically, a more useful definition of malnutrition is the state
induced by alterations in dietary intake, which results in sub-
cellular, cellular, and/or organ function changes that expose
the individual to increased risks of morbidity and mortality
and can be reversed by adequate nutritional support.2

The incidence of malnutrition among hospitalized patients
has been reported to be as high as 55%.3,4 In the hospitalized
patient, acute malnutrition occurs when nutrient intake is in-
adequate in the face of injury or stress (e.g., trauma, infection,
major surgery), and nutrient stores are rapidly depleted. Acute
stress or injury increases energy needs to repair tissues. When
this energy is not provided exogenously, the body turns to en-
dogenous sources of energy by breaking down skeletal muscle
to release amino acids for the production of glucose. This iatro-
genic malnutrition can occur rapidly even in individuals who
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were well nourished prior to the stress. Once the illness or in-
jury improves and normal nutrient intake is resumed, this acute
malnutrition usually resolves.

In contrast, starvation or semistarvation states, without
stress or injury, allow humans to adapt slowly to inadequate
nutrient intake. This adaptation results in the use of endoge-
nous fat stores for energy and a slow loss of muscle proteins.
Nevertheless, energy and protein stores are not unlimited, and
with total starvation, death occurs in normal-weight individu-
als in about 60 to 70 days.5,6 Patients with a history of chronic
malnutrition who are faced with stress or injury are at the great-
est risk of developing malnutrition.

Protein-calorie malnutrition, the most common type of nu-
trition deficiency in hospitalized patients, is manifested by
depletion of both tissue energy stores and body proteins. Mal-
nourished patients are at a higher risk of developing complica-
tions during therapy. These nutrition-associated complications,
as a result of organ wasting and functional impairment, can
include weakness, decreased wound healing, altered hepatic
metabolism of drugs, increased respiratory failure, decreased
cardiac contractility, and infections such as pneumonia and
abscesses. These complications increase the length of hospital
stay and costs of care.7–9

SPECIALIZED NUTRITION SUPPORT
Patients with inadequate intake for 7 to 14 days or those with
an unintentional weight loss of 10% of their preillness weight
are considered malnourished or at risk of developing malnu-
trition. Nutritional intervention should be considered for these
patients.10,11 Patients who cannot meet their nutritional needs
by consuming enough food by mouth should be considered
for some type of specialized nutrition support. Specialized nu-
trition support is the provision of specially formulated and/or
delivered parenteral or enteral nutrients to maintain or restore
nutrition status.12 For those who cannot eat by mouth but who
have a functional GI tract, a method of enteral nutrition or tube
feeding should be the first line of consideration (see Chapter
36).

When possible, the GI tract should be used for provid-
ing nutrients. Nutrients administered enterally may be more
beneficial and less expensive than those provided by the par-
enteral route.13 Stimulation of the intestine with enteral nu-
trients maintains the mucosal barrier structure and function
and has been associated with decreased infectious morbidity
in critically ill patients compared with those receiving nutri-
ents parenterally.14–18 For these reasons, parenteral nutrition
(formerly referred to as total parenteral nutrition) is reserved
for patients whose GI tracts are not functional or cannot be
accessed and patients whose GI tracts do not absorb enough
nutrients to maintain adequate nutrition status.10

PATIENT ASSESSMENT
An assessment of the nutritional status of a patient incorporates
the analysis of body composition and evaluation of physiolog-
ical function. Proper patient assessment should include the
examination of multiple factors and should not rely on any one
parameter. This evaluation is important in order to determine
the presence and severity of malnutrition or the risk of devel-
oping malnutrition. The need for specialized nutrition support,

Table 37-1 Components of a Nutrition History

Medical history
Chronic illnesses
Surgical history
Psychosocial history
Socioeconomic status
History of gastrointestinal problems (nausea, vomiting, or diarrhea)
Diet history, including weight loss or weight gain diets
Food preferences and intolerances
Medications
Weight history

Increase or decrease
Intentional or unintentional
Time period for weight change

Functional capacity

as well as whether the goal of therapy is to maintain current
nutrition status or to replete fat and lean body mass, is also
determined following a complete patient assessment.

Nutrition History
A nutrition history is critical in assessing nutrition status. In-
formation can be obtained by interviewing the patient or the
patient’s family and reviewing the medical record to identify
factors that may contribute to malnutrition or increase the risk
of developing malnutrition.

Multiple factors can contribute to the development of mal-
nutrition, including the patient’s underlying disease states, past
medical history, and financial and social environment. Med-
ications can adversely affect nutrition status by decreasing
the synthesis of nutrients, minimizing food intake through
alteration of appetite and taste, changing the absorption or
metabolism of nutrients, or increasing nutrient requirements. A
nutrition history should also include evaluation of body weight.
The components of a nutrition history are summarized in
Table 37-1.

Weight History
Weight and weight history are important in evaluating nutrition
status. Weight loss is a sign of negative energy and negative
protein balance and is associated with poor outcome in hospi-
talized patients.3,19 An unintentional weight loss of more than
10% is considered significant for malnutrition.12

A patient’s current weight often is compared with a standard
for ideal body weight (IBW). Percentage of IBW is determined
as shown in Equation 37-1:

% IBW = Current weight

IBW
(100) (37-1)

This method of assessing weight has its shortcomings be-
cause the patient’s weight is compared with a population stan-
dard rather than using the individual patient as the reference
point. For example, a patient who is significantly overweight
and has lost large amounts of weight may still be more than
100% of IBW and therefore not considered at risk for develop-
ing malnutrition. A more patient-specific method of evaluating
weight is to compare current weight with the patient’s usual
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weight. This can be determined using Equation 37-2:

% Usual body weight = Current weight

Usual body weight
(100) (37-2)

Using this method, the obese patient who has lost weight
may be determined to be less than 90% of usual weight (weight
loss of more than 10%) and therefore nutritionally at risk. It is
also important to assess over what time period the change has
occurred. Involuntary weight loss is considered severe if loss
exceeds 5% of usual weight within 1 month, or 10% of usual
weight within 6 months. The pattern of weight loss must be
evaluated to determine whether the loss is continuing or stabi-
lized. Continuing weight loss is a more serious concern than if
the weight loss has stabilized. Weight gain after a significant
weight loss is a positive sign.

Physical Examination
A physical examination may reveal signs of nutrition deficien-
cies that require further evaluation. General evidence of muscle
and fat wasting (commonly noticed in the temporal area), loss
of subcutaneous fat and muscle in the shoulders, and loss of
subcutaneous fat in the interosseous and palmar areas of the
hands are readily identifiable. Other physical parameters that
may be less obvious are hair for color and sparseness; skin for
turgor, pigmentation, and dermatitis; mouth for glossitis, gin-
givitis, cheilosis, and color of the tongue; nails for friability
and lines; and the abdomen for ascites or enlarged liver.

Anthropometrics
Physical examination may include anthropometrics that mea-
sure subcutaneous fat and skeletal muscle mass. Assessment
of fat stores provides information about fat loss or gain and as-
sumes fat is gained or lost proportionally over the entire body.
Approximately 50% of body fat is in the subcutaneous com-
partment. Triceps skinfold and subscapular skinfold thickness
measurements are examples of methods used to assess subcu-
taneous fat and therefore estimate total body fat.

The values obtained are compared with reference standards.
Somatic protein mass or skeletal muscle mass can be estimated
by measuring mid-arm circumference and then calculating arm
muscle circumference. These values are also compared with
standards, and the amount of muscle mass is estimated.

When used for the long-term study of large, nutritionally
stable populations, anthropometric measurements accurately
reflect total body fat and skeletal muscle mass. However, an-
thropometric measurements of hospitalized patients are of little
value. During acute illness and stress, changes in subcutaneous
fat may not be proportional to changes in weight, and periph-
eral edema can result in inflated values for skinfold thickness
and mid-arm circumference.3,19

Biochemical Assessment
Biochemical assessment of nutrition status includes measuring
concentrations of serum proteins. The visceral proteins most
commonly used to assess nutrition status are albumin, preal-
bumin, transferrin, and retinol-binding protein. These proteins
are synthesized by the liver and reflect its synthetic capabil-
ity. Serum concentrations decrease with hepatic insufficiency
or when intake of substrates is inadequate for synthesis of

these proteins. During stress or injury, inflammatory cytokines
are released and substrates are shunted away from the synthe-
sis of these proteins to synthesize other proteins such as C-
reactive protein, haptoglobin, fibrinogen, and others; these are
the acute phase proteins.20 Serum concentrations of proteins
are altered by acute stress or inflammatory states and chronic
starvation.19,20

Albumin is the classic visceral protein used to evaluate nu-
trition status and is a prognostic indicator. Serum concentra-
tions of <3 g/dL correlate with poor outcome and increased
length of stay of hospitalized patients.21 Albumin serves as a
carrier protein for fatty acids, hormones, minerals, and drugs,
and is necessary for maintaining oncotic pressure. Albumin
has a large body pool of 3 to 5 g/kg, and 30% to 40% is lo-
calized to the intravascular space. The normal hepatic rate of
albumin synthesis is 150 to 250 mg/kg/day. Because albumin
has a half-life of 18 to 21 days, a decrease in serum albu-
min concentrations is generally not observed until after several
weeks of inadequate nitrogen intake. Serum albumin concen-
trations decrease rapidly in response to stress (which causes
albumin to shift from the intravascular to the extravascular
space), burns, nephrotic syndrome, protein-losing enteropathy,
overhydration, and decreased synthesis with liver disease.19,21

Transferrin is responsible for the transport of iron. It has a
half-life of 8 to 10 days and therefore is more sensitive than
albumin to acute changes in nutrition status. Normal serum
concentrations for transferrin are 250 to 300 mg/dL.

Even more sensitive to changes in energy and protein in-
take is prealbumin (transthyretin), which has a small body pool
(10 mg/kg) and a half-life of 2 to 3 days. Prealbumin transports
both retinol and retinol-binding protein. Normal serum preal-
bumin concentrations are 15 to 40 mg/dL.

Retinol-binding protein has the shortest half-life, 12 hours;
normal serum concentrations are 2.5 to 7.5 mg/dL. How-
ever, because serum concentrations of retinol-binding protein
change rapidly in response to alterations in nutrient intake,
monitoring it has limited use in clinical practice. The visceral
proteins commonly used for nutrition assessment are summa-
rized in Table 37-2.

Other proteins, such as fibronectin and somatomedin-C (in-
sulinlike growth factor-1), are also used as markers of nutrition
status. Fibronectin is a glycoprotein found in blood, lymph, and
many cell surfaces. Somatomedin-C is important in regulating
growth. Both fibronectin and somatomedin-C have half-lives of
<1 day and respond to fasting and refeeding. Urinary measure-
ment of 3-methylhistidine, a byproduct of muscle metabolism
that is excreted unchanged, has been used to estimate skele-
tal muscle mass. Although these markers have potential use in
nutrition assessment, they are used primarily as research tools
and are not readily available for routine clinical use.19

Table 37-2 Visceral Proteins for Nutrition Assessment

Half-Life Normal Serum
Visceral Protein (Days) Concentration

Albumin 18–21 3.5–5 g/dL
Transferrin 8–10 250–300 mg/dL
Transthyretin (prealbumin) 2–3 15–40 mg/dL
Retinol-binding protein 0.5 2.5–7.5 mg/dL
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The interpretation of serum protein concentrations in hospi-
talized patients may be difficult because factors more important
than hepatic synthesis rate alter serum concentrations. These
factors may include renal, hepatic, or cardiac dysfunction; hy-
dration status; and metabolic stress. Visceral proteins, as with
any nutrition assessment parameter, must be used in conjunc-
tion with other parameters and comprehensive consideration
of the patient’s clinical status.

Nutrition assessment based on determinations of body com-
position using anthropometrics and biochemical parameters
has many limitations. Newer techniques (e.g., bioelectrical
impedance, dexa-energy x-ray absorptiometry, isotope dilu-
tion, neutron activation) are increasingly being used to deter-
mine body composition. Other parameters such as hand grip
and forearm dynamometry may be used to assess skeletal mus-
cle function, which relates changes in body composition to
body function.3,19

Another nutrition assessment method, subjective global as-
sessment (SGA), combines objective parameters and physio-
logic function. This method is based on a history of weight
change, dietary intake, presence of significant GI symptoms,
functional capacity, and physical examination to assess the loss
of subcutaneous fat and muscle and edema. Using the SGA sys-
tem, patients are rated as well nourished, moderately malnour-
ished, or severely malnourished. This subjective assessment is
easy to use and useful in diagnosing malnutrition.22

Classification of Malnutrition
Protein-calorie malnutrition is divided classically into three
categories: marasmus, kwashiorkor, and a mixed protein-
calorie. Marasmus, which means a “dying away state,” is seen
in individuals who have a chronic deficiency primarily in the
intake of energy (calories) over a prolonged period (i.e., par-
tial starvation). Physical examination reveals severe cachexia
through loss of both fat and muscle mass; however, visceral
protein (e.g., albumin, prealbumin) production is preserved.
Patients with anorexia or suffering from chronic wasting dis-
eases such as cancer are likely to present with marasmus mal-
nutrition.

Kwashiorkor malnutrition results from a diet adequate in
calories but limited in protein or in patients extremely catabolic
from their medical complication (sepsis) or injury (trauma,
thermally injured). Insulin is produced to metabolize the carbo-
hydrates; it also prevents lipolysis and promotes the movement
of amino acids into muscle. To meet protein needs, protein is
mobilized from internal organs and circulating visceral pro-
teins such as albumin. Thus, an individual with kwashiorkor
malnutrition has adequate fat and muscle mass but depleted
serum proteins.

Hospitalized patients commonly exhibit components of
both marasmus and kwashiorkor malnutrition and are clas-
sified as having mixed protein-calorie malnutrition. This often
occurs when an injury or stress compounds chronic starvation
or semistarvation, resulting in wasting of fat and muscle mass,
as well as depletion of serum proteins.

Estimation of Energy Expenditure
An important aspect of patient evaluation is estimating energy
expenditure. A common approach used to determine energy

Table 37-3 Estimation of Energy Expenditure

Basal Energy Expenditure (BEE)

Harris-Benedict Equations
BEEmen (kcal/day) = 66.47 + 13.75 W + 5.0 H – 6.76 A
BEEwomen (kcal/day) = 655.10 + 9.56 W + 1.85 H – 4.68 A

or
20–25 kcal/kg/day

Energy Requirements

Hospitalized patient, mild stress 20–25 kcal/kg/day
Moderate stress, malnourished 25–30 kcal/kg/day
Severe stress, critically ill 30–35 kcal/kg/day

A, age in years; H, height in cm; W, weight in kg.

requirements (and simplest method) is based on body weight
in kilograms. The energy requirements are standardized and
are determined by the metabolic condition of the patient (Table
37-3).

Many predictive equations for estimating expenditure have
been described in the literature.23,24 The traditional method of
assessing energy expenditure is the basal energy expenditure
(BEE), the amount of energy (kilocalories [kcal]) needed to
support basic metabolic functions in a state of complete rest,
shortly after awakening, and after a 12-hour fast. BEE is most
commonly calculated using the Harris-Benedict equations. Al-
ternatively, BEE can be estimated at 20 to 25 kcal/kg/day.

Basal metabolic rate (BMR) is the energy expended in the
postabsorptive state (2 hours after a meal) and is approximately
10% greater than BEE. Determination of BEE or BMR does
not include additional energy needed for stress or activity. The
Harris-Benedict equations can be modified to include stress
and physical activity factors, or these variables can be esti-
mated at 20 to 35 kcal/kg/day for moderate to severe stress
(Table 37-3).

Energy expenditure can be determined more accurately by
indirect calorimetry, which uses a machine (“metabolic cart”)
to measure the patient’s breathing or respiratory gas exchange.
The machine measures oxygen (O2) consumption and carbon
dioxide (CO2) production when standard testing conditions
are maintained. The amount of O2 consumed and CO2 pro-
duced for carbohydrate, fat, and protein is constant and known.
Through a series of equations, the energy expenditure, includ-
ing stress, for that point in time is calculated and then extrapo-
lated for 24 hours.17,25 This is the measured energy expenditure
(MEE). Because the measurement is usually conducted while
the patient is at rest, activity is not included in MEE.

Indirect calorimetry is available to many clinicians and is
considered the gold standard for energy expenditure determi-
nation. It is especially valuable in the energy assessment of
critically ill or obese patients.

Estimation of Protein Goals
Estimation of protein needs must also be included in nutri-
tion assessment. Protein needs are calculated based on body
weight, degree of stress, and disease state. The recommended
dietary allowance for the United States is 0.8 g of protein per
kilogram per day. Well-nourished, hospitalized patients with
minimal stress need 1 to 1.2 g of protein per kilogram per
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Table 37-4 Estimation of Protein Requirements

U.S. recommended dietary allowance 0.8 g/kg/day
Hospitalized patient, minor stress 1–1.2 g/kg/day
Moderate stress 1.2–1.5 g/kg/day
Severe stress 1.5–2 g/kg/day

day to maintain lean body mass. The requirement for protein
intake may be as high as 2 g/kg/day for a patient in a hyper-
metabolic, hypercatabolic state secondary to trauma or burns.
In addition, patients with renal or hepatic dysfunction may re-
quire decreased protein intake as a result of altered metabolism.
Guidelines for protein needs are summarized in Table 37-4.

VENOUS ACCESS SITES
When parenteral nutrition is necessary, the type of venous ac-
cess must be selected. Parenteral nutrient formulations may
be administered via peripheral veins or central veins, depend-
ing on the anticipated duration of parenteral nutrition therapy,
nutrient requirements, and availability of venous access.10

Peripheral
Peripheral administration may be considered when parenteral
nutrition is expected to be necessary for more than 10 days and
when the patient has fairly low energy and protein needs due to
minimal stress. Candidates for peripheral parenteral nutrition
must have good peripheral venous access and must be able to
tolerate large volumes of fluids.26

Parenteral nutrient formulations for administration via pe-
ripheral veins have traditionally contained relatively low con-
centrations of dextrose (5%–10%) and amino acids (3%–5%),
providing <1 kcal/mL. Therefore, several liters may be needed
daily to meet energy and protein needs. Although dilute with
nutrients, the osmolarity of these formulations is 600 to 900
mOsm/L. These hypertonic formulations are irritating to pe-
ripheral veins and can cause thrombophlebitis. This necessi-
tates frequent site rotations (at least every 48–72 hours), which
may quickly exhaust venous access sites. Caloric density can be
increased with only a modest increase in osmolarity by admin-
istering IV lipids concurrently or by adding them to the dex-
trose and amino acid mixtures. Lipids may also protect the vein
against irritation through dilution and a buffering effect.27,28

Central
Administration of parenteral nutrient formulations through a
central vein is preferred for patients whose GI tracts are non-
functional or should be at rest for more than 7 days, who
have limited peripheral venous access, or who have energy
and protein needs that cannot be met with peripheral nutrient
formulations.10,26,29

Traditionally, the central venous catheter is percutaneously
inserted in the subclavian vein and threaded through the vein so
the tip rests in the upper portion of the superior vena cava (SVC)
just above the right atrium. A newer catheter technique involves
the use of a peripherally inserted central catheter (PICC) that
is inserted in the antecubital vein and advanced until the end of
the catheter reaches the upper SVC.29,30 The internal and exter-
nal jugular veins may also be used to thread a catheter into the

SVC. However, maintaining a sterile dressing on these sites is
more difficult than with the subclavian approach or PICC. The
SVC is an area of rapid blood flow, which quickly dilutes con-
centrated parenteral nutrient formulations, thereby minimizing
phlebitis or thrombosis. Some patients are not candidates for
placement of catheters in the SVC and require a femoral vein
insertion with the tip of the catheter in the inferior vena cava.
There may be a greater risk for infection with catheters placed
using this technique.29

Central venous catheters can have single or multiple lumens.
Multilumen catheters permit the administration of several ther-
apies through the same IV site. Unlike peripheral venous sites,
the central venous access site does not require frequent rota-
tion. In fact, some patients requiring parenteral nutrition for
months to years may have permanently placed central venous
catheters.31 Parenteral nutrient formulations designed for ad-
ministration through central veins can contain relatively high
concentrations of dextrose (20%–35%), amino acids (5%–
10%), and lipids providing a caloric density of >1 kcal/mL
in a solution with an osmolarity of >2,000 mOsm/L.

COMPONENTS OF PARENTERAL
NUTRIENT FORMULATIONS
Parenteral nutrient formulations are very complex mixtures
containing carbohydrate, protein, lipid, water, electrolytes, vi-
tamins, and trace minerals. These admixtures must be pre-
pared under aseptic conditions as described by the American
Society of Health-System Pharmacists and U.S. Pharmacopeia
standards.32,33 Although parenteral feeding is an important ad-
juvant therapy for patients with many disease states, errors have
occurred in managing this complex therapy, resulting in patient
harm and death. Guidelines for safe practices have been de-
veloped for the situations in which inconsistent practices have
the potential to cause harm. Pharmaceutical problem areas that
are addressed in the Safe Practices for Parenteral Nutrition For-
mulations are compounding, formulas, labeling, stability, and
filtering of parenteral nutrient formulations.34 These practice
guidelines have become standards of practice for parenteral
nutrition therapy.

The three macronutrients used in parenteral nutrient formu-
lations, carbohydrate, fat, and protein are available from vari-
ous manufacturers. Water, as sterile water for injection, is also
used to dilute the macronutrients to achieve the prescribed final
concentrations of dextrose, amino acids, and lipids, as well as
the final volume of the parenteral nutrient formulation.

Carbohydrate
Dextrose in water is the most common carbohydrate for IV
use. It is available commercially in concentrations ranging
from 2.5% to 70%. These dextrose solutions are mixed with
other components of the parenteral nutrient formulation and
diluted to various final concentrations. From these concentra-
tions of dextrose, all parenteral nutrient formulations can be
compounded. IV dextrose is monohydrated and provides 3.4
kcal/g, in comparison with dietary carbohydrate, which has a
caloric density of 4 kcal/g.

Glycerol, a sugar alcohol with a caloric density of 4.3 kcal/g,
is also available (as a 3% mixture with 3% amino acids) for
administration as a peripheral parenteral nutrient formulation.
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Unfortunately, because of the dilute formula necessary for pe-
ripheral administration, large volume of formula may be nec-
essary to meet the patient’s caloric requirements, limiting the
usefulness of the formulation. Other carbohydrates such as
fructose, sorbitol, and invert sugar have been used investiga-
tionally in parenteral nutrient formulations but are associated
with adverse effects and are not available commercially.

Lipid
Lipid for IV use is supplied as emulsions of either soybean
oil or a 50:50 physical mixture of soybean and safflower oils
that provide long-chain fatty acids (>16 carbon length). The
soybean oil emulsion is available in three concentrations: 10%,
20%, and 30%. The soybean/safflower oil emulsion is available
as 10% and 20%. The 10% and 20% IV lipid emulsions may
be administered concurrently (IV piggyback) with dextrose/
amino acid solutions or admixed with dextrose and amino
acids. The 30% IV lipid emulsion should not be used for IV
piggyback administration. It is used exclusively for compound-
ing formulations that combine dextrose, amino acids, and lipid
in the same container.

Although lipid has a caloric density of 9 kcal/g, the caloric
density of the IV lipid emulsions is increased to approximately
10 kcal/g by the addition of glycerol, which is added to adjust
the osmolarity. Egg phospholipids are also added as emulsi-
fiers. The phospholipids are derived from egg yolks; therefore,
IV lipids are contraindicated in patients with severe egg al-
lergies, especially egg yolk allergies. Phospholipids also con-
tribute approximately 15 mmol/L of phosphorus.

Medium-chain triglycerides (MCTs) are used investigation-
ally. MCTs are 6 to 12 carbons in length and provide 8.3 kcal/g.
Physical mixtures of soybean oil and MCTs are being evaluated
for potential use in the United States and are already commer-
cially available in other countries.35

Research investigating the use of lipid formulations en-
hanced with omega-3 fatty acids is also being performed, with
results showing improved patient outcomes (decreased length
of hospital stay, decreased infections).36 However, similar to
the MCT mixtures, commercially available products are not
available in the United States at this time.

Amino Acids
Protein for parenteral administration is available as synthetic
amino acids and serves as the source of nitrogen. Nitrogen is the
building block of cell structure and is used to produce enzymes,
peptide hormones, and serum proteins. Amino acid concentra-
tions of 3.5% to 20% are available commercially and vary
slightly from one product to another in the specific amounts
of each amino acid, electrolyte content, and pH. Generally,
amino acid products are characterized as “standard” mixtures,
which provide a balanced mix of essential, nonessential, and
semiessential amino acids, or “specialty” mixtures, which are
modified for specific disease states. For example, the specialty
amino acid mixture for use in patients with hepatic failure con-
tains increased amounts of the branched-chain amino acids and
decreased amounts of the aromatic amino acids. Protein for-
mulations designed for critically ill patients are supplemented
with branched-chain amino acids but have normal amounts of
the other amino acids. Amino acid products for patients expe-

Table 37-5 Caloric Density of Intravenous Nutrients

Nutrient kcal/g kcal/mL

Amino acids 4
Amino acids 5% 0.2
Amino acids 10% 0.4
Dextrose 3.4
Dextrose 10% 0.34
Dextrose 50% 1.7
Dextrose 70% 2.38
Fat 10
Fat emulsion 10% 1.1
Fat emulsion 20% 2
Fat emulsion 30% 3
Glycerol 4.3
Glycerol 3% 0.129
Medium-chain triglycerides 8.3

riencing renal failure have increased amounts of the essential
amino acids or provide only essential amino acids.37 Amino
acid products designed to meet the special needs of neonates
also are available (see Chapter 97).

Protein or amino acids have a caloric density of 4 kcal/g.
Protein calories have not always been included in the calcula-
tion of energy needs for patients receiving parenteral nutrient
formulations. Ideally, protein is used to stimulate protein syn-
thesis and tissue repair and is not oxidized for energy; however,
the human body cannot compartmentalize energy metabolism
this way. Today, the conventional wisdom is to include the
protein calories in these total calorie calculations. Table 37-5
summarizes available nutrients and their caloric density.

Micronutrients
Micronutrients are the electrolytes, vitamins, and trace miner-
als needed for metabolism. These nutrients are available from
various manufacturers as either single entities or in combi-
nations. For example, the trace element zinc is available com-
mercially as a single trace element product or as a combination
product with the other trace elements: copper, chromium, man-
ganese, and selenium. It is important to be aware of the specific
products available in each institution to avoid providing inad-
equate or excessive amounts of various micronutrients.

PARENTERAL NUTRITION
Patient Assessment: Woman in No Acute Stress

1. S.D., a 39-year-old cachectic woman, is admitted to the hos-
pital with shortness of breath and pleuritic chest pain. She has a
history of moderate scleroderma (fibrosis of the skin, blood ves-
sels, and visceral organs) diagnosed 3 years ago. She presents to
the hospital with an increasing weight loss over the past 3 months
accompanied with regurgitation, vomiting, and poor appetite. Ap-
proximately 3 months ago, S.D. weighed 130 lb. Her weight on
admission is 98 lb; height is 64 in. Past medical history is also
significant for hypertension. Physical examination reveals a thin
woman with wasting of subcutaneous fat in the temporal area and
squared-appearing shoulders. Attempts at enteral nutrition with
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tube feeds have resulted in sustained gastric residual volumes of
>400 mL.

Admission laboratory values are sodium (Na), 135 mEq/L (nor-
mal, 135–145); potassium (K), 4.0 mEq/L (normal, 3.5–5.0); chlo-
ride (Cl), 100 mEq/L (normal, 100–110); bicarbonate (HCO3

–),
25 mEq/L (normal, 24–30); blood urea nitrogen (BUN), 4 mg/dL
(normal, 8–20); creatinine, 0.6 mg/dL (normal, 0.8–1.2); glucose
87 mg/dL, (normal, 85–110); calcium (Ca), 8.2 mg/dL (normal,
8.5–10); magnesium (Mg), 2.0 mg/dL (normal, 1.6–2.2); phos-
phorus (P), 3.0 mg/dL (normal, 2.5–4.5); total protein, 6.0 g/dL
(normal, 6.8–8.3); albumin, 3.5 g/dL (normal, 3.5–5.0); and pre-
albumin, 15 mg/dL (normal, 15–40). Her white blood cell (WBC)
count is 6,800/mm3 (normal, 4,000–12,000).

Based on history and physical findings, S.D.’s working diag-
nosis includes aspiration pneumonia and advanced scleroderma
with cutaneous, joint, and GI involvement. Assess her nutrition
status.

[SI units: Na, 135 mmol/L (normal, 135–145); K, 4.0 mmol/L (normal, 3.5–

5.0); Cl, 100 mmol/L (normal, 100–110); HCO3
–, 25 mmol/L (normal,

24–30); BUN, 1.43 mmol/L (normal, 3–6.4); creatinine, 53 μmol/L (normal,

50–110); glucose, 4.83 mmol/L (normal, 4.7–6.1); Ca, 2.04 mmol/L (nor-

mal, 2.3–2.7); Mg, 10 mmol/L (normal, 8–11); P 0.97 mmol/L (normal,

0.81–1.45); albumin, 35 g/L (normal, 35–50); WBC count, 6.8 × 109/L

(normal, 4–12)]

Assessment of nutrition status requires evaluation of multi-
ple factors. S.D.’s nutrition history indicates that she is unable
to eat because of the gastroparesis, and the scleroderma diagno-
sis raises the question of nutrient malabsorption. Most striking
about S.D.’s history is her weight loss of 30 lb in 3 months, or
about 2.5 lb/week. S.D. is now 75% of her usual weight (Eq.
37-2). Another way of analyzing this is that she has lost 25%
of her original weight, which is a severe weight loss. S.D.’s
physical findings of cachectic appearance, temporal wasting,
and loss of subcutaneous fat and muscle in her shoulders are
significant. No anthropometric measurements are available.
S.D.’s visceral proteins are also in low-normal ranges, indicat-
ing both short-term (prealbumin) and longer-term (albumin)
malnutrition.

Consideration of these factors leads one to conclude that
S.D. is severely malnourished. Her cachectic appearance with
loss of subcutaneous fat and muscle, but normal visceral pro-
teins, would be best classified as marasmus malnutrition. If
S.D. were to be faced with stress or injury (e.g., major surgery,
infection) necessitating use of visceral proteins for energy pro-
duction, she would likely exhibit characteristics of both maras-
mus and kwashiorkor, or mixed protein-calorie malnutrition in
which fat, muscle, and visceral proteins are all depleted.

2. Why is S.D. a candidate for parenteral nutrition therapy?

S.D. is admitted to the hospital for tests to evaluate her scle-
roderma, weight loss, and aspiration pneumonia. Many of the
expected diagnostic tests will require that S.D. remain NPO.
The subjective and objective evidence points to a nonfunction-
ing GI tract. If the diagnosis of advanced GI scleroderma is
accurate, S.D. may require long-term parenteral nutrition ther-
apy. In addition, attempts at enteral nutrition were unsuccessful
with continued increased gastric residual volumes indicating
decreased GI motility. With her malnourished state, continued
inadequate nutrition in the hospital will result in further dete-

rioration of her nutrition status. Parenteral nutrition should be
implemented.

Goals of Therapy
CALORIE AND PROTEIN GOALS

3. Calculate calorie and protein goals for S.D.

S.D.’s initial calorie goals are to meet her current energy
expenditure needed for basal metabolism and activity of am-
bulating. S.D. would fall into the category of “moderate stress,
malnourished” requiring 25 to 30 kcal/kg/day (Table 37-3). For
this calculation, S.D.’s actual weight of 98 lb (44.5 kg) should
be used because her metabolism and current energy expendi-
ture reect this decrease in body mass. Using usual weight or
ideal body weight in patients who have severe weight loss may
result in overfeeding. For S.D., her caloric goal should be 1,112
to 1,335 kcal/day.

Protein goals are estimated based on weight, degree of
stress, and disease state. Because S.D. has not had surgery
and her stress is minimal, her protein goal should be based
on the desire to maintain her current protein status. Using the
guidelines provided in Table 37-4, S.D.’s protein dose is 1.2 to
1.5 g/kg/day, or 53.4 to 66.7 g/day. As with energy expenditure,
calculations of protein needs are only estimates; the patient’s
clinical course should be monitored, and the protein dose ad-
justed accordingly. The protein source for parenteral nutrition
is synthetic amino acids. Generally, 1 g of protein is equiva-
lent to 1 g of amino acids. S.D. will need 53.4 to 66.7 g/day
of amino acids. If S.D. requires parenteral nutrition following
a surgery, her energy or calorie goals should be reassessed to
include a stress factor.

ACCESS

4. S.D. has a peripheral IV, and her peripheral access appears
to be adequate. Is she a candidate for using a peripheral par-
enteral nutrition formulation?

With good peripheral access, S.D. meets one of the criteria
for peripheral parenteral nutrition. Furthermore, she should
be able to tolerate the volume of a peripheral parenteral nu-
trition formulation necessary to meet her goals. A common
complication (up to 70%) of peripheral parenteral nutrition
is phlebitis, which occurs within 72 hours.27,38 Phlebitis is
usually attributed to the acidic pH or hyperosmolarity of the
nutrient formulation. The osmolarity of typical peripheral par-
enteral feedings ranges from 600 to 900 mOsm/L. Osmolar-
ity of a dextrose/amino acid formulation can be approximated
quickly by multiplying the % dextrose concentration by 50
and the % amino acid concentration by 100. Alternatively,
the osmolarity can be estimated by multiplying the number
of grams of dextrose by 5 and the number of grams of amino
acids by 10, then dividing by the total volume in liters. Ap-
proximately 150 mOsm/L should be added for contribution of
electrolytes, vitamins, and trace elements. Although the con-
current administration of fat emulsions (up to 60% of non-
protein calories) decreases osmolarity, buffers the pH, and im-
proves peripheral vein tolerance, it does not eliminate the risk
of thrombophlebitis.39

Because parenteral nutrition is anticipated to be a long-
term therapy for S.D., it would be most appropriate to obtain
central venous access. Central access allows for longer-term
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access, more concentrated solutions, and has no osmolarity
restrictions.

FORMULATION DESIGN
Macronutrients and Micronutrients

5. Design a parenteral nutrient base formulation for S.D. based
on the caloric and protein goals determined previously.

S.D.’s caloric goal was determined to be approximately
1,300 kcal/day and 60 g protein/day. Giving 60 g of protein
per day would provide 240 kcal/day (1 g protein = 4 kcal).
Subtracting these protein calories from total desired calories
results in the amount of nonprotein calories (to be provided by
carbohydrates and fat) needed. For S.D., this would be 1,300 to-
tal calories – 240 protein calories = 1,060 nonprotein calories
needed. Typically, dextrose should account for 60% to 70% of
nonprotein calories, and lipids would account for the remain-
ing 30% to 40% of nonprotein calories. Providing S.D. with
742 kcal of dextrose (approximately 218 g of dextrose; 1 g dex-
trose = 3.4 kcal) would supply 70% of nonprotein calories as
dextrose. The remaining 30% of nonprotein calories would be
provided by lipids at 318 kcal (31.8 g of lipids; 1 g of IV lipids =
10 kcal).

As with any medical therapy, the parenteral nutrition for-
mula should be adjusted based on patient response and toler-
ance. If S.D. had complications of hyperglycemia, the dextrose
component could be reduced with a subsequent increase in the
lipid proportion of nonprotein calories. If hypertriglyceridemia
resulted, the lipid component may be reduced with a subsequent
increase in dextrose.

S.D.’s nutrient formulation should also contain standard
amounts of electrolytes, as well as a daily dose of IV mul-
tivitamins and trace elements.

6. The pharmacy has the following stock solutions available
for compounding the parenteral nutrition formula: dextrose 70%,
amino acids 10%, and IV lipids 20%. How much of each stock
solution is needed to compound the parenteral nutrition formula
determined previously?

For dextrose, a 70% stock solution provides 70 g of dex-
trose/100 mL. To obtain 218 g of dextrose, 311 mL of the stock
solution are needed:

mL = 218 g dextrose × 100 mL

70 g dextrose
(37-A)

= 311.4 mL

Similarly, the volume necessary to provide 60 g of amino
acids is 600 mL. IV lipids at 20% provide 20 kcal/mL or 20
g/100 mL. Using this stock solution, 159 mL would provide
31.8 g of lipids. The total volume of the compounded solution
would be 1,070 mL/day.

Fluids

7. The institution uses a total nutrient admixture (TNA) sys-
tem, and S.D.’s parenteral nutrient formulation is provided in
1,070 mL/day. Will this meet S.D.’s maintenance fluid require-
ments?

Maintenance fluid needs can be estimated using several
methods. The simplest method uses 30 to 35 mL/kg/day as the
basis. Another method is to provide 1,500 mL for the first 20
kg body weight plus an additional 20 mL/kg for actual weight

beyond the initial 20 kg. Both methods provide estimates of
fluid needs for basic maintenance, and additional fluid must
be provided for increased losses such as vomiting, nasogastric
(NG) tube output, diarrhea, or large open wounds. S.D.’s fluid
needs are estimated as follows:

mL/day = 1,500 mL + [(20 mL/kg)(44.5 kg − 20 kg)]
(37-B)= 1,500 mL + (20 mL/kg)(24.5 kg)

= 1,500 mL + 490 mL
= 1,990 mL

The peripheral parenteral nutrient formulation will not meet
S.D.’s needs of 1,990 mL/day. The parenteral nutrition formula
may be supplemented with sterile water to make the final for-
mula 1,990 mL. Another option would be to provide the addi-
tional fluids via a separate IV line. It is important to not supply
fluids in excess. The extra fluid intake may put patients at risk
for becoming fluid overloaded, manifesting as hypervolemic,
hypotonic hyponatremia. Therefore, S.D. should be monitored
for signs of fluid overload, including peripheral edema, short-
ness of breath, daily intake exceeding daily output, hypona-
tremia, and rapidly increasing weight.

Monitoring and Management of Complications

8. What metabolic complication is a potential concern due to
S.D.’s malnutrition?

Refeeding syndrome is the term used to define the severe
hypophosphatemia and associated metabolic complications
that occur when malnourished patients receive a concentrated
source of calories via parenteral or enteral nutrition. This phe-
nomenon was first reported when the Holocaust victims and
prisoners of war in World War II were rescued and given normal
food and liquid intake. Complications coinciding with refeed-
ing these individuals included hypertension, cardiac insuffi-
ciency, seizures, coma, and death. These complications were
reported later in the 1970s and 1980s, with the introduction of
parenteral nutrition in chronically ill, essentially starved hos-
pitalized patients.

Metabolic complications from refeeding are associated pri-
marily with severe hypophosphatemia, but hypokalemia, hypo-
magnesemia, vitamin deficiencies, fluid intolerance, and glu-
cose alterations may occur. In the starved, depleted individual,
there is a loss of lean body mass, water, and minerals. Individ-
uals may preserve some intracellular electrolytes, including
phosphorus. When these individuals are given a concentrated
source of calories, the carbohydrates are converted to glucose.
Glucose, in turn, results in the secretion of insulin. The release
of insulin enhances the uptake of glucose, water, phospho-
rus, and other intracellular electrolytes. The combination of
phosphorus depletion and intracellular uptake causes severe
hypophosphatemia.

To minimize the risk of refeeding syndrome in S.D., all
electrolyte abnormalities must be corrected before any nutri-
tion is initiated. Because S.D.’s electrolytes are within normal
range, no adjustments are necessary. Nutrition should then
be implemented slowly and vitamins administered routinely.
Electrolytes, including phosphorus, potassium, magnesium,
and glucose, should be monitored at least daily over the first
week. Although electrolyte and mineral abnormalities may not
be avoided, careful recognition of and close monitoring for
refeeding syndrome will prevent serious complications.40,41
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9. Members of the medical team are anxious to have S.D.
gain weight and are concerned by her malnourished appearance.
Therefore, there is a desire to increase the calories provided to
S.D. What potential complications could result from overfeeding
S.D.?

Overfeeding should be avoided in all patients, especially
those with respiratory concerns (i.e., mechanically ventilated,
chronic obstructive airway disease). Overfeeding with carbo-
hydrates is particularly detrimental because of the amount of
CO2 produced relative to the amount of O2 consumed. This
results in CO2 retention that may lead to acid–base distur-
bances. Complete oxidation of carbohydrate is demonstrated
at dextrose infusions of 4 to 5 mg/kg/minute. Infusions exceed-
ing this rate increase CO2 production and may cause respira-
tory distress. In designing a parenteral nutrient formulation for
S.D., it is important to provide a moderate calorie dose and to
limit her dextrose dose to <4 mg/kg/minute.42,43 S.D.’s current
parenteral nutrition formulation provides 3.4 mg/kg/minute of
dextrose.

For adults, the daily lipid intake should not exceed 2.5
g/kg/day. However, current literature supports a maximum of
1 g/kg/day. S.D.’s formulation provides approximately 32 g of
lipid daily, or 0.72 g/kg/day. It is also important to monitor
serum triglyceride levels to assess tolerance to this dose of
IV lipid. If the blood sample is obtained while the triglycerides
are infusing, as with the TNA formulation, a serum triglyceride
concentration of 400 mg/dL, although elevated, is acceptable.44

Hypertriglyceridemia can sometimes be noted quickly by gross
observation of the blood sample.

Patient Assessment: Man in Moderate Stress

10. D.C., a 38-year-old man with a 12-year history of Crohn’s
disease, is admitted to the hospital after being evaluated in the
clinic for a complaint of increasing abdominal pain, nausea, and
vomiting for 9 days, and no stool output for 5 days. Questioning
reveals that over the past week he has been drinking only liquids
secondary to nausea and vomiting, and his weight has decreased
10 lb during that time. D.C.’s medical history is significant for
frequent exacerbations of his Crohn’s disease during the past 2
years. His surgical history includes an exploratory laparotomy
6 months ago for resection of 10 cm of ileum. Family and social
histories are noncontributory. His current medications include
mesalamine 1,000 mg orally (PO) four times a day (QID) and
prednisone 10 mg PO every day. Review of systems is positive for
severe abdominal pain. On physical examination, D.C. appears
thin, and his abdomen is distended. Vital signs are notable for a
temperature of 38.3◦C, heart rate of 98 beats/minute, and a blood
pressure (BP) of 108/71 mmHg. He is 6 feet tall and weighs 60.5 kg.
His medical record indicates that 1 month ago he weighed 64 kg,
and 6 months ago, his weight was 70 kg. Abdominal radiographs
are consistent with a small bowel obstruction.

Admission laboratory values are Na, 131 mEq/L (normal,
135–145); K, 3.2 mEq/L (normal, 3.5–5.0); Cl, 98 mEq/L (nor-
mal, 100–110); HCO3

–, 28 mEq/L (normal, 24–30); BUN, 19
mg/dL (normal, 8–20); creatinine, 0.9 mg/dL (normal, 0.8–1.2);
glucose, 105 mg/dL (normal, 85–110); albumin, 3.2 g/dL (nor-
mal, 3.5–5.0); WBC count, 10,900/mm3 (normal, 4,000–12,000);
hematocrit (Hct), 46% (normal, 34%–50%); alanine aminotrans-
ferase (ALT), 29 U/L (normal, 20–70); aspartate aminotrans-
ferase (AST), 25 U/L (normal, 20–55); alkaline phosphatase, 45

U/L (normal, 40–125); and total bilirubin, 0.5 mg/dL (normal,
0–1.2).

D.C. is admitted with a diagnosis of a small bowel obstruction
secondary to a stricture or narrowed area in his small intestine.
The plan is to manage him with IV fluids, bowel rest, decompres-
sion, and possible surgery. Why is D.C. a candidate for parenteral
nutrition?

[SI units: Na, 131 mmol/L (normal, 135–145); K, 3.2 mmol/L (normal, 3.5–

5.0); Cl, 96 mmol/L (normal, 100–110); HCO3
–, 28 mmol/L (normal,

24–30); BUN, 6.78 mmol/L (normal, 3–6.4); creatinine, 54 μmol/L (normal,

50–110); glucose, 6.5 mmol/L (normal, 4.7–6.1); albumin, 32 g/L (nor-

mal, 35–50); WBC count, 10.9 × 109/L (normal, 4–12); Hct, 0.46 (normal,

0.34–0.50); ALT, 0.334 μkat/L (normal, 0.03–0.4); AST, 0.25 μkat/L

(normal, 0.1–0.28); alkaline phosphatase, 0.75 μkat/L (normal, 0.48–1.5);

total bilirubin, 8.5 μmol/L (normal, 0–20)]

Parenteral nutrition should be considered when the patient’s
nutrient intake has been inadequate for 7 days or longer and the
GI tract is not functioning. D.C. has eaten little in the past week,
and his 5% decrease in weight is of concern. Furthermore, his
weight has decreased by more than 10% over the past 6 months,
which is considered a severe weight loss. D.C. is not expected to
resume oral intake because his small bowel obstruction is being
managed conservatively with bowel rest and decompression.

Assessment of weight loss should include evaluation of hy-
dration status, especially because D.C.’s vomiting and minimal
oral intake for the past week place him at risk of dehydration.
Loss of lean body mass is probably less than that reflected by
the decrease in weight. Although D.C. may be dehydrated, he
also may have significant loss of muscle resulting from his
chronic intake of prednisone, which stimulates gluconeogene-
sis and muscle breakdown for amino acids. In addition, D.C.’s
admission serum albumin concentration is low at 3.2 g/dL. His
hydration status should be considered when evaluating this vis-
ceral protein, since D.C.’s serum albumin concentration will
probably decrease further after he is rehydrated.

One factor contributing to his low serum albumin is the
loss of proteins from the GI tract (protein-losing enteropathy)
during exacerbations of his Crohn’s disease. Continued inade-
quate nutrient intake increases his risk of malnutrition. Some
type of specialized nutrition support should be initiated, and
because D.C.’s GI tract is not functioning, parenteral nutrition
is indicated.

11. What type of malnutrition does D.C. have?

At this point, D.C. exhibits some loss of fat and muscle,
as well as depletion of visceral proteins. He has components
of both marasmus and kwashiorkor malnutrition; therefore, he
would be considered to have mixed protein-calorie malnutri-
tion.

Calorie and Protein Goals

12. After hydration with IV fluids, D.C.’s weight is 62.5 kg. Par-
enteral nutrition therapy was delayed because, within 24 hours
after admission, D.C. developed severe abdominal pain and dis-
tention and required surgery. An exploratory laparotomy was per-
formed, and 25 cm of ileum was resected to remove the area of
bowel with severe disease and a stricture that was causing the ob-
struction. A small abscess near his colon was also drained. His
postoperative medications include hydrocortisone 100 mg IV Q
8 hr and piperacillin-tazobactam 4.5 g IV Q 6 hr. Bowel sounds
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are absent. He has a right subclavian triple-lumen central venous
catheter and a nasogastric (NG) tube output of 1,800 mL/day. His
urine output is 1,400 mL/day. Parenteral nutrition is to begin on
postoperative day 1. Calculate energy and protein goals for D.C.

Using the Harris-Benedict equation for men, his current
weight of 62.5 kg, height of 182.9 cm, and age of 38 years,
D.C.’s BEE is 1,583 kcal/day (Table 37-3). To estimate his to-
tal energy expenditure, the BEE should be modified with an
activity factor for being confined to bed of 1.2 and a stress
factor of 1.2 for surgery. These modifications result in an es-
timated energy expenditure of 40% greater than his BEE, or
2,216 kcal/day. Using the simpler method for moderate stress
(27 kcal/kg/day) results in an estimated energy expenditure of
1,875 kcal/day. Therefore, an energy goal of 2,000 kcal/day is
reasonable. In a similar manner, his protein goal (Table 37-4)
for moderate stress is 75 to 94 g/day of protein (1.2–1.5
g/kg/day).

Formulation Design

13. Design a single daily bag, TNA parenteral nutrient formula-
tion for D.C. that provides 2,200 kcal and 90 g of amino acids with
a nonprotein calorie distribution of 75% carbohydrate and 25%
lipid. The macronutrients available on the formulary for com-
pounding the parenteral nutrient formulations are 70% dextrose,
30% lipid emulsion, and 10% amino acids.

1. Amino acids calculation

Calories from amino acids (protein) = 90 g × 4.0 kcal/g

= 360 kcal

mL of 10% amino acids = 90 g

0.1 g/mL
(37-C)

= 900 mL

2. Dextrose calculation

Calories from dextrose = (2,200 − 360)(0.75)

= 1,380 kcal

g of dextrose = 1,380 kcal

3.4 kcal/g
(37-D)

= 406 g

mL of 70% dextrose = 406 g

0.7 g/mL

= 580 mL

3. Lipid emulsion calculation

Calories from lipid = (2,200 − 360)(0.25) or
(1,840 − 1,380)

= 460 kcal

mL 30% lipid emulsion = 460 kcal

3.0 kcal/mL
(37-E)

= 153 mL

4. Calculation of final volume

900 mL amino acids 10%
580 mL dextrose 70% (37-F)
153 mL lipid emulsion 30%

1,633 mL total volume

Other additives such as electrolytes, vitamins, and trace el-
ements are included in the parenteral nutrient formulation and
slightly increase the final volume to 1,800 mL/day. The infu-
sion rate for this formulation can be calculated as follows:

Hourly infusion rate (mL/hr) = 1,800 mL/day

24 hr/day
= 75 mL/hr (37-G)

D.C.’s parenteral nutrient formulation of 1,800 mL/day will
not meet his maintenance fluid needs of 2,350 mL/day (see
question 7). He will require extra fluid to meet the remainder
of his basic fluid needs plus additional fluid to replace the
fluid loss from his NG tube. These additional fluids should be
provided through another IV.

Monitoring and Management of Complications
METABOLIC COMPLICATIONS: ESSENTIAL FATTY ACID DEFICIENCY

14. What consequences are associated with providing only dex-
trose and amino acids to meet D.C.’s nutrient needs?

A small amount of lipid is necessary to prevent essential
fatty acid deficiency (EFAD). The essential fatty acids, linoleic
and alpha-linolenic, are those that cannot be synthesized by hu-
mans. Of these, linoleic acid appears to be the only one required
by adults. The continuous infusion of hypertonic dextrose from
the parenteral nutrition is associated with high circulating con-
centrations of insulin. Because insulin promotes lipogenesis
rather than lipolysis, linoleic acid cannot be released from adi-
pose tissue.45

Clinical symptoms of EFAD are dry, thickened, scaly skin,
hair loss, poor wound healing, and thrombocytopenia, which
may be observed after a few weeks to months of lipid-free par-
enteral feedings.46 Biochemical evidence of EFAD, determined
by a triene:tetraene ratio of >0.4, may be seen after 1 week of
lipidfree parenteral feedings and is characterized by a decrease
in the serum concentrations of linoleic and arachidonic acids
and an increase in the concentration of 5,8,11-eicosatrienoic
acid.45 The requirement for essential fatty acids is 1% to 4%
of total caloric intake and can usually be met by the adminis-
tration of 500 mL of a 10% lipid emulsion twice weekly or 500
mL of a 20% lipid emulsion once a week to patients receiving a
dextrose/amino acid parenteral nutrient formulation.10,45 The
lipid emulsions should be infused at a rate of <0.11 g/kg/hour
to prevent adverse effects, which include impaired hepatic,
pulmonary, immune, and platelet function.35

METABOLIC CONSEQUENCES OF EXCESSIVE DEXTROSE ADMINISTRATION

15. What are the benefits of using a mixed-fuel system, combin-
ing dextrose and fat to meet energy needs?

Providing a portion of nonprotein calories as fat may reduce
the metabolic consequences of excessive dextrose administra-
tion. The maximum rate of dextrose metabolism in humans is
5 to 7 mg/kg/minute, or approximately 7 g/kg/day. In doses of
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>7 g/kg/day, dextrose is used inefficiently and is converted to
fat.46 The conversion to fat may be associated with respiratory
compromise and hepatic dysfunction.47–49 Hyperglycemia, an-
other complication of excessive dextrose infusion, is associated
with electrolyte and acid–base disturbances, osmotic diuresis,
increased risk of infections (especially Candida albicans), and
altered phagocyte and complement function. Furthermore, us-
ing a mixed-fuel system allows the administration of a small
amount of IV lipid daily and avoids the need for larger boluses
of lipid twice weekly to prevent EFAD. Rapid administration
of IV lipids has been associated with alterations in the retic-
uloendothelial system that are not observed with continuous
administration of small doses.50 Typically, a mixed-fuel sys-
tem provides 15% to 30% of nonprotein calories as fat, 70%
to 85% as carbohydrate.

Total Nutrient Admixtures

16. What are the advantages to combining the dextrose, fat, and
amino acids in one container?

The system of providing one container per day offers the
advantage of convenience to pharmacy staff, nursing person-
nel, and the patient. The pharmacy department usually pre-
pares TNA only once per day and therefore requires fewer
supplies and inventory; waste of unused feeding formulations
is minimized as well. Nursing time to administer TNAs is de-
creased because only one bag is hung per day, minimizing
venous catheter interruptions and avoiding the need to ma-
nipulate a secondary infusion of lipid emulsions, as well as
additional IV tubing and an infusion pump.51

Although there are many practical benefits to using TNA
parenteral feeding formulations, this system is not without con-
cerns. These formulations must be mixed in plastic containers
constructed with ethylvinylacetate. Containers with diethyl-
hexylphthalate (DEHP) should be avoided because this toxic
material may by extracted by the lipid and may harm patients.
The addition of lipid to the traditional mixture of dextrose and
amino acids converts this solution to a complex emulsion for-
mulation with physiologic differences that alter the stability
of the product.52 These differences must be considered in the
compounding of TNA parenteral feeding formulations.

STABILITY

17. How stable are the TNA parenteral feeding formulations?

IV lipid emulsions alone gradually deteriorate over time
because of increased formation of free fatty acids and a re-
sultant decrease in pH. When lipids are mixed with dextrose
and amino acids, this process is accelerated. IV lipid products
commercially available in the United States use an anionic egg
yolk phosphatide emulsifier, which stabilizes the lipid droplets
of the dispersed phase with the aqueous external phase and
maintains the integrity of the dispersion. Because the emul-
sifier is anionic, the addition of any substance with cationic
properties can neutralize the negative charge of the emulsifier
and alter the emulsion’s stability. When the emulsion becomes
unstable or breaks down, the fat particles begin to aggregate
and the particle size increases.

Destabilization of the emulsion occurs in steps that begin
with creaming and end with the coalescence of the lipid parti-
cles, or “cracking” of the emulsion. A decrease in pH and the

addition of divalent cations (Mg2+, Ca2+) increase fat parti-
cle size. Although dextrose decreases the pH, the addition of
amino acids provides an adequate buffer for this variable. The
amount of divalent cations added to TNAs should be limited
to minimize the risk of emulsion instability. Trivalent cations
such as iron should never be added to a TNA parenteral nutri-
ent formulation. Nutrient formulations containing lipid must
be assessed visually for signs of phase separation, in which the
instability of the emulsion is manifested by “oiling out,” indi-
cated by a continuous layer of oil or individual fat droplets. Fat
emulsion particles have an average size of 0.5 μm. A destabi-
lized emulsion is not visibly apparent until the lipid particles
are 40 to 50 μm. Fat particles as small as 5 μm may occlude
pulmonary capillaries.51,52 Therefore, the use of a 1.2-μm fil-
ter is recommended to protect against the infusion of enlarged
lipid particles.34,51

Using dual-chamber bags may extend the shelf life of TNAs
because they allow the lipid to be physically separated from
the dextrose, amino acids, and other additives until it is time
to administer the feeding. The use of dual-chamber bags has
the greatest advantage for the home care setting, where up to a
week’s supply of parenteral feedings are prepared at one time.51

After preparation, TNAs should be refrigerated (4◦C) to
preserve stability. Once the bag is removed from the refriger-
ator, it may be warmed to room temperature and the contents
mixed well before administration. Mixing is best accomplished
by gently inverting the container up and down to ensure top-
to-bottom transfer of the fluid. Vigorous shaking should be
avoided because it introduces air, which can destabilize the
emulsion.51,52

MICROBIAL GROWTH

18. How does the microbial growth in TNAs compare with that
of dextrose/amino acid formulations?

Dextrose/amino acid parenteral nutrient formulations are
not conducive to growth of most organisms because of their
high osmolarity (>2,000 mOsm/L) and acidic pH. Lipid emul-
sions alone, however, are isotonic and have a physiologic pH,
providing an optimal growth medium. Combining these three
substrates in a TNA provides a formulation with a microbial
growth potential that is intermediate between these two.51,52

The number of central venous catheter violations or manipula-
tions correlates strongly with the incidence of catheter-related
infections. From an infection control perspective, the use of a
single daily bag TNA system limits the number of manipula-
tions of the central venous catheter to one per day, thereby min-
imizing touch contamination. The Centers for Disease Control
and Prevention guidelines allow TNA or dextrose/amino acid
formulations to hang for up to 24 hours. However, because
of concerns about the potential of lipid emulsions to support
microbial growth, the hang time for lipids when administered
alone is 12 hours.51

MICRONUTRIENTS
Electrolytes

19. D.C.’s current laboratory values are Na, 137 mEq/L; K, 4.5
mEq/L; Cl, 102 mEq/L; HCO3

–, 26 mEq/L; BUN, 9 mg/dL; cre-
atinine, 0.8 mg/dL; glucose, 148 mg/dL; Ca, 8.9 mg/dL (normal,
8.5–10.0); Mg, 1.9 mg/dL (normal, 1.6–2.2); P, 2.8 mg/dL (normal,
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Table 37-6 Guidelines for Daily Electrolyte Requirements

Electrolyte Amount

Sodium 80–100 mEq
Potassium 60–80 mEq
Chloride 50–100 mEqa

Acetate 50–100 mEqa

Magnesium 8–20 mEq
Calcium 10–15 mEq
Phosphorus (phosphate) 20–40 mmol

aAs needed to maintain acid–base balance.

2.4–4.5); and albumin, 3.0 mg/dL. Which electrolytes should be
included in D.C.’s parenteral nutrient formulation?

[SI units: Na, 137 mmol/L; K, 4.5 mmol/L; Cl, 102 mmol/L; HCO3
–, 26

mmol/L; BUN, 3.2 mmol/L; creatinine, 48 μmol/L; glucose, 8.2 mmol/L;

Ca, 2.22 mmol/L; Mg, 9.5 mmol/L; P, 0.9 mmol/L; albumin, 30 g/L]

Electrolytes added are sodium, potassium, chloride, ac-
etate (which is metabolized to bicarbonate), magnesium, cal-
cium, and phosphate. Electrolytes should be added to the
parenteral nutrient formulation based on the individual pa-
tient’s needs. However, patients without significant fluid and
electrolyte losses, hepatic or renal dysfunction, or acid–base
disturbances do well with maintenance doses of electrolytes.
Electrolytes may be added individually or as commercially
available combination products of maintenance doses, but the
electrolyte content of the amino acid solution should be con-
sidered. General guidelines for electrolyte requirements for
parenteral feedings are included in Table 37-6.

Vitamins and Trace Elements

20. What doses of multiple vitamins and trace elements should
D.C. receive in his parenteral nutrient formulation?

Vitamins and trace elements are essential for normal
metabolism and should be included in a patient’s daily par-
enteral nutrition regimen. Guidelines for the 13 essential vita-
mins have been established by the Nutrition Advisory Group
of the American Medical Association53 (Table 37-7).

Guidelines for daily doses of the trace elements zinc, cop-
per, chromium, and manganese have also been developed.54

In addition to these trace elements, many practitioners provide
selenium on a daily basis. Recommended doses of the trace
elements are listed in Table 37-8. As with vitamins, trace ele-
ments are available as single entities or combination products.
Molybdenum and iodine are also available commercially.

21. D.C.’s daily parenteral nutrient formulation of 1,800 mL
provides 2,200 calories (75% nonprotein calories as carbohydrate,
25% as fat) and 90 g of amino acids with the following additives
per daily volume: NaCl, 75 mEq; K acetate, 70 mEq; phosphate as
Na, 27 mmol; MgSO4, 16 mEq; calcium gluconate, 10 mEq; and
standard doses of adult multivitamins and multiple trace elements
providing copper, chromium, manganese, selenium, and zinc. The
infusion is initiated at a rate of 40 mL/hour. Why is this slow
infusion rate selected?

Standard practice for administering parenteral nutrient for-
mulations containing hypertonic dextrose is to begin at a slow

Table 37-7 Recommended Adult Daily Doses of Parenteral
Vitamins

Vitamins Dose

Fat-Soluble Vitamins

A 3,300 IU (990 retinol equivalents)
D 200 IU (5 mg cholecalciferol)
E 10 IU (6.7 mg/dL-α-tocopherol)
K 150 mcg

Water-Soluble Vitamins

Thiamine (B1) 6 mg
Riboflavin (B2) 3.6 mg
Niacin (B3) 40 mg
Pyridoxine (B6) 6 mg
Cyanocobalamin (B12) 5 mcg
Folic acid 600 mg
Pantothenic acid 15 mg
Biotin 60 mcg
Ascorbic acid (C) 200 mg

infusion rate of <250 g during the first 24 hours for most pa-
tients and <150 g for patients with known diabetes mellitus
or hyperglycemia. The infusion is increased slowly over the
next 24 to 48 hours to the goal infusion rate. This initial period
allows the clinician to assess the patient’s ability to tolerate the
nutrient formulation components and to avoid metabolic com-
plications, primarily hyperglycemia.45 If D.C.’s serum glucose
level remains <150 mg/dL, the parenteral nutrient formulation
infusion rate can be increased to his goal rate of 75 mL/hour.

Monitoring and Management of Complications
METABOLIC COMPLICATIONS
Parenteral nutrition therapy may be associated with multiple

metabolic complications. The most common abnormalities are
hypokalemia, hypomagnesemia, hypophosphatemia, and hy-
perglycemia. The plan for parenteral nutrition therapy should
include routine monitoring of these serum chemistries to iden-
tify complications early and institute methods to manage or
prevent complications.

22. Over the next 24 hours, D.C.’s infusion rate is increased to
the goal rate of 75 mL/hour. A comparison of his intake and output
reveals an overall negative fluid balance because a high volume of
gastric fluid is being removed via the NG tube. Laboratory values
at this time are Na, 138 mEq/L; K, 3.1 mEq/L; Cl, 91 mEq/L;
HCO3

–, 33 mEq/L; BUN, 28 mg/dL; creatinine, 0.9 mg/dL; glu-
cose, 279 mg/dL; Ca, 7.8 mg/dL; Mg, 1.4 mg/dL; P, 1.8 mg/dL;

Table 37-8 Recommended Daily Adult Doses of Parenteral
Trace Elements

Trace Element Dose

Zinc 2.5–5 mg
Copper 0.3–0.5 mg
Chromium 10–15 mcg
Manganese 60–100 mcg
Selenium 20–60 mcg
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and albumin, 2.8 g/dL. Arterial blood gas (ABG) results are pH,
7.46 (normal, 7.37–7.44); PO2, 98 (normal, 85–100); PCO2, 47
(normal, 35–45); and HCO3

–, 31 (normal, 24–30). What factors
contribute to these metabolic abnormalities?

[SI units: Na, 130 mmol/L; K, 3.1 mmol/L; Cl, 91 mmol/L; HCO3
–, 33

mmol/L; BUN, 8.96 mmol/L; creatinine, 75 μmol/L; glucose, 15.5 mmol/L;

Ca, 1.92 mmol/L; Mg, 0.8 mmol/L; P, 0.58 mmol/L; albumin, 28 g/L]

Hypokalemia
Hypokalemia, a common metabolic abnormality associated
with the initiation of parenteral nutrition, usually occurs within
24 to 48 hours. Potassium moves, along with dextrose, from
the extracellular to the intracellular space. Furthermore, build-
ing lean body mass (i.e., anabolism) requires approximately 3
mEq of potassium per gram of nitrogen provided by the amino
acids. Administering dextrose promotes repletion of glycogen
stores, which also requires potassium.41,45,55

D.C.’s decreased serum potassium concentration is com-
pounded by metabolic alkalosis caused by his loss of gas-
tric secretions through the NG tube and the administration of
hydrocortisone. With this type of metabolic alkalosis, the re-
nal excretion of potassium is increased. Additional potassium
should be administered and can be provided in D.C.’s parenteral
feeding or through another IV.

Hypomagnesemia
Magnesium, like potassium, is primarily an intracellular cation
and is considered an anabolic electrolyte. It is common to ob-
serve decreases in magnesium serum concentrations during
the administration of parenteral nutrient formulations. Syn-
thesis of lean tissue requires 0.5 mEq magnesium per gram
of nitrogen.41,45,55 Additional magnesium can be added to the
parenteral nutrient formulation. However, when a TNA formu-
lation is used, the amount of magnesium must stay within the
guidelines for the cation content to maintain the stability of the
lipid emulsion.

Hypophosphatemia
Hypophosphatemia occurs when phosphorus moves into the
cells for the synthesis of adenosine triphosphate (ATP), an im-
portant energy carrier. Phosphorus is depleted quickly with the
administration of hypertonic dextrose, especially in malnour-
ished patients (see question 8 for discussion of refeeding syn-
drome). The phosphorus is used for ATP synthesis, primarily
in the liver and skeletal muscle. Alkalosis also decreases phos-
phate stores by stimulating the phosphorylation of carbohy-
drates. As a component of 2,3-diphosphoglycerate (2,3-DPG),
found in red blood cells (RBCs), phosphorus is necessary for
the disassociation of oxygen from hemoglobin.55

Clinical signs and symptoms of hypophosphatemia usually
occur when serum concentrations fall below 1.0 mg/dL; they
include lethargy, muscle weakness, impaired WBC function,
glucose intolerance, rhabdomyolysis, seizures, hemolytic ane-
mia, reduced diaphragmatic contractility, and death. Moderate
to severe, complicated hypophosphatemia can be managed by
administering up to 0.625 mmol/kg of phosphate IV.41,55–57 Al-
though D.C.’s serum phosphorus is not <1.0 mg/dL, it is low
(1.8 mg/dL), and he should receive 15 to 30 mmol phosphate
in the parenteral nutrient formulation per day. Additional sup-
plements may be necessary to replete his phosphorus stores.56

Metabolic Alkalosis
D.C. has evidence of a metabolic alkalosis based on his ABG
results, hypochloremia, and elevated bicarbonate level. The
continued loss of fluid and HCl from the NG tube is the most
probable cause of his metabolic alkalosis. Management of this
type of metabolic alkalosis is to replace the fluid and chloride
through another IV. Because acetate is converted to bicarbon-
ate and can further contribute to the alkalosis, the acetate salts
in the parenteral nutrient formulation can be changed to chlo-
ride salts.55 Nevertheless, the parenteral nutrient formulation is
not the primary vehicle for adjusting and supplementing elec-
trolytes and fluids. Instead, the fluid and electrolyte balance
should be adjusted with maintenance IV fluid and electrolyte
supplements.

Hyperglycemia
Hyperglycemia is a common metabolic complication of
parenteral nutrition therapy, especially in stressed patients.
Stress alone increases gluconeogenesis, and the adminis-
tration of hypertonic dextrose compounds the potential for
hyperglycemia.58 D.C. is at particular risk for hyperglycemia
because he is recovering from surgery and is receiving steroids,
which increase gluconeogenesis.

Persistent hyperglycemia leads to glucosuria and an osmotic
diuresis, resulting in dehydration and concomitant electrolyte
abnormalities. It also compromises the immune response by
causing abnormalities in chemotaxis and phagocytosis and by
impairing complement function. Hyperglycemia is associated
with an increased risk of infections, especially C. albicans.
In extreme cases, hyperglycemia progresses to hyperosmolar,
nonketotic acidosis and coma, a condition associated with 40%
mortality.

Hyperglycemia can be minimized by limiting the dextrose
infusion rate to <4 mg/kg/minute.59 (D.C.’s parenteral nutri-
ent formulation provides 4 mg/kg/minute.) Other measures
that will minimize the risk of hyperglycemia include gradually
increasing the parenteral nutrient formulation infusion rate,
frequently monitoring capillary blood glucose concentrations,
and advancing therapy only when the serum glucose is con-
sistently <150 mg/dL for stable patients and <120 mg/dL for
critically ill patients. Insulin therapy should be considered if
serum glucose concentrations exceed these parameters and can
be administered subcutaneously according to a sliding scale, IV
by continuous infusion, or by adding insulin to the parenteral
nutrient formulation.60,61 Only regular insulin can be added
to a parenteral nutrient formulation. A reasonable strategy for
adding insulin to the parenteral nutrient formulation is to begin
with 0.1 U of regular insulin per gram of dextrose. This dosage
is adjusted depending on serum glucose concentrations.60 Clin-
ical evidence suggests that treatment of hyperglycemia and
maintenance of euglycemia may reduce morbidity and mortal-
ity, length of stay, and hospital costs.61–65

Formulation Design
Compatibility

23. In response to these serum chemistries, the electrolytes in
D.C.’s parenteral nutrient formulation are changed to the follow-
ing per liter: NaCl, 160 mEq; KCl, 140 mEq; phosphate as K,
60 mmol; MgSO4, 54 mEq; and calcium gluconate, 30 mEq. How
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do the doses of calcium and phosphate compare to maintenance
doses? What calcium and phosphate incompatibilities should be
anticipated? Will the calcium and magnesium content alter the
lipid stability?

The dose of calcium ordered for D.C. is more than three
times the usual maintenance dose (Table 37-7). This amount
of calcium is not necessary because the observed hypocalcemia
merely reflects D.C.’s low serum albumin concentration; there-
fore, less calcium is bound to albumin. D.C. probably does not
have true hypocalcemia because his free (or ionized) calcium,
which is critical for physiological function, has not changed.
If available, obtaining an ionized calcium concentration is ad-
vised. However, some laboratories do not have this test avail-
able. In this situation, a “corrected” calcium formulation may
be used. For every 1-g/dL decrease in serum albumin con-
centration, there will be about a 0.8-mg/dL reduction in the
serum calcium concentration.66 For D.C., a serum calcium of
7.8 mg/dL will correct to a serum concentration of 8.8 mg/dL
([4.0–2.8 g/dL albumin][0.8] + 7.8 mg/dL calcium).

The amount of phosphate prescribed for D.C. at this time ex-
ceeds the usual recommended dose of 15 to 30 mmol/day (Table
37-6). Although D.C. has a low serum phosphorus concentra-
tion and needs additional phosphate, increasing the dosage in
the parenteral nutrient formulation to 60 mmol/day may be in-
compatible with the calcium content, resulting in calcium phos-
phate precipitation. Administering a parenteral nutrient for-
mulation containing calcium phosphate crystals may occlude
blood flow, especially in the lungs, and has been associated with
adverse events, such as respiratory distress and death.34,67

It is important to consider the factors that affect calcium
phosphate solubility and to take measures that ensure the sol-
ubility limits are not exceeded when preparing parenteral nu-
trient formulations. The in vitro precipitation of calcium phos-
phate depends on multiple factors, including the calcium salt,
concentrations of calcium and phosphate, amino acid concen-
tration, temperature, pH of the formulation, and infusion time.
Using calcium gluconate rather than the chloride salt can en-
hance calcium phosphate solubility. In solution at equimolar
concentrations, calcium chloride dissociates more than cal-
cium gluconate, thereby increasing the yield of free calcium
available for binding with phosphate.

The amounts of calcium and phosphorus in the formulation
are critical. Multiple investigators have varied the calcium and
phosphate concentrations in parenteral nutrient formulations
and have developed precipitation curves to assist practitioners
in determining the amounts of calcium and phosphate that can
be added safely to nutrient formulations. These guidelines help
predict the points at which calcium phosphate precipitation is
likely to occur. However, extrapolating these data to parenteral
nutrient formulations different from those described is diffi-
cult because these mixtures are extremely complex, and nu-
merous variables affect the interrelationship between calcium
and phosphate.

The solubility of calcium and phosphate must be determined
based on the volume of the formulation at the time the calcium
and phosphate are mixed together, not the final volume. For ex-
ample, if the electrolytes including calcium and phosphate are
added to 1,000 mL of a dextrose/amino acid mixture and then
300 mL of IV fat is added, the calcium phosphate solubility is
based on the 1,000 mL, not the final 1,300 mL volume. In ad-

dition, some amino acid products contain phosphate ions, and
these should be considered when determining calcium phos-
phate solubility.34

Last, calcium and phosphate should not be added to the
parenteral nutrient formulation in close sequence. It is recom-
mended to add phosphate first and calcium last, thereby taking
advantage of the maximum parenteral volume. Also, during
preparation, the parenteral nutrient formulation should be agi-
tated periodically and inspected for precipitates.68 Other guide-
lines for improving the solubility of calcium are a final amino
acid concentration of >2.5% and a pH <6. Temperature is a
critical variable, and an increase in the ambient temperature can
facilitate the precipitation of calcium phosphate. Formulations
should be infused within 24 hours after compounding if stored
at room temperature; if refrigerated, they should be infused
within 24 hours after rewarming. Furthermore, slow infusions
may decrease solubility. Increasing temperature and slow in-
fusions may result in precipitation in the IV catheter, even if
precipitation has not occurred in the infusion container.34

The amount of divalent cations, calcium (20 mEq) and mag-
nesium (30 mEq), exceeds the general guidelines for maximum
amounts that can be added safely to a TNA without disrupt-
ing the stability of the lipid emulsion. A limit of 20 divalent
cations per liter is a general guideline. The amount prescribed
for D.C.’s regimen is excessive because it provides 50 divalent
cations in 1.8 L (28 divalent cations/L) and may result in a
potentially unstable admixture.

Last, a 1.2-μm air-eliminating filter should be used when
infusing TNA parenteral nutrient formulations, and a 0.22-μm
air-eliminating filter should be used for non–lipid-containing
admixtures.34

Medication Additives

24. In addition to his parenteral nutrient formulation, D.C. is
receiving ranitidine 50 mg IV Q 8 hr and hydrocortisone 100 mg
IV Q 8 hr, and now he needs insulin. Can these medications be
mixed with his parenteral nutrient formulation to simplify his
medication regimen?

Patients receiving parenteral nutrition therapy often require
concomitant drug therapy. Most patients have adequate venous
access or have multiple-lumen central venous catheters, so that
mixing medications with the parenteral nutrient formulation is
not an issue. However, for some patients with limited venous
access, directly added medications or piggybacking medica-
tions via a secondary infusion must be considered.

The stability of medications when mixed with parenteral nu-
trient formulations is a complex issue. Some medications may
be added directly to the parenteral nutrient formulation, where-
as others should be administered via a secondary infusion set
(piggybacked). Many medications have been studied for phys-
ical compatibility, but few have been evaluated for pharma-
cologic activity. Furthermore, the study conditions vary, and
different nutrient formulations have been used; therefore, in-
terpretation and application of data from a particular scientific
study to a specific nutrient formulation may be difficult. This
area of knowledge is growing rapidly, and current information
regarding compatibility and stability is available in standard
references such as Trissel’s Handbook of Injectable Drugs.69

Although insulin, antibiotics, chemotherapeutic agents, H2-
receptor antagonists, and heparin have been considered for
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addition to parenteral nutrient formulations in some specific
circumstances, the routine addition of medications to par-
enteral nutrient formulations is discouraged. The addition of
insulin to parenteral nutrient formulations may be an option,
as described in question 23.

MONITORING PARAMETERS

25. Design a plan to monitor the adequacy of D.C.’s specialized
nutrition support and to identify and prevent adverse complica-
tions.

Routine evaluation of patients receiving nutrition support
should include an assessment of nutrition and the metabolic
effects of therapy. Goals for nutrition therapy are estimates of a
patient’s needs; therefore, the adequacy of therapy to meet these
needs must be evaluated. Daily monitoring parameters must in-
clude vital signs, body weight, temperature, serum chemistries,
hematologic indices, nutrition intake, and fluid intake and out-
put.

The adequacy of nutrition therapy should be assessed
weekly. This may include measuring serum concentrations of
visceral proteins (Table 37-2). Because prealbumin has a half-
life of only 2 to 3 days, serum concentrations of this protein
should increase with adequate nutrition and improving clin-
ical status. Albumin, with a much longer half-life, may not
change for several weeks to months despite provision of ade-
quate nutrients. In addition, it is reasonable to perform indirect
calorimetry to reassess energy expenditure.

Another method to assess the adequacy of protein intake
is to evaluate nitrogen balance. This test is designed to esti-
mate the amount of nitrogen retained by comparing the amount
of nitrogen administered to the amount of nitrogen excreted
(amount “in” vs. amount “out”). The nitrogen “in” is provided
by the amino acid component of the parenteral nutrient formu-
lation and other sources from tube feeding or an oral diet. Each
commercially available amino acid formulation has a slightly
different amount of nitrogen per gram of amino acids, and the
manufacturer’s product information should be consulted to ob-
tain this value. An average value is 6.2 g of nitrogen per gram
of amino acids.

Most of the nitrogen is excreted as byproducts of protein
breakdown for energy. This nitrogen is excreted in the urine as
urea nitrogen, which increases with increasing stress. To deter-
mine this value, urine must be collected for 24 hours and the
amount of urea nitrogen (UUN) measured. Some laboratories
have the capability of measuring total urine nitrogen, which
measures all nitrogen entities in the urine. In addition, some
nitrogen lost via skin, respiration, and stool is not measurable
but is estimated to be 2 to 4 g/day.

Nitrogen balance = Nitrogen in − Nitrogen out

= AA(g)

6.2
− (UUN(g) + 3 g) (37-3)

= g

Achieving a positive nitrogen balance is difficult, if not im-
possible, in critically ill patients; therefore, the calculation may
result in a negative number or zero. For convalescing patients, a
nitrogen balance of plus 2 to 4 g is acceptable. A negative nitro-
gen balance prompts a re-evaluation of the amount of protein
and energy a patient is receiving. For patients with a negative

Table 37-9 Routine Monitoring Parameters for Parenteral
Nutrition

Before Initiating Therapy

Body weight
Serum electrolytes (Na, K, Cl, HCO3

–, BUN, creatinine)
Glucose
Ca, Mg, P
Albumin, transthyretin
Triglycerides
Complete blood count
Liver-associated tests (AST, ALT, alkaline phosphatase, bilirubin)
INR, Prothrombin time

Daily

Body weight
Vital signs (pulse, respirations, temperature)
Fluid intake
Nutritional intake
Output (urine, other losses)
Serum electrolytes (Na, K, Cl, HCO3

–, BUN, creatinine)
Glucose

Two or Three Times a Week

CBC
Ca, Mg, P

Weekly

Albumin, transthyretin
Liver-associated tests (AST, ALT, alkaline phosphatase, bilirubin)
INR, prothrombin time
Nitrogen balance

ALT, alanine aminotransferase; AST, aspartate aminotransferase; BUN, blood urea
nitrogen; Ca, calcium; CBC, complete blood count; Cl, chloride; HCO3

–, bicarbon-
ate; INR, international normalized ratio; K, potassium; Mg, magnesium; Na, sodium;
P, phosphorus.

nitrogen balance, it may be helpful to increase intake of both
calories and protein.

As with all tests, assessment should include monitoring sev-
eral parameters, including the patient’s clinical status. Most
important is the identification of trends that may alert one to
impending complications. A suggested schedule for monitor-
ing is provided in Table 37-9.

Home Therapy
Enterocutaneous Fistulas

26. S.A. is a 24-year-old female hospitalized following an ab-
dominal trauma injury. Her hospital course includes abdominal
surgery to repair a small bowel perforation. On hospital day 10,
she presents with a fever and green, purulent fluid draining from
a small hole in her previous abdominal incision site. She is diag-
nosed with an enterocutaneous fistula, which is a communication
between her intestine and the skin. The fluid loss from S.A.’s fis-
tula is about 1,300 mL/day. Management will include nothing by
mouth (NPO) and parenteral nutrition for 4 to 6 weeks in an-
ticipation that the fistula will heal and further surgery can be
avoided. The physician would like to begin parenteral nutrition
therapy in the hospital with the plan to discharge S.A. home in a
few days. S.A. is 5 feet 4 inch and weighs 54 kg.
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Parenteral nutrition therapy in the home has allowed patients
such as S.A. to be discharged after a much-shortened hospital
stay. Candidates for home therapy must be physically and med-
ically stable, have a strong support network in the home setting
to assist with care, and have an appropriate home environment;
they must be educated regarding the prescribed therapy.70

The first step in designing a parenteral nutrition regimen is to
estimate energy and protein needs. S.A. is 10 days post injury,
and her estimated requirements would be 25 to 30 kcal/kg/day
or 1,550 to 1,620 kcal/day. Protein goals must include adequate
nitrogen (protein) for wound healing and replacement for losses
from the enterocutaneous fistula. A goal of 1.5 to 1.8 g/kg/day
(81–97 g) is reasonable.

To simplify her nutrition and fluid regimen, all of S.A.’s
fluids, including parenteral nutrients, electrolytes, vitamins,
trace minerals, and water, should be provided in one container
per day. S.A.’s home parenteral nutrient formulation can be
provided in 3,000 mL/day to meet maintenance requirements
(30–35 mL/kg/day) and to replace losses from her enterocuta-
neous fistula (1,300 mL/day). Nutrients provided include 95 g
amino acids (390 kcal); 217 g dextrose (750 kcal); 38 g lipid
(375 kcal); and electrolytes, vitamins, and minerals to main-
tain normal serum chemistries. Initially, daily intake and output
must be monitored; therapy should be adjusted based on this
information and S.A.’s clinical status.

Adjustments in fluids and electrolytes may be needed. The
fluids secreted by the GI tract are rich in electrolytes, including
sodium, potassium, chloride, and bicarbonate. Measurement
of the electrolyte content of the fistula fluid will determine
those that must be replaced, and in what quantities. Both fluid
and electrolytes should be replaced to prevent dehydration and
electrolyte and acid–base imbalances.

In addition to losses of fluids and electrolytes, the trace
element zinc is lost in fluid from the small intestine. Approxi-
mately 12 mg of zinc is lost in each liter of small bowel fluid,
and this should be replaced to prevent zinc deficiency. Fur-
thermore, zinc may play a role in wound healing.70 Manage-
ment of enterocutaneous fistulas may include octreotide 50
to 100 mg given subcutaneously two or three times daily or
added to the parenteral nutrient formulation to decrease fistula
output.71

A home infusion pharmacy will be responsible for prepar-
ing S.A.’s parenteral nutrient formulations. Typically, nutrient
formulations for 7 days are prepared and delivered to the pa-
tient’s home. These formulations must be refrigerated until
administration; however, formulations should be warmed to
room temperature and visually inspected for particulate mat-
ter before being administered. Because some additives such
as multivitamins are not stable for long periods, the patient or
caregiver must add these to the parenteral nutrient formulation
just before administration.

Patients and caregivers preparing for home parenteral nutri-
tion therapy must be taught how to manage home therapy. This
includes assessment of fluid status, care of a central venous
catheter, infection, and the technical aspects of administering
parenteral feeding formulations.72

Preparation for home parenteral nutrition will include place-
ment of a central venous access device. Various devices are
available for long-term therapy.29,31 However, because the du-
ration of S.A.’s therapy is expected to be 4 to 6 weeks, she may
be a good candidate for a PICC.

Cyclic Therapy

27. What other measures can be used to simplify S.A.’s par-
enteral feeding regimen and encourage ambulation?

After S.A.’s daily nutrient and fluid needs are consolidated
and she is stable on that regimen, her parenteral nutrient reg-
imen can be cycled. Cycling means infusing the parenteral
nutrient formulation over <24 hours so there is some time free
from therapy. Cycling is usually done gradually and depends
on the patient’s ability to tolerate the changes in fluid and dex-
trose intake. Initially, the infusion period is decreased by 2 to
6 hours, and the infusion rate is increased to compensate for
the shorter infusion period. For example, a 24-hour infusion
at 100 mL/hour would be changed to a 20-hour infusion at
120 mL/hour. This gradual adjustment is more likely to en-
sure that all nutrients are infused and well tolerated. With each
incremental decrease in time, the infusion rate should be in-
creased.

Vital signs, fluid intake and output, and serum electrolytes
and glucose concentrations should be monitored during this
period. The serum glucose concentration should be evaluated
30 minutes after the infusion is completed to be sure that hypo-
glycemia does not occur as the result of the rapid cessation of
the nutrient formulation. If hypoglycemia occurs, the infusion
rate can be tapered at the end of the infusion because a grad-
ual decrease in glucose intake should minimize the potential
for hypoglycemia. Furthermore, the infusion can be gradually
increased to minimize sudden hyperglycemia at the beginning
of the infusion. Infusion management devices used at home
can automatically make these adjustments in the infusion rate.
Eventually, the nutrient formulation can be infused over 10 to
12 hours during the night, leaving S.A. free from her infusion
bag during the day.

METABOLIC COMPLICATIONS: ELEVATED LIVER-ASSOCIATED ENZYMES

28. After receiving home parenteral nutrition for 3 weeks, S.A.’s
liver function tests are found to be elevated. Current values are
bilirubin, 0.8 mg/dL (normal, 0–1.2); AST, 70 U/L (normal, 19–
25); ALT, 90 U/L (normal, 19–72); and alkaline phosphatase,
100 U/L (normal, 38–126). Could her parenteral nutrition be con-
tributing to these abnormalities?

Elevations in liver function tests are common in adults
receiving long-term parenteral nutrition therapy and may be
noted as early as 2 to 3 weeks after beginning therapy. The ab-
normalities are usually mild and transient and do not progress
to significant liver dysfunction in adults. The predominant type
of hepatobiliary dysfunction is steatosis, whereas other patients
develop cholestasis or cholelithiasis. Liver-associated enzyme
elevations usually resolve when parenteral nutrition therapy is
discontinued. Rarely does this dysfunction proceed to hepatic
failure.73,74

Although parenteral nutrition-associated liver abnormali-
ties were first noted more than 30 years ago, a cause-and-effect
relationship has been difficult to establish because patients have
many confounding factors that can also cause liver dysfunc-
tion, including medications, inflammatory bowel disease, and
sepsis. Other contributing factors are overfeeding with par-
enteral nutrient formulations containing high amounts of car-
bohydrate, amino acid deficiencies, excess fat, EFAD, carni-
tine deficiency, choline deficiency, toxic effects of the amino
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acid degradation products, bacterial overgrowth in the small
intestine, and lack of stimulation of the GI tract.73,74 Other than
avoiding overfeeding with carbohydrate and lipid, there are few
options to prevent or manage parenteral nutrition–associated
liver abnormalities. Potential treatments include metronidazole
and supplements of ursodeoxycholic acid, choline, and carni-
tine. Patients with progressive liver disease may be candidates
for liver and small bowel transplantation.74

The elevations in S.A.’s liver enzymes should be monitored
weekly for continued increases. Because she may not need
lifelong parenteral nutrition therapy, the mild elevations are
likely to resolve.

USE OF PARENTERAL NUTRITION IN SPECIAL
DISEASE STATES
Hepatic Failure

29. V.G. is a 42-year-old woman with a 15-year history of alcohol
abuse, cirrhosis, ascites, and esophageal varices who was admitted
to the hospital 5 days ago with an upper GI bleed after a week-
end drinking binge. She was supported initially with IV fluids,
packed RBCs, and fresh frozen plasma. Endoscopic examination
showed bleeding esophageal varices, which were banded. V.G.’s
hospital course is now complicated by primary bacterial peri-
tonitis causing a paralytic ileus. On physical examination, V.G. is
cachectic, with a large protuberant abdomen and ascites; bowel
sounds are absent. She is alert, oriented, and without evidence of
encephalopathy. V.G. has a central venous catheter. The plan is to
begin parenteral nutrition because she has not eaten in 8 days and
is not expected to eat for several more days when her peritonitis
resolves. Is V.G. a candidate for a specialty amino acid product
specifically designed for use in hepatic failure?

Aromatic Amino Acids and Branched-Chain Amino Acids
Patients with chronic hepatic failure, especially those with
alcohol-induced disease, are malnourished and prone to com-
plications such as GI bleeding and infection. The metabolism of
glucose, fat, and protein is altered in liver disease. Amino acid
metabolism is particularly affected because blood is shunted
around the liver.

In patients with hepatic insufficiency, adequate protein must
be provided to support regeneration of the liver and other vital
functions such as the immune system. However, administration
of protein may result in hepatic encephalopathy, a severe com-
plication of hepatic failure. Encephalopathy is characterized
by progressive depression and impaired neurologic function.
The pathogenesis of encephalopathy is controversial, although
several theories have been proposed. It is probably caused by
the inability of the diseased liver to remove neurotoxins, which
accumulate in the brain, resulting in abnormal neurotransmit-
ters. Substances implicated as neurotoxins include ammonia,
benzodiazepines, and aromatic amino acids.

Cirrhosis and chronic hepatic failure are associated with sig-
nificant protein breakdown. The branched-chain amino acids
(BCAAs) (e.g., leucine, isoleucine, valine) are used in the mus-
cle as an energy source rather than being released into the
circulation. Although the BCAAs are used for energy, the aro-
matic amino acids (AAAs; phenylalanine, tyrosine, and free
tryptophan) are released, increasing circulating concentrations

of these amino acids. This results in increased plasma con-
centrations of the AAAs and methionine and subnormal con-
centrations of the BCAAs. Both AAAs and BCAAs share a
common pathway across the blood–brain barrier and compete
for entry into the cerebrospinal fluid (CSF). The “false neuro-
transmitter” theory proposes that because the concentration of
AAAs is greater, more are transported across the blood–brain
barrier, where they accumulate and form “false neurotransmit-
ters” such as octopamine and serotonin, an inhibitory neuro-
transmitter. These compete with normal neurotransmitters for
binding sites and impair normal neurotransmission and brain
activity.75

Based on these theories, an amino acid mixture was de-
signed to provide adequate protein for anabolism while also
treating hepatic encephalopathy. To normalize the amino acid
profile in the brain, specially designed products with increased
amounts of BCAAs and decreased amounts of both AAAs
and methionine are available (Table 37-10). Controversy ex-
ists with regard to the ability of this special amino acid mixture
to improve encephalopathy by altering the amino acid profile
of the CSF.75–77 Generally, this amino acid mixture is reserved
for patients with significant hepatic encephalopathy.

Because V.G. is alert, oriented, and without signs of en-
cephalopathy, use of this product is not warranted at this time.
Furthermore, protein restriction is not necessary. She should
receive 1 to 1.2 g/kg/day of a standard amino acid product,
and she should be monitored for signs of encephalopathy.
Should she develop hepatic encephalopathy while receiving
the standard amino acids, temporary protein restriction of 0.6
to 0.8 g/kg/day is reasonable while the etiology of the en-
cephalopathy is determined and treated. The use of the in-
creased BCAA–decreased AAA mixture may be appropriate
for patients with chronic encephalopathy who are unresponsive
to pharmacotherapy.10

30. What other amino acid mixtures are enriched with BCAAs?

BCAAs have metabolic properties that are considered ben-
eficial during physiological stress (multiple trauma, sepsis, and
major surgery). BCAAs can be used as an alternative energy
source by the heart, brain, and skeletal muscle. These BCAAs
can increase protein synthesis in muscle and liver, decrease ex-
cessive proteolysis in muscle, and normalize abnormal plasma
amino acid profiles. These unique properties led to the design
of commercially available amino acid mixtures that provide
about 45% of the amino acids as BCAAs. In comparison, most
standard amino acid mixtures contain 19% to 25% BCAAs.

Multiple trials have evaluated the effects of BCAA-enriched
amino acid formulations in critically ill patients. Although
most evidence suggests that these formulations may improve
nitrogen retention, they do not appear to improve clinical
outcome.78,79 It is important to appreciate the differences be-
tween the amino acid composition of the mixtures for hepatic
failure and those designed for stress. They are not therapeuti-
cally equivalent, and one should not be substituted for the other.

Renal Failure

31. O.M. is a 75-year-old man with a long history of hyperten-
sion, coronary artery disease, and peripheral vascular disease.
Four days ago, he was admitted to the hospital complaining of
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Table 37-10 Amino Acid Product Comparison

Description Product Name Supplier Available Concentrations (%)

Standard Formulations

Contain essentiala and nonessentialb amino acids, some available
with electrolytesc

Aminosyn, Aminosyn II
FreAmine III
Novamine
ProSol
Travasol

Abbott
B. Braun
Baxter
Baxter
Baxter

3.5,c 5, 7,c 8.5,c 10,c 15
3, 8.5, 10
15
20
3.5,c 5.5,c 8.5,c 10Hepatic Failure Formulations

Contain essential and nonessential amino acids with a proportion of
branched-chain amino acids (leucine, isoleucine, valine)

HepatAmine
HepAtasol

B. Braun
Baxter

8
8

Renal Failure Formulations

Contain primarily essential amino acids; RenAmin also contains a
complement of nonessential amino acids

Aminess
Aminosyn-RF
NephrAmine
RenAmin

Baxter
Abbott
B. Braun
Baxter

5.2
5.2
5.4
6.5Stress Formulations

Contain percentages of leucine, isoleucine, and valine, as well as all
essential and nonessential amino acids

Aminosyn HBC
FreAmine HBC

Abbott
B. Braun

7
6.9

Supplements

Contain only branched-chain amino acids (isoleucine, leucine,
valine); must be used with a general formulation

BranchAmin Baxter 4

aEssential amino acids: isoleucine, leucine, lysine, methionine, phenylalanine, thionine, tryptophan, valine, histidine.
bNonessential amino acids: cysteine, arginine, alanine, proline, glycine, glutamine, aspartate serine, tyrosine.
cThese concentrations are available with or without electrolytes.
Adapted from references 42 and 43.

severe abdominal pain and was diagnosed with a ruptured abdom-
inal aortic aneurysm, which was repaired surgically. Hypotension
and hemodynamic instability requiring pressors, respiratory dis-
tress necessitating endotracheal intubation and mechanical ven-
tilation, and renal failure with oliguria have complicated his post-
operative course. Furthermore, there is concern that O.M. has
an ischemic bowel, which precludes using his GI tract for enteral
feeding. Serum chemistries are Na, 130 mEq/L; K, 5.2 mEq/L;
Cl, 99 mEq/L; HCO3

–, 15 mEq/L; BUN, 79 mg/dL; creatinine,
4.0 mg/dL; glucose, 143 mg/dL; Ca, 7.9 mg/dL; Mg, 2.4 mg/dL; P,
5.8 mg/dL; and albumin, 2.7 g/dL. The decision is made to initiate
parenteral nutrition therapy via a central venous catheter. In view
of O.M.’s acute renal failure, what adjustments should be made
in the amount and type of protein (amino acid) provided in the
parenteral feeding formulation?

[SI units: Na, 130 mmol/L; K, 5.2 mmol/L; Cl, 99 mmol/L; HCO3
–, 15

mmol/L; BUN, 28 mmol/L; creatinine, 240 μmol/L; glucose, 9.6 mmol/L;

Ca, 1.96 mmol/L; Mg, 12 mmol/L; P, 1.9 mmol/L; albumin, 27 g/L]

The protein dose in acute renal failure should be reduced to
0.6 to 1 g/kg/day because the kidneys have a limited ability to
excrete nitrogenous byproducts of protein metabolism.80 The
use of essential amino acids (EAAs) orally has been demon-
strated to improve uremic symptoms. Based on this experi-
ence, parenteral amino acid mixtures containing only EAAs
were investigated. These studies compared parenteral feedings
containing dextrose and EAAs to the administration of only
dextrose; there was an improved rate of recovery in the group

that received the EAA and dextrose. Subsequent studies com-
paring parenteral nutrient formulations containing a standard
mix of both EAAs and nonessential amino acids to EAAs alone
have not demonstrated any difference in urea appearance or
nitrogen balance.80,81 The use of EAAs alone in parenteral nu-
trient formulations for patients with acute renal failure offers
no clinical advantage over formulations providing a balanced
mixture of EAAs and nonessential amino acids.

32. What other adjustments should be made in formulating a
parenteral nutrient formulation for O.M.?

O.M.’s nutrient needs should be provided in the least amount
of fluid possible. This can be accomplished by using the most
concentrated macronutrients of 70% dextrose, 20% amino
acids, and 30% lipid. Using these substrates, a patient’s entire
needs can often be provided in <1,200 mL/day. Electrolytes
should also be adjusted. Initially, patients with acute renal fail-
ure may not require potassium, magnesium, and phosphorus
because they cannot excrete them. However, once parenteral
feedings begin and an anabolic state occurs, these patients com-
monly experience decreases in the serum concentrations of
these minerals and will require small daily doses to maintain
normal serum concentrations.

Renal Replacement Therapies

33. O.M.’s renal failure progresses, and he requires renal
replacement therapy. Because of his hemodynamic instability,
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continuous venovenous hemodialysis (CVVHD) is initiated. How
should his nutrition therapy be altered?

Continuous renal replacement therapies (CRRTs), includ-
ing CVVHD, continuous arteriovenous hemodialysis, con-
tinuous venovenous hemofiltration, continuous venovenous
hemodiafiltration, and slow continuous ultrafiltration delivery
provide a means to remove large volumes of water, nitroge-
nous byproducts, and electrolytes. Consequently, the delivery
of unlimited quantities of fluids, nutrients, and electrolytes is
possible. Several factors must be considered in the nutritional
management of a patient requiring these therapies. First, a
dialysate solution of 1.5% to 2.5% dextrose may be used. If so,
some dextrose is absorbed during the process and contributes
to the caloric intake. A solution with a 1.5% dextrose concen-
tration at a rate of 1 L/hour delivers approximately 5.8 g of
glucose per hour. Increasing the dextrose concentration of the
dialysate solution to 2.5% increases the glucose delivery to 11.5
g/hour. The amount of glucose absorbed (550–700 kcal/day)
must be considered when designing the amount of calories that
will be provided in the parenteral nutrient formulation.80–85

The second nutritional consideration is the loss of amino
acids across the dialysis filter, which can range from 20 to
28 g of nitrogen per day. Sufficient amino acids should be
provided to compensate for this daily loss of 120 to 175 g of
amino acids (approximately 6.25 g of amino acids per gram of
nitrogen).80,82,84,85 Protein requirements for patients on CRRT
may be as high as 2.5 g/kg/day to promote positive nitrogen
balance.86

Last, the rapid loss of electrolytes must be considered. Pa-
tients may experience dramatic decreases in potassium, mag-
nesium, and phosphorus once CRRT is initiated. This requires
frequent monitoring and replacement of these electrolytes, usu-
ally as IV supplements rather than as additions to the parenteral
feeding formulation.

34. After several days of CVVHD, O.M. is changed to intermit-
tent (three times a week) hemodialysis. What alterations in his
parenteral nutrition are necessary?

Hemodialysis also allows the passage of amino acids
through a semipermeable membrane. The loss is approximately
1 g of amino acids for each hour of hemodialysis with a glu-
cosefree dialysate. This loss is reduced by 50% when a glucose-
containing dialysate solution is used. These losses should be
considered when determining the dosage of protein that will
be provided by the parenteral nutrient formulation. The recom-
mended protein dosage for patients requiring hemodialysis is
1.2 to 1.3 g/kg/day,80,84,85 but dosages up to 1.8 g/kg/day have
been reported.80,87 In addition, hemodialysis can increase en-
ergy expenditure by increasing oxygen consumption and glu-
coneogenesis; therefore, energy goals should range between
25 to 35 kcal/kg/day.80 Patients requiring chronic hemodialy-
sis may require protein doses of 1.2 to 1.4 g/kg/day to maintain
a positive nitrogen balance and prevent protein malnutrition.
Patients requiring peritoneal dialysis have higher losses of pro-
tein through the peritoneal cavity and may need 1.2 to 1.5 g/kg/
day of protein. In contrast to patients on hemodialysis, those
on peritoneal dialysis require fewer calories provided by par-
enteral feedings because 600 to 800 cal/day may be absorbed

through the peritoneal membrane from the glucose-containing
dialysate.80,84,85

Diabetes, Obesity, and Short Bowel Syndrome

35. F.L., a 51-year-old man with a history of diabetes mellitus,
is hospitalized after receiving a gunshot wound to the abdomen.
His injuries included a lacerated spleen, requiring a splenectomy,
and several tears in his small and large intestine, necessitating re-
section of these areas. A feeding jejunostomy tube is placed at the
time of surgery, and enteral tube feedings are begun on postop-
erative day 2. Five days later, F.L. is noted to have a temperature
of 39.6◦C; a WBC count of 18,900/mm3; and a distended, tender
abdomen. He requires surgery for a small bowel perforation at the
site of the feeding jejunostomy and peritonitis. The jejunostomy
tube is removed, but F.L. is not expected to have return of bowel
function for 7 to 10 days. Parenteral nutrition is to be initiated.
F.L. is 5 feet 8 inches tall, and his usual weight is 215 lb. What
adjustments should be made in determining F.L.’s energy goals?

First, F.L. is considered obese, and an adjusted body weight
should be calculated and used in nutrition calculations. Obesity
is defined as weight exceeding 120% of IBW or a body mass
index (BMI) of >27 kg/m2. F.L. weighs 215 lb, or 98 kg,
which is 142% of his IBW of 69 kg –10%. BMI is determined
as shown by Equation 37-4.

BMI = Weight (kg)

Height (m)2

= 98 kg

(1.73 m)2
(37-4)

= 32.7 kg/m2

Obese patients should have their weight adjusted because
adipose tissue is not metabolically active. However, about one-
fourth of the adipose tissue is composed of some supporting
tissue that is metabolically active. Adjusted weight for obesity
is calculated using Equation 37-5.88

Adjusted weight = (0.25)(Actual Weight − IBW) + IBW
= (0.25)(98 − 69) + 69 (37-5)
= 76 kg

Using an adjusted weight will decrease the risk of overfeed-
ing, which can further increase adipose tissue and complicate
glucose management, especially in a patient with a history of
diabetes mellitus. Another approach is to use the Ireton-Jones
predictive equation that includes a factor for obesity. Using
indirect calorimetry to obtain an MEE may more accurately
assess energy expenditure and avoid overfeeding.

36. What special considerations should be addressed in design-
ing a parenteral nutrient regimen for F.L.?

Patients without a history of diabetes mellitus may develop
hyperglycemia under conditions of stress. Even greater de-
rangements in glucose metabolism may be observed in patients
with diabetes mellitus during a critical illness. Dextrose should
be limited to 150 g during the first 24 hours of therapy, and the
amount of dextrose should not be increased until serum glu-
cose concentrations are consistently <150 mg/dL. It can be
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anticipated that F.L. will need supplemental insulin when his
parenteral nutrient regimen is infused. Insulin may be added
to the parenteral nutrient formulation. Initial insulin therapy of
0.1 U of regular insulin per gram of dextrose is a good starting
point and should be adjusted to achieve serum glucose levels
between 80 to 120 mg/dL. Alternatively, a separate insulin in-
fusion may be used. Frequent capillary glucose monitoring is
required in these patients, and it may be necessary to provide
additional subcutaneous insulin.62,63,89 (See question 22 for
additional discussion on management of hyperglycemia.)

37. F.L. has a prolonged hospital course complicated by multi-
ple intra-abdominal abscesses, poor wound healing, and necrotic
bowel, requiring removal of all but 55 cm of his small intestine but
leaving his colon intact. F.L. is given a diagnosis of short bowel
syndrome (SBS). What issues should be addressed in the nutrition
and metabolic management of this patient?

SBS is characterized by maldigestion, malabsorption, de-
hydration, and both macronutrient and micronutrient abnor-
malities. Severe malnutrition will develop without adequate
nutrition support. To maintain adequate nutrition status, F.L.
will require parenteral nutrition until his remaining intestine
begins to adapt. This adaptive period may take several weeks
to months to years. Adaptation is enhanced by stimulation of
the enterocytes with nutrients, which is best provided by small,
frequent oral meals or tube feeding.10,90,91

First, F.L. should be continued on parenteral nutrition sup-
port, including therapy at home, to meet his nutrient and fluid
requirements. After extensive small bowel resection, F.L. may
experience severe diarrhea. This increase in GI losses may
lead to dehydration and electrolyte abnormalities, including
hyponatremia, hypokalemia, hypomagnesemia, hypocalcemia,
and metabolic acidosis.91 F.L.’s fluid status must be monitored
and evaluated daily for clinical signs of dehydration or fluid
overload.

Medication therapy plays an important role in managing
fluid and electrolyte imbalances secondary to excessive GI
fluid losses. H2-receptor antagonists are useful in decreasing
gastric secretion, thereby reducing fluid and electrolyte losses
and enhancing absorption. Antimotility agents should be used
to decrease diarrhea. Octreotide also may have a role in de-
creasing diarrhea in patients with SBS. Patients with extensive
small bowel resections and an intact colon, such as F.L., may
develop diarrhea as a result of bile salt depletion.10,90,91

Patients with SBS are at risk for developing vitamin defi-
ciencies, especially folate and B12. These patients should re-
ceive supplemental B12 and IV parenteral or oral liquid multi-
vitamin supplements. GI losses of trace minerals, particularly
zinc and selenium, are increased in SBS, and these minerals
should be supplemented.90,91

Pancreatitis, Respiratory Failure
38. K.R., a 59-year-old woman, is admitted to the hospital com-

plaining of increasing abdominal pain and vomiting. She is di-
agnosed with pancreatitis. This is her third admission for acute
pancreatitis during the past year. Her past medical history is sig-
nificant for ethanol abuse and chronic obstructive airway disease.
An NG tube is inserted, and she is to be NPO. IV fluids are begun
for hydration. Over the next 5 days, K.R.’s abdominal pain sub-

sides, her pancreatitis resolves, and she is started on an oral diet.
Two days after beginning an oral diet, K.R. complains of severe
abdominal pain and is vomiting. She is febrile, her WBC count has
increased to 21,000/mm3, and she is hypotensive, requiring large
volumes of IV fluids. Furthermore, she develops respiratory dis-
tress and requires endotracheal intubation and mechanical ven-
tilation. Her most recent ABG is notable for pH, 7.36 (normal,
7.37–7.44); PCO2, 51 mmHg (normal, 35–45); PO2, 88 mmHg
(normal, 85–100); and HCO3

–, 28 mEq/L (normal, 24–30). This
clinical presentation is consistent with severe pancreatic necrosis.
A small-bore nasojejunal feeding tube is placed and enteral nutri-
tion therapy is begun. However, K.R. develops severe abdominal
pain and distention and bowel sounds are absent, so the enteral
feeding is discontinued. The decision is made to begin parenteral
nutrition because K.R. is not expected to have a functional GI
tract in the near future and her nutrient intake has been inad-
equate during her hospitalization. What special considerations
should be addressed in designing a parenteral feeding formula-
tion for K.R.? Is the use of fat contraindicated in patients with
pancreatitis?

Several observations have caused concern over the use of IV
lipid emulsions in patients with pancreatitis. The oral ingestion
of fats may stimulate pancreatic exocrine function and should
be restricted in patients with pancreatitis. Although hyperlipi-
demia has been well described in patients with alcohol-induced
pancreatitis, it is unlikely that it is primarily responsible for ini-
tiating the pancreatitis. Hypertriglyceridemia associated with
acute pancreatitis is most often seen in patients with hereditary
or acquired defects in lipid metabolism. Furthermore, pancre-
atitis alone may be associated with hypertriglyceridemia.92

Several investigators have evaluated the effects of parenteral
nutrient formulations containing fat emulsions in patients with
acute pancreatitis and have found no stimulation of pancreatic
exocrine function. Furthermore, IV lipids did not result in ab-
dominal pain or relapse in patients with a history of pancreati-
tis. Available data suggest that IV lipid emulsions are a safe and
efficacious form of calories for patients with pancreatitis.92

Monitoring serum triglyceride concentrations should be
part of routine management for patients with pancreatitis
and those receiving parenteral nutrient formulations contain-
ing lipids. Serum triglyceride concentrations should be main-
tained at <400 mg/dL with a continuous infusion of lipids and
<250 mg/dL when checked 4 hours after the infusion for pa-
tients receiving intermittent lipid infusions.10,44,92 If serum
concentrations exceed these parameters, consideration must
be given to decreasing or eliminating the IV lipid from the
parenteral nutrient regimen.

39. K.R. is recovering from her pancreatitis, and the small-bore
nasojejunal enteral feeding tube is reinserted. Tube feeding is
considered because she cannot eat by mouth secondary to the
endotracheal tube and mechanical ventilation. How should she
be transitioned from parenteral to enteral feedings?

Tube feedings can begin with a full-strength isotonic enteral
feeding formulation at a slow infusion rate (25 mL/hour).
Concurrently, the parenteral nutrient formulation should be
decreased to avoid fluid overload and to keep the calorie and
protein intake constant. It can be anticipated that K.R. can
transition from parenteral to enteral feedings in 24 to 48 hours
(see Chapter 36).
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ANATOMY AND PHYSIOLOGY OF THE SKIN
The skin is the largest organ in the body and constitutes, on
average, 17% of a person’s body weight. The skin’s thickness
ranges from 3 to 5 mm. Figure 38-1 shows a cross-section of
the anatomy of human skin. The major function of the skin
is to protect underlying structures from trauma, temperature
variations, harmful penetrations, moisture, humidity, radiation,
and invasion of micro-organisms. There are three layers of skin:
the epidermis, the dermis, and subcutaneous tissue.1–6

Epidermis
The epidermis consists of four distinct layers: stratum
corneum, stratum lucidum, stratum spinosum, and stratum ger-
minativum. The major function of the epidermis is to serve
as a barrier. This layer keeps chemicals and other substances
from penetrating into the body and prevents the loss of wa-
ter from the skin and underlying tissues. The maturation of
keratinocytes from the stratum germinativum to the stratum
corneum is critical for this barrier function. As keratinocytes

38-1
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FIGURE 38-1 Cross-section of the anatomy of human skin.

migrate to the skin surface, they change from living cells to
dead, thick-walled, nonnucleated cells containing keratin, a
hard fibrous protein. It normally takes 26 to 28 days for a
keratinocyte to divide, differentiate, move up to the stratum
corneum, and be sloughed off.

The stratum corneum, which is composed of the dead cells,
provides the greatest resistance to the percutaneous absorp-
tion of chemicals and drugs. It behaves as a semipermeable
membrane through which drugs are absorbed by passive dif-
fusion. Factors that can affect drug absorption are hydration of
the skin and damage to the stratum corneum. In general, the
greater the damage to the stratum corneum, the greater is the
absorption of topically applied drugs. Skin diseases affecting
only the epidermis heal without scarring.1–6

Dermis
The dermis, which ranges in thickness from 1 to 4 mm, is com-
posed of collagen fibers, elastic fibers, and an extrafibrillar gel
of mucopolysaccharides called glycosaminoglycans (formally
called ground substances). The major function of the dermis is
to protect the body from mechanical injury and to support the
dermal appendages (i.e., apocrine and eccrine sweat glands,
sebaceous glands, hair follicles) and the epidermis. It also pro-
vides capillary, lymphatic, and nerve supply to the skin and

its appendages. The capillary network plays a major role in
temperature regulation and provides nutrition to the epider-
mis. The nerves transmit sensations of touch and pain. Finally,
the dermis contains large amounts of water, thus serving as a
water storage organ. All but the most superficial injuries to the
dermis generally result in scarring as the wound heals.1–6

Drugs passing through the epidermis penetrate directly into
the dermis and may be absorbed into the general circulation
through the capillary network. Generally, only small amounts
of topically applied drugs enter the dermis via the sweat glands
or the pilosebaceous units.

Subcutaneous Layer
The subcutaneous layer supports the dermis and epidermis, and
serves as a fat storage area. This layer helps regulate temper-
ature, provide nutritional support, and cushion the outer skin
layers.1–6

INFLAMMATORY LESIONS
One of the dermatologic axioms regarding therapy is partic-
ularly useful in selecting dosage forms. “If it’s wet, dry it; if
it’s dry, wet it.” Paradoxically, wet dressings are most useful
in drying acute, inflamed lesions, because they draw out fluid
as they evaporate. Ointment types bases are most useful for
chronic, lichenified, scaling lesions. The choice of vehicle for
chronic lesions is often based on what the patient has found to
work best or is willing to use. Frequently, patients with chronic
dermatologic conditions use multiple types of vehicles con-
comitantly (e.g., cream bases [which are drying]) during the
day, as they are cosmetically acceptable, and ointment bases at
night (greasy, but better emollients).

Acute Lesions
Acute inflammatory lesions are characterized by vesiculation,
erythema, swelling, warmth, pruritus, oozing, and/or weeping.
Generally, the more severe the dermatitis, the milder is the
initial topical therapy. For instance, cool water in the form of
an aqueous vehicle, preferably a wet dressing, soak, or bath,
is more effective as the initial therapeutic agent than a potent
topical corticosteroid applied to a warm, erythematous, weep-
ing dermatitis. The specific approach depends on the part(s) of
the body involved.

Subacute and Chronic Lesions
Subacute lesions are characterized by decreasing vesiculation
and oozing, and are often covered with crusts. They still re-
quire cleaning and drying with aqueous preparations, but for a
shorter duration than with acute lesions. Chronic inflammatory
lesions are characterized by erythema, scaling, lichenification,
dryness, and pruritus. There are no absolute rules for treating
chronic lesions. If the lesion is dry, an oleaginous or occlusive
base should be used, perhaps with a keratolytic agent.

DERMATOLOGIC DRUG DELIVERY SYSTEMS
A range of dermatologic formulations are available: solutions,
suspensions or shake lotions, powders, lotions, emulsions, gels,
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creams, ointments, and aerosols. Each dermatologic delivery
vehicle has specific characteristics and uses based on the type,
relative acuteness, and location of the lesion.

Solutions
Solutions provide evaporative cooling, vasoconstriction, and
resultant mild antipruritic effects. They soothe and cool in-
flamed skin, dry oozing lesions, soften crusts, aid in cleaning
wounds, and assist in the drainage of purulent wounds. Aque-
ous solutions are most useful for acutely inflamed, oozing le-
sions; erosions; and ulcers. In most instances, solutions should
be the sole therapy until the oozing or weeping subsides. If
other topical medications are applied to oozing or weeping
lesions, they will be washed away and will not provide the de-
sired effect. The most commonly used solutions are normal
(0.9%) saline and aluminum acetate 5% solution (Burow’s so-
lution) diluted 1:10 to 1:40. Solutions are often applied as wet
dressings.

The most important component of a solution is water. Al-
though active or inert substances may be added to solutions,
the cleansing, drying and cooling effect of water provides the
major therapeutic benefit. Some of the products (e.g., Burow’s
solution) also have astringent properties that alter the skin sur-
face and interstitial spaces to cause contraction and wrinkling.
Water penetration is reduced to minimize edema, inflamma-
tion, and exudation. Table 38-1 lists the most commonly used
solutions. Boric acid should not be used as a topical agent be-
cause it can be absorbed through the skin, causing systemic
toxicity.7

Depending on the affected area and its size, a patient may
soak the affected area directly in the solution for 15 to 30 min-
utes three to six times per day. If larger areas are involved or
if the affected area cannot be easily soaked (e.g., a shoulder),
a clean towel or cloth soaked in the solution (lightly wrung
out) is directly applied to the lesion(s) as a wet dressing. The
soaked cloth should be left in place for 5 to 10 minutes, then
resoaked in the solution and reapplied. The patient may repeat

this procedure for 15 to 30 minutes three times daily. Solutions
applied with a cloth should have the cloth material wrapped
around the lesions several times, if possible. If large areas are
involved, the patient may draw a bath, add appropriate amounts
of medications, and soak for 15 to 30 minutes three to six times
per day. It is impractical to prepare a Burow’s solution bath at
the 1:10 to 1:40 concentration. Again, the concentration of
the Burow’s solution is probably insignificant because the ma-
jor effect of the solution is produced by the water. In general,
no more than one-third of the body should be soaked in this
manner at any time. One should be aware that evaporation can
concentrate solutions, potentially making them too irritating to
use. Small volumes of a 1:40 concentration of Burow’s solution
left standing open at room temperature after 30 to 60 minutes
may yield a 1:10 solution. This problem is not as significant
with larger volumes or if the solution is stored in a closed con-
tainer. For this reason, wet dressings should always be freshly
prepared (i.e., within 24 hours), kept in closed containers, and
never reused. Wet dressings are most comfortable if they are
slightly cool or warm, depending on the patient’s preference.
When drying the affected area after a wet dressing has been
used, care must be taken not to irritate the inflamed skin by
rubbing it with a towel. The proper technique for drying the
skin is to pat the area gently with a soft, clean towel.7

Baths
In addition to wet dressings and soaks, topical solutions can
be applied to large areas of the body through bathing. In us-
ing this type of treatment, the bath should be about half full.
Soothing and antipruritic colloidal bath additives may be used
to treat widespread eruptions such as lichen planus, pityria-
sis rosea, urticaria, and other weeping or crusting dermatoses.
Colloidal oatmeal (1 cup of oatmeal [Aveeno] mixed with 2
cups of cold tap water and poured into 6 inches of a lukewarm
bath) produces a pleasing and soothing bath. Alternatively, a
starch bath using 2 cups of hydrolyzed starch (Linit) or corn-
starch mixed with 4 cups of tap water and added to a bath may

Table 38-1 Solutions for Wet Dressings or Drying Weeping Lesions

Germicidal Astringent
Agent a Strength Preparation (H2O) Activity Activity Comments

Normal saline 0.9% NaCl 1 tsp NaCl per pint H2O None None Inexpensive; easy to prepare
Aluminum acetate
(Burow’s solution)
(Domeboro packets/tablets)

5% Dilute to 1:10–1:40 (0.5%–0.125%)
One packet/tablet to a pint of water

yields a 1:40 solution; two
packets/tablets yields a 1:20
solution

Mild +

Potassium permanganate 65- and 330-mg
tablets

Dilute to 1:4,000–1:16,000; 65-mg
tablet to 250–1,000 mL; 330-mg
tablet to 1,500–5,000 mL

Moderate None Stains skin, clothing

Silver nitrate 0.1%–0.5% 1 tsp of 50% stock solution to 1,000
mL will yield a 0.25% solution

Good + Stains; can cause pain

Acetic acidb 1% Dilute 1 pint of standard 5%
household vinegar with 5 parts
H2O

Good + Unpleasant odor; can be irritating

aAlthough many substances are added to wet dressings, the cleansing and drying effect of the water is the major benefit.
bUsed primarily for Pseudomonas aeruginosa infections.
Adapted from reference 7.
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be used. A mixture of equal parts baking soda and starch may
also be used. Epsom salt baths, made by dissolving 3 cups of
magnesium sulfate in 6 inches of lukewarm water in a tub, are
useful in treating pyodermas, furuncles, and necrotic acne (es-
pecially when the back, shoulders, and buttocks are affected).
Water-soluble coal tar preparations applied via a bath for the
treatment of psoriasis may be the most acceptable way to apply
this medication. Ointments or creams containing coal tar are
malodorous and have a tendency to stain materials on contact.

A variety of bath oils are available: Alpha-Keri, Domol,
Lubriderm, and Nutraderm. Adding bath oil directly to the
bath is not recommended because it makes the tub slippery
and potentially dangerous. The concentration of the oil in the
water becomes almost insignificant anyway (5–10 mL in 20–
40 gal). Five to 10 mL of bath oil may be applied directly to
wet skin on leaving a bath and patted dry with a towel for a
more significant effect. This is most useful in preventing and
treating mild cases of xerosis (dry skin). With moderate to
severe cases of xerosis, additional topical oleaginous products
are generally required to improve the condition. Patients may
make their own bath oil by adding 2 oz of olive oil or Nivea
oil to a cup of milk and applying it following a bath.7

Powders
Powders are drying and cooling; they absorb moisture and cre-
ate more surface area for evaporation. They are used mainly
in intertriginous areas (e.g., groin, under the breasts or in skin
folds) to decrease friction, which can cause mechanical irri-
tation. They also are useful in the treatment of chafing, tinea
pedis (athlete’s foot), tinea cruris (jock itch), and diaper der-
matitis (diaper rash). Occasionally, powders are applied on top
of ointments to protect clothing from the ointment. The liberal
use of powders on bedridden patients helps prevent pressure
ulcers (bed sores).

Powders can be applied with a cotton puff or shaker. Care
should be taken to minimize breathing the powder because this
can lead to respiratory tract irritation, particularly in infants.
Powders that contain starch or cellulose should be washed off
before reapplication, as continued buildup can produce me-
chanical irritation. Corn starch–containing powders should not
be used for intertrigo (inflammation of body folds—thighs,
armpits, under breasts or enlarged abdomen; aggravated by
heat, moisture, and maceration) because starch can serve as
a substrate for Candida albicans. Powders should not be ap-
plied to oozing lesions because they tend to cake into hard
granules, making them difficult and painful to remove and
promoting maceration. Concerns regarding the association of
routine cosmetic talc use and ovarian cancer and granulo-
matous lung changes are without convincing evidence.8 The
most commonly used powders are talc and the antifungal,
nystatin.

Lotions
Lotions are suspensions or solutions of powder in a water ve-
hicle. They are usually cooling and drying, but may provide
some lubrication, depending on the formulation. Lotions are
used to treat superficial dermatoses, especially if there is slight
oozing. They are useful if large or intertriginous (see previous
definition) areas are affected, and they are especially advanta-

geous in the treatment of conditions characterized by signifi-
cant inflammation and tenderness. In these situations, creams
or ointments may cause pain on application. Sunburn, acute
contact dermatitis, and poison ivy/oak are examples of condi-
tions in which this principle may apply. Generally, lotions are
applied three or four times daily, with each fresh application
placed over previous application, unless there is significant
oozing present, which could promote caking of dried solid
ingredients. If this is the case, the area should be cleansed
before repeat application. Because many lotions are suspen-
sions, it is advisable to shake the lotion well before application.
Generally, 6 oz of lotion covers the entire body of an average
adult.7

Emulsions
Emulsions are solid or liquid and can be divided into two
classes: oil-in-water and water-in-oil emulsions. Cream prepa-
rations are generally oil-in-water emulsions, whereas ointment
preparations are water-in-oil emulsions. As the amount of oil
increases, the viscosity of the emulsion will also increase.

The indications for liquid oil-in-water emulsions are simi-
lar to those for lotions, except that this dosage form provides
greater occlusion and is more useful in conditions where dry
skin predominates. Liquid water-in-oil emulsions have similar
indications to ointments, except they can be applied more eas-
ily than ointments. Water-in-oil emulsions are most useful in
conditions where dry skin predominates; application to hairy
or intertriginous areas should be avoided. As with lotions, 6 oz
of a liquid emulsion will cover all exposed skin on an average
adult.7

Table 38-2 lists some commercially available oil-in-water
and water-in-oil emulsion bases.

Gels
Gels are a form of ointment (semisolid emulsion) that contain
propylene glycol and carboxypolymethylene. They are clear,
nongreasy, nonstaining, nonocclusive, and quick drying. They
are thixotropic (i.e., become thinner with rubbing and may
sting on application). Gels are most useful when applied to
hairy areas or other areas such as the face or scalp, where it is
considered cosmetically unacceptable to have the residue of a
vehicle remain on the skin. Because of their ingredients, gels
tend to be more drying.

Table 38-2 Commercially Available Emulsion Bases

Oil-in-Water Water-in-Oil

Acid mantle cream Aquaphor
Aquaphilic Eucerin
Cetaphil Lubriderm
Dermabase Nivea Cream
Dermovan Nutraderm
Hydrophilic ointment USP Polysorb
Keri Lotion Vanicream
Lanaphilic Velvachol
Unibase

Adapted from reference 7, with permission.
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Table 38-3 Amount of Topical Medication Needed for
Various Dosage Regimens

Single BID for BID for
Area Treated Application (g) 1 week (g) 1 month (g)

Hands, head, face,
anogenital area

2 28 120

On arm, anterior or
posterior trunk

3 42 180

One leg 4 56 240
Entire body 30–60 420–840 kg 1.8–3.6 kg

(14–28 oz) (60–120 oz)

Adapted from reference 7.

Creams
Creams are the most commonly used vehicle in dermatology.
Most are oil-in-water emulsions and are intended to be rubbed
in well until they vanish (vanishing creams). Because creams
do not provide much occlusiveness, they are most often rec-
ommended for subacute lesions and occasionally for chronic
lesions without significant lichenification. The most common
mistake made by patients when applying creams is that they
use too much and/or do not rub them in fully. Generally, if the
cream can be seen on the skin after application, the patient has
made one or both of these application mistakes. Ultimately,
they are wasting the preparation or are not getting the full ther-
apeutic benefits. One gram of cream should cover 100 cm2 of
surface area. Table 38-3 lists the approximate amount of cream
required for application to various parts of the body.7

Ointments
Ointments are made of inert bases such as petrolatum or may
consist of droplets of water suspended in a continuous phase
of oleaginous material (water-in-oil emulsions). Ointments are
most useful on chronic lesions, relieving dryness, brittleness,
and protecting fissures due to their occlusive properties. They
should not be used on acutely inflamed lesions. Ointments
should not be applied to intertriginous or hairy areas because
they tend to trap heat and promote maceration. Ointments are
greasy and may be cosmetically unacceptable.

Aerosols
Aerosols are the most expensive and inefficient way to apply
dermatologic medications. Their only advantage over other
dosage forms is that they do not require direct mechanical
contact with the skin and may be useful if application causes
intolerable pain for the patient. If an aerosol is used, it should
be shaken well before use, and the patient should be cautioned
not to spray the product around the face where it could get
into the eyes or nose, or could be inhaled. Generally, aerosols
should be sprayed from approximately 6 inches above the skin
in bursts of 1 to 3 seconds. Aerosols are also useful for ap-
plication to hairy areas if a special application nozzle is used.
Aerosols have a drying effect and should not be used for a long
period of time.

Table 38-4 Appropriate Dermatologic Vehicle Selection
Across the Range of Dermatologic Lesions

Range of Lesions Range of Vehicles

Acute inflammation:
Oozing, weeping, vesication,

edema, pruritus

Aqueous vehicles and water, and then
powders solutions, lotions, sprays,
and aerosols

↓ ↓
Subacute inflammation:
Crusting, less oozing, pruritus

Creams, gels

↓ ↓
Chronic inflammation :
Lichenification, dryness,

erythema, pruritus, scaling

Ointments

Other Delivery Systems
The addition of solvents, such as dimethyl sulfoxide, may en-
hance dermal absorption, allowing the delivery of many drugs
directly through the skin. Skin patch delivery systems have
also been designed to deliver drugs directly through the skin.
Examples include scopolamine, nitroglycerin, clonidine, nico-
tine, opioids, and various hormones. These dermatologic drug
delivery systems, or similar ones, offer great potential for the
sustained delivery of pharmaceuticals over extended periods
of time.

Selection of a Delivery System
Dermatologic vehicles should be matched to the type of lesion
for which they will be used. Acute lesions require aqueous
vehicles until the lesions become dry. Subacute lesions also
benefit from aqueous vehicles, but for shorter periods of time
before switching to creams or gels. Chronic lesions usually re-
quire ointments because of their dry, lichenified characteristics.
Although there are exceptions, these principles are depicted on
Table 38-4.

ASSESSING THE DERMATOLOGIC PATIENT

1. C.B., a 23-year-old, 66-kg woman, complains of a rash. What
types of questions should C.B. be asked to help determine the
appropriate diagnosis and treatment?

The diagnosis of dermatologic conditions can be simplified
by considering six primary factors: morphology (what the le-
sions look like, pattern of the lesions); location or distribution
of the lesions on the body; symptoms, both local and systemic;
history of the present condition as well as related conditions;
age of the patient; and patient gender. These six factors are dis-
cussed in the following sections, along with their significant
qualifying characteristics.

Morphology
Table 38-5 provides a listing of common dermatologic lesions,
their respective definitions, and some well-known clinical ex-
amples. Lesions may also be classified as either primary or
secondary. Primary lesions are lesions as they first appear on
the skin, whereas secondary lesions develop from primary le-
sions. A papule (primary lesion) might progress to a pustule
(secondary lesion). A pustule may also be a primary lesion if it
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Table 38-5 Dermatologic Lesions, Definitions, and Clinical Examples

Name Definition Examples

Primary Lesions

Macule Nonpalpable, flat, change in color, <1 cm Freckles, flat moles
Patch Nonpalpable, flat, change in color, >1 cm Vitiligo, cafe au lait spots, chloasma
Papule Palpable, solid mass, may have change in color, <1 cm Verrucae, noninflammatory acne (comedone),

raised nevus
Nodule Palpable, solid mass, most often below the plane of the skin, 1–2 cm Erythema nodosum, severe acne
Tumor Palpable, solid mass, >2 cm, most often above and below the plane of the skin Neoplasms
Plaque Flat, elevated, superficial papule with surface area greater than height, >1 cm Psoriasis, seborrheic keratosis
Wheal Superficial area of cutaneous edema, fluid not confined to cavity Urticaria (hives), insect bite
Vesicle Palpable, fluid-filled cavity, <1 cm, filled with serous fluid (blister) Herpes simples, herpes zoster, contact dermatitis
Bulla Palpable, fluid-filled cavity, >1 cm, filled with serous fluid (blister) Pemphigus vulgaris, second-degree burn
Pustule Similar to vesicle, but filled with purulent fluid Acne, impetigo, folliculitis

Special Primary Lesions

Comedone Plugged opening of sebaceous gland Acne, blackhead, whitehead
Cyst Palpable lesion filled with semiliquid material or fluid Sebaceous cyst
Abscess Accumulation of purulent material in dermis or subcutaneous layers of skin;

purulent material not visible on surface of skin
Furuncle Inflammatory nodule involving a hair follicle, following an episode of

folliculitis
Small boil

Carbuncle A coalescence of several furuncles Large boil

Secondary Lesions

Erosion Loss of part or all the epidermis Ecthyma
Ulcer Loss of epidermis and dermis Stasis ulcer
Fissure Linear crack from epidermis into dermis Tinea pedis
Excoriation Self-induced linear, traumatized area caused by intense scratching Atopic dermatitis, extreme pruritus
Atrophy Thinning of skin with loss of dermal tissue Striae
Crusts Dried residue of pus, serum, or blood from a wound, pustule, or vesicle Impetigo, scabs
Lichenification Thickening of epidermis, accentuated skin markings, usually induced by

scratching or chronic inflammation
Atopic dermatitis, allergic contact dermatitis

originally developed as a pustule. The ability to recognize and
describe specific lesions is critical to a successful diagnosis
and communication regarding response to therapy.

In addition, many lesions present in a particular distribution
or pattern. Poison ivy lesions are commonly distributed lin-
early. Herpetic lesions are so typical that the term herpetiform
is used for lesions due to other conditions that have a herpes-
like distribution. The specific size of the lesion is also important
in assessing a patient’s condition. Dermatologic terms related
to lesion distribution or pattern are shown in Table 38-6. The
lesion’s consistency (firm vs. soft), borders, and color are also
important diagnostic considerations.

Location
“Location, location, location” is another axiom of dermatol-
ogy. Simply put, certain lesions or conditions almost always
occur in certain body locations. Table 38-7 provides a list of
anatomic sites with common dermatoses occurring in those
locations. For example, diseases of the sebaceous glands (e.g.,
acne, seborrheic dermatitis, rosacea) occur only in sites with
high concentrations of sebaceous glands, such as the scalp,
head, neck, chest, and umbilicus. Atopic dermatitis shows a
predilection for the flexor surfaces of the body (i.e., antecu-
bital and popliteal fossae).

Symptoms
Most skin conditions have only localized symptoms with the
most common symptom being pruritus. Occasionally, localized
burning or pain is the predominant symptom.

History
Although a diagnosis may often be made from morphology,
location, and symptoms, the patient history provides useful
diagnostic and therapeutic information. Similar to the histor-
ical information obtained for any acute medical problem, the
following questions should always be asked:

1. When and how did the problem start?
2. How has it progressed or changed since its onset? How have

the lesions changed in size, color, appearance, or severity?
3. What is the patient’s past and current medical history? What

other symptoms might indicate that this is a dermatologic
manifestation of a systemic disease?

4. What are the patient’s symptoms?
5. What kind of allergies does the patient have?
6. What makes the condition worse or better?
7. What events or happenings have occurred with the onset or

worsening of the condition (e.g., increased stress, exposure
to new products, recent travel, changes in climate)?
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Table 38-6 Descriptive Dermatologic Terms

Term Characteristics Examples

Annular Ring shaped Tinea
Arcuate Shaped like an arc Syphilis
Circinate Circular Tinea
Confluent Lesions run together Psoriasis, tinea
Discrete Lesions remain separate Psoriasis, tinea
Eczematous General term for vesiculation, crusting, and lichenification Contact dermatitis, atopic dermatitis
Geographic Shaped like islands or continents; maplike Generalized psoriasis
Grouped Lesions clustered together Herpes
Herpetiform Appears like herpes simplex Herpes simplex
Intertrigo Irritant dermatitis in skin folds Diaper dermatitis
Iris Looks like a bull’s eye, lesion within a lesion, target lesion Erythema multiforme
Keratotic Horny thickening Psoriasis, corn, callus
Linear Shaped in lines Poison ivy
Multiform More than one type or shape of lesion Erythema multiforme
Papulosquamous Papules with desquamation Psoriasis
Serpiginous Snakelike lesions Cutaneous larva migrans
Zosteriform Appears like herpes zoster Herpes zoster

8. What have you used to treat the condition, and how have the
treatments worked?

9. How did the patient use any previous therapy, and for how
long did they use it?

Age
Many conditions occur predominantly in certain age groups,
such as acne in neonates and those ages 11 to 20 years, seb-
orrheic dermatitis in neonates and those ages 11 to 12 years,
rosacea in those older than 30 years, and atopic dermatitis
primarily in children younger than 6 years. In fact, atopic der-
matitis begins and ends prior to age 6 years in 95% of patients.
It is equally important to realize that many conditions, such as
primary irritant and allergic contact dermatitis, occur indepen-
dent of age. In addition, the skin of children and patients older
than 65 years is more penetrable, thus more responsive and
more susceptible to adverse effects from therapy with topical
agents. Topical therapeutic agent potency and delivery systems
must be carefully evaluated before usage.

Table 38-7 Common Skin Diseases by Body Location

Location Skin Diseases

Scalp Seborrheic dermatitis, dandruff
Face Acne, rosacea, seborrheic dermatitis, perioral

dermatitis, impetigo, herpes simplex
Ears Seborrheic dermatitis
Chest/abdomen Tinea versicolor, tinea corporis, pityriasis rosea,

acne, herpes zoster
Back Tinea versicolor, tinea corporis, pityriasis rosea
Genital area Tinea cruris, scabies, pediculosis, condyloma

acuminate (venereal warts)
Extremities Atopic dermatitis
Hands Tinea manuum, scabies, primary irritant contact

dermatitis, warts
Feet Tinea pedis, contact dermatitis, onychomycosis
Generalized or

localized
Primary irritant or contact dermatitis,

photodermatitis

Gender
Although most dermatologic conditions occur in both gen-
ders, sometimes frequency and severity are gender dependent.
Rosacea occurs more frequently in females, but is often more
serious in males.

TOPICAL CORTICOSTEROIDS
General Principles of Therapy
Table 38-8 lists the most common topical corticosteroid prepa-
rations by their degree of potency. The following principles
are used to guide the choice of agent and application tech-
nique.

� Topical corticosteroids should be applied twice daily. Increas-
ing the application from twice daily to four times daily does
not produce superior responses and is more expensive.9

� Preparations should be rubbed in thoroughly and, when pos-
sible, applied while the skin is moist (e.g., after bathing).7

Hydration of the skin increases percutaneous absorption and
the resultant therapeutic effect of topical steroids.

� Appropriate-strength preparations should be used to control
the condition. For maintenance, most dermatologic condi-
tions requiring topical corticosteroids can be managed with
medium- or low-strength corticosteroid preparations (i.e., 1%
hydrocortisone or a low-strength fluorinated corticosteroid
such as triamcinolone acetonide 0.025%).9,10

� Occluded areas and certain, thin-skinned areas of the body,
such as the face and flexures, are more prone to the devel-
opment of side effects.9,11 If corticosteroids must be used on
the face or flexures, hydrocortisone or other nonfluorinated
topical steroids should be used to reduce the probability of
side effects.

� Children, elderly patients, and patients with liver failure are
at risk for systemic corticosteroid toxicities. In addition, pa-
tients who use the highest-potency preparations for longer
than 2 weeks are susceptible to percutaneous absorption and
systemic toxicity.9–11



Table 38-8 Topical Corticosteroid Preparations

Corticosteroid Brand Name(s) Vehicle

1 (Most Potent)

Betamethasone dipropionate Diprolene 0.05% Ointment, optimized vehicle
Clobetasol propionate Temovate 0.05% Cream, ointment, optimized vehicle
Diflorasone diacetate Psorcon 0.05% Ointment
Halobetasol propionate Ultravate 0.05% Cream, ointment

2

Amcinonide Cyclocort 0.1% Cream, lotion, ointment
Betamethasone dipropionate Diprolene AF 0.05% Cream
Betamethasone dipropionate Diprosone 0.05% Ointment
Desoximetasone Topicort 0.25% Cream, ointment
Desoximetasone Topicort 0.05% Gel
Diflorasone diacetate Florone, Maxiflor 0.05% Ointment
Fluocinonide Lidex 0.05% Cream, ointment, gel
Halcinonide Halog 0.1% Cream
Mometasone furoatea Elocon 0.1% Ointment
Triamcinolone acetonide Kenalog 0.5% Cream, ointment

3

Amcinonide Cyclocort 0.1% Cream, lotion
Betamethasone Benisone, Uticort 0.025% Gel
Betamethasone benzoate Topicort LP 0.05% Cream (emollient)
Betamethasone dipropionate Diprosone 0.05% Cream
Betamethasone valerate Valisone 0.1% Ointment
Diflorasone diacetate Florone, Maxiflor 0.05% Cream
Fluocinonide Cutivate 0.005% Ointment
Fluticasone propionate Lidex E 0.05% Cream
Halcinonide Halog 0.1% Ointment
Triamcinolone acetate Aristocort A 0.1% Ointment
Triamcinolone acetate Aristocort HP 0.5% Cream

4

Betamethasone benzoate Benisone, Uticort 0.025% Ointment
Betamethasone valerate Valisone 0.1% Lotion
Desoximetasone Topicort-LP 0.05% Cream
Fluocinolone acetonide Synalar-HP 0.2% Cream
Fluocinolone acetonide Synalar 0.025% Ointment
Flurandrenolide Cordran 0.05% Ointment
Halcinonide Halog 0.25% Cream
Hydrocortisone valeratea Westcort 0.2% Ointment
Mometasone furoatea Elocon 0.1% Cream
Triamcinolone acetonide Aristocort, Kenalog 0.1% Ointment

5

Betamethasone benzoate Benisone, Uticort 0.025% Cream
Betamethasone dipropionate Diprosone 0.02% Lotion
Betamethasone valerate Valisone 0.1% Cream
Clocortolone Cloderm 0.1% Cream
Fluocinolone acetonide Synalar 0.025% Cream
Flurandrenolide Cordran 0.05% Cream
Fluticasone propionate Cutivate 0.05% Cream
Hydrocortisone buryratea Locoid 0.1% Cream
Hydrocortisone valeratea Westcort 0.2% Cream
Prednicarbate Dermatop 0.1% Cream
Triamcinolone acetonide Aristocort 0.25% Cream

6

Alclometasone dipropionate Aclovate 0.05% Ointment
Betamethasone valerate Valisone 0.1% Lotion
Desonidea Tridesilon 0.05% Cream
Fluocinolone acetonide Synalar 0.01% Solution
Triamcinolone acetonide Kenalog 0.1% Cream, lotion

7 (Least Potent)

Hydrocortisonea Generic 0.5, 1.0, 2.5% Cream, ointment
Dexamethasone Decadron 0.1% Cream

a Nonfluorinated corticosteroid.
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� With chronic conditions such as atopic eczema, it is best to
discontinue therapy gradually. This reduces the potential for
rebound flares of topical lesions.7

Indications
A topical corticosteroid is often the drug of choice for in-
flammatory and pruritic eruptions. In addition, topical cortico-
steroids are useful with hyperplastic and infiltrative disorders.
The following conditions generally respond well to topical cor-
ticosteroids: primary irritant and allergic contact dermatitis,
alopecia areata, atopic eczema, discoid lupus erythematosus,
granuloma annulare, hypertrophic scars and keloids, lichen
planus, lichen simplex, lichen striatus, various nail disorders,
pretibial myxedema, psoriasis, sarcoidosis, and seborrheic der-
matitis.

Contraindications
The following conditions (predominantly infectious etiologies)
are worsened by topical corticosteroids: acne vulgaris, ulcers,
scabies, warts, molluscum contagiosum, fungal infections, and
balanitis. However, during the acute phase, topical cortico-
steroids are sometimes combined with other active ingredients
(e.g., antifungal agents) for a few days if marked inflammation
is present.

Side Effects
Although relatively infrequent, both localized (i.e., at the ap-
plication site) and systemic side effects (from percutaneous
absorption) can be caused by topical corticosteroids. The risks
for adverse reactions are influenced by the potency of prepa-
ration used, frequency of application, duration of use, anatom-
ical site of application, and individual patient factors. Any of
the previously discussed factors that increase potency, such
as inflammation and occlusion, increase the chances of side
effects.9

Epidermal and dermal atrophy (thinning of the skin), telan-
giectasia, localized fine hair growth, bruising, hypopigmenta-
tion, and striae can result from repeated application of topical
corticosteroids.11 Epidermal changes consisting of a reduction
in cell size may begin within several days of therapy and are
generally reversible after therapy is stopped.9 Exposed areas
are most vulnerable to epidermal atrophy.

Dermal atrophy generally takes several weeks to occur and
is usually reversible, depending on how long the patient has
used the corticosteroid and on individual host factors such as
skin age. Inguinal, genital, and perianal areas are most vul-
nerable to dermal atrophy. Most cases of dermal atrophy are
reversible within 2 months after stopping the corticosteroid.11

Telangiectasia, which occurs most often on the face, neck,
groin, and upper chest, may not be reversible after stopping cor-
ticosteroid therapy. Striae, which occur most commonly in the
groin, axillary, and inner thigh areas, are usually permanent.11

Fine hair growth may be particularly bothersome to female pa-
tients using corticosteroid preparations on the face. This prob-
lem is generally reversible after stopping therapy. Hypopig-
mentation, predominantly a problem of dark-skinned patients,
is generally reversible after therapy is discontinued.11

Prolonged (several weeks or months) of application of high-
potency steroids to large areas of the body, especially if occlu-
sion is used, can lead to systemic absorption and subsequent
adrenal suppression. Rarely, typical cushingoid features are
observed.

Atopic Dermatitis

2. P.K., a 17-year-old boy, presents to a dermatology clinic with
30% of his body covered with a pruritic, eczematous rash. There
is extensive involvement of popliteal and cubital fossae bilaterally.
There is evidence of excoriation with cosmetic disfigurement in
the antecubital fossae, around the neck, and on his forehead.

Family History: P.K.’s mother and aunt have asthma. One sis-
ter (L.K.), age 15, has seasonal allergic rhinitis and atopic eczema.
His father and younger brother, age 11, appear to have no atopic
manifestations.

Past Medical History: A rash was first noted 1 month after
birth. The scalp, face, and neck were the only areas affected, and
the rash continued with varying degrees of severity until age 2
years, when it spontaneously resolved. A similar rash reappeared
at age 12, was diagnosed as atopic eczema, and has not disap-
peared since that time. P.K. developed seasonal allergic rhinitis
at age 6 years and has had occasional attacks of asthma (last
attack, age 15). He has had a difficult time trying to follow pro-
vided nondrug recommendations for eczema. He has used over-
the-counter topical hydrocortisone cream to cool down flare-ups
over the years. He reports a variable course; clearing in the sum-
mer and during periods of little stress, and worsening during the
winter and periods of stress.

Physical Examination: P.K. is a well-nourished, well-
developed, adolescent male with no abnormal physical findings
other than marked allergic shiners, pale boggy nasal mucosa, and
Dennie’s lines noted near the eyes, plus extensive skin lesions. Ooz-
ing, crusted, erythematous, eczematous, lichenified, maculopapu-
lar, and fine vesicular eruptions are on his face, neck, flexor aspects
of both arms and legs, hands, and chest. There is some evidence
of secondary bacterial infection in both cubital fossae and on por-
tions of the left leg. Identify the presenting history, symptoms, and
signs characteristic of eczema.

Atopic dermatitis, a form of eczema, can be acute or suba-
cute, but is more commonly a chronic pruritic inflammation of
the epidermis and dermis. Roughly two-thirds of the patients
have a personal or family history of allergic rhinitis, eczema,
or asthma. Atopic dermatitis in infants may be a prelude to the
development of other atopic disorders later in life (i.e., allergic
rhinitis or asthma). Presence of these disorders many times is
the key to differential diagnosis. About 80% of patients with
atopic dermatitis have a type I (IgE-mediated) hypersensitiv-
ity reaction occurring as a result of the release of vasoactive
substances from both mast cells and basophils that have been
sensitized by the interaction of the antigen with IgE. An allergy
workup is rarely helpful in determining the allergen. The dis-
order affects 0.5% to 1.0% of the general population, although
its prevalence in children is 5% to 10%. In infants and young
children, the dermatitis often occurs on the scalp, face, and
extensor surfaces. In older children and adults, it tends to lo-
calize to the flexural areas, especially the cubital and popliteal
fossae and the neck. In addition, the rash may affect the hands
and feet, sometimes in the absence of eczema elsewhere. Most
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patients become afflicted between infancy and age 12, with
60% being affected by the first year; another 30% are seen for
the first time by age 5, with the final 10% developing atopic
dermatitis between 6 and 20 years of age.

Pruritus is the hallmark of atopic dermatitis. The constant
scratching leads to a vicious cycle of itch-scratch-rash-itch,
with the rash consisting primarily of lichenification of the skin.
Atopic dermatitis has been described as “the itch that rashes,
rather than the rash that itches.” In other words, the itching
precedes the rash. Wool, detergents, soaps, a change in room
temperature, and mental and/or physical stress precipitate itch-
ing. Patients tend to have dry skin (xerosis). This is due to a
reduced water-binding capacity and a higher transdermal wa-
ter loss. Xerosis is worsened during periods of low humidity,
such as winter in northern latitudes.

P.K.’s family and medical history are classic for atopic der-
matitis. His family history is significant for asthma, allergic
rhinitis, and atopic dermatitis. He had his initial outbreak at
age 1 month and then developed seasonal allergic rhinitis and
asthma. His skin examination reveals findings of both acute
and chronic atopic eczema, with typical lesion location and
description.

3. What are the relevant biopharmaceutic considerations for
selecting a topical corticosteroid for P.K.?

Topical corticosteroids are classified into potency cate-
gories (Table 38-8). The relative potency assigned to a topical
corticosteroid is determined by the ability of the preparation to
penetrate the skin after release from the vehicle, the intrinsic
activity of the corticosteroid at the receptor, and the rate of
clearance from the receptor. Activity of corticosteroids may be
enhanced by the use of a more occlusive vehicle, the addition
of penetration-enhancing substances (i.e., urea, salicylic acid,
propylene glycol), and modifications of the steroid molecule.
Hydrocortisone was the initial local corticosteroid discovered,
and since then, the molecule has been modified in several ways.
The addition of a fluorine atom protects the steroid ring from
metabolic conversion, resulting in more potent activity. The in-
troduction of an acetonide bond and/or lipophilic ester groups
increases skin penetration. Many newer topical corticosteroids
have incorporated one or more of these molecular changes, re-
sulting in increased-potency agents and a growing armamen-
tarium of agents.

It is believed that topical corticosteroids penetrate into the
stratum corneum by passive diffusion, which varies consider-
ably, depending on the part of the body to which the prepa-
ration is applied. When a standard hydrocortisone preparation
was applied to various parts of the body, absorption was found
to be 0.14% on the plantar surface of the foot, 1% on the fore-
arm, 4% on the scalp, 7% on the forehead, 13% on the cheeks,
and 36% on the scrotum. Because penetration is high in the
groin, axillae, and face, lower-potency nonfluorinated topical
preparations such as hydrocortisone 0.5% to 1% should be
used on these areas.9,10 In areas where penetration is poor, ow-
ing to thickening of the stratum corneum, such as the elbows,
knees, palms, or soles, higher-strength preparations should be
used.9

For P.K., a 1% hydrocortisone cream should be used on his
face and other areas of high penetrability to reduce the possibil-
ity of complications.9 A high-potency cream (intermediate- or

higher-potency classification from Table 38-8) should be used
initially on acutely inflamed areas or where high penetration is
not a problem. This will “cool down” these lesions quickly.

If equal amounts of a corticosteroid are incorporated into
ointments, gels, creams, and lotion bases, the gel and oint-
ment preparations are generally more active than creams and
lotions.9,10 However, with the increased use of optimized ve-
hicles, that rule is not as true as in the past. The addition of
certain substances enhances penetration and potency. Using
these principles, pharmaceutical manufacturers have increas-
ingly developed optimized vehicles that maximize diffusion of
individual corticosteroids into the stratum corneum. Therefore,
for new products, the only reliable way to ascertain potency is
to consult the manufacturer’s literature for its Stoughton clas-
sification. Increasing the concentration of a corticosteroid in a
preparation also increases its potency, but not in a linear fash-
ion. Because P.K. has a fine vesicular eruption, a cream should
be used initially, to facilitate drying. However, patients often
express a preference (e.g., cream or gel), and this should be
considered.

Occlusion

4. It has been some time since P.K.’s atopic eczema has been ag-
gressively treated. He has many acute, inflamed lesions. Should oc-
clusive therapy be used? What complications could develop from
occlusion? How would you describe the use of occlusion to P.K.?

As discussed previously (see Dermatologic Delivery Sys-
tems section), occlusion traps heat and promotes maceration.
This same mechanism increases the hydration of the skin and
resultant absorption of corticosteroid preparations, thus pro-
ducing a heightened therapeutic effect. As a general rule, oc-
clusion enhances the potency of corticosteroids by a factor of
10. Occlusion can be accomplished by selecting an ointment-
based corticosteroid, applying a nonmedicated ointment base
over another corticosteroid preparation (gel, cream, lotion, or
aerosol), or by enveloping the medicated area with plastic (e.g.,
plastic wrap, gloves, or plastic suit [space suit]).5,7,9,11 Several
hours of occlusion are all that is necessary to increase po-
tency; thus, relatively short periods of occlusion are clinically
useful. Occlusion can be uncomfortable, and can lead to sweat
retention and an increased risk of bacterial and candidal infec-
tions. To reduce these problems and the chances of systemic
side effects, occlusion should not be maintained for more than
12 hours in a 24-hour period. Occlusion should not be used
for acute lesions, which already have increased absorptive ca-
pability and need the vasoconstrictive effects of cooling first.
Occlusion is best used for chronic lesions that are thick and
scaly, where drug absorption is impaired. Most patients with
atopic dermatitis do not tolerate occlusion because their itch
threshold is low, and heat, sweat retention, and maceration in-
crease pruritus. The long-term benefit of occlusion in a patient
with atopic dermatitis is reduced by the increased pruritus,
which may lead to noncompliance. When using occlusion in
patients with eczema, care should be taken not to occlude un-
affected skin (because of the low itch threshold). For other
chronic dermatologic conditions (e.g., psoriasis) that are not
associated with severe pruritus, occlusion could be used for
prolonged periods if necessary. Increasing the hydration of
the skin (after a shower or bath) also increases the effects of
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medications immediately applied after the bath or shower,
which would be an appropriate recommendation for P.K.

Product Selection
Pharmacokinetic Considerations

5. P.K. received a prescription for halcinonide (Halog) 0.1%
cream, 80 g, to be applied at bedtime, with five refills. Comment
on the appropriateness of this prescription based on pertinent
biopharmaceutic considerations.

Corticosteroids tend to penetrate human skin very slowly,
leading to a reservoir effect. With low-potency preparations,
this reservoir effect persists for several days, and with the most
potent preparations under occlusion, the effects may persist for
up to 14 days.9,10 The clinical implication of this reservoir ef-
fect on chronic conditions is a cumulative effect with repeated
application of topical corticosteroids. As a result, the number
of applications per day can be reduced, and less potent prepara-
tions can be used after the acute inflammatory process has been
brought under control. Results from P.K.’s treatment regimen
might be improved by providing more frequent (twice-daily)
application or a more potent preparation for twice-daily admin-
istration to control inflamed lesions. Once control is achieved, a
less-potent preparation could be used for maintenance and the
number of applications may be reduced. Due to the reservoir
effect, control can be maintained in many cases with intermit-
tent regimens such as once daily, every other day, or every third
day use of topical corticosteroids. In addition, intermittent reg-
imens can involve alternating corticosteroids and agents such
as pimecrolimus.

Side Effects
Acne

6. After several months of continuous corticosteroid therapy
in a maintenance format, P.K. presents with four pustules and
two closed comedones on his forehead and multiple pustules on
both cheeks. What problems from the use of topical corticosteroid
therapy on the face does this represent?

The face is particularly vulnerable to corticosteroid side ef-
fects because of enhanced penetration.11 Acne, acne rosacea,
and perioral dermatitis can develop after several weeks to
months of application. Corticosteroid-induced conditions can
generally be distinguished from naturally occurring disorders.
Corticosteroid-induced acne lesions are uniformly at the same
level of development throughout the affected area and are
present only in areas treated with the corticosteroid. Generally,
steroid acne, acne rosacea, and perioral dermatitis resolve after
discontinuing the drug. Application of corticosteroid prepa-
rations (particularly the potent preparations) to areas around
the eye can lead to increased intraocular pressure, glaucoma,
cataracts, increased risk of ocular mycotic infections, and ex-
acerbation of pre-existing herpes simplex infections.11 Hydro-
cortisone or nonfluorinated topical corticosteroids are often the
agents of choice for facial lesions.

P.K.’s acneiform lesions may get worse after the application
of topical corticosteroids. He should be instructed to apply the
corticosteroid preparation only to the atopic eczema and to
avoid areas where acne exists. If the atopic eczema and acne

lesions are in the same area and his acne gets worse after us-
ing the topical corticosteroid, P.K. must make a decision as to
which of these two dermatologic conditions bothers him more
and treat the condition that is most disturbing. Some improve-
ment in corticosteroid-exacerbated acne may be achieved by
decreasing the strength of the topical product applied to the
face and reducing the frequency of application. An alternative
to this approach, if P.K.’s acne is severe, would be to continue
topical corticosteroid therapy, but treat the acne systemically.5,6

(See Chapter 39 for a more extensive discussion.)

Idiosyncratic/Allergic Reactions

7. P.K.’s sister, L.K., who also has atopic eczema, started using
a new topical corticosteroid preparation (halcinonide) 10 days
ago. She has been complaining of a burning sensation lasting for
1 hour after every application of this product. She stopped using
the product 2 days ago because of this. Is it possible that she has
developed an allergy to a corticosteroid-containing medication?

Cortisol is endogenously secreted by the adrenal gland and
is essential to life. As a result, allergic reactions to topical
corticosteroid preparations are rare. When allergic symptoms
do occur, they are generally not due to the corticosteroid, but
to the preservatives (e.g., paraben) or other ingredients in the
formulation or the base (e.g., lanolin). Allergic sensitization
can occur within 2 weeks of therapy, but may be difficult to
diagnose because the corticosteroid can modify the allergic
reaction.12 One should suspect an allergic reaction if lesions
change appearance after starting therapy, if healing does not
occur within the expected period of time, or if the condition im-
proves and then abruptly gets worse. Most case reports of aller-
gic reactions (dryness, itching, burning, or irritation) to topical
corticosteroids are nonspecific and have been in patients with
atopic eczema.12 Atopic individuals are more likely to react to
the vehicle base than the active corticosteroid ingredient.

Because of the time course of the burning sensation in L.K.
(starting the first day and lasting only 1 hour), it is doubtful that
she is actually allergic to this product. However, atopic eczema
patients often have “sensitive” skin that reacts idiosyncratically
to a variety of topical preparations.12 To remedy this situation,
L.K. should be given another topical corticosteroid preparation
with a different formulation (base and preservatives). If the
reaction continues with a new product, an allergy workup may
be necessary and patch testing could be considered.

Adrenal Axis Suppression/Risk of Infection

8. P.K. recently sustained a knee injury and corrective surgery
is being considered. Should he receive a systemic corticosteroid
during the perioperative period as a precaution against adrenal
insufficiency? Should he wear a Medic-Alert tag while using long-
term topical corticosteroids? Is he at risk for developing an infec-
tion after surgery?

Systemic adrenal axis suppression from topically applied
corticosteroids appears to be more of a theoretic risk than
a clinical entity in adults, except when the highest-potency
preparations are used13 or other risk factors are present
(Table 38-9). Although suppression has been reported with
use of mild to moderately potent agents, these cases can be at-
tributed to excessive use or to application of corticosteroids
over large areas of the body for prolonged periods under
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Table 38-9 Risk Factors for Systemic Side Effects From
Topical Corticosteroids

Duration of application
Prolonged application (>3–4 wk)

Potency of corticosteroid
Weak or moderately strong, 100 g/wk without occlusion
Very potent, >45 g/wk without occlusion

Application location
Thin stratum corneum results in easier penetration (eyelids,

forehead, cheeks, armpits, groin, and genitals)
Age of patient

Very young children and elderly people have very thin epidermis
Manner of application

Occlusion
Presence of penetration-enhancing substances

Propylene glycol
Salicylic acid
Urea

Condition of the skin
General factors
Compromised liver function

occlusion. If suppression does occur, it reverses within 2 to
4 weeks after application is stopped. Patients using more than
45 g/week of a high-potency corticosteroid are at risk for
adrenal axis suppression.13 Therefore, the use of preparations
such as clobetasol (Temovate) should be limited to no more
than 45 g/week for 2 weeks or less. In addition, these prepa-
rations should not be used under occlusion and should be
reserved for dermatoses that are unresponsive to less potent
preparations.

Because young children absorb corticosteroids to a greater
extent, they have a greater risk of developing adrenal axis sup-
pression and other systemic side effects.13 To reduce this risk,
hydrocortisone topical preparations should be used in children,
and their use should be limited to short periods of time. Patients
whose corticosteroid clearance is impaired (e.g., liver failure)
should also use hydrocortisone and be monitored closely for
signs of systemic toxicity.11

The risk of developing an Addisonian crisis during surgery
or at other times of stress secondary to adrenal suppression
from topical steroids is extremely low. Patients who have used
potent topical corticosteroids over large areas of their bodies
(>30%) or those who have used occlusion are at greater risk
(see previous discussion) and are often given systemic hydro-
cortisone prophylactically before surgery. Because P.K. is not
likely to require such supplementation, a MedicAlert tag is
unnecessary.

Infection secondary to topically administered cortico-
steroids is also a theoretic risk, but is uncommon. Although
anecdotal reports of secondary bacterial infections appear in
the literature, there is scant evidence to suggest that they occur
with any frequency. Topical corticosteroids do not alter normal
skin flora.14

Topical Antibiotics with Corticosteroids

9. P.K.’s atopic eczema presentation is complicated with areas
of erythematous, honey-colored, crusted lesions on his forehead,
arm, and leg. Can a corticosteroid and an antibiotic preparation

be used together? What are the risks associated with topical an-
tibiotics?

It is determined that P.K. has impetigo superimposed on his
atopic dermatitis. Because impetigo can be treated with top-
ical antibiotics such as mupirocin, combination therapy with
a corticosteroid-antibiotic preparation appears to be a logical
choice. The corticosteroid suppresses the clinical signs of in-
fection and helps re-establish the normal skin barrier function.
This, in combination with an appropriate antibiotic, allows the
skin’s normal defense mechanisms to ward off the infection.
However, because staphylococci toxins act as superantigens,
eliciting the production of IgE, thus worsening the atopic der-
matitis, almost all clinicians treat impetiginized atopic der-
matitis with oral antibiotics such as penicillin, dicloxacillin,
erythromycin, or cephalexin, in combination with topical cor-
ticosteroids for the eczema.15–17 Oral antibiotics reduce the
bacterial counts faster and have a lower incidence of recurrent
impetigo compared with topical agents. In areas where commu-
nity methicillin-resistant Staphylococcus aureus rates are high,
other more effective antibiotic therapy might be indicated.

Otitis externa, certain intertriginous eruptions, and possibly
seborrheic dermatitis may respond favorably to combination
antibiotic-corticosteroid preparations. Table 38-10 describes
the spectrum of activity of common topical antibiotics. Al-
though mupirocin may be an appropriate alternative for topical
dermatologic infections, the current over-the-counter topical
antibiotics (bacitracin, neomycin, and polymyxin) are ineffec-
tive for most dermatologic infections and are indicated only for
the prophylaxis of skin infections. Mupirocin resistance occurs
with overuse.18

P.K. would most likely benefit from a treatment course of
an oral antibiotic plus a topical corticosteroid preparation.

Table 38-10 Spectrum of Activity of Antibiotics Available
for Topical Use

Bacitracin
Effective against all anaerobic cocci, most strains of streptococci,

staphylococci, and pneumococci. Not effective against most
gram-negative organisms.

Gentamicin
Effective against most gram-negative organisms (similar to neomycin),

including Pseudomonas and many strains of Staphylococcus aureus.

Mupirocin
Very effective against S. aureus and does not interfere with wound

healing. Currently, the only topical antibiotic that has been proved to
be more effective than the vehicle based on U.S. Food and Drug
Administration guidelines.

Gramicidin
Effective against most gram-positive organisms. Not effective against

most gram-negative organisms.

Neomycin
Effective against most gram-negative organisms (except Pseudomonas)

and some gram-positive organisms. Group A streptococci are
resistant.

Polymyxin B
Effective against most gram-negative organisms (including

Pseudomonas). Most strains of Proteus, Serratia, and gram-positive
organisms are resistant.
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Table 38-11 Systemic Diseases Associated With Pruritus

Brain abscesses Iron-deficiency anemia
Carcinoid syndrome Multiple myeloma
Carcinoma of the breast, lung,

or stomach
Central nervous system infarct
Diabetes mellitus
Gout
Hodgkin disease and other

lymphomas
Hypertension

Multiple sclerosis
Mycosis fungoides
Obstructive biliary disease
Polycythemia vera
Pregnancy (first trimester)
Thyroid disease (both hyper-

and hypothyroidism)
Uremia

Side Effects
There have been many reports of contact dermatitis caused
by topical antimicrobials, particularly neomycin.19 Neomycin
sensitivity has been reported in 4% of the general popula-
tion by patch testing and in 40% of patients with a history
of allergic contact dermatitis or a history of recurrent use of
topical antibiotics.19,20 The corticosteroid contained in many
neomycin preparations does not prevent these allergic reac-
tions, although it may decrease the severity of the reaction.

Pruritus

10. As stated in Question 2, one of P.K.’s complaints is pruritus.
What could you recommend for relief of pruritus?

Pruritus (itching) is the most common cutaneous symptom.
It has many different causes and has been associated with a
variety of systemic diseases, several of which are listed in Ta-
ble 38-11.5,7,21 In the absence of a cutaneous manifestation, a
careful history and physical examination should be performed
to rule out one of the systemic causes of pruritus. In addition,
a chest radiograph, stool examination for occult blood, com-
plete blood count with differential, thyroid panel, blood urea
nitrogen, creatinine, liver function panel, glucose, and urinal-
ysis may be necessary to help screen for the aforementioned
systemic diseases.21

Scratching, which can damage or fatigue receptor nerve
endings, is the most common method of relieving pruritus. One
would, therefore, expect topically applied local anesthetics or
antihistamines to be effective in dulling the sensation. How-
ever, this approach is often disappointing, probably because the
intact epidermis poorly absorbs the salt forms of these drugs.
Also, low concentrations are used in many over-the-counter
preparations. If adequate concentrations of local anesthetics
are used (benzocaine 20% or lidocaine 3%–4%), pruritus or
pain may be reduced for up to 45 minutes. These agents are
most useful for relieving pruritus or pain for short periods of
time (e.g., when trying to go to sleep at night).21 A drawback
to the use of benzocaine and topical antihistamine preparations
are their propensity to induce allergic contact dermatitis.22–24

P.K. could also try cold water or ice cubes, which effectively
relieve pruritus via vasoconstriction, as do products containing
aluminum acetate (Burow’s solution), tannic acid, or calamine.
A cool bath may be useful for the relief of pruritus from der-
matologic lesions if they are widespread.

Moisturizing mixtures such as Keri Lotion, Lubriderm, or,
simply, mineral or baby oil are useful in the treatment of pru-

ritus caused by dry skin. This problem is often encountered
in the elderly and others during the winter months. Bathing
should be restricted to avoid washing away normal body oils,
the drying effect of water, the irritant effect of alkaline soaps,
and the trauma of toweling.7

Topical corticosteroid applications can be very effective.
They reduce inflammation and are often contained in a cream
base, which helps soothe the affected area.

Systemic antihistamines are effective antipruritics, although
their major beneficial effect may be due to sedation. The newer,
nonsedating antihistamines are notably ineffective at relieving
itch, with the exception of cetirizine.25 There is disagreement
over which antihistamine or antiserotonin agents are most ef-
fective for treatment of pruritus.21,25,26 Many practitioners con-
sider hydroxyzine to be the antihistamine of choice; doses of
10 to 25 mg three to four times a day are commonly used. Other
practitioners favor cyproheptadine. There is little evidence
that antihistamines are effective in treating non–histamine-
mediated pruritus, except that their inherent sedative effect may
be somewhat beneficial in all pruritic conditions. Doxepin, a
tricyclic antidepressant with potent H1-blocking properties, is
valuable as a second-line antihistamine topically or systemi-
cally if others fail.27 Because P.K.’s pruritus is worse at night
as is typical with atopic dermatitis, the use of any of the four
H1-blockers mentioned at bedtime would be appropriate.28

Nondrug Recommendations for Atopic Dermatitis

11. In addition to prescriptions for topical corticosteroids (tri-
amcinolone acetonide cream 0.1%/augmented betamethasone
dipropionate 0.05%) for flare-ups, a systemic antibiotic (ery-
thromycin 250 mg QID × 10 days), and an oral antihistamine
(hydroxyzine 25 mg, 1–2 tablets HS as needed), what nondrug
interventions should be suggested for P.K.?

The general goals of therapy for atopic dermatitis are to
decrease pruritus, suppress inflammation, lubricate the skin,
and reduce anxiety. The nondrug recommendations shown in
Table 38-12 are useful adjuncts and mainstays between disease
flares, for patients such as P.K. with eczema or any other ir-
ritant dermatitis. Often careful attention to nonpharmacologic
measures can reduce the incidence of disease flare. Because

Table 38-12 Nondrug Recommendations for Patients With
Atopic Eczema or Other Irritant Dermatitis

� Clothing should be soft and light. Cotton or corduroy is preferred.
Wools and coarse, heavy synthetics should be avoided.

� Heat should be avoided because it often makes eczema worse. The
environment should be well ventilated, cool, and low in humidity
(30%–50%). Rapid changes in ambient temperature should be
avoided.

� Bathing should be kept to a minimum (no longer than 5 minutes), and
the patient should use a nonirritating soap (e.g., Basis soap). A colloid
bath or the use of appropriate amounts of bath oil may be useful.

� The skin should be kept moist with frequent applications of
emollients (e.g., Keri, Lubriderm, Nivea, Aquaphor, Eucerin, or
petrolatum).

� Primary irritants such as paints, cleansers, solvents, and chemical
sprays should be avoided.
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even nonlesional skin in patients with atopic dermatitis has re-
duced moisture, the use of emollients should include all skin
surfaces.

P.K. should be warned to avoid people with active herpes
simplex infections because severe disseminated infections can
occur. Similarly, based on the anthrax bioterrorism attack in
October 2001, debate has emerged on the advisability of reini-
tiating routine vaccination against smallpox. Vaccinia virus
was the live poxvirus used throughout the world as the vaccine
against smallpox. Because of the increased risk for eczema
vaccinatum, vaccinia vaccine should not be administered to
persons with eczema of any degree, those with a past history
of eczema, household contacts who have active eczema, or
household contacts who have a history of eczema.26,29

Tachyphylaxis/Specialized Corticosteroid Dosage
Forms/Antihistamines

12. P.K. responded well to the previous treatment plan and now
requests a refill of his topical corticosteroid prescriptions. The
bacterial superinfected areas have cleared. He continues to have
problems with his fingers. He has applied betamethasone dipro-
pionate to his hands five to six times daily for the past 3 weeks
without any noticeable improvement. Triamcinolone cream re-
solved the rash on other areas of his body. Other than occasional
sedation early on from the hydroxyzine and when he uses it in-
termittently, he has not had any other adverse effects. As P.K.
continues to follow other nondrug recommendations, he inquires
if anything else could be done for his hands. Assess P.K.’s use and
response to the corticosteroids.

P.K. is overusing the potent topical corticosteroid and may
have developed tachyphylaxis. Tachyphylaxis can occur within
1 week of therapy, but generally takes several weeks to a month
to occur.30 To treat this problem, P.K. should stop applying the
betamethasone preparation for 4 to 7 days and then restart ther-
apy in a more appropriate manner (i.e., twice daily). Limited
courses of treatment separated by short periods of rest may be
more effective than continuous treatment. However, clinicians
commonly misdiagnose tachyphylaxis. Failure of topical cor-
ticosteroids to clear difficult atopic dermatitis after an initial
improvement may give the false impression of tachyphylaxis
when the actual problem is a primary failure of the treatment.31

This could be caused by either inappropriate application tech-
nique by the patient or the choice of a product with inadequate
potency.

Flurandrenolide 4 mg/cm2 tape (Cordran) may be useful
after P.K. stops his other corticosteroids for 4 to 7 days. Al-
though this product is expensive, it is effective for small areas
because the tape serves as a protectant and provides occlusion.
It is a good choice for use on the hands, particularly the fingers,
where P.K. is having problems, because other vehicles are often
quite messy when applied to the hands. When using Cordran
tape, the general principles previously outlined for occlusion
should be followed.

Topical tacrolimus (Protopic) is an effective alternative to
topical corticosteroids and is safe for use in children.32,33 In
addition to its inhibitory effect on cytokine production, top-
ical tacrolimus has been shown to cause alterations in epi-
dermal antigen-presenting dendritic cells that may result in
decreased immunologic response to antigens. Transient burn-
ing, erythema, and pruritus are the most common adverse ef-

fects. Pimecrolimus cream (Elidel) 1% is an immunomodula-
tory agent with properties similar to those of cyclosporine and
tacrolimus, but it does not appear to affect the systemic immune
response and might, therefore, be better tolerated for long-term
therapy.34 Neither pimecrolimus nor tacrolimus causes skin
atrophy, making them attractive alternatives for patients with
lesions on the face and neck. Recently, issues regarding the
long-term safety of these products has led the U.S. Food and
Drug Administration to place a temporary black box warning
in the manufacturer’s literature regarding a potential increased
cancer risk.

XEROSIS

13. C.R., a 64-year-old woman, requests something for dry skin
on her arms and back. She has had this problem for a number
of years. It is generally not a problem in the summer, with most
symptoms troubling her in the winter. She has no other medical
conditions and only takes an occasional aspirin for “arthritis.”
How would you advise C.R. to manage this condition?

C.R.’s complaints represent a common problem of the el-
derly, xerosis (dry skin). The seasonal cycle described is fre-
quently called “winter itch.” Most cases of dry skin are caused
by dehydration of the stratum corneum.35 Table 38-13 gives
general recommendations for the treatment of dry skin.

Table 38-13 General Recommendations for Treatment of
Dry Skin

1. Use room humidifiers.
2. Keep room temperature as low as comfortable to prevent sweating and

water loss from the skin.
3. Keep bathing to a minimum (every 1–2 days) with warm, but not hot,

water. After bathing, the patient should immediately apply an
emollient (Table 38-2). When the skin is soaked for 5 to 10 minutes,
the stratum corneum can absorb as much as six times its weight in
water. Application of an emollient immediately after bathing will trap
the water in the skin and reduce dryness.

4. Eliminate exposure to solvents, drying chemicals, harsh soaps, and
cleaners. These substances remove oils from the skin and reduce its
barrier function. As the barrier function is lost, water loss from the
skin is increased up to 75 times higher than normal. Exposure to cold,
dry winds will also enhance water loss.

5. Apply emollients (Table 38-2) three to six times a day, especially after
bathing to help retain moisture in the skin from bathing.

6. The selection of emollients depends on the atmospheric moisture
content of the region. In dry parts of the western United States where
humidity is very low, water-in-oil emollients such as Lubriderm,
Eucerin, or Nivea are preferred because the high oil content prevents
the loss of moisture from the skin. In those areas, a general rule is to
avoid products where glycerin is one of the top four ingredients on the
label because glycerin is hygroscopic and in low humidity will pull
moisture out of the dermis leading to drier, cracked skin. In areas with
higher humidity such as the eastern United States, glycerin in both
types of emollients pulls moisture from the atmosphere into the skin.
Regardless of region, if application of an emollient appears to be
ineffective, switching to a product with less glycerin and more oil may
resolve the dryness.

7. If scaling is a problem, a keratolytic (Lac-Hydrin, AmLactin) or a
higher-strength, urea-containing preparation (20%) may be useful.

8. If inflammation is present, a mild to moderately potent topical
corticosteroid may be useful (Table 38-8). An ointment vehicle is
more effective than others.
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However, before recommending therapy, the following dif-
ferential should be considered: ichthyosis vulgaris (familial
history usually present), atopic eczema, psoriasis, contact der-
matitis, and hypothyroidism. Usually, simple questioning can
rule out these conditions.

DRUG ERUPTIONS
Clinically recognizable adverse drug reactions are mani-
fested on the skin more often than any other organ or organ
system.36,37 An estimated 1% to 5% of hospitalized patients
develop a drug eruption.37 Outpatient statistics are more diffi-
cult to obtain, but are probably within the same range. There is
no correlation between age, diagnosis, or severity of illness and
the likelihood of developing a drug eruption. Women appear
to be twice as likely as men to develop a drug eruption.

The most common type of eruption encountered in clini-
cal practice, and probably the one most often overlooked, is
the exanthematic (bursting out) eruption. This type of reac-
tion comprises both morbilliform (measles-like) and scarla-
tiniform (scarlet fever–like) eruptions. Stevens-Johnson syn-
drome (SJS), toxic epidermal necrolysis, drug hypersensitivity
syndrome, vasculitis, serum sickness, coagulant-induced skin
necrosis, and angioedema are the most important severe reac-
tions and require immediate attention and management. Many
of the common dermatologic reactions that can be induced
by drugs have other causes as well, so a complete workup
must include other nondrug etiologies. Viral, fungal, and bac-
terial infections, as well as certain systemic diseases and foods,
have been identified as causes for common reactions such as
urticaria, erythema multiforme, and erythema nodosum. The
diagnosis of drug eruptions is best made by identifying the
type of lesions observed and associating the lesions with spe-
cific drug therapy. The most important diagnostic criterion is
an accurate assessment of the skin lesions. With this critical
information, the clinician can then refer to a drug information
source to associate any current or past drug therapy with the
specific lesions observed.

Acneiform Eruptions
Acneiform eruptions appear very much like common acne.
They may be distinguished from acne by their sudden occur-
rence, the absence of comedones, uniform appearance (i.e.,
all at the same stage of development), and the fact that they
may occur on any part of the body. Cysts and scarring are
rarely associated with drug-induced acne. Eruptions can also
occur during any period of the patient’s life; thus, drug-induced
acne should be suspected when the lesions appear in persons
outside the typical age bracket for acne. Drugs implicated in-
clude adrenocorticotropic hormone, anabolic steroids, azathio-
prine, danazol, glucocorticoids, halogens (iodides, bromides),
isoniazid, lithium, and oral contraceptives. For patients with
acne vulgaris, these drugs may worsen existing lesions (see
Chapter 40).

Photosensitive Eruptions
Photosensitivity eruptions require the presence of both a drug
(or chemical) and a light source of appropriate wavelength.
These eruptions are divided into two subtypes: phototoxic and
photoallergic. Phototoxic reactions, the most common drug-

induced photodermatosis, manifest themselves as an exagger-
ated sunburn or increased sensitivity to sunburn. The ultravi-
olet A (UVA) light source alters the drug to a toxic form, re-
sulting in tissue damage independent of any allergic response
and occurs in everyone who gets high enough skin levels of the
offending drug. This eruption can occur on first exposure to a
drug, is dose related, usually has no cross-sensitivity, and will
continue as long as the skin concentration of the drug exceeds
the threshold level for the reaction to occur. Photoallergic re-
actions, which are very uncommon, may appear as a variety
of lesions, including urticaria, bullae, and sunburn. UVA light
alters the drug so it becomes an antigen or acts as a hapten. Pho-
toallergic eruptions require previous contact with the offending
drug, are not dose related, exhibit cross-sensitivity with chemi-
cally related compounds, and are secondary to the use of topical
agents. Unfortunately, outside light through a window and flu-
orescent lighting permits passage of or can emit UVA light. In
addition, until recently, there were inadequate topical prepa-
rations that provide protection against UVA light. Avoben-
zone, while covering much of the UVA spectrum, is photo-
labile, losing 60% of its effectiveness in <1 hour. New prod-
ucts containing ecamsule appear to offer an advance in protec-
tion against UVA rays. In some instances, a drug may produce
both photoallergic and phototoxic reactions. Most phototoxic
and photoallergic reactions occur fairly soon after exposure
to light. Implicated drugs are numerous, including, among
others, antibiotics (tetracyclines, fluoroquinolones), antide-
pressants (tricyclics), antihypertensives (hydrochlorothiazide,
β-blockers), hypoglycemics (sulfonylureas), nonsteroidal anti-
inflammatory drugs, sunscreens (PABA), oral contraceptives,
and antipsychotics (phenothiazine) (see Chapter 42).

Lichen Planus–Like Eruptions
Lichen planus–like lesions appear as flat-topped papules that
have a distinctive sheen. Pruritus is usually quite pronounced.
Any part of the body can be affected (most commonly the
arms and legs), including mucous membranes. The lesions
are sometimes confused with fixed eruptions, but can eas-
ily be differentiated histologically. Implicated drugs include
angiotensin-converting enzyme inhibitors, antimalarials, phe-
nothiazine derivatives, thiazide diuretics, and sulfonylurea hy-
poglycemic agents among others.

Alopecia
Alopecia (hair loss) is not a true drug eruption, but hair may
occasionally be lost when other drug reactions such as exfo-
liative dermatitis and erythema multiforme occur. Hair loss
can be caused by a direct toxic action of a drug (e.g., a cancer
chemotherapeutic agent) or from interference with the normal
growth phases of hair (e.g., warfarin).

Bullous Eruptions
Bullous (blister-like) lesions can occur in combination with
other drug eruptions, such as erythema multiforme and toxic
epidermal necrolysis or by themselves. The lesions may be
round or irregular and contain a clear, serous fluid. The fluid-
filled sacs may be tense or flaccid and can occur on both
mucous membranes and skin. These lesions are similar to those
associated with pemphigus and pemphigoid reactions. Lesions
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Table 38-14 Frequent Contact Sensitizers

Substance Found In

Ammonia Soaps, chemicals, hair dyes
Balsam of Peru Cosmetics
Benzyl alcohol Medications, cosmetics
“Caine” anesthetics Medications (e.g., over-the-counter benzocaine

products)
Carba Rubber
Chromium Jewelry
Epoxy resin Glue
Ethylenediamine Stabilizer in topical products (e.g.,

aminophylline)
Formaldehyde Shoes, clothing, soaps, insulations
Mercaptobenzothiazol Rubber
Naphthyl Rubber
Neomycin Topical medications (e.g., Neosporin)
Nickel sulfate Jewelry, fasteners
Paraben Preservative in many topical products
Paraphenylenediamine Hair dyes, leather
Potassium dichromate Shoes, leather
Thiomersal Preservatives, contact lens products
Thiram Rubber products
Turpentine Paint products
Wool alcohols Lanolin-containing products, clothes

usually resolve after discontinuation of the drug, but occasion-
ally become chronic. Implicated drugs include amiodarone,
barbiturates, coumarin, gold, penicillins, and sulfonamides.

Allergic Contact Dermatitis
Topical administration of a sensitizing agent produces local-
ized lesions limited to areas of contact with the topical product.
Neomycin, benzocaine, and diphenhydramine are well-known
topical sensitizers (Table 38-14). Systemic administration of a
drug to a patient previously sensitized to the drug by topical ap-
plication can provoke widespread eczematous dermatitis. Im-
plicated systemically or topically administered drugs that reac-
tivate allergic contact dermatitis include procaine/benzocaine,
radiographic contrast media/iodine, and streptomycin and gen-
tamicin/neomycin among others.

Erythema Multiforme
As the name implies, erythema multiforme (EM) eruptions
take on a varied spectrum of morphologic forms, ranging from
the mildest with tiny maculovesicular lesions to more severe
forms such as SJS and toxic epidermal necrolysis syndrome
(TENS) with extensive bullous lesions and routine involve-
ment of mucous membranes. Although all forms have been
reported to have oral lesions, they are much more severe in
SJS and TENS, where genital, nasal, and ocular mucosas are
also involved. Target lesions are usually present in all forms
of the disorder, which characteristically are erythematous, iris-
shaped papules and vesiculobullous lesions typically involv-
ing the extremities (especially the palms and soles) in EM
and the torso in SJS/TENS. The lesions take on the appear-
ance of a circular target with a bulls-eye in the middle, thus
the term target lesion. However, questions have recently been
raised about the shared pathological nature of these forms of

erythema multiforme.38 EM in its mildest forms, EM minor
and EM major, is more common in children and young adults,
and is self-limited in nature with only transient hypo- or hy-
perpigmentation as complications. Sometimes malaise, a low-
grade fever, and itching or burning may accompany this type of
eruption. Etiologic factors associated with EM include drugs,
mycoplasma and herpes infections, radiation therapy, foods,
and sometimes neoplasms. Allopurinol, barbiturates, pheno-
thiazine, and sulfonamides are the drugs most often implicated
in EM eruptions.

Stevens-Johnson Syndrome
SJS is probably the most common type of severe drug erup-
tion. The syndrome is usually a moderate mucocutaneous and
systemic reaction. Blisters and atypical target lesions involve
less than 10% of body surface area, with some epidermal de-
tachment, which can cause scarring in some cases. With more
extensive involvement, clinical findings are almost indistin-
guishable from toxic epidermal necrolysis. The skin can be-
come hemorrhagic, and pneumonia and joint pains may occur.
Serious ocular involvement is common and can culminate in
partial or complete blindness. Besides drugs, this syndrome
has been associated with infections, pregnancy, foods, deep
radiographic therapy, and neoplasms. Mortality is estimated
to be in the range of 5% to 18%. The duration of the syn-
drome is usually 4 to 6 weeks. The long-acting sulfonamides
are most often implicated. Allopurinol, carbamazepine, fluo-
roquinolones, hydantoin, phenylbutazone, and piroxicam are
also possible causative agents.

Toxic Epidermal Necrolysis Syndrome
Epidermal necrolysis, a severe, life-threatening mucocuta-
neous and systemic reaction, may be preceded by a prodrome
characterized by malaise, lethargy, fever, and occasionally
throat or mucous membrane soreness. Epidermal changes fol-
low and consist of erythema and massive bullae formations that
easily rupture and peel, giving the skin a scalded appearance.
Hairy parts of the body are usually not affected, but mucous
membrane involvement is common. Blisters cover >30% of
body surface area, with extensive epidermal detachment that
can result in scarring. Approximately 30% of patients with
toxic epidermal necrolysis succumb, often within 8 days after
bullae appear. The usual cause of death is infection complicated
by massive fluid and electrolyte loss, similar to patients with
extensive burns. Although the skin takes on a grave appear-
ance, healing occurs within 2 weeks in approximately 70%
of patients, with some potential for scarring. In addition to
drugs, certain bacterial infections and foods are believed to
cause this type of eruption. Most causes of toxic epidermal
necrolysis in children are due to infection (e.g., Staphylococ-
cus aureus). There appears to be a higher incidence of this
type of drug eruption in HIV-positive patients. Drugs most fre-
quently implicated include allopurinol, aminopenicillins, car-
bamazepine, hydantoin, phenylbutazone, piroxicam, and sulfa
drugs.

Erythema Nodosum
Erythema nodosum eruptions appear as red, indurated, inflam-
matory nodules on the shins and knees. In addition to the
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unusual distribution, the lesions are tender when palpated. Oc-
casionally, these lesions are accompanied by mild constitu-
tional symptoms, but there is usually no mucous membrane
involvement. Etiologic factors associated with the develop-
ment of erythema nodosum include drugs, female gender,
rheumatic fever, sarcoidosis, leprosy, certain bacterial infec-
tions (e.g., tuberculosis), and systemic fungal infections such
as coccidioidomycosis. Usually, the lesions heal slowly over
several weeks after the offending agent is removed. Oral con-
traceptives are the most frequently implicated drug with this
type of eruption. Other implicated drugs include sulfonamides
and analgesics.

Drug Hypersensitivity Syndrome
This severe systemic reaction is also known as anticonvul-
sant hypersensitivity syndrome and as drug reaction with
eosinophilia and systemic symptoms (DRESS). Symptoms be-
gin with a high fever followed by widespread maculopapular-
pustular rash on the trunk, arms, and legs that may lead to
exfoliative dermatitis with large areas of skin sloughing. Hair
and nails are sometimes lost. Eosinophilia occurs in >50%
of cases, 30% have abnormal lymphocytosis, and 20% have
lymphadenopathy. Internal organ damage appears late in the
syndrome with elevations of liver function and/or renal func-
tion laboratory values. These may be accompanied by other
general systemic symptoms such as headache and malaise.
Secondary bacterial infections can occur. Approximately 10%
of patients die, many due to infection. If exfoliative dermati-
tis occurs, it can take weeks or months to resolve, even after
withdrawal of the offending agent. The most commonly impli-
cated drugs are sulfonamides, antimalarials, anticonvulsants,
and penicillin. Although rarely reported in the literature, its
broad range of symptoms, confusing nomenclature, and symp-
tom overlap with other drug-related adverse effects may lead
to underdiagnosis and reporting.

Fixed Drug Eruptions
Fixed drug eruptions, unlike the previously mentioned reac-
tions, are caused exclusively by drugs. The lesions are ery-
thematous and sharply bordered, and have a tendency to be
darker than the surrounding, unaffected skin. Eruptions can
be eczematous, urticarial, vesicular, bullous, or nodular. Le-
sions appear 30 minutes to 8 hours after readministration in
sensitized individuals. Because these lesions have a marked
propensity to recur at the same location with each drug expo-
sure, the word fixed is applied. The face and genitalia are com-
mon sites for this type of drug eruption. Although the eruptions
heal after withdrawal of the causative drug, there is usually a
marked hyperpigmentation of the area that may take months to
resolve. The mechanism by which fixed drug eruptions occur
has not been elucidated, but is believed to be allergic in nature.
It can be described figuratively as islands of hypersensitivity;
one area of the skin having the ability to evoke an allergic
response and other areas lacking this ability. Commonly im-
plicated drugs include antimicrobial agents (tetracycline, sul-
fonamides, metronidazole, nystatin), anti-inflammatory drugs
(salicylates, nonsteroidal anti-inflammatory drugs), barbitu-
rates, oral contraceptives, and phenolphthalein-containing lax-
atives.

Maculopapular Eruptions
Maculopapular eruptions are subdivided into two groups: scar-
latiniform and morbilliform. Most drug eruptions fall within
one of these two groups. Scarlatiniform eruptions are erythe-
matous and usually involve extensive areas of the body. They
are differentiated from streptococcal-induced scarlet fever by
the lack of other diagnostic signs and laboratory studies. Mor-
billiform eruptions usually begin as discrete, reddish-brown
maculae that may coalesce to form a diffuse rash. These erup-
tions are differentiated from measles by the lack of fever and
other typical clinical signs. In either type of maculopapular
eruption, pruritus may or may not be present. Generally, this
type of eruption appears within 1 week after the causative drug
(with penicillins, 2 or more weeks) has been started and com-
pletely clears within 7 to 14 days after stopping it. Morbilliform
eruptions commonly are caused by ampicillin, amoxicillin, and
allopurinol.

Purpura
Purpuric lesions are characterized as hemorrhages into the
skin. They are purplish and sharply bordered, and have a ten-
dency to become brownish as they get older. These lesions
may or may not be associated with thrombocytopenia. Etio-
logic factors other than drugs that are associated with purpura
are vitamin C deficiency, snake bites, and infections. The mech-
anism by which these lesions are produced is not known, but
they have a tendency to recur with re-exposure to the causative
agent. Sometimes purpura may develop concurrent with other
types of eruptions, such as erythema multiforme.

Urticaria
Urticarial eruptions are immediate hypersensitivity reactions
(IgE mediated) and usually appear as sharply circumscribed
(raised), edematous, and erythematous lesions (wheals) with
an abrupt onset. In most cases, the lesions disappear within
a few hours, rarely last longer than 24 hours, and are associ-
ated with an intense itching, stinging, or prickling sensation.
Commonly called hives, urticarial eruptions are frequently as-
sociated with certain drugs, foods, psychic upsets, and serum
sickness. Rarely, parasites or neoplasms can precipitate hives.
The most frequently implicated drugs with this type of reac-
tion are aspirin, penicillin, and blood products. Patients who
develop urticaria due to a drug are at increased risk of ana-
phylaxis if re-exposed to the same medication in the future.

Angioneurotic Edema
Angioneurotic edema (also called angioedema) is a more
severe form of urticaria in which giant hives penetrate more
deeply into surrounding tissues. Lips, mouth, tongue, and
eyelids are common locations. Extensive involvement of the
tongue, throat, or larynx can be fatal. Angiotensin converting
enzyme inhibitors (ACEIs) are the most common drug cause
of angioedema. Patients taking ACEIs should be warned to
look out for any unusual swelling in the facial/oral area and,
if present, should go immediately to the nearest emergency
room for treatment. Although it usually occurs within the first
several months of treatment, cases have been reported up to as
long as 3 years after initiation of ACEI therapy (see Chapter 18,
Heart Failure).
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14. D.Z., a 42-year-old man with a chronic seizure disorder and
long-standing anxiety was recently given a prescription for peni-
cillin V 250 mg QID for a group A, α-hemolytic streptococcal-
positive pharyngitis. Chronic medications include carbamazepine
200 mg TID and clonazepam 2 mg BID. One week later, D.Z.
presents with urticarial lesions on his chest and arms. Is this a
typical time of onset for a drug-induced dermatologic reaction?
How should the drug eruption in D.Z. be managed?

Although most drug eruptions occur within 1 to 2 weeks
after starting therapy, it may take 3 to 4 weeks after an initial
exposure to a medication for the reaction to occur. Repeated ex-
posure to the same offending agent can reduce the time of onset
of the reaction to a few days or even within hours of ingestion.
Because D.Z. has been taking clonazepam and carbamazepine
chronically and penicillin for only 8 days, the temporal rela-
tionship would logically lead to the conclusion that penicillin
is a highly probable cause. However, before labeling penicillin
as the cause of his drug eruption, a thorough history to rule out
other common causes should be done.

For D.Z., a different antibiotic should be substituted for
penicillin (to complete the 10-day course of therapy). The le-
sion should begin to clear in 24 hours (if the penicillin is the
cause of the urticaria). If the urticaria does not begin to clear
in a few days, another cause should be investigated.

Treatment is primarily supportive, and use of an oral an-
tihistamine (e.g., diphenhydramine 25–50 mg BID-QID) for
several days would be recommended. If the reaction is severe,
a 1- to 2-week course of prednisone 40 to 60 mg/day will con-
trol most symptoms within 48 hours.

ALLERGIC CONTACT DERMATITIS:
POISON IVY/OAK/SUMAC
Poison ivy (Rhus) dermatitis is the major cause of allergic
contact dermatitis in the United States, exceeding all other
causes combined. It is estimated that 50% to 95% of the pop-
ulation is sensitive to the plant to some degree. The severity
of the condition varies from mild discomfort to an extremely
painful, debilitating condition. Rhus dermatitis is caused by
sensitization to an allergic substance in the leaves, stems, and
roots of poison ivy, poison oak, and poison sumac plants. All
three plants contain the same sensitizing oleoresin, urushiol
oil, which contains pentadecacatechol, the actual sensitizing
agent. Therefore, the dermatitis caused by the three different
plants is identical.

Direct contact with the plant is unnecessary for the rash to
occur. Highly sensitive persons may develop severe dermatitis
merely from exposure to Rhus oleoresin carried by pollen or by
smoke from burning leaves. The oleoresin may remain active
for months on clothing, shoes, tools, and sporting equipment.
Once the toxic substance comes in contact with the skin, it can
be spread by the hands to other areas of the body (e.g., genitals
or eyes) or to people who may come into close contact with the
exposed person. Although washing with soap and water will
not prevent the dermatitis, even if it is done within 15 minutes
of exposure, it will prevent spread of the oleoresin to other
parts of the body.

Rhus dermatitis can be contracted throughout the year, even
in winter, by contact with the roots of the plant. The virulence of
the leaf sap varies little during the foliage period. The incidence
of poison ivy is higher during the spring because the leaves are

tender and bruise easily, and people spend more time outdoors.
Sensitive individuals should be instructed to avoid contact with
the offending plant. If contact is inevitable, every effort should
be made to shield exposed areas of the skin with appropriate
clothing, and bentoquatam (Ivy Block), a topical organoclay
compound, should be considered. A 5% lotion applied to the
skin 15 minutes before exposure and reapplied every 4 hours
has reduced or prevented contact dermatitis induced by exper-
imental challenge with urushiol in sensitive individuals. Cost
may limit its routine use.

Exposed individuals should bathe or shower as soon as they
come in from outdoors and should wash their clothes. A non-
prescription topical cleanser called Tecnu Extreme claims to
remove urushiol oil embedded in the skin through the action of
microfine scrubbing beads and surfactants, thus possibly pre-
venting the rash or limiting spread. It also contains the home-
opathic agent Grindelia as an antipruritic. It is formulated as a
thick, creamy gel that is applied to exposed areas of the skin,
followed by vigorous scrubbing, and rinsed off after applica-
tion.

After an initial incubation period of 5 to 21 days, a pa-
tient would be expected to react to the oleoresin in 12 to
48 hours after re-exposure. A mild exposure to these plants in
a sensitized person results in a typical erythematous, vesicular,
linear, and sometimes, oozing rash after 2 to 3 days; complete
clearing occurs in 1 to 3 weeks. If a large area is exposed, le-
sions appear within 6 to 12 hours and may appear blistered and
eroded; in some cases, ulcers may appear. Healing occurs more
slowly, often requiring 2 to 3 weeks for complete resolution.
The following factors contribute to the development of poison
ivy/oak/sumac: the concentration of the oleoresin to which the
skin is exposed, area of exposure (i.e., the thickness of the stra-
tum corneum), duration of exposure, site of exposure, genetic
factors, and immune tolerance. It is important to determine the
areas of the body that are affected. If the eyes, genital areas,
mouth, respiratory tract, or >15% of the body is affected, the
patient should receive a course of systemic corticosteroids.

Because different sites of the body differ in their sensitivity
to the oleoresin and because patients spread the Rhus oleoresin
to different parts of their bodies over a period of time, lesions
often erupt over a period of several days. A common mis-
conception many people have is that the fluid from the Rhus-
induced vesicles will spread the disease to unaffected areas. A
more likely explanation is the presence of residual resin un-
derneath poorly washed fingernails, soiled clothes (including
gloves used in yard work), and pet fur.

Treatment

15. K.P., a 27-year-old woman, has recently returned from an
outing in the woods. She now has vesicular eruptions that appear
in a linear pattern on one arm and hand. She believes that she has
had a poison oak reaction and requests therapy. What should be
recommended at this point? What should be recommended if the
condition becomes more severe?

Weeping lesions should be treated with aqueous vehicles
(e.g., Burow’s solution or saline) as outlined in the beginning
of this chapter. Lesions that are not wet or weeping should be
treated with calamine lotion applied two to four times daily.
The zinc oxide in calamine lotion may act as a mild astringent,
although some people find this preparation to be unacceptable
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because of its pink color, which can stain clothes. Alternatively,
a topical corticosteroid appropriate for the body part affected
could be used. If K.P.’s poison oak reaction becomes more
severe, additional treatment with prednisone 1 mg/kg/day for
at least 2 or 3 weeks will be required; such therapy should be
withdrawn slowly (over 1–2 weeks) to prevent recurrence of
the lesions.

Systemic Therapy

16. Z.T., a 19-year-old man, has just returned from a fishing
trip and now has an erythematous, linear, dry eruption on his leg
and arm, and a generalized eruption on his hands and face. He
has been in areas that have dense poison ivy growth, and he may
have burned some in the campfire. Z.T. has washed himself and
his clothes thoroughly. How should he be treated?

The fact that Z.T.’s facial rash is not linear (as one would
expect if he had just contacted the plant) suggests that he may
have contacted the smoke of a burning poison ivy plant. This
can be quite serious because the oleoresin can be carried in
smoke and, if inhaled, can cause severe respiratory problems.
Z.T. should be observed for signs of respiratory difficulties and
should be treated with a course of systemic corticosteroids.

Relapse

17. Z.T.’s physician prescribed prednisone for his rash. He was
instructed to take 80 mg/day for 14 days and to decrease the dose

by 5 mg/day each day thereafter. Calamine lotion (TID to affected
areas) also was prescribed. After 12 days, Z.T. complains that the
lesions seem to be getting worse. The lesions had cleared after 8
days of treatment, and he began rapidly tapering the prednisone
at that time. Why is he experiencing a relapse?

Two weeks is the absolute minimum course of treatment
when systemic corticosteroids are used for severe cases of poi-
son ivy/oak/sumac. The oleoresin remains fixed in the skin,
and if the systemic corticosteroid is withdrawn too soon, the
lesions return. This is probably the most common reason for
treatment failure with systemic corticosteroids.

Allergic Contact Dermatitis

18. Z.T.’s corticosteroid therapy was reinstated. After 3 weeks,
most of the lesions had disappeared, and the prednisone therapy
was discontinued. However, Z.T. continued to complain of a rash
on his hands. Further questioning revealed that he was continuing
to apply an over-the-counter topical calamine lotion containing
diphenhydramine. What is a potential drug-related cause of this
persistent rash?

Topical application of diphenhydramine and other antihis-
tamines may cause allergic contact dermatitis.24 Z.T. should
stop using this product to see if his rash clears. A list of com-
mon contact sensitizers is found in Table 38-14.

The treatment for sensitivity reactions is basically the same
as that outlined for poison ivy/oak/sumac.
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Definition, Clinical Signs, and Symptoms
The term acne usually refers to acne vulgaris, a common dis-
ease in which the pilosebaceous units of the skin become
plugged and distended (see Fig. 38-1 in Chapter 38). It differs
from rosacea (formerly called acne rosacea), which causes fa-
cial erythema, telangiectasia, and papules, and occurs later in
life. Acne cosmetica and acne mechanica are terms describing
aggravation of the condition by cosmetics or by mechanical
irritation such as that from helmet straps.

Acne lesions generally appear on the face, but the chest,
back, or upper arms may also be affected. Comedones, plugged
follicular openings, are noninflammatory lesions that may be
closed (“whiteheads”) or open (“blackheads”). The dark pig-
mentation in open comedones is caused by oxidation of se-
baceous material or melanin rather than by dirt, a common
misperception.1 Inflammatory lesions are typically erythema-
tous and can include pustules (raised, superficial, pus-filled le-
sions), papules (raised, solid lesions up to several millimeters
in diameter), and nodules (like papules but larger and deeper
in the skin); in severe cases (acne conglobata), multiple le-
sions coalesce into abscesses with draining sinus tracts.2 Al-
though no single severity scale has emerged as standard, clini-
cians must use some acne grading scale consistently to evaluate
treatment options and clinical response. Often, clinicians de-
scribe acne as mild (few lesions, little or no inflammation),
moderate (many lesions, significant inflammation), or severe
(numerous lesions, extreme inflammation and/or nodules, sig-
nificant scarring).3 The Combined Acne Severity Classifica-
tion is one recommended codification system (Table 39-1).4

Lesion counts per se are not practical for clinicians, but are
used by researchers.

Acne can cause psychological distress, low self-esteem, and
social withdrawal, affecting quality of life as much as more

physically disabling diseases such as asthma and diabetes.5

Considerable psychological morbidity can result from even
mild to moderate acne.6 Questionnaires have been developed
to identify the psychosocial impact of acne.7 The major long-
term complication of acne is scarring, usually “ice pick” pitting
with significant disfigurement. Scarring can be exacerbated
by tissue excoriation caused by picking at or squeezing the
lesions. Early initiation of effective therapy is critical to prevent
scarring.8

Acne occurs in people of all ages, but acne vulgaris primar-
ily afflicts teenagers and young adults. Acne is also associated
with systemic diseases such as SAPHO (synovitis, acne, pus-
tulosis, hyperostosis, osteitis) and Apert syndromes.9,10 The
differential diagnosis of acneiform eruptions includes acne
vulgaris; rosacea; folliculitis caused by gram-negative bacte-
ria, Pityrosporum, or mechanical irritation; drug-induced acne
such as that caused by topical or systemic corticosteroids, or
by anabolic steroids, including those abused by athletes; and
perioral dermatitis.11–14 Detailed discussions of severe acne
variants, such as acne conglobata and acne fulminans, are be-
yond the scope of this chapter.11,15

Incidence and Prevalence
Acne vulgaris affects more than 50 million people in the United
States16 and about 90% of all adolescents.17 Studies suggest
that it is primarily an inherited disorder with environmental fac-
tors playing a secondary role.8 Although no gender preference
exists, females typically develop acne at a younger age and have
milder cases than males.15 Acne can occur in children as young
as 8 years; however, it is most prevalent in adolescents between
14 and 19 years of age.18 Although most cases resolve by the
time patients reach their mid-20s, acne persists into later life in

39-1
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Table 39-1 Combined Acne Severity Classification

Acne Severity
Grade Descriptiona

Mild <20 comedones; or <15 papules; or <30 lesions total; no
nodules

Moderate 20–100 comedones; or 15–50 inflammatory lesions; or
30–125 lesions total; nodules may be present

Severe >5 nodules; or >100 comedones; or >50 inflammatory
lesions; or >125 lesions total

aStage acne in the most severe applicable grade.
Adapted from reference 4.

7% to 17% of patients, more often in women than men.15 Acne
may be slightly less common in patients with darker skin, but
some believe research in prevalence is confounded by poorer
access to health care among patients of color; most studies find
that acne is the top dermatologic complaint in patients of all
skin tones.19 Severe nodular acne is more common in light-
skinned patients, but dark-skinned patients show more inflam-
mation at the histologic level than in light-skinned patients
with similar clinical lesion severity. Dark-skinned individuals
are also more likely to contend with postinflammatory hyper-
pigmentation (PIH) and keloid scar formation in the wake of
acne lesions.19,20 Females treated with antiepileptic drugs such
as phenytoin or phenobarbital experience acne more commonly
than age-matched controls (80% vs. 30%).21

Etiology and Risk Factors
The development of acne is related to increased sebum produc-
tion, abnormal keratinization within the pilosebaceous canal
(hypercornification), bacterial colonization, and immune-
mediated inflammation. Multiple exogenous and endogenous
factors can affect the development of acne vulgaris. Diet (with
rare individual exceptions), cleanliness, and sexual activity do
not contribute to the severity of acne or the frequency of its
exacerbations, but some evidence does support the popular
belief that psychological stress may promote exacerbations in
predisposed patients.1 Premenstrual exacerbations of acne are
common.15 Oil-based cosmetics, pomades, and moisturizers
may also encourage the development of acne.22 Hot and hu-
mid conditions that stimulate sweating often worsen acne.1

Studies of sunlight exposure have found contradictory re-
sults; ultraviolet light may make sebum more comedogenic,
but some of the visible wavelengths may reduce the follic-
ular bacterial population.1,23 Occupational or environmental
exposure to halogenated compounds, ultraviolet light, animal
fats, dioxin, or petroleum derivatives may cause “chloracne”
or other acneiform lesions.24,25 It is important to identify drug-
induced acne (see Chapter 38) because treatment success likely
depends on drug therapy modification. Mechanical skin irri-
tation caused by headbands, hats, chin straps, backpacks, or
shoulder pads may also induce acne mechanica.3

Pathogenesis
The key pathophysiologic change leading to acne occurs when
keratinocytes in the follicular epithelial lining proliferate and

undergo changes in cellular differentiation. Keratinization in-
creases and the cells adhere more to each other, interfering with
normal desquamation. Cellular debris and sebum accumulate
to plug sebaceous follicles and form clinically undetectable
microcomedones.2 If the superficial portion of the follicular
opening dilates from the pressure of the impaction, an open
comedo forms. Such lesions rarely become inflamed because
as pressure builds from further sebum production and cellu-
lar accumulation, follicular contents can escape to the skin
surface.22 If the follicular opening remains narrow and a closed
comedo forms, increased pressure ruptures the follicular wall
and infiltration of foreign matter into the dermis incites an in-
flammatory response. The depth and extent of this occurrence
determine whether a pustule, papule, or nodule results.11

Androgen-enhanced sebocyte activity and bacterial colo-
nization mediate lesion development. Testosterone, of testic-
ular origin in males or ovarian and adrenal origin in females,
is metabolized in the skin by 5-α-reductase to dihydrotestos-
terone (DHT), which in turn stimulates sebum biosynthesis.2

Increased sebum production dilutes the availability of linoleic
acid and increases the production of interleukin-1-α, trigger-
ing hypercornification and thus comedogenesis.2,22 Increased
sebum production also creates a lipid-rich, microaerophilic en-
vironment favorable to the growth of Propionibacterium ac-
nes. This gram-positive rod releases proteases, hyaluronidases,
lipases, and chemotactic factors that attract neutrophils, T
cells, and macrophages.26 Even after being engulfed by
macrophages, this organism can persist intracellularly.27 Hy-
drolytic enzymes released by macrophages may contribute to
weakening the follicular wall, hastening rupture and the re-
sulting progression of comedo to inflammatory lesion.22 In-
flammatory mediators traverse the follicular wall into the der-
mis and initiate the inflammatory process even prior to wall
rupture.15 Interleukins and tumor necrosis factor-α released
by macrophages and lymphocytes complement activation by
P. acnes, and antibody- and cell-mediated immunologic mech-
anisms activated by P. acnes all participate in the inflammatory
response.2 Finally, a genetic predisposition may exist in which
patients with acne have enhanced cytochrome P450 1A1 activ-
ity, which reduces levels of protective endogenous retinoids.28

Therapy
No known cure exists for acne, but treatment can reduce its
severity and minimize complications of scarring. In most cases,
especially in severe forms, treatment is more an “art” than a
science and must be individualized, depending on the particular
clinical presentation of the patient. The goals of treatment are to
relieve discomfort, improve skin appearance, prevent scarring,
and minimize the psychosocial impact of the condition.

Treatment is largely preventive because little can be done for
existing lesions. Slow improvement over weeks to months is the
rule for all treatments. Patients can generally expect 20%, 60%,
and 80% resolution of lesions within 2, 6, and 8 months, respec-
tively, after effective therapy is begun (slower resolution with
hormonal therapies, faster resolution with oral isotretinoin).15

Therefore, treatment regimens should not be modified more
often than every 6 to 8 weeks. Patients should be counseled on
the basic pathophysiology of acne, proper drug administration
or application technique, delay in onset of therapeutic effect,
potential adverse effects, and steps to take if adverse effects
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Table 39-2 Pertinent Historical Components To Be Obtained
From a Patient With Acne

� Duration, including onset and peak severity
� Location and distribution
� Seasonal variation
� For female patients, relation to menstrual periods, pregnancy status, scalp

hair thinning, contraceptive method (if used)
� Present and past treatments, topical and systemic, prescription and over

the counter
� Family history, including severity
� Other skin disorders or medical problems
� Medications and drug allergies
� Occupational exposure to chemicals or oils
� Skin care routine; use of cosmetics, moisturizers, hairstyling products

(pomades)
� Areas of skin friction or irritation

occur. Clinical practice guidelines are available.4,29,30 Therapy
is tailored to patient-specific data (Table 39-2).

Nondrug Therapy
Nondrug therapy plays a minimal role in the management of
acne. In general, patient education regarding nondrug therapy
boils down to “first, do no harm.” Twice-daily washing with
warm water and a mild facial cleanser is sufficient; acne is
not a disorder of poor hygiene, and aggressive skin washing
and abrasive cleansers needlessly traumatize the skin.15 Ma-
nipulation (e.g., squeezing, picking) of acne lesions should be
strongly discouraged because it can lead to scarring. Drugs
known to cause acne, oil-based cosmetics, and other known
precipitants should also obviously be avoided. However, oil-
free, noncomedogenic moisturizers formulated for facial skin
can improve the penetration and tolerability of many topical
acne drugs by improving the skin’s hydration, especially in pa-
tients with sensitive skin. Many such moisturizers also contain
sunscreen, which is recommended for use with many of the
available acne therapies.16

Dermatologists may use physical modalities to treat acne,
especially as adjuncts to medication in severe cases. Options in-
clude surgical comedo extraction, dermabrasion, cryotherapy,
and experimental light and laser therapies.11,31,32 No prospec-
tive, controlled trials comparing medical and physical mea-
sures for managing severe acne exist. Acne scarring is treated
with dermabrasion, laser therapy, chemical peels, and recolla-
genation, but systematic randomized trials are needed to fully
assess safety and comparative efficacy.11,33,34

Drug Therapy
Although many drugs either alone or in combination may ul-
timately be used in acne treatment, all therapies are based on
treating one or more of the primary pathogenic factors.35,36 Ef-
fective drugs work by (a) normalizing follicular keratinization
(e.g., retinoids, benzoyl peroxide, azelaic acid); (b) decreasing
sebum production (e.g., isotretinoin, hormonal therapies); (c)
suppressing P. acnes (e.g., antibiotics, benzoyl peroxide, aze-
laic acid, systemic isotretinoin); and (d) reducing inflammation
(e.g., antibiotics, retinoids).

Topical therapy is generally preferable for mild to moderate
acne. Common choices include a retinoid for mild comedonal

acne or benzoyl peroxide for mild inflammatory acne, initially
augmented in moderate acne with a course of topical antibi-
otics. Treatments are applied to the entire acne-prone area, not
just to existing lesions, because the mechanisms of action more
effectively prevent than resolve lesions. With topical therapy,
choice of vehicle is as important to treatment success as choice
of drug. Gels and solutions are highly drying and suitable for
oily skin, whereas less drying creams and moderately drying
lotions are preferred in dry and/or sensitive skin; ointments are
generally too comedogenic to be useful in acne. Comedolytic
therapies such as retinoids and benzoyl peroxide are often ini-
tiated at low concentrations and application frequencies using
a vehicle appropriate to the patient’s skin type, and titrated up
in strength, frequency, and drying effect as tolerated to achieve
desired outcomes.

Moderate to severe acne often requires combination ther-
apy using agents with different mechanisms of action, such
as topical benzoyl peroxide and/or a topical retinoid plus a
systemic antibiotic. Hormonal therapies (e.g., oral contracep-
tives) are an option in female patients who are not pregnant and
not planning to become pregnant. Severe acne requires oral
isotretinoin. Because oral isotretinoin addresses every known
pathophysiologic mechanism of acne, combining it with other
medications is unnecessary.

RETINOIDS
Vitamin A and its analogs have been used to treat acne for

more than 50 years.37,38 Retinoids normalize keratinization
by decreasing horny cell cohesiveness and stimulating epider-
mal cell turnover. These actions combine to unplug follicles
and prevent microcomedo formation.39 Retinoids also reduce
inflammation by inhibiting the production of inflammatory
mediators.40 Topical retinoids have no antibacterial properties,
but systemic (oral) isotretinoin indirectly reduces P. acnes col-
onization by reducing the production of sebum, which P. acnes
requires for survival.2 Systemic isotretinoin therefore exhibits
all four of the mechanisms of action outlined previously, mak-
ing it uniquely effective monotherapy.

As the most potent comedolytic agents, topical retinoids
are preferred therapy in mild acne cases with mostly nonin-
flammatory lesions.41 They may also be used in combination
with antibiotics and/or other therapies to manage moderate to
severe acne. They are usually applied once daily at bedtime.
Common side effects include skin irritation, peeling, erythema,
and dryness; patients should be advised to use sunscreen be-
cause the newly exfoliated skin is prone to burn. Patients should
also be warned that acne may initially worsen before improve-
ment is noted,42 although this rarely occurs if topical antibi-
otics are also being used.43 Tretinoin (Retin-A®), also called
all-trans-retinoic acid, is the naturally occurring form of vi-
tamin A acid and is available for topical application as a
cream (0.025%, 0.05%, 0.1%) and gel (0.01%, 0.025%). Newer
dosage forms are less irritating (and more expensive): delayed-
release cream and gel (0.025%; Avita®) and microsphere gel
(0.04%, 0.1%; Retin-A® Micro). Another topical retinoid, ada-
palene (Differin®), is available as a 0.1% cream and gel. It
binds to different receptors than tretinoin44 and has more anti-
inflammatory activity.40 Adapalene is at least as effective as
tretinoin and may cause less skin irritation than other topical
retinoids.45 Irritation from topical tretinoin can darken skin if
used too aggressively in dark-skinned patients, but adapalene
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may reduce hyperpigmentation in such patients.40 The newest
agent in the class, tazarotene (Tazorac®), is available in cream
and gel formulations (0.05% and 0.1%). It may not only be the
most effective, but also the least well tolerated, of the topical
retinoids.42 Among the topical retinoids, only the older dosage
forms of tretinoin are available generically. Topical isotretinoin
is not yet available in the United States. Because benzoyl per-
oxide inactivates tretinoin, combination therapy with these two
agents should be avoided. However, benzoyl peroxide can be
used in combination with either adapalene or tazarotene to
provide potential additive benefit.46

Isotretinoin (Accutane®, AmnesteemTM, ClaravisTM, Sotret®),
a synthetic 13-cis-isomer of tretinoin, has greater pharmaco-
logic activity than tretinoin. It is administered orally as 10-,
20-, 30-, and 40-mg capsules and is the only effective agent
for severe nodular acne. Essentially all patients will respond
to systemic isotretinoin; in most cases, one or two 5-month-
long courses of therapy induce a remission lasting for several
months or even years after the drug is stopped. Use of oral
isotretinoin is perhaps more cost effective than use of long-
term oral antibiotics in patients with severe acne, due to its
superior efficacy and the long-term cost savings realized by a
shorter total duration of therapy.47 The common adverse ef-
fects of systemic isotretinoin, invariably including drying of
skin and mucous membranes, can usually be managed without
having to stop the drug. However, the risk of serious adverse
effects from oral isotretinoin, the high cost of the drug, and its
potential for overuse necessitate strict guidelines for its ratio-
nal use (Table 39-3).29,48 Table 39-4 summarizes common and
significant adverse effects of isotretinoin. Patients should also
be warned that acne may worsen initially because flares occur
in about half of patients.49

Retinoids, even for topical use, must be avoided during
pregnancy because the drug class is notoriously teratogenic.

Table 39-3 Guidelines for Isotretinoin Use in Acne

Patient Selection

Severe nodular acne
Moderate acne, but resistant to combination conventional therapies or

inducing significant scarring
Unusually severe acne variants (conglobata, fulminans)

Dosage and Duration of Therapy

0.5–1 mg/kg/day in two divided doses with food; use lower initial dose to
minimize flaring

Usual course about 20 weeks (best results if cumulative dose reaches
120–150 mg/kg)

Use higher dosage in young patients, males, those with severe acne,
patients with acne involving the trunk (up to 2 mg/kg/day)

Consider pretreatment or concomitant oral corticosteroids for severely
inflamed acne

Relapse Rate

Repeat courses required in 10%–20% of patients, often younger patients
or patients who received lower doses

Allow 2–3 months between courses
Very rarely, patients may require three to five courses

Adapted from references 11, 29, and 58.

A strict risk management program called iPLEDGE regulates
the prescription and distribution of isotretinoin in the United
States.50 The program requires all patients, prescribers, phar-
macies, and even drug wholesalers involved in distribution and
use of the drug to register with a national database. Proper pa-
tient monitoring and education, including negative pregnancy
tests in female patients of child-bearing potential, must be doc-
umented in the database each month before initial or refill
medication can be dispensed to a patient. Female patients of
child-bearing potential must use two forms of contraception
for at least a month before, all during, and for at least a month
following isotretinoin therapy. All isotretinoin patients, male
and female, must refrain from donating blood during or for
a month after therapy to ensure no isotretinoin-contaminated
blood products are unknowingly administered to a pregnant
woman.

BENZOYL PEROXIDE
Topical benzoyl peroxide primarily works as an antibacte-

rial agent, but also has comedolytic properties. Lipophilic, it
penetrates to the site of P. acnes growth and releases oxygen
free radicals that damage bacterial cell walls.51 Because resis-
tance cannot develop to this bactericidal mechanism, benzoyl
peroxide is often paired with oral antibiotics to prevent the de-
velopment of antibiotic resistance. The irritant effects of ben-
zoyl peroxide also cause vasodilation and increase blood flow,
which may hasten resolution of inflammatory lesions. Benzoyl
peroxide improves both inflammatory and noninflammatory le-
sions; it is similar to topical retinoids in improving comedonal
acne and preferred for inflammatory acne.52,53

Benzoyl peroxide is available over the counter (OTC) and
by prescription in a variety of dosage forms (cleansers, lotions,
creams, and gels) and concentrations (2.5%–10%). It is usually
applied to the affected area once or twice daily. Cleansers allow
little contact time compared to other dosage forms, but they can
enhance adherence to therapy when patients must apply med-
ication to the trunk because the cleanser can be conveniently
applied and left on for a few minutes in the shower. Patients
should be instructed to use sunscreen while using benzoyl per-
oxide because the skin is more prone to burn. Patients must
also be advised that benzoyl peroxide can bleach or discolor
towels, pillowcases, rugs, or other fabrics on which it is wiped
or spilled.

Benzoyl peroxide has been associated with tumors in mice,
but long-term use has not been associated with skin cancer.54

The World Health Organization International Agency for Re-
search on Cancer concluded that there is inadequate evidence
to determine the human carcinogenicity risk with benzoyl
peroxide.55

AZELAIC ACID
Azelaic acid 20% cream (Azelex®) carries an indication

for acne vulgaris, while the 15% gel (Finacea®) formulation
is indicated for rosacea. This dicarboxylic acid normalizes
keratinization and also reduces inflammation by suppressing
P. acnes.56,57 P. acnes resistance has not been reported.41

Azelaic acid causes less skin irritation than other top-
ical therapies (except for antibiotics), but may not be as
effective.2,29,58 In addition to being less irritating than other
comedolytic therapies, azelaic acid inhibits tyrosinase and
thereby melanin production, giving it a useful niche in treating
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Table 39-4 Adverse Effects of Systemic Retinoids

Body System Adverse Effect Management

Common, Pharmacologic

Reproductive Teratogenicity (birth defects, premature birth,
neonatal death)

Avoid pregnancy; patients should not donate blood during therapy

Skin Dryness, peeling, pruritus, photosensitivity Use moisturizers, sunscreens, protective clothing; avoid skin waxing,
dermabrasion, and other dermatologic procedures during and 6 months
following therapy

Hair, nails Hair dryness, hair thinning, nail fragility None; discontinue drug if severe
Mucous membranes Cheilitis, dry mouth, dry nose, nosebleeds, dry

eyes, blepharoconjunctivitis
Use lip balms, sugarless gum/candy, saline nasal spray, artificial tears or

ophthalmic ointment; avoid contact lenses; lower dosage if severe or
bothersome

Metabolic Elevated triglycerides, cholesterol; lowered HDL
(rare reports of pancreatitis)

Reduce/eliminate alcohol; consume low-fat diet; consider dosage reduction
or drug discontinuation

Uncommon, Toxic

CNS Pseudotumor cerebri, hearing loss, tinnitus Discontinue drug if patient develops severe headache, nausea, vomiting,
papilledema, visual changes (suggest pseudotumor cerebri) or hearing
changes

Bones Pain
Bone mineral density loss (osteopenia),

premature epiphyseal closure, hyperostosis

Monitor at each visit
Routine monitoring is not recommended for usual durations of therapy

Muscle, ligaments Pain, calcifications Monitor; more likely in physically active patients; discontinue if severe
Eyes Impaired night vision, corneal opacities Patients should use caution when driving
Liver Elevated transaminases; hepatitis Monitor if transaminase elevation is mild; avoid in patients with previous

liver dysfunction; discontinue drug if hepatitis occurs
Hematologic Anemia, neutropenia, thrombocytopenia Monitor CBC
Psychiatric Depression, suicide Monitor for depressed mood and suicidal thoughts

CBC, complete blood count; CNS, central nervous system; HDL, high-density lipoprotein.
Adapted from reference 49.

patients of color with postinflammatory hyperpigmentation.59

A small amount of azelaic acid cream is applied twice daily.
Patients should protect their skin with sunscreen. Due to
its cost and possibly lower efficacy, it is usually reserved
for patients who cannot tolerate benzoyl peroxide or topical
retinoids.

MISCELLANEOUS TOPICAL AGENTS
Salicylic acid, sulfur, and resorcinol have been used for

many years in acne, but are not well studied. Topical sali-
cylic acid, a concentration-dependent keratolytic, is more ef-
fective than placebo, but less effective than topical benzoyl
peroxide or tretinoin.29 It may be useful in patients with mild
acne who cannot tolerate other comedolytics and may aug-
ment the effectiveness of other agents when used in combi-
nation. It is available in nonprescription creams, lotions, and
gels in strengths ranging from 0.5% to 2%. Chronic use over
large body surfaces should be avoided because of the risk of
percutaneous absorption that could cause systemic salicylate
toxicity.46 Sulfur preparations have mild comedolytic proper-
ties, but can produce skin discoloration and odor, and may
be comedogenic with continued use.60 Anecdotally, however,
sulfur products succeed for some patients who have failed first-
line therapies. They are available in strengths of 2% to 10%,
in a variety of vehicles, often in nonprescription combination
products. Resorcinol alone is ineffective,15 but is combined in a
2% concentration with sulfur preparations to enhance the kera-

tolytic effect. It can cause dark scaling on some patients.60 Top-
ical nicotinamide, a form of vitamin B3, appears as effective
as 1% clindamycin gel monotherapy in treating inflammatory
acne.15

ANTIBIOTICS
Acne is not an “infectious” disease per se and is cer-

tainly not contagious. Rather, P. acnes helps transform come-
dones into inflammatory pustules or papules. Antibiotics do
not resolve existing lesions, but they can prevent future le-
sions by decreasing P. acnes colonization. Antibiotic courses
used in acne are months long, unlike the short courses used
in most infectious diseases. One reason for this may be that
P. acnes colonies encase themselves within a polysaccharide
biofilm that shields them from antibiotics.26 Another is that
antibiotics can exert anti-inflammatory effects independent of
their antibacterial activity. Tetracyclines and macrolides can
reduce neutrophil chemotaxis and inhibit cytokines, even at
subminimal inhibitory concentrations.61,62 As a result, clini-
cal efficacy does not correlate perfectly to reductions in bac-
terial load; unlike in standard antibiotic treatment, success-
ful antibiotic courses do not necessarily eradicate P. acnes.63

Just 20 mg orally twice daily of doxycycline, far lower than
usual doses, was shown to reduce acne lesion counts despite
causing no changes in the numbers or resistance patterns of
bacteria on the skin surface.64 However, the efficacy of this
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regimen has not been compared to that of traditional regi-
mens.

Topical Antibiotics
Topically applied antibiotics avoid systemic exposure and
achieve high follicular concentrations. They can augment top-
ical retinoids when initiating therapy in mild to moderate acne
cases involving inflammatory lesions, or they can be added
to patients failing benzoyl peroxide monotherapy.65 Topical
antibiotic monotherapies are more effective than placebo, but
they are not superior to benzoyl peroxide monotherapy.46,66

Topical antibiotic and benzoyl peroxide combinations outper-
form either ingredient alone.46,65

Clindamycin and erythromycin are most commonly used.
Clindamycin (e.g., Cleocin T®) is available as a 1% gel, lo-
tion, solution, and foam; 1% gel in combination with 5% ben-
zoyl peroxide (BenzaClin®, DuacTM); and 1.2% gel in com-
bination with 0.025% tretinoin (ZianaTM). Erythromycin (e.g.,
Erygel®) is available as 2% solution, gel, ointment, and pled-
gets, and as 3% gel in combination with 5% benzoyl perox-
ide (Benzamycin®). Sodium sulfacetamide is not as well stud-
ied, but offers an option in patients who have failed first-line
agents.3 It is available at 10% strength, often with 5% sulfur,
in a variety of vehicles.

Topical antibiotics are usually applied once or twice a day
for 2 to 3 months. Although rare reports of systemic side effects
exist, topical effects such as stinging and tingling are the most
common adverse effects, and even these occur more rarely with
topical antibiotics than with other topical therapies.

Oral Antibiotics
Oral antibiotics should be paired with topical retinoids and/or
benzoyl peroxide in patients with moderate to severe acne, es-
pecially if lesions are in widespread or difficult-to-reach areas.
Oral antibiotics can also replace topical antibiotics when other
topical combination regimens fail.

Tetracycline and doxycycline are effective.67 Minocycline
is sometimes tried if other antibiotics fail, but is significantly
more expensive and not clearly better in efficacy, even in resis-
tant acne.68 It is also associated with a higher rate of serious
adverse effects than other tetracycline antibiotics (Table 39-5).
Tetracyclines cannot be prescribed in children due to potential
impairment of bone growth and discoloration of forming teeth.
Pregnant women must avoid tetracyclines due to similar effects

Table 39-5 Potentially Serious Adverse Effects Associated
With Minocycline

� Lupuslike syndrome
� Necrotizing vasculitis of uterine cervix
� Hepatotoxicity
� Eosinophilic pneumonitis
� Polyarteritis nodosa
� Arthralgia, arthritis, or other autoimmune phenomena
� Intracranial hypertension or pseudotumor cerebri
� Discoloration or hyperpigmentation of the skin or gums
� Hypersensitivity (e.g., fever, rash, neutropenia, eosinophilia)

Adapted from references 68 and 95.

Table 39-6 Frequently Used Oral Antibiotics

Drug Initial Dose Maintenance Dose

Doxycycline 100 mg PO BID 100 mg PO daily
Tetracycline 500 mg PO BID 250–500 mg PO daily
Minocycline 50–100 mg PO BID 50–100 mg PO daily
Erythromycin 250–500 mg PO BID 250–500 mg PO daily
Trimethoprim/

sulfamethoxazole
160/800 mg PO BID 160 mg/800 mg PO daily

Adapted from reference 77.

on the fetus. Trimethoprim-sulfamethoxazole is effective, but
has a less favorable side effect profile than tetracyclines.11 Ery-
thromycin is associated with higher rates of resistance, but can
be useful in patients who cannot use the drugs previously men-
tioned, such as pregnant women. Azithromycin has also been
studied.69,70 Clindamycin is not used systemically to treat acne
due to the risk of pseudomembranous colitis.

Oral antibiotics are initiated with twice daily dosing for 6
to 8 weeks; if a good clinical response is noted, dose frequency
may be reduced to once daily for maintenance (Table 39-6).
To minimize the emergence of bacterial resistance, the patient
should attempt to discontinue antibiotic therapy after achieving
treatment success for a few months.

Antibiotic Resistance
Resistance of P. acnes to antibiotics frequently used for acne is
increasing and correlates to prescribing patterns. Erythromycin
resistance is highest; clindamycin resistance follows similar
patterns, and cross-resistance between these two agents is
high.71 More than half of European patients harbor resistant
bacteria.72 At one British site, resistance rates almost dou-
bled over a span of 6 years.71 Resistance to tetracyclines is
less common and is increasing at a slower rate than resistance
to other antibiotics. Nonetheless, up to 20% of European pa-
tients and nearly one-third of patients in the United States are
colonized with tetracycline-resistant strains (reflecting higher
historical use of tetracyclines to treat acne in the United States
than in Europe).63,71 One reason tetracycline resistance may
lag behind erythromycin and clindamycin resistance is that, in
environments free of tetracycline, tetracycline-resistant bacte-
ria do not grow as well as susceptible bacteria. Because the
genetic material that allows survival in tetracycline-containing
environments is a liability in normal environments, selection
pressure reduces resistance levels once tetracycline use is dis-
continued. However, erythromycin/clindamycin-resistant bac-
teria grow about as well as susceptible strains in antibiotic-
free environments, so resistance to these antibiotics fades
less quickly after antibiotic use stops.71 Tetracycline resis-
tance is often accompanied by erythromycin and clindamycin
resistance.63

The increasing rates of antibiotic resistance have had limited
impact on prescribing patterns because resistance is not consis-
tently linked to treatment failure in prescribers’ everyday clin-
ical experience, and research on the significance of resistance
has been conflicting and sparse. However, notwithstanding
the extra-antimicrobial mechanisms of action of antibiotics,
bacterial resistance to erythromycin and tetracyclines has
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appeared to cause higher rates of treatment failure in the few
trials that have specifically examined this issue.73–75 Increas-
ing bacterial resistance is also postulated to explain why recent
clinical trials of erythromycin obtain far lower efficacy rates
than trials from earlier decades.76 Although acne treatment
failure may not be clearly linked to antibiotic resistance, it is
also not the only possible consequence. Acne patients are like-
lier to carry not only resistant P. acnes, but also resistant strains
of more clinically significant pathogens such as Streptococci
and Staphylococci.63,65 As a result, guidelines increasingly
emphasize that antibiotics should be reserved for acne of at
least moderate severity; should be used for courses of no
more than 3 to 6 months’ duration; and should not be used as
monotherapy, but rather should be teamed with drugs exerting
additional mechanisms of action. Furthermore, combinations
of two antibiotics should be avoided.29,30,63,65,66,77 Many pre-
scribers habitually extend patients’ antibiotic therapy almost
indefinitely to prevent relapse, but studies show that topical
retinoids can be as effective as antibiotics for maintenance
therapy after successful courses of antibiotics.78

HORMONAL THERAPIES
Hormonal therapies with antiandrogenic effects, such as an-

drogen receptor antagonists and combination oral contracep-
tives, are the only treatments besides oral isotretinoin to attack
acne by reducing sebum production. Hormonal therapies may
be helpful in patients with normal serum androgen levels, as
well as in patients with elevated serum androgen levels, be-
cause hypersensitivity to androgens sometimes occurs at the
follicular level despite normal circulating androgen levels.79

Well-conducted comparative studies are needed to clarify the
place of these therapies relative to other treatments suitable
for moderate to severe acne, such as antibiotics, but they are
good options for women with acne who are not pregnant and
not planning to get pregnant.80 However, their systemic effects
limit the use of hormonal therapies to female patients, and be-
cause of their “upstream” mechanism of action, response to
hormonal therapies can be delayed 3 to 6 months.58

Androgen Receptor Antagonists
Cyproterone (Androcur®), an antiandrogen with orphan drug
status in the United States, and the antiandrogenic progestins
chlormadinone and dienogest are each available abroad in com-
bination with ethinyl estradiol in contraceptive products that
have been shown to improve acne.81 More accessible to U.S.
patients, spironolactone (Aldactone®) is an androgen recep-
tor antagonist and inhibits 5-α-reductase.82 Doses of 50 to
200 mg/day have been used successfully in acne due to
its antiandrogenic effects,83 although higher-quality data are
needed.84 Flutamide (Eulexin®), an antiandrogen licensed
for metastatic prostate cancer, is effective but potentially
hepatotoxic.82 Antiandrogens are avoided in males because
gynecomastia is likely to develop. Female patients not taking
concomitant estrogens often develop menstrual irregularities
when taking these drugs. Patients must use contraception be-
cause antiandrogen exposure impairs the sexual development
of male fetuses.83

Combination Oral Contraceptives
Estrogen, usually administered as ethinyl estradiol in a cy-
cled combination oral contraceptive (OC), improves acne in
females by reducing ovarian androgen production and by in-
creasing sex hormone binding globulin concentrations in the
serum, thereby lowering free testosterone levels.79 The manu-
facturers of Ortho Tri-Cyclen® (ethinyl estradiol, norgesti-
mate), Estrostep® Fe (ethinyl estradiol, norethindrone acetate),
and Yaz® (ethinyl estradiol, drospirenone) specifically sought
and obtained U.S. Food and Drug Administration approvals
for acne indications, but acne improvement may be seen with
any combination OC relative to baseline. Studies of ethinyl
estradiol in combination with levonorgestrel, desogestrel, or
gestodene (not available in the United States) demonstrate ef-
ficacy in acne for those products as well.80 Comparative trials
have not yet clearly established clinically significant superior-
ity of one product over another.79,80,85 In individual patients,
products containing progestins with androgenic effects (e.g.,
norgestrel, levonorgestrel) may override the effect of ethinyl
estradiol and worsen acne. Conversely, patients already on a
combined OC may improve when switched to a formulation
with a less androgenic progestin.81 Other estrogen-containing
contraceptives (transdermal patches, vaginal rings) may have
similar beneficial effects to OCs, but studies have not been
conducted.

CORTICOSTEROIDS
Although corticosteroids sometimes cause acne, under

some circumstances they can be used to treat severe acne. To
avoid potentially severe flaring when oral isotretinoin is be-
gun, patients may pretreat 1 to 2 weeks with prednisone 40 to
60 mg/day and continue concomitant prednisone for the first
2 weeks of isotretinoin therapy.11 Corticosteroids are used con-
comitantly with isotretinoin when treating acne fulminans to
decrease the inflammatory response.15 In acne patients with di-
agnosed adrenal hyperplasia, prednisone 5 to 10 mg/day may
be given in the evening to suppress diurnal corticotropin release
and thus adrenal hypersecretion of endogenous steroids.86 In-
tralesional triamcinolone injections markedly improve severe
nodules, but repeated or careless use of the technique can lead
to atrophic scarring.4 Topical application of corticosteroids is
not effective.

CLINICAL ASSESSMENT

1. L.Y., a fair-skinned, 15-year-old, Caucasian girl presents
to her physician complaining of worsening “zits.” Several of her
classmates are taking antibiotics for acne, and she wants to move
up from nonprescription treatments to “strong medicine.” The
problem began when she was 13 and has progressively worsened.
At first, lesions occasionally appeared on her chin and forehead;
now she consistently has four to eight lesions, which have spread
to her cheeks and nose. She uses a nonprescription 10% benzoyl
peroxide gel as needed on lesions when her acne “gets really bad,”
but it is too drying for everyday use. She tried a “medicated”
soap in the past, but stopped because it caused excessively dry
skin. She has no other medical problems and takes no chronic
prescription medications. She has had normal menstrual periods
since menarche at age 12. Both her older brothers have acne,
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one mild and one severe. L.Y. denies alcohol, tobacco, or illicit
drug use. She has a boyfriend but denies sexual intercourse. After
school, she works part time at a fast food restaurant, plays varsity
tennis, and practices violin. She wears a sweatband around her
head while playing tennis and uses a hair styling gel.

Examination reveals three pustules and two closed comedones
on her forehead, three papules on her cheeks and chin (which
are covered with makeup), two well-healing areas on her nose,
and no open comedones or nodules. Her skin is only slightly oily.
Her chest, back, and arms are clear. She has no facial hair, and
her voice is normal in pitch. What are the key components in the
clinical assessment of L.Y.’s acne?

The clinical assessment of L.Y.’s acne should include eval-
uating each of the following factors:

� Type, number, and distribution of lesions. This patient has
relatively few lesions that are mostly inflammatory (pustules)
and located on the face.

� Contributing factors such as family history of acne (noted in
brothers), work-related exposures (oils from fast food restau-
rant), systemic or topical medications, cosmetic or hair care
products (makeup and hair gel), or mechanical pressure on
the skin (sweatband and violin chin rest).

� Hormonal influences that indicate androgen excess or atypi-
cal menstrual cycles. This patient has no signs of virilization
(normal voice and lack of facial hair), and her menstrual pe-
riods are normal.

� A detailed medical history. This patient is healthy and does
not have epilepsy, liver disease, alcohol abuse, or dyslipi-
demia.

� Effectiveness of current or past treatments. This patient’s re-
sponse to two therapies was suboptimal, but because she used
them erratically, effectiveness is difficult to assess.

� Psychosocial impact of acne on her quality of life. This ap-
pears to be very important to her based on her plea for effec-
tive therapy.

2. What subjective and objective data support a diagnosis of
acne vulgaris?

This patient’s age (teenager) puts her in the highest preva-
lence category. The facial distribution of lesions, while sparing
most other areas, further supports acne, as does a positive fam-
ily history. The fact that her condition has waxed and waned
but progressively worsened is consistent with acne. Her condi-
tion also worsened because of mechanical irritation caused by
sweatband use and violin playing. The lesion type and severity
rule out more severe variants such as gram-negative folliculitis
or acne fulminans.

MILD ACNE
Benzoyl Peroxide

3. Evaluate L.Y.’s current acne medication regimen.

L.Y.’s current antiacne regimen is suboptimal, which ex-
plains her progressively worsening course. Benzoyl peroxide
is excellent for mild to moderate inflammatory acne, but 2.5%
and 5% concentrations are less irritating than 10% concentra-
tions and equally effective overall.87 The product is failing to

control L.Y.’s acne because she applies it infrequently to exist-
ing lesions only. Routine use over the entire susceptible area is
required for long-term acne control.

4. Why should other treatment options be avoided at this time?

Topical retinoids are more expensive and may not be as ef-
fective for inflammatory lesions as benzoyl peroxide. Azelaic
acid is more expensive and should be reserved for patients who
cannot tolerate other comedolytic topical therapies. A course of
topical antibiotics may be added if appropriate benzoyl perox-
ide therapy is ineffective. Oral antibiotics should not be added
because her acne is mild and distributed in a small area. Al-
though oral isotretinoin would be very effective, it is not war-
ranted at this time because of high cost, significant bothersome
adverse effects, need for close monitoring, and potential terato-
genicity. Combination oral contraceptives would have been a
reasonable choice if L.Y. were sexually active or had menstrual
abnormalities.

Skin Irritation

5. How can L.Y. reduce the risk of developing skin irritation
and dryness while using benzoyl peroxide?

Topical application of benzoyl peroxide may cause tran-
sient warmth or stinging, significant drying, or skin irritation.
Mild skin redness or drying is acceptable and indicates proper
dosage and optimal therapeutic response. Factors that worsen
skin irritation include increased benzoyl peroxide concentra-
tion and contact time, gels or lipophilic vehicles, thin and
sensitive skin, low environmental humidity, use of irritating
adjunctive therapies, and increased application frequency.88

Initiating regular benzoyl peroxide use in a less drying vehicle
(cream) and at lower strength (2.5%) would minimize the risk
of intolerable skin irritation while still achieving the desired
therapeutic effect. L.Y. could apply the product every other day
for the first week or two, and then advance to daily application
as tolerated. The cream should be applied at bedtime, ideally
half an hour after washing the face with a mild cleanser, and
washed off in the morning (or after several hours, if excessive
skin dryness or peeling occurs). In a few weeks, she may be
able to tolerate a second daily application half an hour after
washing the face in the morning. L.Y. should be reminded of
the product’s potential to bleach fabrics.

To minimize skin irritation, L.Y. should also discontinue
use of medicated cleansers. Oilfree moisturizer increases skin
hydration and comfort, and can perform double duty if it also
contains sunscreen. Patients using benzoyl peroxide should use
a sunscreen every day that blocks ultraviolet (UV) light in both
A and B wavelengths and that provides a sun protection factor
(SPF) of at least 15. (See Chapter 41 for a more detailed discus-
sion of sunscreens.) If L.Y. is applying benzoyl peroxide in the
morning, she should apply it before applying the moisturizer
with sunscreen.

Topical Antibiotics

6. How should L.Y.’s benzoyl peroxide therapy be modified if
the desired effect is not achieved?
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If L.Y. notices no improvement after 6 to 8 weeks of consis-
tent twice-daily use and feels like the product is not having any
effect on her skin, she should switch to gel and/or increase the
strength of her benzoyl peroxide. Titration should continue to
the point of mild, tolerable skin irritation. Alternatively, if she
experiences inadequate improvement despite 6 to 8 weeks of
benzoyl peroxide therapy strong enough to cause mild redness
and drying, she should be given a course of topical antibiotics,
applying the antibiotic in the morning while benzoyl peroxide
is applied at bedtime. Combination products are convenient
but often expensive; a recent community-based trial found no
advantage, in efficacy or in preventing antibiotic resistance, to
using Benzamycin® (3% erythromycin, 5% benzoyl peroxide
gel) twice daily over 2% erythromycin gel in the morning and
benzoyl peroxide 5% gel in the evening.75 If a 2- to 3-month an-
tibiotic course is successful, L.Y. should continue maintenance
therapy with just benzoyl peroxide.

Adverse Effects to Topical Medications

7. R.P., a fair-skinned, 17-year-old Hispanic male, has been us-
ing a benzoyl peroxide 5% gel (Benzac®-W) for 2 months. Since
he began using this treatment, his acne has slightly improved. The
treatment caused some peeling at first, but soon only barely no-
ticeable redness and dryness. About 1 week ago, he began noticing
significant redness and itching in the areas where he had applied
the gel. He denies any changes in sun exposure or skin care rou-
tine. He stopped using the medication until last night, when the
irritation had almost resolved. Last night, he attempted to re-
sume benzoyl peroxide therapy. Within 10 minutes after applying
a small amount of gel, his skin became reddened, and began to
burn and itch. He immediately washed the area well with cool,
soapy water, but the skin irritation prevented him from getting a
good night’s sleep. The area is better this morning, but remains
red and itchy. Currently, his acne consists of several noninflam-
matory and about 10 inflammatory lesions located primarily in
the T-zone (forehead and nose). Is this a typical adverse reaction
to benzoyl peroxide?

No. Because sun exposure or dryness from a change in
skin cleanser did not appear to provoke the skin reaction, it is
unlikely due to benzoyl peroxide’s direct irritating effects. The
intense itching and burning following rechallenge is more con-
sistent with an allergic-type contact dermatitis, which occurs
in up to 2.5% of patients.46 Those who develop such contact
dermatitis should discontinue benzoyl peroxide use.

8. R.P.’s treatment with benzoyl peroxide was discontinued.
What alternative therapy is indicated at this time?

After the allergic reaction has resolved, R.P. should re-
sume comedolytic therapy with a more tolerable formulation
of tretinoin, or with adapalene or azelaic acid. Because ben-
zoyl peroxide monotherapy was not achieving optimal results,
therapy can be intensified by adding a course of topical clin-
damycin. Erythromycin is more associated with the develop-
ment of resistance than clindamycin, and benzoyl peroxide
cannot be used concomitantly to prevent resistance. The entire
face, not just the lesions, should be treated for optimal results.
An oral antibiotic is not indicated at this time because only a
small area is affected.

MODERATE ACNE

9. R.P. moved away to go to college and returns for follow-
up care after 2 months. He has been applying Ziana® gel (1.2%
clindamycin and 0.025% tretinoin) regularly. Nevertheless, his
inflammatory lesions have increased in number and have spread
to his chest and back. He has one painful nodule on his cheek and
another on his back. R.P. is embarrassed by the appearance of his
skin, especially on his trunk, which is exposed when he wears his
basketball jersey while playing on the school team. How would
you assess his acne now? Why might his acne be worsening?

R.P.’s acne is now moderate in severity, as defined by the ex-
tensive distribution of lesions. For unknown reasons, perhaps
hormonal changes that are increasing keratinization of the pi-
losebaceous unit, the acne has clearly progressed. The hot and
humid conditions associated with playing basketball and po-
tentially colonization with clindamycin-resistant P. acnes, or
the stress of college, may also be contributing to his acne flare.

Systemic Antibiotics

10. Suggest modifications to R.P.’s treatment regimen to help
him achieve better control of his acne. Provide a rationale for
your choice.

Because R.P.’s lesions are primarily inflammatory in nature,
antibiotics remain a good choice. However, the area affected
is more widespread, so oral antibiotics should now be used in
addition to a topical retinoid. Topical clindamycin should be
discontinued, a retinoid-only topical product initiated (perhaps
adapalene, or the higher concentration of tretinoin available
as microsphere gel, if the patient can afford it), and doxycy-
cline initiated at 100 mg PO BID with food. Doxycycline may
cause gastrointestinal effects such as heartburn, nausea, and
diarrhea, and dermatologic effects, such as rash and photosen-
sitivity. Patients should be advised to take the drug with a full
glass of water to avoid esophageal erosions from prolonged
esophageal contact, and to wear protective clothing and use
UV-A/UV-B sunscreen with an SPF of at least 15 on a daily
basis. Because tetracycline may cause less photosensitivity, it
may be an alternative to doxycycline if the patient spends a lot
of time outdoors (although a sunscreen should still be used).77

However, tetracycline must be taken at least 1 hour before or 2
hours after eating because food, particularly dairy, impairs its
absorption.

If gram-negative folliculitis is suspected, oral trimetho-
prim/sulfamethoxazole should be considered. However, this
is probably not the case in this patient. Rather than contin-
ued gradual deterioration, gram-negative folliculitis usually
presents as worsening of acne in long-term antibiotic patients
whose control had improved. Gram-negative organisms over-
grow in the anterior nares and cause pustules on the central and
lower face, often in the nasolabial folds. With their usual his-
tory of multiple antibiotic courses, gram-negative folliculitis
patients often require isotretinoin therapy.58

11. How should R.P.’s doxycycline regimen be monitored and
the dosage adjusted?
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If tolerated, doxycycline should be continued for 6 to 8
weeks, at which point changes can be made if there is no
improvement.75,77 If therapy is effective at that point, the fre-
quency can be lowered from BID to daily to minimize the risk
of adverse effects (the same could be done for any of the other
frequently used antibiotics; Table 39-6).77 Routine laboratory
monitoring is not necessary for most young, healthy patients re-
ceiving long-term oral tetracyclines or erythromycin because
the incidence of serious adverse effects is low.89 Antibiotics
should be discontinued after the acne has been controlled for
about 2 months in order to limit antibiotic exposure; courses
are generally 3 to 6 months long. Longer courses are associ-
ated with little additional clinical improvement, but with the
development of antibiotic resistance.65 Topical retinoid ther-
apy should continue during doxycycline therapy and then af-
ter the antibiotic course to maintain treatment benefit. If R.P.
relapses again in the future after successful use of an oral
antibiotic, another course of the same antibiotic should be
used.77

Retinoids in Postinflammatory Hyperpigmentation

12. J.H., a 23-year-old African American woman with medium
brown skin tone, has had acne vulgaris for the past 10 years. Dur-
ing this time, she has tried several medications. Benzoyl perox-
ide was somewhat helpful, but even low concentrations caused
excessive irritation. She also tried extended courses of topical
erythromycin and clindamycin, with little clinical improvement.
Oral tetracycline was moderately effective, but caused her to get
frequent yeast infections. A year ago, she began using Yaz® for
contraception and has noticed improvement in her acne as well.
However, she still has about 20 open and closed comedones on her
forehead, cheeks, and chin. She has 2 papules on her nose and 1
papule along the jawline. J.H.’s biggest concern about her skin is
that lesions “take forever to clear completely.” She shows you 8
hyperpigmented macules on her cheeks and forehead at the sites
of lesions that healed over the past 6 months. Recommend a new
treatment strategy for J.H.

Because J.H.’s acne is mostly comedonal, a topical retinoid
would likely be an effective addition to the hormonal ther-
apy provided by her contraceptive. However, given her history
of sensitive skin and propensity toward postinflammatory hy-
perpigmentation (PIH), it is important that therapy not be so
irritating as to prompt severe inflammation. Adapalene would
be a good option because it has less irritation potential than
tretinoin and can reduce PIH as well. Cream is a less irritating
vehicle than gel. She should apply the cream to her entire face
every night. Some acne might appear worsened within the first
1 to 2 weeks because preclinical lesions may become visible.
Sun exposure significantly intensifies skin irritation, so all pa-
tients regardless of skin color (and especially those prone to
PIH) should be instructed to apply sunscreen to sun-exposed
areas when using comedolytic therapies.90 It is also important
to ask J.H. about her skin care regimen and use of hair products
to identify the use of any counterproductive cleansing strate-
gies or comedogenic hair pomades.

Like many patients with PIH, J.H. is more distressed by
the splotchy aftermath of her acne than by the acne itself.20

She should be assured that the adapalene cream will likely aid
the resolution of her current hyperpigmentation in addition to

interrupting the comedogenic process behind future lesions. If
the hyperpigmentation shows no signs of improvement when
J.H. returns for follow-up in 6 weeks, once- or twice-daily
application of nonprescription skin-lightening hydroquinone
2% cream can be added to speed resolution.19 Hydroquinone
is applied only to the areas of hyperpigmentation and only
until they fade, typically 1 to 3 months. If it is being applied at
the same time of day as acne medication, it should be applied
following the acne medication.

SEVERE ACNE
Isotretinoin
Dose

13. Four years ago, K.S., an olive-skinned, 24-year-old, Hispanic
woman, was diagnosed with moderate noninflammatory and in-
flammatory acne that was primarily located on her face and back.
She tried topical benzoyl peroxide and systemic erythromycin
with limited success. Two years ago, she was diagnosed with poly-
cystic ovary syndrome and began taking Ortho Tri-Cyclen®, after
which her acne improved but remained inadequately treated. Five
months ago, she also began taking minocycline 100 mg PO BID.
After a few months, she experienced significant improvement, but
she has not been able to reduce her dosage to 100 mg daily because
of predictable flare-ups. In fact, her acne has worsened over the
past 2 months, and she now has at least a dozen nodules widely
distributed among multiple papules and pustules on her face and
back.

K.S. is 5′6′′ and weighs 180 lb (81.8 kg). She has no other
health problems. She does not smoke, but she occasionally drinks
three to four alcoholic beverages on weekends. She is sexually ac-
tive with one partner, her husband. A month ago, a comprehen-
sive metabolic panel, thyroid-stimulating hormone level, complete
blood count with platelets, and lipid panel were normal. Suggest
a therapeutic plan for K.S.’s acne.

K.S. has severe acne based on the large number of lesions,
wide distribution on multiple body sites, and presence of mul-
tiple inflammatory lesions, including nodules. The most effec-
tive medication for K.S. will be oral isotretinoin at an initial
dose of 20 mg twice daily (approximately 0.5 mg/kg). The
dosage should be increased to 40 mg twice daily (1 mg/kg)
as tolerated after 1 month. A single treatment course is most
effective if a cumulative dose of approximately 120 mg/kg,
which should take almost 5 months to complete, is attained.
Higher dosages are associated with an increased risk of adverse
effects. K.S. should stop taking minocycline when isotretinoin
therapy begins because isotretinoin is effective monotherapy,
and coadministration of isotretinoin and tetracyclines increases
the risk of intracranial hypertension.77 Her acne should signif-
icantly improve within the first month of therapy and gradually
resolve by the third or fourth month. A second course of therapy
is usually not necessary.

Teratogenicity

14. What should K.S. be told about avoiding pregnancy while
taking isotretinoin?

Because of isotretinoin’s teratogenic effects (e.g., severe
birth defects, premature birth, neonatal death), the iPLEDGE
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program emphasizes repeated patient education regarding
contraception.91 The program requires that all female patients
of child-bearing potential use two forms of contraception, of
which at least one must be a “primary” method, for a month
before, all during, and for a month after therapy. K.S. is already
using an approved primary method with Ortho Tri-Cyclen®;
approved primary methods include bilateral tubal ligation,
partner’s vasectomy, some intrauterine devices, or hormonal
methods (other than progestin-only minipills). However, she
must also begin using a backup method, such as condoms.
The program requires that all female patients of child-bearing
potential must have two negative pregnancy tests before be-
ginning isotretinoin therapy, one at the time of screening and
then another, from an appropriately certified laboratory, after
a month on their chosen contraception regimen. The program
also requires a negative pregnancy test before each monthly
refill is prescribed, immediately after therapy, and a month
following therapy. K.S. and her prescriber will both have to
verify with the program on a monthly basis that she has been
counseled again regarding contraception. K.S. must also be
reminded to avoid donating blood during therapy and for a
month following therapy because blood products created from
her donation could potentially be used in pregnant patients.

Laboratory Monitoring Parameters

15. In addition to the pregnancy testing discussed, which base-
line and periodic laboratory monitoring parameters should be
followed in this patient?

Before beginning isotretinoin therapy, baseline values for
the following laboratories should be obtained for all patients,
male and female: a fractionated lipid panel; a liver function
panel, including both serum transaminases and bilirubin; and
a complete blood count, including platelets.11,29

If a particular patient’s other medical history suggests poten-
tial risk, providers might order baseline serum glucose levels,
erythrocyte sedimentation rate, and creatine phosphokinase.92

For accurate triglyceride results, the blood sample should be
collected at least 36 hours after alcohol consumption and 10
hours after eating food. The laboratory results measured a
month ago will suffice for K.S. because they likely would not
be significantly different now.

A fractionated lipid panel should be redrawn 4 weeks and
8 weeks into isotretinoin therapy to document the effect of
the drug.11 About 20% of patients develop significant triglyc-
eride elevations.49 Triglyceride levels >400 mg/dL should be
treated with diet and reduced alcohol intake; monthly mon-
itoring should continue throughout isotretinoin therapy. In
the unusual event that triglyceride levels exceed 800 mg/dL,
isotretinoin should be discontinued, or continued at a reduced
dosage with concomitant gemfibrozil therapy to reduce the
risk of pancreatitis.11 If pancreatitis develops, isotretinoin must
be discontinued. High-density lipoprotein concentrations may
decrease slightly, and total cholesterol concentrations may in-
crease during isotretinoin therapy; however, the clinical signif-
icance is unknown. These lipid abnormalities usually resolve
within several weeks of completion of therapy.49

Liver function tests and blood counts only need to be re-
drawn during therapy if symptoms suggestive of hepatitis or
blood dyscrasias appear,11 although some guidelines suggest
periodic monitoring.29 Mild elevations in serum transaminases

may simply be monitored if they occur. However, isotretinoin
dosage reduction or drug discontinuation should be considered
in asymptomatic patients with persistent enzyme elevations
greater than twice the upper limit of normal. Clinical hepatitis
occurs rarely, but requires drug discontinuation if suspected.

Adverse effects on bone such as hyperostosis, premature
epiphyseal closure, and reduced bone mineral density have not
been observed when isotretinoin is used at the doses and dura-
tions typical in acne treatment, so monitoring for this toxicity is
not required unless a patient is undergoing multiple isotretinoin
courses or has pertinent medical history.29,48

Adverse Effects

16. How should K.S. be counseled with regard to adverse effects
of isotretinoin?

Severe photosensitivity can occur in any patient taking
isotretinoin; K.S. should be advised to wear protective clothing
and to use UV-A and UV-B blocking, high-SPF sunscreen daily,
even if she does not anticipate sun exposure. She should also
be cautioned about limiting alcohol consumption, which can
enhance isotretinoin-induced hypertriglyceridemia and hepa-
totoxicity. She should expect significant skin and mucous mem-
brane dryness, which is reported by virtually all patients taking
isotretinoin. Another possible adverse effect is muscle or joint
pain, especially if she exercises more than usual. She should
avoid waxing, dermabrasion, and other skin procedures dur-
ing and for 6 months after therapy because her skin would be
likelier than usual to scar. She should drive with caution, pay-
ing attention to any potential vision changes, particularly at
night. Bone growth is not impaired when isotretinoin is used
in recommended dosages. Refer to Table 39-4 for a list of other
noteworthy potential adverse effects caused by isotretinoin.

17. The package insert for isotretinoin warns against possible
drug-induced depression. How significant is this risk?

Isotretinoin product labeling includes a warning that
isotretinoin may cause depression, including suicide attempts,
psychosis, and violent behavior. Case reports suggest that
isotretinoin causes psychiatric symptoms in some patients.
However, severe acne is itself associated with depression,
and prospective trials and literature reviews have not estab-
lished a causal relationship between isotretinoin and depressive
symptoms.93 Although the absolute risk is low, drug-induced
depression is a possible idiosyncratic reaction to isotretinoin in
individual patients. In any case, all patients with severe acne,
whether receiving isotretinoin or not, should be monitored for
the development or worsening of depression.29

18. After 3 weeks of therapy, K.S. complains of dry eyes, dry
skin, and cracks with bleeding at the corners of her mouth. How
might these bothersome mucocutaneous side effects be managed?

K.S. should use artificial tears to relieve the discomfort of
her dry eyes; if she is still uncomfortable after several days,
she can also apply lubricating ophthalmic ointment at bedtime.
Dry skin may be treated with frequent application of mois-
turizer, particularly after bathing (see Chapter 38). Frequent
application of a lip balm or emollient, ideally one containing
sunscreen, is recommended to treat cheilitis. If the symptoms
become intolerable, a small reduction in the isotretinoin dose
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(e.g., reduction of 10–20 mg/day) usually decreases the inten-
sity of skin and mucous membrane reactions. Drug discontin-
uation is rarely necessary.49
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Epidemiology
Psoriasis, a chronic, proliferative skin disease is one of the
most common immune-mediated disorders occurring in 1.5%
to 3% of the population worldwide, with northern Europeans
and Scandinavians affected most.1,2 It is characterized by
well-delineated, thickened erythematous epidermis or dermal
plaques covered with a distinctive silvery scale. Of patients,
75% present with symptoms of psoriasis before the age of 46
years.2 A family history of psoriasis is found in nearly half of
patients. At least nine chromosomal loci have been identified
that increase psoriasis susceptibility.3,4 The primary genetic
determinant is PSORS1, a region of the major histocompata-
bility complex on chromosome 6p2, which accounts for 35%
to 50% of the heritability of the disease.2,3 Environmental trig-
gers also play a major role in disease expression.

Pathogenesis
Innate and adaptive immunity are both involved in the initia-
tion and maintenance of psoriatic plaques. Indeed, because the
epidermis is the body’s main barrier to environmental insult,
epidermal hyperplasia forms a key component of the innate
immune response. Natural killer cells and natural killer T cells
are part of the cutaneous inflammation in psoriasis.5

As CD4+ and CD8+ T-lymphocytic cells constitute most
of the leukocyte infiltrate found in plaques early in the devel-
opment of lesions, current evidence supports an autoimmune
mechanism for psoriasis. Cytokines such as interferon-α2 or
interleukin 2 are also found in psoriatic plaques.6 T cells in
the cutaneous infiltrate are positive for cutaneous lymphocyte-
associated antigen (CLA), a marker for skin-homing leuco-
cytes. Pathogenesis also involves vascular and inflammatory

changes, which precede epidermal changes.7 The alterations
in the dermal vasculature also appear to be a result of angio-
genesis, the development of new blood vessels, similar to a
number of other disease processes, including tumor growth.
Many commonly used therapeutic agents for psoriasis have
antiangiogenic activity.1

The epidermal changes of psoriasis are based on the time
required for affected epidermal cells to travel to the surface and
be cast off, which is markedly reduced (3–4 days, vs. 26–28
days in normal cells).8 This sixfold to ninefold transit time de-
crease does not allow the normal events of cell maturation and
keratinization to take place and is reflected clinically as dif-
fuse scaling. T cells contribute to this keratinocyte hyperpro-
liferation through the secretion of various growth factors.9,10

Memory T lymphocytes marked with CLA, to remember the
anatomic site where they first encountered antigen, migrate to
the (epi)dermis by a number of immunologic and inflamma-
tory triggering mechanisms released from keratinocytes after
minor trauma. On entry into the skin, these T cells complex
with epidermal self-antigens presented by major histocompat-
ibility complex molecules that confer the risk of psoriasis. The
subsequent release of T-cell cytokines results in further inflam-
mation, the recruitment of additional marked (i.e., with CLA)
T cells, and ultimately the development of psoriatic lesions in
susceptible persons.9,10

Signs and Symptoms
Most psoriatic lesions are asymptomatic, but not always. Pru-
ritus, for example, is noted in 50% of patients, and it can be
severe.11 The primary psoriatic lesion is a relapsing eruption
of scaling papules that rapidly coalesce or enlarge to form

40-1
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circumscribed, erythematous, scaly, plaques. The scale is ad-
herent and silvery white, and may reveal bleeding points
when removed (Auspitz sign). Scales can become extremely
dense on the scalp or macerated and dispersed in intert-
riginous areas. (Web sites, such as www.dermnet.com or
www.psoriasiscafe.org/psoriasis-pictures, provide representa-
tive pictures of psoriatic lesions.)

Lesions of active psoriasis can develop at the site of epi-
dermal trauma (Koebner phenomenon). Scratch marks, sun-
burn, or surgical wounds may heal, leaving psoriatic lesions
in their place. The elbows, knees, scalp, gluteal cleft, finger-
nails, and toenails are favored areas of involvement. Extensor
surfaces are affected more than the flexor surfaces, but the
disease usually spares the palms, soles, and face. Nail beds
may show punctate pitting, profuse collections of keratotic
material, yellow-brown subungual discoloration (“oil spot”),
or onycholysis (nail plate separation) in approximately 50%
of patients.12 Psoriatic arthritis is a seronegative inflammatory
arthritis that occurs in approximately 25% of all patients with
psoriasis, with combined features of both rheumatoid arthritis
and the seronegative spondyloarthropathies.2,11

Most patients (90%) have chronic localized disease (plaque-
type or psoriasis vulgaris), but there are several other presen-
tations. The most severe form of the disease is erythrodermic
psoriasis, which describes a condition of acute inflammatory
erythema and scales involving >90% of body surface area.
Pustular psoriasis is generally localized to palms and soles, but
there is also a generalized version. Both generalized pustular
psoriasis and erythrodermic psoriasis can be accompanied by
systemic symptoms (hyperthermia, tachycardia, edema, dehy-
dration, shortness of breath) and can have life-threatening con-
sequences (hypovolemia, electrolyte imbalance, septicemia)
if not promptly treated.13 Lesions of Guttate psoriasis are
small, fine, erythematous scales, usually found on the trunk,
arms, or legs, classically following β-hemolytic streptococ-
cal pharyngitis. Flexural or inverse psoriasis is shiny, red, and
typically lacks scales and looks more like intertrigo.2 Interest-
ingly, psoriatic skin is rarely secondarily infected, because of
the overexpression of endogenous peptides (cathelicidins and
beta-defensins).14

Systemic disorders that can have a causative association
with psoriasis include type 2 diabetes mellitus, Crohn’s dis-
ease, metabolic syndrome, depression, and cardiovascular
disease.2,15,16 This increased risk is thought to be caused by
the presence of endothelial activation, proinflammatory cy-
tokines and hyperlipidemia.2,13,15 In a prospective cohort study,
the relative risk of myocardial infarction was significantly in-
creased with a greater risk in younger patients with more severe
disease.15

Prognosis
Similar to those with diabetes, cancer, and heart disease, pa-
tients with psoriasis experience a decreased quality of life re-
lated to social, psychological, and physical functioning.16,17 It
is important to emphasize that psoriasis is a treatable disease,
but with no known cure. Optimism and encouragement are
justified and make it easier for patients to conscientiously ap-
ply sometimes awkward and messy topical treatments or take
medications that have significant adverse effects. The goal of
therapy should be to achieve complete clearing of psoriatic le-

sions, particularly during emotionally critical times, such as the
commencement of school, puberty, and the summer months.

The Self-Administered Psoriasis Area and Severity Index
(SAPASI) is a validated, structured instrument that can be used
for patient assessment of psoriasis severity and response to
therapy. It closely correlates with the standard clinician assess-
ment instrument, Psoriasis Area and Severity Index (PASI),
which includes quantification of the percentage of body in-
volvement and severity of lesions.18 PASI 75 (a≥75% decrease
in PASI score) at 3 months from baseline has become the most
prominent marker to assess systemic agent efficacy.19

The National Psoriasis Foundation recently released a clin-
ical consensus statement on the classification of severity of
disease. Rather than using a mild, moderate, or severe clas-
sification system, the statement recommends two categories
for patients, those who are candidates for localized (i.e., top-
ical) therapy, and those who are candidates for systemic or
phototherapy (e.g., methotrexate or immunomodulators). The
National Psoriasis Foundation (http://www.psoriasis.org) is a
good resource for both patients and providers for information
on treatment options as well as psychosocial support.20,21

TOPICAL PHARMACOTHERAPY
Many topical and systemic therapeutic agents are available,
varying from simple topical emollients to systemic, highly
potent immunosuppressant drugs for more recalcitrant con-
ditions. Treatment modalities are chosen on the basis of dis-
ease severity, patient preference (including cost and conve-
nience), and response. Patients with mild disease can gener-
ally be treated with topical therapy (Table 40-1). Patients with
psoriasis covering >20% of the body need more specialized
systemic treatment programs (Table 40-2).

Topical Corticosteroids
Topical corticosteroids, the most widely prescribed treatment
for psoriasis, are effective in the treatment of psoriasis be-
cause of their anti-inflammatory, antimitotic, immunosuppres-
sant, and antipruritic properties.22,23 These properties are ex-
plained by a reduction in phospholipase A2, DNA synthesis,
and epidermal mitotic activity, as well as their vasoconstrictive
actions. They provide prompt relief, and patients find them
convenient and acceptable, but some are expensive. Tachy-
phylaxis occurs, and long-term use after skin has returned to
a normalized state leads to typical corticosteroid adverse ef-
fects (atrophy, telangiectasia, and striae). Thin-skinned areas
(facial and intertriginous) are particularly susceptible. Psori-
asis is generally a relatively corticosteroid-resistant disease;
therefore, the more potent corticosteroids are frequently nec-
essary, often with occlusion, for best results. (See Table 38-8
in Chapter 38, Dermatotherapy and Drug Induced Skin Disor-
ders, for a listing of topical corticosteroids by potency.) Less
potent agents are more appropriate in intertriginous areas, on
the face, and for maintenance. Potent corticosteroids clear pso-
riasis in 25% of patients in 3 to 4 weeks, with 75% clearing in
50% of treated patients.24

Intermittent dosing or “pulse therapy” seems to yield the
best long-term results and minimizes tachyphylaxis and ad-
verse effects. An additional drawback of chronic corticosteroid
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Table 40-1 Topical Agents for the Treatment of Psoriasis (Mild to Moderate; <20% Body Involvement)

Treatment Modality Advantages Disadvantages

Emollients Basic adjunct for all treatments; safe, inexpensive,
reduces scaling, itching, and related discomfort

Provide minimal relief alone

Keratolytics (salicylic acid,
urea, α-hydroxy acids [i.e.,
glycolic and lactic acids])

Reduce hyperkeratosis; enable other topical modalities
to better penetrate; inexpensive

Provide minimal relief individually; nonspecific; salicylism
(tinnitus, nausea, vomiting) with salicylic acid if applied
extensively

Topical corticosteroids Rapid response; control inflammation and itching; best
for intertriginous areas and face; convenient, not
messy; mainstay topical treatment modality for
psoriasis

Temporary relief; less effective with continued use
(tachyphylaxis occurs); withdrawal can produce flares;
atrophy, telangiectasia, and striae with continued use after
skin returns to normalized state; expensive; adrenal
suppression possible

Coal tar Particularly effective for “flaky” scalp lesions; new
preparations “pleasant”; efficacy enhanced in
combination with UVB (i.e., Goeckerman regimen)

Effective only for mild psoriasis or scalp psoriasis;
inconvenient—difficult to apply; stains clothing and
bedding, not skin; strong smelling; folliculitis and contact
allergy (bronchospasm in atopic patient with asthma after
inhalation of vapor); carcinogenic in animals

Anthralin Effective for widespread, refractory plaques; produces
long remissions; short, concentrated programs
preferred; enhanced efficacy in combination with
UVB (i.e., Ingram regimen)

Purple-brown staining (skin, clothing, and bath fixtures);
irritating to normal skin and flexures; careful application
required (inpatient?); can precipitate generalized psoriasis

Calcipotriene (Dovonex) As effective as topical corticosteroids, although slower
onset, without long-term corticosteroid adverse
effects; convenient, well tolerated

Slow onset; expensive; potential effects on bone metabolism
(hypercalcemia); irritant dermatitis on face and
intertriginous areas; contraindicated during pregnancy

Tazarotene (Tazorac) Extended response; convenient (applied daily, in gel
formulation); maintenance therapy; effective on
scalp and face; used in combination with topical
corticosteroids

Slow onset; local irritation and pruritus; teratogenic (adequate
contraception is required)

Ultraviolet B (UVB) Effective as maintenance therapy; eliminates problems
of topical steroids

Expensive (insurance reimburses); office-based therapy;
sunburn (exacerbates psoriasis); photoaging; skin cancer

Table 40-2 Agents for the Treatment of Severe Psoriasis (>20% Body Involvement)

Treatment Modality Advantages Disadvantages

UVA and psoralen (PUVA) 80% efficacy; “suntan” cosmetically desirable Time-consuming; expensive, office-based therapy (restrictive);
sunburn (exacerbates psoriasis); photoaging; both nonmelanoma
skin cancer and melanoma; contraindicated during pregnancy and
lactation

Acitretin (Soriatane) Not as effective as other systemic agents;
efficacy enhanced if given with PUVA or
UVB (i.e., RePUVA or ReUVB); less
hepatotoxic than methotrexate

Teratogenic (contraception required); contraindicated with liver or
renal dysfunction, drug or alcohol abuse, hypertriglyceridemia,
hypervitaminosis A

Methotrexate Effective for both skin lesions and arthritis as
well as psoriatic nail disease

Hepatotoxicity (periodic liver biopsy?); bone marrow toxicity; folic
acid protects against stomatitis (not against hepatic or pulmonary
toxicity); drug interactions; contraindicated during pregnancy and
lactation, drug or alcohol abuse; caution during acute infections

Cyclosporine Toxicities and short-lived remissions; used in
patients with extensive disease—not
responsive to other agents; however, given
changing pathophysiology and increasing
experience at lower dosages, increasing role
in rotational therapy to induce remissions

Renal impairment; suppressive therapy (relapse occurs when
discontinued); increased risk of skin cancer, lymphomas, and solid
tumors; phototoxic; contraindicated during pregnancy and
lactation, and with hypertension, hyperuricemia, hyperkalemia,
acute infections

Immunomodulators
(alefacept, efalizumab,
etanercept, infliximab)

Specific, targeted therapy; effective for
moderate to severe both skin lesions and
arthritis; maintains remission

Expensive; parenteral (often office-based) therapy; long-term safety
unknown; increased risk of serious infections

PUVA, psoralens plus ultraviolet A light; RePUVA, retinoid-PUVA; UVA, ultraviolet A; UVB, ultraviolet B.
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therapy is an associated acute flare-up of psoriasis when corti-
costeroid therapy is terminated.25 Continuous application for
>3 to 4 weeks should be discouraged in patients with psoria-
sis, and systemic corticosteroids have no place in therapy.24,26

Topical corticosteroids occasionally can cause a reversible sup-
pression of the hypothalamic-pituitary-adrenal (HPA) axis,
as indicated by a decrease in the morning plasma cortisol
level.26 For anything more extensive than mild disease, top-
ical corticosteroids are best used in an adjunctive role. Dur-
ing a flare, corticosteroids help reduce inflammation, redness,
and irritation and prepare the involved area for initiation of
other potentially irritating, but more appropriate, maintenance
topical treatments (e.g., coal tar, anthralin, calcipotriene, or
tazarotene).

Coal Tar
Crude coal tar is a complex mixture of thousands of hydrocar-
bon compounds.27 It is a time-honored modality for treating
psoriasis. It affects psoriasis by enzyme inhibition and antim-
itotic action (antiproliferative and anti-inflammatory).27 The
efficacy of the combination of tar and ultraviolet B (UVB)
light (i.e., Goeckerman regimen) led to its increased popular-
ity beginning in the 1920s. Tar preparations of 2% to 10% are
processed as creams, ointments, lotions, gels, oils, shampoos,
and coal tar solution (liquor carbonis detergens). Newer pu-
rified preparations, using refined coal tar, are less messy and
more cosmetically acceptable, but perhaps not as effective.27

Tar may be helpful for patients with mild to moderate dis-
ease, and tar shampoos are useful for psoriasis of the scalp.
The potential severity of adverse drug effects from topical tar
products is less than that from anthralin, and much less than
that from topical corticosteroids. Because tar, in every form,
is messy, stains the skin, and has an odor, it has been relegated
to second-line therapy for most patients, despite its moderate
price.28

Tar preparations generally are used once or twice daily, and
bedtime application (as a shampoo or cream overnight) is par-
ticularly useful in psoriasis of the scalp and overcomes some
of the negative cosmetic bias. Patients should be warned about
the staining properties of tar on clothing and bedding. Other
adverse effects include photosensitivity, acneiform eruptions,
folliculitis, and irritation dermatitis. Care should be taken to
avoid use of tar on the face, flexures, and genitalia and with
inflammatory psoriasis because of tar’s irritant properties.

The polyaromatic hydrocarbons contained in coal tar may
be metabolized to active carcinogens by epidermal microsomal
enzymes. The incidence of hyperkeratotic lesions, including
squamous-cell carcinomas, is increased after prolonged indus-
trial exposure to tar; however, extensive reviews of patients
who have used tar preparations in psoriasis have not revealed
an increased risk of carcinoma.29

Anthralin
Anthralin (dithranol in the United Kingdom) is a hydrox-
yanthrone derivative that inhibits DNA synthesis, mitotic ac-
tivity, and a variety of enzymes crucial to reducing cell
proliferation.24 It is effective for treatment of widespread, dis-
crete psoriatic plaques. It is applied as a stiff paste (anthralin
in Lassar’s paste) overnight and used in conjunction with coal
tar baths and UVB light (i.e., Ingram regimen). Most cases of
chronic plaque psoriasis clear in 3 weeks. The primary disad-

vantages of anthralin are its irritant and staining properties to
skin and clothing. Anthralin also can precipitate generalized
psoriasis if applied to unstable psoriasis (i.e., plaque transfor-
mation to pustular form).

The standard anthralin regimen involves liberal application
of gradually increasing concentrations (0.1%–0.2% up to no
more than 3%–5%) for 8 to 12 hours (often overnight), depend-
ing on degree of irritation and clinical response. To minimize
brownish to purplish staining (of hair, skin, clothing, furniture,
and bedding), plastic gloves should be used, as well as old bed
linens and clothing for sleep. Contact with the face, eyes, mu-
cous membranes, and nonpsoriatic skin should be avoided be-
cause of irritant properties. Application of petrolatum ointment
around the psoriatic lesion prevents perilesional irritation. Re-
moval of the anthralin application is facilitated with a bath
(often containing coal tar) or mineral oil in the morning. A
corticosteroid cream may be used during the day.

Alternative, shorter contact (10–60 minutes twice daily)
regimens (e.g., short-contact anthralin therapy [SCAT]) have
been developed to minimize application time and staining.
These SCAT regimens are most appropriate for the outpatient
setting.24,30 Higher concentrations of anthralin are used in the
shorter-contact regimens and irritation is more of a problem.
Both methods are used daily for clearing of psoriasis, then once
or twice weekly for maintenance therapy, which is instituted
after a response is seen at 2 to 3 weeks. Short-course regimens
clear 32% of lesions and produce >75% improvement in 50%
of patients after 5 weeks. These regimens are comparable in
effectiveness to the Ingram regimen and topical corticosteroids
are associated with fewer adverse drug events.24,30

Calcipotriene (Dovonex)
Calcipotriene (calcipotriol in Europe), a topical vitamin D3
analog that suppresses keratinocyte proliferation and that has
anti-inflammatory effects,31 can be applied twice daily as a
cream, ointment, or solution. Although systemic absorption is
slight and the vitamin D effects of calcipotriene on calcium and
bone metabolism are about 100 to 200 times less that that of
1,25-dihydroxyvitamin D3, serum calcium levels and urinary
calcium excretion should be monitored to prevent serious ef-
fects on calcium and bone metabolism. Other adverse effects of
calcipotriene include lesional and perilesional irritation, burn-
ing, stinging, pruritus, erythema, and scaling, especially in fa-
cial and intertriginous areas.22 About 30% of patients using
calcipotriene develop skin irritation.32

Most patients see improvement, although not clearing, of
psoriatic plaques at 2 weeks when treated with calcipotriene,
often in combination with potent topical corticosteroids. A
maximal response is usually seen at 6 to 8 weeks. Of treated
patients, 57% experience >75% clearance of psoriatic plaques,
which is comparable to that achieved with corticosteroids,
albeit slower in onset and associated with more dermal
irritation.24,32 Tachyphylaxis has not been a problem.33 A for-
mulation of calcipotriene and betamethasone (Taclonex) is
available.

Tazarotene (Tazorac)
Tazarotene is a topical synthetic retinoid that is rapidly con-
verted to its biologically active metabolite, tazarotenic acid.34

By interacting with the predominant retinoid receptors on
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the skin surface regulating gene transcription, retinoic acids
normalize abnormal keratinocyte differentiation, reduce hy-
perproliferation, and decrease inflammation associated with
psoriasis.34 Treatment success rates compare favorably with
corticosteroids (52% clearing of all lesions; 70% clearing of
trunk and limb lesions). The antipsoriatic effects of tazarotene
are sustained for a longer period after treatment compared with
corticosteroids.24,35 Because local skin irritation and pruritus
are common adverse effects of tazarotene use, combination
therapy with corticosteroids not only provides additive anti-
psoriatic effects, but also reduces retinoid-induced irritation.36

Oral retinoids are known teratogens, and tazarotene is not rec-
ommended for use during pregnancy. Women should be warned
of potential risk and the need to use adequate contraception
while using these preparations.34,35

PHOTOTHERAPY
Ultraviolet B
Ultraviolet B light (sunburn spectrum, 290–320 nm) induces
pyrimidine dimers, inhibits DNA synthesis, and depletes in-
traepidermal T cells found in psoriatic epidermis (i.e., UVB has
antiproliferative and local immunologic effects).22 UVB light,
unlike ultraviolet A (UVA) light, is effective without additional
sensitizers (i.e., psoralens). UVB therapy is generally consid-
ered pleasant to use and relatively nontoxic. Typically, 60% of
patients with chronic plaque psoriasis experience clearing, and
an additional 34% achieve a 75% clearance with UVB treat-
ment for 7 to 8 weeks.24 Heat and humidity from sunlight pro-
vide additional positive effects. Narrow-band UVB (NBUVB)
phototherapy, 311 nm, has been found to be more effective
than broad-band UVB (BBUVB)19; however, it is not as ef-
fective as psoralens plus ultraviolet A light (PUVA) therapy
in terms of clearing psoriatic lesions.37 The greater efficacy
of PUVA, however, may be offset by the short-term adverse
effects of psoralens (e.g., nausea, headaches), the greater in-
cidence of phototoxic reactions (erythema), the inconvenience
of wearing photoprotective eyewear after treatments, and the
extra cost. Although not currently proved, it is hypothesized
that NBUVB will produce less long-term photodamage and
fewer skin cancers than PUVA.

Ultraviolet B treatments are administered three times
weekly. The use of pretreatment emollients (e.g., petrolatum,
mineral or “baby” oil, Eucerin) applied before UVB exposure,
long thought to improve results, actually inhibits the penetra-
tion of UVB and should not be used.38 After the skin clears,
therapy is discontinued gradually over 2 to 4 months to pro-
long remissions. The risks of UVB radiation and sunlight are
similar: sunburn, photoaging, and skin cancer.

Regimens combining UVB with anthralin (Ingram regimen)
or tar (Goeckerman regimen) have been used for years, theo-
retically, taking advantage of the photosensitizing properties
of tar and anthralin. The Goeckerman regimen involves daily
application of coal tar for at least 4 hours along with exposure
to UVB light. The Ingram regimen combines daily application
of anthralin plus tar baths with exposure to UVB light.24 Both
the Goeckerman and Ingram regimens can clear widespread
psoriasis in 3 to 4 weeks, induce remissions that last for weeks
to months, and may reduce the long-term adverse effects of
UVB exposure.24

A recent development in UVB therapy involves use of a
high-energy, 308-nm excimer laser. Laser treatment allows ex-
posure of only involved skin, thus higher doses of UVB can
be administered during a given treatment. After only 10 twice-
weekly treatments, 84% and 50% of patients achieved 75%
or better and 90% or better clearing of plaques, respectively.
Adverse drug effects include erythema and blistering, but are
generally well tolerated.39

Photochemotherapy
Photochemotherapy combines psoralens with UVA light in
the 320 to 400 nm spectrum. The psoralens (methoxsalen, 8-
methoxypsoralen, and trioxsalen) are a group of photoactive
compounds that on absorption of UV light, are both antiprolif-
erative and immunomodulatory. When photoactivated by UVA,
psoralens form monofunctional adducts and cross-links with
pyrimidine bases. PUVA also inhibits cytokine release and de-
pletes both epidermal and dermal T cells. As measured by
extent of T-cell depletion and decreases in delayed hypersen-
sitivity, PUVA has greater immunomodulatory effects in the
skin than UVB. Use of PUVA for scalp or nail involvement is
limited, however, because of lower exposure.22,40 Remissions
are longer in duration than with UVB. Psoralens are not active
without UVA.

Photochemotherapy is used to control severe, recalcitrant,
disabling plaque psoriasis. After 10 to 20 treatments over 4
to 8 weeks, >80% of patients experience clearing of symp-
toms, which can be maintained with periodic (twice monthly)
treatments.24 UVA penetrates the skin more deeply than UVB
and may have marked effects on the dermis. The use of PUVA
requires careful consideration and adherence to strict photopro-
tective measures. Patients unwilling to adhere to PUVA-related
precautions may prefer UVB treatment because it is much less
restrictive.

The peak range for UVA light’s therapeutic action is between
320 and 335 nm. 8-Methoxypsoralen (8-MOP) is the most
widely used agent, taken at an oral dosage of 0.6 to 0.8 mg/kg
of body weight rounded to the nearest 10 mg, 1.25 to 1.5 hours
before exposure to UVA light.37 The initial dose is selected
based on the patient’s skin type (i.e., ease of sunburn and
inherent skin color). Other options for combination therapy
with UVA include calcipotriol-PUVA (D-PUVA) and retinoid-
PUVA (RePUVA). Both of these modalities have shown to have
greater efficacy as compared to PUVA alone.19

Acute adverse phototoxic effects, such as erythema and blis-
tering, are dose related and, therefore, controllable. Other acute
adverse drug effects include nausea, lethargy, headaches, pruri-
tus, and hyperpigmentation. Topical steroid therapy should be
continued until the psoriasis is brought under control. If topical
steroids are discontinued at the start of PUVA, an exacerba-
tion of psoriasis usually occurs. Patients should wear protective
clothing (with long sleeves and high necklines), use sunscreens
that filter out both UVA and UVB, and wear sunglasses that
block UVA after PUVA (see Chapter 41, Photosensitivity and
Burns). Because methoxsalen has a short half-life and 80%
is eliminated within 6 to 8 hours, physical barriers are most
important during the 8 hours immediately following PUVA
therapy.

Of greater concern are the potential long-term adverse
effects: mutagenicity, carcinogenicity, and cataract forma-
tion. Squamous cell carcinoma has been associated with
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cumulative PUVA treatments (11-fold increase in patients who
receive >260 treatments compared with patients who received
<160 treatments).24 Male patients have an increased risk of
developing genital squamous cell carcinoma.24 More contro-
versial is the relationship of exposure to PUVA and the risk
of malignant melanoma. At present, there appears to be a
dose-dependent increase in the risk of melanoma associated
with high-dose exposure to PUVA. The risk is first mani-
fested ≥15 years after initial exposure to PUVA.41–43 Long-
term maintenance and high cumulative dosages should be
avoided. Shielding the face and genitalia during treatment and
performing annual examinations to detect skin cancer at an
early stage may lessen the risk of long-term adverse effects of
photochemotherapy.

Topical psoralens are extremely photosensitizing, hence dif-
ficult to administer. Application of methoxsalen 0.1% followed
by small UVA doses (i.e., ≤ 20% of the level of usual doses
for oral PUVA) has been used, however, to treat localized areas
and to prevent adverse gastrointestinal effects.24

SYSTEMIC PHARMACOTHERAPY
Acitretin (Soriatane)
Second-generation systemic retinoids are effective for treat-
ment of recalcitrant psoriatic disease. Antipsoriatic effects
stem from the drug’s ability to modulate epidermal differ-
entiation and immunologic function in addition to an anti-
inflammatory action.44 This latter effect may alleviate the
arthritis that accompanies psoriasis.22,44 Acitretin is the prin-
cipal metabolite of etretinate. It is less lipophilic, has a con-
siderably shorter half-life (50 hours vs. 120 days),44 and has a
favorable adverse drug effect profile; however, patients taking
any retinoid product should still be monitored closely.

Systemic retinoids are not as effective in psoriasis as are
other systemic agents. Acitretin 50 mg/day completely cleared
psoriatic plaques in 11% of patients and provided >75% clear-
ance in 40% of patients treated for 8 to 12 weeks.24 When the
combination RePUVA or ReUVB phototherapy (about 50% of
usual phototherapy dose) was used, however, the oral retinoids
were highly effective, resulting in superior clinical efficacy.
Acitretin 30 to 35 mg/day with UVB cleared psoriatic plaques
in 55% of patients and provided >75% improvement in an
additional 20% of patients treated for 6 to 8 weeks.24,45 Ac-
itretin is indicated for patients who have received extensive
radiation with PUVA, pretreatment for PUVA (1–3 weeks) to
accelerate the response rate, for patients who fail to respond to
UVB with anthralin or tar, or for patients who are not candi-
dates for methotrexate. Most patients require maintenance or
intermittent therapy to prevent relapses.46

Numerous other adverse effects are associated with acitretin
use, including hypervitaminosis A syndrome (i.e., dry skin,
skin thinning and fragility, chapped lips, dry nasal mucosa,
skin peeling, alopecia, and nail dystrophy), retinoid rash, ex-
traspinal tendon and ligament calcification and bone changes
in children, hyperlipidemia with elevated levels of serum
triglycerides and cholesterol, and liver enzyme alteration and
hepatitis.47

Many patients find the adverse effects of the retinoids intol-
erable and discontinue treatment. Topical corticosteroids can
reduce some of the cutaneous retinoid adverse effects. With

continued therapy, retinoids accumulate in adipose tissue and
the liver and may be detectable in serum for >2 years after dis-
continuation of therapy. Appropriately, pregnancy should be
avoided after treatment with acitretin for 3 years, because of
its teratogenicity.47

Immunosuppressive Agents
Methotrexate
Methotrexate (MTX), a folic acid analog, inhibits dihydrofo-
late reductase needed for synthesis of several amino acids,
pyrimidines, purines, and subsequently DNA, RNA, and pro-
tein synthesis. MTX therapy greatly suppresses rapidly pro-
liferating cells, such as those in psoriatic skin. Antipsoriatic
mechanisms of MTX action include inhibition of keratinocyte
differentiation and immunomodulation by destruction of lym-
phoid cells.22,24

Unlike other cytotoxic drugs, MTX produces antipsoriatic
effects at dosages that are much lower than those used in can-
cer chemotherapy. Methotrexate in 10- to 25-mg weekly doses
cleared psoriatic plaques in 50% of patients treated for 3 to 4
weeks and resulted in >75% improvement in an additional 40%
of patients. Prolonged remissions are expected with continued
therapy.24 MTX is relatively safe and well tolerated, but the
long-term concerns for hepatotoxicity (fibrosis and cirrhosis)
and the need for periodic liver biopsies can discourage many
patients and physicians from using it.48 Alcohol and methotrex-
ate are a particularly potent hepatotoxic combination. Patients
with psoriasis receiving MTX have a 2.5- to 5-fold higher in-
cidence of advanced liver changes than patients with rheuma-
toid arthritis receiving comparable regimens.49 Methotrexate
hepatotoxicity may be related to both cumulative doses and
constant blood levels. Daily administration has been replaced
by weekly dosage schedules for this reason. Liver chemistry
tests (i.e., serum alanine aminotransferase [ALT], serum as-
partate aminotransferase [AST], serum albumin, bilirubin) can
be within normal limits, even in the presence of methotrexate-
induced liver disease.48,49 Therefore, consensus guidelines call
for a liver biopsy in all patients with psoriasis at baseline and
then at intervals of approximately 1- to 1.5-g cumulative MTX
dose. Liver chemistry, including AST, ALT, bilirubin, and al-
bumin, should be monitored every 3 months.50 A high degree
of vigilance is necessary in methotrexate-treated psoriatic pa-
tients.

Bone marrow depression, nausea, diarrhea, and stomatitis
are other adverse effects associated with MTX. Pneumonitis
can occur early in the course of treatment, particularly when
MTX is given at higher dosages similar to those used in cancer
chemotherapy regimens. Folic acid, 1 mg daily, may prevent
some of these adverse events, but not hepatitis or pulmonary
toxicities. Teratogenesis and miscarriage have occurred, and
MTX may cause reversible oligospermia. A number of clini-
cally significant drug interactions may enhance the toxicity of
methotrexate. Drug interactions are most likely to be clinically
relevant problems in patients with decreased renal function.50

Relative contraindications to treatment with MTX in-
clude decreased renal function, significant abnormalities in
liver function (i.e., fibrosis, cirrhosis, hepatitis), pregnancy
or breastfeeding, anemia, leukopenia, thrombocytopenia, ac-
tive peptic ulcer disease or infectious disease (tuberculo-
sis, pyelonephritis), alcohol abuse, and patient unreliability.50
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Conception must be avoided during MTX therapy and for at
least 3 months after cessation of MTX in men or one full ovula-
tory cycle in women.50 Monthly monitoring of complete blood
count with differential should be performed as well as renal
function tests (specifically serum creatinine) every 3 months.

Hydroxyurea, thioguanine, and azothioprine are additional
antineoplastic agents that have antipsoriatic activity. Their ef-
fects are not as potent as methotrexate, but they cause less he-
patotoxicity with continuous use.51,52 Dose-dependent myelo-
suppression is a bigger concern with these agents compared
with MTX.24,52

Cyclosporine
The positive dermatologic effects of cyclosporine, an immuno-
suppressive agent, highlight the importance of immune alter-
ations in the pathogenesis of psoriasis. The toxicity and the
short duration of remissions induced by the immunosuppres-
sant agents cyclosporine and tacrolimus limit their usefulness,
however. Cyclosporine is generally reserved for patients with
extensive psoriasis who have not responded adequately to top-
ical agents, UVB, PUVA, and other systemic agents.

In psoriasis, cyclosporine most likely acts via its effect
on lymphocytes. Cyclosporine inhibits calcineurin, which is
necessary for production of interleukin (IL)-2. IL-2 amplifies
helper T cells and cytotoxic lymphocytes. Decreased IL-2 pro-
duction leads to a decline in activated CD4 and CD8 cells in the
epidermis. Cyclosporine also inhibits tumor necrosis factor-α
(TNF-α) and interferon-α2, both of which are involved in the
chemotaxis of inflammatory cells; it inhibits release of cy-
tokines and the growth of keratinocytes.53

Cyclosporine is used at lower dosages for the treatment of
psoriasis than for prevention of organ transplant rejection. In
general, 3 to 5 mg/kg of cyclosporine is recommended for the
treatment of psoriasis. Rapid improvement of plaque psoria-
sis is expected, with 30% of patients experiencing clearing of
psoriatic plaques and 50% achieving >75% clearing of lesions
within 10 weeks at 2 to 3 mg/kg/day. Increasing the dosage to
5 mg/kg/day cleared psoriatic lesions in 97% of those treated
for 10 weeks.24 Most people relapse 2 to 4 months after the dis-
continuation of cyclosporine therapy.24 Cyclosporine showed
comparable efficacy to methotrexate in patients with psori-
asis with average doses of 4.5 mg/kg/day and 20.6 mg/wk,
respectively.54

Drug-induced renal impairment is common with cy-
closporine use, but usually reversible. Hypertension, secondary
to vasoconstrictive effects on the smooth muscle of renal blood
vessels or drug-induced arteriolar hyalinosis, is dose depen-
dent and insidious in onset. Blood pressure and serum concen-
trations of creatinine should be monitored closely in patients
receiving cyclosporine.55 Hypokalemia, hypomagnesemia,
hyperuricemia, gingival hyperplasia, hypercholesterolemia,
hypertriglyceridemia, adverse gastrointestinal effects, hyper-
trichosis, fatigue, myalgia, and arthralgia also have been at-
tributed to cyclosporine therapy.56 The risk of skin cancer,
lymphomas, and solid tumors also can increase.57,58 Patients
should be cautioned about excessive sun exposure and should
not receive concurrent UVB or PUVA treatment during cy-
closporine therapy.56 Both systemic tacrolimus and mycophe-
nolate mofetil are also reported to be highly effective and well
tolerated in the treatment of severe recalcitrant psoriasis. More
clinical experience with these agents is needed.59,60

Immunomodulatory Drugs
Advances in biotechnology immunomodulatory therapy,
specifically the use of anticytokines, are becoming impor-
tant treatment alternatives for moderate to severe plaque and
arthritis type psoriasis that is resistant to other systemic thera-
pies. These agents are thought to work owing to the immune-
mediated and elevated levels of TNF found in psoriasis. These
biotechnology agents are expensive, estimated to cost $13,000
to $20,000/year.

Alefacept and Efalizumab
The agents, alefacept and efalizumab, act as immunosuppres-
sants mainly by inhibiting activation of T lymphocytes in
plaques. The mechanism is by binding to CD2 on memory
effector T lymphocytes (alefacept) or binding to a subunit
of leukocyte function antigen-1 (LFA-1). They are U.S. Food
and Drug Administration (FDA) approved for the treatment of
plaque psoriasis. Administered subcutaneously or intramus-
cularly on a weekly regimen, benefit includes approximately
25% obtaining PASI 75 after 12 weeks of alefacept and 30%
obtaining PASI 75 after 12 weeks of efalizumab compared with
placebo. Some patients have sustained clinical response even
after cessation of therapy.61,62 Alfacept is also effective in com-
bination with NBUVB phototherapy.63 Because of immuno-
suppression, these agents are contraindicated in pregnancy or
in patients already immunocompromised because of malig-
nancy, infection, or medications. Monitoring includes com-
plete blood counts monthly for the first 9 months and liver
function tests every 3 months for the first 3 months.64

Infliximab, Etanercept, and Adalimumab
The TNF-α inhibitors, infliximab, etanercept, and ada-
limumab, are FDA approved for the treatment of both plaque
and arthritic psoriasis, except for adalimumab, which is only
approved for arthritic psoriasis. Their mechanism of action is
through blocking the interaction of TNF-α with cell-surface
TNF receptors. Dosing is either subcutaneous injection (etan-
ercept and adalimumab) or intravenous infusion (infliximab)
on a weekly or every other weekly schedule for initiation.
These agents have been proved to produce rapid, well-tolerated,
beneficial responses compared with placebo, with infliximab
showing the greatest benefit. Benefit is seen anywhere from 2
weeks to 12 weeks with ≥80% of patients obtaining PASI 75
after 10 weeks of infliximab, ≥50% obtaining PASI 75 after
12 weeks of entanercept, and ≥50% obtaining PASI 75 after
48 weeks of adalimumab treatment.65–67 Contraindications to
therapy include active infection, including tuberculosis, and
New York Heart Association (NYHA) III-IV heart failure. All
three are a pregnancy category B. However, during pregnancy,
they should be used only if clearly necessary.64,66 An associa-
tion of increased rate of lymphoma has been seen in patients
with psoriasis and treatment with TNF-α inhibitor.68

ALTERNATIVE THERAPY
Balneology (bathing in the sea) and spa therapy are not ac-
cepted as mainline dermatologic treatment modalities for pso-
riasis; however, these approaches are used throughout the
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world. The antipsoriatic properties of the Dead Sea area may
be attributed to its unique climatic characteristics and natural
resources. Mechanisms may involve mechanical, thermal, and
chemical effects.69 Favorable results of climatotherapy have
been reported from specialized treatment centers along the
Dead Sea, the German North Sea coast, and the Mediterranean
Sea.69 Climatotherapy is the combination of bathing in the sea
(thalassotherapy or balneotherapy) and exposure to sunlight
(heliotherapy). A major aspect of climatotherapy, in addition
to daily sunbathing, is bathing in salt (sea) water. Relaxation,
rest, and simple topical remedies (e.g., petrolatum) are also
important. When rigorously studied, little difference is found
in therapeutic outcomes of bathing in salt water or tap water, or
the application of various topical ointments (e.g., 2% salicylic
acid in white petrolatum, Eucerin, or mineral oil) when used
in the current UVB phototherapy protocols.70 Psychological
factors (especially relaxation), however, may contribute sub-
stantially to the favorable results of natural heliobaleotheapy.
If UV phototherapy is administered via artificial UV sources
on an outpatient basis, the psychological effect will certainly
be much less than when the patient receives this treatment far
from home, when cares and social problems are left behind.70

Traditional Chinese medicine provides an alternative
method of therapy that emphasizes the importance of using
many herbs that are combined in different formulations for
each patient. This has become popular among some segments
of the population. Both topical and systemic use of herbs has
been administered to treat psoriasis, as well as a combination of
herbal medications with UVA. For example, Radix angelicae
dahuricae, combined with UVA, was not significantly different
from 8-MOP and UVA.71

Amphiregulin is an autocrine growth factor that is over-
expressed in psoriatic lesions. Keratinocytes produce protein-
bound and free heparin sulfate, which function physiologically
as an amphiregulin antagonist. Because glucosamine promotes
keratinocyte synthesis of heparin sulfate, it may provide a ther-
apeutic benefit in psoriasis. Clinical trials evaluating the effi-
cacy of amphiregulin are unavailable.72

MILD TO MODERATE (≤20% BODY) PSORIASIS

Classic Presentation

1. M.M., a 35-year-old man, presents with worsening psoriasis.
Approximately 1 year before presentation, he was given triamci-
nolone 0.025% cream to apply to several thick, well-defined ery-
thematous plaques on his elbows and knees that were covered with
silvery scales. He recently returned from a trip to the Dominican
Republic, where he noted gradual worsening of redness and scal-
ing, despite adherence to a twice-daily triamcinolone regimen.
He is emotionally distraught because of this “flare-up,” which
disrupted his vacation. On examination, besides erythematous,
scale-covered plaques on his elbows and knees, several scattered,
circumscribed, erythematous, scaly plaques are noted on the flex-
ural surfaces of both arms and legs. A dense scale was evident on
his scalp (forehead). These and other areas, demonstrating typical
psoriatic involvement, including the gluteal fold and fingernails,
now total approximately 20% of his body area. His medical his-
tory is noncontributory. His only medication besides the topical
corticosteroid product is a recently completed course of chloro-

quine for malaria prophylaxis during recent travel. Characterize
the classic psoriatic lesions demonstrated by M.M.

The classic plaques of psoriasis appear symmetrically on
the extensor surfaces of the elbows and knees as distinctive,
chronic, erythematous plaques covered with silvery scales, as
typified by M.M.’s presentation. Patients can present a broad
clinical spectrum, ranging from only scalp involvement to scat-
tered plaques on the trunk and extremities to, in the most
serious cases, a generalized erythroderma accompanied by a
rheumatoid factor-negative symmetric arthritis. In addition, the
finding of very small pits in the nail plates of the hands and
feet (“oil spots”), the presence of gluteal “pinking” (erythema
and slight scaling of the intergluteal cleft), and the occurrence
of lesions conforming to specific sites of skin trauma (Koebner
phenomenon) help characterize psoriatic plaques from sebor-
rheic dermatitis and eczema. Most psoriatic lesions are asymp-
tomatic, but pruritus is noted in 50% of patients.

2. What part does emotional support play in the total man-
agement of M.M.’s psoriasis?

Psoriasis is often more emotionally or psychologically dis-
turbing than is recognized, and it may cause a reluctance of
the patient to participate in sports, which may expose their
skin. Although exposure to sunlight helps most patients with
psoriasis, there is an unwillingness to sunbathe if the lesions
can be seen. Furthermore, if the psoriatic lesions become pru-
ritic and are scratched, there can be further deterioration at the
site. Many patients alter their lifestyles or use nontraditional
medicine (perhaps irrationally) in desperation.

Emotional support should begin with explanation of the
psoriatic condition. M.M. needs to be reassured that many
other people have the same affliction, that the disorder is not
contagious or fatal, and that it can be controlled although, as
yet, no cure exists. The National Psoriasis Foundation web-
site (http://www.psoriasis.org) contains much useful informa-
tion for patients afflicted with psoriasis.20 Patients usually are
comforted in the knowledge that a wide range of treatments are
available. Clinical optimism and psychological encouragement
and support are justified and make it easier for the patient to
conscientiously apply sometimes awkward and messy topical
treatments or to take toxic medications.

3. What are the potential causes of M.M.’s psoriatic exacerba-
tion? List other factors that can precipitate or aggravate psoriasis.

A thorough medical history may reveal a cause for exac-
erbations of psoriatic lesions. Most patients report that hot
weather, sunlight, and humidity help clear psoriasis, whereas
cold weather has an adverse effect on its course. Anxiety or
psychological stress is believed to contribute adversely. Vi-
ral or bacterial infections, especially streptococcal pharyngitis
may precipitate the onset or flare-up of psoriasis. Trauma to
the uninvolved skin can cause a lesion to appear at the site of
injury (Koebner phenomenon). Cuts, burns, abrasions, injec-
tions, and other trauma can elicit this reaction. Any drug that
causes a skin eruption to develop can exacerbate psoriasis via
this response.

Drug-Induced Psoriasis
A number of drugs have been reported to exacerbate pre-
existing psoriasis, induce psoriatic lesions on apparently
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Table 40-3 Drugs Reported to Induce Psoriasis

Anesthetics Procaine
Antimicrobials Amoxicillin, ampicillin, imiquimod, penicillin,

sulfonamides, vancomycin, terbinafine,
tetracycline

Anti-inflammatory
drugs

Corticosteroids (following withdrawal), NSAID
(indomethacin, salicylates)

Antimalarials Chloroquine, hydroxychloroquine
Cardiovascular

drugs
Acetazolamide, amiodarone,

angiotensin-converting enzyme inhibitors
(captopril, enalapril), β-blockers (atenolol,
propranolol, timolol [topical]), calcium
channel blockers (dihydropyridines, diltiazem,
verapamil), clonidine, digoxin, gemfibrozil,
quinidine

H2-antagonists Cimetidine, ranitidine
Hormones Oxandrolone, progesterone
Opioid analgesics Morphine
Psychotropics Lithium carbonate, valproic acid, fluoxetine
Miscellaneous Potassium iodide, mercury

NSAID, nonsteroidal anti-inflammatory drugs.
Adapted from Dika E et al. Drug-induced psoriasis: an evidence-based overview
and the introduction of psoriatic drug eruption probability score. Cutan Ocul Toxicol
2006;25:1, with permission.

normal skin in patients with psoriasis, or precipitate psoriasis
in persons with or without a family history of psoriasis (Ta-
ble 40-3).73 Antimalarial agents, such as chloroquine (taken
by M.M.), may have an adverse effect on the course of psoria-
sis and can cause exfoliative erythroderma.74 Hydroxychloro-
quine, however, has not shared this association (except for one
recent case report) and usually induces a beneficial response
in 75% of patients with psoriatic arthritis.74 It is preferred over
chloroquine in patients with psoriasis who need prophylactic
treatment for malaria when both are effective against the partic-
ular plasmodium species in the area (see Chapter 74, Parasitic
Infections).74

Lithium also can precipitate psoriasis and contribute to resis-
tance to treatment through its effects on cell kinetics (increase
in circulating neutrophils, accelerated neutrophil turnover, in-
creased epidermal cell proliferation).73 Psoriasis is not a gen-
eral contraindication, however, to lithium therapy. More inten-
sive psoriasis treatment can be used if these reactions occur
and lithium must be continued.73

β-Blockers and some nonsteroidal anti-inflammatory drugs
(NSAIDs) also can precipitate a psoriasiform state.73 As both
lithium and propranolol inhibit cyclic adenosine monophos-
phate (cAMP), cyclic nucleosides may play a role in the on-
set and clinical course of psoriasis. Chemotactic substances,
including 12-HETE and leukotrienes, may accumulate in the
epidermis of some patients taking indomethacin, thereby pre-
cipitating psoriasis. When compared with other NSAIDs, in-
domethacin may selectively inhibit cyclooxygenase more than
lipoxygenase pathways of arachidonic acid metabolism. As
a result, indomethacin may have a more significant adverse
psoriatic effect than other NSAIDs that have been reported to
ameliorate psoriasis.73

Flare-ups of pustular psoriasis also can be precipitated by
withdrawal from systemic corticosteroids or withdrawal from
high-potency topical corticosteroids that are applied under oc-

clusion to large areas.22 Systemic corticosteroids are not rou-
tinely used to treat psoriasis because of this problem, and be-
cause fatalities have been associated with systemic cortico-
steroid use and withdrawal.

Chloroquine prophylaxis, a Caribbean sunburn, and triam-
cinolone tachyphylaxis probably all contributed to the exacer-
bation of M.M.’s psoriasis.22,74

Topical Corticosteroids

4. Are additional potent topical corticosteroids appropriate
for treatment of M.M.’s psoriasis? Outline the place of steroids in
the pharmacotherapy of psoriasis.

For isolated hyperkeratotic plaques, potent topical cortico-
steroids are the most widely used initial treatment for psoria-
sis. They give fast relief, especially in reducing inflammation
and in controlling itching. Patients find them convenient and
acceptable, however, their relief is temporary because they be-
come less effective with continued use (tachyphylaxis).26 In
addition, psoriasis is a relatively steroid-resistant disease that
responds only to potent or superpotent agents.26 Long-term
use of potent agents also leads to predictable adverse effects
(i.e., atrophy, telangiectasia, and striae). For these reasons, top-
ical corticosteroids are best used in an adjunctive role unless
used to treat mild disease for short periods. Continuous ap-
plication of topical corticosteroids for >3 weeks, particularly
after skin normalization, should be discouraged. An interval
of several weeks between successive courses of therapy is rec-
ommended. High-potency corticosteroids produce better clin-
ical results than low-potency corticosteroids, but the potential
for adverse drug effects is greater. Potent topical steroids can
suppress the HPA axis as a result of cutaneous absorption,
especially when large areas of the body are involved.26

A short course of a potent topical corticosteroid is appro-
priate for this “flare-up” of erythematous plaque psoriasis in
M.M. With plastic occlusion (e.g., plastic food wrap on top
of the steroid-treated area), topical corticosteroids help reduce
inflammation, redness, and irritation before initiation of more
appropriate chronic topical treatments, such as calcipotriene,
coal tar, or anthralin with UVB, all of which are potentially ir-
ritating. Topical corticosteroids also may continue to be useful
on the face and flexures, where the alternative topical agents
are poorly tolerated. Potent fluorinated corticosteroid prepara-
tions should be used cautiously and only for short periods on
the face and flexures, if at all. Scalp psoriasis can be treated
with steroid preparations in gels, lotions, or aerosol sprays, but
a coal tar shampoo lathered into the scalp for 5 to 10 min-
utes, then rinsed out, generally is more effective for scaling
and pruritus.

The response to once- or twice-daily corticosteroid appli-
cation is as effective or better than that observed with more
frequent regimens (due to a steroid reservoir effect) and is
much less expensive. Patients should apply steroids after a bath,
at bedtime with occlusion, and possibly again during the day
without occlusion. As the lesions subside, occlusion should
be decreased or omitted, emollient use should increase, and
steroid potency should decrease. After lesions have flattened,
steroids can be continued intermittently (e.g., 1–2 weeks on,
1–2 weeks off; or on alternate days [e.g., days 1, 3, 5, 7]).
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Alternative Topical Treatments

5. Assuming that a short course of a potent topical cortico-
steroid is effective in reducing the acute flare-up, what alternative
topical therapeutic regimens are available for patients such as
M.M. who have localized disease (involving <20% of the body)?

Four effective alternative topical therapies are available for
patients with localized, mild to moderate psoriasis. Older, well-
known agents are crude coal tar and anthralin, with more recent
additions of calcipotriene and tazarotene. Although anthralin
has irritating properties and both coal tar and anthralin gen-
erally stain clothing and skin, and are somewhat inconvenient
to apply, their efficacy is well established, and may be an op-
tion to consider for initial management. Tachyphylaxis does
not occur with chronic use of any of these alternative agents.
Once corticosteroids have flattened acute psoriatic lesions and
diminished erythema significantly, daily application of one of
these alternative agents can be used until the lesions are totally
clear.

Ointment vehicles are favored for patients with psoriasis
because ointments help moisturize the plaques (in contrast to
creams, which dry the plaques further). Moisturizers or emol-
lients alone are often helpful for psoriasis.

Coal tar, although effective, is of low potency when com-
pared with anthralin. Topical tar products (e.g., Tegrin, T/Gel),
or 1% to 5% crude coal tar ointment (messy, but more effec-
tive), are commonly applied to lesions at night, even during the
initial corticosteroid phase. Short-contact tar therapy, unlike
anthralin, generally is ineffective. A number of tar shampoos
(e.g., T/Gel, Zetar) and bath additives (Balnetar Therapeutic
Tar Bath) are available. The combination of coal tar with sali-
cylic acid, in concentrations from 2% to 6%, (e.g., Coco-Scalp)
is useful in reducing scaling. Both tar (Goeckerman regimen)
and anthralin (Ingram regimen) can be used in combination
with UVB, with results superior to UVB monotherapy. These
two regimens are reported to clear plaques in 75% of patients
treated for 6 weeks for chronic plaque psoriasis (vs. 56% with
UVB alone). The total number of treatments and the total UVB
dose required for clearing are less in the combination groups.24

Once the inflammation and erythema have lessened with
corticosteroid use or when a twice-daily, high-potency cor-
ticosteroid regimen along with bedtime application of tar
is ineffective, calcipotriene ointment applied twice daily or
tazarotene gel applied once daily is effective in treating flare-
ups and maintaining remission.

Calcipotriene may be the topical maintenance treatment of
choice in patients with generalized mild to moderate psoriasis.
The drug is usually effective, relatively easy to apply, odorless,
and nonstaining (cream, ointment, or scalp solution). It is gen-
erally considered to be about as effective as moderate- to high-
potency topical corticosteroid products. It has a slower onset
of action than corticosteroids, and about 10% of patients de-
velop irritation. This irritation precludes use on the face or in
intertriginous areas. Sequential or simultaneous use of topical
corticosteroids and vitamin D derivatives may provide synergy
and reduce irritation. Tachyphylaxis does not occur. Patient use
must be monitored to ensure that a 100-g/week limit is not
exceeded; exceeding this limit results in negative effects on
calcium and bone metabolism. When used concurrently with

topical salicylic acid, calcipotriene will be chemically inacti-
vated.

Similar to calcipotriene, tazarotene works slowly and can
be irritating. It is formulated as a gel, which many patients
find more cosmetically appealing than an ointment. It is also
effective in a once-daily regimen, which might help to improve
compliance. The ointment should be used in combination with
a high-potency topical corticosteroid to increase efficacy and
to reduce irritation. Because of a potential for retinoids to be
teratogenic, tazarotene should not be used in women who are
pregnant or who are contemplating becoming pregnant.

Topical anthralin, generally reserved for resistant cases,
clears lesions in some patients within 2 to 3 weeks. Although
overnight regimens are available, short-contact therapy, which
is more appealing, starts with 0.1% anthralin applied for 20 to
30 minutes and then washed off. Irritation should be checked
for at least 48 hours. According to tolerance, potency can be
increased (up to 1%) and the contact time shortened, or for
resistant plaques, increased. This regimen is used daily for
clearing, then once or twice weekly for maintenance therapy.

Phototherapy also is an option. If available locally, UV light
can be used as an outpatient modality; it produces compara-
tively long-lasting remissions, is pleasant to use, and is rela-
tively nontoxic. Different protocols require exposure daily or
multiple times per week for varied lengths of time, depending
on patient variables. The optimal effect of UVB on psoriasis is
a dose that produces minimal erythema at 24 hours. The usual
time to induce clearing of psoriasis is approximately 4 to 6
weeks.

In summary, the first step in the treatment of mild localized
disease is to start with a high-potency corticosteroid ointment
twice daily along with tar ointment at night. If this is ineffec-
tive, either calcipotriene ointment can be added twice daily, or
tazarotene gel can be used once a day for 8 weeks. Once control
is achieved, patients may use calcipotriene or tazarotene with-
out topical corticosteroids; these products do not cause corti-
costeroid atrophy and they do not have the potential for sys-
temic adverse effects associated with topical corticosteroids.
Topical anthralin, with or without UVB, can be used for
resistant cases.

SEVERE (>20% BODY) PSORIASIS
Psoralens and Ultraviolet A Light

6. G.L., a 35-year-old man with a several-year history of pso-
riasis (generally fairly localized) presents with diffuse, erythe-
matous plaquelike lesions now extending over 80% of his body
surface area. The areas have become inflamed, and application of
his maintenance topical medication (anthralin) causes pain and
irritation. He expresses frustration with the messiness of the cur-
rent topical regimen. He has reinstituted topical steroids, which
helped the redness and itching but are too expensive to use long
term. He is free of cardiovascular, renal, or hepatic disease and
takes no systemic medications. He is self-employed as a business
consultant. Which “systemic” therapy would be most appropriate
for G.L. at this point?

Systemic therapies for psoriasis include PUVA; the sys-
temic retinoid, acitretin; methotrexate; and cyclosporine.
Newer biologics, including the TNF inhibitors infliximab,
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etanercept, and adalimumab and the immunosuppressants ale-
facept and efalizumab, have also been used for skin lesions.
These agents prevent the activation and reduce the number of
memory T lymphocytes.

Although PUVA and methotrexate are used most often, cy-
closporine and the newer immunomodulatory agents are being
used increasingly as more experience is gained with them for
treatment of severe psoriasis.22,68 The choice of agents depends
on patient and drug characteristics. Because patients with pso-
riasis generally have the disease for the rest of their lives, the
goal of treatment is not just safe and effective resolution of
disease at a specific point in time, but also safe and effective
maintenance therapy for long periods. Anecdotal experience
suggests that long-term maintenance therapy for psoriasis can
generally be achieved even with weaning or discontinuation
of UVB, PUVA, and methotrexate. From a histologic perspec-
tive, these drugs have been shown to induce remittive cellular
changes. In contrast, partial to full doses of acetretin or cy-
closporine are necessary to maintain the therapeutic effects of
these two drugs, because they induce suppressive rather than
remittive histopathologic changes. For example, relapse will
occur in most patients in a predictable manner 2 to 4 months
after cyclosporine is discontinued.75

Rotational Therapy
No form of therapy used in psoriasis today is without toxicity.
Rotational therapy involves the use of alternating monothera-
pies, which allows the patient to experience extended intervals
off a particular treatment. When used in long-term mainte-
nance, rotational therapy limits adverse effects associated with
either long-term use of one specific agent or the additive or
synergistic interactions when multiple therapies are used con-
currently. As discussed, the relative risk of skin cancer asso-
ciated with PUVA increases after 160 treatments. If a patient
in remission is rotated off PUVA to another treatment after
100 exposures, the skin has time to recuperate from the light
therapy, and PUVA can eventually be reinstated presumably
with lesser risk. Rotational therapy assumes that the patient
can tolerate three to four alternative treatments with unre-
lated toxicity profiles.75 By rotating each treatment after 12 to
18 months of cumulative use, the potential for long-term toxic-
ity associated with any single treatment is minimized. With this
theoretic rationale, cyclosporine could be used for a limit of
possibly 3 to 6 months, thus inducing a remission. The patient
could then be rotated to another treatment (e.g., methotrexate
or PUVA) for maintenance.

Psoralens and UVA irradiation become noticeably effective
in 80% to 90% of patients in 6 to 8 weeks.24 The regimen
is time-consuming because UV radiation treatments must be
administered at least three times a week. Adverse long-term
effects (premature photoaging, dyskaryotic or precancerous
dermal changes, skin cancer [including melanoma], immuno-
logic changes, and cataracts) can be minimized with appropri-
ate patient selection and monitoring. More immediate adverse
effects (e.g., itching, nausea, headache, lethargy, erythematous
phototoxic reactions with overexposure, skin pain, and hyper-
pigmentation) are common. Male patients have increased risk
of developing genital squamous-cell cancer (the groin should
be shielded during therapy), wrinkling, lentigines (brown mac-
ule resembling a freckle), irregular pigmentation, and cataracts

(if protective eye wear is not used). Generally, 8-MOP is ad-
ministered (0.6–0.8 mg/kg of body weight), followed by UVA
(dose selected based on skin type, ease of sunburn, and inherent
skin color) about 75 to 90 minutes later when psoralen blood
levels peak. PUVA-induced erythema generally appears later
than with UVB therapy, reaching a peak by 48 hours. Conse-
quently, treatment should not be administered more frequently
than every second day. The time to produce clearing of psoriatic
plaques with PUVA takes longer than with UVB therapy (av-
erage 10 weeks compared with ≤3 weeks for UVB).40 PUVA
treatment must be decreased slowly once plaques have been
cleared (frequency of treatment is reduced over 2–3 months)
to prevent recurrence of psoriatic plaques. In contrast, UVB
therapy can be ceased abruptly. Taking time off from work
three times weekly for photochemotherapy can be disruptive
to some patients’ work or school schedules.

Psoralens and UVA should be avoided in patients with a
history of skin cancer, in children, during pregnancy, in pa-
tients who are immunosuppressed, and in those who have
light-colored skin that burns rather than tans. Absolute con-
traindications to treatment with PUVA include a history of
photosensitivity diseases (i.e., lupus erythematosus, por-
phyria), idiosyncratic or allergic reactions to psoralens, ar-
senic intake, exposure to ionizing radiation, skin cancer (rel-
ative contraindication), pregnancy, and lactation. Techniques
to minimize cumulative dosage of radiation and reduce the
risk of long-term adverse effects of photochemotherapy in-
clude use of sunscreen, protective clothing, and sunglasses; and
use of combination therapy (RePUVA). Other photosensitizing
drugs (e.g., fluoroquinolones, phenothiazines, sulfonamides,
sulfonylureas, tetracyclines, thiazides) should be avoided in
patients receiving PUVA.

In summary, PUVA is effective in 80% to 90% of pa-
tients, and G.L.’s severe, extensive, plaque psoriasis should
be expected to respond accordingly. The systemic drugs (e.g.,
methotrexate, cyclosporine) may be preferred if G.L. had sys-
temic symptoms (e.g., psoriatic arthritis). Although thrice-
weekly PUVA treatments can be disruptive to work schedules,
G.L. is self-employed and presumably has some flexibility in
his working hours. Rotational therapy could be considered at
a later time depending on G.L.’s response and tolerance of
PUVA.

Psoriatic Arthritis

7. R.T. is a 38-year-old male aerospace machinist with pso-
riasis and increasing joint complaints. He describes a flare-up
over the last month involving predominantly the middle finger of
the right hand. He also has arthralgias of the shoulders, knees,
and the rest of his hands. Concomitantly, his skin disease has
once again become active, despite nightly betamethasone dipro-
pionate (Diprolene) administration. He has a history of chronic
depression and alcoholism, although he is currently sober and not
being treated with antidepressant medications. Physical examina-
tion reveals a significant amount of tenderness of the right third
metacarpophalangeal joint, without a great deal of active syn-
ovitis. He also has a moderate effusion of his right knee, but the
rest of the joint examination is otherwise benign. Active psoriatic
lesions are noted on his feet, knees, and elbows, and he has char-
acteristic psoriatic nail changes. An erythrocyte sedimentation
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rate is mildly elevated. Which systemic therapy would be most
appropriate for both R.T.’s skin and joint complaints?

Psoriatic arthritis is a distinct form of inflammatory arthritis
that is usually seronegative for rheumatoid factor. In various
reports, 6% to 42% of patients with psoriasis experience arthri-
tis, and the prevalence is increased among patients with severe
cutaneous disease.76 Nail involvement occurs in >80% of pa-
tients with psoriatic arthritis, as compared with 30% of patients
with only cutaneous psoriasis.76 Five clinical subsets of psori-
atic arthritis have been identified: distal interphalangeal arthri-
tis (classic, 5%–10%, often accompanied by nail changes),
arthritis mutilans (5%, starts in early age, accompanied by
osteolysis with severe deformities of fingers and toes), sym-
metric polyarthritis (rheumatoidlike, <25% incidence, milder
course), asymmetric oligoarthritis (most prevalent, 70%, prox-
imal and distal interphalangeal joints, metacarpophalangeal
joints, knee and hip), and spondylitis (5%–40%, often asymp-
tomatic).

The presentation of R.T. is representative of asymmetric
oligoarthritis. Treatment of this form of psoriatic arthritis con-
sists of an NSAID, local corticosteroid injections, and im-
munosuppressive agents, including TNF inhibitors. NSAIDs
suppress symptoms, but do not induce remissions and can
exacerbate cutaneous symptoms.73 Systemic corticosteroids
are avoided because they destabilize psoriasis (transformation
to pustular forms), induce resistance to other effective thera-
pies, and re-exacerbate the skin disease during withdrawal.26,77

PUVA and acitretin have negligible antiarthritic efficacy.

Methotrexate
Methotrexate has traditionally been the drug claimed to pro-
duce benefit in both the cutaneous and the articular manifes-
tations of psoriatic arthritis.76 Despite its widespread use in
psoriatic arthritis, data on its effectiveness are sparse. In a
meta-analysis of the published randomized trials of second-
line drugs for psoriatic arthritis, only sulfasalazine (no ac-
tivity against skin disease) and methotrexate were proved to
be effective.77 Cyclosporine was not considered because no
controlled study met the inclusion criteria for this particular
meta-analysis. Another study compared low-dose methotrex-
ate (up to 15 mg/week) with cyclosporine. Both were found
to be effective, but methotrexate was better tolerated (28% vs.
41% withdrawal rate).78 After a sufficient trial of an NSAID,
initiation of methotrexate therapy is a reasonable second-line
agent for R.T.’s arthralgias in his shoulders, knees, and hands
and his active skin disease.

Therapy with methotrexate usually is initiated with a
2.5-mg test dose. If no idiosyncratic reaction occurs, doses
are gradually increased to a maintenance dose of 10 to 25
mg/week. Methotrexate is best given in a single weekly oral
dose or in three 2.5- to 7.5-mg doses at 12-hour intervals dur-
ing a 24-hour period (e.g., 8 am, 8 pm, and again at 8 am). Folic
acid 1 mg daily should be prescribed concomitantly to protect
against common adverse effects, such as stomatitis. Folate does
not protect against hepatic or pulmonary toxicity, and monitor-
ing for these complications is necessary during therapy. Reg-
ular blood counts, urinalysis, and renal and liver function tests
should be evaluated. An aspiration needle biopsy of the liver
should be performed at or near the initiation of treatment.50

More practically, if no risk factors for hepatotoxicity exist, the
liver biopsy can be postponed for 2 to 4 months until the drug’s
efficacy and lack of toxicity have been established for the pa-
tient and long-term therapy is about to be initiated. Delaying
the biopsy for this period does not pose a risk because it is rare
for life-threatening liver disease to develop with the first 1.0 to
1.5 g of methotrexate.49,50

Hepatotoxicity, however, may not be apparent on routine
laboratory evaluation. When liver chemistry tests are ob-
tained, there should be at least a 1-week interval after the last
methotrexate dose because liver chemistry values are often el-
evated 1 to 2 days after methotrexate therapy. If a significant
abnormality in liver chemistry is noted, methotrexate therapy
should be withheld for 1 to 2 weeks and the battery of liver
chemistry tests repeated. Liver chemistry values should return
to normal in 1 to 2 weeks. If significantly abnormal liver chem-
istry values persist for 2 to 3 months, a liver biopsy should be
considered. Liver biopsy is recommended when the cumula-
tive dosage level reaches 1.5 g and after each subsequent 1.5-g
increase in the cumulative dose. Risk factors for hepatotoxi-
city include daily methotrexate administration, heavy alcohol
intake, diabetes, obesity, intravenous drug abuse, previous ex-
posure to hepatotoxic drugs, and pretreatment of liver dysfunc-
tion. Liver function abnormalities may improve after cessation
of MTX therapy for 6 months.

8. During a follow-up visit to his family doctor several months
later, R.T. had several somatic complaints that led to a diagnosis of
recurrent depression. Subsequent history reveals that he also has
resumed use of alcohol. He tends to drink four to five beers a night
on weekends or when he is feeling low, although he does admit
that his level of alcohol use is sometimes higher. His skin disease
is relatively well controlled, but joint complaints have persisted.
What additional options now exist for R.T.?

Methotrexate should be discontinued because the risks
probably now exceed the benefits, particularly because rheu-
matic complaints have not been controlled and alcohol con-
sumption has resumed. RT should be referred for physical and
occupational therapy, encouraged to exercise, and (if needed)
referred for orthotics. An NSAID can be given symptomati-
cally. Sulfasalazine and hydroxychloroquine might be benefi-
cial for joint symptoms alone, and cutaneous manifestations
may be controlled with topical agents. Alternative second-line
agents include immunomodulatory agents, cyclosporine, anti-
cytokines, TNF inhibitors, infliximab, and etanercept.

Immunomodulatory Agents
Oral cyclosporine is given in divided daily doses in the range of
2.5 to 5 mg/kg, lower than for organ transplantation. Improve-
ment is generally observed within 4 weeks. In one study, pain,
number of painful and swollen joints, and duration of morn-
ing stiffness all decreased by 30% to 50%, along with 52%
improvement in skin scores and serum C-reactive protein.79

Another open-label study of 99 patients randomized to cy-
closporine, sulfasalazine, or placebo reported beneficial ef-
fects from cyclosporine compared with placebo, but not sul-
fasalazine over 6 months, in terms of pain and tender, swollen
joints counts.80 Hypertension (13.9%), declining renal func-
tion (27.8%), and a variety of neurologic complaints (19.4%)
were common in the cyclosporine-treated group. Skin disease
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also abated more in the cyclosporine group. Close monitoring
is required because these toxicities often limit the long-term
use of cyclosporine.

Both methotrexate and cyclosporine reduce inflammatory
joint activity in the short term, but it remains to be seen whether
they actually modify the long-term disease process. It is clear
that better therapies for psoriatic arthritis are necessary.

Tumor necrosis factor-α is a potent cytokine involved in
inflammation and joint damage. Inhibition of this cytokine re-
duces direct actions as well as the action of other proinflam-
matory cytokines. Etanercept is a TNF-α receptor blocker. In a
3-month, double-blind, placebo-controlled study of 60 patients
with psoriatic arthritis, an etanercept response was observed
in 73% of patients (vs. 13% with placebo) and skin condi-
tion improved in 50% (vs. 0% with placebo).81 Infliximab is
a human/mouse chimeric anti–TNF-α antibody. Patients given
infliximab intravenously 10 mg/kg at 0, 2, and 6 weeks, re-
ported 91% clinical response (vs. 18%, placebo) at 10 weeks

and 82% (vs. 18%, placebo) had at least 75% improvement
in PASI. The median time to response was 4 weeks. No se-
rious adverse events occurred during this short trial.65 In two
other 1-year, open-label trials, infliximab at 5 mg/kg every 4
to 8 weeks produced significant reduction in both psoriatic
skin lesions and joint symptoms, which was maintained with
continued 5 mg/kg doses every 14 weeks.82,83

For patients such as R.T., whose disease cannot be treated
successfully or safely with methotrexate, proceed with an anti–
TNF-α agent. If available, etanercept (25–50 mg subcuta-
neously twice weekly) is preferred for convenience. Screen-
ing for tuberculosis before beginning therapy with anti-TNF
agents is prudent, and those with evidence of prior tubercu-
lous chest infection or with a positive skin test for tuberculosis
should be offered prophylactic antitubercular therapy. If further
studies confirm long-term effectiveness and safety of the anti-
TNF treatments, these may become the preferred treatments
for patients with moderate to severe disease.
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PHOTOSENSITIVITY
Effects of Ultraviolet Radiation
Changing lifestyles have considerably increased human expo-
sure to sunlight: more outdoor recreational activities, more em-
phasis on tanning, longer life spans, and seasonal population
shifts to the Sunbelt. Public attitudes toward tanning and sun
exposure have not changed although epidemiologic evidence
clearly implicates sunlight as a causative factor in many skin
diseases. Squamous cell carcinoma (SCC) and basal cell carci-
noma (BCC), which together account for more than half of all
malignancies in the United States, are linked closely to expo-
sure to ultraviolet radiation (UVR).1 Malignant melanoma, the
incidence of which has increased >100% in the last decade,

most likely is linked to UVR exposure.2 Sunburn, photoaging,
immunologic changes in the skin, cataracts, photodermatoses,
phototoxicity, and photoallergy are other commonly encoun-
tered photosensitivity reactions. The appropriate use of sun-
screens or other photoprotective behaviors can help mitigate
the incidence of the adverse effects of UVR.

Ultraviolet Radiation Spectrum
Ultraviolet radiation, the primary inducer of photosensitivity
reactions in humans, is divided into ranges according to the
effects of the four primary wavelengths: UVA1 (340–400 nm),
UVA2 (320–340 nm), UVB (290–320 nm), and UVC (200 to
290 nm) (Fig. 41-1). UVA, with a wavelength of 320 to 400
nm, is closest in wavelength to visible light.3 Unlike UVB rays,

41-1
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FIGURE 41-1 Ultraviolet radiation
(UVR) spectrum. *Erythro-genic and
melanogenic bands of UVR.

UVA radiation levels have small fluctuations during the day,
and are present from sunrise to sunset every day, all year round,
even in the winter and on cloudy days. It is considerably less
likely than a comparable dose of UVB to cause a similar de-
gree of erythema.4,5 Unlike UVB, however, UVA penetrates to
the dermal layer and may cause harmful effects not caused by
UVB.3 About 10 to 100 times more UVA reaches the earth’s
surface than UVB. Consequently, UVA may contribute up to
15% of the erythemal response at midday.3,6 UVB is the most
erythemogenic and melanogenic of the three UVR bands.3,7

Up to 90% of UVB is blocked by the earth’s stratospheric
ozone layer, and it is absorbed completely by the epidermal
layer of the skin.8,9 The only known beneficial effect of UVR
in humans is exposure to small amounts of UVB, most com-
monly through sunlight, which converts 7-dehydrocholesterol
to cholecalciferol (vitamin D3). Vitamin D enhances calcium
homeostasis and has direct and indirect effects on cells involved
with bone remodeling. As a result, vitamin D can decrease the
risk of rickets in childhood and fractures and osteomalacia in
adults.10

The UVC wavelengths are absorbed completely by the
earth’s stratospheric ozone layer. Artificial sources of UVC
have been used in the sterilization and preservation of food
and in minimizing bacterial growth in laboratories and hos-
pital operating rooms by germicidal lamps, which can cause
erythema or cataracts if mishandled.3,7

Environmental Effects on UVR
OZONE AND CHLOROFLUOROCARBONS
The amount of UVR that reaches the earth’s surface is influ-

enced by many factors. Concern has been focused on the impli-
cations of depletion of the ozone layer.6,9,11 In the decade after
it was first detected in 1983, ozone levels above the Antarctic
had fallen to 50% of normal.11 In the early 1990s, worldwide
estimates from the Environmental Protection Agency (EPA)

predicted an additional 40% depletion of ozone by the year
2075 if controls on chlorofluorocarbons (CFC) were not en-
acted. The EPA also concluded that for every 1% decrease in
ozone, UVB radiation reaching the earth’s surface would in-
crease by 2% per year, possibly resulting in a 1% to 3% in-
crease per year in nonmelanoma skin cancer.12 In addition,
UVB radiation can alter the immune system. As demonstrated
by the worldwide meteorologic phenomena known as El Nino
and La Nina, an impaired immune system can increase the inci-
dence of certain cancers, including skin cancers.9 These losses
in the ozone layer are thought to be caused by man-made pol-
lutants (e.g., nitrous oxides from jet airliners in stratospheric
aviation and CFC as propellants and refrigerants). The effect
of the ban on the commercial use of CFC by many of the indus-
trialized nations has begun to be seen, as evidenced by a slow
decline in these ozone-depleting compounds. Because ozone
depletion takes place approximately a decade after CFC ex-
pression in the stratosphere, this recovery may take place later
than expected.13 Because UVA is only slightly filtered by the
ozone layer, any decrease in the ozone layer would result in a
disproportionate increase in UVB reaching the earth.

TIME OF DAY, CLOUD COVER, AND SURFACE REFLECTION
The time of day influences the amount of UVR reaching the

earth’s surface; 20% to 30% of the total daily UVR is received
from 11 am to 1 pm, with 75% between 9 am and 3 pm. Cloud
cover can decrease UV intensity by 10% to 80% and decreases
infrared radiation to an even greater extent. This greater at-
tenuation of infrared radiation by cloud cover can lead to an
increased risk of UVR overexposure because less infrared ra-
diation will be absorbed by the body and transformed into heat,
resulting in less warning of overexposure to UVR. Reflection
of UVR by substances (e.g., sand, water, snow) also may be im-
portant. For example, sand reflects about 25% of incident UVB
radiation; therefore, sitting under an umbrella at the beach may
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not offer adequate protection. In general, whenever someone’s
shadow is shorter than his or her height, care should be taken;
the shorter the shadow, the more likely a sunburn will occur.
Fresh snow can reflect 50% to 95% of incident sunlight. Water
reflects approximately 5% of erythemal UVR, whereas 75%
of the radiation is transmitted through 2 m of water, offering
swimmers little protection.3 Seasonal changes, geographic lat-
itude, and altitude also influence the amount of UVR reaching
the earth’s surface.

UV INDEX
The UV Index, offered by the EPA, the National Weather

Service, and the Centers for Disease Control and Prevention,
is a public health education service that is available in 58 U.S.
cities.14 This Index, with a scale from 1 (minimal exposure)
to 10 (very high exposure), forecasts the probable intensity of
skin-damaging UVR expected to reach the surface during the
noon hour when the sun is highest in the sky. Theoretically,
the UV Index can range from 0 (e.g., during the night) to 15
or 16 (in the tropics at high elevations under clear skies). The
higher the UV Index, the greater the dose received of skin-
and eye-damaging UVR, and the less time it takes before skin
damage occurs.

The amount of UVR exposure needed to damage an in-
dividual’s skin is affected by the elevation of the sun in the
sky, the amount of ozone in the stratosphere, and the amount
of clouds present. Clear skies transmit 100% of UVR to the
earth’s surface, with scattered clouds 89%, broken clouds 73%,
and overcast clouds 32%. The darker an individual’s skin tone,
the longer (or the more UVR) it takes to cause erythema.

Erythema, Sunburn, and Tanning
ERYTHEMA AND OXYGEN-FREE RADICALS
Excessive exposure of the epidermal and dermal layers of

the skin to UVR can result in an inflammatory erythematous
reaction. Excess UVA and UVB causes the release of vasodila-
tory mediators (e.g., histamine, prostaglandins, cytokines), re-
sulting in increased blood flow, erythema, tissue exudates,
swelling, increased sensation of warmth, and a characteristic
sunburn.3,7 Severe UVR exposure, primarily UVB, can cause
blister formation, desquamation, fever, chills, weakness, and
shock. Erythema caused by UVB begins within 3 to 5 hours
after exposure, is maximal after 12 to 24 hours, and usually re-
solves over the ensuing 3 days.7 In contrast, erythema caused by
UVA begins immediately, plateaus between 6 and 12 hours, and
remains for 24 hours. UVA-induced changes in the dermis are
characterized by greater damage to the vasculature and dense
cellular infiltrates that penetrate to deeper levels of the skin.7

The dermis also may be damaged when endogenous compo-
nents of the skin absorb UVR energy and subsequently interact
with oxygen to form tissue-damaging oxygen-free radicals.9

HISTOLOGY OF SUNBURN
The skin undergoes adaptive changes in response to UVR

exposure. When keratinocytes in the epidermis are damaged
and lose their typical organization, both the epidermis and the
stratum corneum thicken6 and attempt to serve as a barrier
to UVR, particularly to UVB. The skin’s normal protective
immune response, however, is altered with exposure to UVR.
Metalloproteinase proteins, proteolytic enzymes that are in-
duced with low-dose UVR exposure, cause degradation of col-

lagen and elastin in the dermal matrix.15 Langerhans’ cells (i.e.,
antigen-presenting cells in the skin) are decreased in number
and function even after small doses of UVB.15 These cells
abnormally activate suppressor T-lymphocytes and lose their
ability to activate normal effector pathways of the immune
system.16

IMMEDIATE PIGMENT DARKENING AND DELAYED TANNING
Tanning is an adaptive mechanism of the skin to UVR. Tan-

ning occurs by two different mechanisms: immediate pigment
darkening (Meirowsky phenomenon) and delayed tanning. The
primary cell involved in tanning is the melanocyte, which pro-
duces the radiation-absorbing protein, melanin.3,6 Immediate
pigment darkening begins during the actual exposure to UVA
and certain bands of visible light,3,6 and the oxidation of exist-
ing melanin in the epidermis transiently turns the skin grayish
brown. The degree of immediate pigment darkening depends
on the duration and intensity of exposure, the extent of previ-
ous tanning (or amount of pre-existing melanin), and the skin
type of the individual.3 Immediate pigment darkening is not
protective against UVB erythema.6

Delayed tanning occurs 48 to 72 hours after exposure to
either UVA or UVB. It is most intense 7 to 10 days after UV
exposure and can last for weeks to months.3 Delayed tanning
is the result of increased production of melanin, an increase
in the size and dendricity of the melanocyte, and the rate
of transfer of melanosomes (particulate bodies of melanin)
to keratinocytes.3,6 The keratinocyte, now pigmented with
melanosomes, migrates to the epidermis, producing the char-
acteristic suntan. Delayed tanning caused by UVA is less pro-
tective against sunburn than delayed tanning caused by UVB,
as epidermal thickening is not induced by UVA.3

SKIN TYPES

1. L.M., a 26-year-old woman, and G.M., her 28-year-old hus-
band, have planned a 2-week cruise to the Caribbean and are
inquiring about sunscreens for the trip. L.M. has fair complexion
with blonde hair and blue eyes, and G.M. has a light brown com-
plexion with brown hair and brown eyes. On first exposure to the
sun with about an hour of intense midday sunlight, L.M. almost
always develops a deep red, painful sunburn, with only minimal
subsequent tanning. She freckles easily when exposed to sunlight
and remembers being severely sunburned on several occasions as
a child. When G.M. is first exposed to the sun in the summer, he
usually develops mild erythema, followed by moderate tanning.
He cannot recall being severely sunburned as a child, but does
recall becoming moderately tanned each summer as a child and
adolescent. L.M. is employed as a receptionist for an account-
ing firm, and G.M. works outdoors for a construction company.
Both spend considerable amounts of time participating in out-
door activities. What data in this history would influence your
recommendation of a sunscreen product for G.M. and L.M.?

One of the most important pieces of information to include
in the patient history is the patient’s skin type.17 Patients can
be classified into six sun-reactive skin types based on their
response to initial sun exposure, skin color, tendency to sun-
burn, ability to tan, and personal history of sunburn (Table
41-1). This skin typing system has been used by the U.S. Food
and Drug Administration (FDA) since 1978 in its guidelines
for sunscreen agents. L.M.’s fair complexion, propensity to
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Table 41-1 Suggested SPF for Various Skin Types

Complexion Skin Type Skin Characteristics Suggested Product SPF

Very fair I Always burns easily; never tans 20–30
Fair II Always burns easily; tans minimally 15–20
Light III Burns moderately; tans gradually 10–15
Medium IV Burns minimally; always tans well 8–10
Dark V Rarely burns; tans profusely 8
Very dark VI Never burns; deeply pigmented 8

SPF, sun protection factor.

sunburn, and minimal tanning classify her as skin type II.
G.M.’s light brown complexion, minimal sunburn reaction, and
moderate tanning classify him as skin type IV. Hair and eye col-
ors also provide an indication to skin reactiveness to sunlight.
People who have blonde, red, or light brown hair or blue or
green eyes tend to have greater skin reactivity to sunlight than
people with darker-colored hair or eyes. A history of severe
sunburn also can be associated with skin reactivity to sunlight,
although self-reported patient histories of sunburn or tanning
may not be consistently reliable, and personal interviews may
be a more reliable indicator. L.M.’s propensity to freckle and
her history of severe sunburns as a child may give an indication
as to her skin’s sun reactiveness. Other important information
to consider in the patient history includes a medication history,
history of sun-reactive dermatoses, history of allergies (partic-
ularly contact hypersensitivities to cosmetics or other topical
agents), and the intended activities during sunscreen use.

Photocarcinogenesis
RISK FACTORS

2. What subjective and objective evidence do L.M. and G.M.
exhibit that places them at risk for the long-term adverse effects
of UVR? What are the risk factors for these long-term adverse
effects of UVR?

The long-term effects of UVR include photocarcinogenesis
and premature aging of the skin (photoaging). The associated
risks for development of these long-term effects are directly re-
lated to the congenital pigmentation of an individual (which in-
cludes skin type and hair and eye color) and intensity, duration,
and frequency of exposure to UVR. With a type II skin type,
L.M. is at high risk for carcinogenesis and photoaging, whereas
G.M., with skin type IV, may be at a lower risk. Excessive sun
exposure, especially during childhood, increases the risk of
nonmelanoma and melanoma skin cancers. During the first 18
years of life, the average child receives three times the dose
of UVB of the average adult; consequently, most sun exposure
occurs during childhood.18,19 A history of frequent sunburn
or intermittent high-intensity exposures to UVR may be asso-
ciated with the occurrence of malignant melanoma, whereas
large cumulative doses of UVR over a lifetime may contribute
to the incidence of nonmelanoma skin cancers. L.M.’s history
of several severe sunburns as a child may more than double
her risk of cutaneous malignant melanoma (CMM).18,19 Cu-
mulative doses of UVR received unintentionally from working
outdoors (as in G.M.) or from participating in outdoor recre-
ational activities also can contribute significantly to the risk
of photocarcinogenesis and photoaging.4 A large number of

moles, congenital moles >1.5 cm wide, and abnormal moles
also appear to be a risk factor for malignant melanoma.20 Risk
for skin cancer is increased among first-degree relatives of
patients with skin cancer,21 because frequent sunburns, sub-
optimal sunscreen use, and high rates of tanning bed use are
common among the children with a personal or family history
of skin cancer.22

SQUAMOUS CELL AND BASAL CELL CARCINOMA
The association of skin cancer in humans to UVR expo-

sure is based primarily on clinical and epidemiologic evidence.
Nonmelanoma skin cancers, such as SCC and BCC, occur
most commonly on areas that are maximally exposed to sun-
light (e.g., the face, neck, arms, back of the forearms, and
hands).3 The prevalence of nonmelanoma skin cancers is in-
versely related to geographic distance from the equator and to
the melanin content of the skin, with SCC more strongly linked
than BCC to UVR.3,20 Persons of skin types most sensitive to
sunlight, as well as persons working outdoors, have higher in-
cidences of nonmelanoma skin cancers.3 A family history of
SCC and BCC increases the risk at least twofold, depending on
the histology, number of lesions, and degree of invasiveness.23

Albinism, a genetic disease characterized by partial or total
absence of pigment in the skin, hair, and eyes, is associated
with increased and premature development of skin cancers.3

CUTANEOUS MALIGNANT MELANOMA
The development of CMM also may be linked to UVR ex-

posure, specifically exposures that induce sunburn. A history
of five or more severe sunburns during adolescence more than
doubles the risk of CMM.20 CMM, as does nonmelanoma skin
cancers, demonstrates an inverse relationship to geographic
distance from the equator and melanin content of the skin.3

Unlike nonmelanoma skin cancers, however, CMM does not
demonstrate a clear relationship to the cumulative dose of
UVR, and it occurs on areas of the body exposed to the sun
intermittently (e.g., on the back in men and the lower legs in
women). In addition, it occurs most commonly in the middle-
aged and individuals who work indoors, as well as those whose
sun exposure is limited to weekends and vacations.20 A family
history of melanoma increases the risk of melanoma two- to
eightfold.24

MECHANISMS OF CARCINOGENESIS
Mechanisms of carcinogenesis may include damage to DNA

and alterations in immunologic status. Epidermal and dermal
DNA can absorb UVR, which can contribute to abnormal
formation of pyrimidine dimers. Normally, these pyrimidine
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dimers are excised and repaired; however, if left uncorrected,
these DNA lesions can lead to interruption of transcription,
with possible mutagenesis and malignancy.25

TANNING BOOTHS

3. B.P., a 32-year-old woman, is preparing for a business trip
to Cancun. She is seeking advice about the use of a tanning bed to
stimulate melanin for the prevention of sunburn while on her trip.
B.P. has skin type III and light brown hair and green eyes. She
recently heard, however, that a tan produced by artificial sunlight
may not protect against sunburn and may even cause skin cancer.
What advice will you offer her? What precautions would you
recommend if she decides to visit a tanning salon?

Most tanning beds, booths, or salons use an artificial light
source that emits about 95% UVA with minimal (i.e., 1% to
5%) UVB.26,27 Although UVA is much less likely to produce
photoaging and photocarcinogenic changes of the skin than
UVB, high doses of UVA received during a tanning session,
as well as increasing cumulative UVA doses over time, and
increased exposure to sunlight in general, raise great concern
over the long-term effects of UVA.28 UVA causes many of the
same effects on the skin as UVB, including immunologic, de-
generative, and neoplastic changes, as well as damage to DNA
and the formation of reactive oxygen species.29 UVA also con-
tributes to cataract formation and the activation of herpetic
lesions.30 In addition, UVA may augment the photocarcino-
genic effect of UVB,2 and growing evidence indicates the re-
lationship between indoor tanning and melanoma.31 This issue
is compounded by a recent study that suggests that excessive
UV exposure may have a behavioral component.32

With a skin type III, B.P. may be able gradually to achieve a
moderate tan with minimal burning, thus providing some pro-
tection from UVR because of increased melanization of the
skin. This UVA-induced tan, however, may not be as protec-
tive as a tan achieved under normal sunlight conditions be-
cause UVA does not thicken the stratum corneum.33 An artifi-
cially produced tan plus subsequent sun exposure has not been
found to provide any net reduction in long-term damage to the
skin when compared with the same amount of tan obtained by
sunbathing alone.33 For these reasons, B.P. should not use the
tanning booth to obtain a protective tan, and she should use
appropriate photoprotective measures during her trip.

If B.P. decides to artificially tan despite your recommenda-
tion, she should undertake some precautions. Because she has
skin type III, her UVR exposure should be limited to 30 to 50
half-hour sessions a year and she should keep a record of total
joules of exposure that she has received over time.3 To mini-
mize cataract development, B.P. always should wear protective
eye wear that absorbs all UVA, UVB, and visible light up to
500 nm; simply closing her eyes or wearing regular sunglasses
provides no protective effect against eye damage.

Photoaging
NORMAL AGING AND HISTOLOGY OF PHOTODAMAGED SKIN
Photoaging, or premature aging of the skin, involves skin

changes that differ from those associated with normal chrono-
logic aging.34,35 Normal aging of the skin involves fine wrin-
kling of the skin, atrophy of the dermis, and a decrease in the
amount of subcutaneous adipose tissue, all of which lead to
a state of hypocellularity of the skin.34 Photoaging involves

a chronic inflammatory state induced by long-term exposure
to sunlight, leading to a hypermetabolic state of the skin.33

Photodamaged skin is characterized histologically by an ac-
cumulation of excessive quantities of thickened, degenerated
elastic connective tissue fibers (elastosis).34 Type I collagen
predominates in normal skin, but in photodamaged skin, type
III collagen increases about fourfold and the mature matrix
of type I collagen slightly decreases.29 These degenerative
changes in connective tissue may be caused by hyperactive
fibroblasts or by enzymatic degradation via cellular infiltrates
in inflamed skin.3 The elastic connective tissue then replaces
the collagen in upper parts of the dermis.33 The ground sub-
stance, composed of proteoglycans and glycosaminoglycans,
also is increased considerably in photoaged skin.3 Capillaries
in the dermis become dilated and tortuous, resulting in telangi-
ectasias, ecchymosis, and purpura.35 The epidermis thickens,
and epidermal cells become hyperplastic and possibly neo-
plastic. Actinic keratosis, a premalignant lesion found mostly
in the older population, is a risk factor for the development of
BCC, because a low percentage of these lesions transform into
SCC.35,36 Large cumulative doses of UVA, UVB, and possi-
bly infrared radiation over the course of a lifetime are strongly
implicated as the cause of these changes in photoaged skin.3

Photodamaged skin is characterized as being wrinkled, yel-
lowed, and sagging. Mildly affected skin becomes irregularly
pigmented, rough, and dry, with mild wrinkles. Moderately af-
fected skin becomes deeply wrinkled, sagging, thickened, and
leathery, with vascular lesions.35 Largely irreversible, severely
affected skin can become deeply furrowed, permanently (and
irregularly) pigmented, and may manifest premalignant and
malignant lesions.35 Areas of the body most commonly af-
fected are the face, back of the neck, back of the arms and
hands, the V-line of the neck of women, and balding areas of
the head of men.

TOPICAL RETINOIDS

4. P.B. is a 38-year-old woman who has enjoyed many outdoor
activities over the years. She lives in a moderate climate, with
hot, sunny summers and cold winters. She feels that she appears
older than other women her age because of wrinkling and color
changes of her skin. Her facial color is somewhat yellowish in
appearance and the fine wrinkles at the corners of her eyes and
mouth have become more obvious. She has noticed the formation
of small brown spots mottling parts of her face, hands, and fore-
arms. P.B. has skin type III; a clear complexion; and skin that
is sensitive to soaps, heavy cosmetics, and perfumes. Would P.B.
be an appropriate candidate for therapy with a topical retinoid
product (e.g., tretinoin)?

Tretinoin (transretinoic acid) is available as a cream
(0.025%, 0.05%, and 0.1%), gel (0.01%, 0.025%, 0.04% [in
microspheres], 0.1% [in microspheres]), or liquid (0.05%).
Tazarotene, another retinoic acid, is available as a 0.05% or
0.1% cream. Adapalene is available as a 0.1% cream, and a
0.1% or 0.3% gel. These agents are effective in partially revers-
ing some of the clinical and histologic changes of photoaging
by lessening fine wrinkles, mottled pigmentation, and the tac-
tile roughness associated with photoaged skin.37–40 Adverse
drug events include erythema, peeling, burning, and sting-
ing. These adverse effects, as well as the clinical and histo-
logic improvements, are thought to be dose dependent. Mild to
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moderate reactions decrease gradually after the second week
of therapy. Additional benefits of retinoid therapy include the
formation of new dermal collagen and vessels, reduction in
the number and melanization of freckles, resorption of degen-
erated connective tissue fibers, and treatment of premalignant
and malignant skin lesions.41 In one of the initial trials, all sub-
jects treated (100%) demonstrated global improvement in the
signs of photoaging, with 53% showing moderate changes and
the remainder having at least slight improvement. Of the clin-
ical parameters assessed, the most impressive improvements
were found with facial skin sallowness, with respondents de-
veloping a healthy, rosy glow.38

Patient Selection
Topical retinoid therapy is most effective for patients 50 to
70 years of age with moderate to severe photoaging and for
prophylactic use in patients undergoing the initial changes
of photoaging.37 Recently, P.B. has noticed some of the skin
changes consistent with early photoaging and would be a good
candidate for prophylactic therapy with topical tretinoin. Treat-
ment may improve her sallow skin color; lessen the mottling on
her face, forearms, and fine wrinkles at the corners of her eyes
and mouth; as well as prevent worsening of the photoaging
process that she is experiencing.

Patient Counseling

5. P.B.’s physician asks if tretinoin 0.05% cream would be a
good starting dose. What do you recommend? What patient coun-
seling should P.B. be given?

Because both the beneficial and adverse effects of topical
retinoid therapy are dose dependent, the underlying goal is
to provide the maximal benefit by using the highest concen-
tration that causes minimal skin irritation. Considering P.B.’s
skin sensitivity to soaps, cosmetics, and perfumes, her skin is
likely to be irritated easily by tretinoin; therefore, it would be
best to initiate therapy with the lowest strength (e.g., tretinoin
0.025% cream). An alternative retinoid is tazarotene 0.1%
cream. These agents are usually applied every night at bed-
time, but in some instances, they are applied initially on an
every-other-night basis until the skin accommodates to the ir-
ritant effects. The likelihood of irritation depends on the type
of vehicle, more than on the concentration of the agent.41 The
cream formulation causes the least skin irritation and would
be preferred for initiating therapy for P.B. Tretinoin is also
available as a gel with an alcohol base, with a tendency to be
drying and irritating. It is preferred for patients with persistent
acne or for those with focal actinic lesions. The vehicle in the
gel formulation of tretinoin can evaporate, resulting in the po-
tentiation of its effects. Younger patients often prefer the gel
because it leaves no residue and is compatible with most cos-
metics. The solution and gel may be better tolerated in older
patients with oily, thick, pigmented skin.

Before applying the cream to her face at bedtime, P.B. should
wash her face gently, using her fingertips and mild soap, then
patting her skin dry with a towel. If gentle washing with her
fingers does not remove the dry, peeling skin, a washcloth can
be used gently on the face. The treated stratum corneum is
fragile, and erosions could occur if P.B. is not careful when
washing. After waiting about 15 minutes, she should apply
a pea-sized amount of cream to her forehead and spread the
cream evenly over her entire face. Care should be exercised

while applying the cream to the areas adjacent to the eyes and
mouth because tretinoin can cause irritation and burning of
mucous membranes.

Skin irritation can be expected to start in the first 3 to 5 days
of therapy and, hopefully, will subside in 1 to 3 months. If P.B.
experiences excessive irritation, she can reinitiate the regimen
on a slower timeline by applying the cream on an every-other-
night or every-third-night basis for the first 2 weeks to reduce
skin irritation, or she can also apply a topical corticosteroid
product such as hydrocortisone 1% cream. As she begins to
tolerate the therapy, her frequency of applications and strength
of cream should be titrated to cause mild scaling with only oc-
casional mild erythema. A thicker film of cream can be applied
to photodamaged areas. After 9 to 12 months of therapy, she
can begin maintenance therapy, which consists of application
two or three nights a week indefinitely.

Because these agents can dry the skin, P.B. should be coun-
seled to use moisturizers during the day to help decrease the
dryness and irritation of the skin. Nighttime application of
moisturizers should be discouraged when topical tretinoin is
being used because the moisturizers can cause a pH incompat-
ibility with the cream and possibly dilute the concentration of
tretinoin. With a thinning of the stratum corneum, P.B.’s skin
may be more susceptible to the effects of UVR. For this reason,
as well as to prevent further actinic damage, P.B. should begin
prophylactic daytime application of a sunscreen. Considering
her skin type (III) and early photoaging changes, a sunscreen
with a sun protective factor (SPF) of at least 30 would be ap-
propriate. P.B. should be counseled not to become discouraged
by any apparent lack of response; her skin damage is mild, her
response to therapy will be gradual, and part of the goal of ther-
apy is to prevent further damage. Her wrinkles may actually
appear to worsen early in therapy owing to an initial buildup
of the stratum corneum. P.B. should avoid facial saunas and
irritating soaps and cosmetics.

Phototoxicity and Photoallergy
PATIENT HISTORY

6. D.L., a 16-year-old, blond-haired, blue-eyed teenager with
skin type II, presents with a severe sunburn. He states that he
started a new summer job 2 days ago with typical sun exposure.
He is surprised at the severity of this sunburn, which is worse than
normal for the same amount of sun exposure. What nonprescrip-
tion remedies might you recommend for D.L. at this time?

Treatment recommendations for D.L.’s sunburn are inap-
propriate without first obtaining additional data (e.g., a history
and brief visual examination of the condition). Information
that may be important in the history of the condition include
the temporal relationship between sun exposure and onset of
symptoms; the nature and duration of symptoms; recent inges-
tion or topical application of medications; possible exposure
to photosensitizers, chemical irritants, or plants that can cause
allergic contact dermatitis (e.g., poison ivy); and the potential
for arthropod bites. Information that may be important from
the physical examination includes the distribution and mor-
phology of the reaction, as well as areas of the body spared of
the reaction.

A drug-induced photosensitivity reaction most commonly
appears as a sunburn of greater severity than would normally
be expected or as a rash in areas exposed to the sun or tanning
apparatus. With an increased emphasis on health that includes
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exercise and physical activity outdoors, the incidence of these
reactions is common, with a greater frequency during both the
summer and winter. Further, with an increase in the use of
complementary or alternative medications, many people are
unaware that some of these products (e.g., St. John’s Wort) can
also cause photosensitivity reactions. Chemicals with photo-
sensitization potential are found in medications, cosmetics,
shampoos, moisturizing lotions, hair dyes or tints, soaps, and
other topically applied medications and agents.

Drug-induced photosensitivity reactions can be subdivided
into phototoxic and photoallergic reactions. The same medica-
tion or agent may produce both phototoxic and photoallergic
reactions, and it may at times be difficult to differentiate clini-
cally between the two types of reactions.

PHOTOSENSITIZERS AND SYMPTOMS OF PHOTOTOXICITY

7. On further questioning, you discover that D.L. first expe-
rienced painful erythema of the extensor surface of his hands
and forearms, the anterior aspect of his neck, and parts of his
face within hours of starting his new job at an outdoor garden
and greenhouse. Besides painful erythema, the symptoms also in-
cluded an immediate prickling and burning sensation. The symp-
toms continued to worsen until the following morning, about 24
hours after initial exposure to the sun. D.L. does not recall orally
ingesting or topically applying any medication or other prepa-
ration to his skin, nor does he recall exposure to any chemical
irritants, or poison ivy or oak. The morphology of the skin lesions
is that of an exaggerated sunburn. The skin lesions are patchy in
distribution with greater density on his forearms and hands than
on his neck and face. The posterior aspect of his neck and covered
areas of his body were spared completely. What are some possible
causes of his exaggerated sunburn reaction?

The most likely explanation for D.L.’s exaggerated sunburn
reaction is phototoxicity, secondary to contact with psoralen-
like chemicals from the plants at his job at the outdoor garden
and greenhouse. Phototoxicity is an immediate or delayed in-
flammatory reaction that occurs when a compound with pho-
tosensitizing ability absorbs a sufficient concentration of UVR
in or on the skin, and when the skin is exposed simultaneously
to a specific wavelength of light.42 This spectrum of offending
UVR occurs from the UVB to the UVA range. These com-
pounds include many drugs (see Table 38-8 in Chapter 38,
Dermatotherapy and Drug Induced Skin Disorders) and natu-
rally occurring psoralen-like (furocoumarin) compounds that
are found in many plants (e.g., limes, parsley, celery, figs).43

When the photosensitizing compound is deposited on the skin
surface, the photosensitizer absorbs the radiologic energy and
transfers the energy to surrounding molecules, which then be-
come destructive to the surrounding tissue.3,42

The most common type of drug-induced photosensitivity re-
action is phototoxicity, in which the offending agent is thought
to act as a chromophore, absorbing UVR. When the chro-
mophore reaches a sufficient concentration in or on the skin
and when the skin is exposed to the appropriate wavelength of
UVR, energy is emitted, which damages the adjacent tissue to
cause a phototoxic reaction. The wavelength of radiation nec-
essary to produce such a reaction depends on the absorption
spectrum of the offending agent.

Phototoxic photosensitivity reactions are dose dependent
and occur in almost any person who takes or applies an ade-
quate amount of the offending agent. The dose necessary to

produce such a reaction varies from person to person and de-
pends on such factors as complexion, hair and eye color, usual
ability to tan, and type and amount of UVR exposure. Photo-
toxic photosensitivity reactions are not immunologically medi-
ated or true allergic reactions; they can occur on first exposure
to the agent, and generally show no cross-sensitivity to chem-
ically related agents.

A phototoxic reaction usually has a rapid onset, often within
several hours after UVR exposure and presents as an exagger-
ated or intensified sunburn with erythema, pain, and prickling
or burning. Blistering, desquamation, and hyperpigmentation
can occur in severe cases.42 Symptoms generally peak 24 to
48 hours after the initial exposure and are usually limited to
the areas of UVR-exposed skin. Because phototoxicity reac-
tions do not involve the immune system, prior exposure to the
photosensitizer is unnecessary for this reaction to occur.

Presumably, D.L. came into contact with psoralen-con-
taining plants and simultaneous exposure to sunlight. With an
unusual distribution of lesions on his hands, forearms, neck,
and face, the lack of lesions on areas not contacted by the
plants or sunlight, the temporal relationship between the expo-
sure and onset of symptoms place phototoxicity higher in the
differential diagnosis.

PHOTOSENSITIZERS AND SYMPTOMS OF PHOTOALLERGY
Photoallergy is another possible cause of D.L.’s symptoms.

Although much less common than phototoxicity, photoallergy
requires prior or prolonged exposure to the photosensitizing
compound. Photoallergy results from a similar mechanism to
phototoxicity, except that the immune system is involved. Most
commonly, it is caused by polycyclic photosensitizers that re-
act with UVA to form antigenic macromolecules, evoking a
delayed hypersensitivity response. Clinically, photoallergy dif-
fers from phototoxicity in that it produces an intensely pruritic,
eczematous form of dermatitis.42 The rash is preceded by pru-
ritus and may subside within an hour. In 5% to 10% of cases,
persistent hypersensitivity to light occurs, even after the of-
fending chemical has been eliminated.42

In photoallergic photosensitivity reactions, the suspected
medication or chemical agent is altered in the presence of
UVR to become antigenic or to become a hapten (i.e., an in-
complete antigen), which can combine with a tissue antigen.
These antigen-antibody or immune-mediated processes differ-
entiate photoallergic from phototoxic reactions. Photoallergic
reactions do not occur on first exposure to the medication, but
as with other allergic reactions, they require prior or prolonged
exposure (sensitization period) to the offending agent.42 Once
sensitization has occurred, subsequent exposure to even small
amounts of the offending product will produce a photoallergic
reaction.

Photoallergic reactions are not dose related, and eruptions
can also be caused by chemically related agents owing to a
cross-sensitivity or cross-allergenicity. As a type of delayed
hypersensitivity reaction, time is required to develop an im-
mune response and the onset of a photoallergic reaction is
often delayed for 1 to 3 days. These reactions can present as
macular, bullous, or purpuric lesions. Acute urticaria can occur
within minutes after UVR exposure. Recovery is slower than
from a phototoxic reaction, and it can persist after the offending
product has been removed. These reactions may present with
erythema and possible edema secondary to the inflammation,
but are most commonly found to be eczematous, characterized
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by erythema; pruritus (possible severe); and papules, vesicles,
or both, with weeping, oozing, and crusting. Scaling, licheni-
fication, and pigmentation may occur later.

In a small percentage of cases, hypersensitivity to UVR can
persist after the suspected agent is discontinued. Photoallergic
reactions primarily occur on the skin at sites that are exposed to
UVR, but may extend to nonexposed areas. These reactions are
more common in adults, usually caused by topical medications
or chemicals, but also can be seen with the use of systemic
medications.

D.L. is unlikely to have a photoallergic reaction because of
the lack of a delayed temporal relationship between the onset of
symptoms and combined exposure to plant furocoumarins and
sunlight. Unlike phototoxicity reactions, photoallergic reac-
tions can spread to areas that have not been exposed to sunlight;
however, D.L.’s lesions were limited to areas of skin exposed
to sunlight.

MANAGEMENT

8. What recommendations should you give D.L. for manage-
ment of his photosensitivity?

General recommendations for the management of photo-
toxicity and photoallergy reactions are focused on the removal
of exposure to the potential photosensitizer and reduced expo-
sure to the sun. Patients should be counseled not to take any
medications, orally or topically, without first consulting with
their health care provider to minimize exposure to other photo-
sensitizers. D.L. should try wearing long-sleeved shirts, pants,
and gloves when working to limit exposure to plant photosen-
sitizers. He also may try applying a broad-spectrum sunscreen
to protect his skin from UVB and UVA radiation. If these mea-
sures do not prevent further photosensitivity reactions, D.L.
should consider a different type of employment. His present-
ing symptoms should be managed in a manner similar to that
for an exaggerated sunburn.

Photoprotection
Broad-Spectrum Products
Sunscreens are used to prevent sunburn and reduce the inci-
dence of premature aging and carcinogenesis.36,44,45 The orig-
inal formulations were developed to protect against the effects
of UVB radiation because the potential adverse effects of UVA
were not yet recognized. Because UVA plays a significant role
in many of the adverse effects associated with UVR exposure,
broad-spectrum sunscreen products with absorption spectra in
the UVA range have become commercially available, in com-
bination with UVB absorbers. These broad-spectrum products
provide additional benefit for patients with photosensitivity re-
actions caused by wavelengths not covered by single-ingredient
sunscreens.

Numerous public health information programs have tar-
geted sun protection for younger children. These programs
are used to counter the fact that starting in the years of early
adolescence, use of sun protective measures continually de-
crease, with the nadir by the high school to college-level years
of early adulthood.46 Sunscreens should be considered as only
one component of an overall program to reduce UV exposure
and protect against long-term photodamage.47–49 The Ameri-
can Cancer Society has adopted the “Slip, Slop, Slap” slogan

from an Australian public health skin cancer prevention cam-
paign, and recommends that anyone going out into the sun
should slip on a shirt, slop on sunscreen, and slap on a hat.
Since the Australian campaign was introduced in 1981, the
overall incidence of skin cancer in Australia has decreased.
This program was extended in later years to encourage the use
of sunglasses (i.e., slip on a shirt, slop on the sunscreen, slap on
a hat, and wrap on some sun glasses: “Slip, Slop, Slap, Wrap”).

For health care providers and their patients, the tenets of this
program can be recalled with the acronym C-H-E-S-S:

C Clothing that is sun protective (i.e., tightly woven and
in dark colors)

H Hats with wide brims all around
E Eyeglasses that block both UVA and UVB light
S Sunscreen with an SPF of at least 15 that is applied

appropriately
S Shade, especially between 10 am and 4 pm

Table 41-2 lists the available sunscreen chemicals that have
been judged to be both safe and effective.

Table 41-2 Sunscreens and UVR Absorbance

Sunscreen Absorbance

Anthranilates
Meradimate (menthyl anthranilate) 260–380

Benzophenones
Dioxybenzone 250–390
Oxybenzone (benzophenone-3) 270–350
Sulisobenzone (Eusolex 4360) 260–375

Cinnamates
Cinoxate (diethanolamine p-methoxycinnamate) 280–310
Octocrylene 250–360
Octinoxate (octyl methoxycinnamate, Parsol MCX) 290–320

Dibenzoylmethanes
Avobenzone (butyl methoxydibenzoylmethane, Parsol

1789)
320–400

Aminobenzoic Acid and Ester Derivatives
Lisadimate (Glyceryl PABA) 264–315
Para-aminobenzoic acid (PABA) 260–313
Padimate O (octyl dimethyl PABA) 290–315
Roxadimate 280–330

Salicylates
Homosalate 295–315
Octisalate (octyl salicylate) 280–320
Triethanolamine salicylate 260–320
Trolamine salicylate 260–320

Camphor Derivatives
Benzoate-4 methylbenzylidene camphor 290–300
Ecamsule (terephthalylidene dicamphor sulfonic acid;

Mexoryl)
290–400

Others
Ensulizole (phenylbenzimidazole sulfonic acid) 290–340

Physical Sunscreens
Red petrolatum 290–365
Titanium dioxide 290–700
Zinc oxide 290–700

UVR, ultraviolet radiation.
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Evaluation of Sunscreens
SUN PROTECTION FACTOR
The effectiveness of a sunscreen formulation is based on

its SPF and its substantivity.50 SPF is a measure of how much
solar energy (UV radiation) is required to produce sunburn on
protected skin (i.e., in the presence of sunscreen) relative to
the amount of solar energy required to produce sunburn on
unprotected skin. As the SPF value increases, sunburn pro-
tection increases. It is defined as the ratio of the minimal
dose of UVR required to produce an erythemal response in
sunscreen-protected skin compared with unprotected skin.36

SPF are based on tests of volunteers with skin types I through
III, using either natural sunlight or a solar simulator that gen-
erates both UVB and UVA.36,50 Because the SPF can be in-
fluenced by the composition, chemical properties, emollient
properties, and pH of the vehicle, sunscreen formulations must
be evaluated on an individual basis.50 SPF also is influenced
by the amount applied to the skin, the time of initial applica-
tion before UVR exposure, the frequency of application, and
environmental factors, such as photodegradation during UVR
exposure; therefore, the SPF achieved during actual use can be
significantly less than indicated on the label.51–55 Consumers
have been shown to routinely apply only one fourth to one-half
thickness of the layer of sunscreen used to determine the SPF
prior to marketing.56

A popular misconception is that SPF relates to time of solar
exposure. For example, many people believe that if they nor-
mally get sunburn in 1 hour, then an SPF 15 sunscreen allows
them to stay in the sun for 15 hours (i.e., 15 times longer) with-
out getting sunburn. This is untrue because SPF is not directly
related to time of solar exposure, but to the amount of solar
exposure. Although solar energy amount is related to solar ex-
posure time, other factors have an impact on the amount of
solar energy. For example, the intensity of the solar energy has
an impact on the amount. Generally, it takes less time to be ex-
posed to the same amount of solar energy at midday compared
with early morning or late evening because the sun is more
intense at midday relative to the other times. The following
exposures may result in the same amount of solar energy: 1
hour at 9:00 am versus 15 minutes at 1:00 pm. Solar intensity
is also related to geographic location, with greater solar inten-
sity occurring at lower latitudes. Also, as clouds absorb solar
energy, solar intensity is generally greater on clear days than
on cloudy days.

In 1978, the FDA Over-the-Counter (OTC) Review Panel
on sunscreens reclassified sunscreens from cosmetics to drugs
intended to protect the structure and function of the human in-
tegument against actinic damage. In 1999, the FDA finalized
its regulations for OTC sunscreens. Manufacturers of cosmetic
tanning preparations that do not contain a sunscreen were re-
quired to include a warning statement (see the following dis-
cussion) on their products. These regulations list the active
ingredients that can be used in sunscreens, labeling and testing
requirements, and also provide for uniform, streamlined la-
beling for all OTC products intended for use as sunscreens to
assist consumers in making decisions on sun protection. These
regulations include the following:

� Similar labeling requirements for all OTC products intended
for use as sunscreens (including sunscreen–cosmetic com-
binations, such as makeup products carrying sun protec-

tion claims) to provide good, useful information to con-
sumers.

� Uniform, streamlined labeling for all sunscreens. Accom-
modations in labeling must be made for sunscreens that are
labeled for use only on specific small areas of the face (e.g.,
lips, nose, ears, or around eyes).

� A list of 16 allowed sunscreen active ingredients, with zinc
oxide and avobenzone being the two most recent additions.

� Both required and optional label claims, warnings, and di-
rections.

� Required SPF testing for all agents.
� A new SPF category of “30” plus (or “30%”) for SPF values
above 30.

� Simplification of the previously proposed five product sun
protection categories down to three:
� Minimum (corresponding to the current SPF of 2 to 12)
� Moderate (corresponding to an SPF of 12 to 30)
� High (corresponding to an SPF of 30 or greater)

� A “Sun Alert” statement that reflects the important role that
sunscreens play in a total program to reduce the harmful
effects of the sun (i.e., “Sun alert: Limiting sun exposure,
wearing protective clothing, and using sunscreens may reduce
the risks of skin aging, skin cancer, and other harmful effects
of the sun”).

� Cessation of unsupported, absolute, or misleading and
confusing terms such as sun block, waterproof, all-day pro-
tection, deep tanning, and visible and/or infrared light pro-
tection.

In addition to the aforementioned changes, cosmetic reg-
ulations require tanning preparations that do not contain
a sunscreen ingredient to display the following warning:
“Warning—this product does not contain a sunscreen and does
not protect against sunburn. Repeated exposure of unprotected
skin while tanning may increase the risk of skin aging, skin can-
cer, and other harmful effects to the skin even if you do not
burn.”

In 2006, the FDA introduced final regulations on sunscreen
labeling. The term sunscreen was redefined12: “A product with
active ingredients to affect the structure or function of the body
by absorbing, reflecting, or scattering the harmful, burning rays
of the sun, thereby altering the normal physiological response
to solar radiation”. These ingredients also help to prevent dis-
eases such as sunburn and may reduce the chance of premature
skin aging, skin cancer, and other harmful effects due to the
sun when used in conjunction with limiting sun exposure and
wearing protective clothing. Sunscreen ingredients may also be
used in some products for nontherapeutic, nonphysiologic uses
(e.g., as a color additive or to protect the color of the product).
Further, for sunscreen products that retain SPF after 40 minutes
of activity in the water, sweating, or perspiring, the term wa-
ter resistant is used. For products that retain SPF activity after
80 minutes, the term very water resistant is allowed. Further,
the following phases may be used for sunscreen products: reap-
ply as needed or after towel drying, swimming, or sweating (or
perspiring).

SUBSTANTIVITY
Substantivity is a measure of the sunscreen formulation’s ef-

fectiveness. The substantivity of a sunscreen formulation is its
ability to be adsorbed by, or adhere to, the skin while swimming



41-10 � DERMATOLOGIC DISORDERS

Table 41-3 Examples of Commercially Available Sunscreen Products

Name (Active Ingredients) Formulation SPF

Anthelios SX (avobenzone, ecamsule, octocrylene) Cream 15
Banana Boat Baby Sunblock (octinoxate, octisalate, homosalate, titanium dioxide) Lotion 50
Banana Boat Sport Sun Gear Sunblock (avobenzone, homosalate, octocrylene, oxybenzone, octisalate) Lotion 50
Banana Boat Quik Blok Kids (octinoxate, homosalate, octisalate, oxybenzone, avobenzone) Lotion 25+
Banana Boat Sport Sunblock (octinoxate, octisalate, oxybenzone, octocrylene) Lotion 50
Blistex Ultra Protection (homosalate, meradimate, octinoxate, octisalate, oxybenzone) Lip balm 30
Blue Lizard Australian Suncream (octinoxate, octocrylene, oxybenzone, zinc oxide) Lotion 30+
Bullfrog Superblock (octocrylene, octinoxate, oxybenzone) Lotion 45
Bullfrog For Kids (octocrylene, octinoxate, oxybenzone, octisalate, titanium dioxide, meradimate) Gel 36
Bullfrog Extreme Sport (octocrylene, octinoxate, octisalate, oxybenzone) Lotion 30
Bullfrog Sunblock (octinoxate, oxybenzone, octisalate, octocrylene) Gel 36
ChapStick (padimate O) Lip balm 15
ChapStick Ultra (octocrylene, octinoxate, oxybenzone, octisalate) Lip balm 30
ChapStick Sunblock (oxybenzone, padimate O) Lip balm, or

ointment
15

Coppertone BUG & SUN for Adults (with DEET; octocrylene, octinoxate, oxybenzone) Lotion 30
Coppertone KIDS Quick Cover Sunblock (avobenzone, octocrylene, octisalate, oxybenzone, homosalate) Lotion/Spray 50
Coppertone Sport (octinoxate, oxybenzone, octisalate) Lotion 15/30/50
Coppertone Ultra Sheer Faces (avobenzone, homosalate, octisalate, octocrylene, oxybenzone) Lotion 30
DuraScreen (octinoxate, octisalate, oxybenzone, ensulizole, titanium dioxide) Lotion/Stick 15, 30
Eau Thermale Avene (titanium dioxide, zinc oxide) Cream 25, 50
Hawaiian Tropic Ozone (octocrylene, oxybenzone, avobenzone) Lotion 70
Hawaiian Tropic Kids (avobenzone, octocrylene, oxybenzone) Lotion 60+
Hawaiian Tropic 45 Plus Sunblock (octinoxate, octisalate, titanium dioxide) Lotion 45
Neutrogena MoistureShine Lip Soother (octinoxate, oxybenzone) Lip balm 20
Neutrogena Healthy Defense Oil-Free Sunblock (avobenzone, homosalate, octinoxate, octisalate) Lotion/Spray/

Stick
30, 45

Neutrogena Age Shield Sunblock (avobenzone, homosalate, octocrylene, octisalate, oxybenzone) Lotion 30, 45
Neutrogena Ultra Sheer Dry-Touch Sunblock (octinoxate, octocrylene, homosalate, octisalate,

oxybenzone, avobenzone)
Lotion 30, 45

55, 70
Off! Skintastic with Sunscreen (with DEET; octinoxate, octocrylene, oxybenzone) Lotion 30

SPF, sun protective factor.

or perspiring. In the past, labeling of a product as “waterproof ”
or “water-resistant” indicated that the SPF of the product was
maintained after 80 minutes of moderate activity or 40 minutes
while swimming, respectively. Because testing is performed
indoors under close to ideal conditions (e.g., lower humidity),
the effects of the actual environment where it is used and the
evaporation of the vehicle may reduce considerably the overall
effectiveness of the sunscreen. The substantivity of a product
largely depends on the vehicle, as well as the active ingredient
(Table 41-3).57 The affinity of a sunscreen to the keratinaceous
layer of the stratum corneum is directly related to the keratin or
vehicle partition coefficient. The saturation of the active agent
in keratin depends on the drug’s lipophilicity, whereas its sub-
stantivity is independent of its lipophilicity. Sunscreen com-
pounds with a high solubility in the product’s vehicle penetrate
the skin most easily. Classically, vehicles such as water-in-oil
emulsions or ointments tend to have a higher degree of substan-
tivity. Some of the newer products have improved substantivity
with the addition of a polymer, such as polyacrylamide, to the
formulation.

SUNBURN PREVENTIVE AND SUNTANNING AGENTS
Sunburn preventive agents are those active ingredients that

absorb >95% of UVB radiation, and have the potential to
prevent sunburn. Suntanning agents are those with active in-

gredients that absorb 85% to 95% of UVB radiation, thereby
allowing suntanning without significant sunburn in the aver-
age individual. Chemical sunscreens include both of the afore-
mentioned designations. Opaque sunblocks, or physical sun-
screens, are those active ingredients that reflect or scatter all
UVA, UVB, and visible light, thereby preventing or minimizing
sunburn and suntanning.58 Limiting UV exposure by starting
sunscreen use during childhood can reduce the lifetime risk
of nonmelanoma skin cancers by up to 78%59; however, some
investigators have suggested that sunscreen use, through in-
creased UV exposure, may actually cause melanoma, perhaps
because its use allows for a longer exposure to the sun.60,61

Also, sunscreen use appears to be associated with the occur-
rence of nevi (pigmented “moles”), which is a strong predictor
of melanoma development25,62; however, epidemiologic anal-
yses have refuted this proposed association.63,64

Of note, sunless tanner, a commercial term, denotes a prod-
uct that provides a tanned appearance without exposure to the
sun or other sources of UVR. One commonly used ingredient
in these products is dihydroxyacetone (DHA), a color addi-
tive that darkens the skin to orange-brown by reacting with
amino acids in the stratum corneum. The term bronzer is used
to describe a variety of products intended to achieve a tempo-
rary tanned appearance. For example, among the products that
are marketed as bronzers are tinted moisturizers and brush-on
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powders. These produce a temporary effect, similar to other
types of makeup, and wash off over time. Some products are
marketed with other ingredients in addition to DHA to provide
a tanned appearance. Neither sunless tanners nor bronzers pro-
vide any protective activity to UV exposure by themselves.65

Effective May 22, 2000, the FDA required that all suntanning
preparations that do not contain sunscreen ingredients are re-
quired to carry the following warning statement on the label:
“Warning—This product does not contain a sunscreen and does
not protect against sunburn. Repeated exposure of unprotected
skin while tanning may increase the risk of skin aging, skin can-
cer, and other harmful effects to the skin even if you do not
burn.”

Tanning pills are promoted for tinting the skin by ingest-
ing massive doses of color additives, usually canthaxanthin.
At large doses, canthaxanthin is deposited in various organs,
including skin, imparting an orange-bronze color. This color
varies from individual to individual. This colorization is not
the result of an increase in the skin’s supply of melanin. Al-
though canthaxanthin is approved by FDA for use as a color
additive in foods, where it is used in small amounts, its use in
these so-called tanning pills is not approved. Reported adverse
events include drug-induced retinopathy, nausea, gastrointesti-
nal cramping, diarrhea, pruritus, and urticaria. None of the
above noted unapproved agents should be recommended for
use.

Chemical Sunscreens
Chemical sunscreens are compounds capable of absorbing
UVR, thereby protecting the skin structures from the adverse
effects of the selective wavelengths absorbed.36 After applica-
tion to the skin, these aromatic compounds convert the high
UVR energy into harmless longer-wave radiation, which may
or may not be perceived as warmth.36 Chemical sunscreens
usually are nonopaque because they do not absorb the wave-
lengths of visible light.

MOLAR ABSORPTIVITY, ABSORBANCE SPECTRUM, AND PHOTOSTABILITY
The molar absorptivity and absorption spectrum determines

the effectiveness of an individual chemical sunscreen agent,
mostly by its chemical structure. Molar absorptivity is a mea-
sure of the amount of UVR absorbed by a particular sunscreen,
and it depends on the concentration of the sunscreen in the
product and the amount applied to the skin. Sunscreens with
an absorbance spectrum in the UVB range with a maximal
absorption between 310 and 320 nm, are the most effective at
preventing a sunburn.50 Chemical sunscreens with absorption
spectra in the UVB range are para-aminobenzoic acid (PABA)
and its esters, cinnamates, and the salicylates. Sunscreens
with absorption spectra that extend into the UVA range are
the anthranilates (e.g., meradimate), dibenzoylmethanes (e.g.,
azobenzene), and benzophenones (e.g., oxybenzone). Photo-
stability means the ability to stabilize under sunlight. The pro-
cess of photostability is a key factor in sunscreen protection
efficacy. High photostability means the sunscreen will main-
tain a higher UVA protective barrier longer, and not degrade
as quickly as other UVA filters when exposed to the sun.

Seventeen chemical ingredients that act as sunscreens are
currently approved in the United States (with their FDA-
allowable maximal concentration in sunscreen products listed
in parentheses):

� P-aminobenzoic acid (PABA; up to 15%)
� Avobenzone (3%)
� Cinoxate (3%)
� Dioxybenzone (3%)
� Ecamsule (3%)
� Ensulizole (4%)
� Homosalate (15%)
� Meradimate (5%)
� Octocrylene (10%)
� Octinoxate (7.5%)
� Octisalate (5%)
� Oxybenzone (6%)
� Padimate O (8%)
� Sulisobenzone (10%)
� Titanium dioxide (25%)
� Trolamine salicylate (12%)
� Zinc oxide (25%)

PARA-AMINOBENZOIC ACID (PABA) AND ESTERS
Commonly used in the past, PABA absorbs UVR in the UVB

range from 260 to 313 nm, with maximal absorbance around
290 nm; its molar absorptivity is considered to be high.50 PABA
readily penetrates and binds to the stratum corneum and, after
several days of application, may remain in the skin and provide
protection even after swimming, perspiration, and bathing.50

It is commonly formulated as an alcoholic mixture, which can
cause stinging, dryness, or tightness, particularly when applied
to the face. Its major disadvantage is the potential to cause con-
tact or photocontact dermatitis. Responsible for more sensitiv-
ity reactions than any other sunscreen,53 PABA can also cause
cross-sensitivity reactions with benzocaine, thiazides, sulfon-
amides, paraphenylenediamine (a common ingredient in hair
dyes), and other PABA derivatives. It can cause discoloration
of clothes as well. The use of PABA in commercial sunscreens
has decreased to the point where many of the newer sunscreens
are promoted as being PABA-free.

The PABA esters include octyldimethyl PABA (Padimate
O) and glyceryl PABA. These esters are incorporated easily
into formulations, demonstrate good substantivity, and do not
discolor clothing. Their absorption spectra are similar to that
of PABA (Table 41-2). With a maximal absorbance of 311 nm,
Padimate O has the lowest likelihood of any PABA ester to
cause cross-sensitivity reactions or contact and photocontact
dermatitis.66 Glyceryl PABA can cause contact dermatitis and
cross-sensitivities, both of which may be caused by benzocaine
impurities in the commercial products.67

CINNAMATES
Cinnamates have UVB-absorbing qualities. Octinoxate

(octyl methoxycinnamate, Parsol MCX), which has high molar
absorptivity and a maximal absorbance of 305 nm, is the most
commonly used cinnamate.68 Cinnamates are related chemi-
cally to balsam of Peru, balsam of Tolu, coca leaves, cinnamic
acid, cinnamic aldehyde, cinnamic oil, ingredients that are used
in perfumes, topical medications, cosmetics, and flavorings.67

These agents do not bind well to the stratum corneum, leading
to poor substantivity. Cinnamate-based sunscreens tend to be
comedogenic because the vehicle may contain other occlusive
ingredients that are added to improve the substantivity. Cin-
namates, which absorb only UVB radiation, are often used in
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combination with benzophenones, appear to be nonstaining,
and rarely cause contact dermatitis.68

BENZOPHENONES
Benzophenones, such as oxybenzone and dioxybenzone,

are UVB-absorbing sunscreens that have absorbance spectra
extending into the UVA range.69 Benzophenones are also found
in shampoos, soaps, hair sprays and dyes, paints, varnishes,
and lacquers. The maximal absorbance for each is about 290
nm, but both are limited because of poor substantivity and
sensitization.69 Photocontact dermatitis with oxybenzone and
contact dermatitis with dioxybenzone occur commonly, with
the latter usually occurring as a contact urticaria.

SALICYLATES
Salicylates are weak UVB absorbers often found in PABA-

free products. Topical salicylates are considered among
the safest sunscreens, even though they are used in high
concentrations.70 Salicylates have low molar absorptivities, are
incorporated easily into formulations, and are used to boost the
SPF of combination products. Sensitization to the salicylates
is rare70; however, it has been reported with the use of octyl
salicylate.71

ANTHRANILATES
Anthranilates, such as meradimate (menthylanthranilate),

are weak UVB-absorbing sunscreens with an absorbance spec-
trum extending into the UVA range. As with the salicylates,
they have low molar absorptivity, with a maximal absorbance
of approximately 336 nm.50 Meradimate has a low risk of sensi-
tization and a desirable absorbance spectrum, especially when
it is used in combination with other sunscreens to give broad-
spectrum protection.70

DIBENZOYLMETHANES
As a prototype of the dibenzoylmethanes class, avobenzone

(butyl methoxydibenzoylmethane, Parsol 1789) has high mo-
lar absorptivity and absorption spectra exclusively in the UVA
range, with maximal absorbance at approximately 360 nm.72

It is commonly formulated with UVB sunscreens to broaden
UVR coverage. Even though protection is provided through-
out the UVA and UVB ranges in these combination products,
it is unknown whether sufficient protection is available for pa-
tients who are highly UVA sensitive. Avobenzone loses ap-
proximately 35% of its absorbance capacity about 15 minutes
after UVR exposure, because of the photoinstability of the
compound.2 When UVA and UVB inorganic protective filters
were first introduced using cosmetically acceptable concen-
trations, they provided minimal protection against UVA rays.
Avobenzone was approved for use in 1992; however, it was dis-
covered that when used by itself, avobenzone degrades when
exposed to the sun, thereby reducing its UVA protection effi-
cacy. One molecule of avobenzone can absorb UVA radiation
only once, making it inactive from that time forward as op-
posed to zinc oxide or titanium dioxide that can reflect UVA
radiation over and over again with minimal decay. All of the
avobenzone applied to the skin is virtually rendered inactive
after 5 hours of UVA exposure.

In 2006, the FDA approved the combination of 2% ecam-
sule/2% avobenzone/10% octocrylene cream (Anthelios SX,
L’Oreal USA) for the prevention of sunburn and protection

from UVA and UVB rays. This OTC product is only avail-
able in the United States as a moisturizing cream with a SPF
rating of 15, although it is available in Europe up to SPF 50.
The actions of the individual components of this combination
are as follows: (a) octocrylene, to protect against UVB rays,
(b) avobenzone protects against long UVA rays and is stabi-
lized by octocrylene, and (c) ecamsule (Mexoryl), a camphor
derivative, protects against short UVA rays. This combination
provides continuous protection across most of the UV spec-
trum (290–400 nm range), with ecamsule providing protec-
tion within the short UVA range (320–340 nm), filling the gap
between octocrylene and avobenzone capabilities (210–290
nm, and 340–400 nm, respectively). The photostability of the
ecamsule and octocrylene–avobenzone combination provides
residual protection at 1 and 5 hours (1 hour, 100% UVB pro-
tection and 97% UVA protection; 5 hours, 90% UVB protec-
tion and 80% UVA protection, respectively). Adverse events
associated with its use are infrequent and include acne, der-
matitis, dry skin, eczema, erythema, pruritus, skin discomfort,
and sunburn.

There are two additional formulations of ecamsule. Mexo-
ryl SX is a water-soluble form suitable for daytime sunscreens,
including sunscreen-containing moisturizers and facial foun-
dations. Mexoryl XL, an oil-soluble formulation, is suitable for
water-resistant sunscreen formulations, including those worn
on the beach and during vigorous physical exercise.

The other extended spectrum agent on the market in the
United States at present is Helioplex, a combination of avoben-
zone, oxybenzone, and a photostabilizing solvent, Hallbrite
TQ. Neutrogena uses it in products such as UltraSheer Dry-
Touch Sunblock SPF 30/45/55/70, Age Shield Sunblock SPF
30/45, Fresh Cooling Body Mist Sunblock SPF 30/45, and
Moisture Rich Sunless Tanner SPF 20.

ANTIOXIDANTS
Antioxidants have received increased attention for use as

photoprotective agents, particularly because of the observation
that vitamin C levels in the skin can be severely depleted after
UVR exposure.73 Vitamins C and E, either taken orally or ap-
plied topically (incorporated into a commercially available sun-
screen product), may provide additive protection against both
UVA- and UVB-induced photodamage.73,74 Topically applied
antioxidants do not have adequate diffusion into the epidermal
layer, however, and are susceptible to chemical instability.75

PHYSICAL SUNSCREENS
Physical sunscreens are opaque formulations made of par-

ticulate insoluble compounds, incorporated into a vehicle. The
skin is shielded from sunlight by reflection and scattering of
both UV and visible radiation; both size of the particles and
thickness of the film determine the degree of protection.76 The
most effective and commonly used physical sunscreens are ti-
tanium dioxide and zinc oxide, which reflect and scatter UVR
as well as reflect and scatter. 76,77 Other physical sunscreens
include magnesium oxide, red veterinarian petrolatum, iron
oxides, kaolin, ichthammol, and talc.

These compounds are used in conjunction with chemical
sunscreens to formulate products of higher SPF and as single-
ingredient sunblocks. When used alone, they are usually placed
in an ointment base designed specifically for vulnerable parts
of the body, such as the nose, cheeks, lips, ears, and shoulders.58
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Physical sunscreens are important in individuals who are un-
usually sensitive to UVA and visible light, such as those with vi-
tiligo, a skin condition with amelanotic lesions (white patches)
surrounded by areas of normally pigmented skin. Appropri-
ately colored formulations can be used to camouflage and
protect these vulnerable amelanotic lesions.58 Physical sun-
screen agents are preferred for persons who need absolute UVR
and visible light protection (e.g., young children; persons with
skin types I through IV who receive constant exposure; and
persons with drug photosensitivity reactions, xeroderma pig-
mentosa, lupus erythematosis, and other photosensitive skin
reactions).58

Physical sunscreens are not widely accepted because they
are visible to others, messy, and occlusive when applied to the
skin. They have a higher substantivity, but may melt in the heat
of the sun, limiting their protection to a few hours. Physical
sunscreen products tend to be so occlusive that they may cause
or worsen acne or obstruct sweat glands.58 Neutrogena Sensi-
tive Skin Sunblock Lotion SPF 30 (titanium dioxide 9.1%) is an
example of a physical sunscreen with cosmetically appealing
properties (e.g., ease of application).

Product Selection

9. R.J. and her husband J.J. are parents of two children: P.J., a
6-month-old girl, and L.J., an 18-month-old boy. They are spend-
ing a week in August vacationing on the Outer Banks of North
Carolina, with plans for time at the beach, bicycling, and sailing.
R.J. is 25 years of age, has type V skin, brown hair and brown eyes,
and has no history of photosensitivity reactions or medication al-
lergies. She has a history of contact dermatitis on her scalp and
around her hairline on several occasions after dying her hair and
using certain shampoos. J.J. is 27 years of age and has skin type II
with blonde hair and blue eyes. As a teenager, he suffered from fre-
quent sinus infections and often was treated with trimethoprim-
sulfamethoxazole (TMP-SMX [Septra/Bactrim]) because of an al-
lergy to penicillin. He remembers developing a severe sunburn af-
ter minimal exposure to the sun while taking the sulfa-containing
antibiotic. He recently has been started on hydrochlorothiazide
(HCTZ), 12.5 mg PO QD, for hypertension. What considera-
tions are important in recommending sunscreens for R.J. and
J.J.? Recommend an appropriate sunscreen for each member of
the family with appropriate directions for application while on
vacation.

CROSS-SENSITIVITY
The first consideration for recommending an appropriate

sunscreen for R.J. and J.J. is their skin type. R.J. has skin type
V, suggesting that a sunscreen with an SPF of at least 8 would
provide adequate protection for her (Table 41-1). J.J. has skin
type II, suggesting that a sunscreen with an SPF of 30 would be
required to provide adequate protection for him. Furthermore,
the history of contact dermatitis and photosensitivity reaction
exhibited by R.J. and J.J., respectively, is important when rec-
ommending use of a sunscreen.78 The contact dermatitis that
R.J. experienced from hair dyes and shampoos may have been
caused by para-phenylenediamine, an ingredient of hair dyes,65

or a benzophenone, which sometimes is included in products
such as hair dyes and shampoos.69 Because a cross-reactivity
between para-phenylenediamine and PABA or its derivatives
is possible, a sunscreen for R.J. that does not contain PABA or

a benzophenone should be recommended. A wide-spectrum
PABA-free sunscreen that does not contain a benzophenone
may be ideal for R.J. because cinnamates and anthranilates
rarely cause contact dermatoses.

Because both contain sulfa moieties, the photosensitivity
reaction that J.J. experienced while taking TMP-SMX may
indicate that he might be susceptible to a cross-sensitivity re-
action with PABA or its derivatives. This reaction to TMP-
SMX also indicates that J.J. may be susceptible to a photosen-
sitivity reaction with HCTZ. If a photosensitivity reaction is
likely, it is advisable to recommend an SPF of 30. Because
drug-induced photosensitivity reactions are caused by UVA, a
PABA-free, broad-spectrum sunscreen that absorbs UVA as
well as UVB would be necessary to provide J.J. with ade-
quate protection. Broad-spectrum chemical sunscreens com-
monly contain a benzophenone and a cinnamate. A broad-
spectrum sunscreen containing both of these chemical classes
(e.g., Shade Sunblock Lotion, with octyl methoxycinnamate,
oxybenzone, homosalate, and octyl salicylate; [Table 41-3])
would be an acceptable broad-spectrum product. Alternatively,
because Padimate O is the least likely of the PABA ester deriva-
tives to cause photocontact dermatitis,65 a broad-spectrum
combination product that contains Padimate O could be rec-
ommended for J.J. If the photosensitivity reaction is caused by
visible light, it would also be necessary to recommend a phys-
ical sunscreen to block all sunlight or complete avoidance of
the sun.54 With all of these issues considered, it may be prefer-
able to recommend an alternative antihypertensive medication
for J.J. that would not place him at risk for a photosensitivity
reaction.

APPLICATION
Because R.J. and J.J. are planning to be active on the beach,

sunscreens that are water-resistant or waterproof are recom-
mended (Table 41-3). Before complete application of the sun-
screen to the body, because of the risk of cross-sensitivity re-
actions, patients can perform a patch test by applying small
quantity of the sunscreen to the inner aspect of the forearm
and covering with a small bandage overnight. Most persons
apply 20% to 60% of the required amount of sunscreen needed
to achieve the SPF of their product.52,56 Because of this, a
method has been developed to determine an approximate vol-
ume of sunscreen product needed for adequate protection.79

One study of sunscreen application techniques at the beach
demonstrated inadequate application at all body sites.80 The
worst protected areas were the ears and top of the feet, and the
back was poorly protected if sunscreen was self-applied.

Dosing for sunscreen can be calculated using the formula
for body surface area and subsequently subtracting the area
covered by clothing that provides effective UV protection. The
dose used in FDA sunscreen testing is 2 mg/cm2. Considering
only the face, this translates to about one fourth to one-third
of a teaspoon for the average adult face. For protection in the
beach environment, for example, an average-size adult should
apply and rub in 2 to 2.5 ounces evenly to all exposed skin
surfaces at least 30 to 45 minutes before exposure.79 Patients
should be reminded to apply sunscreen on those often forgotten
areas, such as the hands, cheeks, neck, ears, and dorsum of the
feet. It is best to reapply the sunscreen every 1 to 2 hours or
after sweating, swimming, or toweling off.
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10. How long might J.J. expect to be protected with the sun-
screen properly applied? Do products with an SPF >15 provide
any additional benefit?

If J.J. (skin type II) normally burns after 30 minutes of ex-
posure to the sun, a sunscreen with an SPF of 15 to 30 may
provide up to 7.5 hours (0.5 hours 15 [SPF 15]) of photopro-
tection from UVB. However, a high SPF product may provide
only partial protection against UVA, with little or no protection
from infrared radiation.50 Because of this, sun exposure should
be limited to 90 to 120 minutes for each outing after appropri-
ate sunscreen application. Further, environmental factors, such
as elevated atmospheric humidity, and inadequate application
techniques may reduce photoprotection by as much as half.

Sunscreen formulations with SPF as high as 50 can be
made using combinations of chemical and physical sunscreen
agents (e.g., Hawaiian Tropic Baby Faces Sunblock Lotion,
with octinoxate, octocrylene, oxybenzone, octisalate, and tita-
nium dioxide; [Table 41-3]).3 Individuals who are extremely
sensitive to the sun may benefit from formulations with higher
SPF, but the average fair-skinned person gains adequate pro-
tection for sunbathing or for average daily exposure from a
product with an SPF of 30.52

Photoprotection for Children

11. What photoprotective measures should be provided for P.J.
and L.J.? What nonsunscreen protection is appropriate for use
with children?

AGE-RELATED RECOMMENDATIONS AND OTHER PROTECTIVE BEHAVIOR
Sun protection during childhood is very important, con-

sidering that most of a person’s lifetime of sun exposure
occurs in childhood and that the harmful effects of UVR
are cumulative.62 The FDA has recommended that sunscreen
agents not be used for children younger than 6 months of age
because of the possible chemical absorption through the skin
and lowered ability of children of this age to metabolize the
absorbed drug.81 P.J. needs to be kept out of direct sunlight
and, when outside, must be protected with proper clothing
and shading.82–85 The FDA has recommended that children
<2 years of age be treated with an SPF >4 because of in-
adequate UVR protection with lower SPF products for most
individuals.81

L.J. should be protected with a PABA-free sunscreen with an
SPF of at least 15. Regular use of a sunscreen with an SPF of at
least 15 for the first 18 years of life can reduce the lifetime inci-
dence of nonmelanoma skin cancers by about three-fourths.85

If L.J. is in the sun during 6 hours of maximal exposure (i.e.,
10 am–4 pm), or otherwise for an extended period, he should
wear protective clothing, covering as much of his body as
possible.84 Tightly woven clothing, long sleeves, and pants
protect the skin from almost all UVR, whereas loosely woven
clothing or wet T-shirts can allow up to 30% of UVR to pass
through to the skin. Although not complete, water is thought
to reduce UVR scattering, thus decreasing its transmission. An
average-weight cotton T-shirt provides only an SPF of 7 or 8.84

The transmission of UVR through a fabric is measured using
a spectrophotometer or spectroradiometer. The ultraviolet pro-
tection factor (UPF), rather than SPF, has been recommended
as a measure of the sun-protective properties of fabrics.86,87 It is
calculated using a formula based on UV transmission through

Table 41-4 Relative Ultraviolet Protection Factor (UPF) by
Ultraviolet Ray (UVR) Transmission and Absorption

UVR Transmitted (%) UVR Absorbed(%) UPF Protection Category

10 90.0 10 Moderate protection
5 95.0 20 High protection
3.3 96.7 30 Very high protection
2.5 97.5 40 Extremely high protection

<2.0 >98.0 50 Maximal protection

the fabric and the erythema response for human skin. For ex-
ample, if a fabric has a UPF of 20, then only one-twentieth of
the UVR at the surface of the fabric actually passes through
it. Table 41-4 compares the UPF with the amount of effective
UVR transmitted and absorbed.

No woven fabric provides complete coverage because the
holes between the threads permit UVR transmission. A base-
ball cap shields little more than the upper central forehead.
Broad-rimmed hats can protect the ears, neck, nose, and
cheeks, but may provide inadequate protection against SCC of
the head or neck.88 The use of an ultraviolet-absorbing ingredi-
ent for fabric softeners (e.g., Tinosorb-FD, Ciba) are promoted
to reduce transmission of excessive UVA and UVB radiation
through fabrics to the skin, through absorption of UV radia-
tion without impairing whiteness. This chemical absorbance
process has a high affinity for cotton fibers at various washing
temperatures. Available as a laundry additive (e.g., detergent
or fabric softener), it works by binding to laundered fibers, and
through accumulation, it increases the UV protection through
repeated wash and rinse cycles.89,90

PRODUCT SELECTION
Two types of sunscreens are appropriate for use in children.

A lotion is preferred for total body application versus an al-
coholic lotion or gel because alcoholic preparations can cause
stinging, burning, and irritation of the skin and eyes. Physi-
cal sunscreens (e.g., zinc oxide) are available in bright colors
and are recommended for selected body areas, such as the nose,
cheeks, and shoulders. PABA and its derivatives are considered
potentially harmful to a child’s tender skin. For adolescents
with acne vulgaris, the use of an oil-free, noncomedogenic
sunscreen formulation (e.g., Neutrogena Healthy Defense Oil-
Free Sunblock) and a lip balm that contains a sunscreen of
at least SPF 15 (e.g., ChapStick or Blistex Regular (SPF 15),
Blistex Ultra (SPF 30) or ChapStick Ultra (SPF 30) would be
appropriate.

Photoeffects on the Eye

12. Why should R.J. and J.J. be concerned about the effect of
prolonged sunlight on their eyes? Recommend appropriate pro-
tective eyewear for them while they are on vacation.

CATARACT FORMATION
Age-related opacification of the ocular lens, or senescent

cataracts, has been attributed to a lifetime of exposure to sun-
light. The incidence of cataracts increases steadily after age
50, reaching nearly 50% in individuals over the age of 75.30

UVB is absorbed by the cornea and lens, which slowly results
in protein oxidation and precipitation within the lens. UVA
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penetrates the ocular lens and can cause cumulative damage
to deeper structures of the eye. Decreased transmittance and
increased scattering of light by the opacified lens eventually
result in blurred vision, rings or halos around lights, changes
in color perception, and blindness.91 In advanced cases, the
only treatment is surgical removal of the cataract.

High exposure of the eye to UVR (which can range from a
few seconds of exposure to arc welding, a few minutes of expo-
sure to a UVC-emitting germicidal lamp, commercial tanning,
or UVR reflection by snow or sand) can cause conjunctivitis or
photokeratitis, a painful inflammation of the cornea. Photoker-
atitis usually begins 30 minutes to 24 hours after the exposure
and time to onset depends on the intensity of the exposure.92

Conjunctivitis commonly accompanies photokeratitis and is
characterized by the sensation of a foreign body or grit in
the eyes. Varying degrees of photophobia, lacrimation, and
blepharospasm also may accompany photokeratitis.92 Because
the corneal epithelium has a great regenerative capacity, pho-
tokeratitis tends to be transient, with regression in 24 to 48
hours. Treatment consists of cool, wet compresses and mild
anti-inflammatory analgesics, such as ibuprofen, aspirin, or
naproxen sodium.

PROTECTIVE EYEWEAR
R.J. and J.J. should wear sunglasses when outdoors to de-

crease their lifelong exposure to solar radiation and while at the
beach to prevent high exposure of UVR and possible photoker-
atitis or conjunctivitis. Many manufacturers of sunglasses label
their products according to three categories: cosmetic, general
purpose, and special purpose. Cosmetic sunglasses block at
least 70% of UVB, at least 20% of UVA, and <60% of vis-
ible light and are appropriate for casual wear when high ex-
posure to UVR is unlikely. General-purpose sunglasses block
at least 95% of UVB, at least 60% of UVA, 60% to 92% of
visible light, and are appropriate for most activities in sunny
environments.93 Special-purpose sunglasses block at least 99%
of UVB, at least 60% of UVA, and at least 97% of visible light
and are appropriate for very bright environments, such as ski
slopes or tropical beaches.93 Special- or general-purpose sun-
glasses are appropriate recommendations for R.J. and J.J. to
wear while on vacation.

TREATMENT OF SUNBURN

13. G.B., a 31-year-old man with skin type IV, returned a few
hours ago from an afternoon of activity in the sun. His shoulders,
back, neck, and arms are bright red and are beginning to feel hot,
stretched, and painful. G.B. has been otherwise healthy, has no
significant medical history, and has no known allergies to medi-
cations. What treatment recommendations would you give G.B.
for his sunburn?

Sunburn is a self-limiting condition, and treatment is usu-
ally symptomatic. Suggested treatments that G.B. can try for
his first-degree burn are oral (e.g., ibuprofen, aspirin) or topical
(e.g., camphor, menthol) analgesics, topical anti-inflammatory
agents (e.g., hydrocortisone cream or aloe vera gel), cooling
compresses (tap water, saline, or aluminum acetate solution
[Burow’s solution]) applied to the skin, or cool protectant
baths (e.g., colloidal oatmeal). Nonsteroidal anti-inflammatory
drugs (NSAID), such as aspirin or ibuprofen, may be preferred
over acetaminophen because of blockade of the inflammatory

prostaglandin-mediated sunburn process.94 Topical NSAID
use, commonly seen as a cream formulation of indomethacin,
possesses anti-inflammatory activity, especially if applied be-
fore UVR exposure, which may prove impractical for many
individuals.

Treatment beyond self-management is unnecessary unless
the sunburn is extensive with constitutional symptoms (i.e.,
severe first- or second-degree burns), involves second-degree
burns on the eyes or genitalia, or becomes infected. In such
cases, referral of the patient to his/her continuity provider is
indicated as a short course (i.e., up to 3 days) of an oral cor-
ticosteroid may need to be given (e.g., 1 mg/kg of prednisone
or equivalent, given once daily).

Topical anesthetics, such as benzocaine or lidocaine, pro-
vide only transient analgesia for up to 15 to 45 minutes. These
agents should not be used in large quantities or applied more
than three or four times a day. In addition, they should not
be used on raw, blistered, or abraded skin. Benzocaine has
minimal systemic toxicities, but is associated with contact
sensitization.95 In contrast, lidocaine is associated with a low
incidence of contact sensitization, but has the potential to cause
significant systemic toxicity (e.g., cardiovascular) if adequate
serum drug concentrations are reached as a result of cutaneous
absorption.96

If G.B. desires to try one of these agents, application or
administration is recommended when the pain is particularly
bothersome, such as at bedtime. Topical 1% hydrocortisone,
when applied to mild to moderate sunburn, may provide some
additional benefit. If G.B. experiences fever, chills, nausea,
vomiting, and prostration, he should be referred to his health
care provider. These symptoms generally respond to oral pred-
nisone 20 mg/day for 3 days. Antihistamines may help control
pruritus associated with sunburn, as well as aid with sleep, if
taken at bedtime.

MINOR BURNS
Burn injuries rank second only to motor vehicle accidents as
the leading cause of death in children between 1 and 4 years of
age and rank third after motor vehicle accidents and drowning
as the leading cause of injury and death in persons between
0 and 19 years of age.97 Of the 2 million Americans treated
for burns yearly, >80,000 require hospitalization; burns cause
an overall yearly mortality of approximately 6,500.98,99 Com-
plications such as fluid and electrolyte imbalances, metabolic
derangements, respiratory failure, sepsis, scarring, and func-
tional impairment are the primary causes of hospitalization
for these cases. Most burns, however, are minor and can be
managed in an ambulatory environment, provided the burned
patient is evaluated carefully, the severity of the burn is as-
sessed accurately, and proper and continuous follow-up care is
ensured. Most partial thickness burns in this country are man-
aged by practitioners in hospital and community settings who
do not treat burns on a regular basis.100

Epidemiology
Burn injuries range from relatively minor, superficial injuries
to severe, extensive skin loss resulting from contact with hot
solids and liquids, steam, chemical agents, electricity, or other
physical agents, such as UVR or infrared radiation. House
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fires, commonly caused by cigarettes or malfunctioning heat-
ing or electrical equipment, are responsible for 84% of fire-
and burn-related deaths.97 The peak incidence of burn injuries
occurs in up to 10% of preschool-aged children, who are often
scalded by or immersed into hot liquids, frequently as a re-
sult of child abuse and neglect that crosses all socioeconomic
classes.98,101–103 School-aged children and adolescents often
are injured when experimenting with matches or gasoline or in
association with cars, motorcycles, fireworks, or flammables.97

Teenagers and adults between 17 and 30 years of age most
commonly are involved in accidents with flammable liquids,
but the mortality associated with clothing ignition continues
to decrease as a result of the use of flame-retardant forms of
fabric in clothing. Categories of individuals who have a higher
reported incidence of burn injuries are the very young, el-
derly, males, blacks, economically disadvantaged, individuals
who have ingested alcohol, handicapped children, and children
with previous history of burn.99

With the development of multidisciplinary burn centers
and a better understanding of the pathophysiology of the burn
wound, survival of patients with second- and third-degree burns
has improved by five to six times over the last three decades.104

An increased national focus on burn treatment and prevention,
societal changes such as an overall decrease in tobacco use,
decreased alcohol abuse, changes in home cooking practices,
and reduced industrial employment have contributed to the
lower national burn incidence.99 The techniques of improved
burn wound management that have contributed to this decline
include topical antimicrobial therapy, early excision or enzy-
matic débridement of devitalized tissue, and skin grafting or
substitutes.105−107

Zones of Injury
The skin functions as a protective barrier of the underlying
organ systems from trauma, temperature variations, harmful
penetrations, moisture, humidity, radiation, and invasion by mi-
croorganisms (see Fig. 38-1 in Chapter 38.) It also is involved
with carbohydrate, protein, fat, and vitamin D metabolism; it
produces secretions that lubricate the skin, is involved with
the immune response, and provides the body with the sense of
touch.

Burn wounds caused by thermal injury can be described
by varying zones of injury.106,107 The most peripheral area of
injury is the zone of hyperemia. The tissue in this area is charac-
terized by inflammatory changes with minimal tissue damage.
The zone of stasis is the next area of injury, extending inward
from the zone of hyperemia. This area involves ischemic, dam-
aged tissue, with blood vessels only partially thrombosed. The
damaged endothelial linings of blood vessels within this zone
of injury may trigger further thrombosis, resulting in further
ischemia, cell death, and deepening of the burn wound. This
process of further injury can occur 24 to 48 hours after the
initial injury. Drying of the burn wound or infection can cause
deepening of the burn wound by preventing re-establishment
of circulation to injured tissue. The central-most area, or the
zone of coagulation, is characterized by thrombotic vessels and
necrotic tissue. This area absorbs the most thermal energy, re-
sulting in the greatest tissue damage. Minor burns may involve
only the most peripheral zones of injury, whereas severe burns
encompass all three zones of injury.

Extent of Injury
RULE OF NINES
Burn severity is proportional to the percent of body sur-

face area (BSA) involvement and wound depth. The percent of
BSA for adults can be estimated by using the “rule of nines,”
in which each arm constitutes 9% of the BSA, the head 9%,
each leg 18%, the front and back of the torso 18% each, and
the genitalia 1%. For children <10 years of age, the percent
BSA must be adjusted because their bodies have different pro-
portions. The Lund and Browder chart has been used for this
purpose.108 At birth, the infant’s head constitutes about 19% of
the BSA. For each additional year of age, the head decreases by
about 1% and the BSA of the legs increases by about 1% of the
patient’s total body surface area (TBSA), so a quick estimation
of the percent BSA of a burn can be made.101

CLASSIFICATION OF WOUNDS
Burn wounds also are classified according to the depth of

tissue damage. Determining the depth of the burn wound can
be difficult during the first 24 to 48 hours because of the pres-
ence of edema and continued tissue ischemia and infection,
both of which can cause deepening of the wound. In addition,
the depth of destruction can vary within the same burn, and
skin surface characteristics may not match underlying tissue
damage, making assessment of the burn wound difficult.106

First-Degree Burns
First-degree burns result from injury to the superficial cells
of the epidermis. A common example is a mild sunburn. The
burned skin does not form blisters, but it does become erythe-
matous and mildly painful. This partial-thickness burn heals
within 3 to 4 days without scarring.

Second-Degree Burns
Second-degree burns may be superficial or deep, depending
on the depth of dermal involvement. Superficial second-degree
burns involve the epidermis and the upper layer of the dermis.
The burn surface often is erythematous, blistered, weeping,
painful, and very sensitive to stimuli. The erythema blanches
with pressure, and the hair follicles, sweat, and sebaceous
glands are spared. Superficial second-degree burns heal spon-
taneously within 3 weeks with little, if any, scarring. Deep
second-degree burns involve the deeper elements of the der-
mis and may be difficult to distinguish from third-degree burns.
The burn surface is pale, feels indurated or boggy, and does
not blanch with pressure. This wound is less painful than more
superficial wounds; some areas may be insensitive to stimuli.
Healing occurs slowly over about 35 days with eschar forma-
tion and possible severe scarring and permanent loss of hair
follicles and sweat and sebaceous glands.

Third-Degree Burns
Third-degree burns entail complete destruction of the full
thickness of the skin, including all skin elements. The wound
may appear pearly white, gray, or brown and is dry and inelas-
tic. Pain is sensed only when deep pressure is applied. If the
wound is small, healing over several months can occur by ep-
ithelial migration from the margins of the injury, with scar and
contracture formation. Third-degree burns are repaired most
often by excision and grafting of the wound to prevent con-
tractures of the skin.109
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Fourth-Degree Burns
Fourth-degree burns are similar to third-degree burns except
that devitalized tissue extends into the subcutaneous tissue,
fascia, and bone. These burns are blackened in appearance;
they are dry and generally painless (because of destruction of
nerve endings) and are at great risk for infection.

Complications of Burn Wounds
FLUID LOSS
In severe burns, release of vasoactive mediators and capil-

lary injury cause sequestration of large amounts of body fluid,
plasma, and electrolytes in extravascular compartments, re-
sulting in edema both locally and throughout the entire body.
This redistribution of fluid is compounded by the loss of large
amounts of fluid, electrolytes, and protein into the open wound.
The cumulative effect is a marked decrease in blood volume,
a fall in cardiac output, and decreased tissue and organ perfu-
sion. During the first 24 to 48 hours after a severe burn injury,
adequate fluid must be given to replace fluid lost from the
vascular space to prevent shock and, possibly, multiple organ
failure, and death.109

INFECTION
The most important threat to survival of the fully resusci-

tated patient is infection, with burn wound sepsis and pneu-
monia being the leading causes of death.109 The local me-
chanical defenses of the skin and respiratory tract often are
damaged in burn victims, making these common foci for fa-
tal infections. Loss of circulation to the burn wound margins
disallows proper functioning of cellular and humoral defense
mechanisms, which increases susceptibility to infection. Devi-
talized tissue and tissue exudates provide an ideal environment
for the proliferation of bacteria. Colonization of gram-positive
bacteria occurs if topical antimicrobial therapy is not initiated
promptly, and gram-negative bacteria may predominate by the
fifth day after injury.109 Systemic antibiotics are of limited ben-
efit in full-thickness burns and are used only to treat infections
documented by wound biopsy, which reveal >105 bacteria/g
of burn tissue.109 Topical antimicrobials, local wound care,
and strict infection control practices are the mainstays of con-
trolling burn wound infections. Devitalized tissue initiates and
perpetuates a sepsislike state in the absence of an identifiable
focus of infection.109 For this reason, as well as for infection
control, early excision of devitalized tissue and closure of the
burn wound by skin grafting or substitutes have been adopted
by many burn centers.

INHALATION INJURY
Burn injuries complicated by inhalation injury are asso-

ciated with greatly increased mortality rates. Injury to the
tracheobronchial mucosa is caused by inhalation of smoke
or flames and may result in bronchospasm, ulceration of the
mucous membranes, damage to cell membranes, edema, and
impairment of bacterial ciliary clearance. Even patients with
minor burns can have inhalation injury and require hospital
admission. The early symptoms of pulmonary injury (hoarse-
ness, dyspnea, tachypnea, and wheezing) may not be evident
for 24 to 48 hours, so patients with suspected inhalation in-
jury (i.e., facial burns or entrapment in a closed space) must
be examined carefully. Singed nasal hair, soot-coated tongue
or oropharynx, and upper airway edema are indications of in-

halation injury. The diagnosis is established by bronchoscopy,
and management may include endotracheal intubation and me-
chanical ventilation. Maintenance of the patient’s fluid status
is essential. Corticosteroids do not influence survival rates and
should not be routinely administered to patients with inhalation
injury. They can also increase morbidity and mortality associ-
ated with burns and inhalation injury by increasing the risk of
infection.109 The use of exogenous surfactant in the treatment
of inhalation burns in patients with adult respiratory distress
syndrome (ARDS) improves the survival of these high-risk
patients.110

Triage

14. S.T., a 17-year-old, nonobese boy, has just burned the calf of
his right leg on the muffler of his motorcycle. Immediately after
being burned, S.T. was able to rinse his leg with cool water from a
garden hose. The burn on his leg is about twice the size of the palm
of his hand and appears erythematous and weeping. He sustained
no other injury, but now he is in considerable pain. S.T. has no
significant medical history. Should S.T. be referred to a health
care provider or can he safely self-treat his burn? What patient
information is necessary to consider in making this decision?

Before recommending treatment for a patient with a minor
burn, it is important to accurately assess the patient to deter-
mine whether he or she can self-treat safely or whether referral
or hospitalization is necessary. The location and severity of the
burn, the patient’s age and state of health, and the cause of the
burn injury all must be considered.

American Burn Association Treatment Categories
Three treatment categories for burn injuries are recom-
mended by the American Burn Association: major burn in-
juries; moderate, uncomplicated burn injuries; and minor burn
injuries.111

� Major burn injuries are second-degree burns with >25%
BSA involvement in adults (20% in children); all third-degree
burns with 10% BSA involvement; all burns involving the
hands, face, eyes, ears, feet, and perineum that may result in
functional or cosmetic impairment; high-voltage electrical
injury; and burns complicated by inhalation injury, major
trauma, or poor-risk patients (elderly patients and those with
debilitating disease).

� Moderate, uncomplicated burns are second-degree burns
with 15% to 25% BSA involvement in adults (10%–20% in
children); third-degree burns with 2% to 10% BSA involve-
ment; and burns not involving risk to areas of specialized
function, such as the eyes, ears, face, hands, feet, or per-
ineum.

� Minor burn injuries include second-degree burns with <15%
BSA involvement in adults (10% in children), third-degree
burns with <2% BSA, and burns not involving functional or
cosmetic risk to areas of specialized function.

Patients with minor burn injuries may be treated on an out-
patient basis if no other trauma is present; if circumferential
burns of the neck, trunk, arms, or legs are not present; and if the
patient is able to comply with therapy. After initial evaluation
by a health care provider, patients may self-treat a second- or
third-degree burn only if <1% BSA is involved.
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Major or moderate, uncomplicated burns necessitate hos-
pital admission, and surgical referral is recommended for pa-
tients of all ages who have deep second- or third-degree burns
covering 3% of the TBSA.

Both the American Burn Association and the American
College of Surgeons recommend transfer to a burn center for
all acutely burned patients who meet any of the following
criteria111:

� Partial-thickness burns ≥20% TBSA in patients aged 10 to
50 years

� Partial-thickness burns ≥10% TBSA in children aged 10 or
adults aged 50 years

� Full-thickness burns ≥5% TBSA in patients of any age
� Patients with partial- or full-thickness burns of the hands,
feet, face, eyes, ears, perineum, or major joints

� Patients with high-voltage electrical injuries, including light-
ning injuries

� Patients with significant burns from caustic chemicals
� Patients with burns complicated by multiple trauma in which
the burn injury poses the greatest risk of morbidity or mortal-
ity (in such cases, if the trauma poses the greater immediate
risk, the patient may be treated initially in a trauma center
until stable before being transferred to a burn center)

� Patients with burns who suffer an inhalation injury
� Patients with significant ongoing medical disorders that could
complicate management, prolong recovery, or affect mor-
tality

� Patients who were taken to hospitals without qualified per-
sonnel or equipment for the care of children

� Burn injury in patients who will require special social, emo-
tional, or long-term rehabilitative support, including cases
involving suspected child abuse or substance abuse

Age-Related Recommendations
Children <2 years of age and elderly patients with a burn injury
should be referred for evaluation because these patients may
not tolerate any trauma associated with the burn. In addition to
medical issues, children with burns that result from suspected
child abuse should be hospitalized for legal, psychosocial, and
protective reasons. Burns in varying stages of healing, demar-
cated patterns of burns (e.g., stocking or glove distribution), or
more than two burn sites may be clues in identifying an abused
child.103

Disease-Related Recommendations
Burn patients with any other medical condition, such as dia-
betes mellitus, cardiovascular disease, immunodeficiency dis-
orders (e.g., human immunodeficiency virus [HIV]-associated
disease, patients receiving cancer chemotherapy), renal dis-
ease, obesity, or alcoholism, may be more susceptible to com-
plications from the burn and may have compromised wound
healing.

Etiology
The etiology of a burn should always be considered because
this may provide some insight into the burn presentation and
its management. Electrical burns can appear to be superficial
because external injury may occur at only the entrance and exit
sites of the current. These burns, however, can cause extensive

damage to underlying nerve and muscle tissue that is not ini-
tially evident. Except for very minor electrical burns, these
patients should be referred for further evaluation. S.T. has sus-
tained a superficial second-degree burn over about 2% of his
BSA. Even though the burn wound on his leg was caused by
thermal injury and is relatively minor, S.T. should be referred
for further evaluation and treatment.

Treatment

15. How should S.T.’s burn be treated? What treatment alter-
natives may be used for S.T.? What immunization should S.T. be
questioned about?

Goals of Treatment and Immediate Care
Treatment goals for first- and second-degree burns are to re-
lieve the pain associated with the burn; to prevent desicca-
tion and deepening of the wound, and infection; and to pro-
vide a protective environment for healing. Immediate care of
the wound should be application of cold, wet compresses or
immersion in cool water. S.T. may have prevented extension
of the burn to deeper layers of tissue and alleviated some of
his pain from the burn by immediately irrigating the wound
with cool water. Next, the area should be cleansed with a
mild hypoallergenic soap (e.g., Basis, Purpose) and water. A
sterile, nonadherent, fine-mesh gauze dressing that is impreg-
nated with hydrophilic petrolatum (Xeroflo, Adaptic) should
be placed over the wound. This type of dressing prevents the
gauze from adhering to the wound and allows the burn exu-
date to flow freely through the dressing, thus preventing macer-
ation.

A second layer of absorbent gauze should be placed over
the petrolatum gauze and a supportive layer of rolled gauze
can be used to keep the dressing in place. The outer layer must
not be too constricting, and the dressing should be replaced
every 48 hours after recleansing the area and inspecting for
signs of infection. If S.T.’s wound continues to weep, it may
be beneficial to soak his wound or apply a towel saturated with
water, normal saline, or Burow’s solution (diluted 1:20 or 1:40)
for 15 to 30 minutes at least four times daily (see Chapter 38).
The use of butter, grease, or similar home remedies should
be avoided in the treatment of burns because these measures
tend to retain the thermal energy sustained in the burn and may
increase the area of thermal injury. Because burn patients are
susceptible to secondary tetanus infections, S.T. should receive
a tetanus toxoid booster if he has not been immunized within
the previous 10 years.

Skin Substitutes/Synthetic Dressings
Advances in the development of skin substitutes are being used
to achieve the elusive goal of finding a skin replacement to
mimic completely the interaction and functions of dermis and
epidermis. Although this goal has yet to be achieved, a growing
number of synthetic and biologic products are available that can
serve important roles in caring for burn patients.112 Some of
the current modalities are as follows:

HUMAN CADAVER SKIN
Fresh human cadaver skin (allograft) is considered the sine

qua non for temporary closure of burn wounds. It adheres well
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to a healthy wound bed, resulting in reduced contamination
and reduced protein, heat, and water loss. Cost, rejection, and
disease transmission (e.g., hepatitis) are the most commonly
perceived disadvantages of human cadaver skin, thus, appro-
priate cadaveric screening is essential.

EPIDERMAL SUBSTITUTE: CULTURED EPITHELIAL ALLOGRAFTS
The technique of culturing autologous human epidermal

cells grown from a single full-thickness skin biopsy into conflu-
ent keratinizing sheets suitable for grafting has been available
for over two decades and is especially useful for patients with
large wounds.113 A lack of mechanical stability of cultured ep-
ithelium, causing an imperfect cover, remains a major concern;
therefore, the development of a dermal substitute (or a vascular-
ized remnant of allogenic dermis) in combination with cultured
epithelial allografts to increase mechanical stability and de-
crease wound contracture, or a laboratory-derived autologous
composite continues to receive scientific investigation.114

ANIMAL SUBSTITUTE: PIG SKIN
Pig skin (xenograft) has gained acceptance as a temporary

dressing alternative to allograft because of its lower cost and
greater availability. At 0◦C, frozen pig skin has a storage life
of 6 to 18 months from the date of manufacture. As with an
allograft, it has the desirable properties of being able to adhere
initially to a clean wound; to cover nerve endings to decrease
pain; to function as an autograft test graft; and to diminish heat,
protein, and electrolyte loss. A premeshed, de-epithelialized,
shelf-stored form is available (EZ-Derm, Brennen Medical),
which is thought to be more resistant to bacterial degrad-
ation.

DERMAL SUBSTITUTES: ALLODERMAL GRAFTS
Unlike the epidermis, the dermis can be rendered acellular

and still perform its basic protective and supportive functions.
With removal of the dermal cells, the antigenic elements are
also eliminated; therefore, an alloplastic transplantation can
occur without rejection. The principle of allodermal grafting
is that an ultrathin (0.01 cm) meshed autograft laid on top of
the allodermis provides skin quality that is comparable to that
obtained from thick partial-thickness skin grafts. AlloDerm
(LifeCell) is a shelf-stored, freeze-dried, acellular human ca-
daveric dermal matrix. Integra (Integra Life Sciences) is used
in life-threatening burns. The inner layer of this material is a 2-
mm thick combination of collagen fibers isolated from bovine
tissue and the glycosaminoglycan chondroitin-6-sulfate that
has a 70 to 200 μm pore size to facilitate host fibrovascular in-
growth. The outer layer is a 0.009-inch polysiloxane polymer
with vapor transmission characteristics that simulate normal
epithelium.87

SEMISYNTHETIC/SYNTHETIC DRESSINGS
Biobrane (Bertek) is a bilaminar, semisynthetic, temporary

skin substitute made of silicone bonded to nylon mesh. Its
adherence is facilitated by collagen peptides bonded to the
nylon underlayer. This substitute has been shown to be as
effective as frozen human allograft for the temporary cov-
erage of freshly excised full-thickness burn wounds before
autografting.113 Duoderm (ConvaTec) (Bristol-Myers Squibb)
is a hydrocolloid dressing, whereas OpSite (Smith & Nephew)
and Tegaderm (3M) are elastomeric polyurethane films. Com-

feel (Coloplast) is a semipermeable polyurethane film coated
with a flexible, cross-linked adhesive mass containing sodium
carboxy-methylcellulose (NaCMC) as the principal absorbent
and gel-forming agent. This product is permeable to water va-
por but impermeable to exudates and microorganisms. In the
presence of an exudate, NaCMC absorbs fluids and swells to
form a cohesive gel that does not disintegrate or leave residues
in the wound bed.

Alternatives in treating S.T.’s second-degree burn include
the use of synthetic dressings and topical antimicrobial agents.
Synthetic dressings serve as skin substitutes that are applied to
fresh, clean, and moist burns. They are trimmed to about the
size of the burn and left in place until the burn is healed or the
dressing separates from the wound spontaneously. The syn-
thetic dressings keep the wound warm and moist, require ab-
sorbent dressings that must be changed daily, and are indicated
for superficial second-degree burns. The chief advantage over
gauze dressings is that synthetic dressings prevent mechanical
injury from daily cleansing and dressing changes.115

TISSUE-ENGINEERED BIOLOGICAL DRESSINGS
Tissue-engineered biological dressings, although relatively

new, have promise in the treatment of burns, chronic ul-
cers, surgical wounds, and other desquamating dermatologic
conditions.116,117 Although expensive, repeated applications of
skin cells, whether these be keratinocytes or fibroblasts, autolo-
gous (the patients own) or allogeneic (from human donors), can
all offer some benefit to chronic nonhealing wounds in prompt-
ing them to restart healing. In this setting, cultured cells assist
the body’s own wound repair mechanisms. Products include
Dermagraft, Apligraf, and Epicel (cultured epidermal auto-
graft). As an example, Apligraf is a bilayer approximating the
structure of normal skin. The product is applied in a polyethy-
lene bag containing a 10% CO2:air ratio and agarose nutrient
medium and must be stored at 20◦C to 23◦C until use. The first
intended indication for Apligraf was full-thickness burns. In
a multicenter trial, the use of meshed Apligraf in conjunction
with meshed autograft resulted in better scores on the Vancou-
ver Scar Assessment Scale than the use of meshed autograft
alone. In most patients, Apligraf-treated burns were judged
to have healed better than those treated with meshed autograft
alone. Investigators rated Apligraf-treated sites superior to con-
trol in 58% of patients, equivalent in 16%, and worse in 16%.118

The principle of using an appropriate biologically active ma-
trix is now well established for accelerating wound healing
and achieving skin reconstruction. Cellular components mi-
grate to the wound from preexisting cell populations in adja-
cent tissue. Increasing evidence suggests that both circulating
marrow-derived stem cells and preexisting organ-specific stem
cells can contribute to tissue regeneration.116 Although impor-
tant issues concerning wound pretreatment, choice of matrix
support for cell growth, and the use of allogenic cells remain
to be fully resolved, tissue-engineered approaches to wound
repair still offer significant therapeutic possibilities. Such ben-
efits may include the following:

� Reduced donor site morbidity in burn wounds
� Increased potential for healing of recalcitrant lesions
� Reduced rates of lesion recurrence (as a result of improved
dermal quality)

� Reduced wound contracture and scarring
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� More rapid closure (epithelialization) of large acute exci-
sional wounds

� Delivery of exogenous growth factors (autologous, allogenic,
or genetically engineered)

� Reduced overall treatment costs and hospital stay.

Topical Antimicrobial Agents
SILVER SULFADIAZINE
Silver sulfadiazine (Silvadene) is the usual agent of choice

because it has broad-spectrum gram-positive and gram-
negative antibacterial activity, provides reasonable eschar pen-
etration, and is easy and painless to apply and wash off. The
cream is a 1% suspension of silver sulfadiazine in a water-
miscible base. As a consequence of poor water solubility, the
active agent shows only limited diffusion into the eschar. Sil-
ver sulfadiazine cream is most effective when applied to burn
wounds immediately after thermal injury to prevent bacterial
colonization of the burn wound surface as a prelude to in-
traeschar proliferation. This agent has the advantages of be-
ing painless when applied to the wound and being free from
acid-base and electrolyte disturbances. The limitations of sil-
ver sulfadiazine cream include neutropenia,119 which usually
reverses when application is discontinued; hypersensitivity,
which is rare; and ineffectiveness against certain strains of
Pseudomonas organisms and virtually all strains of Enterobac-
ter cloacae. A evidence-based review of use of silver sulfa-
diazine in burns suggested that whereas there is evidence of
antibacterial activity, no direct evidence is seen of improved
healing or reduced infection over normal dressings.120 This
agent should not be applied around the eyes or mouth in pa-
tients with hypersensitivity to sulfonamides or in pregnant or
breastfeeding women.

MAFENIDE ACETATE
Mafenide acetate (Sulfamylon) is an 11.1% cream formu-

lation of mafenide acetate in a water-dispersible base, or a 5%
powder for topical solution. As a water-soluble agent, mafenide
diffuses freely to establish an effective antibacterial concen-
tration throughout the eschar and at the interface of viable–
nonviable tissue, where bacteria characteristically proliferate
before invasion. Because of this characteristic, mafenide is the
best agent for use if the patient to be treated has heavily con-
taminated burn wounds, if treatment is delayed for several days
after the burn occurred, or if a dense bacterial population al-
ready exists on and within the eschar. Adverse effects include
hypersensitivity reactions in 7% of patients (usually responsive
to antihistamines), pain or discomfort of 20 to 30 minutes du-
ration when applied to partial-thickness burns (seldom a cause
for discontinuation), and inhibition of carbonic anhydrase. The
inhibition of carbonic anhydrase can produce both an early bi-
carbonate diuresis and an accentuation of postburn hyperven-
tilation. The resulting overall reduction of serum bicarbonate
levels renders such patients liable to a rapid shift from an alka-
lotic to an acidotic state. If acidosis should develop during use
of mafenide, the frequency of application should be reduced
to once daily, or it should be omitted for 24 to 48 hours, with
buffering used as necessary, and with efforts made to improve
pulmonary function.

Either topical silver sulfadiazine or mafenide should be ap-
plied in a one-eighth inch thick layer to the entire burn wound

with a sterile gloved hand immediately after initial débridement
and wound care. Twelve hours later, to ensure continuous top-
ical treatment, a one-eighth inch coat of cream should be reap-
plied to those areas of the burn wound from which it has been
abraded by clothing. The topical cream should be cleansed gen-
tly once each day from all of the burn wound and the wound
inspected. Daily débridement should be carried out to a point
of bleeding or pain without the use of general anesthesia. After
débridement, the wound should be covered again by the topical
cream.

SILVER NITRATE
If topical antimicrobial creams are unavailable, multilay-

ered occlusive gauze dressings, saturated with a 0.5% solution
of silver nitrate, can be used. These soaks are changed two
or three times each day and moistened every 2 hours. Evap-
oration should be avoided to prevent raising the silver nitrate
concentration to cytotoxic levels within the soaks. Transeschar
losses of sodium, potassium, chloride, and calcium should be
anticipated and appropriately replaced. Similar to therapy with
silver sulfadiazine cream, silver nitrate soak therapy is best for
bacterial control in burn patients who are received immedi-
ately after injury before significant microbial proliferation has
occurred. Silver nitrate is immediately precipitated on contact
with proteinaceous material; it does not penetrate the eschar
and, consequently, is ineffective in the treatment of established
burn wound infection. For these reasons, it is not routinely
recommended.

In S.T.’s case, silver sulfadiazine cream could be chosen to
treat his burn on an outpatient basis if an assessment determines
that he is at particular risk for infection. The cream would be ap-
plied in a thin layer over the wound and covered with absorbent
gauze and wrapped with rolled gauze. The dressing must be
changed twice daily to maintain an application of cream that
is biologically active. Topical bacitracin and the combination
of polymyxin B and bacitracin are transparent formulations
that also can be used but, because of limited efficacy, may be
desirable for use only on small, second-degree burns on the
face.

Oral Analgesics and Topical Protectants
S.T.’s burn pain can be treated with oral OTC analgesics,
aspirin, acetaminophen, or ibuprofen. If these analgesics do
not provide adequate relief, oxycodone or acetaminophen (or
equivalent) may be of additional benefit. Topical protectants,
such as allantoin, calamine, white petrolatum, or zinc oxide,
are safe and effective in treating first-degree and minor second-
degree burns. These agents protect the burn from mechanical
irritation caused by friction and rubbing and prevent drying of
the stratum corneum.

Postwound Care
Postwound care is an essential part of total burns management
to ensure adequate follow-up subsequent to wound healing,
including psychological support. Good burns care that helps
to alleviate physical discomfort, pain and scarring, and that
promotes good wound healing will also provide psychological
benefits for the patient. Healed wounds should be moisturized
on a regular basis. Pruritus can be a major problem after burn
injury. To reduce itching, moisturizers can be applied, and oral
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antihistamines may be necessary.121 Protection from the sun
will help to prevent further thermal damage or pigmentation
changes to the affected area. Patients in this population should
avoid the sun following a burn injury whenever possible, and

use of a sunscreen with SPF of at least 25 is recommended.122

If surface changes occur (e.g. skin becomes hypertrophic, or
blisters or new wounds appear), the patient should be advised
to return for evaluation.
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Gout is a disease that most commonly manifests as recurrent
episodes of acute joint pain and inflammation secondary to
the deposition of monosodium urate (MSU) crystals in the
synovial fluid and lining. MSU deposition in the urinary tract
can cause urolithiasis and urinary obstruction.1 Patients with
gout cycle between flares of acute joint pain and inflamma-
tion and intercritical gout (i.e., periods of quiescence with no
symptoms of the disease). In addition, they can also develop
chronic tophaceous gout and hyperuricemia. (Tophi are hard
nodules of MSU crystals that have deposited in soft tissues
and are most commonly found in the toes, fingers, and el-
bows.) Although gout is often associated with hyperuricemia,
elevated serum uric acid (SUA) is not a prerequisite for this
painful condition.2 Hence, gout should be considered as a
clinical diagnosis and hyperuricemia as a biochemical one.

These two terms are not synonymous and are not interchange-
able.

PATHOPHYSIOLOGY
Uric Acid Disposition
Uric acid serves no biological function; it is merely the end
product of purine metabolism. Unlike animals, humans lack
the enzyme uricase, which degrades uric acid into more solu-
ble products for excretion. As a consequence, uric acid is not
metabolized in humans and primarily is excreted renally, al-
though up to one third of the daily uric acid produced can be
eliminated through the gastrointestinal (GI) tract.3,4 Increased
SUA concentrations, therefore, can result from an increase in
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production or a decrease in renal excretion of uric acid, or a
combination of these two mechanisms.

Overproduction
Overproduction of uric acid, accounting for about 10% of gout
cases,3 can result from excessive de novo purine synthesis,
which is associated primarily with rare genetic enzyme mu-
tation defects; neoplastic diseases (e.g., multiple myeloma,
leukemias, lymphomas, Hodgkin disease); and myeloprolifer-
ative disorders (e.g., myeloid metaplasia, polycythemia vera).
Aggressive cytotoxic chemotherapy can cause tumor lysis syn-
drome and increased uric acid production from increased nu-
cleoprotein turnover. Overproduction of uric acid can also
be the result of excessive intake of dietary purines from
meat, seafood, dried peas and beans, certain vegetables (e.g.,
mushrooms, spinach, asparagus), beer, and other alcoholic
beverages.5,6 Many patients attempt to avoid intake of these
foods; however, dietary restrictions are seldom of much benefit
(with the exception of avoiding excessive alcohol, yeast, or
liver supplements), and patients should feel comfortable in
eating “modest” quantities of meats, seafood, and vegetables.

Underexcretion
A defect in the renal clearance of uric acid is the main cause
of hyperuricemia and gout in about 90% of patients. Uric acid
is filtered in the renal glomerulus and is almost completely
(98%–100%) reabsorbed in the proximal tubule. Uric acid is
then secreted distal to the proximal tubular reabsorption site,
and most is reabsorbed again.2,3 In normal patients, homeosta-
sis between reabsorption and secretion of urate is maintained.
However, many factors (e.g., renal impairment, certain drugs,
alcohol excess, metabolic syndrome, hypertension [HTN], car-
diovascular disease [CVD]) can cause this balance to fail, re-
sulting in excess serum concentrations of uric acid and tissue
deposition.4,7

ACUTE GOUT
Epidemiology
The risk of gouty arthritis is approximately the same for both
men and women at any given SUA concentration; however,
many more men are hyperuricemic. For example, men are six
times more likely than women to have SUA concentrations
>7 mg/dL. Overall, gout occurs as often in postmenopausal
elderly women as in men.8

Classically, gout presents during middle age; in one study,
the average age at the time of the first attack was 48 years.9

The onset of gout is uncommon in prepubertal children, pre-
menopausal women, and men younger than 30 years of age. The
appearance of gout in these populations should alert the clin-
ician to the possibility of a renal parenchymal disease, which
decreases urate clearance, or to a genetic enzymatic defect that
is associated with increased de novo purine production.

Clinical Features

1. E.J., a 52-year-old male school bus driver, reports to the
emergency department of his local hospital with the primary com-
plaint of extreme pain in his right elbow. He admits to playing sev-
eral tennis matches yesterday followed by a few beers with friends.

He awoke in the early hours of the morning with a sore and stiff
elbow, which he self-medicated with acetaminophen before trying
to get back to sleep. When his pain escalated, he sought medical
attention. Pertinent medical history includes the recent diagnoses
of HTN, hyperlipidemia, impaired fasting glucose, and obesity.
E.J. has not had regular medical care since graduating from high
school, and only recently started seeing a primary care physician
at the urging of his wife after his father died of an ischemic stroke.
At that visit 1 month ago, E.J. was prescribed hydrochlorothiazide
12.5 mg once daily, which is his only medication. He was also en-
couraged to go on a diet and to increase his exercise. He states that
he has no drug or food allergies and is tolerating the antihyperten-
sive well. On physical examination, the right elbow is exquisitely
tender and erythematous, and his vital signs are all within normal
limits. The elbow is warm to the touch and has moderate swelling.
What information in this case leads you to a consideration of gout
as an explanation for E.J.’s elbow pain?

First, E.J.’s symptoms of severe, acute pain and an obvi-
ously inflamed joint are consistent with the usual presenta-
tion of gout. Next, epidemiologically, E.J.’s gender and age are
consistent with the epidemiological data that are commonly
associated with gout.

Pain
The pain of gout rapidly reaches its maximum within 6 to 12
hours of onset and is usually accompanied by erythema.10 It is
often so severe that patients cannot even tolerate a sheet lying
on top of the affected area. E.J.’s symptoms are consistent with
this description.

Number and Type of Joints
Acute gout attacks affect a single joint 85% to 90% of the
time, and most often affect a joint of the lower extremity.3 The
first metatarsophalangeal joint (the great toe) is the most com-
mon joint affected and the term, podagra, specifically refers to
gout in this joint. In a study of dietary intake and the occur-
rence of gout in North American men, 88% of those reporting
gout episodes experienced podagra.6 An explanation for the
predilection of the great toe to acute gouty arthritic attacks is
based on the premise of a transient local increase in the concen-
tration of monosodium urate in this joint, as well as lower body
temperature in the extremities.11 Because urate diffuses more
slowly than water across a synovial membrane, resorption of
synovial effusion from traumatic joints when the patient is in a
recumbent position increases the urate concentration within a
joint.12,13 Synovial effusions are also increased in the great toe
during the day because of degenerative changes in that joint:
the first metatarsophalangeal joint is the most common and
often the only joint affected in degenerative joint disease of
the foot. This tendency for degenerative changes in the big toe
appears less often in non-European and non–North American
populations as compared to Western societies and perhaps can
be attributed to differences in traditional footwear, climate, and
other variables associated with gout.14

Although initial gout attacks are primarily monoarticular,
as many as 39% of the patients in one study experienced
polyarticular involvement as their first manifestation of gout.15

Generally, recurrent attacks are of longer duration than first at-
tacks, more likely to be polyarticular, and more smoldering
in onset.16 Gout presenting initially in an elbow joint is much
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less common than podagra, but it certainly can occur3 and does
not rule out gout as a diagnosis for E.J.’s pain.

Nocturnal Occurrence
Acute gouty arthritis commonly begins at night. Thomas
Sydenham’s 18th-century classic description of an acute gouty
attack begins, “The victim goes to bed and sleeps in good
health. About two o’clock in the morning he is awakened by
a severe pain in the great toe; more rarely in the heel, an-
kle, or instep.”11 According to the Simkin hypothesis,11 small
amounts of effusion fluid gravitationally enter into degenera-
tive joints of the feet (or other joints) during the day, when most
people are busily walking around, and are reabsorbed during
the night when the lower extremities are elevated. Thus, the
onset of pain in E.J. during the night is typical of gout.

Physical Stress
Gouty attacks also seem to be more common during episodes
of increased physical exercise. Long walks, hikes, golf games,
or tight new shoes have historically been associated with the
subsequent onset of podagra.11 Thus, this acute episode of el-
bow pain experienced by E.J. after a tennis match is compatible
with the association of gout with increased physical exercise.

Risk Factors

2. What findings in the previous case put E.J. at risk for gout?

The recent diagnoses of HTN, dyslipidemia, impaired fast-
ing glucose, and obesity in E.J. are disorders that have all been
associated with gout and hyperuricemia.7

Metabolic Syndrome
E.J.’s recent diagnoses fulfill the criteria for metabolic syn-
drome, and it is well-known that this set of diseases increases
the risk for CVD. Interestingly, hyperuricemia is often present
in patients who have these diseases as well, so does that mean
hyperuricemia is a risk factor for CVD? Although this rela-
tionship is strong, causality is controversial. Even though the
Framingham study group found that the presence of gout was
a risk for CVD in men, it is likely that this is just a marker for
CVD rather than a trigger.18 In other studies, hyperuricemia
was noted to be an independent risk factor for CVD and un-
likely to be a cause of CVD.19 Impaired glucose utilization, of-
ten called “insulin resistance syndrome,” also has a relationship
with hyperuricemia. This may be mediated via reduced renal
excretion of sodium and urate in hyperinsulinemia, although
the complete mechanism has not been fully elucidated.20 Be-
cause of these close linkages, patients who present with gout
and/or hyperuricemia should be monitored closely for the de-
velopment of CVD and diabetes, even if currently well.

Renal Dysfunction
Uric acid excretion is decreased in patients with renal dys-
function due to decreased glomerular filtration, and as a con-
sequence, hyperuricemia is a common finding. The hyper-
uricemia does not need to be treated unless patients manifest
gouty arthritis.21 E.J.’s workup for his sore elbow and possible
gout should include a metabolic panel for blood urea nitrogen
(BUN), serum creatinine (SCr), and electrolytes to clarify the
status of his renal function.

Ethanol Consumption
Overindulgence of alcohol has been linked to acute gout at-
tacks. In one case-control study, the weekly intake of alco-
hol was more than doubled in patients with gout compared
to matched controls without gout.22 Ethanol-induced gout/
hyperuricemia has been attributed to reduced renal urate ex-
cretion when acute alcohol intake causes lactic acidosis, degra-
dation of the purines in beer and other alcoholic beverages in-
creases uric acid production, and possible lead exposure from
moonshine whiskey or port wine.20 E.J.’s intake of a “few
beers” after playing in a rigorous tennis tournament, when
combined with possible dehydration from vigorous exercise
and lactic acidemia from muscle energy expenditure, place the
diagnosis of an acute gout attack near the top of the list of
possible causes for his elbow pain and inflammation.

Lead Exposure
Chronic lead exposure is associated with renal dysfunction. Pa-
tients with renal dysfunction and concurrent gout have higher
lead levels than gouty patients with normal renal function.23

Unexpectedly, the serum concentrations of lead in healthy sub-
jects with no known lead exposure were noted to be higher (al-
beit within normal limits) in those with gout than those without
gout.24 Lead exposure, however, is not a likely risk factor for
gout for E.J.

Diagnosis

3. What objective data would be of value in assisting in the
diagnosis of E.J.’s elbow pain and inflammation?

Laboratory Tests
Because uric acid primarily is excreted renally and renal im-
pairment is a risk factor for gout, the serum concentrations of
E.J.’s BUN and SCr should be measured along with a serum uric
acid concentration, especially in light of his history of HTN, hy-
drochlorothiazide therapy, hyperlipidemia, and impaired glu-
cose tolerance. A subsequent urinalysis could also be evalu-
ated for proteinuria and glucose if his laboratory blood tests
demonstrate that further workup might be warranted. Although
infection, in particular, septic arthritis, could also present as
sudden onset of joint pain and inflammation, it is not likely in
this case. An elevated systemic white blood cell (WBC) count
would be consistent with infection or gout. If joint infection is
of genuine concern, synovial fluid aspiration could differenti-
ate between infection and gout.

Radiography
Radiographic findings during the early phase of gout are non-
specific and generally characterized by asymmetric soft tissue
swelling overlying the involved joint. When gout has been long
standing, bony changes can be noticed on x-ray, along with
calcium deposition and increased density in the areas of soft
tissue swelling.25 An x-ray of E.J.’s elbow should be obtained if
other musculoskeletal disorders (e.g., bone fracture) are likely;
however, the history and physical examination of E.J. do not
provide adequate support for an x-ray at this juncture.

Joint Fluid Aspiration
A definitive diagnosis of gout only can be established by find-
ing MSU crystals in the aspirated synovial fluid of the affected
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joint. The absence, however, of MSU crystals in the synovial
fluid does not rule out the diagnosis of gout. In one study,
when synovial fluid was aspirated from the knees of 50 pa-
tients with asymptomatic, nontophaceous gout (synovial fluid
monosodium urate crystals had been previously documented in
the knees or other joints of these patients), urate crystals were
only found in 58% of these asymptomatic patients.26 Urate
crystals, however, can be found on repeated search of other in-
volved joints,27 or even of the same joint a few hours later.28,29

If synovial fluid is aspirated from an inflamed joint, it should
also be analyzed for bacteria and a WBC count obtained. In
gouty arthritis, the WBC count is likely to range from 5,000 to
50,000/L.2 In septic arthritis, the WBC count of the synovial
fluid is usually >50,000/L, and a Gram stain of the synovial
fluid is often positive for bacteria.30 In clinical practice, pri-
mary care providers generally do not aspirate an inflamed joint
to diagnose gout (see Criteria for Diagnosis section).

Pseudogout
Deposition of microcrystals (i.e., calcium pyrophosphate, cal-
cium oxalate, calcium hydroxyapatite) into joints can cause
acute or chronic arthritis in a manner similar to that caused
by monosodium urate deposition.31 The role of these micro-
crystals in causing acute synovitis has been greater than previ-
ously expected because improved crystallographic technology
(e.g., electron microscopy, x-ray diffraction) can differentiate
these diagnoses from that of acute gout. Crystal-induced dis-
eases tend to occur in older patients because prior joint dis-
ease, especially osteoarthritis (which is generally a disease of
the elderly), predisposes them to crystal deposition and acute
episodes of joint inflammation. The elderly are also more prone
to microcrystal-induced arthritis because these crystals gener-
ally accumulate over a long period, and must attain a sufficient
concentration and size before they precipitate into the synovial
fluid and cause inflammation.32

Criteria for Diagnosis
According to the American College of Rheumatology (ACR),
only 6 of the 12 criteria listed in Table 42-1 (derived from a
1977 report)33 need to be present to confirm a diagnosis of gout
when synovial fluid has not been aspirated from an inflamed

Table 42-1 Criteria for Diagnosis of Gout (at least six criteria
are needed for diagnosis unless MSU crystals are present in
joint fluid aspirate)

1. More than one acute attack of arthritis
2. Attack of monoarticular arthritis
3. Joint inflammation maximal within 1 day
4. Negative synovial joint fluid culture
5. Erythema over involved joint(s)
6. Podagra (first metatarsophalangeal joint)
7. Unilateral podagra
8. Unilateral attack involving tarsal joint
9. Tophi

10. Hyperuricemia
11. Asymmetric swelling within a joint on radiograph
12. Subcortical cysts without erosions on radiograph

Adapted from reference 3.

Table 42-2 EULAR Propositions for Diagnosis of Gout

Recommendation SOR (%)

1. In acute attacks, the rapid development of acute pain,
swelling, and tenderness that reaches peak intensity
within 6–12 hours, especially with overlying erythema,
highly suggest crystal inflammation (although not specific
for gout).

88

2. For typical presentations of gout (e.g., recurrent podagra
with hyperuricemia), a clinical diagnosis alone is
reasonably accurate, but not definitive without crystal
confirmation.

95

3. Demonstration of MSU crystals in synovial fluid or a
tophus permits a definitive diagnosis of gout.

96

4. A routine search for MSU crystals is recommended in all
synovial fluid samples obtained from undiagnosed joints.

90

5. Identification of MSU crystals from asymptomatic joints
may allow for definite diagnosis in intercritical gout.

84

6. Gout and sepsis can coexist. When septic arthritis is
suspected, synovial fluid should be Gram stained and
cultured for bacteria even if MSU crystals are identified.

93

7. Serum uric acid concentrations, although the most
important risk factor for gout, do not confirm or exclude
gout. Many with hyperuricemia do not develop gout, and
serum uric acid concentrations during acute attacks can be
normal.

95

8. Renal uric acid excretion should be assessed in selected
gout patients, especially those with a family history of
young-onset gout, onset of gout at younger than 25 years,
or those with renal calculi.

72

9. Although radiographs can be useful for differential
diagnosis and can show typical features of chronic gout,
they are not useful in confirming the diagnosis of early or
acute gout.

86

10. Risk factors for gout and comorbidity should be assessed,
including features of the metabolic syndrome (obesity,
hyperglycemia, hyperlipidemia, hypertension).

93

SOR, strength of recommendation.
Adapted from reference 10.

joint. Routine synovial fluid aspirates are not obtained by most
practitioners due to the technical expertise required for ob-
taining and analyzing the specimen, as well as the pain to the
patient, during the procedure. Newer evidence-based guide-
lines for the diagnosis (Table 42-2) and management (Table
42-3) of gout have been developed by the European League
Against Rheumatism (EULAR) using the Delphi method of
expert consensus to determine standard of care.10,34 The ex-
perts’ consensus of the strength of a recommendation is listed
as a percentage of concurrence in the right-hand columns of
Tables 42–2 and 42–3.

4. Laboratory tests were ordered for E.J., and the results are
SUA of 7.5 mg/dL, BUN of 10 mg/dL, SCr of 1 mg/dL, and a WBC
count of 10.2 × 103/mm3. An x-ray of his elbow shows soft tissue
swelling with no evidence of tophi. Does E.J. have gout?

E.J.’s objective and clinical presentation fulfills five of the
ACR criteria (i.e., 2, 3, 5, 10, 11) in Table 42-1; however, at
least 6 of the 12 criteria must be met to achieve a diagnosis
of gout. According to the EULAR propositions (Table 42-2),
criteria 1 and 7 are met and consistent with, but not diagnostic
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Table 42-3 EULAR Propositions for Gout Management

Propositions SOR (%)

1. Optimal treatment of gout requires nonpharmacologic and
pharmacologic modalities tailored to specific risk factors
(SUA levels, prior attacks); clinical phase of gout; and
general risk factors (age, comorbidity, drug interactions)

96

2. Patient education and lifestyle modifications (e.g., weight
loss if obese, reduced beer and other alcohol
consumption) are important.

95

3. Associated comorbidity and risk factors (e.g.,
hyperlipidemia, HTN, hyperglycemia, obesity, smoking)
should be addressed.

91

4. Oral NSAIDs or colchicine are first-line agents for
systemic treatment of acute gout. In the absence of
contraindications, an NSAID is a convenient and well
accepted treatment.

94

5. High doses of colchicine cause side effects and low doses
(e.g., 0.5 mg TID) can be sufficient.

83

6. Intra-articular aspiration and injection of a long-acting
steroid is an effective and safe treatment for an acute
attack.

80

7. Urate lowering therapy is indicated in patients with
recurrent acute attacks, arthropathy, tophi, or radiographic
changes of gout.

97

8. The therapeutic goal of urate lowering (i.e., SUA less than
the saturation point for MSU of 6 mg/dL) is to promote
crystal dissolution and prevent crystal formation.

91

9. Allopurinol, an appropriate long-term urate-lowering
agent, should be initiated at 100 mg/day and increased by
100 mg every 2–4 weeks, if required. The dose must be
adjusted in patients with renal impairment. If toxicity
occurs, options include other xanthine oxidase inhibitors,
a uricosuric agent, or allopurinol desensitization (in mild
rash).

91

10. Uricosuric agents (e.g., probenecid, sulfinpyrazone) can
be alternatives to allopurinol in patients with normal renal
function, but relatively contraindicated in patients with
urolithiasis. Benzbromarone can be used in patients with
moderate renal insufficiency, but carries a small risk of
hepatotoxicity.

87

11. Prophylaxis against acute attacks during the first months
of urate lowering therapy can be achieved by colchicine
(0.5–1 mg/day) and/or NSAID (with gastroprotection, if
indicated).

90

12. When gout is associated with diuretic therapy, discontinue
the diuretic if possible.

88

SOR, strength of recommendation.
Adapted from reference 34.

of, gout. An important difference between the EULAR guide-
lines and those of the ACR is the emphasis on synovial fluid
examination. Item 2 indicates that only “typical” gout presen-
tations such as podagra can be accurately diagnosed without
examination of the synovial fluid, and E.J.’s elbow involvement
is an atypical presentation. An aspiration of synovial fluid from
the inflamed elbow joint fluid would help diagnose gout and
rule out infection, although both gout and infection could co-
exist. Although E.J. is reluctant to undergo this procedure, he
relents, and his aspirate is positive for 25,000 WBC/L and
for MSU crystals. E.J. now can be considered as having acute
gout.

Treatment of Acute Gout
Goals of Therapy

5. What is the primary goal in the treatment of this acute gout
attack in E.J.?

The primary goal in the treatment of an acute attack of gout
is to relieve pain and inflammation. The immediate goal of
therapy should not be aimed at decreasing the SUA concentra-
tion with hypouricemic agents such as allopurinol (Zyloprim)
or probenecid (Benemid). Patients most likely have been hype-
ruricemic for several months or years, and it is not necessary to
treat the hyperuricemia immediately. Furthermore, a decrease
in the serum urate concentration at this time might mobilize
urate stores and precipitate yet another acute gouty attack.

Drug Therapy Overview

6. What are the pharmacotherapeutic options for the treat-
ment of E.J.’s acute pain?

Acute gouty arthritis can be effectively treated in most in-
stances by a nonsteroidal anti-inflammatory drug (NSAID),
colchicine, or corticosteroids.

NONSTEROIDAL ANTI-INFLAMMATORY DRUGS
Indomethacin (Indocin), naproxen (Naprosyn), and sulin-

dac (Clinoril) are U.S. Food and Drug Administration (FDA)-
approved for the treatment of pain associated with acute gout
attacks,35–37 but other nonselective NSAIDs are also effec-
tive, including ibuprofen (Motrin),38 fenoprofen (Nalfon),39

piroxicam (Feldene),40,41 fluribiprofen (Ansaid),42 ketopro-
fen (Orudis),43 tolmetin (Tolectin),44 and meclofenamate
(Meclomen).45 GI bleeding and/or ulceration and inhibition of
platelet aggregation are two of the most common serious ad-
verse effects of these nonselective NSAIDs, and both adverse
effects compound the risk of bleeding when given concomi-
tantly with anticoagulants (e.g., warfarin). The NSAIDs, which
are selective cyclo-oxygenase-2 (COX-2) inhibitors, do not in-
hibit platelets at normal doses; however, the efficacy of cele-
coxib (Celebrex), the only COX-2 inhibitor currently available
in the United States, has not been evaluated for the treatment
of gout. Etoricoxib, a COX-2 inhibitor available outside the
United States, has been approved for the treatment of acute
gouty arthritis in New Zealand.46,47 Among the nonselective
NSAIDs, ibuprofen is the least likely to cause GI adverse ef-
fects and is perhaps the safest nonselective NSAID for use in
patients at risk for GI bleeding. Piroxicam and indomethacin
are among the worst offenders.48

The potential adverse cardiovascular effects of NSAIDs are
of concern. In 2005, the FDA issued an advisory requiring all
manufacturers of over-the-counter and prescription NSAIDs
to alert patients and health care professionals to increased car-
diovascular risks (e.g., myocardial infarction, stroke) from se-
lective and nonselective COX-2 inhibitors.49 NSAIDs can also
aggravate HTN, cause renal failure by inhibiting vasodilatory
renal prostaglandins, inhibit diuretic-induced increases in re-
nal sodium excretion50–53, and decrease the hypotensive ef-
fect of diuretics and other antihypertensive drugs (e.g., beta-
blockers).54,55 Although hypertensive patients are not likely
to experience problems when using NSAIDs for only a few
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days, three isolated cases of hyperkalemia and renal insuffi-
ciency have occurred after indomethacin treatment of gouty
arthritis.56 Patients with CVD and renal insufficiency can be
treated for a short duration with nonselective NSAIDs, albeit
with much caution. The nonselective NSAIDs are safe for pa-
tients with stable, controlled HTN when given for only a few
days and with closer monitoring of blood pressure.

CORTICOSTEROIDS
Corticosteroids, effective in the management of an acute

gouty attack, are usually considered second-line therapy be-
cause of the potential for serious adverse effects and adrenal
suppression when used long term and because of the potential
for rebound pain when abruptly discontinued.2,57 If the acute
gout episode involves only one or two joints, intra-articular
corticosteroid administration could minimize adverse effects.
When corticosteroid oral doses equivalent to 30 to 60 mg of
prednisone/day are used, doses are tapered over 2 to 3 weeks
to minimize the potential for rebound.2 Corticosteroids are es-
pecially useful for elderly patients or those with renal or CVD
who cannot tolerate NSAIDs.2,34,57 Corticosteroid adverse ef-
fects (e.g., osteoporosis, myopathy, peptic ulcer disease, cen-
tral nervous system effects, HTN, predisposition to infections)
are not likely with the short courses of treatment for gout at-
tacks. Glucose intolerance, however, can occur with short-term
therapy.

COLCHICINE
At one time, colchicine was the agent of choice for the treat-

ment of an acute attack of gout. This drug not only provided
symptomatic relief to more than 95% of patients when adminis-
tered early in the course of an attack of gout, but it also provided
diagnostic confirmation because of its relative specificity for
relieving only the symptoms of acute gout. Colchicine’s mech-
anism of action is quite unique because it is an inhibitor of
microtubule polymerization, which results in inhibition of in-
flammatory mediators such as cytokines and chemokines.58 It
is only indicated for the treatment of gout.59 For the fully devel-
oped acute attack, the traditional dose of colchicine has been
one or two 0.5- to 0.6-mg tablets initially (only 0.6-mg tablets
are available in the United States today), followed by 0.5 to
0.6 mg hourly or every other hour, until joint pain was relieved
or GI effects (i.e., diarrhea, nausea, vomiting) intervened. A
colchicine 0.5-mg (or 0.6-mg) TID regimen until symptoms
resolve has been successful in treating patients who do not re-
spond to, or cannot use, NSAIDs or corticosteroids.34,60 The
dose of colchicine must not exceed 6 mg/gout episode because
of significant adverse effects and a narrow therapeutic index.

INTRAVENOUS COLCHICINE
Colchicine is available for intravenous (IV) injection for

patients who cannot tolerate oral colchicine, but IV colchicine
for acute gout is no longer recommended because of a poten-
tial for bone marrow suppression, myocardial injury, muscle
paralysis, acute organ failure, and fatalities.57 The usual initial
colchicine IV dose of 2 mg is instilled slowly over 2 to 5 min-
utes directly into a large vein that has normal saline infusing.
It must not be administered subcutaneously or intramuscularly
because it can cause extensive tissue necrosis, and caution must

be undertaken with IV infusions to prevent extravasation into
surrounding tissue. An IV dose of 0.5 mg can be repeated ev-
ery 6 hours until relief of pain, but no more than 4 mg per
24 hours or 4 mg per acute episode of gout.

OPIATE ANALGESICS
When an occasional patient requires more pain control, a

dose or two of a narcotic analgesic can be a reasonable ad-
junct to blunt the pain of acute gouty arthritis while awaiting
the apparent benefits of NSAIDs or corticosteroids. Most pa-
tients, however, generally experience benefits from NSAIDs
and corticosteroids soon after a dose of either of these anti-
inflammatory drugs.

Choice of Agent

7. What therapeutic intervention would be most appropriate
for E.J. at this time?

An NSAID is first-line therapy for the acute treatment of
gout, and although E.J. does have HTN and metabolic syn-
drome, his renal function is normal. Assuming his blood pres-
sure is adequately controlled, a short course of ibuprofen 800
mg now and Q 8 hr for 3 days is appropriate. The ibupro-
fen should be prescribed on a scheduled basis rather than
“as needed” to reduce inflammation and prevent breakthrough
pain. The dose of 2,400 mg/day does not exceed the maximum
recommended dose of 3,200 mg/day.

8. If E.J. were 72-years-old instead of 52 and/or his BP was
160/96 mm Hg, what therapeutic option would be appropriate?

These patient-specific parameters are relative contraindica-
tions or precautions for the use of NSAIDs for the treatment of
acute gout so alternative treatments should be considered. Be-
cause E.J.’s pain is monoarticular (his elbow), an intra-articular
dose of corticosteroid could be administered, but the possibil-
ity of bone necrosis from intra-articular corticosteroids would
probably result in the choice of oral prednisone, which could
be administered and tapered over 10 to 21 days. As an alterna-
tive, oral colchicine could be considered. IV colchicine should
not be considered, and if E.J. were unable to tolerate oral ther-
apies, then parenteral or intra-articular corticosteroids should
be administered.

Management Guidelines
Gout is one of few rheumatologic diseases that can be treated
successfully and even cured in many patients.61 However, de-
spite the availability of adequate pharmacologic interventions,
a survey of rheumatologists and internists in the United States
found that drug therapy is often not used based on scientific
evidence for both acute and chronic gout.62 Furthermore, in
a survey of Chinese physicians, most agreed that synovial
fluid aspiration from a joint in a search for crystals should
be performed for a definitive diagnosis, but such joint aspira-
tion was rarely undertaken. A comparable survey of physicians
in the United States might reach similar conclusions. Also,
oral colchicine was considered first-line therapy by 77% of
physicians in China, which is contrary to current management
guidelines.63 In consideration of these issues, the EULAR gout
task force developed recommendations for the management of
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gout (Table 42-3) and the percentage consensus for a given
recommendation.34

Nonpharmacologic Interventions
ICE
The benefit of ice application to the affected joint in acute

gouty arthritis should not be overlooked. In a small randomized
study, the application of ice to an affected joint significantly
reduced the pain of a gouty attack when used in conjunction
with oral steroids or colchicine.64

ALCOHOL CONSUMPTION
Excessive alcohol intake has been known to be a risk factor

for acute gout episodes since the time of Hippocrates5; how-
ever, lead was also a contributory factor when it was used as a
flavoring agent for wine in early Roman times. Beer was also
believed to be more problematic for gout than other alcoholic
beverages because of its high purine content; however, current
thinking is that the quantity of alcohol consumed in the 24
hours prior to an acute attack is more important than the type
of beverage consumed.65 Moderation in alcohol consumption
should be advocated.

DIET MODIFICATION
Diet has a twofold effect on the epidemiology of gout. First,

obese patients are at a greater risk of developing elevated SUA
levels, and gout might, in part, be related to insulin resistance
of obesity.5 Weight reduction via a caloric- and carbohydrate-
restricted diet has been associated with decreased SUA and
frequency of gout attacks.66 Furthermore, in a prospective,
longitudinal study of male health professionals, weight gain
was strongly associated with an increased risk of gout, and
weight loss was associated with a decreased risk.67

Second, much of the uric acid produced daily comes from
metabolism of food. The excessive dietary intake of purine-rich
foods, without a concomitant increase in urinary excretion, can
lead to elevated serum urate concentrations.5,6 However, the
type of protein and purine-rich foods that are detrimental, and
the true impact of these foods on the incidence of increased
SUA and gout episodes, are controversial issues.68,69 Using the
NHANES-III survey (Third National Health and Nutrition Ex-
amination Survey) data, diets rich in dairy protein were noted
to be helpful in preventing elevated SUA levels, while diets
high in meat and seafood were detrimental.68 Interestingly, in
that survey, the type of protein was more important than the to-
tal protein intake. The more yogurt or milk servings consumed
per day, the lower the SUA.

Delay of Hypouricemic Therapy

9. Why should (or should not) allopurinol be prescribed for
E.J. before he leaves the emergency department?

Hypouricemic therapy should be initiated only when pa-
tients with gout have frequent acute attacks, urate tophi, or
evidence of urate nephropathy (e.g., uric acid stones or renal
damage). If these indications are absent, hypouricemic drug
therapy should await the natural course of events because noth-
ing is lost by waiting. The acute attack can be treated when
it appears and usually resolves within days. Long-term hy-
pouricemic medications should not be started for E.J. at this

time because criteria for therapy (see EULAR proposition 7 in
Table 42-3) are not met, and initiation of urate-lowering ther-
apy during an acute episode can mobilize urate from tissues
and compound the problem. E.J. should not be treated with
hypouricemic drugs at this time.

HYPERURICEMIA
Chronic Gout

10. E.J. has experienced about four to five acute gouty arthri-
tis attacks, which were treated successfully with ibuprofen over
the past year. His HTN, metabolic syndrome, and obese condi-
tion have all improved. On a routine clinic visit, his SUA is 7.5
mg/dL, and his renal function and CBC are normal. Would it be
appropriate to initiate hypouricemic therapy at this time?

Drug therapy to lower SUA is warranted for patients who
have recurrent gout attacks, arthropathy, tophi, or radiographic
changes related to gout (Table 42-3).34 Because E.J. has ex-
perienced several episodes of acute gout, hypouricemic ther-
apy consideration is appropriate. The decision to begin hy-
pouricemic therapy, however, should be preceded by a con-
sideration of whether drug-induced hyperuricemia could be a
mitigating factor.

Drug-Induced Hyperuricemia
A patient’s complete medication list should be reviewed to rule
out drug-induced hyperuricemia (Table 42-4) before adding
a medication to decrease SUA. Perhaps the only treatment
needed would be to discontinue the offending agent. Until re-
cently, the mechanisms by which many drugs induce hyper-
uricemia were unknown. A urate transporter, URAT-1, is now
believed to be the primary protein responsible for reabsorption
of urate into the systemic circulation from the lumen of the
proximal tubule of the nephron.70 URAT-1 also appears to be
the site at which some drugs (e.g., losartan, probenecid) inhibit
urate reabsorption, and where other drugs (e.g., pyrazinamide,
nicotinic acid) stimulate urate reabsorption and, thereby, in-
crease SUA.2 As the role of URAT-1 and other transporters are
better understood, new drug therapies may be discovered.

DIURETICS
The association of hyperuricemia and diuretics is well

known, and the mechanism, although not fully elucidated, is
likely secondary to diuretic-induced sodium and water excre-
tion, which in turn increases reabsorption of uric acid in the
proximal tubule.71 The importance of diuretic-induced hyper-
uricemia, however, is now somewhat more controversial. When
variables in addition to diuretic use were controlled in a study
of patients with HTN, heart failure, and myocardial infarction,
the risk of gout was increased in the hypertensive patients more
than the risk of gout in patients on diuretics.72 In a case cross-
over survey, however, thiazides and loop diuretic use in the 48
hours before an acute gout attack had increased their risk for
this attack.73 Although diuretics increase SUA concentrations,
the antioxidant properties of uric acid could be beneficial and
perhaps sufficient to account for their favorable outcomes in the
ALLHAT study.74 Because diuretics are associated with hype-
ruricemia in both hypertensive and nonhypertensive patients,
and because hyperuricemia has an association with acute gout
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Table 42-4 Drugs Associated With Hyperuricemia

Drug Mechanism Comments

Certain antiretrovirals121–125 Catabolic effect; NRTIs may increase urate
through mitochondrial toxicity

NRTIs: Uric acid blood increases of 0.5–5 mg/dL have occurred
in patients receiving >9.6 mg/kg/day of didanosine. Stavudine
also was associated with increased uric acid. PIs: Have been
associated with elevated uric acid. Ritonavir and ritonavir
boosting have been associated with gout.

Cyclosporine126,127 Decreased urate renal clearance, either via a
tubular mechanism or decrease in GFR

Cyclosporine-induced hyperuricemia may cause gout in patients
with risk factors (renal dysfunction, concurrent diuretics, and
male gender).

Cytotoxic chemotherapy85 Rapid cell lysis Occurs primarily with lymphomas and leukemias. Uric acid
nephropathy, acute renal failure, and nephrolithiasis can result.

Diuretics128–132 Secondary to volume contraction and increased
uric acid reabsorption in the proximal tubules
for all diuretics; thiazides may also
competitively inhibit proximal tubular
secretion

Dose- and duration-dependent elevations in uric acid

Ethambutol133 Decreased urate renal clearance Hyperuricemia and gout have been demonstrated. A majority of
patients were receiving 20 mg/kg/day orally.

Ethanol65,134 Increased uric acid production due to adenine
nucleotide turnover, lead-tainted moonshine
and/or high purine content in some alcoholic
beverages, such as beer

Associated with increased uric acid and acute gout. Even a
light-to-moderate amount triggers recurrent gout attacks within
24 hours.

Filgrastim135 Increased WBC production Transient effect, seen more often with higher doses
(30–60 mg/kg/day).

Isotretinoin136 Hypervitaminosis A Hyperuricemia and rare gout cases have been reported.

Levodopa137 Inhibition of urate excretion Patients taking therapeutic doses have experienced hyperuricemia
and gout. Secondarily, interference with colorimetric assay of
uric acid may contribute a false-positive increment.

Niacin138,139 Decreases excretion of urate Hyperuricemia and gout have occurred.

Pancreatic enzymes: pancreatin
and pancrelipase140

Ingestion of pancreatic enzyme products having
high purine content.

Hyperuricemia, hyperuricosuria, and uric acid crystalluria have
occurred with high dosages.

Pyrazinamide141,142 Inhibition of renal tubular urate secretion Hyperuricemia is more common with daily than with intermittent
administration. Gouty attacks have occurred in those with a
history of gout. Asymptomatic hyperuricemia was the only
manifestation seen in one trial of pediatric patients.

Ribavirin and interferon143 Mechanism unclear; commonly associated with
hemolysis

Nephrolithiasis developed in a patient with diabetes and
hypertension. Hyperuricemia noted in 24% of those receiving
ribavirin with interferon.

Aspirin (low dose)87 Inhibition of proximal tubular secretion of urate Doses <1 g/day cause hyperuricemia.

Tacrolimus144,145 Reduced urate excretion Associated with hyperuricemia and cases of gout; however, two
prior case reports demonstrated resolution of polyarticular gout
after switching cyclosporine to tacrolimus.

Teriparatide146 Mechanism unknown Elevated uric acid levels, mainly with higher doses and with
moderate renal impairment, but no association with increased
gout, arthralgia or nephrolithiasis.

Theophylline147,148 Interference with uric acid assay False-positive elevation with automated Bittner adapted method.
Interference does not appear to occur with phosphotungstate
assay method.

NRTI, nucleoside reverse transcriptase inhibitors; PI, protease inhibitors; GFR, glomerular filtration rate; WBC, white blood cell.

attacks, most clinicians would discontinue the diuretic, irre-
spective of possible ancillary benefits from hyperuricemia if
alternatives to the diuretics are available and appropriate for
a particular patient.34 The hyperuricemic effect of diuretics is
dose related.75

Goal of Hypouricemic Therapy
The general goals for lowering serum concentrations of uric
acid are the elimination of acute gout attacks and the mobi-
lization of urate crystals from soft tissue. The SUA concentra-
tion in a patient who has clinical gout should be decreased to
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<6 mg/dL, which is below the saturation point for monosodium
urate (NB: a 1 mg/dL change in SUA is equivalent to about 60
μmol/L SI units).34

Uric Acid Urine Quantification
Urinary uric acid excretion can be determined by measuring
a 24-hour collection of urine to ascertain whether the patient
overproduces or underexcretes uric acid. In theory, an “over-
producer” should be treated with a drug that inhibits produc-
tion of uric acid (e.g., xanthine oxidase inhibitors), and an
“underexcretor” should be treated with a drug that increases
excretion of uric acid. Because both groups of patients usually
respond to xanthine oxidase inhibitors, drugs such as allop-
urinol have become the first-line agents for the treatment of
hyperuricemia. Alternatively, urinary uric acid overproducers
can be identified by use of uric acid:creatinine (or creatinine
clearance [ClCr]) ratios based on spot-midmorning serum and
urine samples.76,77

Drug Therapy of Hyperuricemia
XANTHINE OXIDASE INHIBITORS

Allopurinol
Allopurinol (Xyloprim), the only available xanthine oxidase
inhibitor in the United States, inhibits the production of uric
acid and thereby decreases SUA concentrations. As first-line
therapy of hyperuricemia, allopurinol should be initiated at a
100 mg once daily dose and the dose increased by 100 mg/day
increments every 2 to 4 weeks until the SUA is at the desired
goal of <6 mg/dL (Table 42-3). The ability of allopurinol to
lower SUA is dose related: the higher the dose of allopurinol,
the greater the decrease in uric acid serum concentration. An
allopurinol dose of 200 to 300 mg/day is usually needed to nor-
malize hyperuricemia in patients with mild disease and larger
doses of 400 to 600 mg/day are needed for those with more
severe disease.78 Allopurinol doses should be adjusted for pa-
tients with renal dysfunction to minimize the potential for toxi-
city; however, patients with decreased doses might not achieve
adequate uric acid suppression if SUA concentrations are not
appropriately monitored.79 Allopurinol doses for patients with
renal insufficiency should be based on recommended guide-
lines for varying degrees of renal insufficiency, adjusted ac-
cording to periodic evaluations of SUA concentrations, and
appreciated for the increased association of adverse events, in-
cluding hypersensitivity reactions, in patients with renal dys-
function.

Febuxostat
Febuxostat, a nonpurine xanthine oxidase inhibitor, is cur-
rently in Phase III trials and awaiting FDA approval for use in
the management of hyperuricemia. Febuxostat is more selec-
tive than allopurinol for xanthine oxidase and does not inhibit
other enzymes involved in purine and pyrimidine metabolism.
In a double-blind, randomized, 52-week multicenter trial, oral
febuxostat (80 or 120 mg/day) was significantly more effec-
tive than allopurinol (300 mg/day) in decreasing SUA con-
centrations from >8 mg/dL to an end point of <6 mg/dL.80

It is not known if allopurinol would have been more effec-
tive if titrated further. Adverse effects were similar across all
treatment groups and consisted primarily of mild to moderate
diarrhea, headaches, abnormal liver function tests, and joint-
or muscle-related nonspecific symptoms. During the first 8

weeks of febuxostat treatment, naproxen or colchicine was
provided concurrently as prophylaxis against flares of acute
gout attacks. Nevertheless, more patients in the higher-dose
febuxostat treatment arm discontinued therapy because of the
greater prevalence of gout flares and adverse events. The role of
febuxostat for the management of hyperuricemia needs further
study.81

RASBURICASE
Uricase, an enzyme endogenous in many animal species

other than humans, converts uric acid to allantoin, which is
much more soluble than uric acid and, therefore, more readily
excreted into urine. Rasburicase (Elitek), a recombinant urate
oxidase enzyme, similarly enhances the solubilized uric acid
metabolic product into the urine. It is now approved for the
management of hyperuricemia in children who are susceptible
to hyperuricemia resulting from chemotherapy and tumor ly-
sis. Rasburicase is especially useful in children with leukemia,
lymphoma, or solid tumor malignancies about to undergo cyto-
toxic therapy. In a multicenter, randomized trial of 52 children
with leukemia or lymphoma, IV rasburicase (0.2 mg/kg once
daily), during initial chemotherapy, decreased serum urate con-
centrations more effectively and with a quicker onset of action
than oral allopurinol (median doses of 300 mg/day).82 The
rasburicase dose (0.15 or 0.20 mg/kg) should be infused over
a 30-minute period once daily for 5 days for a single course
of treatment, and about 4 to 24 hours before the initiation of
chemotherapy.83 Rasburicase should be reserved for patients
who cannot undertake allopurinol therapy and who are at high
risk for tumor lysis syndrome (see Chapter 90). Although it is
not currently approved by the FDA for use in adults, rasburi-
case has been shown to be safe and effective for the prophy-
laxis or treatment of hyperuricemia in adults with leukemia
or lymphoma.84,85 This drug is significantly more costly than
allopurinol.

Rasburicase is contraindicated (a black box warning in the
labeling) for patients with glucose-6-phosphate dehydrogenase
deficiency, or a known history of hypersensitivity, anaphylac-
tic, or hemolytic reactions. It also has been associated with
fever, neutropenia, respiratory distress, sepsis, and mucositis.
This drug can interfere with uric acid assays when a blood sam-
ple is left in room temperature and has been associated with
spuriously low uric acid serum concentrations in laboratory
reports.

URICOSURIC AGENTS
The uricosuric agents, probenecid (Benemid) and sulfin-

pyrazone (Anturane), are alternatives to allopurinol for patients
who are unable to tolerate allopurinol (Table 42-3).34 These uri-
cosurics should not be administered to patients with impaired
renal function or urolithiasis.

Probenecid
Probenecid is well absorbed orally, and plasma concentrations
peak within 2 to 4 hours. Its biological half-life is 6 to 12 hours,
and its active metabolites extend the duration of action. The
usual initial dose of probenecid (250 mg twice daily for the first
week of therapy) can be increased to 500 mg twice a day. If nec-
essary, the dose can be increased further to 2 g/day. Uricosuric
therapy should begin with small doses because the excretion
of large amounts of uric acid increases the risk of urate stone
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formation in the kidney. High fluid intake to maintain urine
flow of at least 2 L/day also minimizes renal stone formation.
This gradual approach to the initiation of hypouricemic therapy
also decreases the likelihood of precipitating an acute attack
of gout.

Drug Interactions. Probenecid inhibits secretion of peni-
cillins into the renal tubule, and thereby prolongs the serum
half-life of penicillin and increases penicillin serum concen-
trations. Probenecid can also compete with salicylates for renal
tubular transport, but its interactions with salicylates involve
several mechanisms.86 Two 300-mg tablets of aspirin every
6 hours can completely antagonize the uricosuric effects of
2 g of probenecid. Doses of salicylate that do not produce
serum salicylate levels of >5 mg/dL do not significantly af-
fect probenecid uricosuria.55 Therefore, low-dose aspirin for
cardioprotection is unlikely to interfere with probenecid ther-
apy. Interestingly, high-dose aspirin (e.g., >1 g) has uricosuric
activity of its own.87 Acetaminophen (Tylenol) and NSAIDs
do not interfere with probenecid, and are reliable alternatives
for antipyresis and mild analgesia in patients taking uricosuric
agents.

Sulfinpyrazone and Benzbromarone
Sulfinpyrazone (Anturane), another effective uricosuric agent,
inhibits the tubular secretion of uric acid at low doses and in-
hibits the tubular reabsorption of uric acid at usual therapeutic
doses. As with probenecid, therapy should be initiated slowly
and the dose increased gradually. Benzbromarone, another uri-
cosuric agent, is not available in the United States because of
its association with hepatotoxicity.

ASCORBIC ACID
Vitamin C has a hypouricemic effect that is believed to

be mediated by competition with urate for renal tubular
reabsorption.88 In a study of 184 healthy, nonsmoking adults,
ascorbic acid 500 mg daily for 2 months significantly decreased
SUA concentrations.89 Overall, ascorbic acid reduced the SUA
concentration a mean of 0.5 mg/dL (range, 0.3–0.7), but the
decrease in subjects with baseline SUA levels of >7 mg/dL
was a mean of 1.5 mg/dL. This would have brought those pa-
tients’ SUA below goal, if they required treatment for their
hyperuricemia. Further investigation into the potential bene-
fits of vitamin C in the treatment of hyperuricemia either alone
or as adjunct therapy is needed.

Choice of Agent

11. E.J.’s hydrochlorothiazide was discontinued about 4 weeks
ago, but his SUA only has decreased from 7.5 to 7.2 mg/dL. As
a result, allopurinol is to be initiated. What dose of allopurinol
should be prescribed for E.J., and what parameters should be
monitored for efficacy and toxicity?

Allopurinol 100 mg daily should be started, and a SUA
should be obtained no earlier than 2 weeks after the initiation
of therapy. If urate-lowering therapy is successful, treatment
should continue for a long period of time before attempting a
trial to discontinue the allopurinol. An acute attack of gout is
not a catastrophic event and perhaps the future discontinuation
of allopurinol is a worthwhile risk to undertake in an effort to
minimize potential future difficulties when any drug is taken
over a lifetime.

ONSET OF EFFECTS
SUA levels usually begin to fall within 1 to 2 days after ini-

tiation of allopurinol therapy; maximal uric acid suppression
in response to a given dosage usually requires 7 to 10 days.78,90

Clinically observable improvement takes longer. After approx-
imately 6 months, one should observe a gradual decrease in the
size of established urate tophi, as well as the absence of new
tophaceous deposits if these were present. A baseline SUA
should be obtained, and then 2 to 4 weeks after onset of ther-
apy, and after every dose change until SUA is maintained at
goal (<6 mg/dL).

ONCE-DAILY DOSING
Allopurinol has a half-life of <2 hours, but its active

metabolite, oxypurinol, has a serum half-life of 13 to 18 hours;
therefore, once-daily dosing is effective. In renal impairment,
oxypurinol accumulates and dosage adjustments should be
considered.91,92

ADVERSE EFFECTS
Allopurinol generally is well tolerated, with few significant

adverse effects. Occasionally, GI intolerance, bone marrow
suppression, renal or hepatic toxicities, and mild skin rash are
reported. Hyperuricemic patients receiving allopurinol might
be more susceptible to “ampicillin rash”93 and to interactions
with other drugs (Table 42-5). Allopurinol’s interaction with
azathioprine is well documented and is of major clinical signif-
icance; however, in one survey of 24 transplant patients taking
both drugs, the dose of azathioprine was decreased in only 14
of 24 patients.94 This survey exposes one weakness in our un-
derstanding of how best to adjust azathioprine dosages despite
the widely acknowledged need for dosage adjustment.14

Whether allopurinol causes cataracts is controversial. In one
study, allopurinol use for longer than 2 years was associated
with the formation of cataracts.95 This adverse reaction has
been attributed to above-average exposure to sunlight that en-
hances the photobinding of allopurinol in the lens, resulting
in cataracts.95 This report disputes the finding of the Boston
Collaborative Drug Surveillance Program that any association
between allopurinol and cataracts was coincidental.96 In ad-
dition, a subsequent study found no evidence to confirm a
higher risk of cataract formation in allopurinol users than in
nonusers.97

HYPERSENSITIVITY REACTIONS
Of the adverse drug reactions sometimes encountered with

allopurinol, hypersensitivity-type reactions have been the most
notorious. These generally present as mildly erythematous,
dusky red purpuric, or scaly maculopapular skin eruptions.
When allopurinol is discontinued promptly, these hypersensi-
tivity reactions should subside without sequelae. However, the
continued administration of allopurinol to hypersensitive indi-
viduals has resulted in progression of these symptoms and sev-
eral fatalities.98–107 The cutaneous reactions often progressed
to include necrosis of the skin and mucous membranes, ex-
foliative dermatitis, Stevens-Johnson syndrome, or toxic epi-
dermal necrolysis. Hepatomegaly, jaundice, hepatic necrosis,
and renal impairment often accompanied these reactions.108

The hepatic and renal changes were usually reversible when
the drug was discontinued, and these organ failures were not
correlated with any one cutaneous reaction pattern. Patients
with renal insufficiency, those receiving thiazide diuretics, and
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Table 42-5 Allopurinol Drug Interactions

Major Documentation

Azathioprine (Imuran). Metabolized to 6-mercaptopurine (6-MP) and
then to inactive metabolites by xanthine oxidase. Allopurinol
inhibition of xanthine oxidase ↑ the serum concentration of 6-MP and
the risk of bone marrow depression. When azathioprine (or 6-MP) is
used concurrently with allopurinol, use extreme caution, and the
azathioprine dose should be ↓ to one fourth of the recommended dose.

Mercaptopurine (Purinethol). See Azathioprine.

Moderate Documentation

ACE Inhibitors. Specifically, captopril and enalapril can predispose
patients to severe allopurinol hypersensitivity reactions (e.g.,
Stevens-Johnson syndrome). Concurrent renal impairment can be an
important variable.

Anticoagulants. Occasionally, patients on oral anticoagulants and
allopurinol develop enhanced anticoagulant effects; however, this
interaction is unpredictable and primarily based on isolated case
reports.

Cyclophosphamide. Allopurinol may ↑ cyclophosphamide-induced bone
marrow depression based on epidemiologic data.

Anecdotal Documentation

Ampicillin. Concomitant allopurinol might increase ampicillin rash based
on epidemiologic data.

Antacids. Aluminum hydroxide inhibited the GI absorption of allopurinol
in three patients on hemodialysis; however, the interaction can be
avoided by the administration of allopurinol ≥3 hours before or
6 hours after aluminum hydroxide.

Chlorpropamide. Allopurinol or its metabolites might compete with
chlorpropamide for renal tubular secretion and can result in an
↑ chlorpropamide effect.

Cyclosporine. Allopurinol may ↑ cyclosporine concentrations and
toxicity based on case reports.

Phenytoin. Allopurinol seemed to inhibit the metabolism of phenytoin in
one patient.

Probenecid. Allopurinol can inhibit the metabolism of probenecid, and
probenecid can enhance the renal elimination of the active oxypurinol.

Theophylline. Allopurinol in high doses can ↑ mean theophylline AUC
by approximately 27% and half-life by 25%; clearance can be
↓ approximately 21%. An active metabolite (1-methylxanthine) also
can accumulate.149,150

Vidarabine. An active metabolite of vidarabine is metabolized by
xanthine oxidase, and accumulation of this metabolite can
↑ neurotoxicity.

ACE, angiotensin-converting enzyme; GI, gastrointestinal; AUC, area under the
concentration–time curve.
Adapted from reference 55.

those with chronic alcoholism or severe liver disease have been
the most commonly afflicted with this syndrome.

The toxic syndrome generally appeared within the first 5
weeks of therapy; however, it has appeared as part of a de-
layed hypersensitivity reaction as late as 25 months after the
initiation of therapy.107 The mechanism by which this toxicity
syndrome occurs is unknown. The cutaneous reaction and renal
failure have been consistent with a diffuse systemic vasculi-
tis, and the nonfatal cases did not improve until large steroid
doses were instituted, despite the discontinuation of allopuri-
nol. Biopsy specimens from patients provide support for the
premise that vasculitis results from an immune hypersensi-

tivity reaction to allopurinol.98,101,104,108 Although no specific
mechanism or causative agent producing this toxicity has been
identified, the accumulation of allopurinol or a metabolite is
postulated to be a primary factor, especially because 80% of
patients with this syndrome had significantly impaired renal
function before the initiation of allopurinol.109 In one partic-
ular incident, allopurinol serum concentrations were 50 times
normal values.107 Therefore, dose adjustments of allopurinol
should be considered in renal impairment, but especially in pa-
tients who develop acute renal failure or have worsening renal
function over time. Patients who have been titrated on allopuri-
nol to goal SUA level, have stable but reduced renal function,
and are tolerating the drug do not necessarily need a dosage
decrease.

Patients who have recovered from an allopurinol hyper-
sensitivity syndrome should avoid the future use of this drug
because most will probably experience a similar reaction on
re-exposure. However, a few hypersensitive individuals may
tolerate low dosages (50–100 mg/day). If there is no reaction
after a few days, the allopurinol dosage can be increased grad-
ually. Nevertheless, severe toxic reactions have been produced
by doses of allopurinol as low as 1 mg. Some hypersensitive
patients have been desensitized with daily doses as small as
0.05 mg that were increased gradually over a period of 30 days.
Although the cautious reintroduction of allopurinol through
graded oral doses can be attempted in patients with cutaneous
rash who have failed other options,110 the risk of serious hy-
persensitivity is significant, and an alternative agent would be
appropriate.

PROPHYLAXIS AGAINST ACUTE GOUT
Symptoms of acute gout might be slightly exacerbated dur-

ing the first 6 weeks of allopurinol or uricosuric therapy because
of uric acid mobilization from tissues. Concurrent adminis-
tration of an NSAID or low-dose daily colchicine (0.5–1 mg
daily) should be prescribed for the first few months of urate-
lowering therapy to prevent acute gout attacks (see proposition
11 in Table 42-3).34 If a uricosuric drug is preferred, a com-
bination product (i.e., ColBenemid) is available that contains
both colchicine and probenecid. If this is used, the ColBenemid
should be replaced with the single drug entity (i.e., probenecid)
after a few months because the colchicine component of this
fixed-combination product is only needed short term.

Comorbid Conditions
Dyslipidemia

12. L.M. is a 57-year-old man who presents to his family physi-
cian for a regular checkup. He is currently controlled on allop-
urinol 300 mg/day for the management of hyperuricemia. For his
dyslipidemia, L.M. takes simvastatin (Zocor) 40 mg/day. Although
his low-density lipoprotein (LDL) is at goal of <130 mg/dL, he re-
quires further lowering of his non–high-density lipoprotein (non-
HDL) cholesterol (goal of <160 mg/dL). What would be the best
option to consider in this patient?

In addition to therapeutic lifestyle changes, fibrates (i.e.,
gemfibrozil, fenofibrate) or niacin are effective in lowering to-
tal cholesterol, LDL, and triglycerides. These drugs can also
increase the beneficial HDL. A fibrate or niacin can also be
used in combination with this patient’s current simvastatin.
However, with a history of gout and hyperuricemia, a fibrate
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would be preferred over niacin because niacin can induce hy-
peruricemia (Table 42-4). Specifically, fenofibrate has been
shown to decrease uric acid serum concentrations and could
be beneficial in this dyslipidemic patient with a history of
gout; however, the selection of a medication to manage dyslipi-
demia or other comorbid conditions also involves other clinical
variables that might be equally applicable.34,111,112 Fenofibrate
modestly increases renal urate excretion.88

Hypertension

13. Because one of the first-line agents for the treatment of HTN,
thiazide diuretics, is known to increase SUA, what other anti-
hypertensives might be particularly beneficial for hyperuricemic
patients?

Both amlodipine and losartan have positive effects on SUA
levels. Amlodipine, a calcium channel blocker, decreased
serum urate levels by increasing glomerular filtration rate in
a study of renal transplant patients taking cyclosporine.113

Losartan (Cozaar), an angiotensin II receptor blocker (ARB),
appears to increase renal excretion of uric acid by interact-
ing with the URAT-1 protein in the proximal tubule of the
nephron.2 When used with diuretics, it appears to alleviate
the hyperuricemic effect of the diuretic.88 This does not seem
to be a class effect of ARB’s because, in one study, patients
on losartan achieved significantly lower SUA concentrations
than an irbesartan-treated group.114 Some advocate losartan
for patients with hyperuricemia.34 Because both fenofibrate
and losartan have hypouricemic effects and often patients with
hyperuricemia have HTN and dyslipidemia as comorbid con-
ditions, the use of these two drugs in combination is of poten-
tial benefit under appropriate circumstances. In one study of
five healthy male patients, concurrent daily losartan 100 mg
and fenofibrate 300 mg decreased SUA concentrations by a
mean of about 1 mg/dL (53.6 mol/L SI units) compared to the
decrease during treatment alone with these drugs.111 If fur-
ther studies show promise, some patients with hyperuricemia
might be managed better by selecting drugs to manage co-
morbid conditions rather than requiring the use of the more
traditional hypouricemic agents.

Asymptomatic Hyperuricemia

14. T.M., a 50-year-old man, is seen by his physician for a rou-
tine evaluation. His physical examination is unremarkable, and

his laboratory evaluations are all within normal limits except for
a SUA concentration of 9.5 mg/dL, which is noted on a basic
metabolic panel. Should this hyperuricemia be treated?

Individuals with high SUA levels are more likely to develop
acute gouty arthritis than normouricemic individuals, and the
magnitude of the risk increases with increasing degrees of hy-
peruricemia. Nevertheless, it would be excessive to treat all hy-
peruricemic individuals with uric acid–lowering medications
for a lifetime solely to prevent acute attacks of gouty arthritis.
A large percentage of hyperuricemic patients may never expe-
rience an acute attack of gout.115 If an attack should occur, it
can be treated easily within 48 to 72 hours, and after the acute
episode has subsided, uric acid–lowering medications can then
be considered.

The key issue in the treatment of hyperuricemia concerns
the effect of uric acid on renal function. Renal disease was com-
monly associated with gout, and renal failure was believed to be
the eventual cause of death in as many as 25% of gouty patients.
Thus, treatment of asymptomatic hyperuricemia is justifiable
if renal disease is prevented. However, this renal damage was
noted to occur in a setting that included HTN, diabetes, renal
vascular disease, glomerulonephritis, pyelonephritis, renal cal-
culi, or some other cause of primary nephropathy independent
of gout.116 In fact, the coexistence of gout and renal insuffi-
ciency without HTN is so rare that its presence should raise
the suspicion of chronic lead toxicity.23,117 Therefore, the con-
sensus now seems to be that hyperuricemia by itself has no
deleterious effect on renal function.118,119 Considering the fi-
nancial costs, risks of adverse drug reactions, and practical
considerations such as patient compliance, drug treatment of
asymptomatic hyperuricemia is difficult to justify.115

The relationship of hyperuricemia to HTN in individuals
who have not experienced gout was studied prospectively in
124 hyperuricemic subjects. None of these patients had ev-
idence of gout, HTN, or cardiovascular, renal, or other dis-
eases. After 10 years, 22.5% of these individuals with “asymp-
tomatic hyperuricemia” had developed HTN, and 5.4% had de-
veloped atherosclerotic heart disease. The incidences of HTN
and atherosclerotic heart disease in the control group were
2.1% and 0.5%, respectively.120 Atherosclerosis and HTN ap-
parently were more serious problems in this population than
renal disease. Although hyperuricemia may represent an im-
portant risk factor for the development of CVD,18 the evidence
is not sufficiently compelling to justify the treatment of asymp-
tomatic hyperuricemia at this time.
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Epidemiology
The term arthritis refers to more than 100 diseases causing
pain, swelling, and damage to joints and connective tissue.1 The
prevalence of arthritis is on the rise: 46.4 million Americans, or
21.6% of U.S. adults have been diagnosed with arthritis, an in-
crease from the 2002 estimate of 42.7 million.2 Arthritis is the
most common chronic condition in persons older than 15 years
of age, individuals who are overweight or inactive, and those
without a high school education. The prevalence rate is higher

in women (25.4%) than men (17.6%), and in the elderly (50.0%
of those ≥65 years of age versus 29.3% of those between 45
and 64 years of age). A major objective from Healthy People
2010 is to reduce the proportion of arthritis sufferers who have a
limited ability to work due to their disease (about 33% of Amer-
ican adults fall into this category, with prevalence rates exceed-
ing 50% in some states).3 As more Americans work beyond
65 years of age, along with increasing arthritis prevalence with
increasing age, this disease will become a growing source of
economic and quality of life burden in the United States.

43-1



43-2 � ARTHRITIC DISORDERS

Table 43-1 Criteria for Diagnosis of RA

Morning stiffness in and around joints lasting ≥1 hr before maximal
involvementa

Soft tissue swelling (arthritis) of ≥3 joint areas observed by a
physiciana

Swelling (arthritis) of the proximal interphalangeal,
metacarpophalangeal, or wrist jointsa

Symmetric arthritisa

Subcutaneous nodules
Positive test for RF
Radiographic erosions or periarticular osteopenia in hand or wrist

joints

aCriteria 1 to 4 must be present for ≥6 weeks; ≥4 criteria must be present.
RA, rheumatoid arthritis; RF, rheumatoid factor.
Adapted from reference 4.

Rheumatoid arthritis (RA) is a chronic systemic inflam-
matory disorder characterized by potentially deforming pol-
yarthritis and a wide spectrum of extra-articular manifesta-
tions. The diagnosis of RA primarily is based on clinical criteria
(Table 43-1) because no single chemical or laboratory finding
is specific for this disease.4 The prevalence of RA is estimated
to be 1% worldwide.5 In the United States, RA afflicts approxi-
mately 1.3 million individuals, occurring nearly twice as often
in women as men.6 The onset of RA typically occurs between
the third and fourth decades of life, and prevalence increases
with advancing age up to the seventh decade.1,5 The average
age of RA prevalence has increased from 63.3 years in 1965 to
66.8 years in 1995. RA-related morbidity, mortality, and dis-
ability are expected to increase substantially in future years as
large numbers of the boomer population age.6

The cause of RA seems to be an interplay among mul-
tiple factors (e.g., genetic susceptibility, environmental in-
fluences, the effects of advancing age on somatic changes
in the musculoskeletal and immune systems).5 Support for
the concept of genetically controlled susceptibility comes
from studies demonstrating an association between RA and
class II gene products of the major histocompatibility com-
plex (MHC). Although epidemiologic associations have not
been clearly established, cigarette smoking might increase the
production of rheumatoid factor (RF), which often precedes
the clinical presentation of RA.7 In a case-control study of
2,625 men and women (1,095 with RA and 1,530 healthy
adults), a history of smoking increased risk for RA in men,
but not in women.8 A possible explanation for this gender-
dependent difference is that female hormones might inter-
fere with smoking-induced RF production and subsequent RA
development.

The course of RA is variable and can be categorized as
polycyclic, monocyclic, or progressive.9 The polycyclic course
occurs in approximately 70% of patients, who initially experi-
ence mild intermittent symptoms that resolve over the course of
several weeks to months. The patient can be symptom free for
several weeks to months and then experience symptoms that
can be more severe than those experienced initially. Mono-
cyclic patients (∼20% of patients) experience a rather sudden
onset of symptoms followed by a prolonged clinical remission
of disease activity. Progressive patients (∼10% of patients) ex-

Table 43-2 Criteria for Complete Clinical Remission in RA

A minimum of five of the following requirements must be fulfilled
for at least 2 consecutive months in a patient with RAa :

1. Morning stiffness not >15 minutes
2. No fatigue
3. No joint pain
4. No joint tenderness or pain on motion
5. No soft tissue swelling in joints or tendon sheaths
6. ESR (Westergren’s) <30 mm/hour (females) or 20 mm/hr (males)

a Exclusions: Manifestations of active vasculitis, pericarditis, pleuritis, myositis, or
unexplained recent weight loss or fever secondary to RA prohibit designation of
complete clinical remission.
ESR, erythrocyte sedimentation rate; RA, rheumatoid arthritis.
Adapted from reference 11.

perience progressive uninterrupted disease that usually evolves
over the course of a few months, but the rate of disease pro-
gression in this group can be rapid or slow. Patients within
this group can be divided further into a subgroup that responds
to “aggressive” therapy and a subgroup that does not. Patients
with more aggressive disease (multiple joint involvement, pos-
itive RF) have a >70% probability of developing damage or
erosions to joints within 2 years of disease onset.10

The rate of RA disease remission was low before the in-
creased use of medications capable of halting or slowing dis-
ease progression. The application of standardized criteria for
remission (Table 43-2)11 to rheumatology clinic patients re-
ported a remission rate of about 1%.12 In another clinic, 18%
of patients were in remission at some time over 2.5 years (in-
cluding >10% of patients not receiving disease-modifying
drugs).13 Remissions, however, were temporary with fewer
than 4% experiencing a remission lasting up to 2 years and
only 1.2% experiencing a remission lasting up to 3 years. Some
clinical trials using disease-modifying drugs early in the course
of RA reported remission rates of 16% to 31% at 2 years with
monotherapy and up to 37% at more than 6 years with combi-
nation drug therapy.14−17 In a more recent evaluation of a large
dataset of RA patients, however, the use of anti-tumor necro-
sis factor (TNF) medications was associated with a remission
rate (i.e., no disease activity) of only 7% and a minimum dis-
ease activity rate of just over 20%.18 This significant differ-
ence in treatment response rates could be due to less standard-
ization of patients in a general RA population versus clinical
trials.

In several studies, survival rates of RA patients were not dif-
ferent compared with the general population during the first 10
years of the disease.19,20 However, in analyses of more recent
data, patients with RA had a lower life expectancy (median age
at death was 4 years less than non-RA populations), and life
expectancy was less with more severe disease.21 The excess
mortality has been attributed primarily to accelerated cardio-
vascular disease, which in turn might be due to RA-induced
vascular inflammation, hyperhomocysteinemia, dyslipidema,
or elevations in TNF-α.22 RA is associated with a two- to three-
fold increased rate of myocardial infarction (MI), as well as
lower MI survival. About one-third to one-half of RA patient
deaths is due to cardiovascular disease. In comparison, only
about one-fourth to one-fifth of deaths among adults without
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FIGURE 43-1 Overview of joint changes in RA.

RA have been attributed to cardiovascular disease. Guide-
lines for reducing cardiovascular disease risk in RA patients
recommend the following: (a) consideration of RA as a po-
tential independent risk factor for cardiovascular disease; (b)
correction of modifiable cardiovascular risk factors (e.g., hy-
pertension, dyslipidemia, diabetes mellitus); (c) treatment with
the lowest possible dose of glucocorticoid to reduce the risk
of glucocorticoid-associated cardiovascular events; (d) con-
sideration of the use of methotrexate (MTX) therapy ow-
ing to its association with reduced cardiovascular mortality
in RA patients; (e) inclusion of active RA into the consid-
eration of cardiovascular risk factors when determining low-
density lipoprotein cholesterol targeting; and (f) consideration
of daily low-dose aspirin therapy for prevention of cardio-
vascular events with appropriate caution when other non-
steroidal anti-inflammatory drugs (NSAIDs) are being used be-
cause of possible increased risk of serious gastrointestinal (GI)
toxicity.23,24

Pathophysiology
RA-induced joint destruction begins with inflammation of
the synovial lining.25 This normally thin membrane, which
surrounds the joint space, proliferates and becomes trans-
formed into the synovial pannus. The pannus, a highly
erosive enzyme-laden inflammatory exudate, invades articu-
lar cartilage (leading to narrowing of joint spaces), erodes
bone (resulting in osteoporosis), and destroys periarticular
structures (ligaments, tendons) resulting in joint deformities
(Fig. 43-1).

Familiarity with the basic cellular processes involved in tis-
sue destruction and sustained inflammation in rheumatoid syn-
ovium is essential to understanding pharmacologic therapies
for RA.25−27 Under normal circumstances, the body can dis-
tinguish between self (i.e., proteins found within the body) and
non-self (i.e., foreign substances such as bacteria and viruses).
On occasion, immune cells (T or B lymphocytes) can react

to a self-protein while developing in the thymus or bone mar-
row. These developing cells are usually killed or inactivated;
however, a self-targeted immune cell can escape destruction
and become activated years later to initiate an autoimmune
response. Some believe the activation is initiated by bacteria
(possibly streptococcus) or a virus containing a protein with
an amino acid sequence similar to tissue protein. When this
activation source (i.e., the self-targeted immune cell) reaches
the joint, complex cell-to-cell interactions take place leading
to the pathology associated with RA.

The initiating interaction for an autoimmune response takes
place between antigen-presenting cells (APC), which display
complexes of class II MHC molecules, and CD4-lineage T-
cell lymphocytes (Fig. 43-2). In addition, B cells (previously
thought to have little to do with the inflammatory response) can
become activated, which leads to antibody formation (includ-
ing RF and anticyclic citrullinated peptide), proinflammatory
cytokine production, and accumulation of polymorphonuclear
leukocytes that release cytotoxins and other substances de-
structive to the synovium and joint structures. B cells also act
as APCs, leading to T-cell activation and acceleration of the
inflammatory process.27 T-cell activation requires two signals:
(a) an antigen-specific signal occurring when an MHC class II
antigen molecule on an APC binds to a T-cell receptor; and (b)
binding of CD39 on the T-cell to either CD80 or CD86 on the
APC. T-cell activation leads to activation of macrophages and
secretion of cytotoxins and cytokines. Cytotoxins can directly
destroy cells and tissues. Cytokines are polypeptides that serve
as important mediators of inflammation. Proinflammatory cy-
tokines such as interleukin (IL)-1 and TNF-α stimulate both
synovial fibroblasts and chondrocytes in neighboring articular
cartilage to secrete enzymes that lead to tissue destruction by
degrading proteoglycans and collagen. In healthy individuals,
the inflammatory process is regulated by balancing the ratios
of proinflammatory cytokines (e.g., IL-1, IL-6, TNF-α) with
anti-inflammatory cytokines—for example, IL-1 receptor an-
tagonist (IL-1Ra), IL-4, IL-10, and IL-11. In the synovium of
RA patients, however, this balance is heavily weighted toward
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FIGURE 43-2 Schematic representation of events occurring in RA T cells invading the synovial membrane are primarily CD4+ memory cells, which
produce interleukin-2 (IL-2) and interferon- (IFN-γ) to a similar extent as antigen-triggered T cells, and which are either already preactivated or
become (further) activated by APCs in conjunction with arthritogenic (auto)antigen(s) and appropriate MHC class II molecules, costimulation (mainly
through CD80/81 and CD28) and certain cytokines (IL-1, IL-15, IL-18). Through cell-cell contact (e.g., through CD11- and CD69-mediation) and
through different cytokines, such as IFN-γ , tumor necrosis factor-α (TNF-α) and IL-17, these T cells activate monocytes, macrophages, and synovial
fibroblasts. The latter then overproduce proinflammatory cytokines, mainly TNF-α, IL-1, and IL-6, which seem to constitute the pivotal event leading
to chronic inflammation. Through complex signal transduction cascades, these cytokines activate a variety of genes characteristic of inflammatory
responses, including genes coding for various cytokines and matrix metalloproteinases (MMPs) involved in tissue degradation. TNF-α and IL-1 also
induce RANK expression on macrophages which, when interfering with RANKL on stromal cells or T cells, differentiate into osteoclasts that resorb
and destroy bone. In addition, chondrocytes also become activated, leading to the release of MMPs. Initial events might also involve activation of
APCs through Toll-like receptors (TLRs) before T-cell engagement. RANK, receptor activator of nuclear factor-κB; RANKL, RANK ligand; RF, rheumatoid
factor; TCR, T-cell receptor. (Reprinted with permission from reference 314.)



RHEUMATIC DISORDERS � 43-5

the proinflammatory cytokines, which results in sustained in-
flammation and tissue destruction.28

Treatment
The treatment of RA involves a combination of interventions,
which include rest, exercise (physical therapy), emotional sup-
port, occupational therapy, and drugs.10 Specific treatment
should be individualized based on joint function, degree of
disease activity, patient age, gender, occupation, family re-
sponsibilities, drug costs, and results of previous therapy. The
ultimate goal of RA treatment is disease remission; however,
in light of the fact that complete and sustained remission is
uncommon, minimizing disease activity (i.e., providing pain
relief, maintaining activities of daily living, maximizing qual-
ity of life, slowing of joint damage) is also a goal.

An old standard for treatment of RA, known as the “pyra-
mid approach,” was based on the assumption that RA is a
slowly progressing, benign disease that is not life threaten-
ing (Fig. 43-3).29 Based on the pyramid approach, the initial
treatment for any RA patient was a basic program of rest,
exercise, and education along with NSAID therapy. If trials
of several NSAIDs proved to be ineffective, treatment with
disease-modifying antirheumatic drugs (DMARDs) was initi-
ated with the relatively least toxic agent. As disease progressed,
the patient “ascended” up the pyramid to receive more toxic
DMARDs, with the “peak” of the pyramid consisting of ex-
perimental drugs and procedures. The problems with the pyra-
mid approach are as follows: RA is not a benign condition for
most patients; NSAIDs are associated with significant toxici-
ties; DMARDs are not as toxic as once believed; and, perhaps
most important, the pyramid approach has not made an im-
pact on functional, clinical, or radiographic evidence of disease
progression.10 Although symptoms of RA can be controlled in
most patients by conservative management, the disease pro-
gresses in most patients, and more aggressive therapy often

is needed. Unfortunately, primary care clinicians who adopt
the pyramid approach to RA management might delay con-
sultation with rheumatologists and delay the use of important
DMARDs.

Current treatment guidelines still support the use of
NSAIDs to provide rapid anti-inflammatory and analgesic
effects.10 However, because NSAIDs do not prevent or
slow joint destruction, DMARD therapy should be initiated
within the first 3 months of RA diagnosis. Traditional
DMARDs (e.g., hydroxychloroquine [HCQ], sulfasalazine
[SSZ], MTX, leflunomide [LEF], gold, azathioprine [AZA],
or d-penicillamine [DPEN]) have the potential to slow dis-
ease progression; however, DPEN is seldom utilized because
of a very slow onset of action and numerous toxicities.30 These
agents, alone or in combination, should be considered as initial
therapy for most RA patients. The newest class of DMARDs,
biological agents (also referred to as anticytokines, biologi-
cals, biological modifiers, or biological response modifiers),
include etanercept (Enbrel), infliximab (Remicade), anakinra
(Kineret), adalimumab (Humira), abatacept (Orencia), and rit-
uximab (Rituxan). These agents target the physiological proin-
flammatory and joint-damaging effects of TNF-α, IL-1, T-cell
activation, or B cells.

MTX is the initial treatment of choice for most RA patients
because of its efficacy and safety profile.10,30,31 TNF-α bio-
logicals are recommended for patients who fail to achieve an
adequate response either with MTX alone or MTX in combi-
nation with other traditional DMARDs, or for patients intol-
erant to MTX. The TNF-α biologicals, however, can worsen
heart failure in patients with preexisting heart failure, and pos-
sibly increase their risk of death.32,33 The newer biologicals,
abatacept and rituximab, are effective in patients who have an
inadequate response to TNF-α biologicals and seem to be free
of cardiovascular adverse effects. Abatacept and rituximab,
however, are expensive, are associated with serious side ef-
fects, and the long-term effects of these agents have yet to be

Education, Rest, Exercise; Social Services; Salicylates or Other NSAIDs

Hydroxychloroquine, Gold

Penicillamine, Methotrexate, Azathioprine

Experimental Drugs or 
Procedures and Other

Cytotoxic Agents

FIGURE 43-3 Traditional pyramid approach for treatment of RA. ↑ indicates worsening disease.
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determined. As a result, abatacept and rituximab warrant cau-
tious and judicious use. The glucocorticoids also are potent
anti-inflammatory agents that seem to slow the progression of
joint damage in RA; however, these generally are reserved for
brief periods of active disease (low-dose oral therapy), or for
isolated joints experiencing disease flares (local intra-articular
injection), because of serious adverse effects associated with
long-term systemic use. Alkylating cytotoxic drugs, although
effective, are also toxic and are normally reserved for severe
disease uncontrolled by other drug therapies.

Nonsteroidal Anti-Inflammatory Drugs
Aspirin, an acetylated salicylate, is inexpensive, has a long
history of established efficacy, and continues to be the standard
by which the effectiveness of all other NSAIDs is measured.
However, aspirin (particularly nonenteric coated) is associated
with a higher incidence of GI bleeding than other NSAIDs
and is no longer commonly used for the treatment of RA.34

Many other NSAIDs are available, including nonacetylated
salicylates and nonsalicylate NSAIDs.

Although NSAIDs differ in chemical structure, they
generally have similar pharmacologic properties (e.g., an-
tipyresis, analgesia, anti-inflammatory activity, inhibition of
prostaglandin synthesis), mechanisms of action (i.e., inhibi-
tion of cyclo-oxygenase [COX]; activity), harmful side ef-
fects largely attributable to COX inhibition (e.g., GI intoler-
ance, nephrotoxicity, risk of bleeding), and pharmacokinetic
properties (e.g., highly protein bound and extensively metab-
olized to inactive metabolites that are excreted renally).34 The
nonacetylated salicylates, however, have virtually no effect on
COX and their mechanism of action remains unknown. The
lack of COX activity and smaller early studies initially sug-
gested that nonacetylated salicylates are less GI toxic than non-
selective NSAIDs; however, in more recent comparisons both
the GI and renal toxicities of nonacetylated salicylates are no
different than nonselective NSAIDs.35,36 (Note: For simplic-
ity and clarity, the term NSAID is used henceforth to describe
NSAIDs other than acetylated [i.e., aspirin] and nonacetylated
[e.g., diflunisal, salsalate] salicylates.)

Although NSAIDs are more similar to, than different from,
aspirin, they often are better tolerated. Because it is not possible
to predict patient response to a given NSAID, selection has
traditionally been based on cost, duration of action, and patient
preference. Courses of several different NSAIDs, even those
within the same chemical class, may be necessary to determine
the best choice for an individual patient. The greatest concern
of NSAID therapy is the risk of serious GI bleeding, although
cardiovascular (hypertension, heart failure) and renal toxicity
are also of concern.

The two COX isoforms (COX-1 and COX-2) have differ-
ent physiological effects. As a result, COX-2-specific NSAIDs
(commonly referred to as COX-2 inhibitors) were developed
to take advantage of these differences.37,38 Although COX-1
is expressed in most tissues of the body (e.g., GI tract, kid-
neys, platelets), COX-2 generally is expressed throughout the
body in low concentrations.39 Inflammatory mediators such as
cytokines, however, upregulate COX-2 expression, resulting
in high levels of COX-2 in inflamed tissues. Selective inhibi-
tion of COX-2, therefore, could be expected to produce anti-
inflammatory activity with minimal adverse effects on GI mu-
cosa (leading to less GI bleeding) and on cells (e.g., platelets).

However, after several years of blockbuster sales of COX-2 in-
hibitors such as celecoxib (Celebrex), rofecoxib (Vioxx), and
valdecoxib (Bextra), only celecoxib remains available in the
United States. Rofecoxib and valdecoxib were withdrawn from
the market because of a two- to four-fold increased risk of
cardiovascular events (e.g., MI, stroke) when compared with
placebo-treated patients.39,40

The potential risk of thrombosis and subsequent cardiovas-
cular events associated with COX-2-specific inhibition was a
recognized concern well before the first COX-2 inhibitor was
marketed in the United States.41,42 COX-1 and COX-2 balance
a multitude of physiological processes, including hemostasis
and vascular tone.43,44 Thromboxane, a promoter of platelet ac-
tivation and vasoconstriction, is produced primarily in platelets
via the COX-1 enzyme. Prostacyclin, an inhibitor of platelet
aggregation and a vasodilator, is produced in the vascular en-
dothelium by COX-1 and COX-2 enzymes. Based on these
facts alone, COX-2-specific inhibition has the potential to sup-
press prostacyclin while leaving thromboxane production unat-
tenuated; the net clinical effect is a prothrombotic state. Cele-
coxib remains on the market because usual doses (up to 400
mg/day) have not been associated with an increased rate of
cardiovascular events. One possible explanation for this dif-
ference in cardiovascular risk between the COX-2 inhibitors
is that celecoxib is four to five times less selective for COX-2
than rofecoxib or valdecoxib.45

Traditional Disease-Modifying Antirheumatic Drugs
DMARD therapy should be considered for all RA patients and
initiation of therapy should not be delayed beyond 3 months
of RA diagnosis for the majority of patients.10 Corticosteroid
therapy (i.e., injections into isolated joints or low oral doses for
multiple joint involvement) and NSAIDs can be used to control
symptoms of pain and swelling initially and intermittently as
needed. Although DMARDs have the potential to cause seri-
ous toxicity, they can substantially reduce joint inflammation,
reduce or prevent joint damage, maintain joint function and
integrity, and ultimately reduce health care costs and allow
patients to remain productive.10

The onset of action of most traditional DMARDs is slow
(about 3–6 months); however, SSZ, MTX, LEF, and cy-
closporine can be beneficial within 1 to 2 months and biological
agents can be beneficial within days to weeks.30,31 The agent
of choice is determined primarily by physician and patient
preferences (e.g., convenience of administration, monitoring
requirements, medication and monitoring costs, time to ther-
apeutic onset, frequency and severity of adverse reactions).
Objective comparisons among these agents are limited.46 In
general, MTX is heavily favored by most rheumatologists for
initial treatment for all levels of RA severity because of its
relatively rapid onset, high rate of response, mild side effect
profile, relatively low cost, and long sustained efficacy. The
probability of continuing MTX therapy at 5 years was 62% in
one study.47,48 Furthermore, MTX therapy is associated with a
reduction in cardiovascular morbidity and mortality in patients
with RA, which is important because of the strong association
between RA and cardiovascular disease.22,24

HCQ and SSZ are relatively safe, convenient, and inexpen-
sive. Either can be selected as initial therapy for patients with
mild RA; however, HCQ is used more often than SSZ, even
though it is less potent.49−51 LEF is an attractive option for
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treatment of severe RA because its onset of effect can occur as
soon as 4 weeks and its overall efficacy (including retarding of
radiographic progression) is similar to MTX.52−54

Injectable gold is effective, but can be inconvenient and
causes numerous intolerable adverse effects. Interestingly, a
follow-up study of patients with early RA who discontinued
injectable gold after about 1 year of treatment because of side
effects, noted that these patients experienced sustained disease
improvement (i.e., remission) for several years thereafter.55

The rate of clinical remission among these patients was similar
to that of patients who continued gold or MTX therapy over a
6-year period. The oral form of gold, auranofin (AUR) is rarely
used because of poor GI tolerance, slow onset of action (up to
6 months), and low efficacy.

In a meta-analysis, parenteral gold, MTX, SSZ, and peni-
cillamine were the most effective of the traditional DMARD
therapies.56 In comparison, HCQ was relatively less effective
and AUR was the least effective. Parenteral gold seemed to
be most toxic, whereas AUR and antimalarials were best tol-
erated. LEF was not evaluated in this study. Although AZA is
effective, it usually is reserved for patients with severe disease
who do not respond to safer alternatives because of poten-
tial myelosuppression and hepatotoxicity. DPEN is one of the
slowest acting DMARDs (e.g., doses should be adjusted only
once every 3 months). DPEN is seldom used because it has a
relatively low response rate and is associated with rare, but seri-
ous, autoimmune diseases (e.g., systemic lupus erythematous,
myasthenia gravis, Goodpasture syndrome). Cyclosporine is
reserved for severe, refractory RA because of potential toxic-
ity (renal insufficiency and hypertension) and cost. Although
cyclosporine has been associated with an increased risk of
malignancy in organ transplant patients, this adverse effect
does not seem to be significant in the treatment of RA
patients.57

Biological Agents
Since the late 1990s, the earliest biological agents targeted
proinflammatory cytokines such as TNF-α, IL-1 (specifically
IL-1α and IL-1β), and IL-6, which seem to be key inflam-
matory mediators in RA.58 These cytokines are abundant in
rheumatoid synovial tissues and fluid. Most cytokines can inde-
pendently induce expression of the others, and IL-1 is capable
of upregulating its own expression.59 Excessive macrophage-
produced cytokines (e.g., TNF-α, IL-1, IL-6, IL-8) correlate
closely with RA disease activity and severity. Most importantly,
RA improves when the physiological action of TNF-α and/or
several different ILs are suppressed.

TNF-α is a proinflammatory cytokine produced by acti-
vated macrophages and T cells in RA-affected joints. TNF-α
also plays a role in keeping infections localized by increasing
platelet activation and adhesion, resulting in local blood vessel
occlusion and containment of infection. This action of TNF-α
is responsible for its tumor necrosis properties, thus leading to
the name.

TNF-α exerts its physiological effects by binding to two
different cell-surface receptors known as p55 (i.e., 55kD) and
p75 (i.e., 75kD) on inflammatory cells.59 These receptors, with
portions extending from within the cell cytoplasm to the cell
exterior, are capable of binding TNF to the domains extending
above the cell surface. Soluble forms of these receptors can be

found in the serum and synovial fluid and seem to play a role
in regulating TNF-α.

Two approaches have targeted the action of TNF-α: (a) the
use of soluble TNF receptors with high TNF binding affin-
ity (e.g., etanercept); and (b) antibodies against TNF-α (e.g.,
infliximab, adalimumab).58 Etanercept (Enbrel) is a recom-
binant TNF-receptor Fc fusion protein with the extracellular
portion of two p75 receptors fused to the Fc portion of hu-
man immunoglobulin (Ig)-G1.60 Infliximab (Remicade) is a
chimeric IgG antibody directed against TNF-α; adalimumab
is a genetically engineered human IgG1 monoclonal antibody.
All three TNF-α inhibitors (Enbrel, Remicade, and Humira)
render TNF biologically unavailable and are highly effective
in reducing RA disease activity. It is not clear whether one
agent is superior to the other. Anti-infliximab antibodies can
develop with the long-term use of infliximab, but these can be
prevented by concomitant immunosuppression with MTX.

In healthy individuals, IL-1 overexpression is prevented by
naturally occurring IL-1Ra.59,61 Consequently, inadequate pro-
duction of IL-1Ra, relative to IL-1, is hypothesized to be an
important contributor to active RA. In addition to proinflam-
matory properties, IL-1 augments cartilage damage and in-
hibits bone formation. Although TNF-α seems to be key in
RA inflammation regulation and symptomatology, IL-1 may
be largely responsible for bony erosion and periarticular os-
teoporosis. In animal studies, the combination IL-1Ra with
anti-TNF-α has synergistic benefits.62 Nevertheless, this com-
bination is not recommended for use in humans because of a
high risk of neutropenia and subsequent severe infections.63

TNF-α and IL-1 serve important physiological functions
(e.g., protection against infections).10,59 The incidence of se-
rious infections in patients receiving biological agents was not
increased during clinical trials; however, hospitalizations and
deaths secondary to sepsis, tuberculosis, atypical mycobacte-
rial infections, fungal infections, and opportunistic infections
have developed in patients treated with biological agents.10,63

Although these infections occurred primarily among patients
with significant risk factors for infection (e.g., poorly con-
trolled diabetes, concurrent corticosteroid or DMARD ther-
apy), biological agents should not be given to patients with
active infection, history of recurring infections, or medical
conditions predisposing them to infection.

Increased serum levels of TNF-α seem to be associated with
worsening of heart failure through mechanisms that are not en-
tirely clear.22 Some proposed mechanisms contributing to the
onset or worsening of heart failure include accelerated left
ventricular remodeling, cardiac contractile abnormalities that
result in negative inotropic effects, and increased aptosis of my-
ocytes and endothelial cells. However, despite the association
between TNF-α and worsening of heart failure, clinical trials
with anti-TNF therapy (which have included etanercept and in-
fliximab) have not reduced mortality and heart failure-related
hospitalizations. Furthermore, significantly more deaths have
occurred in infliximab-treated patients with moderate to se-
vere heart failure than in placebo-treated patients.64 As a re-
sult, anti-TNF therapy is not recommended for RA patients
with moderate to severe (New York Heart Association [NYHA]
class III and IV) heart failure. Anti-TNF therapy can be used
with caution in patients with mild (NYHA class I and II) heart
failure, but patients should be closely monitored for cardiac
decompensation.31
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The newest biological agents target T cells and B
cells.31 Abatacept (Orencia), a fusion protein of cytotoxic T-
lymphocyte-associated antigen attached to IgG1, inhibits T-
cell activation by preventing the binding of CD80 and CD86
ligands on the surface of APCs to the CD28 receptor on the
T-cell. Rituximab (Rituxan) has been available since 1997 for
the treatment of B-cell lymphoma.65 Rituximab, a chimeric
(mouse-human) monoclonal antibody, binds to the CD20 anti-
gen on the surface of pre-B cells and mature B cells, result-
ing in the depletion of B cells from peripheral blood, lymph
nodes, and bone marrow. Stem cells, pro-B cells, and antibody-
producing plasma cells do not express CD20 and, therefore, are
not affected by rituximab. Owing to its chimeric composition,
rituximab must be administered with MTX to reduce the risk of
human antichimeric antibody (HACA) formation.66 Inhibition
of T-cell activation and depletion of proinflammatory B cells
result in significant reductions in RA-related inflammation and
joint destruction.

Safety data reflecting up to 5 years of abatacept therapy
indicate that abatacept is generally safe, but associated with
significant adverse effects.67 All infections (54% vs. 48%) and
serious infections (3.0% vs. 1.9%) occurred at a slightly higher
rate among abatacept-treated versus placebo-treated patients,
respectively.68 When combined with anti-TNF therapy, these
infection rates are significantly higher. The most common seri-
ous infections associated with abatacept included pneumonia,
cellulitis, urinary tract infection, bronchitis, diverticulitis, and
acute pyelonephritis. Thus far, the overall risk of malignancy
seems to be no different than with placebo; however, several
cases of malignancy have been reported with abatacept when
combined with anti-TNF therapy. Abatacept-treated patients
with chronic obstructive pulmonary disease experienced sig-
nificantly more pulmonary and serious adverse effects than
placebo-treated patients in one study.68 Rituximab has a good
safety profile overall, but it has several black box warnings
regarding serious and potentially fatal adverse effects (e.g., fa-
tal cardiorespiratory infusion reactions that most commonly
occur within 24 hours of the first infusion, tumor lysis syn-
drome, severe mucocutaneous reactions, progressive multi-
focal leukoencephalopathy).69 Mild infusion reactions (e.g.,
fever, chills, urticaria, headache, rhinitis, bronchospasm, an-
gioedema, hypotension) occur in about 40% of RA patients
treated with rituximab, especially upon administration of the
first dose. These infusion reactions can be minimized by ad-
ministration of methylprednisolone 100 mg IV 30 minutes be-
fore infusion of rituximab. Rituximab is also associated with a
slightly increased risk of serious infection (e.g., septic arthritis,
pneumonia) when compared with placebo (3% vs. 1%, respec-
tively), including reactivation of hepatitis B and tuberculosis
infections.69

Corticosteroids
Corticosteroids administered orally at low dosages (i.e., the
equivalent of 10 mg of daily prednisone or less) or through
local injections are effective in relieving symptoms of active
RA.10 Oral corticosteroids seem to slow the rate of disease pro-
gression, particularly when used for less than 1 year.70 Long-
term use of corticosteroids, however, is associated with many
serious adverse effects (e.g., osteoporosis, weight gain, dia-
betes, cataract formation, adrenal suppression, hypertension,

infections, impaired wound healing).71 As a result, oral corti-
costeroid dosing should be limited to daily doses of 7.5 to 10 mg
of prednisone (or equivalent) and should be administered
for as short a time as possible. Oral corticosteroids are
particularly useful when patients are waiting the onset of
DMARD action or during brief flares of active RA in-
volving multiple joints. Local corticosteroid injections are
useful when flares involve only a few joints. Frequent corti-
costeroid injections over an extended period have the poten-
tial to accelerate bone and cartilage deterioration; therefore,
the same joint should not be injected more than once every
3 months.71

Alkylating Cytotoxic Agents
Cyclophosphamide and chlorambucil are effective in the treat-
ment of severe progressive cases of RA, but they also carry
the risk of potentially serious toxicity (e.g., malignancy,
infections).29 Thus, use of these drugs usually is limited to
patients with progressive RA unresponsive to more conserva-
tive management or, in some cases, potentially life-threatening
complications of RA (e.g., rheumatoid vasculitis).30

Other Therapies
Minocycline seems to be a useful adjunctive agent in the treat-
ment of RA, and its successful use supports a speculation that
RA might have an infectious etiology. A double-blind, placebo-
controlled trial, involving 46 patients with recent-onset RA,
evaluated the benefit of the addition of minocycline 100 mg
twice daily to conventional therapy with NSAIDs, DMARDs,
and corticosteroids.72 At 4-year follow-up, eight minocycline-
treated patients without DMARD or steroid therapy were in
remission compared with one patient in the placebo group
(p = 0.02). Perhaps even more impressive are the results of a
randomized trial comparing minocycline 100 mg BID to HCQ
200 mg/day in patients with early onset RA.73 At 2 years,
significantly more minocycline-treated patients experienced
relief of RA signs and symptoms, required less prednisone,
and were more likely to be completely tapered off predni-
sone.

Apheresis with the Prosorba column is an effective thera-
peutic option for patients with severe RA refractory to several
DMARDs.74 The Prosorba column, a medical device, contains
highly purified staphylococcal protein A bound to a silica ma-
trix that has a high affinity for IgG and complexes of IgG
and IgM, including RF and circulating immune complexes. A
plasmapheresis machine is used to withdraw blood from the pa-
tient, separate blood cells from plasma, pass the plasma through
the Prosorba column to remove selected immunoglobulins and
immune complexes, and recombine the plasma with the blood
cells for return to the patient. Removal of these immunoglobu-
lins and immune complexes results in immunomodulation and
improvement in RA symptoms. In a randomized, double-blind,
sham-controlled trial, the effect of weekly apheresis with the
Prosorba column in patients with severe RA (i.e., average dis-
ease duration, 15.5 years; average number of failed DMARDs
per patient, 4.2; average number of tender and swollen joints,
36.6 and 24.2, respectively) on improvement of symptoms was
evaluated. According to American College of Rheumatology
(ACR) criteria for response, 32% of the Prosorba-treated and
11.4% of the sham-treated patients improved (p <0.019) at
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19- or 20-week follow-up. The trial was stopped early by the
data safety monitoring board because of overwhelming ben-
efit with the Prosorba column. No differences in harmful ad-
verse effects were found; both treatment groups experienced
short-term joint pain flares and swelling after treatment, which
were thought to be caused by the plasmapheresis procedure.
However, because of the difficulty and expense of weekly treat-
ments, combined with a limited duration of response, this treat-
ment should be reserved for patients with RA refractory to
multiple DMARDs.10

Cyclosporine is an effective treatment option, either alone
or in combination with MTX.10 Cyclosporine therapy, however,
is complicated by the potential for serious side effects (partic-
ularly dose-related renal toxicity and hypertension), the incon-
venience of necessary drug level monitoring, drug interactions,
and high cost. As a result, consideration of cyclosporine is lim-
ited to patients with refractory RA.

Thalidomide also is a TNF-α inhibitor that is effective
in treatment-resistant RA.75 Although thalidomide is associ-
ated with serious adverse effects (e.g., teratogenesis, peripheral
neuropathy), strict treatment guideline adherence and diligent
monitoring make thalidomide a treatment consideration for se-
lected cases of refractory RA.

Two new classes of NSAIDs in development may pro-
vide GI protection without COX-2 specificity.76 Nitric oxide
NSAIDs, also known as COX-inhibiting-nitric oxide donors,
consist of standard NSAIDs linked to a nitric oxide moiety.
By donating nitric oxide to the gastric mucosa, nitric ox-
ide NSAIDs produce the same the same gastroprotective ef-
fect as prostaglandins.77 The second class of new NSAIDs
broadens the pharmacologic effects of currently available
NSAIDs by inhibiting both enzymatic pathways of arachi-
donic acid metabolism (i.e., both COX and 5-lipoxygenase).
Although COX inhibition is clearly associated with GI tox-
icity, inhibition of both enzymatic pathways of arachidonic
acid metabolism has been GI-sparing in animal and ini-
tial human safety studies.78 Interestingly, both of these new
NSAID classes seem to provide extended anti-inflammatory
activity and, as a result, may have disease-modifying pro-
perties.77

Vaccine therapy has been evaluated for RA prevention. In a
double-blind, placebo-controlled phase II study of a T-cell re-
ceptor peptide vaccine in 99 patients with active RA, doses
of 90 or 300 mcg were administered at baseline and at 4,
8, and 20 weeks. At 20-week follow-up, significantly more
patients receiving the 90-mcg vaccine dose experienced im-
provement in RA signs and symptoms.79 Although both vac-
cine dosage groups did not improve significantly when com-
pared with placebo, a trend toward improvement was noted
and no patients withdrew because of treatment-related adverse
effects.

Clinical Use of Disease-Modifying Antirheumatic Drugs
Traditional DMARDs (e.g., gold, penicillamine, antimalarials,
AZA, SSZ, MTX) are effective in attenuating clinical and lab-
oratory manifestations of RA.56 For example, a meta-analysis
of the four published placebo-controlled trials that used strict
research methodologies supports parenteral gold as an effec-
tive intervention.80 Using a strict definition of improvement,
27% of patients treated with gold achieved 50% reduction

in active joint count compared with 11% of placebo-treated
patients within 6 months.81 Nevertheless, long-term, positive
therapeutic outcomes have not been realized for these drugs.
With the exception of MTX, sustained treatment with any of
these therapies is uncommon. Fewer than 20% of individuals,
who were treated initially with parenteral gold, penicillamine,
or antimalarials continued with their initial therapy for up to
5 years.82 Many discontinue therapy because of the loss of
responsiveness and still more discontinue because of toxic-
ity. Over a 20-year period, traditional DMARDs may improve
function during the first 10 years, but joint function declines
considerably during the following 10 years, resulting in severe
disability.

In a prospective study of 245 patients with recently di-
agnosed RA, long-term treatment with traditional DMARDs
(i.e., HCQ, SSZ, gold, penicillamine) was evaluated by sur-
vival analysis.83 When indexed for side effects, 40% of gold,
12% of HCQ, 19% of SSZ, and 13% of penicillamine regi-
mens were discontinued at 2 years. When this study was in-
dexed for lack of efficacy, 61% of HCQ, 46% of SSZ, 43%
of gold, and 43% of penicillamine regimens were discontin-
ued by 2 years. These studies reveal the limited effectiveness
of most traditional DMARDs in RA and provide important in-
sight on the inability of relatively short-term efficacy studies to
fully characterize therapeutic outcomes achievable for chronic
diseases.

In another prospective trial, DMARD therapy (injectable
gold, SSZ, HCQ, DPEN, AUR, MTX, AZA) was initiated
early in patients with early onset RA. In this study, one or
more DMARD was used continuously for an average of 6.2
years (range, 18-111 months). Throughout the study, if effi-
cacy seemed to be inadequate or if adverse effects occurred,
another DMARD was substituted. For example, MTX use con-
tinued to rise throughout the study until 37% of patients were
taking MTX by the end of the study. The use of all of the
other DMARDs either fell dramatically (particularly injectable
gold) or remained constant at a low level of use.84 This ap-
proach achieved a remission rate that increased with time to
32% at final follow-up. In this trial, the beneficial effects of
active and continual traditional DMARD therapy persisted for
at least 6 years and yielded better long-term outcomes than
those achieved in previous trials. Nevertheless, this approach
is far from adequate for all patients as because RA progressed
in 25% of the study patients.

MTX remains efficacious significantly longer than other tra-
ditional DMARDs.85 In one study, about 400 patients with RA
were successfully treated with continuous MTX monotherapy
for an average of 42 months, and some patients continued MTX
as long as 60 months. In another study, only half of 600 pa-
tients with RA were able to continue therapy with any DMARD
(except MTX) beyond 9 to 24 months.86 In contrast, 62% of pa-
tients receiving MTX were able to continue with MTX therapy
after 5 years of treatment. Nevertheless, MTX monotherapy
seldom results in complete disease remission; only one-third
of patients are able to maintain improvement by 50% after 2 to
4 years of treatment.87

In a comprehensive review of the literature, the Agency for
Healthcare Research and Quality compared the efficacy and
adverse effects of various traditional and biological DMARDs,
including monotherapies and combination therapies.46 The



43-10 � ARTHRITIC DISORDERS

efficacy of traditional DMARDs (MTX, SSZ, LEF) was
deemed similar. Although MTX is the preferred first-line
DMARD, SSZ or LEF seem to be reasonable options for
patients who are unable to tolerate MTX. All of the anti-
TNF biologicals (etanercept, infliximab, adalimumab) seem
to have similar efficacy. Although the IL-1Ra, anakinra, might
be less efficacious than anti-TNF therapies; this preliminary
assessment was based only on adjusted indirect compari-
sons.

In comparative trials of monotherapies of traditional
DMARDs and biological DMARDs, adalimumab and etaner-
cept monotherapies were equal in efficacy to MTX monother-
apy; however, the biological DMARDs performed significantly
better than MTX based on radiographic outcomes.46 Although
this seems to be an important difference, the relationship be-
tween radiographic differences in clinical trails and long-term
disease progression has not been clearly established. Both etan-
ercept and adalimumab improved functionally capacity more
than MTX.

The tight control of RA, utilizing dose escalation and sev-
eral different combinations of DMARDs, is key to achiev-
ing remission, or at least a satisfactory response, to DMARD
therapy.88 In addition, the combination of various biological
DMARDs with MTX is more efficacious than either biologi-
cal DMARD or MTX therapy alone, and not associated with
greater prevalence of adverse effects. Biological DMARDs,
however, are still relatively new, and insufficient time has
passed to clearly establish long-term safety (especially for abat-
acept and rituximab). The biological DMARDs have not been
compared with DMARDs other than MTX.

The combination of MTX, SSZ, and HCQ is more effec-
tive than any one or two of these therapies for up to 2 years.
This triple combination has not been compared with biolog-
ical DMARDs. Combinations of two biological DMARDs
do not show additional benefit over biological DMARD
monotherapy and serious adverse effects (e.g., cellulitis, pneu-
monia, herpes zoster, pneumonitis, pyelonephritis) are in-
creased significantly by combining two biological DMARDs.89

Corticosteroid therapy combined with traditional DMARDs
significantly improves functional capacity and radiographic
outcomes when compared with traditional DMARD monother-
apy, thereby reemphasizing the ability of corticosteroid therapy
to modify disease. Corticosteroid therapy, however, should be
limited to intermittent periods of use to manage disease flares

or exacerbations because of significant adverse effects associ-
ated with long-term therapy.

Inadequate studies are available to resoundingly conclude
which combination of DMARDs is most effective. The BeSt
study, the only randomized controlled trial comparing different
DMARD treatment strategies, found that two different treat-
ment approaches (MTX + SSZ + high-dose tapering pred-
nisone [60 mg tapered down to 7.5 mg/day over 7 weeks] or
MTX + infliximab) resulted in less radiographic progression
of RA than either sequential DMARD therapy (MTX to SSZ to
LEF) or step-up combination DMARD therapy (starting with
MTX, adding SSZ then HCQ then prednisone 7.5 mg/day if
disease remains active) at 1- and 2-year follow-up.8 However,
all treatment groups experienced a similar improvement in
functional capacity, as measured by Health Assessment Ques-
tionnaire (HAQ) scores, and disease activity, as measured by
Disease Activity Score (DAS).

Biological agents (alone or in combination with MTX)
seem to more rapidly improve signs and symptoms and slow
disease progression (based on radiographic evidence) of RA
than traditional DMARDs. These drugs should be consid-
ered for RA patients with moderate to severe disease, as well
as for patients who fail to respond to an adequate trial of
MTX.30,46,58 Nevertheless, the long-term efficacy and safety of
biological DMARDs is unknown because these drugs are rel-
atively new and clinical studies have been of limited duration.
The routes of administration, dosing frequencies, and propen-
sity for infusion reactions of biological agents are listed in
Table 43-3.

Quantifying Response to Drug Therapy
RA drug therapy, historically, has been evaluated subjectively
by evaluating patient self-reported changes in disease activity.
The subjectiveness of patient self-reporting of RA activity is
being replaced increasingly by more objective and comprehen-
sive measures of disease control (e.g., laboratory test results,
radiographic changes). This shift has been prompted by the
fact that better disease remission rates (e.g., after 6–12 months
of therapy) have been reported in DMARD clinical trials than
from observational studies.90,91 The use of validated clinical
assessment tools should yield a more accurate assessment of
disease activity and improve the likelihood of attaining disease
remission through modifications of drug therapy.92,93

Table 43-3 Dosing and Administration of Biological Disease-Modifying Antirheumatic Drugs

Any Infusion Fatal Infusion
Route of Reaction Reactions Can Be Self-

Biological DMARD Administration Dosing Interval Reported? Reported? Administered?

Abatacept (Orencia) IV Every 2 weeks ×3 doses, then
every 4 weeks

Yes No No

Adalimumab (Humira) SC Every 1–2 weeks No No No
Anakinra (Kineret) SC Daily No No No
Etanercept (Enbrel) SC 1–2 times per week No No No
Infliximab (Remicade) IV Every 8 weeks Yes Yes No
Rituximab (Rituxan) IV Variable (usually every 24 weeks) Yes Yes Yes

IV, intravenous; SC, subcutaneous.
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Successful integration of objective clinical measurements
into a standard of practice requires that the measurement tools
used are validated, can be quickly administered, and are sim-
ple to use. Until recently, most large RA treatment trials uti-
lized ACR standards to quantify response to therapy such as
ACR-20, which refers to a 20% reduction in tender and swollen
joint counts and 20% improvement in at least three of the fol-
lowing: patient’s assessment of pain, patient’s global assess-
ment, physician’s global assessment, patient’s assessment of
disability, and acute phase reactant measures (i.e., erythro-
cyte sedimentation rate [ESR] or C-reactive protein [CRP]).
ACR-50 and ACR-70 are other common thresholds used to
evaluate response to therapy, and attempts are being made to
improve ACR-20 standards for clinical trials.94 ACR evalu-
ation reflects a minimum 6-week period of evaluation and,
consequently, is of limited use in clinical practice because
clinicians modify therapy based on an evaluation at a par-
ticular moment in time. The DAS 28 or 44 (corresponding
to a 28 or 44 joint count) is a relatively newer tool used in
more recent clinical trials to evaluate response to RA drug
therapy.95 However, the DAS is also not practical for clinical
use because a very complex mathematical calculation is re-
quired.96

New tools for measurement of RA disease activity that are
more suited for clinical use have been developed. The Clini-
cal Disease Activity Index (CDAI) and the Simplified Disease
Activity Index (SDAI) are very similar in that they are deter-
mined through a simple sum of swollen joint count, tender
joint count, and patient global disease activity and evaluator
global disease activity (both measured by a visual analog scale
[VAS]).97 The difference between the two is that the SDAI in-
cludes CRP in the summation, whereas the CDAI does not. The
Global Arthritis Scale (GAS) utilizes a summation of tender
joint count, modified Health Assessment Questionnaire, and
patient self-assessment of pain and function levels. The Rou-
tine Assessment of Patient Index Data (RAPID) measurement
tool includes assessments of pain and function levels along
with patient global assessment of disease activity.98−100 More
recently, the Easy Rheumatoid Activity Measure (ERAM),96−99

a summation of patient and clinician global disease activity
using a VAS with swollen joint counts from 28 joints, demon-
strated a high level of correlation with DAS28, SDAI, and
CDAI.99 An important additional finding is that the ERAM
required only an average of 2.67 minutes to complete. All of
these tools have distinctly defined threshold scores correspond-
ing to high disease activity, low moderate disease activity, low
disease activity, and remission. For example, remission scores
for DAS, CDAI, SDAI, and GAS are ≤2.6, ≤2.8, ≤3.3, and
≤3, respectively.

Although no single tool has been adopted as a standard of
practice, RA disease activity measurement tools are becoming
simpler to use in clinical settings and provide a more objec-
tive and comprehensive assessment of disease status. These
tools, however, should not be solely relied upon for making
RA treatment decisions because radiographic changes also
should be considered when making RA treatment decisions.
Radiographic changes, considered the gold standard for eval-
uating arthritis-related joint damage, occur in more than one-
half of patients categorized as in remission based on DAS
score.101

EARLY AND PROGRESSIVE RHEUMATOID ARTHRITIS
See Questions 1 to 16 for the role of nondrug and NSAID ther-
apy, Questions 17 to 38 for traditional DMARDs, and Ques-
tions 39 to 47 for biological agents and corticosteroid therapy.

Signs and Symptoms

1. T.W., a previously healthy 42-year-old, 60-kg woman, has
been suffering from morning stiffness that persists for several
hours, anorexia, fatigue, and generalized muscle and joint pain
over the past 4 months. In addition, she reports that her eyes seem
red most of the time and are unusually dry. Her symptoms have
been much worse during the past month and a half, and she has
limited her physical activities. She also can no longer wear her
wedding ring because of swelling of her hand.

Physical examination reveals bilaterally symmetrical swelling,
tenderness, and warmth of the metacarpophalangeal (MCP)
and proximal interphalangeal (PIP) joints of the hands and the
metatarsophalangeal (MTP) joints of the feet. A subcutaneous
nodule is evident on the extensor surface of the left forearm. Per-
tinent laboratory findings include the following: ESR by the West-
ergren method, 52 mm/hour (normal for women, <20 mm/hour
if <50 years old, <30 if >50 years old; men, <15 mm/hour if
<50 years old, <20 if >50 years old); hemoglobin (Hgb), 10.6
g/dL (normal, 12–16 g/dL); hematocrit (Hct), 33% (normal, 36%–
47%); platelets, 480,000/mm3 (normal, 140,000–400,000/mm3);
albumin, 3.8 g/dL (normal, 4.3–5.6 g/dL); serum uric acid, 3.0
μg/dL (normal, 2–8 mg/dL); serum iron, 40 μg/dL (normal, 60–
180 mg/dL); total iron-binding capacity, 275 mg/dL (normal, 200–
400 mg/dL); positive anti-cyclic citrullinated peptide (anti-CCP)
at 82 U (normal, <20 U; weak positive, 20–39 U; moderate posi-
tive, 40–59 U; strong positive, >60 U) and positive RF performed
by latex fixation method in a dilution of 1:320. Tests for antin-
uclear antibodies (ANA) and tuberculin sensitivity are negative.
Radiographic films of the hands and feet show soft tissue swelling,
narrowing of joint spaces, and marginal erosions of the second and
third MCP and PIP joints bilaterally with no evidence of tophi or
calcification. Other routine laboratory data and physical findings
are normal. What signs and symptoms of RA are manifested by
T.W.?

[SI units: Hgb, 6.6 mmol/L (normal, 7.4–9.9); albumin, 38 g/L (normal,

35–50); uric acid, 178.4 mol/L (normal, 202–416); iron, 7.2 μmol/L (normal,

9–26.9); total iron-binding capacity, 49.2 mol/L (normal, 45–73)]

The presentation of RA at onset can vary, but character-
istically 50% to 70% of cases have a rather insidious onset
of disease over weeks to months.9 Early nonspecific symp-
toms such as fatigue, malaise, diffuse musculoskeletal pain,
and morning stiffness may precede more specific symptoms.
Fatigue and morning stiffness are prominent features of RA
in T.W. About half of patients with RA initially experience
fatigue that later in the disease serves as a useful index of dis-
ease activity. Patients usually experience prolonged morning
stiffness upon awakening. This stiffness usually lasts 30 to 60
minutes, but can be present all day with decreasing intensity
after arising. Duration of morning stiffness also can be a useful
index of disease activity.

Over time, nonspecific musculoskeletal pain localizes to
the joints bilaterally. Bilaterally symmetrical joint swelling and
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Temporomandibular 30%

Cervical Spine 40%

Cricoarytenoid 10%

Acromioclavicular 50%

Shoulder 60%

Elbow 50%

Hip 50%

Wrist 80%

MCPs, PIPs 90%

Knee 80%

Ankle, Subtalar 80%

MTPs 90%

Sternoclavicular 30%

FIGURE 43-4 Frequency of involvement of different joint sites in estab-
lished RA.

pain, involving the MCP and PIP joints of the hands and MTP
joints of the feet, as illustrated by T.W., are characteristic of RA.
The peripheral joints of the hands, wrists, and feet usually are
involved first. Although MCP and PIP joints of the hands often
are affected, the distal interphalangeal (DIP) joints usually are
spared. Ultimately, any or all of the diarthrodial joints (elbows,
knees, shoulders, ankles, hips, temporomandibular joints, ster-
noclavicular joints, glenohumeral joints) can be involved Fig.
43-4). Joint involvement is characterized by soft tissue swelling
and warmth, decreased range of motion (ROM), and sometimes
muscle atrophy around affected joints. Progressive disease is
characterized by irreversible joint deformities such as ulnar
deviation of the fingers (Fig. 43-5), boutonniere deformities
(hyperextension of the DIP joint and flexion of the PIP joint),
or swan neck deformities (hyperextension of the PIP joint and
flexion of the DIP joint; Fig. 43-6). Similar irreversible defor-
mities also can involve the feet.

RA is a systemic disease, which is reflected by the extra-
articular manifestations that can accompany joint involvement.
Subcutaneous nodules are found in up to 35% of individuals
with RA.9 As in the case of T.W., these nodules usually de-
velop along extensor surfaces (e.g., olecranon process, proxi-
mal ulna), but occasionally are found in the hands, sacral areas,
eyes, lungs, heart, soles of the feet and along the Achilles ten-

FIGURE 43-5 Ulnar deviation and MCP synovitis (left). This may progress
to more marked lateral deviation with subluxation of the extensor tendons
(right finger; right).

don. Patients who develop rheumatoid nodules almost always
are RF positive.

Organ system involvement may be extensive. Pleuropul-
monary manifestations (e.g., pleuritis, development of pul-
monary nodules, interstitial fibrosis, pneumonitis, and rarely
arteritis of the pulmonary vasculature) also can accompany the
articular involvement of RA.9 Cardiac involvement can present
as pericarditis or myocarditis. In addition, rheumatoid nodules
can produce conduction defects or valve defects.

Some extra-articular manifestations occur as syndromes.
Sjogren syndrome includes dry eyes (keratoconjunctivi-
tis sicca), dry mouth (xerostomia), and connective tissue
disease.102 T.W.’s eye complaints may be an extra-articular
manifestation of her RA. Felty syndrome is characterized by
chronic arthritis, splenomegaly, and neutropenia; thrombo-
cytopenia, anemia, and lymphadenopathy also may be pre-
sent.25

MCP 
(“knuckle”) PIP DIP

Swan Neck deformity 
(PIP hyperextension, 

DIP hyperflexion)

Boutonniere deformity 
(PIP hyperflexion, DIP 

hyperextension)

Normal finger

FIGURE 43-6 Characteristic finger deformities in RA. DIP, distal interpha-
langeal joint; MCP, metacarpophalangeal joint; PIP, proximal interpha-
langeal joint.
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Vasculitis, another extra-articular manifestation of RA, can
involve any organ system and can vary in seriousness from
mild to potentially life-threatening (see Chapter 44).

2. What abnormal laboratory values in T.W. could be used
to monitor the efficacy of drug therapy or disease progres-
sion?

The laboratory findings in RA are characteristic of a
chronic systemic inflammatory disease. No test is specific
for RA. T.W.’s elevated ESR is a nonspecific indication of
inflammation. Alternatively, CRP plasma concentrations can
be tested instead of ESR.103 Levels of CRP, a plasma protein
of the acute-phase response, correlate with RA disease activ-
ity better than ESR; however, CRP is also not disease specific.
T.W.’s hematologic findings are consistent with a mild anemia
of chronic inflammation. Although her serum iron concen-
tration is decreased, her normal iron-binding capacity makes
a diagnosis of iron-deficiency anemia unlikely. Her anemia
probably results from a failure of iron release from the reticu-
loendothelial tissues and would not be expected to respond to
iron therapy. The mild thrombocytosis is additional evidence
of a systemic inflammatory response. The laboratory mani-
festations of inflammation should improve with effective drug
therapy and, along with many of the clinical features of RA, are
useful parameters for monitoring disease activity and response
to therapy (Table 43-4).

T.W.s serum albumin concentration is low (3.8 g/dL). The
low serum albumin concentration in RA patients can result in
higher free drug serum concentrations because of decreased
protein binding of drugs (e.g., salicylates).104

RF, an autoantibody (usually IgM or IgG) that reacts with
the Fc portion of antigenic IgG to form an immune complex
in vitro, is in the serum of approximately 75% of patients with
RA.105 RF is not in the serum of all patients with RA. It also
can be present in 3% to 5% of healthy individuals and in pa-
tients with diseases other than RA, including almost any con-
dition associated either with immune complex formation or

Table 43-4 Parameters Used to Assess Disease Activity and
Drug Response in RA

� Duration and intensity of morning stiffness
� Number of painful or tender joints
� Number of swollen joints; severity of joint swelling
� Range of joint motion
� Time to onset of fatigue
� ESR or CRP
� Anti-CCP
� Radiographic changes: osteopenia, joint space narrowing, bony

erosions
� Hgb/Hct
� Subcutaneous nodules, pleuritis, pneumonitis, myocarditis,

vasculitis
� AIMS
� HAQ
� Validated clinical assessment tools: See general treatment section

Quantifying Response to Drug Therapy

AIMS, arthritis impact measure scale; anti-CCP, anti-cyclic citrullinated peptide;
CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; HAQ, health assess-
ment questionnaire; Hct, hematocrit; Hgb, hemoglobin; RA, rheumatoid arthritis.

with hypergammaglobulinemia (e.g., chronic infections, lym-
phoproliferative and hepatic diseases, systemic forms of au-
toimmunity). Therefore, RF does not establish the diagnosis
of RA. An RF titer of at least 1:160 is considered a positive
test.106 Patients with RA typically have titers of at least 1:320.
Although RF titers do not parallel disease activity, high titers
(>1:512) early in the disease course are associated with more
severe and progressive disease. In T.W., the test for ANA ruled
out systemic lupus erythematosus. The ANA, however, can be
positive in 10% to 70% patients with RA.

Although RF lacks specificity for RA, the presence of RF
remains one of the ACR criteria for establishing the diagnosis
of RA.10 Citrullin, a nonstandard amino acid, also is established
as a key component of RA antigenicity. Citrullinated proteins
and anti-CCP antibodies are abundant in inflamed RA syn-
ovium. Anti-CCP antibodies can be detected in 50% to 60% of
early RA patients, and the specificity of anti-CCP is very high
at 95% to 98%107 In a study of 136 patients with a broad range
of RA disease duration (3 months–30 years), the sensitivity of
anti-CCP for the diagnosis of RA was 63% and the specificity
was 89%, versus 85% and 65%, respectively, for RF. Another
study found a sensitivity of 55% and a specificity of 97% for
RA when both anti-CCP and RF were positive in the early
cases of arthritis. Anti-CCP was detectable 1.5 to 9 years be-
fore the onset of RA (thereby suggesting a possible pathogenic
role for these antibodies for RA).108 A positive anti-CCP also
correlates with an increase likelihood of a more erosive course
of RA than either a negative anti-CCP or a positive RF.108 In
summary, a positive anti-CCP antibody test is highly specific
for RA, predictive of the development of RA, and is a marker
of an erosive disease course. Studies are currently ongoing at-
tempting to define the optimal manner in which to incorporate
anti-CCP into RA therapy management.

Treatment
Nondrug Treatment

3. What nondrug therapy should be included in the manage-
ment of T.W.’s RA?

Treatment objectives in RA are reduction of joint pain and
inflammation, preservation of joint function, and prevention
of deformity. This is best achieved by instructing patients on
proper regular exercise, joint protection and energy conser-
vation, in combination with effective symptom-relieving and
disease-modifying drug therapy.10,109,110 Insufficient literature
evidence is available to support the use of spa therapy and ther-
motherapies such as ultrasound, electrotherapies (e.g., transcu-
taneous nerve stimulation, electrostimulation of muscles), and
laser therapy. Heat treatments in general should be avoided
during periods of active joint inflammation, because heat can
further exacerbate pain and swelling. Overall, physical and oc-
cupational therapy can provide valuable assistance to patients
with compromised activities of daily living, and thereby, max-
imize the potential for self-sufficiency.

EXERCISE
Passive exercise (e.g., ROM exercises) should be prescribed

for T.W. until the acute inflammation subsides. Passive exercise
minimizes muscle atrophy and flexion contractures and
maintains joint function without increasing inflammation or
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radiographic progression of disease.109 A properly defined ex-
ercise program should be developed with specific exercises on
a scheduled basis that are not harmful to inflamed joints. Ex-
amples of ideal exercises include cycling (stationary if outdoor
movement is considered unsafe), water exercises (e.g., swim-
ming, water aerobics), and walking (assuming weight-bearing
joints can tolerate the patient’s bodyweight).

JOINT PROTECTION AND ENERGY CONSERVATION
Systemic and articular rest (achieved by splinting the af-

fected joints) can reduce inflammation significantly.109,110

Restful and adequate sleep are important for general health
and particularly important in a chronic, fatigue-inducing dis-
ease such as RA. Prolonged rest, however, can induce rapid
losses in strength and endurance. Therefore, RA patients ex-
periencing acute inflammation, such as T.W., should rest often,
but daytime rest periods should be limited to 30 to 60 minutes.
Splinting of joints is typically prescribed throughout the day
and night during periods of active inflammation, then only at
night for several weeks after cessation of inflammation.

Some orthoses, which are medical devices secured to any
part of a patients body designed to support, immobilize, align,
correct or prevent deformity, or improve functioning, can re-
duce pain and inflammation and/or improve joint function in
targeted joints for RA patients.109 For example, wrist and fin-
ger/thumb splints can reduce wrist and hand pain while im-
proving grip strength; however, these can worsen dexterity.
Finger splints for patients with swan neck deformities have

been shown to improve hand function and finer stability. Spe-
cial shoes and sole inserts also can reduce pain and disabi-
lity.

EMOTIONAL SUPPORT
Emotional support should be provided to all patients such

as T.W. A patient’s reaction to RA can be affected by age, per-
sonality, and the environment at work and at home. As with
all chronic debilitating diseases, the potential loss of indepen-
dence, loss of self-esteem, altered interpersonal relationships
with friends and family, and potential loss of employment can
result in a two- to threefold increase in depression.111 Depend-
ing on each patient’s needs, the expertise of different health
care disciplines (e.g., physical therapists, social workers, health
educators, psychiatrists, clinical psychologists, podiatrists, vo-
cational rehabilitation therapists, pharmacists) should be con-
sulted. For example, pharmacists in capitated outpatient clini-
cal practices can monitor RA drug therapy for therapeutic and
adverse effects under collaborative practice agreements with
other practitioners and can counsel patients on proper medica-
tion use and clarify expectations.112

Drug Treatment (Fig. 43-7)
NONSTEROIDAL ANTI-INFLAMMATORY DRUGS AND ASPIRIN

4. T.W. will be treated with a DMARD and concurrent NSAID
therapy initially to rapidly control inflammation and swelling.
What should be the role of NSAIDs for T.W.?

Initial Therapy

Overview:  RA Drug Therapy

Satisfactory response to treatment

YesNo

• Treatment of choice:  DMARD (within 3 months of diagnosis)

     - Severe RA:  Usually MTX or combination of traditional DMARDs including MTX (questions 25-31)

     - Mild RA:  Usually hydroxychloroquine or sulfasalazine (questions 17-20)

• Treatment considerations:  NSAID (questions 4-16), local corticosteroid injections (few joints,

   question 46), low-dose systemic steroid (multiple joints, questions 43-45)

• Non-drug interventions:  Patient education, physical therapy, occupational therapy (question 3)

RA � rheumatoid arthritis; DMARD � disease-modifying antirheumatic drug; MTX � methotrexate;
NSAID � nonsteroidal anti-inflammatory drug

*: Consider local corticosteroid injection(s) or low-dose systemic steroids if appropriate

Modify DMARD Therapy*

Reassess RA
disease activity

periodically

• Substitute with/add MTX (if not already prescribed)

• Substitute with alternative DMARD (questions 17-37)

• Combination treatment with traditional DMARDs, (question 38)

• Biological agent �/� MTX (usually if MTX failure, questions 39-42)

FIGURE 43-7 Overview of RA drug therapy.
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T.W.s clinical presentation clearly warrants DMARD ther-
apy (see Question 17 and section on Clinical Use of Disease-
Modifying Agents). The purpose of NSAID therapy, which has
no disease-modifying activity, is to provide rapid pain relief and
reduction of joint inflammation.

At one time, aspirin was the first line of treatment for RA
patients who were able to tolerate it; however, aspirin currently
seldom is the NSAID of choice because of well-documented
GI toxicity and the availability of safer and more convenient
NSAIDs.10,113

Aspirin is low cost, and serum salicylate levels correlate
well with both efficacy and toxicity.34 Anti-inflammatory ef-
fects of aspirin can be achieved with dosages sufficient to pro-
vide serum salicylate concentrations of 15 to 30 mg/dL.34 A
reasonable initial aspirin dose is 45 mg/kg/day divided into
4- or 6-hour intervals; however, the anti-inflammatory dose of
aspirin varies widely because of interindividual variations in
metabolism.

After intestinal absorption, aspirin is hydrolyzed rapidly
to salicylate (or salicylic acid), which subsequently is metabo-
lized via multiple pathways. Metabolism to salicyluric acid and
salicyl phenolic glucuronide is capacity limited.34 The serum
salicylate half-life after a single 650-mg dose of aspirin is 3.5
to 4.5 hours, but large daily doses of aspirin (e.g., 4.5 g/day)
result in a serum salicylate half-life of 15 to 20 hours. The
pharmacokinetics of salicylate are complex and affected by
both first-order and Michaelis-Menten elimination processes.
When utilizing anti-inflammatory doses of aspirin, 5 to 7 days
of therapy are needed before steady-state serum concentrations
of salicylate are attained.

5. A.L., a patient with RA, had her aspirin dosage increased
to 975 mg QID approximately 1 week ago. She now complains of,
“. . . ringing in my ears all the time!” What is the most probable
cause of this symptom?

Aspirin-induced tinnitus (i.e., a ringing or high-pitched
buzzing sensation in the head) is noticeable to most patients
with normal hearing when serum levels are 10 to 30 mg/dL;
however, in some patients tinnitus might not be encountered
until serum levels exceed 25 mg/dL.34 Serum salicylate con-
centrations usually are within the therapeutic range when tin-
nitus is apparent. Tinnitus, therefore, can be used to titrate
patients to therapeutic doses of aspirin; however, patients with
preexisting hearing loss might not experience tinnitus despite
potentially toxic concentrations.114

Alternative Formulations

6. P.D., a man with an alleged aspirin allergy, avoids aspirin
because it has upset his stomach in the past. However, he can
take large doses of an enteric-coated aspirin (Ecotrin) without
experiencing GI intolerance. What are appropriate alternatives
for patients who cannot tolerate therapeutic doses of aspirin?

Patients who complain of GI side effects commonly use
aspirin formulations that contain buffering agents (e.g., Alka-
Seltzer, Ascriptin, Bufferin). The antacid content in Alka-
Seltzer is insufficient to reduce acute GI microbleeding and
symptoms, and contributes more than a gram of sodium for
each 650 mg of aspirin. Ascriptin and Bufferin contain too
little antacid to appreciably reduce GI microbleeding,115 but
occasionally are better tolerated than regular aspirin.

Enteric-coated aspirin is associated with fewer GI com-
plaints than uncoated aspirin.115 Although enteric coating in-
creases the likelihood of incomplete absorption, Measurin was
absorbed reliably in one study involving small numbers of
patients,116 and other newer enteric-coated aspirin preparations
can be absorbed reliably as well. Enteric-coated aspirin can be
a useful alternative to regular aspirin for some patients.

Sustained-release (SR) aspirin (e.g., ZORprin, Measurin) is
intended to provide more stable salicylate concentrations with
less frequent administration. Twice-daily dosing of Measurin
produces average serum salicylate concentrations compara-
ble to equal doses of aspirin administered four times daily.117

However, the elimination half-life of regular aspirin in anti-
inflammatory doses already is sufficiently long to support rel-
atively stable serum salicylate concentrations with twice-daily
dosing.118,119 The relative advantage of SR aspirin compared
with regular or enteric-coated aspirin remains unclear. Never-
theless, some patients tolerate these SR aspirin dosage forms
better than regular aspirin.

In summary, various aspirin dosage forms are available.
Enteric-coated preparations, despite their expense and poten-
tial for incomplete absorption, are alternatives for patients with
a history of gastroduodenal ulcers. Alternatively, some newer
NSAIDs are equally effective and associated with less GI tox-
icity (see Question 11).

Aspirin and Nonsteroidal Anti-Inflammatory Drug Allergy

7. Aspirin was ordered for the relief of pain in C.S., who was
hospitalized for evaluation and treatment of his RA. An allergy
to aspirin is noted in C.S.’s medical chart. Why might another
NSAID, also be contraindicated for this patient?

C.S. should be asked to describe his reaction to aspirin to
determine whether his symptoms are consistent with a hyper-
sensitivity reaction. Many patients who claim to be allergic to
aspirin merely experience GI distress. In these patients, aspirin
is not contraindicated and can be tolerated if administered with
food or as an enteric-coated preparation.

Aspirin intolerance (hypersensitivity), especially in asso-
ciation with asthma, is cause for serious concern. Challenge
with aspirin in these patients can precipitate an acute, life-
threatening, bronchospastic reaction.120 About 10% of asth-
matics have a history of aspirin-induced bronchospasm, more
often women than men and rarely in children.121 A somewhat
smaller number of patients with recurrent rhinitis also experi-
ence this problem.122 The frequency of aspirin intolerance in
patients with nasal polyps can be as high as 22%, and 70%
of these patients have asthma.123 All these patients also can
experience a high degree of cross-reactivity to indomethacin
(Indocin), naproxen (Naprosyn), ibuprofen (Motrin), fenopro-
fen (Nalfon), mefenamic acid (Ponstel), sodium benzoate (a
widely used preservative), and tartrazine dye (FD&C Yellow
No. 5), which is used in foods and some drugs. These sub-
stances are structurally dissimilar, but most are inhibitors of
prostaglandin synthesis. Therefore, this reaction could be the
result of an abnormal response to a common pharmacologic
effect. Weak prostaglandin synthesis inhibitors (e.g., sodium
and choline salicylate), have been administered to such aspirin-
intolerant patients without untoward reactions.

COX-2 inhibitors also have been used safely in aspirin-
sensitive asthmatics.124,125 In theory, these agents might
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be safer because they allow COX-1 to continue producing
prostaglandin E2. Prostaglandin E2 is an important media-
tor of multiple physiological processes, including reduction
of leukotriene synthesis, suppression of the release of inflam-
matory mediators from mast cells, and prevention of aspirin-
induced bronchoconstriction.

Some patients with chronic urticaria, as well as patients
with rhinitis and aspirin allergy might be at increased risk to
develop urticaria or angioedema on exposure to aspirin.123 The
pathogenic mechanism for this urticarial form of aspirin intol-
erance is unknown.

Prolongation of Bleeding Time

8. A.C. is scheduled to have an impacted wisdom tooth re-
moved. She states that she is taking an aspirinlike product for
arthritis. Why would the specific NSAID she is taking affect this
dental procedure?

Aspirin, nonacetylated salicylates, nonaspirin NSAIDs, and
COX-2 inhibitors have different effects on platelet function.
Aspirin alters hemostasis most significantly and should be dis-
continued before surgery.34 Low doses of aspirin irreversibly
impair platelet aggregation throughout the life of the platelet
by irreversible binding to COX and, thereby, prolong bleeding
time for several days because new platelets must be released
into the circulation before the bleeding time normalizes. Sal-
icylates also can enhance blood fibrinolytic activity, and very
large salicylate doses can induce a hypoprothrombinemia that
is reversible by vitamin K. Salicylate-induced hypoprothrom-
binemia usually is not clinically significant, but it can be the
cause of bleeding when associated with severe liver dysfunc-
tion or malnutrition.126 Bleeding times normalize within 3 to 6
days after discontinuation of aspirin. Therefore, aspirin should
be discontinued about 7 days before surgery.

Nonaspirin NSAIDs also can prolong bleeding times by in-
hibiting platelet aggregation, but these drugs bind reversibly
to COX resulting in reversible platelet inhibition.34 There-
fore, nonaspirin NSAIDs should be discontinued about 5 half-
lives before surgical procedures. Generally, the impairment
of platelet aggregations is reversed within 2 days after the dis-
continuation of nonaspirin NSAIDs. Nonacetylated salicylates
have minimal effects on COX and platelet function, and are
of little concern in presurgical patients.34 Likewise, COX-2
inhibitors are not expected to alter platelet function because
COX-2 is not found in platelets.127

Use in Pregnancy

9. K.H., a 28-year-old pregnant woman with RA, is concerned
about the possible effects of NSAIDs on her baby. What are the
risks to the fetus with uninterrupted consumption of NSAIDs?
What are maternal- and lactation-related effects of these medica-
tions?

Although NSAIDs, including aspirin, are not teratogenic,
they must be used cautiously in women who are pregnant and
who plan to breast-feed infants.128 Fetal effects of NSAIDs in-
clude possible premature ductus arteriosus closure, increased
cutaneous and intracranial bleeding, transient renal impair-
ment, and a reduction in urine output. High doses of aspirin
(>3 g/day) and NSAIDs can inhibit uterine contraction, result-
ing in prolonged labor. NSAIDs also can increase peripartum
blood loss and anemia. Aspirin and nonaspirin NSAIDs should
be used sparingly at lowest effective doses during in pregnancy

and discontinued at least 6 to 8 weeks before delivery to min-
imize adverse fetal and maternal effects.

Aspirin generally should be avoided for women who plan
to nurse their baby because salicylate serum concentrations
in breastfed neonates raise concerns about the potential for
metabolic acidosis, bleeding, and Reye syndrome. Accord-
ing to the American Academy of Pediatrics, the nonaspirin
NSAIDs (e.g., ibuprofen, naproxen) generally are compatible
with breastfeeding.129

NONASPIRIN NONSTEROIDAL ANTI-INFLAMMATORY DRUGS
Choice of Agent

10. NSAIDs and DMARD therapy are to be initiated for T.W.
(Questions 1–4). What is the NSAID of choice for T.W.?

In general, there is no “NSAID of choice” for treatment of
RA.10,34 There is no significant difference among the NSAIDs
in efficacy, and it is difficult to predict a given patient’s response
to a particular NSAID. The selection of an NSAID is based pri-
marily on patient preference, convenience, cost, and safety.8 A
1- to 2-week trial of any NSAID (Table 43-5) at a moderate
to high dose on a scheduled basis (i.e., not “as needed”) is the
best method of determining anti-inflammatory efficacy. The
analgesic and antipyretic effects are relatively prompt in onset.
Although aspirin is effective, the nonaspirin NSAIDs usually
are preferred.113 Nonacetylated salicylates, derivatives of sali-
cylic acid, are weak inhibitors of COX in vitro, but have risks of
GI and renal toxicity similar to nonselective NSAIDs.130−132

The nonsalicylate NSAIDs (e.g., ibuprofen) have important
differentiating properties.34 For example, indomethacin pene-
trates the blood-brain barrier better than any other NSAID,
achieving levels in the cerebrospinal fluid of up to 50% of
serum levels. As a result, the incidence of central nervous sys-
tem side effects of indomethacin often precludes the use of
optimal anti-inflammatory doses, particularly in the elderly.133

Loose stools or diarrhea can be dose limiting for some pa-
tients receiving meclofenamate. Piroxicam, a longer acting
NSAID, has been associated with a higher frequency of pep-
tic ulcer disease and GI bleeding113 and, therefore, should be
avoided. Several NSAIDs, including celecoxib and high doses
of either ibuprofen or diclofenac, seem to increase the risk of
MI, whereas naproxen seems to have the best cardiovascular
safety.134

The relative GI safety of partially COX-2-selective NSAIDs
(e.g., nabumetone, etodolac, meloxicam) versus nonselective
NSAIDs is unclear. The only remaining COX-2-specific in-
hibitor that is available in the United States, celecoxib, has no
effect on COX-1 and the GI protective effect of celecoxib is
questionable owing to a major protocol violation in the largest
GI safety study involving celecoxib135 (see Question 11).

A low-cost NSAID with a good safety profile (e.g., ibupro-
fen) is a good choice for T.W. because she is relatively young
and does not have any concomitant illnesses. If convenience
of administration is a more important consideration, a longer
acting NSAID (e.g., naproxen) would be preferable. If the
first chosen NSAID is ineffective or not well tolerated, other
NSAIDs can be tried to identify the optimal one for this patient.

Adverse Effects

11. Naproxen 500 mg BID with meals has been prescribed for
T.W. If T.W. were to develop dyspepsia during therapy, should she
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Table 43-5 Nonsteroidal Anti-inflammatory Drugs (NSAIDs)

NSAID Generic Name Usual Dosing Maximum Daily Cost/30-Day
(Brand Name) Product Availability Interval Dose (mg) Supply ($)a

Salicylates (acetylated and nonacetylated)b

Aspirin, enteric-coatedc Tablets: 325 mg; 325, 500, 800, 975 mg SR QID 6,000 12.00
Salsalate (Disalcid)c Tablets: 500, 750 mg BID-TID 4,800 18.00
Diflunisal (Dolobid)c Tablets: 250, 500 mg BID 1,500 35.00
Magnesium choline

salicylate (Trilisate)c
Tablets: 500, 750, 1,000 mg
Liquid: 500 mg/5 mL

QD-TID 4,800 30.00

Propionic acid derivatives

Fenoprofen (Nalfon)c Capsules: 200, 300 mg
Tablets: 600 mg

TID-QID 3,200 22.50

Flurbiprofen (Ansaid)c Tablets: 50, 100 mg BID-QID 300 26.50
Ibuprofen (Motrin)c Tablets: 200, 400, 600, 800 mg

Suspension: 100 mg/5 mL
TID-QID 3,200 13.80

Ketoprofen (Orudis, Orudis
ER)c

Capsules: 25, 50, 75 mg TID-QID
ER: QD

300
ER: 200

17.50
ER: 67.50

Naproxen (Naprosyn)c Tablets: 250, 375, 500 mg; 375, 500 mg SR
Suspension: 125 mg/5 mL

BID 1,500 37.80

Naproxen sodium (Anaprox)c Tablets: 275, 550 mg BID 1,375 39.60
Oxaproxin (Daypro)c Tablet or capsule: 600 mg QD 1,800 34.80

Acetic acid derivatives

Diclofenac (Voltaren,
Voltaren XR)c

Tablets: 25, 50, 75 mg; 100 mg XR BID-TID
XR: QD

200
XR: 100 mg

54.60
XR: 68.40

Etodolac (Lodine, Lodine
XL)c

Capsules: 200, 300 mg
Tablets: 400, 500 mg; 400, 500, 600 mg XL

BID-TID
XL: QD

1,200
XL: 1,000

69.00
40.50

Indomethacin (Indocin,
Indocin SR)c

Capsules: 25, 50 mg; 75 mg SR
Suppository: 50 mg
Suspension: 25 mg/5 mL

TID-QID
SR: QD-BID

200
SR: 150

55.00
SR: 65.00

Ketorolac (Toradol)c Tablet: 10 mg QID 40 1015.00
Nabumetone (Relafen) Tablet: 500, 750 mg QD 2,000 84.00
Sulindac (Clinoril)c Tablets: 150, 200 mg BID 400 54.00
Tolmetin (Tolectin)c Tablets: 200, 600 mg

Capsules: 400 mg
TID-QID 1,800 46.20

Anthranilic acids

Meclofenamate sodium
(Meclomen)c

Capsules: 50, 100 mg TID-QID 400 91.00

Oxicam derivatives

Piroxicam (Feldene)c Capsule: 10, 20 mg QD 20 75.00
Meloxicam (Mobic)c Tablets: 7.5, 15 mg QD 15 5.40

COX-2 inhibitors

Celecoxib (Celebrex) Capsules: 50, 100, 200, 400 mg BID 400 111

aFrom reference 30. Average cost to patient based on usual dose for RA; price is for generic version if available (see footnote c).
bHighly variable half-life; anti-inflammatory doses associated with salicyclate serum concentrations from 15 to 30 mg/dL.
cGeneric version available.
BID, twice a day; ER, extended release; QD, daily; QID, four times a day; SR, sustained release; TID, three times a day.

be given misoprostol (or other antiulcer therapy) for prophylaxis
against GI complications of NSAID therapy or would a COX-2
selective NSAID be preferable? What is the correlation between
dyspepsia and gastroduodenal mucosal injury?

About 5% and 15% of patients with RA discontinue NSAID
therapy because of dyspepsia,37 and about 1.3% of patients tak-
ing NSAIDs for RA experience a serious GI complication.136

As expected, the rate is somewhat lower for patients using

NSAIDs for osteoarthritis (OA; 0.7%) because these patients
generally use analgesics only on an as-needed basis. Serious
NSAID-induced GI complications account for about 103,000
hospitalizations annually in the United States and for approx-
imately 16,500 NSAID-related deaths each year.37 Although
these figures warrant concern, most patients who experience
NSAID-induced gastropathy suffer only superficial and self-
limiting injury. Nevertheless, prevention of NSAID-induced
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GI bleeding should be an important focus, particularly in high-
risk patients.

NSAID-induced gastroduodenal mucosal damage primar-
ily results from inhibition of COX-1 in the mucosal lining.37

This inhibition of COX-1 decreases bicarbonate secretion, mu-
cosal blood flow, formation of protective mucus, proliferation
of gastric epithelium, and the ability of the mucosa to resist
injury. NSAID-induced direct topical injury to the mucosa
can occur, but direct injury plays a smaller role than COX-1
inhibition. NSAID-induced gastropathy can be managed by:
(a) treatment of NSAID-related dyspepsia, (b) prevention of
NSAID-associated gastroduodenal ulcers, and (c) management
of NSAID-related gastroduodenal ulcers.

Dyspepsia can be managed by ingesting the NSAID with
meals or a large glass of water; however, these measures usu-
ally are ineffective in preventing GI ulcers. In addition, dys-
pepsia correlates poorly with endoscopically confirmed mu-
cosal injury.37 Histamine-2 (H2)-receptor antagonists (e.g.,
ranitidine, famotidine) significantly reduce dyspepsia among
NSAID users; however, NSAID users with RA who take a
H2-receptor antagonist might have a higher risk of developing
serious GI complications compared with those who did not
take these medications (odds ratio, 2.14; 95% confidence in-
terval, 1.06–4.32).137 The suppression of dyspepsia can give
a false sense of security to the patient and physician, lead-
ing to higher doses of NSAIDs and increased risk of major
gastropathy. Therefore, H2-receptor antagonists are not rec-
ommended for routine use in asymptomatic patients receiv-
ing NSAIDs. Proton pump inhibitors (PPIs; e.g., lansoprazole
30 mg/day or omeprazole 20 mg/day) relieve dyspepsia better
than H2-receptor antagonists and prevent the development of
NSAID-induced gastroduodenal ulcers.37,138,139 PPIs are safe
and effective for the treatment of NSAID-induced dyspepsia
and should be considered if symptoms develop in T.W.

Routine concomitant antiulcer prophylactic therapy is not
warranted for all patients taking NSAIDs.10,34 The most effec-
tive means of preventing NSAID-related gastroduodenal ulcers
is obviously to avoid their use. If NSAIDs must be used, the
patient’s risk for GI ulcer development must be assessed to de-
termine the need for ulcer prevention measures.37 Established
risk factors for NSAID-induced GI bleeding include advanc-
ing age (>60 years of age), a history of ulcers, use of ulcer-
promoting medications (corticosteroids, high-dose NSAIDs,
concurrent use of more than one NSAID or aspirin at any
dose, anticoagulants), and daily alcohol consumption.140 Heli-
cobacter pylori infection may also increase the risk of NSAID-
induced GI bleeding; however, H. pylori eradication has a
minimal impact on preventing NSAID-related gastroduode-

nal injury.141 Patients requiring NSAID therapy who are at
high risk for GI bleeding should receive concomitant ulcer
prevention therapy. Misoprostol (200 mcg three or four times
daily), a prostaglandin E1 analog, and a PPI are effective in
preventing NSAID-induced gastroduodenal mucosal injury.141

PPI cotherapy is more commonly prescribed because of the
convenience of once-daily dosing and better tolerability. Dose-
related GI upset, particularly diarrhea and abdominal pain, is
a frequent cause of misoprostol intolerance. No evidence is
available to support the use of H2-receptor antagonists, sucral-
fate, and antacids in preventing NSAID-related GI injury.

Active NSAID-induced gastroduodenal ulcers are best
treated by discontinuing the NSAID and initiating either a H2-
receptor antagonist (e.g., cimetidine 800 mg, ranitidine 150
mg, nizatidine 150 mg, famotidine 40 mg) or a PPI (same
dosing as for ulcer prevention). In general, a PPI is preferred
because of rapid healing rates and shorter duration of treatment
(4–8 weeks). If discontinuation of the NSAID is not feasible,
ulcer healing can still be accomplished with a PPI but requires
a longer duration of therapy (8–12 weeks).37 Patients who test
positive for H. Pylori should undergo H. Pylori eradication
therapy. Misoprostol, and antacids are ineffective treatments
for NSAID-induced ulcers.

The development of NSAIDs highly selective for COX-2
introduced the potential to reduce inflammation without the
worrisome adverse effects of nonselective NSAIDs, partic-
ularly gastropathy (see general treatment section and Table
43-6). COX-2-selective inhibitors (e.g., celecoxib, rofecoxib,
valdecoxib) do not interfere with COX-1 at therapeutic plasma
concentrations in humans.142−145 Although COX-2 inhibitors
are associated with significantly less endoscopically con-
firmed gastroduodenal ulcers when compared with nonselec-
tive NSAIDs, their effect on clinically significant gastropathy is
unclear.146 The incidence of clinically significant gastropathy
was evaluated in two large clinical trials involving celecoxib
(Celecoxib Long-Term Safety Study [CLASS]) and rofecoxib
(Vioxx Gastrointestinal Outcomes Research [VIGOR]).135,147

The CLASS trial compared celecoxib to ibuprofen (800 mg
TID) and diclofenac (75 mg BID), and the VIGOR trial com-
pared rofecoxib to naproxen (500 mg BID). Up to 325 mg/day
of aspirin use was allowed in CLASS (taken by 21% of pa-
tients). The primary endpoint for CLASS at 6 months of treat-
ment was complicated ulcers and the secondary endpoint for
CLASS included both symptomatic and complicated ulcers.

In the CLASS study, only the secondary endpoint proved
to significantly favor celecoxib over ibuprofen and diclofenac.
The conclusions of CLASS are controversial. The published
CLASS data consisted of roughly half of the treatment

Table 43-6 Comparison of Cyclo-oxygenase (COX)-1 and COX-2 Isoforms282

COX Isoform COX-1 COX-2

Expression: continuous or
induced?

Primarily continuous, although some evidence
of induction

Primarily induced, but present continuously in
several organs

Common organs/tissues Nearly all organs, including stomach, kidneys,
platelets, vasculature

Induced at sites of inflammation and neoplasms
Continuously active in kidneys, small intestine,

pancreas, brain, ovaries, uterus
Primary role Housekeeping/maintenance

May be important when induced in response to
inflammation

Inflammation, repair, neoplasia
May be important in housekeeping/maintenance

of organs which continuously express COX-2
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duration specified in the original study design.146 The study
design for CLASS consisted of two separate long-term compar-
isons with diclofenac (12 months) and ibuprofen (16 months).
The reporting of only 6 months of data seems to seriously vio-
late the study protocol. Complete results, available through the
U.S. Food and Drug Administration (FDA)’s website, indicates
that the twofold reduction in combined symptomatic and com-
plicated ulcers associated with celecoxib is only significant
when compared with ibuprofen; no gastropathy advantage was
identified when compared with diclofenac.148 In fact, when an
alternate definition of ulcer-related complications is applied
to the CLASS trial (which was preplanned by the FDA), a
nonsignificant trend in favor of diclofenac was found.146 Con-
sequently, the FDA has not approved of product labeling that
suggest GI-sparing advantages associated with celecoxib. Al-
though the results from VIGOR led to FDA approval of labeling
to reflect reduction in serious GI complications,149 rofecoxib
has since been withdrawn from the market because of increased
risk of cardiovascular events (see discussion in general treat-
ment section).

Without risk factors other than NSAID use, T.W. does not
need concurrent ulcer prophylaxis medication at this time.

Use in Renal Disease

12. T.Z., a 68-year-old man with heart failure previously man-
aged with furosemide 40 mg/day, digoxin 0.125 mg/day, metoprolol
50 mg BID, and lisinopril 40 mg/day, returns for a prescription
refill of ibuprofen 600 mg TID, which he takes for his RA. He has
noted increased leg swelling over the past 2 weeks associated with
a weight gain of several pounds, increasing shortness of breath
(SOB), and easy fatigability. Why might these signs and symp-
toms be associated with ibuprofen?

Mild fluid retention occurs in approximately 5% of NSAID
users, and NSAID-induced kidney disease occurs in <1% of
patients.150 NSAID therapy should be monitored carefully in
patients with heart failure, liver disease with associated as-
cites, compromised renal function, or when diuretics are ad-
ministered concomitantly. In these situations, renal function
highly depends on local production of prostaglandin E2 within
the kidney to offset the vasoconstrictor effects of high concen-
trations of angiotensin, vasopressin, and catecholamines.151

Inhibition of COX by NSAIDs within the kidney reduces
prostaglandin concentrations and unopposed vasoconstriction.
Consequently, urine output declines, serum blood urea nitro-
gen and serum creatinine levels rise, and fluid is retained. This
potential complication is associated with all of the currently
marketed NSAIDs.152 In addition, ibuprofen is among several
NSAIDS (e.g., celecoxib, high doses of diclofenac) that are
associated with an increased risk of MI, which is a concern for
T.Z. owing to his risk for cardiac events.134

T.Z. should be informed that his leg swelling, weight gain,
SOB, and fatigability might be caused by ibuprofen.

13. How should this drug-related problem be managed in T.Z.?

If T.Z.s symptoms have been objectively attributed to some
degree of renal dysfunction, his ibuprofen (Motrin) should be
discontinued, NSAID therapy should not be restarted until re-
nal function normalizes, and alternative approaches for man-
agement of his RA should be considered. In several studies,
sulindac (Clinoril) had been associated with less adverse ef-

fects on the kidney than other NSAIDS.153−156 The reason(s)
for this are unclear, but one explanation is that the active sulfide
metabolite undergoes renal metabolism and, therefore, might
not achieve tissue concentrations within the kidney sufficient
to reduce prostaglandin production.157 Unfortunately, patients
do not seem to benefit from sulindac as much as from other
NSAIDs. Nabumetone (Relafen), an NSAID with moderate
COX-2 selectivity, has less of an effect on glomerular filtra-
tion than sulindac or ibuprofen.158 The nonacetylated salicy-
lates have minimal prostaglandin-inhibiting activity and could
be alternatives for T.Z., although they too have been associ-
ated with renal toxicity. The COX-2 inhibitor, celecoxib, also
has been associated with renal adverse effects such as edema
(2.1%), new hypertension (0.8%), and exacerbation of preex-
isting hypertension (0.6%).159 The incidence for these partic-
ular adverse events is similar to those associated with non-
selective NSAIDs. Although celecoxib was associated with a
slightly lower risk of death and heart failure exacerbation when
compared with traditional NSAIDs,160 it is not a reasonable ini-
tial option for T.Z. because celecoxib also is associated with
an increased risk of MI.

NSAIDs should be used at lowest effective doses for min-
imal periods of time for T.Z. High-dose ibuprofen and cele-
coxib should be avoided owing to potential MI risk. Although
acetaminophen is not an anti-inflammatory, it can provide
analgesic relief. Intra-articular corticosteroid injections can
be useful if inflamed joints are limited in number, or a short
course of oral corticosteroids can provide rapid control of
inflammation while reducing the need for longer courses of
anti-inflammatory therapy. If T.Z. is not being treated with a
DMARD, it should be seriously considered because all patients
with RA are candidates for DMARDs, which could obviate
T.Z.’s need for an NSAID. If an NSAID or short course of
systemic corticosteroid is selected, close monitoring of renal
function and fluid retention status is warranted.

14. What other renal syndromes are associated with NSAID
therapy?

In addition to acute renal failure, NSAIDs can induce vari-
ous adverse renal effects (e.g., nephrotic syndrome, interstitial
nephritis, hyponatremia, abnormalities of water metabolism,
hyperkalemia).161 The nephrotic syndrome, unlike NSAID-
induced acute renal failure, can appear anytime (i.e., from days
to years) after starting therapy; and can resolve as quickly as 1
month, or as long as 1 year, after discontinuation of the NSAID.
Hematuria, pyuria, and proteinuria without prior renal disease
differentiates nephrotic syndrome from other NSAID-induced
renal problems. Histologically, NSAID-induced nephrotic
syndrome is characterized by interstitial lymphocytic infil-
trates, vacuolar degeneration of proximal and distal tubules,
and fusion of epithelial foot processes of glomeruli.

Prostaglandin-mediated inhibition of active chloride trans-
port, regulation of medullary blood flow within the kidney,
and antagonism of antidiuretic hormone can be suppressed by
NSAIDs. As a result, urine is maximally concentrated, free
water clearance is limited, and water retention that is dispro-
portionate to sodium retention can occur. The resulting hy-
ponatremia can be severe and could be potentiated by thiazide
diuretics.162

Local prostaglandin synthesis also can stimulate renin
production within the kidney. NSAID therapy can critically
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attenuate this regulatory mechanism in some situations, re-
sulting in reduced aldosterone-mediated potassium excretion
and hyperkalemia.

Although the mechanism is poorly understood, some
NSAIDs have been associated with sustained mean arterial
pressure increases of 5 to 6 mm Hg,163 presumably the result
of COX-2 inhibition and sodium/water retention. However, in
several studies, only patients taking antihypertensive medica-
tions experienced NSAID-induced mean arterial pressure ele-
vations, whereas those who controlled their hypertension with-
out medications were unaffected by NSAID therapy. It seems,
therefore, that NSAIDs can interfere with the action of anti-
hypertensive drug therapy by a mechanism that has yet to be
identified.

Laboratory Test Monitoring for Nonsteroidal Anti-Inflammatory Drug Therapy

15. When should routine renal or liver function be tested during
NSAID therapy?

Patients at high risk for NSAID-induced renal disease (see
Questions 12–14) should have their serum creatinine checked
weekly for several weeks after initiation of therapy because re-
nal insufficiency more commonly occurs early in the course of
therapy.162 NSAID-induced nephrotic syndrome and allergic
interstitial nephritis occur, on average, about 6.6 months and
15 days after NSAID initiation, respectively.

In most cases, liver function testing (LFT) is unnecessary.162

Although NSAIDs can elevate liver enzymes, severe hepato-
toxicity is rare. Abnormal LFTs without clinical symptoms
have no impact on patient outcome and have not been associ-
ated with severe hepatotoxicity. However, patients who seem
to be at greater risk for hepatotoxicity are those with estab-
lished or suspected intrinsic liver disease and those receiving
diclofenac. These patients should have liver function tested
no later than 8 weeks after initiation of therapy because liver
toxicity manifests early in therapy if at all.

Patient Instructions

16. What instructions should be provided to a RA patient re-
ceiving a NSAID prescription?

Patients should be informed that NSAID therapy is being
prescribed to provide relief of pain and inflammation associ-
ated with RA, but does not slow or stop the progression of
the disease. It should be explained that the latter only can be
accomplished by DMARD therapy. Patients should also under-
stand that moderate to high daily doses of NSAIDs are required
for anti-inflammatory activity, as opposed to analgesic and an-
tipyretic effects which can be achieved with single and low
doses.

Patients should be instructed to keep the NSAID con-
tainer tightly closed and to avoid storing NSAIDs, particularly
aspirin, in moist environments (e.g., bathrooms). Aspirin is
hydrolyzed to salicylic acid and acetic acid with moisture. Pre-
scription NSAIDs and aspirin come in childproof safety con-
tainers, but many arthritic patients have difficulty with these
safety closures because of diminished grip strength and hand
deformities. If an NSAID is dispensed in a conventional closure
container, it is necessary to explain the hazards of accidental
ingestion by children and, as required by law in most states,
obtain a signed release form.

Patients should be taught to recognize the signs and symp-
toms of GI bleeding (e.g., nausea, vomiting, anorexia, gastric
pain), GI bleeding as manifested by melena (described to the
patient as “dark, tarry stool”), or emesis of coagulated blood
(described to the patient as, “coughing or vomiting up what
seems to be coffee grounds”). It should be emphasized that GI
bleeding can occur without gastric pain. The patient should be
instructed to contact their health care provider immediately for
further instructions if any of these signs or symptoms occur.

TRADITIONAL DISEASE-MODIFYING ANTIRHEUMATIC DRUGS

17. Which traditional DMARD therapies are most appropriate
for T.W.?

Every newly diagnosed RA patient is a candidate for
DMARD therapy, which should be started within 3 months
of diagnosis.10 For most patients, MTX is the initial DMARD
of choice because of high rate of clinical response for all lev-
els of RA severity and radiographic evidence of slowing joint
erosion, which is most rapid during the first several years of
active disease164,165 (Fig. 43-8). Although most DMARDs are
associated with potentially serious adverse effects, these gen-
erally are reversible and seldom lead to serious complications
if the patient has been monitored appropriately.

Most patients with active RA are treated with at least one
DMARD and with an NSAID.10 In addition, low-dose oral
corticosteroids are often prescribed on an “as needed” basis
for brief periods of severe disease activity or while await-
ing the onset of DMARD action. During periods of disease
remission, NSAID therapy can be discontinued; however, at-
tempts to discontinue traditional DMARDs have resulted in
disease reactivation or “rebound flare” and resumption of
the discontinued traditional DMARD is not always success-
ful in reestablishing control. Therefore, successful traditional
DMARD therapy should be continued indefinitely. Safety and
efficacy data, which reflect several years of DMARD therapy
combined with biological agents, have been excellent, and the
combination is now commonly prescribed for patients who fail
MTX monotherapy (see Questions 39 and 43). The selection
of DMARDs (see General Treatment section) and their use in
combination seems more effective than DMARD monotherapy
(see Question 38).

Antimalarials
Dosing

18. Although T.W.’s presentation could warrant a more po-
tent DMARD, treatment was initiated with HCQ. What dosages
would be appropriate, and when should clinical improvement be
expected?

Although the manufacturer’s literature recommends an ini-
tial HCQ adult dose of 400 to 600 mg/day (310–465 mg of
base), dosages for HCQ generally range from 2 to 6.5 mg/
kg/day.29 If the patient responds well, the maintenance dose
can be reduced by 50% and the medication continued at a dose
of 200 to 400 mg/day (155–310 mg of base). About two-thirds
of patients who tolerate HCQ respond favorably. Benefits usu-
ally are apparent within 2 to 4 months of therapy, but can vary
between 1 and 6 months.10 About 37% of patients discontinued
HCQ within a year and 54% within 2 years primarily owing to
lack of efficacy.166
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FIGURE 43-8 Radiograph of the hand in RA showing both active erosions at the metacarpophalangeal
joints (MCPs) and old well-demarcated erosions at the proximal interphalangeal joints (PIPs).

Risk of Retinopathy

19. How great is the risk of retinopathy from antimalarials when
used for the treatment of RA? What monitoring parameters are
appropriate?

HCQ seems to be the least toxic of all DMARDs. The most
serious toxicity, retinal damage and subsequent visual impair-
ment, is rare.162 Risk of retinopathy seems to correlate with
cumulative dose (>800 g) and age (>70 years). The increased
risk of retinopathy in the elderly seems to be related to the in-
creased prevalence of macular disease in this age group. HCQ
doses exceeding 6.0 to 6.5 mg/kg are associated with increased
risk of retinal damage, particularly in patients with renal or
hepatic dysfunction.

Patients should be instructed to stop therapy immediately
and undergo an ophthalmologic evaluation if experiencing
symptoms of antimalarial-associated retinopathy (e.g., diffi-
culty seeing faces or entire words, glare intolerance, poor night
vision, loss of peripheral vision).162 The fully developed le-
sion of antimalarial retinopathy is seen on ophthalmoscopy as
a pigmentary disturbance with a characteristic “bull’s eye” ap-
pearance in the macular region. The 4-amino-quinolines bind
to melanin, and as a result, concentrate in the uveal tract and
retinal pigment epithelium. The retinopathy can be progressive
even after discontinuation of the drug.

Baseline eye examination is not required in patients younger
than 40 with no family history of eye disease. The first ophthal-
mologic examination is recommended after 6 months of HCQ
therapy, followed by an examination with central field testing

every 6 to 12 months. More frequent testing is recommended
for patients with renal dysfunction or patients who have re-
ceived HCQ therapy for >10 years. Benign corneal deposits
of antimalarial drug may occur during therapy. Although this
adverse effect may be symptomatic, it is harmless, reversible
when the antimalarial drug is discontinued, and not related to
the more serious and less common retinopathy.167

Sulfasalazine

20. If SSZ were chosen as initial therapy for T.W., when should
therapeutic effects become apparent and what adverse effects
might be anticipated?

The onset of SSZ effect is generally more rapid than HCQ
and can become apparent within a month10; however, a clinical
response might be delayed for 4 months, and doses should be
adjusted only after this period has elapsed.

Compared with other DMARDs, adverse effects associated
with SSZ are relatively mild, consisting of nausea, abdominal
discomfort, heartburn, dizziness, headaches, skin rashes, and,
rarely, hematologic effects such as leukopenia (1%–3%) or
thrombocytopenia (rare).168 A complete blood count (CBC)
is recommended every 2 to 4 weeks for the first 3 months
of therapy, then every 3 months thereafter. Leukopenia more
commonly manifests within the first 6 months of therapy. To
minimize GI-related adverse effects, SSZ is initiated at 500 mg/
day or 1 g/day and the dosage is increased at weekly intervals
by 500 mg until 1,000 mg two or three times daily is reached.
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Gold
Preparations and Adverse Reactions

21. S.S., a 41-year-old Asian woman diagnosed with RA,
presents with inflammation in both hands (MCP and PIP joints),
wrists, elbows, shoulders, knees, hips, ankles, and MTP joints. Ob-
jective test results include radiographic evidence of joint erosion
in both hands and elbows, positive RF (dilution of 1:1,280), pos-
itive anti-CCP at 102 units, and ESR of 78 mm/hour. Her symp-
toms were managed over the past year with ibuprofen 800 mg
TID; however, pain and inflammation have progressively wors-
ened over several months. ROM testing reveals deficits in wrist
flexion and extension (20 degrees bilaterally for both motions;
normal, 90 and 70 degrees, respectively), elbow flexion (90 de-
grees bilaterally with flexion contracture; normal, 160 degrees),
shoulder abduction (70 degrees right, 90 degrees left; normal,
180 degrees), and plantar flexion of both ankles (20 degrees bi-
laterally; normal, 45 degrees). Three firm, pea-sized, nontender
moveable subcutaneous nodules are found on both elbows at the
ulnar border, two on the right and one on the left. In your discus-
sion about considering DMARD therapy, S.S. states that she does
not want gold therapy “. . . because I’ve heard that it has terrible
side effects.” What gold preparations are available, and is S.S.’s
concern about adverse effects warranted?

Two parenteral gold preparations are available: gold sodium
thiomalate (Myochrysine), an aqueous solution, and aurothi-
oglucose (Solganal), an oil suspension. Although an oral gold
formulation, AUR (Ridaura), is also available, it is slow in
onset (4–6 months) and is less efficacious.10 The parenteral
formulations, containing approximately 50% gold by weight
expressed as milligrams of complex, are equally effective.29

Aurothioglucose must be shaken thoroughly before withdrawal
from its vial and a large-bore needle is necessary to draw up
this viscous suspension. Lumps at the intramuscular injection
site sometimes can be troublesome to the patient.

Toxicities with both injectable gold preparations are nu-
merous and largely responsible for their high rate of discon-
tinuation. In a 6-year prospective trial, nearly half of patients
receiving gold sodium thiomalate discontinued therapy, with
95% of those discontinuing because of toxicity.55 The toxicity
profiles of the parenteral gold preparations differ. A vasomo-
tor reaction (also termed nitritoid reaction), which manifests as
nausea, weakness, flushing, tachycardia, and/or syncope, can
occur in up to 5% of patients receiving gold sodium thiomalate.
These reactions generally are mild, are transient, and often can
be alleviated by having the patient lie down.

Gold-induced myocardial ischemia or infarction is rare
and possibly related to the vehicle or preservative in the
thiomalate preparation because it has not been reported with
aurothioglucose.169 Patients with concomitant cardiovascular
disease or patients who experience a nitritoid reaction after an
injection of gold sodium thiomalate can be treated with auro-
thioglucose, although treatment with MTX, biological agents,
or other alternatives should be considered.

Nonvasomotor reactions, consisting of transient stiffness,
arthralgias, and myalgias, developed in 15% of patients after
initiation of gold sodium thiomalate therapy,170 and substitut-
ing aurothioglucose for the thiomalate formulation decreased
severity of this adverse reaction in 40% of the patients.

Skin eruptions, stomatitis, and albuminuria are more com-
mon in patients who receive the aqueous gold sodium thioma-

late preparation than in patients who received the oil suspen-
sion of aurothioglucose.171 Aurothioglucose also is more com-
monly associated with renal toxicity than gold sodium thioma-
late, although the overall incidence is rare.172 Membranous
nephropathy (most common), nephrotic syndrome, and inter-
stitial nephritis have been reported. Hematuria and proteinuria
may be early indicators of membranous nephropathy; how-
ever, proteinuria can occur transiently in up to 50% of patients
receiving aurothioglucose. Patients who develop proteinuria
should undergo a renal evaluation and a urinalysis. Gold ther-
apy should be discontinued if protein excretion is >500 mg/
24 hr.

Parenteral gold preparations have been associated with sud-
den occurrence of idiosyncratic thrombocytopenia (1%–3%)
or aplastic anemia (<1%).172 Screening for urine protein and a
CBC should be performed before each weekly injection for the
first 20 to 22 weeks, then before every other injection. In addi-
tion, patients should be asked about the occurrence of pruritus,
skin eruptions, purpura, sore throat, and stomatitis before each
dose of gold is administered.

Pruritus, erythema, or a fine morbilliform rash on the neck
or extremities can develop after the first few injections of gold.
These cutaneous reactions are common, usually subside within
several days, and do not seem to be affected by subsequent
injections. Although a highly pruritic localized eruption re-
sembling pityriasis rosea is common, gold dermatitis may as-
sume many different forms, including exfoliative dermatitis.29

Therapy should be discontinued if a pruritic dermatitis de-
velops. Mild dermal reactions may be managed with topical
corticosteroids.172

If discontinued, gold can be reintroduced in a reduced
dosage after resolution of rashes (see Question 23). Gold treat-
ments should be discontinued if white blood cells (WBCs)
decline to <3,500 cells/mm3, if platelets fall to <100,000
cells/mm3, or if the Hgb concentration falls rapidly.162 Al-
though eosinophilia may be associated with toxic reactions, it
is not a reliable predictor of gold toxicity and is not an indica-
tion to discontinue gold therapy.173

Thrombocytopenia can be life threatening and sometimes
is difficult to treat because of the long half-life of gold.172 Most
cases respond to cessation of gold therapy, but platelet or red
cell transfusions might be needed for severe cases. Antibiotics
should be administered to patients with fever and an absolute
neutropenia count of <1,000/mm3.172

Other unusual but potentially serious complications of
gold therapy include colitis, pneumonitis, and cholestatic
hepatitis.174−177 Corneal chrysiasis also can occur but does
not lead to ocular complications.178

AUR capsules, containing 3 mg of gold, are 25% bio-
available.179 The recommended AUR daily dose of 6 mg can
be given either as single or divided doses. AUR is better tol-
erated than parenteral gold formulations, but is significantly
less effective.10 Like parenteral chrysotherapy, benefit can oc-
cur as early as 6 to 8 weeks after starting AUR, but ob-
jective benefits might not be apparent for several months.
Overall, AUR has a slower onset of action when compared
with gold sodium thiomalate.180 AUR must be monitored
in a manner similar to parenteral therapy. Proteinuria and
bone marrow suppression occur with AUR, but the inci-
dence is low.181 The incidence of rashes necessitating AUR
withdrawal is lower than with parenteral gold therapy, but
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loose stools and diarrhea are encountered more commonly
(47%).

S.S.’s concerns have merit. Although gold is an effective
DMARD and can induce complete RA remission, none of the
gold formulations are ideal. Gold sodium thiomalate is easier
to administer, but is associated with more frequent side effects
compared with aurothioglucose. Aurothioglucose carries a low
but serious risk of nephrotoxicity. Both parenteral forms of
gold are commonly discontinued because of side effects. AUR
is the best tolerated gold preparation, but the least effective and
is associated with significant diarrhea.

Dosing

22. How is parenteral gold administered? Is serum drug moni-
toring of value in gold therapy?

The standard treatment schedule for parenteral gold con-
sists of an initial intramuscular test dose of 10 mg followed
by a 25 mg IM dose 1 week later. The third and subsequent
weekly intramuscular injections of 25 to 50 mg should be con-
tinued until the cumulative dose reaches 1 g, toxicity occurs,
or major benefit is derived.29,172 If a satisfactory response is
achieved, maintenance doses of 25 to 50 mg every other week
are recommended. If the disease remains stable, doses can be
administered every third and subsequently every fourth week
for an indefinite period.172

Attempts to correlate serum gold concentrations with clin-
ical outcomes generally have been unsuccessful.182,183 Fur-
thermore, toxicity has not been correlated with serum gold
concentrations.182

23. After 10 weeks of treatment with aurothioglucose (total, 435
mg), L.T. developed pruritus and a rash on her abdomen. Gold
was withheld and she was given a prescription for triamcinolone
cream. Should L.T’s gold therapy be discontinued?

Dermatologic reactions to gold occur in 15% to 30% of
patients.172 Because of fears of subsequent exfoliative der-
matitis and the belief that dermatologic reactions recur upon
rechallenge, there is a natural reluctance to continue gold treat-
ment after the appearance of dermatitis or stomatitis. However,
in one series of patients, gold treatments were reinstituted suc-
cessfully in 28 of 30 patients in whom dermatologic reactions
developed.184 One of these patients who presented initially with
severe exfoliative dermatitis was treated successfully with gold
several years later. Gold therapy was reinstituted in these pa-
tients as follows. After waiting at least 6 weeks after the lesions
had healed completely, a 1-mg test dose of gold was admin-
istered intramuscularly. Subsequent doses were increased to
2 mg, then to 5 mg, and then to 10 mg at 2- to 4-week in-
tervals. Thereafter, 5-mg increments were added until a dose
of 50 mg/week was attained. Dermatologic reactions did not
develop in any of these patients subsequently. Gold therapy,
therefore, need not be abandoned in L.T.

Auranofin

24. J.M., a patient receiving gold sodium thiomalate for 1 year
and responding well to a maintenance regimen of 50 mg IM Q 4 wk
asks about switching to AUR. Will switching to AUR from par-
enteral gold maintain J.M.’s RA under good control? Can patients

who have discontinued parenteral therapy because of adverse side
effects be treated with AUR?

Some patients originally treated with parenteral therapy can
be switched to AUR and remain well controlled.185,186 This
experience is not universal, however, and it is not possible to
predict which patients can be switched successfully to oral
therapy.

When parenteral gold is injected weekly, the relative cost
of parenteral gold therapy (including office visits and monitor-
ing) is more than the costs associated with daily AUR therapy.
When gold injections are given every 2 to 3 weeks, the cost of
parenteral and oral therapy is similar, depending on local lab-
oratory and medical costs. When injections are given monthly,
the cost of parenteral therapy usually is less than for oral ther-
apy. Because this patient is well controlled, little is to be gained
by switching from parenteral therapy to AUR, either from an
economic or therapeutic standpoint.

Data are limited on the use of AUR in patients who experi-
enced side effects from parenteral gold. Because rashes usually
are mild and proteinuria is reversible if the patient is properly
monitored, a trial of AUR in patients withdrawn from parenteral
gold for these reasons may be justified.187 It is inadvisable,
however, to initiate AUR in patients who were withdrawn from
parenteral gold because of bone marrow suppression.

Methotrexate

25. S.S. (from Question 21) will be treated with MTX. Why is
MTX a good selection for her?

S.S. has many indicators of severe disease (e.g., young age
of onset, multiple joint involvement, extra-articular manifes-
tations [i.e., subcutaneous nodules], radiographic evidence of
erosions, elevated ESR, and positive RF with a high titer of
1:1,280 [positive RF is generally a titer ≤1:20 and titers cor-
relate with disease severity]). The disease prognosis for S.S.
is clearly poor, and a relatively potent DMARD should be ini-
tiated to maximize the preservation of joint function as much
as possible because the patient is young and likely to have
many years of life ahead of her. MTX is currently the initial
DMARD of choice among most rheumatologists, particularly
for patients with severe disease.10 MTX has a rapid onset (usu-
ally 1–2 months before a “plateau” of effectiveness), a high ef-
ficacy rate, and the most predictable benefit of any DMARD.10

In one study, the probability of continuing MTX therapy for at
least 5 years was 62%.48 In contrast, the use of other traditional
DMARDs only results in about half of the patients being able
to continue therapy beyond 9 to 24 months.85 MTX is good
choice for treating S.S.’s very active RA.

Dosing

26. How should MTX be administered when it is used in the
treatment of RA?

MTX generally is administered orally at an initial dose of
7.5 mg once a week. Liquid MTX is a less expensive and
equally efficacious alternative to the more-commonly admin-
istered tablet formulation.30 The MTX commonly is adminis-
tered as a single weekly dose, or it can be divided into 2.5 mg
every 12 hours for a total of three doses (i.e., “pulse dosing”).
Pulse dosing of the weekly MTX is as effective as single weekly
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dosing and may be associated with less hepatotoxicity.188 If the
patients RA shows no objective response in 6 weeks (i.e., the
time at which the plateau of therapeutic effectiveness occurs),
the dose is increased to 15 mg/week (or 5 mg every 12 hours
for three doses) for at least 12 additional weeks.189 If no re-
sponse is seen at this time, the dose can be (a) increased to the
maximum of 25 mg/wk, (a) the dose can be administered as
a subcutaneous or intramuscular injection to address bioavail-
ability concerns, (c) the same dose can be continued for a longer
period of time, or (d) MTX can be discontinued.10,30,190 When
subcutaneous MTX was compared with oral MTX in a 6-month
randomized controlled trial of 384 MTX-naive patients with
active RA,191 78% of patients treated with subcutaneous MTX
achieved an ACR-20 response, and only 70% of those treated
with oral MTX achieved a similar response. At week 16 of this
study, patients treated with oral MTX, who failed to attain an
ACR-20 response, were switched to subcutaneous MTX; pa-
tients treated with subcutaneous MTX patients, who failed to
attain an ACR-20 response, were given a larger MTX dose (20
mg) subcutaneously. The patients who were converted from
oral dosing to subcutaneous dosing and the patients who were
given a larger subcutaneous dose had a 30% and 23% ACR
response rate at week 24, respectively. As a result, subcuta-
neous MTX seems to be more effective than oral MTX and not
associated with a higher incidence of adverse effects.

In a 6-month clinical trial, RA patients with a short disease
duration (i.e., <3 years), who achieve disease remission with
weekly MTX therapy, remained in remission when the same
MTX dose was administered every other week (i.e., monthly
dose reduced by 50%).192 It is unknown, however, whether
every-other-week dosing of MTX prevents joint destruction as
effectively as weekly dosing.

Adverse Effects

27. What subjective and objective data should be evaluated
for evidence of MTX adverse effects in RA patients treated with
MTX?

Nausea and other GI distress, malaise, dizziness, mucositis,
and mild alopecia are commonly encountered adverse effects
associated with low-dose MTX therapy.162 More serious, but
less common, adverse effects include myelosuppression, pneu-
monitis, and hepatic fibrosis and cirrhosis.162 A CBC, LFTs,
and a serum creatinine concentration should be evaluated at
baseline, monthly for the first 6 months of therapy, and then
every 4 to 8 weeks during MTX therapy. Renal dysfunction
can result in accumulation of MTX and higher risk of myelo-
suppression. Hypersensitivity pneumonitis, occurring in 1%
to 2% of patients, has no known risk factors for development,
although it may be more common in patients with a history of
lung disease.30 In addition, hypersensitivity pneumonitis can
occur at any time during therapy and at any MTX dosage. A
baseline chest radiograph is recommended within the year be-
fore MTX initiation. If the patient is found to have preexisting
lung disease, MTX treatment should be reconsidered because
further pulmonary damage could be devastating to the patient.
Patient also should be monitored carefully for cough, dyspnea
on exertion, and SOB at each clinic visit.

MTX-induced liver disease is rare, but increased age, long
duration of therapy, obesity, diabetes mellitus, ethanol con-

sumption, and a history of hepatitis B or C increase the risk of
hepatotoxicity.162 MTX should be prescribed with great cau-
tion, if at all, in patients with preexisting liver disease. The
serum concentrations of liver enzymes commonly are modestly
increased after administration for 1 to 2 days. MTX, however,
should be withheld if liver enzymes increase to three times the
baseline value or if the liver enzyme serum concentrations re-
main elevated for sustained periods during therapy.193 The abil-
ity of LFT monitoring to predict risk for serious hepatotoxicity
is unclear. In one study of psoriatic patients receiving MTX,
liver enzyme elevations did not predict risk of serious hepato-
toxicity; however, serum concentrations of liver enzymes were
evaluated only on the day of biopsy rather than at regular inter-
vals throughout therapy.194 Patients taking MTX should avoid
alcohol and be instructed to report symptoms of jaundice or
dark urine to their primary care provider. Routine liver biopsies
to monitor for MTX-induced hepatotoxicity are unnecessary
(see Question 28).

28. Should a baseline liver biopsy be performed before starting
MTX?

At one time, routine liver biopsies were recommended for
RA patients receiving MTX because cirrhosis developed in up
to 26% of psoriasitic patients.195 In RA patients, however, se-
rial liver biopsies are neither recommended nor cost effective.
Nevertheless, the liver should be biopsied before treatment in
patients with suspected liver disease and in patients with per-
sistent LFT abnormalities during, or after discontinuation of,
MTX therapy (Table 43-7).196

29. When should folate (or folinic acid) be administered to re-
duce the risk of MTX-related toxicity?

In early studies, folate supplementation effectively pre-
vented, or managed, GI disturbances, mucositis (mouth or

Table 43-7 Proposed Criteria for Liver Biopsies During
MTX Therapy

Baseline liver biopsy if patient has:

1. History of significant regular ethanol consumption, arbitrarily
defined as 3 drinks/day

2. History of hepatitis, jaundice, or liver disease

Liver biopsy during therapy if:

1. Six of 12 monthly determinations of AST are elevated into the
abnormal range

2. Baseline normal serum albumin falls to 3.3 g/dL
3. Three to 5 of 12 monthly elevations of AST are in the abnormal

range for 3 consecutive years

Liver biopsy results:

Biopsy showing Roenigk class I, II, or IIIA (minimal fibrosis) would
be grouped as a “benign” hepatic outcome and a repeat biopsy
would be performed only if serum albumin falls to |Ld3.3 g/dL.
Roenigk Class IIIB (significant hepatic fibrosis) or IV (cirrhosis)
would be cause to permanently discontinue MTX

AST, aspartate aminotransferase; MTX, methotrexate.
Adapted from reference 196.



RHEUMATIC DISORDERS � 43-25

GI ulcerations), and possibly alopecia attributable to MTX
therapy.197−201 In larger randomized controlled trials, folic
acid or folinic acid (leucovorin) was only able to decrease the
incidence of alanine aminotransferase (ALT) elevation.202,203

When folic acid (1 mg/day), folinic acid (2.5 mg/week), or
placebo was added to MTX therapy (7.5 mg/week, titrated up
to 25 mg/week) to more than 400 RA patients, hepatotoxic-
ity developed in 26% in the placebo group, but in only 4%
of patients in the folic acid and folinic acid groups (p <0.001
for treatment groups versus placebo). Because hepatotoxicity
is one of most common reasons for MTX discontinuation, the
benefit of folate supplementation is clearly important.

A slightly higher dose of MTX might be needed in folate
users to produce clinical benefits similar to that achieved by pa-
tients without folate supplementation, perhaps because MTX
is a folate antagonist.204 Clinically, however, there does not
seem to be a significant attenuation of MTX efficacy associ-
ated with concomitant folate supplementation and, very impor-
tantly, folate supplementation reduces the incidence of MTX
discontinuation secondary to ALT elevation.

Although either folic acid or folinic acid is effective, folic
acid 1 mg/day or 7 mg once a week is preferred over folinic
acid because of cost and ease of administration.162

30. S.S. is treated with MTX 7.5 mg and with folic acid 7 mg
orally once a week. Nine weeks later, she returns to the clinic
with subjective and objective improvement in morning stiffness,
fatigability, and joint tenderness and swelling. However, she has
noted increased SOB and dyspnea over the past week. Why might
these symptoms be related to MTX?

Pneumonitis, a rare complication of MTX therapy, is char-
acterized by a nonproductive cough, malaise, and fever, pro-
gressing to severe dyspnea.205 Recognition of this unusual re-
action is important to ensure that MTX is discontinued before
the pneumonitis progresses to respiratory failure (see Ques-
tion 27). After discontinuation of MTX, pulmonary function
improves. Corticosteroids can accelerate improvement in pul-
monary symptoms associated with pneumonitis. S.S.’s dysp-
nea and SOB might be related to MTX. If appropriate tests rule
out other causes for her pulmonary complaints, MTX-induced
pulmonary toxicity should be considered and MTX treatment
discontinued.

31. What major MTX food and drug interactions need to be
considered by patients and providers?

NSAIDs increase MTX serum concentrations and increase
the risk of toxicity.30 MTX doses should be adjusted cautiously
in patients taking NSAIDs concurrently. Trimethoprim can in-
crease the risk of MTX-induced bone marrow suppression.
The concurrent use of MTX and LEF has been associated with
major liver damage, including fatalities; as a result, this com-
bination should be avoided. When 39 MTX-treated RA pa-
tients consumed low doses of caffeine (<120 mg/day), morn-
ing stiffness and joint pain were improved by more than 30%
compared with high caffeine consumption (>180 mg/day).206

Caffeine may interfere with the anti-inflammatory effects of
MTX. Because MTX is protein bound and renally excreted,
other drugs (e.g., salicylates, etretinate, probenecid, penicillin,
ciprofloxacin) also might interact with MTX.

Leflunomide
Place in Therapy

32. B.W., a 36-year-old woman, has severe, progressive RA and
is not responding sufficiently to MTX therapy. Would LEF be a
reasonable consideration for her?

LEF (Arava), an oral traditional DMARD, seems to be sim-
ilar in efficacy to MTX with regards to ACR-20, radiographic
response, and work productivity.46 The onset of benefit (as
early as 4 weeks) and the percentage of patients who discon-
tinue LEF therapy because of either lack of efficacy or toxicity
are similar for LEF, MTX, and SSZ.30,207−211 Nevertheless,
postmarketing surveillance of LEF has noted more than 130
severe liver-related adverse events, including 12 liver-related
fatalities.212 In one clinical evaluation, more than 75% of pa-
tients (n = 369) who received etanercept or infliximab con-
tinued with therapy after 20 months compared with only 22%
of LEF-treated patients.213 Although the incidence of hepa-
totoxicity was not specifically reported, adverse effects were
the primary reason for LEF discontinuation during the first 6
months of treatment.

LEF is as safe and effective as MTX or SSZ in and can
be combined with MTX therapy (see Question 38); however,
postmarketing reports are a reminder that diligent patient mon-
itoring is crucial. It is not known whether the addition of other
DMARDs to MTX therapy is a better therapeutic option than
substituting LEF for MTX (see Question 38).

Dosing

33. How would you initiate LEF in B.W.? How would you mon-
itor B.W. for adverse effects?

The active metabolite of LEF, A771726 or M1, is responsi-
ble for virtually all the pharmacologic activity of LEF.214 The
serum half-life of the M1 metabolite is approximately 2 weeks.
As a result, LEF should be initiated with a loading dose of 100
mg once daily for 3 days to reduce time to steady state, fol-
lowed by 20 mg once daily. If this dose is not tolerated, the
dose should be reduced to 10 mg once daily.

Monitoring for Adverse Effects
Diarrhea (20%–30%), rash (10%), alopecia (10%–17%), and
reversible liver enzyme elevations more than three times the
upper limit of normal (ULN; 2%–4%) are common adverse ef-
fects of LEF.211,214 Routine laboratory testing includes a base-
line ALT followed by monthly ALT testing for several months.
When it is evident that ALT results are stable and within nor-
mal limits, testing can be performed less often according to the
clinician’s judgment. Because of the risk of liver toxicity and
the need for activation by the liver to the M1 active metabo-
lite, LEF is not recommended in patients with preexisting liver
disease, including hepatitis B or C.

Potential hepatotoxicity is the greatest concern with LEF.
The rate of LEF-induced liver enzyme elevation is not sig-
nificantly different than MTX. Guidelines for managing po-
tential hepatotoxicity include dosage reduction from 20 to 10
mg/day if ALT increases more than twofold the ULN.214 If
ALT elevations remain steady between two to three times the
ULN and treatment continuation is desired, a liver biopsy is
recommended. If ALT elevations are persistently more than
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three times the ULN despite dosage reduction and cholestyra-
mine administration to enhance elimination (see Question 34),
then the drug should be discontinued and another course of
cholestyramine elimination therapy should be given.

Enhancement of Elimination With Cholestyramine

34. After 2 months of therapy, B.W. does not respond to LEF
and the treatment discontinued, especially because she is begin-
ning to consider starting a family. What precautions must be taken
when discontinuing LEF?

LEF (pregnancy category X) has not been tested in preg-
nant women, but greatly increases the risk of fetal death or
teratogenicity in animals receiving as little as 1% of human
equivalent doses.214 After discontinuation of therapy, however,
up to 2 years may need to elapse before plasma M1 metabolite
levels of LEF are undetectable. As a result, cholestyramine is
recommended for all women who discontinue LEF and who
are hoping to become pregnant. After stopping the medication,
cholestyramine 8 g TID is administered for 11 days (which
need not be consecutive). Plasma levels of the M1 metabolite
are reduced by 40% to 65% in 24 to 48 hours and should be-
come nondetectable (<0.02 mg/L) at the end of therapy. The
patients blood should be tested at least 14 days apart to ver-
ify the absence of the metabolite. If plasma M1 levels remain
>0.02 mg/L, more cholestyramine should be administered.
Cholestyramine also can be used to enhance elimination of
LEF in patients who experience hepatotoxicity or who over-
dose with this drug. Activated charcoal also can reduce plasma
M1 levels by 50% after 48 hours, and can be an effective al-
ternative to cholestyramine when LEF overdosages need to be
managed.

Azathioprine
Indications and Adverse Effects

35. In considering options for B.W., AZA is mentioned. B.W.
knows someone who is using AZA for prevention of kidney trans-
plant rejection and thinks AZA is a highly toxic drug. How can
adverse effects to AZA be minimized?

AZA is FDA approved for transplant rejection prophylaxis
and for treatment of severe RA. The starting dose of AZA for
RA is 1 mg/kg/day in single or divided doses.10 If the patient
does not respond, the dose can be increased by 0.5 mg/kg/day
after 6 to 8 weeks; and subsequently increased by the same
magnitude every 4 weeks if needed until a maximum dose of
2.5 mg/kg/day is reached.

The most common adverse effect of AZA is GI intoler-
ance and about 10% of patients discontinue therapy because
of this problem.162 Myelosuppression can occur, but is re-
versible upon discontinuation of therapy. Patients with renal
insufficiency are at increased risk for myelosuppression and
doses should be adjusted accordingly for renal insufficiency.
Allopurinol decreases metabolism and elimination of AZA via
inhibition of xanthine oxidase, thereby increasing the risk of
toxicity of AZA because of increased serum concentrations. If
concomitant allopurinol therapy cannot be avoided, the dose
of AZA must be reduced by 75%. Monitoring for AZA ad-
verse effects should include a baseline CBC, renal function,
and LFTs. When AZA doses are increased, a CBC should be
monitored every 1 to 2 weeks; thereafter, a CBC should be

monitored every 1 to 3 months. Although serious adverse ef-
fects have limited the use of AZA for RA; diligent laboratory
and clinical monitoring can minimize risk to patients.

Penicillamine
Considerations for Use

36. When would you consider penicillamine therapy for B.W.?
How is penicillamine dosed and monitored?

Penicillamine is rarely used for the treatment of progressive
RA because of a lengthy dose titration schedule and serious
toxicities (e.g., myelosuppression, autoimmune diseases).10,30

Dosing
A “go low, go slow” approach is recommended for penicil-
lamine dosing.172 The initial dose usually is 250 mg/day, and
the dose is increased to 500 mg/day after 4 to 8 weeks. If ther-
apeutic benefits are not observed after an additional 4 to 8
weeks, the dosage is increased to 750 mg/day, then occasion-
ally to 1,000 mg. Up to 6 months of therapy may be necessary
before therapeutic benefits become apparent.

Adverse Effects
Rash, stomatitis, and dysgeusia are the most common adverse
effects associated with penicillamine.162 Myelosuppression
(particularly thrombocytopenia), proteinuria, renal toxicity,
and autoimmune syndromes (e.g., systemic lupus erythemato-
sus, myasthenia gravis, polymyositis, Goodpasture syndrome)
have been reported but are rare. Gradual increases in DPEN
doses of 125 to 250 mg every 3 months seem to reduce the
risk of thrombocytopenia. Laboratory monitoring includes a
baseline renal function test. A renal function test, CBC, and
urine protein assay should be obtained at baseline. In addition,
the latter two tests should be monitored every 2 weeks until
dosing is stabilized, then every 1 to 3 months thereafter.

Although B.W. has failed to respond to MTX and LEF,
DMARDs other than penicillamine have a more rapid onset
of action, greater efficacy, and less toxicity, and are therefore
preferable.

37. A patient with RA, M.M., is allergic to penicillin. Could he
receive penicillamine for RA treatment?

Metabolites of penicillin, rather than penicillin itself, are
responsible for allergic reactions. The penicilloyl group is
the major haptenic determinant in penicillin allergy, but other
metabolites (e.g., penicillinate, penicillate, penicillamine) also
can cause allergy. Penicillamine be prescribed with caution to
penicillin-allergic patients because in vitro studies note cross-
sensitivity to penicillamine in 44% to 65% of penicillin-allergic
patients.215 However, none of these patients received an oral
penicillamine challenge. When 40 patients with histories of
penicillin allergy, confirmed by positive skin tests in 80%,
were given penicillamine 250 mg orally in another study, none
experienced an immediate or delayed reaction.216 Three RA
patients, who had positive penicillin skin test reactions, sub-
sequently received penicillamine without experiencing hyper-
sensitivity reactions during therapy. Penicillamine, therefore,
need not be withheld in patients with a history of penicillin
allergy. The potential for cross-reactivity, although real, seems
to be small.
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Traditional Disease-Modifying Antirheumatic Drug Combination Therapy

38. What evidence supports the early and safe use of DMARDs
in combination?

Because most RA patients develop joint erosions within
the first 2 years of disease, the initiation of disease-modifying
agents early in the course of therapy, and using them in combi-
nation, have been associated with improved patient outcomes.
The rationale for combination therapy is based on the premise
that a combination of drugs might improve outcomes because
of different pharmacological mechanisms of action or different
sites of actions. A combination of drugs also may allow the use
of lower doses of individual drugs, thereby reducing the risk of
toxicity while maintaining or possibly increasing efficacy. The
early use of combinations of potent disease-modifying agents
also can expose the patient to increased risks of drug adverse
effects.

A multitude of possible study designs (e.g., different
DMARD combinations, variable doses, varying durations of
therapy, number of patients enrolled) make it difficult to draw
valid comparative conclusions from various clinical trials.31

Studies, most applicable to clinical practice, should compare
the efficacy of MTX against a combination of drugs that incor-
porate MTX in the regimen because MTX is the single most
effective traditional DMARD. Nevertheless, MTX alone, im-
proves only one-third of patients by 50% after 2 to 4 years.87

The triple combination of MTX, HCQ, and SSZ seems to
be a very effective treatment approach for RA.217−219 In one
study, this triple combination resulted in a 2-year disease re-
mission rate of 37% versus 21% in patients treated with SSZ or
MTX monotherapy with no significant differences in adverse
effects.217 Another trial compared the triple drug regimen with
MTX alone and with the combination of HCQ and SSZ.218 At
2-year follow-up, 77% of the triple-drug-treated patients re-
sponded significantly as compared with 33% of the patients
treated with MTX monotherapy (p <0.001) and 40% of the
patients treated with SSZ plus HCQ (p = 0.003). Toxicity did
not differ between the treatment groups. A follow-up abstract
of the same study reported that triple-drug therapy remained
efficacious and safe in 36 of 58 patients (62%) after 5 years.219

In a randomized controlled trial of 263 MTX-treated pa-
tients with active persistent RA, the addition of LEF resulted
in significant clinical improvement without an increase in ad-
verse event and treatment discontinuation rates.220 However,
anecdotal reports of serious liver disease, including fatalities,
have prompted some to conclude that the combination of MTX
with LEF is unsafe.30

Aggressive DMARD therapy has been implemented
through many historic approaches, including the “step-down,”
“sawtooth,” and “graduated step-up” strategies.221−223 Al-
though each strategy differs in specifics, they share the con-
cepts of starting DMARD therapy earlier and a willingness to
combine DMARDs to achieve improved short-term as well as
long-term outcomes. After an initial response to a DMARD,
disease progression accelerates (even on therapy), according to
one hypothesis used to reconcile the apparent paradox of short-
term improvement with failure to alter long-term outcomes
in RA.221 Under this premise, DMARD treatment makes dis-
ease progression to disability irregular, like the tooth of a saw.
The initiation of DMARDs as soon as possible, before joints
are substantially damaged by the disease, therefore, should

improve outcomes while keeping overall drug toxicity near
traditional levels. In this sawtooth strategy, one or multiple
DMARDs are used continually, throughout the entire disease
course, while monitoring for evidence of disease progression.
A ceiling is set in terms of progression, which triggers treat-
ment changes. DMARD therapy is changed serially, alone or in
combination, at each decision point. Analgesics and NSAIDs
are used only as adjunctive therapy for symptomatic relief as
required. The longest prospective study of the sawtooth strat-
egy for DMARD therapy was conducted among 135 patients
over 15 years.224 A total of 606 monotherapy or combination
DMARD therapies were initiated. Five hundred twenty-eight
(87.1%) of these therapies were discontinued after a median
time of 10 months, with most discontinuing because of inef-
ficacy (51.1%) rather than adverse effects (28.2%). Thus, the
main factor limiting the sawtooth strategy was the loss of effi-
cacy as opposed to harmful adverse effects.

The “step-down” more aggressive approach initiates treat-
ment with prednisone 10 mg/day for 1 month.222 If active RA
is still evident, multiple DMARDs are added all at once to in-
duce disease remission as quickly as possible. One DMARD
at a time is then tapered and discontinued, eventually leaving
a single agent as monotherapy.

The slightly more conservative “graduated step” approach
matches disease severity and activity to “appropriate” initial
and long-term therapy.223 This strategy increases objectivity
of therapeutic decision making throughout the course of dis-
ease treatment and exposes only those patients with sufficiently
active disease to the risks of combination DMARD therapy.
Patients are reevaluated at 3-month intervals and disease ac-
tivity is categorized as mild, moderate, or severe based on a
quantified scoring system utilizing measures of pain, tender
and swollen joint count, and ESR or CRP. Scores reflecting
severe RA or poor disease control are indicators for treatment
escalation. Subsequent treatment changes may require con-
sideration of additional information beyond disease activity
criteria (e.g., time of onset of afternoon fatigue, change in grip
strength, change in Hgb concentration, onset or worsening of
extra-articular disease manifestations).

As described in the Quantifying Response to Drug Ther-
apy section, clinical assessment tools (DAS, CDAI, SDAI,
GAS, RAPID, ERAM) integrate measures of RA activity (e.g.,
swollen joint count, tender joint count, pain, questionnaire-
derived patient- and clinician-evaluated global disease activity)
into a simple summary score.96−99 These scores can be used to
categorize disease severity and modify DMARD or biological
agent therapy accordingly. The BeSt Study utilized the DAS-44
(44 joints) to compare four different treatment approaches for
patients with early onset RA (<2 years). Three of these treat-
ments included exclusively traditional DMARDs.88 Group 1
patients initially received MTX monotherapy, with dose es-
calation and sequential addition of SSZ and LEF if DAS-44
was >2.4. Group 2 patients also began therapy with MTX,
followed by additions of SSZ, HCQ, and then prednisone if
DAS-44 was >2.4. In contrast, Group 3 patients started with
a prednisone taper (60 mg/day tapered down to 7.5 mg/day
after 7 weeks), MTX, and SSZ. Group 4 started with inflix-
imab and MTX. DAS-44 was evaluated every 3 months. Af-
ter 1 year of treatment, all groups had similar remission rates
(defined by DAS-44 <1.6), average DAS-44 scores, and ad-
verse events. The BeSt Study demonstrated that an aggressive,
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DAS-based titration regimen, utilizing a variety of traditional-
based DMARDs, is a successful method of using combination
DMARD therapy for early RA.

In summary, with very few exceptions every RA patient
should receive DMARD therapy within the first 3 months of
diagnosis, either as monotherapy or as combination therapy.
Loss of efficacy and intolerable adverse effects seem to be
the first and second most common reasons for DMARD dis-
continuation, respectively. Various combinations of traditional
DMARDs, when titrated aggressively, have proven to be very
effective in RA management. Nevertheless, the availability and
greater efficacy of biological agents in slowing joint erosions
have provided additional important therapeutic alternatives to
traditional DMARDs.

BIOLOGICAL AGENTS
Etanercept

Place in Therapy

39. B.W., the patient with severe RA in Question 32, begins etan-
ercept after both MTX and LEF therapy failed. Why is etanercept
a reasonable therapeutic option?

Etanercept (Enbrel) is the first biological response modifier
to be approved by the FDA for reducing the signs and symptoms
of moderate to severe active RA, either alone or in combination
with MTX.32 Etanercept also is approved for use in juvenile
RA and psoriatic arthritis. Etanercept is a soluble TNF receptor
that competitively binds two TNF molecules, rendering both
inactive. Etanercept consists of two extracellular portions of
the TNF receptor; and TNF primarily exists as a trimer in the
human body. The dimeric structure of etanercept is believed
to have a higher binding affinity for the trimeric TNF than the
naturally occurring monomeric receptor.

In a randomized, placebo-controlled trial of 234 patients
with active RA, significantly more patients met ACR-20 cri-
teria after 6 months of treatment with etanercept 10 mg (51%
of patients) and 25 mg (59% of patients) than placebo-treated
patients (11%).225 The etanercept was administered subcuta-
neously twice weekly for 26 weeks. The definition of ACR-20
criteria is described in the Quantifying Response to Therapy
section. All patients who were enrolled in this study had ex-
perienced an inadequate response to at least one of several
DMARDs. Most patients (about 90%) had tried MTX at one
time or another, followed by HCQ (about 68%), injectable gold
and SSZ (about 50% each), AZA (about 30%), DPEN (about
20%) and gold (about 25%). Furthermore, 24% and 40% of the
patients taking etanercept 10 mg and 25 mg, respectively, met
ACR-50 response criteria compared with 5% of the placebo
group (p <0.001 for both doses compared with placebo, no sig-
nificant difference between doses). Significant ACR-20, ACR-
50, and ACR-70 responses to either etanercept dose were seen
after only 2 weeks of therapy.

Another randomized, placebo-controlled trial evaluated the
use of combination MTX and etanercept therapy in 89 pa-
tients with active RA refractory to at least 6 months of MTX
therapy.226 A dose of 25 mg etanercept or placebo was given
subcutaneously twice weekly, and a stable dose of MTX (be-
tween 15 and 25 mg/week) was provided to all patients. At 24
weeks of follow-up, an ACR-20 response was found in 71%
of the MTX plus etanercept group and 27% of the MTX plus
placebo group (p <0.001). Similarly, 39% of the MTX plus

etanercept group met ACR-50 response criteria compared with
3% of the MTX plus placebo group (p <0.001). Etanercept
was also associated with significantly greater improvement in
ESR or CRP test results. The addition of etanercept to MTX
provided greater clinical efficacy when compared with MTX
monotherapy.

In the Early Rheumatoid Arthritis trial of 632 moderate to
severe early RA patients, etanercept (25 mg twice a week)
was associated with significantly greater improvement in clin-
ical and radiologic measures within the first 6 months of ther-
apy than MTX.227 No significant therapeutic differences were
found between etanercept and MTX at 12-month follow-up;
however, at the conclusion of the 24-month trial, significantly
less radiographic progression of disease was found among the
etanercept patients. The Sharp score, which quantifies a com-
posite of joint space narrowing and erosions, served as the ba-
sis for the radiographic evaluation. Etanercept provides rapid
and significant improvement in subjective and objective mea-
sures of RA, either alone or in combination with MTX. In
other studies, etanercept has demonstrated long-term safety
and efficacy.228,229 Although cost is a significant considera-
tion, etanercept is a reasonable choice for B.W.

Dosing and Monitoring

40. How would you initiate etanercept therapy and monitor
B.W. for therapeutic and adverse effects?

The FDA-approved dose of etanercept for the treatment
of active RA is 25 mg subcutaneously twice weekly.32 The
medication may be self-injected by the patient after proper
training. Etanercept must be reconstituted using only the dilu-
ent supplied; the contents should be swirled, not shaken, to
avoid excessive foaming. Injection sites (e.g., thigh, abdomen,
upper arm) should be rotated. Clinical response usually ap-
pears within 1 to 2 weeks of treatment, and nearly all pa-
tients respond within 3 months. In fact, patients who fail
to respond to DMARD or biological agent therapy within 3
months should receive consideration for an alternative treat-
ment. When pooled data from early RA trials, which evaluated
MTX, anti-TNF, and the combination of MTX with anti-TNF,
a significant response at 3 months correlated with response 1
year after start of therapy based on SDAI, CDAI, and DAS28
scores.230

Injection site reactions (37% vs. 10% with placebo), up-
per respiratory infections (29% vs. 10% with placebo), and
the development of autoantibodies are encountered with etan-
ercept treatments. Injection site reactions generally are mild
to moderate in severity and usually occurred within the first
month of treatment with decreased frequency over time. Up-
per respiratory infections (e.g., sinusitis) occur at a rate of
0.82 events per patient-year in patients treated with etaner-
cept versus 0.68 events per patient-year in the placebo group.
Autoantibodies that developed during etanercept treatment in-
cluded ANA (11% vs. 5% in placebo group) and new positive
anti-double-stranded DNA antibodies (15% vs. 4% in placebo
group). No patients developed clinical signs of autoimmune
disease, and the long-term effect of etanercept on the develop-
ment of autoimmune disease is unknown. Patients with severe
heart failure (e.g., NYHA class III or IV) may be at increased
risk for heart failure exacerbation and mortality when taking
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any anti-TNF agent.31 Although not a contraindication, cau-
tion is advised if etanercept is prescribed for patients with
heart failure. Although an increased incidence of lymphoma
has been observed among RA patients receiving any of the
available anti-TNF agents, causation has not been established
because both RA and MTX are associated with an increased
rate of lymphoma.32 Other adverse effects, in order of decreas-
ing frequency, include headache, rhinitis, dizziness, pharyngi-
tis, cough, asthenia, abdominal pain, and rash.

The greatest concern with etanercept therapy is the risk
of immunosuppression and subsequent serious infections, in-
cluding sepsis. TNF is a key mediator of inflammation and
plays a major role immune system regulation. Approximately
6 months after FDA approval of etanercept, 30 patients receiv-
ing etanercept developed serious infections.231 Although the
number of reports was not more than what was expected from
clinical trials, six of these patients died within 2 to 16 weeks
of starting therapy. Postmarketing reports of other infections
such as tuberculosis (a black box warning for all anti-TNF
agents), mycobacterial infections, and fungal infections fur-
ther reinforces the strong recommendation against the initia-
tion of etanercept therapy in patients with sepsis or any chronic
or localized active infection.10,30 Mycobacterium tuberculosis
skin testing and a baseline chest radiograph should be under-
taken before initiation of anti-TNF therapy. Therapy should be
postponed for patients identified as having latent tuberculosis
until appropriate antituberculosis therapy has been completed.
Clinicians also must be cautious when prescribing etanercept
to patients with a history of recurring infection or with underly-
ing illnesses that predispose them to infection (e.g., diabetes).

B.W. should receive a tuberculosis skin test, undergo a chest
radiograph, and be warned of the potential adverse effects of
etanercept, particularly the risk of immunosuppression and
subsequent infection. Any sign of infection must be reported
immediately to her health care provider.

Infliximab and Adalimumab
Dosing and Place in Therapy

41. After 3 weeks of etanercept therapy, B.W. seems to respond
well. However, she dislikes the subcutaneous administration of
etanercept twice weekly and wants another medication that can be
administered on a much more convenient basis. How do the other
TNF-inhibitors differ from etanercept, and is B.W. a candidate
for one of these alternatives?

Two anti-TNF monoclonal antibodies are FDA approved
for the treatment of RA. The first, infliximab (Remicade), is a
chimeric (mouse/human) IgG antibody directed against TNF
that is approved for the treatment of Crohn disease and for
the treatment of RA in patients who have not responded ad-
equately to MTX.33 The usual dose of infliximab is 3 mg/kg
intravenously at 0, 2, and 6 weeks, then every 8 weeks there-
after; thus, the convenience of infrequent dosing is tempered by
the need for supervised intravenous administration. Infliximab
should be given with MTX therapy to prevent the formation of
antibodies to infliximab.

In a randomized, placebo-controlled trial of 101 patients
with active RA who responded suboptimally to MTX therapy,
60% of patients receiving 3 or 10 mg/kg of infliximab with
or without MTX (7.5 mg/week) responded to treatment after
26 weeks.232 A control group received intravenous placebo

with MTX 7.5 mg weekly. Response to treatment was defined
as a 20% Paulus response (i.e., 20% reduction in at least four of
the following six criteria: [a] number of swollen joints; [b] num-
ber of tender joints; [c] duration of morning stiffness; [d] reduc-
tion in ESR; [e] a two-grade improvement in the patient’s global
assessment of disease severity; and [f] a two-grade improve-
ment in the physician’s global assessment of disease severity).
Patients, who received a 1-mg/kg dose of infliximab, without
MTX, did not respond. Although a significant number of pa-
tients receiving 1 mg/kg infliximab with MTX met the 20%
Paulus response criteria after 16 weeks of treatment, this re-
sponse was no longer significant at week 26.

Serious infections have occurred in patients treated with
infliximab. In one case, bacterial endophthalmitis resulted in
enucleation (complete removal) of the affected eye. In another
case, a patient died within 24 hours of emergency admission for
staphylococcal septic shock. The development of antibodies to
infliximab (human antichimeric antibodies [HACA]) occurred
at a rate of 53%, 21%, and 7% of patients receiving the 1-, 3-,
and 10-mg/kg doses of infliximab alone, respectively. These
rates were lower when MTX was given concurrently (15%, 7%,
and 0%, respectively). High doses of infliximab or concurrent
use of MTX apparently minimize HACA formation.

In a randomized, double-blind, multicenter, placebo-
controlled trial (ATTRACT) of 428 active RA patients who
failed to respond adequately to at least 12.5 mg/week of MTX,
infliximab 3 or 10 mg/kg or placebo was administered every
4 or 8 weeks along with MTX therapy. This study was un-
blinded after 1 year because of radiographic evidence of dis-
ease modification in patients receiving infliximab. Analysis of
radiographic results after 2 years demonstrated that infliximab
significantly protected against joint erosion.233,234

The second anti-TNF monoclonal antibody, adalimumab
(Humira), is a genetically engineered, fully humanized IgG1
monoclonal antibody, as opposed to the chimeric infliximab.
Adalimumab, generally is self-administered subcutaneously by
the patient as a 40-mg injection every other week, whether
as monotherapy or in combination with traditional DMARDs
(e.g., MTX).235 When administered weekly, or every other
week, monotherapy with adalimumab 40 mg significantly im-
proved ACR-20 response rates in a randomized controlled trial
of 283 RA patients refractory to traditional DMARDs.236 Pa-
tients receiving 40 mg/week had a higher response rate than
patients who received the drug every other week. When adali-
mumab 40 mg every other week was added to the treatment reg-
imen of RA patients receiving stable MTX doses, significantly
more adalimumab-treated patients (67%) achieved an ACR-20
response than those receiving only MTX after 24 weeks.237 In
radiographic data reflecting 1 or 2 years of treatment, adali-
mumab slowed the progression of joint damage.238 Data are
available supporting the efficacy and safety of adalimumab for
up to 7 years.239

Adverse Effects of Anti-Tumor Necrosis Factor Antibodies
Infliximab and adalimumab have treatment risks and side effect
profiles very similar to etanercept (e.g., injection site pain, lo-
cal reactions, upper respiratory tract infections, nausea, flulike
symptoms, rash).238 Serious adverse effects (e.g., serious in-
fections, increased incidence of lymphoma) are similar as well.
As with all anti-TNF agents, a tuberculosis skin test result and
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chest radiograph must be obtained before initiating treatment.
The development of antibodies against infliximab occurs fre-
quently with monotherapy owing to the chimeric nature of the
medication, and concurrent use with MTX decreases the for-
mation of these HACA antibodies (see Question 41). Although
adalimumab is a fully humanized product, approximately 5%
of RA patients develop antibodies against it at least once dur-
ing therapy when used as a single agent.236 This reaction is
attenuated with weekly dosing of adalimumab or concurrent
use of MTX.

Patients who switch from one anti-TNF agent to another
owing to loss of efficacy of the initial agent are able to attain a
good response from the second.240−242 About 40% to 60% of
patients in clinical studies were able to maintain good ACR-20
scores following the switch, and many patients respond even
better to the second drug.243

B.W. seems to be a reasonable candidate for either inflix-
imab or adalimumab therapy. Her interest in a biological agent
with less frequent dosing is understandable. Although clinical
trials have not compared the biological agents, key differenti-
ating variables between these drugs need to be considered. No
evidence suggests that there are any significant efficacy dif-
ferences between etanercept, infliximab, and adalimumab. Al-
though infliximab is ultimately administered every 2 months,
it must be administered intravenously and in combination with
MTX (or possibly at a higher dose) to minimize HACA forma-
tion. Adalimumabs ease of administration (self-injected subcu-
taneous injection) and infrequent dosing interval compares fa-
vorably with etanercept (twice weekly injections) and anakinra
(daily injections), but it is administered more frequently than
infliximab (Table 43-3). At FDA-approved doses, all biologi-
cal agents (etanercept, infliximab, adalimumab, anakinra) are
priced similarly (∼$1,300–$1,500 per month retail based on
2007 prices from www.drugstore.com). Additional therapeutic
benefit might be achieved from weekly dosing of adalimumab.
If adalimumab is administered weekly, the cost of adalimumab
therapy will be considerably more than the other biological
agents.

Anakinra

42. B.W. would prefer to avoid anakinra [Kineret] because it
requires daily subcutaneous injection dosing. Apart from this in-
convenience, what are its therapeutic advantages over the anti-
TNF agents?

Anakinra is currently the only available IL-1Ra that is al-
most identical in composition to human IL-1Ra (see biologi-
cal agents in the general treatment section). The recommended
dose of anakinra is 100 mg daily by self-administered subcu-
taneous injection.244 Anakinra significantly, but modestly, im-
proves signs and symptoms and radiographic evidence of joint
erosion in RA patients.30,245 In a study of 472 patients with se-
rious active RA, three different doses of anakinra monotherapy
(30, 75, and 150 mg/day) were compared with placebo.246 At
24-week follow-up, 34% of patients receiving anakinra 75 mg
demonstrated an ACR-20 response; however, 27% of placebo
patients achieved the same response. Although modest, this
difference is statistically significant. Although the higher dose
of 150 mg produced improvement in 43% of patients, this dose
exceeds the manufacturer’s recommended dose. The combina-
tion of anakinra and MTX seems to be more effective than

anakinra monotherapy. A 24-week randomized controlled trial
compared five different doses of anakinra (0.04, 0.1, 0.4, 1.0,
and 2.0 mg/kg/day) to placebo among 419 RA patients re-
ceiving at least 3 months of fixed MTX doses.247 Significantly
more patients receiving the higher daily doses of anakinra (1.0
and 2.0 mg/kg) experienced the ACR-20 response (42% and
35%, respectively) versus placebo (23%) at 24-week follow-up.
Local injection site reactions were frequently encountered.30

Although neutropenia and severe infections are more com-
mon with anakinra than placebo, there have been no reports
of patients experiencing tuberculosis reactivation. Combining
anakinra with an anti-TNF agent seems to be logical based on
their different mechanisms of action; however, the combina-
tion is not recommended because of a significantly increased
incidence of serious infections and leukopenia.248 Unlike anti-
TNF agents, anakinra is not associated with decompensation
of heart failure.248

Although the anti-TNF agents have not been compared di-
rectly, anakinra seems to be relatively less effective. In addition,
the advantage of being able to self-administer anakinra is offset
by the need for daily injections. Anakinra is a therapeutic alter-
native for RA patients in whom traditional DMARD treatment
fails; however, it seems to offer no advantages and some real
and potential disadvantages when compared with the anti-TNF
agents.

43. S.K., a 71-year-old woman, was diagnosed with RA approx-
imately 15 years ago. Her initial drug therapy included MTX,
followed by the addition of SSQ and HCQ, which seemed to keep
her RA in near-remission until 2002. She began etanercept along
with MTX (without SSZ and HCQ) with good results until 2005. In
response to declining disease control, infliximab was substituted
for MTX with excellent results. Then last month, she experienced
a flare in RA activity. At that time, her CRP was 5.1 mg/dL, ESR
was 90 mm/hour, and anti-CCP was positive at 112 units. She also
experienced morning stiffness lasting several hours, and multiple
joints with swelling (n = 26) and tenderness (n = 38). What are
reasonable treatment options for S.K. at this stage of her disease?

Most patients who lose responsiveness to an initial trial of
anti-TNF therapy (i.e., etanercept, infliximab, or adalimumab)
can often be successfully treated with an alternative anti-
TNF agent (see Question 41). However, no evidence supports
switching to a third anti-TNF agent if two of the three fail. The
newest biological agents, abatacept (inhibitor of T-cell activa-
tion) and rituximab (selective depletor of CD20+ B cells) are
have great potential to fill this void; both have demonstrated
excellent efficacy in patients with inadequate response to tradi-
tional DMARD (e.g., MTX) as well as anti-TNF therapy (see
discussion in general treatment: Biological Agents).68,69

Abatacept
The Abatacept in Inadequate Responders to Methotrexate
study compared abatacept 10 mg/kg plus MTX versus placebo
plus MTX.249 At 12-month follow-up, significantly more pa-
tients in the abatacept group than the placebo group at-
tained an ACR-20 response (73.1% vs. 39.7%, respectively,
p <0.001) and better quality of life survey scores. Fewer pa-
tients experienced a change in joint erosion score (0.0 vs. 0.26,
respectively, p = 0.029).

The Abatacept Trial in Treatment of Anti-TNF Inadequate
Responders study evaluated patients on background DMARD
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therapy (about 80% were using MTX) who did not achieve an
adequate treatment response (despite sufficient doses given for
≥3 months) to etanercept, infliximab, or both.250 Patients were
randomized to receive abatacept or placebo along with a fixed
dose of background DMARD therapy. At 6-month follow-up,
ACR response rates were dramatically better in the abatacept-
treated patients. The ACR 20 response was 50.4% and 19.5%,
ACR-50 was 20.3% and 3.8%, and ACR-70 was 10.2% and
1.5% in the abatacept and placebo treatment groups, respec-
tively. More patients receiving abatacept were able to achieve a
significant improvement in physical functioning (measured by
HAQ). Efficacy and safety date reflecting 5 years of abatacept
therapy indicate that abatacept maintains ACR-20, ACR-50,
and ACR-70 scores over this time period, with no change in
safety profile.67

The side effects of greatest concern include infections (sig-
nificantly more common when combined with anti-TNF ther-
apy) such as pneumonia, cellulitis, urinary tract infection,
bronchitis, diverticulitis, and acute pyelonephritis (see general
treatment section: Biological Agents).68 A few case reports of
malignancy have been associated with abatacept, and chronic
obstructive pulmonary disease patients are noted to suffer from
more respiratory-related and non-respiratory-related adverse
effects than chronic obstructive pulmonary disease patients
treated with placebo.68

Rituximab
In a placebo-controlled trial of 161 RA patients who responded
inadequately to MTX therapy (≥10 mg/week), subjects were
randomized to one of four treatment groups: MTX >10 mg per
week; rituximab 1,000 mg IV given on days 1 and 15; ritux-
imab plus cyclophosphamide 750 mg IV given on days 3 and
17; or rituximab plus MTX.251 At 24-week follow-up, ACR-50
response was significantly higher among treatment groups re-
ceiving rituximab (33%, 41%, and 43% in the rituximab only,
rituximab plus cyclophosphamide, and rituximab plus MTX
groups, respectively) versus the MTX only group (13%). At
week 48, however, significantly more patients in the rituximab
plus MTX group (35%) maintained an ACR-50 response than
patients in the rituximab plus cyclophosphamide group (27%).
Although cyclophosphamide is reserved for severe cases of RA
(usually involving rheumatoid vasculitis), the combination of
rituximab plus cyclophosphamide does not seem to be as ef-
fective as rituximab plus MTX.

The Dose-Ranging Assessment: International Clinical
Evaluation of Rituximab in Rheumatoid Arthritis trial eval-
uated 465 patients with RA with an inadequate response to
DMARD therapy.252 Nearly one-third of participants previ-
ously had tried a biological agent. Patients were randomized to
receive either placebo, rituximab 500 mg, or rituximab 1,000
mg on days 1 and 15. Furthermore, each of the three study
groups were further randomized to receive either no premedi-
cation, IV premedication with methylprednisolone, or IV pre-
medication plus oral premedication with prednisone for a total
of 9 treatment groups. All subjects received MTX at a dose of
10 to 25 mg/week. At 24-week follow-up, significantly more
subjects receiving either dose of rituximab achieved an ACR-
20 response (55% and 54% for the 500 mg and 1,000 mg
groups, respectively) than placebo group subjects (28%).
These findings were consistent with DAS-28 scores. Premedi-
cation with IV methylprednisolone reduced the frequency and

intensity of first infusion adverse drug reactions, and the ad-
dition of prednisone was not additionally beneficial. Overall,
rituximab was well tolerated, with no difference in types and
severity of infections compared with placebo-treated patients.

The REFLEX (Randomized Evaluation of Long-Term Effi-
cacy of Rituximab in RA) trial evaluated the use of rituximab
(two IV infusions 2 weeks apart, 1,000 mg/infusion) plus MTX
versus placebo plus MTX in 499 patients with active, long-
standing RA who responded inadequately to one or more anti-
TNF medications.253 At 24-week follow-up, significantly more
patients in the rituximab group demonstrated an ACR-20 re-
sponse than the placebo group (51% vs. 18%, respectively). Pe-
ripheral CD20+ B cells were depleted among rituximab-treated
patients at about 4 to 5 months after treatment. Average IgG,
IgM, and IgA levels remained consistent and within normal
ranges. The incidence of all side effects was similar in the two
treatment groups (85% of rituximab patients, 88% of placebo
patients), as were side effects identified as being related to
any of the study drugs, including placebo (39% and 47%, re-
spectively). Infusion reactions were common during or soon
after the first dose among rituximab-treated patients (23% vs.
18% of placebo patients). Interestingly, more placebo-treated
patients experienced an infusion reaction during or soon af-
ter the second infusion (11% vs. 8% of rituximab patients).
The rate of infections was slightly higher among rituximab pa-
tients (41%) than placebo patients (38%). Similarly, the rate
of serious infections was higher among rituximab (5.2 per 100
patient-years) than placebo-treat patients (3.7 per 100 patient-
years). No cases of tuberculosis or opportunistic infections
were reported. In a 56-week follow-up report of the REFLEX
trial, rituximab significantly inhibited radiographic progres-
sion of joint damage.254 These findings support the efficacy
of rituximab for RA patients refractory to anti-TNF therapy, a
very challenging population.

Dosing for Abatacept and Rituximab
Abatacept is supplied as a lyophilized powder in preservative-
free, single-use vials containing 250 mg of abatacept. Abat-
acept must be reconstituted with 10 mL of sterile water for
injection, using only the silicone-free syringe provided, along
with an 18- to 21-gauge needle. Reconstitution using a sili-
conized syringe can result in the development of translucent
particles in the medication solution; solutions prepared using
siliconized syringes must be discarded. Abatacept dosing is
based on body weight (500 mg for patients <60 kg, 750 mg
for patients 60-100 kg, and 1,000 mg for patients >100 kg) and
should be infused intravenously over 30 minutes. The abata-
cept dose should be repeated at 2 and 4 weeks after the first
dose, then every 4 weeks thereafter. Abatacept can be given
as monotherapy or in combination with DMARDs other than
anti-TNF agents.68

Rituximab, provided in 100- and 500-mg single-use vials at
a concentration of 10 mg/mL, is administered as two 1,000-mg
IV infusions separated by 2 weeks. Rituximab must be diluted
to a final concentration of 1 to 4 mg/mL with either 0.9%
sodium chloride or 5% dextrose in water. To reduce the inci-
dence and severity of infusion-related adverse effects, premed-
ication with IV methylprednisolone 100 mg, or its equivalent,
30 minutes before each infusion is strongly recommended;
other premedications (e.g., acetaminophen, antihistamine) may
also be beneficial. Antihypertensive medications should be
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discontinued 12 hours before rituximab administration to avoid
transient hypotension, which has been reported during ritux-
imab infusions. Rituximab must be given with MTX for max-
imum efficacy based on clinical trials and to help reduce the
risk of developing HACA, which occurs in approximately 9%
of patients receiving rituximab.69

The first IV infusion of rituximab solution should be ad-
ministered at a rate of 50 mg/hour. In the absence of infusion
reactions, the infusion rate can be increased in 50-mg/hour in-
crements every 30 minutes to a maximum rate of 400 mg/hour.
In the event of an infusion reaction, the infusion should be
halted or slowed until symptoms improve, at which time the
infusion can continue at one-half the previous rate. In patients
who tolerated the first infusion well, subsequent infusions of
rituximab can be administered at a higher rate (100 mg/hour)
and increased by 100 mg/hour increments every 30 minutes to
a maximum rate of 400 mg/hour. Patients poorly tolerant to the
first infusion should receive subsequent rituximab infusions at
50 mg/hour.69

The results of several large trials support the therapeutic
value of either abatacept or rituximab for S.K. Efficacy has
been demonstrated in patients with inadequate response to
DMARDs, including anti-TNF agents. Both abatacept and rit-
uximab are generally well-tolerated and have not been associ-
ated with cardiovascular events or worsening of heart failure,
unlike the anti-TNF agents. However, some serious adverse
effects have been associated with abatacept and rituximab that
warrant consideration and diligent monitoring. Rituximab has
several black box warnings (see general treatment section enti-
tled Biological Agents) for serious and potentially fatal adverse
effects (e.g., fatal cardiorespiratory infusion reactions, tumor
lysis syndrome, severe mucocutaneous reactions, and progres-
sive multifocal leukoencephalopathy).69 Experience with both
abatacept and rituximab is limited; therefore, the full range of
adverse effects from these agents has not been fully manifested.
In summary, abatacept and rituximab are potent treatment op-
tions with novel mechanisms of action and proven efficacy at
improving RA symptoms and slowing joint erosion. However,
based on a combination of current research findings, lack of
long-term safety data, and cost, abatacept and rituximab should
not be used before a trial with anti-TNF agents, except for pa-
tients with relative contraindications to anti-TNF agents (e.g.,
multiple sclerosis, moderate to severe heart failure).

Corticosteroids
Indications

44. W.M., a 57-year-old man, has progressive RA that has not
been responsive to SSZ. He is having difficulty working a full
day and is seeking an alternative medication. After a discussion
of therapeutic options, W.M. declines MTX therapy and asks to
start HCQ. Would it be appropriate to initiate corticosteroids
concurrently?

Despite the potential for serious adverse effects with long-
term therapy, the judicious use of low-dose corticosteroids
represents an important component of treatment during the
course of unremitting disease. In addition, low-dose cortico-
steroids may have disease-modifying properties, particularly in
the first year or two of treatment.10,30 Considering that W.M.’s
RA is sufficiently active to compromise his ability to earn an
income, MTX is a much better DMARD selection. Regardless,
concurrent initiation of a DMARD and an intermediate-acting

corticosteroid (e.g., prednisone in a daily or divided dose of
5–10 mg) is justified.10 In large cohort studies, prednisone
doses >7.5 mg/day have been associated with a greater than
twofold increase risk of cardiovascular events (MI, stroke, heart
failure), as well as the risk of developing hypertension with
long-term use (≥6–12 months).255,256 Therefore, the lowest
effective corticosteroid dose is preferred for the shortest dura-
tion of time possible. The onset of action of corticosteroids is
relatively rapid and their immediate benefits will allow W.M.
to maintain his current employment and continue taking care
of home responsibilities. The corticosteroid dose can be de-
creased gradually and eventually discontinued as W.M. begins
to respond to HCQ therapy. An important goal of low-dose
corticosteroid treatment is to provide bridge therapy until the
DMARD therapy becomes effective, in hopes of then being
able to taper and discontinue the corticosteroid.29

Dosing

45. Why are corticosteroids administered occasionally in di-
vided daily doses rather than as single daily doses or on an every-
other-day regimen when used to treat RA?

Administering intermediate- or short-acting corticosteroids
as a single daily dose each morning most closely mimics the
early morning physiological secretion of cortisol, and, thereby,
minimizes hypothalamic-pituitary-adrenal axis suppression.
Administering corticosteroids on alternate mornings further
reduces the risk of hypothalamic-pituitary-adrenal axis sup-
pression by allowing the adrenal glands to respond to hy-
pothalamic and pituitary mediators during the “off” day.257

Once-a-day and alternate-day steroid therapies are most ad-
vantageous when used to prevent reactivation of some dis-
eases (e.g., asthma, ulcerative colitis, chronic active hepatitis,
sarcoidosis).258 In contrast, when corticosteroids are used to
provide symptomatic relief in RA during periods of active, on-
going inflammation, switching patients to single daily doses or
every-other-day regimens frequently results in increased symp-
toms during the latter part of each day and during the “off” day.
The anti-inflammatory effect of prednisone or prednisolone is
attenuated after 12 hours, and is either diminished or absent
after 24 hours. As a result, daily prednisone doses may need
to be divided in half and administered twice daily to ensure
24-hour anti-inflammatory activity. Although a larger single
daily dose may provide comparable therapeutic benefits, divid-
ing the daily dose of prednisone is preferable because larger
doses are associated with more frequent and severe adverse
effects.

Osteoporosis

46. What therapeutic interventions can prevent steroid-
induced osteoporosis?

Chronic corticosteroid therapy induces osteoporosis by
inhibiting bone formation and enhancing bone resorption.
Steroids impair bone formation by inhibiting the production
of bone-forming osteoblasts and enhance bone resorption by
reducing GI calcium absorption and increasing the renal ex-
cretion of calcium.258 In addition, corticosteroids reduce the
secretion of luteinizing hormone from the pituitary, resulting
in a reduction in estrogen production in women and testos-
terone production in men.259 This leads to deficiencies in
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circulating levels of anabolic hormones (e.g., estradiol, es-
trone, androstenedione, progesterone), which contribute to the
development of osteoporosis. Trabecular bone of the spine and
ribs seems to be affected primarily by corticosteroid therapy,
with most rapid skeletal wasting occurring during the first 6
months.259

Before starting long-term (i.e., 6 months) corticosteroid
therapy at a dose of 7.5 mg of daily prednisone or equivalent,
bone mineral density should be evaluated.258,259 Anteroposte-
rior measurement of the lumbar spine or hip by dual-energy x-
ray absorptiometry is the preferred procedure. Follow-up mea-
surements can be repeated up to every 6 months to monitor for
corticosteroid-related bone loss, or annually for patients al-
ready receiving bone loss prevention treatment. A complete
history should be obtained to identify potentially modifiable
osteoporosis risk factors (e.g., smoking, alcohol consumption,
other drugs that can induce osteoporosis, calcium and vitamin
D intake, indicators of hormone deficiency such as menopause
in women and infertility or impotence in men, lack of partici-
pation in weight-bearing exercises). Height and weight should
be measured. Lifestyle changes should be encouraged to mod-
ify those risk factors that do not require drug therapy. Physical
therapy referral is recommended.

All patients on corticosteroid therapy should receive cal-
cium (1,000 mg/day) and vitamin D (800 IU/day) or an ac-
tivated form of vitamin D (e.g., alfacalcidiol or calcitriol) to
maintain calcium balance. Supplementation with calcium and
an activated form of vitamin D is needed to prevent bone loss in
patients receiving medium- to high-dose corticosteroid therapy
(e.g., prednisone ≥5 mg/day).258,259

Bisphosphonates effectively prevent and treat cortico-
steroid-induced bone loss.258 In radiographic studies, bis-
phosphonates effectively reduced vertebral fractures in post-
menopausal women with corticosteroid-induced osteoporosis.
Bisphosphonate therapy is recommended for men and post-
menopausal women receiving >5 mg/day of prednisone, or
its equivalent, to prevent bone loss. In addition, bisphospho-
nates are recommended for men and postmenopausal women
receiving long-term corticosteroids with a bone mineral den-
sity T-score below normal at either the lumbar spine or hip. Bis-
phosphonates should be considered for premenopausal women
receiving corticosteroids, even though data in this population
are limited. However, premenopausal women receiving bis-
phosphonates must be counseled about contraception because
bisphosphonates are classified as FDA pregnancy risk category
C. Bisphosphonates adversely affect fetal skeletal development
in animals, and reduce serum calcium. Although data are lim-
ited, hypogonadal patients receiving long-term corticosteroid
treatment should be offered hormone replacement therapy. Thi-
azide diuretics reduce urinary calcium excretion and maintain
bone mineral content.260 A thiazide diuretic is recommended
if hypercalciuria is present.

Intra-Articular Corticosteroids

47. Do intra-articular corticosteroid injections provide any
benefit in RA?

Intra-articular corticosteroid injections are safe and effec-
tive for patients with RA and are often underutilized. This
strategy is most sensible when flaring occurs in one or a few
joints.10 Systemic side effects are minimal when compared

with oral corticosteroid therapy. Although onset of action is
virtually immediate, effects are often short lived; however, a
corticosteroid injection alone can be sufficient to relieve a tem-
porary RA flare. If the decision is made to reinject a given
joint, the injection site should be rotated and administration
frequency should be no more than every 3 months.

JUVENILE IDIOPATHIC ARTHRITIS
In the United States, all chronic arthritis of childhood is iden-
tified as juvenile idiopathic arthritis (JIA), formerly known
as juvenile rheumatoid arthritis.261 JIA affects all races
and afflicts approximately 294,000 children in the United
States.262

By definition, JIA usually begins before the age of 16 and
must present with objective signs of joint inflammation (e.g.,
swelling, pain, limited ROM, warmth, erythema) for at least
6 weeks in at least one joint or at least two of the follow-
ing: tenderness, pain with movement, joint warmth, or limited
motion.263 In addition, other conditions causing arthritis such
as infectious arthritis and malignancy must be excluded.261 The
onset of disease is rare before 6 months of age, and the peak
age of onset ranges from 1 to 3 years. However, new cases are
seen throughout childhood.

Signs and Symptoms
As with adult RA, JIA begins with synovial inflam-
mation.261,263 Morning stiffness and joint pain probably oc-
cur in JIA as frequently as in RA; however, children should be
observed carefully for symptoms because they often cannot ar-
ticulate complaints. The morning stiffness and joint pain may
manifest as increased irritability, guarding of involved joints, or
refusal to walk. Fatigue and low-grade fever, anorexia, weight
loss, and failure to grow are other manifestations. JIA can
be divided into several subsets based on characteristic signs
and symptoms during the first 4 to 6 months of disease. Cur-
rently, patients are categorized according to one of six distinct
subsets of symptoms: (a) polyarticular, (b) pauciarticular or
oligoarthritic, (c) systemic arthritis, (d) enthesitis related, (e)
psoriatic, and (f) other.263

Patterns of Onset
JIA is classified under the subgroup “polyarticular” when the
disease involves five or more joints with few or no systemic
manifestations of disease.261,263 Two types of polyarticular JIA
exist: seronegative (i.e., RF negative affecting 20%–25% of all
JIA patients) and seropositive (i.e., RF positive affecting 5%–
10% of all JIA patients) disease. Both affect girls more often
than boys, with seronegative arthritis more common in children
younger than 5 years and seropositive arthritis more common
in children older than 8 years. Although the onset of disease
can be acute, it more commonly is insidious. Generally, the
large, fast-growing joints (e.g., knees, wrists, elbows, ankles)
are affected, but the small joints of the hands and feet also may
be involved. Although the joints at onset usually are symmetri-
cally involved, asymmetric patterns also can occur. Temporo-
mandibular joint involvement is relatively common and may
lead to limitation of bite and micrognathia. Systemic mani-
festations of disease in children with polyarticular disease are
rare and include low-grade fever, slight hepatosplenomegaly,
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lymphadenopathy, pericarditis, and chronic uveitis. Subcuta-
neous nodules are seen most typically in children with “pol-
yarthritis onset” JIA. When present, nodules are associated
with positive RF in >75% of patients. Approximately 30% to
35% of JIA presents as polyarticular.

Oligoarthritic JIA, formerly known as pauciarticular juve-
nile rheumatoid arthritis, accounts for approximately 40% to
60% of children with JIA, which usually involves four or fewer
joints and occasionally up to as many as nine joints.261 Joint
involvement in these children most commonly involves large
joints in an asymmetric distribution. The two major subgroups
of pauciarticular arthritis: early childhood onset (more com-
mon, usually affecting girls between the ages of 1 and 5 years of
age); and late childhood onset (less common, usually affecting
boys after 8 years of age).

Approximately 20% to 30% of children with early onset
oligoarthritic JIA develop iridocyclitis (inflammation of the iris
and ciliary body, also known as uveitis) within the first 10 years
of the disease (see Question 53). ANA testing is positive in ap-
proximately 60% of these patients. Joints commonly affected
include the knees (56%), ankles (20%), hands—especially PIP
joints (10%)—feet 6%, and wrists (4%).264 When only one
joint is involved, the knee is the most common joint affected.
Hip and sacroiliac joint involvements are rare. On the other
hand, children with late-onset pauciarticular JIA do not test
positive for ANA, have no extra-articular manifestation of
the disease, and often have hip involvement in addition to
other lower-limb joints (e.g., knees, ankle, feet). Arguably,
this late-onset subgroup may be grouped with the spondy-
loarthropathies well-known in adult patients (e.g., ankylosing
spondylitis).

A smaller percentage (10%–20%) of children experience
severe systemic involvement associated with or preceding the
onset of arthritis.261 The hallmarks of the “systemic-onset”
category of JIA, which can afflict children at any age, are
a high spiking fever and a rheumatoid rash. Once or twice
daily, the body temperature can increase to 103◦F or higher.
The temperature increase may be accompanied by a rash con-
sisting of small, discrete erythematous morbilliform macules,
which commonly appear on the trunk and proximal extremities.
The lesions tend to be migratory and of short duration in any
one location. Other manifestations of “systemic-onset” JIA are
hepatosplenomegaly, lymphadenopathy, and pericarditis; these
occur in about two-thirds of patients.

Enthesitis-related JIA is manifested as inflammation of the
enthesis (the site of attachment of tendon to bone) along with
arthritis.261 Children with enthesitis-related JIA commonly
have two of the following: inflammatory spinal pain, sacroil-
iac joint tenderness, HLA B27 positivity, a family history of
enthesitis-related JIA, acute anterior uveitis, and onset of pol-
yarthritis or oligoarthritis in a boy >8 years of age. These chil-
dren commonly develop a spondyloarthropathy (e.g., reactive
arthritis, juvenile ankylosing spondylitis), and inflammatory
bowel disease-associated arthritis. The relative proportion of
JIA patients with enthesitis-related JIA is unknown.

Psoriatic JIA accounts for approximately 5% of all JIA
and is diagnosed if chronic arthritis and definite psoriasis is
evident.261 Children may also be diagnosed with psoriatic JIA
if any two of the following are present: dactylitis (finger or toe
inflammation), onycholysis or nail pitting, or family history
of psoriasis. The arthritis may develop peripherally only or
both peripherally and axially; children with axial arthritis and

psoriasis are HLA B27 positive. Joint destruction in children
with psoriatic JIA can be chronic and destructive, requiring
DMARD or biological therapy similar to patients with poly-
arthritic JIA.

In contrast with adult RA, in which joint destruction is
common within the first year of the disease, 70% to 90% of
children with JIA experience no long-term disability. How-
ever, complete remission is uncommon, occurring in approx-
imately one-third of all JIA patients over a 10-year period.265

Preservation of joint function is least favorable in children with
seropositive polyarticular JIA (severe arthritis in >50%). Chil-
dren with pauciarticular JIA experience the least joint disease,
and those with early-onset pauciarticular JIA experience the
worst uveitis. Children with systemic-onset are most prone to
develop life-threatening or fatal complications with approxi-
mately 25% developing severe arthritis.

Diagnosis of Systemic Juvenile Idiopathic Arthritis

47. J.R., a 4-year-old girl, is hospitalized for high fever and
arthritis. Several weeks before admission, J.R. developed a daily
fever ranging from 103◦F to 106◦F. One week before admission,
her knees became painful and swollen. J.R. is listless and irri-
table during her physical examination. The rectal temperature
is 102.4◦F. She refuses to walk. The right hip is tender and the
right wrist and both knees are warm, red, and swollen. Minimal
generalized lymphadenopathy and splenomegaly are present. The
Westergren ESR is 82 mm/hour, the WBC count 37,000 cells/mm3

with a mild left shift, and Hct 33%. Cultures of the throat, urine,
stool, and blood are negative. An intermediate-strength purified
protein derivative, antistreptolysin-O titer, ANA titer, and RF titer
all are normal. Radiographs of the chest and involved joints all
are normal. An electrocardiogram reveals only tachycardia. Af-
ter hospitalization and withholding aspirin, an evanescent rash
becomes apparent in conjunction with fever spikes. What signs
and symptoms of JIA does J.R. manifest?

The signs and symptoms (i.e., the spiking fever episodes,
evanescent rash, arthritis, lymphadenopathy, splenomegaly)
that J.R. experienced are characteristic of systemic-onset JIA.
These children also may have a normocytic, hypochromic ane-
mia, elevated ESR, thrombocytosis, and leukocytosis. Leuko-
cytosis is common and a WBC count of 30,000 to 50,000
cells/mm3 is seen occasionally. A positive RF titer is uncom-
mon in JIA and is present in only 5% to 10% of all cases.261 The
ANA titer more often is positive and is most prevalent in young
girls and children with early-onset pauciarticular arthritis and
uveitis.

Treatment
The goal of JIA treatment is to minimize the destructive effects
of inflammation, control pain, preserve or restore ROM, and
promote development and growth, to facilitate an acceptable
quality of life.

Nonsteroidal Anti-Inflammatory Drugs
SELECTION AND DOSING

48. What is the initial drug therapy for treatment of JIA?

NSAID therapy is the treatment of choice for treating
the joint manifestations as well as the febrile episodes in
systemic-onset JIA.261,263 Up to two-thirds of JIA patients
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achieve good disease control with NSAID therapy.266 In most
cases, at least two different NSAIDs should be tried before
ruling out this group of medications. Failure to respond to
an NSAID in a particular chemical class does not rule out
the efficacy of others in the same class. As with adults, it
is not possible to predict a patient’s response to any one
NSAID.

The most commonly prescribed NSAID for JIA is naproxen,
used in over 50% of patients.261 Naproxen is dosed at 10 to
15 mg/kg/day (maximum, 750 mg) in two daily divided doses,
and is advantageous in school-age children because of the
convenient dosing interval and availability in liquid or tablet
formulations.34 Oxaprozin can be administered once daily as
a 600-mg dose if weight is between 22 and 31 kg, 900 mg
if weight is between 32 and 54 kg, and 1,200 mg if weight
is >55 kg. Although not FDA approved, nabumetone is also
frequently used for JIA because of convenient once daily dos-
ing. Ibuprofen doses should not exceed 40 to 50 mg/kg/day
and, like naproxen, is available in liquid (suspension) form.
Tolmetin usually is dosed at 20 mg/kg/day in three to four
divided doses. The usual Tolmetin maintenance doses are be-
tween 15 and 30 mg/kg/day in three to four divided doses,
with a maximum daily dose of 1,800 mg. Aspirin is seldom
used because of its association with Reye syndrome (see Ques-
tion 49). Aspirin is initiated in divided doses totaling 60 to 80
mg/kg/day.34 The dosage should be increased slowly to 130
mg/kg/day to achieve anti-inflammatory serum salicylate con-
centrations ranging from 20 to 30 mg/dL.

REYE SYNDROME

49. Should aspirin be discontinued in a JIA patient who ex-
periences chickenpox because of the potential for causing Reye
syndrome?

Unrelated to the mild, reversible, dose-related transaminitis,
Reye syndrome occurs in association with the use of aspirin
as an antipyretic in children during the prodromal phase of
viral illnesses such as influenza and chickenpox. Reye syn-
drome is characterized by fatty vacuolization of the liver pro-
ducing hepatic injury, vomiting, hypoglycemia, and progres-
sive encephalopathy. The suggestion that aspirin might be a
factor in the development of Reye syndrome first was pro-
posed in the early 1960s.267 Subsequently, retrospective case-
controlled studies revealed a statistically significant difference
in the prevalence of salicylate use in patients with Reye syn-
drome compared with controls.268−270 Virtually all cases of
Reye syndrome were exposed to salicylates during an an-
tecedent illness. In the control population, salicylate use varied
from approximately 40% to 70%. Based on these findings, the
Committee of Infectious Diseases of the American Academy
of Pediatrics issued a statement that aspirin should not be given
to febrile children who are at risk for Reye syndrome by virtue
of possible infection with either influenza virus or chicken-
pox.271

The risk of Reye syndrome in children receiving salicylate
therapy for JIA is unknown. However, in a retrospective study,
6 of 176 patients with biopsy-confirmed Reye syndrome were
treated with salicylates for connective tissue disease.272 Three
of these children experienced a preceding upper respiratory
tract infection; the other three experienced no apparent pro-
dromal illness. Therefore, patients with JIA also should avoid

salicylate ingestion during febrile illnesses that represent pos-
sible infection with either influenza or chickenpox.

DISEASE-MODIFYING ANTIRHEUMATIC DRUG THERAPY

50. When should DMARDs be used in JIA?

The heterogeneity of JIA is an important consideration in
approaching treatment. Fortunately, most children with JIA im-
prove significantly with NSAID treatment, particularly those
with pauciarticular disease. Only a small number of these pa-
tients are considered for DMARD therapy, usually because of
the evolution of their condition into the polyarticular type. Pa-
tients with polyarticular, RF-positive disease and patients with
early-onset polyarthritis in association with systemic-onset dis-
ease both have poor prognosis in terms of ultimate joint func-
tion and should receive early consideration for DMARD ther-
apy. Children with polyarticular-onset, RF-negative disease
generally have a better prognosis than patients with polyartic-
ular involvement. One may wait considerably longer before
introducing a DMARD for these patients.

Most DMARDs used for adult RA are not effective for
JIA,261 and DPEN is no more effective than placebo. MTX
is clearly the DMARD of choice for polyarthritic JIA.273 The
recommended dose of MTX for JIA treatment is 5 to 15 mg/m2

(0.15–0.5 mg/kg) orally or subcutaneously each week. Pe-
diatric patients are often prescribed the injectable form of
MTX for oral consumption via a suspension. Food reduces
the bioavailability of MTX, so MTX should be administered
on an empty stomach. However, in general, oral MTX dos-
esk >12 mg/m2 are poorly absorbed; as a result, higher doses
of MTX are usually given parenterally (subcutaneous or in-
tramuscular). JIA patients with oligoarthritis seem to respond
best to MTX, while systemic arthritis patients experience lit-
tle to no benefit. Depending on the definition of response to
therapy, 33% to 100% of JIA patients respond to dosages of
MTX between 7.1 and 30 mg/m2 (0.15 and 1 mg/kg) per week.
MTX at a dose of 10 to 15 mg/m2 seems to require an average
of 13 months of treatment until remission is achieved in most
JIA patients. Radiologic evidence of improvement or slowing
of joint damage has been demonstrated in JIA patients who
responded to MTX therapy over a 2-year period.274

The prognosis of JIA-related joint damage is much better
than that associated with adult RA; therefore, discontinuation
of MTX should be attempted when disease remission is appar-
ent. The optimal length of time between achievement of disease
remission and MTX discontinuation remains to be defined;
however, it probably should not be discontinued sooner than
1 year after disease remission, with slower withdrawal in pa-
tients at high risk for relapse.275,276 In one trial involving
all types of JIA subgroups, MTX discontinuation was at-
tempted approximately 6 to 8 months after disease control
was achieved.277 After 11 months, 50% of patients relapsed;
patients younger than 4.5 years old at the time of diagnosis
seemed to be at higher risk of relapse. However, all patients
who relapsed responded to MTX retreatment at prediscontin-
uation doses. In another study, patients with pauciarticular JIA
who progressed to polyarticular disease were at greatest risk
for relapse.276

Children tolerate MTX therapy well and generally experi-
ence few serious or troublesome adverse effects (e.g., transient
liver enzyme elevations, nausea, vomiting, oral ulcerations).275

These adverse effects are reduced with daily folic acid therapy
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(1 mg) or weekly folinic acid (the day after MTX dosing). Liver
biopsy studies of patients with JIA receiving cumulative MTX
doses up to 5,300 mg for up to 6 years have all been normal
with the exception of a single case report in 1990. Liver toxic-
ity monitoring in JIA, therefore, is the same as the guidelines
recommend for MTX therapy in adult RA, including biopsy
recommendations (see Questions 27 and 28).The combination
of MTX and other DMARDs has not been fully evaluated.

If MTX is not tolerated or is ineffective, SSZ is often the next
DMARD selected.261,263 SSZ (30–50 mg/kg/per day in two di-
vided doses with a maximum of 2 g/day) is effective for pau-
ciarticular and polyarticular JIA, but numerous adverse effects
(e.g., liver enzyme elevations, leukopenia, hypoimmunoglob-
ulinemia, hematomas, diarrhea, anorexia) lead to discontin-
uation of therapy in about 30% of patients.278 HCQ may be
considered if SSZ fails, but efficacy data from well-designed
randomized controlled trials are not available.261,263

Biological Agents

51. What biological agents are effective in JIA?

Etanercept (Enbrel), the only FDA-approved biological
agent for the treatment of JIA, is indicated for patients 4 years
of age and older whose conditions have failed to respond to
one or more DMARDs.32 The recommended dose is 0.4 mg/kg
(maximum, 25 mg) subcutaneously twice weekly. Etanercept
monotherapy at this dose would be expected to yield about a
76% response rate (i.e., a minimum 30% improvement in at
least three of six and ≥30% worsening in no more than one of
six JIA core set criteria, including physician and patient global
assessment, active joint count, limitation of motion, functional
assessment, and ESR). The safety of etanercept in children is
comparable to adults with the exception of significantly more
abdominal pain (17% of JIA patients vs. 5% of adult patients
with RA) and vomiting (14.5% of patients with JIA vs. <3%
of adult patients with RA). JIA patients should be current on
immunizations before initiation of etanercept therapy because
the effect of etanercept on vaccine response is unknown. Safety
and efficacy data reflecting up to 8 years of treatment support
the long-term use of etanercept for JIA.279

Other biological agents, including infliximab, adalimumab,
anakinra, and abatacept, are not FDA approved for JIA but
have been studied.273,280−282 Trials involving these agents are
primarily short term and relatively small in number of partici-
pants, but available data suggest that all of these treatments may
be safe and effective for JIA with no evidence of significant
risk for serious adverse reactions.

In summary, NSAID therapy is normally the first medi-
cation administered for JIA. If response to NSAID therapy
is inadequate, two of the three most common forms of JIA
(oligoarthritis, polyarthritis) have a high response rate to MTX.
Patients with systemic arthritis unresponsive to NSAID ther-
apy or patients with oligoarthritis or polyarthritis who have a
suboptimal response to MTX should receive a trial of etaner-
cept. The use of other anti-TNF agents, anakinra, and abatacept
is promising.273

Intra-Articular Corticosteroid Therapy

52. What is the evidence to support the use of intra-articular
corticosteroid therapy in JIA?

Intra-articular corticosteroid therapy seems to be highly ef-
ficacious in JIA. Full disease remission of injected joints last-
ing longer than 6 months can be expected in 84% of patients
with JIA, and 60% of patients could be expected to be able to
discontinue all oral medications, with even greater success in
patients with pauciarticular JIA (75%).283 In one study, after an
average of 30 months of follow-up, long-term negative effects
of corticosteroid therapy (e.g., joint stability, osteonecrosis,
soft tissue atrophy) were not encountered. As a result, intra-
articular corticosteroid therapy seems to be a safe and effective
option for JIA, particularly in pauciarticular disease limited to
a few troublesome joints.261

Uveitis

53. J.R. is scheduled to be seen by an ophthalmologist every
6 months to screen for uveitis. How should her uveitis be managed?

Uveitis associated with JIA is a nongranulomatous inflam-
mation involving the iris and ciliary body. This type of uveitis,
sometimes is referred to as iridocyclitis, can occur in 2% to 4%
of patients with JIA.284 The posterior uveal tract, or choroid,
rarely is affected.261 Chronic uveitis can progress, leading to
cataracts, glaucoma, and blindness; however, careful screening
and early detection are effective at preventing these conditions.
Uveitis is most common in ANA-positive oligoarthritis JIA and
usually occurs within 4 to 7 years of JIA diagnosis. Fewer than
1% of patients with systemic JIA develop uveitis.

Uveitis rarely presents with symptoms, and even if symp-
toms occur, children may have difficulty recognizing them.
If symptoms of uveitis (e.g., ocular pain, decreased vision,
headaches, red eye, unequal pupils) occur, urgent eye exami-
nation is warranted.

Prevention of uveitis relies on compliance with reg-
ularly scheduled slit-lamp examinations performed by an
ophthalmologist.284 Direct ophthalmoscopy cannot detect
uveitis. All JIA patients must have a baseline slit-lamp ex-
amination within 1 month of diagnosis. The highest-risk JIA
patients for uveitis (e.g., ANA-positive oligoarthritis or pol-
yarthritis, ≤6 years of age at JIA onset and ≤4 years JIA du-
ration) require slit-lamp examination every 3 months. At the
opposite extreme, low-risk oligoarthritis or polyarthritis pa-
tients (i.e., >7 years JIA duration, >6 years of age at JIA onset
and >4 years JID duration, ≤6 years of age at JIA onset and
>4 years JIA duration who are ANA negative, >6 years of
age at JIA onset and ANA negative) and systemic JIA patients
require slit-lamp examination once a year.

If detected early, the prognosis for uveitis is very good.
The initial drug of choice is a topical corticosteroid (e.g., dex-
amethasone, prednisolone), which usually reduces ocular in-
flammation rapidly. More severe and chronic uveitis may re-
quire a 1- to 3-day course of intravenous methylprednisolone
(30 mg/kg once daily, maximum 1 g/dose). Uveitis that re-
sponds poorly to corticosteroids should be treated with sys-
temic NSAIDs, followed by serial trials of by MTX and anti-
TNF agents if responses are inadequate.261

OSTEOARTHRITIS
OA, also referred to as degenerative joint disease, is the most
common form of arthritis in the United States. Approximately
27 million Americans have clinical OA.286 OA is the single
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most common cause of rheumatic symptoms, and no other
disease is responsible for more loss of time from work. Patients
with OA are more dependent on others in climbing stairs and
walking than any other disease, and OA is second only to heart
disease as the most common disability leading to the receipt
of Social Security benefits.

The prevalence of OA rises dramatically with age, increas-
ing from two- to tenfold from age 30 to age 65, respectively.
Although men are affected more commonly in early adulthood,
men and women are generally affected equally. At age 65, OA
is twice as prevalent in women, and women are more likely
to have proximal and DIP joint involvement presenting with
Bouchard’s nodes or Heberden’s nodes. Although only 30% of
patients are symptomatic, >90% of all individuals older than
40 years of age have radiographic evidence of joint damage in
weight-bearing joints consistent with OA.287

Risk factors for the development of OA include ad-
vancing age, obesity, quadriceps muscle weakness,288 joint
overuse/injury from vocational or sports activities, genetic
susceptibility,289 and developmental abnormalities.287 Obesity
increases OA risk because of excess weight placed on weight-
bearing joints (e.g., hips, knee). However, metabolic factors
other than excess weight may also play a role in the develop-
ment of OA in obese individuals. Excess adipose tissue can
produce abnormal levels of hormones or growth factors that
can affect cartilage or underlying bone, predisposing individ-
uals to OA.290 A weight loss of 5 kg is associated with a 50%
reduction in the odds of developing symptomatic knee OA.

Quadriceps muscle weakness is strongly predictive of both
radiographic and symptomatic OA of the knee. The risk of
knee damage associated with quadriceps weakness is more pro-
nounced in relation to body weight. Vocational or athletic ac-
tivities also can contribute to OA as the result of repetitive joint
use or trauma subjected to the joints. This is consistent with the
traditional “wear and tear” concept used to explain the etiology
of OA. However, OA is much more complicated than simply a
disease of wearing-down of joints. Under normal conditions,
chondrocytes in articular cartilage, which undergo active cell
division, balance matrix degradation and repair. Biomechani-
cal stress placed on the joint is believed to stimulate cytokine-
mediated release of enzymes (e.g., matrix metalloproteinase,
plasmin, cathepsins) that degrade the proteoglycan and colla-
gen components of cartilage, possibly predisposing affected
joints to the development of OA.287

Signs and Symptoms
The clinical presentation of OA is variable and depends on
the particular joints involved. Unlike RA, which is character-
ized by synovial proliferation within multiple joints and sys-
temic disease, the symptoms of OA are limited to the joints
in which progressive degeneration of cartilage with secondary
reactive bone changes (i.e., osteophyte formation) occurs. Oc-
casionally, secondary synovial inflammation can contribute to
symptoms. The primary symptom is a deep aching pain lo-
calized to the affected joint(s). The joints most commonly in-
volved are the DIP (known as Heberden’s nodes), PIP (known
as Bouchard’s nodes), first carpometacarpal, knees, hips, cer-
vical and lumbar spine, and the first MTP joints. Shoulder,
elbow, and rarely the MCP joints also can become involved. In
addition to joint pain, common OA symptoms include morning

stiffness and stiffness after rest during the day lasting less than
20 to 30 minutes, limited to involved joints. Joint motion may
be limited secondary to loss of integrity of the joint surfaces,
development of osteophytes, intra-articular loose bodies, and
protective muscle spasm. Crepitus, a palpable grating or crack-
ling due to roughened articular surfaces, may be associated
with both passive and active motion of involved joints.287

54. G.R., a 190-lb, 60-year-old school teacher, developed
painful, tender swelling in the right knee approximately 1 year
ago. Since then, she has experienced intermittent pain in the right
knee and hip. She now has moderate morning stiffness in the hip
and knee and some joint stiffness after inactivity. Her pain is in-
creased significantly by ambulation. Examination of her joints
revealed Heberden’s nodes in both hands, limitation of flexion of
the right hip to 45 degrees, patellar crepitus, and mild tenderness
at the joint margin of the right knee. Laboratory studies were all
normal, including negative RF. What signs and symptoms of OA
are present in G.R.?

Symptoms of OA usually are referable to the particular joint
or joints involved. Common complaints include joint pain (par-
ticularly with motion) and stiffness after periods of rest for
weight-bearing joints with aching during periods of inclement
weather. Crepitation upon joint motion, limitation of motion,
and changes in the shape of the joint may be detected on phys-
ical examination. The joint(s) may be tender to palpation, but
signs of inflammation are relatively uncommon with the excep-
tion of effusion, which may be noted after trauma or vigorous
use of the involved joint. The Heberden’s nodes observed in
G.R.’s hands are bony protuberances (osteophytes) at the mar-
gins on the dorsal surfaces of the DIP joints. These nodes are
more common in women, have a genetic predisposition, and
often are associated with a more severe disease course involv-
ing multiple joints. OA of the hip is usually rapidly progressive,
possibly due to constant weight-bearing, eventually leading to
limitation of ROM. Knee OA is observed frequently in older
women, particularly when obesity and weak quadriceps mus-
cles are contributing factors, and is associated with crepitus,
loss of ROM, and flexion deformities. Other common mani-
festations of OA that are not present in G.R. include vertebral
column involvement and Bouchard’s nodes (i.e., osteophytes
on PIP joints).

Results of laboratory studies are usually normal unless an
underlying disease coexists. ESR may be elevated in patients
with generalized OA characterized by involvement of three or
more joint groups with evidence of local inflammation (e.g.,
soft tissue swelling, redness, warmth). RF is usually negative;
however, as discussed previously, approximately 3 to 5% of
non-RA individuals test positive for RF. Synovial fluid analy-
sis may reveal mild inflammation-induced increase in volume,
decreased viscosity, mild pleocytosis, and a slight increase in
synovial fluid protein.287

Treatment
Nonpharmacologic and First-Line Therapy

55. How should G.R. be treated?

Because of the degenerative nature of OA, nonpharmaco-
logic interventions aimed at preserving joint function and ROM
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while maintaining muscle strength are essential. Medications
are used to reduce symptoms and have no impact on the disease
course. G.R. has significant pain in both the hip and knees. She
should understand the pathology of OA and taught appropri-
ate self-management techniques. Examples of effective non-
pharmacologic measures include exercises that avoid stress on
joints while strengthening periarticular muscles (e.g., aerobic
aquatic exercises, stationary bicycle), avoidance of excessive
loading of the hip or knee joints by using assistive devices
(e.g., canes, walkers, orthopedic shoe), weight reduction for
obese individuals, education on principles of joint protection,
and thermal modalities.291

If possible, G.R. should be referred to a physical thera-
pist, who can help to develop an exercise program appropriate
for OA patients. Occupational therapists can provide valuable
techniques and assistance devices to help with activities of
daily living.

OA treatment goals are to relieve pain, maintain or improve
joint function, minimize disability, enhance quality of life and
functional independence, minimize risks of therapy, and edu-
cate patients and their families. Because the cause and much
of the pathophysiology pertaining to OA remain unexplained,
drug therapy is empiric and directed toward providing symp-
tomatic relief. Drugs have not been proven to prevent, delay
the progression of, or reverse the pathologic changes of OA in
humans.

In a comprehensive review of 351 OA clinical trials, ac-
etaminophen was only effective for the treatment of mild pain,
whereas NSAIDs were more effective for moderate to severe
OA pain.134 Furthermore, acetaminophen should be considered
the treatment of choice for mild pain because of a lower risk of
GI complications compared with NSAIDs. (See Nonsteroidal
Anti-inflammatory Drugs section). In a 4-week study of pa-
tients with symptomatic OA of the knee,292 acetaminophen, up
to 4 g/day, was comparable to an analgesic regimen of ibupro-
fen (1.2 g/day) and an anti-inflammatory regimen (2.4 g/day).
In a multicenter, randomized, double-blind, 2-year comparison
of naproxen 750 mg/day with acetaminophen 2.6 g/day, no sig-
nificant differences were noted between the treatments, knee
flexion and walking time in the were improved in the naproxen
group.293

NSAIDs should be prescribed for OA patients with moder-
ate to severe pain; however, the risk of serious adverse effects,
particularly GI bleeding, must be considered. Risk factors (e.g.,
older age, history of prior GI bleeding, concurrent use of an-
tiplatelets or anticoagulants) may warrant the use of PPIs or
misoprostol concurrently with NSAID therapy. As in the case
of RA, all NSAIDs are equally efficacious for OA; patient re-
sponse to a given NSAID is not predictable.134 Therefore, a
trial of several different NSAIDs, even those within the same
chemical class, may be required before satisfactory analgesic
effects are achieved.

Alternatives to Simple Analgesics

56. G.R. starts a regimen of acetaminophen 1 g QID PRN and
returns to the clinic 4 weeks later. She states that most joint-
related symptomatically and general functioning have improved;
however, she claims that the pain and stiffness in her right knee is
more bothersome now than 1 month ago. What is the best treat-
ment option for G.R. at this visit?

If joint symptoms persist despite an adequate trial with
acetaminophen, several options may be considered. Locally
applied medications offer the advantage of minimizing the po-
tential for systemic adverse effects associated with oral med-
ications. Although not FDA approved, topical NSAIDs (di-
clofenac, ibuprofen) have been as effective as oral NSAIDs,
particularly in patients with OA of the knee.134 Evidence sup-
porting the use of capsaicin cream is not as strong as topical
NSAIDs, but is better than placebo in providing pain relief.
Capsaicin cream, derived from vanillyl alkaloids found in hot
peppers and related plants, induces analgesic effects by deplet-
ing local sensory nerve endings of substance P. Topical salicy-
lates are not effective for relief of OA symptoms. Intra-articular
corticosteroid injections are very effective for the treatment of
pain and inflammation in isolated joints (see Corticosteroids
section). A poor response to local treatment warrants consid-
eration of NSAID use.

Nonsteroidal Anti-Inflammatory Drugs and
Cyclo-Oxygenase-2 Inhibitors

57. What is the role of the NSAIDs and/or COX-2 inhibitors in
managing G.R.’s OA?

Because G.R. is overweight and has experienced OA symp-
toms for more than 1 year, her condition is most likely more
than a mild form of OA. The treatment of choice for moderate
to severe OA is NSAID therapy.134 NSAIDs or COX-2 in-
hibitors are also preferred for patients who have not responded
adequately to maximum doses of acetaminophen and patients
with joint effusions. Some patients may benefit from a com-
bination acetaminophen plus an NSAID.294,295 This combina-
tion would allow for lower doses of NSAIDs when used with
acetaminophen. In one study, acetaminophen 4 g/day in com-
bination with naproxen 500 mg/day was as effective as 1,000
to 1,500 mg/day of naproxen alone in patients with OA of the
hip.295 Patients with inflammatory OA (clinically defined as
having detectable effusion in their joints) may respond better
to NSAIDs.296

Although NSAIDS are effective for controlling pain and
inflammation associated with OA, the risk of GI-related com-
plications, including ulceration, hemorrhage, and death, must
be considered.134,136 (See complete discussion regarding ad-
verse effects of NSAIDs and COX-2 inhibitors in Question
11.) NSAID use is associated with a 2.5- to 5.5-fold increased
risk of GI-related hospitalization and 16,500 deaths per year
among arthritis patients. Risk factors for GI complications,
include NSAID dose, concurrent prednisone use, history of
GI bleeding, and old age, may warrant the concurrent use of
gastroprotective agents such as misoprostol or PPIs. NSAIDs
are also associated with other serious adverse effects includ-
ing renal dysfunction, elevated blood pressure, fluid retention,
and heart failure exacerbation. In one study, NSAID use was
associated with approximately 19% of hospital admissions for
heart failure.297 The burden of illness from NSAID-related
heart failure may exceed the burden associated with gastro-
pathy.

COX-2 inhibitors are similar to nonselective NSAIDs with
regard to virtually all adverse effects, including sodium reten-
tion and reductions in glomerular filtration rate.298 The pub-
lished results of a large trial suggesting that the only remaining
COX-2 inhibitor available in the United States, celecoxib, is
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associated with fewer serious GI complications when com-
pared to nonselective NSAIDs are questionable (see Question
11). Therefore, until more reliable data are available, the safest
course of action is to consider celecoxib as having the same
side effect profile as nonselective NSAIDs.

The synthetic opioid tramadol is an alternative to the non-
selective NSAIDs or COX-2 inhibitors for patients who have
contraindications to the COX inhibitors. Tramadol relieves
moderate to severe pain and is comparable to ibuprofen for
the treatment of OA of the hip and knee, and may be used
as adjunctive therapy to NSAIDs.292 Because tramadol is
a synthetic opioid, nausea, constipation, and drowsiness are
common side effects. Although the abuse potential for tra-
madol is very low, the FDA MedWatch adverse effect surveil-
lance program has received 766 reports of abuse and 482
cases of withdrawal associated with tramadol between 1995
and 2004.299,300 Therefore, tramadol seems to be safest for
the short-term treatment of acute pain. If tramadol is used
for chronic pain, closes monitoring for abuse or addiction is
warranted.

Corticosteroids
Systemic corticosteroids are not commonly prescribed for pa-
tients with OA because inflammation is not a primary compo-
nent of OA pathophysiology. Intra-articular injection of a cor-
ticosteroid can be of value when isolated joints with effusions
are painful and swollen. The aspiration of effusion fluid fol-
lowed by an injection of a corticosteroid such as triamcinolone
hexacetonide (up to 40 mg) can be effective for reducing pain
and increasing muscle strength. The injections can be used as
monotherapy or as adjunctive therapy along with an analgesic
or NSAID. Symptomatic improvement from intra-articular cor-
ticosteroids may last only a few days, but also may persist for a
month or longer. The initial relief of pain may permit more ef-
fective physical therapy and appropriate balance of rest and ex-
ercise, thus attenuating the need for repeated injections.291 On
the other hand, symptomatic improvement may lead to overuse
of the joint and potentially accelerate the degenerative process.
The safe frequency of repeated corticosteroid injections into
the same joint is unclear. In one study, repeated weekly joint
injections for up to 9 weeks in animals resulted in histologic
evidence of cartilage degeneration and depressed collagen and
proteoglycan synthesis.301 In RA patients, corticosteroid in-
jections up to 10 times per joint per year over a 10-year period
were not associated with cartilage loss.302 In one randomized,
placebo-controlled trial, corticosteroid injections as often as
every 3 months did not worsen joint space loss over a period
of 2 years.303

The intra-articular injection of crystalline steroid suspen-
sion can precipitate a flare of synovitis, which usually is tempo-
rary and can be relieved with cold compresses and analgesics.
Other potential, but rare, complications of intra-articular injec-
tions include osteonecrosis, tendon rupture, microcrystalline
corticosteroid deposition in the synovial fluid, and joint cap-
sule calcification.304 Thus, frequent injections into the same
joint, particularly weight-bearing joints, should be avoided.
Although the mechanism of benefit of intra-articular cortico-
steroids in OA is still unclear, patient response is very high,
as demonstrated by the fact that a corticosteroid injection
is given in one of every six patient care encounters with a
rheumatologist.305 Although not evaluated in clinical trials, it

is common practice to mix a small about of 1% or 2% lido-
caine with corticosteroid to provide temporary analgesia upon
injection.

Viscosupplements
Viscosupplements, classified by the FDA as a “medical de-
vices,” are used as substitutes for the natural hyaluronic acid
in the joint fluid that breaks down in patients with OA.
Two viscosupplements are currently available in the United
States, hyaluronan (sodium hyaluronate) and hylan. Hyaluro-
nan, polysaccharide molecules that occur naturally in synovial
fluid, help to create a viscous environment, cushion joints,
and maintain normal function. The viscosupplements (derived
compound from rooster combs) act as lubricants and shock ab-
sorbers in weight-bearing joints, possibly protecting cartilage
from damage.306,307

The hyaluronans are usually administered when analgesics
and other measures fail for knee OA. The affected knee is
first aspirated and hyaluronan is administered intra-articularly
into the knee as a series of three to five injections on a weekly
basis. In some clinical trials, the hyaluronans provide pain relief
comparable to NSAIDs for 6 months or longer after a course of
treatment, longer than the duration of relief achievable by intra-
articular corticosteroids. Nevertheless, in a systematic review
and meta-analysis, intra-articular hyaluronic acid provided no
clinical benefits for knee OA.308

Hyaluronan is generally well-tolerated, with the most com-
mon adverse event being mild to moderate pain, inflamma-
tion, and effusion at the injection site.309,310 Patients allergic
to avian proteins and products, including eggs and feathers,
should avoid all hyaluronans with the exception of ferring (Eu-
flexxa), the only bioengineered formulation.

Corticosteroids or hyaluronans administered intra-artic-
ularly may provide temporary relief of pain and, if present,
inflammation. Corticosteroids seem to offer a higher response
rate at a much lower cost (medication cost <$2 per injection,
2007 pricing, www.drugstore.com), although hyaluronans may
provide a longer duration of effect. Both have the advantage
of avoiding systemic adverse effects of oral medications, and
may provide the support necessary to allow for the therapeutic
success of other key interventions (e.g., weight loss, exercise
and muscle strengthening, knee replacement).

Glucosamine and Chondroitin
Glucosamine, used for many years in the United States for
arthritis in dogs and horses, was hypothesized to halt or reverse
OA. Endogenous glucosamine, an amino-monosaccharide syn-
thesized from glucose, is integral to the biosynthesis of proteo-
glycans and the glycosaminoglycans, which are building blocks
of cartilage. Chondroitin sulfate reportedly provides substrate
for the formation of a healthy joint matrix and blocks enzymes
responsible for breaking down old cartilage. These products
are often sold as combination products for the treatment of
OA, but there is no evidence that the combination produces
better results than glucosamine sulfate alone.311 Almost all of
the clinical trials of glucosamine and chondroitin have pro-
duced weak conclusions because of small sample size or other
deficiencies in study design.312

As a result of the widespread promotion and use of glu-
cosamine with or without chondroitin for OA and the lack
of strong clinical trial evidence, the National Institutes of
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Health sponsored a large study to end all speculation. The Glu-
cosamine/chondroitin Arthritis Intervention Trial evaluated
1,583 patients randomized to receive either placebo, celecoxib,
glucosamine, chondroitin, or glucosamine with chondroitin.313

The study required investigators to manufacture their own
pharmaceutical-grade glucosamine hydrochloride and chon-
droitin because of the inability to identify a manufacturer of
a product with acceptable lot-to-lot consistency (glucosamine
and chondroitin are natural products unregulated by the FDA).
At 24-week follow-up, glucosamine and chondroitin, either
alone or in combination, were found to be no different than
placebo at achieving the primary endpoint of a 20% reduc-
tion in knee pain from baseline. On the other hand, signifi-
cantly more patients treated with celecoxib achieved the pri-
mary endpoint when compared with placebo ( p = 0.008).
A preplanned subgroup analysis of 354 patients with base-
line moderate to severe pain revealed a significantly higher
response rate with combination glucosamine and chondroitin
versus placebo (79.2% vs. 54.3%, respectively, p = 0.002).
In general, successful treatment of more severe pain is eas-

ier to achieve than treatment of mild pain, for which there
is little room for improvement. Rates of adverse events and
treatment withdrawals were low and similar between all study
groups. Celecoxib-treated patients had a higher incidence of
blood pressure elevation, and chondroitin-treated patients had
the highest incidence of nonspecific musculoskeletal and con-
nective tissue events.

The combination of glucosamine and chondroitin is well-
tolerated and may only be beneficial for moderate to severe OA.
However, clinicians and patients should keep in mind that these
are natural products unregulated by the FDA and, as a result,
consistency in potency, safety, purity, and efficacy cannot be
assured.
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Despite new knowledge in the immunology and the patho-
genesis of the different connective tissue diseases (CTDs),
their etiology and classification remains elusive.1 Different
textbooks approach the connective tissues disease in varied
fashions. Some textbooks group systemic lupus erythematosus
(SLE), progressive systemic sclerosis, inflammatory muscle
disease, Sjögren’s syndrome, and the systemic vasculitides to-
gether loosely. Other textbooks put them in separate sections.2

The diagnosis of the different CTDs is a matter of clinical
judgment as patients present with constellations of symptoms,
physical findings, and laboratory features that permit their
recognition. Patients may present with findings consistent with
more than one CTD. There is also overlap CTD representing
the presence of two defined CTDs. Examples of this include
SLE/RA or what is known as lupus and myositis/scleroderma
resulting in sclerodermatomyositis or scleromyositis. Com-
plicating matters, there is also the mixed connective tissue
disease (MCTD), which includes examples, such as myosi-
tis/scleroderma/RA/SLE first described in 1972.1

Sustained inflammation is the hallmark of CTDs. The
inflammatory effector mechanisms can engage mast cells,
platelets, neutrophils, endothelial cells, mononuclear phago-
cytes, and lymphocytes as well as trigger the complement,
kinin, and coagulation cascades. The diversity of the potential
mechanisms activated during inflammation can lead to a broad
spectrum of clinical manifestations. Environmental factors can

also serve as stimuli to the particular mechanism activated. For
example, biologic agents such as group A β-hemolytic strep-
tococci can lead to rheumatic fever or Borrelia burgdorferi
leading to Lyme disease, drugs such as hydralazine and pro-
cainamide can lead to drug-induced lupus, and vinyl chloride
can lead to progressive systemic sclerosis.2

GENERAL SIGNS AND SYMPTOMS
Many patients can have arthralgias and arthritis as part of the
inflammatory disease associated with their CTD, such as those
patients with SLE. Inflammatory disease is suggested by morn-
ing stiffness of >1 hour (a similar problem occurs with sitting
or resting), swelling, fever, weakness, and systemic fatigue.
In some patients, activities of daily living and function may
be excellent despite pain and deformity; in others, because of
psychologic and systemic disease, there may be poor function
with minimum articular involvement. Other psychosocial as-
pects of their life, including sexuality, may be affected by many
of the inflammatory disorders.

Dermatologic changes are often associated with a partic-
ular rheumatic disease. Examples include alopecia with SLE,
onycholysis, and keratoderma blenorrhagica with Reiter’s syn-
drome, buccal or genital ulcers with SLE or Reiter’s syndrome,
Raynaud’s phenomenon with SLE or systemic sclerosis, calci-
nosis and rash over the knuckles (Gottron’s papule) with der-
matomyositis, and sun sensitivity malar rash with SLE. The

44-1
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presence of nodules, tophi, telangiectasia, or vasculitic changes
also may be detected, helping the clinician differentiate which
inflammatory disease is present and what management is nec-
essary.

The CTDs are commonly associated with musculoskeletal
changes. Joints may display warmth, redness and effusion, syn-
ovial thickening, deformities, decreased range of motion, pain
on motion, tenderness on palpation, and decreased function.
Often, a patient’s hand and arm function, as well as gait, may
be altered. In addition to the signs and symptoms used to dif-
ferentiate various rheumatic diseases, laboratory evaluation of
patients with rheumatic complaints can often define the extent
of disease or detect other organ systems that may be involved.

NONPHARMACOLOGIC AND
PHARMACOLOGIC TREATMENT
The aim of present therapy is to provide pain relief, decrease
joint inflammation, and more importantly, maintain or restore
joint function and prevent bone and cartilage destruction. The
current approach to treatment is to interrupt the complex in-
flammatory process. The general treatment program consists
of patient education, balance between rest and exercise, physi-
cal and occupational therapy, adequate nutrition, local heat, use
of supportive or rehabilitative devices, and orthopedic surgery.
Depending on the disorder being treated, various drugs may
be used, including the salicylate class of drugs, nonsteroidal
anti-inflammatory drugs (NSAIDs), disease-modifying an-
tirheumatic drugs (DMARDs), and corticosteroids. All drugs
other than corticosteroids have been reviewed extensively in
other chapters.

These agents and especially the corticosteroids used in the
treatment of CTDs and systemic rheumatic disorders may have
systemic toxicity as well. A good understanding of cortico-
steroids and their effects can help the clinician monitor the pa-
tient appropriately and order laboratory studies, such as renal
or liver function tests, complete blood counts (CBCs), mus-
cle enzyme levels, or urinalysis. More sophisticated tests may
be necessary to differentiate hypothalamic-pituitary-adrenal
(HPA) axis abnormalities from effects of chronic cortico-
steroid therapy.3 Functional evaluation and health status out-
come measurements are ultimately the most important mea-
surement tools in evaluating treatment. Psychologic function
typically is assessed in terms of affective domains, such as de-
pression and anxiety, whereas social function usually is mea-
sured in terms of social interactions and social support.

SELECTED CONNECTIVE TISSUE DISEASES
CTDs and rheumatic diseases encompass a wide range of disor-
ders that are inflammatory in nature and related to the immune
system. The following are some of the conditions that are en-
countered in clinical practice, which necessitates the use of
corticosteroids as part of their therapy.

LUPUS ERYTHEMATOSUS: SYSTEMIC AND DISCOID
SLE is the most diverse of the autoimmune diseases as it is
a multisystem CTD caused by several autoantibodies and im-
mune complexes.4 Disease manifestations depend on the tis-
sues targeted and often have musculoskeletal involvement. It

generally involves one organ system at the onset, but can affect
other organ systems subsequently displaying a broad range of
clinical manifestations.5 SLE is a dynamic disease in a sense
that many patients have fluctuations or flare-ups that neces-
sitate the use of steroids and other potent immunosuppres-
sive agents. Discoid lupus erythematosus is a form of lupus
erythematosus in which cutaneous lesions appear on the face
and elsewhere. These are atrophic plaques with erythema, hy-
perkeratosis, follicular plugging, and telangiectasia. These are
chronic cutaneous lesions and have few if any systemic mani-
festations. The lesions are usually sharply demarcated and can
be round; therefore, the term discoid (or disclike) is used.6

Epidemiology
SLE generally affects women of childbearing age; this pop-
ulation accounts for >90% of all cases. However, SLE can
affect people of all ages and gender, including children, men,
and the elderly. SLE can begin at any age but occurs most fre-
quently in women between16 and 45 years of age. It is more
common in African Americans than in whites, and the mean
age for diagnosis of African American females is younger than
that of white females. Its prevalence ranges from 17 to 50 per
100,000 in American European white females as compared
with 60 to 280 per 100,000 in African American females.4,7

Asian and Hispanic patients are also susceptible with the preva-
lence in Chinese patients being similar to that seen in whites.
There are currently no published data on the incidence in His-
panic Americans.7,8 Genetic epidemiology of SLE has gen-
erated strong evidence of hereditary predisposition to this
disorder.7

Clinical Presentation
SLE is the prototype autoimmune disease as it can affect al-
most any organ system, and most patients have multiorgan in-
volvement. Clinical signs of SLE are presented in Table 44-1.9

Table 44-1 Signs of SLE

Organ System Sign

Cutaneous Malar rash, discoid rash, mouth/nasal sores,
Raynaud phenomenon, cutaneous vasculitis,
alopecia

Musculoskeletal Polyarthritis, especially of the small joints of
hands and wrists, myositis

Renal Proteinuria, hematuria, red blood cell casts,
nephrotic syndrome, elevated creatinine

Cardiopulmonary Pericarditis, pleurisy, pleural effusions,
pneumonitis, pulmonary emboli, pulmonary
hypertension, myocardial infarction

Hematologic Anemia, leucopenia, thrombocytopenia, elevated
sedimentation rate, lupus anticoagulant,
anticardiolipin

Neurologic Seizure, psychosis, stroke, encephalopathy,
transverse myelitis, mononeuritis multiplex,
peripheral neuropathy

Gastrointestinal Esophageal dysmotility, intestinal vasculitis,
protein-losing enteropathy

Constitutional Fever, weight loss, lymphadenopathy
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The most common organ systems affected include cutaneous,
musculoskeletal, and renal systems. The most common sign
of SLE is cutaneous involvement occurring in about 90% of
the patients. Rashes are photosensitive in about 70% of the
patients, and maculopapular rashes are usually indicative of
disease flare-ups. The malar rash or butterfly rash is reported
in 20% to 60% of the SLE patients. The rash is often precipi-
tated by exposure to sunlight.10 Discoid lesions occur primarily
in the face, but also occur in the ears and on forearms. Most
patients with SLE experience fatigue and suffer from some
form of arthralgias and myalgias, which mimic rheumatoid
arthritis with symmetrical involvements of the joints. However,
unlike rheumatoid arthritis, the affected joints of lupus arthri-
tis are rarely erosive. Renal involvement, occurring in about
50% of the whites and 75% of the African Americans with
SLE, is manifested by proteinuria, hematuria, and red blood
cell casts. The more severe cases of renal involvement can
lead to renal failure if not controlled early. Hematologic man-
ifestations of lupus are frequent and can be life-threatening.
Anemia generally is consistent with anemia of chronic disease
and iron-deficiency anemia. Leukopenia is common, but rarely
severe (i.e., <2,000 cells/mm3). Mild chronic thrombocytope-
nia is common, but can be sudden and life-threatening. Lupus
patients can also present with neurologic and gastrointestinal
signs as presented in Table 44-1. Vague constitutional signs
of SLE (e.g., fatigue, malaise, fever, anorexia, nausea, weight
loss) occur in 95% of patients during the course of their disease.
Because of its multisystem organ involvement, the diagnosis of
SLE may be difficult. The American College of Rheumatology
has published criteria for the classification of patients having
SLE. The Diagnostic and Therapeutic Criteria originally pub-
lished in 1982 and updated in 1997 lists 11 characteristic signs,
symptoms, and laboratory values most often associated with a
positive diagnosis of SLE (Table 44-2). The presence of four or
more of these criteria, either serially or simultaneously, during
any period of observation, confers >97% sensitivity and 98%
specificity for the diagnosis of lupus.11−13

Prognosis
Although disability of varying degrees is common in patients
with SLE, most will live nearly normal lives. Survival rates are

90% to 95% at 2 years, 82% to 90% at 5 years, 71% to 80% at
10 years, and 63% to 75% at 20 years.5 The prognosis is poor
in patients with high serum creatinine levels (>1.4 mg/dL),
hypertension, nephrotic syndrome, anemia, hypoalbuminemia,
and hypocomplementemia at the time of diagnosis. Another
50% of the patients who go into remission remain in remission
for decades. The leading causes of death are generally from
complications of renal failure or infections.5

Treatment
Because there is no cure for SLE, therapy generally involves
(a) controlling the acute symptoms of SLE and (b) providing
maintenance therapy to prevent exacerbations and to keep clini-
cal manifestations of SLE at acceptable levels. Approximately
25% of patients with SLE have mild symptoms without any
life-threatening situations. These patients are normally treated
for their symptoms of arthritis, arthralgias, myalgias, fever, and
mild serositis with NSAIDs and salicylates. More potent agents
and immunosuppressives are used for more active disease. Cor-
ticosteroids are used for the more severe life-threatening and
severely disabling manifestations unresponsive to immunosup-
pressive agents.5

DRUG-INDUCED LUPUS
The first case of drug-induced lupus was reported in 1945 in a
patient receiving sulfadiazine.14 Since then, approximately 75
drugs have been identified that induce a lupus-like syndrome or
exacerbate pre-existing SLE. Classes of drugs that have been
linked to the lupus-like syndrome include antihypertensives,
antimicrobials, anti-inflammatory agents, anticonvulsants, im-
munosuppressive agents, recombinant cytokines, psychotropic
agents, and antithyroid and hormonal drugs. Drug-induced LE
occurs in at least two forms. One is characterized by serositis
and the finding of a positive antihistone antibody. This form
has been associated with procainamide, hydralazine, minocy-
cline, and isoniazid. The second form involves positive anti-
Ro (SS-A) antibody findings15 and is most prominently linked
to hydrochlorothiazide and calcium channel blockers.16 The
most common drugs causing drug-induced LE are procaina-
mide and hydralazine followed by chlorpromazine, isoniazid,

Table 44-2 1997 Revised Criteria for Classification of SLE

Criteria Explanationa

Malar rash Fixed erythema, flat or raised
Discoid rash Erythematosus raised patches with adherent keratotic scaling and follicular plugging; atrophic scarring may occur in older

lesions
Photosensitivity Skin rash resulting from an unusual reaction to sunlight by patient history or observed by physician
Oral ulcers Painless oral or nasopharyngeal ulcers observed by physician
Arthritis Nonerosive arthritis involving two or more peripheral joints; characterized by tenderness, swelling, or effusion
Serositis Evidence of pleuritis or pericarditis documented by ECG or rub heard by physician or evidence of pericardial effusion
Renal disorder As manifested by persistent proteinuria (>0.5 g/day or >3+) or cellular casts
Neurologic disorder Seizures or psychosis occurring without any other explanation
Hematologic disorder Leukopenia (<4,000/mm3), or hemolytic anemia, or lymphopenia (<1,500/mm3), or thrombocytopenia (<100,000/mm3)
Immunologic disorder Anti-double stranded DNA antibody, or anti-Sm antibody, or anti-phospholipid
Antinuclear antibody An abnormal ANA titer in the absence of drugs known to be associated with drug-induced lupus

aThe diagnosis of SLE is made when a patient has 4 or more of the 11 criteria at any time during the course of the disease with 98% specificity and 97% sensitivity.
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methyldopa, penicillamine, quinidine, and sulfasalazine. The
most commonly reported drug associated with drug-induced
lupus is procainamide, which has resulted in the syndrome
in approximately one third of patients who have taken it over
a 1-year period. The drug-induced lupus-like syndrome on-
set can occur as soon as 1 month of therapy or as late as 12
years from the initiation of procainamide. Hydralazine fol-
lows procainamide, with a prevalence of drug-induced lupus-
like syndrome being reported between 2% and 21%, with
the wide range reflecting differences in duration of treatment,
dosage, and acetylator phenotype. Drug-induced lupus from
hydralazine appears to be associated with daily dosage >200
mg or a cumulative dose of 100 g. Drug-induced cutaneous
lupus erythematosus occurs in 15,000 to 20,000 people yearly
in the United States and is often unrecognized.17–19 New cases
of drug-induced LE continue to occur with newer drugs such
as terbinafine and celecoxib.15,20 In particular for celecoxib,
this may be another precaution to keep mind since the COX-2
inhibitors are being widely used in the treatment of rheumatic
diseases. Patients who develop drug-induced lupus have symp-
toms (e.g., arthralgias, myalgias, fever) similar to those of pa-
tients with idiopathic SLE; however, renal disease is rare.14,21

Fever, rash, anemia, and cardiac problems occur slightly less
frequently than with spontaneous lupus. Although the lupus
erythematosus (LE) cell and antinuclear antibody (ANA) titer
can be positive, antibodies to native or double-stranded DNA
are not found. Drug-induced lupus typically improves rapidly
after discontinuation of the drug and usually does not require
specific therapy. However, in some situations (e.g., symptoms
present for a long time or patients are significantly symp-
tomatic), a short course of low- to moderate-dose prednisone
is beneficial.

SYSTEMIC SCLEROSIS (SCLERODERMA)
Systemic sclerosis, also called scleroderma (skleros, mean-
ing hard; derma, meaning skin), is a multisystem disorder of
connective tissues characterized by inflammation, fibrosis, and
degenerative changes in the blood vessels, skin, synovium,
skeletal muscle, and some internal organ systems (e.g., gas-
trointestinal tract, lung, heart, kidney). Systemic sclerosis is
an acquired, noncontagious, rare disorder that affects all races
worldwide. The incidence in the United States is 19 to 20
per million per year with a prevalence of 19 to 75 cases per
100,000.22 Overall, females are affected three times as often
as males, and the female-to-male ratio is increased during the
childbearing years when the ratios of women to men may reach
7:1 to 12:1. Onset of systemic sclerosis generally begins in
people between 30 and 50 years of age. It is rare in childhood
and after age 80. Environmental factors including occupational
silica and organic solvent exposure have been implicated in
predisposing or precipitating systemic sclerosis. It is a dis-
ease of unknown etiology, but most investigators believe the
key players are endothelial cells, activated immune cells, and
fibroblasts. It is hypothesized that the process is initiated by
an immune attack on the endothelium resulting in endothe-
lial cell activation and/or injury. This is followed by activation
of the fibroblasts resulting in subendothelial connective tissue
proliferation, narrowing of the vascular lumen, and Raynaud’s
phenomenon. T cells are then selectively activated and pop-

ulate the affected areas such as the dermis and lung. These
cells produce cytokines that simulate resident fibroblast to pro-
duce excessive amounts of procollagen, which is then con-
verted extracellularly to mature collagen. Later and when the
inflammatory process subsides, the fibroblasts revert back to
normal.

Systemic sclerosis is divided into two major classes: dif-
fuse cutaneous and limited cutaneous disease, which are dis-
tinguished from one another based on the degree and extent
of skin involvement. The term overlap syndrome is used when
features common in one or more of the other CTDs are also
present. In most cases of limited cutaneous systemic sclerosis,
the initial complaint is Raynaud’s phenomenon. Patients with
diffuse cutaneous systemic sclerosis most often have gener-
alized swelling of the hands, skin thickening, or arthritis as
the first manifestation. The diffuse cutaneous systemic sclero-
sis patients will present with fatigue or lack of energy, mus-
culoskeletal complaints, and sclerosis of the skin and cer-
tain organs. The degree and the rate of organ involvement
vary among patients. The skin is taut, firm, and edematous
and is firmly bound to subcutaneous tissue; it feels tough
and leathery, may itch, and later becomes hyperpigmented.
The dermatologic manifestations usually precede the devel-
opment of signs of visceral involvement. The combination
of Calcinosis with Raynaud’s phenomenon, esophageal dys-
function, Sclerodactyly, and Telangiectasias normally found
in limited cutaneous systemic sclerosis is called the CREST
syndrome. Patients with limited cutaneous systemic sclerosis
may have Raynaud’s phenomenon for years before other signs
of disease become evident. They are less likely than those with
diffuse cutaneous systemic sclerosis to develop severe lung,
heart, or kidney disease, although all these diseases can occur.
In contrast to limited cutaneous systemic sclerosis, diffuse cu-
taneous systemic sclerosis develops only with a short interval
between the onset of Raynaud’s phenomenon and significant
organ involvement.

The overall course of systemic sclerosis is highly variable
and unpredictable. However, after a remission occurs, relapse
is uncommon. The diffuse form of the disease generally has a
worse prognosis with a 10-year survival rate of 40% to 60%,
compared with a >70% 10-year survival rate in those with
limited cutaneous systemic sclerosis. The prognosis is worse
in white males and African American females. There is no
specific therapy for systemic sclerosis. Supportive therapy is
indicated for the organ systems affected. Because multisys-
tem organs are involved, treatment is directed toward allevi-
ating the affected organ systems. Because of potential toxici-
ties, including precipitating acute renal failure, corticosteroids
are not generally used and are typically restricted to patients
with inflammatory myopathy or symptomatic serositis not ade-
quately controlled with NSAIDs. D-Penicillamine significantly
improves diffuse cutaneous systemic sclerosis symptoms in pa-
tients with skin thickening, reduces subsequent renal involve-
ment, and increases survival. Vasodilators, such as the calcium
channel blocker, nifedipine, and the angiotensin converting
enzyme receptor blocking agent, losartan, have proved useful
in alleviating Raynaud’s phenomenon. Angiotensin-converting
enzyme (ACE) inhibitors are the drugs of choice to manage re-
nal complications and hypertension associated with systemic
sclerosis. Metoclopramide, erythromycin, nifedipine, proton
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pump inhibitors, and H2 blockers can alleviate specific gas-
trointestinal symptoms.23

POLYMYALGIA RHEUMATICA AND TEMPORAL ARTERITIS
(GIANT CELL ARTERITIS)
Polymyalgia rheumatica (PMR) and temporal arteritis or giant
cell arteritis (GCA) are clinical syndromes that usually affect
the elderly population, and both can occur in the same patient.
The incidence of PMR and GCA increases in patients after
the age of 50 and peaks in those 70 to 80 years of age.24 The
occurrence of PMR is two to five times more likely than GCA.
Up to 15% of patients with PMR can have GCA, and PMR is
found in 40% to 60% of patients with GCA.25 The incidence of
PMR increases with age and has been estimated to be as high
as 400 cases per 100,000 in individuals older than 65 years of
age.26–28 Women are affected twice as much as men.24 PMR
generally affects whites and is uncommon in African Ameri-
cans, Hispanics, Asians, and Native Americans.25 A viral cause
has been suspected but not confirmed in PMR and GCA, be-
cause the prevalence of antibodies against parainfluenza virus
type 1 is increased in patients with PMR and GCA.29

Patients with PMR generally present with malaise, weight
loss, night sweats, and occasional fever. There is intense pain
and stiffness in the neck, shoulder, and buttocks, and the patient
may have difficulty arising from bed in the morning. The most
useful supporting evidence in support of a clinical diagnosis
of PMR is the ESR. It is usually in excess of 50 mm/hour and
may exceed 100 mm/hour.25 The C-reactive protein has been
found to be a more sensitive indicator of disease activity than
the ESR.24,30 Also, levels of interleukin-6 appear to be a sen-
sitive indicator of active disease, but most clinical laboratories
do not yet have the means to measure these levels.28 As with
other CTDs, the diagnosis if PMR is made based on clinical
presentation despite well-recognized laboratory abnormalities.
No pathognomonic laboratory test exists. Nonspecific clinical
features and the frequent absence of physical signs make di-
agnosis difficult.

GCA is a connective tissue disorder that involves the inflam-
mation of the medium and large arteries and almost always oc-
curs in whites. It is more common in women and rare in African
Americans. GCA rarely affects patients younger than 50 year
of age, and the incidence increases with age. It is closely as-
sociated with PMR and affects many arteries throughout the
body, producing symptoms and signs that mimic other medical
and surgical conditions. Carotid artery involvement lends itself
to the name temporal arteritis when the temporal arteries are
distended, are tender, and pulsate early in the disease. These
arteries can become occluded and lead to visual disturbances
and blindness from ischemic optic neuritis. The symmetric and
proximal muscle pain and stiffness of PMR are often associated
with GCA.

Corticosteroids are essential for the treatment of PMR and
GCA because they rapidly relieve symptoms and reduce the
incidence of blindness associated with GCA. The therapeutic
goal in PMR is to alleviate stiffness and constitutional features.
The corticosteroids are the drugs of choice and the NSAIDs
are used when PMR symptoms are mild.25 For patients with
PMR, the current recommendation is to start with prednisone
15 to 20 mg/day. Most patients respond significantly within

24 hours, but it may take up to 48 to 72 hours to achieve a good
response in a few patients. The results are dramatic. If patients
do not obtain relief of symptoms after a few days, another diag-
nosis should be considered.24 If the patient’s symptoms are not
reduced by the initial dose, prednisone can be increased by an
additional 10 mg/day for control. After the symptoms are con-
trolled, the dosage of prednisone can be decreased by 2.5 mg
Q 2 weeks for as long as the symptoms remain improved until
10 mg/day is reached. Afterwards, the prednisone is titrated
at 1-mg decrements Q 4 weeks while following the clinical
response and the ESR.25 Although patients respond quickly
to the corticosteroids, treatment is often required for several
years. Duration of treatment may be related to the severity of
the disease as measured by the ESR. High pretreatment ESRs
indicate more severe disease, and these patients require longer
duration of therapy.28 Typically, corticosteroid treatment is re-
quired for 6 to 24 months. For patients with mild PMR disease,
the NSAIDs can effectively manage their symptoms.

For patients with GCA, corticosteroid treatment must be
initiated immediately as soon the diagnosis is made because
GCA can lead to severe visual loss and potential blindness.24

Treatment for GCA is more aggressive than PMR and usually
begins with prednisone 40 to 60 mg as a single or a divided
dose. Initial pulsed intravenous does of methylprednisolone
(1,000 mg/day for 3 days) may be given to patients with re-
cent or impending visual loss. Corticosteroids may prevent,
but usually do not reverse, visual loss.24,25 After the clinical
symptoms and laboratory findings of inflammation have sub-
sided for about 1 month, decreases in the prednisone dose
should be initiated. Sometimes, it may take several months
at doses of 15 to 25 mg/day before prednisone may be de-
creased. Prednisone dosages should be decreased gradually in
1- to 2-week intervals by a maximum of 10% of the total daily
dose. Excessively rapid tapering of the prednisone dose may
result in relapses and recurrence of symptoms.24 The decrease
in the dosage of prednisone should be based on the patient’s
clinical status rather than on laboratory results.27 Treatment
of GCA should be continued for 1 to 2 years to minimize the
potential for relapse.25 If the patients do not achieve clinical re-
mission or do not respond to low doses of the corticosteroids,
immunosuppressive agents, such as azathioprine, should be
considered. Monitoring ESR or the C-reactive protein value
is the most useful in determining disease activity.24 Another
study suggested that measurement of interleukin-6 levels after
4 weeks of therapy was helpful.28 PMR and GCA are among
the most rewarding diseases for a clinician to diagnose and treat
because the unpleasant symptoms and serious consequences of
these two disorders can be relieved rapidly and prevented by
corticosteroids.25

REITER’S SYNDROME
Reiter’s syndrome is a form of reactive arthritis defined as
peripheral arthritis often accompanied by one or more extra-
articular manifestations that appear shortly after certain infec-
tions of the genitourinary or gastrointestinal tracts. Reactive
arthritis typically begins acutely 2 to 4 weeks after venereal
infections or bouts of gastroenteritis.31 Some evidence also
suggests that respiratory infection with Chlamydia pneumo-
niae may also trigger the disease.32 Most of the cases affect
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young men, with the ratio of male to female patients of 9:1.
The classic triad of Reiter’s syndrome is arthritis, urethritis,
and conjunctivitis. Urethritis usually appears first in this syn-
drome, which occurs mainly in young men.33 Mild dysuria and
a mucopurulent urethral discharge are the most typical symp-
toms in men. Women may have dysuria, vaginal discharge, and
purulent cervicitis and/or vaginitis. Reiter’s syndrome has its
peak onset during the third decade of life, but has been reported
in children and octogenarians.34

There is no specific therapy for Reiter’s syndrome. Inter-
ventions should include joint protection and relief of pain,
suppression of inflammation, and when appropriate, eradica-
tion of infection. The arthritis is treated symptomatically with
NSAIDs. Systemic corticosteroids are relatively ineffective in
the routine management of patients with seronegative spondy-
loarthropathies such as Reiter’s syndrome.34 Aggressive and
unremitting Reiter’s syndrome may benefit from immunosup-
pressive drugs.

POLYMYOSITIS AND DERMATOMYOSITIS
Polymyositis and dermatomyositis are autoimmune diseases
of unknown etiology. Polymyositis is predominately a disease
of adults. Dermatomyositis affects both children and adults,
and more women than men. Polymyositis includes inflamma-
tion of a number of voluntary skeletal muscles simultane-
ously. The onset is insidious, and patients initially complain
of muscle weakness of the trunk, shoulders, hip girdles, upper
arms, thighs, neck, and pharynx. These patients usually re-
port increasing difficulties in everyday tasks requiring the use
of proximal muscles such as getting up from a chair, climb-
ing stairs, stepping onto a curb, lifting objects and combing
hair. Polymyositis spares the skin; however, dermatomyositis
is a progressive polymyositis condition that is associated with
a skin rash. The rash accompanies or more often precedes
the muscle weakness of polymyositis. The rash is erythema-
tous, scaly, and eczematous and generally affects the eyelids,
bridge of the nose, cheeks, forehead, chest, elbows, knees, and
knuckles and around nail beds. One-third of these cases are
associated with various connective tissue disorders such as
rheumatoid arthritis, SLE, and progressive sclerosis; one-tenth
are associated with a malignancy. Edema, inflammation, and
degeneration of muscles characterize both polymyositis and
dermatomyositis.35

The goal of therapy is to improve muscle weakness, thereby
improving the activities of daily living. Supportive therapy
such as bed rest, physiotherapy, warm baths, and moist heat
applications to the affected areas can improve muscle stiff-
ness. If mouth lesions are present, irrigation of these lesions
with warm saline solution is helpful. Oral prednisone (e.g., 1–
2 mg/kg/day) is the initial treatment of choice and should be
initiated as soon as possible. After the symptoms are brought
under control in approximately 3 to 4 weeks, the dosage of the
steroid is tapered slowly over a period of 10 weeks to 1 mg/kg
every other day. Afterward, the dose is further decreased to the
lowest possible dose to control symptoms and to avoid adverse
effects of the corticosteroids as long-term steroid usage can
cause steroid myopathy. This can further confuse the issue of
whether the muscle weakness is due to increased disease ac-
tivity or to adverse effects of steroid therapy. Generally, there
should be objective increase in muscle strength and activities

of daily living by the end of the third month of therapy. Approx-
imately 75% of these patients may require immunosuppressive
therapy if their conditions do not respond to prednisone after
3 months.35

CLINICAL USE OF CORTICOSTEROIDS
Corticosteroids play an important role in the treatment of a
wide variety of disease states. In physiologic doses, they are
used to replace deficiencies of this endogenous hormone. In
pharmacologic doses, they are used to treat and, more of-
ten, provide supportive therapy for a variety of diseases. In
the past 40 years, much has been learned about the corti-
costeroids; however, the exact mechanism by which cortico-
steroids exert their anti-inflammatory and immunosuppressive
effects remains unclear. Corticosteroids may be used for the
treatment of many rheumatologic disorders, including anky-
losing spondylitis, bursitis, tenosynovitis, acute gouty arthri-
tis, RA, osteoarthritis, dermatomyositis, PMR, acute rheumatic
carditis, SLE, mixed CTD, polymyositis, and vasculitis.

Predictable Pharmacologic Effects Relative to the
Corticosteroids

1. J.L., a 62-year-old man with a 1-year history of scleroderma,
is being treated with prednisone 60 mg/day and azathioprine 50
mg/day. At a recent clinic visit, his vital signs and laboratory
test results were as follows: weight, 292 lb; blood pressure (BP),
180/102 mmHg; pulse, 62 beats/minute and regular; and fasting
plasma glucose (FPG), 196 mg/dL. J.L. complains of occasional
headaches, a “swollen face,” a modest weight gain, and increases
in urinary frequency. Based on J.L.’s presentation, are any of his
symptoms related to his drug therapy?

[SI unit: FPG, 10.9 mmol/L]

His “swollen face” could represent a cushingoid feature re-
sulting from long-term corticosteroid use. Hypercortisolism
alters normal body fat distribution, resulting in moon facies,
buffalo hump, truncal obesity, and other localized fatty de-
posits. J.L.’s complaint of headaches could be related to his in-
creased BP (180/102 mmHg) in part to fluid retention resulting
from his corticosteroid use, even though hypertension usually
is asymptomatic (see Chapter 14, Essential Hypertension). Al-
though corticosteroids with the greatest mineralocorticoid ac-
tivity are more likely to produce fluid retention and increase BP,
even those without mineralocorticoid action (Table 44-3) can
increase BP. Hypertension can also be induced by high-dose
glucocorticoids due to the permissive effects of the glucocor-
ticoids on the action of vasoactive substances (angiotensin II,
catecholamines) on the vessel wall and myocardium that re-
sults in increased systemic vascular resistance and increased
cardiac contractility.36 A history of high BP and advanced age
can predispose individuals to corticosteroid-induced increases
in BP. Whether hypertension is related to the dose or duration of
corticosteroid therapy is unknown; it rarely occurs in patients
receiving alternate-day therapy. The hypertension usually re-
solves after discontinuation of the steroid. In J.L., however, the
hypertension also can be attributed to other possible etiologies
(e.g., scleroderma). J.L. also has urinary frequency and ele-
vated fasting plasma glucose that could be attributed to using
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Table 44-3 Comparison of Corticosteroid Preparations

Na-Retaining Potency
Compound Equiv. Potency (mg) Anti-Inflammatory Potency (Mineralocorticoid Activity) Plasma t1/2(min) BIOLOGIC t1/2 (hr)

Short Acting

Cortisone 25 0.8 2+ 30 8–12
Hydrocortisone (Cortisol) 20 1 2+ 80–118 8–12
Prednisone 5 4 1+ 60 18–36
Prednisolone 5 4 1+ 115–212 18–36
Methylprednisolone 4 5 0 78–188 18–36
Triamcinolone 4 5 0 200 12–36

Long Acting

Dexamethasone 0.75 20–30 0 110–210 36–54
Betamethasone 0.6 20–30 0 300+ 36–54

high doses of glucocorticoids. The increases in glucose are
mainly mediated through decreased peripheral utilization of
glucose and induction of gluconeogenesis in the liver. In pa-
tients whose glucose levels remain elevated and the continued
use of the glucocorticosteroid is warranted, antihyperglycemic
agents may be started.

The equivalent potency, sodium-retaining potency, plasma
half-life, and biologic half-life of several synthetic analogs of
cortisol are listed in Table 44-3. The corticosteroids are used
primarily for their anti-inflammatory, immunosuppressive, or
antiallergic activity. Cortisone and hydrocortisone have the
highest sodium-retaining potency and, therefore, are seldom
prescribed for long-term anti-inflammatory therapy. They are
useful when sodium and water retention properties are desir-
able (e.g., adrenal insufficiency after surgery for Cushing’s syn-
drome). All corticosteroids are 21-carbon steroid molecules.
The chemical structures of the corticosteroids have been mod-
ified, resulting in large differences in duration of action, anti-
inflammatory potency, and mineralocorticoid activity.37 The
body synthesizes cortisol by converting cholesterol to preg-
nenolone, which in turn is converted to progesterone and ulti-
mately to cortisol, the major corticosteroid in humans.38

Active Corticosteroid Compounds

2. M.H. is a 43-year-old woman with RA awaiting a liver trans-
plant. Her total bilirubin is 3.1 mg/dL, aspartate aminotrans-
ferase (AST) is 93 U/L, and alanine aminotransferase (ALT) is 65
U/L. She has been well maintained on prednisone for her arthritis
until recently, when her arthritis failed to respond despite esca-
lating doses of prednisone. Why has prednisone seemed to have
stopped being effective? What factors need to be considered when
selecting an alternative corticosteroid for M.H.?

[SI units: bilirubin, 53.01 μmol/L; AST, 93 U/L; ALT, 65 U/L]

Although orally administered corticosteroids are well ab-
sorbed, exogenously administered corticosteroids, which are
11-keto compounds, are devoid of corticosteroid activity un-
til converted in vivo into active 11 β-hydroxyl compounds.39

Cortisone and prednisone must be converted to the active
compounds, cortisol and prednisolone, respectively, in the
liver.39 M.H. has very little hepatic capacity and, theoretically,
might not have been converting the prednisone to its active

prednisolone metabolite. To circumvent this possibility, M.H.
should be given prednisolone or perhaps a different cortico-
steroid (e.g., methylprednisolone). Although this explanation
is logical given this patient’s end stage liver disease, dosage
adjustments for hepatically metabolized drugs in the setting of
liver disease are difficult to predict because hepatic metabolism
is complex and involves numerous oxidative and conjugative
pathways that are variably affected in hepatic disease. M.H.’s
ability to adhere to her medication regimen because of en-
cephalopathic changes and other potential variables also should
be considered as explanations for her decreased responsiveness
to prednisone.

Approximately 95% of cortisol is bound to α-globulin
transcortin or cortisol-binding globulin (CBG), and the re-
maining 5% is bound to albumin after this carrier is saturated.40

However, the bond between cortisol and albumin is weak, and
about 25% of the steroid disassociates from albumin and is
free to circulate in the plasma. Although the dosing of corti-
costeroids is not a very precise science, it is important to con-
sider adjusting dosages for patients who have decreased serum
albumin concentrations. In these patients, a greater amount of
free hormone will result in increased pharmacologic effects.
Because albumin is synthesized by the liver, M.H. is likely
to have decreased serum albumin concentrations and could
be more susceptible to the pharmacologic effects of cortico-
steroids when given an active corticosteroid moiety.

When selecting an alternative corticosteroid to replace
M.H.’s prednisone, the clinician should not base the dosing in-
terval of the replacement corticosteroid strictly on the plasma
half-lives shown in Table 44-3. Corticosteroids have biologic
half-lives that are 2 to 36 times longer than their plasma half-
lives. In addition, the onset of biologic effects lags behind
peak plasma levels. Practitioners must always be mindful that
the serum or plasma half-life of a drug might not be synony-
mous with the biologic half-life. For example, prednisone with
a plasma half-life of only about 1 hour can be dosed on alternate
days for some disorders.

Clinical Presentation of SLE

3. H.R., a 33-year-old African American woman with recently
diagnosed lupus erythematosus, has experienced a recent weight
loss of 15 lb (down to 130 lb), joint pain, fatigue, and a worsening of
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Table 44-4 Systemic Lupus Erythematosus Disease Activity
and Use of Corticosteroids

Indication Corticosteroid Regimen

Cutaneous
manifestations

Topical or intralesional corticosteroids

Minor disease
activity

Prednisone (or equivalent) at a dosage of <0.5
mg/kg in a single or divided daily dose (5–30
mg prednisone daily)

Major disease activity Oral: Prednisone (or equivalent) at a dosage of
1–2 mg/kg in a single or divided daily dose

IV bolus: Methylprednisolone (1 g or 15 mg/kg)
over 30 minutes; dose often repeated for 3
consecutive days for life-threatening situations

her facial rash. She has a temperature of 105◦F, serum creatinine
(SrCr) of 2.8 mg/dL, Westergren ESR of 50 mm/hour, ANA titer
of 1:320, and positive anti-dsDNA and anti-Sm tests. Urinalysis
(UA) reveals 3% proteinuria and a modest amount of casts. What
subjective and objective data are consistent with SLE, and would
therapy be likely to reflect resolution of these signs and symptoms?

[SI unit: SrCr, 247.52 μmol/L]

According to some of the objective data (fever, increased
Westergren ESR, proteinuria, weight loss, high ANA titer, in-
creased SrCr, positive anti-dsDNA and anti-Sm tests) and sub-
jective data (fatigue, joint pain, worsening facial rash), H.R. is
experiencing a flare of her SLE (major disease activity shown
on Table 44-4). Three major patterns of SLE exist. The clas-
sic pattern, one of exacerbations, or “flares” of disease activ-
ities, now is called the “relapsing remitting pattern.”18 Newly
diagnosed lupus continue to evolve more than 5 years after
initial diagnosis and flares of lupus occur with a median time
of 12 months, even in patients with longstanding disease and
treatment.41 This disease tends to wax and wane, and the ag-
gressiveness of therapy should be adjusted to accommodate
these changes.

Role of Corticosteroids in SLE

4. Why might corticosteroids be indicated for H.R.?

The general management of SLE stresses patient education
through which patients need to understand their disease pro-
cesses. H.R. is definitely experiencing a flare of her SLE and
needs aggressive therapy to control her symptoms. Normally,
she would be maintained with NSAIDs (including the COX-2
inhibitors) for her joint pains and possibly an immunosuppres-
sive agent such as hydroxychloroquine since she was recently
diagnosed.42 H.R.’s fever, joint pain, fatigue, and worsening fa-
cial rash all reflect an inflammatory response to her SLE. These
subjective symptoms along with the objective measurements
of her disease activity (e.g., increased ESR, ANA, SrCr) are
mediated by leukotrienes, prostaglandins, lymphocytes, and
the other inflammatory responses described earlier. Therefore,
corticosteroids are indicated for the treatment of H.R.

Selection of Appropriate Corticosteroid Therapy

5. What would be a reasonable corticosteroid dosage for H.R.?

Because of the great variety of clinical applications and
the wide variety of corticosteroid compounds and dosages, the
selection of the most appropriate dosage of a corticosteroid is
as much an art as it is a science. Generally, higher dosages and
shorter dosing intervals of the corticosteroid translate into an
increased anti-inflammatory effect and increased side effects.36

Therefore, the need to modify disease activity must be balanced
against the need to minimize toxicities.

There are multiple dosage forms and uses of corticosteroids
in SLE, including topical preparations for inflammatory rashes,
intralesional injections for discoid lupus, low-dose oral therapy
for mild active disease, and high-dose oral or bolus intravenous
infusions for acute, severe manifestations. These indications
and the corresponding dose of corticosteroid are listed in
Table 44-4.42

A review of H.R.’s subjective and objective data suggests
that her disease activity probably represents a major flare-up
of her SLE. Uncontrolled disease activity can be both debili-
tating and life-threatening and thus demands rapid an effective
intervention. Therefore, a short course of a high-dose cortico-
steroid regimen probably would be a reasonable treatment for
this episode of SLE in H.R.

A short course of steroids or even a single treatment with
a high-dose corticosteroid typically can result in prompt and
complete resolution of most manifestations of lupus SLE. Pulse
therapy with methylprednisolone 1,000 mg intravenously daily
for 1 to 3 days has proven effective for SLE, vasculitis, and
RA.36 High-dose steroid pulses must be considered on an in-
dividualized basis because adverse effects can be more likely
with this dosing regimen. Normally, the pulse methyl pred-
nisone therapy of 1,000 mg/day for 3 days is not given more
frequently than at monthly intervals because high doses of
glucocorticoids are invariably toxic.36 Alternatively, the use
of mini pulses of oral prednisone (100–200 mg/day) for sev-
eral days also may help in disease control. In some situations,
the addition of a potent immunosuppressive agent such as cy-
clophosphamide in combination with the corticosteroid pulse
therapy may be necessary to bring the patient under control.43

In any case, depending on how high the dose of glucocorti-
coid initiated, tapering of the glucocorticoid should be initiated
within one to two weeks following initiation of therapy.36 Ta-
ble 44-5 provides a summary of different steroid regimens that
may be used for severe and active SLE.44 Assuming that H.R.
had been taking a higher dose of oral prednisone, the rationale
for IV pulse therapy seems applicable to H.R.

6. After finishing her bolus “pulse” therapy of methylpred-
nisolone (1 g/day IV for 3 days), H.R.’s lupus has responded well.
Her joint pain is decreased, and her temperature decreased to
normal. The current laboratory test results are as follows: West-
ergren ESR, 22 mm/hour; SrCr, 2.5 mg/dL; ANA titer, 1:80; and
positive anti-dsDNA. H.R. wishes to go home to finish her recov-
ery. What dosage of oral corticosteroid would be reasonable to
prescribe for H.R. at her discharge from the hospital?

Along with adjustments of the other medications that she
may be taking (e.g., NSAIDs or other immunosuppressive
agents), H.R. needs to have her IV doses of methylprednisolone
converted to an oral formulation (Table 44-6) and considera-
tion given to reducing the steroid dosage. Because the steroid
dosage H.R. received is considered massive supraphysiologic,
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Table 44-5 Usual Regimens of Systemic Corticosteroid Therapy in Severe, Active SLE

Preparations Dose Rationale Toxicities

Regimen 1: Daily oral
short-acting (prednisone,
prednisolone,
methylprednisolone)

1–2 mg/kg/day; begin in
divided doses

Controls disease activity rapidly High–infections, sleeplessness, mood
swings, hyperglycemia, psychosis,
hypertension, weight gain,
hypokalemia, fragile skin, bruising,
osteoporosis, osteonecrosis, irregular
menses, muscle cramps, acne,
hirsutism, cataracts

Regimen 2: Intravenous
methylprednisolone

500–1,000 mg/day for
3–5 days; then, 1–1.5
mg/kg/day of oral
corticosteroids

Controls disease activity rapidly,
may achieve results more
rapidly than daily oral therapy;
some nonresponders to oral
regimen respond to the
intravenous regimen

High–same as above except more rapid
taper of daily maintenance steroid dose
may be possible, leading to lower
cumulative doses

Regimen 3: Combination of either
regimen 1 or 2 with cytotoxic
or immunosuppressive agent

the corticosteroid effects on lymphocyte function can be ex-
pected to be prolonged. Therefore, the residual benefits from
the supraphysiologic doses of methylprednisolone will be ad-
ditive to the effect of the oral steroid that will be prescribed for
her upon departure from the hospital. Because of this fact, H.R.
does not require an oral corticosteroid dose that is equivalent
to the IV dose, and a lower oral daily dose can be prescribed,
because she responded well to her IV doses. In some patients
with presumably modest disease activity, alternate-day dos-
ing of corticosteroids may be adequate to maintain disease
suppression as there are less adverse effects associated with
alternate-day dosing.36,41 However, more study is needed to
better determine the role of alternate-day dosing of cortico-
steroids, because there is less efficacy in patients renal nephri-
tis taking alternate-day therapy as compared to those taking
daily glucocorticoids.36,41

In the United States, prednisone is the most commonly pre-
scribed corticosteroid for oral use in the treatment of CTDs.
Prednisone is rapidly and substantially absorbed following oral
administration, has an intermediate duration of action (12–36

Table 44-6 Routes of Administration of Various
Corticosteroids

Corticosteroid Route of Administration

Betamethasone PO, IM, intra-articular, intrasynovial, intradermal,
soft-tissue injection

Cortisone PO, IM
Dexamethasone PO, IM, IV, intra-articular, intradermal, soft-tissue

injection
Hydrocortisone IM, IV, PO
Methylprednisolone PO, IM, IV
Prednisolone PO, IM, IV, intra-articular, intradermal, soft-tissue

injection
Prednisone PO
Triamcinolone PO, IM, intra-articular, intrasynovial, intradermal,

soft-tissue injection

IM, intramuscularly; IV, intravenously; PO, oral.

hours), is available in many dosage forms and strengths, and
is relatively inexpensive. The recommended dosage of pred-
nisone for most CTDs is 1 mg/kg/day in three to four divided
doses. Administration of corticosteroids in daily divided doses
given two to four times per day provides a more rapid onset and
a greater degree of anti-inflammatory effect. Considering the
severity of H.R.’s lupus flare-up, this dosing appears appropri-
ate. The dosing of oral corticosteroids is a balancing act to min-
imize toxicity while preventing flare-up of disease activity.36

For H.R., who weighs approximately 59 kg, a maintenance reg-
imen of prednisone 20 mg three times a day (for a total of 60
mg/day) or an equivalent dose of another corticosteroid should
be prescribed. H.R. also might need an immunosuppressive
agent, such as azathioprine or cyclophosphamide, because of
her increased SrCr and possibility of lupus nephritis. These
latter drugs would not be initiated in H.R. because she seems
to be responding to her methylprednisolone without adverse
sequelae thus far. The addition of immunosuppressive agents
may have a “steroid-sparing” effect and could allow for steroid
dosage reduction.36

Once-daily Dosing

7. H.R. was discharged from the hospital taking ibuprofen 600
mg QID with food and prednisone 20 mg TID. After 3 weeks, her
flare-up has subsided, and her symptoms are now back at her
previous baseline. Why should a change in her medication be
considered?

Once the patient’s lupus flare-up is under control and has re-
sponded to steroids, the divided daily doses of a steroid can be
consolidated into a single daily dose, usually administered in
the morning. Endogenous cortisol levels are normally highest
at about 7 to 8 am and decline to their lowest at midnight.
Thus, a once-a-day morning corticosteroid dose coincides
in time with high endogenous plasma cortisol. Because this
is the time that the patient’s tissues would normally be exposed
to the highest levels of endogenous cortisol, suppression of the
HPA axis is minimized somewhat. If the divided dose regi-
men has been used for <2 weeks, the dose can be combined
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into a single daily dose immediately; however, if the divided
dose regimen has been used for >2 weeks, the dose should be
converted over a 2-week period to a single daily dose because
patients who have taken glucocorticoids for more than 2 weeks
are candidates for more HPA suppression and their dose needs
to be tapered more slowly.45 Because H.R. received her dosage
for 3 weeks, the daily dose should be converted to 60 mg each
morning over a 2-week period.

Hypothalamic-Pituitary-Adrenocortical Axis Suppression

8. R.S., a 48-year-old, 135-lb, 5 feet 5 inch man, has recently
been diagnosed with polyarteritis. After a recent hospitalization,
R.S. was discharged home taking 15 mg prednisone QID. He has
been adhering to this regimen for approximately 1 month, and
his symptoms are well controlled. R.S. now is scheduled for ma-
jor surgery. His laboratory test evaluation revealed the following:
SrCr, 1.4 mg/dL; blood urea nitrogen (BUN), 17 mg/dL; white
blood cell (WBC) count, 11,200 cells/mm3; and Westergren ESR,
29 mm/hour. Why should R.S.’s corticosteroid regimen be ad-
justed?

[SI units: SrCr, 123.76 μmol/L; BUN, 6.07 mmol/L urea; WBC, 11.2 × 103

ESR, 29 mm/hour]

The HPA axis regulates the amount of circulating
cortisol.36,45 Corticotropin-releasing factor, a hormone se-
creted by the hypothalamus, stimulates the release of adreno-
corticotropin (ACTH) from the anterior pituitary. ACTH, in
turn, stimulates the adrenal cortex to secrete cortisol.45 As
serum cortisol levels rise, a negative-feedback mechanism in-
hibits corticotropin-releasing factor and ACTH secretion, re-
sulting in decreased secretion of cortisol (Fig. 44-1). Under
normal conditions, about 10 to 30 mg/day of cortisol is secreted
by the adrenal cortex in accordance with the circadian cycle
of an individual.39,40 Under stress and illnesses the amount of
cortisol increases to up to 10-fold or 250 to 300 mg/day for
patients undergoing surgery or prolonged major stress.39,40

Corticosteroid doses can be classified as physiologic (i.e.,
replacement) or pharmacologic (i.e., supraphysiologic). A
physiologic dose of a corticosteroid is equal to the amount
of corticosteroid usually secreted by the adrenal cortex each
day and is equal to about 5 mg/day of prednisone. A dosage
of prednisone of 0.1 to 0.25 mg/kg/day is a low supraphysio-
logic dosage; 0.5 mg/kg/day of prednisone is a supraphysio-
logic dose; 1 to 3 mg/kg/day is a high-supraphysiologic dose;
and 15 to 30 mg/kg/day is a massive supraphysiologic dose.

Shortly after cortisone and ACTH were accepted into
clinical practice, adrenocortical insufficiency and subsequent
adrenal atrophy were noted in patients who received doses of
exogenous corticosteroids that exceeded the normal amount
needed for hormone replacement. When corticosteroids are
discontinued abruptly in the patients who had been treated with
supraphysiologic doses of corticosteroids for a prolonged pe-
riod, the HPA axis cannot respond to situations in which there
is a need for increased cortisol (e.g., illness, stress, surgery).45

The minimum dose, dose interval, and therapy duration re-
quired to suppress the HPA axis are difficult to assess. The
best predictor of HPA axis suppression is the patient’s current
corticosteroid dosage and duration of the corticosteroid ther-
apy. There is a strong correlation between prednisone mainte-

FIGURE 44-1 Hypothalamic-pituitary-adrenocortical axis regulation.

nance doses >5 mg/day and a subnormal ACTH-stimulation
test result.3 Following long-term therapy, this suppression can
last up to 1 year. The duration of adrenal suppression follow-
ing a short course of corticosteroid therapy is unknown. Even
though there is HPA axis suppression in short-term treatment
of 1 week or less, clinically evident adrenal insufficiency is
probably extremely rare and the suppression lasts only for a
few days.3 Because R.S. is receiving prednisone 1 mg/kg/day,
he is receiving a massive supraphysiologic dose that is capa-
ble of suppressing endogenous cortisol secretion. Surgery is a
stressful event and supplemental doses of a corticosteroid with
mineralocorticoid effects probably are warranted for R.S., be-
cause he most likely has some degree of HPA axis suppression.
Although corticosteroids can decrease wound healing, this is
a minor consideration relative to HPA axis suppression.

Adrenal Function Testing

9. How can the degree of adrenal suppression in R.S. be as-
sessed?

The clinician has two options when HPA axis suppression
is suspected. The first option is to treat the suspected patient
as though adrenocortical insufficiency is present. The second
is to try to quantify the adrenocortical reserves of the pituitary
and hypothalamus. In today’s environment of cost containment,
the former approach usually is taken. There are currently five
well-established stimulatory tests of HPA axis function. The
most commonly used test to diagnose adrenal insufficiency is
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the short 250-μg ACTH (cosyntropin) stimulation test. This
test directly assesses adrenal gland responsiveness to exoge-
nous ACTH. The test measures baseline cortisol plasma con-
centrations both before the rapid injection of a highly supra-
physiologic dose of a synthetic ACTH analog and the cortisol
level 30 to 60 minutes after injection. Patients with normal
adrenal gland function should be able to generate a poststim-
ulation cortisol concentration of 20 mcg/ dL. Plasma cortisol
concentrations of <495 nmol/L (18 mcg/dL) suggest adrenal
insufficiency.40 The remaining four tests—insulin-induced hy-
poglycemia, overnight metyrapone, CRH stimulation, and low-
dose (1 mcg) ACTH stimulation—are more sensitive than the
250-g ACTH stimulation test, because they depend on a com-
pletely intact HPA axis for a normal result.3 With the exception
of the low-dose (1 mcg) ACTH stimulation, these tests tend to
be labor intensive and expensive. The low-dose ACTH stim-
ulation not only measures adrenal gland responsiveness, but
may be able to detect subtle degrees of adrenal atrophy caused
by central adrenal insufficiency.46,47

Dosing During Stressful Events

10. R.S. has a cosyntropin test performed, and it demonstrates
an increase of 80 mmol/L to a level of 190 mmol/L. In the consid-
eration of this laboratory report, what dosages of corticosteroid
should be ordered to prevent an addisonian crisis during R.S.’s
surgery?

A normal response includes an increase in plasma corti-
sol of >170 mmol/L (6 mcg/dL) from baseline to a level
>495 nmol/L (18 mcg/dL).40 R.S. apparently has adrenal in-
sufficiency and needs cortisol supplementation during periods
of stress. Depending on the amount of stress and how pro-
longed the stress, recommendations for corticosteroid replace-
ment regimen for patients with suppressed HPA axis has been
somewhat arbitrary (e.g., hydrocortisone 100 mg Q 6–8 hr).45

Newer recommendations propose that the amount and dura-
tion of corticosteroid coverage should be determined by (a)
the preoperative dose of corticosteroid taken by the patient,
(b) the preoperative duration of the corticosteroid administra-
tion, and (c) the nature and anticipated duration of surgery.48

Because the adrenal gland can secrete as much as 300 mg/day
during acute stress, 150 mg of hydrocortisone every 6 hours is
a reasonable regimen for R.S. on the day of his surgery.

Leukocytosis

11. R.S. was doing fine until 3 days after surgery when his tem-
perature spiked to 103◦F. R.S. has been back on his original pred-
nisone dosage. Urine, blood, and sputum cultures were ordered as
well as a STAT CBC, drawn at 4 pm. His CBC revealed an increase
in WBCs with a differential showing an increase in segmented
neutrophils (granulocytes 16,000/mm3 from 11,000 at baseline)
along with decreases in both total lymphocyte and monocyte count
from baseline. No “left shift” was noted. What could be causing
these results?

At first, it would be reasonable to assume there may be
an infectious process present. The effects of prednisone on
peripheral or circulating WBC counts are well documented
and predictable (e.g., granulocytosis along with lymphopenia

and monocytopenia). T-cell lymphocytes are decreased more
than B-cell lymphocytes. The occurrence of a “left shift” (e.g.,
an increase in immature leukocytes, such as bands) is variable,
and only slight if present. The increase in granulocytes (PMNs)
and decrease in lymphocytes and monocytes is most significant
4 to 6 hours after a prednisone dose; these values return to
normal in 24 hours. The decrease in monocyte accumulation
at tissue sites of inflammation may persist for several days.

Prednisone increases granulocytes by an average of 4,000/
mm3 with a range of 1,700 to 7,500/mm3. The increase in gran-
ulocytes results primarily from release of cells from bone mar-
row and secondarily from the shift of cells from the marginal or
noncirculating cell pool to the circulating or peripheral pool.49

The temporal relationship of WBC changes in patients taking
multiple doses of corticosteroids is less predictable because of
the constant flux in steroid effect.

The results from R.S.’s most recent CBC should be com-
pared with his baseline CBC. The temporal relationship to his
prednisone dose also should be determined. Because a STAT
CBC, at the time of a temperature spike, was obtained only
7 hours after his prednisone dose was administered, the CBC
changes (leukocytosis, monocytopenia, and lymphocytopenia)
are difficult to interpret. Another CBC, 24 hours after his dose,
was ordered to differentiate the cause of his CBC abnormali-
ties. This CBC was normal, indicating that the abnormalities
on the first CBC were probably steroid induced.

Alternate-day Therapy

12. One month later, R.S. states he feels much better. He has
recovered from his surgery, and his polyarteritis is now asymp-
tomatic; his WBC count, BUN, SrCr, and Westergren ESR are re-
turning toward the normal range. Why should R.S.’s prednisone
dosage be adjusted at this time?

Once a stable clinical response is attained with a single daily
dose of a corticosteroid, R.S.’s corticosteroid dosage should be
decreased to the lowest effective dosage and, if possible, to
taper the steroid to an alternate-day regimen.3,45 If used ap-
propriately, alternate-day corticosteroid therapy can help min-
imize HPA axis suppression and undesirable side effects, while
allowing effective treatment of the disease process. A cortico-
steroid with a short or intermediate duration of action should
be chosen for alternate-day therapy to minimize accumula-
tion from subsequent doses that would negate the benefits of
every-other-day dosing. If the dosing interval is substantially
longer than the biologic half-life (e.g., giving prednisone every
48 hours), nearly normal hypophyseal-pituitary-adrenal func-
tion can be maintained. This can minimize the risks of daily
therapy. Although alternate-day steroid dosing can be used to
maintain disease suppression in chronic therapy, control of
the active disease process usually necessitates more intensive
dosage schedules.

Conversion to Alternate-day Therapy

13. How would you convert R.S.’s current 60 mg/day dosage to
alternate-day therapy?

Before converting a patient to alternate-day therapy,
the minimum effective daily dosage must be determined.
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Generally, the optimum every-other-day dose is 2.5 to 3 times
the minimal daily dose.45,50 The dose on the “off” day should
be tapered gradually by the equivalent of 2.5 to 5 mg of pred-
nisone or its equivalent per week until the patient is taking the
steroid every other day. Tapering of the alternate-day dosage
can continue until the minimum dosage sufficient to control the
underlying disorder is achieved. For R.S., one approach would
be to decrease the dosage of prednisone by 5 mg/week until the
minimum daily dose is reached that controls his polyarteritis.
For illustrative purposes, assume this dosage is 30 mg/day. The
30-mg dose is multiplied by 2.5, so R.S. would take 75 mg on
one day, alternating with 30 mg of prednisone the next. The
30-mg dose would then be tapered each week by 5 mg/week
until discontinued. R.S. would then be taking 75 mg of pred-
nisone every other day. Should R.S. be asymptomatic at this
dosage, a taper of the 75 mg could then be attempted. Tapering
should be 2.5 mg/week until the lowest possible dosage that
will control his disease is achieved.

Discontinuation of Therapy

14. R.S. has now received prednisone 60 mg QOD for 5 months,
and his polyarteritis is well controlled. What would be a reason-
able dosing schedule for implementing the gradual discontinua-
tion of R.S.’s corticosteroid?

Many methods of tapering steroid dosages have been tried.3

Some suggest decreasing the corticosteroid dosage by the
equivalent of 2.5 to 5 mg of prednisone every 3 to 7 days until
the physiologic dose is reached. Another recommends the daily
dose of prednisone (or its equivalent) can be decreased by 5% to
10% per week until a dose of 0.25 to 0.5 mg/kg/day is reached
and more slowly thereafter, aiming for either a complete with-
drawal or, if not possible, for a low dose of corticosteroid.36

Others suggest decreasing the dosage by 2.5 mg of prednisone
(or the equivalent of another corticosteroid) every 1 to 2 weeks
if on daily therapy or by 5 mg of prednisone every 1 to 2
weeks if on alternate-day therapy, until it can be discontinued.
Some clinicians follow this procedure until a physiologic dose
is reached and, at that time, will convert the patient to hydro-
cortisone 20 mg/day. After 2 to 4 weeks, this dosage can be
decreased by 2.5 mg every week until 10 mg/day is achieved.
At this time, the patient should have a plasma cortisol concen-

tration measured. If this is normal, the hydrocortisone can be
discontinued.45,50 During the tapering process, disease flare-up
is a definite possibility; therefore, the patient must be moni-
tored closely. Also, if the patient is stressed during this period,
exogenous corticosteroid supplementation may be necessary.
Abrupt withdrawal of steroids following long-term, high-dose
therapy should be avoided because this may produce a steroid
withdrawal syndrome manifested by the presence of nausea,
vomiting, anorexia, headache, joint pain, fever, lethargy, myal-
gia, hypotension, and weight loss. These symptoms are thought
to occur as a consequence of rapidly falling serum cortico-
steroid concentrations rather than the presence of low concen-
trations.

R.S.’s prednisone dosage of 60 mg every other day can now
be decreased by 5 mg at 1- to 2-week intervals until he is
receiving 5 mg on alternate days. R.S. can then be converted to
hydrocortisone 20 mg/day for 2 to 4 weeks. Weekly reductions
of the hydrocortisone by 2.5 mg could be undertaken until the
daily dose of 10 mg is reached. At this point, R.S.’s morning
dose should be held and a cortisol level taken.

If the serum cortisol concentration is normal (>10 mcg/dL),
the hydrocortisone can be discontinued. This is but one of the
many possible approaches.45,51 All approaches to discontinu-
ing corticosteroids must be modified based on factors such as
dose, duration of therapy, disease status, patient condition, and
existence of adverse effects.

Adverse Effects
In addition to suppression of the HPA axis, corticosteroid ther-
apy produces inevitable side effects.36,39,45 A compilation of
documented complications and adverse effects associated with
various organ systems is listed in Table 44-7.52

Osteoporosis

15. D.L., a 28-year-old, 5 feet 4 inch, 105-lb woman, is diagnosed
with SLE. After an acute episode of lupus nephritis, D.L. has been
maintained on high-dose prednisone, currently at a level of 15
mg/day. Her lupus seems well controlled, but she comes in today
with complaints of back pain. A physical examination reveals no
apparent joint involvement typical of a lupus flare-up. What are
possible explanations for her back pain, and what additional data
are needed to assist in the differential diagnosis?

Table 44-7 Adverse Effects of Corticosteroid Therapy

Organ System Complication

Immunologic Increased susceptibility to infections, decreased inflammatory responses, suppressed delayed hypersensitivity, neutrophilia,
lymphocytopenia

Musculoskeletal Osteoporosis, fractures, osteonecrosis, myopathy
Gastrointestinal Peptic ulcers and gastrointestinal bleeds associated with NSAID use, pancreatitis
Cardiovascular Hypertension, fluid retention accelerated atherosclerosis
Dermatologic Acne, hirsutism, purple striae, skin fragility, ecchymoses
Neuropsychiatric Altered mood, emotional lability, euphoria, insomnia, depression, psychosis, pseudotumor cerebri
Ophthalmologic Cataracts, glaucoma
Endocrine-metabolic Glucose intolerance, weight gain, fat redistribution (Cushing’s syndrome), negative nitrogen balance, growth suppression,

muscle wasting, impaired wound healing, fluid retention, hypokalemia, impotence, irregular menses, HPA suppression, acute
renal insufficiency

HPA, hypothalamic-pituitary-adrenal; NSAID, nonsteroidal anti-inflammatory drug.
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A good medical history combined with a physical exam-
ination and laboratory tests should be obtained to determine
whether D.L. is having arthralgias due to SLE or other eti-
ologies. It also is important to note that osteoporosis and
osteonecrosis are common adverse effects of corticosteroid
therapy, and that 30% to 50% of patients treated with chronic
corticosteroids develop osteoporosis. During the first 3 to 6
months of corticosteroid therapy, there is a rapid bone loss
of up to 12%, which slows down to 2% to 5% annually.36

Prednisone dosages of >10 mg/day result in a 10% to 12%
annual reduction in the bone mineral content of the lumbar
spine.53,54 Dosages as low as prednisolone 7.5 mg/day appear
to be the threshold dose for the development of osteoporosis.54

Bone loss leading to fractures at sites such as the spine, hip,
and ribs are well-recognized complications of corticosteroid
therapy. Osteoporosis in postmenopausal women with RA is
more evident at the hip than the spine, and the most impor-
tant determinants of bone loss are disability and cumulative
corticosteroid dose.55

The mechanism of corticosteroid-induced osteoporosis is
uncertain, but it appears to be different from that of post-
menopausal osteoporosis. Corticosteroid-induced osteoporo-
sis is attributable, in part, to decreased osteoblast activity, de-
creased matrix synthesis, and decreased active life span of
osteoblasts. In general, bone formation is decreased and bone
resorption may be increased as well.53 The degree of bone loss
correlates to the dose of the corticosteroid and the duration of
treatment; however, the absolute amount and duration of corti-
costeroid therapy have not been determined. When large corti-
costeroid doses are used, vertebral bone loss can be rapid, and
compression fractures can occur within weeks to months after
initiation of therapy.53 D.L. has multiple risk factors for osteo-
porosis (young, female, and small stature); therefore, her bone
mineral density (BMD) should be evaluated and a vertebral
radiograph should be taken to look for a compression fracture.
D.L.’s bone mineral density test results will determine whether
she is a candidate for either primary or secondary prevention
and treatment. Primary prevention with prophylactic calcium
and calcitriol, with or without calcitonin, should be initiated
for any patient with multiple risk factors who possibly will be
maintained on the equivalent of prednisone 7.5 mg/day or more
of corticosteroids.53 Primary prevention is indicated for D.L. if
her bone density is not decreased. Because D.L. has been tak-
ing prednisone 15 mg/day for an extended time, she most likely
would require secondary prevention and treatment. Secondary
prevention and treatment are indicated when bone density is
low, regardless of whether fractures are present.53 Primary and
secondary interventions include the bisphosphonates, calcitriol
(for primary prevention only), vitamin D and calcium, cal-
citonin, fluoride, and selective estrogen receptor modulators
(e.g., raloxifene) for postmenopausal women (also see Chap-
ter 48, The Transition Through Menopause). The statins may
have promise as they have been preliminarily studied to have
bone anabolic activity, block osteoporosis and osteonecrosis,
resulting in lower rates of fractures in human studies.56–58 For
D.L., a bisphosphonate such as cyclical etidronate would be a
good choice especially at the initiation of corticosteroid when
bone loss is the worse. Although there is some concern with
prolonged use of these agents in young individuals, due to
their long retention in bones, this should not discourage their
use when they are clearly indicated in young SLE patients. The

bisphosphonates should not be used in pregnancy or moderate-
severe renal failure, and their discontinuation should be con-
sidered when the corticosteroids doses have been substantially
tapered with stabilization of BMD.36 If she is not able to toler-
ate etidronate or if safety is a concern, calcitriol may be used,
although it requires regular serum calcium monitoring at 4
weeks, 3 and 6 months, and 6-month intervals afterwards.53

The pathogenesis of osteonecrosis is not well-known. Symp-
toms of osteonecrosis usually take a few months to a few years
to develop after exposure to corticosteroids.59,60 The risk in-
creases with both the dose and duration of corticosteroid ther-
apy. Corticosteroid therapies of short-term high doses, adrenal
insufficiency replacement dose, and intraarticular injections
have all been implicated.36

Gastrointestinal

16. C.W., a 66-year-old, 5 feet 6 inch, 68-kg woman, is newly di-
agnosed with PMR. She is an occasional drinker and smoker (1–2
packs/week). She started prednisone 15 mg/day and naproxen 500
mg Q 12 hr PRN 1 week ago and has shown dramatic improve-
ment in the muscle pain of her shoulder and pelvic girdle. She
comes in today to begin a taper of her prednisone and comments
she’s been having some “stomach” problems. What may be the
cause of her stomach problems, and how may it be addressed?

Whether corticosteroids lead to peptic ulcer disease is
controversial despite early observations of a probable cor-
relation.45,61,62 The prevalence of peptic ulcer disease is in-
creased with the combined use of NSAIDs and cortico-
steroids.63 Corticosteroids and NSAIDs commonly are
prescribed concomitantly because many patients with connec-
tive tissue disorders have symptoms, such as arthralgias, in-
flammation, and pain. Corticosteroids can induce tissue atro-
phy and probably enhance the ulcerogenic potential of other
drugs. The risk also depends on the underlying disease and the
dose and duration of the steroid therapy. Several risk factors
can contribute to C.W.’s stomach problems. First, she probably
has been taking her prescribed naproxen, a nonspecific cy-
clooxygenase inhibitor (COX) for her chronic aches and pains
until her diagnosis of PMR. The nonspecific COX inhibitors
(see Chapter 43, Rheumatic Disorders) have been used sig-
nificantly in the United States and are well documented to
precipitate gastrointestinal complications. C.W. is also at in-
creased risk for gastrointestinal complications because of her
gender, advanced age, and her smoking and drinking history.
At this time, she should have her naproxen switched to a COX-
2 inhibitor (e.g., celecoxib, rofecoxib), which, theoretically,
should be expected to decrease the potential for developing
serious gastrointestinal complications, despite the paucity of
substantive documentation. Because prednisone probably will
be needed for an extended period by C.W., prophylactic therapy
against ulceration may be reasonable.

Hyperglycemia

17. G.P., a 58-year-old man, has a medical history of dermato-
myositis, type 2 diabetes mellitus (5 years), hypercholesterolemia,
and obesity. G.P.’s current medications are prednisone 80 mg/day
(started 2 months ago), lovastatin 20 mg Q HS, and glyburide 5
mg Q am. He came into clinic this morning with the following
physical findings: weight, 285 lb; BP, 140/90 mmHg; pulse, 50
beats/minute and regular; and FPG, 189 mg/dL. G.P.’s diabetes
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has been controlled for 3 years. What are likely explanations for
his hyperglycemia?

[SI unit: FPG, 10.5 mmol/L]

Hyperglycemia in G.P. can be attributed to corticosteroid
stimulation of gluconeogenesis or impairment of peripheral
glucose utilization36; however, other etiologies (e.g., missed
glyburide dose) also should be considered. Corticosteroids
can promote pancreatic glucagon secretion with resultant
glycogenolysis and formation of sugar from breakdown of
amino acids and lactate produced during glycogenolysis. This
process is not generally ketosis producing. Corticosteroids also
decrease peripheral glucose utilization by decreasing glucose
cell entry and cell membrane insulin receptors. The effects of
the corticosteroids on carbohydrate metabolism in susceptible
patient are dose related.36 Increases in blood glucose are usu-
ally mild and dosages of prednisone as low as 15 mg/day can
cause this effect. Alternate-day therapy has been proposed to
minimize, but does not prevent, this adverse effect and in fact
produces alternate-day hyperglycemia. Hyperglycemia peaks
2 to 4 hours after administration of the corticosteroid and
can last from 12 to 24 hours, depending on the size of the
dose.

G.P.’s diabetes has been well controlled in the past; there-
fore, immediate medication changes are not warranted. He
should self-monitor his blood glucose (SMBG) on a regular ba-
sis and report the results on the next clinic visit. Corticosteroid-
induced hyperglycemia can occur in nondiabetic patients as
well. Blood sugars in many nondiabetic patients will return to

normal as the patient adjusts to the excess glucose concentra-
tion. G.P.’s diabetes should be managed aggressively because
he is overweight and at increased risk for cardiovascular com-
plications with hypercholesterolemia. If his fasting blood glu-
cose remains above the American Diabetes Association (ADA)
guidelines on subsequent clinic visits, his glucose control may
necessitate modifications in his medication management (e.g.,
increasing the glyburide dosage).

Ecchymosis

18. Several weeks after discharge, R.D. began noticing large
purple blotches on her arms that did not blanch upon application
of local pressure. Also, these “bruises” did not seem to disappear
very rapidly. Why is this dermatologic effect probably prednisone
induced?

Ecchymosis, easy bruisability, is a common side effect of
prolonged corticosteroid use; it occurs most often in the el-
derly and is associated with continued use of supraphysiolog-
ical corticosteroid doses.39 Steroids destroy the collagen sup-
port of small blood vessels, resulting in leakage of blood into
surrounding tissue. The anti-inflammatory effects of steroids
reduce the normal resorption of blood leakage into tissue, mak-
ing the “bruise” last longer. A reduction in the dosage of pred-
nisone or the use of an alternate-day prednisone dosing regi-
men should lessen the purpura.64 Unfortunately, patients such
as R.D. often are already receiving the lowest dosage of corti-
costeroid that is compatible with keeping the clinical condition
under control.
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The term “contraception” is defined as the intentional preven-
tion of pregnancy. Contraceptives are therefore pharmaceuti-
cals or devices that prevent pregnancy. The goal of contra-
ception “therapy” is to prevent unintended pregnancy without
causing adverse effects and to preserve fertility, when desired.
Medically, pregnancy is defined by the U.S. Food and Drug Ad-
ministration (FDA) and the National Institutes of Health (NIH)
as being synonymous with implantation. An unintended preg-
nancy (also referred to as unplanned pregnancy) is a pregnancy

that was unplanned or unwanted at the time of conception and
includes pregnancies occurring in women who were using con-
traceptives during the month the pregnancy occurred.

In the United States, nearly half of all the pregnancies each
year (∼3 million) are unintended.1 The rate of unintended preg-
nancy in the United States is higher than that of other devel-
oped countries with comparable medical resources.2,3 Unin-
tended pregnancy is common in the United States and affects
women of all ages and socioeconomic groups. Although a
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significant number (47%) of unintended pregnancies occur in
the 7% of women at risk for pregnancy who do not use a method
of contraception, most unintended pregnancies (53%) occur in
the 94% of women at risk for pregnancy who were using a con-
traceptive method during the month they became pregnant.4

Unintended pregnancy rates are highest among women <18
years of age and decline with age until age 40. More than
one-half of unintended pregnancies in the United States are
terminated by elective abortion.5 An unintended pregnancy
has significant negative consequences to both the woman and
to society. The consequences to a woman from an unintended
pregnancy are obvious. The consequences to society are pub-
lic health issues. An unintended pregnancy results in a lost
opportunity to prepare for pregnancy in ways that reduce fe-
tal and maternal morbidity and mortality, including folic acid
supplementation, management of preexisting conditions, and
changes in lifestyle, such as avoidance of alcohol or tobacco.

Contraception choices have medical, personal and public
health considerations. The personal aspects include issues re-
lated to sexuality, religious, or cultural beliefs. Medical con-
ditions that affect contraceptive selection or the risks associ-
ated with pregnancy also must be considered. Public health
issues include relative risk from contraceptive use, medical
complications of childbearing, and abortion rates. The safety
and efficacy of contraceptive options have improved signifi-
cantly; however, misconceptions regarding contraception are
common. A 1993 Gallup poll found that 65% of women be-
lieve oral contraceptives are at least as risky as pregnancy.6 The
risk of death from pregnancy is more than five times the risk of
death from oral contraceptive use in nonsmoking women. In
the same Gallup survey, 58% of respondents could not name
one noncontraceptive benefit from using oral contraceptives.
The survey also found that 29% of women believed oral con-
traceptives cause cancer and 31% believed the failure rate to
be at least 10%; both of these are incorrect. As members of
the health care team, the pharmacist can play a critical role
in helping women and their partners choose and use from the
available methods as safely and effectively as possible.

Is it estimated that nearly 20% of adolescents have had sex
before the age of 15. About 15% of 14-year-old girls who have
had sex report having been pregnant.7 Contraceptive policies
in the United States and worldwide will help determine how
quickly the population will grow and can help reduce the num-
ber of unwanted pregnancies.

MENSTRUAL CYCLE PHYSIOLOGY
Biological feedback mechanisms involving the hypothalamus,
anterior pituitary gland, ovaries, and endometrial lining of
the uterus control the average 28-day menstrual cycle.8,9 The
hypothalamus synthesizes gonadotropin-releasing hormone
(GnRH) and secretes the hormone in a pulselike manner with
varying frequencies throughout the menstrual cycle. GnRH
stimulates the anterior pituitary to produce and release follicle-
stimulating hormone (FSH) and luteinizing hormone (LH).
FSH and LH act on the ovaries to produce estrogen and proges-
terone. Estrogen in turn acts on the hypothalamus and anterior
pituitary, in a negative feedback manner, to stop FSH and LH
secretion (Fig. 45-1).

The menstrual cycle is divided into three phases: the follic-
ular phase, ovulation, and the luteal phase (Fig. 45-2).8,9 By

Hypothalamus

Anterior pituitary

GnRH

FSH and LH

Estrogen and progesterone

Ovaries

Target tissues

FIGURE 45-1 Menstrual cycle physiology. GnRH, gonadotropin-releas-
ing hormone; FSH, follicle-stimulating hormone; LH, luteinizing hormone.

convention, the day bleeding begins is referred to as the first day
(or day 1) of the menstrual cycle. Menstrual bleeding usually
occurs between days 1 to 5 of the cycle. The follicular phase
begins at the onset of menstruation (menstrual phase) and lasts
approximately 10 to 14 days (Fig. 45-2). Also at the beginning
of the follicular phase, several follicles begin to develop within
the ovary. In the second half of the follicular phase, most of the
developing follicles atrophy except for one “dominant” folli-
cle that will develop further and produce increasing amounts
of estrogen. Elevated estradiol levels cause a surge of both LH
and FSH. This LH surge is responsible for final-stage growth
and maturation of the follicle, ovulation, and the formation of
the corpus luteum. Ovulation usually occurs 14 days before
the last day of the cycle. After ovulation, the dominant follicle
develops further and produces estrogen and progesterone in
increasing amounts. In 90% of women, the luteal phase lasts
13 to 15 days and is the least variable part of the human re-
productive cycle. During this progesterone-dominant phase,
the corpus luteum produces both progesterone and estrogen.
Progesterone prepares the endometrium for implantation of
a fertilized ovum. If implantation does not occur, corpus lu-
teum regression causes a decrease in the levels of estrogen
and progesterone. When these hormone levels decrease, the
endometrium cannot be maintained and is sloughed off (men-
strual phase). Using the average 28-day cycle as an example,
day 28 is the last day of the cycle and is the day before bleeding
begins again for the next menstrual cycle.

COMPARISON OF CONTRACEPTIVE
METHOD EFFECTIVENESS
The effectiveness of any contraceptive method depends on its
mechanism of action, availability (e.g., if a prescription is re-
quired, cost), adherence, and acceptability (e.g., side effects,
ease of use, religious and social beliefs). Any or all of these
reasons can account for the discrepancy between the lowest
observed failure rate (so called “perfect use”) and the ac-
tual failure rate in typical users observed in clinical practice.
Table 45-1 compares the first-year failure rates of various con-
traceptive methods.9

HORMONAL CONTRACEPTION PHARMACOLOGY
Estrogens prevent the development of the dominant follicle
by suppressing FSH secretion. Estrogens also stabilize the
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FSH
LH

2–20 mIU/mL

2–15 mIU/mL 20–50 mIU/mL

30–140 mIu/mL

Progesterone
250–400 pg/mL 125–250 pg/mL

10–50 ng/mL

40 Estrogen

Follicular Phase Luteal Phase

30–40 cc
Blood Lost

2 mm

4 mm

Implantation
hCG Detectable

O
vu

la
tio

n
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28

Low volume
Thick
Cloudy
No ferning
Maximal cellularity
Low elasticity
 (Spinnbarkeit)

High volume
Thin
Clear
Ferning
Minimal cellularity
High elasticity

Low volume
Thick
Cloudy
No ferning
Maximum cellularity
Low elasticity

O
vu

la
tio

n99°

98°

97°

Secretions
Nausea
Sharp or dull pain
Spotting
Libido ↑

Irritability
Anxiety
Depression
Bleeding
Lower abdominal pain
Back and leg pain
Headaches
Nausea
Dizziness
Diarrhea
Libido ↑ or ↓ 
Acne
Infection
Nosebleeds

Weight gain
Bloating
Eyes swollen
Ankles swollen
Breast tenderness
Anxiety
Depression
Headaches
Nausea
Acne
Spotting
Discharge pain
Constipation

Actual size at 

Follicle

Ovary

Pituitary Gonadotropin Levels

Ovary Hormone Levels

Uterus Endometrial Growth

Cervical Mucus

Basal Body Temperature
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FIGURE 45-2 The menstrual cycle. FSH, follicle-stimulating hormone; hCG, human chorionic gonadotropin;
LH, luteinizing hormone. (Adapted from Hatcher RA et al. Contraceptive Technology. 18th ed. New York:
Ardent Media; 2004, with permission.)
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Table 45-1 Percentage of Women Experiencing an Unintended Pregnancy During the First Year of Typical Use and the First Year of
Perfect Use of Contraception and the Percentage Continuing Use at the End of the First Year: United States

Women Experiencing an Unintended
Pregnancy Within the First Year of Use (%)

Method (1) Typical Usea (2) Perfect Useb (3) Women Continuing Use at One Yearc (%) (4)

Chanced 85 85
Spermicidese 26 6 40
Periodic abstinence 25 63

Calendar 9
Ovulation method 3
Symptothermal f 2
Postovulation 1

Capg

Parous women 40 26 42
Nulliparous women 20 9 56

Sponge
Parous women 40 20 42
Nulliparous women 20 9 56

Diaphragmg 20 6 56
Withdrawal 19 4
Condomh

Female (Reality) 21 5 56
Male 14 3 61

Pill 5 71
Progestin only 0.5
Combined 0.1

Intrauterine contraceptive device (IUD)
Copper T 380A 0.8 0.6 78
LNg 20 0.1 0.1 81

Depo-Provera 0.3 0.3 70
Patch 1
Ring 1–2
Norplant and Norplant-2 0.05 0.05 88
Female sterilization 0.5 0.5 100
Male sterilization 0.15 0.10 100

Emergency Contraceptive Pills

Treatment initiated within 72 hr after unprotected intercourse reduces the risk of pregnancy by at least 75%.i

Lactational Amenorrhea Method (LAM)

LAM is a highly effective, temporary method of contraception. j

aAmong typical couples who initiate use of a method (not necessarily for the first time), the percentage who experience an accidental pregnancy during the first year if they do not
stop use for any other reason.
bAmong couples who initiate use of a method (not necessarily for the first time) and who use it perfectly (both consistently and correctly), the percentage who experience an
accidental pregnancy during the first year if they do not stop use for any other reason. For patch and ring, the percentage comes from the package insert.
cAmong couples attempting to avoid pregnancy, the percentage who continue to use a method for 1 year.
d The percentages becoming pregnant in columns (2) and (3) are based on data from populations where contraception is not used and from women who cease using contraception
to become pregnant. Among such populations, about 89% become pregnant within 1 year. This estimate was lowered slightly (to 85%) to represent the percentages who would
become pregnant within 1 year among women now relying on reversible methods of contraception if they abandoned contraception altogether.
eFoams, creams, gels, vaginal suppositories, and vaginal film.
f Cervical mucus (ovulation) method supplemented by calendar in the preovulatory and basal body temperature in the postovulatory phases.
gWith spermicidal cream or jelly.
h Without spermicides.
i The treatment schedule is one dose within 72 hours after unprotected intercourse, and a second dose 12 hours after the first dose. The U.S. Food and Drug Administration has
declared the following brands of oral contraceptives to be safe and effective for emergency contraception: Ovral (1 dose is 2 white pills); Alesse (1 dose is 5 pink pills); Nordette
or Levlen (1 dose is 4 light-orange pills); Lo/Ovral (1 dose is 4 white pills); Triphasil or Tri-Levlen (1 dose is 4 yellow pills).
j However, to maintain effective protection against pregnancy, another method of contraception must be used as soon as menstruation resumes, the frequency or duration of
breastfeeding is reduced, bottle feeds are introduced, or the baby reaches 6 months of age. Adapted from Hatcher RA et al. Contraceptive Technology. 18th ed. New York: Ardent
2004.
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Table 45-2 Commercially Available Brand-Name and Generic Oral Contraceptive and Progesterone-Only Pills

Progestin Estrogen Androgen
Brand Name Generic Name Progestin Type and Dose EE Dose (mcg) Activity Activity Activity

Monophasic COC

Alesse Aviane Levonorgestrel 0.1 mg 20 L L L
Demulen 1/35 Zovia 1/35 Ethynodiol diacetate 1 mg 35 H L L
Desogen Apri Desogestrel 0.15 mg 30 H I L
Levlen Levora, Portia Levonorgestrel 0.15 mg 30 I L I
Levlite Lessina Levonorgestrel 0.1 mg 20 L L L
Lo-Ovral Cryselle, Low-Ogestrel Norgestrel 0.3 mg 30 I L I
Loestrin 1.5/30a Microgestin Fe 1.5/30 Norethindrone acetate 1.5 mg 30 H L H
Loestrin 1/20a Microgestin Fe 1/20 Norethindrone acetate 1 mg 20 H L I
Mircette b Kariva Desogestrel 0.15 mg 20 H L L
Modicon Brevicon, Nortel 0.5/35

Necon 0.5/35
Norethindrone 0.5 mg 35 L H L

Nordette Levora, Portia Levonorgestrel 0.15 mg 30 I L I
Ortho Cyclen Sprintec, MonoNessa Norgestimate 0.25 mg 35 L I L
Ortho-Cept Apri Desogestrel 0.15 mg 30 H I L
Ortho-Novum 1/35 Norinyl 1+ 35, Nortrel 1/35,

Necon 1/35, Genora 1/35
Norethindrone 1 mg 35 I H I

Ovcon-35 Norethindrone 0.4 mg 35 L H L
Yasmin Drosperinone 3 mg 30 No data I None

Biphasic COC

Ortho-Novum 10/11 Necon 10/11, Jenest Norethindrone 0.5, 1 mg 35 I H L

Triphasic COC

Cyclessa Desogestrel 0.1, 0.125 0.15 mg 25 H L L
Estrostepa Norethindrone acetate 1 mg 20, 30, 35 H L I
Ortho Tri-Cyclen Tri-Sprintec Norgestimate 0.18, 0.215, 0.25 mg 35 L I L
Ortho Tri-Cyclen Lo Norgestimate 0.18, 0.215, 0.25 mg 25 L L L
Ortho-Novum 7/7/7 Necon 7/7/7, Nortrel 7/7/7 Norethindrone 0.5, 0.75, 1 mg 35 I H L
Tri-Norinyl Norethindrone 0.5, 1, 0.5 mg 35 L H L
Tri-Levlen Enpresse, Trivora Levonorgestrel 0.05, 0.075,

0.125 mg
30, 40, 30 L I L

Triphasil Enpresse, Trivora Levonorgestrel 0.05, 0.075,
0.125 mg

30, 40, 30 L I L

Progesterone-Only Pills

Micronor Errin Norethinedrone 0.35 mg None
Nor-QD Nora-BE, Camila Norethinedrone 0.35 mg None
Ovrette Norgestrel 0.075 mg None

aAlso available with iron tablets instead of placebo tablets during the usual placebo week.
b as 2 days of placebo followed by 5 days of EE 10 mg during the usual placebo week.
COC, combined oral contraceptive; EE, ethinyl estradiol; H, high; I, intermediate; L, low.

endometrial lining to minimize the breakthrough bleeding seen
with oral contraceptive (OC) use. 9,10

Progestins have multiple mechanisms of action providing
contraception. Progestins may prevent ovulation by suppress-
ing LH secretion. In addition, progestins may impede the trans-
port of sperm through the cervical canal by thickening cervical
mucus. Progestins also may inhibit implantation by causing al-
terations or transformation of the endometrial lining or alter
the transport of sperm or ovum within the fallopian s tubes.9

COMBINATION ORAL CONTRACEPTIVE PILLS (COC)
Manipulating the normal physiologic feedback mechanisms of
the menstrual cycle using estrogen and progestin has proved

to be an effective method of contraception. COC contain-
ing estrogen and a progestin and are the most commonly
used reversible method of contraception in the United States.
In 1960, the U.S. Food and Drug Administration (FDA) re-
leased the first COC, Enovid 10.3,9 Enovid 10 (containing 150
mcg mestranol and 9.85 mg norethynodrel) contained much
higher doses of estrogen and progestin than are in today’s
pills. The side effects caused by the early high dose COC
prompted a search for lower dose, better tolerated products.
Table 45-2 lists many of the available brand-name and generic
COCs.

Currently available COCs are very effective in preventing
pregnancy. The failure rate ranges from 0.1 to 5 pregnancies
per 100 women-years (Table 45-1).9 Virtually all of the COCs
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Table 45-3 Estrogenic, Progestogenic, and Androgenic Effects of Oral Contraceptive Pills

Estrogenic Effects Progestogenic Effects Androgenic Effects

� Nausea
� Increased breast size (ductal and fatty tissue)
� Cyclic weight gain owing to fluid retention
� Leukorrhea
� Cervical eversion or ectopy
� Hypertension
� Rise in cholesterol concentration in gallbladder

bile
� Growth of leiomyomata
� Telangiectasia
� Hepatocellular adenomas or hepatocellular

cancer (rare)
� Cerebrovascular accidents (rare)
� Thromboembolic complications including

pulmonary emboli (rare)
� Stimulation of breast neoplasia (exceedingly

rare)

(Most pills with >50 mcg of ethinyl estradiol do
not produce troublesome estrogen-mediated
side effects or complications.)

Both the estrogenic and the progestational
components of oral contraceptives may
contribute to the development of the
following adverse effects:

� Breast tenderness
� Headaches
� Hypertension
� Myocardial infarction (rare)

All low-dose combined pills suppress a woman’s
production of testosterone, which has a
beneficial effect on acne, oily skin, and
hirsutism. The progestin component may have
androgenic as well as progestational effects:

� Increased appetite and weight gain
� Depression, fatigue, tiredness
� Decreased libido and/or enjoyment of

intercourse
� Acne, oily skin
� Increased breast tenderness or breast size
� Increased low-density lipoprotein (LDL)

cholesterol levels
� Decreased high-density lipoprotein (HDL)

cholesterol levels
� Decreased carbohydrate tolerance; increased

insulin resistance
� Pruritus

Adapted with permission from Hatcher RA et al. Contraceptive Technology. 18th ed. NY: Ardent Media; 2004:419, Table 19-4.

available in the United States contain the synthetic estrogen
ethinyl estradiol (EE). Mestranol is another estrogen that has
been used. Mestranol is inactive (prodrug) and is converted in
the body to EE. Mestranol 50 mcg has approximately the same
activity as EE 35 mcg.3,9 COCs contain one of the following
synthetic progestins: ethynodiol diacetate, desogestrel, dros-
perinone, levonorgestrel, norethindrone, norethindrone ac-
etate, norgestimate, or norgestrel. Norgestrel is a mixture of
dextronorgestrel and levonorgestrel. Dextronorgestrel appears
to be progestationally inert compared with levonorgestrel.3,10

These progestins differ significantly in their progestational
potency and also in the extent of their metabolism to estro-
genic substances. Progestins have both estrogenic and anti-
estrogenic effects. Because the progestins have a chemi-
cal structure similar to that of 19-nortestosterone, they have
varying degrees of androgenic activity (Table 45-3).10 The
androgenic effects are largely mitigated by the estrogen-
induced increase in sex-hormone binding globulin (SHBG),
which binds progestins. Minor structural changes in all of
the progestins may lead to significant changes in their pro-
gestational, estrogenic, antiestrogenic, and androgenic activ-
ities in tissue culture. The clinical significance of these dif-
ferences may vary widely in effect from woman to woman
(Table 45-2).

Different terminology is used to describe the classes of pills
that have been approved over the years. The COCs most com-
monly used today are also called “low-dose” COCs. They con-
tain <35 mcg/day of EE. In the literature, COCs have been re-
ferred to by “generations,” as well.8,11 First-generation COCs
contain >50 mcg/day of EE and are not currently in use.
Second-generation COCs contain 30 to 35 mcg of EE with
one of the following progestins levonorgestrel, norgestimate,
norethindrone, norethindrone acetate, or ethynodiol diacetate.
Third-generation COCs contain desogestrel and 20 to 30 mcg
EE. There are also references to generations related to the pro-

gestin used. First-generation progestins include norethindrone
and its derivatives. Second-generation progestins include le-
vonorgestrel and norgestrel, and third-generation progestins
include desogestrel, norgestimate, and gestodene (gestodene
is not available in the United States).3,10

Contraindications to Oral Contraceptive Use

1. M.F., a healthy 32-year-old woman, wants to know if she is a
good candidate for COC. She smokes a pack of cigarettes per day.
What contraindications to COC therapy must be considered? Is
she a good candidate for COC?

To determine if any contraindications or precautions ex-
ist, the clinician should first obtain baseline health informa-
tion from M.F.10 (Table 45-4). M.F. should be encouraged to
stop smoking. She does not currently have any contraindi-
cations to COC use, but she should be informed that COCs
may no longer be prescribed for her in a few years if she
continues to smoke (see Question 8). Because she does not
have any medical problems, she is an acceptable candidate for
a COC.

Choice

2. M.F. has decided to start COC. Which COC should be se-
lected for her?

All COCs are considered to be equally effective. For most
women, the selection of any product containing 35 mcg or less
of EE is preferred. Few studies have compared one product
with another. For some women, formulary restrictions may also
need to be considered. The information in Figure 45-3 may be
used to select an initial COC or to change pill formulations
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Table 45-4 Medical Eligibility Criteria for Contraceptive Use

Contraceptive Method

Condition OC CIC POP DMPA Norplant Cu-IUD LNG-IUD

I = Initiation, C = Continuation
Personal Characteristics and Reproductive History

Smoking
a) Age <35 2 2 1 1 1 1 1
b) Age >35

(i) <15 cigarettes/day 3 2 1 1 1 1 1
(ii) >15 cigarettes/day 4 3 1 1 1 1 1

Obesity >30 kg/m122 body mass index (BMI) 2 2 1 2 2 1 2

Cardiovascular Disease

Multiple Risk Factors for Arterial
Cardio-vascular Disease (e.g., older age,
smoking, diabetes and hypertension)

3/4 3/4 2 3 2 1 2

Hypertension
a) History of hypertension where blood

pressure cannot be evaluated (including
hypertension during pregnancy)

3 3 2 2 2 1 2

b) Adequately controlled hypertension,
where blood pressure can be evaluated

3 3 1 2 1 1 1

c) Elevated blood pressure levels (properly
taken measurements)
(i) Systolic 140–159 or diastolic 90–99 3 3 1 2 1 1 1

(ii) Systolic >160 or diastolic >100 4 4 2 3 2 1 2
d) Vascular disease 4 4 2 3 2 1 2

History of High Blood Pressure During
Pregnancy (where current blood pressure is
measurable and normal) Deep Venous
Thrombosis (DVT) or Pulmonary Embolism
(PE)

2 2 1 1 1 1 1

a) History of DVT/PE 4 4 2 2 2 1 2
b) Current DVT/PE 4 4 3 3 3 1 3
c) Family history (first-degree relatives) 2 2 1 1 1 1 1
d) Major surgery

(i) With prolonged immobilization 4 4 2 2 2 1 2
(ii) Without prolonged immobilization 2 2 1 1 1 1 1

e) Minor surgery without immobilization 1 1 1 1 1 1 1
Superficial Venous Thrombosis

a) Varicose veins 1 1 1 1 1 1 1
b) Superficial thrombophlebitis 2 2 1 1 1 1 1

Stroke (history of cerebrovascular accident) I C I C
4 4 2 3 3 2 3 1 2

Known Hyperlipidemias (screening is NOT
necessary for safe use of contraceptive
methods)

4 4 2 2 2 1 2

Neurologic Conditions

Headaches I C I C I C I C I C I C
a) Nonmigrainous (mild or severe) 1 2 1 2 1 1 1 1 1 1 1 1 1
b) Migraine

(i) Without focal neurologic symptoms
Age <35 2 3 2 3 1 2 2 2 2 2 1 2 2
Age >35 3 4 3 4 1 2 2 2 2 2 1 2 2

(ii) With focal neurologic symptoms
(at any age)

4 4 4 4 2 3 2 3 2 3 1 2 3

Epilepsy 1 1 1 1 1 1 1

(continued)
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Table 45-4 Medical Eligibility Criteria for Contraceptive Use (Continued)

Contraceptive Method

Condition OC CIC POP DMPA Norplant Cu-IUD LNG-IUD

Reproductive Tract Infections and Disorders

Unexplained Vaginal Bleeding (suspicious for
serious condition)

I C I C

Before evaluation 2 2 2 3 3 4 2 4 2
Endometriosis 1 1 1 1 1 2 1

Benign Ovarian Tumors (including cysts) 1 1 1 1 1 1 1
Cervical Intraepithelial Neoplasia (CIN) 2 2 1 2 2 1 2
Cervical Cancer (awaiting treatment) I C I C

2 2 1 2 2 4 2 4 2
Breast Disease

a) Undiagnosed mass 2 2 2 2 2 1 2
b) Benign breast disease 1 1 1 1 1 1 1
c) Family history of cancer 1 1 1 1 1 1 1
d) Cancer

(i) Current 4 4 4 4 4 1 4
(ii) Past and no evidence of current

disease for 5 years
3 3 3 3 3 1 3

Endometrial Cancer I C I C
1 1 1 1 1 4 2 4 2

Ovarian Cancer I C I C
1 1 1 1 1 3 2 3 2

Uterine Fibroids
a) Without distortion of the uterine cavity 1 1 1 1 1 1 1
b) With distortion of the uterine cavity 1 1 1 1 1 4 4

Pelvic Inflammatory Disease (PID)
a) Past PID (assuming no current risk factors

of STD)
I C I C

(i) With subsequent pregnancy 1 1 1 1 1 1 1 1 1
(ii) Without subsequent pregnancy 1 1 1 1 1 2 2 2 2

b) PID-current or within the last 3 months 1 1 1 1 1 4 2 4 2

HIV or AIDS

High Risk of HIV 1 1 1 1 1 2 2
HIV-Positive 1 1 1 1 1 2 2
AIDS 1 1 1 1 1 3/2 3/2

Endocrine Conditions

Diabetes
a) History of gestational disease 1 1 1 1 1 1 1
b) Nonvascular disease

(i) Noninsulin dependent 2 2 2 2 2 1 2
(ii) Insulin dependent 2 2 2 2 2 1 2

c) Nephropathy, retinopathy, or neuropathy 3/4 3/4 2 3 2 1 2
d) Other vascular disease or diabetes of >20

years’ duration
3/4 3/4 2 3 2 1 2

Gastrointestinal Conditions

Gallbladder Disease
a) Symptomatic

(i) Treated by cholecystectomy 2 2 2 2 2 1 2
(ii) Medically treated 3 2 2 2 2 1 2

(iii) Current 3 2 2 2 2 1 2
b) Asymptomatic 2 2 2 2 2 1 2
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Table 45-4 Medical Eligibility Criteria for Contraceptive Use (Continued)

Contraceptive Method

Condition OC CIC POP DMPA Norplant Cu-IUD LNG-IUD

Viral Hepatitis
a) Active 4 3/4 3 3 3 1 3
b) Carrier 1 1 1 1 1 1 1

Cirrhosis
a) Mild (compensated) 3 2 2 2 2 1 2
b) Severe (decompensated) 4 3 3 3 3 1 3

Liver Tumors
a) Benign (adenoma) 4 3 3 3 3 1 3
b) Malignant (hepatoma) 4 3/4 3 3 3 1 3

Anemias
Sickle Cell Disease 2 2 1 1 1 2 1
Iron Deficiency Anemia 1 1 1 1 1 2 1

1, a condition for which there is no restriction for the use of the contraceptive method;
2, a condition where the advantages of using the method generally outweigh the theoretical or proven risks;
3, a condition where the theoretical or proven risks usually outweigh the advantages of using the method;
4, a condition which represents an unacceptable health risk if the contraceptive method is used.
AIDS, acquired immunodeficiency syndrome; CIC, combined injectable contraceptive; Cu-IUD, copper intrauterine device; DMPA, depot medroxyprogesterone acetate;
HIV, human immunodeficiency virus; LNG-IUD, levonorgestrel intrauterine device; OC, oral contraceptive; POP, progestin-only pills; STD, sexually transmitted diseases.
Adapted from reference 10, with permission.

if side effects become intolerable.10 Any pill containing 20 to
35 mcg EE can be used for M.F. because she is a healthy woman
without medical complications. Her blood pressure and weight
should be obtained before starting the pills A body weight
>70.5 kg has been associated in some studies with increased
COC failure, therefore a product with a higher dose of EE
(e.g., 35 mcg) may be a better choice if she weighs more than
70.5 kg.12

21-Day versus 28-Day Cycle
Most 28-day COC pill packs contain 21 days of active pills
(pills that contain estrogen and progestin) followed by 7 days
of placebo or iron tablets. The 21-day pill packs contain only
the active pills. Many clinicians prefer the use of 28-day cycle
COC to minimize confusion and to promote adherence. With a
28-day pack, users take one tablet daily regardless of whether
it is in the active or placebo phase of the cycle. After taking
the last tablet of a 28-day pack, a new pack should started
the next day. When continuous ovarian suppression is used
for extended cycles or to treat estrogen-dependent disorders,
such as endometriosis, the 21-day cycle packs may preferred.
Many products are only available in 28-day cycle packs. If
M.F. will not be taking a COC continuously, a 28-day pack is
recommended.

Multiphasic Oral Contraceptives

3. Should M.F. start a monophasic or triphasic COC? What
are the advantages and disadvantages of the triphasic products
relative to other regimens?

Because of metabolic and physiologic effects related to the
progestin component of monophasic COCs, the biphasic and
triphasic products were formulated to contain a lower total
monthly dose of progestin than the monophasic products (with
the exception of Mircette). These products attempt to lower

doses of progestin and provide adequate endometrial support
while also providing adequate contraception.11

The multiphasic products contain varying amounts of pro-
gestin and estrogen during each of the active phases. Currently,
Necon 10/11, Ortho-Novum 10/11, and Jenest 28 are the only
biphasic COCs marketed in the United States, and they are
rarely used. Mircette can be classified as either a monophasic
or biphasic OC. Mircette provides a novel regimen containing
21 days of 0.15 mg desogestrel plus 20 mcg EE (fixed doses as
with a monophasic product), then only 2 days of placebo, and
finally followed by 5 days of 10 mcg EE alone. The woman
does not need to take missed 10 mcg EE doses or use a backup
method if those tablets are missed. The 5 days of 10 mcg EE
alone help minimize breakthrough bleeding with this product
and may be useful for women who have estrogen deficiency
symptoms, such as headaches, during the hormone-free week.

The triphasic COCs (e.g., Ortho-Novum 7/7/7, Tri-Levlen,
Triphasil, Ortho Tri-Cyclen) appear to support the en-
dometrium more consistently than the biphasic COCs.13 No
studies, however, show superior efficacy of one triphasic
over another or over monophasic COCs. The reduced pro-
gestin content may be desirable for women who experience
progestin-related side effects caused by too much progestin
or for women who have cardiovascular disease or metabolic
abnormalities.9,14 Women with side effects related to progestin
deficiency (e.g., late-cycle bleeding) who desire extended cy-
cles or who have conditions necessitating progestin dominance
(e.g., benign breast disease) may do better with a monophasic
formulation.

One drawback associated with triphasic COC use is the
confusion caused by the different-colored tablets in each of
the three different phases, making the missed-dose instructions
more complicated. Monophasic formulations are preferred for
women who will be taking pills continuously (i.e., skipping the
placebo pills). M.F. may be started on either a monophasic or
triphasic product.
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YES: history positive for one 
or more of above conditions. 

Consider progestin only method POPs: 
(Micronor, Nor QD or Ovrette), 
Depo-Provera injections, Implanon or 
Mirena IUS, ParaGard

Consider non-estrogen 
methods: IUD, DMPA, 
POP, condoms, implant, 
diaphragm or cervical 
cap with spermicide, 
FAM, NFP, vasectomy 
or tubal sterilization

NO: history negative for 
all of above conditions

May use any sub-50-microgram 
COC* continuously or cyclically

Woman wants to use “the Pill”
Does she have problem of:
• Smoking & age 35 or older
• Hypertension
• Undiagnosed abnormal vaginal bleeding
• Diabetes with vascular complications or  
  more than 20 years duration**
• DVT or PE (unless anticoagulated) or current 
   or personal history of ischemic heart disease**

• Multipe risk factors for arterial cardiovascular disease**
• Headaches with focal neurological symptoms **
  or personal history of stroke 
• Current or past history of breast cancer**
• Active viral hepatitis or mild or severe cirrhosis**
• Breast-feeding exclusively at the present time**
• Major surgery with immobilization within 1 month
• Personal history cholestasis with COC use** or   
  pregnancy

May not be able to use COCs

Choose continuous or cyclic COC based on patient 
desires, availability, side effects, non-contraceptive ben-
efits, cost, and prior experience of woman or clinician

• The World Health Organization and the Food and Drug administration both recommend using
the lowest dose pill that is effective. All combined pills with less that 50 μg of estrogen are considered
“low –dose” and are effective and safe

• There are no studies demonstrating a decreased risk for deep vein thrombosis (DVT) in women on 20-μg
pills. Data on higher dose pills have demonstrated that the less the estrogen dose, the lower the risk for
DVT

• All COC’s lower free testosterone. Class labeling in Canada for all combined pills states that use of pills
may improve acne

• To minimize discontinuation due to spotting and breakthrough bleeding, warn women in advance,
reassure that spotting and breakthrough bleeding become better over time.

• The package insert for women on Yasmin and Yaz states [Berlex-2001]: “Yasmin is different from other
birth control pills because it contains the progestin drospirenone. Drospirenone may increase potassium.
Therefore, you should not take Yasmin if you have kidney, liver or adrenal disease, because this could
cause serious heart and health problems. Other drugs may also increase potassium. If you are currently
on daily, long term treatment for a chronic condition with any of the medications below, you should consult
your healthcare provider about whether Yasmin is right for you, and during the first month that you take
Yasmin, you should have a blood test to check your potassium level: NSAIDs (ibuprofen [Motrin®,
Advil®], naproxen [Naprosyn®, Aleve®, and others] when taken long-term and daily for treatment of
arthritis or other problems]; potassium-sparing diuretics (sprironolactone and others); potassium
supplementation; ACE inhibitors (Capoten®, Vasotec®, Zestrik® and others); Angiotensin-II receptor
antagonists (Cozaar®, Diovan®, Avapro®and others); heparin”

**These are conditions that receive a WHO:3 or a WHO:4

FIGURE 45-3 Choosing a pill.
Reprinted with permission from Zieman M, Hatcher RA, Managing Contraception 2007–2009 (fig 26–2).

Patient Instructions

4. M.F. has heard that she can skip periods by skipping the
placebos. What can you tell her about this? What instructions
should be given to M.F. about her COC?

When to Start Oral Contraceptives
M.F. should start the first cycle of pills according to the manu-
facturer’s package instructions or according to one of the fol-
lowing recommendations:9,10

1. Day 1 Start: Take the first tablet in the pack on the first
day of menses. This offers the advantage of more rapid
contraceptive effects.

2. Sunday Start: Take the first tablet in the pack on the first
Sunday after the beginning of menstruation. If menses be-
gins on Sunday, start that day. Back-up contraception must
be used for at least the first 7 days. The advantage is that
bleeding usually does not occur on weekends.

3. Quick Start: This is a newer method for initiating COC.15

In Quick Start, the woman takes her first COC tablet at any
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point in her cycle. She also uses back-up contraception for
at least 7 days. This method can minimize confusion about
when to start the first pack and can increase rates of method
continuation. The quick start method provides contraceptive
protection sooner and, therefore, would likely lower the risk
of unintended pregnancy.

Any woman who is a candidate for COCs can use them con-
tinuously (i.e. skipping the placebo tablets and taking no break
between pill packs). Any product may be used continuously,
however monophasic pills usually are selected. Any duration
of continuous pill use is acceptable, but many providers rec-
ommend taking the active pills from 3 to 4 pill packs and then
stopping for 2-7 days. Alternatively, providers may prescribe
products that are specifically packaged for continuous use (Sea-
sonale and generics, Seasonique, Lybrel). Continuous pill use
usually results in more breakthrough bleeding or spotting (see
question 8) than usual pill use, so women should be informed
about this. If M.F. is willing to tolerate more irregular bleeding
during the first 6-12 months of continuous COC use, then she
can use them continuously.

When to Use a Back-Up Method of Contraception
Some clinicians recommend that women use an alternative
method of contraception (back-up) for the entire first cycle.
Using a back-up method for one full cycle is recommended
because many new users of COCs do not complete the first
cycle of pills. Most pill package inserts state that a back-up
method of contraception (e.g., condoms) is not necessary if
women use the Day 1 start method.9,16 When using the Sunday
start or Quick start methods, back-up contraception should
be used for the first week (7 days) of the cycle. A back-
up method is also recommended when doses are missed, as
described in the following section. M.F. has decided to use
the Sunday start method, so she will need to use a back-up
method (e.g., condoms, diaphragm) for the first week of the
cycle.

Proper Pill Taking
M.F. should take the COC tablets at exactly the same time each
day. If she experiences nausea, she may find that the nausea is
reduced if she takes her pill at bedtime or with food. The best
time for pills to be taken depends on her schedule. The optimal
time for M.F. is the time when she will have the fewest problems
remembering to take her pill. Missed pills are common in COC
users; estimates as high as 40% of users miss one pill in each
cycle, therefore reviewing the instructions for missed pills is
an important part of medication counseling.

If M.F. forgets to take one pill, she should take the missed
pill as soon as she remembers and refer to the instructions in
the package insert for further information.9,10,16 Most man-
ufacturers recommend that if one pill is missed, the woman
should take two pills when she remembers (e.g., if she forgets
to take her one pill on Monday, she should take two pills on
Tuesday when she remembers). Then, she should take the re-
maining pills in the pack as usual. A back-up method of contra-
ception usually is not considered necessary. If she misses two
tablets in a row in weeks 1 or 2 of her pack, she should take
two pills on the day she remembers and two the following day
(e.g., if she forgets her pill on Monday and Tuesday, she should
take two pills on Wednesday and two on Thursday). Then, she

should take the remaining pills as usual. She should use an
alternative method of contraception for 7 days of taking active
pills.

If a woman misses two tablets in a row in the third week (for
Day 1 starters), she can either discard the rest of the pack and
start a new pack on that same day or continue taking one pill
daily until her usual stop day (skipping the placebos) and start a
new pack. For Sunday starters, she can continue taking one pill
every day until Sunday and start a new pack on Sunday without
taking the placebos. She must use an alternative method of
contraception for 7 days after missing the pills. She may not
have her menstrual period this month.

If a woman misses three or more pills in a row anytime dur-
ing the period taking the active pills she will likely experience
bleeding or spotting. At the time she remembers, she can dis-
card the rest of her pack and start a new pack that same day;
or Sunday starters should keep taking one pill every day until
Sunday, then start a new pack on Sunday. After missing three
pills, she should use an alternative method of contraception
for 7 days of taking active pills. She may not have a menstrual
period this month. She may also want to consider emergency
contraception if she has been sexually active (see Question 44).

Drug Interactions
Antibacterials

5. G.H. is a 26-year-old woman whose last menstrual period
(LMP) was 7 weeks ago. She has a history of regular menstrual cy-
cles both before and during the use of COC. Six weeks ago, she de-
veloped an Escherichia coli urinary tract infection and was treated
with oral (PO) sulfamethoxazole trimethoprim (TMP-SMX) BID
× 3 days for 7 days. This coincided with the first seven tablets
of her cycle. She has been taking Ortho-Novum 1/35 for 3 years
and tetracycline 250 mg PO every day (QD) for acne. What is the
clinical significance of the potential drug interactions in G.H.?

Ethinyl estradiol is conjugated in the liver, excreted in the
bile, hydrolyzed by intestinal bacteria, and reabsorbed as ac-
tive drug.17 Certain broad-spectrum antibiotics, by reducing
the population of intestinal bacteria, may interrupt the entero-
hepatic circulation of the estrogen, resulting in a decreased
concentration of circulating estrogen. The existence of similar
antibiotic interactions with contraceptive progestins is unlikely.
Although this mechanism for the drug interaction is not well
established, various antibiotics have been reported to decrease
COC efficacy, resulting in unintended pregnancy or abnormal
bleeding patterns. The antibiotics rifampin and griseofulvin are
known to cause contraceptive failure, but NOT by this mecha-
nism. These agents reduce contraceptive efficacy by increasing
the metabolism of estrogen.

Theoretically, any broad-spectrum antimicrobial with sig-
nificant effects on intestinal bacterial flora could affect COC
efficacy by interfering with the enterohepatic recycling of ex-
ogenous estrogen. Numerous reports of changes in bleeding
patterns and contraceptive failure have been documented.17

About 30 case reports of contraceptive failure with concomi-
tant COC and antibiotic use have been published. The antibi-
otics in the case reports include rifampin, ampicillin, peni-
cillin G, tetracycline, and minocycline.17a In addition, surveys
of women in clinics have revealed about 20 other cases of
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OC failure. A major limitation of survey data is that it re-
lies on patients’ memories, which are often unreliable. The
Committee on the Safety of Medicines in the United King-
dom received 63 reports of unplanned pregnancies between
1968 and 1984 in women on antibiotics and COC. Penicillins,
tetracyclines, sulfamethoxazole-trimethoprim, metronidazole,
cephalosporins, and erythromycin were among the antibiotics
used. Finally, more than 200 reports of COC failure have been
documented in women seeking family planning services.

The probability of a clinically significant drug interaction
between COC and antimicrobials depends on several factors:
the hormonal content of the COC relative to the woman’s re-
quirements, the dosage and duration of use of the interacting
drug, variation in the response to bacterial flora alteration, and
her inherent fertility.17,18,19 The number and complexity of
these variables make prediction of outcome in a specific woman
exceedingly difficult. Even if a drug produces a several-fold
increase in unwanted pregnancies in women taking COC, the
likelihood of pregnancy in a given woman is still low because
COC are so effective. Long-term, low-dose tetracycline use
for G.H.’s acne therapy (tetracycline 250 mg daily) is unlikely
to interfere with her COC efficacy, but no good data exist to
support this supposition. Topical antibiotics often can control
acne, do not interfere with COC, and can be recommended as
alternatives to oral tetracycline.17

A practical approach to managing coadministration of COC
and antibiotics is to educate women about the potential for in-
creased risk of pregnancy and to recommend a back-up method
of contraception until menses occurs. In addition, the clinician
should discuss what is described in the literature about these
interactions (Table 45-5). Whether TMP-SMX inhibits COC
efficacy is not certain; however, clinical data are consistent
with the premise that it occasionally impairs COC efficacy. In
this case, G.H. should take a pregnancy test.

Liver Enzyme Induction

6. S.R., a 22-year-old woman, is taking phenytoin (Dilantin)
300 mg PO QD and phenobarbital 60 mg PO twice daily (BID).
Her serum concentrations of these drugs have been consistently
in the therapeutic range for at least 2 years, and she has not ex-
perienced seizures for 18 months. Is S.R. a good candidate for
COC?

Ethinyl estradiol is a substrate of cytochrome P450 3A4
(CYP3A4); therefore, medications that induce CYP3A4 may
decrease COCs efficacy. With the older high-dose COCs, effi-
cacy was not decreased significantly by many drug–drug inter-
actions because of their high hormone content. The estrogen
and progestin doses in newer COC are much lower. The case re-
ports of menstrual irregularities (e.g., spotting, breakthrough
bleeding [BTB]) and unintended pregnancies attributable to
drug interactions have been increasing with lower dose formu-
lation (Table 45-5).

Carbamazepine, phenytoin, phenobarbital, and primidone
are CYP3A4 inducers known to cause increased metabolism
of COCs. Another inducer of CYP3A4 is St. John’s wort.20

The newer anticonvulsants topiramate and oxcarbazepine have
also been shown to lower serum levels of estrogen.

Although drug interactions that reduce the efficacy of con-
traceptives are of the greatest concern, COCs also can affect

Table 45-5 Oral Contraceptive Drug Interactions

Interacting Drug Net Effect

Drugs that increase or may increase the metabolism of OCs

Spotting, breakthrough bleeding, or pregnancy
Aprepitant
Bexarotene
Bosentan
Carbamazepine
Darunavir
Felbamate
Fosphenytoin/Phenytoin
Griseofulvin
Modafanil

Mycophenolate mofetil
Nevirapine
Oxcarbazepine
Phenobarbital
Pioglitazone
Primidone
Rifabutin
Rifampin
Ritonavir
Secobarbital
St John’s Wort
Topiramate

Miscellaneous drug interactions with OCs
Amprenavir/

fosamprenavir
Decrease concentrations of amprenavir; increase

or decrease concentrations of EE or progestin
Atanazir Increase in EE concentrations
Atorvastatin 30% increase in norethindrone concentration;

20% increase in EE concentration
Benzodiazepines Reduced metabolism of benzodiazepines
Corticosteroids Reduced metabolism of corticosteroids
Cyclosporine Doubling of cyclosporine level
Fluconazole Increase or decrease in EE and levonorgestrel

levels
Fosphenytoin/

Phenytoin
Increase or decrease in phenytoin concentration

Ginseng Additive estrogenic effects
Lamotrigine Increase or decrease in lamotrigine concentration
Nelfnavir Increase or decrease in EE and progestin

concentrations
Paclitaxel Reduced metabolism of paclitaxel
Red Clover May increase or decrease OC effects
Rosuvastatin Increase in EE and norgestrel concentrations
Selegiline Increase in selegiline concentration
Succinylcholine Inhibits plasma cholinesterase activity
Tacrine Increase in tacrine concentrations
Tacrolimus Increase in tacrolimus concentrations
Theophylline 33% reduction in theophylline clearance
Tizanidine 50% reduction in tizanidine clearance
Tricyclic

antidepressants
Decreased antidepressant effects yet can cause
TCA toxicity

Valdecoxib Increase in EE and norethindrone concentrations
Voriconazole Increase in EE, norethindrone and valdecoxib

concentrations
Warfarin Increase of decrease in anticoagulation
Zolmitriptan Increase in adverse effects

AUC, area under the time-concentration curve; EE, ethinyl estradiol; OC, oral con-
traceptives.
DRUGDEX® System (electronic version). Klasco RK (ed) Thomson Healthcare,
Greenwood Village, Colorado, USA. Available at: http://csi.micromedex.com. Ac-
cessed June 1, 2007.
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the activity of other drugs. COCs have been reported to in-
crease or decrease serum levels of lamotrigine and can affect
seizure control. COCs may increase the activity of some benzo-
diazepines. One report claims that COCs might increase serum
phenytoin concentrations substantially.22

Unlike many drug classes that are carefully dosed to main-
tain a therapeutic range of monitored blood levels, contracep-
tive estrogen and progestin blood levels are obtained only in
clinical drug studies. Therefore, users are managed by mon-
itoring side effects and by changes in menstrual patterns. It
is no wonder, therefore, that the drug interaction literature is
less than satisfactory and management of the interactions is
largely empiric. Although some prescribers suggest using a
50-mcg EE formulation in women taking enzyme-inducing
drugs, most others would recommend that S.R. use a contra-
ceptive method other than a COC. An alternative recommen-
dation is to use a second method of contraception for 3 months
of the combined therapies and monitor bleeding patterns. If
no intracycle bleeding occurs, the secondary method can be
discontinued.9

Oral Contraceptive Risks and Adverse Effects
Some women may not be candidates for a COC because of the
risks and adverse effects associated with use. Other women
may experience minor side effects with COC that may be
managed by changing to a formulation with a different type
or dose of estrogen or progestin.

Breakthrough Bleeding, Spotting, and Amenorrhea

7. V.S. comes to the family planning clinic after taking Ovcon-
35 for 2 months. She had been started on Ovcon-35 to help with
her acne. Her only complaint is spotting at various times during
her past two menstrual cycles. What action should be taken to
correct V.S.’s bleeding pattern?

Bleeding during active pills days of the cycle (intermen-
strual bleeding) that requires the use of a pad or tampon is
designated breakthrough bleeding (BTB), whereas a lesser
amount of intermenstrual bleeding that does not require pro-
tection is called spotting. Spotting and BTB are the most
frequent reasons cited by women for the discontinuation of
COCs.21

Most clinicians will continue with the same formula-
tion for at least 3 months if irregular bleeding is the only
complaint because BTB or spotting usually resolves without
intervention.21,22 Early-cycle intermenstrual bleeding, which
usually starts before the 14th day of the menstrual cycle (or
never ceases completely after menses), may be caused by in-
sufficient estrogen. Late-cycle intermenstrual bleeding, which
occurs after day 14, may caused by insufficient progestational
support of the endometrium. The most common cause of BTB
or spotting, especially in long-term users of COCs, is missed
pills or irregular pill taking. Before making formulation adjust-
ments, adherence should be assessed. Other possible causes of
BTB or spotting include drug interactions (see Questions 5 and
6) or infection.

The balance between estrogen and progestin components
in COCs determines endometrial activity and, therefore, the
likelihood of intermenstrual bleeding problems. It is helpful to

envision the estrogen component as the basic building block
or “brick” of the endometrium and the progestational com-
ponent providing the mortar that holds the bricks together. In
addition, the estrogenic activity of the progestational compo-
nent increases the number of bricks, whereas its antiestrogenic
activity decreases their numbers. If bricks or mortar are insuf-
ficient or if they are present in the wrong proportions, the wall
will crumble and bleeding will ensue (Table 45-2).

If V.S.’s intermenstrual bleeding continues to occur late in
her cycle after 3 months of consistent use, a formulation with
the same estrogen dose and more progestin should be pre-
scribed. Desogen or Ortho-Cept would be a good choice be-
cause progestational activity would be increased and estrogenic
activity would be maintained with minimal androgenic liability
(Table 45-2). If V.S. develops intermenstrual bleeding early in
the cycle after several months of use, she should be changed to
a pill with a higher ratio of estrogen to progesterone or should
try Mircette, which provides a low dose of estrogen during the
placebo week.

Some women experience amenorrhea while taking COC.
If this occurs, pregnancy should first be ruled out. If she is
not pregnant and amenorrhea is acceptable to her, then the
formulation need not be changed. If she prefers a monthly
menstrual period, then a product with more estrogen or less
progestin or a triphasic formulation can be tried.

Cardiovascular Disease

8. M.F. (from Questions 1–4) and her fiancé, who is with her
in the health care provider’s office, have been reading in the lay
press about the cardiovascular risks of estrogen. What are her
potential risks for cardiovascular disease from taking COC?

In women who do not smoke or use a COC, the risk of
death from cardiovascular disease is 0.59 per 100,000 women
<35 years of age and 3.18 per 100,000 women >35 years of
age.23 This risk is increased by 0.06 and 3.03 for COC users
<35 years or >35 years, respectively. For COC users who
smoke, the risk is increased by 1.73 and 19.4 for women <35
or >35, respectively.

Both the Royal College of General Practitioners and the
Oxford Family Planning Association OC studies showed that
women <35 years taking the new low-dose COC did not have a
significantly increased mortality risk from cardiovascular dis-
ease, regardless of smoking status.23−25 The increase in mor-
tality reported from COC is significant only for smokers >35
years of age.

Several studies have reported the effects of COC on serum
lipoprotein concentrations because of the association between
lipoproteins and atherosclerotic cardiovascular disease.26−28

High serum concentrations of total cholesterol (TC), triglyc-
erides (TG), low-density lipoprotein (LDL) cholesterol, and
very-low-density lipoprotein (VLDL) cholesterol are associ-
ated with the risk of developing atherosclerotic circulatory
diseases, whereas high-density lipoprotein (HDL) cholesterol
has an inverse relationship. Apolipoprotein levels also affect
atherosclerotic risk (e.g., Lp(a) elevations increase risk).29

Estrogen tends to increase serum concentrations of HDL.
Progestins, depending on the dose and potency, may decrease
HDL concentrations.27,28 Progestins can modify the composi-
tion of total HDL by changing the relative amounts of HDL2
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and HDL3.30,31 HDL2 is protective against cardiovascular dis-
ease, unlike HDL3.32 Decreases in HDL are associated with in-
creasing age, weight, and cigarette smoking. Increased triglyc-
eride serum concentrations are related to the estrogen content
of the COC as well as to the antiestrogenic effect of the pro-
gestin component.

Studies evaluating the effect of COC on lipids have reported
similar results.27−29 One study found an increase in HDL from
baseline with a low-androgenic progestin compared with a
high-androgenic progestin.27 Another study compared COC
with phasic EE and levonorgestrel or desogestrel.26 After six
cycles, significant increases in HDL3 and apolipoproteins (apo
A-I, apo A-II, and apo B) were seen in both groups. HDL2 also
increased significantly in the desogestrel group but decreased
in the levonorgestrel group. After nine cycles, levels of TG and
VLDL in both groups and HDL in the desogestrel group were
significantly increased from baseline. HDL did not change sig-
nificantly in the levonorgestrel group after six cycles. In another
study, a reduction in the COC doses of EE and levonorgestrel
by one-third improved levels of LDL, TG, Lp(a), and HDL.28

Lipid serum concentrations also are altered in adolescent
(ages 12–17 years) users. These adolescents had significantly
higher TC levels compared with nonusers, although the type
of COC used was not specified.33

Women taking COCs containing levonorgestrel may be
more likely to have a myocardial infarction (MI) than users
of COCs containing desogestrel or gestodene.34 When con-
founding factors for cardiovascular disease were accounted for,
women taking levonorgestrel-containing COC were 2.5 times
more likely to have an MI than nonusers. Another study found
the opposite effect of the two types of COC, but the results
were not significant.35 Heavy smoking, especially in women
>35 years of age, increases the risk of MI.

M.F. and her fiancé should understand that the risk of a
cardiovascular adverse effect may be increased with COC use,
but the risk is still very low regardless of which COC is used.
Cigarette smoking is a much more significant risk factor for
MI, causing a reported 8 to 13 times increase in risk.

Cervical Dysplasia and Cervical Cancer

9. J.M., a 24 year-old woman, has an older sister who had
cervical dysplasia that progressed to carcinoma in situ. Her sister
never took OC. What can you tell J.M. about the risks of cervical
dysplasia and cancer associated with COCs?

An estimated 11,070 new cases of, and 3,870 deaths from,
cervical cancer will occur in the United States in 2008.36

The human papilloma virus (HPV) infection is the most com-
mon cause of cervical cancer. Women at highest risk for cer-
vical cancer are positive for certain subtypes of HPV, are
immunosuppressed, or are smokers.9 Sexual behaviors that
increase the risk of HPV infection and with cervical cancer
include beginning sexual activity at a young age, having mul-
tiple male sexual partners, or having a male sexual partner
who has had multiple partners. Women at low risk for cervical
cancer have two or fewer partners, use condoms, and do not
smoke.5

Pooled data from eight case-control studies on cervical can-
cer risk for COC users who are positive for HPV indicate
they are more likely to develop cervical cancer.37 Women who
had ever used a COC and those who had used a COC for

>5 years were 1.5 and 3.4 times, respectively, more likely to
develop cervical cancer. This is consistent with older stud-
ies that suggest that COC users have an increased risk of de-
veloping or dying of cervical cancer; however, COCs are not
thought to cause cervical cancer. In contrast, a large cohort
study conducted in England found no significant increase in
deaths caused by cervical cancer in women who had ever used
OC.38

Epidemiologic comparisons of the prevalence of cervical
cancer in COC users versus nonusers often are difficult to in-
terpret because factors other than the hormone use need to be
considered. Women using COCs are less likely to have partners
using condoms and are more likely to have regular medical
examinations (e.g., Pap smears), resulting in early detection
and treatment of precancerous lesions.39 Health care providers
may wish to perform Pap smears every 6 months in women
who have used a COC for >5 years who are at a higher risk be-
cause of multiple partners or a history of sexually transmitted
diseases (STD).8 J.M. should be counseled about avoiding risk
factors for cervical cancer and should be encouraged to have
a Pap smear annually. Women between 9 and 26 years of age,
such as J.M., are candidates for the HPV vaccine. The vaccine,
given as a series of three injections, provides substantial (but
not complete) protection from cervical cancer. Use of the vac-
cine in older women or in men is not currently approved but is
being studied.

Headache

10. G.R., a 32-year-old woman, comes to the clinic complain-
ing of headaches, which predominantly occur during the 7-day
placebo phase of her 28-day cycle of Nordette. The throbbing
headaches are preceded by blurred vision, nausea, and vomiting.
Aspirin and acetaminophen, which normally relieve her other
headaches, are ineffective. Lying down in a dark room provides
some relief. Her family history is pertinent because her mother
and maternal grandmother have migraine headaches. Are these
headaches a relative contraindication for the continued use of a
COC?

Headache is a common complaint in women, including
those taking a COC. Headaches can occur while taking the
active pills (estrogen related) or during the placebo week, ow-
ing to the withdrawal of estrogen.21 Women with migraines
may find that their headaches either lessen or worsen when
COCs are initiated.

Mild headaches may abate over time or if the woman is
changed to a pill with less estrogen or progestin. Headaches
that occur during the placebo week can be managed by trying
Mircette or taking a COC continuously (i.e., skipping placebo
pills). Women with severe headaches should discontinue COC
use and should be evaluated by their health care provider.

Ischemic stroke is more likely to occur in COC users with a
history of classic migraines (migraines with aura), especially if
they are smokers.40 Women with classic migraines should use
COCs with caution or not at all, particularly if they smoke, are
>35 years of age, or have other significant medical problems.
Clinical experience indicates that women having increasing
migraine attacks with COCs are not likely to have relief from
them when the formulation is changed to one with a different
hormone balance. Women with menstrual migraine (migraine
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associated with menses) may have fewer headaches while tak-
ing a COC and may prefer continuous use.

G.R.’s symptoms are typical of classic migraine headache
and, because she also has a family history of migraine
headaches, she may need to discontinue her COC and use
another method of contraception. Subsequent to a thorough
medical evaluation of her headaches, she should be monitored
carefully if COCs are continued.

Hypertension

11. A.M., an obese 26-year-old woman, experienced hyper-
tension during all of her pregnancies. She restarted Lo-Ovral
after her last pregnancy. She continues to smoke a half-pack of
cigarettes per day. Her blood pressure (BP) before starting the
COC was 126/76 mmHg. Today, her BP is 146/96 mmHg. What is
the mechanism of COC-induced hypertension? Can she continue
taking Lo-Ovral considering her history of hypertension during
pregnancy?

The underlying mechanisms for COC-induced hyperten-
sion may be sodium and water retention and increased renin
activity.41,42 Hypertension secondary to COC use may develop
slowly over 3 to 36 months and may not decline for 3 to 6
months after discontinuing their use.43

Women taking older and more potent oral contraceptives
(e.g., 50 mcg EE) have been reported to have a two to three
times higher incidence of hypertension (BP >140/90 mmHg)
than nonusers.42−44 Small studies have found systolic BP to
increase by 7 to 8 mmHg and diastolic BP to increase by
6 mmHg in normotensive or mildly hypertensive women.43

Population-based, case-control studies have shown differing
results on whether women with hypertension who use COC
are more likely to have an MI than nonusers. A small study of
adolescent women showed similar systolic and diastolic BP in
users versus nonusers.33

For A.M., it is reasonable to consider using a 20-mcg EE
formulation such as Alesse/Apri/Levlite or one with less pro-
gestin and estrogen such as Ortho TriCyclen Lo. The effect of
this change in medication on her BP should be monitored to
determine whether continued use is indicated.

Liver Effect

12. T.A.’s physician is concerned about the possibility of hepatic
tumors. What is the risk of hepatomas in patients using COC?

The incidence of benign liver tumors for women using
low-dose COC is very low, 3.3 per 100,000 users per year
compared with 0.1 per 100,000 users per year in nonusers or
short-term users.45 The incidence increases after 4 years of
use. Although the tumors generally are benign, death can re-
sult from intrahepatic or extrahepatic tumor rupture and hem-
orrhagic shock.46,47 Because animal studies suggest that both
estrogen and progestin can accelerate abnormal liver cell pro-
liferation, the lowest effective tolerable COC dose should be
used.45,48 A significant increase in death from liver disease or
cancer was not seen in one large cohort study.37

Cholestatic jaundice also has been associated with COC
use.49 T.A. can monitor for signs or symptoms of cholestatic
jaundice, because this disorder usually presents as malaise,
nausea, anorexia, and pruritus; these usually appear 4 weeks

after the initiation of COC use. Discontinuation results in com-
plete clinical remission within a month.

Thromboembolic Events

13. B.C., a 21-year-old woman, is interested in starting COC.
After taking a complete history, the provider learns that her sister
and mother have both had a deep vein thrombosis (DVT). Do COC
contribute to the development of a DVT or pulmonary embolism
(PE)? If so, which women are at the highest risk? Should B.C.
start COC?

OCs contribute to thromboembolic events by several mech-
anisms. Estrogens increase coagulability and thereby increase
the possibility of clot formation. Although they have been
shown to significantly increase some clotting factors, other
studies have shown no changes or decreases in prothrombotic
factors.27,30 Long-term OC use is associated with an increased
platelet count and increased platelet aggregation similar to
that seen late in pregnancy; this is generally thought to be
caused by the estrogen component. More recent data showing
increased thrombosis rates in users of third-generation pro-
gestins [desogestrel and gestodene (not available in the U.S.)]
suggest that progestin may also has a role in thromboembolism
risk.4

The baseline risk of venous thrombosis is low, at 4-8 for
every 100,000 women per year.50,51 The best studies looking
at thromboembolism in OC users found that most users have
a three- to six-fold increased risk of developing superficial or
deep venous thrombosis or PE. Therefore, the risk is still quite
low, at approximately 10 to 30 per 100,000 women per year;
less than the risk during pregnancy of 60 per 100,000 women
per year. Patients requiring emergency major surgery while on
OCs are more prone to thromboembolism than nonusers. The
risk of venous thrombosis does not seem to be associated with
duration of OC use, past OC use, mild obesity, or cigarette
smoking. A greater risk is associated with EE doses >35 meg.

Women with a mutation in clotting factor V (also called
factor V Leiden) or a deficiency in protein C, protein S, or
antithrombin are more likely to develop a venous thrombosis
with OC use than women without a hereditary prothrombotic
defect.51 Women with blood types other than O may also be
more susceptible to clotting due to higher levels of factor VIII.

Whether third-generation progestins (desogestrel, gesto-
dene) are associated with a higher risk of venous thromboem-
bolism (VTE) relative to other progestins is controversial.50,51

It was believed that the risk of thrombosis with third-generation
progestins would be lower than other progestins since they have
more beneficial effects on HDL. However, most studies that
compared the risk of thrombosis with third-generation pro-
gestins to second-generation progestins found that desogestrel
and gestodene are associated with a greater VTE risk. Although
the risk may be increased, the overall rate of thrombosis is still
low. All patients using OCs should be counseled about the VTE
warning signs (ACHES; Table 45-6).

The minimal risk of thrombosis associated with OCs in the
general population does not justify the cost of routine screening
for deficiencies in the coagulation system; however, when a
patient has a family history of thrombosis, measurement of
antithrombin III, protein C, activated protein C resistance ratio,
protein S, anticardiolipin antibodies, prothrombin G mutation,
and homocysteine levels should be considered.51
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Table 45-6 Pill Early Danger Signs (ACHES)

Signals Possible Problem

Abdominal pain (severe) Gallbladder disease, hepatic
adenoma, blood clot,
pancreatitis

Chest pain (severe), shortness of
breath, or coughing up blood

Blood clot in lungs or myocardial
infarction

Headaches (severe) Stroke, hypertension, or migraine
headache

Eye problems: blurred vision,
flashing lights, or blindness

Stroke, hypertension, or
temporary vascular problem

Severe leg pain (calf or thigh) Blood clot in legs

B.C. should be evaluated for hereditary prothrombotic de-
fects. If any exist, she should avoid OC use. If none exist, she
may still wish to consider a method without estrogen but should
be educated on the signs and symptoms of thrombosis if she
decides to start OCs.

Benefits of Oral Contraceptives
Acne

14. D.S., a 20-year-old woman, has had severe acne since menar-
che at age 13. She is currently taking no medications but wants
to begin COC. What effect, if any, would oral contraceptives have
on her acne? Which formulation would you recommend for D.S.?

Depending on the woman, COC use may cause acne to
appear, disappear, or significantly improve.12,16 Most women
will have improvement in acne with any COC used, only a
few formulations are FDA approved for this indication. Pro-
gestins with higher androgenic activity may be more likely
to increase acne because they stimulate sebaceous glands to
produce more sebum. Higher doses of estrogen may decrease
acne by suppressing the activity of sebaceous glands, decreas-
ing the production of androgens, and increasing the synthesis
of SHBG. SHBG binds androgens and thereby diminishes the
effects.52 The triphasics are modestly estrogen-dominant con-
traceptives, lower in progestin potency, and may significantly
reduce the overall incidence of acne. Both desogestrel- and
norgestimate-containing COCs are less androgenic, thereby in-
creasing SHBG levels and decreasing acne.53

D.S.’s acne should improve with COC use. Products to
consider starting with are OrthoTriCyclen, Estrostep, and
Ovcon 35.

Benign Breast Disease

15. A young woman has a family history of fibrocystic breast
disease. What influence do COC have on fibrocystic breast dis-
ease?

A 50% to 75% reduction in the risk of fibroadenomas,
chronic cystic breast disease, and breast biopsies appears to ex-
ist in COC users.15 Protection seems directly related to length
of use. Because the progestin component may be primarily re-
sponsible for this protection, progestin-dominant COCs that
contain a less estrogenic progestin, such as levonorgestrel, are
preferred.9,14,54 The progestin-only minipill could be of use
here, except that progestin-only pills are less effective con-
traceptives than a COC. In addition, it does not provide the

same level of endometrial stability (leading to more BTB and
spotting) or other benefits of a COC such as decreased dys-
menorrhea, iron deficiency anemia, acne, and hirsutism (more
irregular bleeding).

Dysmenorrhea and Premenstrual Syndrome

16. C.P. has a history of premenstrual syndrome (PMS) and
worsened menstrual cramping with a copper intrauterine device
(IUD). What effect on PMS and dysmenorrhea might she expect
from a COC?

Dysmenorrhea, or painful menstruation, may be of un-
known etiology; it may be caused by endometriosis or uterine
fibroids. Complaints of menstrual pain may be decreased by
>60% after starting COCs.10 A formulation with decreased es-
trogenic and increased progestational activity may be the best
at relieving dysmenorrhea.

Premenstrual tension has been reported to be reduced 29%
in COC users, and other premenstrual symptoms seem to be
relieved as well.55,56 Nevertheless, the effect of COCs on PMS
symptoms is inconsistent and unpredictable, probably because
PMS symptoms are neither consistent nor predictable. There
may be augmentation of depression and mood swings by the
progestational component. Although the probability of this ef-
fect is low with a low-dose product, C.P. should be monitored
for changes in her PMS symptoms. (See Chapter 47, Disor-
ders Related to the Menstrual Cycle, for further discussion of
dysmenorrhea and PMS.)

Endometrial Cancer

17. C.P. is hesitant to take a COC because her grandmother,
who had been receiving estrogen replacement therapy for 5 years,
died of endometrial cancer in 1970. What is the relationship be-
tween COC use and endometrial cancer?

Clinical data suggest that cyclic COCs contain sufficient
progestin to prevent endometrial hyperplasia and to reduce
the risk of endometrial cancer by about 50% to 70%.39 The
protection is directly related to duration of use and may persist
for many years after discontinuation. A meta-analysis of 11
studies showed a 56%, 67%, and 72% reduction in endometrial
cancer risk after 4, 8, and 12 years of COC use, respectively.57

C.P. should be reassured that COC use will not cause en-
dometrial cancer and will likely reduce her chances of devel-
oping this disease. She may want to find out more about her
grandmother’s cancer, because it may have been caused by
treating her menopausal symptoms with estrogen alone rather
than with estrogen plus a progestin.

Menorrhagia (Heavy Menstrual Bleeding)

18. M.V. has iron deficiency anemia attributed to heavy menses
secondary to her previous use of a copper IUD. What will be the
effect of COC use on her iron deficiency anemia?

The total amount of menstrual flow in established COC
users is decreased by up to 40%,58−60 which may caused by
the progressive thinning of the endometrium induced by use
or a lack of irregular bleeding. Bleeding may be decreased the
most by COCs that have a high ratio of progestin to estrogen,
because endometrial thinning is maximized.8 Another option
would be to have her take a COC continuously so she has fewer
bleeding episodes.
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Ovarian Cancer and Functional Ovarian Cysts

19. C.P. (from Questions 16 and 17) is concerned also about
ovarian cysts and cancer. Can COC cause ovarian problems?

The risk of developing functional ovarian cysts is decreased,
pre-existing cysts are more rapidly resolved, and surgery rates
for ovarian masses are reduced in women taking COCs.60−62

This is likely owing to reducing ovulation, suppressing andro-
gen production, or increasing progesterone levels.

Each year of COC use decreases the relative risk of develop-
ing ovarian cancer by 7% to 9%.60 The risk reduction continues
to be seen in women using a COC for >15 years and persists
after discontinuation.

C.P. should be reassured that COC use will decrease, not
increase, her likelihood of developing ovarian cancer.

Pelvic Inflammatory Disease and Ectopic Pregnancy

20. M.A., a 20-year-old woman who has several sexual part-
ners, arrives at the emergency department with a temperature
of 38.2◦C (normal, 37◦C) and lower abdominal cramping. Exam-
ination is compatible with the diagnosis of pelvic inflammatory
disease (PID), based on her cervical motion tenderness, abdomi-
nal pain, and adnexal (ovary and fallopian tube) tenderness. Can
COC be used for M.A.?

Many clinicians prefer to prescribe COCs with condoms for
STD protection to young women with multiple sexual partners
because PID has been found to be less prevalent with this com-
bination of contraceptive methods.8,63 In one study, COC users
were half as likely to develop PID as nonusers.64 Although early
studies failed to distinguish between gonococcal and nongono-
coccal PID, the PID protective effects of COCs may depend on
the organism. A Swedish study found that COCs protect against
both gonococcal and chlamydial PID.65 In contrast, one report
suggested that COCs may promote chlamydial PID; and an-
other concluded that COC users were neither more nor less
likely to develop PID.66,67 A 1990 case-control study showed
protection against symptomatic PID in women infected with
chlamydia but not in those infected with gonococcus.68

Despite the contradictory data, it is logical that the thicken-
ing of cervical mucus caused by COCs may prevent bacteria
from ascending into the uterus and fallopian tubes, thereby
minimizing hospitalizations as well as deaths stemming from
PID. The risk of ectopic pregnancy is greater for women
who already have had PID, and COC use has been shown
to prevent hospitalizations and deaths stemming from ectopic
pregnancies.69,70

In view of these data, a COC may be initiated for M.A. if
no contraindications are present. Patients and clinicians should
be alert for the symptoms of cervicitis or salpingitis in women
who are at high risk for STDs.

Other Issues with Oral Contraceptives
Breast Cancer

21. The medical history and physical examination of S.M. are
negative for breast disease, except for a history of breast cancer
in her maternal grandmother. How will COC use affect her risk
of breast cancer?

Studies on the use of COCs and breast cancer have yielded
conflicting results. Some studies have suggested an increased

risk of breast cancer in young, nulliparous women using COC
with high progestin activity.71,72 In addition, the Royal College
of General Practitioners’ Oral Contraceptive Study in 1981 re-
ported a significant increase in risk for breast cancer in women
30 to 34 years of age who use COCs.73 Another study found
an increased risk of breast cancer in women with a first-degree
family history of breast cancer who had ever used a COC.74

In contrast, other studies found no association between cur-
rent or former use and breast cancer.37,75 In addition, both the
Oxford/Family Planning Association Contraceptive Study in
1977 and the Walnut Creek Contraceptive Drug Study in 1981
found no association between breast cancer and COC use in
any age group.76−78 The Centers for Disease Control Cancer
and Steroid Hormone Study in 1983 reported a relative risk of
0.9 for COC users compared with never-users, despite other
risk factors for breast cancer, such as early menarche, later
age at first birth and menopause, family history of breast can-
cer, or benign breast disease.79 The ongoing Nurses’ Health
Study identified 3,383 cases of breast cancer from 1976 to
1992 among 1.6 million person-years of COC use and found
that long-term past COC use (10 years), either overall or be-
fore a first full-term pregnancy, does not appreciably increase
breast cancer risk in women >40 years of age.80

Users of COCs tend to have a greater awareness of breast
cancer, examine their breasts more frequently, and are exam-
ined by clinicians more often than nonusers. Thus, early de-
tection of breast abnormalities can preclude the progression
of these abnormalities into cancerous lesions.81 A COC would
not be expected to increase the risk of breast cancer in S.M.
She should be instructed to perform monthly self-breast exam-
inations and to return annually for a physical examination by
her health care provider.

Depression

22. K.G. is a 24-year-old woman with persistent mild depres-
sion. Taking into account her depression, would a formulation
with high or low estrogen or progestin balance be preferred for
her?

Usually women notice improved mood or premenstrual
symptoms when taking a COC.16 COC-related depression has
been attributed to progestin or estrogen excess, however. Some
COC users experience deterioration in mood during the pill-
free period. Other causes of depression, such as hypothy-
roidism or vitamin B6 deficiency, also should be considered. If
depression worsens or is severe, the COC may be discontinued.

On further questioning, K.G. states that she noticed only a
minor change in mood, denies suicidal or homicidal ideations,
and desires to continue taking a COC. She can be changed from
Nordette to a formulation with less estrogenic activity (e.g., Lo-
Estrin 1/20), less progestational activity (e.g., Ovcon 25), or
both (e.g. Alesse/Levlite/Apri) (Table 45-2). If she reports that
her depression is worse during the hormone-free week, then
changing her to continuous-use may be helpful.

Diabetes

23. R.D., a 33-year-old woman, experienced glucose intolerance
during pregnancy that resolved after delivery. She has a father
and sister with diabetes. Would a COC be appropriate for R.D.?

Generally, low-dose COCs do not alter glucose tole-
rance.26,27 Results of one controlled, randomized, prospective
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study showed no adverse effect on carbohydrate or lipid
metabolism in women with a history of gestational diabetes
after 6 to 13 months of low-dose COC use.81 Both the users
and nonusers showed a significant and similar deterioration
in glucose tolerance with an overall prevalence of 14% im-
paired glucose tolerance and 17% diabetes mellitus. The au-
thors concluded that low-dose COC could be prescribed safely
and that serum lipids and glucose tolerance should be moni-
tored closely, regardless of contraceptive choice.

Women with a history of gestational diabetes and those
with a strong family history of diabetes in parents or siblings
are at greater risk for COC-induced glucose intolerance.13,16,46

COCs have complex effects on carbohydrate metabolism. Pro-
gestins decrease and estrogens increase the number of insulin
receptors on the cell membrane. Progestins also may alter in-
sulin receptor affinity. The different progestins have different
propensities to induce glucose intolerance. Norgestrel appears
to have the greatest insulin-antagonizing activity. Ethynodiol
diacetate, norethindrone, norethindrone acetate, desogestrel,
and norgestimate have significantly less effect. In general, car-
bohydrate metabolism is not affected to an important degree
in most diabetic women using low-dose COC.

For R.D., Levlen (Levora/Nordette) would be poor choices
because they are known to cause glucose intolerance in women
with previous history of gestational diabetes.82 Interestingly,
the triphasic levonorgestrel product TriLevlen, Trivora, con-
taining 39% less progestin than the monophasic product, did
not alter glucose tolerance, and Alesse (Levlite/Apri), which
contains 33% less EE, also should not alter glucose tolerance.
Lowering the estrogen content without changing progestin con-
tent also has improved glucose tolerance and increased insulin
secretion.83,84

For women without diabetes, COC use may protect against
developing diabetes. One large prospective, observational
study found that both white and black COC users had lower
fasting glucose levels and lower odds of diabetes.85

R.D. can be started on a COC. If she smokes or has other
medical problems such as hypertension, nephropathy, retinopa-
thy, or other vascular diseases, however, a COC probably should
be avoided. It seems prudent to put R.D. on a low dose of es-
trogen and progesterone and to monitor for any changes in
glucose control.

Gallbladder Disease

24. L.S., a 26-year-old woman, arrives at the emergency depart-
ment with acute epigastric pain accompanied by nausea, vomit-
ing, and diarrhea. She has been taking a COC for 1 year. She is
diagnosed as having gallstones. What is the association between
gallbladder disease and COC use? What would be an appropriate
contraceptive for L.S.?

The incidence of cholelithiasis has been reported to increase
with COC use. Estrogens and progestins may contribute to bile
stasis and cholelithiasis by reducing cholesterol clearance and
altering bile acid composition.14,86 The incidence of gallblad-
der disease has been reported to increase during the first year
of use but then to decline steadily to a rate lower than that of
controls.87 In another large study, long-term users experienced
slightly lower rates of gallbladder disease than nonusers.88 Fi-
nally, another study found that women who had ever used COCs
were not more likely to have symptomatic gallstones, but cur-
rent and long-term users were. An analysis of 482 women with

benign gallbladder disease from the Oxford Family Planning
Association Contraception Study concluded that it is unlikely
that COCs cause gallbladder disease.89

The newer COCs with lower progestin and estrogen concen-
trations should have little effect, if any, on gallstone formation
in health patients. Women who are obese, young, or long-term
users may be the most likely to develop gallstones.

In L.S., it is not known whether COC use contributed to her
development of gallstones. A history of or the current presence
of gallstones is not a contraindication to COC use, so L.S. may
continue to use a COC if desired.

Use During Pregnancy and Breastfeeding

25. P.S., a 25-year-old woman, was started on Triphasil
2 months ago because of a history of abnormal menstrual pe-
riods. Unknowingly, she was pregnant at that time and continued
taking her COC for two complete cycles. What can you tell P.S.
about the possible effects of COC use on her unborn child?

The fact that COCs are classified as pregnancy category
X (contraindicated, fetal risks clearly outweigh maternal ben-
efit) is very misleading.90 Although an association between
COC use during pregnancy with cardiac or limb anomalies
has been reported, other contraceptive studies have not noted
a teratogenic effect. Simpson91 summarized all available data
on contraceptive steroid exposure during pregnancy and con-
cluded that COC use did not substantially increase the risk of
anomalies over that expected in other uneventful pregnancies.

Clearly, a COC should not be started in a woman known to
be pregnant. P.S. should be reassured, however, that the risks
to her fetus from the use of a low-dose COC during the first
trimester should be minimal.

P.S. may resume COC use after she has her baby even if she
is breastfeeding, although it may be preferable for her to use a
progesterone-only method.9,90 For women without contraindi-
cations, the American Academy of Pediatrics considers COC
use to be compatible with breastfeeding.92 COCs have been
reported to decrease milk quantity and quality, however, espe-
cially if used early in the postpartum period before milk is well
established (see Question 27).90 Therefore, many providers
suggest avoiding or delaying the use of a COC in women who
are exclusively breastfeeding. If a postpartum woman would
like to start COC, she should wait to begin them until at least
3 to 4 weeks postpartum or use progestin-only formulations.
By waiting 3 to 4 weeks, the increased risk of thrombosis that
occurs during pregnancy should be reduced to baseline and
initiation of a COC is appropriate.

CONTRACEPTIVE PATCH AND RING

26. K.H. is a 16-year-old who started taking a COC 3 months
ago. She is very concerned about getting pregnant because she
has trouble remembering to take her pill each day. She likes all
the noncontraceptive benefits but is wondering if there are dosage
forms other than pills. What do you tell her?

Contraceptive Patch
Contraceptive patch users experience about 1 pregnancy per
100 women-years of use (Table 45-1). The contraceptive patch
(Ortho Evra) contains 6 mg norelgestromin and 750 mcg
EE and delivers transdermally, 150 mcg of norelgestromin
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(a metabolite of norgestimate) and 20 mcg EE daily into the
bloodstream.93 The product is a thin, beige 20-cm2 square patch
with rounded corners. The patch uses a 4-week cycle similar
to that of pills. A new patch is applied once weekly for 3 con-
secutive weeks, followed by 1 week with no patch. Then this
cycle is repeated. Menses should begin during the patch-free
week.

The contraceptive patch may be worn on the buttock, ab-
domen, upper torso, or upper outer arm.93 K.H. should not
apply the patch to the same exact spot but rather rotate within
or between sites. The patch should not be applied to the breasts.
When applying the patch, K.H. should select the application
site and be sure it is clean and dry. She should press firmly on
the patch for 10 seconds and trace her finger around the edge
of the patch to be sure it sticks properly. The patch should stay
attached during usual activities, including exercising, swim-
ming, and bathing. If the patch falls off for <24 hours, she
should reapply it to the same spot or apply a new patch as
soon as possible, keeping her patch-change day will stay the
same. No back-up contraception is needed. If the patch is off
for >24 hours, she should start a new apply a new patch
and begin a new 4-week cycle, she will have a new patch-
change day, and she should use back-up contraception for
1 week.

The patch may be started using the Sunday start, Day 1 start,
or Quick Start method, and the recommendations for back-up
contraception are the same as described earlier with COC.93 If
K.H. forgets to start the first patch of a cycle, she should apply
it as soon as she remembers. This day will become her new
patch-change day, and she should use back-up contraception
for 1 week. If she forgets to change the patch for 1 or 2 days
during week 2 or at the end of week 1 or 2, she should apply
a new patch as soon as she remembers. This becomes her new
patch-change day. No back-up contraception is needed. If she
leaves the patch on for >9 days at the end of week 3, she should
remove the patch when she remembers and apply the new patch
“on schedule” even if that is only 1 or 2 days later. No back-up
contraception is needed. If she forgets to remove the patch for
>2 days at the end of week 1 or 2, she should apply a new patch
as soon as she remembers. This becomes her new patch change
day. No back-up contraception is needed. If she forgets for >2
days, she should start a new cycle as soon as she remembers.
She will need to use back-up contraception for 1 week and will
have a new patch-change day.

Because the patch contains similar hormones to those in
COCs, the risks and benefits are thought to be similar. The
package insert lists the same contraindications and precautions
with the use of the patch as for a COC (Table 45-4).93 Because
the delivery system and serum levels are different, future stud-
ies may find, however, that differences exist in certain risks or
benefits between the products. One difference with the patch is
that efficacy is reduced in users weighing >90 kg. Therefore,
providers may choose to recommend another method for heav-
ier women. The most common side effects reported with the
patch are breast tenderness, headache, application site reaction,
and nausea.

Contraceptive Ring
The contraceptive ring (NuvaRing) delivers 120 mcg etono-
gestrel (an active metabolite of desogestrel) and 15 mcg EE
through the vaginal mucosa.94 The ring is flexible, transparent,

and has a diameter of just over 2 inches. The ring is inserted
vaginally and kept in place for 3 weeks in a row. After 3 weeks,
the ring is removed and a new ring is inserted 1 week later. The
NuvaRing must be refrigerated in the pharmacy before dis-
pensing. On dispensing, the pharmacist should apply the label
provided in the packaging indicating a 4-month expiration date
when the ring is stored at room temperature. The “used” ring
should be discarded in the foil package provided by the man-
ufacturer to avoid environmental hormone exposure in trash.
The failure rate for the contraceptive ring is 1 or 2 pregnancies
per 100 woman-years.

The ring may be placed anywhere in the vagina, so K.H.
does not need to worry about its exact position.94 To insert the
ring, she should compress it so the opposite sides of the ring
are touching, and gently insert it into the vagina. If she feels
discomfort with the ring, it has probably not been inserted far
enough into the vagina. Most women do not feel the ring once
it is in place. To remove the ring, K.H. should grasp the ring
between two fingers or hook one finger inside the ring and
pull it out. Menses will usually begin within 3 days following
removal of the ring. If the ring slips out, it should be rinsed
with cool water and reinserted. If the ring is out for <3 hours,
back-up contraception is not needed. If the ring is out for >3
hours, back-up contraception should be used for 1 week. If the
ring has been left in the vagina for 3 to 4 weeks (late removal
of the ring), she should remove the ring when she remembers,
wait 1 week, then reinsert a new ring. If the ring has been in
place for >4 weeks, she should remove it, confirm that she is
not pregnant, reinsert a new one right away, and use back-up
contraception for 1 week.

The initial contraceptive ring should be inserted anytime
during the first 5 days of the menstrual cycle.94 Back-up contra-
ception should be used for the first week of use. When changing
from other hormonal methods to the ring, the woman should
insert the ring within 7 days of the last active pill or at the end
of the patch-free week. No back-up contraception is needed.

As with the patch, the ring has the same contraindications
and precautions as COCs (Table 45-4).94 The most common
side effects with the ring are vaginal infections, irritation, and
discharge, headache, weight gain, and nausea.

PROGESTERONE-ONLY PILL (MINIPILL)

27. P.K., a 39-year-old woman, plans to breastfeed her infant
and to begin some type of contraception following her discharge
from the hospital. Her previous experience with condoms and con-
current spermicidal foams or gels resulted in itching and burning,
and a copper IUD caused severe cramping and bleeding. She has
a strong family history of cardiac disease and smokes two packs
of cigarettes a day. What are the advantages of the minipill as a
contraceptive method for P.K.?

Advantages
The minipill is devoid of some of the nuisance side effects
(Table 45-4) caused by estrogen (e.g., headaches, chloasma).9

More importantly, estrogen-mediated hypertension and clot-
ting factor changes will be avoided in this smoker, who has
a strong family history of cardiovascular disease. Confusion
with pill taking is minimized because there is no placebo week
and all 28 tablets in each pack are the same. Therefore, the
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missed-dose directions are the same whenever any pill is
missed: take two pills as soon as possible and use back-up
contraception for 48 hours. The minipill is less effective for
preventing pregnancy than a COC. Minipills have noncontra-
ceptive benefits, including decreased dysmenorrhea and bleed-
ing. They also may protect against PID and endometrial cancer.

Theoretically, progestin use in the early postpartum period
may decrease milk production, because milk production is trig-
gered by the decline in progesterone that occurs after delivery.
No data, however, have consistently shown this to be a problem
in postpartum women.90 Once breastfeeding has been estab-
lished, progestins have not been shown to interfere with the
quantity or quality of milk produced by a nursing mother. Thus,
a progestin-only contraceptive may be preferred for a woman
who plans to breastfeed her infant.

Disadvantages

28. What disadvantages of the minipill should you discuss with
P.K.?

The minipills, with a failure rate of 0.5% to 5%, are less
effective than COC (Table 45-1).9 Because minipills must be
taken on a more regular schedule than a COC, minipills are not
often used except in women who are breastfeeding or who have
contraindications to estrogen (see instructions below). Most
women using progestin-only pills have fewer bleeding days
because there is no withdrawal bleeding induced by pill-free
days. Some women on minipills will continue to ovulate and ex-
perience regular cyclic bleeding whereas others will have little
or no bleeding for extended periods. The contraceptive actions
of progestins include alteration of cervical mucus, endome-
trial changes, and tubal transport changes and, therefore, most
users do not experience contraceptive failure despite continu-
ing to ovulate. Some women using minipills will consistently
have ovulatory cycles whereas others will shift back and forth
between ovulatory and anovulatory cycles. Women who con-
sistently have regular menses on the minipill are potentially
at higher risk of pregnancy and may be advised to either use
a back-up method of contraception or change to a different
method.

Bleeding changes, including decreased duration and
amount volume of menstrual flow, spotting, or amenorrhea
commonly occur while taking the minipill.9 Because of this,
some women may be concerned that they may be pregnant.
Women who are exclusively breastfeeding usually will have
amenorrhea. The high incidence of irregular menses associ-
ated with the minipill may mask underlying pathology. Other
side effects reported with minipills include headaches, breast
tenderness, mood changes, and nausea.

Minipills should be avoided if when there is a personal his-
tory of breast cancer or undiagnosed vaginal bleeding. Caution
should be exercised when using minipills in women with he-
patic disease, certain cardiovascular conditions, a current DVT
or PE, or complicated diabetes (Table 45-4).10

Patient Instructions

29. What instructions should P.K. receive regarding the use of
a minipill?

P.K. should begin taking the minipill when she is discharged
from the hospital or after her first postpartum visit (3–6 weeks
postpartum). If she were not postpartum, she would begin her
first pack on the first day of her menses.16 Waiting for 4 to
6 weeks postpartum often is recommended to minimize com-
plaints of irregular bleeding and to confirm that milk flow is
established. Back-up contraception is not needed with a Day
1 start or when started within 4 weeks of delivery in a women
who is breastfeeding. When back-up contraception is needed,
it should be used for 48 hours. She can begin immediately
postpartum or wait 3 weeks to start.

P.K. should be instructed to take the pill at the exact same
time each day. If she is >3 hours late taking a pill, she should
take the pill as soon as she remembers and should use back-
up contraception for 48 hours. This is quite different from the
directions for a COC, so this point should be stressed during
consultation.

LONG-ACTING INJECTIONS: DEPO-PROVERA
AND LUNELLE
Depo-Provera

30. A.K., a 35-year-old woman who is breastfeeding, returns to
the gynecology clinic for her second injection of depot medrox-
yprogesterone acetate (Depo-Provera; DMPA). She is a smoker
with a history of thromboembolism. She was given her first injec-
tion 3 months ago, immediately postpartum. She is experiencing
frequent BTB and has gained 2 pounds since her injection. Is this
to be expected? What are the benefits and risks of DMPA? How
are the side effects to be managed?

Depo-Provera is most often given as a 150-mg deep intra-
muscular injection in the deltoid or gluteus maximus every
11 to 13 weeks.9 Since its development in the early 1960s,
DMPA has been approved for use in >90 countries and has
been used by >30 million women worldwide.95 The FDA ap-
proved DMPA in 1992. DMPA inhibits ovulation, thickens the
cervical mucus, and suppresses endometrial growth, making
it a very effective contraceptive. A newer lower-dose 104-mg
formulation for subcutaneous injection also is available. The
104-mg formulation also is given every 11 to 13 weeks and
has been reported to have fewer side effects, including weight
gain.

Advantages
Depo-Provera is a good contraceptive choice for A.K. because
she is at risk for estrogenic side effects. She is 35 years old,
smokes, and has a history of thromboembolism. Among its
benefits are a low failure rate of 0.3% (Table 45-1), ease of
use, lack of estrogenic side effects, decreased dysmenorrhea,
reduced monthly blood loss, and a reduced risk of endome-
trial cancer and PID.9,96 Other noncontraceptive benefits may
include decreasing pain and frequency of sickle cell crises, re-
duction in seizure frequency in epileptic patients, and a possible
reduction in ovarian cancer.9,97 Furthermore, contraceptive ef-
ficacy is not reduced by the concurrent use of anticonvulsants
as is seen with COC.

Disadvantages
The package insert states women with breast cancer should not
use DMPA.98 DMPA should be used with caution in women
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with undiagnosed vaginal bleeding, certain cardiovascular dis-
eases or multiple risk factors for cerebrovascular disease, or
a current DVT or PE (Table 45-4). Some experts disagree
with the Depo-Provera package insert, which lists a history
of prior thromboembolism as a contraindication, because clot-
ting factors have not been shown to be clinically affected by
DMPA.99 Some clinicians also begin DMPA immediately post-
partum rather than waiting 6 weeks postpartum, as directed by
the package insert. Women starting DMPA earlier are more
likely to report frequent episodes of bleeding or spotting,
however.99,100

Estrogen production declines in women using DMPA, so
A.K. should be told that DMPA may decrease bone mineral
density (BMD).101 Numerous studies have found that women
receiving DMPA injection have lower BMD compared with
nonusers. Other studies have found that DMPA does not af-
fect BMD. Although there have been reports of stress fractures
in DMPA users, no studies to date have documented an in-
creased rate of hip or vertebral fractures in DMPA users.102,103

Also, BMD has been shown to recover after discontinuation
of the injections.101 Product labeling advises limiting use to 2
years unless advantages outweigh the potential risk of reduced
BMD.98

A.K. can be reassured that, although DMPA frequently
causes irregular bleeding or spotting during the first few
months of use or more, the irregular bleeding diminishes
with continued use. Bleeding is caused by insufficient estro-
gen to maintain the endometrium. After 1 and 2 years of use,
55% and 68% of women experience amenorrhea, respectively.
Amenorrhea leads to discontinuation of DMPA in 13% of pa-
tients women.95 Women beginning Depo-Provera should be
informed that during the first year of use, they might have
menstrual changes. If unusually heavy or continuous bleeding
occurs, A.K. should be evaluated. She should be counseled and
reassured that her irregular bleeding probably will resolve in
the next few months. If the bleeding is bothersome to her, a
4- to 21-day course of oral estrogen (e.g., conjugated estrogen
0.625–2.5 mg/day) or a COC with 20 mcg EE can be added
to minimize or eliminate the bleeding.18 The bleeding may,
however, recur after discontinuation of the estrogen. Low-dose
estrogen may be continued if bleeding recurs. The mean weight
gain after 1 year of therapy with DMPA was about 5 pounds
in two-thirds of users. Users typically gain a total of about 8
pounds over 2 years, nearly 14 pounds over 4 years, and 16.5
pounds over 6 years. Other side effects include mood changes,
hair loss, and headaches.

Following a 150-mg DMPA injection, return to fertility is
delayed by approximately 10 months after the last injection
in half of users.98 The remaining users took longer to be-
come pregnant, with nearly all users becoming pregnant by
18 months.

Lunelle

31. A.K. is concerned about the menstrual changes with DMPA
but likes the idea of an injectable method of contraception. Are
there any other options for her?

Although currently not available in the United States, an-
other injectable contraceptive, Lunelle, contains medroxypro-
gesterone 25 mg and estradiol cypionate 5 mg; it is admin-

istered intramuscularly every 28 to 33 days.104 With this
injection, women may experience spotting initially but should
have regular menses about 2 to 3 weeks after each injection. The
first injection should be given within 5 days of menstrual bleed-
ing, and no back-up contraception is needed. Unlike DMPA,
ovulation resumes more rapidly, within 2 to 3 months of dis-
continuing Lunelle. The most common side effects of Lunelle
are irregular menses, weight gain (an average of 4 pounds in the
first year), fluid retention, breast symptoms, nausea, headache,
and mood changes.104

Lunelle was available in vials and prefilled syringes until
manufacturing problems caused the product production to be
discontinued. Lunelle is no longer marketed for business rea-
sons in the United States. Lunelle has not been available since
October 2002. Pfizer medical information (the product owner)
does not know if it will ever become available again. At this
time, A.K. will have to select an alternate method or continue
DMPA.

SUBDERMAL IMPLANTS

32. A.K. returns to the gynecology clinic on the first day of her
flow after missing three consecutive DMPA injections because she
cannot remember to come in for her shots and does not like the
weight gain and prolonged intermenstrual irregular bleeding that
occurred over 6 months. A friend of hers has used Norplant in the
past, and she would like to try it. What information should be
given to her about this product?

The Norplant System brand of subdermal levonorgestrel
implants, is not currently available in the United States. Nor-
plant, approved by the FDA in 1990, is a device consisting of
six Silastic capsules 2.4 mm wide and 34 mm long that are
implanted under the skin in the upper arm.9 Norplant contains
a total of 216 mg of levonorgestrel that is released at a constant
rate of only 20 to 30 mcg/day over 5 years, after which time
they are replaced.

Certain lot numbers of Norplant were recalled in 2000 how-
ever because of efficacy concerns, and users were encouraged
to use back-up contraception. Further research found that the
recalled lots did not have reduced efficacy, so back-up contra-
ception is no longer required for the affected women. Wyeth
does not plan to reintroduce the system.

A new implant, Implanon, a single rod containing 68 mg of
etonogestrel (active metabolite of desogestrel) was approved
in the United States in 2006 but has not yet been marketed (re-
lease is expected in 2008). Implanon provides highly effective,
reversible contraception for 3 years. Etonogestrel side effects
are similar to those seen with other progestin-only methods,
including irregular bleeding, weight gain, and a potential for
drug interactions with 3A4 inducers.

INTRAUTERINE DEVICES AND INTRAUTERINE SYSTEMS
Background and Mechanism of Action

33. R.P., a 23-year-old woman with hydrocephalus, is brought
to the gynecology clinic by her mother, S.P., to determine the best
method of contraception for her mentally impaired daughter. R.P.
has never given birth or been pregnant. She is in a monogamous
relationship with a mentally impaired partner. According to S.P.,
R.P. wishes to put off pregnancy for many years, and any method of
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contraception that necessitates compliance is virtually impossible
for the couple. DMPA has been considered but has not been used
because of the possibility of menstrual irregularities that would
upset R.P. and may not be a good long-term method owing to
bone density concerns. R.P. and her mother have never heard of
intrauterine devices or intrauterine systems (IUS) before. Counsel
her on what is available and how they work.

The IUD and IUS available to women today are safe and
effective long-term methods of contraception. The devices are
not as popular in the United States (only 1%–2% of women are
users) as compared with other areas of the world (15%–18%
of married women of reproductive age are users).105,106 In the
1960s and 1970s several IUD were available to women in the
United States including Lippes Loop, Safe-T-Coil, Copper-7,
Tatum T, and Progestasert. The Dalkon Shield IUD introduced
in the United States in 1971 and removed from the market in
1974 is responsible for much of the negative “press” related to
IUD and IUS. The Dalkon Shield was removed from the market
owing to increased susceptibility to PID, with subsequent tubal
scarring and infertility reported in users. Although the higher
incidence of PID was not seen with the other types of IUD, the
negative publicity hurt the use of all IUD. By 1976, the only
IUD still available in the United States was the Progestasert,
which was discontinued in 2001. Currently, two devices are
available in the United States, the ParaGard IUD introduced
in 1988 and the Mirena IUS introduced in 2000. Although the
safety issues raised by the Dalkon Shield have been reassessed
and resolved, the myths and misinformation associated with
IUD and IUS have continued.

The ParaGard IUD, also known as the Copper-T IUD, has
a polyethylene body that is wrapped with copper wire. Once
inserted, the ParaGard may be left in place for 10 years.9,107 The
Mirena IUS also has a polyethylene body, with a levonorgestrel
reservoir in the vertical stem of the T.108 Mirena is effective for
5 years. The failure rate of ParaGard is 0.6 to 0.8 pregnancies
per 100 woman-years compared with 0.1 for Mirena (Table
45-1). IUD and IUS are inserted by a health care provider in
the office. The procedure usually takes only a few minutes and
does not require sedation. Many providers will recommend
that patients take a dose of an NSAID before the insertion
visit. The devices are frequently inserted during or within 5
days of menses to eliminate the possibility of pregnancy at the
time of insertion; however, the devices can be inserted at any
time in the cycle.

The mechanisms of action for ParaGard include preven-
tion of fertilization and implantation and by interfering with
sperm transport, viability, or number. A secondary mechanism,
interfering with implantation may explain the effectiveness of
ParaGard for emergency contraception. Mirena contains a pro-
gestin and works by thickening the cervical mucus, prevent-
ing sperm from entering the uterus, altering the endometrial
lining, preventing ovulation, and altering sperm activity.108 A
secondary mechanism of action for Mirena, interfering with
implantation has also been proposed. The myth that IUD and
IUS are abortifacient is widespread and inaccurate.

Advantages

34. R.P.’s mother thinks that an IUD or IUS is a good option
for her daughter, but R.P. is not sure. What are the advantages of
IUD or IUS that R.P. should be aware of?

Both the Mirena and ParaGard are both safe, highly effec-
tive, reversible, long-term methods that do not require regu-
lar action by the user. The ParaGard IUD is a good option
for women who want a highly effective nonhormonal contra-
ceptive method; however, increased menstrual bleeding and
cramping are seen more often with ParaGard than with Mirena.
The Mirena IUS is a good option for women who want a long-
lasting method and also are good candidates for progestins.
Mirena can be left in place for 5 years, is rapidly reversible and
has the added advantages of reducing menstrual bleeding and
cramping. Mirena is used worldwide to manage heavy bleed-
ing and dysmennorrhea. User satisfaction with IUD or IUS is
higher than for all other methods of contraception. Reasons
for low use of IUD or IUS in the United States include lack of
awareness of the method (only 50% of women are aware), those
aware are uncertain about safety (71%) or efficacy (58%), and
lack of trained health care providers to insert them.105

Although the initial cost of inserting an IUD or IUS is higher
than the initial cost of pills or injections (around $500 for the
device and insertion costs), there are no monthly recurring
costs to R.P. as there would be with the other methods. There-
fore, women who use an IUD or IUS for >1 year have an
overall lower monthly overall cost than women who use COC
or the contraceptive ring or patch.

Disadvantages
Insertion of an IUD or IUS requires an office visit for the
minor procedure. IUD or IUS are contraindicated in women
with certain anatomic abnormalities of the uterus that might
interfere with insertion, unexplained vaginal bleeding, cervical
cancer, and those with active untreated PID or genital infections
(Table 45-4).18,109 The device may be safely used in women
with human immunodeficiency virus (HIV) infection (World
Health Organization [WHO] Category 2).110−112 The Mirena
IUS should not be used in women with active breast cancer and
should be used with caution in women with a current DVT or
PE or a history of breast cancer. Breast cancer is hormonally
sensitive, and the disease may be worsened by the use of le-
vonorgestrel. Although the serum levels of levonorgestrel are
low with the Mirena IUS, the manufacturer currently does not
recommend that women with active or past breast cancer use
the device.

It has been widely believed that IUD users are more likely
to develop PID than nonusers. Users of IUD or IUD have sim-
ilar rates of PID infection as nonusers. Long-term use, defined
as beyond 21 days, is not associated with increased risk. The
transient increase in risk of PID from IUD or IUD use occurs
shortly after insertion (in the first 21 days) and is usually related
to a pre-existing untreated STD at the time of insertion.109,111

To reduce the risk of PID associated with the device insertion,
screening for gonorrhea and chlamydia before insertion is rec-
ommended. Women who are positive for either STD should
consider an alternative form of contraception until treatment
is completed. In addition, IUD and IUS have previously been
reserved for women in monogamous relationships or who have
strict use of condoms because of concerns about STD and PID;
however, current product labeling no longer contains these re-
strictions (product labeling updated 2006). IUD and IUS have
also previously not been recommended for women who have
not delivered a child; this is also no longer the case. They can
be safely and appropriately used in nulliparous women.
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Table 45-7 Intrauterine Device or Intrauterine System
(IUD/IUS) Early Danger Signs (PAINS)

Period late (pregnancy) or abnormal spotting or intermenstrual
bleeding

Abdominal pain or pain with intercourse
Infection exposure (e.g., gonorrhea) or abnormal vaginal discharge
Not feeling well, fever, chills
String missing, shorter, or longer

The IUD and IUS devices are almost as effective as steriliza-
tion for preventing pregnancy. In the unlikely event that an IUD
or IUS user becomes pregnant, there is a higher risk that the
pregnancy may be ectopic. This, however, is more a reflection
of the effectiveness of the method and not because the devices
cause ectopic pregnancy (i.e., the ratio of ectopic to uterine
pregnancies is higher in IUD or IUS users than nonusers).107,108

If a woman using an IUD or IUS becomes pregnant, the device
should be removed because her risk for spontaneous abortion,
sepsis, or premature delivery are increased if the device is left
in place.

Continuation rates for IUD and IUS users are high. Approx-
imately 10% to 15% of IUD are removed because of excessive
uterine bleeding, spotting, or pain.107,108 Another 2% to 6%
of women spontaneously expel their IUD within the first year.
Rarely, and IUD or IUS may become embedded in the en-
dometrium or partially or totally perforate the uterine wall.
R.P. should be instructed to look for the warning signs of a
possible complication with IUD or IUS use (Table 45-7).

DIAPHRAGM
Mechanism of Action

35. R.C., a 25-year-old woman who is breastfeeding her 6-week-
old infant, will consider only a barrier method of contraception.
How do diaphragms prevent pregnancy?

The diaphragm is a soft, latex device with a metal spring
reinforcing the rim.9,18 The device is inserted vaginally and
placed over the cervical to mechanically block access of sperm
to the cervix. It is held in place by the spring tension of the
rim, vaginal muscle tone, and the pubic bone. Because the dia-
phragm does not fit sufficiently tightly to be a complete barrier
to sperm, spermicidal gel must be placed in the dome before
use.9

The first-year failure rate with diaphragms is 6 to 20 preg-
nancies per 100 woman-years (Table 45-1).9 R.C. should be
counseled that diaphragms are less effective than other avail-
able methods and may increase her risk of UTI. Because breast-
feeding offers some protection against pregnancy, breastfeed-
ing women may be the best candidates for the diaphragm.
Women allergic to latex or spermicide should not use the
method.

Types

36. What types of diaphragms are available?

Diaphragms must be properly fitted to be effective. Cur-
rently available devices are made of latex, available in a range
of sizes (50–95 mm in diameter) and types of circular rim

construction.9,18 The coil spring rim diaphragm folds flat and
may be used with a diaphragm introducer. These diaphragms
are indicated for women with average vaginal muscle tone
and for those who can tolerate the sturdy rim and firm spring
strength. The rim of the arcing spring rim diaphragm arcs when
folded. Most women, even those with lax vaginal muscle tone,
can tolerate the firm spring strength of the arcing spring rim
diaphragm. The flat spring rim diaphragm is good for women
with firm vaginal muscle tone, because the rim is less firm than
the other styles. The wide-seal rim diaphragm (available as an
arcing spring or coil spring) has a flexible flange designed to
hold spermicide in place and to create a better seal between the
diaphragm and vaginal wall.

R.C. would likely be able to tolerate any of the diaphragms.
Perhaps she will find that one type is more comfortable than the
others when she is fitted and the best fit can be selected during
the office visit. The importance of using the diaphragm with
spermicide during every act of intercourse should be stressed
during counseling.

Fitting

37. How is a diaphragm size selected?

The goal of fitting a diaphragm is to select the largest rim
size that is comfortable for the woman.9,18 A diaphragm that
is too small may become dislodged during intercourse because
vaginal depth increases during sexual arousal. Conversely, a
diaphragm that is too large may cause vaginal pressure, abdom-
inal pain or cramping, vaginal ulceration, or recurrent urinary
tract infections.

Patient Instructions

38. What instructions should be provided to R.C. concerning
the use of a diaphragm?

The diaphragm should not remain in the vagina for longer
than 24 hours.9 Toxic shock syndrome (TSS) has been asso-
ciated with diaphragm use and women should be alert to its
symptoms, which include fever, diarrhea, vomiting, muscle
aches, and a sunburnlike rash. Allergic reactions to the latex
or spermicides also have been reported.

Before insertion, R.C. should inspect the diaphragm for
holes or puckering. R.C. should be counseled that the di-
aphragm should always be inserted before intercourse if con-
traception is to be maximized. It can be inserted as much as 6
hours before intercourse if necessary. The diaphragm should
not be removed for at least 6 hours after intercourse. One tea-
spoon of spermicidal gel should be placed into the dome (on the
side adjacent to the cervix) and along the rim of the diaphragm
before insertion. If intercourse is repeated, a new application
of spermicide should be inserted vaginally without removal of
the diaphragm.

When the diaphragm is removed, it should be washed with
mild soap and water, rinsed and dried, and stored in its plastic
container. Talcum or perfumed powders should not be used
on the diaphragm because these may damage the diaphragm
or cause irritation of the vagina or cervix. Oil-based products
also may decompose the diaphragm and should not be used.
Contraceptive gel, however, may be used if vaginal lubrica-
tion is needed. If R.C. gains or loses 10 to 20 pounds, has a
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pregnancy, or has abdominal or pelvic surgery, the fit of her
diaphragm should be checked.

CERVICAL CAP

39. R.C. is also interested in the cervical cap. What is it, how
well does it work, and what information should be provided to
cervical cap users?

The cervical cap is a small, flexible, cuplike device made of
latex and designed to fit closely around the base of the cervix;
it is available in 22-, 25-, 28-, and 31-mm internal rim diameter
sizes.9,18 The cervical cap is less effective in women who have
delivered a child, with pregnancy rates of 26 to 40 pregnan-
cies per 100 woman-years in nulliparous women and 9 to 20
pregnancies per 100 woman-years in parous women. Women
generally prefer other methods of contraception to cervical
caps. In one study, 50% of women discontinued using cervical
caps after 6 months, and 50% were pregnant after 2 years of
use.113

To use the cervical cap, R.C. should fill the cap about one-
third full with spermicidal gel, insert it vaginally, and place
it over the cervix.9,18 Suction holds it in place. It should be
left in place at least 8 hours after intercourse but no longer
than 48 hours, according to the manufacturer. Most experts
recommend removal after 24 hours because of problems with
vaginal odor at 36 to 48 hours and the theoretic risk of TSS.

As with the diaphragm, patient users should check the cap
for holes before using. Also, R.C. should avoid using oil-based
lubricants or medications when using the cervical cap.

CONDOMS

40. J.D. is a 45-year-old unmarried woman who has sex infre-
quently. She would like a method to protect against pregnancy as
well as STD. How effective are condoms in preventing pregnancy?
What types of condoms are available?

Condoms are an effective method of contraception when
used properly. The failure rate with condoms is 3 to 12 pregnan-
cies per 100 woman-years of use (Table 45-1).9,16 The female
condom is slightly less effective, with 5 to 21 pregnancies per
100 woman-years. Many different brands of condoms are avail-
able in the United States. The brands differ in size, shape, color,
material, and the presence or absence of lubricants or spermi-
cide. Most practitioners recommend lubricated condoms with
reservoir ends to collect the ejaculate and to prevent breakage.
Spermicides may increase the risk of HIV transmission.

The most commonly used male condom is made of latex.9,10

Male condoms made of polyurethane and lambskin, which are
also available, are recommended for men or women when one
partner is allergic to latex. Polyurethane condoms, however,
are more expensive and harder to find than latex condoms and
natural or lambskin condoms do not offer the same protection
against STD. Female condoms are made of polyurethane.

41. What are the advantages and disadvantages of condoms?
How are they used?

Because the pre-ejaculatory secretions may contain sperm,
the male condom should be applied before vaginal contact.9,10

Female condoms should also be inserted before sexual con-

tact; they may be inserted up to 8 hours before intercourse.
Condoms should be used by their expiration date and should
not be reused. They should be stored in a cool, dry place, not
somewhere they will be exposed to prolonged periods of heat
or light.

The chief noncontraceptive benefit of condoms is the pre-
vention of STD (including gonorrhea, chlamydia, and HIV),
and they can be used for vaginal, anal, or oral sex.9,18 Con-
doms are also readily available without a prescription and do
not cause systemic side effects like the hormonal methods. La-
tex male condoms are inexpensive. Some complain, however,
that condoms reduce sensitivity and spontaneity. Female con-
doms are more costly (about $3 each), can be noisy, and can be
difficult to insert.18 Condoms may also break; this is less likely
with the female condom. Oil-based products can degrade la-
tex and should be avoided when using male, latex condoms.
Oil-based lubricants can be used with female condoms or male
polyurethane or lambskin condoms.

When using a male condom, the man or his partner holds
the tip of the condom and unrolls it down to the base of the erect
penis.9,18 The female condom consists of a smaller circular ring
at one end (which secures the device around the cervix like a
diaphragm) and a larger ring at the other end. The inner ring
should be compressed and inserted vaginally as far as it will
go, and the larger ring remains outside of the vagina, protecting
the external genitalia.

VAGINAL SPERMICIDES

42. J.D. would like to use a spermicide along with condoms.
What options does she have, and how effective are spermicides
when used alone?

Vaginal spermicides currently are available without a
prescription as gels (jellies), suppositories, foams, and
films.8,18,114 Most of these products use a nonionic surfactant,
nonoxynol-9, as the spermicide; the balance use octoxynol-9.
The in vitro spermicidal potencies of the various preparations
are highest with foam, followed by cream, jelly, and gel, re-
spectively. When used in combination with a male condom,
spermicides provide effective contraception.

43. What dosage form should J.D. use? How should she be in-
structed to use a vaginal spermicide? What side effects can be
anticipated?

Table 45-8 compares the different spermicidal pro-
ducts.9,18,114 The different characteristics of the products can
help guide J.D. when selecting a dosage form. Regardless of
the dosage form, a new dose of spermicide should be applied
before each act of intercourse.

Spermicides can cause genital irritation and, in some pa-
tients, lead to ulceration. For this reason, spermicides have
been shown to increase the transmission of STD, including
HIV, gonorrhea, and chlamydia.

EMERGENCY CONTRACEPTION
Emergency Contraceptive Pills

44. B.P., a 24-year-old woman, has just returned home from a
vacation in Europe. Her luggage containing her COC was stolen
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Table 45-8 Comparison of Vaginal Spermicides

Formulation Brand Name Examples How to Use Onset of Action Duration of Action

Gel Conceptrol, Gynol II Fill applicator, insert applicator vaginally as far as it will
comfortably go, press plunger of applicator to deposit
spermicide near the cervix.

Immediate 1 hr

Film VCF Fold film in half, fold over finger, use finger to insert as far as it
will comfortably go.

15 min 3 hr

Foam Delfen, Koromex,
VCF

Shake foam canister, fill applicator, insert applicator vaginally as
far as it will comfortably go, press plunger of applicator to
deposit spermicide near the cervix.

Immediate 1 hr

Suppository Conceptrol, Encare Unwrap, use finger to insert as far as it will comfortably go. 15 min 1 hr

2 weeks ago, and she had unprotected midcycle intercourse 24
hours ago. What can be done to prevent an unwanted pregnancy
at this time?

Emergency contraception (also known EC), sometimes re-
ferred to as the morning-after pill, is a method of contracep-
tion that can be used after intercourse to prevent pregnancy.115

Indications for EC are failure to use a contraceptive during
intercourse (e.g., forgot, were assaulted) or method failure
(e.g., broken condom or missed oral contraceptives). Emer-
gency contraceptive pills (ECP) reduce the risk of pregnancy
by 75% to 89% when taken up to 120 hours after unprotected
intercourse. The mechanism of action for EC has been widely
debated. A 2006 article discussing the mechanism of action
concluded the primary mechanism of actions is delayed or in-
hibited ovulation. EC may also interfere with fertilization (most
likely owing to altered tubular transport of the sperm or ovum).
Alternations to the endometrial lining that may affect implan-
tation have not been reported from the use of levonorgestrel
only EC; however, the possibility can not be excluded.116

Although ECP use is on the rise, many women are not aware
that it is available. In a 1998 survey, 686 of 1,000 women aged
18 to 44 had ever heard of emergency contraception. Of those
aware of EC, only 5% had learned about it from a health care
professional, 44% identified the source as a television news
program, and another 16% read about it in a magazine. Approx-
imately 12% of obstetricians and gynecologists interviewed in
the same survey feared women would use ECP for routine
contraception.117 A more recent survey from 2004 found sim-
ilar results. In the more recent survey, many of the women in-
dicated awareness of EC, were not aware that is was available
in the United States, confused it with Mifiprex (RU-486), or
did not know that EC is taken after unprotected intercourse.118

Available Emergency Contraceptive Pills
PROGESTIN ONLY EMERGENCY CONTRACEPTIVE PILLS
Plan B is a progestin-only ECP approved for nonprescription

sale by pharmacies and clinics to consumers (men and women)
age 18 and older and by prescription to women 17 years and un-
der. The Plan B pack consists of two white levonorgestrel 0.75-
mg tablets and detailed instructions for use.119−121 One tablet is
to be taken as soon as possible and the second is taken 12 hours
later. An alternative dosing regimen that is not currently FDA
approved is to take both tablets (1.5 mg levonorgestrel) at once.
The single-dose regimen (1.5 mg) is available in Canada and
Europe and may be more effective than the two doses 12 hours
apart.118 Progestin-only EC is the regimen of choice because it

is more effective and has significantly fewer side effects than
estrogen and progestin ECPs.118

The risk of pregnancy is reduced by 89% when Plan B is
taken within 72 hours after a single act of intercourse. If taken
within the first 24 hours after intercourse, levonorgestrel may
reduce the risk of pregnancy by 95%. Although the reduction
in pregnancy is greatest when used within 24 hours after un-
protected intercourse, use as long as 120 hours after has been
shown to be effective.119 The progesterone-only pill, Ovrette,
may also be used for emergency contraception. This product is
rarely used, however, because the woman would need to take
20 pills per dose to get the proper amount of progestin.

ESTROGEN AND PROGESTIN EMERGENCY CONTRACEPTIVE PILLS
An alternative to the progestin-only EC regimen is the Yuzpe

regimen. An FDA-approved product (Preven) was released in
1999 utilizing the Yuzpe regimen but Preven is no longer being
marketed in the United States. The Yuzpe regimen of emer-
gency contraception utilizes commercially available COC to
deliver 0.5 mg levonorgestrel and 100 mcg EE per dose.9,122

Women should take two doses 12 hours apart. Table 45-9 shows

Table 45-9 Oral Contraceptive Pills That May Be Used As
Emergency Contraception

Brand Tablets per Dose (N) Color

Alesse 5 Pink
Aviane 5 Orange
Cryselle 4 White
Enpresse 4 Orange
Lessina 5 Pink
Levlen 4 Light-orange
Levlite 5 Pink
Levora 4 White
Lo-Ovral 4 White
Low-Ogestrel 4 White
Nordette 4 Light-orange
Ogestrel 2 White
Ovral 2 White
Ovrette 20 Yellow
Plan B 1 White
Portia 4 Pink
Preven 2 Blue
Tri-Levlen 4 Yellow
Triphasil 4 Yellow
Trivora 4 Pink
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which COC may be used and how many tablets need to be
taken per dose.121−123 It is very important to counsel women
about which pills to take, because the tablet color and num-
ber differ depending on the brand chosen. This coupled with
an increase in side effects makes this method less desirable
than levonorgestrel-only regimens (discussed above). As with
progestin-only regimens, the reduction in pregnancy is great-
est when used within 24 hours after unprotected intercourse;
however, the use after as long as 120 hours has been shown to
be more effective than estrogen and progestin ECP.119,122 The
Yuzpe regimen reduces the risk of pregnancy by 89% after a
single act of intercourse when taken within 72 hours.

Patient Instructions
The ECP are most effective when taken as soon as pos-
sible after intercourse; therefore, treatment should not be
delayed.115,119,122 In the FDA-approved regimens, the first dose
is to be taken within 72 hours after intercourse; however, ECP
have been shown to be effective when the first dose is taken
within 5 days of unprotected sex.118,120 The most common
side effects with ECP are nausea and vomiting; however, most
women do not experience side effects from the progestin-only
regimen. Gastrointestinal adverse effects are more likely with
the estrogen and progestin ECP than with the progestin-only
ECP. B.P. should be instructed that if she vomits within 1 hour
of taking either dose of medication, the dose should be re-
peated. When a Yuzpe regimen is used, an antiemetic (e.g.,
prochlorperazine or meclizine) can be given 30 to 60 minutes
before each dose of ECP to prevent nausea or vomiting.115

B.P.’s menses may come early or late, but she should take
a pregnancy test if her menses do not come within 3 weeks of
taking ECP.

Women under age 18 may call the Emergency Contracep-
tion Hotline (1-888-NOT-2-Late or 1-888-668-2528) to find a
provider near them who will prescribe ECP. Women may also
find information about ECP at the Emergency Contraception
website website (http://www.not-2-late.com). As of January
2008, pharmacists can prescribe EC under collaborative pro-
tocol agreements in nine states.118

IUD for Emergency Contraception
The copper IUD is also an effective method of emergency con-
traception when inserted within 5 days of unprotected sex.124

Because some women are not good candidates for IUD (see dis-
cussion above) and because IUD must be inserted by a health
care provider, they are not used as regularly for emergency
contraception in the United States. The biggest advantage of
using of an IUD for emergency contraception is that it provides
ongoing contraception and the Paragard is significantly more
effective in preventing pregnancy than oral regimens (1 failure
in 10,000 insertions vs. 1:100 for pills).

MEDICAL ABORTION

45. G.H. was given a pack of OCs last month, but could not
remember how to start them. She has just discovered that she
is 4 weeks pregnant. She is 23 yo and single and is considering
terminating the pregnancy. What options are there for medical
abortion?

It is estimated that about one half of pregnancies are unin-
tended, so it is important for these women to hav safe options.
G.H. should be counseled extensively about her options in-
cluding keeping the baby, adoption, and medical or surgical
abortion. Compared with surgical abortion, medical abortion
does not require a surgical procedure so it is less likely to
cause infection and is less costly.51 Also some women feel
more in control when choosing this option. However, some pa-
tients may not prefer medical abortion because it usually takes
more medical visits and follow-up, has a slightly lower success
rate (94–97%; failures will need a surgical procedure), and in-
volves more bleeding and cramping which usually lasts for
2 weeks.

There are many variations in how medical abortions are car-
ried out, but the general treatment remains the same.51 G.H.
would first have baseline labs done including blood type and
hemoglobin. She would be given mifepristone that same day
to stop development of the pregnancy. In the U.S., mifepris-
tone, and antiprogestin, is more commonly used. Then miso-
prostol is given to induce uterine contractions and expel the
pregnancy.

Typically, if using mifepristone, G.H. would be given 200
mg orally on day 1 then misoprostol orally or vaginally on day
2 or 3.51 Misoprostol is FDA approved for oral use. It may be
given as 400 or 600 mcg orally, given sublingually or given
as early as 6–8 hours after mifepristone.123−125 Vaginal use of
misoprostol is not approved and it’s use is under review.
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PREGNANCY
More than 4 million live births were registered in the United
States in 2004, with an estimated 83.9% of women beginning
prenatal care in the first trimester.1 Although much improved,
prenatal care is still not accessible to all women. The timing
and quality of prenatal care can influence an infant’s health
and survival. Early comprehensive care can promote health-
ier pregnancies through early detection of risk factors, dis-
ease state management, and encouragement of healthy behav-
iors. Appropriate preconception counseling and treatment of
women with pre-existing high-risk medical conditions, such
as diabetes, hypertension and epilepsy, can greatly improve
pregnancy outcomes. Essential preconception and early pre-
natal care, critical for normal fetal organogenesis, may not be
sought because 40% of pregnancies in an American woman’s
lifetime are unplanned.2 In 2004, the mortality rate (from birth
through the first year of life) for infants of mothers beginning
prenatal care after the first trimester, or not at all, was 37%
higher (8.35 per 1,000 live births) than the rate for infants
whose mothers’ prenatal care began in the first trimester (6.11
per 1,000 births).1

The goal of prenatal care, to promote a safe and successful
pregnancy and the delivery of a healthy infant, can be achieved
through education and by monitoring the health of the mother
and fetus. The first prenatal visit should occur no later than
the second missed menstrual period, generally 8 weeks after
missed menses.2

Placental Physiology
Conception begins with the fertilization of an ovum. The time
after conception is the conceptional or developmental age. The
gestational age or menstrual age, is the time from the start of
the last menstrual period (LMP) and generally exceeds the de-
velopmental age by 2 weeks.3 The fertilized ovum, or zygote,
undergoes mitotic divisions that lead to the formation of the
blastocyst, a hollow fluid-filled sphere.4 The outer cell mass of
the blastocyst differentiates into trophoblasts, whereas the in-
ternal cell mass gives rise to the embryo. About 5 to 6 days after
fertilization, the blastocyst adheres to the endometrial epithe-

lium, where it undergoes implantation between postconception
day 7 to 12.3 The outer cell mass, or trophoblasts, invades the
endometrium, and the blastocyst becomes completely buried
within the endometrium. Once trophoblastic invasion of the
endometrium occurs, the endometrium is transformed into the
decidua, the functional layer of the pregnant endometrium, and
is referred to by this term throughout pregnancy.5

The trophoblast secretes human chorionic gonadotropin
(hCG), which maintains the corpus luteum so that menstru-
ation is prevented and pregnancy can continue.6 (See Chapter
45, Contraception, for a detailed discussion of the menstrual
cycle.) As more of the decidua is invaded, the walls of the de-
cidual capillaries are eroded, thereby leaking maternal blood
into spaces called lacunae.4 This initial contact with the mater-
nal blood allows hCG to enter the maternal circulation by day
11 of gestation when it can be measured to aid in the diagnosis
of pregnancy.6 The trophoblasts are the only cells of the con-
ceptus that are in direct contact with maternal tissue or blood;
embryonic cells never come in contact with maternal tissues.4

As the embryo within the blastocyst grows, the thickness of
the decidua decreases. The part of the decidua directly below
the site of implantation becomes the decidua basalis, and the
part that lies over the growing blastocyte, which separates it
from the rest of the uterine cavity, is the decidua capsularis;
this part of the decidua contacts the chorion leave, the extraem-
bryonic, avascular, fetal membrane. The rest of the uterus is
lined by the decidua parietalis. By 14 to 16 weeks, the gesta-
tional sac is sufficient large to fill the entire uterine cavity, at
which time the decidua capsularis has lost its blood supply and
fuses with the decidua parietalis (which is sometimes referred
to as the decidua vera).5

The vessels (spiral arteries) supplying blood to the decidua
parietalis retain their endothelium and smooth muscle wall and
therefore continue to respond to vasoactive agents.5 By con-
trast, the spiral arteries supplying the decidua basalis undergo
trophoblastic invasion whereby they are transformed into wide-
bore uteroplacental vessels that empty directly into the inter-
villous space in fountainlike spurts.3,4 This process creates a
low-resistance arteriolar circuit that allows maximal placental
blood flow necessary for the growing fetus.7 Unlike the rest of
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the maternal and fetal vasculature, the resistance within these
uteroplacental vessels does not change in response to vasoac-
tive agents. The resistance is fixed and therefore directly de-
pendent on maternal perfusion pressure.6 If the maternal perfu-
sion pressure decreases, blood flow to the placenta decreases.
Likewise, placental blood flow is increased when the mater-
nal perfusion pressure is increased. Incomplete trophoblastic
invasion of the spiral arteries in the myometrium results in de-
creased placental perfusion and ischemia. This is believed to
be a factor in the pathogenesis of pre-eclampsia.7

The placenta has both fetal and maternal components. The
placenta is made up of the amnion, chorion, chorionic villi and
intervillous spaces, decidual plate, and the myometrium.3 The
fetal surface of the placenta is covered by the amnion beneath
which the fetal chorionic vessels cross. Figure 46-1 describes
the structure of the placenta and its maternal–fetal circulation.
Maternal–fetal circulation to the intervillous space is not fully
established until the second trimester.3 Maternal uteroplacen-
tal arteries perfuse the intervillous spaces, and as the maternal
blood flows around the villi, exchanges (oxygen and nutrients)
occur with fetal blood contained within capillaries found inside
these villi.3 Although the placenta serves as a strong barrier
between the fetal and maternal circulations, a few cells are able
to cross between the two circulations.3 Except for pathologic

conditions, fetal blood and maternal blood do not make con-
tact. Placental blood flow reaches the fetus through a single
umbilical vein. At the juncture of the placenta and umbili-
cus, the umbilical vein and arteries repeatedly branch and tra-
verse the fetal surface of the placenta (between the amnion and
the chorionic plate) forming capillary networks that terminate
within the villi. These vessels are termed the chorionic veins
and arteries. Fetal blood flow reaches the placenta through two
umbilical arteries; carbon dioxide and waste products diffuse
into the intervillous spaces and are carried away by the mater-
nal decidual veins.3 A description of fetal circulation can be
found in Chapter 94, Neonatal Therapy.

The placenta has many functions in pregnancy.3 In addition
to respiratory functions, the placenta also has excretory func-
tions, similar to those of the postnatal kidney (e.g., maintaining
water and pH balance). The placenta also has resorptive func-
tions similar to those of the gastrointestinal (GI) tract.3 The
placenta and the fetus regulate the course of pregnancy. This
fetoplacental unit functions as the endocrine portion of the
fetal–maternal communication system, producing several hor-
mones responsible for regulating and maintaining pregnancy
(e.g., hCG, estrogens, progesterone, placental lactogen).6 The
placenta also produces many other hormones, enzymes, pro-
teins, and releasing factors.6
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FIGURE 46-1 Term placenta. 1. The relation of the villous chorion (C) to the decidua basalis (D) and
fetal placental circulation. 2. The maternal placenta circulation. Maternal blood flows into the intervillous
spaces in the funnel-shaped spurts, and exchanges occur with the fetal blood as the maternal blood flows
around the villi. 3. The inflowing arterial blood pushes venous blood into the endometrial veins, which
are scattered over the entire surface of the decidua basalis. Note also that the umbilical arteries carry
deoxygenated fetal blood to the placenta and that the umbilical vein carries oxygenated blood to the
fetus. From reference 42, with permission.
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Fetal Membranes
The fetal membranes are made up of an innermost membrane,
the amnion, and an outer membrane, the chorion. These make
up the “water bag.” The amnion at term gestation is a tough but
pliable membrane whose integrity is vital for the continuation
and progression of pregnancy.4 The fluid-filled space between
the amnion and the embryo is the amniotic cavity. The mem-
branes surround the developing fetus and function to contain
the amniotic fluid and assist in its formation. This fluid pro-
vides a mechanically buffered, stable environment in which the
fetus develops. The amniotic fluid has both maternal and fetal
sources and is the paracrine arm of the fetal–maternal com-
munication unit. The maternal source is plasma filtrate and, as
pregnancy advances, the fetal contribution is from urine and
lung fluids. The volume of amniotic fluid increases from 50 mL
at 12 weeks’ gestation to a maximum of 1,000 mL at 36 weeks,
and declines at term.8 The composition of the amniotic fluid
includes water, fetal cells, hormones, lecithin, sphingomyelin,
electrolytes, creatinine, and urea.8 Amniotic fluid can be ob-
tained by amniocentesis and tested for the presence of some
of these substances to aid in fetal assessment. For example,
the lecithin-to-sphingomyelin ratio is used as a marker of fetal
lung maturity when preterm delivery is being contemplated for
obstetric reasons (e.g., severe pre-eclampsia).8

Human Chorionic Gonadotropin
Human chorionic gonadotropin, produced by the trophoblasts,
is responsible for maintaining the synthesis of progesterone by
the corpus luteum within the ovary until the placenta is able to
synthesize the amount necessary to maintain pregnancy.9 The
synthesis of progesterone by the corpus luteum decreases at ap-
proximately 6 weeks’ gestation (menstrual age). After 8 weeks,
the syncytiotrophoblast (placenta) becomes the major source
for progesterone synthesis. If the corpus luteum is removed
or its function ceases before the placenta becomes the domi-
nant source of hCG, pregnancy is terminated.9 In such cases,
intramuscular (IM) administration of the parenteral progestin,
17-hydroxyprogesterone caproate 150 mg, may maintain the
pregnancy until the placenta can produce sufficient quantities.9

Human chorionic gonadotropin is detected in the maternal
circulation and urine approximately 11 days after conception.6

Concentrations in the urine closely parallel those in the ma-
ternal blood. hCG serum concentrations increase rapidly, dou-
bling every 1.4 to 2 days.9 Peak concentrations are achieved
at 60 to 70 days of pregnancy. Thereafter, hCG concentrations
decline and reach a low at approximately 100 to 130 days.

Human chorionic gonadotropin is composed of an α- and
a β-subunit. The α-subunit is identical with the α-subunit of
other pituitary hormones (e.g., follicle-stimulating hormone
[FSH], luteinizing hormone [LH], thyroid-stimulating hor-
mone [TSH]); however, the β-subunit is specific to hCG. Preg-
nancy tests specific for this β-subunit are useful diagnostic tests
for confirming pregnancy.9

Definitions
Parity and Gravida
Parity and gravida are terms used to describe a pregnant
woman. Parity is the number of deliveries after 20 weeks’ ges-

tation. A delivery before the completion of 20 weeks’ gestation
is considered an abortion and can be either elective or sponta-
neous. Parity is independent of the number of fetuses delivered
(live or stillborn, single fetus, or twins) or the method of de-
livery. Gravida refers to the number of pregnancies a woman
has had regardless of the outcome. For example, a woman who
is currently pregnant and has previously delivered one set of
twins and had two spontaneous abortions is described as a
gravida 4 para 1 (G4P1).10

Trimesters of Pregnancy
The average pregnancy is approximately 280 days or 40 weeks
when calculated from the first day of the LMP. Pregnancy is
typically divided into three trimesters, approximately 13 to 14
weeks each.10 The time between the end of the 22nd week of
gestation and the end of the 28th day after birth is considered
the perinatal period.2

Pregnancy also can be divided into time periods, based on
development, and refers to the conceptional age. The develop-
mental or conceptional age is the time after fertilization and is
about 2 weeks less than the gestational age.3

The first 2 weeks after fertilization is the pre-embryonic
period. The embryonic period is from the second week of con-
ception through the eighth week. Organogenesis occurs from
the fourth through the seventh developmental week. The fetal
period begins after the eighth conceptional week and continues
until birth.3

Delivery
Depending on the gestational age at the time of delivery, the
result can be an abortion, preterm, term, or post-term birth.
An abortion (spontaneous or terminal) is a delivery before 20
weeks’ gestation. A term infant is a fetus delivered between 37
and 42 weeks gestation. A preterm birth is one occurring be-
tween 20 and 37 weeks’ gestation, and a post-term (postmatu-
rity) birth occurs after the beginning of 43 weeks’ gestation.10

Parturition refers to labor, and the puerperium is the 6 to 8
weeks after delivery.10

Diagnosis of Pregnancy

1. S.C. is a 29-year-old, G1P1 woman, who has not started her
menstrual period since she had unprotected intercourse about a
month ago. She is worried that she may be pregnant. S.C. cannot
remember the exact start date of her LMP. She asks her pharma-
cist for help selecting an over-the-counter commercially available
home pregnancy test. How do these home pregnancy tests work
and how should S.C. be counseled?

Commercially available home pregnancy tests are enzyme
immunoassays with monoclonal or polyclonal antibodies,
which bind to hCG in the urine.11 They are highly sensitive and
provide accurate results within 1 to 2 weeks after ovulation.9,11

Several kits are available. The tests can be performed privately
and quickly, and are easily interpreted. The results are ob-
tained rapidly—within 1 and 5 minutes—and are highly accu-
rate when performed at the start of the first missed menstrual
period. Although home pregnancy tests are reportedly 98%
to 100% accurate when used correctly, consumer studies have
documented accuracy rates as low as 50% to 75% if product
directions are not precisely followed.11 Many home pregnancy
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tests include a second test, which should be repeated at a spec-
ified time after the first negative test result.

S.C. should purchase a product containing two tests and fol-
low the instructions carefully. If the first test result is negative,
S.C should repeat the test in 1 week if she has not started men-
struating. False–negative results occur when testing is done
before the first day of a missed period or if the urine is not at
room temperature.11 False–negative results can also occur with
an ectopic (outside the uterus) pregnancy or ovarian cysts and
in women receiving menotropins or chorionic gonadotropin.11

If the test is positive, S.C. should be counseled on the possible
fetal effects of any medications or herbal products she may be
taking and advised to see her physician as soon as possible.

A positive urine or blood test result for hCG is still con-
sidered a probable diagnosis of pregnancy. The diagnosis of
pregnancy is positively made with the identification of fetal
heart sounds, perception of active fetal movements by an ex-
aminer, or visualization of embryo or fetus by sonography.9

Date of Confinement (Due Date)

2. What is S.C.’s “due date?”

The assessment of gestational age is important to determine
the expected date of confinement (EDC), schedule a cesarean
section, or determine when it is safe to end a pregnancy prema-
turely. Gestational age can be determined by several methods,
including the date of the LMP, pelvic examination, uterine size,
and measurement of fetal parameters by ultrasound. The on-
set date of the LMP is most commonly used to estimate the
gestational age of the fetus.

Because the day of conception rarely is known, it is more
practical to measure the duration of pregnancy from the first
day of the LMP. The EDC is generally determined by adding
7 days to the first day of the LMP, counting back 3 months,
and adding 1 year (Nagele rule).12 This method assumes that
ovulation occurs on day 14 of a 28-day menstrual cycle. The
problems with this method are that many pregnant women do
not know the date of their LMP, and it is inaccurate in women
with irregular or prolonged menstrual cycles. S.C.’s first day
of her LMP was estimated to be 6 weeks ago on August 6. It is
now September 17; therefore, her EDC or “due date” is May
13. Although this may not be an accurate date, a more exact
date will be estimated using first trimester sonography.

Pregnancy-Induced Pharmacokinetic Changes
Important physiologic changes occur in almost all maternal
organs during pregnancy to support the growth and develop-
ment of the fetus. These physiologic changes affect the cardio-
vascular, respiratory, and GI systems;, plasma volume, renal
function, and hepatic enzymes, which can alter the absorp-
tion, distribution, metabolism, and elimination of drugs.13 Al-
terations in the pharmacokinetics of drugs are influenced by
mainly by two factors: (a) maternal physiologic changes and
(b) the effects of the placental–fetal compartment.14

Absorption
Pregnancy-induced changes affecting drug absorption are (a)
a decrease in intestinal motility, owing to smooth muscle relax-

ation by progesterone, resulting in a 30% to 50% increase of
gastric and intestinal emptying time; (b) 40% decrease in gas-
tric acidity, which increases gastric pH; and (c) altered bioavail-
ability or absorption attributable to increased incidence of
nausea and vomiting. Bioavailability may be increased for acid-
labile drugs and decreased for drugs that require acid medium
for stability. A prolonged gastric and intestinal emptying time
may decrease the maximum concentration (Cmax) of a drug
and the time to reach Cmax, whereas the increased intestinal
transit time may increase the area under the curve (AUC) and
bioavailability of a drug. In contrast, pregnancy-induced vom-
iting may decrease amount of drug ingested; it is therefore
better to schedule medications during the evening when the
incidence of nausea and vomiting is lower or to use the rectal
route for drug administration. In summary, the effect of preg-
nancy on drug absorption is variable and depends greatly on the
physicochemical properties of the drug.14 Increased blood flow
to maternal skin, which helps dissipate fetal heat production,
may also increase the absorption of a topically (transdermal)
administered medication.13

Distribution
Changes in protein binding and increased plasma volume can
theoretically increase the apparent volume of distribution of
drugs during pregnancy. Plasma volume increases by 6 to 8
weeks’ gestation and continues to expand to 40% to 50% above
pregnancy volumes by 32 to 34 weeks’ gestation.13,14 Plasma
volume expands even more with multiple gestations. The total
body water (TBW) increases by 8 L; 40% of this increase can
be attributable to the mother and 60% to the fetal–placental
unit. This increase in TBW necessitates larger loading doses
of water-soluble drugs (e.g., aminoglycosides) because of the
increase in volume of distribution (Vd). A decrease in the peak
serum concentration (Cmax) would be expected.

Plasma albumin concentrations decrease during preg-
nancy, mostly because of dilution by the increased plasma
volume.13,14 Albumin concentrations may be decreased be-
cause of decreased synthesis or increased catabolism.13 In ad-
dition, increased concentrations of steroid and placental hor-
mones may decrease protein-binding sites for drugs.15 These
changes in protein binding generally result in decreased pro-
tein binding, increased free fraction (fu) of drugs, and increased
clearance of drugs when clearance is dependent on fu (e.g., val-
proic acid, carbamazepine).16 When both fu and intrinsic clear-
ance are increased as is the case with increased cytochrome
P450 enzyme activity, both the total and free concentrations are
decreased (e.g., phenytoin, phenobarbital).16 Total protein and
α1-acid glycoprotein concentrations remain fairly unchanged.

Metabolism
Protein binding, activity of hepatic enzymes, and liver blood
flow determine the hepatic clearance of drugs. Increases in
estrogen and progesterone during pregnancy affect the hep-
atic metabolism by stimulating or decreasing different hep-
atic enzymes of the cytochrome P-450 system.17 CYP3A4 and
CYP2D6 activities are increased during pregnancy, which re-
sults in the increased metabolism of certain drugs such as
phenytoin.14,17 On the other hand, CYP1A2, xanthine oxi-
dase, and N-acetyltransferase activity are decreased, resulting
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in reduced hepatic elimination of drugs such theophylline and
caffeine.15,16,18 The clearance of caffeine can be decreased
by 70%.18 Hepatic blood flow, as a percentage of the car-
diac output, is decreased; however, the rate (L/min) remains
unchanged.13 The activity of nonhepatic enzymes (e.g., plasma
cholinesterase) is also decreased.16 The extent of effect on drug
therapy of these hepatic physiologic changes during pregnancy
is difficult to quantify.

Elimination
The glomerular filtration rate (GFR) begins to rise in the first
half of the first trimester and increases by 50% by the beginning
of the second trimester.15 Renal blood flow also increases by
25% to 50% early during gestation. As a result, renal drug ex-
cretion (e.g.,β-lactams, digoxin, enoxaparin) can increase.14,18

This increase in GFR necessitates dosage adjustments up to
20% to 65% for renally excreted drugs throughout pregnancy
to maintain therapeutic concentrations.17 The increased car-
diac output and regional blood flow (e.g., renal blood flow),
primarily are caused by increased stroke volume and increased
heart rate, which can increase drug distribution and drug ex-
cretion.

During pregnancy, the serum creatinine concentration is
lower because of the increased GFR, resulting in normal serum
creatinine values of 0.3 to 0.7 mg/dL in the first and second
trimesters.19 A normal value for serum creatinine in nonpreg-
nant adults is 0.6 to 1.2 mg/dL.19 Similar changes occur with
serum urea nitrogen and uric acid concentrations. These differ-
ences have important implications when assessing renal func-
tion in a pregnant patient. A serum creatinine indicative of
normal renal function in a nonpregnant woman may be indica-

tive of renal insufficiency in a woman who is pregnant in her
third trimester.

Placental–Fetal Compartment Effect
Maternal and fetal drug concentrations are dependent on
the amount of drug that crosses the placenta, the extent of
metabolism by the placenta, and fetal distribution and elimi-
nation of drug (Fig. 46-2).14 Diffusion across the placenta is the
main mechanism of drug transfer giving nonionized lipophilic
substances easy passage and making less lipid soluble ionized
substances more difficult to cross.14 Highly protein bounded
or large molecular weight drugs (e.g., heparin and insulin) do
not cross the placenta. Both the immature fetal liver and pla-
centa can metabolize drugs. Fetal drug accumulation can be
problematic secondary to limited metabolic enzymatic activ-
ity along with the concern that approximately half of blood flow
from the umbilical vein bypasses the fetal liver and goes to the
cardiac and cerebral circulations.14 Another mechanism that
can also lead to prolonged effects of drugs in the fetal com-
partment is ion trapping. This phenomenon occurs because
the fetal plasma pH is more acidic than the maternal plasma,
causing weak bases (e.g., usually nonionized and lipophilic
substances) to diffuse across the placental barrier and become
ionized in the more acidic fetal blood. The net effect is move-
ment of drugs from the maternal to fetal compartment.14 This
equilibrium between the maternal–fetal compartment becomes
important when therapeutic fetal drug concentrations are de-
sired (e.g., digoxin therapy for intrauterine fetal arrhythmias).
Drugs are eliminated by the fetus primarily through diffu-
sion back to the maternal compartment. As the fetal kidney
matures, metabolites of drugs are excreted into the amniotic
fluid.14
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FIGURE 46-2 Drug disposition in the maternal–placental fetal system. The factors affecting the pharma-
cokinetcs and drug effects on mother and fetus are (1) altered maternal absorption; (2) increased ma-
ternal unbound drug fraction; (3) increased maternal plasma volume; (4) altered hepatic clearance; (5)
increased maternal renal blood flow and glomerular filtration rate; (6) placental transfer; (7) possible
placental metabolism; (8) placental blood flow; (9) maternal-fetal blood pH; (10) preferential fetal circula-
tion to the heart and brain; (11) undeveloped fetal blood–brain barrier; (12) immature fetal liver enzyme
activity; and (13) increased fetal unbound drug fraction. GI, gastrointestinal. From reference 292, with
permission.
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VITAMINS AND MINERALS

3. What vitamin and mineral supplementation would you rec-
ommend for S.C. and when should she begin taking these prod-
ucts?

A balanced diet that provides S.C. with multiple B vita-
mins, oil-soluble vitamins (A, E, D, and K), folic acid, and
minerals (iron, calcium, phosphorus, magnesium, iodine, zinc)
should be encouraged. S.C should be started on a prenatal mul-
tivitamin if she has not yet started taking one. Prenatal vita-
mins should be taken months before conception to ensure that
proper nutritional requirements are met during critical periods
of organogenesis and fetal growth.

Iron Requirements
Iron requirements increase during pregnancy because of ma-
ternal blood volume expansion, fetal needs, placenta and cord
needs, and blood loss at time of delivery.20 Maternal iron defi-
ciency can cause anemia during infancy, spontaneous abortion,
premature delivery, and delivery of a low-birth-weight infant.20

A woman needs about 18 to 21 mg of iron/day during preg-
nancy; the body compensates by increasing iron absorption
from the GI tract by about 15% to 50%.20 The average diet of
women in the United States does not meet these requirements
because only about 6 mg of iron are absorbed from 1,000 kcal
of food. In addition, some women may already have inade-
quate body stores of iron before pregnancy. For these reasons,
the Food and Nutrition Board of the National Research Coun-
cil recommends a daily elemental iron supplementation of 30
mg during the second and third trimesters of pregnancy.21 Pre-
natal vitamins usually contain 30 to 60 mg of elemental iron.
Women with iron deficiency anemia should be given 60 to
120 mg of elemental iron daily. Iron deficiency anemia dur-
ing pregnancy generally is associated with a hemoglobin and
hematocrit <11% and <33%, respectively, during the first and
third trimesters or below 10.5% and 32%, respectively, during
the second trimester. Anemic women are more likely to suffer
adverse effects from blood loss during delivery, hemorrhage
secondary to other causes, or infections after delivery.22

S.C.’s hemoglobin and hematocrit should be assessed now
and again at 26 to 28 weeks’ gestation. If her hemoglobin and
hematocrit are normal, she will not need more iron than what
is already available in a prenatal vitamin.

Folate Requirements
Folic acid is essential in the synthesis of DNA and RNA. Preg-
nant women who take 0.4 to 0.8 mg of folic acid daily during
the first trimester of pregnancy are significantly less likely to
have a child with neural tube defects (NTD), such as spina bi-
fida and anencephaly.23,24 NTD can lead to stillbirth, neonatal
death, or serious disabilities. Approximately 4,000 pregnancies
in the United States are affected by NTD each year.25

Neural tube defects can develop within the first month of
pregnancy at a time when many women are unaware of their
pregnancy. More than half of pregnancies in the United States
are unplanned.24,25 In 1992, the US Public Health Service rec-
ommended that all women with child-bearing potential should
consume 0.4 mg/day of folic acid to reduce the risk of an NTD-
affected pregnancy.24 If this practice were implemented in the
United States, the incidence of NTD could possibly be reduced
by 50%.

It may be difficult to meet the recommended daily allowance
(RDA) for folic acid because foods contain only a small amount
of this vitamin; overcooking and high fiber diets also can reduce
the amount of available folic acid from food.20 Most prenatal
vitamins contain 0.8 to 1 mg of folic acid.

Folic acid supplementation is especially important in
women with a history of infants born with NTD. Women who
have had an NTD-affected pregnancy should receive genetic
counseling because they have a 2% to 3% risk of having another
such outcome. Women with previous NTD-affected pregnan-
cies, who plan another pregnancy, should take 4 mg/day of folic
acid at least 1 month before conception and through the first 3
months of pregnancy.26

Women who require 4 mg/day of folic acid should be pre-
scribed folic acid tablets as an addition to combination pre-
natal multivitamins (which contain folic acid), rather than
just increasing the number of multivitamin tablets. When sev-
eral fixed-combination multivitamin tablets are taken daily, the
mother could be exposed to a potentially teratogenic dose of
vitamin A. High doses of folic acid do not prevent NTD bet-
ter than 0.4 mg/day in women without a previous history of
NTD-affected pregnancies and may complicate the diagnosis
of a B12 deficiency.24

S.C. should be counseled about the risks for NTD. She
should receive adequate folic acid during the remainder of her
pregnancy from a daily prenatal vitamin.

Calcium Requirements
Calcium is needed during pregnancy for adequate mineral-
ization of the fetal skeleton and teeth, especially during the
third trimester when teeth are formed and skeletal growth is
greatest.20 The RDA for calcium during pregnancy is 1,200
mg/day.20 Large maternal stores can provide calcium if dietary
intake is inadequate; however, depleting maternal stores may
put S.C. at risk for osteoporosis later in life. Foods rich in cal-
cium (e.g., milk, cheese, yogurt, legumes, nuts, dried fruits) or
calcium supplements can be used to meet the calcium RDA.15

COMMON COMPLAINTS OF PREGNANCY
Nausea and Vomiting

4. Now S.C. is 10 weeks pregnant, and the nausea and vomiting
has worsened. How long is her nausea and vomiting likely to last?

Nausea and vomiting during pregnancy (NVP) is a common
condition occurring in approximately 50% to 80% of pregnan-
cies, during weeks 5 to 12 of gestation.27 For most women,
NVP is a self-limiting condition that resolves after the first
trimester with no long-term detrimental effect on the fetus.28

The effects of NVP can have an impact on a woman’s daily ac-
tivities, work productivity, and quality of life. Studies estimate
$130 million per year is spent on the hospitalization for severe
NVP.28 The cause of NVP is unknown, but is most likely mul-
tifactorial including hormonal, psychological, and neurologic
factors.28,29 Changes in hormonal levels of estrogen, proges-
terone, and hCG have been implicated as a possible cause of
NVP.28,29 Mild to moderate NVP has been associated with
lower rates of miscarriage, preterm delivery, and stillbirth.30

Severe NVP can persists in less than 1% of pregnancies lead-
ing to a condition called hyperemesis gravidarum, which can
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lead to detrimental effects on the mother and fetus.29,30 Weight
loss of >5% of prepregnancy weight, ketonuria, and electrolyte
abnormalities are associated with this condition. Treatment
of hyperemesis gravidarum often requires hospitalization for
parental fluid administration, electrolyte replacement, vitamin
supplementation, and antiemetic therapy.28 Metabolic acido-
sis, ketosis, hypovolemia, electrolyte disturbances, and weight
loss may ensue if patients are not treated.28 Reductions in lower
esophageal pressure, gastric peristalsis, and gastric emptying
may worsen nausea and vomiting.

S.C. may be evaluated for other causes of nausea and vomit-
ing if her symptoms persist (e.g., gastroenteritis, cholecystitis,
pancreatitis, hepatitis, peptic ulcer disease, pyelonephritis, and
fatty liver of pregnancy).28

Nonpharmacologic Management

5. How should S.C.’s NVP be managed?

Most mild forms of NVP can be managed with psycho-
logical support, and lifestyle and dietary changes.28,29 Eating
smaller frequent meals consisting of a low-fat, bland, and dry
diet (e.g., bananas, crackers, rice, toast), avoiding spicy and
highly aromatic foods, and eliminating pills with iron may alle-
viate some of the symptoms.28 Meals high in protein were more
likely to alleviate NVP than carbohydrate or fatty meals.29 Rest
and avoidance of sensory stimuli that contribute to the effects
of NVP can also be helpful.28

Pharmacologic Management

6. S.C. does not respond to nonpharmacologic treatment of
her nausea and vomiting. What antiemetic would be appropriate
for her?

Antiemetics are indicated for the treatment of moderate to
severe nausea and vomiting that fails to respond to nonpharma-
cologic interventions or when the nausea or vomiting threatens
the mother’s metabolic or nutritional status (e.g., hyperemesis
gravidarum). Traditionally, medications for NVP have been
avoided during the first trimester because of fear of the pos-
sible teratogenic effects. Most antiemetic therapies (e.g., an-
tihistamines, multivitamins, phenothiazines) are classified in
pregnancy category B or C as listed in Table 46-1. The goal
of antiemetic therapy is to choose an effective medication to
improve a woman’s quality of life by maintaining her nutrition
and hydration needs, while ensuring fetal safety.

Doxylamine with pyridoxine (vitamin B6) can be consid-
ered first-line therapy for the treatment of NVP.29 This combi-
nation, formerly known as Bendectin, was commercially avail-
able from 1958 to 1983 and withdrawn from the market owing
to claims of teratogenicity.29 Subsequently, a meta-analysis in-
cluding 17,427 first-trimester exposures failed to find an as-
sociation between the medication and an increased risk of
malformations.31 Several randomized, controlled trials have
demonstrated its effectiveness in reducing NVP.28 Because of
its safety and efficacy profile, doxylamine and pyridoxine are
still considered a first-line therapy and are available separately
as over-the-counter products.28,29

Other antihistamine H1 receptor blockers (e.g., diphen-
hydramine, hydroxyzine, meclizine) have been studied for
NVP.27−29 The safety of antihistamines was supported in a
meta-analysis including >200,000 first-trimester exposures,

Table 46-1 Medications Used for Nausea and Vomiting
during Pregnancy

Pregnancy
Drug Dose Category

Pyridoxine 10–25 mg PO three to four times daily A
Doxylamine 12.5–25 mg PO three to four times daily B
Diphenydramine 25–50 mg PO, IV, IM every 4–6 hrs B
Droperidol 0.5–2 mg IV or IM every 3–4 hrs C
Meclizine 25 mg PO every 4–6 hrs B
Hydroxyzine 25–50 mg PO every 6–8 hrs C
Promethazine 12.5–25 mg PO, PR every 6 hrs C
Prochlorperazine 5–10 mg PO every 6–8 hrs C
Metoclopramide 5–10 mg PO, IM, IV every 8 hrs B
Ondansetron 4–8 mg PO, IV every 8 hrs B

IM, intramuscular; IV, intravenous; PO, oral.
Category A: Controlled studies in women fail to demonstrate risk to the fetus.
Category B: Either animal studies have not demonstrated a risk and no controlled
studies have been done in women, or animal studies have shown a risk that has not
been confirmed in humans.
Category C: Either studies in animals have shown an adverse effect on the fetus and
no controlled studies have been done in women, or no studies in women or animals
are available.
Category D: There is evidence of fetal harm, but the benefit of the medication may
outweigh the risk.
Category X: There is evidence of fetal harm, and no benefit of the medication out-
weighs the risk.
From reference 33, with permission

which did not find an increase in teratogenic risk.32 Pheno-
thiazines are generally considered safe for both the mother
and fetus if used occasionally in low doses.33 Although there
are some isolated reports of congenital malformations in utero
with its use, most evidence examining the use of pheno-
thiazines, such as prochlorperazine and promethazine, in NVP
has not shown an increase in malformations.27,28 Trimethoben-
zamide has also been used in pregnancy to treat nausea
and vomiting without observation of adverse effects in the
fetus.33

Metoclopramide can control vomiting and gastric reflux as-
sociated with pregnancy. Despite the limited safety data on
metoclopramide, it is the antiemetic of choice in many Euro-
pean countries.27,29 Data supporting the use of ondansetron,
a 5 hydroxytryptamine (5-HT3) antagonist, during pregnancy
is limited including only a small randomized trial and a few
case reports with no malformations reported with first trimester
use.27 More studies are needed to confirm the safety and es-
tablish its efficacy in NVP. Limited experience with droperidol
use in hyperemesis gravidarum has been documented in a small
controlled trial.27 Human and animal data suggest droperidol
carries a low risk of major anomalies to the fetus.33 Corticos-
teroids may improve the symptoms of NVP. Corticosteroid use
during the first trimester is associated, however, with a small
but significant risk of fetal oral clefts.27

Alternative therapies (e.g., vitamin B6, ginger root,
acupuncture, acupressure) have improved NVP in small num-
ber of patients.28 Intravenous (IV)fluids, total parenteral nu-
trition, and enteral nutrition may be needed in hyperemesis
gravidarum.29 S.C. may be started doxylamine and pyridoxine
because of its safety and efficacy profile. Drug selection for
S.C. mostly depends on the tolerability of adverse effects.
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Reflux Esophagitis

7. S.C. is now 30 weeks pregnant and no longer complains of
nausea or vomiting. However, now she has heartburn that worsens
when she lies down. What causes reflux esophagitis in pregnancy
and how should S.C. manage this problem?

Reflux esophagitis or heartburn is a normal occurrence in
pregnancy affecting approximately two-thirds of women.34 The
enlarging uterus increases intra-abdominal pressure, and estro-
gen and progesterone relax the esophageal sphincter.34 These
two factors cause the reflux of stomach acid into the lower
esophagus, producing symptoms of substernal burning wors-
ened by eating, lying down, or bending over. Lifestyle and
dietary modifications, such as eating smaller meals, avoiding
late meals close to bedtime, and elevation of the head of the
bed, should be tried first.34 Avoidance of salicylates, caffeine,
alcohol, and nicotine are encouraged to reduce the symptoms
of reflux and fetal exposure to these harmful substances.34

If these modifications are not successful, S.C. should try
a calcium carbonate antacid. Animal studies have not shown
antacids to cause teratogenic effects, and human data are
limited.33 Sodium bicarbonate can cause metabolic alkalo-
sis and fluid overload and should be avoided.34 Despite evi-
dence of fetal toxicity with aluminum, available data suggest
that usual doses of aluminum-containing medications are not
harmful to the fetus of a pregnant woman with normal renal
function.33,34 Sucralfate, which contains aluminum, appears to
be safe in pregnancy. The American College of Gastroenterol-
ogy has classified sucralfate as a medication with benefits that
outweigh the risks when used in pregnant women.33

H2-receptor antagonists can be used when necessary be-
cause most studies in animals and humans have not found fetal
harm with cimetidine, ranitidine, famotidine, or nizatidine.33,34

Proton pump inhibitors should be reserved for complicated re-
flux disease.34 Animal data with lansoprazole have been reas-
suring, but few human data are available.33 The proton pump
inhibitors should be avoided during the first trimester, but
preferably during any part of gestation because birth defects
have been reported in animal pregnancies in which omeprazole
was used.33,34

PREVENTION OF RH D ALLOIMMUNIZATION
Maternal–Fetal Rh Incompatibility

8. G.G., a 34-year-old primigravida, had her ABO blood group
and Rh status determined during her initial prenatal visit. She is
was found to be type O, Rh-negative. Her husband is type O, Rh-
positive. What are the risks associated with Rh incompatibility
that could affect G.G.’s unborn?

Blood group incompatibility between a pregnant woman
and her fetus can result in alloimmunization of the mother and
hemolytic anemia in the fetus. When a woman is exposed dur-
ing pregnancy, labor, or delivery to a fetal erythrocyte antigen
(i.e., AB, Rh-complex) that is not found on her own erythro-
cytes, she forms antibodies against that antigen. This is referred
to as alloimmunization. Antibodies of the IgG class cross the
placenta and can interact with the fetal erythrocyte antigens,
resulting in their destruction and leading to hemolytic disease
of the fetus and newborn (HDN). Most serious cases of HDN

are caused by Rh alloimmunization involving the D antigen.
The other four alleles of the Rh gene complex code for the anti-
gens C, c, E, and e. They are also serious, but less common,
causes of alloimmunization.35

An Rh D-negative mother becomes immunized after expo-
sure to fetal erythrocytes that carry the D antigen. The like-
lihood of having an Rh D-positive offspring is determined by
whether an Rh D-positive father is homozygous or heterozy-
gous for the D antigen. If the father is homozygous for the D
antigen, all of his offspring will be D positive (Rh-positive).
If he is heterozygous for the D antigen, then there is a 50%
chance that his offspring will be Rh-positive.

Pregnant women can produce detectable IgG antibodies to
Rh antigens within 6 weeks to 6 months.36 These antibodies
can cross the placenta during subsequent pregnancies and de-
stroy fetal Rh D-positive red blood cells (RBC). Of Rh D-
negative women, 175% will become alloimmunized during
a term pregnancy, with most cases occurring at the time of
delivery.37 Approximately 1% to 2% of women will, however,
become sensitized from antepartum fetomaternal hemorrhage,
generally in the third trimester.38 As little as 0.1 mL of blood
can immunize a human. A concomitant ABO incompatibility
between an Rh D-positive fetus and the Rh D-negative mother
decreases the chance of alloimmunization.37 This is because
the ABO-incompatible RBC are rapidly hemolyzed and se-
questered in the liver, wherein a lower potential for antibody
production exists.

The severity of Rh-associated HDN or erythroblastosis fe-
talis depends on the concentration of maternal antibodies. The
placental transfer of large amounts of antibody can cause sub-
stantial erythrocyte destruction. This initially results in anemia
and hyperbilirubinemia with compensatory extramedullary
erythropoiesis (e.g., liver, spleen). In severe hemolytic dis-
eases, the fetus might develop hepatosplenomegaly, portal hy-
pertension, edema, ascites, and hepatic and cardiac failure.
The clinical presentation of profound anemia, anasarca, hep-
atosplenomegaly, cardiac failure, and circulatory collapse is
termed hydrops fetalis.

The severity of Rh-associated HDN generally worsens with
each pregnancy in the alloimmunized mother if her fetus is Rh
positive. Thus, it is important to discuss the consequences of
alloimmunization with any woman who is known to be alloim-
munized and wishes to have more children in the future.

Rho(D) Immunoglobulin

9. What interventions should be undertaken to prevent G.G.
from becoming alloimmunized?

Antepartum Prophylaxis
G.G. should have antibody screens at the beginning of each
pregnancy, and postpartum. Although the American Associa-
tion of Blood Banks recommends that an antepartum screen
should also be obtained at 28 weeks, the cost-effectiveness of
such screening has not been studied and it is estimated that
sensitization before 28 weeks occurs at a rate of <0.18%.
Therefore, the American College of Obstetrics and Gynecol-
ogy (ACOG) has suggested that the decision to obtain a third-
trimester antibody screen should be dictated by individual
circumstances.39 As pregnancy progresses, both the incidence
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and the degree of fetomaternal hemorrhage increase. Admin-
istrating Rho(D) immune globulin to G.G. before or shortly
after exposure to fetal Rh D-positive erythrocytes will prevent
her from becoming alloimmunized. Giving Rho(D) immune
globulin at 28 weeks’ gestation has been shown to decrease
the antepartum sensitization rate from approximately 2% to
0.1%.38 One mechanism by which Rho(D) immune globulin
might prevent sensitization is by suppression of the primary im-
mune response to the D antigen.36 The anti-D immune globulin
binds the D antigen, and this complex is filtered by the spleen
and lymph nodes whereby it inhibits D antigen-specific B cells
from proliferating.

Postpartum Prophylaxis
A second dose of Rho(D) immune globulin should be repeated
within 72 hours of delivery. A larger dose is needed if a large
transplacental bleed occurs at the time of delivery (0.4% of
cases). Therefore, all Rho(D)-negative women who deliver an
Rho(D)-positive newborn should be tested to detect fetal RBC
in maternal blood (e.g., Kleihauer-Betke test) to calculate the
correct dose of Rho(D) immune globulin. If a woman at risk
for sensitization has not been given Rhoo(D) immune globulin
within 72 hours, she should still be treated as soon as possible as
it has been demonstrated that protection can be seen in some
individuals up to 13 days after exposure to Rh positive red
cells.40

Adverse Effects Rh(D) Immune Globulin
The plasma from which immune globulin is obtained is tested
for viral infections and the manufacturing process used to
produce Rho(D) immune globulin inactivates viruses such as
human immunodeficiency virus (HIV), hepatitis B virus
(HBV), and hepatitis C virus (HCV).36,39 Adverse reactions as-
sociated with the use of anti-D immune globulin are rare. Pain
and swelling at the injection site and rash are the most com-
mon adverse reactions.36 Hypersensitivity reactions such as
anaphylaxis, although rare, can occur owing to a small amount
of IgA in the product.

Prophylaxis for First- and Second-Trimester Events
and Procedures

10. G.G. will undergo amniocentesis at 16 weeks’ gestation. Will
she need a dose of Rho(D) at that time?

Rho(D) immune globulin should be given after all clinical
events (e.g., spontaneous abortion) or procedures (e.g., abor-
tion, amniocentesis, fetal blood sampling, or chorionic villus
sampling) in which fetomaternal hemorrhage is a risk in an
Rh-incompatible pregnancy. Although little evidence supports
the need for prophylaxis in the early first trimester, adverse ef-
fects are rare and potential benefits are thought by most experts
to outweigh the risks.41 Although a 50-mcg dose is available
for first trimester use (e.g., chorionic villus sampling or abor-
tion), many hospitals do not stock this dose and so a 300-mcg
standard dose is often given.

Length of Protection

11. G.G. had an amniocentesis at 16 weeks for which she re-
ceived Rho(D) IGIM 300 mcg IM. Will she need another dose at

28 weeks’ gestation? How long will this dose protect G.G. against
alloimmunization?

G.G. will still need a dose of 300 mcg repeated at 28
weeks’ gestation and within 72 hours postpartum if her in-
fant is Rho(D)-positive. The half-life of Rho(D) immune glob-
ulin is approximately 24 to 25 days.39 Without a large feto-
maternal hemorrhage, a standard dose of 300 mcg will protect
against alloimmunization for up to 12 weeks. If >12 weeks
have lapsed between receipt of anti-D immune globulin and
delivery, many practitioners recommend administering another
antepartum dose.36,39

Failure of Immunoprophylaxis

12. What are the most common reasons for Rh D alloimmu-
nization during pregnancy?

The most common reasons for Rh D alloimmunization are
(a) failure to give a dose of anti-D immune globulin at 28
weeks’ gestation; (b) failure to give Rho(D) immune globulin
in a timely manner postpartum to women who have delivered an
Rho(D)-positive or untyped fetus; and (c) failure to recognize
clinical procedures and situations that increase maternal risk
for alloimmunization (i.e., amniocentesis, abortions).35

Thus, G.G. should be told that with proper prophylaxis with
anti-D immune globulin, there is little chance for her to be-
come alloimmunized. She need not worry about her present
pregnancy or future pregnancies.

DIABETES MELLITUS
Diabetes mellitus is the most common maternal medical com-
plication during pregnancy. Diabetes during pregnancy can be
detected before or during pregnancy and can be separated in
two groups: (a) pregestational diabetes, which includes women
who have been diagnosed before pregnancy with either insulin-
dependent or insulin-independent diabetes mellitus or (b) ges-
tational diabetes mellitus (GDM) defined as carbohydrate in-
tolerance first detected during pregnancy.42

More prevalent than pregestational diabetes, GDM accounts
for >90% of diabetes cases during pregnancy and affects ap-
proximately 4.4% of live births each year.43,44 More than half
of women with GDM will go on to develop type 2 diabetes
later in life.43 Some believe that GDM is a diagnosis of type 2
diabetes that has been discovered during pregnancy.42

Pregestational diabetes accounts for the remaining 10% of
cases. In the United States, >8 million women have pregesta-
tional diabetes affecting about 1% of live births each year.43

Most women with pregestational diabetes have type 2 diabetes
characterized by peripheral insulin resistance and relative in-
sulin deficiency. The incidence of type 2 pregestational di-
abetes has been rapidly rising in the past decade, most likely
because of the increasing prevalence of obesity.42,43 In contrast
to type 2 diabetes, type 1 diabetes is characterized by complete
insulin deficiency resulting from autoimmune destruction of
pancreatic β-cells. Less than 0.5% of all pregnancies in the
United States are complicated by type 1 diabetes.45

Fluctuating glucose levels during the first trimester may
be the first signs of pregnancy for women with pregestational
diabetes owing to increased insulin resistance and reduced
sensitivity to insulin action. Placental hormones (e.g., human



OBSTETRIC DRUG THERAPY � 46-11

Table 46-2 Modified White’s Classification of Diabetes
During Pregnancy

Class Gestational
Diabetes Mellitus Criteria

A1 Diagnosed during pregnancy
Controlled by diet and exercise

A2 Diagnosed during pregnancy
Requires use of medication therapy (i.e., insulin)

along with diet and exercise

Pregestational Diabetes Mellitus

B Age of onset ≥20 yrs
Duration of disease <10 yrs
Absence of vascular disease

C Onset of age between 10 and 19 yrs
Duration of disease between 10 and 20 yrs
Absence of vascular disease

D Onset of age <age 10 yrs
Duration of disease ≥20 yrs
Background retinopathy observed
Hypertension

F Nephropathy (>500 mg/day proteinuria)
H Arteriosclerotic heart disease
R Proliferative retinopathy or vitreous hemorrhage
T After renal transplantation

From references 42 and 46 with permission.

placental lactogen, progesterone, prolactin, placental growth
hormone, and cortisol) are thought to be responsible for the
increase in insulin resistance during pregnancy.43 The ACOG
classifies diabetes in pregnancy according to the White Clas-
sification, modified to include gestational diabetes according
to glycemic control.42 The White Classification relies on age
at onset, duration of diabetes, and presence of vascular com-
plications for patient classification (Table 46-2).42,46

Pre-existing Diabetes Mellitus
Fetal and Infant Risks

13. K.H., a 27-year-old, 60-kg, woman known to have type 1
diabetes since age 12, has married recently and wishes to have
children. She has been conscientious in her diabetes care and
self-monitors her blood glucose concentrations with a glucome-
ter. Over the past month, her fasting blood glucose (FBG) con-
centrations have ranged from 90 to 140 mg/dL. Today, her FBG
and HbA1c laboratory results are 134 mg/dL (normal, 70–110)
and 7.8% (normal, 4.5–6.5), respectively. Her blood pressure (BP)
is 145/94 mm Hg, renal function is normal, serum creatinine is
0.8 mg/dL (normal, 0.6–1.2), and no proteinuria. K.H. reports
tingling and pain in her toes. Her current human insulin regimen
consists of a combination of 16 U of isophane insulin (NPH) and
8 U of regular insulin 30 minutes before breakfast, and 8 U of NPH
and 4 U of regular 30 minutes before supper. How will diabetes
affect the health of a child she would like to conceive?

Perinatal mortality for infants of diabetic mothers has de-
clined dramatically with strict maternal metabolic control,
improved fetal surveillance, and neonatal intensive care.47

Fetal and neonatal mortality rates are approximately 2% to

4%, and the risk of spontaneous abortion in well-controlled
type 1 diabetics is equal to that of women without diabetes.48

The incidence of stillbirth is greatest after 36 weeks’ gesta-
tion in women with poor glycemic control, fetal macrosomia
(see below), maternal vascular disease, ketoacidosis, or pre-
eclampsia.42

The leading cause of perinatal mortality is major congen-
tial anomalies that occur in 6% to 12% of infants born to
mothers with diabetes. The major malformations observed
are usually neural tube defects and other anomalies involving
the cardiac, renal, and GI systems, and rarely caudal regres-
sion syndrome.43 Many of these congenital anomalies occur
before the seventh week of gestation, a time when organo-
genesis is occurring.49 The risk of giving birth to an infant
with a major congenital anomaly correlates with the degree of
glycemic control during the time just before and the 2 months
after conception.42,47 A direct correlation exists between higher
glycosylated hemoglobin levels and increased frequency of
anomalies. Women with higher HbA1c values during this time
have a significantly higher incidence of infants with anoma-
lies compared with women with HbAlc closer to the normal
range.48 The risk of fetal anomalies increases dramatically to
20% to 25% when HbA1c levels are near 10%.43 HbA1c levels
>12% are associated with the same risk of anomalies as infants
exposed to known teratogens such as thalidomide, isotretinoin,
or alcohol during organogenesis.33,50 HbA1c values up to 1%
above normal, however, are associated with rates of sponta-
neous abortions and congenital malformations similar to those
of nondiabetic pregnancies.47

Macrosomia, defined as birthweight >4 kg, occurs in
20% to 25% of pregnancies complicated by diabetes. It is
thought to be caused in part by fetal hyperglycemia and
hyperinsulinemia.42 Fetal hyperglycemia occurs when glucose
crosses the placenta and subsequently stimulates fetal pancre-
atic β-cells to release excessive insulin. Hyperinsulinemia can
promote excessive fetal growth in adipose tissue causing dis-
proportional fat concentration around the shoulders and chest,
doubling the risks of trauma (e.g., shoulder dystocia) during
vaginal delivery.43

Infants of diabetic mothers (IDM) also are at increased
risk for prolonged hypoglycemia after delivery, respiratory dis-
tress syndrome (RDS), hypocalcemia, polycythemia, and hy-
perbilirubinemia during the neonatal period.43

K.H. should be informed that tight glucose control, espe-
cially early in the first trimester, will maximize her chance of
having a healthy baby. She should be educated before preg-
nancy about the healthy practices she can institute now to im-
prove a successful pregnancy outcome.

Maternal Risks

14. K.H. wants to know what health risks she might incur from
becoming pregnant and what measures could minimize these
risks.

A prepregnancy assessment, including a history and physi-
cal examination, is necessary to determine the risks or con-
traindications to pregnancy for K.H. She should be evalu-
ated for ischemic heart disease, neuropathies, or retinopathy,
and her renal status must be assessed.47 Pregnancy can ex-
acerbate the vascular complications of diabetes. For instance,
diabetic retinopathy can worsen if strict glycemic control is
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implemented quickly in pregnant women with proliferative
retinopathy; progression to end-stage renal disease can oc-
cur in women with mild to moderate renal insufficiency (e.g.,
serum creatinine >1.5 mg/dL or proteinuria >3 g/24 hours;
myocardial infarction may occur with preexisting symptomatic
ischemic heart disease secondary to the hemodynamic changes
that occur during pregnancy).43 The presence of gastroparesis
should be noted, because it will make controlling her glucose
more difficult.47

Controlling K.H.’s diabetes before she becomes pregnant
may benefit her hypertension and neuropathies and will mini-
mize maternal and fetal problems. Good metabolic control of
her diabetes can minimize progression of her diabetes.47

Preconception Management

15. What prepregnancy interventions relative to her general
health and diabetes should K.H. undertake before she attempts
to become pregnant?

K.H. should be started on prenatal vitamins containing at
least 400 mcg of folic acid, and re-educated about diet and
glycemic control of her diabetes. Her insulin therapy should be
titrated to reduce her preprandial (capillary whole blood) glu-
cose to 70 to 100 mg/dL and her 2-hour postprandial glucose
to below 140 mg/dL.47 Good glycemic control (HbA1c levels
up to >1% above normal) should be achieved months before
conception to minimize risks of major congenital anomalies.50

K.H.’s current regimen may not achieve euglycemia (see Chap-
ter 50, Diabetes Mellitus).

Her BP of 145/94 mm Hg is high and should be decreased
to a diastolic BP of about 80 mm Hg to minimize risks for pre-
eclampsia or exacerbation of her disorder. Many women with
pregestational diabetes are likely on an angiotension convert-
ing enzyme inhibitor (ACEI) or angiotension receptor blocker
for hypertension treatment. K.H. should consider other anti-
hypertensives (e.g., methyldopa or calcium channel blockers)
because recent studies have observed increased rates of con-
genital cardiac malformation associated with the use of ACEI
in the first trimester.51

Treatment

16. After lowering her BP to 125/80 mm Hg with a calcium
channel blocker and HbA1c to 7.3% K.H. discontinues her oral
contraceptive and returns to clinic 5 months later and is noted to
be about 4 weeks pregnant. How should her diabetes be managed
at this time?

GOALS OF THERAPY
The overall goals of treatment of K.H.’s diabetes are to

reduce the maternal and fetal morbidity and mortality asso-
ciated with diabetes. Treatment of diabetes (Chapter 50, Dia-
betes Mellitus), should include dietary management, appropri-
ate maternal weight gain, insulin therapy to normalize glycemic
control, and exercise.

DIETARY MANAGEMENT
The goals of dietary management for diabetes during preg-

nancy are directed at ensuring fetal growth and development,
appropriate maternal weight gain, and normalizing maternal
glucose concentrations. Patients often benefit from individu-
alized diets developed by a dietitian.47,49 Neonatal macroso-
mia has been associated with high postprandial glucose levels;

therefore, a reduction in postprandial hyperglycemia is an im-
portant goal.52

INSULIN THERAPY
Insulin is the hypoglycemic of choice during pregnancy be-

cause it does not cross the placenta and has an established
safety record for both mother and fetus.33,43 The goal with
insulin therapy is to imitate the glucose levels of a healthy
pregnant woman.

Insulin requirements may vary, depending on the trimester.
The first trimester is characterized by unstable diabetes, fol-
lowed by a stable period.42 During the first trimester, glucose
and gluconeogenic substances in the blood are taken up by
the fetus, which can lead to a decrease in maternal insulin
requirements and increased episodes of hypoglycemia. On av-
erage, insulin dosages range from 0.7 to 0.8 U/kg/day in the
first trimester.43 If K.H. experiences nausea and vomiting dur-
ing this time, glycemic control may be unstable and should be
monitored closely. At about 24 weeks’ gestation, insulin re-
quirements begin to increase to 0.8 to 1 U/kg/day and insulin
doses may need to be adjusted every 5 to 10 days.43 These
needs continue to increase during the third trimester to 0.9 to
1.2 U/kg/day, which may be twice as much as the prepregnancy
dose, in part, because of the placental hormones (i.e., lactogen,
prolactin, estrogen, and progesterone), which antagonize the
action of insulin.42,43 Weight-based dosing may not accurately
assess the insulin requirements in all pregnant women, espe-
cially in the obese population. Insulin regimens must be indi-
vidualized for each patient, taking into consideration their ed-
ucational level, compliance, and schedule constraints. Dosage
adjustments must take into account the level of activity, meal
plan, and other factors (e.g., steroid use, stress, infections) that
may affect glucose control. Some women may be admitted into
the hospital in the first trimester to (a) rapidly gain glucose
control, (b) accurately assess their insulin requirements, and
(c) institute an individualized insulin regimen under careful
monitoring of blood sugars.42

An insulin regimen with three to four daily injections is most
successful at maintaining adequate glucose control. Biosyn-
thetic human insulin (e.g., regular and NPH insulin) is the usual
treatment of choice in pregestational diabetes mellitus because
of its chemical, biological, and immunological equivalency to
pancreatic human insulin. These insulins have the most estab-
lished safety profile during pregnancy, but they require more
stringent timing of meals during the day.

Recent additions of rapid and long-acting insulin analogs
(e.g., lispro, aspart, glargine) have sparked interest in their use
during pregnancy. Insulin analogs are genetically engineered
by recombinant DNA technology and usually differ by a few
amino acids from human insulin.52 Concerns about insulin
analog use during pregnancy include teratogenicity, placental
drug transfer, and antibody formation.52 The use of insulin
lispro (Humalog) during pregnancy is supported by several
studies that found minimal passage to the placenta, an absence
of antibody formation, and no adverse maternal or fetal effects
noted.53 Although the rapid onset of insulin lispro can increase
adherence and patient satisfaction, it also may increase the
incidence of hypoglycemia.43 Insulin aspart (Novolog), another
rapid-acting insulin analog, has not been studied as extensively
as lispro and remains a pregnancy category C drug, meaning
that the risk cannot be excluded.52 Insulin glargine (Lantus),
the first long-acting insulin analog developed, allows for once
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daily dosing and produces a peakless basal level of insulin.
Only several case reports have examined the safety and efficacy
of insulin glargine during pregnancy, making it a pregnancy
category C drug.52

ORAL HYPOGLYCEMICS
Oral hypoglycemics are used commonly to treat type 2 dia-

betes in nonpregnant women. With more than half of pregnan-
cies being unplanned, many discover their pregnancy status
while taking these medications. A switch to insulin therapy
is recommended before conception,if possible, or at the time
the pregnancy is confirmed because many patients have in-
adequate control with oral hypoglycemic agents.43 Control of
blood glucose levels during the preconception period and early
first trimester is of utmost importance to decrease the risk of
congential malformations.43,50 If insulin is not started before
conception, women should be counseled to stay on oral hy-
poglycemics to adequately control blood glucose until insulin
therapy can be implemented. Often, patients will discontinue
oral hypoglycemics from fear of taking any medication in preg-
nancy, resulting in hyperglycemia during the critical period of
organogenesis.

The ACOG recommends that the use of oral hypoglycemics
for the treatment of type 2 diabetes during pregnancy be
individualized until more safety and efficacy data become
available.43 There is limited experience with oral hypo-
glycemic use in type 2 diabetes during pregnancy. Metformin,
a biguanide, has been used during pregnancy for hyperinsu-
linemic insulin resistance or in the treatment of infertility in
women with polycystic ovarian syndrome (PCOS).43,52,54 (See
Chapter 47, Treatment of Menstrual and Menstrual-Related
Disorders.) Metformin was shown to cross the human pla-
centa; it was detected in cord serum levels and can poten-
tially affect the fetal cellular function and development of the
embryo.52 Studies are underway to determine the safety and
efficacy of metformin in pregnancy. Until these studies can es-
tablish the role of metformin in pregnancy, women taking met-
formin should be switched to insulin therapy unless specific
circumstances (e.g., high insulin requirements during second
or third trimester) warrant its use.52,54

BLOOD GLUCOSE AND HBA1C MONITORING
K.H. should measure her glucose at fasting, before and after

meals, at bedtime, if she feels symptomatic, and occasionally
at 3:00 am to rule out nocturnal hypoglycemia (i.e., about five
to seven times daily). The goal of therapy is to maintain fasting
glucose levels <95 mg/dL, premeal values of <100 mg/dL, 1-
hour postprandial levels of 140 mg/dL, and 2-hour postprandial
levels <120 mg/dL.43 Adjusting therapy based on postprandial
glucose levels (as opposed to preprandial levels) can lower
HbA1c levels and decrease the risk of macrosomia and neonatal
hypoglycemia.49 HbA1c levels can be drawn at each trimester
to reveal the glycemic control over the previous 3 months.43

Gestational Diabetes Mellitus
Diagnostic Criteria

17. J.B. is a 22-year-old, Asian woman in the 26th week of her
first pregnancy. She is 5 feet 2 inches, 75 kg (prepregnancy weight),
and her BMI is 30. At her regular prenatal visit, her obstetrician
recommends an oral glucose-screening test for GDM. Although

her mother has diabetes, J.B. has had no glucosuria during preg-
nancy. Why is J.B. at risk for GDM?

Gestational diabetes mellitus is defined as carbohydrate
intolerance that develops or is recognized during pregnancy
regardless of severity, necessity for treatment, time of onset,
or persistence after pregnancy.55,56 GDM occurs in about 7%
(range, 1%–14%), and the prevalence varies with the popula-
tion and methods of detection.55 Complications noted in the
offspring of affected women include macrosomia, hypocal-
cemia, hypoglycemia, polycythemia, and jaundice.55 Women
with GDM are more likely to develop pregnancy-induced hy-
pertensive disorders or require a cesarean delivery. They also
are at risk for type 2 diabetes later, and their children have an
increased risk for obesity and diabetes later in life.55

Risk factors for GDM include age >25 years, obesity (BMI
≥25), family history of diabetes, previous delivery of an in-
fant >4 kg, a history of a stillbirth, a history of glucose in-
tolerance, or current glycosuria.55,56 Blacks, Hispanic, Asian,
and Native-American women also are at increased risk for
GDM.55,56 Some practitioners screen all pregnant women for
GDM, whereas others do not screen low-risk women. Those
considered at low risk must meet all of the following crite-
ria: age <25 years, BMI ≤25, member of a low-risk ethnic
group, no history of abnormal glucose tolerance, no known di-
abetes in a first-degree relative, and no history of poor obstetric
outcome.55

The most common method of initial screening for GDM
is the 50-g, 1-hour glucose challenge administered at 24 to
28 weeks gestation.57 Women are instructed to drink a pure
50-g load of glucose and have their venous blood drawn. If
the results are >140 mg/dL, a 100-g, 3-hour oral glucose tol-
erance test (OGTT)will be conducted.57 If the results of the
initial screen >200 mg/dL, most clinical practices may skip
the 3-hour OGTT and obtain a fasting blood sugar level to di-
agnose GDM. Plasma glucose results from the 3-hour OGTT
are used to diagnose GDM using either criterion. High-risk
women should undergo OGTT early in pregnancy, and the test
should be repeated in women who do not initially meet the
diagnostic criteria for GDM.55

J.B. is at risk for GDM because she is Asian, obese, and
has a family history of diabetes. Because she is at risk for
GDM, J.B. should undergo OGTT. The diagnosis of GDM is
important to the mother and the fetus because of the increased
risks related to fetal hypersinsulinemia and macrosomia.42,58

GDM does not have the same negative effect on pregnancy
outcomes as pregestational diabetes.42

Treatment

18. J.B. is screened with a 1-hour OGTT, resulting in 160 mg/
dL. A 3-hour OGTT is then recommended. The results of a 3-
hour test show a fasting plasma glucose of 115 mg/dL, a 1-hour of
185 mg/dL, a 2-hour of 175 mg/dL, and a 3-hour of 150 mg/dL.
These results confirm that J.B. has GDM. How should she be
managed?

Most women with gestational diabetes can control their glu-
cose with dietary modifications and regular exercise; how-
ever, insulin therapy should be initiated if dietary man-
agement fails to maintain fasting plasma blood glucose
concentrations ≤95 mg/dL, a 1-hour postprandial plasma
concentration <140 mg/dL, or 2-hour postprandial plasma glu-
cose concentrations <120 mg/dL.57 Treatment of GDM with
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insulin therapy is implemented similarly to the treatment for
pregestational diabetes. An optimal insulin regimen for GDM
has not been determined. The insulin regimen must be tai-
lored specifically to the needs of the woman to successfully
achieve target blood glucose levels. More recently, the role
of oral hypoglycemics for the treatment of GDM has come
into question. Traditionally, oral hypoglycemics have not been
used during pregnancy because early animal studies implicated
some agents as teratogens.52 The studies failed to show whether
the primary teratogen was the drug itself or the effect of hy-
perglycemia and altered maternal metabolism.52 Glyburide, a
second-generation sulfonyurea, has been used in several stud-
ies as an alternate treatment modality in women with GDM
who have relatively mild hyperglycemia.59 A gestational age
of >30 weeks, fasting blood glucose levels,110 mg/dL, and 1-
hour postprandials <140 mg/dL are parameters that have been
shown in one study to predict glyburide success in women
with GDM who have failed diet therapy.60 In a randomized
trial, glyburide therapy was compared with an intensive in-
sulin protocol in women between 11 and 33 weeks of gestation
with GDM who failed to achieve target blood glucose goals
with diet alone.59 Equivalent glycemic control was achieved
with treatment of glyburide or insulin therapy. In addition,
both groups had similar pregnancy outcomes, including rates
for cesarean delivery, preeclampsia, macrosomia, and neona-
tal hypoglycemia. Analysis of the cord serum of the infant did
not detect any glyburide.59 More randomized trials are needed
to further determine and to better understand the role of oral
hypoglycemics in pregnancy.

J.B. requires more extensive education than patients with
type 1 diabetes who know about the disease before becoming
pregnant. She needs to be educated about diabetes, the signs
and symptoms of hyper- and hypoglycemia, and the use of a
glucometer. If insulin is started, she will also need to learn
about injection technique, and how to mix and store insulin.
She is most likely not a good candidate for glyburide therapy
because she is <30 weeks’ gestation and has a fasting blood
sugar level >110 mg/dL.60

Risk of Developing Diabetes Mellitus

19. Why is J.B. at risk for developing diabetes mellitus after
delivery?

Glucose tolerance normalizes after delivery for most
women. Women with GDM, however, have a 17% to 63%
chance of developing nongestational diabetes within 5 to 16
years.56 The highest risk is in women who are obese, diag-
nosed before 24 weeks’ gestation, or women who had marked
hyperglycemia during or soon after pregnancy.46 The risk of
developing GDM in a future pregnancy is estimated to be 50%
to 70%.

J.B. should try to minimize the potential for development
of insulin resistance by exercising and maintaining a normal
weight. She should also have her glucose checked with a 2-hour
OGTT at her postpartum appointment 6 weeks after delivery
and then at least every 3 years.55 In addition, J.B. should be
instructed about the importance of using an effective birth con-
trol method to prevent unplanned pregnancies. She also needs
to schedule regular appointments with her primary care physi-
cian.

HYPERTENSION AND PRE-ECLAMPSIA
Classification and Definitions
Hypertensive disease occurs in 5% to 10% of all pregnan-
cies and is a major cause of maternal and perinatal morbidity
and mortality.61 From 15% to 24% of maternal deaths in de-
veloped countries are attributed to hypertensive disorders in
pregnancy.62,63 Hypertension in pregnancy is defined as a sys-
tolic BP ≥140 mm Hg or a diastolic BP ≥90 mm Hg on two
separate occasions at least 6 hours apart.

Women with pregnancy-associated hypertension can be
grouped into the following categories: chronic hyperten-
sion, pre-eclampsia–eclampsia, pre-eclampsia superimposed
on chronic hypertension, and gestational hypertension.61 After
delivery, gestational hypertension is ultimately delineated as
either (a) transient hypertension of pregnancy if pre-eclampsia
is absent during delivery and BP normalizes by 12 weeks post-
partum or (b) chronic hypertension if BP remains elevated.61

Chronic hypertension is defined as hypertension diagnosed
before conception or before the 20th week of gestation, or hy-
pertension persisting beyond 12 weeks postpartum.61 Hyper-
tension noted after the 20th week of gestation might be difficult
to classify, particularly if a woman has had inadequate prenatal
care without appropriate BP monitoring.

Pre-eclampsia is a pregnancy-specific condition usually oc-
curring after 20 weeks’ gestation and consisting of hyper-
tension with proteinuria.61 The signs and symptoms of pre-
eclampsia can affect multiple organ systems (e.g., kidney, liver,
hematologic, CNS); they are often unpredictable and can be
mistaken for other disorders. Because edema is so common in
normal pregnancy and is not specific, it is no longer used as a
criterion for the diagnosis of pre-eclampsia. Pre-eclampsia is
a consequence of progressive placental and maternal endothe-
lial cell dysfunction, increased platelet aggregation, and loss of
arterial vasoregulation.7 A variant of pre-eclampsia is HELLP
syndrome, which consists of hemolysis (H), elevated liver en-
zymes (EL), and low platelet count (LP). HELLP can be also
be life-threatening despite sometimes minimal proteinuria and
increase in BP.64

When women with pre-eclampsia develop seizures, the term
“eclampsia” is applied. Women with pre-eclampsia may un-
predictably progress rapidly from mild to severe pre-eclampsia
and to eclampsia within days or even hours. Eclampsia is a po-
tentially preventable complication of pre-eclampsia (see Ques-
tions 30 to 34). About 20% of women who develop eclampsia
have a diastolic BP <90 mm Hg or no proteinuria.65

The term “gestational hypertension” is used when BP is
increased during pregnancy or is increased in the first 24 hours
postpartum in a woman without signs or symptoms of pre-
eclampsia and without pre-existing hypertension.61 Women
with gestational hypertension are at high risk of recurrence
during subsequent pregnancies.

Chronic Hypertension
Clinical Presentation

20. T.D., a 37-year-old G1P0, obese black woman was diagnosed
with stage 1 hypertension several months before her pregnancy
(BP 135 to 145 mm Hg systolic and 90 to 95 mm Hg diastolic
pressure). She had no cardiovascular risk factors (i.e., smoking,
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diabetes mellitus, dyslipidemias) and was prescribed a trial of
lifestyle modification (i.e., weight loss and exercise). When she ini-
tiated prenatal care at 16 weeks’ gestation, her BP ranged from
130 to 135 mm Hg systolic pressure and 82 to 85 mm Hg dias-
tolic pressure. Her BP today at 28 weeks is 142/90 mm Hg. Her
serum chemistry values are creatinine (Cr) 0.6 mg/dL (normal,
0.5–0.6); and uric acid (UA) 4 mg/dL (normal, 2.5–5.9). A random
urinalysis did not demonstrate proteinuria. Ultrasound confirms
an adequately growing fetus at 28 weeks’ gestation. What is the
likelihood T.D. has pre-eclampsia?

Women with chronic hypertension commonly have a nor-
mal BP during the first half of pregnancy because of the nor-
mal physiologic decline of BP during the second trimester.66

Blood pressure usually returns to the prepregnancy level by the
third trimester. T.D.’s diastolic pressure decreased from the pre-
pregnancy levels of 90 to 95 mm Hg to 86 to 90 mm Hg during
the second trimester. It is normal for T.D.’s BP to increase dur-
ing the third trimester. These changes in BP make it difficult to
differentiate chronic hypertension from pre-eclampsia during
the second half of pregnancy in women with late prenatal care
or inadequate BP monitoring. It is also difficult to diagnose
pre-eclampsia superimposed on existing hypertension using
BP measurements alone. A sharp increase in T.D.’s pressure of
>30 mm Hg systolic or >15 mm Hg diastolic could be consis-
tent with pre-eclampsia. Without co-existing proteinuria (≥0.3
g/24-hour or ≥1+ in a random urine) or evidence of renal dys-
function, a diagnosis of pre-eclampsia would be a reach.61 T.D.
has no proteinuria, and a normal serum creatinine and serum
uric acid. It is unlikely that T.D. has pre-eclampsia at this time.

Risk Factors for Pre-eclampsia

21. What risk factors does T.D. have for developing pre-
eclampsia?

Pre-eclampsia occurs most commonly during the first preg-
nancy (two-thirds of cases). Obesity and increasing maternal
age are risk factors.67 Chronic diseases that increase the risk
for pre-eclampsia include diabetes mellitus or insulin resis-
tance, and renal disease. Pregnancy-associated risk factors in-
clude multifetal gestations, urinary tract infection, certain fe-
tal chromosomal anomalies, and hydatiform moles. A family
history of a sister or mother with pre-eclampsia significantly
increases the risk of developing pre-eclampsia. Women with
previous pre-eclampsia are at high risk for recurrence in subse-
quent pregnancies, particularly if it developed before 30 weeks’
gestation.67,68 In addition to her age and obesity, chronic hy-
pertension is the most significant aspect of T.D.’s medical his-
tory, which confers a 25% risk of developing superimposed
pre-eclampsia.69

MONITORING

22. What subjective and objective data should be monitored in
T.D. for the development of pre-eclampsia?

T.D. should have her BP monitored frequently. If protein
is detected in a random urinalysis, then a 24-hour urine col-
lection for protein and creatinine can be repeated to deter-
mine accurately the degree of proteinuria and severity of
disease.61 Periodic ultrasounds should be obtained to assess
fetal growth because intrauterine growth retardation (IUGR)
is common in pregnant women with chronic hypertension.

T.D. should be taught to recognize and immediately report
all signs and symptoms of pre-eclampsia, such as nondepen-
dent edema, headaches, and visual disturbances. The latter two
are signs of severe pre-eclampsia and may indicate impending
eclampsia. Upper abdominal pain also can be a sign of severe
pre-eclampsia, indicating hepatic subcapsular hemorrhage.67

Because T.D. has chronic hypertension, worsening of hyper-
tension alone may not be a reliable sign of superimposed pre-
eclampsia. Proteinuria is the best indicator of superimposed
pre-eclampsia in a pregnant woman with chronic hypertension
and no renal disease.65

ANTIHYPERTENSIVE DRUG THERAPY

23. Why should (or should not) T.D.’s chronic hypertension be
treated with antihypertensive drugs to prevent pre-eclampsia?

The goal of antihypertensive therapy for women with
chronic hypertension during pregnancy is to minimize the risks
to the mother of an elevated BP without compromising pla-
cental perfusion.61 The value of treating pregnant women with
chronic antihypertension drugs remains an area of ongoing
debate. A sustained diastolic BP of >100 mm Hg may cause
maternal vascular damage, especially if the diastolic pressure
is >105 to 110 mm Hg.67 Morbidity is unlikely with a diastolic
BP of <100 mm Hg. Therefore, many clinicians recommend
treatment with antihypertensive drugs to lower diastolic pres-
sures of >100 to 110 mm Hg.61 Treatment of a diastolic BP
of <100 mm Hg should be reserved for women with chronic
hypertension and target organ damage (e.g., left ventricular
hypertrophy) or underlying renal disease because antihyper-
tensive drugs can decrease placental blood flow, which might
increase fetal growth restriction.70,71 Treatment of mild to mod-
erate hypertension is associated with a decrease in the risk of
developing severe hypertension by approximately 50%, but the
overall risk of developing pre-eclampsia is unchanged.72 More-
over, women treated with antihypertensives were more likely
to develop adverse drug effects compared with those who re-
ceived placebo or were untreated. Antihypertensive therapy,
however, is required to reduce the risk of cardiovascular mor-
bidity such as heart or renal failure, and acute risk of stroke
in pregnant women with severe hypertension (diastolic >110
mm Hg).

T.D. has normal renal function and her BP is <100 mm Hg;
she does not need antihypertensive drug treatment at this time.
If T.D. had been on drug therapy before conception, some ex-
perts would have her continue during the pregnancy.61,65,70 In
such cases, however, the doses of the antihypertensive agents
often need to be lowered or discontinued altogether to pre-
vent hypotension because the maternal BP naturally decreases
during the second trimester. The only antihypertensive drugs
absolutely contraindicated during pregnancy are ACEI and an-
giotensin II-receptor blockers because of the association with
fetal and newborn morbidity and mortality.70 Atenolol use also
should be avoided because of the reported association with a
high incidence of IUGR.70

Perinatal outcomes in women with untreated chronic hy-
pertension who do not progress to pre-eclampsia are similar to
those of the general obstetric population.65 Although chronic
hypertension is a major risk factor for pre-eclampsia, treating
T.D.’s uncomplicated mild chronic hypertension is unlikely to
prevent the development of pre-eclampsia.
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METHYLDOPA
Methyldopa (Aldomet) is a centrally-acting α-agonist that

decreases sympathetic outflow to decrease BP. It is the antihy-
pertensive most commonly used for chronic treatment of hy-
pertension in pregnancy in the United States. The usual starting
dose of 750 to 1,000 mg/day, to be administered in three to four
daily divided doses, can be increased to 2 or 3 g/day if needed.
Higher doses may be needed to control BP in pregnancy.73

Methyldopa, classified as category B for fetal risk, has the
longest and best safety record of all antihypertensive agents
during pregnancy. Despite its common use, few adverse ef-
fects have been reported in neonates exposed to methyldopa in
utero. In addition, no congenital anomalies are associated with
methyldopa.33

Dizziness and sedation, accompanied by a loss of energy,
are among the most common adverse effects reported by preg-
nant women.73 Generally, these adverse effects occur early in
therapy and tend to subside, but may recur with an increased
dosage. Problems with postural hypotension usually do not
occur in pregnant females.73 Patients should be monitored for
methyldopa-induced liver damage.65 Other drugs used to treat
hypertension in pregnancy include labetalol and calcium chan-
nel blockers. A review of drug therapies for the treatment of
chronic hypertension in pregnancy is listed in Table 46-3.

Mild Pre-eclampsia
Etiology and Pathogenesis
The causes of pre-eclampsia currently remain unknown. Al-
though the pathogenesis begins early in pregnancy, the disease

is not clinically evident until the latter half of the pregnancy
and persists until the fetus is delivered.7,74 Incomplete physio-
logic placental vascular bed changes and endothelial cell dys-
function are integral to the pathogenesis of pre-eclampsia (see
Placental Physiology).

PLACENTAL ISCHEMIA
Early in a normal pregnancy, the trophoblastic migration

and invasion of the uterine spiral arteries result in physiologic
changes within the placental vascular bed that facilitate max-
imal intervillous blood flow. The physiologic changes within
these spiral arteries are responsible for creating a fixed low-
resistance arteriolar circuit, which increases blood supply to
the growing fetus. In pre-eclampsia, these physiologic changes
do not occur completely, resulting in decreased perfusion and
consequently, placental ischemia.7,74,75

ENDOTHELIAL DAMAGE
An intact vascular endothelium assists in preserving the

integrity of vasculature, mediating immune and inflamma-
tory responses, preventing intravascular coagulation, and mod-
ulating the contractility of the underlying smooth muscle
cell.75

In normal pregnancy, prostacyclin is increased 8 to 10
times, creating an increased ratio of prostacyclin to throm-
boxane A2.74 The biologic dominance of prostacyclin along
with nitric oxide plays an important role in maintaining va-
sodilation throughout pregnancy. Prostacyclin may be respon-
sible for vascular refractoriness to angiotensin II in nor-
mal pregnancy. In pre-eclampsia, the ratio of prostacyclin to
thromboxane A2 is reversed. Thromboxane A2 is biologically

Table 46-3 Drugs For Treatment of Chronic Hypertension In Pregnancy

Drug Dose Comments

Methyldopa 750–1000 mg/day start, increase
up to 2–3 g/day, divided in
–three to four doses

Longest safety record in pregnancy. Considered a first-line drug.66 Dizziness, sedation,
and lack of energy are common symptoms, which tend to resolve. Can cause liver
toxicity. Low breast milk concentrations so considered safe in breast-feeding.

Labetolol 200–400 mg/day start, increase
to up to 2,400 mg/day, divided
in two or sometimes three
doses

Combined α- and β-receptor antagonist properties. Considered a first-line drug.66

Increasingly preferred to methyldopa owing to fewer side effects. Neonatal effects could
include bradycardia and hypotension. Low concentration in breast milk and generally
considered safe in breast-feeding.235

Other β-Blockers Various Atenolol in particular associated with decreased placental weight and IUGR.287,288 IUGR
thought to be related to β-blocker–induced increased vascular resistance in mother and
fetus. Atenolol, acebutolol, metoprolol, nadolol, and sotalol can have high
milk-to-plasma ratios and accumulate in breast milk, creating potential risk for
neonatal-blockade.289,290 Propanolol found in only small amounts in breast milk and
generally considered safe, but infants should be monitored for hypotension, bradycardia,
and blood glucose changes.

Nifedipine, long
acting

30 mg/day start, increase to up
to 120 mg/day, single dose

Limited pregnancy data on nifedipine or other calcium channel blockers such as verapamil,
iltiazem, and amlodipine. Concentrations of nifedipine in breast milk are low and
considered compatible with breast-feeding.235,291

Diuretics Various Not first-line agents, although probably safe.61 Concern regarding potential interference
with normal blood volume expansion in pregnancy. Avoid if pre-eclampsia or IUGR
already present. Concentration low in breast milk, but may decrease milk production.

ACEI or ARB Contraindicated Contraindicated in pregnancy in all trimesters. Fetal renal failure when used after first
trimester, resulting in oligohydramnios, limb contractures, pulmonary hypoplasia, skull
hypoplasia, and irreversible neonatal renal failure.33 Increased risk major birth defects
with first trimester ACEI exposure.51 Minimal amounts of captopril and enalapril in
breast milk and both considered compatible with breast feeding.235 Minimal amounts of
benezepril in breast milk. Limited or no data on other ACEI or ARB.

* ACEI, angiotensin-converting enzyme inhibitor. ARB, angiotensin II receptor blocker. IUGR, intrauterine growth restriction.
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dominant during pre-eclampsia, leading to increased vascu-
lar sensitivity to angiotensin II and norepinephrine.74 The in-
creased release of thromboxane A2 is believed to be caused
by endothelial cell dysfunction. The end result is vasospasm,
which further increases endothelial cell dysfunction, and in-
creases BP.7,74 Reduced activity of nitric oxide synthase
and decreased nitric oxide-dependent or nitric oxide-indepen-
dent endothelium-derived relaxing factor are believed to in-
crease the vasoconstrive potential of pressors such as angio-
tensin II.61

Endothelial cell dysfunction in pregnancy is thought to be
caused by oxidative stress. Intermittent hypoxic and reperfu-
sion injury that occurs as a consequence of decreased placental
perfusion may increase oxidative stress.74,75 Endothelial dam-
age eventually leads to the disruption of the vascular lining,
which causes leaking capillary membranes, allowing fluid to
leak into the interstitium.75 In severe pre-eclampsia, this re-
sults in hypovolemia, hemoconcentration, and consequently
an increase in hematocrit. The loss of plasma volume, va-
sospasm, and microthrombi decrease perfusion of the kidney,
CNS, liver, and other organs. The loss of intravascular proteins
in the urine secondary to renal damage, and through dam-
aged epithelia, decreases plasma oncotic pressure and leads to
a rapid onset of nondependent edema. The imbalance of en-
dogenous procoagulants and anticoagulants produces platelet
consumption and results in thrombocytopenia and coagulation
defects.75

Clinical Presentation

24. T.D. returns to her obstetrician 3 weeks later at 31 weeks’
gestation complaining of mild hand and leg edema. She has 1+
proteinuria by dipstick and her BP is 155/102 mm Hg. An ultra-
sound demonstrates fetal growth restriction. Laboratory results
are serum Cr 0.9 mg/dL (normal, 0.5–0.7); UA 6.0 mg/dL (nor-
mal, 2.5–5.9); aspartate aminotransferase (AST) 25 U/L (normal,
0–35); alanine aminotransferase (ALT) 16 U/L (normal, 0–35);
platelets 230,000/mm3 (normal, 203,000–353,000. What signs and
laboratory evidence are consistent with pre-eclampsia in T.D.?
Does she have mild or severe pre-eclampsia?

T.D.’s diastolic BP is now higher than it was before her
pregnancy and has increased by 12 mm Hg in the last 3
weeks. Although an increase in BP by itself is not diag-
nostic of pre-eclampsia, the new finding of proteinuria con-
firms the diagnosis. Other evidence for pre-eclampsia includes
the elevated serum uric acid concentration, which is a sensi-
tive marker for pre-eclampsia, and elevated creatinine.67 T.D.
denies headaches, visual disturbances, and abdominal pain,
which are symptoms of severe pre-eclampsia. The transam-
inases and platelet count are normal; therefore she does not
have HELLP syndrome at this time. T.D.’s clinical presenta-
tion is consistent with mild pre-eclampsia; however, a 24-hour
urine collection should be obtained to measure protein excre-
tion, quantify the urine output, and further rule out severe pre-
eclampsia.

Treatment
GENERAL PRINCIPLES

25. T.D. is admitted to the hospital. The 24-hour urine protein
is 500 mg/24 hours. Although fetal growth is restricted, all other
fetal testing is reassuring. After 24 hours, her BP decreased to

140/95. Her platelet counts remained stable and >200/mm3 and
transaminases were normal. No other signs and symptoms of pre-
eclampsia were noted. How should T.D.’s mild pre-eclampsia be
managed?

The delivery of the fetus is the only cure for pre-eclampsia
and would be the best treatment option for T.D. if she were
>weeks’ gestation.7 T.D. has mild disease, however, and is not
close to term. Her delivery should be postponed because pre-
mature delivery increases neonatal morbidity and mortality.
T.D.’s fetus is somewhat growth restricted, which is common
in women with chronic hypertension, with or without super-
imposed pre-eclampsia. If T.D.’s fetus is severely growth re-
stricted or if subsequent fetal biophysical testing is abnormal,
premature delivery would be indicated.61 Because neither of
these is evident in the present circumstances, T.D. should carry
her fetus under very close medical supervision. It has been sug-
gested that continued hospitalization is appropriate for women
with preterm onset of mild pre-eclampsia, such as T.D.61 This
would allow for rapid intervention in case of rapid progression
of disease or associated complications. Probably a role exists
for outpatient monitoring of some select women with very fre-
quent maternal and fetal monitoring, and rehospitalization for
worsening disease.61

T.D. is also a candidate for administration of glucocorticoids
for fetal lung maturation (see also Question 55). Bedrest in the
lateral decubitus position is usually suggested and may help re-
duce BP and promote diuresis by decreasing vasoconstriction
and improving renal and uteroplacental perfusion. T.D. should
have her BP measured regularly each day. Her urine should be
checked daily for protein. Liver transaminases, platelets, and
creatinine should be measured periodically and whenever her
clinical status changes. She also should be assessed for symp-
toms of severe pre-eclampsia (e.g., headaches, visual distur-
bances, epigastric or right upper quadrant pain). Fetal surveil-
lance is indicated.61 One approach is to perform a modified
biophysical profile twice a week and whenever maternal clin-
ical status changes, and an ultrasound for fetal growth every 3
to 4 weeks.

Severe Pre-eclampsia
Clinical Presentation

26. T.D.’s BP for about 2 weeks ranged from 140 to 150 mm
Hg systolic and 90 to 100 mm Hg diastolic with bedrest. Her pro-
teinuria remained stable at 1+ to 2+ by dipstick. During the
past 2 days T.D.’s BP started to increase again, and today her
BP is 160/112 mm Hg and her urine dipstick is 3+. She com-
plains of headaches, dizziness, and visual disturbances and has
significant edema in her face, hands, legs, and ankles. T.D. is
transferred to the Labor and Delivery Unit for delivery. Perti-
nent laboratory results are Cr 1.3 mg/dL (normal, 0.5–0.6); UA
6.7 mg/dL (normal, 2.5–5.9); AST 30 U/L (normal, 0–35); ALT
16 U/L (normal, 0–35); total bilirubin 1 mg/dL (normal, 0.1–
1); platelets, 95,000/mm3 (normal, 203,000–353,000); hematocrit
38% (normal, 32.7%–36%), hemoglobin 13 g/dL (normal, 10.9–
13.5); random urine protein 4+. Estimated fetal weight by ultra-
sound is 1,700 g, which is between the 10th and 25th percentile for
a gestational age of 34 weeks. What signs, symptoms, and labora-
tory evidence of severe pre-eclampsia supports this diagnosis in
T.D.?
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T.D. has developed severe pre-eclampsia.64 Her systolic and
diastolic BP are above 160 and 112 mm Hg, respectively. She
has >3+ protein in a random urine sample and her serum
creatinine is >1.2 mg/dL. She complains of headaches and vi-
sual disturbances. T.D. is also thrombocytopenic as her platelet
count is 95,000/mm3. Although her liver transaminases are
currently normal, she may be developing HELLP syndrome,
a variant of severe pre-eclampsia associated with a high in-
cidence of maternal and perinatal morbidity and mortality.
Therefore, her laboratory values should continue to be moni-
tored even as delivery is being planned.

Complications

27. To what complications of severe pre-eclampsia would T.D.
be exposed?

T.D. is at risk for cerebral hemorrhage, cerebral edema, en-
cephalopathy, coagulopathies, pulmonary edema, liver failure,
renal failure, and eclamptic seizures.7,65 Severe pre-eclampsia
is not only dangerous to T.D., but also to her fetus because
uteroplacental perfusion is compromised. T.D. requires drug
treatments to both lower her BP and prevent eclampsia.

Acute Treatment of Severe Hypertension
HYDRALAZINE

28. How should T.D.’s severe hypertension be treated?

The goal of antihypertensive therapy in T.D. is to prevent
cerebral complications (e.g., encephalopathy, hemorrhage).65

Although it is important to reduce the maternal BP, it must be
accomplished gradually while the fetus is in utero because a
sudden large drop in maternal BP could result in the reduc-
tion of uteroplacental perfusion.67 Because of the potential for
fetal bradycardia during or after acute treatment of maternal
hypertension, continuous fetal heart rate monitoring should be
considered.

Hydralazine, a direct arterial smooth muscle dilator, has
been the drug of choice for the acute treatment of severe hy-
pertension in pregnancy.65,73 This drug induces a baroreceptor-
mediated tachycardia and increases cardiac output, which in-
creases uterine blood flow as the BP is lowered.67 Hydralazine
5 mg IV over 1 to 2 minutes should be administered to T.D.
and repeated in doses of 5 to 10 mg every 20 to 30 minutes to
a cumulative dose of 20 mg.7,65

T.D. should have repeated measurements of her BP at 15-
minute intervals. Because intervillous blood flow depends on
maternal perfusion pressure, the goal is to decrease the diastolic
pressure to not less than 90 mm Hg.7,65 Lowering the mater-
nal BP excessively may decrease uteroplacental perfusion and
compromise the fetus. The onset of antihypertensive effect for
hydralazine ranges from 10 to 20 minutes and duration of action
ranges from 3 to 6 hours after an IV dose.67 Therefore, doses of
hydralazine should not be repeated more frequently than every
20 to 30 minutes to prevent drug accumulation.73 T.D. should
also be monitored for nausea, vomiting, tachycardia, flush-
ing, headache, and tremors. Some of these hydralazine-induced
adverse effects mimic symptoms associated with severe pre-
eclampsia and imminent eclampsia, making it difficult for a
clinician to differentiate between drug-associated and disease-
related problems.73 Fetal hydralazine serum concentrations are
reportedly the same as or higher than maternal serum concen-

trations, but drug-associated fetal abnormalities have not been
reported.33

ALTERNATIVE ANTIHYPERTENSIVE DRUGS

29. After receiving two doses of IV hydralazine (total dose
15 mg), T.D.’s BP decreased to 150/100 mm Hg. What other an-
tihypertensive drugs could have been used to treat her severe hy-
pertension?

Labetalol
Labetalol (Trandate) is the second most commonly used drug
to treat severe hypertension during pregnancy. It should be
administered IV in increasing doses of 20, 40, and 80 mg every
10 minutes to a cumulative dose of 300 mg or until the diastolic
pressure is <100 mm Hg.76 The onset of action is within 5
minutes, and its effect peaks in 10 to 20 minutes with a duration
of action ranging from 45 minutes to 6 hours.

Intravenous labetalol is as effective as intravenous hy-
dralazine in lowering BP in patients with hypertension dur-
ing pregnancy, but has fewer reported adverse effects.73,77 In
a meta-analysis of β-blocker trials for the treatment of hy-
pertension in pregnancy, labetalol was associated with less
maternal hypotension, fewer cesarean deliveries, and no in-
crease in perinatal mortality.77 Labetalol also does not appear
to decrease uteroplacental blood flow even with a decrease
in maternal BP.73 Labetalol reduces cerebral perfusion pres-
sure, which occurs in up to 43% of women with severe pre-
eclampsia, without negatively affecting cerebral blood flow.78

Decreased cerebral perfusion pressure may prevent progres-
sion to eclampsia. It, however, should be avoided in women
with asthma and heart failure.61 Labetalol has also been associ-
ated with higher rates of neonatal bradycardia and hypotension
than hydralazine, but not higher rates of neonatal intensive care
admission.79,80

Nifedipine
Nifedipine (Procardia, Adalat) has been used in doses of
10 mg for acute treatment of severe hypertension during preg-
nancy because it can be given orally.73 Nifedipine is effective in
decreasing BP without reducing uteroplacental blood flow or
decreasing fetal heart rate. Short-acting nifedipine capsules are
no longer recommended for the treatment of acute hypertensive
urgency, however, because of the risk of stroke or myocardial
infarction, and it was never US Food and Drug Administration
(FDA) approved for this indication. Immediate-release nifedip-
ine continues to be used to treat hypertension in pregnancy,
however, because this unique patient population may not be
at high risk for ischemic events secondary to atherosclerotic
disease.70 Calcium gluconate or calcium chloride should be
available for IV administration in the event of sudden hypoten-
sion. Caution should be used when giving nifedipine to women
concomitantly treated with magnesium sulfate because these
drugs have synergistic effects, causing hypotension and neu-
romuscular blockade.81

Several studies comparing oral nifedipine with IV labetalol
in hypertensive emergencies of pregnancy have found them to
be equally effective in lowering BP.82,83 Nifedipine lowers BP
to <160 mm Hg systolic and <100 mm Hg diastolic earlier
than labetalol,82 but it increases cardiac index83 (see Chapter
20, Hypertensive Emergencies).
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Eclampsia
Magnesium Sulfate Prophylaxis

30. T.D. was given magnesium sulfate 4 g IV for 30 minutes
and then started on a continuous IV infusion of 2 g/hour. Labor
was induced, and T.D. subsequently delivered vaginally. Why was
T.D.’s drug therapy appropriate?

Magnesium sulfate was given to T.D. to prevent eclamptic
seizures during labor.61 Although termination of the pregnancy
is the definitive treatment for severe pre-eclampsia, the intra-
partum and immediate postpartum periods are also the periods
of greatest risk for eclampsia.67 Although the incidence of
eclampsia is extremely low, maternal morbidity and mortality
are high.84 In the United States, it has been usual practice to
treat all pre-eclamptic women with magnesium sulfate during
labor and for 12 to 24 hours postpartum.61,65 In the United
Kingdom, it is common to reserve magnesium sulfate ther-
apy for severe pre-eclampsia.85 The evidence for magnesium
sulfate prevention of the progression of disease in mildly pre-
eclamptic women has been largely anecdotal. In a large inter-
national study of more than 10,000 women, magnesium sulfate
clearly decreased the risk of eclampsia in pre-eclamptic women
by 58% compared with placebo.85 An observational study of
nearly 2,500 women with mild pre-eclampsia (BP of 140/90
and 1+ protein) found an incidence of eclampsia of about 1%,
without the use of seizure prophylaxis.86

In a prospective, randomized study, magnesium sulfate was
superior to phenytoin for the prevention of eclampsia in hy-
pertensive pregnant women.84 In addition, magnesium sulfate
was more effective than nimodipine for seizure prophylaxis in
severely pre-eclamptic women.87

A regimen of magnesium sulfate 4 to 6 g IV as a load-
ing dose followed by a continuous infusion of 2 g/hour is the
most commonly used regimen in the United States.88 Contin-
uous infusion of 1 g/hour has been associated with treatment
failures.89 Intravenous loading doses of 6 g followed by con-
tinuous infusions of 2 g/hour maintain therapeutically effec-
tive magnesium serum concentrations between 4 to 8 mg/dL.89

Using a loading dose of 4 g consistently resulted in subthera-
peutic serum levels (<4 mg/dL), prompting a protocol change
to a 6-g load in one study.86 A magnesium sulfate 50% solu-
tion can be used to administer 10 g IM in two divided doses
into the upper outer quadrant of each buttock followed by 5 g
IM every 4 hours, although this protocol is not commonly
used.88 Because magnesium is excreted by the kidneys and will
accumulate in cases of renal dysfunction, the continuous infu-
sion rate must be lowered with oliguria or an elevated serum
creatinine.

Because of the potential for infusion errors and significant
patient morbidity and even mortality with accidental overdoses
of magnesium sulfate, the Institute of Medicine has identified
magnesium sulfate as a high-risk medication.90 All infusions
of magnesium sulfate must be given through a controlled pump
designed to protect against free flow. If such an infusion pump
is not available, the IM route of administration should be used.
Dispensing premixed IV bags from central pharmacy with a
standardized concentration of magnesium sulfate and limiting
the total grams of magnesium sulfate in each dispensed IV bag
also can help guard against inadvertent overdose. Dispensing
the loading dose in a separate small bag (e.g., 4 g in 100 mL)

from the maintenance bag (e.g., 20 g in 200 mL) also may be
helpful.91

31. What is the proposed mechanism of action of magnesium
sulfate in the prevention and treatment of eclamptic seizures?

The precise mechanism of anticonvulsant action of mag-
nesium for the prevention and treatment of eclamptic seizures
is unknown. The anticonvulsant activity may be partly me-
diated through blockade of an excitatory amino acid recep-
tor, N-methyl-d-aspartate (NMDA).81 Seizures are thought to
be caused by decreased cerebral blood flow because of va-
sospasm. Magnesium sulfate is a potent cerebral vasodilator
and increases the synthesis of prostacyclin, an endothelial va-
sodilator. It also causes a dose-dependent decrease in systemic
vascular resistance, which may explain its transient hypoten-
sive effect. Magnesium may also protect against oxidative in-
jury to endothelial cells.81

Monitoring Magnesium Sulfate Therapy

32. What subjective and objective data should be monitored
during treatment of T.D. with magnesium?

Deep tendon reflexes (patellar reflex), respiratory rate, and
urine output should be monitored periodically during treat-
ment with magnesium sulfate.84 The loss of patellar reflexes,
the first sign of magnesium toxicity, generally occurs at serum
concentrations of 8 to 12 mg/dL. The respiratory rate should be
monitored hourly and should be >12 breaths/minute. Respira-
tory arrest can occur with serum concentrations of >13 mg/dL.
Urine output should be carefully monitored and should be at
least 100 mL every 4 hours (or 25 mL/hour).84 Magnesium
serum concentrations are not routinely measured unless renal
dysfunction is evident with oliguria or elevated serum crea-
tinine, because magnesium is almost entirely excreted by the
kidney.81,84 Hypocalcemia and hypocalcemic tetany also can
occur secondary to hypermagnesemia and can be reversed by
calcium gluconate 1 g (10 mL of a 10% solution) slow IV
push over 3 minutes.7 Neuromuscular depression can occur
in infants whose mothers received magnesium sulfate.33 Par-
enteral magnesium sulfate is safe and rarely causes maternal
or neonatal toxicity when administered properly but requires
built-in system safeguards to avoid unintended dosing errors.91

Treatment

33. What is appropriate drug therapy for eclampsia?

Diazepam, phenytoin, and magnesium sulfate have all been
used to treat eclampsia. The use of magnesium sulfate to treat
these seizures results in less maternal morbidity and mortality
and less neonatal morbidity.84,92 Generally, higher serum con-
centrations of magnesium sulfate are needed to treat than to
prevent eclamptic seizures. The same therapeutic range guides
both prophylaxis and treatment, however.88 Seizures unrespon-
sive to magnesium sulfate treatment should prompt an evalua-
tion for other cerebrovascular events (e.g., cerebral hemorrhage
or infarction).88

34. How long should magnesium sulfate be continued in T.D.?

Depending on the severity of pre-eclampsia, magnesium
sulfate therapy usually is continued for 24 hours after
delivery.93 Attempts are being made to identify patient-specific
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criteria that can be used to determine the optimal duration of
therapy. Women with severe pre-eclampsia or pre-eclampsia
superimposed on chronic hypertension are at greater risk for
disease exacerbation when magnesium sulfate is discontinued
too soon.

INDUCTION OF LABOR
Mechanisms of Term Labor
In pregnancy, many hormones and peptides, including pro-
gesterone, prostacyclin, relaxin, nitric oxide, and parathyroid
hormone-related peptide inhibit uterine smooth muscle con-
tractility. Labor at term occurs because the myometrium is
released from its quiescent state.94 For example, as proges-
terone concentrations decrease near term gestation, estrogen
may stimulate uterine contractility.

Uterine activity is divided into four phases: quiescence
(phase 0), activation (phase 1), stimulation (phase 2), and in-
volution (phase 3). Each of these phases is stimulated or inhib-
ited by several factors.94 During activation, uterotropins, such
as estrogen, and possibly others stimulate a complex series of
uterine changes (e.g., increased myometrial prostaglandin and
oxytocin receptors and myometrial gap junctions), which are
important for the coordination of contractions. These changes
help prime the myometrium and cervix for stimulation by the
uterotonins oxytocin and prostaglandins E2 and F2α . The cervix
softens, shortens, and dilates, a process referred to as cervical
ripening. Uterine stimulation is responsible for the change in
myometrial activity from irregular to regular contractions. Dur-
ing phase 3, involution of the uterus occurs after delivery and
is mediated mostly by oxytocin.94

The exact stimulus of the biochemical scheme leading to
labor in humans is unknown. The fetus may help facilitate
this process by affecting placental steroid production through
mechanical distention of the uterus and by activating the fetal
hypothalamic-pituitary-adrenal axis. Ultimately, these lead to
increased production of oxytocin and prostaglandins by the
fetoplacental unit.

Labor is divided into three stages.95 Weak, irregular, rhyth-
mic contractions (Braxton-Hicks contractions or “false labor”)
may happen for weeks before the onset of true labor. The first
stage begins with the start of regular uterine contractions and
ends with complete cervical dilation. Stage 1 is divided further
into the latent phase, active phase, and deceleration phase. Dur-
ing the latent phase, the cervix effaces (thins) but dilates min-
imally. The contractions become progressively stronger and
longer, better coordinated, and more frequent. The duration of
the latent phase is the most varied and unpredictable of all as-
pects of labor and can continue intermittently for days. During
the active phase, contractions are strong and regular, occurring
every 2 to 3 minutes. The cervix dilates from 3 to 4 cm to full
dilation, usually 10 cm. The second stage starts with complete
cervical dilation and ends with the delivery of the fetus. The
third stage of labor is the time between the delivery of the fetus
and the delivery of the placenta.95

Indications, Contraindications, and Requirements

35. J.T., a 28-year-old primigravida, is admitted to the labor
and delivery suite for labor induction. She is at 42 weeks’ gesta-

tion by dates and ultrasound and has a normal obstetric exam-
ination. Cervical examination reveals an unfavorable cervix for
labor induction; Bishop score is 4. What are the indications and
contraindications for labor induction in J.T.?

The induction of labor involves the artificial stimulation
of uterine contractions that lead to labor and delivery.96 In-
duction of labor is indicated when the continuation of preg-
nancy jeopardizes maternal or fetal health (e.g., pre-eclampsia,
chorioamnionitis [infection of the fetal membranes}, fetal
demise, IUGR, Rho(D) alloimmunization, maternal medical
problems, post-term pregnancy).96 Post-term pregnancy (≥42
weeks’ gestation), as in J.T.’s case, is the most common in-
dication and most commonly encountered problem leading to
induction of labor.96,97 Contraindications to labor induction are
similar to those for spontaneous labor and vaginal delivery and
include, but are not limited to, active genital herpes infection,
placenta previa (abnormally implanted placenta), prior classic
uterine incision, transverse fetal lie, and prolapsed umbilical
cord. If uterine activity is appropriately monitored, induced la-
bor yields similar maternal and perinatal outcomes as those
with spontaneous labor.96

A complete assessment of both mother and fetus should be
performed before inducing labor.96−98 Previous labor compli-
cations or cesarean deliveries in the mother should be con-
sidered. Fetal maturity must be assessed accurately before the
induction of labor to avoid the inadvertent delivery of a preterm
fetus.96,98 Every attempt should be made to ensure fetal lung
maturation before inducing labor when termination of preg-
nancy is necessary before 34 weeks’ gestation, and antenatal
corticosteroids should be administered.99

The degree of cervical ripeness and readiness for induction
of labor should be assessed because the success of labor in-
duction depends on the degree of cervical ripeness.96,100 The
state of the cervix is assessed using a pelvic scoring method.
The Bishop method assigns a score based on the station of
the fetal head relative to the maternal spine and the extent of
cervical dilation, effacement, consistency, and position.98,100

Bishop scores of >8 are associated with a 100% induction
rate and short labor.96,100 Bishop scores ≤4, as is documented
in J.T., are associated with a high likelihood of failed in-
ductions and cesarean deliveries. Women with Bishop scores
≤2 who undergo cervical ripening before induction of labor
still, however, have high incidence of failure and cesarean
deliveries.100

Cervical ripening can be accomplished by the administra-
tion of prostaglandins (E2 and E1) or low-dose oxytocin. Al-
ternatively, cervical dilators or separation of the chorioam-
niotic membranes from the internal surface of the uterus
can ripen the cervix.96,98,100 Osmotic or hygroscopic dila-
tors (e.g., Dilapan, Lamicel) work by absorbing cervical
mucus and gradually swelling, thereby dilating the cervical
canal.98,100 The hygroscopic dilators require less monitor-
ing of the mother when compared with the administra-
tion of prostaglandins; however, they do not appear to
decrease the incidence of cesarean deliveries.98,100 Labor in-
duction is accomplished most commonly by amniotomy (arti-
ficial rupture of the fetal membranes) and oxytocin adminis-
tration.96,98

Although labor induction is medically indicated in J.T. to
decrease the risk of an adverse fetal outcome with continuing
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a post-term pregnancy, her cervix is unfavorable for ind-
uction.

Cervical Ripening
Prostaglandin E2 (Dinoprostone)

36. When should dinoprostone be used to induce labor?

Prostaglandins (e.g., dinoprostone) induce cervical ripen-
ing and enhance myometrial sensitivity to oxytocin by pro-
moting the breakdown of collagen and increasing the sub-
mucosal hyaluronic acid and water content.96,98,100 A Bishop
score of ≤4 is a definite indication for cervical ripening. Al-
though not universally accepted, intermediate Bishop scores
of 5 to 7 indicate a need for cervical ripening.101 Patients
with intermediate Bishop scores undergoing cervical ripening
with prostaglandins are more likely to achieve labor without
oxytocin.96 Dinoprostone is the drug used most commonly for
cervical ripening.98 Up to half of the women treated with dino-
prostone experience labor and deliver within 24 hours, some
without oxytocin.102−104 Dinoprostone cervical gel (Prepidil
Gel) contains dinoprostone 0.5 mg/3 g (2.5 mL gel) and is ad-
ministered endocervically. Dinoprostone vaginal insert (Cer-
vidil) contains dinoprostone 10 mg and is inserted vaginally.105

Prepidil Gel must be refrigerated and Cervidil vaginal in-
serts must remain frozen until administration. Women with
unfavorable cervices, such as J.T., should undergo a trial of
cervical ripening with dinoprostone before labor induction.
Post-term women with unfavorable cervices who receive dino-
prostone have shorter durations of labor, require lower doses
of oxytocin, and may have a decreased incidence of cesarean
deliveries.100,102−104

37. Which dinoprostone dosage form should be used in J.T.?

Both dinoprostone products are effective for cervical ripen-
ing, leading to successful induction of labor.100,102–104 The
two dinoprostone formulations differ in dosing and applica-
tion.105,106

DINOPROSTONE GEL (PREPIDIL)
Prepidil 0.5 mg should be administered endocervically at

room temperature in or near the labor and delivery suite.96,106

After administration, the patient should remain in a recum-
bent position for at least 30 minutes to minimize leakage from
the cervix.96,106 Fetal heart rate and uterine activity should be
monitored before administration and continuously for at least
2 hours after administration. The cervix should be reassessed
and the dose repeated every 6 hours if needed or until a maximal
cumulative dose of 1.5 mg (three doses) has been administered
in 24 hours.106 Most women need more than one application,
and at least 50% need three doses.107 The average wholesale
price for one dose of Prepidil Gel has been about $172/0.5-mg
dose.108

Once the cervix has ripened but the patient is not in
active labor, oxytocin may be started if at least 6 hours
have elapsed from the time the last dinoprostone dose was
administered.105,109 Waiting at least 6 to 12 hours may decrease
the incidence of uterine hyperstimulation, which is defined
as uterine contractions occurring more frequently than every
2 minutes or lasting longer than 90 seconds, with or without
fetal heart rate changes.110

DINOPROSTONE VAGINAL INSERT (CERVIDIL)
The dinoprostone 10-mg vaginal insert, Cervidil, slowly

releases dinoprostone 0.3 mg/hour over a 12-hour period.105

The insert is contained within a knitted pouch attached to a
long tape. This is a major advantage because it can be removed
quickly at the beginning of active labor or in the event of uterine
hyperstimulation.105,109 The use of this vaginal insert requires
continuous monitoring of fetal heart rate and uterine activity for
as long as the insert is in place and for at least 15 minutes after
its removal because of possible uterine hyperstimulation any-
time during its administration.103,109 The dinoprostone vaginal
insert allows for a shorter dosing interval for oxytocin, which
can be infused as soon as 30 minutes after the removal of the
dinoprostone vaginal insert.105 The total cost of using Cervidil
may be considerably less than Prepidil.

EFFICACY OF DINOPROSTONE GEL VERSUS VAGINAL INSERT
The number of prospective, randomized trials compar-

ing the efficacy of dinoprostone endocervical gel and the
controlled-release vaginal insert for preinduction cervical
ripening are limited.107,111 In one study, women treated with
the vaginal insert experienced shorter cervical ripening and
delivery times, decreased need for oxytocin, and decreased
lengths of hospital stay.107 A second prospective, randomized
comparison of the two products showed no difference in the
number of women delivering within 24 hours, time to delivery,
or cesarean deliveries.111 Women treated with the vaginal in-
sert achieved a greater change in Bishop score and active labor,
negating the need for oxytocin.

ADVERSE EFFECTS
The most serious side effect associated with dinoprostone

administration is uterine hyperstimulation with or without ab-
normal fetal heart rate tracings. The incidence of uterine hyper-
stimulation associated with the use of dinoprostone intravagi-
nal insert is about 5%; the rate of occurrence for dinoprostone
endocervical gel is about 1%.96,109 Uterine hyperstimulation
occurs more frequently if the Bishop score is >4 before ad-
ministration of dinoprostone and can occur up to 9.5 hours
after placement of the intravaginal insert.96,97 Most episodes
of uterine hyperstimulation with the use of the vaginal insert
occur during active labor and resolve within a few minutes
after removal of the insert.103 Uterine contraction abnormal-
ities may be avoided if the insert is promptly removed at the
onset of labor.112

Both dinoprostone formulations are associated with fever,
nausea, vomiting, and diarrhea; and neither are associated with
adverse neonatal outcomes.96,105,106 Therefore, either formu-
lation of dinoprostone is appropriate for cervical ripening in
J.T. Cervidil may be more cost effective.

Misoprostol (Cytotec)

38. What advantages does misoprostol have over dinoprostone
when used for cervical ripening?

Misoprostol (Cytotec) is a prostaglandin E1 analog ap-
proved for use in the prevention of nonsteroidal anti-
inflammatory drug (NSAID)-induced peptic ulcer disease. It
also has been used for cervical ripening and the induction
of labor in women despite the lack of approval by the FDA
for these latter indications.112,113 In two large meta-analyses,
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misoprostol was more effective for cervical ripening and
labor induction than either placebo or treatment with
dinoprostone.112,113 Failure to deliver within 24 hours and the
need for supplemental oxytocin were both higher in women
treated with dinoprostone compared with women treated with
misoprostol. Women treated with misoprostol experienced la-
bor more often during cervical ripening and had a reduced rate
of cesarean deliveries, a shorter delivery time, and a greater
incidence of vaginal delivery within 24 hours, but a higher
incidence of uterine contraction abnormalities.112−114 In other
comparisons, intravaginal misoprostol resulted in shorter times
to delivery than either dinoprostone vaginal insert or dinopro-
stone endocervical gel.115,116 Again, uterine hyperstimulation
without fetal heart rate abnormalities was most common with
misoprostol use. Maternal and neonatal outcomes were sim-
ilar in both groups. The need for oxytocin is decreased sig-
nificantly in women treated with misoprostol compared with
women treated with dinoprostone.117

Misoprostol has been given both orally and intravaginally,
but intravaginal doses of 25 mcg every 4 hours are more effec-
tive than oral doses of 50 mcg every 4 hours for cervical ripen-
ing and labor induction.118 Misoprostol 25 mcg (one-fourth of
a 100-mcg tablet) is inserted into the posterior vaginal fornix
and repeated as needed every 3 to 6 hours.114,117 Higher doses
of 50 mcg are associated with increased uterine contractile
abnormalities.112,117 Continuous fetal heart rate and uterine
monitoring is recommended throughout the administration of
misoprostol.116

Misoprostol should not be used in women with previous
uterine scars because of the risk for uterine rupture.114,115

Misoprostol appears to be an effective, and much less costly
method of cervical ripening, but the incidence of uterine hy-
perstimulation appears to be increased relative to dinopros-
tone, especially with higher doses. Although misoprostol is a
known teratogen in the first trimester of pregnancy, there are
no reports of teratogenic effects with exposure beyond the first
trimester.114 Misoprostol’s low cost and ease of administration
are advantages over dinoprostone; however, its lack of FDA
approval for cervical ripening and induction of labor is a dis-
advantage.

Oxytocin (Pitocin)
Mechanism of Action

39. Twelve hours after administration of dinoprostone vaginal
insert, J.T.’s cervix has responded and her Bishop score is now 9,
but she has not developed a consistent pattern of uterine contrac-
tions. What drug therapy should be initiated at this point?

Synthetic oxytocin should be administered to J.T. to stim-
ulate uterine contractions for accomplishing delivery. Oxy-

tocin increases the frequency, force, and duration of uterine
contractions.119 The uterine response to oxytocin increases
throughout pregnancy beginning at approximately 20 weeks’
gestation and increases considerably at 30 weeks’ gestation.119

Oxytocin is indicated for both the induction and augmentation
of labor. A prolonged latent phase or dystocia (difficult labor)
caused by uterine hypocontractility in the active phase of labor
is indication for augmentation with oxytocin.120

Dosing and Administration

40. How should oxytocin be administered to J.T.?

Oxytocin should be administered by continuous IV infu-
sion using a controlled infusion device. The goal of oxytocin
administration is to induce uterine contractions that dilate the
cervix and aid in the descent of the fetus while avoiding uterine
hyperstimulation and fetal distress.121 There are two opposing
views about oxytocin administration for the induction or aug-
mentation of labor. One view is that oxytocin infusions should
mimic physiologic doses in the range of 2 to 6 mU/minute
with the goal being vaginal delivery with as little as possi-
ble uterine hyperstimulation and fetal distress.115 The other
view is that oxytocin should be used in pharmacologic doses
to cause strong uterine contractions with the goals being short-
ened labor, timely correction of dysfunctional labor, decreased
cesarean deliveries, and reduced maternal morbidity.111,120

Oxytocin plasma concentrations increase linearly with
increasing doses and steady-state is reached within 20 to
40 minutes. Oxytocin serum concentrations correlate poorly
with uterine activity, however.122 Factors that may affect re-
sponse to oxytocin include parity, gestational age, and cervical
dilation.120,122

Despite many randomized, controlled trials and much ex-
perience with oxytocin, the optimal starting doses, dosage in-
crements, dosing intervals, and maximal doses are different
in the various protocols (Table 46-4).110,119,121 Starting doses
range from 0.5 to 0.6 mU/minute and dose increment intervals
range from 15 to 60 minutes.96,110,121 Waiting for 30 to 40 min-
utes between each dosage rate increase allows time to assess
the response at steady-state. Most low-dose protocols usually
start oxytocin at 1 to 2 mU/minute and increase the rate of in-
fusion by 1 to 2 mU/minute every 30 to 40 minutes.121,123

High-dose protocols start oxytocin at 3 to 6 mU/minute
with incremental increases of 3 to 6 mU/minute every 20 to
40 minutes. The maximal dose of oxytocin for augmentation
of delivery and for induction of labor are 20 mU/minute and 40
mU/minute, respectively.121 The American College of Obste-
tricians and Gynecologists recommends a low-dose oxytocin
protocol starting at 0.5 to 2 mU/minute and increasing by 1 to
2 mU/minute every 30 to 60 minutes, using a cervical dilation
rate of 1 cm/hour as a gauge of adequate progression of active
labor.96

Table 46-4 Oxytocin Regimens for Induction and Augmentation of Labor

Regimen Starting Dose Incremental Increase Dosage Interval Maximum Dose Reference

Low-dose 1 mU/min 1 mU/min up to 8 U/min then 2 mU/min 20 min 20 mU/min 131
High-dose 6 mU/min 6 mU/mina 20 or 40 min 42 mU/min 130

4 mU/min 4 mU/min 15 min Until adequate contractility reached 132

aUterine hyperstimulation: reduce incremental increase to 3 mU/min; recurrent hyperstimulation: reduce to 1 mU/min.
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Oxytocin protocols using higher doses or shorter dose ad-
justment intervals (15–20 minutes) for augmentation of la-
bor generally result in fewer cesarean deliveries for labor
dystocia.123−125 The incidence of uterine hyperstimulation
during labor induction is higher with high-dose protocols
(initial dose of 6 mU/minute with incremental increases of
6 mU/minute), however, when compared with shorter dosing
adjustment intervals of 20 minutes or with longer dose ad-
justment intervals of 40 minutes.123 Women undergoing labor
induction with high-dose oxytocin have a higher incidence of
uterine stimulation and cesarean deliveries for fetal distress,
but a reduced incidence of failed inductions and neonatal sep-
sis compared with women treated with low-dose oxytocin.124

In general, lower maximal doses are needed for augmentation
of labor than for induction of labor.121,124

J.T. should be started on an infusion of oxytocin 10 or 20 U
diluted in 1,000 mL of an isotonic solution (concentration = 10
and 20 mU/mL, respectively) at 1 mU/minute. She should have
continuous uterine and fetal heart rate monitoring throughout
the infusion to detect abnormal uterine contraction patterns
or fetal heart rate patterns. The goal is to establish a pattern
of three to five uterine contractions of 60 to 90 seconds du-
ration per 10-minute period.110 The oxytocin infusion should
be increased by 1 to 2 mU/minute every 30 to 40 minutes as
needed for inadequate progression of labor (cervical dilation
rate of <1cm/hour).96 Fluid intake and urine output should be
assessed hourly.

Adverse Effects

41. What are the adverse effects and complications of oxytocin
for which J.T. should be monitored?

Uterine hyperstimulation with fetal heart rate deceleration
is the most common adverse effect of oxytocin.119,120 Uterine
hyperstimulation, usually associated with excessive maternal
dosing or increased myometrial sensitivity to oxytocin, may
result in uterine rupture, vaginal and cervical lacerations, pre-
cipitous delivery, abruptio placentae, emergency cesarean de-
livery for fetal distress, and postpartum hemorrhage secondary
to uterine atony. In general, neonatal outcomes associated with
oxytocin use do not differ from those achieved by spontaneous
labor.110 Although oxytocin has only weak antidiuretic proper-
ties, water intoxication resulting in seizures, coma, and death
have been reported.96 Intravenous bolus administration may
cause paradoxical relaxation of vascular smooth muscle lead-
ing to hypotension and tachycardia.119

POSTPARTUM HEMORRHAGE
Prevention

42. What are other uses for oxytocin during delivery other than
induction or augmentation of labor?

Oxytocin is administered routinely following the deliv-
ery of the placenta to promote uterine contraction and
vasoconstriction.119,126 Uterine contraction leading to vaso-
constriction is important for hemostasis.126 Uterine atony, the
condition in which the uterus fails to contract after delivery
of the placenta, is the most common cause of postpartum
hemorrhage.119,126,127 Risks for uterine atony include induc-
tion with oxytocin, prolonged labor, overdistended uterus, and
previous postpartum hemorrhage.126−128 Oxytocin 10 to 20 U

IM or diluted in 0.5 to 1 L of parenteral fluid and given as an
IV infusion of 200 mU/minute until the uterus is firmly con-
tracted reduces the risk for postpartum hemorrhage secondary
to uterine atony.119,129 Oxytocin should never be administered
undiluted as a bolus dose because it can cause severe hypoten-
sion and cardiac dysrhythmias.129

Misoprostol
Misoprostol 400 to 600 mcg can be administered orally in the
third stage of labor to prevent postpartum hemorrhage.130,131

In a comparison of 600 mcg oral misoprostol with parenteral
Oxytocin for prevention of postpartum hemorrhage, Oxytocin
was, however, marginally but statistically more effective and
had fewer side effects.132 Misoprostol also can be adminis-
tered rectally. The vaginal route is not preferred in the setting
of bleeding. Rectal administration is associated with a lower
incidence of fever and shivering, which is common with orally
administered misoprostol during the third stage of labor.130

The rectal route of administration also is associated with lower
maximal serum concentrations and lower time to maximal con-
centrations than when the drug is administered orally.

Treatment

43. Within a few hours of delivering her fetus, J.T. has visible
vaginal bleeding. She has a distended uterus and the hemorrhage
is attributed to uterine atony. Uterine massage and infusion of
oxytocin do not control the bleeding. What other pharmacologic
options are available to treat her?

Ergot Alkaloids
If the postpartum hemorrhaging does not respond to
oxytocin administration, ergonovine maleate (Ergotrate)
and its semisynthetic derivative, methylergonovine maleate
(Methergine) can be used because of their potent utero-
tonic effects. Iintramuscular administration is associated with
less frequent adverse effects (nausea, vomiting, hypertension,
headache, chest pain, dizziness, tinnitus, diaphoresis) than the
intravenous route.127,133 Ergot alkaloids should be avoided in
hypertensive and eclamptic patients because of the potential
for arrhythmias, seizures, cerebrovascular accidents, and rarely
myocardial infarction. The dose of both drugs is 0.2 mg ad-
ministered IM every 2 hours as needed. This may be followed
by 0.2 to 0.4 mg administered orally two to four times daily
for 2 to 7 days to promote involution of the uterus.133

15-Methyl Prostaglandin F2 (Carboprost Tromethamine)
Bleeding caused by uterine atony that is unresponsive
to oxytocin can be treated with 15-methyl prostaglandin
F2α-tromethamine, also known as carboprost tromethamine
(Hemabate).126,128 Carboprost tromethamine, as with natu-
rally occurring prostaglandins, stimulates uterine contraction
and decreases postpartum hemorrhage; it is more potent and
has a longer duration of effect than its parent compound,
prostaglandin F2α.

Carboprost tromethamine is approved for IM use, but
also has been also administered through direct myometrial
injection126,127 and intrauterine irrigation.126 Intramyometrial
administration has been associated with severe hypotension
and pulmonary edema.134 An initial dose of 0.25 mg IM is
given followed by 0.25 mg every 15 to 90 minutes.127,135 The
dose may be increased to 0.5 mg if a patient does not respond



46-24 � WOMEN’S HEALTH

adequately to several 0.25-mg IM doses. The total cumulative
dose should not exceed 2 mg.135 Carboprost tromethamine is
effective in treating 60% to 85% of women with uterine atony
who have failed standard treatment.127 Improvement in bleed-
ing typically occurs after one to two injections.

The most common adverse effects of carboprost trome-
thamine are gastrointestinal, including nausea, vomiting, and
diarrhea. Flushing and fever also occur frequently. Many of
the adverse effects are related to the contractile effect of this
drug on smooth muscle.135 Hypertension, although rare, typi-
cally occurs in women with pre-existing hypertension or pre-
eclampsia. The potent vasoconstricting and bronchoconstrict-
ing properties of carboprost can cause uterine rupture, as well
as pulmonary and cardiac problems. Carboprost is contraindi-
cated in women with active pulmonary, cardiac, renal, or hep-
atic disease as well as in women with acute pelvic inflammatory
disease.127,128,135

Misoprostol
Several case series and small randomized trials have reported
that misoprostol might be useful in the treatment of postpar-
tum hemorrhage caused by uterine atony. The available data
are very limited, however, and large randomized trials are
needed to clarify the efficacy of misoprostol compared with
standard therapies, as well as the optimal dose and route of
administration.136

PRETERM LABOR
Preterm delivery occurred in 12.7% of births in the United
States in 2004, representing a 20% increase since 1990.137

Approximately 55% of singleton preterm births follow spon-
taneous preterm labor and approximately 8% follow preterm
premature rupture of the chorioamniotic membranes.138 Pre-
mature birth is the leading cause of neonatal mortality (infant
death <1 month of age), resulting in approximately 70% of
deaths. Furthermore, prematurity is the second leading cause
of infant mortality under the age of 1 year, and has resulted in
36% of such deaths in 2004.1

Etiology
Spontaneous preterm labor is a heterogeneous syndrome and
several known pathways can lead to preterm birth. These
pathways include excessive uterine distension, decidual hem-
orrhage, activation of the maternal and fetal hypothalamic
pituitary system, and intrauterine infection leading to in-
flammation. These pathways ultimately lead to a final com-
mon response with production of uterine and cervical pro-
teases and uterotonins, which result in progressive cervical
ripening and dilation; weakening of the chorioamniotic mem-
branes, which leads to rupture; and uterine contractions. Ul-
timately, delivery of the infant occurs. Infection triggers an
inflammatory response that results in the release of cytokines,
prostaglandins, and proteases, which stimulate uterine activity,
induce cervix softening and dilation, and weaken the chorioam-
niotic membranes.139 Variations in maternal and fetal genes
coding for cytokines have been implicated in the apparent
genetic predisposition to preterm birth found in some fam-
ilies and racial groups.140 Thrombin is another uterotonic
that has been implicated in causing preterm labor associ-

ated with vaginal bleeding caused by placental abruption.141

Studies have shown a relationship between increasing ma-
ternal corticotropin-releasing hormone (CRH) and delivery
timing.142 Maternal and fetal stress can activate the hypothala-
mic pituitary system and result in the rapid increase of maternal
CRH before premature birth. Infection can also activate the fe-
tal hypothalamic pituitary system, increasing CRH, cortisol,
and ultimately, prostaglandins.139,141 Despite some progress
in recent years, much remains unknown about the etiology of
preterm birth, and little is known about how preterm birth can
be prevented.

Clinical Presentation and Evaluation

44. B.B., a 17-year-old white girl, G2P1, 29 weeks’ gestation,
is admitted to the obstetrical unit with complaints of back-
ache, cramps, and uterine contractions. She has no symptoms of
preterm premature rupture of the membranes (PPROM). She had
a previous preterm birth at 32 weeks’ gestation. Cervicovaginal
secretions are positive for fetal fibronectin. A pelvic examination
reveals that her cervix is 2 cm dilated and 80% effaced, which is
increased from 1 cm at her prenatal visit last week. Cervical cul-
tures for Chlamydia trachomatis and Neisseria gonorrhoeae from
her previous visit are negative. Vaginal wet preparations are also
negative for bacterial vaginosis and Trichomonas vaginalis. Vital
signs, urinalysis, and CBC with differential are normal. Uterine
contractions and fetal heart tones are being monitored. Ultra-
sound reveals a fetus of 30 weeks’ size with an estimated weight of
1,200 g. What signs, symptoms and laboratory evidence support
a diagnosis of preterm labor?

B.B. has backache and uterine contractions, which are
symptoms of preterm labor. Most women with preterm con-
tractions are not in labor, however, which results in frequent
overdiagnosis.141 In addition, contractions during preterm la-
bor are frequently not painful, are not detected by the woman
and, thus, are not a sensitive marker for preterm labor. Fi-
bronectin, a protein that serves as an adhesive between the
fetal membranes and decidua, normally disappears from the
cervical secretions after the first half of pregnancy, reappear-
ing only at term as labor approaches.141 A negative fibronectin
test can exclude imminent preterm delivery in a woman at
risk for preterm delivery, between 24 to 34 weeks’ gestation
with intact amniotic membranes, and with cervical dilatation
of <3 cm.143 Because of fibronectin’s high negative predic-
tive value of >95% for delivery in the next 1 to 2 weeks, it
can be used to avoid overdiagnosis of preterm labor. Although
fibronectin testing will yield false–positive results in the pres-
ence of blood, vaginal bleeding itself is independently asso-
ciated with preterm birth. B.B. has the criteria necessary to
establish a firm diagnosis of preterm labor. Not only is her fi-
bronectin test positive, but she has persistent contractions with
a documented change in cervix dilatation.

Risk Factors

45. What risk factors does B.B. have for spontaneous preterm
labor?

B.B. has several risk factors for preterm delivery. The
strongest predictor of preterm birth is prior preterm birth. She
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has a fourfold increased risk of preterm delivery because of one
previous preterm delivery.141 If this pregnancy also ends pre-
maturely, her risk for a third preterm birth in her next pregnancy
will be sixfold higher than that in the normal population. Her
young age may also be a risk factor. A maternal age <18 or >35
years is associated with spontaneous preterm birth, although it
is difficult to separate age from the confounding factors asso-
ciated with age.141 Black race is an independent risk factor for
both preterm labor and lower neonatal birthweight. Other risk
factors include low maternal weight before pregnancy, smok-
ing, second or third trimester bleeding, multiple gestation, and
uterine anomalies.94,141 Studies of cervix length by transvagi-
nal ultrasound imaging have demonstrated that shorter lengths
are associated with greater risk for preterm delivery; how-
ever, the positive predictive value varies widely.141,143 Mater-
nal infections, such as untreated urinary tract infections and
pneumonia, are associated with preterm delivery. In addition,
genital organisms such as Gardnerella vaginalis, Chlamydia
trachomatis, Neisseria gonorrhoeae, Ureaplasma urealyticum,
and Trichomonas vaginalis, are also associated with preterm
births.139 Although it is important to identify women at risk
for spontaneous preterm delivery, only half of all preterm de-
liveries occur in women with known risk factors.141

Tocolysis
Goals of Therapy

46. What are the goals of tocolysis?

Treatment of spontaneous preterm labor primarily has been
directed at slowing or stopping contractions which are the ob-
vious, although likely late, sign of impending preterm birth.
It has been presumed that if successful, this should prevent or
delay preterm birth. Few placebo controlled trials have been
conducted of agents used to diminish contractions (tocolyt-
ics), and most data suggest delay of delivery by at most 1 to
2 days. This might be because of the heterogeneous causes of
spontaneous preterm birth, and because tocolytic agents may
not arrest the underlying process that led to contractions. Most
studies have been unable to demonstrate a clear benefit of to-
colysis on neonatal morbidity and mortality. Instead they have
evaluated surrogate endpoints, such as pregnancy prolongation
or number of preterm births prior to various cutoff points.144

The value of prolonging pregnancy will vary by gestational
age, and might be substantial if time is gained to administer
glucocorticoids to improve fetal lung maturation and decrease
the risk of intraventricular hemorrhage (see section on An-
tenatal Glucocorticoid Administration). All women at risk for
preterm birth within 7 days and between 24 to 34 weeks should
be considered for glucocorticoid therapy.145,146 Delay of deliv-
ery can also allow transport to a facility best equipped to care
for both mother and premature newborn.

Numerous factors affect the decision to treat preterm labor
with a tocolytic agent. Fetal factors precluding tocolysis in-
clude non-reassuring fetal monitoring, significant IUGR, and
lethal congenital anomalies. Maternal factors include evidence
of chorioamnionitis, other significant maternal infections or
illness, pre-eclampsia, and advanced labor.141 Tocolysis is
less likely to be effective in women with cervical dilation of
>3 cm and is usually unsuccessful if the patient is in advanced
labor (cervical dilation >5 cm).141 Because the etiology of

preterm labor is multifactorial, B.B. should be evaluated thor-
oughly and periodically for potential causes of preterm labor
and treated appropriately when diagnosed. For example, uri-
nary tract infections are associated with preterm labor and they
should be diagnosed and treated if present.141 Additionally,
some would also perform amniocentesis to exclude subclinical
chorioamnionitis as a cause of preterm labor before initiating
or continuing tocolysis, and to evaluate lung maturity at later
gestational ages.145 B.B. has no evidence of overt infection or
other complications and has no contraindications to tocolysis.
Prolonging gestation, even for a few days, would be beneficial
because B.B. is only 29 weeks’ gestation.

Magnesium Sulfate

47. Magnesium sulfate 6 g IV loading dose for 30 minutes fol-
lowed by 2 g/hour continuous IV infusion through a controlled
infusion pump has been ordered. How effective is magnesium sul-
fate for tocolysis?

Magnesium sulfate is the most frequently used parenteral
tocolytic agent in the United States and is also prescribed for
the prevention and treatment of eclampsia. Magnesium sulfate
relaxes uterine smooth muscle at maternal serum levels of 5
to 8 mg/dL.141 The mechanism by which it exerts this effect is
not understood completely, but involves inhibition of myosin
light-chain kinase activity by competition with intracellular
calcium, reducing myometrial contractility.144

Despite its widespread use, the evidence for magnesium’s
efficacy in prolonging gestation is inadequate. In two pub-
lished randomized, placebo-controlled trials, no benefit in
mean prolongation of pregnancy or mean neonatal birth-
weight was demonstrated. In meta-analyses of both placebo-
controlled trials of magnesium for tocolysis compared with
other active drugs, no prolongation of pregnancy was seen
with magnesium.147,148 Several small randomized, controlled
studies have directly compared magnesium with parenteral
β-adrenergic agonists, mostly ritodrine.148 Three of the four
showed no differences in birth outcomes. One of the four sug-
gested prolonged pregnancy with magnesium added to rito-
drine compared with ritodrine alone. Studies on the efficacy of
β-adrenergic agonists (mostly ritodrine) versus placebo have
been mixed but on balance suggest delay of delivery for 48
hours, but not for 7 days. Therefore, because most trials com-
paring magnesium with β-adrenergic agonists did not show
differences, it has been presumed that magnesium is equally
effective. Magnesium is better tolerated than the β-adrenergic
agonists, with fewer maternal side effects.148 Magnesium is
contraindicated in patients with myasthenia gravis, and renal
failure.

MONITORING FOR EFFICACY AND TOXICITY

49. How should magnesium sulfate therapy in B.B. be moni-
tored for efficacy and safety?

The hourly rate of magnesium administration for B.B. may
be increased until she has one or fewer contractions per 10 min-
utes or a maximum of 4 g/hour is attained. B.B.’s deep tendon
reflexes, respiratory rate, and urine output should be moni-
tored regularly. Close monitoring of fluid balance is important
because fluid overload has been associated with pulmonary
edema and the drug is renally excreted.149
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Magnesium serum concentrations are commonly evaluated
every 6 to 12 hours in an effort to minimize adverse effects.150

The patellar reflex disappears with magnesium serum concen-
trations between 9 and 10 mg/dL, and as long as deep ten-
don reflexes are present, many practitioners will not measure
concentrations. To prevent inadvertent overdoses, a controlled
infusion device should always be used to deliver magnesium
as a continuous infusion. Hypocalcemia and tetany can occur
with hypermagnesemia. Neuromuscular blockade and respira-
tory arrest develop with magnesium serum concentrations of
15 to 17 mg/dL, and cardiac arrest develops with greater con-
centrations. The toxic effects of magnesium can be rapidly re-
versed with 1 g of parenteral calcium gluconate, which should
be readily available where patients are receiving magnesium
infusion.151

The most common side effects of magnesium load-
ing doses are transient hypotension, flushing, a sense of
warmth, headache, dizziness, lethargy, nystagmus, and dry
mouth.141,149 Other adverse effects reported with magnesium
are hypothermia, paralytic ileus, and pulmonary edema, which
may occur in 1% to 2% of patients treated with magnesium
sulfate.149 Pulmonary edema occurs less frequently with mag-
nesium sulfate than with parenteral β-sympathomimetics and
is more commonly encountered with prolonged infusions, mul-
tifetal pregnancy, and the use of multiple tocolytics.149,151

Treatment consists of discontinuing magnesium sulfate and
administration of the diuretic furosemide.

Fetal magnesium serum concentrations are similar to ma-
ternal concentrations.149 The most common neonatal adverse
effects are hypotonia and sleepiness. Hypotonia may continue
for 3 or 4 days in the neonate because of decreased renal elim-
ination of magnesium. Rarely, assisted mechanical ventilation
for neuromuscular depression may be needed.149 A possible
role for magnesium sulfate in the prevention of cerebral palsy
is an area of ongoing investigation.152

β-Adrenergic Agonists
EFFICACY

50. Could B.B. have been treated with a β-adrenergic agonist?

β-Adrenergic agonists are not the first-line choice for
preterm labor because of high costs and the significant po-
tential for maternal adverse effects described below.141,148

Both ritodrine, the only medication approved by the FDA for
the treatment of preterm labor, and terbutaline, bind to β2-
adrenergic receptors in uterine smooth muscle and ultimately
inhibit smooth muscle cell contractility. Results of random-
ized, controlled trials of ritodrine have been mixed; however,
a meta-analysis which included 1,320 women treated with β-
agonists demonstrated fewer births at 48 hours but no change
in number of births at 7 days. No benefit on neonatal morbid-
ity or mortality was seen; however, the studies are limited by
sample size.153,154 The continued use of β-agonists can result
in the development of tachyphylaxis to its effects on the my-
ometrium and may in part explain treatment failures with these
drugs.141,153

Terbutaline is available for IV, subcutaneously (SC), and oral
administration. One SC dose of terbutaline is often adminis-
tered to women with mild contractions and cervical dilation
<2 cm. Intravenous β-sympathomimetics are used in cases

with more severe and frequent contractions and cervical dila-
tion >2 cm.

MATERNAL AND FETAL ADVERSE EFFECTS

51. What adverse effects are associated with terbutaline?

β-Adrenergic agonists are not selective for myometrial β2-
adrenergic receptors at pharmacologic doses, and this accounts
for their high incidence of adverse effects.151 Maternal ad-
verse effects such as pulmonary edema, palpitations, tachycar-
dia, myocardial ischemia, hyperglycemia, hypokalemia, and
hepatoxicity result in discontinuation of therapy in up to 10%
of patients.141 Pulmonary edema can occur and, if not rec-
ognized promptly, can lead to adult RDS and death.141,151 β-
Sympathomimetics should not be used in women with under-
lying cardiac disease or arrhythmias, hypertension, diabetes
mellitus, severe anemia, or thyrotoxicosis.141

The most commonly reported fetal or neonatal adverse
effects associated with β-agonist therapy include tachy-
cardia, hypotension, hypoglycemia, and hypocalcemia.151

Maternal hyperglycemia causing fetal hyperglycemia and hy-
perinsulinemia can lead to neonatal hypoglycemia if not prop-
erly monitored postnatally. Fetal tachycardia rarely leads to
fetal myocardial ischemia or hypertrophy.151 The use of β-
sympathomimetic drugs was reported to be associated with an
increased risk of neonatal intraventricular hemorrhage in some
early studies but not in others.141,148

Other Tocolytic Drugs

52. What other drugs are commonly used for tocolysis?

INDOMETHACIN
Prostaglandins F2α and especially E2 are important reg-

ulators of myometrial contractility and cervical ripening.94

Prostaglandin synthetase inhibitors, such as indomethacin, de-
crease prostaglandin production and thereby decrease contrac-
tions and inhibit cervical change. As with other tocolytics,
these drugs have not been adequately studied in multiple ran-
domized controlled trials. A review of available randomized
trials of indomethacin (Indocin) compared with placebo found
significant reductions in women delivering at <37 weeks, an
increase in gestational age at delivery, and a trend toward fewer
deliveries at 48 hours and 7 days.155 In three of eight trials com-
paring cyclo-oxygenase (COX) inhibitors with other tocolytics,
a reduction in both delivery before 37 weeks and in maternal
drug reactions, was noted. Also, seen in these studies was a
trend toward a reduction in delivery within 48 hours.155 In-
domethacin is well tolerated, and GI upset can be mitigated by
antacids when it occurs. The available studies are inadequately
powered to evaluate neonatal outcomes.156

Although well tolerated by the mother, concerns exist about
the fetal and neonatal effects of prostaglandin synthetase
inhibition. Indomethacin crosses the placenta rapidly, and
fetal levels rapidly approach maternal levels.151,156 Because
indomethacin can decrease fetal urine output leading to oligo-
hydramnios, the amniotic fluid index (AFI) should be followed
and indomethacin discontinued if it falls below 5 cm. Oligohy-
dramnios generally resolves within 48 to 72 hours of the dis-
continuation of indomethacin. The ductus arteriosus—a fetal
vessel important in maintaining fetal circulation—constricts
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in 25% to 50% of fetuses exposed to indomethacin in utero
and generally is reversible.141 Permanent closure of the ductus
arteriosus, however, has led to intrauterine demise. The risk
for neonatal adverse effects is increased with drug exposure
of >48 hours, as well as use after 32 weeks when premature
closure of the ductus occurs more frequently.141 An increased
risk for maternal postpartum hemorrhage has also been re-
ported with indomethacin use but did not reach significance
in a meta-analysis.155 Indomethacin should not be used in the
presence of oligohydramnios or suspected fetal renal or cardiac
anomaly (see Chapter 94, Neonatal Therapy).

More serious fetal and neonatal effects have been reported in
some retrospective and observational studies, including neona-
tal necrotizing enterocolitis, intraventricular hemorrhage, and
renal failure.156−158 It is difficult, however, to discern whether
these complications are causally related to indomethacin or
to the use of the drug in cases of refractory preterm la-
bor caused by subclinical intra-amniotic infection.156,159 The
randomized trials have limited power to assess these serious
neonatal complications. An analysis of the risks and benefits
of indomethacin suggested its continued use as second-line
treatment for preterm labor between 24 to 32 weeks in women
with contraindications to other tocolytics.156 Typical dosing
regimens include a loading dose of 50 to 100 mg either rec-
tally or orally followed by maintenance doses of 25 to 50 mg
orally every 4 to 8 (most commonly given every 6 hours) hours
for 24 to 48 hours.157

COX-2 INHIBITORS
Only amniotic cyclooxygenase-2 (COX-2), and not COX-1,

activity is increased during labor, and tocolysis with COX-2
specific inhibitors might result in fewer adverse effects than
with indomethacin or other nonspecific COX inhibitors.160 In
a randomized, double-blind, placebo-controlled trial, celecoxib
was comparable to indomethacin in efficacy and did not nega-
tively affect ductal patency when used to treat preterm labor.160

Both drugs decreased AFI; however, fluid reaccumulation was
prolonged when indomethacin was discontinued, an effect not
observed with the discontinuation of celecoxib. Another small
double-blinded trial demonstrated a similar reversible decrease
in AFI and ductus arteriosus flow from COX-2 inhibition with
sulindac or nimesulide, compared with COX-1 inhibition with
indomethacin.161 More studies with larger number of subjects
are needed to determine the safety and efficacy of COX-2 en-
zyme inhibitors relative to indomethacin.

CALCIUM CHANNEL BLOCKERS
The calcium channel blockers nifedipine and nicardipine

inhibit preterm contractions by decreasing calcium influx into
uterine smooth muscle and inhibiting myometrial contractions.
No placebo-controlled trials have been performed with nifedip-
ine, the most commonly used calcium channel blocker. Meta-
analysis of 12 randomized trials including a total of 1,029
women evaluated the effectiveness of calcium channel block-
ers compared with other tocolytics, mostly betamimetics.162

Calcium channel blockers were found to be superior in re-
ducing preterm births within 7 days and before 34 weeks. In
addition, fewer maternal side effects were seen. A more recent
study of 192 women comparing nifedipine with magnesium
sulfate for preterm labor found no differences in delivery in

48 hours, gestational age at delivery, or deliveries before 32
or 37 weeks.163 Maternal side effects were significantly fewer
in patients receiving calcium channel blockers compared with
other tocolytics.162,163 Maternal side effects can include tachy-
cardia, headache, flushing, dizziness, nausea, and hypotension
in the hypovolemic patient.151 Nifedipine does not adversely
affect uteroplacental blood flow or fetal circulation. Concurrent
use with magnesium should be avoided because the combina-
tion may potentiate neuromuscular blockade.81,151 Nifedipine
appears to be an attractive alternative for short-term tocolysis.
The starting dose is usually 10 mg orally with repeated doses
of 10 mg every 15 to 20 minutes for persistent contractions
up to a maximum of 40 mg in the first hour.164,165 Depending
on the tocolytic effect, nifedipine is then maintained at 10 to
20 mg orally every 4 to 6 hours.164 The appropriate duration of
treatment has not been established, but typically it is continued
through the 34th week of gestation.164,162

DURATION OF TOCOLYSIS
ACUTE THERAPY

53. B.B. has been maintained on magnesium sulfate continuous
IV infusion for approximately 48 hours. The dose was increased
to 3 g/hour shortly after the start of the infusion. B.B. has had no
contractions for the past 24 hours. How long does she need to be
treated? Should she be “weaned” off magnesium sulfate?

B.B.’s contractions have completely stopped for 24 hours.
Some protocols maintain magnesium sulfate for 12 to 24 hours
after successful tocolysis, or for the time it takes to complete
the course of corticosteroids. After successful acute tocolysis
is achieved, the magnesium infusion sometimes is discontin-
ued gradually.164 The weaning of magnesium sulfate is likely
unnecessary, however, and simple discontinuation of the mag-
nesium infusion is an easier and less costly option.150

CHRONIC MAINTENANCE THERAPY

54. Should B.B. be started on chronic maintenance tocolytic
therapy?

Maintenance tocolysis has been used to prevent recurrence
of preterm labor and prolong gestation in women in whom
preterm labor was terminated successfully with parenteral
tocolytics.166 The use of continuous SC low-dose terbutaline
infusion through a portable pump has been used widely in out-
patient tocolysis and in conjunction with home uterine activity
programs.166,167 Although continuous SC low-dose terbutaline
is associated with fewer cardiopulmonary adverse effects com-
pared with IV β-adrenergic therapy, the FDA issued a “Dear
Colleague” letter in 1997 alerting practitioners about the lack of
effectiveness and potential danger of continuous SC terbutaline
for the treatment and prevention of preterm labor.166 After
additional review, the FDA reaffirmed this position in 2000.
A subsequent review reached similar conclusions.168 Other
tocolytics, including β-adrenergic agents and oral calcium chan-
nel blockers have been evaluated for maintenance therapy. Re-
sults of meta-analysis of trials comparing placebo or no treat-
ment with betamimetics for maintenance therapy after acute
preterm labor, which included more than 900 women, showed
no benefit in delay of delivery, births at <34 or 37 weeks,
or neonatal complications.169 Moreover, increases in maternal
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adverse effects occurred, primarily tachycardia, hypotension,
and palpitations. Inadequate data exist to support the use of
calcium channel blockers as maintenance therapy and the sin-
gle randomized, controlled trial was relatively small.145,170−172

B.B. should not be started on chronic maintenance tocolysis.

Antenatal Glucocorticoid Administration

55. While receiving the loading dose of magnesium sulfate, B.B.
was given betamethasone 12 mg IM with a second dose in 24 hours.
Why was betamethasone given?

B.B. was given betamethasone to facilitate fetal lung matu-
ration by increasing production of fetal lung surfactant, thereby
reducing the incidence and severity of RDS.99 Antenatal corti-
costeroid administration (betamethasone and dexamethasone)
also decreases the incidence of intraventricular hemorrhage,
necrotizing enterocolitis, and neonatal death.99 The greatest
reduction in RDS occurs when delivery can be delayed 24
hours up to 7 days after starting treatment. Repeat weekly
corticosteroid courses are discouraged because of the asso-
ciation with decreased birthweight and head circumference,
hypothalamic-pituitary-adrenal axis suppression, deleterious
effects on cerebral myelination and lung growth, and neonatal
death (particularly in neonates born to mothers who received
three or more courses).146,173

The National Institutes of Health (NIH) Consensus Panel
and the ACOG recommend antenatal betamethasone or dex-
amethasone for all women in preterm labor between 24 to
34 weeks’ gestation.99 Betamethasone, however, might be the
preferred agent because fewer IM injections are needed and
because in meta-analysis it was associated with a greater re-
duction in RDS compared with dexamethasone.173 That con-
clusion, however, is not based on direct comparison of be-
tamethasone with dexamethasone and should be interpreted
with caution. One study, although limited by its retrospective
nature, also suggested an advantage of betamethasone over
dexamethasone in the reduction of periventricular leukomala-
cia, a finding associated with later risks for cerebral palsy.174

In cases of PPROM, the NIH Consensus recommends that cor-
ticosteroids may be given up to 32 weeks’ gestation in the ab-
sence of chorioamnionitis.99 Recent meta-analysis supports the
efficacy of corticosteroids in the reduction of neonatal death,
RDS, duration of ventilator use, and intraventricular hemor-
rhage in infants born after ruptured membranes.173 Women
>32 weeks’ gestation can be considered for amniotic fluid
testing for the presence of phosphatidylglycerol or lecithin-to-
sphingomyelin (L:S) ratio (>2) because these are indicators of
fetal lung maturation.175 Corticosteroids are not recommended
for use in pregnant women who are >34 weeks’ gestation un-
less there is an indication of fetal lung immaturity (see Chapter
94, Neonatal Therapy).

Antibiotic Therapy

56. What is the role of antibiotic therapy in the prevention or
management of preterm labor? Is B.B. a candidate for a trial of
antibiotics?

Antibiotics are given during preterm labor to treat bacterial
vaginosis, occult or documented intra-amniotic infections in

PPROM, and prophylactically against neonatal group B Strep-
tococcus (GBS) infection.

Bacterial Vaginosis
All pregnant women should be screened and treated for sexu-
ally transmitted diseases and bacteriuria. In addition, some, but
not all studies have demonstrated that screening and treating
asymptomatic women for bacterial vaginosis (BV) who are at
high risk for preterm delivery may reduce the risk of preterm
birth.144,176 A polymicrobial overgrowth of mostly anaerobic
bacteria, BV is one of the most common genital infections
in pregnancy and it is associated with an increased risk of
preterm delivery.177 Treatment of women with BV who had
a prior preterm delivery with oral metronidazole (Flagyl) in
combination with erythromycin decreased the risk of recurrent
preterm delivery in one randomized clinical trial.178 The use
of vaginal antibiotics, antibiotic regimens not including metro-
nidazole, or the treatment of BV in women without a history
of preterm birth does not appear, however, to decrease the risk
of preterm birth.139,179 In addition, a meta-analysis including
622 women with prior preterm birth, found no reduction in
the risk of preterm birth before 37 weeks after treatment of BV
with antibiotics.179 B.B. does not have BV; therefore, treatment
with metronidazole is unnecessary (also see GBS resistance to
erythromycin in Chapter 96, Pediatric Infections Diseases).

Preterm Premature Rupture of Membranes
Increasing evidence associates preterm labor with intra-
amniotic infections.139,180 Of preterm births, 20% to 40% may
be caused by an infectious-inflammatory process.181 Intrauter-
ine infection is associated with approximately 80% of early
preterm deliveries.139 Most of the bacteria found in amniotic
fluid and the placenta are believed to have ascended from the
vagina.180 It has been suggested that the microbes responsible
for preterm birth are already present in the endometrium before
conception, causing a chronic, subclinical infection weeks to
months before eventually causing PPROM or labor.139,141

Antibiotic therapy during preterm labor is indicated in se-
lect cases. When PPROM has occurred, spontaneous labor and
delivery occurs on average within 7 days, although longer in-
tervals from PROM to delivery occur with earlier gestational
ages.177 Additionally, the use of antibiotics has been shown to
prolong the period between PPROM and delivery (the latency
period), and decrease neonatal morbidity.177 In the largest and
best designed trial of antibiotic treatment of PPROM, women
between 24 to 32 weeks’ gestation treated with ampicillin
and erythromycin had both prolonged pregnancies and lower
rates of chorioamnionitis.182 Their newborns experienced de-
creased mortality, as well as decreased morbidity including
RDS, and necrotizing enterocolitis. These effects were not ow-
ing to tocolytics or corticosteroids because these were exclu-
sionary factors. These results were confirmed by the results
of a large meta-analysis including >6,000 women, although
information on the best choice of antibiotics was less clear.183

Therefore, women with PPROM benefit from antibiotic ther-
apy with a broad-spectrum regimen and IV ampicillin plus
erythromycin for 48 hours followed by 5 days of oral amox-
icillin plus erythromycin for a total of 7 days treatment is a
reasonable choice.182

Antibiotics should also be given to women if delivery is
anticipated resulting either from preterm labor with intact
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Stop penicillinb

IAP at delivery
No growth at 48 hr

Obtain a vaginal
and rectal GBS

culture and initiate
IV penicillin

Penicillin IV
for 48 hra

(during tocolysis)

No GBS prophylaxisb

Penicillin should be continued for a total of at least 48 hours, unless delivery occurs sooner. At the
physician’s discretion, antibiotic prophylaxis may be continued beyond 48 hours in a GBS culture positive
woman if delivery has not yet occurred. For women who are GBS culture positive, antibiotic prophylaxis
should be reinitiated when labor likely to proceed to delivery occurs or recurs.
If delivery has not occurred within 4 weeks, a vaginal and rectal GBS screening culture should be
repeated and the patient should be managed as described, based on the result of the repeat culture.

GBS, group B streptococcus; IAP, intrapartum antibiotic prophylaxis.

Reprinted from Centers for Disease Control and Prevention. Prevention of perinatal Group B
streptococcal disease. Revised guidelines. MMWR 2002;51(No. RR-11):8.)

a

b

Onset of labor or rupture of membranes at �37 weeks’ gestation with significant risk for imminent preterm delivery

No GBS culture GBS �

GBS �

GBS �

FIGURE 46-3 Sample algorithm for group B streptococcus (GBS) prophylaxis for women with threatened
preterm delivery. This algorithm is not an exclusive course of management. Variations that incorporate
individual circumstances or institutional preferences may be appropriate.

membranes or after preterm PPROM, to prevent group B strep-
tococcal infection in the newborn. Other broad-spectrum an-
tibiotic therapy to prevent preterm delivery should not be given
routinely to women in preterm labor with intact membranes.
Antibiotics have not been proved to prevent premature births
in the setting of acute preterm labor.145,181

Because B.B. does not have PPROM or signs of chorioam-
nionitis (temperature ≥100.4◦F or 38◦C), she should not be
treated with broad-spectrum antibiotics. She should receive
penicillin G, however, to prevent perinatal group B streptococ-
cus infection (Fig. 46-3).

Group B Streptococcus Intrapartum Prophylaxis
Ten to 30% are colonized with GBS in the vagina or rectum,
and 1% to 2% of neonates born to colonized women develop
early-onset invasive GBS disease. One-fourth of all cases of
neonatal GBS infections occur in preterm newborns. B.B.’s
fetus, therefore, is at risk for invasive GBS or Streptococcus
agalactiae infection from vertical transmission (mother to in-
fant) of bacteria during labor or delivery.184 The mortality rate
for GBS is reported to be between 5% and 20%. During preg-
nancy, GBS infection causes maternal urinary tract infection,
amnionitis, endometriosis, and wound infection.184 Antibiotics
given to the mother during preterm labor and delivery prevent
neonatal GBS disease. In the past decade, the routine adminis-
tration of intrapartum antibiotic prophylaxis to certain subsets

of pregnant women has led to a 70% reduction in the overall
incidence of GBS disease (see Chapter 94, Neonatal Therapy).
The decision to treat women with intrapartum antibiotics has
been based on either a positive vaginal GBS culture or one or
more of the following risk factors without culture screening:
(a) previous infant with invasive GBS disease; (b) GBS bacteri-
uria during current pregnancy; (c) preterm labor of <37 weeks’
gestation; (d) PROM ≥18 hours; and (e) intrapartum temper-
ature ≥38◦C (100.4◦F).184 This treatment algorithm prevents
an estimated 85% of all early-onset GBS disease (Fig. 46-4).
A multistate, retrospective cohort study identified the culture-
screening process as being 50% more effective than the risk-
based process.185 Consequently, the Centers for Disease Con-
trol and Prevention (CDC) and ACOG no longer recommend
the risk-based approach, except in situations for which no cul-
ture results are available before delivery.186

Vaginal and rectal GBS cultures should be obtained from
B.B., and she should be given a loading dose of penicillin G
injection 5 MU, followed by 2.5 MU IV every 4 hours until de-
livery, while awaiting success of tocolysis and culture results.
CDC guidelines recommend that the benchmark for optimal
prophylaxis should be antibiotics given at least 4 or more hours
before delivery. Penicillin G is preferred over ampicillin be-
cause it has a narrower spectrum of antimicrobial activity. If
B.B. had a history of anaphylaxis to penicillin, sensitivities to
clindamycin and erythromycin should be requested at the time
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If onset of labor or rupture of amniotic membranes occurs at �37 weeks’ gestation and there is a significant
risk for preterm delivery (as assessed by the clinician), a suggested algorithm for GBS prophylaxis management
is provided (Figure 46-2).
If amnionitis is suspected, broad-spectrum antibiotic therapy that includes an agent known to be active against
GBS should replace GBS prophylaxis.
Reprinted from Centers for Disease Control and Prevention. Prevention of perinatal Group B streptococcal
disease. Revised guidelines. MMWR 2002;51(No.RR-11):8.

a

b

• Previous infant with invasive GBS disease

• GBS bacteriuria during current pregnancy

• Positive GBS screening culture during current pregnancy
  (unless a planned cesarean delivery in the absence of
  labor or amniotic membrane rupture is performed)

• Unknown GBS status (culture not done, incomplete, or
  results unknown) and any of the following:
             • Delivery at �37 weeks’ gestationa

             • Amniotic membrane rupture �18 hours
             • Intrapartum temperature 100.4°F (�38.0°C)b

Intrapartum prophylaxis not indicated

• Previous pregnancy with a positive GBS screening
  culture (unless a culture was also positive during the
  current pregnancy)

• Planned cesarean delivery performed in the absence
  of labor or membrane rupture (regardless of maternal
  GBS culture status)

• Negative vaginal and rectal GBS screening culture in
  late gestation during the current pregnancy, regardless
  of intrapartum risk factors

Vaginal and rectal GBS screening cultures at 35–37 weeks’ gestation for ALL pregnant women (unless 
patient had GBS bacteriuria during the current pregnancy or a previous infant with invasive GBS disease)

Intrapartum prophylaxis indicated

FIGURE 46-4 Indications for intrapartum antibiotic prophylaxis to prevent perinatal group B streptococcus
(GBS) disease under a universal prenatal screening strategy based on combined vaginal and rectal cultures
collected at 35–37 weeks’ gestation from all pregnant women.

of culture in the event GBS is found, because of increasing
resistance to these drugs. Antibiotic regimens for intrapartum
antimicrobial prophylaxis are listed in Table 46-5.

57. B.B.’s culture results are negative for GBS growth. She is
still at high risk for imminent delivery. Should penicillin G ad-
ministration be discontinued?

Penicillin should be discontinued at this time. Vaginal and
rectal cultures need not be repeated if B.B. delivers within
the next 4 weeks. If tocolysis is successful and delivery is
delayed for more than 4 weeks, obtaining cultures and starting
penicillin G pre-emptively should be repeated at that time.
Intrapartum prophylaxis is effective only if antibiotics can be
given immediately before and during delivery.

Table 46-5 Recommended Regimens for Intrapartum Antimicrobial Prophylaxis for Perinatal GBS Disease Preventiona

Recommended: Penicilin G, 5 million units IV initial dose, then 2.5 million units IV every 4 hours until delivery
Alternative: Ampicillin, 2 g IV initial dose, then 1 g IV every 4 hours until delivery If penicillin allergicb

Patients not at high risk for anaphylaxis: Cefazolin, 2 g IV initial dose, then 1 g IV every 8 hours until delivery
Patients at high risk for anaphylaxisc:
GBS-susceptible to clindamycin and erythromycind : Clindamycin, 900 mg IV every 8 hours until delivery

or
Erythromycin, 500 mg IV every 6 hours until delivery

GBS-resistant to clindamycin or erythromycin or
susceptibility unknown:

Vancomycin,e 1 g IV every 12 hours until delivery

aBroader-spectrum agents, including an agent active against GBS, may be necessary for treatment of chorioamnionitis.
bHistory of penicillin allergy should be assessed to determine whether a high risk for anaphylaxis is present. Penicillin-allergic patients at high risk for anaphylaxis are those who
have experienced immediate hypersensitivity to penicillin including a history of penicillin-related anaphylaxis; other high-risk patients are those with asthma or other diseases that
would make anaphylaxis more dangerous or difficult to treat, such as persons being treated with beta-adrenergic-blocking agents.
cIf laboratory facilities are adequate, clindamycin and erythromycin susceptibility testing should be performed on prenatal GBS isolates from penicillin-allergic women at high risk
for anaphylaxis.
d Resistance to erythromycin is often but not always associated with clindamycin resistance. If a strain is resistant to erythromycin but appears susceptible to clindamycin, it may
still have inducible resistance to clindamycin.
eCefazolin is preferred over vancomycin for women with a history of penicillin allergy other than immediate hypersensitivity reactions, and pharmacologic data suggest it achieves
effective intra-amniotic concentrations. Vancomycin should be reserved for penicillin-allergic women at high risk for anaphylaxis.
GBS, group B streptococcus.
(Reprinted from Centers for Disease Control and Prevention. Prevention of Perinatal Group B Streptococcal Disease. Revised guidelines. MMWR 2002;51 (No. RR-11):10.)
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TERATOGENICITY
Medication Use During Pregnancy
Drug use during pregnancy presents a great challenge to clin-
icians because of the potential adverse effect on the embryo,
fetus, and newborn. The limited availability of scientific data
from randomized trials complicates the decision to prescribe
and recommend medications for pregnant women, even when
they are medically necessary. Most drugs are not labeled by the
manufacturer for use during pregnancy because of the medical
and legal implications. The potential benefits of medication
therapy must be weighed against the possible risks to the fe-
tus. Currently, only a few therapeutic agents of the thousands
of drug therapies are adequately studied and considered rela-
tively low risk on the development of the embryo and fetus.
Knowledge of the teratogenic potential of these agents can be
used to prevent or limit fetal exposure during the course of a
pregnancy.

Many women have the general perception that use of any
medication during a pregnancy can harm the developing fetus.
This thought may lead to consideration of terminating wanted
pregnancies or withholding necessary drug therapy during the
course of the pregnancy. A thorough assessment, including
knowledge of the teratogenic potential of the drug, the critical
period of exposure, and magnitude of risk must be compared
with the background risk. The basic principles of teratogenicty
can help to assess the risk of exposure and interpretation of
limited studies during pregnancy.

Rates of Drug Consumption During Pregnancy
Pregnancy is a symptom-producing condition. As a result,
many drugs regularly are consumed during gestation, includ-
ing some that are potential teratogens. The critical period to
avoid or limit drug therapy exposure is during organogene-
sis (5–10 weeks after the last menstrual period or 20–55 days
after conception) when most vital organs in the embryo are
developing.187 During these early weeks of pregnancy, the em-
bryo is the most susceptible to medication exposure when many
women are not yet aware of the pregnancy.

Earlier epidemiologic studies attempting to identify pat-
terns of drug exposure during pregnancy have estimated that
women consumed on average five to nine medications. A more
recent epidemiologic collaborative study, conducted under the
auspices of the World Health Organization (WHO) Drug Uti-
lization Research Group, assessed the pattern of drug use in
pregnancy in 22 countries.188 This survey of 14,778 women es-
timated that approximately 14% did not take any medications
during pregnancy. In the group that did consume drugs, the
average number of drugs taken was 2.9. Vitamin and iron sup-
plements were those most commonly used, followed by anti-
infectives, and analgesics, antipyretics, and anti-inflammatory
agents.188 The proportion of women who consumed medica-
tions and the pattern of drug use varied by geographic distri-
bution.

Proven Human Teratogens
The term teratogen is used to denote an agent that has the
potential under certain exposure conditions to produce abnor-
mal development in the fetus.187 The extent to which a drug

will affect the development of the fetus depends on the phys-
ical and chemical properties of the drug as well as the dose,
duration, route, and timing of exposure; and genetic compo-
sition and biological susceptibility of the mother and fetus.189

Numerous drugs have been associated with congenital anoma-
lies, but only in a few cases has a consensus been reached that
a specific agent is teratogenic. Table 46-6 lists those agents
generally considered or suspected to be proven human terato-
gens. Not all these teratogens will cause development toxicity
with every exposure, however. Table 46-7 lists some medi-
cations that can be used selectively during pregnancy when
indicated.

The largest concern with medication use during pregnancy
is the risk of congential malformations. Congenital malfor-
mations are defined as “structural abnormalities of prenatal
origin that are present at birth and that seriously interfere
with viability or physical well-being.”190 Congenital anoma-
lies or birth defects are the leading cause of infant mortal-
ity in the United States, accounting for 20% of all infant
deaths.191 The economic impact of anomalies from the 18
most clinically significant structural birth defects is approx-
imately $8 billion annually.192 This estimate does not in-
clude minor anomalies or the psychological and emotional
impact to the child and family. Some drug-induced defects
relate to changes in functions or conditions that are not struc-
tural abnormalities (e.g., mental retardation, CNS depression,
deafness, tumors, or biochemical changes). The broader term
congential anomalies include the four major manifestations
of abnormal fetal development which include growth alter-
ations, functional deficits, structural malformations, and fetal
death.187

Prevalence of Congenital Malformations
The background incidence of birth defects in the general pop-
ulation must be taken into consideration when interpreting the
risk of drug-induced teratogenicity. The prevalence of major
congenital malformations discovered at or shortly after birth
in the general population is approximately 3%.193 This num-
ber has been derived from large epidemiologic studies com-
pleted over the past several decades and depends on how terms
are defined (e.g., major versus minor congenital malforma-
tions), the thoroughness with which the infant is examined,
and how long the exposed person is followed after birth.187

Although the collection of data on the occurrence of mal-
formations would seem to be straightforward, it is in fact a
complicated task subject to numerous errors and biases. Some
studies examined only “significant anomalies,” others “major
malformations,” whereas still others reported only “live births”
or “single births” or “birth weights >500 g.” Stillbirths and
spontaneous abortions, both often associated with congenital
malformations, often were excluded from epidemiologic data.
Neurodevelopmental delays and growth retardation also are
potential long-term effects that will not be diagnosed in the
immediate postpartum period. The prevalence of congential
anomalies is likely >3% if minor anomalies and long-term
adverse effects are considered.

Despite the significant impact of drug-induced birth defects,
it is difficult and unethical to conduct randomized, controlled
trials to assess the risk of fetal exposure to drugs in humans.
Much of the data available are derived from epidemiologic
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Table 46-6 Drugs With Suspected or Proven Teratogenic Effects in Humansa

Alcohol Growth restriction, mental retardation, midfacial hypoplasia, renal and cardiac defects
Aminopterin, methotrexate Central nervous system (CNS) and limb malformations
Angiotensin converting enzyme (ACE) inhibitors

and angiotensin receptor blockers (ARB)
Renal failure in the fetus and neonates, decreased skull ossification, renal tubular dysgenesis

Antithyroid drugs Fetal and neonatal goiter and hypothyroidism, aplasia cutis (with methimazole)
β-Blockers (without intrinsic sympathomimetic

activity)
Intrauterine growth restriction

Carbamazepine Neural tube defects, minor craniofacial defects, fingernail hypoplasia
Cigarette smoking Oral clefts
Cocaine Bowel atresias, heart, limbs, face, and genitourinary tract malformations; microcephaly, cerebral

infarctions, growth restriction
Corticosteroids Oral clefts
Cyclophosaphamide CNS malformations, secondary cancer
Danazol and testosterone Masculinization of female fetus
Diethylstilbestrol Vaginal carcinoma and other genitourinary defects
Lithium Ebstein anomaly
Misoprostol Moebius sequence and spontaneous abortions
Nonsteroidal anti-inflammatory drugs Constriction of the ductus arteriosus, oral clefts, cardiac defects, and possible spontaneous abortion
Paramethadione and trimethadione Facial and CNS defects
Phenytoin Fetal hydantoin syndrome, growth retardation, CNS deficits
Streptomycin and kanamycin Hearing loss, eighth cranial damage (no ototoxicity reported with gentamicin use)
Systemic retinoids (isotretinoin and etretinate) CNS, craniofacial, cardiovascular, and other defects
Tetracycline Anomalies of teeth
Thalidomide Limb shortening defects, internal organ defects
Trimethoprim CNS deficits, possible cardiac defects and oral clefts
Vaccines (live) Live attenuated vaccines can potentially cause fetal infection
Valproic acid Neural tube defects
Vitamin A (high dose) Deficiency and excess can cause teratogenicity. High dose (>25,000 IU/day): craniofacial and

CNS anomalies, facial palsy and clefts, cardiac defects, limb reductions, gastrointestinal (GI)
atresias, and urinary tract defects

Warfarin Dandy Walker syndrome, skeletal and CNS defects

aTeratogenic effects include the four major manifestations of abnormal fetal development which include growth alterations, functional deficits, structural malformations, and fetal
death.
bOnly drugs that are teratogenic when used at clinically recommended doses are listed.
From references, 33 and 210, with permission.

studies, anecdotal experiences in humans, and animal studies.
Because birth defects are species specific and influenced by
many factors including genetic predisposition, the data must
be carefully interpreted and the results not over generalized.

Although once thought to be rare occurrences, the tragedy
with thalidomide in the early 1960s highlights the detrimental
effects of fetal exposure to drugs. With >7,000 cases, observed
defects included various forms of limb defects, including pho-
comelia, as well as other major organ abnormalities.187 The
embryotoxic effects were unexpected because no teratogenic-
ity was observed in different animal species, and only mild
adverse effects were reported in human adults. Other exam-
ples of iatrogenic major birth defects include diethylstilbestrol
(DES), which causes vaginal adenocarcinoma in female off-
spring (detected only in later years of life), and valproic acid,
which causes neural tube defects.33 Classifying thalidomide as
a teratogen means that it has the potential to cause develop-
mental toxicity under specific conditions. For example, a sin-
gle 50-mg dose of thalidomide increases the risk for a major
structural malformation if given on the 26th day after concep-
tion, and confers minimal risk if taken in the 10th week after
conception. Furthermore, a 1-mg dose of thalidomide taken
at anytime during pregnancy has no observable effects on the
fetus.194

Causes of Malformations
Classification
Causes of congenital malformations are generally classified
into one of five categories: (a) monogenic origin; (b) chro-
mosomal abnormalities; (c) multifactorial inheritance; (d) en-
vironmental factors; and (e) unknown.193,195 Single gene and
chromosomal-related defects account for approximately 25%
of all congenital malformations in live-born infants (mono-
genetic, 7.5%–20%; chromosomal, 5%–6%).190,195 Multifac-
torial inheritance refers to defects that are polygenic in origin;
it has an environmental component. One surveillance program
estimated that this interaction between genetic and environ-
mental factors causes 23% of defects.193 Congenital disloca-
tion of the hip is an example of a defect in this category: the
depth of the acetabular socket and joint laxity are genetically
determined, and a frank breech malposition is one of the envi-
ronmental factors.196 In most cases, however, the environmen-
tal factors in multifactorial inheritance are unknown.

Environmental factors account for approximately 10% of
malformations.195 These include maternal conditions, me-
chanical effects, chemicals and drugs, and certain infec-
tious agents. Maternal diseases associated with malforma-
tions include diabetes, phenylketonuria, virilizing tumors, and
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Table 46-7 Medications Which Can Be Used Selectively During Pregnancy When Indicated, According to Condition

Condition Drugs of Choice Alternative Drugs Comments

Acne Topical: erythromycin, clindamycin,
benzoyl peroxide

Systemic: erythromycin, topical
tretinoin (vitamin A acid)

Isotretinoin is contraindicated

Allergic rhinitis Topical: glucocorticoids, cromolyn,
decongestants, xylometazoline,
oxymetazoline, naphazoline

Systemic: diphenhydramine,
dimenhydrinate

Constipation Docusate sodium, glycerin, Milk of
Magnesia, Metamucil, sorbitol,
lactulose

Bisacodyl Enema use should be avoided

Cough Diphenhydramine, phenergan,
dextromethorphan, guaifenesin

Depression Tricyclic antidepressants, bupropion,
selective serotonin reuptake
inhibitors (SSRI) but avoid
paroxetine, serotonin-
norepinephrine reuptake inhibitors
(SNRI)

Exposure to paroxetine during the first trimester
has been associated with an increased risk for
cardiac malformations. Persistent pulmonary
hypertension and neonatal withdrawal
syndrome may occur in infants with maternal
SSRI, SNRI use.

Diabetes Insulin (human) Insulin analogs (lispro, aspart,
glargine), glyburide

Limited experience with metformin, studies
mostly in polycystic ovarian syndrome
patients. The role of other hypoglycemics not
evaluated yet.

Headache (tension) Acetaminophen Aspirin and nonsteroidal
anti-inflammatory drugs
(NSAID), benzodiazepines

Aspirin and NSAID should be avoided in third
trimester owing to concerns of
oligohydramnios and premature closure of the
ductus arteriosus, which can lead to
pulmonary hypertension in the newborn.
Small risk of malformations and spontaneous
abortions with NSAID use in first trimester.

Migraine Acetaminophen, codeine,
dimenhydrinate

β-adrenergic receptor antagonists,
tricyclic antidepressants (used
for prophylaxis)

Limited experience with ergotamine has not
revealed evidence of teratogenicity, but there
is concern about potent vasoconstriction and
uterine contraction.

Hyperthyroidism Propylthiouracil Methimazole, β-adrenergic
receptor antagonists (for
symptomatic relief)

Surgery may be required; radioactive iodine
should be avoided (especially after 10 weeks
gestation). Small risk of aplasia cutis with
methimazole use.

Infections Penicillins, cephalosporins,
clindamycin, erthryomycin,
nitrofuratoin

Gentamicin, vancomycin Theoretic risk of hyperbilirubinemia in newborn
with sulfamethoxazole in third trimester.
Possible risk of hemolytic anemia in newborn
with nitrofuratoin if taken close to term.

Mania (and bipolar
affective disorders)

Lithium, chlorpromazine,
haloperidol

For depressive episodes, tricycle
antidepressants drugs, SSRI
(avoid paroxetine), valproic
acid

If lithium is used in first trimester, fetal
echocardiogram is recommended because of
small risk of cardiac anomalies; valproic acid
may be given after the first trimester.

Nausea and vomiting Doxylamine with pyridoxine
(Vitamin B6)

Chlorpromazine, metoclopramide,
diphenhydramine, dimenhydri-
nate, meclizine, ondansetron

Peptic ulcer disease Antacids, magnesium hydroxide,
aluminum hydroxide, calcium
carbonate, ranitidine

Sucralfate, bismuth subsalicylate Proton pump inhibitors (PPI) should be reserved
for severe reflux. Omeprazole is only PPI
with a pregnancy category D listing.

Pruritis Topical: aluminum acetate, zinc
oxide, calamine, glucocorticoids

Systemic: hydroxyzine,
diphenhydramine

Topical: local anesthetics Small risk of oral clefts in first trimester if oral
corticosteroids are used.

Smoking cessation Nicotine lozenges, gums Nicotine patches Avoid during first trimester if possible, wear
patches 16 hours during day to reduce
nicotine exposure. Off during night.

Thrombophlebitis, deep
vein thrombosis

Heparin, low-molecular weight
heparins, antifibrinolytic,
streptokinase

Streptokinase is associated with risk of
bleeding; warfarin should be avoided

Adapted from reference 210, with permission.
Modified and updated data taken from reference 33, with permission.
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maternal hyperthermia. About 9% (range, 6.6%–13.0%) of in-
fants of diabetic mothers develop major congenital defects,
primarily consisting of cardiovascular, neural tube, and skele-
tal malformations.197 Mechanical effects, such as intrauterine
compression and abnormal cord constriction, may result in fe-
tal deformations.195,197

Probably the best known of the teratogenic viruses is
rubella, which can cause a fetal rubella syndrome consisting
of cataracts, heart disease, and deafness.198 In utero exposure
to rubella in the first trimester can cause defects in up to 85%
of fetuses. Cytomegalovirus (CMV) infection occurs in 0.5%
to 1.5% of newborns in the United States, resulting in deaf-
ness and mental retardation in 5% to 10% of these infants.190

Characteristics of cytomegalic inclusion disease, the syndrome
produced by CMV, include IUGR, microcephaly, and at times
chorioretinitis, seizures, blindness, and optic atrophy.199 Her-
pes simplex 1 and 2 and varicella may be associated with
malformations.195 The data on varicella are controversial.198

The protozoan generally accepted as a teratogen is Toxo-
plasma gondii.190 Most infants infected with T. gondii show
no symptoms and develop normally. When toxicity does oc-
cur, the anomalies may consist of hepatosplenomegaly, icterus,
maculopapular rash, chorioretinitis, cerebral calcifications,
and hydrocephalus or microcephalous.199 Treponema pallidum
(syphilis) can cross the placenta and cause congenital syphilis
as well as other defects, such as hydrocephaly, chorioretinitis,
and optic atrophy.195,198 In utero exposure to syphilis after the
fourth month of pregnancy is associated with higher risk.

The final category, defects of unknown cause, comprises the
greatest percentage of congenital malformations, accounting
for about 60% to 65% of the total.193

Basic Principles of Teratogenicity
Several critical factors are to be considered in evaluating the
effects of drug exposure in human pregnancies. Because every
pregnancy has the risk of an abnormal outcome regardless of
drug exposure, the objective of evaluating data on drug ex-
posure during pregnancy is to ascertain if a particular drug
increases the risk of developmental toxicity in the fetus be-
yond the background rate. The following basic principles of
teratogenicity should be applied when assessing the potential
for teratogenicity of drugs.

Critical Stage of Exposure
After fertilization, the development of the embryo and fe-
tus is divided into three main stages: pre-embryonic period,
embryonic period, and fetal period.195,200 In the first 2 weeks
after fertilization or the pre-embryonic period (0–14 days), lit-
tle is known about the effects of drugs on human development.
Exposure to a teratogenic agent during this period usually pro-
duces an “all or none” effect on the ovum201: the ovum either
dies from exposure to a lethal dose of a teratogenic drug, or
it regenerates completely after exposure to a sublethal dose.
Some animal studies have suggested, however, that exposure
to some drugs during the preimplantation stage can halt growth
and development before implantation.202 Although the damage
can be repaired, intrauterine growth may be retarded in the off-
spring.

During the embryonic period (14–56 days after fertiliza-
tion), when organogenesis occurs, the embryo is most suscep-

tible to the effects of teratogens or other chemicals.200 Exposure
during this sensitive period may produce major morphologic
changes. These stages of development differ significantly from
other species, and knowledge of these stages is essential for the
interpretation of the relationship between congenital malfor-
mations and drugs. For example, if a specific drug exposure
occurs after the time of organ development, then a structural
defect in that organ is less likely to be caused by that specific
drug.

The fetal period (57 days to term) includes most of the
stages of histogenesis and functional maturation, although the
latter continues for some time after birth.195,200 Minor struc-
tural changes are still possible during histogenesis, but anoma-
lies are more likely to involve growth and functional aspects
such as mental development and reproduction.

Dose-Response Curve
All teratogens follow a toxicologic dose-response curve.187 All
teratogens have a threshold dose below which adverse effects
will not occur. The threshold dose is the dosage in which the in-
cidence of structural malformations, rate of fetal death, growth
restriction, and functional deficits does not exceed the back-
ground rate in the general population.187 Conversely, develop-
mental toxicity may occur when the fetus is exposed to doses
above the maximum or threshold dose. There may be an in-
crease in the severity and incidence of malformations when
the fetus is exposed to increasingly higher dosages. For ex-
ample, the risk for major congenital malformations, including
NTD and minor anomalies, are increased statistically in pa-
tients taking valproic acid dosages >1,000 mg/day during the
first trimester.203

Extrapolation From Animal Studies
In the absence of human trials, data derived from animal stud-
ies is used to assess the level of risk of developmental toxicity
in humans. Most newly marketed drugs often have to rely on
preclinical data to develop an estimation of teratogenic risk
based on animal studies until human data becomes available.
The dose used in experimental animal data is expressed as mul-
tiples of the human dose using plasma or serum AUC or dose
per unit based on body surface area (BSA).33 The drug appears
to have a low risk for teratogenicity if the toxic dose in ani-
mals (based on AUC or mg/m2 comparison) is greater than 10
times the anticipated human dose.204 Risk assessment using an-
imal data is more complicated than just considering the dosage
alone. Other major factors, including the effects of metabolism
and active metabolites, species differentiation, route of admin-
istration, and type of defects, must be considered.187

Genetic Variability
The most potent teratogenic agent will not produce malfor-
mations with every exposure.187 The teratogenic potential of
some drugs is influenced by the genotype of both the mother
and fetus. Although the effects of known teratogens can be
predictable in the general population, the possibility of indi-
vidual assessment is difficult. The same dose of a teratogenic
agent exposed at the same gestational window will produce
variable outcomes in different people. Genetic variability can
confer differences in cell sensitivities, placental transport, drug
metabolism, enzyme composition, and receptor binding, which
may affect how much active drug will reach fetal tissues.205
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One study showed an increased susceptibility to the teratogen-
tic effect of phenytoin most likely caused by elevated levels of
oxidative metabolites (epoxides). These epoxides are normally
eliminated from the systemic circulation by enzymes called mi-
crosomal epoxide hydrolase. Women who are homozygous for
the recessive allele produce low levels of epoxide hydrolase,
which may expose the fetus to higher levels of epoxides. These
fetuses may be at a higher risk for fetal hydantoin syndrome.206

Specific Grouping of Defects
Most human teratogens generally produce specific defects or
grouping of defects.187 These congential malformations occur
after exposure during a critical period of embryonic develop-
ment. One theory suggests that a teratogenic agent can possibly
be identified by grouping individual malformations by under-
standing their embryologic tissue of origin.187 For instance,
isotretinoin interferes with the neural crest cell migration and
leads to malformations of the ear, heart, and neural tube.33

Thalidomide causes limb, spine, and CNS defects.33 The rate
of malformations in these teratogens must be compared with
the background incidence in the general population.

Placental Transfer of Drugs
At one time, the placenta was thought to present a barrier to
the passage of drugs and noxious chemicals to the fetus. It
is now known, however, that most medications cross the pla-
centa to the fetus and, in general, what the mother consumes
also is consumed by the fetus. Although the placenta acts as
a biologic membrane, it initially is composed of four layers
effectively separating two distinct individuals.207 These layers
are (a) the endothelial lining of fetal vessels, (b) the connec-
tive tissue in the core of the villus, (c) the cytotrophoblastic
layer, and (d) the covering syncytium. During gestation, the
placenta’s surface area increases while its thickness decreases
from approximately 25 microns during the first trimester to 2
to 6 microns at term. Both processes tend to favor the transfer
of chemicals to the fetus.

Drugs, nutrients, and other substances cross the placenta
by five mechanisms: (a) simple diffusion (e.g., most drugs),
(b) facilitated diffusion (e.g., glucose), (c) active transport
(e.g., some vitamins, amino acids), (d) pinocytosis (e.g.,
immune antibodies), and (e) breaks between cells (e.g.,
erythrocytes).200,207 The latter two mechanisms are of no prac-
tical importance in the transfer of drugs.

Several factors influence the rate of drug transfer across
the placenta, including molecular weight (MW), lipid solubil-
ity, ionization, protein binding, uterine and umbilical blood
flow, and maternal diseases.200 Drugs with molecular weights
<600 cross easily, whereas those >1,000 (e.g., heparin) cross
with difficulty or not at all. Because most drugs have molecular
weights <600, it is safe to assume that most drugs reaching the
mother’s circulatory system also will reach the fetus. As with
other biologic membranes, lipid-soluble substances are trans-
ferred rapidly, with the rate of entry primarily governed by the
lipid solubility of the nonionized molecule. Conversely, those
molecules that are ionized at physiologic pH (e.g., the choliner-
gic quaternary amines) cross slowly, whereas weak acids and
bases with pKa values between 4.3 and 8.5 are transferred
rapidly to the fetus. The penetration of highly protein-bound
drugs also is inhibited; only the free, unbound drugs cross the
placenta.

Uterine blood flow, a major factor in determining the rate of
drug transfer, increases throughout gestation. Several variables
can affect uterine blood flow and the rate of drug transfer,
including maternal blood pressure, cord compression, and drug
therapy. Maternal hypotension reduces uterine blood flow and
the rate at which substances are delivered to the membrane.
Cord compression reduces the blood flow on the fetal side of
the membrane. The use of drugs with α-adrenergic property
(e.g., epinephrine) may constrict uterine vessels and thereby
reduce blood flow.208 Maternal diseases, such as pregnancy-
induced hypertension, erythroblastosis, and diabetes, change
the permeability of the placenta and may reduce or increase
transfer.200

Food and Drug Administration Risk Factors
In 1979, the FDA introduced a system of rating pregnancy risks
associated with pharmacologic agents. This system categorizes
all drugs approved after 1983 into one of five pregnancy risk
categories (see Table 46-1). It establishes the level of risks to
the fetus based on available animal and human data and rec-
ommends the degree of caution that should be undertaken with
each drug. The risk factors assigned are sometimes difficult to
interpret because they may be ambiguous, outdated, and do not
provide information regarding the full range of potential devel-
opmental toxicity (i.e., structural defects, growth restriction,
functional deficits, and fetal death).204 Level of risks also have
been described and categorized by teratology specialists, and
they may or may not concur with manufacturers’ ratings.208,209

The FDA is currently working on revising the pregnancy la-
beling and category system to include narrative text to provide
more clinical management advice that includes consideration
of both animal and human data204 Table 46-6. lists some drugs
that are considered contraindicated during pregnancy. These
lists are not all-inclusive, and a review of specialty resources on
drug use in pregnancy is recommended.199,208,209 Teratogen in-
formation programs also are available in the United States and
Canada to respond to questions concerning the risks of drug ex-
posure during pregnancy. These programs are usually affiliated
with medical or university settings.210,211 Because the potential
for fetal risks cannot be entirely disregarded for many drugs,
the need to medicate during pregnancy should be evaluated
carefully.

LACTATION
Lactation is controlled primarily by prolactin (PRL), but the
entire process is under the intricate control of several hor-
mones. Breast tissue maturation during pregnancy is influenced
by many factors, including estrogen, progesterone, PRL, in-
sulin, growth hormone, cortisol, thyroxine, and human placen-
tal lactogen.212 PRL concentrations gradually increase during
pregnancy, but high estrogen and progesterone concentrations
inhibit milk secretion by blocking PRL’s effect on the breast
epithelium.212,213 It is the dramatic decrease in progesterone
that triggers lactogenesis or milk secretion for the first 3 days
following delivery. Infant suckling at the breast is necessary
to maintain an adequate milk supply beyond postpartum day 3
or 4. Nipple stimulation transmits sensory impulses to the hy-
pothalamus to initiate PRL release from the anterior pituitary
and oxytocin from the posterior pituitary. Prolactin stimulates
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the production and secretion of breast milk and oxytocin stim-
ulates the contraction of the myoepithelial cells in the breast
alveoli and ducts so that milk can be ejected from the breast
(milk letdown). Oxytocin also can be secreted through other
sensory pathways, which is why women can release milk on
hearing, smelling, or even thinking about their infants. Pro-
lactin, however, is released only in response to nipple stimula-
tion.

Prolactin synthesis and release depend on the inhibition of
hypothalamic prolactin inhibitory factor (PIF) secretion. Pro-
lactin secretion is regulated primarily by dopamine-releasing
neurons. Activating the dopamine receptors on the prolactin-
secreting cells of the anterior pituitary inhibits the release
of prolactin. PIF is believed to be closely associated with
dopamine.212,213

Although prolactin controls the volume of milk produced,
once lactation is established, milk production is regulated by in-
fant demand. Lactation eventually ceases if milk is not removed
from the breast. Absence of suckling stops milk letdown and
restores the normal production of PIF. Decreased blood flow
to the breast reduces oxytocin delivery to the myoepithelium.
Consequently, milk secretion stops within a few days.212,213

Stimulation
Nonpharmacologic Measures

58. C.C., a 22-year-old woman, vaginally delivered her first
child, a healthy term infant. C.C. plans to breast-feed and was ed-
ucated about breast-feeding during obstetric visits and prenatal
classes. After giving birth, C.C. tried to breast-feed in the deliv-
ery room with great difficulty. Afterward, she became extremely
apprehensive and continued to have trouble breast-feeding. What
can be done to encourage C.C. and help her with lactation?

The most effective stimulus for lactation is suckling. Many
women nurse in the delivery room after uncomplicated vaginal
deliveries because nursing increases maternal–infant bonding
and helps establish good milk production. If a mother does not
nurse immediately after delivery, she should be encouraged to
do so as soon as she is physically able. C.C. did try to nurse
after delivery, but experienced problems that may have been
related to her emotional or physical state, or to the physical state
of her infant. The nursing staff should encourage and support
C.C. emotionally to help her relax, be comfortable, and relieve
her anxiety about breast-feeding. Health care personnel also
should emphasize appropriate feeding techniques and proper
positioning for breast-feeding. Allowing C.C.’s infant to sleep
in her room, rather than the nursery, may help C.C. develop a
breast-feeding routine.

Most new mothers who have difficulty breast-feeding ini-
tially respond to the emotional and educational support of a
good obstetric nursing staff. Few require pharmaceutical inter-
vention.

Enhancement of Milk Production

59. C.C. was successful in establishing breast-feeding. Despite
good technique and adequate nutrition, she, however, had trouble
maintaining adequate milk production after about 2 to 3 weeks
and was forced to supplement her infant with formula. How can
C.C.’s milk production be enhanced?

Although not an FDA-approved indication, metoclopramide
is used to stimulate lactation in women with decreased or inade-
quate milk production.33,214−218 Metoclopramide, a dopamine-
antagonist, increases PRL secretion. This is particularly use-
ful in women whose infants do not breast-feed effectively
(e.g., preterm infants).214 Metoclopramide 10 mg orally three
times daily for 1 to 2 weeks is effective in restoring milk
production.33,214−217 Improvement in lactation occurs within
2 to 5 days of starting therapy and persists after discontinuing
metoclopramide.

The estimated total daily dose of metoclopramide ingested
by the nursing infant of a woman on 30 mg/day is 1 to 45 mcg/
kg/day.33 This is below the maximal recommended infant
daily dose of 0.5 mg/kg/day. Maternal doses of 30 mg/day
do not alter PRL, thyroid-stimulating hormone, or free thy-
roxin serum concentrations in breast-fed infants.218 The only
adverse effect reported in nursing infants has been intesti-
nal gas.33,216 The short-term use of metoclopramide for re-
establishing lactation appears to be both safe and effective,
even in preterm infants.33,214,217 The American Academy of
Pediatrics (AAP), however, considers metoclopramide use in
breast-feeding women to be of concern because of the potential
for adverse CNS effects in infants.33

Suppression

60. After delivery, J.G., a 26-year-old G2P2, informs her obste-
trician that she does not wish to breast-feed. What methods are
available to suppress lactation?

Suppression of lactation is indicated for women who do
not want to breast-feed, women who have delivered a stillborn
infant, and those who have had an abortion. Both drugs and
nonpharmacologic methods have been used. In 1988, the FDA,
however, recommended against drug-induced suppression of
lactation.219 The only drug therapy that the FDA recommends
in women who are not breast-feeding are analgesics for the
relief of breast pain. Bromocriptine (Parlodel) was approved
for the postpartum suppression of lactation; however, the FDA
rescinded its approval for that indication because of cardiovas-
cular complications (e.g., stroke, myocardial infarction) asso-
ciated with its use.213

If breast stimulation is avoided (with or without the use of a
breast binder), breast milk production will continue, leading to
engorgement and distention of breast alveoli. This leads to the
termination of lactation after several days. Approximately 40%
of women using this method experience breast discomfort and
pain; 30% experience milk leakage from their nipples.219,220

Ice packs may be applied to the breasts for comfort and a mild
analgesic used if necessary.

DRUG EXCRETION IN HUMAN MILK
Breast milk is recognized as the optimal source of nutrition
for infants, with documented benefits not only to infants but
also to mothers, families, and societies.221 Evidence indicates
that breast-feeding decreases the incidence or severity of many
infectious processes (e.g., otitis media, respiratory infections,
urinary tract infections) in infants. In children and adults who
were breast-fed, the risk of developing certain medical ill-
nesses also may decrease (e.g., obesity, inflammatory bowel
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disease, celiac disease, childhood leukemia).222 Breast-feeding
may also positively influence cognitive and intellectual devel-
opment in children and young adults.223 Numerous benefits to
the mother also have been identified, such as decreased post-
partum blood loss, more rapid uterine involution, earlier return
to prepregnancy weight, and decreased risks of breast cancer,
ovarian cancer, and osteoporosis.221

The AAP recommends that mothers breast-feed for ≥12
months. Recognition of the importance of breast-feeding is
highlighted in Healthy People 2010, a national health promo-
tion and disease prevention program that helps the nation ad-
dress public health issues by establishing objectives and goals.
In the United States, breast-feeding during the early postpartum
period increased from 54% in 1988 to 73.8% in 2004.224 The
percentage of women who are still breast-feeding at 6 months
decreases to 41.5%. Although encouraging, these figures are
still below the Healthy People 2010 targets of 75% for early
postpartum and 50% at 6 months.

The perception that nursing should be discontinued while
the mother is medicated persists, although only a finite number
of drugs are absolutely contraindicated during lactation. This
misconception is likely a result of the uncertainty surrounding
the effects of exposure of many drugs in nursing infants be-
cause of the inherent difficulties in accessing risks in controlled
environments (e.g., clinical trials). Unlike the use of drugs dur-
ing pregnancy, when the effects of fetal exposure are difficult to
predict, drug excretion in breast milk can be approximated to a
certain extent. Actual measurements of drug concentrations in
milk and clinical observations in breast-fed infants have been
published for selected drugs. An understanding of the basic
physiochemical principles of drug excretion in breast milk and
the factors that affect this process allows for better prediction
of the risk of drug exposure to the nursing infant.

Pharmacokinetics
Different pharmacokinetic models of drug excretion in milk
have been described.225−227 A two-compartment open model
presents the maternal fluids as one compartment and breast
milk as the other. After ingestion, the drug gets absorbed into
the maternal compartment, with a proportion of drug passing
into breast milk and the remaining portion distributed in and
eliminated from the maternal system. Drugs reaching breast
milk will ultimately leave this compartment either by diffus-
ing back into maternal fluids or through milk production and
nursing.226,227 A more popular model describes drug excretion
in milk using a three-compartment model that incorporates
the pharmacokinetics of the mother, mammary tissues, and
infant.225,226 The overall risk to the infant depends on the
amount of drug bioavailable to the mother, the amount reach-
ing breast milk, and the actual amount of drug ingested and
bioavailable to the nursing infant.

Transfer of Drugs From Plasma to Milk
Transfer of drugs from maternal plasma to milk is gen-
erally through passive diffusion.228 Low-molecular-weight,
water-soluble substances diffuse through small, water-filled
pores, whereas lipid-soluble compounds pass through lipid
membranes.229 Many factors affect the excretion of drugs in
breast milk, and they should be carefully assessed before mak-

Table 46-8 Factors Affecting the Fate of Drugs in Milk and
the Nursing Infant

Maternal Parameters � Drug dosage and duration of therapy
� Route and frequency of administration
� Metabolism
� Renal clearance
� Blood flow to the breasts
� Milk pH
� Milk composition

Drug Parameters � Oral bioavailability (to mother and infant)
� Molecular weight
� pKa
� Lipid solubility
� Protein binding

Infant Parameters � Age of the infant
� Feeding pattern
� Amount of breast milk consumed
� Drug absorption, distribution, metabolism,

elimination

From references 225, 228, 230, and 231, with permission.

ing a recommendation. The extent of drug passage into breast
milk is often expressed quantitatively as the milk-to-plasma
(M:P) ratio. This ratio should not be used as the sole determi-
nant of whether a drug is safe for use during breast-feeding
(see Estimating Infant Exposure).

Several parameters affect drug excretion into breast milk
(Table 46-8). The pKa of a drug partially determines how much
drug can reach the milk, because only the nonionized portion
of free drug is transferred. Human milk, with an average pH of
7.1, is slightly more acidic than plasma. In general, drugs that
are weak acids (e.g., penicillin) tend to have a higher concen-
tration in plasma than milk (M:P <1). Conversely, the concen-
tration of weak bases (e.g., erythromycin) in milk is more likely
to be higher or to reach an equilibrium with that measured in
plasma (M:P ≥1).225,227 Once in the milk, the proportion of
ionized weak base rises in the relatively acidic solution, and
thus drug “trapping” occurs. Drug reabsorption has been found
for some agents, and the prevention of passage back into the
plasma by “trapping” may be clinically important. Lipid solu-
bility also is determined to a large extent by the degree of ion-
ization because drugs with relatively high lipid solubility exist
in the nonionized form. Diffusion through lipid membranes
is probably the most important pathway for drug transfer. Al-
though pH, pKa, and lipid solubility are important elements,
other factors may significantly modify predictions based solely
on these chemical characteristics. Two of these other factors
are protein binding and molecular weight.228−230 Drugs with
high molecular weights such as insulin (MW >6,000) are less
likely to transfer into breast milk, whereas those with molecular
weights <300 transfer more readily.231 Highly protein-bound
drugs such as glyburide (99% protein bound) are less likely to
be transferred into breast milk, although infants should still be
monitored for signs of hypoglycemia.

Drug transfer also is influenced by the yield of milk, which
is related to blood flow and prolactin secretion.225 Lactation is
associated with a high blood flow to the breasts, but little is
known about this flow during or between feedings. The milk
yield (volume) differs slightly depending on the duration of
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lactation and the time of day. A diurnal pattern has been ob-
served, with highest yields at 6 am and lowest yields at 6 pm or
10 pm. The mean composition of mature human milk is approx-
imately 87% aqueous solution, 3.5% lipids, 8% carbohydrate
(83% of which is lactose), 0.9% protein, and 0.2% nitrogen.232

The proportions of these components may vary widely from
woman to woman and even within the same woman. For ex-
ample, hind milk contains four- to fivefold the fat content of
foremilk, whereas colostrum contains little fat. Fat content also
has exhibited a diurnal variation.

After a drug reaches the milk, it equilibrates between the
aqueous and lipid phases. The nature of this equilibration can
modify how much drug actually reaches the infant. Infant feed-
ing patterns differ significantly from one baby to another. The
time spent suckling at each breast and the volume of milk taken
in also determine the amount of drug ingested, especially if the
drug has partitioned into one phase more so than the other.
Once the infant ingests the drug via breast milk, the pharma-
cologic and adverse effects on the infant will be determined by
the extent of oral bioavailability, distribution, metabolism, and
rate of elimination. These pharmacokinetic parameters differ,
depending on the infant’s age and whether he or she was born
prematurely or at term.

Estimating Infant Exposure
Understanding the transfer of drugs into breast milk is im-
portant because the primary objective is to minimize infant
exposure to these substances. The actual amount an infant will
ingest is difficult to determine owing to varying maternal, drug,
and infant parameters. Available data generally are from single
or small numbers of case reports or pharmacokinetic studies
involving few mother–infant pairs. An M:P ratio is sometimes
used alone as the basis for a recommendation, but this should be
avoided because its accuracy can be affected by many factors.
The time of sampling after maternal ingestion (peak versus
steady-state), dose, length of therapy, route of administration,
and milk composition are a few of the variables that can influ-
ence the M:P ratio.225,227,230 Sampling during maternal peak
drug concentration attempts to approximate the highest amount
of drug that can reach the infant. This assumption is inherently
flawed because peak drug concentration in the mother does
not necessarily equate with peak drug concentration in milk at
that same point in time.226,230 The amount of drug an infant
actually receives also depends on the volume of milk ingested.
Even if a drug has a high M:P ratio, the actual amount received
by the infant could be low if only a small volume of milk was
consumed. Therefore, an M:P ratio describes the likelihood of
drug excretion into breast milk, but it does not indicate the
level of infant exposure. In general, drugs with lower M:P ra-
tios (<1) are preferred over those with higher M:P ratios (>1)
during breast-feeding, but other parameters such as maternal
condition and therapeutic efficacy should be considered.

Infant exposure to a drug via ingestion of breast milk can
be estimated for some drugs. The M:P ratio is used to estimate
the drug concentration in milk (Equation 46-1) and the dose
the infant may ingest (Equation 46-2).211,226,230 The variables
required to calculate Equation 46-1 can be located in the pub-
lished literature, but only for some drugs. The actual volume
of milk ingested by the infant is difficult to estimate, but the
average consumption is approximately 150 mL/kg/day.230 The

estimated infant dose can then be used to calculate a “relative
infant dose” (RID) (Equation 46-3), which is expressed as a
percentage of the maternal dose.233 A RID <10% is generally
interpreted as an acceptable level. This must be interpreted with
caution, however, taking into account other variables, such as
the age and health of the infant and the safety profile of the
drug. It is also important to note that these are estimated values,
often based on data collected from one or only a few individ-
uals. Applying these equations using measurements specific
to a woman and her infant is not clinically practical, however.
Compared with the M:P ratio, experts believe that the RID is
a better estimate of infant exposure.

Drug concentration in milk =
Maternal plasma drug concentration × M/P (46-1)

Infant dose (mg/kg/day) =
Drug concentration in milk ×

Milk volume (mL/Kg/day)
(46-2)

RID (%) = (Infant dose [mg/kg/day])/
(Maternal dose [mg/kg/day]) × 100 (46-3)

Reducing Risk of Exposure
If pharmacologic treatment is medically necessary for a nurs-
ing mother, every attempt should be made to minimize infant
exposure to the drug. Methods of reducing risks have been
proposed.226,227,234 Table 46-9 summarizes critical factors that
should be considered. Except for drugs that are contraindi-
cated during lactation, the decision to continue or discontinue
nursing while receiving medication is ultimately the mother’s.

Table 46-9 Reducing Risk of Infant Exposure to Drugs in
Breast Milk226, 227, 233, 234

A drug should be used only if medically necessary and treatment cannot
be delayed until the infant is ready to be weaned.

Drug Selection

Consider whether the drug can be safely given directly to the infant.
Select a drug that passes poorly into breast milk with the lowest predicted

M:P ratio, and a RID <10%.
Avoid long-acting formulations (e.g., sustained-release).
Consider possible routes of administration that can reduce drug excretion

into milk.
Determine length of therapy and if possible avoid long-term use.

Feeding Pattern

Avoid nursing during times of peak drug concentration.
If possible, plan breast-feeding before administration of the next dose.

Other Considerations

Always observe the infant for unusual signs (e.g., sedation, irritability,
rash, decreased appetite, failure to thrive).

Discontinue breast-feeding during the course of therapy if the risks to the
fetus outweigh the benefits of nursing.

Provide adequate patient education to increase understanding of risk
factors.

RID, relative infant dose; M:P, milk to plasma ratio.
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Table 46-10 Drugs Considered Contraindicated During Lactationa

Drug or Drug Class Effects on Nursing Infants

Amphetamineb Accumulate in breast milk and may cause irritability and poor sleep patterns208,235

Antineoplastics Potential for immune suppression; cytotoxic effects on drugs on dividing cells in infants unknown235

Cocaineb Excreted in milk; contraindicated because of central nervous system (CNS) stimulation and intoxication208,235

Ergotamine Potential for suppressing lactation; vomiting, diarrhea, and convulsions have been reported.208 Considered
contraindicated by some clinicians. American Academy of Pediatrics (AAP) recommends using with caution235

Heroinb Possible addiction if sufficient amounts ingested208,235

Immunosuppressants Potential for immune suppression235

Lithium Milk and serum concentrations average 40% of maternal serum levels. Potential for toxicity exists.208,231

Considered contraindicated by some clinicians. AAP recommends using with caution.235

Lysergic acid diethylamide (LSD)b Probably excreted in milk208

Marijuanab Excreted in milk208,235

Misoprostol Excretion in milk has not been studied but contraindicated because of potential for severe diarrhea in infant208

Phencyclidineb Potent hallucinogenic properties208,235

Phenindione Massive scrotal hematoma and wound oozing after herniotomy in one infant; contraindicated208,235

Requiring Temporary Cessation of Breast-Feeding

Metronidazole (after single-dose
therapy)

Diarrhea and secondary lactose intolerance in one infant; mutagenic and carcinogenic in some species; AAP
recommends halting breast-feeding for 12–24 hrs to allow clearance of drug from the milk if single-dose
therapy administered.231,235

Radiopharmaceuticals Halt breast-feeding temporarily to allow clearance of radioactivity from milk. Suggested times for individual
agents are235: Copper-64 (64Cu) 50 hrs; Gallium-67 (67Ga) 2 wks; Indium-111 (111 In) 20 hrs; Iodine-123
(123I) 36 hrs; Iodine-125 (125I) 12 days; Iodine-131 (131I) 2–14 days; Radioactive Sodium 96 hrs;
Technetium-99m (99mTc) 15 hrs–3 days; (99mTcO4) (99mTc macroaggregates) 15 hrs–3 days.

aThis list is not all-inclusive. Selected drugs are listed by drug class and not by individual names.
bAll drugs of abuse are contraindicated during lactation.

Therefore, patient education is an integral component in this
decision-making process. The mother should be informed of
the potential risks, or lack thereof, associated with a drug. She
also should be made aware that certain risks may be minimized
by altering feeding pattern and drug administration time and
by carefully monitoring the infant for early signs of adverse
effects.

Resources for Drugs and Lactation
Comprehensive sources reviewing drug use in lactation are
available to assist clinicians in weighing the potential risks ver-
sus benefits of mothers using medications while breast-feeding.
Table 46-10 lists some medications that are contraindicated
during lactation. The AAP Committee on Drugs reviews peri-
odically the transfer of drugs and other chemicals into human
milk and publishes their findings.235 The Committee identi-
fies drugs that should be avoided during breast-feeding, drugs
that should be used with caution, drugs whose effects on in-
fants are unknown but of concern, and those considered usually
compatible with breast-feeding. This rigorous review is an on-
going process, and new guidelines are published every few
years; therefore, the reader should locate the latest AAP rec-
ommendations available. In addition to the AAP guidelines,
several other references also offer comprehensive information
and recommendations on drug use in lactation.208,230

Most drugs are excreted into breast milk to some extent,
the reader is referred to specialty sources for an in-depth re-
view of the drug in question. The best sources for information
regarding drugs in lactation are (a) Drugs in Pregnancy and
Lactation by Briggs, Freeman, and Yaffe33 and (b) TOXNET,
an online lactation database (LactMed) sponsored by the NIH,

assessible at http://toxnet.nlm.nih.gov and click on LactMed.
These two databases are peer-reviewed and referenced sources.
Categories assigned to these drugs may change as new data be-
come available for specific drugs.

THERAPEUTIC DILEMMAS IN PREGNANT AND
LACTATING WOMEN
Anticoagulation
Warfarin

FETAL WARFARIN SYNDROME

61. H.P. is a 25-year-old woman with a 5-week intrauterine
pregnancy. She recently was diagnosed with a distal deep vein
thrombosis (DVT) in her lower left extremity. She has a signifi-
cant history of having multiple DVTs in her prior pregnancies and
her thrombophilia workup was negative. Currently, she is taking
warfarin 5 mg/day and just found out that she is pregnant. Does
warfarin present a therapeutic problem to the fetus? If so, what
changes should be made?

Warfarin (Coumadin) crosses the placenta and is generally
considered contraindicated in pregnancy except under specific
circumstances.236 Use of warfarin in the first trimester has
been associated with a characteristic pattern of defects col-
lectively known as the fetal warfarin syndrome (FWS).237 The
susceptible period seems to be between weeks 6 and 12 of
gestation.237,238 Nasal hypoplasia and a depressed nasal bridge
are common to all known cases of FWS. The nares and air pas-
sages may be constricted to such a degree that respiratory dis-
tress results. As seen roentgenographically, stippling in uncal-
cified epiphyseal regions occurs in most newborns with FWS
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but may not be evident after the first year of life.237 The axial
skeleton, proximal femurs, and calcanei are the sites primarily
involved in FWS, and this pattern of distribution distinguishes
it from other syndromes and genetic disorders.237 Less com-
mon features are reduced birthweight, eye and ear defects, hy-
poplasia of extremities, development retardation, congenital
heart disease, laryngeal calcification, and death.209,239

The exact incidence of warfarin-induced anomalies is un-
known, but it is estimated to range from 17% to 37%.208,240

The rate of FWS reported is approximately 3% to 10%.208,209

Therefore, the use of warfarin in H.P. is controversial. Discon-
tinuation of warfarin should be considered, especially during
the critical period between weeks 6 and 12 of gestation.

Warfarin exposure after this critical period may increase
the risk of CNS anomalies in the fetus. These anomalies ap-
pear to be a result of abnormal growth arising from an ear-
lier fetal hemorrhage and subsequent scarring.232 Two dis-
tinct patterns of CNS damage may occur: (a) dorsal midline
dysplasia, characterized by agenesis of the corpus callosum,
Dandy-Walker malformation, midline cerebellar atrophy, and
encephaloceles in some; and (b) ventral midline dysplasia,
characterized by optic atrophy.232,234 The effects of CNS de-
fects include mental retardation (ranging from mild to severe),
blindness, hydrocephalus, deafness, spasticity, seizures, scol-
iosis, growth failure, and death. Fetal complications from war-
farin may be dose dependent, as demonstrated in two retro-
spective studies.240a,240b Cotrufo et al.240b observed that daily
warfarin doses >5 mg were associated with more pregnancy
complications, including adverse fetal outcomes.

Heparin and more recently low-molecular-weight hep-
arin (LMWH) are the preferred anticoagulants in pregnancy
for most indications, including prevention and treatment of
DVT.238 The efficacy of heparin and LMWH in pregnant
women with prosthetic heart valves is less clear, although they
have a better safety profile for the fetus. If heparin or LMWH
is used in H.P., close monitoring for thromboembolic compli-
cations is required.241

Heparin

62. Heparin therapy (10,000 U SC every 8 hours) is initiated,
and warfarin is discontinued. What are the fetal and maternal
risks of using heparin in H.P.?

Heparin is a large molecule (MW 12,000) and does not cross
the placenta. According to the Seventh American College of
Chest Physicians (ACCP) Consensus Conference, heparin is
one of the preferred anticoagulants during pregnancy for most
thromboembolic conditions because of its efficacy and more
favorable safety profile compared with warfarin.238 Although
earlier cases reported that the rate of fetal complications asso-
ciated with heparin use may be as high as those reported with
warfarin (22% versus 27%, respectively),237 subsequent evalu-
ations demonstrated that the rate of adverse fetal outcome with
heparin therapy is comparable to that reported in the normal
population.209,240 The high incidence of fetal abnormalities
reported earlier can be attributed to the use of heparin in preg-
nancies with comorbid conditions known to increase risks.

Nevertheless, the use of heparin during pregnancy may
pose several risks to the mother. The risk of bleeding from
heparin during pregnancy is approximately 2%.238 Heparin-
induced thrombocytopenia (HIT) is a well-recognized com-

plication and may require discontinuation of therapy if it is
an immune-mediated response. The frequency of HIT during
pregnancy is unknown but has been estimated at 3% in non-
pregnant patients.238

Prolonged administration of heparin (>1 month) increases
the risk of developing osteoporosis. Although the occurrence
of symptomatic fractures is uncommon (2%–3%), the devel-
opment of osteopenia may occur in up to one third of pregnant
women on chronic heparin therapy.242–246 This reduction in
bone mineral density (BMD) may be reversible after discontin-
uation of heparin.243,245 Heparin-induced osteoporosis may be
associated with higher doses of heparin and longer duration of
use. In a prospective, cohort study of 184 cases by Dahlman,244

the incidence of osteoporosis was higher in women who re-
ceived a mean dose of 25,000 units/24 hours versus a mean
dose of 16,500 units/24 hours. The average duration of treat-
ment was 25 weeks (range, 7–27 weeks). A definitive dose–
response relationship cannot be confirmed, however, because
reductions in BMD have been reported with lower dosages and
shorter duration of heparin use. The mechanism behind this ef-
fect is thought to be heparin inhibition of the renal activation of
calcifediol (25-hydroxyvitamin D3, a major transport form of
vitamin D) to calcitriol, one of the active forms of vitamin D3.
Several recent studies have suggested that LMWH may pose a
lower risk of osteoporosis than unfractionated heparin (UFH).

63. H.P. presents again at 20 weeks’ gestation complaining of
mild muscle pain and tingling in the lower left extremity. Labora-
tory workup confirmed an activated partial thromboplastin time
(aPTT) of 1.5 times control despite an adjusted heparin dosage of
15,000 units SC every 8 hours several weeks ago. H.P. is now in her
second trimester. What subjective and objective evidence does H.P.
exhibit that indicates a need to change anticoagulant therapy?

H.P. is at increased risk for thromboembolic complications
because her aPTT is not within the therapeutic range and her
heparin dosage is not currently adequate to maintain anticoagu-
lation. Higher doses are generally required because of increases
in plasma volume, renal clearance, heparin-binding proteins,
and decreased bioavailability of heparin because of degrada-
tion by the placenta.247 To minimize H.P.’s risk of developing
thrombotic complications and osteoporosis, an adjusted-dose
regimen with SC heparin every 8 hours is warranted. The low-
est effective heparin dose to achieve a mid-interval aPTT at
least two times control should be maintained.238

H.P.’s symptoms are consistent with thromboembolism. Her
low aPTT level despite a high dosage of heparin suggests an
increased requirement for heparin. Because H.P. already is on
high-dose heparin, prolonged administration will significantly
increase her risk of osteoporosis. Of special concern is her
apparent resistance to heparin therapy. An alternative antico-
agulant should be considered to minimize her risk for further
thrombotic complications.

Low-Molecular-Weight Heparin

64. Is LMWH an alternative for H.P.?

As with heparin, LMWH does not cross the placenta to
the fetus. LMWH offers a better bioavailability profile, more
convenient dosing, and it may be associated with less thrombo-
cytopenia, bleeding, and osteoporosis than UFH.238 It is often
preferred in most patients because it requires less monitoring
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of laboratory values than UFH. A starting dosage of 1 mg/kg
given SC every 12 hours should be used. Regular antifactor
Xa levels drawn 3 to 4 hours after a dose at steady-state to
achieve a level of 0.5 to 1.2 U/mL is recommended.238 As
H.P.’s pregnancy progresses and her weight increases, the vol-
ume of distribution for LMWH also will change. Adjustments
to the dosage of LMWH can be made through weight-based
changes or in response to antifactor Xa levels drawn. Prelimi-
nary data suggest LMWH does not increase the risk of adverse
birth outcomes.248,249 Although it is an effective alternative
to heparin in general, its role in preventing thromboembolic
complications in pregnant women with prosthetic heart valves
has not been determined.

Heparin and LMWH in the Third Trimester Near Delivery

65. H.P. is now at 38 weeks’ gestation and has a scheduled ce-
sarean section in 1 week. She currently is on enoxaparin 100 mg
SC every 12 hours. What advice should be given to help her man-
age her anticoagulation just before surgery?

To minimize bleeding complications during delivery, the
Seventh ACCP Conference on Antithrombotic and Throm-
bolytic Therapy suggests that heparin and LMWH be discon-
tinued 24 hours before elective induction of labor or cesarean
section.238 If spontaneous labor occurs before her scheduled
cesarean section, neuroaxial anesthesia can become compli-
cated if H.P. is anticoagulated. If the aPTT or antifactor Xa is
markedly prolonged near delivery, protamine sulfate may be
required to decrease the risk of bleeding.

Graduated compression stockings should be used during
and after H.P.’s cesarean section because some data have sug-
gested that some patients (i.e., prior venous thromboembolism,
thrombophilia, age >35 years, obesity, prolonged bedrest) are
at high risk for thromboembolic complications.238 Anticoag-
ulation with heparin should be reinitiated after surgery once
H.P. is hemodynamically stable and the risk of bleeding is low.
H.P is at an increased risk for venous thrombosis during both
pregnancy and the postpartum period.

Breast-Feeding

66. After vaginal delivery, H.P. is restarted on low-dose heparin
and then changed to warfarin on day 5. H.P. also is breast-feeding.
Does either of these drugs present a risk to the nursing infant?

Heparin does not cross into breast milk (see Drug Excre-
tion in Human Milk) because of its high molecular weight
(∼12,000). Therefore, the risk from this anticoagulant is mini-
mal. Warfarin is a weakly acidic drug (pKa 5.05) that is highly
ionized at physiologic pH (>99%) in maternal serum.229 It
also is highly protein bound (97%).239 These pharmacokinetic
parameters make warfarin unlikely to transfer into breast milk.
Case reports in lactating mothers confirm that warfarin was
not detected in breast milk or infant plasma, or that very low
amounts were detected in breast milk.208 The AAP lists war-
farin under the category of “usually compatible with breast-
feeding.”235 As a precaution, the mother should observe the
infant for bruising or other signs of hemorrhage, although the
apparent risk is low.

Antiepileptic Drugs
Phenytoin

67. L.F. is a 30-year-old woman with epilepsy who is planning
to start a family. Her generalized tonic–clonic seizures have been
well controlled with oral phenytoin 100 mg four times daily (QID),
and L.F. has had no seizures for the past 3 years. She is other-
wise healthy and is not taking any medication besides phenytoin.
Should L.F. become pregnant, what are the risks of phenytoin to
the fetus?

Approximately 90% of women with epilepsy who receive
antiepileptic drugs (AED) have uneventful pregnancies. A few
women have an increased risk for fetal abnormalities, with
both major and minor malformations reported. Controversy
exists over whether maternal epilepsy increases the rate of
malformations; however, newer studies suggest this increased
incidence is most likely caused by AED therapy.250−252 The
risk of fetal abnormalities is lowest with monotherapy and is
generally considered to be two- to threefold higher than in
the general population.253 In a prospective study by Holmes
et al.252 conducted between 1986 and 1993, congenital mal-
formations occurred more frequently in infants exposed to one
AED compared with controls (20.6% versus 8.5%; odds ratio
[OR] 2.8; 95% confidence interval [CI] 1.1–9.7). The rate was
even higher for infants exposed to two or more AED compared
with control (28% versus 8.5%; OR 4.2; 95% CI 1.1–5.1). Ab-
normalities most commonly observed with the use of AED are
major congenital malformations (e.g., cardiac malformations,
cleft lip or palate), microcephaly, hypoplasia of the midface
and fingers, and growth retardation.252,254,255 Preliminary data
also proposed that children exposed to AED in utero may be
more likely to have developmental delay, childhood medical
problems, and behavior disorders.256 More studies are needed
to confirm these initial findings.

FETAL HYDANTOIN SYNDROME
Phenytoin (Dilantin) can cause a recognizable pattern of

malformations collectively known as the fetal hydantoin syn-
drome (FHS). It is now recognized that this syndrome is not
restricted to phenytoin use and can be linked to other AED.
Infants of mothers who were treated with AED have a 10%
to 30% chance of developing some aspects of FHS, but the
full-blown syndrome is less common.257−259

Common features identified with FHS are varying de-
grees of craniofacial malformations, including lip and palatal
changes; limb anomalies, such as hypoplasia of nails and distal
phalanges; congenital heart disease; and mental and physical
growth retardation.208,257,258.

PROPOSED MECHANISMS OF TERATOGENICITY
A study published in 1990 demonstrated a relationship be-

tween levels of activity of the enzyme epoxide hydrolase and
the risk of FHS.257 Toxic oxidative metabolites of phenytoin
normally are removed by epoxide hydrolase, which appears
to be regulated by a single gene with two allelic forms. The
level of enzyme activity was measured using amniocytes ob-
tained through amniocentesis. Fetuses of women with low ac-
tivity of this enzyme appear to be at an increased risk from
phenytoin. If further studies confirm these findings, this would
be an example of an interaction between the mother’s genetic



46-42 � WOMEN’S HEALTH

predisposition and the environment (in this case, a drug). Two
other AED, phenobarbital and carbamazepine, also are metab-
olized via this route.

A second proposed mechanism is altered folate concentra-
tion by AED. Phenytoin, carbamazepine, and barbiturates have
been shown to decrease serum folate concentration. Valproic
acid also decreases this by interfering with folate metabolism.
Decreased folate concentration is correlated with an increased
risk of developing NTD.251,260,261

CARCINOGENIC POTENTIAL
Phenytoin may be a human transplacental carcinogen: sev-

eral tumors have been observed in children exposed to this drug
during gestation.208 The reported tumors are neuroblastoma
(five cases), ganglioneuroblastoma (one case), melanotic neu-
roectodermal tumor (one case), extrarenal Wilms tumor (one
case), mesenchymoma (one case), lymphangioma (one case),
and ependymoblastoma (one case). Exposed children must be
evaluated closely for several years because tumors may take
that long to appear.

HEMORRHAGIC DISEASE OF THE NEWBORN
The use of phenytoin and other AED during the third

trimester increases the risk of HDN.208 Both early HDN (on-
set, 0–24 hours) and classic HDN (onset, 2–5 days) may oc-
cur in gestationally exposed infants. The hemorrhage is of-
ten life-threatening, with intracranial bleeding common. It is
thought to result from phenytoin induction of fetal liver micro-
somal enzymes that further deplete the already low reserves
of fetal vitamin K. Suppression of the vitamin K-dependent
clotting factors, II, VII, IX, and X, results from the hypovita-
minosis. Phenytoin-induced thrombocytopenia also may play
a role in the bleeding. Vitamin K1 (phytonadione) 1 mg should
be given IM to the neonate at birth for prophylaxis against
HDN.250,258

Teratogenicity of Nonhydantoin Antiepileptic Drugs

68. Do other AED offer an advantage over phenytoin in preg-
nancy?

For patients with generalized tonic–clonic seizures, the
drugs that offer the most effective therapy are phenytoin, car-
bamazepine (Tegretol), and valproic acid (Depakene). Primi-
done (Mysoline), phenobarbital, and clonazepam (Klonopin)
may be effective as alternative or adjunctive agents, whereas
ethosuximide (Zarontin) and trimethadione (Tridione) are not
indicated. Whether these AED offer any advantage over pheny-
toin depends on many variables, including fetal risks to drug
exposure and the likelihood of maintaining seizure control if
phenytoin were discontinued or another AED initiated.

CARBAMAZEPINE
Carbamazepine, an AED structurally related to the tri-

cyclic antidepressants, has been used frequently in preg-
nancy. It was once thought to be the AED of choice be-
cause earlier reviews failed to demonstrate a relationship with
congenital malformations.262,263 Evidence since has linked
carbamazepine to fetal abnormalities.208,209 Numerous case
reports and epidemiologic studies have been published in-
volving carbamazepine-induced anomalies. Earlier reports de-
scribed a pattern of malformations similar to FHS.264 It

has been postulated that carbamazepine and phenytoin may
cause a similar pattern of fetal abnormalities because both
are metabolized through the arene oxide pathway to produce
an oxidative intermediate that is embryotoxic.264,265 Matalon
et al.266 conducted a meta-analysis of 1,255 in utero expo-
sures to carbamazepine that confirmed a 2.89 times increased
risk of major congenital anomalies in exposed children com-
pared with healthy controls. No significant difference in con-
genital anomalies was observed in untreated epileptic women
compared with controls. Anomalies reported with carba-
mazepine include cardiac defects, urinary tract defects, crani-
ofacial defects, cleft palate, fingernail hypoplasia, and
low birthweight.264,266,267 In addition, exposure to carba-
mazepine in utero carries a 0.5% to 1% risk of develop-
ing NTD, including spina bifida.261,268 If possible, carba-
mazepine should be avoided in women with family histories of
NTDs.250

VALPROIC ACID
In utero exposure to valproic acid is associated with a broad

range of major and minor congenital anomalies often referred
to as fetal valproate syndrome (FVS).209,269 Abnormalities may
involve craniofacial defects, organ malformations, and growth
and developmental defects. In a review of 70 cases of valproic
acid exposure, some of the more common features were small
or broad nose (57%), small or abnormal ears (46%), long or flat
philtrum (43%), and hypertelorism (27%).269 Use of valproic
acid during pregnancy is associated with a 1% to 2% risk of
NTD, ranging from spina bifida to meningomyelocele.208 Other
major adverse fetal effects observed with this drug include
craniofacial, cardiac, digital, skeletal and limb, urogenital, skin
and muscle, and miscellaneous anomalies.208 A small observa-
tional study of nine infants from mothers who received valproic
acid during pregnancy suggests that valproic acid may cause
immediate and long-term (evaluated at 6 years of age) neuro-
logic dysfunction in some children.270 If valproic acid must be
used during pregnancy, the total dose should be divided over
three or four administrations per day to avoid high plasma con-
centrations, because NTD may be dose dependent.250,258,271

Dosages >1,000 mg/day may be associated with an increased
risk of congenital anomalies.269 As with carbamazepine, val-
proic acid should be avoided in women with a family history
of NTD.250 High serum concentration of the free fraction of
valproic acid during labor and at birth may be responsible for
a fetal or newborn toxicity consisting of fetal distress and low
Apgar scores.272 Because of the high incidence of teratogenic-
ity, valproic acid does not offer any advantage over phenytoin
in L.F.

PHENOBARBITAL
Phenobarbital often is used in combination with phenytoin,

although it is used much less frequently as a single agent
for the treatment of the type of seizures that L.F. has. Al-
though a recognizable pattern of malformations, such as FHS,
does not occur in epileptic women treated only with pheno-
barbital, some of the minor anomalies composing FHS are
observed.208 In three cases, women treated during the first
trimester with only primidone, a structural analog of pheno-
barbital, bore infants with malformations similar to those with
FHS. Another pharmacologically related AED is mephobarbi-
tal (Mebaral), which is partially demethylated by the liver to
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phenobarbital. The teratogenic potential of mephobarbital is
unknown because information about its use during pregnancy
is limited.208

All of these agents may induce maternal folic acid defi-
ciency, a situation similar to that observed with phenytoin.
Low folate concentration is linked to NTD. Hemorrhagic dis-
ease of the newborn has been reported after phenobarbital or
primidone exposure and should be expected after mephobarbi-
tal use as well. The mechanism of this effect and its treatment
are the same as that described for phenytoin.

In addition, barbiturate withdrawal has been observed in
newborns exposed to phenobarbital during gestation. The av-
erage onset of symptoms was 6 days (range, 3–14 days) after
birth, and withdrawal has been reported with daily doses as
low as 64 mg.208 Neonates should be monitored for withdrawal
symptoms for 2 to 6 weeks because phenobarbital has a long
elimination half-life (100 hours).251 Recent data also suggest
that infants exposed to phenobarbital in utero may experience
some decline in cognitive performance.258 Use of phenobar-
bital could be considered for L.F.; however, carbamazepine,
valproic acid, and phenytoin are the preferred AED for tonic–
clonic seizures.

ALTERNATIVE ANTIEPILEPTIC DRUGS
Experience with clonazepam as an AED is limited in hu-

man pregnancy. One infant exposed in utero and delivered pre-
maturely at 36 weeks’ gestation developed apnea, cyanosis,
lethargy, and hypotonia at 6 hours of age.273 Although con-
genital malformations were not evident, the toxic symptoms
persisted for several days. Clonazepam usually is given in com-
bination with other AED; hence, an increased rate of malfor-
mations caused by the agent would be difficult to detect. Thus,
too little information is available to recommend this drug.

NEWER ANTIEPILEPTIC DRUGS

69. Several AED have been approved in the past few years. Have
they been associated with teratogenicity, and do they offer any
advantage over phenytoin for L.F.?

Most of the newer AED are approved as adjunctive therapy
for partial seizures; currently, they are not first-line therapy
for generalized tonic–clonic seizures. Their safety in women
with epilepsy during pregnancy is yet to be determined be-
cause little information is available to assess their teratogenic
potential.

Of the newer AED, preliminary pregnancy outcomes are
available for lamotrigine (Lamictal). The manufacturer of lam-
otrigine, GlaxoSmithKline, initiated the International Lamot-
rigine Pregnancy Registry in 1992 to monitor the occurrence of
major structural birth defects associated with in utero exposure
to lamotrigine. As of September 30, 2001, birth outcomes for
389 pregnancies were prospectively collected and analyzed.274

Of these, 168 infants were exposed to lamotrigine monother-
apy. Three cases (1.8%) of major birth defects (esophageal
malformation, cleft soft palate, right clubfoot) were observed.
The occurrence of birth defects was higher in women on poly-
therapy, especially those who received lamotrigine and valproic
acid (5 of 50; 10%). In comparison, the rate of major birth de-
fects for infants exposed to lamotrigine polytherapy without
valproic acid was 4.3% (5 of 116). Lamotrigine is rated preg-

nancy risk category C and has been found to cross the placenta
in one case report.275

Other new AED available include felbamate (Felbatol),
gabapentin (Neurontin), levetiracetam (Keppra), oxcar-
bazepine (Trileptal), tiagabine (Gabitril), topiramate (Topa-
max), and zonisamide (Zonegran). The teratogenic risk of these
new agents has not been determined. They are rated pregnancy
risk category C, and malformations have been reported in an-
imals exposed to these agents.276 The use of felbamate in any
epileptic patient is limited because of the risk of aplastic ane-
mia and acute liver failure. Until more data become available,
these new AED do not appear to offer any advantage for L.F.

Reducing Fetal Risks

70. If L.F. chooses to become pregnant, what steps should her
physician implement to lessen the risks of AED toxicity to her
fetus?

Preconception planning with patient education is an ex-
tremely important component in epileptic women desiring to
bear a child. Achieving good seizure control before concep-
tion is imperative. Although no clear consensus on the AED
of choice during pregnancy has been reached, discontinuation
of the agent should be considered in women who have been
free of seizures for at least 2 to 5 years.258 The dose should be
tapered over 1 to 3 months. In patients for whom withdrawal
is not an option, monotherapy is preferred, and the lowest ef-
fective dose of the appropriate AED should be used.250,253,258

Because L.F. has had no seizure activity for the past 3 years,
her phenytoin should be gradually discontinued before con-
ception. If discontinuation is not an option, a careful reduction
of her dose may be possible.

Close monitoring of phenytoin plasma concentrations is re-
quired during pregnancy to ensure maintenance of therapeu-
tic levels and to help prevent seizures, which may increase
the risk of fetal malformations. Consideration also should be
given to changing L.F.’s drug therapy to another AED effective
for tonic–clonic seizures. Any change to her regimen should
be initiated and seizure control achieved before conception is
attempted.

SUPPLEMENTAL FOLIC ACID
Folic acid deficiency increases the risk of NTD, such as

spina bifida and anencephaly. The Medical Research Council
(MRC) vitamin study evaluated the protective effects of folic
acid in 1,817 pregnant women carrying fetuses at high risk
for NTD.277 High-dose folic acid (4 mg once daily), given
from the date of randomization until 12 weeks of pregnancy,
reduced the risk of NTD by 72%. Women with epilepsy were
excluded from this study because of concerns that elevated
folate concentrations might interfere with AED therapy. It is
now recommended that all women of childbearing age take
0.4 mg folic acid as a daily supplement. Women at high risk
of having a child with NTD should consult with their health
care provider and consider supplementing with 4 mg folic acid
daily from at least 1 month before conception through the first
3 months of pregnancy.258,271 Because AED can significantly
decrease folate concentrations, supplementation with folic acid
4 mg daily in epileptic women may be warranted to decrease
the risk of NTD.
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L.F. is at risk of having a child with NTD because of pheny-
toin therapy. The addition of folic acid 4 mg daily to her drug
regimen should be considered, especially before conception
and during the first 3 months of pregnancy.

Phenytoin in Breast Milk

71. If L.F. decides to breast-feed her newborn, would the use of
phenytoin be expected to cause any problems?

Phenytoin is readily bioavailable after oral administration,
but its high protein binding (95%) hinders its passage into
breast milk.239 The estimated M:P ratio of 0.13:0.45 is low.230

Because an infant may receive about 5% of the maternal
dose,227 the AAP considers maternal use of phenytoin compat-
ible with breast-feeding.235 L.F. should be counseled on ways
to reduce the risk of exposure (Table 46-9).

Isotretinoin

72. P.J., a 19-year-old woman with severe, recalcitrant nodular
acne, has been treated with isotretinoin. After several months of
therapy, P.J. suspects she is pregnant. What is the risk to P.J.’s
fetus from isotretinoin exposure in early pregnancy?

Isotretinoin (Accutane), an isomer of vitamin A, was in-
troduced in 1982 as a treatment for severe, recalcitrant nodu-
lar acne. The drug is rated pregnancy risk category X and is
a known human teratogen.276 Serious fetal abnormalities, in-
cluding spontaneous abortion, can occur with any amounts,
even for a short duration of use after conception. A recognized
pattern of embryopathy is reported with isotretinoin,209,276

which includes defects of the skull, ear (e.g., microtia or an-
otia), eye (e.g., microphthalmia), face, CNS, thymus, and car-
diovascular system. Other adverse outcomes reported include
cleft palate, rare limb defects, and low IQ scores.

To prevent unintended pregnancies in women, such as P.J.,
on isotretinoin, the manufacturer of Accutane established a
more stringent prescribing program known as the System to
Manage Accutane-Related Teratogenicity (SMART).276 Both
the physician and patient are required to follow the steps of
this program before isotretinoin is prescribed and dispensed.
In general, routine pregnancy avoidance counseling, regular
pregnancy testing, and use of two forms of effective contra-
ception are required. Pregnancy should be avoided for at least
1 month after stopping therapy. The health care provider should
refer to the package insert and contact the manufacturer for de-
tails.

Isotretinoin must be discontinued immediately for P.J. She
has a significant chance of spontaneously aborting her fetus.
Should her pregnancy continue to term, the likelihood of deliv-
ering an infant with a major congenital malformation is high.
Her health care provider must discuss these risks with P.J. and
closely monitor her for adverse fetal outcomes. After this preg-
nancy, whether P.J. remains a candidate for isotretinoin must
be carefully reassessed.

Tretinoin

73. If P.J. had been treated with topical retinoic acid (tretinoin),
another vitamin A derivative used for acne vulgaris, would this
have placed her fetus at risk?

Tretinoin, as with other retinoids, is a potent teratogen when
taken systemically. Topical use, however, is associated with
minimal risk because, at most, only about one-third of a topical
dose is absorbed.208 Assuming a 1-g/day application of a 0.1%
preparation, this would amount to about one-seventh of the
vitamin A activity received from a typical prenatal vitamin
supplement. P.J.’s fetus would not have been at risk from this
degree of exposure.

Antidepressants
Selective Serotonin Receptor Inhibitors (SSRI) Use in First Trimester

74. B.C. has been diagnosed with major depressive disorder
since 3 years ago when she was started on oral fluoxetine 10 mg
daily. She has recently had some sleep disturbances, decreased
libido, and fatigue. Her dosage was increased to 20 mg daily a few
months ago. Today, B.C. learns that she is pregnant at 6 weeks’
gestation. The pregnancy was unplanned. B.C has recently heard
in the news that paroxetine can affect the development of a baby’s
heart. Because she is on fluoxetine, she is worried that it may have
the same effects. What effects do SSRI have on the developing
fetus during the first trimester?

Clinical depression can affect up to 20% of pregnant
women.278 Depression during pregnancy can have adverse ef-
fects on the fetus and the mother if untreated. Pharmacotherapy
is often needed in many cases. A recent study in 2006 showed
an increase in relapse of major depression up to 68% in pa-
tients who discontinued their antidepressant medications dur-
ing pregnancy compared with 26% of those who maintained
treatment.279 Possible effects of antidepressants on pregnancy
outcome have not yet been established. Antidepressants used
during pregnancy have been associated with preterm deliv-
ery, low birthweight, growth impairment, neonatal toxicity, and
physical and behavioral teratogenicity.278

Selective serotonin receptor inhibitors (e.g., fluoxetine, flu-
voxamine, paroxetine, sertraline, escitalopram, and citalo-
pram) are the most common antidepressants used in pregnancy.
Although all the SSRI share a similar mechanism of action,
their chemical structures differ.33 These differences may also
confer differences on pregnancy outcomes but further studies
are needed to define the effects.

Recent studies have suggested that paroxetine may be asso-
ciated with a small but significant increase in congential mal-
formations. Two epidemiologic studies found that paroxetine
use during the first trimester increased the risk for congen-
tial malformations 1.8 times and increased the risk for car-
diac defects 1.5 to 2.0 times.280 Doses of paroxetine above
25 mg/day were more likely associated with major malfor-
mations and cardiac defects.281 In December 2005, the FDA
changed the pregnancy category for paroxetine from C to D
and advised that it should be avoided if possible in the first
trimester of pregnancy.282 Two case control studies published
in 2007 found that the absolute risk of any birth defects from
paroxetine and other SSRI is small.283,284 The absolute risk for
right ventricular outflow tract obstruction defects and all con-
genital heart defects would probably not exceed 1% and 2%
respectively.285

Because B.C. has a history of major depressive disorder that
has been well controlled on fluoxetine, she should continue on
her antidepressant because she may be at high risk for relapse
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of a major depressive episode if she discontinues treatment.
Fluoxetine, the most studied SSRI in pregnancy, was not as-
sociated with an increased risk of cardiac anomalies.278,283,284

The risk of fetal harm must be weighed against the possible
risk of untreated depression. The decision to continue or start
antidepressants during pregnancy must be made on a case-by-
case basis that involves a thorough discussion examining the
risks.

Effect of SSRI in Third Trimester and in the Neonate

75. What are some risks to the fetus associated with SSRI use
in third trimester and in the neonate after delivery?

Exposure to SSRI’s use after 20 weeks’ gestation was asso-
ciated with persistent pulmonary hypertension in the newborn
(PPHN). A case control study in 2006 found the absolute risk
to be about 1%.286 Developmental toxicities are also associ-
ated with SSRI use during pregnancy, including spontaneous
abortions, low birth-weight, premature delivery, poor neonatal
adaptation syndrome, and possible long-term neurocognitive
effects.278
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POLYCYSTIC OVARY SYNDROME
Polycystic ovary syndrome (PCOS) affects approximately 6%
to 8%, or 1 of 15 women of reproductive age, making it the
leading cause of anovulatory infertility and the most common
endocrine abnormality for this age group.1 This syndrome, or
constellation of symptoms, was first described in 1935 by Stein
and Leventhal when they reported infertility and amenorrhea
in seven women with enlarged cystic ovaries.2 Excessive male-
patterned hair growth and obesity were added later to the de-
scription of this syndrome.3 PCOS also has been referred to as
Stein-Leventhal syndrome, polycystic ovary, polycystic ovar-
ian disease, hyperandrogenic chronic anovulatory syndrome,
and functional ovarian hyperandrogenism. The name “polycys-
tic ovary syndrome” has been most widely accepted because it
best describes the heterogeneous nature of this disorder.

Diagnostic Criteria
The diagnosis of PCOS is complicated by variations among
women of the presenting signs and symptoms and because
diagnostic criteria have changed over time. Precise and uniform
criteria for diagnosis have not been firmly established. Three
major diagnostic criteria for PCOS have been proposed by
different organizations (Table 47-1).

The initial diagnostic criteria were developed in 1990 dur-
ing an expert conference sponsored by the National Institutes
of Health (NIH) and National Institute of Child Health and
Human Development (NICHD). The panel concluded that the
major criteria for PCOS should include (in order of impor-
tance): (a) hyperandrogenism (clinical signs of hyperandro-
genism such as hirsutism) or hyperandrogenemia (biochemi-
cal signs of hyperandrogenism such as elevated testosterone

47-1
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Table 47-1 Criteria for Defining Polycystic Ovary Syndrome (PCOS)

Proposed Definitions

NIH 1990 ESHRE/ASRM (Rotterdam) 2003 AES 2006 (first criterion, 1 of criteria
Clinical Criteria (all marked with ×) (2 of first 3 criteria and last) 2 or 3, and last)

1. Hyperandrogenism or hyperandrogenemia × × ×
2. Oligo-ovulation or anovulation × × ×
3. Polycystic ovaries (by ultrasound) − × ×
4. Exclusion of related disorders × × ×
AES, Androgen Excess Society; ESHRE/ASRM, European Society for Human Reproduction and Embryology/ American Society for Reproductive Medicine; NIH, National
Institutes of Health.
Adapted from references, 4–6.

levels), (b) oligo-ovulation (infrequent or irregular ovulation
with fewer than nine menses per year), and (c) exclusion of
other known disorders such as hyperprolactinemia, thyroid ab-
normalities, and congenital adrenal hyperplasia.4 The second
set of criteria was proposed at an expert conference in Rot-
terdam sponsored by the European Society for Human Repro-
duction and Embryology (ESHRE) and the American Society
for Reproductive Medicine (ASRM) in 2003.5 They concluded
that the presence of two of the following three features, after
exclusion of related disorders, confirmed diagnosis of PCOS:
(a) oligo-ovulation or anovulation, (b) clinical or biochemi-
cal signs of hyperandrogenism, or (c) polycystic ovaries. The
third set of criteria was developed by a task force of the Andro-
gen Excess Society (AES) in 2006.6 They concluded hyperan-
drogenism, hyperandrogenemia (highest priority), or both and
ovarian dysfunction, as evidenced by oligo-ovulation, polycys-
tic ovaries, or both must be present after exclusion of other an-
drogen excess or related disorders. Strengths and weaknesses
exist in each of the criteria proposed, but it is clear that the
definition of and diagnostic criteria for PCOS will continue to
evolve as new information is released.

Clinical Characteristics
Common clinical signs of PCOS include hirsutism, acne, and
alopecia. Hirsutism, the most common of these characteristics,
occurs in 60% to 70% of women with PCOS.6 It is defined as
an excess of thickly pigmented body hair in a male pattern
distribution and commonly found on the upper lip, lower ab-
domen, and around the nipples. Women seeking treatment for
hirsuitism may be evaluated for PCOS. Acne affects 15% to
25% of women with PCOS, but this prevalence may not be
different than in the general population. Alopecia occurs in
approximately 5% of women with PCOS and presents as scalp
hair loss in the crown and vertex areas.7

Ovulatory dysfunction in PCOS is typically described
as oligo-ovulation or anovulation, presenting clinically as a
woman with irregular menstrual cycles. Overall, 60% to 85%
of women with PCOS and oligo-ovulation have menstrual dys-
function, usually oligomenorrhea or amenorrhea.1 The men-
strual disturbances usually begin in the peripubertal years. An
increased luteinizing hormone (LH) to follicle-stimulating hor-
mone (FSH) ratio >2 or 3 may provide evidence for irregular
ovulation. This occurs in 20% to 60% of women with PCOS.1

Obesity occurs in approximately 30% to 60% of women
with PCOS.1 Central or abdominal obesity is the typical pat-

tern. Central obesity is a risk factor for the development of
diabetes and heart disease and, when present in a woman with
PCOS, worsens the clinical features (e.g., anovulation, hyper-
androgenism, insulin resistance) of the syndrome.8 Therefore,
lifestyle modification with appropriate diet and exercise is a
cornerstone of therapy for many women with PCOS.

Pathophysiology
The pathophysiology of PCOS is complex. The primary de-
fect in PCOS is unknown, but at least three potential mech-
anisms, acting alone or synergistically, appear to create the
characteristic clinical presentation. These mechanisms include
inappropriate gonadotropin secretion, excessive androgen pro-
duction, and insulin resistance with hyperinsulinemia. Figure
47-1 displays the closely integrated relationship between these
mechanisms in the development of PCOS.

A genetic basis for PCOS has been postulated, but its mode
of transmission is unclear.9 Theories include an autosomal-
dominant model and a polygenic model with genetic–
environmental interactions. The complex presentation and var-
ious mechanisms make it impossible to target just one gene
locus; in fact, >50 candidate genes have been proposed. A
familial pattern to the development of PCOS may exist, be-
cause the incidence is higher in women with relatives with the
disorder.

Gonadotropin Secretion
In normal menstrual cycles, ovulation occurs when the hy-
pothalamus produces gonadotropin-releasing hormone (Gn-
RH), a neurohormone that regulates the release of FSH and LH
from the anterior pituitary in a pulsatile fashion every 60 to 90
minutes. FSH is important to stimulate growth of ovarian folli-
cles and LH is critical for ovulation and sex steroid production.
Typically, FSH concentrations rise during the follicular phase,
stimulating the growth and development of a small group of
follicles until a dominant follicle emerges late in the follicu-
lar phase. Estrogen levels rise during this time, generating the
LH surge and resulting in ovulation. During the luteal phase
that follows, progesterone is synthesized and secreted, which is
necessary for implantation of an embryo should pregnancy oc-
cur. If pregnancy does not occur, progesterone concentrations
decrease and menstruation occurs.

In PCOS, there is an increased frequency of GnRH stimula-
tion, leading to an increase in LH pulse frequency and ampli-
tude, while FSH secretion remains normal. The development
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FIGURE 47-1 Relationship of gonadotropin secretion, androgen production, and insulin in polycystic ovary
syndrome (PCOS). From reference 10, with permission.

of a dominant follicle does not occur because LH secretion
occurs too early in the menstrual cycle. Therefore, a woman is
left with several immature follicles and usually will not ovu-
late. It is not clear whether the abnormal pulse frequency of
GnRH is an intrinsic problem in the GnRH pulse generator or
a result of relatively low progesterone concentrations from in-
frequent ovulation.10 A woman with this abnormality does not
enter the luteal phase of her menstrual cycle, leaving estrogen
unopposed. Unopposed estrogen leads to endometrial hyper-
plasia and increases the risk for endometrial cancer. Increased
LH stimulation also leads to increased steroidogenesis in the
ovary, leading to excess androgen production.

Excess Androgen Production
Androgen production occurs in the theca cell of the ovary to
facilitate follicular growth and estradiol synthesis in the gran-
ulosa cell. In women with PCOS, hypersecretion of LH and in-
sulin increase the production of androgens, causing abnormal
sex steroid synthesis, hyperandrogenism, and hyperandrogen-
emia. The dysregulation in steroid synthesis and metabolism
is believed to result primarily from a dysfunction of the cy-

tochrome P450c17 enzyme in the ovaries, an enzyme with
17-hydroxylase and 17,20-lyase activities that are required to
form androstenedione.10,11 Androstenedione is then converted
to testosterone or is aromatized by the aromatase enzyme to
form estrone. Theca cells in women with PCOS are more effi-
cient at the conversion to testosterone than normal theca cells.12

Also, a similar steroid pathway occurs in the adrenal cortex
and, when hyperandrogenism or hyperinsulinemic states exist,
androgen production is exacerbated.

Elevated androgen levels are seen in approximately 60% to
80% of women with PCOS, mostly as increased free testos-
terone concentrations.6 Assays for testosterone tend, however,
to be highly variable and inaccurate, so measurement of andro-
gen concentrations should be used only as an adjuvant test and
never as the sole criterion for diagnosis. Clinical assessment is
the primary tool for assessment of excess androgen.

Insulin
Women with PCOS experience an increased risk of in-
sulin resistance with compensatory hyperinsulinemia.1 In-
sulin resistance is associated with reproductive and metabolic
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abnormalities in women with PCOS and can occur in both
obese and nonobese women. There are several mechanisms by
which this occurs. One major mechanism is a postbinding de-
fect in insulin-receptor signaling.13 Specifically, abnormal re-
ceptor autophosphorylation increases serine phosphorylation
in targeted cells, which contributes to insulin resistance.14,15

The insulin resistance in PCOS has been shown to be a
selective, tissue-specific process where insulin sensitivity is
increased in the ovarian androgenic pathway (causing hyper-
androgenism), but insulin resistence is seen in other tissues
involved with carbohydrate metabolism, specifically in the fat
and muscle. Hyperinsulinemia results because of the compen-
satory increase in insulin secretion secondary to insulin resis-
tance.

Insulin has both direct and indirect roles in PCOS. In the
ovary, insulin acts alone or synergistically with LH to increase
androgen production in theca cells. In the liver, insulin inhibits
synthesis of sex-hormone binding globulin (SHBG), a key pro-
tein that binds to testosterone, and thus increases the free frac-
tion of androgens available for biologic activity. Therefore,
hyperinsulinemia is a major contributor to both hyperandro-
genism and hyperandrogenemia in PCOS. Treatments targeted
to improve insulin resistance in women with PCOS have shown
improvements in ovulatory function, hirsutism, androgen lev-
els, and metabolic profiles.16,17 Indirectly, insulin may enhance
the amplitude of LH pulses, targeting the gonadotropin secre-
tion defect in PCOS.18

1. E.F. is a 20-year-old college student with mild hair growth
above her upper lip, mild acne, and a history of irregular men-
strual periods. Since age 12, she has had six to nine periods per
year at intervals that vary from 30 to 90 days. When she does have
a period, she considers them to be “normal” without pain or ex-
cessive bleeding. Her irregular periods were not bothersome until
recently when she became sexually active and worries about be-
coming pregnant. She uses condoms for birth control. She reports
no other medical conditions. E.F. is 5 feet 7 inches tall and weighs
180 pounds (body mass index [BMI] 28.2). Her vital signs today
are BP 118/84 mmHg, heart rate (HR) 70 beats/minute, temper-
ature 98.6◦F, respiratory rate (RR) 18. Her physical examination
is normal, with the exception of noted excessive facial hair and
mild acne. She takes a multivitamin daily and acetaminophen as
needed for headaches. She has no known medication allergies.
What signs and symptoms does E.F. have that are consistent with
PCOS?

E.F. exhibits several signs and symptoms that would indicate
the presence of PCOS. According to the criteria of all organi-
zations, her history of abnormal menstrual periods (oligomen-
orrhea) and clinical signs of hyperandrogenism, including hir-
sutism and acne, would indicate PCOS. E.F. is overweight,
which is common in women with PCOS but is not consid-
ered a criterion for diagnosis. Before a diagnosis of PCOS
is made, laboratory testing to exclude other related causes
of her symptoms would have to be performed. Studies may
include prolactin, thyroid-stimulating hormone, testosterone,
and 17-hydroxyprogesterone concentrations to rule out hyper-
prolactinemia, hypothyroidism, virilizing tumor, and congeni-
tal adrenal hyperplasia, respectively. PCOS is primarily diag-
nosed by clinical assessment; therefore, these tests assist only
in confirming or excluding a diagnosis. To determine the pres-
ence of polycystic ovaries, defined as more than eight follicles

per ovary that are <10 mm (usually 2–8 mm) in diameter, a
transvaginal ultrasound could be performed.

Long-term Complications

2. E.F. does not smoke, drinks one to two beers on weekends,
and exercises by walking to class (20 minutes total) daily. Her
mother has diabetes and hypertension and her father has dia-
betes, hypertension, and dyslipidemia. Her significant laboratory
values include fasting glucose 102 mg/dL, low-density lipopro-
tein (LDL) 150 mg/dL, high-density lipoprotein (HDL) 52 mg/dL,
triglycerides 130 mg/dL, and total cholesterol 228 mg/dL. What
risk does E.F. have for developing long-term complications from
PCOS?

E.F. has an increased risk for developing impaired glu-
cose tolerance, diabetes, and metabolic syndrome, especially
considering her family history. Furthermore, the diagnosis of
PCOS places her at possible increased risk for sleep apnea and
endometrial cancer.

Impaired Glucose Tolerance and Diabetes
Studies have shown that women with PCOS have a higher
prevalence of impaired glucose tolerance, diabetes, and insulin
resistance compared with women without the syndrome.19 A
family history increases the risk of these conditions further.
In a study of 254 women with PCOS, 38.6% were found to
have either impaired glucose tolerance (IGT) or undiagnosed
diabetes.20 Compared with those without PCOS, the preva-
lence of IGT and diabetes was significantly higher in both
obese and nonobese (BMI <27) women. Waist-to-hip ratio
and BMI appeared to be the most clinically important predic-
tors of glucose intolerance. Women with PCOS who have IGT
appear to develop type 2 diabetes at higher rates than the gen-
eral population.19 Therefore, screening and diagnosis of these
conditions is important for women with PCOS. E.F.’s mildly
elevated fasting glucose and obesity suggest that she may be
at increased risk for impaired glucose tolerance.

Glucose tolerance should be assessed in all women with
PCOS using a fasting and 2-hour oral (75 g) glucose tolerance
test.19 Routine screening for diabetes with an oral glucose tol-
erance test should be performed for all women with PCOS by
the age of 30 years.21 The American Diabetes Association or
World Health Organization criteria should be used for the ap-
propriate diagnosis of IGT or diabetes. Insulin concentrations
are typically not obtained in clinical settings because they are
inaccurate.

Metabolic Syndrome and Cardiovascular Risk
Approximately one-third to one-half of women with PCOS
have a metabolic syndrome using the National Cholesterol
Education Panel-Adult Treatment Panel III (NCEP-ATP III)
criteria (Table 47-2).22−25 The incidence of a metabolic syn-
drome in women with PCOS is significantly higher than the
rate for the general U.S. population (45% vs. 6% ages 20–
29 years, 53% vs. 14% ages 30–39 years) and independent
of body weight.22 It is believed that insulin resistance is the
primary contributing factor to metabolic syndrome in women
with PCOS.26 Insulin resistance in the metabolic syndrome has
been associated with a twofold increased risk of cardiovascular
disease and a fivefold increased risk of type 2 diabetes.27 Low
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Table 47-2 NCEP ATP III Criteria for Metabolic Syndrome22

Three or more of the following:
Central obesity: >40 inches in males, >35 inches in females (may

need to adjust lower when individuals or ethnic groups are prone to
insulin resistance)

Elevated triglycerides: ≥150 mg/dL or on drug treatment for this lipid
abnormality

Reduced high-density lipoprotein cholesterol (HDL-C): <45 mg/dL in
males, <50 mg/dL in females, or on drug treatment for this lipid
abnormality

Hypertension: systolic blood pressure ≥135 mmHg or diastolic blood
pressure ≥85 mmHg, or on drug treatment for hypertension

Elevated fasting plasma glucose: ≥100 mg/dL

NCEP ATP, National Cholesterol Education Program Adult Treatment Panel.

HDL cholesterol (HDL-C) is seen most frequently in women
with PCOS (68%), followed by increased BMI and waist cir-
cumference (67%), high blood pressure (45%), hypertriglyc-
eridemia (35%), and elevated fasting glucose (4%).23 Another
group found that elevated fasting insulin concentrations, obe-
sity, and a family history of diabetes conferred higher risk of
having the metabolic syndrome in women with PCOS.25

Compared with women without PCOS, women with PCOS
are reported to have a higher prevalence of cardiovascular risk
factors, including hypertension, dyslipidemia, and surrogate
markers for early atherosclerosis (e.g., increased C-reactive
protein concentrations).26 With increasing age, and especially
as women with PCOS become postmenopausal, the risk of
hypertension increases. Postmenopausal women with PCOS
have a twofold increased risk of hypertension compared with
age-matched controls.28 Dyslipidemia in women with PCOS
typically presents as decreased HDL-C (which is a strong pre-
dictor of cardiovascular disease in women), elevated triglyc-
erides, elevated LDL cholesterol (LDL-C), and higher LDL-
to-HDL ratios.29 Women with PCOS are noted to have more
atherogenic, small dense LDL-C compared with controls and
this substantially increases cardiovascular risk.30 Women with
PCOS may have other surrogate markers for early atherosclero-
sis and cardiovascular disease, impaired endothelial dysfunc-
tion, and other markers of cardiovascular risk such as coro-
nary artery calcifications and increased carotid intima-media
thickness.26 Although cardiovascular risk exists, women with
PCOS do not appear to have markedly higher rates of mortality
from cardiovascular disease.

Obstructive Sleep Apnea
Obstructive sleep apnea is cessation of breathing that occurs
during sleep. It can disrupt sleep and cause daytime fatigue.
Patients may not be aware that they are having the symptoms of
sleep apnea, which include snoring and a gasping or snorting
when breathing resumes. Studies indicate that the prevalence
of obstructive sleep apnea in the PCOS is higher than expected
and cannot be explained by obesity alone.31−33 Insulin resis-
tance appears to be a strong predictor of sleep apnea—more so
than age, BMI, or the circulating testosterone concentration.31

Endometrial Hyperplasia and Cancer
Chronic anovulation in women with PCOS results in an en-
dometrium that is exposed to the prolonged effects of estrogen

unopposed by progesterone. Therefore, PCOS is a risk factor
for endometrial hyperplasia. It is unknown if this translates into
an increased risk for endometrial cancer because it is a rare oc-
currence in young women (4% of all cases occur in women
<40 years of age).34 It is considered prudent management to
induce artificial withdrawal bleeding by administering a course
of progestin at least every 3 months to prevent endometrial hy-
perplasia in women with PCOS who experience either amen-
orrhea or oligomenorrhea. Alternatively, ultrasound scans can
also be used to measure endometrial thickness and morphology
every 6 to 12 months.

Treatment Goals

3. E.F. worries about becoming pregnant when she does not
have regular periods. She also has mild hair growth above her
upper lip which is somewhat bothersome. Given these concerns,
what are the treatment goals for E.F.?

The primary goals for E.F. are to prevent pregnancy and ad-
dress her hirsutism. Additionally, treatment goals in E.F. would
include maintaining a normal endometrium, blocking the ac-
tions of androgens at target tissues, reducing insulin resistance
and hyperinsulinemia, reducing weight, and preventing long-
term complications. Other goals of treatment in patients with
PCOS may include correcting anovulation or oligo-ovulation
and improve fertility.

Therapy goals should encompass both long- and short-term
objectives because response to nonpharmacologic and pharma-
cologic therapy is slow, often requiring 3 to 9 months. Address-
ing long-term goals can minimize the risk for future complica-
tions and specifying short-term goals can improve motivation
and adherence to therapy.

Nonpharmacologic Treatment

4. E.F. has indicated that she would like to lose weight. What
nonpharmacologic method(s) would be most effective?

Weight reduction programs designed for a modest weight
loss (5%–10%) with the incorporation of fitness are effective
in reducing metabolic disease and improving ovulatory poten-
tial. Diet modification and exercise are the most efficient, cost-
effective, and safe ways to produce weight loss and improve the
endocrine and metabolic parameters of PCOS. Weight reduc-
tion should be considered first-line therapy in all overweight
or obese women with PCOS.

Impact of Weight Loss in PCOS
A minimum 5% weight loss has consistently demonstrated
restoration of regular menstrual cycling and ovulation in over-
weight and obese women with PCOS.8,35,36 When lifestyle
modification is implemented, free testosterone concentrations
decrease, but clinical outcomes of acne and hirsutism are not
often reported.8 Obesity in PCOS is associated with a higher
risk of developing endometrial cancer, but very limited evi-
dence exists to determine the impact of weight loss on the inci-
dence of endometrial cancer.8 Studies of weight loss in women
without PCOS indicate a 25% to 50% reduced risk of endome-
trial cancer, so it is logical that addressing weight reduction may
lower that risk as well.37,38 The Diabetes Prevention Program
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trial demonstrated a 53% prevalence of metabolic syndrome;
the incidence of this was reduced 41% in the lifestyle modifi-
cation group.39,40 This was significantly better than treatment
with metformin. Studies specifically evaluating cardiovascular
improvements with weight loss in women with PCOS are lim-
ited, but improvements in dyslipidemia and insulin sensitivity
have been noted.

Diet Composition
No single diet has been proven to be ideal for women with
PCOS. A diet low in saturated fat and high in fiber from mostly
low-glycemic-index-carbohydrate foods may, however, be suit-
able and is recommended.8,41 Glycemic index is a classifica-
tion of carbohydrates based on the blood glucose response over
2 hours. Low-glycemic index foods include bran cereals, mixed
grain breads, broccoli, peppers, lentils, and soy. High-glycemic
index foods, or those that should be minimized, include white
rice and bread, potatoes, chips, and foods containing simple
sugars (e.g., juice). It has been shown that in women with
PCOS, oral glucose intake causes larger fluctuations in plasma
glucose, increased hyperinsulinemia, and stimulated adrenal
steroid secretion; protein was found to be a preferred nutrient
over glucose.42 The composition of a diet should be individu-
alized to promote adherence and achieve specific goals.

Exercise
Exercise is a key component in the attainment and maintenance
of weight loss. Exercise with muscle strengthening improves
insulin sensitivity.8 The American Heart Association recom-
mends 1 hour daily of physical activity for weight reduction and

30 minutes daily for all adults. The American Diabetes Asso-
ciation recommends at least 150 minutes per week of moderate
to vigorous activity spread over at least 3 days for individuals
with IGT and 1 hour daily of exercise for long-term weight
loss.

Pharmacologic Treatment

5. E.F. would like to improve her menstrual irregularity, and
be sure that she will not get pregnant. If possible, she would also
like to minimize her hirsutism and acne. What pharmacologic
treatment options would be appropriate to recommend for E.F.?

Several different pharmacologic options could be recom-
mended to E.F (Table 47-3). A combined oral contraceptive
(COC) will address her concerns about irregular menstruation,
hyperandrogenism, and pregnancy prevention. An insulin sen-
sitizer would improve her menstrual irregularity and possibly
reduce her hirsutism and acne, but it does not address her desire
to prevent pregnancy. An antiandrogen, such as spironolactone,
would address only hyperandrogenism and other agents would
have to be used concurrently to address pregnancy prevention
and the other hormonal and metabolic alterations in PCOS.

Combined Oral Contraceptives
Estrogen-progestin combination therapy with a COC is the
treatment of choice for women seeking regularity in men-
strual cycles and relief from hyperandrogenic symptoms. The
estrogen component suppresses LH, resulting in a reduction
of androgen production, and increases hepatic production of

Table 47-3 Selected Treatment Options for PCOS

Pregnancy
Drug Class (example) Purpose of Therapy Mechanism of Action Effective Dose Side Effects Category

Combined oral
contraceptive
(estrogen and
progestin)

Menstrual cyclicity,
hirsutism, acne

Suppresses LH (and FSH) and
thus ovarian androgen
production; increases sex
hormone-binding globulin,
which decreases free
testosterone

One tablet orally daily
for 21 (or 24) days,
then 7-day (or 4-day)
pill-free interval

Breast tenderness,
breakthrough
bleeding, mood
swings, libido
changes

X

Progestins (medroxy-
progesterone)

Menstrual cyclicity Creates withdrawal bleeding
by transforming
proliferative endometrium
into secretory endometrium

5–10 mg orally daily for
10–14 days every
1–2 months

Breakthrough
bleeding, spotting,
mood swings

X

Biguanide (metformin) Menstrual cyclicity,
ovulation induction,
hirsutism, acne,
insulin lowering

Decreases hepatic glucose
production, secondarily
reducing insulin levels;
may have direct effects on
steroidogenesis

500 mg orally 3 times
daily (up to 2,550 mg/
day)

Gastrointestinal
problems, diarrhea,
abdominal pain

B

Thiazolidinediones
(pioglitazone or
rosiglitazone)

Menstrual cyclicity,
ovulation induction,
hirsutism, acne,
insulin lowering

Improve insulin sensitivity at
target-tissue level (muscle,
adipocyte); may have direct
effects on steroidogenesis

Pioglitazone: 45 mg
orally daily

Rosiglitazone: 4 mg
orally twice daily

Edema, headache,
fatigue, weight gain

C

Antiandrogen
(spironolactone)

Hirsutism, acne Inhibit androgens from
binding to androgen
receptor

50–100 mg orally twice
daily

Hyperkalemia,
polymenorrhea,
headache, fatigue

C

Antiestrogen
(clomiphene citrate)

Ovulation induction Increases GnRH secretion,
which Induces rise in FSH
and LH

50 mg orally daily for 5
days; may increase to
100 mg

Vasomotor symptoms,
gastrointestinal
problems

X

FSH, follicle-stimulating hormone; GnRH, gonadotropin-releasing hormone; LH, luteinizing hormone.
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sex-hormone–binding globulin (SHBG), thereby reducing free
testosterone. The progestins in various COCs possess variable
androgenic effects, so the choice of the COC is important. The
potential effects of COCs on insulin resistance, glucose toler-
ance, and lipids have been debated and should be considered
when choosing a progestin component.43,44 Caution should be
used in those who have insulin resistance, a high propensity to
develop type 2 diabetes, or abnormal lipid profiles.

6. What oral contraceptive agent should be initiated in E.F.?

Combined oral contraceptive therapy in PCOS should be
initiated with a formulation that contains a low- or very-low
dose of estrogen (≤35 mcg ethinyl estradiol) and a progestin
with low androgenic or antiandrogen properties. Most COCs
manufactured today have low- or very-low estrogen doses. Des-
ogestrel and norgestimate are progestins with low androgen
potential and drospirenone is an antiandrogen. A COC con-
taining ethinyl estradiol and drospirenone would prevent preg-
nancy, improve menstrual cycle regularity, and reduce E.F.’s
signs of hyperandrogenism (hirsutism and acne). If E.F. de-
sired monthly cycles, she could take the typical 21/7 regimen
(21 days active pill, 7 days inactive pill) or a 24/4 regimen
(24 days active pill, 4 days inactive pill). Although not specif-
ically evaluated in women with PCOS, a monophasic regimen
may also be prescribed using extended cycles of 84 or even
365 days. Extended regimens reduce the number of cycles per
year while providing contraception. Regardless of the COC
selected, one of the long-term benefits is that her risk for en-
dometrial cancer would be reduced by 50%, even up to two
decades after discontinuation.45−47

7. What other therapy options may be beneficial for E.F. if a
COC was not tolerated?

Insulin Sensitizers
A reduction in insulin levels by using insulin sensitizers can
ameliorate the sequelae of hyperinsulinemia and hyperandro-
genemia. Currently available insulin sensitizers include met-
formin, rosiglitazone, and pioglitazone. More efficacy data are
available regarding the use of metformin compared with the thi-
azolidinediones. Metformin is statistically significantly better
in women with PCOS for ovulation induction when compared
with rosiglitazone.48 For these reasons, metformin tends to be
the preferred insulin sensitizer for women with PCOS.

METFORMIN
Metformin inhibits hepatic glucose output, providing lower

insulin concentrations and reducing androgen production in the
ovary. Metformin also appears to influence ovarian steroido-
genesis directly.49 Most studies demonstrate that metformin
improves menstrual cycle regulation, ovulation, and fertility
in both obese and lean patients with PCOS.50 Metformin has
been used in ovulation induction protocols and has been shown
to be very effective when used alone or with clomiphene cit-
rate for inducing ovulation.51,52 Data also indicate that insulin
and free testosterone concentrations may be decreased 20%
to 50% with metformin when used in women with PCOS.53,54

Although few studies have been published on other clinical out-
comes in PCOS, results suggest that metformin will produce
reductions in hirsutism, acne, and BMI (especially in obese
patients).50

The most commonly used and most effective dose of met-
formin in PCOS is 500 mg three times daily (TID). It should
be titrated slowly to this effective dose; doses up to 2,000 mg
daily or 2,550 mg daily may be necessary for individual cir-
cumstances. The gastrointestinal (GI) side effects of diarrhea,
nausea, vomiting, and abdominal bloating are usually tran-
sient and dose related, and do not require discontinuation of
the drug. Serum creatinine should be evaluated at least annu-
ally in women using metformin because it is contraindicated
in women who have a serum creatinine >1.4 mg/dL.

THIAZOLIDINEDIONES
Rosiglitazone and pioglitazone have been evaluated in

women with PCOS, but studies have been small in number.
These agents improve insulin action in the liver, skeletal mus-
cle, and adipose tissue. They also are reported to directly affect
ovarian steroid synthesis.55 Rosiglitazone and pioglitazone are
extremely effective at reducing insulin and androgen concen-
trations and have modest effects on hirsutism.10 Rosiglitazone
has demonstrated significantly better ovulation rates in women
with PCOS compared with placebo, but it is less effective than
metformin.48 Other abstracts have indicated rosiglitazone may
be beneficial for menstrual regularity, hyperandrogenism, and
insulin sensitivity. Pioglitazone has proved to be as effective
as metformin in small studies of women with PCOS and may
be especially beneficial when used in combination with met-
formin for clinical and biochemical improvements.56,57

Recommended doses for rosiglitazone and pioglitazone are
the same as those used for the treatment of type 2 diabetes.
Adverse effects include edema, headache, fatigue, and poten-
tial liver enzyme elevations. Liver enzymes should be mea-
sured before initiation of treatment and periodically thereafter.
It should be noted that rosiglitazone also appears to have a
negative effect on the lipid profile, an unwanted outcome con-
sidering the potential long-term consequences of PCOS.

Agents for Hirsutism
Antiandrogenic agents are beneficial therapeutic options for
hirsutism and acne. They often are used alone or combination
with COC for moderate to severe hirsutism or acne. Although
frequently used, antiandrogens are not approved for the treat-
ment of female hirsutism or acne in the United States. Spirono-
lactone is commonly prescribed to women for hirsutism, but
drospirenone is an antiandrogen found in COC and it has also
been evaluated in the long-term treatment of hirsutism.58 Fi-
nasteride has been used for female hirsutism, but its lack of
specificity for type I 5α-reductase in the pilosebaceous unit
and toxicity may make this a suboptimal treatment choice.
Flutamide is effective for hirsuitism, but it is not used because
of hepatoxicity. Cyproterone acetate is used in Europe but is
not available in the United States. Eflornithine hydrochloride
has been approved for topical use in treating facial hirsutism,
but has not been evaluated in women with PCOS.

SPIRONOLACTONE
Spironolactone acts by competitively inhibiting dihy-

drotestosterone (DHT) from interacting with its androgen re-
ceptor. This causes a decrease in activity of ovarian-produced
testosterone. Spironolactone reduces hair growth by 40% to
88%; however, it takes 6 to 9 months for improvement.59

Spironolactone may be associated with possible teratogenicity
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(feminization of the male fetus), so it is prudent to advise
women to avoid pregnancy for at least 4 months after the
discontinuation of spironolactone. It is recommended that
spironolactone be used with a COC to avoid teratogenic-
ity, as well as the side effect of polymenorrhea (more fre-
quent menses) when used as monotherapy. Spironolactone in
combination with a COC would also improve hormonal and
metabolic manifestations of PCOS as well. The usual effective
spironolactone dose is 50 to 100 mg twice daily (BID) for 6
to 12 months. Serum potassium and renal function should be
monitored because this aldosterone antagonist can cause hy-
perkalemia. Furthermore, spironolactone should not be used
with a COC containing drospirenone because of a potential
risk for hyperkalemia.

FINASTERIDE
Finasteride is a type II 5α-reductase inhibitor, which de-

creases the conversion of testosterone to DHT. It provides an
approximate 30% reduction from baseline for hirsutism. Com-
pared with spironolactone, finasteride is as or less effective in
women with hirsutism.60 The dose of 5 mg to 7.5 mg daily typ-
ically takes 6 months for clinical improvement. It is critical to
avoid pregnancy while taking this drug owing to the potential
teratogenic effect of abnormal genitalia in the male fetus. Fi-
nasteride should not be touched or handled by women who are
or may be pregnant. This danger limits the usefulness of finas-
teride in women with PCOS because most are of childbearing
age or desire pregnancy.

8. E.F. successfully used oral contraceptives for 10 years. After
getting married 3 years ago, E.F. and her husband decided to have
children. She lost 30 pounds with diet and exercise when she got
married and has been able to maintain that weight loss. They have
been trying to get pregnant for the last 18 months. The reason for
infertility has been identified as oligo-ovulation associated with
PCOS. What treatments for ovulation induction should be used
and why?

Anovulation or oligo-ovulation in women with PCOS is
usually first treated with diet, exercise, and weight reduction.
Weight loss improves pregnancy rates and reduces miscarriage
rates in women with PCOS.61 E.F. has been successful at losing
weight and now must consider agents for ovulation induction.
Clomiphene citrate is the pharmacologic agent of choice in
women with PCOS. Ovulation induction and conception occur
in about 50% to 80% and 35% to 40% of women with PCOS,
respectively, using clomiphene citrate. Although side effects
(e.g., bloating, nausea, vomiting, and multiple gestation) can
occur, the benefit of this therapy outweighs the risk for E.F.

Agents for Ovulation Induction
CLOMIPHENE CITRATE
Clomiphene citrate induces ovulation via an antiestrogenic

effect on the hypothalamus. GnRH secretion is increased,
which increases LH and FSH production. The increase in FSH
concentrations causes appropriate follicle development and es-
trogen secretion, which produces a positive feedback on the
hypothalamic-pituitary system to create a LH surge for ovula-
tion.

The usual initial dose of clomiphene citrate is 50 mg orally
daily for 5 days, started on day 5 after a spontaneous or
progestin-induced menses. The clinician must determine if

ovulation occurs with each cycle through laboratory testing,
ultrasound monitoring, or both. If ovulation does not occur,
the dose can be increased by 50 mg daily up to 150 mg daily;
however, doses >100 mg daily for 5 days are not recommended
by the manufacturers.62 A repeat cycle can be administered as
early as 30 days after the previous cycle as long as pregnancy
has not occurred. If conception does not occur, women can use
clomiphene for three to four cycles before considering another
regimen. Long-term cyclic therapy is not recommended be-
yond a total of six cycles because of potential ovarian cancer
risk. Most women respond to clomiphene citrate within three
to four ovulatory cycles, but 5% to 10% have demonstrated
clomiphene resistance and need to consider other options.61,62

For women who are clomiphene citrate resistant, dexametha-
sone can be used in conjunction with clomiphene or an aro-
matase inhibitor can be used (e.g., letrozole, anastrozole) as an
alternative for infertility in PCOS.63−66

In the 1990s, it was suggested that the combination of
clomiphene citrate plus metformin produced higher ovulation
rates than either agent alone.67 The most clinically relevant
outcome for infertility, live birth, however, had not been fully
investigated.52 Investigators recently performed a randomized,
controlled study to determine the live-birth rates in 626 women
with PCOS taking metformin, clomiphene citrate, or both.68

The live-birth rate was 22.5% in the clomiphene citrate group,
7.2% in the metformin group, and 26.8% in the combination
group (p <0.001 for metformin versus clomiphene citrate and
combination therapy). They concluded that clomiphene cit-
rate was superior to metformin in achieving live-birth rates,
although multiple births occurred in 6% (3/50) of live births.

OTHER AGENTS
Although clomiphene citrate is the pharmacologic agent

of choice in women with PCOS for infertility, it can only be
used for a limited number of cycles and resistance can occur. If
clomiphene citrate alone is no longer an option, other regimens,
including metformin (alone or in combination with clomiphene
citrate), dexamethasone (in combination with clomiphene cit-
rate), aromatase inhibitors, ovarian drilling or controlled ovar-
ian stimulation with gonadotropins can be recommended.69

Based on the evidence available, it would be reasonable to
start with combination clomiphene citrate and metformin.62 If
that is not successful, dexamethasone 0.25 mg at bedtime can
be used in combination with clomiphene citrate. Aromatase in-
hibitors and ovarian drilling are the next alternatives, followed
by administration of gonadotropins or in vitro fertilization.
Gonadotropins are effective, but are generally reserved as one
of the last options because of ovarian hyperstimulation syn-
drome. Egg retrieval and in vitro fertilization may be used in
conjunction with gonadotropins to increase pregnancy rate and
minimize the likelihood of multiple pregnancies by limiting the
number of transferred embryos.62

Treatment Decisions in PCOS

9. E.F. and her husband are overwhelmed by the number of
options available to treat her PCOS. What is the best approach in
evaluating E.F. and making appropriate recommendations?

Woman with PCOS exhibit unique clinical features and
have individual concerns that should be addressed when mak-
ing treatment recommendations. Assessment should include
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gathering relevant medical information, such as menstrual his-
tory, signs and symptoms of hyperandrogenism, time course
of symptoms, weight history, previous agents tried, and family
history. If PCOS is suspected, laboratory assessments should
be performed to rule out any other related disorders. Once a
diagnosis has been made, a recommendation about treatment
must consider the patient’s priorities and motivation.

In any obese patient, weight loss is a first step to improve
many of the clinical and biochemical endocrine and metabolic
abnormalities in PCOS. If contraception is desired, COCs will
improve menstrual cycles and hyperandrogenism. If contracep-
tion is not needed, metformin will address menstrual cycle reg-
ulation, hyperandrogenism, and insulin resistance. COCs also
will address menstrual cycle regulation, hyperandrogenism,
and insulin resistance. Other agents, such as thiazolidine-
diones, can be used if metformin or COCs are contraindicated
or have caused serious side effects. If pregnancy is desired,
clomiphene citrate is the first-line pharmacologic option for
ovulation induction. Other alternatives, including metformin,
dexamethasone, aromatase inhibitors, gonadotropins, ovarian
drilling, and in vitro fertilization, can be used if clomiphene
citrate alone is not effective.

Appropriate follow-up for women such as E.F. may in-
clude quality-of-life measures, laboratory monitoring when
necessary, and medication adherence monitoring. Providers
should be educators, facilitators, and empathetic listeners to
help women with PCOS become informed and actively en-
gaged in their therapy plan.

DYSMENORRHEA
Dysmenorrhea, or painful cramping that occurs with the onset
and first days of menstruation, can be categorized as either pri-
mary, without underlying uterine pathology, or secondary, ow-
ing to underlying uterine pathology. Secondary dysmenorrhea
can result from uterine conditions, including endometriosis,
uterine polyps, or fibroids; complications of intrauterine con-
traceptive device (IUD) use; or pelvic inflammatory disease.

Up to 93% of adolescents report some pain with menstru-
ation, and up to 15% experience pain that is sufficiently se-
vere and disabling to interfere with activities of daily life.70

Dysmenorrhea is the single largest cause of lost productivity
and school absence among adolescent girls. It most commonly
begins within 1 to 2 years after the onset of menses.71 The
prevalence of primary dysmenorrhea decreases with age.72

Clinical Characteristics

10. A.B., a 17-year-old girl, presents at the pharmacy with com-
plaints of severe cramping pain associated with her menstrual
cycles. The pain predictably begins with the onset of menses and
has been occurring for the past 5 years, but is now limiting A.B.’s
ability to play sports in high school. A.B. states that she experi-
enced her first menstrual period at age 11. The pain usually is
“like a fist, clenching and relaxing,” and it starts in the pelvic
area, and radiates to her lower back. She reports no headache,
but usually has diarrhea and some nausea, without vomiting. Her
symptoms are most severe during the first 12 to 24 hours of her
menses, then subside over the next few days. She usually takes two
acetaminophen 325-mg tablets when her pain begins and then one

tablet every 4 to 6 hours, as needed, with little relief. She has taken
no other medications for her symptoms, has no known allergies
to medications, and is not taking any other medications. She has
no other medical problems. Her physical examination was within
normal limits. What clinical manifestations in A.B. are consistent
with primary dysmenorrhea?

No specific diagnostic criteria exist for primary dysmenor-
rhea. Typically, the diagnosis is one of exclusion, and is based
on response to known effective therapy. Thus, if patients do
not respond to therapy, an investigation of pelvic pathology
and secondary dysmenorrheal should occur.73 A.B.’s symp-
toms that are typical of primary dysmenorrhea include cramp-
ing pain in the suprapubic area, which may radiate into the back
and thighs, nausea, and diarrhea. Some women also experience
vomiting, fatigue, headache, lightheadedness, flushing, loss
of appetite, irritability, nervousness, and insomnia.72 Symp-
tom severity seems to correlate with women who have early
menarche (onset of menses), and those with increased duration
and quantity of menstrual flow.74 Risk factors for dysmenor-
rhea include age <20 years, depression or anxiety, nulliparity,
menorrhagia, and smoking.75

Primary dysmenorrhea occurs only with ovulatory cycles,
which typically begin after the first year following menarche.
Dysmenorrhea occurring several years after menarche is most
likely secondary dysmenorrhea, and should be investigated as
such. Because A.B.’s pain began within 1 year of menarche
and her physical examination is normal, a trial of an effective
therapy can be initiated without further investigation into sec-
ondary causes of dysmenorrhea. The typical pattern of dys-
menorrhea is to have pain beginning up to 12 hours before
menses, increasing in severity for up to 24 hours, and contin-
uing with reduced intensity for 24 to 72 hours.72 A.B.’s de-
scription of pain, as a cramping–relaxing cycle, is typical for
dysmenorrhea. Likely, her symptoms will decrease with age,
after the onset of sexually activity, as well as after childbirth.74

Pathophysiology

11. What underlying pathophysiology explains A.B.’s symp-
toms?

In the normal menstrual cycle, prostaglandins are released
by the endometrium in the late luteal phase inducing contrac-
tion of the uterine smooth muscle and subsequent sloughing
of the endometrium, leading to menstrual flow and the begin-
ning of the follicular phase of the next cycle. Women with
primary dysmenorrhea appear to have increased prostaglandin
secretion, inducing more intense uterine contractions, leading
to decreased uterine blood flow and uterine hypoxia, which
results in the cramping and pain that are the hallmarks of
dysmenorrhea.73 The decreasing levels of progesterone in
the late luteal phase trigger the release of arachidonic acid
from cell membranes, ultimately resulting in the production of
prostaglandins and leukotrienes.73

The importance of prostaglandin secretion in the pathology
of primary dysmenorrhea is confirmed by studies of the exoge-
nous administration of prostaglandin F2α (PGF2α), and PGE2,
each of which produce pain and uterine contractions similar
to those observed in women with primary dysmenorrhea.76

These prostaglandins, with potent platelet disaggregation and
vasodilatory properties, also induce nausea, vomiting, and



47-10 � WOMEN’S HEALTH

diarrhea. Thus, A.B.’s pain, nausea, and diarrhea may caused
by elevated prostaglandin levels. This also explains the ra-
tionale for the effectiveness of the two main treatments for
primary dysmenorrhea: nonsteroidal anti-inflammatory drugs
(NSAID), which inhibit prostaglandin synthesis, and combined
oral contraceptives, which minimize the progesterone increase
typically seen in the luteal phase.

Nearly 85% to 90% of women initially thought to have
primary dysmenorrhea respond to NSAID with or with-
out oral contraceptive therapy. The remaining women de-
serve further investigation into potential causes of secondary
dysmenorrhea.77

Treatment
Nonpharmacologic Treatment

12. What nonpharmacologic therapies may be effective for the
treatment of A.B.’s symptoms of primary dysmenorrhea?

A.B. should be educated about the causes of primary dys-
menorrhea, its associated symptoms, and the rationale behind
nonpharmacologic and pharmacologic treatment options. Non-
pharmacologic therapies that may have benefit in the relief of
A.B.’s symptoms include aerobic exercise, heat therapy, to-
bacco use cessation, omega-3 polyunsaturated fatty acids, and
transcutaneous electrical nerve stimulation (TENS).

Exercise, particularly aerobic exercise, has been correlated
with decreased menstrual symptoms in observational stud-
ies, and is, in all patients, associated with positive general
health benefits.78 The benefit may be owing to improved pelvic
blood flow and decreased ischemia, or increased release of β-
endorphins. Application of local heat to the lower abdomen has
been studied in two clinical trials, one comparing a heated wrap
patch with ibuprofen 400 mg, the other comparing it with ac-
etaminophen 1,000 mg.79,80 Heat plus ibuprofen demonstrated
a reduction in the time to pain relief compared with an unheated
patch plus ibuprofen; and heat provided better relief than ac-
etaminophen. With few adverse effects, heat, in the form of
a heating pad or heated patch or wrap device, represents a
reasonable suggestion for women with dysmenorrhea.

Women should be advised and assisted in efforts to stop
tobacco use. Although no direct evidence links smoking cessa-
tion with improvement in dysmenorrhea, an association exists
with increased risk and severity of dysmenorrhea in women
who smoke.74 Increased intake of omega-3 polyunsaturated
fatty acids, a low-fat vegetarian diet, or both may decrease the
intensity and duration of symptoms.81−83

Transcutaneous electrical nerve stimulation has been evalu-
ated in seven small trials, and when high frequency stimulation
was utilized, it was more effective than placebo in achieving
pain relief.84 Acupuncture may also be effective, although few
trials, utilizing heterogeneous techniques and study designs
have been conducted, which makes interpretation difficult.84

In extreme cases, surgical interruption of pelvic nerve path-
ways has been utilized as a last resort, with continued pain
control up to 12 months in clinical trials.85

A.B.’s therapy should be based on her specific symptoms,
response to previous therapy, and any adverse effects of therapy.
The regimen of acetaminophen that A.B. is currently using is
not providing relief owing to its lack of effect on prostaglandin
activity. Discussion of the nonpharmacologic therapies, partic-

ularly heat, exercise, and smoking cessation, provide low risk,
potentially beneficial and low-cost suggestions for pain relief,
in addition to drug therapy.

Pharmacologic Therapy
Pharmacologic therapy for primary dysmenorrhea is focused
on reducing prostaglandin activity. Anti-inflammatory drugs
act by directly inhibiting prostaglandin synthesis. Hormonal
contraceptives reduce the amount of endometrial proliferation
and, as a result, decrease the amount of prostaglandins secreted.
By inhibiting ovulation, hormonal contraceptives eliminate the
cyclic changes in progesterone that induce prostaglandin re-
lease. Both NSAID and hormonal contraceptives provide relief
from the symptoms of primary dysmenorrhea for most women.

Choice of therapy depends on the need for contraception,
concomitant medical conditions, and patient preference. Treat-
ment efficacy can be monitored by evaluating pain relief, im-
proved functionality, reduced absenteeism, and relief of other
symptoms (e.g., diarrhea, nausea) associated with dysmenor-
rhea. Nonsteroidal agents should be tried for two to three cy-
cles before switching to other agents. Hormonal contraceptives
may require 3 or more months to provide maximal relief of
symptoms. The goals of therapy, namely reduction in pain and
associated symptoms, as well as improvement in functional-
ity, should be explained to the patient, and reviewed at each
contact.

ANTI-INFLAMMATORY DRUGS
Mechanism of Action
Prostaglandins, leukotrienes, thromboxanes, and prostacyclin
are synthesized via the arachidonic acid pathway. Free, unester-
ified fatty acids, such as arachidonic acid (derived from phos-
pholipids, cholesterol, and triglycerides), are prostaglandin
precursors. Arachidonic acid may be synthesized from phos-
pholipids found in cell membranes of the menstruating
uterus through hydrolysis by the lysosomal enzyme, phos-
pholipase A2. It is then metabolized by one of two en-
zyme systems. Lipoxygenase converts arachidonic acid to
5-hydroperoxyeicosatetraenoic acid, which is converted to
leukotrienes. Cyclooxygenase metabolizes arachidonic acid
to unstable cyclic endoperoxides (PGG2 and PGH2), which are
then converted to prostacyclin (PGI2), thromboxane A2, and
the prostaglandins PGF2 and PGE2 by the action of prosta-
cyclin synthetase, thromboxane synthetase, or isomerase re-
ductase, respectively.86 Cyclooxygenase I (COX-1) is respon-
sible for the synthesis of prostaglandins involved in normal
physiologic processes. Cyclooxygenase 2 (COX-2) is an in-
ducible enzyme that produces prostaglandins involved in an in-
flammatory response.(See Chapter 43, Rheumatic Disorders,
for additional information). In addition to the inhibition of
prostaglandin synthesis, NSAIDs relieve pain through their
analgesic effects.

Choice of Agent

13. A.B.’s family physician decides to initiate naproxen sodium
550 mg orally at the beginning of menses, followed by 275 mg
every 8 hours thereafter for the 2 to 3 days she experiences dys-
menorrhea. What criteria should be used to select an NSAID for
primary dysmenorrhea? Explain to A.B why she should take it
according to the regimen above.
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Table 47-4 NSAID and Dosing Regimens for Primary Dysmenorrhea

Approved for Primary
Groups Drugs Dosages Dosing Regimen (Maximum Daily Dose) Dysmenorrhea

Salicylic acids Aspirin 325, 500, 650, 975 mg 500–600 mg PO Q 4–6 hr No
Indole acetic acids Diclofenac 50 mg (as potassium) 50 mg PO TID; some patients may need a first

dose of 100 mg followed by 50 mg TID;
(150 mg/day, may give 200 mg on first day)

Yes

Propionic acids Ibuprofen 300–800 mg doses 400 mg PO Q 4–6 hra (3.2 g/day) Yes
Ketoprofen 12.5, 25, 50, 75 mg 25–50 mg Q 6–8 hrb (300 mg/day) Yes
Naproxen 250, 375, 500 mg 500 mg PO first dose; 250 mg PO Q 6–8 hr

(1,250 mg/day)
Yes

Naproxen sodium 220, 275 mg 550 mg PO first dose; 275 mg PO Q 6–8 hr
(1,375 mg/day)c

Yes

Fenamates Meclofenamate sodium 50, 100 mg 100 mg TID for up to 6 days (300 mg/day) No
Mefenamic acid 250 mg 500 mg PO first dose; 250 mg PO Q 6 hr for

2–3 days (1 g/day; may give 1.25 g on first day)
Yes

COX-2 selective agents Celecoxib 100, 200, 400 mg 400 mg PO first dose; 200 mg BID Yes

aDosing recommended for dysmenorrhea when using the prescription product is higher than the over-the-counter (OTC) dosing of 200 mg Q 4–6 hr; may wish to start with the
OTC dosing when an OTC product is used.
bDosing recommended for dysmenorrhea when using the prescription product is higher than the OTC dosing of 12.5 Q 6–8 hr; may wish to start with the OTC dosing when an
OTC product is used.
cDosing recommended for dysmenorrhea when using the prescription product is higher than the OTC dosing of 220 mg Q 8–12 hr; may wish to start with the OTC dosing when
an OTC product is used.
NSAID, nonsteroidal anti-inflammatory drug.
BID, twice daily; PO, orally; TID, three times daily.
From references 72, 73, 87, 93.

The NSAIDs are effective for treatment of dysmenorrhea
(Table 47-4). Initial selection of therapy should be based on
effectiveness, incidence of adverse effects, cost, patient his-
tory of previous benefit, and availability. Naproxen (as the
sodium salt), ibuprofen, and ketoprofen are approved without
a prescription for the treatment of primary dysmenorrhea. In a
Cochrane review, 63 trials of NSAIDs for treatment of primary
dysmenorrhea were reviewed to assess for any differences in
efficacy or safety among the different NSAIDs.87 When com-
pared with placebo, NSAIDs were significantly more effec-
tive (odds ratio [OR] 7.91, 95% confidence interval [CI] 5.65–
11.09). In limited head-to-head trials comparing NSAIDs, no
significant differences in efficacy were seen, with the excep-
tion of aspirin being slightly less effective than other NSAIDs
when directly compared. Adverse effects seen in these trials
were generally mild GI (nausea, upset stomach) and neurologic
(sleepiness, dizziness, headache) complaints. When directly
compared with each other, no NSAID was found to be bet-
ter tolerated than another. Naproxen and ketoprofen offer the
advantage of less frequent dosing compared with ibuprofen.

A.B.’s physician suggested taking a loading dose of the
naproxen sodium (550 mg). A randomized trial demonstrated
increased relief from dysmenorrhea symptoms in adolescents
treated with an NSAID regimen that started with a loading
dose, versus those who utilized a flat dosing regimen.88 Load-
ing doses generally are twice the regular dose. Although all
NSAIDs that have been studied for the treatment of dysmen-
orrhea appear to be equally effective at reducing pain, there
may be theoretic advantages to those that achieve peak serum
concentrations 30 to 60 minutes after administration (ibupro-
fen, naproxen, naproxen sodium, and meclofenamate). Some
claim that meclofenamate is more beneficial for the treatment
of dysmenorrhea because of its ability to block both the cy-

clooxygenase and the lipoxygenase pathway in the formation
of prostaglandins, but this pharmacologic difference does not
appear to confer a clinically significant advantage.72 If A.B.
experienced adverse effects with the higher loading dose, an
alternative strategy is to initiate dosing 24 hours before menses
is expected to start, based on the calendar if the patient has pre-
dictable cycles, or based on the start of premenstrual syndrome-
type symptoms. This prophylactic dosing may be helpful
especially for patients who have severe dysmenorrhea with
absenteeism and decreased work or school productivity.73,87

A.B.’s provider also has suggested she take the regimen on
a scheduled basis, versus “as needed”. Although no specific
evidence supports this practice for dysmenorrhea, avoiding as
needed (“PRN”) dosing may provide consistent serum levels
to maintain reduced prostaglandin levels. As the duration of
therapy is typically limited to 2 or 3 days, risk of adverse ef-
fects tends to be outweighed by the potential benefit of load-
ing doses, prophylactic dosing, and scheduled versus PRN
therapy.

Although the COX-2 selective inhibitor, celecoxib, is ap-
proved for the treatment of primary dysmenorrhea, it has not
been directly compared with conventional NSAID for effec-
tiveness for pain control. The U.S. Food and Drug Administra-
tion (FDA) approved dosing of celecoxib at a 400-mg loading
dose, followed by 200 mg that same day if needed, then 200 mg
twice daily thereafter. Increased cost, lack of increased bene-
fit, and limited data regarding differences in GI safety make
celecoxib a second-line therapy for primary dysmenorrhea.

Adverse Effects

14. What adverse effects might A.B. experience from her
NSAID?
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All NSAIDs have a similar adverse effect profile. Nausea,
vomiting, indigestion, anorexia, diarrhea, constipation, ab-
dominal pain, melena, and bloating are common GI com-
plaints. Central nervous system (CNS) adverse effects include
headache, vertigo, dizziness, visual disturbances, depression,
drowsiness, irritability, excitation, insomnia, fatigue, tremors,
and confusion. In addition, adverse effects also may involve
cardiovascular, hepatic, renal, or hematologic systems (see
Chapter 43, Rheumatic Disorders).

Careful attention should be given to previous trials of
NSAID for dysmenorrhea and other conditions, because
women may respond favorably to one NSAID over another.
If a 2- or 3-month trial of one NSAID is unsuccessful, another
agent from a different class may be tried. Because dysmen-
orrhea is most prevalent in younger women, who tend to be
healthy, the risk of adverse events may be lower than would be
expected in an older population.

Contraindications

15. What medical history information is important to avoid se-
rious adverse effects?

A.B should be questioned about medication allergies, any
prior history of ulceration, or GI bleeding, and history of car-
diovascular and renal disease elicited before prescribing ther-
apy. A thorough medication history, including over-the-counter
(OTC) agents and dietary supplements should be conducted.
Particular attention should be paid to any potential therapeutic
duplications (i.e., prescription and OTC NSAIDs), drug–drug
(e.g., warfarin), and drug–disease (hypertension) interactions.

Women who are allergic to aspirin or have a history of al-
lergic reaction to any NSAID should not use NSAIDs or cele-
coxib. Celecoxib should also be avoided in women who are
allergic to sulfa drugs. A.B. has not had a previous allergic
reaction to NSAID or aspirin; she is not taking any medica-
tions that may interact and does not have any history of med-
ical problems that would prevent her from a trial of NSAID
therapy.

HORMONAL CONTRACEPTION
Oral Contraceptives

16. After 6 months of treatment, A.B. has some relief of her
pain, nausea, and diarrhea with the naproxen sodium, and has
not missed a soccer game in 5 months. She is asking about other
treatment options for further pain relief. When would the use of
an oral contraceptive be an appropriate choice for A.B.?

Oral contraceptives (OC) suppress ovulation, decrease men-
strual fluid volume, and subsequently decrease prostaglandin
production and uterine cramping.70,72 OCs alone, or in com-
bination with an NSAID, are appropriate as first-line treat-
ment in women without a need for contraception. OC relieve
dysmenorrhea symptoms in 50% to 80% of women within 3
to 6 months after beginning hormone therapy.89 A study of
healthy adolescent women with primary dysmenorrhea eval-
uated the effects of a 20-mcg ethinyl estradiol/100-mcg lev-
onorgestrel oral contraceptive pill as compared with placebo
over a 3-month period.90 With OC use, women reported de-
creased severity of pain, and used less pain medication. A
Cochrane review of oral contraceptives and primary dysmen-
orrheal failed to demonstrate a significant difference between

various OC formulations.89 Selection of an OC should be based
on factors presented in Chapter 45, Contraception. Although
many providers prescribe extended cycles of oral contracep-
tives to treat primary dysmenorrhea, no evidence suggests that
this practice is more effective than the customary 21/7, and a
to change from traditional dosing to continuous dosing may be
considered if symptoms occur during the placebo week.77,91

Adverse effects and contraindication associated with OC
use must be considered. Although serious complications from
OC use are uncommon in young, healthy women, breakthrough
bleeding and spotting, nausea, and breast tenderness may oc-
cur, especially early in treatment. A.B. may choose to add an
OC to her naproxen sodium, with potentially improved pain re-
lief compared with either agent alone. If pain does not respond
to either course of therapy, investigation via laparoscopy for
causes of secondary dysmenorrhea may be necessary.

Other Hormonal Contraceptive Agents
Other hormonal contraceptive agents that suppress ovulation
have also been used in the treatment of primary dysmenor-
rhea, although none have undergone rigorous trials for this
indication.77 The levonorgestrel intrauterine system (IUS) is
associated with amenorrhea and decreased dysmenorrhea over
time, unlike the copper IUD, which may result in increased
pain, cramping, and blood loss. Three years after insertion,
fewer women with a levonorgestrel IUS reported menstrual
pain (60% baseline, 29% after 3 years), with 47% of women
with amenorrhea.92 In women with primary dysmenorrhea at
low risk of sexually transmitted infections, and desiring long
term contraception, the levonorgestrel IUS would be an option.

Medroxyprogesterone depot injection is another hormonal
contraceptive agent that has been used to treat primary dys-
menorrhea. Nearly two-thirds of adolescents reported fewer
symptoms of dysmenorrhea with injections every 3 months.72

Negative effects of medroxyprogesterone injections on bone
density should be weighed with potential benefit when consid-
ering this option.

OTHER AGENTS

18. What are other agents that can be recommended for the
treatment of A.B.’s primary dysmenorrhea?

Although NSAID and hormonal contraceptives have the
most evidence supporting their use for the treatment of pri-
mary dysmenorrhea, a variety of other agents have been eval-
uated. In adolescents, 91% reported using OTC medications
to treat primary dysmenorrhea, usually without consultation
from a health care professional.71 This lack of professional ad-
vice resulted, however, in nearly 70% of women using <50%
of the maximal dose of medication on day 1 of pain. Only 66%
of patients choose to use ibuprofen, whereas 44% selected ac-
etaminophen, 30% selected acetaminophen–pyrilamine com-
binations, and 10% acetaminophen, magnesium salicylate,
pamabrom combination products. Acetaminophen does not
suppress prostaglandin synthesis and is of limited efficacy in
the treatment of dysmenorrhea, when compared with NSAID
or hormonal contraception.93 Narcotic analgesics do not have
a role in the treatment of primary dysmenorrhea.

Leukotriene receptor antagonists have also been stud-
ied in the treatment of primary dysmenorrhea, because the
leukotriene pathway to prostaglandin formation is relatively
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unaffected by NSAID. Although the pharmacology is promis-
ing, small trials in patients with primary dysmenorrhea with the
leukotriene receptor antagonist montelukast have not demon-
strated significant pain reduction.94

Transdermal nitroglycerin ointment and transdermal pa-
tches provide rapid relief of dysmenorrhea in up to 90% of pa-
tients, but use is limited by adverse effects, including headache
in up to 25% of patients.95 Nitroglycerin serves to increase ni-
tric oxide concentrations, which results in uterine relaxation.
Guaifenesin 2,400 mg daily has been evaluated in a small trial,
with a nonsignificant trend toward benefit, potentially owing
to thinning effects on cervical secretions.96

Vitamin B1 100 mg daily, magnesium, vitamin B6, and
omega-3 fatty acids have all shown some benefit in pain
relief compared with placebo, with Vitamin B1 and mag-
nesium showing the most promise.83 Other dietary supple-
ments, including fennel, vitamin E, neptune krill oil, and toki-
shakuyaju-san, have been evaluated in small trials and need
further study.77

ENDOMETRIOSIS
Endometriosis is defined as the presence of functional en-
dometrial tissue occurring outside the uterine cavity. It is the
most common cause of secondary dysmenorrhea in young
women, and can result in chronic pelvic pain, infertility, and
dyspareunia.72 The ovaries are commonly the site of en-
dometriosis, which can also be found in the pelvic peritoneum,
cervix, vagina, vulva, rectosigmoid colon, and appendix. Less
common sites of implantation of endometrial tissue include the
umbilicus, scar tissue resulting from surgery, kidneys, lungs,
and even arms and legs.97 Endometriosis is present in up to 45%
of women with infertility. Overall, it is difficult to determine
the prevalence of endometriosis, because many women do not
experience symptoms or seek treatment, and formal diagnos-
tic criteria currently require visual identification of endometrial
tissue during surgery. In women who have laparotomies for any
reason, endometriosis is identified in 5% to 15%. This increases
to 33% in women with chronic pelvic pain.97 In contrast to pri-
mary dysmenorrhea, endometriosis usually occurs in women
who have been menstruating for some time; it can provoke
pain that is not limited to the time of the menses, but can occur
anytime throughout the cycle. Endometriosis is rarely seen in
women near the menarche, after menopause, or in amenorrheic
women. Given the many women with endometriosis; the ex-
pense of diagnosis and treatment; and the infertility associated
with it, endometriosis represents a significant area of cost in
the health care system.98

Diagnostic Criteria
Diagnosis of endometriosis is difficult, with a delay in di-
agnosis in the range of 8 to 12 years from initial symp-
tom presentation.99 Endometriosis, interstitial cystitis, irrita-
ble bowel syndrome, and pelvic adhesions represent the four
most common causes of chronic pelvic pain (defined as pain
not associated with the menses, severe in nature, resulting in
functional disability, and lasting at least 6 months).100 The de-
lay in diagnosis is the unfortunate consequence of the lack
of diagnostic laboratory markers, and its similarities to these
other conditions. The physical examination is often normal,

although the most common physical finding is a fixed retro-
verted uterus, with scarring and tenderness. A definitive di-
agnosis is only possible with visualization of endometriosis
on laparoscopy, although this is not considered as absolutely
necessary today as it has been in the past.101 Although no di-
agnostic criteria currently exist, endometriosis can be staged
at the time of laparoscopy according to the Revised Ameri-
can Fertility Society Classification of Endometriosis.102 The
stages are minimal (stage I), mild (stage II), moderate (stage
III), and severe (stage IV) as determined by an accumulated
point total, with points based on the location of the endome-
trial lesions, the size of the lesions, the presence and extent of
the adhesions, and the degree of obliteration of the posterior
cul-de-sac. The classification system is designed to document
the location and extent of endometriosis and does not predict
infertility, aid in treatment selection or outcomes, or predict
recurrence of disease. Making diagnosis and prognosis more
difficult is that the reported severity of pelvic pain and level of
functional disability do not seem to be correlated to the stage
of endometriosis.97

Clinical Characteristics

19. N.H. is a 32-year-old mechanical engineer who has been
married for 6 years, and is currently using the vaginal contracep-
tive ring to prevent pregnancy. She and her spouse have been con-
templating the timing of a pregnancy, but have not yet attempted
to become pregnant. She presents to her gynecologist to discuss
preconceptual planning, and reports that she has been having se-
vere lower abdominal cramps, associated with her menses, occur-
ring on day 1 and lasting until day 4 or 5. This has been occurring
for the past 4 years after many years of pain-free cycles, and has
recently been increasing in severity. The pain is slightly relieved
by ibuprofen 400 mg TID, and over the past 6 months she has had
to work from home at least 1 to 2 days per month owing to pain
that has been increasing in frequency. On further questioning, she
also reports mild to moderate pain that occurs randomly in her
cycle, associated with low back pain, constipation with painful
defecation, and pain with intercourse. Her menstrual history re-
veals menarche at age 10 with regular cycles every 26 to 27 days
and heavy menses for 6 to 7 days. She reports discussing her symp-
toms with her mother, who described similar symptoms during
her childbearing years.

Her physical examination is normal, with the exception of ten-
derness on palpation of the posterior fornix, and a fixed retro-
verted uterus. A pregnancy test, and tests for gonorrhea and
chlamydia are negative, and a pap smear is within normal lim-
its. What subjective and objective data in N.H.’s presentation is
compatible with a diagnosis of endometriosis?

A woman presenting with endometriosis may have signs
and symptoms that are difficult, initially, to distinguish from
primary dysmenorrhea 103 (Table 47-5) N.H.’s symptoms of
lower abdominal cramps accompanying her menses are often
mistaken for primary dysmenorrhea when other history details
are not evaluated in total. N.H.’s age and her nulliparity are con-
sistent with the characteristics of women with endometriosis.
Although endometriosis has been diagnosed in women of all
ages, it most commonly occurs in women in their late 20s and
early 30s who have delayed pregnancy or who have infrequent
pregnancies.
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Table 47-5 Primary Versus Secondary Dysmenorrhea

Characteristic Primary Dysmenorrhea Secondary Dysmenorrhea

Onset Around menarche Any age (while menstruating)
Timing in menstrual cycle Worse day 1, lasts 24–48 hr Increases in severity, may last days
Change over time Stable, predictable Increasing pain with increasing age
Symptoms Low back pain, premenstrual syndrome

(PMS), nausea, bloating
Low back pain, dyspareunia, diarrhea or constipation,

dysuria, infertility
Signs Normal pelvic examination Fixed retroverted uterus, tenderness, but may be

completely normal

Adapted from reference 103, with permission.

N.H.’s menstrual pattern of short cycle length with pro-
longed flow is characteristic of women with endometriosis.
Risk factors for endometriosis are related to exposure to es-
trogen (i.e., early menarche and late menopause), and shorter
menstrual cycle length (<28 days) with longer duration of
menstrual flow (≥6 days), as well as having a mother or sis-
ter with endometriosis, as may be true with N.H.’s mother.104

Potential, but not yet confirmed, risk factors that have been
identified include genetic factors, higher social class, expo-
sure to dioxins, and intake of caffeine and alcohol. Increased
BMI and cigarette smoking appear to reduce the risk for
endometriosis.105,106

N.H.’s chief complaints center on her progressive pelvic
pain occurring throughout the cycle, with worsening during
menses, constipation, and pain with intercourse (dyspareu-
nia). Women who report pain during intercourse may have
a fixed, retroverted uterus (as N.H. does) or endometriosis
located in the posterior fornix of the vagina or along the
uterosacral ligaments.97 This pain may persist for several hours
after intercourse. Other symptoms such as the constipation and
painful defecation N.H. is experiencing, are associated with
endometriosis and may (but not always) depend on the organs
affected by the location of the endometrial tissue107,108 (Table
47-6). Depression also is a common symptom in patients with
endometriosis, particularly those with chronic pelvic pain, and
may express as sadness, somatic complaints, inability to work,
or carry on activities of normal living.109

Although it is unclear yet whether infertility will be a prob-
lem in N.H., endometriosis occurs in up to 45% of women with
infertility.97 The cause of endometriosis-associated infertility
is not clear, but is probably caused by a combination of factors,
which may include physical distortion of the pelvic architec-
ture, inflammatory factors (including prostanoids, cytokines,
and growth factors that may interfere with normal reproductive
processes), impaired folliculogenesis, or defects in fertilization
or implantation.110,111 Treatment for endometriosis, in induc-
ing a “pseudo-menopause,” results in impaired fertility while
actively being treated.

N.H.’s limited physical findings are not uncommon in
women with endometriosis; physical findings, other than vi-
sualization of endometrial tissue during exploratory surgery,
may not be present, and outward physical findings may have
no correlation with the stage of endometriosis determined with
surgery. Many symptoms and physical findings of endometrio-
sis can be associated with other gynecologic conditions or dis-
eases (particularly irritable bowel disease as mentioned) and,
if the patient is not responsive to empiric therapy, laparoscopy

is indicated to confirm the diagnosis. N.H.’s negative preg-
nancy, chlamydia, and gonorrhea tests, as well as her normal
pap smear are reassuring. Other laboratory tests that have been
evaluated to diagnose endometriosis have not been sufficiently
sensitive or specific in clinical trials to be routinely used. Tests,
such as CA-125 are not sufficiently specific as a single test to
diagnose endometriosis, but may have potential in combina-
tion with others as markers of disease severity and of treatment
efficacy, and their utility is currently being investigated.112

Table 47-6 Location of Endometriosis and Associated
Symptoms

Sites Symptoms

Most Common

Pelvic
Cervix Abnormal uterine bleeding
Ovaries Dysmenorrhea
Peritoneum Dyspareunia
Rectovaginal septum Infertility
Uterosacral ligaments Pelvic pain

Intestinal
Abdominal scars Intestinal obstruction
Sigmoid colon Midabdominal pain
Small intestines Nausea

Painful defecation
Rectal bleeding

Urinary Tract
Bladder Cyclic flank pain
Ureter Hematuria

Hydronephrosis
Hydroureter

Least Common

Miscellaneous
Breasts Hemoptysis
Diaphragm Sciatica
Extremities Subarachnoid bleeding
Gallbladder
Pleura
Sciatic notch
Spleen
Stomach
Subarachnoid space

From references 107, 108, with permission.



DISORDERS RELATED TO THE MENSTRUAL CYCLE � 47-15

Pathophysiology
Although the first description of endometriosis was made in the
1860s, the precise etiology of endometriosis remains a mystery.
Several theories exist regarding the origins of endometriosis,
and the exact etiology is probably a complex interplay be-
tween physical and individual patient-specific immunologic
factors.97

The most commonly cited theory is that of retrograde men-
struation, or the flow of menstrual fluid, endometrial cells, and
other debris backward through the fallopian tubes resulting in
implantation in the peritoneal cavity. Once endometrial cells
reach the peritoneum, stimulated angiogenesis (potentially by
estrogen, among other factors) appears to be a determinant of
the development and growth of lesions.113,114 Also at this point,
the lesion stimulates an immune response, triggering the acti-
vation of macrophages, as well as cytokine and growth factor
release. Peritoneal lesions may contribute to more distant dis-
ease by spread via hematogenous or lymphatic routes, or even
by movement owing to iatrogenic causes, such as cesarean
sections and other forms of gynecologic surgery. Outflow ob-
struction of the genital tract may also contribute to retrograde
menstruation and endometriosis, particularly in adolescents
with primary amenorrhea. Investigation and removal of ob-
struction(s) may impede the course of the disease in those
patients.97,105,114 Although the retrograde menstruation theory
makes scientific sense, it has been discovered that retrograde
menstruation occurs in nearly all menstruating women (90%),
and not all women have endometriosis. This suggests that an
additional factor, such as genetic susceptibility or altered im-
munity, must be present for the pathogenesis of endometriosis
in certain patients.

Another theory for the etiology of endometriosis is the
coelomic metaplasia theory. This theory rests on the belief
that the coelomic epithelium, the fetal originator tissue for the
reproductive tract, retains its ability to differentiate into multi-
ple cell types.97,105,115 The trigger for differentiation is thought
to be, in part, estrogen or environmental factors. This theory
would explain the presence of endometriosis in prepubertal
girls, in women born without a uterus, and in the rare cases
of endometriosis seen in men. Genetics also play a role in
the development of endometriosis. There is a six times higher
rate of endometriosis in first degree relatives in women with
severe endometriosis when compared with those who do not
have endometriosis; they also have more severe disease and
disease that appears earlier in life.97,115 More than 15 different
gene and gene product abnormalities have been documented
in women with endometriosis. Environmental factors, as dis-
cussed, are intriguing in their role as potential causative factors,
but are not definitive.106,115

Once endometrial tissue becomes implanted, hormones are
necessary for their continued growth. As with intrauterine en-
dometrium, the implants of endometriosis possess estrogen,
progesterone, and androgen receptors. The endometrial im-
plants may, however, respond differently to hormonal stimula-
tion than normal endometrium. In general, estrogens stimulate
the implants, whereas androgens or lack of estrogen results
in implant atrophy. Because of their complex hormonal ef-
fects, progestins have variable effects on the implants.102,116

(See Chapter 46 Obstetric Drug Therapy for the effects of es-
trogens and progestins on the endometrium.) In addition, le-

sions also show high levels of estrogen biosynthesis, owing to
abnormally increased aromatase activity, with a concomitant
decrease in the inactivation of estrogen, resulting in high in-
tralesional estrogen concentrations.115,117 The responsiveness
of endometrial implants to ovarian hormones plays a role in the
pathology of endometriosis. Withdrawal of estrogen and pro-
gesterone causes the endometrial implants to bleed, leading
to an inflammatory response in the adjacent tissues. Repetitive
cycles of bleeding and inflammation lead to the development of
scar tissue and adhesions between adjacent peritoneal tissues.
On laparoscopy, these areas of involvement appear as mul-
tiple hemorrhagic foci composed of endometrial epithelium,
stroma, and glands. Ovarian endometriosis usually involves
the formation of endometriomas, blood-filled cysts (“choco-
late cysts”) ranging in size from microscopic to 10 cm. Nodules
may form on uterosacral ligaments. Fibrosis usually is present
with the endometrial implants, and extensive adhesions may
form between pelvic structures.118

Treatment

20. Given the potential mechanisms behind the pathophysiol-
ogy of endometriosis, what therapeutic approaches are available
for the treatment of endometriosis in N.H.?

Therapy for endometriosis should be individualized, and
consider N.H.’s desire for future fertility, severity of symptoms,
extent of disease, and potential for infertility. This should be
done with the knowledge that a high likelihood exists of re-
currence and a lack of good prognostic indicators for future
severity. The goals of treatment are to relieve symptoms and,
if desired, to preserve or improve fertility. Options currently
available to treat endometriosis include definitive and conser-
vative surgery, hormonal therapy with estrogen–progestin com-
binations or progestins alone, danazol, aromatase inhibitors,
or the GnRH agonists, and expectant management. Pharmaco-
logic treatment of endometriosis is based on manipulation of
this hormonal response: danazol, GnRH agonists, progestins,
aromatase inhibitors, and estrogen–progestin combination all
cause endometrial tissue atrophy. No treatment has been shown
to provide 100% protection against recurrence when discon-
tinued; even surgical removal of the uterus and ovaries is as-
sociated with recurrence rates of up to 10%.114

Pain Management: Nonpharmacologic Therapy
“DEFINITIVE” SURGERY
Definitive surgery, referring to total abdominal hysterec-

tomy, bilateral salpingo-oophorectomy, and removal of all vis-
ible endometriosis, theoretically should eliminate the risk of
recurrence of the disease. These procedures are not an option
for the many women with endometriosis who desire pregnancy
in the future. It is invasive surgery, reserved for those patients
whose pain is unresponsive to other therapies or to conser-
vative surgery. Furthermore, removal of all endometriosis is
difficult, and recurring pain is not uncommon. Sinaii et al.119

surveyed patients with endometriosis regarding treatments and
benefits, and found that, of the 1,160 women surveyed, 12%
had had definitive surgery, with 40% reporting the surgery was
successful, 33% reporting partial benefit, 5.6% reporting no
benefit, and 6% of patients actually reported increased pain
and symptoms after surgery.
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CONSERVATIVE SURGERY
In contrast to definitive surgery, conservative surgery (in-

volving ablation and removal of implants, and lysis of adhe-
sions) preserves fertility, and is commonly conducted during
the initial diagnostic laparoscopy. In the Sinaii et al. survey,119

70% of patients had undergone laparoscopy with removal of
lesions, with 30% considering the procedure a success, 50%
reporting partial benefit, 15% with no difference in symp-
toms, and 10% who reported increased symptoms. On aver-
age, women reported having three surgical procedures.119 Drug
treatment is used after conservative surgery, as it is not possible
to remove all lesions, many of which are difficult to visualize.
Clinical trials utilizing GnRH agonists for up to 6 months after
conservative surgery have provided mixed results, and danazol
and medroxyprogesterone trials have shown similar results.120

Oral contraceptives and progestin intrauterine devices have not
been evaluated for prevention of recurrence after surgery.

Pain Management: Pharmacologic Therapy
NSAID
Nonsteroidal anti-inflammatory agents, particularly those

available as OTC products, are often the first medications
that women try for relief of pain from endometriosis, often
before they are officially diagnosed. Although typically not
thought of as “disease modifying agents,” NSAIDs may have a
role beyond pain control because of the presence of increased
cyclooxygenase (both I and II) expression in endometriosis
lesions.117 Although evidence at this point is predominantly in
animal models, a potential exists for non–pain-related ben-
efits with NSAIDs in endometriosis. NSAIDs may provide
some relief of mild symptoms, particularly in women with en-
dometriosis who have pain associated with the menses (see
Dysmenorrhea section), and are an appropriate first choice
for women with mild symptoms who desire conception. They
should not be the only therapy offered to patients with con-
firmed endometriosis.121 Pharmacists should be aware of and
consider the potential for endometriosis in patients with non-
cyclic pain, including pain that does not respond to an appro-
priate trial of an NSAID. N.H. has been taking ibuprofen with
some relief; a higher dose or trial of another NSAID is an
appropriate strategy at this time. Additional treatment should
be considered once her response to therapy with a different
NSAID has been evaluated.

ORAL CONTRACEPTIVES
For women who do not receive pain relief from a trial of

an NSAID, a reasonable next step for those women desiring
contraception is the use of oral contraceptives because they are
considerably better tolerated over the long term versus other
hormonal options. They may be used alone or in combina-
tion with NSAIDs. OCs improve symptoms of endometriosis
by inhibiting ovulation, decreasing hormone levels, reducing
menstrual flow, potentially to the point of amenorrhea. These
mechanisms contribute to atrophy of endometrial implants.
When used, the most appropriate regimen is continuous OC
dosing, so that there is not a “placebo week” that allows for
growth of endometrial implants. In a trial of patients who did
not respond to cyclic OCs, use of continuous dosing resulted in
significant pain reduction.122 A recent Cochrane review found
that the benefits of OCs (≤35 mcg of ethinyl estradiol) are sim-
ilar those seen with the GnRH agonist implants (goserelin).123

Investigators in Japan also evaluated women with dysmenor-
rhea and endometriosis in a placebo-controlled trial with a low-
dose OC. Over the course of three cycles, patients reported that
contraceptive use decreased disability caused by pain, and re-
duced the number of days when analgesics were required, with
minimal side effects.124 It is important to note that these ben-
efits were seen although the drug was administered in a cyclic
fashion.

PROGESTINS
Similarly to oral contraceptives, progestins reduce symp-

toms of endometriosis by inhibiting ovulation, reducing hor-
mone levels, and inducing endometrial atrophy. They may be
particularly useful if estrogen use is contraindicated. Regi-
mens used include oral medroxyprogesterone in high doses
(30–100 mg daily), depot medroxyprogesterone in the usual
doses (150 mg intramuscularly [IM] every 3 months or 104 mg
subcutaneously [SC] every 3 months). More recent studies have
evaluated the use of the levonorgestrel IUS as a means of pro-
viding consistent progestin dosing. The IUS has the advantage
of providing longer term contraception. When compared with
leuprolide depot, the levonorgestrel IUS provided similar ben-
efits in reducing pelvic pain, with a decreased potential for
hypoestrogenic effects, and an increased potential for early
breakthrough bleeding, followed by eventual amenorrhea.125

Progestins, although as effective as GnRH agonists in the treat-
ment of pain, have increased side effects when compared with
OCs, primarily weight gain, initial breakthrough bleeding fol-
lowed by amenorrhea, and decreased bone density with pro-
longed use, placing them after OCs in choice of therapy.126

GONADOTROPIN-RELEASING HORMONE AGONISTS
Gonadotropin-releasing hormone agonists induce a pseu-

domenopausal state, resulting in relief of endometriosis symp-
toms. Because the GnRH agonists have a longer half-life
than endogenous GnRH, their binding to GnRH receptors in
the pituitary results in downregulation of the hypothalamic-
pituitary-ovarian axis, decreasing release of FSH and LH, lead-
ing to low estrogen levels and amenorrhea.127 GnRH agonists
are available in a variety of dosage forms, outlined in Table
47-7. When compared in clinical trials, GnRH agonists have
efficacy that is similar to oral contraceptives, progestins, and
danazol, but their increased cost, and adverse effect profile (in-
cluding menopausal-type symptoms and decreased bone den-
sity) make them second-line agents, after OCs, and progestins
(see Questions 25–27).128

AROMATASE INHIBITORS
The most recently studied therapy for endometriosis, aro-

matase inhibitors (AIs), were originally developed for use in
patients with breast cancer. Aromatase, the enzyme responsible
for the synthesis of estrogens, is required for the conversion of
androstenedione and testosterone to estrone and estradiol.129

Although aromatase inhibitors, OCs, progestins, and GnRH
agonists all decrease serum levels of estrogen, only AIs de-
crease secretion and production of estrogen by endometrial
tissue itself. Anastrozole and letrozole are type II aromatase
inhibitors, binding reversibly to the enzyme to produce a ben-
eficial effect on endometriosis symptoms.129 Although the end
result of GnRH agonists and AIs is similar, the adverse effects
of the AIs are decreased, with fewer hot flashes, and primarily
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Table 47-7 GnRH Agonists

GnRH Agonist (Brand Name) Strength Dosage Form Dosage Regimen

Nafarelin (Synarel) 2 mg/mL delivers 200 mcg/spray Intranasal 200–400 mcg BID
Leuprolide (Lupron) 3.75, 7.5, 11.25 mg IM depot 3.75 mg/month
Goserelin (Zoladex) 3.6 mg SC implant 3.6 mg/month

Histrelina (Supprelin) 120 mcg/0.6 mL SC injection 100 mcg/day
300 mcg/0.6 mL
600 mcg/0.6 mL

aNot U.S. Food and Drug Administration (FDA) approved for treatment of endometriosis.
BID, twice daily; GnRH, gonadotropin-releasing hormone; IM, intramuscular; SC, subcutaneous.

mild headache, nausea, and diarrhea. Although few long term
trials have been conducted, decreased bone density is suspected
with the use of AIs and add-back therapy is appropriate.

Aromatase inhibitors have been studied alone and in combi-
nation with oral contraceptives, progestins and GnRH agonists.
All studies, although small, have demonstrated reduction in
pain and reduced lesion size. The largest study to date utilized
a combination of anastrozole with GnRH agonists compared
with GnRH agonists alone in patients after surgery.130 Al-
though effective at controlling pain, the combination resulted
in significantly more bone loss than either regimen alone at 6
months, but no difference was seen at the 2-year follow-up.130

Further research is needed to determine the role of AIs in the
treatment of endometriosis, because currently they do not have
an FDA indication for the treatment of endometriosis. Their use
should be reserved at this time for those patients with severe
endometriosis who have failed other therapies.

DANAZOL
Danazol, an androgenic drug derived from 17-ethinyl testos-

terone, also induces a pseudomenopausal state by increasing
androgen levels and decreasing estrogen levels. It inhibits the
enzymes involved in ovarian steroidogenesis and increases the
metabolic clearance of estradiol. By creating a hypoestrogenic,
hypoprogestogenic state, danazol causes anovulation, amenor-
rhea, and atrophy of endometrial implants. Although effective
at decreasing pelvic pain, danazol is poorly tolerated because
of its significant side effects, which include weight gain, voice
changes, edema, acne, hot flashes, vaginal dryness, hirsutism,
liver disease, and increased cholesterol; these occur in up to
85% of treated patients.114 Because of safety concerns, use
should be limited to 6 months at a time, and should only be ini-
tiated in women after all other therapy options have failed.128

Clinical Application

21. N.H.’s pain is uncontrolled after trials of three different
NSAID and she would like relief so she would be able to function
at work and home. Although she is interested in having children
in the future, she is not interested in conception in the next few
years. What is the treatment of choice for N.H.?

Clinical trials in endometriosis have not singled out one
treatment as the treatment of choice for all women, with most
investigations demonstrating equivalence of the studied thera-
pies. An NSAID and combined hormonal contraception (e.g.,
N.H.’s contraceptive vaginal ring) are the drugs of choice for

initial management, owing to their safety profile, and in this
case, the contraceptive agent’s dual utility in preventing con-
ception. As a next step, progestins, GnRH agonists, and AI
are options. Because of adverse effects and poor tolerability,
danazol should be reserved as an agent of last choice. If N.H.
were uninterested in having children in the future, surgical ster-
ilization would be an option. Conservative surgery, including
removal of endometriomas and adhesions, and ablation of vis-
ible lesions is not curative, but may provide pain relief in 50%
to 95% of patients at 1 year.127 A combination of conservative
surgery, followed by postoperative progestin, GnRH agonists,
or danazol has been shown to prolong the duration of pain relief
and decrease recurrence after surgery.127 Oral contraceptives
have not been studied as a postsurgery treatment option.

22. N.H. is 5 feet 7 inches and weighs 145 pounds. She smokes
one-half pack of cigarettes per day, and does not drink alcohol.
She plays recreation league basketball and softball, but does not
have a regular exercise regimen. She usually eats five servings
of fruits or vegetables per day, but does not like to drink milk.
She has been told she has inherited her father’s high cholesterol,
and is concerned because he had a cardiac stent placed at age
40. She has not had a problem in the past tolerating a variety of
contraceptive products, but does have some problems with daily
medication adherence, and would like to avoid needles if possible.
How does this information assist in the selection of therapy for
her endometriosis?

N.H. is a smoker, with poor calcium intake, and some car-
diovascular risk factors (family history, “high cholesterol”),
who would rather avoid injectable medication and has trou-
ble with daily medication taking. Danazol, with its ability
to increase cardiovascular risk factors, and extensive side ef-
fects, is not a good option. Although some GnRH analoges
are available as nasal sprays or injectable implants, the sig-
nificant risk of decreased bone density, and menopausal-like
adverse effects place it as a second-line option. Progestins, par-
ticularly the long-acting progestins, either in the form of the
medroxyproesterone acetate 3-month depot injection, or the
levonorgestrel IUS make these appropriate first-line options
for N.H., although the risk of diminished bone density remains
an issue.

23. N.H. elects to start the levonorgestrel IUS, but her insur-
ance company will not pay for it to be used in the treatment of
endometriosis because of its lack of FDA indication. She decides
to start depot medroxyprogesterone acetate. What information
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can you provide her regarding use, and the benefits and risks of
treatment?

Depot medroxyprogesterone acetate (DMPA) is available
in two dosage forms: 150 mg to be given IM every 3 months,
and a 104-mg formulation given SC every 3 months. Product
choice may be based on insurance coverage, or preference of
the patient to self-administer (in this case, the SC product may
be more patient friendly). Because N.H. does not want to use
needles, either choice, administered by her provider’s office, or
pharmacy if law allows, would be an appropriate option. Al-
though the DMPA does provide the contraception N.H. desires,
she should be informed that it may take longer than usual (up
to 1 year) to become pregnant after its use. More than 80% of
patients treated with progestins will experience partial or com-
plete pain relief.131 Although devoid of the menopausal-like
adverse effects of other medications used to treat endometrio-
sis, DMPA is associated with weight gain, which may be sig-
nificant in some patients; bloating, and irregular periods or
bleeding for several months, with most users eventually ex-
periencing amenorrhea. To reduce bone density loss, which is
significant but less than with GnRH agonists, N.H. should be
advised to increase her calcium and vitamin D intake by diet
or supplementation, counseled to stopping smoking, and start
a regular weight-bearing exercise regimen.132 She should be
monitored for pain relief, weight gain, amenorrhea or bleeding
changes, and adherence to the quarterly injections. When N.H.
desires conception, significant planning is required, and she
may require a different therapy for her endometriosis as she
regains fertility.

Gonadotropin-Releasing Hormone Agonists
DOSING

24. M.F., a 24-year-old single woman with a history of moderate
to severe endometriosis, has been treated with some benefit with
an NSAID, oral contraceptives, and the levonorgestrel IUS. She
has no desire for conception, and is looking for pain relief. She
has also had two conservative laparoscopic surgical procedures,
each of which was successful, with pain relief lasting 6 months to
1 year. She recently had her “last ever” surgical procedure, and is
looking to extend the improvement she has seen previously after
surgery. She does not mind injections, but has had trouble with
adherence in the past. Her physician has prescribed leuprolide
11.25 mg IM every 3 months. Why did she select this product,
and how long should M.F. continue the medication?

Leuprolide, nafarelin, and goserelin are GnRH analogs (ag-
onists) typically used for the treatment of endometriosis (Table
47-7). Although GnRH analogs have not been shown to pro-
duce better results than the therapies M.F. has already used,
they may provide her with pain relief. Choice of GnRH ago-
nist is driven by patient choice of administration method (nasal
BID with nafarelin, monthly SC implant with goserelin, or IM
injection either once monthly or once every 3 months with
leuprolide). In M.F’s case, the once every 3 months dosing
with leuprolide would be most desirable for her, eliminating
the need for daily administration. Efficacy is similar for all the
GnRH agonists. Before use of these agents, pregnancy, undi-
agnosed vaginal bleeding, and breastfeeding should be ruled
out. Because M.F. does not desire conception, and use of the
GnRH agonists is contraindicated in pregnancy, she should

be counseled regarding choices of nonhormonal contraceptive
agents.

Onset of response to GnRH therapy depends on the phase
in the menstrual cycle during which the agent is initiated. Ad-
ministration beginning in the luteal phase causes decreased
estrogen levels within 2 to 3 weeks, and amenorrhea within 4
to 5 weeks versus the 6 to 8 weeks if started in the follicular
phase.97

Usual therapy duration is 6 months, although a small re-
cently published pilot study suggested long-term treatment (up
to 10 years) with add-back therapy (see Question 25) is with-
out major adverse effects, with continued efficacy.133 Therapy
beyond 3 to 6 months requires the use of add-back therapy to
reduce the risk of hypoestrogenic complications. Monitoring
for efficacy includes monitoring for amenorrhea, decreases in
pain and dyspareunia, and quality of life. After discontinua-
tion of GnRH agonists, menses and ovarian function return to
normal in 6 to 12 weeks, whereas benefits may be maintained
for another 6 to 12 months.97

ADVERSE EFFECTS
Adverse effects should be discussed in detail with M.F. be-

cause they differ significantly from the other therapies she
has tried. Adverse effects are related to the induction of the
pseudomenopausal state (Table 47-8). Nearly all patients ex-
perience hot flushes; vaginal dryness and insomnia also are
common. GnRH agonists do not affect SHBG or testosterone
levels, so the androgenic side effects of danazol, includ-
ing changes in lipid profiles, are not experienced with these
agents.97 Significant bone loss can occur, necessitating pre-
emptive actions to decrease loss (see Question 26).

Hypoestrogenic Effects

25. M.F has read a significant amount about the use of GnRH
agonists for endometriosis. She is confused by the use of estrogen
and progestin with GnRH agonists. Explain to M.F. what is meant
by “add-back” therapy.

Add-back therapy is the addition of a progestin or estrogen
plus progestin to GnRH agonist therapy to decrease the hypoe-
strogenic adverse effects related to their use, while maintaining
the therapeutic benefit of the GnRH agonist. This therapy is
based on the concept of an “estrogen threshold hypothesis,”
formulated by Barbieri,118 which states that there is a critical
amount of estrogen that exacerbates endometriosis, and below
that level, the presence of estrogen serves to decrease adverse
effects, but does not have an adverse effect on the disease itself.
Add-back therapy can be initiated at the beginning of GnRH
agonist therapy to try to reduce the occurrence of all hypoestro-
genic adverse effects (the most common regimen), or wait until
3 to 6 months into therapy, to assess patient-specific adverse
effects.

Estrogen-containing OCs contain a dose of estrogen that is
above the “threshold,” and they should not be used for add-
back therapy. Doses of estrogen equivalent to 0.625 mg of
conjugated equine estrogen have been studied in combination
with either medroxyprogesterone 2.5 mg daily, or norethin-
drone 5 mg daily. This dose of norethindrone alone, or a dose
of 20 mg of medroxyprogesterone alone, has also demonstrated
benefit.114 To prevent bone loss, a regimen of a progestin plus
a bisphosphonate has been studied with positive results. No
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Table 47-8 Adverse Reactions With Danazol and the GnRH Agonists170

Danazol (%) Nafarelin (%) Leuprolide (%) Goserelin (%)

Antiestrogenic Effects

Hot flushes 67–69 90 84 96
Vaginal dryness or vaginitis 7–43 19 28 75
Abnormal vaginal bleedinga + + 28 +
Breast atrophy 16–42 10 6 33
Decreased libido 7–44 22 11 61

Androgenic Effects

Weight gain 23–28 8 13 3
Voice alteration 8 NR <5 3
Hirsutism 6–7 2 <5 15
Acne 20–42 13 10 55

Central Nervous System Effects

Sleep disturbances 4 8 <5 11
Headaches 21–63 19 32 75
Depression or emotional lability 18–60 9–15 22 54–56

Other

Peripheral edema 34 8 7 21
Nausea 14 NR 13 8
Seborrhea 17–52 8 10 26
Nasal irritation NR 10 NR NR
Injection site reactions NR NR <5 6
Joint pain + <1 8 =
aAmenorrhea is expected consequence of these medications.
+, reported but percentages not given; NR, not reported.

studies have demonstrated superior efficacy or safety of one
regimen over another.

Bone Demineralization

26. How significant is the bone loss associated with Gn-RH ag-
onists?

Reduction in bone density is a significant concern with Gn-
RH agonists, even at 3 months after the onset of therapy, and
is particularly concerning because these agents are being used
in young women, many of whom have not reached their peak
bone mass. Studies have demonstrated a loss of 3.2% in lumbar
spine bone mineral density (BMD) after 6 months, and a 6.3%
decrease after 12 months of GnRH agonist treatment.128 It
has also been reported that endometriosis itself is also a risk
factor for decreased bone density, although a long-term study
did not find any associated between endometriosis and fracture
risk over a 20-year follow-up period.134 Interestingly, this same
study did not find any association between fracture risk and Gn-
RH agonist therapy, although a significant number of women
in the study did take add-back therapy.

Monitoring for decreases in bone density should be ac-
complished via dual-energy x-ray absorptiometry (DXA) scan
every 24 months if GnRH therapy is continued. Women such
as M.F. should also be counseled regarding adequate calcium
and vitamin D intake, smoking cessation, and a regimen of
weight-bearing exercise.

Management of Endometriosis-Related Infertility

27. K.L. is a 34-year-old woman with a history of stage II en-
dometriosis. She currently is using a levonorgestrel IUS for both
contraception and control of her pain, with positive results. She
also takes ibuprofen on a regular basis. She and her spouse would
like to have a child. About 6 years ago, they attempted to con-
ceive without success after 24 months. K.L is concerned that she
will now have even more difficulty becoming pregnant, given her
advanced age. What are the recommendations for improving in-
fertility associated with endometriosis?

Of women presenting to the health care system with infer-
tility, 30% to 45% have endometriosis, and 30% to 50% of
women with endometriosis are infertile.135 Proposed mecha-
nisms contributing to infertility include adhesions that impair
oocyte transport, changes in the peritoneum not compatible
with fertility, changes in hormonal function, endocrine or ovu-
lation dysfunction, and disorders of implantation. No evidence
suggests that hormonal therapy, including therapy with GnRH
agonists, improves conception rates for women with stage I/II
endometriosis, similar to K.L’s. On the other hand, surgical
ablation or resection of visible endometriosis implants is ben-
eficial in improving pregnancy rates in women with stage I/II
endometriosis.

For K.L., removal of her IUS, followed by laparoscopic ab-
lation or resection of visible implants may improve her ability
to conceive, barring other factors influencing fertility (e.g.,
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PCOS, male factor infertility, tubal patency). For patients with
more advanced disease, or in those patients >35 years of age, a
more aggressive treatment regimen is appropriate. Options in-
clude the use of agents to induce superovulation (clomiphene),
and the use of in vitro fertilization techniques with embryo
transfer (IVF-ET). In women with endometriosis, the success
of IVF-ET is decreased by as much as 20% when compared
with women without endometriosis.97 For women contemplat-
ing IVF-ET, three prospective clinical trials have demonstrated
a potential benefit in women with stage II–IV endometriosis
who were treated for 3 to 6 months or more with Gn-RH ag-
onists before IVF-ET. The treated subjects had significantly
higher pregnancy rates compared with women who did not use
Gn-RH agonists before IVF-ET.136

For women who have not yet demonstrated an inability to
conceive, a “wait and see” approach, with use of NSAID for
pain, emotional support, and reassurance for 6 to 12 months is
appropriate in women <35 years of age.

PREMENSTRUAL SYNDROME AND PREMENSTRUAL
DYSPHORIC DISORDER
Premenstrual symptoms occur in up to 90% of reproductive-
age women.137 Approximately 20% to 40% of these women
have more bothersome symptoms of premenstrual syndrome
(PMS) and it is estimated that 3% to 8% meet the criteria for
premenstrual dysphoric disorder (PMDD), a more severe vari-
ant of PMS.137 More than 200 premenstrual symptoms have
been described as occurring during the days before menstru-
ation, including positive symptoms, such as increased energy,
libido, and ability to relax, as well as negative symptoms in-
cluding abdominal distention, fatigue, headaches, and crying
spells.138 It is not until the symptoms have a decidedly negative
influence on the physical, psychological, or social function of
a woman that PMS exists. In essence, the symptoms must in-
duce a reduction or loss of life quality to be considered PMS
or PMDD.138

Diagnosis
No specific physical findings or laboratory tests can be used to
make a diagnosis of PMS. The American College of Obstetri-
cians and Gynecologists (ACOG) published a Practice Bulletin
in 2000 that defined diagnostic criteria using cyclical patterns
of symptoms in women.139 PMS can be diagnosed if at least
one of the affective and one of the somatic symptoms listed
in Table 47-9 is reported 5 days before the onset of menses
in the three previous cycles. The symptoms must be prospec-
tively recorded in at least two cycles and must cease within
4 days of onset of menses and not recur until after day 12 of
the menstrual cycle. A key factor that separates PMS from
“normal” premenstrual symptoms is that work or social activ-
ities are adversely affected in PMS. Other diagnoses that may
explain premenstrual symptoms should be excluded, including
psychological, thyroid, and gynecologic disorders.140

The American Psychiatric Association has developed crite-
ria for PMDD (Table 47-10).141 The criteria for PMDD focus
on the mood and mental health symptoms, leading to a higher
level of dysfunction compared with PMS. Criteria for PMS
and PMDD, however, share three essential characteristics: (a)
symptoms must occur in the luteal phase and resolve within a

Table 47-9 ACOG Diagnostic Criteria for PMS

Affective Symptoms Somatic Symptoms

Depression
Angry outbursts
Irritability
Anxiety
Confusion
Social withdrawal

Breast tenderness
Abdominal bloating
Headache
Swelling of extremities

ACOG, American College of Obstetricians and Gynecologists; PMS, premenstrual
syndrome.
1. Diagnosis made if at least one affective and one somatic symptom is reported in
the three prior menstrual cycles during the 5 days before the onset of menses.
2. The symptoms must resolve within 4 days of onset of menses and do not recur
until after day 12 of the cycle.
3. The symptoms must be present in at least two cycles during prospective recording.
4. The symptoms must adversely affect social or work related activities.
From reference 139, with permission.

few days of menstruation; (b) symptoms are documented over
at least two menstrual cycles and are not better explained by
other physical or psychological conditions; and (c) symptoms
are sufficiently severe to disrupt normal activities.140

The symptoms of PMS and PMDD experienced by women
can vary widely. Risk factors for PMS include advancing age
(>30 years) and genetic factors.140 Symptoms, however, can
begin in adolescents around age 14, or 2 years postmenarche,

Table 47-10 Diagnostic Criteria for Premenstrual Dysphoric
Disorder

� In most menstrual cycles during the past year, at least five of the
symptoms below (including one core symptom) were present for
most of the time 1 week before menses (luteal phase), began to remit
within a few days after the onset of menses, and were absent the week
after menses (follicular phase).

– Core symptoms
� Markedly depressed mood, feelings of hopelessness or

self-deprecating thoughts
� Persistent and marked anger or irritability or increased

interpersonal conflicts
� Marked anxiety, tension
� Marked affective lability (i.e., feeling suddenly sad or tearful)

– Other symptoms
� Decreased interest in usual activities (e.g., friends, hobbies)
� Subjective sense of difficulty in concentrating
� Lethargy, easy fatigability, or marked lack of energy
� Marked change in appetite, overeating, or specific food cravings
� Hypersomnia or insomnia
� A subjective sense of being overwhelmed or out of control
� Other physical symptoms (e.g., breast tenderness, bloating,

weight gain, headache, joint or muscle pain)
� The symptoms seriously interfere with work or school, usual

activities, or relationships with others.
� Symptoms are not merely an exacerbation of another disorder, such

as major depression, panic disorder, dysthymia, or a personality
disorder (although it may be superimposed on any of these disorders).

� Three major criteria above are confirmed by prospective daily
self-ratings for at least two consecutive symptomatic cycles.

Adapted from reference 141, with permission.
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and persist until menopause.142 Some studies suggest that
women with mothers reporting PMS are more likely to de-
velop PMS than those with unaffected mothers (70% vs. 37%,
respectively).143,144 One article found that traumatic events,
such as physical threat, childhood sexual abuse, and severe
accidents, increased the risk of developing PMDD.145

Pathophysiology
The wide range of symptoms exhibited in patients with PMS
or PMDD can be explained by multiple possible mecha-
nisms, probably a result of interactions between sex steroids
and central neurotransmitters.146 Alterations in neurotrans-
mitters, primarily reductions in serotonin, triggered by nor-
mal hormonal fluctuations of the menstrual cycle appear to
be the most probable factors for the development of PMS or
PMDD. Other neurotransmitters, including endorphins and γ -
aminobutyric acid (GABA), have also been implicated.147,148

The levels of estrogen, progesterone, and testosterone are nor-
mal in women with PMS, but they may be more vulnerable to
normal fluctuations.148 These potential mechanisms provide
a rationale basis for the symptoms that appear in PMS and
PMDD, but also support the therapeutic benefits of treatments
that increase serotonin or GABA levels. Many treatments have
limited and variable efficacy, which reinforces the argument
that PMS or PMDD is a result of multiple factors. Further-
more, placebo responses in trials can be as high as 50% to
80%, which points to an important psychosomatic component
and the consideration that PMS or PMDD has relevant biolog-
ical, psychological, and social factors.138

29. C.P., a 27-year-old woman, visits her family physician com-
plaining of significant mood changes that occur the week be-
fore her menstrual cycle. She experiences increased irritability
and anxiety as well as breast tenderness and abdominal bloating.
These symptoms usually subside the first or second day after her
menses begin. For 2 to 3 weeks after her menstrual period, C.P.
is her “normal, usual self” until the symptoms begin again just
before her next menstruation. She has had these symptoms ev-
ery month for the past several years. She states that she is very
uncomfortable when these symptoms occur. Although she is able
to work most of the time, she typically avoids going out with her
friends when she has these symptoms. Her menstrual cycles are
regular, occurring every 28 to 30 days with a light flow lasting 3
to 4 days.

Pelvic, cardiovascular, and neurologic examinations are nor-
mal and all laboratory assessments are within normal limits. Her
serum pregnancy test was negative. She has no history of an af-
fective disorder. Her physician makes a preliminary diagnosis of
PMS. What symptoms does C.P. have that are consistent with this
diagnosis?

C.P. has symptoms that meet the ACOG criteria for PMS.
Her affective symptoms include irritability and anxiety and
somatic symptoms include breast tenderness and abdominal
bloating. These symptoms occur during the luteal phase of the
menstrual cycle, resolve within 4 days of menses, and do not
recur until after day 12 of her cycle. C.P.’s symptoms appear
to be affecting her social activities. She states that these symp-
toms have been present for years and that they occur every
month, although she has not prospectively recorded this infor-
mation. C.P. does not meet the criteria for PMDD because her

symptoms are not severe or markedly impairing her ability to
participate in daily activities.

Treatment: PMS

28. C.P. asks about nonprescription therapy. What options are
available and what is the evidence for use of these products?

Nonprescription options that have been studied and have
demonstrated at least minimal benefit include calcium, mag-
nesium, pyridoxine, chaste tree or chasteberry, and some mind–
body approaches. NSAIDs and acetaminophen may be bene-
ficial for the physical symptoms of PMS, but diuretics found
in various OTC products (e.g., ammonium chloride, caffeine,
pamabrom) have limited data and unproved efficacy. Given the
high placebo response rate in PMS, only agents with clinically
proved efficacy should be used.

Calcium
Increased estrogen during the middle of a normal menstrual cy-
cle decreases calcium. In women with PMS, intact parathyroid
hormone (PTH) increases in response to this change compared
with no PTH change in women without PMS.149 Therefore,
women with PMS have midcycle elevations of intact PTH with
transient, secondary hyperparathyroidism. This explains why
calcium has demonstrated some benefit in women with PMS.

Three calcium trials have shown efficacy of PMS symp-
toms. A randomized, double-blind cross-over trial of 33 women
receiving 1,000 mg elemental calcium daily or placebo for
3 months reported a significant overall 50% reduction in
PMS symptoms for women taking calcium compared with
placebo.150 In a double-blind study of 10 women assigned to
dietary calcium intake, 1,336 mg daily was found to bene-
fit mood, behavior, pain, and water retention symptoms sig-
nificantly during the menstrual cycle.151 Perhaps the most
convincing evidence comes from a prospective, multicenter,
randomized, double-blind, placebo-controlled, parallel-group
trial conduced in 466 women with PMS.152 Elemental calcium
1,200 mg daily (given as 600 mg BID) for three menstrual
cycles significantly decreased negative affect, water retention,
food cravings, and pain compared with placebo. Overall, the
calcium-treated group had a 48% reduction in symptoms com-
pared with a 30% reduction in the placebo group. Because
calcium is well tolerated and may provide other benefits (e.g.,
osteoporosis prevention) calcium supplementation should be
recommended to women with symptoms of PMS if inadequate
through diet or other supplementation.

Magnesium
Low levels of red cell magnesium have been correlated with
women experiencing PMS, therefore magnesium supplemen-
tation has been evaluated for PMS symptoms.153 A Cochrane
Library analysis of three small trials comparing magnesium
and placebo in women with dysmenorrhea concluded that mag-
nesium was more effective for pain associated with PMS and
the need for additional medication was less for those taking
magnesium.154 Magnesium doses that have been studied for
PMS vary from 200 to 360 mg daily. Trials have reported im-
provements in fluid retention and negative affect, but findings
have not been consistent.155 The conflicting results may be
caused by differences in the dosing regimens of the magnesium
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Table 47-11 Menstrual Cycle Daily Diary Chart

Month 1

Grading Severity of Symptoms:
1 = Mild; general awareness of discomfort but does not interfere with daily activities
2 = Moderate symptoms present; interferes with activities but not disabling
3 = Severe; symptoms disabling, unable to meet daily social, family, or work obligations

Day of month 1 2 3 4 5 6 7 8 9 10
Day of cycle 18 19 20 21 22 23 24 25 26 27
Menses
Breast tenderness and pain 1 1 1 1 1 1 1
Sadness or depression 1 2 3 3 3 3 3
Fatigue 3 3 3 3 3 3 3
Irritability 2 2 3 3 3 3
Inability to concentrate 2 2 3 3
Daily weight 130 130 130 130 130 130 130 130 130 130
Basal body temperature 98.0 98.2 98.0 98.2 98.0 98.0 98.2 97.8 98.0 97.8

Month 2

Day of month 1 2 3 4 5 6 7 8 9 10
Day of cycle 21 22 23 24 25 26 27 28 1 2
Menses * *
Breast tenderness and pain 1 1 1 1 1 1
Sadness/depression 1 2 3 3 3 3 3 2 2
Fatigue 2 2 3 3 3 3 3 2 1
Irritability 1 2 2 2 3 3 3 3 3 2
Inability to concentrate 1 1 2 2 3 3
Daily weight 128 128 128 128 128 128 128 129 129 129
Basal body temperature 98.0 98.2 98.4 98.0 98.2 97.8 98.0 97.4

and differing levels of magnesium stores in the study subjects.
Available data support the use of magnesium in PMS, but more
research is needed.

Pyridoxine (Vitamin B6)
Vitamin B6 has been noted to have positive effects on neu-
rotransmitters, such as serotonin.156 The most comprehensive
information for this nutrient comes from a systematic review
of nine trials representing 940 patients with PMS.157 The over-
all assessment of the review was that women with PMS are
likely to benefit from vitamin B6 supplementation at a dose
of 50 to 100 mg daily. An analysis of four of the trials, which
specifically examined depressive symptoms, showed that pyri-
doxine was more effective than placebo in reducing depressive
symptoms (OR 1.69; 95% CI 1.39–2.06). Although the con-
clusions of this review were positive, the authors felt there was
insufficient evidence of high quality to recommend vitamin B6
for PMS. Because neuropathy has been reported with pyridox-
ine dosages as low as 100 mg/day, patients should be advised
to monitor for symptoms and to discontinue therapy and seek
medical attention if they occur.

Chastetree or Chasteberry
The mechanism of action of chasteberry (Vitex agnus-castus)
relative to PMS is unclear, but several trials have reported its
beneficial effects. In a study of 1,542 women with PMS tak-
ing chasteberry extract, 33% of subjects reported total relief
of symptoms whereas an additional 57% reported partial re-

lief after 4 months.158 Of patients, 2% complained of adverse
events including nausea, allergy, diarrhea, weight gain, heart-
burn, hypermenorrhea, and gastric complaints. A randomized,
double-blind, placebo-controlled trial of 170 women taking
chasteberry extract 20 mg daily for three menstrual cycles
showed a treatment response rate of 52% compared with 24%
for placebo (p <0.001).159 Individual symptoms of irritability,
mood alteration, anger, headache, and breast fullness were re-
duced. Bloating was not significantly altered compared with
placebo. The incidence of side effects was low, but long-term
safety is unknown. In general, data indicate that chasteberry
may be effective for PMS.

Mind–Body Approaches
Evidence regarding mind–body approaches for PMS is some-
what limited. Because these modalities are risk free and they are
generally accepted as components of a healthy lifestyle, they
are favored in the treatment of PMS. Mind–body approaches
that have demonstrated benefit in PMS include relaxation re-
sponse, cognitive-behavioral therapy, yoga, aerobic exercise,
and light therapy.160

NSAIDs and Diuretics
Nonsteroidal anti-inflammatory drugs have been used to re-
lieve the physical symptoms (e.g., headache, joint pain) of
PMS, but do not improve the mood symptoms.140 Regimens
have included taking naproxen or mefenamic acid during the
luteal phase and stopping therapy after menses begin. Diuretics
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Each Day:
1. List the major symptoms (mood, physical, emotional, behavioral) that you experience during your menstrual cycle
2. Grade the severity of the symptom
3. Record daily weight
4. Record basal body temperature
5. Check the days of the cycle when menstrual flow occurs

11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
28 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

* * * *
1
3 2 1
3 2 1
3
3

130 131 131 131 130 130 130 130 130 130 129 129 129 128 128 129 128 128 128 128 128
97.6 97.8 97.8 97.6 97.8 97.6 97.8 97.8 97.6 97.4 98.4 98.0 98.4 98.6 98.0 98.2 98.0

11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22
* *

1

2 1

128 128 128 128 128 128 128 128 128 128 128 128 128 128 128 129 128 128 128 128
97.6 97.6 97.8 97.8 97.6 97.8 97.6 97.6 97.6 97.2 97.2 97.0 98.4 98.6 98.0 98.2 98.2 98.0

commonly found in OTC products, such as ammonium chlo-
ride, caffeine, and pamabrom, are not effective. Spironolactone
100 mg daily given on days 15 through 28 may have some pos-
itive effects on somatic (e.g., breast tenderness, bloating) and
affective symptoms, but data are not conclusive.140

30. C.P. has been taking a multivitamin daily with adequate
amounts of calcium, magnesium, and vitamin B6 for PMS relief.
She also has been taking naproxen sodium 220 mg BID without
significant reduction of her symptoms. Her physician requests
that she keep a daily dairy for two consecutive cycles to document
her symptoms. What information should be included in this tool?

C.P. should keep a daily diary for two consecutive men-
strual cycles to demonstrate a temporal relationship between
her symptoms during the luteal phase and to document the
severity of these symptoms (Table 47-11). In addition, she
should indicate the presence of menstrual flow, weight, and
daily basal body temperature readings to help determine when
ovulation occurs. The diary establishes a baseline for each pa-
tient and documents the most troublesome symptoms. Once
therapy is selected for these symptoms, the diary can aid in
assessing patient response.

Treatment: PMDD

31. C.P. returns to clinic with the diary presented in Table 47-11.
The physician determines that C.P. actually has PMDD. What ev-

idence supports this diagnosis and what should be recommended
for treatment?

C.P. meets the criteria for PMDD as evidenced by her symp-
toms during the 1 week before her menstrual cycle (luteal
phase). Specifically, she has at least five symptoms required
for the diagnosis of PMDD: sadness or depression (core symp-
tom), fatigue, irritability, inability to concentrate, breast ten-
derness, and bloating. She rated several of those symptoms as
severe, which indicates the symptoms are disabling and she
is unable to meet her daily obligations. There is no reason to
suspect any other disorder based on her history. PMDD seems
to be the most likely diagnosis for C.P.

Therapy options at this time include lifestyle modifications,
psychosocial interventions, and pharmacologic therapy. Psy-
chotropic drugs targeted to her most severe symptoms may in-
clude selective serotonin reuptake inhibitors (SSRI), seroton-
ergic tricyclic antidepressants, and anxiolytics. An oral con-
traceptive has also been approved for PMDD and could be
considered.

Selective Serotonin Reuptake Inhibitors
Serotonin is critical in the pathogenesis of PMDD and for that
reason, SSRIs have become the treatment of choice for PMDD
and severe PMS (Table 47-12).161 SSRIs have demonstrated
efficacy in reducing irritability, depressed mood, dysphoria,
psychosocial function, and the physical symptoms of PMDD,
including bloating, breast tenderness, and appetite changes.
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Table 47-12 Psychotropic Drugs for the Management of
PMDD and Severe PMS

Daily Dosing Intermittent Dosing
Drug (Brand Name) Regimen (mg) Regimen (mg)a

SSRI

Citalopram (Celexa) 5–20 10–30
Escitalopram (Lexapro)
Fluoxetine (Prozac)

10–20
20–60

10–20
20 or 90 weekly

Fluvoxamine (Luvox) 50–150 NS
Paroxetine (Paxil)
Paroxetine controlled release

(Paxil CR)

10–30
12.5–25

NS
12.5–25

Sertraline (Zoloft) 50–150 100

Other Serotonergic Antidepressants

Nefazodone (Serzone) 200–600 NS
Venlafaxine (Effexor) 50 NS

Anxiolytics

Alprazolam (Xanax) NS 1–2b

Buspirone (BuSpar) NS 25–60

aDay 14 until onset of menses.
bDose to be tapered over 2 days after onset of menses to prevent withdrawal symptoms.
NS, not studied; PMS, premenstrual syndrome; SSRI, selective serotonin reuptake
inhibitors.

Fluoxetine, sertraline, and paroxetine controlled release each
have an approved indication for PMDD.

The onset of effect of SSRI in women with PMDD or severe
PMS is much more rapid than when these agents are used for
treatment of major depression or anxiety disorders.161 Women
may experience symptom relief or resolution within the first
menstrual cycle versus the 4 to 8 weeks for other psychological
disorders. Several different dosing strategies have been studied,
including continuous dosing (once daily), intermittent dosing
(last 2 weeks of menstrual cycle), and semi-intermittent dosing
(continuous administration throughout the cycle with increased
doses during luteal phase). Continuous dosing would be rea-
sonable for women with concurrent mood or anxiety disorders
or those who may have difficulty remembering the timing of
the intermittent dosing. Intermittent dosing should be consid-
ered for patients with: regular menstrual cycles who are able
to adhere to the regimen, an absence of symptoms during the
follicular phase, concerns about long-term affects (e.g., sex-
ual dysfunction), and few side effects at treatment initiation.
Studies evaluating these dosing strategies have reported con-
flicting results regarding the most effective method; treatment
should be individualized based on patient history, willingness
to adhere to therapy, and drug response.

In a meta-analysis of 15 randomized, placebo-controlled tri-
als including 904 women, SSRI treatment demonstrated a sig-
nificant reduction in overall PMS symptoms (OR 6.91; 95%
CI 3.9–12.2).162 SSRIs were effective in treating both physical
and behavioral symptoms of PMS. No detectable difference
was found in PMS symptoms when comparing continuous or
intermittent dosing. SSRIs are generally well tolerated; how-

ever, in this analysis, the discontinuation rate in women taking
SSRI was 2.5 times higher than in those taking placebo.162

Common side effects reported with SSRI use were insomnia,
fatigue, decreased libido, nausea, and dry mouth.

Other Psychotropic Agents
Non-SSRI antidepressants that affect serotonin are also benefi-
cial in treating PMS (Table 47-12). Venlafaxine, dosed daily, is
significantly better than placebo at relieving psychological and
physical symptoms of PMS.163 Alprazolam is a short-acting
benzodiazepine that has been assessed for the treatment of
PMS in several studies with differing results.164 With conflict-
ing data and concerns about dependence, alprazolam should
be reserved for women who are unresponsive to other PMS
treatments. Luteal-phase dosing may limit the risk of drug
dependence of this benzodiazepine, but the dose should be
tapered over several days to minimize mild withdrawal symp-
toms. Buspirone, a partial 5 hydoxytryptamine (5HT) receptor
agonist, demonstrated significant reduction in irritability when
given daily, but does not seem to affect the physical symptoms
of PMS.165

Combination Oral Contraceptives

32. C.P. is considering a COC. What agent(s) would be appro-
priate and how might this affect her PMS?

A low-dose COC formulation containing 20 mcg ethinyl
estradiol and 3 mg drospirenone (an antimineralocorticoid
spironolactone analog) with a 4-day hormone-free interval is
approved for the treatment of emotional and physical symp-
toms of PMDD.166 Studies using this agent have shown effi-
cacy for reduced mood, physical, and behavioral symptoms of
PMDD, including a 48% improved response with this agent
compared with a 36% response using placebo (p = 0.015).167

Side effects occurring in at least 10% of women treated with
this medication included intermenstrual bleeding, headache,
nausea, breast pain, and upper respiratory infection. For women
desiring contraception, this particular agent is approved and
has data supporting its use in PMDD. The effects of other
contraceptive agents for PMDD symptoms are currently under
investigation.

Other Agents

33. What other therapeutic modalities are available to treat
symptoms of PMS and what evidence exists to support their use?

Treatment with Gn-RH agonists has been used for the phys-
ical and psychological symptoms of PMS.168 These agents are
not typically used for long periods of time, however, because of
vasomotor symptoms and the potential for negative long-term
effects on bone. They also have to be administered by injec-
tion or nasal spray which may affect adherence. This treatment
is reserved for women with very severe PMDD who do not
respond to other treatments.

Danazol has been investigated for the treatment of PMS
with moderate results. Danazol 200 mg BID provides greater
symptom relief than placebo for symptoms of severe PMS;
however, luteal phase treatment does not appear effective for
PMS symptoms.169 Potential side effects are also a concern
with this agent and, therefore, its use in women should be
limited to those who have failed other therapies.
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34. The physician working with you recognizes your strong
knowledge base in PMS and PMDD through your recommen-
dations for C.P. He requests a brief “take home” summary of the
treatment strategy for PMS and PMDD. How would you respond?

If mild to moderate symptoms of PMS exist, supportive
therapy can be recommended with healthy nutrition, aerobic
exercise, calcium supplements, and possibly magnesium, vita-

min B6 and chasteberry. If physical symptoms are also present,
NSAIDs could be initiated. When mood symptoms predomi-
nate and are markedly impairing functionality, an SSRI should
be started in either a continuous or intermittent manner. An
anxiolytic could be tried for symptoms not relieved by the
SSRI. If no response is seen with these agents, a GnRH ago-
nist could be initiated, but should be done in consultation with
a gynecologist.

REFERENCES
1. Trivax B et al. Diagnosis of polycystic ovary syn-

drome. Clin Obstet Gynecol 2007;50:168.
2. Stein IF et al. Amenorrhea associated with bilateral

polycystic ovaries. Am J Obstet Gynecol 1935;29:
181.

3. Stein IF. Bilateral polycystic ovaries. Am J Obstet
Gynecol 1945;50:385.

4. Zawadski JK et al. Diagnostic criteria for polycystic
ovary syndrome: towards a rational approach. In:
Dunaif A et al., eds. Polycystic Ovary Syndrome.
Boston: Blackwell Scientific Publications; 1992:
377.

5. The Rotterdam ESHRE/ASRM-Sponsored PCOS
consensus workshop group. Revised 2003 consen-
sus on diagnostic criteria and long-term health risks
related to polycystic ovary syndrome. Fertil Steril
2004;81:19.

6. Azziz R et al. Position statement: criteria for defin-
ing polycystic ovary syndrome as a predominantly
hyperandrogenic syndrome: an Androgen Excess
Society guideline. J Clin Endocrinol Metab 2006;
91:4237.

7. Azziz R et al. Androgen excess in women: experi-
ence with over 1,000 consecutive patients. J Clin
Endocrinol Metab 2004;89:453.

8. Hoeger KM. Obesity and lifestyle management in
polycystic ovary syndrome. Clin Obstet Gynecol
2007;50:277.

9. Menke MN et al. Genetics of polycystic ovary syn-
drome. Clin Obstet Gynecol 2007;50:188.

10. Ehrmann DA. Polycystic ovary syndrome. N Engl
J Med 2005;352:1223.

11. Ehrmann DA et al. Polycystic ovary syndrome as a
form of functional ovarian hyperandrogenism due
to dysregulation of androgen secretion. Endocr Rev
1995;16:322.

12. Nelson VL et al. The biochemical basis for in-
creased testosterone production in theca cells prop-
agated from patients with polycystic ovary syn-
drome. J Clin Endocrinol Metab 2001;86:5925.

13. Dunaif A. Insulin resistance in women with poly-
cystic ovary syndrome. Fertil Steril 2006;86(Suppl
1):S13.

14. Dunaif A et al. Excessive insulin receptor ser-
ine phosphorylation in cultured fibroblasts and in
skeletal muscle: a potential for insulin resistance
in the polycystic ovary syndrome. J Clin Invest
1995;96:801.

15. Corbould A et al. Insulin resistance in the skeletal
muscle of women with PCOS involves intrinsic and
acquired defects in insulin signaling. Am J Physiol
Endocrinol Metab 2005;288:E1047.

16. Baillargeon JP et al. Insulin sensitizers for poly-
cystic ovary syndrome. Clin Obstet Gynecol
2003;46:325.

17. Meyer C et al. Effects of medical therapy on insulin
resistance and the cardiovascular system in polycys-
tic ovary syndrome. Diabetes Care 2007;30:471.

18. Tsilchorozidou T et al. The pathophysiology of
the polycystic ovary syndrome. Clin Endocrinol
2004;60:1.

19. Lorenz LB, Wild RA. Evaluation and management
of diabetes and cardiovascular risks for today’s clin-
ician. Clin Obstet Gynecol 2007;50:226.

20. Legro RS et al. Prevalence and predictors of risk
for type 2 diabetes mellitus and impaired glucose

tolerance in polycystic ovary syndrome: a prospec-
tive, controlled study in 254 affected women. J Clin
Endocrinol Metab 1999;84:165.

21. American Association of Clinical Endocrinolo-
gists. American Association of Clinical Endocri-
nologists position statement on metabolic and car-
diovascular consequences of polycystic ovary syn-
drome. Endocr Pract 2005;11:126.

22. Expert Panel on Detection, Evaluation, and Treat-
ment of High Blood Cholesterol in Adults (Adult
Treatment Panel III). Executive summary of the
third report of the National Cholesterol Education
Program (NCEP). JAMA 2001;285:2486.

23. Apridonidze T et al. Prevalence and characteristics
of the metabolic syndrome in women with polycys-
tic ovary syndrome. J Clin Endocrinol Metab 2005;
90:1929.

24. Glueck CJ et al. Incidence and treatment of
metabolic syndrome in newly referred women
with confirmed polycystic ovarian syndrome.
Metabolism 2003;52:908.

25. Ehrmann DA et al. Prevalence and predictors of
the metabolic syndrome in women with poly-
cystic ovary syndrome. J Clin Endocrinol Metab
2006;91:48.

26. Essah PA. The metabolic syndrome in polycys-
tic ovary syndrome. Clin Obstet Gynecol 2007;50:
205.

27. Grundy SM et al. Diagnosis and management of
the metabolic syndrome. An American Heart As-
sociation/National Heart, Lung, and Blood Institute
scientific statement. Circulation 2005;112:2735.

28. Dahlgren E et al. Women with polycystic ovary syn-
drome wedge resected in 1956 to 1965: a long-term
follow-up focusing on natural history and circulat-
ing hormones. Fertil Steril 1992;57:505.

29. Talbott E et al. Coronary heart disease risk factors
in women with polycystic ovary syndrome. Arte-
rioscler Thromb Vasc Biol 1995;15:821.

30. Pirwany IR et al. Lipids and lipoprotein sub-
fractions in women with PCOS: relationship to
metabolic and endocrine parameters. Clin En-
docrinol 2001;54:447.

31. Vgontzas AN et al. Polycystic ovary syndrome is
associated with obstructive sleep apnea and day-
time sleepiness: role of insulin resistance. J Clin
Endocrinol Metab 2001;86:517.

32. Fogel RB et al. Increased prevalence of obstructive
sleep apnea syndrome in obese women with poly-
cystic ovary syndrome. J Clin Endocrinol Metab
2001;86:1175.

33. Gopal M et al. The role of obesity in the increased
prevalence of obstructive sleep apnea syndrome in
patients with polycystic ovary syndrome. Sleep Med
2002;3:401.

34. Balen A. Polycystic ovary syndrome and cancer.
Human Reprod Update 2001;7:522.

35. Huber-Buchholz MM et al. Restoration of repro-
ductive potential by lifestyle modification in obese
polycystic ovary syndrome: role of insulin sensi-
tivity and luteinizing hormone. J Clin Endocrinol
Metab 1999;84:1470.

36. Moran LJ et al. Dietary composition in restoring re-
productive and metabolic physiology in overweight
women with polycystic ovary syndrome. J Clin En-
docrinol Metab 2003;88:812.

37. Trentham-Dietz A et al. Weight change and risk of
endometrial cancer. Int J Epidemiol 2006;35:151.

38. Schouten LJ et al. Anthropometry, physical ac-
tivity, and endometrial cancer risk: results from
the Netherlands Cohort Study. J Natl Cancer Inst
2004;96:1635.

39. Knowler WC et al. Reduction in the incidence of
type 2 diabetes with lifestyle intervention or met-
formin. N Engl J Med. 2002;346:393.

40. Orchard TJ et al. The effect of metformin and in-
tensive lifestyle modification on the metabolic syn-
drome: the Diabetes Prevention Program random-
ized trial. Ann Intern Med 2005;142:611.

41. Marsh K et al. The optimal diet for women with
polycystic ovary syndrome? Br J Nutr 2005;94:154.

42. Kasim-Karakas SE et al. Relation of nutrients and
hormones in polycystic ovary syndrome. Am J Clin
Nutr 2007;85:688.

43. Diamanti-Kandarakis E et al. A modern medical
quandary: polycystic ovary syndrome, insulin re-
sistance, and oral contraceptive pills. J Clin En-
docrinol Metab 2003;88:1927.

44. Cibula D et al. Insulin sensitivity in non-obese
women with polycystic ovary syndrome dur-
ing treatment with oral contraceptives containing
low androgenic progestin. Human Reprod 2002;
17:76.

45. Pike MC et al. Estrogen-progestin replacement ther-
apy and endometrial cancer. J Natl Cancer Inst
1997;89:1110.

46. Weiderpass E et al. Use of oral contraceptives and
endometrial cancer risk. Cancer Causes Control
1999;10:277.

47. Vessey MP et al. Endometrial and ovarian cancer
and oral contraceptives-findings in a large cohort
study. Br J Cancer 1995;71:1340.

48. Baillargeon JP et al. Effects of metformin
and rosiglitazone, alone and in combination, in
nonobese women with polycystic ovary syndrome
and normal indices of insulin sensitivity. Fertil
Steril 2004;82:893.

49. Mansfield R et al. Metformin has direct effects
on human ovarian steroidogenesis. Fertil Steril
2003;79:956.

50. Harborne L et al. Descriptive review of the evidence
for the use of metformin in polycystic ovary syn-
drome. Lancet 2003;361:1894.

51. Nestler JE et al. Effects of metformin on spon-
taneous and clomiphene-induced ovulation in
the polycystic ovary syndrome. N Engl J Med
1998;338:1876.

52. Palomba S et al. Prospective parallel random-
ized, double-blind, double-dummy controlled clin-
ical trial comparing clomiphene citrate and
metformin as the first-line treatment for ovula-
tion induction in nonobese anovulatory women
with polycystic ovary syndrome. J Clin Endocrinol
Metab 2005;90:4068.

53. Lord JM et al. Metformin in polycystic ovary
syndrome: systematic review and analysis. BMJ
2003;327:951.

54. Morin-Papunen LC et al. Metformin therapy im-
proves the menstrual pattern with minimal en-
docrine and metabolic effects in women with
polycystic ovary syndrome. Fertil Steril 1998;69:
691.



47-26 � WOMEN’S HEALTH

55. Mitwally MF et al. Troglitazone: a possible mod-
ulator of ovarian steroidogenesis. J Soc Gynecol
Investig 2002;9:163.

56. Glueck CJ et al. Pioglitazone and metformin in
obese women with polycystic ovary syndrome not
optimally responsive to metformin. Human Reprod
2003;18:1618.

57. Ortega-Gonzalez C et al. Responses of serum an-
drogen and insulin resistance to metformin and pi-
oglitazone in obese, insulin-resistant women with
polycystic ovary syndrome. J Clin Endocrinol
Metab 2005;90:1360.

58. Bautukan C et al. Efficacy of a new oral contracep-
tive containing drospirenone and ethinyl estradiol
in the long-term treatment of hirsutism. Fertil Steril
2006;85:436.

59. Ganie MA et al. Comparison of efficacy of spirono-
lactone with metformin in the management of poly-
cystic ovary syndrome: an open label study. J Clin
Endocrinol Metab 2004;89:2756.

60. Moghetti P et al. Comparison of spironolactone,
flutamide, and finasteride efficacy in the treat-
ment of hirsutism: a randomized, double blind,
placebo-controlled trial. J Clin Endocrinol Metab
2000;85:89.

61. Palomba S et al. Is ovulation induction still a ther-
apeutic problem in patients with polycystic ovary
syndrome? J Endocrinol Invest 2004;27:796.

62. Guzick DS. Ovulation induction management of
PCOS. Clin Obstet Gynecol 2007;50:255.

63. Elnashar A et al. Clomiphene citrate and dexam-
ethasone in the treatment of clomiphene-resistant
PCOS: a prospective placebo-controlled study.
Hum Reprod 2006;21:1805.

64. Holzer H et al. A new era in ovulation induction.
Fertil Steril 2006;85:277.

65. Mitwally MF et al. Aromatase inhibition: a
novel method of ovulation induction in women
with polycystic ovarian syndrome. Reprod Technol
2000;10:244.

66. Al-Omari WR et al. Comparison of two aromatase
inhibitors in women with clomiphene-resistant
polycystic ovary syndrome. Int J Gynaecol Obstet
2004;85:289.

67. Nestler JE et al. Effects of metformin on spon-
taneous and clomiphene-induced ovulation in the
polycystic ovary syndrome. N Engl J Med 1998;
338:1876.

68. Legro RS et al. Clomiphene, metformin, or both
for infertility in the polycystic ovary syndrome.
N Engl J Med 2007;356:551.

69. Palomba S et al. Ovulation induction in women
with polycystic ovary syndrome. Fertil Steril
2006;86:S26.

70. Davis AR et al. Primary dysmenorrhea in adoles-
cent girls and treatment with oral contraceptives.
J Pediatr Adolesc Gynecol 2001;14:3.

71. O’Connell K et al. Self-treatment patterns among
adolescent girls with dysmenorrhea. J Pediatr Ado-
lesc Gynecol 2006;19:285.

72. Harel Z. Dysmenorrhea in adolescents and young
adults: etiology and management. J Pediatr Adolesc
Gynecol 2006;19:363.

73. Dawood MY. Primary dysmenorrhea. Advances
in pathogenesis and management. Obstet Gynecol
2006;108:428.

74. Latthe P et al. Factors predisposing women
to chronic pelvic pain: systematic review. BMJ
2006;332:749.

75. French L. Dysmenorrhea. Am Fam Physician
2005;71:285.

76. Harlow SD et al. Epidemiology of menstruation
and its relevance to women’s health. Epidemiol Rev
1995;17:265.

77. Society of Obstetrics Gynecology Canada (SOGC).
Primary Dysmenorrhea Consensus Guideline.
JOGC 2005;169:1119.

78. Golomb LM et al. Primary dysmenorrhea and
physical activity. Med Sci Sports Exerc 1998;30:
906.

79. Akin M et al. Continuous low-level topical heat
wrap therapy as compared to acetaminophen for pri-
mary dysmenorrhea. J Reprod Med 2004;49:739.

80. Akin MD et al. Continuous low level topical heat
in the treatment of dysmenorrhea. Obstet Gynecol
2001;97:343.

81. Harel Z et al. Supplementation with omega-3
polyunsaturated fatty acids in the management of
dysmenorrhea in adolescents. Am J Obstet Gynecol
1996;174:1335.

82. Barnard ND et al. Diet and sex hormone binding
globulin, dysmenorrhea, and premenstrual symp-
toms. Obstet Gynecol 2000;95:245.

83. Proctor ML et al. Herbal and dietary therapies for
primary and secondary dysmenorrhea. Cochrane
Database Syst Rev 2003;1.

84. Procter ML et al. Transcutaneous electrical nerve
stimulation and acupuncture for primary dysmenor-
rhea (Cochrane Review). Cochrane Database Syst
Rev 2002:CD002123.

85. Latthe PM et al. Surgical interruption of pelvic
nerve pathways in dysmenorrhea: a systematic
review of effectiveness. Acta Obstet Gynecol
2007;86:4.

86. Smyth EM et al. Lipid derived autacoids:
eicosanoids and platelet activating factor. In: Brun-
ton L et al., eds. Goodman & Gillman’s Pharmaco-
logical Basis of Therapeutics. 11th ed. New York:
McGraw-Hill; 2006:653.

87. Marjoribanks J et al. Nonsteroidal anti-inflamma-
tory drugs for primary dysmenorrhoea. Cochrane
Database Syst Rev 2003;4:CD001751.

88. DuRant RH et al. Factors influencing adolescents’
responses to regimens of naproxen for dysmenor-
rhea. Am J Dis Child 1985;139:489.

89. Proctor ML et al. Combined oral contraceptive
pill (OCP) as treatment for primary dysmenorrhea.
Cochrane Database Syst Rev 2001;2:CD002120.

90. Davis AR et al. Oral contraceptives for dysmenor-
rhea in adolescent girls: a randomized trial. Obstet
Gynecol 2005;106:97.

91. Gerschultz KL et al. Extended cycling of combined
hormonal contraceptives in adolescents: physician
views and prescribing practices. J Adolesc Health
2007;40:151.

92. Baldaszti E et al. Acceptability of the long term
contraceptive levonorgestrel releasing intrauterine
system: a three year follow up study. Contraception
2003;67:87.

93. Zhang WY et al. Efficacy of minor analgesics in
primary dysmenorrhea: a systematic review. Br J
Obstet Gynaecol 1998;105:780.

94. Harel Z et al. The use of the leukotriene receptor
antagonist montelukast in the management of dys-
menorrhea in adolescents. J Pediatr Adolesc Gy-
necol 2004;17:183.

95. Ghazizadeh S et al. Local application of glyceril
trinitrate ointment for primary dysmenorrhea. Int J
Gynecol Obstet 2002;79:43.

96. Marsden J et al. Guaifenesin as a treatment for
primary dysmenorrhea. J Am Board Fam Pract
2004;17:240.

97. Lobo R. Endometriosis: etiology, pathology, di-
agnosis and management. In: Katz V et al., eds.
Comprehensive Gynecology. 5th ed. Philadelphia:
Mosby Elsevier; 2007.

98. Gao X et al. Economic burden of endometriosis.
Fertil Steril 2006;86:1561.

99. Kennedy S. Should a diagnosis of endometriosis
be sought in all symptomatic women? Fertil Steril
2006;86:1312.

100. Boardman R et al. Below the belt: approach
to chronic pelvic pain. Can Fam Physician
2006;52:1557.

101. Jackson B et al. Managing the misplaced: ap-
proach to endometriosis. Can Fam Physician
2006;52:1422.

102. American Fertility Society. Revised American Fer-
tility Society for Reproductive Medicine clas-
sification of endometriosis: 1996. Fertil Steril
1997;67:817.

103. Reddish S. Dysmenorrhea. Aust Fam Physician
2006;35:844.

104. Mounsey AL et al. Diagnosis and management of
endometriosis. Am Fam Physician 2006;74:594.

105. Farquhar C. Endometriosis. BMJ 2007;334:249.

106. Missmer SA et al. Incidence of laparoscopically
confirmed endometriosis by demographic, anthro-
pometric, and lifestyle factors. Am J Epidemiol
2004;160:784.

107. Fauconnier A et al. Endometriosis and pelvic pain:
epidemiological evidence of the relationship and
implications. Hum Reprod Update 2005;11:595.

108. Fauconnier A et al. Relation between pain symp-
toms and the anatomic location of deep infiltrating
endometriosis. Fertil Steril 2002;78:719.

109. Lorencatto C et al. Depression in women with en-
dometriosis with and without chronic pelvic pain.
Acta Obstet Gynecol Scand 2006;85:88.

110. Mahutte NG et al. New advances in the understand-
ing of endometriosis related infertility. J Reprod
Immunol 2002;55:78.

111. Cahill DJ. What is the optimal medical manage-
ment of infertility and minor endometriosis? Hum
Reprod 2002;17:1135.

112. Seeber B et al. Panel of markers can accurately
predict endometriosis in a subset of patients. Fertil
Steril 2008;89:1073.

113. Ferrero S et al. Antiangiogenic therapies in en-
dometriosis. Br J Pharmacol 2006;149:133.

114. Winkel CA. Evaluation and management of women
with endometriosis. Obstet Gynecol 2003;102:397.

115. Giudice LC et al. Endometriosis. Lancet 2004;364:
1789.

116. Lin SY et al. Reproducibility of the revised Ameri-
can Fertility Society classification of endometriosis
using laparoscopy or laparoscopy. Int J Gynaecol
Obstet 1998;60:265.

117. Ferrero S et al. Future perspectives in the medi-
cal treatment of endometriosis. Obstet Gyn Survey
2005;60:817–826.

118. Barbieri RL. Endometriosis and the estrogen
threshold theory: relation to surgical and medical
treatment. J Reprod Med 1998;43:287.

119. Sinaii N et al. Treatment utilization for endometrio-
sis symptoms: a cross-sectional survey study of life-
time experience. Fertil Steril 2007;87:1277. Epub
2007 Feb 12.

120. Practice Committee of the American Society
for Reproductive Medicine. Treatment of pelvic
pain associated with endometriosis. 2006;86(Suppl
4):S18.

121. Allen C et al. Non-steroidal anti-inflammatory
drugs for pain in women with endometriosis.
Cochrane Database Syst Rev 2005;4:CD004753.
DOI: 10.1002/14651858.CD004753.pub2.

122. Verellini P et al. Continuous use of an oral contra-
ceptive for endometriosis associated recurrent dys-
menorrhea that does not respond to a cyclic pill
regimen. Fertil Steril 2003;80:560.

123. Davis L et al. Modern combined oral contra-
ceptives for pain associated with endometriosis.
Cochrane Database Syst Rev 2007;3:CD001019.
DOI: 10.1002/14651858.CD001019.pub2.

124. Harada T et al. Low-dose oral contraceptive pill
for dysmenorrhea associated with endometriosis: a
placebo controlled double-blind, randomized trial.
Fertil Steril 2007; Dec 26. Epub ahead of print.

125. Petta C et al. Randomized clinical trial of a
levonorgestrel-releasing intrauterine system and a
depot GnRH analogue for the treatment of chronic
pelvic pain in women with endometriosis. Hum Re-
prod 2005;20:1993.

126. Schlaff W et al. Subcutaneous injection of depot
medroxyprogesterone acetate compared with le-
uprolide acetate in the treatment of endometriosis-
associated pain. Fertil Steril 2006;85:314.

127. The practice committee of the American Society
for Reproductive Medicine. Treatment of pelvic
pain associated with endometriosis. Fertil Steril
2006;86(Suppl 4):S18.

128. Crosignani P et al. Advances in the management of
endometriosis: an update for clinicians. Hum Re-
prod Update 2006;12:179.

129. Attar E et al. Aromatase inhibitors: the next gen-
eration of therapy for endometriosis. Fertil Steril
2006;85:1307.

130. Soysal S et al. The effects of post-surgical adminis-
tration of goserelin plus anastrozole compared with



DISORDERS RELATED TO THE MENSTRUAL CYCLE � 47-27

goserelin alone in patients with severe endometrio-
sis: a prospective randomized trial. Hum Reprod
2004;19:160.

131. Nasir L et al. Management of pelvic pain from dys-
menorrhea or endometriosis. J Am Board Fam Pract
2004;17:S43.

132. Crosignanai PG et al. Subcutaneous depot medrox-
yprogesterone acetate versus leuprolide acetate in
the treatment of endometriosis associated pain.
Hum Reprod 2006;21:248.

133. Bedaiwy M et al. Treatment with leuprolide acetate
and hormonal add-back for up to 10 years in stage
IV endometriosis patients with chronic pelvic pain.
Fertil Steril 2006;86:220.

134. Melton LJ et al. Long term fracture risk among
women with proven endometriosis. Fertil Steril
2006;86:1576.

135. The practice committee of the American Society
for Reproductive Medicine. Endometriosis and in-
fertility. Fertil Steril 2006;86(Suppl 4):S156.

136. Tavmergen E et al. Long term use of gonadotropin
releasing hormone analogues before IVF in women
with endometriosis. Curr Opin Obstet Gynecol
2007;19:284.

137. Winer SA et al. Premenstrual disorders: preva-
lence, etiology and impact. J Reprod Med 2006;51:
339.

138. Campagne DM et al. The premenstrual syndrome
revisited. Eur J Obstet Gynaecol Reprod Biol
2007;130:4.

139. American College of Obstetricians and Gynecolo-
gists. ACOG practice bulletin: premenstrual syn-
drome. Washington, DC: ACOG, April 2000:15.

140. Braverman PK. Premenstrual syndrome and pre-
menstrual dysphoric disorder. J Pediatr Adolesc
Gynecol 2007;20:3.

141. American Psychiatric Association. Diagnostic and
Statistical Manual of Mental Disorders. 4th ed.
DSM-IV-Text Revision. DSM-IV-TR, Washington,
DC: American Psychiatric Association; 2000.

142. Mishell DR. Premenstrual disorders: epidemiol-
ogy and disease burden. Am J Manag Care
2005;11:S473.

143. Dalton K et al. Incidence of premenstrual syndrome
in twins. BMJ 1987;295:1027.

144. Van der Akker OB et al. Genetic and environmental
variation in 2 British twin samples. Acta Genet Med
Gemellol 1987;36:541.

145. Perkonigg A et al. Risk factors for premenstrual
dysphoric disorder in a community sample of
young women: the role of traumatic events and
posttraumatic stress disorder. J Clin Psychiatry
2004;65:1314.

146. Mortola JF. Premenstrual syndrome-pathophysio-
logic considerations. N Engl J Med 1998;338:
256.

147. Halbreich U et al. Low plasma GABA during the
late luteal phase of women with premenstrual dys-
phoric disorder. Am J Psychiatry 1996;153:718.

148. Steiner M et al. Premenstrual dysphoric disor-
der and the serotonin system: pathophysiology and
treatment. J Clin Psychiatry 2000;61(Suppl 12):17.

149. Thys-Jacobs S et al. Calcium-regulating hormones
across the menstrual cycle: evidence of a secondary
hyperthyroidism in women with PMS. J Clin En-
docrinol Metab 1995;80:2227.

150. Thys-Jacobs S et al. Calcium supplementation
in premenstrual syndrome. J Gen Intern Med
1989;4:183.

151. Penland JG et al. Dietary calcium and manganese
effects on menstrual cycle symptoms. Am J Obstet
Gynecol 1993;168:1417.

152. Thys-Jacobs S et al. Calcium carbonate and the
premenstrual syndrome: effects on premenstrual
and menstrual symptoms. Am J Obstet Gynecol
1998;179:444.

153. Rosenstein DL et al. Magnesium measures across
the menstrual cycle in premenstrual syndrome. Biol
Psychiatry 1994;35:557.

154. Proctor ML et al. Herbal dietary therapies for pri-
mary and secondary dysmenorrhea (Cochrane Re-
view). The Cochrane Library, Issue 2, 2002.

155. Stevinson C et al. Complementary/alternative ther-
apies for premenstrual syndrome: a systematic re-
view of randomized trials. Am J Obstet Gynecol
2001;185:227.

156. Ebadi M et al. Pyridoxal phosphate and neurotrans-
mitters in the brain. In: Tryiates G, ed. Vit B6:
Metabolism and the Role in Growth. Westport: Food
and Nutrition Press; 1980:223.

157. Wyatt KM et al. Efficacy of vitamin B-6 in the treat-
ment of premenstrual syndrome: systematic review.
BMJ 1999;318:1375.

158. Dittmar G et al. Premenstrual syndrome: treat-
ment with a phytopharmaceutical. TW Gynakol
1992;5:60.

159. Schellenberg R. Treatment for the premenstrual
syndrome with agnus castus fruit extract: prospec-
tive, randomized, placebo controlled study. BMJ
2001;332:134.

160. Girman A et al. An integrative medicine approach
to premenstrual syndrome. Am J Obstet Gynecol
2003;188:S56.

161. Steiner M et al. Expert guidelines for the treat-
ment of severe PMS, PMDD, and comorbidities:
the role of SSRIs. J Womens Health (Larchmt) 2006;
15:57.

162. Dimmock PW et al. Efficacy of selective serotonin-
reuptake inhibitors in premenstrual syndrome: a
systematic review. Lancet 2000;356:1131.

163. Freeman EW et al. Venlafaxine in the treatment of
premenstrual dysphoric disorder. Obstet Gynecol
2001;98:737.

164. Kroll R et al. Treatment of premenstrual disorders.
J Reprod Med 2006;51:359.

165. Landen M et al. Compounds with affinity for sero-
tonergic receptors in the treatment of premenstrual
dysphoria: a comparison of buspirone, nefazodone
and placebo. Psychopharmacology 2001;155:292.

166. Brown C et al. A new monophonic oral contra-
ceptive containing drospirenone: effect on premen-
strual symptoms. J Reprod Med 2002;47:14.

167. Yonkers KA et al. Efficacy of a new low-dose oral
contraceptive with drospirenone in premenstrual
dysphoric disorder. Obstet Gynecol 2005;106:492.

168. Sundstrom I et al. Treatment of premenstrual syn-
drome with gonadotropin-releasing hormone ago-
nist in a low dose regimen. Acta Obstet Gynaecol
Scand 1999;78:891.

169. O’Brien PMS et al. Randomized controlled trial
of the management of premenstrual syndrome and
premenstrual mastalgia using luteal phase-only
danazol. Am J Obstet Gynecol 1999;180:18.

170. Donnez J. Today’s treatments: medical, surgical and
in partnership. Int J Gynaecol Obstet 1999;64:S5.





C H A P T E R 48
The Transition Through Menopause

Louise Parent-Stevens

THE TRANSITION THROUGH
MENOPAUSE 48-1
Pathophysiology 48-1
Clinical Presentation 48-1
Hot Flushes 48-2

Signs and Symptoms 48-2
Treatment 48-2

Estrogen With or Without a Progestin 48-2
Vasomotor Symptoms 48-2
Osteoporosis 48-3
Endometrial Cancer 48-3

Breast Cancer 48-3
Ovarian Cancer 48-3
Thromboembolic Disease 48-3
Cardiovascular Disease 48-3
Gallbladder Disease 48-4
Other Risks and Benefits 48-4
Dosing Regimens 48-5
Adverse Effects 48-6

Progestins 48-6
Androgens 48-6
Nonhormonal Agents 48-6

Phytoestrogens 48-7
Black Cohosh 48-7
Other Therapy 48-7

Genitourinary Atrophy 48-7
Signs and Symptoms 48-7
Treatment 48-7

Vaginally Administered Estrogens 48-7
Other Treatment 48-7

Urinary Incontinence 48-8

THE TRANSITION THROUGH MENOPAUSE
The perimenopause, or climacteric, is the phase in the fe-
male aging process between the reproductive and nonrepro-
ductive years and is characterized by waning ovarian function
and irregular menstrual cycles. Menopause is the last sponta-
neous episode of physiologic uterine bleeding confirmed by 12
months of amenorrhea and typically occurs 4 to 5 years after
the beginning of the perimenopause. The postmenopausal state
is characterized by significantly decreased hormone levels that
may contribute to an increased risk of disease.

Although female life expectancy has increased significantly
over the past century, the average age of women at menopause
has remained relatively constant at 51 years.1Thus, women to-
day may spend one-third of their lives with reduced ovarian
hormone concentrations. Age at menopause appears to be ge-
netically determined and is not influenced by race, physical
characteristics, age at menarche, age at last pregnancy, socio-
economic status, or oral contraceptive use. Cigarette smoking
decreases age of menopause by 1 to 2 years.1 As the U.S. pop-
ulation ages, the number of women at risk for postmenopausal
related issues will increase. Recent census data estimates that
there are 47 million women age 50 years and older in the United
States.2

Pathophysiology
The perimenopause results from an age-related decline in the
number and competence of ovarian follicles. Loss of negative
feedback due to decreased inhibin production by the failing
ovary triggers increased production of FSH. Despite this in-
crease in FSH levels, the rate of follicular maturation declines
and anovulatory cycles predominate during this phase. How-
ever, ovulation can still occur and contraception should be used
if pregnancy is not desired. After all ovarian follicles have been

depleted, menopause ensues. This corresponds with a 10- to 20-
fold increase in FSH levels and a threefold increase in LH levels
which peak 1 to 3 years after menopause.1 Postmenopausally,
estrogen production decreases to approximately 10% of pre-
menopausal production because the ovary is no longer making
estrogen. Estrogen levels after menopause are derived from
peripheral conversion of the androgen, androstenedione. The
aromatase enzyme responsible for this conversion is predomi-
nantly found in fat, liver, and skin and increases with age and
body weight, resulting in higher estrogen levels with women
with greater body fat.1,3 The primary estrogen no longer is
estradiol, but the less potent agent, estrone.1,3 Estrogen con-
centrations do not vary in a cyclic fashion as they do in women
who are in their reproductive years (Table 48-1). Progesterone
levels after menopause are generally undetectable in the ab-
sence of corpus luteum formation by the failed ovary.4 An-
drogen production by the postmenopausal ovary increases, but
overall postmenopausal androgen levels are decreased by 25%
to 50% resulting from decreased conversion of androstene-
dione to testosterone.1,4 The androgen:estrogen ratio increases
markedly after menopause due to the greater drop in estrogen
levels, which may result in mild symptoms of androgenism,
such as hirsutism.1

Clinical Presentation
Although menopause is a natural consequence of aging, the
concurrent decrease in estrogen production can result in clin-
ical symptoms, such as hot flushes and vaginal atrophy. Post-
menopausal osteoporosis may also result from estrogen defi-
ciency (see Chapter 102: Osteoporosis). In addition to their
presence in the sex organs, the two estrogen receptors (ERα
and ERβ) are found in many tissues throughout the body,
including the brain, bladder, lung, bone, and skin.5,6 The

48-1
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Table 48-1 Plasma Levels of Hormones in Pre- and
Postmenopausal Women10

Premenopausal Postmenopausal

Estradiol 50–350 pg/mL 5–25 pg/mL
Estrone 30–110 pg/mL 20–70 pg/mL
Progesterone: 0.17 ng/mL

follicular 0.2–0.7 ng/mL
luteal 3–21 ng/mL

Testosterone 0.3 ng/mL 0.25 ng/mL
Androstenedione 1.5 ng/mL 0.6 ng/mL

impact of estrogen deficiency and replacement therapy on these
organs is not yet fully elucidated.

Hot Flushes
Signs and Symptoms

1. D.R., a 51-year-old woman, has been having sudden feelings
of warmth over her chest accompanied by a patchy flushing of
her skin and increased sweating for the past month, especially
after drinking coffee or wine or if she is upset. She now visits
her physician because she has been waking up shivering from a
perspiration-drenched gown nightly for the past week. D.R. does
not take any medications. She has not had a menstrual period
for at least 6 months; her physical examination was normal for
a 51-year-old woman. What is the assessment based on the data
provided for D.R.?

It appears that D.R. is experiencing hot flushes, a vasomotor
symptom experienced by 50% to 85% of all women during the
menopause transition.1,7 The onset of vasomotor symptoms
may precede the last menstrual period, but the prevalence is
highest during the 2 years after menopause and declines over
time.1 Symptoms persist for longer than 1 year in 80% and
longer than 5 years in 25% of women.1,8 Women with surgi-
cally induced menopause, including bilateral oophorectomy,
are more likely to experience moderate to severe hot flushes
compared to women with natural menopause.9 Symptoms in-
clude a feeling of warmth in the chest, neck, and facial areas
that may be accompanied by visible red flushing. An average
hot flush is approximately 4 minutes in duration.8 The flushes
are characteristically episodic rather than continuous, but may
be as frequent as hourly in women with severe symptoms.10

An increased environmental temperature, the ingestion of hot
liquids or alcohol, and mental stress also may provoke hot
flushes.

Other symptoms associated with the perimenopause may
include irritability, inability to concentrate, forgetfulness,
headaches, dizziness, joint stiffness, and fatigue.10,11 Noctur-
nal hot flushes may lead to insomnia and sleep deprivation.
Mood changes, including depression, are not uniformly asso-
ciated with menopause, but are reported more frequently in
women during the perimenopausal period.12

2. What are the underlying causes of the hot flushes associated
with the perimenopause?

The exact trigger for hot flushes is unknown, but they are
clearly associated with the declining estrogen concentrations

that occur during menopause. Estrogen therapy (ET) is more
effective than placebo in reducing hot flushes, and withdrawal
of ET results in resumption of hot flushes. It is postulated that
the drop in estrogen production leads to a decrease in 5-HT
levels and an increase in the levels of norepinephrine and its
metabolite, MHPG. This in turn alters thermoregulatory sensi-
tivity and lowers temperature set point, triggering an autonomic
reaction directed at cooling the body.1,7,8

Treatment
First-line treatment for hot flushes includes avoidance of
known triggers (e.g., hot beverages, alcohol, warm en-
vironments), regular exercise, biofeedback, and relaxation
techniques.8 If the patient continues to experience bothersome
symptoms, drug therapy should be considered. It is important
to note that there is a high placebo response in clinical trials
evaluating interventions for hot flushes.

ESTROGEN WITH OR WITHOUT A PROGESTIN

3. D.R. has tried lifestyle modifications for management of her
hot flushes without much relief. Her physician is recommending
hormone therapy but she expresses concern about its risks. How
should D.R. be counseled about the risks and benefits of hormone
therapy?

Hormone therapy has received a great deal of attention
through the widely-publicized results of the Women’s Health
Initiative (WHI). The WHI prospectively studied estrogen
and progestin therapy (EPT) versus placebo in 16,608 post-
menopausal women and estrogen therapy (ET) versus placebo
in 10,739 postmenopausal women without a uterus. Other large
cohort studies, including the Million Women Study and the
Nurses Health Study, have also contributed important infor-
mation to the understanding of postmenopausal hormone ther-
apy. Prior to selecting a treatment option, women should be
counselled about the possible risks and benefits of ET/EPT
(Table 48-2). Absolute and relative contraindications to the
use of postmenopausal hormones are listed in Table 48-3.

Vasomotor Symptoms
Numerous clinical trials have established the efficacy of estro-
gen in reducing the frequency and severity of hot flushes com-
pared to placebo. Oral and transdermal estrogen are equally
efficacious and the addition of a progestin does not appear
to alter this benefit. Some studies report a dose-response

Table 48-2 Risks and Benefits of ET/EPT (change in event
frequency per 10,000 women years of exposure)29,34,42

ET EPT

Osteoporotic Hip Fracture −6a −5
Colorectal Cancer NSb −6
Breast Cancer NS +8c

Myocardial infarction NS +7
Thromboembolism (DVT/PE) +7 +18
Stroke +12 +8

aNegative sign indicates that hormone therapy provides protective effect.
bNS: no significant change in risk.
cpositive sign indicates an increased risk with hormone therapy.
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Table 48-3 Contraindications to ET10,94

Absolute Contraindications

Active thromboembolic disease or history thereof (e.g., DVT, PE,
stroke, MI)

Undiagnosed abnormal genital bleeding
Known, suspected or history of estrogen dependent neoplasia

(e.g., breast cancer, endometrial cancer)
Impaired liver function
Known or suspected pregnancy

Relative Contraindications (diseases that may be
(exacerbated by estrogens/progestins)

Gallbladder Disease
Hypertriglyceridemia
Asthma
Migraine headache
Epilepsy
Systemic lupus erythematosus
Porphyria

relationship.13 In women with hot flushes, EPT has been shown
to improve quality of life and depressive symptoms.14 Combi-
nation hormonal contraceptives are effective in reducing vaso-
motor symptoms and preventing pregnancy in women during
perimenopause.

Osteoporosis
There are strong clinical data on the efficacy of estrogen, with or
without a progestin, in preventing the bone loss associated with
menopause. Estrogen has also been shown to decrease the risk
of osteoporotic hip and vertebral fractures by approximately
25%.15 Multiple oral and transdermal estrogen products are
FDA-approved for the prevention of osteoporosis (Table 48-4);
however, based on its risks and the availability of effective al-
ternate treatments, ET/EPT should not be used solely for the
prevention of osteoporosis. In women using systemic estrogen
for menopausal symptoms, bone density will be maintained.
After estrogen is discontinued, bone loss will resume so al-
ternate protective therapies should be considered in women at
risk (see Chapter 102: Osteoporosis).15

Endometrial Cancer
Stimulation of the endometrium by exogenous estrogen causes
endometrial proliferation leading to endometrial hyperplasia
rates of 8 to 62% after 1 to 3 years of use.16 Continuous ex-
posure to unopposed estrogen can lead to the development
of endometrial cancer. Use of ET alone in a woman with a
uterus increases the risk of endometrial cancer by twofold to
10-fold, with higher estrogen dose and duration associated with
greater risk. The elevated risk persists for at least 5 years after
discontinuation of ET.17 Addition of a progestin can signifi-
cantly attenuate or eliminate the increased risk of endometrial
cancer, with combined-continuous regimens possibly offering
greater endometrial protection than intermittent regimens16−18

(see Question 3).

Breast Cancer
Randomized and observational studies support a 20% in-
creased risk of breast cancer with EPT use, beginning 5 years
after initiation, increasing with continued use and returning to
baseline approximately 5 years after EPT is stopped.19,20 Risk

appears to be similar between oral and transdermal estrogen
but a dose-response relationship has not been established. The
effect of ET on breast cancer is less clear. Some studies, includ-
ing the estrogen only arm of the WHI, found no increased risk
of breast cancer after 7 years of treatment, whereas others re-
ported an increased risk, particularly with long-term use.21−23

Ovarian Cancer
Several studies have documented an increased risk of ovarian
cancer with postmenopausal hormone use.24−28 The risk in-
creases with increasing duration of use and occurs with both
ET and EPT. Limited data suggest that the type and route of
therapy do not influence risk. It is unclear if long-term past use
confers an increased risk of ovarian cancer.

Thromboembolic Disease
Current ET use increases the risk for venous thromboem-
bolic disease, including DVT and pulmonary embolism, up
to twofold.29,30 The greatest risk, up to 3.5-fold, is within the
first year of treatment. Women who are older or have a higher
BMI are at elevated risk.31 Concurrent use of estrogen and pro-
gestin may incur a greater risk than use of unopposed estrogen
but transdermal estrogen may significantly decrease the risk
compared to oral estrogen.32,33

Some, but not all, studies have documented an increased
risk for stroke with ET/EPT use.23 In the WHI, ET and EPT
increased the risk of ischemic, but not hemorrhagic, stroke
by approximately 40%.34,35 The Women’s Estrogen for Stroke
Trial (WEST) found that use of estrogen soon after a stroke
or transient ischemic attack was associated with adverse out-
comes compared to placebo.36

Cardiovascular Disease
Cardiovascular disease is the leading cause of death among
women, accounting for more deaths than all cancer types.37

Some, but not all, studies report a non-age-related increase in
coronary heart disease (CHD) in postmenopausal women.10

Estrogens have beneficial effects on lipids and endothe-
lial function, suggesting a pharmacologic basis for a heart-
protective effect.38 However, the cardiovascular effects of ET
remain controversial despite numerous studies addressing this
issue. Case-control and cohort studies, such as the Nurses’
Health Study (NHS), found that, compared with never users,
postmenopausal women who used ET or EPT had a lower risk
of CHD-related death.39 However, the HERS trial, a prospec-
tive study of EPT in postmenopausal women with pre-existing
heart disease, showed an increased risk of CHD during the first
year of the study and no overall benefit on CHD after 4.1 years
of follow-up.40 The ERA Trial, which compared the effects
of ET and placebo on the angiographic progression of pre-
existing CHD, showed no benefit of ET.41 In the WHI, which
was specifically designed to answer questions about ET/EPT
and primary prevention of cardiovascular disease, increased
cardiovascular events in the EPT group led to early termina-
tion of that arm of the study. The estrogen-only arm was also
stopped early due to an increased risk of stroke without evi-
dence of cardiovascular protection.29,42 A major criticism of
the WHI was that the average age of the study participants,
63 years, did not reflect the typical age at which symptomatic
menopausal women were most likely to use ET/EPT. Further
analysis of the WHI data found a trend towards reduced CHD
risk and lower total mortality in women aged 50 to 59 years
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Table 48-4 Agents Used in ET/EPT Therapy

Drug (Brand Name) Initial Daily Dosage

Estrogens

Conjugated equine estrogens (CEE)a (Premarin) 0.3 mg
Synthetic conjugated estrogens (Cenestin, Enjuvia) 0.3 mg
Estropipatea (piperazine estrone sulfate) (Ogen, Ortho-Est) 0.625 mg
Micronized estradiola (Estrace, Gynodiol) 0.5 mg
Estradiol transdermal systema (various brand name products) 0.014–0.025 mg/24-hr patch applied weekly or twice weekly
Esterified estrogena (Estratab, Menest) 0.3 mg
Estradiol acetate tablet (Femtrace)
Estradiol acetate vaginal ring (Femring)

0.45 mg
0.05 mg/24-hr ring inserted vaginally every 90 days

Estradiol topical emulsion/gel (Elestrin, Estrogel, Estrasorb) 1 packet daily

Progestins

Medroxyprogesterone acetate (Provera and generic products) 5 mg for cyclic regimens/2.5 mg for continuous regimens
Norethindrone acetate (various brand name products) 2.5 mg for cyclic regimens/0.5 mg for continuous regimens
Progesterone (Prometrium) 200 mg for cyclic regimens/100 mg for continuous regimens
Progesterone vaginal gel (Prochieve, Crinone) 1 full applicator of 4% gel every other day
Levonorgestrel-releasing IUD (Mirena) 20 mcg/day

Estrogen and Progestin Combinations

Premproa 0.3 mg CEE and 1.5 mg MPA
Premphasea 0.625 mg CEE for 28 days with 5 mg MPA for last 14 days
CombiPatch 0.05 mg estradiol with either 0.14 or 0.25 mg norethindrone
Femhrta 2.5 mcg EEb and 0.1 mg norethindrone acetate
Activellaa 0.5 mg estradiol and 0.5 mg norethindrone acetate
Prefesta 1 mg estradiol and 0.09 mg norgestimate
Climara Proa 0.045 mg estradiol/0.015 mg levonorgestrel/24 hr patch once weekly

Estrogen and Androgen Combinationsc

Esterified estradiol and Methyltestosterone (Estratest, Covaryx) 0.625 mg esterfied estrogens and 1.25 mg MT

Vaginal Estrogens (localized effect only)

Conjugated Equine Estrogen cream (Premarin) Initial: 1 gm cream (0.625 mg CEE) daily
Maintenance: 1 gm cream once/twice weekly

Estradiol cream (Estrace) Initial: 2–4 gm cream (0.2–0.4 mg estradiol) daily
Maintenance: 1 gm cream (0.1 mg estradiol) twice weekly

Estradiol ring (Estring) 2 mg ring (0.0075 mg/day) every 90 days
Estradiol hemihydrate tablets (Vagifem) 1 tablet (0.025 mg) daily for 2 wk, then one tablet twice weekly

aApproved by the FDA for prevention of osteoporosis.
bEE: ethinyl estradiol.
cRequires addition of progestin in women with uterus.

who began therapy within 10 years of menopause.43 The WHI-
Coronary Artery Calcium Study, a WHI substudy, also found
a lower calcified plaque burden in 50- to 59-year-old women
who took ET as compared to placebo, suggestive of a protec-
tive effect of estrogen on CHD when used early after the onset
of menopause.44 The NHS analyzed CHD risk based on age at
initial hormone use and found a 65% to 72% reduction in risk
for women who began use within 10 years of menopause com-
pared with no change in CHD risk for women who initiated
first use more than 10 years after menopause.45

Although there are still unanswered questions regarding the
cardiovascular effects of ET/EPT, it appears to be safer than
previously thought when used for symptom control soon after
menopause. However, there is no clear indication that ET/EPT
should be used for the prevention of CHD in asymptomatic
women.46

Gallbladder Disease
Estrogen, with or without progestin, increases the risk of gall-
bladder disease by approximately 60%.47 In the WHI and
HERS studies, use of ET/EPT was associated with a signif-
icant increase in the risk for gallbladder surgery.47,48

Other Risks and Benefits
Oral estrogen therapy has beneficial effects on lipids, increas-
ing HDL while decreasing total cholesterol, LDL and lipopro-
tein(a). However, it can also significantly increase triglyc-
eride levels.49,50 Transdermal estrogen has similar but less
pronounced effects on cholesterol levels.50 Addition of a pro-
gestin attenuates the beneficial changes of ET on HDL but
may also ameliorate ET’s triglyceride-elevating effects. Of the
commonly used progestins, micronized progesterone appears
to have the least deleterious effect on the lipid profile.17
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Observational studies have suggested that postmenopausal
hormone use reduced the risk colorectal cancer during the time
of use.51 In the WHI study, EPT was associated with a sig-
nificantly decreased risk of colorectal cancer; however, this
decreased risk was not seen with use of ET alone.29,52

The effects of postmenopausal hormone therapy on cogni-
tive function are unclear. While observational trials indicated
that ET/EPT protects against mental decline, the WHI Mem-
ory Study (WHIMS), a substudy of the WHI, found that, in
women aged 65 years or older at time of hormone initiation,
ET and EPT increased the risk of dementia and mild cognitive
impairment.53−56 Other studies suggest that when therapy is
begun in recently postmenopausal women, ET/EPT may pro-
vide a protective effect on mental status.57,58 More data are
needed on the effects of various regimens and time of use
before a definitive answer about the effects of ET/EPT on cog-
nitive function can be made.

The WHI study found a decreased incidence of new-onset
diabetes mellitus in both the ET and EPT treatment groups
and the HERS trial documented a similar reduction in risk.23

Additional data are needed before hormone therapy can be
recommended for the prevention of diabetes.

Dosing Regimens

4. What is an appropriate regimen of estrogen for the man-
agement of D.R.’s hot flushes?

There are a number of estrogen and estrogen/progestin prod-
ucts currently available for the management of vasomotor

symptoms (Table 48-4). Conjugated equine estrogens (CEE)
have traditionally been the products most frequently used in
the United States; however, use of alternate agents, including
oral and transdermal estradiol, is increasing. Oral and trans-
dermal estrogen appear to be equally efficacious in treating hot
flushes.13 Transdermal estrogen is associated with a decreased
risk for TED and hypertension but has less of a beneficial ef-
fect on the lipid profile compared to oral estrogen. The effect
of transdermal estrogen on cardiovascular and gallbladder dis-
ease has not been well studied. Current recommendations are to
initiate estrogen at a low dose (e.g., 0.3 mg of CEE or 0.025 mg
of transdermal estradiol) with titration as needed for symptom
control.

In women with an intact uterus, such as D.R., a progestin
must also be added to the regimen to minimize the risk of en-
dometrial cancer.23 Currently, there is no indication for adding
a progestin to ET in women without a uterus. Oral progestins
used in the United States to antagonize the endometrial ef-
fects of estrogen are listed in Table 48-4. For medroxyproges-
terone acetate (MPA), the most commonly used EPT progestin,
5 mg/day for at least 12 days/month is needed to prevent en-
dometrial hyperplasia when used in cyclic regimens (Table 48-
5). For continuous regimens, 2.5 mg/day may be adequate. Oral
micronized progesterone 100 to 300 mg/day for 12 days/month
or the progestin-releasing IUD also appear to protect against
endometrial hyperplasia from ET.17

EPT may result in resumption of uterine withdrawal bleed-
ing. The pattern and frequency of bleeding is dependent on
the EPT regimen used (Table 48-5). For women using cyclic

Table 48-5 ET/EPT Regimens and Expected Vaginal Bleeding Patterns

Hormone
Estrogen/Progestin Dosing Free Interval Typical Bleeding Pattern

Combined Regimens (EPT) for Patient with intact uterus

CYCLIC REGIMEN
Estrogen (PO or TD) : days 1–25 of each month
Progestin: days 10–25 or 14–25 of each month

3–6 days Withdrawal bleeding 1–2 days after progestin dosing endeda

80% experience regular bleeding
CYCLIC COMBINED
Estrogen (PO or TD) and Progestin: days 1–25 of each
month

3–6 days Withdrawal bleeding 1–2 days after progestin dosing endeda

Lower incidence than cyclic regimen
CONTINUOUS CYCLIC
Estrogen (PO or TD): daily
Progestin: 10–14 days every month

none Withdrawal bleeding 1–2 days after progestin dosing endeda

80% experience regular bleeding
LONG-CYCLE CYCLIC
Estrogen (PO or TD): daily
Progestin: 14 days every third month

none Withdrawal bleeding 1–2 days after progestin dosing endeda

∼70% experience regular bleeding
CONTINUOUS COMBINED
Estrogen (PO or TD) and Progestin: daily none 40% have irregular bleeding for first 6–12 monthsb

75%–89% become amenorrheic within 12 months
CONTINUOUS PULSED
Estrogen PO × 3 days then
Estrogen + Progestin PO × 3 days
Repeat continuously

none ∼70% experience spotting early during treatment
80% are amenorrheic at the end of 12 monthsb

Estrogen only Regimens (ET) for Patients without uterus

CONTINUOUS REGIMEN
Estrogen (PO or TD): daily none none

aBleeding earlier than 11 days after beginning progestin suggests need for endometrial evaluation.
bBleeding after 6 months of therapy requires endometrial evaluation.
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regimens, studies suggest that the use of progestin every 3
months rather than monthly is protective of the endometrium
and may improve patient acceptance.59 Patient preference re-
garding bleeding patterns should be considered when selecting
an EPT regimen.

There is increasing consumer interest in “natural” (“bio-
identical”) hormone therapy as a safer alternative to conven-
tional estrogen products. “Natural hormone therapy” is ex-
temporaneously compounded and does not carry the standard-
ized FDA-approved warnings. However, there is no good clin-
ical evidence to support claims of greater safety with these
products.60,61

Because hot flushes are self-limiting, discontinuation of
ET/EPT should be attempted every 6 to 12 months. Abrupt dis-
continuation of ET/EPT may trigger recurrence of hot flushes;
therefore, tapering is recommended. However, there are no spe-
cific guidelines; a taper regimen should be developed for each
patient individually.62

Adverse Effects

5. How should D.R. be counselled about possible side effects
of ET/EPT?

In addition to being counselled about the serious risks of
ET/EPT, D.R. should be advised regarding “nuisance” side ef-
fects from hormone therapy. These most commonly include
resumption of vaginal bleeding (see Question 3) and breast
tenderness.13 Nausea, weight gain, edema, headache, PMS-
like symptoms, and increased vaginal discharge have also been
reported. Skin irritation may occur with the use of transder-
mal products. Frequently, these side effects diminish with time
or may respond to a change in dosage or product. Although
ET/EPT has not been shown to consistently induce or worsen
hypertension, patients should be monitored for increases in
blood pressure.63

6. D.R. has decided that she does not wish to take EPT for her
hot flushes. What alternate therapy would be appropriate to try?

PROGESTINS
Progestins, given alone, appear to be similar to ET in re-

lieving the symptoms of hot flushes. Regimens that have been
shown to be effective include megestrol acetate, 40 mg/day
PO, and medroxyprogesterone acetate, 10 mg/day PO or 150
mg IM Q 3 months or 500 mg IM on days 1, 14, and 28.64,65

Adverse effects of progestins include vaginal bleeding, fluid re-
tention, increased appetite, breast tenderness, acne, hirsutism,
headaches, mood swings, fatigue, and depression. In the ab-
sence of ET, progestins do not appear to increase the risk of
thromboembolic disease.17 Progestins are a reasonable alter-
native for women who cannot take estrogen but need highly
effective therapy for hot flushes.

ANDROGENS
Androgens do not relieve vasomotor symptoms in post-

menopausal women. However, some clinical trials have shown
that testosterone therapy in postmenopausal women can im-
prove sexual function and may also improve energy levels and
sense of wellbeing.66,67 Only methyltestosterone, in combina-
tion with estrogen, is FDA-approved for the management of
menopausal symptoms (Table 48-4). Currently available gels
and patches deliver an inappropriately high dose of andro-
gen for women; however, use of smaller quantities of gel may
provide adequate therapy (e.g., 5 mg of testosterone) while
minimizing the risk of undesired side effects, such as acne,
hirsutism, and masculinization. Products specifically designed
for use in women are under development. A short-term trial of
androgen therapy can be given to women taking ET/EPT who
experience low libido. If improvement is not seen after several
months of testosterone, it should be discontinued.

NONHORMONAL AGENTS
Nonhormonal agents are modestly effective in reducing

hot flush frequency and severity. These agents include some
serotonergic antidepressants, antiseizure, and antihypertensive
drugs. Table 48-6 lists the agents and doses which have been

Table 48-6 Nonhormonal Agents for the Management of Vasomotor Symptoms71-73

Daily Dose Used Placebo
Drug in Clinical Trials Controlled Trial? Adverse Reactions Reported

Serotonergic Antidepressants

Citalopram (Celexa) 20 mg Yes Dry mouth, ↓ libido, rash/hives, insomnia, somnolence, bladder
spasm, palpitations, arthralgias

Fluoxetine (Prozac) 20–30 mg Yes Nausea, dry mouth,
Mirtazapine (Remeron) 15–30 mg No ↑ appetite, dry mouth
Paroxetine (Paxil) 10–25 mg Yes Headache, nausea, insomnia, drowsiness
Sertraline (Zoloft) 50 mg Yes Nausea, fatigue/malaise, diarrhea, anxiety/nervousness
Venlafaxine (Effexor) 37.5–150 mgXR Yes Dry mouth, ↓ appetite, nausea, constipation

Antiseizure Agents

Gabapentin (Neurontin) 900 mg Yes Somnolence, fatigue, dizziness, rash, palpitations, peripheral edema

Antihypertensive Agents

Clonidine PO: 0.05–0.15 mg
TD: 0.1 mg/24 hr

Yes Headache, dry mouth, drowsiness, skin reaction/itching (patch)
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shown to be effective along with adverse effects most com-
monly seen.68−70,71−73

PHYTOESTROGENS
Phytoestrogens, including isoflavones and lignans, are

plant-based substances that exert mild estrogenic effects. Epi-
demiologic studies have found an association between higher
dietary soy intake and fewer menopausal symptoms.74 How-
ever, the results of clinical trials of isoflavones, including soy
and red clover extracts, are mixed. Several meta-analyses con-
cluded that phytoestrogens have minor, if any, benefits70,74,75

on menopausal symptoms. This apparent lack of benefit may be
related to the source and dose of isoflavones being evaluated.
In general, isoflavones are well tolerated. The most commonly
reported side effect is gastrointestinal intolerance. A 5-year
study documented an increased risk of endometrial hyperpla-
sia with phytoestrogen use.76 Due to their estrogenic effects,
phytoestrogens should be avoided or used cautiously in women
with a history of estrogen-dependent disease.

BLACK COHOSH
Black cohosh (cimicifuga racemosa) is one of the most pop-

ular herbs for the management of menopausal symptoms. It
does not appear to have estrogenic effects, but may exert a
serotonergic effect.77 Clinical studies of black cohosh for hot
flushes have shown mixed results.78−81 Several trials have sug-
gested that black cohosh may have a beneficial effect on mood
symptoms associated with menopause.77 The typical dose of
black cohosh is 20 mg BID.82 It is generally well tolerated, but
use beyond 6 months has not been evaluated. The most com-
mon adverse effects are gastrointestinal in nature. For women
who do not wish to use hormonal agents, black cohosh would
be a reasonable alternate treatment.

OTHER THERAPY
Studies on the use of wild yam extract, DHEA, ginseng,

evening primrose oil, and dong quai do not support a beneficial
effect of these agents in the management of hot flushes.82−84

Genitourinary Atrophy
Signs and Symptoms

7. R.J., a 60-year-old woman who has remarried recently, com-
plains of pain associated with intercourse. She also complains of
vaginal dryness and pain during intercourse. Upon physical ex-
amination, she is noted to have sparse, gray pubic hair. Her labia
minora have a pale, dry appearance, whereas the labia majora
appear flattened. Her vagina is small with a pale, dry epithelium.
How would you assess R.J.’s problem?

R.J. appears to be experiencing symptoms associated with
genitourinary atrophy. Estrogen is the dominant hormone of
vaginal physiology. With the postmenopausal loss of estrogen
production, the vagina decreases in size and loses its rugal pat-
tern: its mucosa becomes pale, thin, and dry and vaginal blood
flow decreases. A decrease in lactobacillus production of lactic
acid leads to an increase in vaginal pH to 5.0 or greater (com-
pared to a premenopausal pH of 3.5–4.5).85,86 These changes
make the vagina more susceptible to infection from bacterial
colonization and localized trauma secondary to intercourse.

Unlike hot flushes, vaginal atrophy does not abate with time
since menopause.

Symptoms of atrophic vaginitis include dryness, itching,
pain and dyspareunia. About 10% to 40% of postmenopausal
women experience symptoms, however, only 25% of those af-
fected seek medical attention.85 Postmenopausal women who
engage in regular coital activity have less atrophic vaginal
changes compared with those of similar age and estrogen lev-
els who do not have regular intercourse. Also, postmenopausal
women who have breaks in their sexual intercourse patterns,
such as that experienced by R.J. between the death of her
first husband and remarriage, tend to experience dyspareunia
(painful coitus) with the resumption of intercourse.

Treatment
VAGINALLY ADMINISTERED ESTROGENS

8. What would be an appropriate regimen for R.J. to decrease
her vaginal symptoms?

Estrogen therapy reverses vaginal epithelial thinning, de-
creases the vaginal pH and improves the symptoms of vaginal
atrophy. If hot flushes are also present, oral or transdermal
estrogen may be used. For treatment of vaginal symptoms
alone, low-dose vaginal administration is the preferred route of
administration.85,87 Absorption of estrogen through the vagi-
nal mucosa is efficient and can produce estrogen levels ade-
quate to relieve systemic symptoms such as hot flushes (e.g.
50–100 mcg/day estradiol acetate vaginal ring.) Limited data
suggest that low-dose vaginal administration of estrogen does
not significantly alter serum estradiol levels.87 Low-dose vagi-
nal estrogen is available in several dosage formulations (see
Table 48-4). The various products appear to be equivalent in
restoring vaginal cytology and pH and relieving symptoms
of vaginal dryness, pruritus, and dyspareunia; product selec-
tion should be based on patient preference.85 Vaginal creams
and tablets are initiated with once daily dosing; after symp-
toms have resolved, the patient should be switched to main-
tenance dosing of once or twice weekly administration. The
low-dose vaginal ring releases a constant dose of estrogen over
90 days.

The most common adverse effects of vaginal estrogens are
vaginal irritation and bleeding and breast tenderness. Studies of
limited duration suggest that the risk of endometrial hyperpla-
sia from low-dose vaginal estrogen is small and the addition of
a progestin is generally considered unnecessary.85,87 Women
at high risk for endometrial cancer, using higher than usual
doses of vaginal estrogen, or experiencing vaginal bleeding
during intravaginal ET should be evaluated for endometrial
hyperplasia.85

OTHER TREATMENT
If a woman with vaginal atrophy is unwilling or unable to

use estrogen, a vaginal bioadhesive (Replens) has been shown
to significantly improve vaginal pH and atrophy symptoms,
although to a lesser degree than vaginal ET.88 Nonhormonal
treatments, such as SSRIs and orally consumed herbal treat-
ments (e.g., black cohosh, isoflavones), do not appear to im-
prove vaginal atrophy symptoms.86
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Urinary Incontinence

9. Would ET/EPT be an appropriate choice of therapy if R.J.
were experiencing urinary incontinence?

Estrogen has multiple effects on the urinary tract, includ-
ing maintaining urethral pressure and collagen synthesis and
controlling micturition. While the incidence of incontinence
and urinary tract infections (UTI) increase with age, it is
not clear that loss of estrogen production contributes to these
problems.89 Despite their theoretic benefits on the urinary tract,
multiple studies have failed to show a benefit of ET/EPT on
the symptoms of urinary incontinence.90 In the WHI and NHS
studies, ET and EPT increased the risk of developing uri-
nary incontinence and worsened symptoms in women with
pre-existing urinary incontinence.91,92 For women with recur-

rent UTI, 3 of 5 controlled trials showed a benefit of oral or
vaginal estrogen in decreasing the frequency of infections.93

Estrogens should not be used for management of urinary in-
continence but could be given a trial in women with recurrent
UTIs.
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OVERVIEW

Thyroid disease is common, affecting approximately 5% to
15% of the general population. Females are three to four times
more likely than males to develop any type of thyroid disease.
The typical thyroid disorders emphasized in this chapter are hy-
pothyroidism, hyperthyroidism, and nodular disease. Thyroid
cancer is discussed briefly. The reader is referred to standard
medical textbooks for more detailed medical and diagnostic
information.

Triiodothyronine (T3) and thyroxine (T4) are the two biolog-
ically active thyroid hormones produced by the thyroid gland in
response to hormones released by the pituitary and hypothala-
mus. The hypothalamic thyrotropin-releasing hormone (TRH)
stimulates release of thyrotropin (i.e., thyroid-stimulating hor-
mone [TSH]) from the pituitary in response to low circulating
levels of thyroid hormone. TSH in turn promotes hormone syn-
thesis and release by increasing thyroid activity. When suffi-
cient synthesis has occurred, high circulating thyroid hormone
levels block further production by inhibiting TSH release. The
intrapituitary deiodination of T4 to T3 also plays a critical role
in the inhibition of TSH secretion. As the serum concentra-
tions of thyroid hormone decrease, the hypothalamic-pituitary
centers again become responsive by releasing TRH and TSH.

T3 is four times more potent than T4, but its serum concen-
tration is lower. T4 is the major circulating hormone secreted
by the thyroid. In contrast, about 80% of the total daily T3
production results from the peripheral conversion of T4 to T3
through deiodination of T4. T4 has intrinsic biological activity
and does not function solely as a prohormone. Approximately
35% to 40% of secreted T4 is converted peripherally to T3;
another 45% of secreted T4 undergoes peripheral conversion
to inactive reverse T3 (rT3). Certain drugs and diseases can
modify the conversion rate of T4 to T3 and decrease the serum
T3 levels (Table 49-1; see question 2).

T3 and T4 exist in the circulation in free (active) and protein-
bound (inactive) forms. About 99.97% of circulating T4 is
bound: 70% to thyroxine-binding globulin (TBG), 15% to
thyroxine-binding prealbumin (TBPA), and the rest to albumin.
Only 0.03% exists as the free form. This affinity for plasma
proteins accounts for T4’s slow metabolic degradation and long
half-life (t1/2) of 7 days. In contrast, T3 is considerably less
strongly bound to plasma proteins (99.7%); about 0.3% ex-
ists as free hormone. The lower protein-binding affinity of T3
accounts for its threefold greater metabolic potency and its
shorter half-life of 1.5 days.

Hypothyroidism is a clinical syndrome that results from a
deficiency of thyroid hormone. The prevalence of hypothy-
roidism is 1.4% to 2% in females and 0.1% to 0.2% in males.
The incidence increases in persons older than 60 years to 6%
of women and 2.5% of men. Hypothyroidism can be caused
by either primary (thyroid gland) or secondary (hypothalamic-
pituitary) malfunction. Primary hypothyroidism is more com-
mon than secondary causes.

Hashimoto’s thyroiditis, an autoimmune disorder, is the
most common cause of primary hypothyroidism and appears
to have a strong genetic predisposition. The pathogenesis
of Hashimoto’s thyroiditis results from an impaired immune
surveillance, causing dysfunction of normal “suppressor” T
lymphocytes and excessive production of thyroid antibodies
by plasma cells (differentiated B lymphocytes). The destruc-

Table 49-1 Factors That Can Significantly Alter Thyroid
Function Tests in Euthyroid Patients

↑ TBG Binding Capacity Drugs/Situations

↑ TT4 Estrogens,27,28 tamoxifen,30 raloxifene29

↑ TT3 Oral contraceptives7

Normal TSH Heroin26

Normal FT4I, FT4 Methadone maintenance26

Normal FT3I, FT3 Genetic ↑ in TBG
Clofibrate
Active hepatitis1

↓ TBG Binding Capacity/Displacement T4 From Binding Sites
↓ TT4 Androgens7

↓ TT3 Salicylates,7,18,19 disalcid,19 salsalate19

Normal TSH High-dose furosemide
Normal FT4I, FT4 ↓ TBG synthesis-cirrhosis/hepatic failure
Normal FT3I, FT3 Nephrotic syndrome1,7

Danazol1,7

Glucocorticoids1,7

↓ Peripheral T4→T3 Conversion
↓ TT3 PTU
Normal TT4 Propranolol174

Normal FT4I, FT4 Glucocorticoids3,7

Normal TSH

↓ Pituitary and Peripheral T4
→ T3

↓ TT3 Iodinated contrast media (e.g., ipodate)161–165

↑ TT4 Amiodarone31–33

↑ TSH (transient) Euthyroid sick syndrome8–10

↑ FT4I

↑ T4 Clearance by Enzyme Induction/ ↑ Fecal Lossa

↓ TT4 Phenytoin20,21

↓ FT4I Phenobarbital20

Normal or ↓ FT4 Carbamazepine20–25

Normal or ↓ TT3 Cholestyramine, colestipol98

Normal or ↑ TSH Rifampin20

Bexarotene92

↓ TSH Secretion
Dopamine1,7 dobutamine34

Levodopa7 cabergoline35

Glucocorticoids3,7

Bromocriptine3,7

Octreotide2

Metformin36

Bexarotene188

↑ TSH Secretion
Metoclopramide1,3,7

Domperidone1,3,7

aCan also cause hypothyroidism in patients receiving levothyroxine therapy.
FT3, free triiodothyronine; FT4, free thyroxine; FT3I, free triiodothyronine index;
FT4I, free thyroxine index; PTU, propylthiouracil; T3, triiodothyronine; T4, thyrox-
ine; TBG, thyroxine-binding globulin; TSH, thyroid-stimulating hormone; TT3, total
triiodothyronine; TT4, total thyroxine.

tion of thyroid cells by circulating thyroid antibodies produces
an underlying defect or block in the intrathyroidal, organo-
binding of iodide. As a result, inactive hormones or insufficient
amounts of active hormones are synthesized, and this eventu-
ally produces hypothyroidism. However, the clinical presen-
tation of Hashimoto’s thyroiditis can be variable, depending
on the time of diagnosis. Although the typical presentation
is hypothyroidism and goiter (thyroid gland enlargement),
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patients can present with hypothyroidism and no goiter, with
euthyroidism and goiter, or rarely (<5%) with hyperthyroidism
(Hashi-toxicosis).

Hashimoto’s thyroiditis might be related to Graves’ dis-
ease, a common cause of hyperthyroidism. Both diseases share
similar clinical features: positive antibody titers, goiter with
lymphocytic infiltration of the gland, familial tendency, and
predilection for women. Both diseases can coexist in the same
gland. Thyrotoxicosis can precede the onset of Hashimoto’s hy-
pothyroidism, and the end result of Graves’ hyperthyroidism is
often hypothyroidism. These common clinical features suggest
that Graves’ disease and Hashimoto’s thyroiditis might be the
same disease manifesting in different ways.

Other common causes of hypothyroidism are presented in
Table 49-2 and include iatrogenic destruction of the gland after
radioiodine therapy or surgery and hypothyroidism secondary
to nontoxic multinodular goiter. Drug-induced hypothyroidism
(e.g., iodides, amiodarone, lithium, interferon-α) occurs in
susceptible persons (i.e., Hashimoto’s thyroiditis) with a pre-
existing thyroid abnormality.

The typical symptoms of hypothyroidism include weight
gain, fatigue, sluggishness, cold intolerance, constipation,
heavy menstrual periods, and muscle aches. A goiter might
or might not be present. Patients with end-stage hypothy-
roidism, or myxedema coma, can also present with hypother-
mia, confusion, stupor or coma, carbon dioxide retention, hy-
poglycemia, hyponatremia, and ileus. Symptoms of “slowing
down” would be expected because thyroid hormone is essen-
tial for the function and maintenance of all body systems and
metabolic processes. In general, the more severe the degree
of hypothyroidism, the greater the number of clinical find-
ings. The exception is the older patient with hypothyroidism,
who often presents with minimal or atypical symptoms (e.g.,
weight loss, deafness, tinnitus, carpal tunnel syndrome). Pa-
tients with mild and subclinical hypothyroidism might also
have few or no symptoms. Laboratory findings that are diag-
nostic for overt hypothyroidism include elevated TSH and low
free thyroxine (FT4) levels; those for subclinical or early hy-
pothyroidism are elevated TSH and normal FT4 levels. The
common clinical symptoms, physical findings, and labora-

Table 49-2 Causes of Hypothyroidism

Nongoitrous (No Gland Enlargement)
Primary Hypothyroidism (Dysfunction of the Gland)
Idiopathic atrophy
Iatrogenic destruction of thyroid
Surgery
Radioactive iodine therapy
X-ray therapy
Postinflammatory thyroiditis
Cretinism (congenital hypothyroidism)

Secondary Hypothyroidism
Deficiency of TSH due to pituitary dysfunction
Deficiency of TRH due to hypothalamic dysfunction

Goitrous Hypothyroidism (Enlargement of Thyroid Gland)
Dyshormonogenesis: defect in hormone synthesis, transport, or action
Hashimoto’s thyroiditis
Congenital cretinism: maternally induced
Iodide deficiency
Natural goitrogens: rutabagas, turnips, cabbage

Drug-Induced
Aminoglutethimide7

Amiodarone31–33

Bexarotene92,188

Ethionamide237

Iodides and iodide-containing preparations143

Rifampin91

Sunitinib238,239

Interleukin240,241

Interferon-α226−229

Lithium219–221

Thiocyanates, phenylbutazone, sulfonylureas7

TRH, thyrotropin-releasing hormone; TSH, thyroid-stimulating hormone.

tory abnormalities of overt hypothyroidism are summarized in
Table 49-3.

Levothyroxine (L-thyroxine) is the preferred thyroid re-
placement preparation. Several brand name and less costly
generic preparations are available, and they are inter-
changeable in most patients. The signs and symptoms of

Table 49-3 Clinical and Laboratory Findings of Primary Hypothyroidism

Symptoms Physical Findings Laboratory

General: weakness, tiredness, lethargy, fatigue Thin brittle nails ↓ TT4

Cold intolerance Thinning of skin ↓ FT4I
Headache Pallor ↓ FT4

Loss of taste/smell Puffiness of face, eyelids ↓ TT3

Deafness Yellowing of skin ↓ FT3I
Hoarseness Thinning of outer eyebrows ↑ TSH
No sweating Thickening of tongue Positive antibodies (in Hashimoto’s)
Modest weight gain Peripheral edema ↑ Cholesterol
Muscle cramps, aches, pains Pleural/peritoneal/pericardial effusions ↑ CPK
Dyspnea ↓ DTRs ↓ Na
Slow speech “Myxedema heart” ↑ LDH
Constipation Bradycardia (↓ HR) ↑ AST
Menorrhagia Hypertension ↓ Hct/Hgb
Galactorrhea Goiter (primary hypothyroidism)

AST, aspartate aminotransferase; CPK, creatinine phosphokinase; DTRs, deep tendon reflexes; Hct, hematocrit; Hgb, hemoglobin; HR, heart rate; LDH, lactate dehydrogenase; Na,
sodium; FT3I, free triiodothyronine index; FT4I, free thyroxine index; FT4, free thyroxine; TSH, thyroid-stimulating hormone; TT3, total triiodothyronine; TT4, total thyroxine.
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Table 49-4 Treatment of Hypothyroidism

Patient Type/Complications Dose (L-thyroxine) Comment

Uncomplicated adult 1.6–1.7 mcg/kg/day; 100–125
mcg/day average
replacement dose; usual
increment 25 mcg q6–8wk

Onset of action: 2–3 wk; max effect: 4–6 wk. Reversal of skin and hair changes may take
several months. An FT4 or FT4I and TSH should be checked 6–8 wk after initiation of
therapy because T4 has a half-life of 7 days and three to four half-lives are needed to
achieve steady state. Levels obtained before steady state can be very misleading.
Because 80% is bioavailable, adjust IV doses downward. Small changes can be made
by varying dose schedule (e.g., 150 mcg daily except Sunday).

Elderly ≤1.6 mcg/kg/day (50–
100 mcg/day)

Initiate T4 cautiously. Elderly may require less than younger patients. Sensitive to small
dose changes. A few patients older than 60 yr require ≤50 mcg/day.

Cardiovascular disease
(angina, CAD)

Start with 12.5–25 mcg/day.
↑ by 12.5–25 mcg/day
q2–6wk as tolerated

These patients are very sensitive to cardiovascular effects of T4. Even subtherapeutic
doses can precipitate severe angina, MI, or death. Replace thyroid deficit slowly,
cautiously, and sometimes even suboptimally.

Long-standing
hypothyroidism (>1 yr)

Dose slowly. Start with
25 mcg/day. ↑ by 25
mcg/day q4–6wk as
tolerated

Sensitive to cardiovascular effects of T4. Steady state may be delayed because of ↓
clearance of T4.a Correct replacement dose is a compromise between prevention of
myxedema and avoidance of cardiac toxicity.

Pregnant Most will require 45% ↑ in
dose to ensure euthyroidism

Evaluate TSH, TT4, and FT4I. Goal: normal TSH and TT4/FT4I in upper normal range
to prevent fetal hypothyroidism.

Pediatric (0–3 mo) 10–15 mcg/kg/day Hypothyroid infants can exhibit skin mottling, lethargy, hoarseness, poor feeding,
delayed development, constipation, large tongue, neonatal jaundice, piglike facies,
choking, respiratory difficulties, and delayed skeletal maturation (epiphyseal
dysgenesis). The serum T4 should be increased rapidly to minimize impaired
cognitive function. In the healthy term infant, 37.5–50 mcg/day of T4 is appropriate.
Dose decreases with age (Table 49-9).

a In severely myxedematous patients, steady state may require ≥6 months. In patients who are clinically euthyroid but have ↑ TT4 and FTI, use TT3 and TSH as guide to dose
adjustments.
CAD, coronary artery disease; FT4, free thyroxine; FT4I, free thyroxine index; IV, intravenous; MI, myocardial infarction; q, every; QD, every day; T4, thyroxine; TSH, thyroid-
stimulating hormone; TT4, total thyroxine.

hypothyroidism can be reversed easily in most patients by the
administration of L-thyroxine on an empty stomach at average
oral replacement dosages of 1.6 to 1.7 mcg/kg/day. Exceptions
include older patients, patients with severe and long-standing
hypothyroidism, and patients with cardiac disease, in whom
administration of full replacement doses might cause cardiac
toxicity (Table 49-4). In such patients, minute T4 doses should
be started initially and the dosage titrated upward as tolerated;
complete reversal of hypothyroidism might not be indicated
or possible. In myxedema coma, intravenous (IV) therapy with
large initial doses of L-thyroxine (e.g., 400 mcg) is necessary to
increase the active free hormone level by saturating the empty
thyroid-binding sites and to prevent the 60% to 70% mortality
rate. In subclinical hypothyroidism, it is controversial whether
T4 replacement therapy is beneficial. There is no justification
for treating patients with hypothyroid symptoms and normal
laboratory findings with T4.

The goal of therapy is to reverse the signs and symptoms of
hypothyroidism and normalize the TSH and FT4 levels. Some
improvement of hypothyroid symptoms is often evident within
2 to 3 weeks of starting T4 therapy. Overreplacement of L-
thyroxine (manifested by below-normal or suppressed serum
concentrations of TSH) is associated with osteoporosis and
cardiac changes. The optimal T4 replacement dosage must be
administered for ∼6 to 8 weeks before steady-state levels are
reached. Evaluation of thyroid function tests before this time
is misleading. Once a euthyroid state is attained, laboratory
tests can be monitored every 3 to 6 months for the first year
and then yearly thereafter. Medications that interfere with T4

absorption (e.g., iron, aluminum-containing products, some
calcium preparations, cholesterol resin and phosphate binders,
raloxifene) should not be coadministered with T4.

Hyperthyroidism or thyrotoxicosis is the hypermetabolic
syndrome that occurs when the production of thyroid hormone
is excessive. Hyperthyroidism affects about 2% of females and
about 0.1% of males. The prevalence of hyperthyroidism in
older patients varies between 0.5% and 2.3% but accounts for
10% to 15% of all thyrotoxic patients, depending on the pop-
ulation studied.

Graves’ disease is the most common cause of hyperthy-
roidism. Toxic autonomous nodular goiters, both multi- and
uninodular, account for a large proportion of the remaining

Table 49-5 Causes of Hyperthyroidism

Graves’ disease (toxic diffuse goiter); may be caused by
polymorphisms in the TSH receptor4

Toxic uninodular goiter (Plummer’s disease)
Toxic multinodular goiter
Nodular goiter with hyperthyroidism caused by exogenous iodine

(Jod-Basedow)
Exogenous thyroid excess through self-administration (factitious

hyperthyroidism)
Tumors (thyroid adenoma, follicular carcinoma,

thyrotropin-secreting tumor of the pituitary, and hydatidiform
mole with secretion of a thyroid-stimulating substance)

Drug induced (iodides,142 amiodarone,31–33 interleukin,7,240

interferon-α,226,229 lithium223,224)



THYROID DISORDERS � 49-5

Table 49-6 Clinical and Laboratory Findings
of Hyperthyroidism

Symptoms
Heat intolerance
Weight loss common, or weight gain caused by ↑ appetite
Palpitations
Pedal edema
Diarrhea/frequent bowel movements
Amenorrhea/light menses
Tremor
Weakness, fatigue
Nervousness, irritability, insomnia

Physical Findings
Thinning of hair (fine)
Proptosis, lid lag, lid retraction, stare, chemosis, conjunctivitis,

periorbital edema, loss of extraocular movements
Diffusely enlarged goiter, bruits, thrills
Wide pulse pressure
Pretibial myxedema
Plummer’s nailsa

Flushed, moist skin
Palmar erythema
Brisk DTRs

Laboratory Findings
↑ TT4

↑ TT3

↑ FT4I/FT4

↑ FT3I/FT3

Suppressed TSH
⊕ TRAb
⊕ ATgA
⊕ TPO
RAIU >50%
↓ Cholesterol
↑ Alkaline phosphatase
↑ Calcium
↑ AST

aThe fingernail separates from its matrix, but only one or two nails are generally
affected.
AST, aspartate aminotransferase; ATgA, antihydroglobulin antibody; DTRs, deep
tendon reflexes; FT3, free triiodothyronine; FT4, free thyroxine; FT3I, free triiodothy-
ronine index; FT4I, free thyroxine index; RAIU, radioactive iodine uptake; TPO, thy-
roperoxidase antibody; TRAb, thyroid-receptor antibodies; TSH, thyroid-stimulating
hormone; TT3, total triiodothyronine; TT4, total thyroxine.

causes. Other causes of hyperthyroidism, including iatrogenic
ones, are outlined in Table 49-5. Graves’ disease is an autoim-
mune disorder characterized by one or more of the following
features: hyperthyroidism, diffuse goiter, ophthalmopathy (ex-
ophthalmos), dermopathy (pretibial myxedema), and acropa-
chy (thickening of fingers or toes). The production of excessive
quantities of thyroid hormone is attributed to a circulating IgG
or thyroid receptor antibody (TRAb), which has a TSH-like
ability to stimulate hormone synthesis. The abnormal produc-
tion of TRAb by plasma cells (differentiated B lymphocytes)
results from a deficiency of suppressor T-cell lymphocytes. The
peak incidence of Graves’ disease occurs in the third or fourth
decade of life, the duration of the disease is unknown, and its
clinical course is characterized by remission and relapse.

The classic symptoms of hyperthyroidism, summarized in
Table 49-6, mimic a hypermetabolic state and include nervous-
ness, heat intolerance, palpitations, weight loss despite in-

creased appetite, insomnia, proximal muscle weakness, frequ-
ent bowel movements, amenorrhea, and emotional lability. Hy-
perthyroid symptoms can be present for 3 to 12 months before
the diagnosis is made. The typical symptoms are often absent in
the older patient, producing a masked or “apathetic” picture.
Because the clinical presentation of hyperthyroidism in the
older patient is atypical, occult hyperthyroidism always must
be considered, especially in patients with new or worsening
cardiac findings (e.g., atrial fibrillation). Untreated hyperthy-
roidism can progress to thyroid storm, a life-threatening form
of hyperthyroidism characterized by “exaggerated” symptoms
of thyrotoxicosis and the acute onset of high fever (sine qua
non). The diagnosis of hyperthyroidism is confirmed by high
serum concentrations of FT4 and/or an undetectable TSH level.
Positive thyroid antibodies confirm an autoimmune origin for
the hyperthyroidism (e.g., Graves’ disease).

The primary treatment options for hyperthyroidism are an-
tithyroid drugs (thioamides), radioiodine, and surgery. All
three modalities are effective, and the treatment of choice is in-
fluenced by the etiology of the hyperthyroidism, the size of the
goiter, the presence of ophthalmopathy, comorbid conditions
(e.g., angina), likelihood of pregnancy, patient age, patient pref-
erence, and physician bias. Older patients and those with co-
existing cardiac disease, ophthalmopathy, and hyperthyroidism
secondary to a toxic multinodular goiter are treated best with
radioactive iodine (RAI). Surgery is preferable if obstructive
symptoms are present or concomitant malignancy is suspected.
Pregnant patients can be managed with thioamides or surgery
in the second trimester; RAI is absolutely contraindicated.

The thioamides are used as primary therapy for hyperthy-
roidism and as adjunctive short-term therapy to produce eu-
thyroidism before surgery or RAI. The thioamides (e.g., meth-
imazole [Tapazole], propylthiouracil [PTU]) primarily prevent
hormone synthesis but do not affect existing stores of thyroid
hormone. Therefore, hyperthyroid symptoms will continue for
4 to 6 weeks after beginning thioamide therapy, and initial
treatment withβ-blockers or iodides is often required for symp-
tomatic relief. The onset of action of PTU is more rapid than
methimazole because PTU has an additional mechanism of ac-
tion, which is to inhibit the peripheral conversion of T4 to T3.
Therefore, PTU is the thioamide of choice for thyroid storm.
PTU is also preferred during pregnancy because congenital
defects have been reported with methimazole. Although both
drugs are secreted in breast milk, no adverse effects have been
reported in the exposed infants. Otherwise, methimazole is
preferred over PTU to enhance adherence; it can be adminis-
tered once daily, whereas PTU must be given two or three times
daily. The duration of treatment is empiric, and thioamides typ-
ically are prescribed for 12 to 18 months in hopes of long-term
spontaneous remission once the drug is discontinued. Although
thioamides maintain euthyroidism, they do not change the nat-
ural course of the disease, and the likelihood of spontaneous
remission, once treatment is discontinued, is about 50%. The
expectation that the combination of thioamide and T4 ther-
apy might increase the likelihood of remission has been disap-
pointing. The major adverse effects from thioamides include
skin rash, gastrointestinal (GI) complaints, agranulocytosis,
and hepatitis. Cross-sensitivity between the thioamides is not
complete, and the alternative drug can be used if rash or GI
complaints do not resolve. This is not true for agranulocytosis,
and the alternative agent is not recommended.
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Nodular goiters, both multi- and uninodular, are common
thyroid problems. The estimated prevalence is 4% to 5% of the
adult population. The origin of thyroid nodules is unknown,
although TSH stimulation, iodine deficiency, goitrogens (e.g.,
iodides, lithium, amiodarone), and radiation exposure are con-
tributory. The nodular goiter is usually found on routine physi-
cal examination in asymptomatic and euthyroid patients. How-
ever, patients can present with hyperthyroidism caused by
autonomous functioning “hot” nodules, overt hypothyroidism,
or obstructive symptoms of dysphagia and respiratory diffi-
culty. Thyroid function tests, including TSH and FT4 levels,
and antibodies should be obtained. Additional information
can be obtained from radioactive iodine uptake (RAIU), ul-
trasound, fine-needle aspiration (FNA), or magnetic resonance
imaging.

Treatment options include surgery, RAI, or thyroid replace-
ment therapy if necessary to correct the hypothyroidism. All
goitrogens should be removed if possible. L-thyroxine suppres-
sion therapy is no longer recommended since the dangers from
supraphysiologic dosages of T4 (e.g., osteoporosis and the po-
tential for cardiac arrhythmias) exceed the benefits of therapy.

Malignancy must be considered if there is recent growth in
a “cold” single or dominant nodule, a firm nodule clinically
suspicious for cancer on a physical examination, a history of
thyroid irradiation, or a strong family history of medullary
thyroid carcinoma. A FNA of the thyroid nodule can docu-
ment an underlying malignancy. The risk of malignancy in a
toxic multinodular goiter is small, and definitive treatment with
RAI is usually required to manage any hyperthyroid symptoms.
Surgery is indicated if malignancy is highly suspected or if any
obstructive or respiratory symptoms are present.

Following a total thyroidectomy for thyroid cancer, RAI ab-
lation is usually given to remove any remaining thyroid tissue.
This dosage is higher than the dosage required for treatment
of Graves’ disease. A yearly evaluation for detection of recur-
rence of some thyroid cancers requires the patient to be off T4
for 4 to 6 weeks so that a repeat radioactive uptake and scan can
be completed. An elevated TSH level is also necessary to allow
thyroglobulin levels, a tumor marker, to rise if any malignant
tissue is present. Recurrence of the thyroid cancer is likely if
there are positive findings on the scan or an elevation in thy-
roglobulin levels. The administration of recombinant human
TSH (Thyrogen) may improve quality of life because compa-
rable elevations in TSH occur without stopping L-thyroxine
therapy, reducing the duration of hypothyroidism.

THYROID FUNCTION TESTS
The principal laboratory tests recommended in the initial eval-
uation of thyroid disorders are the TSH and the FT4 levels.1–3

Positive thyroid antibodies indicate an autoimmune thyroid eti-
ology. Adjuncts to the previous tests include the total T3 (TT3),
free T3 (FT3) or FT3 index (FT3I), RAIU and scan, TRAb, ul-
trasound, and FNA biopsy (Table 49-7).

Measurements of Free and Total Serum Hormone Levels
Free Thyroxine, Free Thyroxine Index, Free Triiodothyronine, and
Free Triiodothyronine Index
The FT4 and FT3 are the most reliable tests for the evaluation
of hormone concentrations, especially when thyroid hormone

binding abnormalities exist. The FT3 is most useful in hy-
perthyroidism but can be normal or low in hypothyroidism.
If a direct measure of the free hormone levels are not avail-
able, the estimated free hormone indices (FT4I, FT3I) can
provide comparable information. However, these indices do
not correct for changes observed in patients with “euthyroid
sick” nonthyroidal illnesses whose TBG binding affinity is
altered. In these circumstances, the FT4 and FT3 are prefer-
able.

Total Thyroxine and Total Triiodothyronine
The total thyroxine (TT4) and total triiodothyronine (TT3) mea-
sure both free and bound (total) serum T4 and T3. Because
the bound fraction is the major fraction measured, situations
that change the hormone’s affinity for TBG or the TBG level
will influence the results. For example, falsely elevated lev-
els of TT4 and TT3 are common in the euthyroid pregnant
woman (see question 4). In addition, the TT3 is often low in
older patients and in many acute and chronic nonthyroidal ill-
nesses because the peripheral conversion of T4 to T3 is de-
creased (see questions 2 and 3). Therefore, careful interpreta-
tion of these tests is necessary in situations that alter thyroid
hormone binding, TBG levels, or T4 to T3 conversion (Table
49-1). The TT3 is particularly helpful in detecting early re-
lapse of Graves’ disease and in confirming the diagnosis of
hyperthyroidism despite normal TT4 levels. The TT3 is not a
good indicator of hypothyroidism because TT3 can be normal.
Measurement of only the total hormone levels is less reliable
than either the free or estimated free hormone levels when al-
terations in thyroid-binding globulin or nonthyroidal illnesses
exist.

Tests of the Hypothalamic-Pituitary-Thyroid Axis
Thyroid-Stimulating Hormone
The serum TSH or thyrotropin is the most sensitive test to
evaluate thyroid function.1–3 TSH, secreted by the pituitary, is
elevated in early or subclinical hypothyroidism (when thyroid
hormone levels appear normal) and when thyroid hormone re-
placement therapy is inadequate. TSH can be abnormal even
if the FT4 remains within the normal range because the TSH
is specific for each person’s physiological set point. Polymor-
phisms in the TSH receptor contribute to this interindividual
variability.4 Consequently, low normal free hormone levels can
stimulate the pituitary to synthesize increased amounts of TSH.
This test cannot be used to differentiate between primary hy-
pothyroidism (thyroid failure), which is characterized by el-
evated TSH levels and secondary (pituitary or hypothalamus
failure) hypothyroidism. In the latter instance, TSH levels may
be low or normal. However, the TSH assay can quantitate the
upper and lower limits of normal so that a suppressed TSH
level is highly suggestive of hyperthyroidism or exogenous
thyroid overreplacement. Of note, TSH is not entirely specific
for thyroid disease because abnormal levels are observed in
euthyroid patients with nonthyroidal illnesses and in patients
receiving drugs that can interfere with TSH secretion. TSH se-
cretion is increased at bedtime and is affected by lack of sleep
and exercise.5 TSH secretion is suppressed physiologically
by dopamine, which antagonizes the stimulatory effects of
TRH. Therefore, both dopaminergic agonists and antagonists
can alter TSH secretion (see Question 5). Whether the upper
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Table 49-7 Common Thyroid Function Tests

Tests Measures Normalsa Assay Interference Comments

Measurement of Circulating Hormone Levels
FT4 Direct measurement of

free thyroxine
0.7–1.9 ng/dL (9–24 pmol/L) No interference by alterations

in TBG
Most accurate determination of

FT4 levels; might be higher
than normal in patients on
thyroxine replacement

FT4I Calculated free
thyroxine index

T4 uptake method: 6.5–12.5 Euthyroid sick syndrome (see
question 2)

Estimates direct FT4

measurement; compensates
for alterations in TBG

TT4 × RT3U method: 1.3–4.2

TT4 Total free and bound T4 5–12 mcg/dL (64–154 mmol/L) Alterations in TBG (Table
49-1)

Specific and sensitive test if no
alterations in TBG

TT3 Total free and bound T3 70–132 ng/dL (1.1–2 nmol/L) Alterations in TBG levels; T4

to T3 (Table 49-1).
Euthyroid sick syndrome
(see question 2)

Useful in detecting early,
relapsing, and T3 toxicosis.
Not useful in evaluation of
hypothyroidism

FT3 Direct measurement of
free T3

0.2–0.42 ng/dL (3.5–6.5 pmol/L) No interference by alterations
in TBG

Most accurate determination of
FT4 levels; might be lower
than normal in patients on
thyroxine replacement

FT3I Calculated free T3 index 17.5–46 Euthyroid sick syndrome (see
question 2)

Estimates direct FT3

measurement; compensates
for alterations in TBG

Tests of Thyroid Gland Function
RAIU Gland’s use of iodine

after trace dose of
either 123I or 131I

5%–35% False decrease with excess
iodide intake; false elevation
with iodide deficiency

Useful in hyperthyroidism to
determine RAI dose in
Graves’; does not provide
information regarding
hormone synthesis

Scan Gland size, shape, and
tissue activity after
123I or 99mTc

— 154I scan blocked by
antithyroid/thyroid
medications

Useful in nodular disease to
detect “cold” or “hot” areas

Test of Hypothalamic-Pituitary-Thyroid Axis
TSH Pituitary TSH level 0.5–5 μU/mL Dopamine, glucocorticoids,

metoclopramide, thyroid
hormone, amiodarone,
metformin (Table 49-1)

Most sensitive index for
hyperthyroidism,
hypothyroidism, and
replacement therapy

Tests of Autoimmunity
ATgA Antibodies to

thyroglobulin
<1 IU/mL Nonthyroidal autoimmune

disorders
Present in autoimmune thyroid

disease; undetectable during
remission

TPO Thyroperoxidase
antibodies

<1 IU/mL Nonthyroidal autoimmune
disorders

More sensitive of the two
antibodies; titers detectable
even after remission

TRAb Thyroid receptor
stimulating antibody

<125% — Confirms Graves’ disease;
detects risk of neonatal
Graves’

Miscellaneous
Thyroglobulin Colloid protein of

normal thyroid gland
<56 ng/mL Goiters; inflammatory thyroid

disease
Marker for recurrent thyroid

cancer or metastases in
thyroidectomized patients

aAt University of California laboratories.
ATgA, antibodies to thyroglobulin; FT3, free triiodothyronine; FT4, free thyroxine; FT3I, free triiodothyronine index; FT4I, free thyroxine index; RAI, radioactive iodine; RAIU,
radioactive iodine uptake; T3, triiodothyronine; T4, thyroxine; TBG, thyroxine-binding globulin; TPO, thyroperoxidase antibodies; TRAb, thyroid-receptor antibodies; TSH,
thyroid-stimulating hormone; TT3, total triiodothyronine; TT4, total thyroxine.
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limits of normal for TSH should be lowered to 2.5 μU/mL is
controversial.4,5

Tests of Gland Function
Radioactive Iodine Uptake
RAIU, a measure of iodine utilization by the gland, is an indi-
rect measure of hormone synthesis. It is elevated in hyperthy-
roidism and in early hypothyroidism when the failing gland is
trying to increase hormone synthesis. A low or undetectable
RAIU occurs in hypothyroidism, thyrotoxicosis factitia, and
subacute thyroiditis. Typically, RAIU is used to calculate the
dose of RAI therapy for treatment of Graves’ disease and to
determine the activity of one or several nodules in a gland. The
RAIU is not necessary to diagnose classic Graves’ disease or
hypothyroidism.

A tracer dose of 131I is administered, and the radioac-
tivity of the gland is measured at 5 and 24 hours after in-
gestion. It is necessary to measure both the 5- and 24-hour
RAIU so that patients with rapid turnover of iodine will not be
missed. In some hyperthyroid patients, the 5-hour uptake is el-
evated, but the 24-hour uptake can fall to normal or subnormal
levels.

The normal range of the RAIU (Table 49-7) is affected
by any condition that alters iodine intake. Iodine depletion
caused by rigorous diuretic therapy or an iodine-deficient diet
increases uptake because of replenishment of depleted total
iodide pools. Conversely, dilution of 131I with exogenous iodide
sources (e.g., contrast dyes) decreases RAIU.

Imaging Studies
THYROID SCAN
A scan of the gland is performed simultaneously with the

RAIU or after ingestion of technetium (99mTc) pertechne-
tate. The scan provides information concerning gland size
and shape, and identifies hypermetabolic (“hot”) and hy-
pometabolic (“cold”) areas. The possibility of carcinoma must
be considered if cold areas are present. A scan should be con-
sidered in the patient with nodular thyroid disease.

Thyroid Ultrasound
A thyroid ultrasound can provide information about gland size
and number of clinically palpable or nonpalpable nodules or
cysts in the thyroid gland.

Tests of Autoimmunity
Thyroperoxidase and Antithyroglobulin Antibodies
Thyroperoxidase (TPO) and antithyroglobulin (ATgA) anti-
bodies to the thyroid gland indicate an autoimmune process,
although the nature of the problem is undetermined.1,3 About
60% to 70% of patients with Graves’ disease and 95% of pa-
tients with Hashimoto’s thyroiditis have positive antibodies to
both thyroid antigens. Positive antibodies alone do not indicate
thyroid disease because 5% to 10% of asymptomatic patients,
as well as patients with other nonthyroidal autoimmune disor-
ders, have positive antibodies.

Clinically, the TPO is more specific than ATgA in assessing
disease activity. Although both antibodies are elevated during
acute flares of the disease, lower titers of TPO remain positive

during quiescent periods of the disease, while ATgA levels
revert to negative.

Thyroid Receptor Antibodies
TRAbs are IgG immunoglobulins that are present in virtu-
ally all patients with Graves’ disease.1,3 Like TSH, these im-
munoglobulins can stimulate the thyroid gland to produce thy-
roid hormones. High titers of TRAb are useful in diagnosing
otherwise asymptomatic Graves’ disease (i.e., ophthalmopa-
thy), in predicting the risk of relapse of Graves’ disease af-
ter discontinuing medication, and in predicting the risk of
neonatal hyperthyroidism in utero through transplacental pas-
sage of TRAb from the pregnant mother. Otherwise, TRAb
measurement is expensive and offers no additional informa-
tion in the patient with a typical Graves’ disease presenta-
tion.

Clinical Application and Interpretation
Euthyroidism and Nonthyroidal Illness Syndrome

1. R.K., an obese 42-year-old woman, is admitted to the hospi-
tal because of increasing fatigue, sluggishness, shortness of breath
(SOB), and pitting edema of the legs during the past 3 weeks. Bi-
lateral pleural effusions found on her chest radiograph indicate a
worsening of her congestive heart failure (CHF). Her other med-
ical problems include cirrhosis of the liver, diabetes, and chronic
bronchitis, for which she takes glipizide 10 mg every day (QD)
and Lugol’s solution three times a day (TID).

Pertinent physical findings include a palpable but normal-
size thyroid, bibasilar rales, cardiomegaly, hepatomegaly, 4 +
pitting edema, and normal deep tendon reflexes (DTRs). A di-
agnosis of worsening CHF secondary to hypothyroidism is sus-
pected based on the following laboratory findings: cholesterol, 385
mg/dL (normal, <200); RAIU at 24 hours, 13% (normal, 5%–
35%); scan, normal-size gland with homogenous uptake; TT4,
1.4 mcg/dL (normal, 5–12); TT3, 22 ng/dL (normal, 70–132); TSH,
4μunits/mL (normal, 0.5–4.7); FT4I, 3.5 (normal, 6.5–12.5); TPO,
30 IU/mL (normal, <1); and ATgA, 3 IU/mL (normal, <1). Eval-
uate and explain R.K.’s thyroid status based on her clinical and
laboratory findings.

[SI units: cholesterol, 9.96 mmol/L (normal, <5.2); TT4, 18 nmol/L (normal,

64–154); FT4I, 45 (normal, 84–161); TT3, 0.3 nmol/L (normal, 1.1–2); TSH,

4 mIU/L (normal, 0.5–4.7)]

Although low-output failure can be a presenting sign of hy-
pothyroidism, the normal TSH definitely indicates that R.K.
is euthyroid, despite the confusing results of her other thyroid
function tests. The depressed RAIU is consistent with her his-
tory of iodide ingestion and dilution of the 131I. The low TT4,
TT3, and FT4I may be explained by her cirrhosis and nonthy-
roidal illness syndrome (see question 2). The negative thyroid
antibodies, the normal scan, and normal DTRs further sub-
stantiate the diagnosis of euthyroidism. In hypothyroidism, a
lower rate of cholesterol degradation can produce an elevated
serum cholesterol level. However, because many extrathy-
roidal factors influence the serum concentration of cholesterol,
this test is an imprecise reflection of thyroid status. In this
case, the elevated cholesterol level is not related to hypothy-
roidism.
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2. Assess the results and explain the significance of R.K.’s TT4,
FT4I, and TT3 values.

R.K.’s thyroid function test results are consistent with non-
thyroidal illness syndrome. Abnormal thyroid function tests
are commonly found in euthyroid patients with various serious
systemic diseases, including starvation, infections, sepsis,
acute psychiatric disorders, HIV infection, myocardial infarc-
tion (MI), bone marrow transplantation, and severe chronic car-
diac, pulmonary, renal, hepatic, and neoplastic diseases.1,3,7−14

This “euthyroid sick” syndrome occurs in 37% to 70% of
chronically ill or hospitalized patients and must be recognized.
In general, the sicker the patient, the greater the degree of ab-
normal thyroid function findings, even though the patient has
no thyroid disease.

The extent of laboratory changes varies with the severity
of the illness. Typical changes include a low TT3 (e.g., 15–
20 ng/dL), a high rT3, a normal or low TT4 and FT4I, and a
suppressed (uncommon), normal or borderline-high compen-
satory TSH as patients recover from illness. In more serious
illness, the TT4 and FT4I are often low. Free hormone lev-
els (e.g., FT4, FT3) are often normal or low, which might be
related to variations in the assays used. However, these incon-
sistent findings fuel the controversy over whether thyroid hor-
mone therapy is beneficial or detrimental. These findings are
believed to be explained by alterations in the peripheral conver-
sion of T4 to T3 and by complex changes in the hypothalamic-
pituitary-thyroid relationships. The low serum T3 levels and
high inactive rT3 levels are caused by decreased activity of
5′-deiodinase, an enzyme that is necessary for the peripheral
conversion of T4 to T3. Impaired protein synthesis of thyroid-
binding prealbumin and an increase in the proportion of a
lower-binding-capacity form of TBG might account for the
lower bound hormone levels, but the concomitant increase in
the free hormone concentrations would maintain a euthyroid
state. Furthermore, circulating substances that inhibit the bind-
ing of T4 and T3 to the serum-binding proteins might also be
present.

Less common changes include a modestly elevated TT4 and
FT4I in patients with acute viral hepatitis, psychiatric disorders,
renal failure, and advanced HIV infection. The TT3 is usually
normal but can be low in critically ill patients. Modest eleva-
tions in hormonal binding affinity and increased synthesis of
TBG explain these findings.

Several studies have shown a strong inverse correlation be-
tween mortality and total serum T4, T3, and rT3 levels.10–12 Of
86 hospitalized, intensive care patients, 84% of those with a
serum T4 of <3 mcg/dL died, whereas 85% of those with a
serum T4 of >5 mcg/dL survived. In 331 patients with acute
MI, rT3 levels >0.41 nmol/L were significantly associated with
a greater risk of death at 1 year. During recovery, TSH levels
increase and hormone levels start to normalize. Therefore, a
favorable outcome is associated with reversal of the hormone
indices.

Thyroid experts are divided about whether patients with
euthyroid sick syndrome should be treated, and few random-
ized studies are available to guide therapeutic decisions.8,9–17

The few available studies found no survival benefits or favor-
able clinical outcomes following hormone therapy, although
cardiac hemodynamics improved. The benefits of hormone re-
placement are unproven, and might be detrimental. In one trial,

the mortality of patients with acute renal failure treated with
T4 was 43% versus 13% in the control group.14 Opponents
argue that T4 therapy, by inhibiting TSH, may interfere with
normal thyroid recovery, whereas proponents argue that there
is no clear evidence that therapy is toxic.

In summary, T4 and T3 measurements are of limited value
in the diagnosis of thyroid dysfunction in patients with sig-
nificant nonthyroidal illness. A normal or near-normal TSH
is necessary to establish euthyroidism in sick patients with
nonthyroidal illness. The available data are not supportive of
starting thyroid hormone treatment now. The abnormal lab-
oratory findings should reverse when R.K.’s nonthyroid ill-
ness is corrected. To confirm euthyroidism, the slightly ele-
vated TSH should be repeated once R.K.’s medical condition
improves.

Drug Interference With Thyroid Function Tests

3. J.R., a 45-year-old man, complains of fatigue, dry skin,
and constipation. His other medical problems include alcoholism
for 10 years, cirrhosis, grand mal seizures treated with pheny-
toin (Dilantin) 300 mg/day and phenobarbital 90 mg at night,
and rheumatoid arthritis for which he takes aspirin 325 mg,
20 tablets/day.

The results of his thyroid function tests are TT4, 4.2 mcg/dL
(normal, 5–12); FT4, 0.6 ng/dL (normal, 0.7–1.9); and TSH,
2.5 μunits/mL (normal, 0.5–4.7). How should these laboratory
findings be interpreted? What factors are responsible for the ob-
served changes?

[SI units: TT4, 54 nmol/L (normal, 64–154); FT4, 8 pmol/L (normal, 9–24);

TSH, 2.5 mIU/L (normal, 0.5–4.7)]

Despite complaints that could be consistent with hypothy-
roidism (e.g., fatigue, dry skin, constipation) and findings of
low serum hormone values, J.R. is euthyroid, as evidenced by
the normal TSH level. Secondary hypothyroidism is unlikely
at this age without a history of central nervous system (CNS)
trauma or tumor. Some nonthyroidal factors could account for
J.R.’s low TT4 and FT4 values.7 Anti-inflammatory doses of
salicylates >2 g/day and salicylate derivatives (i.e., Disalcid,
salsalate) can displace T4 from both TBG and TBPA, caus-
ing these abnormal findings.7,18,19 Elevation in free T4 levels
and suppression of TSH below normal occur transiently (i.e.,
no longer than first 3 weeks of administration) but normal-
ize with chronic administration. Cirrhosis, stress, severe infec-
tions, and hereditary factors can also decrease TBG and TBPA
synthesis to produce similar TT4 findings. A medication his-
tory for drugs such as androgens or glucocorticoids that can
lower TBG levels, and therefore TT4 levels, should be elicited
(Table 49-1).7

Enzyme inducers, such as rifampin and anticonvul-
sants, (phenytoin [Dilantin], phenobarbital, valproic acid
[Depakene], carbamazepine [Tegretol]), can alter serum thy-
roid hormone levels.7,20–25 A 40% to 60% reduction in to-
tal T4 serum concentrations results from an increase in the
metabolism (nondeiodination) of T4 and from hormone dis-
placement in patients receiving chronic anticonvulsant therapy.
Serum T3 levels are normal or slightly decreased. In addition,
therapeutic levels of phenytoin and carbamazepine interfere
with the FT4 assay, causing a 20% to 40% lower FT4 than
would be expected in euthyroid persons.21 TSH levels remain
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normal and patients are euthyroid; however, those who pre-
viously required T4 therapy may need a dosage increment to
maintain euthyroidism.24,25 Valproic acid is reported to have
similar but less potent effects on thyroid function.20,22 Pheno-
barbital can increase T4 uptake by the liver and increase the
fecal excretion of T4. Serum binding of thyroid hormones is
unaffected by phenobarbital.

In summary, J.R. is taking several drugs that can further
compromise the already low serum T4 levels resulting from
his liver disease. FT4 remains subnormal in euthyroid per-
sons receiving phenytoin, but normal TSH confirms euthy-
roidism.

4. S.T., a 23-year-old, sexually active woman whose only med-
ication is birth control pills comes to the clinic complaining of
extreme nervousness, diaphoresis, and scanty menstrual periods.
Although she appears healthy, the possibility of hyperthyroidism
is considered on the basis of the following laboratory values: TT4,
16 mcg/dL (normal, 5–12); FT4, 1.2 ng/dL (normal, 0.7–1.9); and
TSH, 1.2 μunits/mL (normal, 0.5–4.7). Based on this informa-
tion, what would be a reasonable assessment of S.T.’s thyroid
status?

[SI units: TT4, 206 nmol/L (normal, 64–154); FT4, 16 pmol/L (normal, 9–24);

TSH, 1.2 mIU/L (normal, 0.5–4.7)]

The normal FT4, TSH, and calculated FT4I confirm that
S.T. is not hyperthyroid. The elevated TT4 is consistent with
increased TBG levels observed in patients with acute hepati-
tis; in pregnancy; and in persons taking estrogen, oral contra-
ceptives, tamoxifen, raloxifene, heroin, or methadone.7,26−30

Because TBG and therefore bound T4 levels are increased by
estrogens in S.T., total serum T4 measurements are falsely el-
evated. In patients requiring L-thyroxine, the use of estrogens
can increase requirements of hormone replacement because
the increased pituitary secretion of TSH cannot increase thy-
roid production needed to offset the increased binding of T4.27

Thyroid function tests should return to normal within 4 weeks
after oral contraceptives are discontinued. Progesterone-only
oral contraceptives do not affect protein binding and therefore
do not alter thyroid function tests.

5. J.P., a 55-year-old woman, complains of 3 months of pro-
gressive tremors, dizziness, and ataxia. Two months ago, she had
a silent MI complicated by malignant ventricular ectopy that was
responsive only to amiodarone (Cordarone) therapy. Her other
medical problems include Parkinsonism, insulin-dependent di-
abetes, and diabetic gastroparesis. Her current medications in-
clude amiodarone, insulin, metformin, metoclopramide (Reglan),
bromocriptine (Parlodel), and levodopa/carbidopa (Sinemet).
Physical examination of the thyroid was unremarkable. Thy-
roid function tests show TT4, 14.5 mcg/dL (normal, 5–12); FT4,
2.3 ng/dL (normal, 0.7–1.9); TSH, 3.8 μunits/mL (normal, 0.5–
4.7); TT3, 40 ng/dL (normal, 70–132); and TPO antibodies,
40 IU/L (normal, <1). How should J.P.’s laboratory values be
interpreted?

[SI units: TT4, 187 nmol/L (normal, 64–154); FT4, 30 pmol/L (normal, 9–24);

TSH, 3.8 mIU/L (normal, 0.5–4.7); TT3, 0.63 nmol/L (normal, 1.1–2)]

Although the symptoms of tremors, dizziness, and weight
loss are suggestive of hyperthyroidism, the low TT3, negative
antibodies, normal TSH, and normal thyroid examination make

this diagnosis unlikely. Side effects of amiodarone could be
responsible for J.P.’s symptoms. Her drug therapy could also
explain her laboratory findings.

Amiodarone produces complex changes in thyroid func-
tion tests that are confusing if not properly interpreted.31–33

Because amiodarone inhibits both the peripheral and pi-
tuitary conversion of T4 to T3, FT4 levels are elevated
above normal, and TT3 levels are subnormal in euthyroid
patients. Transient elevations in TSH levels occur (usually
<20 μU/mL) during the first few weeks of therapy but re-
turn to normal in approximately 3 months. If TSH levels
do not normalize, then amiodarone-induced thyroid disease
should be considered. Amiodarone can cause either hypothy-
roidism or hyperthyroidism in susceptible patients (see ques-
tion 54).

The other drugs J.P. is taking—bromocriptine, levodopa,
metformin, and metoclopramide—also add to the diagnostic
confusion. Although these drugs do not affect the actual cir-
culating hormone levels, they affect the dopaminergic sys-
tem that controls both TSH and TRH secretion.2,3,7 Infu-
sions of dopamine and dobutamine can decrease both TSH
secretion and the TSH response to TRH in euthyroid and hy-
pothyroid patients.2,3,7,34 Therefore, dopamine agonists such
as bromocriptine, cabergoline, and levodopa can blunt the nor-
mal TSH response.2,7,35 In addition, metformin suppresses
TSH levels by as yet an unknown mechanism of action.36

Conversely, dopamine antagonists such as metoclopramide
or domperidone can elevate TSH levels.2,7 Fortunately, the
alterations in TSH caused by these agents are usually not
substantial enough to completely obscure the true thyroid
abnormality.

HYPOTHYROIDISM
Clinical Presentation

6. M.W., a 70-kg, 23-year-old voice student, thinks that her
neck has become “fatter” over the past 3 to 4 months. She has
gained 10 kg, feels mentally sluggish, tires easily, and finds that she
can no longer hit high notes. Physical examination reveals puffy
facies, yellowish skin, delayed DTRs, and a firm, enlarged thy-
roid gland. Laboratory data include FT4, 0.6 ng/dL (normal, 0.7–
1.9); TSH, 60 μunits/mL (normal, 0.5–4.7); and TPO antibodies,
136 IU/L (normal, <1). Assess M.W.’s thyroid status based on her
clinical and laboratory findings.

[SI units: FT4, 8 pmol/L (normal, 9–24); TSH, 60 mIU/L (normal, 0.5–4.7)]

M.W. presents with many of the clinical features of hypothy-
roidism as presented in Table 49-3. These include weight gain,
mental sluggishness, easy fatigability, lowering of the voice
pitch, puffy facies, yellowish tint of the skin, delayed DTRs,
and enlarged thyroid.37 The diagnosis of hypothyroidism is
confirmed by her laboratory findings of a low FT4, an elevated
TSH value, and positive TPO antibodies.

A firm goiter, thyroid antibodies, and clinical symptoms of
hypothyroidism strongly suggest Hashimoto’s thyroiditis. She
has no history of prior antithyroid drug use, surgery, or RAI
treatment, which are common causes of iatrogenic hypothy-
roidism. She is also not taking any goitrogens or drugs known
to cause hypothyroidism (Table 49-2).
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Table 49-8 Thyroid Preparations

Drug/Dosage Forms Composition Dosage Equivalent Comments

Thyroid USP (Armour)
Tab: 0.25, 0.5, 1, 1.5, 2, 3, 4,

and 5 gr

Desiccated hog, beef, or
sheep thyroid gland

Standardized iodine content

1 gra

—

Unpredictable T4:T3 ratio; supraphysiologic
elevations in T3 levels might produce toxic
symptoms; Armour brand preferred

L-thyroxine (Levoxyl,
Levothroid, Synthroid,
Unithroid, various)

Tab: 0.025, 0.050, 0.075, 0.088,
0.112, 0.125, 0.137, 0.15,
0.175, 0.2, and 0.3 mg

Inj: 200 and 500 mcg

Synthetic T4

—

—

60 mcga

—

—

Stable, predictable potency; well absorbed; more
potent than desiccated thyroid. When changing
from >2 gr desiccated thyroid to L-T4, a lower
dosage of L-T4 might be needed to avoid toxicity.
Weight should be considered in dosing (1.6–
1.7 mcg/kg/day). L-T4 absorption can be impaired
by iron, aluminum-containing products (e.g.,
antacids, sucralfate), Kayexalate, calcium
preparations, proton pump inhibitors, cholesterol
resin and phosphate binders, raloxifene, soy, bran,
fiber enriched foods. L-T4 metabolism increased
by anticonvulsants, rifampin, imatinib, bexarotene,
and pregnancy

l-Triiodothyronine (Cytomel)
Tab: 5, 25, and 50 mcg
Inj: 10 mcg/mL (Triostat)

Synthetic T3

—
—

25–37.5 mcg
—
—

Complete absorption; requires multiple daily dosing;
toxicity similar to all T3-containing products; see
desiccated thyroid comments

Liotrix (Thyrolar)
Tab: 0.25, 0.5, 1, 2, and 3 gr

60 mcg T4:15 mcg T3

50 mcg T4:12.5 mcg T3

Thyrolar-1
—

No need for liotrix because T4 is converted to T3

peripherally; expensive, stable, and predictable
content

a60 mg (1 gr) of desiccated thyroid = 60 mcg of T4.42

gr, grain; Inj, injection; L-T4, levothyroxine; T3, triiodothyronine; T4, thyroxine; Tab, tablet; USP, United States Pharmacopeia.

Treatment With Thyroid Hormones
Thyroid Hormone Products

7. What thyroid preparation should be used to treat M.W.’s
hypothyroidism? Are differences, advantages, or disadvantages
significant among the various generic and brand name formula-
tions of thyroid hormones?

The principal goals of thyroid hormone therapy are to attain
and maintain a euthyroid state. Thyroid preparations (Table
49-8) are synthetic (L-thyroxine [various], L-triiodothyronine
[Cytomel], liotrix [Thyrolar]) or natural (desiccated thyroid).
The latter come from animal tissues.

DESICCATED THYROID
Desiccated thyroid (U.S. Pharmacopoeia [USP]) is derived

from pork thyroid glands, although beef and sheep also are
used. Today, starting patients on desiccated thyroid is not justi-
fied. The USP requires only that desiccated thyroid contain
0.17% to 0.23% organic iodine by weight. These require-
ments do not seem stringent enough because potency may vary
with changes in the proportion of the two active hormones
(T3 and T4) or with changes in the amount of organic iodine
present.38,39 This variable potency seems to be particularly true
of generic formulations compared with the biologically stan-
dardized Armour brand of desiccated thyroid. Inactive des-
iccated thyroid preparations that contain negligible amounts
of T3 and T4 or even iodinated casein instead of active hor-
mone have been identified in various brands sold in retail phar-
macies and in over-the-counter products found in health food

stores.39–41 Likewise, preparations with greater-than-expected
activity caused by an abnormally high T3 content have resulted
in thyrotoxicosis.

Allergic reactions to the animal protein are another con-
cern. In addition, desiccated thyroid suffers from two problems
inherent to all T3-containing preparations. Because T3 is ab-
sorbed more rapidly than T4, supraphysiological elevations in
plasma T3 levels occur after oral ingestion, which can produce
mild thyrotoxic symptoms in some patients. FT4 levels are low
during T3 administration and, if misinterpreted, can result in
the erroneous administration of more hormone. These prob-
lems with T3 are easily missed unless T3 levels are routinely
monitored. Because significant amounts of T4 are converted to
T3 peripherally, oral administration of T3 offers no advantage
and is not usually needed. (See Triiodothyronine section.)

Loss of tablet potency can occur from prolonged storage
of desiccated thyroid preparations, but this instability is not
as important as once believed. Because the only apparent ad-
vantage of desiccated thyroid is its low cost, it should not be
considered the drug of choice for replacement therapy. Pa-
tients maintained on desiccated thyroid should be encouraged
to change to L-thyroxine (T4). Although 60 mg (1 gr) of
desiccated thyroid is theoretically equal in potency to 75 to
100 mcg of T4,42 this equivalency may not hold true if the
desiccated thyroid preparation is less active than its labeled
content. The patient’s weight also should be considered when
switching therapy (see Question 8).

The synthetic thyroid preparations differ from one another
in their relative potency, onset of action, and biological half-
life.
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LEVOTHYROXINE OR L-THYROXINE
L-thyroxine is the thyroid replacement of choice.43 Its ad-

vantages include stability, uniform potency, relatively low cost,
and lack of allergenic foreign protein content. The long half-
life of 7 days permits once-a-day dosing and, if necessary, the
creation of special convenience schedules, such as the omis-
sion of medication on weekends. The mean absorption of a
commonly used branded preparation is 81%.44 Spuriously low
absorption values noted in earlier studies resulted from an over-
estimation of L-thyroxine tablet content. Absorption is optimal
on an empty stomach, at least 60 minutes before or 2 hours af-
ter meals or at bedtime.45 Several medications can also impair
L-thyroxine absorption (see Question 15).

Concerns about generic and branded L-thyroxine tablet sta-
bility and potency, bioavailability, and product interchange-
ability existed because L-thyroxine preparations were grand-
fathered in by the 1938 Food, Drug, and Cosmetic Act. To
address these concerns, the U.S. Food and Drug Administration
(FDA) required that all manufacturers of L-thyroxine products
submit a New Drug Application (NDA) by August 2001 or
cease production by 2003 if the NDA was not filed.46 Several
FDA-approved brand (e.g., Levoxyl, Levothroid, Synthroid,
Unithroid) and generic (e.g., Genpharm, Mylan Pharmaceuti-
cals, Sandoz, Vintage) formulations approved under the NDA
received AB or BX ratings, indicating interchangeability for
some generic and brand preparations (e.g., Synthroid, Sandoz,
Mylan). Raising concerns about the methodology the FDA
used to determine bioequivalence, the American Thyroid Asso-
ciation, The Endocrine Society, and the American Association
of Clinical Endocrinologists issued joint position statements
expressing their displeasure with the FDA’s conclusions of
interchangeability.47 Abbot Laboratories, the manufacturer of
Synthroid, and others also disagreed with the FDA’s findings.48

Although this issue remains controversial, the preponderance
of the evidence supports the FDA ratings and suggests that
these preparations are likely to be interchangeable in the ma-
jority of patients.49–52

TRIIODOTHYRONINE
T3 (Cytomel) is not recommended for routine thyroid hor-

mone replacement because of the problems identified earlier
with T3 administration (see Desiccated Thyroid section).43 Nu-
merous randomized studies now conclude that replacement
with combination T4 and small dosages of T3 offer no advan-
tage to T4 alone, despite an initial study showing improved
cognitive performance and mood changes.53,54 Its use in coro-
nary bypass surgery is controversial.

Although T3 is well absorbed, it has a relatively short half-
life (1.5 days), necessitating multiple daily dosing to ensure a
uniform response. Other disadvantages include higher expense
and a greater potential for cardiotoxicity. Its primary use is for
patients who require short-term hormone replacement therapy
and those in whom T4 conversion to T3 might be impaired.
Proponents favoring thyroid treatment of the “euthyroid sick”
syndrome identify T3 as the hormone replacement of choice.
T3 therapy should be monitored using the TSH and TT3 or FT3
levels.

LIOTRIX
Liotrix (Thyrolar) is a combination of synthetic T4 and T3

in a physiological ratio of 4:1. This preparation is subject to the

same disadvantages common to all T3-containing preparations.
It is also stable and potent, but it is more expensive than other
thyroid preparations. Because oral administration of T3 is not
needed and there is no advantage of adding T3 to T4 therapy,
this expensive preparation is not recommended.53,54 Patients
should be changed to an equivalent dosage of L-thyroxine.

Thyroxine
DOSAGE

8. What would you recommend as appropriate starting and
maintenance dosages of T4 for M.W.?

The maintenance dosage for M.W. can be estimated from her
weight. Average replacement doses of 1.6 to 1.7 mcg/kg/day
(e.g., 100–125 mcg) are sufficient in most patients to normal-
ize the TSH.37,43 L-thyroxine dosages that suppress TSH levels
to below normal or undetectable levels (subclinical hyperthy-
roidism) should be avoided to prevent osteoporosis and cardiac
toxicity.43,55–59 Excessive L-thyroxine can cause tachycardia,
atrial arrhythmias, impaired ventricular relaxation, reduced ex-
ercise performance, and increased risk of cardiac mortality.55

These considerations are especially important in older patients,
who might require less T4 than their younger counterparts and
who are particularly sensitive to minute changes in T4 doses
(see Question 11). As patients age, the dosage should be eval-
uated yearly and decreased if necessary to maintain a normal
TSH level.

How rapidly T4 replacement can proceed depends on the
likelihood of invoking cardiac toxicity in susceptible patients.
Minute doses of T4 (e.g., <75 mcg) can increase heart rate,
stroke volume, oxygen consumption, and cardiac workload
before euthyroidism occurs. One double-blind study com-
pared the clinical outcome between starting full replacement
doses versus gradual 25-mcg incremental doses in relatively
young hypothyroid subjects with asymptomatic cardiac dis-
ease and concluded that those receiving full doses normalized
thyroid function tests more rapidly (4 weeks) and without any
toxicity.60 Although this strategy may improve symptoms more
quickly, further confirmation is needed to eliminate concerns
about potential cardiac toxicity. Because M.W. has no iden-
tifiable risk factors (see Question 21) for cardiotoxicity that
require careful dosage titration (e.g., old age, cardiac disease,
long duration of hypothyroidism), she can be started on an es-
timated full replacement dose of 125 mcg daily of L-thyroxine
(70 kg × 1.7 mcg/kg/day = 120 mcg). An alternative conser-
vative approach would be to start with 100 or 112 mcg/day,
check the FT4 or FT4I and TSH tests after 6 to 8 weeks of ther-
apy, and if the TSH is still elevated without any symptoms of
toxicity, increase the dosage to 125 mcg/day. The appropriate
replacement dose will produce a TSH of 1 to 2 μunits/mL,
normalize FT4 or FT4 I levels, and reverse clinical symptoms
of hypothyroidism. Generally, dosing adjustments should not
exceed monthly increments of 12.5 to 25 mcg/day.

MONITORING THERAPY

9. Ten days after starting L-thyroxine therapy, M.W. contin-
ues to complain of tiredness, fatigue, and difficulty singing de-
spite excellent adherence. Thyroid function tests show a TT4 of
4 mcg/dL (normal, 5–12), an FT4 of 0.5 ng/dL (normal, 0.7–1.9),
and a TSH of 40 μunits/mL (normal, 0.5–4.7). What therapeutic
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options are available? How should M.W.’s thyroid function tests
be interpreted?

[SI units: TT4, 52 nmol/L (normal, 64–154); FT4, 6 pmol/L (normal, 9–24);

TSH, 40 mIU/L (normal, 0.5–4.7)]

Clinical improvement in the signs and symptoms of hy-
pothyroidism and normalization of laboratory parameters are
appropriate therapeutic end points. If the replacement dose is
sufficient, some correction of her symptoms should occur after
2 to 3 weeks, but maximal effects will not be evident for 4 to
6 weeks. Typically, improvement of anemia and hair and skin
changes is delayed and requires several months of treatment
before resolution.36,42

In patients with severe myxedema, a transiently elevated T4
level might occur at 6 weeks because the metabolic clearance
of T4 is decreased by the hypometabolic state associated with
hypothyroidism.

FT4 or FT4I and TSH should be checked about 6 to 8 weeks
after the initiation of therapy because T4 has a half-life of 7
days, and three to four half-lives are needed to reach steady-
state levels. Levels obtained before this time (as in M.W.) may
be misleading and should be interpreted cautiously. No change
in her L-thyroxine dosage should be attempted at this time.

10. Eight weeks later, on a routine follow-up visit, M.W. still
feels tired and not back to her normal self. She denies any symp-
toms of hyperthyroidism. Her thyroid function tests show a TT4 of
14 mcg/dL (normal, 5−12), a TT3 of 50 ng/dL (normal, 70–132),
FT4 of 1.9 ng/dL (normal, 0.7–1.9), and a TSH of 3.5 μunits/mL
(normal, 0.5–4.7). How should M.W.’s thyroid function tests be
interpreted? What changes, if any, should be recommended in
her therapeutic regimen?

[SI units: TT4, 180 nmol/L (normal, 64–154); FT4, 24 pmol/L (normal, 9–24);

TT3, 0.7 nmol/L (normal, 1.1–2); TSH, 3.5 mIU/L (normal, 0.5–4.7)]

Patients treated with L-thyroxine may develop an elevated
TT4 concentration and FT4 without overt clinical signs of
hyperthyroidism.61,62 Despite these elevated levels, patients
are euthyroid, as evidenced by a normal TSH. Because T3 is
not being released from the nonfunctioning thyroid gland, a
higher concentration of T4 is necessary to increase the amount
of T3 obtained from peripheral conversion. Woeber reported
that the mean FT4 was significantly higher (16 pmol/L) and the
mean FT3 lower (4 pmol/L) in patients receiving L-thyroxine
than in those with thyroid disease not on L-thyroxine (FT4,
14 pmol/L; FT3, 4.2 pmol/L).61 As expected, patients receiv-
ing L-thyroxine who had an elevated TT4, an elevated TT3, and
an elevated T3:T4 ratio also had symptoms of hyperthyroidism.
Thus, the TSH appears to be the best indicator of euthyroidism
in patients treated with L-thyroxine.

Another possibility is that the elevated thyroid levels may
only be an artifact of the laboratory collection time. Before
any changes in her dosing regimen are made, M.W. should be
asked about the time she takes the drug and its relationship
to the time of her blood draw. Random sampling of FT4 and
TSH levels can be significantly different when compared with
trough levels.63,64 In one study, the FT4 level was 12% higher
and the TSH level 19% lower when obtained from random
samples compared with trough samples.64 Transient elevations
in FT4 levels were detected for 9 hours after ingestion of the
oral L-thyroxine.

The symptoms of fatigue that M.W., is experiencing is likely
not due to her hypothyroidism. Patients may continue to have
symptoms of hypothyroidism despite normalization of the TSH
value. Although some have suggested that the goal TSH be
titrated to 1 to 2 μunits/mL for replacement therapy, this is
controversial. One study found that changes in T4 dosing to
achieve TSH concentrations of 2 to 4.8 μunits/mL, 0.3 to
1.9 μunits/mL, or <0.3 μunits/mL in hypothyroid patients did
not result in improvements in well-being, psychological, or
hypothyroid symptoms, or quality of life.65

In conclusion, if an elevated TT4 and FT4 are noted with-
out any symptoms of thyrotoxicosis (as in M.W.), the dosage
should not be decreased; rather, a trough TT4, TT3, and TSH
should be obtained to evaluate excessive dosing. The repeat
values should be in the normal range with the correct dosing.
An excessively suppressed TSH confirms a dosage that is too
high. In M.W., the lack of hyperthyroid symptoms suggests eu-
thyroidism, and no changes in her therapeutic regimen should
be attempted until the trough levels are available. Evaluation
for other causes of fatigue should be explored.

Triiodothyronine

11. C.B., a 65-year-old woman, complains of fatigue and vague
muscle aches and pains, which she attributes to insufficient thy-
roid medication. On physical examination, the thyroid gland is
palpable but not enlarged, and DTRs are 2 plus and brisk. Her
dose of T3 (Cytomel) was increased from 25 mcg TID to 50 mcg
TID about 2 weeks ago based on the results of a recent FT4 of 0.5
ng/dL (normal, 0.7–1.9). She denies taking any other medications.
Is C.B.’s thyroid hormone replacement appropriate?

[SI units: FT4, 6 pmol/L (normal, 9–24)]

As noted previously, Cytomel is not the drug of choice for
thyroid replacement. The use of L-thyroxine would simplify
her dosing regimen and facilitate monitoring.

The low FT4 did not justify increasing C.B.’s dose of Cy-
tomel. Because she is receiving T3, the FT4, which is a measure
of free T4, will always be low and will never reach normal lev-
els. In fact, her vague complaints may be related to hyperthy-
roidism because she is receiving the equivalent of 0.2 to 0.3 mg
of L-thyroxine daily. TSH and FT3 levels are most useful in
monitoring patients receiving T3 therapy. A TSH level should
be obtained to evaluate her thyroid function. A suppressed TSH
and an elevated FT3 would indicate hyperthyroidism. It is im-
portant to remember that in an older patient, hyperthyroidism
might not always produce symptoms because of an “apathetic”
sympathetic system.

L-thyroxine should be initiated cautiously in older patients
to avoid exacerbating any pre-existing arteriosclerotic heart
disease that might be masked by the hypothyroidism (see Ques-
tions 20 and 21). In general, older patients require smaller
replacement dosages (approximately ≤1.6 mcg/kg/day of T4)
than their younger counterparts.66–68 Dosages of <50 mcg/day
of T4 are common in patients older than 60 years. However, this
lower T4 dosage is not universal for all older subjects.68 The
reason that older patients need lower dosages is unclear, but it
has been suggested that the lower requirements result from an
age-related decrease in T4 degradation rates. Because dosage
requirements change with age, patients should be reassessed
annually to determine whether the original dosage prescribed
is still appropriate.
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In C.B., who had been on T3 without any evidence of car-
diac toxicity, a less cautious approach in changing to T4 can
be attempted. An empiric L-thyroxine dosage of 68 mcg/day
(40 kg × 1.6 mcg/kg/day) is an approximate dosing end point
for C.B. The Cytomel should be discontinued and T4 initiated
in a dosage of 50 mcg/day; this dosage can be adjusted as
needed based on C.B.’s symptoms and thyroid function tests.
After T3 therapy is discontinued, its effects will disappear over
3 to 5 days. In contrast, T4 levels rise slowly over 4 to 5 days,
so no overlap in T3 administration is necessary to prevent hy-
pothyroidism.

PARENTERAL DOSING

12. G.F., a 70-year-old man with long-standing hypothyroidism,
has been receiving L-thyroxine 0.2 mg/day. Currently, he is in
the hospital with a stroke and paralysis that prohibits him from
swallowing oral medications. His last thyroid function tests were
normal. What is a reasonable method of administering thyroid
hormone to G.F.?

Because L-thyroxine has a half-life of 7 days, administra-
tion can be delayed for up to 1 week, assuming G.F. can resume
oral intake at that time. However, if parenteral administration is
required, L-thyroxine is available as an intramuscular (IM) or
IV injection. The IV route is preferred because IM absorption
may be slow and unpredictable, particularly if the circulation
is compromised. Because the oral absorption of T4 is approx-
imately 80%,44 parenteral doses should be decreased. Once
IV L-thyroxine replacement is successful, maintenance with a
once-weekly IM injection is successful if oral ingestion is not
feasible.69

IN PREGNANCY

13. P.K. is a 35-year-old woman with Hashimoto’s thyroiditis
who is 6 weeks pregnant. Laboratory test results showed TT4,
5 mcg/dL (normal, 5–12) and FT4, 0.7 ng/dL (normal, 0.7–1.9).
She takes her medications in the morning, which include L-
thyroxine 0.1 mg/day and a prenatal vitamin enriched with iron
and calcium. What dosing adjustments are required because of
P.K.’s pregnancy?

[SI units: TT4, 64 nmol/L (normal, 64–154); FT4, 9 pmol/L (normal, 9–24)]

Inadequately treated or undiagnosed maternal hypothy-
roidism can be detrimental to the mother and the develop-
ing fetus.70–74 Miscarriage, spontaneous abortion, hyperten-
sion, pre-eclampsia, and higher rates of cesarean sections and
stillbirths have been reported with maternal hypothyroidism.
Congenital defects, congenital hypothyroidism (see Question
14), abnormal fetal development, and impaired cognitive de-
velopment in the newborn have been attributed to maternal
hypothyroidism. The IQ scores of children born to mothers
with undiagnosed hypothyroidism during pregnancy averaged
7 points lower than children born to euthyroid mothers.71 A
delay in both mental and motor development was observed
in children ages 1 to 2 years old who were born to mothers
with hypothyroxinemia but normal TSH levels during the first
trimester of pregnancy.74 Because thyroid hormone does not
cross the placenta in significant amounts, the effect of maternal
hypothyroidism on the fetus (if it occurs) must be indirect. The
risk of congenital hypothyroidism is small if maternal anti-
bodies from Hashimoto’s thyroiditis cross the fetal circulation.

The infant’s cord blood should be assayed at birth to ensure
that TSH is normal and that the child is euthyroid.

The majority of women with primary hypothyroidism will
require a 30% to 50% increase in the prepregnancy T4
dosage to maintain euthyroidism during the first trimester of
pregnancy.75,76 The only evidence of increased T4 demands is
an elevated TSH level (e.g., subclinical hypothyroidism) that
occurs between weeks 5 (but can be as early as 3) and 16 of ges-
tation. Often, no clinical symptoms of hypothyroidism are evi-
dent, and the FT4 and the index are normal. Because of the ad-
verse consequences associated with maternal hypothyroidism,
some have advocated universal TSH screening of all pregnant
women77 as well as empirically increasing the prepregnancy
T4 dosage by 30% (extra two pills/week) as soon as pregnancy
is confirmed.76

Some authors have challenged the dogma that pregnancy
per se increases T4 demands. Rather, they propose that these
increments were recommended before it was recognized that
coadministration of iron- and calcium-containing prenatal vi-
tamins reduced T4 absorption (see question 15) and that these
drug interactions may be primarily responsible for these in-
creased needs. When prenatal vitamins with iron and calcium
were separated by 4 hours from T4 administration, only 31% of
women required an increase in T4 dose.78 Nevertheless, women
should be followed closely during pregnancy and the FT4 and
TSH levels evaluated monthly during the first trimester. If nec-
essary, the T4 dosage should be adjusted to maintain a nor-
mal TSH and an FT4 or FT4I in the upper limits of normal.
Because TBG is elevated, the TT4 should be kept above the
normal range; it is not the best indicator of adequate replace-
ment.

P.K.’s low TT4 and FT4 are concerning. The TT4 should
be much higher because of pregnancy-associated increases in
TBG. The TSH level should be obtained, and the daily dosage
of T4 should be increased to 125 mcg after eliminating the
possibility of patient nonadherence and drug interactions. In-
gestion of the prenatal vitamins with iron and calcium should
be separated by at least 4 hours from T4. PK could also be
instructed to take the T4 at night for better absorption.45 The
TSH should be repeated in 6 weeks, and the dosage should be
adjusted as needed to keep the TSH in the normal range. After
delivery, the dosage should be reduced to prepregnancy levels
and the FT4 and TSH rechecked to ensure euthyroidism.

Congenital Hypothyroidism

14. P.K. delivered a healthy baby, T.K., at term without diffi-
culty. T.K.’s postpartum screening serum T4 level was 5 mcg/dL
(normal, 5–12), and TSH was 35 μunits/mL (normal, 0.5–4.7). At
home, T.K. became lethargic, had a weak cry, sucked poorly, and
failed to thrive. Assess the situation (including a treatment plan
and prognosis). How is mental development affected?

[SI units: T4, 64 nmol/L (normal, 64–154); TSH, 15 mIU/L (normal, 0.5–4.7)]

T.K.’s symptoms are suggestive of congenital hypothy-
roidism, although in most infants the clinical signs and symp-
toms are so subtle and nonspecific that they are easily missed
until the child is several months old. The early clinical findings
include prolonged jaundice, skin mottling (cutis marmorata),
lethargy, poor feeding, constipation, hypothermia, hoarse cry,
large fontanels, distended abdomen, hypotonia, slow reflexes,
and piglike facies. Respiratory difficulties, delayed skeletal
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maturation, and choking (but not palpable goiter) may be
present. These infants are also at risk for additional congenital
defects or complications.79 Mass neonatal screening programs
have been successful in detecting congenital hypothyroidism
within the first few weeks of life before clinical manifestations
are apparent and before irreversible changes occur.

The postpartum low serum T4 concentration and elevated
TSH level (>20 μunits/mL) in T.K. are of concern and should
be verified. Transient hypothyroidism can result from intrauter-
ine exposure to thioamides or excess iodides, or from transpla-
cental passage of TRAb from the mother. Thyroid function
tests often normalize without treatment in 3 to 6 months as
the TRAb is cleared by the infant.79 The diagnosis of hypothy-
roidism should be confirmed by a low serum T4, a low FT4,
and an elevated TSH concentration during the next few weeks.
Serum T3 concentrations are often in the normal range and are
not helpful. Normal serum T4 concentrations are higher in the
first few weeks of life and gradually return to normal by 2 to 4
months of life. The FT4I may also be elevated. Because of these
confusing changes, thyroid serum levels should be compared
with the normal range for the approximate postnatal age.

Thyroid hormones play a critical role in normal growth and
development, particularly of the CNS, during the first 3 years of
life. If untreated, dwarfism and irreversible mental retardation
occur. T.K.’s normal mental (IQ) and physical development
will be determined by the age at which treatment is started,
the initial dosage of T4, the serum T4 level attained during
therapy, the adequacy with which treatment is maintained, and
the cause and severity of the initial deficiency.80–86

Sodium L-thyroxine is the preparation of choice for replace-
ment. T4 tablets can be crushed and mixed with breast milk or
formula; suspensions are not stable and should not be used.
T3 also can be used, but this form is less desirable because
its short half-life causes a greater fluctuation in plasma levels
(Table 49-8). The initial replacement dose of T4 should raise
the serum T4 as rapidly as possible to minimize the conse-
quences of hypothyroidism on cognitive function. A delay in
starting therapy of even a few days has resulted in a poorer IQ
outcome.81,82,86 A minimum T4 dosage of 10 to 15 mcg/kg/
day is recommended to raise the serum T4 to >10 mcg/dL
(129 nmol/L) by 7 days.80 However, some suggest that higher
than previously recommended dosages of 12 to 17 mcg/kg/day
might be more effective, but concern about negative neurologic
outcomes exists.79,81,82 In the full-term healthy infant, full ini-
tial replacement T4 doses are appropriate unless the infant has
underlying heart disease or is extremely sensitive to the effects
of thyroid hormones. In these infants, reduced doses of T4
(approximately 25%–33% of the recommended dose) can be
started and increased gradually by similar increments until the

Table 49-9 T4 Recommended Replacement Dose

Age Daily mcg/kg T4

3–6 mo 10–15
6–12 mo 5–7
1–10 yr 3–6
>10 yr 2–4

T4, thyroxine.

therapeutic dose is achieved. The recommended replacement
dose decreases with age and is shown in Tables 49-4 and 49-9.

Mental development and attainment of normal growth are
not severely impaired if adequate T4 treatment is initiated be-
fore 3 months of age to achieve a serum T4 level >10 mcg/dL
(129 nmol/L).79−82,84 Nevertheless, children with the most se-
vere congenital hypothyroidism (i.e., athyreosis) scored 8 IQ
points lower than their siblings.83 Young adults 20 years af-
ter congenital hypothyroidism showed impaired motor and in-
tellectual outcomes after suboptimal T4 (<7.8 mcg/kg/day)
therapy compared to sibling controls.84 However, those receiv-
ing optimal therapy still had some deficits in memory, atten-
tion, and behavior versus the siblings.87 Newborns detected
by screening programs who start therapy within the first 4 to
6 weeks of life have mean IQs of 100 to 109, similar to the
control populations. The mean IQ drops if treatment is de-
layed until 6 weeks and 3 months (mean IQ, 95), or until 3 and
6 months (mean IQ, 75). When treatment is not started until
6 months to 1 year of age, normal mental development is im-
paired despite subsequent treatment (mean IQ, 55). Higher IQs
also were found in children who received dosages of T4 >10
mcg/kg/day compared to lower dosages and achieved a mean
serum T4 level >14 mcg/dL (181 nmol/L) in the first month
of therapy.81,82,86,88 Neurologic deficits are also more likely to
occur in infants whose thyroid replacement is delayed or inad-
equate (as evidenced by a serum T4 <8 mcg/dL [103 nmol/L]
within 30 days of therapy and delayed suppression [18–24
months] of the TSH into the normal range). Additional risk
factors for a low IQ and poor motor and speech skills despite
adequate therapy include clinical signs of hypothyroidism dur-
ing fetal life, more marked chemical hypothyroidism at birth
(T4 <2 mcg/dL), thyroid aplasia, and retarded bone age.79,80,82

The goal of therapy is a T4 in the upper normal range (e.g.,
10–18 mcg/dL [129–232 nmol/L]) and/or an FT4 of 2 to 5
ng/dL (27–64 pmol/L) during the first 2 weeks of therapy, and
then a lower target thereafter: a T4 of 10 to 16 mcg/dL (129–
206 nmol/L) and/or an FT4 of 1.6 to 2.2 ng/dL [20–30 pmol/L]).
IQs are improved if TSH levels are normalized within the first
month of therapy, but no later than 3 months.81,82,86,88 Thyroid
function tests should be routinely monitored 2 to 4 weeks af-
ter starting therapy, then every 1 to 2 months during the first
year of life and every 2 to 3 months during the next 2 years of
life. Although TSH suppression is the most reliable index of
adequate replacement in older children, normalization of the
TSH should not be used as the sole monitoring parameter in
infants because the TSH may lag behind correction of the T4
and/or FT4 levels. Overtreatment should be avoided to pre-
vent brain dysfunction, acceleration of bone age, and prema-
ture craniosynostosis. Normal growth and development should
also be a treatment goal. Other clinical end points include
an improvement in activity level, skin color, temperature, fa-
cial appearance, and reversal of other symptoms and signs of
hypothyroidism. The child will require lifelong replacement
therapy.

Unresponsiveness to Levothyroxine and Drug–Drug Interactions

15. R.T., a 45-year-old woman, complains of weight gain,
heavy menses, sluggishness, and cold intolerance. Her present
medical problems include Hashimoto’s thyroiditis, treated with
L-thyroxine 150 mcg daily; hypercholesterolemia treated with
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cholestyramine (Questran) 4 g QID; anemia, treated with FeSO4

325 mg twice a day (BID); menorrhagia treated with conjugated
estrogens 1.25 mg QD; and a history of peptic ulcer disease,
treated with antacids and sucralfate 1 g BID. She was recently
started on calcium carbonate 1 g BID and raloxifene (Evista)
60 mg QD to protect her bones. Her laboratory data include a
cholesterol serum concentration of 280 mg/dL (normal, <200), a
TSH of 21 μunits/mL (normal, 0.5–4.7), an FT4 of 0.6 ng/dL (nor-
mal, 0.7–1.9), and positive ATgA and TPO antibodies. R.T. admits
that she has increased her L-thyroxine dose because she feels bet-
ter on the higher dose. Why is R.T. apparently unresponsive to
thyroid therapy?

[SI units: cholesterol, 7.2 nmol/L (normal, <5.2); FT4, 8 pmol/L (normal,
9–24); TSH, 21 mIU/L (normal, 0.5–4.7)]

R.T.’s complaints and laboratory values confirm inade-
quate treatment of hypothyroidism despite thyroid therapy.
Possible causes of therapeutic failure include nonadherence,
error in diagnosis, poor absorption, subpotent medication,
rapid metabolism, and tissue resistance.43,89,90 Thyroid re-
sistance is rare, and nonadherence, error in diagnosis, and
rapid metabolism do not appear to be reasonable explana-
tions in R.T. An increase in L-thyroxine requirements can
result from concomitant anticonvulsants (see Question 3),
rifampin,91 bexarotene,92 and imatinib therapy by increasing
the metabolism of L-thyroxine. In hypothyroid patients receiv-
ing T4, imatinib increased TSH levels 384%, necessitating a
10% to 47% increase in the L-thyroxine dosage.93

The most likely explanations are poor bioavailability and/or
a subpotent preparation. The timing of T4 administration with
her meals should be ascertained because its bioavailability
is improved when it is taken on an empty stomach and at
night.43,45,94 Simultaneous coadministration of T4 with soy
proteins or high-fiber diets (e.g., oat bran, soybean) should
also be avoided because T4’s absorption can be impaired.95,96

R.T.’s history does not include surgical bowel resection or GI
disorders (e.g., steatorrhea, malabsorption) or cholesterol resin
binders that can interfere with the enterohepatic circulation of
orally administered thyroid and lead to excessive fecal loss.90

Evidence for incomplete absorption of the hormone can be
obtained by comparing R.T.’s response to oral and parenteral
T4.89

L-thyroxine bioavailability can also be compromised by
the numerous medications that R.T. is taking. Estrogen ther-
apy can increase T4 requirements by increasing TBG to in-
crease T4 binding.27 Cholestyramine, colestipol, iron sul-
fate, antacids, sucralfate, calcium preparations, particularly
the carbonate salt, and raloxifene can impair thyroid ab-
sorption if these medications are administered at the same
time.43,97−104 Cholesterol-lowering agents (e.g., lovastatin)
and phosphate binders are also reported to interfere with thy-
roid absorption.100,105, R.T. should be questioned about the
time she takes her thyroid medication. She should be in-
structed to take it on an empty stomach or at night,45 and at
least 12 hours apart from the raloxifene and 4 hours apart
from the iron, calcium, and cholestyramine.97–104 Aluminum-
containing products (i.e., antacids, sucralfate) should be dis-
continued because separating the concurrent administration of
T4 and her aluminum-containing preparations does not consis-
tently correct this interaction.101,102 R.T. should be changed
to an aluminum- and calcium free antacid (e.g., Riopan)

and, if necessary, an H2-receptor antagonist. Proton pump
inhibitors (e.g., omeprazole) should be avoided because de-
creased acid secretion may reduce T4 absorption, although
data are conflicting.106,107 After R.T. has been instructed on
the proper times of administration for her medications, the
therapeutic response and thyroid function tests should be re-
evaluated in 6 to 8 weeks before any changes are made.

16. Could R.T.’s hypothyroidism be responsible for her hyper-
cholesterolemia?

Type IIa hypercholesterolemia is the most common lipid
abnormality observed in patients with primary hypothyroi-
dism.108 Although the rate of cholesterol synthesis is normal
in hypothyroid patients, the rate of cholesterol clearance is de-
creased. Similarly, slow removal of triglycerides may result in
hyperlipidemia. Hypercholesterolemia is frequently observed
before the appearance of clinical hypothyroidism. Treatment
with T4 alone should lower the cholesterol levels if no other
causes are contributing.

Myxedema Coma
Clinical Presentation

17. R.B., a 65-year-old, agitated woman arrived at the emer-
gency department complaining of chest pain unrelieved by ni-
troglycerin (NTG). Her medical problems include alcoholic car-
diomyopathy, angina, and hypothyroidism. Although she has been
advised repeatedly to take her T4 regularly, she continues to take
it sporadically. An FT4I drawn 4 months ago was 1 (normal, 6.5–
12.5). Haloperidol (Haldol) 2 mg IM and morphine sulfate 10 mg
IM were given for the agitation. After the injection, the nurse no-
ticed mental depression, lethargy, and shallow breathing. R.B.’s
oral temperature was 34.5◦C, and she exhibited chills and shakes.
What is your assessment of R.B.’s subjective and objective data?

[SI units: FT4I, 13 (normal, 84–161)]

R.B. has several symptoms consistent with myxedema
coma.109 Myxedema coma is the end stage of long-standing,
uncorrected hypothyroidism. The classic features are hypother-
mia, delayed DTRs, and an altered sensorium that ranges from
stupor to coma. Other predominant features include hypoxia,
carbon dioxide retention, severe hypoglycemia, hyponatremia,
and paranoid psychosis. Typical physical findings (Table 49-3)
include a puffy face and eyelids, a yellowish discoloration of
the skin, and loss of the lateral eyebrows. Pleural and peri-
cardial effusions and cardiomegaly may be present. Because
myxedema coma frequently occurs in older women, it is often
difficult to distinguish the signs and symptoms from dementia
or other disease states, as illustrated by R.B. Precipitating fac-
tors include cold weather or hypothermia, stress (e.g., surgery,
infection, trauma), coexisting disease states such as MI, di-
abetes, hypoglycemia, or fluid and electrolyte abnormalities
(especially hyponatremia), and medications such as sedatives,
narcotic analgesics, antidepressants, and other respiratory de-
pressants and diuretics.

Haloperidol and morphine might be responsible for what
appears to be impending myxedema coma in R.B. In severely
myxedematous patients, respiratory depressants (anesthetics,
narcotic analgesics, phenothiazines, sedative-hypnotics) alone
or in combination with the hypothermic effects of the phe-
nothiazines can aggravate the pre-existing hypothermia and
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carbon dioxide retention to precipitate myxedema coma.109,110

Tranquilizers such as haloperidol should not be given; small
doses of less depressive sedative-hypnotics such as the ben-
zodiazepines should be used only when necessary. Myxedem-
atous patients are also inherently sensitive to the respiratory
depressant effects of narcotic analgesics, especially morphine.
A dose as small as 10 mg may induce coma in a hypothyroid
patient or cause death in a patient who is already comatose. If
morphine is required, the dose should be decreased to one-third
to one-half the usual analgesic dose, and the respiratory rate
should be monitored closely.

Treatment

18. What would be a reasonable therapeutic plan for the man-
agement of R.B.’s myxedema coma?

Emergency treatment, usually in the intensive care unit, of
myxedema coma is directed toward thyroid replacement, main-
tenance of vital functions, and elimination of precipitating fac-
tors. Despite immediate and aggressive therapy with large re-
placement doses of thyroid, mortality rates of 60% to 70% are
common.109

Whether T4 or T3 is the drug of choice in myxedema coma
is controversial because no comparative trials have been con-
ducted. Although T3 is potentially more cardiotoxic, it has
been recommended because its more rapid onset might re-
verse coma faster, and the peripheral conversion from T4 to
the biologically active T3 might be inhibited in severe sys-
temic disease.110,111–114 T4 alone, T3 alone, and a combination
of the two have all been used successfully to treat myxedema
coma. However, L-thyroxine is generally regarded as the hor-
mone of choice because of greater clinical experience with T4
than with T3. Also, mortality has occurred despite the higher
T3 levels achieved after T3 administration.114 T3 might be con-
sidered after failure of T4 or if concomitant systemic illness
(e.g., heart failure) is likely to impair conversion of T4 to T3.
Supraphysiological elevations in T3 levels occur only after oral
administration but are not seen after IV T3 infusion. Factors as-
sociated with a higher mortality 1 month after therapy include
older age, cardiac complications, and T4 replacement ≥500
mcg/day or T3 replacement >75 mcg/day.110,114

L-thyroxine 400 to 500 mcg should be given IV initially in
patients <55 years of age without cardiac disease to saturate
the TBG and raise the serum T4 level to 6 to 7 mcg/dL.109,115

This initial dose can be adjusted based on the patient’s weight
and other restrictive factors (e.g., age, cardiac disease). The
initial T4 dosage for R.B. should be reduced to 300 mcg/day
to avoid worsening her angina. If the proper dosage is given,
consciousness, restoration of vital signs, and decreased TSH
levels should occur within 24 hours. If T3 is preferred, the usual
dose is 10 to 20 mcg IV, followed by 10 mcg every 4 hours for
the first 24 hours, and then 10 mcg every 6 hours for a few days
until oral therapy can be started.109

Maintenance doses should be titrated to the patient’s clinical
response. Because myxedema can impair oral absorption, the
IV route is preferred to ensure adequate drug concentrations.
Oral administration is permitted once GI function returns to
normal. The smallest dosage (without untoward effects) ad-
ministered should be 50 to 100 mcg/day of T4 or 10 to 15 mcg
of T3 every 12 hours.109,115

Supportive measures include assisted ventilation, glucose
for hypoglycemia, restriction of fluids for hyponatremia, and
the use of blood or plasma expanders to prevent circulatory
collapse and to maintain blood pressure. The use of blankets
to treat R.B.’s hypothermia is not advised because vasodilation
will occur and further compromise the cardiovascular compo-
nents of shock. Although steroids have not been shown to be
clearly beneficial in primary myxedema, they may be lifesaving
in patients with hypopituitarism masquerading as myxedema
coma. Because it is difficult to distinguish between primary
and secondary myxedema, hydrocortisone 50 to 100 mg every
6 hours should be given empirically.109

Appropriate measures should be taken to relieve R.B.’s chest
pain while ruling out the possibility of an MI. The use of a
narcotic antagonist such as naloxone may be beneficial in this
instance because it can reverse the effects of the morphine.
Naloxone can also arouse comatose patients intoxicated with
alcohol.

Hypothyroidism With Congestive Heart Failure
Clinical Presentation

19. E.B., a 45-year-old woman, is admitted with complaints of
substernal pressure and chest pain, SOB, dyspnea on exertion,
and orthopnea. Other subjective and objective data suggest CHF
complicated by MI. Significant past medical history reveals exer-
tional angina and Graves’ disease, which was treated with RAI
ablation 10 years ago. Symptoms have not recurred. Physical ex-
amination reveals cardiomegaly, diastolic hypertension, obesity,
facial edema and puffiness, delayed DTRs, and nonpitting pretib-
ial edema. Pertinent laboratory findings include FT4, 0.2 ng/dL
(normal, 0.7–1.9); TSH, 100 μunits/mL (normal, 0.5–4.7); creati-
nine kinase, 300 units/L (normal, 32–267); aspartate aminotrans-
ferase (AST), 80 units/L (normal, 7–26); lactate dehydrogenase
(LDH), 250 units/L (normal, 80–230); and troponin, 0.3 ng/mL
(normal, 0.3–1.5). A chest radiograph reveals cardiomegaly and
pericardial effusions, and an electrocardiogram (ECG) shows
bradycardia and flattened T waves with ST depression. Diuret-
ics, nitrates, angiotensin II inhibitor, and digitalis are instituted.
E.B.’s symptoms improve, but her cardiac abnormalities are not
reversed. Why do these clinical findings suggest hypothyroidism?

[SI units: FT4, 5 pmol/L (normal, 9–24); TSH, 100 mIU/L (normal, 0.5–4.7);
creatinine kinase, 300 units/L (normal, 32–267); AST, 80 units/L (normal, 7–
26); LDH, 250 units/L (normal, 80–230); troponin, 0.3 g/L (normal, 0.3–1.5)]

E.B.’s abnormal thyroid function tests, symptoms, physi-
cal findings, and history of RAI therapy are consistent with
severe hypothyroidism. “Myxedema heart” can be confused
with low-output CHF because the symptoms are similar: car-
diomegaly, dyspnea, edema, pericardial effusions, and ab-
normal ECG.55,109 Therefore, hypothyroidism should be ex-
cluded in all patients with new or worsening symptoms of
cardiovascular disease (e.g., angina, arrhythmia). Although
hypothyroidism alone rarely causes CHF, it can worsen an
underlying cardiac condition. Rarely, ventricular arrhythmia,
including torsades de pointes, can occur from a prolonged QT
interval.

Although E.B.’s enzyme elevations (i.e., AST, CK, LDH)
are suggestive of an MI, they all may be moderately or sig-
nificantly increased from chronic skeletal or cardiac muscle
damage or from decreased enzyme clearance secondary to



49-18 � ENDOCRINE DISORDERS

hypothyroidism. The enzymes can be fractionated to deter-
mine their origin. The normal troponin level eliminates the
possibility of an MI.

Treatment

20. What might be the effect of hypothyroidism on the cardiac
treatment and status of E.B.?

If E.B.’s cardiac abnormalities are caused by hypothy-
roidism rather than organic disease, adequate doses of T4
will restore the heart size, normalize the diastolic blood pres-
sure, reverse the ECG findings, and normalize the serum en-
zyme elevations within 2 to 4 weeks. However, improvement
in myocardial function begins only at dosages of 50 to 75
mcg/day of T4, which may be tolerated poorly by cardiac
patients.

The relationship between the altered lipid metabolism of
hypothyroidism and increased risk of atherosclerosis is con-
troversial and poorly documented.108 Interestingly, angina
pectoris and MI are rather uncommon among hypothyroid
patients. Theoretically, the hypometabolic state associated with
hypothyroidism may protect the ischemic myocardium by re-
ducing metabolic demands. However, hypothyroidism actually
aggravates subendocardial ischemia during an acute MI by
decreasing erythrocyte production of 2,3-diphosphoglycerate,
which shifts the oxyhemoglobin dissociation curve to the left.
This effect further diminishes oxygen delivery to already is-
chemic tissues. Angina or premature beats can develop or
worsen with the institution of T4 therapy,116–118 so doses should
be titrated carefully (see Question 21). Without organic dis-
ease, digitalis is ineffective and may even be harmful. Hy-
pothyroid patients show an increased sensitivity to digitalis,
and digitalis toxicity is possible unless the maintenance dose
is decreased (see Question 26).119,120 Nitrates may precipitate
hypotension and/or syncope in hypothyroid patients because
these patients have a low circulating blood volume and their
response to vasodilation can be exaggerated. Furthermore, if
β-blockers are required, the cardioselective β-blockers are
preferred. The noncardioselective β-blockers have produced
coronary spasm by exacerbating the compensatory increase in
norepinephrine levels and α-adrenergic tone found in hypothy-
roidism.

21. How aggressively should thyroid hormone therapy be initi-
ated in a patient like E.B. who has angina? What is the hormone
replacement of choice in patients with cardiac disease?

Patients with long-standing hypothyroidism, arterioscle-
rotic cardiac disease, or advanced age tend to be extremely
sensitive to the cardiac effects of thyroid hormone. Initiation
of normal or even subtherapeutic doses in these patients might
produce severe angina, MI, supra- and ventricular premature
beats, cardiac failure, or sudden death. These effects under-
score the need to replace thyroid cautiously, and sometimes
suboptimally, to avoid cardiac toxicity.116–118,121

The angina and cardiac status should be controlled before
initiating T4 therapy. In the patient with poorly controlled
angina, cardiac catheterization is warranted to assess the coro-
nary artery status before starting hormone therapy. Coronary
bypass has been performed safely with minimal complica-
tions in the hypothyroid patient to control the angina and may

allow institution of full replacement doses without cardiotoxi-
city.122

For E.B., 12.5 to 25 mcg of T4 should be initiated cautiously
and increased as tolerated by similar increments of T4 every 4
to 6 weeks until a therapeutic dosage is reached. The rapidity
with which the increments can proceed is determined by how
well each increased dose is tolerated. If cardiac toxicity occurs,
therapy should be stopped immediately. Once symptoms re-
solve, therapy can be restarted using smaller dosage increments
and longer intervals between dosage adjustments. If cardiac
symptoms recur, further T4 therapy should be stopped pend-
ing cardiac evaluation. In some patients with severe cardiac
sensitivity, complete euthyroidism might never be achieved. In
these patients, the correct replacement dosage is a compromise
between prevention of myxedema and avoidance of cardiac
toxicity.118 E.B.’s clinical status and ECG should be monitored
closely during the titration period. T4 should be discontinued
or decreased at the first sign of cardiac deterioration. It is not
necessary to monitor thyroid function tests (e.g., TSH or FT4)
during the titration period because the results will remain low
until adequate replacement is achieved. Thyroid function tests
should be obtained once maximally tolerated or estimated eu-
thyroid dosages are achieved.

Some suggest that T3 (Cytomel) is the agent of choice in
patients with cardiac abnormalities. The onset of action of T3
is 1 to 3 days compared with 3 to 5 days for T4. After therapy
is withdrawn, the effects of T3 dissipate in 3 to 5 days, while a
period of 7 to 10 days is needed for T4. Thus, if toxicity occurs,
the effects of T3 will disappear rapidly on cessation of therapy,
a theoretical advantage in the cardiac patient. Nevertheless,
T3 is not recommended because its greater potency requires
finer and more difficult dosage titration to ensure smooth and
uniform blood levels. Furthermore, the high serum T3 levels
that occur after oral administration might cause more cardiac
toxicity, especially angina.

Subclinical Hypothyroidism

22. M.P., a healthy 53-year-old woman, comes in for her reg-
ular checkup. She denies any symptoms of hypothyroidism and
feels well. She has no other medical problems, takes no medi-
cations, and has no known allergies. Her physical examination
is within normal limits. Routine screening laboratory tests are
normal except for an FT4 of 1.2 ng/dL (normal, 0.7–1.9) and a
TSH of 8 μunits/mL (normal, 0.5–4.7). Does M.P. require thy-
roid treatment, based on her clinical presentation and laboratory
findings?

[SI units: FT4, 16 pmol/L (normal, 9–24); TSH, 8 mIU/L (normal, 0.5–

4.7)]

M.P.’s free thyroid levels are normal, but her TSH level
is elevated, indicating subclinical hypothyroidism (SH). The
prevalence of SH ranges from 4% to 10% and increases to
26% in the elderly population, particularly women.57,58 It is
unclear whether SH represents the early stages of thyroid fail-
ure. The estimated risk of developing overt hypothyroidism af-
ter 10 years in untreated patients by Kaplan-Meier curves was
0% for a TSH level of 4 to 6 mIU/L, 42.8% for a TSH level
of 6 to 12 mIU/L, and 76.9% for a TSH level >12 mIU/L.
This risk increased in patients with positive thyroid antibo-
dies.123 Because the most common clinical scenarios involve
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asymptomatic patients with TSH levels <10 mIU/L, negative
thyroid antibodies, and no history of prior thyroid disease, rou-
tine thyroid screening has been recommended, particularly in
elderly women.58

Mild symptoms of hypothyroidism, including psychiatric
and cognitive abnormalities, are found in approximately 30%
of patients with SH, but the average TSH level usually ex-
ceeds 11 mIU/L. Cardiac dysfunction, including impaired
left ventricular diastolic function at rest, systolic dysfunc-
tion with exercise, atherosclerosis, CHF, and MI has been
reported.55,58,124–126 Data showing an increased risk of coro-
nary heart disease (CHD) is conflicting and is influenced by
the severity of SH, study design, and length of follow-up. A
meta-analysis noted a 1.6 times increased risk of CHD,127 a
cross-sectional analysis noted an odds ratio of 2.2 only in
those with TSH levels of ≥10 mIU/L, whereas the 20-year
longitudinal analysis found a significant risk (hazard ratio of
1.7) regardless of the degree of TSH elevation.128 However,
a large prospective cohort study found no significant asso-
ciation with atherosclerotic disease or cardiac mortality but
observed an increase in all-cause mortality at 10 years of
follow-up.189 Other atypical and nonspecific signs and symp-
toms reflecting dysfunction of any part of the body may
occur, primarily in the elderly. Failure to thrive, mental con-
fusion, weight loss with poor appetite, incontinence, depres-
sion, inability to walk, carpal tunnel syndrome, deafness, ileus,
anemia, hypercholesterolemia, and hyponatremia have been
reported.57,58,124–126

Treatment of subclinical hypothyroidism with T4 is contro-
versial because study results are conflicting. Potential benefits
of treatment include (a) preventing progression to hypothy-
roidism, (b) improving the lipid profile and reducing cardiac
risks, and (c) reversing symptoms of hypothyroidism. Patients
with higher TSH levels (e.g., >10 mIU/L), a history of pre-
viously diagnosed thyroid disease, elevated lipid levels, or
evidence of positive thyroid antibodies gained the most ben-
efit from L-thyroxine therapy.55,123,126,129 L-thyroxine signif-
icantly reduced total cholesterol by 0.2 to 0.4 mmol/L (7.9–
15.8 mg/dL) and low-density cholesterol concentrations by
0.33 mmol/L (10 mg/dL); serum HDL and triglyceride con-
centrations remain unchanged.58,125,126,129 Improvement of el-
evated intraocular pressures, memory, mood, somatic com-
plaints, and diastolic dysfunction has also been reported
after T4 replacement.123,125,126,129 However, in patients with
mild TSH elevations (e.g., <10 mIU/L), well-designed stud-
ies showed no improvement in clinical symptoms of hypothy-
roidism with T4 supplementation.57,58,125,126

Treatment of older patients requires an assessment of
the risks versus benefits of therapy. Thyroid therapy carries
the risk of unmasking underlying cardiac disease in older
patients. Nevertheless, thyroid replacement appears reason-
able in asymptomatic patients with TSH levels >10 mIU/L
and especially those with symptoms of mild hypothy-
roidism, dyslipidemia, laboratory abnormalities, or end-organ
alterations.57,58,123–126,129 Patients with asymptomatic sub-
clinical hypothyroidism and a TSH level <10 mIU/L do
not warrant immediate therapy, but close follow-up is war-
ranted.

Because M.P. is asymptomatic and has a TSH level <10
mIU/L, it is reasonable to delay therapy and recheck the TSH
in a few months.

Hypopituitarism and T4 Replacement With a Normal
Thyroid-Stimulating Hormone Level

23. J.P. is a 65-year-old woman who complains of fatigue,
cold intolerance, dry skin, and weight gain for the past several
months. Her thyroid examination and DTRs are within normal
limits. A TSH level was 2.5 μunits/mL (normal, 0.5–4.7). She de-
nies taking any other medications. J.P. is started empirically on
a 3-month trial of L-thyroxine. How should the TSH level be
interpreted? Is T4 therapy indicated, based on her presenting
findings?

[SI units: TSH, 2.5 mIU/L (normal, 0.5–4.7)]

Despite complaints that could be consistent with hypothy-
roidism (e.g., fatigue, cold intolerance, dry skin, weight gain),
the normal TSH level indicates that J.P. is euthyroid. However,
because a diagnosis of hypopituitarism (i.e., TSH level could
be normal or low) cannot be ruled out, an FT4 level should
be obtained; a low level would increase the likelihood of hy-
popituitarism. Some argue that hypopituitarism is underdiag-
nosed and would advocate adding FT4 to the primary screening
tests.130

If the FT4 level is normal, indicating euthyroidism, then
hypopituitarism is unlikely and L-thyroxine therapy is not
indicated. A randomized, double-blind, placebo-controlled
crossover trial found that T4 supplementation in patients with
hypothyroid symptoms and normal thyroid function tests was
not more effective than placebo in improving cognitive func-
tion or psychological well-being despite changes in the TSH
and FT4 levels.131,132

In J.P., the T4 should be discontinued because there is no
evidence of its efficacy in euthyroid individuals.

HYPERTHYROIDISM
Clinical Presentation

24. S.K., a 48-year-old woman, is admitted to the hospital for a
possible MI. Her complaints include chest pain that is unrelieved
by NTG, increasing SOB with exercise, nervousness, palpitations,
muscle weakness, weight loss despite an increased appetite, and
epistaxis; she also bruises easily. She has a history of deep venous
thrombosis treated with warfarin (Coumadin) 5 mg/day; her last
prothrombin time (PT) was 18 seconds (normal, 10.5–12.1), and
an international normalized ratio (INR) was 1.8 (normal, 1; ther-
apeutic, 2–3). She has angina, treated with NTG 0.4 mg, and CHF,
treated with digoxin (Lanoxin) 0.25 mg/day.

Physical examination reveals a thin, flushed, hyperkinetic,
nervous woman. Blood pressure (BP) is 180/90 mmHg; pulse
is 130 beats/minute, irregularly irregular; respiratory rate is
30 breaths/min; and temperature is 37.5◦C. Other pertinent find-
ings include a lid lag with stare, proptosis with tearing, decreased
visual acuity, a diffusely enlarged thyroid gland without nodules,
a bruit in the left lobe of the thyroid, positive jugular venous
distention (JVD), bibasilar rales, warm moist skin with multiple
bruises, new-onset atrial fibrillation (AF), slight diarrhea, hep-
atomegaly, acropachy, 2+ pitting edema, a fine tremor, proximal
muscle weakness, and irregular scant menses.

Laboratory data include FT4, 2.9 ng/dL (normal, 0.7–1.9);
TSH, <0.5 μunits/mL (normal, 0.5–4.7); RAIU at 24 hours, 80%
(normal, 5%–35%); PT, 40 seconds (normal, 10.5–12.1); INR,
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4.8 (normal, 1; therapeutic, 2–3); TPO, 200 IU/mL (normal, <1);
alkaline phosphatase, 200 units/L (normal, 41–133); total biliru-
bin, 1.1 mg/dL (normal, 0.1–1.2); AST, 60 units/L (normal, 7–26);
and alanine aminotransferase (ALT), 55 units/L (normal, 3–23).
A scan shows a diffusely enlarged gland, three to four times nor-
mal size. What subjective and objective data are suggestive of
hyperthyroidism in S.K.?

S.K. presents with many of the clinical and laboratory
features133 associated with an increased metabolic state re-
sulting from excessive T4 (Table 49-6). Her ocular symptoms
are consistent with Graves’ disease and include lid lag (lid
falls behind the movement of the eye and a narrow white rim
of sclera becomes visible between the upper lid and cornea,
producing a “staring” appearance), ophthalmopathy (protru-
sion of the eyeball), and decreased visual acuity. The thyroid
bruit, palpitations, exertional dyspnea, worsening CHF (JVD,
bibasilar rales, edema, hepatomegaly), diarrhea, irregular scant
menses, nervousness, tremor, muscle weakness, weight loss de-
spite increased appetite, increased perspiration, and flushing of
the skin are consistent with a hypermetabolic state. Although
sinus tachycardia is the most common arrhythmia in hyper-
thyroidism, new-onset AF is the presenting symptom in 5%
to 20% of patients with hyperthyroidism, particularly in those
older than 70 years.134 Together with S.K.’s symptoms, a diag-
nosis of Graves’ disease is confirmed by an elevated FT4 level,
an undetectable TSH level, an increased RAIU, positive TPO
antibodies, and a diffusely enlarged goiter. Her cardiac status
and other medical problems are aggravated by the hyperthy-
roidism. (Table 49-5 lists the causes of hyperthyroidism.)

Hypoprothrombinemia

25. What factors contribute to S.K.’s hypoprothrombinemia?
What effect could this have on her subsequent drug treatment?

The hypoprothrombinemia and bleeding observed in S.K.
are most likely related to an exaggerated response to warfarin.
This may be related to a decrease in the hepatic metabolism
of warfarin (secondary to hepatic congestion), but it is more
likely that S.K.’s findings are due to the combined effects of hy-
perthyroidism and warfarin on vitamin K–dependent clotting
factors.

Warfarin Metabolism
Warfarin metabolism and the metabolism of vitamin K–
dependent clotting factors can be altered by thyroid status.
Net circulating levels of vitamin K–dependent clotting fac-
tors are generally not altered in hyperthyroid patients because
both the synthesis and catabolism of these clotting factors
are increased. However, an enhanced anticoagulant response
occurs when the warfarin-induced decrease in clotting fac-
tor synthesis is combined with the hyperthyroidism-induced
increase in clotting factor catabolism.33,135 This may explain
S.K.’s elevated prothrombin time, bruising, and history of epi-
staxis.

The opposite occurs in hypothyroidism, in which a decrease
in both the metabolism and synthesis of clotting factors occurs.
In hypothyroid patients, the response to oral anticoagulants
is delayed because the clotting factors are eliminated more
slowly.33,135 Therefore, hyperthyroid patients need less war-
farin, whereas hypothyroid patients require more warfarin to

achieve the same hypoprothrombinemic response. The antico-
agulant response to warfarin should be monitored carefully in
patients with thyroid abnormalities, and the dosage adjusted
as the thyroid status changes.

Thioamide Effects
Because S.K.’s hyperthyroidism will most likely be treated with
a thioamide, caution must be exercised. Treatment of hyper-
thyroid patients with thioamides, especially PTU, has been as-
sociated with hypoprothrombinemia, thrombocytopenia, and
bleeding, albeit rarely.136 These drugs can depress the bone
marrow and the synthesis of clotting factors II, VII, III, IX,
X, and XIII; vitamin K and prothrombin times may remain
depressed for up to 2 months after discontinuation of therapy.
These effects may be caused by a subclinical hepatic alteration
in synthesis or hepatotoxicity (see question 38).137–139 Symp-
toms occur 2 weeks to 18 months after starting therapy. The
bleeding is responsive to vitamin K or blood transfusions. (Also
see questions 31 and 32 for further discussion of treatment with
thioamides.)

Response to Digoxin

26. After treatment with RAI, S.K.’s daily dose of digoxin was
increased to 0.5 mg because of persistent AF and rapid ventricular
response. Six weeks later, she returns with complaints of nausea
and vomiting. The gland remains palpable but is decreased con-
siderably in size. The ECG shows ST depression, atrioventricular
(AV) block, and occasional bigeminy. Assess these subjective and
objective data.

S.K.’s nausea and vomiting, together with the ECG changes
of AV block and bigeminy, strongly suggest digitalis toxic-
ity. Although a high dosage of digoxin is appropriate while
a patient is thyrotoxic, continuation of this same dose as the
hyperthyroidism resolves increases the likelihood of digitalis
toxicity.119,120

27. Why was such a large dose of digoxin required initially?
What other options can be used to control the ventricular rate?

The AF of hyperthyroidism is often resistant to digitalis.
When euthyroid patients with AF were given digitalis be-
fore and after exogenous T3 administration, the daily dose of
digoxin required to maintain a ventricular rate of 70 was in-
creased from 0.2 to 0.8 mg after T3 administration.140 Higher
dosages of digoxin without side effects might be tolerated bet-
ter by the hyperthyroid patient.119,120,140 Nevertheless, the goal
of digoxin therapy should be a higher target heart rate (i.e.,
100 beats/minute) than that achieved with digoxin in the euthy-
roid patient with AF to minimize cardiac toxicity. If additional
rate control is required, β-blockers or calcium channel blockers
(e.g., diltiazem or verapamil) can be added. Unless contraindi-
cated by severe bronchospasm, β-blockers rather than calcium
channel blockers are preferred because they are more effective
in controlling the ventricular rate and are less likely to cause
hypotension.

This apparent resistance to digitalis is attributed to intrinsic
changes in myocardial function, to an increased volume of dis-
tribution for digoxin, and to an increased glomerular filtration
of the glycoside.119,120,140 Conversely, hypothyroid patients are
inordinately sensitive to the effects of digitalis and require
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smaller doses to achieve a therapeutic response. Regardless of
the mechanism, one should be aware that higher-than-normal
doses might be required in patients with thyrotoxicosis and that
the initial dosage should be reduced as the hyperthyroid state
resolves.

Cardioversion

28. If the AF persists, when should cardioversion be attempted
in S.K.? Is other treatment indicated?

Because S.K. received RAI 6 weeks ago, her thyroid func-
tion tests should be rechecked to determine her present thyroid
status. Cardioversion, either medical or electrical, should not
be attempted if she is still toxic because the success rate is low.
AF spontaneously reverted to normal sinus rhythm (NSR) in
56% to 62% of patients within the first 3 to 4 months after
control of the hyperthyroidism.134 Spontaneous conversion is
highly unlikely if the duration of the hyperthyroidism-induced
AF exceeds 13 months or if the AF persists after 4 months
of euthyroidism.134 Older patients with or without underlying
heart disorders (except CHF) are also less likely to sponta-
neously convert to NSR. Patients who meet these criteria are
candidates for cardioversion at about the third or fourth month
after achieving euthyroidism. Age and the duration of thyrotox-
icosis are important determinants of successful cardioversion.
Ninety percent of patients achieved NSR after cardioversion;
of these, 57% and 48% maintained NSR at 10 and 14 years,
respectively, of follow-up.134

S.K. should be maintained on warfarin because of a high
prevalence of systemic embolization in thyrotoxic patients with
AF. Anticoagulation should be started when the AF is first di-
agnosed and continued until S.K. is euthyroid and in NSR. This
is especially true for younger patients at low risk of bleeding
with Coumadin. The risks versus benefits of anticoagulation
should be weighed before therapy (see Chapter 16). Because an
increased sensitivity to warfarin is observed, close monitoring
is warranted (see Question 25).

Thyrotoxicosis: Clinical Presentation

29. C.R., a 27-year-old woman, has a 3-month history of inter-
mittent heat intolerance, sweats, tremor, and severe muscle weak-
ness, which has limited her ability to climb stairs. Her weight has
increased because of increased appetite. She is also bothered by
the pounding of her heart and some minor difficulty in swallow-
ing. There is a family history of thyroid disease, but she denies
taking any thyroid medications or any history of radiation to her
neck. C.R. previously received iodide drops with symptomatic
improvement, but her disease recurred despite its continued ad-
ministration. Her other medical problems include diabetes, which
is controlled with diet, and osteoarthritis, which is treated with
aspirin 2.5 g/day. She has a history of noncompliance with her
clinic visits.

Pertinent physical findings include a BP of 180/90 mmHg, a
pulse of 110 beats/minute, hyperreflexia, lid lag, and a diffusely
enlarged thyroid gland that is about four times normal (about
100 g). Laboratory data include TT4, 6 mcg/dL (normal, 5–12);
FT4, 2 ng/dL (normal, 0.7–1.9); TSH, <0.01 μunits/mL (nor-
mal, 0.5–4.7); TPO, 350 IU/mL (normal, <1); and blood glucose,

350 mg/dL (normal, 60–115). Assess these subjective and objective
data.

[SI units: TT4, 77 nmol/L (normal, 64–154); FT4, 28 pmol/L (normal, 9–24);

TSH, <0.01 mIU/L (normal, 0.5–4.7); blood glucose, 19.4 mmol/L (normal,

3.3–6.4)]

C.R.’s clinical findings verify an autoimmune hyperthyroid
state. However, the serum FT4 is elevated only slightly and is
disproportionately low relative to the severity of her symptoms,
the undetectable TSH level, and her other laboratory findings.
The low normal TT4 could be explained by displacement of
T4 from TBG by aspirin (see Question 3). The possibility of a
variant type of hyperthyroidism known as T3 toxicosis should
be considered. The clinical features include signs and symp-
toms of thyrotoxicosis, normal or borderline high FT4, an un-
detectable TSH level, and elevated T3 levels. The latter occurs
through preferential secretion and peripheral conversion of T4
to T3. A T3 level should be obtained to establish the diagnosis.

Asymptomatic elevations of T3 levels often precede eleva-
tion of T4 levels and the development of overt hyperthyroidism.
T3 toxicosis probably represents an early stage of classic T4 tox-
icosis and is useful for early diagnosis or as an early indicator
of relapse after discontinuation of thioamide therapy.

Iodides

30. Why were the iodide drops initially effective in improving
C.R.’s symptoms and later ineffective? When are iodides indi-
cated? What is their mechanism of action?

Iodides have several effects: They inhibit thyroid hormone
release, they block iodotyrosine and iodothyronine synthe-
sis by blocking organification, and they decrease the vascu-
larity of the thyroid gland.141 However, large doses may ac-
centuate hyperthyroidism because they provide a significant
increase in available substrate for hormone synthesis (see ques-
tion 54).141,142

The inhibitory effect of exogenous iodides on the intrathy-
roidal organification of iodides is known as the Wolff-Chaikoff
effect. This is an inherent autoregulatory function of the nor-
mal gland to prevent excessive hormone synthesis in the event
of a large iodide load. The Wolff-Chaikoff effect occurs when
intrathyroidal concentrations of iodides reach a critical level,
and this is not overcome by TSH stimulation. However, as il-
lustrated by C.R., the gland can “escape” from this block even
with continued iodide use. The gland escapes by decreasing io-
dide transport or by leaking iodide. Both mechanisms decrease
the critical intrathyroidal iodide level, thereby decreasing the
block to organification. This effect is illustrated in C.R. There-
fore, iodides should not be used as primary therapy for Graves’
disease.

Conversely, some patients are responsive to iodide therapy,
including (a) patients who already have high intrathyroidal io-
dine stores (i.e., “hot” nodules, Graves’ disease); (b) patients
with underlying defects in organic binding mechanisms (i.e.,
Hashimoto’s); (c) patients who develop drug-induced thyroid
disorders (see questions 52−55); and (d) patients with Graves’
disease made euthyroid with RAI or surgery and who are re-
ceiving no thyroid replacement.

These patients are so sensitive that small doses of io-
dide can elicit the Wolff-Chaikoff effect, resulting in either
amelioration of hyperthyroid symptoms or precipitation of
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hypothyroidism.141–143 For this reason, patients with recurrent
hyperthyroidism after surgery or RAI can often be managed
with iodides alone.

The most important pharmacologic effect of iodides is
their ability to promptly inhibit thyroid hormone release when
dosages of 6 mg/day are given.141,143 The mechanism is un-
known, but it is not related to the Wolff-Chaikoff effect, which
may take several weeks to manifest. Unlike the Wolff-Chaikoff
effect, this effect can be overcome partially by an increase in
TSH secretion. Thus, the normal gland can escape in 7 to 14
days because inhibition of thyroid hormone release stimulates a
reflex increase in TSH secretion. Because patients with hyper-
thyroidism experience an improvement in symptoms within 2
to 7 days of initiation of therapy, inhibition of hormone release
must be the predominant mechanism of action for the iodides.
This rapid onset is the reason iodides are used in the treatment
of thyroid storm and as an ameliorative measure while awaiting
the onset of the therapeutic effects of thioamides or RAI.

Large doses of iodides are also used 2 weeks before thy-
roid surgery to increase the firmness of the thyroid gland by
decreasing its size, vascularity, and friability. Iodides facilitate
a smoother, less complicated surgery and reduce the risk of
postoperative complications by inducing a euthyroid state.141

Stable iodine can be administered orally either as an
unpleasant-tasting Lugol’s solution (5% iodine and 10% potas-
sium iodide), containing 8 mg/drop of iodide, or as the more
palatable saturated solution of potassium iodide (SSKI), con-
taining 50 mg/drop of iodide. The minimum effective daily
dose is 6 mg,141 although larger doses (e.g., 5–10 drops QID
of SSKI) are often administered.

The advantages of iodide therapy are that it is simple, in-
expensive, and relatively nontoxic and involves no glandular
destruction. Disadvantages include “escape,” accentuation of
thyrotoxicosis, allergic reactions, relapse after discontinuation
of treatment, and subsequent interference with RAI if used
before therapy.

Treatment Modalities

31. What are the advantages and disadvantages of the different
treatment modalities available for C.R.?

The three major treatment modalities for Graves’-related
hyperthyroidism are the thioamides, RAI, and surgery (Table
49-10).133 In most cases, any of these three modalities can
be used, and there is controversy as to which is the most ef-
fective therapy. Often the final decision is empiric, depend-
ing on the physician’s available resources and the patient’s de-
sires. A review of treatment guidelines published by the major
endocrine organizations found that RAI is the most common
treatment, while surgery is the least common.144 Patients who
are older and those with cardiac disease, concomitant ophthal-
mopathy, and hyperthyroidism caused by a toxic multinodu-
lar goiter are treated best with RAI. Surgery is the preferred
therapy for pregnant women who are drug intolerant, when ob-
structive symptoms are present, or if malignancy is suspected.

Thioamides
The thioamides are the preferred treatment for children, preg-
nant women, and young adults with uncomplicated Graves’
disease.133,145,146 This is the only treatment that leaves the thy-

roid gland intact and does not carry the added risk of permanent
hypothyroidism often associated with RAI or surgery.

Because the thyrotoxicosis of Graves’ disease might be
self-limiting, thioamides are used to control the symptoms un-
til spontaneous remission occurs. Thioamides should also be
given before treatment with RAI or surgery to deplete the gland
of stored thyroid hormone, which prevents subsequent thy-
roid storm. Although hyperthyroidism from toxic nodules will
also respond to thioamides, more definitive therapy (surgery
or RAI) is needed because these conditions do not undergo
spontaneous remission.

Disadvantages of thioamide therapy include the numerous
tablets required, patient adherence, possible drug toxicity, the
long duration of treatment, and the low remission rates after
discontinuation of therapy (see Question 42).

The use of thioamides in C.R. has several potential draw-
backs. Her relatively large gland and severe disease make the
prognosis for spontaneous remission somewhat less favorable.
A delay in the onset of thioamide’s effect may be expected
if intraglandular stores of thyroid have been increased by her
prior iodide therapy. Furthermore, her nonadherence and diffi-
culty swallowing may necessitate another means of treatment.
Thioamides may also be prepared for administration by the
rectal routes.147–149

Surgery
Surgery is considered the treatment of choice133,150–152 when
(a) malignancy is suspected; (b) esophageal obstruction, ev-
idenced by difficulty swallowing, is present; (c) respiratory
difficulties are present; (d) contraindications to the use of
thioamides (e.g., allergy) or RAI (e.g., pregnancy) exist; (e)
a large goiter that regresses poorly on RAI or thioamide ther-
apy is present; or (f) it is the patient’s preference. Some argue
that surgery is underused in the treatment of Graves’ disease.150

In a prospective, randomized trial comparing the three treat-
ment modalities, surgery produced euthyroidism more quickly
and was associated with a lower relapse rate than either RAI
or thioamides.151 A meta-analysis of 35 studies encompassing
7,241 patients with Graves’ disease found that thyroidectomy
was successful in 92% of patients with a low recurrence (7.2%)
of hyperthyroidism.153 If C.R.’s minor difficulty in swallowing
persists because of poor regression of goiter size with drug
therapy, then surgery is a reasonable alternative. If surgery is
contemplated, C.R. must be brought to surgery in a euthy-
roid state to prevent rapid postoperative rises in T4 levels and
subsequent thyroid storm (see Question 50). A total or near-
total rather than a subtotal thyroidectomy is the procedure of
choice when performed by an experienced surgeon.150,152,153

Although subtotal thyroidectomy theoretically avoids the pre-
dictable risk of hypothyroidism from total thyroidectomy; the
likelihood of recurrent hyperthyroidism increases in propor-
tion to the amount of residual thyroid tissue remaining.150,151

Recurrent thyrotoxicosis following a subtotal thyroidectomy
should be treated with RAI because the incidence of surgical
complications increases with a second surgery.

Surgical complication rates are low when the procedure is
performed by a competent surgeon and when the patient is
adequately prepared for surgery. The disadvantages of surgery
are expense, hospitalization, hypothyroidism, the small risk of
postoperative complications, and the patient’s fear of surgery
(see Question 40).150,151,153
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Table 49-10 Treatment for Hyperthyroidism

Modality Drug/Dosage Mechanism of Action Toxicity Indication

Primary Treatment
Thioamides
PTU 50 mg tablet;

rectal formulation
can be made147,148

100–200 mg PO q6–8h (max:
1,200 mg/d) for 6–8 wk or until
euthyroid; then maintenance of
50–150 mg
QD PO × 12–18 mo

Blocks organification of
hormone synthesis,
blocks peripheral
conversion of T4 to
T3 (PTU only)

Skin rashes, GI symptoms,
arthralgias, ↑
transaminases, hepatitis,
agranulocytosis

DOC in thyroid storm,
pregnancy, and
breast-feeding

Methimazole
(Tapazole) 5-, 10-mg
tablet; rectal
suppositories can be
made149

Methimazole 30–40 mg PO QD or
in two divided doses (max: 60
mg/d) for 6–8 wk or until
euthyroid, then maintenance of
5–10 mg/d PO × 12–18 mo

Similar to PTU except
does not block
conversion of T4 to T3

Similar to PTU; cholestatic
jaundice, reports of
aplasia cutis

Thioamide DOC (see PTU)
because QD dosing and
better compliance

Surgery Preoperative preparation with
iodides, thioamides, or
β-blockers before surgery; see
specific operative agent

Near total
thyroidectomy

Hypothyroidism, cosmetic
scarring,
hypoparathyroidism,
risks of surgery, and
anesthesia, vocal cord
damage

Obstruction, choking,
malignancy, pregnancy in
second trimester,
contraindication to RAI or
thioamides

RAI 131I radioactive isotope; 80–
100 μCi/g thyroid tissue.
Average dose, ≈10 mCi;
pretreatment with
corticosteroids indicated in
patients with ophthalmopathy

Destruction of the gland Hypothyroidism; worsening
of ophthalmopathy; fear
of radiation-induced
leukemia; genetic
damage; malignancy;
rarely, radiation sickness

Adults, older patients who are
poor surgical risks or have
cardiac disease; patients
with a history of prior
thyroid surgery;
contraindications to
thioamide usage;
increasingly used in kids

Adjuncts to Primary Usage
Iodides
Lugol’s solution 8 mg/

drop (5% iodine,
10% potassium
iodide; saturated
[SSKI] 50 mg/drop)

5–10 drops TID PO for 10–14
days before surgery; minimum
effective dose 6 mg/day

↓ vascularity of gland
and ↑ firmness;
blocks release of
thyroid hormone

Hypersensitivity reactions,
skin rashes, mucous
membrane ulcers,
anaphylaxis, metallic
taste, rhinorrhea, parotid
and submaxillary
swelling; fetal goiters
and death

Preoperative preparation
before surgery; thyroid
storm, provides
symptomatic relief of
symptoms. Do not use
before RAI or chronically
during pregnancy

β-Blockers
Propranolol or

equivalent
β-blocker. Avoid
those with ISA

Propranolol 10–40 mg PO q6h or
PRN to control HR <100
beats/min; IV 0.5–1 mg slowly

Blocks effects of thyroid
hormone peripherally,
no effect on
underlying disease;
blocks T4 to T3

conversion

Related to β-blockade;
bradycardia, CHF, blocks
hyperglycemic response
to hypoglycemia,
bronchospasm, CNS
symptoms at high doses;
fetal bradycardia

Symptomatic relief while
awaiting onset of
thioamides, RAI;
preoperative preparation
for surgery; thyroid storm

Calcium channel
blockers

Diltiazem 120 mg TID–QID PO
or verapamil 80–120 mg
TID–QID PO PRN to control
HR <100 beats/min

Blocks effects of thyroid
hormone peripherally,
no effect on
underlying disease

Bradycardia, peripheral
edema, CHF, headache,
flushing, hypotension,
dizziness

Alternative for symptomatic
relief of hyperthyroid
symptoms in patients who
cannot tolerate β-blockers

Corticosteroids
Prednisone or equivalent

corticosteroids 50–140 mg/day
PO in divided doses; IV
hydrocortisone 50–100 mg q6h
or equivalent for thyroid storm

↓ TRAb, suppression of
inflammatory
process; blocks T4 to
T3 conversion

Complications of steroid
therapy

Ophthalmopathy, thyroid
storm (use IV steroid),
pretibial myxedema,
pretreatment before RAI
therapy in patients with
ophthalmopathy

CHF, congestive heart failure; CNS, central nervous system; DOC, drug of choice; GI, gastrointestinal; HR, heart rate; ISA, intrinsic sympathomimetic activity; IV, intravenous;
mCi, millicurie; PO, orally (by mouth); PRN, as needed; PTU, propylthiouracil; q, every; QD, every day; QID, four times a day; RAI, radioactive iodine; SSKI, saturated solution
of potassium iodide; T3, triiodothyronine; T4, thyroxine; TID, three times a day; TRAb, thyroid receptor antibody; μCi, microcurie.57−59
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Radioactive Iodine
RAI, the most common treatment modality in the United States,
is the preferred treatment for (a) debilitated, cardiac, or older
patients who are poor surgical candidates; (b) patients who fail
to respond to drug therapy or who experience adverse drug
reactions; and (c) patients who develop recurrent hyperthy-
roidism after surgery.133,144,151

Pregnancy is an absolute contraindication to RAI therapy.
Previously, the use of RAI was restricted to adults older than
an arbitrary age of 20 to 35 years because it was feared that
RAI could result in genetic damage or neoplasia. However,
its use in adolescents is increasing after more than 50 years
of clinical experience with RAI showing that it is safe and
effective.154–156 There is no reported evidence of genetic dam-
age after 131I ingestion, and the dose of radiation to the gonads
is <3 rads, which is comparable to other radiographic diagnos-
tic tests (e.g., barium enemas).157 The incidence of leukemia
or malignancy is no higher in recipients of 131I than in thy-
rotoxic patients treated with drugs or surgery.154,158 In a ret-
rospective review of 98 adolescents followed for 36 years af-
ter receiving 131I, no cancers of the thyroid or leukemia were
reported.156 One interesting finding is that patients receiving
RAI should be warned that they can set off radiation detec-
tors at airport screening terminals for up to 12 weeks after
RAI and that they should carry documentation of their treat-
ment.159,160

RAI is painless, effective, economical, and quick, but un-
substantiated fears about radiation and malignancy, as well as
the high incidence of hypothyroidism, may deter its use.
RAI could be used safely in this nonpregnant young pa-
tient. However, C.R.’s prior use of iodides will dilute the
131I pool. Thus, it will be impossible to achieve therapeu-
tic thyroid concentrations of RAI for as long as 3 to 6
months.

Iodinated Contrast Media
The unavailability in the United States of radiographic iod-
inated contrast agents (e.g., ipodate, iopanoic acid, sodium
tyropanoate) effective in the short-term management of hy-
perthyroidism may increase the use of less well-studied
agents.161 Iodinated contrast media act by inhibiting the 5-
monodeiodinase enzyme responsible for the pituitary and pe-
ripheral conversion of T4 to T3 and also inhibit thyroid hormone
secretion. Each gram of the iodinated contrast agents contains
600 to 650 mg iodine. The onset of their therapeutic effect is
more rapid than that of the thioamides. After administration of
ipodate 0.5 to 1 g/day, a rapid decline in T3 concentrations by
58% and T4 levels by 20% occurred within 24 hours; the agent
was more effective than 600 mg of PTU, which decreases T3
levels by only 23%.162 Significant clinical improvement and
maximal reductions of hormone levels were evident within
3 to 7 days. Ipodate and other contrast media are useful ad-
juncts to thioamides in the early treatment of severe hyper-
thyroidism and with RAI therapy.163 However, long-term use
is not reasonable because the antithyroid effects are transient.
Serum T3 levels can return to baseline or hyperthyroid levels
within 1 month despite continued administration; subsequent
response to thioamides might also be impaired.161,162 When
used as sole therapy, loss of efficacy occurs after 2 to 12
weeks.161,162,164,165

Treatment With Thioamides
Propylthiouracil Versus Methimazole

32. C.R. is started on PTU 200 mg q8h after baseline FT4I and
TSH levels have been obtained. Three weeks later, she angrily
complains that her symptoms are worse and that the medication
is not working; however, she reluctantly admits missing doses be-
cause of difficulty swallowing, nausea, vomiting, diarrhea, fatigue,
a cough, and a sore throat. What are the advantages of using either
PTU or methimazole in the treatment of hyperthyroidism?

Both thioamides are effective in treating hyperthyroidism.
The antithyroid effectiveness of the thioamides primarily de-
pends on their ability to block the organification of iodines,
thereby inhibiting thyroid hormone synthesis.145,146 Thyroid
autoantibody synthesis may also be suppressed. In most hy-
perthyroid situations, methimazole should be considered the
drug of choice rather than PTU because patient adherence and
ease of administration are improved.

DOSING AND ADMINISTRATION
Methimazole is effective when administered initially as a

single dose compared with the multiple-dose regimen required
with PTU to achieve a euthyroid state.145,146 Although a single-
dose regimen of PTU has been tried acutely, it is most effective
when given in divided doses (see Question 41). Compared to
PTU, methimazole is also less expensive, requires daily inges-
tion of fewer numbers of tablets, and is not associated with a
bitter tablet taste. However, PTU is preferred over methimazole
in thyroid storm because, unlike methimazole, it also blocks
the peripheral conversion of T4 to T3.166 Within 24 to 48 hours
after PTU administration, a 25% to 40% reduction in peripheral
T3 production is seen, which contributes to PTU’s therapeutic
effectiveness. A significantly greater fall in T3 concentration
and the T3:T4 ratio can be demonstrated in hyperthyroid pa-
tients treated acutely with PTU and iodine than with methima-
zole and iodides. Last, PTU is preferred over methimazole in
breast-feeding and pregnant patients (see Question 44).

33. Why was the thioamide therapy ineffective in C.R.? Was the
dose of PTU appropriate?

The inadequate response in C.R. suggests poor adherence
to the thioamide dosing regimen or a delayed response caused
by prior iodide loading of the gland.

The onset of action of the thioamides is slow because they
block the synthesis rather than the release of thyroid hormone.
Therefore, hormone secretion will continue until the glandular
stores of hormone are depleted. If adequate doses were given,
some improvement of clinical symptoms should be noted after
2 or 3 weeks.146

The dosage of PTU is appropriate. Thioamide dosing con-
sists of two phases: initial therapy to achieve euthyroidism, and
maintenance therapy to achieve remission. Initially, high block-
ing dosages of PTU (400–800 mg/day, depending on the sever-
ity of the toxicosis) should be given in three or four divided
doses, as in C.R.133,145,146 Rarely, dosages of 1,200 mg/day of
PTU or its equivalent may be required in patients with severe
disease or storm.166 Equipotent doses of methimazole (which
is 10 times more potent than PTU on a mg-per-mg basis) can
also be used. However, it is usually unnecessary to use >40 mg/
day of methimazole to restore a euthyroid state.133,145,146
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Toxicity is also less common (see questions 38 and 39). True
resistance to thioamides is rare; thus, most cases of unrespon-
siveness are caused by poor patient adherence, as in C.R.

C.R.’s adherence is also hindered by the frequency of PTU
administration. The serum half-life of PTU is short (1.5 hours),
but it is the intrathyroidal drug concentrations that should de-
termine the dosing intervals because they are most clearly re-
lated to the drug’s antithyroid effects146 (see question 41). PTU
must be dosed every 6 to 8 hours initially, or as frequently as
every 4 hours in cases of severe hyperthyroidism and thyroid
storm. In contrast, methimazole has a serum half-life of 6 to
8 hours, remains in the thyroid for 20 hours, and has a duration
of activity of up to 40 hours.146,167

If C.R. is taking her PTU as directed, then an increase in the
PTU dosage to 200 mg every 6 hours is reasonable. However,
poor adherence is often difficult to ascertain and is more likely
when multiple daily doses are required. The best option for C.R.
is to change to 30 to 40 mg of methimazole, given once daily
to improve adherence, or divided into two doses to decrease GI
distress. After methimazole is given for 4 to 6 weeks to achieve
euthyroidism, the daily dosage can be reduced gradually by
25% to 30% monthly to a dosage that maintains euthyroidism,
usually 5 to 10 mg/day of methimazole or 50 to 150 mg/day of
PTU. If C.R. remains hyperthyroid despite adequate doses of
thioamides, then the most likely reason is nonadherence.

MONITORING THERAPY

34. What additional objective baseline data should be obtained
to monitor both the efficacy and toxicity of thioamides?

Before thioamides are administered, a baseline FT4 and
TSH should be obtained. A baseline white blood cell
(WBC) count with differential can also help differentiate the
leukopenia associated with hyperthyroidism from drug-
induced leukopenia and/or agranulocytosis (see Question 39).
Baseline liver function tests can assist in the evaluation of
thioamide-induced hepatotoxicity (see Question 38). A repeat
FT4 and TSH should be obtained after 4 to 6 weeks on ther-
apy and 4 to 6 weeks after any change in the dosing regimen.
Once the patient is euthyroid on maintenance dosages, thyroid
function tests can be obtained every 3 to 6 months.

DURATION OF THERAPY

35. How long should C.R. be continued on thioamide treat-
ment?

Traditionally, thioamide therapy is continued for 1 to 2
years despite the lack of data regarding the optimal treatment
period.133,145,146 The goal of treatment is to control the symp-
toms of Graves’ disease until spontaneous remission occurs.
Graves’ disease remits spontaneously in about 25% to 30% of
patients.168 Because it is unknown when or if remission will
occur, it is understandable why the optimal duration of ther-
apy is unclear. Short-term therapy (i.e., <6 months) has been
advocated to save time and money and improve adherence be-
cause earlier studies suggested remission rates comparable to
a longer course of therapy. However, short-term therapy is not
recommended because longer follow-ups of patients receiving
short-term therapy have noted remission rates comparable to
those observed with spontaneous remission.145,146

Most data support a 12- to 18-month course of treatment
to achieve remission rates of approximately 60%.145,146,169,170

Two prospective randomized trials found that extending treat-
ment from 6 to 18 months was beneficial but that 42 months
of therapy was not significantly better than 18 months.169,170

However, one retrospective study of patients treated for
>12 months observed remission rates of only 17.5%.171 These
conflicting results underscore the fact that determining the op-
timal treatment period is confounded by the large variability
that exists with regard to spontaneous remission. Nevertheless,
treatment periods of 1 to 2 years are justifiable in adherent
patients. Therapy can be reinstituted if hyperthyroidism reap-
pears shortly after therapy is discontinued. Thioamides can also
be continued indefinitely if there are no side effects and treat-
ment with either RAI or surgery is not desired. In C.R., this goal
might not be achievable, given her history of nonadherence.

Precautions

36. Can thioamide therapy affect any of C.R.’s pre-existing
medical conditions?

Thyrotoxicosis can activate or intensify diabetes, primar-
ily by increasing the basal hepatic glucose production and
the metabolism of insulin.172 Therefore, effective therapy with
thioamides may restore control of C.R.’s diabetes.

C.R.’s arthritis should not be affected by the PTU, although
both PTU and methimazole are associated with the develop-
ment of lupus erythematosus (LE), lupuslike syndromes, and
vasculitis.146,173 These adverse drug reactions are rare; the in-
cidence is <0.1%. Lupuslike syndromes include skin ulcers,
splenomegaly, migratory polyarthritis, pleuritis and pericardi-
tis, periarteritis, and renal abnormalities. Serologic abnormal-
ities may also occur with these connective tissue disorders and
include hyperglobulinemia, positive LE preparations, and pos-
itive antinuclear antibodies. Recovery occurs with adequate
steroid therapy and withdrawal of the thioamides. Because
cross-reaction between methimazole and PTU is likely to oc-
cur, patients exhibiting these reactions should be treated with
surgery or RAI. C.R.’s treatment should be monitored with
this lupuslike adverse effect in mind, but the occurrence of this
syndrome is so uncommon that a troublefree course of therapy
can be anticipated.

Adjunctive Therapy

37. What adjunctive therapy might help alleviate some of C.R.’s
symptoms while awaiting the onset of thioamide’s effects?

Iodides (see question 30), β-adrenergic blocking agents
without intrinsic sympathomimetic activity, or calcium chan-
nel blockers can be used acutely to ameliorate some of C.R.’s
symptoms.174,175 Because iodides were previously ineffective
in C.R., a β-blocker should be tried.

β-adrenergic blocking agents rapidly decrease the nervous-
ness, palpitations, fatigue, weight loss, diaphoresis, heat in-
tolerance, and tremor associated with thyrotoxicosis, probably
because many of the signs and symptoms mimic sympathetic
overactivity.133,174 An increase in the number of β-adrenergic
receptors rather than an elevation in catecholamine levels is
probably responsible for this overactivity. Because the under-
lying disease process and thyroid hormone levels are not af-
fected significantly by β-blockers, patients generally remain
mildly symptomatic and fail to gain weight. For this reason,
they should not be used as the sole treatment for thyrotoxicosis.
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All β-blockers without intrinsic sympathetic activity (e.g.,
atenolol, metoprolol, propranolol) are effective in alleviating
the hyperthyroid symptoms, but propranolol (Inderal) is the
only β-blocker that inhibits peripheral conversion of T4 to
T3.174 Thyroid function tests are generally not affected except
for a mild decrease in the T3 level.

In summary, β-blockers are (a) effective adjuncts in the
management of thyroid storm, (b) useful to prepare patients
for surgery, and (c) useful in the short-term management of
thyrotoxicosis during pregnancy.150,166,174 Surprisingly, pro-
pranolol also improves many of the neuromuscular manifes-
tations of hyperthyroidism, including thyrotoxic periodic pa-
ralysis.

Diltiazem or verapamil are effective alternatives when β-
blockers are contraindicated.175 Diltiazem 120 mg TID or QID
can be tried. The dihydropyridine calcium channel blockers are
unlikely to be effective.

Because of C.R.’s history of diabetes, the effects of β-
adrenergic blocking drugs in patients with diabetes must be
considered (see Chapter 50). If β-blockers are instituted, a
cardioselective β-blocker would be a better choice. The ap-
propriate dosage should be based on clinical and objective
improvement of hyperthyroid symptoms, such as a reduction
in heart rate. Metoprolol 25 to 50 mg BID can be started ini-
tially and the dosage titrated to maintain the heart rate at <90
beats/minute. Otherwise, diltiazem, verapamil, or a retrial of
iodides is warranted.

Adverse Effects

38. A pruritic area over the pretibial aspects of both legs, as well
as several maculopapular erythematous patches and abdominal
tenderness, were noticed during C.R.’s physical examination. Do
these reactions require the discontinuation of her PTU?

THIOAMIDE RASH
Although C.R. may be experiencing a drug rash from PTU,

pretibial myxedema or the dermopathy of Graves’ disease may
also be possibilities because of the location of the pruritic area.
About 4% of patients with Graves’ disease who exhibit in-
filtrative exophthalmos also have dermatologic changes. The
skin is thickened, erythematous, and nonpitting because of mu-
copolysaccharide infiltration and accentuation of hair follicles.
Pruritus or pain may be present. Treatment includes topical
corticosteroids, control of the Graves’ disease, and reassur-
ance.

Both PTU and methimazole can produce a maculopapu-
lar pruritic rash in 5% to 6% of treated patients.146 The rash
can occur at any time but is more common early in therapy.
If the rash is mild, drug therapy can be continued while the
patient’s symptoms are treated with an antihistamine and a
topical steroid; such rashes generally subside spontaneously.
Alternatively, another thioamide can be substituted because
cross-sensitivity to this side effect is uncommon. If the rash is
urticarial or is associated with other systemic manifestations
of a drug reaction (e.g., fever, arthralgias), thioamides should
be stopped and nondrug treatment considered.

HEPATITIS
C.R.’s symptoms of nausea, vomiting, diarrhea, fatigue, and

abdominal tenderness require further evaluation. Her symp-
toms could be consistent with mild GI side effects from her

PTU therapy or with impending thyroid storm from nonadher-
ence (see Question 50). Taking the PTU after meals or chang-
ing to methimazole could improve medication tolerability and
adherence. However, the possibility of drug-induced hepatitis
should be considered. Typically, PTU-induced hepatotoxicity
is hepatocellular in nature, but cholestasis, hepatic necrosis,
and fulminant hepatic failures have been reported.137,138,146

Transient elevations in transaminases occur in approximately
30% of asymptomatic patients within the first 2 months of
PTU therapy and may not require drug discontinuation.137 The
liver enzymes usually normalize within 3 months of reduc-
ing the PTU to maintenance dosages despite drug continua-
tion. However, PTU should be stopped immediately in patients
with clinical symptoms of hepatitis to ensure complete recov-
ery. The mechanism of PTU-induced hepatotoxicity appears
to be autoimmune because circulating autoantibodies and in
vitro peripheral lymphocyte sensitization to PTU have been
detected.138 Overt hepatitis typically occurs during the first 2
months of PTU therapy and is not dose related. In contrast,
methimazole typically produces a cholestatic jaundice picture
and might be more common in older patients and in those
receiving higher dosages (i.e., >40 mg/day).139 In patients
with thioamide-induced hepatitis, changing to the alternative
thioamide is not recommended because fatalities have been
reported on rechallenge. In such patients, either radioactive
therapy or surgery should be used.

The thyroid function tests, transaminases, and bilirubin
should be checked in C.R. and the PTU stopped until these
results are available. Routine monitoring of liver function tests
is not recommended because patients can be asymptomatic.
However, routine monitoring might be indicated in patients
with a history of liver disease and risk factors for hepatitis
(e.g., alcohol use). All patients receiving thioamides should
be questioned closely during the first 2 months of therapy for
symptoms of hepatitis, and hepatic function tests should be
obtained if appropriate.

AGRANULOCYTOSIS

39. Assess C.R.’s complaints of sore throat and cough.

C.R.’s complaints should not be dismissed casually because
they might indicate PTU-induced agranulocytosis. Agranu-
locytosis (<500/mm3 of neutrophils) is the most severe ad-
verse hematologic reaction associated with the thioamides and
should be considered strongly in C.R.146,176 In contrast, drug-
induced leukopenia is usually transient, is not associated with
impending agranulocytosis, and is not an indication to discon-
tinue thioamide therapy. An accurate history should be ob-
tained from C.R. The clinician should be particularly alert for
a temperature of 101◦F for 2 or more days, malaise, or other
flulike findings that appeared temporally with her sore throat.
If subjective or objective data are consistent with agranulocy-
tosis, the PTU should be discontinued immediately until the
results of a repeat WBC count with a differential are obtained.
Traditionally, routine serial determinations of WBC counts are
not recommended for monitoring the development of agranulo-
cytosis because the onset is so abrupt. Instead, patients should
be instructed to immediately report rash, fever, sore throat,
or any flulike symptoms. However, one study suggested that
weekly monitoring of the WBC count with a differential dur-
ing the first 3 months of antithyroid therapy might identify
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asymptomatic patients with agranulocytosis before infection
occurs.176

The prevalence of agranulocytosis is about 0.5% but ranges
from 0.5% to 6%.146,176 The risk factors for agranulocytosis
are unknown. There is no predilection for either gender, and
the reaction may be idiosyncratic or dose related. Some reports
suggest that patients older than 40 years or those taking high
dosages of methimazole (e.g., >40 mg/day) might be more
susceptible than those on any dosage of PTU. Although con-
troversial, patients receiving low dosages of methimazole (e.g.,
<40 mg/day) might be at less risk than those receiving high or
conventional dosages of PTU.146,176

Agranulocytosis typically develops within the first 3 months
of treatment, although it can occur at any time and as late as
12 months after starting thioamide therapy.146 A delayed re-
action is more common with methimazole therapy than with
PTU. In 55 patients who developed agranulocytosis while tak-
ing thioamides, the duration of PTU therapy (17.7 ± 9.7 days)
was significantly shorter than for methimazole therapy (36.9 ±
14.5 days).176 The mechanism of thioamide-induced agranu-
locytosis is unknown. Both allergic- (idiosyncratic) and toxic-
type (dose-related) reactions have been suggested. An au-
toimmune reaction with circulating antineutrophil antibodies
and lymphocyte sensitization to antithyroid drugs has been
demonstrated.177 Death usually results from overwhelming in-
fection.

If agranulocytosis is diagnosed, the drug should be discon-
tinued, the patient monitored for signs of infection, and antibi-
otics instituted if necessary. Granulocyte colony-stimulating
factors may shorten the recovery period.146,178 If the patient re-
covers, granulocytes begin to reappear in the periphery within
a few days to 3 weeks; a normal granulocyte count occurs
shortly thereafter.176,178

Although some cases of granulocytopenia have resolved
with substitution or continuation of thioamides, the risks of
drug rechallenge clearly outweigh the benefits, and other
treatments should be instituted. Changing to an alternative
thioamide should also be avoided because of possible cross-
sensitivity between these agents.146

In summary, all patients receiving thioamide therapy should
be well educated regarding the signs and symptoms of agranu-
locytosis. If these symptoms develop, they should be advised to
contact their physician or pharmacist. If they cannot reach their
own physician, patients should inform the emergency physi-
cian that they are taking thioamides, and a WBC count with
differential should be obtained. Routine monitoring of a WBC
and differential is not recommended until further studies justify
that it is indicated and cost effective.

Preoperative Preparation

40. C.R.’s PTU is discontinued because she developed agranu-
locytosis and hepatitis, and surgery is scheduled when her granu-
locyte level returns to normal. What thyroid preparation is needed
for C.R. before thyroidectomy? What postoperative complications
are associated with thyroidectomy?

C.R. should be in a euthyroid state at the time of surgery to
avoid precipitation of thyroid storm and morbidity. Generally,
iodides (see Question 30), thioamides, or propranolol can be
used.141,166,174 The combination of iodides and propranolol is
more effective than either used alone. Propranolol used alone

has been associated with thyroid crisis postoperatively and may
be less effective than iodides in decreasing gland friability and
vascularity.174

Because C.R. received only 1 week of thioamide therapy,
it is likely that her gland still contains large stores of hormone;
therefore, pretreatment is necessary.

In addition to the risks of anesthesia and surgery, postop-
erative complications include hypoparathyroidism, adhesions,
laryngeal nerve damage, bleeding, infection, and poor wound
healing. However, the surgery can be uneventful if it is per-
formed by experienced surgeons.150–153,179 Complications are
also higher if a total rather than a subtotal thyroidectomy is per-
formed, but there is a lower risk of recurrent hyperthyroidism.
Development of hypothyroidism, especially subclinical hy-
pothyroidism, is greatest during the first year after surgery, with
an insidious rise in incidence over the next 10 years. The in-
cidence of permanent hypothyroidism varies from 6% to 75%
and is related inversely to the amount of remnant tissue left
behind.150–153,179 Thyroid function tests should be monitored
annually after surgery.

Single Daily Dosing

41. J.R., a 23-year-old man newly diagnosed with Graves’ dis-
ease, remains hyperthyroid after 6 weeks of PTU 200 mg q8h. He
admits he has trouble remembering to take it three times a day
and desires a more simplified regimen. Could J.R. be placed on a
single daily dose of PTU?

A single daily dose of PTU should not be used as initial
therapy because euthyroidism is achieved in only 39% to 68%
of hyperthyroid patients using this approach.146,180 However,
once euthyroidism occurs, single daily doses of PTU are ef-
fective. In contrast, several clinical studies have documented
that a single daily dose of methimazole is as effective as multi-
ple daily doses in >90% of treated patients.145,146 Although a
lower dosage of methimazole (e.g., 10–15 mg QD) can produce
euthyroidism with fewer side effects, higher initial dosages of
20 to 40 mg/day are recommended to increase the likelihood
of euthyroidism in 6 weeks.133,145,146

Methimazole is the preferred agent for once-a-day dos-
ing because of its longer intrathyroidal duration of action
(40 hours).146,167 However, as previously noted, PTU is prefer-
able in thyroid storm because it acts more rapidly. Despite its
short plasma half-life of 4 to 6 hours, a single 30-mg dose
of methimazole has a duration of action of 40 hours.167 The
duration of action of PTU is unknown, but it is shorter than
methimazole. Apparently, the duration of action of the antithy-
roid agents correlates best with the size of the dose and the
intrathyroidal concentration of the drug.

J.R. should be changed to 20 to 40 mg of methimazole
given once daily. Thyroid function tests should be obtained
after 4 to 6 weeks and the dosage reduced as necessary to
maintain euthyroidism. An effective single daily dose regi-
men of methimazole should increase patient acceptance and
adherence.

Remission Rates With Thioamides

42. B.D., a 30-year-old woman, has been maintained on PTU
100 mg QD for >2 years. Her PTU has been discontinued twice
in the past, and each time her hyperthyroidism recurred. She
refuses either surgery or RAI therapy. Although she is clinically
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euthyroid on the PTU, her gland is larger than normal and has
never decreased with therapy. Recent laboratory tests showed an
FT4 of 1 ng/dL (normal, 0.7–1.9) and a TSH level of 6.5μunits/mL
(normal, 0.5–4.7). What is responsible for the enlarging gland?
What subjective or objective data in B.D. would influence her
remission rate and justify a longer course of thioamide therapy?
Would the addition of T4 be helpful?

[SI units: FT4, 14 pmol/L (normal, 9–24); TSH, 6.5 mIU/L (normal, 0.5–

4.7)]

The high TSH level suggests that TSH stimulation caused
by excessive suppression of hormone synthesis by PTU is con-
tributing to the enlarging thyroid gland. The easiest solution
to this problem is to decrease the maintenance dose of PTU to
50 mg daily to normalize the TSH value and minimize gland
stimulation.

Long-term remission rates achieved with the thioamides
are disappointing. Remission rates within 6 years after discon-
tinuing therapy average 50% (range, 14%–75%),145,146,169–171

although relapse rates are as high as 80%. The rate of per-
manent remission is usually <25% if the follow-up period is
long enough.145,146,181 Why some patients remain in remission
while others relapse once thioamides are discontinued is un-
clear, although patients who remain euthyroid for >10 to 15
years after discontinuing therapy probably do so because of
disease progression to Hashimoto’s thyroiditis rather than as a
direct result of treatment.168 In other words, the natural course
of Graves’ hyperthyroidism might be eventual hypothyroidism
regardless of the treatment modality used. Several factors have
a limited role in predicting relapse and remission and have been
used to guide therapy.

A longer duration of thioamide treatment (see Question
35) improved the remission rate by changing the basic un-
derlying abnormality of Graves’ disease.145,169–171 Numer-
ous studies show that titers of antithyroid receptor (TRAb)
and antimicrosomal antibodies fall during therapy with the
thioamides but are unchanged during therapy with placebo
or β-blockers.145,146,170,182 Patients with low or undetectable
TRAb titers at the end of 12 to 24 months of thioamide ther-
apy had a 45% chance of remission compared to a <10%
chance of remission for those with higher TRAb titers within
1 to 5 years after completing therapy.181–184 The best re-
sponse was obtained in those with smaller goiters, those with
less severe disease, and nonsmokers. A higher dosage of
thioamides does not appear to improve the remission rate
but causes a higher incidence of toxicity, including agran-
ulocytosis, arthralgias, dermatitis, gastritis, and hepatotoxi-
city.145,169,181

Some clinical features might be predictive of a higher rate
of remission and may help clinicians identify patients who de-
serve a longer trial of drug treatment before changing to RAI
or surgery. These clinical features include smaller goiter, mild
symptoms of short duration, a reduction in goiter size dur-
ing treatment, nonsmokers, absence of ophthalmopathy, and
undetectable or low TRAb levels.146,181,182 Smokers should
be advised to discontinue smoking to increase the chance of
remission.185

In a preliminary study, the addition of L-thyroxine to main-
tenance doses of thioamides given for 1 year, followed by
an additional year of L-thyroxine alone, significantly reduced
the risk of relapse after thioamides were discontinued.184

Those receiving the T4-methimazole combination experienced
significant reductions in TSH receptor antibody titers com-
pared to those receiving methimazole alone. At 3 years, the
combination-treated patients had a lower rate of recurrence
(1.7%) than those receiving methimazole alone (recurrence
rate, 34.7%) after all therapy was discontinued. Unfortu-
nately, several prospective studies evaluating the addition of
T4 to thioamides have not validated these initial favorable
results.181,183,186,187 Support for this therapeutic approach has
waned, and the addition of T4 to existing thioamide therapy is
not recommended.

B.D.’s large goiter reduces her chance of remission with
longer therapy. Although thioamide therapy can be continued
indefinitely if well tolerated, surgery or RAI therapy should
seriously be considered for B.D., who already has received
PTU for >2 years. Alternative therapy is especially crucial if
she plans to become pregnant within the next few years (see
Question 44).

Subclinical Hyperthyroidism

43. J.C. is a 68-year-old male who is found to have a TSH level
of 0.25 μunits/mL (normal, 0.5–4.7) with normal FT4 and FT3

hormone levels on routine blood tests. He is otherwise healthy
and denies any symptoms of thyroid dysfunction. On physical
exam, his thyroid gland is normal. He denies any family history
of thyroid disease and is taking no medications. How should these
tests be interpreted? How should J.C. be managed?

[SI units: TSH, 0.25 mIU/L (normal, 0.5–4.7)]

J.C.’s laboratory values of a suppressed TSH value with nor-
mal free thyroid hormone levels are consistent with subclinical
hyperthyroidism (SHyper). Other causes of a suppressed TSH
value that are unlikely in J.C. include medication suppression
(e.g., metformin, bexarotene) of the TSH level (Table 49-1),
pituitary hypothyroidism, and euthyroid sick syndrome (see
Question 2).36,188 A suppressed TSH may also be a normal
finding in healthy elderly patients.

The dangers of SHyper are similar to those of overt hyper-
thyroidism, and include cardiac findings (e.g., atrial and ven-
tricular premature beats, atrial fibrillation [AF), left ventricular
hypertrophy), loss of bone mineral density in postmenopausal
women, and if present, subtle symptoms of hyperthyroidism. In
elderly patients, hyperthyroid symptoms, even if overtly hyper-
thyroid, may not be apparent or “apathetic” due to impaired re-
sponsiveness of the sympathetic nervous system. A significant
relationship between atrial fibrillation and degree of SHyper
is clear, whereas an association with increased atherosclerotic
heart disease or mortality is weak.189 The relative risk of AF
in SHyper may be as high as 5.2 and increased by older age,
male gender, higher FT4 levels, and degree of TSH suppres-
sion. In two cohorts followed for 10 to 13 years, the relative
risk of atrial fibrillation ranged from 1.6 to 3.1, depending on
the degree of TSH suppression.189,190

The management of subclinical hyperthyroidism is con-
troversial, especially in asymptomatic patients, because data
evaluating treatment outcomes are limited.57–59 An expert
panel concluded that treatment of subclinical hyperthy-
roidism should be considered in “elderly” patients and in
those with cardiac disease and osteoporosis with TSH levels
<0.1 μunits/mL.57,58 For patients with TSH levels of 0.1 to
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0.45 μunits/mL, the evidence was insufficient to recom-
mend therapy. A recent review recommends RAI or thioamide
therapy only if the TSH level is <0.1 μunits/mL in post-
menopausal women, those older than 60 years, patients with
a history of heart disease, osteoporosis, or hyperthyroid
symptoms.59 For patients with TSH levels of 0.1 to 0.4
μunits/mL, antithyroid therapy can be considered if they are in
the aforementioned groups; otherwise, therapy is not recom-
mended.

In J.C., his thyroid function tests should be repeated. An
RAI update and scan should be obtained to detect any hy-
peractive areas or nodules that might be responsible for the
suppressed TSH. Because J.C. is generally healthy, treatment
can be considered if there are concerns about cardiac disease
or bone loss; otherwise, no therapy is also reasonable based on
the available evidence. Close monitoring of thyroid function
tests is recommended every 6 months to a year. If hyperthyroid
symptoms or changes in cardiac or bone function occur, then
RAI therapy is recommended.

In Pregnancy

44. N.N., a 32-year-old woman who is 3 months pregnant,
is referred for management of her Graves’ disease. What are
the therapeutic ramifications of managing thyrotoxicosis during
pregnancy?

Hyperthyroidism develops in 0.02% to 1.4% of pregnant
women and often precedes conception.191 Symptoms of thy-
rotoxicosis are typically ameliorated during the second and
third trimesters and exacerbated early in the postpartum pe-
riod. Treatment is crucial to prevent damage to the fetus
and to maintain the pregnancy. RAI, chronic iodide therapy,
and iodine-containing compounds are contraindicated during
pregnancy because they will cross the placenta to produce
fetal goiter and athyreosis.191–193 As little as 12 mg/day of
iodide has produced neonatal goiter and death. The long-
term use of propranolol should also be avoided because it
is associated with fetal respiratory depression, a small pla-
centa, intrauterine growth retardation, impaired response to
anoxia, and postnatal bradycardia and hypoglycemia.191,192

However, if rapid control of hyperthyroidism is required,
short-term use (<1 week) of propranolol or the iodides is
safe.191–193

Either surgery or thioamide is the treatment of choice for
hyperthyroidism in the pregnant patient. Surgery is safe dur-
ing the second trimester with adequate preoperative prepara-
tion. During both other trimesters, thioamides are preferred
because surgery can precipitate spontaneous abortion. PTU is
preferable, although both thioamides are equally effacious,194

demonstrate similar placental crossing properties,195 and pro-
duce similar thyroid hormone concentrations in fetal umbili-
cal cord blood samples.196 Of concern, methimazole has been
associated with anecdotal reports of congenital scalp defects
(e.g., aplasia cutis) and an embryopathy syndrome (esophageal
and choanal atresia).197–200 However, the risks of reversible
aplasia cutis were not greater in women receiving methima-
zole (e.g., 2.7%) compared to PTU (e.g., 3%) or hyperthyroid
controls (e.g., 6%).194,197,198 Therefore, methimazole can be
considered in pregnancy if there is intolerance or nonadher-
ence to PTU.191,192,194 (See Chapter 47.) Methimazole may be

preferred by some because its longer half-life allows once-daily
dosing.

Fetal hypothyroidism and goiter can develop when large
doses of either thioamide are administered to the mother, even
if the mother is still hyperthyroid.191,192 Therefore, to avoid
goiter and suppression of the fetal thyroid gland, which be-
gins to function at about 12 to 14 weeks of gestation, any
thioamide should be prescribed in the lowest effective doses
that will maintain the mother’s T4 level in the upper ranges
of normal. Control of maternal hyperthyroidism increases the
risk of fetal hypothyroidism. Initiate therapy with PTU (e.g.,
maximum of 450 mg/day in three divided doses) or methima-
zole (e.g., maximum of 20–30 mg given once daily) until con-
trol is achieved, and then taper the dosage to 50–150 mg/day
of PTU or 5–15 mg/day of methimazole for the remainder
of the pregnancy. Some patients can discontinue thioamides
in the second half of pregnancy.191 Such modest doses of
thioamides provide satisfactory control of maternal hyper-
thyroidism and should not cause clinically evident thyroid
dysfunction in the neonate. Patients requiring more than the
maximum recommended thioamide dosages for control may
need to consider the possibility of surgery in the second
trimester.

Nevertheless, a small but significant reduction in neonatal
serum T4 occurs even when small (100–200 mg) doses of PTU
are administered during pregnancy to mothers with Graves’
disease.191,192,199 It is unclear whether this mild, transient re-
duction in serum T4 causes long-term impairment of men-
tal development or is otherwise detrimental to the newborn.
To date, no significant differences in intellectual development
have been noted between children exposed to PTU or methi-
mazole in utero and their unexposed siblings.201–203 However,
children exposed in utero to >300 mg/day of PTU had lower
IQs.201,202

Although transient fetal or neonatal hypothyroidism does
not appear to be a major threat to the baby, it is advisable to
maintain the mother in a mildly hyperthyroid state.191,192 Mild
maternal hyperthyroidism seems to be well tolerated, but ma-
ternal hypothyroidism is poorly tolerated by both the mother
and the fetus (see Question 13). T4 levels should be maintained
in the upper ranges of normal because normal thyroid func-
tion tests are suggestive of hypothyroidism during pregnancy
(high TBG and TBPA levels). A normal TSH level should not
be the goal of therapy but should remain suppressed because
control of maternal hyperthyroidism increases the risk of fetal
hypothyroidism.

It is not rational to add thyroid hormone to the mother’s reg-
imen to prevent fetal goiter or hypothyroidism because thyroid
hormones do not reach the fetal circulation. Thyroid supple-
mentation only complicates the treatment of maternal hyper-
thyroidism by increasing thioamide requirements, which can
further compromise fetal thyroid hormone production.191 If the
mother has not been thyrotoxic throughout pregnancy, a normal
infant can be expected. All pregnant patients with a history of
or active Graves’ disease should be screened during pregnancy
for TRAb to assess the risk of neonatal hyperthyroidism.191

Last, both thioamides can be safely used in the lactating mother
if the maximal dose of PTU does not exceed 200 mg/day (up
to 750 mg/day in one report)204 and 10 to 20 mg daily for
methimazole.205 Propranolol and iodides are secreted in breast
milk and should be avoided. (See Chapter 47.)
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Treatment With Radioactive Iodine
Pretreatment

45. B.J., a 35-year-old woman, has newly diagnosed Graves’ dis-
ease complicated by CHF and angina. After a few days of treat-
ment with PTU 200 mg TID and Lugol’s solution, 5 drops/day,
B.J. received RAI therapy. Six months later, she is still symp-
tomatic. Evaluate the influence of B.J.’s pretreatment therapy on
the efficacy of her RAI therapy.

Patients with severe hyperthyroidism, patients with hyper-
thyroidism and cardiac disease, and those who are debilitated or
older should receive antithyroid treatment before RAI therapy.
The goal of pretreatment is to deplete stored thyroid hormone.
This minimizes post-RAI hyperthyroidism (which occurs dur-
ing the first 10 days after 131I administration) and thyroid storm,
which is caused by leakage of hormones from the damaged thy-
roid gland.146,166,206 Other patients with hyperthyroidism can
be treated safely with RAI without pretherapy.

Lugol’s solution or other iodides should not be given before
RAI because iodides decrease the effectiveness of this ther-
apy by decreasing the gland’s uptake of RAI. This effect of
iodides persists for several weeks. Iodides can be used for 1 to
7 days after RAI treatment if they are needed to rapidly control
symptoms of hyperthyroidism.

The thioamides can be used before RAI therapy to achieve
a euthyroid state, but pretreatment with thioamides may lower
the cure rate and increase the need for subsequent doses of
RAI.146,207–211 A meta-analysis of 14 trials found that use of
thioamides (PTU, methimazole, carbimazole) before and after
RAI was associated with an increased risk of treatment failure
(relative risk of 1.28; 95% CI, 1.07–1.52) and a 32% reduced
risk of hypothyroidism regardless of the thioamide used.211

Purportedly, higher RAI failure rates occur with PTU than
with methimazole due to the presence of the radioprotective
sulfhydryl group in PTU.207–210 To facilitate optimal uptake
and retention of 131I by the gland, PTU should be stopped at
least 7 days before and methimazole at least 4 days before
RAI administration.207,208,210 If necessary, thioamides can be
restarted after RAI administration without impairing its effi-
cacy. β-Adrenergic blocking agents can be used before, during,
and after RAI therapy without interfering with its uptake.

B.J. remains symptomatic because pretreatment with the
PTU and iodides decreased the effectiveness of RAI therapy.
Propranolol should be given to B.J. before RAI therapy to ame-
liorate symptoms of hyperthyroidism because she has received
only a short course of thioamide. Iodides might be preferable to
propranolol following RAI therapy if B.J.’s CHF worsens. For
subsequent RAI doses, pretreatment with methimazole may be
preferable to PTU because it can be stopped a few days prior
to RAI therapy, thereby causing a shorter duration of hyper-
thyroidism.

Onset of Effects

46. B.J. still is symptomatic 2 weeks after a second dose of RAI.
When can she expect to experience the therapeutic effects of RAI
therapy?

Although some benefits from RAI therapy are evident
within 1 month, a period of 8 to 12 weeks is generally re-
quired for maximal effects.133,206 Euthyroidism or, more com-
monly, hypothyroidism occurs in approximately 80% to 90%

of patients treated with a single nonablative dose of RAI; the
remaining 10% to 20% become euthyroid or hypothyroid af-
ter two or more doses. This slow onset is a disadvantage, but
symptomatic control can be obtained quickly by administra-
tion of a β-adrenergic blocking agent, or iodides starting 1 to
14 days after the 131I dose. Iodides are less preferable if a sec-
ond dose of RAI is necessary. Thioamides can also be given,
although their therapeutic effects are delayed for 3 to 4 weeks.

At least 3 months should elapse before a second radioactive
dose of iodide is administered, and most recommend waiting 6
months before repeating 131I administration, unless the patient
remains severely thyrotoxic. It is inadvisable to give a second
dose before the major effects of the first dose have become
apparent. Although the use of iodides before RAI in B.J. may
have decreased the amount of 131I retained by her thyroid, it
still is advisable to wait at least 3 months before a second dose
is given.

Iatrogenic Hypothyroidism

47. S.D., a 54-year-old woman, returns to the thyroid clinic af-
ter being lost to follow-up for 6 months. She initially received
RAI 3 years ago but required a repeat dose of RAI 1 year ago for
recurrence of hyperthyroidism. She currently has no other med-
ical problems and is not taking any medications. She is a mildly
obese, puffy-faced woman wearing several layers of clothing. She
complains of fatigue and lack of energy. Her reflexes are delayed,
and her skin is cool and dry. What is a likely explanation for her
symptoms?

S.D.’s clinical presentation and history are compatible with
hypothyroidism secondary to RAI therapy. An FT4 and a TSH
level would confirm this diagnosis. Iatrogenic hypothyroidism
is the major complication of 131I therapy, although transient
hypothyroidism may be seen in the first 3 to 6 weeks after
RAI therapy.133 The incidence of iatrogenic myxedema is often
reported as 7% to 8%, but it increases at a constant rate of 2.5%
per year. The reported prevalence of this complication ranges
from 26% to 70% after 1 to 14 years.206

The best predictor of eventual hypothyroidism is the dose of
131I administered. Prevention of iatrogenic hypothyroidism is
directed toward calculation of a dose that will produce neither
recurrent hyperthyroidism nor hypothyroidism. Unfortunately,
when lower doses of 131I were used to avoid hypothyroidism,
the cure rate was reduced but the incidence of hypothyroidism
was unaffected. Thus, the appearance of iatrogenic hypothy-
roidism may be inevitable with time. However, hypothyroidism
is managed easily and is an acceptable therapeutic end point.
Because hypothyroidism after RAI therapy is latent and often
insidious, patients should be informed of this and monitored
closely at monthly intervals for subsequent hypothyroidism.
Awareness of a transient hypothyroidism soon after RAI ther-
apy should minimize the institution of unnecessary hormone
replacement.

Ophthalmopathy
Clinical Presentation

48. H.R., a 50-year-old man, first developed “large eyes with
stare,” weakness, diaphoresis, and thyroid enlargement when
he was diagnosed with Graves’ disease. RAI therapy caused
some worsening of his eye symptoms. Although he is clinically
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euthyroid, physical examination reveals severe bilateral conjunc-
tival edema and injection, proptosis of the right eye, incomplete
lid closure, and decreased visual acuity. He complains of pho-
tophobia, tearing, and extreme irritation, which is worse after
smoking cigarettes. His other medical problems include diabetes
treated with metformin and pioglitazone. What is the association
of H.R.’s ocular changes with Graves’ disease?

H.R. presents with symptoms consistent with the infiltra-
tive ophthalmopathy of Graves’ disease.212,213 The eye signs
of Graves’ disease are the most striking abnormality of this
disorder. Rarely, ophthalmopathy can occur without any evi-
dence of hyperthyroidism. Fortunately, severe ophthalmopathy
occurs in only 3% to 5% of patients, while 25% to 50% have
some eye findings. Eye disease is more severe in older patients
and in men than women. Smokers often have higher levels of
TRAb and more severe ophthalmopathy.185,213,214

It is unknown why the eye and its muscles are attacked
in Graves’ disease. Histologic examination reveals lympho-
cytic infiltration, increased mucopolysaccharides, fat (due to
increased adipogenesis and glycosaminoglycans), and water
in all retrobulbar tissue. Ocular symptoms include edema,
chemosis, excessive lacrimation, photophobia, corneal protru-
sion (proptosis), scarring, ulceration, extraocular muscle paral-
ysis with loss of eye movements, and blindness from retinal and
optic nerve damage.

The eye involvement can occur at any time and is usually
bilateral. The ocular symptoms usually subside or remain sta-
ble once the patient is euthyroid; however, some cases will
progress during the euthyroid period or following RAI treat-
ment of the hyperthyroidism (see Question 49). Pioglitazone
may also increase eye protrusion by 1 to 2 mm by stimulating
adipogenesis and increasing retrobulbar fat production.215

Management of Eye Symptoms

49. Was previous treatment of H.R.’s hyperthyroidism appro-
priate? How should his current ocular symptoms be managed?

The optimal treatment of hyperthyroidism and its effect on
the course of ophthalmopathy remain controversial.212,213,216

Thioamides might improve eye symptoms through an immuno-
suppressive mechanism of action and control of the hyperthy-
roidism or exert a neutral effect.212 Many clinicians believe
that gland ablation with RAI or surgical removal is prefer-
able because it removes the antigen source and prevents pro-
gression of the ophthalmopathy.150,212 However, several studies
have confirmed development or worsening of eye symptoms
immediately after RAI therapy.214,216 One randomized study
demonstrated that the concomitant use of 0.4 to 0.5 mg/kg of
prednisone begun 2 to 3 days post-RAI and continued for a
total of 3 months after RAI therapy in those with any degree
of ocular involvement was well tolerated and prevented further
deterioration of eye symptoms.214,216 Regardless of the treat-
ment used, control of the hyperthyroidism often improves most
eye findings, except for proptosis.

In H.R., prednisone 40 to 60 mg/day should have been
started after his RAI treatment and continued for 2 to 3 months
until the eye symptoms improved. Because the pathophys-
iology of the ophthalmopathy is unclear, treatment is lim-
ited to symptomatic and empiric measures once the patient
is euthyroid.212,213 H.R. should also be encouraged to stop
smoking to prevent progression of the ophthalmopathy.185

His pioglitazone should be discontinued as well because thia-
zolidinediones can increase eye protrusion by 1 to 2 mm via
adipogenesis stimulation to increase retrobulbar fat.215

Periorbital edema and chemosis are worse in the morning
after being in the horizontal position; elevating the head of the
bed, treatment with diuretics, and restricting salt intake may
be helpful. Protective glasses can relieve photophobia and ex-
ternal irritation. Topical corticosteroid drops are effective in
decreasing local irritation, but they should be used cautiously
because they increase the risk of infection. Ocular irritants such
as smoke and dust should be avoided. Bothersome symptoms
(e.g., dry eye, redness, tearing) caused by eyelid retraction can
be ameliorated with artificial tears and lubricants.212 Incom-
plete lid closure predisposes the patient to corneal scarring
and ulceration, so lubricant eyedrops should be applied sev-
eral times daily and at night to keep the bulbs moist. Taping
the eyelids shut at night helps prevent drying and scarring. Lat-
eral surgical closure of the lids (tarsorrhaphy) may be required
to improve lid closure.

When the ophthalmopathy is severe and progressive, an ag-
gressive approach is necessary. Systemic corticosteroids can
produce either dramatic or marginal results in the emergency
treatment of progressive exophthalmos associated with de-
creasing visual acuity. Prednisone at dosages of 35 to 80 mg/
day is often effective, although dosages as high as 100 to
140 mg/day may be necessary.212,213 Pain, irritation, tearing,
and other subjective complaints often respond within 24 hours
of administration. Therapy for about 3 months is necessary
to improve eye muscle and optic nerve function disturbances.
Initial large doses should be tapered rapidly once the desired
response is obtained to minimize adverse effects. Subconjunc-
tival and retrobulbar injections of steroids are not as effective.

X-ray therapy to the orbit also relieves congestive and in-
flammatory symptoms.212 The combination of orbital irradia-
tion and systemic steroids may be required to achieve maxi-
mal benefits. Plasmapheresis and immunosuppressive agents,
such as cyclophosphamide, azathioprine, cyclosporine, and
methotrexate, have also been used with limited success in com-
bination with steroids.212

When the previous measures and thyroid ablation fail to
arrest the progression of visual loss and exophthalmos, then
surgical orbital decompression should be considered.

Thyroid Storm
Clinical Presentation

50. H.L., a 48-year-old woman, is admitted to the hospital with
a 3-week history of fatigue, weakness, dyspnea on exertion, SOB,
palpitations, and inability to keep food and liquids down. One
year before admission, she began noticing a preference for cold
weather and an increase in nervousness and emotional lability.
After her husband died a few days ago, she experienced increased
nausea and vomiting, irritability, insomnia, tremor, and a 104◦F
fever, which she attributed to an upper respiratory tract infection.
She denies taking any current medications. Her laboratory data
obtained on admission included an FT4 of 4.65 ng/dL (normal,
0.7–1.9) and an undetectable TSH level. Assess H.L.’s subjective
and objective data.

[SI unit: FT4, 60 pmol/L (normal, 9–24)]
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The presentation is consistent with thyroid storm, a life-
threatening medical emergency that might have been precipi-
tated by the stress associated with the death of her husband. The
clinical manifestations of thyroid storm166 include the acute
onset of high fever (sine qua non), tachycardia, and tachypnea,
and involvement of the following organ systems: cardiovas-
cular (tachycardia, pulmonary edema, hypertension, shock),
CNS (tremor, emotional lability, confusion, psychosis, apathy,
stupor, coma), and GI (diarrhea, abdominal pain, nausea and
vomiting, liver enlargement, jaundice, nonspecific elevations
of bilirubin and PT). Hyperglycemia was a clinical finding in
12 of 18 episodes.

Thyroid storm develops in about 2% to 8% of hyperthyroid
patients. The pathogenesis of thyroid storm is not well under-
stood, but the condition can be described as an “exaggerated”
or decompensated form of thyrotoxicosis. The term decompen-
sated implies failure of body systems to adequately resist the ef-
fects of thyrotoxicosis. It is not attributed solely to the release of
massive quantities of hormones, which can occur after surgery
or RAI therapy. Catecholamines also play an important role;
the increased quantities of thyroid hormone in conjunction with
increased sympathetic and adrenal output contribute to many
of the manifestations of thyroid storm. Although thyroid hor-
mones exert an independent effect, many of the symptoms of
hyperthyroidism are ameliorated by catecholamine-blocking
agents such as β-blockers and calcium channel blockers (e.g.,
diltiazem, verapamil).

Treatment

51. What treatment plan (including route of administration)
should be initiated promptly in H.L.?

Accurate, continuous, and immediate treatment can de-
crease the mortality of thyroid storm significantly. Mortality
rates as low as 7% and survival rates as high as 50% are re-
ported. Treatment of thyroid storm should be directed against
four major areas discussed in the following sections.166

DECREASE IN SYNTHESIS AND RELEASE OF HORMONES
High dosages of thioamides, preferably PTU 800 to

1,200 mg/day or methimazole 60 to 100 mg/day, should be
given orally in four divided doses. If H.L. cannot take oral
doses, a rectal formulation of PTU (better bioavailability with
enema than suppository) or methimazole, which is as effective
as the oral route, can be administered.147–149 No commercial
parenteral preparation is available for either drug, limiting their
use by the IV route. PTU is the thioamide of choice because it
acts more rapidly than methimazole by blocking the peripheral
conversion of T4 to T3, a dominant source of the hormone.

Iodides, which rapidly block further release of intraglan-
dular stores of T4, should be given at least 1 hour after
thioamide administration. Given in this way, the substrate for
hormone synthesis is not increased, and the therapeutic effect
of thioamide is not blocked. The addition of iodides (e.g., Lu-
gol’s solution 15 to 30 drops/day orally in divided doses) to the
thioamides often ameliorates symptoms within 1 day.

Cholestyramine 4 g orally (PO) QID may assist in lowering
hormone levels rapidly but should be administered apart from
other agents to prevent inhibiting their absorption.217 Other
effective modalities include plasmapheresis, charcoal hemo-
perfusion, and plasma exchange.

REVERSAL OF THE PERIPHERAL EFFECTS OF HORMONES
AND CATECHOLAMINES
β-adrenergic blocking drugs are the preferred agents to

decrease the tachycardia, agitation, tremulousness, and other
symptoms of excessive adrenergic stimulation seen in thyroid
storm. Propranolol is the β-blocker of choice because its clini-
cal efficacy in storm is well documented and because it inhibits
the peripheral conversion of T4 to T3.166,174 If rapid effects are
necessary, propranolol 1 mg by slow IV push can be given every
5 minutes to lower the heart rate to 90 to 110 beats/minute. A 5-
to 10-mg/hour IV infusion can be given to maintain the desired
heart rate. IV esmolol 50 to 100 mcg/kg/minute can also be
given. If perfusion is maintained, oral β-blockers (e.g., propra-
nolol, 40 mg every 6 hours; atenolol, 50–100 mg BID; meto-
prolol, 50–100 mg daily; nadolol, 40–80 mg daily), titrated to
response, can also be given.

SUPPORTIVE TREATMENT OF VITAL FUNCTIONS
This may include sedation, oxygen, IV glucose, vitamins,

treatment of infections with antibiotics, digitalization to main-
tain the cardiac status, rehydration, and treatment of hyper-
pyrexia with cooling blankets, sponge baths, and the judicious
use of antipyretics. Because hypoadrenalism is often suspected,
hydrocortisone 100 to 200 mg should empirically be given IV
every 6 hours. Because pharmacologic doses of steroids acutely
depress serum T3 levels, a beneficial effect in storm, their rou-
tine use is recommended.

ELIMINATION OF PRECIPITATING CAUSES OF STORM
Factors associated with the induction of thyroid storm in-

clude infection (most common), trauma, inadequate prepara-
tion before thyroidectomy, surgical operations, stress, diabetic
acidosis, pregnancy, emboli, discontinuation or withdrawal of
antithyroid medications, drug therapy, and RAI therapy.166

DRUG-INDUCED THYROID DISEASE
Lithium and Antidepressants

52. D.A., a 56-year-old man, complains of sluggishness, cold in-
tolerance, fatigue, and a “rundown” feeling, which doctors at-
tribute to the depressive phase of his bipolar affective illness.
He previously had been well controlled with sertraline (Zoloft)
100 mg/day, but lithium carbonate (Eskalith) 900 mg/day was
added 4 months ago because of unreasonable mirthfulness and un-
controllable gift-buying tendencies. Physical examination reveals
a puffy face and a large goiter. What is a reasonable assessment
of these subjective and objective data?

Thyroid function tests (i.e., TSH, FT4) should be obtained
to evaluate the possibility of lithium- and possibly sertraline-
induced hypothyroidism and goiter.218–221 If appropriate, T4
should be initiated. Although the incidence of goiter and hy-
pothyroidism in the manic-depressive population is unknown,
the incidence of baseline elevated TSH might be higher than
in the general population; one study reported an incidence of
15%.221

The antithyroid effects of lithium were noted first in manic-
depressive patients. The exact mechanism of lithium’s antithy-
roid effect on the gland is unclear, although it is highly con-
centrated by the gland. Similar to the iodides, chronic lithium
therapy inhibits the release of thyroid hormone from the gland.
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The fall in serum T4 and T3 hormone levels leads to a com-
pensatory and transient increase in serum TSH levels until a
new steady state is achieved.219–221

The incidence of subclinical hypothyroidism (i.e., increased
TSH level) occurs in approximately 19% of patients on chronic
lithium therapy.221 Typically, the serum thyroid hormone lev-
els decrease and the TSH levels increase during the first few
months of treatment, returning to pretreatment levels after 1
year. In one study, TSH levels increased within 10 days after
starting therapy. Normalization of the TSH level is less likely
to occur in patients with pre-existing positive thyroid antibod-
ies before lithium therapy. Induction of thyroid antibodies and
increases in baseline antibody titers also occur after chronic
lithium therapy. Because abnormal thyroid function tests can
be transient, a longer period of observation is justified before
starting thyroid hormone therapy in patients with subclinical
hypothyroidism.

Lithium-induced goiter, with or without hypothyroidism,
appears in a small percentage of the population after 5 months
to 2 years of therapy.219–221 Overt hypothyroidism develops
most often during the first 2 years of treatment in women with
a history of positive antibodies before lithium therapy. A di-
rect goitrogenic effect of lithium might explain the occurrence
of euthyroid goiter. The goiters respond to discontinuation of
lithium or to suppression with thyroid hormone despite con-
tinuation of lithium therapy. Surgical removal of the goiter is
required if there are local obstructive symptoms. In D.A.’s case,
sertraline could be exerting an additive or synergistic antithy-
roid effect with lithium because antithyroid effects have also
been associated with this drug.218

Most patients with lithium-induced thyroid abnormalities
are women older than 50 years, have a prior history of compro-
mised thyroid function (e.g., Hashimoto’s thyroiditis), positive
thyroid antibodies before lithium therapy, or a strong family
history of thyroid disease.219−221 Therefore, baseline thyroid
function tests (i.e., FT4, TSH), antibodies, and thyroid ultra-
sound should be obtained before starting lithium therapy, and
levels should be checked annually thereafter or more frequently
if clinically indicated. Patients should also be questioned about
a positive history or family history for thyroid disease and
the concurrent use of other, potentially goitrogenic medica-
tions (e.g., tricyclic antidepressants, iodides, iodinated expec-
torants).

53. A.B., a 66-year-old, otherwise healthy man, is admitted for
evaluation of new-onset AF. His only other medical problem is
a history of bipolar affective disorder treated with lithium for
1 year. However, A.B. discontinued the lithium 1 month before
hospitalization without the knowledge of his physician. His lab-
oratory studies are within normal limits except for a TT3 of
380 ng/dL (normal, 70–132 ng/dL). What is the potential cause of
A.B.’s AF?

[SI unit: TT3, 6 nmol/L (normal, 1.1–2)]

AF may be the only manifestation of thyrotoxicosis in older
patients.190,222 Thyrotoxicosis is reported following lithium
withdrawal, and A.B.’s AF most likely is the result of exces-
sive thyroid hormone activity. Lithium’s antithyroid action is
substantial and is comparable to that of the thioamides; T4
levels decline by 20% to 35%. Therefore, A.B.’s underlying
hyperthyroidism has probably been unmasked by his discon-

tinuation of the lithium. Rarely, lithium-induced thyrotoxicosis
occurs.219,223,224

Although lithium is not considered the standard of care for
hyperthyroidism, it is recommended as an adjunct to RAI ther-
apy in patients allergic to conventional treatment modalities
because it does not interfere with 131I uptake. Furthermore,
lithium can increase 131I retention by decreasing its rate of
elimination from the gland. The increased thyroidal half-life
of 131I by lithium is beneficial in localizing the dose of radi-
ation to the gland and producing faster control of the hyper-
thyroidism.224

Because clinical experience with lithium in the treatment
of thyrotoxicosis is limited and because it has such a narrow
therapeutic index, its use should be restricted to situations when
rapid suppression of thyroid hormone secretion is needed, and
when thioamides and iodides are contraindicated.

Iodides and Amiodarone

54. C.Y., a 54-year-old man with chronic obstructive pulmonary
disease (COPD), presents with a 6-month history of weakness,
fatigue, tremor, heat intolerance, palpitations, and cardiac tach-
yarrhythmias, previously controlled for the last 2 years on amio-
darone 400 mg/day. Physical examination reveals a 50-g multin-
odular gland, which C.Y. says has “been there forever.” He denies
any family history of thyroid disease or ingestion of any thyroid
medication. He recently started to use an iodinated expectorant
for his COPD. His current complaints began after an intravenous
pyelogram (IVP). What might be responsible for C.Y.’s hyperthy-
roid symptoms?

The iodine load from the IVP, the iodinated expectorant,
or the amiodarone could be responsible for C.Y.’s hyperthy-
roid symptoms.31–33,141,142 Iodide-induced hyperthyroidism,
known as the Jod-Basedow phenomenon, was first described
in the 1800s when patients residing in iodide-deficient ar-
eas became toxic when given adequate iodide supplemen-
tation. Other reports have appeared since then. Both T3
toxicosis and classic T4 toxicosis have occurred following
iodide ingestion or injection of roentgenographic contrast
media.

Although it is presumed that both iodide deficiency and
a multinodular goiter, as in C.Y., are required to invoke the
Jod-Basedow phenomenon, iodide-induced disease has been
reported in patients residing in iodide-sufficient areas, as well
as in euthyroid patients with normal glands and no apparent
risk factors (e.g., family history).141,142

Amiodarone can cause hypo- or hyperthyroidism in sus-
ceptible patients because of its high iodine content.31–33,141–143

Twelve milligrams (37%) of free iodine is released per
400-mg dose of amiodarone. Patients with multinodular goi-
ters who lose the ability to turn off organification of iodide with
increasing iodide loads (Wolff-Chaikoff effect) are most likely
to develop iodide-induced thyrotoxicosis. Conversely, patients
with positive antibodies or with underlying Hashimoto’s thy-
roiditis who cannot escape from the Wolff-Chaikoff block are
most likely to develop hypothyroidism.

Amiodarone-induced hypothyroidism may occur at any
time during therapy and does not appear to be related to the
cumulative dose. A normal FT4 and a persistently elevated
TSH (see Question 5) are consistent with amiodarone-induced
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hypothyroidism, which occurs in 6% to 10% of long-term
users. The hypothyroidism responds readily to T4 therapy, and
the amiodarone can often be continued.31,32

In contrast, the development of amiodarone-induced thyro-
toxicosis occurs early and suddenly during therapy, so that rou-
tine monitoring of thyroid function tests is often not useful. El-
evated hormone levels, an undetectable TSH level, and clinical
symptoms consistent with hyperthyroidism are the best indi-
cators of amiodarone-induced thyrotoxicosis, which occurs in
1% to 5% of long-term users. Worsening of tachyarrhythmias
may be the first clinical clue to amiodarone-induced thyrotox-
icosis.

Amiodarone-induced hyperthyroidism can be classified as
either type I or type II.30,31,33 Type I occurs in patients with
underlying risk factors for thyroid disease (e.g., multinodu-
lar goiter) and is related to the iodine load. The formation of
large amounts of preformed hormone from the massive iodine
load produces a protracted course of hyperthyroidism, which
is challenging to manage. Type II amiodarone-induced hyper-
thyroidism results from a direct destructive type of thyroiditis,
causing excessive release of thyroid hormone into the systemic
circulation. This occurs most often in patients with normal thy-
roid glands. Unique laboratory findings include a low RAIU
and elevated interleukin-6 levels.

The management of amiodarone-induced thyrotoxicosis is
complicated because it is not always possible to identify the
type of hyperthyroidism. Stopping amiodarone alone does
not immediately improve the hyperthyroidism because of the
drug’s long half-life (22–55 days) and its sequestration in fat.
RAI ablation is never appropriate because the high iodine
load from amiodarone will suppress therapeutic uptake of
the 131I. The combination of methimazole and potassium per-
chlorate is the treatment of choice for type I hyperthyroid-
ism.31–33,141,142 The addition of corticosteroids to block T4
to T3 conversion is less effective because of the already po-
tent inhibitory effects of amiodarone on T4 to T3 conversion.
However, in patients with type II hyperthyroidism, β-blockers,
corticosteroids, and iodinated contrast media if available,
rather than the aforementioned agents, are the most appropri-
ate choices.31,32,142,225 A total thyroidectomy can be effective
by rapidly controlling the thyrotoxicosis, permitting continued
therapy with amiodarone if necessary. Despite underlying car-
diac disease in these patients, uneventful surgery and a low
complication rate were observed if patients were treated be-
fore surgery with a short course of an oral cholecystographic
agent.225

Large doses of iodides should be avoided in patients with
nontoxic multinodular goiters who are predisposed to thyro-
toxicosis (see Questions 5 and 30).

Interferon-α

55. P.R., a 56-year-old woman, complains of hoarseness, fa-
tigue, “slow movement,” and forgetfulness. She is troubled by
these new symptoms, which have worsened during the past few
weeks. Her medical history includes persistent hepatitis C, which
is responding to the combination of pegylated interferon-α injec-
tions and ribavirin. She notes that her mother had a history of
Graves’ disease treated with RAI ablation. Her medications in-
clude pegylated interferon and an over-the-counter dietary sup-

plement, Cellasene, to reduce cellulite. On examination, facial
edema, coarse skin, an enlarged thyroid gland without nodules,
and delayed DTRs are noted. Thyroid function tests, including
thyroid antibodies, are pending. What might be responsible for
her new complaints?

The medications that P.R. is taking could be responsible
for her complaints and physical findings, which are consistent
with hypothyroidism. A detailed history of any other dietary
and herbal supplements, especially those containing thyroid
or iodine (e.g., kelp tablets), should be obtained. Cellasene,
a dietary supplement promoted to reduce cellulite, contains
a significant amount of iodine (e.g., 310 mcg of iodine per
capsule) and could cause thyroid illness in susceptible patients
(see Questions 30 and 54).

Another possible cause for hypothyroidism could be the
pegylated interferon-α injections that she has been receiving
for the hepatitis C infection.226–228 The prevalence of thyroid
abnormalities observed with interferon-α ranges from 15%
to 46%. Development de novo or aggravation of pre-existing
antithyroid antibodies is the most common abnormal finding.
The presence of pre-existing antithyroid antibodies (seroposi-
tivity) before interferon-α therapy or its persistence at the end
of therapy is a significant risk factor for the development of
overt thyroid dysfunction. Other predisposing risk factors in-
clude female gender, older patients, and Asian ethnicity.227

The incidence of thyroid dysfunction was 46% in a seropos-
itive group compared to 5.4% in the seronegative group.227

Likewise, in a group of 114 patients with no pre-existing thy-
roid disease, those who were seropositive at the end of therapy
had the highest risk of developing subclinical hypothyroidism
6.2 years later (odds ratio of 38.7).228

Hypothyroidism, from Hashimoto’s thyroiditis or a nonau-
toimmune basis, is more common (40%–50% of patients) than
hyperthyroidism (10%–30%). There are two types of hyper-
thyroidism, an autoimmune Graves’-like disorder with posi-
tive antibodies, and a hyperthyroid thyroiditis, similar to the
type II amiodarone hyperthyroidism (see question 54). This
is due to a direct toxic effect of interferon on the gland. Ap-
proximately 20% of patients with a thyroiditis will first have
transient symptoms of hyperthyroidism followed by hypothy-
roidism (biphasic thyroiditis).229

In patients with positive thyroid antibodies, reversal of thy-
roid dysfunction is less likely. However, thyroid dysfunction
appears to be transient in most patients without positive anti-
bodies, and treatment is not always necessary. L-thyroxine is
required only if hypothyroid symptoms are bothersome; other-
wise, therapy can be withheld because symptoms often resolve
spontaneously within 2 to 3 months after stopping therapy. If T4
is begun, it should be stopped after 6 months to re-evaluate the
need for continued thyroid replacement. Similarly, transient
hyperthyroid laboratory indices do not require therapy with
β-blockers unless the patient is symptomatic or laboratory
values are dangerously elevated. Rarely, thyroid dysfunction
is permanent, but it may take up to 17 months after stopping
therapy for findings to resolve.

P.R. should be advised to stop taking the Cellasene and to
avoid other iodide-containing herbal or dietary supplements.
Once the laboratory values confirm hypothyroidism, T4 should
be started concurrently with the interferon-α because of the
severity of her symptoms. Once interferon therapy is com-
pleted, L-thyroxine should be tapered off to evaluate the need
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for continued replacement. The presence of thyroid antibodies
may increase the risk of permanent hypothyroidism.

Iodide Prophylaxis for Radiation Emergencies

56. J.M. is a healthy, 43-year-old Russian woman who lives near
a nuclear reactor with her two young children. She has relatives
living in Chernobyl who were exposed to the 1986 radiation fallout
and developed various thyroid abnormalities, including cancer.
J.M. would like to protect herself and her children. What prophy-
laxis and benefits, if any, might be indicated for J.M. in case of a
nuclear accident?

The most accurate data for irradiation-induced thyroid ab-
normalities come from the 1986 Chernobyl incident, where
massive amounts of RAI was released into the environment,
contaminating air, food, and water supplies. Significant in-
creases in thyroid cancer were found, primarily in children,
who received ≥5 cGy 131I exposures.230

The thyroid can be protected against radiation-induced thy-
roid cancer if potassium iodide (KI) is taken immediately be-
fore, coincident with, or possibly 3 to 4 hours after the radia-
tion exposure.231 Administration of KI 130 mg in adults and
65 mg in school-age children lasts approximately 24 hours
and should be continued until the risk of exposure is over.
Adolescents close to 70 kg should receive the full 130-mg
dose; neonates should receive 16 mg. Repeat dosing is not
recommended in pregnant women, neonates, or during lacta-
tion unless there is ongoing contamination because the risks of
repeated KI administration (e.g., neonatal and fetal hypothy-
roidism) outweigh their protective benefits. In the aforemen-
tioned conditions, when repeated doses of KI are not advis-
able, and in those intolerant to KI, protective measures (e.g.,
sheltering, evacuation, control of the food supply) should be
implemented. Hypothyroidism can be managed with T4 sup-
plementation. If repeat dosing is necessary during continued
contamination, close monitoring for toxicity is recommended.
Short-term administration of KI is safer in children than in
adults.

Adverse effects include sialadenitis, GI disturbances, rash,
and other allergic reactions, which are increased in patients
with dermatitis herpetiformis and hypocomplementemic vas-
culitides. Hyperthyroidism, goiter, and hypothyroidism can oc-
cur, especially in adults with underlying thyroid disorders (see
Question 54).

NODULES
“Hot” Nodule

57. N.S., a 20-year-old woman, noticed a “lump” in the right
side of her neck. There is no history of irradiation and no family
history of thyroid disease. She has no local symptoms and no
symptoms suggestive of hypo- or hyperthyroidism. The right lobe
of the thyroid is occupied by a 3 × 3-cm firm, immovable nodule;
the left lobe is barely palpable. All thyroid function tests are within
normal limits. A scan shows a large “hot” nodule occupying the
right lobe and a nonexistent left lobe. How should N.S.’s single
“hot” nodule, or Plummer’s disease, be managed?

Hot nodule is a term used to describe a “hyperfunctioning”
or iodine-concentrating area of the thyroid as shown on scan; it

appears as an area of greater density than the rest of the gland.
The hyperfunctioning autonomous nodule typically suppresses
activity in the remainder of the gland, but it need not produce
clinical or chemical evidence of hyperthyroidism and may re-
main unchanged for years. Some nodules may develop into
toxic goiters, causing overt symptoms of toxicosis. Most hot
nodules are benign; malignancies are rarely reported.232

Treatment of the hot nodule depends on the existing clini-
cal situation. If it is suppressing the other lobe of the thyroid,
is not causing toxic symptoms, and is the only source of thy-
roid production, the patient should be left alone and monitored
closely for signs of toxicity. A toxic hot nodule is best treated
surgically or with RAI ablation. Because hot nodules do not
spontaneously resolve, antithyroid drugs are not the treatment
of choice. Because the normal thyroid tissue is suppressed,
RAI is concentrated only by the hot nodule, sparing the sup-
pressed tissue. After treatment, the suppressed tissue should
begin functioning again.

“Cold” Nodule

58. P.L., a 29-year-old woman, is found to have a left thyroid
nodule on routine physical examination. She has no history of neck
irradiation, no family history of thyroid disease, and no symptoms
suggestive of hypo- or hyperthyroidism. A firm, nontender 1-cm
nodule occupies the left lobe of the gland. Thyroid function tests
are within normal limits. The scan shows a “cold” nodule and
the ultrasound reveals a solid mass, ruling out the possibility of a
cyst. The results of the fine-needle aspiration (FNA) are pending.
Antibodies are negative. What is the significance of a cold nodule,
and how should it be managed?

A cold nodule is a “hypofunctioning” area of the thyroid
that fails to collect radioiodine. It is depicted on the scan as a
lighter or less dense area. The differential diagnosis includes
Hashimoto’s thyroiditis, benign adenomas, cysts, and malig-
nant tumors. The absence of thyroid antibodies and identifi-
cation of a solid mass on ultrasound rules out the possibility
of a cyst or Hashimoto’s thyroiditis. Most cold nodules turn
out to be benign adenomas rather than cancers. The FNA can
help distinguish a benign from a malignant nodule. However,
a benign biopsy in a suspicious nodule or in a patient with
risk factors for malignancy does not eliminate the possibility
of malignancy. In these patients, surgery is recommended. The
incidence of malignancy in a cold nodule varies between 10%
and 20%.232 A history of irradiation increases the likelihood
of cancer in a nodule, and surgery is recommended in these
instances. The nature of the nodule is important. Fixation of
the nodule to the strap muscles or the trachea, a hard bulging
mass, any pain or tenderness, or voice hoarseness can indicate
malignancy.

If the nodule is benign, then close follow-up every 6 to
18 months is recommended to detect any growth. If the nod-
ule increases in size, a repeat FNA is recommended to rule
out any malignancy. Although T4-suppressive therapy can
be considered, only about 10% to 20% of nodules shrink
with therapy.233,234 Furthermore, L-thyroxine may not actu-
ally shrink the nodule itself, but rather the surrounding thyroid
tissue, making the nodule appear smaller. Spontaneous reso-
lution of the nodule can also occur. The dangers of excessive
L-thyroxine therapy (e.g., osteoporosis, cardiac arrhythmias)
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exceed the benefits of benign nodule suppression.56,190 There-
fore, watchful waiting, with no therapy, is recommended.

Multinodular Goiter

59. G.D., a 35-year-old woman, is referred for a “goiter” discov-
ered on routine physical examination. She denies any symptoms
of hyper- or hypothyroidism or any history of irradiation. Her
grandmother had hypothyroidism and a goiter. A large “lumpy,
bumpy” gland is present, but she has no problems with breathing
or swallowing. The FNA shows a benign lesion. The assessment is
a nontoxic multinodular goiter. How should this be managed?

Nontoxic multinodular goiter is a common finding, occur-
ring in about 5% of the population.232 In low-risk patients,
long-standing asymptomatic nodules that have not exhibited
recent growth are likely to be benign and can be followed or
excised surgically for cosmetic reasons. If the patient devel-
ops symptoms (swallowing or respiratory difficulty), surgery
is the treatment of choice. Observation with close follow-up
is the preferred treatment option for most benign multinodular
goiters.

T4 suppression therapy to decrease TSH stimulation and
further gland enlargement can be considered if the patient has
no cardiac contraindications. Whether T4 suppression is ef-
fective is controversial; studies have noted both reductions in
nodular growth and no changes.232–234 Some gland shrinkage
should be noted 3 to 6 months following the initiation of T4
0.1 to 0.2 mg/day to suppress the TSH to subnormal levels.
If so, maintenance therapy can be continued. However, the
dangers of long-term thyroid suppression therapy (e.g., osteo-
porosis, cardiac toxicity) outweigh any potential benefits.55–59

Patients should be carefully monitored for the development
of hyperthyroidism. Most multinodular goiters contain au-
tonomously functioning nodules that are independent of TSH
control and could produce excessive thyroid hormone secre-
tion spontaneously.232 Toxic multinodular goiters are optimally
treated with RAI therapy.206 If the nodules grow while the pa-
tient is receiving T4 therapy, rebiopsy or surgery should be
considered. Nodular responsiveness to T4 does not rule out
malignancy.

Thyrotropin-α and Thyroid Suppression Therapy
for Thyroid Cancer

60. J.R., a 28-year-old man, had a total thyroidectomy last year
for papillary cancer followed by RAI therapy. He is clinically
euthyroid on 200 mcg L-thyroxine daily with a TSH level of
<0.2 μunits/mL (normal, 0.5–4.7). He is hesitant to discontinue
his L-thyroxine so that an RAIU scan and thyroglobulin testing
can be done to evaluate for tumor recurrence. His doctor is con-
cerned about his suppressed TSH level and is also worried about

taking J.R. off his L-thyroxine because the patient says he “feels
incapacitated” while carrying out these tests. What can you tell
his physician about the TSH level and the need to stop L-thyroxine
during these tests?

[SI units: TSH, 0.2 mIU/L (normal, 0.5–4.7)]

In patients with thyroid cancers, total thyroidectomy, fol-
lowed by RAI and L-thyroxine therapy to suppress the TSH
to subnormal levels, were associated with improved overall
survival.235 The actual degree of thyroid suppression required
is unclear but will depend on the severity of the thyroid cancer.
An expert task force recommends a TSH level <0.1 μunits/mL
to 0.5 μunits/mL for the majority of patients.232 A low normal
TSH of 0.3 to 2 μunits/mL can be considered for disease free
patients.

Annually, it is important to assess recurrence of the ma-
lignancy by determining whether any residual cancerous or
normal thyroid tissue remains. This is done by raising endoge-
nous TSH levels. A rise in thyroglobulin concentrations and/or
positive RAIU scan is an indication for additional RAI ther-
apy. If no thyroid tissue is detected, patients are considered
free of cancer and an evaluation is repeated in 1 year. Before
recombinant human TSH or thyrotropin alfa (Thyrogen) was
available, it was necessary to allow recovery of endogenous
TSH secretion by discontinuing T4 for 4 to 6 weeks. The de-
velopment of hypothyroidism during this withdrawal period is
often distressing. Now, thyrotropin-α is indicated as an adjunc-
tive tool for the follow-up assessment of patients with thyroid
cancer.236

Thyrotropin-α is intended to improve the quality of life in
these patients by allowing these procedures to be undertaken
without stopping the T4. Clinical trials show that thyrotropin
is comparable to the traditional method of T4 withdrawal to
detect distant metastases but that thyroid withdrawal is still
superior in identifying recurrent thyroid cancers. Thyrotropin-
α failed to detect localized tumor recurrence in 7% of patients
compared to 100% detection after hormone withdrawal but
detected 100% of patients with metastatic disease.232,236

Thyrotropin-α is generally well tolerated. Nausea, head-
aches, and asthenia are the most common adverse effects noted.
Recombinant human TSH is available as a 0.9-mg vial and is
administered once daily for 2 days IM. Thyrotropin costs ap-
proximately $1,118 per two-vial kit and is covered under most
health plans. Improved quality of life, avoidance of hypothy-
roidism, and increased patient productivity may offset the di-
rect costs of thyrotropin. However, concerns exist about the
efficacy of thyrotropin-α to detect tumor recurrence compared
with the current standard of practice, which is withdrawal of
T4 therapy. Further studies are needed to identify its role in
care.

J.R. should be maintained on his current L-thyroxine sup-
pression dosage because his TSH level is appropriately sup-
pressed without hyperthyroidism.
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An estimated 20.8 million people, or 7.0% of the United States
population, currently has diabetes.1 Of these, 6.2 million or
about one-third were undiagnosed. In 2005 alone, over 1.5 mil-
lion new cases in adults were diagnosed. Globally, the preva-
lence of diabetes for all ages is estimated to be 2.8% in 2000

and projected to increase to 4.4% by 2030.2 The Centers for
Disease Control and Prevention predicts the national incidence
of diabetes will rise by 37.5% by the year 2025. The incidence
of type 2 diabetes is now epidemic, with alarming increases in
prevalence in both adults and children. The dramatic increase
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in type 2 diabetes is related to obesity and decreased physical
activity levels. Additional factors include genetic predisposi-
tion, increased insulin resistance, and progressive β-cell fail-
ure. Clinical studies have affirmed that type 2 diabetes can be
delayed or prevented in high-risk populations and that good
glycemic control and other interventions can slow its devastat-
ing complications. Therefore, broad implementation of guide-
lines and goals established by the American Diabetes Asso-
ciation (ADA) and others, as well as progress in processes of
care, which could help to eliminate health disparities, need to
be national priorities.3

Definition, Classification, and Epidemiology
Diabetes is a chronic condition caused by a relative or an ab-
solute lack of insulin. Its hallmark clinical characteristics are
symptomatic glucose intolerance resulting in hyperglycemia
and alterations in lipid and protein metabolism. Over the long
term, these metabolic abnormalities contribute to the develop-
ment of complications such as retinopathy, nephropathy, and
neuropathy.

Genetically, etiologically, and clinically, diabetes is a het-
erogeneous group of disorders. Nevertheless, most cases of
diabetes mellitus can be assigned to type 1 or type 2 diabetes
(Table 50-1). The term gestational diabetes mellitus (GDM)
is used to describe glucose intolerance that has its onset dur-
ing pregnancy. Glucose intolerance that cannot be ascribed
to causes consistent with these three classifications include
specific genetic defects in β-cell function or insulin action;

diseases of the exocrine pancreas; endocrinopathies; drug or
chemical-induced; infections; and other genetic syndromes.4

Subclinical glucose intolerance or “prediabetes” is identified
as impaired fasting glucose (IFG) and/or impaired glucose tol-
erance (IGT).

Approximately 5% to 10% of the diagnosed diabetic popu-
lation has type 1 diabetes, which usually results from autoim-
mune destruction of the pancreatic β-cells.4 At clinical presen-
tation, these patients have little or no pancreatic reserve, have
a tendency to develop ketoacidosis, and require exogenous in-
sulin to sustain life. The incidence of autoimmune-mediated
type 1 diabetes peaks during childhood and adolescence, but
can occur at any age. A minority of patients diagnosed with
type 1 diabetes, mostly of African or Asian ancestry, have no
evidence of autoimmunity; the etiology is, therefore, unknown.
In these individuals, the rate of pancreatic destruction seems
to occur more slowly, leading to a later onset and less acute
presentation.

Most people with diabetes have type 2 diabetes, a heteroge-
neous disorder that is characterized by obesity, β-cell dysfunc-
tion, resistance to insulin action, and increased hepatic glucose
production. Both the incidence and prevalence of diabetes in-
crease dramatically with age. For example, the prevalence of
self-reported diagnosed diabetes is 1.7% among persons 20 to
39 years of age and 15.8% among persons over 65 years of age.5

One study estimates that the prevalence of diabetes in persons
over 65 years of age increased 62% from 2003 to 2004.6 The
prevalence of type 2 diabetes also differs among ethnic popu-
lations. Relative to Caucasians, the prevalence of diagnosed

Table 50-1 Type 1 and Type 2 Diabetes

Characteristics Type 1 Type 2

Other names Previously, type I; insulin-dependent diabetes mellitus
(IDDM); juvenile-onset diabetes mellitus

Previously, type II; non–insulin-dependent diabetes mellitus
(NIDDM); adult-onset diabetes mellitus

Percentage of diabetic
population

5–10% 90%

Age at onset Usually <30 yr; peaks at 12–14 yr; rare before 6 mo;
some adults develop type 1 during the fifth decade

Usually >40 yr, but increasing prevalence among obese
children

Pancreatic function Usually none, although some residual C-peptide can
sometimes be detected at diagnosis, especially in adults

Insulin present in low, “normal,” or high amounts

Pathogenesis Associated with certain HLA types; presence of islet cell
antibodies suggests autoimmune process

Defect in insulin secretion; tissue resistance to insulin;
↑ hepatic glucose output

Family history Generally not strong Strong
Obesity Uncommon unless “overinsulinized” with exogenous

insulin
Common (60–90%)

History of ketoacidosis Often present Rare, except in circumstances of unusual stress (e.g., infection)
Clinical presentation Moderate to severe symptoms that generally progress

relatively rapidly (days to weeks): polyuria, polydipsia,
fatigue, weight loss, ketoacidosis

Insulin

Mild polyuria, fatigue; often diagnosed on routine physical or
dental examination

Treatment MNT
Physical activity
Amylin mimetic (pramlintide)

MNT
Physical activity
Antidiabetic agents (biguanides, nonsulfonylurea insulin

secretagogues, sulfonylureas, thiazolidinediones,
α-glucosidase inhibitors, incretin mimetics/analogs, DPP-4
inhibitors)

Insulin
Amylin mimetic (pramlintide)

MNT, medical nutrition therapy; HLA, human leukocyte antigen; DPP-4, dipeptidyl peptidase-4.
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and undiagnosed diabetes is higher in African Americans
(1.8 times), Hispanics/Latinos (1.7 times), American Indians
and Alaskan Natives (2.2 times), and Asian Americans and
Pacific Islanders (>2.0 times).1 Growth in the aging popula-
tion as well as greater racial and ethnic diversity in the USA
are causing predicted increases in the prevalence of diagnosed
diabetes from 5.6% to 12% by 2050.7

Diabetes is a serious condition that places people at risk
for greater morbidity and mortality relative to the nondiabetic
population. Diabetes is the sixth leading cause of death in the
United States, although deaths attributed to diabetes and its
complications are likely to be underreported.1 Compared with
the general population, the mortality rate for people with dia-
betes is about twice that for people without diabetes. In addi-
tion, disparities in morbidity and mortality attributed to acute
and chronic complications associated with diabetes have been
documented in certain groups, such as underrepresented mi-
norities and the uninsured.8

Medical management of persons with diabetes is costly. In
2007, the total cost of diabetes in the United States was esti-
mated to be $174 billion, with 1 out of 5 health care dollars
being spent on people with diabetes.9 The average health care
expenditures for people with diabetes were approximately 2.3
times higher than those for individuals without diabetes. The
majority (56%) of all health care expenditures attributed to
diabetes are used by persons age 65 years and older. Hospital
inpatient costs, nursing facility resources, home care, physician
visits, and medications (not just insulin and oral agents) made
up the majority of these expenditures. Because many expen-
ditures are related to treatment of long-term complications,
considerable effort has been directed toward early diagnosis
and metabolic control of patients with diabetes.

Carbohydrate Metabolism10

An understanding of the signs and symptoms associated with
diabetes is based on a knowledge of glucose metabolism and
the metabolic effects of insulin in nondiabetic and diabetic sub-
jects during the fed (postprandial) and fasting (postabsorptive)
states.10 Homeostatic mechanisms maintain plasma glucose
concentrations between 55 and 140 mg/dL (3.1–7.8 mmol/L).
A minimum concentration of 40 to 60 mg/dL (2.2–3.3 mmol/L)
is required to provide adequate fuel for the central nervous
system, which uses glucose as its primary energy source and
is independent of insulin for glucose utilization. When blood
glucose concentrations exceed the reabsorptive capacity of the
kidneys (∼180 mg/dL), glucose spills into the urine, resulting
in a loss of calories and water. Muscle and fat, which use glu-
cose as a major source of energy, require insulin for glucose
uptake. If glucose is unavailable, these tissues are able to use
other substrates such as amino acids and fatty acids for fuel.

Postprandial Glucose Metabolism in the Nondiabetic Individual
After food is ingested, blood glucose concentrations rise and
stimulate insulin release. Insulin is the key to efficient glu-
cose utilization. It promotes the uptake of glucose, fatty acids,
and amino acids and their conversion to storage forms in most
tissues. Insulin also inhibits hepatic glucose production by sup-
pressing glucagon and its effects. In muscle, insulin promotes
the uptake of glucose and its storage as glycogen. It also stim-
ulates the uptake of amino acids and their conversion to pro-

tein. In adipose tissue, glucose is converted to free fatty acids
and stored as triglycerides. Insulin also prevents a breakdown
of these triglycerides to free fatty acids, a form that may be
transported to other tissues for utilization. The liver does not
require insulin for glucose transport, but insulin facilitates the
conversion of glucose to glycogen and free fatty acids. The
latter are esterified to triglycerides, which are transported by
very-low-density lipoproteins (VLDLs) to adipose and muscle
tissue.

Fasting Glucose Metabolism in the Nondiabetic Individual
As blood glucose concentrations drop toward normal during
the fasting state, insulin release is inhibited. Simultaneously,
a number of counter-regulatory hormones that oppose the ef-
fect of insulin and promote an increase in blood sugar are
released (e.g., glucagon, epinephrine, growth hormone, gluco-
corticoids). As a result, several processes maintain a minimum
blood glucose concentration for the central nervous system.
Glycogen in the liver is broken down into glucose (glycogenol-
ysis). Amino acids are transported from muscle to liver, where
they are converted to glucose through gluconeogenesis. Up-
take of glucose by insulin-dependent tissues is diminished to
conserve glucose for the brain. Finally, triglycerides are broken
down into free fatty acids, which are used as alternative fuel
sources.

Type 1 Diabetes
Pathogenesis11

The loss of insulin secretion in type 1 diabetes mellitus re-
sults from autoimmune destruction of the insulin-producing
β-cells in the pancreas, which is thought to be triggered by
environmental factors, such as viruses or toxins, in geneti-
cally susceptible individuals.11 This form of diabetes is asso-
ciated closely with histocompatibility antigens (human leuko-
cyte antigen [HLA]-DR3 or HLA-DR4) and the presence of
circulating insulin antibodies, including insulin antibody, glu-
tamic acid decarboxylase antibody, islet cell antibody (ICA),
and islet cell antibody 512 (a tryosine phosphatase antibody).
The capacity of normal pancreatic β-cells to secrete insulin
far exceeds the normal amounts needed to control carbohy-
drate, fat, and protein metabolism. As a result, the clinical
onset of type 1 diabetes is preceded by an extensive asymp-
tomatic period during which β-cells are destroyed (Fig. 50-1).
β-Cell destruction may occur rapidly, but is more likely to
take place over a period of weeks, months, or even years. The
earliest detectable abnormality in insulin secretion is a pro-
gressive reduction of immediate or first-phase plasma insulin
response. However, this initial impairment has few detrimen-
tal effects on overall glucose homeostasis, and plasma glucose
concentrations remain normal. Most affected individuals have
circulating antibodies to islet cells or to their own insulin at
this stage of the disease. These represent markers of an on-
going autoimmune process that culminates in type 1 diabetes.
Fasting hyperglycemia occurs when the β-cell mass is reduced
by 80% to 90%. Initially, only postprandial hyperglycemia oc-
curs, but as insulin secretion becomes further compromised,
progressive fasting hyperglycemia is seen.

On presentation, approximately 65% to 85% of patients
have circulating antibodies directed against islet cells and 20%
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FIGURE 50-1 Pathogenesis of type 1 diabetes. In an individual with a
genetic predisposition, an event (such as a virus or toxin) triggers au-
toimmune destruction of the pancreatic β -cells, probably over a period
of several years. When the number of β -cells diminishes to approximately
250,000, the pancreas is unable to secrete sufficient insulin and intol-
erance to glucose ensues. At this point, a stressful event, such as a viral
infection, can produce acute symptoms of hyperglycemia and ketoacido-
sis. Once the acute event has passed, the pancreas temporarily recovers,
leading to a remission (honeymoon period). Continued destruction of the
β -cell ultimately leads to an insulin-dependent state.

to 60% of patients have measurable antibodies directed against
insulin. Within 8 to 10 years of clinical presentation, β-cell loss
is complete and insulin deficiency is absolute.

Clinical Presentation
Although the onset of type 1 diabetes seems to be abrupt, ev-
idence now exists for an extended preclinical period that can
precede obvious symptoms by several years. As insulin secre-
tion becomes compromised, progressive fasting hyperglycemia
occurs. When plasma glucose concentrations exceed the nor-
mal renal threshold of approximately 180 mg/dL (10 mmol/L),
glucosuria results in an osmotic diuresis, producing the classic
symptoms of polyuria with compensatory polydipsia. If symp-
toms are untreated, weight loss occurs as glucose calories are
lost in the urine and body fat and protein stores are broken down
owing to increased rates of lipolysis and proteolysis. Muscle
begins to metabolize its own glycogen stores and fatty acids
for fuel, and the liver begins to metabolize free fatty acids that
are released in response to epinephrine and low insulin con-
centrations. An absolute lack of insulin may cause excessive
mobilization of free fatty acids to the liver, where they are me-
tabolized to ketones. This can result in ketonemia, ketonuria,
and, ultimately, ketoacidosis. Patients present with complaints
of fatigue, significant weight loss, polyuria, and polydipsia.
A significant elevation in glycosylated hemoglobin confirms
weeks or months of preceding hyperglycemia.

Because glucose provides an excellent medium for micro-
organisms, patients may present also with recurrent respira-
tory, vaginal, and other infections. Patients also may experi-
ence blurred vision secondary to osmotically induced changes

in the lens of the eye. Treatment with insulin is essential to
prevent severe dehydration, ketoacidosis, and death.

Honeymoon Period
Within days or weeks after the initial diagnosis, many patients
with type 1 diabetes experience an apparent remission, which
is reflected by decreased blood glucose concentrations and
markedly decreased insulin requirements. This is called the
honeymoon period because it may last for only a few weeks
to months. Once hyperglycemia, metabolic acidosis, and keto-
sis resolve, endogenous insulin secretion recovers temporarily
(Fig. 50-1). Although the honeymoon period may last for up to a
year, increasing exogenous insulin requirements are inevitable
and should be anticipated. During this time, patients should
be maintained on insulin even if the dose is very low, because
interrupted treatment is associated with a greater incidence of
resistance and allergy to insulin (see Question 26).

Type 2 Diabetes
Pathogenesis
Type 2 diabetes is characterized by impaired insulin secretion
and resistance to insulin action. In the presence of insulin resis-
tance, glucose utilization by tissues is impaired, hepatic glucose
production is increased, and excess glucose accumulates in the
circulation. This hyperglycemia stimulates the pancreas to pro-
duce more insulin in an attempt to overcome insulin resistance.
The simultaneous elevation of both glucose and insulin levels
is strongly suggestive of insulin resistance. Genetic predispo-
sition may play a role in the development of type 2 diabetes.
People with type 2 diabetes have a stronger family history of
diabetes than those with type 1. There is no association with
HLA types, however, and circulating ICAs are absent.4,12 Peo-
ple with type 2 diabetes also exhibit varying degrees of tissue
resistance to insulin, impaired insulin secretion, and increased
basal hepatic glucose production. Finally, environmental fac-
tors such as obesity and a sedentary lifestyle also contribute to
the development of insulin resistance.

Despite being the most common form of diabetes, the exact
pathogenesis of type 2 is the least understood. Basal insulin lev-
els are typically normal or elevated at diagnosis. First- or early-
phase insulin release in response to glucose often is reduced
and pulsatile insulin secretion is absent, resulting in postpran-
dial hyperglycemia. The effects of other insulinotropic sub-
stances such as incretin hormones, which contribute to meal-
stimulated insulin release, are also altered.13 Over time, β-cells
lose their ability to respond to elevated glucose concentrations,
leading to increasing loss of glucose control. In patients with
severe hyperglycemia, the amount of insulin secreted in re-
sponse to glucose is diminished and insulin resistance is wors-
ened (glucose toxicity).

Most individuals with type 2 exhibit decreased tissue re-
sponsiveness to insulin.12 Overeating and/or hyperglycemia
may contribute to hyperinsulinemia, which over time may lead
to a decrease in or downregulation of the number of insulin
receptors on the surface of target tissues and organs. Evidence
suggests that decreased peripheral glucose uptake and utiliza-
tion in muscle is the primary site of insulin resistance and
results in prolonged postprandial hyperglycemia. Resistance
may be secondary to decreased numbers of insulin receptors
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on the cell surface, decreased affinity of receptors for insulin,
or defects in insulin signaling and action that follows receptor
binding. Defects in insulin signaling and action are referred to
as postreceptor or postbinding defects and are likely to be the
primary sites of insulin resistance.

Patients with type 2 diabetes also exhibit increased he-
patic glucose production (glycogenolysis and gluconeogene-
sis) reflected by an elevated fasting plasma or blood glucose
concentration.12 As noted, hepatic glucose production is the
primary source of glucose in the fasting state. In patients with
type 2 diabetes, altered hepatic glucose production may also
contribute to or cause postprandial hyperglycemia. Glucagon,
produced by the α-cells in the pancreatic islets and secreted
in response to low blood glucose, stimulates hepatic glucose
production.14 Its production is inhibited by insulin. Glucagon
response to carbohydrate ingestion is altered in patients with
type 2 diabetes who have a defective or absent early insulin re-
sponse secondary to β-cell dysfunction or failure. For patients
with type 2 diabetes, untreated fasting and postprandial hyper-
glycemia caused by decreased glucose uptake and increased
hepatic glucose production, hyperinsulinemia and insulin re-
sistance, lead to a vicious cycle that inflicts ongoing damage
to tissues and organs.

Patients with type 2 diabetes are often subclassified based
on weight. Obese individuals account for over 80% of patients
with type 2 diabetes.12 Patients with type 2 diabetes who are
not obese often have increased body fat distributed primar-
ily in the abdominal area. Nonobese individuals account for
about 10% of the type 2 population. Typically, they develop
a mild form of diabetes during childhood, adolescence, or as
young adults (usually before age 25), and their insulin levels
are low in response to a glucose challenge. Included in this
group are patients who have maturity-onset diabetes of the
young (MODY).4,12 MODY is associated with a strong fam-
ily history that suggests an autosomal-dominant transmission.
The underlying defect is heterogeneous and to date, abnormal-
ities at 6 different loci on different chromosomes have been
discovered. More common defects include those for hepatic
transcription factors and glucokinase (the “glucose sensor”
in β-cells). Patients with MODY may present with moder-
ate to severe symptoms with or without ketosis. Unlike type
1 diabetes, however, the disease generally is mild and con-
trolled easily with diet, oral agents, or low doses of insulin
(<40 units).

Type 2 diabetes is associated with a variety of disorders,
including hyperlipidemia, hypertension, and atherosclerosis
(Fig. 50-2). Dr Gerald Reaven, who referred to this association
as syndrome X, insulin resistance syndrome, or metabolic syn-
drome, proposed that either the insulin resistance itself, or the
compensatory hyperinsulinemia resulting from insulin resis-
tance, may be the fundamental underlying pathophysiological
process responsible for the frequent occurrence of these con-
ditions in the same patient.15 The concept of a single defect
explaining this cluster of disorders, however, remains the sub-
ject of considerable debate and research activity. Metabolic
syndrome is common in the United States, with an estimated
prevalence of more than 20% in adults older than 20 years and
more than 40% among adults 60 to 69 years of age.16 Because
it is highly correlated with cardiovascular events, the National
Cholesterol Education Program has suggested criteria for the
diagnosis and treatment of metabolic syndrome to prevent car-
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FIGURE 50-2 Metabolic syndrome (insulin resistance syndrome, syn-
drome X). Genetic and environmental factors (visceral obesity, seden-
tary lifestyle, aging) predispose some individuals to insulin resistance.
To overcome the resistance, the pancreas secretes more insulin, leading
to hyperinsulinemia. People with insulin resistance and hyperinsuline-
mia commonly develop a cluster of medical problems and biochemical
abnormalities: cardiovascular disease, hypertension, dyslipidemia, hy-
peruricemia, and type 2 diabetes mellitus. Only those individuals who
are further genetically predisposed to β -cell failure go on to develop IGT
and diabetes mellitus. Many people with type 2 diabetes already have
evidence of cardiovascular disease at the time of diabetes diagnosis.
The cause-and-effect relationships between insulin resistance and/or hy-
perinsulinemia and these clinical conditions has not been clarified. See
text for expanded discussion. DM, diabetes mellitus; HTN, hypertension;
IFG, impaired fasting glucose; IGT, impaired glucose tolerance.

diovascular events and diabetes.17 Not all individuals with the
metabolic syndrome progress to IGT or diabetes, but those who
do may be genetically predisposed to β-cell dysfunction.

Clinical Presentation
Type 2 diabetes is typically diagnosed incidentally during a
routine physical examination or when the patient seeks atten-
tion for another complaint. This is because symptoms are so
mild and their onset so gradual that they can easily be “ex-
plained away.” When giving a history of their illness, peo-
ple with type 2 diabetes acknowledge fatigue, polyuria, and
polydipsia. Because these patients have sufficient insulin con-
centrations to prevent lipolysis, there is usually no history
of ketosis except in situations of unusual stress (e.g., infec-
tions, trauma). Weight loss is therefore uncommon because
relatively high endogenous insulin levels promote lipogenesis.
Macrovascular disease is also often evident at diagnosis. Mi-
crovascular complications at diagnosis suggest the presence of
undiagnosed or subclinical diabetes for 7 to 10 years. Because
type 2 diabetes patients retain some pancreatic reserve at the
time of diagnosis, they generally can be treated with medical
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Table 50-2 Normal and Diabetic Plasmaa Glucose Levels in mg/dL (mmol/L) and Normal and Diabetic Plasma Glucose Levels for the
Oral Glucose Tolerance Test4,19

Fasting 1/2, 1, 11/2 hr 2 hr

Normal <100 (5.6) <200 (11.1) <140 (7.8)
Impaired glucose tolerance <126 (7.0) ≥200 (11.1) 140–200 (7.8–11.1)
Impaired fasting glucose 100–125 (5.6–6.9)
Diabetes (nonpregnant adult) ≥126 (7.0) ≥200 (11.1) ≥200 (11.1)

aEquivalent venous whole blood glucose concentrations are approximately 12%–15% lower. Arterial samples are higher than venous samples postprandially because glucose has
not yet been removed from peripheral tissues. Capillary whole blood samples contain a mixture of arterial and venous blood. Fasting levels are equivalent to whole blood venous
samples. One hour after a 100-g glucose load, capillary samples may be 30–40 mg/dL higher than venous samples.

nutrition therapy (MNT), physical activity, and oral antidia-
betic medications for several years. Nevertheless, many even-
tually require insulin for control of their symptoms.

Gestational Diabetes Mellitus
GDM affects about 7% of all pregnancies and is defined as
“any carbohydrate intolerance with onset or first recognition
during pregnancy.”4,18 The onset of diabetes during pregnancy
and its duration affect the prognosis for a good obstetric and
perinatal outcome (see Chapter 46).

Diagnosis
Diagnostic Criteria
The normal fasting plasma glucose (FPG) values and those for
diabetes mellitus, along with the glucose values for the oral
glucose tolerance test (OGTT) are listed in Table 50-2.4,19 The
Expert Committee of the ADA has established the diagnostic
criteria for diabetes for nonpregnant individuals of any age. For
these individuals, a diagnosis of diabetes can be made when
one of the following is present4:

1. Classic signs and symptoms of diabetes (polyuria, polydip-
sia, ketonuria, and unexplained weight loss) combined with
a random plasma glucose ≥200 mg/dL (11.1 mmol/L).

2. A FPG≥126 mg/dL (7.0 mmol/L). Fasting means no caloric
intake for at least 8 hours.

3. After a standard oral glucose challenge (75 g glucose for an
adult or 1.75 g/kg for a child), the venous plasma glucose
concentration is ≥200 mg/dL (11.0 mmol/L) at 2 hours and
>200 mg/dL (11.0 mmol/L) at least one other time during
the test (0.5, 1, 1.5 hours); this is the OGTT.

The diagnosis must be confirmed on a subsequent day by
any one of these conditions in the absence of unequivocal hy-
perglycemia with acute metabolic complications.

At times, it may be difficult to classify patients as having
type 1 or type 2 diabetes mellitus. Type 1 is more likely when
a patient is younger than 30 years of age, lean, has an elevated
FPG and signs and symptoms of diabetes. The presence of
moderate ketonuria with hyperglycemia in an otherwise un-
stressed patient also strongly supports a diagnosis of type 1
diabetes. Absence of ketonuria, however, is not of diagnostic
value. The presence of antibodies to islet cell components may
also indicate the need for eventual insulin therapy.11 Relatively
lean older adults believed to have type 2 diabetes because they
are initially responsive to oral agents or low doses of insulin

may be subsequently diagnosed with type 1 diabetes. In addi-
tion, clinicians are beginning to observe more cases of type 2
diabetes in obese children and adolescents.20

Individuals with FPG values or OGTT values that are in-
termediate between normal and those considered diagnostic
of diabetes are considered to have “prediabetes” or IFG or
IGT. These individuals are not given the diagnosis of diabetes
because of broad social, psychological, and economic impli-
cations. The categories of FPG values are as follows:

1. A normal FPG is <100 mg/dL (5.6 mmol/L).
2. An FPG of 100 to 125 mg/dL (5.6–6.9 mmol/L) is IFG.
3. An FPG ≥126 mg/dL (7.0 mmol/L) indicates a provisional

diagnosis of diabetes that must be confirmed, as described.

The corresponding categories when the OGTT is used for
diagnosis are as follows:

1. A 2-hour postload glucose (2-hPG) <140 mg/dL (7.8
mmol/L) indicates normal glucose tolerance.

2. A 2-hPG ≥140 mg/dL (7.8 mmol/L) and <200 mg/dL (11.1
mmol/L) indicates IGT.

3. A 2-hPG ≥200 mg/dL (11.1 mmol/L) indicates a provi-
sional diagnosis of diabetes, which must be confirmed by a
second test.

Many factors can impair glucose tolerance or increase
plasma glucose. These must be excluded before a definitive
diagnosis is made. For example, an individual who has not
fasted for a minimum of 8 hours may have an elevated FPG,
and one who has fasted too long (>16 hours) or has ingested
insufficient carbohydrates before testing may have an IGT. Pa-
tients who are tested for glucose tolerance during, or soon after,
an acute illness (e.g., a myocardial infarction [MI]) may be mis-
diagnosed because of the presence of high concentrations of
counter-regulatory hormones that increase glucose concentra-
tions. Glucose tolerance often returns to normal in these indi-
viduals. Pregnancy, many forms of stress, and lack of physical
activity can similarly affect glucose tolerance. Many drugs may
alter glucose tolerance due to their effects on insulin release
and tissue response to insulin, and their direct cytotoxic effects
on the pancreas. Drugs and other chemicals also may falsely
elevate the plasma glucose concentrations through interference
with specific analytic methods.

Screening for Type 2 Diabetes
The ADA advises against routine screening for type 2 diabetes
outside of the health care setting because of the low likelihood
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Table 50-3 Risk Factors for Type 2 Diabetes Mellitus22

Adults Childrena

Overweight (≥25 kg/m2) Overweight (BMI >85th
percentile for age and sex; or
weight >120% of ideal for
height)

Family history of diabetes
(first-degree relative)

Family history of diabetes (first-
or second-degree relative)

Physical inactivity Ethnic predispositionb

Ethnic predispositionb

Previous IFG or IGT
History of PCOS, GDM, or

macrosomia
Maternal history of diabetes

(including GDM)
Clinical conditions associated with

insulin resistance (e.g., severe
obesity and acanthosis nigricans)

Signs of insulin resistance (e.g.,
acanthosis nigricans)

Hypertension (≥140/90 mmHg or on
antihypertensive therapy)

Conditions associated with insulin
resistance (e.g., hypertension,
dyslipidemia, or PCOS)

Dyslipidemia
HDL-C <35 mg/dL (0.90 mmol/L)
Triglyceride >250 mg/dL

(2.82 mmol/L)
Cardiovascular disease

aChildren = <18 years of age.
bEthnic predisposition = individuals of African American, Hispanic or Latino, Native
American, Asian, or Pacific Islander descent.
IFG, impaired fasting glucose; IGT, impaired glucose tolerance; PCOS, polycystic
ovarian syndrome; GDM, gestational diabetes mellitus.

of follow-up care and testing in the case of both negative and
positive results.21 The FPG is the preferred over the OGTT as a
screening test based on cost and convenience. Adults should be
screened starting at age 45.22 Repeat testing should take place
every 3 years. Adults may be tested at a younger age and more
frequently if they are overweight (body mass index [BMI] ≥25
kg/m2) and have one or more of the risk factors listed in Table
50-3. Asymptomatic children who are age 10 or who experi-
ence the onset of puberty before age 10 should be screened
every 2 years for type 2 diabetes if they are overweight (BMI
>85th percentile for age and sex; weight for height >85th per-
centile; or weight >120% of ideal for height) and have two or
more of the risk factors listed in Table 50-3.

Long-Term Complications and Their Relation to
Glucose Control
The long-term sequelae of diabetes account for most of the
morbidity and mortality in the diabetic population. Complica-
tions are typically designated as microvascular or macrovascu-
lar in nature. Glucose toxicity seems to contribute most to the
development and progression of microvascular complications
(retinopathy, nephropathy, and neuropathy).23 Diabetes is the
leading cause of new cases of adult blindness and kidney fail-
ure in the United States.1 About 70% of people with diabetes
also have some manifestation of peripheral and/or autonomic
neuropathy. Severe peripheral neuropathy coupled with abnor-
malities in immune function likely contribute to the high rate of
lower extremity amputations among patients with diabetes.1,24

Finally, poor glucose control promotes development of dental
and oral complications and increases the risk of complications
during pregnancy for both mother and fetus.25,26

Diabetes mellitus itself is also one of many risk factors for
macrovascular disease (peripheral vascular disease, cardiovas-
cular disease [CVD], stroke). These risk factors tend to cluster
in people prone to type 2 diabetes. Epidemiologic studies also
show, however, a general relationship between degree of glu-
cose control and risk for cardiovascular events.27 In addition,
patients with diabetes demonstrate rheological changes, such
as platelet hypersensitivity to platelet aggregants and elevated
thromboxane production, which may contribute to peripheral
and cardiovascular complicataions.28 Thus, the primary goal
for both type 1 and type 2 diabetic individuals is to bring glu-
cose concentrations as close to normal values as is safely pos-
sible.

Results of the Diabetes Complications and Control Trial
(DCCT) definitively established that intensive treatment of
type 1 diabetes can prevent or slow the onset of long-term mi-
crovascular complications.29 In this landmark study, intensive
treatment reduced the risk of clinically meaningful retinopa-
thy, nephropathy, and neuropathy by approximately 60%. The
Epidemiology of Diabetes Interventions and Complications
(EDIC) study has followed DCCT cohorts. Patients originally
assigned to the intensive treatment group, have enjoyed a per-
sistently lower incidence of microvascular complications even
though their glucose control has since been equivalent to the
conventional group.30,31 The EDIC study has also shown a
significant reduction in cardiovascular complications among
patients previously assigned to the intensive therapy DCCT
arm.32 See Table 50-4 for the glycemic goals of intensive in-
sulin therapy (referred to by these authors as physiological or
basal-bolus therapy).

The United Kingdom Prospective Diabetes Study (UKPDS)
was the first to report the effect of tight blood glucose control
on the microvascular and cardiovascular complications associ-
ated with type 2 diabetes.33 Epidemiologic analysis of the data
from this landmark study demonstrated a continuous relation-
ship between glycemia and the risks of microvascular compli-
cations. For every percentage point reduction in hemoglobin
A1C (HbA1c), there was a 35% reduction in the risk of com-
plications. Whether intensive therapy designed to attain sus-
tained normoglycemia decreased the risk of macrovascular dis-
ease was less clear. Although a 21% reduction in the risk of
combined fatal and nonfatal MI and sudden death was seen,
this combined outcome failed to reach statistical significance
(p = .52).

Other studies support the use of a more comprehensive ap-
proach to preventing microvascular and macrovascular com-
plications in patients with type 2 diabetes. In a UKPDS group
substudy, tight blood pressure control (<130/85 mmHg) re-
duced the risk of stroke by 44% (p = .013) and microvascular
endpoints by 37% (p = .0092).33 The Steno group found that
multifactorial intensive treatment of patients with type 2 dia-
betes and microalbuminura for a mean of 7.8 years reduced the
risk of microvascular complications and cardiovascular events
by 50% compared with conventional treatment. Their interven-
tions included lifestyle education and aggressive use of drugs
to lower HbA1c, and blood pressure (BP), and achieve a nor-
mal lipid profile.34 See Table 50-5 for the metabolic goals for
adults with diabetes.
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Table 50-4 Goals of Physiological (Basal-Bolus) Insulin Therapya

Adolescents and Young Adults
Monitoring Parameter Adults (mg/dL) School Age (6–12 years) (mg/dL) (13–29 years) (mg/dL) Pregnancy (mg/dL)

Fasting plasma glucose 70–130 90–180 90–130 60–90
2 hr postprandial plasma glucose <180 Not routinely recommended Not routinely recommended ≤120
2–4 am plasma glucose >70 100–180 90–150 >60
HbA1c

b <7.0%c <8.0% <7.5%d 5–6%
Urine ketonese Absent to rare Absent to rare Absent to rare Rare

aModified and extrapolated from references 22, 29, and 344. See Questions 4 and 22 for discussion. Physiological insulin therapy is a complete therapeutic program of diabetes
management and requires a team approach.
bHbA1c, glycosolated hemoglobin. Normal values vary; normalize to laboratory.
cAcceptable values should be individualized to levels that are attainable without creating undue risk for hypoglycemia. These results are similar to the results achieved in the DCCT
trial. ADA recommends HbA1c goal within 1% or upper limit of normal and consideration for <6% as an individual goal. These values may be inappropriate for patients with
hypoglycemic unawareness, counter-regulatory insufficiency, angina pectoris, or other complicating features (Table 50-12).
d A lower goal (<7%) is reasonable if can be achieved without creating excessive risk for hypoglycemia.
eDoes not apply to type 2 diabetes patients.

Early in 2008, researchers announced that the glucose-
lowering arm of the Action to Control Cardiovascular Risk in
Diabetes (ACCORD) trial was stopped prematurely because
of a higher rate of mortality in the intensive treatment arm.
The ACCORD study is a National Heart, Lung and Blood
Institute study of approximately 10,000 patients with type 2
diabetes with known heart disease or two cardiovascular risk
factors. Patients had an average duration of diabetes of 10
years, average age of 62 years, and baseline HbA1c of 8.2%.
In the glycemic control portion of the trial, researchers were
testing whether intensive glucose control (goal HbA1c <6%)
reduced the rate of cardiovascular events compared with less
intensive glucose control (goal HbA1c7.0%–7.9%). At the time
the trial was stopped, the median HbA1c in the intensive and
standard treatment groups were 6.4% and 7.5%, respectively.
The intensive arm had an excess of three deaths per 1,000
participants per year compared with the standard group over

Table 50-5 American Diabetes Association Goals for Adults
With Diabetes Mellitus22,58

Glycemic goals
� HbA1C
� Preprandial plasma glucose
� Postprandial plasma glucose

<7.0% (normal, 4–6%)a

70–130 mg/dL (3.9–7.2 mmol/L)b

<180 mg/dL (<10.0 mmol/L)c

Blood pressure <130/80 mmHg
Lipids
� Low-density lipoproteins
� Triglycerides
� High-density lipoproteins

– Men
– Women

<100 mg/dL (<2.6 mmol/L)d

<150 mg/dL (<1.7 mmol/L)

>40 mg/dL (>1.0 mmol/L)
>50 mg/dL (>1.3 mmol/L)

Goals must be individualized to the patient. See Questions 4, 45, 73, 76, and 77 for
broader discussion.
aMore stringent goals (i.e., <6%) can be considered for select individuals. Amer-
ican Association of Clinical Endocrinologists/American College of Endocrinology
recommends HbA1C goal ≤6.5%.
bAmerican Association of Clinical Endocrinologists recommends a fasting blood
glucose goal of <110 mg/dL (6.1 mmol/L).
cAmerican Association of Clinical Endocrinologists/American College of En-
docrinology recommends goal <140 mg/L (7.8 mmol/L).
d More stringent goals (i.e., <70 mg/dL [1.8 mmol/L]) may be considered for indi-
viduals with overt cardiovascular disease.

an average of 4 years on treatment (257 vs. 203 deaths). The
higher mortality rate could not be attributed to a specific drug
therapy or hypoglycemia.35 Approximately 1 week later, pre-
liminary results from a very similar study, the ADVANCE
trial, were released demonstrating no increases in mortality
risk in intensively treated patients with type 2 diabetes. AD-
VANCE, an international study, enrolled over 11,000 patients
with type 2 diabetes, (about one-third with known CVD) av-
erage age of 66 years, and average duration of diabetes of 10
years. The intensive-therapy group’s HbA1c goal was 6.5% or
below. The same as the intensive arm in ACCORD. The ac-
tual average HbA1c achieved was 6.4%. In the face of these
new data, the ADA continues to recommend an HbA1c goal of
less than 7% for most people with diabetes. The ADA recom-
mends that patients with type 2 diabetes and CVD or multiple
risk factors for CVD discuss their treatment goals with their
providers.36

Prevention of Type 1 and Type 2 Diabetes Mellitus
Because the clinical symptoms of type 1 diabetes mellitus are
the overt expression of an insidious pathogenic process that
begins years earlier, investigators are focusing attention on
strategies that alter the natural history of the disease (Fig. 50-1).
First-degree relatives of individuals with type 1 diabetes melli-
tus have an increased risk for developing the diabetes and can be
identified by the presence of immune markers that may herald
the disease by many years.11 This has led to attempts at im-
mune intervention at the prediabetes stage with such drugs as
nicotinamide and low doses of insulin, but neither was found to
delay or prevent diabetes.37−39 In contrast, treatment of newly
diagnosed diabetes with agents that modify cytotoxic T cells
may slow pancreatic destruction and progression of diabetes.40

In addition to the 20.8 million people with diabetes in the
United States, an estimated additional 41 million Americans
have prediabetes (IGT or IFG).1 The annual risk of progres-
sion to type 2 diabetes mellitus in persons with IGT is 1% to
5%.41 Persons at risk for IGT and who are eligible for fur-
ther screening include those who are overweight and/or lead
a sedentary lifestyle, have a family history of diabetes, are a
member of a high-risk ethnic population (e.g., African Amer-
ican, Hispanic/Latino, Native American, Asian American,
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Pacific Islander), have a history of gestational diabetes or who
have delivered a baby weighing more than 9 lb, and have with a
medical history of a high blood glucose test without a diagnosis
of diabetes.42

The Diabetes Prevention Program Research Group studied a
diverse group of individuals at high risk for developing diabetes
to determine if lifestyle interventions or metformin (850 mg
PO BID) would prevent or delay the onset of type 2 diabetes.43

Results of the study found that relative to the placebo group,
the incidence of diabetes was reduced by 58% and 31% in the
intensive lifestyle and metformin groups, respectively. A re-
peat OGTT was performed in the metformin group who had
not developed diabetes 1 to 2 weeks after the drug had been
discontinued to determine whether the drug simply masked
diabetes through its antihyperglycemic effects. The incidence
of diabetes was still reduced by 25% relative to the placebo
group.44 Other studies have confirmed the value of lifestyle
intervention and other drugs (acarbose, troglitazone, orlistat,
and rosiglitazone) in the prevention of type 2 diabetes.42,45

Lifelong medication therapy, however, is not without its own
risks and complications. Current recommendations regarding
the treatment for individuals with IFG, IGT, or both include
lifestyle modification (5%–10% weight loss and 30 minutes of
moderately intense physical activity per day).22 For patients at
very high risk of diabetes (age <60, BMI ≥35 km/m2, com-
bined IFG and IGT, and at least one risk factor), the addition
of metformin may be considered. Until further evidence be-
comes available to support their use in the delay or prevention
of complications of diabetes and/or cost effectiveness has been
established, the use of other pharmacologic agents to prevent
the development of type 2 diabetes is not recommended.46

1. R.P. is a 43-year-old woman visiting the drop-in clinic to
obtain a routine physical examination for her new job. Her past
medical history is significant for GDM. She was told during her
two pregnancies (last child born 3 years ago) that she had “bor-
derline diabetes,” which resolved each time after giving birth.
Her family history is significant for type 2 diabetes (mother, ma-
ternal grandmother, older first cousin), hypertension, and CVD.
She appears black and when asked identifies herself as African
American. She denies tobacco or alcohol use. She states she tries
to walk 15 minutes twice a week. Physical examination is signifi-
cant for moderate central obesity (5 feet 4 inches; 160 lbs; BMI,
30.2 kg/m2) and BP 145/85 mmHg. R.P. denies any symptoms of
polyphagia, polyuria, or lethargy. Upon checking her electronic
medical record, she has documented hypertension and an FPG
value of 119 mg/dL, measured 2 months prior. What features of
R.P.’s history and examination are consistent with an increased
risk of developing type 2 diabetes?

The features of R.P.’s history that are consistent with an
increased risk of developing type 2 diabetes include her age,
ethnicity, weight, family history of diabetes, history of GDM,
and a documented IFG. In addition, type 2 diabetes is also often
associated with other disorders such as hypertension. The fact
that R.P. has hypertension that is not well controlled and has a
family history of hypertension and CVD may indicate that she
is predisposed to insulin resistance, further putting her at risk
for developing type 2 diabetes.

2. The physician orders another FPG for R.P., which comes
back at 122 mg/dL. How should R.P. be managed at this time?

R.P. should be educated about her risk for developing type 2
diabetes. Working with her physician and/or other health care
providers, R.P. should be encouraged and educated on how to
institute lifestyle modifications (MNT, physical activity) that
will help her to lose weight, improve her cardiovascular health,
and decrease her risk for developing type 2 diabetes. A weight
loss goal of 5% to 10% should be recommended and she should
increase her level of moderate physical activity to at least 150
minutes/week. Her hypertension should be managed. At this
time, the use of pharmacologic agents (i.e., metformin) to pre-
vent the development of type 2 diabetes is not recommended.

Treatment
There are three major components to the treatment of diabetes:
diet, drugs (insulin and oral hypoglycemic agents, and other
antihyperglycemic agents), and exercise. Each of these compo-
nents interacts with the others to the extent that no assessment
and modification of one can be made without knowledge of the
other two. Target blood glucose values for pregnant diabetics
are very strict.

Medical Nutrition Therapy47

PRINCIPLES
MNT plays a crucial role in the therapy of all individuals

with diabetes. Unfortunately, patient acceptance and adherence
to diet and meal planning is often poor, but revised evidence-
based recommendations that are more flexible than previous
approaches offer new opportunities to increase the effective-
ness of nutrition therapy.

Nutrition therapy is designed to help patients achieve appro-
priate metabolic and physiological goals (e.g., glucose, lipids,
BP, proteinuria, weight), select healthy foods, and to take into
consideration personal and cultural preferences. Appropriate
levels and types of physical activity to achieve a healthier status
are incorporated into the nutrition plan.

NUTRITION THERAPY AND TYPE 1 DIABETES MELLITUS
For patients with type 1 diabetes taking fixed doses of in-

sulin, a meal plan is designed to provide adequate carbohy-
drates timed to match the peak action of exogenously adminis-
tered mealtime insulin. Regularly scheduled meals and snacks
should contain consistent carbohydrate amounts, which are re-
quired to prevent hypoglycemic reactions. Fortunately, newer
insulins and insulin regimens provide much more flexibility in
the amount and timing of food intake. Patients who are taught to
“count carbohydrates” can inject rapid- or short-acting insulin
doses designed to match their anticipated intake. Integration
of food intake, physical activity, and insulin dose is critical and
discussed extensively in the cases that follow.

NUTRITION THERAPY AND TYPE 2 DIABETES MELLITUS
For patients with type 2 diabetes, meal plans emphasize

normalizing plasma glucose and lipid levels as well as main-
taining a normal BP to prevent or mitigate cardiovascular mor-
bidity. Although weight loss reduces insulin resistance and
improves glycemic control, traditional dietary strategies incor-
porating hypocaloric diets have not been effective in achiev-
ing long-term weight loss. A sustainable weight loss of 5% to
7% can be achieved within structured programs that empha-
size lifestyle changes, physical activity, and food intake that
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modestly reduces caloric and fat intake. For weight loss, the
ADA recently updated their recommendation on types of diets
to include either low-carbohydrate (new recommendation in
2008) or low-fat, calorie-restricted diets for up to 1 year.47

SPECIFIC NUTRITION COMPONENTS
MNT is an integral and critical component of diabetes care.

For a more extensive discussion of the principles underlying
nutrition therapy, the reader is directed to other sources.47,48

A few key principles are briefly noted below because they are
common sources of misunderstanding.

Carbohydrates and Artificial Sweeteners
Carbohydrates include sugar, starch, and fiber and they are lib-
erally incorporated into the diet of a person with diabetes. In
fact, the amount of dietary carbohydrate is the main determi-
nant of insulin demand and is commonly used to determine the
premeal insulin dose. Furthermore, patients using fixed doses
of insulin or antihyperglycemic medications (e.g., sulfony-
lureas) must eat meals containing consistent amounts of car-
bohydrate to avoid hypoglycemia. Avoiding “sugar” or sucrose
does not prevent “sugar diabetes.” Because isocaloric amounts
of sucrose and starch produce the same degree glycemia, su-
crose can be substituted for a portion of the total carbohydrate
intake and should be incorporated into an otherwise healthful
diet.

Whole grains, fruits, and vegetables high in fiber are rec-
ommended for people with diabetes, as they are for the general
population. There is no evidence that larger amounts produce
a differential metabolic benefit with regard to plasma glucose
and lipid levels. Non-nutritive sweeteners (saccharin, aspar-
tame, neotame, acesulfame potassium, sucralose) and sugar
alcohols have been rigorously tested by the FDA for safety in
people with diabetes and are safe at approved daily intakes.
Fructose and the reduced calorie sweeteners called sugar al-
cohols produce lower postprandial glucose responses than su-
crose, glucose, and starch. When sugar alcohols (e.g., sorbitol,
mannitol, lactitol, xylitol, and maltitol) are consumed, it is
recommended to subtract half of their grams from the total
carbohydrate amount, because their effect on blood glucose
is less. Patients should be advised that when these sweeten-
ers are used in foods labeled “dietetic” or “sugar free,” they
still add to the carbohydrate content and provide substantial
calories (2 cal/g). Furthermore, excessive intake of sorbitol-
sweetened foods (e.g., 30–50 g/day) can induce an osmotic
diarrhea, and excessive amounts of fructose can increase total
and LDL cholesterol.

Counting Carbohydrates
When patients are taught to estimate the grams of carbohy-
drate in a meal they are given the following guideline: One
carbohydrate serving = 1 starch or 1 fruit or 1 milk = 15 g
carbohydrate. Patients vary with regard to their insulin: carbo-
hydrate ratio throughout time and throughout the day; however,
a typical starting point is 1 unit/15 g carbohydrate. Examples
of one carbohydrate serving include 1 slice bread, 1/4 bagel,
1/2 English muffin or hamburger bun, 3/4 c dry cereal, 1/2 c
cooked cereal, 1/2 c legumes, 1/3 c cooked pasta or rice, 1/4
large baked potato, 4 c popcorn, 1 small fruit, 1/2 c fruit juice,
1 c milk, 1/2 c ice cream, and 2 small cookies.

Fat
CVD is a major cause of morbidity and mortality in patients
with diabetes. Therefore, a reduced fat diet (<30% of the total
calories) with <7% of calories from saturated fats is recom-
mended. The intake of trans fat should be minimized. The
recommended cholesterol intake is <200 mg/day for patients
with diabetes. Two servings per week of fish to provide n-3
polyunsaturated fatty acids and omega-3 fatty acids is advised.

Protein
Data are insufficient to support special dietary protein rec-
ommendations for persons with diabetes if kidney function
is normal. Generally, 15% to 20% of the daily caloric intake
comes from animal and vegetable protein sources in the U.S.
diet. This amount may be liberalized in pregnant and lactating
women or in elderly people. With the onset of nephropathy, a
lower protein intake of 0.8 to 1.0 g/kg/day is considered suffi-
ciently restrictive. For patients in later stages of nephropathy,
reduction of protein intake to 0.8 g/kg/day is recommended.
High protein diets are not recommended as a long-term method
for weight loss, because the effects on kidney function are not
known.

Sodium
The ADA recommends a reduced sodium intake of <2,300
mg/day in normotensive and hypertensive individuals. For pa-
tients with diabetes and symptomatic heart failure, sodium
should be further restricted to <2,000 mg/day to help reduce
symptoms. For all other patients, the ADA has no particular
restrictions on sodium intake, but recommends individualizing
amounts based on the patient’s sensitivity to salt and concurrent
conditions such as hypertension or nephropathy.

Alcohol
The ADA’s recommendation for alcohol is consistent with gen-
eral recommendations of no more than two alcoholic drinks per
day for men or one drink per day for women. A drink is equiv-
alent to 12 oz beer, 5 oz wine, or 1.5 oz distilled spirits (each
contains about 15 g carbohydrate). Nevertheless, its caloric
contribution must be considered (1 alcoholic beverage = 2 fat
exchanges), and it should always be taken with food to mini-
mize its hypoglycemic effect. In patients with diabetes, light to
moderate alcohol intake (one to two drinks per day) is associ-
ated with a decreased risk of CVD. A note of caution: Evening
consumption of alcohol in type 1 diabetes may increase the
risk of nocturnal and fasting hypoglycemia.

Exercise
Exercise is a key factor in the treatment of diabetes, particularly
in type 2 diabetes, because obesity and inactivity contribute to
the development of glucose intolerance in genetically predis-
posed individuals. Regular exercise reduces cholesterol lev-
els, lowers BP, augments weight reduction diets, reduces the
dose requirements or need for insulin or antihyperglycemic
agents, enhances insulin sensitivity, and improves psycholog-
ical well-being by reducing stress. Exercise increases glucose
utilization, which is provided initially from the breakdown of
muscle glycogen and, subsequently, from hepatic glycogenol-
ysis and gluconeogenesis. These effects are mediated through
norepinephrine, epinephrine, growth hormone, cortisol, and
glucagon, along with the suppression of insulin secretion. In
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insulin-dependent diabetic patients, hyperglycemia, normo-
glycemia, or hypoglycemia can occur secondary to exercise
depending on the degree of control, recent administration of in-
sulin, and food intake. Exercise in patients taking insulin must
be tempered by increased food intake, potential delay in insulin
administration, decreased doses of insulin, or a combination
of these actions to minimize hypoglycemia (see Question 29).

In the type 2 diabetic population, plasma glucose con-
centrations usually decrease in response to exercise; symp-
tomatic hypoglycemia is uncommon. Because diabetic indi-
viduals are predisposed to CVD, attention has been focused on
the metabolic response of a patient with diabetes to exercise.
In general, moderate, regular exercise is highly recommended
for individuals with type 2 diabetes treated with diet and/or an-
tidiabetic agents and encouraged in individuals taking insulin
if special precautions are taken.

The ADA’s recommendation is for people with diabetes to
perform at least 150 min/week of moderate-intensity aerobic
physical activity (50%–70% of maximal heart rate). Resistance
exercise has been shown to improve insulin sensitivity. There-
fore, in the absence of any contraindications, patients with type
2 diabetes are encouraged to perform resistance training three
times per week. Patients with conditions that may preclude cer-
tain types of physical activity (e.g., coronary artery disease, un-
controlled hypertension, severe autonomic neuropathy, severe
peripheral neuropathy or history of foot lesions, and advanced
retinopathy) that may preclude certain types of physical activ-
ity should be carefully evaluated before starting an exercise
regimen.

Pharmacologic Treatment
Insulin, along with diet, is crucial to the survival of individuals
with type 1 diabetes and plays a major role in the therapy of
people with type 2 diabetes when their symptoms cannot be
controlled with diet or non-insulin antidiabetic agents. Insulin
also is used for patients with type 2 diabetes during periods
of intercurrent illness or stress (e.g., surgery, pregnancy). The
use of antidiabetic agents is reserved for the treatment of pa-
tients with type 2 diabetes whose symptoms cannot be con-
trolled with diet and exercise alone (however, metformin is
an exception to this). The clinical use of these agents and the
complications associated with their use are discussed later in
this chapter.

Pancreas and Islet Cell Transplants
Pancreas transplantation, by either whole pancreas or pancre-
atic islet cells, is the only available treatment for type 1 di-
abetes mellitus that induces an insulin-independent, normo-
glycemic state. Benefits can include improvement in quality of
life, retinopathy, and nephropathy.49,50 Whole organ pancreas
transplantation continues to be widely used in uremic diabetic
patients because it can be performed at the same time as kidney
transplantation (simultaneous kidney and pancreas transplant
[SPK]) or after (pancreas after kidney transplant [PAK]). SPK
graft survival rates are 86% and 71% at years 1 and 5, respec-
tively. For PAK, survival rates are slightly lower, at 78% and
57% at years 1 and 5, respectively.51 Another option is for pan-
creas transplantation alone; survival rates are similar to PAK.
The pancreatic graft is usually placed peritoneally, with duct
management by enteric drainage or less commonly by bladder
drainage. However, pancreatic transplantation alone in a patient
with diabetes mellitus remains controversial because the disad-

vantages of exogenous insulin therapy are replaced with risks
of the transplantation procedure itself and the complications of
immunosuppressive medications.52 The International Pancreas
Transplant Registry tracks whole organ pancreas transplanta-
tion. As of December 2004, 23,043 pancreas transplants were
reported to the International Pancreas Transplant Registry, with
17,127 performed in the United States. SPK accounted for the
majority of pancreas transplants.

Islet cell transplants (infusions) have received increased at-
tention with the success of the “Edmonton Protocol,” which
used a steroid-free immunosuppression regimen as well as
other techniques. All patients achieved insulin independence
after 1 year in contrast with a previous success rate of 8%.53 At
5 years, approximately 80% of patients had C-peptide present,
but only 10% maintained insulin independence with a median
duration of insulin independence of 15 months.54 Since then,
an international trial of the Edmonton Protocol, organized by
the Immune Tolerance Network, was published demonstrat-
ing proof of concept that the protocol could be replicated.55

At 1 year, 44% of patients were insulin independent with ad-
equate glycemic control, and 31% of these remained insulin
independent at 2 years. Twenty-eight percent had complete
graft loss at 1 year. Although islet cell transplantation does
not achieve sustained insulin independence, it can improve
quality of life, mainly from reduced hypoglycemia.55,56 Cur-
rently, islet cell transplantation is considered for patients with
type 1 diabetes with severe, recurrent hypoglycemia and hy-
poglycemic unawareness. Most protocols use sirolimus and
tacrolimus for maintenance immunosuppression and a mono-
clonal anti-CD25 antibody for induction immunosuppression
at the first islet infusion.57 The Collaborative Islet Transplant
Registry reported 319 recipients of islet infusion procedures
from 1999 to 2005 in North America. Many issues remain re-
garding islet cell transplantation, including availability of islet
cell transplant material, islet cell preparation, types of immuno-
suppression, and assessment of long-term outcomes.

Overall Goals of Therapy
The overall goal of diabetes management is to prevent acute and
chronic complications. Periodic assessments of HbA1c cou-
pled with regular measurement of fasting, preprandial, and
postprandial glucose levels should be utilized to assess ther-
apy. The following overall goals of therapy are agreed upon by
most endocrinologists:

1. Strive for glycemic control achieved in DCCT and UKPDS.
The landmark randomized, prospective trials of various in-
terventional therapies in patients with both types 1 and 2
diabetes have clearly demonstrated that reductions in hy-
perglycemia significantly decreases microvascular compli-
cations. In general, these trials demonstrated an overall re-
duction in microvascular complications by 30% to 35% with
a 1% absolute reduction in HbA1c. In both the UKPDS
and the DCCT, a trend toward a significant reduction in
macrovascular complications was observed. Target blood
glucose goals may need to be adjusted for patients with
frequent, severe hypoglycemia or hypoglycemia unaware-
ness (see questions 35 and 38), or CVD. In addition, estab-
lished renal insufficiency, proliferative retinopathy, severe
neuropathy, and other advanced complications are not likely
to be improved by tight glucose control. See Table 50-5
for the ADA glycemic goals. The American Association
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of Clinical Endocrinologists and the American College of
Endocrinology established glycemic goals as well (Table
50-5).58 These authors elected to discuss ADA guidelines
throughout this chapter.

2. Try to keep patients free of symptoms associated with hy-
perglycemia (polyuria, polydipsia, weight loss, fatigue, re-
current infection, ketoacidosis) or hypoglycemia (hunger,
anxiety, palpitations, sweatiness).

3. Maintain normal growth and development in children. In-
tensive therapy is not recommended for children younger
than 7 years of age and should be used cautiously in chil-
dren ages 7 to 13 years old (see Questions 22 and 23).

4. Eliminate or minimize all other cardiovascular risk factors
(obesity, hypertension, tobacco use, hyperlipidemia; see Ta-
ble 50-5 for BP and lipid goals).

5. Try to integrate the patient into the health care team through
intensive education. The patient’s knowledge and under-
standing of this disease can favorably influence its outcomes
(see Table 50-16).

Methods of Monitoring Glycemic Control
In addition to monitoring signs and symptoms associated with
hyperglycemia, hypoglycemia, and the long-term complica-
tions of diabetes, an ongoing assessment of metabolic control
is an integral component of diabetes management. Ideally, self-
monitored blood glucose (SMBG) results combined with lab-
oratory measures of acute and chronic glycemia can be used to
evaluate and adjust therapy. Several chemical measurements
may be used by the patient and clinician to assess glycemic
control directly or indirectly.59 SMBG and HbA1c levels con-
tinue to be the two primary methods used to access glycemic
control. Recently, continuous glucose monitoring (CGM) of
interstitial fluid has become available for people with diabetes.
CGM is discussed somewhat briefly here, because this method
still is currently recommended for consideration, along with
SMBG, for patients with type 1 diabetes only, especially those
with hypoglycemic unawareness.22

Urine Ketone Testing
Urine ketone testing is recommended for patients with gesta-
tional and type 1 diabetes. Urine ketones should be evaluated
when glucose concentrations consistently exceed 300 mg/dL
(16.7 mmol/L) or during acute illness.59 Persistently high glu-
cose concentrations of this magnitude signal insulin deficiency
that can, in turn, lead to lipolysis and ketoacidosis. A positive
test may indicate impending or established ketoacidosis and
demands a more extensive diagnostic workup. Testing also is
recommended during pregnancy and if the patient has symp-
toms of ketoacidosis. Although there are generally no ketones
in the urine, they may be present in people who are on ex-
tremely low caloric diets and in the first morning sample of
women who are pregnant. Also, see discussions of sick day
management and ketoacidosis in other sections of this chapter
(Questions 30 and 39 through 43).

Plasma Glucose
FPG concentrations (normal FPG, 3.9–5.6 mmol/dL or 70–100
mg/dL) are commonly used to assess glycemic control in the
fasting state because this is when glucose concentrations are
most reproducible. FPG concentrations generally reflect glu-

cose derived from hepatic glucose production because this is
the primary source of glucose in the postabsorptive state. The
FPG is the most frequent test performed by patients when self-
monitoring. Postprandial glucose concentrations (1–2 hours af-
ter the start of the meal) also are used to assess glycemic control
when fasting glucose concentrations are within normal limits
or when there is a need to assess the effects of food or drugs
(e.g., rapid-acting insulins, α-glucosidase inhibitors) on meal-
related glycemia. In nondiabetic individuals, glucose concen-
trations generally return to below 140 mg/dL (7.8 mmol/L)
within 2 hours after a meal. One- to 2-hour postprandial con-
centrations primarily reflect the efficiency of insulin-mediated
glucose uptake by peripheral tissue.

Because any glucose concentration can be affected by vari-
ous factors (e.g., meals, medications, stress), measurement at a
single point in time cannot be used to assess a patient’s overall
control. Most laboratories measure plasma glucose concentra-
tions rather than whole blood because these values are not sub-
ject to changes in the hematocrit. The majority of glucose mon-
itors report plasma-referenced glucose concentrations. Whole
blood glucose concentrations are approximately 10% to 15%
lower than plasma glucose concentrations because glucose is
not distributed into red blood cells. To convert plasma glucose
concentrations (mg/dL) to whole blood glucose values (and
vice versa), the following equation can be used:

� Whole blood glucose (mg/dL) = plasma glucose (mg/dL) ÷
1.12

� To convert a glucose concentration in mg/dL to mmol/L, a
factor of 18 is used:

Plasma glucose (mmol/L) = plasma glucose (mg/dL) ÷ 18

Self-Monitored Blood Glucose
SMBG has made euglycemia, both preprandially and post-
prandially, an achievable goal (80–140 mg/dL). Patients and
their health care providers can use SMBG to assess directly
the effects of drug dose changes, meals, exercise, and illness
on daily blood glucose concentrations. With improved technol-
ogy, decreasing costs, and increased coverage by health plans,
SMBG is the day-to-day monitoring test of choice for all pa-
tients with diabetes. However, SMBG remains expensive for
patients without health insurance, is invasive, and is technique
dependent. Furthermore, to achieve maximum benefit from
SMBG, both the clinician and patient must be motivated and
willing to spend the time required to interpret the data and
modify therapy to improve glycemic control. Based on the re-
sults of the DCCT and UKPDS, most persons with diabetes
should attempt to achieve and maintain blood glucose levels as
close to normal as is safely possible. This goal can realistically
be achieved only by using SMBG. The frequency and timing
of performing SMBG should be dictated by the individual’s
needs and goals. Selection and use of SMBG testing materi-
als are discussed in questions 11 and 12. Patients in whom
blood glucose self-monitoring is particularly valuable include
the following:

� Patients with type 1 diabetes: Frequent blood glucose mea-
surements help the patient to correlate meals, exercise, and
insulin dose with blood glucose concentrations. This instant
feedback gives the patient an increased sense of control and
motivation, leading to improved glucose control.
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� Pregnant patients: Infant morbidity and mortality are associ-
ated with the mother’s overall glucose control. Using SMBG,
the mother with diabetes who achieves normoglycemia be-
fore conception and throughout pregnancy, improves her
chances of delivering a live, healthy infant.

� Patients having difficulty recognizing hypoglycemia: Over
time, many patients with diabetes develop a sluggish counter-
regulatory response to hypoglycemia whereby hypoglycemic
symptoms are blunted or even absent. This is often referred
to as hypoglycemic unawareness. Routine SMBG to detect
asymptomatic hypoglycemia is essential in these individuals
(see question 38). In addition, acute anxiety attacks or signs
and symptoms associated with a rapidly falling blood glu-
cose concentration may mimic a true hypoglycemic reaction.
This can be evaluated easily by measuring a fingerstick blood
glucose concentration.

� Patients who are using physiological (e.g., basal-bolus) in-
sulin therapy: Individuals who are on multiple daily doses
of insulin or those using an insulin pump should use SMBG
to evaluate the effectiveness of their insulin regimens and
meal plans and to check for hypoglycemic or hyperglycemic
reactions (see Question 12). Knowledge of preprandial, post-
prandial, bedtime, and nocturnal (e.g., 2 am) blood glucose
concentrations is essential in determining basal and prepran-
dial insulin requirements.

Continuous Glucose Monitoring
CGM has become available in recent years and provides real
time information on glucose concentrations. Commercially
available CGM monitors currently measure SC interstitial glu-
cose levels. The four main CGM systems in the United States
are DexCom STS 3- and 7-day systems, MiniMed Paradigm
REAL-Time system (communicates with the Paradigm 522
and 722 insulin pumps), MiniMed Guardian REAL-Time sys-
tem, and the Abbott FreeStyle Navigator. The CGM systems
use electrochemical sensors that are inserted into the skin. Sen-
sor probe length varies from 5 to 16 mm. Depending on the
system, the sensors are good for 3 to 7 days. The sensors trans-
mit a signal to a transmitter (wired or wireless), and then to
a receiver for display. The system transmits glucose informa-
tion to the receiver; receivers then display the glucose reading
every 1 minute (Navigator) or 5 minutes (DexCom and Min-
iMed systems). The sensors require a warmup or initialization
period and have very specific calibration requirements (e.g., at
2 and 6 hours, then every 12 hours for the life of the sensor
with the MiniMed systems). Calibration is performed by us-
ing a blood glucose monitor. Interstitial glucose concentrations
are displayed on the receiver every 1 or 5 minutes depending
on the system. Interstitial glucose levels lag behind plasma
or blood glucose levels by 8 to 18 minutes, depending on the
glucose rate of change.60 Therefore, if a person’s glucose is
low, or trending downward, SMBG is required. An issue with
CGM is severe skins reactions to the adhesive for either the
sensor or transmitter. CGM systems have alarms that can go
off at certain high and low glucose thresholds. The ability to
detect hypoglycemia during the night with these alarms has
been a very attractive reason for using CGM. Another key fea-
ture is the ability to follow trends and rates of change in blood
glucose levels. Small, short-term studies have demonstrated
modest improvements in HbA1c (0.3%–0.6% reductions) in
adults and children with type 1 diabetes.61–64 CGM does not

replace SMBG, but provides a new tool for patients to actively
manage their diabetes. A noninvasive, watchlike device called
the GlucoWatch G2 Biographer (Animas Corporation, West
Chester, PA) used to be available, but the manufacturer ceased
selling this in 2007. This device used iontophoresis to obtain
glucose samples through intact skin via interstitial fluid.

Glycosylated Hemoglobin
The glycosylated hemoglobin, or HbA1c, has become the gold
standard for measuring chronic glycemia and is the clini-
cal marker for predicting long-term complications, particu-
larly microvascular complications. HbA1c is most commonly
measured because it comprises the majority of glycosylated
hemoglobin and is the least affected by recent fluctuations in
blood glucose. HbA1c measures the percentage of hemoglobin
A that has been irreversibly glycosylated at the N-terminal
amino group of the β-chain; the plasma glucose level and the
life span of a red blood cell (RBC; ∼120 days) determine its
value. Thus, HbA1c is an indicator of glycemic control over the
preceding 2 to 3 months. In patients without diabetes, HbA1c
comprises approximately 4% to 6% of the total hemoglobin.
Values may be three times this level in patients with diabetes.

The current HbA1c assay actually measures several different
molecules of hemoglobin A (HbA1c, HbA1a, HbA1b, HbA0),
not just HbA1c. Each laboratory establishes its own normal
values for the HbA1c test (most are referenced to the normal
range of 4%–6%). The International Federation of Clinical
Chemistry has developed a new reference method that only
measures glycated HbA1c (with a new unit of mmol HbA1c
per mol total hemoglobin).65 The downside of this method is
that the HbA1c values are 1.3% to 2.0% lower than the current
values, which would cause great confusion among practition-
ers. Another movement is to report estimated average glucose
(units mg/dL or mmol/L), which is calculated using HbA1c
measurements and correlating them to actual glucose mea-
surements (using 7-point blood glucose profiles with SMBG
and CGM) over a 3-month period.66 The International HbA1c-
derived Average Glucose trial will provide new correlations of
HbA1c with estimated average glucose and is due to be pub-
lished in 2008. The current correlation between HbA1c and
mean plasma glucoses that is reported is based on DCCT val-
ues (see below).22,67 In these data, a 1% change in the glycosy-
lated hemoglobin represents a 35-mg/dL change in the mean
plasma glucose concentration.

Mean Plasma Glucose Levels

HbA1c (%) (mg/dL) mmol/L

6 135 7.5
7 170 9.5
8 205 11.5
9 240 13.5

10 275 15.5
11 310 17.5
12 345 19.5

Alterations in RBC survival such as hemoglobinopathies,
anemias, acute or chronic blood loss, and uremia may affect
HbA1c values, resulting in inaccurate indications of glycemic
control. Antioxidants such as vitamins C and E also may inter-
fere with the glycosylation process68,69 (Table 50-6).
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Table 50-6 Factors Affecting HbA1c

Cause Effect on HbA1c

Alterations in RBC Survival

Hemoglobinopathies Decreased
Anemias

Hemolytic Decreased
Iron deficiency Decreaseda

Blood loss Decreased

Assay Interference

Uremia Increased or no changeb,c

Hemodialysis No changeb

Antioxidants Decreasedd

aFor patients receiving iron replacement therapy. Normal levels would be expected
in untreated patients.
bInterference seen in assays using high-pressure liquid chromatography and elec-
troendosmosis. Affinity chromatography seems unaffected.
cCarbamylated hemoglobin equaling 0.063% of total hemoglobin is formed for every
1 mmol/L of serum urea.
d Reported with vitamins C (1 g/day) and E (1,200 mg/day). Possible mechanism is
competitive inhibition of hemoglobin glycosylation.
HbA1c, glycosylated hemoglobin; RBC, red blood cell.

HbA1c can be measured without any special patient prepara-
tion (e.g., fasting) and generally is not subject to acute changes
in insulin dosing, exercise, or diet. Normalization can indicate
whether euglycemia has been achieved. However, HbA1c does
not replace the day-to-day monitoring of blood glucose con-
centrations, which is essential for evaluating acute changes in
blood glucose concentrations. These values are needed to ad-
just the meal plan or medication doses.

CLINICAL USE
Currently, the HbA1c value is used as an adjunct to assessing

overall glycemic control in patients with diabetes. Often, it is
used to verify clinical impressions related to glucose control
and patient adherence. Some also have suggested the use of
HbA1c values for diabetes screening and diagnosis; however,
until the test is standardized and more studies are completed,
it cannot be recommended for these purposes. HbA1c should
be measured quarterly in patients who do not meet treatment
goals, and at least semiannually in stable patients who are meet-
ing treatment goals.

Glycated Serum Protein, Glycated Serum Albumin, and Fructosamine
Assays for glycated serum proteins reflect the extent of gly-
cosylation of a variety of serum proteins, including glycated
serum albumin.59 The fructosamine assay is one of the most
widely used methods to measure glycated proteins (normal,
2–2.8 mmol/L). Because the half-life of albumin is approxi-
mately 14 to 20 days, fructosamine provides an indication of
glycemic control over a shorter time frame (1–2 weeks) than
does the HbA1c. The ADA does not consider measurement of
fructosamine equivalent to that of HbA1c, although it correlates
well with this value. Fructosamine levels may be useful as an
adjunct to HbA1c in determining whether a patient is improving
or worsening in the short term (e.g., a patient on insulin ther-
apy undergoing multiple dosage adjustments; for women with

type 2 diabetes during pregnancy or gestational diabetes) or
in patients with conditions such as hemolytic anemia in whom
the HbA1c test is inaccurate (Table 50-6). However, the exact
role of glycated serum protein in monitoring glycemic control
requires further study.

INSULIN
Insulin is a hormone secreted from the pancreatic β-cell in re-
sponse to glucose and other stimulants (e.g., amino acids, free
fatty acids, gastric hormones, parasympathetic stimulation, β-
adrenergic stimulation).70,71 The hormone is made up of two
polypeptide chains (a 21-amino acid α chain and a 30-amino
acid β chain), which are connected by two disulfide bonds (Fig.
50-3). Proinsulin, the precursor of insulin, is a single-chain, 86-
amino acid polypeptide. In the storage granule of the β-cell, the
connecting or C-peptide is cleaved from proinsulin to produce
equimolar amounts of insulin and C-peptide. Thus, measur-
able C-peptide levels indicate the presence of endogenously
produced insulin and functioning β-cells. Insulin is crucial to
the survival of individuals with type 1 diabetes, whose β-cells
have been destroyed. It also plays a major role in the therapy of
individuals with type 2 diabetes when their symptoms cannot
be controlled with diet and exercise alone or a combination of
antidiabetic agents. Insulin also is used in patients with type 2
diabetes during pregnancy or periods of intercurrent illness or
stress (e.g., surgery).

Commercially available insulin products differ in their im-
munogenicity, physical and chemical properties, pharmacoki-
netics, and pharmacodynamics.

Immunogenicity
Modern manufacturing processes have virtually eliminated
contaminants from current products, and most people now
use human insulin. Consequently, immunologically mediated
sequelae, such as lipodystrophy, hypersensitivity, and insulin
resistance caused by “blocking” antibodies, are rare.

Regular insulin is a solution that can be administered by
any parenteral route: intravenously, intramuscularly, or subcu-
taneously. Insulin lispro, insulin aspart, and insulin glulisine
are rapid-acting analogs. These insulins are also clear solutions
approved by the U.S. Food and Drug Administration (FDA) for
SC use. Insulin glargine and insulin detemir, two long-acting
insulins are also clear solutions, but neither should be admin-
istered IV. Insulin glargine is designed to precipitate at physio-
logical pH and insulin detemir binds to plasma albumin. NPH
insulin, an intermediate insulin, is a suspension in which reg-
ular insulin has been complexed with protamine to extend its
action. Two previously available insulins, Lente and Ultralente,
were removed from the market in 2005. NPH insulin must be
mixed well before administration and should never be admin-
istered IV. All insulin products have a neutral pH, except for
insulin glargine, which has a pH of 4.0.

Pharmacokinetics: Absorption, Distribution,
and Elimination
After SC injection, insulin is absorbed directly into the blood-
stream, bypassing the lymphatic system. The rate-limiting step
of insulin activity after SC administration is absorption of
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FIGURE 50-3 Proinsulin. Insulin is secreted from the pancreas as proinsulin. The connecting or C-peptide
is cleaved to release the active insulin molecule. Thus, C-peptide levels are measured in study conditions
to confirm the presence of a working pancreas. Insulin is a 51-amino acid protein made up of an A chain
and a B chain connected by two disulfide bonds. (Reproduced with permission from reference 341.)

insulin from the injection site, which depends on the type of
insulin administered, as well as a multitude of other factors.
Although SC absorption generally follows a simple exponen-
tial course, it is highly irregular. Coefficients of variation for
the time until 50% of the insulin dose is absorbed are ap-
proximately 25% within an individual and up to 50% among
patients for all insulins studied.72 A primary cause of this vari-
ation is attributed to changes in blood flow around the injection
site.

Exogenous insulin is degraded at both renal and extrarenal
(liver and muscle) sites. Degradation also takes place at the
cellular level after internalization of the insulin-receptor com-
plex. Approximately 30% to 80% of insulin is cleared from the
systemic circulation by the kidneys, which have a larger role
in clearing exogenously administered insulin. Endogenous in-
sulin is secreted directly into the portal circulation and is pri-
marily cleared by the liver in nondiabetic individuals (60%).70

Insulin is filtered by glomerular capillaries, but more than 99%
is reabsorbed by the proximal tubules. The insulin is then de-
graded in glomerular capillary cells and postglomerular per-

itubular cells.73 See Question 31 for changes in insulin require-
ment in renal dysfunction.

When insulin is given IV, the half-life for three compart-
ments are 2.3 to 2.4 minutes, 14 minutes, and 133 minutes.
Insulin action most closely corresponds to last compartment.72

Therefore, it is unnecessary to adjust the dose more frequently
than Q 2 hr.

Pharmacodynamics
Clinically, the most important differences between insulin
products relate to their onset, peak, and duration of action (not
the actual insulin levels, which is pharmacokinetics). Current
insulin products can be categorized as rapid acting, short act-
ing, intermediate acting, and long acting. Products available
in the United States are listed in Table 50-7, and the onset
of action, peak effect, and durations of action of each insulin
category are listed in Table 50-8. However, these data are de-
rived primarily from studies in normal, healthy volunteers in
the fasting state or in well-controlled patients with diabetes
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Table 50-7 Insulins Available in the United States

Type/Duration of Action Brand Name Manufacturer

Rapid Acting

Insulin lispro Humalog Lilly
Insulin aspart
Insulin glulisine

NovoLog
Apidra

Novo Nordisk
Sanofi-Aventis

Short Acting

Regular Humulin R Lilly
Novolin R Novo Nordisk

Intermediate Acting

NPH (isophane insulin suspension) Humulin N Lilly
Novolin N Novo Nordisk

Long Acting

Insulin glargine Lantus Sanofi-Aventis
Insulin detemir Levemir Novo Nordisk

Combination Insulins

NPH/regular mixture (70%/30%) Humulin 70/30 Lilly
Novolin 70/30 Novo Nordisk

NPH/regular mixture (50%/50%) Humulin 50/50 Lilly
Insulin aspart protamine/insulin

aspart mixture (70%/30%)
Novolog Mix

70/30
Novo Nordisk

Insulin NPL/insulin lispro mixture
(75%/25%)

Humalog Mix
75/25

Lilly

Insulin NPL/insulin lispro mixture
(50%/50%)

Humalog Mix
50/50

Lilly

stabilized in a metabolic ward. In actuality, intersubject and
intrasubject variations in response to insulin can be substan-
tial because an individual pattern of response to insulin can
be affected by numerous factors (e.g., the formation of insulin
hexamers, the presence of insulin-binding antibodies, dose, ex-
ercise, site of injection, massage of the injection site, ambient
temperature, and interactions between insulins that have been

Table 50-8 Insulin Pharmacodynamicsa,110,254

Insulin Onset (hr) Peak (hr) Duration (hr) Appearance

Rapid acting
(insulin lispro,
aspart and
glulisine)

5–25 min 30–90 min <5 Clear

Regular 0.5–1 2–3 5–8 Clear
NPH 2–4 4–12 12–18 Cloudy
Insulin glargine 1.5 No prono-

unced peak
20–24 Clearb

Insulin detemir 3–8 Relatively flat 5.7–23.2 Clearb

aThe onset, peak, and duration of insulin activity may vary considerably from times
listed in this table. See text and Table 50-12.
bShould not be mixed with other insulins or administered IV. Some patients require
twice-daily dosing.

Table 50-9 Components of Physiological Insulin Therapy

Multicomponent insulin regimen of basal plus preprandial insulin doses
Balance of carbohydrate intake, exercise, and insulin dosage
Daily, multiple self-monitoring of blood glucose levels
Patient self-adjustment of carbohydrate intake and insulin dosage with

use of correction/supplemental rapid- or short-acting insulin according
to a predetermined plan

Individualized target blood glucose and HbA1c levels
Frequent contact between patient and diabetes team
Intensive patient education
Psychological support
Regular objective assessment (as measured by HbA1c)

HbA1c, glycosylated hemoglobin.
Modified from reference 100.

mixed together; Table 50-10 and Question 16).72,74 Neverthe-
less, knowledge of when one might expect the various insulins
to exert their effects is absolutely essential to the rational ad-
justment of insulin dosages.

Rapid-Acting Insulin
INSULIN LISPRO
Insulin lispro [Lys(B28),Pro(B29)]-human insulin (Hu-

malog, Eli Lilly, Indianapolis, IN) was the first available
rapid-acting insulin analog and received FDA approval in
1996. The natural amino acid sequence of the insulin β-
chain at positions 28 (proline) and 29 (lysine) is inverted
to form lispro. This change results in an insulin molecule
that more loosely self-associates into hexamers than does
regular insulin. Consequently, the active monomeric form
is more readily available, resulting in an onset of activ-
ity (15 minutes), peak action (60–90 minutes), and dura-
tion (3–4 hours) that more closely simulates physiological in-
sulin secretion relative to meals. Because it can be injected
shortly before eating (0–15 minutes), lispro, and all rapid-
acting insulins, provide patients greater flexibility in lifestyle.
These insulins lower 2-hour postprandial blood glucose lev-
els, and decrease the risk for late postprandial and nocturnal
hypoglycemia compared with regular insulin formulations.75

Patients who use an insulin pump most often use a rapid-acting
insulin instead of regular insulin. One randomized, two-way,
cross-over, open-label study compared lispro with regular in-
sulin administered for 3 months by continuous SC insulin
infusion.76 Lispro resulted in HbA1c values that were signifi-
cantly lower than those produced by regular insulin (7.41% vs.
7.65%). There were no differences in adverse events. Because
lispro has a shorter duration of action than regular insulin,
hyperglycemia and ketosis may occur more rapidly if insulin
delivery is inadvertently interrupted. Insulin lispro is approved
for use in pediatric patients, age 3 and older.77 It is pregnancy
category B.

INSULIN ASPART
Insulin aspart (NovoLog, Novo Nordisk, West Princeton,

NJ) is a rapid-acting insulin analog that differs from human
insulin by substitution of aspartic acid at B28. Insulin aspart
is approved for use in pediatric patients, age 6 and older.78 It
is pregnancy category B. Insulin aspart controls postprandial
glucose excursions similar to insulin lispro.
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Table 50-10 Factors Altering Onset and Duration of Insulin Action

Factor Comments

Route of administration Onset of action more rapid and duration of action shorter for IV>IM>SC137

Intrapulmonary insulin has more rapid onset and shorter duration than SC insulin, resembling IV
pharmacokinetics72

Factors altering clearance
Renal function Renal failure lowers insulin clearance; may prolong and intensify action of exogenous and endogenous insulin
Insulin antibodies IgG antibodies bind insulin as it is absorbed and release it slowly, thereby delaying and/or prolonging its effect339

Thyroid function Hyperthyroidism increases clearance, but also increases insulin action, making control difficult; patients stabilize as they
become euthyroid

Factors altering SC absorption Factors that raise SC blood flow ↑ absorption rates of regular insulin; effect on intermediate- and long-acting insulins
minimal

Site of injection Rate of absorption fastest from the abdomen, intermediate from the arm, and slowest from the thigh; less variation
observed in type 2 patients; less variation observed with lispro insulin

Site Half-life absorption (min)
Abdomen 87 ± 12
Arm 141 ± 23
Hip 153 ± 28
Thigh 164 ± 15

Exercise of injected area Strenuous exercise of an injected area within 1 hr of injection can increase absorption rate; rate of absorption of regular
insulin is increased, but little effect on intermediate-acting insulin72,134

Ambient temperature Heat (e.g., hot weather, hot bath, sauna) increases absorption rate; cold has opposite effect70,72

Local massage Massaging injected area for 30 min substantially increases absorption rate of regular insulin as well as longer acting
insulins

Smoking Controversial; vasoconstriction may down decrease absorption rate72

Jet injectors Insulin absorption more rapid, probably secondary to increases surface area for absorption
Lipohypertrophy Insulin absorption is delayed from lipohypertrophic sites
Insulin preparation More soluble forms of insulin are absorbed more rapidly and have shorter durations of action (see Table 50-8 and text);

human insulin may have shorter action than animal insulin
Insulin mixtures The short-acting properties of raid-acting insulins may be blunted if mixed with NPH insulin (see Question 17)
Insulin concentration More dilute solutions (e.g., U-40, U-10) are absorbed more rapidly than more concentrated forms (U-100, U-500)70

Insulin dose Lower doses are absorbed more rapidly and have a shorter duration of action than larger doses

IgG, immunoglobulin G; IM, intramuscular; IV, intravenous; SC, subcutaneous.

INSULIN GLULISINE
Insulin glulisine (Apidra, Sanofi-Aventis, Bridgewater, NJ)

is a rapid-acting insulin analog that differs from human in-
sulin by substitution of lysine for asparagine at position B3
and glutamic acid for lysine at position B23. Insulin glulisine
is currently not FDA approved for use in pediatric patients.79

It is pregnancy category C. Insulin glulisine lowers postpran-
dial glucose excursions similar to insulin lispro and insulin as-
part.

Short-Acting Insulin
Regular insulin has an onset of action of 30 to 60 minutes, a
peak effect at 2 to 4 hours, and a duration of action of 5 to 7
hours. The broad range in peak effect and duration reflects the
many variables that affect insulin action (Table 50-8). The 30-
to 60-minute onset of action requires proper timing of premeal
regular insulin, which is difficult for most patients. Use of
regular insulin in patients with type 1 diabetes is much less
common with the advent of the rapid-acting insulins.

Previously, an inhaled human insulin powder (Exubera,
Pfizer, New York, NY) was available. In October 2007, Pfizer
announced that it would no longer make this insulin owing
to its infrequent use. In March 2008, Lilly announced that it
was cancelling the trials of its inhaled insulin, AIR, which it
was developing with Alkermes, Inc. Similarly, Novo Nordisk

in January 2008 announced it would discontinue studies of its
insulin inhaler AERx.

Intermediate-Acting Insulin

NPH
NPH (neutral protamine hagedorn or isophane) is an
intermediate-acting insulin. Its onset of action is approximately
2 hours (range, 1–3), peak effects occur at approximately 6 to
14 hours, and the duration of action of NPH is approximately
16 to 24 hours. Again, it must be emphasized that this pattern
of response is at best a generalization. Patients may have a vari-
able pattern of response to NPH insulin over time, and those
on higher doses are likely to have a later peak and a longer
duration of action. Up to 80% of these day-to-day fluctuations
in blood glucose responses can be accounted for by variation
in the absorption of this intermediate-acting insulin.72

Long-Acting Insulin
INSULIN GLARGINE
Insulin glargine (Lantus, Sanofi-Aventis) was approved by

the FDA in April 2000 and is pregnancy category C. It is ap-
proved for once a day SC administration for the treatment of
adult and pediatric patients (age ≥6) with type 1 diabetes or
adult patients with type 2 diabetes who require basal (long-
acting) insulin for the control of hyperglycemia. It can be
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administered anytime during the day, but it is important to
take it at the same time each day. It is usually administered at
bedtime (this was the original approved administration time)
or, second most commonly, in the morning.

Insulin glargine is an insulin analog in which asparagine
in position A21 is substituted with glycine and two arginines
are added to the C-terminus of the β-chain. This change in
the amino acid sequence causes a shift in the isoelectric point
from pH 5.4 to 6.7, making it more soluble at an acidic pH.80

Once injected, insulin glargine (which is a clear solution with
a pH of 4.0) precipitates at physiological pH forming a depot
that releases insulin slowly over 24 hours. This results in de-
layed absorption and a less pronounced peak compared with
NPH insulin.81 Zinc is added to further prolong the duration
of insulin glargine. In clinical trials of patients with types 1
and 2 diabetes, once-daily injections of insulin glargine were
as effective as NPH in lowering HbA1c values with less noctur-
nal hypoglycemia.82 Insulin glargine is associated with more
injection site pain compared with NPH (6.1% vs. 0.3% in one
study and 2.7% vs. 0.7% in another), which is likely due to its
acidity.83,84 Some patients report that they “feel” the insulin
glargine injection more than other insulins.

INSULIN DETEMIR
Insulin detemir (Levemir, Novo Nordisk), was approved in

June 2005 and joins insulin glargine as the second basal insulin
marketed in the United States. It is pregnancy category C. Un-
like other insulin analogs, in which the amino acid sequence is
modified, for insulin detemir, a fatty acid moiety is added to the
last amino acid on the end of the β-chain. Insulin detemir is a
neutral, soluble insulin preparation in which the B30 threonine
has been removed and the B29 lysine residue has been cova-
lently bound to a 14-carbon fatty acid. The result is an insulin
that is more slowly absorbed in the SC tissue because the fatty
acid moiety binds to albumin, creating a long-acting insulin.85

Insulin determir’s kinetics and dynamics are dose dependent.86

When used in type 1 diabetes, two injections daily are usually
required to provide adequate basal coverage. Insulin detemir
demonstrates less intrasubject variability than NPH or insulin
glargine.87 The clinical significance and impact of this obser-
vation is unclear.

Premixed Insulin
Products that contain premixed NPH and regular insulin in a
fixed ratio of 70:30 are available from Lilly as Humulin 70/30
and Novo Nordisk as Novolin 70/30. Lilly also makes a pre-
mixed formulation in a 50:50 ratio (Humulin 50/50). Addi-
tional premixed formulations are available wherein both in-
sulin lispro and insulin aspart have been co-crystallized with
protamine to create an intermediate-acting insulin similar to
NPH. Humalog Mix 75/25 and Humalog Mix 50/50 (Lilly) are
products with lispro protamine and insulin lispro in a fixed ra-
tio of 75:25 and 50:50, respectively. Novolog Mix 70/30 (Novo
Nordisk) is aspart protamine and insulin aspart in a fixed ratio
of 70:30. These premixed insulins are available for patients
who have difficulty measuring and mixing insulins and are
dosed twice daily. These insulins are compatible when mixed
together and retain their individual pharmacodynamic profiles
(see Question 16).

TREATMENT OF TYPE 1 DIABETES: CLINICAL USE
OF INSULIN
Clinical Presentation of Type 1 Diabetes

3. A.H., a slender, 18-year-old woman who was recently dis-
charged from the hospital for severe dehydration and mild ke-
toacidosis is referred to the Diabetes Clinic from the University
Student Health Service (no records available). A fasting and a
random plasma glucose ordered subsequently were 190 mg/dL
(normal, 70–100) and 250 mg/dL (normal, 140 to<200). Approxi-
mately 4 weeks before she was hospitalized, A.H. had moved across
the country to attend college—her first time away from home. In
retrospect, she remembers that she had symptoms of polydipsia,
nocturia (six times a night), fatigue, and a 12-lb weight loss over
this period, which she attributed to the anxiety associated with her
move away from home and adjustment to her new environment.
Her medical history is remarkable for recurrent upper respira-
tory infections and three cases of vaginal moniliasis over the past
6 months. Her family history is negative for diabetes, and she
takes no medications.

Physical examination is within normal limits. She weighs 50 kg
and is 5 feet 4 inches tall. Laboratory results are as follows: FPG,
280 mg/dL (normal, <100); HbA1c, 14% (normal, 4%–6%); and
trace urine ketones as measured by Keto-Diastix (normal, neg-
ative). On the basis of her history and laboratory findings, the
presumptive diagnosis is type 1 diabetes. Which findings are con-
sistent with this diagnosis in A.H.?

[SI units: FPG, 15.5 mmol/L (normal, <5.6); HbA1c, 0.14 (normal,

0.04–0.06)]

A.H. meets several of the diagnostic criteria for diabetes.
She has classic symptoms of the disease (polyuria, polydipsia,
weight loss, glucosuria, fatigue, recurrent infections), a ran-
dom plasma glucose above 200 mg/dL, and an FPG of 126
mg/dL or higher on at least two occasions4 (Tables 50-1 and
50-2). The elevated HbA1c also is consistent with diabetes mel-
litus. Features of A.H.’s history that are consistent with type
1 diabetes, in particular, include the relatively acute onset of
symptoms in association with a major life event (moving away
from home), ketones in the urine, negative family history, and
a relatively young age at onset.

Treatment Goals

4. A.H. will be started on insulin therapy on this visit. What
are the goals of therapy? Will normoglycemia prevent the devel-
opment or progression of long-term complications?

The goal of diabetes management is the prevention of acute
and chronic complications. As discussed in the introduction to
this chapter, the results of the DCCT and DCCT-EDIC con-
vincingly demonstrated that lowering blood glucose concen-
trations through intensive insulin therapy in persons with type
1 diabetes slows or prevents the development of microvascular
complications.29,30 The ADA recommends an HbA1c goal of
less than 7% for patients in general and an individual goal as
close to normal as possible (<6%) without significant hypo-
glycemia.

It is important to understand that physiological or basal-
bolus insulin therapy involves a complete program of diabetes
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management that includes a balanced meal plan, exercise, fre-
quent SMBG, and insulin adjustments based on these factors
(Tables 50-4 and 50-9). Because the patient is the key mem-
ber of the team, A.H. must be highly motivated and able to
learn about the complex metabolic interplay between insulin
and lifestyle.

In summary, A.H. is a patient newly diagnosed with type 1
diabetes who has not yet developed any signs or symptoms of
long-term complications. Therefore, she is an ideal candidate
for basal-bolus insulin therapy and, if she is willing and mo-
tivated, normoglycemia with rare hypoglycemic reactions is a
reasonable long-term goal. This goal should be achieved grad-
ually over several months with insulin therapy, diet, education,
and strong clinical support. A desirable goal is an HbA1c value
as close to the normal range as possible with rare hypoglycemic
reactions.

Basal-Bolus (Physiological) Insulin Therapy

5. What methods of insulin administration are available to
achieve optimal glucose control?

A physiological insulin regimen is designed to mimic nor-
mal insulin secretion as closely as possible.88 Problems with
insulin delivery include factors that affect the SC absorption
of insulin (Table 50-10). Before the development of the rapid-
acting insulin analogs and basal insulins, previous insulins
lacked pharmacodynamic profiles that allowed one to closely
simulate the basal-bolus model (see text that follows). Clin-
icians now have more tools to mimic the pancreatic release
of the hormone. In the nondiabetic individual, the pancreas
secretes boluses of insulin in response to snacks and meals.
Between meals and throughout the night, the pancreas secretes
small amounts of insulin that are sufficient to suppress lipol-
ysis and hepatic glucose output (basal insulin). Two methods
have been used to achieve a similar pattern of insulin release:
(a) insulin pump therapy (previously referred to as “continuous
subcutaneous infusion of insulin”) and (b) basal-bolus insulin
regimens consisting of once to twice daily doses of basal insulin
coupled with pre-meal doses of rapid or short-acting insulin
(see Question 6).

Insulin Pump Therapy
The use of an insulin pump is currently the most precise way
to mimic normal insulin secretion. This consists of a battery-
operated pump and a computer that can program the pump
to deliver predetermined amounts of regular insulin, insulin
lispro, insulin aspart, or insulin glulisine from a reservoir to
a subcutaneously inserted catheter or needle (e.g., MiniMed
Paradigm 722, Northridge, CA; Animas 2020).89,90 These sys-
tems are portable and designed to deliver various basal amounts
of insulin over 24 hours as well as meal-related boluses. A bo-
lus of regular insulin can be released by the patient 30 minutes
before food ingestion. Most patients using an insulin pump,
however, prefer to use the rapid-acting insulin analogs in their
pump. For meal coverage, the rapid-acting insulin can be given
0 to 15 minutes before eating. The delivery of the bolus can
be adjusted depending on the type of food eaten (e.g., piece of
cake versus slice of pizza). Caveat: If SC delivery is discon-
tinued, check for rise in glucose and urine ketones after 2 or
3 hours. Because there is no SC pool, effects dissipate quickly.

The preferred meal planning approach for patients using an
insulin pump is carbohydrate counting. The “insulin to carbo-
hydrate ratio” or how much carbohydrate is covered by 1 unit
of insulin must be determined. One method is to use the “500
Rule.” The number 500 (or 450 for regular insulin) is divided
by the total daily dose of insulin the patient is using to deter-
mine the insulin to carbohydrate ratio (see Question 13). Insulin
pumps are capable of delivering many basal insulin rates. The
basal insulin infusion rate may be adjusted depending on the
situation. Many patients find it advantageous to decrease the
basal rate during the middle of the night when nocturnal hy-
poglycemia is most likely to occur. The basal rate also may be
increased before awakening to avoid hyperglycemia secondary
to the “dawn phenomenon”—adjustments that are not possi-
ble using subcutaneous basal insulin injections. Features of the
current pump models include “bolus wizard,” which calculates
accurate boluses based on preset carbohydrate-to-insulin ratios
and correction factors, carbohydrate counts for selected foods,
and an “insulin-on-board” feature, which avoids stacking of in-
sulin doses by indicating how much insulin from a previously
administered dose is still available. Most insurance plans pro-
vide coverage for insulin pumps for patients with type 1 and
some patients with type 2 diabetes. Factors to consider when
choosing a pump include safety features, durability, ability of
the manufacturer to provide service, availability of training,
clinically desirable features, and cosmetic attractiveness for
the user.89,91

MULTIPLE DAILY INJECTIONS

6. How can insulin injections be administered to A.H. in a way
that mimics the physiological release of insulin from the pancreas?

Endocrinologists have developed a variety of insulin reg-
imens that are intended to mimic the release of insulin from
the pancreas.92 Examples of these are displayed in and illus-
trated in Figure 50-4. A total daily dose of insulin is estimated
empirically (e.g., 0.5 unit/kg/day) or according to guidelines
listed in Table 50-11. The total daily dose of insulin then is
split into several doses. In general, the basal dose comprises
approximately 50% of the total daily dose.

A regimen much less commonly used in patients with type
1 diabetes involves injecting a mixture of intermediate-acting
and regular or rapid-acting insulin twice daily, before break-
fast and before dinner (Fig. 50-4A). The morning dose of
regular/rapid-acting insulin is intended to take care of the
breakfast meal; the morning dose of NPH takes care of the
noon meal and provides basal insulin throughout the day;
the evening dose of regular/rapid-acting insulin takes care of
the evening meal; and the evening dose of NPH provides basal
insulin levels during the night and takes care of any evening
snack that is ingested. Because NPH is an intermediate-acting
insulin and has a peak effect, it does not provide true basal in-
sulin coverage. Also, when NPH is injected in the morning, the
patient must eat lunch on time because of this peak effect, oth-
erwise they will experience hypoglycemia. Also, when NPH
is taken with mealtime insulin before dinner, the patient is at
risk for nocturnal hypoglycemia from the peak effect of the
evening dose of NPH. The advantage of using a rapid-acting
insulin (e.g., insulin lispro, insulin aspart, or insulin glulisine)
instead of regular insulin in this regimen is to facilitate the pa-
tient being able to take their insulin doses immediately before
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FIGURE 50-4 Theoretical insulin effect provided by various insulin regimens. A: Two daily injections of
rapid-acting (insulin aspart, glulisine, or lispro) or short-acting (regular) and intermediate-acting insulin
(NPH). B: Morning injection of rapid or short-acting insulin and an intermediate-acting insulin, a presupper
injection of rapid or short-acting insulin, and a bedtime injection of intermediate-acting insulin. Suggested
for patients with early morning hypoglycemia followed by rebound hyperglycemia or for patients with
early morning hyperglycemia (rebound phenomenon). C: Preprandial injections of rapid or short-acting
insulin and long-acting (e.g., insulin glargine or detemir) or intermediate-acting insulin (NPH) at bedtime.
D: Continuous subcutaneous insulin infusion. B, breakfast; HS, bedtime snack; L, lunch; S, supper. Arrows,
time of insulin injection (<15 minutes before meals for rapid-acting insulin and ∼30 minutes before meals
for short-acting insulin). (Adapted from reference 342.)

a meal. However, the peak effect of the NPH component in
this combined dose still presents the same problems. Caveat:
When patients are switched to a rapid-acting insulin from reg-
ular insulin in this type of regimen, the doses of NPH may have
to be increased to minimize preprandial hyperglycemia. This
type of insulin regimen does not mimic physiological insulin
release.

Figure 50-4B depicts a variation of this method. It is the
same except that the evening dose of NPH is given as a third
injection at bedtime. This shifts the time of peak effect from
approximately 2 to 3 am to approximately 7 am. By administer-
ing NPH at bedtime, nocturnal hypoglycemia is reduced and
peak insulin activity occurs when the patient is more likely to
be awake and ingesting food. This method may be useful for
patients in whom nocturnal hypoglycemia and fasting hyper-
glycemia are particularly troublesome; however, this regimen
also does not mimic physiological insulin release.

The regimen that most closely mimics physiological insulin
release besides the use of an insulin pump, is the use of a
once-daily basal insulin such as insulin glargine or insulin de-
temir to provide basal insulin levels throughout the day, along
with doses of regular, insulin lispro, insulin aspart or insulin
glulisine before meals (Fig. 50-4C depicts the long-acting in-

sulin given at bedtime, but it can be given alternatively in the
morning). When smaller doses are used, twice-daily insulin de-
temir and possibly insulin glargine will be required for 24-hour
coverage.93−95 This method theoretically provides insulin sim-
ilar to the insulin pump works: constant basal levels plus small
boluses for meals and snacks. In doing so, it offers some of the
same advantages of the pump in that it permits some degree
of flexibility in the patient’s lifestyle. For example, if a patient
with diabetes chooses to skip a meal, he or she omits a premeal
bolus; if the patient chooses to eat a larger meal than usual, he
or she increases the premeal bolus. Similar dose adjustments
can be made to accommodate snacks, exercise patterns, and
acute illnesses. Caveat: Insulin glargine and insulin detemir
must be injected separately; that is, they may not be mixed in
same syringe with other insulins.

7. Should A.H. use an insulin pump or multiple insulin injec-
tions?

Indications for basal-bolus insulin therapy are listed in Ta-
ble 50-12. Patients with type 1 diabetes should be placed on
a basal-bolus insulin regimen. A.H. is an ideal candidate to
strive for an HbA1c <6%. She is newly diagnosed, has not yet
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Table 50-11 Empiric Insulin Doses

Estimating Total Daily Insulin Requirements

These are initial doses only; they must be refined using SMBG results.
Patients may be particularly resistant to insulin if their blood glucose
concentrations are high (glucose toxicity); once glucose concentrations
begin to drop, insulin requirements often decrease precipitously. The
weight used is actual body weight. Insulin dose requirements can
change dramatically over time depending on circumstances (e.g., a
growth spurt, modest weight gain or loss, illness).

Type 1 diabetes
Initial dose 0. 3–0.5 unit/kg
Honeymoon phase 0. 2–0.5 unit/kg
With ketosis, during illness, during growth 1. 0–1.5 units/kg
Type 2 diabetes
With insulin resistance 0. 7–1.5 units/kg

Estimating Basal Insulin Requirements

These are empiric doses only and should be adjusted using appropriate
SMBG results (fasting or premeal). Basal requirements vary
throughout the day, often increasing during the early morning hours.
Basal requirements are approximately 50% of total daily insulin needs.
The basal requirement also is influenced by the presence of
endogenous insulin, the degree of insulin resistance, and body weight.
The basal insulin dose is approximately 50% of total daily dose.

Estimating Premeal Insulin Requirements

The “500 rule” estimates the number of grams of carbohydrate that will
be covered by 1 unit of rapid-acting insulin. The rule is modified to the
“450 rule” if using regular insulin.

500/total daily dose of insulin (TDD) = number of grams covered
Example: For a patient using 50 U/day, 500/50 = 10. Therefore, 10 g

carbohydrate would be covered by 1 unit of insulin lispro, glulisine, or
aspart. This equation works very well for type 1 patients in estimating
their premeal insulin requirements. Because patients with type 2
diabetes have insulin resistance, the rule may underestimate their
insulin requirements.

Determining the “Correction Factor”

Supplemental doses of rapid-acting insulin are administered to acutely
lower glucose concentrations that exceed the target glucose
concentration. These doses must be individualized for each patient and
again are based on the degree of sensitivity to insulin action. For
example, if the premeal or bedtime blood glucose target is 140 mg/dL
and the patient’s value is 190 mg/dL, additional units of insulin might
be added to the premeal dose or an additional supplemental bedtime
dose of rapid-acting insulin might be given. The correction factor
determines how far the blood glucose drops per unit of insulin given
and is known as the “1700 rule.” For regular insulin, the rule is
modified to the “1500 rule.” The equation is as follows:

1700/TDD = point drop in blood glucose per unit of insulin
Example: If a patient uses 28 U/day of insulin, their correction factor (or

insulin sensitivity) would be 1700/28 = 60 mg/dL. Therefore, the
patient can expect a 60 mg/dL drop for every unit of rapid acting
insulin administered. Patients with a higher sensitivity factor have
lower insulin requirements. Individuals with a lower sensitivity factor
(higher insulin requirements) typically achieve a smaller reduction in
blood glucose per unit of insulin.

SMBG, self-monitored blood glucose; TDD, total daily dose.
Adapted from references 88, 92, and 102.

Table 50-12 Basal-Bolus (Physiological) Insulin Therapy:
Indications and Precautions

Patient Selection Criteria

Type 1, otherwise healthy patients (>7 years of age) who are highly
motivated and compliant individuals. Must be willing to test blood
glucose concentrations multiple times daily and inject 4 doses of
insulin daily, on average

Women with diabetes who plan to conceive
Pregnant patients with diabetes (pre-existing)
Patients poorly controlled on conventional therapy (includes type

2 patients)
Technical ability to test blood glucose concentrations
Intellectual ability to interpret blood glucose concentrations and adjust

insulin doses appropriately
Access to trained and skilled medical staff to direct treatment program

and provide close supervision

Avoid or Use Cautiously in Patients Who Are Predisposed
to Severe Hypoglycemic Reactions or in Whom Such
Reactions Could be Fatal

Patients with counter-regulatory insufficiency
β-Adrenergic blocker therapy
Autonomic insufficiency
Adrenal or pituitary insufficiency
Patients with coronary or cerebral vascular disease
(Note: Counter-regulatory hormones released in response to

hypoglycemia may have adverse effects in these individuals)
Unreliable, noncompliant individuals, including those who abuse alcohol

or drugs and those with psychiatric disorders

developed the long-term complications of diabetes, and should
derive the benefits of normoglycemia. Assuming A.H. will be
able to comply with basal-bolus insulin therapy, individual-
ized target blood glucose levels that strive for the best level of
glucose control possible without placing her at undue risk for
hypoglycemia should be prescribed. She must be willing to test
her blood glucose concentrations four or more times daily and
inject herself four times daily or learn about the use and care
of an insulin pump. She also must be willing to keep detailed
blood glucose and food records and participate in an extensive
education program that enables her to adjust her insulin doses
based on blood glucose concentrations, physical activity, and
the carbohydrate content of her snacks and meals.

Transition to an insulin pump is facilitated by patients being
able to attain these skills using multiple daily SC insulin injec-
tions before insulin pump initiation. The ADA recommends
that the use of insulin pumps be limited to highly motivated
individuals under the guidance of a health care team trained
and knowledgeable in their use. Pumps offer the patient the
ability to use multiple basal rates over the 24-hour period and
assist with the calculation of bolus and correction insulin doses.
Most studies have shown that pump therapy provides equiva-
lent and sometimes better glycemic control than does intensive
management with multiple injections.89,96

Insulin pumps are particularly useful in patients with fre-
quent, unpredictable hypoglycemia or marked dawn phenom-
ena (see Question 20). Others have described the methods by
which insulin doses are established and altered in patients using
the insulin pump.88,91 Because A.H. has just been diagnosed,
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she should be initiated on a basal-bolus SC insulin therapy.
Once she has acquired these skills, she may be considered for
pump therapy.

Clinical Use of Insulin
Initiating Insulin Therapy

8. How should multiple-dose insulin therapy be initiated in
A.H.?

A conservative total daily dose of insulin is estimated em-
pirically or according to guidelines similar to those listed in
Table 50-12 in newly diagnosed patients. For a basal-bolus
insulin regimen, insulin glargine (Lantus) or insulin detemir
(Levemir) is used as the basal insulin with bolus doses of a
rapid- or short-acting insulin (insulin lispro, insulin aspart, in-
sulin glulisine or regular) given at meal time. However, the
cost of insulin glargine and insulin detemir, their availability
on formularies, and their incompatibility with other insulins in
the same syringe may force some clinicians and patients to use
NPH insulin.

During the initial visit, A.H. needs to learn how to inject
her insulin (see question 10), how to test her blood glucose
(Table 50-13), how and when to test her urine for ketones, and
how to recognize and treat hypoglycemia (Table 50-14). She
also needs to understand the importance of meal planning and
the relationship between carbohydrate intake and insulin ac-
tion (Table 50-15). It is very important not to overwhelm A.H.
with information on the first visit. One should be particularly

Table 50-13 Self-Monitored Blood Glucose Testing: Areas
of Patient Education

When and how often to test

Technique
How and when to calibrate the glucose monitor.
Review all “buttons” and their purposes. Identify battery case. Review

cleaning procedures, if applicable.
Preparation
1. Calibrate monitor/set code for batch of test strips, if required.
2. Insert test strip to turn machine on (some meters require user to turn

machine on).
3. Prepare all materials: tissue, strip, lancet.
4. Remember to close the lid of the strip container immediately. Strips

exposed to air and moisture deteriorate rapidly.
5. Wash hands with warm water. Dry thoroughly. A wet finger causes

blood to spread rather than form a drop. Milk the finger from the base
to ensure an adequate flow of blood.

6. Lance the tip of the finger. Avoid the pads of the finger where nerve
endings are concentrated.

7. Hold the finger below the heart with the lanced area pointing toward
the floor.

8. Once a sufficient amount of blood is available, quickly apply blood to
designated area of the test strip. Depending on the strip type, the blood
sample is placed in an area on the surface of the strip or it is applied to
the side of the strip where it is taken up by capillary action.

Record results in a log book and bring to all clinician visits.
Include relevant information regarding diet or exercise.

How to use results to achieve normoglycemia

Table 50-14 Hypoglycemia

Definition

Blood glucose concentration <60 mg/dL: Patient may or may not be
symptomatic. Blood glucose <40 mg/dL: Patient is generally
symptomatic. Blood glucose <20 mg/dL can be associated with
seizures and coma.

Signs and Symptoms

Blurred vision, sweaty palms, generalized sweating, tremulousness,
hunger, confusion, anxiety, circumoral tingling, and numbness.
Patients vary with regard to their symptoms. Behavior can be confused
with inebriation. Patients become combative and use poor judgment.

Nocturnal hypoglycemia: nightmares, restless sleep, profuse sweating,
morning headache, morning “hangover.” In one study, 80% of patients
with nocturnal hypoglycemia had no symptoms.

Clinical Considerations

Irregular eating patterns
↑ Physical exercise
Gastroparesis (delayed gastric emptying)
Defective counter-regulatory responses
Excessive dose of sulfonylurea
Alcohol ingestion
Drugs

Treatment

Ingest 10–20 g rapidly absorbed carbohydrate. Repeat in 15–20 min if
glucose concentration remains <60 mg/dL or if patient is
symptomatic. Follow with complex carbohydrate/protein snack if meal
time is not imminent.

The following are examples of food sources that provide 15 g of
carbohydrate:

Orange, grapefruit, or apple juice; regular, nondiet soda 1/2 cup
Fat-free milk 1 cup
Grape juice, cranberry juice cocktail 1/3 cup
Sugar 1 T or 3 cubes
Lifesavers 5–6 pieces
Glucose tablets 3–4 tablets

If patient is unconscious the following measures should be initiated:

Glucagon 1 mg SC, IM, or IV (mean response time, 6.5 min)
Glucose 25 g IV (dextrose 50%, 50 mL; mean response time, 4 min)

IM, intramuscular; IV, intravenous; SC, subcutaneous.

sensitive to the psychological impact of this diagnosis on A.H.,
address her major concerns, and provide only the information
that is absolutely essential before the next visit. Between vis-
its, she should be assessed and provided information on an
as-needed basis by phone. Table 50-16 lists important areas of
patient education.

A reasonable first approach for A.H. is to provide a total
daily dose of insulin of 24 units (∼0.5 unit/kg). Because 50%
of the daily dose should be given as basal insulin with the re-
mainder given as rapid-acting insulin divided into three doses,
A.H. would take the following: 12 units of insulin glargine
(Lantus) once daily (morning or bedtime) with 4 units of in-
sulin aspart (Novolog) given with each meal. An alternative
regimen using NPH would be 8 units of NPH in the morning
with 8 units of Novolog, 4 units of Novolog with dinner, and
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Table 50-15 Interpreting Self-Monitored Blood Glucose Concentrationsa

Test Time Target Insulin Dose Target Meal/Snack

Prebreakfast (fasting) Predinner/bedtime intermediate- or basal insulin Bedtime snack
Prelunch Prebreakfast regular or rapid-acting insulin Breakfast/midmorning snack
Predinner Prebreakfast intermediate-acting insulin and/or prelunch regular or rapid-acting insulin Lunch/midafternoon snack
Bedtime Predinner regular or rapid-acting insulin Dinner
2-hour postprandial Premeal regular or rapid-acting insulin Preceding meal or snack
3 am or later Predinner intermediate-acting insulin or basal insulin if given in am Dinner/bedtime snack

aConsiderations: (a) Assumes a normal meal pattern. For patients who travel, have odd working or sleeping hours, or irregular meal patterns, these rules may not apply. (b) Assumes
administration of regular insulin 30–60 min before meals or rapid-acting insulin 0–15 min before meals and a normal pattern of insulin response (see for factors that can alter
insulin absorption and response). (c) If prebreakfast concentrations are high, rule out reactive hyperglycemia (Somogyi reaction or posthypoglycemic hyperglycemia). Consider
contribution of dawn phenomenon as well. Whenever blood glucose concentrations are high, consider reactive hyperglycemia (excessive insulin doses). (d) Consider accuracy
of reported test results: (i) Do they correlate with HbA1c and patient’s signs and symptoms? (ii) What is the patient’s compliance? Could results be fabricated? (iii) Is patient’s
technique appropriate? Check timing, adequate blood sample, machine, strips, and calibration (Table 50-13). (iv) Are insulin kinetics altered? (v) Meals: Consider content, quality,
and regularity.

4 units of NPH at bedtime. Caveat: As A.H.’s glucose concen-
tration returns to normal, glucose toxicity will recede and she
may require less insulin.

Selecting an Insulin Syringe

9. What kind of insulin syringe should be prescribed for A.H.?

Delivery of insulin with a syringe is still the most common
method of insulin administration in the United States. Insulin
syringes are plastic, disposable syringes with needles that are
very fine (28–31 gauge), sharp, and well lubricated to ease
insertion. Needles and syringes have been improved so that
insulin injections are relatively painless if proper technique is
used. Less pain is associated with the smaller, 30- or 31-gauge

Table 50-16 Areas of Patient Education

Diabetes: Pathogenesis and the complications
Hyperglycemia: Signs and symptoms
Ketoacidosis: Signs and symptoms (Table 50-23)
Hypoglycemia: Signs, symptoms, and appropriate treatment

(Table 50-14)
Exercise: Effect on blood glucose concentrations and insulin dose

(Table 50-21)
Diet: See text. Emphasis placed on carbohydrate counting because the

carbohydrate is responsible for 90% of the rise in blood glucose after
a meal.

Insulins:
Injection technique
Types of insulin
Onset and peak actions
Storage
Stability (look for crystallization and precipitation with NPH insulin)

Therapeutic goals: HbA1c, fasting, preprandial and postprandial blood
glucose levels, cholesterol, triglycerides, blood pressure

SMBG testing: Table 50-15
Interpretation of SMBG testing results
Foot care: Inspect feet daily; wear well-fitted shoes; avoid self-care of

ingrown toenails, corns, or athlete’s foot; see a podiatrist
Sick day management: Table 50-22
Cardiovascular risk factors: Tobacco use, high blood pressure, obesity,

elevated cholesterol
Importance of annual ophthalmologic examinations; tests for

microalbuminuria; keeping up-to-date with immunizations

needles. The “dead space” (air space at the hub of the needle)
has been virtually eliminated so that mixing and measuring
problems previously associated with its presence are no longer
a concern. The lengths of needles are 5/16 inch, 3/8 inch, or 1/2
inch. The shortest needle can be used for children or patients
with little SC fat.90 A longer needle length (1/2 inch) may be
required in patients with excess abdominal fat; use of a short
needle (e.g., 3/16 inch) may result in insulin leakage.

Manufacturers produce 1-, 0.5-, and 0.3-mL syringes for
U-100 insulin. For patients such as A.H., using fewer than
<30 units of insulin per injection, the 0.3-mL syringe is pre-
ferred for ease of reading the dose markings on the syringe.
This allows the patient to measure insulin more easily. Insulin
syringes are available in 1-U increments or 0.5-U increments
(BD Ultra-Fine Short Needle Syringe and Precision Sure Dose,
3/10 mL only).90 One-half-unit increments are useful for pedi-
atric patients and for patients who are carbohydrate counting,
because meal time insulin doses can be rounded to the 0.5 unit.

A 0.3-mL U-100 insulin syringe with a 5/16 inch (8 mm),
30- or 31-gauge needle should be prescribed for A.H. Needle
length can be adjusted depending on patient comfort. Cost and
patient preference will govern the brand selected. Subjectively,
patients can “feel” the difference between different brands, or
they may prefer the “ease of bubble removal,” physical char-
acteristics, or packaging of one syringe over another.

Insulin pen and dosing devices (e.g., Innolet) are also avail-
able for injecting insulin. Pen devices are gaining in popularity
because they make insulin administration much easier, espe-
cially for patients who need to take their insulin doses away
from home. They also can increase dosing accuracy. These de-
vices are useful in patients with visual or dexterity problems
in whom use of a vial and syringe method is difficult. Pens
eliminate the need to withdraw insulin, and the insulin dose
is dialed up on the device. Pen devices are available to dose
insulin in 2-U, 1-U (most), and 0.5-U increments (NovoPen
Junior and HumaPen Luxura HD). Pen needles are available in
29, 30, and 31 gauge and 3/16 inch (5 mm), 1/4 inch (6 mm)
5/16 inch (8 mm), or 1/2 inch (12.7 mm) lengths.90,97

Measuring and Injecting Insulin

10. How should A.H. be instructed to administer her insulin
injections?
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INJECTION
A.H. should prepare an area for injection. Alcohol swabs

may be used to clean the rubber stopper of the insulin vial (or
pen device). To inject the insulin subcutaneously, A.H. should
be instructed to firmly pinch up the area to be injected (this
creates a firm surface for the injection) and to quickly insert
the needle perpendicularly (90-degree angle) into the center of
this area. The syringe should be held toward the middle or back
of the barrel, like a pencil. Anxious patients have a tendency
to “choke” the hub of the syringe, and this prevents proper
needle insertion. A 45-degree angle of injection may be used
for infants and very thin individuals who have little SC fat,
especially in the thigh area. The skin pinch should be released
and the insulin injected.97 Gentle pressure should be applied at
the site of injection for 5 to 8 seconds to prevent back leakage
of the insulin as the needle is removed. The site should not
be massaged, because this may accelerate the absorption and
onset of action of insulin (Table 50-10). When using an insulin
pen or other delivery, the needle should be embedded within
the skin for about 5 to 10 seconds after depressing the dosing
knob to ensure full delivery of the insulin dose.

Patients who are anxious about self-injection can be helped
by applying an ice cube to the site before injection or by using
an injection aid. However, injection aids are generally unnec-
essary once the patient realizes that injections are relatively
pain free with proper technique.

ROTATING INJECTION SITES
The primary sites used for injecting insulin are the lateral

thigh, abdomen (avoid 2-inch radius around the navel) and up-
per arm. Previously, patients were advised to rotate injection
sites between the arms, thighs, abdomen, and buttocks (Fig.
50-5). The ADA recommends that insulin injections be rotated
within the same anatomic region to decrease chances of vari-
ability in insulin absorption.97 Many practitioners recommend
insulin injections into the abdominal area because absorption
from this site is least affected by exercise and the most pre-
dictable. Alternatively, A.H. can be instructed to rotate her
morning injection within one region (e.g., the abdomen) and
her evening injection in another anatomic region. This mini-
mizes the variables that can alter her response to insulin.

Rotating injection sites also was recommended at one time
to avoid the lipodystrophic effect of insulin (lipohypertrophy
and lipoatrophy); however, because insulin has been purified,
these complications are less common and the importance of
rotation is less critical. Nevertheless, repetitive use of the same
site of injection may still result in lipohypertrophy and it does
toughen the skin, making needle penetration more difficult.
Furthermore, insulin absorption from lipohypertrophic sites
can be slowed.97

AGITATION
A.H. does not need to agitate Lantus or Novolog because

these are clear insulins. For NPH insulin, which is a suspension,
the vial and must be agitated before insulin is withdrawn. A
new, unused vial of NPH insulin may require vigorous agitation
to loosen the sediment, which may have become packed down
with storage. The vial should be rolled between the palms of
the hands to minimize foaming. Agitation is only required for
insulin suspensions (e.g., insulin 70/30 or other insulin mix-
tures).

These drawings show areas of the body most suitable for
insulin injections:

The actual point of
injection should be
varied each time
within a chosen body
area. Give injections
at least one inch apart
(Patients should 
consult with their 
physician or diabetes
educator about which
area is most
appropriate for use.)

Insulin is injected in the sub-
cutaneous tissue (between
the skin and the muscle
layer). If the skin is pinched
up and the needle is pushed
all the way in, the needle will
reach the proper space
under the skin.

Skin

Subcutaneous Tissue
Muscle

0
1
1

2
2

3
3

FIGURE 50-5 Selecting insulin injection sites. (Used with permission from
reference 343.)

MEASUREMENT
First, A.H. should make sure her hands and the injection site

are clean (it is not necessary to use alcohol to clean the site).
She should withdraw the plunger to the level of insulin she
intends to inject (e.g., 12 units for her Lantus dose); then she
should insert the needle into the vial and inject the air to prevent
creation of a vacuum within the vial. The vial then should
be inverted with the syringe inserted, and 12 units of insulin
glargine should be withdrawn. The bevel of the needle should
be well below the surface of the insulin to avoid withdrawing
air or bubbles into the syringe. Lantus must not be mixed in the
same syringe with her insulin aspart, and it should be injected
into a different site if it is injected at the same time as her
Novolog dose.

The barrel of the syringe should be held at eye level to check
for air bubbles and to allow accurate placement of the plunger
tip at the 12-U mark. If bubbles are present, they should be
removed by tapping the syringe gently to coax the bubbles to
the top of the barrel, where they can be injected back into the
insulin vial. To remove air bubbles in an insulin pen, prime
the needle with 2 units of insulin before each use (repeat un-
til insulin drop appears at tip of pen needle). Also, remove
the needle from the pen device in between uses to prevent air
bubbles from accumulating.

REUSING INSULIN SYRINGES AND NEEDLES
Those who work with patients with diabetes know that they

are extremely resourceful in cutting their health care costs.
A frequently encountered practice is the reuse of disposable
syringes. In a survey of 254 adult insulin users, 45% reused
their syringes for an average of 4 days, 16% refrigerated their
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syringes between uses, and 35% wiped their needles with al-
cohol. Dullness was the major reason for changing to a new
syringe. Borders et al.98 examined approximately 2,800 injec-
tion sites, and no infection was noted.

The ADA does not encourage the reuse of syringes or pen
needles. Some of the smaller 30- and 31-gauge needles seem
particularly susceptible to bending and can form hooks. The
ADA recommends that patients who do reuse syringes inspect
injection sites for redness or swelling and to discard syringes
into puncture-resistant, disposable containers if they are dull,
bent, or have come in contact with surfaces other than the skin.
Patients must be able to recap safely. They do not recommend
refrigeration or wiping the needle with alcohol between uses,
only recapping. Patients who reuse their syringes should in-
spect their skin for signs of infection.97

Self-Monitored Blood Glucose

11. How should A.H. be educated to self-monitor her blood glu-
cose? What types of self blood glucose monitoring tests are avail-
able, and what are the major differences between them? How
accurate are results obtained from home blood glucose testing?
Should she begin continuous glucose monitoring (CGM) at the
same time?

The advent of SMBG revolutionized the management of
diabetes mellitus by providing a simple and portable method
for periodic and repeated measurement of blood glucose in the
ambulatory care setting. The ADA recommends that most in-
dividuals with diabetes should attempt to attain and achieve
normoglycemia as safely as possible. For patients with type
1 diabetes, this can be achieved by using SMBG; therefore,
all treatment programs should include the routine use of daily
glucose monitoring. SMBG is also important in (a) pregnancy
complicated by diabetes, (b) patients with unstable diabetes, (c)
patients with a propensity to severe ketosis or hypoglycemia,
(d) patients prone to hypoglycemia who may not experience the
usual warning symptoms, and (e) patients on insulin pumps.
SMBG has been widely accepted by both patients and clin-
icians. Because blood glucose testing materials constitute a
multimillion dollar business, the market has been flooded with
a multitude of monitors, and the technology in this area is
changing rapidly. New monitors with advanced features are
introduced yearly.90

All monitors use test strips and are self-timing, requiring
no patient action after the blood is placed on the strip. Sev-
eral factors should be taken into account when evaluating a
monitor and its appropriateness for an individual. The primary
considerations are ease of use, accuracy relative to a reference
standard, reliability, insurance coverage, and cost.90,99 Conve-
nience factors include coding requirements (some new moni-
tors do not require coding for test strips), meter size, volume
of blood required for testing, site to obtain sample (e.g., finger
versus alternate site such as forearm), capacity of the meter to
store blood glucose values (memory) and data management,
required testing time, size of readout, general availability of
strips, ability to turn off audible signals, and availability of
technical support. Some devices are less reliable for use in
anemic patients (e.g., renal transplant patients), and all func-
tion most reliably within certain temperature ranges (usually
60–95◦F) and humidity (generally <90%) conditions. Strips

are sensitive to light, moisture, and temperature extremes and
must be stored and handled with care.

Periodically, patients should compare the results they get on
their monitor with the laboratory blood glucose test for accu-
racy. The majority of monitors are calibrated to plasma levels
(i.e., plasma referenced). Only a few monitors report whole
blood glucose; in these monitors, capillary values measured
are likely to be 10% to 15% lower than values measured by the
laboratory.

Patient education regarding coding procedures, testing pro-
cedures, the importance of recording results, and test times are
critical. Ultimately, A.H. should be taught how to use blood
glucose values to adjust her insulin dose, dietary intake, and
exercise pattern (Table 50-17).

Used properly, available monitors provide accurate, precise
results that can be used by patients to manage their diabetes.
However, several factors can affect the accuracy of monitor
results—most commonly, equipment malfunction and human
error. Problems with a monitor can be detected by performing
a quality-control test once weekly and with each new vial of
strips; human error can be minimized with adequate training. If
at any time patients think their monitor is not working properly,
they can call the 1-800 support service number on the back of
the monitor for immediate assistance. Table 50-18 lists factors
that can affect results of SMBG test results. Anytime SMBG
values are inconsistent with the patient’s symptoms or HbA1c
values, sources of error should be evaluated. A.H.’s technique
should be reviewed periodically, because clinical decisions are
based on the patient’s blood glucose testing record.

Because A.H. is just starting insulin therapy and SMBG,
it would be reasonable to hold off on considering CGM until
she becomes comfortable with these skills. Then, she and her
practitioner could assess whether CGM would be useful.

Testing Frequency

12. How often should A.H. test her blood glucose concentra-
tions?

Although the exact frequency and timing of blood glucose
tests should be dictated by individualized patient goals, most
patients with type 1 diabetes using basal-bolus insulin regi-
mens should perform SMBG at least three times daily or more
according to the ADA.22 Glucose monitoring should also be
performed more frequently whenever therapy is modified. Be-
cause A.H. is being initiated on insulin therapy with the goal
of normoglycemia, she should self-monitor her blood glucose
a minimum of three times per day. Most practitioners recom-
mend at least premeal and bedtime blood glucose testing (at
least four times daily).

The objective of ongoing, frequent blood glucose testing is
to determine whether normoglycemia is being achieved and
to assess the action of specific insulin doses as well as the
impact of meals, food, illness, or exercise on blood glucose
levels. Ideally, patients should test their blood glucose concen-
tration before meals, 90 to 120 minutes after meals to assess
postprandial glycemic control and to determine their “insulin
to carbohydrate ratio,” at bedtime, and occasionally, at 2 or
3 am (i.e., eight times daily). However, most patients are un-
able to adhere to such a rigorous regimen. At the minimum,
to determine her daily insulin requirements, A.H. should test
her blood glucose concentrations four times daily: before each
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Table 50-17 Guidelines for Dosing Insulin

Basic Insulin Dose

First, adjust the basic insulin dose (i.e., the dose that the patient will be
instructed to take daily). This assumes that diet and physical activity
are stable. Set a reasonable goal initially. This may mean the upper
limits of the acceptable concentrations may be high initially (e.g.,
<200 mg/dL). Move toward a more ideal goal slowly.

Only adjust insulin doses if a pattern of response is observed under stable
diet and exercise circumstances. That is, the same response to insulin
is observed for ≥3 days. It is important to verify the stability of diet
and exercise. Consider adjusting these variables as well.

Unless all levels are >200 mg/dL, try to adjust one component of insulin
therapy at a time.

Start with the insulin component affecting the fasting blood glucose
concentration. This glucose level often is the most difficult to control
and often affects all other glucose concentrations measured throughout
the day.

Adjust the basic insulin dose by 1–2 units at a time. The amount
prescribed is based on the individual patient’s response to insulin. This
can be determined by looking at the patient’s total daily dose using the
“500 rule” (see the following, and Table 50-11).

Supplementary Insulin Doses

Once the basic dose of insulin has been established, supplemental doses
of rapid- or short-acting insulin can be prescribed to correct
preprandial hyperglycemia. For example, if the goal is 140 mg/dL, and
the glucose value is 190 mg/dL, administer one additional unit.
Supplemental doses also can be used when the patient is ill (Table
50-22).

Algorithms for correction doses are based on the patient’s sensitivity to
insulin using the “1500 or 1700 rule” (Table 50-11).

If premeal glucose concentrations are <60–70 mg/dL, the dose of lispro,
aspart, glulisine, or regular insulin administered before the meal is ↓
by 1–2 U; insulin administration is delayed until just before the meal;
the meal should include an extra 15 g of glucose if the value is <50
mg/dL.

If supplemental doses before a given meal are required for ≥3 days, the
basic insulin dose should be adjusted appropriately. For example, if a
patient taking lispro before meals requires an extra 2 units before
lunch for ≥3 days, 2 units should be added to the prebreakfast dose.

Anticipatory Insulin Doses

The basic insulin dose is increased or decreased based on the anticipated
effects of diet or physical activity.

Increase lispro/aspart/glulisine or regular insulin by 1 unit for each
additional 15 g of carbohydrate ingested (e.g., holiday meal) or
decrease the usual dose by 1–2 units if the meal is smaller than usual
(Table 50-11).

See Table 50-21 for recommended insulin adjustments for exercise.

meal and at bedtime. She also should set her alarm for 3 am
two or three times per week and test her blood glucose. Blood
glucose concentrations measured premeals allow patients and
clinicians to determine if the rapid-acting insulin dose is appro-
priate for the amount of carbohydrate consumed; FPG levels
are used to determine if the basal insulin dose is adequate; and
the 2 to 3 am blood glucose level is used to identify noctur-
nal hypoglycemia. For example, the blood glucose measured
before dinner reflects the action of A.H.’s prelunch Novolog
dose on food she has eaten for lunch, as well as hepatic glu-
cose production between meals. Increasingly, patients who use

Table 50-18 Factors That Can Alter Self-Monitored Blood
Glucose Test Results: Troubleshooting

Glucose monitor not coded for batch of test stripsa

An inadequate amount of blood applied to test stripb

Dirty glucose monitora

Low batterya

Test performed outside of temperature and humidity operating conditionsa

Lowc or highb hematocrit
Dehydrationb

Hyperosmolar, nonketotic stateb

Lipemiaa

High levels of ascorbic acid or salicylates (rare)b

aEffect unpredictable.
bValues tend to be lower.
cValues tend to be higher.

carbohydrate counting with rapid-acting insulins are being ad-
vised to test 2-hour postprandial levels on initiating therapy to
enhance proper dosage adjustment (Table 50-15).

The importance of frequent blood glucose testing cannot be
overemphasized. When blood glucose is tested less frequently
than four times daily, glucose control deteriorates to baseline
levels. This is because complete profiles are no longer avail-
able, and it is impossible to adjust insulin doses based on ran-
dom blood glucose concentrations.100 If patients refuse to test
four times daily, they should be encouraged to test four times
daily on representative days of the week or to test at differ-
ent times of the day each day so that a weekly profile can be
developed. A.H. also should be encouraged to test her blood
glucose concentration any time she is feeling unusual, if she is
experiencing hypoglycemic symptoms, or to evaluate the effect
of unusual circumstances on her blood glucose concentration
(e.g., increased physical exercise, a large holiday meal, final
examinations, a family crisis).

Using Blood Glucose Test Results to Evaluate Insulin Doses

13. A.H. was instructed to inject herself with 12 units of Lantus
each morning and give 4 units of Novolog with each meal. She
was asked to test her blood glucose four times daily (before meals
and at bedtime), to record her results and other unusual events or
symptoms during the day, and to bring her records to the clinic.
A.H. was also instructed to keep a food diary and record the num-
ber of carbohydrates she ingested at each meal. The initial goal of
therapy is to achieve preprandial blood glucose concentrations of
<180 mg/dL and to eliminate symptoms of hyperglycemia. One
week later, trends in her blood glucose concentrations were as
follows.

Time Glucose Concentration (mg/dL) mmol/L

7 am 160–200 8.8–11.1
Noon 220–260 2.2–14.4
5 pm 130–180 7.2–10.0
11 pm 140–180 7.8–10.0

Occasional 3 AM tests averaged 160 mg/dL and A.H.’s urine is
negative for ketones. She eats approximately four carbohydrate
servings for breakfast (60 g) and two to four carbohydrate servings
for lunch and dinner (30–45 g). Subjectively, A.H. feels a bit better,
and her weight has stabilized, but she still urinates two to three
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times nightly. How would you interpret these results, and how
should A.H.’s insulin doses be altered?

Health care providers should use the data obtained from self-
monitoring to (a) set glycemic goals, (b) develop recommenda-
tions for pharmacologic therapy, (c) evaluate the effectiveness
of pharmacologic therapy, (d) instruct patients to interpret and
respond to blood glucose patterns, (f) evaluate the impact of
dietary factors on glycemic control, (g) modify therapy during
acute/intercurrent illness or whenever patients receive medi-
cations known to affect glycemic control, (h) modify the man-
agement plan in response to a change in activity levels, and (i)
identify hypoglycemic unawareness.59

Before using A.H.’s blood glucose results to adjust her in-
sulin dose, it is important to observe and reassess her testing
technique. One also should determine whether there were any
unusual circumstances in her life, diet changes, or exercise pat-
terns over the past week that might have affected her response
to insulin. Once these have been ruled out as confounding fac-
tors, one can begin making gross adjustments in A.H.’s insulin
dose, realizing that fine-tuning will be impossible until a con-
sistent diet and exercise pattern have been instituted.

Several principles must be kept in mind whenever blood
glucose tests are used to adjust a patient’s basic insulin dose
(Table 50-19). Because many factors can alter a patient’s re-
sponse to insulin, it is important to use blood glucose concen-
tration trends measured over a minimum of 3 days to adjust
the basic insulin dose (i.e., the dose the patient will use every
day). The only exception to this rule is the use of supplemental
insulin doses to correct exceptionally high glucose concentra-
tions after A.H. has acquired sophisticated insulin adjustment
skills (see Questions 18 and 19). SMBG results should be eval-
uated in conjunction with other parameters such as HbA1c and
periodic laboratory blood glucose measurements.

The daily dose of Lantus is inadequately controlling A.H.’s
fasting blood glucose and should be increased to by 2 to 4 U. Al-
though published algorithms would recommend to increase her
dose to 16 units each morning, a more conservative approach
would be to increase it to 14 units (or bedtime, whichever she
will be able to do consistently) and further titrate as needed.101

She is achieving some response from her lunchtime dose of
Novolog, but there is room for improvement in her meal in-
sulin coverage overall. The blood glucose concentration of
160 mg/dL at 3 am indicates that rebound hyperglycemia is
an unlikely cause of her high fasting levels (see Questions 15
and 20). As an initial step toward control, A.H.’s daily dose
of Lantus could be increased in an attempt to control her fast-
ing hyperglycemia. However, this approach does not address
A.H.’s elevated prelunch values. Her intake of carbohydrates
also varies from meal to meal. Thus, a more appropriate method
would be to calculate the insulin-to-carbohydrate ratio for A.H.
and allow her to determine her premeal Novolog dose based
on the amounts of carbohydrates she will ingest at each meals.
A typical starting point for the insulin-to-carbohydrate ratio is
1 unit to every 15 g carbohydrate. To calculate her insulin-to-
carbohydrate, the “500 rule” is used: Divide the number 500
by her total daily dose of insulin (14 units Lantus plus 12 units
of Novolog for meal coverage = 26 units):

500/26 = 19 g of carbohydrate covered by 1 unit of insulin

Because most single servings of carbohydrate contain 15 g,
A.H. decides to start with a ratio of 1 unit for every 15 g or

Table 50-19 Factors That Can Alter Blood Glucose Control

Diet

Insufficient calories (e.g., alcoholism, eating disorders, anorexia, nausea,
and vomiting)

Overeating (e.g., during the holidays)
Irregularly spaced, skipped or delayed meals
Dietary content (e.g., fiber, carbohydrate content)

Physical Activity

See Table 50-21 and Question 29

Stress

Infection
Surgery/trauma
Psychological

Drugs

Certain medications can increase or decrease blood glucose levels. It is
important to assess for potential effects on the blood glucose when
starting new medications.

Hormonal Changes

Menstruation: Glucose concentrations may increase premenstrually and
return to normal postmenses.

Pregnancy
Puberty: hyperglycemia probably related to high growth hormone levels

Gastroparesis

Delays gastric emptying time. Peak insulin action and meal-related
glucose excursions may become mismatched.

Altered Insulin Pharmacokinetics

See Table 50-10

Insulin Injection Technique

Measuring
Timing
Technique

Inactive Insulin

Outdated insulin
Improperly stored insulin (heat or cold)
Crystallized insulin

single serving of carbohydrates she consumes at each meal. If
A.H. were using regular insulin for meal coverage, she could
use the “450 rule”: 450/total daily insulin dose = grams of
carbohydrate covered by 1 unit of insulin.

To evaluate the accuracy of her insulin:carbohydrate ratio,
A.H. will need to check her blood glucose values 2 hours after
each meal (postprandial blood glucose checks) to assess the
appropriateness of her meal insulin calculation. She agrees to
test her blood glucose level eight times per day and return in
2 weeks.

14. A.H. is getting more comfortable with carbohydrate count-
ing and adjusting her insulin doses accordingly. A review of her
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food diary reveals that for the most part, she is able to determine
the appropriate serving sizes for 15 g of carbohydrate. She ad-
mits to difficulty determining carbohydrate amounts when eating
out. As a result, A.H. notices that her preprandial blood glucose
concentrations exceed her goal of 80 to 120 mg/dL on occasion.
Sometimes they are as high as 200 mg/dL. Evaluate A.H.’s blood
glucose trends. How should occasional preprandial glucose con-
centrations that exceed the desired goal of 80 to 120 mg/dL be
managed?

Once the basal insulin dose and insulin-to-carbohydrate in-
sulin dose have been established, one can begin to teach A.H.
how to use a correction factor to adjust her dose of insulin
when preprandial blood glucose concentrations fall above or
below the range of blood glucose concentrations that have been
established as her goal of therapy (70–130 mg/dL per the ADA
or roughly 80–120 mg/dL; Table 50-17).

A correction insulin dose is used to compensate for unusu-
ally high blood glucose concentrations (high sugar correction).
To reemphasize, this assumes there are no unusual changes in
the patient’s overall diet or exercise patterns. Many clinicians
favor rapid-acting insulin over regular insulin because its ac-
tion is brief and patients do not have to worry about residual
effects 3 to 4 hours after its injection. This is particularly valu-
able when correctional doses of insulin are needed at bed-
time.

The patient’s sensitivity to insulin, as reflected by his or her
total daily dose on a unit per kilogram basis is a major deter-
minant of any algorithm developed. Previously, it was advised
that 1 to 2 units of supplemental insulin should be given for
each 30 to 50 mg/dL elevation above the target level. However,
this relationship was observed to apply only to a person of av-
erage size on average doses of insulin (i.e., the 70-kg patient
on 50 U/day of insulin). A very small person on 10 U/day or
a very obese individual with type 2 diabetes on 100 U/day has
different responses to a given dose of insulin. An alternative
method of estimating the drop in a person’s blood glucose per
unit of regular insulin is the “1500 rule.”88 The 1500 rule was
developed by Paul Davidson, MD, in Atlanta, Georgia, during
the 1990s. The derived value is referred to as the “sensitivity
factor”: The rule was modified to the “1800 rule” for use with
rapid-acting insulin (insulin lispro, aspart, or glulisine). Be-
cause these insulins tend to drop the blood glucose level faster
and farther, so 1500 turns out to be too aggressive. Others (e.g.,
Bruce Bode, John Walsh) have recommended other numera-
tors such as 1600, 1700, 2000, and 2200.102 For this case, the
“1700 rule” will be used. The calculation for A.H. would be
as follows:

1700/24 = 70 mg/dL

Thus, 1 unit of regular insulin for A.H. will drop her blood
glucose level by about 70 mg/dL. The 1500 rule and the 1700
rule have proved to be a valuable way to initiate an algorithm
for supplemental insulin. People with a lower sensitivity factor
(higher insulin requirements) typically achieve a smaller re-
duction in blood glucose per unit of insulin compared to those
with a higher sensitivity factor (lower insulin requirement).
Thus, an algorithm of 1 unit of regular insulin for every 70
mg/dL excursion above her goal of 120 mg/dL is a reasonable
place to begin. If this dose of insulin is insufficient, one can
increase the dose of insulin or decrease the blood glucose ex-
cursion required per unit of insulin dose. Correctional insulin

doses also are used for sick day management (see Question 30).
The following is an example of an algorithm for A.H.:

Glucose Concentrations (mg/dL) Insulin Aspart

<80 1 unit less
80–120 Usual dose

120–190 1 unit extra
191–260 2 units extra
261–330a 3 units extra
331–400a 4 units extra

aCheck urine ketones. If urine ketones are positive and blood glucose concentrations
remain >300 mg/dL for ≥12 hours, call the physician for directions.

Evaluating Fasting Hyperglycemia

15. A.H. returns after 1 month. She is currently using 14 units
of Lantus each morning, 1 unit of Novolog for each 15 g of carbo-
hydrate ingested at meal time and a correction factor of 1 unit of
Novolog for every 70 mg/dL above 120 mg/dL. Her SMBG results
are as follows:

Time Glucose Concentration mg/dL mmol/L

7 am 140–180 7.8–10.0
Noon 120–150 6.7–8.3
5 pm 90–130 5.0–7.2
11 pm 90–120 5.0–6.7
3 am 60–90 3.3–5.0

Overall, A.H. feels her diabetes is in good control. Her energy level
has returned to normal and her nocturia has diminished, but she
occasionally gets up one or two times nightly to urinate. A.H.
has also noticed that nightmares or “sweats” sometimes awaken
her. When this occurs, she generally has something to eat because
she is “famished.” She is able to get back to sleep, but wakes up
the next morning with a “splitting headache” and a “hungover”
feeling. A.H.’s weight remains the same, and she has begun to
develop some consistency in her dietary patterns with the help
of a dietitian. She has been consistently correcting her prelunch
and predinner insulin doses by adding or subtracting 2 units from
her premeal insulin doses based on her carbohydrate counts. The
HbA1c from her last visit is 7.3%. Evaluate A.H.’s blood glucose
values. What are possible causes of A.H.’s fasting hyperglycemia?

When evaluating morning hyperglycemia, several causes
must be considered:
� An insufficient basal dose of insulin. If the basal dose is
insufficient, hepatic glucose output during the fasting state
will be excessive, thereby producing hyperglycemia.

� Reactive hyperglycemia in response to a nocturnal hy-
poglycemic episode (Somogyi effect or rebound hyper-
glycemia).

� An excessive bedtime snack.
� The dawn phenomenon (see Question 20).
� Somogyi effect or rebound hyperglycemia

The presence of normoglycemia at bedtime, low blood glu-
cose concentrations at 3 am, and symptoms of nocturnal hypo-
glycemia (nightmares, sweating, hunger, morning headache)
in A.H. are consistent with a rebound hyperglycemic reac-
tion in the morning (i.e., posthypoglycemic hyperglycemia;
Somogyi effect).103 Theoretically, this effect occurs after any
episode of severe hypoglycemia and is secondary to an ex-
cessive increase in glucose production by the liver that is
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activated by insulin counter-regulatory hormones such as cor-
tisol, glucagon, epinephrine, and growth hormone. The waning
effects of the basal insulin dose can also be a cause of fasting
hyperglycemia because insulin is needed to suppress hepatic
glucose output during the fasting state; however, this is not
likely in A.H.’s.93 Asymptomatic nocturnal hypoglycemia can
occur in 33% of patients taking evening doses of insulin and
may account for morning hyperglycemia in more than 10%
of patients. Another potential consequence of nocturnal hy-
poglycemia is prolonged insulin resistance (perhaps a conse-
quence of glucose toxicity), as signified by high postbreakfast
glucose concentrations. By correcting the nocturnal hypo-
glycemia, normalization of A.H.’s fasting hyperglycemia also
may be achieved. Thus, a decrease in the daily dose of Lantus
by 2 units is warranted. A.H. should continue to monitor her
blood glucose concentrations at 3 am.

Caveat: If A.H. were using NPH BID to supply her basal in-
sulin, one option would be to shift the evening injection of NPH
from predinner to bedtime. This preferred method effectively
shifts the peak action of NPH to the early morning, when she is
awake, and decreases the risk of nocturnal hypoglycemia.92,104

This peak action also corresponds to the dawn phenomenon
(see Question 20) and the breakfast meal.

Another option if a patient is using NPH and experienc-
ing nocturnal hypoglycemia is to change from NPH to ei-
ther insulin glargine (Lantus) or insulin detemir (Levemir)
because these insulins are associated with less nocturnal
hypoglycemia.105,106 In this case, the daily dose of NPH should
be decreased by 20% to determine the Lantus dose. When
switching from NPH to Levemir, a one-to-one dose conver-
sion may be used, although higher doses of Levemir may be
required. In one cross-over study of type 1 diabetes patients,
the average Levemir basal dose was approximately double that
of the NPH basal dose.107

Mixing Insulins

16. If A.H. were to use NPH as basal insulin, how should she be
instructed to measure and withdraw this insulin mixture?

The procedure used to mix and withdraw NPH and meal-
time insulin (regular or rapid-acting insulin) is basically the
same as that described in Question 8. The major difference
is that an adequate volume of air must be injected into the
NPH vial before the regular or insulin aspart is measured and
withdrawn. Also, the mealtime clear insulin is measured and
withdrawn into the insulin syringe first to avoid contamination
of the vial of regular, aspart, lispro, or glulisine insulin with
NPH. For example, contamination with NPH ultimately alters
the NPH:regular insulin ratio that is administered. When pa-
tients withdraw NPH insulin first, the vial of regular insulin
eventually becomes cloudy. In contrast, contamination of the
NPH insulin with regular insulin probably is insignificant be-
cause the protamine contained in NPH can bind the regular
insulin (see Question 17). The procedure A.H. should use to
mix her insulins is described in the following section, using
her morning dose as an example.
� After dispersing the NPH insulin suspension, inject 14 units
of air into the NPH vial and withdraw the needle.

� Inject 7 units of air into the insulin aspart or regular insulin
vial, and withdraw the 7 units of insulin as described in Ques-
tion 10.

Table 50-20 Compatibility of Insulin Mixtures

Mixture Proportion Comments

Regular + NPH Any proportion The pharmacodynamic
profiles of regular and NPH
insulin are unchanged when
premixed and stored in vials
or syringes for up to 3
months.

Regular + normal
saline

Any proportion Use within 2–3 hours of
preparation.

Regular + insulin
diluting solution

Any proportion Stable indefinitely.

Rapid-acting +
NPH

Any proportion The absorption rate and peak
action of the rapid-acting
insulins are blunted; total
bioavailability is unaltered.
Rapid-acting insulin and
NPH should be mixed just
before use (within 15
minutes).

Insulin glargine and
detemir

Do not mix
with other
insulins

Pharmacodynamics could be
modified.

� Insert the needle into the NPH vial, and pull the plunger down
to the 21-U mark (14 units of NPH plus 7 units of mealtime
insulin).

Stability of Mixed Insulins

17. Will mixing NPH with a rapid-acting or regular insulin
blunt the rapid action of the mealtime insulins? How stable are
other insulin mixtures (Table 50-20)?

Regular insulin and all of the rapid-acting insulin analogs
(aspart, lispro, and glulisine) may be mixed with NPH. In gen-
eral, it is recommended to mix the insulins just before admin-
istration.

REGULAR PLUS NPH
The onset and duration of action of regular and NPH in-

sulin administered as a mixture are similar to those observed
when the two insulins are administered by separate injections.
The pharmacodynamic profiles of these insulins are retained in
premixed preparations stored in vials or syringes for 3 months
(Table 50-20).97,108 This is true even though protamine in NPH
binds regular insulin in vitro.

RAPID-ACTING INSULIN PLUS NPH
Insulin aspart, glulsine, and lispro are compatible with hu-

man NPH insulin manufactured by NovoNordisk (Novolin N),
and Eli Lilly and Company (Humulin N). However, relative to
aspart, glulisine, and lispro alone, the absorption rate is slowed
and the peak concentrations are blunted. The total bioavailabil-
ity is unaltered. The manufacturers recommend mixing the two
insulins just before administration, which should be scheduled
15 minutes before meals. The compatibility of insulin aspart,
glulisine, and lispro with other brands of human NPH insulin
or animal source NPH is unknown.77−79,97
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RAPID-ACTING INSULIN PLUS INSULIN GLARGINE
The long-acting insulin glargine (Lantus) must not be mixed

with any other insulins. If Lantus is mixed or diluted with other
insulins, its pH will be increased, which will affect its absorp-
tion kinetics. The onset of action and duration of effect may be
altered unpredictably.93 However, small studies with pediatric
patients have demonstrated that insulin glargine when mixed
with a rapid-acting analog is effective for glycemic control.109

INSULIN GLARGINE
Insulin glargine is a long-acting analog that is soluble at pH

4.0; it is designed to precipitate when injected into the neutral
pH of subcutaneous tissue. Because all other insulin products
have a pH of 7.0, it should not be mixed in the same syringe
with other insulins.93

INSULIN DETEMIR
Insulin detemir should not be mixed or diluted with any

other insulin.110

Midmorning Hyperglycemia

18. Evaluate A.H.’s noon blood glucose concentration of 120 to
150 mg/dL.

Midmorning hyperglycemia frequently represents the max-
imum glucose excursion in patients with diabetes and often is
the most difficult to manage. The following are possible expla-
nations for midmorning hyperglycemia:

� An insufficient dose of Novolog insulin before breakfast. For
A.H., this means that her insulin-to-carbohydrate ratio needs
to be adjusted.

� Poor synchrony between meal intake and insulin action. This
could be caused by administration of rapid-acting insulin too
long before or after the meal (e.g., ≥30 minutes). If regular
insulin is used, this could be caused by administering regular
insulin just before or after meals.

� Delayed onset of Novolog insulin owing to binding with
insulin-blocking antibodies.339 Because A.H. is a newly di-
agnosed patient with diabetes, it is unlikely that she has de-
veloped significant concentrations of insulin-blocking anti-
bodies.

� An insufficient dose of evening Lantus insulin to suppress
hepatic glucose production (glycogenolysis and gluconeoge-
nesis) during the fasting state or the dawn phenomenon (see
Question 20).

� Excessive carbohydrate ingestion at breakfast.
� Increased peripheral resistance to insulin action caused by
high fasting glucose levels (glucose toxicity).

When evaluating midmorning hyperglycemia, it is impor-
tant to remember that the FPG concentration can contribute up
to 50% of this plasma glucose excursion. Therefore, a key to
the control of midmorning hyperglycemia may be to normalize
the fasting glucose concentration.

Since insulin glargine has been decreased to correct the
morning reactive hyperglycemia, this should be the approach
used for A.H.

If control of her fasting hyperglycemia does not correct the
midmorning hyperglycemia, the following interventions may
be considered:

� Increase the dose of Novolog before breakfast. Her insulin-
to-carbohydrate ratio should be changed to 1 unit of Novolog
for every 12 g of carbohydrate for each meal.

� If regular insulin were used, inject the morning dose of reg-
ular insulin 45 to 60 minutes before breakfast in an attempt
to match peak insulin concentrations with postmeal glucose
excursions. If this maneuver is used, the patient should be
warned of possible hypoglycemia before breakfast.

� Alter the carbohydrate content of the meals. This may include
decreasing the amount of carbohydrate in the breakfast meal,
changing the type of carbohydrate ingested, or adding fiber
to that meal to minimize glucose excursions.

Preprandial Hypoglycemia: Use of Rapid-Acting Insulin

19. A.H. is now taking Lantus 12 units each night and using an
insulin-to-carbohydrate ratio of 1:15 (1 unit of Novolog for every
15 g of carbohydrate) for each meal. She is continuing with the
same high sugar premeal correction of 1 unit of Novolog for every
70 mg/dL over her premeal blood glucose target of 120 mg/dL.
Two weeks later, she brings in her blood glucose concentration
records.

Time Glucose Concentration (mg/dL) mmol/L

7 am 110–120 6.1–6.7
Noon 90–110 5.0–6.1
5 pm 60–110 3.3–6.1
11 pm 80–110 4.4–6.1
3 am 80–110 4. 4–6.1

A.H. feels that she is now “back to normal.” She has no signs or
symptoms of hyperglycemia, and her weight has remained stable.
Occasionally, she becomes hypoglycemic before dinner, but this
most often occurs when her dinner is delayed because of a hectic
work schedule. Evaluate A.H.’s blood glucose trends. What could
be the cause of her predinner hypoglycemia and how could she be
managed?

A.H.’s blood glucose concentrations indicate that her basic
insulin regimen is generally adequate to achieve the overall
goal of preprandial blood glucose concentrations of less than
120 mg/dL. Note that correction of A.H.’s FPG concentration
ultimately corrected her midmorning hyperglycemia. In fact, if
one were to evaluate A.H.’s blood glucose concentrations from
the previous visit, it is evident that the prebreakfast dose of
Novolog was working well. This domino effect on blood glu-
cose concentrations emphasizes the importance of correcting
one blood glucose concentration at a time.

The hypoglycemia A.H. is experiencing before dinner could
be caused by insufficient carbohydrate intake at lunch, in-
creased activity during the day, or an excessive dose of No-
volog insulin (insulin-to-carbohydrate ratio too high). Thus,
the problem could be resolved by augmenting A.H.’s lunch
meal, adjusting the lunch insulin-to-carbohydrate ratio to 1
unit of Novolog for every 18 (or 20) g carbohydrate, or adding
a midafternoon snack.

Dawn Phenomenon

20. R.D., a 37-year-old man, has had type 1 diabetes since age
14. Over the past 2 years, he has been very well controlled on the
following insulin regimen: 20 units Lantus each morning with 3
to 4 units insulin lispro depending on carbohydrate intake before
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meals. On this regimen, his blood glucose concentrations for the
past 2 weeks have been as follows.

Time Glucose Concentration (mg/dL) mmol/L

7 am 140–170 7. 8–9.4
Noon 100–120 5. 5–6.7
5 pm 100–130 5. 5–7.2
11 pm 115–140 6. 4–7.8
3 am 100–120 5. 5–6.7

What are the likely causes of R.D.’s fasting hyperglycemia?

As discussed in question 15, fasting hyperglycemia may
be the result of insufficient doses of insulin in the evening, a
decline in the effect of insulin over time, and, possibly, reac-
tive hyperglycemia. In R.D.’s case, the dawn phenomenon also
must be considered.111 The dawn phenomenon is a rise in the
blood glucose concentration that occurs between 4 and 8 am
after a physiological nadir in the blood glucose concentration
that occurs between midnight and 3 am. This 30 to 40 mg/dL
increase in the morning blood glucose concentration cannot
be attributed to increases in counter-regulatory hormones sec-
ondary to an antecedent hypoglycemic event, but it may be
secondary to rising growth hormone levels. This phenomenon
is inconsistently observed in individuals with types 1 and 2
diabetes as well as nondiabetic individuals; furthermore, it is
inconsistently present from one day to the next.112

R.D.’s normal 3 am blood glucose concentration indicates
that posthypoglycemic hyperglycemia is an unlikely cause of
his fasting hyperglycemia. Thus, the modest increase in his
blood glucose concentration between 3 and 8 am may be at-
tributed to the waning effects of insulin or the dawn phe-
nomenon. In both cases, an increase in R.D.’s daily dose of
insulin glargine would be indicated. Another option would be
to switch R.D. to an insulin pump. He has demonstrated a de-
sire and ability for intensive management with multiple daily
injections, frequent blood glucose monitoring, record-keeping
skills, the ability to make appropriate insulin dose adjustments,
and accurate carbohydrate counting. The advantage to using a
pump is the ability to program an increase in the basal infusion
rate at approximately midnight. Because it takes 3 to 4 hours
to observe a biologic response following a change in the in-
fusion rate, the response would occur at approximately 3 to 4
am, when the dawn phenomenon begins.113

Type 1 Diabetes in Children
Diagnosis and Clinical Presentation

21. J.C., a 7-year-old, 30-kg (95th percentile), 50 inches tall
(90th percentile) girl, was brought to the emergency department
(ED) by her parents because of nausea, vomiting, and a persis-
tent “stomach ache” secondary to the flu. For the past week, J.C.
had flu-like symptoms, resulting in a 6-lb weight loss. Initial lab-
oratory values revealed a blood glucose of 600 mg/dL, serum pH
of 6.8 with bicarbonate level of 13 mEq/L, plasma ketone level
of 5.2 mmol/L, and positive ketonuria. J.C. was diagnosed with
diabetic ketoacidosis (DKA) secondary to new-onset type 1 di-
abetes. In retrospect and on further questioning, J.C.’s parents
realized that she probably had symptoms as early as 4 weeks be-
fore her hospitalization. While on a driving vacation, she drank
large quantities of juice and had to stop hourly to urinate. She

began experiencing enuresis, which her parents attributed to her
increased fluid intake. What signs and symptoms are consistent
with the diagnosis of type 1 diabetes in a child?

The diagnosis of type 1 diabetes in children is generally
straightforward. Presenting symptoms include a several-week
history of polyuria, polydipsia, polyphagia, and weight loss,
with hyperglycemia, glucosuria, ketonemia, and ketonuria.
J.C.’s presentation is typical for a child newly diagnosed with
diabetes who is brought in for medical attention because of
severe symptoms related to the flu. An acute viral illness can
trigger autoimmune destruction of the pancreas and abdomi-
nal pain, which may masquerade as gastroenteritis. Abdominal
pain is a common presenting symptom of diabetic ketoacido-
sis (DKA).114 J.C.’s weight loss probably represents fluid and
caloric loss secondary to uncontrolled diabetes as well as de-
creased caloric intake from the flu. The symptoms of polyuria
are less obvious in an infant and are frequently missed until
metabolic derangement has occurred. Unlike J.C., infants fre-
quently present with severe dehydration and metabolic acidosis
despite a negative history of diarrhea or significant vomiting.

Goals of Therapy

22. What are the goals of therapy for J.C.? Do the results of
the DCCT apply to children such as J.C.? Are there age-specific
goals?

The goals of therapy for children such as J.C. and adoles-
cents with diabetes mellitus are as follows: (a) achieve normal
growth and development, (b) obtain optimal glycemic control,
(c) facilitate positive psychosocial adjustment to diabetes, and
(d) prevent acute and chronic complications. Attainment of
these goals requires a tremendous amount of support and edu-
cation for the parents and can be best provided by a multidis-
ciplinary team of professionals, including a physician, nurse
educator, pharmacist, dietitian, and psychosocial expert.

Growth serves as an important clinical indication of overall
general health and well-being in children with diabetes. Height
and weight should be measured at each visit and plotted on stan-
dard growth grids. If, at the time of diagnosis, a child has fallen
behind in height or weight, prompt and appropriate treatment
should quickly return the child to the appropriate percentile
and pattern of growth. An obese child should be encouraged
to achieve a more appropriate percentile of weight gradually,
over a period of several months.

Although recommendations for glycemic control are based
on data from studies in adult patients with diabetes, achieving
the same near normalization of blood glucose levels in children
and adolescents is recommended. However, special consider-
ation must be given to the unique risks and consequences of
hypoglycemia in young children. A cohort of adolescents in-
cluded in the DCCT was analyzed separately. The intensive
group achieved an HbA1c about 1% higher than the current
ADA recommendations for patients in general.115 Similar to
the adults in the DCCT, adolescents had sustained benefits from
intensive management with little further progression to prolif-
erative retinopathy 4 years after the DCCT was terminated.116

Thus, J.C.’s pediatrician must strive for the best glucose con-
trol that she, her family circumstances, and currently available
treatment regimens will permit.

The risk of hypoglycemia and potential neuropsychologi-
cal impairment is of the greatest concern for children younger
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than 6 years. This is because the young child may be unable
to mount an adequate adrenergic response to hypoglycemia
and be unable to effectively communicate symptoms of
hypoglycemia. In addition, food intake and physical activity
are unpredictable in this age group. To minimize the risk of
hypo- and hyperglycemia, an HbA1c value between 7.5% and
8.5% is recommended.117

The management of diabetes in children 6 to 12 years of
age, such as J.C., is particularly challenging because many chil-
dren require insulin with lunch or at other times when they are
away from home. Administration of insulin at school demands
flexibility and close communications between the parents, the
health care team and school personnel. An HbA1c goal of 8%
or lower is recommended (Table 50-4).22,117

The greatest amount of evidence-based data exist for ado-
lescents with diabetes (13–19 years). As mentioned, teenagers
included in the DCCT achieved a mean HbA1c level of 8.06%
in an era before the availability of rapid-acting or basal in-
sulins. An HbA1c goal of <7.5% is recommended in this age
group.117

Insulin Therapy

23. How should J.C. be started on insulin? Is the use of an
insulin pump appropriate in children such as J.C.?

Generally, rapid-acting insulin analogs, short-acting insulin,
intermediate-acting insulin, and basal insulin analogs are used
in children. Insulin requirements are generally based on body
weight, age, and pubertal status. Newly diagnosed children
with type 1 diabetes usually require an initial total daily dose
of approximately 0.5 to 1.0 unit/kg. The small insulin require-
ments of infants and toddlers may be delivered by using diluted
insulin to measure doses less than 1 U. Diluents are available
for specific types of insulin from the insulin manufacturers.
Insulin syringes and pens that deliver insulin in 0.5-U incre-
ments are also very useful. Most children are treated with two
or three doses of rapid-acting or short-acting insulin combined
with intermediate-acting insulin. Multiple daily insulin injec-
tion regimens combined with carbohydrate counting are attrac-
tive regimens for middle and high school students. Basal/bolus
insulin regimens have demonstrated lower fasting blood glu-
cose levels with less nocturnal hypoglycemia versus regimens
using NPH in children and adolescents.118 However, many fam-
ilies are reluctant to commit to six to seven insulin injections per
day. Children who have lunch at a consistent time and are will-
ing to eat a consistent amount of carbohydrate at lunch do well
with a breakfast dose of NPH given to provide meal coverage
for lunch and a bedtime dose of a basal insulin such as Lan-
tus or Levemir. Many patients find rapid-acting insulins more
convenient because they can be injected 0 to 15 minutes before
a meal so that little preplanning is involved. Because children
often have erratic eating habits, an advantage of rapid-acting
insulins over regular insulin is that they can also be injected
immediately after a meal. J.C. should be started on a total daily
dose of 14 units given as 4 units of NPH plus 3 units of No-
volog at breakfast, 3 units of Novolog with dinner, and 4 units
of Lantus at bedtime (three injections per day).117,119

When J.C. gets older and can self-administer her injections,
a basal-bolus regimen can be initiated. Also, the use of an
insulin pump can be considered. The use of insulin pumps in the
pediatric population is increasing rapidly.120,121 Young children

(not just adolescents) are now recommended for consideration
of insulin pump therapy.122 Adult support both at home and
school is critical for successful pump use until the child is able
to manage his or her diabetes independently.

Injection Sites

24. Are the recommended sites of injection different for chil-
dren? Does the age of the child play a factor?

Although many studies exist in adults investigating the rate
of SC insulin absorption depending on the site and depth of
injection, it is not clear whether these results are applicable to
children. For infants with abundant SC tissue, injection sites are
usually plentiful. For some toddlers who have lost their “baby
fat,” locating an appropriate site for injection can be difficult.
Injecting insulin into the abdomen of children with minimal
SC abdominal fat or in very young children may not be advis-
able. Rotation of injection sites between arms, thighs, and the
upper-outer quadrant of the buttock or hip area, as well as the
abdominal area in older children, is recommended. To achieve
consistent absorption, insulin injections can be patterned; for
example, using the arms for the morning injection and the
thighs for the evening injection. Unfortunately, many children
and teens consistently inject their insulin into a single area for
convenience, accessibility, and comfort. This results in the de-
velopment of fatty deposits and scar tissue secondary to insulin
action at the local tissue level. Insulin absorption from these
hypertrophied areas is generally poor and may make glycemic
control quite variable. Insulin pen devices are very helpful for
use in children because they are less intimidating. Also, spring-
loaded injection devices may be helpful in reducing the child’s
fear of needles and easing access to difficult-to-reach injection
sites such as the back of the arms or buttocks.

Blood Glucose Monitoring

25. How often should J.C. monitor her blood glucose?

The eventual goal for children with diabetes is self-
management, with insulin dosing decisions based on inter-
pretation of blood glucose results. Self-management skills and
basal-bolus insulin regimens rely on frequent SMBG. For chil-
dren with type 1 diabetes, four or more blood glucose tests
per day are generally necessary. Most of the newer meters al-
low alternative site testing (arm or thigh), which decreases the
discomfort of fingersticks. For infants, the earlobes and heel
provide alternative blood sources to fingersticks. Enthusiasm
for frequent blood glucose testing tends to wane with duration
of diabetes. However, families who are instructed on manag-
ing diabetes on the basis of test results are better motivated to
persevere with SMBG. CGM may also hold promise for im-
proved assessment of metabolic control in pediatric patients.
J.C. should test her blood glucose before each meal and at bed-
time, at a minimum. The results will construct a useful profile
of her daily fluctuations. Additional tests should be performed
whenever J.C. experiences hypoglycemia or ketonuria or when
she becomes acutely ill.

Honeymoon Period

26. Over the next 2 months, J.C.’s insulin requirements de-
creased to a total daily dose of 10 units (∼0.3 unit/kg). Has her
diabetes gone into remission?
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Approximately 20% to 30% of individuals with type 1 di-
abetes go into a remission phase (honeymoon period) within
days to weeks of their diagnosis.123 During this time, which
can last for weeks to months, C-peptide can be measured, in-
dicating a return of pancreatic function; insulin requirements
may diminish partially or completely. As illustrated by J.C.,
this presents clinically as markedly decreased insulin require-
ments to maintain normoglycemia. Although it is tempting to
discontinue insulin, diabetes invariably recurs. To minimize the
possibility of inducing insulin allergy secondary to intermit-
tent insulin exposure and to avoid engendering a sense of false
hope in J.C. that her disease has been cured, many clinicians
continue insulin even if the doses are minuscule. J.C. should
be followed closely for rising blood glucose concentrations.

Hypoglycemia

27. J.C.’s parents contacted the clinic to report that J.C. is
having nightmares and is awakening in the middle of the night
complaining of a headache and stomach pain. However, these
symptoms resolve by noon the following day. Her current insulin
regimen is NPH 3 units with Novolog 2 units before breakfast, 2
units of Novolog with dinner and 3 units of Lantus at bedtime.
Could J.C. be experiencing nocturnal hypoglycemia? How do the
symptoms of hypoglycemia differ in a child compared with an
adult? How can the risk of hypoglycemia be minimized for J.C.?

J.C.’s parents are appropriately worried. Hypoglycemia is
a serious and often life-threatening complication of diabetes
management in children, and the risk of hypoglycemia in-
creases with attempts to maintain meticulous control of blood
glucose levels. Common causes of hypoglycemia include
changes in meal amounts, late or skipped meals or snacks,
exercise or unusual activity, and administration of excessive
insulin. Because very young children may not be able to iden-
tify or express symptoms of hypoglycemia, caretakers must
observe the child closely and identify symptoms or behav-
iors associated with a falling blood glucose. Symptoms of hy-
poglycemia may include crankiness, sudden crying, restless
sleep, or nightmares as seen in J.C.

Hypoglycemia is more frequent in children with lower
HbA1c values, a prior history of severe hypoglycemia, larger
insulin doses, and younger children.124 Additional risk factors
for hypoglycemia include a longer duration of diabetes and
male gender. Nocturnal hypoglycemia is reported in 14% to
47% of children with type 1 diabetes and is thought to be due to
impaired counter-regulatory response to hypoglycemia during
sleep.125 Bedtime blood glucose levels are poor predictors of
nocturnal hypoglycemia. J.C.’s parents should be instructed to
test her blood glucose at 2 am closely over the next few nights,
and then continue to check at least twice weekly. In children,
Lantus can exhibit a small peak effect during the initial 3 to
5 hours after administration, increasing the risk for nocturnal
hypoglycemia.117 The Lantus dose should be moved to dinner
time. If this does not correct the nocturnal hypoglycemia, then
the dose should be reduced. Use of Lantus as basal insulin
is associated with less nocturnal hypoglycemia (and asymp-
tomatic nocturnal hypoglycemia) compared with NPH insulin
in children and adolescents.126,127 A bedtime snack may also be
needed. Treatment of hypoglycemia is addressed in Question
37.

Using Insulin in Special Situations
Insulin Stability: Factors Altering Control

28. T.M., a 31-year-old farmer, has had type 1 diabetes for 20
years. He has been relatively well controlled on his current regi-
men of premeal Humalog and twice daily NPH human insulin for
some time. During the winter and spring seasons, his blood glu-
cose concentrations have ranged from 90 to 140 mg/dL, and the
HbA1c measured at his last clinic visit 3 months ago was 7.5%. It is
now August. For the past 2 months, T.M. has noticed that his dia-
betes is not under good control. His blood glucose concentrations
vary widely from concentrations as low as 60 mg/dL (3.3 mmol/L)
to as high as 240 mg/dL (13.3 mmol/L). He has no explanation for
this. On inspection, his vial of insulin lispro is cloudy and a white
precipitate is clinging to the NPH vial, giving it a frosted appear-
ance. Both vials are approximately one-third full. What factors
may be contributing to T.M.’s poor glycemic control?

[SI units: blood glucose concentrations, 5.0–7.8 mmol/L; HbA1c, 0.085

(normal, 0.04–0.06)]

Many factors may be contributing to T.M.’s poor con-
trol. These are discussed in the subsequent sections. Physical
changes in insulin are addressed here.

PHYSICAL CHANGES
Both of T.M.’s insulin vials have changed in appearance.

T.M. should be instructed not to use his insulin lispro if it is
discolored; has become cloudy or thickened; or contains small,
threadlike or other solid particles. As discussed in Question 17,
the cloudiness may be caused by contamination of insulin lispro
with NPH. If T.M. reuses his syringes, this also may be caused
by the silicone oil that is used to coat needles of disposable
syringes.128 The silicone oil can denature the insulin, reducing
its pharmacologic effect.

FLOCCULATION
NPH can sometimes flocculate or crystallize onto the in-

sulin bottle.129 This results in a significant loss of potency,
with insulin concentrations in the remaining suspensions vary-
ing from 6 to 64 U/mL (labeled 100 U/mL). This phenomenon
can occur precipitously, generally after 3 to 6 weeks of use.
Incorporation of additional zinc into these preparations during
the manufacturing process has minimized this problem. Nev-
ertheless, all patients should be warned to inspect their vials
carefully before each injection and to discard or exchange them
if they have crystallized (Fig. 50-6).

TEMPERATURE
Insulin is a fragile molecule that can be damaged by tem-

perature extremes. All commercially available insulins are sta-
ble for at least 28 days (e.g., ∼1 month) at room temperature
(68–75◦F), and the ADA recommends avoiding temperature
extremes (<36◦F or >86◦F).97 In practice, most patients store
vials currently in use at room temperature because injection
of cold insulin is uncomfortable. All unopened, extra vials or
pen devices should be stored in the refrigerator. The United
States Pharmacopeia recommends that patients discard vials
that have not been completely used in 1 month if they have
been kept at room temperature.



DIABETES MELLITUS � 50-35

FIGURE 50-6 Insulin vial with crystallized insulin. (Used with permission
from reference 341.)

The stability of insulin at temperatures of 75◦F to 100◦F is
unknown, but all insulins lose significant potency within 1 to 2
months at 100◦F. T.M. lives in an area where temperatures fre-
quently exceed 100◦F during the summer months. Therefore,
it is important that he not store his insulin in an automobile or
in the sun, where it may be subject to deterioration. An insu-
lated container or cooling packet (such as the FRIO Wallet) is
recommended for T.M. It also is of interest that many whole-
sale drug distributors and some mail-order pharmacies do not
take special packaging precautions when delivering insulins
to pharmacies or homes during the summer months. Thus, in-
advertent exposure to high temperatures during these months
may alter the potency and actions of insulins. Freezing appar-
ently does not affect the potency of insulin, but may cause
aggregation of the precipitate. This could alter the absorption
kinetics of the preparation.130

OTHER FACTORS ALTERING RESPONSE TO INSULIN
Many other factors may be altering T.M.’s response to in-

sulin. The heat in the summer months may increase circulation
to the injected site, thus speeding the onset and shortening the
duration of action of his insulin. Exercise of the injected limb
may affect insulin action similarly. During the summer months,
farmers typically are more physically active and, as a conse-
quence, require less insulin than usual. Other factors that can
alter insulin action are listed in Tables 50-10 and 50-19.

When patients like T.M. observe that their insulin seems
to work less well even when the product is well within the
expiration date and there are no obvious physical changes, we
recommend that they inject insulin from a fresh vial to assess
whether insulin from the original vial has deteriorated. If the
response remains the same, they should work with a clinician
to identify other reasons for their decreased responsiveness to
insulin.

Exercise and Insulin Requirements

29. J.S. is a 17-year-old, nonobese, patient with type 1 diabetes
who was diagnosed at age 12. He currently is moderately well con-
trolled on a single daily dose of Lantus 18 units at bedtime with
4 to 6 units of insulin aspart with meals (depending on carbo-
hydrate intake). His HbA1c is 7.8%, and his blood glucose levels
before meals range from 150 to 190 mg/dL (8.3–10.5 mmol/L).

Fasting blood glucose concentrations in the clinic range from 130
to 170 mg/dL (7.2–9.4 mmol/L). He has rare hypoglycemic reac-
tions that are associated with skipped meals, and he generally is
compliant with his prescribed meal plan. J.S. would like to begin
a jogging program. What effect is jogging likely to have on his
diabetic control? What precautions, if any, should he take?

[SI unit: HbA1c, 0.10]

Exercise has varying effects on plasma glucose levels in
patients, such as J.S., who are taking insulin. In the resting
state, muscle derives approximately 10% of its metabolic re-
quirement from glucose. In contrast, almost all of the mus-
cle’s metabolic requirements are derived from glucose during
moderate to heavy exercise. Muscle glycogen stores are de-
pleted quite rapidly, after which glucose is derived from the
peripheral circulation. To meet the increased glucose demands,
hepatic glycogenolysis and gluconeogenesis increase. This is
mediated primarily through suppression of insulin secretion
and increased secretion of counter-regulatory hormones such
as glucagon. Low, permissive levels of insulin are required for
glucose utilization by the muscle. In nondiabetic individuals,
hepatic glucose output and peripheral utilization are balanced
such that euglycemia is maintained during exercise.131,132

In a patient like J.S., exercise may cause hyperglycemia or
hypoglycemia if he does not take proper precautions. If he is
insulin deficient when he commences exercise, hepatic glucose
output will be increased, but peripheral utilization will be de-
creased and hyperglycemia will ensue. Thus, patients like J.S.
with type 1 diabetes should not exercise if their blood glucose
concentrations exceed 250 mg/dL and they have ketosis or if
levels exceed 300 mg/dL (with or without ketosis), because
these levels usually indicate insulin deficiency.132

Conversely, excess insulin enhances peripheral utilization
of glucose by muscle and suppresses hepatic glucose output.
Both can contribute to hypoglycemia. Hypoglycemia is more
likely to occur in patients whose blood glucose concentrations
are normal or low just before exercise. Thus, if J.S.’s blood
glucose concentration is normal or low (<100 mg/dL) before
he begins exercise, he should eat a carbohydrate snack (10–20
g) and have additional carbohydrates readily available during
and after exercise.132 He should delay his dose of insulin lispro
until after exercising and adjust the amount according to his
postexercise blood glucose level.

It is less well appreciated that peripheral glucose utiliza-
tion remains high after exercise has been discontinued. This is
thought to be related to the replenishment of glycogen stores
in the liver and muscle. Thus, if appropriate adjustments are
not made in diet and insulin dose after exercise, hypoglycemia
can occur 10 to 12 hours thereafter.133

For patients who inject insulin into their thighs, jogging may
enhance insulin absorption. The absorption of regular insulin
is increased when it is administered just before exercise (within
5 minutes), but it does not appear to be affected if injected 30
to 40 minutes before exercise. Absorption of the intermediate-
acting or long-acting insulins is less likely to be augmented by
exercise.134 Some have suggested that insulin be injected at a
site that is not exercised, for example, the abdomen, to mini-
mize this effect. J.S. should inject his insulin in the abdomen.

In summary, J.S. should be encouraged to begin an exer-
cise program. He should test his blood glucose concentrations
before, during, and after exercise and adjust his insulin doses
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Table 50-21 Exercise in Patients With Diabetes

1. Test blood glucose concentrations before, during, and after exercise.
2. For moderate exercise (e.g., bicycling or jogging for 30–45 min), ↓

the preceding dose of regular rapid-acting insulin by 30%–50%. If
glucose concentration is normal or low before exercise, supplement
the diet with a snack containing 10–15 g of carbohydrate.

3. To avoid ↑ absorption of regular insulin by exercise, inject into the
abdomen or exercise 30–60 min after injection. Avoid exercise when
rapid-acting insulin is peaking.

4. Individuals with low glycogen stores may be predisposed to the
hypoglycemic effects of exercise. Examples include alcoholics, fasted
individuals, or patients on extremely hypocaloric (<800 calories),
low-carbohydrate (<10 g/day) diets.

5. Patients taking insulin are more susceptible to hypoglycemia than
those taking sulfonylureas. Patients with type 2 diabetes mellitus
treated with diet are unlikely to develop hypoglycemia.

6. Watch for postexercise hypoglycemia. Individuals who have been
exercising during the day (e.g., skiing) should ↑ their carbohydrate
intake and test their blood glucose concentration during the night to
detect nocturnal hypoglycemia. Hypoglycemia can occur 8–15 hr after
exercise.

7. If the glucose concentration is >240–300 mg/dL, the patient should
not exercise. This indicates severe insulin deficiency. These patients
are predisposed to hyperglycemia secondary to exercise.

8. Patients with severe proliferative retinopathy or retinal hemorrhage
should avoid jarring exercise or exercise that involves moving the
head below the waist.

and food intake accordingly. In general, exercise should be
avoided at times corresponding to peak insulin action, be-
cause high levels can suppress counter-regulatory hormones
that stimulate hepatic glucose production (Table 50-21). Reg-
ular exercise may increase tissue sensitivity to insulin and
eventually lower J.S.’s insulin requirements. Vigorous exercise
is contraindicated in patients with retinal or vitreous hemor-
rhages because retinal detachment may occur.

In overweight or obese individuals with type 2 diabetes mel-
litus who are treated with diet, exercise is unlikely to cause
hypoglycemia. An extremely low-calorie diet (<800 calo-
ries) that also is low in carbohydrates may decrease an in-
dividual’s exercise endurance because muscle glycogen stores
are not maintained.131 Patients with type 2 diabetes who are
treated with insulin secretagogues or insulin may become hy-
poglycemic if insulin levels are high enough to increase pe-
ripheral utilization of glucose and suppress hepatic glucose
output. Thus, patients with type 2 diabetes who are normo-
glycemic before exercise also should consider increasing their
carbohydrate intake.135 Because patients with type 2 diabetes
do not have an absolute lack of insulin, they are less likely to
become hyperglycemic in response to exercise.

Sick Day Management

30. R.D., a 32-year-old woman with type 1 diabetes, has been
well controlled on basal-bolus regimen (four injections daily) for
the past 6 months. However, 2 days ago, she began to develop signs
and symptoms consistent with the flu. This has made her anorexic
and nauseated and now she has begun to vomit; consequently, her
food intake has been minimal. Because R.D. is not eating at this
time, should she discontinue her insulin?

Insulin requirements always increase in the presence of an
infection or acute illness, even if food intake is diminished.

Patients with type 1 diabetes, such as R.D., commonly decrease
or eliminate insulin doses under these circumstances, and it is
in just this setting that ketoacidosis occurs.

Therefore, R.D. should be instructed to maintain her usual
dose of insulin and test her blood glucose and urine ketones
every 3 to 4 hours; the latter is particularly important if she has
become nonadherent with her blood glucose testing. If blood
glucose concentrations are above the usual range, extra doses
of her rapid-acting insulin should be administered according
to a prescribed algorithm based (e.g., 1 U/50 mg/dL above her
blood glucose target). People with type 1 diabetes should be
instructed to test the urine for ketones if their blood glucose
concentration is 300 mg/dL of higher. R.D. should call her
physician if her blood glucose concentration remains above
240 mg/dL after three corrective insulin doses; if she has mod-
erate to large amounts of ketones in her urine, if she has been
vomiting or having diarrhea for longer than 6 hours; or if she
begins to develop signs and symptoms related to ketoacido-
sis (polyuria, polydipsia, dehydration, ketonuria, and a fruity
breath; (see Question 39). R.D. also should attempt to maintain
her fluid, mineral, and carbohydrate intake with easily digested
food and fluids (Table 50-22).136

Insulin Requirements in Renal Failure

31. M.B., a 32-year-old woman, has had type 1 diabetes for
15 years. Over the past 2 years, a gradual deterioration of her
renal function—as reflected by increased proteinuria, serum cre-
atinine (SrCr), and blood urea nitrogen (BUN) values—has been
observed. What are the anticipated effects of decreased renal func-
tion on M.B.’s insulin requirements?

The effects of renal failure on insulin requirements are
complex and, under various circumstances, insulin require-
ments may increase or decrease. The kidney is the most im-
portant site of extrahepatic insulin metabolism and excretion.
Renal clearance of insulin is 190 to 270 mL/minute, approxi-
mately two-thirds of hepatic clearance (320–400 mL/minute).
In nondiabetic individuals, the liver extracts approximately
40% to 50% of insulin secreted endogenously before it reaches
the peripheral circulation.70,137 Because exogenous insulin is

Table 50-22 Sick Day Management

1. Continue taking your basic dose of insulin even if you are not eating
well or have nausea or vomiting.

2. Test your blood glucose more frequently: every 3–4 hr.
3. If indicated, give yourself extra doses (high sugar correction) of lispro,

aspart, glulisine, or regular insulin: for example, 1–2 units for every
30–50 mg/dL over an agreed-upon target glucose concentration (e.g.,
150 mg/dL). Correction doses must be individualized based on the
patient’s sensitivity to insulin (Table 50-11).

4. Begin testing your urine for ketones if you have type 1 diabetes. If you
have type 2 diabetes, begin testing especially when glucose readings
exceed 300 mg/dL.

5. Try to drink plenty of fluid (1/2 cup/hr for adults) and maintain your
caloric intake (50 g carbohydrate Q 4 hr). Foods such as gelatin,
noncarbonated soft drinks, crackers, soup, and soda may be used.

6. Call a physician if your blood glucose concentration remains
>300 mg/dL; or your urine ketones remain high after two or three
supplemental doses of insulin; or your blood glucose level remains
>240 mg/dL for more than 24 hours.
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delivered directly to the periphery, the kidneys play a more im-
portant role in its elimination. Insulin is filtered by the glomeru-
lus and reabsorbed in the proximal tubules, where it is de-
stroyed enzymatically. The kidney also clears insulin from the
peritubular circulation.73,138 At that site, insulin can enhance
the reabsorption of sodium, which may account for the edema
occasionally observed after the initiation of insulin therapy in
some individuals.

Diminished renal function can be accompanied by de-
creased clearance of endogenous and exogenous insulin, re-
sulting in increased plasma concentrations of insulin. There-
fore, M.B.’s insulin requirements may diminish as her renal
disease progresses. Patients with moderate degrees of renal
failure (glomerular filtration rate [GFR] >22.5 mL/minute)
remove 39% of insulin from arterial plasma, similar to normal
subjects. In contrast, patients with severe renal insufficiency
(GFR <6 mL/minute) have a marked reduction in insulin re-
moval from arterial plasma (9%).139 Decreased insulin clear-
ance in conjunction with the anorexia, nausea, and decreased
food intake associated with uremia can lead to hypoglycemia
in such individuals. In some patients with diabetes, particularly
those with residual endogenous insulin secretion (type 2), glu-
cose tolerance may normalize as renal function diminishes,
eliminating the need for insulin.

In contrast, severe uremia is associated with glucose intoler-
ance. This seems to be related to tissue resistance to insulin sec-
ondary to an unknown factor that can be removed by dialysis.
Other factors that may alter blood glucose control in patients
with renal failure include dialysis against glucose-containing
dialysates and high-dose glucocorticoids in patients who have
undergone renal transplantation.

As M.B.’s renal function worsens, a reduction in her insulin
requirements should be anticipated. During this time, M.B.
should monitor her blood glucose concentrations closely and
adjust her insulin according to an algorithm.

Traveling With Diabetes

32. J.R. is a 42-year-old woman with type 1 diabetes mellitus
who has just taken a position that requires extensive overseas air
travel. She is concerned about potential problems she may en-
counter managing her diabetes under these circumstances. What
are some basic travel tips J.R. should consider?

J.R.’s predeparture preparations depend on the duration and
destination of her trip. The following sections discuss basic
considerations for people with diabetes when traveling. Before
a trip, she should obtain a letter from her health care provider
indicating her diagnosis (type 1 diabetes), therapy, and the
supplies she requires (e.g., syringes). She should also obtain
a prescription for her insulins and syringes (or other delivery
devices) in case of an emergency.

SUPPLIES
When going through airport security, J.R. should alert the

security officer that she has diabetes and is carrying her sup-
plies with her. All diabetes medications, supplies, and equip-
ment are allowed through the checkpoint once they have been
screened.

J.R. should carry a plentiful backup supply of insulin, sy-
ringes, blood-testing supplies (including an extra battery for
her meter), and glucose tablets. She should double her antic-

ipated insulin needs in case of loss, destruction, or unavail-
ability of comparable products in foreign countries. For exam-
ple, only U-40 and U-80 insulin are available in some parts
of the world. J.R.’s insulin supply should be insulated (e.g.,
using a FRIO Wallet) and separated in various bags she will
carry with her. Most sources advise against placing insulin in
checked luggage, because its effectiveness might be altered by
x-ray scanning or by freezing that could occur in the unpres-
surized baggage compartment. J.R. should take with her a brief
medical history and a prescription for insulin for emergency
situations.

IDENTIFICATION
J.R. should carry some identification that alerts medical per-

sonnel or others to her diagnosis in emergency situations. This
can take the form of a wallet card or a medical alert bracelet. In
certain situations, she could consider informing key individuals
that she has diabetes (e.g., airline personnel, hotel managers,
tour guides, traveling companions). She should review her in-
surance policy carefully so that she knows how to obtain care
out of the country and bring along her policy and claim forms.
Finally, she should provide friends or relatives with a detailed
itinerary so that medical care can be summoned promptly if
difficulties are encountered.

FOOT CARE
J.R. should wear comfortable shoes and not go barefoot.

She should avoid wearing new shoes to prevent formation of
blisters. She should check her feet daily, looking for blisters,
cuts, and sores and seek medical care if she sees any signs of
infection or inflammation.

MEAL PLANNING
J.R. should try to maintain some regularity in her diet (time

and amounts). When it is the custom to take the evening meal
later than is usual in the United States, a late afternoon or early
evening snack should be planned. When flying, she can re-
quest a low-carbohydrate/low-fat meal. She should inject her
rapid-acting insulin only when her meal has been served to
her (or sees the food coming down the aisle) to prevent hypo-
glycemia. To avoid unforeseen events (e.g., travel delays), J.R.
should carry sufficient food and snacks with her on the plane.
Anticipating the likely composition of her diet in a foreign
country also will help her to design a diet that maintains her
pattern of carbohydrate and caloric intake.

INSULIN DOSES
J.R. needs to adjust her basal insulin doses when she flies

across several time zones to account for time lost or gained.48

When traveling east, the insulin dose should be decreased pro-
portionately for the time lost and a shorter day. Conversely,
when traveling west, the basal insulin dose should be increased
for the time gained and a longer day. The principle is to pro-
vide the same amount of basal insulin per hour. For example,
if J.R. is using 10 units of Lantus insulin and is traveling from
New York to London (a 5-hour difference), her dose would
be reduced to 8 units. This is because she is receiving about
0.4 unit/hour and she will be losing 5 hours as she crosses the
time zones (0.4 × 5 = 2 units). When she arrives in London
and changes her watch, she may resume her Lantus 10 units at
the usual time of administration. When drawing up her insulin
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dose while on an airplane, J.R. should inject only half as much
air into the vial (if at all); because the cabin pressure is lower
than ground pressure, less pressure is needed inside the vial to
balance the insulin she withdraws.

JET LAG
Because jet lag may be indistinguishable from symptoms

of hypoglycemia or hyperglycemia, J.R. should test her blood
glucose concentrations more frequently to better assess her
symptoms.

Perioperative Management

33. A.G., a 55-year-old, 60-kg woman with a 35-year history of
type 1 diabetes, was admitted to the critical care unit for an ab-
dominal hysterectomy. Before admission, she was well controlled
on 24 units insulin glargine at bedtime and premeal doses of in-
sulin aspart. How should A.G.’s diabetes be managed while in the
critical care unit?

The hospital management of a patient with diabetes is com-
plex because so many variables can influence insulin require-
ments. Accordingly, common practice has been to aim for
blood glucose concentrations in the range of 150 to 200 mg/dL.
Over the past decade, much literature has been published look-
ing at the management of hyperglycemia in critically ill hospi-
talized patients and the effects of hyperglycemia on mortality
and morbidity. The initial Diabetes and Insulin Glucose Infu-
sion in Acute Myocardial Infarction study compared intensive
insulin therapy (insulin glucose infusion for ≥24 hours fol-
lowed by SC insulin four times daily for ≥3 months) in pa-
tients with diabetes after acute MI with standard insulin ther-
apy. Intensive insulin therapy improved long-term survival at
1 year and continued for 3.5 years, with an absolute risk re-
duction in mortality of 11%.140 Three more recent studies—
Diabetes and Insulin Glucose Infusion in Acute Myocardial
Infarction-2, CREATE-ECLA, and HI-5—did not show sig-
nificant reductions in mortality in post-MI patients using in-
tensive insulin-glucose infusions.141−143 In a study of surgical
patients in the intensive care unit (ICU) with hyperglycemia
(some with diabetes), in which liberal glucose control (blood
glucose concentrations of 180–200 mg/dL) was compared with
tight control (blood glucose concentrations of 80–110 mg/dL),
tight control decreased overall in-hospital mortality and sys-
temic infection.144 The same researcher performed a subse-
quent, similarly designed study in medical ICU patients and
demonstrated reduced morbidity, but not mortality, in the in-
tensively treated group. Interestingly, patients who were treated
for 3 or more days with intensive insulin infusion therapy did
have a significant reduction in in-hospital mortality, suggesting
that the initial length of intensive insulin therapy (via infusion)
in these patients may be an important factor.145 The incidence
of severe hypoglycemia (blood glucose level <40 mg/dL) was
18.7%, which was much higher than the 5.1% observed in
the surgical ICU population.146 Overall, studies suggest in-
sulin therapy in critically ill patients has a beneficial effect on
short-term morality in different hospital units.147 Implemen-
tation of insulin infusion protocols using tight blood glucose
targets (e.g., 80–110 mg/dL) should be carefully implemented,
but with careful tracking for hypoglycemia.148 For patients on
general medical-surgical units, blood glucose targets below
180 to 200 mg/dL are reasonable.22

For perioperative insulin needs, A.G. should receive her
usual basal insulin dose (Lantus 24 units) on the night before
surgery. If the basal insulin is normally administered in the
morning, the usual dose can still be give for patients with type
1 diabetes; for those with type 2 diabetes, 50% to 100% of
the basal insulin is administered the morning of surgery. Cor-
rection doses of rapid-acting insulin can be administered the
morning of surgery if the blood glucose is above 180 mg/dL.149

If a current HbA1c is not available, it should be measured to
assess the patient’s glycemic control before admission.

Most insulin infusion protocols include the use of intra-
venous regular insulin and maintenance IV fluids; D5W, D5W
1/2 NS, or D10W (for fluid restriction or renal failure).149 The
adjustment algorithms are used by nursing to change the rate
of infusion depending on the blood glucose level. Most of-
ten, the insulin infusion is prepared in a solution of 1 U/1 mL
normal saline (e.g., 100 units of regular insulin in 100 mL
normal saline). A dedicated IV line is used for the insulin infu-
sion to avoid iatrogenic hypoglycemia. The insulin infusion is
connected to the maintenance IV containing dextrose (can be
Y-connected). Because insulin binds to plastic, the insulin solu-
tion should be flushed (e.g., with 20 mL) through the IV tubing
before the line is connected to the patient. An IV dextrose in-
fusion is maintained while a patient is on an insulin infusion.
Most patients need 5 to 10 g of glucose per hour (or D5W
or D5W-1/2 normal saline at 100–200 mL/hour). Additional
maintenance fluids (and electrolytes) can be administered via
a different port or line. Some protocols include an initial bolus
dose of insulin. The initial insulin infusion rate is primarily
based on current blood glucose level and BMI; other factors
such as body weight, current daily insulin requirements, and
renal function should be taken into consideration. A rate of 1
unit/hour is a typical initial rate (can range from 0.5 unit/hour
to ≥2 units/hour). Adjustments in the insulin infusion rate are
determined by fingerstick blood glucose levels every 30 to 60
minutes hour until the blood glucose is stable and close to
target. Then the frequency of blood glucose testing may be re-
duced to every 2 to 3 hours. Algorithms should consider both
the current and previous blood glucose level, the rate of change
of the blood glucose level, and the current infusion rate.22

Insulin infusion should be started at least 2 to 3 hours before
the surgery to titrate to the desired level of glucose control. Ex-
amples of protocols are available on the Institute for Healthcare
Improvement’s website (available at http://www.ihi.org/IHI/
Topics/PatientSafety/MedicationSystems/Tools/) and many
are published in the medical literature.150,151

Thus, A.G.’s usual SC insulin regimen should be discontin-
ued, and she should be initiated on an insulin infusion that is
adjusted according to an algorithm. Throughout the perioper-
ative period, she should receive a minimum of 100 g glucose
daily to prevent starvation ketosis.

Alternative Routes of Administration

34. W.C. is a 22-year-old male college student with type 1 dia-
betes, who is currently injecting multiple doses of insulin lispro
throughout the day and insulin glargine at bedtime; however,
he finds the traditional insulin injection process using vials and
syringes time consuming and cumbersome. He would like to
find an easier, more convenient, and more discreet way to in-
ject his insulin while at school. What insulin delivery devices are
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available for W.C.? What alternative routes of insulin delivery
may be available for W.C. in the future?

PEN DEVICES AND PREFILLED SYRINGES
Pen devices and prefilled syringes eliminate the need to

carry syringes and insulin vials separately. Insulin pens are
available as prefilled pens, which are disposable, or reusable
pens (referred to as durable pen devices). Prefilled pens con-
tain a built-in, single-use insulin cartridge designed to deliver
300 units of insulin. Novolog and Humalog and their insulin
mixtures (Novolog Mix 70/30, Humalog Mix 75/25, and Hu-
malog Mix 50/50) are available in prefilled pens. Lilly has the
KwikPen (1-U increments; 60-U maximum dose), which is eas-
ier to dial than their original prefilled pens that are still available
(1-U increments; 60-U maximum dose). NovoNordisk has the
Flexpen (1-U increments; 60-U maximum dose). Lantus in-
sulin is available in a prefilled pen called SoloStar (1-U in-
crements; 80-U maximum dose). Prefilled pens are helpful for
patients who have difficulty handling the cartridges in reusable
pens or for patients with busy schedules who prefer not to have
to change cartridges.

Most durable pens use 3.0-mL cartridges, each holding 300
units. A 1.5-mL cartridge is available for some insulins, but
these are used infrequently. A patient inserts an insulin car-
tridge into the pen’s delivery chamber. This may allow greater
flexibility for some patients, such as the ability to change the
type of insulin injected without needing to purchase another
pen if the insulin prescription changes. NovoNordisk makes
the NovoPen Junior (0.5-unit increments; 35-units maximum
dose) and the NovoPen 3 (1-unit increments; 70-units maxi-
mum dose). Lilly makes the HumaPen Luxura HD (0.5-unit in-
crements; 30-units maximum dose) and the HumaPen Memoir
(1-unit increments; 60-units maximum dose), which records
and displays the last 16 insulin doses given. Sanofi-Aventis
insulins (Lantus, Apidra) use the OptiClik pen device (1-unit
increments; 80-units maximum dose), which unfortunately is
only distributed to physicians (not to pharmacies). Patients are
advised to use a new disposable needle for each injection. Pen
needles are available in 29- to 31-guage and needle lengths of
3/16 inch (5 mm), 1/4 inch (6 mm), 5/16 inch (8 mm), and 1/2
inch (12.7 mm).

The pens are particularly useful for patients with (a) reg-
imens consisting of multiple daily doses of rapid- or short-
acting insulin before meals and snacks (such as W.C.), (b)
a fear of needles, (c) impaired hand dexterity, (d) hectic
work/lifestyle, or (e) for training alternate individuals who ad-
minister insulin (e.g., school nurses, siblings).

INSULIN PUMPS
Insulin pumps were discussed in Question 5 and have been

reviewed elsewhere.152

INHALED INSULIN
Developing alternative routes for insulin delivery to avoid

injections has been under investigation for several decades.
Alternative routes evaluated include gastrointestinal (GI), in-
tranasal, buccal, transdermal, and intrapulmonary. Inhalation
of insulin via the lungs is ideal in that the insulin protein passes
into the small alveoli, which has enormous surface area, high
blood flow, and a thin membrane. Exubera, inhaled human
(rDNA origin) and made by Pfizer received FDA approval in

January 2006, but is no longer available. Pfizer decided to
cease manufacturing due to its lack of use. Other inhaled in-
sulin products may be approved in the future.

Adverse Effects of Insulin
Hypoglycemia

35. G.O., a 42-year-old, slightly overweight (5 feet 11 inches,
180 lbs) man, has had a history of type 1 diabetes mellitus for 17
years. G.O.’s medical care was sporadic until 1 year ago when he
referred himself to a diabetes clinic because he was beginning to
develop pain and numbness in his feet. At that time, he was poorly
controlled on a single daily dose of 45 units Humulin 70/30. He had
not been testing his blood glucose concentrations, and his HbA1c

was 13%.
On physical examination, G.O. was found to have an elevated

BP (160/94 mmHg), background retinopathy, and decreased pedal
pulses bilaterally. He had decreased sensation to vibration and
monofilament testing in both feet. G.O. also complained of im-
potence and “shooting pains” in both legs. A spot collection for
microalbuminuria was 450 mg of albumin/g creatinine (normal,
30–299 mg/g creatinine).

G.O. was transitioned to a basal-bolus insulin regimen. His
physician gave him a premeal blood glucose target of 70 to 130
mg/dL.22 Over the last several months, he has been treated with
the following regimen: 14 to 18 units insulin glulisine before break-
fast; 14 to 18 units insulin glulisine before lunch; 16 to 18 units
insulin glulisine before dinner; and 40 units insulin glargine at
bedtime. If his blood glucose level is high after lunch, he takes
additional glulisine (∼2 hours after eating). If his blood glucose
is high at bedtime (e.g., >150 mg/dL), he takes additional insulin
glulisine (7–10 units) because his doctor told him his blood glucose
level needed to be lowered significantly. Blood glucose concentra-
tions have been as follows.

Time Glucose Concentration (mg/dL)

7 am 60–320
Noon 140–280
5 pm 40–300

Over the past year, G.O.’s HbA1c has decreased to 7.1%. Cur-
rently, he has approximately five hypoglycemic episodes per week,
primarily in the late afternoon and evenings. These are charac-
terized by intense hunger, sweating, palpitations, and (according
to his wife) a short temper. He has found that he can avoid noc-
turnal hypoglycemia (night sweats, nightmares, and headaches)
by eating a large bedtime snack. Over the past 3 months, he has
gained 15 lb. Are G.O.’s signs and symptoms consistent with mild,
moderate, or severe hypoglycemia? What are the causes?

[SI units: blood glucose 7 am, 5.5–8.3 mmol/L; 12 pm, 15.5 mmol/L; 5 pm,

2.2–15.5 mmol/L; HbA1c, 0.72]

G.O.’s case illustrates one of the major hazards of aggres-
sive blood glucose targets and intensive insulin therapy: hypo-
glycemia. Hypoglycemia is a fact of life for patients with type
1 diabetes, virtually all of whom experience a hypoglycemic
episode at one time or another. An estimated 4% of deaths re-
lated to type 1 diabetes are caused by hypoglycemia.29,153,154

Hypoglycemia is a blood glucose concentration below 60
mg/dL (<2.7 mmol/L), and its occurrence is potentially fatal
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if not promptly recognized and treated. However, the exact level
at which a patient experiences symptoms is difficult to define.
Clinical hypoglycemia is associated with typical autonomic
(neurogenic) and neuroglycopenic symptoms relieved by the
administration of a quickly absorbed carbohydrate.

PATHOPHYSIOLOGY
Normal brain function depends on glucose, the exclusive

fuel for cerebral metabolism. Because the brain is unable to
synthesize or store glucose, it must be provided with a con-
stant exogenous quantity via the brain’s blood supply. As blood
glucose concentrations fall, a series of physiological responses
occur to restore glucose levels. These responses create symp-
toms warning a patient to take corrective action by consum-
ing carbohydrates. If these counter-regulatory responses fail
to alert the patient and blood glucose concentrations fall be-
low a critical level, cognitive function becomes impaired and
confusion and coma may ensue.

In people without diabetes, the peripheral responses to
hypoglycemia are so efficient that clinically important hy-
poglycemia probably never occurs. As glucose levels fall
between 50 and 60 mg/dL (2.7–3.3 mmol/L), a series of neu-
roendocrine events occur, raising the plasma glucose con-
centration back toward normal by increasing hepatic glucose
output. The major hormone responsible for producing acute
recovery from insulin-induced hypoglycemia is glucagon;
however, epinephrine alone also can produce near-normal re-
covery. Rising levels of adrenergic and cholinergic hormones
generate warning symptoms of hypoglycemia. When hypo-
glycemia is prolonged, growth hormone and cortisone play a
greater role in producing recovery.

Patients with type 1 diabetes who maintain insulin depots
throughout the day are predisposed to severe hypoglycemic
reactions because deficiencies in the normal feedback sys-
tem occur over time. Glucagon secretion becomes deficient
within the first 2 to 5 years after diagnosis, and by 10 years or
longer, epinephrine secretion may become impaired. The latter
defect leads to asymptomatic hypoglycemia or hypoglycemic
unawareness (see Question 38).

Certain circumstances predispose patients with type 1 di-
abetes to severe hypoglycemia. These include (a) a defective
counter-regulatory hormonal response to hypoglycemia (see
Question 38), which may be further diminished with frequent
hypoglycemia, (b) medications such as β-blockers that di-
minish early warning signs of impending hypoglycemia, (c)
intensive insulin therapy that can alter secretion of counter-
regulatory hormones, (d) skipped meals or inadequate carbo-
hydrate intake relative to the insulin dose, (e) physical activity,
and (e) excessive alcohol intake (Table 50-14).

SYMPTOMS
The signs and symptoms associated with hypoglycemia vary

in intensity according to the presence of cognitive deficits and
the patient’s ability to self-treat the reaction. They vary sub-
stantially from one patient to another. Symptoms are conven-
tionally divided into two categories: neurogenic (or autonomic)
and neuroglycopenic.153

Autonomic symptoms include sweating, intense hunger, pal-
pitations, tremor, tingling, and anxiety. Epinephrine is thought
to mediate many of the neurogenic responses to hypoglycemia.

Neuroglycopenic symptoms resulting from neuronal fuel de-
privation (glucose) include difficulty concentrating; lethargy;
confusion; agitation; weakness; and possibly, slurred speech,
dizziness, and fainting. Profound behavioral changes, seizures,
and coma are more severe manifestations of neuroglycope-
nia. Prolonged, severe neuroglycopenia ultimately results in
death. Symptoms of mild, moderate, severe, and nocturnal hy-
poglycemia are as follows:
� Mild hypoglycemia: Symptoms include tremor, palpitations,
sweating, and intense hunger. Diminished cerebral function
is not present and patients are capable of self-treating mild
reactions.

� Moderate hypoglycemia: Moderate hypoglycemic reactions
include neuroglycopenic as well as autonomic symptoms:
headache, mood changes, irritability, decreased attention,
and drowsiness. Patients may require assistance in treat-
ing themselves because of the presence of impaired judg-
ment or weakness. Symptoms are more severe, usually last
longer, and often require a second dose of a simple carbohyd-
rate.

� Severe hypoglycemia: Symptoms of severe hypoglycemia in-
clude unresponsiveness, unconsciousness, or convulsions.
These reactions require assistance from another individual
for appropriate treatment. Approximately 10% of patients
treated with insulin develop at least one severe, disabling
episode of hypoglycemia per year that requires emergency
treatment with parenteral glucagon or IV glucose.153

� Nocturnal hypoglycemia: Tingling of the lips and tongue are
common complaints of patients who develop nocturnal hy-
poglycemia. These patients also may complain of headache
and difficulty arising in the morning, nightmares, or noctur-
nal diaphoresis.153 Family members should be conscious of
any unusual sounds or activity while the patient is sleeping.

G.O. has mild to moderate hypoglycemic reactions, which
he is able to self-treat. These are likely due to overinsulinization
and insulin “stacking” with his rapid-acting insulin.

Overinsulinization

36. Evaluate G.O.’s overall control. What signs and symptoms
in G.O. are consistent with overinsulinization and insulin “stack-
ing”? How should he be managed?

The following is a list of signs and symptoms of overin-
sulinization in G.O.:
� A total daily insulin dose of more than 1.0 unit/kg. This dose is
unusually high for a patient with type 1 diabetes, who should
not be resistant to the action of insulin.

� Weight gain over the past several months. This is secondary to
the anabolic effects of insulin as well as G.O.’s increased car-
bohydrate intake to match his high insulin doses or treatment
of hypoglycemia.

� Frequent hypoglycemic reactions.
� High glycemic variability (i.e., blood glucose concentra-
tions that fluctuate wildly between hypoglycemia and hyper-
glycemia). In G.O.’s case, high blood glucose concentrations
may represent reactive hyperglycemia or overtreatment of
hypoglycemic episodes. His low blood glucose level may
represent excessive rapid-acting insulin at bedtime and in-
sulin “stacking” of his rapid-acting insulin after lunch. At
lunchtime, he is administering a high sugar correction dose
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of insulin glulisine too soon; his mealtime glulisine is still
likely at a peak action and working to lower his prandial blood
glucose. By administering additional glulisine soon after the
meal, the two insulin doses are adding up, or “stacking,”
causing hypoglycemia.

� Near-normal HbA1c levels indicate mean blood glucose
concentrations that must be within the normal range even
though the patient has recorded numerous high blood glu-
cose concentrations. Patients treated with intensive insulin
therapy in the DCCT experienced hypoglycemic episodes
three times more often than patients treated with standard
insulin therapy.29 HbA1c levels were approximately 7.2%.

G.O. should be managed by discontinuing his high sugar
corrections at bedtime and after lunch. He should SMBG pre-
meal, 1 to 2 hours after meals, and at bedtime to obtain a
better picture of his glucose patterns and insulin requirements.
He should avoid the large bedtime snack. He should also be-
gin testing his blood glucose at 2 or 3 am to assess if he is
still experiencing nocturnal hypoglycemia after stopping the
bedtime insulin glulisine. It will be important that he record
the actual dose he administers before each meal and bring
the record to clinic so that his insulin doses can be fine tuned.
Next, if he is capable, an algorithm for adjusting his preprandial
insulin glulisine doses should be provided to minimize hypo-
glycemic and hyperglycemic reactions (see Question 14), even-
tually he can transition to counting carbohydrates (see Ques-
tion 13).

Treatment of Hypoglycemia

37. How should G.O.’s hypoglycemic episodes be managed?

As G.O. illustrates, many patients with diabetes are fright-
ened of hypoglycemia and have a tendency to overtreat their
reactions with, for example, large quantities of juice or sev-
eral candy bars. This should be discouraged because overcor-
rection together with glucose generated by counter-regulatory
hormones ultimately results in hyperglycemia.

The key to successful management of hypoglycemia is
recognition and prevention. Because early warning symptoms
of hypoglycemia vary from person to person, it is important
that G.O. study and learn to recognize his earliest warning
symptoms and treat early. Patients generally can recall pro-
dromal symptoms after recovery from a severe hypoglycemic
reaction if they have not developed hypoglycemic unaware-
ness (see Question 38). As a caveat, these authors occasionally
have seen patients who “feel” hypoglycemic after their blood
glucose concentrations have been normalized from very high
levels with intensive insulin therapy. We encourage patients
to test their blood glucose level any time they “feel unusual”
to verify a low blood glucose concentration before treatment.
G.O. should treat his symptoms only if he is truly hypogly-
cemic.

A second component of prevention is determining its cause
and taking preventive or corrective action. This entails assess-
ment of his diet (did he skip or delay a meal or change its
content?), exercise pattern, time of insulin administration, in-
sulin dose, and accuracy of dose administered. If hypoglycemic
reactions consistently occur at a certain time of day, he should
determine whether this corresponds with a mealtime dose of
his rapid-acting insulin and reduce that insulin dose by 1 to

2 U. If his FBG is running low, his Lantus insulin dose can be
reduced.

If a reaction occurs, G.O. should be instructed to treat it as
follows (Table 50-14).

MILD HYPOGLYCEMIA
Most hypoglycemic reactions are managed readily with the

equivalent of 10 to 20 g of glucose (see Table 50-14 for ex-
amples of carbohydrate sources containing 15 g of glucose).
If the blood concentration remains low after 15 minutes, the
patient should ingest another 10 to 20 g of carbohydrate. This
quick-acting source of glucose should be followed by a small
complex carbohydrate or protein snack (e.g., milk, peanut but-
ter sandwich) to provide a continual source of glucose if a
meal is not scheduled within the next 1 to 2 hours. An easy
rule of thumb that can be used by patients is “15-15-15”: 15
g of glucose followed by a second 15 g if the patient is still
symptomatic after 15 minutes.

Glucose tablets are available and have the added benefit of
being premeasured to prevent overtreatment of hypoglycemia.
Glucose gels or small tubes of cake frosting are useful for
children or patients who become uncooperative and combative
when hypoglycemic.

MODERATE TO SEVERE HYPOGLYCEMIA
Glucagon can be injected by the SC or intramuscular (IM)

route into the deltoid or anterior thigh region. Glucagon is used
when a patient is unable to self-treat their hypoglycemia. The
dose of glucagon recommended to treat moderate or severe
hypoglycemia for a child younger than 5 years of age is 0.25
to 0.5 mg; for children 5 to 10 years of age, 0.5 to 1 mg;
and for patients older than 10 years, 1 mg. Parents, spouses,
or other close contacts should be taught how to mix, draw
up, and administer glucagon during emergency situations. Kits
with prefilled syringes containing 1 mg glucagon are available.
Patients who are given glucagon should be positioned so that
their face is turned toward the floor to prevent aspiration in
the event of vomiting. As soon as the patient awakens (10–25
minutes), he or she should be fed.

Intravenous Glucose
If glucagon is unavailable, the patient should be taken to
the hospital’s emergency department, where he or she can be
treated with IV glucose (∼10–25 g administered as 20–50 mL
of 50% dextrose over 1–3 minutes) in preference to glucagon.
Following the bolus injection of glucose, IV glucose (5–10 g/
hour) should be continued until the patient has gained con-
sciousness and is able to eat.

Hypoglycemic Unawareness

38. M.M., a 35-year-old, 75-kg, unemployed man, has had type
1 diabetes since the age of 3. As a consequence of the diabetes,
he has developed proliferative retinopathy and progressive dia-
betic nephropathy (current SrCr, 3.0 mg/dL). M.M. has an erratic
lifestyle. Because he does not work, he often stays out late at night
and sleeps late into the morning. His insulin is injected whenever
he awakens, and his meals are irregularly spaced. Each time he
comes to the clinic, he brings with him a complete log of glucose
concentrations that range from 80 to 140 mg/dL. He has two to
three severe hypoglycemic reactions a month that require emer-
gency treatment with IV glucose. On several occasions, his blood
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glucose concentration has been 30 mg/dL and he states he may
feel a little weak, but otherwise feels “not too bad.” M.M.’s last
HbA1c was 10%. He says that he adheres to the following insulin
regimen: 18 units NPH/11 units regular insulin before breakfast,
10 units regular insulin before lunch and dinner, and 14 units
NPH at bedtime.

At this visit, M.M. comes with his girlfriend. He has a large gash
on his nose that occurred 3 days ago when he lost consciousness
at approximately 1:30 PM while pushing his stalled car. He was
unable to eat lunch at the usual hour because he had problems with
his car. Assess M.M.’s hypoglycemic reactions and blood glucose
control. Should his current insulin regimen be continued? How
should he be managed?

[SI units: SrCr, 265 μmol/L; blood glucose, 4.4–7.8 mmol/L; HbA1c, 0.10]

M.M. illustrates a patient with type 1 diabetes who has de-
fective glucose counter-regulation and, as a result, is unable
to counteract a hypoglycemic reaction effectively. He also is
an example of a patient who should not have aggressive blood
glucose targets because he does not feel the symptoms of a
low blood sugar and has already developed end-stage organ
damage (proliferative retinopathy and nephropathy). Neither
are likely to be reversed with improved glycemic control. In
fact, proliferative retinopathy may actually worsen with inten-
sive insulin therapy initially.29 In the DCCT study, severe hy-
poglycemic reactions were three times more common among
patients treated with intensive insulin therapy, and nocturnal
hypoglycemia accounted for 41% of the total hypoglycemic
episodes.29 In patients with defective counter-regulation, the
risk of severe hypoglycemia may be 25 times higher than in
patients with adequate counter-regulatory mechanisms treated
with intensive insulin therapy.153 M.M. is at great risk for death
secondary to hypoglycemia.

M.M.’s lifestyle is erratic, he eats irregularly, and his re-
ported blood glucose concentrations (80–140 mg/dL) do not
correspond to his elevated HbA1c value. This may indicate that
M.M.’s technique is incorrect or that he simply fills in the log
with fictitious numbers before he comes to the clinic. Irreg-
ular entries in different colored inks and blood stains usually
indicate authentic records.

As noted, the primary hormones that are secreted in re-
sponse to a low blood glucose concentration are glucagon
and epinephrine. In patients who have had type 1 diabetes for
longer than 2 to 5 years, a deficiency in glucagon secretion is
a relatively consistent finding, and these patients must rely on
epinephrine to reverse low blood glucose concentrations. Un-
fortunately, approximately 40% of patients with long-standing
type 1 diabetes (8–15 years) have defective epinephrine secre-
tion as well, and this may be related to the development of auto-
nomic neuropathy. Patients whose diabetes is tightly controlled
also have reduced counter-regulatory hormone responses to
hypoglycemia. As illustrated by M.M., patients with defective
epinephrine secretory responses also lose the warning signs
and symptoms of hypoglycemia. These patients are said to have
“hypoglycemia unawareness” because they have no awareness
of blood glucose concentrations below 50 mg/dL. In these in-
dividuals, loss of consciousness, seizures, or irrational behav-
ior may be the first objective signs of exceedingly low blood
glucose concentrations. The glycemic threshold for symptoms
also is lowered in patients on intensive insulin therapy whose
glucose concentrations have been lowered to normal or near-
normal levels.153 Consequently, their hypoglycemic reactions

may go unnoticed and untreated until they lose consciousness.
M.M. should be managed as follows.

� Because his waking, sleeping, and eating patterns are highly
irregular, M.M. should be treated with an insulin regimen that
addresses his lifestyle. For example, he could be instructed
to give himself a rapid-acting insulin just before he actually
intends to eat. A dose of insulin glargine or detemir could be
given before his first meal to supply a basal level of insulin
between meals.

� Because M.M. has no warning symptoms for hypoglycemia,
the importance of regular blood glucose testing should be
emphasized. When blood glucose testing was reviewed with
M.M., it was discovered that his eyesight was so poor that he
was unable to distinguish between the right and wrong side
of the glucose test strip. Furthermore, because he had lost
his depth of field, he was unable to apply the drop of blood
into the test strip. To address this situation, M.M.’s girlfriend
was taught how to perform blood glucose testing. Also, a
glucose monitor that requires a very small blood sample and
beeps with an adequate blood sample (e.g., Abbott Freestyle
Freedom) was provided to him.

� M.M.’s girlfriend also was taught how to recognize and
treat symptoms of hypoglycemia. Often, patients ignore early
warning symptoms and progress to a point that they lose the
judgment needed to treat the condition. If M.M. has not yet be-
come combative, a quick-acting carbohydrate source should
be offered. If he has lost consciousness, glucagon should be
injected.

All of these maneuvers diminished the frequency of M.M.’s
severe hypoglycemic reactions. On the whole, his blood glu-
cose concentrations were maintained below 180 mg/dL, and he
remained relatively free of hyperglycemic symptoms. M.M.’s
HbA1c using this insulin regimen was 8.0%.

DIABETIC KETOACIDOSIS

39. J.L., a 25-year-old, 60-kg woman with an 8-year history of
type 1 diabetes, is moderately well controlled on 24 units insulin
glargine plus premeal doses of insulin lispro. Her family brings her
to the emergency department, where she complains of abdominal
tenderness, nausea, and vomiting. According to her family, J.L.
was well until 2 days ago when she awoke with nausea, vomiting,
diarrhea, and chills. Because she was unable to eat, she omitted
her usual morning dose of insulin. Her GI symptoms progressed,
and she was brought to the emergency department when she be-
came lethargic.

Physical examination reveals an ill-appearing woman who is
lethargic but responsive. Her temperature is 37◦C. Skin turgor is
poor, mucous membranes are dry, and her eyeballs are shrunken
and soft. J.L.’s lungs are clear, but respirations are deep and her
breath has a fruity odor. Cardiac examination is within normal
limits.

In the supine position, J.L.’s pulse rate is 115 beats/minute
(normal, 60–100) and her BP is 105/60 mmHg. In the upright
position, her pulse increased to 140 beats/minute, and her BP
dropped to 85/40 mmHg. There is mild, diffuse tenderness over
her abdomen.

Laboratory results on admission disclosed the following: blood
glucose, 750 mg/dL; sodium (Na), 148 mEq/L (normal, 135–
147); potassium (K), 5.4 mEq/L (normal, 3.5–5.0); chlorine (Cl),
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106 mEq/L (normal, 95–105); HCO3, 6 mEq/L (normal, 22–28);
SrCr, 2.0 mg/dL (normal, 0.6–1.2); hemoglobin, 14.7 g/dL (nor-
mal, 11.5–15.5); hematocrit, 49% (normal, 33%–43%); white
blood cell (WBC) count, 15,000/mm3 (normal, 3,200–9,800) with
3% bands (normal, 3%–5%), 70% polymorphonuclear neu-
trophils (normal, 54%–62%), and 27% lymphocytes (normal,
25%–33%); serum ketones were moderate at 1:10 dilution (nor-
mal, negative). The urinalysis showed 2% glucose (normal, 0);
moderate ketones (normal, 0); pH, 5.5 (normal, 4.6–8); and a spe-
cific gravity of 1.029 (normal, 1.020–1.025); there were no WBCs,
RBCs, bacteria, or casts. Arterial blood gas results were as follows:
pH, 7.05 (normal, 7.36–7.44); PCO2, 20 mmHg (normal, 35–45);
PO2, 120 mmHg (normal, 90–100). What supports the diagnosis
of DKA in J.L.?

[SI units: blood glucose, 41.6 mmol/L; Na, 148 mmol/L; K, 5.4 mmol/L;

Cl, 106 mmol/L; HCO3, 6 mmol/L; SrCr, 176.8 μmol/L; hemoglobin, 147

g/L; hematocrit, 0.49; WBC count, 15 × 108/L with 0.03 bands; polymor-

phonuclear neutrophils, 0.70; lymphocytes, 0.27; Pco2, 2.6 kPa; Po2, 16.0 kPa]

The fact that J.L. has type 1 diabetes puts her at risk for
developing ketoacidosis. An absolute or relative insulin defi-
ciency promotes lipolysis and metabolism of free fatty acids
to β-hydroxybutyrate, acetoacetic acid, and acetone in the
liver. Excess glucagon enhances gluconeogenesis and impairs
peripheral ketone utilization. Stress can contribute to the de-
velopment of DKA by stimulating release of insulin counter-
regulatory hormones such as glucagon, catecholamines, glu-
cocorticoids, and growth hormone. Common stress factors
include infection, pregnancy, pancreatitis, trauma, hyperthy-
roidism, and acute MI.

J.L. presented with symptoms of nausea, vomiting, diarrhea,
and chills, and these are suggestive of an acute viral gastroen-
teritis. Patients such as J.L. commonly discontinue their insulin
in this setting, which further predisposes them to the devel-
opment of DKA (see Question 30). Table 50-23 lists patient
education points with regard to DKA.

As illustrated by J.L., patients with DKA present with mod-
erate to high serum glucose concentrations secondary to de-
creased peripheral utilization and increased hepatic production
(Table 50-24). This increases serum osmolality, which initially
shifts fluid from the intracellular to the extracellular space.
When glucose concentrations exceed the renal threshold, os-
motic diuresis ensues and water, sodium, potassium, and other
electrolytes are depleted. J.L. also has lost fluid and electrolytes
from vomiting and diarrhea. Eventually, as losses exceed in-
put, the patient becomes dehydrated (dry mucous membranes;
dry skin; soft, shrunken eyeballs; increased hematocrit) and
intravascular volume becomes depleted (orthostatic BP and
pulse changes).

Evidence of excessive ketone production in J.L. includes ke-
tonuria, ketonemia, and the characteristic fruity odor of acetone
on the breath. Elevated levels of these organic acids increase
the anion gap and decrease the pH and carbonate levels. The
respiratory rate is increased to compensate for the metabolic
acidosis leading to hypercapnia.114,155

Treatment

40. How should J.L. be treated?

Treatment of patients with DKA is aimed at expansion of in-
travascular and extravascular volume, restoration of renal per-

Table 50-23 Diabetic Ketoacidosis: Patient Education

Definition: DKA occurs when the body has insufficient insulin.

Questions to Ask

1. Has insulin use been discontinued or a dose skipped for any reason?
2. If an insulin pump is being used, is the tubing clogged or twisted? Has

the catheter become dislodged?
3. Has the insulin being used lost its activity? Is the bottle of rapid-

acting/regular or basal insulin cloudy? Does the bottle of NPH look
frosty?

4. Have insulin requirements increased owing to illness or other forms of
stress (infection, pregnancy, pancreatitis, trauma, hyperthyroidism, or
MI)?

What to Look For

1. Signs and symptoms of hyperglycemia: thirst, excessive urination,
fatigue, blurred vision, consistently elevated blood glucose
concentrations (>300 mg/dL)

2. Signs of acidosis: fruity breath odor, deep and difficult breathing
3. Signs of dehydration: dry mouth; warm, dry skin; fatigue
4. Others: stomach pain, nausea, vomiting, loss of appetite

What to Do

1. Review “Sick Day Management” (Table 50-22)
2. Test blood glucose ≥4 times daily
3. Test urine for ketones when blood glucose concentration is

>300 mg/dL
4. Drink plenty of fluids (water, clear soups)
5. Continue taking insulin dose
6. Contact physician immediately

fusions, correction of dehydration, fluid and electrolyte losses,
and hyperosmolarity (hyperglycemia; Table 50-25).

Fluids
Rapid correction of fluid loss is most crucial. The usual fluid
deficit approximates 6 to 10 L or 10% of body weight in most
patients with DKA. In the absence of cardiac compromise,
hypernatremia or significant renal dysfunction, isotonic saline
(0.9% NaCl) should be used.114

Table 50-24 Common Laboratory Abnormalities in Diabetic
Ketoacidosis

Glucose >250 mg/dL
Serum osmolarity Variable, can be >320 mOsm/kg in presence of

coma
Sodium Low, normal, or higha

Potassium Normal or high
Ketones Present in urine and blood
pH Mild: 7.25–7.30

Moderate: 7.00–7.24
Severe: <7.00

Bicarbonate Mild: 15–18
Moderate: 10 to <15
Severe: <10

WBC count 15,000–40,000 cells/mm even without evidence
of infection

aTotal body sodium is always low.
DKA, diabetic ketoacidosis; WBC, white blood cell.
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Table 50-25 Management of Diabetic Ketoacidosis114

Fluid Administration

Start IV fluids using normal saline (0.9% NaCl) unless patient has
cardiac compromise.

Rate is 15–20 mL/kg body weight or 1–1.5 L during first hour
Then, if corrected sodium is normal or elevated, use 0.45% NS at a rate

of 4–14 mL/kg/hr (250–500 mL/hr). Use 0.9% NS if corrected sodium
is low.

Once serum glucose reaches 200 mg/dL, change to 5% dextrose with
0.45% NaCl at 150–250 mL/hr.

Insulin

Continuous IV infusion of regular insulin is preferred. Use IM route only
if infusion is not available.

Bolus dose: 0.1 unit/kg IV
Maintenance dose: 0.1 unit/kg/hr IV
If blood glucose level has not decreased by 50–75 mg/dL after 1 hr,

double infusion rate.
Once blood glucose reaches 200 mg/dL, reduce infusion rate to 0.05–0.1

unit/kg/hr and change fluid to 5% dextrose with 0.45% NaCl (do not
stop insulin infusion).

When SC insulin can be initiated, administer dose 1–2 hr before
discontinuing IV infusion.

For uncomplicated DKA, SC rapid-acting insulin can be considered. A
bolus dose of 0.2 unit/kg followed by 0.1 unit/kg every hour or an
initial dose of 0.3 unit/kg followed by 0.2 unit/kg Q 2 hr until the blood
glucose reaches <250 mg/dL; then the SC insulin dose is decreased by
half (to either 0.05 or 0.1 unit/kg every 1–2 hr).

Potassium

Establish adequate renal function (urine output ∼50 mL/hr). If K is <3.3
mEq/L, hold insulin and give 20–40 mEq/hr until K >3.3 mEq/L. If K
is >5.5mEq/L, do not give K and check serum K Q 2 hr. If K is >3.3
but <5.3 mEq/L, give 20–30 mEq in each liter IV fluid to maintain K
between 4–5 mEq/L.

Phosphate

Initiate if level <1 mg/dL, or in patients with cardiac dysfunction,
anemia, or respiratory depression. Use potassium phosphate salt,
20–30 mEq added to replacement fluid. Rarely needed.

Bicarbonate

Replacement is controversial and may be dangerous.
For adults with pH <6.9, 100 mmol sodium bicarbonate may be added to

400 mL sterile water with 20 mEq KCl; infuse over 2 hr (200 mL/hr).
For adults with pH of 6. 9–7.0, 50 mmol sodium bicarbonate diluted in
200 mL sterile water with 10 mEq KCL; infuse over 1 hr (200 mL/hr).
No bicarbonate is necessary if pH >7.0.

NS, normal saline.

J.L. has evidence of significant dehydration and intravas-
cular volume depletion. A rough calculation indicates that ap-
proximately 6 to 7 L will be needed (10% of body weight).
It is recommended that fluids be replaced at the rate of 15 to
20 mL/kg/hour during the first hour (∼1 to 1.5 L in the average
adult). The subsequent choice for fluid replacement depends
on the patient’s state of hydration, serum electrolyte levels, and
urinary output. If the corrected sodium is normal or elevated,
0.45% NaCl infused at a rate of 4 to 14 mL/kg/hour is ap-
propriate. If the corrected serum sodium is low, 0.9% NaCl

is preferred.114 When serum glucose concentrations approach
200, solutions should be changed to 5% glucose in half-normal
saline. Glucose is added to prevent hypoglycemia and the cere-
bral edema that can occur if the osmolality is reduced too
rapidly. The use of dextrose also allows for continued insulin
administration that is required to resolve the ketoacidosis (see
Question 41). These recommendations for fluid replacement
must be adjusted in the elderly or those with compromised renal
or myocardial function. In these patients, fluid administration
must be titrated against the central venous pressure.114,155

Sodium
Total body sodium usually is depleted by 7 to 10 mEq/kg of
body weight in patients with DKA. In assessing serum sodium
in these patients, it is important to remember that falsely low
values (i.e., pseudohyponatremia) may be the result of hyper-
glycemia and hypertriglyceridemia. A corrected sodium value
can be estimated by adding 1.6 mEq/L to the observed sodium
value for every 100 mg/dL glucose >100 mg/dL. Sodium is
replaced adequately with normal saline.114

Potassium
Potassium balance is altered markedly in patients with DKA
because of combined urinary and GI losses. Invariably, total
potassium is depleted; however, the serum potassium concen-
tration may be high, normal, or low, depending on the degree of
acidosis and volume contraction. Usual potassium deficits in
this situation average 3 to 5 mEq/kg of body weight, although
they may be as high as 10 mEq/kg.114,155

Thus, J.L. needs approximately 200 to 350 mEq of potas-
sium to replenish her body stores, assuming her normal weight
is 70 kg. To prevent hypokalemia, potassium replacement
should be started after her serum potassium concentrations
decreases to <5.3 mEq/L (assuming an adequate urine out-
put of 50 mL/hour). Generally IV solutions containing 20 to
30 mEq/L are sufficient to maintain the serum potassium be-
tween 4 and 5 mEq/L. However, in cases with low serum potas-
sium (<3.3 mEq/L) at presentation, potassium replacement
should be initiated with fluid therapy, and insulin therapy de-
layed until the potassium level is >3.3 mEq/L to avoid cardiac
arrest, arrhythmias, and respiratory muscle weakness. In these
cases, initial IV solutions should contain KCl 20 to 30 mEq/L.

Phosphate
Routine use of phosphate in the treatment of DKA has re-
sulted in no clinical benefit to patients.114 Phosphate is lost
as the result of increased tissue catabolism, impaired cellular
uptake, and enhanced renal excretion. Like other electrolytes,
serum levels initially may seem normal, even though body
stores are depleted. Overzealous replacement can result in se-
vere hypocalcemia. Hypophosphatemia can cause cardiac and
skeletal muscle weakness and respiratory depression. To avoid
this, phosphate can be carefully replaced in patients with car-
diac dysfunction, anemia, respiratory depression, and those
with phosphate concentrations below 1.0 mg/dL. Potassium
phosphate can be added to the replacement fluids in the amount
of 20 to 30 mEq/L.

Insulin

41. What is an appropriate insulin dose and route of adminis-
tration for J.L.?
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Unless the episode of DKA is mild (pH 7.25–7.30) and
uncomplicated, regular insulin by continuous infusion is the
treatment of choice. Once hypokalemia (K+ <3.3 mEq/L) is
excluded, an IV bolus of regular insulin at 0.1 unit/kg followed
by a continuous infusion at a dose of 0.1 unit/kg/hour should
be administered. This should decrease the plasma glucose at a
rate of 50 to 75 mg/dL/hour. If this does not occur in the first
hour, then the rate may be doubled every hour until a steady
glucose decline is achieved. Once the plasma glucose reaches
200 mg/dL, the insulin infusion can be decreased to 0.05 to
0.1 unit/kg/hour. At this point, dextrose should be added to
the IV fluids (i.e., fluids changed to D5W with 0.45% NaCl).
Thereafter, the rate of insulin administration or the concentra-
tion of dextrose is adjusted to maintain the glucose value at
around 200 mg/dL until the acidosis is resolved.114 Thus, for
J.L., an IV bolus dose of 6 units followed by an infusion rate
of 6 units/hour is appropriate.

For uncomplicated DKA, SC rapid-acting insulin has been
studied with no differences in patient outcomes. The advan-
tage is that patients can be treated in a non-ICU setting, thus
reducing hospital costs. The dosing for rapid-acting insulin is
included in Table 50-25.

Sodium Bicarbonate

42. J.L. was treated with fluids, electrolytes, and insulin as dis-
cussed in previous questions. Laboratory and clinical data 4 hours
after therapy are as follows: pH, 7.1; blood glucose, 400 mg/dL; K,
3.8 mEq/L; SrCr, 3.1 mg/dL; and serum ketones strongly positive
at a 1:40 dilution. Her BP was 120/70 mmHg with no orthostatic
changes. Urine output over the last 3 hours has been 500 mL.
Because serum ketones have increased, should J.L. receive more
insulin? Should she receive bicarbonate therapy?

[SI units: blood glucose, 22 mmol/L; K, 3.8 mmol/L; SrCr, 274 μmol/L]

The assumption that ketosis is worse in J.L. is incorrect.
In DKA, low levels of insulin and elevated glucagon levels
promote the metabolism of free fatty acids in the liver to
acetoacetate and β-hydroxybutyrate. The standard nitroprus-
side reaction test for ketones measures only acetoacetate, even
though β-hydroxybutyrate is the more important ketone. The
conversion of acetoacetic acid to β-hydroxybutyrate is cou-
pled closely with the NADH:NAD ratio. If this ratio is high (as
in the presence of alcohol) so much β-hydroxybutyrate may
be formed that acetoacetate is virtually undetectable; thus, the
absence of ketones in the serum does not rule out ketoacid-
osis.

Conversely, treatment with insulin begins to suppress lipol-
ysis and fatty acid oxidation; NAD is regenerated shifting the
reaction back in favor of acetoacetate.114,155 Thus, even though
there seems to be higher concentrations of ketones in the serum,
J.L.’s declining blood glucose concentration, improved bicar-
bonate concentrations, and improved acid–base and cardiovas-
cular responses indicate that she is responding appropriately.
Therefore, no change in the insulin dose is indicated. It is im-
portant to emphasize that the glucose concentrations normalize
before ketones (4–6 hours vs. 6–12 hours) because the latter
are metabolized more slowly. For this reason, it is important
to continue insulin to maintain suppression of lipolysis until
plasma and urine ketones have cleared.

The use of bicarbonate in patients with DKA has been
controversial.114 Most investigators discourage its routine use,

reserving it for patients with severe acidemia (pH <7.0) or
those in clinical shock. Coma is correlated most closely with
blood glucose concentrations (>700 mg/dL) and hyperosmo-
lality (calculated osmolality >340 mOsm/kg).114 In a random-
ized, prospective study, bicarbonate did not affect recovery
in patients with severe DKA (arterial pH, 6.9–7.14).156 Thus,
even though J.L.’s acidosis seemed severe on admission (pH,
7.05; bicarbonate, 6 mEq/L; Kussmaul respirations), bicarbon-
ate was not administered. It is apparent that with fluid and
insulin therapy alone, her acidosis is beginning to improve.

43. What is the expected course of DKA in J.L.?

After 3 L of fluid and a constant insulin infusion of 6
units/hour for 3 hours, J.L.’s glucose concentration had dropped
to 400 mg/dL and she had no orthostatic BP changes, reflect-
ing recovery from her volume-depleted status. Potassium (40
mEq/L) was added to her fluids, which were administered at a
reduced rate of 300 mL/hour.

Three hours later, the glucose concentration had dropped to
350 mg/dL and her pH had increased to 7.21. The serum potas-
sium remained low-normal at 3.4 mEq/L, and serum sodium
increased to 151 mEq/L. In view of these changes, the IV
infusion fluid was changed to half-normal saline with 5% dex-
trose to which 40 mEq/L of potassium was added. The rate was
slowed to 250 mL/hour, and the insulin infusion was continued
at 6 units/hour.

Four hours later (10 hours after admission), the blood glu-
cose was 205 mg/dL and the serum potassium was 3.5 mEq/dL.
The IV fluids were changed to 5% dextrose with 40 mEq/L of
KCl, administered at a rate of 250 mL/hour, and the regular
insulin infusion was decreased from 6 to 3 units/hour. J.L. con-
tinued to improve over the next 12 hours, and she began taking
full oral liquids by the second hospital day. At that time, her
IV infusion rate was decreased to 200 mL/hour, but her insulin
infusion was continued.

Approximately 24 hours after admission, J.L.’s blood glu-
cose concentration was 175 mg/dL, potassium was 4.6 mEq/L,
and sodium was 144 mEq/L. There were no ketones in
the plasma. The urine contained 1% glucose and moderate
amounts of ketones. IV fluids were discontinued and a rapid-
acting insulin was administered subcutaneously 1 hour before
the insulin infusion was discontinued. J.L. continued to receive
rapid-acting insulin subcutaneously every 4 hours according to
a sliding scale (see Question 14). Thirty-six hours after admis-
sion, J.L. was given her usual dose of insulin glargine and
insulin lispro and was sent home for follow-up in the clinic.

TREATMENT OF TYPE 2 DIABETES: ANTIDIABETIC AGENTS
Type 2 diabetes must be managed in the context of the
metabolic syndrome. At the time of diagnosis, many people
with type 2 diabetes already have evidence of macrovascu-
lar and microvascular disease. Every effort to lower glucose
concentrations toward normal values, control BP, and lower
cholesterol is important to delay the onset or slow the progres-
sion of these complications, improve the overall quality of the
patient’s life, and save the health care system millions of dol-
lars in hospitalization costs to treat these complications. MNT,
physical activity, and other lifestyle changes are cornerstones
in treating of people with type 2 diabetes. Unfortunately, these
measures alone are usually not successful in achieving con-
trol for the majority of patients, and drug therapy is eventually
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FIGURE 50-7 Sources of hyperglycemia in type 2 diabetes and site of
action of oral antidiabetic agents. GI, gastrointestinal; HGO, hepatic
glucose output.

required. Because these patients also often require a number
of medications to treat related conditions (e.g., hypertension,
hypercholesterolemia, and depression) and may also be med-
icating themselves with over-the-counter drugs, herbal prod-
ucts, and/or nutritional supplements, the aim of therapy for
type 2 diabetes should be the simplest and safest regimen that
provides the best glycemic control possible.

Figure 50-7 depicts the sources of hyperglycemia in people
with type 2 diabetes and the primary site of action for each
class of agents. Table 50-26 and Table 50-27 summarize the
comparative pharmacology, pharmacokinetics, and dosing of
the non-insulin antidiabetic drugs. The clinical use of these
agents in specific situations is illustrated in cases presented
later in this chapter.

Biguanides
Metformin (Glucophage) belongs to the biguanide class of
oral antidiabetic agents. It has been available in the United
States since 1995 and became generically available in 2002.
The clinical pharmacology of metformin has been extensively
reviewed.157

Mechanism of Action157

The biguanides are described more accurately as antihyper-
glycemic agents. Although they lower blood glucose concen-
trations in people with type 2 diabetes, they do not cause hypo-
glycemia in nondiabetic individuals. The precise mechanisms
by which metformin lowers blood glucose concentrations re-
main to be elucidated. Evidence suggests metformin lowers
FPG concentrations by decreasing hepatic gluconeogenesis

and increasing insulin-stimulated glucose uptake by skeletal
muscle and adipose tissue. Metformin also lowers plasma free
fatty acid levels and subsequent oxidation. This observation
may explain its ability to reduce hepatic glucose production
and increase insulin-mediated glucose disposal in the muscle.
Metformin also slightly lowers total cholesterol (5%–10%) and
triglycerides (10%–20%) and may maintain or improve high-
density lipoprotein (HDL) cholesterol levels.158 The observed
effects on lipid metabolism as well as others on clotting factors,
platelet function, and vascular function have generated interest
in the potential favorable effects of metformin on CVD and out-
comes. Unlike the sulfonylureas, thiazolidinediones (TZDs),
and insulin, weight loss rather than weight gain is more likely
to occur with metformin therapy (mean weight loss of 1.2 kg
compared with 1.7 kg increase).159

Pharmacokinetics
Approximately 50% to 60% of metformin is absorbed from
the small intestine. It is eliminated entirely by the kidney
unchanged and has a plasma half-life of 6.2 hours and a
whole blood half-life of 17.6 hours. It is not bound to plasma
proteins.158,160

Adverse Effects
GASTROINTESTINAL EFFECTS
Transient side effects include diarrhea and other GI distur-

bances such as nausea, abdominal discomfort, metallic taste,
and anorexia.158 Relative to placebo, diarrhea is the most com-
mon GI complaint (53.2% metformin vs 11.7% placebo-treated
patients). Symptoms can be minimized by taking metformin
with food and slowly titrating the dose. To enhance adherence
to therapy, patients should be informed of the possibility of GI
side effects that will likely subside with time and instructed to
discuss any suspected side effects with their provider before
discontinuing therapy (see Question 47).

LACTIC ACIDOSIS
Much of the perceived risk of lactic acidosis secondary to

metformin use is based on historical data for phenformin, a
biguanide that was withdrawn from the market in 1977.161 The
risk of lactic acidosis secondary to metformin is 10 to 20 times
lower than with phenformin.157 Unlike phenformin, metformin
is not metabolized, does not inhibit peripheral glucose oxida-
tion, and does not enhance peripheral lactate production.162

However, it may decrease conversion of lactate to glucose (de-
creased gluconeogenesis) and increase lactate production in
the gut and liver.157 Metformin has rarely been associated with
lactic acidosis. The few patients in whom this event has been
reported had renal, liver, or cardiorespiratory contraindications
to the use of biguanides. Patients should be warned to bring the
following symptoms of lactic acidosis to the attention of their
physician: weakness, malaise, myalgias, abdominal distress,
and heavy, labored breathing (see Question 62).

Contraindications and Precautions
Patients with renal impairment, hepatic disease, congestive
heart failure (CHF) requiring pharmacologic treatment or other
states predisposing them to hypoxia, acute or chronic metabolic
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Table 50-26 Comparative Pharmacology of Antidiabetic Agents

Agent Generic Name Brand
Name Mechanism FDA Indications Efficacy Adverse Effects Comments

Insulin
Replaces or augments

endogenous insulin

Monotherapy;
combined with
any oral agent

↓ HbA1c ∞ ↓FPG ∞
↓ PPG ∞
↓ TG

Hypoglycemia, weight gain,
lipodystrophy, local skin
reactions.

Offers flexible dosing to match
lifestyle and glucose
concentrations. Rapid onset.
Safe in pregnancy, renal failure,
and liver dysfunction. Drug of
choice when patients do not
respond to other antidiabetic
agents.

Insulin-Augmenting Agents

Nonsulfonylurea secretagogues
(Glinides)

Repaglinide (Prandin)
Nateglinide (Starlix)
Stimulate insulin secretion.

Monotherapy;
combined with
metformin or TZD

↓ HbA1c 1.7%
↓ FPG 61 mg/dL
↓ PPG 48 mg/dL

Hypoglycemia, weight gain. Take only with meals. If a meal is
skipped, skip a dose. Flexible
dosing with lifestyle. Safe in
renal and liver failure. Rapid
onset.

Sulfonylureas
Various; see Table 50-27.

Stimulate insulin secretion.
May decrease hepatic glucose
output and enhance peripheral
glucose utilization.

Monotherapy;
combined with
metformin;
combined with
insulin
(glimepiride)

↓ HbA1c 1. 5–1.7%
FPG 50–70 mg/dL
↓ PPG 92 mg/dL

Hypoglycemia, especially
long-acting agents;
weight gain (5–10 lb).
Rash, hepatotoxicity,
alcohol intolerance, and
hyponatremia are rare.

Very effective agents, Some can
be dosed once daily. Rapid
onset of effect (1 wk).

Incretin-Based Therapies

Glucagon-like peptide -1
receptor agonists/Incretin
Mimetic

Exenatide (Byetta)
Stimulates insulin secretion,

delays gastric emptying,
reduces postprandial
glucagon levels, improved
satiety

Combined with
metformin, SFU
or TZD, combined
with metformin +
SFU; combined
with metformin +
TZD

↓ HbA1c 0.8%–0.9%
↓ FPG 10 mg/dL
↓ PPG 71 mg/dL

GI: nausea, vomiting,
diarrhea. Hypoglycemia
(with SFUs); weight loss;
reports of acute
pancreatitis

Take within 60 min before
morning and evening meals or
before two main meals of the
day (≥6 hr apart). Do not use in
patients with gastroparesis or
severe GI disease.
Administered by SC injection;
pen device in use does not need
to be refrigerated.

DPP-4 Inhibitors
Sitagliptin (Januvia)
Stimulates insulin secretion and

reduces postprandial
glucagon levels

Monotherapy;
combined with
metformin, SFU
or TZD

↓ HbA1c 0.7%–0.8%
↓ FPG 12–17 mg/dL
↓ PPG 49–62 mg

Headache, nasopharyngitis,
hypoglycemia (with
SFU), rash (rare)

Dosed once daily. Taken with or
without food. No weight gain or
nausea. Need to dose adjust in
renal dysfunction. Reduce dose
of SFU when combined.

Amylin Receptor Agonists

Amylin mimetic
Pramlintide (Symlin)
Stimulates insulin secretion,

delays gastric emptying,
reduces postprandial
glucagon levels, improved
satiety

Type 1: Adjunct to
mealtime insulin

Type 2: Adjunct to
mealtime insulin;
± SFU and/or
metformin

T1: ↓ HbA1C 0.33%
T2: ↓ HbA1c 0.40%

GI: nausea, decreased
appetite.

Headache; hypoglycemia;
weight loss (mild)

Take only immediately before
meals; administered by SC
injection. Do not use in patients
with gastroparesis.

Insulin Sensitizers

Biguanides
Metformin (Glucophage)
↓ Hepatic glucose output;
↑ Peripheral glucose uptake

Monotherapy;
combined with
SFU and/or TZD;
or with insulin

↓ HbA1c 1.5%–1.7%
↓ FPG 50–70 mg/dL
↓ PPG 83 mg/dL

GI: nausea, cramping,
diarrhea. Lactic acidosis
(rare).

Titrate dose slowly to minimize
GI effects. No hypoglycemia or
weight gain; weight loss
possible. Mild reduction in
cholesterol. Do not use in
patients with renal or hepatic
dysfunction or CHF requiring
treatment.

(continued)
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Table 50-26 Comparative Pharmacology of Antidiabetic Agents (continued )

Agent Generic Name Brand
Name Mechanism FDA Indications Efficacy Adverse Effects Comments

Thiazolidinediones
Rosiglitazone (Avandia)
Pioglitazone (Actos)
Enhance insulin action in

periphery; increase glucose
utilization by muscle and fat
tissue; decrease hepatic
glucose output

Monotherapy;
combined with
SFU, TZD or
insulin; combined
with SFU + TZD

Monotherapy: ↓ HbA1c

0.8%–1.5%
Combination: ↓ HbA1c

0.6%–1.2%

Mild anemia; fluid retention
and edema, weight gain,
macular edema, fractures
(in women)

Can cause or exacerbate CHF; do
not use in patients with
symptomatic heart failure or
class III or IV CHF.
Rosiglitazone may increase risk
of MI. Increased risk of distal
fractures in older women. Slight
reduction in TG with
pioglitazone; slight increase in
LDL-C with rosiglitazone.
LFTs must be measured at
baseline and periodically
thereafter. Slow onset (2–4 wk).

Delayers of Carbohydrate Absorption

α-Glucosidase inhibitors
Acarbose (Precose)
Miglitol (Glyset)
Slow absorption of complex

carbohydrates.

Monotherapy;
combined with
SFUs

↓ HbA1c 0.5%–1.0%
↓ FPG 20–30 mg/dL
↓ PPG 25–50 mg/dL

GI: flatulence, diarrhea.
Elevations in LFTs seen
in doses >50 mg TID of
acarbose.

LFTs should be monitored every
3 months during the first year of
therapy and periodically
thereafter. Because miglitol is
not metabolized, monitoring of
LFTs is not required. Titrate
dose slowly to minimize GI
effects. No hypoglycemia or
weight gain. If used in
combination with hypoglycemic
agents, advise patients to treat
hypoglycemia with glucose
tablets because absorption is
not inhibited as with sucrose.

CHF, congestive heart failure; FPG, fasting plasma glucose; GI, gastrointestinal; HbA1c, hemoglobin A1C; LDL-C, low-density lipoprotein cholesterol; LFTs, liver function tests;
MI, myocardial infarction; PPG, postprandial glucose; SC, subcutaneously; SFU, sulfonylureas; TG, triglycerides; TZD, thiazolidinediones.

acidosis, or a history of lactic acidosis should be excluded from
therapy. Metformin can accumulate in patients whose renal
function is impaired, thereby increasing their risk for lactic aci-
dosis. Its use is not recommended in patients with decreased
GFRs (<60 mL/minute) or elevated creatinine levels (≥1.4
mg/dL for females or ≥1.5 mg/dL for males). Because even a
temporary reduction in renal function could cause lactic acido-
sis in patients taking metformin, the manufacturer recommends
withholding it after some radiologic procedures (see Drug In-
teractions). Other predisposing factors for lactic acidosis in-
clude the following: excessive alcohol ingestion, dehydration,
surgery, CHF, hepatic failure, shock, or sepsis. Because aging
is associated with reduced renal function, metformin should
be titrated to the minimum effective dose and renal function
should be monitored regularly. A creatinine clearance (ClCr)
to ensure adequate renal function should be measured in pa-
tients over the age of 80 years, because these patients are more
susceptible to developing lactic acidosis.158

Drug Interactions
� Alcohol potentiates the effect of metformin on lactate
metabolism. Patients should be warned against excessive al-
cohol intake while taking metformin.

� Cimetidine increases peak metformin plasma concentrations
by 60%; use of an alternative H2 blocker or a reduction in
metformin dose is recommended.

� Parenteral contrast studies (e.g., pyelography or angiogra-
phy) that use iodinated materials can result in acute re-
nal failure and metformin-induced lactic acidosis. For pa-
tients requiring such a study, metformin should be with-
held at the time of, or before, and for 48 hours after the
procedure. Metformin should be reinstituted only after re-
nal function has been reevaluated and determined to be
normal.

Efficacy
As monotherapy, metformin can be expected to reduce the
HbA1c by 1.5% to 1.7% and the FPG by 50 to 70 mg/dL. In pa-
tients who have developed secondary failure to sulfonylureas,
the addition of metformin can be expected to produce a simi-
lar or slightly greater improvement in the FPG and HbA1c.157

Research suggests that certain genetic variations may impact
patient response to metformin therapy. Patients exhibiting re-
duced function polymorphisms of organic cation transporter
1, which is involved in the hepatic uptake of metformin, may
be less responsive to metformin therapy.163
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Dosage and Clinical Use
Metformin is the first line of therapy for type 2 diabetes.22 It is
usually initiated as monotherapy in combination with lifestyle
interventions (e.g., MNT, physical activity) upon diagnosis.
To minimize GI side effects, metformin should be initiated
at 500 mg once or twice daily, to be taken with food, fol-
lowed by weekly or biweekly increases in increments of 500
mg daily. Metformin is dosed two to three times daily (500–
1,000 mg/dose; maximum dose, 2,550 mg/day or 850 mg PO
TID), unless an extended-release preparation is prescribed.
Clinicians should obtain a SrCr and hepatic function tests at
baseline and then annually. Metformin should not be used in
patients older than 80 years unless a ClCr demonstrates nor-
mal renal function. Patients are candidates for treatment if the
ClCr is above 60 mL/minute. For patients unable to achieve
goals of therapy with metformin alone within 3 to 6 months of
initiating therapy, addition of insulin or another agent should
be considered (also see Questions 54–58).

Nonsulfonylurea Insulin Secretagogues (Glinides)
Repaglinide (Prandin) and nateglinide (Starlix) are nonsul-
fonylurea insulin secretagogues (i.e., they stimulate insulin
secretion).70,164,165 They belong to a class of agents referred
to as meglitinides and amino acid derivatives, respectively.
Repaglinide was approved by the FDA in December 1997 and
nateglinide was approved in December 2000 (Table 50-26).

Mechanism of Action
These agents close the adenosine triphosphate (ATP)-sensitive
potassium channels in the β-cell, which leads to cell mem-
brane depolarization, an influx of Ca2+, and secretion of
insulin.164,165 Unlike the sulfonylureas, they have a rapid onset
and shorter duration of action, so they are given with meals to
enhance postprandial glucose utilization.

Pharmacokinetics
Repaglinide has a bioavailability of 56% and is rapidly ab-
sorbed and excreted.164 Its Cmax occurs at approximately 1 hour
and its half-life is 1 hour. Repaglinide is highly (>98%) pro-
tein bound (volume of distribution [Vd], 31 L). It is completely
metabolized (CYP 3A4) by the liver to inactive products, with
90% excreted in the feces and 8% excreted in urine. Nateglin-
ide has a bioavailability of 73%.165 It is rapidly absorbed with a
Cmax occurring within 1 hour after dosing and a half-life of 1.5
hours. Nateglinide is metabolized (CYP2C9, 70%; CYP3A4,
30%) to less potent compounds, which are 75% excreted in
the urine and 10% in the feces. Sixteen percent is excreted un-
changed in the urine. It is highly (98%) protein bound, primarily
to albumin, and, to a lesser extent, to α1-acid glycoprotein.

Adverse Effects
Mild hypoglycemia may occur, particularly if patients delay
or forget to eat after the dose.164,165 A weight gain of 0.9 to
3 kg compared with baseline has been observed. Rare side
effects include elevated hepatic enzymes and hypersensitivity
reactions. There has been at least one case report of repaglinide-
induced hepatic toxicity.166

Contraindications and Precautions
Because a functioning pancreas is required, these agents should
not be used in people with type 1 diabetes. They should be used
with caution in patients with liver dysfunction.164,165 Repaglin-
ide clearance is reduced in patients with severe renal insuffi-
ciency, but may still be used safely at a reduced dose. Nateglin-
ide’s clearance is not affected in patients with moderate to
severe renal insufficiency.

Drug Interactions
Clinically relevant drug interactions include those that oc-
cur when these drugs are taken in combination with other
glucose-lowering agents or drugs known to induce or inhibit
their metabolism.167 Therefore, blood glucose levels should
be closely monitored when either drug is taken in combina-
tion with other agents known to lower blood glucose or affect
their metabolism. Repaglinide is metabolized by CYP2C8 and
3A4.164 Studies have shown that repaglinide has no pharma-
cokinetic effects on digoxin or warfarin. Cimetidine does not
affect its absorption or efficacy. Gemfibrozil should be avoided
in combination with repaglinide owing to the risk of hypo-
glycemia. The combination of gemfibrozil and itraconazole
synergistically inhibits repaglinide metabolism and should be
avoided. Nateglinide is metabolized largely by CYP2C9 (70%)
and to a lesser extent by 3A4 (30%).165 When evaluated in clin-
ical studies, there were no clinically relevant interactions with
nateglinide and glyburide, metformin, digoxin, diclofenac, or
warfarin. Concomitant use of either repaglinide or nateglinide
with rifampin may lower their efficacy.167

Efficacy
The efficacy of repaglinide is comparable to metformin and
the sulfonylureas.168 When used as monotherapy, the mean
decrease in FPG, postprandial glucose, and the HbA1c val-
ues were 61 mg/dL, 104 mg/dL, and 1.7%, respectively, com-
pared with placebo (−31.0 mg/dL, −47.6 mg/dL, and −0.6%
compared with baseline). Newly diagnosed patients who have
never been treated with oral agents and those whose HbA1c
is below 8% respond more profoundly than poorly controlled
individuals already on treatment. Nateglinide as monotherapy
results in a mean decrease in FPG and HbA1c of 13.6 mg/dL
and 0.7%, respectively, compared with placebo (−4.5 mg/dL
and −0.5% compared with baseline). In comparison with met-
formin monotherapy, both drugs produce a similar or slightly
smaller reduction in HbA1c. When either drug is used in com-
bination with metformin, a clinically significant additional re-
duction in HbA1c is observed over metformin alone.

Dosage and Clinical Use
Repaglinide and nateglinide are approved to treat people with
type 2 diabetes as monotherapy or in combination with met-
formin. Repaglinide is also approved for use with TZDs. Be-
cause they have the same mechanism of action as the sulfony-
lureas, combining these agents does not produce any additional
benefit. The agents are usually added to therapy for patients
with high postprandial glucose values. When repaglinide is
used as the initial treatment in patients who are “naive” to
oral antidiabetic therapy or in patients with HbA1c values be-
low 8%, the recommended starting dose is 0.5 mg with each
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meal. When used in patients who have failed sulfonylureas
or in those with HbA1c values above 8%, the initial dose is
1 to 2 mg with each meal. Doses can be titrated weekly at
a rate of 1 mg/meal to a maximum of 4 mg/dose or 16 mg/
day. The recommended starting dose of nateglinide is 120
mg TID 0 to 30 minutes before meals. For patients close to
their HbA1c goal, a dose of 60 mg TID may be used. Doses
should be omitted if a meal is skipped and added if an ex-
tra meal is ingested (repaglinide only). Repaglinide should be
initiated at a 0.5-mg dose in patients with severe renal dys-
function and should be titrated cautiously in patients with liver
dysfunction.

Sulfonylureas
Until metformin and other antidiabetics became available in
the United States, sulfonylureas were the first-line pharmaco-
logic treatment for people with type 2 diabetes who had failed
diet and exercise therapy. Six different sulfonylureas are avail-
able in the United States. The three first-generation sulfony-
lureas (chlorpropamide [Diabinese], tolazamide [Tolinase],
and tolbutamide [Orinase]) are considered equally effective
despite differences in their pharmacokinetic properties and ad-
verse effect profiles (see the following discussion and Table
50-25).

Glipizide (Glucotrol) and glyburide (DiaBeta, Glynase, Mi-
cronase), two second-generation sulfonylureas, were first in-
troduced into the United States in May 1984. Glimepiride
(Amaryl) was approved for use in 1995. Despite being ap-
proximately 100 times more potent than the first-generation
sulfonylureas on a milligram-for-milligram basis, these agents
are not more clinically effective. They have a relatively fa-
vorable side effect profile and have a duration of activity that
allows for once or twice daily dosing.

Mechanism of Action
PANCREATIC EFFECTS
Sulfonylureas stimulate the release of insulin from pancre-

atic β-cells and enhance β-cell sensitivity to glucose. A spe-
cific sulfonylurea receptor closely linked to the ATP-sensitive
potassium ion channel exists on the β-cell. Sulfonylureas are
believed to inhibit this potassium ion channel, thus blocking
the efflux of potassium and lowering the membrane potential
to cause depolarization. The voltage-dependent calcium chan-
nels then open, increasing intracellular calcium concentration.
The increased intracellular concentration of calcium ultimately
stimulates insulin secretion.70 Insulin levels tend to return to
baseline values after a few months of continued sulfonylurea
use.

EXTRAPANCREATIC EFFECTS
Sulfonylureas can normalize hepatic glucose production

and partially reverse insulin resistance in the peripheral tissues
of people with type 2 diabetes. Whether these “extrapancre-
atic” effects of the sulfonylureas are direct effects or secondary
to improved insulin release and lower glucose concentrations
remains to be established.169 In any case, tissues become more
responsive to lower concentrations of endogenous insulin in
type 2 patients treated with sulfonylureas.170

Pharmacokinetics
The duration of hypoglycemic activity is related to the half-life
of these compounds only in very general terms and may corre-
late poorly in some cases.170 All sulfonylureas are highly pro-
tein bound (90%–100%), mainly to albumin. Binding charac-
teristics, however, vary among individual sulfonylureas. Food
does not impair the extent of drug absorption, but may delay the
time to peak levels of some agents. The relationship between
sulfonylurea doses and their blood glucose-lowering effect re-
mains unclear. Studies of glyburide and glipizide suggest that
these agents may operate within a narrow range of plasma
concentrations that may be achieved with low (10 mg/day)
doses.171−173 The maximum recommended daily doses of 40
mg for glipizide and 20 mg for glyburide may therefore not
be more effective. Furthermore, insulin may be indicated for
patients no longer responding to 10 mg or higher doses of
glyburide or glipizide.

Chlorpropramide has the longest serum half-life and du-
ration of hypoglycemic activity and a variable rate of renal
excretion.

Glipizide is an intermediate-acting second-generation agent
with a half-life of 2 to 4 hours, but a duration of action of 12 to
24 hours.70 Patients receiving <20 mg/day may require only
once daily dosing. Food delays its rate of absorption, but not its
bioavailability. Patients may therefore take it with or without
food. Glipizide is extensively metabolized by the liver to inac-
tive products that are eliminated primarily by the kidney.170,174

A sustained-release formulation of glipizide (Glucotrol XL)
also is available.

Glyburide (or glibenclamide) is a longer acting second-
generation agent similar to glipizide. The half-life is approxi-
mately 1.5 to 4 hours after single-dose studies and up to 13.7
hours when chronically administered.175 Nevertheless, as with
glipizide, the duration of action can last for up to 24 hours in
many patients, allowing for once daily dosing with small to
intermediate doses (<15 mg). Food does not delay the rate or
extent of absorption. Glyburide is metabolized completely by
the liver to active metabolites, half of which are excreted in the
urine and the remainder eliminated via the biliary tract.176 The
micronized tablets (e.g., Glynase Prestabs) are not bioequiva-
lent to the conventionally formulated tablets.70 Thus, patients
switched between the conventional form and the micronized
product must be retitrated.

Glimepiride is a long-acting second-generation sulfony-
lurea. Its half-life is 9 hours and its duration of action is
24 hours, allowing for once-daily dosing.177 The absorption
of glimepiride is unaffected by food, and its peak effect on
plasma glucose concentrations is observed 2 to 3 hours after
each dose. Glimepiride is completely metabolized by the liver,
and its principal metabolite has 30% of the activity of the parent
drug. Metabolites are excreted in feces and urine.

Adverse Effects
The primary side effects of the sulfonylureas are hypoglycemia
(particularly for those that are long acting) and weight gain
(see questions 63 and 71).178 Other adverse effects attributed
to the sulfonylureas generally are so infrequent and mild that
fewer than 2% of patients discontinue these agents because of
them. In general, the type, incidence, and severity of reported
side effects are similar for all the sulfonylureas. An important
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exception is chlorpropamide, which has several unique adverse
effects (see following discussion). Adverse reactions to the
sulfonylureas include GI symptoms (nausea, fullness, bloating
that can be relieved if taken with meals), rare blood dyscrasias,
allergic dermatologic reactions, hepatotoxicity, and hypothy-
roidism (also see Questions 63–65).

A disulfiram (Antabuse-like) reaction occurs when patients
take certain oral sulfonylurea drugs and drink ethanol. It is
most frequently associated with chlorpropamide, occurring in
approximately one-third of all patients receiving it. The flush-
ing reaction is rare with other sulfonylureas.

SYNDROME OF INAPPROPRIATE ANTIDIURETIC HORMONE SECRETION
Chlorpropamide, and to a much lesser extent, tolbutamide,

may enhance the release of antidiuretic hormone centrally,
enhance the effect of antidiuretic hormone on the kidney,
and override the inhibitory effects of waterloading on antidi-
uretic hormone release, resulting in syndrome of inappropri-
ate antidiuretic hormone secretion.170,178 This antidiuretic ef-
fect has been used clinically to treat diabetes insipidus. In the
UKPDS study, the increase in BP seen in patients on chlor-
propamide was likely due to water retention.33 In contrast to
chlorpropamide and tolbutamide, glipizide, glyburide, tolaza-
mide, and acetohexamide have a mild diuretic effect.

Contraindications and Precautions
Contraindications to the use of sulfonylureas include the
following178:

1. Type 1 diabetes
2. Pregnancy or breast-feeding, because these agents (except

glyburide) can cross the placental barrier and can be ex-
creted into breast milk

3. Documented hypersensitivity to sulfonylureas
4. Severe hepatic or renal dysfunction
5. Severe, acute intercurrent illness (e.g., infection, MI),

surgery, or other stress that can unduly affect blood glucose
control

Drug Interactions
Drug interactions with sulfonylureas have a pharmacody-
namic or pharmacokinetic basis. Pharmacodynamic interac-
tions are discussed later in this chapter in sections address-
ing drug-induced hypoglycemia and hyperglycemia. Most
of the reported pharmacokinetic drug interactions with the
sulfonylureas involve chlorpropamide and tolbutamide. Be-
cause most of the clinically significant interactions occur with
drugs that alter liver metabolism or urinary excretion, pos-
sible interactions with all of the sulfonylureas must be an-
ticipated, even though the outcomes may be quite different.
Second-generation sulfonylureas (glipizide, glyburide, and
glimepiride) are dosed in milligram rather than gram quan-
tities and are thus less likely to interact with other drugs on
a pharmacokinetic basis. Glipizide and glyburide also differ
from the first-generation agents in that they are highly bound
to albumin at nonionic rather than ionic sites.170,174 On this
basis, these agents are unlikely to interact with other highly
protein-bound drugs, such as phenylbutazone, salicylates, or
certain sulfonamide antibiotics that have been reported to en-
hance the effects of the first-generation sulfonylureas. These

highly protein-bound drugs, however, seem to interact with
the sulfonylureas by altering their hepatic metabolism as well.
Therefore, glipizide and glyburide should be used cautiously
with drugs reported to interact with first-generation sulfony-
lureas.

Efficacy
Like metformin, the sulfonylureas decrease the HbA1c by 1.5%
to 1.7% and the FPG by 50% to 70%. In patients who have
developed secondary failure to maximum doses of metformin,
the addition of sulfonylureas produces similar improvements in
the HbA1c and FPG, unless the disease has progressed and the
pancreas is no longer able to respond appropriately. Whether
sulfonylureas actually contribute to β-cell dysfunction and de-
cline remains to be clearly determined.179

Dosage and Clinical Use
The sulfonylureas are very effective, relatively safe, relatively
inexpensive, and easy to titrate. Sulfonylureas are usually
added on to therapy in patients unable to achieve blood glu-
cose goals on metformin monotherapy. Sulfonylureas may also
be considered as monotherapy or first-line agents in patients
with contraindications to metformin therapy. The doses of the
sulfonylureas are displayed in Table 50-27. As a general rule,
one should begin with low doses and titrate upward every 1 to
2 weeks until the desired goal is achieved. Exceeding maxi-
mum doses is not likely to produce improvement, but may put
the patient at risk for adverse effects (see Questions 53, 70,
and 71).

Thiazolidinediones
Rosiglitazone (Avandia, GlaxoSmithKline) and pioglitazone
(Actos, Takeda Pharmaceuticals) were approved in 1999 and
are the two available TZDs in the United States.

Mechanism of Action
The TZDs are often referred to as insulin sensitizers. The
precise molecular actions of these agents remain to be clar-
ified. TZDs bind to and activate a nuclear receptor (perox-
isome proliferator-activated receptor-γ [PPAR-γ ]), which is
expressed in many insulin-sensitive tissues, including adipose,
skeletal muscle, and liver tissue.70 PPAR-γ regulates transcrip-
tion of genes that influence glucose and lipid metabolism.
For example, PPAR-γ stimulation increases the transcrip-
tion of GLUT-4, a glucose transporter that stimulates glucose
uptake.180 Reduced expression of GLUT-4 may contribute to
the development of insulin resistance.

TZDs either directly or indirectly sensitize adipose tissue
to insulin action.70,169,180 The effects may include stimulating
apoptosis of large adipocytes, increasing the number of small
adipose cells, and promoting fatty acid uptake and storage in
adipose tissue. The subsequent reduction in free circulating
fatty acids may spare other insulin sensitive tissues (e.g., liver,
skeletal muscle, β-cells) from the effects of lipotoxicity. TZDs
also lower expression of tumor necrosis factor-α, a cytokine
produced by adipose tissue that may contribute to insulin re-
sistance and fatty acid release.169,180 In fact, TZD interaction
with adipocytes may be their primary mechanism of action in
sensitizing other tissues to insulin action.
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Other observed effects of TZDs that may prove to be ben-
eficial in patients with type 2 diabetes and metabolic syn-
drome include favorable effects on lipids, reduction of in-
flammatory mediators, inhibition of vascular smooth muscle
cell proliferation, improved endothelial function, and enhanced
fibrinolysis.169,180

In summary, the TZDs clinically decrease insulin resistance
in muscle and liver, which enhances glucose utilization and
decreases hepatic glucose output. Alleviation of insulin resis-
tance also reduces insulin, glucose, and free fatty acid levels
and has positive effects on lipid levels.

Pharmacokinetics
Rosiglitazone is completely absorbed, with peak plasma con-
centrations reached in approximately 1 hour.181 Pioglitazone
has a bioavailability of 83%, with peak plasma concentrations
reached within 2 hours.182,183 Food does not alter absorption
of either drug. Both TZDs are extensively (>99%) protein
bound, primarily to albumin. The plasma elimination half-life
of rosiglitazone is 3 to 7 hours. Pioglitazone has a serum half-
life of 3 to 7 hours, and its metabolites have a serum half-life of
16 to 24 hours. Rosiglitazone is extensively metabolized in the
liver by CYP 2C8 and to a much lesser extent by 2C9. Its conju-
gated metabolites are considerably less potent than the parent
drug and are excreted two-thirds in urine and one-third in feces.
Pioglitazone is hepatically metabolized, mainly by CYP 2C8
and 3A4, into two active metabolites. Approximately 15% to
30% of the dose is recovered in the urine as metabolites, with
the remainder excreted into the bile either as unchanged drug
or as metabolites.

Because the action of the TZDs relies on gene transcription
and protein production, the onset and duration of action are
unrelated to the plasma half-life.70 The onset of their effect oc-
curs in 1 to 2 weeks, although maximum effects are not usually
seen before 8 to 12 weeks. No dose adjustment is necessary in
patients with renal impairment or failure.

Adverse Effects
HEPATOTOXICITY
Troglitazone, the first TZD to be approved by the FDA in

1997, was associated with idiosyncratic hepatotoxicity leading
to hepatic failure and death in some patients, which became ap-
parent during postmarketing surveillance. During clinical tri-
als, fewer than 2% of troglitazone-treated patients experienced
asymptomatic, reversible elevations in liver transaminase (ala-
nine transaminase [ALT]) levels that were greater than three
times the normal values.184 In contrast, the elevations in liver
transaminase levels observed during preapproval clinical tri-
als for pioglitazone and rosiglitazone (0.26% and 0.2%, re-
spectively) were similar to placebo (0.25% and 0.2%).181,182

Liver failure has been very rarely reported with either rosiglita-
zone or pioglitazone, although causality in most cases remains
uncertain.185–187 For both drugs, monitoring of liver function
tests (LFTs) is recommended at baseline, and then periodically
thereafter (see Contraindications and Precautions).

HEMATOLOGIC EFFECTS
TZD therapy may result in small decreases in hemoglobin

and hematocrit and, infrequently, anemia.169,180 Transient de-
creases in neutrophil counts occurred infrequently within the

first 4 to 8 weeks of TZD therapy. These effects may be due to
dilutional effects (see below).

WEIGHT GAIN
Dose-related weight gain (2–3 kg for every 1% decrease in

HbA1c) has been seen with rosiglitazone and pioglitazone.180

The cause of weight gain is likely due to fluid retention and/or
fat accumulation. The weight gain seems to be associated with
an increase in peripheral adipose tissue along with a reduction
in visceral adiposity.169,180

VASCULAR AND CARDIOVASCULAR EFFECTS
Increases in plasma volume and peripheral edema (4%–

6%), possibly caused by an increased endothelial cell perme-
ability, have been reported with the TZDs.180 The incidence of
peripheral edema is greatly increased when TZDs are used in
combination with insulin.

Although no CHF was observed in original clinical trials
with either drug, patients with New York Heart Association
(NYHA) class III and IV cardiac status were not included. In
2007, the FDA added black box warnings to rosiglitazone and
pioglitazone based on association of their use with an increased
risk of developing or exacerbating CHF in patients with type 2
diabetes. Recent meta-analyses and retrospective studies have
suggested that TZD use may be associated with an increased
risk of MI and mortality.188,189–193 Whether or not TZDs actu-
ally increase rates of MI and morbidity and mortality owing to
cardiovascular causes remains to be clearly determined. Some
prospective studies are currently underway.

Based on these effects and observations, TZDs are con-
traindicated for use in patients with NYHA class III or IV CHF.
In addition, they should be avoided in patients with symp-
tomatic CHF, such as those requiring nitrate therapy. TZDs
should be used with caution in patients with preexisting edema,
which may increase the risk of developing new-onset CHF or
exacerbating preexisting CHF.

OTHER EFFECTS
Hypersensitivity reactions including rash, pruritus, ur-

ticaria, angioedema, anaphylactic reaction, and Stevens-
Johnson syndrome have been rarely reported with rosi-
glitazone.181 Macular edema has been rarely reported with
TZDs.181,182,194 Patients experiencing changes or worsening
in vision should be referred to an ophthalmologist for follow-
up. In some cases, macular edema improved or resolved af-
ter discontinuation of TZD therapy. An increased risk of dis-
tal limb bone fractures (e.g., forearm, hand, wrist, foot, and
ankle) and bone loss have been observed women receiving
TZDs.181,182,191,195 Potential for fractures in older female pa-
tients should be carefully considered before using a TZD.

Contraindications and Precautions
� Type 1 diabetes: Because insulin is required for their action,
TZDs should not be used in people with type 1 diabetes.

� Patients with type 2 diabetes using insulin: TZDs should be
used with caution due to the increased risk of developing
edema.

� Preexisting hepatic disease: Pioglitazone and rosiglitazone
should not be used in patients whose ALT is more than 2.5
times normal. TZDs should be discontinued if the ALT is
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more than 3 times normal, if serum bilirubin levels begin to
rise or if the patient complains of any symptoms that could
be attributed to hepatitis (e.g., fatigue, nausea, vomiting, ab-
dominal pain, and dark urine).

� Symptomatic or severe (NYHA classes III and IV) CHF: See
previous discussion.

� Premenopausal anovulatory women: TZDs may cause re-
sumption of ovulation and menstruation in women with poly-
cystic ovarian syndrome, placing these patients at risk for an
unwanted pregnancy.

� History of hypersensitivity to TZDs.
� Drugs metabolized by CYP 3A4: See the Drug Interactions
section for further details.

Drug Interactions
Coadministration of a TZD with other antidiabetic medications
or insulin does not alter the pharmacokinetics of either drug,
but may increase the patient’s risk for hypoglycemia. Piogli-
tazone induces CYP 3A4 and may, therefore, decrease effec-
tiveness of other drugs metabolized by this enzyme, such as
estrogens, cyclosporine, tacrolimus, and 3-hydroxy-3-methyl-
glutaryl-coenzyme A (HMG-CoA) reductase inhibitors.182

Patients taking oral contraceptives or estrogen replacement
therapy should be informed of the possible risk of decreased ef-
fectiveness of estrogen therapy. Rosiglitazone does not seem to
inhibit any of the major CYP enzymes.181 Rifampin decreases
the area under the plasma concentration–time curve (AUC) for
both rosiglitazone and pioglitazone, although the clinical sig-
nificance of this interaction is unknown.196 Gemfibrozil signif-
icantly increases the AUC of both drugs. For patients receiving
both a TZD and gemfibrozil, a dose reduction of the TZD may
be warranted.

Efficacy
The effects of TZDs on HbA1C and FPG are interme-
diate between that of acarbose and the sulfonylureas or
metformin.169,180 When combined with other antidiabetic
agents in a poorly controlled type 2 patient, one can expect to
see an augmented effect on the HbA1c (0.9%–1.3% decrease
with a sulfonylurea, 0.8%–1.2% decrease with metformin, and
0.6%–1.0% decrease with insulin).181,182 When added to the
therapy of a type 2 patient taking insulin, rosiglitazone and
pioglitazone can enhance glycemic control while decreasing
insulin requirements. Individuals who are minimally respon-
sive or unresponsive to TZD therapy may include those who
are not obese and have lower levels of endogenous insulin.

Other potential benefits of the TZDs are their favorable, but
variable, effects on lipids.180−182 Pioglitazone and to a lesser
extent rosiglitazone may decrease triglycerides. Both drugs
may increase HDL levels by 10%. Their effects on LDL levels
are less clear. Rosiglitazone has been observed to increase LDL
cholesterol by 8% to 16%, whereas pioglitazone may not affect
LDL. Increases in LDL may be due to a shift from smaller,
dense particles to larger, more buoyant ones, which are less
susceptible to oxidation.169 As noted, TZD therapy has been
associated with weight gain and this may be substantial when
used in combination with sulfonylureas or insulin.

Dosage and Clinical Use
TZDs are usually indicated in patients who are unable to take
or have failed metformin or sulfonylurea monotherapy or who

have not responded to combination therapy with other oral
antidiabetic agents. A greater glucose-lowering effect has been
observed when rosiglitazone is given as two divided doses
rather than as a single daily dose. For monotherapy, a typical
dose is 4 mg once daily or 2 mg twice daily with or without
food. If the response is inadequate, the dosage can be increased
to 8 mg once daily or 4 mg twice daily. For combination therapy
with a sulfonylurea, metformin, or insulin, rosiglitazone can
be initiated at 4 mg once daily and titrated to a maximum daily
dose of 8 mg.

For monotherapy or combination therapy with a sulfony-
lurea, metformin, or insulin, the starting dose for pioglitazone
is 15 or 30 mg once daily with or without food. The dose can
be titrated up to a maximum of 45 mg/day.

Glucosidase Inhibitors
Acarbose (Precose) and miglitol (Glyset) are the two available
oral agents in the α-glucosidase inhibitor class of antidiabetic
agents.

Mechanism of Action
The α-glucosidase inhibitors reversibly inhibit glucosidases
present in the brush-border of the mucosa of the small
intestine.70 These enzymes break down complex polysaccha-
rides and disaccharides into glucose and other absorbable
monosaccharides. Enzyme inhibition delays carbohydrate di-
gestion and subsequent glucose absorption. Postprandial blood
glucose concentrations are therefore lowered when these agents
are taken with a meal containing complex carbohydrates.

Pharmacokinetics
Acarbose is minimally absorbed from the GI tract, with an
oral bioavailability of parent drug of <2.0%.197 It is exten-
sively metabolized by GI amylases to inactive metabolites. The
elimination half-life for acarbose is 2.8 hours, although there
may be a longer terminal half-life. Unlike acarbose, miglitol
is absorbed.198 Absorption is saturable at higher doses (>25
mg). The drug is primarily distributed in extracellular fluids
and is not metabolized. After a 25-mg dose, 95% of the drug
is excreted unchanged by the kidneys within 24 hours.

Adverse Effects
GASTROINTESTINAL EFFECTS
Flatulence, diarrhea, and abdominal pain are the most fre-

quently reported adverse effects of α-glucosidase inhibitors.199

In placebo-controlled trials of acarbose, these complaints were
experienced by 74%, 31%, and 19% of subjects, respectively.
GI side effects are due to fermentation of unabsorbed car-
bohydrate in the small intestine and can be minimized by
slowly titrating the dose of either agent. GI discomfort usu-
ally improves with continued therapy as induction of the α-
glucosidase enzymes occurs in the distal jejunum and terminal
ileum.

ELEVATED LIVER FUNCTION TESTS
In studies using doses of acarbose 300 mg/day or more,

a transient increase in serum hepatic transaminases was
reported.197 The manufacturer recommends monitoring he-
patic transaminases every 3 months for the first year of therapy
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and periodically thereafter. If an elevation of serum transami-
nases occurs, the dose should be decreased or discontinued if
elevations persist. Because miglitol is not metabolized, it does
not seem to affect hepatic function.

Contraindications and Precautions197,198

GASTROINTESTINAL CONDITIONS
Because of their profound GI effects (flatulence, diarrhea),

acarbose and miglitol are contraindicated in patients with mal-
absorption, inflammatory bowel disease, or other marked dis-
orders of digestion or absorption, or intestinal obstruction.

RENAL IMPAIRMENT
Acarbose has not been studied in patients with severe renal

impairment (SrCr >2.0 mg/dL) and should not be used in these
patients.197

Drug Interactions
Patients who use acarbose or miglitol in combination with
other antidiabetic agents may develop hypoglycemia. These
reactions should be treated with dextrose because acarbose
may limit the availability of the disaccharide, sucrose (table
sugar). Because acarbose and miglitol delay carbohydrate pas-
sage through the bowel, they could influence the absorption
kinetics of concomitantly administered drugs. Conversely, be-
cause their own absorption may be diminished by digestive
enzyme preparations and charcoal, they should not be taken
concomitantly with these agents.197,198 Acarbose and miglitol
do not affect the absorption of glyburide in individuals with di-
abetes. The bioavailability of digoxin can be reduced and may
require dose adjustment. Miglitol decreases the bioavailability
of ranitidine and propranolol by 60% and 40%, respectively.198

Efficacy
By delaying the absorption of glucose following ingestion of
complex carbohydrates and disaccharides, the α-glucosidase
inhibitors can lower postprandial plasma glucose concentra-
tions in patients with type 2 diabetes by 25 to 50 mg/dL.199

FPG concentrations remain unchanged or are slightly lowered
(20–30 mg/dL), but this effect may be related to decreased
glucose toxicity, which improves insulin secretion and action.
Mean HbA1c values decline by 0.5% to 1%. Acarbose and
miglitol have no effect on weight or lipid profiles.

Dosage and Clinical Use
Because of their more limited effects on HbA1c and side effect
profile, α-glucosidase inhibitors are usually used as add-on
therapy in patients who have failed monotherapy or combina-
tion therapy with other oral antidiabetic agents. The recom-
mended initial dose of either drug is up to 25 mg three times
daily, taken at the start of each meal.197,198 The dosage can be
gradually increased (e.g., 25 mg/meal) every 4 to 8 weeks to
a maximum of 50 mg three times daily for individuals weigh-
ing 60 kg or less, or 100 mg three times daily for individuals
weighing more than 60 kg. A maximum response is observed
at 6 months.

Incretin-Based Therapies
The most recent advances in therapy for type 2 diabetes have
revolved around the discovery and exploration of the effects of

incretins. Incretins are insulinotropic hormones secreted from
specialized neuroendocrine cells in the small intestinal mucosa
in response to carbohydrate ingestion and absorption.13 The
two hormones accounting for most incretin effects are glucose-
dependent insulinotropic polypeptide (GIP) and glucagonlike
peptide-1 (GLP-1). GIP and GLP-1 stimulate pancreatic β-
cells in a glucose-dependent manner, contributing to the early
phase insulin response. GLP-1 also inhibits pancreatic α-cells,
thus reducing glucagon secretion and hepatic glucose pro-
duction. Incretin action is efficient, but short lived. As they
enter the blood vessels, incretins undergo rapid metabolism via
proteolytic cleavage by dipeptidyl peptidase-4 (DPP-4) to in-
active metabolites. Thus, only small amounts are needed to
exert their effects on glucose metabolism.

Glucagonlike Peptide-1 Receptor Agonists (GLP-1
Mimetics/Analogs)
At the time of writing, exenatide (Byetta) is the only available
GLP-1 mimetic in the United States. A long-acting release for-
mulation of exenatide is currently under development.200 An-
other agent, liraglutide (NN2211, Novo-Nordisk), is currently
in phase III clinical trials.201

Mechanism of Action
GLP-1 mimetics and analogs that have stability in the presence
of DPP-4 have been developed, resulting in a longer duration of
action than endogenous GLP-1. Exenatide is a synthetic form
of exendin-4, a peptide originally discovered from the saliva
of the Gila monster.200 Exendin-4 shares 50% of its amino
acid sequence with GLP-1, demonstrating similar affinity for
receptor sites but a strong resistance to DPP-4. Liraglutide is
a GLP-1 analog with partial resistance to DPP-4. Both agents
augment early or first-phase insulin response in response to
elevated glucose concentrations, moderate glucagon secretion,
and decrease hepatic glucose production without impairing
the normal glucagon response to hypoglycemia. In addition,
both agents slow gastric emptying, thereby reducing the rate
at which glucose is absorbed. They suppress appetite, which
may contribute to the prevention of weight gain and the weight
loss (1.5–5 kg) observed in patients.

Pharmacokinetics
After subcutaneous (SC) injection, exenatide reaches median
peak plasma concentrations in 2.1 hours, with a Vd of 28.3
L and a circulating half-life of 60 to 90 minutes.200,202 The
injection site (abdomen, thigh, or arm) does not significantly
alter its kinetics. Exenatide is eliminated predominantly by
glomerular filtration with subsequent proteolytic degradation.
The mean terminal half-life is 2.4 hours, substantially longer
than endogenous GLP-1, thus allowing for twice daily dos-
ing. Its metabolism and elimination are dose independent; ex-
enatide concentrations are measurable for up to 10 hours after
injection. Liraglutide is highly protein bound (>98%), with
a half-life of about 10 to 14 hours, allowing for once-daily
dosing.200

Adverse Effects
GI side effects are common and dose dependent; 40% of pa-
tients report mild to moderate nausea and 15% report vomiting
and/or diarrhea.200,202 These side effects may be lessened by
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starting patients on low doses, ensuring correct timing and ad-
ministration of the drug, and titrating the dose slowly. Other
reported side effects have included decreased appetite and in-
jection site reactions. Hypoglycemic risk can be increased in
patients who are also taking a hypoglycemic oral agent (e.g.,
sulfonylurea) or insulin.

Exenatide use has been rarely related to hypersensitivity
reactions, acute pancreatitis, and reversible renal impairment
or failure requiring hemodialysis. Patients should be educated
about symptoms of acute pancreatitis, including severe abdom-
inal pain accompanied by vomiting, and instructed to report to
their practitioner immediately. Patients in whom acute pancre-
atitis is confirmed with no other probable cause should not be
rechallenged with exenatide.

About 40% to 50% of patients taking exenatide develop an-
tibodies with weak binding affinities and low titers. In some
patients, high antibody titers may result in treatment failure.
Patients who demonstrate adherence to therapy, yet experience
no change or worsening in glycemic control, should discon-
tinue therapy and be switched to alternative agents.

Contraindications and Precautions
Exenatide is contraindicated in patients with known
hypersensitivity.201,202 Exenatide is not recommend for use in
patients with severe GI disease, severe renal impairment (CrCl
<30 mL/minute), end-stage renal failure, or those requiring
hemodialysis.202

Drug Interactions
Exenatide may increase the risk for hypoglycemia when used
with other hypoglycemic agents such as nonsulfonylurea secre-
tagogues, sulfonylureas, and insulin.202 Because of its mecha-
nism of action, exenatide may reduce the rate and extent of
absorption of orally administered drugs. Exenatide should
therefore be used with caution in patients taking medications
that require rapid GI absorption and are dose dependent on
threshold concentrations for efficacy, such as antibiotics and
oral contraceptives. In these cases, patients may be instructed
to take the affected medications at least 1 hour before exenatide
injection. There have been case reports of an increased Interna-
tional Normalized Ratio, sometimes associated with bleeding,
in patients taking exenatide and warfarin. Patients should be
closely monitored, with dose adjustments to warfarin therapy
made as needed.

Efficacy
In clinical trials, maximum doses of exenatide combined with
a sulfonylurea, metformin, a TZD, or sulfonylurea plus met-
formin therapy over 30 weeks reduced fasting blood glucose
by 8 to 20 mg/dL, 2-hour postprandial blood glucose by 60
to 70 mg/dL, and HbA1c by 0.8% to 1.0%.200,202 Exenatide
use over 80 weeks has been reported to reduce body weight
by 4 to 5 kg. Clinical trials conducted to date with liraglutide
monotherapy demonstrate decreases in fasting blood glucose
of 30 to 60 mg/dL, HbA1c of 0.6% to 1.75%, and weight of 2
to 3 kg.200,201,203

Dosage and Clinical Use
GLP-1 mimetics and analogs are indicated as add-on agents in
patients with type 2 diabetes who have been unable to reach tar-

get goals on monotherapy or combination therapy with other
oral agents and/or insulin. In addition, these agents may be
helpful in patients with type 2 diabetes who are obese and
struggling with weight loss. The starting dose of exenatide is
5 mcg injected SC into the abdomen, thigh, or arm twice daily
within 60 minutes before morning and evening meals. Patients
who experience severe GI side effects may try injecting just
before meals initially and then move to 30 to 60 minutes before
meals. If a patient tolerates the 5 mcg dose, then it can be titrated
after 1 month of therapy to the maximum dose of 10 mcg
SC twice daily. At the time of this writing, the dosing for li-
raglutide remains to be determined.

Dipeptidyl Peptidase-4 Inhibitors
At the time of writing, sitagliptin (Januvia) is the only avail-
able DPP-4 inhibitor in the United States. Vildagliptin (Galvus,
Novartis), is expected to be approved sometime in 2009.204

Saxagliptin (BMS-477118, Bristol-Myers Squibb) and de-
nagliptin (GW823093, GlaxoSmithKline) are in phase III clin-
ical trials.

Mechanism of Action
The DDP-4 inhibitors inhibit the degradation of GIP and GLP-
1 upon entering the GI vasculature, thus increasing the effects
of these endogenous incretins on first-phase insulin secretion
and glucagon inhibition.200 Both sitagliptin and vildagliptin re-
duce DPP-4 activity by 80%, with some inhibition maintained
for up to 24 hours after an oral dose.

Pharmacokinetics
Sitagliptin is rapidly absorbed, with an absolute bioavailabil-
ity of 87%.205 Absorption is unaffected by food. Peak plasma
concentrations occur in 1 to 4 hours, with a dose-proportional
increase in plasma AUC, a Vd of 198 L, and terminal half-
life of 12.4 hours. Only 38% of sitagliptin is plasma protein
bound. Seventy-nine percent of the parent drug is excreted
unchanged in the urine, primarily by active renal tubular se-
cretion and may involve p-glycoprotein and human organic
anion transporter-3. Metabolism by CYP3A4, and to a much
lesser extent, CYP2C8, plays a minimal role in the excretion
of metabolites in the feces.

Vildagliptin is rapidly absorbed, with an absolute bioavail-
ability of 85%.206,207 Food does not affect its absorption.208

Absorption may take place at two sites and median time
to peak plasma concentrations occurs 1 hour after oral
administration.206,207 Body weight may impact the Vd. Plasma
AUC increases in a dose-proportional manner and the termi-
nal half-life ranges from 1.32 to 2.43 hours. Renal clearance
accounts for 21% of elimination, and may be greater in men
than women.

Adverse Effects
Because these agents differ significantly in chemical struc-
ture from one another, some adverse events may be unique
to the individual agent and may not be indicative of a class-
wide effect.200 The most commonly reported side effects
with sitagliptin and vildagliptin in clinical trials include in-
creased risk of infection [nasopharyngitis (3.5%–7.9% and
5.8%–9.3%, respectively), upper respiratory tract infection
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(4.0%–8.0% and 5.3%–8.6%, respectively), sinusitis (1.4%–
3.4% and 0.3%–4.1%, respectively), urinary tract infection
(2.1%–4.6% and 1.5%–8.3%, respectively)] and headache
(2.9%–4.5% and 5.0%–8.0%, respectively).209 Vildagliptin
has also been associated with cough (4.8%–7.4%) and other
mild effects including dizziness, dyspepsia, nausea, consti-
pation, and diarrhea.210 Case reports of severe hypersensitiv-
ity reactions, including anaphylaxis, angioedema, and exfolia-
tive skin reactions—including Stevens-Johnson syndrome—
occurring after the first dose to as long as 3 months of ther-
apy have been reported with sitagliptin.205 Some authors have
mentioned patients experiencing increased BP as well as mus-
culoskeletal and connective tissue disorders in clinical trials
with vildagliptin.204,210 Because DPP-4 is expressed on many
cell types, including lymphocytes, additional clinical experi-
ence and postmarketing studies are needed to clearly establish
the long-term safety of these agents.

Contraindications and Precautions
Sitagliptin is contraindicated in patients with a history of seri-
ous hypersensitivity reaction to the drug.205 It should be used
with caution in combination with antidiabetic agents that cause
hypoglycemia such as nonsulfonylurea secretagogues, sulfony-
lureas, and insulin. In such situations, patients should be in-
structed to closely monitor their blood glucose and if warranted,
have the dose of their nonsulfonylurea secretagogue, sulfony-
lurea, and/or insulin adjusted. The dose of sitagliptin should be
reduced in patients with moderate (CrCL 30–50 mL/minute) to
severe (CrCl <30 mL/minute) renal insufficiency and in those
with end-stage renal disease (ESRD) requiring hemodialysis
or peritoneal dialysis.

Drug Interactions
Sitagliptin is not significantly protein bound.205 It also does not
inhibit CYP isoenzymes or induce CYP3A4; therefore, it is not
expected to interact with other drugs that are metabolized by
these pathways. Despite a lack of documented pharmacokinetic
interactions from pharmacokinetic studies and clinical trials,
because sitagliptin is a substrate for p-glycoprotein, patients
taking digoxin should be monitored for any signs or symp-
toms of digoxin toxicity.204 Limited information is available
regarding drug interactions with vildagliptin. One pharma-
cokinetic study reports no interactions with digoxin in healthy
volunteers.211

Efficacy
In clinical trials versus placebo, sitagliptin and vildagliptin
lower fasting glucose by 15 to 30 mg/dL and HbA1c by 0.62%
to 0.85%.200,209 In addition, clinical trials with sitagliptin
demonstrate reductions in 2-hour postprandial glucose by 63
to 71 mg/dL.205 Clinical trials of vildagliptin have reported
statistically significant decreases in 4-hour postprandial glu-
cose (−34.2 ± 9 mg/dL; p <.0001).209,210 Unlike the GLP-1
mimetics and analogs, sitagliptin and vildagliptin do not seem
to significantly affect body weight, appetite, or satiety.200,209,210

As is the case for the GLP-1 mimetics/analogs, further stud-
ies are needed to more clearly determine the DDP-4 inhibitor
effects on long-term preservation of β-cell function.

Dosage and Clinical Use
DDP-4 inhibitors seem to be useful as add-on therapy in com-
bination with sulfonylureas, biguanides, TZDs, and insulin for
patients who have been unsuccessful in reaching target goals.
Sitagliptin may be initiated at 100 mg taken once daily with or
without food.205 Renal function should be assessed before initi-
ation with sitagliptin therapy and periodically thereafter. In pa-
tients with moderate renal insufficiency (CrCl 30–50 mg/dL),
the dose should be reduced to 50 mg once daily. In patients
with severe renal insufficiency (CrCl <30 mg/dL) or those in
end-stage renal failure requiring dialysis, the sitagliptin dose
should be reduced to 25 mg once daily. Sitagliptin may be ad-
ministered without regard to the timing of hemodialysis. For
patients taking sitagliptin in combination with other antidia-
betic agents that may cause hypoglycemia, the dose of the other
agent (e.g., sulfonylurea) may need to be reduced.

Amylin Receptor Agonists (Amylinomimetics)
Amylin, or islet amyloid polypeptide, is a hormone found in
the β-cells where it is co-manufactured, stored, and released
with insulin in response to food intake.212 Its actions seem to
be centrally mediated and include slowing gastric emptying,
suppressing glucagon secretion, and modulating the regulation
of appetite. Amylin is absent in patients with type 1 diabetes.
In patients with type 2 diabetes, its concentrations are altered
to mirror those of insulin at different points in the progression
of the disease. Pramlintide (Symlin) is currently the only ap-
proved amylin mimetic available in the United States for the
adjunctive treatment of both types 1 and 2 diabetes.

Mechanism of Action
Pramlintide is a synthetic amylin analog, differing from the
endogenous human substance by three amino acids.213 These
modifications render pramlintide equipotent, but with an in-
creased solubility and decreased aggregability compared with
endogenous amylin.

Pharmacokinetics
The absolute bioavailability of subcutaneously injected pram-
lintide is 30% to 40%.213 Injection into the abdomen and thigh
allow for more predictable absorption and distribution than in-
jection into the arm. Body mass does not affect absorption or
bioavailability. Approximately 40% of the drug is unbound in
plasma. The half-life is about 48 minutes. Pramlintide is me-
tabolized by the kidneys to an active metabolite with a half-life
similar to the parent drug. It does not seem to accumulate with
repeat dosing.

Adverse Effects
GI symptoms—including mild to moderate nausea (up to
95%), vomiting (8%–11%), anorexia (9%–17%), and abdom-
inal pain (8%)—are the most frequently reported adverse re-
actions associated with therapy.213 GI symptoms are usually
transient, subsiding after 4 to 8 weeks of treatment and/or with
dose reduction and slow dose escalation. Other reported ad-
verse events from clinical trials include headache, dizziness,
fatigue, coughing, pharyngitis, injection site reactions, and al-
lergic reactions. There is a substantial increased risk of severe
insulin-induced hypoglycemia within 3 hours of injection (see
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Contraindication and Precautions section). There have been no
reports of antibody formation to date.

Contraindications and Precautions
Pramlintide is contraindicated in patients with a known hy-
persensitivity to the drug or any of its components (e.g.,
metacresol), patients with hypoglycemic unawareness, and
those with diagnosed gastroparesis. Severe hypoglycemia can
occur when used in combination with insulin or another hy-
poglycemic agent (e.g., sulfonylurea) due to delayed gastric
emptying, which slows carbohydrate absorption. Patients with
type 1 diabetes seem to be at greatest risk. The package in-
sert contains a black box warning for individuals while driv-
ing, those who operate heavy machinery, and those who en-
gage in other high-risk activities in which serious injuries
could result during a hypoglycemic episode. Patients should be
closely monitored and have their insulin or oral hypoglycemic
agent dose reduced upon initiation of therapy (see Dosage
section).

Drug Interactions
As noted, severe hypoglycemia can occur in patients who are
concurrently taking an oral hypoglycemic agent (e.g., sulfony-
lurea) or insulin (see Dosage section).213 There have been no
other reported drug interactions to date with pramlintide. Pa-
tients concurrently taking anticholinergics or agents that slow
gastric absorption should be closely monitored for worsening
GI symptoms.212 Patients taking any medications that depend
on rapid absorption for efficacy (e.g., antibiotics, oral contra-
ceptives, pain medications) should be instructed to take those
medications at least 1 hour before or 2 hours after pramlintide
injection.

Efficacy
In clinical studies of patients with type 2 diabetes with doses
up to 120 mcg/day for 52 weeks, pramlintide combined with
oral hypoglycemic agents and/or insulin decreased HbA1c sig-
nificantly by 0.3% to 0.6% and weight by 0.5 to 4 kg.212 Studies
suggest that patients with significant obesity (BMI >35 kg/m2)
demonstrate the greatest weight reduction when treated with
pramlintide versus placebo.

Clinical studies of patients with type 1 diabetes taking in-
sulin in combination with pramlintide or placebo over 29 to
52 weeks demonstrate significant HbA1c reductions of 0.3%
to 0.5% and weight loss of 0.3 to 1.8 kg.212 In three studies,
patients were able to reduce their total daily insulin dose by
3% to 12%.

Dosage and Clinical Use
In clinical practice, pramlintide is considered an add-on agent
primarily for patients with type 1 diabetes who have failed to
achieve target blood glucose goals on insulin therapy alone.
Its practical use is more limited to obese patients with type
2 diabetes who have failed to achieve target blood glucose
levels with a regimen that includes a sulfonylurea or insulin.
Pramlintide should not be considered for patients who have
poor adherence to regular SMBG, medication therapy, and/or
maintaining regularly scheduled visits with their health care
providers.

Pramlintide is available in a vial and pen device (SymlinPen
pen injector).213 It cannot be mixed with any type of insulin. In
addition, complex calculations are required to prepare a dose
from a multidose vial and insulin syringes. This can impact
proper dosage administration and adherence for even highly
health literate patients. The pen device is therefore a more
practical option when considering pramlintide therapy. Both
vials and pens in use may be stored at room temperature (86◦F
or 30◦C) for up to 30 days. Storing pramlintide at room tem-
perature may minimize injection site reactions.

For patients with type 1 diabetes, the initial dose is 15 mcg
and for patients with type 2 diabetes the initial dose is 60
mcg. Pramlintide is injected SC into the abdomen or thigh
immediately before every major meal. A major meal is one that
contains 30 g or more of carbohydrate or 250 kcals or more. If
a meal is skipped, the pramlintide dose should be skipped and
resumed before the next major meal. Injection sites should be
rotated within the same anatomical area at every dose and sites
used to inject insulin should be avoided.

When initiating pramlintide therapy, the dose of sulfony-
lureas, nonsulfonylurea secretagogues and premeal insulins
must be reduced. It is recommended to reduce premeal insulin
doses by at least 50%. Patients should be closely monitored
and instructed to intensively monitor and record blood glucose
(fasting, pre-, and postprandial) levels until control has sta-
bilized. Any hypoglycemic episodes should be recorded and
reported to the provider. Doses of hypoglycemic oral agents
and insulin should then be titrated to optimal blood glucose
control.

Pramlintide is titrated based upon achieving optimal glucose
control with minimal side effects (e.g., nausea). For patients
experiencing moderate to severe nausea, the dose may be re-
duced. If nausea does not subside, pramlintide therapy should
be discontinued and the medication regimen adjusted accord-
ingly. The dose may be increased when no clinically significant
nausea has occurred for 3 to 7 days. For patients with type 1
diabetes, doses may be increased in 15-mcg increments up to
a maximum meal dose of 60 mcg. For patients with type 2 dia-
betes, the dose may be increased to 120 mcg before every major
meal. Pramlintide should be discontinued in patients who ex-
perience recurrent unexplained severe hypoglycemic episodes
requiring medical attention.

TREATMENT OF PATIENTS WITH TYPE 2 DIABETES
Clinical Presentation

44. L.H. is a 45-year-old, moderately overweight, Mexican-
American woman with central obesity (height, 5 feet 5 inches;
weight, 160 lbs; BMI 26.6 kg/m2). She was referred to the di-
abetes clinic when her gynecologist, who had been treating her
for recurrent monilial infections, noted glucosuria on routine uri-
nalysis. Subsequently, on two separate occasions she was found
to have an FPG of 150 mg/dL and 167 mg/dL. L.H. denies any
symptoms of polyphagia or polyuria, although lately she has been
more thirsty than usual. She does complain of lethargy and often
takes afternoon naps.

L.H.’s other medical problems include hypertension, which
is well controlled on lisinopril 20 mg/day, and recurrent monilial
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infections, which are treated with fluconazole. She has given birth
to four children (birth weights, 7, 8.5, 10, and 11 lb) and was told
during her last pregnancy that she had “borderline diabetes.” She
currently works as a loan officer in a local bank and spends her
weekends “catching up on her sleep” and reading. L.H. has been
smoking one pack of cigarettes per day for 20 years and drinks
an occasional glass of wine. She drinks at least two regular sodas
daily and has “large” glass of orange juice every morning. Her
family history is significant for a sister, aunt, and grandmother
with type 2 diabetes; all have “weight problems.” L.H.’s mother
is alive and well at age 77; her father died of a heart attack at age
47.

Laboratory assessment reveals an FPG of 147 mg/dL (nor-
mal, 70–100); fasting plasma triglycerides of 400 mg/dL (nor-
mal, <150 mg/dL); and an HbA1c of 9.2% (normal, 4%–6%).
All other values (including the complete blood count, electrolytes,
LFTs, and renal function tests) are within normal limits. L.H.
is given the diagnosis of type 2 diabetes. What features in
L.H.’s history and physical examination are consistent with this
diagnosis?

[SI units: plasma glucose, 8.3, 9.3, and 8.1 mmol/L; plasma triglycerides,

6.77 mmol/L; HbA1c, 0.09 (normal, 0.04–0.07)]

The features of L.H.’s history that are consistent with type
2 diabetes include an FPG concentration of 126 mg/dL or
higher on more than one occasion, an elevated HbA1c, high
BMI with central obesity, age greater than 40, family his-
tory of diabetes, and Mexican American descent. L.H. also
has delivered large babies, which suggests that she may have
had undiagnosed gestational diabetes, a condition that places
women at high risk for subsequently developing type 2 dia-
betes. Diagnosis on routine examination and mild signs and
symptoms of hyperglycemia (including increased thirst and
lethargy), recurrent monilial infections, hypertriglyceridemia,
and indications of CVD (hypertension) also are typical in
patients with type 2 diabetes (see Type 2 Diabetes and
Table 50-1).

Treatment Goals

45. What should the goals of therapy be for L.H. and other
patients with type 2 diabetes? Which biochemical indices should
be monitored?

The beginning of this chapter discussed general goals of
therapy for all people with diabetes, which include eliminating
acute symptoms of hyperglycemia, avoiding hypoglycemia, re-
ducing cardiovascular risk factors, and preventing or slowing
the progression of both microvascular and macrovascular di-
abetic complications. The ADA recommends that otherwise
healthy patients with type 2 diabetes strive to achieve the same
biochemical goals as those recommended for people with type
1 diabetes22,214 (Table 50-4 and Table 50-5).

The UKPDS was the longest and largest study of patients
with type 2 diabetes. It conclusively demonstrated that im-
proved blood glucose control reduces the risk of develop-
ing retinopathy, nephropathy, and, potentially, neuropathy.33 A
25% overall reduction in microvascular complication rate was
observed among those patients receiving intensive therapy ver-
sus conventional therapy. An additional finding of the UKPDS

was that aggressive control of BP also significantly reduced
strokes, diabetes-related deaths, heart failure, microvascular
complications, and vision loss.215,216

When determining treatment goals for L.H. and others with
type 2 diabetes, the same individual characteristics should be
considered as for type 1 diabetes, such as the patient’s capacity
to understand and carry out the treatment regimen, the pa-
tient’s risk for severe hypoglycemia, and other patient-specific
factors that may increase the risk or decrease the benefit of
intensive treatment (e.g., advanced age, ESRD, advanced car-
diovascular or cerebrovascular disease, or other coexisting dis-
eases that may shorten life expectancy). Emphasis should be
placed on assessment of all cardiovascular risk factors, in-
cluding hypertension, tobacco use, dyslipidemia, and family
history.

Macrovascular disease is the primary cause of death in this
population, and its underlying pathogenesis may or may not be
related to hyperglycemia per se. This is a subject of great com-
plexity and controversy. Although the prevalence of cardio-
vascular morbidity and mortality correlates with HbA1c levels
in observational and epidemiologic studies, no prospective,
randomized, controlled trials have established a relationship
between macrovascular disease and the degree of glycemic co-
ntrol.27 Whether intensive insulin therapy is appropriate for
people with type 2 diabetes also has been questioned. Some
have worried that hyperinsulinemia associated with intensive
insulin therapy or the sulfonylureas actually could accelerate
atherosclerosis or increase the risk of cardiovascular events.
However, the UKPDS showed no increase in cardiovascular
events or mortality in patients assigned to sulfonylurea or in-
sulin therapy, despite their fasting plasma insulin levels be-
ing higher than those of the conventionally treated patients.33

There is also concern that the counter-regulatory hormones
released in response to hypoglycemia could endanger those
with existing CVD. These views are summarized and ana-
lyzed by Colwell217,218 and others,219 who suggest taking a
more aggressive stance toward glycemic control, while at-
tending to the reduction of all risk factors for CVD (e.g.,
hypertension, dyslipidemia, platelet hyper-reactivity, microal-
buminuria).

Glycemic goals for patients with type 2 diabetes must be
individualized. Given the conflicting preliminary data from
the ACCORD and ADVANCE trials, patients with type 2
diabetes and CVD or multiple CVD risk factors should be
carefully assessed before determining their metabolic goals
(See Long-term Complications and Their Relation to Glucose
Control).35,36 For example, less aggressive HbA1c goals should
be considered for patients with advanced age or significant
cerebrovascular or coronary artery disease because of the se-
rious consequences related to hypoglycemia. However, many
treatment options available today are associated with a very
low risk of hypoglycemia.

Because L.H. is relatively young and has no symp-
toms of microvascular disease or neuropathy, every effort
should be made to normalize her glucose concentrations
to prevent these complications. Furthermore, a lipid panel
should be ordered and steps taken to achieve normal LDL
cholesterol, HDL cholesterol, and triglyceride levels. Of-
ten, triglyceride levels improve as blood glucose concentra-
tions decline and the metabolic response to insulin improves.
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(Management of dyslipidemia is addressed more fully later in
this chapter.)

Biochemical indices that should be followed to monitor
L.H.’s response to therapy include fasting, postprandial, and
preprandial blood glucose concentrations, HbA1c values, fast-
ing triglyceride levels, as well as LDL and HDL cholesterol
concentrations. Initial metabolic goals for L.H. should be an
HbA1c value of <7%, an FPG of <130 mg/dL, postprandial
glucose concentrations below 180 mg/dL, LDL-cholesterol be-
low 100 mg/dL, and triglycerides below 150 mg/dL.

Treatment: A Stepped-Care Approach
Lifestyle Interventions and Initial Therapy With Metformin (Step 1)

46. How should L.H. be managed initially?

Initial therapy of type 2 diabetes is aimed at lifestyle changes
that will minimize insulin resistance and risk for CVD. In L.H.’s
case and in the case of other overweight (BMI 25.0–29.9) or
obese (BMI ≥30.0) type 2 individuals, this includes a lower
calorie, low-fat, low-cholesterol diet; regular exercise; smok-
ing cessation (see Chapter 85) and aggressive management of
dyslipidemia and hypertension. Because obesity is associated
with increased tissue resistance to endogenous insulin, L.H.
should be strongly encouraged to decrease her caloric intake
and lose weight. When signs and symptoms are mild, diet and
exercise alone can correct glucose intolerance. SMBG moni-
toring should be encouraged and education that addresses the
serious nature of diabetes mellitus and its long-term conse-
quences also should begin. This is discussed in the previous
sections, Medical Nutrition Therapy and Exercise, under Treat-
ment (Table 50-16).

INITIAL PHARMACOLOGIC THERAPY WITH METFORMIN
In 2006, the ADA and the European Association for the

Study of Diabetes published a consensus algorithm for the
initiation and adjustment of therapy in type 2 diabetes.220 The
major change to the typical approach for glycemic control in
type 2 diabetes was the recommendation to begin metformin
along with lifestyle intervention as part of the initial therapy.
The reasoning behind this recommendation is that patients with
type 2 diabetes often fail to achieve the aggressive glycemic
goals with lifestyle intervention alone leading to prolonged
elevations in HbA1c (Fig. 50-8).

Step 3: Further Adjustments - 
             Other Drugs*

Step 2:  Basal insulin – SFUs – TZDs

Step 1:  Lifestyle – Metformin

Life
style M

odific
atio

ns

FIGURE 50-8 A stepped-care approach for treating type 2 diabetes.
Treatment plans should be individualized. Lifestyle interventions (diet,
exercise, weight loss, tobacco cessation, lipid and blood pressure man-
agement) are reinforced at every visit. ∗α-Glucosidase inhibitors, glin-
ides, exenatide, dipeptidyl peptidase-4 inhibitors, glinides, pramlintide.
SFUs, sulfonylureas; TZDs, thiazolidinediones.

Although the UKPDS demonstrated that the sulfonylureas,
metformin, and insulin reduce glucose with equal effective-
ness (TZDs were not studied), metformin is favored as a
first-choice agent for overweight, type 2 diabetic patients by
many endocrinologists as long as there are no contraindica-
tions to its use. This is because metformin lowers blood glu-
cose by decreasing hepatic glucose output and insulin re-
sistance (indirectly) without causing weight gain or hypo-
glycemia. Metformin also has beneficial effects on plasma
lipid concentrations as well.33,221 One must always keep in
mind that the primary goal is to normalize glucose concentra-
tions, because hyperglycemia has been most closely correlated
to the development of long-term complications. Thus, agents
that may cause weight gain (e.g., sulfonylureas) are still very
effective.

A drawback to metformin is that it requires multiple daily
dosing and its dose also must be titrated to minimize GI ef-
fects. After the dose is established, it is possible to use a long-
acting product that can be dosed once daily. Renal function
tests should be evaluated before the drug is initiated. L.H. does
not have any contraindications (renal or hepatic dysfunction,
cardiorespiratory disease, binge alcohol use) to the use of met-
formin that could predispose her to its most significant side
effect, lactic acidosis (see Question 62). Because L.H. exhibits
the typical features of insulin resistance syndrome, has no con-
traindications for its use, and her HbA1c is about 2% above her
goal of <7%, she should be started on metformin. L.H. should
take metformin 500 mg twice daily with food. If her HbA1c
was much closer to 7%, it would be reasonable to try lifestyle
intervention alone before instituting pharmacologic therapy.
However, most patients with type 2 diabetes require at least
one medication to achieve the glycemic goals set forth by the
ADA.

TITRATING METFORMIN DOSES

47. L.H. is started on metformin 500 mg BID with food and in-
structed to increase her dosage to 500 mg Q AM and 1,000 mg Q PM

after 1 week. Three days after starting metformin, she phones the
clinic complaining of nausea and diarrhea. She admits to taking
her doses on an empty stomach. How should L.H.’s symptoms be
addressed?

GI disturbances such as diarrhea, bloating, anorexia, ab-
dominal discomfort, nausea, and metallic taste often dissipate
with time and can be minimized by initiating metformin in a
single, 500- or 850-mg dose at breakfast or with the patient’s
largest meal of the day. Consistently taking metformin with
food significantly minimizes the GI side effects. The dosage
should be slowly increased (e.g., 500 mg/day every 2 weeks)
until the appropriate clinical effect is achieved or the patient
is taking the maximum dose (1,000 mg twice daily or 850 mg
three times a day). Therefore, L.H.’s metformin dose should
be reduced to 500 mg daily with her largest meal, and she
should be titrated more slowly over a period of several weeks
to 500 mg three times a day or higher as tolerated. Metformin
is typically dosed two to three times daily (the long-acting for-
mulation is dosed once daily with dinner). If she continues to
experience GI symptoms, an alternative approach is to use the
extended-release formulation; small studies have demonstrated
improved tolerability with the extended-release tablets over the
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immediate release dosage form.222 A drawback to these tablets
is their very large size.

MONITORING METFORMIN THERAPY

48. How should metformin therapy be monitored in N.H.?

As is standard with other agents, L.H. should be encouraged
to perform SMBG (see Question 49) and have an HbA1c test
performed quarterly until she achieves consistent values of
<7%. Additional evidence of metformin’s therapeutic benefits
may include an improved lipid profile and some weight loss.
Initially, it is important to follow GI problems and, although
lactic acidosis is unlikely, L.H. should be warned to bring to the
attention of her physician any sudden symptoms of shortness
of breath, weakness, and malaise. A baseline SrCr, LFTs, and
complete blood count should be obtained for L.H. and repeated
yearly.

Self-Monitoring Blood Glucose in Type 2 Diabetes

49. L.H. is interested in learning how to perform blood glucose
testing. What are the advantages and disadvantages of SMBG
tests? When and how often should L.H. be instructed to test her
blood glucose concentrations?

SMBG is an important self-management tool for patients
such as L.H. to assess the efficacy of therapy and guide ad-
justments in nutrition, exercise, and medications. Performing
SMBG also helps patients to monitor for and prevent hypo-
glycemia. Disadvantages include cost of testing, inadequate
understanding by both health care providers and patients re-
garding the benefits and proper use of SMBG results, patient
psychological and physical discomfort associated with obtain-
ing a blood sample, and the inconvenience of testing. However,
with the current advances in meter technology and proper pa-
tient education, most of these potential barriers can be over-
come.

The ADA recommends SMBG for all patients taking in-
sulin, but its stance with regard to patients with type 2 dia-
betes treated with diet or diet plus antidiabetic agents (other
than insulin) is less clear. A meta-analysis of SMBG effects
in patients with type 2 diabetes who are not taking insulin
concluded the overall effect on HbA1c was a 0.4% reduction;
however, these studies often included multiple interventions
such as education, diet, and medication adjustments. 223 The
ADA does suggest that the “optimal frequency and timing of
SMBG for patients with type 2 diabetes on noninsulin ther-
apy is not known but should be sufficient to facilitate reaching
glucose goals.”22 We often recommend SMBG for motivated
type 2 patients who are learning to adjust their carbohydrate
intake and portion sizes and want to measure how well med-
ications and lifestyle changes are working to improve their
glucose control. Initially, we may suggest testing four times
daily before meals and at bedtime for 1 week so that the pa-
tient can observe his or her glucose profiles. Later, once the
desired HbA1c has been achieved, we recommend a minimum
of testing blood glucose twice daily, but at various times to
evaluate fasting glucose concentrations, 2-hour postmeal con-
centrations, and preprandial concentrations. A study of type 2
patients treated with diet with or without oral agents, but not

insulin, observed that 2-hour postlunch values (<150 mg/dL)
and predinner values (<125 mg/dL) most closely correlated
with HbA1c values of less than 7%.224 As emphasized by the
ADA, intensive patient education regarding testing technique
and interpretation are vital to the cost-effective use of this mon-
itoring tool. The patient must be able to assess his or her glucose
profile and institute lifestyle changes that can have a favorable
effect.

50. L.H. was quite motivated to improve her glucose control be-
cause her grandmother “lost a leg” to diabetes and her aunt is un-
dergoing dialysis because “her kidneys have failed.” She is taking
metformin 1,000 mg PO BID and tolerating it reasonably well (she
occasionally gets some stomach discomfort, but states she is fine
with it). She is proud that she remembers to take the metformin
everyday as instructed. She met with a dietitian who suggested an
1,800-calorie diet and 45-minute walks three times weekly. After
3 months, L.H. had lost 6 pounds. L.H. stopped drinking regular
sodas and juices, but eats either breads or two large tortillas at
each meal. She admits to eating only small amounts of “greens”
and vegetables. She has not been able to implement her walks
three times weekly; more often she only walks once a week. Al-
though her FPG fell to 130 mg/dL (normal, 70–100), more than
50% of her postprandial blood glucose levels were often above
180 mg/dL (normal, <140). Her HbA1c is 7.4% (normal, 4%–
6%), and fasting triglyceride levels are now 260 mg/dL (normal,
<150). How should her therapy be adjusted? What factors should
be considered when deciding on the next steps for pharmacologic
therapy?

L.H.’s HbA1c has improved by 1.8%. However, she has not
fully instituted lifestyle interventions. Although she has cut out
juices and regular sodas, she can improve her diet and lower her
postprandial blood glucose (to <180 mg/dL) by eating lower
carbohydrate meals and increasing her vegetable intake. She
also can increase her physical activity to at least three times
weekly. Although the HbA1c is not below 7%, a reasonable
approach would be to continue metformin at 1,000 mg PO BID
and reinforce lifestyle changes at this point before modifying
her pharmacocologic therapy.

Type 2 diabetes is a progressive condition, which is highly
likely to require drug therapy. In the UKPDS, only 16% and
19% of the subjects achieved a FPG below 108 and HbA1c
below 7%, respectively, after 3 years of dietary therapy.225 By
9 years, only 9% were able to maintain their glycemic goals
using diet therapy alone. For patients who elect to start with
lifestyle changes, we recommend monotherapy followed by
combination therapy with two antidiabetic agents if therapeu-
tic goals are not met. For patients who start with metformin
at the time of diagnosis, as in the case of L.H., the next step
would be to add a second antidiabetic agent.220,226 Selecting
an antidiabetic agent to treat type 2 diabetes has become more
complex as new agents with unique mechanisms of action
have been introduced into the market. As with all therapeu-
tic decisions, clinicians should also blend their knowledge of
the drug (e.g., its efficacy, safety, side effects, dosing meth-
ods, and cost) with the unique characteristics of the patient
(e.g., level of glycemic control, organ function, other con-
current diseases and medications, ability to adhere to com-
plex medication regimens, health care coverage) when mak-
ing a choice of drug products.227 The current HbA1c level and
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FIGURE 50-9 Suggested treatment algorithm for type 2 diabetes. aCheck HbA1c every 3 months until it is
below 7%, and then at least every 6 months. bAssociated with an increased risk of fluid retention, heart
failure, and fractures. Rosiglitazone, but probably not pioglitazone, may be associated with an increased
risk of MI. cAlthough three oral agents can be used, initiation and intensification of insulin therapy may
be preferred based on effectiveness and lower costs. (Used with permission from reference 226.)

reduction required to reach the HbA1c goal is also an important
consideration. Practitioners should attempt to avoid unneces-
sarily complex therapy that may confuse the patient, increase
drug costs, and complicate the clinician’s ability to assess each
medication’s contribution to the overall therapeutic outcome
(Fig. 50-8). The algorithm proposed by Nathan et al., and en-
dorsed by the ADA, recommends consideration of initiating
insulin therapy (most often basal insulin) if the HbA1c is above
8.5%. However, in clinical practice, most would continue to
select noninsulin combination therapy until the HbA1c reaches
a higher level, closer to 10% (Fig. 50-9). To use the algorithm,
practitioners need to take into account the patient’s underlying
pathogenesis. The pathogenic features are deduced from the
patient’s body weight. If the patient is obese, it is presumed
there is an element of insulin resistance and increased hepatic
glucose output. If the patient is lean, he or she is presumed
to be insulin deficient. Antidiabetic therapy is chosen to target
the pathogenic problem(s).

Table 50-26 compares and contrasts the efficacy, advan-
tages, and disadvantages of antidiabetic agents used to treat
type 2 diabetic patients and can be used in conjunction with
the basic algorithm to select drugs for a specific patient. Table
50-28 summarizes treatment of type 2 diabetes under special
circumstances.

If patients fail therapy with two oral agents, one could move
to triple therapy (noninsulin) or add insulin. To avoid injections,
many patients and caregivers opt for triple combination ther-
apy (using oral agents with different mechanisms of action),

but this is less well studied.228−231,232 One study compared
triple oral therapy with insulin 70/30 mix plus metformin in
patients with type 2 diabetes poorly controlled on two oral
agents.233 Both treatments were about equally effective in low-
ering HbA1c and FPG values (1.77% and 55 mg/dL; and 1.96%
and 65 mg/dL, respectively). However, 10.2% of patients in
the triple-therapy group were switched to the insulin plus met-
formin therapy because of an inadequate response, but these
patients had higher HbA1c levels (average 10.6%) at baseline.
The cost of triple therapy (drug cost plus LFT monitoring for
the TZDs) was higher. Other combination options exist now
with the availability of exenatide (which is injected), the DPP-4
inhibitors, and pramlintide (although this is very infrequently
used).

The combined use of insulin plus oral therapy was once con-
sidered a bridge to insulin monotherapy. However, a substudy
of the UKPDS demonstrated that the early addition of insulin to
patients with inadequate responses to oral sulfonylureas (FPG
>108) improved glycemic control over insulin therapy alone
over an average follow-up period of 6 years. Patients on com-
bined therapy with insulin suffered 50% more episodes of ma-
jor hypoglycemia, but weight gain was comparable.234 If this
fails, the patient is treated with insulin monotherapy. Insulin
is being considered earlier in therapy now for patients with
type 2 diabetes to achieve glycemic goals. For patients who
are gaining weight because they require large insulin doses,
metformin can be added to achieve control with lower doses
in insulin. Although TZDs have been shown to allow for lower
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Table 50-28 Treating Type 2 Diabetes Under Special
Circumstances

Circumstance Avoid Consider

Patients with
decreased renal
function

Acarbosea

Long-acting SFUs
(e.g., glyburide)

Metformin

Glipizide
Glimepiride
Insulin
Glinides (Repaglinide/

nateglinide)
Sitagliptin
Thiazolidinediones

Patients with
impaired liver
function

Acarbosea

Metformin
Thiazolidinediones
? SFUs (severe liver

dysfunction)

Insulin
Repaglinideb

Exenatide
Sitagliptin
Miglitol

Patients who are
obese or gaining
excessive weight

Insulinc

Sulfonylureas
Repaglinide
? Thiazolidinedionesd

Acarbose
Miglitol
Metformin

Patients with
preexisting
edema

Thiazolidinediones SFUs
Glinides
Exenatide
Sitagliptin

Patients with heart
failure

Thiazolidinediones
Metformin

SFUs
Glinides
Exenatide
Sitagliptin
Insulin

Patients
experiencing
hypoglycemia
due to irregular
eating patterns

Insulin
Long-acting SFUs

Acarbose
Metformin
Repaglinide/nateglinide
Thiazolidinediones
Exenatide
Sitaglipin

aThis is a labeled recommendation. Although very little acarbose is absorbed into the
systemic circulation, the small amount available relies on the kidneys for elimination.
This accumulation and doses ≥300 mg/day rarely have been associated with elevated
liver enzymes. Plasma concentrations of miglitol in renally impaired volunteers were
proportionally increased relative to the degree of renal dysfunction.
bThe manufacturer recommends more cautious dose titration in these cases.
cThis recommendation presumes that the patient can be controlled on other antidi-
abetic agents. Often by the time insulin is required in type 2 diabetes, pancreatic
function may have deteriorated considerably.
d Rosiglitazone and pioglitazone are associated with mild to moderate weight gain
owing to fluid retention and fat accumulation. However, because of their mechanism
of action, they are effective in improving glycemic control in insulin-resistant patients
who are often overweight or obese.
SFUs, sulfonylureas.

insulin doses, their use is associated with weight gain and more
edema when combined with insulin.

Clinical Use of Antidiabetic Agents
Selecting an Oral Agent

51. Which other antidiabetic agents could be considered for
L.H. as monotherapy?

Although the treatment algorithm recommends the use of
metformin as step 1 therapy, other antidiabetic agents are ap-
proved for use as monotherapy as well.

L.H. is a typical overweight type 2 patient with early ev-
idence of CVD (hypertension), but with no evidence of mi-
crovascular complications. Her liver, renal, and GI functions
are normal. Patients like L.H. with moderate to severe type 2
diabetes have varying degrees of β-cell dysfunction and tis-
sue resistance to insulin. In these individuals, pulsatile insulin
secretion and first-phase insulin release are absent, and the
pancreas is “blind” or unresponsive to high glucose concen-
trations (glucotoxicity). Because target tissues are less respon-
sive to insulin, hepatic glucose output typically is increased
and patients may require higher concentrations of insulin to
achieve the same degree of peripheral glucose utilization ob-
served in people without diabetes mellitus. At this stage, tech-
nically all classes of oral antidiabetic agents and insulin are
likely to work equally well, although metformin is still con-
sidered the preferred agent. Insulin causes more weight gain
and hypoglycemia than the other antidiabetic agents and is
usually reserved for combination therapy unless the initial
HbA1c at diagnosis is very elevated (>10%) or ketonuria is pre-
sent.220

Often, acarbose is eliminated from consideration because
slow titration is required to minimize GI effects; anecdotally,
however, people of Mexican American origin, such as L.H.,
seem less susceptible to flatulence and diarrhea. Also, be-
cause acarbose has less dramatic effects on the FPG (20–30
mg/dL decrease) and HbA1c (0.5%–1.0% decrease) than the
other agents, biochemical goals are less likely to be achieved
in patients whose HbA1c is 8.5% or higher.

Rosiglitazone or pioglitazone also can be used as monother-
apy and, like metformin, neither is likely to cause hypo-
glycemia, but weight gain and edema are likely. Their effects
on FPG and HbA1c are intermediate between those of acarbose
and metformin or the sulfonylureas, so that it is likely that
the goals established for L.H. could be achieved with either
agent as monotherapy.220 On the positive side, the TZDs have
been shown to have better “glycemic durability” compared
with metformin and the SFUs. In a double-blind, randomized,
controlled trial of 4,360 patients with type 2 diabetes, time to
monotherapy failure, defined as FPG above 180 mg/dL was
assessed for rosiglitazone, metformin, and glyburide (A Dia-
betes Outcome Progression Trial [ADOPT]).235 Patients were
treated for a median of 4 years. The Kaplan-Meier analysis
showed that the cumulative incidence of failure at 5 years was
15% for rosiglitazone, 21% for metformin, and 34% for gly-
buride (p <.0001). The suggested explanation for the favorable
rosiglitazone results was that it slowed the rate of β-cell func-
tion decline. On the negative side, several meta-analyses have
called into question the safety of rosiglitazone.189,190,236,237

Given the recent data suggesting a 30% to 40% relative in-
crease in risk of MI, many practitioners are using rosiglitazone
more cautiously. Other analyses, however, have not continued
an increased risk of MI for either rosiglitazone or pioglita-
zone, which may even have a protective effect.192,238,239 Both
rosiglitazone and pioglitazone are associated with an approxi-
mate twofold increased risk of heart failure.238–240 In the long-
term ADOPT trial, rosiglitazone was associated with a mean
weight gain of 4.8 kg, whereas weight decreased by 2.9 kg in
the metformin group; glyburide-treated patients had a mean
weight gain of 1.6 kg during the first year, and then remained
stable.235 Given these adverse effects, most practitioners re-
serve TZDs for combination therapy.
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Sitagliptin, which is approved for monotherapy, is generally
reserved for add-on (combination) therapy. However, it can be
used as monotherapy for patients in whom the use of other oral
agents is precluded (such as renal dysfunction for metformin
or severe heart failure for the TZDs).

Finally, one should not forget that until the newer agents
became available, sulfonylureas were used quite successfully
to treat obese patients with type 2 diabetes. These agents are
relatively trouble free with regard to side effects (weight gain
and occasional hypoglycemia), and many can be dosed once
daily. They are very effective and many are now available in
generic form, making them quite affordable when cost is a
primary consideration (Table 50-27).

Several new products that combine two oral agents into
one medication are available. Although these products are ap-
proved as first-line therapy, thus skipping the monotherapy
step, we recommend that they be reserved for use in patients
whose medication regimens must be simplified to enhance
adherence.

Based on this discussion, we favor the use of metformin as
initial therapy in L.H.

Thiazolidinediones

52. N.H. is a 46-year-old, obese (BMI 33 kg/m2) man with a
history of type 2 diabetes, hypertension, recurrent deep venous
thrombosis, and hyperlipidemia. He presents with complaints of
fatigue and nocturia. N.H. has smoked 2 packs of cigarettes/day
for 15 years and has a strong family history of coronary heart dis-
ease (CHD). At diagnosis 3 months ago, he had a random plasma
glucose >200 mg/dL on two occasions (248 and 207 mg/dL); a
FPG of 150 mg/dL (normal, <126 mg/dL), and an HbA1c of 8.5%
(normal, 4%–6%) confirming the diagnosis of type 2 diabetes.
Tests of liver and renal function are within normal limits. Cur-
rent medications include enalapril and lovastatin. N.H. started
metformin but stopped taking it because of GI symptoms (loose
stools); he refuses to try this medication again. After a 1-month
trial of diet and exercise, his glucose concentrations remain above
200 mg/dL. What is a reasonable next monotherapy option for
N.H.?

Unfortunately, N.H. did not tolerate metformin. Although
this is less common if patients take metformin with food and
the dose titrated slowly, some do not overcome the GI ad-
verse effects. N.H. is refusing to even consider a retrial. With
a BMI of 33 kg/m2, hypertension, and dyslipidemia, N.H. has
many components of the metabolic syndrome and insulin re-
sistance (see Pathogenesis). We would not select sulfonylureas
or insulin as a next choice of drug of choice for N.H. because
they do not exert a favorable effect on plasma lipids and gen-
erally are associated with weight gain. We acknowledge that
some sulfonylureas remain the least expensive oral antidiabetic
agents, and this may be an important factor in the initial se-
lection of therapy for some patients. Although sulfonylureas
or insulin decrease blood glucose concentrations in patients
like N.H., they do so by increasing insulin concentrations. Pa-
tients such as N.H. are likely to have β-cell dysfunction, as evi-
denced by poor first-phase insulin release; however, in the early
stages of type 2 diabetes, they also are likely to exhibit high
insulin concentrations, which suggests resistance of peripheral
tissues to insulin action. This can be overcome by increasing
insulin levels, but hyperinsulinemia promotes fuel storage and

often is accompanied by hunger, occasional hypoglycemia, and
weight gain. Interestingly, research suggests that the sulfony-
lureas may close ATP-sensitive potassium channels in cardiac
tissue, similar to their action at the β-cell. In the heart, this
effect could limit circulation to an ischemic area.198,217

In light of N.H.’s HbA1c value (8.5%), acarbose as mono-
therapy is not likely to attain near-normal plasma glucose con-
centrations. Rosiglitazone or pioglitazone improve peripheral
target tissue responses to insulin and lipid profiles. N.H. is tak-
ing several other medications, and the convenience of a single-
daily-dose therapy may be beneficial to him. In addition to
the increased risk of MI demonstrated with rosiglitazone (see
Question 52), edema, weight gain, and heart failure are adverse
effects associated with TZDs; rosiglitazone and pioglitazone
have also been shown to increase the risk of bone fractures.
However, this risk has only been seen in older women.235,241

It is thought to be due to reduced osteoblast differentiation
as a result of increased adipogenesis in the bone marrow.242

TZDs should be used cautiously in older women and patients
on chronic steroids.

For N.H., whose liver function is normal, pioglitazone 15 to
30 mg/day is the next reasonable option. He should be started
on pioglitazone 15 to 30 mg/day. Liver function tests (ALT)
should be performed at baseline (done already), and then pe-
riodically thereafter according to the manufacturer.182 Many
practitioners check the LFTs every 3 to 6 months during the
first year of therapy and then every 6 to 12 months thereafter.

Clinical Note: N.H. was successful in reducing his HbA1c to
7.1% through a combination of lifestyle modifications and pi-
oglitazone. He was able to lose 10 pounds with walking and re-
duction in fatty food, despite being on a TZD, which can cause
weight gain secondary to fluid retention and fat accumulation.
The modest weight loss and improved glucose concentrations
likely reduced his insulin resistance, thereby improving tissue
responsiveness to his endogenous insulin. N.H. enrolled in a
smoking cessation program, but has been unable to quit smok-
ing completely (see Chapter 85).

Sulfonylureas

53. K.M. is a 64-year-old Asian woman with a BMI of 22 kg/m2

who was diagnosed with type 2 diabetes. Her HbA1c is 9.0%. Be-
cause she is thin, with no evidence of abdominal obesity, the dia-
betes interdisciplinary team agrees that she is likely insulinopenic
and should be treated with a sulfonylurea. Which agents could be
used? How should they be dosed?

A minority of patients who are diagnosed with type 2 di-
abetes are thin, with little to no abdominal obesity. In this
type of patient, the major cause of hyperglycemia is likely in-
sulin deficiency, or a β-cell defect. A sulfonylurea would be a
reasonable first choice of therapy because it increases insulin
secretion. Patients likely to respond most favorably to oral sul-
fonylureas include those who are older than 40 years of age,
have been diagnosed within the last 5 years, are within 110%
to 160% of ideal body weight, and have an FPG of more than
200 mg/dL. If patients have been treated with insulin, those
whose requirements are <40 units/day (indicating endoge-
nous pancreatic reserve) are most likely to respond.170 N.H.
fulfills these criteria and does not have any contraindications
to sulfonylurea use (see Antidiabetic Agents). Approximately
two-thirds to three-fourths of the patients who meet all of the
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previously specified criteria will achieve satisfactory control
initially. The remainder (16%–36%) fail to respond to a 1-
month trial of maximum therapeutic doses and are considered
primary failures.170

There is little evidence that any particular oral sulfonylurea
is more effective than another in properly selected patients with
type 2 diabetes. However, as discussed, there are differences in
duration of action and side effects that should be considered in
the selection of these agents. (see Table 50-26 and Table 50-27
and the section on Antidiabetic Agents.)

The first-generation agents (chlorpropamide, acetohexam-
ide, tolbutamide, and tolazamide) are less potent than the
second-generation agents on a milligram for milligram basis.
Because they are now rarely used, they will not be addressed.

Glimepiride, glipizide, and glyburide are second-generation
agents. Glipizide is metabolized to inactive products and has
an intermediate duration of action. Many patients can be con-
trolled on single daily doses, but twice-daily doses are recom-
mended for patients who require more than 15 mg. Because
glyburide has a longer duration of action, it is associated more
frequently with severe, prolonged hypoglycemia than is glip-
izide. For this reason, it should be used cautiously in frail,
elderly individuals or in those who, for any reason, are predis-
posed to hypoglycemia (see Questions 65 and 70). Glimepiride
can be dosed once daily and may be associated with a slightly
lower incidence of hypoglycemia than glyburide.

For K.M., glimepiride, glipizide, or glyburide would be the
agents of choice because they are reasonably safe, can be dosed
once daily, and are relatively inexpensive. She should be initi-
ated on low dosages (e.g., 1–2 mg glimepiride, 5 mg glipizide,
or 1.25–2.5 mg glyburide) once daily. Every 1 to 2 weeks, the
dosage can be increased until the therapeutic goals are achieved
or maximum doses of these agents have been reached (Table
50-27). The manufacturers of glipizide and glyburide recom-
mend twice-daily dosing of these agents once a specified dose
has been exceeded; whether this actually is necessary has not
been documented. Many clinicians recommend taking these
agents 30 minutes before meals so that the onset of action
more closely matches food absorption170; this may be less im-
portant in patients taking these agents chronically, particularly
for the intermediate-acting and longer acting agents.243,244 If
GI intolerance occurs, these agents should be taken with food.

Because K.M. is starting a medication that can cause hypo-
glycemia, it is important that she be counseled not to skip meals
and taught SMBG. She should be educated about symptoms
of hypoglycemia and how to treat them (see Self-Monitored
Blood Glucose in Type 2 Diabetes and Table 50-13 and Table
50-14).

Clinical Note: K.M. was successfully treated with diet, ex-
ercise, and relatively low doses of glyburide (5 mg/day). Within
4 months, her HbA1c dropped to 6.9% and her SMBG results
ranged from 120 to 160 mg/dL.

Failure of Antidiabetic Monotherapy
Pathogenesis

FAILURE OF ORAL MONOTHERAPY

54. Q.R. is a 68-year-old, 5 feet 1 inch, 155-lb (BMI 29.3 kg/m2)
woman with an 8-year history of type 2 diabetes who has been
treated with diet, exercise, and metformin. According to clinic

records, she was well controlled initially (HbA1c 6.7%–7.2%) for
the first 5 years. When her glycemic control worsened (FPG,
130–160 mg/dL; HbA1c, 7.5%–8.5%), her metformin dose was
increased over time, from an initial dose of 500 mg PO BID to
her current dose of 850 mg PO TID. Recent chart notes indicate
that Q.R.’s chief complaints have included loss of appetite and fa-
tigue. She has lost 15 lb over the past year, and her current HbA1c

is 8.6%. Other medical problems include hypertension managed
with hydrochlorothiazide 25 mg daily and mild peripheral neu-
ropathy managed with naproxen 500 mg twice daily. Her esti-
mated GFR is 70 mL/minute.

At this clinic visit, Q.R., who is well known to you, seems par-
ticularly listless and flat in her affect. Her blood glucose records,
which are typically meticulous, are incomplete. Blood glucose val-
ues consistently exceed 200 mg/dL and range from 202 to 340
mg/dL. While taking her history, you discover that her husband
passed away last year and that one of her adult children has re-
cently been diagnosed with a terminal illness. What factors may
be contributing to Q.R.’s poor glucose control?

Several factors may be contributing to Q.R.’s deteriorat-
ing blood glucose control and apparent lack of responsiveness
to maximum dose of metformin over the past year (as evi-
denced by her elevated blood glucose and HbA1c, listlessness,
and weight loss). When SFUs were used exclusively for oral
monotherapy (before other oral agents were available), this loss
of glycemic control, called secondary failure, was fairly com-
mon, occurring at a rate of approximately 5% to 10% per year in
patients who initially were well controlled on these agents.170

Monotherapy failure is characterized by progressively poor
glucose control that occurs after a 1-month to a several-year
period of good response. The cause of failure may be related
to progressive pancreatic failure; poor compliance with diet,
exercise, or medications; and exogenous diabetogenic factors
such as obesity, illness, or drugs that induce hyperglycemia.

The UKPDS confirmed that monotherapy failure represents
a natural progression of type 2 diabetes. The investigators
found failure occurred at the same rate regardless of the initial
treatment selected: glyburide, chlorpropamide, metformin, or
ultralente insulin. In all the monotherapy treatment groups, pa-
tients required additional therapies over the study duration.225

At 3 years, fewer than 55% of patients randomized to single
pharmacologic therapy could maintain an HbA1c below 7%,
and by 9 years this dropped to about 25% of patients. In the
ADOPT study, patients were able to maintain HbA1c levels
below 7% using monotherapy for 60, 45, and 33 months with
rosiglitazone, metformin, and glyburide, respectively.235 The
reason for glycemic deterioration is likely due to the natural
progression of type 2 diabetes in which β-cell function de-
clines with increased duration of disease. Also, when the blood
glucose becomes very elevated (FPG >250–300 mg/dL;
preprandial glucose concentrations ≥200 mg/dL), the pan-
creas’s ability to secrete insulin is diminished and postrecep-
tor (postbinding) defects in insulin activity become more im-
portant. Postreceptor defects are characterized by a reduced
responsiveness of tissues to any level of insulin. If glucose
concentrations can be normalized, postreceptor defects and
pancreatic responsiveness to glucose can be improved. This
may be related to the hypothesis that high glucose concen-
trations in and of themselves may be toxic to the β-cells and
peripheral tissues (glucotoxicity).245
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Q.R.’s deteriorating control on maximum doses of met-
formin after 5 years of reasonable response is consistent with
the natural progression of type 2 diabetes. However, the stress
and depression arising out of her life situation have no doubt
contributed to her poor control. The latter may have led to a
change in her usual compliance with diet, exercise, and med-
ications and should resolve with time and appropriate man-
agement. Although hyperglycemia has been attributed to hy-
drochlorothiazide, the dose prescribed for Q.R. has few adverse
metabolic effects.

Managing Monotherapy Failure

55. How should Q.R. be managed? Should she be switched to
another antidiabetic agent?

Q.R. is exhibiting symptoms of depression (e.g., listless-
ness and flat affect). Her depression likely started after her
husband’s death. Every effort must be made to address Q.R.’s
depression because it is unlikely that she will be able to ef-
fectively implement more aggressive treatment of her diabetes
until her situation is improved. Resources that may be used
include her family, a therapist, and a social worker.

Treatment of monotherapy failure includes identifying and
correcting any diabetogenic factors and altering her drug ther-
apy. When failure to any oral agent occurs, one should always
add another agent rather than switch to another. This is sup-
ported by a study that evaluated the effect of metformin alone
in a population of patients who had failed oral sulfonylureas
and the effect of metformin plus the sulfonylureas. Substi-
tution of metformin for glyburide did not produce any sig-
nificant change in glycemic control, but the addition of met-
formin to glyburide therapy substantially improved glucose
concentrations.246 Many combinations of antidiabetic agents
can be used. The key is that they should have different mecha-
nisms of action. For example, it is not reasonable to combine a
sulfonylurea with a “glinide” (i.e., repaglinide and nateglinide)
because they are both insulin secretagogues. It makes more
sense to maintain the current agent and add another rather
than to change to two new medications. Options for Q.R. in-
clude adding one of the following to metformin: insulin secret-
agogue (sulfonylurea or glinide), acarbose, TZD, sitagliptin, or
exenatide.

Table 50-26 summarizes the FDA-approved combination
therapy indications. One also could introduce insulin ther-
apy at this time. According to Nathan’s algorithm (Fig. 50-
9), basal insulin therapy could certainly be initiated. How-
ever, because Q.R.’s HbA1c should be effectively lowered with
an additional oral agent, we recommend using two nonin-
sulin antidiabetic agents to avoid an unreasonably complicated
intervention.

In summary, patients such as Q.R. who are unresponsive
to the maximum dose metformin are unlikely to respond to
monotherapy with another agent. They should therefore be
initiated on combination therapy.

Combination Antidiabetic Therapy (Step 2)

56. As anticipated, Q.R. refuses to consider insulin ther-
apy at this time. Which combination of antidiabetic agents is
preferred?

When agents from different antidiabetic classes are com-
bined, their effects are essentially additive. With the availability
of many antidiabetic agents, there is no one best combination
therapy. As discussed, the choice of therapy should take into
account the patient’s organ function, amount of HbA1c low-
ering required to reach an individual’s goal, possible adverse
effects of a particular drug or drug combination, cost, and pa-
tient preference.

Acarbose has been used successfully in combination with
both sulfonylureas and metformin, lowering the HbA1c by ap-
proximately 1%. However, an agent that can be titrated more
quickly than acarbose, does not have significant GI side effects
(especially when used with metformin), and one that is more
likely to have a profound effect on blood glucose concentra-
tions should be used in Q.R. The TZDs are approved for use in
combination with sulfonylureas and metformin. Pioglitazone
30 mg added to metformin monotherapy reduced the FPG by
a mean of 38 mg/dL and the HbA1c by 0.8%.182 Rosiglitazone
4 mg/day added to metformin reduced HbA1c and FPG by
1.0% and 40 mg/dL, respectively, compared with metformin
alone.181,247

Metformin also has been used successfully in combination
with the sulfonylureas. The combination lowers fasting glu-
cose concentrations by approximately 80 mg/dL and HbA1c
values by 2% when metformin is given in full dose (2,500
mg/day in three divided doses).246 In the later stages of the
UKPDS, 537 obese and nonobese patients who failed sulfony-
lurea monotherapy were randomly assigned to continue sul-
fonylurea monotherapy or to have metformin added. Interest-
ingly, an intention-to-treat analysis of this substudy showed
that those patients assigned to the combined metformin–
sulfonylurea therapy had a 96% increase in diabetes-related
deaths (p <.039) and a 60% increase in all-cause deaths
(p <.041) compared with the sulfonylurea monotherapy
group.221 However, these detrimental effects have been ques-
tioned because there was no placebo control and the treatments
could not be masked. The ADA currently does not recommend
any change in the current guidelines, which include the use of
metformin and sulfonylureas in combination. They will await
a new, appropriately designed, randomized, placebo-controlled
trial that can affirm an adverse interaction between these two
drugs.

The addition of sitagliptin to metformin results in a 0.7%
HbA1c reduction compared with baseline248 and the addition of
exenatide to metformin results in a 0.8% HbA1c reduction.249

A disadvantage to exenatide is that it requires an injection; its
advantage is that it may result in weight loss.

Although Q.R. has recently lost weight, she remains over-
weight. Thus, metformin should be maintained and a second
agent added. Q.R. would like to remain on oral medications if
possible. Sitagliptin may result in slightly less HbA1c lowering
compared with adding a sulfonylurea. Therefore, she is started
on glimepiride 2 mg PO daily.

Combination Antidiabetic Therapy (Step 3)

57. Q.R. is titrated to glimepiride 4 mg/day and continued on
metformin 850 mg PO TID. This improved her FPG and HbA1c

modestly for approximately 12 months (FPG, 120–150 mg/dL;
currently HbA1c, 7.6%). She remains resistant to starting insulin,
despite a 10-minute conversation discussing the rationale for its
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use. She has heard about a new diabetes medication called Byetta,
and would like to try it because it can cause weight loss.

When a combination of oral agents fails, practitioners often
add a third agent before considering insulin. Although this is
tempting, depending on a patient’s current level of glycemic
control, this practice only delays insulin therapy, which is likely
to be required to achieve HbA1c goals. However, because Q.R.
is close to an HbA1c level of <7%, it is reasonable to try a third,
noninsulin antidiabetic agent. Although glimepiride 8 mg/day
is the maximum dose, there is little difference in clinical effi-
cacy compared to 4 mg/day. Therefore, increasing glimepiride
to 8 mg/day is not likely to achieve her glycemic goals.250

Exenatide (Byetta) is approved for use in patients taking
metformin, sulfonylurea. or a TZD alone, or a combination of
metformin plus a TZD or metformin plus a sulfonylurea. When
added to patients on a sulfonylurea and metformin, exenatide
at 10 mcg BID resulted in a 0.8% HbA1c reduction compared
with baseline.251 Thus for Q.R., the addition of exenatide could
result in an HbA1c of <7%. The use of exenatide with a sul-
fonylurea is associated with an increased risk of mild to mod-
erate hypoglycemia (28% when used with sulfonylurea and
metformin and 36% when use with sulfonylurea alone).249,251

Most practitioners reduce the dose of the sulfonylurea upon
initiation of exenatide and then make adjustments based on the
patient’s response to exenatide.

Q.R. should be started on exenatide 5 mcg subcutaneously
BID, taken within 60 minutes of the two main meals of the day
and at least 6 hours apart. She should be counseled about nau-
sea, which is the most frequent side effect; 44% of patients will
develop nausea, but there is only 3% dropout rate in the clinical
trials. The glimepiride should be reduced to 2 (or 3) mg/day.
After 1 month, if she is tolerating exenatide, the dose should be
increased to 10 mcg subcutaneously BID. Her HbA1c should
be monitored within 3 months of using the 10-mcg dose. An
advantage of exenatide (over sitagliptin) is the potential for
weight loss. In a 30-week blinded study of exenatide added
onto sulfonylurea and metformin, patients on the 10-mcg dose
had an average weight loss of 1.6 kg.251 In the three open-label,
noncontrolled extension trials with exenatide, at 3 years exe-
natide progressively reduced (−5.3 kg) and sustained weight
loss at 3 years.252

A small proportion of patients will form anti-exenatide an-
tibodies. At high titers, these antibodies could result in failure
to achieve adequate improvement in glycemic control. If there
is worsening glycemic control or failure to achieve targeted
glycemic control while on exenatide, the formation of block-
ing antibodies should be considered as a reason. A long-acting
release formulation of exenatide that is dosed once weekly
should be available shortly.253

Combination Antidiabetic (Step 3) With Insulin Therapy

58. If Q.R. was willing to start insulin, why would it be reason-
able to use insulin in combination with oral agents? How should it
be combined with oral agents? Is this combination more effective
than insulin alone?

Most patients with type 2 diabetes eventually require in-
sulin. The combined use of insulin with a variety of oral agents
has been extensively evaluated, but the studies differ in their
design. In some studies, single doses of an intermediate- or
long-acting insulin or once or twice daily doses of premixed

insulin are added to a single or combination of oral antidiabetic
agents in poorly-controlled patients. The primary outcomes
that have been evaluated include measures of glycemic control
(e.g., HbA1c, FPG) and the extent to which insulin doses have
been decreased. Dewitt and Hirsch published a comprehensive
review of these studies and readers are referred to this excellent
article for this evidence.254 The combined use of insulin and
oral agents can be considered at both steps 2 and 3 in the ADA
algorithm (Fig. 50-8 and Fig. 50-9).

The traditional approach to adding insulin therapy to an oral
agent (i.e., a sulfonylurea) was called BIDS therapy (bedtime
insulin, daytime sulfonylurea). Now, with the many available
noninsulin antidiabetic options, bedtime basal insulin (using
NPH, glargine, or detemir) can be added to single or combi-
nation (usually only two) oral agent therapy. Combining a sul-
fonylurea with insulin can lower the insulin requirements by
25% to 50%, which results in less weight gain. Similarly, use
of metformin with insulin has decreased mean insulin require-
ments by 25%.255 Although metformin is an antihyperglycemic
agent, one must be alert for increased susceptibility to hypo-
glycemia when it is used in combination with insulin. Stud-
ies seem to confirm potential advantages of metformin over
sulfonylureas when used in combination with insulin. These
include its favorable effects on the lipid profile, insulin con-
centrations, and lack of weight gain. The risk for hypoglycemia
may also be lower with metformin than with combined use of
sulfonylureas.221,256,257 Use of a TZD with insulin is effective
in reducing insulin doses and HbA1c.258 However, the disad-
vantage with this combination is weight gain and significant
edema (∼15%).

In Q.R.’s case, it makes the most sense to add a single dose
of basal insulin to metformin and glimepiride. Advantages at-
tributed to adding insulin to an oral agent as the “next step”
after failure, as opposed to using insulin alone, include the
following254,259,260.
� Lower insulin dosages can be used, and this minimizes weight
gain and hypoglycemia.

� Simpler, single-dose insulin regimens are possible (vs.
monotherapy with insulin).

� Lowering the fasting glucose concentrations improves glu-
cose control throughout the day because glucose excursions
related to meals are layered over lower values. Furthermore,
lower glucose values improve β-cell responsiveness to glu-
cose and enhance tissue responsiveness to insulin action.

� Use of the insulin sensitizers may enhance the effect of ex-
ogenous insulin while minimizing weight gain and hyper-
insulinemia. They also may have beneficial effects on lipid
profiles and other cardiovascular defects.

However, lowering glucose concentrations is the first pri-
ority, not attempting to use lower insulin doses. Q.R. should
be started on 10 units or 0.2 unit/kg of NPH, insulin glargine,
or insulin detemir at bedtime. This dose is based on empiric
use of insulin in a variety of studies (0.1–0.35 unit/kg)220,261

and a conservative estimate for basal insulin of approximately
0.5 unit/hour (Q.R. weighs 155 pounds, or 70.5 kg). The dose
also takes into account the possibility that Q.R. is secreting
some basal insulin of her own and will have some residual
stimulation of insulin secretion by glipizide. The basal dose
should be titrated upward based on the FPG for 3 consecutive
days. A common titration method used is the “treat-to-target”
schedule:262,263
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FPG (mmol/L) Adjustment of Basal Insulin Dose (U)

≥180 (≥9.90) 8
160–180 (8.80–9.90) 6
140–159 (7.70–8.75) 4
120–139 (6.60–7.65) 2
100–119 (5.50–6.55) 1
80–99 (4.40–5.45) Maintain dose
60–79 (3.30–4.35) −2
<60 (<3.30) −4 or more

Alternatively, the basal insulin dose can be increased by 2
units every 3 days until the FPG is in a target range (70–130
mg/dL).220 If the FPG is above 180 mg/dL, larger increments
can be used (e.g., by 4 units every 3 days). If hypoglycemia
occurs or the FPG is less than 70 mg/dL, the dose should be
reduced by at least 4 units, or by 10% if the dose is more than
60 units. If there is no improvement in glycemic control after
3 months, Q.R. should be converted to multiple daily insulin
injections (see Question 59 and 60).

An alternative for Q.R. is to discontinue all oral agents and
begin insulin monotherapy using methods similar to those de-
scribed for type 1 patients. This option also is rational based
on the observation that patients like Q.R. are likely to require
insulin therapy because of progressive β-cell failure. Further-
more, insulin monotherapy may be less expensive and easier
to assess than combination oral agents plus insulin therapy.
Nevertheless, many clinicians use single doses of basal insulin
in combination with oral agents as a bridge to eventual insulin
monotherapy, especially for those patients unwilling to adhere
to multiple daily insulin injections.

Insulin Monotherapy in Patients With Type 2 Diabetes
Insulin Regimens

59. Q.R.’s insulin glargine dose was eventually titrated to 25
units at bedtime. In combination with glimepiride 4 mg/day and
metformin 850 mg TID, her fasting glucose levels fell to the 120s
and 130s on most occasions; her HbA1c dropped to 7.5%. However,
after 1 year, she began to note a gradual rise in glucose concen-
trations throughout the day. This resulted in a further increase in
her bedtime insulin glargine to 40 units (0.57 unit/kg). Currently,
her morning glucose concentrations are 120 to 140 mg/dL, and
glucose concentrations measured before or after meals range be-
tween 170 and 200 mg/dL. A recent HbA1c value was 8.8%. For
the past 6 months or so, Q.R. has noted increasing fatigue, bouts
of blurred vision, and recurrence of her monilial infections. How
should she be managed now?

The next step in managing Q.R.’s diabetes is to institute
prandial insulin therapy, which is needed as indicated by her
daytime hyperglycemia. Like type 1 patients, those with long-
standing type 2 disease may require regular insulin, insulin
aspart, glulisine, or lispro before meals to minimize postpran-
dial excursions. Insulin lispro has been shown to decrease post-
prandial glucose concentrations to a greater extent than regular
insulin (30% lower at 1 hour and 53% lower at 2 hours) and was
associated with a lower rate of hypoglycemia, particularly be-
tween midnight and 6 am (36%). However, HbA1c levels were
not significantly different after 6 months.264 A similar response
with insulin aspart and glulisine would be expected.

Because Q.R. is on insulin glargine, the most appropriate
next step is to add prandial insulin using a rapid-acting insulin.
This requires four injections daily. She needs to be able to
handle and be adherent to multiple daily injections. Initiation
of basal-bolus insulin regimens are discussed in detail in the
type 1 insulin therapy section (see Question 6). Patients with
type 2 diabetes may require large insulin total daily doses (>1
units/kg) to reach HbA1c targets below 7%. Because she is
taking prandial insulin, glimepiride should be discontinued.
Although not technically insulin monotherapy, metformin is
often continued to assist in reducing insulin resistance and
minimizing weight gain with insulin.

Premixed Insulins

60. Q.R. has difficulty adhering to a basal-bolus insulin regi-
men. She is currently taking insulin glargine 38 units at nighttime
and 7 units of insulin aspart before each meal. What options are
available for Q.R.?

Because people with type 2 diabetes retain some pancreatic
function, it often is possible to achieve an acceptable level of
control with twice-daily doses of intermediate-acting insulin
in combination with rapid or short-acting insulins, which are
available as premixed insulins. These are referred to as split-
mixed insulin regimens. Although convenient, they do limit
flexibility in dosing, and thus HbA1c lowering ability with-
out increasing hypoglycemia risk. In the United States, fixed
mixtures of NPH and regular insulin in a 70:30 ratio and a
50:50 ratio are available (Table 50-7). Commercial combina-
tions of the rapid-acting insulins plus an intermediate-acting
insulin also are available as Humalog Mix 75/25 (a mixture of
insulin lispro plus NPL- neutral protamine lispro), Humalog
Mix 50/50 (a mixture of insulin lispro plus NPL), and Novolog
Mix 70/30 (a mixture of insulin aspart plus aspart protamine
suspension). These fixed mixtures are available in prefilled sy-
ringes, which can add to their flexibility and convenience for
administration.

Q.R. is currently receiving a total daily dose of insulin of
59 U, or 0.84 unit/kg/day. To convert her to a premixed insulin,
one could begin with a conservative total daily dose of 0.5
to 0.6 unit/kg/day, split two-thirds in the morning and one-
third in the evening. However, many type 2 patients do better
splitting the dose 50/50. When starting an insulin-naive type 2
patient on premixed insulin, doses of 5 to 6 units twice daily
(administered before breakfast and dinner) are often used, with
the doses being titrated prebreakfast (to adjust the dinner dose)
and predinner (to adjust the breakfast dose).262,265

If the premixed insulin does not achieve adequate glycemic
control, an option is to mix the short- or rapid-acting insulin
with NPH in the same syringe. By doing this, each insulin
dose can be individually adjusted. A disadvantage to this is the
chance for patients to make errors in measuring and mixing
insulin, especially the elderly. Alternatively, a prandial dose of
insulin (a third injection) can be added at lunch; the breakfast
dose of premixed insulin should be decreased as well.254 Q.R.
should be instructed to inject the regular/NPH insulin mixture
30 minutes before breakfast and dinner. If she were to use a
premixed insulin with either insulin aspart or lispro, she would
need to inject the insulin immediately before eating (within 15
minutes of eating).

Q.R. should be started on a rapid-acting premixed insulin
twice daily, administered within 15 minutes of eating (for
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NPH/R mixture, this would be 30 minutes). A dose of 20 units
subcutaneously BID represents a conservative starting dose.

Use of Antidiabetic Agents in Special Situations
Cardiovascular Effects

61. J.A., a 47-year-old man was diagnosed with type 2 diabetes
when he developed “very high blood sugars in the 300s” while
being treated for a foot infection. He states he has had “border-
line diabetes” for longer than 10 years. Other medical problems
include hypertension and class III CHF, which is currently well
controlled on benazepril (10 mg/day), furosemide (40 mg/day),
and digoxin (0.25 mg/day). For the past 3 months, he has adhered
to a low-fat diet and exercise program and has managed to lose
10 pounds (J.A. is currently 5 feet 9 inches tall and weighs 190
lbs; BMI, 28.1 kg/m2). FPG concentrations measured over the
past 2 months were 160 mg/dL and 145 mg/dL. Liver and renal
function tests are within normal limits. How will J.A.’s cardiovas-
cular history affect the choice of oral agents? The package insert
for all sulfonylureas includes a special warning on increased risk
of cardiovascular mortality. What is the basis of this warning?
Are sulfonylureas contraindicated in patients such as J.A. with a
history of CVD?

Because J.A. has class III CHF and is under treatment, the
use of metformin is not recommended. This is because when
metformin-associated cases of lactic acidosis were analyzed,
virtually all patients had concurrent conditions that predis-
posed them to this potentially fatal condition. One of these
was clinically significant CHF, a condition that could decrease
circulation to the periphery, thereby predisposing the patient
to anaerobic metabolism (see Question 62).266,267 Although
TZDs should not be used in patients with NYHA class III or
IV heart failure, practitioners often avoid their use altogether
in patients with heart failure because of a concern for CHF
exacerbation.

Sulfonylureas are not contraindicated in individuals with a
history of CVD. However, the FDA required all manufacturers
of sulfonylureas to include in their package inserts a special
“black box” warning prescribers of an increased risk for car-
diovascular mortality. This was based on an unexpected finding
of the University Group Diabetes Program study in 1970. This
was a cooperative, prospective study to evaluate the effective-
ness of antidiabetic therapy in preventing vascular and other
late complications of diabetes in mild type 2 diabetic patients.
Unexpectedly, twice as many cardiovascular deaths occurred in
the tolbutamide-treated group than in the placebo- and insulin-
treated groups.268

After publication of the University Group Diabetes Pro-
gram results, a great controversy regarding the study’s valid-
ity and clinical implications appeared in both the professional
and lay press; these are summarized elsewhere.269 Strong evi-
dence that normalization of glucose concentrations may in fact
delay long-term complications has diminished any concerns
for cardiovascular adverse effects associated with the sulfony-
lureas. In fact, the UKPDS found no increase in the rates of
MI or diabetes-related deaths when participants treated inten-
sively with a sulfonylurea were compared with those treated
conventionally.33

Thus, current evidence indicates that the benefits of sul-
fonylureas far outweigh their risks in type 2 diabetic patients
with CVD. On this basis, their use is not contraindicated.

Lactic Acidosis

62. M.R. is a 76-year-old, 5 feet 11 inch, 150-lb man (BMI, 20.9
kg/m2) with type 2 diabetes who was hospitalized when his son
found him in a “near-unconscious state.” According to his son,
M.R.’s diabetes had been adequately managed with glipizide 10
mg BID and acarbose 100 mg TID with each meal until approxi-
mately 2 months ago, when M.R. was hospitalized for pneumonia.
Because M.R. lived alone and adamantly refused to take “shots,”
he was discharged on metformin, which was to be added to his
other medications. A review of the hospital records revealed a
SrCr of 1.4 mg/dL and several random blood glucose concentra-
tions above 190 mg/dL. He also has a history of chronic obstructive
pulmonary disease (COPD). His current dose of metformin is 850
mg TID with meals.

On physical examination, the patient was oriented, but ap-
peared acutely ill. Temperature, pulse, and BP were within normal
limits. The respiratory rate was 32 breaths/minute. Significant
laboratory values included the following: Na, 140 mEq/L(normal,
135–145); K, 6.2 mEq/L (normal, 3.5–5); Cl, 103 mEq/L (normal,
95–105); HCO3, 5 mEq/L (normal, 22–28); arterial pH, 6.8 (nor-
mal, 7.36–7.42); SrCr 3.2 mg/dL (normal, 0.7–1.4); blood glucose,
130 mg/dL (normal, 70–140); serum acetones, negative; serum
lactate, 12.3 mmol/L (normal, 0.7–2.0); and serum pyruvate, 0.49
mmol/L (normal, 0.05–0.08).

A diagnosis of lactic acidosis was made. What signs and symp-
toms are consistent with this diagnosis? What is the relation be-
tween metformin and lactic acidosis, and what are the predispos-
ing factors?

The most notorious side effect associated with metformin—
although extremely rare—is lactic acidosis. Lactic acidosis is
a metabolic acidosis characterized by a significant reduction in
the arterial pH and an accumulation of serum lactate, a prod-
uct of anaerobic metabolism. It is a condition that is highly
lethal (50% mortality) and resistant to therapy. Lactic acidosis
occurs when there is an increased production of or decreased
utilization of lactate. Decreased utilization of lactate occurs
when tissues are unable to oxidize lactate to pyruvate (these
two substances are normally present in the serum in a ratio
of 10:1). Metformin might predispose a patient to lactic aci-
dosis by augmenting anaerobic metabolism or by decreasing
the kidney’s ability to handle an acid load. Other factors that
might contribute to lactic acidosis include severe cardiac or pul-
monary disease (anoxia, increased lactate production), septic
shock, renal dysfunction (retention of metformin and lactate),
and excessive alcohol intake (increased lactate production and
decreased utilization).

Signs and symptoms generally are acute in onset and com-
monly include nausea, vomiting, diarrhea, and hyperventila-
tion. Hypovolemia, hypotension, confusion, and coma also
may occur; death is usually secondary to cardiovascular col-
lapse.

As illustrated by M.R., typical laboratory findings include a
low serum bicarbonate and Pco2, a low arterial pH, an elevated
potassium, a normal or low serum chloride, elevated lactate and
pyruvate levels, an increased L:P ratio, and an anion gap of
30 mEq/L or higher.

Treatment is empiric and includes correction of any under-
lying cause of anoxia and elimination of factors predisposing to
lactic acidosis, large doses of sodium bicarbonate with frequent
arterial pH determinations, hemodialysis, and glucose plus
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insulin infusion. The latter are administered in an attempt to
improve the metabolic utilization of lactate and pyruvate.270,271

Although metformin rarely is associated with lactic acido-
sis, the manufacturer and the FDA have taken extreme mea-
sures to prevent its improper use because another biguanide,
phenformin, which induced this life-threatening condition was
removed from the market in 1977.259 The estimated rate
of phenformin-induced lactic acidosis was 0.25 to 4 cases
per 1,000 users versus 5 to 9 cases per 100,000 users for
metformin.266,272,273 A group of clinicians from the FDA sum-
marized 47 confirmed cases of metformin-related lactic aci-
dosis (lactate levels ≥5 mmol/L) that had been reported to
the FDA between May 1995 and June 1996.273 Unfortunately,
the condition continues to be resistant to treatment; the mor-
tality rate was 43%. Importantly, 43 of the 47 cases (91%)
had concurrent conditions that predisposed them to lactic aci-
dosis. These included cardiac disease (64%), decreased renal
function (28%), and chronic pulmonary disease (6%). Several
patients (17%) were over the age of 80 years and may have
had decreased renal function despite normal SrCr concentra-
tions. Interestingly, 38% of the patients had CHF, and those
who died were more likely to be under treatment with digoxin
and furosemide. The mean daily dose of metformin was well
within the therapeutic range and was not higher in the group
that succumbed (1,259 ± 648 mg in the group that died and
1,349 ± 598 mg in the group that survived).

As a consequence of this analysis, the manufacturer has
changed its labeling to warn against the use of metformin in
individuals who are being treated for CHF. Furthermore, met-
formin should not be initiated in patients over 80 years old
unless a GFR or ClCr evaluation confirms normal renal func-
tion. The drug should not be used when patients are septic.158

Unfortunately, studies assessing the appropriate use of met-
formin (according to the manufacturer’s recommendations) re-
veal that metformin is frequently used in patients in whom it is
contraindicated.274–277 A retrospective cohort study of 1,847
patients found that 24.5% of patients who received metformin
had conditions for which it was contraindicated (21.0% had
CHF and were receiving loop diuretics, and 4.8% had renal
impairment).274 Medicare patients hospitalized with the pri-
mary diagnosis of heart failure and concomitant diabetes were
assessed for metformin and TZD use, both of which are con-
traindicated in this situation.277 Between 1998 and 1999, 7.1%
and 7.2% of patients were treated with metformin and a TZD,
respectively, at discharge; these numbers increased between
2000 and 2001 to 11.2% and 16.1%. In patients with renal
dysfunction (SrCr ≥1.5 mg/dL), metformin was used in 9.3%
and 15.2% of patients in 1998 through 1999 and 2000 through
2001, respectively. See question 61 for discussion of TZDs
and heart failure. Clinicians need to carefully assess patients
for contraindications before initiating antidiabetic agents.

M.R.’s pulmonary disease may have caused an anoxic state,
which predisposed him to lactic acidosis. Furthermore, even
though his SrCr was below 1.5 mg/dL, this value may not have
reflected normal renal function in this elderly gentleman.278

Finally, dehydration caused by extensive vomiting and diarrhea
has caused prerenal failure, which is likely contributing to the
acidosis.

Clinical Note: M.R. recovered after aggressive treatment
with fluids and sodium bicarbonate. Metformin was discontin-
ued and he was managed with insulin.

Hypoglycemia

63. C.A., a 68-year-old woman who has had a 20-year history of
type 2 diabetes and a 5-year history of mild renal failure (SrCr, 1.5
mg/dL; BUN, 30 mg/dL), is admitted to the hospital in a coma. Ac-
cording to her daughter, C.A.’s diabetes has been well controlled
over the past several months with glyburide 10 mg BID. She took
her last dose approximately 5 hours before admission. Three days
before admission C.A. developed anorexia, nausea, and vomiting
in association with the flu and became progressively lethargic.
Laboratory results on admission are as follows: plasma glucose,
20 mg/dL (normal, 70–140); SrCr, 3.0 mg/dL (normal, 0.6–1.2);
and BUN, 80 mg/dL (normal, 7–20). What is C.A.’s diagnosis?
Were there any predisposing factors?

[SI units: SrCr, 132.6 and 265.2 μmol/L; BUN, 10.7 and 28.6 mmol/L;

plasma glucose, 1.1 mmol/L]

C.A. has developed a case of severe hypoglycemia sec-
ondary to glyburide. Hypoglycemia is the most common (in-
cidence, 2.4 per 100 patients per year) and potentially severe
(4%–7% mortality) adverse effect of the sulfonylureas. The
incidence and severity of this effect increase with the duration
of action and potency of the agents. Thus, the incidence of
severe, prolonged hypoglycemia secondary to chlorpropamide
and glyburide is approximately two times higher than that for
glipizide and approximately five times higher than that for
tolbutamide.170,279 The sulfonylureas account for almost all
cases of drug-induced hypoglycemia in individuals older than
age 60.

Most sulfonylurea-induced hypoglycemia occurs in patients
who are predisposed to hypoglycemia in some way, and C.A. is
no exception. She is an elderly woman with renal impairment
who was on relatively high doses of an agent, a portion of
which is excreted unchanged in the urine. Even in the face
of decreased carbohydrate intake (anorexia and vomiting), she
continued to take her usual dose of glyburide. Even though the
stress of illness most often raises glucose levels, the decreased
intake and vomiting probably led to dehydration and further
compromised her renal function.

Because glyburide and chlorpropamide have a long duration
of action, hypoglycemia induced by these agents may last for
several hours, or days in the case of chlorpropamide. There-
fore, patients such as C.A. must be hospitalized and treated
with continuous glucose infusions until oral intake resumes.
Otherwise, severe hypoglycemia may recur.

Renal Dysfunction

64. Glyburide was withheld and C.A.’s kidney function stabi-
lized with fluid replacement (estimated GFR, 37 mL/min/1.73
m2). Because she lives alone, has impaired eyesight secondary
to cataracts, and has severe arthritis, insulin treatment is imprac-
tical. Oral agents are to be continued. Which agents should be
avoided? Which agents could be used?

Once C.A.’s plasma glucose concentrations and renal func-
tion have stabilized, reinstitution of antidiabetic therapy must
be considered. Sulfonylurea compounds that are metabolized
to active products that depend on the kidney for elimination
(e.g., acetohexamide, chlorpropamide glyburide, and tolaza-
mide) should be avoided in the elderly and in patients with
decreased renal function. Sulfonylureas that are completely
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metabolized to inactive or weakly active products may be used
(i.e., glipizide, glimeperide, or tolbutamide). Although gly-
buride is unlikely to accumulate in patients with a ClCr above
30 mL/min, it should not be used in C.A. because it caused
a severe hypoglycemic reaction. Furthermore, even patients
who are not taking sulfonylureas are more likely to experi-
ence hypoglycemic reactions if they have renal insufficiency;
therefore, any oral hypoglycemic agent should be initiated at
a low dose and titrated slowly (Table 50-28). C.A. should be
instructed to eat regularly, because skipped meals may result
in recurrent hypoglycemia.174,280

Metformin is contraindicated in C.A. because her renal
function is abnormal (see Question 62). Decreased renal func-
tion can result in accumulation of metformin, which can, in
turn, predispose her to lactic acidosis.

The TZDs are primarily metabolized by the liver and are not
contraindicated in patients with mild renal failure. The use of
rosiglitazone or pioglitazone, beginning with low doses, could
be considered as can acarbose, which is poorly absorbed from
the GI tract. Sitagliptin can be used, but the dose is reduced
in renal dysfunction. Exenatide can be used in patients with
ClCr above 30 mL/minute and the dose does not need to be
adjusted. None of these agents cause hypoglycemia when used
as monotherapy.

Hepatic Dysfunction

65. B.R., a 60-year-old man with cirrhosis of the liver, is found
to have type 2 diabetes. Glipizide 10 mg/day is initiated. How
will B.R.’s liver function affect the disposition of glipizide and his
response to this agent?

Because hepatic metabolism is the primary route of elimina-
tion for most sulfonylureas, including glipizide, patients with
hepatic disease should be expected to have an exaggerated re-
sponse to those drugs metabolized to less active products.

Tolbutamide, a first-generation sulfonylurea, has been stud-
ied most extensively with respect to liver disease. In a
double-blind, placebo-controlled trial of 50 cirrhotic patients,
hypoglycemia was a complication in 20% of the tolbutamide-
treated group.281 Tolbutamide’s elimination half-life in sub-
jects with cirrhosis has been reported to be increased or un-
altered in different studies.282 A complicating factor is that
alcohol can induce hepatic enzymes, markedly increasing
tolbutamide metabolism in alcoholic patients with cirrhosis.

Liver disease can be a separate predisposing factor for se-
vere, prolonged hypoglycemia because glycogenolysis and glu-
coneogenesis are impaired; thus, sulfonylureas are relatively
contraindicated for cirrhotic patients. If they are used, shorter
acting agents are preferred and small initial doses should be
used. For B.R., glipizide could be initiated at a dose no greater
than 2.5 mg/day and increased if needed by 2.5-mg increments
at no less than weekly intervals. Other options are low doses
of repaglinide (0.5 mg) or nateglinide (60 mg) with meals.

Diabetes in the Elderly
Clinical Presentation

66. J.M. is a frail, 82-year-old, unresponsive man, who is
brought to the emergency department. According to J.M.’s family,
he has become increasingly confused, dizzy, and lethargic, with a

recent weight loss of 10 lb. J.M. lives by himself and has been gen-
erally healthy with the exception of mild to moderate COPD and
arthritis. Fasting serum chemistry reveals the following: Na, 128
mEq/L (normal, 135–145); glucose, 798 mg/dL (normal, 70–140);
and serum osmolality, 374 mOsm/L (normal, 280–295 mOsm/kg
H2O). His serum is negative for ketones. On physical examination,
J.M. has poor skin turgor, dry mucous membranes, and is respon-
sive only to deep pain. His BP is 90/60 mmHg with a pulse of 96
beats/minute. He has rales at the left lower base of his lung, and
a chest radiograph confirms pneumonia. Despite aggressive fluid
replacement, J.M.’s blood glucose remains consistently above 250
mg/dL and his HbA1c is 11% (normal, ≤6%). J.M. presents with
very high glucose concentrations, but has no history of diabetes
mellitus. What special factors contribute to a late and atypical
presentation of diabetes in the elderly?

[SI units: Na, 128 mmol/L (normal, 135–145); glucose, 44.3 and >13.9

mmol/L (normal, 3.9–6.1); serum osmolality, 374 mmol/kg; HbA1c, 0.11]

Diabetes in the elderly commonly is underdiagnosed and
undertreated because it often presents atypically.283−285 Clas-
sic symptoms associated with diabetes mellitus may be masked
by other illnesses, may be entirely absent, or may be explained
away by the normal aging process. For example, polyuria is
minimized by higher renal thresholds for glucose or may be
confounded by urinary incontinence or “prostate problems.”
Thirst is commonly blunted in elderly persons, increasing their
risk of dehydration and electrolyte imbalance. Hunger can be
altered by medications or depression. Fatigue often is dis-
counted as “part of getting old,” and weight loss, although
sometimes profound, may be so gradual that it goes unnoticed
for months to years. (See Table 50-29 for a comparison of
presenting symptoms for diabetes mellitus in elderly patients
compared with younger patients.)

Hyperosmolar Hyperglycemic State

67. J.M. is diagnosed with hyperosmolar hyperglycemic state
(HHS). Why are the elderly predisposed to this condition and
what signs and symptoms are consistent with this diagnosis?

HHS is a condition characterized by extremely elevated
plasma glucose concentrations (>600 mg/mL) and high serum
osmolality (>320 mOsm/L) without ketoacidosis. Because pa-
tients with type 2 diabetes have some residual insulin produc-
tion, they are usually protected against excessive lipolysis and
ketone production. Measurements of serum ketones and blood
pH differentiate this condition from DKA (see Question 39).
The condition occurs when urinary fluid and electrolyte losses

Table 50-29 Presentation of Diabetes Mellitus in Elderly
Patients Compared With Younger Patients

Symptoms in
Metabolic Abnormality Young Patients Symptoms in Elderly Patients

Serum osmolality Polydipsia Dehydration, confusion, delirium
Glycosuria Polyuria Incontinence
Catabolic state

owing to insulin
deficiency

Polyphagia Weight loss, anorexia
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secondary to glucosuria are inadequately replaced by oral fluid
intake.114,286

HHS primarily occurs in the elderly because several factors
predispose this population to hypodipsia. These include an in-
ability to recognize thirst,287 an inability to ask for fluids (e.g.,
dementia, sedation, intubation), and an inability to get fluids
on demand (e.g., physical disabilities or restraints). Infections
or other acute illnesses (e.g., MI, GI bleeding, pancreatitis) that
exacerbate diabetes can interact with the hyperosmolar diure-
sis and hypodipsia to produce severe dehydration and hyper-
glycemia. Drugs that increase plasma glucose concentrations
(e.g., glucocorticoids), increase diuresis, or decrease mentation
also can contribute to this unfortunate situation.

J.M. presents with several symptoms of HHS dehydration,
including osmolality greater than 320 mOsm, plasma glucose
greater than 600 mg/dL, decreased skin turgor, hypotension,
and the absence of serum ketones. His pneumonia was probably
the precipitating factor. The mortality rate for this disorder is
3% in patients younger than 50 years of age; it increases to
30% for those older than 50.288 Treatment involves rapid IV
hydration. Fluid replacement is provided in the same manner
as with DKA. See Question 40 and Table 50-25 for details.114

Insulin infusion is given simultaneously. The initiation and rate
adjustments are the same as with DKA, except that the plasma
glucose cutoff to reduce the insulin infusion rate is 300 mg/dL
(not 200 mg/dL as with DKA; see Question 41 and Table 50-25
for details). Rehydration and insulin administration corrected
J.M.’s metabolic imbalance, allowing his diabetes control to be
addressed.

Goals of Therapy

68. What are the goals of therapy for J.M.?

It is widely recognized that strict glycemic control is asso-
ciated with an increased incidence of hypoglycemia.29 In the
elderly patient with age-related autonomic dysfunction, hypo-
glycemia may present without the usual premonitory symp-
toms and can result in severe adverse effects such as angina,
seizures, stroke, or MI. Therefore, the general tendency when
treating elderly diabetic patients is to aim for slightly more
liberal outcome objectives.

The basic principles of management are to set less aggres-
sive glycemic goals. Thus, a fasting blood glucose target of
100 and 140 mg/dL with postprandial glucose values below
180 mg/dL and an HbA1c goal of 8%, while avoiding hypo-
glycemia, is appropriate in this frail patient.289

Diet and Exercise

69. How should diet and exercise recommendations be modified
for elderly diabetic patients such as J.M.?

NUTRITION
Because most elderly patients have type 2 diabetes, nu-

trition and exercise programs are the initial steps in therapy.
In 2001, the prevalence of obesity in the United States was
20.9%.290 Elderly persons between the ages of 60 and 69 had
a 25.3% prevalence of obesity and people at 70 and older had
a prevalence of 17.1%. Older people with diabetes, especially
those in a long-term care facility, have a tendency to be under-
weight rather than overweight.47 Therefore, caution should be
used when considering a weight loss diet, because this could

cause malnutrition or dehydration. For obese individuals, a
modest weight loss of 5% to 10% may be indicated. However,
an involuntary weight gain or loss of more than 10 pounds
or 10% of body weight in <6 months should be carefully
assessed.47

Several factors can adversely affect proper nutrition in the
elderly. They include an impaired ability to shop for and pre-
pare food, limited finances, an age-related decline in taste per-
ceptions, and coexisting illnesses. Ill-fitting dentures, difficulty
in chewing and swallowing, and lack of companionship during
meals also can contribute to malnutrition as well.

High-fiber diets may lower blood glucose and improve
plasma lipids. However, high-fiber diets in frail, elderly pa-
tients, particularly those who are bedridden, should be used
cautiously because they can be constipating and result in fe-
cal impaction. Ambulatory patients, on the other hand, gen-
erally benefit from increased dietary fiber. Because many
elderly patients are malnourished, a daily multivitamin prepa-
ration containing the recommended daily allowance of each
vitamin should be prescribed.47

EXERCISE
Exercise in the elderly provides all the benefits derived by

younger individuals. It increases well-being and glucose sta-
bility, and may decrease a propensity to fall. Exercise also
improves BP, the lipid profile, hypercoagulability, and bone
density. Physical activity is necessary to minimize any lean
body mass loss that can occur with caloric restriction. For pa-
tients with arthritis, aquatic exercise may be substituted. Be-
fore such an exercise program is initiated, careful evaluation
is mandatory to avoid myocardial ischemia or the acceleration
of retinopathy.132

Selecting an Antidiabetic Agent in the Elderly

70. Why is it important to institute drug therapy to treat J.M.’s
diabetes? What considerations should be made in selecting an
initial treatment regimen?

As in all patients with diabetes mellitus, poor glycemic con-
trol increases the risk of long-term complications. Although it
is tempting to minimize the importance of glycemic control be-
cause these complications take so long to develop, patients such
as J.M. may have had unrecognized hyperglycemia for many
years before clinical diagnosis. Thus, many have already begun
to develop complications. Furthermore, as life expectancy in-
creases one can expect that these individuals will live long
enough to experience morbidity related to diabetes if they
are not treated. Therefore, pharmacologic treatment should be
strongly considered in J.M. and most elderly patients whether
or not they are symptomatic.291

The general approach to treating an elderly patient with type
2 diabetes is basically the same as described in questions 46,
50, and 51. The initial choice of an antidiabetic agent should
be based on the severity of hyperglycemia. Other consider-
ations include body weight, coexisting diseases, and cost of
the agent. Patients with IFG (FPG >100, but <126 mg/dL)
should be treated with diet and exercise tailored to their in-
dividual capabilities. For patients with diabetes (FPG ≥126
mg/dL or 2-hour postprandial blood glucose >200 mg/dL),
acarbose, a short-acting insulin secretagogue (e.g., nateglin-
ide or repaglinide), a TZD, and sitagliptin are all appropriate
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options. Sulfonylurea-induced hypoglycemia is a concern in
these patients. However, if inability to adhere to the multiple-
daily regimen is problematic, a short-acting sulfonylurea is an
appropriate alternative agent. In J.M.’s case, metformin should
probably be avoided because he has COPD. Also, he is older
than age 80 and requires an assessment of his GFR. Use of ClCr
often overestimates renal function in elderly individuals owing
to their reduced muscle mass. There is a strong relationship
between the pharmacokinetics of metformin and both kidney
function and age. In healthy elderly patients, renal clearance of
metformin was 35% to 40% lower than respective values for
healthy young individuals.160 Finally, the favorable effect met-
formin has on weight is irrelevant in J.M. Thus, although the
efficacy of metformin is comparable to that of sulfonylureas,
it is not the agent of first choice for elderly patients such as
J.M.289

Patients with an FPG above 300 mg/dL and no overt stress
should be considered insulin deficient and started on insulin
therapy.

Selecting a Sulfonylurea

71. Because his FPG concentrations remain 200 to 250 mg/dL
(normal, 70–100), the decision is made to start J.M. on a sulfony-
lurea. What factors should be considered in selecting a sulfony-
lurea for J.M.?

There are several age-associated problems with the use of
oral hypoglycemic agents. Hepatic blood flow and oxidative
metabolism are decreased with aging, resulting in prolonged
half-lives of hepatically metabolized drugs. Serum albumin is
reduced in the elderly, and this affects the highly protein-bound
first-generation sulfonylureas, resulting in increased serum
levels of free drug.292 Response to hypoglycemic counter-
regulatory hormones is diminished in the elderly, predisposing
them to prolonged hypoglycemia. The decreased renal function
and mass that occurs with aging decreases the clearance and
increases the half-lives of oral agents excreted renally, specif-
ically acetohexamide, chlorpropamide, and glyburide. Chlor-
propamide should not be used in the elderly population ow-
ing to its long half-life (≥35 hours) and high incidence of
hypoglycemia and hyponatremia.292 Of the second-generation
agents, glipizide is preferred over glyburide in frail, elderly pa-
tients like J.M. This is because its duration of action is shorter
than that of glyburide and it is metabolized to inactive prod-
ucts. Consequently, it is 50% less likely to cause severe and
prolonged hypoglycemia in the elderly population.293 This is a
concern because several factors predispose the elderly to drug-
induced hypoglycemia. These include anorexia, irregular or
inadequate food intake, and other factors affecting nutrition
(see Question 69). Tolbutamide (which is converted to inac-
tive metabolites), glimepiride (which has been studied in renal
insufficiency), and repaglinide294 and nateglinide (which are
very short-acting) are also appropriate options.

Maturity-Onset Diabetes of the Young

72. B.L. is a 34-year-old, slender (5 feet 6 inches, 120 lbs, BMI
19.4 kg/m2) woman who developed diabetes at the age of 23. Until
recently, her diabetes was very well controlled (HbA1c, 6%–7%)
on glipizide 5 mg/day. Approximately 3 months ago, her physician

discontinued glipizide and began treating her with very low doses
of insulin (7 units of 70/30 insulin twice daily) when she announced
her intention to become pregnant. However, she is experiencing
frequent hypoglycemic reactions and would like to switch back to
glipizide. B.L. has no other medical problems, and her physical
examination is within normal limits. B.L.’s mother (onset at age
32) and younger sister (onset at age 25) also have diabetes and are
well controlled on oral agents. Assess B.L.’s diabetes. How should
she be managed?

It is quite likely that B.L. has a relatively rare form of
diabetes often referred to as maturity-onset diabetes of the
young (MODY).295 Typically, the patient is normal weight, has
a strong family history of diabetes, and is diagnosed during
his or her young adult years.296 Unlike obese patients with
type 2 diabetes, tissue sensitivity to insulin action is normal,
but insulin secretion in response to glucose is defective. Con-
sequently, patients such as B.L. respond to oral sulfonylureas
and low doses of insulin. The physician’s decision to treat B.L.
with insulin is rational because she intends to conceive and oral
sulfonylureas cross the placental barrier; however, it seems as
though her dose and regimen will have to be adjusted.

Complications
Note to the reader: A thorough discussion addressing the clin-
ical presentation of the complications of diabetes is beyond the
scope of this chapter. Thus, the following cases and responses
are presented to provide an introduction to some of the most
common complications and a general approach to their treat-
ment. Also see Chapters 12, 13, and 31.

Hypertension

73. L.S. is a 46-year-old, obese man with an 8-year history of
type 2 diabetes. His current problems include a BP of 155/103
mmHg (documented on two occasions), blurry vision, and sexual
impotence, which he now admits has troubled him for the last few
years. Physical examination reveals decreased pedal pulses bilat-
erally, loss of sensation to monofilament testing, and evidence of
an amputated toe on the right foot. His laboratory values are as
follows: FPG, 170 mg/dL (normal, 70–100); HbA1c, 7.8% (nor-
mal, 4%–6%); fasting cholesterol, 240 mg/dL (normal, <200);
and triglycerides, 160 mg/dL (normal, <150). L.S. has normal
electrolyte values and microalbuminuria (180 mg/g creatinine).
His only medication is metformin 500 mg PO BID. Describe the
pathogenesis of hypertension in patients such as L.S. Why is it so
important to treat his hypertension?

[SI units: FPG, 9.4 mmol/L; fasting cholesterol, 13.3 mmol/L; triglycerides,

8.9 mmol/L]

More than 70% of adults with diabetes have a BP greater
than 130/80 mmHg or use medication to treat diagnosed
hypertension.1 Patients with type 1 diabetes are usually nor-
motensive in the absence of nephropathy. Hypertension in
type 1 diabetes is usually of renal parenchymal origin and oc-
curs 1 to 2 years after the onset of nephropathy as indicated
by microalbuminuria (see Question 75).297 The relationship
between type 2 diabetes and hypertension is more complex
and not as closely correlated to nephropathy. In type 2 dia-
betes, hypertension is often part of the metabolic syndrome of
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insulin resistance and may be present for years before diabetes
is actually detectable.

Patients with diabetes and hypertension have an increased
risk for developing microvascular complications such as
retinopathy and nephropathy. They are also at a twofold in-
creased risk of developing CVD.297 A 5 mmHg reduction in
mean diastolic BP can produce a 37% reduction in microvascu-
lar complications, and a 10 mmHg reduction in mean systolic
BP reduces the risk of MI by 11% and death related to diabetes
by 15%.215,216,297 Aggressive management is therefore essen-
tial for patients with both diabetes and hypertension, such as
L.S. Treatment includes weight management, exercise, sodium
restriction, smoking cessation, and antihypertensive therapy.
Many patients require two or three medications to achieve the
target BP goal of <130/80 mmHg.22

74. What must be considered in selecting an antihypertensive
agent for L.S.?

Numerous studies have documented the effectiveness
of angiotensin-converting enzyme inhibitors (ACEIs) and
angiotensin-receptor blockers (ARBs) in delaying the devel-
opment and progression of nephropathy. All patients with di-
abetes and hypertension should be treated with a regimen that
includes either an ACEI or ARB.297 If one class is not tol-
erated, patients should be switched to the other. For patients
failing to reach target BP goals on an ACEI or ARB alone, a
diuretic should be added. Second-line add-on agents include β-
blockers and calcium channel blockers. Other classes of agents
are considered for use as add-on therapy after patients have
failed combination therapy with the five classes listed. The
management of hypertension in people with diabetes is dis-
cussed further in Chapter 13.

Nephropathy

75. What is the significance of the presence of albumin in L.S.’s
urine? How should it be managed?

Diabetic nephropathy, characterized by nephrotic syndrome
and azotemia, accounts for 35% of all patients with ESRD. It is
a major cause of death in patients with type 1 diabetes and is an
increasing source of morbidity in type 2 diabetic individuals.298

Thickening of the glomerular capillary basement membranes
is the hallmark of diabetic nephropathy.299 Diffuse deposition
of basement membrane–like material expands the mesangium.
This process narrows the capillary lumina, impedes blood flow,
and thereby reduces the filtering surface area in the glomerulus.
Hyperglycemia causes intraglomerular hypertension and renal
hyperfiltration. Hyperfiltration is followed by microalbumin-
uria with minimal glomerulosclerosis, which still is potentially
reversible. If left untreated, overt proteinuria (macroalbumin-
uria) occurs and the patient usually progresses to nephrotic
syndrome. Progression of diabetic renal disease can be accel-
erated in the presence of hypertension, proteinuria, and dia-
betic retinopathy. Lipid abnormalities also may contribute to
the progression of glomerulosclerosis. Management includes
early detection through screening for microalbuminuria; tight
glucose control; ACEIs and ARBs for patients with microal-
buminuria (to slow progression); aggressive management of
hypertension, which can accelerate deterioration of renal func-
tion; aggressive management of dyslipidemia; and smoking

cessation. A thorough discussion on the management of dia-
betic nephropathy and ESRD is discussed in Chapter 31.

SCREENING FOR AND CONFIRMATION OF MICROALBUMINURIA
The preferred method of screening for microalbuminuria is

measurement of the albumin-to-creatinine ratio in a random
spot collection (preferably the first-void or morning sample).
Microalbuminuria is defined as a urinary albumin excretion 30
mcg or more albumin/mg creatinine (or mg albumin/g creati-
nine) during a spot collection.298 Because of day-to-day vari-
ability in albumin excretion, two of three urine samples col-
lected in a 3- to 6-month period need to abnormal before a
designation is made. Annual screening should be performed in
patients with type 1 diabetes with duration of at least 5 years
and in patients with type 2 diabetes from the time of diag-
nosis. More frequent screening is indicated if hypertension,
any increase in SrCr, and/or retinopathy develop. Urine albu-
min concentrations can be falsely elevated by exercise within
24 hours, fever, infection, uncontrolled diabetes, uncontrolled
hypertension, and CHF. Screening should therefore be delayed
if a patient has one of these conditions.

Based on established criteria, L.S. has microalbuminuria
(180 mg albumin/g creatinine). Management includes tight
blood glucose control, lowering the BP, and correction of his
dyslipidemia with medications. An ACEI or ARB to treat the
microalbuminuria (L.S. should already be receiving one of
these agents to treat his hypertension as noted). After initiation
of therapy, continued monitoring of the microalbuminuria is
recommended to assess the response to therapy and progres-
sion of disease.22 Serum potassium and creatinine levels should
be followed as well. A thorough discussion on the management
of diabetic nephropathy and ESRD is discussed in Chapter 31.

Cardiovascular Disease

76. L.S. is treated with lisinopril 20 mg/day, which controls his
BP and improves his microalbuminuria. His dose of metformin is
titrated to 1,000 mg twice daily. Recent laboratory values include
an FPG of 130 mg/dL (normal, 70–100), HbA1c of 6.0% (nor-
mal, 4%–6%), a triglyceride level of 170 mg/dL (normal, <150
mg/dL), total cholesterol of 204 mg/dL (normal, <200 mg/dL),
LDL cholesterol 135 mg/dL (normal depends), and HDL choles-
terol of 35 mg/dL (normal, >40 mg/dL). How does the risk of
heart disease for patients such as L.S. compare with persons with-
out diabetes? What is the pathogenesis of CHD in persons with
diabetes?

[SI units: FPG, 7.2 mmol/L; HbA1c, 0.07; triglycerides, 2.77 mmol/L; total

cholesterol, 11.3 mmol/L; HDL, 0.91 mmol/L]

CHD is the leading cause of premature death in the type 2
population and accounts for 50% of the deaths in people with
diabetes. Renal complications of type 1 diabetes were previ-
ously the principal causes of death; however, with the advent
of dialysis and renal transplantation, cardiovascular complica-
tions have become the principal cause of morbidity and mor-
tality. Relative to nondiabetic individuals, those with diabetes
are two to three times more likely to develop CHD, and their
risk of death after an MI also is two to three times higher than
their nondiabetic counterparts. Women with diabetes, regard-
less of their age or menopausal status, have equal risk for CHD
to that of nondiabetic men. These sobering figures point to the
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importance of minimizing or eliminating all other preventable
risk factors for CVD in patients with diabetes (i.e., tobacco
use, hypertension, hypercholesterolemia, obesity) through the
prescription of exercise, diet, and appropriate medications.300

PATHOGENESIS
The pathogenesis of CVD in people with diabetes is com-

plex. The metabolic syndrome with its attendant cardiovascular
risk factors, dyslipidemia, inflammation, and hemostatic ab-
normalities are only some of the mechanisms under study.17,301

The most common lipid abnormality in type 2 diabetes is
hypertriglyceridemia (>150 mg/dL) with low levels of HDL
cholesterol (<40 mg/dL in men or <50 mg/dL in women),
similar to the lipid profile seen in L.S.302 Poor control of type
1 diabetes also is associated with elevated LDL cholesterol
levels as well as hypertriglyceridemia.303 All of these lipid
abnormalities contribute to the risk for CVD.

In patients with diabetes, clinical trials (primarily with
statins) have demonstrated primary and secondary CHD pre-
vention. Although the evidence for the reduction in “hard”
CVD outcomes (e.g., CHD death and nonfatal MI) is stronger
in diabetic patients who have a high baseline CVD risk (i.e.,
known CVD and/or very high LDL-C levels), the overall ben-
efits of statins in patients with diabetes at moderate or high
risk for CVD is convincing.22 Readers are referred to the ADA
Standards of Medical Care for more detailed information on
the CVD clinical trials in patients with diabetes.

Dyslipidemia

77. Should L.S. be treated with drug therapy for his dyslipi-
demia?

Adults with diabetes should be screened annually for serum
lipoprotein levels, including triglycerides, total cholesterol,
LDL cholesterol, and HDL cholesterol. A total cholesterol
level of less than 200 mg/dL, triglyceride level <150 mg/dL,
and LDL cholesterol levels maintained at 100 mg/dL or lower
are acceptable. In almost all instances, a statin should be used
in patients with diabetes. The ADA now recommends statin
therapy in patients over the age of 40 who have one or more
other CVD risk factors regardless of baseline LDL levels.22

For those patients with diabetes and overt CVD, a statin is
overwhelmingly indicated.

Diet and exercise are cornerstones in the management of
dyslipidemia in patients such as L.S. Weight loss is associated
with improvements in insulin sensitivity and glucose control,
as well as a reduction in triglycerides, total cholesterol, and
LDL cholesterol. Physical activity enhances weight loss and
increases HDL cholesterol levels. Thus, L.S.’s diet and exercise
habits should be reassessed and instruction in both reinforced
as appropriate. Blood glucose concentrations should be opti-
mally controlled with diet, exercise, and oral agents or insulin
when indicated. However, the attainment of diabetes control
in patients with type 2 diabetes does not necessarily correct
lipid abnormalities, as seen in L.S. Because insulin resistance
may be the underlying cause of elevated lipids in these pa-
tients, efforts should be devoted to reversing insulin resistance
as well. Because L.S.’s FPG and HbA1c values indicate that
he has achieved diabetes control, a lipid-lowering agent (i.e.,
a statin) is warranted.

STATIN THERAPY
Simvastatin, pravastatin, lovastatin, fluvastatin, atorvas-

tatin, and rosuvastatin inhibit HMG-CoA reductase, a key regu-
latory enzyme for cholesterol biosynthesis. As a result, hepatic
cholesterol synthesis declines, surface LDL particle receptors
increase, and LDL cholesterol clearance increases. The statins’
lipid effects are dose dependent. Rosuvastatin and higher doses
of atorvastatin and simvastatin can have a substantial effect
on triglycerides, which is helpful in patients with elevations
in both LDL cholesterol and triglycerides. They raise HDL
cholesterol slightly.

OTHER LIPID-LOWERING MEDICATIONS
Bile acid sequestrants primarily lower total and LDL choles-

terol levels with little effect on HDL cholesterol. These agents
can elevate triglyceride levels and may be problematic as
monotherapy for patients such as L.S. with mild to moder-
ate hypertriglyceridemia. Low doses of bile acid sequestrants
may be useful as adjunctive therapy when combined with a
fibric acid derivative or an HMG-CoA reductase inhibitor. Of
note, colesevelam (Welchol) received FDA approval in January
2008 to be used as adjunctive therapy (added on to metformin,
sulfonylurea, or insulin) to improve glycemic control in type 2
diabetes.

Gemfibrozil and fenofibrate are the fibric acid derivatives
currently available in the United States. These drugs activate
lipoprotein lipase, which reduces triglycerides and increases
HDL cholesterol. They exert a variable but generally mod-
est LDL cholesterol-lowering effect. Gemfibrozil or fenofi-
brate may be useful in patients like L.S. whose dyslipidemia is
predominantly characterized by hypertriglyceridemia. Gemfi-
brozil should not be used in combination with repaglinide or
the TZDs because it increases their effects and potential for
toxicity.

Niacin effectively lowers LDL cholesterol. However, it has a
dose-dependent effect in increasing plasma glucose. Although
precise mechanisms by which this occurs are unknown, it may
be due to accentuation of insulin resistance. Therefore, niacin’s
use as first-line therapy for dyslipidemia in people with di-
abetes is not recommended.302 Although two studies have
demonstrated a minimal glycemic effect (increases in blood
glucose by 9 mg/dL and HbA1c 0.3%), practitioners still re-
serve its use as third-line therapy when combination therapy is
indicated.304,305

Because L.S.’s LDL cholesterol is 135 mg/dL and his goal
is less than 100 mg/dL (<70 mg/dL if he had overt CVD), he
should be started on a statin. The choice of statin is primarily
based on formulary coverage; however, potential for drug–drug
interactions with each agent should be assessed before starting
(see Chapter 12, and reviews on this subject).302

Retinopathy

78. L.S. is referred to the ophthalmologist for his persis-
tent complaints of vision problems despite improvement in his
glycemic control. He is diagnosed with mild background retinopa-
thy. Should L.S. be concerned?

Ocular disorders related to diabetes are the leading cause
of new cases of legal blindness in Americans. Patients with
diabetes may experience blurred vision associated with poor
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glycemic control, but retinopathy, senile-type cataracts, and
glaucoma are the complications that threaten sight. Diabetic
retinopathy appears as early as 3 years after diagnosis and is
evident in 90% of type 1 diabetic individuals after 15 years.
Comparable figures for patients with type 2 diabetes treated
with insulin and type 2 patients treated with diet and oral agents
are 80% and 55%, respectively. Proliferative retinopathy is less
prevalent, but nevertheless is present in 30% of people with
type 1 diabetes and in 10% to 15% of insulin-treated patients
with type 2 diabetes who have had diabetes for 15 years or
longer.8,41,306,307

Patients with type 1 diabetes should have a dilated retinal
examination within 3 to 5 years of diagnosis; evaluation is not
necessary before 10 years of age. Patients with type 2 dia-
betes should have a comprehensive eye examination soon after
diagnosis. The ADA recommends annual comprehensive eye
examinations.22,307 Less frequent eye examinations (every 2–3
years) can be considered in patients with normal examinations
based on the advice of an ophthalmologist.307

Current theories addressing the possible causes of this com-
plication have been thoroughly reviewed.306 Microvascular dis-
ease characterized by thickening of the capillary membrane
may be the underlying lesion for two forms of retinopathy.
The first and most common presentation is a nonprolifera-
tive retinopathy, which is characterized by microaneurysms
that may progress to hard, yellow exudates, signifying chronic
leakage, retinal edema, and punctate hemorrhage. This form of
retinopathy may be associated with loss of central vision, but
generally is associated with excellent visual prognosis. Focal
laser photocoagulation of the retina in patients with nonprolif-
erative diabetic retinopathy and macular edema decreases the
likelihood of visual loss by 50%.

A second, less common presentation is proliferative
retinopathy. This form is characterized by neovascularization
(presumably owing to retinal hypoxia) and occurs in approx-
imately 45% of people with type 1 diabetes and in 15% of
people with type 2 diabetes who have had the disease for 15
years. Neovascularization ultimately leads to fibrosis, vitreous
hemorrhage, and retinal detachment. Photocoagulation therapy
may arrest progression and decrease loss of vision associated
with neovascularization.306 Because hypertension, smoking,
uremia, and hyperglycemia may lead to more rapid progres-
sion of the retinopathy, every effort should be made to eliminate
these risk factors for L.S.

Autonomic Neuropathy: Gastroparesis

79. H.D. is a 36-year-old man with a 20-year history of type 1
diabetes. He is in poor glycemic control (HbA1c, 12%) and com-
plains of frequent, severe hypoglycemic reactions that do not make
sense. According to H.D., “I have insulin reactions right after I
eat, but later on, my glucose concentrations are sky high.” H.D.
presents to the diabetes clinic with a 2-month history of nausea,
postprandial fullness, and occasional vomiting, all of which are
unrelieved by antacids. H.D. also has peripheral neuropathy in-
volving both his hands and feet and manifestations of autonomic
neuropathy (impotence and orthostatic hypotension). An upper
GI series was ordered to rule out peptic ulcer disease and reflux
esophagitis, but the preliminary diagnosis was diabetic gastro-
paresis. What is the cause of diabetic gastroparesis? How should
H.D. be treated?

Autonomic neuropathy may present as gastroparesis with
feelings of fullness and nausea, urinary retention, impotence
in men (manifested as retrograde ejaculation or an inability
to attain an erection), postural hypotension, tachycardia, and
diarrhea with incontinence of stool.308 The presence of au-
tonomic insufficiency may have profound effects on the pa-
tient’s response to vasodilating drugs and ability to counteract
hypoglycemia.309

Impaired diabetic control with “unexplained” hypo-
glycemia may result from the disrupted delivery of food to the
intestine; that is, glucose delivery does not correspond with
prandial insulin action. Many patients with diabetic gastro-
paresis, like H.D., have had diabetes for many years and also
have evidence of peripheral and autonomic neuropathies.

Conventional antiemetic therapy is usually not helpful in
the treatment of gastroparesis. Prokinetic agents, such as meto-
clopramide, are considered first-line therapy. Metoclopramide
increases gut motility through indirect cholinergic stimulation
of the gut muscle. However, symptomatic improvement does
not always correlate with improved gastric emptying, which
implies that the effectiveness of metoclopramide also is due to
its centrally mediated antiemetic activity. A usual starting dose
of metoclopramide is 10 mg orally four times daily, 30 minutes
before meals and at bedtime. Although treatment may not elim-
inate all symptoms, it should minimize most of the patient’s
complaints. If oral therapy is ineffective for H.D., metoclo-
pramide may be effective in extemporaneously compounded
suppository form. Other pharmacotherapeutic interventions
include domperidone (not available in the United States), cis-
apride (withdrawn from the U.S. market), erythromycin, and
cholinergic agonists.310 They are reviewed by Vinik et al.309

A key component to treating H.D.’s gastroparesis is improving
his glycemic control.

Peripheral Neuropathy

80. Six months after institution of metoclopramide 10 mg QID
and several insulin adjustments, H.D.’s GI symptoms have been
alleviated, and his diabetes is now reasonably well controlled as
evidenced by elimination of hypoglycemic episodes and a recent
HbA1c of 7.5% (normal, 4%–6%). However, H.D. has been com-
plaining of increasing bilateral foot and leg pain, which he de-
scribes as a burning or aching sensation. An examination of his
feet reveals cool extremities with absent pulses and loss of monofil-
ament sensation. Outline appropriate steps that can be taken to
alleviate H.D.’s peripheral neuropathy.

Diabetic neuropathy may be a consequence of metabolic
disturbances in the neurons, microangiopathy affecting the
capillary supply to neurons, or an autoimmune process. It
affects 60% to 70% of the diabetic population and has a
broad spectrum of presentation. Clinically, it most commonly
presents as a diffuse symmetric sensorimotor syndrome, as
carpal tunnel syndrome, or as autonomic neuropathy. Symp-
tomatic diabetic peripheral neuropathy (DPN) occurs in 25%
of patients with diabetes. It is characterized by paresthesia and
pain in the lower extremities that may be mild or severe and
unrelenting; decreased sensation to monofilament testing; de-
creased ankle and knee jerks; and decreased nerve conduction
velocity. The decreased sensation associated with peripheral
neuropathy contributes to the progression of foot injuries and
infections that may go unnoticed by the patient until they are
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severe.311,312 The management of diabetic neuropathies has
been reviewed.311

SIMPLE ANALGESICS
Painful neuropathy may respond to simple analgesics (e.g.,

acetaminophen) or nonsteroidal anti-inflammatory drugs. The
analgesic selected should be based on the patient’s history of
responsiveness to these agents as well as their duration of ac-
tion and side effect profiles. Side effects include GI upset and
bleeding, and renal and hepatic toxicity.

TRICYCLIC ANTIDEPRESSANTS
For painful neuropathy that becomes incapacitating and

is unrelieved by simple analgesics, tricyclic antidepressants
(TCAs) can be effective and are the most thoroughly stud-
ied. TCAs relieve pain by inhibiting reuptake of serotonin and
norepinephrine; by a quinidine-like local analgesic effect; or
by other, as yet unexplained, mechanisms. Amitriptyline and
imipramine are the most commonly prescribed TCAs because
of their favorable effects on DPN. Low to moderate (25–150
mg) daily doses have been used, but usually 75 to 100 mg are
required for adequate pain relief. The onset of analgesia is evi-
dent in 1 to 4 weeks. To minimize side effects, attempts should
be made to use antidepressants alone and at bedtime.

81. Amitriptyline (Elavil) 25 mg at bedtime was begun in H.D.
with the dose titrated to 100 mg at bedtime over 1 month. H.D.
experienced moderate relief of pain, and both his psychological
and somatic complaints of depression lessened dramatically. How-
ever, H.D. also experienced intolerable constipation, dry mouth,
and urinary hesitancy. Attempts to taper the dose of amitripty-
line while maintaining pain relief were unsuccessful. What other
drugs are effective for treating DPN?

Most of the adverse effects of psychotropic drug therapy (se-
dation, anticholinergic effects, extrapyramidal reactions, car-
diovascular effects) are dose related, except for tardive dyski-
nesia. Patients with autonomic neuropathy and the elderly are
at increased risk for complications. Because desipramine and
nortriptyline are less likely to cause sedation, anticholinergic
side effects, and orthostatic hypotension, we recommend their
preferential use over amitriptyline.

ANTICONVULSANTS
Carbamazepine
For cases of extremely painful DPN resistant to simple anal-
gesics and TCAs, carbamazepine can be tried. Doses have var-
ied from 100 to 400 mg three times daily.22 Dizziness and
drowsiness are common, but often transient, and GI distur-
bances or dermatologic reactions are observed in 5% to 10%
of patients. Carbamazepine is now rarely used because of its
side effects. Phenytoin (Dilantin) generally is not of value in
the treatment of diabetic neuropathy because toxicity (such
as nystagmus, ataxia, and sedation) often develops before a
therapeutic effect is seen. Furthermore, phenytoin potentially
decreases insulin secretion in type 2 patients.

Gabapentin and Pregabalin
Gabapentin and pregabalin’s exact mechanism of action in
treating neuropathic pain is not known, but it may be through
its modulation of calcium channels.313 A randomized, double-
blind, placebo-controlled, 8-week trial evaluated the use of

gabapentin in 165 patients with painful diabetic neuropathy.314

Gabapentin was titrated from 900 mg daily (divided TID) in
the first week up to 3,600 mg/day (divided TID) to assess its ef-
ficacy and tolerability. Gabapentin significantly improved pain
compared with placebo. Although gabapentin was associated
with more dizziness and somnolence, only 2 of the 84 pa-
tients treated with gabapentin withdrew because of side effects.
Backonja and Glanzman313 reviewed data from five clinical
trials of gabapentin and recommends a starting dose of 900
mg/day (300 mg on the first day, 600 mg on the second day,
and 900 mg/day on the third day taken in three divided doses);
the dose should be titrated to 1,800 to 3,600 mg/day for ef-
fective relief of neuropathic pain. An advantage of gabapentin
is its lack of significant drug interactions. It needs to be dose
adjusted in renal impairment.

Pregabalin is FDA approved for the treatment of painful di-
abetic neuropathy. It has better bioavailability compared with
gapapentin (at higher doses). Doses studied range from 150,
300, and 600 mg per day (divided TID or BID), with 600
mg/day having the greatest effect.315 The starting dose is 50
mg PO TID. The most common side effects are dizziness, som-
nolence, and edema.

Other Anticonvulsants
Lamotrigine and topiramate have been found to be effective in
the treatment of painful diabetic neuropathy.181,316,317 Lamot-
rigine can be started at 25 to 50 mg/day and titrated by 50-mg
increments to 400 mg/day; patients should be closely moni-
tored for rash. Topiramate can be started at 25 mg/day and
increased in 25-mg increments to 400 mg/day (taken in two to
three divided doses).

In January 2008, the FDA released information about an
increased risk for suicidal thoughts and behaviors (suicidality)
in patients taking antiepileptics. They advise that patients be
closely monitored and counseled about these risks.

OTHER AGENTS
Another analgesic, tramadol, which binds to μ-opioid re-

ceptors and weakly inhibits norepinephrine and serotonin up-
take, has been shown to be effective in DPN.318,319 Patients
can be started on 50 mg/day and titrated in 50-mg increments
to 400 mg/day. In one clinical trial, an average dose of 210 mg
of tramadol was found to be significantly more effective than
placebo in treating painful diabetic neuropathy.318

Duloxetine is a selective serotonin norepinephrine reuptake
inhibitor that is FDA approved for painful diabetic neuropathy.
A recent analysis looked at the number needed to treat at doses
of 60 mg/day or BID; the number needed to treat was only 5.2
and 4.9, respectively.320 Duloxetine should be administered at
60 mg once or twice daily.321

The antiarrhythmics, mexiletine and lidocaine, can be ben-
eficial in the treatment of resistant neuropathy.322 However, be-
cause of inconsistent therapeutic benefits and an increased risk
of side effects, these agents are reserved for cases that cannot
be treated successfully with other, less toxic agents. The use of
clonidine (Catapres) also has been studied for the treatment of
DPN because peripheral vasodilation may decrease neuronal
ischemia. Transdermal clonidine has also been shown to relieve
painful diabetic neuropathy in a subpopulation of patients.

Topical application of 0.075% capsaicin (Zostrix), the ac-
tive ingredient in hot peppers, is used to treat postherpetic
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neuralgia and has been recommended for diabetic neuropa-
thy. This nonprescription preparation enhances the release and
prevents the reaccumulation of substance P in nerve termi-
nals of type C nociceptive fibers. In this way, it impedes the
conduction and transmission of peripheral pain impulses. Be-
cause capsaicin acts to deplete substance P from nerve fiber
terminals, initial high levels are released from the fibers, re-
sulting in a burning and stinging sensation. H.D. should be
advised that benefit from capsaicin may not occur for several
weeks. Patients should use gloves or an applicator to apply cap-
saicin and avoid contact with the eyes or mucous membranes.
Capsaicin may be useful in diabetic patients intolerant of oral
medications.311

The treatment of DPN continues to center on providing
symptomatic relief. Gabapentin, pregabalin, duloxetine, or
TCAs provide the most effective analgesia. A variety of other
medications may provide relief in refractory patients.

82. Can anything be done for H.D.’s peripheral vascular dis-
ease?

Peripheral vascular disease or peripheral arterial disease
(PAD) presents as diminished or absent foot pulses (35%),
intermittent claudication (24%–35%), skin ulcers, gangrene,
or amputation. People with diabetes are two to ten times more
likely to develop symptoms of PAD than those without dia-
betes, and half of all nontraumatic amputations in the United
States are performed in patients with diabetes. In one study that
followed type 2 patients for 7 years, 5.5% had an amputation.
The prevalence of this condition increases with age, duration of
diabetes, and the presence of risk factors such as hypertension
or smoking.311,323

Signs and symptoms of PAD include leg pain, which is
relieved by rest; cold feet; nocturnal leg pain, which is re-
lieved by dangling the feet over the bed or walking; absent
pulses; loss of hair on the foot and toes; and gangrene. Treat-
ment of this condition includes elimination and treatment of
risk factors such as smoking, dyslipidemia, hypertension, and
hyperglycemia; antiplatelet therapy; exercise, the mainstay of
therapy; and revascularization surgery.323 H.D. should be thor-
oughly educated regarding proper foot care and have frequent
foot examinations.324,325

83. Should L.S. be started on aspirin therapy?

L.S. has several cardiovascular risk factors (microalbumin-
uria, dyslipidemia, hypertension, obesity, and age) and should
be started on aspirin therapy as primary prevention. The ADA
recommends aspirin therapy as secondary prevention in pa-
tients with a history of CVD (e.g., MI, vascular bypass proce-
dure, peripheral vascular disease, stroke or transient ischemic
attack, claudication, and/or angina).22,28 Primary prevention
is indicated in diabetic individuals over 40 years of age or
in those who have additional risk factors (a family history
of CVD, smoking, hypertension, albuminuria, dyslipidemia).
L.S. should take an enteric-coated aspirin, 81 mg/day.

DRUG-INDUCED ALTERATIONS IN
GLUCOSE HOMEOSTASIS
Persons with diabetes are likely to take more drugs over their
lifetime than any other group of patients. Patients with type
2 diabetes present with a constellation of chronic conditions,

including hypertension, dyslipidemia, and CVD, all of which
are amenable to drug therapy. Drugs to manage depression,
intermittent infections, obesity, and neurologic and ophthal-
mologic conditions also are commonly prescribed. Because
we know that the actions of drugs are complex, and that for
every desired effect there are several other unwanted effects,
each time a drug is added to the regimen of someone with
diabetes, it is important to assess the patient’s situation to de-
termine whether a potential exists for a drug–drug or drug–
disease interaction or if the benefit of the newly prescribed
drug is likely to outweigh its risks. With the availability of
online drug information databases to assist in assessment of
drug–drug and drug–disease interactions, a detailed listing
of drugs that can exacerbate hyperglycemia and hypoglycemia
is not provided. Below, a few case examples are illustrated.
The subject has been reviewed by others.326 Some medications
that can have significant hyperglycemic effects include atypical
antipsychotics, protease inhibitors, corticosteroids, immuno-
suppressants (e.g., tacrolimus, cyclosporine), niacin (higher
doses), and pentamidine (can also cause hypoglycemia). Pa-
tients should be monitored closely for a medication’s possible
effect on the blood glucose levels.

Drug-Induced Hyperglycemia
Corticosteroids

84. A.L., a 37-year-old obese woman with systemic lupus ery-
thematosus, has been taking 60 mg/day of prednisone for 6
months. During this period, her weight has increased by 30 lb and
she has developed glycosuria (no ketones). She was referred to the
diabetes clinic, where her FPG was found to be 160 mg/dL. Phys-
ical examination shows a 5 feet 2 inch, 150-lb, depressed woman
with truncal obesity and an acneiform rash. Her mother and one
sister have type 2 diabetes. How do corticosteroids contribute to
diabetes mellitus? How should A.L. be treated?

The term steroid diabetes was first used to describe the
hyperglycemia and glycosuria seen in patients with Cushing
syndrome. Now, it is associated more commonly with exoge-
nously administered glucocorticoids and has been a side effect
of parenteral, oral, and even topical therapy.327 Corticosteroids
are one of the most common drug groups that unmask latent
diabetes or aggravate preexisting disease, and they may pro-
duce hyperglycemia and overt diabetes in individuals who are
not otherwise predisposed.

Corticosteroids increase hepatic gluconeogenesis and de-
crease tissue responsiveness to insulin. Although steroid-
induced diabetes generally is mild and rarely associated with
ketonemia, a wide spectrum of severity may be encountered—
from asymptomatic, abnormal glucose tolerance tests to
difficult-to-control, insulin-requiring disease. The onset of glu-
cose tolerance can occur within hours to days or after months
to years of chronic therapy. The effect generally is considered
dose dependent and usually is reversible upon discontinuation
of the drug; reversal may take several months.328,329

A.L. exhibits many symptoms that can be attributed to sup-
raphysiological doses of corticosteroids: truncal obesity, de-
pression, acneiform rash, and diabetes. Mildly elevated glu-
cose levels in obese individuals, as in A.L.’s case, some-
times can be controlled by diet, but may require treatment
with antidiabetic medications. A person with diabetes before
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glucocorticoid use, whose condition is aggravated by use of
a glucocorticoid, should modify treatment appropriately to re-
store glycemic control. It is important to anticipate the need to
modify insulin or other antidiabetic therapy as corticosteroid
doses are increased or decreased.

Sympathomimetics

85. R.C., a 41-year-old man with type 1 diabetes, is well con-
trolled on a basal-bolus insulin regimen and has been taking pseu-
doephedrine 30 mg QID for 7 days and Robitussin DM 10 mL
QID (which contains 2.92 g/5 mL sugar) for a cold. Recently,
glucose concentrations have been higher than usual. Can pseu-
doephedrine or the cough preparation be the cause of his poor
glycemic control? Discuss the use of sympathomimetics and cough
preparations in patients with diabetes.

Over-the-counter drug products, such as decongestants and
diet aids, which contain sympathomimetics, carry warning la-
bels that caution against their use in patients with diabetes.
Standard sugar- and ethanol-containing cough preparations
also carry such warning labels. However, clinically significant
drug-induced glucose intolerance probably is very infrequent.
It is well established that parenterally administered epinephrine
increases blood glucose concentrations secondary to increased
glycogenolysis and gluconeogenesis. Other sympathomimet-
ics generally do not have as potent an effect on blood glucose
as epinephrine, and their use usually does not pose a practi-
cal problem in diabetic patients. Nevertheless, therapeutic to
high oral doses of phenylephrine caused hyperglycemia and
acetonuria in three nondiabetic children.330,331 Furthermore,
the effects of sympathomimetics on BP must be considered in
many patients with diabetes. Therefore, we recommend anti-
histamines or occasional use of nasal sprays for severe conges-
tion.

In summary, pseudoephedrine or the cough preparation may
be aggravating R.C.’s diabetic control, although at these low
to normal therapeutic doses, it is quite unlikely. The stress
related to R.C.’s underlying cold is more likely to be impairing
his glucose tolerance than these low doses of sympathomimetic
agents or the small amounts of sugar contained in the cough
syrup.

Drug-Induced Hypoglycemia
Ethanol

86. C.F., a 22-year-old woman with newly diagnosed type 1 di-
abetes, enjoys a glass or two of wine with her evening meal. What
effect does alcohol have on a patient with diabetes, particularly
one using insulin? Is alcohol contraindicated in C.F. or any person
with diabetes?

Clinicians often are reluctant to permit the use of alco-
holic beverages in patients with diabetes. However, barring
contraindications that are similar in the nondiabetic and di-
abetic alike (e.g., alcoholism, hypertriglyceridemia, gastritis,
pancreatitis, pregnancy), a person with diabetes can safely en-
joy a moderate alcohol intake as long as certain precautions
are taken. For an in-depth discussion, the reader is referred to
two comprehensive reviews of alcohol and diabetes, parts of
which are summarized in the following list.332,333

� Drink in moderation. The ADA defines this as a daily intake of
one drink for adult women and two drinks for adult men (5 oz
wine, 12 oz beer, 1.5 oz distilled liquor). The patient should be
aware of his or her own sensitivity to the intoxicating effects of
ethanol and adjust consumption downward, if needed. This is
particularly important for insulin-dependent patients. When
having a drink, be sure to have it with a meal.

� Avoid drinks that contain large amounts of sugar, such as
liqueurs, sweet wines, and sugar-containing mixes. Instead,
consider dry wines, light beers, and distilled spirits. Not only
does the simple sugar content add an additional source of glu-
cose and calories to the diet, but ethanol ingested with simple
sugar-containing mixers enhances reactive hyperglycemia.

� Remember to count the calories in alcohol (calories = [0.8]
× [proof] × [oz]); substitute 1 oz of alcohol for two fat ex-
changes.

� Be aware that the symptoms of alcohol intoxication and hy-
poglycemia are similar. If hypoglycemia is mistaken for in-
toxication by others, appropriate and potentially life-saving
treatment can be delayed.

� Be aware of alcohol–sulfonylurea drug interactions, specif-
ically the alcohol-induced enzyme induction of tolbutamide
metabolism and the chlorpropamide–alcohol flush reaction.
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The eye is a highly complex organ composed of various parts,
all of which must function in integration to permit vision. A
brief overview of the anatomy and physiology of the eye pref-
aces the presentation of specific eye disorders. Readers should
consult an ophthalmology textbook for an understanding of
ocular anatomy, physiology, and general ophthalmology (e.g.,
Vaughn and Asbury’s General Ophthalmology).1

OCULAR ANATOMY AND PHYSIOLOGY
The eyeball is approximately 1 inch wide and is housed in a
cavity (i.e., eye socket) formed by two bony orbits that are

lined with fat, which serves to protect the eyeball. Six ocular
muscles facilitate movement of the eyeball (Fig. 51-1).

The outer coat of the eye is made up of the sclera, conjunc-
tiva, and cornea. The sclera is the white, dense, fibrous pro-
tective coating. The episclera, a thin layer of loose connective
tissue, contains blood vessels that cover and nourish the sclera.
The conjunctiva is a mucous membrane that covers the ante-
rior portion of the eye and lines the eyelids. The cornea is the
transparent, avascular tissue that functions as a refractive and
protective window membrane through which light rays pass en
route to the retina. The corneal epithelium and endothelium
are lipophilic, and the centrally located stroma is hydrophilic.

51-1
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FIGURE 51-1 Anatomy of the human eye. (Adapted from artwork courtesy of Burroughs Wellcome.)

These three corneal layers are particularly important because
they affect drug penetration through the cornea. Ophthalmic
medications, which are both fat- and water-soluble, are best
able to penetrate through the intact cornea.

The iris, choroid, and ciliary body are known collectively
as the uveal tract. The iris is a colored, circular membrane sus-
pended between the cornea and the crystalline lens. It controls
the amount of light that enters the eye. The choroid, located be-
tween the sclera and retina, is largely made up of blood vessels,
which nourish the retina. The ciliary body is adherent to the
sclera and contains the ciliary muscle and ciliary processes.
The ciliary muscle contracts and relaxes the zonular fibers,
which hold the crystalline lens in place. The ciliary processes
are responsible for the secretion of aqueous humor, a clear liq-
uid that occupies the anterior chamber. The anterior chamber
is bounded anteriorly by the cornea and posteriorly by the iris.
The posterior chamber lies between the iris and the crystalline
lens.

The inner segment of the eye contains the retina with the
optic nerve. The retina, the light-sensitive tissue at the back of
the eye, contains all of the sensory receptors for light transmis-
sion. The optic nerve, a bundle of more than a million nerve
fibers, transmits visual impulses from the retina to the brain.

The crystalline lens, aqueous humor, and vitreous humor
assist the cornea with the refraction of light. The lens, located
behind the iris, functions to focus light onto the retina by chang-
ing its shape to accommodate near or distant vision. The in-
nermost part of the lens (i.e., the nucleus) is surrounded by the
softer material of the cortex. The aqueous humor, the thin wa-
tery fluid that fills the anterior chamber (i.e., the space between
the cornea and the iris) and posterior chamber of the eye, func-
tions to provide nourishment to the cornea and lens. Disorders
involving the aqueous humor are presented in the section on
glaucoma. The primary function of the vitreous humor (i.e.,
the jelly-like substance between the lens and the retina) is to
maintain the shape of the eye and allow the transmission of
light to the retina.

The eyelids and eyelashes are the outermost means of pro-
tection for the eye. The eyelids contain various sebaceous and
sweat glands, which may become infected or inflamed, con-
tributing to many ocular disorders.

The eye is innervated by both the sympathetic and parasym-
pathetic nervous systems. Parasympathetic fibers, originating
from the oculomotor nerve in the brain, innervate the ciliary
muscle and sphincter pupillae muscle that constrict the pupil.
As a result, parasympathomimetic (cholinergic) medications
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generally are associated with miosis (pupillary contraction),
and parasympatholytic (anticholinergic) agents with mydria-
sis (pupillary dilation) and cycloplegia. The term, cycloplegia,
refers to a paralysis of the ciliary muscle and zonules (fibrous
strands connecting the ciliary body to the lens) that results in
decreased accommodation (adjustment of the lens curvature
for various distances) and blurred vision. Tear secretion by the
lacrimal glands also is a parasympathetic function.

Sympathetic fibers from the superior cervical ganglion in
the spinal cord innervate the dilator pupillae muscle, the blood
vessels of the ciliary body, the episclera, and the extraocular
muscles. Sympathomimetics cause mydriasis without affecting
accommodation.

GLAUCOMA
Glaucoma, a leading cause of blindness worldwide, is a non-
specific term used for a group of diseases that can irreversibly
damage the optic nerve resulting in visual field loss. Increased
intraocular pressure (IOP) is the most common risk factor for
the development of glaucoma; however, even people with “nor-
mal” IOPs can experience vision loss from glaucoma. Gener-
ally, the higher the IOP, the greater the risk for developing
glaucoma. Increasing age, African American race, family his-
tory, thinner central corneas, and larger vertical cup–disk ratios
are other risk factors for glaucoma.1,2

Intraocular Pressure
The inner pressure of the eye (i.e., IOP) is influenced by the
production of aqueous humor by the ciliary processes and the
outflow of aqueous humor through the trabecular meshwork.
The tonometry test to measure the IOP is based upon the pres-
sure required to flatten a small area of the central cornea. Gen-
erally, an IOP of 10 to 20 mmHg is considered normal. An IOP
of 22 mmHg or higher should arouse suspicion of glaucoma,
although a more rare form of glaucoma is associated with a
low IOP.

Ocular Hypertension
Ocular hypertension has been defined as an IOP >21 mmHg,
normal visual fields, normal optic discs, open angles, and the
absence of any ocular disease contributing to the elevation of
IOP. Only a small percentage of patients with ocular hyperten-
sion develop open-angle glaucoma. An ophthalmoscope can
examine the inside of the eye, especially the optic nerve, and a
diagnosis of glaucoma can be applied when pathologic cupping
of the optic nerve is observed.

Open-Angle Glaucoma
Primary open-angle glaucoma occurs in about 1.8% of peo-
ple older than 40 years of age in the United States; however,
glaucoma can affect other age groups, including children.1–3

About 2.2 million people in the United States have glaucoma
and this number likely will increase to about 3.3 million by
the year 2020 as the population ages.3 In patients with primary
open-angle glaucoma (POAG), aqueous humor outflow from
the anterior chamber is continuously subnormal primarily be-

cause of a degenerative process in the trabecular meshwork.
The IOP can vary in the course of a day from normal to sig-
nificantly high pressures.1 The decreased outflow appears to
be caused by degenerative changes in outflow channels (i.e.,
the trabecular meshwork and Schlemm’s canal) and tends to
worsen with the passage of time.1 In rare cases, the outflow is
normal even during a phase of elevated IOP, and the elevation
appears to be to the result of hypersecretion of aqueous humor.1

The onset of POAG usually is gradual and asymptomatic. A
defect in the visual field examination may be present in early
glaucoma, but loss of peripheral vision usually is not seen until
late in the course of the disease. Visual field defects correlate
well with changes in the optic disc and help differentiate glau-
coma from ocular hypertension in patients with increased IOP.
Patients with normal visual fields and an IOP of 24 mmHg
or greater have a 10% likelihood of developing glaucoma in
5 years.3

Angle-Closure Glaucoma
Examination of the anterior chamber angle by gonioscopy, us-
ing a corneal contact lens, a magnifying device (e.g., a slit-
lamp microscope), and a light source, assists in differentiating
between open-angle glaucoma and angle-closure glaucoma.
Angle-closure glaucoma accounts for approximately 5% to
10% of all primary glaucoma cases. The sole cause of the ele-
vated IOP in angle-closure glaucoma is closure of the anterior
chamber angle.1,4

Angle-closure glaucoma, which is a medical emergency,
usually presents as an acute attack with a rapid increase in
IOP, blurring or sudden loss of vision, appearance of haloes
around lights, and pain that is often severe. When patients are
predisposed to angle-closure glaucoma, their pupils should not
be dilated (e.g., during an ophthalmic examination) and they
should be taught the signs and symptoms of angle closure.
Acute attacks can terminate without treatment, but if the IOP
remains high, the optic nerve can be irreparably damaged.1 Pa-
tients with chronic angle closure generally experience a gradual
closure of aqueous humor outflow channels, and patients can
be asymptomatic until the glaucoma is in an advanced stage.1

Permanent medical management of acute or chronic angle clo-
sure glaucoma is difficult: surgical procedures (e.g., peripheral
iridectomies) often are needed.

PRIMARY OPEN-ANGLE GLAUCOMA
Therapeutic Agents for Treatment of Primary
Open-Angle Glaucoma
Initial Therapy

β-ADRENERGIC BLOCKERS
All of the ocular β-adrenergic blockers (e.g., timolol, le-

vobunolol, metipranolol, carteolol, betaxolol, levobetaxolol)
have the same basic mechanism of action. Ophthalmic β-
blockers block the β-adrenergic receptors in the ciliary ep-
ithelium of the eye and lower IOP primarily by decreasing
aqueous humor production. β-adrenergic blockers have been
the most commonly prescribed first-line agents for the treat-
ment of POAG.
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Timolol (Timoptic)
Timolol, a nonselective β1- and β2-adrenergic antagonist, is
one of the most commonly prescribed glaucoma medications.
Because timolol was the first ocular β-adrenergic blocker mar-
keted, subsequently marketed ophthalmic β-blockers usually
are compared with timolol for safety and effectiveness. Con-
centrations or dosages exceeding one drop of timolol 0.5% BID
do not produce further significant decreases in IOP.5 Therapy
usually is initiated with a 0.25% solution administered as one
drop BID. Monocular administration of timolol has resulted in
equal bilateral IOP reduction and can reduce the cost of therapy
and side effects for some patients.6 An escape phenomenon,
or tachyphylaxis, can occur with timolol.

If a patient has a large initial decrease in IOP, the IOP often
stabilizes at a lesser reduction in about 4 to 6 weeks.7,8 Timolol,
safe and effective in adult and pediatric patients, is at least
as effective as pilocarpine and epinephrine and can be more
efficacious in daily IOP control.9−12

Timolol has been associated with a modest reduction of rest-
ing pulse rate (5–8 beats/minute)13,14, worsening of congestive
heart failure, and adverse pulmonary effects (e.g., dyspnea, air-
way obstruction, pulmonary failure).15,16 After chronic admin-
istration in susceptible individuals, timolol can cause corneal
anesthesia.17,18 Although uveitis has been reported in patients
receiving ophthalmic timolol, a cause-and-effect relationship
has not been established.19,20

In one study, plasma levels after ophthalmic administration
of timolol were not detected in all but one human subject, who
had a level of 9.6 ng/mL.21,22 In another study, the baseline
mean plasma timolol level was 0.34 ng/mL in 10 patients, who
were more than 60 years of age and receiving chronic timolol.
In these patients, the plasma timolol concentration increased
to 1.34 ng/mL 1 hour after administration of one drop of 0.5%
timolol, and the mean 1-hour plasma timolol level decreased
to 0.9 ng/mL with punctal occlusion.23 The β-blocking plasma
concentration of timolol has been estimated to be about 5 to
10 ng/mL.8

Although systemic absorption after topical administration
does not appear to be significant in most cases, care should
be taken when timolol is used in patients with sinus bradycar-
dia, CHF (Chapter 18: Heart Failure), or pulmonary disease.
Systemic side effects could be exaggerated in elderly patients
secondary to inadvertent overdosing associated with poor ad-
ministration technique (see Question 3).

A breast milk sample from a nursing mother, obtained 1.5
hours after administration of one drop of 0.5% topical tim-
olol, resulted in a timolol concentration in the breast milk
of 5.6 ng/mL and a concomitant plasma concentration of
0.93 ng/mL.24 Timolol should be used cautiously in nursing
mothers.

Timoptic XE
Timoptic XE, a timolol ophthalmic gel-forming solution, is
administered once daily. The ophthalmic vehicle, gellan gum
(Gelrite), is a solution that forms a clear gel in the presence
of mono or divalent cations.25 This ion-activated gelation pro-
longs precorneal residence time and increases ocular bioavail-
ability, allowing timolol to be administered once daily.25 In a
24-week study, Timoptic XE 0.5% once daily and Timoptic
solution 0.5% BID were equally effective in lowering IOP.26

Levobunolol (Betagan)
Levobunolol, another nonselective β-adrenergic antagonist,
can decrease IOP on average about 9 mmHg with either the
0.5% or 1% solutions and is approved for both once daily or
BID administration.27,28 When levobunolol 0.5% once daily
was compared with BID administration, both regimens re-
duced IOP similarly.29 When levobunolol 0.5% and 1% BID
were compared with timolol 0.5% BID, ocular hypotensive
effects, incidence of adverse reactions, and slight to signifi-
cant decreases in heart rate were noted for both agents.30,31

In one 3-month study, levobunolol once daily was more effec-
tive than timolol at various concentrations;32 however, in an-
other study, both timolol 0.25% and levobunolol 0.25% once
daily were equally effective.33 Levobunolol can be more expen-
sive than timolol (depending on negotiated contract purchase
prices) whether it is administered once or BID.34

Metipranolol (Optipranolol)
Another nonselective β-adrenergic blocking agent, metipra-
nolol 0.1% to 0.6%, is comparable to timolol 0.25% to 0.5%
in reducing IOP in patients with open-angle glaucoma.35,36

Single-dose metipranolol 0.1% and 0.3% and timolol 0.25%
did not significantly change resting heart rate or the rest-
ing or exercise mean blood pressure,37 but timolol signifi-
cantly reduced exercise tachycardia. Metipranolol 0.6% and
levobunolol 0.5% BID reduced IOP by about 7 mmHg (29%),
and neither significantly reduced heart rate or blood pressure38

Metipranolol is associated with a greater incidence of sting-
ing or burning upon administration than other ophthalmic β-
adrenergic blockers. Topical metipranolol appears to offer no
advantage over timolol or levobunolol in the treatment of glau-
coma.

Like timolol, metipranolol produces corneal anesthesia,
which occurs within 1 minute of instillation and returns to
baseline after 10 minutes.18 Metipranolol has been withdrawn
from clinical use in the United Kingdom because it has been
associated with granulomatous anterior uveitis. Although this
adverse effect was initially attributed to its irradiated plas-
tic containers,39 metipranolol subsequently was deemed to be
the responsible agent for these inflammatory reactions.40 A
significant secondary elevation (57.6%) in IOP occurred in
patients with metipranolol-associated adverse reactions.41 Al-
though metipranolol may be cost-effective, its higher asso-
ciation with ocular burning and stinging and granulomatous
anterior uveitis limit its use.

Carteolol (Ocupress)
Carteolol, a nonselective β-adrenergic blocking agent with par-
tial β-adrenergic agonist activity, theoretically, should mini-
mize the bronchospastic, bradycardic, and hypotensive effects
associated with other ocular β-adrenergic blockers.37 However,
no clinical difference was noted when the cardiovascular and
pulmonary function effects of carteolol were compared with
timolol. Carteolol 1% and timolol 0.25% administered BID
are equally effective in reducing IOP.43−45

Betaxolol (Betoptic) and Levobetaxolol (Betaxon)
In contrast to other β-adrenergic blocking ophthalmic agents,
betaxolol and levobetaxolol are selective β1-adrenergic
blockers. Although levobetaxolol, the S-isomer of betaxolol,
is more active than the racemic mixture of betaxolol, its
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pharmacological and toxicological effects are similar. Betax-
olol 0.125% to 0.5% can reduce IOP up to 35%.46 In compar-
ative studies, betaxolol 0.5% and timolol 0.5% BID decreased
IOP with similar side-effect profiles including slight, but in-
significant, decreases in systolic and diastolic blood pressure
(BP).46−48 In these studies, timolol was slightly, but not signifi-
cantly, more effective in decreasing IOP, with fewer patients re-
quiring adjunctive therapy for adequate IOP control. In another
study, timolol 0.25% and 0.5% consistently and significantly
decreased median IOP more than comparable doses of betax-
olol and more of the betaxolol-treated patients required adjunc-
tive therapy.49 These two cardioselective β-blockers, betax-
olol and levobetaxolol, would be expected to have less adverse
effect on pulmonary function than nonselective β-adrenergic
blockers in some patients with reactive airway disorders; how-
ever, the practical significance of this pharmacological expec-
tation needs validation.

PROSTAGLANDIN ANALOGS
Latanoprost (Xalatan), travoprost (Travatan), and bimato-

prost (Lumigan), are all prostaglandin analogs. Latanoprost
and travoprost are analogs of prostaglandin Fα , and they lower
intraocular pressure by serving as selective prostaglandin F2α-
receptor agonists. Bimatoprost is a synthetic prostamide ana-
log. The prostaglandin analogs (PGAs) increase uveoscleral
outflow of aqueous humor and, thereby, decrease IOP.50 These
agents often are prescribed as first-line agents for the treat-
ment of POAG, because they are at least as effective as the
β-blockers, can be administered once a day, and are associated
with minimal adverse effects. Unlike the β-blockers, generic
versions of these drugs are not yet available and cost can be a
consideration in elderly patients who are on a fixed income.

Latanoprost
Latanoprost (Xalatan) is approved for the initial treatment of
POAG or ocular hypertension.51 When administered once daily
in the evening, latanoprost is at least as effective as timolol in
decreasing IOP. When the effectiveness of latanoprost 0.005%
once daily was compared with timolol 0.5% BID, the IOP-
lowering effects of latanoprost were superior to timolol.52,53

In addition, the nocturnal control of IOP with latanoprost was
superior to that with timolol. Latanoprost 0.005% should be
dosed once daily in the evening because the IOP-lowering ef-
fects of latanoprost might actually be inferior when adminis-
tered more frequently.

Systemic side effects are minimal with latanoprost, but local
reactions (e.g., iris pigmentation; eyelid skin darkening; eye-
lash lengthening, thickening, pigmentation, and misdirected
growth; conjunctival hyperemia; ocular irritation; superficial
punctate keratitis) are relatively common. Latanoprost can
gradually increase the amount of brown pigment in the iris
by increasing the melanin content in the stromal melanocytes
of the iris. This pigment change occurs in 7% to 22% of patients
and is most noticeable in those with green-brown, blue/gray-
brown, or yellow-brown eyes.51,52 The onset of increased iris
pigmentation usually is noticeable within the first year of treat-
ment and can be permanent. The nature or severity of adverse
events are not affected by the increased pigmentation of the
iris.

Latanoprost has additive effects when administered with
β-blockers (e.g., timolol), carbonic-anhydrous inhibitors

(e.g., dorzolamide), α2-adrenergic agonists (e.g., brimonidine,
apraclonidine), and dipivefrin. When added to existing therapy,
latanoprost decreases IOP an additional 2.9 to 6.1 mmHg. As a
result, latanoprost is a good adjunctive ophthalmic for patients
who are unable to adequately lower their IOP with single-agent
therapy. Although the complementary IOP-lowering effects of
latanoprost are comparable to those of brimonidine (at least a
15% reduction in IOP) in patients inadequately controlled on
β-adrenergic blocking agents, brimonidine (an α2-adrenergic
agonist) has been associated with fewer adverse effects on the
quality of life. For example, watery or teary eyes and cold hands
and feet were reported more frequently in latanoprost-treated
patients.54 The effectiveness of latanoprost when used once a
day alone or as an adjunct to other IOP-lowering drugs, and its
relative tolerability make it an important treatment option for
POAG and ocular hypertension.53,55−57

Travoprost
Travoprost (Travatan) is FDA approved for the reduction of
elevated IOP and ocular hypertension in patients who are in-
tolerant, or who fail to respond to other agents. Travoprost is
used as a first-line agent in clinical practice because it is more
effective than timolol and at least as effective as latanoprost.
The mean IOP reduction with travoprost in African American
patients was 1.8 mmHg greater than in non–African American
patients. Travoprost, as adjunctive therapy to timolol in patients
not responding adequately to timolol alone, reduced IOP an ad-
ditional 6 to 7 mmHg. The side-effect profile of travoprost is
similar to latanoprost including increased iris pigmentation and
eyelash changes.58−60 Local irritation from travoprost may be
less with the new formulation (i.e., Travatan Z) which replaced
the preservative, benzalkonium chloride.

Bimatoprost
Like travoprost, bimatoprost (Lumigan) once daily or BID
achieved lower target IOPs than did timolol BID. Bimatoprost
BID, however, was less effective than bimatoprost once-a-day.
Iris pigmentation changed in 1.1% of bimatoprost-treated pa-
tients. In a 6-month randomized multicenter study, bimatoprost
once a day lowered IOP more effectively than latanoprost once
a day. Side effects were similar between treatment groups; how-
ever, conjunctiva hyperemia was more common (p <0.001)
in bimatoprost treated patients. Overall, the side effect pro-
file of bimatoprost appears to be similar to latanoprost and
travoprost.61−63

α2-ADRENERGIC AGONISTS
Apraclonidine (Iopidine) and brimonidine (Alphagan) are

selective α2-adrenergic agonists similar to clonidine. Apra-
clonidine is less lipophilic than clonidine and brimonidine;
does not cross the blood-brain barrier as readily; and, the-
oretically, has less systemic side effects (e.g., hypotension,
decreased pulse, dry mouth). Brimonidine is more highly se-
lective for α2-adrenergic receptors than clonidine or apracloni-
dine and, theoretically, should be associated with less ocular
side effects. α2-adrenergic agonists appear to lower IOP by de-
creasing the production of aqueous humor and by increasing
uveoscleral outflow.64

Brimonidine is an alternative first-line agent in the treat-
ment of POAG. It may also be used as adjunctive therapy in
patients not responding to other agents. Apraclonidine 1% is
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indicated to control or prevent postsurgical elevations in IOP
after argon laser trabeculoplasty or iridotomy. The 0.5% apra-
clonidine solution is indicated for short-term adjunctive ther-
apy in patients on maximally tolerated medical therapy. Long-
term IOP control should be monitored closely in patients on
α2-adrenergic agonists because tachyphylaxis can occur. Com-
mon ocular side effects include burning, stinging, blurring,
conjunctival follicles, and an allergic-like reaction consisting
of hyperemia, pruritus, edema of the lid and conjunctiva, and
foreign body sensation. Although, ocular side effects are less
common with brimonidine than with apraclonidine, systemic
side effects (e.g., dry nose and mouth, mild hypotension, de-
creased pulse, and lethargy) are more common with brimoni-
dine. α2-adrenergic agonists should be used with caution in
patients with cardiovascular disease, orthostatic hypotension,
depression, and renal or hepatic dysfunction.64,65 Brimondine
(Alphagan P) is now available with purite as a preservative
which facilitates drug delivery into the eye allowing use of a
lower drug concentration.65

The IOP-reduction effects (peak and trough) of brimoni-
dine 0.2% BID is 14% to 28%. Although the approved dosing
schedule of brimonidine is TID, brimonidine 0.2% BID low-
ers IOP comparably to timolol 0.5% BID, and both are slightly
better than betaxolol 0.25% BID.65−67 The IOP-lowering effect
of brimonidine also may be comparable to that of latanoprost;
however, conflicting efficacy and tolerability results in clin-
ical studies may be related to differences in study design.68

The combination of brimonidine and timolol is equally tol-
erable and effective as the combination of dorzolamide and
timolol.69 The FDA-approved Combigan ophthalmic solution
combines a β-adrenergic agonist (brimonidine tartrate 0.2%)
with a β-adrenergic blocker (timolol maleate 0.5%).

TOPICAL CARBONIC ANHYDRASE INHIBITORS
Carbonic anhydrase occurs in high concentrations in the

ciliary processes and retina of the eye. Carbonic anhydrase
inhibitors (CAIs) lower IOP is by decreasing bicarbonate pro-
duction and, therefore, the flow of bicarbonate, sodium, and
water into the posterior chamber of the eye resulting in a 40%
to 60% decrease in aqueous humor secretion.

Although CAIs have been used orally for many years in
the treatment of elevated IOPs, they have been replaced by
the topical ophthalmic CAIs, dorzolamide (Trusopt) and brin-
zolamide (Azopt), which are safer and better tolerated. Topi-
cal CAIs are excellent alternatives to β-blockers in the initial
management of elevated IOPs, and are effective as adjunc-
tive agents. Brinzolamide 1% TID reduces IOP comparably
to that achieved with dorzolamide 2% TID and to betaxolol
0.5% BID, but slightly less than timolol 0.5% BID. The IOP-
reduction effects (peak and trough) of dorzolamide 2% TID is
16% to 25%. Brinzolamide and dorzolamide are approved for
TID dosing; however, BID dosing may be adequate. Dorzol-
amide provides additional IOP-lowering effects when added
to existing β-blocker therapy.70,71 An ophthalmic solution of
dorzolamide hydrochloride and timolol maleate is marketed
as Cosopt. The combined use of topical dorzolamide and oral
acetazolamide does not result in additive effects and might in-
crease the risk of toxicity. Therefore, the concomitant use of
topical and oral CAIs is not advised.72−74

The topical CAIs are well tolerated with few systemic side
effects. The most common adverse effects reported with dor-

zolamide are ocular burning, stinging, discomfort and allergic
reactions, bitter taste, and superficial punctate keratitis. Brin-
zolamide causes less burning and stinging of the eyes than
dorzolamide, because its pH more closely resembles that of
human tears. Dorzolamide and brinzolamide are sulfonamides
and may cause the same types of adverse reactions attributable
to sulfonamides. These drugs should not be used in patients
with renal or hepatic impairment.

PILOCARPINE
Pilocarpine (IsoptoCarpine) historically was an initial treat-

ment of choice, but with the introduction and widespread use
of newer agents, pilocarpine has fallen out of favor as an ini-
tial treatment. Therapy usually is begun using lower concen-
trations (0.5%–1%), such as one drop QID. Pilocarpine is a
direct-acting cholinergic (parasympathomimetic) that causes
contraction of ciliary muscle fibers attached to the trabecular
meshwork and scleral spur. This opens the trabecular mesh-
work to enhance aqueous humor outflow. There also may be
a direct effect on the trabecular meshwork. Pilocarpine causes
miosis by contraction of the iris sphincter muscle, but the mio-
sis is not related to the decrease in IOP.

EPINEPHRINE
Epinephrine (Glaucon, Eppy/N, Epitrate) is a sympath-

omimetic that stimulates both
α-and β-receptors. The β-adrenergic stimulation is respon-

sible for increasing aqueous humor outflow and is the proba-
ble basis of epinephrine’s ability to lower IOP.75,76 In contrast,
the β-adrenergic blockers decrease aqueous humor produc-
tion. The α-adrenergic effect of epinephrine predominantly
decreases the inflow of aqueous humor, which is not as signif-
icant as the increase in aqueous humor outflow.75,76 Patients
in whom systemic effects of this drug could potentiate pre-
existing problems should be monitored closely. Dipivefrin is
an epinephrine prodrug that is better tolerated and absorbed
than epinephrine. It is usually the preferred product when
agents from this class are indicated. Dipivefrin or epinephrine
is often used in younger patients or patients with cataracts in
which miosis and the resultant decreased vision from choliner-
gic agents are a problem. Both are second or third-line drugs in
the therapy of POAG and are used most often as second agents
in combination regimens rather than as monotherapy.

CARBACHOL
Carbachol (Isopto-Carbachol) is reserved as a third-line

agent in patients who are unresponsive or intolerant to initial
medications. In addition to having direct cholinergic effects,
carbachol is more resistant to cholinesterase than pilocarpine.
Added benefits include increased release of acetylcholine from
parasympathetic nerve terminals and a weak anticholinesterase
effect. Carbachol is administered TID.

ANTICHOLINESTERASE AGENTS
If control of IOP is not achieved with optimal use of other

topical monotherapy and combination therapy agents, then
anticholinesterase agents may be prescribed as a last topical
therapy option. Anticholinesterase agents inhibit the enzyme
cholinesterase, thereby increasing the amount of acetylcholine
and its naturally occurring cholinergic effects.
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ECHOTHIOPHATE IODIDE
Echothiophate iodide (Phospholine Iodide), an irreversible

cholinesterase inhibitor, primarily inactivates pseudocholine-
sterase and secondarily inhibits true cholinesterase. Echothio-
phate iodide is the most widely used cholinesterase inhibitor
for open-angle glaucoma and can be used if maximal doses of
other agents and combination therapy are ineffective. Echoth-
iophate iodide has a long duration of action that affords good
control of IOP; however, miosis and myopia are significant
side effects. Concentrations higher than 0.06% are associated
with a significant increase in subjective complaints (e.g., brow
ache).77

Combination Therapy
In general, drugs with different pharmacologic actions have at
least partially additive effects in lowering IOP in the treatment
of glaucoma. Drugs with similar pharmacologic actions (i.e.,
from the same pharmacologic class) should not be combined
because dose-related adverse effects are more likely and the
incremental increase in benefits is likely to be more modest.

Timolol and other β-adrenergic blocking drugs have addi-
tive IOP-lowering effects when used in combination with epi-
nephrine,78 dipivefrin,78,79 miotics, prostaglandin analogs,54,80

α2-agonists,81 and CAIs.82−84 For example, the IOP-lowering
effect is greater when timolol is used in combination
with pilocarpine,53,85 dorzolamide,85 brimonidine, 54,81,86 and
travoprost.53,56 Likewise, for example, latanoprost has additive
effects when administered with timolol,53,58 dorzolamide,55,56

α2-adrenergic agonists,54,55,86 and dipivefrin.53,55–57 Other
combinations of drugs also provide additive effects when used
in combination for the management of increased intraocular
pressure.

The trend toward the development of fixed-combination
products offers many advantages in the treatment of POAG.
These advantages include: improved adherence due to a re-
duction in the number of dosages and bottles, eliminating the
need to instill two separate drugs 5 to 10 minutes apart to pre-
vent a washout effect from the second medication; improving
safety and tolerability by limiting the exposure to the ben-
zalkonium chloride preservative; and a cost savings for the
patient by potentially eliminating a co-pay for one of the med-
ications. Currently, timolol/dorzolamide (Cosopt) is the only
topical β-blocker combination product. The IOP lowering ef-
fects of Cosopt are comparable to or greater than latanoprost
monotherapy.87 Several other combination products are un-
der investigation for POAG that will offer a wide range of
options for patients. These investigational agents include tim-
olol/latanoprost (Xalacom), timolol/travoprost (DuoTrav, Ex-
travan), and timolol/bimatoprost.88,89

Predisposing Factors

1. M.H., a 52-year-old African American woman with brown
eyes, presented for routine ophthalmic examination. Visual acuity
without correction was 20/40 right eye and 20/80 left eye. Tonom-
etry measured an IOP of 36 mmHg in both eyes. Ophthalmoscopy
revealed physiologic cupping of the optic discs in both eyes, and vi-
sual field examination revealed a nerve fiber bundle defect consis-
tent with glaucoma. Pupils were normal both eyes, and gonioscopy
indicated that anterior chamber angles were open in both eyes.

There were no signs of cataract formation. M.H. related a pos-
itive family history for glaucoma and presently is being treated
for hypertension, CHF, and asthma. Her medications include the
following:

Amitriptyline 75 mg at bedtime
Chlorpheniramine 4 mg Q 6 hr PRN
Digoxin 0.25 mg daily
Furosemide 40 mg BID
Nitroglycerin 1/150 g SL PRN
Theophylline SR 300 mg Q 12 hr

Findings on examination indicate that M.H. has POAG. What
other factors may predispose M.H. to an increased IOP?

POAG is thought to be determined genetically, and M.H. has
a positive family history. The disease is more prevalent and
aggressive in African Americans.1 In addition, she is taking
several medications that have been associated with increases
in IOP.

Anticholinergic Drugs
Most reports dealing with drug-induced increases in IOP cen-
ter around precipitation of angle-closure glaucoma by topi-
cal mydriatic/cycloplegic agents (anticholinergics). In patients
with open-angle glaucoma, topical anticholinergics can sig-
nificantly increase resistance to aqueous humor outflow and
elevate IOP while the anterior chamber remains grossly open.2

As part of any routine ophthalmic examination, the pupils are
dilated with a mydriatic/cycloplegic (unless otherwise con-
traindicated). The IOP is always measured before this pro-
cedure, so the use of these agents would not have influenced
the IOP readings in M.H.

If systemic anticholinergic agents are administered in doses
sufficient to cause pupillary dilation, the risk of precipi-
tating angle-closure increases. However, it is unlikely that
these agents will aggravate open-angle glaucoma unless the
amount reaching the eye is sufficient to cause cycloplegia.2

Although literature documentation of POAG exacerbation by
these agents is scarce, medications with anticholinergic side
effects (antihistamines, benzodiazepines, disopyramide, phe-
nothiazines, tricyclic antidepressants) should be considered.
M.H. is receiving chlorpheniramine as needed (PRN) and
amitriptyline at bedtime, but her pupil examination is normal
with no evidence of mydriasis or cycloplegia. Therefore, it is
highly unlikely that these medications contributed to her in-
creased IOP.

Adrenergic Drugs
Adrenergic agents, such as central nervous system (CNS)
stimulants, vasoconstrictors, appetite suppressants, and bron-
chodilators, may produce minimal pupillary dilation. These
have no proven adverse influences on IOP in patients with
either normal eyes or eyes with open-angle glaucoma. Con-
sequently, the use of theophylline in M.H. is also an unlikely
source of the increased IOP.

Other Drugs
Conclusive evidence for the production of angle-closure glau-
coma by vasodilators is lacking, although slight increases
in IOP have been reported. Use of nitroglycerin (NTG) as
needed in M.H. is not a cause for concern. There have been
isolated reports of other medications causing mydriasis in
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glaucoma patients. These include muscle relaxants (cariso-
prodol), monoamine oxidase inhibitors, fenfluramine, gan-
glionic blocking agents, salicylates, oral contraceptives, and
chlorpropamide. Succinylcholine, ketamine, and caffeine have
been associated with increases in IOP. α-chymotrypsin has
been reported to increase IOP in patients who have received
the medication during operative procedures; these patients’
outflow channels probably were obstructed by debris gener-
ated from use of the enzyme.68 Corticosteroid-induced IOP
elevation is presented in Question 14. If M.H. requires admin-
istration of any other medications associated with increases in
IOP, the risk of potential adverse effects can be minimized by
routine follow-up.

Initial Therapy

2. What is the best initial therapeutic treatment in M.H.?

Topical β-blockers or prostaglandin analogs (PGAs) are the
initial agents of choice in the treatment of POAG (Fig. 51-2).
Their efficacy is well documented in numerous studies, and side
effects are well characterized. Brimonidine (Alphagan) and
topical carbonic-anhydrase inhibitors (CAIs) are alternative
first-line agents. Table 51-1 lists the common topical agents
used in the treatment of primary open angle glaucoma.

Timolol or other nonselective β-adrenergic blockers should
not be initiated for M.H. because of her history of asthma (the
indications and use of β-blockers for patients with heart fail-
ure are described in Chapter 18, Heart Failure). Betaxolol, a
β1-adrenergic blocker, is better tolerated than the nonselective
β-adrenergic blocker, timolol, in patients with reactive airway
disease and should be considered when topical β-blocker ther-
apy is indicated in patients such as M.H.46−48 Betaxolol 0.25%
suspension BID would be reasonable for the initial treatment
of M.H.’s glaucoma. Nevertheless, adverse pulmonary and car-
diac side effects can occur with betaxolol: M.H. should be
followed-up closely for these adverse effects. Although ocu-
lar burning and stinging have been associated more frequently
with betaxolol and metipranolol than with other topical β-
blockers, the 0.25% suspension is better tolerated than the 0.5%
solution and is as effective.49 Brimonidine, a topical CAI, or
a prostaglandin analog (e.g., latanoprost) are acceptable alter-
natives to betaxolol as initial therapy. Although brimonidine,
topical CAIs, and latanoprost may not exacerbate her asthma
or CHF, they can cause localized side effects and brimonidine
can cause systemic hypotension and lethargy.

Patient Education

3. Betaxolol 0.25% suspension, one to two drops both eyes BID,
is ordered for M.H. How should M.H. be instructed regarding the
proper use of her betaxolol and expected therapeutic side effects?

M.H. should be instructed to hold the inverted betaxolol
bottle between her thumb and middle finger and to rest this
hand on her forehead to minimize the risk of inadvertent eye
injury caused by sudden unexpected movement of the hand.
The index finger is left free to depress the bottom of the con-
tainer, releasing one drop for the dose. With a little practice,
this technique is easy to master. The lower eyelid should be
drawn downward with the index finger of the opposite hand or

pinched between the thumb and index finger to form a pouch.
The patient should look up and administer the drug into the
pouch of the eye.

Patients must be encouraged to continue regular use of their
medications for effective treatment of glaucoma. Chronic glau-
coma is a silent disease and often not associated with symp-
toms; therefore, the continuation of therapy should be encour-
aged continuously in patients, especially when side effects to
drug therapy can be encountered. Betaxolol is best adminis-
tered Q 12 hr, because this schedule of administration is con-
sistent with its duration of action (see Table 51-1).

Systemic side effects (e.g., bradycardia, heart block, CHF,
pulmonary distress, CNS) are rare with betaxolol, but M.H.
should be instructed to report any of these effects to her primary
care provider.

Nasolacrimal Occlusion

4. How much would occlusion of the nasolacrimal ducts (punc-
tal occlusion) by M.H. influence systemic absorption or alter the
therapeutic effects of betaxolol?

Nasolacrimal, or punctal, occlusion is a technique that can
decrease the amount of drug absorbed systemically.90 Occlu-
sion of the puncta (through the application of slight pressure
with the finger to the inner corner of the eye closest to the
nose for 3 to 5 minutes during and after drug instillation) can
minimize systemic absorption of ophthalmic medications (e.g.,
betaxolol) and decrease the incidence of side effects and im-
prove medication effectiveness.90−92 When a single drop of
ophthalmic timolol 0.5% was instilled into the eyes of patients
at various times before cataract surgery and the nasolacrimal
duct occluded for 5 minutes, drug levels in the aqueous hu-
mor were significantly greater in patients who had their naso-
lacrimal ducts occluded than those who did not.91 The average
measured maximum aqueous humor timolol concentration of
1.66 mcg/mL in the occlusion group was significantly greater
than 0.85 mcg/mL in the nonocclusion group. The area under
the curve was 1.7 times greater in patients who used the tech-
nique of nasolacrimal occlusion, and the duration of action was
prolonged.91

Nasolacrimal occlusion is effective and can maximize drug
benefits because a lower concentration of an ophthalmic for-
mulation can be used and the dose administered less frequently.
Pilocarpine 1% and 2% significantly decreased IOP at 6, 8, and
12 hours after instillation when the technique of nasolacrimal
occlusion was applied.90 Similarly, carbachol 1.5%, 3%, and
the combination of carbachol 1.5% with timolol 0.25% Q 12 hr
also were maximally beneficial with nasolacrimal occlusion.90

Timolol reduced IOP by 15% and maintained this reduction of
IOP at 24 hours in 92% of patients when nasolacrimal occlu-
sion was used; in comparison, only 55% achieved comparable
IOP reductions when nasolacrimal ducts were not occluded.90

When nasolacrimal occlusion is used, pilocarpine 2% and car-
bachol 1.5% can be administered Q 12 hr rather than the usual
TID or QID regimens needed when the technique of naso-
lacrimal occlusion is not applied.90 The Q 12-hr regimen of
treatment then can be adjusted according to the patient’s re-
sponse. Timolol can be administered Q 24 hr, if the naso-
lacrimal occlusion technique is used.85 If nasolacrimal occlu-
sion is used consistently and properly, maximal drug effect
can be achieved with a reduced frequency of administration
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Prostaglandin analogs (PGAs):
•  Commonly used as 1st line
   monotherapy
•  Second-line therapy given with beta
   blockers, topical CAIs, or brimonidine
•  Local side effects include: iris and
   eyelid hyperpigmentation, and eyelash
   changes

Beta Blockers:
•  Commonly used as 1st line monotherapy
•  Nonselective agents appear most effective
   to decrease IOP; this effect may not
   correlate with preservation of vision

To prevent/control post-
op increases in IOP
•  Apraclonidine
           or
•  Brimonidine

�2-Selective Adrenergic Agonist:
Brimonidine
•  Alternative to beta blockers as monotherapy
•  2nd line therapy given with
   beta blockers, PGAs/latanoprost, or topical CAIs
•  Local side effects less frequent than with
   apraclonidine

Topical Carbonic Anhydrase Inhibitors
(CAIs):
Dorzolamide or Brinzolamide
•  Alternative to beta blockers as
   monotherapy
•  2nd line therapy given with
   beta blockers, sympathomimetics,
   PGAs/latanoprost, & cholinergic
   agents
•  Local side effects include: ocular
   burning, stinging, and discomfort

Intolerance/Side Effects Therapeutic Goal Not Achieved

•  Teach NLO to minimize systemic
   side effects if not being done
•  Switch to alternative agent within
   the drug class (e.g. Brinzolamide)

•  Assess compliance
•  Teach NLO to optimize
   therapeutic effect

Switch to
alternative 1st

line agent

Increase
Concentration

Add a second topical agent
•  PGAs/latanoprost, brimonidine, or topical
   CAIs
•  Dipivefrin
•  Pilocarpine/Carbachol

Therapeutic Goal Not Achieved

Increase concentration
of second topical agent

Change Pilocarpine/Carbachol
to Cholinesterase Inhibitor

Therapeutic Goal Not Achieved by Either Approach

Increase concentration of
Cholinesterase Inhibitor

POST-OPERATIVE
MEDICAL

MANAGEMENT

MEDICAL MANAGEMENT

 1st Line Therapy  1st Line Therapy

 Alternative 1st Line Therapy  Alternative 1st Line Therapy

OR

FIGURE 51-2 Medical management of glaucoma. IOP, intraocular pressure; NLO, nasolacrimal occlusion.
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Table 51-1 Common Topical Agents Used in the Treatment of Open-angle Glaucoma

Generic Mechanism Strength Usual Dosage Comments

β-Blockers

Betaxolol (Betoptic
[solution],

Betoptic S
[suspension])

Sympatholytic

Sympatholytic

0.25% (suspension)

0.5% (solution)

1 drop BID

1 drop BID

Effective with few associated ocular side effects.
BID dosage enhances compliance. May be the
ocular β-blocker of choice in patients with
pre-existing CHF or pulmonary disease,
because of β1-adrenergic specificity. Patient
response may be less than that seen with
timolol.

Carteolol (Ocupress) Sympatholytic 1% 1 drop BID Effective with few associated side effects. BID
dosage enhances compliance. Use with caution
in patients with pre-existing CHF or pulmonary
disease.

Levobunolol (Betagan) Sympatholytic 0.25%–0.5% 1 drop Daily or BID Effective with few associated ocular side effects.
Daily BID dosage enhances compliance. Use
with caution in patients with pre-existing CHF
or pulmonary disease.

Metipranolol
(OptiPranolol)

Sympatholytic 0.3% 1 drop BID Effective with few associated side effects. BID
dosage enhances compliance. Use with caution
in patients with pre-existing CHF or pulmonary
disease.

Timolol (Timoptic) Sympatholytic 0.25%–0.5% 1 drop BID Effective with few associated ocular side effects.
BID dosage enhances compliance. Use with
caution in patients with pre-existing CHF or
pulmonary disease. Proven long-term
effectiveness, with well-defined side effect
profile.

Timolol Gel Forming
Solution (Timoptic
XE)

Sympatholytic 0.25%–0.5% 1 drop Daily New once-daily timolol formulation. The
ophthalmic vehicle, gellan gum (Gelrite),
prolongs precorneal residence time and ↑
ocular bioavailability, allowing once daily
administration.

α2-Selective Adrenergic Agonists

Apraclonidine
(Iopidine)

Sympathomimetic 0.5%–1% 1 drop preop and
postop or 1 drop
BID to TID

May be used preop and postop for the prevention
of ↑ IOP after anterior-segment laser
procedures. Use of NLO minimizes systemic
side effects and allows for BID dosing. Does
not penetrate the blood–brain barrier; therefore,
negligible systemic hypotension. Local adverse
effects fairly common. Tachyphylaxis may be
observed.

Brimonidine
(Alphagan)

Sympathomimetic 0.2% 1 BID to TID Effective long-term monotherapy or adjunctive
therapy. Use of NLO minimizes systemic side
effects and allows for BID dosing. Penetrates
the blood–brain barrier; therefore, may cause
mild systemic hypotension, and lethargy. Local
adverse effects less common than with
apraclonidine.

Brimonidine
(Alphagan P)

Sympathomimetic 0.1%–0.15% 1 BID to TID Contains PURITE preservative. PURITE
preservative and lower concentrations may
improve tolerability.

Topical Carbonic Anhydrase Inhibitor

Brinzolamide (Azopt) Decreased aqueous
humor production

1% 1 drop TID Effective long-term monotherapy or adjunctive
therapy. Well tolerated with few systemic side
effects. Less burning and stinging compared to
dorzolamide.

Dorzolamide (Trusopt) Decreased aqueous
humor production

2% 1 drop TID Effective long-term monotherapy or adjunctive
therapy. Well tolerated with few systemic side
effects.



EYE DISORDERS � 51-11

Table 51-1 Common Topical Agents Used in the Treatment of Open-angle Glaucoma (Continued)

Generic Mechanism Strength Usual Dosage Comments

Prostaglandin Analogs

Latanoprost (Xalatan) Prostaglandin F2α

agonist
0.005% 1 drop once a day at

bedtime
BID dosing may be less effective than once a day

at bedtime dosing. May cause increased
pigmentation of the iris. Systemic side effects
are rare, but may cause muscle, joint, back
pain, headaches, migraines, and skin rash.
Effective monotherapy or adjunctive therapy.
May cause increased pigmentation of the iris
and eyelid. Store unopened bottles in
refrigerator. Opened bottles may be stored at
room temperature up to 6 weeks.

Travoprost (Travatan) Prostaglandin F2α

agonist
0.004% 1 drop once a day at

bedtime
BID dosing may be less effective than once a day

at bedtime dosing. May cause increased
pigmentation of the iris and eyelid. Systemic
side effects are rare, but may include colds and
upper tract infections. Effective monotherapy
or adjunctive therapy with timolol. May be
more effective than timolol and latanoprost and
more effective in African Americans.

Travoprost (Travatan Z) Prostaglandin F2α

agonist
0.004% 1 drop once a day at

bedtime
Benzalkonium chloride preservative replaced

with a preservative that may be better
tolerated.

Bimatoprost (Lumigan) Prostamide 0.03% 1 drop once a day at
bedtime

BID dosing may be less effective than QHS
dosing. May cause increased pigmentation of
the iris and eyelid. Systemic side effects are
rare but include colds and upper respiratory
tract infections and headache. May be more
effective than timolol and latanoprost.

Miotics

Pilocarpine
(Isopto-Carpine)

Parasympathomimetic 0.25%–10%
4% (ointment)
20–40 mcg/hr

(Ocusert)

1–2 drops TID or
QID

1/2 inch in cul-de-sac
daily

Weekly

Long-term proven effectiveness. Little rationale
for use of concentrations >4% or
administration more frequently than Q 4 hr.
Side effects of miosis with decreased vision
and brow ache are common sources of patient
complaints. Once-daily administration of
ointment may increase compliance.
Effectiveness over 24 hours should be assessed
in patients receiving the ointment. Ointment
may cause a visual haze and blurred
vision.

Carbachol
(Isopto-Carbachol)

Parasympathomimetic 0.75–3% 1–2 drops TID–QID Used in patients allergic to or intolerant of other
miotics. May be used as frequently as Q 4 hr.
Corneal penetration is enhanced by
benzalkonium chloride in commercial
preparations. Side effects are similar to those of
pilocarpine.

Echothiophate Iodide
(Phospholine Iodide)

Anticholinesterase 0.03%–0.25% 1 drop BID Most used anticholinesterase agent. Long
duration, although usually dosed BID, which
enhances compliance. Available as powder +
diluent, following reconstitution stable 30 days
room temp, 6 months refrigerated. Side effects
similar to those of pilocarpine, especially in
concentrations >0.06%. Increased cataract
formation has been associated with its
use.

(continued)
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Table 51-1 Common Topical Agents Used in the Treatment of Open-angle Glaucoma (Continued)

Generic Mechanism Strength Usual Dosage Comments

Mydriatics

Epinephrine (Glaucon,
Eppy/N, Epitrate)

Sympathomimetic 0.25%–2% 1 drop BID Good response often seen with use of lower
concentrations (0.5%–1%). Bitartrate salt
contains half-labeled strength in
epinephrine-free base equivalent. BID dosage
enhances compliance. Cosmetic complaints
associated with use include hyperemia and
pigment deposits on the cornea and
conjunctiva. Not recommended for use in
aphakic patients because of 20%–30%
incidence of cystoid macular edema.

Dipivefrin (Propine) Sympathomimetic 0.1% 1 drop BID Prodrug of epinephrine associated with increase
in systemic side effects if absorbed. BID
dosage enhances compliance.

CHF, congestive heart failure; NLO, nasolacrimal occlusion.

and at about half of the drug concentrations typically used.
Nasolacrimal occlusion should be incorporated into patient
counseling for instillation of all eye drops.90

Alternative Therapy

5. Two weeks after initiation of therapy, M.H. returns to clinic
for a follow-up evaluation. Her IOP measures 32 mmHg right
eye and 30 mmHg left eye. She denies noncompliance and has
no complaints of intolerable side effects. How should therapy be
altered? Are there alternative dosage forms or drugs that can be
used?

Betaxolol may not be as effective as other ocular β-blockers.
Therefore, adjunctive therapy may be required. However, M.H.
should be evaluated to determine whether she has been using
the technique of nasolacrimal occlusion. If not, M.H. should
be again instructed on the technique of nasolacrimal occlusion
and the importance of this technique in achieving the maximum
therapeutic effect of her therapy (see previous question).

After the initiation of therapy, patients should be seen for a
follow-up evaluation within about 2 weeks. If M.H. has been
adherent to therapy and has been occluding her nasolacrimal
ducts, a new course of action is needed because her intraocular
pressure still is elevated. When the goal of therapy has not been
achieved, the drug concentration of the ophthalmic formula-
tion can be increased; adjunctive therapy (e.g., brimonidine, a
topical CAI, a PGA) can be initiated; or an alternative first-line
agent can be selected. Patients who are experiencing unstable
reductions of IOP should be followed up within 4 months.3

Stable patients usually are evaluated every 6 to 12 months.3

Adverse Effects

6. Several weeks later, dorzolamide 2% solution, one drop
both eyes BID is added to M.H.’s betaxolol therapy. Two weeks
later, M.H. returns for a follow-up evaluation and complains of
bilateral stinging and foreign body sensation. Her IOP measures
30 mmHg in the right eye and 29 mmHg in the left eye. What

are the possible causes of her side effects and poor response to
therapy?

The exposure of dorzolamide to the outside environment
may result in the aggregation of dry white granules on the
tip of the dorzolamide bottle. These granules can drop into
a patient’s eyes when instilling the medication, leading to lo-
cal side effects, such as stinging and foreign body sensation.
Such foreign bodies may cause enough discomfort to induce
noncompliance, resulting in a poor response to therapy. M.H.
should be questioned about the presence of dry white granules
on the tip of her dorzolamide bottle.93

These complaints may also be a side effect from the med-
ications, regardless of the granule presence. Ocular burning,
stinging, and discomfort were reported in one-third of patients
in dorzolamide clinical trials. M.H.’s administration technique
should also be assessed to determine whether she is adminis-
tering the two drugs at least 5 to 10 minutes apart so that the
first drug is not washed away by the second drug. This should
be a consideration when assessing her response to therapy.5

7. After further discussions with M.H., it is determined that
she has not been adherent to her dorzolamide therapy because
of intolerable side effects. The dorzolamide is discontinued and
replaced with travoprost 0.004% one drop both eyes once a day at
bedtime. Why might this drug selection be especially appropriate
for M.H.? What patient education information should be provided
to M.H. about travoprost side effects?

Prostaglandin analogs are first-line agents and are appropri-
ate in patients who are not responding or having intolerable side
effects from other medications. Travoprost is an ideal choice
for M.H., because African Americans respond especially well
to travoprost.58 M.H. still needs to be informed about the PGA-
induced potential for hyperpigmentation of the iris, which may
be permanent. She also needs to be educated on the possibility
of eyelid skin darkening and increased thickness, length, and
pigmentation of her eyelashes, which all may be reversible.
These side effects might not be as cosmetically concerning to
M.H., because she has brown eyes and will be instilling travo-
prost eye drops into both eyes.
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Table 51-2 CAIs Used in Treatment of Glaucoma

Agent Strength Onset (min) Peak (hr) Duration (hr) Usual Dose

Acetazolamide injection 500 mg 5–10 2 500 mg
Acetazolamide tablets 125 mg 120 4 6–8 250 mg QID

250 mg
Acetazolamide sequels 500 mg 120 8–18 22–30 500 mg BID
Dichlorphenamide 50 mg 30 2–4 6–12 50 mg TID
Methazolamide 50 mg 120 4–8 10–12 50 mg TID

CAIs, carbonic anhydrase inhibitors.

ANGLE-CLOSURE GLAUCOMA
Treatment

8. D.H., a 72-year-old man, presents to the emergency depart-
ment (ED) with an intensely red right eye, a “steamy” appearing
cornea, complaints of haloes around lights, and extreme pain. A
diagnosis of acute angle-closure glaucoma is made. How should
D.H. be managed?

D.H. should be seen by an ophthalmologist, because acute
angle-closure glaucoma is a medical emergency. Medical treat-
ment usually consists of pilocarpine 2% to 4%, one drop every
5 minutes for four to six administrations. It is recommended
that the puncta be covered during administration to decrease
the possibility of systemic absorption. Stronger miotics are
contraindicated, because they may potentiate angle closure.
Topical timolol also has been used in acute angle-closure glau-
coma, commonly in combination with pilocarpine. However,
drugs that decrease aqueous humor production may be inef-
fective in this situation, because they have a decreased ability
to reduce aqueous production if the ciliary body is ischemic.4

Hyperosmotic Agents
Hyperosmotic agents act by creating an osmotic gradient be-
tween the plasma and ocular fluids.94 Agents that are confined
to the extracellular fluid space (e.g., mannitol) provide a greater
effect on blood osmolality at the same dosage than do agents
distributed in total body water.94 Intravenously administered
drugs provide a faster, somewhat greater effect than oral agents.
Palatability may be a problem with oral agents and can be im-
proved by serving these agents over crushed ice or with lemon
juice or cola flavoring.

Orally, 50% glycerin is the usual drug of choice and is ad-
ministered in dosages of 1 to 1.5 g/kg.95 Isosorbide is an al-
ternative, especially in diabetic patients because it is not me-
tabolized to provide calories.96 Ethyl alcohol (2–3 mL/kg) is

effective and can be helpful in emergency situations when other
agents are unavailable.97 Parenterally, mannitol is the drug of
choice. It is administered in doses of 1 to 2 g/kg, is not me-
tabolized to provide calories, and may be used in patients with
renal failure.98,99

Primary side effects of hyperosmotic agents include
headache, nausea, vomiting, diuresis, and dehydration. It is
important that the patient not be allowed to drink because this
will counteract the osmotic effects of these agents. Precipi-
tation of pulmonary edema and CHF has been reported with
hyperosmotic agents, and an allergic reaction has been reported
with mannitol.99,100

Acetazolamide (Diamox) 500 mg intravenously is often ad-
ministered in addition to hyperosmotic agents (Tables 51-2 and
51-3).

OCULAR SIDE EFFECTS OF DRUGS

9. B.C., a 64-year-old man, has a history of hypertension man-
aged with hydrochlorothiazide 25 mg/day. He takes amiodarone
800 mg/day for cardiac arrhythmia, and chlorpheniramine 12 mg
BID PRN for allergies. Four weeks ago, risperidone 1 mg BID was
added to his medication regimen. He also takes sildenafil 100 mg
an average of twice weekly. He complains of occasional blurred
vision. Could these symptoms be related to his medications?

All the drugs that B.C. is taking have been associated with
ocular side effects. Thiazide diuretics have been associated
with acute myopia that may last from 24 to 48 hours.101,102

However, hydrochlorothiazide is an unlikely cause of B.C.’s
blurred vision considering its recent onset.

Amiodarone can cause keratopathy, but it is asympto-
matic.103,104 A high percentage of patients who receive
this drug develop microdeposits within the corneal epithe-
lium that resemble the verticillate keratopathy induced by
chloroquine.103 These corneal deposits are bilateral, dose and

Table 51-3 Hyperosmotic Agents

Mode of
Generic Administration Strength Onset Peak Duration Dose Ocular Penetration Distribution

Mannitol IV 5%, 10%, 15%, 20% 30–60 min 1 hr 6–8 hr 1–2 g/kg Very poor E
Glycerin PO 50% 10–30 min 30 min 4–5 hr 1–1.5 g/kg Poor E
Isosorbide PO 45% 10–30 min 1 hr 5 hr 1.5–2 g/kg Good TBW
Ethyl alcohol PO 50% 2–3 mL/kg Good TBW

E, Extracellular water; TBW, total body water.
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duration related, reversible, and unassociated with visual symp-
toms.

Risperidone has been associated with disturbances of ac-
commodation and blurred vision.104,105

B.C. may be one of the approximately 1% of the population
who experiences blurred vision with chlorpheniramine. This
effect has been seen in patients receiving 12 to 14 mg/day.100,101

Sildenafil has been associated with change in color and light
perception as well as blurred vision.106 These effects generally
subside within 4 hours of the dose.

Table 51-4 outlines some of the more common ocular side
effects associated with systemic medications. Each case should
be evaluated individually and alternative therapy considered in
intolerant patients.

OCULAR EMERGENCIES
Chemical Burns

10. S.J., a 24-year-old construction worker, has splashed an
unidentified chemical in his eyes and runs into a nearby phar-
macy complaining of burning in both eyes. Should the pharmacist
attempt to treat S.J. or refer him to the ED?

Chemical burns require immediate attention. The immedi-
ate treatment is copious irrigation using the most accessible
source of water (e.g., shower, faucet, drinking fountain, hose,
bathtub). After at least 5 minutes of initial irrigation, S.J. should
be taken immediately to the ED. A water-soaked towel or cloth
should be kept on his eyes during transport.

Other Ocular Emergencies
When health care professionals are approached by patients
with acute ocular emergencies (e.g., chemical burns, corneal
trauma, corneal ulcers, acute angle-closure glaucoma), patients
require immediate treatment and should be referred to an oph-
thalmologist if the practitioner has even the slightest doubt
about appropriate therapy. It is difficult to effectively evalu-
ate the severity of ocular disorders without the benefit of a
thorough ophthalmologic workup and specialized training. In
situations of corneal trauma from abrasion or foreign bodies,
the patient often complains of a gritty, scratchy feeling and can
be aware of a foreign body’s presence. The corneal tissue is
an excellent culture medium for bacteria (e.g., Pseudomonas
aeruginosa), and therapy should be initiated as soon as possi-
ble to avoid corneal perforation and possible blindness.1 Signs
and symptoms of acute angle-closure glaucoma are reviewed
in Question 8.

Gonococcal conjunctivitis is an ocular emergency and pa-
tients should be referred immediately to an ophthalmologist to
minimize the potential of corneal perforation.1 These patients,
who can present with symptoms of red, tender, swollen eye-
lids with exophthalmos and mild pain, may be suffering from
orbital cellulitis or endophthalmitis, which require immediate
treatment with systemic antibiotics. Conjunctivitis of other ori-
gins (see Bacterial and Allergic Conjunctivitis sections later in
this chapter) generally are not ocular emergencies.

Any loss of vision (whether sudden, complete, or transient),
flashes of light, pain, or photophobia can signify potentially
damaging ocular disorders (e.g., retinal artery occlusion, op-

tic neuritis, amaurosis fugax, retinal detachment) and an oph-
thalmologist should evaluate the patient as soon as possible.
Referral also is recommended for patients with blurred vision,
pupil disorders, diplopia, nystagmus, or ocular hemorrhage.

COMMON OCULAR DISORDERS
Stye (Hordeolum)
Sties are infections of the hair follicles or sebaceous glands of
the eyelids. The most common infecting organism is Staphy-
lococcus aureus. Treatment consists of hot, moist compresses
and topical antibiotics (e.g., sulfacetamide). Over-the-counter
products should not be recommended. Sties that do not respond
to warm compresses within a few days should be evaluated by
an ophthalmologist.

Conjunctivitis
Conjunctivitis, a common external eye problem that involves
inflammation of the conjunctiva, usually is associated with
symptoms of a diffusely reddened eye with purulent or serous
discharge accompanied by itching, smarting, stinging, or a
scratching, and foreign-body sensation. Patients with pain,
decreased vision, unequal distribution of redness, irregular
pupils, or opacity should be referred immediately to an ophthal-
mologist, because these are signs of more serious eye disease.

Conjunctivitis can be bacterial, fungal, parasitic, viral, or
allergic in origin. Most cases of bacterial conjunctivitis are
caused by S. aureus, S. pneumococcus (in temperate climates),
or Haemophilus aegyptius (in warm climates), although a num-
ber of other organisms may be responsible. The infection usu-
ally starts in one eye and is spread to the other by the hands. It
also may be spread to other persons. Unlike bacterial conjunc-
tivitis, corneal infections can obliterate vision rapidly; there-
fore, accurate diagnosis is important.

Acute Bacterial Conjunctivitis (Pink-Eye)

11. L.T. is a 6-year-old boy with diffuse bilateral conjunctival
redness that has been present for 2 days. A crusting discharge
is deposited on his lashes and the corners of his eyes. His vision
is normal, and his pupils are round and equal. The diagnosis of
acute bacterial conjunctivitis is made, and sodium sulfacetamide
10% ophthalmic drops, two drops in both eyes Q 2 hr while awake,
are prescribed. What other measures should be used? What in-
structions should his caregivers receive?

Although treatment of typical bacterial conjunctivitis such
as this is empirical, a culture should be obtained. Other oph-
thalmic antibiotic drops or ointments, such as neomycin-
polymyxin-B-gramicidin combination (Neosporin), also are
used in these situations. Although other antimicrobials, such
as the ocular quinolones may be used for bacterial conjunctivi-
tis, these agents should be reserved as second-line therapies,
because of cost and the potential development of resistance.
Proper management of this infection also includes mechani-
cal cleaning of the eyelids and hygienic measures that prevent
spreading the infection to other children. The deposits should
be removed as often as possible with moist cotton swabs or
cotton-tipped applicators. A mild baby shampoo can be used
to moisten the applicator. Firm adherent crusts may be soft-
ened with warm, moist compresses. Because this material is
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Table 51-4 Ocular Side Effects of Systemic Medications

Drug Class Effect(s) Clinical Remarks

Analgesics

Ibuprofen Reduced vision Rare; blurred vision reported in patients taking from four 200 mg tablets/wk to six
tablets/day; changes in color vision rarely reported.157

Narcotics, including
pentazocine

Miosis Miosis often with morphine in normal doses: slight with other agents; effect secondary to
CNS action on the pupilloconstrictor center.101,102

Tearing
Irregular pupils
Paresis of accommodation
Diplopia

Effects associated with narcotic withdrawal.101,102

Antiarrhythmics

Amiodarone Keratopathy Dose and duration related; resembles chloroquine keratopathy. Corneal deposits are
bilateral, reversible, and unassociated with visual symptoms. Patients taking 100–
200 mg/day have only minimal deposits. Deposits occur in almost 100% of patients
receiving 400 mg/day.101−104

Cataracts
Optic neuropathy

Previously reported as insignificant, anterior subcapsular lens opacities have been
associated with amiodarone therapy. Rarely, such opacities may progress, increasing in
density and in the diffuse distribution of the deposits, ultimately covering an area
somewhat larger than the undilated pupil’s aperture. The mechanism for this effect is
unclear, but like chlorpromazine, amiodarone is a photosensitizing agent. Given that
the lens changes are limited largely to the pupillary aperture, light exposure may result
in the lens changes.101−104

Approximately 2% of patients experience optic neuropathy.106

Anticholinergics

Atropine
Dicyclomine
Glycopyrrolate
Propantheline
Scopolamine
Trihexyphenidyl

Mydriasis
Cycloplegia with

↓ accommodation
Photophobia

Systemic and transdermal anticholinergic agents may cause mydriasis and, less
frequently, cycloplegia. Mydriasis may precipitate angle-closure glaucoma.
Photophobia is related to the mydriasis. Accommodation for near objects.101,102,158

Anticonvulsants

Carbamazepine Diplopia
Blurred vision

Ocular adverse reactions when dosage >1–2 g/day; disappear when dosage is reduced.101

Phenytoin Nystagmus
Cataracts

Nystagmus in patients with high blood levels (>20 mcg/mL); rarely occurs with other
hydantoins. Cataracts may occur rarely with prolonged therapy.101,102,159

Topiramate Acute myopia
Secondary angle closure

glaucoma

Topiramate has been associated with angle-closure glaucoma. Symptoms including
ocular pain, headache, nausea, vomiting, hyperemia, visual field defects, and blindness
have been reported. This process is usually bilateral, but if symptoms are recognized
and the drug is stopped in a timely manner, adverse outcomes may be minimized.106

Trimethadione Visual glares A prolonged glare or dazzle occurs when eyes are exposed to light. The glare is
reversible, occurs at the retinal level, and is more common in adolescents and adults;
rarely in young children.101,102

Vigabatrin Visual field abnormalities Visual field abnormalities including bilateral, symmetrical, and irreversible peripheral
constriction occur in up to 30% of patients. Most patients are asymptomatic and
<0.1% of patients are clinically affected.106

Anesthetics

Propofol Inability to open eyes 6 of 50 patients undergoing ENT procedures using standardized anesthesia with propofol
were unable to open their eyes either spontaneously or in response to verbal
commands. This effect lasted from 3–20 min after the end of anesthetic administration.
Two patients showed complete loss of ocular motility. This was a transient,
myastheniclike weakness.160

(continued)
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Table 51-4 Ocular Side Effects of Systemic Medications (Continued)

Drug Class Effect(s) Clinical Remarks

Antidepressants

Tricyclic antidepressants
(TCAs)

Mydriasis is most common ocular side effect of TCAs. Cycloplegia is rare. Reports of
precipitation of angle-closure glaucoma.101,102

Fluoxetine Mydriasis
Cycloplegia
Eye tics

Administration of fluoxetine 20–40 mg/day has been associated with paroxysmal
contractions of the muscles around the lateral aspect of the eye. This effect occurred
3–4 wk after initiation of fluoxetine therapy and resolved within 2 wk of
discontinuation.161

Antihistamines

Chlorpheniramine Blurred vision Blurred vision occurs rarely (about 1% of patients taking 12–14 mg/day).101,102

Mydriasis, decreased
lacrimal secretions

Rare101,102

Antihypertensives

Clonidine Miosis Miosis is seen in overdose.102

Dry itchy eyes Rare102

Diazoxide Lacrimation About 20% experience lacrimation, which may continue after drug is discontinued.101

Guanethidine Miosis
Ptosis
Conjunctivitis
Blurred vision

Sporadically documented. One study reported a 17% incidence of blurred vision in
patients taking guanethidine 70 mg/day.101,102

Reserpine Miosis Miosis is slight, but can last up to 1 wk after a single dose101,102

Conjunctivitis Common, secondary to dilation of conjunctival blood vessels101,102

Anti-Infectives

Amantadine Corneal lesions Diffuse, white punctate subepithelial corneal opacities have been reported, occasionally
associated with superficial punctate keratitis. Onset has been 1–2 wk after initiation of
therapy with dosages of 200–400 mg/day. Resolves with drug discontinuation.162

Chloramphenicol Optic neuritis Rare unless a total dose of 100 g and duration >6 wk are exceeded. Vision usually
improves after the drug is discontinued.101,102

Chloroquine Corneal deposits Some patients using ordinary doses may develop corneal deposits in a few months. The
deposits are visible with use of a biomicroscope, appear as white-yellow in color, but
are of no consequence.101,102

Retinopathy (macular
degeneration)

Serious retinopathy when total dose >100 g. Usually develops after 1–3 yr; can occur in
6 mon. Visual loss may be peripheral, with progression to central vision loss and
disturbance of color vision. Rarely, effects such as blurred vision are seen earlier when
larger doses (500–700 mg/day) are used. Macular changes may progress after drug is
discontinued. These agents concentrate in pigmented tissue.101,102

Ethambutol Retrobulbar neuritis At dosages of 15 mg/kg/day, virtually void of ocular side effects. Such effects are rare at
dosages of 25 mg/kg/day for a duration of a few months. Patients treated for prolonged
periods should have routine visual examinations including visual fields. Most effects
are reversible after the drug is discontinued, but optic neuritis may continue to progress
for 1–2 mon after the drug has been discontinued.101,102,106

Gentamicin Pseudotumor cerebri Rare, but has been well documented with secondary papilledema and visual loss101,102

Isoniazid Optic neuritis Prevalence not well defined, but appears to be significantly less than peripheral neuritis.
Evaluation difficult because most patients malnourished, chronic alcoholics, or
receiving multiple medications. Pre-existing eye disease does not appear to be a
predisposing factor.101,102

Nalidixic acid Visual sensations Most common ocular side effect. Main feature a brightly colored appearance of objects;
occurs soon after the drug is taken. Although quinolone antibiotics are nalidixic acid
derivatives, they have rarely been associated with these ocular side effects.101,102

Visual loss Temporary effect (30 min–3 days.)
Papilledema Primarily in infants and young children and secondary to intracranial pressure; reversible

upon withdrawal of the drug.
Sulfonamides Myopia Acute and reversible; most common ocular side effect.101,102

Conjunctivitis Primarily with topical sulfathiazole, 4% incidence between the fifth and ninth days of
therapy.101,102

Optic neuritis Even in low dosages. Usually reversible with complete recovery of vision.101,102
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Table 51-4 Ocular Side Effects of Systemic Medications (Continued)

Drug Class Effect(s) Clinical Remarks

Photosensitivity Associated with use of sulfisoxazole lid margin therapy.163,164

Tetracyclines Myopia Appears to be acute, transient, and rare.101,102

Papilledema More common in children and infants than adults; rare.101,102

Voriconazole Altered visual perception
Blurred vision

May be associated with higher doses or plasma concentrations.165

Anti-Inflammatory Agents (also see Analgesics; Corticosteroids)

Cyclo-oxygenase-2
inhibitors

Blurred vision
Conjunctivitis

Discontinuation of therapy leads to resolution without long-term effects.106

Gold Corneal
Conjunctival deposits

Deposition in the conjunctiva and superficial cornea more common than in the lens or
deep cornea. Incidence in cornea of 40%–80% in total doses of 1.5 g; visual acuity is
unaffected. One reported case after oral therapy.101

Indomethacin Decreased vision Rare; also changes in color vision have been rarely reported.101,102

Phenylbutazone Decreased vision Most common ocular side effect with this drug may be caused by lens hydration.101,102

Conjunctivitis
Retinal hemorrhage

Occurs less often than vision. The conjunctivitis may be associated with development of
Stevens-Johnson syndrome or an allergic reaction.101,102

Antilipemic Agents

Lovastatin Cataracts The crystalline lenses of hypercholesteremic patients were assessed before and after
48 wk of treatment with lovastatin 20–80 mg/day. Statistical analyses of the
distribution of cortical, nuclear, and subcapsular opacities at 48 wk showed no
significant differences between placebo-treated and lovastatin-treated groups. Visual
acuity assessments also were not significantly different among the groups.166

Antineoplastic Agents

Busulfan Cataracts Reported with high dosages.101,102

Carmustine Arterial narrowing
Nerve fiber-layer infarcts
Intraretinal hemorrhages

These ocular side effects are not well established. Evidence of delayed bilateral
ocular toxicity developed in 2 of 50 patients treated with high-dose IV carmustine
(800 mg/m2). Symptoms of ocular toxicity became evident 4 wk after IV treatment.
Evidence of delayed ocular toxicity (mean onset 6 wk) ipsilateral to the site of infusion
developed in 7 of 10 patients treated with intra-arterial carotid doses of carmustine to a
cumulative minimum of 450 mg/m2 in two treatments.162

Cytarabine Keratoconjunctivitis
Ocular burning
Photophobia
Blurred vision

Corneal toxicity and conjunctivitis have been reported with high-dose (3 g/m2)
therapy.168,169

Doxorubicin Conjunctivitis
Excessive tearing

May last for several days after treatment101,102

Fluorouracil Ocular irritation
Lacrimation

Reversible and seldom interfere with continued therapy.101,102

Tamoxifen Corneal opacities
Decreased vision
Retinopathy

Generally occurs in patients receiving more than 1 year of treatment with a total dose
exceeding 100 g has been taken.101

Vinca alkaloids
(especially vincristine)

Extraocular muscle
paresis (EMP)

Ptosis

The onset of EMP or paralysis may be seen as early as 2 wk. Dose related. Most recover
fully when drug is discontinued.101,102

Barbiturates

Miosis
Mydriasis
Disturbances in ocular

movement
Ptosis

Most significant ocular side effects occur in chronic users or in toxic states. Pupillary
responses are variable; miosis seen most frequently except in toxicity when mydriasis
predominates. Nystagmus and weakness in extraocular muscles may be seen. Chronic
abusers have a characteristic ptosis.101,102

Bisphosphonates (alendronate, etidronate, pamidronate, risedronate)

Blurred vision, pain,
photophobia, conjunc-
tivitis, scleritis, uveitis

Adverse events more common with pamidronate. Scleritis and uveitis are of greatest
concern. Following persistent reduction in vision of sustained ocular pain, refer patient
to an ophthalmologist. Ocular NSAID treatment may be of symptomatic benefit.106

(continued)
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Table 51-4 Ocular Side Effects of Systemic Medications (Continued)

Drug Class Effect(s) Clinical Remarks

Calcium Channel Blockers

Blurred vision
Transient blindness

Primarily blurred vision; transient blindness at peak concentrations has been observed in
several patients.202

Corticosteroids

Cataracts Posterior subcapsular cataracts have been associated with systemic corticosteroids in
patients who have received >15 mg/day of prednisone or its equivalent daily for
periods >1 year.101,102 Rare reports of bilateral posterior subcapsular cataracts
associated with nasal aerosol or inhalation of beclomethasone dipropionate have been
received. Most patients had received therapy for >5 year, often in higher than the
recommended dosage. Approximately 40% of patients also were receiving systemic
corticosteroids.170 (Also see Question 14.)

↑ intraocular pressure More common with topical corticosteroids than with systemic therapy. Of little
consequence in patients without pre-existing glaucoma. Glaucoma patients should be
monitored routinely if receiving systemic corticosteroids.101,102 (See Question 13.)

Papilledema Intracranial hypertension or pseudotumor cerebri from systemic corticosteroids has been
well documented. The incidence appears to be greater in children than in adults;
primarily associated with chronic therapy.

Digitalis

Altered color vision,
visual acuity

Changes in color vision. A glare phenomenon and a snowy appearance in objects have
been associated primarily with digitalis intoxication. In a small number of cases,
reversible reduction in visual acuity has been noted. Also associated with changes in
the visual fields.101,102

Decreased intraocular
pressure

Digitalis derivatives can intraocular pressure, but clinical use for glaucoma is not practical
because the therapeutic systemic dose for this effect is very near the toxic dose.101,102

Diuretics

Carbonic anhydrase
inhibitors

Myopia Acute myopia that may last from 24–48 hr. Probably caused by an in the anteroposterior
diameter of the lens, which may be reversible even if drug use is continued.101,102

Thiazides

Estrogens

Clomiphene Blurred vision
Mydriasis
Visual field changes
Visual sensations

5%–10% experience ocular side effects.
Blurred vision is the most common effect, although visual sensations such as flashing

lights, distortion of images, and various colored lights (primarily silver) may
occur.101,102

Oral contraceptives
(OCs)

Optic neuritis
Pseudotumor cerebri
Retrobulbar neuritis

Quite rare. In patients with retinal vascular abnormalities, use of OCs is questionable.
Numerous other possible ocular side effects are associated with these agents, and further

documentation is required.101,102

Hypouricemics

Allopurinol Cataracts Conflicting reports have suggested allopurinol may be associated with anterior and
posterior lens capsule changes and with anterior subcapsular vacuoles; 42 cases of
cataracts have been reported; these have been observed primarily in age groups in
whom normal lens aging changes would not be expected. No cause-and-effect
relationship has been proven.101,171

Immune Modulators

Interleukin-2 Visual deficits Interleukin-2 visual complications have occurred during the first or second treatment
cycle, usually within 5–6 days of initiation of therapy. Ocular symptoms included
diplopia, binocular negative scotomata (isolated areas of varying size and shape in
which vision is absent or depressed. These are not perceived ordinarily, but would be
apparent upon completion of a visual field examination), and palinopsia (abnormal
recurring visual imagery). In most cases, treatment was continued for the entire
planned duration of therapy. Symptoms resolved after discontinuation.174
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Table 51-4 Ocular Side Effects of Systemic Medications (Continued)

Drug Class Effect(s) Clinical Remarks

Phenothiazines

Chlorpromazine Deposits on the lens Rare when total dose <0.5 kg. Visible after a total dose of 1 kg in most cases; incidence
may increase to 90% after ≥2.5 kg. Usually, deposits do not affect vision appreciably.
The cornea and conjunctiva may be affected after the lens shows pigment
changes.101,102

Retinal pigment deposits The number of reported cases is small; further documentation is necessary.101,102

Thioridazine Pigmentary retinopathy Primarily associated with maximal daily dosages or average doses more than 1,000 mg.
Daily dosages up to 600 mg are relatively safe; 600–800 mg is uncertain, but rarely
suspect. If more than 800 mg/day is used, periodic ophthalmoscopic examinations may
uncover problems before visual acuity is compromised.101,102

Therapy for Erectile Dysfunction

Sildenafil
Tadalafil
Vardenafil

Changes in color and/or
light perception, blurred
vision, conjunctival
hyperemia, ocular pain,
photophobia

Color vision alterations are mild to moderate. Blurred vision does not impair visual
acuity. Visual alterations usually subside within 4 hr after the dose.172,173,184 Ocular
adverse effects are uncommon, dose dependent, and fully reversible to date. Incidence
is not related to age, but is related to blood concentration. Peak visual effects usually
occur within 60 min following ingestion106

α-Blockers
Tamsulosin Floppy iris Approximately 3% of patients taking tamsulosin for benign prostatic hypertrophy (BPH)

experience floppy iris during cataract surgery. Modification of the surgical procedure
usually results in successful surgery. 175

CNS, central nervous system; ENT, ear, nose, and throat.

infectious, it should be disposed of in a sanitary fashion. The
common use of washcloths by several individuals will spread
bacterial conjunctivitis.

Allergic Conjunctivitis

12. N.V., a 10-year-old girl, has experienced redness in both eyes
accompanied by “hay fever” for the past 2 months (June and July).
There is no crusting on her eyelids, and her vision is normal; she
rubs her eyes often because they itch. What treatment is best for
N.V.’s allergic conjunctivitis?

Topical vasoconstrictors (e.g., naphazoline, tetrahydrozo-
line) with or without antihistamines (e.g., antazoline, pheni-
ramine) may be used to treat hyperemia, but they should not
be used excessively because rebound congestion can occur
secondary to the vasoconstrictors. Antihistamine tablets or
syrup can provide considerable, but temporary, relief. Sev-
eral ophthalmic histamine H1-receptor antagonists are effec-
tive in the treatment of allergic conjunctivitis. Levocabastine
0.05% is administered BID to QID, olopatadine 0.1% BID
(separating doses by 6–8 hours) or 0.2% once daily, emedas-
tine 0.05% QID, and ketotifen 0.025% BID to QID.107−109

Ketotifen, olopatadine, azelastine, and epinastine exhibit both
antihistamine and mast cell stabilizing effects. Olopatadine in-
hibits the release of other mast cell inflammatory mediators
such as tryptase and prostaglandin. Ketotifen and azelastine
suppress the release of mediators from cells involved in hyper-
sensitivity reactions and decrease chemotaxis and activation
of eosinophils. Azelastine inhibits other mediators involved
in allergic reactions such as leukotrienes and platelet activat-
ing factor. Epinastine produces antileukotriene, anti-platelet
activating factor and antibradykinin effects. Emedastine was
more efficacious than levocabastine when used BID for 6
weeks in adult and pediatric patients with seasonal allergic

conjunctivitis.110 Olopatadine provided superior efficacy and
a more rapid resolution of the signs and symptoms of allergic
conjunctivitis when compared with ketotifen in a small trial
involving adult patients.111 Azelastine has a slightly quicker
onset of therapeutic effect when compared to olopatadine and
placebo.112 Information to date is insufficient to definitively
recommend one of these products as superior to the others.
The ideal treatment would be removal of the allergen, but this
usually is impossible when the conjunctivitis is secondary to
seasonal allergies. Topical corticosteroids provide dramatic re-
lief, but their use must be limited because of potential ad-
verse effects (see the Ophthalmic Corticosteroids section sub-
sequently).

Sodium cromoglycate, a drug that inhibits the release of his-
tamine in response to antigen, may be effective as an alternative
for patients who fail to respond to more conservative measures.
Lodoxamide, pemirolast, and nedocromil have a similar mech-
anism of action to sodium cromoglycate, but these agents also
decrease chemotaxis and activation of eosinophils. In compar-
ative studies, lodoxamide tromethamine 0.1% is at least as ef-
fective as sodium cromoglycate 2% to 4% in treating allergic
ocular disorders, including vernal keratoconjunctivitis.113,114

Patients in these studies demonstrated more rapid and greater
response when treated with lodoxamide, one drop QID. In a
2-week crossover study of nedocromil and olopatadine involv-
ing 28 patients aged 7 years and older, patient acceptance of
nedocromil BID was better than for olopatadine BID, but treat-
ment outcomes were essentially equal. 114,115

Corneal Ulcers

13. T.S. presents with a diagnosis of bacterial corneal ulcer right
eye and prescriptions for “fortified gentamicin” and cefazolin eye
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Table 51-5 Ophthalmic Corticosteroids

Low Potency Intermediate Potency High Potency

Dexamethasone 0.05% (Decadron Phosphate) Clobetasone 0.1%a Clobetasone 0.5%a

Dexamethasone 0.1% (Decadron Phosphate) Dexamethasone Alcohol 0.1% (Maxidex) Fluorometholone Acetate 0.1% (Flarex)
Medrysone 1% (HMS) Fluorometholone 0.1% (FML) Prednisolone Acetate 1% (Pred Forte)

Fluorometholone 0.25% (FML Forte) Rimexolone 1% (Vexol)
Loteprednol 0.2% (Lotemax)
Loteprednol 0.5% (Alrex)
Prednisolone Acetate 0.12% (Pred Mild)
Prednisolone Sodium Phosphate 0.125% (Inflamase Mild)
Prednisolone Sodium Phosphate 1% (Inflamase Forte)

aNot commercially available in the United States.

drops, which are not commercially available. What is the rationale
for this therapy?

The initial choice of therapy for bacterial corneal ulcers
commonly is based on a Gram’s stain and clinical impression
of the severity of the ulcer. Single or combination antimicrobial
therapy can be prescribed. Although commercial antimicrobial
ophthalmic formulations are available, the antimicrobial con-
centrations in these products might be inadequate to effectively
treat bacterial corneal ulcers.116,117

Topical antimicrobials for the treatment of bacterial corneal
ulcers can be prepared from parenteral antimicrobials or by the
addition of parenteral antimicrobials to “fortify” commercially
available products. Commonly prescribed products include
bacitracin 5,000 to 10,000 U/mL, cefazolin 33 to 100 mg/mL,
gentamicin or tobramycin 9.1 to 13.6 mg/mL, and vancomycin
25 to 50 mg/mL. Fortified gentamicin has been prepared by
adding 80 mg of parenteral gentamicin to the commercially
available gentamicin ophthalmic solution. The final concen-
tration of this solution is 13.6 mg/mL. Cefazolin ophthalmic
solution is prepared by reconstituting 500 mg parenteral cefa-
zolin with 2 mL sterile normal saline. Two milliliters of artifi-
cial tears solution are removed from a commercially available
15-mL bottle and replaced with the 2-mL reconstituted cefa-
zolin solution (resulting in a final cefazolin concentration of
33 mg/mL). Therapy initially can be administered as frequently
as every 15 to 30 minutes with extension of intervals as the ul-
cer resolves.118,119 The preparation of extemporaneously com-
pounded ophthalmic products must adhere to established fed-
eral and state agency guidelines, and must address quality
control concerns (e.g., pH, tonicity, sterility, particulate mat-
ter). The formulation of sterile products should not be under-

taken without due consideration of well-established practice
standards.

OPHTHALMIC CORTICOSTEROIDS
Comparison of Preparations
The topical ophthalmic corticosteroid preparations are de-
scribed in Table 51-5. The salt form affects the ability of the
preparation to penetrate the cornea. For example, biphasic salts
penetrate the intact cornea better than water-soluble salts. The
ability of a formulation to penetrate the cornea, however, does
not indicate increased therapeutic effectiveness. Prednisolone
acetate 1% and fluorometholone acetate 0.1% have the best
anti-inflammatory effects.120−121

Adverse Effects
Increased Intraocular Pressure

14. L.P. has been treated with topical prednisolone acetate 1%,
one drop in each eye QID for 8 weeks. Before therapy, the IOPs in
both eyes were 16 mmHg, but on the last follow-up visit, his IOP
was 26 mmHg in the right eye and 22 mmHg in the left eye. Assess
these observations.

L.P.’s elevated IOP could be related to topical steroid ther-
apy. In one study, the ophthalmic administration of cortico-
steroid preparations (Table 51-6) increased intraocular
pressure in three genetically distinct subgroups.122,123

Fluorometholone acetate increased IOP by more than 10
mmHg in known steroid responders in 29.5 days (median),
whereas dexamethasone did the same in 22.7 days (median).124

Table 51-6 Intraocular Pressure Response to Topical Steroids in Random Populations

No. of
Author Parameter of Response Subjects Low Medium High Mean

Armalay122 Increase of pressure in
eye medicated with
0.1% dexamethasone

80 <5 mmHg 66% 6–15 mmHg 29% >16 mmHg 5% 5.5 mmHg

Becker et al.123 Final pressure in eye
medicated for 6 wk
with 0.1% betamethasone

50 <19 mmHg 70% 20–30 mmHg 26% >32 mmHg 4% 17.0 mmHg

Time to maximum response 2 wk 4 wk 4 wk



EYE DISORDERS � 51-21

In a retrospective follow-up, 13% of high-corticosteroid re-
sponders developed POAG and 63.8% developed ocular hyper-
tension. No low responders developed POAG, and only 2.4%
developed ocular hypertension.124 Although corticosteroid-
induced increases in IOP are associated most frequently with
topical ophthalmic preparations, systemic corticosteroids may
cause a similar response, although the magnitude is somewhat
less.125 The risk for corticosteroid-induced ocular hyperten-
sion is greater in patients with high myopia, diabetes mellitus,
or connective tissue disease (particularly rheumatoid arthritis).

Topical corticosteroids exert their effects by decreasing
aqueous humor outflow, whereas systemic corticosteroids may
increase aqueous humor production.125 The effects on IOP ap-
parently are unrelated to the corticosteroid’s ability to pen-
etrate the cornea. Dexamethasone has been associated with
the greatest IOP increase.126 Fluorometholone, medrysone,
rimexolone, and loteprednol have been associated with lower,
although sometimes significant, increases in IOP.127−130 The
pressure response often is reversible when the offending agent
is discontinued. In subjects with prolonged IOP elevation,
glaucomatous field defects are more likely to develop in
corticosteroid-responsive patients.131

Cataracts

15. G.A., who had asthma, has been taking prednisone 10 mg/
day for 1 year. A routine ophthalmic examination revealed early
cataract formation. Why could this be related to the prednisone?

Systemic and topical ophthalmic corticosteroids have been
associated with the development of cataracts. About 23% of
patients treated with 10 to 16 mg/day of prednisone orally (or
its equivalent dose) for 1 year or more developed posterior
subcapsular cataracts (PSC).132,133 The estimated occurrence
of PSC in patients treated with more than 16 mg/day of pred-
nisone for more than a year increased to more than 70% over
the same time period. Patients receiving <10 mg/day pred-
nisone or its equivalent are unlikely to develop PSC, although
some contend that the concept of a “safe” dosage should be
abandoned because of variable patient sensitivity to this side
effect.134 As illustrated by G.A., the cataracts cause few sub-
jective complaints and little measurable decrease in visual acu-
ity. Although systemic corticosteroids primarily are implicated,
use of topical corticosteroids also has been associated with PSC
formation.135 Patients treated with alternate-day dosing of oral
corticosteroids may be at lower risk for PSC formation.136 Any
patient receiving long-term corticosteroids should receive rou-
tine ophthalmic follow-up.

SYSTEMIC SIDE EFFECTS FROM
OPHTHALMIC MEDICATION

16. J.F., a 62-year-old woman, received one drop of phenyle-
phrine 10% in each eye to dilate the pupils. Shortly after ad-
ministration, her BP increased to 210/130 mmHg for 5 minutes,
and she became confused. How common is this type of reaction
in patients receiving topical phenylephrine? What other topical
ophthalmic medications been associated with systemic effects?

In 33 cases, possible adverse effects had been associated
with topical phenylephrine 10%.137 In a double-blind study,
no statistically significant differences were observed in BP

or pulse rate between experimental and control groups when
phenylephrine 10% or tropicamide (Mydriacyl) 1% was ad-
ministered to 150 patients.138 Nevertheless, care should be
taken when phenylephrine 10% is administered in patients with
hypertension or cardiac abnormalities in whom systemic ab-
sorption could be hazardous. No similar reports have been
associated with topical use of phenylephrine 2.5%.

In addition to the systemic effects from topical ad-
ministration of cholinergic agents, epinephrine, and timolol
that were previously described, topical atropine, cyclopento-
late (Cyclogyl), and scopolamine have been associated with
psychosis.139−141 Fatalities have been associated with topical
atropine,142 ataxia with topical homatropine, and one case of
unconsciousness with tropicamide.142,143

Topical chloramphenicol-polymyxin-B sulfate ophthalmic
ointment has been associated with bone marrow aplasia after
intermittent use for 4 months.144 A cushingoid reaction has
been reported in a 30-month-old baby girl treated with dexam-
ethasone alcohol (Maxidex) four times a day in both eyes for
14 months.145

OCULAR NONSTEROIDAL ANTI-INFLAMMATORY DRUGS

17. W.A. is scheduled to undergo cataract extraction with im-
plantation of an intraocular lens. Preoperative orders include ad-
ministration of flurbiprofen 0.03% to inhibit intraoperative mio-
sis. The formulary includes only diclofenac 0.1%. Is this a suitable
alternative to flurbiprofen?

The administration of ophthalmic prostaglandins and
prostaglandin analogs are associated with some systemic ef-
fects (Table 51-1), and ocular instillation of nonsteroidal anti-
inflammatory drugs (NSAIDs) can inhibit prostaglandin syn-
thesis and reduce prostaglandin-mediated ocular effects.146

Commercially available ophthalmic NSAIDs (e.g. bromfenac,
diclofenac, flurbiprofen, ketorolac and nepafenac) are well tol-
erated, but can cause transient burning and stinging upon instil-
lation. Although the ocular NSAIDs share a similar mechanism
of action, minor clinical differences, which probably are in-
significant, exist and approved indications differ. (Table 51-7).

OCULAR HERPES SIMPLEX VIRUS INFECTIONS

18. P.B., a 34-year-old man, presents with a 2-week history of
a red, irritated left eye with watery discharge. Recently, vision
in his left eye became blurred, and he complained of light sen-
sitivity. A slit-lamp examination with rose Bengal stain revealed
a multibranched corneal epithelial defect. This dendritic ulcer is
the hallmark of ocular herpes simplex (type I) infection. What is
the therapy of choice?

Ocular herpes is common, and can be caused by herpes
simplex virus, or less commonly, by the varicella-zoster virus
(herpes zoster ophthalmicus). Herpes simplex of the eye typi-
cally affects the eyelids, conjunctiva, and cornea and patients
often present with symptoms of pain, tearing, eye redness, sen-
sitivity to light, and irritation or a foreign body sensation. When
herpes affects the epithelium of the cornea (herpes keratitis),
it generally heals without scarring. Occasionally, deeper layers
of the cornea are affected (stromal keratitis) and scarring can
lead to blindness.
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Table 51-7 Ocular Nonsteroidal Anti-Inflammatory Drugs

Indication Drug/Approval Status for Indication Dosage(s)

Inhibition of intraoperative miosis Diclofenac 0.1% (Voltaren, U)176 Three reported regimens; 1 drop Q 15–30 min for four doses;
1 drop TID for 2 preoperative days; 1 drop at 2 hr, 1 hr, and
15 min before surgery.

Flurbiprofen 0.03% (Ocufen, A)177 One drop Q 30 min for 2 hr before surgery.
Ketorolac 0.5% (Acular, U) One drop Q 15 min beginning 1 hr before surgery.

Anti-inflammatory postcataract
surgery

Bromfenac 0.09% (Xibrom, A)
Diclofenac 0.1% (A)174,178

Nepavanac 0.1% (Nevanac, A)

One drop BID beginning 24 hr after surgery and continuing through the
2 wk of the postoperative period.

One drop BID to QID, including 24 hr preoperative administration.
One drop 3 times daily beginning 1 day prior to cataract surgery,

continued on the day of surgery and through the first 2 wk of the
postoperative period. (Nevanac prescribing information. Alcon Laboratories, November 2006)

Flurbiprofen 0.03% (U) One drop 4–5 times daily.
Ketorolac 0.5% (A)179 One drop TID, including 24 hr preoperative administration.

Prevention/treatment of cystoid
macular edema

Diclofenac 0.1% (U)180 Two drops 5 times preoperatively followed by one drop 3–5 times daily

Ketorolac 0.5% (U)179,181 One drop TID or QID, including 24 hr preoperative administration.
Ocular inflammatory conditions

(iritis, iridocyclitis, episcleritis)
Diclofenac 0.1% (U) One drop QID.

Seasonal allergic/vernal
conjunctivitis

Bromfenac 0.1% (U)
Diclofenac 0.1% (U)

One drop BID
One drop Q 2 hr for 48 hr; then QID

Ketorolac 0.5% (A)182,183 One drop QID

A, approved use; U, unapproved use.

Trifluridine
In-vitro, trifluridine’s mechanism of action is similar to that of
idoxuridine (IDU). Trifluridine also inhibits thymidylate syn-
thase, an enzyme required for DNA synthesis. The actual in-
vivo antiviral effects of trifluridine have not been determined.

For the treatment of ocular herpes, one drop of trifluridine
1% ophthalmic solution should be instilled into the affected
eye every 2 hours while awake with a maximum daily dose
of nine drops. Following re-epithelialization, application of
trifluridine should be continued for an additional 7 days at a
reduced dosage of one drop every 4 hours while awake with
a minimum of five drops daily. Continuous administration for
periods exceeding 21 days is not recommended because of
potential ocular toxicity.

Approximately 96% of treated herpetic corneal ulcers heal
within 2 weeks.147 Therapeutic levels of trifluridine can be
found in the aqueous humor after topical administration of a 1%
solution, enhancing its possible effectiveness in the treatment
of stromal keratitis and uveitis. Trifluridine also is effective in
treating HSV infections resistant to IDU and/or vidarabine.

Despite the apparent superiority of trifluridine over its an-
tiviral predecessors (IDU, vidarabine), it is not without disad-
vantages. Trifluridine is activated by noninfected corneal cells
and is incorporated into cellular as well as viral DNA. Punctate
lesions in the corneal epithelium are clinical manifestations of
trifluridine cytotoxicity.148 Yet these effects seem to occur less
often than with IDU and vidarabine.

Acyclovir
Acyclovir in in vitro plaque inhibition assays have 5 to 10 times
the activity of IDU and trifluridine and more than 100 times
the activity of vidarabine against strains of type I and type
II HSV.149 Acyclovir’s apparent superiority lies in its lack of
toxicity to normal host cells.155 In rabbits (rabbit eyes are sim-

ilar to human eyes), acyclovir 3% ointment healed established
herpes simplex epithelial ulcerations at a faster rate and elimi-
nated the virus more effectively than 0.5% IDU, and 3% vidara-
bine ointments.150,152 In humans, ulcerative corneal epithelial
lesions appear to respond similarly to acyclovir and IDU.153

In comparison to idoxuridine, the topical application of acy-
clovir or trifluridine resulted in a greater proportion of subjects
healing within 1 week and neither was superior for the treat-
ment of dendritic epithelial keratosis.199 The dose usually is a
1-cm ribbon of ointment instilled five times a day at four-hour
intervals for 14 days or at least for 3 days after healing is com-
pleted, whichever is shorter. Detailed dosing instructions are
available in product literature of specific manufacturers, and
brief reviews of acyclovir and acyclovir resistance in Chap-
ter 70: Opportunistic Infections in HIV-Infected Patients; and
Chapter 72: Viral Infections.

Other Drugs
Ganciclovir 0.05% and 0.15% gel has been shown to be equiva-
lent to 3% acyclovir ointment in the treatment of superficial her-
pes simplex keratitis.155 Cidofovir 1% ointment administered
BID was equivalent to trifluridine administered five times daily
in the rabbit model.156 Cidofovir was more efficacious than 3%
penciclovir ointment administered two or four times a day.156

AGE-RELATED MACULAR DEGENERATION
Age-related macular edema is the leading cause of blind-

ness in Americans of European descent who are 55 years of
age and older.191 There are two forms of macular degeneration,
wet and dry. The dry form, affecting about 85% of patients,
develops as a result of the breakdown of light-sensitive cells
in the macula.192 The most common symptom associated with
dry macular degeneration is blurred vision. In this situation,
details (e.g., faces, words in a book) are seen less clearly. Wet
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macular degeneration occurs in 15% of patients and is the more
serious form, responsible for the most cases of vision loss.
Wet macular degeneration is associated with abnormal growth
of blood vessels behind the retina, known as choroidal neo-
vascularization. Vascular endothelial growth factor (VEGF) is
associated with the pathogenesis of choroidal neovasculariza-
tion. VEGF may stimulate neovascularization by influencing
endothelial cell proliferation, vascular permeability, and ocular
inflammation.193 The correlation between VEGF and wet age-
related macular degeneration has led to interest in VEGF in-
hibitors (pegaptanib, bevacizumab, ranibizumab) as treatment
agents.

Pegaptanib
Pegaptanib inhibits angiogenesis, decreases permeability of
the vascular bed and decreases inflammation. The efficacy of
pegaptanib has been evaluated in two concurrent, prospective,
randomized, double-blind trials involving 1,208 patients. A to-
tal of 1,190 patients received at least one study treatment, with
four subjects being excluded from the efficacy analysis due
to insufficient assessment of visual acuity at baseline. A com-
bined analysis of 1,186 patients at week 54 showed a statisti-
cally significant reduction in vision loss associated with pegap-
tanib, realized as early as week 6 and continued through week
54.196 The FDA-approved dose of pegaptanib (0.3 mg IV Q 6
weeks) is no less effective than 1 mg or 3 mg doses and the most
serious injection-related adverse events were endophthalmitis
(12 patients), traumatic injury to the lens (five patients),
and retinal detachment (six patients).196 Patients should be
monitored for elevations in IOP following injection; increases
in IOP have been seen within 30 minutes of injection and
should be monitored within 2 to 7 days following the injection.

Bevacizumab
Bevacizumab is a recombinant humanized monoclonal im-
munoglobulin G1 antibody approved for intravenous use for

first- or second-line treatment of metastatic colorectal cancer.
This product has been used off-label via the IV and intravit-
real route for the treatment of neovascular ocular disorders
in more than 3,500 patients.193 Intravenous bevacizumab 5
mg/kg was administered every 2 weeks for two or three in-
fusions in 18 patients for whom 12- and 24-week results on
subfoveal choroidal neovascularization were published sepa-
rately. Therapy was associated with improved visual acuity.
No serious ocular or systemic adverse effects were noted, al-
though a statistically significant increase in blood pressure was
noted at week 3. Nineteen published, uncontrolled case series
studies have evaluated the use of intravitreal bevacizumab for
the treatment of wet macular degeneration as well as other con-
ditions associated with neovascularization. The most common
intravitreal dose was 1.25 mg, usually administered every 4 to
6 weeks. Doses could be repeated if signs of progression oc-
curred. The longest period of study for intravitreal use was 1
year. The majority of patients in these open-label trials were
followed for 3 months. Mean visual acuity improved and no
serious ocular effects were noted.

Ranibizumab
Ranibizumab is a Fab fragment of bevacizumab approved in
June 2006 for the intravitreal treatment of wet macular degen-
eration. Ranibizumab is approximately one-third the size of
bevacizumab. Its size may facilitate retinal penetration follow-
ing intravitreal injection. Ranibizumab has a shorter-systemic
half life and higher VEGF binding affinity than bevacizumab,
but bevacizumab has two binding sites per molecule versus one
for ranibizumab. The clinical relevance of these pharmacoki-
netic and pharmacodynamic differences is not known.193 The
recommended dosage of ranibizumab is 0.5 mg via the intrav-
itreal route administered every 4 weeks. This treatment has
been associated with maintenance or improvement of vision
for 12 to 24 months.197 The primary ocular side effects asso-
ciated with ranibizumab administration include conjunctival
hemorrhage, eye pain, and increased IOP.
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Clinical features and drug therapy of the common headache
syndromes are presented in this chapter. Proposed pathophysi-
ologic features of the major headache types also are presented
to provide the reader with an understanding of the rationale for
current and future therapies.

Prevalence
In the United States, migraine headache affects approximately
23 million persons, and 11 million experience significant
headache-related disability.1 Headache is the fourth most com-
mon symptom reported at outpatient medical visits,2 and the
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associated economic costs in America are estimated to be be-
tween $1 billion and $17 billion dollars annually.3 Overall,
the prevalence of headache is highest in adolescence and early
adulthood and declines with age through the elderly years.4,5

Despite numerous potential causes of headaches, more than
90% of patients with a chief complaint of continuous or sporad-
ically recurring headaches are eventually diagnosed as having
either tension-type or migraine headache.6

Classification
Headache is a symptom that can be caused by many disorders.
For example, head pain can result from traction, displacement,
or inflammation of pain-sensitive structures within the head, or
it can be due to disorders of extracranial structures such as the
eyes, ears, or sinuses. For diagnostic and therapeutic purposes,
it is useful to categorize headache into one of two major types
(primary and secondary) on the basis of the underlying etiol-
ogy. Primary headache disorders are characterized by the lack
of an identifiable and treatable underlying cause. Migraine,
tension-type, and cluster headaches are examples of primary
headache disorders. Secondary headache disorders are those
associated with a variety of organic causes such as trauma,
cerebrovascular malformations, and brain tumors. Depending
on the cause, headache may manifest in a variety of ways or
may be accompanied by other associated signs or symptoms.
A comprehensive classification scheme of the different types
of headaches, modified from the International Headache So-
ciety (IHS) is shown in Table 52-1.7 Readers are referred to
the IHS classification report for the comprehensive headache
classification scheme and a detailed description of the specific
diagnostic features of each headache type. This classification
scheme is useful for grouping headaches with similar clinical
features or etiologies. Headache must be accurately evaluated
and classified because this symptom may reflect an ominous
problem such as the presence of a brain tumor or a much more
benign process such as muscle tension. Moreover, effective
intervention depends on a correct diagnosis.

Primary Headache Disorders
MIGRAINE HEADACHES
Migraine headaches usually develop over a period of min-

utes to hours, progressing from a dull ache to a more intense
pulsating pain that worsens with each pulse. The headache usu-
ally begins in the frontotemporal region and may radiate to the
occiput and neck; it may occur unilaterally or bilaterally. Mi-
graine headaches often are accompanied by nausea and vom-
iting and may last for up to 72 hours. These headaches usually
are alleviated by relaxation in a dark room and sleep. Migraine
is more common in females than males. Migraine headaches
are divided into those with and without an aura. The term, aura,
refers to the complex of focal neurologic symptoms (e.g., al-
terations in vision or sensation) that initiate or accompany a
migraine attack. Migraine may be precipitated by a variety of
dietary, pharmacologic, hormonal, or environmental factors.

CLUSTER HEADACHES
Cluster headaches derive their name from a characteris-

tic pattern of recurrent headaches that are separated by peri-
ods of remission that last from months to even years. During
those periods when clusters of headaches are experienced, the

Table 52-1 Classification of Headache7

Migraine

Migraine without aura
Migraine with aura
Complicated migraine (see Table 52-2)

Tension-Type Headache

Episodic tension-type headache
Chronic tension-type headache

Cluster Headache

Episodic cluster headache
Chronic cluster headache

Miscellaneous Headaches Unassociated with Structural
Lesion (e.g., cold stimulus headache, benign exertional
headache)

Headache Associated with Head Trauma

Acute post-traumatic headache
Chronic post-traumatic headache

Headache Associated with Vascular Disorders

Acute ischemic cerebrovascular disease (TIA or stroke)
Intracranial hematoma
Subarachnoid hemorrhage
Unruptured vascular malformation
Arteritis
Carotid or vertebral artery pain
Venous thrombosis
Arterial hypertension

Headache Associated with Nonvascular Intracranial
Disorder (e.g., high or low CSF pressure, intracranial
infection, or neoplasm)

Headache Associated with Substances or their
Withdrawal (e.g., withdrawal from alcohol, caffeine,
ergotamine, narcotics; also see Table 52-3).

Headache Associated with Noncephalic Infection
(e.g., viral or bacterial infection)

Headache Associated with Metabolic Disorder
(e.g., hypoxia, hypercapnia, hypoglycemia, dialysis)

Headache or Facial Pain Associated with Disorder of
Cranium, Neck, Eyes, Ears, Nose, Sinuses, Teeth,
Mouth, or Other Facial or Cranial Structures (e.g.,
cervical spine, acute glaucoma, refractive errors, acute
sinus headache)

Cranial Neuralgias, Nerve Trunk Pain and
Deafferentation Pain (e.g., compression, demyelination,
infarction, or inflammation of cranial nerves)

Headache Not Classifiable

CSF, cerebrospinal fluid; TIA, transient ischemic attacks.
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headaches usually occur at least once daily. The headache gen-
erally is unilateral, occurs behind the eye, reaches maximal in-
tensity over several minutes, and lasts for <3 hours. Unilateral
lacrimation, rhinorrhea, and facial flushing may accompany
the cluster headache. During cluster periods, headache is com-
monly precipitated by alcohol, naps, and vasodilating drugs.
In contrast to migraine headaches, cluster headaches are more
common in males than females.

TENSION-TYPE HEADACHES
A dull, persistent headache, occurring bilaterally in a hat-

band distribution around the head is characteristic of tension-
type headaches. The headache is usually not debilitating and
may fluctuate in intensity throughout the day. Tension-type
headaches often occur during or after stress, but chronic
tension-type headaches may persist for months even in the
absence of recognizable stress. Skeletal muscle overcontrac-
tion, depression, and occasionally nausea may accompany the
headache. Prodrome neurologic symptoms do not occur in as-
sociation with tension-type headache. More detailed descrip-
tions of migraine, cluster, and tension-type headaches appear
in following sections of this chapter.

Secondary Headache Disorders
In addition to migraine, cluster, and tension-type headaches,
patients may also experience headache associated with head
trauma, vascular disorders, central nervous system (CNS) in-
fection (including HIV), or metabolic disorders. More than 300
disorders capable of producing headache have been identified.8

Examples of secondary headache disorders are given in Table
52-1.

The length of time that a patient has experienced headaches
provides highly useful information for assessing the nature and
etiology of the headaches. A new severe headache in a patient
without a previous history is the most useful single piece of in-
formation for identifying potentially destructive intracranial or
extracranial causes of headache. Such headaches may develop
suddenly, over a period of hours to days (acute headache), or
more gradually over days to months (subacute headache).

Acute Headaches
Acute headaches can be symptomatic of subarachnoid hemor-
rhage, stroke, meningitis, or intracranial mass lesion (e.g., brain
tumor, hematoma, abscess). The headache that accompanies
subarachnoid hemorrhage is typically severe (often described
by the patient as the “worst headache of my life”) and may
occur in conjunction with alteration of mental status and focal
neurologic signs. The headache of meningitis is usually bilat-
eral and develops gradually over hours to days; symptoms such
as fever, photophobia, and positive meningeal (Kernig’s and
Brudzinski’s) signs often accompany the meningeal headache.
Although the acute onset of headache associated with cough-
ing, sneezing, straining, or change in head position is com-
monly thought to indicate a cranial mass lesion with cere-
brospinal fluid (CSF) pathway obstruction, several varieties of
exertional headache are benign (see Table 52-1).

Subacute Headaches
Subacute headaches may be a sign of increased intracranial
pressure, intracranial mass lesion, temporal arteritis, sinusitis,
or trigeminal neuralgia (i.e., tic douloureux). Trigeminal neu-

ralgia usually occurs after the age of 40 and is more common
in women than men. The pain usually occurs along the sec-
ond or third divisions of the trigeminal (facial) nerve and lasts
only moments. Trigeminal neuralgia is characterized by sud-
den, intense pain that recurs paroxysmally, often in response
to triggers such as talking, chewing, or shaving.

The clinical manifestations of headache, as described pre-
viously, focus on the onset, frequency, duration, site, gender
of the patient, distribution, and other unique characteristics of
the head pain. A comprehensive medical history and physical
examination of the patient often provide sufficient information
to make an adequate assessment of a patient’s headache com-
plaint, and may enable the practitioner to rule out headache as
a manifestation of more serious illness. Physical examination
of the patient suffering from the common, benign forms of
headache (e.g., migraine, cluster, and tension-type headaches)
is usually normal. When the medical history of the patient is
suggestive of a secondary cause of headache, a more extensive
evaluation with referral to or consultation by a neurologist is
necessary.

Pathophysiology
Intracranially, only a limited number of structures are sensitive
to pain. The most important pain-sensitive structures within
the cranium are the proximal portions of the cerebral arter-
ies, large veins, and the venous sinuses.9 Headache may result
from dilation, distention, or traction of the large intracranial
vessels. The brain itself is insensitive to pain. Referred pain
from inflammation of frontal or maxillary sinuses or refractive
errors of the eye are potential, although overdiagnosed, causes
of headache.10 Scalp arteries and muscles are also capable of
registering pain and have been implicated in the pathophysi-
ology of migraine and tension-type headache. Extracranially,
most of the structures outside the skull (e.g., periosteum, eye,
ear, teeth, skin, deeper tissues) have pain afferents. In general,
pain can be produced by activation of peripheral pain receptors
(nociceptors), injury to CNS or peripheral nervous system, or
displacement of the pain-sensitive structures mentioned earlier.

Historically, the primary headache disorders have been
thought to be related either to vascular disturbances (mi-
graine and cluster headache) or muscular tension (tension-type
headache). However, clinical and experimental evidence now
suggests that these headaches have their origin in an underly-
ing disturbance in brain function.11 Evidence in this regard is
particularly strong for migraine and cluster headache. Many
authors now hold the opinion that these clinically dissimi-
lar primary headache syndromes represent variable manifes-
tations of a common pathogenetic phenomenon that involves
neural innervation of the cranial circulation. The specific mech-
anisms that lead to primary headaches have not been identi-
fied. However, a neurovascular hypothesis has been proposed
in which headache is triggered by disturbances in central pain
processing pathways (the trigeminocervical complex) leading
to the release of potent neuropeptides (calcitonin gene-related
peptide [CGRP], substance P, and neurokinin A) and subse-
quent vasodilation.12 Serotonin, a vasoactive neurotransmitter
released by brainstem nuclei of the trigeminovascular system,
likely plays a role in migraine pathogenesis.13 Furthermore,
drugs that alter serotonergic function are highly effective for
the symptomatic treatment of migraine and cluster headache.
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Drug Therapy
Drug therapy for headache is divided into two major cate-
gories: (a) abortive therapy to provide relief during an acute
headache attack and (b) prophylactic therapy to prevent or re-
duce the severity of recurrent headaches. Most people with in-
frequent tension-type headaches self-medicate with over-the-
counter (OTC) analgesics to abort the acute event and do not
require prophylactic therapy. By contrast, migraine and clus-
ter headache sufferers who experience frequent headaches and
who respond poorly to abortive measures are good candidates
for preventive therapy.

Although analgesics are often useful for the treatment of
episodic tension-type headaches, most patients with migraine
and all patients with cluster headaches require other abortive
measures. Until recently, ergot alkaloids (e.g., ergotamine
and dihydroergotamine) were the most commonly prescribed
agents for relief of migraine and cluster headaches. Now, the
triptan class of agents (e.g., sumatriptan, zolmitriptan, nara-
triptan, rizatriptan, almotriptan, frovatriptan and eletriptan) is
often preferred because of their favorable efficacy and tolerable
adverse effect profiles.14 However, the greater expense of the
triptans limits the availability of these drugs for some patients.

Antidepressant agents (e.g., amitriptyline) are useful for
prophylactic treatment of migraine and tension-type head-
aches. Because many patients suffer from mixed headache
types, these agents can be useful for patients who might oth-
erwise require preventive polytherapy. Other agents useful
for migraine headache prophylaxis include β-blocking agents
(e.g., propranolol), valproate, calcium channel blocking agents
(particularly verapamil), and nonsteroidal anti-inflammatory
drugs (NSAIDs). Among the agents effective for prophylaxis
against episode cluster headaches, verapamil, corticosteroids
(e.g., prednisone) and lithium are usually preferred.

MIGRAINE HEADACHE
The word migraine comes from the Greek “hemicrania” and
historically was used to describe unilateral headaches with as-
sociated symptoms. More recently, the IHS described migraine
as follows. Migraine is an “idiopathic, recurring headache
disorder manifesting in attacks lasting 4 to 72 hours. Typi-
cal characteristics of [migraine] headache are unilateral loca-
tion, pulsating quality, moderate or severe intensity, aggrava-
tion by routine physical activity, and association with nausea,
photo- and phonophobia.”7 Migraine headaches are subclassi-
fied according to the presence or absence of aura symptoms.
Most persons who suffer from migraine do not experience
aura symptoms. In patients with aura, visual symptoms are
most common. Complicated migraine is a less common type
of migraine in which the neurologic symptoms are more pro-
nounced or disabling; in some cases the aura symptoms may
outlast the headache itself. Table 52-2 outlines the predomi-
nant types of complicated migraine. Although patients with
persistent symptoms should be thoroughly evaluated by a neu-
rologist, permanent neurologic sequelae after migraine are rare
even for patients with complicated migraine.

Pathophysiology
Past theories of pathogenesis have focused on alterations in
cranial vessel diameter and blood flow as the primary cause

Table 52-2 Types of Complicated Migraine7

Migraine with Prolonged Aura

Aura symptoms lasting >60 min but <1 wk

Familial Hemiplegic Migraine

Aura with hemiparesis; identical attacks in a first-degree relative

Basilar Migraine

Aura symptoms arising from brainstem or occipital lobes (e.g.,
dysarthria, vertigo, ataxia, decreased level of consciousness)

Ophthalmoplegic Migraine

Paresis of one or more ocular cranial nerves

Retinal Migraine

Aura symptoms with monocular scotoma or blindness lasting <1 hr

Status Migrainosus

Migraine headache lasting >72 hr despite treatment

Migrainous Infarction

Aura symptoms lasting longer than 7 days.

of migraine. In this “vascular hypothesis,” it was thought that
focal neurologic symptoms preceding or accompanying the
headache were caused by vasoconstriction and reduction in
cerebral blood flow. The headache was thought to be caused
by a compensatory vasodilation with displacement of pain-
sensitive intracranial structures. Although blood flow is de-
creased during the aura of migraine,15 other observations do
not support the vascular hypothesis. The headache phase of
migraine with aura has been shown to begin while blood flow
is reduced,15 and migraine without aura is not associated with
alterations in regional cerebral blood flow.16 Furthermore, the
therapeutic effect of sumatriptan, a drug highly specific for
neurovascular headaches, is not temporally related to its vaso-
constrictive effect.17 More recent evidence suggests that the
pain of migraine is generated centrally and involves episodic
dysfunction of neural structures that control the cranial circu-
lation (the trigeminovascular system). The availability of func-
tional brain imaging has had a dramatic effect on the ability to
visualize the pathophysiologic events of a migraine attack.12

The trigeminovascular system consists of neurons, originat-
ing in the trigeminal ganglion, which innervate the cerebral
circulation. Several potent vasodilator neuropeptides are con-
tained within these trigeminal neurons, including calcitonin
gene-related peptide, substance P, and neurokinin A. In ani-
mals, stimulation of the trigeminal ganglion significantly al-
ters regional brain blood flow.12 Stimulation of the trigeminal
ganglion in humans causes facial flushing, an increase in facial
temperature,18 and increases in extracerebral venous concen-
trations of calcitonin gene-related peptide and substance P.19

The specific events leading to trigeminovascular dysfunction
in migraine are unknown. However, evidence from positron
emission tomography (PET) scanning (a technique to measure
regional cerebral blood flow as an index of neuronal activity)
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suggests that episodic dysfunction of the brainstem, with corre-
sponding effects on the trigeminal system, are involved. Using
PET, Weiller and et al.20 found activation of the brainstem (pe-
riaqueductal gray, dorsal raphe nucleus, and locus ceruleus)
at the onset of migraine headaches in nine patients. This area
may represent an endogenous “migraine generator.” Sporadic
dysfunction of the nociceptive system (periaqueductal gray
and dorsal raphe nucleus) and the neural control of cerebral
blood flow (dorsal raphe nucleus and locus ceruleus) is hy-
pothesized to trigger migraine headache via their effects on
the trigeminovascular system. Further support for a trigemi-
novascular mechanism for migraine comes from studies that
demonstrate inhibition of trigeminal neurons and associated
nociceptive responses by various antimigraine drugs such as
dihydroergotamine,21 rizatriptan,22 and zolmitriptan.23 Abnor-
malities in serotonin (5-HT) activity are also thought to play
a role in migraine headache. Plasma 5-HT levels decrease by
nearly half during a migraine attack,24 with a corresponding
rise in the urinary excretion of 5-hydroxyindoleacetic acid,25

the primary metabolite of 5-HT. Also, reserpine, a drug that
depletes 5-HT from body stores, has been found to induce a
stereotypical headache in migraineurs and a dull discomfort in
patients not prone to migraine.24,26 An intravenous (IV) injec-
tion of 5-HT effectively relieved both reserpine-induced and
spontaneous migraine headache.24,26 The therapeutic effects of
drugs that stimulate 5-HT1 receptors (e.g., dihydroergotamine,
sumatriptan), antagonize 5-HT2 receptors (e.g., methysergide,
cyproheptadine), prevent 5-HT reuptake (e.g., amitriptyline) or
release (e.g., calcium channel blockers), or inhibit brainstem
serotonergic raphe neurons (e.g., valproate) all lend support to
the hypothesis that 5-HT is an important mediator of migraine.
Furthermore, brainstem nuclei activated during migraine have
high densities of serotonergic neurons. Specific 5-HT receptor
subtypes, 5-HT1B and 5-HT1D, are largely distributed in blood
vessels27 and nerves,28 respectively. These same 5-HT recep-
tor subtypes are the targets of antimigraine drugs such as the
triptans and ergot alkaloids.

Genetics
A familial predisposition for migraine has been well recog-
nized, although not until recent advances in gene mapping
techniques has the genetic basis of a specific migraine disorder
been discovered. The first identified migraine gene was found
among several unrelated families with familial hemiplegic mi-
graine. The mutations involved a gene encoding the α1 subunit
of a voltage-gated P/Q-type neuronal calcium channel.29 The
relevance of this discovery to other migrainous disorders is
unknown, but it suggests that some forms of migraine may
be fundamentally related to other episodic disorders of neu-
rologic dysfunction known as “channelopathies.”11 Recently,
genomewide linkage analysis in families with migraine (both
with and without aura) have identified susceptibility loci on
chromosomes 4 and 14.30,31 An improved understanding of
the genetics of migraine is likely to improve our understand-
ing of the pathophysiology of the disorder as well as to hold
promise for the identification of homogenous subgroups of pa-
tients in whom targeted drug (or other) interventions are likely
to be highly effective.

In summary, the pathophysiology of migraine probably in-
volves dysfunction of the trigeminal neurons that provide sen-
sory innervation and modulate blood flow for intracranial blood
vessels. The endogenous stimulus causing this dysfunction

may arise from a “migraine generator” in the brainstem. Dis-
turbances in 5-HT activity are also probably involved and it is
this feature that serves as the target for many migraine-specific
therapies.

Signs and Symptoms
Migraine With and Without Aura

1. K.L., a 29-year-old woman, presents to the clinic with a 5-
month history of left-sided pulsatile head pain recurring on a
weekly basis. Her headaches are usually preceded by unformed
flashes of light bilaterally and a sensation of light-headedness. The
ensuing pain is always unilateral and is commonly associated with
nausea, vomiting, and photophobia. The headache is not relieved
by two tablets of either aspirin 325 mg or ibuprofen 200 mg and
generally lasts all day unless she is able to lie in a dark room and
sleep. The headaches usually interfere with her ability to continue
work. K.L. is unable to identify any external factors that precipi-
tate a migraine attack. Both K.L.’s mother and grandmother also
were affected by migraine headaches. Medical history is unre-
markable, and K.L. denies any other medical problems. Current
medications include only the OTC analgesics for headache and the
contraceptive, Ortho-Novum 7/7/7. General physical and neuro-
logic examinations are within normal limits. What subjective and
objective data from the above description are consistent with a
diagnosis of migraine with aura?

Given K.L.’s headache description, normal physical exam-
ination, and age of onset, she is most likely suffering from
migraine with aura; a benign, though often disabling, disorder.

Approximately 17% of females and 6% of males in the
United States suffer from migraine headaches,1 and the in-
cidence and prevalence of migraine has increased in recent
decades.32,33 The typical age of onset of migraine headaches
is 15 to 35 years; after the age of 50, the onset of new mi-
graine headaches is less common and is suggestive of a sec-
ondary cause. Although influenced by physiologic and envi-
ronmental factors, migraine headaches occur more frequently
among first-degree relatives, suggesting a genetic basis for this
disorder.33 K.L.’s gender (female), age (29 years), and positive
family history are compatible with these aspects of migraine.

In the assessment of headache, the site or location of the
pain, the quality of the pain, the duration and time course of
the pain, and the conditions that provoke or palliate the pain
should be considered.

The site or location of head pain can provide the clinician
with clues as to the potential for secondary causes (e.g., lesions
in the frontal sinuses, eyes, ears, teeth, or cerebral arteries).
However, pain often is referred from other regions and the
location of pain can provide misleading information. Thus,
the site of head pain need not be related to the apparent site
of the focal neurologic symptoms that accompany migraine
with aura. Head pain may be either unilateral or bilateral, and
the pain need not recur on the same side if unilateral. In fact,
50% of patients with unilateral headache report that either side
of the head may be affected during any individual migraine
attack.34

The quality of migraine head pain usually begins as a dull
ache that intensifies over a period of minutes or hours to a
throbbing headache, which worsens with each arterial pulse.
If untreated, the headache lasts from several hours to as long
as 3 days or until the patient goes to sleep. The pain usually
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is intense enough to interfere with daily activities. Although
migraine headaches seldom occur more often than once ev-
ery few weeks, there is great interpatient variability in the
frequency of occurrence. A patient may experience only sev-
eral migraines in a lifetime, whereas others may suffer several
headaches weekly on a chronic basis. K.L., like half of all pa-
tients with migraine, describes headaches that recur between
one to four times monthly.34 In this patient, the quality of the
pain (i.e., interferes with K.L.’s ability to continue work); the
duration and the time course of the pain (i.e., usually lasts all
day); and the conditions that palliate the pain (i.e., lie in a
dark room and sleep) are all compatible with the description
of migraine headaches.

Aura symptoms are focal neurologic features that precede or
accompany the headache in up to 30% of migraine sufferers.35

When they precede the headache, aura symptoms usually be-
gin 10 minutes to 1 hour before the onset of head pain. Light-
headedness and photopsia (unformed flashes of light) are fre-
quently reported and were described by K.L. before the onset
of her head pain. Visual disturbances, such as scotoma (an
isolated area within the visual field where vision is absent),
occur in 30% of migraine patients.35 At times, the scotoma
is preceded only by a sensation that something is wrong with
vision that cannot be more specifically characterized. At other
times, the scotoma may be preceded by other visual distortions
(e.g., the “halves of peoples’ faces were vertically displaced
in such a way that one eye appeared to be 1 or 2 cm lower
than the other”).36 When scotomata are surrounded by a shiny
pattern, they are termed scintillating scotomata. These scin-
tillating scotomata can have “the visual quality of images in
the kaleidoscopes we looked into as children, with the differ-
ence that the scotoma are silvery instead of multicolored as in
the toy.”36 Other neurologic symptoms of cortical origin (e.g.,
paresthesias, temporal lobe symptoms) occur less commonly
in patients who suffer from migraine with aura. K.L.’s physical
and neurologic examinations were within normal limits. The
nausea and vomiting that were experienced by K.L. accompany
migraine headaches (with or without aura) in 90% of patients.
Vomiting is occasionally followed by a gradual resolution of
migraine symptoms. Diarrhea may also occur.

In summary, K.L.’s history and relative lack of important
physical findings are compatible with a diagnosis of migraine
with aura.

Diagnostic Tests

2. What further laboratory or diagnostic tests should be or-
dered for K.L.?

Headaches are common medical complaints and evaluation
of these headaches with sophisticated diagnostic procedures
(e.g., computed tomography [CT], magnetic resonance imag-
ing [MRI] scans) are generally unnecessary in the uncompli-
cated migraine patient. Because K.L.’s headaches are not of
recent origin, not progressive, and unassociated with traumatic
injury or persistent neurologic deficits, CT or MRI scanning
procedures should be unnecessary. Her headaches are unac-
companied by fever or nuchal rigidity, and she does not present
with headache described as being “the worst headache of my
life.” Therefore, a lumbar puncture would not likely be of diag-
nostic value because meningitis or subarachnoid hemorrhage

is unlikely. The signs and symptoms experienced by K.L., as
described in the answer to Question 1, are typical of migraine
with aura. The most important diagnostic evaluations of pa-
tients presenting with headache should be based on a thorough
medical history and physical examination. The role of costly
or invasive diagnostic procedures is limited to their usefulness
in detecting other more serious disorders that may manifest as
migrainous headache.

Therapeutic Considerations

3. What should be the general approach to the treatment of
K.L.’s headache attacks?

The concept that moderate to severe headaches can be clas-
sified into distinct types with unrelated pathophysiologic fea-
tures is probably incorrect. Patients commonly complain of
more than one type of headache or report symptoms or re-
currence patterns that are inconsistent with a single diagno-
sis. Because the selection of therapy is based primarily on
the characteristics of headache gathered from the history, the
practitioner needs to be flexible in the choice of treatments
when the features do not fit within classic definitions. Even for
patients with well-defined headache types, specific therapies
may alleviate pain in only 50% to 80% of patients. Still, with
careful monitoring of therapeutic response and optimization of
effective treatments, patients with a wide variety of headache
complaints can be successfully managed with relatively few
drugs.

Abortive Therapy
The general approach to treatment of acute migraine headache
attacks is one of pharmacotherapy aimed at relieving migraine
headache pain and associated symptoms. Such a treatment plan
may include (a) 5-HT receptor agonists (e.g., triptans or ergot
derivatives), (b) analgesics, (c) sedatives, and (d) antiemetic
drug therapy, depending on the exact nature of the patient’s
complaint. The selection of a specific treatment should be
based on the level of disability and associated symptoms such
as nausea and vomiting. This “stratified care” approach is pre-
ferred over a “step care” approach that may begin with agents
that are likely to be ineffective for the patient’s headache.37

This latter approach, when applied to all patients regardless
of headache severity, only serves to delay effective therapy in
many people.38

Aggravating Factors
Clinicians should always search for factors that might precip-
itate migraine attacks in their patients before initiating drug
therapy. Although K.L. could not associate her migraine at-
tacks with any external events, the factors listed in Table 52-3
should be discussed with her in hopes that their elimination or
avoidance may improve her headaches. However, complete re-
lief, even in patients who can clearly identify such precipitants,
is unlikely.

ORAL CONTRACEPTIVES

4. K.L. recalls being told by her gynecologist that headaches
are a possible side effect of oral contraceptive use. She initially
started oral contraceptives 2 years ago and did not associate the
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Table 52-3 Factors That May Precipitate Migraine Headache

Stress
Emotion
Glare
Hypoglycemia
Altered sleep pattern
Menses
Exercise
Alcohol
Carbon monoxide
Excess caffeine use or withdrawal
Foods containing:

MSG (e.g., Chinese food, canned soups, seasonings)
Tyramine (e.g., red wine, ripened cheeses)
Nitrites (e.g., cured meat products)
Phenylethylamine (e.g., chocolate, cheese)

Aspartame (e.g., artificial sweeteners, diet sodas)
Drugs
Excess use or withdrawal (ergots, triptans, analgesics)

Estrogens (e.g., oral contraceptives)
Cocaine
Nitroglycerin

MSG, monosodium glutamate.

medication with the recent onset of migraine attacks. Why should
the discontinuation of Ortho-Novum 7/7/7 be considered in K.L.?

Oral contraceptives may either worsen or precipitate mi-
graine attacks in women without a previous history of this
problem.39 Although headaches usually arise within the first
few months of oral contraceptive use, headaches developing
after several years have been described.40 The adverse effect
of oral contraceptives on migraine headaches is likely related
to the estrogen content. The use of a lower-potency estrogen
product decreases the frequency of migraine attacks in some
women. Migraine with aura is an independent risk factor for
stroke in women, with the highest risk found among those
younger than 45 years of age.41 No consistent increased risk
for stroke has been found among men, women older than 45
years old, and women who have migraine without aura.39 Use
of oral contraceptives increases the risk of stroke even further.
Adjusted odds ratios for stroke risk in women with migraine
are 4 for oral contraceptives containing >50 mcg estrogen and
2 for oral contraceptives containing <50 mcg estrogen.39 Sev-
eral groups recommend against the use of estrogen-containing
contraceptives in many women with migraine.39a K.L. should
be counseled about her increased risk for stroke and the op-
tions for alternative birth control methods. She can then make
an informed decision regarding whether or not to continue
oral contraceptives. When oral contraceptives are discontin-
ued, 30% to 40% of women42 notice an improvement in their
headaches, although several months may elapse before a bene-
fit is realized.43 If K.L. elects to discontinue oral contraceptives
an alternative form of birth control should be recommended,
and the frequency of her headaches should be monitored to
detect an improvement in this problem.

Abortive Therapy Triptans (5-HT1B/1D Receptor Agonists)

5. What would be an appropriate drug of first choice for the
treatment of K.L.’s acute headaches?

Agents in the triptan class (sumatriptan, zolmitriptan, nara-
triptan, rizatriptan, almotriptan, frovatriptan and eletriptan) are

effective and well tolerated relative to other agents used for the
abortive treatment of acute migraine headaches. Consequently,
triptans are appropriate initial therapy for patients with mod-
erate to severe migraine headaches who have no contraindica-
tions to their use. Introduction of these agents has had a dra-
matic effect on the successful relief of disabling headache in
many patients. Before this, ergot alkaloids (e.g., ergotamine
tartrate) were the preferred agents for migraine headaches
when non-narcotic analgesics were ineffective.

Unlike ergotamine, which needs to be taken at the earli-
est sign of a migraine attack for maximal benefit, the trip-
tans are effective when given 4 hours or longer after the onset
of headache.44 However, they are more expensive than ergo-
tamine. For this reason, some prescribers and health plans re-
serve the triptans for patients who are unresponsive or intoler-
ant to less expensive alternatives (e.g., ergotamine, NSAIDs).
Pharmacoeconomic studies have suggested an advantage of
triptan agents over nontriptan medications when costs are con-
sidered from a societal perspective (i.e., take into account lost
work productivity in addition to health care costs).45

Unlike the ergot alkaloids, which stimulate serotonergic,
dopaminergic, and noradrenergic receptors, the triptans have
selective agonist activity at 5-HT1B/1D subtype receptors. This
feature is likely responsible for the improved tolerability pro-
file for these agents. There are three proposed mechanisms for
the effectiveness of the triptans in acute migraine headache:
(a) reducing the excitability of neurons in the trigeminovascu-
lar system via stimulation of brainstem 5-HT1B/1D receptors,
(b) attenuating the release of neuropeptides with inflammatory
and vasodilating properties (e.g., CGRP, substance P, and neu-
rokinin A) via a presynaptic 5-HT1D receptor effect, and (c)
vasoconstriction of cerebral and extracerebral vessels by stim-
ulation of vascular 5-HT1B receptors.35 The coronary vascu-
lature also contains 5-HT1B receptors; thus, these agents have
the potential to cause coronary artery vasoconstriction. For this
reason, patients with coronary artery disease and uncontrolled
hypertension were excluded from premarketing clinical trials,
and the triptans are contraindicated in these patients. Suma-
triptan (Imitrex) was the first triptan approved for use, and it
is the prototype against which the other “second-generation”
triptans are compared. Table 52-4 compares the triptans with
regard to selected clinical and pharmacokinetic features.

SUMATRIPTAN
Sumatriptan (Imitrex) is a structural analog of 5-HT that

was introduced in 1993 for the abortive treatment of migraine
headache (Fig. 52-1). Available formulations include an in-
jection pen device for subcutaneous self-administration, oral
tablets, and a nasal spray. All of these formulations (includ-
ing a rectal formulation not available in the United States)
reduce the severity of migraine headache and improve asso-
ciated symptoms such as nausea, vomiting, photophobia, and
phonophobia.45 The choice of dosage form depends on the in-
tensity of the headache and the presence of severe nausea. For
patients who are nauseated and prone to vomit during an acute
attack, the subcutaneous and intranasal dosage forms are pre-
ferred. Both formulations have a rapid onset of effect. Reduc-
tion in headache intensity is reported within 10 minutes after
subcutaneous injection and within 15 minutes after adminis-
tration of the nasal spray.46 Clinical response is delayed after
oral administration of sumatriptan tablets,46 but this dosage
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Table 52-4 Clinical and Pharmacokinetic Features of the Triptans for Acute Migraine Headache60

Response Rate HA Recurrence Dose/ Maximum Dose
Drug Route Bioavailability (%) T-max (hr) Half-Life (hr) at 2 hr (%) Within 24–48 hr (%) Attack (mg) in 24 hr (mg)

Sumatriptan (Imitrex) PO
IN
SC

14
–
96

1.2–2.3
1–1.5
0.2

2
2
2

50–69
62–78
63–82

25–41
10–40
10–40

25–100
20–40

6–12

200
40
12

Zolmitriptan (Zomig) PO
IN

40–46
100

1.5
3

2.5–3
2.5–3

62–67
69

22–37 2.5–10
5–10

10
10

Naratriptan (Amerge) PO 60–70 3–5 6 43–49 17–28 1–5 5
Rizatriptan (Maxalt) PO 40–45 1.3 1.8 60–77 35–47 5–20 30
Almotriptan (Axert) PO 70 1–3 3–4 55–65 18–30 6.25–25 25
Frovatriptan (Frova) PO 20–30 2–4 2.6 37–46 7–25 2.5–5 7.5
Eletriptan (Relpax) PO 50 2 4 47–65 6–34 20–40 80

HA, headache; IN, intranasal; PO, oral; SC, subcutaneous.
Adapted from reference 60.

form is more convenient and preferred by many patients. Dur-
ing migraine attacks, the gastrointestinal absorption of many
drugs is delayed.47 This may contribute to the faster onset of
action of the nonoral dosage forms of sumatriptan and other
drugs.

The efficacy of the triptans has been evaluated using the
primary endpoint of headache response (reduction in headache
intensity to mild pain or no pain) at 2 hours. Response rates
for sumatriptan vary from 50% to 82% (see Table 52-4). Sub-
cutaneous injection is associated with higher response rates
than non-parenteral routes of administration. Comparative tri-
als with other antimigraine therapies also support the efficacy
of sumatriptan. Subcutaneous sumatriptan is more effective
and faster acting than dihydroergotamine (DHE) nasal spray.48

When compared with subcutaneous DHE, subcutaneous suma-
triptan is more effective at 1 and 2 hours, but the two treatments
are equally effective at 3 and 4 hours.49 In this trial, headache re-
currence rates at 24 hours favored subcutaneous DHE.49 Stud-
ies of oral sumatriptan show this treatment is more effective
than both ergotamine 2 mg with caffeine 200 mg50 and aspirin
900 mg plus metoclopramide 10 mg.51

Adverse Effects
Sumatriptan is usually well tolerated, and this feature offers
a significant advantage over ergot alkaloids in many patients.

5-HT  (serotonin)

HO NH2

N
H

Sumatriptan

CH3NHSO2CH2 N(CH3)2

N
H

FIGURE 52-1 Structures of 5-HT (serotonin) and sumatriptan.

After oral administration, the most common adverse effects of
sumatriptan include nausea and vomiting (which could be re-
lated to the migraine itself), malaise, and dizziness. Intranasal
sumatriptan is associated with a bitter, unpleasant taste in most
patients. Adverse effects following subcutaneous sumatriptan
are more common and more uncomfortable than those follow-
ing oral or intranasal administration. The most common ad-
verse events after subcutaneous administration are mild pain
or redness at the site of injection.52 These injection site re-
actions occur in 40% of patients and usually resolve within
60 minutes.52 Symptoms of chest pressure or tightness (some-
times extending to the throat) have been reported in 3% to
5% of patients treated with oral or subcutaneous sumatriptan
in controlled trials.52 However, a questionnaire-based study
of 453 users of sumatriptan found a much higher incidence–
42% of subcutaneous sumatriptan users and 26% of oral suma-
triptan users reported chest symptoms in almost all of their
sumatriptan-treated migraine attacks.53 These symptoms are
usually mild, resolve within 2 hours, and are unrelated to car-
diac ischemia. However, they are uncomfortable enough that
7% to 12% of patients discontinue the drug based on these
symptoms.53 Although chest symptoms are rarely serious,
sumatriptan has been associated with vascular events, includ-
ing coronary vasospasm,54 angina,55 myocardial infarction,56

and stroke.57 These adverse events usually occur in patients
with coronary artery disease or significant risk factors. How-
ever, myocardial infarction was reported in one otherwise
healthy young woman after sumatriptan.58 Because of poten-
tial vasoconstrictive effects, sumatriptan should not be used in
patients with uncontrolled hypertension, peripheral or cerebral
vascular disease, coronary artery disease, previous myocardial
infarction, Prinzmetal’s angina, or coronary vasospasm. For pa-
tients with risk factors of coronary artery disease but who are
otherwise deemed appropriate for sumatriptan, the first dose
should be administered in a physician’s office or an area in
which medical support in available.

Headache Recurrence
Another complication of sumatriptan use is recurrent migraine
headache. In 25% to 40% of patients, migraine headache re-
curs within 24 hours after initial successful treatment with
sumatriptan.59 This phenomenon may be related to the short
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half-life of the drug, and the recurrent headache often responds
to a repeat dose of sumatriptan.60

Drug Interactions
Although few drug interactions have been reported with
sumatriptan, concomitant use with ergot alkaloids, lithium,
serotonin-specific reuptake inhibitors (SSRIs), other triptans,
and monoamine oxidase (MAO) inhibitors is not recom-
mended because of the potential for precipitating the sero-
tonin syndrome.45 However, several reports describe the safe
use of sumatriptan in conjunction with MAO-B inhibitors,
SSRIs, and lithium, and clinical evidence of adverse effects
is minimal.61–63 The potential risks and benefits should be
considered when these therapies are used in combination.

Dosing
The recommended dosage of sumatriptan varies according to
the route of administration. The initial dose of subcutaneous
sumatriptan is 6 mg. If there is no relief within 1 hour, the dose
can be repeated. Initial doses of oral and intranasal sumatriptan
are 25 to 100 mg and 5 to 20 mg, respectively. These doses may
be repeated if there is no relief within 2 hours. When migraine
headache recurs after an initial positive response, a repeat dose
is often effective. However, the maximum doses in a 24-hour
period listed in Table 52-4 should not be exceeded.

SECOND-GENERATION TRIPTANS (ZOLMITRIPTAN, NARATRIPTAN,
RIZATRIPTAN, ALMOTRIPTAN, FROVATRIPTAN, ELETRIPTAN)
Since the introduction of sumatriptan, several second-

generation triptan agents have been approved for the acute
treatment of migraine. In general, these agents have similar
pharmacologic features (all are 5-HT1B/1D receptor agonists),
and improved oral bioavailability over sumatriptan. Although
these agents have similar pharmacologic effects on 5-HT re-
ceptors, patients who fail to respond to one triptan may re-
spond to another agent in this class. Like sumatriptan, second-
generation triptans also have potential vasoconstrictive effects
on coronary arteries. The pharmacokinetic and clinical effects
of the second-generation triptans are shown in Table 52-4.

All second-generation triptans have been shown to be supe-
rior to placebo for acute migraine relief. Fewer studies compare
one agent to another. A recent meta-analysis of 53 controlled
clinical trials compared the second-generation triptans with
sumatriptan 100 mg orally with regard to efficacy, consistency
of relief, and tolerability.44,64 Rizatriptan (Maxalt) 10 mg and
eletriptan (Relpax) 80 mg were significantly more effective
than sumatriptan 100 mg in headache response at 2 hours;
naratriptan (Amerge) 2.5 mg, eletriptan 20 mg and frovatrip-
tan (Frova) 2.5 were significantly less effective. Agents were
also compared with regard to the percentage of patients with
sustained freedom from headache (i.e., no pain at 2 hours, no
requirement for rescue medication, and no headache recur-
rence within 24 hours). Compared with sumatriptan 100 mg,
response rates were higher for rizatriptan 10 mg, eletriptan
80 mg and almotriptan (Axert) 12.5 mg, and lower for eletrip-
tan 20 mg. The consistency of therapeutic effect across multiple
attacks was also compared. Rizatriptan 10 mg provided more
consistent relief than sumatriptan 100 mg. Differences between
the triptans in tolerability were generally small. However, the
adverse effect rates of naratriptan 2.5 mg and almotriptan
12.5 mg were lower than that for sumatriptan 100 mg.44,64

Although comparison of drugs based on results from different
trials may not be reliable, the results of head-to-head com-
parison studies were consistent with those from single triptan
studies when results were pooled for meta-analysis.64

Drug Interactions
The metabolism of rizatriptan and zolmitriptan (Zomig) is re-
duced by MAO inhibitors (particularly MAO-A inhibitors).
Thus, like sumatriptan, rizatriptan and zolmitriptan should be
avoided in patients taking MAO inhibitors. Propranolol re-
duces the metabolic clearance of frovatriptan, zolmitriptan,
rizatriptan and eletriptan to varying extents. The clinical signif-
icance of these interactions is unknown but increased exposure
to these triptans should be considered in patients concomi-
tantly receiving propranolol. Inhibitors of CYP3A4 reduce the
clearance of almotriptan and eletriptan. For almotriptan, in-
creased exposure to triptans should be anticipated, however no
specific dosing adjustments are proposed. The interaction be-
tween eletriptan and CYP3A4 inhibitors is more significant,
and particular precautions are necessary. Eletriptan should not
be used within 72 hours of treatment with potent CYP3A4
inhibitors (e.g., ketoconazole, itraconazole, nefazodone, trole-
nadomycin, clarithromycin, ritonavir and nelfinavir). As with
sumatriptan, there is potential concern regarding the coadmin-
istration of second generation triptans and SSRIs. Weakness,
hyperreflexia and incoordination have been reported when 5-
HT1B/1D agonists are administered to patients taking SSRIs.
These potential adverse effects should be considered in pa-
tients who require both classes of medication.

Precautions regarding the use of second generation triptans
in patients with known or suspected cardiovascular disease are
similar to those for sumatriptan and should be strictly followed
(see Sumatriptan, Adverse Effects).

All second-generation triptans are available as oral tablets.
Rizatriptan and zolmitriptan are also available as oral disinte-
grating tablets that are placed on the tongue where they dissolve
and are swallowed with saliva. Patients who receive these for-
mulations (Maxalt-MLT, Zomig-ZMT) should be told to han-
dle the tablet with dry hands. Zolmitriptan is also available as
a nasal spray.

K.L.’s migraine headaches are of moderate to severe inten-
sity (her activities of daily living are negatively affected) and do
not respond to moderate doses of aspirin and ibuprofen. Trip-
tans (including sumatriptan and second-generation agents) are
appropriate initial antimigraine agents for patients such as K.L.
Although her headaches are frequently associated with nausea
and vomiting, it is not clear whether these symptoms occur soon
after the onset of the attack or whether they evolve gradually
as the migraine progresses. If vomiting occurs early, a nonoral
route of administration should be considered. Subcutaneous
or intranasal sumatriptan are appropriate therapy options. If
K.L.’s migraines evolve gradually after the onset of her aura
symptoms, then an oral triptan may provide sufficiently rapid
relief to be effective. Most patients prefer the convenience of
oral dosing. The initial choice of a triptan for oral administra-
tion can be made based on cost, pharmacokinetic features and
familiarity of the prescriber.

6. Ortho-Novum 7/7/7 was discontinued, and K.L. was fitted
for a diaphragm and given instructions on its proper use. She
was also given a prescription for sumatriptan 50 mg and told to
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take one tablet at the onset of her aura symptoms. At her follow-
up clinic visit 2 months later, K.L. reported inconsistent relief
from migraine headache with sumatriptan. She experienced six
headaches over the past 2 months. The first attack responded to a
single dose of sumatriptan 50 mg. The next three migraine attacks
failed to respond to the first dose, but responded when she took
another 50-mg tablet of sumatriptan 2 hours after the first. How-
ever, K.L. is concerned that she is becoming “tolerant” to this
medication and has been hesitant to take more than one tablet
of sumatriptan for subsequent migraines. Is tolerance a concern
with the triptan agents? Should K.L. be changed to another trip-
tan for acute relief of her migraine headaches?

Although there can be some inconsistency in response when
triptans are used to treat multiple migraine attacks, the gradual
development of tolerance in patients who experience an initial
favorable effect is uncommon and not expected. Patients who
experience relief after treatment of several migraines with the
same dose of a triptan usually continue to experience similar
relief over long periods of time.53 Thus, K.L. need not avoid
taking sumatriptan (at an effective dosage) because of con-
cerns regarding headache tolerance. In those instances when
K.L. experienced adequate relief of her migraine attacks, she
usually required two doses of sumatriptan 50 mg. Given this
response pattern, she should be encouraged to take 100 mg of
sumatriptan at the onset of her migraines in the future. Poten-
tial adverse effects should again be discussed with K.L., and
she should be informed that these side effects might be more
significant with the higher initial dose. However, most patients
who tolerate an initial dose of sumatriptan 50 mg are able to tol-
erate 100 mg as well. At this time, there is no need to consider
an alternate triptan for K.L. However, if she is intolerant of
sumatriptan 100 mg, then alternate agents such as naratriptan
or almotriptan could be considered. However, naratriptan gen-
erally has a slower onset of effect than other triptans, and this
may be a disadvantage for K.L. If, at a future visit, K.L. is not
obtaining adequate relief from sumatriptan 100 mg (followed
by an additional dose at 2 hours), then rizatriptan 10 mg should
be considered as initial treatment for her migraines. Although
eletriptan 80 mg also was superior to sumatriptan 100 mg for
migraine response at 2 hours in the meta-analysis discussed
above, this dose of eletriptan is higher than that recommended
by the manufacturer for initial treatment.44

Ergotamine Tartrate

7. What is the role of ergotamine tartrate in the acute treat-
ment of migraine headaches?

Ergotamine tartrate (Bellergal-S, Cafergot) has been used
since 1925 for the acute treatment of migraine headaches. Be-
fore the availability of agents in the triptan class, ergotamine
was widely considered the drug of choice when non-narcotic
analgesics were ineffective. The major advantages of this agent
are low cost and long history of experience with its use. How-
ever, adverse effects of ergotamine are common and potentially
serious, particularly when the drug is used in excessive doses or
for prolonged periods.42 Furthermore, the strength and qual-
ity of evidence for ergotamine in acute migraine therapy is
less than that for the triptans.38 For these reasons, triptans are
often preferred as initial therapy. About 50% to 70% of mi-
graine sufferers benefit from ergotamine given during an acute
attack.65 Ergotamine is highly specific for migraine and clus-

ter headaches; only occasionally are other types of headaches
affected by this drug.

Ergotamine and other ergot derivatives (e.g., dihydroergo-
tamine [DHE]) have numerous pharmacologic effects. How-
ever, their precise mechanism of action in migraine is unknown.
These drugs are agonists at numerous 5-HT1 receptor subtypes
(5-HT1A, 5-HT1B, 5-HT1D, 5-HT1F), 5-HT2, adrenergic, and
dopaminergic receptors.42 Ergotamine has both venous and ar-
terial vasoconstrictive effects. Although it has been presumed
that ergot alkaloids relieve migraine by their cerebral vasocon-
strictive effects, experimental evidence does not support this
as the sole mechanism.66 Ergotamine and dihydroergotamine
block inflammation of the trigeminal neurovascular system,
presumably by inhibiting the release of the neuropeptides dis-
cussed above (see Pathophysiology). This action, possibly me-
diated by 5-HT receptor effects, may be responsible for both
the pain-relieving and vasoconstrictive effects of the ergot al-
kaloids.

Ergotamine should be given at the first sign of a migraine
attack in a dosage that is effective and acceptable to the patient.
If administration is delayed until the headache is firmly estab-
lished, ergotamine is rarely effective and other therapies (e.g.,
DHE, triptans, or narcotic analgesics) are usually required.

CAFFEINE

8. Why is caffeine added to some ergotamine products (e.g.,
Cafergot)?

Caffeine is combined with ergotamine in several prepara-
tions and was originally added to potentiate the vasoconstric-
tive properties of ergotamine.67 Subsequent studies have shown
that caffeine improves intestinal ergotamine absorption68 and
potentiates the pain relief properties of analgesics.69 How-
ever, it should be kept in mind that caffeine’s stimulant effect
may prevent sleep, which is beneficial to many migraine suff-
erers.

9. How do different ergotamine dosage forms compare with
each other? What is the usual dosage of ergotamine for acute
migraine?

ROUTE OF ADMINISTRATION
Ergotamine tartrate is available for oral, sublingual, rectal,

or parenteral use. The rate and extent of drug absorption are er-
ratic following oral, sublingual, and rectal administration. The
rectal and sublingual routes of administration bypass the portal
circulation, avoid first-pass metabolism, and are more bioavail-
able than the oral route of administration. However, documen-
tation of improved efficacy is lacking.70,71 A metered-dose in-
haler containing ergotamine tartrate was previously marketed
in the United States, but this product has been withdrawn.

When ergotamine is prescribed, the sublingual preparation
is often preferred because it is convenient to use and has a
faster onset of action than oral ergotamine.72 Acute migraine
attacks also are associated with decreased gastric motility.73

This phenomenon is presumably responsible for the impaired
oral absorption of aspirin and ergotamine when given during
an acute migraine attack.47,74 Delayed drug absorption during
a migraine attack occurs independent of associated nausea or
vomiting and is primarily related to headache severity.75 In pa-
tients who do not respond to oral or sublingual dosage forms, a
trial with ergotamine rectal suppositories may be successful.75
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Some studies report higher rates of success with rectal adminis-
tration of ergotamine (i.e., about 70%) than with the oral or sub-
lingual routes of administration (about 50%–60% effective).76

This difference may be due to improved bioavailability of er-
gotamine when administered rectally.77 The usual ergotamine
dosage (when given by either oral, sublingual, or rectal routes)
is 1 to 4 mg given immediately and followed by 1 to 2 mg at 30-
minute intervals to a maximum of 6 mg/attack or 10 mg/week.
Also, the use of ergotamine should be limited to no more than
twice per week to reduce the risk of chronic ergot-related ad-
verse effects (see Question 11).42

CONTRAINDICATIONS

10. What are the contraindications to the use of an ergotamine-
containing product?

Contraindications to the use of ergot alkaloids include car-
diac, peripheral, and cerebral vascular disease; sepsis; liver
and kidney disease; pregnancy; breast-feeding; and concomi-
tant use of triacetyloleandomycin or erythromycin.65 The latter
drugs can inhibit the metabolism of ergotamine and may poten-
tiate the toxicity of this agent.78 The vasoconstrictive effects of
ergotamine can be particularly harmful to the patient with these
pre-existing conditions. Some sources cite hypertension as a
contraindication to ergotamine use, but this is controversial.
The usual therapeutic doses of ergotamine used for migraine
therapy have minimal effects on blood pressure, and hyper-
tension need not be a strict contraindication to its occasional
use.79

Concerns about using ergotamine during the aura of mi-
graine when focal neurologic deficits may be due to cerebral
ischemia have not been validated. Human studies have found
no alteration in regional cerebral blood flow after parenteral
administration of either ergotamine or dihydroergotamine and
their use during the prodrome is not contraindicated.66,80,81

Occasionally, patients experience a prolonged aura or more
prominent neurologic symptoms with ergotamine use. In these
individuals, ergotamine use should not be continued.42

ADVERSE EFFECTS

11. What adverse effects should be monitored for in patients
who receive ergotamine?

Gastrointestinal (GI) disturbances can be a limiting factor to
the use of ergotamine for headache therapy. Nausea, vomiting,
and anorexia are common, dose-dependent ergotamine adverse
effects, which may worsen the GI symptoms that commonly
accompany acute migraine headaches. These GI symptoms af-
ter ergotamine use are likely the result of central dopamine
receptor agonism at the chemoreceptor trigger zone. Because
these effects are centrally mediated, they can occur after ad-
ministration of ergotamine by any bioavailable route. Patients
are reluctant to continue therapy if their initial experience with
the medication has been unpleasant. Therefore, patients should
be educated as to the potential for this adverse effect.

Clinicians can also take measures to minimize migraine-
associated and ergotamine-induced GI upset. One useful tech-
nique is to determine the smallest dose of ergotamine that will
elicit GI distress in a patient during a headache-free interval.
For example, if the suppository form of ergotamine is being
used, the patient can be instructed to insert one-fourth of a

suppository at hourly intervals until nausea develops. The to-
tal dosage is then reduced by one-fourth of a suppository and
used as the initial dose for subsequent migraine attacks.79 The
same technique can be used for patients using oral or sublingual
ergotamine by splitting the tablets in half.

The peripheral vasoconstrictive effects of ergotamine most
commonly involve the lower extremities and are often char-
acterized by coldness, decreased distal pulses, and a tingling
sensation. Continuous paresthesias, limb pain, venous throm-
bosis, or gangrene necessitating amputation are more severe
consequences of ergotamine therapy.82 Although some of these
symptoms may occur with therapeutic doses in hypersensitive
individuals, they are most commonly associated with overdose
or excessive therapeutic use of ergotamine. Beta-adrenergic
receptor blocking agents, commonly used in migraine prophy-
laxis, occasionally can potentiate the vasoconstrictive effects
of ergotamine.83,84 Their concomitant use is not contraindi-
cated, but patients should be closely monitored for the signs
and symptoms of peripheral vasoconstriction.

Rebound headache after discontinuation of long-term, daily
ergotamine use is another common adverse effect. These re-
bound headaches respond to larger ergotamine doses, but ulti-
mately the headaches become more frequent and other symp-
toms of ergotamine overuse become apparent (e.g., symptoms
of peripheral vascular insufficiency). This cycle of overmedi-
cation and resultant headaches can render patients refractory
to other forms of headache treatment.85

ANTIEMETICS

12. What is the role of antiemetic therapy for the outpatient
treatment of migraine-associated nausea and vomiting?

In most patients, triptan agents provide effective relief
of migraine-associated nausea. Therefore, specific antiemetic
therapy usually is not required. However, as mentioned above,
persistent nausea is more common in patients who use ergo-
tamine for acute migraine therapy. In these patients, and in
triptan-treated patients who experience incomplete nausea re-
lief, adjunctive antiemetic therapy should be considered. Phe-
nothiazine antiemetics can provide symptomatic relief from
nausea; however, they can also reduce GI motility and fur-
ther impair absorption of medication taken orally.86 Metoclo-
pramide (Reglan) is the antiemetic of choice in migraine.87

The recommended dose is 10 mg taken orally as soon as pos-
sible. Although the drug has no direct antimigraine effect,88

it does provide symptomatic relief from nausea and vomiting
while enhancing the oral absorption of medications taken dur-
ing the migraine attack.86 Unfortunately, metoclopramide is
not available in a suppository dosage form.

13. In addition to the triptans and ergotamine tartrate, what
other abortive agents are available for outpatient treatment of
acute migraine headache?

In the stratified care approach, isometheptene compound,
NSAIDs, and combination analgesics are reasonable treatment
options for patients with mild-to-moderate migraine headaches
or those with severe attacks that have responded to these agents
in the past.38 Dihydroergotamine nasal spray is indicated for
moderate-to-severe migraine headache.38
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Isometheptene Compound
Isometheptene, a sympathomimetic amine, is combined with
acetaminophen and a sedative (dichloralphenazone) in the
product of Midrin. This combination is as effective as oral
ergotamine in the treatment of acute migraine headaches89,90

and, in many patients, better tolerated. Although the contraindi-
cations to Midrin are similar to those of ergotamine, severe
adverse effects are less common. Patients unresponsive to er-
gotamine products occasionally respond to Midrin. In patients
with mild to moderate migraine, isometheptene compound pro-
vides comparable relief to sumatriptan 25 mg given orally.91

The usual dosage of Midrin is two capsules taken immedi-
ately followed by one additional capsule every hour until the
headache is relieved. Subsequent migraine attacks can be man-
aged by administering the same total dose of Midrin that was
effective in treating the previous headache, but no more than
five Midrin capsules should be taken within a 12-hour period.89

Nonsteroidal Anti-Inflammatory Drugs and Combination Analgesics
Many NSAIDs and combination analgesics containing caffeine
have been shown to be effective for the acute treatment of mi-
graine headache.92 Significant clinical benefit in double-blind,
placebo-controlled trials has been shown for aspirin, ibupro-
fen, naproxen sodium, and combination analgesics contain-
ing acetaminophen, aspirin, and caffeine.38 Selected NSAIDs
(e.g., naproxen sodium, ketoprofen, diclofenac potassium) are
as effective as ergotamine93–95 or sumatriptan93 in the relief
of migraine headache. However, consistent differences among
NSAIDs in migraine therapy have not been demonstrated. If
NSAIDs are to be used in the abortive treatment of migraine,
the concomitant administration of metoclopramide can en-
hance their absorption, providing more effective and rapid pain
relief.47,96

Dihydroergotamine Nasal Spray
A nasal spray formulation of dihydroergotamine (DHE) (Mi-
granal) is available for abortive therapy of migraine. Previ-
ously, this agent was available for parenteral use only and was
usually restricted to use in clinic and emergency department
(ED) settings (see Intractable Migraine). DHE is less likely
than ergotamine to cause severe nausea and vomiting, and
it is a less potent arterial vasoconstrictor.97 In clinical trials,
DHE nasal spray is more effective than placebo in relieving
pain (beginning as early as 30 minutes after treatment) and
reducing post-treatment nausea.98–100 In an unpublished, ac-
tive control trial, DHE nasal spray was equally effective and
better tolerated than an ergotamine/caffeine combination prod-
uct (Cafergot).101 Patients given this treatment should self-
administer one spray (1 mg) into each nostril followed in 15
minutes by an additional spray in each nostril for a total of four
sprays (4 mg). DHE nasal spray is reasonable to consider as an
initial agent for moderate to severe migraine headache.38

Intractable Migraine

14. K.L. used sumatriptan 100 mg PO for her next two migraine
headache attacks and obtained good relief. K.L. experienced an-
other headache with severe nausea. She took sumatriptan 100 mg
PO but vomited immediately thereafter, and the headache contin-
ued to worsen throughout the day until she could no longer work.

K.L. was taken to the ED by a friend. The diagnosis of intractable
migraine was made. How should K.L. be treated?

Dihydroergotamine
Intractable migraine with associated vomiting usually requires
parenteral therapy with ergot derivatives, sumatriptan, or po-
tent narcotic analgesics. DHE-45, 1 mg subcutaneously102 or
intramuscularly103 or 0.75 mg intravenously,104 is particularly
effective in the treatment of acute and intractable migraine
headaches and thereby reduces the necessity for narcotic anal-
gesics. If ineffective, a second dose of DHE should be admin-
istered 30 to 45 minutes later. An IV antiemetic (prochlor-
perazine 5 to 10 mg or metoclopramide 10 mg) should be
administered 15 to 30 minutes before DHE to minimize the
GI side effects of this agent. Intramuscular administration of
ergotamine tartrate 0.5 mg is also effective, but ergot-related
side effects are more severe with ergotamine tartrate than with
DHE. Ergotamine tartrate administered by the oral, sublingual,
or rectal routes is unlikely to be effective in this setting.

Sumatriptan
Sumatriptan 6 mg subcutaneously is also effective for the treat-
ment of established migraine.53 If the first injection does not
provide relief at 1 hour, a second injection may be adminis-
tered. However, the daily dosage should not exceed 12 mg.
Sumatriptan should not be administered within 24 hours of er-
got alkaloids because of the potential for prolonged vasospastic
reactions.

Prochlorperazine
Prochlorperazine (Compazine) is an antiemetic agent of-
ten used as an adjunct for patients with migraine-associated
nausea and vomiting. However, when given by IV route
prochlorperazine is also a nonspecific yet highly effective
agent for aborting intractable migraine.38 In randomized, con-
trolled trials, prochlorperazine 10 mg IV was more effective
than placebo, IV metoclopramide, IV ketorolac, and IV val-
proate for the treatment of acute migraine in the emergency
department.105–107

Chlorpromazine
Like prochlorperazine, chlorpromazine (Thorazine) given par-
enterally has both antimigraine and antiemetic properties and
has gained increased acceptance in EDs as a pharmacologic al-
ternative to potent narcotic analgesics such as meperidine. In a
double-blind, controlled trial, IV chlorpromazine (0.1 mg/kg)
provided more effective pain relief from intractable migraine
than meperidine (0.4 mg/kg) plus dimenhydrinate.108 Chlor-
promazine 1 mg/kg intramuscularly has also been shown to
relieve migraine headache more effectively than placebo.109

Narcotic Analgesics
Parenteral narcotic analgesics also effectively relieve in-
tractable migraine headache pain, but they should generally be
reserved for second- or third-line therapy after patients have
failed to respond to parenteral sumatriptan, DHE, prochlorper-
azine or chlorpromazine. ED treatment of headache with nar-
cotics is a common antecedent to iatrogenic drug addiction.110

In some EDs that deal with a large number of drug-seeking pa-
tients, the use of synthetic narcotic agonist/antagonists (e.g.,
butorphanol, nalbuphine) has been advocated for treatment of
intractable migraine.111,112 Butorphanol is also available as a
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Table 52-5 Drug Treatment of Acute Migraine Headachea

Drug Route Dose Contraindications Adverse Effects Comments

Sumatriptan (Imitrex) PO
IN
SC

6 mg SC stat; may repeat
in 1 hr

Ischemic heart disease,
within 24 hr of ergot
alkaloids

Heavy sensation in head
or chest, tingling, pain
at injection site

First-line therapy for
moderate-to-severe
headaches; SC for
intractable migraine

Ibuprofen (Motrin) or
other NSAIDs

PO 400–800 mg Aspirin or
NSAID-related
bronchospasm

N, V, bleeding, renal
dysfunction

First-line therapy for
mild-to-moderate
headaches

Dihydroergotamine
(Migranal)

IN
IM
IV

2 mg IN stat; repeat in
15 min

See Ergotamine Rhinitis, dizziness, N, V For moderate-to-severe
headaches; parenteral
use for intractable
migraine

Ergotamine tartrate
(Cafergot, Ergostat)

PO
SL
PR

1–4 mg stat, then 1–2
mg Q 30 min to max
of 6 mg/attack or
10 mg/wk

CV disease, sepsis, liver
or kidney disease,
arterial insufficiency,
pregnancy, breast
feeding, concomitant
macrolide use

N, V, anorexia, limb
paresthesias or pain

Use at HA onset for max
effect; ↓ N and V by
using smallest
effective dose

Isometheptene/
dichloralphenazone/
acetaminophen
(Midrin)

PO 2 cap stat, then 1 cap Q
hr to max 5 cap/12 hr

See Ergotamine tartrate;
avoid in patients
taking MAOIs

N, V, dizziness,
drowsiness

As effective as
ergotamine tartrate

Prochlorperazine
(Compazine)

IM
IV

10 mg stat CV disease Extrapyramidal
reactions, sedation,
dizziness

IV/IM for adjunctive
antiemetic therapy; IV
for antimigraine effect
in intractable migraine

Chlorpromazine
(Thorazine)

IM 1 mg/kg CV disease, history of
seizures

Extrapyramidal
reactions, sedation,
hypotension

For intractable migraine;
also has antiemetic
properties

Morphine (or
meperidine)

IM 5–10 mg ↑ ICP or head trauma
with funduscopic
changes

Sedation,
hypoventilation

For intractable migraine

Metoclopramide
(Reglan)

PO
IM

10 mg stat GI hemorrhage or
obstruction;
pheochromocytoma

Extrapyramidal
reactions, sedation,
restlessness

For adjunctive
antiemetic therapy;
prochlorperazine also
effective

aSee text for references and additional details. See Table 52-4 for additional information on sumatriptan and other triptan agents.
CV, cardiovascular; GI, gastrointestinal; HA, headache; ICP, intracranial pressure; IM, intramuscular; IN, intranasal; MAOIs, monoamine oxidase inhibitors; N, nausea; NSAID,
nonsteroidal anti-inflammatory drug; PO, oral; PR, rectal; SC, subcutaneous; SL, sublingual; V, vomiting.

nasal spray for self-administration during migraine headache.
Although this product was initially thought to have a low addic-
tion liability, subsequent experience suggests that the product
is often misused or diverted for misuse purposes.113 Patients
receiving this medication should be monitored for excessive
use. In a comparison with intramuscular butorphanol and in-
tramuscular meperidine plus hydroxyzine, the superiority of
IV DHE plus metoclopramide was clearly demonstrated.111

In general, narcotic analgesics can be highly effective ther-
apies for acute and intractable migraine. However, these agents
often cause or exacerbate nausea and vomiting. Also, exces-
sive use should be monitored closely because of the risk of
addiction and dependence. Alternative symptomatic therapies
should be pursued for those patients who require frequent use
of narcotic analgesics (usually defined as two or more treat-
ments per week).44

Corticosteroids
Prednisone 40 to 60 mg orally for 3 to 5 days or dexametha-
sone 4 to 16 mg intramuscularly may be used as alternative

treatments for intractable migraine and presumably work by
suppressing the sterile perivascular inflammation of resistant
headache.114 Table 52-5 summarizes the agents commonly
used for the treatment of acute migraine headaches.

Appropriate treatments for K.L.’s current headache include
DHE (by subcutaneous, intramuscular, or IV route), subcuta-
neous sumatriptan, or intravenous prochlorperazine. Each of
these treatments has proved effective in at least two double-
blind trials.44 Although ergot alkaloids should not be admin-
istered within 24 hours of sumatriptan, K.L. vomited imme-
diately after taking sumatriptan and it is unlikely that she
absorbed the drug. Thus, DHE is not contraindicated. Since
K.L. has responded to oral sumatriptan in the past, subcuta-
neous administration of this drug would be appropriate initial
therapy at this time. Adjunctive therapy with prochlorperazine
(5 mg intramuscularly or intravenously) would provide relief
from nausea and vomiting, and may also contribute to a reduc-
tion in headache severity. If K.L.’s headache persists after 6
mg subcutaneous sumatriptan, a second injection can be given
1 hour after the first.
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Prophylactic Therapy

15. K.L. returns to the clinic 6 weeks later for follow-up.
Her current medications include oral sumatriptan and ac-
etaminophen with codeine. Acetaminophen with codeine 30 mg
(#20) was prescribed by the ED physician who treated her single
episode of intractable migraine. Since that episode, about 75%
of her headaches have responded to sumatriptan 100 mg orally.
The remainder of her attacks have been aborted with two ac-
etaminophen with codeine tablets and rest. Her concern is that
these resistant headaches occur as often as once or twice monthly
and necessitate her taking the rest of the day off from work. K.L.
reports no adverse effects from sumatriptan.

K.L.’s primary care physician wants to initiate treatment to
reduce the frequency and severity of K.L.’s migraine attacks and
chooses propranolol as the initial agent. When should prophylac-
tic therapy of migraine be considered? Is propranolol a reasonable
choice for K.L.?

Criteria for Use
K.L.’s present drug regimen is effectively aborting about 75%
of her migraine attacks. The frequency of her disabling, drug-
resistant headaches, however, is sufficient to warrant addi-
tional therapy that is directed toward preventing migraine at-
tacks. Prophylactic migraine treatment not only reduces the
frequency of migraine attacks, but also may reduce the sever-
ity of ensuing headaches, render them more responsive to
abortive measures, or reduce the duration of headaches. The
usual criteria for migraine prophylaxis are (a) headaches that
impact a patient’s life despite the use of abortive treatments
(e.g., twice monthly or more), (b) headaches occurring so
frequently that acute medications are overused, (c) disabling
headaches that are unresponsive to abortive treatments, (d) pa-
tients in whom abortive agents are contraindicated, and (e)
headaches that present a significant risk for future morbidity
or mortality (e.g., hemiplegic migraine, migraine with pro-
longed aura, basilar migraine, or migraines associated with
stroke).115 Given the frequency with which K.L. continues to
experience migraine headaches and the detrimental effect they
have on her job performance, prophylactic migraine therapy is
warranted.

Various prophylactic agents have been advocated to reduce
the frequency and severity of migraine headaches. For many
of these drugs, it is difficult to make an adequate assessment of
relative efficacy based on the available literature. Therapeutic
trials often are not optimally designed to establish the rela-
tive usefulness of a given drug relative to other prophylactic
agents. For example, the efficacy of newer therapies may be re-
peatedly compared with placebo rather than with other agents
whose effectiveness is well documented, whose dosages are
often suboptimal, or whose duration of therapy may be insuffi-
cient to document maximal efficacy. Ideally, the evaluation of
migraine drug therapy should be based on double-blind, con-
trolled, crossover trials with optimal dosage titration (to effect,
toxicity, or established maximum dosing recommendations)
and with sufficient wash-out periods to minimize ambigu-
ous results. Many prophylactic therapy recommendations are
not so well grounded. Recently, a structured, evidence-based
guideline for prophylactic treatment of migraine headache was
published.115,116 Recommendations given below are based on
these guidelines, which represent a synthesis of the results

from published trials and expert opinion. Generally, the pre-
ferred agents for prophylaxis of migraine headache are pro-
pranolol, timolol, amitriptyline, and valproate (including dival-
proex sodium). The use of these agents is supported by multiple
randomized controlled trials and mild-to-moderate adverse ef-
fects. Other agents discussed below either have less evidence
basis for a strong recommendation (i.e., few or no randomized
controlled trials), or have been associated with significant ad-
verse effects that limit their usefulness. In the United States, the
only agents approved by the FDA for migraine prophylaxis are
propranolol, timolol, valproate, topiramate and methysergide.
Table 52-6 contains a list of the more well-established drugs
used for migraine headache prophylaxis.

Propranolol
K.L.’s primary care physician has chose propranolol for pro-
phylactic therapy of migraine. This is an appropriate choice.
Propranolol (Inderal) is a first-line agent for migraine pro-
phylaxis because of its safety, efficacy, favorable adverse ef-
fect profile, and the large number of studies that support its
effectiveness.117,118 Although the effectiveness of propranolol
in the prophylaxis of migraine is well established, not all indi-
viduals respond to this treatment.118–124 When propranolol is
used, approximately 50% to 80% of patients obtain complete
or partial relief from migraine attacks118,124,125; most patients
who initially respond to propranolol continue to benefit without
any evidence of drug tolerance.124

The mechanism by which propranolol exerts its antimi-
graine effects is unknown. It was generally assumed, without
evidence to support the hypothesis, that β-receptor blockade
prevented the vasodilatory phase of migraine; however, propra-
nolol has no significant effect on cerebral blood flow.126 The
mechanism of action may be related to the drug’s effects on the
serotonergic system.127,128 Propranolol has a high affinity for
serotonin receptors128 and has been shown to inhibit platelet
uptake of serotonin in vivo and in vitro.129

Other β-adrenergic blocking drugs such as timolol134 and
the cardioselective agents, metoprolol130 and atenolol,131,132

appear to be as efficacious as propranolol in double-blind,
crossover trials. However, besides propranolol, timolol is
the only β-blocker with FDA approval for this indication.
Atenolol is an appropriate therapeutic alternative for patients
who cannot tolerate propranolol’s CNS adverse effects. The
lack of efficacy demonstrated for pindolol,133 acebutolol,134

alprenolol,135 and oxprenolol136 may be related to their intrin-
sic sympathomimetic activity, and these agents should not be
used.

DOSING

16. What dose of propranolol should be prescribed for K.L.?
When can she expect a response?

Propranolol 80 to 240 mg/day in two to four divided doses
is effective in the prophylaxis of migraine headaches.115,118

Because the dosage range is wide, propranolol therapy should
be initiated with 20 mg two or three times a day; this dose can
be increased gradually at weekly intervals according to patient
tolerability or to a maximum of 320 mg/day.117 Once the daily
dosage of propranolol required to control headaches is estab-
lished, patient adherence may be improved by changing to a
long-acting oral dosage form (e.g., Inderal LA). Although the
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Table 52-6 Drugs Useful for Migraine Headache Prophylaxisa

Drug Dose Dosage Forms/Strengths Effectiveness Comments

Propranolol (Inderal) 20 mg BID–TID; gradually ↑
dose at weekly intervals to
effect or max of 320
mg/day

Tab: 10, 20, 40, 60,
80, 90 mg

ER Cap: 60, 80, 120,
160 mg

50–80% obtain complete or
partial relief; comparable
to methysergide

First line therapy; atenolol,
metoprolol, and timolol also
effective

Amitriptyline (Elavil) 10–25 mg HS; ↑ by 10–25
mg/day at weekly intervals
to max 150 mg/day; most
should benefit from 50–75
mg/day

Tab: 10, 25, 50, 75,
100, 150 mg

Effectiveness comparable
to propranolol and
methysergide

First line therapy effective for
prophylaxis of migraine and
tension-type headache

Valproate (Depakote) 250 mg BID; ↑ by 250
mg/day at weekly intervals
to effect or adverse effects;
most should benefit from
1,000–2,000 mg/day

Capb: 250 mg
DR Tabc: 125, 250,

500 mg
ER Tab: 250,500 mg
SCaps: 125 mg

50% obtain complete or
partial relief

First line therapy

Verapamil (Isoptin,
Calan)

80 mg TID. If needed, ↑ dose
gradually to max of 480
mg/day

Tabs: 40, 80, 120 mg
ER Cap: 120, 240 mg
ER Tab: 180, 240 mg

50% obtain complete or
partial relief

Second line therapy
Delay of 1–2 months for maximal

effect; efficacy of nifedipine and
diltiazem questionable

Methysergide
(Sansert)

2–8 mg/day in 3–4 divided
daily doses to be taken with
food

Tab: 2 mg 60–70% obtain complete or
partial relief

Use limited by propensity for
frequent and sometimes severe
adverse effects; drug holidays
should be planned every 6 mo.
Rarely used

Naproxen sodium 550 mg BID Tab: 220, 275, 550 mg 30% obtain complete or
partial relief

Second line therapy
Modest efficacy; effective for

menstrual migraine; naproxen,
flurbiprofen, ketoprofen,
mefenamic acid also effective

aSee text for references and additional details.
bValproic acid capsules.
cDivalproex sodium delayed-release tablets.
Cap, capsules; DR, delayed release; ER, extended release; SCap, sprinkle capsules containing coated particles; Tab, tablets.

usual dosage for migraine prophylaxis is 80 to 240 mg/day, up
to 30% of patients prophylactically treated with propranolol
would not have benefited in one clinical study of 865 patients
if the propranolol dosage had not been titrated to a maximum
of 320 mg/day.125 Most propranolol responders will experi-
ence relief within 4 to 6 weeks of beginning therapy.79 How-
ever, in unusual circumstances, 3 to 6 months may be required
before maximal benefit is realized.125 Tolerance to the antimi-
graine effects of propranolol over long-term therapy does not
occur.124

Because propranolol is highly effective and well tolerated
in most patients, it is an appropriate prophylactic agent for
K.L. She has no pre-existing disease states that would prohibit
its use. K.L. should be started at a low dosage with gradual
titration to either therapeutic response, side effects, or a maxi-
mum dose of 320 mg/day. Six weeks or longer may be required
before optimal results are achieved.

Methysergide

17. G.W., a 46-year-old man with an 11-year history of migraine
without aura, comes to a clinic with a complaint of epigastric dis-
tress for the past 2 days. Current medications include Fiorinal
(aspirin 325 mg, butalbital 50 mg, caffeine 40 mg) two capsules
PO at headache onset, methysergide (Sansert) 2 mg PO TID, sal-
meterol inhaler 1 puff every 12 hours, fluticasone (44 mcg/puff)

2 puffs every 12 hours, albuterol metered-dose inhaler 2 puffs as
needed for shortness of breath, and Theo-Dur 300 mg PO BID.
G.W.’s headaches are notable for bilateral, throbbing, temporal
head pain and the absence of associated GI or focal neurologic
symptoms. Migraine prophylaxis with methysergide has reduced
his headache frequency from three headaches monthly to about
one headache every 2 to 3 months. A review of G.W.’s medical
record reveals that methysergide therapy was initiated 2 years
ago and that a drug holiday was not taken. Past medical history
includes asthma since adolescence, with frequent ED visits for ex-
acerbation of symptoms and a 3-year history of painful lower ex-
tremity peripheral vascular disease (PVD). Why is methysergide
an inappropriate alternative to propranolol prophylaxis of mi-
graine in this asthmatic patient with PVD?

Methysergide, a semisynthetic ergot alkaloid with 5-HT2-
receptor antagonist properties, is one of the most effective
agents for migraine prophylaxis;137 in past decades, it was the
standard by which newer therapies were often judged. However,
its use is limited by a propensity for frequent, and sometimes
severe, side effects. For this reason, methysergide is considered
a fourth-line agent for migraine prophylaxis.115

Within the usual dosage range of 2 to 8 mg in three to four
daily divided doses, as many as 40% of patients treated with
methysergide will experience side effects. Adverse effects are
severe enough to require discontinuation in 10% of patients.
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CONTRAINDICATIONS
Like other ergot alkaloids, methysergide has peripheral

vasoconstrictive properties that may preclude its use in some
patients. Contraindications to methysergide use include PVD,
coronary artery disease, thrombophlebitis, and pregnancy.
Even when such precautions are kept in mind, some patients
experience side effects attributable to the drug’s vasoconstric-
tive properties (e.g., coldness, numbness, and tingling of the
extremities or even anginal pain).

Given G.W.’s history of PVD, methysergide is not an ap-
propriate agent for migraine prophylaxis. Although he had a
history of PVD before methysergide was initiated, the contin-
ued use of this drug may have aggravated his condition. G.W.’s
methysergide should be tapered immediately and an alternative
treatment regimen initiated.

ADVERSE EFFECTS

18. In addition to G.W.’s history of PVD, what is another reason
for discontinuing his methysergide therapy, and how should it be
tapered?

Retroperitoneal, endocardial, and pleuropulmonary fibrosis
are severe complications of methysergide. Fibrosis has devel-
oped after 7 to 79 months of methysergide therapy and has been
associated with dosages in excess of 8 mg/day.79 Because most
fibrotic complications have been reported following long-term,
uninterrupted use of methysergide,138 drug-free holidays of 3
to 4 weeks are recommended after each 6-month treatment
period to minimize this risk. However, the discontinuation of
methysergide should be gradual to avoid the rebound vascular
headache that can occur after abrupt discontinuation. Patients
receiving long-term therapy should be counseled to report any
flank pain, dysuria, or chest pain to their physician. During
each patient visit, cardiac auscultation should be performed.
An IV pyelogram and chest radiograph also should be obtained
after 6 months of therapy to monitor for the development of
fibrosis. When the therapeutic benefits of methysergide be-
come evident (∼3 to 4 weeks after initiation of therapy), the
dose of this drug should be reduced to the minimum effective
amount.79

Because G.W. has received methysergide continuously for 2
years without a drug holiday, he is at risk for developing methy-
sergide fibrosis. The methysergide should be discontinued in
G.W. because of the risk of drug-induced fibrosis and because
of his history of PVD. His methysergide therapy should be
gradually tapered to discontinuation over a 3-week period to
avoid migraine headache rebound. Subsequently, another form
of prophylactic therapy should be initiated for G.W.

19. G.W. has been experiencing nausea for the past 2 days. What
is one approach to resolving these GI complaints?

GI distress is the most common side effect to methysergide
therapy. However, the discomfort is usually mild and disap-
pears within the first several days to weeks of therapy. GI dis-
tress can be minimized by administering methysergide doses
with food and by avoiding rapid increases in dose. Because
G.W. has received methysergide therapy for 2 years and his GI
complaints appear to be of recent origin, other potential causes
for GI distress should be investigated. Methysergide can also
activate latent peptic ulcer disease,139 presumably by increas-
ing gastric acid secretion.140 However, G.W. has no known his-

tory of ulcer disease and his GI complaint does not specifically
suggest this complication.

G.W.’s GI distress may be the result of gastritis or pep-
tic ulcer disease caused by the aspirin component in Fiorinal
(G.W. receives 650 mg aspirin with each two capsule Fiorinal
dose). The nausea also could be due to theophylline toxicity.
These potential causes of G.W.’s nausea should be evaluated. A
laboratory determination of G.W.’s hemoglobin (Hgb) concen-
tration and evaluation of his stools for occult blood would be
helpful in assessing aspirin-induced gastritis with blood loss.
A serum theophylline concentration also should be obtained.
A more detailed history that focuses on the relation between
nausea and medication use or other concurrent illness may also
provide useful information for assessing G.W.’s GI distress.

20. What drug should be prescribed in place of methysergide
to prevent G.W.’s migraine attacks?

Along with propranolol, amitriptyline and valproate are ef-
fective first-line therapies for prevention of migraine headache.
The effectiveness of these agents is supported by randomized
controlled trials, and adverse effects are generally mild-to-
moderate in severity.

Amitriptyline
Amitriptyline (Elavil) is effective for prevention of both mi-
graine and tension-type headaches. It may be the drug of choice
for patients whose symptoms suggest features of both headache
types (i.e., mixed tension-type/migraine headaches), and for
those with coexisting depression. Along with propranolol and
valproate, amitriptyline is considered a first-line therapy for
migraine prophylaxis.115

In a double-blind, placebo-controlled, cross-over study,
amitriptyline was as effective as propranolol.141 It also was as
effective as methysergide based on comparative results from
previous studies.142 The mechanism of amitriptyline’s antimi-
graine effect is independent of its antidepressant activity141,143

and may be related to its ability to block the reuptake of sero-
tonin at central sites.144 However, other antidepressant agents
that block 5-HT reuptake (e.g., clomipramine) have been in-
effective for migraine prophylaxis.145 Amitriptyline and other
antidepressants have been reported to down-regulate 5-HT re-
ceptors, although this effect has been inconsistent in published
reports.146

DOSING
The initial dose of amitriptyline is 10 to 25 mg at bedtime.

This nightly dose can be increased at weekly intervals by 10
to 25 mg until the maximum dose of 150 mg/day is reached.
Most patients achieve optimal benefit from 50 to 75 mg/day
of amitriptyline; doses greater than 150 mg/day are unlikely
to produce better results.79 Two-thirds of patients note a de-
crease in the number of headaches within 7 days of starting
amitriptyline therapy, but a 6-week trial is warranted before
the drug should be considered ineffective.142,143

No other antidepressant agents have been studied as ex-
tensively as amitriptyline for migraine prophylaxis and their
efficacy remains unproven. Fluoxetine (Prozac) was effective
in one small trial.147 However, the favorable results were not re-
produced in a larger, subsequent study.148 A study of amitripty-
line 25 mg/day and fluvoxamine 50 mg/day demonstrated
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reductions in headache frequency for both drugs when pre-
treatment and post-treatment periods were compared.149

Valproate
The antiepileptic drug valproate (and divalproex sodium,
Depakote) is also approved for the prevention of migraine
headaches and is useful as a first-line agent in this regard.115,150

In a randomized, double-blind, parallel treatment comparison
of valproate (titrated to trough serum concentrations of 70 to
120 mcg/mL) and placebo, 48% of valproate-treated patients
had a 50% or greater reduction in the frequency of migraine.151

In a single-blind comparison of valproate and propranolol, both
agents were equally effective as prophylaxis for migraine with-
out aura.152

DOSING
The initial dose of valproate is 250 mg PO BID. The dose

can be increased in 250- to 500-mg/day increments at weekly
intervals. The usual range of effective doses is 500 to 1,500
mg/day. Serum levels of valproate may be useful to monitor
therapy; however, a clear relation between concentration and
antimigraine effect has not been established. Enteric-coated
products (e.g., Depakote) are preferred over immediate release
products (e.g., Depakene) to minimize gastrointestinal upset.
An extended-release dosage form (Depakote ER) is approved
for once-daily dosing and may be useful to improve medication
adherence.

Either amitriptyline or valproate would be reasonable
choices for prevention of migraine headaches in G.W. Al-
though direct comparative trials have not been performed, these
agents appear to be equally effective. Thus, the choice can be
made on the basis of the adverse effect profile of these agents.
The most common adverse effects of amitriptyline include dry
mouth, reflex tachycardia, blurred vision, weight gain, and dif-
ficulty with cognition. The most common adverse effects of
valproate include nausea, alopecia, tremor, and weight gain.
The adverse effect profiles of each agent should be discussed
with G.W., and, on the basis of his preference, a choice between
these agents should be made.

21. S.A. is a 31-year old woman with a 4-year history of dis-
abling migraine headaches (with aura) occurring two to three
times weekly. She is currently using zolmitriptan (Zomig) 5 mg
for abortive therapy, and the clinic physician is concerned about
overuse of this agent. Medical history includes bipolar affective
disorder and a history of polydrug abuse. S.A. has failed pro-
phylactic therapy with propranolol (ineffective) and valproate
(modestly effective, but caused unacceptable weight gain). She is
currently taking lithium for her bipolar disorder, and her serum
levels have been stable at 0.8 mEq/L. Her physician wishes to
avoid antidepressants because of her psychiatric history. What
other prophylactic therapies are available?

Nonsteroidal Anti-Inflammatory Drugs
In addition to being effective as symptomatic therapy for
migraine, selected NSAIDs are also effective as prophylac-
tic agents. However, their effectiveness as preventive ther-
apy is considered to be modest compared with the first-line
agents, propranolol, amitriptyline, and valproate.115 The ra-
tionale for their use is that inhibition of prostaglandin and
leukotriene synthesis might inhibit the neurogenic inflamma-

tion of migraine. However, their actual mechanism of ac-
tion is unknown. Placebo-controlled trials have documented
the effectiveness of naproxen,153 naproxen sodium,154,155

ketoprofen,156 flurbiprofen,157 and mefenamic acid.158 A com-
parative study of naproxen sodium 1,100 mg/day and propra-
nolol 120 mg/day found a trend favoring propranolol, although
the difference in response between the two treatments was not
significant.159 Given the favorable trend toward propranolol
and the use of a suboptimal dose of the drug in this trial, it is
unlikely that naproxen sodium is a superior agent for migraine
prophylaxis. The NSAIDs mentioned above may be effective as
short-term therapy for menstruation-associated migraine.115

Calcium Channel Blockers
VERAPAMIL
Calcium channel blockers influence the final common path-

way of vascular reactivity by altering calcium flux across
smooth muscle. Hormone and neurotransmitter secretion are
also calcium-dependent processes that can be altered by cal-
cium channel blockers.160 Whether the efficacy of calcium an-
tagonists in migraine therapy is due to their vasoactive proper-
ties, modulation of neurotransmitter release, or a serotonergic
effect is unknown.

Verapamil (Isoptin, Calan, Verelan) is the calcium channel
blocker of choice for preventive migraine therapy because it is
effective and has been most extensively studied in randomized
controlled trials. Most patients respond to verapamil at doses of
240 to 320 mg/day. Therefore, treatment can be initiated with
an 80-mg dose three times a day and increased to 80 mg four
times a day after 1 week. Observable benefits from this treat-
ment may not be apparent for 3 to 8 weeks; as a result, verapamil
should be continued for at least 2 months to properly evaluate
response to therapy. This is one of the limiting properties of
calcium channel antagonists. If an adequate response is not
achieved in this interval, the verapamil dose can be increased
weekly by increments of 80 mg to a maximum of 480 mg/day.
Sustained-release (SR) formulations (Calan SR, Isoptin SR)
and extended-release formulations (Covera-HS, Verelan) of
verapamil, are available and are often useful in improving pa-
tient adherence with long-term therapy. Headache frequency,
intensity, and duration are reduced in 50% of patients treated
with verapamil.161–163 Patients who suffer from migraine with
or without aura respond equally well.161,162 Verapamil may be
particularly effective for patients with a prolonged or atypical
migraine aura.116 Although there are few comparative studies,
most practitioners consider the benefits of calcium channel
blockers to be modest relative to β-blockers, valproate, and
amitriptyline. For this reason, verapamil is usually considered
when these agents fail or are contraindicated.8,117

NIFEDIPINE, DILTIAZEM AND NIMODIPINE
Nifedipine (Procardia) and diltiazem (Cardizem) are

other calcium antagonists that have been used to treat
migraine.164–166 Although preliminary experience suggested
that nifedipine was effective, a double-blind, crossover study
found nifedipine to be no more effective than placebo for
preventing migraine headaches with aura. This study was de-
signed to detect a 50% reduction in migraine frequency during
treatment.167 The effectiveness of diltiazem is based on two
open-label studies with no control treatment.166,168 As yet, no
placebo-controlled, crossover studies have been reported. On
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the basis of current evidence, neither nifedipine nor diltiazem
can be recommended for prophylaxis of migraine headache
until other, better-established therapies (see Table 52-6) have
been adequately tried and yielded unsatisfactory results.

Nimodipine (Nimotop) is a calcium antagonist with marked
selectivity for the cerebral vasculature.169 The drug is approved
only to improve neurologic deficits after aneurysmal sub-
arachnoid hemorrhage. Results from double-blind, placebo-
controlled trials have been inconsistent in showing a benefit of
nimodipine for preventing migraine headaches.170–173

In most studies, the dose of oral nimodipine was 40 mg given
three times daily.171–173 Unfortunately, no adequate studies are
available that compare nimodipine to other first-line preventa-
tive therapies. In light of the inconsistent results from placebo-
controlled trials and the high cost of this drug, nimodipine
appears to have little utility as a prophylactic agent.

Other Prophylactic Therapies
Some of the less established therapies occasionally recom-
mended for migraine prophylaxis are listed in Table 52-
7.79,115,174–177 Evaluative reports for some of these agents do
not meet the criteria for establishing a clear benefit in migraine.
In general, a significant reduction of headache frequency in
50% of patients should be demonstrated before a drug can be
said to be more effective than placebo. Placebo response rates
for migraine and other painful conditions range from 30% to
50%10,178,179 and may be maintained over several months.179

This significant effect should also be considered when evalu-
ating studies of migraine therapy.

On the basis of efficacy, either NSAIDs (i.e., naproxen,
naproxen sodium, flurbiprofen, ketoprofen or mefenamic acid)
or verapamil could be considered for prophylactic therapy to
reduce the frequency of S.A.’s migraine headaches. However,
NSAIDs are likely to interact with her lithium therapy, result-
ing in an increase in serum concentration and risk for adverse
effects. For this reason, NSAIDs are best avoided at this time.
S.A. should be started on verapamil 80 mg three times a day
with gradual dosage titration to side effects, cessation of mi-
graine attacks, or a maximum dose of 480 mg/day. She should
be counseled regarding the possible occurrence of constipation
and the appropriate management of this common side effect of
verapamil. A 2-month trial may be necessary to demonstrate
optimal therapeutic effect. Prophylactic therapy for migraine
should be continued for 3 to 6 months. If a satisfactory re-
sponse is achieved, the prophylactic agent should be gradually

discontinued over several weeks to assess the continued need
for this mode of therapy.

Analgesic Overuse

22. L.D. is a 39-year-old woman with a 7-year history of mi-
graine (without aura) and tension-type headache who comes to
clinic requesting a refill of her Fiorinal (aspirin, butalbital, and
caffeine) and acetaminophen with codeine (30 mg). She reports
an increase in the frequency of both her “throbbing” and “dull,
pressure-sensation” headaches over the past year, and lately she
has had difficulty distinguishing the two types. Over the past 2
months, she has had only 5 days with no headache, and she has
been much less productive in her work as a magazine editor. A
review of her medication refill records indicates that she has had
four refills of Fiorinal (#30) and three refills of acetaminophen
with codeine (#20) in the past 2 months and that her use of these
drugs has increased over the past year. During the visit, she also
indicates that she uses OTC acetaminophen and naproxen sodium
on an “as-needed” basis. Although L.D. had experienced relief of
mild headaches in the past with the use of OTC analgesics, these
medications no longer reduce the intensity of her pain. What is
the potential role of analgesic overuse in the worsening of L.D.’s
headaches? How should her condition be managed?

Narcotics, NSAIDs, and other analgesics can be very effec-
tive for the treatment of infrequent, episodic migraine and other
headache types. However, the use of these agents in patients
with frequent headaches should be undertaken with caution.
Analgesic overuse is common in these patients and associated
with a gradual worsening of the headache symptoms. Any type
of headache syndrome (e.g., migraine, tension-type, and other
headaches) can be worsened by analgesic overuse.180 This ex-
acerbation is termed analgesic-induced headache (also, anal-
gesic rebound headache) and is characterized by an increase
in the use of analgesics, development of tolerance to the pain-
relieving effect of these drugs, an increase in headache inten-
sity, and an increase in headache frequency. In severe circum-
stances, a pattern of chronic daily headache can emerge. These
chronic daily headaches often have features of both migraine
and tension-type headaches.181 The mechanism of analgesic
rebound headache is unknown. However, alterations in sero-
tonergic transmission are suspected.182,183 L.D. displays many
of the features of analgesic-induced headache. She reports an
increase in the frequency of headaches to a near-daily pattern
and she is no longer able to distinguish between migrainous

Table 52-7 Other Drugs for Migraine Headache Prophylaxisa

Drug Dose/Day (Oral) Comments

Clonidine 0.1–0.2 mg BID–TID No benefit found in some studies
Cyproheptadine 4–8 mg TID–QID (adults) Particularly useful for migraine in children
Ergonovine maleate 0.2 mg TID–QID during menses

or continuously
Effective for menstrual migraine and when other prophylactic agents contraindicated;

recommended by some authors as a first-line prophylactic agent
Feverfew Variable Demonstrated effective in randomized, controlled trial though additional study needed
Phenelzine 15 mg TID–QID Caution when used simultaneously with antidepressants and β-blockers
Phenytoin 200–400 mg QD Benefits in children and adults established by uncontrolled studies
Riboflavin 400 mg QD Demonstrated effective in a randomized, controlled trial though additional study needed
Topiramate 100 mg/day (given BID) Effective in three randomized controlled trials
Gabapentin 900–2400 mg/day (given TID) Effective in one randomized controlled trial
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and tension-type headaches. Furthermore, the exacerbation of
her headaches appears to coincide with the escalating use of
analgesics. L.D. should be questioned carefully to determine
the total amount of acetaminophen, naproxen sodium, and as-
pirin that she consumes daily and weekly. Daily users of anal-
gesics are at increased risk for chronic renal disease, chronic
liver disease, and acute GI bleeding.183–185 Laboratory tests
should be ordered to assess L.D.’s renal and hepatic function,
and she should be questioned regarding the occurrence of GI
discomfort, acute bleeding, or a change in her stool color.

In general, patients who receive analgesics for headache
treatment should be counseled to restrict their use of these
agents to no more than twice per week.44 However, in pa-
tients with analgesic-induced headache, a reduction in the use
of these drugs will likely worsen their headache condition.
The management of analgesic-induced headache is a challenge
to clinicians and the patients who suffer from them. These
headaches are often unresponsive to the usual abortive and
prophylactic therapy measures discussed in earlier sections of
this chapter. Successful management requires gradual with-
drawal from the overused drugs. This process can be protracted
and made even more difficult when barbiturate, codeine, or
ergotamine-containing drugs are involved.181 Withdrawal can
usually be accomplished on an outpatient basis although in
some patients, inpatient detoxification is required. Once the
frequency and quantity of analgesic use by L.D. have been ad-
equately quantified, a process of gradual drug removal should
be initiated. Medications taken on an infrequent basis (e.g.,
fewer than two times per week) can be abruptly stopped. For
medications currently taken on a daily basis, L.D. should be
counseled to reduce the medication by one tablet per day at
3-day intervals.181 She should be informed that her headaches
may worsen during this period but that symptoms will grad-
ually improve as she proceeds through the detoxification
process.

L.D.’s use of acetaminophen with codeine does not appear
to be frequent enough to place her at risk for the develop-
ment of opiate withdrawal symptoms. However, she should
be counseled to report symptoms such as anxiety, tremulous-
ness, insomnia, or diarrhea. If these symptoms occur, the rate
of drug withdrawal should be reduced. Some clinicians pre-
scribe a tricyclic antidepressant such as amitriptyline during
the withdrawal period.181 These agents can be useful for their
central pain-relieving properties, antidepressant effects, and
for their effect as preventative therapy for both migraine and
tension-type headaches. Even if a tricyclic antidepressant is
not prescribed during the withdrawal period, L.D. should be
considered as a candidate for prophylactic headache therapy
once analgesic withdrawal has been accomplished. If prophy-
laxis of both migraine and tension-type headache is necessary,
amitriptyline would be an appropriate choice for L.D. After
withdrawal is complete, L.D. should be educated regarding
the future risk of analgesic-induced headache. A medication
other than the withdrawn drugs should be prescribed for treat-
ment of her acute attacks. For example, a triptan agent may be
useful for abortive treatment of her migraine headaches. An
NSAID may be considered for acute treatment of her tension-
type headaches. L.D. must clearly understand that these agents
should not be used more than twice per week, and her use
of all abortive or symptomatic therapies should be monitored
closely.

In extreme circumstances, analgesic abuse can precipitate
chronic daily headache. In addition, analgesic abuse is a com-
mon cause of failure of the usual abortive treatment measures
(e.g., sumatriptan and ergotamine). Successful abortive and
prophylactic treatment of migraine headache in patients with
a history of analgesic overuse necessitates detoxification from
the abused agents.186 Headaches often worsen during the with-
drawal period, but within several weeks the headache charac-
teristics return to baseline and responsiveness to traditional
pharmacotherapy is restored. To minimize the risk of anal-
gesic abuse and rebound headaches, patients should restrict
their use of these agents to no more than twice per week.44

CLUSTER HEADACHE
Cluster headache is a relatively infrequent headache disorder
(estimated prevalence 0.07–0.4%) that derives its name from
the characteristic pattern of headache recurrence–headaches
tend to occur nightly over a relatively short period of time (i.e.,
several weeks or months), followed by a long period of com-
plete remission.187 Cluster headaches occur more commonly
in males than females. There may be a seasonal predilection to
cluster attacks with the spring and fall being common times for
headache recurrence. Headaches are usually of short duration
and present as severe, unrelenting, unilateral pain occurring
behind the eye with radiation to the territory of the ipsilateral
trigeminal nerve (temple, cheek, or gum).

The different clinical characteristics between cluster and
migraine headaches (e.g., sex ratio, periodicity of attacks, du-
ration of headaches, aura symptoms) suggest that these two
types of vascular headaches are different clinical entities.188

Pathophysiology
The pathophysiology of cluster headache is undetermined. As
in migraine, vascular, neurogenic, metabolic, and humoral fac-
tors have been proposed to play a role in cluster headache
pathogenesis. Precipitation of headaches during a cluster pe-
riod by vasodilators and response to vasoconstrictors suggests
an underlying vascular component. During a cluster headache,
thermography shows increased periorbital heat emission ip-
silateral to the head pain.189 Also, patients commonly report
flushing in the same area, and these observations suggest that
extracranial vasodilation occurs in cluster headache. However,
intracranial blood flow studies fail to show consistent changes
during a cluster attack,190–192 and the alterations in extracra-
nial blood flow follow the onset of head pain,193 suggesting
that vasodilation occurs in response to some other initiating
stimulus. Abnormal plasma levels of melatonin, growth hor-
mone, testosterone, and prolactin have been reported in pa-
tients with cluster headache. These findings, along with the
cyclic recurrence pattern of the disorder suggest a disturbance
in hypothalamic function.194

Observations that suggest a neural component to cluster
headache include the occurrence of headache in the distribu-
tion of the trigeminal nerve, accompanying autonomic symp-
toms, and the fact that headache precedes extracranial vasodi-
lation. Stimulation of the trigeminal nerve results in the release
of substance P and vasoactive polypeptides, vasodilation, and
pain.195 These features implicate the trigeminovascular system
in cluster headache pathogenesis. However, a coherent theory
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to explain the symptoms, periodicity, and circadian regularity
of cluster headaches remains elusive.

In recent years, the role of heredity in cluster headache has
been appreciated.187 Cluster headache has been reported in
monozygotic twins,196 and first-degree relatives of individuals
with cluster headache have a 14-fold higher risk of also having
cluster headaches.197 However, a specific genetic basis for the
disorder remains elusive.198

Signs and Symptoms

23. R.H. is a 31-year-old man with a 3-year history of episodic
cluster headache. He has been headache free for the past year
but today states that the headaches are returning in their char-
acteristic fashion. He reports abrupt onset of right-sided retro-
orbital pain with occasional superimposed knifelike “jabs” that
increase in intensity over several minutes to a severe, unrelent-
ing pain lasting about 90 minutes. The headache then gradually
subsides. Associated symptoms include right-sided lacrimation,
conjunctival injection, and rhinorrhea. He denies any premoni-
tion of ensuing headache or GI upset during the attacks. Physical
examination during a cluster headache shows right eyelid droop
and pupillary miosis. R.H.’s cluster periods characteristically last
about 2 months and usually recur once or twice yearly. The first
headache of the current bout awoke him from a short nap. R.H.
expects to suffer one or two such headaches daily because this
has been the usual pattern during each cluster period. Previous
cluster headaches have been symptomatically treated with aspirin
and codeine 30 mg. However, R.H. reports only modest relief with
this treatment approach.

R.H.’s medical history is unremarkable. He does not use to-
bacco but admits to occasional social drinking. What subjective
and objective evidence in this case is consistent with a diagnosis
of cluster headaches?

R.H.’s gender, age of onset, quality and intensity of
headache pain, periodicity of headache attacks, and associated
symptoms all support the diagnosis of cluster headaches.

Cluster headaches affect men more commonly than women
by a ratio of 5:1,189,199 and have their usual onset between the
second and fourth decades of life.199 R.H.’s gender (male) and
age of onset (28 years) are compatible with these aspects of
cluster headaches.

Recurrent cluster headaches are usually severe and throb-
bing and affect the same side of the head. Occasionally, cluster
headaches may involve the entire hemicranium. The pain starts
abruptly, often waking the patient from sleep, reaches maxi-
mum intensity over 5 to 15 minutes, and usually lasts 45 to 60
minutes.189 Unlike migraine, cluster headache is not preceded
by an aura. Thus, patients have no warning before onset of
head pain. Cluster periods often last from 2 to 3 months and
recur once or twice yearly.189 Patients suffering from chronic
cluster headaches have bouts that last 12 months or longer.
R.H.’s headache quality (severe, unrelenting pain), site (uni-
lateral), evolution and resolution pattern (worsens over several
minutes and resolves within 90 minutes), and periodicity of at-
tacks (one or two headaches occurring daily for about 2 months
followed by a period of remission that lasts about 1 year) are
all compatible with the usual character of cluster headaches.

Associated features may include ipsilateral lacrimation, in-
jected conjunctiva, and rhinorrhea or blocked nasal passage.

A partial Horner’s syndrome (ptosis with miosis) occurs in
one-third of patients and is often the only abnormal physical
finding during a cluster headache. Nausea, vomiting, and focal
neurologic symptoms are often absent. Associated symptoms
reported by R.H. during headache attacks (e.g., lacrimation,
rhinorrhea, conjunctival injection) and the absence of GI or
neurologic disturbances are also compatible with the diagno-
sis of cluster headaches.

During a cluster period, headaches may be precipitated by
alcohol (even in small amounts), vasodilators, stress, warm
weather, missed meals, and excessive sleep. Therefore, during
the current cluster period, R.H. should be counseled to avoid
all alcohol and daytime naps.

Abortive Therapy

24. What abortive measures are available for symptomatic
treatment of individual headaches during R.H.’s current cluster
period?

The treatments of choice for abortive treatment of cluster
headaches are sumatriptan by subcutaneous injection and oxy-
gen inhalation.187,198 The expense and inconvenience of having
oxygen inhalation apparatus close at hand limit the usefulness
of this treatment for many patients. A recent community-based
study found that most patients suffering from cluster headaches
do not receive optimal treatment for their condition.200 Table
52-8 is a summary of drugs commonly used for the acute treat-
ment of cluster headache.

Sumatriptan
Sumatriptan 6 mg subcutaneously has been shown to effec-
tively relieve cluster headache in randomized, double-blind,
placebo-controlled trials. Cluster headaches are reduced in
severity in 74% of attacks within 15 minutes, compared with
26% of attacks treated with placebo.187 An additional injection
of 6 mg does not appear to give additional headache relief.201

However, in patients who experience a recurrent headache af-
ter initial relief with sumatriptan, a second injection is often
useful.194 Sumatriptan should not be used more often than
twice daily during cluster bouts. For patients who experience
more than two attacks per day, adjunctive therapy with oxygen
inhalation should be considered.187

Intranasal and oral sumatriptan have also been evaluated
in patients with cluster headache. A randomized, open-label
comparison of sumatriptan by intranasal (20 mg) and subcu-
taneous (6 mg) routes found a much higher response with the
injectable form of the drug at 15 minutes post-treatment (94%
versus 13%, respectively). Patients included in this study indi-
cated a clear preference for the subcutaneous dosage form.202

Oral sumatriptan (100 mg three times a day) was studied as a
prophylactic agent during cluster headache bouts and found to
be ineffective.203

Oxygen
Oxygen inhalation is preferred not only for in-hospital treat-
ment of cluster headache but also for use by some patients
at home or at work. Oxygen is also useful for patients with
frequent cluster headaches who would otherwise exceed max-
imum dosing restrictions of sumatriptan.187 The benefits of
oxygen inhalation at 7 L/minute for 15 minutes, are superior
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Table 52-8 Drugs Commonly Used for Acute Treatment of Cluster Headachea

Drug Route Dose Contraindications Adverse Effects Comments

Sumatriptan (Imitrex) SC 6 mg at HA onset Ischemic heart disease, within
24 hr of ergot alkaloids

Heavy sensation in head
or chest, tingling,
pain at injection site

Not an FDA-approved
indication; costly but well
tolerated

Oxygen Inhalation 7 L/min for 15 min Fast onset of effect; equally
effective as ergotamine tartrate

Ergotamine tartrate
(Ergostat, Cafergot)

SL, PR 1–2 mg at HA onset;
may repeat in 5 min
(SL only); do not
exceed 6 mg/attack
or 10 mg/wk

CV disease, sepsis, liver or
kidney disease, arterial
insufficiency, pregnancy,
breast feeding, concomitant
macrolide use

N, V, anorexia, limb
paresthesias or pain

SL ergotamine may have faster
onset of effect; ↓ N and V by
using smallest effective dose

DHE-45 SC, IM, IV 1 mg (SC, IM) or 0.75
mg (IV) stat; may
repeat in 45 min

CV disease, sepsis, liver or
kidney disease, arterial
insufficiency, pregnancy,
breast feeding

N, V, limb paresthesias
or pain

More effective and faster onset
than SL or PR ergotamine.
Premedicate with antiemetic
(e.g., metoclopramide or
prochlorperazine)

aSee text for references and additional details.
CV, cardiovascular; HA, headache; IM, intramuscular; IV, intravenous; N, nausea, PR, rectal; SC, subcutaneous; SL, sublingual; V, vomiting.

to placebo204 and equal to those of ergotamine205 in relieving
cluster headaches. In addition, oxygen is very fast-acting, with
most patients experiencing headache relief within 7 minutes
of beginning inhalation.205 The mechanism of oxygen’s effect
is unknown but may be related to a direct vasoconstrictive
action.187

Ergotamine Tartrate
Inhalational, sublingual, and parenteral routes of ergotamine
administration have a rapid onset of action and are effective
for aborting acute cluster headaches.206 Ergotamine by inhala-
tion or sublingual administration is effective in 70% to 80%
of patients,207,208 and traditionally these routes of administra-
tion have been preferred. Unfortunately, no inhaled ergotamine
product is currently marketed in the United States, and the
product is likely to remain unavailable. Ergotamine tartrate 2
mg given rectally also can be effective if given early in the
attack.207 Ergotamine tartrate 0.5 mg and DHE 1 mg given
intramuscularly are equally effective; DHE is better tolerated
and less likely to cause vasoconstrictive adverse effects.207

Other Therapeutic Interventions
Cluster headaches also can be relieved by less commonly used
therapeutic interventions such as intranasal capsaicin,209 dex-
amethasone 8 mg orally,194 methoxyflurane inhalation (10–
15 drops applied to a handkerchief and inhaled for several
seconds),79 somatostatin IV infusion (25 mcg/minute for 20
minutes),210 and local anesthesia with either intranasal appli-
cation of 1 mL of 4% lidocaine hydrochloride211 or 0.3 mL
of a 5% to 10% solution of cocaine hydrochloride212 to the
ipsilateral sphenopalatine fossa.

Orally administered narcotic analgesics are usually inef-
fective in cluster headache,189 and R.H. has suffered several
cluster periods with inadequate therapy. Improved response
can be expected with the use of a more effective agent that has
a faster onset of action. Reasonable options for the acute treat-
ment of R.H.’s acute cluster headaches include subcutaneous
sumatriptan or oxygen inhalation. The success rate with each
of these therapies is high. For many patients, oxygen is a less

convenient therapy since the equipment is not easily portable
and the patient must sit still during the treatment. The choice
can be made on the basis of patient preference or cost.

Prophylactic Therapy

25. What therapeutic agents are available for headache prophy-
laxis during an active cluster period?

Pharmacotherapy aimed at preventing cluster headaches
during an active period should be considered if symptomatic
therapy is ineffective, intolerable, or if headaches occur more
frequently than twice daily. Table 52-9 contains a list of avail-
able drugs for cluster headache prophylaxis.

Verapamil
Verapamil is effective for the prevention of cluster head-
aches,165,213,214 and many authors now considered this agent to
be the prophylactic agent of choice.187,189 The usual effective
daily dose is 240 to 480 mg/day and approximately two-thirds
of patients have a 50% or greater reduction in headache fre-
quency. Verapamil can be combined with lithium for prophy-
laxis in patients with chronic cluster headaches.187

Prednisone
Prednisone 40 to 80 mg daily provides relief from episodic
cluster headache in 50% to 75% of patients215,216 and is su-
perior to methysergide in both episodic and chronic cluster
types.216 Prednisone also has a faster onset of action than many
other agents used for cluster headache prophylaxis. The ben-
eficial effect is usually evident within 48 hours of initiating
treatment.79 Corticosteroids are best used for short bouts of
cluster headaches (1–2 months or less) because of the side
effects associated with prolonged use.

Ergotamine
Ergotamine’s use as a prophylactic agent is particularly at-
tractive when headache recurrence follows a predictable pat-
tern (e.g., nocturnal attacks). Prophylactic administration at



52-22 � NEUROLOGIC DISORDERS

Table 52-9 Drugs for Prophylaxis of Cluster Headachea

Drug Dose/Day Route Comments

Ergotamine tartrate
(Cafergot, Ergostat)

0.25–0.5 mg BID–TID 5 days/wk
1–2 mg BID or HS for nocturnal
HA; max 12 mg/wk

SC, PO, SL, PR Effective when given 30 min before anticipated cluster HA

Indomethacin (Indocin) 50 mg TID PO Effective for chronic cluster HA
Lithium carbonate 600–1,500 mg PO Effective for chronic cluster HA; effective in 80% of patients
Melatonin 10 mg QD PO Efficacy demonstrated in 1 randomized controlled trial;

patients with chronic cluster headache did not respond
Methylergonovine maleate 0.2 mg TID–QID PO Effective in 75% of patients in one retrospective study
Methysergide (Sansert) 2 mg TID–QID PO Effective in 65–70% of patients with episodic cluster HA; less

effective for chronic cluster HA
Prednisone 40 mg QID × 2 days, then taper by 5

mg/day to maintenance dose of
15–30 mg QID

PO A first-line agent for episodic cluster HA; more effective and
faster-acting than methysergide; benefits usually within 48
hr; best for short bouts of cluster HA because of long-term
adverse effects

Triamcinolone (Aristocort) 4–8 mg QID PO May be useful in patients unresponsive to prednisone
Valproate (Depakote) 600–2,000 mg/day divided TID–QID PO Effective in 73% of patients in 1 open trial
Verapamil (Isoptin, Calan) 240–480 mg/day divided TID–QID PO Drug of choice for prophylaxis

aSee text for references and additional details.
HA, headache; PO, oral; PR, rectal; SC, subcutaneous; SL, sublingual.

bedtime or at least 30 minutes before the anticipated headache
often will prevent the attack.189

Methysergide
Methysergide is effective in 65% to 70% of patients with
episodic cluster headache and can be used for cluster peri-
ods of less than 3 months’ duration without the same degree
of concern for fibrotic complications because of the antici-
pated shorter period of drug exposure.207,216 A limitation to
the use of methysergide as the sole prophylactic agent for clus-
ter headache is the delay in symptomatic response, which may
be up to 2 weeks in some patients. Chronic cluster headache
responds less dramatically to methysergide and other agents
(e.g., lithium) are preferred.207

Lithium Carbonate
Lithium carbonate is effective in preventing episodic and
chronic cluster headache.207,217,218 Benefits from lithium pro-
phylaxis are observable 1 to 2 weeks after initiation of
therapy79,217,218 and are maintained with long-term use.219

Lithium serum levels associated with efficacy in clus-
ter headache prophylaxis are usually between 0.6 and 1.2
mEq/L.189 However, lower levels (0.3–0.8 mEq/L) may also be
effective.187 Adverse effects from long-term lithium use (e.g.,
renal toxicity) are discussed in Chapter 80, Mood Disorders II:
Bipolar Disorders.

Other Therapies
Valproate has not been adequately studied, but one open trial
reported that 73% of patients with cluster headache responded
to this treatment.220 In a recent pilot study, melatonin was su-
perior to placebo for prophylaxis of cluster headache.221 β-
Blockers, antidepressants, and carbamazepine have no proven
usefulness in the treatment of cluster headaches.79

R.H. should be evaluated at his next clinic visit for response
to abortive sumatriptan or oxygen therapy. Prompt consider-
ation should be given to the aforementioned additional treat-

ments if suppression of headaches during the cluster period is
warranted. In general, after response to a prophylactic agent
has been established and maintained for at least 2 weeks, at-
tempts can be made to discontinue the drug. Treatment should
be reinstituted if headaches recur.

TENSION-TYPE HEADACHE
Tension-type headache is the most common headache type with
a lifetime prevalence of 88% in women and 69% in men.222

In a population-based study, the 1-year prevalence of tension-
type headache was 38%. Highest prevalence rates were found
in women between 30 and 39 years of age and, in both sexes,
those with higher education levels.223 Tension-type headaches
(previously known as tension or muscle contraction headaches)
are usually characterized by a dull aching sensation bilaterally
that occurs in a hatband distribution around the head. The pain
is usually mild to moderate in severity and has a nonpulsat-
ing quality.224 Tension-type headaches are not associated with
aura symptoms, nor are they accompanied by nausea, vomit-
ing, or photophobia. The headache is usually not of sufficient
intensity to interfere with daily activities but may be a nuisance
by virtue of its persistent nature. Headache frequency varies
widely between patients. Chronic tension-type headache oc-
curs in approximately 2% of the population (1-year prevalence
rate) and sufferers may have headache continuously for months
or even years.223

Pathophysiology
The throbbing pain associated with migraine headaches is not
characteristic of tension-type headaches, although it may oc-
cur in 25% of tension-type headache sufferers when the pain
becomes severe.79 Such patients may be diagnosed more ap-
propriately as having a mixed tension-type/migraine headache
disorder.225 Indeed, in recent years the traditional boundaries
distinguishing migraine from tension-type headaches have
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become less clear. Headache features such as neck muscle con-
traction and precipitation by stress were previously thought to
be specific for tension-type headaches but are now recognized
to occur in migraine as well.

For many years, excessive muscle contraction with con-
striction of pain-sensitive extracranial structures was thought
to be the cause of tension-type headache.226 More recent ev-
idence shows no correlation between muscle contraction and
the presence of tension-type headache.227 Abnormal vascu-
lar reactivity was also thought to play a role in tension-
type headache, but temporal muscle blood flow is unaltered
compared with controls.227 Platelet 5-HT content is lower in
patients with chronic tension-type headache suggesting that
migraine and tension-type headaches share some pathophysi-
ologic features.224

Tension-type headaches also may be associated with
depression,225 repressed hostility, or resentment.228 However,
these psychological associations may be the result of the
chronic pain syndrome rather than a cause or feature of
the headache disorder. Patients with recurrent tension-type
headaches probably do not experience more frequent stressful
events, but may use less effective coping strategies in stressful
situations.229

General Management and Abortive Therapy

26. K.B., a 27-year-old female financial analyst, presents to her
general practitioner with a complaint of recurring headaches that
worsened when she started her current job. Before this time, she
had experienced infrequent headaches, which she associated with
periods of stress. The headaches would occur three to four times
yearly, were of a constant, dull, or “pressing” character and were
present around the entire head. Recently, headaches of similar
character have been occurring about one to two times weekly,
usually toward the end of her work day. The pain usually lasts the
rest of the day but varies in intensity. Occasionally, a headache is
present when she wakes up in the morning as well. K.B. denies
GI and aura symptoms associated with her headaches. She has
noticed that relaxation and alcohol ingestion seem to relieve these
headaches, but aspirin and acetaminophen have been ineffective.
Her blood pressure is 120/74 mmHg; her physical and neurologic
examinations are completely normal. What measures should be
taken to relieve K.B.’s headaches? What is an appropriate goal
for treatment?

As in the treatment of other chronic headache disorders,
a cure for recurrent tension-type headache is unlikely. K.B.
should clearly understand that the goal of treatment is a reduc-
tion in the frequency and severity of headache. Drug therapy
and relaxation techniques are the primary means by which
tension-type headaches are treated.

Analgesics
Analgesics are the drugs of choice for treatment of acute ten-
sion headache attacks.224 The initial choice of an analgesic
should be based on the severity of the pain. Acetaminophen,
aspirin, and NSAIDs are often effective, although their ben-
efits may be short lived. Acetaminophen 1,000 mg provides
equal relief from moderately severe tension-type headache
when compared with 650 mg aspirin; both are superior to
placebo.230 Ibuprofen is as effective as aspirin for relief from

tension headache discomfort, and side effects with both 400
and 800 mg ibuprofen are less common than with aspirin.231

Ibuprofen 400 mg is superior to acetaminophen 1,000 mg for
relief of tension-type headache pain.232 Naproxen sodium 550
mg is more effective than placebo and acetaminophen 650 mg
for relieving the pain of tension-type headache.224 The potency
of some analgesics may be enhanced by combination with an
antihistamine (e.g., doxylamine).233 Because the relative po-
tencies of non-narcotic analgesics are equivalent, the choice
between agents should be guided by cost and patient prefer-
ence.

Sedatives (e.g., butalbital),79 anxiolytics (e.g., meproba-
mate,234 diazepam235), and skeletal muscle relaxants (e.g., or-
phenadrine) have also been used to treat tension-type headache
and occasionally, patients respond to their concomitant use
when an analgesic alone affords insufficient relief.

Nondrug Techniques
Nondrug techniques such as massage, hot baths, acupunc-
ture, and various relaxation methods can provide relief from
tension headache and are often effective adjuncts to drug
therapy.236 The literature both supports and refutes the ef-
fectiveness of acupuncture,10,237 EMG (electromyography)
biofeedback,238–240 and other relaxation techniques in the
therapy of tension-type headache. The utility of biofeedback
and other relaxation techniques is based on the premise that
voluntary control of muscle contraction could benefit the
headache sufferer. These techniques are most successful in
young, episodic headache sufferers who are motivated to ap-
ply the techniques as instructed.241 A randomized, controlled
trial of spinal manipulation for the treatment of tension-type
headache failed to demonstrate a benefit of this approach.242

An NSAID (e.g., ibuprofen or naproxen) would be an ap-
propriate recommendation for therapy of K.B.’s tension-type
headaches because of her previous inadequate responses to as-
pirin and acetaminophen. Drug use should be carefully moni-
tored because analgesic abuse in patients with frequently recur-
ring tension headache is a primary factor in the perpetuation
of chronic pain syndromes.243

Prophylactic Therapy

27. Ibuprofen 400 mg Q 4 to 6 hr as needed for headache
was prescribed for acute relief of K.B.’s recurrent tension-type
headaches. At her next scheduled follow-up visit, K.B. reported
moderate relief with ibuprofen but complained of GI upset with
each dose, even when taken with food. Because headaches have
been occurring more frequently, her use of ibuprofen has also
increased. What prophylactic agents are available for continuous
suppression of K.B.’s tension-type headaches?

Antidepressants are the most useful group of agents in
the prophylaxis of tension-type and mixed-type headaches.
Amitriptyline (Elavil) is considered the drug of choice because
it is most effective244,245; 65% of patients improved by more
than 50% and 25% became headache-free in an early report.225

The effective daily dose of amitriptyline for most patients is 10
to 75 mg,244 although up to 300 mg/day may be required.79 Re-
sponse to amitriptyline does not require a history of depressive
symptoms, and benefit to the tension-type headache sufferer is
usually evident within 2 to 10 days.79 Amitriptyline should be
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initiated at a dose of 10 to 25 mg/day at bedtime and increased
gradually as needed to allow for the development of tolerance
to the sedative and anticholinergic side effects of this drug.
About 7% of patients discontinue amitriptyline because of
side effects.10 Although there is less experience with their use,
doxepin (Sinequan),246 imipramine (Tofranil),6,225 maprotiline
(Ludiomil),247 and protriptyline (Vivactil)248 are also effective
in tension-type headache prophylaxis. Like amitriptyline, these
agents have significant anticholinergic activity. If an agent
with less anticholinergic activity is desired, desipramine (Nor-
pramin) may be used. Although fluoxetine has been suggested
as an alternative for the treatment of tension-type headache,249

its effectiveness has not been established in a randomized, con-
trolled trial. A randomized placebo-controlled trial compar-
ing citalopram (an SSRI) with amitriptyline found that citalo-
pram was not effective for prophylaxis of chronic tension-type
headache.250 At this time, SSRI antidepressants are not rec-

ommended for tension-type headache prophylaxis.244 Given
K.B.’s increasing frequency of tension-type headache and her
intolerance to moderate doses of ibuprofen, prophylactic treat-
ment with amitriptyline would be appropriate. A starting dose
of amitriptyline 10 mg nightly, increasing by 10 to 25 mg at
1-week intervals to a maintenance dose of 50 mg/day should be
prescribed, at which time headache response can be assessed
and the dose increased or decreased as necessary. If effective,
amitriptyline should be continued for 3 to 4 months before
gradually decreasing the dose until the drug is completely
discontinued. Therapy should be reinstituted if headaches
return.

Because the dividing line between migraine and tension-
type headache is often vague, the entire range of migraine
drugs may be tried in refractory cases of tension-type headache
or when symptoms suggest a mixed tension-type/migraine
headache disorder.
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PARKINSON’S DISEASE
Incidence, Prevalence, and Epidemiology
Parkinson’s disease (PD) is a chronic, progressive movement
disorder in which drug therapy plays a central role. Nearly 200
years have elapsed since Dr. James Parkinson published his
case series “An Essay on the Shaking Palsy” in 1817, becom-
ing the first to describe features of the disease that bears his
name. Since then, the term parkinsonism has come to refer to
any disorder associated with two or more features of tremor,
rigidity, bradykinesia, or postural instability.1 Most cases of PD
are of unknown cause, and referred to as idiopathic parkinson-
ism; however, viral encephalitis, cerebrovascular disease, and
hydrocephalus have symptoms similar to PD as part of their
clinical presentation.1 Unless otherwise stated, all references
to PD in this chapter refer to the idiopathic type.

The age at onset of PD is variable, usually between 50 and
80 years, with a mean onset of 55 years.2 The prevalence of
PD is about 100 cases per 100,000 population, and the inci-
dence is estimated at 20 cases per 100,000 people annually.3

An estimated 1 million Americans, or 1% of the population age
>65 years, have PD.4 Men are affected slightly more frequently
than women.5 Despite the availability of effective symptomatic
treatments to improve both quality of life and life expectancy,
no cure exists and the disease is associated with increased
morbidity and mortality.6 The symptoms of PD are progres-
sive and, within 10 to 20 years, total immobility results for
most PD patients.7 The patient’s age at the time of onset of
clinically recognizable disease may significantly influence the
rate of disease progression. A more rapid rate of progression
has been observed in elderly patients and may be associated
with a greater degree of motor disability.8 Death is not usually
caused by the disease itself, but rather by complications related
to immobility (e.g., aspiration pneumonia, cardiovascular, and
cerebrovascular disease).7

Several organizations provide services for persons with PD
(as well as other movement disorders) and their families. Valu-
able information in the form of internet monographs, books,
newsletters, videos, and audiotapes in addition to information

53-1



53-2 � NEUROLOGIC DISORDERS

Table 53-1 Service Organizations for Patients with
Parkinson’s Disease and Other Movement Disorders

American Parkinson Disease Association, Inc.
135 Parkinson Avenue
Staten Island, NY 10305
1-800-223-2732
Website: http://www.apdaparkinson.com

National Parkinson Foundation, Inc.
1501 NW Ninth Avenue NW/Bob Hope Road
Miami, FL 33136-1494
1-800-327-4545
Website: http://www.parkinson.org

The Parkinson’s Disease Foundation
1359 Broadway, Suite 1509
New York, NY 10018
1-800-457-6676
Website: http://www.pdf.org

Parkinson’s Action Network
1025 Vermont Avenue, NW Suite 1120
Washington, DC 20005
1-800-850-4726
Website: http://www.parkinsonaction.org

WE MOVE
204 West 84th Street
New York, NY 10024
1-800-437-6682
Website: http://www.wemove.org

The Michael J. Fox Foundation for Parkinson’s Research
Grand Central Station, P.O. Box 4777
New York, NY 10163
1-800-708-7644
Website: http://www.michaeljfox.org

International Essential Tremor Foundation
11111 West 95th Street, Suite 260
Lenexa, Kansas 66214-1824
1-888-387-3667
Website: http://www.essentialtremor.org

Restless Legs Syndrome Foundation
1610 14th Street NW, Suite 300
Rochester, MN 55901
1-877-463-6757
Website: http://www.rls.org

about local support groups is available from the organizations
listed in Table 53-1.

Etiology
Many theories have been advanced regarding the origin of PD.
Environmental factors have been implicated since it was dis-
covered that many patients developed a parkinsonian syndrome
following the epidemic of encephalitis lethargic in the United
States between 1919 and the early 1930s.9 Attempts to isolate
a virus as a causative agent of the disease have been unsuccess-
ful, however. Renewed interest in environmental factors resur-
faced with the discovery that ingestion of a meperidine analog,
1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP), causes
irreversible parkinsonism.10 The discovery of an autosomal
dominant familial form of PD caused by a mutation in the

α-synuclein gene has sparked interest in genetic constitution
as a factor explaining the development of PD.11 In addition
to environment and genetics, it has also been reported that
byproducts of normal dopamine metabolism (e.g., hydrogen
peroxide) can lead to the production of free radicals that cause
peroxidation of cell membranes and cell death. Thus, the most
attractive hypothesis for the etiology of PD is that the disease
results from a complex interplay of age-related changes to the
nigrostriatal tract, genetic predisposition, and toxin exposure.

Pathophysiology
Parkinson’s disease is a disorder of the extrapyramidal system
of the brain involving the basal ganglia. The extrapyramidal
system is involved with maintaining posture and muscle tone
and with regulating voluntary smooth motor activity. For rea-
sons not understood, melanin-containing cells within the sub-
stantia nigra are lost in PD. The pigmented neurons within
the substantia nigra have dopaminergic fibers that project into
the neostriatum and globus pallidus. Together, the substan-
tia nigra, neostriatum, and globus pallidus make up the basal
ganglia. In PD, dopamine (the inhibitory neurotransmitter) is
progressively lost in the nigrostriatal tracts, and acetylcholine
(the excitatory neurotransmitter) is relatively increased. It is
generally believed that a 70% to 80% loss of nigral neurons
must occur before PD becomes clinically recognizable.1 On
pathologic examination of postmortem basal ganglia, the pres-
ence of Lewy bodies (spherical, abnormal intraneuronal pro-
tein aggregates) are noted within the remaining dopaminergic
cells of the substantia nigra.12 The presence of Lewy bodies is
considered pathognomic for the disease.

Overview of Drug Therapy
Because the salient pathophysiologic feature of PD is the pro-
gressive loss of dopamine from the nigrostriatal tracts in the
brain, drug therapy for the disease is aimed primarily at re-
plenishing the supply of dopamine (Table 53-2). This is ac-
complished through one, or a combination, of the following
methods: (a) administering exogenous dopamine in the form
of a precursor, levodopa; (b) stimulating dopamine receptors
within the corpus striatum through the use of dopamine ago-
nists (e.g., pramipexole, ropinirole); or (c) inhibiting the major
metabolic pathways within the brain that are responsible for
the degradation of levodopa and its metabolites. This latter
effect is achieved through the use of aromatic l-amino acid
decarboxylase (AAD) inhibitors (e.g., carbidopa), catechol-
O-methyltransferase (COMT)-inhibitors (e.g., entacapone), or
monoamine oxidase type B (MAO-B) inhibitors (e.g. selegi-
line, rasagiline). Additional therapies, such as anticholinergics,
may occasionally be used to counterbalance the negative effects
of the relative increase in acetylcholine activity and improve
tremor symptoms.

Parkinson’s disease is a debilitating disorder that affects
both physical and mental functions of the body. Despite our best
treatment efforts to restore dopaminergic function and preserve
dopamine production, the disease will invariably progress. In
many instances, adverse effects of the medications themselves
can lead to additional problems. Supportive drug treatment
of the complications of PD is also necessary. These complica-
tions include neuropsychiatric problems (cognitive impairment
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Table 53-2 Medications Used for the Treatment of Parkinson’s Disease

Generic (Trade) Name Dosage Unit Titration Schedule Usual Daily Dose Adverse Effects

Amantadine
(Symmetrel)

100-mg capsule
Liquid: 50 mg/5 mL

100 mg QD; increased by 100 mg
1–2 wk

100–300 mg Orthostatic hypotension, insomnia,
depression, hallucinations, livedo
reticularis, xerostomia

Anticholinergic Agents

Benztropine (Cogentin) 0.5-, 1-, and 2-mg
tablets

Injection: 2 mL
(1 mg/mL)

0.5 mg/day increased by 0.5 mg
Q 3–5 days

1–3 mg given QD to
BID

Constipation, xerostomia, dry skin,
dysphagia, confusion, memory
impairment

Trihexyphenidyl
(Artane)

2- and 5-mg tablets
Liquid: 2 mg/5 mL

1–2 mg/day increased by 1–2 mg
Q 3–5 days

6–15 mg divided TID
to BID

Constipation, xerostomia, dry skin,
dysphagia, confusion, memory
impairment

Combination Agents

Carbidopa-Levodopa
(immediate release)/
entacapone (Stalevo)

12.5/50/200,
25/100/200, and
37.5/150/200 mg
tablets

Titrate with individual dosage
forms (carbidopa/levodopa and
entacapone) first, then switch
to combination tablet

Varies (see listings for
individual drugs)

See listing for individual drugs

Dopamine Replacement

Carbidopa-Levodopa
(Regular) (Sinemet)

10/100, 25/100, and
25/250 tablets

25/100 mg BID, increased by
25/100 weekly to effect and as
tolerated

30/300 to 150/1,500
divided TID to QID

Nausea, orthostatic hypotension,
confusion, dizziness,
hallucinations, dyskinesias,
blepharospasm

Carbidopa-Levodopa
(CR) (Sinemet CR)

25/100 and 50/200
tablets

25/100 mg BID (spaced at least 6
hr apart), increased Q 3–7 days

50/200 to 500/2,000
divided QID

Same as regular Sinemet

Carbidopa-Levodopa
ODT (Parcopa)

10/100, 25/100, and
25/250 mg tablets

25/100 BID, increased Q 1–2
days; if transferring from
regular levodopa <1,500
mg/day) start 25/100 mg TID
to QID (start 25/250 mg TID
to QID if already on >1,500
mg/day of regular levodopa)

25/100 to 200/2,000
divided TID to QID

Same as regular Sinemet; may occur
more rapidly than with regular
Sinemet

Dopamine Agonists

Bromocriptine
(Parlodel)

2.5-mg tablet, 5-mg
capsule

1.25 HS, titrate slowly as
tolerated over 4–6 weeks

10–40 mg divided TID Orthostatic hypotension, confusion,
dizziness, hallucinations, nausea,
leg cramps; retroperitoneal,
pleural, pericardial fibrosis; cardiac
valve thickening

Pramipexole (Mirapex) 0.125-, 0.25-, 0.50-,
1-, 1.5-mg tablets

0.375 divided TID; titrate weekly
by 0.125–0.25 mg/dose

1.5–4.5 mg divided
TID

Orthostatic hypotension, confusion,
dizziness, hallucinations, nausea,
somnolence

Ropinirole (Requip) 0.25-, 0.5-, 1-, 2-,
4-, 5-mg tablet

Titrate weekly by 0.25 mg/dose 3–12 mg divided TID Orthostatic hypotension, confusion,
dizziness, hallucinations, nausea,
somnolence

Apomorphine
(Apokyn)

10 mg/mL injection Initial 2-mg test dose, then begin
1 mg less than tolerated test
dose; increase by 1 mg every
few days; approved for
“rescue” during periods of
hypomobility

2–6 mg TID Nausea, vomiting; administer with
trimethobenzamide (not 5-
hydroxytryptamine-3 [5HT3]
antagonists)

Rotigotine (Neupro) 2-, 4-, 6-mg/24 hr
transdermal
delivery system

2 mg/24 hr; titrate weekly by 2
mg/24 hr until response noted
or maximal dose of 6 mg/24
hrs reached. Application site
should be rotated daily
between abdomen, thigh, hip,
flank, shoulder, or upper arm

4–6 mg/24 hr Hallucinations, abnormal dreaming,
insomnia, somnolence, nausea,
vomiting, application site
reactions; avoid in patients with
known sulfite sensitivity

(continued)
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Table 53-2 Medications Used for the Treatment of Parkinson’s Disease (Continued)

Generic (Trade) Name Dosage Unit Titration Schedule Usual Daily Dose Adverse Effects

COMT Inhibitors

Entacapone (Comtan) 200-mg tablet One tablet with each
administration of levodopa/
carbidopa, up to 8 tablets daily

3–8 tablets daily Diarrhea, dyskinesias, abdominal
pain, urine discoloration

Tolcapone (Tasmar) 100-, 200-mg tablet 100–200 mg TID 300–600 mg divided
TID

Diarrhea, dyskinesias, abdominal
pain, urine discoloration,
hepatotoxicity

MAO-B Inhibitors

Selegiline (Eldepryl) 5-mg tablet, capsule 5 mg am; may increase to 5 mg
BID

5–10 mg (take 5 mg
with breakfast and
5 mg with lunch)

Insomnia, dizziness, nausea,
vomiting, xerostomia, dyskinesias,
mood changes; use caution when
coadministered with
sympathomimetics or
serotoninergic agents (increased
risk of serotonin syndrome); avoid
tyramine-containing foods

Selegiline ODT
(Zelapar)

1.25-mg tablet 1.25 mg QD; may increase to
2.5 mg QD after 6 wk

1.25–2.5 mg QD Insomnia, dizziness, nausea,
vomiting, xerostomia, dyskinesias,
mood changes; use caution when
coadministered with
sympathomimetics or sertoninergic
agents (increased risk of serotonin
syndrome); avoid ingestion large
amounts of tyramine-containing
foods

Rasagiline (Azilect) 0.5 mg tablet 0.5 mg QD; may increase to
1 mg QD

0.5–1 mg/day Similar to selegiline

BID, twice daily; COMT, catechol-O-methyltransferase; HS, bedtime; ODT, orally disintegrating tablet; QD, every day.; QID, four times daily; TID, three times daily.

and dementia, hallucinations and delirium, depression, agita-
tion, anxiety), autonomic dysfunction (constipation, urinary
problems, sexual problems, orthostasis, thermoregulatory im-
balances), falls, and sleep disorders (insomnia or sleep frag-
mentation, nightmares, restless leg syndrome).

CLINICAL PRESENTATION OF PARKINSON’S DISEASE

1. L.M., a 55-year-old, right-handed male artist, presents to
the neurology clinic complaining of difficulty painting because of
unsteadiness in his right hand. He also complains of increasing
difficulty getting out of chairs and tightness in his arms and legs.
His wife claims that he has become more “forgetful” lately, and
L.M. admits that his memory does not seem to be as sharp. His
medical history is significant for depression for the past year, gout
(currently requiring no treatment), constipation, benign prostatic
hypertrophy, and aortic stenosis. On physical examination, L.M.
is noted to be a well-developed, well-nourished man who displays a
notable lack of normal changes in facial expression and speaks in a
soft, monotone voice. A strong body odor is noted. Examination of
his extremities reveals a slight “ratchetlike” rigidity in both arms
and legs, and a mild resting tremor is present in his right hand.
His gait is slow, but otherwise normal, with a slightly bent posture.
His balance is determined to be normal, with no retropulsion or
loss of righting reflexes after physical threat. His genitourinary
examination is remarkable only for prostatic enlargement. The

remainder of L.M.’s physical examination and laboratory studies
are within normal limits. What signs and symptoms suggestive of
PD are present in L.M.? Which of these symptoms are among the
classic symptoms for diagnosing PD and which are considered
“associated” symptoms? How should L.M.’s PD and associated
symptoms be treated?

Establishing the diagnosis of PD is based on careful history
taking and physical examination.12 No laboratory or radiolog-
ical tests have demonstrated consistent benefit in diagnosing
the disease.8 The four classic features of PD—tremor, rigid-
ity, bradykinesia, and postural disturbances—are easily recog-
nized. Tremor, which is most often the first symptom observed,
is usually unilateral on initial presentation. Frequently, the
tremor is of a “pill-rolling” type involving the thumb and index
finger; it is present at rest, worsens under fatigue or stress, and
is absent with purposeful movement or when asleep.1 These
features help distinguish it from essential tremor, which usually
causes a symmetric tremor in the hands and is often accompa-
nied by head and voice tremor.12 Muscular rigidity resulting
from increased muscle tone often manifests as a “cogwheel”
or “ratchet” (catch-release) type of motion when an extremity
is moved passively.1 Rigidity may also be experienced as stiff-
ness or vague aching or limb discomfort.12 Bradykinesia refers
to an overall slowness in initiating movement. Early in the dis-
ease, patients may describe this as weakness or clumsiness of
a hand or leg.12 As the disease progresses, difficulty initiating
and terminating steps results in a hurried or festinating gait;
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the posture becomes stooped (simian posture), and postural re-
flexes are impaired.1 Symptoms that were unilateral on initial
presentation progress asymmetrically and often become bilat-
eral and more severe with disease progression.1 Patients with
PD develop “masked facies,” or a blank stare with reduced eye
blinking.

Patients with PD are often misdiagnosed, leading to inap-
propriate, ineffective, or delayed treatment.1 It is important to
note that all four symptoms do not need to be present to make
the diagnosis of PD. For example, unilateral tremor (frequently
on the right side) is one of the most common initial presenting
symptoms, but approximately 30% of patients with idiopathic
PD do not present with tremor.13 Patients with PD may have
an insidious onset of nonspecific symptoms such as general-
ized malaise and fatigue.1 Several conditions can be mistaken
for PD, and include multiple system atrophy (formerly known
as Shy-Drager syndrome), progressive supranuclear palsy, and
normal pressure hydrocephalus. These conditions are referred
to as “parkinson-plus” syndromes and are important to distin-
guish from PD because they respond poorly to antiparkinsonian
medications and are associated with worse prognosis.12 Mag-
netic resonance imaging can be useful in some situations to
exclude these conditions, particularly when clinical signs sug-
gest an alternate diagnosis. Falls or dementia early in the dis-
ease, symmetric parkinsonism, wide-based gait, abnormal eye
movements, marked orthostatic hypotension, urinary retention,
and marked disability within 5 years after the onset of symp-
toms suggest alternate diagnoses other than PD.12 Drugs with
strong antidopaminergic activity (e.g., neuroleptics, prochlor-
perazine, and metoclopramide), and other drugs, such as val-
proate, amiodarone, phenytoin, and lithium, may also cause a
state of drug-induced parkinsonism that mimics idiopathic PD.
It is important to rule out drugs as a cause of symptoms before
the diagnosis of PD is established. Although reversible, symp-
toms may persist for weeks or months after discontinuation of
the offending agent.12

L.M. presents with many of the classic symptoms of PD.
A noticeable unilateral resting tremor is present along with
decreased manual dexterity, as evidenced by his difficulty han-
dling a paintbrush. Rigidity (“ratcheting” of the arms), bradyki-
nesia (slowness of movement), and a masklike facial expres-
sion also are present. Although he has a partially stooped
posture, it is difficult to attribute this entirely to the disease
because postural changes commonly occur with advancing age
and, on physical examination, his balance was normal. To con-
firm the diagnosis of PD, a therapeutic trial of levodopa may
be considered. A resulting improvement in motor or cognitive
function in response to levodopa therapy suggests the diagno-
sis of PD. Patients with the tremor-predominant form of the
disease may, however, not respond to levodopa, especially in
the early stages of the disease.13 In addition, lack of a positive
response to an acute dopaminergic challenge may not exclude
a positive response to chronic therapy. At least 30% of patients
with PD will not respond to an acute dopaminergic challenge
(false–negative response).8 Therefore, this approach would not
be routinely recommended in a patient such as L.M.

In choosing when to treat the symptoms of PD and which
therapy to use, care must be exercised to approach each patient
individually. Although no consensus has been reached about
when to initiate symptomatic treatment, most health care pro-
fessionals agree that treatment should begin when the patient

begins to experience functional impairment as defined by (a)
threat to employment status; (b) symptoms affecting the domi-
nant side of the body; or (c) bradykinesia or rigidity. Individual
patient preferences also should be considered. Judging by the
symptoms L.M. is displaying, he would likely benefit from
immediate treatment. His symptoms are unilateral but are oc-
curring on his dominant side and are interfering with his ability
to paint, thus affecting his livelihood. He is also showing signs
of rigidity and bradykinesia but can otherwise live indepen-
dently.

Numerous features are associated with PD. Handwriting
abnormalities occur frequently, particularly micrographia, a
symptom of bradykinesia. Because L.M. is an artist, this ab-
normality would be particularly troublesome. He also is show-
ing signs of autonomic nervous system dysfunction, such as
drooling (sialorrhea), seborrhea, and constipation, all of which
can be particularly embarrassing to the patient. Drooling also
may be a consequence of impaired swallowing.13 The foul
body odor exhibited by L.M. could be ascribed to excess se-
bum production. L.M.’s seborrhea can be treated with coal
tar or selenium-based shampoos twice weekly, topical hydro-
cortisone, or topical ketoconazole.13 His constipation should
be managed first by evaluating his diet and exercise level, by
stopping all medications such as anticholinergics (including
over-the-counter cold and sleep medications) that may exacer-
bate constipation, and by trying a stool softener such as sodium
or calcium docusate. In more severe cases, lactulose, mild lax-
atives, or enemas may be required.

L.M. should also be evaluated for other manifestations of
dysautonomia, including urinary problems, increased sweat-
ing, orthostatic hypotension, erectile dysfunction, pain or
dysesthesias, and problems swallowing. L.M. has benign pro-
static hypertrophy; therefore, a urologic workup may be nec-
essary. He also should be counseled to avoid anticholiner-
gic agents that may exacerbate this problem. Anticholinergic
agents also should not be used to treat his hypersalivation, but
he should be referred to a speech and swallowing expert be-
cause dysphagia can result in impaired absorption and lead to
aspiration.13 A soft diet may be indicated. L.M.’s soft, mum-
bled, or monotone voice is also consistent with the disease and
is often one of the first symptoms noted. Speech therapy is
often beneficial for managing this problem.14

Psychiatric disturbances, such as nervousness, anxiety, and
depression, occur commonly in patients with PD and they
should be screened regularly for these conditions.13,15 L.M.
has a history of depression that could be attributable to PD. Fi-
nally, the prevalence of cognitive decline and dementia among
parkinsonian patients ranges from 10% to 30% and may be
associated with a more rapid progression of disease-related
disability.8 The development of hallucinations in patients with
PD with dementia is a poor prognostic sign.16 The “forgetful-
ness” and decreased memory described by L.M. could be early
signs of dementia and warrant close observation.

Staging of Parkinson’s Disease

2. What are the stages of PD? In what stage of the disease is
L.M.?

The symptomatology and progression of symptoms among
parkinsonian patients is tremendously variable. To assess the
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Table 53-3 Staging of Disability in Parkinson’s Disease

Stage I Unilateral involvement only; minimal or no functional
impairment

Stage II Bilateral involvement, without impairment of balance
Stage III Evidence of postural imbalance; some restriction in activities;

capable of leading independent life; mild to moderate
disability

Stage IV Severely disabled, cannot walk and stand unassisted;
significantly incapacitated

Stage V Restricted to bed or wheelchair unless aided

From reference 2, with permission.

degree of disability and determine the rate of disease pro-
gression relative to treatment, various scales have been devel-
oped. The most common of these is the Hoehn and Yahr scale
(Table 53-3).2 In general, patients in Hoehn and Yahr stage I
or II of PD have mild disease that does not interfere with ac-
tivities of daily living or work and usually requires minimal or
no treatment. In stage III disease, daily activities are restricted
and employment may be significantly affected unless effective
treatment is initiated.

With advanced-stage disease (III to IV), most patients re-
quire levodopa therapy (with a peripheral decarboxylase in-
hibitor such as carbidopa [Sinemet]) and often in combination
with a COMT inhibitor such as entacapone or a dopamine ag-
onist such as pramipexole (Mirapex), or ropinirole (Requip).
In some cases, selegiline (Eldepryl), rasagiline (Azilect), or
amantadine may provide further symptomatic relief. Patients
with end-stage disease (stage V) are severely incapacitated and,
because of extended disease progression, often do not respond
well to drug therapy.

TREATMENT OF PARKINSON’S DISEASE
An algorithm for the management of cases of PD is presented
in Figure 53-1. No cure is known for PD; therefore, treatment
is symptomatic only. The long-term, individualized treatment
plan is usually characterized by frequent dosage adjustments
over time because of the chronic and progressive nature of this
disease. Although most of this chapter is devoted to the drug
therapy of PD, the importance of supportive care cannot be
overemphasized. Exercise, physiotherapy, and good nutritional
support can be beneficial at the earlier stages to improve mo-
bility, increase strength, and enhance well-being and mood.13

Speech therapy may be helpful, and psychological support is
often necessary in dealing with depression and other related
problems. Newly diagnosed patients need to be educated about
what to expect from the disease and the various forms of treat-
ment available. In addition, enlisting the support of family
members is vital in establishing an overall effective therapeutic
plan.

Dopamine Agonists
Initial Therapy

3. The decision is made to begin drug therapy for L.M. Should
therapy be initiated with a dopamine agonist or levodopa?

Levodopa, without question, has revolutionized the treat-
ment of PD. It is considered to be the most effective antiparkin-
sonian agent.12 Declining efficacy and response fluctuations
encountered with long-term levodopa therapy, as well as a high
frequency of undesirable side effects, prompted investigators
to search for agents that could directly stimulate dopamine re-
ceptors. This led to the development of the dopamine agonists.

In clinical trials comparing dopamine agonists and lev-
odopa, activities of daily living and motor features are im-
proved 40% to 50% with levodopa compared with 30% with
dopamine agonists.17–19 Although they are not as effective as
levodopa, the dopamine agonists have a number of potential ad-
vantages over levodopa. Because they act directly on dopamine
receptors, they do not require metabolic conversion to an ac-
tive product and therefore act independently of degenerating
dopaminergic neurons.13 Unlike levodopa, circulating plasma
amino acids do not compete with dopamine agonists for ab-
sorption and transport into the brain. Dopamine agonists have a
longer half-life than levodopa formulations, reducing the need
for multiple daily dosing. Initial therapy with dopamine ag-
onists is associated with fewer motor complications and can
delay the need for levodopa.17,18,20 As a class, dopamine ag-
onists provide adequate control of symptoms when given as
monotherapy in up to 80% of patients with early-stage dis-
ease. These benefits are sustained for 3 years or more in most
patients. With disease progression, levodopa therapy will even-
tually be necessary, however.

Guidelines from the American Academy of Neurology sup-
port either dopamine agonists or levodopa as initial therapy for
PD.21 In younger patients (e.g., age <65 years) with milder
disease, such as L.M., the initiation of a dopamine agonist as
a first-line agent is a strategy used to delay the introduction
of levodopa. This levodopa-sparing effect, as well as the re-
duction in motor complications observed with early dopamine
agonist therapy, is the reason why many clinicians opt for us-
ing this class of drugs as initial treatment for PD in younger
patients who would be expected to live many years with the
disease.13 In older patients (e.g., age >65 years) with PD, it
may be more appropriate to initiate treatment with levodopa
instead of a dopamine agonist, because these patients are less
likely to live sufficiently long with the disease to experience
the levodopa-related motor complications that occur after pro-
longed therapy with the drug.13 An additional consideration is
that dopamine agonist therapy is more costly than levodopa.21

In the case of L.M., his relatively young age (<65 years)
and mild disease make him a good candidate for initial therapy
with a dopamine agonist. L.M. will certainly require levodopa
therapy later, when he reaches more advanced stages of the
disease. By initiating therapy first with a dopamine agonist,
rescue levodopa therapy can likely be started at smaller doses,
and the onset of motor complications that often occur with
escalating doses and extended therapy with levodopa may be
delayed.

Selection of Agents

4. L.M. is to be started on a dopamine agonist. Which agent
should be selected?

Two generations of dopamine agonists have been used for
the treatment of idiopathic, early-stage PD as monotherapy, or
as an adjunct to levodopa in patients with advanced disease.
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FIGURE 53-1 Suggested treatment algorithm for the management of Parkinson’s disease. DBS, deep brain
stimulation. (Modified with permission from the American College of Clinical Pharmacy. Michael E. Ernst.
Parkinson’s Disease. In: Dunsworth T et al, eds. Pharmacotherapy Self-Assessment Program, 6th ed.,
Neurology and Psychiatry module. Lenexa, KS: American College of Clinical Pharmacy; 2007:22.)

The comparative pharmacologic and pharmacokinetic proper-
ties of these agents are shown in Table 53-4. The first genera-
tion, ergoline-class dopamine agonists, which are derived from
ergot alkaloids, include bromocriptine, pergolide, and caber-
goline. Although cabergoline is widely used in Europe, it is
only indicated in the United States for treating hyperprolactine-
mia. Pramipexole, ropinirole, apomorphine, and rotigotine are
newer, nonergoline dopamine agonists. Apomorphine is only
available in injectable form, and is used as a rescue agent ap-
proved for the treatment of hypomobility or “off” episodes in
patients with PD. Rotigotine is the newest dopamine agonist

approved for use in PD, and is formulated in a once-daily trans-
dermal delivery system.

The dopamine agonists work by directly stimulating post-
synaptic dopamine receptors within the corpus striatum.22 The
two families of dopamine receptors are D1 and D2. The D1 fam-
ily includes the D1 and D5 dopamine subtype receptors and the
D2 family includes D2, D3, and D4 dopamine subtype receptors.
Stimulation of D2 receptors is largely responsible for reducing
rigidity and bradykinesia, whereas the precise role of the D1 re-
ceptors remains uncertain.22 Although the dopamine agonists
differ slightly from each other in terms of their affinities for
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Table 53-4 Pharmacologic and Pharmacokinetic Properties of Dopamine Agonists

Bromocriptine Pramipexole Ropinirole Apomorphine Rotigotine

Type of compound Ergot derivative Nonergoline Nonergoline Nonergoline Nonergoline
Receptor specificity D2, D1,a α1, α2, 5-HT D2, D3, D4, α2 D2, D3, D4 D1, D2, D3, D4, D5, α1,

α2, 5-HT1, 5-HT2
D1, D2, D3, 5-HT1

Bioavailability 8% >90% 55% (first-pass
metabolism)

<5% orally; 100%
subcutaneous

<1% orally

Tmax (min) 70–100 60–180 90 10–60 15–18 (hr); no characteristic
peak observed

Protein binding 90–96% 15% 40% >99.9% 89.5%
Elimination route Hepatic Renal Hepatic Hepatic and extrahepatic Hepatic
Half-life (hr) 3–8 8–12 6 0.5–1 3

aAntagonist.

dopamine receptors, these agents produce similar clinical ef-
fects when used to treat PD and no compelling evidence favors
one agent over another strictly on efficacy measures.13,22,23

Older ergoline derivative agents have been associated, how-
ever, with an increased risk for retroperitoneal, pleural, and
pericardial fibrosis, as well as a two- to fourfold increased risk
for cardiac valve fibrosis compared with nonergoline dopamine
agonists and controls.12,24,25 On March 29, 2007 the U.S. Food
and Drug Administration (FDA) notified health care profes-
sionals and patients that companies that manufacture and dis-
tribute pergolide have voluntarily agreed to withdraw the drug
from the market owing to this increased risk. Because L.M.
has aortic stenosis, the potential risk for further damage to his
valve would have precluded using a first-generation dopamine
agonist, such as bromocriptine or pergolide, anyway. Instead,
experience with the nonergoline dopamine agonists, pramipex-
ole or ropinirole, makes them currently preferred as initial
dopamine agonists.12 No studies have directly compared these
two agents, and individual studies of efficacy appear to demon-
strate similar benefits.

5. The decision is made to begin pramipexole in L.M. How
effective is pramipexole in the initial treatment of PD? How does
ropinirole compare?

PRAMIPEXOLE
Efficacy
The efficacy of pramipexole has been proved in two popu-
lations of patients: (a) patients with early-stage PD receiv-
ing pramipexole as monotherapy26–29 and (b) patients with
advanced-stage disease receiving pramipexole as an adjunct to
levodopa therapy.30,31 These trials were multicenter, placebo-
controlled, parallel-group studies, and the primary outcome
measures included improvement in activities of daily living
(ADL, part II) and motor function scores (part III) as measured
by the Unified Parkinson Disease Rating Scale (UPDRS).32

Each evaluation on the UPDRS is rated on a scale of 0 (normal)
to 4 (can barely perform). Lower scores on the UPDRS after
treatment indicate an improvement in overall performance.

Two large-scale, double-blind, placebo-controlled studies
were performed that included a total of 599 patients with early-
stage PD (mean disease duration of 2 years). In the first study,
264 patients were randomized to receive one of four fixed doses
(1.5, 3.0, 4.5, or 6.0 mg/day) or placebo.28 At the end of the
4-week maintenance period, no significant dose-response ef-

fect was detected after comparison of UPDRS scores for the
four pramipexole-treated groups. The pramipexole-treated pa-
tients, however, had a 20% reduction in their total UPDRS
scores compared with baseline values, whereas no significant
improvement was observed in the placebo-treated patients. A
trend toward decreased tolerability was noted as the pramipex-
ole dosage was escalated, especially in the 6.0-mg/day group.

In the second study that included 335 patients, the dose
was titrated up to the maximal tolerated dose (not to exceed
4.5 mg/day) and then were followed for 6 months during
a maintenance phase.29 The mean pramipexole maintenance
dosage was 3.8 mg/day. At the end of the 6-month mainte-
nance phase, subjects treated with pramipexole experienced
significant improvements in both the ADL scores (22%–29%)
and motor scores (25%–31%), whereas no significant change
was noted in the placebo group (p <0.0001).

Pramipexole and levodopa were compared in a randomized,
controlled trial as initial treatment of early PD.20 This study
evaluated the risk for development of motor complications with
the two therapies. A total of 301 untreated patients with early
PD were randomized to receive either pramipexole 0.5 mg
three times daily or carbidopa/levodopa 25/100 mg three times
daily. Doses could be escalated during the first 10 weeks of the
study, following which open-label levodopa was permitted if
necessary. The primary endpoint was the time to the first occur-
rence of wearing off, dyskinesias, or on-off motor fluctuations.
After a mean follow-up of 24 months, patients in the pramipex-
ole group were receiving a mean daily dose of 2.78 mg
pramipexole and 264 mg of supplemental levodopa, whereas
patients in the levodopa group were receiving a mean total of
509 mg/day levodopa. Fewer pramipexole-treated patients
reached the primary endpoint (28% vs. 51%; p <0.001)
than the patients initially randomized to levodopa therapy.
Dyskinesias were noted in only 10% of pramipexole-treated
patients compared with 31% of levodopa-treated patients
(p <0.001), and fewer wearing-off effects were reported with
pramipexole (24% vs. 38%; p = 0.01).

ROPINIROLE
Efficacy
Ropinirole is a synthetic nonergoline aminoindolone and a full
dopamine agonist with selectivity for D2 receptors; as with
pramipexole, however, it has no significant affinity for D1
receptors.33 Although the drug is pharmacologically similar to
pramipexole, it has some distinct pharmacokinetic properties,
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as shown in Table 53-4. Unlike pramipexole, which is pri-
marily eliminated by renal excretion, ropinirole is metabolized
by the cytochrome P450 (primarily CYP1A2) oxidative path-
way and undergoes significant first-pass hepatic metabolism.34

Ropinirole is approved for use as monotherapy in early-stage
idiopathic PD and as an adjunct to levodopa therapy in patients
with advanced-stage disease.

The efficacy of ropinirole as monotherapy in patients with
early PD has been evaluated in several randomized, double-
blind, multicenter, parallel group studies.35–37 One study was
placebo-controlled, another study compared ropinirole with
bromocriptine, and the third study compared initial therapy
with ropinirole versus levodopa in early PD. After 6 months of
maintenance therapy with ropinirole, all three studies showed
a significant improvement in UPDRS motor scores compared
with baseline values (20%–30%). In the placebo-controlled
study, ropinirole-treated patients had a 24% reduction in their
UPDRS motor scores compared with their baseline values,
whereas the placebo-treated patients decreased their scores by
only 3%.36 In the study comparing the effectiveness of ropini-
role with bromocriptine, a significantly greater number of
ropinirole-treated patients (58%) experienced a 30% reduction
in their UPDRS scores compared with bromocriptine-treated
patients (43%).37 A 6-month interim analysis of the third
study, which compared the efficacy of ropinirole (mean dosage,
9 mg/day) with levodopa (mean dosage, 464 mg/day), reported
that the levodopa-treated patients had a 44% improvement in
their UPDRS motor scores compared with a 32% improvement
in the ropinirole-treated patients.35 When the two treatments
were stratified for disease stage, however, the two treatments
were equally effective in patients with mild PD.

After 5 years of follow-up, ropinirole-treated patients had a
reduced risk for developing dyskinesias compared with initial
therapy with levodopa.18 At the end of the study, the mean daily
dose of ropinirole was 16.5 mg plus 427 mg of open-label lev-
odopa, compared with a mean daily dose of 753 mg of levodopa
for the levodopa group. Of patients in the ropinirole group, 66%
required open-label levodopa supplementation compared with
36% in the levodopa group. Dyskinesias developed in 20%
of the ropinirole-treated patients compared with 45% of the
levodopa-treated patients (hazard ratio for remaining free of
dyskinesia in the ropinirole group, compared with the levodopa
group, 2.82; p<0.001). This difference between the two groups
was not dependent on whether the patient received open-label
levodopa supplementation. For ropinirole-treated patients who
were able to remain on monotherapy without open-label lev-
odopa supplementation, only 5% developed dyskinesia, com-
pared with 36% of those receiving levodopa monotherapy.

DOSING

6. What is the most effective way to dose pramipexole or
ropinirole?

Pramipexole should always be initiated at a low dosage and
gradually titrated to the maximal effective dose, as tolerated.
This approach minimizes adverse effects that may result in
noncompliance or discontinuation of the drug. In clinical tri-
als, the maximal effective dose was variable and correlated
with disease severity and tolerability. One fixed-dose study in
early PD showed, however, that most patients responded max-
imally at a dosage of 0.5 mg three times daily.28 In patients
with advanced-stage disease, an average of 3.4 mg/day is usu-

ally required to reach the maximal effect of pramipexole.31

Studies have shown that pramipexole is nearly equipotent with
pergolide, about tenfold more potent than bromocriptine, and
about threefold more potent than ropinirole.38

L.M. has normal renal function and therefore should be
started at an initial dosage of 0.125 mg three times daily for
5 to 7 days. At week 2, the dosage should be increased to
0.25 mg three times daily. Thereafter, his dosage may be in-
creased weekly by 0.25 mg/dose (0.75 mg/day) as tolerated
and up to the maximal effective dose, not to exceed 1.5 mg
three times daily.39 The titration period usually takes about 4
to 7 weeks, depending on the optimal maintenance dose.

Patients with a creatinine clearance of <60 mL/minute
should be dosed less frequently than those with normal renal
function.39 Patients with a creatinine clearance of 35 to 59 mL/
minute should receive a starting dose of 0.125 mg twice daily
up to a maximal dose of 1.5 mg twice daily; patients with a
creatinine clearance of 15 to 34 mL/minute should receive a
starting dose of 0.125 mg daily up to a maximal dose of 1.5 mg
daily. Pramipexole has not been studied in patients with a
creatinine clearance of <15 mL/minute or those receiving
hemodialysis.

Ropinirole should be initiated at a dosage of 0.25 mg three
times daily with gradual titration in weekly increments of
0.25 mg/dose over 4 to 6 weeks.13 Clinical response to ropini-
role is usually observed at a daily dose of 9 to 12 mg given
in three divided doses. No dosage adjustments are necessary
with renal dysfunction.

ADVERSE EFFECTS

7. What are the adverse effects of pramipexole and ropinirole?
How can these be managed?

Because pramipexole and ropinirole are approved for use
as both monotherapy in early-stage disease and as adjunc-
tive therapy in advanced-stage disease, the adverse events of
these agents have been evaluated as a function of disease
stage. In studies of pramipexole-treated patients with early-
stage disease, the most common adverse effects were nausea
(28%–44%), dizziness (25%), somnolence (22%), insomnia
(17%), constipation (14%), asthenia (14%), and hallucinations
(9%).26–29,39,35–37,40 Nausea, with or without vomiting, can be
a significant problem, particularly with higher doses.39 Admin-
istering the drug with food may partially alleviate this problem.
With continued use, many patients develop tolerance to the gas-
trointestinal side effects of pramipexole. Mental changes were
the most common reason for discontinuation of pramipexole in
both patient populations. Patients >65 years of age are three-
fold more likely to experience hallucinations with dopamine
agonists.41 The incidence of orthostatic hypotension was rel-
atively low (1%–9%) and may in part reflect the exclusion of
patients with underlying cardiovascular disease in several of
the studies.39

In advanced-stage disease, the most common adverse events
of dopamine agonists were nausea (25%), orthostatic hypoten-
sion (10–54%), dyskinesias (26%–47%), insomnia (27%),
somnolence (11%), confusion (10%), and hallucinations (11%
to 17%).31,39,40,42 As expected, in patients with advanced-stage
disease, the most common reasons for discontinuing these
agents are mental disturbances (nightmares, confusion, hal-
lucinations, insomnia) and orthostatic hypotension. Dyskine-
sias experienced when pramipexole is used in combination
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with levodopa in advanced-stage disease may be managed by
first lowering the daily dose of levodopa. If unsuccessful, the
dopamine agonist dose can be lowered; however, parkinsonian
symptoms may worsen.

Excessive daytime somnolence during ADL, including driv-
ing, has been reported with dopamine agonists and has resulted
in accidents.43,44 Affected patients have not always reported
warning signs before falling asleep and believed they were
alert immediately before the event. Labeling for these drugs has
since been changed to warn that patients should be alerted to
the possibility of falling asleep while engaged in ADL. Patients
should be advised to refrain from driving or engaging in other
potentially dangerous activities until they have gained suffi-
cient experience with pramipexole to determine whether it will
hinder their mental and motor performance. Caution should be
advised when patients are taking other sedating medications
or alcohol in combination with pramipexole and ropinirole. If
excessive daytime somnolence does occur, patients should be
advised to contact their physician.

Recently, several reports of compulsive gambling and other
impulse control disorders (hypersexuality, alcoholism, klepto-
mania) have been reported with dopamine agonist use.45–48 In
one study, a prevalence of 6.1% was noted for pathologic gam-
bling in patients with PD compared with 0.25% for age and
sex-matched controls.48 These cases may represent variations
of a behavioral syndrome termed “hedonistic homeostatic dys-
regulation” or “dopamine dysregulation syndrome.”49 Other
features of the syndrome have been reported, including pund-
ing (carrying out repetitive, purposeless motor acts), hyper-
sexuality, walkabout (having the urge to walk great distances
during “on” times, often with no purpose or destination, and
abnormalities in time perception), pathologic gambling and
shopping, alterations in appetite, drug hoarding, and social in-
dependence or isolation.49 The syndrome appears to be more
common among younger, male patients with early onset PD,
as well as those having “novelty seeking” personality traits,
depressive symptoms, and increased alcohol intake.50

Although L.M. is <65 years of age, he is experiencing mem-
ory difficulty and may be at increased risk for visual hallucina-
tions and cognitive problems from dopamine agonist therapy.
He should be monitored closely for occurrence or exacerbation
of these problems. He should also be evaluated for lighthead-
edness before initiation of pramipexole and counseled to report
dizziness or unsteadiness, because this may lead to falls. He
should also be reassured that if these effects are caused by
pramipexole, they should subside with time and that he should
not drive or operate complex machinery until he can assess
the drug’s effect on his mental status. L.M. should be coun-
seled about the possibility of excessive, and potentially unpre-
dictable, daytime somnolence as pramipexole is introduced.
L.M. and his family should be educated about the reports of
pathologic gambling and advised to report any unusual or un-
characteristic behaviors.

ROTIGOTINE

8. What type of dopamine agonist is rotigotine? How is it used?

Rotigotine is a new nonergolinic dopamine receptor ago-
nist approved in May 2007 for the treatment of early stage
idiopathic PD. It has previously been available only in Europe.
Rotigotine is unique among PD medications because it is for-

mulated in a transdermal patch delivery system designed for
once a day application.51 Other dopamine agonists currently
available offer longer half-lives that levodopa; however, they
do not provide a truly continuous stimulation of dopamine re-
ceptors and must be dosed multiple times daily. In theory, the
transdermal application system may provide a more continu-
ous stimulation of dopamine receptors than traditional oral for-
mulations, which may translate into improved efficacy. Three
strengths are available, based on drug delivery rate (total rotig-
otine content per system): 2 mg/24 hours (4.5 mg), 4 mg/24
hours (9 mg), and 6 mg/24 hours (13.5 mg).

Rotigotine has been studied in both early and advanced
stages of disease, although it is currently indicated for use
in the United States only as monotherapy in early stage PD. As
monotherapy in clinical trials of patients with early-stage PD,
rotigotine has been dosed in a range of 2 mg/24 hours up to 18
mg/24 hours.52–54 In the 2 to 8 mg/24 hour dosing range, mean
differences from placebo in the UPDRS ranged from −2.1–
−5.0. Rotigotine is initiated at 2 mg/24 hours and titrated each
week by 2 mg/24 hours until response is noted. The maximal
recommended dose is 6 mg/24 hours.55 Doses beyond 6 mg/24
hours did not result in additional improvement in the UPDRS
and resulted in an increased incidence of adverse effects.

Rotigotine has also been studied in slightly higher doses
as adjunctive therapy to levodopa in patients with advanced
stages of PD. In one 6-month trial that included 351 patients,
8 mg/24 hours and 12 mg/24 hours reduced “off” time an av-
erage of 2.1 and 2.7 hours, respectively, from baseline com-
pared with a 0.9-hour decrease in the placebo group.56 Ad-
verse events with rotigotine appear similar to those observed
with other dopamine agonists (nausea, vomiting, somnolence,
dizziness). As with other dopamine agonists, patients should
be warned about the possibility of sudden sleep attacks. Tran-
sient application site reactions, including mild skin irritation,
erythema, and rash at the patch site are also reported.52,53,55

Rotigotine contains sodium metabisulfite and should not be
used by patients with known sulfite sensitivity owing to the
risk for anaphylaxis. If rotigotine is discontinued, it should be
done so gradually by 2 mg/24 hours every other day to re-
duce the possibility of a neuroleptic malignant syndrome that
has been reported with rapid dose reduction or withdrawal of
other anti-parkinsonian therapies. The pharmacokinetic pro-
file of rotigotine reveals an initial half-life of 3 hours, and after
removal of the patch, plasma levels decreased with a terminal
half-life of 5 to 7 hours.55

Although clinical experience with rotigotine in the United
States is limited, the encouraging study results and unique drug
delivery system appear poised to place rotigotine as an impor-
tant addition to the dopamine agonist class of medications.
Only the results of future studies will determine how well
the agent compares with existing first-line dopamine agonists,
ropinirole and pramipexole, in delaying the eventual need for
levodopa and in reducing the risk for dyskinesias.

Levodopa
Timing of Initiation of Therapy

9. L.M. has responded well to pramipexole 1.0 mg three times
daily (TID) for the past 18 months, with an increased ability to
paint and carry out ADLs. Over the past few weeks, however, he
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has noticed a gradual worsening in his symptoms and once again
is having difficulty holding a paintbrush. He currently complains
of feeling more “tied up,” he has more difficulty getting out of
a chair, and his posture is slightly more stooped. Otherwise, he
can carry out most of his ADLs without great difficulty. Should
levodopa be considered for the treatment of L.M.’s PD at this
time?

For patients with advancing PD, levodopa remains the main-
stay of treatment. Nearly all patients will eventually require
treatment with the drug, regardless of initial therapy. Because
PD is characterized by the absence of dopamine in the brain,
the most rational approach to treatment is to replenish the de-
pleted dopamine. Dopamine itself does not cross the blood—
brain barrier, however. In high doses, levodopa, a dopamine
precursor with no known pharmacologic action of its own,
penetrates into the brain, where it is converted by aromatic
amino acid (dopa) decarboxylase to dopamine.57 Early trials
by Cotzias et al.57,58 and Barbeau59 demonstrating significant
and dramatic improvement in the classic features of the disease
soon led to further studies, which clearly established levodopa
as the drug of choice for long-term treatment of PD. Although
levodopa is the most effective therapy for treating the rigidity
and bradykinesia of PD, as with other dopaminergic agents,
it does not effectively improve postural instability, or reduce
dementia, autonomic dysfunction, or “freezing,” an extreme
type of akinesia that often occurs in advanced-stage disease.60

The question of when to begin levodopa in the treatment
of PD has been historically debated. With long-term use, the
efficacy of levodopa decreases, and the development of motor
fluctuations and dyskinesias occurs. These observations led to
the belief that chronic levodopa therapy may actually accelerate
the neurodegenerative process through formation of free rad-
icals via dopamine metabolism.61,62 The Earlier versus Later
Levodopa Therapy in Parkinson’s Disease (ELLDOPA) study
was designed to answer the question of whether long-term
use of levodopa accelerates neurodegeneration and paradoxi-
cally worsens PD.63 The investigators of this study randomized
361 patients with early PD to either carbidopa/levodopa 37.5/
150 mg, 75/300 mg or 150/600 mg/day or placebo for
40 weeks followed by a 2 week withdrawal of treatment. After
42 weeks, the severity of symptoms as measured by changes
in the total UPDRS score increased more in the placebo group
than in all of the groups receiving levodopa. The findings of
this study provide assurance that early levodopa use does not
result in accelerated progression of the disease based on clini-
cal evaluations.

The optimal time to initiate levodopa therapy must be indi-
vidualized. Most clinicians agree that there is little reason to
start levodopa until the patient reports worsening of function-
ality (socially, vocationally, or otherwise). Before levodopa is
started, patients must fully understand the nature of the disease
and what to expect with long-term therapy. L.M. should be
considered for levodopa therapy because his disease has pro-
gressed sufficiently to threaten his job performance, and his
symptoms have progressed despite therapy with a dopamine
agonist.

Sinemet: Advantages and Disadvantages

10. What are the advantages and disadvantages of Sinemet over
levodopa alone?

Although levodopa is highly effective, its use is not with-
out problems including many undesirable side effects, such as
nausea, vomiting, and anorexia (50% of patients); postural hy-
potension (30% of patients); and cardiac arrhythmias (10% of
patients).59,60,64 In addition, mental disturbances (see Question
12) are encountered in 15% of patients, and abnormal involun-
tary movements (dyskinesias) can be seen in up to 55% of pa-
tients during the first 6 months of levodopa treatment.59,60,64,65

Because significant amounts of levodopa are peripherally (ex-
tracerebrally) metabolized to dopamine by the enzyme aro-
matic amino acid (dopa) decarboxylase, extremely high doses
would be necessary if administered alone. For this reason, lev-
odopa is always administered with a dopa decarboxylase in-
hibitor.

By combining levodopa with a dopa decarboxylase inhibitor
that does not penetrate the blood–brain barrier, a decrease in
the peripheral conversion of levodopa to dopamine can be
achieved, while the desired conversion within the basal ganglia
remains unaffected (Fig. 53-2).66 The two peripheral decar-
boxylase inhibitors in clinical use are benserazide (unavailable
in the United States) and carbidopa (Lodosyn).13 Sinemet is the
fixed combination of carbidopa and levodopa and is available
in ratios of 1:4 (Sinemet 25/100) and 1:10 (Sinemet 10/100
and 25/250).13 A controlled-release product (Sinemet CR) is
available in a ratio of 25/100 and 50/200. In addition, car-
bidopa/levodopa is also available as an orally disintegrating
tablet.

Combining levodopa with carbidopa enhances the amount
of dopamine available to the brain and thereby allows the
dose of levodopa to be decreased by 80%.67 This combina-
tion also shortens by several weeks the time needed to increase
the levodopa dose to achieve maximal effects because car-
bidopa substantially decreases levodopa-induced nausea and
vomiting.13,60

CARBIDOPA/LEVODOPA (SINEMET) DOSING

11. The decision is made to begin L.M. on carbidopa/levodopa
(Sinemet). How is Sinemet dosed?

About 75 to 100 mg/day of carbidopa is necessary to sat-
urate peripheral dopa decarboxylase.13 It is usually unneces-
sary and more costly to give higher amounts of carbidopa than
this. Therapy should be initiated with Sinemet 25/100 (car-
bidopa/levodopa) at a dosage of one tablet three times a day.
The dosage can then be increased by 100 mg levodopa every
day or every other day up to eight tablets (800 mg) or to the
maximal effective dose, to individual requirements, or as tol-
erated. If troublesome dyskinesias occur at dosages needed for
maximal response (as is frequently the case), the levodopa dose
can be decreased in approximately 25-mg increments while
monitoring for recurrence of symptoms. If the dyskinesias oc-
cur only at the peak plasma concentration of levodopa, the
dose can be lowered and given more frequently. Alternatively,
a levodopa-extender such as a COMT inhibitor, dopamine ag-
onist, or rasagiline can be added and the levodopa dose de-
creased. The goal of optimizing therapy lies in balancing the
most therapeutic dose with that which does not produce unac-
ceptable side effects.

Because L.M. is currently treated with a dopamine agonist,
he may respond to lower doses of levodopa than patients who
are naı̈ve to dopaminergic therapy. He must also be monitored
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FIGURE 53-2 Peripheral decarboxylation of levodopa when given alone (left) and with a peripheral de-
carboxylase inhibitor (right). When combined with a decarboxylase inhibitor, less drug is required and
more levodopa reaches the brain. (Reproduced with permission from Pinder RM et al. Levodopa and de-
carboxylase inhibitors: a review of their clinical pharmacology and use in the treatment of parkinsonism.
Drugs 1976;11:329.)

closely for the development of motor complications with the
addition of levodopa. Therefore, for best results, long-term
follow-up with frequent subtle dosage adjustments is the pre-
ferred approach.

Most patients respond to levodopa dosages of 750 to 1,000
mg/day when given with carbidopa.13 When levodopa dosages
exceed 750 mg/day, patients such as L.M. can be switched from
the 1:4 ratio of carbidopa/levodopa to the 1:10 ratio to prevent
providing excessive amounts of decarboxylase inhibitor. For
example, if L.M. needed 800 mg/day of levodopa, two Sinemet
10/100 tablets four times daily could be given. If L.M. had not
been initially treated with a dopamine agonist, some clinicians
would consider adding a dopamine agonist after the daily lev-
odopa dose has been increased to >600 mg because dopamine
agonists directly stimulate dopamine receptors, have longer
half-lives, and result in a lower incidence of dyskinesias, thus
providing a smoother dopaminergic response.13,41

Clinical response to L.M.’s levodopa therapy may be im-
proved by modifying dietary protein ingestion.13,68 Levodopa
is actively transported across the blood–brain barrier by a large
neutral amino acid transport system. This transport system
also facilitates the blood-to-brain transport of amino acids such
as l-leucine, l-isoleucine, l-valine, and l-phenylalanine. Le-

vodopa and these neutral amino acids compete for transport
mechanisms, and high plasma concentrations of these amino
acids can decrease brain concentrations of levodopa.68 Patients
are generally instructed to take immediate-release Sinemet 30
minutes before or 60 minutes after meals for maximal effect.

ADVERSE EFFECTS: MENTAL CHANGES

12. Since initiating carbidopa/levodopa, L.M. reports he feels
confused at times and has trouble remembering things that hap-
pened recently. To what extent is levodopa contributing to these
mental problems? How should they be managed?

Several psychiatric side effects have been associated with
levodopa therapy. These include confusion, depression, rest-
lessness and overactivity, psychosis, hypomania, and vivid
dreams.69 Mental side effects occur in approximately 20%
of patients receiving levodopa, but the incidences vary. The
combination of levodopa and a decarboxylase inhibitor has lit-
tle effect on the incidence of mental disturbances.70 Patients
predisposed to levodopa-induced mental disturbances include
those with underlying or pre-existing psychiatric disorders and
those receiving high doses for prolonged periods.69
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An organic confusional state with disorientation, which may
progress to delirium, is the most commonly observed mental
side effect.69 This side effect can be exacerbated by concurrent
anticholinergic or amantadine therapy. Because of its ability to
improve disease symptoms and profoundly affect neurologic
function, levodopa often produces an elevation in mood, but
this is not always the case. Depression, often out of proportion
to the degree of neurologic impairment, is another commonly
observed finding and may precede motor dysfunction.69

Some patients receiving levodopa experience psychomotor
excitation. Symptoms associated with psychomotor activation
include overactivity, restlessness, and agitation. Similarly, hy-
pomania has been reported in up to 8% of patients and is charac-
terized by grandiose thinking, flight of ideas, tangential think-
ing, and poor social judgment. Normal sexual activity often is
restored with improved motor function; however, hypersexu-
ality and libido are increased in about 1% of levodopa-treated
patients.69 Hypersexuality is most likely an associated feature
of levodopa-induced hypomania.

In general, most of the mental disturbances are dose related
and can be lessened by reducing the dosage of levodopa. In
patients such as L.M who are concurrently receiving levodopa
and a dopamine agonist, the dosage reduction should be at-
tempted first with levodopa. If symptoms do not improve, a
reduction in the dosage of the dopamine agonist may also be
warranted. These dosage reductions may, however, be imprac-
tical for L.M. because a return of parkinsonian symptoms is
likely, and the benefits of levodopa therapy may outweigh the
risk for mental disturbances.

Motor Complications

13. L.M. had a dramatic improvement in all of his parkinso-
nian symptoms with the initiation of levodopa therapy after being
maintained on 25/250 regular Sinemet four times a day. After 6
months of treatment, he began to experience dyskinesias. These
usually occurred 1 to 2 hours after a dose and were manifested by
facial grimacing, lip smacking, tongue protrusion, and rocking of
the trunk. These dyskinetic effects were lessened by decreasing
his pramipexole dose to 0.5 mg TID and gradually decreasing his
dosage of Sinemet to 25/250 TID, but the effects have not totally
cleared.

After 3 years of levodopa therapy, more serious problems have
begun to emerge. In the mornings, L.M. often experiences immo-
bility. Nearly every day, he has periods (lasting for a few minutes)
in which he cannot move, followed by a sudden switch to a fluid-
like state, often associated with dyskinetic activity. He continues
to take Sinemet (25/250 TID), but gains symptomatic relief only
for about 3 to 4 hours after a dose. Also, the response to a given
dose varies and is often less in the afternoon. At times, he becomes
“frozen,” particularly when he needs to board an elevator or is re-
quired to move quickly. What are possible explanations for these
alterations in clinical response?

For most patients, the initial response to levodopa is favor-
able, and this early phase is called the “honeymoon period.”
Although variable, the honeymoon period can last for up to
5 years. After an initial period of stability, however, 50% to
90% of patients with PD will experience motor complications
after receiving levodopa for 5 or more years.13 In attempting
to describe response fluctuations, it is important to separate

those effects attributable to the disease and those attributable
to the drug. Levodopa-induced dyskinesias often appear con-
currently with the development of motor fluctuations.13,71 Re-
ducing the levodopa dosage will often reverse these symptoms.
The reduction in levodopa dosage usually results, however, in
deterioration in the control of the disease.

Because levodopa is a short-acting agent with an elimina-
tion half-life of about 1.5 hours, much of the effect from the
evening dose has dissipated by morning.67 For this reason, it is
not surprising that L.M. is experiencing a period of immobil-
ity on arising. This is alleviated in most patients shortly after
taking the morning dose.72,73

Two of the more common motor complications are the true
“on-off” effect and the “wearing off,” or “end-of-dose deterio-
ration” effect.71,72 The true “on-off” effect is described as ran-
dom fluctuations from mobility to the parkinsonian state, which
appears suddenly as if a switch has been turned. These fluctua-
tions can last from minutes to hours and increase in frequency
and intensity with time. Although most patients prefer to be on
with dyskinesias rather than off with akinesis, dyskinesias in
some patients can be more disabling than the parkinsonism.13

Early in the course of disease, it is usually possible to adjust the
amount and timing of the doses of levodopa to control parkin-
sonian symptoms without inducing dyskinesias; however, as
the disease advances and the therapeutic window narrows, cy-
cling between on periods complicated by dyskinesia and off
periods with resulting immobility is common.13

Eventually, despite adjustments in levodopa dosage, many
patients with end-stage PD experience either mobility with se-
vere dyskinesias or complete immobility.74,75 In most patients,
this effect bears no clear-cut relation to the timing of the dose
or levodopa serum levels.76–78 The wearing off or end-of-dose
effect is a more predictable effect that occurs at the latter part
of the dosing interval following a period of relief; it can be
improved by various means such as shortening the dosing in-
terval or by adjunctive dopamine agonist or adding a levodopa
extender such as a COMT inhibitor.

The reasons for these motor complications are not entirely
clear, but incomplete delivery of dopamine to central recep-
tors is at least partially responsible. As the disease progresses,
dopamine terminals are lost and the capacity to store dopamine
presynaptically is diminished.79 This can impair buffering
of the rising and falling concentrations of levodopa. Conse-
quently, dopamine receptors are subject to intermittent or pha-
sic stimulation rather than by physiologic tonic stimulation.
Variations in the rate and extent of levodopa absorption, di-
etary substrates (e.g., large neutral amino acids) that compete
with cerebral transport mechanisms, levodopa drug–drug in-
teractions (Table 53-5), and competition for receptor binding
by levodopa metabolites can explain these variable responses
to levodopa.71,76 Furthermore, early in the course of the dis-
ease, sufficient dopaminergic neurons remain that can store
dopamine derived from levodopa administration and release it
in a more physiologic manner. These neurons act as a buffer
against fluctuating levodopa concentrations. With disease pro-
gression, the buffering capacity of these neurons is diminished
and motor response becomes more dependent on fluctuations
in synaptic dopamine concentrations.72,76,77,79

14. What options are available to reduce L.M.’s motor fluctua-
tions?
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Table 53-5 Levodopa Drug Interactions

Drug Interaction Mechanism Comments

Anticholinergics ↓ Levodopa effect ↓ Gastric emptying, thus ↑
degradation of levodopa in
gut, and ↓ amount absorbed

Watch for ↓ levodopa effect when anticholinergics used in doses
sufficient to ↓ GI motility. When anticholinergic therapy
discontinued in a patient on levodopa, watch for signs of
levodopa toxicity. Anticholinergics can relieve symptoms of
parkinsonism and might offset the reduction of levodopa
bioavailability. Overall, interaction of minor significance.

Benzodiazepines ↓ Levodopa effect Mechanism unknown Use together with caution; discontinue if interaction observed.
Ferrous sulfate ↓ Levodopa oral

absorption by 50%
Formation of chelation

complex
Avoid concomitant administration.

Food ↓ Levodopa effect Large, neutral amino acids
compete with levodopa for
intestinal absorption

Although levodopa usually taken with meals to slow absorption
and ↓ central emetic effect, high-protein diets should be
avoided.

MAOI (e.g., phenelzine,
tranylcypromine)

Hypertensive crisis Peripheral dopamine and
norepinephrine

Avoid using together; selegiline and levodopa used successfully
together. Carbidopa might minimize hypertensive reaction to
levodopa in patients receiving an MAOI.

Methyldopa ↑ or ↓ levodopa
effect

Acts as central and peripheral
decarboxylase inhibitor

Observe for response; may need to switch to another
antihypertensive.

Metoclopramide ↓ Levodopa effect Central dopamine blockade Avoid using together
Neuroleptics (e.g.,

butyrophenones,
phenothiazines)

↓ Levodopa effect Central blockade of dopamine
neurotransmission

Important interaction; avoid using these drugs together.

Phenytoin ↓ Levodopa effect Mechanism unknown Avoid using together if possible.
Pyridoxine ↓ Levodopa effect Peripheral decarboxylation of

levodopa
Not observed when levodopa given with carbidopa

TCA ↓ Levodopa effect Levodopa degradation in gut
because of delayed emptying

TCA and levodopa have been used successfully together; use
with caution

MAO-A, monoamine oxidase A; MAO-B, monoamine oxidase B; MAOI, monoamine oxidase inhibitor; TCA, tricyclic antidepressants.

Controlled-Release Sinemet
The ability to partially alleviate response fluctuations by using
continuous infusions of levodopa prompted the development of
slow-release carbidopa/levodopa formulations in an attempt to
ensure a smoother, more sustained delivery of drug.80 Sinemet
CR contains 25 mg carbidopa and 100 mg levodopa or 50 mg
carbidopa and 200 mg levodopa in an erodible polymer matrix
that retards dissolution in gastric fluids. By gradually dissolv-
ing, Sinemet CR may provide a more gradual absorption of le-
vodopa and more sustained plasma concentrations of levodopa
compared with standard Sinemet.80 While off time should the-
oretically be reduced by the slower rate of plasma levodopa
decline, clinical studies have generally not found a difference
in off time with the controlled-release preparation compared
with the immediate-release preparation. As a result, the Amer-
ican Academy of Neurology Practice Parameter for treatment
of motor fluctuations and dyskinesias does not recommend
switching to controlled-release carbidopa/levodopa as a pri-
mary strategy to reduce off time.81

Controlled-release Sinemet is about 30% less bioavailable
than immediate-release Sinemet. Patients converted from stan-
dard Sinemet should receive a dose of Sinemet CR that will
provide 10% more levodopa, and then the dose should be
titrated upward to clinical reponse.13 If L.M. were converted
to Sinemet CR, the dosage of Sinemet CR would need to be
increased about 10% (100 mg) to offset the relative decrease
in bioavailability.

Assuming L.M. prefers not to convert to Sinemet CR,
his condition may be improved by taking his daily doses of
immediate-release Sinemet at shorter dosing intervals while

avoiding substantial increases in the daily dosage, which could
worsen his dyskinesias. Taking his morning dose before aris-
ing from bed may help with his early morning problems and
prevent other response fluctuations.

Other means for reducing motor fluctuations include the use
of adjunctive agents such as the dopamine agonists, apomor-
phine rescue, COMT inhibitors, and MAO-B inhibitors, such
as selegiline or rasagiline. In severe cases, continuous duode-
nal infusion of levodopa or administration of liquid levodopa
has been useful in managing motor fluctuations (wearing off,
unpredictable on and off times, and dyskinesias).82,83 Liquid
levodopa is administered by crushing 10 immediate-release
25/100 tablets and dissolving them in 1 L of tap water, ginger
ale, juice, or lemon-lime soda (final concentration is 1 mg/L
levodopa). Vitamin C (four 500-mg tablets or 2 g of powder)
should be added as a preservative and the mixture shaken well.
This provides a solution that is stable for 24 hours at room tem-
perature or 3 days refrigerated. Although this is an effective
means for achieving fine titration increments and managing
dyskinesias, the duration of effect is extremely short (60–90
minutes), and frequent administration is needed.13,83

Dopamine Agonists
The effectiveness of pramipexole as an adjunct to levodopa
therapy was evaluated in one large multicenter, placebo-
controlled study of 360 patients with a mean disease dura-
tion of 9 years and an average duration of levodopa therapy
of 8 years.31 Doses were titrated gradually to their maximal
effective dosage as tolerated and not >4.5 mg/day in three
divided doses. At the end of a 6-month maintenance period,
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the patients treated with pramipexole had a 22% improvement
in their ADL (p <0.0001) and a 25% improvement in their
motor scores (p <0.01) compared with baseline values. Pa-
tients treated with pramipexole also had a 31% improvement
in the mean off time, compared with a 7% improvement in
the placebo-treated group (p <0.0006). Levodopa dose reduc-
tion was permitted for increased dyskinesias or hallucinations
and occurred in 76% of the pramipexole group compared with
54% in the placebo group. The total daily levodopa dose was
decreased by 27% in those treated with pramipexole compared
with 5% in the placebo group.

Ropinirole has also shown efficacy in improving mo-
tor scores when added to levodopa therapy in patients with
advanced-stage disease.42 In a multicenter, double-blind, ran-
domized parallel-group study, patients treated with ropinirole
experienced an average off time that was decreased by 1.9 hours
daily. In those treated with ropinirole, the total daily levodopa
dose was decreased by an average of 19%. Of patients, 28%
experienced at least a 35% reduction in both off time and in
their levodopa dose, compared with 13% of the those in the
placebo group. After 1 year of treatment, 47.5% of patients
(n = 865) continued treatment with ropinirole as an adjunct to
levodopa therapy in advanced-stage disease.

APOMORPHINE
Apomorphine is a dopamine agonist that is approved as

rescue therapy for treatment of hypomobility or off episodes
in patients with PD. It is available only in injectable form. In a
randomized, double-blind, parallel-group study of 29 patients,
rescue treatment with apomorphine resulted in a 34% reduc-
tion (∼2 hours) in off time compared with 0% in the placebo
group (p = 0.02).84 Mean UPDRS motor scores were reduced
by 23.9 points (62%) in the those treated with apomorphine,
compared with 0.1 (1%) in those receiving placebo (p <0.001).
Adverse events in the apomorphine group included yawning
(40%), dyskinesias (35%), drowsiness or somnolence (35%),
nausea or vomiting, (30%), and dizziness (20%), although only
yawning was statistically different than placebo (40% vs. 0%;
p = 0.03).

Because nausea and vomiting frequently occur with apo-
morphine treatment, it should be administered with an
antiemetic such as trimethobenzamide. The antiemetic should
be started 3 days before initiating apomorphine and continued
for the first 2 months of treatment. Apomorphine should not
be used with ondansetron and other serotonin antagonists used
to treat nausea because the combination may cause severe hy-
potension. In addition, other antiemetics, such as prochlorper-
azine and metoclopramide, should not be given concurrently
with apomorphine because they are dopamine antagonists and
can decrease the effectiveness of apomorphine.

Doses of apomorphine range from 2 to 6 mg per subcu-
taneous injection. A 2-mg test dose is recommended while
monitoring blood pressure. If tolerated, the recommendation
is to start with a dose of 1 mg less than the tolerated test
dose, and increase the dose by 1-mg every few days if needed.
Peak plasma levels are observed within 10 to 60 minutes after
dosing, so the onset of therapeutic effect is rapid. Two main
disadvantages of apomorphine are that the test dose and titra-
tion are time-consuming and must be done under physician
supervision; and, secondly, patients may require someone else
to inject the drug once hypomobility has occurred.

Catechol-O-Methyltransferase (COMT) Inhibitors
Although levodopa has been the mainstay of symptomatic
treatment of PD, the increased incidence of motor complica-
tions and mental disturbances that occur after prolonged ther-
apy prompted the development of therapies other than replen-
ishment of dopamine. One of these strategies is to prevent the
peripheral degradation of levodopa by metabolizing enzymes.
COMT is an enzyme found in many body tissues, especially
the liver, kidney, and intestines.85 COMT, which catalyzes the
transfer of a methyl group of S-adenosyl-l-methionine to a
phenolic group of the catechol, is responsible for the biotrans-
formation of many catechols and hydroxylated metabolites.86

Carbidopa, an inhibitor of aromatic AAD, prevents the pe-
ripheral conversion of levodopa to dopamine. With AAD in-
hibitors, such as carbidopa or benserazide, the conversion of
levodopa to 3-O-methyldopa (3-OMD) by COMT becomes a
major metabolic pathway and is increased.85 The metabolite
3-OMD lacks antiparkinsonian activity and may compete with
levodopa for transport into the circulation and brain.

Entacapone and tolcapone are selective, reversible, and po-
tent COMT inhibitors that increase the amount of levodopa
available for transport across the blood–brain barrier (Fig.
53-3).87–89 This effect improves and prolongs the response
to levodopa as measured by an increase in the amount of
time spent on and a decrease in the daily levodopa dosage.85

The pharmacologic and pharmacokinetic effects of entacapone
and tolcapone are compared in Table 53-6. Tolcapone is
slightly more potent and has a longer duration of action than
entacapone.90,91 Unlike entacapone, which is usually given
with every administration of carbidopa/levodopa (up to eight
tablets per day), tolcapone is dosed three times daily. Tol-
capone, however, is associated with cases of fatal, acute ful-
minant liver failure which have led to stringent liver function
monitoring requirements.92 It is recommended for use only in
patients taking levodopa who are experiencing motor fluctua-
tions and are not responding adequately to, or are not appropri-
ate candidates for, other adjunctive therapy.81 When initiated,
liver function monitoring should be performed at baseline and
every 2 to 4 weeks for the first 6 months, followed periodi-
cally thereafter as clinically necessary.93 Because of the risks
for hepatotoxicity associated with tolcapone, entacapone is the
preferred COMT inhibitor.81

ENTACAPONE

15. Six months after adjusting the frequency of his car-
bidopa/levodopa, L.M. reports that his dyskinetic activity is not
too bothersome, but he is having increased periods (lasting a
few minutes) in which he cannot move. He is currently taking
pramipexole 0.5 mg TID, immediate-release carbidopa/levodopa
25/250 five times a day, but “even on a good day” gains symp-
tomatic relief for only about 2 to 3 hours following a dose. The
decision is made to initiate entacapone therapy and gradually dis-
continue pramipexole as symptoms or side effects demand. How
effective is entacapone for reducing the symptoms of PD?

Efficacy
Several trials have investigated the efficacy and safety of
entacapone as an adjunct to levodopa therapy. The Nordic
Multicenter Study on Entacapone, The COMT Inhibitor
Trial (NOMECOMT) study was conducted in the Nordic
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FIGURE 53-3 Levodopa metabolism in the human body. COMT, catechol-O-methyltransferase; AADC,
aromatic amino acid decarboxylase; DOPAC, dihydroxyphenylacetic acid; 3-MT, 3-methoxytyramine;
MAO, monoamine oxidase.

countries94; the Safety and Efficacy Study of Entacapone As-
sessing Wearing Off (SEESAW) study95 was conducted in
North America. Both trials were multicenter, randomized,
double-blind, placebo-controlled, parallel-group studies. Sub-
jects for both studies had idiopathic PD with motor fluctua-
tions, including wearing off phenomena, despite maximal tol-
erated doses of levodopa.

In the NOMECOMT study, 171 patients were randomized
to receive either entacapone 200 mg or placebo (4–10 doses
per day) with each dose of carbidopa/levodopa. After 6 months,
the mean on time per 18-hour period increased by 1.5 hours
in the entacapone-treated group compared with the placebo-
treated group (p <0.001). Withdrawal of entacapone resulted
in a return to baseline on time levels. Mean off time over an

18-hour day decreased by 1.2 hours in the entacapone-treated
group compared with the placebo-treated group (p <0.001).
Motor scores on the UPDRS decreased by about 10% from
baseline in the entacapone-treated group compared with the
placebo group (p <0.01). Improvements of approximately 10%
to 20% in these motor scores usually produce clinically sig-
nificant improvements as indicated by increased functional
capacity and decreased parkinsonian symptoms (bradykine-
sia and rigidity).13 Patients who received entacapone could
also lower their levodopa daily dose by an average of 79 mg,
whereas placebo-treated subjects required an increase of 12 mg
in their average daily levodopa dose (p <0.001). A 3-year open-
label extension of this trial demonstrated continued efficacy
and tolerability of entacapone.96

Table 53-6 Pharmacologic and Pharmacokinetic Properties of Catechol-O-Methyltransferase Inhibitors

Tolcapone Entacapone

Bioavailability 65% 30–46%
Tmax (hr) 2.0 0.7–1.2
Protein binding 99.9% 98%
Metabolism Glucuronidation; CYP 3A4, 2A6

Acetylation; methylated by COMT
Glucuronidation

Half-life (hr) 2–3 1.6–3.4
Time to reverse COMT inhibition (hr) 16–24 4–8
Maximum COMT inhibition at 200-mg dose 80%–90% 60%
Increase in levodopa AUC 100% 30%–45%
Increase in levodopa half-life 75% 60%–75%
Dosing method TID, spaced 6 hrs apart With every administration of levodopa

COMT, catechol-O-methyltransferase; TID, three times daily.
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In the SEESAW study, 205 patients were randomized to re-
ceive either entacapone 200 mg or placebo (up to 10 doses per
day) with each dose of carbidopa/levodopa. At baseline, pa-
tients had experienced about 4 years of motor fluctuations and
had been taking levodopa for about 9 years. Approximately
80% of the study subjects continued to take other antiparkin-
sonian therapies, including anticholinergic agents, selegiline,
dopamine agonists, and amantadine. Compared with placebo
over 8 to 24 weeks, daily, on time increased by about 1 hour
(p <0.05) in patients treated with entacapone, with the greatest
improvements observed in those who had a smaller percentage
of on time at baseline. Those treated with entacapone also had
about a 10% reduction in their total UPDRS scores, and they
decreased their daily levodopa dose by about 100 mg (13%).

Dosing

16. When should entacapone be initiated, and what is the most
effective method for dosing the drug?

Both COMT inhibitors available in the United States are ap-
proved for use as adjunctive therapy to levodopa for the treat-
ment of PD in patients experiencing “wearing-off” or “end-of-
dose deterioration.” No studies have yet examined the effect of
early initiation of a COMT inhibitor from the time levodopa is
first introduced. This strategy has been proposed as a way of
reducing the risk for levodopa-induced motor complications,
because the administration of a COMT inhibitor results in a
functional extension in the half-life of levodopa.97 The more
stable plasma levels of levodopa resulting from the coadmin-
istration of the three-drug combination (levodopa, carbidopa,
COMT inhibitor) may lessen levodopa-induced pulsatile stim-
ulation of striatal dopamine receptors and consequently delay
motor complications.13

Entacapone should not be titrated. It should be given as
one 200-mg tablet with each carbidopa/levodopa administra-
tion, up to eight tablets per day. It is available in a combina-
tion tablet (Stalevo) with a 1:4 ratio of immediate-release car-
bidopa/levodopa that patients can be switched to once they are
stabilized individually on carbidopa/levodopa and entacapone.
If dyskinesias occur, it may be necessary to lower the levodopa
dose by approximately 10% to 25%, particularly if the patient is
receiving >800 mg/day of levodopa. L.M. should be monitored
for dyskinesias, especially during the first few weeks of ther-
apy, to determine the need for lowering his carbidopa/levodopa
dose.

Adverse Effects

17. What are the adverse effects of entacapone, and how should
they be managed?

Most entacapone-induced adverse effects are consistent
with increased levodopa exposure. They include dyskinesias
(50%–60%), nausea (15%–20%), dizziness (10%–25%), and
hallucinations (1%–14%).94,95 Reducing the levodopa dosage
by 10% to 15% as a strategy for circumventing these effects was
successful in about one-third of patients experiencing dyski-
nesias. One study evaluated the incidence of dyskinesias com-
pared with baseline frequency and found an increase of 8%
in the entacapone-treated group.94 Adverse effects related to
entacapone include urine discoloration (11%–40%), abdom-
inal pain (6%), and diarrhea (10%).94,95 Urine discoloration

(brownish-orange) is attributed to entacapone and its metabo-
lites and is considered benign, but patients should be counseled
regarding this effect to avoid undue concern. The most common
reason for withdrawal from clinical studies and discontinuation
of therapy was severe diarrhea (2.5%). No monitoring of liver
function tests is required during entacapone therapy.

Monoamine Oxidase-B (MAO-B) Inhibitors
Selegiline and Rasagiline

18. What type of antiparkinsonian drugs are selegiline and
rasagiline, and what place do they have in the treatment of PD?

SELEGILINE
Selegiline (also referred to as deprenyl) is an MAO inhibitor

that irreversibly inhibits MAO type B. Two types of MAO en-
zymes are present: type A (MAO-A) oxidatively deaminates
catecholamines, such as serotonin, norepinephrine, and tyra-
mine, and MAO-B, among other actions, is responsible for
the metabolism of dopamine.13,98 Within the brain, approxi-
mately 80% of MAO activity is attributable to MAO-B.98 The
antiparkinsonian activity of selegiline presumably lies in its
ability to act centrally to prevent the destruction of endogenous
and exogenously administered dopamine.98 Because selegiline
selectively binds to MAO-B, in usual doses (≤10 mg/day), it
does not produce a hypertensive reaction (“cheese effect”) with
dietary tyramine or other catecholamines.98 It is still recom-
mended, however, that patients be counseled regarding this
potential risk.

Selegiline is available in a 5-mg capsule or tablet, and as
a 1.25-mg orally disintegrating tablet. The bioavailability of
conventional selegiline is low, however, and it undergoes ex-
tensive hepatic first-pass metabolism into amphetamine-based
metabolites.99 The usual dosage of conventional selegiline is
10 mg/day given in 5-mg doses in the morning and early after-
noon. It is not given in the evening, because excess stimulation
from metabolites (l-methamphetamine and l-amphetamine)
can cause insomnia and other psychiatric side effects.98 The
orally disintegrating tablet formulation dissolves in the mouth
on contact with saliva and undergoes pregastric absorption.
This minimizes the effect of first-pass metabolism and results
in higher plasma concentrations of selegiline and reductions in
the amphetamine-based metabolites.100

Efficacy
Selegiline has been studied in PD since the 1970s. Attention
initially focused on the potential of selegiline as a “neuropro-
tective” agent that could conceivably slow the progression of
PD.98,101 With the discovery of parkinsonism developing in ad-
dicts who injected MPTP, a synthetic meperidine analog, new
information regarding the pathophysiology of PD and the po-
tential for new forms of treatment began to emerge.102,103 The
isolation and identification of this compound fostered the de-
velopment of superior animal models in which it was found
that the neurotoxicity associated with MPTP is not caused
by MPTP itself, but rather the oxidized product, l-methyl-
4-phenylpyridinium (MPP) ion, a compound that can persist
for long periods in the brain.103 The conversion of MPTP
to its neurotoxic metabolite MPP is a two-step process me-
diated in part by MAO-B.103,104 Inhibition of MAO-B can
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inhibit the oxidative conversion of dopamine to potentially re-
active peroxides. In animals, pretreatment with selegiline pro-
tects against neuronal damage following the administration of
MPTP.101

The Deprenyl and Tocopherol Antioxidative Therapy of
Parkinsonism (DATATOP) study was designed to test the hy-
pothesis that the combined use of both an MAO-B inhibitor (se-
legiline) and an antioxidant (α-tocopherol) early in the course
of the disease may slow disease progression.105 The primary
outcome was the length of time that patients could be sustained
without levodopa therapy (an indication of disease progres-
sion). Results of this study demonstrated that early treatment
with selegiline 10 mg/day delayed the need to start levodopa
therapy by approximately 9 months compared with patients
given placebo.105 Long-term observation demonstrated, how-
ever, that the benefits of selegiline diminished over time. Dur-
ing an additional year of observation, patients originally ran-
domized to selegiline tended to reach the endpoint of disability
more quickly than did those not assigned to receive selegiline.
Initial selegiline treatment also did not alter the development of
levodopa’s adverse effects such as dyskinesias and “wearing-
off” and “on-off” phenomena. In other words, early treatment
with this agent did not produce a sustained benefit.106 The
finding that selegiline as initial therapy does not alter the de-
velopment of motor fluctuations was corroborated in a study
by Caraceni et al.107

Selegiline has also been studied as a symptomatic adjunct
to levodopa in more advanced disease. Early studies found im-
provement in the “wearing off” effect of levodopa in 50% to
70% of patients treated with selegeline and a reduction in as
much as 30% in the total daily dose of levodopa.108,109 The
on-off effect was less responsive to the addition of selegiline.
A second follow-up study involving the original DATATOP
cohort randomized patients who had been treated with selegi-
line initially whose disease had advanced to their requiring
levodopa to continue selegiline or switch to placebo. After
2 years, no significant difference was found in the primary
outcome events of wearing off, dyskinesias, or on-off motor
fluctuations between the groups.110 In contrast, the orally dis-
integrating tablet has been shown to reduce off time by 32%
(2.2 hours) compared with 9% (0.6 hours) for placebo in a 12-
week, randomized, multicenter, parallel group, double-blind
study.111 This, in part, may be owing to the improved bioavail-
ability and increased plasma concentrations of selegiline that
are observed with the orally disintegrating tablet formula-
tion.

In summary, no convincing evidence indicates that selegi-
line offers neuroprotection in patients with PD.112 The benefits
of selegiline are modest in early disease, and tolerance to the
beneficial effects is seen with long-term use. In more advanced
disease, selegiline (particularly the orally disintegrating tablet
formulation) could be considered for adjunctive therapy.81 Its
efficacy in reducing the wearing off effect is modest at best, and
insufficient evidence exists to determine whether it would be
effective in controlling the on-off effect that L.M. has been ex-
periencing. Thus, for L.M., selegiline does not appear to offer
any advantages at this time.

RASAGILINE
Rasagiline is a new, second-generation, propargylamine-

type irreversible selective inhibitor of MAO-B. It is indicated

as monotherapy in early disease or as adjunct therapy to le-
vodopa in advanced disease. Rasagiline is differentiated from
selegiline primarily in that it is a more potent inhibitor
of MAO-B, and it is not metabolized into amphetamine-
based metabolites.113 Rasagiline has been found to protect
from MPTP-induced parkinsonism in animal models, possibly
through a multifactorial process that includes suppression of
oxidant stress and stabilization of mitochondrial apoptosis.114

Rasagiline is approximately 60 to 100 times more selective in
inhibiting MAO-B than MAO-A.113

Rasagiline is available in 0.5- and 1-mg tablets. When used
as monotherapy, it is initiated at 1 mg daily. When combined
with levodopa, the initial dose is lowered to 0.5 mg daily, and
can be increased to 1 mg daily based on response. Although
tyramine-challenge studies have not demonstrated any clini-
cally significant reactions, the product labeling still contains
a warning that patients should be advised to restrict tyramine
intake.115,116

Efficacy
Rasagiline was studied as monotherapy in early PD in a
randomized, double-blind, placebo-controlled trial comparing
rasagiline 1 mg (n = 134) or 2 mg (n = 132) daily with
placebo (n = 138). After 6 months of therapy, the mean ad-
justed change in UPDRS score was −4.2 and −3.56 in the
1- and 2-mg groups, respectively, compared with placebo
(p <0.001 for both).117 These changes are quantitatively sim-
ilar to those observed with levodopa therapy. Quality-of-life
measurements were significantly improved in both rasagiline
groups compared with placebo; however, the time to requiring
levodopa did not differ between groups. At the end of the initial
6 months of treatment, patients who received placebo were then
switched over to receive active treatment with rasagiline, while
the rasagiline-treated patients continued on therapy. After an
additional 6 months of study, it was found that patients receiv-
ing rasagiline for all 12 months had less functional decline
than patients in whom rasagiline was delayed.118 The mean
adjusted difference at 12 months for patients receiving rasagi-
line 2 mg/day for all 12 months was −2.29 compared with the
delayed-start rasagiline 2 mg group (p = 0.01). In an ongo-
ing, open-label extension, the advantage of earlier treatment
appears to persist even after 5 years of treatment.119 Further
human studies are ongoing to investigate the potential disease-
modifying effects of rasagiline.

In advanced disease, rasagiline added to levodopa therapy
appears to improve motor fluctuations, reducing off time by
1.4 hours and 1.8 hours compared with 0.9 hours for placebo
(p = 0.02 and p <0.0001 for 0.5- and 1-mg/day groups,
respectively).120 Significant improvements were reported in
the UPDRS subscores for ADL in the off state and motor per-
formance in the on state, as well as clinician global assess-
ments. Dyskinesias were slightly worsened in the 1-mg/day
group. As adjunctive therapy to levodopa, rasagiline appears
to provide similar benefit to entacapone. When compared with
entacapone 200 mg administered with each levodopa dose,
rasagiline 1 mg/day reduced total daily off time in a similar
manner (decrease of 21% or 1.18 hours for rasagiline and 21%
or 1.2 hours for entacapone).121

Rasagiline is well-tolerated. Headache, dizziness, and nau-
sea appear to be the most common adverse effects when
rasagiline is given as monotherapy.116 When administered in
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combination with levodopa, treatment-emergent dyskinesias
and orthostasis also occur. Reduction of levodopa dose may be
necessary if dyskinesias occur when rasagiline is added. Sim-
ilar precautions regarding drug interactions exist with rasagi-
line as selegiline; that is, sympathomimetics, meperidine, dex-
tromethrophan, other MAO inhibitors, and serotonin reuptake
inhibitors (SSRI) should be avoided or used with caution. Be-
cause rasagiline is metabolized by CYP1A2, inhibitors such
as ciprofloxacin may increase plasma concentrations of rasag-
iline.

Because L.M. is currently receiving entacapone, adminis-
tration of rasagiline is not indicated. In patients with early
disease, rasagiline is as effective as monotherapy in reduc-
ing symptoms; and in patients with advanced disease, consen-
sus recommendations support the use of either entacapone or
rasagiline as treatments of choice to reduce off time.81,112

Anticholinergics

19. What role do anticholinergic drugs play in the treatment
of PD?

Anticholinergic drugs have been used to treat PD since
the mid-1800s, when it was discovered that symptoms were
reduced by the belladonna derivative hyoscyamine sulfate
(scopolamine).13 These drugs remained the mainstay of treat-
ment until the late 1960s, when amantadine and levodopa were
introduced. Because of their undesirable side effect profile and
poor efficacy, anticholinergic agents have been abandoned as
first-line agents.

In PD, the loss of dopamine-producing neurons results in a
loss of the balance that normally exists between acetylcholine
and dopamine-mediated neurotransmission. The anticholiner-
gic agents work by blocking the excitatory neurotransmitter
acetylcholine in the striatum, thereby minimizing the effect of
the relative increase in cholinergic sensitivity. This form of
therapy is usually reserved for the treatment of resting tremor
early in the disease, particularly in younger patients with pre-
served cognitive function. Anticholinergic agents are consid-
ered less effective than carbidopa/levodopa and dopamine ag-
onists for the treatment of bradykinesia and rigidity.13 Overall,
only a mild reduction in symptoms can be expected with anti-
cholinergic therapy, and the risk for side effects would probably
outweigh any benefit in L.M.13,41

Anticholinergic drugs produce both peripherally and cen-
trally mediated adverse effects. Peripheral effects, such as dry
mouth, blurred vision, constipation, and urinary retention, are
common and bothersome.13 Anticholinergic agents can in-
crease intraocular pressure and should be avoided in patients
with angle-closure glaucoma. Central nervous system effects
can include confusion, impairment of recent memory, halluci-
nations, and delusions.13 Patients with PD are more susceptible
to these central effects because of advanced age, intercurrent
illnesses, and impaired cognition.13

Given his history and clinical presentation, L.M. probably
should not be given an anticholinergic drug. He originally pre-
sented with signs of intellectual impairment and subsequently
developed hallucinations. These symptoms may worsen on an-
ticholinergic therapy. L.M. also has prostatic hyperplasia and
his symptoms of urinary retention may be exacerbated by an-
ticholinergic drugs. The mydriasis and cycloplegia associated

with these drugs could interfere with his ability to paint. Finally,
anticholinergic drugs also could aggravate his constipation.

Amantadine

20. How does amantadine work in PD, and what place does it
have in treatment of the disease?

Efficacy and Dosing
Amantadine, an antiviral agent, was discovered serendipitously
to have antiparkinsonian activity when a patient given the drug
for influenza experienced a remission in her tremor, rigidity,
and bradykinesia.122 Shortly thereafter, clinical trials docu-
mented its effectiveness when used alone and in combination
with levodopa to treat mild forms of PD.123–125 The mechanism
of action of amantadine for PD treatment is not entirely under-
stood, but it probably augments dopamine release from pre-
synaptic nerve terminals and possibly inhibits dopamine
reuptake into storage granules.126 Others have suggested
an anticholinergic mechanism of action because certain
anticholinergic-type side effects are caused by the drug.123

Amantadine reduces all the symptoms of parkinsonian dis-
ability in about 50% of patients, usually within days after start-
ing therapy; however, a substantial number of patients develop
tachyphylaxis within 1 to 3 months. Temporary withdrawal,
discontinuation, and subsequent reinstitution of amantadine at
a later date can be beneficial in some patients.125 In addition,
amantadine is associated with neuropsychiatric side effects,
which limits its use.

More recently, amantadine has been found to be an anta-
gonist at N-methyl-d-aspartate (NMDA) receptors; therefore,
it may block glutamate transmission and attention dyskine-
sias.127 This finding has been corroborated in studies of patients
with PD with levodopa-induced dyskinesias, which have found
a reduction in dyskinesia scores with amantadine.124,128–130

With more effective agents available for use in early disease,
the main role of amantadine in the treatment of PD appears lim-
ited to add-on therapy for treating levodopa-induced dyskine-
sias.

When used, amantadine should be started with one 100-mg
capsule taken with breakfast; an additional 100-mg capsule can
be taken with lunch 5 to 7 days after the initiation of the drug.123

The dosage can be increased to a maximum of 300 mg/day;
however, doses >200 mg/day are rarely necessary and pose a
greater risk of adverse effects. The second dose is best taken
in the early afternoon to minimize the likelihood of insomnia.
Amantadine also is available in a liquid preparation, which
is advantageous for patients with dysphagia. Amantadine is
renally excreted and the dosage needs to be reduced in patients
with renal impairment.131

Adverse Effects
Side effects of amantadine mainly involve the gastrointesti-
nal, cardiovascular, and central nervous systems. In one
large-scale study, at least one side effect was experienced
by 15% of patients, whereas 9% had two or more adverse
effects.123 Seen most frequently are neuropsychiatric com-
plaints, which include dizziness, confusion, disorientation, de-
pression, nervousness, irritability, insomnia, nightmares, and
hallucinations.60,123,124 Convulsions have been observed on
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rare occasions with high dosages (>800 mg/day), particularly
in patients with renal impairment.60 Amantadine does have
some anticholinergic properties, and patients concomitantly
receiving anticholinergic agents appear to experience more
prominent central nervous system side effects.60,123,124 Dry
mouth, nausea, vomiting, cramps, diarrhea, and constipation
are less frequently encountered. Ankle edema occurs in up to
10% of patients and is usually seen in association with livedo
reticularis.60 Elevation of the legs, diuretic therapy, and dosage
reduction often alleviate the edema.

Livedo reticularis is a rose-colored mottling of the skin, usu-
ally involving the lower extremities (but can involve the upper
extremities as well), that occurs in up to 80% of patients re-
ceiving amantadine.60,124,125,132 It can be observed as early as
2 weeks after initiating amantadine therapy and persists until
therapy is discontinued, often intensifying to a blackish-purple
color.124 It is more commonly observed in women taking higher
dosages (>200 mg/day) and is worse on standing and in colder
climates.60,124 Livedo reticularis is believed to be caused by
local release of catecholamines, which cause vasoconstriction
and alter the permeability of cutaneous blood vessels.132 The
consequences of livedo reticularis are entirely cosmetic; there-
fore, discontinuation of therapy is unnecessary.

Investigational Pharmacotherapy

21. What antioxidants, dietary supplements, or other investi-
gational therapies have been evaluated in the treatment of PD?

Antioxidants
If free radical generation is important in the pathophysiology
of PD, then adjunctive therapy with antioxidant drugs early in
the course of disease should theoretically provide benefit.133

The most comprehensive evaluation of antioxidant therapy
for PD has come from the DATATOP study.105,134,135 In this
study, patients were assigned to one of four treatment regi-
mens: α-tocopherol (2,000 IU/day) and selegiline placebo; se-
legiline 10 mg/day and α-tocopherol placebo; selegiline and
α-tocopherol active treatments; or placebos. The primary end-
point was time to requirement of levodopa therapy. After ap-
proximately 14 months of follow-up, no difference was seen
between the α-tocopherol group and placebo group in time to
require levodopa.135 Thus, despite the theoretic benefit, clini-
cal data are lacking to support the routine use of α-tocopherol
and it is not recommended.14

Coenzyme Q10
Coenzyme Q10 (CoQ10), also known as ubiquinone, is an
antioxidant involved in the mitochondrial electron transport
chain that has been shown to have reduced activity in patients
with PD.136 The finding that MPTP can induce parkinsonism
through inhibition of complex I in the mitochondrial electron
transport chain and result in injury of nigral dopaminergic neu-
rons, led investigators to evaluate whether supplementation
with CoQ10 could restore dysfunctional mitochondria.137 In
a randomized, placebo-controlled trial, 80 patients with early
untreated PD were randomly assigned to placebo or CoQ10 at
dosages of 300, 600, or 1,200 mg/day in four divided doses.138

Subjects were followed for up to 16 months or until ther-
apy with levodopa was required. The primary outcome was

a change in total score on the UPDRS from baseline to the
last visit. Total UPDRS scores increased (indicating worsen-
ing of symptoms) to a greater extent in placebo-treated patients
than in those treated with CoQ10 (+11.99 for placebo, +8.81
for 300 mg/day, +10.82 for 600 mg/day, and +6.69 for 1,200
mg/day). These results indicated a linear trend between CoQ10
dosage and changes in UPDRS scores. Time to requirement
of levodopa, however, did not differ among the groups. Side
effects of CoQ10 were minimal and not different than placebo.

In a larger, National Institute of Health-sponsored futility-
design study, CoQ10 600 mg four times daily was compared
with placebo in 213 patients with early PD not requiring
medications.139 This was a randomized, double-blind, placebo-
controlled trial. The primary outcome measure was the mean
change in total UPDRS score from baseline to either the time
required for symptomatic therapy or 12 months, whichever
came first. The threshold value for futility of CoQ10 was de-
fined as 30% less progression on the total UPDRS than the
10.65 unit change observed historically in the placebo arm of
the DATATOP trial, or 7.46. After 12 months of therapy, the
mean change in the CoQ10 group was 7.52 compared with
6.31 in the placebo group. Based on the prespecified criteria,
although CoQ10 did not meet the prespecified endpoint of a
change of 7.46 or less, it could not be rejected as futile and met
criteria for further clinical testing. At this time, it is prema-
ture to recommend routine use of CoQ10 in PD. Future studies
should focus on clinically meaningful outcomes to prove or
disprove the clinical efficacy of CoQ10.

Creatine and Minocycline
Creatine is a dietary supplement marketed for performance
enhancement. Similar to the theory for efficacy of CoQ10, cre-
atine plays a role in mitochondrial energy production and has
been shown to protect from MPTP-induced dopamine deple-
tion in animal models.140 Minocycline is a second-generation
tetracycline used to treat various infections, but has also been
shown to display anti-inflammatory effects, which have re-
sulted in improvements in chronic inflammatory conditions
such as rheumatoid arthritis.141 An inflammatory response oc-
curs with loss of dopaminergic neurons in PD, and minocycline
has been shown to be protective in MPTP animal models of
PD.142

Both creatine and minocycline were examined for use in
PD in a futility study that was similar in design to that con-
ducted with CoQ10. In this randomized, double-blind, placebo-
controlled trial, 200 patients with early PD not requiring ther-
apy were randomized to receive creatine (n = 67) 10 g/day,
minocycline 200 mg/day (n = 66), or placebo (n = 67).143

The primary outcome measure was the mean change in total
UPDRS score from baseline to either the time required for
symptomatic therapy or 12 months, whichever came first. The
threshold value for futility of creatine or minocycline use was
defined as 30% less progression on the total UPDRS (≤7.46
units) than the historical DATATOP trial cohort (10.46 units).
After 12 months, the mean change in the total UPDRS was 5.6
units in the creatine group, 7.09 in the minocycline group, and
8.39 in the placebo group. Based on the prespecified criteria,
neither creatine nor minocycline could be rejected as futile and
met criteria for further clinical testing. Although it is too early
to recommend either agent for use, future studies will likely
proceed based on the encouraging results of this study.
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Surgery

22. L.M. has gained additional improvement in rigidity,
bradykinesia, and posture, as well as improvement in the “on-
off” and “wearing off” effects, with the combination of Sinemet
(carbidopa/levodopa) and entacapone. He has experienced little
if any reduction in his tremor, which is one of the most debilitat-
ing symptoms of his disease. What are other therapies for severe
parkinsonian tremor?

Parkinsonian tremor is often less responsive to dopaminer-
gic therapy than other symptoms. There can be considerable in-
terpatient variability in the frequency and amplitude of parkin-
sonian tremor. Tremor can be worsened by peripheral factors,
such as catecholamine release, often in association with stress
or anxiety, as well as central factors inherent to the disease.144

Surgery has played a role in the treatment of PD, particu-
larly in patients who cannot achieve a satisfactory response to
available medications. Before the introduction of levodopa, PD
was primarily viewed as a surgically treated condition. With the
availability of effective drug therapies, the importance of sur-
gical intervention lessened. Posteroventral pallidotomy is an
effective method for reducing dyskinesias on the contralateral
side and may permit the use of higher dosages of levodopa for
managing rigidity and bradykinesia.145,146 One of its disadvan-
tages is the need to make a lesion near the optic tract; however,
studies have shown significant improvements in rigidity and
bradykinesia and also relief from tremor following posteroven-
tral pallidotomy. The risks of pallidotomy include visual loss;
weakness, including paralysis; and hemorrhage that can cause
stroke and speech difficulty.

In patients with mild forms of parkinsonism in which
bradykinesia and gait disturbances are absent, symptoms of
debilitating tremor and rigidity can benefit from stereotaxic
thalamotomy. This intervention has eliminated contralateral
tremor in 80% of patients, and improvement has been sustained
for up to 10 years.146,147 A disadvantage of both pallidotomy
and thalamotomy is the need to make an irreversible lesion
in the basal ganglia that may limit the effectiveness of newer
procedures as they become available.

Deep brain stimulation (DBS) is a method that uses an im-
planted electrode in the brain (either the subthalamic nucleus
[STN] or the globus pallidus interna [GPi]) with a lead con-
nected to a subcutaneously implanted pacemaker.148,149 This
permits delivery of a high-frequency stimulation to the desired
target. Advantages of DBS include no need for an irreversible
brain lesion, and it provides flexibility for altering the target
site and program stimulation parameters. Candidates for DBS
should have idiopathic PD and be levodopa-responsive, but
continue to experience motor complications or tremor despite
optimal pharmacotherapeutic regimens.81 It should be avoided
in patients with pre-existing cognitive or psychiatric problems
owing to a slight risk of decline in cognition. No strict age
limitation for DBS exists, but patients <70 years of age ap-
pear to recover from surgery more quickly and show greater
motor improvements. Although studies have shown that both
DBS of the GPi and STN improve tremor, bradykinesia, and
rigidity in patients with PD, DBS of the STN is currently the
preferred approach as the available data consistently demon-
strate marked reduction in the need for escalating levodopa
dosages compared with DBS of the GPi.81,150,151

Attention also has been directed toward surgical treatment
of PD by transplanting fetal dopaminergic neurons directly
into dopamine-depleted regions of the basal ganglia in the
hopes of providing a localized infusion of dopamine from
these cells.149,152 The observed benefits from this procedure
have included improved motor response while lowering the in-
cidence and severity of dyskinesias.149 Research efforts also
include transplanting genetically engineered cell lines such as
those capable of overexpressing tyrosine hydroxylase or neu-
rotrophic factors. All of these methods are considered experi-
mental, however, and are not routinely available.149

Other Treatment Considerations in Parkinson’s Disease
Dementia

23. As L.M.’s disease has progressed, he has become increas-
ingly demented and reliant on family members for help in per-
forming ADL. He scored 16 (below normal) on his most recent
Mini-Mental Status Examination, and his family describes peri-
odic episodes of confusion and agitation. Neuropsychiatric test-
ing is performed to help distinguish whether his confusion and
agitation are caused by his progressing dementia or whether de-
pression is contributory. Subsequent recommendations from the
neuropsychiatrist are that he avoid driving and receive 24-hour
supervision, along with participation in structured leisure activi-
ties such as adult daycare several hours per week to help relieve his
wife’s caregiver burden. In addition, he has a significant depres-
sive component to his dementia that should be treated. How should
L.M.’s progressive cognitive decline and depression be treated?

Cognitive impairment, manifested by bradyphrenia (slowed
mental processes), altered executive functions, memory loss,
decreased attention span, or inappropriate behavior, is common
in patients with PD. The prevalence of dementia in patients with
PD increases with age and duration of disease and is approx-
imately 6- to 12-fold greater than in age-matched controls.13

Successful management of cognitive impairment in patients
with PD requires first that all potentially reversible causes or
contributing factors be addressed. These include treating in-
fections, dehydration, and metabolic abnormalities, as well as
eliminating unnecessary medications (particularly anticholin-
ergics, sedatives, anxiolytics) that can exacerbate dementia or
delirium.

Experience with cholinesterase inhibitors such as donepezil
(Aricept) and rivastigmine (Exelon) for treating cognitive im-
pairment in PD is limited, but preliminary studies suggest
that some improvement may occur with their use.153–156 Out-
comes of these studies are usually measured using differ-
ent scales, such as the Mini Mental Status Examination, the
Alzheimer’s Disease Assessment Scale-Cognitive Subscale,
the Alzheimer’s Disease Assessment Scale-Clinicians Global
Impression of Change, and the Clinicians Interview Based
Impression of Change Plus Caregiver Input. Compared with
placebo, the cholinesterase inhibitors often result in a marginal
change of a couple of points in these scales that is statistically
significant. It is unclear, however, to what extent the changes in
the scores of these outcome measures are clinically relevant in
such areas as ability to perform ADL without assistance, and
delay in nursing home placement.

Although donepezil or rivastigmine can be considered for
demented patients with PD such as L.M., they are expensive,
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and he must be monitored closely for signs of deterioration of
motor function such as worsening of tremor.15 Cholinesterase
inhibitors are also associated with adverse events that may be
overlooked and attributed to the disease itself in patients with
PD, including sialorrhea, excessive lacrimation, incontinence,
nausea, vomiting, and orthostasis. More importantly, adequate
supportive home care for L.M. should be ensured. As he be-
comes further dependent on family members for assistance
with ADL, the increased needs of the caregiver(s) should also
be considered. In L.M.’s case, attending adult daycare several
times weekly if available, would provide a structured, super-
vised environment for interaction with others, as well as pro-
viding a rest period for his caregiver. When severe, dementia
is a leading cause of nursing home placement for patients with
PD.13

Depression
Depression occurs frequently in patients with PD. The physi-
cal appearance of the patient may, however, make it difficult to
determine whether the symptoms are attributed to depression
or to the PD.13 Patients manifesting symptoms of hypomimia
(facial masking), hypophonia (weak voice), psychomotor re-
tardation, and a stooped posture may be incorrectly diagnosed
with depression if these features are solely the result of the
PD. In contrast, depression in patients with loss of energy,
decreased appetite, reduced libido, and insomnia may go un-
recognized, because the symptoms are often attributed to the
PD.13

Treatment of the depressed patient with PD should first
focus on providing adequate treatment of the symptoms of
PD through restoring mobility and independence, particularly
in patients whose depression can be attributed to lengthy off
periods. Antiparkinson drugs, such as pramipexole, can be
associated with mood-enhancing effects independent of their
ability to reduce time in the off state.157 Depression in patients
with PD can be successfully treated with antidepressant drugs,
although controlled research trials in this area are lacking.158

SSRI are often considered for prolonged bouts of depression,
but other classes of antidepressants, such as tricyclic antide-
pressants, may also be effective.15 Bupropion, a dopamine re-
uptake inhibitor, should theoretically reduce PD symptoms as
well; however, limited evidence supports this hypothesis.159 It
is important to note that some SSRI, such as fluoxetine, can be
activating. Although this may be beneficial in patients who are
apathetic or withdrawn, it may worsen symptoms in agitated
patients.13 Fluoxetine also has a prolonged elimination half-life
and is metabolized to an active metabolite, which can increase
the risk for side effects even after the drug is withdrawn. With
tricyclic antidepressants, care must be taken to observe for
anticholinergics side effects that may worsen PD symptoms,
such as delayed gastric emptying (which may reduce levodopa
effectiveness by increasing levodopa degradation in the gut),
orthostatic hypotension, and a subsequent increased risk for
falls. Psychotherapy can also be considered in patients with
PD who are depressed. Lastly, electroconvulsive therapy may
be beneficial if medications fail.

Based on L.M.’s symptoms, it is reasonable to start him on
an antidepressant. Regardless of which agent or class of antide-
pressant is selected, therapy should be started at the lowest dose
and gradually titrated to effect. He should be monitored closely
for side effects, particularly anticholinergic symptoms with tri-

cyclic antidepressants, and for any adverse effects on mobility.
He should be observed carefully for changes in parkinsonian
symptoms, including development of extrapyramidal symp-
toms, as well as any signs of psychomotor agitation.160

Psychomotor Agitation
The incidence of hallucinations and delirium increases with
age and cognitive impairment in patients with PD. These symp-
toms are often caused or exacerbated by medications.13 Symp-
toms are often more pronounced at night (the “sundowning”
effect), and hallucinations are typically visual. As with the
management of cognitive impairment, it is important to elim-
inate or minimize any potential causative factors, particularly
anticholinergic medications that could be contributing to the
hallucinations or delirium. In some patients, reducing the dose
of levodopa improves mental function and also provides satis-
factory control of motor features (see Question 12). If it is not
possible to achieve a balance between preserving motor control
and decreasing neuropsychiatric symptoms through reduction
in levodopa dosage, antipsychotics may be considered.

Older antipsychotic medications, such as haloperidol, per-
phenazine, and chlorpromazine, block striatal dopamine D2
receptors and may exacerbate parkinsonian symptoms. There-
fore, these agents are not recommended.13 Newer “atypical”
antipsychotics are more selective for limbic and cortical D3,
D4, D5 receptors; they have minimal activity at D2 receptors
and can control symptoms without worsening parkinsonism.
Of these agents, clozapine has the best evidence of efficacy in
patients with PD.15,161 Its use is limited, however, by the need
for frequent monitoring of white blood cell counts owing to
the risk of agranulocytosis. Other newer agents, particularly
quetiapine (Seroquel), appear promising and have controlled
psychosis without worsening parkinsonism.162,163 Risperdal
(Risperdal) and olanzapine (Zyprexa) have also been studied,
but both worsened parkinsonism and were inferior to clozapine
in patients with PD.164–167

Agitation, characterized by restlessness, irritability, appre-
hension, and dysphoria, occurs commonly in patients with
PD.13 These symptoms often occur during off periods and may
be a manifestation of underlying anxiety. Treatment should
begin by ensuring optimal control of motor fluctuations, fol-
lowed by discontinuation or reduction in dosage of any an-
tiparkinsonian drugs, particularly anticholinergic agents that
might exacerbate the symptoms. Short-term use of short-acting
benzodiazepines, such as lorazepam or alprazolam, may also
provide relief.13

Autonomic Dysfunction
Patients with PD also experience symptoms of dysautonomia,
including orthostasis, erectile dysfunction, constipation, noc-
turia, sensory disturbances, dysphagia, seborrhea, and ther-
moregulatory imbalances.13 Management of these symptoms
is generally supportive, and appropriate medical interventions
similar to those used in other geriatric patients can be used to
treat these symptoms whenever encountered. In some cases,
fludrocortisone or midodrine can be considered if orthostatic
hypotension is severe.

Falls
Patients with PD and their caregivers should be counseled
on the prevention of falls, because they can result in serious
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morbidity and mortality. Falls generally result from one of sev-
eral factors, including postural instability, freezing and festi-
nation, levodopa-induced dyskinesia, symptomatic orthostatic
hypotension, coexisting neurologic or other medical disorders,
and environmental factors.13 Prevention remains the best strat-
egy and includes environmental precautions, such as proper
lighting, use of handrails, removing tripping hazards, and
incorporating physical and occupational therapy. Reversible
causes of postural or gait instability should be addressed when-
ever suspected.

Sleep Disorders
The sleep disorders often experienced by elderly persons are
accentuated in PD patients.13 Insomnia, sleep fragmentation
owing to PD symptoms, restless legs syndrome, and night-
mares are common and a source of decreased quality of life.
When sleep dysfunction can be directly attributed to PD symp-
toms, such as akinesia, tremor, dyskinesia, or nightmares,
dosage adjustment of dopaminergic medications is indicated.
Proper sleep hygiene should be encouraged. Short-acting ben-
zodiazepines can be used if insomnia occurs; however, a longer-
acting agent or controlled-release formulation may be pre-
ferred if the patient wakes early and is unable to return to
sleep. If excessive daytime drowsiness occurs, modafinil may
be considered. Similar to dysautonomia, management of sleep
disorders that are not directly attributable to PD symptoms can
be managed supportively, as in other geriatric patients.

RESTLESS LEGS SYNDROME
Clinical Presentation

24. J.J., a 42-year-old woman, presents to her family physician
complaining of intermittent difficulty sleeping at night because of
“jumpy legs.” Her symptoms bother her most in the evening, and
she reports being able to sleep only 4 to 5 hours per night because
of the accompanying restlessness. On further questioning, she
describes the sensation in her legs as being like “bugs crawling
under the skin.” The sensation is not painful. She explains that the
symptoms worsen in the evening and at night and are partially
relieved with walking. She recalls that her mother had similar
symptoms. J.J.’s spouse notes that she often “kicks” him in her
sleep. Review of her medical history shows an otherwise healthy
postmenopausal female. What signs and symptoms are suggestive
of restless legs syndrome (RLS) in J.J.? What laboratory tests or
diagnostic procedures should be performed in J.J. to evaluate her
condition?

Restless legs syndrome is an increasingly recognized and
disabling sensorimotor disorder estimated to affect approxi-
mately 10% of the adult population.168 Although most patients
with mild symptoms will not require treatment, RLS can be as-
sociated with adverse health outcomes, including sleep onset
insomnia, missed or late work, anxiety, depression, marital dis-
cord, and even suicide in severe cases.

Four essential criteria have been established by the Inter-
national Restless Legs Syndrome Study Group to diagnose
RLS (Table 53-7).169 The pathognomonic trait of RLS is an al-
most irresistible urge to move the legs (akathisia), often associ-
ated with uncomfortable paresthesias or dysesthesias felt deep
inside the limbs. Patients describe the sensation as “creepy-

Table 53-7 Clinical Features of Restless Legs Syndrome

Essential Criteria

Urge to move legs, associated with parethesias or dysesthesias
Relief of symptoms with movement
Onset or exacerbation of symptoms at rest
Onset or worsening of symptoms during nighttime

Supportive Clinical Features

Accompanying sleep disturbance (sleep onset insomnia)
Periodic leg movements
Positive response to dopaminergic therapy
Positive family history of RLS
Otherwise normal physical exam

crawly” or “like soda water in the veins.”170 The symptoms
may occur unilaterally or bilaterally, affecting the ankle, knee,
or entire lower limb. With progressive disease, symptoms can
begin earlier in the day, and progressive involvement of the
arms or trunk may occur.171 Temporary or partial relief of
symptoms can be achieved with movement. If patients attempt
to ignore the urge to move the legs, akathisia will progres-
sively intensify until they either move their legs or the legs jerk
involuntarily.170 Symptoms usually manifest in a circadian pat-
tern with onset or worsening during nighttime hours (usually
between 6 pm and 4 am, with peak symptoms between midnight
and 4 am). The circadian pattern persists even in patients with
inverted sleep–wake cycles. As a result of their symptoms, pa-
tients with RLS become “nightwalkers,” spending significant
time walking, stretching, or bending the legs in an effort to
relieve symptoms.

J.J.’s case is an example of a classic presentation of RLS.
The prevalence of RLS increases with age and appears to be
slightly more common in females.172 She describes “creepy-
crawly” sensations that are relieved partially with walking,
a core feature of RLS. Her symptoms are worse during the
evening hours. J.J. reports her mother suffered from similar
symptoms. The observation of a familial tendency suggests
a genetic component and several chromosomal loci have been
linked to the disease.173 A strong family history of RLS appears
to correlate with an early age of onset (<45 years), whereas
presentation at a later age is associated with more neuropathy
and accelerated disease progression.170 J.J.’s spouse has noticed
what are likely periodic limb movements of sleep (PLMS). Ap-
proximately 80% of patients with RLS will also have PLMS,
but their clinical significance is uncertain because they are not
definitively linked to poor sleep quality.174 Furthermore, not all
patients with PLMS have associated RLS, further questioning
their value in the diagnosis.

Most cases of RLS are considered primary or idiopathic;
therefore, the diagnosis does not require elaborate laboratory
tests or diagnostic procedures. Several conditions are known
to be associated with RLS, and include iron deficiency, preg-
nancy, and end-stage renal disease. A thorough medical his-
tory should be taken in J.J. to rule reversible causes of RLS
or other conditions with similar characteristics. It should be
relatively straightforward to rule out other disorders of the
RLS differential if the diagnostic criteria and characteristics
of the patient’s complaint are kept in mind.173 Several medica-
tions and substances are known aggravators of RLS, including
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medications with antidopaminergic properties, such as meto-
clopramide and prochlorperazine. Nicotine, caffeine, and al-
cohol can aggravate RLS, through their own ability to inter-
fere with quality of sleep. Additionally, SSRI, tricyclic an-
tidepressants, and commonly used over-the-counter antihis-
tamines, such as diphenhydramine, can trigger or worsen RLS
symptoms.173 Hypotensive akathesia, leg cramps, and other
conditions such as arthritis which can cause positional discom-
fort with extended periods of sitting in one position can mimic
RLS. These conditions are easily distinguished from RLS, be-
cause they are usually localized to certain joints or muscles,
do not have a circadian pattern, and are not associated with an
uncontrollable urge to move.

With an otherwise unremarkable physical examination and
medical history, specific laboratory tests that should be per-
formed in J.J. are limited to serum ferritin and percent trans-
ferrin saturation (total iron-binding capacity) to rule out iron
deficiency anemia. It is important to note that ferritin is an
acute phase reactant and may be artificially elevated owing
to inflammatory or infectious comorbid conditions. Therefore,
the ferritin level should always be accompanied by the per-
cent transferrin saturation. Several studies have documented a
relationship between low ferritin concentrations and increased
symptom severity.175,176 J.J. is postmenopausal, so a pregnancy
test is not necessary. Polysomnography is not usually indicated
unless there is clinical suspicion for sleep apnea or if sleep
remains disrupted despite treatment of RLS. When clinical

suspicion from the physical examination or medical history
suggests a possible peripheral nerve or radiculopathy cause,
a routine neurologic panel, including thyroid function tests,
fasting glucose, vitamins B6 and B12, and folate, should be
obtained.173 Renal function tests (serum creatinine and blood
urea nitrogen) can be obtained to screen for uremia, although
RLS does not usually occur in this situation until the patient
has reached end-stage renal failure.

Treatment

25. The decision is made to treat J.J.’s symptoms with medi-
cation. What pharmacologic therapy should be selected? What
nonpharmacologic therapies should be recommended?

Figure 53-4 presents an approach to the treatment of RLS.
Iron supplements can potentially cure RLS symptoms in pa-
tients found to be iron deficient.173 If J.J. is iron-deficient, she
should be prescribed supplemental iron 50 to 65 mg of ele-
mental iron one to three times daily on an empty stomach with
200 mg of vitamin C to enhance absorption. After ruling out
possible reversible causes of RLS, it is important to establish
the frequency of J.J.’s symptoms and whether or not they are
associated with pain. This information will help determine ap-
propriate therapy.

Several classes of medications are effective for treating RLS,
including dopaminergics, benzodiazepines, anticonvulsants,

Discontinue 
aggravators 

Try behavioral  
therapies 

Bothersome leg 
symptoms at night 

Rule out reversible causes 

Replace iron 
if deficient 

Meets criteria for 
diagnosis of RLS 

Persistent/nightly 
symptoms 

Intermittent/occasional 
symptoms 

Opiates 

Opiates Gabapentin, 
benzodiazepine 

Combination therapy if 
symptoms not relieved 

Dopamine agonist 

Benzodiazepine 

Levodopa First 
Choice 

Second 
Choice 

Third 
Choice 

Painful symptoms 

Dopamine agonist 

Benzodiazepine 

Gabapentin, opiates 

FIGURE 53-4 Approach to the treatment of restless legs syndrome.
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and opiates. Dopaminergic therapies have demonstrated the
most consistent efficacy in most patients for relieving RLS
symptoms, improving sleep, and reducing leg movements.177

The available dopaminergic therapies that have been evaluated
in RLS are carbidopa/levodopa, pramipexole, ropinirole, and
pergolide.177 In addition, amantadine and selegiline have also
been studied. The earliest clinical trials of dopaminergic thera-
pies for RLS were of carbidopa/levodopa, which demonstrated
improvement in both subjective and objective quality of sleep
measures in patients with idiopathic or uremic disease.178,179

Carbidopa/levodopa is usually recommended as initial therapy
in patients with mild, intermittent, nonpainful symptoms.173,170

Because J.J.’s symptoms are mostly intermittent at the present
time and do not cause her pain, carbidopa/levodopa would be
an appropriate initial therapy. It should be initiated at one-half
of a 25/100 mg tablet, administered 1 or 2 hours before bed-
time. The dose can be titrated according to symptoms up to a
usual daily dose range of 100 to 250 mg of levodopa. With the
immediate-release formulation, relief of symptoms occurs in
as little as 20 minutes. Because levodopa has a short half-life,
patients may wake from their sleep with rebound symptoms
and require an additional dose of carbidopa/levodopa.180 Two
studies have demonstrated that a combination of slow-release
and immediate-release carbidopa/levodopa may be superior to
the immediate-release product used alone.181,182

Benzodiazepines have been shown to relieve RLS symp-
toms in small, open-label studies; however, controlled clini-
cal trials have yielded less promising results.180 They are rec-
ommended as an alternate to carbidopa/levodopa if the RLS
symptoms are intermittent, or as add-on therapy in patients
refractory to other treatments.173 The dosing and adverse ef-
fects of the benzodiazepines used in RLS are similar to their
use in the general population. No evidence suggests that one
benzodiazepine is more effective than another for RLS, and se-
lection should be based on the patient’s primary sleep disorder
complaint. For example, a newer short-acting benzodiazepine
with quick onset of action may be preferred in a patient whose
primary problem is getting to sleep. Because benzodiazepines
appear to be less effective overall than dopaminergics, they
would probably not be a first-line choice in J.J.

If J.J. experienced her symptoms on a nightly basis or dur-
ing the day, a dopamine agonist should be recommended.177,180

They are longer acting than levodopa, which allows for more
sustained efficacy.173 Ropinirole (0.25 mg initially, up to 0.5–
8.0 mg/day) and pramipexole (0.125 mg initially, up to 0.5–
1.5 mg/day) are both FDA-approved for treating RLS. Several
randomized, controlled clinical trials have documented effi-
cacy of these agents in both objective and subjective ratings
of improvement by patients and clinicians with either short- or
long-term use.177,183–187 Between ropinirole and pramipexole,
there does not appear to be greater efficacy or fewer adverse ef-
fects with one agent over the other. An older dopamine agonist,
pergolide, has also demonstrated efficacy in RLS; however, the
increased risk for pulmonary fibrosis and cardiac valvulopa-
thy with this ergot derivative precludes its routine use when
dopamine agonists are indicated.24,25 When used for RLS,
ropinirole and pramipexole should be administered 2 hours
before bedtime. Adverse effects are similar to those seen with
their use in PD and patients should be counseled accordingly
(see Question 7).

In addition to her carbidopa/levodopa, nonpharmacologic
therapies and behavioral techniques should also be recom-

mended for J.J. Most important among these include discontin-
uing all RLS aggravators, and practicing good sleep hygiene.
Physical and mental activity (e.g., reading, playing card games,
or working on the computer) if patients are unable to sleep can
reduce symptoms.173 Counter stimuli such as massage or hot
baths have also been helpful.173

26. After careful consideration, J.J. and her doctor choose le-
vodopa to treat her RLS. She initially responds well to the ther-
apy. One year later, J.J. returns for follow-up. Her dose of car-
bidopa/levodopa has progressively increased to three 25/100 mg
tablets at bedtime. She describes continued worsening of her
symptoms and they do not seem to be relieved with increasing
doses of carbidopa/levodopa. Her symptoms are now starting ear-
lier in the evening, occur almost every night, and are now painful.
How should J.J.’s therapy be further adjusted?

J.J. is likely experiencing augmentation, a common prob-
lem with long-term use of dopaminergic drugs. Augmentation
is described as a progressive symptomatic worsening of RLS
symptoms after an initial improvement.173 It is the most com-
mon side effect occurring with long-term use (>3 months) of
dopaminergic agents. It usually occurs 6 to 18 months after
therapy is initiated.173 The most common presentation of aug-
mentation is that RLS symptoms become more intense, occur-
ring earlier in the evening, with movements spreading to other
parts of the body. Increasing doses of dopaminergic agents
will initially relieve symptoms; however, with each incremen-
tal dose increase symptoms progress more rapidly until they
may occur continuously throughout the day.173 The highest risk
for augmentation is with levodopa. An estimated 50% to 85%
of patients on levodopa will develop augmentation, compared
with only 20% to 30% with dopamine agonists.180 The primary
treatment strategy in dealing with augmentation is to withdraw
the dopaminergic agent and substitute other agents. Given her
presentation, J.J. should have her carbidopa/levodopa discon-
tinued. She should be counseled that her symptoms will likely
rebound severely for 48 to 72 hours, but approximately 4 to 7
days later her symptoms should gradually return to baseline or
pretreatment state.173

With the discontinuation of carbidopa/levodopa in J.J., an
alternate therapy should be selected. Anticonvulsants (partic-
ularly gabapentin, lamotrigine, and carbamazepine), and opi-
ates have also been studied for treatment of RLS and are par-
ticularly useful if patients have pain with their symptoms.
Gabapentin in a dose of 600 to 2,400 mg/day has demon-
strated relief in subjective symptoms as well as PLMS and
sleep architecture in 50% to 90% of patients in open-label
and controlled trials.180,188,189 Lamotrigine (25 mg/day up to
200 mg/day) and carbamazepine (100–400 mg/day) have also
demonstrated efficacy, mostly in open-label studies.180 Be-
cause of its high efficacy and more favorable risk profile,
gabapentin is preferred as first-line therapy in patients with
RLS who have coexisting neuropathy or associated pain.170

Because J.J. describes increasing pain from her RLS, after dis-
continuation of her carbidopa/levodopa it would be appropriate
to initiate gabapentin. If necessary, a dopamine agonist could
be added at a later time if her symptoms are not completely
controlled on gabapentin. If gabapentin is ineffective or not
tolerated, J.J. could be prescribed an opiate, which is also
an acceptable choice in patients with RLS who have neu-
ropathy or painful dysethesias.173 Hydrocodone, oxycodone,
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methadone, codeine, and tramadol have all demonstrated effi-
cacy in RLS.173 For intermittent symptoms, it is recommended
to use short-acting agents. If symptoms extend beyond 8 hours,
patients may require twice daily dosing or a switch to a longer
acting agent.173

ESSENTIAL TREMOR
Clinical Presentation

27. K.H. is a 52-year-old white female office manager who was
referred to a neurologist for evaluation of tremor. She is otherwise
healthy and reports not taking any regularly prescribed medica-
tions. She describes her tremor as being present mainly when
she performs voluntary movements. The tremor is not notice-
able during rest. She also notices the tremor seems to disappear
in the evening after drinking a couple of glasses of wine. The
tremor interferes with several of her ADL, including writing, eat-
ing, drinking from a cup, and inserting her keys into the ignition.
She reports mild interference with her job function and some
social embarrassment. No bradykinesia or rigidity is elicited on
physical examination. A handwriting sample reveals large char-
acters that are difficult to decipher. Family history reveals that her
maternal grandmother and mother both had similar symptoms.
What signs and symptoms are consistent with essential tremor in
K.H.?

Essential tremor (ET) is a common neurologic disorder that
has been written about since ancient times.190 Beginning in the
mid-20th century, the term essential tremor has been consis-
tently used to describe this form of kinetic tremor for which
no definite cause has been established.190 ET has traditionally
been viewed as a monosymptomatic disorder of little conse-
quence, but more recently it is recognized to be complex and
progressive and to result in significant disability in ADL and
job performance, and is a cause of social embarassment.190

The incidence of ET is estimated to be approximately 616
cases per 100,000 person-years, and the prevalence rate ranges
from 6% to 9%.191,192 Both incidence and prevalence of ET
increase with age. In addition, ethnicity and family history of
ET are consistently identified risk factors; it is approximately
five times more common in whites than blacks, and approxi-
mately 50% of patients report a positive family history. The lat-
ter finding suggests that genetic predisposition may play a role
in ET; however, differences in intrafamilial onset and severity
suggest environmental factors may also influence underlying
susceptibility to the disease.190 Several environmental toxins
have been proposed as causes of ET, including β-carboline al-
kaloids (e.g., harmane and harmine) and lead, both of which
have been found in elevated concentrations in patients with ET
compared with normal controls.193,194

Because parkinsonian tremor and ET are the most common
forms of tremor observed in practice, it is important to dis-
tinguish between the two because the treatments are very dif-
ferent. Diagnostic criteria for ET developed by the Movement
Disorder Society are shown in Table 53-8.195 Tremor should
first be identified as either an action or resting tremor. Ac-
tion tremors include kinetic, postural, and isometric tremors.
The defining feature of ET is kinetic tremor of the arms. The
tremor can also affect head or voice. Kinetic tremor can be
elicited in patients during voluntary movement, such as finger-

Table 53-8 Diagnostic Criteria for Essential Tremor

Inclusion Criteria

Bilateral postural tremor with or without kinetic tremor, involving
hands and forearms, that is visible and persistent

Duration >5 yr

Exclusion Criteria

Other abnormal neurological signs (except Froment’s sign)
Presence of known causes of increased physiological tremor
Concurrent or recent exposure to tremorogenic drugs or the presence

of a drug withdrawal state
Direct or indirect trauma to the nervous system within 3 mo before the

onset of tremor
Historical or clinical evidence of psychogenic origins
Convincing evidence of sudden onset or evidence of stepwise

deterioration

to-nose test, signing their name, drawing spirals, or drinking
water from a cup. Postural tremor occurs during sustained arm
extension. Although both types of action tremors (kinetic or
postural) can be present in ET and PD, the presence of rest-
ing tremor is much more common in PD.190 Lack of resting
tremor and absence of bradykinesia or rigidity in K.H. sug-
gest the tremor is not parkinsonian. She describes interference
of her tremor occurring with voluntary movement, such as
her ADL and drinking from a cup. Other signs and symptoms
that support a diagnosis of ET include her age, family history,
large and tremulous handwriting (as opposed to micrographia
in PD), and improvement in tremor with alcohol consumption.
Table 53-9 summarizes the similarities and differences of ET
and parkinsonian tremor.

Several medications and substances are known to be
tremorogenic. All patients with tremor should have thor-
ough medication history to rule out these possible causes.
Medications commonly implicated include corticosteroids,
metoclopramide, valproate, sympathomimetics (e.g. albuterol,
amphetamines, pseudoephedrine), SSRI, tricyclic antidepres-
sants, theophylline, and thyroid preparations.190 In addition,
caffeine, tobacco, and chronic alcohol use can cause tremor
that resembles ET. K.H. does not report taking any regularly
prescribed medications; however, she should be questioned re-
garding any over-the-counter medication use as well as her
caffeine and smoking habits if applicable.

The final step in evaluating K.H.’s tremor should include
laboratory analysis to rule out possible medical conditions as-
sociated with tremor. If clinical signs suggest the possibility of
hyperthyroidism, thyroid function tests should be performed.
In patients <40 years of age who present with action tremor,
serum ceruloplasmin can be tested to evaluate for possible
Wilson’s disease.190 Neuroimaging tests are not useful in the
diagnosis and evaluation of ET.

Treatment

28. What therapies are effective in treating essential tremor?
How should KH be treated?

Patients with ET who have mild disability that does not
cause dysfunction or social embarrassment can go without
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Table 53-9 Differentiation of Essential Tremor and Parkinson’s Disease

Characteristic Essential Tremor Parkinson’s Disease

Kinetic tremor in arms, hands, or head ++ ++
Hemibody (arm and leg) tremor 0 ++
Kinetic tremor > resting tremor ++ +
Resting tremor > kinetic tremor 0 ++
Rigidity or bradykinesia 0 ++
Postural instability 0 ++
Usual age of onset (yr) 15–25, 45–55 55–65
Symmetry Bilateral Unilateral > Bilateral
Family history of tremor +++ +
Response to alcohol +++ 0
Response to anticholinergics 0 ++
Response to levodopa 0 +++
Response to primidone +++ 0
Response to propranolol +++ +
Handwriting analysis Large, tremulous script Micrographia

0, not observed; +, rarely observed; ++, sometimes observed; +++, often observed.

treatment.196 It is estimated that 15% to 25% of patients with
ET will retire prematurely, and 60% will not apply for a job or
promotion because of their tremor.197 Because K.H. is expe-
riencing tremor that is causing both significant functional dis-
ability in her occupation and social embarrassment, she should
be considered for pharmacotherapy (Table 53-10). It is impor-
tant to note that, although effective treatments exist, tremor
is rarely eliminated completely.190 Factors predicting lack of
response have not been readily identified.190

Propranolol, a nonselective β-adrenergic receptor blocker,
or primidone, an anticonvulsant, are recommended as first-
line agents to treat ET.196,198 Propranolol is typically effective
in doses of at least 120 mg/day, with 45% to 75% of pa-
tients reporting benefit.196 Long-acting propranolol is as effec-
tive as the regular-release formulation.199 Other β1-selective
blockers such as atenolol and metoprolol, have also been stud-
ied, but with mixed findings.200 Propranolol has demonstrated
greater efficacy than these B1 selective agents,201 suggesting

Table 53-10 Pharmacotherapy for Essential Tremor

Drug Initial Dose Usual Therapeutic Dose Adverse Effects

β-Blockers

Propranolol 10 mg QD-BID 160–320 mg divided QD-BID Bradycardia, fatigue, hypotension, depression,
exercise intolerance

Atenolol 12.5–25 mg QD 50–150 mg QD Bradycardia, fatigue, hypotension, exercise
intolerance

Nadolol 40 mg QD 120–240 mg QD Bradycardia, fatigue, hypotension, exercise
intolerance

Anticonvulsants

Primidone 12.5 mg QD 50–750 mg divided QD-TID Sedation, fatigue, nausea, vomiting, ataxia,
dizziness, confusion, vertigo

Gabapentin 300 mg QD 1,200–3,600 mg divided TID Nausea, drowsiness, dizziness, unsteadiness
Topiramate 25 mg QD 200–400 mg divided BID Appetite suppression, weight loss, paresthesias,

concentration difficulties
Benzodiazepines

Alprazolam 0.125 mg QD 0.75–3 mg divided TID Sedation, fatigue, potential for abuse
Clonazepam 0.25 mg QD 0.5–6 mg divided QD-BID Sedation, fatigue, ataxia, dizziness, impaired

cognition
Miscellaneous

Botulinum toxin A Varies by injection site: 50–100 U/arm for hand tremor;
40–400 U/neck for head tremor; 0.6–15 U/vocal cords for
voice tremor; retreat no sooner than every 3 mo (extend as
long as possible)

Hand weakness (with wrist injection); dysphagia,
hoarseness, breathiness (with neck or vocal
cord injection)

BID, two times daily; QD, every day; TID, three times daily.
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that blockade of β2 receptors is of importance. β-adrenergic re-
ceptor blockers with intrinsic sympathomimetic activity, such
as pindolol, appear ineffective in ET.202 Caution should be ex-
ercised with propranolol in patients with asthma, congestive
heart failure, diabetes mellitus, and atrioventricular block.196

Several studies have compared propranolol and primidone
in ET,203,204 and they are considered to have similar efficacy.198

Primidone is metabolized to a phenobarbital-based metabo-
lite; however, phenobarbital is inferior to primidone in treat-
ing ET.205 Acute adverse effects of primidone include nausea,
vomiting, and ataxia, which can occur in up to one-quarter
of patients often limiting its use.190 Long-term tolerability
of primidone is very good, however, and may actually be
superior to propranolol.204 Primidone should be initiated at
12.5 mg/day, administered at bedtime, to reduce the occurrence
of acute side effects. It can be titrated gradually as tolerated up
to 750 mg/day in divided doses.

Other agents that have demonstrated variable efficacy in
ET include gabapentin,206 topiramate,207 and benzodiazepines
(specifically, alprazolam208 and clonazepam209). They are gen-
erally considered to be less-proven, second-line therapies,
however.196,198 Adverse effects and potential for abuse (specif-
ically with benzodiazepines) should be considered when an
agent is selected.

If oral pharmacotherapy options for ET are not beneficial,
intramuscular injections of botulinum toxin A or surgical treat-
ments can be used in selected patients. Targeted botulinum

toxin A injections can reduce hand, head, and voice tremor;
however, they are associated with focal weakness of the adja-
cent areas. Injections in the wrist can cause hand weakness,
and dysphagia; hoarseness and breathiness can occur with in-
jections into the neck or vocal cords.198 Treatment should oc-
cur with the lowest dose and the interval should be as long
as possible between injections. Deep brain stimulation of the
ventral intermediate nucleus of the thalamus or unilateral thal-
amotomy is highly efficacious in reducing ET.198 Greater im-
provement in self-reported measures of function and fewer ad-
verse events make DBS the preferred surgical option of the
two.196,210

Because K.H. is otherwise healthy, she is a good candidate
for propranolol therapy. Propranolol can be initiated as needed
or on a scheduled basis depending on the degree of impairment
and desire of the patient. If the decision is made with K.H. to
use propranolol on an as-needed basis, she should begin with
one-half of a 20-mg tablet administered 30 minutes to 1 hour
before the desired effect. The dose can be increased from one-
half to two tablets. An example of a situation where this may
occur is if she wants to avoid embarrassment with attending a
social activity or before certain tasks requiring manual dexter-
ity at work. Given the degree of her impairment, she is probably
a better candidate for chronic suppressive therapy with propra-
nolol. In this situation, she can be prescribed 10 mg twice daily
and titrated every few days up to 120 to 360 mg/day in divided
doses.
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Incidence, Prevalence, and Epidemiology
Approximately 10% of the population will experience a seizure
at some time. Up to 30% of all seizures are provoked by cen-
tral nervous system (CNS) disorders or insults (e.g., meningi-
tis, trauma, tumors, and exposure to toxins); these seizures
may become recurrent and require chronic treatment with
antiepileptic drugs (AED). Reversible conditions such as alco-
hol withdrawal, fever, and metabolic disturbances may provoke
acute, isolated seizures. These seizures are not considered to

be epilepsy and usually do not require long-term AED therapy.
Approximately 1% of the general population has epilepsy.1

Terminology, Classification, and Diagnosis of Epilepsies
Classification of Seizures and Epilepsies
A seizure is the “clinical manifestation presumed to result from
an abnormal and excessive discharge of a set of neurons in
the brain. The clinical manifestation consists of sudden and

54-1
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Table 54-1 International Classification of Epileptic Seizures

Partial Seizure (Local or Focal)

Simple Partial Seizures (Without Impairment of Consciousness)
Motor symptoms
Special sensory or somatosensory symptoms
Autonomic symptoms
Psychic symptoms

Complexa Partial Seizures (With Impairment of Consciousness)
Progressing to impairment of consciousness

With no other features
With features as in simple partial seizures
With automatisms

With impaired consciousness at onset
With no other features
With features as in simple partial seizures
With automatisms

Partial Seizures That Evolve to Generalized Seizures
Simple partial seizures evolving to generalized seizures
Complex partial seizures evolving to generalized seizures
Simple partial seizures evolving to complex partial seizures to

generalized seizures

Generalized Seizures (Convulsive or Nonconvulsive)

Absence Seizures
Typical seizures (impaired consciousness only)
Atypical absence seizures

Myoclonic Seizures
Clonic Seizures
Tonic Seizures
Tonic-Clonic Seizures
Atonic (Astatic or Akinetic) Seizures

Unclassified Epileptic Seizures

All seizures that cannot be classified because of inadequate or incomplete
data and some that cannot be classified in previously described
categories

aComplex implies organized, high-level activity.
From references 1 and 3, with permission.

transitory abnormal phenomena that may include alterations of
consciousness, motor, sensory, autonomic, or psychic events
perceived by the patient or observer.”1 Epilepsy is a “condition
characterized by recurrent (≥2) epileptic seizures, unprovoked
by any immediate identified cause.”1 The current International
Classification of Epileptic Seizures is shown in Table 54-1.2,3

Older terms such as “grand mal” and “petit mal” should not
be used, because their use may create confusion in the clinical
setting. For example, it is common for patients or caregivers
to identify any seizure other than a generalized tonic-clonic
seizure as a “petit mal” seizure. This labeling may result in the
selection of an inappropriate medication.

Generalized tonic-clonic (grand mal) seizures are common.
The patient loses consciousness and falls at the onset. Simulta-
neously, tonic muscle spasms begin and may be accompanied
by a cry that results from air being forced through the larynx.
Bilateral, repetitive clonic movements follow. After the clonic
phase, patients return to consciousness but remain lethargic and
may be confused for varying periods of time (postictal state).
Urinary incontinence and tongue biting is common. Primary

generalized tonic-clonic seizures affect both cerebral hemi-
spheres from the outset. Secondarily generalized tonic-clonic
seizures begin as either simple or complex partial seizures. The
aura described by some patients before a generalized tonic-
clonic seizure actually represents an initial partial seizure that
spreads to become a secondarily generalized seizure. Iden-
tification of secondarily generalized tonic-clonic seizures is
important because some AED are more effective at control-
ling primary generalized seizures than secondarily generalized
seizures, and partial seizures are often more difficult to control
with AED.4−6

Absence (petit mal) seizures occur primarily in children and
often remit during puberty; affected patients may develop a sec-
ond type of seizure. Absence seizures consist of a brief loss of
consciousness, usually lasting several seconds. Simple (typi-
cal) absence seizures are not accompanied by motor symptoms;
automatisms, muscle twitching, myoclonic jerking, or auto-
nomic manifestations may accompany atypical (complex) ab-
sence seizures. Although consciousness is lost, patients do not
fall during absence seizures. Patients are unaware of their sur-
roundings and will have no recall of events during the seizure.
Consciousness returns immediately when the seizure ends, and
postictal confusion is not seen. Differentiation of atypical ab-
sence seizures from complex partial seizures may be difficult if
only a second-hand account of the episodes is available; iden-
tification of a focal abnormality by an electroencephalogram
(EEG) often is necessary to identify complex partial seizures.
This distinction is important for the proper selection of AED.

Simple partial (focal motor or sensory) seizures are local-
ized in a single cerebral hemisphere or portion of a hemisphere.
No loss of consciousness is experienced. Various motor, sen-
sory, or psychic manifestations may occur depending on the
area of the brain that is affected. A single part of the body may
twitch, or the patient may experience only an unusual sensory
experience.

Complex partial (psychomotor or temporal lobe) seizures
result from the spread of focal discharges to involve a larger
area. Consciousness is impaired and patients may exhibit com-
plex but inappropriate behavior (automatisms) such as lip
smacking, picking at clothing, or aimless wandering. A pe-
riod of brief postictal lethargy or confusion is common.

Epileptic Syndromes
Epilepsy can be classified based on seizure type as shown in
Table 54-1. Epilepsy syndromes can be defined on the basis of
seizure type as well as cause (if known), precipitating factors,
age of onset, characteristic EEG patterns, severity, chronicity,
family history, and prognosis. Accurate diagnosis of epilepsy
syndromes may better guide clinicians regarding the need for
drug therapy, the choice of appropriate medication, and the
likelihood of successful treatment.1,4,5 Many epilepsy syn-
dromes have been defined; a complete listing is beyond the
scope of this chapter. Several are of interest with respect to
pharmacotherapy and are described in (Table 54-2).5

Diagnosis
Optimal treatment of seizure disorders requires accurate clas-
sification (diagnosis) of seizure type and appropriate choice
and use of medications. Seizure classification may be straight-
forward if an adequate history and description of the clinical
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Table 54-2 Selected Epilepsy Syndromes

Syndrome Seizure Patterns and Characteristics Preferred Antiepileptic Drug (AED) Therapy Comments

Juvenile
myoclonic
epilepsy

Myoclonic seizures often precede
generalized tonic-clonic seizures.
Myoclonic and generalized tonic-clonic
episodes on awakening. Absence seizures
also common. ↓ sleep, fatigue, and
alcohol commonly precipitate seizures.

Valproate. Levetiracetam FDA-
approved as adjunct for myoclonic
seizures. Phenytoin possibly an
adjunct to valproate in resistant
cases. Carbamazepine reported to
exacerbate seizures in some patients.

5% to 10% of all epilepsies; 85%–90%
response to valproate. Lifelong
therapy usually needed. High relapse
rate with attempts to discontinue
AED therapy.

Lennox-Gastaut
syndrome

Generalized seizures: atypical absence,
atonic/akinetic, myoclonic, and tonic most
common. Abnormal interictal EEG with
slow spike-wave pattern. Cognitive
dysfunction and mental retardation. Status
epilepticus common.

Valproate and benzodiazepines may be
effective. Lamotrigine and
topiramate FDA-approved.
Felbamate also may be effective, but
potential hematologic toxicity limits
use. Poorly responsive to AED.

Oversedation with aggressive AED
trials may ↑ seizure frequency.
Tolerance to benzodiazepines limits
their usefulness.

Childhood absence
epilepsy (true
petit mal)

Typical absences often in clusters of multiple
seizures (pyknolepsy). Tonic-clonic
seizures in ∼40%. Onset usually between
ages 4 and 8. Significant genetic
component. EEG shows classic 3-Hz
spike-wave pattern.

Ethosuximide or valproate.
Lamotrigine probably effective.

80%–90% response rate to AED
therapy. Good prognosis for
remission. Tonic-clonic seizures may
persist.

Reflex epilepsy Tonic-clonic seizures most common.
Induced by flicker or patterns
(photosensitivity) most commonly.
Reading also may precipitate partial
seizures affecting the jaw, which may
generalize. Some cases involve
precipitation of underlying seizures; some
seem primary.

AED specific to underlying seizures.
Avoidance of precipitating stimuli
when possible. Valproate usually
effective for cases of spontaneous
seizures precipitated by
photosensitivity.

Relatively rare; seizures may be
precipitated by television or video
games.

Temporal lobe
epilepsy

Complex partial seizures with automatisms.
Simple partial seizures (auras) common;
secondary generalized seizures occur in
50%.

Carbamazepine, phenytoin, valproate,
gabapentin, lamotrigine, topiramate,
tiagabine, levetiracetam,
oxcarbazepine, zonisamide,
pregabalin

Often incompletely controlled with
current AED. Emotional stress may
precipitate seizures; psychiatric
disorders seen with temporal lobe
epilepsy; surgical resection can be
effective when patient is identified as
a good surgical candidate.

EEG, electroencephalogram; FDA, U.S. Food and Drug Administration.
From references 5, 266–270, with permission.

seizure are available. Physicians often do not observe patients’
seizures; thus, family members, teachers, nurses, and others
who have frequent direct contact with patients should learn to
observe accurately and objectively describe and record these
events. The onset, duration, and characteristics of a seizure
should be described as completely as possible. Several aspects
of the events surrounding a seizure may be especially signif-
icant: the patient’s behavior before the seizure (e.g., did the
patient complain of feeling ill or describe an unusual sensa-
tion?), deviation of the eyes or head to one side or localization
of convulsive activity to one portion of the body, impaired con-
sciousness, loss of continence, and the patient’s behavior after
the seizure (e.g., was there any postictal confusion?). In addi-
tion, it is helpful if the observer can record the length of the
event and how long it took for the patient to return to baseline.
The patient and caregivers should have a seizure calendar or
diary to record events. Those who observe a seizure should not
try to label the seizure but should be encouraged to describe
the event fully and objectively.

Accurate seizure diagnosis and identification of the type
of epilepsy or epilepsy syndrome also depend on neurologic
examination, medical history, and diagnostic techniques, such
as EEG, computed tomography (CT), and magnetic resonance

imaging (MRI). The EEG often is critical for identifying spe-
cific seizure types. CT scanning may help assess newly diag-
nosed patients, but MRI is preferred. MRI may locate brain
lesions or anatomic defects that are missed by conventional
radiographs or CT scans.6

Treatment
Early control of epileptic seizures is important because it al-
lows normalization of patients’ lives and prevents acute phys-
ical harm and long-term morbidity associated with recurrent
seizures. In addition, early control of tonic-clonic seizures is
associated with a reduced likelihood of seizure recurrence.51

Early control of epileptic seizures also correlates with success-
ful discontinuation of AED treatment after long-term seizure
control.7−9

Nonpharmacologic Treatment of Epilepsy
Alternatives or adjuncts to pharmacotherapy may be helpful in
some patients. Surgery is an extremely useful form of treatment
in selected patients. Depending on the epilepsy syndrome and
procedure performed, up to 90% of patients treated surgically
may improve or become seizure free. A study of 80 patients
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with medically refractory temporal lobe epilepsy randomized
to either surgery or continued medical treatment showed that
after 1 year, patients were more likely to be seizure free after
surgery.10 Surgery is advocated as early therapy for some pa-
tients with specific epilepsy syndromes, such as mesial tempo-
ral sclerosis. Early surgical intervention may prevent or lessen
neurologic deterioration and developmental delay.

Dietary modification may be used for patients who can-
not tolerate AED or to treat seizures that are not completely
responsive to AED. In most circumstances, dietary modifi-
cation consists of a ketogenic diet. This low-carbohydrate,
high-fat diet results in persistent ketosis, which is believed
to play a major role in the therapeutic effect. Ketogenic diets
are most commonly used and seem to be most beneficial in
children; they are also used as adjuncts to ongoing AED treat-
ment.11,12

The vagus nerve stimulator (VNS) is approved for treatment
of intractable partial seizures. This device uses electrodes at-
tached around the left branch of the vagus nerve. The electrodes
are attached to a programmable stimulator that delivers stimuli
on a regular cycling basis; patients can also use “on demand”
stimulation at the onset of seizures by placing a magnet next to
the subcutaneously implanted stimulator. Approximately 30%
to 40% of patients who are so treated have a positive response
(50% reduction in seizures).13,14 The primary side effect of
this device is hoarseness during stimulation; infrequently, this
is accompanied by left vocal cord paralysis.

AVOIDANCE OF POTENTIAL SEIZURE PRECIPITANTS
It is impossible to generalize about environmental and

lifestyle precipitants of seizure activity in persons with
epilepsy. Individual patients or caregivers may identify spe-
cific circumstances, such as stress, sleep deprivation, or inges-
tion of excessive amounts of caffeine or alcohol, which can
increase the likelihood of a seizure. Some women experience
an increase in the frequency and severity of seizures around
the time of menstruation or ovulation. Patients with epilepsy
should avoid activities that seem to precipitate seizures; as
always, the goal is complete seizure control with as little alter-
ation in quality of life as possible.

Antiepileptic Drug Therapy
Pharmacotherapy is the mainstay of treatment for epilepsy.
Therefore, patient education regarding medications and con-
sultation among health care professionals regarding the opti-
mal use of AED are essential to quality patient care. Optimal
AED therapy completely controls seizures in 60% to 95% of
patients.4,15−17 Optimization of drug therapy depends on sev-
eral factors; with the choice of appropriate AED, individual-
ization of dosing, and adherence being the most important.

CHOICE OF ANTIEPILEPTIC DRUG
Many AED have a relatively narrow spectrum of efficacy;

therefore, choice of appropriate drug therapy for a specific
patient depends on an accurate diagnosis of epilepsy. In addi-
tion, toxicity must be considered when selecting an AED. Pre-
ferred drugs for specific types of seizures and common epilep-
tic syndromes are listed in Tables 54-2 and 54-3. Although
certain drugs are preferred, the identification of the most ef-
fective drug for a particular patient may be a process of trial
and error; several medication trials may be necessary before

success is achieved. The consensus method was used to ana-
lyze expert opinion on treatment of three epilepsy syndromes
and status epilepticus.18 The experts recommended monother-
apy first, followed by a second monotherapy agent if the first
failed. If the second monotherapy failed, the experts were not
in agreement on whether to try a third monotherapy agent or
to combine two therapies. The experts recommended epilepsy
surgery evaluation after the third failed AED for patients with
symptomatic localization-related epilepsies.

To assess the evidence on efficacy, tolerability, and safety
of many of the new AED in treating children and adults with
new-onset and refractory partial and generalized epilepsies,
a panel evaluated the available evidence.19,20 They concluded
that the AED choice depends on seizure and syndrome type,
patient age, concomitant medications, and AED tolerability,
safety, and efficacy. The results of these two evidence-based
assessments provide guidelines for the use of newer AED in
patients with new-onset and refractory epilepsy.

THERAPEUTIC ENDPOINTS
The individual patient’s response to AED treatment (i.e.,

seizure frequency and severity, and symptoms of toxicity) must
be the major focus for therapy assessment. In general, the goal
of AED treatment is administration of sufficient medication
to completely prevent seizures without producing significant
toxicity.21 Realistically, this goal may be compromised for
many patients; it may not be possible to completely prevent
seizures without producing intolerable adverse effects. Thus,
the therapeutic endpoints achieved can vary among patients;
optimization of AED therapy for a specific person depends on
tailoring therapy to the patient’s needs and lifestyle. It is rarely
optimal to administer “standard” or “usual” doses of an AED
to a patient or to adjust doses to achieve a “therapeutic blood
level” without paying consideration to the effect of the dose or
serum concentration on the patient’s condition and quality of
life. As with many conditions requiring chronic drug therapy,
patient participation in developing and evaluating a therapeu-
tic plan is extremely important. Patients should be educated
regarding the expected positive and negative effects of their
AED therapy, and they must be encouraged to communicate
with their health care provider regarding their responses to
prescribed AED.

SERUM DRUG CONCENTRATIONS
Relation to Dosage
For some AED, although not all, a good correlation exists be-
tween serum concentrations and both therapeutic response and
toxicity. For these agents, the wide availability of AED serum
concentration determinations has had a significant impact on
the treatment of seizure disorders. The correlation between the
administered maintenance dose of an AED and the resulting
steady-state serum concentration is poor. Administration of
“usual therapeutic doses,” even when calculated on the basis
of body weight, is equally likely to produce subtherapeutic,
therapeutic, or potentially intoxicating serum concentrations.
Interindividual variation in hepatic metabolic capacity proba-
bly accounts for most of this variability.

Relation to Clinical Response
For selected AED, proper use and interpretation of serum con-
centrations are important for optimizing treatment regimens in
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Table 54-3 Antiepileptic Drugs (AED) Useful for Various Seizure Typesa

Primary Generalized Secondarily Generalized Simple or Complex Myoclonic,
Tonic-Clonic Tonic-Clonic Partial Absence Atonic/Akinetic

Most Effective With Least Toxicity

Valproate Carbamazepine Carbamazepine Ethosuximide Valproate
Phenytoin Oxcarbazepine Oxcarbazepine Valproate Clonazepam
Carbamazepine Phenytoin Phenytoin Lamotrigineb Lamotrigineb

(Lamotrigine)b Valproate Valproate (Topiramate)b

(Levetiracetam)b (Gabapentin)b Lamotrigine
(Oxcarbazepine)b (Lamotrigine)b (Gabapentin)b

(Topiramate)b

(Zonisamide)b
(Topiramate)b

(Tiagabine)b

(Zonisamide)b

(Levetiracetam)b

(Pregabalin)b

(Levetiracetam)b

(Topiramate)b

(Tiagabine)b

(Pregabalin)b

(Zonisamide)b

Effective, But Often Cause Unacceptable Toxicity

Phenobarbital Phenobarbital Clorazepate Clonazepam (Felbamate)c

Primidone Primidone Phenobarbital Trimethadione
(Felbamate)c (Felbamate)c Primidone

(Felbamate)c

Of Little Value

Ethosuximide Ethosuximide Ethosuximide Phenytoin
Trimethadione Trimethadione Trimethadione Carbamazepine

Phenobarbital
Primidone

aDrugs are listed in general order of preference within each category. Recommendations by various authorities may differ, especially regarding the relative place of valproate and
the role of phenytoin as a first-line AED. Many authorities now discourage the use of phenobarbital and primidone.
bThe place of gabapentin, lamotrigine, oxcarbazepine, levetiracetam, topiramate, tiagabine, and zonisamide is yet to be determined. They are placed on this table only to indicate
the types of seizures for which they appear to be effective. Much more clinical experience is needed before their roles as possible primary AED are clarified.
cThe place of felbamate is yet to be determined. It is placed on this table only to indicate the types of seizures for which it appears to be effective. Felbamate has been associated
with aplastic anemia and hepatic failure; until a possible causative role is clarified, felbamate cannot be recommended for treatment of epilepsy unless all other, potentially less
toxic treatment options have been exhausted.
From references 16, 53, 54, 271, with permission.

epilepsy.14,22 An individual patient’s clinical response to AED
treatment must be the major focus for therapy assessment. Nei-
ther therapeutic effects nor toxic symptoms are “all or none”;
in most situations, there are gradations of efficacy and toxicity.
Dosage increases and titration to AED serum concentrations
within and occasionally above the “therapeutic range” may
significantly improve therapeutic responses without producing
significant toxicity.22 Individual patients often differ dramati-
cally in their response to a particular serum drug concentration;
therefore, therapeutic serum concentrations should be consid-
ered only as guidelines for treatment. Many patients condition
may be controlled with serum drug concentrations below the
usual therapeutic range.23 In these patients, dosage adjustment
to increase the serum drug concentration is not warranted. In
this case, it is better to “treat the patient, not the level.”

Interestingly, a recent Cochrane Review found no evidence
to indicate that the use of measuring AED concentrations rou-
tinely to inform dose adjustments is superior to dose adjust-
ments based on clinical information.24 Only one study fit their
evaluation criteria and that was done in patients newly diag-
nosed with epilepsy treated with a single older AED: carba-
mazepine, valproate, phenytoin, phenobarbital, or primidone.

The authors do state that their review does not exclude the
possibility that AED serum concentration might be useful in
special situations or in selected patients.

Indications for Use
Measurement of serum drug concentrations may provide clin-
ically useful information in the following situations:

� Uncontrolled seizures despite administration of greater-than-
average doses: Serum concentrations of AED may help dis-
tinguish drug resistance from subtherapeutic drug concen-
trations caused by malabsorption, noncompliance, or rapid
metabolism.

� Seizure recurrence in a patient whose seizures were previ-
ously controlled: This often is owing to noncompliance with
the prescribed medication regimen.

� Documentation of intoxication: In patients who develop signs
or symptoms of dose-related AED toxicity, documentation of
the dose and serum concentration of the responsible drug is
helpful.

� Assessment of patient compliance: Although monitoring
AED serum concentrations can be used to assess patient
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Table 54-4 Pharmacokinetic Properties of Antiepileptic Drugs

Oral Time to Dosage Usual Therapeutic Plasma Protein Volume of
Drug Absorption (%) Half-Life (hr) Steady Statea Schedule Serum Concentration Binding (%) Distribution (L/kg)

Carbamazepine 90–100 Chronic: 5–25 2–4 day BID to TID 5–12+ mcg/mL 75 (50–90) 0.8–1.6
Ethosuximide 90–100 Pediatric: 30

Adult: 60
5–10 day QD (BID) 40–100 mcg/mL 0 0.7

Gabapentin 40–60; ↓ with
↑ dose

Normal renal function:
5–9; ↑ with ↓ renal

function

Normal renal
function:
1–1.5 day

TID to QID
(every
6–8 hr)

>2 mcg/mL
(proposed)

0 ≈0.8

Lamotrigine 90–100 Monotherapy: 24–29
Enzyme inducers: 15
Enzyme inhibitor

(VPA): 59

4–9 day BID 4–18 mcg/mL
(proposed)

55 0.9–1.2

Levetiracetam 100 Normal renal function:
6–8; ↑ with ↓ renal
function

Normal renal
function:
1–1.5 day

BID Not determined <10 ≈0.7

Oxcarbazepine 100 8–13 2–3 day BID to TID Not determined 40
Phenobarbital 90–100 2–4 day 8–16 day QD 15–40 mcg/mL 50 0.5–0.6
Phenytoin 90–100 Varies with dose 5–30+ day QD to BID 10–20 mcg/mL 95 0.5–0.7
Pregabalin ≥90 Normal renal function:

6; ↑ with ↓ renal
function

24 hr BID to TID Not determined 0 0.5

Tiagabine 90 Monotherapy: 7–9
Enzyme inducers: 4–7

1–2 day BID to QID Not determined 96 1.1

Topiramate ≥80 12–24 3–4 day BID Not determined 10–15 0.7
Valproate 100 10–16 2–3 day BID to QID 50–150+ mcg/mL 90+ 0.09–0.17
Zonisamide ≈80 Monotherapy: ≈60

Enzyme inducers: 27–36
2 wk QD to BID Not determined 50–60 1.3

aBased on four half-lives. This lag time should allow determination of steady-state serum concentrations within limits of most assay sensitivities.
BID, twice daily, QD, every day; QID, four times daily; VPA, valproic acid.

compliance with therapy, conclusions must be based on
comparisons with previous steady-state serum concentra-
tions that reflected reliable intake of a given dose of
AED.

� Documentation of desired results from a dose change or other
therapeutic maneuver (e.g., administration of a loading dose):
When patients are receiving multiple AED, serum concentra-
tions of all drugs should be measured following a change in
the dose of one drug because changes in the serum concen-
tration of one drug frequently change the pharmacokinetic
disposition of other drugs.

� When precise dosage changes are required: On occasion,
small changes in the dose of a drug (e.g., phenytoin) can
result in large changes in both the serum concentration and
clinical response. In addition, cautious titration of dosage
and serum concentration may be necessary to avoid intoxi-
cation. Knowledge of the serum drug concentration before
the dosage change may allow the clinician to select a more
appropriate new maintenance dose.

Frequent, “routine” determinations of serum AED concen-
trations are costly and not warranted for patients whose clin-
ical status is stable. Clinicians may tend to focus attention on
normal variability in serum concentrations rather than on the
patient’s clinical status; as a result, unnecessary dosage adjust-
ments may be made to make serum concentrations fit the “nor-
mal range.” A plan of action for what the clinician is going to
do with the information once it is obtained should be in place
before obtaining the sample. Therefore, the results of indi-
vidual serum concentration determinations must be evaluated

carefully to decide whether a significant, clinically meaningful
change has occurred.25

Interpretation of Serum Concentrations
Several factors can alter the relationship between AED serum
concentration and the patient’s response to the drug. When-
ever a change in serum concentration is apparent, pharmacoki-
netic factors (Table 54-4) should be considered (along with
the patient’s clinical status) before a decision is made to ad-
just the AED dosage. Laboratory variability can cause minor
fluctuations in reported AED serum concentrations. Under the
best conditions, reported values for serum concentrations may
be within ±10% of “true” values.26,27 Therefore, the magni-
tude of any apparent change must be considered. Therapeu-
tic ranges are not well established for some drugs (e.g., val-
proate and the newer AED, such as lamotrigine, topiramate,
and tiagabine). Published therapeutic ranges may have been
determined in small numbers of patients or may more accu-
rately represent average serum concentrations at usual doses.
As an example, many clinicians agree that “pushing” valproate
serum concentrations up to 150 to 200 mcg/mL may be ben-
eficial for some patients; these higher concentrations are not
consistently associated with specific toxicity symptoms.28−31

Nevertheless, most laboratories report 50 to 100 g/mL as a
therapeutic range for valproate. Inappropriate sample timing
can result in inconsistent and clinically meaningless changes
in AED serum concentrations.14 Generally, serum concentra-
tions of AED should not be measured until a minimum of
four to five half-lives have elapsed since initiation of therapy
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or a dosage change. Blood samples should be obtained in the
morning, before any doses of the AED have been taken; this
practice provides reproducible, postabsorptive (i.e., “trough”)
serum concentrations. On occasion, especially for rapidly ab-
sorbed drugs with short half-lives (e.g., valproate), determi-
nation of peak serum concentrations may help assess possible
toxic symptoms. Interindividual variability in response to a
given serum concentration of medication is common. Excellent
therapeutic response or even symptoms of intoxication may be
associated with AED serum concentrations that are classified
as “subtherapeutic.”32 Active metabolites of AED usually are
not measured when serum concentrations are determined.27,33

Alterations in the relative proportion of parent drug and active
metabolite may result in an apparent alteration in the relation-
ship between the serum concentration of the parent drug and
the patient’s response. Binding to serum proteins is significant
for some AED (e.g., phenytoin, valproate, tiagabine). Changes
in protein binding can result from drug interaction, renal fail-
ure, pregnancy, or changes in nutritional status. These changes
can alter the usual relationship between the measured total
drug concentration (bound and unbound to plasma proteins)
and the unbound (pharmacologically active) drug concentra-
tion. This change may not be apparent when only total serum
concentrations are measured. Determination of serum concen-
trations of free (i.e., unbound) AED is available from many
commercial laboratories; these determinations are expensive
and results may not be available for several days. If signifi-
cant changes in protein binding are suspected, measurement
of free concentrations of AED may provide additional infor-
mation useful for adjustment of doses or interpretation of the
patient’s symptoms.26,27,33

MONOTHERAPY VERSUS POLYTHERAPY
Decades ago, seizure disorders were often treated with mul-

tiple AED (polytherapy). A second, third, or even fourth drug
was added when seizures were incompletely controlled with
a single AED. Evaluation of the effectiveness of polytherapy
in recent years has shown little advantage for most patients.
Use of a single drug at optimal tolerated serum concentra-
tions produces excellent therapeutic results and minimal side
effects in up to 80% of patients. Addition of a second AED
significantly improves seizure control in only 10% to 20% of
patients.34,35 Reduction or elimination of existing polytherapy
in patients with longstanding seizure disorders often lessens or
eliminates cognitive impairment and other side effects: seizure
control actually may improve.34,36−39

Most experts advocate the use of monotherapy (i.e., use
of a single AED) whenever possible. Successful monotherapy
may require higher-than-usual AED doses or serum concentra-
tions above the upper limit of the usual therapeutic range.16,40

Addition of a second drug may be necessary in some pa-
tients; however, polytherapy should be reserved for patients
with multiple seizure types or for patients in whom first-line
AED have failed to control seizures when titrated to maximal
tolerated doses.16,37 When a new AED is added to a patient’s
regimen with the goal of improving seizure control, the exist-
ing AED regimen should be scrutinized for continued value.
In some cases, a patient’s AED regimen can accumulate drugs
that may be unnecessary because they were started and never
re-evaluated. Continued vigilance and critical assessment of
every drug in a patient’s regimen is important.

Use of polytherapy creates several disadvantages that must
be weighed against possible benefits. Seizure control may not
significantly improve; in fact, these authors’ experience and in-
formation from studies in which patients were converted from
polytherapy to monotherapy indicate that even with use of an
optimal AED, seizure control may be worsened in some pa-
tients by polytherapy regimens.39 Patient expenses for medi-
cations and for increased laboratory monitoring may increase
significantly with polytherapy. In addition, drug interactions
among AED can complicate assessment of the patient’s re-
sponse and serum concentrations. Patient compliance often is
worsened when multiple medications are prescribed, and ad-
verse effects often increase because the side effects of many
AED are additive.

Although AED monotherapy is preferred whenever feasi-
ble, the recent introduction of several new AED has increased
the use of polytherapy.40 Owing to limitations on the patient
populations used for clinical trials of new drugs (i.e., patients
with seizure disorders not completely controlled by previ-
ous medications), most new AED are labeled only for use as
add-on therapy. Although reports exist on the efficacy of the
new AED as monotherapy,41−44 only lamotrigine, topiramate,
oxcarbazepine, and felbamate are U.S. Food and Drug Ad-
ministration (FDA) approved for monotherapy. Lamotrigine is
indicated for conversion to monotherapy in adults with par-
tial seizures who are receiving treatment with carbamazepine,
phenytoin, phenobarbital, primidone, or valproate as the sin-
gle AED.45 Topiramate is approved as initial monotherapy in
patients 10 years of age and older with partial-onset or pri-
mary generalized tonic-clonic seizures.46 Felbamate should be
considered (as monotherapy or polytherapy) only when other
AED have failed. Other AED will undoubtedly follow with
monotherapy indications. At present, data concerning the use
of these new drugs as single agents are limited.

DURATION OF THERAPY AND DISCONTINUATION OF ANTIEPILEPTIC DRUGS
A diagnosis of epilepsy may not necessitate lifelong drug

therapy. Several long-term studies have examined the prog-
nosis of epilepsy following drug discontinuation; AED ther-
apy may be successfully withdrawn from some patients after
a seizure-free period of 2 to 5 years.7−9 Seizures recurred in
only 12% to 36% of patients who were followed for up to 23
years after AED withdrawal. Therefore, many patients whose
epilepsy is completely controlled with medication can stop
therapy after a seizure-free period of at least 2 years.

Discontinuation of medications is advantageous for eco-
nomic, medical, and psychosocial reasons. Costs associated
with physician visits, serum concentration determinations, and
the medications themselves are eliminated. The risk of adverse
effects from long-term medication use is eliminated, and pa-
tients can expect fewer lifestyle restrictions. Attempts to with-
draw AED therapy are associated with risks, however: reap-
pearance of seizure activity can result in status epilepticus,
loss of driving privileges, employment difficulties, or physical
injury.

Risk factors for seizure recurrence following discontinu-
ation of AED have been identified in observational studies;
complete agreement, however, is not found among studies
regarding the nature and importance of specific risk factors.
Opinions and data also differ regarding the optimal duration
of the seizure-free period before discontinuation of AED is
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Table 54-5 Risk Factors Possibly Predicting Seizure
Recurrence Following AED Withdrawal

� <2 yr seizure free before withdrawal
� Onset of seizures after age 12
� History of atypical febrile seizures
� Family history of seizures
� >2–6 yr before seizures controlled
� Large number of seizures (>30) before control or total of >100

seizures
� Partial seizures (simple or complex)
� History of absence seizures
� Abnormal EEG persisting throughout treatment
� Slowing on EEG before medication withdrawal
� Organic neurologic disorder
� Moderate to severe mental retardation
� Withdrawal of valproate or phenytoin (higher rate of recurrence than

withdrawal of other AED)

AED, antiepileptic drug; EEG, electroencephalogram.
From references 7–9, 47, and 48, with permission.

attempted. Nevertheless, at least some consensus has been
reached regarding certain factors that may predict a higher
risk of seizure recurrence (Table 54-5).7−9,47,48

In nonemergency situations, AED should be withdrawn
slowly; if a patient receives multiple drugs, each drug should be
withdrawn separately. Too-rapid withdrawal can result in sta-
tus epilepticus. Clinical studies of AED discontinuation usually
used a 2- to 3-month withdrawal schedule for each drug. The
optimal rate of withdrawal of AED has not been identified. One
study compared withdrawal of individual drugs over a 6-week
and a 9-month period and found no difference in seizure recur-
rence between the groups.49 Another study compared seizure
frequencies in patients withdrawn from carbamazepine rapidly
(over 4 days) and in patients withdrawn more slowly (over 10
days).50 Significantly more generalized tonic-clonic seizures
occurred when carbamazepine was withdrawn rapidly; com-
plex partial seizures, however, did not occur at a higher rate
with rapid withdrawal. Therefore, withdrawal of each AED
over at least 6 weeks would seem to be a safe approach. Grad-
ual withdrawal is recommended even for medications such as
phenobarbital that have long half-lives and should theoretically
be “self-tapering.” In these authors’ experience, gradual reduc-
tion of medications such as phenobarbital is associated with a
significantly higher success rate. Appearance of seizures dur-
ing medication withdrawal is not necessarily an indication for
reinstitution of maintenance therapy; many patients who ex-
perience seizures during drug withdrawal remain seizure free
after complete withdrawal.51

CLINICAL ASSESSMENT AND TREATMENT OF EPILEPSY
Complex Partial Seizures with Secondary Generalization
Diagnosis

1. A.R. is a 14-year-old, 40-kg, female high school student.
A.R. had three febrile seizures when she was 3 years old. She re-
ceived phenobarbital prophylaxis “off and on,” according to her
parents, for about 6 months following her second febrile seizure.
Since then, she had no reported seizures until 24 hours before ad-
mission. At that time she had a “convulsion” shortly after arriving

at school in the morning. A teacher who witnessed the episode de-
scribes her as behaving “oddly” before the seizure. She abruptly
got up from her desk and began to walk clumsily toward the door;
she bumped into several desks and did not respond to the teacher’s
attempts to redirect her back to her seat. After approximately
1 minute of this behavior, she fell to the floor and experienced
an apparent generalized tonic-clonic seizure that lasted approx-
imately 90 seconds. During the episode, she was incontinent of
urine and was described as “turning kind of blue.” Following this
episode, A.R. was transported to the hospital.

On arrival at the hospital, A.R. appeared drowsy and con-
fused. Laboratory studies—a complete blood count (CBC),
serum glucose, electrolytes, drug and alcohol screen, and lumbar
puncture—were normal. Physical examination and a complete
neurologic evaluation were normal. An EEG showed diffuse slow-
ing with focal epileptiform discharges in the left temporal area;
it was interpreted as abnormal. There was no history of recent
illness or injury, although A.R. had stayed up late several nights
recently studying for an examination.

A second seizure occurs in the hospital. The nursing staff’s de-
scription of the episode is similar to that provided by the observers
at school. After recovery from each episode, A.R. has no memory
of events during the seizures; she only remembers a “funny feel-
ing” in her stomach and a “buzzing” in her head before she lost
consciousness. She describes having these feelings “a couple of
times” in the past; she attributed them to “just getting dizzy”
and had not reported them to her parents. After these previous
episodes, A.R. described feeling “mixed up” and groggy for a few
minutes. What subjective and objective features of A.R.’s seizures
are consistent with a diagnosis of complex partial seizures with
secondary generalization?

A.R.’s clinical pattern of observed seizure activity (an ap-
parent aura preceding her loss of consciousness), her history of
apparent complex partial seizures not accompanied by gener-
alized seizures, and the findings of focal abnormal activity on
EEG are all concordant of this diagnosis. Postictal confusion
and grogginess are also common after both generalized tonic-
clonic and complex partial seizures. Her unusual or inappro-
priate behavior represents a complex partial seizure that sub-
sequently generalized. The clinical features, accompanied by
her EEG findings, also help rule out possible atypical absence
seizures, which can be confused with complex partial epileptic
syndromes based on only clinical presentation. In both syn-
dromes, patients may briefly appear to lose contact with their
surroundings and display automatisms and mild clonic move-
ments during seizure activity. In A.R.’s case, the EEG and the
generalized tonic-clonic seizures during her episodes would
rule out atypical absence as a likely possibility.

Decision to Use Antiepileptic Drug Therapy

2. What factors should be considered in a decision to treat
A.R.’s seizures with AED therapy?

Once a diagnosis of epilepsy is established, the decision to
treat the patient with medication is based on the likelihood of
recurrence. The need for AED therapy after a single seizure is
controversial; however, recurrence of generalized tonic-clonic
seizures is less likely if AED therapy is initiated after the
first generalized tonic-clonic seizure.52 Therefore, at least for
this one specific seizure type, early use of AED is supported.
Whether this information applies to other types of seizures
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is not known. Clinical wisdom, however, holds that “seizures
beget seizures,” and most experts advocate early treatment of
epilepsy (i.e., after a first or second unprovoked seizure).

In A.R.’s case, the potential benefits of immediate introduc-
tion of AED therapy appear to outweigh potential risks. She
experienced complex partial seizures followed by secondarily
generalized tonic-clonic seizures. Recurrences of seizure activ-
ity are likely to result in physical injury, social embarrassment,
and interference with her participation in activities typical of
a person her age. If her seizures are not controlled, she faces
future limitation of her driving privileges and may face barri-
ers to employment. Although AED therapy is associated with
risks, they probably are outweighed by the potential benefits.

Choice of Antiepileptic Drug

3. Discuss the AED commonly used for A.R.’s seizure type.
Based on the subjective and objective data available, recommend
a first-choice AED for A.R. and a plan for initial dosing of this
medication.

Many AED would be appropriate choices for A.R.’s com-
plex partial seizures that can secondarily generalize (Ta-
ble 54-3).35,53,54 Some AED are not FDA approved as ini-
tial monotherapy. Though valproate (Depakene/Depakote) is
effective for treating both generalized and complex partial
seizures,55 it would not be a good initial choice for this pa-
tient owing to the increased risks in a woman of childbearing
age (see Women’s Issues section below).

Felbamate (Felbatol), gabapentin (Neurontin), lamotrigine
(Lamictal), topiramate (Topamax), tiagabine (Gabitril), lev-
etiracetam (Keppra), oxcarbazepine (Trileptal), zonisamide
(Zonegran), and pregablin (Lyrica) are effective for control of
partial seizures with or without secondary generalization. Most
experience with these drugs was obtained when they were used
as adjunctive agents when previous AED therapies were un-
successful. Initial clinical trials with these newer medications
indicate that several of them may be useful as single agents. As
mentioned previously, lamotrigine, oxcarbazepine, and topira-
mate have monotherapy indications. Most of these more recent
medications appear to be safe and are usually well tolerated.
The usefulness of felbamate is, however, limited owing to its
potential for serious hematologic and hepatic toxicity.

Carbamazepine has several advantages that make it a pre-
ferred first-choice agent in the opinion of many clinicians. In
comparison with phenytoin, carbamazepine is less sedating and
is not associated with dysmorphic effects, such as hirsutism,
acne, gingival hyperplasia, and coarsening of facial features.
Carbamazepine’s pharmacokinetic profile also makes dosage
adjustment easier. In A.R.’s case, the lack of cosmetic side ef-
fects may be especially significant because she may be taking
medication for many years. In addition, reduced sedation may
be important with respect to her school performance.

Carbamazepine Therapy
INITIATION AND DOSAGE
Initiation of treatment with full therapeutic maintenance

doses of carbamazepine often causes excessive side effects
such as nausea, vomiting, diplopia, and significant sedation.
Therefore, carbamazepine therapy should be initiated gradu-
ally and patients should be allowed time to acclimate to the
effects of the drug. Final dosing requirements are difficult to

anticipate in individual patients. A reasonable starting dosage
of carbamazepine for A.R. would be 100 mg twice a day; her
dosage could be increased by 100 to 200 mg/day every 7 to 14
days. The rapidity of increases will depend on A.R.’s tolerance
for the drug and the frequency of seizures.

HEMATOLOGIC TOXICITY

4. Carbamazepine has been associated with hematologic and
hepatic toxicities. What is the incidence and significance of these
toxicities? How should A.R. be monitored for them?

Aplastic anemia and agranulocytosis have occurred in asso-
ciation with carbamazepine therapy.56 Several cases have been
fatal; however, most cases occurred in older patients treated for
trigeminal neuralgia. Many patients were receiving other med-
ications, and occasionally the reports were incomplete; thus,
assessment of a causal role for carbamazepine is difficult.57

Severe blood dyscrasias from carbamazepine seem rare (esti-
mated prevalence of <1/50,000) and have predominantly oc-
curred in nonepileptic patients. The lack of severe hematologic
toxicity in various published series and clinical trials in patients
with epilepsy has been notable.58,59

Leukopenia is relatively common in patients taking carba-
mazepine. It is usually mild and often reverses despite con-
tinued administration of the drug.58 Total leukocyte counts
may fall to <4,000 cells/mm3 in some patients, but differen-
tials and platelet and erythrocyte counts remain normal. Symp-
toms (e.g., fever, sore throat) that might suggest early stages
of agranulocytosis do not occur. Carbamazepine-associated
hematologic disorders occur independent of drug dosage; thus,
these reactions appear to be idiosyncratic.

Routine Hematologic Testing
Laboratory monitoring of A.R.’s hematologic status is recom-
mended during carbamazepine therapy. The likelihood of early
detection of aplastic anemia or agranulocytosis through fre-
quent blood counts is low, however, and such monitoring is
costly.58,60 Because hematologic toxicity from carbamazepine
primarily occurs early in therapy, CBC can be obtained before
therapy and at monthly intervals during the first 2 to 3 months
of therapy; thereafter, a yearly or every-other-year CBC, white
blood cell (WBC) count with differential, and platelet count
should be sufficient.

HEPATOTOXICITY
Carbamazepine-related liver damage appears to be ex-

tremely rare despite its being frequently mentioned as a poten-
tial problem and strong warnings are in the package insert.61,62

Hepatic adverse reactions are believed to be idiosyncratic or
immunologically based. Aggressive laboratory monitoring of
liver function tests (LFT) probably is unnecessary.60 Alka-
line phosphatase and γ -glutamyl-transferase (GGT) concen-
trations often are elevated in patients taking carbamazepine
(and other AED). This is believed to result from hepatic en-
zyme induction and is not necessarily evidence for hepatic
disease.63

In summary, hepatic and hematologic toxicities of carba-
mazepine are rare. Although potentially serious, they are best
monitored on clinical grounds rather than by ongoing, intensive
laboratory testing. Patients, families, or caregivers should be
aware that the appearance of unusual symptoms (e.g., jaundice,
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abdominal pain, excessive bruising and bleeding, or sudden
onset of severe sore throat with fever) should be reported to
a health care professional. Baseline (pretreatment) determina-
tion of A.R.’s hepatic and hematologic status, possibly with
monthly follow-up testing for 2 to 3 months, probably will be
sufficient.59,60 Thereafter, a CBC and a liver function battery
should probably be evaluated only every 1 to 2 years, unless
signs or symptoms of hepatic or hematologic disorders are ob-
served.

PHARMACOKINETICS AND AUTOINDUCTION OF METABOLISM

5. Over the following 6 weeks, A.R.’s carbamazepine dosage
was gradually increased to 400 mg twice daily (BID) (20 mg/kg/
day). Until the last dose increase, she had been experiencing one
or two complex partial seizures weekly; she had had only one gen-
eralized tonic-clonic seizure since her hospitalization. One week
following the increase to 20 mg/kg/day, her serum carbamazepine
concentration was 9 mcg/mL just before her first dose of the day.
No seizures occurred for 4 weeks, and she tolerated the medica-
tion well. Subsequent to the 4-week seizure-free period, she again
began experiencing one seizure weekly. What factor(s) might be
responsible for this reversal of seizure control?

Several factors may account for this change. It is important
always to consider the possibility of poor medication adherence
when clinical response changes unexpectedly. This should be
investigated, and A.R. and her family should be educated re-
garding the importance of regular medication intake if neces-
sary.

The observed changes in A.R.’s seizure control may also be
owing to unique features of carbamazepine pharmacokinetics.
Carbamazepine is a potent inducer of hepatic cytochrome P450
(CYP3A4). The drug is also a substrate for this enzyme. As
a result, carbamazepine not only stimulates the metabolism of
other CYP3A4 substrates but also induces its own metabolism
by autoinduction. Carbamazepine’s half-life following single
acute doses is approximately 35 hours; with chronic dosing,
its half-life decreases to 15 to 25 hours. This induction of
metabolism may be enhanced by combined administration of
carbamazepine and other enzyme-inducing AED; with poly-
therapy, carbamazepine’s half-life may be as short as 6 to
10 hours.27 This increase in clearance necessitates increased
doses, increased frequency, or both of carbamazepine adminis-
tration. Autoinduction of carbamazepine metabolism appears
to be related to dose and serum concentration. Approximately
1 month may be required for the autoinduction process to reach
completion after each increase in carbamazepine dose.64

Assuming that adherence was not the main problem, A.R.’s
carbamazepine dose should be increased. The drug’s pharma-
cokinetics are generally linear with respect to acute dosage
changes.65 A 50% increase in dosage to 1,200 mg/day should
re-establish seizure control. Depending on A.R.’s clinical sta-
tus, further increases in dosage may be necessary.

BIOEQUIVALENCE OF GENERIC DOSAGE FORMS AND EFFECTS OF STORAGE
ON BIOEQUIVALENCE

6. A.R.’s dosage was increased to 600 mg BID. Four weeks
later, she was still experiencing approximately one complex partial
seizure weekly. A repeat trough serum carbamazepine concentra-
tion was 6.5 mcg/mL. On questioning, A.R. denied missing doses

of medication, and a tablet count confirmed apparently accurate
drug intake. A.R. relates that she experiences some mild nausea
following her doses, but she has not vomited. It is noted that her
pharmacist has begun substituting generic carbamazepine tablets
for the Tegretol that was previously dispensed. What role, if any,
might this change in carbamazepine tablet brand have played in
the failure of A.R.’s serum concentrations to increase as expected?
What other factors might be considered in explaining this situa-
tion?

Several manufacturers market generic carbamazepine
tablets. Bioavailability data supplied by the manufacturers are
based on single-dose or short multiple-dose studies in healthy
subjects. Therefore, it is impossible to completely predict the
results of a change from Tegretol to generic carbamazepine
for maintenance therapy in an individual patient.66 Because
of variations in amount of drug available from different prod-
ucts, some patients with epilepsy cannot tolerate changes in
formulations between brand to generic, generic to generic, or
generic to brand.67 Changes in seizure control from too lit-
tle drug or toxicity from too much drug have been reported.
Bioavailability data and the author’s (R.L.) experience with in-
stitutionalized patients with severe seizure disorders suggest
that the generic carbamazepine preparations currently on the
market may be substituted for Tegretol with little need for
dosage adjustment. In A.R.’s case, substitution of generic car-
bamazepine may be a possible cause for the loss of seizure
control. Readjustment of her dose to gain seizure control and
consistent use of one manufacturer’s product might alleviate
this problem.

Three extended-release forms of carbamazepine (Tegretol
XR, Carbatrol and Equetro) available and may provide an alter-
native for A.R. These formulations allow more reliable absorp-
tion of drug when administered on a twice-daily dosing sched-
ule. Many patients can better tolerate carbamazepine when
these forms are used because large fluctuations in plasma con-
centrations are avoided. Use of Tegretol XR to avoid three-
times-daily or four-times-daily dosing schedules has been
shown to increase adherence for many patients.68 It is impor-
tant to counsel patients on the fact that the empty Oros tablet
shell from the Tegretol XR dose does not dissolve as it passes
through the gastrointestinal (GI) tract, and it may be visible in
the stool. Patients need to understand that the carbamazepine
has been absorbed, and that this is an empty shell. Tegretol XR
tablets lose their extended-release properties when broken or
crushed; Carbatrol beads may be emptied onto food or admin-
istered via feeding tube.69 Equetro is not FDA approved for
epilepsy, it is indicated for the treatment of acute manic and
mixed episodes associated with bipolar I disorder.

In conclusion, it may be impossible to identify a single cause
for the unexpected change in A.R.’s seizure control. Common
reasons for loss of seizure control include sleep deprivation, in-
creased stress, acute infection, and medication nonadherence.

Treatment Failure and Alternative Antiepileptic Drugs

7. R.H., a 19-year-old, 64-kg young woman, has experienced
simple partial seizures, complex partial seizures, and secondarily
generalized tonic-clonic seizures for the past 2 years. She could
not tolerate treatment with phenytoin (severe gingival hyperpla-
sia and mental “dullness”) or valproate (hair loss, tremor, and a
weight gain of 8 kg). In addition, neither phenytoin nor valproate
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was dramatically effective in reducing her seizures. She currently
receives carbamazepine 600 mg three times daily (TID). Over
the past 3 months, while being treated with carbamazepine, she
has had approximately five simple partial seizures, three complex
partial seizures, and one generalized tonic-clonic seizure. This
represents an approximate 30% reduction in her frequency of
seizures. She tolerates her present dose of carbamazepine but has
experienced significant drowsiness, incoordination, and mental
confusion at higher doses. What are possible therapeutic options
for R.H.? Evaluate the newer AED and their possible usefulness
for R.H.

R.H. is exhibiting a partial response to maximally tolerated
doses of carbamazepine. An alteration in her current AED reg-
imen is indicated. She has not tolerated other AED because of
side effects. Although valproate is effective for control of par-
tial seizures, it is not considered an alternative in a woman
of childbearing age. R.H.’s CNS side effects (e.g., persistent
drowsiness) with other AED would make many clinicians re-
luctant to consider medications such as phenobarbital or prim-
idone as either alternatives or adjunctive agents to her current
carbamazepine regimen. Use of one of the newer AED as ad-
junctive medication may be of value for R.H.

Many new AED marketed in the United States since 1993
for maintenance treatment of epilepsy include the follow-
ing: felbamate (Felbatol), gabapentin (Neurontin), lamotri-
gine (Lamictal), levetiracetam (Keppra), oxcarbazepine
(Trileptal), topiramate (Topamax), tiagabine (Gabitril), zon-
isamide (Zonegran) and pregabalin (Lyrica) (Table 54-
6).70−81,82 Clinical trials for new AED are most often carried
out in patients with partial seizures refractory to standard AED.
Most of these newer or “second-generation” AED were ini-
tially FDA approved as “add-on” or adjunctive treatment in
patients with partial seizures with or without secondary gener-
alization. At the time of this writing, oxcarbazepine, felbamate,
lamotrigine, and topiramate have FDA-approved monotherapy
indications. Also, consensus is that some of these AED may be
effective as broad-spectrum agents; for example, lamotrigine
appears to be a useful treatment in absence seizures.

SIDE EFFECTS
Common side effects for the newer AED are described in

Table 54-6. Most of the newer AED are less sedating than
older medications such as phenobarbital or phenytoin. Felba-
mate causes insomnia and irritability in a significant propor-
tion of treated patients. Other side effects that may be promi-
nent during felbamate therapy include headaches, weight loss,
and GI effects, such as nausea, vomiting, and anorexia. Felba-
mate’s usefulness is seriously limited by its association with
aplastic anemia and hepatic failure. Some cases of felbamate-
associated aplastic anemia and hepatotoxicity were fatal. A
conservative estimate of the occurrence rate is 1 case per 2,000
to 5,000 patients treated.83 Too few cases of hepatic failure
associated with felbamate therapy have been reported to al-
low conclusions to be drawn regarding characteristics of this
potential adverse effect and risk factors for its development.
Routine hematologic studies and LFT should be performed and
patients and their families should be fully informed of the po-
tential risks. Written consent is recommended. Patients must
be educated about the symptoms of hematologic and hepatic
toxicity. Because of the relationship between felbamate therapy

and aplastic anemia and hepatic failure, the place of felbamate
in the treatment of epilepsy is uncertain.

Topiramate can cause cognitive disturbances, lethargy, and
impaired mental concentration when given in large daily doses
(especially in combination with other AED) or when the
dosage is titrated too aggressively.84 Topiramate has caused
nephrolithiasis in approximately 1.5% of treated patients. This
adverse effect is believed to be related to inhibition of car-
bonic anhydrase by topiramate, with resulting increased uri-
nary pH and decreased citrate excretion. Topiramate can also
cause dose-related weight loss.

Gabapentin and tiagabine have not been associated with
serious side effects; gabapentin has caused weight gain and
tiagabine has caused nonspecific dizziness relatively frequent-
ly.85,86

Levetiracetam is generally well tolerated with the most com-
mon adverse events in clinical trials being asthenia, vertigo,
flu-syndrome, headache, rhinitis, and somnolence. The most
serious adverse effects are behavioral and are more common
in patients with a history of behavioral problems.87 Levetira-
cetam should be used with caution in patients with a history of
suicidal ideations.

The most serious adverse effect associated with lamotri-
gine is skin rash. Rashes occur in approximately 10% of treated
patients, usually in the first 8 weeks.88 Rashes leading to hos-
pitalization occurred in 1 of 300 adults and 1 of 100 children.
Widespread, maculopapular rashes usually appear and may
progress to erythema multiforme or toxic epidermal necrolysis.
Lamotrigine-related rashes may resolve rapidly when lamotri-
gine is discontinued. Coadministration of valproate with lamot-
rigine may increase the likelihood of dermatologic reactions; it
is partly for this reason that more conservative dosage titration
and lower maintenance doses of lamotrigine are recommended
for patients receiving concomitant valproate. Higher starting
doses and more rapid dose escalation than those recommended
by the manufacturer also increase the risk of skin rash.

Oxcarbazepine, a keto-derivative of carbamazepine, is es-
sentially a prodrug for the monohydroxy active metabolite.89

Oxcarbazepine probably causes less frequent, less severe ad-
verse effects compared with carbamazepine, with the excep-
tion of hyponatremia. An exception is hyponatremia, which is
more common with oxcarbazepine than with carbamazepine.
Baseline and periodic serum sodium monitoring is indicated
during oxcarbazepine therapy. The most commonly reported
side effects of oxcarbazepine in clinical trials include ataxia,
dizziness, fatigue, nausea, somnolence, and diplopia.

Zonisamide is a potent broad-spectrum AED.90 Zonisamide
is a sulfonamide derivative and thus is contraindicated in
patients allergic to sulfonamides. The most commonly re-
ported adverse events include ataxia, somnolence, agitation,
and anorexia. Kidney stones have developed in 3% to 4% of
patients, some of whom had a family history of nephrolithiasis.

Adverse effects of pregabalin are dose-dependent and usu-
ally occur within the first 2 weeks of treatment.82 Somnolence,
dizziness, and ataxia are most common. Pregabalin also ap-
pears to be associated with a dose-related weight gain. It should
not be discontinued rapidly.

PHARMACOKINETICS
The newer AED have somewhat different pharmacokinetic

profiles from those of older agents. They also differ in their
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Table 54-6 Drugs Used for the Treatment of Partial and Generalized Tonic-Clonic Seizures

AED Regimen Adverse Effects Comments

Carbamazepine
(Tegretol,
Tegretol XR,
Carbatrol,
Equetro)

Initial 200 mg BID (adults) or 100 mg
BID (children) and weekly until
therapeutic response or target serum
concentrations. Usual maintenance
doses 7–15 mg/kg/day in adults; 10–40
mg/kg/day in children.

Sedation, visual disturbance may
limit dosage. Severe blood
dyscrasias extremely rare.
Mild leukopenia more
common. Laboratory
monitoring of little value.
Hepatotoxicity rare. May
cause SIADH. Long-term use
may cause osteomalacia.

Usually little sedation and minimal
interference with cognitive function or
behavior. Preferred by most for partial or
secondarily generalized seizures.
Extended-release products may allow less
frequent dosing with fewer peak serum
concentration-related side effects. These
products may also facilitate adherence.

Phenytoin
(Dilantin,
Phenytek)

Initiate at maintenance dose of 4–5
mg/kg/day (300–400 mg/day). Titrate
on basis of clinical response and target
serum concentration. 3–4 wk between
dose ↑ recommended because of
potentially slow accumulation.

Nystagmus, ataxia, sedation may
limit dosage. Gum
hyperplasia, hirsutism
common. Long-term use may
cause osteomalacia. Peripheral
neuropathy, hypersensitivity
with liver damage rare.

Clearance and half-life change with dose.
Small ↑ in dose (30 mg capsule)
recommended as dose reaches 300 or 400
mg/day. Cautious use of suspension; dose
measurement and potential mixing
difficulties. IM administration not
recommended. Potential precipitation in IV
solutions. Fosphenytoin (Cerebyx)
recommended for IM and IV use. Due to
faster administration rate, admixture
compatibility and lower rate of injection site
complications.

Valproate
(Depakene,
Depakote,
Depakote-ER)

See Table 52-7. – –

Phenobarbital Initial 1 mg/kg/day; titrate to therapeutic
response. 2–3 wk between dose ↑

Sedation (chronic), behavior
disturbances common,
especially in children. Possibly
impairs learning and
intellectual performance.
Long-term use may cause
osteomalacia

Considered outmoded for AED therapy in most
patients; adverse effects outweigh benefits.
IV use for refractory status epilepticus.

Pregabalin
(Lyrica)

Initial 50 mg BID then titrate to
therapeutic response with maximal
daily dose at 600 mg/day in BID or TID
frequency

Potential side effects include
dizziness, blurred vision and
weight gain.

At the time of this writing, this is the most
recently approved AED. Its place in therapy
is emerging. No significant interactions with
other AED. Can be useful for patients with
concomitant pain disorders.

Gabapentin
(Neurontin)

Initial 300 mg/day with titration to
900–1,800 mg/day over 1–2 wk. Up to
2,400 mg/day or higher may be needed
for some patients. Owing to short
half-life, TID or QID dosing
recommended.

Sedation, dizziness, and ataxia
relatively common with
initiation of therapy.
Gabapentin therapy usually
not associated with prominent
side effects.

Primarily excreted unchanged by kidneys. No
significant interactions with other AED or
other drugs identified to date. Absorption
may be dose dependent; fraction absorbed ↓
as size of individual dose ↑

Lamotrigine
(Lamictal)

When added to enzyme inducers alone:
Initiate at 50 mg QD HS. May start at
50 mg BID. Daily dose can be ↑ by
50–100 mg Q 7–14 days. Usual
maintenance doses of 400–500 mg/day.
BID dosing may be necessary with
enzyme inducer cotherapy.

When added to valproate alone: Initiate at
25 mg QOD HS. Daily dose can be ↑
by 25 mg Q 14 days. Usual
maintenance doses of 100–200 mg/day.

When added to valproate and enzyme
inducers: Initiate at 25 mg QOD HS.
Daily dose can be ↑ by 25 mg Q 14
days. Usual daily doses of 100–200
mg/day.

Dizziness, diplopia, sedation,
ataxia, and blurred vision can
be common with initiation of
therapy; limit speed of
titration. Incidence of serious
rash ranges from 0.8–8.0 per
1,000.

Significant ↑ in clearance of lamotrigine when
coadministered with enzyme inducers.
Significant ↓ in clearance when
coadministered with valproate. Slow, gradual
titration of dose may reduce risk of skin
rash. Hormones can influence clearance.

(continued )
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Table 54-6 Drugs Used for the Treatment of Partial and Generalized Tonic-Clonic Seizures (Continued)

AED Regimen Adverse Effects Comments

Tiagabine
(Gabitril)

Initial 4 mg/day. ↑ by 4 mg/day at 7 days.
Then ↑ daily dose by 4–8 mg Q wk.
Maximal recommended dose of 32
mg/day in adolescents or 56 mg/day in
adults. BID to QID dosing
recommended.

Drowsiness, nervousness,
difficulty with concentration
or attention, tremor.
Nonspecific dizziness
described by some patients.

Increased clearance when given with enzyme
inducers. TID or QID doses probably
needed. Potential for protein-binding
displacement interactions with other highly
protein bound drugs (e.g., valproate).
Significance of protein-binding displacement
not known. Substrate for CYP 3A.

Topiramate
(Topamax)

Initial 50 mg HS. ↑ daily dose by 50 mg Q
7 days. 200–400 mg/day recommended
as target dosage range. Larger daily
doses associated with increased CNS
side effects. BID dosing recommended.

Sedation, dizziness, difficulty
concentrating, confusion. May
be dose related. Possible
weight loss. Weak carbonic
anhydrase (CA) inhibitor; may
cause or predispose to kidney
stones; CA inhibition also
possibly related to paresthesias
in up to 15%.

Approximately 70% renal elimination.
Phenytoin and carbamazepine may reduce
topiramate plasma concentrations and
potentially increase dosage requirements.
Topiramate may cause small ↑ in phenytoin
plasma concentration. Advise patients to
drink plenty of fluids. May affect oral
contraceptives above 200 mg/day.

Levetiracetam
(Keppra)

Initial 250–500 mg BID. ↑ by 500–1,000
mg/day Q 2 wk. Usual maximal dose is
3,000 mg/day. Doses up to 4,000
mg/day have been used. BID dosing
recommended.

Somnolence, dizziness, asthenia
are commonly reported.
Behavioral symptoms
(agitation, emotional lability,
hostility, depression, and
depersonalization) reported.

No hepatic (CYP450 or UGT) metabolism.
66% excreted unchanged in urine. Less than
10% protein bound. No significant drug
interactions reported.

Oxcarbazepine
(Trileptal)

Monotherapy: Initial 300 mg BID.
↑ weekly up to 1,200 mg/day. Can go
up to 2,400 mg/day.

Adjunctive therapy: Initial 300 mg BID.
↑ weekly up to 1,200 mg/day.

Dizziness, somnolence, diplopia,
nausea, and ataxia are
commonly reported.
Hyponatremia is described
with the administration of this
drug; most cases
asymptomatic, more common
in elderly. A 25%
cross-sensitivity reported
between oxcarbazepine and
carbamazepine.

Parent is a prodrug; the monohydroxy
derivative (MHD) is the active component. It
is readily converted to MHD via
omnipresent cytosolic enzymes. Lacks
autoinduction properties. Many years of
experience with this drug in Europe before
U.S. approval. In doses above 1,200 mg/day,
may affect oral contraceptives.

Zonisamide
(Zonegran)

Initial 100 mg QD. ↑ by 100 mg/day
Q 2 wks. General 200–400 mg/day;
maximum 600 mg/day.

Somnolence, nausea, ataxia,
dizziness, headache, and
anorexia are common. Also
reported are weight loss, and
nephrolithiasis. Serious skin
eruptions, oligohidrosis, and
hyperthermia have also
occurred.

Broad spectrum, long half-life. 35% of dose is
excreted unchanged in the urine. Advise
patients to drink plenty of fluids. Many years
of experience with this drug in Korea and
Japan before U.S. approval.

AED, antiepileptic drugs; BID, twice daily; CNS, central nervous system; GI, gastrointestinal; HS, at bedtime; PE, phenytoin sodium equivalent; QD, every day; QID, four times
daily; QOD, every other day; SIADH, syndrome of inappropriate antidiuretic hormone secretion; TID, three times daily.

tendency to interact with other AED. Gabapentin is excreted
entirely by the kidneys as unchanged drug and is not sig-
nificantly bound to plasma protein. Gabapentin has a rela-
tively short half-life and should be administered three times
daily.91

Topiramate has a half-life of approximately 20 hours, which
allows twice-daily administration. It is only partially excreted
by hepatic metabolism; approximately 70% of the drug is ex-
creted unchanged by the kidneys. Topiramate is minimally pro-
tein bound (∼10%–15%). When topiramate is coadministered
with enzyme-inducing agents, such as carbamazepine, hepatic
metabolism is increased and topiramate clearance is increased.
This interaction may necessitate titration to somewhat higher
doses when topiramate is used with enzyme-inducing drugs.
Inconsistently, topiramate can cause a small and often non-
significant decrease in phenytoin plasma concentrations.

Tiagabine has a relatively short half-life (4–7 hours). It
should be administered at least twice daily.92 Concurrently ad-
ministered enzyme-inducing AED may reduce tiagabine’s half-
life to 2 to 3 hours and necessitate use of larger daily doses and,
possibly, more frequent dosing intervals. Tiagabine is highly
protein bound (96%), and it is displaced from protein-binding
sites by valproate, salicylate, and naproxen. The clinical sig-
nificance of these protein-binding interactions is unknown.

Felbamate undergoes both hepatic metabolism and re-
nal excretion as unchanged drug. Phenytoin and carba-
mazepine induce the hepatic metabolism of felbamate and
lower steady-state felbamate concentrations.70 Interactions be-
tween felbamate and other AED may make therapeutic mon-
itoring difficult. Felbamate reduces the clearance of pheny-
toin, valproate, and probably phenobarbital; it also reduces
the clearance of carbamazepine-10,11-epoxide (CBZ-E) while
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apparently increasing the conversion of carbamazepine to the
epoxide metabolite.93,94 Clinically, this latter effect may cre-
ate a somewhat paradoxical situation: patients may experience
symptoms of carbamazepine intoxication (including increased
seizure activity)95 with carbamazepine serum concentrations
lower than those found before the addition of felbamate. CBZ-
E serum concentrations are often elevated in these situations.

Lamotrigine is primarily eliminated by hepatic glucuronida-
tion and excretion of metabolites in the urine. Other AED,
such as carbamazepine and phenytoin, induce lamotrigine’s
hepatic metabolism. When lamotrigine is coadministered with
enzyme-inducing drugs, its half-life decreases from approx-
imately 24 hours to 15 hours. Valproate inhibits lamotri-
gine metabolism, causing increases in half-life and serum
concentrations.96,97 Patients treated with both lamotrigine
and carbamazepine may experience more nausea, drowsi-
ness, and ataxia. Although this interaction has been attributed
to lamotrigine-induced increases in serum concentrations of
CBZ-E in some patients,98 lamotrigine does not consistently
produce increases in this metabolite. It appears more likely
that this interaction represents a pharmacodynamic interaction
between lamotrigine and carbamazepine.99

Levetiracetam has a short half-life and is eliminated pri-
marily by renal mechanisms. Dosage reductions are warranted
for patients with renal impairment (creatinine clearance <80
mL/minute). The drug has a low potential for interactions with
other drugs.100

Zonisamide has a long half-life and low protein binding. It
is eliminated by both liver metabolism and renal excretion. The
average half-life of zonisamide is 63 hours, but there is wide
interpatient variation. Serum levels of zonisamide are reduced
by enzyme-inducing AED.90

Oxcarbazepine is a prodrug that is converted to the monohy-
droxy derivative (MHD), its primary active metabolite. It may
cause less hepatic enzyme induction than carbamazepine and
may therefore be less likely to interact with other medications.
Oxcarbazepine, however, does increase the metabolism of oral
contraceptive hormones.101 Because oxcarbazepine probably
has a similar mechanism of action to that of carbamazepine,
it is unlikely that it would offer significant benefits to R.H.
because she has not responded to maximal tolerated doses of
carbamazepine.89

Pregabalin is excreted entirely by the kidneys as unchanged
drug and is not significantly bound to serum proteins. Unlike
gabapentin, pregabalin can be administered two or three times
daily.82

On the basis of efficacy and side effect characteristics,
gabapentin, lamotrigine, topiramate, tiagabine, levetiracetam,
zonisamide, or pregabalin could be considered for use as ad-
junctive therapy for R.H. In young, active patients such as R.H.,
sedation might prove to be a problem; however, it is not clear
that any of these drugs predictably causes more initial or long-
term sedation. The short half-lives of gabapentin and tiagabine
and the associated need for R.H. to take several doses during
the day might decrease her adherence. Therefore, topiramate,
lamotrigine, levetiracetam, zonisamide, or pregabalin would
be reasonable choices on the basis of convenience.

POTENTIAL THERAPIES
Other AED that may become available in the near future in-

clude brivaracetam, remacemide, rufinamide, fluorofelbamate,

and harkoseride.102 These drugs may become useful as alter-
natives or adjuncts to established and newer medications in the
future.

With advancing technology and knowledge about genes and
brain networks, future treatment strategies should move from
controlling symptoms of epilepsy with AED to prevention and
cure.103 For AED-resistant epilepsy, much research is exam-
ining the role of multidrug transporters (e.g., P-glycoprotein)
at the blood–brain barrier. These proteins may act as a de-
fense mechanism by limiting the accumulation of AED in the
brain.104 Although it has not yet had an impact on the clini-
cal care of patients with epilepsy, pharmacogenetics of AED
therapy is continually advancing.105

Lamotrigine Therapy
INITIATION AND DOSAGE TITRATION

8. R.H. is to be started on lamotrigine as adjunctive therapy
to her carbamazepine. Outline a treatment plan for initiating and
monitoring therapy for R.H. What should R.H. and her family be
told about this medication and how to use it?

Lamotrigine therapy should be initiated in R.H. with slow
upward dosage titration to minimize early sedative effects and
reduce the likelihood of skin rash. An initial dosage of 50 mg/
day given at bedtime is recommended; the daily dose can be in-
creased by 50 mg every 1 to 2 weeks. Because R.H. is currently
receiving carbamazepine, induction of liver enzymes is likely
to increase her dosage requirements for lamotrigine and allow
a less conservative dosage titration. A twice-daily schedule
is recommended for maintenance therapy. Usual maintenance
dosages of lamotrigine are approximately 300 to 500 mg/day,
although there is some experience with dosages of up to
700 mg/day. A patient’s ability to tolerate this medication ul-
timately determines dosage limitations. Onset of side effects
(e.g., nausea, diplopia, ataxia, and dizziness) may prevent fur-
ther dosage increases. Lower initial dosages of lamotrigine
(25 mg every other day) with more conservative increases (i.e.,
by 25 mg/day every 2 weeks) have been recommended for pa-
tients who also are receiving valproate. Valproate’s inhibition
of lamotrigine metabolism results in significantly lower lam-
otrigine dosage requirements; side effects appear to be much
more common with lamotrigine doses >200 mg when it is
administered with valproate.

R.H. should be told that she may feel drowsy and possibly
experience headache and upset stomach, but that these side
effects usually disappear with ongoing therapy. She should
contact her physician or other health care professional if severe
side effects occur that make it difficult to take the medication;
this is especially important if she develops a skin rash.

SIDE EFFECTS AND POSSIBLE INTERACTION WITH CARBAMAZEPINE

9. Two days after her dosage of lamotrigine was increased to
300 mg/day (12 weeks after beginning therapy), R.H. noticed that
her vision was blurring; she also complained of feeling dizzy and
having difficulty maintaining her balance. Previously, she had
experienced only mild, occasional nausea. She had continued to
experience seizures at approximately the same frequency she had
before the initiation of lamotrigine. Her physician had encouraged
her to continue taking the medication and explained that it would
take time to increase the dose to possibly effective levels. Her
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current carbamazepine serum concentration is essentially un-
changed when compared with when she was taking it in monother-
apy. Do these new side effects represent treatment failure with
lamotrigine? If not, how might these new side effects be managed?

R.H.’s seizure disorder may be unresponsive to lamotrigine
therapy, and her side effects may limit further dosage increases.
Her current side effects might represent carbamazepine in-
toxication, lamotrigine side effects, or an interaction between
these two medications. Because R.H. tolerated the same car-
bamazepine dose previously, carbamazepine “intoxication”
seems a less likely cause. Assessing the role of lamotrigine as
a single agent is difficult. Obtaining a lamotrigine serum con-
centration to aid in assessing her adverse effects is not likely to
be helpful. A usual “therapeutic range” for lamotrigine serum
concentrations has not been established. Clinical studies have
failed to demonstrate a significant correlation between lamo-
trigine serum concentrations and either therapeutic or adverse
responses.106,107 Her symptoms may also be related to an ap-
parent pharmacodynamic interaction between lamotrigine and
carbamazepine reported by some authors.99 The effects expe-
rienced by some patients taking both drugs can be relieved
by reducing the carbamazepine dosage. Subsequently, it may
be possible to further increase her lamotrigine dosage to im-
prove seizure control. This situation also should be assessed
and possibly managed by empirically decreasing R.H.’s car-
bamazepine dosage by 200 to 400 mg/day and observing the
effect on her current symptoms.

Levetiracetam Therapy
INITIATION AND DOSAGE TITRATION

10. R.H.’s carbamazepine dosage was reduced to 1,400 mg/day.
After 5 days, her symptoms persisted and her seizure frequency
appeared to be increasing. The clinician decides to abandon la-
motrigine therapy and institute treatment with levetiracetam.
Recommend a plan for initiating R.H.’s levetiracetam treatment.

R.H. previously tolerated and had a better therapeutic re-
sponse to a higher carbamazepine dose. Therefore, the dosage
of carbamazepine should be returned to 1,800 mg/day before
levetiracetam therapy is initiated. Little specific information is
available to help determine how lamotrigine can be safely dis-
continued. As a general rule, rapid discontinuation of AED is
not recommended in other than emergency situations. There-
fore, immediate reduction of R.H.’s lamotrigine dosage to 200
mg/day would seem reasonable. This dosage could then be
reduced by 50 to 100 mg every week until lamotrigine was
discontinued.

Levetiracetam treatment should be instituted immediately
for R.H. because of her continuing seizures. Levetiracetam
does not interact with other AED. Therefore, discontinuing
lamotrigine during initiation of levetiracetam should not create
difficulties in assessing R.H.’s response. Levetiracetam should
be initiated at a dosage of 250 to 500 mg two times daily.81,100

Although the manufacturer recommends initiating treatment
at 500 mg twice daily, patients may better tolerate lower ini-
tial doses and more gradual titration.100 R.H.’s daily levetira-
cetam dose can be increased by 500 to 1,000 mg every 2 or 3
weeks, according to her tolerance of side effects and her change
in seizure frequency. Although the drug reaches steady state
quickly, allowing at least 2 weeks for observation before dosage
increases may improve patient tolerability and allow for a more

thorough evaluation of therapeutic response. At present, the re-
lationship between serum concentrations of levetiracetam and
therapeutic response or symptoms of intoxication is not well
defined. Therefore, R.H.’s dose should be titrated to the max-
imal tolerated amount required to control her seizures. There
is limited published experience with levetiracetam dosages as
high as 4,000 mg/day.

PATIENT EDUCATION
R.H. should be informed that with levetiracetam she may ex-

perience side effects similar to those she had with lamotrigine,
but that they are less likely and should be temporary. Much
reassurance and encouragement may need to be given along
with this information to help ensure that R.H. adheres to her
treatment regimen. Many patients become discouraged when
multiple trials of medication are necessary and side effects are
prominent. They may express feelings of being “guinea pigs”
and may become uncooperative with the therapeutic plan.

Phenytoin Therapy
INITIATION AND DOSAGE

11. J.N., an 18-year-old, 88-kg male college student, was di-
agnosed with epilepsy. He experiences generalized tonic-clonic
seizures that last 2 minutes approximately three times monthly.
J.N. describes a “churning” feeling in his abdomen before his
seizures; this is followed by involuntary right-sided jerking of his
upper extremities, during which J.N. is awake and aware of his
surroundings. His seizures have been observed and described well
both by his family and by nursing staff who cared for him during
a brief hospitalization following his first seizure. An EEG showed
diffuse slowing with focal epileptiform discharges in the left tem-
poral area; it was interpreted as abnormal. No correctable cause
for his seizure disorder was identified despite a thorough workup.
He has no other medical conditions and takes no routine medica-
tions. He was treated initially with carbamazepine up to 600 mg/
day. He could not tolerate the medication because of nausea and
diplopia despite relatively low doses. His physician has elected to
implement a therapeutic trial of phenytoin for J.N. Recommend
an initial dosage. What information should be provided to J.N.
about his new medication?

Selecting a nontoxic, therapeutic dose of any AED is diffi-
cult without having information about the drug’s disposition in
the individual patient (i.e., prior dosages and clinical response).
Although “average” dosages and resulting serum concentra-
tions for phenytoin often are quoted, interpatient variability is
significant. An initial phenytoin dosage of 400 mg/day would
be appropriate for J.N. This represents a dosage of approxi-
mately 4.5 mg/kg/day. To avoid patient nonadherence because
of transient side effects, J.N. could be instructed to take 100 mg
in the morning and 100 mg 12 hours later for 1 week. The fol-
lowing week he could take 100 mg in the morning and 200 mg
12 hours later. If he can tolerate this regimen, he could then
take 200 mg every 12 hours.

PATIENT EDUCATION
In addition to the name and strength of the medication and

instructions for when and how it should be taken, J.N. should
be informed that he may experience initial mild sedation from
phenytoin. He should be cautioned that symptoms such as
blurred or double vision, dysarthria (“thick” tongue), dizziness,
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or staggering may indicate that his dosage is too high; he should
be instructed to notify his physician, pharmacist, or other health
care professional of these symptoms. It is also a good idea to
inform patients, at the beginning of therapy, that adjustments
of medication dosage and possibly medication changes may be
necessary before the medication regimen is stabilized.

ACCUMULATION PHARMACOKINETICS

12. What are the characteristics of phenytoin accumulation
pharmacokinetics?

Phenytoin exhibits dose-dependent (Michaelis-Menten or
capacity-limited) pharmacokinetics; therefore, the usual phar-
macokinetic concepts of “clearance” and “half-life” are mean-
ingless. The apparent half-life of phenytoin changes with the
dose and serum concentration. Thus, the time required to reach
a new steady state after dose alteration is difficult to predict
because it depends on the dose itself and the patient’s pharma-
cokinetic parameters, Vmax and Km.108 Vmax is a kinetic con-
stant representing the maximal rate of phenytoin elimination
from the body. Km is the Michaelis constant, the serum concen-
tration at which the rate of elimination is 50% of Vmax. Values
for these parameters vary widely among patients; as a result,
patterns of phenytoin accumulation and the time required to
achieve steady state also are variable.

Many clinicians assume that phenytoin’s apparent half-life
is approximately 24 hours, and they wait 5 to 7 days before
assessing the patient’s clinical response and measuring serum
phenytoin concentrations. Both clinical studies109 and model
simulations110 using observed values for Km and Vmax indicate
that up to 30 days may be required for serum concentrations
to reach 90% of the steady state resulting from a dosage of
4 mg/kg/day. Occasionally, such a dose may exceed a patient’s
Vmax; the result is extremely high serum phenytoin concen-
trations, with probable intoxication. If doses sufficient to pro-
duce steady-state serum concentrations of 10 to 15 mcg/mL are
given, 5 to 30 days may be required to achieve 90% of these
concentrations.108,111 It is important not assume that steady
state has been reached unless widely spaced, serial serum con-
centrations indicate that accumulation has ceased. Alterations
in phenytoin dosage before steady state has been reached can
result in significant fluctuations in serum concentrations and
the patient’s clinical status. Such situations occur frequently
and result in unnecessary confusion and expense. As always,
serum concentrations in J.N. must be interpreted in the context
of his clinical response.

ORAL LOADING DOSES

13. Would a loading dose be of value for J.N. to reduce the
potential delay in achieving a “therapeutic” serum concentration
of phenytoin? How large a loading dose should be used, and how
should it be administered?

Administration of a loading dose would allow therapeutic
serum concentrations of phenytoin to be achieved more rapidly,
and more rapid control of J.N.’s seizure activity also would re-
sult. Because he is active and pursuing an education, more rapid
seizure control may be a significant therapeutic goal. Studies
of oral phenytoin loading indicate that doses of approximately
18 mg/kg will achieve serum concentrations approaching the
usual therapeutic range after approximately 8 hours in most

patients.112,113 Oral loading doses appear to be better toler-
ated when administered in divided doses over 4 or more hours.
GI upset appears to be the most common side effect related
to this procedure. Cardiac side effects (e.g., sinus bradycar-
dia, shortened PR intervals) have been observed rarely; they
were not related to serum phenytoin concentrations, and their
significance is uncertain.110

Oral phenytoin absorption after large doses is unpredictably
slow, and it may be less complete than after smaller doses.114

Although potentially therapeutic serum concentrations usually
are seen after approximately 8 hours, peak concentrations may
not occur for up to 60 hours after administration of large sin-
gle doses.108,110,114 Record et al.115 estimated that 18 mg/kg
given in three doses over 6 hours would produce serum con-
centrations of 13 to 20 mcg/mL 12 hours after completion of
loading. No rigorous clinical evaluations of this recommen-
dation are available, although these suggested doses compare
well with intravenous (IV) loading regimens. IV loading doses
of 18 mg/kg will maintain phenytoin serum concentrations
>10 mcg/mL for 24 hours.116

Although administration of an oral loading dose to J.N. is
pharmacokinetically sound and has certain therapeutic advan-
tages, practical difficulties in monitoring an ambulatory pa-
tient for potential complications may indicate caution in rec-
ommending such a procedure. In addition, because J.N. had
difficulty tolerating carbamazepine, it may be difficult to jus-
tify exposing him to the potential neurologic side effects of
a phenytoin loading dose. A more practical approach with a
lower risk of complications involves giving one and a half to
two times the prescribed maintenance dose for the first 2 or 3
days of treatment. J.N. should be checked for dose-related ad-
verse effects of phenytoin on the day after completion of such
a “miniloading” and routinely thereafter.

PHENYTOIN INTOXICATION

14. J.N. was given phenytoin 200 mg AM and 400 mg PM for
3 days. No seizures had occurred, and J.N. experienced no side
effects other than mild morning sedation. He was then instructed
to take 200 mg every 12 hours. One week later, mild lateral gaze
nystagmus was noted, but J.N. had no subjective complaints and
remained seizure free. After 3 weeks, J.N. complained of double
vision and feeling “drunk” and “unsteady.” Significant nystagmus
was present. How should J.N.’s phenytoin dosage be altered?

J.N.’s signs and symptoms indicate mild phenytoin intoxi-
cation. Dosage reduction is indicated. Reducing J.N.’s dosage
to 360 or 330 mg/day would be reasonable. This dosage re-
duction can be accomplished using 30-mg phenytoin capsules
along with the usual 100-mg capsules. A larger reduction may
result in a loss of seizure control. Many clinicians also would
have J.N. omit one day’s dose of phenytoin before beginning the
new maintenance dosage. This would accelerate the decline in
phenytoin serum levels. Following this dosage change, clinical
response should be monitored closely. The new maintenance
dose may still be excessive; if J.N.’s Vmax for phenytoin is low.
If this were the case, continued accumulation of drug would
occur despite the dosage reduction.108

INTRAMUSCULAR PHENYTOIN AND FOSPHENYTOIN (PHENYTOIN PRODRUG)

15. S.D. is a 24-year-old, male state hospital patient with a his-
tory of complex partial and secondarily generalized tonic-clonic
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seizures. Within the past year, his phenytoin formulation was
switched from Dilantin Kapseals to phenytoin suspension because
S.D. was suspected of “cheeking” his medicines and not swallow-
ing the capsules properly. He has had no seizures in the past 3
months on 275 mg/day of phenytoin suspension. S.D. has now
been transferred to the acute medical unit following a 2-day his-
tory of anorexia, nausea, occasional vomiting, and abdominal pain
accompanied by diarrhea. He is now “nothing per os” (NPO). In-
tramuscular (IM) fosphenytoin, 275 mg (phenytoin sodium equiv-
alents [PE]) per day, has been ordered. Discuss the use of IM
fosphenytoin, and devise a dosage regimen for S.D.

S.D. is a candidate for parenteral administration of his
AED. If placement of an IV line for fluid administration is
not planned, then IM administration is probably an acceptable
approach to treatment. Previously, sodium phenytoin (Dilantin)
injection was the only parenteral preparation available for re-
placement of oral phenytoin. Fosphenytoin sodium (Cerebyx)
injection is available, and Dilantin injection has been discon-
tinued. Preparations of sodium phenytoin injection are still
available. IM administration of sodium phenytoin is not rec-
ommended. Injectable phenytoin is highly alkaline (pH 12) and
extremely irritating to tissue. Following IM injection, the drug
may precipitate at the injection site because of the change in
pH. As a result, phenytoin crystals form a repository or depot
from which the drug is slowly absorbed.117−119 Often injection
site discomfort is noted, although severe muscle damage does
not seem to occur.119

Fosphenytoin, a phosphate ester prodrug of phenytoin, is
highly water soluble. Its solubility allows this preparation to be
administered parenterally without the need for solubilization
using propylene glycol or the adjustment of pH to nonphys-
iologic levels. Therefore, fosphenytoin may be administered
either IM or IV with less risk of tissue damage and venous irri-
tation than with parenteral administration of phenytoin.120−122

(See later discussion of IV administration of phenytoin and
fosphenytoin.) After administration, the prodrug is rapidly ab-
sorbed and converted to phenytoin by phosphatase enzymes.
Ultimately, the bioavailability of phenytoin from IM fospheny-
toin administration is 100%.

Fosphenytoin is available as a solution containing 50 mg
PE/mL, where PE equals phenytoin sodium equivalents. By
labeling fosphenytoin this way, no dosing adjustments are nec-
essary when converting from phenytoin sodium to fospheny-
toin or vice versa. Although the prescriber ordered 275 mg PE,
S.D. may be underdosed. His dosage of phenytoin suspension
is providing the equivalent of 300 mg/day of sodium pheny-
toin. Phenytoin suspension and chewable tablets contain free
acid, whereas capsules contain sodium phenytoin. Therefore,
phenytoin capsule products contain only 92% of the labeled
content as phenytoin acid (i.e., a 100-mg sodium phenytoin
capsule contains only 92 mg of phenytoin acid). He should
receive a 300-mg dose of fosphenytoin daily to fully replace
his current dosage of phenytoin suspension.122

Assuming that S.D. will be given 300 mg PE of fosphenytoin
daily, he will require a total of 6 mL of this injection given IM.
This medication is well tolerated when it is given IM, and S.D.’s
full daily dose can probably be given in a single injection site
without causing excessive discomfort. Some clinicians report
administering IM injections of fosphenytoin as large as 20 mL
in a single site without adverse consequences or serious

discomfort.123 It is also possible to divide his daily dosage
into two injections given in two different sites, although many
patients prefer to receive fewer injections.

ADVERSE EFFECTS

16. M.N., a 10-year-old boy receiving 150 mg/day of phenytoin
as chewable tablets, is to be fitted with orthodontic braces. He ex-
hibits moderate gingival hyperplasia resulting in difficulty main-
taining oral hygiene and halitosis. Discuss phenytoin-related gin-
gival hyperplasia and management techniques that may be helpful
for M.N.

Gingival Hyperplasia
Gum hyperplasia related to phenytoin is common and trouble-
some. Prevalence is estimated at up to 90%,124 depending on
the rating system used and the degree of gum change rated as
hyperplastic. A realistic prevalence estimate is probably 40%
to 50% of treated patients.125 Prevalence and incidence rates,
however, are misleading because the occurrence and severity of
hyperplasia are related to the dose and serum concentration of
phenytoin.125,126 Gingival hyperplasia is of obvious cosmetic
importance. Also, as in M.N., formation of pockets of tissue
leads to difficulties with oral hygiene, and severe halitosis may
result.

The mechanism of phenytoin-induced gingival hyperplasia
is not well understood. The drug is excreted in saliva and saliva
phenytoin concentrations and hyperplasia are correlated; how-
ever, this correlation may simply reflect higher serum concen-
trations producing a greater pharmacologic effect. Phenytoin
may stimulate gingival mast cells to release heparin and other
mediators. These mediators may encourage the synthesis of ex-
cessive amounts of new connective tissue by fibroblasts. Local
irritation caused by dental plaque and food particles may fur-
ther stimulate this process. Some patients may be predisposed
to gum hyperplasia because they accumulate higher concen-
trations of phenytoin in gum tissue.125,126

The three approaches to the treatment of existing hyper-
plasia126 are (a) dosage reduction or replacement of pheny-
toin with an alternative AED, if possible, will permit partial
or complete reversal of hyperplasia; (b) surgical gingivectomy
will correct the problem temporarily, but hyperplasia eventu-
ally recurs; and (c) oral physiotherapy (periodontal treatment)
eliminates local irritants and maintains oral hygiene. Because
M.N. is to be fitted with braces, oral hygiene will be further
complicated. Some form of treatment for existing hyperpla-
sia and prevention of further tissue enlargement is important.
Assuming that phenytoin is producing adequate seizure con-
trol, a combination of gingivectomy and follow-up periodontal
treatment may be the best approach.

Theoretically, the use of chewable phenytoin tablets in M.N.
may aggravate hyperplasia. Exposure of the gingiva to high lo-
calized concentrations of phenytoin may result from braces
holding tablet fragments in close physical contact with gum
tissue. The significance of this relationship, however, is ques-
tionable. If M.N. can swallow capsules, a change to this dosage
form may be beneficial and is usually less expensive. The most
appropriate dosage of phenytoin sodium capsules for M.N.
would be 160 mg/day. If chewable tablets are used, having
M.N. rinse and swallow after each dose may eliminate prob-
lems. Use of phenytoin suspension also may be a useful option.
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Drug particles, however, may still be retained by the braces,
and maintenance of uniform dosage may be more difficult.

Oral hygiene programs appear to reduce the degree and
severity of gingival hyperplasia when they are initiated before
phenytoin therapy is started.126 Patients who are beginning
phenytoin therapy should be educated about the role of oral
hygiene in diminishing this side effect. The use of dental floss,
gum stimulators, and Water Pik-type appliances may be bene-
ficial adjuncts to other oral hygiene techniques.

17. G.R. is a 53-year-old man with primary generalized epilepsy
characterized by occasional tonic-clonic seizures. He was started
on phenytoin when he was 25 years of age. His dosage of pheny-
toin was recently reduced from 400 mg/day to 360 mg/day be-
cause of symptoms of AED intoxication. Mild confusion, occa-
sional diplopia, ataxia, and lateral gaze nystagmus were present
at the 400 mg/day dose. After the dose was reduced to 360 mg/day,
his confusion and diplopia decreased significantly. The neurologic
evaluation at the lower dose was within normal limits. No seizures
occurred during the following 8 weeks. He continued to complain
of being mildly “unsteady” on his feet. Because G.R.’s seizures are
apparently under complete control, is there any problem main-
taining him on this dose of phenytoin?

Neurotoxicity
Patients chronically maintained on intoxicating doses of
phenytoin appear to be at some risk for developing irreversible
cerebellar damage or peripheral neuropathy. Cerebellar de-
generation, resulting in symptoms such as dysarthria, ataxic
gait, intention tremor, and muscular hypotonia, is of partic-
ular concern; this complication has been observed following
episodes of acute phenytoin intoxication.127,128 Generalized
seizures also can cause cerebellar degeneration secondary to
hypoxia. For this reason, the relative importance of phenytoin
in the development of this condition is controversial. Never-
theless, cerebellar degeneration has been reported in several
patients without hypoxic seizures.128,129

Symptomatic phenytoin-related peripheral neuropathy is
rare, although electrophysiologic evidence of impaired neu-
ronal conduction may be found in many patients.127,130 Symp-
tomatic patients may complain of paresthesias, muscle weak-
ness, and occasional muscle wasting. Knee and ankle tendon
reflexes are absent in 18% of patients on long-term pheny-
toin therapy; the upper limbs are affected rarely. Although
areflexia may be irreversible,131 electrophysiologic abnormal-
ities may be closely related to excessive serum phenytoin con-
centrations and are reversible following dosage reduction or
discontinuation.129

In G.R., the general discomfort of mild phenytoin intoxi-
cation and the potential for producing cerebellar degeneration
necessitates a therapy alteration. The phenytoin dose should
be reduced to 330 mg/day because it may produce adequate
seizure control without toxic symptoms. Should seizures re-
cur at this lower dosage, it may be advisable to consider an
alternative AED.

ANTIEPILEPTIC DRUG IMPACT ON BONE
Some AED have a negative impact on bone density.132

Although bone disorders are more common in women, the neg-
ative impact of AED on bone is not gender specific. Longer
duration of AED therapy and exposure to multiple AED are

thought to be predictors of bone loss. The enzyme-inducing
AED (carbamazepine, phenytoin, and phenobarbital) have
been associated with bone loss and an increased risk for frac-
ture. Valproate, although not an enzyme inducer, is associated
with decreased bone mineral density in children.133 Less is
known about the impact of the second-generation AED on bone
mineral metabolism, although a recent report suggests lamo-
trigine has no effect.134 Because of the length of phenytoin
use, G.R. is at risk. His bone health should be further evalu-
ated by his primary care physician. Minimally, oral calcium
and vitamin D supplementation should be implemented. De-
pending on the outcome of evaluation, a therapy alteration from
phenytoin to an AED with less or no effect on bone should be
considered.

NEW ONSET SEIZURES IN THE ELDERLY

18. J.R., a 74-year-old man with newly diagnosed partial
seizures, is referred to the neurology clinic for evaluation and
treatment. The etiology of his new-onset seizures is presumed to be
a recent cerebral infarct. His seizures are complex partial seizures
where he “blacks out” and loses track of time. He has no history
of secondarily generalized tonic-clonic convulsions. He has had
three seizures in the last 4 weeks. His last seizure occurred 1 week
ago, which resulted in a fall down a flight of stairs. His wife re-
ports that he is more likely to have a seizure if he gets “overtired”
or “stressed-out”. He is also being treated for hypertension and
diabetes. What options are available for the treatment of J.R.’s
epilepsy?

In general, head-to-head comparative studies of AED are
rare in patients with epilepsy. Even fewer studies address the
comparative efficacy of AED in elderly patients. Two studies,
in particular, are important when discussing AED treatment
elderly persons with epilepsy.

Brodie et al.135 compared lamotrigine (n = 102) with car-
bamazepine (n = 48) in elderly patients with newly diagnosed
epilepsy via a double-blind, randomized, parallel study. Dis-
continuation rates because of adverse effects (the primary out-
come parameter) were higher for carbamazepine (42%) than
for lamotrigine (18%). Using time to first seizure as a mea-
sure of efficacy, no differences were found between the two
AED, thus allowing the authors to suggest that lamotrigine is
“acceptable” as initial treatment in elderly patients with newly
diagnosed epilepsy.

More recently, in a randomized, parallel study, carba-
mazepine (600 mg/day), gabapentin (1,500 mg/day), and lam-
otrigine (150 mg/day) were compared for efficacy and tol-
erability in 593 patients >55 years of age (mean age = 72
years).136 Although efficacy was similar in all three groups,
study termination for adverse events varied between treat-
ment groups. Carbamazepine had the highest termination rate
(31%), followed by gabapentin (21.6%), and then lamotri-
gine (12.1%) (p = 0.001). The authors concluded that lamotri-
gine and gabapentin should be considered as initial therapy for
new-onset seizures in older patients with epilepsy.

Evaluating the results from these two studies in elderly
patients with epilepsy alone, it would suggest that either
gabapentin or lamotrigine would be very good choices for ini-
tial treatment of J.R.’s epilepsy. It is noteworthy that neither
AED is FDA approved for newly diagnosed epilepsy.
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It is also important to consider drug-interaction profile, dos-
ing frequency, and drug costs when selecting AED therapy.
Generally, elderly persons take more medicines than younger
individuals. For example, the average number of concomitant
medications in the study by Rowan et al.136 was seven. In J.R.’s
case, he is likely to be taking other medicines for diabetes and
hypertension. Neither gabapentin, nor lamotrigine cause drug–
drug interactions, although lamotrigine is influenced more so
than gabapentin by other medicines. When evaluating dosing
frequency, gabapentin will probably have to be dosed more fre-
quently than lamotrigine. From a cost perspective, gabapentin
is currently available as a generic product; lamotrigine is soon
to follow.

ADVERSE EFFECTS
Interestingly, in both of the comparative studies cited above,

minimal differences were found in efficacy, but the newer AED
showed better tolerability than the older AED. In general, el-
derly patients not only respond to AED at lower doses and con-
centrations, but they also develop toxicity symptoms at lower
doses than do younger patients. Age-related declines in renal
and hepatic function may account for those observations. The
pharmacokinetics of most AED have been studied in the el-
derly and a decrease in clearance is noted as compared with
the young.137

The impact of AED on cognition is an important issue for
all patients with epilepsy and perhaps it is an even greater issue
in elderly patients. Martin et al.,138 evaluated cognitive func-
tioning using a number of standardized measures in 25 older
adults with epilepsy (>60 years of age) and compared them
with healthy older adults (n = 27). The patients with epilepsy
faired worse than their healthy counterparts, especially if they
were receiving AED polytherapy. Piazzini et al.,139 found very
similar results in 40 patients >60 years of age compared with
40 controls. Additionally, Bambara et al.140 reported that 20
older adults (>60 years) with epilepsy demonstrated deficits in
their ability to provide informed consent for medical treatment.
These authors expressed concern over their patients’ medical
decision-making abilities.

As evidenced from the study by Rowan et al.136 mentioned
above, CNS toxicities such as dizziness, unsteady gait, and
ataxia are common adverse effects of AED. These symptoms
may increase the risk of falls, which are of particular con-
cern in light of the potential negative effects of AED on bone
mineral density. In an effort to prospectively compare the im-
pact of AED on balance, Fife et al.141 reported their find-
ings on three AED in patients with epilepsy >50 years of
age. Ten patients each on monotherapy with carbamazepine,
gabapentin, or lamotrigine underwent extensive testing in this
cross-sectional study. The finding was that older epilepsy pa-
tients on lamotrigine monotherapy exhibited better scores on
select measures of balance as compared with carbamazepine.
Although not statistically significant, perhaps owing to a small
sample size, gabapentin showed a trend toward better balance
scores than carbamazepine.

J.R. and his family should be informed about the benefits
and risks associated with each AED and they should also be
incorporated into the decision-making. AED therapy in the
elderly should follow the “start low and go slow” adage and
elderly patients should be monitored for both efficacy (via a

seizure calendar) and toxicity (reporting any intolerable side
effects).

Absence Seizures
Choice of Medication and Initiation of Ethosuximide Therapy

19. T.D., a 7-year-old, 25-kg girl, is reported by her teacher to
have three or four episodes of “staring” daily. Each spell lasts
5 to 10 seconds. Although no convulsive movements occur, her
eyelids appear to flutter during the episodes. She is fully alert
afterward. T.D.’s school performance is somewhat below average,
despite an IQ of 125. An EEG shows 3/second spike-wave activity.
Typical absence epilepsy is diagnosed. Physical examination and
laboratory evaluation findings are normal, and no other positive
findings are evident on the neurologic examination. What drug
should be prescribed for T.D., and how should therapy with this
drug be initiated?

Ethosuximide (Zarontin) and valproate are commonly used
to treat absence epilepsy in the United States. Both drugs
are equally effective. Lamotrigine is also effective and has
been recommended as an initial monotherapy agent for treat-
ment of absence epilepsy, although it is not FDA approved
for this indication17,142−144 (Tables 54-2 and 54-7). Valproate
was more efficacious than lamotrigine for treatment of idio-
pathic generalized seizures (including absence) in the SANAD
(Standard and New Antiepileptic Drugs) trial.145 Trimetha-
dione (Tridione), which is less effective than other agents, is
associated with a high rate of neurologic side effects and a risk
of hematologic toxicity.146 At present, most authorities con-
sider ethosuximide the drug of first choice for treatment of
absence seizures. In comparison to ethosuximide, valproate is
more likely to cause significant nausea and initial drowsiness,
and it is more likely to interact with other AED. Valproate
usually is reserved for patients whose absence seizures do not
respond to ethosuximide.147 Clonazepam (Klonopin), a ben-
zodiazepine, often is effective for control of absence seizures.
Therapy with this drug is limited by prominent CNS side ef-
fects (sedation, ataxia, and mood changes) and development
of tolerance to its antiepileptic effect after long-term use.148

Most authorities consider clonazepam a fourth-choice drug
for treatment of absence seizures.

T.D. should be started on ethosuximide at a dosage of 15
to 20 mg/kg/day or 250 mg twice daily. The daily dose can
be increased by 250 mg every 10 to 14 days as necessary to
control seizures. Because the average half-life of ethosuximide
in children is ∼30 hours, a delay of 10 to 14 days between
dosage increments allows ∼7 days for achievement of steady
state and 7 days for assessment of response.27

PATIENT OR CAREGIVER EDUCATION
Educating T.D. and her parents regarding the importance

of regular drug administration is extremely helpful in ensur-
ing successful therapy. Noncompliance is common in patients
taking AED, and rapid discontinuation of these drugs (often
secondary to noncompliance) may precipitate status epilepti-
cus. The concept that medication controls rather than cures the
seizure disorder should be strongly reinforced. It is also critical
to inform both the parents and T.D. that a therapeutic response
may not occur immediately and that dosage adjustments may
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Table 54-7 Common Drugs for the Treatment of Absence Seizures

AED Regimen Adverse Effects Comments

Valproate
(Depakene,
Depakote,
Depakote ER)

Initial 5–10 mg/kg/day (sprinkle caps or syrup);
then ↑ by 5–10 mg/kg/day weekly to
therapeutic effect or target serum
concentration. Manufacturer’s recommended
usual maximal dose of 60 mg/kg/day often
must be exceeded clinically (especially for
patients receiving enzyme-inducing AED) to
achieve optimal clinical results. QD dosing
recommended for extended-release (ER)
product; doses should be 8%–20% higher
than non-ER products.

GI upset, hair loss, appetite
stimulation, and weight gain
common. Tremor may occur.
Serious hepatotoxicity
extremely rare with
monotherapy and in patients
>2 yr.

Enteric-coated tablets or capsules or
extended release tablets may ↓ GI
toxicity. Time to peak serum
concentrations delayed for 3–8 hr
with enteric coating; longer delay if
given with food; serum
concentrations must be interpreted
carefully. Also effective against
primarily generalized tonic-clonic
seizures.

Lamotrigine
(Lamictal)

See Table 54-6

Ethosuximide
(Zarontin)

Initial 20 mg/kg/day or 250 mg QD or BID;
then ↑ by 250 mg/day Q 2 wks to therapeutic
effect or target serum concentration.

GI upset and sedation common
with large single dose,
especially on initiation. Daily
divided doses may be necessary
despite long half-life.
Leukopenia (mild, transient) in
up to 7%; serious hematologic
toxicity extremely rare.

Parents/patient should be informed
that GI effects and sedation may
occur but tolerance usually
develops. No good evidence it
precipitates tonic-clonic seizures.
Up to 50% of patients with absence
may develop tonic-clonic seizures
independent of ethosuximide.

AED, antiepileptic drug; BID, twice daily; GI, gastrointestinal; QD, every day.

be necessary to establish an effective dose with minimal side
effects.

THERAPEUTIC MONITORING

20. What subjective or objective clinical data should be moni-
tored in T.D. for evidence of ethosuximide’s therapeutic and ad-
verse effects?

T.D.’s seizure frequency and the side effects she experiences
are the primary monitoring parameters. If ethosuximide serum
concentrations are used to assist in dosing, 40 to 100 mcg/mL
is the usual target range; however, a clearly defined toxicity
syndrome does not seem to develop when ethosuximide serum
concentrations exceed 100 mcg/mL. Gradual and cautious in-
creases in ethosuximide dosage when serum concentrations
are beyond the upper limits of the “usual therapeutic range”
may improve response in resistant patients. Although ethosux-
imide traditionally is administered in divided doses, its long
half-life allows successful use of single daily doses for many
patients. Clinicians should be alert to acute side effects of nau-
sea and vomiting that are associated with large single doses of
ethosuximide; should these occur, divided daily doses may be
necessary.27

Laboratory monitoring for idiosyncratic hematologic toxi-
city from ethosuximide often is recommended. Ethosuximide
causes neutropenia in approximately 7% of patients. Although
this reaction often is transient even if the drug is continued, rare
patients may develop fatal pancytopenia. Presumably, early de-
tection of neutropenia by means of periodic CBC will allow dis-
continuation of the drug and potential reversal of this adverse
effect.149 These hematologic reactions, however, can occur un-
predictably at any time during therapy and often are missed
by routine laboratory monitoring. Patient or caregiver educa-
tion regarding signs and symptoms associated with leukope-
nia and pancytopenia (e.g., sudden onset of severe sore throat
with oral lesions, easy bruisability, increased bleeding ten-

dency) and instructions to consult the physician if these symp-
toms occur may be more important than laboratory monitor-
ing.60

T.D.’s parents should be informed that nausea or sedation
may occur with initiation of ethosuximide. Tolerance to these
effects usually develops, although temporary dose reductions
may be necessary. Subtle degrees of sedation may persist
throughout therapy and may not be recognized until the drug
has been discontinued and alertness improves.

Generalized Tonic-Clonic Seizures Accompanying
Absence Seizures

21. Three months later, T.D.’s absence seizures have been re-
duced to a frequency of one every 2 weeks with an ethosuximide
dosage of 750 mg/day. Her initial drowsiness has almost disap-
peared, and nausea was alleviated by administering doses with
food. She has, however, experienced two tonic-clonic convulsions
in the past month. Both seizures were witnessed by her parents
and were well described: no auras or signs of focal seizure activity
were apparent, and each episode lasted 3 to 4 minutes and appar-
ently consisted of typical tonic-clonic activity. T.D. was incontinent
of urine on both occasions, and postictal confusion and drowsi-
ness were significant. Physical examination and laboratory testing
showed no abnormalities. A repeat EEG continued to show infre-
quent 3/second spikes and waves; no abnormal focal discharges
were noted. What is the relationship between T.D.’s tonic-clonic
seizures and ethosuximide therapy?

It is commonly believed, and often stated in the litera-
ture, that ethosuximide may precipitate or worsen tonic-clonic
seizures; however, this effect has not been clearly demon-
strated. As many as 50% of patients who initially present with
absence seizures also develop tonic-clonic seizures.150 It had
been common practice to add phenobarbital or phenytoin to
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ethosuximide therapy to prevent this. Livingston et al.151 found
that 80.5% of their patients treated with a drug specific for ab-
sence seizures developed “grand mal” seizures, whereas only
36% did so while receiving combined therapy. On the other
hand, Browne et al.150 pointed out that a child with absence
seizures who has not yet had a tonic-clonic seizure has only a
25% chance of doing so in the future. In addition, routine use
of drugs for prophylaxis of tonic-clonic seizures may increase
the risk of toxicity and potentially reduce adherence with med-
ication regimens. Sedative drugs, especially phenobarbital, ac-
tually may aggravate absence seizures in some patients.152

In summary, subsequent generalized tonic-clonic seizures
are common in patients who initially develop absence spells.
It is not possible to assess the causative role of ethosuximide
for this development in T.D.

Assessment Regarding Need for Alteration in Antiepileptic Drug
Therapy and Choice of Alternative Antiepileptic Drug

22. What alterations are indicated in T.D.’s drug therapy be-
cause of the appearance of generalized tonic-clonic seizures?

Drug therapy for prevention of further tonic-clonic seizures
is indicated. Phenobarbital, phenytoin, carbamazepine, or val-
proate might be considered for use in T.D. Owing to her age
and sex, many clinicians would avoid using phenytoin because
of its dysmorphic and cosmetic side effects. Phenobarbital can
cause sedation and behavioral disturbances (see below) and
may aggravate coexisting absence seizures. Carbamazepine is
widely used for secondarily generalized tonic-clonic seizures
and some cases of primary tonic-clonic seizures in children. It
lacks many of the troublesome, common side effects associ-
ated with phenobarbital and phenytoin. In young children with
primary generalized tonic-clonic seizures, carbamazepine may
be preferred over valproate because it is less likely to induce
serious hepatotoxicity.153 Carbamazepine, however, is not ef-
fective for control of absence seizures. Therefore, it is likely
that both ethosuximide and carbamazepine would be needed
by T.D. Carbamazepine also has been occasionally associated
with exacerbation of seizures (including atonic, myoclonic,
and absence seizures) in children with mixed seizure disorders
who exhibit bilaterally synchronous 2.5- to 3-cycle/second dis-
charges on the EEG.154,155 The need for polytherapy and the
possible risk of seizure exacerbation make carbamazepine a
less attractive treatment option for T.D.

Valproate is effective for controlling both absence and pri-
mary generalized tonic-clonic seizures.16,54 T.D. appears to
have primary generalized tonic-clonic convulsions; focal signs
(e.g., unilateral or single limb involvement) were not observed,
and focal discharges (e.g., isolated abnormal electrical activ-
ity localized to one portion of the brain) were not found on
the EEG. Although neither observation completely rules out
secondarily generalized tonic-clonic seizures, the likelihood
seems low. Therefore, valproate may offer some advantages
over carbamazepine in terms of efficacy. In addition, both of
T.D.’s seizure types potentially could be controlled with a sin-
gle medication.

Valproate Therapy
INITIATION AND DOSAGE

23. T.D.’s physician elects to use valproate. The therapeutic goal
is control of her seizures with valproate alone. What procedure

should be followed regarding discontinuation of ethosuximide and
initiation of valproate?

Techniques used by clinicians to substitute one AED for an-
other depend largely on experience and judgment. Generally, it
is best to attain a potentially therapeutic dose of a new medica-
tion before attempting to discontinue the previous drug. Serum
concentration monitoring may be helpful. Ethosuximide has a
relatively long half-life, whereas valproate’s half-life is short.
Therefore, if necessary, steady-state serum concentrations of
valproate can be established and evaluated rapidly; evaluation
of the effect of decreases in the ethosuximide dosage must
await the prolonged elimination of this drug. Once a desired
valproate dose or serum concentration has been achieved, the
ethosuximide dosage can be reduced gradually by 250 mg/day
every 2 to 4 weeks.

Valproate should be initiated at 125 to 250 mg twice daily.
Valproic acid syrup or capsules or divalproex sodium (De-
pakote tablets or Depakote Sprinkle capsules) can be used.
Divalproex often is preferred because it is enteric coated and
may cause fewer GI side effects than valproic acid. Generic for-
mulations of valproic acid capsules are available; they are often
tolerated well and are inexpensive. Syrup forms of valproate
probably should be avoided unless extremely small doses are
required (e.g., infants) or patients cannot swallow. Valproate
syrup has an unpleasant taste, and its rapid absorption increases
the likelihood of acute, dose-related side effects such as nausea.
Lower initial doses are less likely to cause acute side effects
(e.g., drowsiness and GI upset). Weekly dosage increases of 5 to
10 mg/kg/day of valproate usually are well tolerated and would
be appropriate for T.D. More rapid increases may be desirable
if tonic-clonic seizures are occurring frequently. The maxi-
mal recommended dosage of valproate is 60 mg/kg/day. Many
patients, especially those receiving enzyme-inducing drugs,
require higher-than-recommended doses to achieve adequate
clinical effect; other patients may respond at much lower doses.
Valproate can be titrated in T.D. to produce a “target” serum
concentration of approximately 75 mcg/mL. As ethosuximide
is withdrawn, the valproate dose can be further adjusted on the
basis of seizure frequency and side effects.

DOSAGE FORMS

24. T.D. has been taking valproic acid capsules, 250 mg TID,
for 3 weeks. Ethosuximide was discontinued 2 weeks ago; at that
time, a valproate serum level just before her morning dose was
68 mcg/mL. She has not experienced generalized tonic-clonic
seizures for 6 weeks but continues to have an absence seizure every
2 to 3 weeks. T.D. complains of nausea, epigastric burning pain,
and occasional vomiting lasting approximately 1 hour following
her doses of valproate. All recent laboratory tests were within
normal limits. Administration of the drug with meals is only
partially helpful. What alterations can be made in T.D.’s dosing
regimen to relieve these symptoms and possibly improve seizure
control?

T.D. appears to be a candidate for the use of divalproex
(Depakote), an enteric-coated preparation of a complex salt
of valproic acid. Capsules containing enteric-coated beads of
divalproex (Depakote Sprinkles 125 mg) also are available;
the capsule contents can be dispersed in food for adminis-
tration to children or others who have difficulty swallowing
tablets or capsules. In addition, use of the “cap” end of the cap-
sule to measure half of the contents can approximate doses of
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62.5 mg. Patients with feeding tubes in place may be given
opened Depakote Sprinkles through their feeding tubes;
however, patients with certain types of feeding gastrostomies
should be assessed frequently for possible leakage at the inser-
tion point. This complication may occur because of adherence
of undissolved medication beads to the exterior of the feeding
tube. This complication seems more likely when the sprinkle
formulation is administered through a button-type gastrostomy
feeding tube; use of divalproex sprinkles should be avoided in
such patients.156 The beads contained in Depakote Sprinkles
may also clog the lumen of smaller-bore feeding tubes.

Administration of divalproex tablets results in delayed
rather than prolonged absorption of valproate; therefore, these
tablets are not a sustained-release product formulation. When
patients are switched from nonenteric-coated formulations to
divalproex tablets, the frequency of administration should not
be decreased. Divalproex sodium extended release (Depakote
ER) is also available. This form of divalproex can be adminis-
tered as a single daily dose. All older dosage forms of valproate
are completely absorbed and can be interconverted at the same
total daily dose of medication.157,158 Depakote ER, however, is
not bioequivalent to other dosage forms of valproate.159 When
equal doses are administered, Depakote ER achieves serum
concentrations that are approximately 89% of those produced
by other valproate dosage forms. Accordingly, when patients
are converted to Depakote ER from other forms of valproate,
the manufacturer recommends an increase of 8% to 20% in
the administered dose. T.D.’s valproic acid capsules can be
replaced with an equal daily dose of divalproex tablets. Di-
valproex should be administered on a three-times-daily dosing
schedule. Alternatively, T.D. could be given 1,000 mg of De-
pakote ER once daily. The results of this change should be
apparent within approximately 1 week. By that time, signifi-
cant relief from GI side effects should have occurred. It may
then be possible to increase the dose of divalproex in an effort to
improve control of both absence and generalized tonic-clonic
seizures.

PHARMACOKINETICS AND SERUM CONCENTRATION MONITORING

25. Two weeks later, T.D. returns for follow-up. Her GI symp-
toms have almost completely disappeared. She has been taking
divalproex tablets 250 mg with breakfast and lunch and 375 mg
with a bedtime snack for the past week. She has had no seizures
in the past 2 weeks and complains of no side effects. A valproate
serum level before her morning dose today was 117 mcg/mL (con-
siderably higher than her previous valproate level of 68 mcg/mL).
The laboratory reports that duplicate determinations of this level
agreed within 5 mcg/mL. T.D. denies taking her medication in-
correctly; her parents support this, and the tablet count in her
prescription bottle is correct. She has taken no other drugs ex-
cept a multivitamin. How can this disproportionate increase in
her valproate serum concentration be explained, and what is its
clinical significance? Does valproate exhibit dose-dependent phar-
macokinetics?

Changes in valproate serum concentrations of this nature
are, in this author’s experience (R.L.), relatively common with
divalproex. They are probably not the result of saturable, dose-
dependent metabolism as is seen with phenytoin; instead, these
changes are more readily explained by the absorption charac-
teristics of divalproex tablets. Peak serum concentrations of

valproate after administration of divalproex may be delayed
for 3 to 8 hours, and administration of food may further delay
absorption.160 In addition, diurnal fluctuation in both the rate
and extent of absorption of divalproex may be significant. Ab-
sorption may be reduced by approximately one-third and peak
plasma concentrations may be delayed for up to 12 hours for
divalproex doses administered in the evening.33 Twelve to 15
hours probably elapsed between the administration of T.D.’s
last dose and blood sampling; therefore, the currently reported
blood level may more closely approximate a peak concentra-
tion. Previous blood levels, determined while she was receiv-
ing rapidly absorbed valproate syrup, are more likely to have
been trough concentrations. T.D.’s adherence to her prescribed
dosage regimen also may have increased because of the change
in dosage form and reduced side effects; her previous serum
concentrations may not have reflected administration of the
prescribed dose.

Other pharmacokinetic factors may have actually moder-
ated this unusual increase in valproate concentrations. Fluc-
tuation in valproate concentrations occurs throughout the day
in a pattern that does not reflect the timing of doses.161 This
fluctuation may be partially related to changes in serum con-
centrations of endogenous fatty acids that displace valproate
from protein-binding sites.28 Valproate’s hepatic clearance is
restrictive (i.e., valproate has a low extraction ratio and its clear-
ance is limited by the free fraction of drug in blood); therefore,
protein-binding displacement increases plasma concentration
of free drug and clearance. As a result, total serum concentra-
tions decrease. Valproate also exhibits dose dependency in its
binding to serum proteins. As concentrations approach 70 to
80 mcg/mL, binding sites on albumin molecules become sat-
urated, and the free fraction of drug in plasma increases.27,157

This effect also increases valproate clearance and reduces
total serum concentrations. Both of these effects may actually
“dampen” the apparent increase in plasma concentrations seen
in T.D. When also considering the poorly established “thera-
peutic range” for this drug, it becomes apparent that monitoring
serum concentrations is a less useful tool in valproate therapy
than with other AED.28,157

The clinical significance of T.D.’s elevated valproate serum
concentrations is minimal. She is not experiencing any symp-
toms suggestive of valproate toxicity, and it is too soon follow-
ing the dosage increase to assess the effect of this change on
her seizure frequency. Therefore, alteration in her drug therapy
is unnecessary at present and might only confuse evaluation of
her response to this drug. She should be observed for an addi-
tional 4 to 6 weeks to evaluate seizure frequency before further
alterations in her dosing regimen are considered. These appar-
ently elevated valproate levels should not discourage further
increases in her dosage as long as she is tolerating the medi-
cation and such increases are justified on the basis of seizure
frequency. This case illustrates what can happen if too much
attention is paid to serum concentrations.

HEPATOTOXICITY

26. Two months later, T.D. is taking 375 mg of divalproex
TID with meals. She has had no absence seizures for 5 weeks
and no generalized tonic-clonic seizures for 10 weeks. Yesterday,
her valproate plasma concentration was 132 mcg/mL. In addi-
tion, her alanine aminotransferase (ALT) was 32 IU/mL (normal,
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6–14) and her aspartate aminotransferase (AST) was 41 IU/mL
(normal, 7–17). All other laboratory tests (bilirubin, alkaline
phosphatase, lactate dehydrogenase [LDH], prothrombin time,
and serum albumin) were normal. T.D.’s LFT have been moni-
tored monthly since she began taking valproate, and they were
previously normal. Physical examination was negative for scleral
icterus, abdominal pain, or other signs of liver disease. Discuss
these laboratory abnormalities and physical findings in relation
to possible valproate-induced hepatotoxicity in T.D.

Liver damage related to valproate therapy appears to be
caused by accumulation of directly hepatotoxic metabolites of
valproate (probably 4-en-valproate) in certain patients.162,163

These metabolites may be formed in larger quantities in pa-
tients who also receive enzyme-inducing drugs such as phe-
nobarbital. Most cases of fatal hepatotoxicity have occurred in
young (<2 years of age) patients with neurologic and metabolic
abnormalities who also had severe, difficult-to-control seizures
and who were taking multiple AED.162−167 It is important to
recognize, however, that severe hepatotoxicity is not limited
to this population.168 Liver damage occurs early in therapy
and symptomatically resembles fulminant hepatitis with he-
patic failure. Patients may experience vomiting, drowsiness,
lethargy, anorexia, edema, and jaundice; these symptoms of-
ten precede laboratory evidence of hepatic damage. Liver biop-
sies in affected patients show evidence of hepatic necrosis and
steatosis. Laboratory findings consist of dramatic elevations
of AST, total bilirubin, and serum ammonia; coagulation dis-
turbances accompanied by prolonged prothrombin times, low
fibrinogen concentrations, and thrombocytopenia also may be
observed. Death results from hepatic failure or a Reye’s-like
syndrome.163,165,169

Asymptomatic elevations in liver enzymes (such as those
found in T.D.) occur commonly during the first 6 months of
treatment with valproate and usually are not associated with
severe or potentially fatal valproate-induced hepatotoxicity.
These changes in aminotransferase usually disappear without
alteration in therapy; in some cases, temporary dosage reduc-
tion is followed by normalization of laboratory tests within 4
to 6 weeks.163,165 Without systemic symptoms or other signs
of significant liver damage, it is unlikely that the laboratory
abnormalities observed in T.D. represent severe liver toxicity
from valproate. Because T.D. is responding well to valproate
therapy, no change in therapy is warranted at this time. Labora-
tory testing probably can be repeated in 4 to 6 weeks. T.D. and
her family should be educated regarding the possible signs and
symptoms of valproate-induced liver damage and instructed to
consult their physician if these symptoms are noted.

Routine Liver Function Tests

27. What is the usefulness of routinely monitoring LFT in pa-
tients receiving valproate?

Serious hepatotoxicity related to valproate therapy is ex-
tremely rare. Dreifuss et al.163,166 estimated that <0.002% of
patients treated with valproate developed fatal hepatotoxicity
between 1985 and 1986. This compares with an incidence of
0.01% between 1978 and 1984.164 The lower recent incidence
(despite much wider use of valproate) is attributed to increased
valproate monotherapy and reduced use of this drug in high-
risk patients such as the very young (Table 54-7). Most cases
of fatal hepatotoxicity occur in children <10 years of age. In

children <2 years of age who receive AED polytherapy, the
incidence of this complication is 1 in 500 to 1 in 800. Because
asymptomatic, apparently benign elevations in liver enzymes
are common early in therapy with valproate and symptoms of
liver damage often precede laboratory changes, frequent LFT
during early valproate therapy are unlikely to detect serious
hepatotoxicity.60,163−165,170 In addition, this type of laboratory
monitoring adds significant cost while providing little bene-
fit for patients. Education of caregivers or patients regarding
potential symptoms of hepatotoxicity, with careful observation
and follow-up by health care professionals, is recommended as
the most effective method for monitoring for this drug-induced
illness.

Especially careful monitoring should be provided for predis-
posed patients (i.e., very young children with associated neu-
rologic abnormalities and those receiving polytherapy). In pre-
disposed patients, significant increases in LFT values that are
noted early in therapy may be clinically significant. At the onset
of symptoms suggesting this condition, laboratory testing may
help confirm its presence. Practitioners who feel compelled to
perform frequent laboratory testing for liver dysfunction on
the basis of manufacturer’s package insert recommendations
should be cautious not to overinterpret common, transient, and
apparently benign elevations in aminotransferases or ammonia
levels.

Acute Repetitive (“Cluster”) Seizures
Rectal Diazepam Gel

28. B.N., a 7-year-old, 28-kg boy, has had seizures since age 3
months. He suffered anoxia at birth. His seizures usually involve
initial confusion and disorientation, shortly followed by general-
ized tonic-clonic convulsive activity. Despite treatment with car-
bamazepine at maximal tolerated doses and serum concentrations
(300 mg TID; 9–11 mcg/mL), he continues to have approximately
two seizures monthly. Recent trials of topiramate and tiagabine
as additions to his carbamazepine were unsuccessful and caused
intolerable sedation and lethargy. During the past year, he has
been admitted to the emergency department (ED) five times be-
cause of seizure “flurries” consisting of three to six seizures oc-
curring over a period of 12 or fewer hours. While he regains con-
sciousness between these “flurry” seizures, he becomes lethargic.
During ED admissions, IV diazepam was administered. This was
rapidly successful in terminating seizure activity. B.N.’s mother
relates that she usually can identify the onset of seizure flurries;
B.N.’s behavior changes and he becomes “clinging” and “whiny”
and hyperactive. She also indicates that the initial seizure in a
flurry differs from B.N.’s typical episodes. Before the onset of
generalized seizure activity, he experiences much briefer periods
of confusion. In addition, the generalized seizures are longer and
more severe (often with dramatic cyanosis) at the beginning of a
“flurry.”

Why is prophylactic or abortive therapy for B.N.’s seizure flur-
ries indicated? What factors about B.N. predict successful use of
such treatment, and how can it be administered?

B.N.’s relatively frequent flurries or clusters of seizures are
causing him and his family significant difficulty. Frequent ED
visits are expensive and frightening for many patients and their
families. B.N. continues to experience seizure flurries despite
carbamazepine therapy. He responds well to IV diazepam and
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has a caregiver who can identify the onset of seizure clusters.
His seizure clusters appear to be distinct from the other seizures
that he experiences. All of these factors indicate that a trial of
home-administered treatment to abort these cluster episodes is
likely to be helpful and should be initiated.

Rectal diazepam gel (Diastat) is available for home admin-
istration to patients with acute episodes of repetitive seizure
activity.171 When diazepam gel is administered rectally, it is
absorbed relatively rapidly (peak plasma concentrations oc-
cur in approximately 1.5 hours),172 and is often effective in
terminating cluster seizures within 15 or fewer minutes. Use
of diazepam rectal gel is recommended only when caregivers
can recognize the onset of cluster seizures, which are different
from a patient’s usual seizure activity, and when the caregivers
can be trained to administer the preparation safely and to mon-
itor the patient’s response (e.g., respiratory status) following
administration. Caregivers should be informed that this prepa-
ration is not for as needed (PRN) use with every seizure; it
should be used only for identifiable cluster seizures or pro-
longed seizures. Home use of rectal diazepam may result in
significant reduction in the costs of treating these events and
may decrease ED visits.173

B.N.’s mother should administer rectal diazepam gel at the
onset of identifiable cluster seizure activity. A dose of approx-
imately 0.3 mg/kg (10 mg) should be given and repeated, if
necessary, within 4 to 12 hours of the first dose. B.N.’s mother
should be counseled on the administration of this product and
given the patient package insert, which gives complete instruc-
tions for the administration of rectal diazepam. After adminis-
tration, B.N. should be monitored for at least 4 hours to ensure
that no respiratory depression or other adverse side effects are
occurring and to assess the effect of the medication on his
seizures. The most common adverse effect seen with rectal di-
azepam is somnolence, occasionally accompanied by dizziness
and ataxia. Respiratory depression is very uncommon.

Febrile Seizures
Incidence and Classification

29. J.J., a 14-month-old girl, is brought to the ED after having a
generalized tonic-clonic convulsion lasting approximately 5 min-
utes. The episode occurred in association with an upper respira-
tory infection. On arrival in the ED, her temperature was 39.5◦C
rectally. She was alert at that time; all laboratory and neurologic
findings, including lumbar puncture, were normal. J.J. has no
history of neurologic abnormality. Her 7-year-old brother suffers
from both absence and generalized tonic-clonic seizures. What is
the relationship between febrile seizures and epilepsy? How may
J.J.’s convulsion be classified on the basis of the data available?

Up to 5% of children have a febrile seizure between 6
months and 6 years of age.174 Simple febrile seizures occur
with a fever of ≥38◦C in previously normal children <5 years
of age. They last <15 minutes and have no focal features.
The associated seizure does not arise from CNS pathology.
Complex febrile seizures show focal characteristics or are pro-
longed. The child may or may not have previous neurologic
abnormalities. The risk of occurrence of unprovoked afebrile
seizures following a febrile seizure is four times greater than in
the general population. A family history of afebrile seizures, a
complicated initial seizure, and pre-existing neurologic abnor-

mality are risk factors associated with the later development
of chronic epilepsy.174,175

J.J.’s seizure appears to be a typical simple febrile seizure
that developed in association with her upper respiratory tract
infection. The lack of previous neurologic abnormality and
normal findings on lumbar puncture and laboratory evaluation
help confirm this assessment.

Treatment of Acute Seizure

30. How should J.J.’s febrile seizures be treated?

Because J.J. is not having a seizure at present, AED therapy
is not required. Measures to reduce her elevated temperature
should be initiated; however, these measures may not reduce
the risk of further seizures. Acetaminophen and tepid sponge
baths usually are helpful.

If patients experience prolonged or repeated febrile sei-
zures, either diazepam or, less commonly, phenobarbital may
be administered.175 Rectal diazepam gel can be used for this
purpose.

Prophylaxis and Choice of Antiepileptic Drug

31. On the basis of the subjective and objective data available
for J.J., is AED therapy indicated on a long-term basis? What are
the benefits and risks of AED prophylaxis for febrile seizures?

Long-term treatment or prophylaxis with AED for simple
febrile seizures is not recommended. Up to 54% of affected
patients will have recurrent febrile seizures, and the risk of re-
currence is even greater when the first episode occurs before 13
months of age. Nonetheless, recurrent febrile seizures are not
associated with brain damage or development of epilepsy.174

The efficacy of prophylactic AED for prevention of chronic
epilepsy following febrile seizures has not been evaluated.176

Thus, the primary potential benefit of long-term AED therapy
would be prevention of recurrent febrile seizures.

Phenobarbital and, occasionally, valproate used to be used
as prophylaxis in patients with febrile seizures.177 A reanalysis
of published British trials of both valproate and phenobarbital
for febrile seizure prophylaxis found that neither drug was reli-
ably effective.178 Although phenobarbital had been considered
at least partially effective, the high rate of side effects (40%)
preclude recommending its use. When the effects on intelli-
gence of phenobarbital versus placebo prophylaxis for febrile
seizures in young children were evaluated, IQ scores were sig-
nificantly lower in children treated with phenobarbital.179 This
effect persisted for at least 6 months after discontinuation of
drug therapy. In addition, reduction in the recurrence rate of
febrile seizures in children treated with phenobarbital was not
statistically significant, although approximately one-third of
patients who experienced recurrent febrile seizures were non-
compliant with phenobarbital therapy. This study’s design and
findings have been criticized on the basis of patient selection
and “crossing over” of patients from the control group to the
study group.180 Nevertheless, on retesting after 3 to 5 years,
phenobarbital-treated children scored significantly lower on
the Wide Range Achievement Test. Their mean IQ were 3.71
points lower than those of placebo-treated children, although
this difference was not statistically significant. Therefore, phe-
nobarbital has no beneficial effect on preventing febrile seizure
recurrence and may adversely affect cognitive function.181
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Antiepleptic drug prophylaxis for febrile seizures is prob-
ably not warranted for J.J., even though she is at risk for both
development of epilepsy and recurrence of febrile seizures. No
evidence supports that medication will significantly affect her
later development of epilepsy. Phenobarbital’s use for this pur-
pose is difficult to justify when considering the risk of learning
impairment. In addition, phenobarbital therapy is associated
with hyperactivity and behavioral disturbance in up to 75% of
children receiving the drug.182−184 J.J.’s age places her at higher
risk of valproate-related hepatotoxicity, and this risk probably
outweighs any potential benefit from treatment with this drug.
Close medical follow-up of J.J. is warranted. In addition, her
parents should be instructed to institute antipyretic measures
(i.e., acetaminophen and tepid sponge baths) at the onset of any
febrile illness. Many febrile seizures occur early in the course
of an illness before fever is detected175; nevertheless, vigilance
by her parents and early antipyretic therapy may help prevent
further febrile seizures. The intermittent administration of oral
diazepam (Valium) at the onset of a febrile illness also may be
of value. A dosage of 0.33 mg/kg orally given every 8 hours
appears to be effective in reducing the recurrence rate of febrile
seizures.185 Diazepam should be initiated as soon as a febrile
illness appears and continued until J.J. has been afebrile for 24
hours. Side effects are common when diazepam is used in this
manner; approximately one-third of patients will experience
ataxia, lethargy, or irritability. These and other common CNS
side effects, such as dysarthria and insomnia, may confuse as-
sessment of the condition of children with febrile illnesses.174

Seizures Secondary to Toxic Exposures: Nerve Gas

32. How likely are seizures to result from exposure to chemical
warfare agents such as sarin nerve gas, and how are these seizures
treated?

Nerve agents that may be used in chemical warfare or ter-
rorist attacks can cause seizures. These agents include tabun
(synonym, GA), sarin (GB), soman (GD), and VX. At nor-
mal environmental temperatures, all of these agents except
VX are volatile and therefore become “nerve gases.” VX is
a viscous liquid. Nerve agents are both lipophilic and hy-
drophilic and therefore can rapidly penetrate clothing, skin,
and mucous membranes and be absorbed systemically.186,187

Nerve agents are closely related to organophosphate insecti-
cides, and their toxic effects result from their actions as acetyl-
cholinesterase (AChE) inhibitors. The toxins bind to the active
site of AChE and prevent hydrolysis of acetylcholine (ACh).
Excessive quantities of ACh then accumulate, causing exces-
sive stimulation of muscarinic and nicotinic receptors. Mani-
festations of nerve agent exposure can be broadly described as
muscarinic (ophthalmic symptoms such as miosis, lacrimation,
and blurred vision; respiratory symptoms such as severe rhinor-
rhea, wheezing, and dyspnea; cardiovascular symptoms such as
bradydysrhythmia, atrioventricular (A-V) block and hypoten-
sion; and GI symptoms such as salivation, nausea, vomiting,
and severe diarrhea), nicotinic (cardiovascular symptoms such
as tachydysrhythmia and hypertension; fasciculation of volun-
tary muscles; and metabolic symptoms such as hyperglycemia,
metabolic acidosis, and hypokalemia), and CNS symptoms
(anxiety, agitation, vertigo, ataxia, central respiratory depres-
sion, convulsions, and coma). The likelihood and the severity

of CNS toxicity and seizures will depend on the amount of
nerve agent and the route of exposure. CNS symptoms are as-
sociated with severe exposure to nerve agents. When seizures
occur, they are usually generalized; the exact mechanism of
seizure induction by these agents has not been identified.187

Following exposure to nerve agents, early treatment with an-
tidotes may prevent severe toxic manifestations. Large doses
of IM atropine (2–6 mg) should be given; dosing is based
on respiratory symptoms. Therapeutic endpoints are drying of
respiratory secretions and relief of dyspnea.186,187 Pralidoxime
(Protopam) is an AChE reactivator. This antidote binds nerve
agents and removes them from binding sites on AChE. Prali-
doxime is useful only if given before the bond between the
nerve agent and AChE becomes permanent. This time inter-
val varies from minutes to hours after exposure, depending
on the nerve agent.188 Pralidoxime is a quaternary agent, and
it is not clear to what extent it enters the CNS. The effects
of pralidoxime are most dramatically seen on skeletal muscle
symptoms. Pralidoxime should be given along with the an-
timuscarinic agent atropine.

Few published data exist regarding the use of anticonvul-
sant drugs for treatment of nerve agent exposure. It is claimed
that early administration of 10 mg IM diazepam may prevent
permanent CNS damage in patients with severe nerve agent
toxicity.186 In situations of severe exposure with CNS man-
ifestations and seizures, use of a more rapidly absorbed IM
agent such as lorazepam would be expected to produce a more
rapid and reliable response; IV administration of diazepam or
lorazepam, if feasible, would be more likely to rapidly control
seizure activity. If necessary, rectal administration of diazepam
gel would be an option (see Question 28).

ANTIEPILEPTIC DRUG INTERACTIONS AND
ADVERSE EFFECTS
Carbamazepine–Erythromycin Interaction

33. J.N., a 17-year-old boy, is treated with carbamazepine 600
mg/day for complex partial seizures. His seizures are well con-
trolled with serum carbamazepine concentrations of 8 mcg/mL.
He developed an upper respiratory infection, assessed as proba-
ble streptococcal pharyngitis. Because J.N. is allergic to penicillin,
erythromycin 333 mg TID with meals for 10 days was prescribed.
Four days after beginning erythromycin therapy, J.N. complains
that, although his upper respiratory symptoms are abating, he
is constantly drowsy and is experiencing dizziness and double
vision. He also complains of nausea and has vomited once this
morning. He receives no other routine medication, although he
did take approximately five doses of two tablets of Extra-Strength
Tylenol (acetaminophen 500 mg/tablet) during the initial stage of
his current illness for fever and general discomfort. What is the
relationship between J.N.’s symptoms and the potential interac-
tion between carbamazepine and erythromycin? How might this
interaction be further assessed and managed at this point?

Inhibition of CYP3A4 by erythromycin can result in dra-
matic elevations in carbamazepine serum concentrations and
precipitation of intoxication.189,190 J.N.’s symptoms are consis-
tent with carbamazepine toxicity, although erythromycin ther-
apy may be contributing to his GI symptoms. Although dra-
matic elevation of carbamazepine serum concentrations is not
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consistently seen, susceptible patients may exhibit a twofold
increase in serum levels. Determination of a carbamazepine
serum concentration may help confirm probable toxicity and
assess the magnitude of the interaction.

Management of this interaction at this point is somewhat
difficult; prevention of the interaction by avoiding the use of
erythromycin whenever possible is usually the best clinical
strategy. Replacement of erythromycin with azithromycin or,
possibly, clindamycin should provide adequate antibiotic ther-
apy with no risk of further interaction with carbamazepine.
Other macrolide antibiotics (e.g., clarithromycin, triactylole-
andomycin, and telithromycin) are likely to cause significant
inhibition of carbamazepine metabolism. One or two doses of
carbamazepine could be held to allow carbamazepine serum
concentrations to decrease to pre-erythromycin levels and cor-
rect J.N.’s present intoxication. An alternative approach would
be to reduce J.N.’s carbamazepine dose, based on his present
serum level, for the duration of erythromycin therapy. This ap-
proach may be more difficult to manage; the time required for
erythromycin-induced metabolic inhibition to subside when
the antibiotic is stopped is unpredictable. With either approach
to management of this interaction, J.N.’s clinical status will
need to be monitored carefully. Further adjustment of carba-
mazepine dosage may be required, and repeat serum level de-
terminations may be helpful.

Valproate–Carbamazepine Interaction

34. D.H., a 21-year-old, 84-kg man, was taking carbamazepine
1,400 mg/day (600 mg every AM and 800 mg at bedtime [HS])
for treatment of generalized tonic-clonic seizures. Despite car-
bamazepine serum concentrations of 14 mcg/mL, he continued to
have a seizure every 6 to 8 weeks. Higher serum levels were associ-
ated with toxicity symptoms. Valproate (divalproex) was recently
added and gradually increased to a dosage of 1,000 mg TID; the
therapeutic goal is replacement of carbamazepine with valproate.
At this dose, D.H. again experienced symptoms of carbamazepine
intoxication (double vision, unsteady gait, and drowsiness), al-
though his carbamazepine serum concentration was 12 mcg/mL.
Valproate serum levels were 40 mcg/mL and 43 mcg/mL on two oc-
casions. D.H. has continued to experience seizures at his previous
rate. He appears to be adherent with his prescribed medication
regimen. How can D.H.’s symptoms and low valproate levels be
explained on the basis of an interaction between his two AED?

Difficulty in achieving serum valproate concentrations ad-
equate for improvement in seizure control frequently is en-
countered in patients who receive concomitant therapy with
potent enzyme inducers such as carbamazepine. Clinicians fre-
quently note that it is difficult to administer doses of valproate
sufficiently large to achieve desired serum levels under these
circumstances.27,191 Serum concentrations of valproate in pa-
tients receiving carbamazepine may be only approximately
50% of those expected on the basis of single-dose valproate
pharmacokinetic studies.

D.H.’s symptoms of carbamazepine intoxication at plasma
levels that were previously tolerated suggest possible accu-
mulation of CBZ-10,11-epoxide (CBZ-E). This compound is
an active metabolite of carbamazepine. Valproate may inhibit
epoxide hydrolase and cause accumulation of CBZ-E sufficient

to exert significant pharmacologic effects, including intoxica-
tion. This author (R.L.) has observed a patient receiving both
valproate and carbamazepine who developed serum concentra-
tions of CBZ-E equal to the concentration of carbamazepine it-
self (both compounds were measured at ∼12 mcg/mL) and ex-
perienced significant intoxication. Determination of the serum
concentration of carbamazepine and CBZ-E could help con-
firm the clinical impression. Unfortunately, the assay for CBZ-
E is not readily available in many clinical laboratories.

35. What recommendations can be made for alteration in D.H.’s
drug therapy regimen to alleviate the effects of this drug interac-
tion and enhance his therapeutic response to the medication?

On clinical and empiric grounds, D.H.’s dosage of carba-
mazepine should be reduced; this would seem especially ap-
propriate because the therapeutic goal was replacement of car-
bamazepine with valproate. Dosage reduction will result in a
decrease in serum concentrations of both carbamazepine and
CBZ-E and a reduction in symptoms of intoxication. An ini-
tial decrease of 10% to 20% (200 mg) of D.H.’s daily car-
bamazepine dose would be reasonable. Subsequently, his car-
bamazepine dose can be tapered using reductions of 200 mg
every 1 to 2 weeks. During tapering of carbamazepine, D.H.
should be monitored carefully for increased seizure activity.

Valproate-Related Thrombocytopenia

36. D.H.’s symptoms abated significantly within 3 days of reduc-
tion of his carbamazepine dosage to 1,200 mg/day. A CBZ-E serum
concentration was not determined. His carbamazepine dosage
was reduced by 200 mg/day in weekly steps, with no increase in
seizure activity. A serum valproate concentration after his car-
bamazepine dosage reached 600 mg/day was 53 mcg/mL. At that
time, he had not had a seizure in approximately 6 weeks. A serum
valproate concentration was repeated when his carbamazepine
dosage reached 200 mg/day and it was 58 mcg/mL. Three weeks
following discontinuation of carbamazepine, D.H. noted the onset
of tremor affecting his hands and a “fuzzy sensation in my head”
accompanied by difficulty concentrating on tasks. His serum val-
proate concentration was 126 mcg/mL. In addition, a CBC showed
a platelet count of 60,000/mm3 cells; no other abnormalities were
seen. No bleeding tendencies were noted, and D.H. denied easy
bruisability or unusual bleeding. Previous CBC had been nor-
mal. Is this pattern of increase in valproate serum concentrations
consistent with the loss of carbamazepine-related enzyme induc-
tion? What is the relationship between D.H.’s new symptoms, his
reduced platelet count, and the elevation in his valproate serum
concentration?

[SI unit: 60 × 105/L]

D.H.’s valproate serum concentrations were expected to
increase with “deinduction” of hepatic microsomal enzymes
while carbamazepine was being discontinued. The pattern and
timing of deinduction are not consistently predictable. Al-
though a somewhat linear increase in valproate concentrations
might be anticipated as enzyme inducers such as carba-
mazepine are gradually reduced, it is not unusual for valproate
levels to remain relatively constant until 1 to 2 weeks af-
ter discontinuation of enzyme inducers.191 Therefore, patients
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should be monitored for signs or symptoms of possible val-
proate intoxication during and for several weeks after such a
discontinuation process; clinicians and patients should be
aware that dosage adjustment may not be required until the
enzyme-inducing drug has been completely discontinued.

D.H.’s new symptoms appear to be consistent with mild
to moderate intoxication with valproate. Tremor is a relatively
common side effect of valproate that is likely to appear as serum
concentrations exceed approximately 80 mcg/mL.27 This side
effect may be troublesome for some patients because the tremor
is usually an intention tremor, which worsens with physical
activity. In most patients, dose reduction will improve or elim-
inate tremor. Some practitioners counter this side effect with
propranolol therapy in doses similar to those used to treat es-
sential tremor.192 The neurologic symptoms exhibited by D.H.
also are typically seen with valproate intoxication. All of these
symptoms are reversible with dosage reduction.

Reductions in platelet counts are not rare in patients treated
with valproate. Significant thrombocytopenia with bleeding
manifestations is extremely uncommon, although measurable
changes in platelet function may occur.193,194 The mechanism
underlying thrombocytopenia is not known; evidence exists
for both a dose- or serum concentration-related effect194 and
an immunologic mechanism.195 Affected patients usually can
be continued on valproate therapy at reduced doses without
adverse effects. The author (R.L.) has observed two patients
who developed significant valproate-related thrombocytopenia
without bleeding complications; both cases were associated
with dramatic increases in valproate serum concentrations fol-
lowing discontinuation of enzyme-inducing drugs.

Both the neurologic symptoms and thrombocytopenia ex-
hibited by D.H. probably can be corrected by reducing his dose
of divalproex. The magnitude of dose reduction should be de-
termined by titration using symptom remission and normaliza-
tion of his platelet count as endpoints. Periodically rechecking
valproate serum concentrations can help establish a safe up-
per limit dose and serum levels for D.H. Ongoing monitoring
also will be important for several weeks because the process of
deinduction of hepatic enzymes may not yet be complete. Fur-
ther dose reductions may be necessary as this process reaches
completion and D.H.’s valproate clearance gradually decreases.
Reduction of D.H.’s dosage to 2,000 mg/day should approxi-
mate serum concentrations between those that were previously
subtherapeutic and those that are causing his current adverse
effects.

Skin Rash: Hypersensitivity Reactions
to Antiepileptic Drugs

37. R.S., a 34-year-old man, has been taking phenytoin 200 mg
BID for the past 7 weeks to control complex partial and secon-
darily generalized tonic-clonic seizures. Seizures began approxi-
mately 4 months ago following surgical evacuation of a subdural
hematoma. Today he appeared at the walk-in clinic and com-
plained of an “itchy rash” that had begun 2 days ago. He de-
scribed “feeling lousy” for the past week. On examination he
is febrile (38.5◦C orally). A maculopapular, scaly, erythematous
rash covered his upper extremities and torso, and the mucous
membranes of his mouth appeared to be mildly inflamed. Cervi-

cal lymphadenopathy was noted, and the liver was found to be
enlarged and tender. R.S. also related that his urine had become
very dark in the past 2 days and that his stools were light colored.
What is the significance of R.S.’s skin rash and other signs and
symptoms? Are these likely to be related to his phenytoin therapy?

Skin rash is a relatively common (2%–3% of patients) side
effect related to AED therapy. It is most commonly associated
with phenytoin, lamotrigine, carbamazepine, and phenobarbi-
tal. Most cases are relatively mild, but severely affected patients
may develop Stevens-Johnson syndrome or a systemic hyper-
sensitivity syndrome accompanied by severe hepatic damage.
In R.S.’s case, signs and symptoms suggesting hepatic in-
volvement accompany the skin rash. Fever, lymphadenopathy,
and apparent inflammation of mucous membranes also sug-
gest a hypersensitivity reaction to phenytoin with multisys-
tem involvement and the potential for progression to Stevens-
Johnson syndrome. Viral infection (e.g., hepatitis, influenza,
infectious mononucleosis) should be considered and ruled out
as a possible cause of R.S.’s symptoms before they are at-
tributed to phenytoin therapy.124,196−199

Phenytoin hypersensitivity syndrome is most commonly
seen in adults and is more likely to affect blacks.197 Typically,
patients with this syndrome present with complaints of fever,
skin rash, and lymphadenopathy during the first 2 months of
phenytoin therapy. Hepatomegaly, splenomegaly, jaundice, and
bleeding manifestations such as petechial hemorrhage also are
relatively common. Laboratory manifestations usually include
leukocytosis with eosinophilia, elevated serum bilirubin, and
elevated AST and ALT. When a phenytoin hypersensitivity re-
action includes significant hepatotoxicity, fatality may occur
in as many as 38% of affected patients.196

A high likelihood exists that R.S. has developed a severe
reaction to phenytoin; the clinical manifestations and the tim-
ing of their appearance are typical of this reaction. Pheny-
toin should be discontinued immediately pending diagnostic
clarification (i.e., evaluation for other possible causes of his
symptoms such as viral illness). R.S. should be hospitalized
for further diagnostic evaluation and treatment. Treatment of
phenytoin-related hypersensitivity and hepatotoxicity is symp-
tomatic and supportive. Intensive therapy with corticosteroids
has commonly been used, although little objective evidence
exists for beneficial effects of this treatment. Potential compli-
cations of this reaction include sepsis and hepatic failure; these
conditions should be treated specifically.

38. R.S. was hospitalized and treated with oral prednisone and
topical corticosteroids. Other potential causes for his condition
were ruled out, and his signs and symptoms were attributed to
phenytoin hypersensitivity. His fever resolved within 5 days; the
skin rash became exfoliative but resolved without infectious com-
plications. Laboratory parameters began to normalize after 10
days. While he was hospitalized, R.S. experienced three episodes
of generalized seizure activity that were treated with acute ad-
ministration of IV lorazepam. R.S. was afebrile at the time these
episodes occurred. What information regarding the pathogenesis
of phenytoin hypersensitivity and hepatotoxicity can be used to
guide selection of an alternative AED for R.S.?

Further administration of phenytoin to R.S. is contraindi-
cated on the basis of his history of a severe hypersensitivity
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reaction to this drug. Readministration of phenytoin is likely to
result in rapid recurrence of severe symptoms of this syndrome.
Although the mechanism of this reaction is not fully under-
stood, research implicates reactive arene oxide metabolites
of phenytoin (and other chemically similar AED) as possi-
ble causative agents for hypersensitivity reactions. Affected
patients purportedly are predisposed genetically to the devel-
opment of hypersensitivity, possibly because a relative defi-
ciency of epoxide hydrolase enzymes allows the accumula-
tion of toxic concentrations of reactive epoxide metabolites,
which are believed to exert a direct cytotoxic effect and to
interact with cellular macromolecules, thereby functioning as
haptenes that stimulate an immunologic reaction.200,201 Car-
bamazepine, phenytoin, and phenobarbital all are metabolized
by similar pathways and converted to reactive arene oxides. It
is hypothesized that carbamazepine-induced liver damage also
may result from the effects of accumulation of reactive epoxide
metabolites; these reactive metabolites differ from the 10,11-
epoxide metabolite that accumulates during carbamazepine
therapy. For this reason, these drugs potentially cross-react
in susceptible patients. Cases of apparent cross-reactivity be-
tween phenytoin and phenobarbital or carbamazepine have
been documented.202−204 In addition, both carbamazepine and
phenobarbital can produce hypersensitivity reactions similar to
those seen with phenytoin. This potential for cross-reactivity
should be considered when an alternative AED is selected for
R.S. An analysis of cases of AED-related skin rashes found
that the most significant nondrug predictor of skin rash was
the occurrence of a rash with another AED.205

Valproate has been suggested as the preferred alternative
AED for patients who have developed hypersensitivity reac-
tions to phenytoin.203 Valproate is not metabolized to arene
oxides and also is chemically dissimilar to all other AED. Be-
cause valproate often shows good efficacy for complex partial
seizures with secondary generalization, it would seem to be a
safe and potentially effective alternative AED for R.S. Of the
newer AED, lamotrigine should probably be avoided in R.S.
because of its likelihood of causing skin rash and apparent
hypersensitivity reactions. Oxcarbazepine is potentially an al-
ternative AED for R.S. because it is not metabolized through
the arene oxide pathway. Nevertheless, 25% to 30% of pa-
tients who develop a rash in response to carbamazepine will
also develop a rash with oxcarbazepine.206 Therefore, many
clinicians would avoid oxcarbazepine. Topiramate, tiagabine,
levetiracetam, gabapentin, pregabalin, or zonisamide could be
considered as alternative medications for R.S. These medica-
tions appear less likely to cause skin rash or hypersensitivity
reactions.205,207

WOMEN’S ISSUES IN EPILEPSY
Although epilepsy affects men and women equally, many
health issues are of specific importance to women, such as
contraceptive interactions with AED, teratogenicity, pharma-
cokinetic changes during pregnancy, breast-feeding, menstrual
cycle influences on seizure activity (catamenial epilepsy), AED
impact on bone, and sexual dysfunction.208 A great need exists
to educate both health care professionals and patients about the
many complex issues facing women with epilepsy.

For women of child-bearing potential, prepregnancy plan-
ning and counseling are important, because significant AED

exposure of the fetus often occurs by the time the pregnancy is
confirmed. This is especially important because of the potential
for unplanned pregnancies from the AED–contraceptive drug
interactions. Prepregnancy counseling also should include the
importance of folic acid supplementation and medication ad-
herence. Patients should be informed about the risk of terato-
genicity and the importance of prenatal care.

Although complete seizure control is desirable for all pa-
tients with epilepsy, it is especially favorable for a woman’s
seizures to be well controlled before conception. Monotherapy
is preferred whenever possible, because the relative risk of birth
defects dramatically increases with AED polytherapy.209,210

Monotherapy also improves patient adherence. The AED
should be given at the lowest effective dose to reduce the possi-
bility of birth defects.211 The gradual discontinuation of AED
may be considered if a woman has been seizure-free for 2 years
or longer.

Antiepileptic Drug–Oral Contraceptive Interaction

39. P.Z., a 26-year-old woman, experiences complex partial and
secondarily generalized tonic-clonic seizures. She is taking phen-
ytoin 400 mg/day and divalproex 2,000 mg/day. She reports having
two or three partial seizures and one generalized seizure every
3 to 4 months. Despite treatment with Lo/Ovral (norgestrel 0.3
mg with ethinyl estradiol 30 mcg), she has just learned she is
pregnant. Her last menstrual period was 6 weeks ago. What is the
relationship between P.Z.’s apparent contraceptive failure and her
antiepileptic drug therapy?

There have been several reports of reduced efficacy of oral
contraceptives in patients receiving various AED.212,213 These
reports describe both breakthrough bleeding and pregnancy.
Phenobarbital, phenytoin, carbamazepine, oxcarbazepine, and
felbamate have been shown to increase the metabolism of
ethinylestradiol and progestogens.214 This effect is not asso-
ciated with valproate, lamotrigine, gabapentin, tiagabine, zon-
isamide, levetiracetam, or pregabalin.82,208,215 Topiramate in
polytherapy and at high dosages (200–800 mg/day) appears
to have a mild though measurable effect on oral contraceptive
pharmacokinetics; apparent clearance of the estrogen compo-
nent of combined oral contraceptives is increased in patients
taking topiramate.216 In contrast, topiramate monotherapy in
lower dosages (50–200 mg/day) has a lesser impact on the
pharmacokinetics of the oral contraceptive.217

A different drug interaction exists between oral contracep-
tives and lamotrigine. It is currently thought that the estrogen
component in oral contraceptives increases the clearance of
lamotrigine. Lamotrigine concentrations may increase twofold
when contraceptive steroids are begun and fall by 50% when
contraceptive steroids are discontinued. Changes in lamotri-
gine levels associated with initiation and discontinuation of
contraceptive steroids can result in increased seizure activity
in some patients and toxicity in others.218 Within a 28-day cy-
cle of oral contraceptives, lamotrigine concentrations decrease
during the 21 days of steroid hormone and fairly rapid increases
in concentrations during the ‘pill-free’ week.

A lack of contraceptive efficacy may present as irregular
or breakthrough menstrual bleeding. Decreased efficacy is not
always associated with breakthrough bleeding, however. Oral
contraceptive doses can be increased to compensate for the
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effect of an AED.219 Estrogens also may exacerbate seizures
in some women.220 Women >35 years of age or those who
smoke must consider the risk of thromboembolic complica-
tions associated with higher doses of contraceptives. A second
contraceptive method (e.g., condoms, intrauterine devices, or
spermicide) is recommended to avoid contraceptive failure.207

Tubal ligation is also an alternative.
Assuming P.Z. was taking her contraceptive pills on a regu-

lar basis, it is possible that her enzyme-inducing AED (phen-
ytoin) is responsible for their failure. Patients receiving AED
should be prospectively informed that this interaction can occur
and advised concerning the use of alternative contraceptives
(see Chapter 45, Contraception).

Teratogenicity

40. What are the risks of teratogenic effects from P.Z.’s medi-
cations? What steps might be taken to minimize these risks?

P.Z.’s child is at a relatively high risk of congenital malfor-
mations because of exposure to several potentially teratogenic
drugs: estrogen–progestin combination oral contraceptives,
valproate and phenytoin (also see Chapter 46, Obstetric Drug
Therapy).

Many AED have teratogenic effects.221 Animal data
regarding the teratogenic potential of lamotrigine, felba-
mate, gabapentin, topiramate, tiagabine, levetiracetam, oxcar-
bazepine, pregabalin, and zonisamide are encouraging, but
conclusions regarding the teratogenic potential of these re-
cently marketed AED cannot be made because of limited ex-
perience in pregnant women. Controversy has been signifi-
cantly reduced regarding the relative contributions of parental
epilepsy itself, genetic influences, and drug therapy since re-
cent data have shown that the infants of untreated women with
epilepsy had fewer abnormalities compared with those born
to women with epilepsy who were taking AED.222 The risk
of major congenital malformations (e.g., facial clefts, cardiac
septal defects) in children exposed to AED in utero may be
as high as two to three times the baseline risk in the gen-
eral population.223 In addition, maternal epilepsy increases the
risk of complications of pregnancy, prenatal or postnatal infant
mortality, premature birth, and low infant birth weight.

Most AED, with the exception of valproate, are believed
to exert their teratogenic effects (and possibly other adverse
effects such as hepatotoxicity) partly via reactive epoxide
metabolites.223 Enhancement of the formation of these metabo-
lites via hepatic enzyme induction (e.g., by carbamazepine or
phenobarbital) or inhibition of their breakdown (e.g., through
inhibition of epoxide hydrolase by valproate) would increase
the risk of teratogenicity. Combined administration of en-
zyme inducers and valproate (specifically the combination of
carbamazepine, phenobarbital, and valproate with or with-
out phenytoin) is associated with an especially high risk of
teratogenicity.224 In addition, each of the present major AED
has been associated with congenital malformations when ad-
ministered alone. Meador et al.225 have recently provided data
from 333 pregnancies in women with epilepsy taking an AED
in monotherapy and enrolled in the Neurodevelopmental Ef-
fects of Antiepileptic Drugs (NEAD) study. Serious adverse
outcomes (major malformations and fetal death) were signifi-
cantly more likely to occur with exposure to valproate (20.3%),

than with carbamazepine (8.2%), phenytoin (10.7%), or la-
motrigine (1%).

The NEAD study included one second-generation AED,
lamotrigine. The North American AED Pregnancy Registry
recently reported that the risk for a major malformation after
first trimester monotherapy exposure to lamotrigine was not
increased compared with the risk for the nonexposed control
population. The risk for nonsyndromic cleft lip or palate was
increased in the babies exposed to lamotrigine,226 although this
has not been identified in other registries.227 The reason for this
incongruence is not known.

In addition to malformations, AED exposure in utero may
have an effect on neurodevelopment. An interim analysis of
the NEAD study raised concerns about the effects of in utero
exposure to valproate on neurodevelopment.228 It was found
that valproate-exposed children have low scores (mean = 85)
on the Children’s Mental Development Index (MDI), even af-
ter controlling for the mother’s IQ and seizure type. The MDI
scores were significantly lower for children exposed in utero to
valproate compared with scores of children exposed to carba-
mazepine (mean, 94), phenytoin (mean, 90), and lamotrigine
(mean, 97) monotherapy.

Several strategies can be used to reduce the potential adverse
effects of AED on pregnancy outcomes.228,229 If feasible, be-
fore conception, seizure control should be optimized using the
AED of first choice for the prospective mother’s seizure type or
epilepsy syndrome. Monotherapy at the lowest effective dose
is the goal. Maintenance of adequate folic acid stores before
conception and during fetal organogenesis is also important.
Folic acid supplementation can reduce the risk of congenital
neural tube malformations in infants at risk who are born to
women without epilepsy, but folate supplementation does not
reliably reduce the teratogenic effects of AED. Nevertheless,
supplementation of folic acid (and ensuring adequate folate
levels) is recommended. Because about half of pregnancies
are unplanned and not evident until weeks after conception,
folate supplementation should be routinely given to women of
child-bearing age with epilepsy. No study has been conducted
to determine the optimal dose of folic acid supplementation
in patients taking AED. Clinicians engage in much discussion
of this topic, but the current practices are not evidence based.
Even though this is the case, P.Z. should start taking 4 mg of
folic acid supplementation each day.

Physiologic changes in pregnant women may affect the
pharmacokinetics of AED.206 Absorption can be influenced
by nausea and vomiting. Hepatic metabolism and renal func-
tion both increase during pregnancy. The binding capacity of
albumin is decreased during pregnancy, resulting in decreased
protein binding for highly bound drugs. Unbound fractions
of phenobarbital, phenytoin, and valproate increase with de-
creased concentrations of albumin.229−231 For drugs predom-
inately metabolized by the liver with a restrictive clearance
(e.g., carbamazepine and valproate), decreased protein bind-
ing without changes in intrinsic clearance should result in a
decrease in total drug concentrations; unbound drug concentra-
tions should remain unchanged. For drugs with both increased
hepatic metabolism and decreased protein binding (e.g., phen-
ytoin and phenobarbital), both total and unbound plasma con-
centrations decrease, but not necessarily proportionately.

The clearance of lamotrigine increases as pregnancy prog-
resses, presumably related to the impact of estrogen on
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lamotrigine metabolism as mentioned above.232 This alter-
ation in clearance changes immediately postpartum. Prelim-
inary data suggest that oxcarbazepine concentrations may also
decrease as pregnancy progresses.232

The effects of changes in renal function during pregnancy on
AED concentrations are not well known.232 Renal blood flow
and glomerular filtration rate increase during pregnancy. Thus,
the pharmacokinetics of drugs that are predominately excreted
through the kidneys, such as gabapentin, levetiracetam, and
pregabalin, could change during pregnancy.

During pregnancy, serum levels of AED (including free
serum levels for highly protein-bound drugs) can be moni-
tored. Dosage adjustments may help to prevent the increase in
seizure frequency that is seen in approximately 25% of preg-
nant women with epilepsy. Because falls and anoxia associated
with uncontrolled seizures may increase the risk to the unborn
baby, P.Z. should be educated on the value of adherence to her
AED regimen.

For P.Z., it can be presumed that significant exposure of the
fetus to any teratogenic influence of AED has already occurred.
Optimization of seizure control is a primary concern for this
woman. Any major alterations in P.Z.’s AED regimen should
be made cautiously to avoid precipitating seizures. In addi-
tion, she should be instructed to contact the AED pregnancy
registry at Massachusetts General Hospital (1-888-233-2334).
Information provided to the registry will aid in the ongoing
monitoring of outcomes of babies born to mothers taking AED.
Reports from this registry have provided risk information on
two of the older AED (phenobarbital and valproate). In utero
exposure to either of these AED in monotherapy caused a sig-
nificantly increased incidence of major birth defects compared
with controls.

Vitamin K Supplementation
Babies born to women with epilepsy who are taking enzyme-
inducing AED are at risk of hemorrhage owing to decreased
vitamin K-dependent clotting factors. Although some ques-
tion the evidence, women taking carbamazepine, phenobarbi-
tal, primidone, or phenytoin should receive vitamin K 10 mg
orally every day from 36 weeks of gestation until delivery, and
babies should also receive vitamin K 1 mg IM at birth.233

Breast-Feeding
In a lactating woman who is taking medications, the risk of
drug exposure to the infant needs to be weighed against the
benefits of breast-feeding.234 All drugs transfer into milk to
some extent. The extent of protein binding of the drug is the
most important predictor of drug passage into milk.235,236 For
the AED, a large intersubject variability in the milk:plasma
ratio (M:P) is seen, presumably owing to a difference in vol-
ume and composition of the milk. Thus, the M:P ratio is not
useful for predicting infant AED exposure. Two recent reviews
on AED and breast-feeding are available.237,238 For most first-
generation AED (carbamazepine, phenytoin, valproic acid),
breast-feeding results in negligible AED plasma concentra-
tions in the infants. For the second-generation AED, breast-
feeding should be done cautiously and the infant should be
monitored for excess AED plasma concentrations and toxicity,
if possible. This information should be presented to P.Z. in an

appropriate manner. Once she delivers her baby, re-evaluation
and optimization of P.Z.’s AED therapy should occur.

STATUS EPILEPTICUS
Characteristics and Pathophysiology

41. V.S., a 22-year-old, 85-kg man, was recently diagnosed as
having idiopathic epilepsy with generalized tonic-clonic seizures.
For the past 3 months, he has been treated with 600 mg/day
of carbamazepine, which completely eliminated his seizures. His
steady-state carbamazepine serum concentration was 10 mcg/mL.
While at his parents’ home, he had two tonic-clonic seizures, each
lasting 3 to 4 minutes. On arrival at the hospital (∼30 minutes
after the first seizure began), he was noted to be only semicon-
scious. His blood pressure was 197/104 mmHg, his pulse was 124
beats/minute, respirations were 23 breaths/minute, and his body
temperature was 37.5◦C rectally. Shortly after his arrival, another
generalized tonic-clonic seizure began. How does V.S.’s current
condition meet accepted diagnostic criteria for status epilepticus?
What risks are associated with status epilepticus?

Status epilepticus (SE) exists if “recurrent seizures occur
without complete recovery of consciousness between attacks
or virtually continuous seizure activity for >30 minutes, with
or without impaired consciousness.”239 Because V.S. has had
three seizures within slightly more than 30 minutes and remains
unconscious, his present condition meets this definition. V.S. is
experiencing generalized convulsive SE; this is the most com-
mon type and it is associated with the greatest risk of physical
and neurologic damage. SE also may be characterized by non-
convulsive seizures that produce a persistent state of impaired
consciousness or by partial seizures (motor or sensory) that
may not interfere with consciousness.

Uncontrolled, convulsive SE can cause severe metabolic and
hemodynamic alterations. V.S.’s vital signs (tachycardia, ele-
vated blood pressure, increased respiratory rate, and elevated
body temperature) are typical for a patient in SE. Prolonged,
severe muscle contractions and CNS dysfunction from uncon-
trolled seizure discharges result in hyperthermia, cardiorespi-
ratory collapse, myoglobinuria, renal failure, and neurologic
damage. Neurologic damage also may occur with noncon-
vulsive SE; the neurologic sequelae of SE are related to the
excessive electrical activity and resulting alterations in brain
metabolism. When seizure activity persists longer than approx-
imately 30 minutes, failure of mechanisms that regulate cere-
bral blood flow is more likely; this failure accompanies dra-
matic increases in brain metabolism and demand for glucose
and oxygen. Failure to meet the metabolic demands of brain
tissue results in accumulation of lactate and cell death. Periph-
erally, lactate accumulates and serum glucose and electrolytes
are altered. After 30 minutes of seizure activity, the body often
fails to compensate for increased metabolic demands, and car-
diovascular collapse can occur.240,241 For these reasons, SE is
considered a medical emergency that requires immediate treat-
ment to prevent or lessen both physical and neurologic damage.
Mortality in SE may be 20% or higher239; fatal outcome is of-
ten the result of the injury or condition that precipitated SE
(e.g., cardiopulmonary arrest, stroke). Long-term neurologic
consequences of severe SE may include cognitive impairment,
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memory loss, and worsening of seizure disorders. The effect
of SE on cognitive function is not clearly established, however;
cognitive impairment may result from the neurologic disorder
underlying SE rather than from SE itself.242

General Treatment Measures and Antiepileptic
Drug Therapy

42. Describe a general treatment plan for V.S.’s episode of status
epilepticus.

The immediate therapeutic concern in V.S. is to ensure ven-
tilation and terminate current seizure activity. If possible, an
airway should be placed; however, this may not be possible
while he is convulsing. Objects (e.g., spoons, tongue blades)
should never be placed into the mouth of a seizing patient. If air-
way placement is impossible, V.S. should be positioned on his
side to allow drainage of saliva and mucus from the mouth and
prevent aspiration. An IV line should be established using nor-
mal saline, and blood should be obtained for serum chemistries
(especially glucose and electrolytes), AED serum concentra-
tions, and toxicology screens. Glucose, 25 g (50 mL of 50%
dextrose solution) by IV push should be administered to correct
any hypoglycemia, which may be responsible for SE. Glucose
administration should be preceded by IV thiamine 100 mg or
vitamin B complex to prevent Wernicke’s encephalopathy.239

Intravenous administration of rapidly effective anticonvul-
sant medication should begin as soon as possible to terminate
V.S.’s seizure activity. IM or rectal administration of medication
is not recommended in the initial treatment of this condition
unless IV access is impossible. IM medications are unlikely to
be absorbed sufficiently rapidly to achieve the CNS concentra-
tions needed to terminate status seizures.

43. Which anticonvulsants are available for IV administration?
Evaluate the available drugs and recommend a drug, dosage, and
regimen for initial treatment of status epilepticus in V.S.

Lorazepam (Ativan), diazepam (Valium), phenytoin (Di-
lantin), and fosphenytoin (Cerebyx) are the agents most com-
monly employed as IV therapy in the initial treatment of SE.243

Phenytoin and fosphenytoin are indicated for treatment of SE,
but owing to limitations on their rates of infusion, the onset
of their peak effect may be delayed. Therefore, phenytoin or
fosphenytoin are usually used following initial treatment with
lorazepam or diazepam.

Intravenous sodium valproate (Depacon) is available, but it
is not indicated for the treatment of SE. Although the manufac-
turer only recommends Depacon be administered slowly (<20
mg/minute), it has been administered safely at higher doses
and rates.244 Currently, IV valproate is indicated only for use
in patients who cannot take oral dosage forms of valproate. An
IV form of levetiracetam is now available. This drug also is in-
dicted only for patients who cannot receive oral dosage forms
of levetiracetam. Rapid IV administration of levetiracetam has
been used, however, in the treatment of SE in Europe.245 IV
phenobarbital is usually reserved for SE that does not respond
to benzodiazepines and phenytoin.

Four IV regimens for generalized convulsive SE have
been directly compared.246 The trial evaluated diazepam (0.15
mg/kg) followed by phenytoin (18 mg/kg), lorazepam (0.1

mg/kg) alone, phenobarbital (15 mg/kg) alone, and phenytoin
(18 mg/kg) alone. For initial IV treatment of overt generalized
SE, lorazepam was more effective than phenytoin alone. Lor-
azepam was as effective as the other two regimens, and it was
easier to use.

Intravenous administration of either diazepam or lorazepam
is usually effective for rapid termination of seizure activity in
SE.247 Owing to diazepam’s higher lipid solubility, it redis-
tributes from the CNS to peripheral tissues rapidly after ad-
ministration; this results in a short duration of action (<60
minutes).248 Lorazepam’s lower lipid solubility prevents rapid
redistribution and accounts for its longer duration of action.248

Lorazepam may be effective for up to 72 hours.249,250 Owing
to this longer duration, lorazepam is now the preferred benzo-
diazepine for immediate treatment of SE in many centers.239

Repeated doses of lorazepam have been associated with de-
velopment of tachyphylaxis, and lorazepam may be less ef-
fective for patients who have received chronic maintenance
doses of benzodiazepines.251,252 At adequate doses, the onset of
antiepileptic activity and efficacy of lorazepam and diazepam
are equal.247

Either 0.1 mg/kg of lorazepam at 2 mg/minute or 0.2 mg/kg
of diazepam at 5 mg/minute by IV is administered to stop
SE.239 Lorazepam may cause significant venous irritation, and
the manufacturer recommends dilution with an equal volume
of normal saline solution or water for injection before IV ad-
ministration. Doses of either lorazepam or diazepam should
be repeated after 5 to 10 minutes if seizure activity has not
stopped. The efficacy of either drug depends on rapid achieve-
ment of high serum and CNS concentrations. Although both
diazepam and lorazepam can be administered IM, this route
should not be used for treatment of SE because it is unlikely
that either drug would achieve serum concentrations neces-
sary for termination of seizure activity. This is especially true
for diazepam, which is absorbed slowly and erratically from
gluteal IM injection sites.248 Both lorazepam and diazepam are
relatively safe drugs. Their primary adverse effects are seda-
tion, hypotension, and respiratory arrest.248 These side effects
are usually short-lived and, when adequate facilities are avail-
able for assisted ventilation and administration of fluids, they
usually can be managed without major risk to the patient. Res-
piratory depression occurs most commonly in patients who
receive multiple IV medications for control of SE.

Intravenous Phenytoin and Fosphenytoin

44. V.S. was given lorazepam 8 mg IV. Seizure activity ceased
5 minutes after the injection was completed. What drug should
be administered to V.S. for prolonged control of seizures? Recom-
mend a dose, route, and method of administration.

Continued effective seizure control is important for pa-
tients who experience SE. Previously, when diazepam was
the benzodiazepine predominantly used for immediate con-
trol of SE, a long-acting AED such as phenytoin was routinely
administered at the same time to ensure continued suppres-
sion of seizure activity. Routine use of phenytoin has been
somewhat de-emphasized with increased use of lorazepam239;
lorazepam’s apparent longer duration of effect may make rou-
tine use of IV phenytoin less necessary. Nevertheless, many
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centers still use phenytoin in conjunction with both lorazepam
and diazepam.

The availability of fosphenytoin (Cerebyx) for IV admin-
istration has provided an additional option for administration
of phenytoin in the treatment of SE. Use of this phenytoin
prodrug allows more rapid administration of large IV load-
ing doses of phenytoin with less risk of injection site compli-
cations and potentially fewer cardiovascular adverse effects.
Fosphenytoin itself is inactive; the therapeutic effect results
from its conversion to phenytoin.121,122 Because fosphenytoin
is more expensive, many facilities have been reluctant to place
this product on their formularies. Pharmacoeconomic studies,
however, seem to indicate that, although it is initially more
expensive, fosphenytoin may be more economical because it
causes fewer adverse effects than phenytoin.253 Generic for-
mulations of injectable sodium phenytoin are still available;
nevertheless, when the safety profile of fosphenytoin is consid-
ered, fosphenytoin may ultimately replace parenteral sodium
phenytoin injection.

Phenytoin (administered as either sodium phenytoin injec-
tion or as sodium fosphenytoin injection) is presently con-
sidered the long-acting anticonvulsant of choice for most pa-
tients with generalized convulsive SE.243 Extensive clinical
experience with the use of IV loading doses of phenytoin has
established its efficacy and general safety. Phenytoin causes
much less sedation and respiratory depression than drugs
such as phenobarbital when it is used in conjunction with IV
benzodiazepines.239 V.S.’s maintenance carbamazepine ther-
apy produced moderate serum concentrations and was previ-
ously effective. Without obvious precipitating factors such as
head trauma, CNS infection, and drug or alcohol abuse, SE, in a
patient with a history of epilepsy, most commonly results from
poor compliance with maintenance medication. Therefore, IV
use of either phenytoin or fosphenytoin is a good choice for
re-establishing effective AED therapy for V.S.

LOADING DOSE
Whether or not V.S. has a detectable serum concentration

of carbamazepine, he should be given an IV loading dose of
either phenytoin (20 mg/kg IV at 50 mg/minute) or fosphen-
ytoin (20 mg/kg PE IV at 150 mg/minute). After administra-
tion of either of these loading doses, serum phenytoin con-
centrations should remain >10 mcg/mL for approximately 24
hours; this will allow time for determination of V.S.’s serum
carbamazepine concentration and estimation of an appropriate
maintenance dose of oral carbamazepine. In this setting, the use
of IV phenytoin or fosphenytoin is a temporary measure. V.S.’s
previous positive response to carbamazepine indicates that he
should continue to receive this drug as oral maintenance medic-
ation.

Intravenous phenytoin can be administered by direct injec-
tion into a running IV line. The rate of administration should
be no faster than 50 mg/minute to minimize the risk of hy-
potension and acute cardiac arrhythmias. Cardiovascular sta-
tus (blood pressure, electrocardiogram) should be monitored
closely during administration. Hypotension or electrocardio-
graphic abnormalities usually reverse if the administration of
phenytoin is slowed or stopped temporarily. If fosphenytoin is
administered, it can be given by either direct IV injection or,
after dilution in any suitable IV solution, by infusion at up to
150 mg PE/minute.121 Absence of propylene glycol as a dilu-

ent renders fosphenytoin potentially less likely than phenytoin
to cause cardiovascular adverse effects; however, clear docu-
mentation of this effect is lacking. Electrocardiographic and
blood pressure monitoring is recommended when this drug is
given IV. Pruritus and paresthesias, usually localized to the
face and groin, are relatively common side effects during IV
fosphenytoin administration. These sensations are not aller-
gic reactions to the medication. Their occurrence is related to
the administration rate, and they are reversible with temporary
discontinuation or slowing of the injection.121 These side ef-
fects are thought to be related to the phosphate component of
fosphenytoin.

INTRAVENOUS INFUSION

45. V.S.’s physician is reluctant to administer this dose of either
phenytoin or fosphenytoin by direct IV injection. What are the
guidelines for administration of phenytoin and fosphenytoin by
IV infusion?

Practical difficulties associated with administration of
phenytoin by direct IV push undoubtedly have contributed to
its low usage rate. In many hospitals or other facilities, direct
IV injections must be administered by a physician, and many
physicians would be unwilling to commit the 30 to 45 minutes
necessary to administer V.S.’s loading dose at a safe rate. In ad-
dition, the rate of direct IV administration is difficult to control,
and too-rapid administration resulting in cardiac toxicity is a
risk. Although fosphenytoin can be given at a faster injection
rate with a lower risk of complications, direct IV administration
of this drug still presents practical difficulties.

The compatibility of phenytoin injection with IV solu-
tions has been controversial. Phenytoin’s chemical properties
(weakly acidic with a pKa of 8 and low water solubility) re-
quire that the commercial injectable dosage form of sodium
phenytoin be dissolved in a mixture of 40% propylene gly-
col and 10% alcohol; the pH of the final product is adjusted
to approximately 12 with sodium hydroxide. Addition of the
preparation to IV fluids dilutes the drug’s solvent system and
reduces pH. A possible result would be precipitation of free
phenytoin. Several studies indicate, however, that phenytoin
can be diluted, preferably in small total volumes, with saline
solution.254,255 Despite the formation of crystals in many solu-
tions, measured phenytoin concentrations are essentially iden-
tical to those predicted. Thus, dilution of the required volume of
phenytoin injection in approximately 100 to 500 mL of 0.45%
or 0.9% saline should provide an appropriate solution for IV
administration. An in-line filter of 0.45 to 0.22 micron pore
size may be used to prevent the infusion of crystals.253 The ad-
ministration rate should be no faster than 50 mg/minute. This
method of administration is both safe and effective when the
infusion rate is monitored carefully. Burning pain at the IV
infusion site, hypotension, and cardiac arrhythmias can occur
during the infusion and appear to be related to the infusion
rate. Either slowing or temporarily stopping the infusion may
relieve these side effects.256,257 IV administration of phenytoin
is also associated with phlebitis; extravasation has resulted in
chemical cellulitis and tissue necrosis.258

Intravenous infusion of fosphenytoin is less troublesome.
Fosphenytoin is compatible with virtually all IV fluids be-
cause of its high water solubility and the lower pH required
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to maintain the drug in solution. Hypotension can occur dur-
ing fosphenytoin infusion, and cardiovascular status should
still be monitored closely. Fosphenytoin should not be infused
at a rate >150 mg PE/minute. Injection site complications and
phlebitis are significantly less likely with administration of
fosphenytoin.120

Maintenance Therapy

46. Following administration of IV phenytoin, no further
seizures occurred. The laboratory reported that serum
chemistries were all normal. The carbamazepine serum concen-
tration was 5 mcg/mL on admission. A serum phenytoin concen-
tration determined 1 hour after administration of the IV loading
dose was 24 mcg/mL. How should V.S.’s maintenance AED ther-
apy be altered?

The reduced serum concentration of carbamazepine appears
to confirm the role of nonadherence in this episode of SE.
As V.S. was previously well controlled on 600 mg/day, this
also would be a reasonable maintenance dosage at this time.
Administration of maintenance doses should be resumed as
soon as V.S. can take oral medication. V.S. should be counseled
regarding the importance of taking his medication according
to directions.

Alternative Therapies for Refractory Status Epilepticus

47. What other medications are options for treatment of SE
that does not respond to benzodiazepines or phenytoin?

Phenobarbital may be useful for treatment of SE if the pa-
tient cannot tolerate phenytoin or when seizures continue fol-
lowing administration of appropriate loading doses of phen-
ytoin. Patients who receive phenobarbital after being treated
with IV benzodiazepines should be monitored closely for res-
piratory depression because this effect may be additive. Equip-

ment and personnel to provide ventilatory assistance should be
available.239 Administration of IV phenobarbital can cause hy-
potension, which may necessitate discontinuation of the drug
or the use of pressor agents. An initial dose of 20 mg/kg given
IV at a rate no faster than 100 mg/minute is recommended.239

IM administration of phenobarbital results in slow absorption,
and this route of administration is not recommended for treat-
ment of SE.

Pentobarbital or other anesthetic barbiturates are adminis-
tered for treatment of SE that has not responded to more con-
servative measures, including phenobarbital. Significant res-
piratory depression is expected with this therapy; patients will
require intubation and mechanical ventilation. In addition, va-
sopressors, such as dopamine or dobutamine, may be required
to control hypotension. Constant EEG monitoring also is re-
quired to assess the effect of the drug.

Pentobarbital is given as a loading dose of 5 mg/kg IV and is
followed by an IV infusion of 0.5 to 3 mg/kg/hour.239 The dose
and infusion rate are adjusted to produce either a flat or a burst-
suppression EEG pattern.259 Most protocols for pentobarbital
coma recommend attempts at gradually reducing the dose of
medication after 12 to 24 hours of treatment. If clinical or
EEG seizure activity recurs, the dose is increased again to
produce continued EEG suppression. Pentobarbital coma may
be continued for several days in some patients.

Several other drugs have been used for treatment of refrac-
tory SE, but experience with these agents is somewhat limited.
Midazolam (Versed), a short-acting anesthetic benzodiazepine,
has been used by IV infusion.260–262 Valproate has been used
for treatment of refractory SE. Because no parenteral form of
this drug has been available until recently, the syrup form has
been administered either rectally or via nasogastric tube. At
present, information regarding the IV use of valproate for SE
is largely anecdotal.263 Other drugs that have been used for re-
fractory SE include lidocaine (Xylocaine), general anesthetics
(halothane or isoflurane), and propofol.243,264,265
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TRANSIENT ISCHEMIC ATTACKS
Cerebrovascular disease is a broad term encompassing many
disorders of the blood vessels of the central nervous system
(CNS). These disorders result from either inadequate blood
flow to the brain (i.e., cerebral ischemia) with subsequent in-
farction of the involved portion of the CNS or from hemor-
rhages into the parenchyma or subarachnoid space of the CNS
and subsequent neurologic dysfunction. This group of disor-
ders is the third leading cause of deaths among adults in the
United States.1

Definitions
Transient Ischemic Attack
A transient ischemic attack (TIA) describes the clinical con-
dition in which a patient experiences a temporary focal neuro-
logic deficit such as slurred speech, aphasia, weakness or paral-
ysis of a limb, or blindness. These symptoms appear rapidly
and are temporary, lasting <24 hours (usually only 2–15 min-
utes). The exact clinical presentation depends on the portion
of the cerebrovascular tree (e.g., carotid artery, vertebrobasilar
artery, or both) affected by diminished or absent blood flow.
TIAs frequently result from small clots breaking away from
larger, distant blood clots. These emboli are then dissolved
by the fibrinolytic system, allowing re-establishment of blood
flow and return of neurologic function.

Cerebral Infarction
A cerebral infarction is a permanent neurologic disorder char-
acterized by symptoms similar to a TIA. The patient with a
cerebral infarction presents with neurological deficits caused
by the death of neurons in a focal area of the brain. The
two primary causes of infarction and persistent ischemia are
atherosclerosis of cerebral blood vessels, or an embolus to cere-
bral arteries from a distant clot. Cerebral infarctions can present
in three forms: stable, improving, or progressing. A stable in-
farction describes the condition when the neurologic deficit
is permanent, will not improve, and will not deteriorate. An
improving infarction is marked by return of previously lost
neurologic function over several days or weeks. A progressing
infarction is one in which the patient’s neurologic status con-
tinues to deteriorate following the initial onset of focal deficits.

Cerebral Hemorrhage
Cerebral hemorrhage is a cerebrovascular disorder that in-
volves escape of blood from blood vessels into the brain and its
surrounding structures. The leakage of blood causes clinical
symptoms similar to those associated with a TIA or infarc-
tion. The neurologic dysfunction that is associated with TIAs
or cerebral infarction results from the lack of blood flow to a
given portion of the brain. In a cerebral hemorrhage, the initial
neurologic deficits are due to the direct irritant effects of blood
that is in direct contact with brain tissue. Primary causes of a
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cerebral hemorrhage include cerebral artery aneurysm, arteri-
ovenous malformation, hypertensive hemorrhage, and trauma.

The terms apoplexy, stroke, and paralytic stroke are com-
monly used by lay persons to describe a sudden neurologic
affliction that usually is related to the cerebral blood supply.
The term stroke is used to describe a cerebral vascular event
when neurologic deficits persist for at least 24 hours.

Epidemiology
Annually, approximately 700,000 individuals in the United
States experience a cerebral infarction, and approximately
160,000 will die as a result of the stroke.2 Of the 700,000
strokes annually, 500,000 are first-ever strokes and 200,000
are recurrent events.3 Cerebrovascular disease is the third most
common cause of death in adults and is one of the more com-
monly encountered causes of neurologic dysfunction. Never-
theless, this represents a dramatic decrease in the mortality rate
of ischemic stroke from 88.8 per 100,000 population in 1950
to 54.3 per 100,000 in 2003.There are important racial and eth-
nic differences in incidence and mortality rates for ischemic
stroke as shown in Table 55-1. The precise reasons for these
differences are unclear, but genetic, geographic, dietary, and
cultural factors have been considered.4 In addition, the inci-
dence of risk factors for stroke such as hypertension, diabetes,
and hypercholesterolemia differ between racial groups.4

In the United States, ischemic stroke is the most common
type of infarction (Fig. 55-1). Atherothrombotic disease of the
large cerebral blood vessels is responsible for the majority of
cerebral ischemic events and infarctions. Disease of penetrat-
ing arteries that are responsible for oxygenation and nutrition
of the CNS, thromboembolic causes (e.g., atrial fibrillation),
and other causes such as infection or inflammation of arteries
are also responsible for ischemic stroke.1,2

There is a strong relationship between the occurrence of
TIA and an increased risk for subsequent cerebral infarction.1

The risk of an ischemic stroke is highest in the first 30 days
after a TIA and the risk within 90 days of a TIA is 3% to 17.3%.
Additionally, nearly 25% of patients who suffer a TIA will die
within a year.1

Definite risk factors for cerebral infarction are listed in Table
55-2. A key element in the prevention of stroke is the elimi-

Table 55-1 Epidemiology of Stroke by Race or Ethnic Group

First-ever Age-adjusted
Stroke Incidence (per Death Rate (per

Ethnic/Racial Group 100,000 people) 100,000 people)

Overall 208 54.3
Black Men 323 78.8
Black Women 260 69.1
White Men 167 51.9
White Women 138 50.5
Hispanic Men 44.3
Hispanic Women 38.6
Asian Men 50.8
Asian Women 45.4
Native American Men 37.1
Native American Women 38

Adapted from references 129, 130, 131.
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nation or modification of risk factors.5,6 The control of risk
factors is of primary importance in managing a patient with a
TIA or cerebral infarction.

Hemorrhage into the brain accounts for 12% of all strokes
in North America. Hypertensive hemorrhage is the most com-
mon cause of intracerebral hemorrhages (ICHs), with 46% of
ICHs resulting from hypertension.7 Subarachnoid hemorrhage
is the second most common cause of hemorrhagic stroke and
has a mortality rate of approximately 50%. Patients with sub-
arachnoid hemorrhage are usually 20 to 70 years old, and the
majority of survivors suffer permanent neurologic deficits. A
less common cause of ICH is an arteriovenous malformation
(AVM), which is a clump of arteries and veins that are in-
tertwined, resulting in weakened blood vessel walls. AVMs
usually result from a congenital defect or trauma.

Pathophysiology
Thrombotic Events
The neurologic sequelae of cerebral ischemia or infarction di-
rectly result from an embolic or thrombotic source. A clot may
form in the heart, along the wall of a major blood vessel (e.g.,
aorta, carotid, or basilar artery), or in small arteries penetrating
deep into the brain. If the clot is located near the infarction,
it is considered to be a thrombus; however, when the clot has
migrated to the brain from a distant source, it is considered
an embolus. Either can diminish or block blood flow to the
affected area of the brain.
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Table 55-2 Risk Factors for Ischemic Stroke

Modifiable
Potentially Modifiable Nonmodifiable

Cardiovascular disease (coronary heart disease, Metabolic syndrome Age (doubling each 10 years over
heart failure, peripheral arterial disease) Alcohol abuse (≥5 drinks daily) age 55)

Hypertension Hyperhomocysteinemia Race (blacks>Hispanics>whites)
Cigarette smoking Drug abuse (e.g., cocaine, amphetamine, Sex (men>women)
Diabetes methamphetamine) Low birth weight (<2,500 g)
Asymptomatic carotid stenosis Hypercoagulability (e.g., anticardiolipin, Factor V Leiden, Family history of stroke
Atrial fibrillation protein C deficiency, protein S deficiency, antithrombin (paternal>maternal)
Sickle cell disease III deficiency)
Dyslipidemia (high total cholesterol, low HDL) Oral contraceptive use (women 25–44 years old)
Dietary factors (sodium intake <2,300 mg/day; Inflammatory processes (e.g., periodontal disease,

potassium intake <4,700 mg/day) Cytomegalovirus, Helicobacter pylori seropositive)
Obesity Acute infection (e.g., respiratory infection, urinary tract
Physical inactivity infection)
Postmenopausal hormone therapy (women CD 40 ligand >3.71 ng/mL in women free of

50–74 years old) cardiovascular disease
IL-18 upper tertile
hs-CRP >3 mg/L in women 45 years or older
Migraine headaches
High Lp(a)
High Lp-PLA2

Sleep-disordered breathing

Adapted from reference 5.

Clots, both embolic and thrombotic, affecting the cerebral
vasculature are typically arterial in origin and are formed
primarily by fibrin. Tissue injury or turbulent blood flow
causes the release of adenosine diphosphate (ADP), throm-
bin, epinephrine, and a variety of other substances to stimu-
late platelet migration. Exposure of collagen and other suben-
dothelial surfaces of the blood vessel wall cause adhesion of
platelets to the damaged vessel wall. As platelets adhere and
aggregate, phospholipase is activated, leading to the splitting of
arachidonic acid from platelet membrane phospholipid. This
begins a cascade of events ultimately ending in the forma-
tion of thromboxane A2 (TXA2) and prostacyclin. Prostacy-
clin inhibits platelet aggregation and is a powerful vasodilator,
whereas TXA2 is a potent inducer of platelet release and aggre-
gation. Prostacyclin is formed in and released from arterial and
venous walls. TXA2 is formed in and released from platelets.
The delicate balance between the actions of these two com-
pounds controls thrombogenesis. When a clot is formed, it can
either embolize to the cerebral vasculature or occlude a cere-
bral artery.

Inflammatory mechanisms also contribute to the develop-
ment of ischemia, especially thrombotic lesions. Substances
like C-reactive protein, a mediator of inflammation, are ele-
vated in patients with an acute stroke. Inflammation is thought
to enhance the development of thrombotic lesions and result
in sudden, intermittent occlusion of blood vessels.

Cerebral blood flow in the normal adult brain is 30 to 70 mL/
100 g/minute. When a thrombotic or embolic clot partially
occludes a cerebral artery, causing a reduction in blood flow
to <20 mL/100 g/minute, various compensatory mechanisms
are activated. These include vasodilation and increased oxygen
extraction. If the artery is further occluded and cerebral blood

flow is reduced to <12 mL/100 g/minute, the affected neurons
become sufficiently anoxic to die within minutes (Fig. 55-2).8

Rapid re-establishment of blood flow to the ischemic area can
delay, prevent, or limit the onset of infarction, improving the
outcome of the acute stroke.

Ischemia in the brain usually involves a core or focal region
of profound ischemia that results in neuronal death. The ex-
tent of this region is dependent on the amount of brain that is
perfused directly by the blood vessel that becomes occluded.
There is a surrounding area of brain that becomes marginally
ischemic with normal function being disrupted. This region of
marginal ischemia is frequently called the ischemic penumbra.
If ischemia continues, neurons in this region will die. However,
if normal blood flow is restored quickly, neurons in this area
will survive.

ANOXIA
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FIGURE 55-2 Physiologic effects of cerebral anoxia.
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FIGURE 55-3 The effects of membrane depolarization.

When neurons become ischemic, excitatory neurotransmit-
ters are released, causing neurons to rapidly and repeatedly
discharge. This compromises the survival of damaged neu-
rons around the area of infarction. Increased neuronal activ-
ity results in extreme metabolic demands, disrupts neuronal
homeostasis, and synergistically increases the effects of hy-
poxia. Especially vulnerable to ischemic effects are neurons
in the middle layers of the cerebral cortex; portions of the
hippocampus (CA-1 and subiculum regions), a structure run-
ning parallel to the parahippocampal gyrus; and Purkinje cells
in the cerebellum.9 There is also a rapid intracellular influx
of calcium. Both voltage-dependent and chemical-dependent
calcium channels are unable to act as a gate to prevent the move-
ment of calcium, due to depletion of cellular energy sources.
Intracellular stores of calcium ions also are disrupted, causing
release of calcium into the cytoplasm. Increased concentration
of calcium ions enhances phospholipase and protease activity
and increased reactive metabolites, such as –O2, –OH, and ni-
tric oxide (Fig. 55-3). This eventually causes neuronal death.8,9

In addition, lipolysis of cell membranes occurs in the presence
of an accumulation of neurotoxic free radicals.

Immediate therapeutic intervention is needed to limit and
prevent permanent neurologic damage from these rapidly oc-
curring events.

Embolic Events
The pathophysiology of infarction of brain tissue and neuronal
death is similar for both embolic and thrombotic events. How-
ever, rather than forming locally in the vasculature of the brain,
embolic events result from clots that are formed in distant parts
of the body. Portions of these clots may break away and travel
through the blood to the brain. When they become lodged in the
cerebral vasculature, blood flow will be partially or totally oc-
cluded. This occlusion initiates the cascade of ischemic events
in the brain and neurons. Disorders like atrial fibrillation, mitral
or aortic valve disease, patent foramen ovale, or coagulopathies
are associated with formation of clots that may embolize to the
brain.

Intracerebral Hemorrhage
Cerebral aneurysms, AVMs, hypertension, and adverse drug
reactions are the primary causes of ICH. One type of ICH,

subarachnoid hemorrhage, can result from weakened blood
vessel walls (i.e., aneurysms) caused by congenital defects,
trauma, infection, and hypertension. Blood slowly leaks from
the involved vessel or the aneurysm may rupture suddenly. In
this type of hemorrhage, blood typically is released into the
subarachnoid space and, depending on the severity of the hem-
orrhage, into the ventricles of the brain. Direct contact of blood
with brain tissue irritates and damages brain cells. Rebleeding,
hydrocephalus, and delayed cerebral ischemia frequently oc-
cur after the aneurysm ruptures, further worsening the patient’s
neurologic function.

AVMs due to congenital causes or traumatic injury, and
uncontrolled hypertension also can cause devastating intrac-
erebral bleeding. In these patients, blood is usually released
directly into the brain parenchyma. In more severe cases blood
is released into the surrounding brain structures. ICHs can be
the result of adverse reactions to drugs, such as anticoagulants,
thrombolytics, and sympathomimetics.

General Treatment Principles
Rapid recognition of stroke symptoms and immediate initia-
tion of treatment are essential to the management of ischemic
or hemorrhagic stroke. Appropriate pharmacotherapy of cere-
brovascular disease requires a precise diagnosis. It is vital to
differentiate between an ischemic stroke and a hemorrhagic
stroke, because an inaccurate diagnosis can lead to the use
of drugs that may cause severe morbidity or mortality. Inter-
ventions to prevent and treat ischemic strokes are directed at
reducing risk factors, eliminating or modifying the underly-
ing pathologic process, reducing secondary brain damage, and
rehabilitation.

Treatments for ischemic stroke and hemorrhagic stroke
vary. In ischemic stroke, treatment involves acute management,
chronic management of the effects of the stroke, and preven-
tion of further events. In acute management, the only effective
treatment is the use of tPA in combination with supportive mea-
sures. Chronic management of the effects of a stroke focus pri-
marily on treating depression, spasticity, possible neurogenic
bowel or bladder, and self-care issues. Antiplatelet agents, es-
pecially, aspirin, clopidogrel, and aspirin/dipyridamole combi-
nation, form the cornerstone of prevention.
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In hemorrhagic stroke, the emphasis of treatment is on sup-
portive therapy to maximize neurological function, prevention
of further hemorrhagic events, and management of compli-
cations. This involves wise management of blood pressure,
pulmonary function, fluid and electrolytes, and elimination of
drugs that inhibit coagulation. There are no proven direct ther-
apies for hemorrhagic events.

PRIMARY PREVENTION
Lifestyle Modification

1. R.B. is a 60-year-old, 5 feet 6 inches tall, 85-kg woman
who is concerned about having a stroke. Her father died from
a stroke and her 85-year-old mother has had several episodes di-
agnosed as TIA. R.B.’s blood pressure is 140–150/90–100 mmHg,
and she was recently diagnosed with diabetes mellitus. She does
not have a history of TIA or stroke. Additionally, she smoked for
25 years, but has not used tobacco for the past 10 years. Her cur-
rent medications include lisinopril, metformin, conjugated estro-
gen/medroxyprogesterone, and acetaminophen. She approaches
her pharmacist because of concerns about having a stroke and
being “like her parents.” What are the first things she can do to
limit her risk of stroke?

Any plan for primary prevention (i.e., orevebtuib if a first
event) of TIA or stroke must address the control or reduction
of risk factors (Table 55-3).

For R.B., hypertension is a risk factor that requires im-
mediate attention. Nearly 70% of strokes result from hyper-
tension and blood pressure control is vital for stroke pre-
vention. Both systolic and diastolic hypertension increases
the risk of stroke.10,11 Adequate control of her blood pres-
sure should reduce R.B.’s risk of stroke by 35% to 44%.12

Based upon JNC 7 guidelines, R.B.’s blood pressure goal
should be <130/80 mmHg due to the additional risk factor
of diabetes.13 Because she is already receiving lisinopril and
her blood pressure is poorly controlled, it is likely that com-
bination therapy is needed. Addition of hydrochlorthiazide 25
mg/day is advisable.5

Diabetes is another important risk factor for stroke. In older
women, diabetes is a more significant risk factor for stroke
than for men.14 There is controversy regarding the intensity
of glucose control that optimally reduces stroke risk. Clearly,
good control of diabetes results in better control of hyper-
tension and other risk factors for stroke.15 Additionally, use
of oral hypoglycemics may reduce the risk of stroke through
mechanisms other than glycemic control. However, strict con-
trol of blood glucose did not reduce the risk of stroke over
9 years in one study.15 There is evidence that angiotensin con-
verting enzyme inhibitors (ACEI) and angiotensin receptor
blockers (ARB) reduce the risk of stroke in diabetics, with
or without hypertension.16,17 For diabetic patients with at least
one additional risk factor for cardiovascular disease, taking
a HMG-CoA reductase inhibitor appears to reduce the risk
of stroke by approximately 24% even in the absence of hyper-
cholesterolemia.18,19 For RB, she should maintain tight control
of her diabetes, continue her lisinopril, and start a HMG-CoA
reductase inhibitor, such as simvastatin or atorvastatin.

The body mass index (BMI) for R.B. is 30.2, placing her in
the obese category. Multiple large studies have demonstrated
a direct relationship between increased body weight and an in-
creased risk of stroke.20,21 There are no data available to estab-
lish the precise effect of weight reduction on reducing the risk
of stroke. Data are available to show that an average weight
reduction of 5.1 kg results in a reduction in systolic blood
pressure of 4.4 mmHg and a reduction in diastolic pressure of
3.6 mmHg.22 In addition to weight loss, a proper diet and ex-
ercise are important for controlling risk factors. A diet high in
sodium is associated with an increased risk in stroke, whereas a
diet high in potassium appears to reduce the risk of stroke.23,24

Current recommendations for diet are for sodium intake of
≤2.3 g/day and potassium intake of ≥4.7 g/day.5 Several stud-
ies have shown an inverse relationship between physical ac-
tivity and risk of stroke.25,26 At least 30 minutes of moderate
intensity exercise daily is recommended.5 Based upon these
data, R,B. should initiate a weight reduction program that in-
cludes a low-sodium and high-potassium diet with an exercise
program.

Table 55-3 Primary Prevention of Ischemic Stroke

Factor Goal Recommendation

Hypertension Blood Pressure <140/90 mmHg; with diabetes
<130/80

Follow JNC 7 guidelines; after lifestyle modification
thiazide-type diuretic, angiotensin converting
enzyme inhibitor, or angiotensin receptor blocker

Atrial fibrillation When warfarin is used INR 2–3 Aspirin 75–325 mg/day or warfarin as determined by
the use of the CHADS2 score

Dyslipidemia National Cholesterol Education Program III goals Lifestyle modification, HMG CoA reductase inhibitor
Women (>65 years, history of

hypertension, hyperlipidemia, diabetes,
or 10-year cardiovascular risk ≥10%)

Reduce risk without bleeding complications Aspirin 75–325 mg/day; use the lowest possible dose

Cigarette smoke Elimination of cigarette smoke Smoking cessation; avoidance of environmental
tobacco smoke

Physical inactivity ≥30 minutes daily of moderate intensity activity Establish exercise program of aerobic activity
Excessive alcohol intake Moderation ≤2 drinks/day for men or ≤1 drink/day for

nonpregnant women
Diet and nutrition ≤2.3 g/day of sodium; ≥4.7 g/day of potassium Institute a diet that is high in fruits and vegetables

and low in saturated fats
Elevated lipoprotein(a) Reduction of lipoprotein(a) by ≥25% Niacin 2,000 mg/day as tolerated

Adapted from reference 5.
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Cigarette smoking is an independent risk factor for stroke
and potentiates other risk factors. In addition to active smoking,
passive inhalation of cigarette smoke also appears to be a risk
factor for stroke.27 Smoking cessation does result in a rapid
reduction in the risk of stroke, but the risk never returns to levels
seen in individuals who have never smoked.28 R.B. should be
encouraged to avoid passive smoke and to continue avoiding
the use of tobacco.

Previously, treatment guidelines suggested that hormone re-
placement therapy was at least neutral in its effects on the risk
of stroke and perhaps beneficial. However, three subsequent
studies have specifically investigated the effect of hormone re-
placement on stroke risk. The Women’s Estrogen for Stroke
Trial (WEST) investigated the effect of hormonal therapy on
the secondary prevention of stroke.29 In the first 6 months of
the study, those randomized to receive estradiol had a signif-
icantly higher risk of recurrent stroke and were less likely to
recover if they had a stroke. A second study, the Heart and
Estrogen/Progesterone Replacement Study (HERS) evaluated
the effect of hormone therapy on the secondary prevention of
MI in postmenopausal women.30 In a posthoc analysis, hor-
mone replacement therapy had no effect on stroke risk.31 The
Women’s Health Initiative (WHI) study specifically evaluated
the effect of conjugated estrogens and medroxyprogesterone on
primary prevention of cardiovascular events, including stroke,
in women who were postmenopausal.32 The study was termi-
nated early due to a significant increase in stroke rates and other
cardiovascular events in women receiving hormone replace-
ment therapy. Similar findings were seen in a parallel group
of women who were surgically postmenopausal.33 Based upon
results from these studies, R,B. should discontinue the con-
jugated estrogen/medroxyprogesterone product, unless she is
taking this medication for a specific reason other than con-
trol of menopausal symptoms or prevention of cardiovascular
events.

Pharmacotherapy Primary Prevention

2. Are there specific pharmacotherapeutic treatments to re-
duce the risk of stroke for R.B.?

Aspirin has been carefully investigated for primary pro-
phylaxis of stroke. Although aspirin is recommended in the
primary prevention of coronary heart disease, it is not gen-
erally recommended for the primary prevention of stroke. In
a study of 22,071 male physicians who took 325 mg of as-
pirin or placebo every other day for 5 years, there was not a
reduced incidence of stroke.34 This group of individuals who
had no previous history of cerebrovascular disease experienced
217 strokes, 119 in the aspirin group and 98 in the placebo
group. In addition, there was an increased risk of cerebrovascu-
lar events due to hemorrhage in the aspirin group. Chen et al. re-
ported a meta-analysis of 40,000 patients randomly assigned to
aspirin and found a reduction from 47% to 45.8% in death and
disability due to stroke.35 Another study considered the role
of aspirin for primary stroke prevention in women.36 Women
who took one to six aspirin per week had a slightly reduced
risk of stroke and a lower risk of large-artery occlusive dis-
ease (relative risk, 59%; 95% confidence level (CI), 0.29–0.85,
p = 0.01). An increased risk of stroke was seen in women who
took >7 aspirin weekly and an excess risk of subarachnoid

hemorrhage was seen for those taking >15 aspirin a week.
The Women’s Health Study also investigated the use of 100 mg/
day in asymptomatic women and followed them for 10 years,
monitoring for nonfatal cardiovascular events including
stroke.37 In this study there was a 17% reduction in the risk for
all strokes and a 24% reduction in the risk for ischemic stroke,
while there was a nonsignificant increase in the risk for hemor-
rhage. Women 65 years of age and older at entry into the trial
showed the most consistent risk reduction, but hemorrhagic
strokes negated some of the benefit. Additionally, women with
a history of hypertension, hyperlipidemia, or diabetes, or a 10-
year cardiovascular risk of ≥10% had the most benefit. Thus,
aspirin should only be considered in women who are 65 years
or older, or have other important risk factors for stroke. There
are very limited data currently available regarding the use of
other antiplatelet drugs for primary prevention of stroke.

Although oral anticoagulants are not generally considered
safe for primary prevention of stroke, a major exception is pa-
tients with atrial fibrillation. These individuals are at risk for
an embolic event arising from clot formation in the atrium of
the heart. Numerous studies have clearly shown that warfarin
prevents embolic cerebrovascular events for patients with non-
valvular atrial fibrillation.38−42 In these studies, the warfarin
dose was adjusted to maintain an INR of 1.5 to 4.5. The Stroke
Prevention in Atrial Fibrillation (SPAF) trial included aspirin
combined with warfarin in one study arm and indicated that
some benefit may be derived by combining antiplatelet agents
with anticoagulants.38 A follow-up study was performed and
showed no difference between warfarin and aspirin in prevent-
ing stroke in atrial fibrillation.42 Aspirin can be used as an
alternative to warfarin in patients with atrial fibrillation, based
upon the CHADS2 score (Table 55-4).5,43,44 Additionally, war-
farin may be used in primary prevention of embolic stroke due
to a patent foramen ovale.

For R.B., primary prevention of stroke with aspirin 81 mg/
day can be considered due to her history of hypertension and
diabetes.

SECONDAY PREVENTION AND TRANSIENT
ISCHEMIC ATTACKS
Clinical Presentation

3. J.S., a 55-year-old, 5 feet 11 inches tall, 120-kg man, ex-
perienced a rapidly progressive paralysis of his right arm and
slurred speech yesterday. These symptoms lasted for 15 to 20 min-
utes and resolved rapidly. His neurologic examination is entirely

Table 55-4 CHADS2 Score: Primary Stroke Prevention in
Atrial Fibrillation

Add points for the following items. If score is <2, aspirin can be
considered. If score is ≥2, then warfarin is recommended.

Congestive heart failure = 1 point
Hypertension = 1 point
Age >75 years = 1 point
Diabetes mellitus = 1 point
Prior stroke or TIA = 2 points

Adapted from references 43 and 44.
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normal, and he denies any feeling of weakness. He smokes two
packs of cigarettes daily and drinks three to six cans of beer each
evening. His physical examination is entirely normal except for a
left carotid bruit, which was first noted 2 years ago. His blood pres-
sure (BP) is 165/100 mmHg, and he has a long history of hyperten-
sion. His hemoglobin (Hgb) is 16.5 g/dL (normal, 12–16 g/dL), his
hematocrit (Hct) is 51% (normal, 42%–52%), and his total serum
cholesterol concentration is 275 mg/dL (normal, <200 mg/dL). A
Doppler examination of his carotid arteries shows a 90% stenosis
on the left and a 40% stenosis on the right. What subjective and
objective data in J.S.’s history are consistent with a TIA?

[SI units: Hgb, 165 g/L (normal, 120–160); Hct, 0.51 (normal, 0.42–0.52);

cholesterol, 7.11 mmol/L]

A TIA can present with any type of neurologic symptoms.
The presentation is determined entirely by the location of the
involved arteries and the portion of the brain that they supply.
For example, if the affected artery provides circulation to the
motor area in the left hemisphere of the brain, the expected re-
sult would be impairment of muscle strength on the right side
of the body. Symptoms of TIA may include paresis or paraly-
sis of one or more limbs, paraesthesia, slurred speech, blurred
vision, blindness (amaurosis fugax), facial droop, dizziness,
or difficulty in swallowing (Table 55-5). Patients rarely lose
consciousness. Symptoms always resolve within 24 hours, and
there is no residual clinical focal neurologic deficit. Most of-
ten, the neurologic deficits last for only 2 to 15 minutes, and
neurologic function rapidly returns to normal. However, with
newer imaging techniques small areas of permanent ischemic
damage may be seen, even in the absence of neurologic deficits.

J.S.’s rapid onset of right arm paralysis and slurred speech
suggest involvement of the left cerebral cortex. The 15- to 20-
minute duration of these symptoms and the entirely normal
neurologic examination on the day after these symptoms also
are compatible with a TIA. The left carotid bruit heard on
physical examination suggests a left-sided process.

Right-sided neurologic deficits generally suggest left-sided
cerebral dysfunction because motor and sensory neuronal
tracts cross over in the midbrain. Thus, the left hemisphere
of the cerebral cortex controls the right or contralateral side
of the body. CNS lesions occurring below the midbrain will
cause ipsilateral neurologic deficits. Therefore, J.S.’s right arm
paralysis suggests a left-sided cerebral lesion above the mid-
brain.

Table 55-5 Symptoms Associated With Transient Ischemic
Attacks

Symptom Right Carotid Left Carotid Vertebrobasilar

Aphasia Possible Yes No
Ataxia No No Yes
Blindness Right Left Right or left side
Clumsiness Yes Yes Yes
Diplopia No No Yes
Dysarthria Yes Yes No
Paralysis Left side Right side Any limb
Paresthesia Left side Right side Any limb
Vertigo No No Yes

Risk Factors

4. How can another TIA be prevented?

As with primary prevention, the initial interventions for sec-
ondary prevention of stroke are reduction of the risk factors.
J.S. has several risk factors for TIA and ischemic stroke (Ta-
ble 55-2): a smoking history, excessive alcohol consumption,
obesity, older age, male gender, hypercholesterolemia, and hy-
pertension. He should be instructed and counseled to change
his lifestyle by discontinuing his smoking, limiting his alcohol
consumption, reducing his weight, and increasing his phys-
ical exercise. Hypoxia and hypercarbia induced by cigarette
smoking may have caused his increased hematocrit, and his
high serum cholesterol and obesity suggest the need for di-
etary changes. The goal of a weight control program should
be for his body mass index (BMI) to be 18.5–24.9 kg/m2, and
a waist circumference of <40 inches.6 A smoking cessation
program, substance abuse program, and consultation with a
dietitian should be useful in reducing his risk factors. Addi-
tionally, steps should be taken to ensure at least 30 minutes
of moderate intensity physical activity for 5 to 7 days of the
week.6

The goals of antihypertensive therapy should be individ-
ualized. A mean blood pressure reduction of approximately
10/5 mmHg has been associated with risk reduction for stroke.6

Further reductions may be useful, but in managing his blood
pressure all reductions should be gradual. A sudden or dramatic
decrease in blood pressure could compromise cerebral perfu-
sion and result in a decreased level of consciousness or cere-
bral infarction. The degree of his carotid artery stenosis will
contribute to the problem of decreased perfusion if the blood
pressure is decreased rapidly. A mild degree of hypertension
may be temporarily acceptable because of the extent of carotid
stenosis. Data are lacking to indicate an optimal treatment reg-
imen, and pharmacotherapy plans should be individualized to
the patient. The use of a diuretic or a diuretic combined with an
angiotensin converting enzyme inhibitor (ACEI) is supported
by available literature.6 Initiation of hydrochlorothiazide at a
dosage of 12.5 mg/day or a combination of hydrochlorothiazide
with an ACEI should be considered.

Reduction of serum cholesterol is important for J.S. The
first step in managing his cholesterol is to institute lifestyle
and dietary modifications. Several placebo controlled studies
have shown that HMG-CoA reductase inhibitors significantly
reduce the risk of stroke and TIA.45–49 For example, individu-
als with coronary disease who received pravastatin had a 20%
to 40% reduction in the risk of stroke. A study of atorvastatin
showed similar risk reductions.50 These findings are reinforced
by two meta-analyses that reported a 25% to 32% reduction in
the risk of stroke.51,52 It is known that HMG-CoA reductase in-
hibitors have anti-inflammatory activity that may influence the
development of atherosclerotic plaques and cerebral ischemic
processes.53−55 Because of these effects of HMG-CoA reduc-
tase inhibitors, these drugs should be started following a TIA
or stroke even in patients who do not have dyslipidema.56 Tar-
gets for managing cholesterol in patients with atherosclerotic
disease are a LDL-C of <100 mg/dL or, in extremely high
risk patients, a LDL-C of <70 mg/dL.6 Niacin or gemfibrozil
can be considered for patients with low HDL-C concentrations.
Based on these data, J.S. should receive a HMG-CoA reductase
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inhibitor. The benefits of HMG-CoA reductase inhibitors ap-
pear to be a class effect, so selection of a specific agent should
be based on the individual characteristics of the patient.

Treatment
Goals of Therapy

5. What are the initial and long-term goals in treating J.S.?

The immediate goal is to re-establish adequate blood flow
in his diseased cerebral vessels. Longer-range objectives are to
prevent reocclusion, decrease the risk of future symptomatic
TIAs, and ultimately, prevent a cerebral infarction.57

Surgical Interventions

6. What nonpharmacologic interventions might be available
to prevent another TIA? What would be the best choice for J.S.?

Various surgical interventions are available to prevent TIA
or infarction. These are designed to either remove the source
for an embolism or improve circulation to ischemic areas of
the brain.

CAROTID ENDARTERECTOMY
Carotid endarterectomy (CEA) is a common surgical proce-

dure for correcting atheromatous lesions responsible for caus-
ing a TIA. In this procedure, the carotid artery is surgically
exposed, and the atheromatous plaque is excised. Balloon an-
gioplasty and placement of stents also can improve blood flow
through a stenosed artery. During this procedure, a catheter
with a small, deflated balloon is placed in the stenosed artery
and the atherosclerotic lesion is pressed into the arterial wall
when the balloon is inflated. A small, plastic tube stent is placed
in the artery to prevent the vessel from collapsing at the site of
the lesion.

CEA is most effective for patients with an ulcerated lesion or
stenotic clot that occludes >70% of blood flow in the ipsilateral
carotid artery and who experience symptoms of a TIA or stroke.
Use of CEA in these patients may result in a 60% reduction
in stroke risk over the subsequent 2 years.58 Of six to eight
patients treated with CEA, one stroke will be prevented within
2 years.59 The use of CEA in other patient groups must be
balanced with the risk of the procedure and life expectancy.60

CEA is beneficial in patients with 50% to 69% stenosis of
the carotid artery.6 Surgery should be done within 2 weeks
of a TIA or stroke. In other patients, the benefits of CEA are
questionable. Generally, CEA is not indicated in patients who
have permanent neurologic deficits or total occlusion of the
carotid artery.58 CEA should be done by a surgeon with <6%
morbidity and mortality rates.6

Carotid artery angioplasty and stenting (CAS) is another
alternative. The initial study of this procedure was halted due
to poor outcomes.61 Subsequently, two studies have shown that
CAS is not inferior to CEA, but further study is underway to
determine if CAS is more beneficial than CEA.62,63 CAS can
be used in patients who are not candidates for CEA.

J.S. should undergo CEA for his left carotid lesion as soon
as possible. The lesion on the right should be monitored closely
for continued progression. If further TIAs occur or the right

carotid stenosis is >60%, he should have a CEA performed on
the right carotid artery.

Drug Therapy
ASPIRIN

7. What role does aspirin have in preventing the occurrence of
ischemic stroke in patients who have experienced a TIA?

Because platelets play a key role in the formation of athero-
matous clots (see Fig. 55-4), various antiplatelet drugs, such as
aspirin, sulfinpyrazone, dipyridamole, ticlopidine, and clopi-
dogrel have been tried to prevent ischemic strokes. These
agents generally work by either preventing the formation of
TXA2 or increasing the concentration of prostacyclin. These
actions seek to re-establish the proper balance between these
two substances, thus preventing the adhesion and aggregation
of platelets (Table 55-6).

Aspirin has been the most widely tested agent for use in
preventing TIA and ischemic stroke. It acts primarily by ir-
reversibly inactivating platelet cyclooxygenase.64 Inactivation
of cyclooxygenase decreases platelet aggregation, prevents re-
lease of vasoactive substances, and prolongs the bleeding time.
Because binding of cyclooxygenase by the acetyl component
of acetylsalicylic acid ([ASA] aspirin) is irreversible and the
platelet cannot synthesize new protein, platelet function is al-
tered for the duration of the platelet’s life, usually 5 to 7 days.
Aspirin’s ability to prevent clot formation and subsequent em-
bolic or thrombotic events also can be attributed to an inhibition
of TXA2-mediated vasoconstriction, activation of fibrinolysis,
inhibition of synthesis of vitamin K–dependent clotting fac-
tors, and inhibition of lipoxygenase pathways.

In addition to its action on platelet cyclooxygenase, high
concentrations of aspirin also inhibit prostacyclin synthesis
in the walls of blood vessels. Because prostacyclin inhibits
platelet aggregation, depletion of prostacyclin could result in
an undesirable increase in aggregation of platelets. However,
depletion of prostacyclin is not prolonged because the vascu-
lar endothelium is able to synthesize new enzymes. Higher
dosages of aspirin (1.3 g/day) also may decrease vascular plas-
minogen activator, thereby enhancing thrombus formation.65

Therefore, aspirin should be dosed carefully.
At least 15 randomized trials, with 7 being placebo-

controlled, have studied aspirin alone or in combination
with other antiplatelet drugs in the prevention of vascular
events.36,66−70 Patients were enrolled in these studies for as
long as 5 years after experiencing a vascular event (i.e., TIA,
stroke, unstable angina, or myocardial infarction). Follow-up
periods lasted from 1 to 6 years. The incidence of ischemic
stroke or TIA ranged from 7% to 23%: the aspirin-treated pa-
tients experienced an average 22% decrease in relative risk of
a stroke compared with those receiving placebo. In 10 trials
that considered only TIA or stroke patients, there was a 24%
relative risk reduction in the incidence of nonfatal stroke asso-
ciated with the use of aspirin.

In initial studies of aspirin in stroke prevention, the positive
effects were seen primarily in men. However, the European
Stroke Prevention Study and a French study included an equal
balance of men and women.66,71 In both studies, the risk re-
duction rate was equal for men and women, indicating that the
benefit of aspirin in stroke prevention extends to both sexes.
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FIGURE 55-4 Arachidonic acid cascade and platelet plug formation.

Aspirin also has been used for prevention of restenosis fol-
lowing CEA. Over the first year after CEA, 25% of patients
will redevelop a stenotic lesion, with more than half of these
causing a >50% reduction in carotid blood flow.72 Stent place-
ment is useful in preventing restenosis. Initial studies indicated
that combination therapy with aspirin 325 mg/day and dipyri-

damole 75 mg TID would decrease the rate of restenosis. How-
ever, a subsequent randomized, placebo-controlled study using
this regimen in post-CEA patients did not substantiate the ear-
lier findings.73 A combination of clopidogrel with aspirin has
been shown to reduce postoperative ischemic events.74 Stents
impregnated with anticoagulants are being evaluated.
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Table 55-6 Drugs for Preventing Transient Ischemic Attacks and Ischemic Stroke

Drug Action Dose Adverse Effects

Aspirin Antiplatelet 50–1,300 mg/day Diarrhea, gastric ulcer, GI upset
Dipyridamole Antiplatelet (use in combination with aspirin) 200 mg sustained release twice daily GI upset
Ticlopidine Antiplatelet 500 mg/day Diarrhea, neutropenia, rash
Clopidogrel Antiplatelet 75 mg/day Thrombocytopenia, neutropenia
Warfarin Anticoagulant Titrate to INR 2–3 Bleeding, bruising, petechiae

GI, gastrointestinal; INR, international normalized ratio.

8. What dosage of aspirin should be used for J.S.?

Dosages of aspirin used in clinical trials have ranged from
30 to 1,500 mg/day. In a meta-analysis of placebo-controlled
studies comparing 900 to 1,500 mg/day of aspirin with similar
studies of 300 to 325 mg/day, there was a 23% reduction in
the risk of cerebrovascular events for patients receiving 900
to 1,500 mg/day and a 24% reduction in risk for patients re-
ceiving 300 to 325 mg/day.68 More direct studies of aspirin
dosing have been attempted and have produced conflicting
results. A Dutch trial in 3,131 patients showed a 14.7% fre-
quency of nonfatal stroke or nonfatal myocardial infarction in
patients receiving 30 mg of aspirin a day and a 15.2% fre-
quency in patients receiving 283 mg of aspirin a day, a non-
significant difference between these two doses.75 The Swedish
Aspirin Low-Dose Trial (SALT) showed an 18% reduction in
stroke in patients taking 75 mg of aspirin daily compared with
placebo.76 Helgason et al. compared the effects of 325, 650,
975, and 1,300 mg of aspirin a day in stroke patients.77 Platelet
aggregation studies were performed to determine the effects of
aspirin. Complete suppression of aggregation at a daily dose
of 325 mg was achieved in 85 of 107 patients. An additional
five patients responded at 650 mg/day, and only one more
responded at 975 mg/day. There was no further response at
1,300 mg.

A meta-analysis of all published trials of antiplatelet agents
did show that aspirin doses of 75 to 325 mg/day were effec-
tive in preventing stroke.78 These findings are corroborated by
another meta-analysis showing that aspirin of 50 to 1,500 mg/
day produced similar risk reductions of 15%.79 As aspirin doses
increase, so does the risk of gastrointestinal bleeding.80

The recommended dose for aspirin is 50 to 975 mg/day.
The goal is to use the lowest effective aspirin dosage thereby
limiting the risk of gastrointestinal (GI) adverse effects. J.S.
should start taking aspirin at a dosage of 50 to 75 mg/day. In
the United States, a dose of 81 mg enteric-coated aspirin is
usually started.

DIPYRIDAMOLE

9. Should dipyridamole be used alone or in combination with
aspirin for J.S.?

Two pharmacologic actions of dipyridamole prompted in-
vestigations into its use in preventing TIAs and ischemic stroke.
Dipyridamole weakly inhibits platelet aggregation and platelet
phosphodiesterase and has potential vasodilating properties
through its inhibition of adenosine uptake in vascular smooth
muscle.64

Two European studies have shown benefit with a combi-
nation of aspirin and dipyridamole. In the first study, a com-

bination of aspirin 975 mg/day combined with dipyridamole
225 mg/day was compared to placebo.81 Results from this study
showed that the combination reduced the combined risk of
stroke and death by 33% and the risk of stroke by 38%. The
Second European Stroke Prevention Study enrolled patients
who had experienced a previous stroke or TIA and found that
aspirin combined with dipyridamole was more effective than
placebo, dipyridamole alone, and aspirin alone.82 A sustained-
release formulation of dipyridamole was used for this study.
A 37% relative-risk reduction was found for the combination
treatment, and a 23% relative risk reduction was found for as-
pirin alone. The dipyridamole dose for this study was 200 mg
BID, and the aspirin dose was 25 mg BID. Absolute risk re-
duction was approximately 1.5% annually. Headache occurred
more frequently in patients receiving dipyridamole alone or
in combination with aspirin. Bleeding complications were less
frequent in patients receiving dipyridamole compared with as-
pirin alone. As a result of these findings, a combination prod-
uct of aspirin and dipyridamole is available. The combination
of sustained-release dipyridamole and aspirin is an acceptable
alternative for secondary prevention of stroke when initial sec-
ondary prevention has failed.

TICLOPIDINE

10. What are the risks and benefits of using ticlopidine instead
of aspirin in J.S.?

Ticlopidine (Ticlid) is an antiplatelet agent approved only
for the prevention of TIA and stroke for patients with a prior
cerebral thrombotic event. By inhibiting ADP-induced platelet
aggregation, its activity differs from aspirin. A randomized,
double-blind, placebo-controlled, multicenter trial, the Cana-
dian American Ticlopidine Study (CATS), shows that ticlopi-
dine significantly reduces the risk of stroke by 33.5.83 In the
Ticlopidine Aspirin Stroke Study Group (TASS), ticlopidine
reduced the risk of stroke by 21%.84 Neutropenia developed in
1% to 2% of patients on ticlopidine in both the CATS and TASS
studies. Severe neutropenia (absolute neutrophil count [ANC]
<450/mm3) usually appears in the first 3 months of therapy
and is reversible when the drug is discontinued. One episode
of neutropenia-associated infection was reported in the CATS
study. Because of the rather high potential for this adverse re-
action, a complete blood count should be performed at baseline
and every 2 weeks for the first 3 months of therapy. Additional
data have shown that severe bone marrow depression is fatal
in 16% of patients who develop this complication.85 Throm-
botic thrombocytopenia purpura has also been associated with
ticlopidine and proved fatal in 33% of 60 patients.86 Addi-
tionally, nearly 25% of patient will experience gastrointestinal
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adverse events, especially diarrhea, with around 10% requiring
discontinuation of ticlopidine.

Ticlopidine is more effective in the secondary prevention of
stroke and less likely to cause GI bleeding when compared with
aspirin. However, hematologic and gastrointestinal adverse ef-
fects severely limit its use.

CLOPIDOGREL

11. Is clopidogrel a reasonable alternative for J.S.?

Clopidogrel (Plavix) is chemically related to ticlopidine and
works by inhibiting platelet aggregation induced by ADP. A
randomized, double-blind, international trial (Clopidogrel vs.
Aspirin in Patients at Risk of Ischaemic Events [CAPRIE])
compared clopidogrel 75 mg/day with aspirin 325 mg/day.87

Patients enrolled in the study had a history of atherosclerotic
vascular disease manifested by recent ischemic stroke, my-
ocardial infarction, or symptomatic peripheral vascular dis-
ease. Using intention-to-treat analysis, a 5.3% risk of an event
in patients receiving clopidogrel and a 5.83% risk in patients
receiving aspirin was observed. This represents a statistically
significant relative risk reduction of 8.7%, favoring clopido-
grel. On-treatment analysis showed a relative risk reduction of
9.4%, again in favor of clopidogrel. For patients whose primary
condition for entry into CAPRIE was stroke, the relative risk re-
duction was 7.3%, however this difference was not statistically
significant. Patients receiving clopidogrel more frequently ex-
perienced rash and diarrhea compared with those receiving as-
pirin. Patients receiving aspirin were more frequently affected
by upper GI distress, intracranial hemorrhage, and GI hemor-
rhage. Significant reductions in neutrophils occurred in 0.10%
of patients on clopidogrel and in 0.17% of patients on aspirin.
Some cases of thrombocytopenia purpura are reported in the
literature.88

Clopidogrel is as effective and safe as aspirin. Clopidogrel
is an alternative to aspirin in secondary prevention of stroke.

WARFARIN/ANTICOAGULANTS

12. Is an anticoagulant such as warfarin an alternative instead
of aspirin for a patient such as J.S.? What situations make anti-
coagulants more desirable?

Large randomized trials have compared oral anticoagulants
to aspirin in the secondary prevention of stroke and TIA. In one
study, aspirin 30 mg/day was compared to oral anticoagulants
in doses adjusted to maintain an International Normalized Ra-
tio (INR) between 3.0 and 4.5.89 This study was terminated
early when the mortality rate due to major bleeding events
in the anticoagulant group was double the rate in the aspirin
group. In this study, there was no difference between anticoag-
ulants and aspirin in the frequency of stroke. A second study
compared warfarin, dosed to maintain the INR between 1.4
and 2.8, and aspirin 325 mg/day.90 Results from this study
did not demonstrate a significant difference between aspirin
and warfarin with regard to the prevention of stroke or major
hemorrhagic events. However, minor hemorrhages were sig-
nificantly more frequent among patients receiving warfarin. A
third study was terminated early due to safety concerns in the
warfarin arm of the study.91 The target INR for this study was
2 to 3 in the warfarin arm compared to aspirin. The study was
stopped due to significantly higher rates of adverse events in

individuals receiving warfarin and no difference in the risk of
stroke. Events including major hemorrhage, myocardial infarc-
tion or sudden death, and overall death were increased in those
receiving warfarin. Warfarin is not generally recommended for
secondary prevention of stroke.

J.S. is clearly at risk for additional TIAs or an ischemic
stroke. The most important step in reducing this risk is to
change his lifestyle. However, because J.S. has experienced
a TIA, he also should be placed on an antiplatelet agent. As-
pirin, dipyridamole combined with aspirin, or clopidogrel are
acceptable alternatives for J.S. Warfarin is not an acceptable
alternative in J.S. for initial, secondary prevention of TIA or
stroke. Considering the overall costs of therapy and that he does
not have any definite contraindications to aspirin, J.S. should
be started on aspirin 81 mg/day. Clopidogrel or a combination
of aspirin and dipyridamole can be used if J.S. is unable to
tolerate aspirin or he experiences a recurrent TIA or a stroke
while taking aspirin (Table 55-6).

Aspirin: Patient Education

13. The physician decides to begin J.S. on aspirin 81 mg/day.
How should he be counseled on the use of aspirin? Should J.S. be
advised to discontinue aspirin before surgical and dental proce-
dures?

Even low dosages of aspirin may cause gastric erosions and
gastric ulcers. J.S. should be instructed to take aspirin with the
largest meal of the day, inform his physician of any epigastric
pain, and seek medical attention at the first sign of any gastric
bleeding (e.g., dark stools). Enteric-coated aspirin may cause
less gastric upset than uncoated aspirin formulations.

J.S. should inform all of his healthcare providers, especially
his physicians, pharmacist, and dentist, that he is taking aspirin
daily. The decision to discontinue aspirin is at the discretion of
his physician or dentist. This decision is based on the possibility
of bleeding complications from the procedure and the risk of
J.S. having a TIA while off aspirin. If aspirin is to be temporarily
discontinued, it should be stopped at least 5 to 7 days before
the procedure and restarted several days after the procedure.

Combination Antiplatelet Pharmacotherapy

14. Six months later J.S. has another TIA, despite taking
aspirin. What is an appropriate intervention to prevent further
TIA or stroke?

Possible interventions at this point are to switch to a
different antiplatelet therapeutic regimen, to add clopidogrel
to aspirin, or to increase the aspirin dose. A major study
has compared clopidogrel 75 mg/day to the combination of
clopidogrel 75 mg/day and aspirin 75 mg/day.92 There was no
difference in the risk of recurrent stroke or other cardiovas-
cular outcomes between the groups, but the combination ther-
apy group had a significant increase in life-threatening bleed-
ing. Some individuals may be resistant to aspirin’s effects on
platelets.64 Although poorly understand and studied, aspirin
resistance may be due to the presence of extra-platelet sources
of thromboxane A2 and an interaction with over the counter
nonsteroidal anti-inflammatory drugs or high levels of circu-
lating 11-dehydro-thromboxane B2.93−95 There are no data to
suggest that increasing the aspirin dose will overcome possible
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resistance to the antiplatelet effects of aspirin, but it is clear
that an increased dose of aspirin increases his risk of major
bleeding.

Based upon available data, the antiplatelet therapy for J.S.
should be switched to clopidogrel monotherapy or the combi-
nation product of aspirin with dipyridamole.

CEREBRAL INFARCTION AND ISCHEMIC STROKE
Clinical Presentation and Diagnostic Tests

15. P.C., a 65-year-old man, is admitted through the emergency
department (ED) after collapsing to the ground and experienc-
ing a brief loss of consciousness. He regained consciousness by
the time he arrived in the ED, 1 hour after the initial event. Both
right extremities are flaccid. He is unable to speak but is capable of
understanding instructions (i.e., expressive aphasia). Gross oph-
thalmologic examination indicates right-sided neglect (inability
of his eyes to track to the right or acknowledge the right side of
his body). His BP is 175/105 mmHg; other vital signs are normal.
Laboratory studies are all within normal limits. By the next day,
his neurologic status is unchanged and he is diagnosed as having
an ischemic stroke. What interventions should be initiated prior
to arrival in the ED?

Immediate recognition of and response to stroke symptoms
are essential to an optimal outcome. As soon as stroke symp-
toms are recognized, the emergency medical system should be
activated. Emergency medical personnel should be trained to
gather important historical information, especially when the
symptoms started. Use of a standardized evaluation tool like
the Cincinnati Prehospital Stroke Scale or Los Angeles Prehos-
pital Stroke Screen are useful in distinguishing stroke symp-
toms from other disorders like conversion disorder, hyperten-
sive encephalopathy, hypoglycemia, complicated migraine, or
seizures.96 General supportive care for respiratory and cardio-
vascular function should be initiated prior to transporting the
patient to the ED. An important key to effectively managing
acute stroke patients is to have a well designed evaluation and
treatment algorithm that addresses assessment and care of the
patient from initial onset of symptoms through rehabilitation
(Fig. 55-5).96

16. What diagnostic tests and evaluations will be helpful in
guiding P.C.’s therapy?

Basic laboratory and diagnostic tests should be quickly
performed to exclude noncerebrovascular causes, such as
metabolic or toxicologic derangement, or infections for the
neurologic compromise that P.C. has experienced. These tests
include a routine serum chemistry profile (electrolytes, blood
urea nitrogen [BUN], serum creatinine [SrCr], hepatic en-
zymes, calcium, phosphorus, magnesium, albumin), complete
blood count, and toxicology screen. Coagulation studies, in-
cluding a prothrombin time with INR and partial thrombo-
plastin time (PTT), should be performed to provide baseline
values for potential anticoagulation or thrombolytic therapy.
In addition, a thorough physical, neurologic, cardiovascular,
and mental status examination should be performed. The neu-
rologic examination will allow a localization of the lesion in
the CNS. The physical examination should include use of the
National Institutes of Health Stroke Scale.97 In addition to pro-

viding important information for diagnosis of his neurologic
compromise, these tests will provide baseline data for ongoing
assessment of P.C.’s progress and recovery.

The etiology of a stroke is difficult to discern based solely
on a physical and neurologic examination. As a result, CT or
magnetic resonance imaging (MRI) is valuable in the evalu-
ation of these patients. An MRI is preferred to a CT due to
its superior tissue contrast, ability to obtain images in multiple
planes, absence of artifacts caused by bone, vascular imaging
capabilities, absence of ionizing radiation, and safer contrast
medium. MRI also allows for a magnetic resonance angiogram
to be performed, allowing visualization of the cerebrovascula-
ture and possible identification of the precise location of the
thrombus or embolus. Within the first 24 hours of an ischemic
stroke, an MRI is clearly more sensitive than a CT. After 48
hours, the MRI and CT are equally effective in detecting is-
chemic infarcts. The primary disadvantage of the MRI is that
it is more sensitive to artifacts and less practical in unstable
patients.

P.C. must have either a CT or an MRI before initiation of
anticoagulation, thrombolytic agents, or other therapies for
stroke. A follow-up CT or MRI in 5 to 7 days is useful to
determine the extent of neurologic damage resulting from the
ischemic stroke.

Angiographic, Doppler, or sonographic examination of the
cerebral vasculature may be helpful in identifying the location
of the vascular lesion. These tests usually are performed after
the patient has been stabilized, unless angioplasty with stents
or use of intra-arterial fibrinolytics are anticipated. A lumbar
puncture with collection of cerebrospinal fluid (CSF) for eval-
uation may be helpful in identifying the presence of blood in
the CNS. In the presence of suspected increased intracranial
pressure, a lumbar puncture must be avoided because of the
potential for tentorial herniation. Tentorial herniation occurs
when the ventral half of the midbrain (i.e., the cerebral pe-
duncles) pass through the tentorial notch (i.e., a portion of
the dura mater that provides support for the occipital lobe and
covers the cerebellum). This causes pressure on blood vessels
that supply the cerebral cortex, resulting in restricted blood
flow.

Treatment

17. What general treatment interventions should be made for
P.C.?

In addition to the general supportive therapy needed for a
hospitalized patient, several issues are important to the proper
management of a stroke patient. Careful attention should be
given to fluid and electrolyte control. Excessive hydration or in-
adequate sodium supplementation may result in hyponatremia,
thereby forcing fluid into neurons to further increase the dam-
age from ischemia. In addition, hyponatremia can produce
seizures, which increases the metabolic demand on compro-
mised neurons. Thus, it is advisable to initiate fluid therapy
with a solution containing at least 0.45% saline and preferably
0.9% saline.

Attention to body temperature needs to be given. Studies
have shown that even small increases in temperature are asso-
ciated with worse outcomes.98,99 Hypothermia is neuroprotec-
tive and some studies indicate that even a reduction in body
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FIGURE 55-5 Treatment algorithim for management of patient with acute stroke-like symptoms (Adapted
from Adams HP et al.)

temperature of 0.26◦F can be beneficial in stroke patients.96,100

Use of antipyretics, like acetaminophen, are advised to main-
tain normal or slightly subnormal body temperatures.

Another metabolic parameter that must be followed care-
fully is the serum glucose concentration, because hypergly-

cemia may adversely affect ischemic infarction outcomes. A
review of multiple studies on the effects of hyperglycemia
in acute stroke concluded that hyperglycemia results in poor
outcomes and increased mortality.101 If hyperglycemia is de-
tected, appropriate insulin therapy should be initiated to keep
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the serum glucose concentration <140 mg/dL without causing
hypoglycemia.96

Caution should be exercised in the acute management of
P.C.’s blood pressure. Decreasing the blood pressure too rapidly
will compromise cerebral blood flow and expand the region
of ischemia and infarction, whereas hypertension will place
him at a greater risk for cerebral hemorrhage, especially if a
thrombolytic agent is used. However, a study comparing treated
and untreated patients who were hypertensive in association
with an acute stroke failed to demonstrate any difference in
outcomes between the groups.102 For patients with a systolic
blood pressure >185 mmHg or diastolic blood pressure >110
mmHg, who are otherwise candidates for intravenous fibri-
nolytic treatment, labetalol, nitroglycerin paste, or intravenous
nicardipine should be used to reduce the blood pressure to
these goals prior to starting tPA.96 After administration with
tPA, blood pressure should be kept below 180/105 mmHg. In
other patients, the only consensus on blood pressure control
is that treatment is required when pressures exceed 220/120
mmHg.96 If there is a clinical deterioration of neurologic func-
tion associated with the reduction of blood pressure, the infu-
sion rate of the antihypertensive agent should be slowed or the
drug discontinued. Maintenance antihypertensive therapy can
then be initiated using an oral agent, such as a calcium channel
antagonist or angiotensin-converting enzyme inhibitor.

The general daily needs of the patient should be assessed
and provided on an as-needed basis. These include nutrition,
urination, defecation, and prevention of decubitus ulcers. Neu-
rologic deficits will compromise the ability of many patients
to adequately meet these needs, increasing the necessity for
medical assistance.

Two interventions that have been shown to improve out-
comes of ischemic stroke are reducing the time to treatment of
stroke and admitting patients to specialized stroke care units.
Reduction of the time to treatment permits the use of interven-
tions shown only to work within the first 2 hours of a stroke.103

In addition, Indredavik et al. have shown that stroke care units
significantly improve long-term survival and functionality of
patients after a stroke.104

18. Should anticoagulation or antiplatelet agents be used
acutely in P.C.?

Several studies have evaluated the use of anticoagulants and
antiplatelet agents in the treatment of acute strokes. However,
most of these studies are poorly designed or underpowered to
determine the efficacy of these agents. Despite these problems
with published studies, many physicians prefer to use antico-
agulants or antiplatelets in the management of patients with
acute stroke.

Heparin
Duke et al. compared intravenous heparin to placebo in pa-
tients with acute partially stable stroke.105 In this double-blind
study, heparin doses were adjusted to maintain the PTT at 1.5
to 2 times control and continued for 7 days. There were no
significant differences in death at 7 days, and no differences
in functional ability were observed to 1 year following the
stroke. At 1 year there was a significantly greater mortality
rate in heparin-treated patients. The International Stroke Trial
compared aspirin, subcutaneous heparin (5,000 IU or 12,500
IU BID), both and neither treatments for patients with acute

ischemic stroke.106 There was no reduction of mortality or mor-
bidity for patients receiving either dose of heparin. Heparin use
has also been studied in progressing stroke and no benefit was
demonstrated with its use.107 No studies have demonstrated
that heparin is useful in mitigating the neurological effects of
a stroke.

Heparinoids
Low-molecular-weight heparins and heparinoids have been
evaluated in several studies for acute stroke. Two doses of
nadroparin were compared to placebo in one randomized, dou-
ble blind, placebo controlled trial.108 There were no differences
in death rates or functional ability at 3 months between the
three treatment arms. However, at 6 months, patients receiving
high-dose nadroparin (i.e., 4,100 anti-Xa IU BID) had im-
proved function. A large randomized, placebo controlled trial
of dose-adjusted danaparoid, a low-molecular-weight hepari-
noid, did not demonstrate improvement in danaparoid-treated
patients.109 In addition, no improvements were observed in
studies of dalteparin and certoparin.110,111 Similar to heparin,
low-molecular-weight heparins and heparinoids are not indi-
cated in the acute treatment of stroke.

Aspirin
One study evaluated early administration of aspirin in acute
stroke. The Chinese Acute Stroke Trial (CAST) compared 160
mg/day of aspirin administered within 48 hours of the onset of
stroke symptoms to placebo.112 Patients who received aspirin
had reduced early mortality rates, but there was no difference in
the primary endpoint of death or dependency at discharge from
the hospital. The IST and the Multicenter Acute Stroke Trial-
Italy studies included aspirin arms in their study design. Nei-
ther of these studies demonstrated benefit with aspirin.106,113

When data from the CAST and IST studies are combined, a
slight beneficial effect of aspirin is seen with regard to reducing
the risk of early stroke recurrence. Current recommendations
are for aspirin 325 mg to be administered within 24 to 48
hours of the onset of stroke symptoms, except when tPA is
administered.96 If tPA is used, aspirin should not be given until
24 to 48 hours after the tPA infusion.

Glycoprotein IIb/IIIa Inhibitors
Platelet glycoprotein IIb/IIIa inhibitors have also been studied
in acute stroke. A placebo controlled Phase II trial of abcix-
imab given within 24 hours of acute stroke showed a trend
toward improved functionality in abciximab-treated patients,
but the study was not powered to show significance for this
outcome.114 In another placebo controlled, Phase II study of
patients with acute stroke the direct thrombin inhibitor, arga-
troban, was associated with statistically significant improve-
ments in neurologic symptoms and daily living activities.115

The number of patients enrolled in this study was small, but
the results show promise. Currently, the use of these agents is
limited to clinical trials.

Ancrod
Derived from the venom of the Malayan pit viper snake, ancrod
cleaves fibrinogen in a way similar to thrombin. Ancrod leads
to fibrinolysis soon after its administration and is rarely associ-
ated with significant bleeding complications. This low risk of
hemorrhagic complications makes ancrod especially attractive
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for use in ischemic stroke. The Stroke Treatment with Ancrod
Trial (STAT) compared a continuous 72-hour infusion of an-
crod dosed to decrease fibrinogen levels to 1.18 to 2.03 mU/L
to receive placebo.116 This infusion was followed by 1-hour
infusions at approximately 96 and 120 hours after treatment
was started. Ancrod infusion rates of 0.167, 0.125, and 0.082
IU/kg/hour were used based on pretreatment fibrinogen con-
centrations. Significantly more patients treated with ancrod
achieved favorable functional status and had fewer disabili-
ties, with no difference in mortality rates. Due to the lack of
additional data, the use of ancrod is limited to clinical trials.

19. When might anticoagulants be used in the treatment of
acute stroke?

Deep vein thrombosis and pulmonary embolism are com-
mon complications in patients following a stroke. The inci-
dence of deep vein thrombosis (DVT) and pulmonary embolus
(PE) were reduced in most studies where patients received hep-
arin, low-molecular-weight heparins, or heparinoids.117

Two systematic reviews of the literature in this area resulted
in the following recommendations and guidelines96,117:

1. Aspirin 325 mg/day should be initiated within 48 hours of
the onset of stroke symptoms, unless tPA is used. If tPA is
used, aspirin should not be started until 24 to 48 hours after
tPA administration.

2. Heparin, low-molecular-weight heparins, and heparinoids
may be considered for prevention of DVT and PE. Use of
these agents must be weighed against the risk of hemor-
rhagic complications.

3. Fixed dose heparin may have some early benefit in the treat-
ment of acute stroke, but this benefit is negated by an in-
creased risk of hemorrhage and is not recommended.

4. Dose-adjusted heparin is associated with increased bleeding
complications and is not recommended.

5. Low-molecular-weight heparins and heparinoids at high
doses are not recommended in patients with acute stroke.

6. Intravenous heparin, high-dose low-molecular-weight hep-
arins, or heparinoids are not recommended for any subgroup
or specific type of stroke.

On the basis of these recommendations, P.C. should receive
325 mg/day of aspirin to be started within 24 to 48 hours of
onset of his stroke symptoms, unless tPA is administered. If tPA
is used, then aspirin should be started 24 to 48 hours after the
tPA infusion. Use of other anticoagulants is not recommended.

Thrombolytics

20. Would thrombolytic agents be useful to treat P.C.’s acute
ischemic stroke?

The critical primary event in a thromboembolic stroke is
the development of an acute thrombus. Prospective cerebral
angiography has demonstrated an arterial occlusion corre-
sponding to the area of acute neurologic deficit in >90% of
cases.118 Occlusion of cerebral arteries does not cause com-
plete ischemia because collateral circulation from other arte-
rial sources provides unstable and incomplete circulation to
the ischemic region of the brain.119 When blood flow is sus-
tained in the range of 10 to 18 mL/100 g per minute, irre-
versible cellular damage may occur. Blood flow must be re-
stored quickly after the event. Experimental studies in dogs

and cats have shown that when blood flow is restored within
2 to 3 hours, neurologic deficits are prevented.120,121 Throm-
bolytic agents can reestablish blood flow to ischemic regions of
the brain.

A total of five large, placebo-controlled trials using ei-
ther tPA or streptokinase for acute stroke have been pub-
lished. In three studies, streptokinase was used as the throm-
bolytic and all of these studies were terminated early due to
high rates of mortality and intracranial hemorrhage associ-
ated with streptokinase.113,122,123 These trials clearly demon-
strate that streptokinase is associated with increased mortality
and disability. The rates of intracranial hemorrhage ranged
from 6% to 17% for patients receiving streptokinase com-
pared with 0.6% to 3% for patients receiving placebo. In all
three trials the mortality rates were significantly greater for pa-
tients receiving streptokinase. Streptokinase should not be used
for P.C.

Studies with tPA demonstrate some benefit associated its
use.124,125 The National Institute of Neurological Disorders
and Stroke (NINDS) tPA trial and the European Cooperative
Acute Stroke Study (ECASS) used different doses, inclusion
criteria, and treatment protocols. Both trials showed the benefit
of tPA in at least some outcome parameters. In the NINDS tPA
study, patients were enrolled using strict inclusion and exclu-
sion criteria (Table 55-7). All patients were within 3 hours of
symptom onset and had to undergo a CT scan before enroll-
ment. When enrolled, patients received either tPA 0.9 mg/kg
(maximum dose, 90 mg), with 10% of the dose given as a
bolus over 1 minute and the remainder infused over 60 min-
utes, or placebo. Patients were divided into two groups for
the purpose of analysis. One group consisted of 291 patients
whose early neurologic recovery was assessed 24 hours after
enrollment. The second group of 333 patients had neurologic
outcomes evaluated at 3 months. In the first group, there was

Table 55-7 Criteria for Alteplase Use in Treatment of Acute
Stroke

Inclusion Criteria Exclusion Criteria

18 years of age or older Minor or rapidly improving
Clinical diagnosis of stroke with symptoms

clinically meaningful CT signs of intracranial
neurologic deficit hemorrhage

Clearly defined onset within 180
minutes before treatment

History of intracranial
hemorrhage

Baseline CT with no evidence of Seizure at onset of stroke
intracranial hemorrhage Stroke or serious head injury

within 3 months
Major surgery or serious trauma

within 2 weeks
GI or urinary tract hemorrhage

within 3 weeks
Systolic BP >185 mmHg,

diastolic BP >110 mmHg
Aggressive treatment to lower BP
Glucose 400 mg/dL
Symptoms of subarachnoid

hemorrhage

BP, blood pressure; CT, computed tomography; GI, gastrointestinal.
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no difference in positive responses between patients receiving
tPA or placebo. However, a secondary analysis showed that
National Institutes of Health Stroke Scale scores were signifi-
cantly greater at 24 hours for patients receiving tPA. Results in
the second group were favorable for tPA. At 3 months, patients
who received tPA were 30% more likely to have minimal or no
disability and there was an 11% to 13% absolute increase in
the number of patients with excellent outcomes. There was a
corresponding decrease in the number of patients with severe
neurologic impairment or death at 3 months. Improvements
associated with tPA were seen across age groups, stroke sub-
types, stroke severity, and status of aspirin use before the stroke.
Intracranial hemorrhage occurred more frequently among pa-
tients receiving tPA (6.4%) than in patients receiving placebo
(0.6%). Despite the increased incidence of ICH, outcomes re-
mained better for patients receiving tPA.

For the ECASS I trial, patients with the onset of a stroke
were enrolled within 6 hours of the onset of symptoms.125 The
treatment protocol consisted of IV tPA 1.1 mg/kg (maximum,
100 mg) or placebo. Using intention-to-treat analysis, there was
no difference in the primary outcome measures of functional-
ity at 3 months. However, with target population analysis, there
was a significant difference favoring tPA. Of tPA-treated pa-
tients, 41% had minimal or no disability compared with 29% of
placebo-treated patients. A variety of secondary outcome mea-
sures favored tPA. There was no difference in 30-day mortality
rates, but 19.8% of tPA-treated patients had major parenchymal
hemorrhages compared with 6.5% of placebo-treated patients.
A more recent trial, ECASS II, used a tPA dose of 0.9 mg/kg
and was designed to replicate the NINDS trial.126 However,
patients were enrolled up to 6 hours after the onset of stroke
symptoms. This study found no difference between tPA and
placebo. Too few patients were enrolled with stroke symptoms
<3 hours to reliably evaluate the influence of this variable on
outcome.

The Cochrane Stroke Review Group performed a meta-
analysis of 17 thrombolytic trials.127 In this analysis, throm-
bolytic therapy was associated with an excess of early deaths
(odds ratio, 1.85; 95% CI, 1.48–2.32) and early symptomatic
hemorrhages (odds ratio, 3.53; 95% CI, 2.79–4.45). However,
thrombolytic therapy initiated within 6 hours of symptom onset
reduced the proportion of patients who were dead or dependent
at the end of follow-up (odds ratio, 0.83; 95% CI, 0.73–0.94).
Similar results were obtained when the analysis included pa-
tients treated within 3 hours of symptom onset (odds ratio,
0.58; 95% CI, 0.46–0.74). About half of the data included in
these analyses came from trials of tPA and the results sup-
port the use of tPA in the treatment of acute ischemic stroke.
This analysis substantiates the use of tPA in the treatment of
ischemic stroke.

Several studies have reported the use of intra-arterial throm-
bolytic therapy. In one trial, patients were randomized to re-
ceive either 6 mg of recombinant prourokinase or placebo over
120 minutes.128 All patients received IV heparin. Patients who
were randomized received treatment at a median of 5.5 hours
from symptom onset. Recanalization was significantly greater
in the prourokinase group. However, hemorrhagic transforma-
tion occurred in 15.4% of prourokinase-treated patients com-
pared with 7.1% of placebo-treated patients. Hemorrhage fre-
quencies and recanalization rates were influenced by heparin
dose. A second trial has confirmed these findings, showing sig-

nificantly improved outcomes with intra-arterial prourokinase,
despite increased intracranial hemorrhage.129 Although useful
in major medical centers, intra-arterial prourokinase presents
major technical obstacles that limit its use in most emergency
departments.

The only study that has clearly shown benefit associated
with systemic tPA use for acute stroke is the NINDS tPA trial.
If tPA is to be used for acute stroke, the NINDS inclusion and
exclusion criteria and treatment protocol should be used.

Because P.C. presented to the ED within 1 hour of the onset
of his stroke symptoms, he is a candidate for tPA therapy in
accordance with the NINDS study protocol. A thorough history
and CT scan must be performed before initiation of tPA to
ensure compliance with inclusion and exclusion criteria.

Preservation of CNS Function
Preservation of marginally ischemic regions of the brain is
an active area of investigation. Hemodilution, corticosteroids,
calcium channel blockers, 21-aminosteroids, NMDA recep-
tor antagonists, lubeluzole, citicoline, anti-intercellular adhe-
sion molecule (ICAM)-1 antibody, clomethiazole, fospheny-
toin, piracetam, ebselen, and ganglioside GM-1 are therapeutic
interventions that have been studied to retain CNS function in
the ischemic penumbra. None of these interventions has been
clearly shown to preserve neurologic function. Because the
events leading to neuronal death involve numerous pathways,
it is possible that a combination of some of these agents will
prove to be most effective.

Hemodilution

21. What is the rationale for hemodilution therapy in ischemic
stroke? Should this therapeutic approach be recommended for
P.C.?

Based on a direct relationship between a lowered hematocrit
and decreased blood viscosity, various colloid and crystalloid
solutions have been administered to ischemic stroke patients.
Initial studies indicated that volume expansion might be useful,
but larger trials have not supported the original findings.130,131

A more recent trial failed to show any benefit from hemodilu-
tion, but found this practice to be as safe as regular hydration
therapy.132 None of the studies have shown a benefit as mea-
sured by a reduction in mortality rates. Hemodilution is not
recommended in P.C.’s management.

Corticosteroids

22. Should corticosteroids be used in P.C.?

Corticosteroids have been used to treat stroke on the the-
ory that decreasing edema and swelling of the brain will in-
crease cerebral blood flow to ischemic regions. Dexamethasone
(4–20 mg Q 6 hr) was commonly used because it has sub-
stantial anti-inflammatory effects without mineralocorticoid
activity; however, multiple studies have shown that cortico-
steroids are ineffective in treating cerebral infarction or hem-
orrhagic stroke.133−138 The lack of efficacy of steroids might
be explained by inflammation of dead neurons rather than in
marginally ischemic neurons. The use of corticosteroids is rel-
atively contraindicated in these patients because of possible
increases in morbidity and mortality.133 Corticosteroids are
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ineffective in the treatment of cerebral infarction or hemor-
rhagic stroke.

Calcium Channel Blockers

23. What is the rationale for using calcium channel blockers in
ischemic stroke? Are they indicated for use in P.C.?

Calcium influx into neurons coincides with much of the cel-
lular destruction associated with ischemia. Because calcium
influx into the neuron is modulated by both voltage-dependent
channels and neurotransmitter-dependent channels, calcium
channel blockers that penetrate the CNS could be useful for
limiting the neurologic damage associated with an ischemic
stroke. In addition, the calcium channel blockers have been
shown to increase blood flow into ischemic regions of the brain.

Initial studies of nimodipine for ischemic stroke indicated
that treatment positively improved outcomes. A study of 186
patients showed an 8.6% mortality rate in the nimodipine-
treated group compared with a 20.4% mortality rate in the
placebo-treated group.139 Stratification according to gender in-
dicated a significant difference in males but not in females.

Eight other studies failed to substantiate this first study.
One study evaluated nimodipine 120 mg/day in a double
blind, randomized trial.140 Based on two stroke rating scales
and mortality rates, there was no difference between nimodi-
pine and placebo. Another randomized, double blind, placebo-
controlled study of nimodipine showed no improvement with
nimodipine.141 A meta-analysis of nimodipine use in 3,719
patients showed a benefit only for patients who were treated
with 30 mg Q 6 hr beginning within 12 hours of symp-
tom onset.142 A second systematic review came to a simi-
lar conclusion and effectively ruled out a clinically signifi-
cant benefit of calcium channel blockers in acute ischemic
stroke.143

Calcium channel blockers are not indicated in P.C. Their
use in subarachnoid hemorrhage is discussed in Question 30.

Stroke Education

24. What information and instruction should be given to P.C.
regarding future stroke symptoms?

Early treatment of acute stroke with available or investiga-
tional drugs appears to be the most important factor in deter-
mining optimal outcome. Nearly every clinical trial demon-
strating some benefit of pharmacotherapy for acute stroke has
shown the greatest effect for patients who are treated within a
few hours of the onset of stroke symptoms. Immediate detec-
tion of stroke symptoms and initiation of treatment are impera-
tive. The primary rate-limiting step in diagnosis and provision
of medical care is recognition by the patient of stroke symp-
toms. Every patient who is at increased risk of stroke should
be carefully instructed to seek emergent medical attention if
they experience any weakness or paralysis, speech impairment,
numbness, blurred vision or sudden loss of vision, or altered
level of consciousness. These symptoms should be handled
with the same urgency as the symptoms of a myocardial infarc-
tion. The pharmacist should ensure that P.C. and his caregivers
know the symptoms of stroke and understand what to do if they
occur.

Complications

25. What complications associated with stroke might P.C. ex-
perience?

Agitation, delirium, stupor, coma, cerebral edema, and/or
increased intracranial pressure are other symptoms that can
be associated with ischemic stroke. These symptoms correlate
with the specific blood vessels that are affected, and the de-
velopment of these complications in P.C. would depend on the
progression of his stroke.

Seizures may occur in up to 20% of stroke patients. Pneu-
monia, pulmonary edema, cardiac arrest, deep vein thrombo-
sis, and arrhythmias commonly are associated with ischemic
stroke and should be managed as they occur. In P.C., these may
occur soon after his stroke or be related to a rapidly develop-
ing neurologic event such as further infarction, hemorrhage, or
severe cerebral edema. Pneumonia or deep venous thrombosis
are related primarily to inactivity, and the risk of these events
will increase the longer P.C. remains immobile.

Stroke patients frequently experience psychologic reac-
tions. The most common psychiatric complication is depres-
sion, occurring in 30% to 50% of patients.145 The severity of
depression varies from mild to major depressive episodes. If
the depression interferes with recovery and the rehabilitative
process, it should be managed with the use of a selective sero-
tonin reuptake inhibitor (SSRI) or other appropriate agent. Se-
vere psychomotor depression may respond to CNS stimulants,
such as methylphenidate or dextroamphetamine. Because of
P.C.’s hypertension, stimulants only should be used with care-
ful blood pressure monitoring.

Prognosis

26. After 4 days in the hospital, P.C.’s neurologic status is sta-
bilized. Will further neurologic improvements be realized?

Neurologic deficits in stroke patients are not considered
stable or fixed until at least 8 to 12 months have elapsed. Dur-
ing this time, neurologic function may return, but rarely to
normal. The prognosis following ischemic stroke depends on
a variety of factors including age, hypertension, coma, car-
diopulmonary complications, hypoxia, and neurogenic hyper-
ventilation. However, infarction of the middle cerebral artery
is associated with a poor chance for recovery. Therefore, it is
possible that P.C. will experience further neurologic improve-
ment.

Rehabilitation

27. As P.C. enters rehabilitation, what interventions will aid his
recovery?

Rehabilitation for P.C. is directed at managing daily func-
tions, enhancing existing neurologic function, and attempting
to regain lost function. Considerations for daily functions in-
clude activities of daily living and bowel and bladder manage-
ment through balanced pharmacologic interventions. Efforts
should be made to allow P.C. to function independently with
activities of daily living and manage the psychologic effects
of stroke. Enhancement of current neurologic function and
minimizing depression includes elimination of drugs that may
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compromise P.C.’s memory and mental function. These include
benzodiazepines, major tranquilizers, and sedating antiepilep-
tic drugs.

Spasticity of the affected limb may present a problem for
P.C. Because spasticity often is localized to a single limb after
ischemic stroke, it frequently responds to regional motor nerve
blocks with botulinum toxin. Aggressive physical therapy also
is essential to the management of spasticity. Systemic antispas-
ticity agents such as diazepam, baclofen, or dantrolene sodium
are not used routinely because of the risk for toxicity. They are
used only when spasticity involves multiple parts of the body
or is unresponsive to other therapies.

Other less common impediments to P.C.’s recovery include
decubitus ulcers, hypercalcemia, and heterotopic ossification
(e.g., the laying down and calcification of a bone matrix in
muscle surrounding major joints). Prevention through meticu-
lous skin care is the key to the management of pressure ulcers.
Mobilizing P.C. as soon as possible after the stroke can prevent
hypercalcemia and heterotopic ossification. If necessary, these
complications may be treated with etidronate (Didronel).

SUBARACHNOID HEMORRHAGE
Clinical Presentation and Treatment

28. R.A., a 65-year-old woman, suddenly collapsed in the bath-
room of her home. An ambulance was immediately called, and on
arrival at the ED she had regained consciousness. She complained
of a severe headache and kept dropping off to sleep during the ex-
amination. Nuchal rigidity (i.e., a stiff and painful neck when
flexed) and mild mental confusion with regard to place also were
observed. A CT scan demonstrated blood in the subarachnoid
space and in her ventricles. A cerebral angiogram demonstrated
a posterior communicating artery aneurysm. Electrolytes, coagu-
lation studies, and blood counts were within normal limits. What
pharmacotherapy is used for subarachnoid hemorrhage?

R.A.’s neurologic symptoms and the appearance of blood
on her CT scan are consistent with a diagnosis of subarach-
noid hemorrhage. Unfortunately, there are no direct pharma-
cotherapeutic interventions that are effective for subarachnoid
hemorrhage. Surgical repair and clipping of the aneurysm is
the definitive intervention. Pharmacotherapy is directed at pre-
venting or managing complications of SAH (Fig. 55-5).

Complications

29. R.A.’s neurologic status deteriorated approximately 3 days
after admission. What complications may be responsible for these
changes?

Following the initial hemorrhagic event, there are three ma-
jor complications that usually are responsible for neurologic
changes (Table 55-8). Rebleeding from an aneurysm occurs
in 20% of patients, usually within the first 48 hours after the
initial event. In some cases, rebleeding can happen as long as
14 days later. From 24 hours to weeks after the hemorrhage,
hydrocephalus (i.e., accumulation of excessive CSF within the
ventricular system of the brain) may be caused by blood in-
terrupting CSF flow through the ventricles and reabsorption
of CSF through the arachnoid villa. Another 20% to 40% of

Table 55-8 Therapy for Subarachnoid Hemorrhage
Complications

Rebleeding Hydrocephalus Delayed Ischemia

Surgical clip Ventricular drain Nimodipine 60 mg Q
4 hr for 21 days

Aminocaproic acid
5 g loading dose
and 1 to 2 g/hr

Ventricular-peritoneal
shunt

Hypervolemia

PCWP 12–15 mmHg
Hypertension
Systolic BP 170–

220 mmHg

BP, blood pressure; PCWP, pulmonary capillary wedge pressure.

patients will develop delayed cerebral ischemia, usually within
5 to 12 days following the initial hemorrhage. Delayed is-
chemia caused by vasospasm of the cerebral vessels is evi-
denced by development of new neurologic deficits and con-
firmed by a cerebral angiogram. At least half of these indi-
viduals will die or experience permanent neurologic damage.
Approximately 5% to 15% of patients have seizures.

30. How should each of these complications (rebleeding, hydro-
cephalus, vasospasm, seizures) be managed in R.A.? Are calcium
channel blockers more effective in treating subarachnoid hemor-
rhage than ischemic stroke?

Rebleeding
Surgical clipping of the aneurysm is the best method to pre-
vent rebleeding. If early surgery is contraindicated or unavail-
able, antifibrinolytic therapy with epsilon aminocaproic acid
(EACA) may be instituted. EACA blocks the activation of plas-
minogen and inhibits the action of plasmin on the fibrin clot.
EACA enhances hemostasis when fibrinolysis contributes to
bleeding and stabilizes the clot that has formed around the
ruptured aneurysm. The incidence of rebleeding is decreased
from 20% to 30% to 10% to 15% by EACA.146,147 However,
delayed cerebral ischemia occurs more frequently in patients
receiving EACA.146 It is unclear whether this is a direct effect
of EACA or whether more individuals survive to experience
delayed cerebral ischemia. EACA usually is given as a 5-g
IV bolus followed by a continuous infusion of 1 to 2 g/hour.
Dosages can be adjusted to maintain serum concentrations of
200 to 400 mg/mL. R.A. may benefit from receiving EACA as
soon as a subarachnoid hemorrhage is diagnosed, and it should
be continued until surgical clipping can be performed or for
at least 2 weeks after the initial hemorrhage. It is preferable to
surgically repair the aneurysm as soon as possible after R.A.
is admitted to the hospital.

Hydrocephalus
The only effective treatment for hydrocephalus is surgical in-
tervention. If a CT scan demonstrates hydrocephalus, a ventric-
ular drain should be surgically placed after the aneurysm has
been clipped. When hydrocephalus becomes a chronic prob-
lem, the drain can be replaced with a permanent ventriculoperi-
toneal shunt.
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Ventriculitis is a common complication of a ventricular
drain and is most likely caused by staphylococci or Gram-
negative bacteria. Antibiotic therapy for this complication
should consist of an IV agent (e.g., chloramphenicol, ceftriax-
one, ampicillin, penicillin, vancomycin, ceftazidime, cefurox-
ime, nafcillin, rifampin) that readily crosses the blood–brain
barrier with inflamed meninges. Alternatively, gentamicin and
vancomycin can be instilled through the ventricular drains di-
rectly to the site of infection.148 The antibiotic solution is pre-
pared using a preservative-free sterile powder for injection.
Gentamicin 4 to 8 mg or vancomycin 5 to 20 mg is instilled
once a day. Systemic and intraventricular antibiotics should
be continued until three consecutive CSF cultures are free of
bacterial growth.

Delayed Cerebral Ischemia (Vasospasm)
The occurrence of delayed cerebral ischemia probably is due
to vasospasm of the cerebral blood vessels. Current therapy for
delayed ischemia is not optimal and is rather confusing. Volume
expansion with normal saline or plasma protein fraction usu-
ally is initiated when focal neurologic changes develop, with
the goal of maintaining a pulmonary capillary wedge pressure
of 15 to 20 mmHg.149−152 Some clinicians may institute hyper-
volemia therapy in anticipation of delayed cerebral ischemia.
If the neurologic deficits are not reversed with hypervolemia,
systolic blood pressure can be increased to as high as 200 to
220 mmHg using dopamine or norepinephrine. A high systolic
pressure allows the brain to redirect flow to ischemic areas, and
such therapy is often continued for 7 to 14 days.

CALCIUM CHANNEL BLOCKERS
Nimodipine
Nimodipine also is indicated for the prevention of delayed cere-
bral ischemia for patients with a subarachnoid hemorrhage.
Its mechanisms of action may include preventing cerebral va-
sospasm that is responsible for delayed ischemia, inhibiting
calcium influx into ischemic neurons, or re-establishing cere-
brovascular autoregulation (i.e., the ability of the brain to con-
trol blood flow in accordance with metabolic needs).

Nimodipine has been administered in clinical studies in-
travenously, orally, or topically (i.e., direct application to
the brain’s surface and the cerebral vasculature during sur-
gery). Several studies of nimodipine in subarachnoid hemor-
rhage have used oral formulations. In these studies, a total

of 1,038 patients were given nimodipine prophylactically ac-
cording to double-blind, placebo-controlled, randomized pro-
tocols.153–156 Angiographic improvement was not significantly
different in patients treated with nimodipine or placebo, but
neurologic outcomes improved significantly in nimodipine-
treated patients who presented with a mild to moderately se-
vere subarachnoid hemorrhage. In another study, nimodipine
significantly benefited patients with severe hemorrhage. Ni-
modipine 60 to 90 mg Q 4 hr for 21 days was initiated within
the first 96 hours after the original subarachnoid hemorrhage in
these patients. No trial has compared the efficacy of nimodip-
ine with hypervolemia therapy and interventions to increase
systolic blood pressure. Nimodipine’s approved dose is 60 mg
PO Q 6 hr.

R.A. should receive nimodipine 60 mg PO Q 4 hr for 21
days, because she was diagnosed within several hours of her
subarachnoid hemorrhage.

Seizures
PHENYTOIN
Seizures occur in approximately 9% of patients experienc-

ing a subarachnoid hemorrhage. Only two factors associated
with subarachnoid hemorrhage have been identified as predic-
tive of seizures: rebleeding or large amounts of cisternal blood
on CT scan.

Phenytoin often is used for seizure prophylaxis. However,
no trials have investigated the efficacy of phenytoin in prevent-
ing seizure in patients with subarachnoid hemorrhage. The
usual dose of phenytoin is 15 to 20 mg/kg administered as an
IV bolus at a rate <50 mg/minute. A maintenance dose of 5 to
7 mg/kg/day either orally or intravenously is titrated to maintain
steady-state serum concentrations of 10 to 20 mg/mL. Alterna-
tively, fosphenytoin, a phenytoin prodrug, can be administered
intravenously or intramuscularly at a loading dose of 15 to
20 mg phenytoin equivalents (PE)/kg and a maintenance dose
of 5 to 7 mg PE/kg/day. Infusion rates of fosphenytoin should be
<150 mg PE/minute. Maintenance phenytoin usually is con-
tinued for 1 to 2 years or longer if the patient experiences
seizures. Because there is a 5% to 20% risk of seizures for
R.A., she should receive phenytoin prophylactically. Valproic
acid (Depacon) and levetiracetam (Keppra) are available in in-
travenous formulations; however there is little experience with
the use of these agents for seizures in the setting of subarach-
noid hemorrhage.
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APPROACHING THE PROBLEM
The proper selection of antimicrobial therapy is based on sev-
eral factors. Before initiating therapy, it is important first to
clearly establish the presence of an infectious process because
several disease states (e.g., malignancy, autoimmune disease)
and drugs can mimic infection. Once infection has been docu-
mented, its most likely site must be identified. Signs and symp-
toms (e.g., erythema associated with cellulitis) direct the clini-
cian to the likely source. Because certain pathogens are known
to be associated with a specific site of infection, therapy often
can be directed against these organisms. Additional laboratory
tests, including the Gram stain, serology, and antimicrobial
susceptibility testing, generally identify the primary pathogen.
Although several antimicrobials potentially can be considered,
their spectrum of activity, clinical efficacy, adverse effect pro-
file, pharmacokinetic disposition, and cost considerations ul-
timately guide the choice of therapy. Once an agent has been
selected, the dosage must be based on the size of the patient,
site of infection, route of elimination, and other factors.

ESTABLISHING THE PRESENCE OF AN INFECTION
1. R.G., a 63-year-old man in the intensive care unit, under-

went emergency resection of his large bowel. He has been intu-
bated throughout his postoperative course. On day 20 of his hos-
pital stay, R.G. suddenly becomes confused; his blood pressure
(BP) drops to 70/30 mmHg, with a heart rate of 130 beats/minute.
His extremities are cold to the touch, and he presents with cir-
cumoral pallor. His temperature increases to 40◦C (axillary) and
his respiratory rate is 24 breaths/minute. Copious amounts of
yellow-green secretions are suctioned from his endotracheal tube.

Physical examination reveals sinus tachycardia with no rubs
or murmurs. Rhonchi with decreased breath sounds are observed
on auscultation. The abdomen is distended and R.G. complains
of new abdominal pain. No bowel sounds can be heard and the
stool is guaiac positive. Urine output from the Foley catheter has
been 10 mL/hour for the past 2 hours. Erythema is noted around
the central venous catheter.

A chest radiograph reveals bilateral lower lobe infiltrates,
and urinalysis reveals >50 white blood cells/high-power field
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(WBC/HPF), few casts, and a specific gravity of 1.015. Blood,
tracheal aspirate, and urine cultures are pending. Other labo-
ratory values include sodium (Na), 131 mEq/L (normal, 135 to
147); potassium (K), 4.1 mEq/L (normal, 3.5 to 5); chloride (Cl),
110 mEq/L (normal, 95–105); CO2, 16 mEq/L; blood urea ni-
trogen (BUN), 58 mg/dL (normal, 8–18); creatinine, 3.8 mg/dL
(increased from 0.9 mg/dL at admission) (normal, 0.6–1.2); glu-
cose 320 mg/dL (normal, 70–110); serum albumin, 2.1 g/dL (nor-
mal, 4–6); hemoglobin (Hgb), 10.3 g/dL; hematocrit (Hct), 33%
(normal, 39%–49% [male patients]); WBC count, 15,600/mm3

with bands present; platelets, 40,000/mm3 (normal, 130,000–
400,000); prothrombin time (PT), 18 seconds (normal, 10–12);
erythrocyte sedimentation rate (ESR), 65 mm/hour (normal, 0–
20). Which of R.G.’s signs and symptoms are consistent with
infection?

[SI units: Na, 131 mmol/L; K, 4.1 mmol/L; Cl, 110 mmol/L; CO2, 16 mmol/L;

BUN, 20.71 mmol/L of urea; creatinine, 335.92 and 7.56 mmol/L, respec-

tively; glucose, 17.76 mmol/L; albumin, 235.62 mmol/L; Hgb, 103 g/L;

Hct, 0.33; WBC, 15.6 × 109; platelets, 40 × 109; ESR 65 mm/hour]

R.G. has numerous signs and symptoms consistent with
an infectious process. He has both an increased WBC count
(15,600/mm3) and a “shift to the left” (bands are present on
the differential). An increased WBC count commonly is ob-
served with infection, particularly with bacterial pathogens.
The WBC differential in patients with a bacterial infection
often demonstrates a shift to the left (i.e., presence of imma-
ture neutrophils), suggesting that the bone marrow is respond-
ing to an infectious insult. Infection is not always associated
with leukocytosis, however. Overwhelming sepsis can cause a
decreased WBC count; some patients become neutropenic sec-
ondary to infection. In less acute infection (e.g., uncomplicated
urinary tract infection, abscess), the WBC count may remain
within the normal range. Because the abscess is a localized

lesion, less bone marrow response would be anticipated; thus,
the WBC count may not increase in these patients.

R.G.’s temperature is 40◦C by axillary measurement. Fever
is a common manifestation of infection, with oral temperatures
generally >38◦C. Oral and axillary temperatures tend to be ap-
proximately 0.4◦C lower compared with rectal measurement.1

As a result, R.G.’s temperature would be expected to be 40.4◦C
if his temperature had been taken rectally. In general, rectal
measurement of temperature is a more reliable determination
of fever. Some patients with overwhelming infection, how-
ever, may present with hypothermia and temperatures <36◦C.
Furthermore, patients with localized infections (e.g., uncom-
plicated urinary tract infection, chronic abscesses) may be
afebrile.

The bilateral lower lobe infiltrates on R.G.’s chest radio-
graph, the presence of copious amounts of yellow-green secre-
tions from his endotracheal tube, and the erythema surrounding
his central venous catheter also are compatible with an infec-
tious process. Furthermore, R.G. has the signs and symptoms
that also are consistent with sepsis, which are discussed next.

ESTABLISHING THE SEVERITY OF AN INFECTION

2. What signs and symptoms manifested by R.G. are consistent
with a serious systemic infection?

The term sepsis is used to describe a poorly defined syn-
drome; however, sepsis generally suggests more systemic in-
fection associated with the presence of pathogenic microor-
ganisms or their toxins in the blood. A uniform system for
defining the spectrum of disorders associated with sepsis has
been established.2

The pathogenesis of sepsis is complex (Fig. 56-1) and
only partially understood.2−4 Gram-negative aerobes produce

Exotoxin,
Endotoxin

Disruption of 
Cell Wall

ARDS, DIC, ARF, 
Hepatic Failure, 

Hypotension, Sepsis 

Macrophage Release 
of TNF, IL-1, IL-6, PAF, 

Other Cytokines

Platelet 
AggregationNeutrophil 

Activation

Activation of 
Complement

T-Cell Release of 
IL-2, Interferon, 

GM-CSF

Arachidonic Acid 
Metabolism 

(Prostaglandin, 
Leukotriene Release)

FIGURE 56-1 The sepsis cascade. ARDS, acute respiratory distress syndrome; ARF, acute renal failure; DIC,
disseminated intravascular coagulation; GM-CSF, granulocytemacrophage colony-stimulating factor; IL-1,
interleukin-1; IL-6, interleukin-6; PAF, platelet activating factor; TNF, tumor necrosis factor.
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endotoxin that results in a cascade of endogenous mediator
release, including tumor necrosis factor (TNF), interleukin-1
(IL-1) and interleukin-6 (IL-6), platelet activating factor (PAF),
and various other substances, from mononuclear phagocytes
and other cells. Although this initial stimulus commonly is
associated with gram-negative endotoxin, other substances,
including gram-positive exotoxin and fungal cell wall con-
stituents, also may be associated with cytokine release. After
release of TNF, IL-1, and PAF, arachidonic acid is metabolized
to form leukotrienes, thromboxane A2, and prostaglandins,
particularly prostaglandin E2 and prostaglandin I2. IL-1 and
IL-6 activate the T cells to produce interferon, IL-2, IL-4, and
granulocytemacrophage colony-stimulating factor (GM-CSF).
Increased endothelial permeability ensues. Subsequently, the
endothelium releases two hemodynamically active substances:
endothelium-derived relaxing factor (EDRF) and endothelin-
l. Activation of the complement cascade (fragments C3a and
C5a) follows with additional vascular abnormalities and neu-
trophil activation. Other potentially important agents in this
cascade include adhesion molecules, kinins, thrombin, my-
ocardial depressant substance, endorphins, and heat shock
protein. The net result of this cascade involves several hemo-
dynamic, renal, acid base, and other disorders. Uncontrolled
inflammation and coagulation also have an important role in
this sepsis cascade.4

Hemodynamic Changes
Critically ill patients often have central intravenous (IV) lines
in place for measuring cardiac output and systemic vascular re-
sistance (SVR). A normal SVR of 800 to 1,200 dyne.sec.cm−5

may fall to 500 to 600 dyne.sec.cm−5 with septic shock be-
cause of intense vasodilation. In response to this vasodilation,
the heart reflexively increases cardiac output from its normal
4 to 6 L/minute to as much as 11 to 12 L/minute in septic pa-
tients. This increase in cardiac output primarily is caused by an
increased heart rate; stroke volume is unchanged or decreased
because of the hypovolemic state. Although the heart rate is
increased on the basis of reflex tachycardia, a chronotropic
response also takes place as a result of stress-induced cat-
echolamine release (norepinephrine, epinephrine). Thus, the
cardiac output increases in response to arterial vasodilation;
however, this increase generally is insufficient to overcome the
vasodilatory state, and hypotension ensues. In overwhelming
septic shock, myocardial depression results in a decreased car-
diac output. The combination of decreased cardiac output and
decreased SVR results in hypotension unresponsive to pres-
sors and IV fluids. R.G. has hemodynamic evidence of septic
shock. He is hypotensive (BP 70/30 mmHg) and tachycardic
(130 beats/minute), presumably in response to significant va-
sodilation and catecholamine release.

Although vasodilation commonly occurs in sepsis, hemody-
namic changes are not equal throughout the vasculature. Some
vascular beds constrict, resulting in maldistribution of blood
flow. Significant amounts of blood are shunted away from the
kidneys, mesentery, and extremities.

Normal urine output of approximately 0.5 to 1.0 mL/kg/
hour (30–70 mL/hour for a 70-kg patient) can decrease to
<20 mL/hour in sepsis. The urine output for R.G. has de-
creased to 10 mL/hour, consistent with sepsis-induced perfu-
sion abnormalities. Decreased blood flow to the kidney as well
as mediator-induced microvascular failure can cause acute-

tubular necrosis (ATN). R.G.’s uremia (BUN 58 mg/dL) and
increased serum creatinine concentration (3.8 mg/dL) are con-
sistent with decreased renal perfusion secondary to sepsis.
When sepsis has progressed to septic shock, blood flow to
most major organs is decreased. Decreased blood flow to the
liver may result in “shock liver,” in which liver function tests,
including alanine aminotransferase (ALT), aspartate amino-
transferase (AST), and alkaline phosphatase, become elevated.
The liver function tests for R.G. are not available; however, his
serum albumin concentration is low (2.1 g/dL) and his PT of
18 seconds is prolonged. Decreased blood flow to the mus-
culature classically is characterized by cool extremities, and
decreased blood flow to the brain can result in decreased men-
tation. R.G. is confused, his extremities are cold, and the area
around his mouth appears pale. All these signs and symptoms
provide strong evidence that he is in septic shock.

Cellular Changes
The sepsis syndrome is associated with significant abnormali-
ties in cellular metabolism. Glucose intolerance commonly is
observed in sepsis, and patients with previously normal blood
glucose levels may experience sudden increases in blood sugar.
In some cases, an increase in glucose is one of the first signs
of an infectious process. R.G.’s increased blood glucose con-
centration (320 mg/dL) is, therefore, consistent with sepsis.
Other sensitive indicators of sepsis-associated inflammation
include the ESR and C-reactive protein, nonspecific tests that
are commonly elevated in various inflammatory states, includ-
ing infection. The ESR or C-reactive protein can be used to
follow the progression of infection; currently, R.G.’s ESR is
elevated at 65 mm/hour. With appropriate management of in-
fection, the ESR would be expected to decrease; inadequate
treatment would be associated with persistent elevation of the
ESR and C-reactive protein.

Respiratory Changes
Production of organic acids, such as lactate, increased glycol-
ysis, decreased fractional extraction of oxygen, and abnormal
delivery-dependent oxygen consumption are observed.4 This
increase in lactic acid results in metabolic acidosis, with ac-
companying decreased serum bicarbonate levels. The lungs
normally respond in a compensatory manner with an increased
respiratory rate (tachypnea), resulting in an increased elim-
ination of arterial carbon dioxide. R.G.’s acid-base status is
consistent with sepsis-associated metabolic acidosis (CO2 16
mEq/L) and compensatory respiratory alkalosis (respiratory
rate 24 breaths/minutes).

Although not currently present in R.G., a late complication
of the above-mentioned sepsis cascade is acute respiratory dis-
tress syndrome (ARDS). ARDS initially was described as non-
cardiogenic pulmonary edema with severe hypoxemia caused
by right-to-left intrapulmonary shunting resulting from atelec-
tasis and edema-filled alveoli. The primary pathophysiology
of ARDS is a breakdown in the natural integrity of the alveolar
capillary network in the lung.5 In the early phase of ARDS,
patients have severe alveolar edema with large numbers of
inflammatory cells, primarily neutrophils. The chronic phase
of ARDS (10–14 days after development of the syndrome)
is associated with significant lung destruction. Emphysema,
pulmonary vascular obliteration, and fibrosis commonly are
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observed. Severe ARDS is associated with arterial oxygen
level/fraction of inspired oxygen (Pao2/Fio2) ratios of <100,
low lung compliance, a need for high positive end-expiratory
pressure (PEEP), and other respiratory maneuvers. At present,
the treatment for this syndrome primarily is supportive, includ-
ing mechanical ventilation, high inspired oxygen, and PEEP.
If patients fail to show improved gas exchange by day 7, the
mortality associated with ARDS is high (>80%).6 Although
R.G. currently does not have ARDS, the severity of his septic
episode strongly suggests he may develop this complication in
the next few days.

Hematologic Changes
Disseminated intravascular coagulation (DIC) is a well-
recognized sequel of sepsis. Huge quantities of clotting fac-
tors and platelets are consumed in DIC as widespread clotting
takes place throughout the circulatory system. As a result, the
PT and the activated partial thromboplastin time (aPTT) are
prolonged and the platelet count commonly is decreased in
sepsis. Decreased fibrinogen levels and increased fibrin split
products generally are diagnostic for DIC. The PT of 18 sec-
onds and the decreased platelet count of 40,000/mm3 in R.G.
are consistent with sepsis-induced DIC.

Neurologic Changes
Central nervous system (CNS) changes, including lethargy,
disorientation, confusion, and psychosis, predominate in sep-
sis. Altered mental status is well recognized as a symptom asso-
ciated with infections of the CNS, such as meningitis and brain
abscess. These changes, however, also are common with other
sites of sepsis. On day 20 of his hospital stay, R.G. suddenly
became confused, his BP dropped, and his heart rate increased.
Thus, R.G.’s CNS effects as well as his hematologic, respira-
tory, hemodynamic, and cellular effects all provide substantial
evidence of septic shock.

PROBLEMS IN THE DIAGNOSIS OF AN INFECTION

3. R.G.’s medical history includes temporal arteritis and
seizures chronically treated with corticosteroids and phenytoin.
Perioperative “stress doses” of hydrocortisone recently were ad-
ministered because of his surgical procedure. What medications
or disease states confuse the diagnosis of infection?

Confabulating Variables
Various factors, including major surgery, acute myocardial in-
farction, and initiation of corticosteroid therapy are associated
with an increased WBC count. Unlike infection, however, a
shift to the left does not occur with these disease states. In
R.G., the stress dose of hydrocortisone and his recent surgical
procedure might have contributed to the increased WBC count.
The presence of bands in R.G., however, strongly suggests an
infectious process.

Drug Effects
The ability of corticosteroids to mimic or mask infection is
noteworthy. Corticosteroids are associated with an increased

WBC count and glucose intolerance when therapy is initiated
or when doses are increased. Furthermore, some patients expe-
rience corticosteroid-induced mental status changes that may
complicate the diagnosis of a septic infection. Although corti-
costeroids mimic infection, they also have the ability to mask
infection. Bowel perforation in a patient with ulcerative colitis
would result in significant peritoneal contamination. Concomi-
tant corticosteroids, because of their potent anti-inflammatory
effects, may, however, reduce the classic findings of peritonitis.
Furthermore, corticosteroids can reduce and sometimes ablate
the febrile response. Thus, these corticosteroid-treated patients
may be asymptomatic but at great risk for gram-negative septic
shock.

Another example of the influence of corticosteroids on
the diagnosis of infection relates to neurosurgical procedures.
Dexamethasone is a corticosteroid commonly used to reduce
the inflammation and swelling associated with neurosurgical
procedures. Certain neurosurgical procedures are associated
with significant trauma to the meninges; however, the patient
often is asymptomatic while receiving high-dose dexametha-
sone. When the dexamethasone dose is decreased, the patient
subsequently may experience classic meningismus, including
stiff neck, photophobia, and headache. The lumbar puncture
may demonstrate cloudy cerebrospinal fluid (CSF), an elevated
WBC count, high CSF protein, and low CSF glucose. Although
the signs and symptoms are consistent with infectious menin-
gitis, this disease state is considered aseptic meningitis (i.e.,
inflammation of the meninges without an infectious origin).7

Certain drugs may cause aseptic meningitis, including OKT3,8

nonsteroidal anti-inflammatory agents, and sulfonamides.

Fever
Fever also is consistent with autoimmune diseases, such as lu-
pus erythematosus and temporal arteritis.9,10 Neoplasms, such
as leukemia and lymphoma, also may present with low-grade
fevers, similar to those observed in an infectious process. One
evaluation of fever of unknown origin (FUO) in community
hospitals demonstrated a 25% incidence of FUO caused by
cancer.10 Other diseases associated with fever include sar-
coidosis, chronic liver disease, and familial Mediterranean
fever. Acute myocardial infarction, pulmonary embolism, and
postoperative pulmonary atelectasis are commonly associated
with an elevated temperature. Factitious fever or self-induced
disease must be considered in certain patients. After infec-
tion, autoimmune disease, and malignancy have been ruled
out, drug fever should be considered. Drugs, including certain
antimicrobials (e.g., amphotericin B) and phenytoin, have been
associated with drug fever. Drug fever generally occurs after
7 to 10 days of therapy and resolves within 48 hours of the
drug’s discontinuation.11 Some clinicians claim that patients
with drug fever generally feel “well” and are unaware of their
fever. Rechallenge with the offending agent usually results in
recurrence of fever within hours of administration. Drug fever
should be considered a diagnosis of exclusion, however, and
should be considered only after eliminating the presence of
other disease states (also see Chapter 4, Anaphylaxis and Drug
Allergies).

Neoplasms may be radiographically indistinguishable from
an abscess. An example of this dilemma is the differential di-
agnosis of toxoplasmosis versus lymphoma in patients with
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human immunodeficiency virus (HIV) with brain lesions doc-
umented by a computed axial tomography scan. One method
for diagnosis is to use empiric therapy against Toxoplasma
gondii. If the lesions are unresponsive to therapy, the presump-
tive diagnosis of malignancy can be made.

In summary, R.G. has an autoimmune disease, temporal
arteritis, which has been associated with fever. Similarly, his
corticosteroid administration and phenytoin use may confound
the diagnosis of infection. His other signs and symptoms, how-
ever, strongly suggest that R.G.’s problems are of an infectious
origin.

ESTABLISHING THE SITE OF THE INFECTION

4. What are the most likely sources of R.G.’s infection?

Independent of the presumed site of infection, a blood cul-
ture should be drawn to demonstrate the presence of bac-
teremia. After blood cultures are sampled, a thorough phys-
ical examination generally documents the source of infection.
Urosepsis, the most common cause of nosocomial infection,
may be associated with dysuria, flank pain, and abnormal
urinalysis.12 Tachypnea, increased sputum production, altered

chest radiograph, and hypoxemia may direct the clinician to-
ward a pulmonary source. Evidence for an infected IV line
would include pain, erythema, and purulent discharge around
the IV catheter. Other potential sites of infection include the
peritoneum, pelvis, bone, and CNS.

R.G. is demonstrating several possible sites of infection.
The copious production of yellow-green sputum, tachypnea,
and the altered chest radiograph suggest the presence of
pneumonia. The abdominal pain, absent bowel sounds, and
recent surgical procedure, however, require evaluation for
an intra-abdominal source.13 Lastly, the abnormal urinalysis
(>50 WBC/HPF) and the erythema around the central venous
catheter suggest other sites of infection.

DETERMINING LIKELY PATHOGENS

5. What are the most likely pathogens associated with R.G.’s
infection(s)?

R.G. has several possible sources of infection. The sus-
pected pathogens depend on the presumed site of infec-
tion. Table 56-1 provides a classification of infectious organ-
isms (e.g., gram-positive, gram-negative, aerobic, anaerobic),

Table 56-1 Classification of Infectious Organisms

1. Bacteria

Aerobic

Gram-positive
Cocci

Streptococci: pneumococcus, viridans streptococci; group A
streptococci

Enterococcus
Staphylococci: Staphylococcus aureus, Staphylococcus

epidermidis
Rods (bacilli)

Corynebacterium
Listeria

Gram-negative
Cocci

Moraxella
Neisseria (Neisseria meningitides. Neisseria gonorrhoeae).

Rods (bacilli)
Enterobacteriaceae (Escherichia coli, Klebsiella, Enterobacter,

Citrobacter, Proteus, Serratia, Salmonella, Shigella,
Morganella, Providencia)

Campylobacter
Pseudomonas
Helicobacter
Haemophilus (coccobacilli morphology)
Legionella

Anaerobic

Gram-positive
Cocci

Peptococcus
Peptostreptococcus

Rods (bacilli)
Clostridia (Clostridium perfringens, Clostridium tetani,

Clostridium difficile)
Propionibacterium acnes

Gram-negative
Cocci
None
Rods (bacilli)

Bacteroides (Bacteroides fragilis, Bacteroides melaninogenicus)
Fusobacterium
Prevotella

2. Fungi

Aspergillus, Candida, Coccidioides, Cryptococcus, Histoplasma,
Mucor, Tinea, Trichophyton

3. Viruses

Influenza, hepatitis A, B, C, D, E; human immunodeficiency virus;
rubella; herpes; cytomegalovirus; respiratory syncytial virus;
Epstein-Barr virus, severe acute respiratory syndrome (SARS) virus

4. Chlamydiae

Chlamydia trachomatis
Chlamydia psittaci
Chlamydia pneumoniae
Lymphogranuloma venereum (LGV) disease caused by Chlamydia

trachomatis of immunotype L1–L3

5. Rickettsiae

Rocky Mountain spotted fever, Q fever
Ureaplasma

6. Mycoplasmas

Mycoplasma pneumoniae, Mycoplasma hominis

7. Spirochetes

Treponema pallidum, Borrelia burgdorferi (Lyme disease)

8. Mycobacteria

Mycobacterium tuberculosis
Mycobacterium avium intracellulare
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Table 56-2 Site of Infection: Suspected Organisms

Site/Type of Infection Suspected Organisms

1. Respiratory

Pharyngitis Viral, group A streptococci
Bronchitis, otitis Viral, Haemophilus influenzae, Streptococcus pneumoniae, Moraxella catarrhalis
Acute sinusitis Viral, Streptococcus pneumoniae, Haemophilus influenzae, Moraxella catarrhalis
Chronic sinusitis Anaerobes, Staphylococcus aureus (as well as suspected organisms associated with acute sinusitis)
Epiglottitis Haemophilus influenzae
Pneumonia

Community-Acquired
Normal host Streptococcus pneumoniae, viral, mycoplasma
Aspiration Normal aerobic and anaerobic mouth flora
Pediatrics Streptococcus pneumoniae, Haemophilus influenzae
COAD Streptococcus pneumoniae, Haemophilus influenzae, Legionella, Chlamydia, Mycoplasma
Alcoholic Streptococcus pneumoniae, Klebsiella

Hospital-Acquired
Aspiration Mouth anaerobes, aerobic gram-negative rods, Staphylococcus aureus
Neutropenic Fungi, aerobic Gram-negative rods, Staphylococcus aureus
HIV Fungi, Pneumocystis, Legionella, Nocardia, Streptococcus pneumoniae, Pseudomonas

2. Urinary Tract

Community-Acquired Escherichia coli, other gram-negative rods, Staphylococcus aureus, Staphylococcus epidermidis,
enterococci

Hospital-Acquired Resistant aerobic Gram-negative rods, enterococci

3. Skin and Soft Tissue

Cellulitis Group A streptococci, Staphylococcus aureus
IV catheter site Staphylococcus aureus, Staphylococcus epidermidis
Surgical wound Staphylococcus aureus, Gram-negative rods
Diabetic ulcer Staphylococcus aureus, Gram-negative aerobic rods, anaerobes
Furuncle Staphylococcus aureus

4. Intra-abdominal Bacteroides fragilis, Escherichia coli, other aerobic Gram-negative rods, enterococci

5. Gastroenteritis Salmonella, Shigella, Helicobacter, Campylobacter, Clostridium difficile, amoeba, Giardia, viral,
enterotoxigenic-hemorrhagic Escherichia coli

6. Endocarditis

Pre-existing valvular disease Streptococcus viridans
IV drug abuser Staphylococcus aureus, aerobic Gram-negative rods, enterococci, fungi
Prosthetic valve Staphylococcus epidermidis

7. Osteomyelitis and Septic Arthritis Staphylococcus aureus, aerobic Gram-negative rods

8. Meningitis

<2 months Escherichia coli, group B streptococci, Listeria
2 months–12 years Streptococcus pneumoniae, Neisseria meningitides, Haemophilus influenzae
Adults Streptococcus pneumoniae, Neisseria meningitides
Hospital-acquired Streptococcus pneumoniae, Neisseria meningitides, aerobic Gram-negative rods
Post-neurosurgery Staphylococcus aureus, aerobic Gram-negative rods

COAD, chronic obstructive airways disease; IV, intravenous.

and Table 56-2 lists the most likely organisms associated
with sites of infection. Determining the most likely infec-
tious agent depends not only on the site of infection but
also on host factors. For example, bacterial pneumonia can
be caused by various pathogens, including Streptococcus

pneumoniae, Enterobacteriacae, and atypical pathogens (e.g.,
Legionella pneumophila).14 Empiric antimicrobial therapy di-
rected against all the above organisms, however, is unneces-
sary. Several host factors must be evaluated to streamline ther-
apy against the most likely pathogens. If the pneumonia is
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community acquired, S. pneumoniae, Haemophilus influenzae,
Moraxella catarrhalis, and “atypical” bacterial pathogens may
predominate.15 In nosocomial (hospital, nursing home) pneu-
monia, however, gram-negative enterics (e.g., Escherichia coli,
Klebsiella species, Enterobacter species, and Pseudomonas
aeruginosa) become more significant pathogens. If the pneu-
monia is a result of a gastric aspiration, mouth anaerobes should
probably be covered empirically; however, the true pathogenic-
ity of these anaerobes in aspiration pneumonia is not clear.
In nosocomial pneumonia, knowledge of the hospital-specific
flora is important. If E. coli is the most commonly isolated
pathogen at a given institution, antimicrobials, such as first-
or second-generation cephalosporins, can be used. If P. aerug-
inosa or Enterobacter cloacae predominate, then alternative,
broader-spectrum therapy is necessary. A thorough evaluation
of antimicrobial exposure also is necessary. Recent use of an-
timicrobials clearly predisposes to subsequent infection caused
by resistant gram-negative organisms.

The patient’s age is also an important determinant in the epi-
demiology of infection. For example, meningitis in a neonate
is commonly caused by group B streptococci, E. coli, and
Listeria monocytogenes, whereas these bacteria are uncom-
mon pathogens in normal adults. The presence of concomi-
tant diseases, such as chronic obstructive airways disease
(COAD) or alcohol and IV drug abuse, also can help determine
the pathogen. For example, patients with COAD-associated
pneumonia are more likely to be infected by S. pneumo-
niae, H. influenzae, and M. catarrhalis. Chronic alcoholics are
more likely to have infection caused by enteric gram-negative
pathogens, such as Klebsiella species.

Immune status is an important predictor of likely
pathogens. HIV-positive patients or those receiving cy-
closporine (or tacrolimus) and corticosteroids have lympho-
cyte deficiency-associated infections, including those caused
by cytomegalovirus, Pneumocystis carinii, atypical mycobac-
teria, and Cryptococcus neoformans. Patients with leukemia
and neutropenia are at risk for infection caused by aerobic
gram-negative bacilli, including P. aeruginosa and fungi.

In R.G., the abdomen, respiratory tract, urinary tract, and
IV catheter are all potential sites of infection. Intra-abdominal
infection is likely caused by gram-negative enterics and Bac-
teroides fragilis; nosocomial urinary tract infection is usually
secondary to aerobic gram-negative rods. R.G.’s pneumonia
possibly is caused by gram-negative bacilli, staphylococci,
and various other organisms. Furthermore, his use of corti-
costeroids may predispose him to infection caused by more
opportunistic organisms, including Legionella, P. carinii, and
fungi. Lastly, his IV catheter infection suggests infection
caused by staphylococci, including Staphylococcus epider-
midis and Staphylococcus aureus.

MICROBIOLOGIC TESTS AND SUSCEPTIBILITY
OF ORGANISMS

6. A Gram stain of R.G.’s tracheal aspirate shows gram-
negative bacilli. What tests may assist with the identification of
the pathogen(s)?

Once the site of infection has been determined and host
defense and other epidemiologic factors have been evaluated,

additional tests can be performed to identify the pathogen.
Some tests that provide immediate information to guide se-
lection of the initial antimicrobial regimen can be performed.
The Gram stain uses crystal violet solution and iodine, which
results in bacteria staining gram positive or gram negative;
some organisms are gram variable. In addition, the shape of
the organism (cocci, bacilli) is readily apparent with the use
of the Gram stain. Streptococci and staphylococci are gram-
positive cocci, whereas E. coli, E. cloacae, and P. aerugi-
nosa appear as gram-negative bacilli (Table 56-1).16 If the
Gram stain of the tracheal aspirate demonstrates gram-positive
cocci in clusters, empiric antistaphylococcal therapy is in-
dicated. In contrast, if the Gram stain shows gram-negative
rods, antimicrobials with activity against these pathogens are
indicated.

Similar to the Gram stain in bacterial infection, the India ink
and potassium hydroxide (KOH) stains are helpful in the iden-
tification of certain fungi. The acid-fast bacilli (AFB) stain is
critical in the diagnosis of infection caused by Mycobacterium
tuberculosis or atypical mycobacteria.

In R.G., the Gram stain suggests that antimicrobials ac-
tive against gram-negative bacilli should be used. Table
56-3 provides a classification of antibacterials (e.g., differ-
ent generations of cephalosporins). Tables 56-4, 56-5, and
56-6 list in vitro susceptibilities of aerobic gram-positive or-
ganisms, gram-negative aerobes, and anaerobic organisms,
respectively.

Culture and Susceptibility Testing
Culture and susceptibility testing provides final identifica-
tion of the pathogen, as well as information regarding the
effectiveness of various antimicrobials. Although these tests
provide more information than the Gram stain, they generally
require 18 to 24 hours to complete. After the pathogen has
been identified, Table 56-7 can be used in conjunction with an
institution’s specific susceptibility studies to select the most
appropriate antimicrobial.

Disk Diffusion
The most widely used tests for bacterial susceptibility are the
disk diffusion and the broth dilution methods. The disk dif-
fusion (Kirby-Bauer) technique uses an agar plate on which
an inoculum of the organism is placed. After inoculation, sev-
eral antimicrobial-laden disks are placed on the plate, and ev-
idence of bacterial growth is observed after 18 to 24 hours.
If the antimicrobial is active against the pathogen, a zone of
growth inhibition is observed around the disk. Based on guide-
lines provided by the Clinical Laboratory Standards Institute
(CLSI), the diameter of inhibition is reported as susceptible,
intermediate, or resistant.

Broth Dilution
The broth dilution method involves placing a bacterial inocu-
lum into several tubes or wells filled with broth. Serial dilu-
tions of antimicrobials (e.g., nafcillin 0.5, 1.0, and 2.0 g/mL)
are placed in the respective wells. After bacteria are allowed to
incubate for 18 to 24 hours, the wells are examined for bacte-
rial growth. If the well is cloudy, bacterial growth has occurred,
suggesting resistance to the antimicrobial at that concentration.
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Table 56-3 Classification of Antibacterials

β-Lactam Antibiotics

Cephalosporins
First-generation
Cefadroxil (Duricef)
Cefazolin (Ancef)
Cephalexin (Keflex)
Second-generation
Cefaclor (Ceclor)
Cefamandole (Mandol)
Cefonicid (Monocid)
Ceforanide (Precef)
Cefotetan (Cefotan)
Cefoxitin (Mefoxin)
Cefprozil (Cefzil)
Cefuroxime (Zinacef)
Cefuroxime axetil (Ceftin)
Third-generation
Cefdinir (Omnicef)
Cefditoren (Spectracef)
Cefixime (Suprax)
Cefotaxime (Claforan)
Cefpodoxime proxetil (Vantin)
Ceftazidime (Fortaz)
Ceftibuten (Cedax)
Ceftizoxime (Cefizox)
Ceftriaxone (Rocephin)
Fourth-generation
Cefepime (Maxipime)

Carbacephems
Loracarbef (Lorabid)

Monobactams
Aztreonam (Azactam)

Penems
Doripenem (Doribax)
Ertapenem (Invanz)
Imipenem (Primaxin)
Meropenem (Merem)

Penicillins
Natural Penicillins
Penicillin G
Penicillin V
Aminopenicillins
Ampicillin (Omnipen)
Amoxicillin (Amoxil)

β-Lactam Antibiotics

Bacampicillin (Spectrobid)
Penicillinase-Resistant Penicillins
Isoxazolyl penicillins (dicloxacillin, oxacillin, cloxacillin)
Nafcillin (Unipen)
Combination with β-lactamase Inhibitors
Augmentin (amoxicillin plus clavulanic acid)
Unasyn (ampicillin plus sulbactam)
Zosyn (piperacillin plus tazobactam)

Aminoglycosides
Amikacin (Amikin)
Gentamicin (Garamycin)
Neomycin (Mycifradin)
Netilmicin (Netromycin)
Streptomycin
Tobramycin (Nebcin)

Protein Synthesis Inhibitors
Azithromycin (Zithromax)
Clarithromycin (Biaxin)
Clindamycin (Cleocin)
Chloramphenicol (Chloromycetin)
Dalfopristin/Quinupristin (Synercid)
Dirithromycin (Dynabac)
Erythromycin (Erythrocin)
Linezolid (Zyvox)
Telithromycin (Ketek)
Tetracyclines (doxycycline, minocycline, tetracycline)

Folate Inhibitors
Sulfadiazine
Sulfadoxine (Fansidar)
Trimethoprim (Trimpex)
Trimethoprim-sulfamethoxazole (Bactrim, Septra)

Quinolones
Ciprofloxacin (Cipro)
Gemifloxacin (Factive)
Levofloxacin (Levoquin)
Moxifloxacin (Avelox)
Norfloxacin (Noroxin)
Ofloxacin (Floxin)

Daptomycin (Cubicin)

Vancomycin (Vancocin)

Metronidazole (Flagyl)

As an example, if bacterial growth is observed with S. aureus at
0.5 g/mL of nafcillin but not at 1.0 g/mL, then 1.0 g/mL would
be considered the minimum inhibitory concentration (MIC)
for nafcillin against S. aureus.

Similar to the disk diffusion method, the CLSI provides
guidelines17 that also take into account the pharmacokinetic
characteristics of an antimicrobial to determine whether the
MIC should be reported as susceptible, moderately suscepti-
ble, or resistant. MIC interpretations are specific to both the
organism and the antimicrobial. For example, ciprofloxacin
achieves serum concentrations of 1–4 mcg/mL and ceftriax-

one achieves peak serum concentrations of 100–150 mcg/mL;
an MIC of 4 g/mL for E. coli would be interpreted as resistant
to ciprofloxacin and susceptible to ceftriaxone.

Although these tests provide an accurate assessment of in
vitro susceptibility, the time delay (18–24 hours) can hinder
streamlining of therapy. An alternative efficient but more ex-
pensive MIC test is the E test, which uses an antibiotic-laden
plastic strip with increasing concentration of a specific antimi-
crobial from one end to the other. The strip is placed on an
agar plate with the actively growing pathogen. Inhibition of
growth observed at specific marks on the strip coincides with

EASE
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Table 56-4 In Vitro Antimicrobial Susceptibility: Aerobic Gram-Positive Cocci

Staphylococcus Staphylococcus Staphylococcus Staphylococcus
Drugs aureus aureus (MR) epidermidis epidermidis (MR) Streptococci a Enterococci b Pneumococci

Ampicillin + + + + + + + + + + +
Augmentin + + + + + + + + + + + + + + + + + + +
Aztreonam
Cefazolin + + + + + + + + + + + + + +
Cefepime + + + + + + + + + + + + + + +
Cefoxitin/Cefotetan + + + + + + +
Cefuroxime + + + + + + + + + + + + + + +
Ciprofloxacinc + + + + + + + + + + + + + +
Clindamycin + + + + + + + + + + + + + + + +
Cotrimoxazole + + + + + + + + + + + + + +
Daptomycin f + + + + + + + + + + + + + + + + + + + + + + + + + + + +
Erythromycin

(azithromycin/
clarithromycin)

+ + + + + + + +

Imipenem + + + + + + + + + + + + + + + + +
Levofloxacin

(gemifloxacin,
moxifloxacin)

+ + + + + + + + + + + + + + + + + + + +

Linezolid f + + + + + + + + + + + + + + + + + + + + + + + + + + + +
Nafcillin + + + + + + + + + + + + + +
Penicillin + + + + + + + + + + +
Quinupristin/

dalfopristind, f
+ + + + + + + + + + + + + + + + + + + + + + + + + + + +

TGCe + + + + + + + + + + + +
Tigecycline + + + + + + + + + + + + + + + + + + + + + + + + + + + +
Timentin + + + + + + + + + + + + + +
Unasyn + + + + + + + + + + + + + + + + +
Vancomycin + + + + + + + + + + + + + + + + + + + + + + + + + + +
Zosyn + + + + + + + + + + + + + + + + +
aNonpneumococcal streptococci.
bUsually requires combination therapy (e.g., ampicillin and an aminoglycoside) for serious infection.
cLevofloxacin (gatifloxacin, gemifloxacin, moxifloxacin) is more active than ciprofloxacin against staphylococci and streptococci.
d Active against E. faecium but unpredictable against E. faecalis.
eTGC, cefotaxime, ceftizoxime, ceftriaxone, cefoperazone. Ceftazidime has comparatively inferior antistaphylococcal and antipneumococcal activity. Cefotaxime and ceftriaxone
are the most reliable cephalosporins versus S. pneumoniae.
f Active versus vancomycin-resistant Enterococcus faecium.
MR, methicillin resistant.

the MIC of the organism. Numerous studies have confirmed
that the E test is as effective as traditional susceptibility testing.
Some rapid diagnosis culture and susceptibility tests may pro-
vide similar information within hours, potentially resulting in
more rapid selection of appropriate antimicrobial therapy.

Although susceptibility testing is relatively well standard-
ized for aerobic gram-negative and gram-positive organisms,
its utility continues to evolve for anaerobes18 and fungi.19 In
general, despite improvements in the standardization of testing
in anaerobes, most institutions do not routinely perform sus-
ceptibility testing for these bacteria. In contrast, susceptibility
testing is now available for yeast, and these in vitro data have
been demonstrated to predict clinical success in the patient care
setting.

The consensus of the CLSI and other experts is that anaer-
obic isolates from blood, bone, and joint sources, brain ab-
scesses, empyemic fluid, and other body fluids that are nor-
mally sterile should be considered for susceptibility testing.
Isolates from other sources should be considered for testing

only if the physician believes the test is clearly indicated in the
given patient.18 Although progress has been made in devel-
oping a standardized test for determining fungal susceptibility,
the primary emphasis has been on the susceptibility of Candida
species and other yeasts to azoles in oropharyngeal candidia-
sis. Standardized susceptibility testing for molds recently has
been established by the CLSI; however, this testing is rarely
performed in the clinical setting.19

The MIC is the minimum concentration at which an antimi-
crobial inhibits the growth of the organism; the test does not
provide information regarding whether the organism is actually
killed. In some disease states (e.g., endocarditis, meningitis),
bactericidal therapy may be necessary. The minimum bacteri-
cidal concentration (MBC) is the test that can be used to de-
termine the killing activity associated with an antimicrobial.
The MBC is determined by taking an aliquot from each clear
MIC tube for subculture onto agar plates. The concentration
at which no significant bacterial growth is observed on these
plates is considered the MBC.
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Table 56-5 In Vitro Antimicrobial Susceptibility: Gram-Negative Aerobes

Escherichia Klebsiella Enterobacter Proteus Serratia Pseudomonas Haemophilus Haemophilus
Drugs coli pneumoniae cloacae mirabilis marcescens aeruginosa influenzae influenzae a

Ampicillin + + + + + + + + +
Augmentin + + + + + + + + + + + + + + + + +
Aztreonam + + + + + + + + + + + + + + + + + + + + + + + + + + + + +
Cefazolin + + + + + + + + + + +
Cefepime + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + +
Ceftazidime + + + + + + + + + + + + + + + + + + + + + + + + + + + + +
Cefuroxime + + + + + + + + + + + + + + + + + + +
Cotrimoxazole + + + + + + + + + + + + + + + + + + + + + + +
Ertepenem + + + + + + + + + + + + + + + + + + + + + + + + + + + + +
Gentamicin + + + + + + + + + + + + + + + + + + + + + + + + + + +
Imipenem/

Meropenem/
Doripenem

+ + + + + + + + + + + + + + + + + + + + + + + + + + + + + + +

Quinolones + + + + + + + + + + + + + + + + + + + + + + + + + + + +
TGC + + + + + + + + + + + + + + + + + + + + + + + + + +
Tigecycline + + + + + + + + + + + + + + + + + + − + + + + + + + +
Timentin + + + + + + + + + + + + + + + + + + + + + + + +
Tobramycin + + + + + + + + + + + + + + + + + + + + + + + + + + +
Unasyn + + + + + + + + + + + + + + + + + + + +
Zosyn + + + + + + + + + + + + + + + + + + + + + + + + + + + + + +
TGC, cefataxime, ceftizoxime, ceftriaxone.
aβ-Lactamase-producing strains.

The serum bactericidal test (SBT) occasionally is used as an
in vivo test of antimicrobial activity.20 The test may have utility
in assessing the treatment of more severe infections, such as
endocarditis (see Chapter 59, Endocarditis) and osteomyelitis.
A blood sample taken from a patient receiving an antibiotic is
serially diluted using Mueller-Hinton broth (e.g., 1:2, 1:4, 1:8,
1:16) and then inoculated with the infecting organism. After
18 to 24 hours, the samples are visually inspected for evidence
of bacterial growth. If no growth is observed at dilutions of 1:8

and 1:16 but growth is seen at 1:32 and above, the serum is con-
sidered inhibitory at 1:16. Similar to the MIC methodology, the
clear tubes define the inhibitory titers; however, it is unknown
whether bactericidal concentrations have been achieved. As a
result, aliquots of each of the clear tubes are plated onto agar.
If significant bacterial growth is observed at 1:16 but not at 1:8
or less, the serum is considered bactericidal at 1:8. The CLSI
considers as appropriate “peak,” an SBT of 1:8 to 1:16 and
a “trough” SBT of 1:4 to 1:8. Although the SBT provides an

Table 56-6 Antimicrobial Susceptibility: Anaerobes

Drugs Bacteroides fragilis Peptococcus Peptostreptococcus Clostridia

Ampicillin + + + + + + + + + + + +
Aztreonam
Cefazolin + + + + + +
Cefepime + + + + + + + +
Cefotaxime + + + + + + + + +
Cefoxitin + + + + + + + + + + +
Ceftazidime + + +
Ceftizoxime + + + + + + + + + +
Ciprofloxacin + + + +
Clindamycin + + + + + + + + + + + + +
Moxifloxacin + + + + + + + + + + +
Imipenem (Doripenem/

Ertapenem/Meropenem)
+ + + + + + + + + + + + + +

Metronidazole + + + + + + + + + + + +
Penicillin + + + + + + + + + + + + +
Timentin + + + + + + + + + + + + +
Unasyn + + + + + + + + + + + + + + + +
Vancomycin + + + + + + + + +
Zosyn + + + + + + + + + + + + + +

EASE
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56-14 � INFECTIOUS DIS

in vivo test of antibacterial activity, the practical utility of the
test is limited.

DETERMINATION OF ISOLATE PATHOGENICITY

7. Serratia marcescens grows from a culture of R.G.’s tra-
cheal aspirate, and the decision to treat this organism is based
on whether the isolate is a true pathogen. How can the difference
between true bacterial infection and colonization or contamina-
tion be determined?

A positive culture may represent colonization, contami-
nation, or infection. Colonization indicates that bacteria are
present at the site but are not actively causing infection. Poor
sampling techniques or inappropriate handling of specimens
can result in contamination. Infection, colonization, and con-
tamination might all be applicable to R.G. If a suction catheter
was used for a sample of R.G.’s tracheal aspirate, the infect-
ing organism likely would be cultured; however, other flora
present in the oropharynx (but not associated with infection)
would also appear in the culture medium (colonization). Fur-
thermore, if the sample is not handled aseptically by the clin-
ician or the microbiology laboratory, bacterial contamination
is possible.

In summary, culture results do not necessarily identify only
the actual pathogens. In R.G., the Serratia may be a pathogen,
contaminant, or colonizer. Nevertheless, considering the sever-
ity of R.G.’s illness, treatment directed against this pathogen is
necessary.

ANTIMICROBIAL TOXICITIES

8. In light of the positive culture for Serratia, his increased
respiratory secretions, and a worsening chest radiograph, R.G.’s
lungs are considered a source of infection. Pending susceptibility
results, R.G. is started on combination imipenem and gentamicin.
Are there equally effective, less toxic options for this patient?

Adverse Effects and Toxicities
Before therapy is started, it is important to elicit an accurate
drug and allergy history. When “allergy” has been reported
by the patient, it is necessary to determine whether the reac-
tion was intolerance, toxicity, or true allergy (see Chapter 4
Anaphylaxis and Drug Allergies). Table 56-8 lists the most
common adverse effects and toxicities associated with antimi-
crobial therapy. For example, gastric intolerance caused by oral
erythromycin is common; however, this adverse effect does
not represent an allergic manifestation or toxicity caused by
the drug. In R.G.’s case, neither imipenem nor gentamicin is
an optimal choice. Imipenem is known to be associated with
seizures, particularly in patients with renal failure and in doses
in excess of 50 mg/kg/D. Considering R.G.’s acute onset of re-
nal failure and his history of seizures, other carbapenems, such
as meropenem, would be preferable. Gentamicin similarly may
not be a good choice in R.G. His increased age and changing
renal function predispose him to aminoglycoside nephrotoxi-
city and ototoxicity (cochlear and vestibular).21 A reasonable
recommendation would be to discontinue imipenem and gen-
tamicin and treat with meropenem with or without a fluoro-
quinolone.

Concomitant Disease States
Concomitant disease states also should be considered in the se-
lection of therapy. As discussed above, older patients with hear-
ing deficits are poor candidates for potentially ototoxic amino-
glycoside therapy. Diabetics or patients with kidney transplants
may be better treated with IV fluconazole than nephrotoxic
amphotericin B products in candidemia. Patients with a pre-
existing seizure history should not receive imipenem if less
toxic therapy can be used. In summary, the toxicologic profile
must be taken into account in the selection of antimicrobial
therapy.

ANTIMICROBIAL COSTS OF THERAPY

9. What factors should be included in calculating the cost of
R.G.’s antimicrobial therapy?

The true cost of antimicrobial therapy is difficult to
quantitate.22 Although acquisition cost traditionally has been
the primary factor in the overall cost of therapy, drug admin-
istration labor costs (i.e., nursing and pharmacy) and the use
of IV sets, piggyback bags, and infusion control devices must
be included in the analysis. As a result, a drug that must be
administered several times daily, such as penicillin, will incur
increased administration costs compared with one that requires
once-a-day dosing.

Some drugs, such as aminoglycosides, are associated with
increased laboratory costs (e.g., aminoglycoside serum con-
centrations, serum creatinine, audiometry) that are not required
for other agents,23 such as the third-generation cephalosporins
and quinolones. Similarly, drugs with a high potential for mis-
use or toxicity can be associated with increased costs because of
monitoring (e.g., drug use evaluation, pharmacokinetic moni-
toring). If meropenem with or without ciprofloxacin had been
selected for R.G., this therapy would be expected to be associ-
ated with relatively few laboratory costs. The broad spectrum
of activity24 and potential for misuse and development of re-
sistance might, however, result in increased monitoring costs
and overall cost to society.

Costs that are difficult to quantitate include that of both
therapy failure and antimicrobial toxicity. Ineffective or toxic
therapy can prolong hospitalization and may require expensive
interventions, such as hemodialysis,23 mechanical ventilation,
and intensive care unit admission. The net effect of these lat-
ter costs can be significantly greater than the acquisition and
administration costs of antimicrobial therapy.

In summary, determining the true cost of antimicrobial ther-
apy is complex. Acquisition cost, IV bags, infusion controllers,
and labor must be incorporated into the analysis. Although they
are difficult to estimate, other costs, including antibiotic toxi-
city and failure of therapy, also should be included.

ROUTE OF ADMINISTRATION

10. The Serratia was determined to be susceptible to
ciprofloxacin. Oral ciprofloxacin was considered for the treat-
ment of R.G.’s presumed Serratia pneumonia, but the IV route
was prescribed. Why is the oral administration of ciprofloxacin
reasonable (or unreasonable) in R.G.?

EASE
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The proper route of antibiotic administration depends on
many factors, including the infection severity, bioavailabil-
ity, and other patient factors. In patients who appear “septic,”
blood flow often is shunted away from the mesentery and ex-
tremities, resulting in unreliable bioavailability from the GI
tract or muscles. Therefore, hemodynamically unstable pa-
tients should receive antimicrobials by the IV route to ensure
therapeutic antimicrobial levels. Furthermore, some drug inter-
actions can result in subtherapeutic serum concentrations (e.g.,
reduced bioavailability associated with concomitant quinolone
and antacid administration and the decreased absorption of
ketoconazole or itraconazole with concurrent H2-blocker ther-
apy).

R.G. is clinically septic with a possible Serratia pneumo-
nia. Considering his unstable state, the bioavailability of oral
ciprofloxacin cannot be guaranteed; thus, he should be treated
with IV antimicrobials.

ANTIMICROBIAL DOSING

11. What dose of IV ciprofloxacin should be given to R.G.?
What factors must be taken into account in determining a proper
antimicrobial dose?

The choice of dosing regimen is based on many factors. Ta-
ble 56-9 provides a guide for the dosing of more commonly ad-
ministered antimicrobials. Selection of the appropriate dosage
should be based on information that documents the efficacy
of the dosage in the treatment of infection. Patient-specific
factors, including weight, infection site, and route of elimina-
tion, also must be considered in dosage selection. The patient’s
weight is important, particularly for agents with a low therapeu-
tic index (e.g., aminoglycosides, imipenem, flucytosine); these
drugs should be dosed on a mg/kg/day basis. Other agents with
a more favorable adverse effect profile, such as cephalosporins,
are less likely to require weight-specific dosing.

Site of Infection
The infection site also requires differing dosage requirements.
An uncomplicated urinary tract infection requires low antimi-
crobial doses because of the high urinary drug concentrations
that are achieved. In contrast, a more serious systemic infec-
tion, such as pyelonephritis, requires increased antimicrobial
dosages to achieve therapeutic drug levels in tissue and in
serum.

Anatomic and Physiologic Barriers
Anatomic and physiologic barriers also must be considered in
evaluating a dosing regimen. For example, penetration into the
CNS necessitates high doses to ensure adequate antimicrobial
concentrations at the infection site.25 Vitreous humor26 and
the prostate gland27 are additional sites in which therapeutic
antimicrobial concentrations are more difficult to achieve.

Route of Elimination
Route of elimination must also be considered in the dosage
calculation. In general, antimicrobials are eliminated via the
kidney or nonrenally (metabolic or biliary). Renal function can
be estimated via 24-hour urine collection or with equations

such as the Cockcroft and Gault equation28:

Creatinine clearance = ([140 − age]∗[weight in kg])/
(72∗SrCr)

Several anti-infectives are eliminated renally (Table 56-10).
Most β-lactams are eliminated by the kidney. Ceftriaxone, ce-
foperazone, and most antistaphylococcal penicillins (e.g., naf-
cillin, oxacillin, dicloxacillin) are eliminated both renally and
nonrenally. Aminoglycosides, vancomycin, acyclovir, and gan-
ciclovir are cleared extensively by the kidney. Thus, dosage ad-
justment is recommended for these drugs in patients with renal
failure (Table 56-9 and). Since azithromycin, clindamycin, and
metronidazole are primarily eliminated by the liver, no dose re-
duction is required in renal failure.

Although renal function can be approximated with the use
of the Cockcroft and Gault equation (or a similar equation),
hepatic function is more difficult to evaluate. No standard
liver function test (AST, ALT, alkaline phosphatase) has been
demonstrated to correlate well with hepatic drug clearance.
Some tests, such as PT and albumin, are markers of hepatic
function, but even these tests do not clearly predict drug clear-
ance. Patients receiving hemodialysis or continuous hemofil-
tration provide additional dosing challenges. Table 56-10
provides dosing recommendations in patients receiving hemo-
dialysis or continuous hemofiltration.

Patient Age
Most dosing information has been derived from a young, rel-
atively healthy patient population, so total drug clearance for
several antimicrobials may be decreased in neonatal and geri-
atric patients. As a result, the age of the patient may be an
important factor in the selection of a proper dose.

Fever and Inoculum Effect
The impact of other factors on the selection of an antimicro-
bial dose is less clear. Fever increases and decreases blood flow
to mesenteric, hepatic, and renal organ systems29 and can ei-
ther increase or decrease drug clearance. Inoculum effect also
may be a factor in the selection of a dosing regimen because
it is associated with an increase in the MIC of the organism
in response to increasing bacterial concentrations.30 For exam-
ple, piperacillin may demonstrate an MIC of 8.0 g/mL against
P. aeruginosa at a concentration of 105 colony-forming
units/mL (CFU/mL); however, at 109 CFU/mL, the MIC may
increase to 32 to 64 g/mL. This phenomenon is well recognized,
particularly with β-lactamase–producing bacteria treated with
β-lactam antimicrobials. The more stable the antimicrobial
is to β-lactamase, the less the influence is the inoculum ef-
fect. Aminoglycosides, quinolones, and imipenem appear to
be less affected by the inoculum effect than β-lactams. The
inoculum effect probably is most relevant in the treatment of
a bacterial abscess, in which extremely high concentrations of
bacteria would be expected. As a result, antimicrobials that
are more susceptible to the inoculum effect may require in-
creased drug dosages for optimal outcome in the treatment of
abscesses.

In summary, R.G. normally would be given an IV dosage of
ciprofloxacin at 400 mg every 12 hours. His reduced renal func-
tion suggests, however, that his dosage should be decreased to
200 to 300 mg every 12 hours.
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Table 56-9 University of California San Francisco/Mt. Zion Medical Center Adult Antimicrobial Dosing Guidelines∗

Approved by the Antibiotic Advisory Subcommittee (3/13/91) and the Pharmacy and Therapeutics Committee (4/11/91) Rev 2007.

Drug CrCl >50 mL/min CrCl 10–50 mL/min CrCl <10 mL/min (ESRD not on HD)

Acyclovir Herpes simplex infections
5 mg/kg/dose Q 8 hr 5 mg/kg/dose Q 12–24 hr 2.5 mg/kg Q 24 hr
herpes simplex virus
encephalitis/herpes zoster
10 mg/kg/dose Q 8 hr 10 mg/kg/dose Q 12–24 hr 5 mg/kg Q 24 hr

Amphotericin B 0.3–1.0 mg/kg No change No change
Dosage reductions in renal disease are not necessary. Because of the nephrotoxic potential of the drug, reducing the dose or holding the drug in the setting
of a rising serum creatinine may be warranted.

Ampicillin 1–2 g Q 4–6 hr 1–1.5 g Q 6 hr 1 g Q 8–12 hr

Cefazolin 1–2 g Q 8 hr 1–2 g Q 12 hr 0.5–1.0 g Q 24 hr

Caspofungin LD = 70 mg × 1, then 50 mg Q 24 hr No change No change

>60 mL/min 30–60 mL/min 10–30 mL/min
Cefepime 1–2 g Q 12 hr 0.25–0.5 g Q 24 hr

Febrile neutropenia: 2 g Q 8 hr 1–2 g Q 24 hr 0.51 g Q 24 hr

Ceftazidime 1–2 g Q 8 hr 1–2 g Q 12–24 hr 0.5 g Q 24 hr

Ceftriaxone 1 g Q 24 hr No change No change
Meningitis: 2 g Q 12 hr Endocarditis and osteomyelitis: 2 g Q 24 hr

Cefuroxime 0.75–1.5 g Q 8 hr 0.75–1.5 g Q 12–24 hr 0.5 g Q 24 hr

Ciprofloxacin 400 mg Q 12 hr* 200–400 mg Q12 hr 200 mg Q12 hr
(500–750 mg PO Q12 hr) (250–500 mg PO Q12 hr) (250 mg PO Q12 hr)

The use of every (Q) 12-hour dosing intervals is recommended in ESRD because of the variability in half-life data observed in anephric patients.
*Note: Higher doses, increased frequency, or both may be necessary in the treatment of serious pseudomonal infections.

Clindamycin 600–900 mg Q 8 hr No change No change

Ethambutol 15 mg/kg QD 7.5–10 mg/kg QD 5 mg/kg QD

Fluconazole 100–400 mg Q 24 hr 50–200 mg Q 24 hr 50–100 mg Q 24 hr

25–50 mL/min 10–25 mL/min
Flucytosine (PO) 12.5–37.5 mg/kg/dose Q 6 hr 12.5–37.5 mg/kg/dose 12.5–37.5 mg/kg/dose 12.5–25 mg/kg/dose Q 24 hr

Q 12 hr Q 24 hr
Steady-state serum 5-FC level measurements are difficult to obtain. However, they may be useful in guiding dosing of 5-FC in anuria. Bone marrow
suppression has been associated with 2-hour postdose 5-FC peaks of >100 mg/L.

10–24 mL/min
30–60 mL/min 50–69 mL/min 25–49 mL/min 0.625–1.25 mg/kg/dose Q 24 hr

Ganciclovir 5 mg/kg/dose 2.5 mg/kg/dose Q 12 hr 2.5 mg/kg/dose Q 24 hr 1.25 mg/kg/dose Q 24 hr

See below See below
Gentamicin 5 mg/kg/dose Q 24 hr
The total daily dose of gentamicin can be administered as a single daily dose in patients with normal renal function (CrCl 60 mL/minute). Patients with
decreased renal function or abnormal body composition should have their doses adjusted according to the recommendations below. All patients who are
anticipated to receive aminoglycosides for ≥7 days should be monitored with gentamicin levels. Peak levels are not useful with this dosing regimen;
however, trough levels are recommended and in most cases will be nondetectable.

40–60 mL/min 20–40 mL/min <20 mL/min
1.2–1.5 mg/kg 1.2–1.5 mg/kg 2 mg/kg loading dose
Q 12 hr Q 12–24 hr (consult pharmacy for

maintenance dose)
With traditional dosing of gentamicin, peak (5–8 mg/L) and trough (<2 mg/L) levels are recommended in patients anticipated to receive aminoglycosides
for ≥7 days for severe gram-negative infection. Lower doses (1 mg/kg/dose Q 8 hrs) are suggested when aminoglycosides are used synergistically in
gram-positive infections. Those patients with CrCl <60 mL/minute, obesity, or increased fluid volume should be monitored with serum gentamicin levels.

(continued)
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Table 56-9 University of California San Franciscoa/Mt. Zion Medical Center Adult Antimicrobial Dosing Guidelinesa (Continued)

Drug CrCl >50 mL/min CrCl 10–50 mL/min CrCl <10 mL/min (ESRD not on HD)

500 mg Q 6–8 hr; <20 mL/min
Imipenem maximum, 50 mg/kgday 500 mg Q 8 hr 250–500 mg Q 12 hr

(or consider meropenem)

Isoniazid 300 mg QD No change No change

Levofloxacin 250–500 mg Q 24 hr LD = 500 mg × 1, then LD = 500 mg × 1, then
250 mg Q 24 hr 250 mg Q 48 hr

Meropenem 0.5–1 g Q 8 hr 25–50 mL/min 10–25 mL/min
Meningitis: 2 g Q 8 hr 0.5–1 g Q 12 hr 0.5 g Q 12 hr 0.5 g Q 24 hr

Metronidazole 500 mg Q 8 hr 500 mg Q 8 hr 500 mg Q 12 hr; metabolites
accumulate in ESRD

Nafcillin 1–2 g Q 4–6 hr No change No change

Penicillin G 2–3 MU Q 4–6 hr 1–2 MU Q 4–6 hr 1 MU Q 6 hr

Piperacillin/Tazobactam 3.375–4.5 g Q 6–8 hr 3.375–4.5 g Q 6–8 hr 2.25–3.375 g Q 8 hr
(Zosyn) Pseudomonas: 4.5 g Q 6 hr

for ClCr >20 mL/min

Pyrazinamide 20–25 mg/kg/day No change No change

Rifampin 600 mg QD No change No change

Tobramycin See Gentamicin See Gentamicin See Gentamicin

Systemic GNR infections
TMP-SMX 10 mg TMP/kg/day 5–7.5 mg TMP/kg/day 2.5–5.0 mg TMP/kg Q 24 hr

divided Q 6–12 hr divided Q 12–24 hr
Pneumocystis carinii pneumonia
15–20 mg TMP/kg/day 10–15 mg TMP/kg/day 5–10 mg TMP/kg Q 24 hr
divided Q 6–12 hr divided Q 12–24 hr

Voriconazole LD = 400 mg Q 12 hr × 1 day, No change No change
then 200 mg Q 12 hr (PO)

By mouth (PO) should be used when possible, as oral bioavailability >95%. IV dose: LD = 6 mg/kg/dose Q 12 hr × 1 day, then 4 mg/kg/dose
Q 12 hr. The use of IV should be avoided in patients with CrCl <50 mL/min owing to the accumulation of the IV vehicle and it is contraindicated in ESRD.

Vancomycin >60 mL/min 40–60 mL/min 20–40 mL/min 10–20 mL/min <10 mL/min
10–15 mg/kg 10–15 mg/kg 10–15 mg/kg 10–15 mg/kg 10–15 mg/kg Q 4–7 days
Q 12 hr Q 12–24 hr Q 24–48 hr Q 48–72 hr

Vancomycin dosing should be guided by serum level measurements in patients with decreased renal function or abnormal body composition. Peak levels
are not recommended. Trough levels (30 minutes before next dose) should be 5–15 mg/L.

aDoses are those recommended for systemic infections commonly treated with these agents. Infections involving the urinary tract may require lower doses. Infections involving the
central nervous system may require higher doses. Estimate of renal function using Cockcroft and Gault equation:

CrCl (mL/min) = (140 − age)∗Wt (kg)

72∗SCr (mg/dL)
(for females multiply by 0.85)

PHARMACOKINETICS/PHARMACODYNAMICS

12. R.G.’s respiratory status remains unchanged; thus, the
ciprofloxacin is discontinued and cefotaxime and gentamicin are
started empirically. The use of a constant IV infusion of cefo-
taxime is being considered in R.G. In addition, the use of single
daily dosing of gentamicin is being discussed. What is the ratio-
nale for these approaches, and would either be advantageous for
R.G.?

β-lactams, such as cefotaxime, are not associated with in-
creased bacterial killing with increasing drug concentrations.
Pharmacodynamic activity best correlates with the duration
of time that antimicrobial levels are maintained above the
MIC.31 The animal model suggests that β-lactam antimicro-
bials should be dosed such that their serum levels exceed the
MIC of the pathogen as long as possible.32 This observation ap-
pears to be most important in the neutropenic model, in which
the use of a constant infusion more reliably inhibits bacterial
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Table 56-10 University of California San Francisco Medical Center

Adult Antimicrobial Dosing Card for Continuous Renal
Replacement Therapy (CRRT) and Hemodialysis (HD)a

Department of Clinical Pharmacy, Division of Infectious Diseases and
Division of Nephrology University of California,

San Francisco Medical Center (6/03)

CRRT: This assumes an ultrafiltration (UF) rate of 2 L/hr with continuous venous-venous hemofiltration (CVVH) and a UF rate of 1 L/hr and dialysate
flow rate of 1 L/hr with continuous veno-venous hemodiafiltration (CVVHDF) and residual native glomular filtration rate (GFR) <10 mL/min.

Drug CRRT HD

Acyclovir Herpes simplex infections
2.5–5.0 mg/kg Q 24 hr
HSV Encephalitis/
Herpes Zoster
5–7.5 mg/kg Q 24 hr

Herpes simplex infections
2.5 mg/kg Q 24 hr and post HD
HSV Encephalitis/
Herpes Zoster
5 mg/kg Q 24 hr and post HD

Ampicillin 1 g Q 6 hr 1 g Q 12 hr

Ampicillin/Sul (Unasyn) 1.5 g Q 6 hr 1.5 g Q 12 hr

Cefazolin 1 g Q 12 hr 2 g post HD only

Cefepime 2 g Q 12 hr 2 g post HD only

Cefotetan 1 g Q 12 hr 2 g post HD only

Ceftazidime 2 g Q 12 hr 1 g post HD

Ciprofloxacin 400 mg IV Q 12 hr 200 mg IV Q12 hr or
250 mg PO Q 12 hr

Fluconazole 400 mg PO Q 24 hr 200 mg PO post HD only

Ganciclovir 2.5–5.0 mg/kg Q 24 hr 1.25 mg/kg post HD only

Gentamicin Gram-negative infections:
2 mg/kg loading dose then
1.5 mg/kg Q 24 hr
Monitoring of serum levels is recommended;

trough <2 mcg/mL

Gram-negative infections:
2 mg/kg loading dose then
1 mg/kg post HD
Monitoring of serum levels is recommended;

trough <2 mcg/mL

Imipenem 500 mg Q 8 hr 250 mg Q 12 hr

Levofloxacin 500 mg loading dose then
250 mg IV/PO Q 24 hr

500 mg loading dose then
250 mg IV/PO Q 48 hr

Meropenem 1 g Q 12 hr 500 mg Q 24 hr and post HD

Penicillin G 2 MU Q 4–6 hr 1 MU Q 6 hr

Piperacillin/Tazobactam (Zosyn) 3.375 g Q 6 hr or 4.5 g Q 8 hr 2.25 g Q 8 hr

Tobramycin Gram-negative infections:
2 mg/kg loading dose then
1.5 mg/kg Q 24 hr
Monitoring of serum levels is recommended;

trough <2 mcg/mL

Gram-negative infections:
2 mg/kg loading dose then
1 mg/kg post HD
Monitoring of serum levels is recommended;

trough <2 mcg/mL

TMP-SMX 5–7.5 mg TMP/kg per day divided Q 12–24 hr 2.5–5.0 mg TMP/kg Q 24 hr

Vancomycin 7.5–15 mg/kg Q 24 hr
Monitoring of serum levels is recommended;

trough 10–15 mg/mL

Loading dose 15–20 mg/kg then
500 mg post HD only
Monitoring of serum levels is recommended;

trough 10–15 mg/mL

(continued)
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Table 56-10 University of California San Francisco Medical Center (Continued)

Drug CRRT HD

Voriconazole ORAL formulation should be administered when possible, as oral bioavailability 95%. The use of IV should
be avoided in patients with CrCl <50 mL/min due to the accumulation of the IV vehicle (cyclodextran) and
is contraindicated in ESRD.

LD: 400 mg PO Q 12 hr × 2 doses only [40 kg]
MD: 200 mg PO Q 12 hr [40 kg]

aRecommended doses are for critically ill patients with serious systemic infection. Lower doses may be used for less serious infections.
STANDARD DOSING for the following:
Amphotericin B, Caspofungin, Ceftriaxone, Clindamycin, Erythromycin, Metronidazole, Nafcillin
Please refer to Table 57-9 for additional information.

growth compared with traditional intermittent dosing. An ad-
ditional benefit of the use of constant infusions of β-lactams is
that smaller daily doses appear to be as effective as higher doses
administered intermittently. Other than this latter outcome, it is
unclear, however, whether constant infusions have any distinct
advantages or disadvantages compared with usual dosing of
β-lactams. The efficacy of quinolone antimicrobials appears
to correlate with the peak plasma concentration to MIC ratio
or area under the curve (AUC) to MIC ratio.33 In light of this
pharmacodynamic principle, it is possible that ciprofloxacin
was underdosed in this patient, contributing to the therapeu-
tic failure, particularly if the MIC was in the upper range of
susceptibility for this agent.

Aminoglycosides traditionally have been administered ev-
ery 8 to 12 hours to achieve peak serum gentamicin levels of 5
to 8 g/mL to ensure efficacy in the treatment of serious gram-
negative infection.34,35 Gentamicin troughs of >2 g/mL have
been associated with an increased risk for nephrotoxicity.35,36

These studies attempting to correlate efficacy and toxicity with
serum levels and the association of peaks or troughs with clini-
cal outcomes have been questioned.37 Vancomycin peaks gen-
erally have been recommended to be <50 g/mL and troughs 5
to 10 g/mL38,39; however, the validity of these recommenda-
tions has also been questioned.40

Several antimicrobials (e.g., aminoglycosides) have been
associated with a pharmacodynamic phenomenon known as a
postantibiotic effect (PAE). PAE is delayed regrowth of bacte-
ria following exposure to an antibiotic41,42 (i.e., continued sup-
pression of normal growth in the absence of antibiotic levels
above the MIC of the organism). As an example, if P. aerugi-
nosa is cultured in broth, it will multiply to a concentration of
109 CFU/mL. If piperacillin is added in a concentration above
the MIC for the organism, a reduction in the bacterial con-
centration is observed. When piperacillin is removed from the
broth, immediate bacterial growth takes place. As described,
β-lactam antibiotics should be present in concentrations above
the MIC to optimize its time-dependent killing. If the above ex-
periment is repeated with gentamicin, a reduction in bacterial
CFU is observed. In contrast to that observed with β-lactam
antibiotics, if the gentamicin is removed from the system, a lag
period of 2 to 6 hours takes place before characteristic bacterial
growth occurs. This lag period is defined as the PAE. A PAE
also has been observed with quinolones and imipenem against
gram-negative organisms. Although most β-lactam antibi-
otics, such as antipseudomonal penicillins or cephalosporins,
do not exhibit PAE with gram-negative organisms, PAE

has been demonstrated with gram-positive pathogens such
as S. aureus.

Once-Daily Dosing of Aminoglycosides
As a result of PAE and other pharmacodynamic factors, cer-
tain antimicrobials may be dosed less frequently. The great-
est clinical experience has been with the aminoglycosides in
the treatment of gram-negative infection.43,44 Earlier data sug-
gested that the maximal aminoglycoside peak level:MIC ra-
tio correlates well with clinical response. Thus, the higher
the achievable peak, the greater likelihood of a favorable out-
come. Once-daily dosing of aminoglycosides in the treatment
of gram-negative infection is as efficacious as traditional mul-
tiple daily dosing.45

Single daily dosing of aminoglycosides has been investi-
gated primarily in patients with normal renal function, and
few critically ill patients have been treated with this nontra-
ditional regimen. Thus, patients in septic shock are not can-
didates for once-daily dosing. The utility and proper timing
of serum aminoglycoside concentrations and association with
clinical outcomes are debatable with nontraditional once-daily
aminoglycosides.

In summary, the use of a constant IV infusion of cefotaxime
is possible in R.G., but the benefit of this mode of administra-
tion is not clear. Considering the severity of R.G.’s infection
and his elevated creatinine level, he is not a candidate for sin-
gle daily dosing of aminoglycosides (i.e., 5–6 mg/kg every
24 hours). Independent of the aminoglycoside-associated PAE,
his current renal function requires a reduced gentamicin dose
to treat his infection.

Antimicrobial Protein Binding

13. Ceftriaxone (Rocephin), rather than cefotaxime (Claforan),
is being considered for the treatment of R.G.’s infection. Ceftriax-
one is more highly protein bound than cefotaxime. Why is protein
binding important in the selection of therapy?

Free (i.e., unbound) rather than total drug levels are best
correlated with antimicrobial activity,46 and the degree of pro-
tein binding may have important clinical consequences in some
patients. Chambers et al.47 reported treatment failures with the
highly protein-bound cefonicid (98% protein bound) in pa-
tients with endocarditis caused by S. aureus. Despite achiev-
able serum drug concentrations well above the MIC of the
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organism, breakthrough bacteremia occurred in three of four
patients. Although total drug concentrations greatly exceeded
the MIC of the pathogen, free concentrations were consistently
below the level necessary to inhibit bacterial growth. Similar
experiences have been reported with teicoplanin (98% pro-
tein bound).48 Thus, clinical cure appears to be more likely
if unbound antibiotic concentrations exceed the MIC of the
infecting organism. Although ceftriaxone is 85% to 90% pro-
tein bound, the free concentrations probably remain far above
the MIC of the Serratia. Therefore, protein-binding consider-
ations are unlikely to be important in the treatment of R.G.’s
infection.

ANTIMICROBIAL FAILURE
Antibiotic-Specific Factors

14. Despite “appropriate” treatment, R.G. is unresponsive to
antimicrobial therapy. What antibiotic-specific factors may con-
tribute to “antimicrobial failure”?

Antimicrobials may fail for various reasons, including
patient-specific host factors, drug or dosage selection, and
concomitant disease states. One of the most common rea-
sons for antimicrobial failure is drug resistance.49−51 Sev-
eral clinically important pathogens have been associated
with emergence of resistance over the past decade, includ-
ing M. tuberculosis,52 enterococci,53 gram-negative rods,54

S. aureus,55 S. pneumoniae,56 and others. Of particular con-
cern is the isolation of glycopeptide-resistant S. aureus55 and
vancomycin-tolerant pneumococci.57 Considering the com-
mon prevalence of these two gram-positive pathogens and the
role of vancomycin as the last-line therapy for these organisms,
these findings are worrisome. Development of resistance, al-
though less common than initial resistance, may also account
for failure to respond to therapy. Cephalosporin-susceptible
E. cloacae may appear to be susceptible to a cephalosporin;
however, β-lactamase production can result in development of
resistance to the agent.58

Superinfection also may play a role in the unsuccessful
treatment of infection. Superinfection is isolation of a new
pathogen resistant to the previous antimicrobial regimen. If
R.G.’s ceftriaxone-treated Serratia pneumonia subsequently
worsens and a tracheal aspirate is positive for P. aeruginosa,
then supercolonization and, perhaps, superinfection has oc-
curred.

Concurrent Therapy
Most infections can be treated with monotherapy (e.g., an
E. coli wound infection is treatable with a cephalosporin).
Some infections, however, require two-drug therapy, including
most cases of enterococcal endocarditis and certain P. aerugi-
nosa infections. Hilf et al.59 studied 200 consecutive patients
with P. aeruginosa bacteremia and demonstrated a 47% mortal-
ity in those receiving monotherapy (antipseudomonal β-lactam
or aminoglycoside) versus 27% in those in whom two-drug
therapy was used. Thus, monotherapy can contribute to an-
timicrobial failure in certain infections.

In contrast to these findings, most current investigations do
not support the use of two drugs over monotherapy in the treat-

ment of serious gram-negative infection.60−62 An exception to
this rule is bacteremia caused by P. aeruginosa in neutropenic
patients.62

If two antimicrobials are used in the treatment of infection,
one of three sequelae will result: indifference, synergism, or
antagonism.63 Indifference occurs when the antimicrobial ef-
fect of drug A plus that of drug B equals the anticipated sum
activity of drug A plus drug B. Although numerous defini-
tions exist, synergism generally occurs when the addition of
drug A to drug B results in a total antibiotic activity greater
than the expected sum of the two agents. Antagonism occurs
if the addition of drug A to drug B results in a combined ac-
tivity less than the sum of drug A plus drug B. An example
of antagonism is the combination of imipenem with a less
β-lactamase stable β-lactam, such as piperacillin.64 Certain
organisms, including P. aeruginosa and E. cloacae, can be in-
duced to produce β-lactamases.51 If P. aeruginosa is exposed
to imipenem and piperacillin, the β-lactamase degrades and
inactivates piperacillin, and antagonism have resulted. Antag-
onism is not unique to antibacterials; itraconazole may antag-
onize amphotericin B in the treatment of certain infections.65

Pharmacologic Factors

15. What pharmacologic or pharmaceutic factors may be im-
plicated in failure of therapy?

Subtherapeutic dosing regimens are common, especially
for agents with a low therapeutic index, such as the amino-
glycosides. For example, a serious gram-negative pneumonitis
may not respond to therapy if the achievable peak gentamicin
serum levels are only 3 to 4 mcg/mL.34 Considering that only
20% to 30% of the aminoglycoside penetrates into bronchial
secretions, only 0.5 to 1.0 mcg/mL may exist at the site of
infection,66 a level that may be inadequate to treat pneumo-
nia. As another example, the use of an aminoglycoside loading
dose is particularly important in patients with renal failure be-
cause it may otherwise take several days before a therapeutic
level is achieved. Yet another reason for subtherapeutic levels
is reduced oral absorption secondary to drug interactions (e.g.,
ciprofloxacin with antacids or sucralfate).

An emerging problem relates to the use of vancomycin in
the treatment of serious methicillin-resistant S. aureus infec-
tion (MRSA). By CLSI standards, an isolate of MRSA with
an MIC of 2 mcg/mL is considered susceptible. Retrospective
analyses have, however, demonstrated high failure rate associ-
ated with vancomycin in the treatment of MRSA isolates with
MIC of 2 mcg/mL.67,68 Hidayat et al.67 observed that an MIC
of 2 mcg/mL was associated with a greater rate of vancomycin
nonresponse. Achievement of therapeutic to supratherapeutic
vancomycin trough levels had no influence on efficacy.67 Sim-
ilarly, in another retrospective analysis of MRSA bacteremia,
investigators noted that a vancomycin MIC of 2 mcg/mL was
an independent risk factor for increased mortality.68 The phar-
macodynamic parameter which serves as the best predictor of
vancomycin activity against S. aureus is the AUC:MIC ratio,
with a value >350 independently associated with success. The
probability of attaining this value with isolates with an MIC
of 2 mcg/mL is 0%, even when achieving vancomycin trough
concentrations of 15 mcg/mL.69
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The infection site also potentially contributes to antimicro-
bial failure. Most antimicrobials concentrate in the urine, re-
sulting in therapeutic levels even with low doses. In some in-
fections, such as meningitis, prostatitis, and endophthalmitis,
antimicrobial penetration to the site of infection may be inad-
equate. Agents that have been proved to penetrate into these
infected sites are required for a favorable outcome.

Another potential reason for antimicrobial failure is inade-
quate therapy duration. A woman with a first-time uncompli-
cated cystitis may respond adequately to a 3-day course of an
antibiotic. Patients with recurrent urinary tract infections are
not candidates for this therapy, however, and failure would be
expected with short-course therapy.

Host Factors

16. What host factors may contribute to the failure of antimi-
crobial therapy?

Several host factors may limit the ability of an antibi-
otic to cure infection. Infection of prosthetic material (e.g.,
IV catheters, prosthetic hip replacement, mechanical cardiac
valves, and vascular grafts) is difficult to eradicate without re-
moval of the hardware. In most cases, surgical intervention is
necessary. To treat R.G.’s IV catheter infection adequately, re-
moval of his central line probably would be required. Similar to
removal of prostheses, large undrained abscesses are difficult,
if not impossible, to treat with antimicrobial therapy. These
infections generally require surgical drainage for successful
outcome.

Diabetic foot ulcer cellulitis may not respond adequately
to antimicrobial therapy. Reasons for antimicrobial failure in
patients with diabetes include poor wound healing as well as
significant peripheral vascular disease that reduces the delivery
of antibiotics to the infection site.

Immune status, particularly neutropenia or lymphocytope-
nia, also affects the outcome in the treatment of infection.

Profoundly neutropenic patients with disseminated Aspergillus
infections are unlikely to respond to amphotericin B therapy.
Similarly, patients with acquired immunodeficiency syndrome
(AIDS) who have low CD4 lymphocyte counts cannot erad-
icate various infections, including cytomegalovirus, atypical
mycobacteria, and cryptococci.

Once these factors have been eliminated as causes for an-
timicrobial failure, noninfectious sources must be ruled out.
As discussed, malignancy, autoimmune disease, drug fever,
and other diseases must be evaluated.

17. Other than initiation of adequate antimicrobial therapy,
what adjunct measures can be considered in this patient with
septic shock?

The 2008 Surviving Sepsis Campaign: International Guide-
lines for Management of Severe Sepsis and Septic Shock con-
sultants developed key recommendations toward the early goal-
directed resuscitation of the septic patient. Key recommended
adjuncts include administration of broad-spectrum antibiotics
within 1 hour of diagnosis of septic shock, administration of
either crystalloid or colloid fluid resuscitation, norepinephrine
or dopamine to maintain mean arterial pressure ≥65 mmHg.
In addition, stress-dose steroid therapy can be given in those
patients whose blood pressure is poorly responsive to fluid re-
suscitation and vasopressors. Recombinant activated protein
C (rhAPC) is controversial, but may be considered in those
patients at high risk of death as documented by Acute Physi-
ology and Chronic Health Evaluation (APACHE) II scores of
≥25 or multiple organ failure; however, those patients with se-
vere sepsis and low risk of death, as measured by APACHE II
scores of <25 or one organ failure should not receive rhAPC.
Contraindications, including recent major surgery and other
bleeding disorders, must also be evaluated before administer-
ing rhAPC. Other adjuncts include targeting lower blood glu-
cose levels, stress ulcer prophylaxis, and prevention of DVT in
septic patients.70

REFERENCES
1. Cranston WI et al. Oral, rectal and esophageal tem-

peratures and some factors affecting them in man.
J Physiol 1954;126:347.

2. Bone RC et al. Definitions for sepsis and organ fail-
ure and guidelines for the use of innovative therapies
in sepsis. Chest 1992;101:1644.

3. Nystrom P-O. The systemic inflammatory response
syndrome: definitions and aetiology. J Antimicrob
Chemother 1998;41(Suppl A):1.

4. Hotchkiss RS et al. The pathophysiology and treat-
ment of sepsis. N Engl J Med 2003;348:138.

5. Kollef MH et al. The acute respiratory distress syn-
drome. N Engl J Med 1995;332:27.

6. Headley AS et al. Infections and the inflammatory re-
sponse in acute respiratory distress syndrome. Chest
1997;111:1306.

7. Forgacs P et al. Characterization of chemical menin-
gitis after neurological surgery. Clin Infect Dis
2001;32:179.

8. Hasbun R. The acute aseptic meningitis syn-
drome. Current Infectious Diseases Report 2000;2:
345.

9. Vanderschueren S et al. From prolonged febrile ill-
ness to fever of unknown origin: the challenge con-
tinues. Arch Intern Med 2003;163:1033.

10. Mourad O et al. A comprehensive evidence-based

approach to fever of unknown origin. Arch Intern
Med 2003;163:545.

11. Lipsky BA et al. Drug fever. JAMA 1981;245:851.
12. Bent S et al. Does this woman have an acute

uncomplicated urinary tract infection? JAMA
2002;287:2701.

13. Podnos YD et al. Intra-abdominal sepsis in elderly
persons. Clin Infect Dis 2002;35:62.

14. Benin AL et al. Trends in Legionnaires’ disease,
1980–1998: declining mortality and new patterns of
diagnosis. Clin Infect Dis 2002;35:1039.

15. Mandell LA et al. Infectious Diseases Society
of America/American Thoracic Society Consen-
sus Guidelines on the Management of Community-
Acquired Pneumonia in Adults. Clin Infect Dis
2007;44:S27.

16. Mandell GL et al., eds. Principles and Practice of
Infectious Diseases. 6th ed. Churchill Livingstone;
2005.

17. Clinical Laboratory Standards Institute (CLSI). Per-
formance standards for antimicrobial susceptibility
testing; sixteenth informational supplement. CLSI
document M100-S16. Wayne, PA: CLSI; 2006.

18. Hecht DW. Evolution of anaerobe susceptibil-
ity testing in the United States. Clin Infect Dis
2002;35(Suppl 1):S28.

19. Rex JH et al. Has antifungal susceptibility testing
come of age? Clin Infect Dis 2002;35:982.

20. Wolfson JS et al. Serum bactericidal activity as
a monitor of antibiotic therapy. N Engl J Med
1985;312:968.

21. Drusano GL et al. Back to the future: using amino-
glycosides again and how to dose them optimally.
Clin Infect Dis 2007;45:753.

22. Guglielmo BJ et al. Antimicrobial therapy. Cost-
benefit considerations. Drugs 1989;38:473.

23. Eisenberg JM et al. What is the cost of nephrotox-
icity associated with aminoglycosides? Ann Intern
Med 1987;107:900.

24. Spellberg B et al. The epidemic of antibiotic-resistant
infections: a call to action for the medical commu-
nity from the Infectious Diseases Society of Amer-
ica. Clin Infect Dis 2008;46:155.

25. Lutsar I et al. Antibiotic pharmacodynamics in cere-
brospinal fluid. Clin Infect Dis 1998;27:1117.

26. Papastamelos AG et al. Antibacterial agents in infec-
tions of the central nervous system and eye. Infect Dis
Clin North Am 1995;9:615.

27. Schaeffer AJ et al. Overview summary statement.
Diagnosis and management of chronic prostati-
tis/chronic pelvic pain syndrome (CP/CPPS). Urol-
ogy 2002;60(6 Suppl):1.

EASE



PRINCIPLES OF INFECTIOUS DISEASES � 56-25

28. Cockcroft DW et al. Prediction of creatinine clear-
ance from serum creatinine. Nephron 1976;16:31.

29. Mackowiak PA. Influence of fever on pharmacoki-
netics. Rev Infect Dis 1989;11:804.

30. Brook I. Inoculum effect. Rev Infect Dis 1989;11:
361.

31. Craig WA. Pharmacokinetic/pharmacodynamic pa-
rameters: rationale for antibacterial dosing of mice
and men. Clin Infect Dis 1998;26:1.

32. Roosendaal R et al. Continuous infusion versus in-
termittent administration of ceftazidime in experi-
mental Klebsiella pneumoniae pneumonia in normal
and leukopenic rats. Antimicrob Agents Chemother
1986;30:403.

33. Preston SL et al. Pharmacodynamics of levofloxacin.
A new paradigm for early clinical trials. JAMA
1998;279:125.

34. Moore RD et al. Association of aminoglycoside lev-
els with therapeutic outcome in gram-negative pneu-
monia. Am J Med 1984;77:657.

35. Mattie H. Determinants of efficacy and toxic-
ity of aminoglycosides. J Antimicrob Chemother
1989;24:281.

36. Matske GR et al. Controlled comparison of gentam-
icin and tobramycin nephrotoxicity. Am J Nephrol
1983;3:11.

37. McCormack JP et al. A critical reevaluation of the
“therapeutic range” of aminoglycosides. Clin Infect
Dis 1992;14:320.

38. Begg EG et al. The therapeutic monitoring of antimi-
crobial agents. Br J Clin Pharmacol 2001;52(Suppl
1):35S.

39. MacGowan AP. Pharmacodynamics, pharmacoki-
netics, and therapeutic drug monitoring of glycopep-
tides. Ther Drug Monit 1998;20:473.

40. Cantu TG et al. Serum vancomycin concentrations:
reappraisal of their clinical value. Clin Infect Dis
1994;18:533.

41. MacKenzie FM et al. The post-antibiotic effect.
J Antimicrob Chemother 1993;32:519.

42. Andes DA et al. Animal model pharmacokinetics
and pharmacodynamics: a critical review. Int J An-
timicrob Agents 2002;19:261.

43. Hatala R et al. Single daily dosing of aminoglyco-
sides in immunocompromised adults: a systematic
review. Clin Infect Dis 1997;24:810.

44. Ferriols-Lisart R. Effectiveness and safety of once-

daily aminoglycosides: a meta-analysis. Am J Health
Syst Pharm 1996;53:1141.

45. McCormack JP. An emotional-based medicine ap-
proach to monitoring once-daily aminoglycosides.
Pharmacol 2000;20:1524.

46. Lam YWF et al. Effect of protein binding on
serum bactericidal activities of ceftazidime and cefo-
perazone in healthy volunteers. Antimicrob Agents
Chemother 1988;32:298.

47. Chambers HF et al. Failure of a once-daily regi-
men of cefonicid for treatment of endocarditis due to
Staphylococcus aureus. Rev Infect Dis 1984;6(Suppl
4):S870.

48. Greenberg RN. Treatment of bone, joint, and
vascular-access-associated gram-positive bacterial
infections with teicoplanin. Antimicrob Agents
Chemother 1990;34:2392.

49. McGowan JE Jr. Resistance in nonfermenting gram-
negative bacteria: multidrug resistance to the maxi-
mum. Am J Med 2006;119 (6 Suppl 1):S29.

50. McDonald AC. Trends in antimicrobial resistance in
health care-associated pathogens and effect on treat-
ment. Clin Infect Dis 2006;42 (Suppl 2):S65.

51. Acar JF et al. Consequences of increasing re-
sistance to antimicrobial agents. Clin Infect Dis
1998;27(Suppl 1):S125.

52. Small PM et al. Management of tuberculosis in the
United States. N Engl J Med 2001;345:189.

53. Harbarth S et al. Effects of antibiotics on nosocomial
epidemiology of vancomycin-resistant enterococci.
Antimicrob Agents Chemother 2002;46:1619.

54. Neuhauser MM et al. Antibiotic resistance among
gram-negative bacilli in U.S. intensive care units:
implications for fluoroquinolone use. JAMA 2003;
289:885.

55. Sievert DM et al. Vancomycin-resistant Staphylococ-
cus aureus in the United States, 2002–2006. Clin In-
fect Dis 2008;46:668.

56. Butler JC et al. Pneumococcal drug resistance: the
new “special enemy of old age.” Clin Infect Dis
1999;28:730.

57. Novak R et al. Emergence of vancomycin tolerance
in Streptococcus pneumoniae. Nature 1999;399:
590.

58. Chow JW et al. Enterobacter bacteremia: clinical fea-
tures and emergence of antibiotic resistance during
therapy. Ann Intern Med 1991;115:585.

59. Hilf M et al. Antibiotic therapy for Pseudomonas
aeruginosa bacteremia: outcome correlations in
a prospective study of 200 patients. Am J Med
1989;87:540.

60. Vidal F et al. Epidemiology and outcome of Pseu-
domonas aeruginosa bacteremia, with special em-
phasis on the influence of antibiotic treatment. Arch
Intern Med 1996;156:2121.

61. Siegman-Igra Y et al. Pseudomonas aeruginosa bac-
teremia: an analysis of 123 episodes, with particular
emphasis on the effect of antibiotic therapy. Int J
Infect Dis 1998;2:211.

62. Leibovici L et al. Monotherapy versus β-lactam-
aminoglycoside combination treatment for gram-
negative bacteremia: a prospective, observational
study. Antimicrob Agents Chemother 1997;41:
1127.

63. Fantin B et al. In vivo antibiotic synergism: contribu-
tion of animal models. Antimicrob Agents Chemother
1992;36:907.

64. Bertram MA et al. Imipenem antagonism of the
in vitro activity of piperacillin against Pseu-
domonas aeruginosa. Antimicrob Agents Chemother
1984;26:272.

65. Sugar AM et al. Interactions of itraconazole with
amphotericin B in the treatment of murine invasive
candidiasis. J Infect Dis 1998;177:1660.

66. Bergogne-Berezin E. New concepts in the pul-
monary disposition of antibiotics. Pulm Pharmacol
1995;8:65.

67. Hidayat LK et al. High-dose vancomycin therapy
for methicillin-resistant Staphylococcus aureus in-
fections: efficacy and toxicity. Arch Intern Med
2006;166:2138.

68. Soriano A et al. Influence of vancomycin min-
imum inhibitory concentration on the treatment
of methicillin-resistant Staphylococcus aureus bac-
teremia. Clin Infect Dis 2008;46:193.

69. Jeffres MN et al. Predictors of mortality for
methicillin-resistant Staphylococcus aureus health-
care-associated pneumonia: specific evaluation
of vancomycin pharmacokinetic indices. Chest
2006;130:947.

70. Dellinger RP et al. Surviving sepsis campaign: inter-
national guidelines for management of severe sepsis
and septic shock. Crit Care Med 2008;36:296.





C H A P T E R 57
Antimicrobial Prophylaxis

for Surgical Procedures
Daniel J. G. Thirion and B. Joseph Guglielmo

RISK FACTORS FOR INFECTION 57-01

CLASSIFICATION OF SURGICAL SITE
INFECTIONS 57-01

PRINCIPLES OF SURGICAL ANTIMICROBIAL
PROPHYLAXIS 57-03

Decision to Use Antimicrobial Prophylaxis 57-03
Timing of Antimicrobial Administration 57-03
Route of Administration 57-03
Duration of Administration 57-04
Signs of Surgical Site Infection 57-05
Selection of an Antimicrobial Agent 57-05

Risks of Indiscriminate Antimicrobial
Use 57-06

OPTIMIZING SURGICAL ANTIMICROBIAL
PROPHYLAXIS 57-06

Prophylactic antibiotics are widely used in surgical procedures
and account for substantial antibiotic use in many hospitals.1

The purpose of surgical antibiotic prophylaxis is to reduce
the prevalence of postoperative wound infection (about 5% of
surgical cases overall) at or around the surgical site.2 Such sur-
gical site infections reportedly increase morbidity and extend
the duration of hospitalization by at least 1 week, at an an-
nual cost of up to $10 billion nationwide.3–7 By preventing
surgical site infections, prophylactic antimicrobial agents have
the potential to decrease patient morbidity and hospitalization
costs for many surgical procedures that pose significant risk of
infection (e.g., appendectomy); however, the benefits of pro-
phylaxis are controversial, and prophylaxis is not justified for
some surgical procedures (e.g., urologic operations in patients
with sterile urine).8 Consequently, the inappropriate or indis-
criminate use of prophylactic antibiotics can increase the risk
of drug toxicity, selection of resistant organisms, and costs.

RISK FACTORS FOR INFECTION
The development of postoperative site infection is related to the
degree of bacterial contamination during surgery, the virulence
of the infecting organism, and host defenses. Risk factors for
postoperative site infection can be classified according to oper-
ative and environmental factors, and patient characteristics.9,10

Bacterial contamination can occur from exogenous sources
(e.g., the operative team, instruments, airborne organisms)
or from endogenous sources (e.g., the patient’s microflora of
the skin, respiratory, genitourinary, or gastrointestinal [GI]
tract).9,11 Infection control procedures to minimize all sources
of bacterial contamination, including patient and surgical team
preparation, operative technique, and incision care, are com-
piled in Centers for Disease Control and Prevention guidelines
for surgical site infection.9

The risk of postoperative site infection is affected by host
factors such as extremes of age, obesity, cigarette smoking,
malnutrition, and comorbid states, including diabetes mellitus,
remote infection, ischemia, colonization with microorganisms,

and immunosuppressive therapy.11,12 In addition, the longer
the preoperative hospital stay and the surgical procedure, the
greater the likelihood of developing a postoperative wound
infection, presumably as a result of nosocomial bacterial ac-
quisition in the former and the greater amount of bacterial
contamination occurring over time in the latter.11

Another major risk factor for infection is the skill of the
surgeon. In one study,13 postoperative wound infection rates
were related inversely to the frequency of performing a sur-
gical procedure; thus, hospitals with the highest frequency of
surgical procedures have the lowest incidence of postoperative
infection.

Based on these risk factors for infection, the decision
whether a given patient should receive antimicrobial prophy-
laxis is multifactorial. Many experts recommend that antimi-
crobial prophylaxis should be given for surgical procedures
(a) with a high rate of infection, (b) involving the implanta-
tion of prosthetic materials, or (c) those in which an infec-
tion would have catastrophic consequences.12 A widely used
surgical wound classification system to assist in this decision-
making process follows.

CLASSIFICATION OF SURGICAL SITE INFECTIONS
From 1960 to 1964, the National Academy of Sciences Nation-
al Research Council conducted a landmark study of surgical
site infections and formulated a widely used standard classi-
fication based on the risk of intraoperative bacterial contam-
ination (Table 57-1).11 Current recommendations for surgical
prophylaxis pertain to clean surgeries involving implantation
of prosthetic material, clean-contaminated surgeries, and select
contaminated wounds. Antimicrobial therapy for most contam-
inated and all dirty surgeries in which infection already is es-
tablished is considered treatment instead of prophylaxis and is
not discussed further in this chapter. Table 57-2 lists suspected
pathogens and recommendations for site-specific prophylactic
antimicrobial regimens; a detailed examination of clinical trials
supporting these recommendations is presented elsewhere.8,14

57-1
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Table 57-1 National Research Council Wound Classification

Classification Criteria Infection Rate (%)

Clean No acute inflammation or entry into GI, respiratory, GU, or biliary tracts; no break in aseptic
technique occurs; wounds primarily closed

<5

Clean-contaminated Elective, controlled opening of GI, respiratory, biliary, or GU tracts without significant
spillage; clean wounds with major break in sterile technique

<10

Contaminated Penetrating trauma (<4-hr old); major technique break or major spillage from GI tract;
acute, nonpurulent inflammation

15–20

Dirty Penetrating trauma (>4-hr old); purulence or abscess (active infectious process);
preoperative perforation of viscera

30–40

GI, gastrointestinal; GU, genitourinary.
From reference 11.

Table 57-2 Suggested Prophylactic Antimicrobial Regimens for Surgical Procedures

Procedure Predominant Organism(s) Antibiotic Regimen (Alternative) Adult Preoperative IV Dose (Alternative)a

Clean

Cardiac (all with sternotomy,
cardio-pulmonary bypass)

Staphylococcus aureus,
Staphylococcus epidermidis

Cefazolin (Vancomycin) 1 g (1 g)

Thoracic S. aureus, S. epidermidis,
gram-negative enterics

Cefazolin (Vancomycin) 1 g (1 g)

Vascular (aortic resection, groin
incision, prosthesis)

S. aureus, S. epidermidis,
gram-negative enterics

Cefazolin (Vancomycin) 1 g (1 g)

Orthopedic (total joint replacement,
internal fixation of fractures)

S. aureus, S. epidermidis Cefazolin (Vancomycin) 1 g (1 g)

Neurosurgery S. aureus, S. epidermidis Cefazolin (Vancomycin) 1 g (1 g)

Clean-Contaminated

Head and neck S. aureus, oral anaerobes,
streptococci

Cefazolin (clindamycin-
gentamicin)

2 g (600 mg clindamycin-
1.5 mg/kg gentamicin)

Gastroduodenal (only for procedures
entering stomach)

Gram-negative enterics, S. aureus,
mouth flora

Cefazolin 1 g

Colorectal Gram-negative enterics, anaerobes
(Bacteroides fragilis), enterococci

Oral neomycin-erythromycin
base (IV Cefoxitin)

1 g each at 1 pm, 2 pm, and 11 pm

day before surgery (1 g)

Appendectomy (uncomplicated) Gram-negative enterics, anaerobes
(B. fragilis)

Cefoxitin 1–2 g

Biliary tract (only for high-risk
procedures)

Gram-negative enterics,
Enterococcus faecalis, Clostridia

Cefazolin 1 g

Cesarean section Group B streptococci, enterococci,
anaerobes, gram-negative enterics

Cefazolin 2 g after umbilical cord clamped

Hysterectomy Group B streptococci, enterococci,
anaerobes, gram-negative enterics

Cefazolin or cefoxitin 1 g

Abortion (only for high-risk in first
trimester)

Group B streptococci, enterococci,
anaerobes, gram-negative enterics

Aqueous penicillin G
(doxycycline) (first trimester)

Cefazolin (second trimester)

2 million units (100 mg PO before
and 200 mg PO after)

1 g

Genitourinary (only for high-risk
procedures)

Gram-negative enterics, enterococci Ciprofloxacin 400 mg

aCefazolin should be dosed at 2 g in patients >80 kg.
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PRINCIPLES OF SURGICAL ANTIMICROBIAL
PROPHYLAXIS
Decision to Use Antimicrobial Prophylaxis

1. M.R., a 72-year-old woman, is admitted to the hospital with
severe abdominal pain, nausea and vomiting, and temperature
of 39.3◦C. A diagnosis of acute cholecystitis is made, and M.R.
is scheduled for biliary tract surgery (cholecystectomy). Why is
antimicrobial prophylaxis warranted for M.R.?

Biliary tract surgery is considered a clean-contaminated
procedure and, therefore, carries a risk of surgical wound infec-
tion approaching 10% (Tables 57-1 and 57-2). Prophylaxis for
biliary tract surgery is limited to “high-risk” procedures, which
include obesity, age >70 years, diabetes mellitus, acute chole-
cystitis, obstructive jaundice, or common duct stones.8,12,15

Thus, prophylaxis is warranted in M.R., who falls into at least
two high-risk categories (age >70 years and acute cholecys-
titis).

2. An order for intravenous (IV) cefazolin 1 g on call to the op-
erating room (OR) is written for M.R. Why is this an appropriate
(or inappropriate) antibiotic selection?

The selected prophylactic agent should be directed against
likely infecting organisms (Table 57-2), but need not eradicate
every potential pathogen. Cefazolin has been proved effective
for most surgical procedures, including biliary tract surgery,
given that the goal of prophylaxis is to decrease bacterial counts
below critical levels necessary to cause infection. Broad-
spectrum agents, such as third-generation cephalosporins,
should be avoided for prophylaxis because they are no more
effective than cefazolin and may alter microbial flora, increas-
ing the emergence of microbial resistance to these otherwise
valuable agents.

Timing of Antimicrobial Administration

3. Why is the administration time for this antimicrobial ap-
propriate (or inappropriate) for M.R.?

Classic animal studies conducted by Burke16 and others17

clearly demonstrated the need for therapeutic antibiotic con-
centrations in the bloodstream and in vulnerable tissue at the
time of wound contamination. Bacteria were most likely to en-
ter the tissue beginning with the initial surgical incision and
continuing until the wound was closed; antibiotics adminis-
tered >3 hours after bacterial contamination were ineffective
in minimizing the development of wound infection.16,17 This
2- to 3-hour period after the surgical incision was deemed the
“effective” or “decisive” period for prophylaxis, when the an-
imal wound was most susceptible to the beneficial effects of
the antibiotic. This decisive period for administration of pro-
phylactic antibiotics has been confirmed in humans.18,19

For maximal efficacy, an antibiotic should be present in
therapeutic concentrations at the incision site as early as possi-
ble during the decisive period and continuing until the wound
is closed. Because an antibiotic administered postoperatively
cannot achieve therapeutic concentrations during the decisive
period, such timing of surgical “prophylaxis” is of no benefit in
preventing postoperative wound infections, and infection rates
are similar to those in patients who receive no antibiotics.19

An exception in which postincision administration sometimes
is justified is in cesarean sections, because the incidence of
endometritis after cesarean section is decreased significantly
by postoperative administration of antibiotics.8

Based on these study results, prophylactic antibiotics should
be administered before the surgical procedure in the OR be-
fore the induction of anesthesia.14 Prophylactic antibiotics are
most effective when given during the 1-hour period before the
surgical incision is made, and rates of infection increase signif-
icantly if antibiotics are administered >1 hour preoperatively
or any time postoperatively.20,21 If a tourniquet is required,
then the entire antibiotic dose should be administered before
inflation of the tourniquet.

The “on call” prescribing practice for surgical prophylaxis,
as with M.R., has fallen into disfavor because the time between
antibiotic administration and the actual incision may exceed
1 hour and, therefore, may result in subtherapeutic antibiotic
concentrations during the decisive period.14,22 M.R.’s cefazolin
should be ordered preoperatively and should be administered
in the OR no earlier than 1 hour before the operative procedure.

4. Will M.R. require a second dose of cefazolin during the
surgical procedure?

The duration of the surgical procedure and the half-life of
the administered antibiotic should be considered when deter-
mining whether an additional dose is necessary to maintain
adequate antibiotic concentrations at the operative site. Stud-
ies have indicated an inverse relationship between the efficacy
of short-acting antibiotics and the duration of the surgical pro-
cedure; as operative time increases, so does the incidence of
postoperative infection.23 Cefazolin, with a half-life of ∼1.8
hours, is effective in a single preoperative dose for most surgi-
cal procedures. For procedures lasting >2 hours, or those with
major blood loss, additional intraoperative doses should be ad-
ministered every one to two times the half-life of the drug
during the procedure.14,23 M.R. should require an additional
intraoperative cefazolin dose only if the surgical procedure is
prolonged (>3 hours).23

Route of Administration

5. G.B., a 55-year-old woman recently diagnosed with carci-
noma of the large bowel, is admitted to the hospital for an elec-
tive colorectal surgical resection; the surgery is expected to last
5 hours. Physical examination reveals a cachectic woman with
a 9-kg weight loss over the previous 3 months (current weight,
60 kg). Increased frequency of bowel movements and chronic fa-
tigue are noted; all other systems are normal. Laboratory data
include hemoglobin (Hgb), 10.4 g/dL (normal, 11.5–15.5); hema-
tocrit (Hct), 29.7% (normal, 33%–43%); and prothrombin time
(PT), 15 secs (normal, 11–13). Stool guaiac is positive. Vital signs
are within normal limits. G.B. is taking no medications and has
no history of drug allergies. The following orders are written to
begin at home on the day before surgery: (a) Clear liquid diet; (b)
mechanical bowel cleansing with polyethylene glycol-electrolyte
lavage solution (CoLYTE, GoLYTELY); and (c) neomycin sulfate
1 g and erythromycin 1 g PO at 1 PM, 2 PM, and 11 PM, Com-
ment on the appropriateness of the oral route of administration
of antibiotic prophylaxis for G.B.

[ SI units: Hgb, 104 g/L; Hct, 0.297]
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In general, oral administration of surgical antimicrobial pro-
phylaxis is not recommended because of unreliable or poor ab-
sorption of oral agents in the anesthetized bowel. Oral agents,
however, function effectively as GI decontaminants because
high intraluminal drug concentrations are sufficient to decrease
bacterial counts.24 The concentration of bacteria in the colon
may approach 1016 bacteria/mm3 and colorectal procedures,
such as the one G.B. will undergo, carry a relatively high risk
of postoperative infection. Antimicrobial regimens with activ-
ity against the mixture of aerobic and anaerobic bacteria that
make up the fecal flora (Escherichia coli and other Enterobac-
teriaceae and Bacteroides fragilis) are effective in preventing
postoperative wound infections.25

The most widely used oral antimicrobial regimen directed
against the fecal flora is 1 g each of the nonabsorbable antibi-
otics neomycin sulfate (for gram-negative aerobes) and ery-
thromycin base (for anaerobes), given 1 day before surgery
at the times indicated for G.B.19,25 Mechanical bowel cleans-
ing, such as with polyethylene glycol-electrolyte or sodium
phosphate lavage solution, should precede this regimen; the
purpose of such bowel purging is to evacuate the colonic
contents as completely as possible to decrease colonic bac-
terial counts. Effective oral alternatives to neomycin plus ery-
thromycin include metronidazole with or without neomycin
or with kanamycin, or kanamycin plus erythromycin26; how-
ever, clinical situations warranting the use of such alternatives
over the well-established neomycin-erythromycin regimen are
practically nonexistent. Thus, the regimen selected for G.B. is
highly appropriate.

6. The surgical resident has canceled the oral neomycin-
erythromycin bowel regimen for G.B. Instead, he orders cefoxitin
(Mefoxin) 1 g IV preoperatively. Why is (or is not) this change in
therapy an effective and rational choice for G.B.?

Numerous parenteral regimens, specifically with agents that
possess both aerobic and anaerobic activity, are effective as
surgical prophylaxis in colorectal procedures. The second-
generation cephalosporins with significant anaerobic activity
(e.g., cefoxitin) are superior to first-generation cephalosporins,
which lack sufficient anaerobic activity.27 At present, it is
not clear whether oral antimicrobial prophylaxis is superior
to parenteral therapy in preventing infection after colorectal
surgery.28

Thus, although both IV and oral regimens are effective for
prophylaxis before colorectal surgery, the parenteral route of
administration, selected because of physician preference, may
be less effective.12 Furthermore, the cefoxitin order for G.B.
would be unacceptable if the surgery lasts >3.5 hours (the rel-
atively short half-life of cefoxitin could render G.B. antibiotic-
free and predispose her to infection).29 For prolonged proce-
dures (>3 hours) such as anticipated for G.B., an alternative
agent with a longer half-life, such as ertapenem, or a sec-
ond dose of cefoxitin should be considered. Ertapenem has
been found to be superior to cefotetan in preventing infec-
tion after colorectal surgery.30 This improved efficacy may
be because of the long half life or more broad antibacterial
activity.31 Whereas ertapenem may offer certain advantages
as a prophylactic antibiotic, its use in this indication is dis-
couraged by some clinicians. Although unproved, the poten-
tial impact of widespread ertapenem utilization on subsequent
carbapenem resistance is of concern. The higher acquisition

cost of ertapenem also needs to be considered.12 Thus, for
G.B., the importance and efficacy of established oral prophy-
lactic regimens (plus bowel cleansing) should be stressed to the
resident.

7. The surgical resident has reconsidered the cefoxitin order
and decided to prescribe both the oral and parenteral prophylac-
tic regimens for G.B. Will the combination significantly reduce
the rate of postoperative wound infection compared with either
regimen administered singly?

Although the coadministration of both oral and parenteral
prophylactic regimens occurs commonly in practice (75% of
one survey’s respondents),32 data in support of this practice are
conflicting.26,33 Oral plus parenteral antimicrobial prophylaxis
combination is equivalent or superior to either regimen admin-
istered alone in reducing infection rates.26,33,34 As a result, a
combination of oral and parenteral antimicrobial prophylaxis
is recommended for colorectal surgery.8,12

Duration of Administration

8. L.G., a 28-year-old man with a history of rheumatic heart
disease, has a 12-year history of a heart murmur consistent with
mild mitral stenosis and mitral regurgitation. Over the past 4
months his murmur has become much more prominent. In addi-
tion, he has developed severe dyspnea with light physical activity
and 3+ pitting edema over both lower legs. Physical examina-
tion is notable for coarse rales and an S3 gallop. For the past 6
weeks he has been maintained on digoxin and diuretics without
significant relief of his shortness of breath (SOB). The cardiotho-
racic surgeon recommends mitral valve replacement and orders
the following surgical antibiotic prophylaxis regimen: cefazolin 1
g IV preoperatively, then Q 8 hr for 48 hrs. Why is cefazolin the
most appropriate antimicrobial for L.G.? Why was prophylaxis
ordered for only 48 hrs?

Although the incidence of postoperative wound infection
for cardiothoracic procedures is low (<5%), the devastat-
ing consequences of a postoperative endocarditis (following
valve replacement) and mediastinitis or sternal osteomyeli-
tis (following sternotomy) warrant careful antimicrobial
prophylaxis.35–46 Organisms of concern for cardiothoracic
surgery include Staphylococcus aureus and Staphylococcus
epidermidis (Table 57-2); based on these potential pathogens,
successful prophylactic regimens include cefazolin (Ancef),
cefamandole (Mandol), and cefuroxime (Zinacef). When cef-
azolin has been compared with cefuroxime or cefaman-
dole, a statistical trend in favor of the second-generation
cephalosporins has been noted, and collective wound infec-
tion rates were slightly higher in the cefazolin group.37–39 In
contrast, a comparison of prophylactic cefazolin and cefurox-
ime in patients having open heart surgery noted a significantly
greater incidence of sternal wound infection and mediastinitis
in the cefuroxime group.40 Furthermore, equal efficacy be-
tween the two agents was noted in yet another study.43 In con-
clusion, cefazolin probably is at least as effective as second-
generation cephalosporins; therefore, the choice of agent
should be based on an institution’s antimicrobial susceptibility
and cost data. Hospital-specific antimicrobial resistance pat-
terns are especially important in determining the incidence of
methicillin-resistant S. aureus (MRSA) or methicillin-resistant
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S. epidermidis (MRSE) surgical site infection rates is impor-
tant, although evidence does not support the use of vancomycin
at large in hospitals with high prevalence.47 Vancomycin is the
drug of choice for prophylaxis in patients known to be colo-
nized with such organisms.14,47

Meta-analyses of the use of prophylactic antibiotics in
cardiac surgery demonstrated no significant differences in
the rate of surgical site infection between first- and second-
generation cephalosporins and between β-lactams and
glycopeptides.41,46,48 Thus, the cefazolin prophylaxis selected
for L.G. is acceptable, provided the patient is not colonized
with MRSA or MRSE.

With regard to duration, the shortest effective prophylac-
tic course of antibiotics should be used (i.e., single dose pre-
operatively or not more than 24 hours postoperatively for
most procedures).45 Postoperative doses after wound closure
are usually not required and may increase the risk of resis-
tance. Single-dose prophylaxis, a viable option for many sur-
gical procedures (see Question 9), is controversial for cardiac
procedures.49 In practice, cardiothoracic antimicrobial prophy-
laxis often is continued 48 hours after surgery,12 as in L.G. No
benefit is seen to prolonging prophylaxis to >48 hours, and
such use should be discouraged. The duration of antimicrobial
prophylaxis ordered for L.G. is appropriate.

9. G.J., a 27-year-old woman, is admitted to the obstetrics unit
at term with her first pregnancy. She is scheduled for a cesarean
section because the baby is breech. Cefazolin 1 g IV to be admin-
istered after the cord is clamped and Q 8 hr for 24 hrs is ordered.
Why is this surgical prophylaxis inappropriate?

As noted previously, the shortest effective duration of pro-
phylaxis is desired. In the past, 5- or 6-day antimicrobial reg-
imens were used for cesarean section, but 24-hour regimens
have since been proved as effective as these longer regimens.50

Faro et al.50 demonstrated that a single 2-g dose of cefazolin
was superior to either a single 1-g dose or to a three-dose, 1-g
prophylactic regimen. Others have noted similar results (i.e.,
a single cefazolin dose administered after the umbilical cord
is clamped seems to be sufficient in preventing postoperative
wound infections in cesarean section).51–53 Single-dose pro-
phylaxis is less costly54 and minimizes the development of
bacterial resistance.55 Thus, G.J. should receive a single 2-g
dose of cefazolin after the cord has been clamped, without the
three additional doses.

Single-dose prophylaxis also is effective in a variety of GI
tract, orthopedic, and gynecologic procedures.23 A single dose
of an antibiotic with a short half-life, however, may provide
insufficient antimicrobial coverage during a prolonged surgical
procedure, and repeated intraoperative dosing or selection of an
agent with a longer half-life is recommended when the duration
of surgery is long.14

Signs of Surgical Site Infection

10. G.J. is discharged on the fifth hospital day and instructed to
observe her incision site carefully for signs of infection. What are
the typical signs of site infection? What is the typical time course
for signs of site infection to become manifest?

Most surgical site infections involve the incision site and
are defined as either superficial (involving the skin and subcu-

taneous fat) or deep incisional (involving fascia and muscle).
Typically, an infected incision site wound is red, inflamed, and
purulent. The purulent drainage should be cultured to identify
the causative pathogen and to direct antimicrobial therapy. Em-
piric therapy directed against the most likely pathogens should
be instituted while awaiting culture and sensitivity test results.
Although most incision site infections are clinically apparent
shortly after surgery (within 30 days), some deep-seated infec-
tions present indolently over weeks to months, by which time
an abscess may have developed.11 When implants are involved,
infections occurring up to a year after surgery may be related
to the operation.56

Selection of an Antimicrobial Agent

11. L.T., a 46-year-old woman, has a recent history of abnor-
mal uterine bleeding and vaginal discharge. Endometrial biopsy
is positive for squamous cell carcinoma. Invasive disease is not ev-
ident. The diagnosis is carcinoma in situ, and a vaginal hysterec-
tomy is scheduled. What would be a good surgical prophylaxis
antimicrobial regimen for L.T.?

The selection of a prophylactic regimen should incorporate
such factors as the agent’s microbiologic activity against the
most likely potential pathogens encountered during the surgical
procedure (Table 57-2), pharmacokinetic characteristics (e.g.,
half-life), inherent toxicity, potential to promote the emergence
of resistant strains of bacteria, and cost.

The usefulness of antimicrobial prophylaxis in vaginal hys-
terectomies is well established and is directed against vagi-
nal microflora, including gram-positive and gram-negative
aerobes and anaerobes (Table 57-2). The narrowest-spectrum
agent that is efficacious is desired, given that the goal of pro-
phylaxis is not to eradicate every potential pathogen, but to re-
duce bacterial counts below a critical level necessary to cause
infection. Cefazolin has been proved to be an effective pro-
phylactic agent for vaginal hysterectomy when compared with
broad-spectrum agents such as ceftriaxone (Rocephin).57 This
indicates that a broader-spectrum agent with anaerobic activity
(which cefazolin lacks) is unwarranted.

Similar to vaginal hysterectomy, cefazolin and numerous
agents have been documented to reduce the incidence of post-
operative surgical infection via the abdominal approach.58,59

As with vaginal hysterectomy, most trials have not documented
significant differences between first- and second-generation
cephalosporins.58 In contrast, Hemsell et al.60 observed a sig-
nificantly higher incidence of major postoperative surgical
infections in patients receiving the first-generation agent ce-
fazolin when compared with cefotetan. Cefazolin exhibits a
favorable toxicity profile and has a relatively long half-life
(∼1.8 hours) such that a single dose has proven prophylactic
efficacy.57 Cefazolin also is considerably less expensive than
broader-spectrum agents and is currently recommended by the
American College of Obstetricians and Gynecologists.61 Al-
though it has a broader spectrum of coverage, a single dose of
cefoxitin would also be an appropriate choice for this patient.

12. Because cefoxitin has an increased spectrum of activity
against the anaerobe B. fragilis, it is being considered as an al-
ternative to cefazolin prophylaxis for L.T. Comment on the ap-
propriateness of this proposed change in prophylaxis.
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The second- and third-generation cephalosporins and
ampicillin-sulbactam generally are not more effective than
the first-generation cephalosporins for surgical prophylaxis in
vaginal hysterectomy or gastroduodenal, biliary, and clean sur-
gical procedures.8 One clear exception to these findings is in
the prevention of infection after colorectal procedures and per-
haps hysterectomy. Several investigations have documented the
failure of first-generation agents when used as prophylaxis in
colorectal procedures, probably a consequence of their weak
anaerobic coverage.27 As stated previously, second- and third-
generation agents and ampicillin-sulbactam generally are no
more efficacious than cefazolin and should not be used for
surgical prophylaxis in most procedures. Cefoxitin, however,
would be a reasonable choice in colorectal surgery or hysterec-
tomy. Considering that this patient is having a hysterectomy,
either cefazolin or cefoxitin is appropriate.

13. S.N., a 57-year-old woman with rheumatoid arthritis and
degenerative joint disease, has been admitted for total hip arthro-
plasty. She had an anaphylactic reaction to penicillin in the past.
What should be prescribed for S.N. for surgical prophylaxis?

Cefazolin is the preferred prophylactic agent for most
clean procedures, including cardiac, vascular, and orthope-
dic procedures8 (Table 57-2). Although the risk of cefazolin
cross-allergenicity to penicillin is minimal, S.N. experienced
a significant penicillin allergy (hives, SOB); therefore, an al-
ternative prophylactic agent definitely is appropriate. The or-
ganisms most likely to cause postoperative infection after total
hip replacement are S. aureus and S. epidermidis (Table 57-2).
Nafcillin, cefazolin, and vancomycin possess excellent activity
against S. aureus, however, the β-lactams have only marginal
activity against S. epidermidis. Regardless, nafcillin clearly
must be avoided because of the penicillin allergy. Thus, the
preferred agent for S.N. is vancomycin.

Preoperative vancomycin 1 g should be administered IV
slowly, over at least 60 minutes. This slow rate of infusion is
necessary to reduce the risk of infusion-related hypotension,
which poses a particular danger during anesthesia induction
and has been reported to cause cardiac arrest.62

14. B.K., an 18-year-old woman, complains of severe acute ab-
dominal pain and nausea; the pain is localized to the periumbilical
region. B.K. has a temperature of 39.5◦C. After initial examina-
tion by her pediatrician, she is admitted to the hospital with pre-
sumed appendicitis and an exploratory laparotomy is scheduled.
What surgical antimicrobial prophylaxis should be ordered for
B.K.?

As with colorectal surgery, the most likely infecting or-
ganisms in appendectomy are Bacteroides species and gram-
negative enterics (Table 57-2). On surgical inspection, if the ap-
pendix appears normal (uninflamed, without perforation), then
antimicrobial prophylaxis is unnecessary.63 If the appendix is
inflamed without perforation, a single preoperative antibiotic
dose is necessary. If the appendix is perforated or gangrenous
(complicated), infection is already established and postopera-
tive treatment is warranted. The status of the appendix, how-
ever, cannot be determined before surgery; therefore, all pa-
tients should receive at least one dose of an appropriate antibi-
otic preoperatively.64 After surgical inspection of the appendix,
the need for postoperative antibiotic therapy can be determined.

Based on the pathogens likely to be encountered, an
antimicrobial agent with both aerobic and anaerobic ac-
tivity is desired for surgical prophylaxis in this situation.
Consequently, cefoxitin (Mefoxin), ceftizoxime (Cefizox), or
cefotaxime (Claforan) are acceptable choices for prophy-
laxis.65

Risks of Indiscriminate Antimicrobial Use

15. On surgical exploration, B.K. was found to have uncom-
plicated (nonperforated, nongangrenous) appendicitis; however,
cefoxitin therapy was continued for 3 days for unclear reasons.
What are the risks of indiscriminate use of antimicrobials for
surgical prophylaxis?

The risks of indiscriminate use of antimicrobials to a given
patient include the potential for adverse effects and superinfec-
tion. The administration of any β-lactam agent poses the risk
of a hypersensitivity reaction, and many antibiotics, including
cefoxitin, such as in B.K., are known to predispose patients
to Clostridium difficile-associated disease. The risk of devel-
oping this superinfection increases with duration of antibiotic
exposure.66 Avoiding unnecessary initial and prolonged expo-
sure may help reduce the risk to patients of contracting this
emerging disease and its associated complications.67 In ad-
dition, widespread or prolonged use of antimicrobial agents
increases the potential for the development or selection of re-
sistant organisms in a given patient or other patients who may
acquire a pathogen nosocomially.68

OPTIMIZING SURGICAL ANTIMICROBIAL PROPHYLAXIS
Antibiotic control strategies have improved the appropriate
use of antimicrobial agents for surgical prophylaxis. The im-
plementation of an automatic stop-order policy for surgical
prophylaxis has reduced the duration of antimicrobial prophy-
laxis dramatically. These stop-order policies can be printed
directly onto an antibiotic order form.69 Reviewing the pro-
cess can help improve antibiotic appropriateness and timing
of administration. This was achieved in one study by redesign
of the process and education of medical staff by a multidisci-
plinary quality-improvement team and it resulted in substantial
cost avoidance.70 In a second study, a multidisciplinary team
generated electronic quick orders allowing for a computer-
enhanced decision-making process and developed an antibiotic
administration protocol. Appropriate antibiotics administered
increased from 78% to 94%, timely administration improved
from 51% to 98%, and clean wound infection rate decreased
from 2.7% to 1.4%.71

In collaboration with other health care providers, the phar-
macy department of health care organizations is responsible
for optimizing the timing, choice, and duration of antimicro-
bial surgical prophylaxis.72 Education of surgical, anesthesia,
and nursing staff, supported by hospital policy changes initi-
ated by pharmacists improved appropriate timing from 68%
to 97% and resulted in significant cost avoidance.72 More re-
cently, a quality improvement approach developed by a national
collaborative involving multidisciplinary teams achieved a de-
crease in the surgical infection rate from 2.3% to 1.7% over a
1-year period.14,73 Postdischarge surveillance can also help in
reducing surgical site infections.74
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The pharmacotherapy of central nervous system (CNS) infec-
tions presents a tremendous challenge to the clinician. CNS
infections often are caused by virulent pathogens. These in-
fections occur in an area of the body in which antibiotic pen-
etration often is limited and where host defenses are absent
or inadequate. Thus, morbidity and mortality from infections
of the CNS remain high despite the availability of highly po-
tent, bactericidal antibiotics. In a review of 493 adult patients
treated for bacterial meningitis at the Massachusetts General
Hospital between 1962 and 1988, the mortality rates were 25%
and 35% for community-acquired and hospital-acquired cases,
respectively.1 The overall case fatality rate of 25% did not
change significantly over the 27-year period of the study. Al-
though eradication of bacteria is essential, it is only one of
the variables that affect mortality from CNS infections. In an
attempt to improve morbidity and mortality statistics, the
pathophysiologic mechanisms of CNS infections continue
to be further scrutinized.2−4 In addition, the beneficial ef-
fects of corticosteroids in bacterial meningitis continue to be
evaluated.5

A number of infectious processes can occur within the CNS
(e.g., meningitis, encephalitis, meningoencephalitis, brain ab-

scess, subdural empyema, and epidural abscess).6,7 In addition,
prosthetic devices placed into the CNS (e.g., cerebrospinal
fluid [CSF] shunts for management of hydrocephalus) often
are complicated by infection.8 Many etiologic agents are ca-
pable of inducing CNS infections, including bacteria, viruses,
fungi, and certain parasites. This chapter focuses primarily
on bacterial infections of the CNS, with an emphasis on the
pharmacotherapy of bacterial meningitis and brain abscess.
(Also see Chapter 69, Pharmacotherapy of Human Immunod-
eficiency Virus Infection, and Chapter 70, Opportunistic In-
fection in HIV-Infected Patients, for presentations pertaining
to CNS infections in these populations.)

REVIEW OF CENTRAL NERVOUS SYSTEM
Anatomy and Physiology
Meninges
Proper therapy of CNS infections first requires an understand-
ing of the anatomic and physiologic characteristics of this re-
gion. The brain and spinal cord are ensheathed by a protective
covering known as the meninges and suspended in CSF, which
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acts as a “shock absorber” to outside trauma.9,10 The meninges
consist of three layers of fibrous tissue: the pia mater, arach-
noid, and dura mater. The pia mater, the innermost layer of
the meninges, is a thin, delicate membrane that closely ad-
heres to the contours of the brain. Separating the pia mater
from the more loosely enclosed arachnoid membrane is the
subarachnoid space, where the CSF resides. The pia mater and
arachnoid, known collectively as the leptomeninges, lie inte-
rior to the dura mater, a tough outer membrane that adheres to
the periosteum and vertebral column.9,11 Meningitis is a term
describing inflammation (often the result of infection) of the
subarachnoid space, whereas subdural empyema refers to a
collection of purulent material (pus) in the region separating
the dura and arachnoid.7,9 Abscesses also can form outside
the dural space (epidural abscess), often with devastating con-
sequences.7

Cerebrospinal Fluid
The CSF is produced and secreted by the choroid plexus in the
lateral ventricles and, to a lesser extent, by the choroid plexuses
within the third and fourth ventricles.10,12 The choroid plexus is
histologically similar to the renal tubules and removes organic
acids (including penicillins) from the CSF via active transport
mechanisms. These transport processes can be inhibited by
probenecid (Benemid) administration.12 CSF flows unidirec-
tionally from the lateral ventricles through the foramina of the
third and fourth ventricles into the subarachnoid space, then
over the cerebral hemispheres and downward into the spinal
canal. CSF is absorbed through villous projections (arachnoid
villi) into veins, primarily the cerebral venous sinuses.10,12

About 550 mL/day of CSF is produced, with complete ex-
change occurring every 3 to 4 hours.10,12 The flow of CSF
is unidirectional from the ventricles to the intralumbar space.
Therefore, intrathecal injection of antibiotics results in little, if
any, antibiotic reaching the cerebral ventricles.13,14 This unidi-
rectional flow of CSF presents a problem because ventriculitis
commonly occurs in conjunction with bacterial meningitis. Di-
rect intraventricular instillation of antibiotics, usually by means
of a reservoir, is preferable in the setting of ventriculitis (see
Question 21).13,14

In adults, children, and infants the volume of CSF is
approximately 150 mL, 60 to 100 mL, and 40 to 60 mL,
respectively.10,12 Knowledge of approximate CSF volume fa-
cilitates estimation of the CSF concentration of a drug sub-
sequent to intrathecal administration. For example, adminis-
tration of gentamicin 5 mg (5,000 mcg) intrathecally should
result in a CSF concentration of roughly 33 mcg/mL in an adult
shortly after administration.

The composition of CSF differs from other physiologic flu-
ids. The pH of CSF is slightly acidic (normal pH, 7.3) and,
with the exception of chloride ion, electrolyte concentrations
are slightly less than those in serum.10,12 Under normal condi-
tions, the protein concentration in CSF is <50 mg/dL, CSF glu-
cose values are approximately 60% those of plasma, and few if
any white blood cells (WBC) are present (<5 cells/mm3).10,12

When the meninges become inflamed (i.e., in meningitis), the
composition of the CSF is altered. In particular, the protein
concentration in the CSF increases, and the glucose concen-
tration in the CSF usually declines with meningitis. Therefore,
careful evaluation of CSF chemistries is useful when establish-
ing a diagnosis of meningitis.

Blood–Brain Barrier
The blood–brain barrier plays a crucial role in protecting the
brain and maintaining homeostasis within the CNS.10,15,16 Ac-
tually, two distinct barriers exist within the brain: the blood–
CSF barrier and the blood–brain barrier.15,16 The blood–CSF
barrier is located in the choroid plexus and circumventricular
organs (e.g., area postrema) and is characterized morpholog-
ically by fenestrated (porous) capillaries (Fig. 58-1).15 This
arrangement allows proteins and other molecules (including
antibiotics) to pass freely into the immediate interstitial space.
Diffusion of substances into the CSF is restricted by tightly
fused ependymal cells lining the ventricular side of the choroid
plexus (Fig. 58-1).15 Cerebral capillary endothelial cells make
up the blood–brain barrier, which separates blood from the
interstitial fluid of the brain. Unlike capillaries in other areas
of the body, the capillary endothelia of the brain are packed
closely together, forming tight junctions that in effect produce a
barrier physiologically similar to a continuous lipid bilayer.15

Interstitial Space

CSF

Porous Capillary
Fenestrations

Active Pinocytosis

Tight Junctions

Interstitial Space

Neuron

Glia
Closed Capillary
Tight Junctions

Scant Pinocytosis

A. Capillary Surface Area = 1 B. Capillary Surface Area = 5,000

FIGURE 58-1 The two membrane barrier systems in the central nervous system: the blood–
CSF barrier (left) and the blood–brain barrier. (From Pardridge WM, et al. Blood–brain barrier:
interface between internal medicine and the brain. Ann Intern Med 1986;105:82, with permission.)
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The surface area of the blood–brain barrier is >5,000 times
greater than that of the blood–CSF barrier; thus, the blood–
brain barrier plays a more important role in protecting the
brain and regulating its chemical composition.12,15 Many an-
timicrobials traverse the blood–brain barrier with difficulty,
particularly agents having low lipid solubility (see the follow-
ing discussion).16

MENINGITIS
Meningitis is the most common type of CNS infection. The
signs and symptoms associated with bacterial meningitis usu-
ally are acute in onset, evolving over a few hours.6 Prompt
recognition and early institution of therapy are essential to
ensuring beneficial outcomes. In contrast, a diverse group of
infectious (e.g., viruses, fungi, and mycobacteria) and non-
infectious (e.g., chemical irritants) agents produce a menin-
gitic picture often of a less acute or chronic nature.17 On
occasion, such “aseptic” causes can produce signs and symp-
toms nearly indistinguishable from those of acute bacterial
meningitis.6,17 Drugs that can induce aseptic meningitis in-
clude trimethoprim-sulfamethoxazole (TMP-SMX), the an-
tirejection monoclonal antibody muromonab (OKT3), azathio-
prine, and nonsteroidal anti-inflammatory drugs (NSAID) such
as ibuprofen, naproxen, and sulindac.18

Microbiology
The bacterial causes of meningitis correlate well with age and
underlying conditions, such as head trauma or recent neuro-
surgery (Table 58-1).19−22 Generally, meningitis is a disease
of the very young and very old: most cases occur in children
<2 years of age and in elderly adults.19,20

Neonates (infants <1 months) are at an especially high
risk of developing meningitis. Meningitis in neonates most of-
ten is caused by group B streptococci (Streptococcus agalac-
tiae) or coliform organisms such as Escherichia coli.19,20,23

These highly virulent pathogens usually are acquired during
passage through the birth canal or from the hospital environ-
ment and are associated with significant morbidity and mor-
tality, particularly in premature infants.19,20,23 Case fatality
rates of >20% and 30% have been reported for meningitis
caused by group B streptococci and gram-negative bacilli,
respectively.19 Listeria monocytogenes is another important
and often overlooked pathogen in neonates.19,20,24 Because
L. monocytogenes is resistant to many antimicrobial agents,
including third-generation cephalosporins, selection of initial
(empiric) therapy in neonates must be approached with this
pathogen in mind.24

Infants >1 month of age and children <4 years of age are
at the highest risk for meningitis. Dramatic changes have oc-
curred in the epidemiology of bacterial meningitis in this age
group over the past several years. Historically, in this age group,
the disease was caused predominantly by three pathogens:
Haemophilus influenzae, Streptococcus pneumoniae, and Neis-
seria meningitidis.19,20 Up to 45% of all cases of meningitis
in the United States before 1985 were caused by H. influenzae
type b (Hib).20 From 1987 through 1997, however, Hib menin-
gitis cases in children <5 years of age decreased by 97%.25,26

This reduction in H. influenzae-induced meningitis correlates
with the widespread vaccination of children against invasive

Table 58-1 Microbiology of Bacterial Meningitis

Age Group or
Predisposing Condition Most Likely Organisms a

Neonates (<1 mo) Group B streptococcus (Streptococcus
agalactiae), Escherichia coli, and
other gram-negative bacilli
(Klebsiella, Serratia species), Listeria
monocytogenes

Infants and children
(2–23 mons)

Streptococcus pneumoniae, Neisseria
meningitidis, S. agalactiae,
Haemophilus influenzae,b E. coli

Children and adults
(2–50 yrs)

N. meningitidis, S. pneumoniae

Adults (>50 yr)
S. pneumoniae, N. meningitidis, L.

monocytogenes, E. coli, Klebsiella
species, and other gram-negative
bacilli,

Postneurosurgical Staphylococcus aureus, gram-negative
bacilli (e.g., E. coli, Klebsiella ∗
species, Pseudomonas aeuruginosa),
Staphylococcus epidermidisc

Closed head trauma S. pneumoniae, H. influenzae, group A
β-hemolytic streptococci

Penetrating trauma S. aureus, S. epidermidis, gram-negative
bacilli (e.g., E. coli, Klebsiella ∗
species, P. aeuruginosa)

Presence of risk factor
(alcoholism and altered
immune status)

S. pneumoniae, L. monocytogenes,
H. influenzae, N. meningitidis

aOrganisms listed in descending order of frequency.
bNeed to consider this pathogen only in children not vaccinated with Hib.
cMost commonly seen in association with prosthetic devices (e.g., cerebrospinal fluid
shunts).

H. influenzae disease with the Hib polysaccharide–protein con-
jugate vaccines. Invasive H. influenzae infection now is consid-
ered a vaccine-preventable disease in the United States as well
as in other countries, highlighting the importance of vaccinat-
ing children against Hib invasive disease.27 Further follow-up
from 1998 to 2000 indicates that the incidence of Hib has re-
mained extremely low. One of the national health objectives
in Healthy People 2010 is to reduce the incidence of Hib to
zero.26 In addition, widespread vaccination has caused a shift
in the age distribution of bacterial meningitis. Before the Hib
vaccine was available, more than two-thirds of cases occurred
in children <5 years of age. With the dramatic reduction of
Hib cases in this age group, most cases now are observed in
adults.27,28

In adults and children who have received the conjugated Hib
vaccine, community-acquired meningitis most often is caused
by S. pneumoniae (the pneumococcus) and N. meningitidis (the
meningococcus).4,19,20 Meningococci more commonly are im-
plicated in individuals ages 5 to 30 years, whereas pneumococci
are the predominant pathogens in adults >30 years of age.19

In the past several years, meningococcal meningitis has been
occurring in clusters within the general population with in-
creased frequency. The observed clusters, defined as two or
more cases of the same serogroup that are closer in time or
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space than expected, usually occur in secondary schools or uni-
versity settings.28

Traditionally, pneumococci and meningococci have been
highly susceptible to penicillin G (minimum inhibitory con-
centration [MIC] <0.1 mcg/mL). Pneumococcal strains show-
ing intermediate penicillin resistance (MIC 0.1 to 1.0 mcg/mL)
and high resistance (MIC ≥2.0 mcg/mL), however, are a prob-
lem in many areas of the world, including the United States.
Penicillin-resistant pneumococci are of particular concern in
relation to meningitis because there is the additional challenge
of delivering adequate levels to the site of infection, the CSF.2,29

Optimal therapy for resistant pneumococci is controversial and
is discussed in greater detail in Question 14.

The elderly also are susceptible to developing meningi-
tis, and the infection-related mortality in this population of-
ten is higher than in other age groups.19,20,30 For example,
the case-fatality rate for pneumococcal meningitis is 5% in
children <5 years of age but 19% to 37% in adults.20,31 Pa-
tients of advanced age are most susceptible to meningitis from
pneumococci and meningococci. Enteric gram-negative bacilli
(e.g., E. coli, Klebsiella pneumoniae) also are occasionally
isolated.19,20,30 Furthermore, L. monocytogenes is a problem
pathogen in the elderly, especially in immunocompromised
patients.19,20,24,30,32

Meningitis after neurosurgical procedures or open trauma
to the head most often is caused by enteric gram-negative
bacilli (predominantly E. coli and K. pneumoniae) and, to
a lesser extent, staphylococci, particularly Staphylococcus
aureus.1,21,32 Meningitis that occurs after neurosurgery is oc-
casionally caused by resistant pathogens, such as Enterobacter
species and Pseudomonas aeruginosa, often with devastating
consequences.21,33−35 In addition, patients requiring ventricu-
lostomy or placement of CSF shunts can develop infections of
these prosthetic devices by coagulase-negative staphylococci
(e.g., S. epidermidis) or diphtheroids.8,21 Closed head trauma,
particularly when associated with CSF rhinorrhea or otorrhea,
can lead to pneumococcal meningitis or, to a lesser extent,
H. influenzae meningitis.21

Pathogenesis and Pathophysiology
The steps leading to the development of meningitis and the
underlying pathophysiologic processes involved have become
more clearly understood in the past few years.2,4 In general,
meningitis can develop from hematogenous spread of organ-
isms (the most common mechanism), by contiguous spread
from a parameningeal focus (e.g., sinusitis or otitis media), or
by direct bacterial inoculation, as occurs with head trauma or
neurosurgery.

The list of pathogens causing bacterial meningitis is rela-
tively short because only bacteria possessing certain virulence
factors are capable of invading the meninges. Specifically, the
presence of a polysaccharide capsule and other cell surface
structures (e.g., pili) are necessary for bacteria to evade host
defenses and gain entry into the subarachnoid space.2−4 Once
in the CSF, virulence factors contained within the cell wall (e.g.,
lipopolysaccharide or endotoxin in the case of H. influenzae)
initiate a complex cascade of events culminating in neurologic
damage.2,3 These cell wall substances trigger the release of
various cytokines, which act as mediators of the inflammatory
response.2−4

Exudation of albumin through
intercellular junctions of the

meningeal venules

Adhesion of leukocytes to
brain endothelium and
diapedesis into CSF

Brain edema, increased
intracranial pressure, altered

cerebral blood flow

Cranial nerve injury,
seizures, hypoxic-ischemic
brain damage, herniation

Release of inflammatory
cytokines into CSF

Pathogenesis Pathophysiology

Survival Within Bloodstream

Invasion of Mucosa

Mucosal Colonization

Penetration of Blood-
Brain Barrier

FIGURE 58-2 Summary of the pathogenesis and pathophysi-
ology of bacterial meningitis. (Adapted from Quagliarello VJ, et al.
New perspectives on bacterial meningitis. Clin Infect Dis 1993;17:603;
and Quagliarello VJ, et al. Bacterial meningitis: pathogenesis, patho-
physiology, and progress. N Engl J Med 1992;327:864, with permis-
sion.)

Colonization of mucosal surfaces is a necessary first step
in the pathogenesis of meningitis (Fig. 58-2).3,4 The polysac-
charide capsule and pili or fimbriae on the bacterial cell sur-
face allow attachment to oropharyngeal or nasopharyngeal
mucosa.2−4 Secretion of protease enzymes that neutralize the
protective activity of mucosal IgA and intrinsic resistance to
ciliary clearance mechanisms allow meningeal pathogens to
adhere to, and penetrate through, the epithelial surface and en-
ter the intravascular space.3 The presence of a capsule prevents
binding by the alternative complement pathway and prolongs
survival within the bloodstream.3,4 Eventually, organisms
multiply to sufficient numbers that allow invasion of the blood–
brain barrier. The exact mechanism by which bacteria invade
the blood–brain barrier is not well understood. Bacteria, how-
ever, probably adhere to cerebral capillary endothelia or per-
haps the epithelium of the choroid plexus.3,4

Once bacteria gain entry into the CSF, host defenses are in-
adequate to contain the infection, and bacteria replicate rapidly.
Humoral immunity (both complement and immunoglobulin)
essentially is absent within the CSF.2−4 In addition, opsonic
activity in CSF is negligible, and although leukocytosis en-
sues shortly after bacterial invasion, phagocytosis also is
inefficient.3,4 Therefore, this relative immunodeficiency state
necessitates the initiation of bactericidal therapy.2

Inflammation of the meninges is initiated by contents within
the bacterial cell wall.2−4 Specifically, gram-negative bacteria
possess lipopolysaccharide, or endotoxin, and gram-positive
bacteria contain teichoic acid in their cell walls. Release of
lipopolysaccharide (or teichoic acid) induces the production
and secretion of inflammatory cytokines such as interleukin-
1 (IL-1), interleukin-6 (IL-6), prostaglandin E2, and tumor
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necrosis factor (TNF) from astrocytes, endothelial cells, and
circulating monocytes.3,4 These cytokines play an essential
role in promoting the adherence of leukocytes to cerebral cap-
illary endothelial cells, and they also facilitate the migration
of leukocytes into the CSF.2,3 On attachment to brain endothe-
lium, leukocytes release toxic oxygen products that damage
endothelial cells. This increases pinocytotic activity, widens
tight junctions, and eventually increases blood–brain barrier
permeability (Fig. 58-2).2−4

Inflammation of the blood–brain barrier allows the influx
of albumin and, consequently, vasogenic cerebral edema.2,3

The brain edema combined with obstruction of CSF outflow
increases intracranial pressure and alters cerebral blood flow.3

Altered cerebral blood flow is a problem because it often is cou-
pled with a loss of cerebrovascular autoregulation. Hyperper-
fusion or hypoperfusion of the brain secondary to increases or
decreases in systemic blood pressure, respectively, ultimately
can result in neuronal injury, cerebral ischemia, and irreversible
brain damage.3 The use of adjunctive corticosteroids in certain
patient populations can substantially reduce inflammation and
the subsequent neurologic sequelae of meningitis.2,5

The inflammatory response in meningitis also can be ag-
gravated by some antibiotics, notably the penicillins and
cephalosporins.2,35 When the β-lactam antibiotics lyse bacte-
rial cell walls, large amounts of cell wall products are liberated
early in the course of disease, and these contents of bacterial
cell walls amplify the inflammatory response.35 The long-term
benefits of β-lactam therapy far outweigh such transient detri-
mental effects. The use of less rapidly bacteriolytic agents,
however, may be theoretically advantageous.2 The proinflam-
matory effect of β-lactam antibiotics is attenuated by concomi-
tant corticosteroid therapy.2,5

Neurologic sequelae develop in one-third to one-half of pa-
tients with bacterial meningitis.31,36−38 The type and severity
of neurologic complications vary with the specific infecting
organism, the severity of the infection, and the susceptibil-
ity of the host. In children, pneumococcal meningitis carries
the highest risk of permanent neurologic sequelae, particu-
larly sensorineural hearing loss.6,38 In a long-term prospective
study of 185 children with acute bacterial meningitis, perma-
nent hearing loss occurred in 6%, 10.5%, and 31% of chil-
dren with meningitis caused by H. influenzae, N. meningitidis,
and S. pneumoniae, respectively.38 Although seizures are fairly
common on initial presentation, long-term epilepsy occurs in
approximately 7% of patients.36 Other important long-term
complications include spastic paraparesis, behavioral disor-
ders, and learning deficits.36

Diagnosis and Clinical Features
Clinical and Laboratory Features of Bacterial Meningitis

1. S.C., a 5-year-old boy, is brought to the emergency depart-
ment (ED) by his mother, who says her son has a temperature of
39◦C, is irritable and lethargic, and has a rash. S.C. was in his
usual state of good health until last night, when he awoke cry-
ing. When she went to investigate, her son began to stiffen up and
rock back and forth in his bed. Because he was unarousable, S.C.’s
mother rushed him to the hospital. S.C.’s medical history is non-
contributory except for an allergy to amoxicillin described as a
skin rash. S.C., his mother and father, and his 7-year-old brother

recently moved to the United States. S.C.’s vaccination history
currently is unknown. S.C. and his brother currently attend a
community day care center.

On physical examination, S.C. was in marked distress, with a
temperature of 40 ◦C, blood pressure (BP) of 90/60 mmHg, and
a respiratory rate of 32 breaths/minute. His weight on admission
was 20 kg. Neurologic examination showed evidence of nuchal
rigidity; he was lethargic and difficult to arouse. Brudzinski’s
and Kernig’s signs were positive. On head, eyes, ears, nose, and
throat examination, S.C. demonstrated photophobia (he squinted
severely when the examiner shined a light in his eyes), but no ev-
idence was noted of papilledema. A petechial rash was visible on
his extremities. The remainder of S.C.’s examination was essen-
tially normal.

Blood drawn for laboratory tests revealed sodium (Na),
128 mEq/L (normal, 135–145); potassium (K), 3.2 mEq/L (nor-
mal, 3.5–5); chloride (Cl), 100 mEq/L (normal, 95–105); bicar-
bonate (HCO3), 25 mEq/L (normal, 22–28); blood urea nitro-
gen (BUN), 16 mg/dL (normal, 8–18); serum creatinine (SrCr),
0.6 mg/dL (normal, 0.6–1.2); and serum glucose, 80 mg/dL
(normal, 70–110). The WBC count was 18,000 cells/mm3 with
95% polymorphonuclear (PMN) cells (normal, 54%–62%); the
hemoglobin (Hgb), hematocrit (Hct), and platelet count all were
within normal limits.

What clinical and laboratory features does S.C. display that
are suggestive of meningitis?

[SI units: Na, 128 mmol/L; K, 3.2 mmol/L; Cl, 100 mmol/L; 25, mmol/L;

BUN, 5.7 mmol/L; SrCr, 53.04 μmol/L; serum glucose, 4.44 mmol/L; WBC

count, 18 × 109/L]

S.C.’s presentation contains many features typical of acute
bacterial meningitis. For example, the boy was in good health
until he awoke at night confused and disoriented. When symp-
toms present abruptly and evolve quickly over a period of sev-
eral hours, an acute bacterial process is a strong possibility.39,40

S.C. has several predisposing factors for the development of
meningitis: young age, an unknown vaccination history, and
day care exposure.1,37

The clinical features of bacterial meningitis are summarized
in Table 58-2.1,6,21,39,40 The most common symptoms include
the triad of fever, stiff neck (nuchal rigidity), and altered mental
status.1,6,39 When all three of these features are present, as is
S.C.’s case, meningitis should be strongly suspected. Other less
common signs and symptoms include headache, photophobia
(unusual intolerance to light), and focal neurologic deficits, in-
cluding cranial nerve palsies.1,6,39,40 A positive Brudzinski’s
sign (reflex flexion of the hips and knees produced on flexion

Table 58-2 Signs and Symptoms of Acute Bacterial
Meningitis

Fever Anorexia
Nuchal rigidity (stiff neck) Headache
Altered mental status Photophobia
Seizures Nausea and vomiting
Brudzinski’s signa Focal neurologic deficits
Kernig’s signa Septic shock
Irritabilityb –

aSee text for description of sign.
bSymptoms seen in infants with meningitis.
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of the neck when lying in the recumbent position), and Kernig’s
sign (pain on extension of the hamstrings when lying supine
with the thighs perpendicular to the trunk) provide physical
evidence of meningeal irritation.41 Brudzinski’s and Kernig’s
signs both were positive in S.C. Seizures occur on initial pre-
sentation in 15% to 30% of patients and may be focal or
generalized.1,6,36 The presence of seizures or a severely de-
pressed mental status (i.e., obtundation or coma) generally is
associated with a poorer prognosis.1,6,36 Headache, nausea,
vomiting, photophobia, and papilledema on eye examination
all suggest increased intracranial pressure.6,39,40 When these
symptoms or focal neurologic deficits are present, a computed
tomographic (CT) scan is recommended before lumbar punc-
ture to rule out an intracranial mass.6,39,40 Although contro-
versial, brain herniation can occur when lumbar puncture is
performed in such patients because of the pressure changes
induced within the cranial vault.42

As is clearly evident, S.C. has many of the clinical features
associated with acute bacterial meningitis. High fever, stiff
neck, altered mentation, photophobia, and positive Kernig’s
and Brudzinski’s signs all are consistent with bacterial menin-
gitis. Furthermore, the low blood pressure (hypotension) and
increased respiratory rate are characteristic findings in severe,
life-threatening types of bacterial infection (e.g., septic shock,
meningitis) and are likely the result of endotoxin release.

The signs and symptoms of meningitis in the very young and
very old differ from those in older children and adults.6,23,30,37

In neonates, signs of meningeal irritation may be absent;
fever, irritability, and poor feeding are often the only symp-
toms manifested.6,23 Fullness of the fontanel in infants also
may reflect the increased intracranial pressure that occurs with
meningitis.6,38 Because S.C. is 5 years of age, accurate assess-
ment of his mental status is challenging. Irritability (crying), as
was manifested by S.C., is an important finding that suggests
an altered mental status.

In elderly patients, many of the classic signs of meningeal
irritation are absent as well, and the disease presentation can
be subtler.6,30,39 Therefore, given the grave consequences of a
misdiagnosis, clinicians caring for infants and elderly patients
must have a particularly high index of suspicion for meningitis.

Laboratory evaluation of meningitis should include serum
chemistries and a hemogram as well as a detailed examination
of the CSF.6,12,39 The peripheral WBC count often is markedly
elevated in acute bacterial meningitis, usually with a left shift
evident on the differential. This finding, however, is nonspecific
and occurs in many acute inflammatory and infectious diseases.
S.C. has a marked leukocytosis with a predominance of PMN
cells on the differential. A low serum sodium value, which is
present in S.C., reflects the syndrome of inappropriate secretion
of antidiuretic hormone (SIADH), a frequent complication of
acute bacterial meningitis.4,6 SIADH is an important finding
in meningitis because it worsens cerebral edema.4,6

The abrupt onset of S.C.’s clinical symptoms is consistent
with an acute bacterial process rather than a fungal or viral
etiology. Given his age (5 years) and the community-acquired
nature of the infection, the most likely pathogens for his menin-
gitis are H. influenzae, N. meningitidis, and S. pneumoniae. The
presence of maculopapular lesions argues for N. meningitidis
as the causative pathogen because this is a common finding
in cases of meningococcemia or meningococcal meningitis.3

To make an accurate clinical and microbiologic diagnosis in

S.C., it is necessary to obtain CSF for analysis. Thus, a lumbar
puncture is required as soon as possible.

Cerebrospinal Fluid Examination

2. The resident in the ED performs a lumbar puncture, which
yielded the following: opening pressure, 300 mm CSF (normal,
<20); CSF glucose, 20 mg/dL (normal, 60% of plasma glucose);
protein, 250 mg/dL (normal, <50); WBC count, 1,200 cells/mm3

(normal,<5), with 90% PMN, 4% monohistiocytes, and 6% lym-
phocytes. The CSF red blood cell (RBC) count was 50/mm3. A stat
gram’s stain of CSF revealed numerous WBC but no organisms.
CSF, blood, and urine cultures are pending. What CSF findings
in S.C. are consistent with a diagnosis of bacterial meningitis?

[SI units: CSF glucose, 1.1 mmol/L; protein, 2.5 g/L; WBC count, 1,200 ×
106 cells/L; RBC count, 5 × 106/L]

Careful examination of the CSF is essential to confirm the
diagnosis of meningitis.10 Table 58-3 compares the typical
findings in CSF obtained from patients with acute bacterial
meningitis with those seen with fungal or viral causes.6,17,39 In
acute bacterial meningitis, the CSF is purulent, containing nu-
merous WBC (usually >500 cells/mm3) with a predominance
of PMN, and often is turbid.12,39 CSF protein nearly always is
elevated, usually >100 mg/dL, and the CSF glucose concen-
tration is low, either <50 mg/dL or <50% of a simultaneously
obtained serum glucose value.10,13 In contrast, CSF obtained in
viral and fungal cases of meningitis usually is clear and charac-
terized by a much lower WBC count (<100 cells/mm3), with a
mononuclear or lymphocyte predominance.17,39 Although the
CSF protein concentration often is elevated, it may be normal.17

A variable effect is observed with CSF glucose.17

Microbiologic Evaluation
Microbiologic evaluation should include examination of CSF
by Gram stain and culture as well as cultures obtained from
other potential sites of infection (e.g., blood, sputum, urine).6,39

Gram stain of the CSF is positive in >50% of acute bacterial
meningitis cases and is an extremely useful test to help direct
initial (empiric) antimicrobial therapy.6,10,39 The presence of
organisms on smear is indicative of a high bacterial inoculum
(i.e., inoculum >105 colony-forming units/mL) and is associ-
ated with more fulminant disease.2 The absence of organisms
on Gram stain by no means rules out infection but does make
selection of empiric therapy more difficult.

S.C. has a negative Gram stain, which may be the result
of previous antibiotic therapy or the early detection of dis-
ease. Given the negative CSF Gram stain result, S.C. must

Table 58-3 CSF Findings in Various Types of Meningitis

Microbial WBC Count Predominant
Etiology (cells/mm3) Cell Type Protein Glucose

Bacterial >500 PMN Elevated –
Fungal 10–500 MN Elevated Variable
Viral 10–200 PMN or MN Variable Normal

CSF, cerebrospinal fluid; MN, mononuclear cells; PMN, polymorphonuclear neu-
trophils; WBC, white blood cell.
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receive antibacterial therapy sufficiently broad to cover all
pathogens associated with meningitis in his age group until the
results from his CSF culture are available (usually within 24 to
48 hours). The CSF culture nearly always is positive in pu-
rulent meningitis, and the presence of any organism in this
normally sterile fluid must always be taken seriously.6,39,43 In
a few instances, particularly when prior antibiotic therapy has
been given, CSF cultures are negative in a patient who clearly
appears to have meningitis.10,37,43 In this setting, newer diag-
nostic tests, such as latex particle agglutination, which reliably
detect antigens of H. influenzae, S. pneumoniae, N. meningi-
tidis, E. coli (K-1 capsular antigen), and group B streptococci
in CSF, are available. Latex particle agglutination should be
considered for S.C., especially if his cultures fail to yield any
growth. Finally, results from cultures of other sites, such as the
blood, urine, and sputum (when appropriate), can yield very
useful microbiologic information.39,43

The CSF findings in S.C. also strongly support the diagno-
sis of bacterial meningitis. He has a markedly elevated open-
ing CSF pressure, CSF leukocytosis (with a predominance of
PMN), an elevated CSF protein concentration, and a depressed
CSF glucose value. A few RBC are present in the CSF, which
suggests contamination with peripheral blood caused by the
traumatic nature of the lumbar puncture. Precise identification
of the offending organism is not possible until CSF culture
results are available.

Treatment Principles
Prompt institution of appropriate antimicrobial therapy is es-
sential when treating meningitis.39 Delay in antibiotic adminis-
tration is associated with increased morbidity and mortality.44

When choosing antimicrobial therapy, a number of factors
must be considered. First, the antibiotics selected must pen-
etrate adequately into the CSF.13,16,45 In addition, the regimen
chosen must have potent activity against known or suspected
pathogens and exert a bactericidal effect.16,42−44

Antimicrobial Penetration Into the Cerebrospinal Fluid
In cases of purulent meningitis, the amount of bacteria in the
CSF often is much higher than the standard inoculum (∼105

colony-forming units per milliliter) used in routine antimicro-
bial susceptibility testing.16,46 As a result, extrapolation of in
vitro sensitivity results to clinical efficacy is difficult, particu-
larly for antimicrobials susceptible to an inoculum effect (i.e.,
an increase in the MIC with an increase in inoculum size).
Cefuroxime (Zinacef), for example, is affected by an inocu-
lum effect against H. influenzae, and extended-spectrum peni-
cillins (e.g., piperacillin and mezlocillin) are affected simi-
larly by enteric gram-negative bacilli.16,47 In addition, some
antimicrobials (e.g., aminoglycosides, fluoroquinolones) have
reduced bactericidal activity in the acidic milieu of purulent
CSF.16,45,48,49 For example, gentamicin has a minimum bac-
tericidal concentration (MBC) of 1 mcg/mL against E. coli
at a pH of 7.35, and a decrease in the pH to 7.0 results
in an eightfold increase in MBC.49 This may partially ex-
plain why aminoglycoside therapy for gram-negative bacil-
lary meningitis is suboptimal, even when direct intrathecal
therapy is given.32,35 The ability of antimicrobials to pene-
trate into CSF is affected by lipid solubility, degree of ion-
ization, molecular weight, protein binding, and susceptibil-

Table 58-4 CSF Penetration Characteristics of Various
Antimicrobials

Very Gooda

Chloramphenicol, metronidazole, TMP-SMX, linezolid

Goodb

Penicillins: Penicillin G, ampicillin, nafcillin, piperacillin, ticarcillin
Other β-lactams: Aztreonam, clavulanic acid, imipenem, meropenem,

sulbactam
Cephalosporins: Cefepime, cefotaxime, cefazidime, ceftizoxime,

ceftriaxone, cefuroxime
Fluoroquinolones: Ciprofloxacin
Other agents: Rifampin

Fair to Poorc

Aminoglycosides: Amikacin, gentamicin, tobramycin
Other agents: Azithromycin, clarithromycin, clindamycin,

erythromycin, vancomycin, daptomycin

aPenetrate CSF well regardless of meningeal inflammation.
bAdequate CSF penetration achieved when the meninges are inflamed.
cPenetration often inadequate even when the meninges are inflamed.
CSF, cerebrospinal fluid; TMP-SMX, trimethoprim-sulfamethoxazole.

ity to active transport systems operative within the choroid
plexus.13,16,46,50 In general, the penetration of most antibiotics
into the CSF is increased when the meninges are inflamed.
Although the optimal degree of CSF penetration has not been
elucidated entirely, experiments in the rabbit meningitis model
indicate that bactericidal effects are maximal when CSF antibi-
otic concentrations exceed the MBC of the infecting pathogen
by 10- to 30-fold.16,45,51 Antimicrobial penetration into CSF
is most commonly reported as a ratio of CSF to serum an-
timicrobial levels. Table 58-4 summarizes the CSF penetration
characteristics of various antimicrobials during acute bacterial
meningitis.13,14,45,51,52 Chloramphenicol, metronidazole, and
trimethoprim are highly lipophilic compounds and penetrate
into the CSF extremely well, achieving high concentrations
even when meningeal inflammation is absent.13,45,53 Rifampin
also has good CSF penetration; because of this, it often is com-
bined with vancomycin to treat coagulase-negative staphylo-
coccal infections in the CNS.8,45,53 Because β-lactams and
aminoglycosides usually are ionized at physiologic pH, they
are more polar and do not penetrate into the CSF as well.
β-Lactams penetrate poorly when the meninges are intact,
but when the meninges are inflamed, most penicillins and the
third-generation cephalosporins achieve CSF concentrations
sufficient to treat meningitis (∼10%–30% of simultaneously
obtained serum concentrations).13,45,50,52,53 An additional fac-
tor working against maintenance of therapeutic concentrations
of β-lactams in the CSF is the active transport system of the
choroid plexus, which pumps these organic acids out of the
CSF.16 Carbapenems, namely meropenem, attain CSF levels
that are 10% to 40% of serum levels.51

The aminoglycosides have a low therapeutic index, and
adequate CSF concentrations are difficult to achieve with
intravenous (IV) dosing alone without risking significant
toxicity.14,45 Furthermore, the acidic nature of purulent CSF
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Table 58-5 Empiric Therapy for Bacterial Meningitis

Age Group or Predisposing Condition Recommended Therapy Alternative Therapy

Neonates (<1 mo) Ampicillin + cefotaxime Ampicillin + gentamicin
Infants and children (1–23 mons) Cefotaxime or ceftriaxone + vancomycin Vancomycin + rifampin + aztreonam
Older children and adults (2–50 yr) Cefotaxime or ceftriaxone + vancomycin Vancomycin + rifampin + aztreonam
Elderly (>50 yr) Ampicillin, cefotaxime, or ceftriaxone + vancomycin Vancomycin + TMP-SMX + aztreonam
Postneurosurgical Vancomycin + ceftazadime Vancomycin + cefepime or meropenem
Closed head trauma Cefotaxime or ceftriaxone + vancomycin Vancomycin + rifampin + aztreonam
Penetrating head trauma Vancomycin + ceftazadime Vancomycin + cefepime or meropenem
Presence of risk factor (alcoholism and

altered immune status)
Vancomycin + ceftriaxone or cefotaxime + ampicillin Vancomycin + TMP-SMX + aztreonam

reduces the antimicrobial activity of the aminoglycosides.49

Thus, when aminoglycoside therapy is initiated for adults
with CNS infections, concomitant intrathecal therapy is
required.14,54 Direct instillation of aminoglycosides into the
ventricles is preferred, but this approach requires the surgi-
cal insertion of a reservoir (e.g., Ommaya reservoir), which
often is not possible, particularly in the early stages of bacte-
rial meningitis.16,45 Thus, at the very least, patients requiring
aminoglycosides for meningitis should receive daily intralum-
bar injections until clinical improvement is seen and CSF cul-
tures are sterilized.14,16

The degree of serum protein binding correlates well with the
extent of CSF penetration.16,50 Ceftriaxone is highly bound to
serum proteins and, thus, they are more confined to the intravas-
cular space and not as readily available for CSF penetration as
cefotaxime and ceftazidime, which are protein bound to a lesser
extent. Ceftriaxone achieves sustained, reliable bactericidal ac-
tivity within the CSF despite its high protein binding.45,52 Cef-
triaxone has been used successfully to treat meningitis in both
children and adults for many years.5,52,55

Vancomycin and polymyxin B do not diffuse well across the
blood–CSF barrier, primarily because of their large molecular
size.13,16,45,53 Therapeutic concentrations in the CSF (up to
22% of serum concentrations) are attained with systemic van-
comycin therapy when the meninges are inflamed. In selected
circumstances, however, concomitant intralumbar or intraven-
tricular therapy also may be necessary.8,45 The commonly pre-
scribed antimicrobials, clindamycin and erythromycin, pene-
trate the CSF poorly,13,45,53 and they have limited usefulness
because of their bacteriostatic mode of action.

Finally, fluoroquinolones, such as ciprofloxacin and
ofloxacin, penetrate reasonably well into the CSF on a per-
centage basis (∼20%–30%); however, the concentrations at-
tained are fairly low (≤1 mcg/mL) when standard doses are
administered.45,48 Given the potential neurotoxicity and the
limited amount of clinical data, the quinolones have limited
use in treating meningitis.

Empiric Therapy for Childhood Meningitis

3. A detailed medication and vaccination history reveals that
S.C. and his brother appropriately received vaccination for Hib
when they were 2 months of age. What constitutes appropriate em-
piric therapy for childhood meningitis? Which antibiotic would
be appropriate for S.C.? What dose and route of administration
should be used?

Because results from culture and sensitivity testing of CSF
will not be available for >24 hours, empiric therapy must be
instituted promptly to provide coverage of potential pathogens.
The initial antimicrobial regimen should take into considera-
tion the patient’s age, any predisposing conditions that might
make the patient vulnerable to increased morbidity and mortal-
ity, results from the CSF Gram stain, history of allergy, and the
presence of organ dysfunction. Table 58-5 gives recommen-
dations for empiric antimicrobial therapy for acute bacterial
meningitis.4,6,20,22,39,40,54−56

S.C. is 5 years of age and has a negative CSF Gram stain.
Therefore, therapy with a third-generation cephalosporin, such
as ceftriaxone (Rocephin) or cefotaxime (Claforan), is pre-
ferred. Either of these two agents will provide excellent cov-
erage of the most likely pathogens in this age group (S. pneu-
moniae and N. meningitidis).19,20,56 Of these two pathogens,
S.C.’s rash suggests that N. meningitidis is likely.39 H. influen-
zae is not very likely because he was vaccinated against Hib.
Thus, initiation of ceftriaxone would be appropriate for S.C. at
this time.

Use of a cephalosporin in this case is appropriate even
though S.C. may be allergic to amoxicillin (history of skin
rash). Patients with penicillin allergy carry a 5% to 12% risk
of cross-reactivity when cephalosporins are prescribed.57 In
this setting, the type of reaction to penicillin is important to
consider.57 Patients with a history of accelerated hypersen-
sitivity reactions (e.g., hives, shortness of breath [SOB], or
anaphylaxis) to penicillins should not be given cephalosporins
because the risk of cross-reactivity is too high. Conversely, a be-
nign skin rash would not contraindicate use of a cephalosporin.
If S.C. had experienced an accelerated reaction to penicillin,
vancomycin plus aztreonam would be the best alternative
choice (Table 58-5).4,6,22

Dosing Considerations
In general, therapy of meningitis requires the use of high
dosages of antimicrobials administered by the IV route. Table
58-6 lists the recommended dosing regimens for the treatment
of CNS infections.4,6,8,14,54,56,58

S.C. should receive ceftriaxone in a dosage of 100
mg/kg/day given in one or two doses.6,55,56 A ceftriaxone reg-
imen of 1,000 mg IV Q 12 hours is reasonable for S.C. The
elimination half-life of ceftriaxone is long (usually 6–8 hours),
and once-daily dosing is feasible. Many clinicians, however,
prefer to administer ceftriaxone on a twice-daily schedule 4,56

because most published trials used the twice-daily regimen
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Table 58-6 Suggested Antibiotic Dosing Regimens for Treatment of Central Nervous System Infections

Daily Dosea Dosing Interval (hr)

Antibiotic Neonatesb Children Adults Neonates Children/Adults

Penicillins

Ampicillin 100–200 mg/kg 200–300 mg/kg 12 g 8–12 4–6
Nafcillin 100–150 mg/kg 150–200 mg/kg 12 g 8–12 4–6
Penicillin G 0.1–0.2 million units/kg 0.15–0.2 million units/kg 20–24 million units 8–12 4–6
Meropenem 20 mg/kg 120 mg/kg 6 g 8–12 8

Cephalosporins

Cefotaxime 100–150 mg/kg 200–300 mg/kg 12 g 9–12 4–6
Ceftizoxime 100–150 mg/kg 200 mg/kg 12 g 8–12 6–8
Ceftriaxone NR 100 mg/kg 4 g — 12–24
Cefazidime 100–150 mg/kg 150–200 mg/kg 8–12 g 8–12 6–8
Cefepime 100 mg/kg 150 mg/kg 6 g 1–2 8

Aminoglycosides

Gentamicin 5–7.5 mg/kgd,e — 5–6 mg/kgd,e 12 8–12
Tobramycin 5–7.5 mg/kgd,e — 5–6 mg/kgd,e 12 8–12
Amikacin 15–30 mg/kgd,e — 15–25 mg/kgd,e 12 8–12
Chloramphenicol NR 75–100 mg/kg 4–6 g — 6
Metronidazole — 30 mg/kg 1.5–2 g — 6–8
TMP-SMX — 12–15 mg/kg f 12–15 mg/kg f — 8
Vancomycin 20–30 mg/kg 40–60 mg/kgg 2–3 gg or 20–30 mg/kgg 12 8–12

aRecommended daily dose when renal and hepatic functions are normal.
bInfants <1 month of age; lower end of dosage range applies to neonates <7 days of age.
cConcurrent intraventricular doses of 5–10 mg (gentamicin, tobramycin), or 20 mg (amikacin) often required when treating gram-negative bacillary meningitis.
d Dose should be individualized based on serum level monitoring.
eConcurrent intraventricular therapy not recommended for neonatal meningitis.
f Dose is based on the trimethoprim component.
gConcurrent intraventricular doses of 5–20 mg recommended if response to intravenous therapy is inadequate.
NR, not recommended.

and such a schedule reduces the potential for prolonged peri-
ods of subtherapeutic CSF concentrations if a dose is delayed
or missed.4 Nevertheless, the U.S. Food and Drug Adminis-
tration (FDA) has approved the use of the once-daily dosing
regimen of ceftriaxone for treatment of pediatric meningitis.59

Adjunctive Corticosteroid Therapy

4. What is the rationale for adjunctive corticosteroid therapy
in acute bacterial meningitis, and would it be appropriate for
S.C.? How should dexamethasone be dosed and monitored for
S.C.?

Corticosteroids, particularly dexamethasone, can reduce
cerebral edema and lower intracranial pressure.60 Before 1988,
however, studies that evaluated the efficacy of corticosteroids
in bacterial meningitis failed to demonstrate any beneficial
effects.61,62 These studies were not designed very well, and
importantly, hearing loss was not a routinely monitored com-
plication. Given the recent elucidation of the pathophysiologic
mechanisms of meningeal inflammation and the important role
of cytokine mediators in this process, attention has been refo-
cused on adjunctive corticosteroid therapy for meningitis.

The rationale for steroid therapy in meningitis stems from
the fact that steroids reduce the synthesis and release of the

proinflammatory cytokines TNF-α and IL-1β from monocytes
and astrocytes.3−5 These two cytokines play a central role in
initiating the cascade of events that lead to neuronal tissue dam-
age and neurologic sequelae. Early use of steroids now has been
shown in several studies to reduce neurologic complications,
particularly sensorineural hearing loss.5,63−66

Despite these studies, controversy remains regarding the ef-
ficacy and safety of adjunctive dexamethasone therapy in the
treatment of bacterial meningitis. Several prospective placebo-
controlled, randomized trials have demonstrated that adjunc-
tive dexamethasone therapy significantly reduces audiologic
and neurologic sequelae in children >2 months of age. H.
influenzae, however, was the causative pathogen in most of
these meningitis cases, whereas the number of children with
streptococcal and meningococcal meningitis in these trials
was small.5,63−67 As previously mentioned, the number of Hib
cases has decreased dramatically in recent years and the rate
of resistant streptococci has increased, making the data from
these trials difficult to apply to other pathogens. In one small
study, 29 of 56 children were randomized to receive dexam-
ethasone for the management of pneumococcal meningitis.68

Few audiologic and neurologic sequelae were observed in
the dexamethasone-treated group compared with the placebo
group, but the difference did not reach statistical significance.68
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Other studies have demonstrated the critical importance of
the timing of dexamethasone dosing with respect to antimi-
crobial therapy. Significant differences in outcome have been
observed when dexamethasone was given only before or at the
time of administration of the first dose of parenteral antibiotic,
as opposed to several hours after antibiotic administration.5,67

A meta-analysis by McIntyre et al.5 was designed to ad-
dress important issues regarding the concomitant use of dex-
amethasone, including the value of dexamethasone for organ-
isms other than Hib, the importance of the nature and timing
of antibiotic therapy, the effect of dexamethasone on neuro-
logic deficits other than hearing loss, and the frequency of
adverse events. Eleven randomized studies published between
1988 through 1996 were eligible for this analysis. One of the
most significant findings of this analysis was that the adminis-
tration of dexamethasone significantly reduced severe hearing
loss in Hib meningitis. In pneumococcal meningitis, severe
hearing loss was reduced in patients who received dexametha-
sone early (with or before parenteral antibiotics).5 Significant
variation was seen in hearing loss, depending on the causative
pathogen. In patients with meningococcal meningitis, only 1
child of 61 randomized to dexamethasone and none of the
50 controls had severe hearing loss. Although the efficacy of
shorter treatment duration has not been extensively studied,
similar outcomes were observed with 2 versus 4 days of ther-
apy. Although not statistically significant, a trend was noted
toward less gastrointestinal (GI) bleeding in patients who were
treated for only 2 days compared with patients who received 4
days of therapy (0.8% vs. 3.0%, respectively).5

These studies, taken together, provide convincing evidence
for the beneficial effects of adjunctive dexamethasone therapy.
The risks associated with short-term steroid therapy are low
and are far outweighed by the benefit of a reduction in neuro-
logic complications. Therefore, children with bacterial menin-
gitis should receive concomitant dexamethasone therapy.2,4,63

Thus, S.C. should receive dexamethasone therapy, 0.15
mg/kg/dose given IV Q 6 hours for 2 to 4 days. For S.C.,
who is 20 kg, this would be 3 mg Q 6 h, with the first dexam-
ethasone dose given 15 minutes before initiating ceftriaxone
therapy.

The benefit of corticosteroid therapy in adults has recently
been studied in a prospective, randomized, double-blind multi-
center trial.69 A total of 301 patients with acute bacterial menin-
gitis were randomized to receive dexamethasone or placebo
15 to 20 minutes before or with the first dose of antibiotic
every 6 hours for 4 days. Dexamethasone reduced the risk of
unfavorable outcome, defined as a Glasgow Coma Scale score
of 1 to 4 at 8 weeks (relative risk, 0.59; P = 0.03), and of
death (relative risk, 0.48; P = 0.04). Among the patients with
pneumococcal meningitis, 26% in the dexamethasone group
and 52% in the placebo group had unfavorable outcomes (rel-
ative risk, 0.5; P = 0.06). Although this was not statistically
significant, patients with pneumococcal meningitis appeared
to receive the most benefit from steroids. Neither GI bleeding
nor other adverse effects were increased in the dexamethasone
group.

In addition, in a recent Cochrane review of this topic,70

treatment with corticosteroids was associated with reduced
mortality and neurologic sequelae in adults. Regardless of
the pathogen or clinical severity of illness, dexamethasone
should be continued for 4 days in patients with bacterial

meningitis.31,70,71 For such patients, the risk of neurologic
complications is much greater than the potential for adverse
drug effects. In some adults, such as those with septic shock
and adrenal insufficiency with suspected meningitis, adjunc-
tive dexamethasone may be harmful, however.31 The data eval-
uating patients with septic shock and meningitis are lacking,
therefore, dexamethasone cannot be recommended. Although
the use of low doses of hydrocortisone 50 mg every 6 hours or
fludrocortisone 50 mcg daily seems reasonable.31

Potential adverse effects associated with dexamethasone in-
clude GI bleeding, mental status changes (e.g., euphoria or
encephalopathy), increases in blood glucose, and possibly ele-
vations in blood pressure.5,60−65 For S.C., the complete blood
count (CBC), serum chemistries, and stool guaiac should be
monitored daily while he is receiving dexamethasone. He also
should be questioned about possible GI upset and assessed
for changes in mental status (e.g., confusion, combativeness).
Given the short duration of corticosteroid therapy, dexametha-
sone can be discontinued abruptly without tapering after 2
days.

Effect on Central Nervous System Penetration of Antibiotics
Another important issue to consider is whether dexametha-
sone, a potent anti-inflammatory agent, reduces the ability of
some antimicrobials (e.g., the β-lactams) to penetrate across
the blood–brain barrier into CSF. Because CSF penetration of
the penicillins, cephalosporins, and other β-lactams is great-
est when the meninges are inflamed, a hypothetical concern
is that concomitant dexamethasone may reduce CSF concen-
trations of these agents, resulting in reduced efficacy. Data
to support or refute this hypothesis are limited. In animal
models of pneumococcal meningitis, vancomycin penetration
into the CSF was reduced in dexamethasone-treated animals
compared with animals not treated with steroids.72−74 Unlike
vancomycin, ceftriaxone penetration was not reduced in
these animal models. Decreased bactericidal activity, how-
ever, was reported with cephalosporin- and penicillin-resistant
S. pneumoniae isolates. Furthermore, only the combination
of ceftriaxone and rifampin sterilized the CSF when dex-
amethasone was given in cases of highly resistant strains of
S. pneumoniae.73 In another cephalosporin-resistant pneumo-
coccal meningitis animal model, dexamethasone did not de-
crease ceftriaxone levels in the CSF, but concomitant use of
dexamethasone resulted in a higher number of failures ow-
ing to decreased bacterial killing and bactericidal effect.75 Al-
though McIntyre et al. did not directly measure antibiotic con-
centrations in the CSF, they did not observe any significant
differences in CSF bactericidal activity (a test in which CSF
is serially diluted and tested for activity against the infecting
pathogen) in steroid-treated versus placebo-treated children.5

Furthermore, children given dexamethasone had similar, if not
better, clinical responses (e.g., shorter duration of fever) than
placebo controls,5 and the rate of CSF sterilization did not
differ.5,63,65 A recent study evaluated vancomycin levels in CSF
in 14 adult patients receiving adjunctive corticosteroids to treat
pneumococcal meningitis.76 Vancomycin was administered by
continuous infusion at 60 mg/kg/day. In this small observa-
tional study, vancomycin concentrations in the CSF were thera-
peutic even in the setting of dexamthasone.76 Therefore, based
on current evidence, vancomycin penetration into CSF does
not appear to be reduced by dexamethasone administration



CENTRAL NERVOUS SYSTEM INFECTIONS � 58-11

in children, but decreased penetration of vancomycin is ob-
served in adults.67,72,73 In a rabbit meningitis model, the coad-
ministration of dexamethasone and vancomycin resulted in
29% less penetration of vancomycin into the CSF. By increas-
ing the daily dose of vancomycin in these rabbits, therapeu-
tic CSF levels were achieved, however, suggesting that giving
larger daily doses of vancomycin circumvents the steroid ef-
fect on CNS penetration.77 Currently, it is unknown whether
the decreased penetration of antibiotics secondary to dexam-
ethasone administration is of clinical significance, especially in
this era of penicillin- and cephalosporin-resistant pneumococ-
cal isolates.51,67 In adults receiving concomitant dexametha-
sone, experts suggest using the combination of ceftriaxone,
vancomycin, and rifampin.46,67

Neisseria meningitidis Meningitis
Definitive Therapy

5. Twenty-four hours after admission, S.C.’s culture results
from his blood and CSF samples are available. The CSF culture
is growing ∗ N. meningitidis (penicillin MIC 0.06), also present
in both of the two collected blood cultures. What modification in
S.C.’s antimicrobial therapy is necessary at this time?

Once culture and sensitivity results become available,
definitive therapy can be instituted, often with a single agent
(Table 58-7).4,6,33−35,56 As suspected, S.C.’s CSF culture is
positive for N. meningitidis. Cefuroxime, a second-generation
cephalosporin, also has activity against N. meningitidis. How-

ever, cefuroxime is less effective for meningitis than third-
generation cephalosporins.78,79 In a prospective, randomized
trial involving 106 children with acute bacterial meningitis,
12% of the patients receiving cefuroxime had positive CSF
cultures after 18 to 24 hours versus 2% of those who received
ceftriaxone (p = 0.11), and 17% of cefuroxime-treated patients
developed moderate to severe hearing loss compared with only
4% of those receiving ceftriaxone (p = 0.05).78 Nearly identi-
cal findings to these also were noted in a retrospective analysis
of four comparative trials of children treated with cefurox-
ime (159 patients) and ceftriaxone (174 patients) for bacterial
meningitis.79 The reason for the inferiority of cefuroxime rel-
ative to ceftriaxone most likely is related to reduced potency
and the presence of an inoculum effect (described earlier).47

Because N. meningitidis is susceptible to penicillin and
ampicillin currently, penicillin is the drug of choice. However,
S.C.’s questionable history of amoxicillin rash makes the use
of penicillin worrisome, and therapy previously begun with
ceftriaxone should be continued.

Monitoring Therapy

6. What subjective and objective data should be monitored to
evaluate the efficacy and toxicity of treatment of patients with
meningitis, and what specifically should be monitored in S.C.?

Monitoring of patients with meningitis is similar in many
respects to monitoring patients with other infectious diseases.
Clinical signs and symptoms attributable to the disease, such as
fever, altered mental status, and stiff neck, need to be checked

Table 58-7 Definitive Therapy for Bacterial Meningitis

Pathogen Recommended Treatment Alternative Agents

Haemophilus influenzae
β-Lactamase-negative
β-Lactamase-positive

Neisseria meningitidis

Ampicillin
Cefotaxime or ceftriaxone
Penicillin G or ampicillin
Penicillin-sensitivea Penicillin G or ampicillin

Cefotaxime or ceftriaxone
Chloramphenicol
Cefotaxime or ceftriaxone or

chloramphenicol
Streptococcus pneumoniae Intermediately penicillin-resistanta: Vancomycin + cefotaxime or

ceftriaxonee
Cefotaxime or ceftriaxone or

chloramphenicol
Highly penicillin-resistanta: Vancomycin + cefotaxime or

ceftriaxoned ± rifampin
Cefotaxime or ceftriaxone and

rifampin
Streptococcus agalactiae Penicillin G or ampicillin + gentamicin Cefotaxime or ceftriaxone and

rifampin
Listeria monocytogenes Ampicillin ± gentamicin TMP-SMX
Enterobacteriaceae

Escherichia coli, Klebsiella species
Enterobacter, Serratia species

Cefotaxime or ceftriaxone
TMP-SMX

Cefepime + gentamicinb

Cefepime + gentamicin,b or
ciprofloxacin,c or meropenem,
cefepimec

Pseudomonas aeruginosa Ceftazidime + tobramycinb Cefepime + tobramycin, or
ciprofloxacin,c meropenem

Staphylococcus aureus
Methicillin-susceptible (MSSA)
Methicillin-resistant (MRSA)

Staphylococcus epidermidis

Nafcillin or oxacillin
Vancomycinc ± rifampin
Vancomycinb ± rifampin

Vancomycinb

TMP-SMXc ± rifampin
TMP-SMXc ± rifampin

aPenicillin-sensitive strains defined as having MIC ≤0.1 mcg/mL; intermediately resistant strains MIC >0.1–1.0 mcg/mL; highly resistant strains MIC ≥2.0 mcg/mL.
bConcomitant intrathecal therapy often required for optimal response.
cLimited experience or efficacy data for the agent against with this pathogen.
d Check cefotaxime or ceftriaxone if MIC ≤0.5; then susceptible in CSF isolates.
MIC, minimum inhibitory concentration; TMP-SMX, trimethoprim-sulfamethoxazole.
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periodically throughout the day and monitored for resolution.
S.C.’s temperature and mental status should be assessed at least
four times a day. Accurate assessment of S.C.’s mental status
can be difficult because of his young age. Thus, his baseline
level of mental status should be evaluated (e.g., whether he is
awake and alert, or lethargic and difficult to arouse). If awake
and alert, S.C. should be observed for irritability, because this
often is the only sign of altered mentation. Questions can be
used to assess his orientation: Does he know where he is?
Does he know his name? Can he recognize his mother or other
family members? In general, signs of clinical improvement
should be evident within 24 to 48 hours for most uncompli-
cated cases of acute bacterial meningitis,5,6,39,78 and the cor-
ticosteroid therapy that S.C. is receiving may accelerate the
clinical response.5,64

Laboratory tests should be monitored as well. A CBC with
differential, serum electrolytes (e.g., Na, K, Cl, HCO3), blood
glucose, and renal function tests (e.g., BUN, SrCr) should
be performed daily. Abnormal electrolyte results may require
more frequent monitoring. Laboratory abnormalities, such as
leukocytosis and hyponatremia, may take longer to normalize
than clinical symptoms. If S.C. develops severe SIADH, as
manifested by serum sodium values up to 120 mEq/L with al-
tered mental status or seizures, fluid restriction and short-term
(i.e., 6–12 hours) IV administration of 3% sodium chloride
may be necessary.

Cerebrospinal fluid chemistries usually normalize after sev-
eral days, although CSF protein may remain elevated for a week
or more.6,39 With effective therapy, the CSF culture usually is
sterile after about 18 to 24 hours of therapy.5,64,78 Delays in
CSF sterilization are associated with a higher propensity for
neurologic complications.4,35 If S.C. responds to therapy in
a straightforward manner, he need not have a repeat lumbar
puncture. If the response is inadequate, as evidenced by per-
sistent fever or deteriorating mental status, S.C. will require a
repeat lumbar puncture to re-examine the CSF parameters.6,39

In addition to monitoring the therapeutic response, side ef-
fects of the antimicrobial regimen also need to be assessed
frequently. Meningitis requires high-dose therapy, making the
likelihood of adverse effects much greater. Currently, S.C. is
being treated with ceftriaxone, a cephalosporin antibiotic. The
adverse effects most often associated with ceftriaxone include
hypersensitivity reactions, mild pain and phlebitis at the injec-
tion site, and GI complaints.80 S.C. should be observed for the
formation of an antibiotic-related skin rash or evidence of an
accelerated allergic reaction (e.g., hives, wheezing). The IV
catheter site should be observed daily for redness, tenderness,
or pain on palpation of the vein. S.C. should be watched closely
for loose stools or diarrhea. Although diarrhea is a common
side effect of most antimicrobials, this adverse effect is more
likely to occur with ceftriaxone because approximately 40% to
50% of the dose is excreted unchanged into the bile. Mild di-
arrhea, which usually does not require discontinuation of ther-
apy, occurs in 23% to 41% of children receiving ceftriaxone for
meningitis therapy.55,78 Less common but of concern is the po-
tential for antibiotic-associated colitis.80,81 If S.C. experiences
diarrhea that is persistent, accompanied by fever and abdomi-
nal cramping, a stool sample should be tested for Clostridium
difficile toxin. If positive, oral antibiotic therapy, preferably
with metronidazole, should correct the problem (see Chapter
62, Infectious Diarrhea).

Ceftriaxone-Induced Biliary Pseudolithiasis

7. After 5 days of treatment, the nurse caring for S.C. notes
that his appetite is markedly diminished, and he complains of
an upset stomach. S.C. was afebrile and alert and oriented, but
abdominal examination revealed “guarding,” with pain localized
in the right upper quadrant area. Laboratory data at this time
are WBC count, 6,000 cells/mm3 (normal, 3,200–9,800); Hgb, 12.5
g/dL (normal, 14–19); Hct, 34% (normal, 39%–49%); platelets,
120,000/mm3 (normal, 130,000 to 400,000); Na, 135 mEq/L; K,
3.6 mEq/L; Cl, 98 mEq/L; aspartate aminotransferase (AST),
35 U/L (normal, 0–35); alanine aminotransferase (ALT), 33 U/L
(normal, 0–3.5); alkaline phosphatase, 110 MU/dL (normal, 30–
120); total bilirubin, 1.2 mg/dL (normal, 0.1–1.0); and amylase
70 U/L. A stool guaiac is negative. What are possible causes of
S.C.’s abdominal discomfort?

[SI units: WBC count, 6 × 109 cells/L; Hgb, 125 g/L; Hct, 0.34; platelets,

120 × 109/L; Na, 135 mmol/L; K, 3.6 mmol/L; Cl, 98 mmol/L; AST, 33 U/L;

ALT, 33 U/L; alkaline phosphatase, 110 U/L; total bilirubin, 20.5 μmol/L;

amylase, 70 U/L]

A number of possible causes exist for S.C.’s abdominal dis-
comfort. His corticosteroid therapy may have caused acute GI
bleeding. This is unlikely because the dexamethasone was dis-
continued 3 days ago and S.C.’s hemoglobin and hematocrit
values are in the low-normal range. The negative stool gua-
iac result also argues strongly against a GI bleed. Acute pan-
creatitis is unlikely given the normal amylase result. Viral or
drug-induced hepatitis is another possibility but also is un-
likely given his normal AST, ALT, and bilirubin results. An
intra-abdominal infection also is possible, but this is improba-
ble because he is afebrile and has a normal WBC count. Other
causes, such as acute cholecystitis or appendicitis, require fur-
ther diagnostic evaluation.

8. An abdominal ultrasound reveals sludge in the gallbladder.
What is the significance of this finding in S.C., and how should
this abnormality be managed?

The abnormality on S.C.’s abdominal ultrasound explains
his right upper quadrant pain. S.C. has what appears to be a
condition known as biliary pseudolithiasis (i.e., biliary “sludg-
ing”). Biliary sludging can occur in conditions of gallbladder
hypomotility (e.g., recent surgery, burns, total parenteral nu-
trition) and, in some instances, can be drug induced. S.C. has
been receiving ceftriaxone for treatment of his meningitis, and
this drug can cause biliary pseudolithiasis.82−85

Antibiotic-associated biliary pseudolithiasis is seen almost
exclusively with ceftriaxone.80 The predominance of biliary
excretion that occurs with ceftriaxone results in very high con-
centrations of the drug in gallbladder bile.82 In selected cir-
cumstances, the biliary concentration of ceftriaxone may ex-
ceed solubility limits, resulting in formation of a fine, granular
precipitate (i.e., sludge),82 which differs in composition and ul-
trasound features from true gallstones.78,83 The precipitate is
composed of a ceftriaxone–calcium complex, the formation of
which is dose dependent.82,84 Given the high dosages required
for meningitis therapy, it is not surprising that this adverse
effect has occurred in S.C.78,83 In the comparative random-
ized trial between ceftriaxone and cefuroxime cited previously,



CENTRAL NERVOUS SYSTEM INFECTIONS � 58-13

evidence of biliary pseudolithiasis on abdominal ultrasonog-
raphy was observed in 16 of 35 (46%) patients who received
ceftriaxone and in none of 35 patients receiving cefuroxime.78

Pseudolithiasis usually appears 3 to 10 days following the start
of therapy and, in most instances, it is clinically asymptomatic.
Symptoms similar to acute cholecystitis are evident in some
individuals and include nausea with or without vomiting and
abdominal right upper quadrant pain. Although he has not vom-
ited yet, S.C.’s symptoms fit this description. Approximately
10% to 20% of patients with evidence of biliary sludging on
ultrasound are symptomatic.83,85

Prompt recognition of this adverse effect and discontinua-
tion of ceftriaxone therapy are required to effectively manage
biliary pseudolithiasis. Before this complication was recog-
nized, a few patients underwent cholecystectomies, but this
intervention is rarely necessary because the condition nearly
always is reversible. Once S.C.’s ceftriaxone is discontinued,
the condition should resolve gradually over a period of weeks
to months; the clinical symptoms should disappear within a
few days.83,85 Cefotaxime can be substituted for ceftriaxone;
cefotaxime is not associated with biliary complications, and
the efficacy of these two agents is equivalent.64,80 For S.C., the
cefotaxime dosage would be 1,000 mg IV every 6 hours (Table
58-6).

Duration of Therapy

9. What is the recommended duration of antimicrobial ther-
apy for N. meningitidis meningitis, and for how long should S.C.
be treated?

The optimal duration of therapy for meningitis is difficult
to ascertain because few trials have been designed to address
this issue.86 Although general guidelines exist, the decision to
discontinue therapy should be individualized based on the re-
sponse to therapy, the presence of complicating factors (e.g.,
immunosuppression), and the specific causative pathogen.
Table 58-8 lists the recommended treatment durations for un-
complicated cases of bacterial meningitis according to the spe-
cific pathogen.6,22,56,58,86 Patients such as S.C. with meningi-
tis caused by N. meningitidis should be treated for 7 days.22,79

Complicated cases, such as those with delayed CSF steriliza-
tion, require therapy for longer periods (up to 2 weeks or more).

S.C. had been responding well to the ceftriaxone therapy,
and if he continues to respond well to the cefotaxime regimen
outlined previously, there is no need for additional oral antibi-
otics when he is discharged from the hospital. An oral second-
or third-generation cephalosporin cannot be recommended in
the treatment of meningitis because insufficient concentrations

Table 58-8 Duration of Therapy for Bacterial Meningitis

Duration of Therapy
Etiology (0 days)

Haemophilus influenzae 7
N. meningitidis 7
Streptococcus pneumoniae 10–14
Group B streptococci (Streptococcus agalactiae) 14–21
Listeria monocytogenes 14–21
Gram-negative bacilli 21

are achieved in the CSF. S.C. should be watched carefully for
a possible relapse (e.g., the reappearance of signs and symp-
toms of meningitis), which would require readmission to the
hospital for further evaluation and IV antibiotic therapy.

Prevention of Neisseria meningitidis Meningitis

10. S.C. is ready to be discharged home. How can the potential
spread of meningococcal disease be prevented in persons with
whom S.C. has contact?

CHEMOPROPHYLAXIS OF CLOSE CONTACTS
Despite an excellent response to therapy, S.C. still may har-

bor N. meningitidis in his nasopharynx and could transmit this
organism to individuals with whom he has close contact.88,89

Therefore, chemoprophylaxis to reduce nasopharyngeal car-
riage of N. meningitidis is indicated for S.C. and his close
contacts.87,89 In this context, close contacts are defined as in-
dividuals who frequently sleep and eat in the same dwelling
with an index case: a household member, day care center con-
tacts, and any person directly exposed to the patient’s oral se-
cretions (e.g., boyfriend or girlfriend, mouth-to-mouth resus-
citation, or endotracheal intubation).87,89 The potential for a
close contact to become infected with N. meningitidis is 500
to 800 times greater than for the total population.87 S.C.’s
7-year-old brother, who is at risk for invasive N. meningitidis
disease, should receive chemoprophylaxis. Also, the children
at the day care center or close contacts at the hospital who have
been caring for S.C. may benefit from chemoprophylaxis. Be-
cause the risk of secondary disease is greatest within 2 to 5 days
after exposure to the index case, chemoprophylaxis should be
instituted as soon as possible and ideally within 24 hours.87

Administering chemoprophylaxis 14 days or more after iden-
tification of the index case is probably of little value. The most
frequently used regimen to reduce nasopharyngeal carriage of
N. meningitidis for children >1 month is rifampin, given once
daily in a dosage of 10 mg/kg/day for 2 days.87,89 A suspension
containing 10 mg/mL of rifampin (which requires extempora-
neous compounding) is available; 20 mL will provide a 200-mg
dose. The index patient should also receive prophylaxis if he
or she was treated with penicillin or chloramphenicol as soon
as he or she is able to tolerate oral medications. Because S.C.
is receiving ceftriaxone, he does not need chemoprophylaxis.
For adult close contacts, rifampin 600 mg twice a day for 2
days should be administered. Thus, S.C.’s brother, parents, and
day care contacts should be treated with appropriate doses of
rifampin as soon as he is diagnosed. Alternative chemoprophy-
lactic regimens shown to be effective for reducing nasopharyn-
geal carriage of N. meningitidis are ceftriaxone 250 mg or 125
mg intramuscularly in adults and children, respectively, and
ciprofloxacin 500 mg orally as a single dose in adults. Because
rifampin is not recommended for pregnant women, ceftriaxone
would be a viable alternative.87,89

Prevention of Haemophilus influenzae Type b Meningitis
HIB VACCINATION RECOMMENDATIONS

11. S.C. and his brother were vaccinated for Hib. Are these
vaccinations now routinely recommended?

Yes. S.C. appropriately received one of the Hib protein con-
jugate vaccines when he was 2 months of age.91 Given the
tremendous success that conjugated Hib vaccines have had on
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Table 58-9 Recommended Vaccination Schedule for Haemophilus influenzae Protein Conjugated Vaccines

Schedule

Vaccine (Trade Name) 2 Months 4 Months 6 Months 12 Months 15 Months

HbOC (HibTITER) Dose 1 Dose 2 Dose 3 — Booster
PRP-T (ActHIB) Dose 1 Dose 2 Dose 3 — Booster
PRP-OMP (PedvaxHIB) Dose 1 Dose 2 — Booster —

reducing the incidence of Hib meningitis in the United States,
all children >2 months of age should receive the vaccination
series with one of the three commercially available products.91

HbOC (HibTITER) is a product that links polyribosylribitol
phosphate (PRP), the antigen derived from Hib purified cap-
sular polysaccharide, with a carrier protein (CRM197) derived
from a mutated variant of the diphtheria toxin protein, whereas
PRP-OMP (PedvaxHIB) links PRP with the outer membrane
complex protein of N. meningitidis.87,90 The third product,
PRP-T (ActHIB), is a PRP–tetanus toxoid conjugate. The link-
age of PRP with a carrier protein is necessary to elicit an ad-
equate immune response in children <15 months of age.87,91

HbOC and PRP-OMP have been licensed since 1988 and 1989,
respectively. In 1990, both products received FDA approval for
use in infants 2 months of age or older. PRP-T was approved
for use in infants 2 months of age or older by the FDA in
early 1993. All three of these conjugate vaccines are equally
effective.25,26,90,91 Table 58-9 outlines the vaccination sched-
ule for HbOC, PRP-OMP, and PRP-T as recommended by the
Centers for Disease Control and Prevention Advisory Com-
mittee on Immunization Practices.90 In general, the vaccines
are well tolerated; fever, redness, and swelling at the injection
site are the most common adverse effects and occur in <4%
of patients.26,89,91

Neisseria meningitidis VACCINATION RECOMMENDATIONS

12. A 21-year-old college student who lives in a dormitory dies
of N. meningitidis meningitis. Two additional cases are diagnosed
in students living in the same dormitory. Should all individuals
living in the dormitory be vaccinated? What are the current rec-
ommendations for the use of meningococcal vaccine?

Neisseria meningitidis is responsible for causing both out-
breaks (clusters of cases) as well as epidemics. Currently, two
meningococcal vaccines are available in the United States.
MPSV4 or Menomune, a quadrivalent (Men A,C,Y,W-135)
polysaccharide vaccine, has been available for over 25 years
and is approved for all age groups. Meningococcal conjugate
vaccine (MCV4 or Menactra) was approved in January 2005
for use in persons 11 to 55 years of age. Unlike MPSV4, the
new vaccine elicits a more durable initial antibody response
and it will also reduce nasopharyngeal carriage. Meningococci
serogroups A, B, and C are responsible for causing >90% of
cases. After vaccination, protective levels of antibody are usu-
ally achieved within 7 to 10 days. Neither vaccine has activity
against meningococci serogroup B.87−89

With the advantages of the second vaccine, the Advisory
Committee on Immunization Practices (ACIP) of the CDC ex-
tensively revised its recommendations for use of meningococ-
cal vaccines. ACIP recommends routine vaccination of young

adolescents (age 11 to 12 years) with MCV4.89 If persons have
not received the vaccine before entering high school, ACIP rec-
ommends vaccination before high-school entry. By 2008, all
adolescents, beginning at the age of 11 years, will have routine
vaccination with MCV4. In addition, routine vaccination with
meningococcal vaccine is recommended for college freshman
living in dormitories and for other populations at increased
risk (i.e., military recruits, travelers to areas in which menigo-
coccal disease is hyperendemic or epidemic, microbiologists
who are routinely exposed to meningococcal isolates, patients
with anatomic or functional asplenia and patients with termi-
nal complement deficiency).88,89 Therefore, all students living
in the dormitory should be vaccinated. Other college students
may elect to receive vaccination as well.,

Streptococcus pneumoniae Meningitis
Clinical Features, Predisposing Factors, and Diagnosis

13. A.L., a 58-year-old man with a long history of alcohol
abuse, is admitted to the ED febrile and unresponsive. Over the
past several days, A.L. has experienced intermittent episodes of
fever, chills, SOB, and a worsening productive cough. A friend
visiting A.L. called 911 when he could not arouse him. A.L.’s
medical records indicate that he has hypertension, adult-onset
diabetes mellitus, peptic ulcer disease (PUD), and chronic ob-
structive airways disease (COAD). A splenectomy was performed
10 years ago after trauma to the abdomen. A.L. is divorced and
lives alone in a low-income apartment. He has no known drug
allergies. His records show him to be a smoker for >30 years.
Current medications include hydrochlorothiazide 50 mg QOD,
sustained-release theophylline (Theo-Dur) 300 mg PO TID, glip-
izide 5 mg PO BID, famotidine 20 mg PO HS, and ciprofloxacin
250 mg PO BID PRN for cough and increased sputum production.

On admission to the ED, A.L. had a temperature of 40◦C, BP of
90/50 mmHg, and pulse and respiratory rates of 115 beats/minute
and 25 breaths/min, respectively. His weight is 59 kg. A.L. was
unresponsive but withdrew all extremities to painful stimuli. His
pupils were equal and sluggishly reactive to light; papilledema
and evidence of meningismus were present. Wheezes and crack-
les were heard throughout both lung fields, with dense consolida-
tion noted in the left lower lobe. The remainder of his physical
examination was noncontributory.

Stat laboratory tests revealed a WBC count of 18,000 cells/mm3

(normal, 3,200–9,800), with 80% PMN, 15% bands, 3% lympho-
cytes, and 2% basophils; Hgb and Hct of 10.5 g/dL (normal, 14–
18) and 34% (normal, 39–49%), respectively; and a platelet count
of 250,000/mm3 (normal, 130,000–400,000). Serum chemistries
were significant for K, 3.0 mEq/L (normal, 3.5–5.0); glucose, 250
mg/dL (normal, 70–110); AST and ALT, 190 mg/dL (normal,
0–35) and 140 mg/dL (normal, 0–3.5), respectively; BUN,
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35 mg/dL (normal, 8–18); and SrCr, 2.4 mg/dL (normal, 0.6–
1.2). The prothrombin time was high-normal, and albumin was
3.1 mg/dL (normal, 4–6). A stat blood alcohol level of 100 mg/dL
was reported, and a urine toxicology screen was negative. A.L.’s
serum theophylline concentration was 18 mg/dL. Stool guaiac was
positive.

A CT scan showed no evidence of mass lesions or cerebral
hematoma. Lumbar puncture yielded CSF opening pressure, 200
mmHg (normal, <20); protein, 120 mg/dL (normal, <50); glu-
cose, 100 mg/dL (normal, 60% of plasma glucose); WBC count,
8,500 cells/mm3 (normal,<5 cells/mm3), 92% PMN, 4% monohis-
tiocytes, and 4% lymphocytes; and RBC count, 400/mm3. Gram-
positive, lancet-shaped diplococci were visible on CSF Gram stain.
In addition, a sputum Gram stain revealed numerous WBC, few
epithelial cells, and numerous gram-positive cocci in pairs and
in short chains. Blood, CSF, urine, and sputum cultures are
pending.

What are the clinical and laboratory features of pneumococ-
cal meningitis? What features of pneumococcal meningitis are
present in A.L.?

[SI units: WBC count, 18 × 109 cells/L with 0.8 PMN, 0.15 bands, 0.03

lymphocytes, and 0.02 basophils; Hgb, 105 g/L; platelets, 250 × 109/L; K,

3.0 mmol/L; glucose, 13.9 mmol/L; BUN, 12.5 mmol/L urea; SrCr, 212

mmol/L; glucose, 5.5 mmol/L; WBC count, 8,500 × 106 cells/L; RBC count,

400 × 106/L]

A.L. presents to the ED with many signs and symptoms
suggestive of pneumococcal meningitis. He is 56 years of age,
and S. pneumoniae is the most common bacterial etiology for
meningitis in adults >30 years of age (Table 58-1).19,20 As is
evidenced by A.L.’s presentation, invasive pneumococcal dis-
ease often is associated with significant morbidity, and mor-
tality rates remain high.20 Over the past several years, the in-
cidence of S. pneumoniae meningitis in the United States has
consistently ranged between 1.2 and 2.8 cases per 100,000 pop-
ulation per year.19,20,25 Predisposing factors to invasive pneu-
mococcal disease include advanced age, alcoholism, chronic
pulmonary disease, and sickle cell disease.6,39,87 In addition,
individuals infected with the human immunodeficiency virus
(HIV), those with Hodgkin’s disease, and patients who have
undergone kidney, liver, or bone marrow transplantation also
appear to be at higher risk.6,88,92,93 Patients with CSF otorrhea
or rhinorrhea induced by closed head trauma or neurosurgi-
cal procedures are more susceptible to develop pneumococcal
meningitis as well.20,87,93

A.L. has many predisposing factors for pneumococcal
meningitis. He has a low socioeconomic status, smokes, has a
long history of alcohol abuse, has had a splenectomy, and has
diabetes and COAD. Underlying COAD is an important predis-
posing factor in that chronic colonization with pneumococci
occurs in such patients. Intermittent use of ciprofloxacin by
A.L. for acute exacerbations of COAD is unjustified. The poor
activity of this antibiotic against S. pneumoniae is likely to se-
lect out this organism for infection. Furthermore, ciprofloxacin
can increase serum theophylline concentrations by inhibiting
its metabolism, another important reason why this agent is not
a good therapeutic choice for productive cough in A.L.94

A diagnosis of pneumococcal meningitis in A.L. is sup-
ported by the high fever, stiff neck (meningismus), and altered
mental status. He is unresponsive, which is a definite nega-

tive prognostic factor.1,6 Results from CSF chemistries and
microbiologic analysis are highly suggestive of pneumococcal
meningitis. A.L. has an elevated opening CSF pressure and a
markedly elevated CSF protein and WBC count with a predom-
inance of neutrophils on differential examination. The normal
CSF glucose level (100 g/dL) is misleading because A.L. is di-
abetic. The calculated ratio of CSF-to-serum glucose for A.L.
is <50%, which is consistent with acute bacterial meningi-
tis (Table 58-3). The presence of gram-positive, lancet-shaped
diplococci in pairs on the CSF Gram stain strongly supports the
diagnosis of pneumococcal disease. The signs and symptoms
of pneumococcal pneumonia (cough, SOB, increased sputum
production, and pulmonary consolidation) as well as the spu-
tum Gram stain result also lend support to a diagnosis of inva-
sive pneumococcal infection.

Empiric Therapy in Adults

14. What empiric therapy is appropriate for A.L. at this time?

Resistance among pneumococci to penicillin G has become
an important concern worldwide and in the United States.2,29,96

For this reason, susceptibility testing should be performed
on all pneumococcal isolates obtained from sterile sites (e.g.,
blood, CSF).2,95 For treatment of meningitis caused by strains
intermediately resistant to penicillin, ceftriaxone and cefo-
taxime are the most useful agents because many of these iso-
lates retain cephalosporin sensitivity.2,8,95 Management of in-
vasive pneumococcal infections in sites other than CSF (e.g.,
lungs, bloodstream) usually can be accomplished by increas-
ing the dose of penicillin G to 20 to 24 million units/day. This
approach is not possible with meningitis caused by interme-
diately resistant strains because further increases in the peni-
cillin dose are likely to produce unacceptable neurotoxicity.
Vancomycin and chloramphenicol are potential options, but
relapses and clinical failures have been reported with both of
these agents when given alone.95,96,97 Many penicillin-resistant
pneumococcal isolates also are resistant to chloramphenicol
(defined as an MIC >4 mcg/mL), and even against suscepti-
ble isolates, chloramphenicol may fail to elicit a bactericidal
effect.2 Third-generation cephalosporins cannot be relied on
for treatment of meningitis caused by strains fully resistant to
penicillin (MIC ≥2.0 mcg/mL) because reduced cephalosporin
sensitivity often occurs (MIC range from 2–8 mcg/mL to both
cefotaxime and ceftriaxone). S. pneumoniae strains in CSF
with MIC >0.5 mcg/mL to cefotaxime or ceftriaxone are con-
sidered resistant.98 Reduced activity of ceftriaxone and ce-
fotaxime against penicillin-resistant pneumococci affects the
therapeutic ratio achieved in CSF and is the likely explana-
tion for reports of clinical failure.95 Optimal therapy for fully
penicillin-resistant pneumococcal meningitis is unclear. Van-
comycin alone in high dosage (3–4 g/day in adults) has been
suggested.2,95,96 The combination of vancomycin and ceftriax-
one was superior to either agent given alone in a rabbit model
of penicillin-resistant pneumococcal meningitis.99 Ceftriaxone
or vancomycin combined with rifampin also may be superior
to either drug given alone.95,96 Animal data suggest that the use
of rifampin reduces early mortality in pneumococcal menin-
gitis by reducing the release of proinflammatory bacterial cell
components.100 Thus, until more information is available, the
combination of ceftriaxone or cefotaxime with vancomycin
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represents the most reasonable approach to empiric therapy
for potential penicillin-resistant pneumococcal meningitis.

Until culture and susceptibility results are available, the
recommended antibiotic in this situation is ceftriaxone 2 g
given IV Q 12 h and vancomycin 500 mg given IV Q 12 h.
A.L. weighs 59 kg, and because his renal function is not nor-
mal (SrCr, 2.4 mg/dL; creatinine clearance, 30 mL/minute),
a dosage adjustment was made. (See Question 23 for van-
comycin dosing in CNS infections.)

Corticosteroid Therapy for Adult Meningitis

15. Should A.L. receive corticosteroid therapy in addition to his
antibiotic therapy?

The issue of adjunctive corticosteroid therapy for A.L. needs
to be addressed. As previously stated, the efficacy of dexam-
ethasone in adults with meningitis has recently been studied.69

Clearly, A.L. presents with profoundly altered mental status,
and his signs and symptoms are consistent with a fulminant
course of disease. Given that he is unarousable, hypotensive,
and tachycardic, A.L. likely will be admitted to the intensive
care unit. Thus, his age, underlying medical problems, likely
streptococcal meningitis, and deteriorating clinical status all
point to a poor prognosis and argue for the use of adjunctive
dexamethasone. On the other hand, A.L. is diabetic and has
an elevated glucose concentration. He also has PUD, which
may be active given that he is anemic and has a positive stool
guaiac result. High-dose dexamethasone therapy may cloud
A.L.’s sensorium, making mental status assessment even more
difficult. Although each of these issues is a concern, none ap-
pears to be so critical as to preclude the use of corticosteroids.69

Therefore, dexamethasone given in a dosage of 10 mg IV Q 6 h
could be instituted before starting ceftriaxone therapy and con-
tinued for up to 4 days, provided that the diagnosis of bacterial
meningitis is confirmed. If corticosteroids are administered,
the addition of rifampin to ceftriaxone is recommended.46 To
control blood glucose, a sliding-scale dosing schedule of reg-
ular insulin is recommended. A.L.’s PUD should be properly
worked up and treated if necessary.

Treatment of Penicillin-Susceptible Pneumococcal Meningitis

16. Results from A.L.’s CSF, blood, and sputum cultures are
available and are positive for S. pneumoniae at each site. Sensi-
tivity testing in CSF revealed an MIC of 0.06 mcg/mL to peni-
cillin, 0.25 mcg/mL to cefotaxime and ceftriaxone, 0.25 mcg/mL
to vancomycin, and 8 mcg/mL to chloramphenicol. What therapy
is indicated for A.L.?

A.L. has become infected with a strain of S. pneumoniae
that is susceptible to penicillin G (Table 58-5).4,6,39 The dosage
usually is 20 to 24 million units/day in adults with normal re-
nal function (Table 58-6). A.L. has renal impairment, however,
which means he should receive a reduced penicillin dosage.
One of the most useful methods for calculating the dose of
penicillin G when renal function is compromised is the fol-
lowing equation101:

Dose (in million units/days) = (Calculated creatinine
clearance/7) + 3.2

This equation should be used only when the calculated cre-
atinine clearance is <40 mL/minute.101 For A.L., who has a

calculated creatinine clearance of 30 mL/minute (according to
the method of Cockcroft and Gault), the daily dose would be
approximately 8 million units, or 2 million units Q 6 hours.
This revised regimen should provide penicillin serum concen-
trations similar to those achieved with high-dose therapy when
kidney function is normal. Failure to adjust the dosage appro-
priately is equivalent to providing massive doses of penicillin,
which may result in hyperkalemia (if the potassium-containing
preparation is used), seizures, and encephalopathy.101

In patients unable to tolerate penicillin G, the best alter-
natives are ceftriaxone or cefotaxime (Table 58-5).4,6 First-
generation cephalosporins (e.g., cefazolin) have good activ-
ity against pneumococci, but their limited CSF penetration
makes these agents poor choices for therapy.45,52 Con-
versely, the third-generation agent, ceftazidime, penetrates well
into CSF, but its usefulness is limited by reduced activity
against pneumococci in comparison to other third-generation
agents.50,52 Cefuroxime also has good pneumococcal activ-
ity but, as previously mentioned, is inferior to ceftriaxone and
cefotaxime.78 Vancomycin has more limited and variable CSF
penetration.45,102 Therefore, vancomycin should be reserved
for situations in which there is bacterial resistance or penicillin
intolerance. TMP-SMX has excellent CSF penetration charac-
teristics but is not active against many strains of S. pneumoniae.
Limited experience exists with this product for the treatment
of pneumococcal meningitis, however.45,103

Prevention of Meningitis

17. Should A.L. have received pneumococcal vaccine? How ef-
fective is vaccination in preventing invasive pneumococcal dis-
ease?

Yes, he should receive this vaccine. The pneumococcal vac-
cine (Pneumovax 23, Pnu-Immune 23) provides protection
against invasive pneumococcal disease.87,89,93 The vaccine is
composed of purified capsular polysaccharide antigens of 23
serotypes of S. pneumoniae, which are responsible for causing
approximately 88% of the bacteremic pneumococcal disease
in the United States.87,93 Individuals such as A.L. who are
at high risk for pneumococcal infection should be given the
vaccine. Persons with chronic cardiopulmonary diseases, dia-
betes, alcoholism, cirrhosis, CSF leaks, and asplenia, and those
>65 years of age should be vaccinated with the pneumococcal
vaccine.93 Immunocompromised patients, such as those with
Hodgkin’s disease, lymphoma, multiple myeloma, and chronic
renal failure; patients who have undergone organ transplan-
tation and HIV-infected individuals also are at high risk for
pneumococcal disease and should receive the vaccine.93 Im-
munocompromised patients, however, often fail to mount a
sufficient immune response to the vaccine to fully protect them
against infection.87,93,104 Patients with asymptomatic HIV dis-
ease respond more favorably to the vaccine than those with ad-
vanced acquired immunodeficiency syndrome (AIDS).104 The
antibody response in children <2 years of age also is poor or
absent, and the vaccine is not recommended for these young
children.87

Thus, given his underlying medical condition (splenectomy)
and history of alcoholism, A.L. should receive the pneumococ-
cal vaccine. A single dose is all that is required; subsequent
doses may be necessary in ≥5 years.
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Gram-Negative Bacillary Meningitis

18. R.R., a 40-year-old, 80-kg man, is admitted to the hospi-
tal for a cervical laminectomy with vertebral fusion. His surgical
procedure was complicated by a dural tear. On the third postoper-
ative day, drainage at his surgical excision site was noted, and R.R.
was febrile to 38.2◦C. A Gram stain of the drainage revealed few
gram-positive cocci and moderate gram-negative bacilli. Ther-
apy with IV cefazolin 1 g Q 8 h was begun. The following morn-
ing, R.R. was oriented to person, place, and time, but he was
slightly obtunded and had a temperature of 40◦C. Neck stiffness
could not be assessed because of his recent surgery. A magnetic
resonance imaging (MRI) scan of the head and neck was nega-
tive, and lumbar puncture yielded a CSF WBC count of 3,000
cells/mm3 (normal, <5 cells/mm3), with 95% PMN; glucose of
20 mg/dL (normal, 60% of plasma glucose); and protein of 280
mg/dL (normal, <50). CSF Gram stain showed numerous gram-
negative rods. What important clinical and laboratory features of
gram-negative bacillary meningitis are manifested in R.R.?

[SI units: WBC count, 3 × 109 cells/L; glucose, 1.11 mmol/L; protein, 2.8 g/L]

Epidemiology
R.R. has developed gram-negative meningitis as a complica-
tion of his recent neurosurgical procedure. Although gram-
negative bacilli do not cause meningitis nearly as often as
H. influenzae, S. pneumoniae, and N. meningitidis, they re-
main important pathogens in both the community and hospital
setting.1,19,20,32,35,58 During an 8-year period covering 1972 to
1979, 158 cases of gram-negative bacillary meningitis were
reported to the New York City Health Department, or approx-
imately 20 cases per year for the population of 8 million.32

Of 493 episodes of meningitis occurring over a 27-year period
(1962–1988) at the Massachusetts General Hospital, enteric
gram-negative bacilli accounted for 33% of all nosocomial
episodes and 3% of community-acquired cases.1 Historically,
mortality rates from gram-negative bacillary meningitis have
been extremely high, ranging from 40% to 70%. With the
availability of newer antimicrobials such as third-generation
cephalosporins, fatalities have declined to <40%.19,32,35,58 In-
creasing resistance among certain gram-negative bacilli, such
as Enterobacter species and P. aeruginosa, presents a therapeu-
tic dilemma in that mortality associated with these pathogens
is high and therapeutic options are fewer.33,34

Predisposing Factors
Individuals at greatest risk for gram-negative bacillary menin-
gitis include neonates, the elderly, debilitated individuals, pa-
tients with open trauma to the head, and individuals such
as R.R. undergoing neurosurgical procedures.19−21,32,58 Al-
though meningitis is a rare complication of clean neurosurgical
procedures (e.g., craniotomy, laminectomy), the consequences
can be devastating when it does happen.1,21,105

Microbiology
Escherichia coli and K. pneumoniae are the most common
gram-negative bacteria causing meningitis and they represent
about two-thirds of all cases.35,58,105 E. coli is the most common
gram-negative cause of neonatal meningitis, whereas K. pneu-
moniae is isolated more often in the adult population.23,35,58,105

The remaining one-third of cases are divided evenly among

Proteus, Serratia, Enterobacter, and Salmonella species,
P. aeruginosa, and other less common bacilli.35,58,105

Clinical Features
In general, clinical laboratory features of gram-negative
bacillary meningitis are similar to other types of bacterial
meningitis.23,39,58,98 Because of high virulence, gram-negative
bacillary meningitis often is a fulminant, rapidly progres-
sive disease. An exception to this rule is meningitis after
neurosurgery.21 As is evidenced by R.R.’s clinical presenta-
tion, postneurosurgical gram-negative bacillary meningitis can
present in a more subtle fashion. In such patients, many of the
symptoms of meningitis (e.g., altered mental status, stiff neck)
are masked by underlying neurologic disease. Thus, a high in-
dex of suspicion is warranted in the postsurgical setting. In
addition to gram-negative bacilli, staphylococci also are as-
sociated with postneurosurgical meningitis.21 The presence of
what looks like staphylococci on R.R.’s wound drainage fluid
is of concern, but the abundance of gram-negative rods on his
CSF Gram stain supports the latter as being the most likely
causative pathogen.

Treatment of Gram-Negative Bacillary Meningitis

19. What would be appropriate therapy for gram-negative
bacillary meningitis in R.R.?

Fewer choices are available for treatment of gram-negative
bacillary meningitis than for other meningitides. Ampicillin
is active against only E. coli, P. mirabilis, and Salmonella
species, but its low potency and a high likelihood of re-
sistance severely limit its use.35,58,105 Chloramphenicol has
mediocre gram-negative activity (except against P. aerugi-
nosa), but it is only bacteriostatic in activity against en-
teric bacilli.35 Chloramphenicol treatment of gram-negative
bacillary meningitis historically has been associated with
excessively high mortality.32,35,58,105 Aminoglycosides are
limited by their inability to achieve therapeutic CSF concen-
trations, as well as reduced activity in the acidic milieu of
purulent CSF.14,16,35,54 Intrathecal administration will produce
therapeutic CSF concentrations, but repeated administration
often is complicated by painful arachnoiditis. Even with this
approach, mortality rates are high (>40%).14,58 Unlike intra-
thecal administration, lumbar injections will not result in
therapeutic CSF concentrations in the ventricle. Extended-
spectrum penicillins (e.g., piperacillin) are active against most
gram-negative rods but require combination therapy with
aminoglycosides for optimal results.58 The third-generation
cephalosporins represent by far the most useful group of
agents for treating gram-negative bacillary meningitis, given
their high potency against many enteric gram-negative bacilli
and good CSF penetration. Experience with these agents
spanning over a decade has resulted in the third-generation
cephalosporins becoming the drugs of choice for gram-
negative bacillary meningitis.4,35,106

Empiric therapy for R.R. should include an antipseu-
domonal β-lactam such as cefepime (Table 58-5).4,21,56 Cefe-
pime has excellent activity against E. coli and K. pneu-
moniae and is active against other enteric gram-negative
bacilli as well35,106 (Table 58-7). Resistance to third-generation
cephalosporins among species of Enterobacter, Citrobacter,
and Serratia is so problematic that these drugs cannot be



58-18 � INFECTIOUS DISEASE

relied on for the treatment of meningitis caused by these
pathogens.33−35,107,108 With this in mind, therapy of gram-
negative meningitis in situations in which resistance is more
likely to be encountered (e.g., nosocomial or postneurosurgi-
cal meningitis) also may include an aminoglycoside based on
susceptibility results. Of the third-generation cephalosporins
currently available, the most experience has been accumu-
lated with cefotaxime; success rates are >80% for treatment
of gram-negative bacillary meningitis caused by E. coli or K.
pneumoniae.35,106,108 Ceftriaxone has comparable efficacy to
cefotaxime and is considered a good alternative.35 Ceftizoxime
penetrates CSF to about the same extent as cefotaxime and has
virtually the same spectrum of activity, but published expe-
rience with this agent is limited.35,109 Nonetheless, no com-
pelling evidence suggests that ceftizoxime is inferior to cefo-
taxime or ceftriaxone.

For R.R., cefazolin should be discontinued, and treatment
with cefepime (2 g IV Q 8 h) should be instituted. The
choice of cefepime for empiric therapy is appropriate while
waiting for results from culture and sensitivity testing. Un-
til these results are available, combination therapy with cefo-
taxime and an aminoglycoside (gentamicin) is not unreason-
able. The dosage of IV gentamicin should be designed to
achieve high peak serum concentrations (i.e., >6 mcg/mL)
while maintaining trough concentrations <2 mcg/mL (Table
58-6). If intrathecal administration is indicated based on culture
and susceptibility data, a 5- to 10-mg intrathecal dose of gen-
tamicin also may be administered daily until clinical improve-
ment is noted.13,14,58 Gentamicin is commercially available in
a 2-mg/mL, preservative-free solution for intrathecal use. The
most practical way to provide intrathecal gentamicin to R.R. is
by performing a lumbar puncture each day and administering
the drug by intralumbar injection. This also will allow daily
sampling of CSF for cultures and chemistries. Although intra-
ventricular administration of gentamicin is ideal, insertion of a
ventricular reservoir (e.g., Ommaya reservoir) is not appropri-
ate at this time because R.R. has just had major spinal surgery,
and it is not clear yet whether prolonged therapy is required.

It is important to make the distinction between aminoglyco-
side therapy for gram-negative bacillary meningitis in neonates
versus adults. In adults, results from clinical trials support the
use of combined IV and intrathecal therapy for reasons de-
scribed previously.35,58 In neonates, however, combined intra-
ventricular and IV gentamicin produces higher mortality rates
than IV gentamicin alone.110 The reason for the poor clini-
cal outcomes associated with direct instillation of gentamicin
into ventricular fluid is unclear. Initially, the increased mor-
tality was attributed to increased trauma related to repeated
insertion of the intrathecal needle into the infant’s fontanel.
More recent evidence suggests that the direct intraventricular
injection of aminoglycoside can cause an abrupt release of in-
flammatory cytokines (TNF and IL-1) from mononuclear cells
that could have led to enhanced neurologic sequelae.111 What-
ever the reason, intraventricular and intrathecal therapy should
not be given to neonates with gram-negative bacillary menin-
gitis (Tables 58-5 and 58-6)56 without due consideration of this
increased risk.

Treatment of Enterobacter Meningitis

20. Culture results from R.R.’s wound drainage and CSF both
are positive for Enterobacter cloacae. Sensitivity data reveal re-

sistance to ceftriaxone, cefepime, ceftazidime, piperacillin, aztre-
onam, and chloramphenicol. Drugs to which the isolate is sensi-
tive include imipenem, TMP-SMX, gentamicin, tobramycin, and
ciprofloxacin. What alteration in antimicrobial therapy is most
appropriate for R.R. at this time?

Treatment of meningitis caused by Enterobacter and related
species (e.g., Serratia, Citrobacter species) presents a chal-
lenge in that resistance is encountered more commonly.33,35,106

Furthermore, some isolates that are sensitive to third-
generation cephalosporins can become resistant during therapy
by virtue of possessing inducible, type I β-lactamases.33 Thus,
in contrast to gram-negative bacillary meningitis caused by E.
coli and Klebsiella species, alternative therapies are needed
when treating meningitis caused by Enterobacter, Serratia,
Citrobacter, and Pseudomonas species. Based on the sensi-
tivity profile of R.R.’s infecting strain, it is apparent that an
extended-spectrum penicillin (e.g., piperacillin) would not be
appropriate. Aztreonam, a monobactam antibiotic with good
CSF penetration and gram-negative activity comparable to cef-
tazidime, also is inactive against R.R.’s infecting strain.112

The isolate is sensitive to imipenem, but the higher propen-
sity for seizures compared with other β-lactams (including
penicillin G) argues against its use in R.R.113−115 Meropenem
is not considered to be epileptogenic and is an alternative to
imipenem for meningitis.67,116 Clinical trials have evaluated
the efficacy and safety of meropenem versus cefotaxime in the
treatment of meningitis in children. Clinical outcomes were
similar among the patients randomized to either group, and the
incidence of seizures was similar in the treatment groups.116,117

Ciprofloxacin, a fluoroquinolone antibiotic, offers the attrac-
tive features of excellent in vitro potency against gram-
negative bacilli (including Enterobacter and Pseudomonas
species).48,118 Experience with ciprofloxacin in meningitis is
limited, however, and achievable CSF levels are relatively low
despite reasonable CSF penetration.48 Furthermore, fluoro-
quinolones are associated with adverse CNS effects, including
the potential to cause seizures.119 Because limited clinical data
exist on the use of meropenem and fluoroquinolones in adults,
these agents should be reserved for the treatment of multire-
sistant isolates.46,67 TMP-SMX has excellent activity against
most gram-negative bacteria, with the exception of P. aerugi-
nosa, and penetrates into the CSF especially well.46,53,103

Thus, after consideration of the aforementioned options,
TMP-SMX appears to be the best choice of therapy for R.R.
Cefepime should be discontinued and therapy started with
TMP-SMX 15 mg/kg/day (based on the trimethoprim com-
ponent) given IV in three divided doses.4,58,103 For R.R., this
would be a dosage of 400 mg (trimethoprim component)
Q 8 h. Because of poor aqueous solubility, IV TMP-SMX must
be prepared such that each 80 mg (5 mL) of TMP-SMX in-
jectable solution is diluted with 75 to 125 mL of 5% dextrose in
water. For R.R., 400 mg of TMP-SMX would be administered
in approximately 500 mL of D5W and each dose infused over 1
hour. Whether or not to discontinue gentamicin in R.R. at this
time is less clear. Although no data demonstrate superiority of
TMP-SMX combined with aminoglycosides over TMP-SMX
alone, in vitro evidence is found of synergy, which may be of
theoretic advantage.120

A review of antibiotic therapy for Enterobacter menin-
gitis supports the contention that TMP-SMX is the most
useful therapy currently available.33 Although the study was
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uncontrolled and retrospective in design, infection was cured
in all 7 patients receiving TMP-SMX, compared with 21
of 32 (65%) patients treated solely with third-generation
cephalosporins. In all 11 instances of clinical failure, resis-
tance developed during therapy.33 In an earlier report de-
scribing TMP-SMX treatment of bacterial meningitis, includ-
ing eight cases of gram-negative bacillary meningitis caused
by organisms known to be moderately susceptible to third-
generation cephalosporins, clinical and bacteriologic cures
were observed in all instances (two cases each of E. cloacae,
Serratia marcescens, and C. diversus; one case each of Pro-
teus vulgaris and Morganella morganii).103 In contrast, TMP-
SMX therapy failed to cure six cases of gram-negative bacillary
meningitis caused by E. coli (four cases) and K. pneumoniae
(two cases) despite documented sensitivity to the drug combi-
nation. Thus, TMP-SMX appears to be most useful for treat-
ment of gram-negative bacillary meningitis caused by organ-
isms that are only moderately susceptible to third-generation
agents, whereas cefotaxime and ceftriaxone remain the drugs
of choice for meningitis caused by E. coli and K. pneumoniae
(Table 58-7).

Duration of Therapy
The optimal duration of therapy for gram-negative bacillary
meningitis has not been clearly established. Because of the
high mortality and morbidity associated with these pathogens
and the reduced susceptibility of enteric pathogens to antimi-
crobial agents, 21 days has been suggested (Table 58-8).46,56,58

Although R.R. does not appear to have a fulminant case of
gram-negative meningitis, a 21-day course of therapy is rec-
ommended with close follow-up.

Staphylococcus epidermidis Meningitis/Ventriculitis
Clinical Presentation of CSF Shunt Infections

21. T.A., a 21-year-old woman with a history of congenital hy-
drocephalus, is admitted to the neurosurgery unit for worsening
mental status and fever. T.A. has a history of multiple revisions
and placements of intraventricular shunts for control of hydro-
cephalus. Currently, she has a ventriculoperitoneal (VP) shunt,
which was placed 1 month ago and previously had been function-
ing normally. Over the past few days, T.A. has developed worsen-
ing obtundation, stiff neck, and a temperature of 39.5◦C. A CT
scan performed today reveals enlarged ventricles consistent with
acute hydrocephalus.

T.A.’s medical history is noncontributory except for a seizure
disorder for which she takes phenytoin 400 mg PO QHS. She also
takes Lo-Ovral for birth control. T.A. is allergic to sulfa drugs
(severe skin rash). Her weight on admission is 60 kg.

Laboratory analysis was significant for a WBC count of 14,000
cells/mm3 (normal, 3,200–9,800), with a differential of 85% PMN
and 10% lymphocytes; BUN and SrCr values were within the
normal range at 19 mg/dL and 0.9 mg/dL, respectively.

A tap of T.A.’s shunt was performed, and the ventricular fluid
was notable for total protein of 150 mg/dL (normal, <50), glucose
of 40 mg/dL (normal, 60% of serum glucose), and a WBC count
of 200 cells/mm3 (normal, <5 cells/mm3), with 85% PMNs and
10% lymphocytes. Gram stain of the ventricular fluid showed nu-
merous gram-positive cocci in clusters. What are the subjective
and objective findings of CSF shunt infections, and what mani-
festations of this type of infection are present in T.A.?

[SI units: WBC count, 14 × 109 cells/L with 0.85 PMN and 0.1 lymphocytes;

BUN, 6.8 mmol/L urea; SrCr, 80 μmol/L; total protein, 1.0 g/L; glucose, 2.2

mmol/L; WBC count, 200 × 106 cells/L with 0.85 PMN and 0.1 lymphocytes]

T.A. appears to have meningitis with ventriculitis secondary
to infection of her VP shunt. The most important way to manage
hydrocephalus involves the use of devices that divert (shunt)
CSF from the cerebral ventricles to other areas of the body such
as the peritoneum (VP shunts) or atrium (VA shunts).8,121,122

This approach alleviates increased CSF pressure and substan-
tially reduces morbidity and mortality.121,122 Infection of these
devices, however, is a common cause of shunt malfunction, as
seen in T.A. The reported incidence of CSF shunt infections
varies from 2% to 39% (usually between 10% and 11%) and
depends on patient factors, surgical technique, and the type
and duration of the procedure performed (i.e., shunt revision
versus placement of a new device).121,122 T.A., who has been
hydrocephalic since birth and has a history of multiple shunt
procedures, is at high risk for such an infection.

Clinical symptoms associated with infected CSF shunts
vary widely from asymptomatic colonization to fulminant ven-
triculitis with meningitis.121−123 Fever is common and, in many
instances, is the only presenting symptom.121 CSF findings also
are slightly different in shunt infection compared with acute
meningitis: the WBC count usually is not as elevated, the de-
crease in CSF glucose is less pronounced, and the protein value
may be normal or slightly elevated.121,122 CSF culture is posi-
tive in most patients not receiving concurrent antibiotics.123,124

T.A.’s clinical presentation, CSF findings, and radiographic ev-
idence of hydrocephalus are highly suggestive of a VP shunt
infection. She is febrile and has altered mental status. The pres-
ence of a stiff neck strongly suggests meningeal involvement.
Evaluation of T.A.’s ventricular fluid reveals a slightly elevated
WBC count, with a predominance of polymorphonuclear neu-
trophils, an elevated protein concentration, and a slightly lower
than normal glucose concentration.

Skin microflora are the most common causes for CSF
shunt infections.121−124 Staphylococci account for 75% of all
cases, with two-thirds of these caused by coagulase-negative
staphylococci (usually S. epidermidis) and one-third by S.
aureus.123,124 Other less common pathogens include diph-
theroids, enterococci, and Propionibacterium acnes (an anaer-
obic diphtheroid). Enteric gram-negative bacilli are responsi-
ble for a small percentage of cases; these cases usually occur
when the distal end of the shunt is inserted improperly into the
peritoneal cavity.123,124 The gram-positive cocci in clusters on
Gram stain of T.A.’s CSF strongly suggest a staphylococcal
shunt infection. Determining the coagulase status of the isolate
will allow differentiation between S. aureus and S. epidermidis.

Treatment of CSF Shunt Infections

22. Culture and sensitivity tests of T.A.’s ventricular fluid are
positive for S. epidermidis. The isolate is resistant to nafcillin but
sensitive to vancomycin, rifampin, and TMP-SMX. How should
T.A.’s CSF shunt infection be treated?

For T.A.’s CSF shunt infection to be optimally treated, a
combined medical and surgical approach is required.117,118,125

Antibiotic therapy directed against the causative organism,
although essential, often is inadequate by itself. On average,
antibiotic therapy by itself produces cure rates of <40%.124 In
contrast, antibiotic therapy plus surgical removal of the infected
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device produces clinical cure rates of >80%.124 Because many
patients cannot tolerate the complete removal of their shunt for
long, externalization of the distal end of the shunt, or shunt re-
moval and placement of an external drainage device, often is
necessary during systemic antibiotic therapy. The presence of
an externalized device permits sequential sampling of ventric-
ular fluid and also provides a convenient way to administer
antibiotic intraventricularly (see the following discussion).

GLYCOCALYX
Although S. epidermidis is not as virulent a pathogen as

S. aureus, it is extremely difficult to eradicate this organism
from prosthetic devices such as CSF shunts. This is because
many strains of S. epidermidis produce a mucous film or slime
layer known as glycocalyx, which allows the staphylococci to
adhere tightly to the Silastic shunt material, protecting them
against phagocytosis.126,127 As expected, antibiotic failures are
much more likely with slime-producing strains of S. epider-
midis.

Vancomycin is the drug of choice for treatment of shunt
infections caused by S. epidermidis and should be instituted
immediately in T.A.8,121,127 This is because a high percent-
age (>60%) of coagulase-negative staphylococci are resis-
tant to methicillin (e.g., methicillin-resistant S. epidermidis
[MRSE]). Furthermore, methicillin-resistant staphylococci
(both methicillin-resistant S. aureus [MRSA] and MRSE) also
are resistant to cephalosporins. T.A.’s isolate also is sensitive
to TMP-SMX, as is the case with many strains of MRSE (and
also MRSA),8 and it must be avoided because T.A. is aller-
gic to this drug combination. Although many staphylococcal
isolates (both S. epidermidis and S. aureus) are susceptible to
rifampin, monotherapy with this drug is not recommended be-
cause of rapid emergence of resistance. Combination therapy
with vancomycin and rifampin may be synergistic and some-
times is used.

VANCOMYCIN THERAPY

23. What would be an appropriate dosage of vancomycin ther-
apy in T.A.? What subjective or objective data should be moni-
tored to evaluate the efficacy and toxicity of the treatment?

Vancomycin therapy for T.A.’s CSF shunt infection re-
quires the use of higher than usual doses, which is true for
the treatment of other types of staphylococcal CNS infections
as well.8,56,128 For adults such as T.A., vancomycin dosages
of 20 to 30 mg/kg/day to a maximum of 2 g/day have been
suggested. Even higher dosages, however, may be required
in patients with fulminant disease (Table 58-6).8,56,96,128 For
children with meningitis or infected shunts, the recommended
dosage of vancomycin is 40 to 60 mg/kg/day, given IV in two to
four divided doses (Table 58-6).8,56 Although specific recom-
mendations are lacking, it is reasonable to target serum trough
concentrations of vancomycin toward the higher end of the tar-
get range (i.e., ∼15 to 20 mcg/mL). With an every-12-hour
dosing schedule, peak serum levels will approach or possibly
exceed 40 mcg/mL. It is unlikely, however, that peak serum
concentrations of >60 mcg/mL will be observed. Although
the potential for toxicity may be greater, higher than usual
vancomycin serum concentrations are warranted to ensure ad-
equate penetration into the CSF.96,128

T.A., who weighs 60 kg, should be started on a vancomycin
regimen of 1 g IV Q 12 h (∼30 mg/kg/day) because her re-
nal function is normal. Alternatively, the dose could be calcu-
lated using population estimates of vancomycin pharmacoki-
netic parameters to achieve a trough serum concentration of 15
mcg/mL. In either case, trough serum concentrations should
be obtained at steady-state to assess whether the initial dosing
regimen is adequate.

Anecdotal evidence suggests that very high dosages of van-
comycin (≥3 g/day in adults with normal renal function) are
associated with an increased risk of ototoxicity.96,129 This ob-
servation is difficult to verify because hearing loss also is a
potential sequelae of meningitis. High-dose vancomycin ther-
apy also has a greater likelihood of inducing the “red man
syndrome.”130,131 This adverse effect, manifested by flush-
ing and pruritus, with or without hypotension, is related di-
rectly to the amount of drug infused over a given period of
time.130 It usually can be avoided or minimized by infusing
vancomycin doses of 1,000 mg in ≥250 mL of solution (ei-
ther D5W or normal saline) over at least 1 hour. If red man
syndrome is observed, slowing the infusion rate often amelio-
rates symptoms.130 Pretreatment with antihistamines (diphen-
hydramine or hydroxyzine) may also minimize the reaction
because the proposed mechanism partially involves histamine
release.131

Another consideration for T.A. is the addition of rifampin
to her vancomycin regimen. This is based on the excellent
staphylococcal activity of rifampin, its good CSF penetration,
and the potential for synergy between these two agents.8,121

Whether rifampin plus vancomycin is superior to vancomycin
alone has not been determined. For T.A., it is best to avoid
rifampin because evidence supporting its efficacy is weak, and
she currently is taking phenytoin and birth control pills. Rif-
ampin is a potent inducer of hepatic microsomal enzymes,
which can lower serum phenytoin concentrations (possibly re-
sulting in seizure activity) and increase the possibility of an
unplanned pregnancy (from reduced effectiveness of the birth
control pill).

Intraventricular and Intravenous Dosing of Vancomycin

24. Should T.A. receive intraventricular vancomycin? If so,
what would be an appropriate dosage?

T.A. has a long history of hydrocephalus and will require
placement of an external drainage device after removal of
her VP shunt. This makes intraventricular administration of
vancomycin possible, and such treatment should be instituted
promptly. The dosages used in the literature vary from 5 to
20 mg/day. Experts recommend 20 mg/day of intraventricular
vancomycin; therefore, an intraventricular vancomycin dosage
of 20 mg/day is recommended for T.A. Also, serial (daily)
cultures of CSF are recommended to monitor her response to
therapy. Some authors suggest adjusting intraventricular van-
comycin doses to achieve trough CSF vancomycin concentra-
tions of at least 5 mcg/mL or CSF bactericidal activity of at least
1:8 against the infecting strain.8,121 Until more information is
available, monitoring serial CSF trough concentrations is more
appropriate than CSF bactericidal titers, and serial trough levels
should be obtained in T.A. To summarize, T.A. should receive
combined IV and intraventricular vancomycin therapy as de-
scribed previously. Therapy should be continued for at least 10
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days after sterilization of her ventricular fluid is documented,
at which time a new VP shunt can be placed.121,124,132

In contrast to T.A.’s situation, vancomycin therapy for pa-
tients with staphylococcal meningitis not associated with a
CSF shunt or indwelling ventricular catheter is more problem-
atic. Because of this, therapy often is instituted with IV van-
comycin alone.96,128 Intrathecal vancomycin, although prefer-
able, requires either daily lumbar puncture (for intralumbar
therapy) or surgical placement of an intraventricular reservoir.
If the response to therapy is inadequate within the first 24 to
48 hours, the addition of intrathecal vancomycin therapy (5
to 20 mg/day) is recommended.96,128 In fulminant cases of
staphylococcal meningitis, however, intrathecal vancomycin
should be instituted as quickly as possible (i.e., with the first
lumbar puncture) to optimize the response to therapy.

BRAIN ABSCESS
Epidemiology
Although not nearly as common as meningitis, abscesses of the
brain parenchyma (brain abscess) remain an important type of
CNS infection. The incidence of brain abscess has not varied
since the preantibiotic era and is estimated to account for 1 in
10,000 hospital admissions.133 On a busy neurosurgical ser-
vice, 4 to 10 cases a year typically are seen.133,134 For reasons
that are not entirely clear, men are more likely to develop ab-
scesses within the brain than women.133,135 Brain abscess can
occur at any age, but the median age is 30 to 40 years, with
approximately 25% of cases occurring in children.133,136,137

Despite advances in antimicrobial therapy over the past sev-
eral decades, mortality rates from brain abscess has remained
above 40% until just recently. Developments in imaging tech-
niques (e.g., CT and MRI scanning), which allow early recog-
nition of abscesses and the ability to serially monitor the radio-
graphic response to antimicrobial therapy, have had the most
profound impact on reducing morbidity and mortality from
brain abscess.133,134,138 In a review of 102 cases of bacterial
abscesses occurring over a 17-year period, mortality was 41%
in the period before 1975 (pre-CT scan era), compared with
6% during 1975 to 1986, when CT scanning became routinely
available.134 With the combined medical and surgical approach

currently recommended, mortality rates continue to average
<10%.133,134,138

Predisposing Factors
Brain abscesses most commonly arise from a contiguous
suppurative source of infection (e.g., sinusitis, otitis, mas-
toiditis, or dental infections).133,135,139 In the United States,
abscesses occurring as a complication of sinusitis are more
common than abscesses arising from otitic or dental sources.133

The formation of a single abscess cavity usually is found
when infection develops from a contiguous source. In addi-
tion, the abscess nearly always is formed in close proximity
to the primary focus of infection (Table 58-10).133,139 For ex-
ample, abscesses of sinusitic origin more commonly involve
the frontal lobe, whereas otitic infections often lead to tempo-
ral lobe abscess formation.139 Brain abscess also occurs as a
consequence of metastatic spread of organisms from a primary
site of infection (e.g., lung abscess, endocarditis, osteomyeli-
tis, pelvic, and intra-abdominal infections).129,131 In children,
cyanotic congenital heart disease is a common predisposing
factor for brain abscess.136,137 Multiple abscesses suggest a
metastatic source of infection.133 As with meningitis, brain
abscess occurs as an infrequent complication of head trauma
or neurosurgery.11,133,139 No identifiable source (cryptogenic
abscess) is detected in as many as 30% of cases.133,139

Staging
Once an intracranial focus of infection is established, the evolu-
tion of brain abscess involves two distinct stages: cerebritis and
capsule formation.136,138 The cerebritis stage evolves gradually
over the first 9 to 10 days of infection and is characterized by an
area of marked inflammatory infiltrate that contains a necrotic
center surrounded by an area of cerebral edema.136,138 Capsule
formation occurs about 10 to 14 days after the initiation of in-
fection, and once formed, the capsule continues to thicken over
a period of weeks.136,138 The stage of abscess development has
important implications for therapy. Although it is best to wait
until the capsule is fully formed before attempting any type of
surgical intervention, antimicrobial therapy alone may resolve
the infection if discovered in the early cerebritis stage.138

Table 58-10 Predisposing Conditions, Microbiology, and Recommended Therapy for Bacterial Brain Abscess

Predisposing Condition Usual Location of Abscess Most Likely Organisms Recommended Therapy

Contiguous Site

Otitic infection Temporal lobe or cerebellum Streptococci (anaerobic and aerobic), Bacteroides
fragilis, gram-negative bacilli

Penicillin G + metronidazole +
cefotaxime or ceftriaxone

Sinusitis Frontal lobe Streptococci (predominantly), Bacteroides species,
gram-negative bacilli, Staphylococcus aureus,
Haemophilus species

Penicillin G + metronidazole +
cefotaxime or ceftriaxone

Dental infection Frontal lobe Fusobacteria species, Bacteroides species, and
streptococci

Penicillin G + metronidazole

Primary Infection

Head trauma or
neurosurgery

Related to site of wound Gram-negative bacilli, staphylococci, streptococci,
diphtheroids

Vancomycin + ceftazidime
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Microbiology
The microbiology of brain abscess is distinctly different from
that of meningitis. Streptococci are implicated in 60% to 70%
of cases and include anaerobic as well as microaerophilic strep-
tococci of the S. milleri group.133,139,140 Other anaerobes, par-
ticularly Bacteroides species (including B. fragilis) and Pre-
votella species, are found in up to 40% of cases, usually in
mixed culture.133,139 In recent years, staphylococci appear to
be decreasing and enteric gram-negative bacteria increasing as
etiologic agents of bacterial brain abscess.123 Although some-
what imprecise, a reasonable correlation exists between the
various predisposing conditions and the microbiologic etiol-
ogy of brain abscess (Table 58-10).133,135,137,138

In the immunocompromised patient, a diverse group of mi-
croorganisms can induce abscesses within the brain. In patients
with AIDS, Toxoplasma gondii is by far the most common in-
fectious cause of focal brain lesions.141 Transplant recipients
and those receiving immunosuppressive therapy are suscepti-
ble to infection from Nocardia species.142 In Mexico and other
Central American countries, cysticercosis remains a common
cause of intracerebral infection.143

Clinical and Radiologic Features

25. L.Y., a 40-year-old man, is brought to the ED by a friend.
L.Y. complains of severe headache, fever, weakness in his left arm
and leg, and increasing drowsiness. Over the past week, L.Y. has
suffered from headaches, which have gradually worsened in in-
tensity, and from intermittent episodes of fever. Despite getting
plenty of sleep, L.Y. has been feeling increasingly drowsy over the
past several days. When he noticed weakness in his left arm and
difficulty concentrating this morning, he called a friend and asked
to be taken in for evaluation.

L.Y. has a history of chronic sinusitis that has been treated with
a variety of oral antibiotics. His last episode of sinusitis, which oc-
curred about 1 month ago, was treated with a 10-day course of
cephalexin. He denies any nausea or vomiting and has not expe-
rienced any seizures in the recent past. L.Y. was tested for HIV 6
months ago, and the result of his antibody test was negative. He
takes no current medications, denies smoking and use of recre-
ational drugs, and drinks alcohol only on social occasions a few
times a month. L.Y. has no known drug allergies.

Physical examination reveals L.Y. to be in mild distress, with
a temperature of 38.2◦C. He is slightly lethargic and is oriented
to person and place but not time (0 × 2). The strength in L.Y.’s
left arm is 3/5; the strength in his left leg is 4/5. The remainder
of his neurologic examination is grossly normal. L.Y. described
moderate pain on palpation of his frontal sinuses, and a purulent
discharge is noted.

Laboratory evaluation shows a WBC count of 8,000 cells/mm3

(normal, 3,200–9,800), with 70% PMN, 25% lymphocytes, and
5% monocytes; Hgb, Hct, platelets, and serum chemistries are
within normal limits; and his BUN and SrCr are 16 mg/dL (nor-
mal, 8 to 18) and 1.2 mg/dL (normal, 0.6 to 1.2), respectively. L.Y.’s
erythrocyte sedimentation rate (ESR) is 40 mm/hour (normal,
0 to 20).

A CT scan with contrast dye reveals a right frontal ring-
enhancing lesion with a small amount of surrounding cerebral
edema. L.Y. is admitted to the neurosurgery unit for further eval-

uation and treatment. What clinical signs and symptoms does
L.Y. display that are suggestive of bacterial brain abscess? How
can brain abscess be diagnosed in L.Y.?

[SI units: WBC count, 8 × 109 cells/L with 0.7 PMN, 0.25 lymphocytes,

and 0.05 monocytes; Hgb, 145 g/L; Hct, 0.4; platelets, 120 × 109/L; BUN,

5.7 mmol/L urea; SrCr, 106.1 μmol/L; ESR 40 mm/hr]

L.Y. has presented to the ED with many signs and symp-
toms suggestive of bacterial brain abscess. He is 40 years of
age and a man, both of which place him in a group with the
highest likelihood of having a brain abscess. In contrast to the
diffuse nature of meningitis, brain abscess presents as a fo-
cal neurologic process.133,134 Notable in L.Y.’s presentation is
left-sided (arm and leg) weakness. Symptoms of brain abscess
range in severity from indolent to fulminant and, in most pa-
tients, the duration of symptoms at the time of presentation is
≤2 weeks.133,134,136 Headache is the most common symptom
of brain abscess, occurring in approximately 70% of cases.
L.Y.’s clinical manifestations have become gradually worse
over the past week, and his worsening headaches, increasing
drowsiness, and difficulty in concentrating all are consistent
with bacterial brain abscess.

L.Y. presents with the classic triad of fever, headache, and
focal neurologic deficits. Although this triad should always be
looked for, fewer than half of patients with confirmed bac-
terial brain abscess present in this manner.133,134,135 The ab-
sence of fever does not rule out infection because fever is
found in <50% of patients.133,134 Focal neurologic deficits
are present in approximately 50% of patients and vary in na-
ture and severity in relation to the location and size of the
abscess and surrounding cerebral edema.133,134,137 Although
L.Y. does not have a history of seizure activity, approximately
one-third of patients experience partial seizures that often be-
come generalized.133,137 Papilledema and nuchal rigidity occur
in ≤25% of cases and often are not useful in confirming the
diagnosis. Symptoms associated with a contiguous focus of
infection should always be sought and, in some situations, they
may dominate the clinical picture.133,134 L.Y. has a history of
sinus infection, and the pain on palpation of his sinuses cou-
pled with the purulent sinus drainage suggests active infection
at this site.

As can be seen from L.Y.’s test results, laboratory evaluation
usually is not very helpful when diagnosing brain abscess. L.Y.
does not have a peripheral leukocytosis, but he does have an
elevated ESR. A normal peripheral WBC count is not unusual
in patients with intracranial suppuration. The ESR often is
elevated in brain abscess, but this test is nonspecific and only
indirectly supports the diagnosis.

L.Y. did not have a lumbar puncture because this proce-
dure is contraindicated for diagnosing brain abscess.42,133,134

The diagnostic yield from CSF is low because chemistries
(e.g., protein, glucose, WBC) usually are normal and culture
of the CSF in patients with brain abscess is unlikely to yield
the causative pathogen. More important, performing a lum-
bar puncture in patients with space-occupying lesions of the
brain can produce cerebral herniation as a consequence of the
shifting pressure gradient induced within the cranial vault after
insertion of the lumbar puncture needle.42

Of paramount importance is the abnormality detected on the
CT scan of L.Y.’s brain. When dye is injected before the CT
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scan, brain abscesses will appear to “ring enhance.” Further-
more, cerebral edema can be identified as a variable hypodense
region immediately surrounding the abscess cavity. As stated
earlier, CT and MRI scanning techniques have revolutionized
the diagnosis and treatment of brain abscess.133,134,138 The su-
periority of CT versus MRI is unclear. MRI, however, is more
sensitive in detecting cerebritis than CT, and it can be help-
ful in ruling out (or ruling in) an abscess when the CT scan
is negative.133,138 Assessment of the size and location of the
lesion is possible with both techniques, which is invaluable in
deciding which surgical intervention is indicated. In addition,
serial radiographic studies can be used to evaluate antimicro-
bial response over time.134,138 In general, a good correlation
exists between the clinical and radiologic response to therapy
of bacterial brain abscess.

Treatment

26. How should L.Y.’s brain abscess be treated?

Surgical Techniques
A combined medical and surgical approach is the best form
of therapy for L.Y.’s brain abscess.133,138 Response rates to
antimicrobial therapy alone have been disappointing and, with
a few exceptions, surgical intervention is necessary to ensure
optimal results. Medical therapy is indicated when multiple
abscesses are present, when the abscess cavity is inaccessible
surgically, for patients who are poor surgical candidates, and
when the abscess is small (<4 cm).133,138,144

The two types of surgical approaches for brain abscess are
(a) stereotactic needle aspiration and (b) craniotomy for ab-
scess excision.138 Stereotactic aspiration of abscess contents
can be performed under local anesthesia and produces lower
morbidity and mortality than craniotomy.19 Such an approach
is highly effective, except when multiloculated abscesses are
present.138 With craniotomy, the abscess cavity can be excised
completely, which often allows a shorter duration of antimi-
crobial therapy. Both techniques are effective, and the decision
regarding which procedure is most appropriate must be indi-
vidualized.

Antimicrobial Penetration Into Brain Abscess
Antimicrobial therapy is an essential component of brain ab-
scess therapy.139 Penetration of antibiotics into brain abscess
fluid has not been studied as carefully as penetration into CSF,
and as discussed earlier, the barrier involved is different (Fig.
58-1).15 Penicillins and cephalosporins penetrate adequately
into abscess fluid, but certain agents (e.g., penicillin G) may
be susceptible to degradation by enzymes present within the
abscess milieu.133,139,145−147 Third-generation cephalosporins
(e.g., cefotaxime, ceftriaxone, and ceftizoxime) are believed
to penetrate sufficiently into the abscess and are good choices
when gram-negative bacteria are present.133,147 Chlorampheni-
col penetrates very well into brain abscesses and has been
used extensively.133,139,145 It has excellent anaerobic activity,
but also can be degraded (deacetylated) in purulent abscess
fluid.133 Metronidazole achieves abscess fluid concentrations
equal to or in excess of serum levels and is bactericidal against
strict anaerobes. The unique mechanism of action of metron-
idazole makes it particularly useful in the necrotic core of the

cavity, where the oxidation-reduction potential is low and bac-
teria replicate slowly or are dormant. For these reasons, metron-
idazole has supplanted chloramphenicol for treatment of bac-
terial brain abscess.133 Although data are limited, vancomycin
and carbapenems appear to penetrate sufficiently into brain ab-
scess fluid.133,148 Although specific abscess-penetration data
are unavailable, successful treatment of cerebral nocardiosis
with TMP-SMX and CNS toxoplasmosis with clindamycin
suggests that these compounds also achieve adequate penetra-
tion into cerebral abscess cavities.141,143

Antibiotic Therapy
When antibiotic therapy should be instituted depends on the
status of the patient and the stage of abscess development. For
patients diagnosed during the cerebritis stage, before formation
of a well-circumscribed capsule, surgery should be delayed
and antimicrobial therapy begun in patients with significant
symptoms.133,138 If capsule formation already has taken place,
it is better to delay initiation of antibiotics until after surgery
to increase the microbiologic yield from tissue and fluid sam-
ples. If the disease is fulminant, antibiotics must be instituted
promptly and surgical intervention performed as quickly as
possible.133,138

L.Y.’s clinical presentation suggests an advanced brain ab-
scess. The presence of ring enhancement on CT and the onset
of symptoms over 2 weeks support this. Because he is not crit-
ically ill, antibiotic therapy should be delayed until surgery is
performed. Specimens obtained from the surgical procedure
should be sent for aerobic and anaerobic culture and a stat
Gram stain.

Initial antibiotic therapy for brain abscess needs to
be sufficiently broad to cover the most likely pathogens
(Table 58-10).133,135,137,139 In most cases, a combination
of high-dose penicillin G and metronidazole is indicated.
Penicillin will cover aerobic, anaerobic, and microaerophilic
streptococci, whereas metronidazole will provide coverage
for strict anaerobes, including Bacteroides and Prevotella
species. If gram-negative bacilli are suspected or docu-
mented, as in abscesses related to otitis, head trauma, or neu-
rosurgery, a third-generation cephalosporin is indicated.133

Staphylococcal abscesses should be treated with nafcillin or
vancomycin.133,135,149

For L.Y., therapy with penicillin G 4 million units IV Q 4
h and metronidazole 500 mg IV Q 8 hours should be started
postoperatively (Table 58-6). Because his abscess appears to
originate from the sinus, the likelihood of gram-negative in-
fection is reduced. With evidence of gram-negative bacteria
on the Gram stain of abscess fluid, therapy with cefotaxime
3 g IV Q 6 h also should be included. Ceftriaxone 2 g IV
Q 12 h is a viable alternative to cefotaxime, particularly if
the patient is going to be discharged to home on a prolonged
course of therapy. Outpatient therapy is appropriate for CNS
infections as long as patients are carefully selected and mon-
itored, as described in a recent report.150 Of interest, of the
24 patients treated on an outpatient basis, 46% received cef-
triaxone 2 g IV once daily with a cure.150 TMP-SMX is an
alternative if the organism is resistant to cefotaxime. The large
fluid volume required (particularly when 5% dextrose in wa-
ter is used) for IV TMP-SMX administration may contribute,
however, to worsening cerebral edema.129 Antimicrobial
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therapy for L.Y. should be revised once results from culture
and sensitivity testing are available.

Adjunctive Corticosteroid Therapy
Adjunctive corticosteroid therapy for bacterial brain abscess is
controversial.133,138 Steroids can interfere with antibiotic pen-
etration into abscesses and obscure the interpretation of serial
CT scans when assessing response to therapy.133,138 There-
fore, steroids are indicated only if significant cerebral edema
is present, particularly if it is accompanied by rapid neuro-
logic deterioration.133,138 L.Y. should not receive dexametha-
sone because his mental status is only mildly depressed and
the cerebral edema seen on CT scan is not massive.

Adjunctive Anticonvulsant Therapy
L.Y. has shown no signs of seizure activity thus far and,
therefore, does not require anticonvulsant therapy. Anticon-
vulsants should be used in the acute setting when seizures are
present, however.133,138 Agents with activity against partial and
complex partial seizures are preferred (e.g., phenytoin, carba-
mazepine). The long-term use of anticonvulsants depends on
whether seizure activity persists. Insufficient information ex-
ists regarding how long to continue anticonvulsants in such
cases. Therefore, discontinuation of these agents must be in-
dividualized.

No formal guidelines are available regarding the optimal du-
ration of therapy for bacterial brain abscess. Given the serious
nature of the infection and the difficulty associated with an-
tibiotic penetration, therapy with high-dose IV therapy should
continue for at least 6 to 8 weeks.133,138 The duration of ther-
apy should be evaluated on a case-by-case basis. In an attempt
to ensure complete eradication of infection, some experts rec-
ommend long-term (2–6 months) oral antibiotics after the IV
course, provided agents with good oral absorption and activity
against the offending pathogens are available.133

Monitoring Therapy

27. How should L.Y. be monitored for therapeutic response and
toxicity?

Although L.Y. is on antibiotic therapy, weekly or biweekly
CT scans should be obtained to evaluate abscess resolution. His
clinical response to therapy also should be assessed daily. If
therapy is effective, L.Y.’s mental status should improve gradu-
ally (e.g., he will become more alert and oriented) over a period
of several days. L.Y.’s headaches and hemiparesis (weakness
in his arm and leg) also should resolve eventually. It may take
a week or longer, however, to see a complete resolution of
symptoms.133,135 In general, radiologic improvement (i.e., re-
duction in abscess size) correlates reasonably well with clini-
cal response, but not always.133,135,138 Persistent symptoms or
failure to detect a reduction in abscess size on CT scan or the
appearance of new abscesses may indicate improper antimi-
crobial therapy or the need for more surgery.133,138 Repeated
surgical intervention with appropriate reculturing may be re-
quired in some instances to optimize therapy.

Adverse effects associated with the penicillin G therapy
that L.Y. is receiving are similar to those of other β-lactam
antibiotics. Seizures are a potential complication when high
doses of penicillin are used in the presence of a mass lesion in
the brain.6,101,115,151 L.Y. should be observed closely by those
providing care and questioned regularly for any evidence of
seizure activity. Metronidazole usually is well tolerated, but
may also cause neurotoxicity,133,148,151,152 most commonly pe-
ripheral neuropathy.152 L.Y. should be assessed for the presence
of numbness or tingling in his hands or feet. Seizures, although
uncommon, occasionally occur with metronidazole.152 If L.Y.
experiences peripheral neuropathy or seizures, a switch to chlo-
ramphenicol would be appropriate. Other adverse effects asso-
ciated with metronidazole include mild nausea, brownish dis-
coloration of the urine, and the potential for a disulfiramlike
reaction with concomitant ethanol ingestion.148 L.Y. should be
counseled regarding the possibility of gastric upset and dis-
coloration of the urine, and he should be strongly cautioned
to avoid alcoholic beverages while receiving metronidazole.
Given his young age, the absence of significant underlying
diseases, and the relative early detection of his brain abscess,
there is every reason to expect a good response to his treatment
and, eventually, a complete resolution of his abscess.
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INFECTIVE ENDOCARDITIS
Infective endocarditis (IE), a microbial infection of the heart
valves or other endocardial tissue, usually is associated with
an underlying cardiac defect. IE used to be classified as ei-
ther “acute bacterial endocarditis” or “subacute bacterial en-
docarditis,” based on the clinical presentation and course of
the untreated disease. This classification system is nonspe-
cific, however, and it does not account for many nonbacterial
causes of endocarditis, such as chlamydiae, rickettsiae, and
fungi. Hence, the current system based on the causative organ-
ism is preferred because it provides information regarding the
probable course of the disease, the likelihood of underlying
heart disease, and the appropriate antimicrobial regimens.1

Pathogenesis1,2

The pathogenesis of endocarditis involves a complex series of
events that ultimately results in the formation of an infected

platelet β fibrin thrombus on the valve surface. This thrombus
is called a vegetation.

The first step in the formation of the vegetation involves
modification of the endocardial surface, which is normally
nonthrombogenic. In patients with rheumatic heart disease,
endocardial injury occurs as a result of immune complex de-
position or hemodynamic disturbances. Valvular insufficiency
caused by aortic stenosis or ventricular septal defects can pro-
duce regurgitant blood flow, high-pressure gradients, or narrow
orifices, resulting in turbulence and endocardial damage.

Once the endocardial surface of the valve is traumatized,
small, sterile thrombi consisting of platelets and fibrin are de-
posited, forming the lesion called nonbacterial thrombotic en-
docarditis (NBTE). NBTE occurs most commonly on the atrial
surfaces of the mitral and tricuspid valves and on the ventric-
ular surface of the aortic valve.

NBTE serves as a nidus for microbial colonization dur-
ing periods of bacteremia. Table 59-1 lists procedures that

59-1
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Table 59-1 Cardiac Conditions for Which Prophylaxis is
Recommended

Cardiac Conditions

Prophylaxis Recommended
� Prosthetic cardiac valves
� Previous bacterial endocarditis
� Congenital heart disease (CHD)

– Unrepaired cyanotic CHD, including palliative shunts and conduits
– Completely repaired congenital heart defect with prosthetic material

device during the first 6 months after the procedure
– Repaired CHD with residual defects at or adjacent to the site of the

prosthetic device or patch
– Mitral valve prolapse with valvular regurgitation and/or thickened

leaflets
� Cardiac transplantation recipients who develop cardiac valvulopathy

Adapted from reference 230, with permission.

cause bacteremia. Organisms such as Streptococcus viridans,
Enterococcus species, Staphylococcus aureus, Staphylococcus
epidermidis, Pseudomonas aeruginosa, and Candida albicans
possess adherence factors that facilitate their colonization. In
particular, platelet aggregation has been shown to be an im-
portant virulence factor in experimental streptococcal endo-
carditis; larger vegetations and multifocal embolic spread have
been associated with strains that aggregate platelets.3 Once the
NBTE lesion becomes colonized by microorganisms, the sur-
face is rapidly covered with a sheath of fibrin and platelets. This
avascular encasement provides an environment protected from
host defenses and is conducive to further bacterial replication
and vegetation growth. Progression of the infection can be in-
terrupted at any time by various host defense mechanisms, in-
cluding blocking antibodies that interfere with bacterial adher-
ence, serum bactericidal complement activity, hemodynamic
forces that dislodge poorly adherent bacteria, and circulating
prophylactic antibiotics.

The vegetation is thought to propagate by continuous re-
seeding of the thrombus by circulating organisms. As the veg-
etation enlarges, it takes on a laminar appearance caused by the
alternating layers of bacteria and platelet βfibrin deposits. The
bacterial colony count can be as high as 104 to 105 bacteria per
gram of valvular vegetation.

Endocarditis can result in life-threatening hemodynamic
disturbances and embolic episodes. Without antimicrobial
therapy and surgical intervention, IE is virtually 100% fatal.
Because of bacterial proliferation to high densities in the fibrin
mesh protected from normal host defenses, cure of infection
requires prolonged therapy of 4 to 6 weeks with relapse not
uncommon.

Epidemiology
Among the leading causes of life-threatening infectious disease
syndromes, IE accounts for approximately 15,000 to 20,000
new cases per year in the United States.6 The overall inci-
dence appears to have remained stable over time; however,
health care-associated IE has emerged as a result of increased
use of invasive medical devices and procedures (e.g., intra-
venous catheters, hyperalimentation lines, pacemakers, dialy-

sis shunts) and will undoubtedly contribute to an increase in
IE.1 The mean patient age reportedly has shifted from <30
years in the 1920s to above 55 years today.6,7 This increase in
age is thought to be related to (a) a decline in the incidence
of acute rheumatic fever and rheumatic heart disease coun-
terbalanced by degenerative valvular disease in an increasing
elderly population, (b) the increasing longevity of the general
population, and (c) increased exposure to more intense and
invasive medical procedures in both the overall and the aging
populations. Men are affected more often than women (roughly
2:1), and the disease remains uncommon in children, primar-
ily in association with underlying congenital cardiac defect and
nosocomial catheter-related bacteremia in infants.1

Predisposing Factors
In general, any structural cardiac defect that leads to the tur-
bulence of blood flow predisposes to the development of IE.
Rheumatic heart disease was at one time the most common
underlying cardiac defect associated with endocarditis; how-
ever, the proportion of cases related to rheumatic heart disease
have declined substantially to 25% or less in developed coun-
tries while remaining the predominant defect among patients
in developing countries. Mitral valve prolapse with thickened
leaflets and valvular redundancy is a recognized predisposing
risk to IE, with a documented occurrence rate of 10%. Clinical
presentation is often subtle with lower associated mortality in
these individuals compared with left-sided IE of other types.
In the absence of underlying valvular defects, degenerative
cardiac lesions, such as calcified mitral annulus secondary to
atherosclerotic cardiovascular disease and postmyocardial in-
farction thrombus, may be a significant risk factor predispos-
ing the elderly to IE. In one series of native valve endocarditis
cases, 50% of patients aged 60 years and above had degenera-
tive cardiac lesions; however, the actual contribution of these
lesions is unknown.8 The intravenous (IV) drug users con-
stitute a unique population at greatest risk for recurrent and
polymicrobial IE. In addition, health care-related IE occurs
with increasing frequency among hospitalized critically ill pa-
tients and others who are subjected to IV access procedures
or invasive medical device placement (hemodialysis shunts or
fistulas, intracardiac prosthesis, central venous pressure moni-
toring lines, hyperalimentation lines, defibrillators, permanent
cardiac pacemakers).1

In a prospective cohort of 1,779 patients with IE, hemo-
dialysis-dependency (8%) and diabetes mellitus (16%) were
identified as the two most common demographic characteris-
tics besides a history of congenital heart disease (12%).7 Up to
25% of all cases were acquired in health care-related settings.
Notably, in the United States, health care-associated IE was
more likely to occur compared with community acquisition.

Bacteriology
Overall, streptococci and staphylococci are identified as the
cause of 80% to 90% of cases of IE. Historically, viridans
streptococci have been the predominant causative pathogens in
IE, accounting for 60% to 80% of all cases.1 When comparing
epidemiologic studies in the aggregate over the past decades,
however, staphylococci have assumed increased importance as
a cause of IE. Viridans streptococci remain the predominant
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cause of IE in children and in young women with isolated mitral
valve involvement.1

Staphylococcus aureus is identified as the leading cause of
IE (40%) in one US study and confirmed in another large multi-
national study at 32%.6,7 Acquisition of IE in nearly half was
presumed to be health care-related, supporting a low thresh-
old to evaluate underlying IE in the setting of health care-
related S. aureus bacteremia. More importantly, strains exhibit-
ing methicillin-resistance account for up to 40% of IE cases
involving S. aureus.6,7

Endocarditis in IV drug users often is caused by S. au-
reus, whereas prosthetic valve endocarditis is more com-
monly caused by coagulase-negative staphylococci, such as
S. epidermidis. Gram-negative bacilli and fungi together ac-
count for <10% of all endocarditis cases, which usually are
associated with IV drug use, valvular prostheses, and hospital
IV access procedures. Endocarditis caused by anaerobes and
other organisms is rare. Polymicrobial infective endocarditis
(caused by at least two organisms), although uncommon in
the typical patient, is being recognized more frequently in IV
drug users and postoperative patients. Candida species, S. au-
reus, P. aeruginosa, Serratia marcescens, and nonβgroup D
streptococci are the organisms involved most frequently.

Site of Involvement
The site of heart valve involvement is determined by the un-
derlying cardiac defect and the infecting organism.1,2,6,9 The
mitral valve is affected in >85% of cases caused by viridans
streptococci when rheumatic heart disease is the underlying
abnormality. The tricuspid valve is the common site of involve-
ment in staphylococcal endocarditis associated with IV drug
use. In addition, more than one heart valve may be affected si-
multaneously. Overall, the mitral valve is affected slightly more
often than the aortic (55%), followed by the tricuspid (20%)
and the pulmonic (1%) valves. Some studies have shown that
aortic valve involvement is increasing in frequency and is as-
sociated with higher morbidity and mortality.

STREPTOCOCCUS VIRIDANS ENDOCARDITIS
Clinical Presentation

1. A.G., a 57-year-old, 60-kg man with chief complaints of fa-
tigue, a persistent low-grade fever, night sweats, arthralgias, and a
7-kg unintentional weight loss, is admitted to the hospital for eval-
uation. Visual inspection reveals a cachectic, ill-appearing man
in no acute distress. Physical examination on admission is signif-
icant for a grade III/IV diastolic murmur with mitral regurgita-
tion (insufficiency) that has increased from pre-existing murmur,
a temperature of 100.5F, petechial skin lesions, subungual splin-
ter hemorrhages, and Janeway lesions on the soles of both feet
(Figs. 59-1, 59-2, and 59-5). Nail clubbing, Roth spots, or Osler’s
nodes are not evident (Figs. 59-3 and 59-4). The remainder of his
physical examination is unremarkable. A.G.’s medical history is
significant for mitral valve prolapse and, more recently, a den-
tal procedure involving the extraction of four wisdom teeth. The
history of his present illness is noteworthy for the development
of the aforementioned symptoms about 2 weeks after the dental
procedure (about 2 months before admission). His only current
medication is ibuprofen 600 mg QID.

FIGURE 59-1 Janeway lesions. Extensive ecchymotic embolic lesions in
a case of acute bacterial endocarditis.

Relevant laboratory results include hemoglobin (Hgb), 11.4
g/dL; hematocrit (Hct), 34%; reticulocyte count, 0.5%; white
blood cell (WBC) count, 85,000/mm3 with 65% polys and 1%
bands; blood urea nitrogen (BUN), 21 mg/dL; and serum creati-
nine (SrCr), 1.8 mg/dL. A urinalysis (UA) reveals 2+ proteinuria
and 10 to 20 red blood cells (RBC) per high-power field (HPF). The
erythrocyte sedimentation rate (ESR) on admission is elevated at
66 mm/hr and the rheumatoid factor (RF) is positive. Results from
a transthoracic echocardiogram (ECG) were unrevealing.

To establish the diagnosis of IE, three blood cultures were ob-
tained over 24 hours. All cultures obtained on day 1 are reported
to be growing α-hemolytic streptococci. While confirmation and
speciation of the organism is being performed, A.G. is started on
penicillin G, 2 million units IV Q 4 hr (12 million U/day), and
gentamicin, 120 mg (loading dose) followed by 60 mg Q 12 hr. An-
timicrobial susceptibility results are pending. What clinical man-
ifestations and laboratory abnormalities in A.G. are consistent
with IE?

[SI units: Hgb, 114 g/L (normal, 140–180); Hct, 0.34 (normal, 0.39–0.49);

reticulocyte count, 0.005 (normal, 0.001–0.024); WBC count, 85 × 10/L

FIGURE 59-2 Splinter hemorrhages in the nailbed.
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FIGURE 59-3 Osler’s nodes on the tip of the index finger in a case of
endocarditis caused by Staphylococcus aureus.

FIGURE 59-4 Clubbing of the fingers in longstanding subacute bacterial
endocarditis.

FIGURE 59-5 Petechial skin lesions in a case of acute staphylococcal
endocarditis.

with 0.65 polys and 0.01 bands (normal, 3.2–9.8 with 0.54–0.62 polys and

0.03–0.05 bands); BUN, 7.5 mmol/L of urea (normal, 2.9–8.9); and SrCr,

159 mmol/L (normal, 53–133)]

The clinical presentation of IE is highly variable and can in-
volve almost any organ system.1 A.G. appears pale and chroni-
cally ill and represents the typical patient with subacute disease
(e.g., that caused by viridans streptococci). Nonspecific com-
plaints consistent with endocarditis in A.G. include fatigue,
weight loss, fever, night sweats, and arthralgias. Only fever is
present in most (90%) patients with endocarditis. The fever
is characteristically low grade and remittent, with peaks in
the afternoon and evening. The temperature rarely exceeds
103◦F in subacute disease.1 Fever may be absent or mini-
mal in patients with congestive heart failure (CHF), chronic
renal and liver failure, prior use of antimicrobial agents, or
IE caused by less virulent organisms.1 Musculoskeletal com-
plaints (e.g., arthralgias, myalgias, and back pain) are common
and may mimic rheumatic disease. Other symptoms can in-
clude lethargy, anorexia, malaise, nausea, and vomiting.1 Be-
cause signs and symptoms are nonspecific and subtle, diag-
nosis often is difficult. In addition, the time from bacteremia
to diagnosis often is prolonged because of the insidious pro-
gression of symptoms.1 In particular, delayed diagnosis occurs
more commonly in the elderly. Fever may be absent in 30% to
40% of patients >60 years of age, whereas it can be present
in >90% of patients <40 years of age. Fewer of these pa-
tients have new or changed heart murmurs. The most common
presenting complaints in the elderly with endocarditis are con-
fusion, anorexia, fatigue, and weakness, which may be readily
attributable to stroke, heart failure, or syncope.

The temporal relationship between A.G.’s dental procedure
and the onset of symptoms makes it the most obvious cause
of bacteremia and subsequent endocarditis. Although it is as-
sumed that prophylactic antibiotics were administered before
the procedure, endocarditis can develop despite apparently ad-
equate chemoprophylaxis.10

A.G. is noted to have an increase in his pre-existing diastolic
murmur with mitral insufficiency, a finding consistent with
endocarditis. Cardiac murmurs are present in >85% of patients
with endocarditis. Murmurs frequently are absent, however, in
patients with acute disease (e.g., staphylococcal endocarditis),
right-sided disease (e.g., endocarditis in IV drug users), or
mural infection.1

A.G. exhibits several peripheral manifestations of infec-
tive endocarditis, including conjunctival petechiae, Janeway
lesions, and splinter hemorrhages. Overall, peripheral mani-
festations are found in 10% to 50% of cases, but none of these
is pathognomonic for IE. These manifestations are usually a
result of septic embolization of vegetations to distal sites or im-
mune complex deposition. Mucocutaneous petechial lesions
of the conjunctiva, mouth, or pharynx are present in 20% to
40% of patients, especially those with longstanding disease.
These lesions generally are small, nontender, and hemorrhagic
in appearance and occur as a result of vasculitis or periph-
eral embolization. Janeway lesions are painless, hemorrhagic,
macular plaques most commonly found on the palms and soles
(Fig. 59-1). Splinter hemorrhages are nonspecific findings that
appear as red to brown linear streaks in the proximal portion of
the fingers or toenails (Fig. 59-2). Other findings can include
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Roth spots (small, flame-shaped retinal hemorrhages with pale
white centers found near the optic nerve) and Osler’s nodes
(purplish, nonhemorrhagic, painful nodules that develop on
the subcutaneous pads of the fingers and toes or on palms
and soles) (Fig. 59-3). Clubbing (broadening and thickening)
of the nails also may be observed in patients with prolonged
disease1,11 (Fig. 59-4). Petechial skin lesions also are seen
(Fig. 59-5).

Several laboratory findings are consistent with IE in A.G. A
low Hgb and Hct with normal red cell indices suggest anemia
of chronic disease. Of patients with subacute disease, 70% to
90% will have a normochromic, normocytic anemia as part
of their initial presentation. Leukocytosis with a left shift, al-
though not evident in A.G., commonly is seen in those with
acute, fulminant disease such as staphylococcal endocarditis.
The ESR nearly always is elevated in IE, but this finding is
nonspecific and can be associated with several other disease
entities. Rheumatoid factor (an IgM antiglobulin) and circulat-
ing immune complexes can be detected in most patients with
longstanding disease, but both are nonspecific findings.1

Major embolic episodes and infarction involving the kidney,
spleen, lung, and brain develop as secondary complications in
up to one-third of cases.1 A.G. exhibits some degree of renal
damage, as evidenced by moderate hematuria and proteinuria.
Erythrocyte and leukocyte cast formation also may be present.
Alterations in A.G.’s renal function (increased BUN and cre-
atinine) probably are a result of immune complex deposition
(diffuse glomerulonephritis) or secondary to renal emboliza-
tion (focal glomerulonephritis). Renal impairment, however,
usually is reversible with the institution of effective antimicro-
bial therapy.1,11

Cardiac complications occur most frequently. CHF, the most
common cause of death in IE, is the most compelling indication
for surgery. Infection-induced valvular damage is responsible
for valvular insufficiency causing heart failure.1,11 As many as
two-thirds of patients with endocarditis develop CHF. Aortic
valve infection is more frequently associated with CHF than
that of mitral valve infection. Other manifestations include
paravalvular abscesses, pulmonary edema, and pericarditis.11

Mitral valve injury caused by viridans streptococci generally
is better tolerated hemodynamically than aortic valve injury
caused by staphylococci. Although A.G. has no apparent signs
of overt heart failure, he should be monitored closely for the
development of hemodynamic instability.

Neurologic complications rank second to cardiac compli-
cations in frequency, but they may be the leading cause of
death in patients with endocarditis. Stroke is the most com-
mon neurologic complication of IE.11 A stroke syndrome in a
patient with underlying valvular abnormalities should prompt
the clinician to rule out IE. Other clinical manifestations in-
clude headache, mental status change, stroke or transient is-
chemic attack, seizures, brain abscess, or intracranial mycotic
aneurysms.1,11 Neurologic symptoms were noted in as many as
35% of patients in a study of S. aureus endocarditis in patients
who were not drug addicts. A mortality rate of 74% was found
for those with major neurologic manifestations compared with
56% in those without.12

Splenomegaly, although not part of A.G.’s findings, oc-
curs in 20% to 60% of all cases and is more common in
patients with a prolonged subacute presentation. In addition,

metastatic abscesses can develop in virtually any organ sec-
ondary to systemic septic embolization. The most commonly
involved metastatic foci are the spleen, kidney, liver, and iliac
and mesenteric arteries.11

Diagnosis

2. How was the diagnosis of IE established in A.G.?

Blood Cultures
Although A.G.’s medical history (mitral valve prolapse, recent
dental procedure) and clinical presentation are highly sugges-
tive of IE, blood culture is the single most important diagnostic
workup of a patient suspected to have IE.1 Bacteremia sec-
ondary to endocarditis is continuous and low grade; >50% of
the cultures have only 1 to 30 bacteria/mL. Despite the low con-
centration of organisms, bacteremia (when present) results in
at least one of the first two blood cultures being positive in 95%
of cases.1 Administration of antibiotics within the previous 2
weeks may significantly decrease this yield.13

At least three sets of blood cultures collected by separate
venipunctures should be obtained over the first 24 hours of
presentation.1 In a “stable” patient such as A.G. who has had
the disease for several weeks or months, it is important to estab-
lish the exact microbiologic cause before initiating antimicro-
bial therapy. Patients who are acutely ill should have empiric
therapy started as soon as the appropriate cultures are obtained
to avoid further valvular damage or other complications.1

Echocardiography
Echocardiography is a valuable tool in establishing early di-
agnosis, identifying patients at high risk for complications,
and optimizing the timing and mode of surgical intervention
by detecting and monitoring associated pathologic changes
such as valvular abscess, as well as the presence and size of
vegetations.1,14,15 In an ECG, high-frequency sound waves are
applied, and the reflection by body tissues is processed by a
transducer to create images. The transducer may be placed
on the chest (transthoracic echocardiogram [TTE]) or in the
esophagus (transesophageal echocardiogram [TEE]).14 TTE
is a rapid and noninvasive procedure with a 98% specificity
for vegetations. Sensitivity for vegetations may be <60% to
70%, however, for adult patients with obesity, hyperinflated
lungs caused by emphysema, or a prosthetic valve. TEE is
more costly and invasive, but is significantly more sensitive in
detecting vegetations while maintaining high specificity. All
patients with suspected IE should have an ECG on admission
and repeated during their course, as necessary.14 Two cost-
effective analyses support the increased use of TEE to define
antibiotic therapy duration for intravascular catheter-related
S. aureus bacteremia (2 vs. 4 weeks)16,18 In particular, com-
pared with TTE, TEE is superior in the diagnosis of pace-
maker IE and IE in the elderly, and should be performed in
all patients with a complicated course in whom perivalvular
extension is suspected unless contraindicated by underlying
esophageal disease.1 A.G. has a negative TTE result on ad-
mission. Given the high clinical suspicion for IE in A.G., a
follow-up TEE is recommended to rule out a false–negative
result because TTE is less sensitive than TEE and that initial
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perivalvular abscesses may be missed by both TTE and TEE
when performed early in a patient’s illness. Documentation
of valvular morphology, the presence and size of vegetations,
ventricular function, and valvular insufficiency is important to
establish a baseline and, on completion of therapy, to guide fu-
ture medical management and appropriate timing of interven-
tion.9

In summary, IE should be suspected in any patient who has
a documented fever and heart murmur. Prior cardiac disease,
peripheral manifestations, splenomegaly, various laboratory
abnormalities, and a positive ECG strengthen the diagnosis,
but microbiologic documentation is the most important fac-
tor in confirming IE. Disease entities with overlapping clinical
presentation and laboratory abnormalities should be excluded
using the appropriate tests.1

Standardized criteria (Duke criteria) for the clinical as-
sessment of patients suspected of having IE were proposed
by a group at Duke University in 1994.19 Limitations of the
Duke criteria, such as misclassification of culture-negative en-
docarditis and the overly broad categorization of “possible”
causes as well as the increasing role of TEE and the relative
risk of IE with S. aureus bacteremia, were addressed in a modi-
fied version.20 Diagnostic criteria for IE are listed in Table 59-2
and Table 59-3, which integrate clinical, laboratory, microbi-
ologic, and echocardiographic data.9,20 Based on published
evidence involving nearly 2,000 patients, the American Heart
Association (AHA) recommends in its 2005 statement that
the modified Duke criteria be used as the primary diagnostic
schema to evaluate patients suspected of IE.9

A.G. possesses one major criterion (positive blood cultures)
and three minor criteria (fever, predisposing heart condition,
vascular and immunologic phenomena); therefore, he meets
the diagnostic criteria for definite IE.20

Table 59-2 Definition of Infective Endocarditis (IE) According
to the Modified Duke Criteria

Definite Infective Endocarditis

pathologic criteria

Microorganisms: Demonstrated by culture or histology examination
of a vegetation, a vegetation that has embolized, or an intracardiac
abscess specimen, or

Pathologic lesions: Vegetation or intracardiac abscess confirmed by
histologic examination showing active endocarditis

clinical criteria

Using specific definitions listed in Table 59-3; two major criteria or
one major and three minor criteria or five minor criteria

Possible Infective Endocarditis

One major criterion and one minor criterion; or three minor criteria

Rejected

Firm alternative diagnosis explaining evidence of IE; or
Resolution of IE syndrome with antibiotic therapy for <4 days; or
No pathologic evidence of infective endocarditis at surgery or autopsy,

with antibiotic therapy for <4 days; or not meet criteria for possible
IE as above

Modifications shown in bold.
From reference 20, with permission.

Table 59-3 Definitions of Terminology Used in the Modified
Duke Criteria for the Diagnosis of Infective Endocarditis (IE)

Major Criteria

Blood culture positive for infective endocarditis
� Typical microorganisms consistent with IE from two separate blood

cultures
1. Viridans streptococci, Streptococcus bovis, HACEK group, or
2. Staphylococcus aureus or community-acquired enterococci in the

absence of a primary focus, or
� Microorganisms consistent with IE from persistently positive blood

cultures defined as follows:
1. At least two positive blood cultures drawn >12 hr apart, or
2. All of three or a majority of four separate cultures of blood

(with first and last sample drawn at least 1 hr apart)
� Single positive blood culture for Coxiella burnetti or antiphase

1 IgG antibody titer > 1:800

Evidence of endocardial involvement
� Echocardiogram positive for IE (TEE recommended for patients

with prosthetic valves, rated at least “possible IE” by clinical
criteria or complicated IE [paravalvular abscess]; TEE as first
test in other patients) defined as follows:
1. Oscillating intracardiac Masson valve or supporting structures, in

the path of regurgitant jets, or on implanted material in the
absence of an alternative anatomic explanation; or

2. Abscess, or
3. New partial dehiscence of prosthetic valve

� New valvular regurgitation (worsening or changing of pre-existing
murmur not sufficient)

Minor Criteria

� Predisposition: Predisposing heart condition or intravenous drug use
� Fever >38◦C (100.4◦F)
� Vascular Phenomena: Major arterial emboli, septic pulmonary

infarcts, mycotic aneurysm, intracranial hemorrhage, conjunctival
hemorrhages, Janeway lesions

� Immunologic Phenomena: Glomerulonephritis, Osler’s nodes, Roth
spots, rheumatoid factor

� Microbiologic Evidence: Positive blood culture but not meeting
major criterion as noted above or serologic evidence of active
infection with organism consistent with IE

� Echocardiographic minor criteria eliminated

Modifications shown in bold.
Excludes single positive cultures for coagulase-negative staphylococci and organisms
that do not cause endocarditis.
HACEK, Haemophilus species, Actinobacillus actinomycetemcomitans, Cardiobac-
terium hominis, Eikenella species, and Kingella kingae; TEE, transesophageal
echocardiography
From reference 20, with permission.

Antimicrobial Therapy
General Principles

3. What would be a reasonable duration of antibiotic ther-
apy for A.G.? When are serum bactericidal titers (SBT) useful in
treating bacterial endocarditis?

The avascular nature of the vegetation results in an envi-
ronment that is devoid of normal host defenses (e.g., phago-
cytic cells and complement); this permits uninhibited growth
of bacteria.2 Therefore, to eradicate the causative organ-
ism, high doses of a parenterally administered, bactericidal
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antibiotic generally are administered for 4 to 6 weeks.1,21

For some infections, it may be necessary to use two antibi-
otics to achieve synergistic activity against the organism.22

For example, the addition of an aminoglycoside to penicillin
results in a more rapid and complete bactericidal effect against
enterococci.23

Once an organism has been identified, its in vitro suscep-
tibility pattern is determined by the minimum inhibitory con-
centration (MIC) for various antibiotics. Standard Kirby-Bauer
disk testing is inadequate in the setting of IE to aid in selection
of antibiotics without the quantitative information provided by
the MIC.1 In addition, the minimum bactericidal concentration
(MBC) may be useful in detecting tolerant strains, particularly
in the setting of unexplained slow response or treatment failure.
Routine MBC determination is not recommended, however.1

Treatment of endocarditis requires antibiotics with bacterici-
dal activity; therefore, the serum concentration of the antibiotic
must greatly exceed the MBC for the particular organism. For
endocarditis caused by viridans streptococci acquired from the
community, this usually is achieved without much difficulty
because most isolates are sensitive to penicillin at an MIC of
<0.125 mcg/mL; corresponding MBC are, at most, one or
two tube dilutions higher.24 The emergence of strains demon-
strating resistance to penicillin and related β-lactams, such
as ceftriaxone, is a significant problem, particularly among
bloodstream isolates obtained from the nosocomial setting and
neutropenic cancer patients.24−27 The increasing prevalence
of β-lactam-resistant clinical isolates highlights the impor-
tance of determining the MIC and continued close monitor-
ing of the antibiotic susceptibility of viridans streptococci. An
increasing number of reports have described suboptimal re-
sponse to vancomycin therapy for the treatment of invasive
infection caused by methicillin-resistant Staphylococcus au-
reus (MRSA) strains showing borderline susceptibility (MIC
2 mcg/mL).28 Many such strains demonstrated tolerance to
vancomycin as defined by a high MBC-to-MIC ratio (≥32).29

Thus, these data support the need to determine MBC and pos-
sibly SBT (see below) in the setting where the treatment option
for IE caused by S. aureus is limited to vancomycin and sub-
optimal response is observed.29

The SBT, commonly called a Schlichter test, is an in vitro
modification of the MBC test. It measures the killing activity
of the patient’s serum (containing antibiotic) against the iso-
lated organism.30 To perform the test, a known inoculum of the
patient’s organism is added to serial dilutions of the patient’s
serum. The SBT is the highest dilution that kills 99% to 100%
of the inoculum.

Much controversy surrounds the value of the SBT in mon-
itoring therapy for IE, the usefulness of peak versus trough
SBT, and the appropriate SBT endpoint required for successful
treatment of bacterial endocarditis.1,31 The lack of agreement
is partly because of the nonstandardized method for perform-
ing SBT, such as the inoculum size used and the timing of SBT
samples, which leads to difficulty in test interpretation and
correlation with clinical outcome.1,31 In one large, multicenter
study using a standardized method, peak titers (dilutions) of
≥1:64 and trough titers of ≤1:32 were needed to predict bac-
teriologic cure in all patients.31 On the other hand, the SBT was
a poor predictor of failure, because many patients who were
cured had much lower SBT (e.g., <1:8). Until an accepted,
standardized method is established, routine performance of

SBT is not recommended. The SBT test may be useful in the
following situations: (a) when endocarditis is caused by rel-
atively resistant organisms (e.g., relatively penicillin-resistant
viridans streptococci, MIC 0.1–0.5 mcg/mL) when a synergis-
tic combination of antibiotics might be beneficial; (b) when
response to therapy has been suboptimal; and (c) when less
well-established regimens are used for treatment.1,30 Alterna-
tively, in vitro synergy studies using the standard microtiter
checkerboard tests or time-kill curves in broth may be per-
formed to evaluate the synergistic potential of combination
therapy in the above situations.1

4. What antibiotic regimens are most useful for the treatment
of viridans streptococci endocarditis?

Patients with endocarditis caused by penicillin-sensitive
strains of viridans streptococci and nonenterococcal group
D streptococci (e.g., S. bovis; MIC <0.1 mcg/mL) can be
treated with any one of three regimens as outlined in the 1995
AHA treatment guidelines.21 The suggested regimens (Table
59-4) are associated with cure rates of up to 98% and in-
clude (a) high-dose parenteral penicillin for 4 weeks; (b) high-
dose parenteral ceftriaxone for 4 weeks; and (c) 2 weeks of
combined therapy with high-dose parenteral penicillin and an
aminoglycoside.4,21,32–37 Studies also indicate that combined
therapy with once-daily dosing of ceftriaxone and an amino-
glycoside for 2 weeks demonstrate comparable efficacy for
selected patients.38,39

High-Dose Penicillin for 4 Weeks
The IV administration of 10 to 20 million units/day of peni-
cillin G for 4 weeks resulted in a cure rate of 100% for 66 pa-
tients with nonenterococcal streptococcal endocarditis.33 An-
other study using penicillin alone reported relapse in only 2 of
49 patients; however, both of these patients received <4 weeks
of therapy.37 The large range of 12 to 18 million units/day of
penicillin is recommended to allow flexibility in dosing based
on the patient’s renal function and disease severity.

Single Daily Ceftriaxone for 4 Weeks
Ceftriaxone has been shown to have excellent in vitro activ-
ity against viridans streptococcal strains isolated from patients
with endocarditis. In one study, all 49 strains of viridans strep-
tococci and 11 strains of S. bovis were inhibited at a concentra-
tion of <0.125 mcg/mL of ceftriaxone; one strain of S. sanguis
was inhibited at an MIC of 0.25 mcg/mL.40 Although no direct
comparative trials have been performed evaluating ceftriaxone
against high-dose penicillin for the treatment of streptococ-
cal endocarditis, current data (based on open-label studies of
ceftriaxone) indicate an efficacy rate comparable to that of
high-dose penicillin when treatment is given for 4 weeks.41–42

Of the 70 assessable patients who received ceftriaxone 2 g as
a single daily dose for 4 weeks, all were cured, except for 1
patient who had a probable relapse 3 months after completion
of therapy. All strains of viridans streptococci were inhibited
by ceftriaxone at an MIC of 0.25 mcg/mL in both studies. One
study included only patients without cardiovascular risk fac-
tors or complications. Although the simplicity of single daily
treatment with ceftriaxone is attractive for outpatient use, care-
ful patient selection based on microbiologic, clinical, and host
factors is critical to the success of treatment and the proper and
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Table 59-4 Suggested Regimens for Therapy of Native Valve Endocarditis Caused by Streptococcus viridans and Streptococcus bovis

Antibiotic Dosea,b and Route Duration

Penicillin-Susceptible (Minimum Inhibitory Concentration = 0.12 mcg/mL)

Aqueous crystalline penicillin Gc Adult: 12–18 million units/24 hr intravenously (IV) either continuously or in four to six equally divided
doses

Pediatric: 200,000 units/kg/24 hr IV (max: 20 million units/24 hr) either continuously or in four to six
equally divided doses

4 wk

Ceftriaxone sodiumc Adult: 2 g once daily IV or intramuscularly (IM)
Pediatric: 100 mg/kg once daily IV or IM

4 wk

Aqueous crystalline penicillin G Adult: 12–18 million units/24 hr IV either continuously or in six equally divided doses
Pediatric: 200,000 units/kg/24 hr IV (max: 20 million units/24 hr) either continuously or in six equally

divided doses

2 wk

Ceftriaxone sodium Adult: 2 g once daily IV or IM
Pediatric: 100 mg/kg once daily IV or IM

With gentamicin sulfated Adult: 3 mg/kg once daily IV or IM
Pediatric: 3 mg/kg once daily IV or IM or in three equally divided doses

2 wk

Relatively Penicillin G Resistant (Minimum InhibitoryConcentration >0.1 mcg/mL and <0.5 mcg/mL)

Aqueous crystalline penicillin Ge Adult: 24 million units/24 hr IV either continuously or in four to six equally divided doses
Pediatric: 200,000–300,000 units/kg/24 hr IV (max: 20 million units/24 hr) either continuously or in

four to six equally divided doses

4 wk

Ceftriaxone sodium Pediatric: 100 mg/kg once daily IV or IM
With gentamicin sulfated Adult: 3 mg/kg once daily IV or IM

Pediatric: 3 mg/kg once daily IV or IM or in three equally divided doses
2 wk

β-Lactam Allergic Patients

Vancomycin hydrochloride f Adult: 30 mg/kg/24 hr IV in two equally divided doses (max: 2 g/24 hr unless serum concentrations are
monitored)

Pediatric: 40 mg/kg/24 hr IV in two or three equally divided doses (max: 2 g/24 hr unless serum
concentrations are monitored)

4 wk

aPediatric doses should not exceed that of a normal adult.
bAntibiotic doses for patients with impaired renal function should be modified appropriately. Vancomycin dosage should be reduced in patients with renal dysfunction; cephalosporin
dosage may need to be reduced in patients with moderate to severe renal dysfunction.
cPreferred in most patients >65 years of age and in those with impairment of the eighth nerve or renal function.
d Two-week regimen not intended for patients with known cardiac or extracardiac abscess or for those with creatinine clearance of <20 mL/min, impaired eighth cranial nerve
function or Abiotrophia, Granullicatella, or Gemelia infection. Gentamicin dosage should be adjusted to achieve peak serum concentrations of 3–4 mcg/mL and trough serum
concentrations of <1 mcg/mL when three divided doses are used; nomogram used for single daily dosing. Other potential nephrotoxic drugs should be used with caution in patients
receiving gentamicin therapy.
eCefazoilin or other first-generation cephalosporins may be substituted for penicillin in patients whose penicillin hypersensitivity is not of the immediate type.
f Vancomycin dosage should be reduced in patients with impaired renal function. Vancomycin given on a mg/kg basis produces higher serum concentrations in obese patients than
in lean patients. Therefore, in obese patients, dosing should be based on ideal body weight. Each dose of vancomycin should be infused over at least 1 hr to reduce the risk of
the histamine-release red man syndrome. Peak serum concentrations of vancomycin should be obtained 1 hr after completion of the infusion and should be in the range of 30–
45 mg/mL. Trough concentrations should be obtained within half an hour of the next dose and be in the range of 10–15 mcg/mL.
Adapted from reference 9, with permission.

timely management of potential complications. (See Question
32 for a detailed discussion of outpatient therapy.)

High-Dose Penicillin or Ceftriaxone Plus an Aminoglycoside
for 2 Weeks
The combination of 2 weeks of streptomycin (or gentami-
cin) with 4 weeks of penicillin is synergistically bacterici-
dal for most streptococci, including enterococci (see Question
16).22,35 This in vitro synergy also has been correlated with
a more rapid rate of eradication of viridans streptococci from
cardiac vegetations in the rabbit model of endocarditis.4 A
shortened combination regimen consisting of high-dose peni-
cillin G and streptomycin for 2 weeks is an effective alternative
to the previously described regimens. The reported cure rate in

104 patients treated at the Mayo Clinic with this regimen was
99%.34,35

Although clinical experience with combination therapy has
been primarily with penicillin and streptomycin, in vitro and
animal data support that streptomycin and gentamicin are rea-
sonably interchangeable. Gentamicin is more widely used in
clinical practice and serum concentrations are more readily
available to monitor efficacy and toxicities. Experimental data
suggest that a gentamicin dosing interval of once versus thrice
daily does not affect the relative efficacy of penicillin plus gen-
tamicin for treatment of viridans streptococcal endocarditis.36

Combination therapy with ceftriaxone and an aminoglyco-
side for 2 weeks has also been evaluated in two studies.37,38

In a noncomparative, open-label study, a 2-week course of
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ceftriaxone 2 g plus netilmicin (3 mg/kg) (both given once
daily) resulted in a clinical cure of 87% in 48 evaluable
patients.38 A second open-label study compared ceftriaxone
2 g alone versus the combination of ceftriaxone 2 g plus gen-
tamicin (3 mg/kg), both given once daily, for the treatment of
endocarditis caused by penicillin-susceptible streptococci.39

Patients were randomized to either regimen; 26 monotherapy
recipients and 25 combination therapy recipients were evalu-
able. Clinical cure was observed in 96% of the patients in both
groups at completion of therapy and at 3-month follow-up. This
study excluded patients with suspected or documented cardiac
or extracardiac abscesses and those with prosthetic valve en-
docarditis. Although the aminoglycoside agent (netilmicin or
gentamicin) was administered as a single daily dose in both
studies, all of the patients had measurable serum trough levels.
Therefore, the efficacy of “extended-interval dosing” of amino-
glycoside (whereby trough levels are not detectable, allowing
a drug-free interval) in short-course combination therapy will
need to be confirmed in future studies.

Based on available data, the 2-week regimen of penicillin or
ceftriaxone plus an aminoglycoside appears to be efficacious
for uncomplicated cases of penicillin-susceptible viridans
streptococci endocarditis. It is not currently recommended for
patients with extracardiac complications or intracardiac ab-
scesses. Patients infected with Abiotrophia species (formerly
known as nutritionally variant viridans streptococci) or viri-
dans streptococci who have a penicillin MIC >0.1 mcg/mL,
or patients who have prosthetic valve infections should not
receive short-course therapy.21

Special Considerations
The risk of relapse may be higher in patients who have
had symptoms for >3 months before the initiation of treat-
ment.1,21,42 These patients should be treated with 4 to 6 weeks
of penicillin combined with an aminoglycoside for the first 2
weeks.1,21,42

Nutritionally deficient or variant streptococci (NVS) have
been reclassified into a new genus, Abiotrophia, which includes
A. defectiva, A. adjacens (renamed again as Granulicatella ad-
jacens), and A. elegans. Abiotrophia species are slow-growing,
fastidious organisms that are responsible for approximately 5%
of IE cases. Previously, NVS was the cause of most of the cases
of endocarditis diagnosed as “culture-negative” initially owing
to its requirement for the addition of vitamin B6 (pyridoxal
HCl) to the culture media for laboratory growth. Laboratory
identification is no longer a significant problem, however, be-
cause of current culture media and laboratory techniques.24

Nutritionally deficient or variant streptococci are less sus-
ceptible to penicillin when compared with other streptococci.
Up to two-thirds of NVS organisms have relatively high MIC
to penicillin (0.2–2.0 mcg/mL), and some show high-level re-
sistance to penicillin (MIC >4 mcg/mL).24 In addition, tol-
erance to penicillin has been described in many strains.24

An animal model of endocarditis indicates that a penicillin–
aminoglycoside (streptomycin or gentamicin) combination is
significantly better than penicillin alone in reducing bacte-
rial counts of these organisms.43 More importantly, endo-
carditis caused by NVS is associated with greater morbidity
and mortality compared with IE caused by other streptococci.
Higher mortality rate (14% vs. 5%), more frequent compli-
cations of embolization (33% vs. 11%) and CHF (33% vs.

18%), and an increased rate of surgical intervention (33% vs.
18%) were observed in a study comparing 49 patients with
NVS endocarditis versus 130 patients infected with other oral
streptococci.24 High rates of bacteriologic failure and relapse
may be expected in patients despite completion of the treat-
ment course for strains highly susceptible to penicillin.24 All
patients infected with NVS or Abiotrophia should receive 4 to 6
weeks of penicillin (or ampicillin) in combination with genta-
micin.21 A 6-week course of combination therapy with peni-
cillin and gentamicin is recommended for patients with symp-
toms >3 months in duration and those with prosthetic valve
endocarditis caused by these strains.21,24 Patients with endo-
carditis caused by relatively resistant viridans streptococci with
penicillin MIC of >0.5 mcg/mL or enterococci should receive
a similar treatment regimen, as described above.21

Patients allergic to β-lactams should receive vancomycin
30 mg/kg/day divided into two doses for 4 to 6 weeks. In pa-
tients who have had minor reactions to penicillins (e.g., a de-
layed rash), a first-generation cephalosporin, such as cefazolin
(1–2 g Q 6–8 hr), may be cautiously substituted. Although
the addition of an aminoglycoside to a cephalosporin or van-
comycin enhances bactericidal activity in vitro, it is unknown
whether the addition of an aminoglycoside confers any addi-
tional clinical benefit.21

Regimen Selection

5. What factors must be considered in selecting a regimen for
A.G.? Which regimen should be used for A.G.?

For most cases of endocarditis caused by penicillin-sensitive
viridans streptococci (in patients not allergic to penicillin), all
three of the aforementioned regimens are equally acceptable;
therefore, the choice should be based on their relative ad-
vantages and disadvantages. The 2-week regimen requires the
shortest hospital stay, but it has the disadvantage of possible
ototoxicity and nephrotoxicity secondary to aminoglycoside
administration. Therefore, it may be prudent to consider the
use of penicillin or ceftriaxone alone for 4 weeks in older per-
sons (>65 years) and those with impaired renal or vestibular
function. For those with uncomplicated viridans streptococci
endocarditis who can manage the technical aspects of outpa-
tient therapy, ceftriaxone monotherapy offers the convenience
of single daily administration. The combined regimen consist-
ing of penicillin (or ampicillin) and an aminoglycoside for 4
to 6 weeks can be used for patients infected with NVS or rel-
atively penicillin-resistant strains, those with prosthetic valve
infections, and those with longstanding disease (symptoms >3
months).21,24,42

Assuming the viridans streptococci isolated from A.G. is not
resistant to penicillin and he has no other complicating factors,
any of the suggested regimens would be appropriate. Because
no compelling reason exists to use the 4-week regimens, the 2-
week penicillin–aminoglycoside regimen is the most economic
choice. Although A.G. has mild renal impairment, this is most
likely secondary to the endocarditis and should improve once
adequate antimicrobial therapy has been instituted. A.G. was
begun on 12 million units/day of penicillin G, which would be
reasonable for his age and mild renal impairment. If nephro-
toxicity were a major concern in A.G., penicillin or ceftriaxone
alone for 4 weeks would be reasonable. If gentamicin is used,
A.G.’s dose should be adjusted appropriately and he should be
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evaluated frequently for signs of toxicity. Periodic peak and
trough aminoglycoside concentrations should be monitored.

STAPHYLOCOCCUS EPIDERMIDIS: PROSTHETIC
VALVE ENDOCARDITIS
Etiology

6. F.T., a 65-year-old man, presents with chief complaints of
anorexia, fever, chills, and weight loss. His medical history is sig-
nificant for replacement of his mitral and aortic heart valves (both
porcine) 1 year ago for aortic stenosis, mitral regurgitation, and
mitral stenosis secondary to rheumatic heart disease. One month
later he was readmitted with fever, a right pleural effusion, a peri-
cardial friction rub, and pericarditis. The impression at that time
was either postpericardiotomy or Dressler’s syndrome. F.T. was
sent home on anti-inflammatory agents but failed to improve. Af-
ter continued complaints of anorexia, nausea, chills, and fever to
101◦F, he returned to the hospital. On readmission, his physical
examination was noteworthy for a systolic ejection murmur at
the left sternal border and 3+ pedal edema. Blood cultures were
obtained and routine laboratory studies were performed. His his-
tory and clinical presentation were strongly suggestive of pros-
thetic valve endocarditis (PVE). What are the most likely agents
responsible for PVE in F.T.?

Prosthetic valve endocarditis is a life-threatening infectious
complication of artificial heart valve implantation that accounts
for 7% to 25% of cases of IE in developed countries.44 The
prevalence of complications resulting in death has been as high
as 20% to 40%.45 The risk of PVE after surgery is approxi-
mately 1% at 12 months and 2% to 3% at 60 months. PVE is
categorized as early or late, depending on the onset of clini-
cal manifestations following cardiac surgery.45,44 Early PVE
occurs within 2 months following surgery and is thought to
represent infection acquired during valve placement. It usu-
ally is caused by skin organisms that were implanted into the
valve annulus (suture site where the valve is attached to car-
diac muscle) at the time of surgery.44,45 The most common
organisms cultured from patients such as F.T. with early PVE
are coagulase-negative staphylococci (primarily S. epidermidis
[>30%], most of which are resistant to methicillin), followed
by S. aureus (20%), and gram-negative bacilli (10%–15%).
Miscellaneous organisms, such as diphtheroids and fungi, ac-
count for the remainder.44,45 On the other hand, streptococci
are a more common cause of late PVE (>2 months after
surgery).44,45

Nosocomial bacteremia and fungemia in a patient with pros-
thetic heart valves contribute to a significant risk for the de-
velopment of PVE. One study noted that bacteremia caused by
staphylococci and gram-negative bacilli resulted in 55% and
33% of subsequent PVE cases, respectively.46 Another study
observed the development of PVE in 25% (11 of 44) of patients
following nosocomial candidemia.47

Prophylaxis

7. What measures can be taken to prevent early PVE?

The overall frequency of early PVE, despite antibiotic pro-
phylaxis, is 1% to 4%.48 Complications are severe and include

valve dehiscence, acute heart failure, arrhythmias, and out-
flow obstruction. Although antibiotic prophylaxis before valve
surgery (a “clean” procedure) has not been proved to reduce
the frequency of early PVE, it is indicated nevertheless be-
cause the complications of infection are catastrophic. Animal
data indicate that antibiotic prophylaxis reduces the infection
rate.48

Cephalosporins
The antimicrobial regimen used most commonly for car-
diac surgery prophylaxis consists of an antistaphylococcal
cephalosporin, such as cefazolin, given in the operating room
at the time of induction of anesthesia or within 60 minutes
before the procedure. Drug administration should be timed to
produce peak concentrations at the time when bacteremia may
result from the procedure. Cephalosporins are frequently se-
lected because they are active against most strains of S. aureus.
The prevalence of methicillin- (and cephalosporin-) resistant
strains is increasing, however, exceeding 50% in many centers.

Most strains (87%) of coagulase-negative staphylococci are
also methicillin- (and cephalosporin-) resistant.45,49

Resistance is thought to be caused by an altered penicillin
binding protein (PBP 2a); thus, cross-resistance to all other
β-lactams is expected.50

Vancomycin
Vancomycin has been used as the alternative prophylactic agent
of choice when a first-generation cephalosporin cannot be used.
Given its demonstrated efficacy, vancomycin could be con-
sidered the prophylactic agent of choice for cardiovascular
procedures, including prosthetic valve replacement and im-
plantation of prosthetic grafts, if (a) the patient recently has
received broad-spectrum antimicrobial therapy and is likely
to be colonized with cephalosporin-resistant staphylococci or
enterococci, or (b) the procedure is performed in a center expe-
riencing outbreaks or a high endemic rate of surgical infection
with methicillin-resistant staphylococci.51

8. What are the disadvantages of the routine use of vancomycin
as a prophylactic agent?

Because the frequency of PVE is low, it would be nearly im-
possible to demonstrate a statistically significant decrease in
its incidence following the use of vancomycin compared with
conventional agents. Thus, the decision to use vancomycin
rests on its superior in vitro activity for methicillin-resistant
staphylococci. Arguments against the use of vancomycin in
this specific setting are compelling, however. First, the potential
for vancomycin-related hypotension is of concern.51 More im-
portantly, the emergence of vancomycin-resistant enterococci
(VRE), glycopeptide-intermediate (GISA) and glycopeptide-
resistant S. aureus (VRSA) heightens the need to limit van-
comycin use, because prior exposure to vancomycin is a rec-
ognized predisposing risk for the development of resistance to
vancomycin.52−55

Of note, ceftobiprole, a novel investigational cephalosporin
agent, was shown to be equally effective when compared with
vancomycin against MRSA in skin and soft tissue infections
in a phase III trial.56 If proved safe and effective for marketing,
this agent holds a promising role for use in this setting.57

In summary, the most appropriate prophylactic antibiotic
for valve replacement surgery is patient and institution specific.
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The decision should be based on the patient’s prior exposure to
antibiotics and resultant colonization, in addition to the con-
ditions at each institution, such as the infection rate, the types
of organisms recovered, the number of procedures performed,
and the feasibility of implementing effective infection control
measures.

ADVERSE EFFECTS

9. What is the most common infusion-related adverse effect
associated with vancomycin, and how can it be minimized?

The most common adverse effect associated with van-
comycin administration is the so-called “red man” or “red
neck” syndrome,58,59 which most commonly causes erythema
of the head and upper torso, pruritus, urticaria, and in some
cases hypotension. It is mediated in part by histamine release,
and the severity of the reaction is proportional to the quan-
tity released (see Chapter 4, Anaphylaxis and Drug Allergies).
The total dose of vancomycin administered and the rate of in-
fusion are major determinants of the frequency and severity of
this reaction. The reaction can be minimized by administering
vancomycin over ≥1 hour. Cutaneous manifestations of the
vancomycin-induced red man syndrome still can occur with a
1-hour infusion, but hypotension is uncommon.58,59

Several drugs used perioperatively and in anesthesia also
cause histamine release; therefore, the possibility of additive
toxicity with vancomycin cannot be dismissed. Most of the seri-
ous reactions caused by vancomycin have occurred in patients
scheduled for surgery. Vancomycin-induced hypotension oc-
curred in 7% of patients scheduled for cardiothoracic surgery,
despite the 1-hour infusion time.51

ADMINISTRATION

10. When vancomycin is used to prevent PVE, when should it
be administered relative to the time of surgery?

Vancomycin cannot be given in the operating room because
it must be administered by infusion over 1 hour, and “on-call”
administration right before the procedure may not provide suf-
ficient time for the vancomycin infusion to achieve adequate
serum and tissue levels. Therapeutic serum concentrations of
vancomycin can be maintained reliably during surgery if the
15 mg/kg dose is infused over 1 hour just before initiation of
anesthesia.51

Antibiotic-Impregnated Heart Valves
PVE following heart valve replacement surgery is rare, but
early-onset infection is associated with a mortality rate of 23%
to 41%.44 Systemically administered antibiotic prophylaxis be-
fore surgery does not confer 100% protection. The infectious
process typically begins at the sewing ring and extends to in-
volve the adjacent area between the prosthesis and the annu-
lus of the heart valve. Hence, investigators have evaluated the
use of antibiotic-impregnated heart valve sewing rings for the
prophylaxis and treatment of bacterial endocarditis. Various
antibiotics, including rifampin, gentamicin, and clindamycin,
have been studied with respect to their diffusion kinetics and
duration of antimicrobial activity both in vitro and in animal
experiments.60–62 Whether the combination of “local” and sys-
temic antimicrobial prophylaxis enhances the prophylactic ef-

ficacy against PVE will require confirmation, however, from
clinical trials involving large number of patients.

Antimicrobial Therapy

11. What are the treatment options for F.T.?

As noted earlier, F.T. most likely is infected with coagulase-
negative staphylococci. For those rare coagulase-negative
staphylococci that remain sensitive to β-lactams (<20%), a
penicillinase-resistant penicillin (nafcillin or oxacillin) is the
drug of choice (Table 59-5).49 For the treatment of PVE
caused by methicillin-resistant, coagulase-negative staphylo-
cocci, vancomycin remains the cornerstone of therapy.49 Most
of the staphylococci remain sensitive to vancomycin at concen-
trations of <5 mcg/mL; however, strains of staphylococci with
intermediate susceptibility to vancomycin have emerged in the
United States and elsewhere and are increasingly reported.63,64

The AHA currently recommends the use of triple-drug
combination therapy for the treatment of PVE caused by
methicillin-resistant, coagulase-negative staphylococci based
on experimental models of endocarditis and limited clinical
data.21 In a retrospective review of 75 episodes of PVE caused
by methicillin-resistant S. epidermidis (MRSE),65 21 of 26 pa-
tients treated with vancomycin were cured compared with 10
of 20 patients treated with a β-lactam antibiotic (p = 0.05);
however, the addition of either rifampin or an aminoglyco-
side to vancomycin appeared to produce superior results (18
of 20 cured) compared with vancomycin alone (3 of 6 cured,
p = 0.06). A subsequent prospective, multicenter study com-
pared the efficacy of 6 weeks of vancomycin plus rifampin with
and without gentamicin for the first 2 weeks for the treatment
of PVE caused by MRSE.45,49 The emergence of rifampin-
resistant strains during therapy was reduced by the addition of
gentamicin (6 of 15 vs. 0 of 8, p = 0.04). Based on current data,
a three-drug regimen (vancomycin, gentamicin, and rifampin)
appears to be optimal for the medical treatment of PVE caused
by MRSE, although toxicity would be expected to be greater.
When isolates of MRSE are resistant to all available amino-
glycosides, aminoglycoside treatment should be omitted. A
fluoroquinolone active against the isolate may be considered
as substitute for the aminoglycoside in the three-drug regimen.
In addition, most patients who responded to medical treatment
also required valve replacement surgery.44,45

Although quinupristin/dalfopristin (Synercid), linezolid
(Zyvox), and daptomycin (Cubicin) have potent in vitro activity
against coagulase-negative staphylococci, clinical experience
in the treatment of IE caused by these strains is lacking.49,66,67

STAPHYLOCOCCUS AUREUS ENDOCARDITIS
Intravenous Drug Abuser Versus Nonabuser

12. T.J., a 36-year-old human immunodeficiency virus (HIV)-
seropositive man with a long history of IV drug abuse, was admit-
ted to the hospital 4 months after being released from the state
prison. His chief complaints on admission were fever, night sweats,
pleuritic chest pain, shortness of breath (SOB), dyspnea on exer-
tion (DOE), and fatigue. Physical examination was remarkable for
a temperature of 101.2◦F, splenomegaly, and a pansystolic ejection
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Table 59-5 Treatment of Staphylococcal Endocarditis

Antibiotic Dosage and Route Duration

Without Prosthetic Materiala

Oxacillin-Susceptible Staphylococci
Nonpenicillin-Allergic Patients

Nafcillin
or Adult: 2 g intravenously (IV) Q 4 hr 4–6 wk

Pediatric: 150–200 mg/kg/24 hr IV (max: 12 g/24 hr) in four to six equally divided doses
Adult: 2 g IV Q 4 hr

Oxacillin Pediatric: 200 mg/kg/24 hr IV (max: 12 g/24 hr) in four to six equally divided doses 4–6 wk
With optional addition

of gentamicinb,c
Adult: 3 mg/kg IV or intramuscularly (IM) in two or three equally divided doses
Pediatric: 3 mg/kg IV or IM in three equally divided doses

3–5 days

Pencillin-Allergic Patients
1. Cefazolind Adult: 2 g IV Q 8 hr

Pediatric: 100 mg/kg/24 hr IV (max: 6 g/24 hr) in equally divided doses Q 8 hr
4–6 wk

With optional addition
of gentamicinb

Adult: See Nonpenicillin-allergic patient
Pediatric: See Nonpenicillin-allergic patient

2. Vancomycinb,e, f Adult: 30 mg/kg/24 hr IV in two or four equally divided doses (max: 2 g/24 hr unless serum levels monitored)
Pediatric: 40 mg/kg/24 hr IV in two or four equally divided doses (max: 2 g/24 hr unless serum levels monitored)

4–6 wk

Methicillin-Resistant Staphylococci
Vancomycinb,e, f Adult: 30 mg/kg/24 hr IV in two or four equally divided doses (max: 2 g/24 hr unless serum levels monitored)

Pediatric: 40 mg/kg/24 hr IV in two or four equally divided doses (max: 2 g/24 hr unless serum levels monitored)
4–6 wk

With Prosthetic Valve or Other Prosthetic Materialg

Methicillin-Resistant Staphylococci
Vancomycinb,e,g Adult: 30 mg/kg/24 hr IV in two or three equally divided doses (max: 2 g/24 hr unless serum levels monitored)

Pediatric: 40 mg/kg/24 hr IV in two or four equally divided doses (max: 2 g/24 hr unless serum levels monitored)
≥6 wk

With rifampinh Adult: 300 mg IV/PO Q 8 hr ≥6 wk
and Pediatric: 20 mg/kg/24 hr PO (max: 900 mg/24 hr) in two equally divided doses

With gentamicinb,i, j,g Adult: 3 mg/kg IV or IM in two or three equally divided doses
Pediatric: 3 mg/kg IV or IM in three equally divided doses

2 wk

Methicillin-Susceptible Staphylococci
Nafcillin or oxacillink Adult: 2 g IV Q 4 hr

Pediatric: 150–200 mg/kg/24 hr (max: 12 g/24 hr) in four to six equally divided doses
≥6 wk

With rifampinh Adult: 300 mg IV/PO Q 8 hr ≥6 wk
and Pediatric: 20 mg/kg/24 hr PO (max: 900 mg/24 hr) in three equally divided doses

With gentamicinb,i, j,g Adult: 3 mg/kg IV or IM in two or three equally divided doses
Pediatric: 3 mg/kg IV or IM in three equally divided doses

2 wk

aAntibiotic doses should be modified appropriately for patients with impaired renal function. Shorter antibiotic courses have been effective in some drug addicts with right-sided
endocarditis caused by S. aureus. (See text for comments on the use of daptomycin and rifampin.)
bDosing of aminoglycosides and vancomycin on a mg/kg basis will give higher serum concentrations in obese than in lean patients.
cThe benefit of additional aminoglycoside has not been established. The risk of toxic reactions because of these agents is increased in patients >65 years of age or those with renal
or eighth nerve impairment.
d There is potential cross-allergenicity between penicillins and cephalosporins. Cephalosporins should be avoided in patients with immediate-type hypersensitivity to penicillin.
ePeak serum concentrations of vancomycin should be obtained 1 hr after infusion and should be in the range of 30–45 mcg/mL for BID dosing and 20–30 mcg/mL for QID dosing.
Trough serum concentrations should be obtained within half an hour of the next dose and should be in the range of 10–15 mcg/mL. (See text for detailed discussion on the need
for high trough target of 15–20 mcg/mL for strains with reduced susceptibility to vancomycin. Each vancomycin dose should be infused over 1 hr.)
f See text for consideration of optional addition of gentamicin.
gVancomycin and gentamicin doses must be modified appropriately in patients with renal failure.
h Rifampin is recommended for therapy of infections caused by coagulase-negative staphylococci. Its use in coagulase-positive staphylococcal infections is controversial. Rifampin
increases the amount of warfarin sodium required for antithrombotic therapy.
i Serum concentration of gentamicin should be monitored and the dose should be adjusted to obtain a peak level of approximately 3 mcg/mL.
j Use during initial 2 wk. (See text on alternative aminoglycoside therapy for organisms resistant to gentamicin.)
k First-generation cephalosporins or vancomycin should be used in penicillin-allergic patients. Cephalosporins should be avoided in patients with immediate-type hypersensitivity
to penicillin and those infected with methicillin-resistant staphylococci.
Adapted from reference 9, with permission.

murmur at the left sternal border, best heard during inspiration.
The chest radiograph revealed diffuse nodular infiltrates. TTE
was positive for a small vegetation on the tricuspid valve leaflet.
Significant laboratory results included WBC count, 14,000/mm3

with 65% polys and 5% bands; CD4 cell count, 350/mm3; Hgb,

13.1 g/dL; Hct, 39%; and ESR 55 mm/hour (Westergren). IE was
suspected. Blood cultures were obtained and all six samples were
positive for coagulase-positive, gram-positive cocci, later identi-
fied as methicillin-sensitive S. aureus (MSSA). How do the clinical
presentation and prognosis of endocarditis in the IV drug abuser
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differ from in the nonabuser? What impact does HIV infection
have on the risk and outcomes of endocarditis in the IV drug
abuser?

[SI units: WBC, 14 × 10/L with 0.65 polys and 0.05 bands (normal, 3.2–9.8

with 0.54–0.62 polys and 0.03–0.05 bands); Hgb, 131 g/L (normal, 140–180);

Hct, 0.39 (normal, 0.39–0.49)]

The annual incidence of endocarditis among IV drug users
is estimated at 1% to 5%; parenteral cocaine addicts have the
highest risk.68 The presentation, pathophysiology, and progno-
sis of endocarditis in those who acquire the disease secondary
to IV drug abuse differ from those in nonabusers.1,68,69 IE
caused by S. aureus is associated with an odds ratio of 9.3
(95% CI, 6.3–13.7) compared with other pathogens in this
population.7 S. aureus is part of the normal skin flora and is
introduced when the illicit drug is injected. It is hypothesized
that insoluble agents used to “cut” the drug damage the normal
heart valve, preparing the surface for bacterial adherence and
growth.1

The following are differences between addicts and non-
addicts with S. aureus endocarditis: addicts are significantly
younger; they have fewer underlying diseases, more right-sided
(tricuspid) involvement (in contrast to the predominance of
left-sided disease in the nonaddicts); they are less likely to have
heart failure or central nervous system (CNS) complications;
they exhibit fewer signs of peripheral involvement and have a
lower incidence of death.69 Among patients without history of
IV drug use, MRSA was involved in one-third of a cohort of
424 patients with definite S. aureus IE. Clinical features that
characterized MRSA IE were persistent bacteremia, chronic
immunosuppressive therapy, health care-associated infection,
a presumed intravascular device source, and diabetes mellitus.7

The prevalence of HIV seropositivity is 40% to 90% among
IV drug users with IE.68,70 One case-control study among an
ongoing cohort of IV drug users suggested that HIV-related
immunosuppression may be an independent risk factor for the
development of endocarditis after controlling for confounding
variables such as a history of endocarditis or sepsis before
enrollment, injection duration, current injection frequency, and
a recent history of abscess at injection sites.71

Antimicrobial Therapy
Methicillin-Sensitive Staphylococcus aureus

13. What are the therapeutic options for treating S. aureus en-
docarditis in T.J.?

The susceptibility of S. aureus to methicillin is the major
determinant of which antibiotic is selected to treat T.J.’s en-
docarditis. T.J. is infected with MSSA. Therapy of choice for
methicillin-sensitive strains is a penicillinase-resistant peni-
cillin, such as nafcillin or oxacillin21 (Table 59-5). Penicillin
G rarely is appropriate because nearly all isolates of S. aureus
produce penicillinase. Methicillin is no longer used because it
is associated with a high incidence of interstitial nephritis.

Prospective, randomized, clinical trials have established that
4 to 6 weeks of therapy with high-dose (12 g/day) nafcillin is
effective in most patients.72,73 Clinical experience and in vitro
studies indicate that vancomycin may be less efficacious than
nafcillin as an antistaphylococcal agent.21,73 Therefore, van-
comycin should not be used to substitute for nafcillin merely

for dosing convenience. IV drug addicts, for the reasons pre-
viously identified, have a higher response rate to appropriate
therapy compared with nonaddicts, and 4 weeks of therapy is
probably adequate. In one study, 31 addicts were successfully
treated with 16 days of parenteral therapy followed by 26 days
of oral dicloxacillin.74

Addicts with uncomplicated right-sided endocarditis
caused by MSSA can be treated successfully with a 2-week
course of combination therapy with a penicillinase-resistant
penicillin and an aminoglycoside.75–77 In one study, 47 of 50
patients (94%) were cured after treatment with the combina-
tion of IV nafcillin (1.5 g Q 4 hr) and tobramycin (1 mg/kg
Q 8 hr) for a total of 2 weeks. Notably, two of three patients in
this study who were treated with vancomycin relapsed, result-
ing in early termination of this arm of study. Thus, vancomycin
should not be used to substitute for nafcillin in this regimen. In
another study, 71 patients who completed the 2-week course of
treatment with cloxacillin (2 g IV Q 4 hr) plus amikacin (7.5
mg/kg IV Q 12 hr) had a cure rate of 94%.76 Of the four patients
who failed, the two week treatment period had to be extended to
achieve cure. In contrast to the prior study, most (72%) pa-
tients had definite endocarditis with echocardiographic vege-
tations. Overall, none of the patients who responded promptly
to treatment relapsed. In addition, the risk of nephrotoxicity
secondary to 2 weeks of aminoglycoside therapy was minimal
in this selected patient population. Alternatively, Ribera et al.
demonstrated in a study that cloxacillin alone was as effective
as combination therapy of cloxacillin plus gentamicin for the
treatment of right-sided MSSA endocarditis; the treatment re-
sponse exceeded 90% in the cloxacillin monotherapy arm.78

Gentamicin administered at 1 mg/kg Q 8 hr for 7 days in the
combination group did not improve treatment response.

Clinical studies thus far support the use of an abbrevi-
ated course of treatment in a defined group of IV drug users
with right-sided endocarditis. These patients should have the
following characteristics: (a) clinical and bacteriologic re-
sponse within 96 hours of initiation of therapy; (b) no evi-
dence of hemodynamic compromise, metastatic infection, or
neurologic or systemic embolic complications either at the
initiation or completion of 2 weeks of therapy; (c) no echo-
graphically demonstrable vegetations >2 cm3; (d) not in-
fected with MRSA; and (e) not receiving antibiotics other
than penicillinase-resistant penicillins, such as first-generation
cephalosporins and glycopeptides.21,77 HIV-seropositive pa-
tients (CD4 counts >300 × 106 cells) with tricuspid involve-
ment included in the above studies also responded favorably to
these short-course regimens, thus short-course regimen is an
option for T.J.78

Some studies suggest that the addition of an aminoglycoside
to the treatment regimen does not appear to improve overall re-
sponse for patients who meet the above criteria for short-course
therapy. Thus, emphasis should be shifted toward careful eval-
uation of all patients receiving this regimen for evidence of
continuing infection or complications at the end of the 2-week
treatment course before discontinuing therapy; extension of
therapy with a β-lactam agent to at least 4 weeks’ duration
is prudent for those who demonstrate any evidence of active
disease or complications. Although response to antibiotic ther-
apy has been shown to be similar between asymptomatic HIV-
seropositive and HIV-seronegative IV drug users, it is prudent
to avoid short-course therapy in more immunosuppressed
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individuals (CD4 cell counts <200 μL) until more definitive
outcome data are available in this subgroup.68

ORAL REGIMEN
An oral treatment regimen consisting of ciprofloxacin (750

mg Q 12 hr) plus rifampin (300 mg Q 12 hr) has also been evalu-
ated in addicts with uncomplicated right-sided endocarditis. In
one small, noncomparative study, 10 addicts were successfully
treated with the combination of ciprofloxacin and rifampin for
4 weeks.79 Ciprofloxacin was given IV (300 mg Q 12 hr) for
the first 7 days, followed by oral administration (750 mg Q
12 hr) for the remaining 21 days of therapy. Another study
prospectively compared the oral regimen with standard par-
enteral therapy for this subgroup.80 Patients were randomized
to receive 28 days of therapy with oral ciprofloxacin plus ri-
fampin or oxacillin (2 g IV Q 4 hr) plus gentamicin (2 mg/kg IV
Q 8 hr). Vancomycin (1 g IV Q 12 hr) was substituted for
oxacillin in the penicillin-allergic patients. A total of 19 pa-
tients completed treatment with oral therapy compared with 25
patients with IV therapy. One of 19 patients in the oral group
versus 3 of 25 in the IV group failed treatment; however, the
difference in cure rates was not statistically significant. Cure
was defined by negative blood cultures after 6 and 7 days after
treatment. Follow-up 1 month after treatment was available in
only 30 patients; no failures were detected. Notably, approxi-
mately half of the study patients in either group had possible
endocarditis, whereas only 21% versus 31% had definite in-
fections. Given the small number of patients who completed
treatment, therapeutic equivalency between the oral and par-
enteral regimens will need to be confirmed in larger trials. In
addition, other issues that may complicate success with this oral
regimen are the emerging quinolone resistance in S. aureus and
the compliance and monitoring required of this regimen when
administered in the outpatient setting. Nonetheless, it appears
that a 4-week oral regimen with ciprofloxacin and rifampin
may be a useful alternative treatment option in addicts with
uncomplicated right-sided endocarditis.

PENICILLIN-ALLERGIC PATIENTS
Treatment of penicillin-allergic patients with S. aureus en-

docarditis is somewhat controversial. First-generation cepha-
losporins have been used with some success for the treatment
of patients with mild penicillin allergy, but treatment failures
with cefazolin are difficult to explain.81 The stability of cefa-
zolin when exposed to staphylococcal β-lactamase has been
proposed as a mechanism for these failures.82 Notably, staphy-
lococci are capable of producing four penicillinase subtypes,
to which the stability of cefazolin varies. These susceptibility
differences are apparent on MIC testing only if a larger-than-
usual inoculum is used (i.e., >106 organisms).71 It is possi-
ble that treatment failures with cefazolin may be caused by a
combination of the recalcitrant nature of the infection and the
instability of cefazolin against a particular subtype of peni-
cillinase produced by the staphylococcal strain, which is not
readily detectable via routine MIC testing. Until further data
are available, vancomycin should be used to treat patients with
endocarditis caused by S. aureus who have immediate-type
hypersensitivity to penicillin. Other treatment options include
linezolid, quinupristin/dalfopristin, and daptomycin.57 Selec-
tion of agent depends on organism susceptibility, potential of
drug-drug interactions, and host predisposition for develop-
ment of adverse effects.

COMBINATION THERAPY

14. Will the addition of another antibiotic enhance T.J.’s re-
sponse to nafcillin?

An enhanced response to combination therapy in the ex-
perimental animal model of MSSA endocarditis has prompted
clinical trials to evaluate whether the addition of gentamicin
to nafcillin confers any additional benefit. The combination of
nafcillin and gentamicin resulted in more rapid clearing of or-
ganisms from the blood, but the response rates were similar to
patients treated with nafcillin alone.81 As expected, the group
receiving gentamicin had a higher incidence of nephrotoxicity.
Thus, for the routine management of endocarditis caused by
MSSA, the addition of a second drug does not appear to offer
additional benefit when a penicillinase penicillin is used un-
less an abbreviated treatment course in a select patient group
is desired (see Question 13 above). The addition of rifampin
may be indicated in patients who remain bacteremic or who
fail to improve clinically (usually nonaddicts).

Methicillin-Resistant Staphylococcus aureus: Vancomycin

15. How would T.J.’s therapy differ if he were infected with
MRSA?

Staphylococcus aureus IE involving methicillin-resistant
strains has become increasingly common and accounts for up
to 40% of cases.6,7 MRSA-infected patients had more chronic
comorbid conditions (e.g., diabetes mellitus, hemodialysis de-
pendency), were more likely to have health care-associated in-
fection (76% vs. 37%) and an indwelling intravascular catheter
or hemodialysis fistula as the presumed source of infection
(60% vs. 31%) when compared with patients infected with
MSSA in a large multinational study.7 Notably, persistent bac-
teremia was a distinct feature associated with MRSA IE oc-
curring in 43% versus 9% of patients infected with MSSA.
Of interest, in this study, patients with S. aureus IE from the
United States were significantly more likely to be infected with
MRSA, to receive vancomycin therapy, and to develop persis-
tent bacteremia.

In 20% of patients with MRSA IE in the above study, iden-
tifiable health care contact was absent. MRSA infection is
traditionally associated with health care contact in the noso-
comial setting, but is now becoming more prevalent in the
community (CA-MRSA).7 Young and otherwise healthy indi-
viduals without the traditional risk factors are affected in the
community.83 CA-MRSA strains are distinct from health care-
associated strains in that most possess a distinct exotoxin gene
(Panton-Valentine leukocidin [PVL]). Expression of this pore-
forming toxin that causes severe necrosis in PMN in a rabbit
model has been implicated to cause invasive infections, includ-
ing necrotizing pneumonia and skin abscesses.84–90 Specifi-
cally, CA-MRSA PVL producing strains causing IE has been
reported.91

TREATMENT OPTIONS
Vancomycin has been the accepted standard of treatment for

MRSA endocarditis. Response to treatment, however, appears
to be slower than with semisynthetic penicillins (e.g., nafcillin)
for MSSA endocarditis. The mean duration of bacteremia in
patients with MSSA endocarditis has been reported to be 3.4
days for nafcillin alone and 2.9 days for the combination of
nafcillin and gentamicin.75 In contrast, the median duration of
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bacteremia for MRSA endocarditis was 7 days for vancomycin
alone. Failure rates of up to 40% have been documented in
patients even with right-sided involvement. Of great concern
is the emergence of resistant strains of S. aureus following
repeated and prolonged exposure to vancomycin therapy.63,91

Vancomycin 30 mg/kg/day in two divided doses for a total
of 4 to 6 weeks is recommended for adults with normal renal
function. Ideal body weight should be used to dose vancomycin
on a milligram per kilogram basis in obese patients. Dosage
adjustment for renal dysfunction is necessary. The prolonged
distribution phase of vancomycin may affect the reproducibil-
ity of peak levels in general, so they are not practical to obtain.
Dosage adjustment of vancomycin therapy based on measured
trough levels is more reliable. Published expert recommenda-
tions suggest a target trough of 10 to 15 mcg/mL; however,
trough levels of 15 to 20 mcg/mL9,93,94 may be necessary to
overcome increasing MIC of clinical strains and limited tissue
penetration. Serum vancomycin concentrations have been tra-
ditionally targeted for a trough level in the range of 5 to 20
mcg/mL within 30 minutes of the next dose. A dosage regi-
men of vancomycin aimed to achieve an area under the curve
(AUC)-to-MIC ratio of 400 or unbound trough at four to five
times MIC of the infected strain have been proposed by differ-
ent groups as the optimal pharmacodynamic target.95–98

16. T.J. has been treated with vancomycin 1 g IV Q 12 hr for
5 days for his MRSA endocarditis, but does not seem to be clini-
cally improving. His blood cultures are still positive and his WBC
remains elevated at 12,500/mm3 with 55% polys and 7% bands.
He continues to have a low grade fever since starting vancomycin.
His vancomycin trough level on the second day of therapy was 17
mcg/mL. The infected MRSA strain had a vancomycin MIC of
1.5 mcg/mL as determined by Etest. What factors may be con-
tributing to T.J.’s poor response to treatment?

In a large multinational study of nearly 1,800 patients with
definite IE, persistent bacteremia, receipt of vancomycin, and
health care contact were significantly more likely to be ob-
served in patients with MRSA IE from the United States com-
pared with those from other geographic regions.7 The authors
speculated that the higher rates of persistent bacteremia in U.S.
patients may be partly owing to those patients were more likely
to have received vancomycin.

Vancomycin MIC against S. aureus have been increasing
over the years. At one university medical center, vancomycin
MIC were determined by broth microdilution for 6,000 noso-
comial MRSA isolates collected over a 5-year period. In the
year 2000, 80% of the strains had vancomycin MIC of =
0.5 mcg/mL; however, by 2004, 70% of isolates had MICs of
2 mcg/mL.52 In response to increasing reports of vancomycin
failures caused by strains that are in the susceptible range, the
vancomycin breakpoint for susceptibility was reduced from 4
to 2 mcg/mL for S. aureus in 2005 per the Clinical and Labo-
ratory Standards Institute (CLSI).99,100

Widespread use of vancomycin has led to the emergence
of S. aureus strains with vancomycin intermediate S. au-
reus (VISA) or heterogeneously expressed resistance to van-
comycin (hVISA).63 Reduced susceptibility to glycopeptides
results from an increase in the production of peptidoglycan pre-
cursors leading to a thickened cell wall and decreased penetra-
tion of glycopeptides into the bacterial cell membrane.101 In the
absence of vancomycin, hVISA strains may revert to glycopep-

tide susceptibility, making it difficult to detect these strains in
vitro. As such, several investigators have found that hVISA
strains have an MIC range that overlaps with the currently de-
fined susceptible range and that the prevalence of these strains
among hospitalized patients is increasing.102–104 Of concern
is that routine susceptibility testing methods performed in the
clinical laboratory are unreliable in detecting MRSA strains
with hVISA phenotype.105 Among the tests performed, MIC
determined by Etest appears to be most predictable of treatment
outcome with vancomycin.29,106

Experts have recommended a target vancomycin trough
concentration of 15 to 20 mcg/mL to overcome increasing MIC
when treating pneumonia caused by MRSA.107 A published
study of adult infections with MRSA reported that 54% (51 of
95) of clinical isolates had vancomycin MIC of 2 mcg/mL. No-
tably, invasive infections, such as bacteremia and pneumonia,
were linked to higher MIC. Infections caused by those strains
were associated with lower end of treatment responses (62%
vs. 85%) and increased mortality (24% vs. 10%) compared
with strains with MIC of ≤1 mcg/mL irrespective of attain-
ing a goal trough of 15 to 20 mcg/mL (achieving the goal of
four to five times above MIC of an infected strain that has an
MIC of 2 mcg/mL). The study found that borderline suscep-
tibility (MIC 2 mcg/mL) and severity of underlying disease
were independent predictors of poor treatment response. Fur-
ther analysis indicated that a significant proportion of these
strains demonstrated tolerance to vancomycin as defined by
the MBC-to-MIC ratio of 32 and up to 10% of these invasive
strains exhibit heterogeneous vancomycin intermediate resis-
tance phenotype.29,108 Vancomycin monotherapy was associ-
ated with treatment failure of infections caused by these strains,
whereas those who received combination therapy responded
favorably. Combination regimens included vancomycin plus
rifampin, linezolid, or daptomycin. These findings suggest a
role for combination therapy or alternative agents when treat-
ing invasive infections caused by MRSA strains with border-
line susceptibility. Confirmation is required, however, given
that the above study was not designed to compare the efficacy
of vancomycin monotherapy versus combination therapy for
the treatment of MRSA infections and that the sample size of
patients infected with hVISA in this study was small. There-
fore, the role of vancomycin as the treatment of choice for
MRSA IE will need to be re-evaluated against other available
treatment options.

Despite attaining a pharmacodynamic goal of unbound van-
comycin trough level of at least four times MIC of the infected
strain, T.J. fails to clinically improve and has persistent bac-
teremia. It is possible that T.J. is infected with an hVISA strain,
thus, a change in therapy is warranted.

17. What other therapeutic options are available for T.J.?

Trimethoprim-sulfamethoxazole has been used success-
fully in a limited number of patients with right-sided native
valve endocarditis caused by susceptible strains of S. aureus
and may be an alternative to vancomycin.109 A study of exper-
imental staphylococcal endocarditis, however, found trimeth-
oprim-sulfamethoxazole to be inferior to cloxacillin, van-
comycin, and teicoplanin. Alternatively, minocycline has been
shown to be a potential treatment alternative to vancomycin
in experimental endocarditis caused by MRSA. Although both
drugs are equally effective in decreasing the bacterial density
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of cardiac vegetations, the penetration of minocycline into veg-
etation was twice that of vancomycin.110

New agents showing promise for the treatment of MRSA
IE based on in vitro activity include quinupristin/dalfopristin,
linezolid, and daptomycin. Synercid (quinupristin/dalfopristin)
used for treatment in animal models of endocarditis have shown
successful outcomes. Clinical success has been reported in a
limited number of patients with MRSA endocarditis treated
with quinupristin/dalfopristin.111,112 A cure rate of 56% was
reported for patients treated with quinupristin/dalfopristin for
MRSA endocarditis in an international open trial that evalu-
ated the drug in patients intolerant of or failed prior therapy.112

Because of a lack of clinical studies establishing the effi-
cacy of this agent, additional data is needed before quin-
upristin/dalfopristin can be recommended for therapy.

Linezolid (Zyvox), an oxazolidinone, is not U.S. Food and
Drug Administration (FDA)-approved for the treatment of en-
docarditis, but has been used in cases of treatment failures,
intolerability to standard therapy, or in infections with mul-
tidrug resistant gram-positive cocci.113 In a review article that
included 33 cases reports of endocarditis treated with line-
zolid, 63.6% of patients had successful outcomes at the end
of the follow-up period.114 MRSA and vancomycin interme-
diate S. aureus were the most common pathogens accounting
for 24% and 30% of cases, respectively. Failure with linezolid
treatment was documented in seven cases including four deaths
attributed to endocarditis and three owing to persistent positive
blood cultures Thrombocytopenia was the most common ad-
verse effect occurring in eight of nine patients who reported an
adverse effect. In a compassionate use program, linezolid was
reported to achieve 50% clinical and microbiologic cure rates
at 6-month follow-up in 32 patients with definite IE; MRSA
was the causative agent in 7 of those patients. The most com-
mon adverse events reported in this group were gastrointesti-
nal system effects and thrombocytopenia, each occurring in
15% of patients.115 The degree of thrombocytopenia associ-
ated with linezolid has been shown to correlate with the extent
of drug exposure, as measured by area under the concentration
curve and duration of treatment.116 Of note, treatment fail-
ure with linezolid for MRSA endocarditis caused by persistent
bacteremia has been described in two patients and in one pa-
tient with relapse of infection.117,119 Thus, additional efficacy
data are needed before linezolid can be recommended for the
treatment of IE caused by MRSA.

Daptomycin (Cubicin) is a cyclic lipopeptide that has been
approved for treatment of S. aureus bacteremia and right-sided
endocarditis. In vivo, it has a wide spectrum of activity against
gram-positive bacteria, including S. aureus (including MRSA),
E. faecalis, E. faecium, streptococci, and most other species
of aerobic and anaerobic gram-positive bacteria. It was ap-
proved for the treatment of S. aureus bacteremia/endocarditis
in a noninferiority study in patients receiving daptomycin or
standard therapy consisting of an antistaphyloccocal penicillin
or vancomycin in addition to low-dose gentamicin.121 Suc-
cessful outcome was seen in 46% (41 of 90) of patients who
had presumed or definite endocarditis at their baseline diagno-
sis. Of those, MRSA endocarditis was successfully treated in
42% (15 of 36) of cases. In patients with confirmed uncom-
plicated and complicated right-sided endocarditis, treatment
success was similar between the daptomycin group (8 of 18)
and the group receiving standard therapy (7 of 16) at 44%.

Microbiologic failure occurred in seven patients in the dapto-
mycin group and in five patients receiving standard therapy.
Overall, the most common cause of daptomycin failure was
persistent or relapsing infections accounting for 16% of fail-
ures. In contrast, failure of standard therapy was more often to
the result of treatment-limiting adverse events accounting for
15% of failures. Increase in the MIC of the infected strain was
observed more often in the daptomycin group compared with
standard treatment (six in the daptomycin vs. one patient in the
standard therapy group). The use of daptomycin for treatment
of left-sided endocarditis is not established because only nine
patients were treated and only one had treatment success.

Daptomycin at 6 mg/kg/day for a total duration of 6 weeks
should be used for the treatment of endocarditis. Frequency
of administration should be increased to every 48 hour for pa-
tients with a clearance of creatinine (Clcr) of ≤30 mL/minute.
Daptomycin should be dosed based on total body weight be-
cause obese patients have a larger volume of distribution
as well as increased clearance compared with the nonobese
population.122 Creatinine kinase elevations were more com-
monly seen in the daptomycin (6.7%) compared with the stan-
dard therapy (0.9%) group.121 Creatinine kinase levels should
be obtained at baseline and weekly to monitor for elevations
and more frequently in patients who may be at risk for devel-
oping skeletal-muscle dysfunction (e.g., concomitant therapy
with hydroxymethylglutaryl-coenzyme A (HMG-CoA) reduc-
tase inhibitors). In addition, 9% of patients experienced periph-
eral nervous system-related adverse events (e.g., paresthesia
and peripheral neuropathies), which resolved during contin-
ued treatment.121

Daptomycin at 6 mg/kg daily should be considered as alter-
native therapy in T.J. Emergence of cross-resistance to dap-
tomycin after vancomycin exposure has been documented,
however.53,117 Similar to a thickened cell wall contributing
to decreased susceptibility to vancomycin, the same mech-
anism is thought to contribute to daptomycin resistance in
S. aureus.123–125 As a result, it is important to test for dap-
tomycin susceptibility before initiation of therapy. Until dap-
tomycin susceptibility is documented, rifampin may be added
to vancomycin as combination therapy. Linezolid is a potential
treatment option for T.J. if his infected MRSA strain demon-
strates reduced susceptibility to daptomycin given prior van-
comycin exposure; however, clinical experience is limited to
case reports and compassionate use.

Once daptomycin therapy is initiated, continued monitoring
of clinical response and organism susceptibility to daptomycin
is warranted because resistance development has been reported
during prolonged therapy.123–126 Daptomycin MIC increase
during therapy for S. aureus endocarditis was demonstrated in
six patients.121 Baseline MIC increased from 0.25 to 2 mcg/mL
in five isolates and from 0.5 to 4 mcg/mL in one isolate.121 Five
of those six isolates were MRSA.

ENTEROCOCCAL ENDOCARDITIS
Antimicrobial Therapy
Antibiotic Synergy

18. G.S., a 35-year-old woman, has been complaining of
anorexia, weight loss, and fever for the past 2 months. Her
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medical history is significant for an aortic aneurysm with insuf-
ficiency that resulted in an aortic valve replacement (porcine) 3
years before admission. Approximately 2 months before admis-
sion, G.S. had a cesarean section followed by a tubal ligation. She
did not receive antibiotic prophylaxis for either procedure. Phys-
ical examination revealed a thin woman (5 foot 0 inches, 48 kg) in
no acute distress with evidence of a systolic heart murmur, splinter
hemorrhages, and petechiae on her soft palate. Her temperature
was 100.2◦F. Her WBC count was 14,000/mm3 with a slight left
shift; all other laboratory results were within normal limits. She
was not taking any medications and she has a documented al-
lergy to penicillin (rash, urticaria, and wheezing). The working
clinical diagnosis was probable bacterial endocarditis, which was
confirmed when four sets of blood cultures grew gram-positive
cocci. Biochemical testing subsequently identified the organism
as Enterococcus faecalis, highly resistant to streptomycin (MIC
>2,000 mcg/mL). Antibiotic therapy with gentamicin (50 mg IV
Q 8 hr) and vancomycin (1,000 mg IV Q 12 hr) was begun. Why
were two antibiotics prescribed for the treatment of enterococcal
endocarditis in G.S.?

[SI unit: WBC, 14 × 10/L]

Enterococci, unlike streptococci, are inhibited but not killed
by penicillin or vancomycin alone.22,127 The synergistic combi-
nation of penicillin (or ampicillin, piperacillin, or vancomycin)
and an aminoglycoside are required to produce the desired
bactericidal effect.22,128 An antibiotic regimen is synergistic
when a combination of antibiotics lowers the MIC to at least
one-fourth the MIC of either drug alone.129 The mechanism
of synergy against enterococci is caused by an increased cel-
lular uptake of the aminoglycoside with agents that inhibit
cell wall synthesis130 (e.g., β-lactams and vancomycin). Be-
cause G.S. is allergic to penicillin, vancomycin was prescribed
with an aminoglycoside. Relapse rates are unacceptably high
if penicillin is used alone for the treatment of enterococcal
endocarditis.21,23 The addition of an aminoglycoside to peni-
cillin therapy significantly increased the sterilization rate of
vegetations in animal studies.129,130 Numerous clinical stud-
ies have confirmed the in vitro synergy for penicillin in com-
bination with streptomycin or gentamicin for enterococcal
endocarditis.131–135

19. G.S. has enterococcal endocarditis caused by strains ex-
hibiting high-level resistance to streptomycin. Why would (or
would not) treatment with gentamicin achieve the desired syn-
ergy with vancomycin in G.S. with enterococcus highly resistant
to streptomycin?

STREPTOMYCIN RESISTANCE
As many as 55% of all enterococcal blood isolates are

highly resistant to streptomycin (MIC >2,000 mcg/mL), and
the combination of streptomycin with penicillin is not syn-
ergistic for those isolates. In contrast, gentamicin in combi-
nation with penicillin, ampicillin, or vancomycin is synergis-
tic for most blood isolates of enterococci, regardless of their
susceptibility to streptomycin.1,23,136 In addition, ototoxicity
in the form of vestibular dysfunction secondary to strepto-
mycin therapy has been noted in nearly 30% of patients re-
ceiving the combination regimen for the treatment of entero-
coccal endocarditis and is most often irreversible. Maintaining
streptomycin peak serum concentrations below 30 mcg/mL

reduces the risk of ototoxicity, but laboratory assays for strep-
tomycin levels are not readily available. For these reasons, gen-
tamicin in combination with penicillin (or ampicillin) or van-
comycin is recommended by most authorities for the treatment
of aminoglycoside-susceptible and, in particular, streptomycin-
resistant enterococcal endocarditis, as it was for G.S.21 Of note,
other aminoglycosides cannot be used to substitute for gen-
tamicin or streptomycin because of the uncertain correlation
between in vitro synergy and in vivo efficacy.21 Table 59-6
lists the suggested regimens for the treatment of enterococcal
endocarditis.

GENTAMICIN RESISTANCE
About 10% to 25% of the clinical isolates of E. faecalis and

up to 50% of E. faecium are resistant to gentamicin.136–138 The
prevalence of these isolates is expected to continually increase.
All available aminoglycosides should be tested with penicillin
(or ampicillin) for synergistic bactericidal activity. Without
conclusive data, some groups favor long-term (8–12 weeks)
therapy with high-dose penicillin (20–40 million units/day IV
in divided doses) or ampicillin (2–3 g IV Q 4 hours) for treat-
ment of multiply resistant enterococci. Ampicillin plus the β-
lactamase inhibitor sulbactam (Unasyn) would be substituted
for β-lactamase producing, high-level gentamicin-resistant en-
terococci. In light of the increasing prevalence of enterococci
with high-level aminoglycoside resistance, the potential syner-
gistic interaction between ampicillin/amoxicillin and a third-
generation cephalosporin was explored in vitro and in ex-
perimental models of IE141. A bactericidal synergistic effect
was shown between amoxicillin and cefotaxime against 50
strains of E. faecalis. Amoxicillin MIC decreased from 0.25
to 1 mcg/mL to 0.01 to 0.25 mcg/mL for 48 of 50 strains
tested.138 A similar effect was demonstrated by others using
the combination of amoxicillin and ceftriaxone. Additionally,
Brandt et al.139 demonstrated a synergistic bactericidal ef-
fect for amoxicillin in combination with imipenem against
vancomycin-aminoglycoside–resistant E. faecium strains. The
authors speculated that saturation of different penicillin bind-
ing protein (PBP) by different β-lactam agents may be the
underlying mechanism for the synergy observed. Limited
clinical data on 13 endocarditis cases caused by high-level
aminoglycoside-resistant E. faecalis treated with the combina-
tion of high-dose ceftriaxone (4 g/day) and ampicillin appear to
confirm the above synergistic interaction. All 16 evaluable pa-
tients were cured by 1 month of double β-lactam therapy with
no evidence of relapse during a 3-month follow-up period. Of
note, two patients experienced reversible neutropenia and were
withdrawn from the study.140 Double β-lactam therapy appears
promising for infections caused by aminoglycoside-resistant E.
faecalis strains as well as an aminoglycoside-sparing regimen
for patients with renal insufficiency, but the above prelimi-
nary results need to be confirmed with a larger number of
patients.

Gentamicin
DOSING

20. What is the optimal dosage of gentamicin for G.S.?

Because patients with enterococcal endocarditis require
prolonged therapy with aminoglycosides, the optimal serum
concentration should minimize toxicity without jeopardizing
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Table 59-6 Therapy for Endocarditis Caused by Enterococci (or Streptococci viridans with an MIC ≥0.5 mcg/mL)a,b

Antibiotic Dose and Route Duration

Nonpenicillin-Allergic Patient

1. Aqueous crystalline
penicillin G

Adult: 18–30 million units/24 hr intravenously (IV) given continuously or in six equally divided doses 4–6 wk
Pediatric: 300,000 units/kg/24 hr IV (max: 30 million units/24 hr) given continuously or in four to six equally

divided doses
4–6 wk

With gentamicinc,d,e Adult: 1 mg/kg intramuscularly (IM) or IV Q 8 hr 4–6 wk
or Pediatric: 1 mg/kg IM or IV Q 8 hr 4–6 wk

2. Ampicillin Adult: 12 g/24 hr IV given continuously or in six equally divided doses 4–6 wk
Pediatric: 300 mg/kg/24 hr IV (max: 12 g/24 hr) in four to six equally divided doses 4–6 wk

With gentamicinc,d,e Adult: 1 mg/kg IM or IV Q 8 hr 4–6 wk
or Pediatric: 1 mg/kg IM or IV Q 8 hr 4–6 wk

Penicillin-Allergic Patientsg

Vancomycine Adult: 30 mg/kg/24 hr IV in two equally divided doses (max: 2 g/24 hr unless serum levels monitored) 6 wk
Pediatric: 40 mg/kg/24 hr IV in two to three equally divided doses (max: 2 g/24 hr unless serum levels
monitored)

6 wk

With gentamicinc,d Adult: 1 mg/kg IM or IV (max: 80 mg) Q 8 hr 6 wk
or Pediatric: 1 mg/kg IM or IV (max: 80 mg) Q 8 hr 6 wk

aAntibiotic doses should be modified appropriately in patients with impaired renal function.
bEnterococci should be tested for high-level resistance (gentamicin: MIC ≥500 mcg/mL).
cSerum concentration of gentamicin should be monitored and dosage adjusted to obtain a peak level of approximately 3 mcg/mL. (For shorter course gentamicin therapy for
enterococcal endocarditis see comment in text.)
d Dosing of aminoglycosides and vancomycin on a mg/kg basis gives higher serum concentrations in obese than in lean patients.
ePeak serum concentrations of vancomycin should be obtained 1 hr after infusion and should be in the range of 30–45 mcg/mL for BID dosing and 20–30 mcg/mL for QID dosing.
Trough serum concentrations should be obtained within half an hr of the next dose and should be in the range of 10–15 mcg/mL. Each dose should be infused over 1 hr; 6 weeks of
vancomycin therapy recommended because of decreased activity against enterococci.
f Desensitization should be considered; cephalosporins are not satisfactory alternatives.
Adapted from reference 9, with permission.

clinical cure. Early in vitro data indicated that the bactericidal
activity of gentamicin against enterococci was not significantly
different between peak concentrations of 5 mcg/mL and 3
mcg/L; however, the differences between 3 mcg/mL and
1 mcg/mL were significant.141 In the rat model of endocardi-
tis, the bacterial counts in vegetations at 5 and 10 days were
compared between those treated with low-dose (1 mg/kg in-
tramuscularly twice daily) and those treated with high-dose
(5 mg/kg intramuscularly twice daily) gentamicin with
penicillin142. Bacterial counts did not differ at 5 days, but at 10
days they were significantly lower in the rats receiving the high-
dose regimen. In contrast, results in the rabbit model showed
no difference in the amount of bacteria per gram of vegeta-
tion in high- and low-dose gentamicin treatment groups.143

As for the influence of dosing interval of aminoglycosides on
the efficacy of combination regimens in experimental entero-
coccal endocarditis, studies have demonstrated that multiple
daily dosing is more effective in reducing bacterial titers in
vegetations than single daily dosing,144−146 in contrast to that
shown with viridans streptococci endocarditis35 (see Question
4). Thus, extended-interval dosing of aminoglycosides cannot
be recommended for the treatment of enterococcal endocarditis
at this time.

The only study comparing high-dose (>3 mg/kg/day) and
low-dose (<3 mg/kg/day) gentamicin with penicillin in hu-
mans with enterococcal endocarditis evaluated 56 patients over
a 12-year period (36 with streptomycin-susceptible and 20

with streptomycin-resistant infections).147 The relapse rate of
patients infected with streptomycin-resistant organisms (n =
20) was not significantly different between the high- and low-
dose treatment groups (n = 10 each). Furthermore, patients
who received the higher doses of gentamicin experienced a
greater prevalence of nephrotoxicity (10 of 10 vs. 2 of 10,
p <0.001). Mean peak and trough concentrations of gentam-
icin in the patients who received the high doses were 5 mcg/mL
and 2.1 mcg/mL, respectively; corresponding levels for pa-
tients receiving the low-dose regimen were 3.1 mcg/mL and
1 mcg/mL.

Based on available data, it would be reasonable to start G.S.
on a gentamicin dosage of 1 mg/kg Q 8 hr (assuming her renal
function is normal) and to maintain peak concentrations of 3
to 5 mcg/mL and trough concentrations of <1 mcg/mL.

IN COMBINATION WITH VANCOMYCIN

21. Why was vancomycin used in combination with gentamicin
in G.S.? Is this combination effective against enterococci?

G.S. has a history of penicillin allergy. Most clinicians favor
a combination of vancomycin and gentamicin for penicillin-
allergic patients with enterococcal endocarditis, although
vancomycin plus streptomycin is a suitable alternative.21,23,147

The combination of vancomycin and gentamicin demonstrates
bactericidal synergy for about 95% of enterococci strains.
In contrast, the vancomycin and streptomycin combination
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demonstrates bactericidal synergy for about 65% of entero-
cocci. Because G.S. has PVE, she should receive approxi-
mately 30 mg/kg/day, or roughly 1.5 g/day (750 mg Q 12 hr),
of vancomycin in combination with gentamicin (3 mg/kg/
day). Serum levels of vancomycin and gentamicin should be
monitored as previously discussed.

Duration of Therapy

22. How long should G.S. be treated?

Historically, enterococcal endocarditis has been treated with
penicillin plus an aminoglycoside for 6 weeks; the overall cure
rate with this regimen is about 85%.21 Data indicate that 4
weeks of therapy is probably adequate for most patients with
enterococcal endocarditis.21,147,148 One study evaluated the ef-
ficacy of a treatment regimen involving shorter course amino-
glycoside therapy (median of 15 days) in combination with
a cell wall active agent for a median of 42 days in patients
with PVE and native valve enterococcal endocarditis.151 Clin-
ical cure was observed in 75 of 93 (81%) patients overall,
78% of patients with PVE and 82% of patients with native
valves. Among those who had a clinical cure, 52% received
a β-lactam, 12% received vancomycin and 36% received a
combination of both. Ampicillin was given in 88% of patients
receiving a β-lactam. The causative organism was E. faecalis
in 78 patients and E. faecium in 5 patients. Clinical success
was also achieved in all eight patients with native valve IE
who received either vancomycin (50%), ampicillin (25%) or
combination of both (25%) without synergistic aminoglycoside
therapy.

Patients with complicated courses should receive 6 weeks
of therapy, however. These include patients infected with
streptomycin-resistant organisms (such as G.S.), those who
have had symptoms for >3 months before the initiation of
antibiotics, and patients with PVE (such as G.S.).13,21 Some
clinicians recommend 6 weeks of therapy for all patients in
whom the duration of illness cannot be firmly established;
this accounts for many patients who present with subacute
disease.

Increased Nephrotoxicity With Vancomycin Combination Therapy

23. Is the combination of vancomycin and an aminoglycoside
more nephrotoxic than either drug alone?

The incidence of nephrotoxicity associated with van-
comycin administration (alone) in humans is thought to be min-
imal or nonexistent.149 In a three-arm study involving >200
patients, nephrotoxicity was found in 5% of patients who re-
ceived vancomycin alone, 22% of those receiving vancomycin
with an aminoglycoside, and 11% of those receiving an amino-
glycoside alone. The study was well designed in that an amino-
glycoside control group was included for comparison on the
incidence of nephrotoxicity. Patients in whom increases in the
serum creatinine concentration may have been a result of clin-
ical conditions and patients who received drugs known to al-
ter renal function were excluded in the analysis of this study.
Serial serum vancomycin and aminoglycoside concentrations,
as well as duration of therapy, were reported and analyzed.
The authors concluded that vancomycin trough concentrations
>10 mcg/mL and concurrent therapy with an aminoglyco-

side were risk factors associated with an increased incidence
of nephrotoxicity. Based on the study data, it is difficult to
ascertain the precise risk of nephrotoxicity relative to spe-
cific vancomycin trough concentrations >10 mcg/mL. An-
other study specifically evaluated the risk of nephrotoxicity
in patients receiving high-dose vancomycin therapy achiev-
ing trough concentrations of 15 to 20 mcg/mL for MRSA
infections.

Nephrotoxicity occurred in 12% (11 of 95) of patients, sig-
nificantly predicted by concomitant therapy with other nephro-
toxic agents. An incremental increase in the risk of nephrotox-
icity was associated with duration of therapy at high trough
levels (15–20 mcg/mL): 6.3% for 7 days or less, 21.1% for
8 to 14 days, and 30% for more than 14 days. In a subanaly-
sis that included only patients without receipt of concomitant
nephrotoxic agents, nephrotoxicity occurred in only 1 (2%)
of 44 high-trough versus 0 of 24 low-trough (<15 mcg/mL)
patients. These studies confirm that an increased incidence of
nephrotoxicity is likely when vancomycin and an aminoglyco-
side are given concomitantly.

Glycopeptide Resistance

24. How do enterococci develop vancomycin resistance, and
what are the therapeutic implications when treating a patient with
glycopeptide-resistant enterococcal endocarditis?

The therapeutic challenges offered by a patient with en-
docarditis caused by enterococci exhibiting high-level resis-
tance to aminoglycosides are compounded by the acquired
resistance of enterococci to glycopeptide antibiotics such as
vancomycin. VRE, particularly E. faecium, have emerged in
the United States since 1987.150,151 Because the use of pro-
phylactic vancomycin has been increasing steadily since the
mid-1980s, it should not be surprising to see increased resis-
tance to this class of compounds. Between 1989 and 1993, the
percentage of nosocomial enterococci reported as resistant to
vancomycin in the United States rose more than 20-fold, from
0.3% to 7.9%.151,152 Enterococcal isolates from intensive care
units increased even more dramatically, from 0.4% to 13.6%,
over the same time. Data from the Centers for Disease Con-
trol and Prevention (CDC) National Nosocomial Infections
Surveillance (NNIS) system indicate that the rate of increase
has slowed down from 31% in 2000 to 12% in 2003.153 A 12%
increase was found in VRE infections in causing infections in
intensive care units between 2003 and the prior 5-year period
(1998–2002). Nonetheless, epidemiologic studies conducted
by the NNIS system as well as others have shown that VRE
bacteremia is associated with significantly increased morbidity
and mortality.153,154

Although E. faecalis is responsible for 80% to 90% of in-
fections caused by enterococci, E. faecium is more likely to
exhibit resistance to glycopeptides compared with E. faecalis;
more than 95% of VRE recovered in the United States are E.
faecium. Glycopeptide-resistant enterococci synthesize abnor-
mal peptidoglycan precursors that lower the binding affinity
of glycopeptides to peptidoglycans.150,151 VRE can be broadly
classified into three separate phenotypes (A, B, and C), based
on three structurally different genes and gene products (e.g.,
altered ligases).150 Most (approximately 70%) of resistant en-
terococci are of the VanA phenotype, which are resistant to
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high levels of both vancomycin (MIC >256 mcg/mL) and
teicoplanin (MIC >16 mcg/mL).150,151 Expression of resis-
tance is inducible, usually plasmid mediated, and transferable
to other organisms via conjugation. The VanB strains exhibit
moderate vancomycin resistance (MIC 16–64 mcg/mL), but
remain susceptible to teicoplanin (MIC ≤2 mcg/mL). Over-
all, the VanC isolates are the least resistant (vancomycin
MIC 8–16 mcg/mL; teicoplanin MIC ≤2 mcg/mL) because
of chromosomal-mediated constitutive expression (i.e., not in-
ducible as are VanA and VanB); however, VanC isolates usually
are associated with the much less common E. gallinarum and
E. casseliflavus infections.150,151

Several studies have implicated prior use of vancomycin
as well as extended-spectrum cephalosporins and drugs with
potent antianaerobic activity as risk factors for promoting in-
fection and colonization with VRE.150,151

The emergence of VRE causing serious infections is in-
deed worrisome because few therapeutic alternatives exist for
this organism because synergistic combinations are required
for bactericidal activity and a clinical cure. As might be an-
ticipated with an organism that is still a relatively uncommon
cause of serious infection, well-established guidelines for an-
timicrobial therapy are not available. To date, no articles have
been published in which investigators have demonstrated suc-
cessful treatment with any particular agent or combination of
agents in a large series of patients infected with glycopeptide-
resistant enterococci. As a result, practitioners must make de-
cisions using the available data from in vitro synergy stud-
ies, experimental models of endocarditis, and scattered case
reports. In addition, glycopeptide-resistant isolates often ex-
hibit concomitant high-level resistance to aminoglycosides and
high-level resistance to β-lactams (e.g., ampicillin, penicillin)
secondary to either β-lactamase production or alteration in the
target penicillin-binding proteins.

Several antibiotic combinations appear promising in vitro
and in preliminary animal models of endocarditis, but few
data are currently available in humans. Those combinations in-
clude high-dose ampicillin (20 g/day) or ampicillin/sulbactam
plus an aminoglycoside; vancomycin, penicillin or ceftriax-
one and gentamicin; ampicillin and imipenem; ciprofloxacin
and ampicillin; ciprofloxacin, rifampin, and gentamicin; te-
icoplanin and gentamicin (teicoplanin is not available in the
United States).150

STREPTOGRAMIN AND OXAZOLIDINONE
Quinupristin/dalfopristin (Synercid) and linezolid (Zyvox)

are two agents with activity and proved efficacy against
infections caused by VRE approved for use by the FDA
in the United States. Quinupristin/dalfopristin (Synercid),
available as a fixed 70:30 combination, is the first drug
in the streptogramin class made available in the United
States for human use. It belongs to the antibiotic family of
macrolides/lincosamides/streptogramins. The agent received
accelerated approval by the FDA in late 1999 specifically for
the treatment of vancomycin-resistant E. faecium bacteremia.
The combination is synergistic for glycopeptide-resistant en-
terococci with an MIC90 of 2 mcg/mL. The fixed product is
generally bactericidal against susceptible streptococci and
staphylococci (including methicillin-resistant strains), but it
is bacteriostatic against E. faecium. Specifically, E. faecalis

is not susceptible to the agent because of the presence of
an efflux158,160,161 pump conferring resistance to dalfopristin.
Emergence of resistance during therapy has been reported on
rare occasions.156 The recommended dosage is 7.5 mg/kg Q 8
to 12 hr (depending on the severity of infection).157

One report describes the largest clinical experience to date
on the use of quinupristin/dalfopristin in the treatment of in-
fections caused by multidrug-resistant E. faecium.158 A total
of 397 patients were enrolled in two prospective emergency-
use studies. Treatment response varied by indication, with an
overall success rate of 65%. Of the five clinically evaluable
patients who were treated for endocarditis, response occurred
in only one (20%). The low response rate observed with en-
docarditis is likely reflected by the need of bactericidal ther-
apy for treatment success. An additional case of E. faecium
endocarditis successfully treated by the combination of quin-
upristin/dalfopristin, doxycycline, and rifampin was reported
by Matsumura et al.159 Arthralgias or myalgias were the most
frequently reported events (10%) and also most frequently re-
sulted in drug discontinuation.158 A higher incidence of arthral-
gias or myalgias has been reported by others (up to 50%);
those patients had significant comorbidities.160 All cases were
reversible on cessation of therapy. Significant venous irrita-
tion occurred (46%) when the drug was administered via a
peripheral vein. In addition, the dose should be diluted up to
500 to 750 mL, as long as the entire infusion can be given in
1 hour.158,161 The drug is not compatible with saline solutions.
Laboratory abnormalities most frequently observed were in-
creases in total and conjugated bilirubin in up to 34% of pa-
tients. As a result, liver function tests should be obtained once
a week during therapy. Because quinupristin/dalfopristin is a
potent inhibitor of the cytochrome P450 3A4 enzyme system,
coadministration of drugs (e.g., cyclosporine, cisapride) me-
tabolized by the same enzyme system should be avoided if
possible, or done only with close monitoring of therapeutic
levels.157,160

Linezolid (Zyvox) is the first drug in the oxazolidinone
class to receive FDA approval in 2000 for clinical use. Line-
zolid has bacteriostatic activity against enterococci, including
vancomycin-resistant E. faecium and E. faecalis. It is also ac-
tive against other gram-positive cocci, including S. pneumo-
niae and methicillin-resistant staphylococci.157 Vancomycin-
resistant E. faecium isolates resistant to linezolid have been
encountered in the clinical setting.162,163 Treatment experi-
ence with linezolid under the compassionate use protocol re-
ported clinical and microbiologic cure rates of 50% at 6-month
follow-up for patients with endocarditis. Vancomycin-resistant
E. faecium was the causative organism for 19 of the 32 patients
treated. Treatment response was not subgrouped by causative
organisms in this report, which was presented in the form of a
meeting abstract.115 Adverse effects associated with linezolid
are generally mild in nature and include nausea, headache, diar-
rhea, rash, and altered taste. Of greater concern is its potential to
cause myelosuppression. Thrombocytopenia, leukopenia, ane-
mia, and pancytopenia have all been reported. Up to 30% of pa-
tients treated have been reported to experience thrombocytope-
nia (platelet counts <100,000 platelets/mm3).157 In addition,
linezolid is a weak monoamine oxidase inhibitor, which may
potentiate the adrenergic effects of sympathomimetic agents
(i.e., pseudoephedrine, phenylpropanolamine) and precipitate
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serotonergic syndrome when used concomitantly with selec-
tive serotonin reuptake inhibitors. Patients should be advised to
avoid tyramine-containing foods (i.e., aged cheese, sausages,
sauerkraut, wine) during therapy as well. Linezolid is available
both orally and parenterally. Linezolid given orally or via en-
teral feedings is completely bioavailable.164 A dosage of 600
mg twice daily is recommended for adults. Persistent MRSA
bacteremia caused by suboptimal serum concentrations of line-
zolid has been described,120 suggesting a need to obtain serum
drug concentrations in patients not responding appropriately
to treatment.

DAPTOMYCIN
Daptomycin is active against enterococci in vitro with an

MIC range of 0.25 to 4 mcg/mL and a MIC90 of 4 mcg/mL
for 219 vancomycin resistant E. faecium isolates from the
United States. For 40 vancomycin-resistant E. faecalis iso-
lates,the MIC range is 0.015 to 2 mcg/mL, with an MIC90 of
2 mcg/mL.165 When tested against 20 vancomycin resistant E.
faecium strain, daptomycin had an MIC50 of 2 mcg/mL versus
0.5 mcg/mL and 4 mcg/mL for quinupristin/dalfopristin and
linezolid, respectively.166 Of caution is the emergence of dap-
tomycin resistance during therapy for VRE infections reported
in the literature.167,168 In a case report of a patient with van-
comycin resistant E. faecium pyelonephritis, the initial isolate
had an MIC of 2 mcg/mL; however, after 17 days of treat-
ment, a blood culture yielded growth of vancomycin resistant
E. faecium with an MIC increase to 32 mcg/mL.169 Clinical
experience with daptomycin for vancomycin resistant E. fae-
cium endocarditis is limited to one published case report.170

The patient received daptomycin 8 mg/kg/day in combination
with gentamicin and rifampin for 11 weeks. Subsequent cul-
tures were negative; however, the patient died 4 months after
completion of therapy from an unknown cause. Thus, dapto-
mycin’s role in treating VRE endocarditis is uncertain at this
point.

CONTROL OF GLYCOPEPTIDE RESISTANCE
Considering the continuing rise in prevalence and therapeu-

tic challenges associated with VRE, a control effort involving
multiple disciplines is necessary to effect a decrease or prevent
an increase in the number of patients colonized or infected by
these organisms. The primary focus of control should be on
limiting vancomycin use to those indications recommended
by the CDC’s Hospital Infection Control Practices Advisory
Committee in 1994 and enforcing strict adherence to infection
control practices to minimize cross-contamination of infected
or colonized patients.150,172

Selection pressure resulting from continued heavy use of
vancomycin is evident with the emergence of vancomycin-
intermediate S. aureus (VISA) and vancomycin-resistant S. au-
reus (VRSA). Cases of VISA have been reported in the United
States and Japan.63 Although the mechanism of resistance for
VISA is unique and does not appear to be mediated by the
VanA gene, all patients had prior infections with MRSA and
had received repeated and prolonged vancomycin therapy.63

More alarming is the recovery of a VRSA strain in a patient
who had concurrent VRE infections.92 This case represents
the first demonstration of in vivo transfer of VanA gene from
VRE to S. aureus, conferring high-level vancomycin resistance

(MIC >1,012 mcg/mL). The isolation of both VISA and VRSA
underscores the importance of controlling the spread of van-
comycin resistance through proper antibiotic stewardship and
infection control practices.

FUNGAL ENDOCARDITIS CAUSED BY CANDIDA ALBICANS

Prognosis and Treatment

25. B.G., a 35-yearold male heroin addict, was admitted to the
hospital with chief complaints of pleuritic chest pain and DOE.
Physical examination revealed a cachectic man with a tempera-
ture of 104◦F, a diastolic regurgitant heart murmur heard loud-
est during inspiration, splenomegaly, and pharyngeal petechiae.
Funduscopic examination was noncontributory. On the chest ra-
diograph, several pulmonary infiltrates with cavitation were evi-
dent. Urinalysis (UA) was significant for microscopic hematuria
and RBC casts. An ECG demonstrated vegetations on both the
tricuspid and aortic heart valves. B.G. had evidence of moderate
heart failure, although his hemodynamic status at that time was
“stable.” Six sets of blood cultures were drawn over 2 days and
broad-spectrum empiric coverage consisting of vancomycin, gen-
tamicin, and ceftazidime was initiated. Two days later, two of the
cultures grew C. albicans, and a diagnosis of fungal endocardi-
tis was established. What is B.G.’s prognosis, and how should his
fungal endocarditis be treated?

Fungal endocarditis is a rare but life-threatening infection
with a grave prognosis that is generally difficult to diagnose
and even more difficult to treat.1 Most cases are caused by
Candida and Aspergillus species. Fungal endocarditis occurs
primarily in IV drug users, patients with prosthetic heart valves,
immunocompromised patients, those with IV catheters, or pa-
tients receiving broad-spectrum antibiotics.172–175

Management of fungal endocarditis generally requires
early valve replacement and aggressive fungicidal therapy
with a combination of high-dose amphotericin B (usually
1 mg/kg/day IV) and 5-flucytosine (5-FC; Ancobon) 150
mg/kg/day orally.1,172–175 These antifungal agents should be
prescribed for B.G. and his broad-spectrum antibiotic cover-
age with vancomycin, gentamicin, and ceftazidime should be
discontinued.

B.G.’s clinical presentation and chest radiograph indicate
that fragments of vegetation have already embolized to his
lungs and possibly to other vital organs (e.g., spleen, kidneys).
Because of the morbidity and mortality associated with major
emboli and valvular insufficiency, B.G. should undergo surgery
within 48–72 hours after antifungal therapy has been initiated.
Delaying surgery beyond this time frame can increase B.G.’s
risk of mortality.

The prognosis for B.G. is dismal even with proper medical
and surgical treatment. In a series analyzing 270 cases of fungal
IE occurring over a 30-year period, mortality for those who re-
ceived combined medical and surgical management was 45%,
compared with 64% for those who received antifungal therapy
alone.174 Despite initial response to treatment, the rate of re-
lapse is high (30%–40%), and relapse can occur up to 9 years
following the initial episode of infection.172–175 Most deaths in
IV drug users with endocarditis are secondary to heart failure,
a finding already evident in B.G.1 In addition, replacement of
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a heart valve for fungal endocarditis in a heroin addict carries
a significant risk of late morbidity and mortality.174

Combination Therapy With 5-Flucytosine and Amphotericin B

26. Why is it important to treat B.G.’s fungal endocarditis with
the combination of 5-FC and amphotericin B? What is the optimal
duration of therapy?

The importance of adding 5-FC (Ancobon) to amphotericin
B (Fungizone) therapy has not been adequately studied; how-
ever, the poor prognosis associated with fungal endocarditis
warrants the administration of 5-FC, despite its potential for
causing bone marrow suppression and hepatotoxicity.174 (See
Chapter 68, Prevention and Treatment of Infections in Neu-
tropenic Cancer Patients, for a discussion of amphotericin B
and 5-FC.) The vegetations from his tricuspid or aortic heart
valves already have broken off and caused pulmonary cavi-
tation and possibly splenomegaly. His clinical presentation is
consistent with a potentially fatal outcome; therefore, his blood
isolates should be tested for in vitro susceptibility to ampho-
tericin, to 5-FC, and to both of these drugs in combination.
Fungi resistant to 5-FC alone may still be susceptible to the
synergistic effect of the 5-FC–amphotericin B combination.176

If the organism is resistant to 5-FC and in vitro synergy be-
tween these two antifungals is lacking, continued treatment
with 5-FC is not indicated.

The optimal dose and duration of antifungal therapy for
fungal endocarditis have not been determined by clinical stud-
ies; however, postoperative treatment with amphotericin B and
5-FC (if it has in vitro activity) for a minimum of 6 weeks
(total dose, 1.5–3 g of amphotericin B) is recommended and
is supported by the poor penetration of amphotericin B into
heart valve tissue.177 In patients with fungal PVE, some ex-
perts advocate secondary prophylaxis for a minimum of 2
years or lifelong suppressive treatment with an oral antifun-
gal agent for nonsurgical candidates in light of the high rates
of relapse.1,174–179

Nephrotoxicity caused by amphotericin is often a serious
dose-limiting factor to completion of therapy, particularly in
patients who require a prolonged treatment course (see Chapter
67, Osteomyelitis and Septic Arthritis). Renal dysfunction sec-
ondary to the conventional formulation of amphotericin B may
stabilize or improve with the switch to lipid-formulated am-
photericin B products (i.e., Abelcet).180 The efficacy of the new
formulations in the treatment of endocarditis has been demon-
strated only in anecdotal reports,174–177,181 whereas the drug
acquisition cost is substantially higher. Alternative antifungal
agents may need to be considered in patients who experience
significant renal toxicities.

Alternative Antifungals

27. If B.G. experiences significant toxicities because of pro-
longed combination treatment with amphotericin and 5-FC, what
alternative antifungal agent(s) can be used to treat his fungal en-
docarditis?

Fluconazole (Diflucan) is a triazole compound active
against Candida species, particularly C. albicans and C. para-
psilosis. It also has a favorable toxicity profile compared with
amphotericin and 5-FC.182 Prolonged combination treatment
with amphotericin and 5-FC often is limited by nephrotoxi-

city, bone marrow suppression, and hepatic damage. Limited
experimental and clinical experience using fluconazole in the
treatment of candidal endocarditis has been accumulating.

Fluconazole was effective in eradicating cardiac fungal veg-
etations caused by C. albicans and C. parapsilosis in a rabbit
model.183 Successful experience with fluconazole treatment
of fungal endocarditis in humans has been described in only a
few case reports.184–189 Patients with endocarditis treated with
fluconazole were either intolerant of amphotericin or poor sur-
gical candidates who required suppressive antifungal therapy
after completion of a course of amphotericin therapy. Patients
with various Candida species (i.e., C. albicans, C. parapsilo-
sis, and C. tropicalis) were treated with 200 to 600 mg of
fluconazole daily over 45 days to 6 months or until death. Flu-
conazole therapy reduced or completely removed all cardiac
vegetations and resolved clinical symptoms. Because of the
lack of adequate clinical experience, however, the use of flu-
conazole in treating fungal endocarditis cannot be advocated
except in patients who require lifelong therapy because of the
following situations: (a) the patient is a poor surgical candi-
date, (b) the patient has relapsed at least once since the initial
infection episode, or (c) the patient has PVE.

Another potential alternative is caspofungin, which is a first-
line agent in the echinocandin class.190 Caspofungin was ap-
proved by the FDA for salvage therapy against invasive as-
pergillosis, esophageal candidiasis, and invasive candidiasis
(primarily bloodstream infections and peritonitis). Caspofun-
gin inhibits fungal cell wall synthesis by inhibiting β-1,3 glu-
can synthesis. It is fungicidal against most Candida species
(including C. albicans), and its use is not associated with
nephrotoxicity. Both characteristics make the drug an attrac-
tive treatment option for B.G. should toxicities develop after
prolonged therapy with amphotericin B. Limited experience
has described successful outcomes associated with caspofun-
gin use in this setting.191–193 In a patient with C. glabrata mitral
valve endocarditis without surgical intervention, caspofungin
was used successfully as induction therapy in combination with
amphotericin B and continued as maintenance therapy for 12
weeks.194 In a second case report of a patient with prosthetic
valve endocarditis caused by C. glabrata and C. krusei, resolu-
tion of vegetation was achieved after 6 weeks of caspofungin
therapy alone without valvular replacement. Both patients were
deemed to be poor surgical candidates and received medical
therapy only195. Micafungin and anidulafungin are the latest
additions to the echinocandin class; clinical experience in the
treatment of endocarditis is currently lacking.

GRAM-NEGATIVE BACILLARY ENDOCARDITIS CAUSED
BY PSEUDOMONAS AERUGINOSA

Prevalence

28. Fourteen months after completing his course of antifungal
therapy, B.G. was readmitted to the hospital with a 48-hour his-
tory of fever, shaking chills, rigors, and night sweats. His vital
signs at that time were blood pressure, 100/60 mmHg; pulse, 120
beats/minute; respirations, 24/minute; and temperature, 103.7◦F.
A new-onset systolic murmur was noted on auscultation. Two-
dimensional echocardiography revealed two small vegetations on
the prosthetic valve. Empiric therapy consisting of amphotericin
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B, 5-FC, vancomycin, and gentamicin was initiated. Three blood
cultures drawn on the day of admission were positive for P. aerug-
inosa with the following antibiotic susceptibilities (MIC): gen-
tamicin (8 mcg/mL), tobramycin (2 mcg/mL), piperacillin (64
mcg/mL), and ceftazidime (2 mcg/mL). A presumptive diagnosis
of PVE caused by P. aeruginosa was made. Why was the finding
of pseudomonas expected in B.G.?

The prevalence of endocarditis caused by gram-negative or-
ganisms has increased significantly over the years, especially
in IV drug users such as B.G. and patients with prosthetic heart
valves. Gram-negative organisms are responsible for about
15% to 20% of endocarditis cases in these populations.198 Most
gram-negative endocarditis cases are caused by Pseudomonas
species, S. marcescens, and Enterobacter species, although
numerous other gram-negative organisms have been known
to cause endocarditis.196–201 Geographic clustering of certain
organisms causing endocarditis in narcotic addicts has been
shown in the past, such as the association of P. aeruginosa with
the Detroit area and S. marcescens with San Francisco.201–204

These past epidemiologic findings are not necessarily true to-
day. In narcotic addicts with gram-negative endocarditis, the
tricuspid, aortic, and mitral valves are involved in 50%, 45%,
and 40% of cases, respectively.196

Antimicrobial Therapy

29. How should B.G.’s gram-negative endocarditis be treated
and monitored?

The regimen of amphotericin B, 5-FC, vancomycin, and
gentamicin that was initiated empirically for B.G. pending
the outcome of culture and sensitivity results should now be
discontinued because P. aeruginosa has been cultured from
B.G.’s blood. Proper antibiotic selection for the treatment of
gram-negative endocarditis should be based on antimicrobial
susceptibility and synergy testing. A bactericidal combination
of antibiotics usually is required to provide in vivo synergy
and to prevent resistant subpopulations from emerging during
therapy.1,31 B.G., therefore, should be treated with ceftazidime
(2 g IV Q 8 hr) with concurrent high-dose tobramycin (3 mg/kg
IV Q 8 hr). The duration of therapy is not well defined, but
most authorities recommend 4 to 6 weeks.1,197,202,204 Despite
the problems associated with using the SBT as a monitoring
tool (see Question 3), therapy should be tailored to achieve a
trough titer of at least 1:8.22 Because B.G. should be receiving
both ceftazidime and tobramycin on the same schedule (Q 8
hr), the trough titer should be drawn just before dose adminis-
tration. Finally, the infected valve should be surgically excised
for the reasons previously discussed.

Endocarditis caused by P. aeruginosa (as in B.G.) should be
treated for at least 6 weeks with a combination of an amino-
glycoside and an antipseudomonal penicillin (ticarcillin or
piperacillin) or cephalosporin (ceftazidime).1,206 The combi-
nation of an antipseudomonal penicillin and an aminoglyco-
side is synergistic in vitro and in the rabbit model of P. aerugi-
nosa endocarditis,205,206 and clinical experience has confirmed
this finding in IV drug users. Combination therapy with high
dosages of tobramycin or gentamicin (8 mg/kg/day) has been
associated with a significantly higher cure rate and lower mor-
tality rate compared with an older, “low-dose” regimen (2.5–
5 mg/kg/day).197,198,202 Aminoglycosides (tobramycin or gen-

tamicin) should be dosed to produce peak and trough serum
concentrations of 15 to 20 mcg/mL and <2 mcg/mL, respec-
tively, to ensure maximum efficacy1; therefore, high-dose to-
bramycin should be selected for B.G.

For obvious reasons, peak and trough aminoglycoside con-
centrations should be routinely monitored in all patients receiv-
ing high-dose therapy for gram-negative bacillary endocarditis.
Of note, the use of extended-interval dosing of aminoglycoside
has not been evaluated for the treatment of endocarditis caused
by gram-negative organisms; therefore, this dosing approach
cannot be recommended at this time. The choice of aminogly-
coside should be based on the in vitro activity of the organ-
ism (i.e., MIC), relative toxicity potential, and cost. In B.G.’s
case, tobramycin should be selected over gentamicin because
the isolated organism exhibited greater susceptibility to this
aminoglycoside. Generally, P. aeruginosa is more susceptible
to tobramycin than to gentamicin. Thus, it is not at all sur-
prising that the P. aeruginosa in B.G.’s blood cultures had a
2 mcg/mL MIC for tobramycin compared with the 8 mcg/mL
MIC for gentamicin.

Data on the use of ceftazidime for the treatment of P. aerug-
inosa endocarditis are limited; however, it should be preferred
over piperacillin for B.G. on the basis of its greater in vitro
activity and good penetration into cardiac valvular tissue.207

Several compounds such as imipenem (Primaxin), aztre-
onam (Azactam), and ciprofloxacin (Cipro), have demon-
strated excellent in vitro activity against many of the gram-
negative organisms causing endocarditis. Clinical data regarding
their use in the treatment of endocarditis are very limited, how-
ever.208–211

CULTURE-NEGATIVE ENDOCARDITIS

30. B.G.’s history, clinical presentation, and imaging studies are
strongly suggestive of infective endocarditis. If his blood cultures
had been negative after 48 hours of incubation, the working di-
agnosis would have been culture-negative endocarditis. What are
the possible reasons for culture-negative endocarditis, and what
measures should be taken to establish a microbiologic etiology?

The proportion of patients with culture-negative endocardi-
tis has diminished considerably, presumably as a result of im-
proved microbiologic culture techniques. Negative blood cul-
tures are present in only 5% to 7% of patients who meet strict
criteria for the diagnosis of IE and have not recently received
antibiotics.212

The prior administration of antimicrobials is thought to ac-
count for most cases of culture-negative endocarditis.213 B.G.’s
blood cultures may remain negative for several days to weeks
if he has taken antibiotics recently. The use of antibiotic ab-
sorbance resins or the addition of β-lactamases to the blood
sample may remove or inactivate some antibiotics.214,215

Slow-growing and fastidious organisms, such as gram-
negative bacilli in the Haemophilus-Actinobacillus-Cardio-
bacterium-Eikenella-Kingella group (HACEK), Brucella,
Coxiella, chlamydiae, strict anaerobes, and fungi, should be
pursued in culture-negative patients. This usually is accom-
plished by the use of special culture media or by obtaining
appropriate serologic acute and convalescent titers. Blood cul-
tures should be saved for at least 3 weeks to detect slow-
growing organisms.213 The use of polymerase chain reaction
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to identify nonculturable organisms in excised valvular spec-
imens or septic emboli has been helpful in some cases.216 Of
note, previously NVS has been the cause of most of the cases of
endocarditis diagnosed as “culture-negative,” initially because
of its requirement for the addition of vitamin B6 (pyridoxal
HCl) to the culture media for laboratory growth; however, lab-
oratory identification is no longer a significant problem with
current culture media and laboratory techniques.24

Empiric Therapy

31. Assume that the causative organism remains unidentified.
Recommend an antimicrobial regimen for the empiric treatment
of B.G.’s presumed culture-negative endocarditis.

In the hemodynamically stable patient, antibiotic therapy
should be withheld until positive blood cultures are obtained.1

Based on B.G.’s clinical presentation and echocardiographic
findings, empiric antibiotics should be initiated as soon as nec-
essary cultures have been collected. Because staphylococci and
gram-negative bacilli account for most organisms responsible
for endocarditis in the narcotic addict with a prosthetic heart
valve, B.G. should be started on a regimen consisting of an anti-
staphylococcal penicillin, such as nafcillin, an aminoglycoside,
and a third agent with gram-negative coverage. Because B.G.
may be experiencing a relapse caused by C. albicans, the addi-
tion of amphotericin B and flucytosine would be appropriate. If
B.G. is from an area where methicillin-resistant staphylococci
are prevalent, vancomycin should be substituted for nafcillin.
A third-generation cephalosporin (ceftriaxone or ceftazidime)
or piperacillin could be used, depending on the gram-negative
pathogens common to the region and their anticipated suscep-
tibilities. This regimen, which contains an aminoglycoside and
piperacillin, also will provide coverage for enterococci.

B.G.’s clinical status and the positive ECG indicate that early
surgical valve excision and replacement are necessary.217 Cul-
tures obtained from excised valve may result in identification of
the causative organism. His antimicrobial regimen may need to
be altered if and when subsequent culture information becomes
available. Other noninfective conditions, such as atrial myx-
oma, marasmic endocarditis, and rheumatic fever, can mimic
culture-negative endocarditis and should be excluded from the
differential diagnosis with the appropriate tests.1

PROPHYLACTIC THERAPY
Rationale and Recommendations

32. B.B., a 74-year-old man with poor dentition, is scheduled to
have all of his remaining teeth extracted for subsequent fitting of
dentures. His medical history is significant for numerous infec-
tions of the oral cavity and prosthetic valve replacement 2 years
ago. His only current medications are digoxin (Lanoxin) 0.125
mg/day and furosemide (Lasix) 40 mg every morning. What is the
rationale for antibiotic prophylaxis?

Because infective endocarditis is associated with significant
mortality and long-term morbidity, prevention in susceptible
patients is of paramount importance.1 Estimates are, however,
that <10% of all cases are theoretically preventable.10,48

The incidence of endocarditis in patients undergoing pro-
cedures known to cause significant bacteremia, even without
antibiotic prophylaxis, is low. In addition, endocarditis may
develop following the administration of seemingly appropri-
ate chemoprophylaxis. Therefore, it is not surprising that the
efficacy of prophylaxis has never been established through
placebo-controlled clinical trials. Approximately 6,000 pa-
tients would be necessary to demonstrate a statistical differ-
ence (if one exists) between untreated controls and a group
receiving prophylaxis.48,218

Without conclusive clinical data from prospective trials,
recommendations for antibiotic prophylaxis have been based
largely on in vitro susceptibility data, evaluation of antibiotic
regimens using animal models of endocarditis, and anecdotal
experiences.48,218,219,220

Prophylactic antibiotics are thought to provide protection
by decreasing the number of organisms reaching the damaged
heart valve from a primary source. Thus, antibiotics theoreti-
cally prevent bacterial multiplication on the valve and interfere
with bacterial adherence to the cardiac lesion.48,218

The 2007AHA recommendations for antibiotic prophy-
laxis before common medical procedures are outlined in Table
59-7.218 Compared with the previous (1997) guideline,218 the
current guidelines only recommend the use of prophylaxis in
patients with specific cardiac conditions who are undergoing

Table 59-7 Endocarditis Prophylaxis Regimen Indicated for
Patients With Cardiac Conditionsa

Drug Dose

Dental or Upper Single Dose 30 to
Respiratory Tract 60 Minutes Before
Procedures Procedure

Standard Regimen
Amoxicillin (oral) Adult: 2 g

Pediatric: 50 mg/kg
Allergic to penicillin or ampicillin

(oral)
Clindamycin Adult: 600 mg
or Pediatric: 20 mg/kg
Cephalexinb,c Adult: 2 g
or Pediatric: 50 mg/kg
Azithromycin or clarithromycin Adult: 500 mg

Pediatric: 15 mg/kg
Unable to Take Oral Medications
Ampicillin Adult: 2 g intramuscularly

(IM) or intravenously (IV)
Pediatric: 50 mg/kg IM or IV

Allergic to penicillin or ampicillin
Clindamycin Adult: 600 mg (IV)
or Pediatric: 20 mg/kg IV
Cefazolinb Adult: 1 g IM or IV

Pediatric: 50 mg/kg IM or IV

aSee Table 59-1.
bCephalosporins should not be used in individuals with immediate-type hyper-
sensitivity reaction (e.g., urticaria, angioedema, or anaphylaxis) to penicillins or
ampicillin.
cOther first- or second-generation oral cephalosporins in equivalent adult or pedi-
atric dose.
Adapted from reference 218, with permission.
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only dental or respiratory tract procedures. The use of prophy-
laxis for patients undergoing gastrourinary or gastrointestinal
procedures is no recommended because of a continuing lack
of evidence to support efficacy.

Dental and Upper Respiratory Tract Procedures
The new guidelines only recommend prophylaxis in individu-
als with cardiac conditions associated with the highest risk of
adverse outcomes from endocarditis (see Table 59-1). Previous
1997 AHA guidelines listed a substantial number of procedures
where prophylaxis is either indicated or not recommended.
Analysis of published data shows that viridans streptococci
bacteremia can result from any procedure that involves the
manipulation of the gingival tissue or the periapical region of
the teeth or perforation of the oral mucosa. Placement or re-
moval of prosthodontic or orthodontic appliances, adjustment
of orthodontic appliances, taking dental radiographs, bleeding
from trauma to the lips or oral mucosa, and so instantaneous
shedding of deciduous teeth do not require chemoprophylaxis.
Endotracheal intubation also does not require prophylactic
therapy.

Antimicrobial prophylaxis should be directed against the
viridans group of streptococci because these organisms are the
most common cause of endocarditis following dental proce-
dures. Invasive surgical procedures involving the upper respira-
tory tract, such as incision or biopsy of the respiratory mucosa
(e.g., tonsillectomy, adenoidectomy), can cause transient bac-
teremia with organisms that have similar antibiotic susceptibil-
ities to those that occur after dental procedures; therefore, the
same regimens are suggested. Prophylaxis is not recommended
for bronchoscopies unless the procedure involves incision of
the respiratory mucosa. Amoxicillin is currently recommended
for oral prophylaxis in susceptible persons having dental or up-
per respiratory tract surgery. Oral clindamycin, clarithromycin,
or azithromycin is recommended for patients with immediate-
type hypersensitivity reaction to penicillins. Unlike past rec-
ommendations of the AHA, the current guidelines no longer
recommend prophylaxis based on risk stratification and only
patients with outlined cardiac conditions should be adminis-
tered prophylactic antibiotics.

Most cases of endocarditis that are caused by bacterial flora
from the mouth do not follow dental procedures but rather
are the result of poor oral hygiene. The cumulative exposure to
random bacteremias from daily oral activities is estimated to be
5,730 minutes over a 1-month period compared with only 6 to
30 minutes for a dental procedure. Furthermore, it is estimated
that the cumulative exposure to bacteremia from routine daily
activities may be as high as 5.6 million time greater than a single
tooth extraction218. Based on the study results, concerns for
antimicrobial resistance, and cost, changes to restrict the use of
antibiotic prophylaxis to the highest-risk patients before dental
procedures may be expected with future guidelines issued by
the AHA.

Indications and Choice of Agent

33. Is prophylactic antibiotic therapy indicated for B.B.? If so,
which antibiotic(s) should be used?

Based on the current recommendations, B.B. is a candidate
for antibiotic prophylaxis. Presence of a prosthetic aortic valve

while undergoing multiple tooth extractions places him at risk
for developing endocarditis. He also is scheduled to have all
of his remaining teeth extracted, a procedure likely to result
in bacteremia. According to Table 59-7, B.B. should receive
a single 2-g oral dose of amoxicillin 1 hour before the proce-
dure. Previous AHA guidelines recommended a higher dose
(3 g) of amoxicillin to be administered before the procedure
and followed by a second dose 6 hours after the procedure.10

When the blood levels and tolerability of 2- and 3-g oral amox-
icillin doses were compared in a crossover study involving 30
adult volunteers,10 the 2-g doses resulted in adequate serum
levels; concentrations 6 hours after dosing were well above the
MIC for most oral streptococci. Furthermore, no adverse ef-
fects were noted with the 2-g dose versus a 10% incidence of
gastrointestinal complaints with the 3-g dose.

HOME INTRAVENOUS ANTIBIOTIC THERAPY

34. T.M., a 48-year-old woman, developed viridans streptococci
endocarditis following a dental procedure. Her medical history
is significant for rheumatic heart disease and chronic renal in-
sufficiency (measured creatinine clearance, 50 mL/minute). She
is hemodynamically stable and has no evidence of vegetation on
ECG. She is currently on day 7 of therapy with penicillin G, 2
million units IV Q 4 hr. The plan is to continue penicillin therapy
for a total of 4 weeks. What are the considerations for using home
IV therapy for the treatment of infective endocarditis? Is T.M. a
candidate for home antibiotic therapy?

The successful use of home IV antibiotic therapy for the
patient with endocarditis has been described, although the
number of patients treated is relatively small compared with
those treated for osteomyelitis.220–222 The advantages of home
therapy include economic benefits to the hospital for early
discharge (the diagnosis-related-group [DRG] allocation for
endocarditis is 18.4 days, which is shorter than the usual rec-
ommended duration of therapy) and the potential for greater
acceptance by the patient.

Home treatment of endocarditis is not without risk,
however.222 Patients must be hemodynamically stable before
discharge and free from the risk of sudden valve rupture. The
drug abuser is obviously not a candidate for home treatment,
nor is the patient receiving frequent doses of medication. The
successful management of any infection amenable to home
treatment requires careful patient evaluation for suitability and
coordination of the health care provided by key personnel.

T.M. represents the typical patient with uncomplicated
streptococcal endocarditis. If the sole reason for continued
hospitalization is to administer IV antibiotics, she is a potential
candidate for home therapy.

Ceftriaxone is an attractive option for outpatient therapy of
uncomplicated endocarditis caused by penicillin-susceptible
streptococci. The excellent in vitro activity of ceftriaxone and
its long half-life of 6 to 9 hours allow once-a-day administra-
tion. The feasibility of intramuscular administration of ceftri-
axone also obviates the need for IV access, thus avoiding any
potential line-related complications when administered in the
outpatient setting.

Clinical experience with the use of ceftriaxone in the treat-
ment of patients with penicillin-susceptible streptococcal en-
docarditis was described in four open-label studies.38−41 Two
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of the studies evaluated ceftriaxone monotherapy for 4 weeks;
the other two evaluated combination therapy with ceftriaxone
and an aminoglycoside for a 2-week duration. All infecting
strains of streptococci in the first two studies were inhibited
by ceftriaxone at an MIC of <0.25 mcg/mL. In one study,
ceftriaxone was given at a dosage of 2 g once daily for 4
weeks to most patients, with 15 receiving ceftriaxone for 2
weeks followed by amoxicillin 1 g four times daily for 2
weeks. Most of the patients received therapy predominantly
as outpatients. All patients (N = 30) reported in this study
responded favorably to treatment with ceftriaxone or ceftriax-
one followed by amoxicillin.41 Patients with cardiovascular risk
factors, such as heart failure, severe aortic insufficiency, or evi-
dence of recurrent thromboembolic events, were excluded from
the study. Only one probable relapse was noted at 3 months after
therapy with presentation of febrile syndrome, elevated sedi-
mentation rate, and negative bacterial blood culture. An uncon-
trolled study extended the favorable results of the aforemen-
tioned study.38 Treatment was completed in 55 of 59 patients.
Patients were followed for 4 months to up to 5 years after the
end of treatment with no clinical signs or laboratory evidence
of relapse. Of patients, 71% completed therapy without com-
plications; however, 10 required valve replacement secondary
to hemodynamic deterioration or recurrent emboli, whereas

4 required a change in therapy because of drug allergy. Ad-
verse side effects were minor, but 3 patients had neutropenia
that resolved after cessation of therapy.

Because of the lack of controlled trials comparing the effi-
cacy of ceftriaxone against penicillin with or without an amino-
glycoside in the treatment of penicillin-susceptible streptococ-
cal endocarditis, ceftriaxone should be considered primarily in
patients such as T.M. for whom home antibiotic therapy is a
treatment option and those who are hemodynamically stable
with no evidence of vegetation.

The feasibility of home therapy depends on the following
additional factors: (a) patient willingness; (b) adequate venous
access; (c) psychosocial stability; (d) access to medical care if
an emergency occurs; (e) ability to train T.M. (proper aseptic
technique, catheter site care, antibiotic preparation, recogni-
tion of untoward effects of the antibiotic, and recognition of
symptoms associated with worsening infection); and (f) insur-
ance coverage for home IV therapy. These conditions can be
accomplished only with the multidisciplinary involvement of
the infectious disease physician, a social worker, a pharmacist,
a specialty nurse, and the patient. Home care, outpatient care,
and other options will be used increasingly because health care
reform mandates the decreased use of tertiary care facilities
when possible.

REFERENCES
1. Bayer AS et al. Endocarditis and intravascular in-

fections. In: Mandell GL et al., eds. Principles and
Practice of Infectious Diseases. 6th ed. New York:
Churchill Livingstone; 2005:975.

2. Sullman PM et al. Pathogenesis of endocarditis. Am
J Med 1985;78:110.

3. Manning JE et al. An appraisal of the virulence
factors associated with streptococcal endocarditis.
J Med Microbiol 1994;40:110.

4. Sande MA et al. Penicillin-aminoglycoside synergy
in experimental Streptococcus viridans endocardi-
tis. J Infect Dis 1974;129:572.

5. Strom BL et al. Dental and cardiac risk factors for
infective endocarditis. A population-based, case-
control study. Ann Intern Med 1998;129:761.

6. Cabell CH et al. Changing patient characteristics
and the effect on mortality in endocarditis. Arch
Intern Med 2002;162:90.

7. Fowler VG, Jr. et al. Staphylococcus aureus endo-
carditis: a consequence of medical progress. JAMA
2005:3012.

8. McKinsey DS et al. Underlying cardiac lesions
in adults with infective endocarditis: the changing
spectrum. Am J Med 1987;82:681.

9. Baddour LM et al. Infective endocarditis: diagno-
sis, antimicrobial therapy, and management of com-
plications: a statement for healthcare professionals
from the Committee on Rheumatic Fever, Endo-
carditis, and Kawasaki Disease, Council on Car-
diovascular Disease in the Young, and the Councils
on Clinical Cardiology, Stroke, and Cardiovascular
Surgery and Anesthesia, American Heart Associ-
ation: endorsed by the Infectious Diseases Society
of America. 2005:e394.

10. Dajani AS et al. Prevention of bacterial endocardi-
tis. Recommendations by American Heart Associ-
ation (AHA). JAMA 1990;264:2919.

11. Sexton DJ et al. Current best practices and guide-
lines. Assessment and management of complica-
tions in infective endocarditis. Infect Dis Clin North
Am 2002;16:507.

12. Roder BL et al. Neurological manifestations in
Staphylococcus aureus endocarditis. A review of

260 bacteremic cases in non-drug addicts. Am J
Med 1997;102:379.

13. Prazin GL et al. Blood culture positivity: sup-
pression by outpatient antibiotic therapy in pa-
tients with bacterial endocarditis. Arch Intern Med
1982;142:263.

14. Sachdev M et al. Imaging techniques for diagnosis
of infective endocarditis. Infect Dis Clin North Am
2002;16:319.

15. Cheitlin MD et al. ACC/AHA guidelines for the
clinical application of echocardiography: executive
summary: a report of the American College of Car-
diology/American Heart Association Task Force on
Practice Guidelines (Committee on Clinical Appli-
cation of Echocardiography): developed in collab-
oration with the American Society of Echocardio-
graphy. J Am Coll Cardiol 1997;29:862.

16. Rosen AB et al. Cost-effectiveness of trans-
esophageal echocardiography to determine the
duration of therapy for intravascular catheter-
associated Staphylococcus aureus bacteremia. Ann
Intern Med 1999;130:810.

17. Dajani AS et al. Oral amoxicillin as prophylaxis for
endocarditis: what is the optimal dose? Clin Infect
Dis 1994;18:157.

18. Heidenreich PA et al. Echocardiography in patients
with suspected endocarditis: a cost-effective analy-
sis. Am J Med 1999;107:198.

19. Durack DT et al. New criteria for diagnosis of in-
fective endocarditis: utilization of specific echocar-
diographic findings. Am J Med 1994;96:200.

20. Li JS et al. Proposed modifications to the Duke cri-
teria for the diagnosis of infective endocarditis. Clin
Infect Dis 2000;30:63.

21. Wilson WR et al. Antibiotic treatment of adults with
infective endocarditis due to streptococci, entero-
cocci, staphylococci, and HACEK microorganisms.
JAMA 1995;274:1706.

22. Le T et al. Combination antibiotic therapy for bac-
terial endocarditis. Clin Infect Dis 2003;36:615.

23. Watanakunakorn C. Penicillin combined with gen-
tamicin or streptomycin: synergism against entero-
cocci. J Infect Dis 1971;124:581.

24. Johnson CC et al. Viridans streptococci and groups
C and G streptococci and Gamelia morbillorum. In:
Mandell GL et al., eds. Principles and Practice of
Infectious Diseases. 6th ed. New York: Churchill
Livingstone; 2005:2434.

25. Alcaide F et al. In vitro activities of 22 β-
lactam antibiotics against penicillin-resistant and
penicillin-susceptible viridans group streptococci
isolated from blood. Antimicrob Agents Chemother
1995;39:2243.

26. Carratala J et al. Bacteremia due to Viridans strepto-
cocci that are highly resistant to penicillin: increase
among neutropenic patients with cancer. Antimi-
crob Agents Chemother 1995;20:1169.

27. Doern GV et al. Emergence of high rates of an-
timicrobial resistance among viridans group strep-
tococci in the United States. Antimicrob Agents
Chemother 1996;40:891.

28. Hidayat LK et al. High-dose vancomycin therapy
for methicillin-resistant Staphylococcus aureus in-
fections: efficacy and toxicity. Arch Intern Med
2006;166:2138.

29. Hidayat LK et al. Vancomycin (VAN) tolerance
in MRSA invasive strains in patients undergoing
vancomyin therapy. Abstract L-1210. 46th Inter-
science Conference on Antimicrobial Agents and
Chemotherapy. September 27–30, 2006, San Fran-
cisco.

30. Wolfson JS et al. Serum bactericidal activity as
a monitor of antibiotic therapy. N Engl J Med
1985;312:968.

31. Weinstein MP et al. Multicenter collaborative eval-
uation of a standardized serum bactericidal test as
a prognostic indicator in infective endocarditis. Am
J Med 1985;78:262.

32. Bisno AL et al. Antimicrobial treatment of in-
fective endocarditis due to viridans streptococci,
enterococci and staphylococci. JAMA 1989;261:
1471.

33. Karchmer AW et al. Single-antibiotic therapy for
streptococcal endocarditis. JAMA 1979;241:1801.

34. Wilson WR et al. Short-term intramuscular ther-
apy with procaine penicillin plus streptomycin for



ENDOCARDITIS � 59-27

infective endocarditis due to viridans streptococci.
Circulation 1978;57:1158.

35. Wilson WR et al. Short-term therapy for strepto-
coccal infective endocarditis: combined intramus-
cular administration of penicillin and streptomycin.
JAMA 1981;245:360.

36. Gavalda J et al. Effect of gentamicin dosing interval
on therapy of viridans streptococcal experimental
endocarditis with gentamicin plus penicillin. An-
timicrob Agents Chemother 1995;39:2098.

37. Malacoff RF et al. Streptococcal endocarditis
(nonenterococcal, non-group A): single vs. com-
bination therapy. JAMA 1979;241:1807.

38. Francioli P et al. Treatment of streptococcal endo-
carditis with a single daily dose of ceftriaxone and
netilmicin for 14 days: a prospective multicenter
study. Clin Infect Dis 1995;21:1406.

39. Sexton DJ et al. Ceftriaxone once daily for four
weeks compared with ceftriaxone plus gentamicin
once daily for 2 weeks for treatment of endocardi-
tis due to penicillin-susceptible streptococci. Endo-
carditis Treatment Consortium Group. Clin Infect
Dis 1998;27:1470.

40. Francioli P et al. Treatment of streptococcal en-
docarditis with a single daily dose of ceftriaxone
sodium for 4 weeks. JAMA 1992;267:264.

41. Stamboulian D et al. Antibiotic manage-
ment of outpatients with endocarditis due to
penicillin-susceptible streptococci. Rev Infect Dis
1991;13(Suppl 2):S160.

42. Hoen B. Special issues in the management of in-
fective endocarditis caused by gram-positive cocci.
Infect Dis Clin North Am 2002;16:437.

43. Henry NK et al. Antimicrobial therapy of exper-
imental endocarditis caused by nutritionally vari-
ant viridans group streptococci. Antimicrob Agents
Chemother 1986;30:465.

44. Karchmer AW et al. Infections of intracardiac de-
vices. Infect Dis Clin North Am 2002;16:477.

45. Karchmer AW. Infections of prosthetic valves and
intravascular devices. In: Mandell GL et al., eds.
Principles and Practice of Infectious Diseases. 6th
ed. New York: Churchill Livingstone; 2005:903.

46. Fang G et al. Prosthetic valve endocarditis resulting
from nosocomial bacteremia: a prospective, multi-
center study. Ann Intern Med 1993;119:560.

47. Nasser R et al. Incidence and risk of developing fun-
gal prosthetic valve endocarditis after nosocomial
candidemia. Am J Med 1997;103:25.

48. Durack DT. Prophylaxis of infective endocarditis.
In: Mandell GL et al., eds. Principles and Practice
of Infectious Diseases. 6th ed. New York: Churchill
Livingstone; 2005:1044.

49. Archer GL et al. Staphylococcus epidermidis and
other coagulase-negative staphylococci. In: Man-
dell GL et al., eds. Principles and Practice of
Infectious Diseases. 6th ed. New York: Churchill
Livingstone; 2005:2352.

50. Hartman B et al. Altered penicillin-binding pro-
teins in methicillin-resistant strains of Staphy-
lococcus aureus. Antimicrob Agents Chemother
1981;19:726.

51. Maki DG et al. Comparative study of cefazolin,
cefamandole, and vancomycin for surgical prophy-
laxis in cardiac and vascular operations. J Thorac
Cardiovasc Surg 1992;104:1423.

52. Wang G et al. Increased vancomycin MICs for
Staphylococcus aureus clinical isolates from a uni-
versity hospital during a 5-year period. J Clin Mi-
crobiol 2006;44:3883.

53. Patel JB et al. An association between reduced sus-
ceptibility to daptomycin and reduced susceptibil-
ity to vancomycin in Staphylococcus aureus. Clin
Infect Dis 2006;42:1652.

54. Menichetti F. Current and emerging serious gram-
positive infections. Clin Microbiol Infect 2005;(11
Suppl 3):22.

55. Cosgrove SE. Staphylococcus aureus with re-
duced susceptibility to vancomycin. Clin Infect Dis
2004;39:539.

56. Strauss RS et al. Successful treatment of compli-
cated skin infections (cSSSI) due to staphylococci,
including MRSA with ceftobiprole. Abstract L-

1212, 46th Interscience Conference on Antimicro-
bial Agents and Chemotherapy. September 17–10,
2006, San Francisco.

57. Drees M et al. New agents for Staphylococcus
aureus endocarditis. Curr Opin Infect Dis 2006;
19:544.

58. Polk RE et al. Vancomycin and the red man syn-
drome: pharmacodynamics of histamine release.
J Infect Dis 1988;157:520.

59. Southorn PA et al. Adverse effects of vancomycin
administered in the perioperative period. Mayo Clin
Proc 1986;61:721.

60. Cimbollek M et al. Antibiotic-impregnated heart
valve sewing rings for treatment and prophy-
laxis of bacterial endocarditis. Antimicrob Agents
Chemother 1996;40:1432.

61. French BG et al. Rifampicin antibiotic impreg-
nation of the St. Jude medical mechanical valve
sewing ring: a weapon against endocarditis. J Tho-
rac Cardiovasc Surg 1996;112:248.

62. Karck M et al. Pretreatment of prosthetic valve
sewing ring with the antibiotic/fibrin sealant com-
pound as a prophylactic tool against prosthetic
valve endocarditis. Eur J Cardiovasc Thorac Surg
1990;4:142.

63. Fridkin S et al. Epidemiological and molecular
characterization of infections caused by Staphylo-
coccus aureus with reduced susceptibility to van-
comycin, United States, 1997–2001. Clin Infect Dis
2003;36:429.

64. Schwalbe RS et al. Emergence of vancomycin resis-
tance in coagulase-negative staphylococci. N Engl
J Med 1987;316:927.

65. Karchmer AW et al. Staphylococcus epidermidis
causing prosthetic valve endocarditis: microbiolog-
ical and clinical observations as guides to therapy.
Ann Intern Med 1983;98:447.

66. Birmingham MC et al. Linezolid for the treat-
ment of multidrug-resistant, gram-positive infec-
tions: experience from a compassionate-use pro-
gram. Clin Infect Dis 2003;36:159.

67. Livermore DM. Quinupristin/dalfopristin and line-
zolid: where, when, which and whether to use?
J Antimicrob Chemother. 2000;46:347.

68. Miro JM et al. Infective endocarditis in intravenous
drug abusers and HIV-1 infected patients. Infect Dis
Clin North Am 2002;16:273.

69. Chambers HF et al. The National Collaborative En-
docarditis Study Group. Staphylococcus aureus en-
docarditis: clinical manifestations in addicts and
nonaddicts. Medicine (Baltimore) 1983;62:170.

70. Siddiq S et al. Endocarditis in an urban hospital.
Arch Intern Med 1996;156:2454.

71. Manoff SB et al. Human immunodeficiency virus
infection and infective endocarditis among inject-
ing drug users. Epidemiology 1996;7:566.

72. Pulvirenti JJ et al. Infective endocarditis in injec-
tion drug users: importance of human immunodefi-
ciency virus serostatus and degree of immunosup-
pression. Clin Infect Dis 1996;22:40.

73. Korzeniowski O et al. The National Collaborative
Endocarditis Study Group: combination antimicro-
bial therapy for Staphylococcus aureus endocarditis
in patients addicted to parenteral drugs and nonad-
dicts. Ann Intern Med 1982;97:496.

74. Fortun J et al. Short-course therapy for right-
sided endocarditis due to Staphylococcus aureus
in drug abusers: cloxacillin versus glycopeptides
in combination with gentamicin. Clin Infect Dis
2001;33:120.

75. Chambers HF et al. Right-sided endocarditis in in-
travenous drug abusers two-week combination ther-
apy. Ann Intern Med 1988;104:619.

76. Torres-Tortosa M et al. Prospective evaluation of a
two-week course of intravenous antibiotics in in-
travenous drug addicts with infective endocardi-
tis. Eur J Clin Microbiol Infect Dis 1994;13:
559.

77. DiNubile MJ. Short-course antibiotic therapy for
right-sided endocarditis caused by Staphylococcus
aureus in injection drug users. Ann Intern Med
1994;121:873.

78. Ribera E et al. Effectiveness of cloxacillin with

or without gentamicin in short-term therapy for
right-sided Staphylococcus aureus endocarditis:
a randomized, controlled trial. Ann Intern Med
1996;125:969.

79. Dworkin RJ et al. Treatment of right-sided Staphy-
lococcus aureus endocarditis in intravenous drug
abusers with ciprofloxacin and rifampin. Lancet
1989;1071.

80. Heldman AW et al. Oral antibiotic treatment of
right-sided staphylococcal endocarditis in injec-
tion drug users: prospective randomized compari-
son with parenteral therapy. Am J Med 1996;101:68.

81. Bryant RE et al. Unsuccessful treatment of
staphylococcal endocarditis with cefazolin. JAMA
1977;237:569.

82. Kernodle DS et al. Failure of cephalosporins to
prevent staphylococcal surgical wound infections.
JAMA 1990;263:961.

83. Gorwitz R. et al. Strategies for clinical management
of MRSA in the community: summary of an experts
meeting convened by the Center for Disease Con-
trol and Prevention. Center for Disease Control and
Prevention, 2006 (March).

84. Micek S. et al. Pleuropulmonary complica-
tions of Panton-Valentine leukocidin-positive
community-acquired Staphylococcus aureus. Chest
2005;128:2732.

85. Boussaud V. et al., Life threatening hemopytsis in
adults with community-acquired pneumonia died
of Panton-Valentine leukocidin-secreting Staphy-
lococcal aureus. Intensive Care Med 2003;29:
1840.

86. Francis J. S et al. Severe community-onset pneu-
monia in healthy adults caused by methicillin-
resistant Staphylococcus aureus carrying the
Panton-Valentine leukocidin genes. Clin Infect Dis
2005;40:100.

87. Dufour P et al. Community-acquired methicillin-
resistant Staphylococcus aureus infections in
France: emergence of a single clone that pro-
duces Panton-Valentine leukocidin. Clin Infect Dis
2002;35:819.

88. Gillet Y et al. Association between Staphylococcus
aureus strains carrying gene for Panton-Valentine
leukocidin and highly lethal necrotising pneumo-
nia in young immunocompetent patients. Lancet
2002;359:753.

89. Miller LG et al. Necrotizing fasciitis caused
by community-associated methicillin-resistant
Staphylococcus aureus in Los Angeles. N Engl J
Med 2005;352:1445.

90. Labandeira-Rey et al. Staphylococcus aureus Pan-
ton Valentine leukocidin causes necrotizing pneu-
monia. Science 2003;315:1130.

91. Bahrain M et al. Five cases of bacterial endo-
carditis after furunculosis and the ongoing saga of
community-acquired methicillin-resistant Staphy-
lococcus aureus infections. Scand J Infect Dis
2006;38:702.

92. Staphylococcus aureus resistant to vancomycin—
United States, 2002. MMWR Morbid Mortal Wkly
Rep 2002;51:565.

93. Elliott TSJ et al. Guidelines for the antibiotic
treatment of endocarditis in adults: report of the
Working Party of the British Society for Antimi-
crobial Chemotherapy. J Antimicrob Chemother
2004;54:971.

94. Horstkotte D et al. Guidelines on Prevention, Diag-
nosis and Treatment of Infective Endocarditis Ex-
ecutive Summary: The Task Force on Infective En-
docarditis of the European Society of Cardiology.
Eur Heart J 2004;25:267.

95. Moise-Broder PA et al. Pharmacodynamics of van-
comycin and other antimicrobials in patients with
Staphylococcus aureus lower respiratory tract in-
fections. Clin Pharmacokinet. 2004;43:925.

96. Larsson AJ et al. The concentration-independent
effect of monoexponential and bioexponential de-
cay in vancomycin concentrations on the killing of
Staphylococcus aureus under aerobic and anaerobic
conditions. J Antimicrob Chemother 1996;38:589.

97. Zimmermann AE et al. Association of vancomycin
serum concentrations with outcomes in patients



59-28 � INFECTIOUS DISEASE

with gram-positive bacteremia. Pharmacotherapy
1995;15:85.

98. Rybak MJ. The pharmacokinetic and pharmacody-
namic properties of vancomycin. Clin Infect Dis
2006;42(Suppl 1):S35.

99. Wootton M et al. Evidence for reduction in break-
points used to determine vancomycin susceptibil-
ity in Staphylococcus aureus. Antimicrob Agents
Chemother 2005;49:3982.

100. Clinical and Laboratory Standards Institute. Perfor-
mance Standards for Antimicrobial Susceptibility
Testing: 16th Informational Supplement. Wayne,
PA: Clinical and Laboratory Standards Institute;
2006:M100.

101. Howe RA et al. Expression and detection of hetero-
vancomycin resistance in Staphylococcus aureus.
J Antimicrob Chemother 1999;44:675.

102. Jones RN. Microbiological features of vancomycin
in the 21st century: minimum inhibitory concentra-
tion creep, bactericidal/static activity, and applied
breakpoints to predict clinical outcomes or detect
resistant strains. Clin Infect Dis 2006;42:S13.

103. Sancak B et al. Methicillin-resistant Staphylo-
coccus aureus heterogeneously resistant to van-
comycin in a Turkish university hospital. J Antimi-
crob Chemother 2005;56:519.

104. Charles PG et al. Clinical features associated with
bacteremia due to heterogeneous vancomycin in-
termediate Staphylococcus aureus. Clin Infect Dis
2004;38:448.

105. Wootton M et al. A multicenter study evaluating
the current strategies for isolating Staphylococcus
aureus strains with reduced susceptibility to gly-
copeptides. J Clin Microbiol 2007;45:329.

106. Hsu DI et al. Correlation of vancomycin (VAN)
minimum inhibitory concentration (MIC) using
VITEK (VT) versus E Test (ET) with treatment out-
comes of methicillin-resistant Staphylococcus au-
reus (MRSA) infections. Abstract D-1734. 45th In-
terscience Conference on Antimicrobial Agents and
Chemotherapy, December 27–30, 2005, Washing-
ton, DC.

107. American Thoracic Society; Infectious Diseases
Society of America. Guidelines for the manage-
ment of adults with hospital-acquired, ventilator-
associated, and healthcare-associated pneumonia.
Am J Respir Crit Care Med 2005;171:388.

108. Hidayat LK et al. Detection of hetero-GISA
(hGISA) among invasive MRSA and associated
clinical features. Abstract C2-1156. 46th Inter-
science Conference on Antimicrobial Agents and
Chemotherapy, September 27–30, 2006, San Fran-
cisco, CA.

109. Markowitz N et al. Trimethoprim-sulfamethoxa-
zole compared with vancomycin for the treatment
of Staphylococcus aureus infection. Ann Intern Med
1992;117:390.

110. Nicholau DP et al. Minocycline versus vancomycin
for treatment of experimental endocarditis caused
by oxacillin-resistant Staphylococcus aureus. An-
timicrob Agents Chemother 1994;38:1515.

111. Anwer S et al. Quinupristin/dalfopristin for treat-
ment of MRSA endocarditis refractory to conven-
tional therapy. Infect Dis Clin Pract 1998;7:414.

112. Drew RH et al. Treatment of methicillin-
resistant Staphylococcus aureus infections with
quinupristin-dalfopristin in patients intolerant of
or failing prior therapy. J Antimicrob Chemother
2000;46:775.

113. Hill EE et al. Infective endocarditis treated with
linezolid: case report and literature review. Eur J
Clin Microbiol Infect Dis 2006;25:202.

114. Falagas ME et al. Linezolid for the treatment of
patients with endocarditis: a systematic review of
the published evidence. J Antimicrob Chemother
2006;58:273.

115. Dresser LD et al. Results of treating infec-
tive endocarditis with linezolid (LNZ). Abstract
2239. 40th Interscience Conference on Antimicro-
bial Agents and Chemotherapy, September 17–20,
2000, Toronto.

116. Forrest A et al. Pharmacostatistical modeling of
hematologic effects of linezolid in seriously ill

patients. Abstract 283. 40th Interscience Confer-
ence on Antimicrobial Agents and Chemotherapy,
September 17–20, 2000, Toronto.

117. Cui L et al. Correlation between reduced dapto-
mycin susceptibility and vancomycin resistance in
vancomycin-intermediate Staphylococcus aureus.
Antimicrob Agents Chemother 2006;50:1079.

118. Ruiz ME et al. Endocarditis caused by methicillin-
resistant Staphylococcus aureus: treatment failure
with linezolid. Clin Infect Dis 2003;35:1018.

119. Corne P et al. Treatment failure of methicillin-
resistant Staphylococcus aureus endocarditis with
linezolid. Scand J Infect Dis 2005;37:946.

120. Sperber SJ et al. Persistent MRSA bacteremia in
a patient with low linezolid levels. Clin Infect Dis
2003;36:675.

121. Fowler VG, Jr. et al. Daptomycin versus standard
therapy for bacteremia and endocarditis caused
by Staphylococcus aureus. N Engl J Med 2006:
653.

122. Dvorchik BH et al. The pharmacokinetics of dap-
tomycin in moderately obese, morbidly obese, and
matched nonobese subjects. J Clin Pharmacol
2005;45:48.

123. Vikram HR et al. Clinical progression of
methicillin-resistant Staphylococcus aureus verte-
bral osteomyelitis associated with reduced suscep-
tibility to daptomycin. J Clin Microbiol 2005;43:
5384.

124. Mariani PG et al. Development of decreased sus-
ceptibility to daptomycin and vancomycin in a
Staphylococcus aureus strain during prolonged
therapy. J Antimicrob Chemother 2006;58:481.

125. Kaatz GW et al. Mechanisms of daptomycin resis-
tance in Staphylococcus aureus. Int J Antimicrob
Agents 2006;28:280.

126. Skiest DJ. Treatment failure resulting from resis-
tance of Staphylococcus aureus to daptomycin J
Clin Microbiol 2006;44:655.

127. Wilkowske CJ et al. Antibiotic synergism: en-
hanced susceptibility of group D streptococci to
certain antibiotic combinations. Antimicrob Agents
Chemother 1970;10:195.

128. Drake TA et al. Studies of the chemotherapy of en-
docarditis: correlation of in vitro, animal model,
and clinical studies. Rev Infect Dis 1983;5(Suppl
2):S345.

129. Eliopoulos GM et al. Antimicrobial combina-
tions. In: Lorian V, ed. Antibiotics in Labora-
tory Medicine. Baltimore: Williams & Wilkins;
1996:330.

130. Moellering RC Jr. et al. Studies on antibiotic syn-
ergisms against enterococci II: effect of various an-
tibiotics on the uptake of C11-labeled streptomycin
by enterococci. J Clin Invest 1971;50:2580.

131. Moellering RC Jr. et al. Synergy of penicillin
and gentamicin against enterococci. J Infect Dis
1971;124(Suppl):S207.

132. Carrizosa J et al. Antibiotic synergism in entero-
coccal endocarditis. J Lab Clin Med 1976;88:132.

133. Mandell GL et al. An analysis of 38 patients ob-
served at New York Hospital–Cornell Medical Cen-
ter. Arch Intern Med 1970;125:258.

134. Serra P et al. Synergistic treatment of enterococcal
endocarditis. Arch Intern Med 1975;137:1562.

135. Koenig GM et al. Enterococcal endocarditis. Report
of nineteen cases with long-term follow-up data. N
Engl J Med 1961;264:257.

136. Eliopoulos GM. Aminoglycoside-resistant entero-
coccal endocarditis. Med Clin North Am 1993;17:
117.

137. Zervos MJ et al. Nosocomial infection by
gentamicin-resistant Streptococcus faecalis: an epi-
demiological study. Ann Intern Med 1987;106:687.

138. Mainardi JL et al. Synergistic effect of amoxicillin
and cefotaxime against Enterococcus faecalis. An-
timicrob Agents Chemother 1995;39:1984.

139. Brandt CM et al. Effective treatment of multidrug-
resistant enterococcal experimental endocarditis
with combinations of cell wall-active agents. J In-
fect Dis 1996;173:909.

140. Gavalda J et al. Efficacy of ampicillin (A) plus cef-
triaxone (Ctr) or cefotaxime (Cx) in treatment of

endocarditis due to Enterococcus faecalis. Abstract
L1342. In: Programs and Abstracts of the 41st In-
terscience Conference on Antimicrobial Agents and
Chemotherapy (Chicago). Washington, DC: Amer-
ican Society for Microbiology; 2001:3.

141. Matsumoto JY et al. Synergy of penicillin and de-
creasing concentrations of aminoglycosides against
enterococci from patients with infective endo-
carditis. Antimicrob Agents Chemother 1980;18:
944.

142. Carrizosa J et al. Minimal concentrations of
aminoglycosides that can synergize with penicillin
in enterococcal endocarditis. Antimicrob Agents
Chemother 1981;20:405.

143. Wright AJ et al. Influence of gentamicin dose
size on the efficacies of combinations of gentam-
icin and penicillin in experimental streptomycin-
resistant enterococcal endocarditis. Antimicrob
Agents Chemother 1982;22:972.

144. Fantin B et al. Importance of the amino-
glycoside dosing regimen in the penicillin-
netilmicin combination for the treatment of En-
terococcus faecalis-induced experimental endo-
carditis. Antimicrob Agents Chemother 1990;34:
2387.

145. Marangos MN et al. Influence of gentamicin dos-
ing interval on the efficacy of penicillin-contain-
ing regimens in experimental Enterococcus faecalis
endocarditis. Antimicrob Agents Chemother 1997;
39:519.

146. Tam VH et al. Once daily aminoglycosides in the
treatment of gram-positive endocarditis. Ann Phar-
macother 1999;33:600.

147. Wilson WR et al. Treatment of streptomycin-
susceptible and streptomycin-resistant enterococcal
endocarditis. Ann Intern Med 1984;100:816.

148. Olaison L et al. Enterococcal endocarditis in
Sweden, 1995–1999: can shorter therapy with
aminoglycosides be used? Clin Infect Dis 2002;34:
159.

149. Wilhelm MP et al. Vancomycin. Mayo Clin Proc
1999;74:928.

150. Murray BE. Vancomycin-resistant enterococcal in-
fections. N Engl J Med 2000;342:710.

151. Murray BE. Diversity among multi-drug resistant
enterococci. Emerging Infect Dis 1998;4:37.

152. Rice LB. Emergence of vancomycin-resistant ente-
rococci. Emerg Infect Dis 2001;7:183.

153. Nosocomial enterococci resistant to vancomycin,
United States, 1989–1993. MMWR Morbid Mortal
Weekly Report 1993;42:597.

154. National Nosocomial Infections Surveillance
(NNIS) System Report, data summary from Jan-
uary 1992 through June 2004, issued October 2004.
Am J Infect Control 2004;32:470.

155. Lodise TP et al. Clinical outcomes for patients with
bacteremia caused by vancomycin-resistant entero-
coccus in a level 1 trauma center. Clin Infect Dis
2002;34:922.

156. Dowzicky M et al. Characterization of isolates
associated with emerging resistance to quin-
upristin/dalfopristin (Synercid) during the world-
wide clinical program. Diagn Microbiol Infect Dis
2000;37:57.

157. Eliopoulos GM. Quinupristin-dalfopristin and line-
zolid: evidence and opinion. Clin Infect Dis
2003;36:473.

158. Moellering RC et al. The efficacy and safety of quin-
upristin/dalfopristin for the treatment of infections
caused by vancomycin-resistant Enterococcus fae-
cium. Synercid Emergency-Use Study Group. J An-
timicrob Chemother 1999;44:251.

159. Matsumura S et al. Treatment of endocarditis
due to vancomycin-resistant Enterococcus faecium
with quinupristin/dalfopristin, doxycycline, and
rifampin: a synergistic drug combination. Clin In-
fect Dis 1998;27:1554.

160. Olsen KM et al. Arthralgias and myalgias related
to quinupristin-dalfopristin administration. Clin In-
fect Dis 2001;32:e83.

161. Fuller RE et al. Treatment of vancomycin-
resistant enterococci, with a focus on quinupristin-
dalfopristin. Pharmacotherapy 1996;16:584.



ENDOCARDITIS � 59-29

162. Gonzales RD et al. Infections due to vancomycin-
resistant Enterococcus faecium resistant to line-
zolid. Lancet 2001;357:1179.

163. Herrero IA et al. Nosocomial spread of linezolid-
resistant, vancomycin-resistant Enterococcus fae-
cium. N Engl J Med 2002;346:867.

164. Beringer P et al. Absolute bioavailabilty and
pharmacokinetics of linezolid in hospitalized pa-
tients given enteral feeding. Antimicrob Agents
Chemother 2005;49:3676.

165. Critchley I. Baseline study to determine in
vitro activities of daptomycin against gram-
positive pathogens isolated in the United States in
2000–2001. Antimicrob Agents Chemother 2003;
47:1689.

166. Rybak M. In vitro activities of daptomycin, van-
comycin, linezolid, and quinupristin-dalfopristin
against staphylococci and enterococci, including
vancomycin-intermediate and -resistant strains. An-
timicrob Agents Chemother 2000;44:1062.

167. Munoz-Price LS. Emergence of resistance to dap-
tomycin during treatment of vancomycin-resistant
Enterococcus faecalis infection. Clin Infect Dis
2005;41:565.

168. Kanafini Z et al. Infective endocarditis caused by
daptomycin-resistant Enterococcus faecalis: a case
report. Scand J Infect Dis 2007;39:75.

169. Sabol K et al. Emergence of daptomycin resis-
tance in Enterococcus faecium during daptomycin
therapy. Antimicrob Agents Chemother 2005;49:
1664.

170. Stevens M et al. Endocarditis due to vancomycin-
resistant enterococci: a case report and review of
the literature. Clin Infect Dis 2005;41:1134.

171. Centers for Disease Control and Prevention.
Recommendations for preventing the spread of
vancomycin resistance. Recommendations of the
Hospital Infection Control Practices Advisory
Committee (HICPAC). MMWR Morbid Mortal
Wkly Rep 1995;44:1.

172. Rubinstein E et al. Fungal endocarditis: analysis
of 24 cases and review of the literature. Medicine
1975;54:331.

173. Melgar GR et al. Fungal prosthetic valve endocardi-
tis in 16 patients. An 11-year experience in a tertiary
care hospital. Medicine 1997;76:94.

174. Ellis ME et al. Fungal endocarditis: evidence in
the world literature, 1965–1995. Clin Infect Dis
2001;32:50.

175. Pierrotti LC et al. Fungal endocarditis, 1995–2000.
Chest 2002;122:302.

176. Shadomy S et al. In vitro studies with combinations
of 5-fluorocytosine and amphotericin B. Antimicrob
Agents Chemother 1975;8:117.

177. Rubinstein E et al. Tissue penetration of am-
photericin B in Candida endocarditis. Chest
1974;66:376.

178. Gilbert HM et al. Successful treatment of fungal
prosthetic valve endocarditis: case report and re-
view. Clin Infect Dis 1996;22:348.

179. Muehrcke DD et al. Surgical and long-term antifun-
gal therapy for fungal prosthetic valve endocarditis.
Ann Thorac Surg 1995;60:538.

180. Wong-Beringer A et al. Lipid formulations of am-
photericin B: clinical efficacy and toxicities. Clin
Infect Dis 1998;27:608.

181. Melamed R et al. Successful non-surgical treatment
of Candida tropicalis endocarditis with liposomal
amphotericin B (AmBisome). Scand J Infect Dis
2000;32:86.

182. Terrell CL. Antifungal agents. Part II. The azoles.
Mayo Clin Proc 1999;74:78.

183. Nguyen MH et al. Candida prosthetic valve endo-
carditis: prospective study of six cases and review
of the literature. Clin Infect Dis 1996;22:262.

184. Isalska BJ et al. Fluconazole in the treatment
of candidal prosthetic valve endocarditis. BMJ
1988;297:178.

185. Martino P et al. Candidal endocarditis and treatment
with fluconazole and granulocyte-macrophage
colony-stimulating factor [Letter]. Ann Intern Med
1990;112:966.

186. Roupie E et al. Fluconazole therapy of candidal na-
tive valve endocarditis [Letter]. Eur J Clin Micro-
biol Infect Dis 1991;10:458.

187. Venditti M et al. Fluconazole treatment of catheter-
related right-sided endocarditis caused by Candida
albicans and associated with endophthalmitis and
folliculitis. Clin Infect Dis 1992;14:422.

188. Hernandez JA et al. Candidal mitral endocarditis
and long-term treatment with fluconazole in a pa-
tient with human immunodeficiency virus infection
[Letter]. Clin Infect Dis 1992;15:1062.

189. Wells CJ et al. Treatment of native valve
Candida endocarditis with fluconazole. J Infect
1995;31:233.

190. Wong-Beringer A et al. Systemic antifungal ther-
apy: new options, new challenges. Pharmacother-
apy 2003;23:1441.

191. Rajendram R et al. Candida prosthetic valve endo-
carditis cured by caspofungin therapy without valve
replacement. Clin Infect Dis 2005;40:e72.

192. Nevado J et al. Caspofungin: a new therapeutic op-
tion for fungal endocarditis. Clin Microbiol Infect
2005;11:248.

193. Bacak V et al. Candida albicans endocarditis
treatment with caspofungin in an HIV-infected
patient—case report and review of literature. J In-
fect 2006;53:e11.

194. Jimenez-Exposito MJ et al. Native valve endocardi-
tis due to Candida glabrata treated without valvular
replacement: a potential role for caspofungin in the
induction and maintenance treatment. Clin Infect
Dis 2004;39:70.

195. Rajendram R et al. Candida prosthetic valve endo-
carditis cured by caspofungin therapy without valve
replacement. Clin Infect Dis 2005;40:272.

196. Watanakunakorn C. Antimicrobial therapy of en-
docarditis due to less common bacteria. In: Bisno
AL, ed. Treatment of Infective Endocarditis. New
York: Grune and Stratton; 1981:123.

197. Ellner JJ et al. Infective endocarditis caused by
slow-growing, fastidious, gram-negative bacteria.
Medicine 1979;58:145.

198. Cohen PS et al. Infective endocarditis caused by
gram-negative bacteria: a review of the literature,
1945–1977. Prog Cardiovasc Dis 1980;22:205.

199. von Graevenitz A. Endocarditis due to nonfermen-
tative gram-negative rods. An updated review. Eur
Heart J 1987;8(Suppl J):331.

200. Tunkel AR et al. Enterobacter endocarditis. Scand
J Infect Dis 1992;24:233.

201. Reiner NE. Regional pathogens in endocarditis.
Ann Intern Med 1976;84:613.

202. Reyes MP et al. Current problems in the treatment of
infective endocarditis due to Pseudomonas aerugi-
nosa. Rev Infect Dis 1983;5:314.

203. Mills J et al. Serratia marcescens endocarditis: a
regional illness associated with intravenous drug
abuse. Ann Intern Med 1976;84:29.

204. Cooper R et al. Serratia endocarditis. A follow-up
report. Arch Intern Med 1980;140:199.

205. Archer G et al. Experimental endocarditis due to
Pseudomonas aeruginosa. II. Therapy with car-
benicillin and gentamicin. J Infect Dis 1977;136:
327.

206. Lerner SA et al. Effect of highly potent antipseu-
domonal β-lactam agents alone and in combination
with aminoglycosides against Pseudomonas aerug-
inosa. Rev Infect Dis 1984;6(Suppl 3):S678.

207. Frank U. Penetration of ceftazidime into heart
valves and subcutaneous and muscle tissue of pa-
tients undergoing open-heart surgery. Antimicrob
Agents Chemother 1987;31:813.

208. Dickinson G et al. Efficacy of imipenem/cilastatin
in endocarditis. Am J Med 1985;78:117.

209. Scully BE et al. Use of aztreonam in the treat-
ment of serious infection due to multiresistant
gram-negative organisms, including Pseudomonas
aeruginosa. Am J Med 1985;78:251.

210. Strunk RW et al. Comparison of ciprofloxacin with
azlocillin plus tobramycin in the therapy of experi-
mental Pseudomonas aeruginosa endocarditis. An-
timicrob Agents Chemother 1985;28:428.

211. Brown NM et al. Ciprofloxacin treatment of bacte-
rial endocarditis involving prosthetic material after
cardiac surgery. Arch Dis Child 1997;76:68.

212. Brouqui P et al. Endocarditis due to rare and fastid-
ious bacteria. Clin Microbiol Rev 2001;14:177.

213. Hoen B et al. Infective endocarditis in patients with
negative blood cultures: analysis of 88 cases from
a one-year nationwide survey in France. Clin Infect
Dis 1995;20:501.

214. Washington JA II. The role of the microbiology
laboratory in the diagnosis and antimicrobial treat-
ment of infective endocarditis. Mayo Clin Proc
1982;57:22.

215. Munro R et al. Is the antimicrobial removal device
a cost-effective addition to conventional blood cul-
tures? J Clin Pathol 1984;37:348.

216. Goldenberger D et al. Molecular diagnosis of bac-
terial endocarditis by broad-range PCR amplifi-
cation and direct sequencing. J Clin Microbiol
1997;35:2733.

217. Child JS. Risks for and prevention of infective en-
docarditis. Cardiol Clin 1996;14:327.

218. Wilson W et al. Prevention of infective endocarditis.
Guidelines from the American Heart Association
Rheumatic Fever, Endocarditis, and Kawasaki Dis-
ease Committee, Council on Cardiovascular Dis-
ease in the Young, and the Council on Clinical
Cardiology, Council on Cardiovascular Surgery and
Anesthesia, and the Quality of Care an Outcomes
Research Interdisciplinary Working Group. Amer-
ican Heart Association. Circulation 2007;116:
1736.

219. Shulman ST et al. Prevention of bacterial endo-
carditis: a statement for health professionals by the
Committee on Rheumatic Fever and Infective En-
docarditis of the Council on Cardiovascular Disease
in the Young. Circulation 1984;70:1123A.

220. Nolet BR. Patient selection in outpatient parenteral
antimicrobial therapy. Infect Dis Clin North Am
1998;12:835.

221. Huminer D et al. Home intravenous antibiotic ther-
apy for patients with infective endocarditis. Eur J
Clin Microbiol Infect Dis 1999;18:330.

222. Rehm SJ. Outpatient intravenous antibiotic ther-
apy for endocarditis. Infect Dis Clin North Am
1998;12:879.





C H A P T E R 60
Respiratory Tract Infections

Steven P. Gelone and Judith O’Donnell

Bronchial Infections 60-1
Acute Bronchitis 60-1
Chronic Bronchitis 60-2

Clinical Presentation 60-2
Microbiology 60-3
Antibiotic Therapy 60-3
Antibiotic Prophylaxis 60-4

PNEUMONIA 60-5
Normal Respiratory Tract Defenses 60-5
Risk Factors 60-6
Clinical Presentation 60-6
Determination of Etiologic Agent 60-6

Microbiology 60-7
Site of Care for Treatment of Community-Acquired

Pneumonia 60-8
Initiation of Antimicrobial Treatment 60-9
Response to Therapy 60-11

Penicillin-Resistant Streptococcus pneumoniae 60-12

Macrolide-Resistant Streptococcus pneumoniae 60-14
Antiviral Agents 60-14
Antiviral Agents for Influenza 60-14
Immunoprophylaxis 60-15

Influenza Virus 60-15
Timing of Vaccination 60-16

Chemoprophylaxis 60-17
Control of Influenza Outbreaks in Institutions 60-17

Streptococcus pneumoniae 60-17
Chemoprophylaxis 60-18

Aspiration Pneumonia 60-18
Predisposing Factors 60-18
Clinical Course 60-19
Treatment 60-19
Clinical Presentation 60-19
Microbiology 60-19
Treatment 60-20

Antimicrobial Therapy 60-20

Hospital-Acquired Pneumonia, Health Care-Associated
Pneumonia, and Ventilator-Associated Pneumonia 60-21
Background 60-22
Risk Factors 60-22
Treatment 60-23

Selecting Antibiotic Therapy 60-23
Broad-Spectrum β -Lactams 60-25
Aminoglycosides 60-25
Bronchial Penetration of Antibiotics 60-26
Locally Administered Antibiotics: Prophylaxis 60-26
Aerosolized Antibiotics 60-26

Administration 60-26
Bronchial and Serum Concentrations 60-27
Adverse Effects 60-27

Pneumonia in Cystic Fibrosis 60-27
Special Treatment Considerations 60-27

Microbiology 60-28
Dosing Considerations 60-28
Local Antibiotic Administration 60-28

Infection of the respiratory tract continues to be the most com-
mon and important cause of short-term illness in the United
States. It is typically the first infection to occur after birth,
with pneumonia being the sixth leading cause of death and the
number one infectious disease cause of death in the United
States.1,2 Respiratory tract infections occur more frequently
than they are reported and are responsible for more days of
bed disability, restricted activity, and lost time from work and
school than any other category of reported acute illness in
the United States. Respiratory infections account for >40%
of disability days secondary to acute illness,2 and pneumonia
and influenza are among the ten leading causes of death in the
overall population, with 80% to 90% of deaths occurring in
the elderly (persons >65 years of age).3,4 In the United States,
pneumonia and influenza are in the top ten causes of death
in all age groups.4 The actual number is much larger, because
this figure does not include individuals who died of pneumonia
who had other diseases (e.g., HIV, tobacco- and alcohol-related
diseases).3

The financial impact associated with respiratory infections
in 1999 was $25.6 billion ($18.6 billion in direct costs and $7
billion in indirect costs).1 These figures largely underestimate
the financial impact of treating ambulatory respiratory infec-
tions. Statistics reported by the National Health Interview Sur-
vey estimate that 182 million episodes of respiratory infection

occur for which no medical attention is sought.2 Often, indi-
viduals with respiratory infections try home remedies or over-
the-counter (OTC) medications for relief of their symptoms
and only seek medical advice or treatment when these efforts
fail. The estimated cost associated with the use of OTC med-
ications in this population will contribute an additional $456
million annually to the treatment of respiratory infections.1

This chapter addresses the concepts relevant to the treatment
and prevention of lower respiratory tract bacterial infections.
Upper respiratory tract infections (see Chapter 96) and respi-
ratory tract infections caused by viruses (with the exception
of influenza) (see Chapter 72) and fungi (see Chapter 71) are
presented elsewhere in this book, as are the unique features of
respiratory tract infections in immunocompromised hosts (see
Chapter 68) and Pneumocystis jirovecii (carinii) (see Chapter
70).

Bronchial Infections
Acute Bronchitis

1. F.A., a 35-year-old woman, presents with a persistent cough
following an acute respiratory viral infection that began 7 days
ago. Although the nasal stuffiness and sore throat resolved 3 or
4 days ago, the cough has persisted and her sputum has become

60-1
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thick and mucoid; a burning, substernal pain is associated with
each coughing episode. F.A. is currently afebrile. Coarse rales
and rhonchi are heard on physical examination of her chest, and
a tentative diagnosis of acute bronchitis (AB) is made. How should
F.A. be assessed and managed?

Uncomplicated AB is an isolated event characterized by in-
flammation of the tracheobronchial tree and clinically presents
as cough of <2 to 3 weeks’ duration with or without sputum
production. Infectious causes of AB are primarily viral and
include influenza A and B, rhinovirus, coronavirus, parain-
fluenza virus 3, and respiratory syncytial virus. As a group,
these agents are associated with 5% to 10% of all cases of
acute uncomplicated bronchitis in adults. Streptococcus pneu-
moniae, Haemophilus influenzae, or Moraxella catarrhalis do
not produce AB in adults without underlying pulmonary dis-
ease.

As in F.A., cough—with or without sputum production—is
the most prominent clinical feature of this disease. It usually
begins early in the course of the syndrome and may persist after
the acute infection is resolved. The initial dry, unproductive
cough may progress to one with a productive mucoid sputum.

Most healthy adults with typical symptoms of bronchitis
do not require diagnostic evaluation. The presence of a fever
(≥38◦C), heart rate (HR) >100 beats/minute, respiratory rate
(RR) >24 breaths/minute, and signs of focal consolidation on
chest examination such as rales, egophony, and fremitus are
suggestive of the need for a more thorough diagnostic eval-
uation. Diagnostic studies to reveal a causative agent are not
indicated.

The treatment of AB should be directed at symptom control.
The use of antitussive agents to control cough, maintenance
of adequate hydration, and the intermittent administration of
antipyretics such as acetaminophen or ibuprofen should be
employed. On the basis of the microbiology of AB, it is not
surprising that randomized controlled clinical trials have failed
to support a role for antibiotic therapy. Consistent with this, the
U.S. Food and Drug Administration removed uncomplicated
AB and secondary bacterial infections of AB as indications
for randomized clinical trials in 1998. Meta-analyses confirm
no benefit of antibiotic treatment on illness duration, activity
limitation, or work loss, and the routine use of antibiotics in
adults with AB is not justified. Yet, antibiotics are prescribed
for AB commonly in the United States.5,6 While a reduction
in antibiotic use has been confirmed in the recent past, abuse
and misuse is still commonplace.7

As described above, patients whose coughs are severe or
prolonged (≥14 days) or present with the signs and symp-
toms enumerated above should be evaluated more thoroughly
and may be candidates for antibiotic therapy.8–11 In addition,
the one common circumstance for which evidence supports
antibiotic therapy in patients with uncomplicated AB is the
suspicion of pertussis. Unfortunately, no clinical features al-
low clinicians to distinguish adults with persistent cough due
to pertussis primarily because pertussis in adults with previous
immunity does not lead to classic whooping cough seen in pa-
tients with primary infection. Therefore, treatment should be
limited to adults with a high probability of exposure to pertus-
sis, such as that associated with a documented outbreak. The
use of antibiotics in this setting will decrease the shedding of
the pathogen and the spread of disease.

Chronic Bronchitis
CLINICAL PRESENTATION

2. M.J., a 54-year-old man with a 40-year, one-pack/day smok-
ing history reports producing two cupfuls of whitish-clear, occa-
sionally mucoid sputum per day over the past several years; he
coughs up the largest volumes in the morning on arising. M.J. has
a raspy voice and a crackling cough, which often interrupts his
talking. Two days ago, he noted that his sputum had increased in
volume and had changed in appearance. A sputum sample, which
was yellowish-green, tenacious, and purulent, was sent for culture;
the Gram stain showed few epithelial cells, moderate white cells,
and a few Gram-positive cocci and Gram-negative rods with no
predominant organisms. M.J. denies fever or chills and had no
signs of pneumonia; a chest radiograph is negative for consolida-
tion. M.J. has experienced similar episodes three or four times per
year. What signs and symptoms in M.J.’s history are consistent
with chronic bronchitis (CB)?

CB is an inflammatory condition of the tracheobronchial
tree in which chronic cough and excessive production of spu-
tum are the prominent features. CB and emphysema are com-
ponents of chronic obstructive pulmonary disease (COPD).
Exacerbations of COPD—which may occur from any of the
following: infection, smoking, air pollution, exposure to al-
lergens, occupational exposure, or preclinical or subclinical
asthma—are estimated to result in approximately 110,000
deaths and more than 500,000 hospitalizations, with over $18
billion spent in direct costs annually.12−14 By definition, pa-
tients who cough up sputum daily or on most days over 3 or
more consecutive months for >2 successive years presump-
tively have CB.15 The diagnosis of CB is made only when
other etiologies such as bronchiectasis, cardiac failure, and
lung cancer have been excluded. M.J. meets these criteria.

Bronchitis is more common in men than women and more
common after the age of 40 years than earlier recognized.16 A
genetic basis has been noted with cystic fibrosis (CF), im-
munoglobulin deficiencies, and primary ciliary dyskinesia.
The most common cause of CB is smoking.17 In M.J., cigarette
smoking is an important factor associated with his disease.
Smoking is an irritant to the respiratory airways and may
stimulate the mucus-secreting goblet cells found in major and
smaller bronchi. The increased amount of mucus is not readily
cleared from smaller peripheral airways, creating airflow re-
sistance; this accounts for the large volume of sputum cleared
from larger airways. However, not all patients with CB have a
history of smoking, and 6% to 10% of nonsmoking men will
have persistent cough and sputum production.16

3. Has M.J.’s bronchitis worsened? What is the likelihood that
M.J. has an infection?

Acute exacerbations of chronic bronchitis (AECB) are de-
fined as a worsening of clinical symptoms with increased
cough, sputum production, and dyspnea. Some patients report
shortness of breath, fatigue, chest tightness, or an increasing
cough with dyspnea as their only complaints. Some cases are
accompanied by fever, and some patients have symptoms con-
sistent with asthma. Hemoptysis may be seen during acute
exacerbations, as CB is the most common cause of hemoptysis
in the developed world. As in M.J., the most reliable sign of
worsening bronchitis is the patient’s observation that his or her
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Table 60-1 Most Commonly Identified Bacterial Pathogens
Associated With Acute Exacerbations of Chronic Bronchitis

Pathogen Incidence (%)

Haemophilus influenzae 24–26
Haemophilus parainfluenzae 20
Streptococcus pneumoniae 15
Moraxella catarrhalis 15
Klebsiella pneumoniae 4
Serratia marcescens 2
Pseudomonas aeruginosa 2

sputum has changed in amount, color, or consistency. These
changes in sputum have been used as presumptive evidence of
infection, but similar changes in sputum can be seen without
documented infection.17–19 As illustrated by M.J., patients may
present without systemic symptoms of infection such as chills,
fever, or leukocytosis.

MICROBIOLOGY
Although infections do not appear to promote the basic dis-

ease process or result in deterioration in pulmonary function,
they are associated with the majority of exacerbations.15 The
organisms most commonly implicated are viral agents that of-
ten cause upper respiratory tract infections. Viruses including
influenza A and B, parainfluenza virus 3, coronavirus, and rhi-
novirus are associated with AECB in 7% to 64% of patients.
Gump et al.19 found viral infections in 32% of patients during
AECB compared with 1% of patients during remission periods.
The most commonly identified bacterial pathogens associated
with acute exacerbations of CB are listed in Table 60-1.

Recent studies with improved molecular and immunologic
techniques form the basis for a new model of bacterial exacer-
bation pathogenesis (Fig. 60-1). In this model, acquisition of
new strains from the environment via aerosols or fomites of
nontypeable H. influenzae, M. catarrhalis, and S. pneumoniae
appears to be the predominant initiating event for an exacer-
bation.

Treatment of a bronchial infection must be directed at or-
ganisms found in the pulmonary tree and not normal flora in
the oral cavity. The correct interpretation of a Gram stain of
a sputum sample depends on the nature of the sample. Spu-
tum, by definition, represents matter ejected from the lungs or
bronchi and should contain, at most, a few white blood cells
(WBCs) on microscopic examination. On microscopic evalu-
ation, a good sputum sample should have few epithelial cells.
In contrast, saliva often contains large numbers of epithelial
cells. The numbers of epithelial cells or WBCs in the sam-
ple is important because debilitated patients with pulmonary
infection often have difficulty performing the physical maneu-
vers necessary to eject sputum from the lungs or bronchi. In
the case of M.J., the Gram stain would be interpreted as a good
specimen (because of the low number of epithelial cells). The
presence of moderate amounts of WBCs is consistent with in-
fection, especially considering the recent change in the volume
and appearance of M.J.’s sputum. However, using expectorated
sputum cytology alone to assess the likelihood of an infection
can be misleading, as significant numbers of polymorphonu-
clear cells can be present throughout the course of CB with or
without exacerbation.20,21
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Tissue invasion 
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FIGURE 60-1 Model of the pathogenesis of bacterial exacerbations of
chronic bronchitis.

Many studies have shown that sputum in patients with CB
culture grow potential respiratory pathogens when cultured
during periods of exacerbations and remissions. Both S. pneu-
moniae and H. influenzae are recovered during periods of ex-
acerbation and remission.19 Patients with COPD and CB are
more likely colonized with these organisms compared with
healthy controls.22 However, a quantitative increase in S. pneu-
moniae during an acute exacerbation is correlated with sputum
purulence.23 This association has not been shown for nonty-
peable H. influenzae.24 For M.J., the finding of few Gram-
positive and Gram-negative organisms with no predominant
organism reflects normal oropharyngeal flora and likely col-
onization with S. pneumoniae and Haemophilus sp. Conse-
quently, this test result provides little additional information to
guide antimicrobial therapy.

ANTIBIOTIC THERAPY

4. Should M.J. be given antibiotic therapy to treat his acute
episode?

Mild to moderately ill patients without pneumonia, such as
M.J., usually do not require antibiotics to treat exacerbations
of CB.25 Potential occupational and environmental exposures
should be conducted. If smoking is identified as the likely irri-
tant (as in M.J.), patients should be encouraged to participate
in a comprehensive smoking cessation program. M.J. should
be well hydrated and treated with scheduled postural drainage
exercises to help mobilize the excessive mucus and improve his
pulmonary function. In addition, the use of oral or aerosolized
bronchodilators may be of some benefit during acute exacer-
bations. If his condition does not improve within 3 or 4 days,
the initiation of antibiotic therapy should be considered.
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Table 60-2 Selecting Antibiotics for Acute Exacerbations of Chronic Obstructive Pulmonary Disease

Category Likely Pathogens Antimicrobial Treatment

Uncomplicated AECOPD Haemophilus influenzae Macrolidesa

Age <65 yr Streptococcus pneumoniae Ketolidesb

FFV1 >50% predicted Moraxella catarrhalis Doxycycline
<4 exacerbations/yr Haemophilus parainfluenzae Second- or third-generation cephalosporin
No comorbid conditions Viral Respiratory quinoloneb

Mycoplasma pneumoniae
Chlamydia pneumoniae

Complicated AECOPD H. influenzae Respiratory quinolonec

Age >65 yr S. pneumoniae Amoxicillin/clavulanate
FEV1 <MWb predicted M. catarrhalis
≤4 exacerbations/yr H. parainfluenzae
Comorbid conditions Viral

M. pneumoniae
C, pneumoniae
Gram-negative enteric bacilli

Complicated AECOPD at risk for H. influenzae Fluoroquinolone with antipseudomonal
Pseudomonas aeruginosa infection activityc

FEV1 <35% predicted S. pneumoniae
Recurrent courier of antibiotics or M. catarrhalis

steroids
Bronchiectasis H. parainfluenzae

Viral
M. pneumoniae
C. pneumoniae
Gram-negative enteric bacilli
Pseudomonas aeruginosa

a In active smokers, H. influenzae infection is more prevalent—azithromycin and clarithromycin demonstrate improved in vitro activity.
bLevofloxacin, moxifloxacin, gatifloxacin, gemifloxacin, and telithromycin have activity against penicillin-resistant S. pneumoniae.
cCiprofloxacin and levofloxacin have enhanced antipseoudomonal activity.
AECOPD, acute exacerbations of chronic obstructive pulmonary disease; FEV1, forced expiratory volume at 1 second.
Adapted from references 96 and 11, with permission.

Numerous placebo-controlled trials of antibiotics in AECB
have been published, with systematic reviews of these trials
suggesting a beneficial treatment effect;26,27 the latter suggest-
ing a mortality benefit.27 In the former study, a meta-analysis
of nine acceptable studies (of 214 reviewed) addressed the need
for antibiotic therapy for AECB.26 Evaluated agents included
tetracyclines, chloramphenicol, ampicillin, and trimethoprim-
sulfamethoxazole (TMP-SMX). These studies, conducted be-
tween 1957 and 1992, demonstrated benefit of antibiotic
therapy especially in those patients requiring hospitalization.
Macrolides (e.g., clarithromycin, azithromycin) and fluoro-
quinolones (including levofloxacin and moxifloxacin) are as
efficacious, but not superior, to older therapies.28–36 While
antibiotics offer benefit, identification of those patients most
likely to benefit remains elusive. Patients with at least two car-
dinal symptoms of acute exacerbations of chronic obstructive
pulmonary disease (AECOPD; increased dyspnea, increased
sputum production, and/or change in sputum color) experi-
ence a greater benefit from antibiotic treatment. Table 60-2
serves as a useful guide in selecting antibiotics for AECB.

Independent of selection, predetermined outcome measures
should be closely monitored. One of these measures is the in-
fectionfree interval (IFI) when the patient is not taking an-
tibiotics. The IFI is hypothesized to relate to a decrease in
colonization of the upper airways with bacteria, reduce cost of
treatment of AECB, and decrease antibiotic use.37 The length
of the infectionfree period, number of physician office visits,

and hospital admissions associated with a particular antibiotic
regimen should be identified in each patient. The longest infec-
tionfree period defines the regimen of choice for that specific
patient. Three comparative studies have been conducted with
ciprofloxacin to evaluate the IFI as an outcome measure.38,39

When compared with clarithromycin, the IFI for ciprofloxacin
was 142 days versus 52 days (p = 0.15); when compared with
cefuroxime, the IFI was 146 days versus 178 days (p = 0.35);
and when compared with amoxicillin/clavulanate, the IFI was
163 days versus 178 days (p = 0.81). The infectionfree period
is a dynamic outcome measure that needs to be continually
evaluated to determine the most appropriate therapy at any
point in time in each patient.

ANTIBIOTIC PROPHYLAXIS

5. What strategies should be considered in the use of antibiotic
prophylaxis if M.J. develops frequent exacerbations?

Prophylactic antibiotic therapy may decrease the number
of acute exacerbations of bronchitis in patients with frequent
episodes.16,40 In patients such as M.J. with infrequent exac-
erbations, prophylaxis is not beneficial and should be dis-
couraged. Immunization for influenza and pneumococcus and
chronic maintenance therapy with bronchodilators or anti-
cholinergic agents preferentially should be used. Antimicrobial
prophylaxis should be considered in patients with frequent, se-
vere exacerbations but used only during critical periods when
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Table 60-3 Mortality Rates by Pathogen for
Community-Acquired Pneumonia

Pathogen Mortality Rate (%)

Streptococcus pneumoniae 12.0
Haemophilus influenzae 7.4
Staphylococcus aureus 31.8
Klebsiella pneumoniae 35.7
Pseudomonas aeruginosa 61.0
Legionella 14.7
Chlamydia pneumoniae 9.8
Mycoplasma pneumoniae 1.4

patients are most susceptible. For example, daily doses of an-
tibiotics 4 days a week during the winter months41 or a 7-day
course of antibiotics at the first sign of a “chest cold” have
been suggested. As mentioned previously, amoxicillin, doxy-
cycline, or TMP-SMX are preferred.42,43 Antipneumococcal
fluoroquinolones should be avoided because of a lack of ad-
ditional benefit, increased cost, and the concerns regarding
selection for bacterial resistance.

PNEUMONIA
Pneumonia is an infectious inflammation of the lung
parenchyma. Considering that pneumonia is not a reportable
disease and most community-acquired infections are treated
on an outpatient basis, it is difficult to determine the true in-
cidence and associated morbidity. Approximately 4 million
cases of community-acquired pneumonia (CAP) occur annu-
ally, of which almost 1 million occur in those 365 years of
age, with 25% requiring hospitalization.44 Of those patients
hospitalized for pneumonia, the average mortality rate is 10%
to 12%, a rate that has not decreased since the introduction of
penicillin therapy.45–47 Associated mortality depends on under-
lying diseases, age, complications, and pathogen. Table 60-3
summarizes the mortality associated with various bacterial
pneumonias. The aggregate cost of care in the United States has
been estimated to be in excess of $4.4 billion annually.45,47–50

Normal Respiratory Tract Defenses

6. A.T., a 58-year-old man, is admitted to the hospital from
home with fever, increased sputum production, tachypnea, and
complaints of a knifelike chest pain that is made worse by cough-
ing and breathing. Pertinent medical history includes a 12-year
history of CB and chronic renal insufficiency. A.T. regularly pro-
duces two cups of sputum per day and continues to smoke two and
one-half packs of cigarettes per day. He has been taking amoxi-
cillin 250 mg BID prophylactically for the past 14 months.

Physical examination reveals an elderly man lying restlessly in
bed, awake, and oriented to person but not place or time; tem-
perature, 101.5◦F (38.6◦C), blood pressure (BP), 145/88 mmHg;
heart rate (HR), 105 beats/minute; and respiratory rate (RR), 33
breaths/minute. Chest examination reveals slight splinting on the
right side with inspiration and fine crackling rales in the lower
base of the right lung. Examination of the left lung is normal.

Significant laboratory results include the following: WBC
count, 16,200 cells/mm3 (normal, 5,000–10,000 cells/mm3); dif-
ferential polymorphonuclear neutrophils (PMNs), 82% (normal,

45%–79%); bands, 9% (normal, 0%–5%); lymphocytes, 8%
(normal, 16%–47%); hematocrit (Hct), 40% (normal, 37%–
47%); sodium, 141; potassium, 4.8; blood urea nitrogen (BUN),
32; creatinine, 3.8 mg/dL; glucose 148, mg/dL; arterial blood
gases (ABGs), pH 7.46 (normal, 7.38–7.45), PO2, 68 mmHg (nor-
mal, 80–100 mmHg), PCO2, 36 mmHg (normal, 38–45 mmHg),
HCO3, 24 mEq/L (normal, 22–26 mEq/L); and Gram stain re-
veals <10 epithelial cells, 20 to 25 PMNs, and predominance of
Gram-negative rods.

What are the normal respiratory defenses against infection?

[International System of Units (SI): WBC count, 16.2 –10.08/L (normal,

5–10); differential PMNs, 0.82 (normal, 0.45–0.79); bands, 0.09 (normal,

0.00–0.05); lymphocytes, 0.08 (normal, 0.16–0.47); Hct, 0.45 (normal, 0.37);

Po2, 9.06 kPa (normal, 10.66–13.33); Pco2, 4.8 kPa (normal, 5.07–6.00)]

Preservation of normal respiratory tract function involves a
complex system of local pulmonary lung defenses. Anatomic,
functional, and mechanical barriers protect the tracheo-
bronchial tree from inert particle and microbial invasion. In
addition, an intricate system of cellular and humoral immune
host defenses maintain the respiratory tract free of infection.
Intrinsic defects in these normal defenses predispose the pa-
tient to respiratory infections.51,52

The hairs lining the nasal passages, ciliated epithelial cells
on mucosal surfaces, production of mucus, salivary enzymes,
and the mechanical process of swallowing minimize the pas-
sage of foreign material into the lower respiratory tract. Disease
states, environmental factors, and age may alter the integrity
and function of these barriers.

Alteration in normal oropharyngeal flora by disease or an-
tibiotics permit colonization of the oropharynx with more
pathogenic bacteria. Colonization of the oropharynx does not
predict infection but predisposes the susceptible patient to as-
piration pneumonia.

Neurologic diseases and altered states of consciousness,
which result in the loss of control of epiglottal and laryngeal
function, predispose the patient to recurrent episodes of aspi-
ration of upper respiratory tract secretions. Without an intact
cough or gag reflex, the volume of upper respiratory secretions
reaching the lower airways may exceed the local lung defenses,
increasing the risk for infection. Patients at risk include any pa-
tient with altered consciousness secondary to disease or drugs
(e.g., alcoholics, stroke victims, substance abusers, epileptics,
surgical patients receiving general anesthesia, head injury pa-
tients, patients with any illness associated with obtundation).

A functioning mucociliary transport system, which traps
and removes foreign material from the lower respiratory tract,
is critical to the protection of the lungs. Diseases that alter
mucus production and ciliary function severely compromise
the body’s ability to defend against infection.

Finally, defects in the cellular and humoral immune re-
sponse compromise the host to invading pathogens.53 These
defenses include the pulmonary macrophages residing within
the alveoli, polymorphonuclear leukocytes, and immunoglob-
ulin and complement present in lung tissue. Deficiency of the
latter substances is associated with an increase in the preva-
lence of infection with encapsulated organisms (i.e., S. pneu-
moniae, H. influenzae). These substances enhance the body’s
defense against bacterial invaders by functioning as opsonins
to improve the efficiency of phagocytosis.

In the normal state, the lungs are repeatedly inoculated with
microorganisms from the upper airway and inhaled aerosols,
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but pneumonia rarely occurs.54 Defects in one or more of the
aforementioned mechanisms expose the lung to an increased
inoculum of microorganisms for a sufficient period, resulting
in pneumonia.

Risk Factors

7. What factors present in A.T. make him susceptible to pul-
monary infection?

Most bacterial pneumonias result from the entry of
pathogenic bacteria colonizing the mouth and upper respi-
ratory tract into the lung. In the healthy state, the bacterial
flora of the oropharynx consists of a mixture of aerobic bac-
teria (including Streptococcus sp., S. pneumoniae) and anaer-
obic bacteria (including Peptococcus sp., Peptostreptococcus
sp., Fusobacterium sp., Prevotella melaninogenica, and vari-
ous Bacteroides sp.55 Suppression of normal flora by antibi-
otics (e.g., amoxicillin in A.T.) and the host’s physiologic state
can alter oropharyngeal flora.56,57 These factors facilitate the
colonization of the oropharynx with significant numbers of
pathogenic Gram-negative aerobic bacteria and staphylococci.
Gram-negative rods, including Klebsiella sp., are cultured from
the sputum in 2% to 18% of healthy individuals, but the con-
centration of organisms is generally small.58,59

Gram-negative bacilli more commonly colonize the oropha-
ryngeal secretions of patients with moderate to severe acute and
chronic illnesses, even with no exposure to broad-spectrum
antibiotics.60,61 Patients admitted to the hospital with acute
illnesses are rapidly colonized with aerobic Gram-negative
bacilli. Approximately 20% are colonized on the first hospital
day, and this number increases with the duration of hospital-
ization and severity of illness.57 Approximately 35% to 45% of
hospitalized patients57 and up to 100% of critically ill patients59

will be colonized within 3 to 5 days of admission.
The elderly also have a higher prevalence of oropharyngeal

colonization with Gram-negative rods. Level of independent
living is a risk factor; Gram-negative bacteria are recovered
from the oropharyngeal cultures of only 9% of elderly living
in apartments and 60% of elderly in acute hospital wards.62

Decreased mucociliary transport, decreased cell-mediated im-
munity, altered immunoglobulin production and antibody re-
sponse, and increased underlying diseases contribute to in-
creased risk of pneumonia in the elderly.53,63 Colonization of
the upper respiratory tract with Gram-negative bacteria corre-
lates with the development of infection as well.57,59,60

Colonization of the lower respiratory tract with potential
pathogens is well established in patients with CB such as A.T.64

Whether a positive sputum culture represents a true pulmonary
infection versus colonization is difficult to determine. Addi-
tional data from the patient’s history, physical examination,
and laboratory tests are necessary to appropriately interpret
the positive sputum culture.

Clinical Presentation

8. What clinical signs, symptoms, and laboratory tests are con-
sistent with pneumonia in A.T.?

Nearly all patients with pneumonia have fever, cough (with
or without sputum production), and a physical examination and

chest radiograph finding consistent with consolidation in one
or more areas of the lung.50 Tachypnea, fever, tachycardia, and
the chest examination findings represent an acute pulmonary
process in this patient.

Although a number of tests are used to document pneu-
monia, a chest radiograph best distinguishes pneumonia from
other disease states. Congestive heart failure, pulmonary em-
bolism, and other diseases may mimic the signs and symptoms
of pneumonia. In the majority of cases, a chest radiograph best
differentiates between AB, an infection that does not require
antibiotics, and pneumonia, one that benefits from antimicro-
bial therapy. Consequently, a chest radiograph is recommended
for all patients hospitalized for presumed pneumonia. The ra-
diograph also may be useful in evaluating the severity of disease
(multilobar vs. single lobe involvement). Importantly, A.T. has
not received a chest radiograph at this time; thus, a radiograph
is recommended to confirm the diagnosis of pneumonia.

Attempts have been made to classify pneumonia as “typical”
or “atypical.” This categorization originated from the presump-
tion that the presenting symptoms of pneumonia secondary to
pathogens such as S. pneumoniae, H. influenzae, Staphylococ-
cus aureus, and enteric Gram-negative bacteria (“typical”) is
different from that observed for Mycoplasma, Legionella, and
Chlamydia (“atypical”). However, the Infectious Diseases So-
ciety of America (IDSA)/American Thoracic Society (ATS)
guidelines caution that this categorization is flawed. S. pneu-
moniae and viruses may cause a syndrome indistinguishable
from that caused by Mycoplasma pneumoniae. Consequently,
reliance on the presence of specific symptoms in the etiol-
ogy of pneumonia is unreliable. Difficulty with a pathogen-
specific diagnosis results in the empiric use of antibacterials
active against both “typical” and “atypical” pathogens in the
treatment of pneumonia.

A.T. has many signs and symptoms of pneumonia. Fever,
tachypnea, tachycardia, a productive cough, and a change in
the amount or character of the sputum are common in patients
with pneumonia. A.T. gives a history of pleuritic (knifelike)
chest pain and examination of the chest shows splinting and an
inspiratory lag on the right side during inspiration. All these
signs are suggestive of a pneumonic process and usually are
present on the affected side. Decreased breath sounds, dullness
on chest percussion, and egophony (E – A changes) found dur-
ing auscultation of the chest are suggestive of consolidation.
A.T. is also hypoxemic, as evidenced by his Po2 of 68 mmHg.
A chest radiograph should be performed to identify and/or con-
firm a pulmonary infiltrate. A.T.’s WBC count is elevated with
a left shift (predominance of PMNs and bands), also consistent
with bacterial infection.

Determination of Etiologic Agent

9. How can the etiologic organism be determined?

In addition to the clinical and radiographic features noted
previously, investigation for specific pathogens should be con-
sidered. Such testing may result in changes in antibacterial
therapy due to identification of a specific pathogen allowing
coverage to be de-escalated or more focused. Correct choice
of therapy is critical, since clinical failure and mortality is
associated with inappropriate antibiotic therapy. There also
are societal benefits associated with establishing an etiologic
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Table 60-4 Clinical Indications for More Extensive Diagnostic Testing

Indication Blood Culture Sputum Culture Legionella UAT Pneumococcal Other

ICU admission X X X X Xa

Failure of outpatient antibiotic therapy X X X —
Cavitary infiltrates X X — — Xb

Leukopenia X — — X —
Active alcohol abuse X X X X —
Chronic severe liver disease X — — X —
Severe obstructive/structural lung disease — X — — —
Asplenia (anatomic or functional) X — — X —
Recent travel (within past 2 wk) — — X — Xc

Positive Legionella UAT result — Xd NA — —
Positive pneumococcal UAT result X X — NA —
Pleural effusion X X X X Xe

aEndotracheal aspirate if intubated, possibly bronchoscopy or nonbronchoscopic bronchoalveolar lavage.
bFungal and tuberculosis cultures.
cSee Table 60-10 for details.
d Special media for Legionella.
eThoracentesis and pleural fluid cultures.
ICU, intenstive care unit; NA, not applicable; UAT, urinary antigen test.

diagnosis. For some pathogens, there are important epidemio-
logic implications. These include severe acute respiratory syn-
drome (SARS), influenza, Legionnaires disease, and agents of
bioterrorism. In addition, empiric treatment guidelines, such
as those recently published by the IDSA and ATS, are based
on the prevalence of pathogens identified and their in vitro
susceptibility patterns.

Adequately and appropriately collected sputum that is Gram
stained and cultured remain the mainstays in identifying the
etiologic organisms of acute pneumonias. Most often, spu-
tum is collected by having the patient cough and expectorate
lower respiratory tract secretions into a collection container;
however, because the secretions must pass through the mouth,
they may become contaminated with mouth flora. The sputum
should be examined macroscopically, and the color, consis-
tency, amount, and odor should be recorded. Appropriately
collected specimens should contain 25 PMNs/low-power field
(LPF).65 If there is a predominant organism on Gram stain,
empiric therapy can be directed toward the most likely organ-
ism. Patients with risk factors for pneumonia (e.g., elderly,
hospitalized, chronically ill) often are colonized by multiple
pathogens, and a sputum culture is seldom helpful in identify-
ing the specific causative organism.66 In these cases, physical
examination, chest radiograph, and changes in sputum pro-
duction and quality continue to be the cornerstone for the di-
agnosis of pneumonia. In patients admitted to the hospital,
blood cultures should be evaluated in making a diagnosis, as
approximately 12% to 25% will have a positive blood culture
with a respiratory pathogen. Empiric antibiotic therapy may be
directed based on bacterial morphology or Gram stain while
awaiting the culture results to become available 24 to 48 hours
later.

If a patient is unable to give an acceptable sputum speci-
men after three to four attempts, transtracheal aspiration, bron-
choscopy, or open lung biopsy can be used to obtain sputum
or tissue samples for laboratory analysis. However, these pro-
cedures are not without risk and should be used only when the
etiology is crucial for diagnosis. Clinical indications for more

extensive diagnostic testing are provided in Table 60-4 (from
IDSA/ATS guidelines).

Microbiology
The major pathogens for CAP are summarized in Table 60-5.
This information is potentially biased, as it is largely based on
studies of hospitalized patients, and there is significant variabil-
ity in the recovery of atypical pathogens, including viruses (in-
fluenza A and B), Legionella sp., Chlamydia pneumoniae, and
M. pneumoniae. Even with extensive diagnostic studies, the

Table 60-5 Major Pathogens for Community-Acquired
Pneumonia

Patient Type Etiology

Outpatient Streptococcus pneumoniae
Mycoplasma pneumoniae
Haemophilus influenzae
Chlamydia pneumoniae
Respiratory virusesa

Inpatient (non-ICU) S. pneumoniae
M. pneumoniae
C. pneumoniae
H. influenzae
Legionella sp.
Aspiration
Respiratory virusesa

Inpatient (ICU) S. pneumoniae
Staphylococcus aureus
Legionella sp.
Gram-negative bacilli
H. influenzae

a Influenza A and B, adenovirus, respiratory syncytial virus, and parainfluenza.
ICU, intensive care unit.
Based on collective data from recent studies (reference 174) and adapted from
Mandell LA et al. IDSA/ATS guidelines. Clin Infect Dis 2007;44:S27–72, and ref-
erences 52, 55, and 69–72.
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causative organism is identified in only 30% to 50% of cases.
Several factors contribute to this low yield: (a) 20% to 30% of
patients do not provide sputum samples, (b) 20% to 30% have
received prior antimicrobial therapy, and (c) some pathogens
can only be detected by using specialized techniques.

S. pneumoniae is the most common cause of pneumonia
in all age groups and settings, identified in 25% to 60% of
all community-acquired bacterial pneumonias.67 The sudden,
rapid onset of dramatic rigors, pleuritic chest pain, a rust-
colored sputum with Gram-positive diplococci, and leukocy-
tosis are consistent with pneumococcal pneumonia.

H. influenzae is a significant pulmonary pathogen in in-
fants and children. However, H. influenzae also is a significant
pulmonary pathogen in adults, particularly those with chronic
lung diseases. The high incidence of β-lactamase–producing
H. influenzae further complicates antimicrobial selection.68,69

Gram-negative pneumonia in the community setting is
increasing in incidence.50,70 However, many of these cases
are not truly “community acquired,” and those cases associ-
ated with patients residing in nursing homes and long-term
care facilities are now termed health care–associated facility
pneumonia. In addition, alcoholic individuals are predisposed
to Gram-negative pneumonia, often with Klebsiella pneu-
moniae.

The atypical pathogens of CAP are theoretically associ-
ated with an atypical clinical presentation, including subacute
onset, nonproductive cough, extrapulmonary manifestations,
and a chest radiograph that is characteristically worse than the
patient’s clinical appearance. However, a clear association be-
tween these organisms and an atypical presentation has not
been established. Atypical pathogens account for 10% to 20%
of all cases; however, frequency varies based on temporal and
geographic epidemiologic patterns. Diagnostic tests for Le-
gionella include culture, direct fluorescent antigen stain, or
urinary antigen assays, which may allow for more directed
therapy.

Legionella pneumophila is an important cause of CAP in
certain high-risk patients.70 Patients with altered immunologic
function (e.g., elderly) and chronic diseases (e.g., COPD) are
most susceptible to infection with this organism. Legionella
is more common in middle-age and elderly adults and has
the highest mortality rate of the atypical pathogens. Its pre-
sentation may be associated with significant gastrointestinal
(GI) complaints (nausea, vomiting) and electrolyte abnormal-
ities. Similar to serious pneumococcal pneumonia, the clinical
course often is progressive despite administration of appropri-
ate antibiotic therapy. The reported mortality rate is 15% to
25%, even with effective therapy.47,71

Mycoplasma (also called walking pneumonia) is more com-
mon in young adults.50,72 Diagnostic tests are available (pri-
marily an immunoglobulin M [IgM] enzyme immunoassay),
but most laboratories do not provide these tests. Mycoplasma
carries virtually no mortality. C. pneumoniae reportedly ac-
counts for 5% to 10% of all cases of CAP.50,73 It has been
associated with atherosclerotic disease; however, cause and ef-
fect continues to be debated. Diagnostic tests for this pathogen
are not offered by most clinical laboratories.

Viral agents account for 2% to 15% of all cases of CAP.50 In-
fluenza A and B, adenovirus, and parainfluenza virus are most
commonly reported in adults, whereas respiratory syncytial
virus is most common in the pediatric population.

Epidemiologic factors may favor the presence of certain
pathogens.45 Patients with poor dental hygiene are likely to be
infected with anaerobes, whereas HIV-coinfected individuals
are more likely to be infected by P. jirovecii. A thorough travel
and animal-contact history is important. Exposure to birds can
be associated with Chlamydia psittaci (the cause of psittaco-
sis), exposure to cattle or a parturient cat can be associated
with Coxiella burnetii (the cause of Q fever), and travel to
the southwestern United States can be associated with Coc-
cidioides immitis infections. In addition, in the current age
of bioterrorism, agents such as Bacillus anthracis (anthrax),
Francisella tularensis (tularemia), and Yersinia pestis (plague)
may need to be considered as potential causes of pneumonia.

Recently, an increasing incidence of pneumonia due to
community-acquired Staphylococcus aureus (CA-MRSA) has
been observed. These strains are distinct from hospital-
acquired strains in that they typically possess a different in
vitro susceptibility profile and two unique genes, the SCCmec
and Panton-Valentine leukocidin (PVL) genes. PVL encodes
for a toxin that has been associated with necrotizing pneumo-
nia, abscess formation, and empyema. When CA-MRSA has
been associated with CAP, it has been most commonly pre-
ceded by influenza.

Site of Care for Treatment of Community-Acquired Pneumonia

10. How should A.T. be treated?

The initial management decision after the diagnosis of CAP
is to determine the site of care—outpatient, hospitalization in
a medical ward, or admission to an intensive care unit (ICU).47

This is the most costly decision in the management of CAP, as
the cost for inpatient care is up to 25 times greater than that
for outpatient care and consumes the majority of the estimated
$10 billion dollars spent annually on treatment. Severity of ill-
ness scores such as the British Thoracic Society (BTS) CURB-
65 criteria or prognostic models such as the Pneumonia Sever-
ity Index (PSI) can be used to identify patients with CAP who
may be candidates for outpatient management.

The PSI and its risk factors for 30-day mortality have been
derived by Fine et al.44,74 by using 20 variables including age,
gender, laboratory data on admission, and comorbidities (Fig.
60-2). It stratifies patients in risk categories I to V based on the
predicted 30-day mortality. The CURB-65 assigns one point
for each of the following criteria: Confusion, Uremia, increased
Respiratory rate, low Blood pressure, and age ≥65 years). Ta-
ble 60-6 summarizes the two systems regarding predicted mor-
tality and recommended site of care.

In deciding whether or not to admit to an ICU, one should
consider the criteria for severe CAP outlined in Table 60-7,
as developed by the IDSA/ATS. The two major criteria or the
presence of at least three minor criteria are absolute indications
for ICU admission. The use of these criteria allows for appro-
priate placement of patients and resource utilization, treatment
selection, the rapid identification of patients at risk for sepsis,
and the availability of ventilator/hemodynamic support.

The use of objective admission criteria such as the PSI or
CURB-65 has resulted in a decrease in the number of patients
hospitalized with CAP. Whether the PSI or CURB-65 is supe-
rior remains unclear, as no randomized trials have compared
these methods. The use of objective admission criteria should
be supplemented with clinical assessment and determination of
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Step 1. Is the patient low risk (class I) based on history and physical examination and not
a resident of a nursing home?
• Age 50 years or younger, and
• None of the coexisting conditions or physical examination findings listed in step 2

NO

YES

Go to step 2

Outpatient treatment is recommended

Step 2. Calculate risk score for classes II-V

Patient Characteristics
Points
Assigned

Patient’s
Points

Demographic factors
Age (in years)

Males
Females

Nursing home resident
Coexisting conditions

Neoplastic disease
Liver disease
Congestive heart failure
Cerebrovascular disease
Renal disease

Age
Age 2 10
1 10

1 30
1 20
1 10
1 10
1 10

1 20
1 20
1 20
1 15
1 10

1 30
1 20
1 20
1 10
1 10
1 10
1 10

Initial physical examination findings
Altered mental status
Respiratory rate $ 30/min
Systolic BP , 90 mmHg
Temperature , 352 or $ 40° C
Pulse $ 125/min

Initial laboratory findings (score zero if not tested)

ph , 7.35
BUN . 30 mg/dl
Sodium , 130 mEq/L
Glucose $ 250 mg/dl
Hematocrit , 30%
PO2 , 60 mmHg or O2 sat , 90%
Pleural effusion

Total score (sum of patient’s points):

30-Day Mortality Data by Risk Class

Total Score Risk Class Recommended Site of
Treatment

Mortality Range Observed
in Validation Cohorts. %

None (see step 1)
# 70
71–90
91–130
. 130

I
II
III
IV
V

Outpatient
Outpatient
Outpatient
Inpatient
Inpatient

0.1 
0.6 

0.5–2.8 
8.2–9.3

27.0–29.2

FIGURE 60-2 Model to predict the 30-day mortality in patients with community-acquired pneumonia.

subjective factors including availability of outpatient support
resources.

Using the PSI, the scoring for A.T. is as follows: He is a
58-year-old man (58 points), has a history of chronic renal
insufficiency (10 points), a RR >30 (20 points), and has an
altered mental status (20 points). His score of 108 points places
him in risk strata IV, which carries a 30-day mortality risk of
9.3% (Fig. 60-2). Based on A.T.’s PSI assessment and clinical
status, he should be admitted to the hospital. Using the CURB-
65, A.T. has a score of “3” (30-day mortality of 14.5%–57%)
given that he was confused, uremic, and had an increased RR,
similarly resulting in the hospital as the preferred site of care.

INITIATION OF ANTIMICROBIAL TREATMENT
Initial antimicrobial therapy is largely empirical and should

be guided by the results of the sputum Gram stain, patient

age, medical history, concomitant diseases, place of residence,
clinical signs and symptoms, and allergy status. An approach to
the patient with CAP is presented in Figure 60-3, and antibiotic
regimens of choice are provided in Table 60-8 (see below).45

If no sputum is available for Gram stain or the microbio-
logic results do not identify a causative organism, antibiotics
active against the most probable bacterial pathogens should be
selected (Table 60-9).

Lastly, the underlying conditions that predispose to specific
pathogens, such as risks for aspiration, alcohol abuse, smoking,
and epidemiologic exposures, also should be considered in the
empiric selection of therapy (Table 60-10).

The time to the first dose of antibiotic therapy has been
emphasized as a lower mortality, as has been seen in patients
with CAP based on the time to first dose received. Those ad-
ministered their first dose of antibiotic therapy within 4 hours
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Table 60-6 Predicted Mortality and Recommended Site
of Care

Predicted 30-Day
System and Score Mortality (%) Recommended Site of Care

PSI strata 1–2 0.1–0.7 Outpatient
PSI strata 3 0.9–2.8 Admit to ward
PSI strata 4–5 9.3–27 Admit; consider ICU
CURB-65 score 0–1 0.7–2.1 Outpatient
CURB-65 score 2 9.2 Admit to ward
CURB-65 score 3 14.5–57.0 Admit; consider ICU

CURB-65, Confusion, Uremia, increased Respiratory rate, low Blood pressure, and
age ≥65 years; ICU, intensive care unit; PSI, Pneumonia Severity Index.

have been shown to have a lower mortality compared with
those receiving a first dose >4 hours. This has been consid-
ered as a potential quality measure to assess the quality of
care provided to patients with CAP. However, this recommen-

dation has resulted in administration of antibiotics in many
patients who ultimately were determined to not have bacterial
pneumonia. One of the consequences of this increased focus
on the so-called 4-hour rule has in one center resulted in an
increase in cases of Clostridium difficile–associated diarrhea
(CDAD) with several patients without CAP receiving antibac-
terials and ultimately succumbing to C. difficile disease CDAD.
The initiation of antibiotic therapy for patients with suspected
CAP should be based on assessment of the patient’s clinical
presentation rather than achieving an administrative outcome
measure.

A.T.’s treatment should be started empirically with an-
tibiotics pending identification of the etiologic bacteria. The
choice should be guided by the results of the sputum Gram
stain, patient age, medical history, concomitant diseases, place
of residence, and clinical signs and symptoms. In A.T.’s case,
the Gram stain, which shows a predominance of one organism
and many WBCs, should have the greatest influence on initial
antimicrobial selection. Because A.T.’s Gram stain shows a pre-
dominance of Gram-negative bacilli, empiric therapy should

Patient presents to clinical practice

Severity Score �90

Treat as Outpatient

Azithromycin or clarithromycin or an
antipneumococcal fluoroquinolone
Underlying risk factors:
Aspiration: Augmentin or clindamycin
Age 17–50: Consider doxycycline
Suspected S. pneumoniae: Consider
amoxicillin or a second- or third-
generation cephalosporin

Severity Score �90,
concomitant condition

or social admission

Gram’s stain
negative or
no sputum

Gram’s stain
shows likely

pathogen

Blood and sputum
culture and Gram’s stain

Treat empirically with a
second- or third-generation
cephalosporin + a macrolide

OR an antipneumococcal
fluoroquinolone

Switch to oral therapy: Able to tolerate and
absorb oral medications; temperature �38°C;

respiration rate �24 breaths/min;
pulse �100 beats/min

FIGURE 60-3 Application of the Pneumonia Patient Outcomes Research Team Severity Index to determine
initial site of treatment. Step 1 identifies patients in risk class 1 on the basis of age ≤50 years and the
absence of all comorbid conditions and vital sign abnormalities listed in step 2. For all patients who
are not classified at risk class 1, the laboratory data listed in step 2 should be collected to calculate a
pneumonia severity score. Risk class and recommended site of care based on the pneumonia severity
score listed in the final table. Thirty-day mortality data are based on two independent cohorts of 40,326
patients. For additional information, see reference 98. BP, blood pressure; BUN, blood urea nitrogen.
Source: Reproduced with permission from Metlay JP, Fine MJ. Testing strategies in the initial management
of patients with community-acquired pneumonia. Ann Intern Med 2003;138:109.)
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Table 60-7 Criteria for Severe Community-Acquired
Pneumonia

Minor Criteriaa

RRb ≥30 breaths/minute
Pao2/Fio2 ratiob ≤250
Multilobar infiltrates
Confusion/disorientation
Uremia (BUN level, ≥20 mg/dL)
Leukopeniac (WBC count, <4,000 cells/mm3)
Thrombocytopenia (platelet count, <100,000 cells/mm3)
Hypothermia (core temperature, <36◦C)
Hypotension requiring aggressive fluid resuscitation

Major Criteria

Invasive mechanical ventilation
Septic shock with the need for vasopressors

aOther criteria to consider include hypoglycemia (in nondiabetic patients), acute
alcoholism/alcoholic withdrawal, hyponatremia, unexplained metabolic acidosis or
elevated lactate level, cirrhosis, and asplenia.
bA need for noninvasive ventilation can substitute for a RR >30 breaths/minute or a
Pao2/Fio2 ratio >250.
cAs a result of infection alone.
BUN, blood urea nitrogen; Pao2/Fio2, arterial oxygen pressure/fraction of inspired
oxygen; RR, respiratory rate; WBC, white blood cell.

be directed at H. influenzae and other Gram-negative bacilli.
Based on A.T.’s age and history of previous amoxicillin pro-
phylaxis, one can assume that the pathogen in question is not
susceptible to amoxicillin. Consequently, an antibiotic regi-
men that is effective against ampicillin-resistant H. influenzae
and other aerobic Gram-negative bacilli should generally be
chosen. A respiratory fluoroquinolone (levofloxacin or moxi-
floxacin) would be a reasonable selection for empiric treatment
of A.T.’s pneumonia.

RESPONSE TO THERAPY
Patient outcomes associated with CAP depend largely on the

choice of antimicrobial agent and the patient status at the time
of presentation. Poor prognostic factors include age >65 years;
coexisting disease such as diabetes, renal failure, heart failure,
and COPD; clinical and laboratory findings as outlined in Fig-
ure 60-2; and recovery of S. pneumoniae or Legionella.44,45,47

Most patients with bacterial pneumonia improve clinically
(decreased temperature and systemic toxicity) 24 to 48 hours
after the initiation of effective antibiotic therapy. Chest radio-
graph resolution lags, taking 3 weeks in otherwise healthy,
young adults and up to 12 weeks in elderly patients and those
with complicated infections.75,76 A subset of patients with
bacterial pneumonia can be predicted to do poorly. Factors as-
sociated with a poor outcome include multilobar involvement,
bacteremia, a history of alcoholism, age >60 years, and neutro-
penia. Despite the introduction of new anti-infectives, antibi-
otic therapy has not reduced mortality in pneumococcal pneu-
monia with bacteremia, which remains at 20% to 30%.47,77

When the patient is clinically stable for 24 hours (Table
60-11), conversion to the oral route can be considered. The pa-
tient must be able to take oral medications and have adequate
GI function. Diarrhea is not a reason to avoid the oral route, be-
cause it rarely results in significant reductions in absorption of
medications.45 Selecting an oral agent can be simplified if cul-

Table 60-8 Community-Acquired Pneumonia: Antibiotic
Regimens of Choice

Outpatient Treatment

1. Previously healthy and no use of antimicrobials within the previous
3 months
A macrolide (strong recommendation; level I evidence)
Doxycyline (weak recommendation; level III evidence)

2. Presence of comorbidities such as chronic heart, lung, liver or renal
disease; diabetes mellitus; alcoholism; malignancies; asplenia;
immunosuppressing conditions or use of immunosuppressing drugs;
or use of antimicrobials within the previous 3 months (in which case
an alternative from a different class should be selected)
A respiratory fluoroquinolone (moxifloxacin, gemifloxacin, or

levofloxacin [750 mg]) (strong recommendation; level I evidence)
A β-lactam plus a macrolide (strong recommendation; level I

evidence)
3. In regions with a high rate (>25%) of infection with high-level

(MIC ≥16 mcg/mL) macrolide-resistant Streptococcus pneumoniae,
consider use of alternative agents listed above in #2 for patients
without comorbidities (moderate recommendation; level III
evidence)

Inpatients, Non-ICU Treatment

A respiratory fluoroquinolone (strong recommendation; level I
evidence)

A β-lactam plus a macrolide (strong recommendation; level evidence)

Inpatients, ICU Treatment

A β-lactam (cefotaxime, ceftriaxone, or ampicilliwsulbactaml plus
either azithromycin (level II evidence) or a respiratory
fluoroquinolone (level I evidence) (strong recommendation) (for
penicillin-allergic patients I a respiratory fluoroquinolone and
aztreonam are recommended)

Special Concerns

If Pseudomonas is a consideration:
An antipneumococcal, antipseudomonal β-lactim

(piperacillintazobactam, cefepirne, irnipenern, or maropenern) plus
either ciproflaxacin or levoflaxacin (750 mg)

or
The above β-lactam plus an aminoglycoside and azythromycin
or
The above β-lactam plus an aminoglycoside and an antipneumococcal

fluoroquinalone (for penicillin-allergic patients, substitute aztreonam
for above β-lactam) (moderate recommendation; level III
evidence)

If CA-MRSA is a consideration, add vancomycin or linezolid
(moderate recommendation; level III evidence)

CA-MRSA, community-acquired methicillin-resistant Staphylococcus aureus; ICU,
intensive care unit; MIC, minimum inhibitory concentration.

ture and sensitivity data are available and if the parenteral agent
is available in an oral formulation. Patients with CAP should
be treated for a minimum of 5 days, should be afebrile for 48 to
72 hours, and should have no more than one CAP-associated
sign of clinical instability (Table 60-11) before therapy is dis-
continued. A longer duration of therapy may be needed if the
initial therapy was not active against the identified pathogen
or if it was complicated by extrapulmonary infection such as
bacteremia.
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Table 60-9 Community-Acquired Pneumonia: Preferred Antimicrobial(s) Against Most Probable Bacterial Pathogens

Organism Preferred Antimicrobial(s) Alternative Antimicrobial(s)

Streptococcus pneumoniae
Penicillin nonresistant; MIC

<2 mcg/mL
Penicillin G, amoxicillin Macrolide, cephalosporins, (or a I [cefpodoxime, cefprozil,

cefuroxime, cefdinir, cefditoren] or parenteral [cefuroxime,
ceftriaxone, cefotaxime]), clindamycin, doxycyline,
respiratory fluoroquinolonea

Penicillin resistant; MIC ≥2 mcg/mL Agents chosen on the basis of susceptibility,
including cefotaxime, ceftriaxone,
fluoroquinolone

Vancomycin, linezolid, high-dose amoxicillin (3 g/day with
penicillin MIC ≤4 mcg/mL)

Haemophilus influenzae
Non–β-lactamase producing Amoxicillin Fluoroquinolone, doxycycline, azithromycin, clarithromycinb

β-Lactamase producing Second- or third-generation cephalosporin,
amoxicillin-clavulanate

Fluoroquinolone, doxycycline, azithromycin, clarithromycinb

Mycoplasma pneumoniae/
Chlamydia pneumoniae

Macrolide, a tetracycline Fluoroquinolone

Legionella sp. Fluoroquinolone, azithromycin Doxycycline
Chlamydia psittaci A tetracycline Macrolide
Coxiella burnetii A tetracycline Macrolide
Francisella tularensis Doxycycline Gentamicin, streptomycin
Yersinisa pestis Streptomycin, gentamicin Doxycyline, fluoroquinolone
Bacillus anthracis (inhalation) Ciprofloxacin, levofloxacin, doxycycline

(usually with second agent)
Other fluoroquinolones; β-lactam, if susceptible; rifampin;

clindamycin; chloramphenicol
Enterobacteriaceae Third-generation cephalosporin, carbapenemc

(drug of choice if extended-spectrum
β-lactamase producer)

β-Lactam/β-Lactamase inhibitord fluoroquinolone

Pseudomonas aeruginosa Antipseudomonal β-lactam plus ciprofloxacin
or levofloxacin f or aminoglycoside

Aminoglycoside plus ciprofloxacin or levofloxacin f

Burkholderia pseudomallei Carbapenem, ceftazadime Fluoroquinolone, TMP-SMX
Acinetobacter sp. Carbapenem Cephalosporin-aminoglycoside, ampicillin sulbactam, colistin

Staphylococcus aureus
Methicillin susceptible Antistaphylococcal penicilling Cefazolin, clindamycin
Methicillin resistant Vancomycin or linezolid TMP-SMX
Bordetella pertussis Macrolide TMP-SMX
Anaerobe (aspiration) β-Lactam/β-Lactamase inhibitor,d

clindamycin
Carbapenem

Influenza virus Oseltamivir or zanamivir
Mycobacterium tuberculosis Isoniazid plus rifampin plus ethambutol plus

pyrazinamide
Refer to reference 243 for specific recommendations

Coccidioides sp. For uncomplicated infection in a normal host,
no therapy generally recommended; for
therapy, itraconazole, fluconazole

Amphotericin B

Histoplasmosis ltraconazole Amphotericin B
Blastomycosis ltraconazole Amphotericin B

NOTE. Choices should be modified on the basis of susceptibility test results and advice from local specialists. Refer to local references for appropriate doses.
aLevofloxacin, moxifloxacin, gemifloxacin (not a first-line choice for penicillin-susceptible strains); ciprofloxacin is appropriate for Legionella and most Gram-negative bacilli
(including H. influenza).
bAzithromycin is more active in vitro than clarithromycin for H. influenza.
cImipenem-cilastatin, meropenem, ertapenem.
d Piperacillin-tazobactam for Gram-negative bacilli, ticarcillin clavulanate, ampicillin-sulbactam or amoxicillin clavulanate.
eTicarcillin, piperacillin, ceftazidime, cefepime, aztreonam, imipenem, meropenem.
f 750 mg daily.
gNafcillin, oxacillin, flucloxacillin.
MIC, minimum inhibitory concentration; TMP-SMX, trimethoprim-sulfamethoxazole.

11. What is the impact of drug-resistant Staphylococcus pneu-
moniae (DRSP) in the management of CAP?

Penicillin-Resistant Streptococcus pneumoniae
Despite four decades of using penicillin, only modest rates of
reduced susceptibility to penicillin were reported in the 1980s.
However, over the past few decades, increased penicillin resis-

tance has been observed. The mechanism by which pneumo-
cocci become resistant to β-lactam antibiotics is through alter-
ation in the penicillin binding proteins. This decrease in affinity
results in variable increases in the minimum inhibitory concen-
trations (MICs) of different β-lactams. Strains with MICs of
more than 0.1 mcg/mL accounted for 3.8% of isolates in the
1980s; by 1994–1995, the rate was 24%, and by 1997 it was
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Table 60-10 Community-Acquired Pneumonia: Underlying Conditions and Commonly Encountered Pathogens

Condition Commonly Encountered Pathogen(s)

Alcoholism Streptococcus pneumoniae, oral anaerobes, Klebsiella pneumoniae, Acinetobacter sp.,
Mycobacterium tuberculosis

COPD and/or smoking Haemophilus influenzae, Pseudomonas aeruginosa, Legionella sp., S. pneumoniae, Moraxella
cararrhalis, Chlamydia pneumoniae

Aspiration Gram-negative enteric pathogens, oral anaerobes
Lung abscess CA-MRSA, oral anaerobes, endemic fungal pneumonia, M. tuberculosis, atypical mycobacteria
Exposure to bat or bird droppings Histoplasma capsulatum
Exposure to birds Chlamydia psittaci (if poultry; avian influenza)
Exposure to rabbits Francisella tularensis
Exposure to farm animals or parturient cats Coxiella burnetti (Q fever)
HIV infection (early) S. pneumoniae, H. influenzae, M. tuberculosis
HIV infection (late) The pathogens listed for early infection plus P. Pneumocystis jirovecii, Cryptococcus sp., Histoplasma

sp., Aspergillus sp., atypical mycobacteria (especially Mycobacterium kansash), P. aeruginosa,
H. influenzae

Hotel or cruise ship stay in previous 2 weeks Legionella sp.
Travel to or residence in southwestern United

States
Coccidioides sp., hantavirus

Travel to or residence in Southeast and East
Asia

Burkholderia pseudomallei, avian influenza, SARS

Influenza active in community Influenza, S. pneumoniae, Staphylococcus aureus, H. influenzae
Cough >2 wk with whoop or posttussive

vomiting
Bordetella pertussis

Structural lung disease (e.g., bronchiectasis) P. aeruginosa, Burkholderia cepacia, S. aureus
Injection drug use S. aureus, anaerobes, M. tuberculosis, S. pneumoniae
Endobronchial obstruction Anaerobes, S. pneumoniae, H. influenzae, S. aureus
In context of bioterrorism Bacillus anthracis (anthrax), Yersinia pestis (plague), Francisella tularensis (tularemia)

CA-MRSA, community-acquired methicillin-resistant Staphylococcus aureus; COPD, chronic obstructive pulmonary disease; SARS, severe acute respiratory syndrome.

43.8%.78–80 As of 2000, rates of resistance in the United States
have reached a plateau at 30% to 35%.

The impact of DRSP on patient outcomes is unclear. Pub-
lished studies are limited by small sample size, observational
design, and the relative infrequency of isolates exhibiting
“high-level” resistance. The available data suggest that the
clinically relevant level of penicillin resistance is an MIC of at
least 4 mg/L. Risk factors for infection with β-lactam-resistant
S. pneumoniae include age <2 years or >65 years of age,
β-lactam therapy in the previous 3 months, alcoholism, med-
ical comorbidities, immunosuppressive illness or therapy, and
exposure to a child in a day care center. Although the relative

Table 60-11 Criteria for Conversion to Oral Administration
of Antibiotics

Temperature ≤37.8◦C
HR ≤100 beats/minute
RR ≤24 breaths/minute
Systolic BP ≥90 mmHg
Arterial oxygen saturation ≥90% or Po2 ≥60 mmHg on room air
Ability to maintain oral intakea

Normal mental statusa

HR, heart rate; RR, respiratory rate; Po2, oxygen partial pressure.

a Important for discharge or oral switch decision but not necessarily for determination
of nonresponse.
Adapted from Mandell LA et al. Infectious Diseases Society of America/American
Thoracic Society consensus guidelines on the management of community-acquired
pneumonia in adults. Clin Infect Dis 2007;44(Suppl 2):S2.

predictive value of these risk factors remains unclear, recent
treatment with antimicrobials is likely the most significant risk
factor.

Penicillin resistance is also associated with resistance to
other antimicrobial classes, including cephalosporins, macro-
lides, tetracyclines, and TMP-SMZ (Table 60-12). In contrast,
vancomycin, the fluoroquinolones, clindamycin, chloram-
phenicol, and rifampin are less impacted.78–81 Penicillin sus-
ceptibility should be tested for in all significant pneumococcal
isolates.82

Table 60-12 Susceptibility of Streptococcus pneumoniae
Based on Penicillin Susceptibility

% Susceptible to Indicated Agent

Agent Pen-S Pen-I Pen-R

Cefuroxime axetil 99.0 76.3 0.7
Cefpodoxime proxetil 99.5 82.4 0.7
Cefepime 99.7 87.5 3.9
Cefotaxime 100.0 95.7 19.1
Erythromycin 96.6 81.7 50.7
Clarithromycin 94.9 63.5 38.9
Clindamycin 99.2 93.2 86.2
Tetracycline 96.1 86.7 63.2
TMP-SMX 89.0 72.4 23.0
Levofloxacin 97.4 96.9 97.1

Pen-I, penicillin intermediate; Pen-R, penicillin resistant, Pen-S, penicillin sensitive;
TMP-SMX, trimethoprim-sulfamethoxazole.
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Macrolide-Resistant Streptococcus pneumoniae
Although high rates of in vitro macrolide resistance can coexist
with penicillin resistance, there are few reports of macrolide
failures in CAP due to drug-resistant pneumococci.83 Pneu-
mococcal resistance to macrolides is expressed as one of two
phenotypes. The first, known as the M phenotype, is an efflux
pump associated with the mefE gene that results in the efflux of
all 14- and 15-membered macrolides from the cell.84 M pheno-
type isolates typically have moderate levels of macrolide resis-
tance (MIC in the range of 1–32 mg/mL) and are almost always
susceptible to clindamycin.85 A second phenotype, called the
MLSB phenotype, results from methylation of 23S ribosomal
RNA and is encoded by the ermAM gene. Methylation results
in blockade of the binding of macrolides, lincosamides, and
group B streptogramin agents. The MLSB phenotype is asso-
ciated with high-level macrolide resistance (MIC >64 mg/mL)
as well as resistance to clindamycin.

One investigation demonstrated the following: (a)
macrolide use in the United States increased by 13% from
1993 to 1999 (17.7 million prescriptions vs. 21.2 million pre-
scriptions, respectively—the most dramatic increase was in
children <5 years of age, a 320% increase over the same time
frame); (b) macrolide resistance has doubled from 1995 to
1999 (10.6% in 1995 to 20.4% in 1999), mostly accounted for
by increases in the M phenotype; and (c) the median MIC of
the M phenotype increased from 4 mcg/mL to 8 mcg/ mL, an
MIC associated with treatment failures to clarithromycin and
azithromycin.86 The association between increasing macrolide
use and the increasing prevalence of macrolide resistance, and
more importantly the shift in the median MIC in M phenotype
isolates, is disturbing. As a result, current guidelines recom-
mend macrolide monotherapy only in outpatients who prior
to the onset of CAP were otherwise healthy and have no risk
factors for DRSP.

Antiviral Agents

12. What treatment options are available for influenza virus
infection?

As outlined previously, viruses account for 2% to 15% of
all cases of CAP. Influenza represents one organism that com-
monly may be associated with pneumonia. Influenza is an acute
respiratory infection characterized by fever, headache, sore
throat, myalgias, and a nonproductive cough. In some cases, it
can progress to serious secondary complications such as bac-
terial and viral pneumonia. In addition to increased health care
costs, loss of work days, and unnecessary antibiotics, influenza
epidemics are responsible for a large number of deaths each
year in the United States. Epidemics occur during the winter
months nearly every year, with peak activity between late De-
cember and early March. The mainstay of protection against
the disease has been the inactivated influenza vaccine. Antivi-
ral agents are important adjuncts to the vaccine but do not serve
as a substitute for preseason vaccination.

Both the influenza A and B viruses have two major sur-
face glycoproteins that mediate immunity, hemagglutinin and
neuraminidase. These two proteins play a critical role in vi-
ral replication. Hemagglutinin attaches virus to cells, whereas
neuraminidase has several roles to facilitate the spread of the
virus throughout the respiratory tract. The neuraminidase en-
zyme is responsible for releasing the virus from infected cells,

preventing the formation of viral aggregates after the release,
and potentially preventing viral inactivation. The active site of
neuraminidase is almost identical in both influenza A and B.

Although annual vaccination is the primary strategy for
preventing complications of influenza virus infections, antivi-
ral medications with activity against influenza viruses can be
effective for the chemoprophylaxis and treatment of influenza.
Four licensed influenza antiviral agents are available in the
United States: amantadine, rimantadine, zanamivir, and os-
eltamivir. Influenza A virus resistance to amantadine and ri-
mantadine can emerge rapidly during treatment. Because an-
tiviral testing results indicated high levels of resistance, neither
amantadine nor rimantadine should be used for the treatment or
chemoprophylaxis of influenza in the United States during the
2007–2008 influenza season. Surveillance demonstrating that
susceptibility to these antiviral medications has been reestab-
lished among circulating influenza A viruses will be needed
before amantadine or rimantadine can be used for the treatment
or chemoprophylaxis of influenza A. Oseltamivir or zanamivir
can be prescribed if antiviral treatment of influenza is indi-
cated. Oseltamivir is approved for treatment of persons >1
year of age, and zanamivir is approved for treating persons
>7 years of age. Oseltamivir and zanamivir can be used for
chemoprophylaxis of influenza; oseltamivir is licensed for use
as chemoprophylaxis in persons >1 year of age, and zanamivir
is licensed for use in persons >5 years of age.

Antiviral Agents for Influenza
Amantadine and rimantadine are compounds that indirectly in-
terrupt the function of hemagglutinin by blocking the uncoat-
ing of the influenza A virus and preventing host penetration.
When initiated within 48 hours of the onset of symptoms, both
amantadine and rimantadine shorten the clinical course of the
illness related to influenza A and enable patients to resume
daily activities sooner. Until recently, these agents were the
only antiviral agents available for the prevention and treatment
of influenza A. However, their use has been limited by lack
of activity against influenza B, emergence of resistance, and
central nervous system effects, particularly with amantadine.
Adamantane resistance among circulating influenza A viruses
has increased rapidly worldwide over the past several years.
The proportion of influenza A viral isolates submitted from
throughout the world to the World Health Organization Col-
laborating Center for Surveillance, Epidemiology, and Control
of Influenza at the Centers for Disease Control and Prevention
(CDC) that were adamantane resistant increased from 0.4%
during 1994–1995 to 12.3% during 2003–2004. During the
2005–2006 influenza season, the CDC determined that 193
(92%) of 209 influenza A (H3N2) viruses isolated from pa-
tients in 26 states demonstrated a change at amino acid 31 in
the M2 gene that confers resistance to adamantanes. In addi-
tion, two (25%) of eight influenza A (H1N1) viruses tested
were resistant (368). All 2005–2006 influenza season isolates
in these studies remained sensitive to neuraminidase inhibitors.
Preliminary data from the 2006–2007 influenza season indi-
cates that resistance to adamantanes remains high among in-
fluenza A isolates, but resistance to neuraminidase inhibitors
is extremely uncommon (<1% of isolates) (CDC, unpublished
data, 2007). Amantadine or rimantadine should not be used for
the treatment or prevention of influenza in the United States
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Table 60-13 Comparison of Current Antiviral Agents for Influenza

Amantadine Rimantadine Oseltamivir Zanamavir

Influenza activity A A A and B A and B
Route of administration Oral Oral Oral Oral inhalation
Treatment population ≥1 yr ≥14 yr ≥12 yr ≥18 yr
Prophylaxis population ≥1 yr ≥1 yr No indication No indication
Dosage 100 mg PO Q 12 hr 100 mg PO Q 12 hr 75 mg PO BID for 5 days Two inhalations (5 mg each)

PO BID for 5 days
Side effects CNS, GI CNS, GI (less than

amantadine)
Nasal and throat discomfort,

headache, bronchospasm
Nausea, vomiting, headache

BID, twice a day; CNS, central nervous system; GI, gastrointestinal; PO, by mouth.

until evidence of susceptibility to these antiviral medications
has been reestablished among circulating influenza A viruses.

Zanamivir and oseltamivir are chemically related antivi-
ral medications known as neuraminidase inhibitors that have
activity against both influenza A and B viruses. The two medi-
cations differ in pharmacokinetics, adverse events, routes of
administration, approved age groups, dosages, and costs.87

They are sialic acid analogs that work by inhibiting the viral
enzyme neuraminidase. The function of neuraminidase is to
cleave sialic acid residues on the cell surface, thereby promot-
ing release of virus from infected cells. Blocking the activity of
neuraminidase decreases the amount of virus released that can
infect other cells. Resistance to the neuraminidase inhibitors
can occur but seems to be less common and slower to develop
than with the older antivirals amantadine and rimantadine. A
comparison of these agents is provided in Table 60-13.

Zanamivir (Relenza) is indicated for the treatment of un-
complicated influenza illness in adults and children >12 years
of age who have been symptomatic ≤48 hours.88–90 Os-
eltamivir (Tamiflu) is approved for the treatment of uncom-
plicated influenza infection in adults ≥18 years of age who
have been symptomatic ≤48 hours.91–92 Studies have shown
that when administered within 2 days of the onset of symp-
toms, both zanamivir and oseltamivir reduced the median du-
ration of symptoms by approximately 1 day (6.5–5.0 days and
4.5–3.0 days, respectively). High-risk patients (i.e., the elderly,
those with asthma), patients who had a febrile illness, and
those treated within 30 hours of symptom onset showed the
greatest improvement from zanamivir therapy (8.0–5.5 days).
Neither neuraminidase inhibitor is approved for the prevention
of influenza, but recent studies have demonstrated both to be
approximately 60% to 80% effective when administered pro-
phylactically. Likewise, there are no studies comparing the two
neuraminidase inhibitors with each other or with amantadine
or rimantadine.

Zanamivir is formulated as a dry powder for oral inhala-
tion; its oral bioavailability is poor. The recommended dosage
is two inhalations (5 mg each) twice daily for 5 days. Less
than 20% of the inhaled dose is systemically absorbed; 70%
to 90% of the inhaled drug deposits in the oropharynx. The
half-life of systemically absorbed zanamivir is 3 to 5 hours,
and it is excreted unchanged in the urine. The manufacturer
does not recommend a dosage adjustment in patients with re-
nal insufficiency. The most common side effects encountered
with zanamivir administration are nasal and throat irritation,
headache, and bronchospasm.

Oseltamivir, available as a 75-mg oral capsule, is an ester
prodrug that is hydrolyzed in the gut and liver to the active
form, oseltamivir carboxylate. The recommended dosage is
75 mg twice daily for 5 days. Eighty percent of the drug is
absorbed systemically, and the half-life (6–10 hours) of os-
eltamivir carboxylate is excreted in the urine by glomerular
filtration. A dosage reduction to 75 mg daily is recommended
in patients with a creatinine clearance <30 mL/minute. The
most common side effects experienced are nausea, vomiting,
and headache. Food may improve GI tolerance.

Although there is limited clinical experience, no significant
drug interactions have been reported with either agent. Neither
zanamivir nor oseltamivir are substrates for cytochrome P450
metabolism and are not expected to alter the metabolism of
other agents. The cost for 5-day therapy with zanamivir or
oseltamivir is approximately $50.

The role of the neuraminidase inhibitors in the prevention
and treatment of influenza is not clearly defined. It is widely
accepted that influenza vaccination will continue to be the pri-
mary method of preventing influenza and its secondary com-
plications. However, the neuraminidase inhibitors may be a
reasonable alternative for those who cannot be vaccinated due
to true egg allergy, those who are not likely to respond to the
vaccination, or those who are at significantly high risk.

Effective treatment of influenza illness with any of the cur-
rently available antiviral agents is limited by the need for almost
immediate diagnosis and intervention. When these agents are
initiated within 2 days of the onset of symptoms, they can
shorten the duration of the illness. This will require education
of both the public and clinicians.90,92 The role of the pharmacist
may be in the early identification of patients who are potential
candidates for antiviral therapy. Dialog with patients regard-
ing symptoms and their duration will enable the pharmacist
to make appropriate recommendations about the necessity of
drug therapy and doctor visits. None of the four agents has been
demonstrated to be effective in preventing serious influenza-
related complications such as bacterial or viral pneumonia or
exacerbation of underlying chronic conditions.

Immunoprophylaxis

13. What agents are available for chemo/immunoprophylaxis
against respiratory tract infections?

INFLUENZA VIRUS
In the United States, the primary option for reducing the

effect of influenza is immunoprophylaxis with inactivated
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vaccine. Vaccinating persons at high risk for complications
each year before seasonal increases in influenza virus circu-
lation is the most effective means of reducing the effect of
influenza. The inactivated influenza vaccines are standardized
to contain the hemagglutinins of strains (usually two type A
and one type B), representing the influenza viruses likely to
circulate in the United States in the upcoming winter. The vac-
cines are made from highly purified, egg-grown viruses that
have been made noninfectious. Because the vaccines are ini-
tially grown in embryonated hen eggs, the final product might
contain residual egg proteins. In addition, vaccine distributed
in the United States might contain the preservative thimerosal,
which contains mercury.

The effectiveness of influenza vaccination depends primar-
ily on the age and immunocompetence of the recipient and the
degree of similarity between viruses in the vaccine and in cir-
culation. When strains are similar, vaccine prevents influenza
illness in 70% to 90% of healthy adults <65 years of age. Chil-
dren as young as 6 months of age can develop protective levels
of antibody after vaccination. Seroconversion rates have been
reported to be 44% to 89% and increase with the age of the
child. The effectiveness in preventing influenza-related illness
in children between 1 to 15 years of age is 77% to 91%. In
adults ≥65 years of age, the effectiveness of the vaccine has
been reported to be 58%. Importantly, in this population, it has
been shown to prevent secondary complications and reduce the
risk for influenza-related hospitalization and death.

Influenza vaccination is recommended in the following pa-
tients:

� All persons, including school-aged children, who want to re-
duce the risk of becoming ill with influenza or of transmitting
influenza to others

� All children aged 6–59 months (i.e., 6 months–4 years)
� All persons ≥50 years of age
� Children and adolescents (aged 6 months–18 years) receiv-
ing long-term aspirin therapy who therefore might be at risk
for experiencing Reye syndrome after influenza virus infec-
tion

� Women who will be pregnant during the influenza season
� Adults and children who have chronic pulmonary (including
asthma), cardiovascular (except hypertension), renal, hepatic,
hematologic, or metabolic disorders (including diabetes mel-
litus)

� Adults and children who have immunosuppression (in-
cluding immunosuppression caused by medications or by
HIV

� Adults and children who have any condition (e.g., cognitive
dysfunction, spinal cord injuries, seizure disorders, or other
neuromuscular disorders) that can compromise respiratory
function or the handling of respiratory secretions or that can
increase the risk for aspiration

� Residents of nursing homes and other chronic care facilities
� Health care personnel
� Healthy household contacts (including children) and care-
givers of children <5 years of age and adults ≥50 years of
age, with particular emphasis on vaccinating contacts of chil-
dren aged <6 months of age

� Healthy household contacts (including children) and care-
givers of persons with medical conditions that put them at
higher risk for severe complications from influenza.

The following persons should not be vaccinated:

� Trivalent inactivated influenza vaccine (TIV) should not be
administered to persons known to have anaphylactic hyper-
sensitivity to eggs or to other components of the influenza
vaccine. Prophylactic use of antiviral agents is an option for
preventing influenza among such persons. Information re-
garding vaccine components is located in package inserts
from each manufacturer. Persons with moderate to severe
acute febrile illness usually should not be vaccinated until
their symptoms have abated. However, minor illnesses with
or without fever do not contraindicate use of influenza vac-
cine. GBS within 6 weeks following a previous dose of TIV
is considered to be a precaution for use of TIV.

Live, attenuated influenza vaccine (LAIV) is not currently
licensed for use in the following groups, and these persons
should not be vaccinated with LAIV:
� Persons with a history of hypersensitivity, including anaphy-
laxis, to any of the components of LAIV or to eggs

� Persons <5 years of age or those ≥50 years of age
� Persons with any of the underlying medical conditions that
serve as an indication for routine influenza vaccination, in-
cluding asthma, reactive airways disease, or other chronic
disorders of the pulmonary or cardiovascular systems

� Other underlying medical conditions, including such meta-
bolic diseases as diabetes, renal dysfunction, and hemoglo-
binopathies, or known or suspected immunodeficiency dis-
eases or immunosuppressed states

� Children or adolescents receiving aspirin or other salicylates
(because of the association of Reye syndrome with wild-type
influenza virus infection)

� Persons with a history of Guillain-Barré syndrome
� Pregnant women.

Timing of Vaccination
In general, health care providers should begin offering vac-
cination soon after vaccine becomes available and if possi-
ble by October. To avoid missed opportunities for vaccination,
providers should offer vaccination during routine health care
visits or during hospitalizations whenever vaccine is available.
Vaccination efforts should continue throughout the season, be-
cause the duration of the influenza season varies, and influenza
might not appear in certain communities until February or
March. Providers should offer influenza vaccine routinely, and
organized vaccination campaigns should continue throughout
the influenza season, including after influenza activity has be-
gun in the community. Vaccine administered in December or
later, even if influenza activity has already begun, is likely to
be beneficial in the majority of influenza seasons. The major-
ity of adults have antibody protection against influenza virus
infection within 2 weeks after vaccination.

Children 6 months to 8 years of age who have not been
vaccinated previously or who were vaccinated for the first time
during the previous season and received only one dose should
receive two doses of vaccine. These children should receive
their first dose as soon after vaccine becomes available as is
feasible, so both doses can be administered before the onset of
influenza activity.

The most common adverse effects of vaccination include
local reactions that are typically mild, fever, malaise, myal-
gia, headache, allergic reaction (in particular in those with an
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allergy to eggs), and thimerosal-related reactions (usually
local, delayed type hypersensitivity reactions).

Chemoprophylaxis
Chemoprophylactic drugs are not a substitute for vaccination,
although they are critical adjuncts in the prevention and control
of influenza. Both amantadine and rimantadine are indicated
for the chemoprophylaxis of influenza A infection but not in-
fluenza B. However, as mentioned previously, neither agent
should be used for the prevention of influenza. Both drugs are
approximately 70% to 90% effective in preventing illness from
influenza A infection.93–95 When used as prophylaxis, these
antiviral agents can prevent illness while permitting subclini-
cal infection and development of protective antibody against
circulating influenza viruses. Therefore, certain persons who
take these drugs will develop protective immune responses
to circulating influenza viruses. Amantadine and rimantadine
do not interfere with the antibody response to the vaccine.94

Both drugs have been studied extensively among nursing home
populations as a component of influenza outbreak-control pro-
grams, which can limit the spread of influenza within chronic
care institutions.94,96–99

Among the neuraminidase inhibitor antivirals zanamivir
and oseltamivir, only oseltamivir has been approved for pro-
phylaxis, but community studies of healthy adults indicate
that both drugs are similarly effective in preventing febrile,
laboratory-confirmed influenza illness (efficacy: zanamivir,
84%; oseltamivir, 82%).100–102 Both antiviral agents have also
been reported to prevent influenza illness among persons ad-
ministered chemoprophylaxis after a household member was
diagnosed with influenza.103–105 Experience with prophylactic
use of these agents in institutional settings or among patients
with chronic medical conditions is limited in comparison with
the adamantanes.106–111 One 6-week study of oseltamivir pro-
phylaxis among nursing home residents reported a 92% re-
duction in influenza illness.106,112,113 Use of zanamivir has not
been reported to impair the immunologic response to influenza
vaccine.103,114 Data are not available regarding the efficacy of
any of the four antiviral agents in preventing influenza among
severely immunocompromised persons.

CONTROL OF INFLUENZA OUTBREAKS IN INSTITUTIONS
Chemoprophylactic drugs are not a substitute for vacci-

nation, although they are critical adjuncts in preventing and
controlling influenza. In community studies of healthy adults,
both oseltamivir and zanamivir had similar efficacy in prevent-
ing febrile, laboratory-confirmed influenza illness (efficacy:
zanamivir, 84%; oseltamivir, 82%). Both antiviral agents also
have prevented influenza illness among persons administered
chemoprophylaxis after a household member had influenza
diagnosed (efficacy: zanamivir, 72%–82%; oseltamivir, 68%–
89%). Experience with prophylactic use of these agents in
institutional settings or among patients with chronic medi-
cal conditions is limited in comparison with the adamantanes,
but the majority of published studies have demonstrated mod-
erate to excellent efficacy. For example, a 6-week study of
oseltamivir chemoprophylaxis among nursing home residents
demonstrated a 92% reduction in influenza illness. The efficacy
of antiviral agents in preventing influenza among severely im-
munocompromised persons is unknown. A small nonrandom-
ized study conducted in a stem cell transplant unit suggested

that oseltamivir can prevent progression to pneumonia among
influenza-infected patients.

When determining the timing and duration for administer-
ing influenza antiviral medications for chemoprophylaxis, fac-
tors related to cost, compliance, and potential adverse events
should be considered. To be maximally effective as chemopro-
phylaxis, the drug must be taken each day for the duration of
influenza activity in the community. Currently, oseltamivir is
the recommended antiviral drug for chemoprophylaxis of in-
fluenza. More details regarding the use of chemoprophylaxis
for influenza can be found at www.cdc.gov/flu.

Streptococcus Pneumoniae
S. pneumoniae is the most common bacterial pathogen associ-
ated with CAP. Severe infections can result from the dissemina-
tion of this organism to the bloodstream and the central nervous
system. Pneumococcal infections cause an estimated 40,000
deaths annually in the United States. The currently available
pneumococcal vaccine includes 23 purified capsular polysac-
charide antigens from serotypes 1–5, 6B, 7F, 8, 9N, 9V, 10A,
11A, 12F, 14, 15B, 17F, 18C, 19A, 19F, 20, 22F, 23F, and 33F.
After vaccination, an antigen-specific antibody response de-
velops within 2 to 3 weeks in ≥80% of healthy adults.115 The
levels of antibody to most antigens remains elevated for at least
5 years in healthy adults and decreases to prevaccination levels
by 10 years.116,117

Pneumococcal vaccine has not been shown to be effective
against nonbacteremic pneumococcal disease. Effectiveness
against invasive disease is 56% to 81%.118–121 Pneumococ-
cal polysaccharide vaccine is cost-effective and potentially
cost-saving among persons ≥65 years of age for prevention
of bacteremia.122

The vaccine is both cost-effective and protective against in-
vasive pneumococcal infection when administered to immuno-
competent persons ≥2 years of age.123 Therefore, all persons
in the following categories should receive the 23-valent pneu-
mococcal polysaccharide vaccine: patients ≥65 years of age,
patients 2 to 64 years of age with chronic illness, patients 2
to 64 years of age with functional or anatomic asplenia, pa-
tients 2 to 64 years of age living in special environments or
social settings, and immunocompromised patients. If vaccina-
tion status is unknown, patients in these categories should be
administered pneumococcal vaccine. Children <2 years of age
can be administered a conjugated version of the pneumococ-
cal vaccine. The effectiveness and indications are discussed in
Chapter 96.

Pneumococcal polysaccharide vaccine generally is con-
sidered safe based on clinical experience since 1977, when
the pneumococcal polysaccharide vaccine was licensed in the
United States. Approximately half of patients who receive
pneumococcal vaccine develop mild, local side effects (e.g.,
pain at the injection site, erythema, and swelling).124,125 These
reactions usually persist <48 hours. Moderate systemic re-
actions (e.g., fever and myalgias) and more severe local re-
actions (e.g., local induration) are rare. Intradermal adminis-
tration may cause severe local reactions and is inappropriate.
Severe systemic adverse effects (e.g., anaphylactic reactions)
rarely have been reported after administration of pneumococcal
vaccine.

Routine revaccination of immunocompetent persons previ-
ously vaccinated with 23-valent polysaccharide vaccine is not
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recommended.123 However, revaccination is recommended for
persons ≥2 years of age who are at highest risk for serious
pneumococcal infection and those who are likely to have a
rapid decline in pneumococcal antibody levels, provided that
5 years have elapsed since receipt of the first dose of pneu-
mococcal vaccine. Revaccination 3 years after the previous
dose may be considered for children at highest risk for se-
vere pneumococcal infection (≤10 years of age at the time of
revaccination). These children include those with functional
or anatomic asplenia (e.g., sickle cell disease or splenectomy)
and those with conditions associated with rapid antibody de-
cline after initial vaccination (e.g., nephrotic syndrome, renal
failure, or renal transplantation). Revaccination is contraindi-
cated for persons who had a severe reaction (e.g., anaphylactic
reaction or localized arthus-type reaction) to the initial dose.

Chemoprophylaxis
Oral penicillin V (125 mg, twice daily), when administered to
infants and young children with sickle cell disease, has reduced
the incidence of pneumococcal bacteremia by 84% compared
with those receiving placebo.126 Therefore, daily penicillin
prophylaxis for children with sickle cell hemoglobinopathy
is recommended before 4 months of age. Consensus on the
age at which prophylaxis should be discontinued has not been
achieved. However, children with sickle cell anemia who had
received prophylactic penicillin for prolonged intervals (but
without a prior severe pneumococcal infection or splenectomy)
have discontinued penicillin therapy at 5 years of age with
no increase in the incidence of pneumococcal bacteremia or
meningitis.104

Oral penicillin G or V is recommended for prevention of
pneumococcal disease in children with functional or anatomic
asplenia.105 Antimicrobial prophylaxis against pneumococcal
infection may be particularly useful for asplenic children not
likely to respond to the polysaccharide vaccine (e.g., those
<2 years of age or those receiving intensive chemotherapy or
cytoreduction therapy). However, the impact of this practice
on the emergence of DRSP is not known.

The effectiveness of all vaccines depends on administration
in those patients at highest risk. Data released from the National
Health Interview Survey has shown that for influenza vaccine,
persons 50 to 64 years of age were vaccinated 34% of the time
and those 65 years and older were vaccinated 65.6% of the
time in 2002. For pneumococcal vaccine, those ≥65 years of
age were vaccinated 55.7% of the time in 2002.127 The role of
pharmacists in identifying those patients who should be offered
vaccination and potentially administering these vaccines may
improve in increased rates of vaccination.

Aspiration Pneumonia
Predisposing Factors

14. R.G., a 38-year-old man, was brought to the emergency de-
partment (ED) after he was found unconscious, lying on his right
side, near a pool of vomitus in a local municipal park. R.G. has
a long history of binge drinking and has been admitted to the
ED frequently for problems related to his alcoholism. On ad-
mission, R.G.’s vital signs were BP, 100/60 mmHg; pulse, 110
beats/minute; respirations, 32 breaths/minute; and temperature,
38.0◦C. A strong odor of alcohol and vomitus was noted. R.G.’s

overall mental status is depressed; he has intermittent periods of
disorientation and uncoordinated motor movements.

Crackling rales were heard in the middle and lower right lung
fields; the left fields were clear. An ABG was drawn on room
air, with the following results: pH, 7.46 (normal, 7.38–7.45); PO2,
52 mmHg (normal, 68–100 mmHg); PCO2, 35 mmHg (normal,
38–45 mmHg); and HCO3, 24 mEq/L (normal, 22–26 mEq/L).
Laboratory data include the following: WBC count, 12,000
cells/mm3 (normal, 5–10,000 cells/mm3); differential PMNs, 68%
(normal, 45%–79%); bands, 8% (normal, 0%–5%); and lympho-
cytes, 24% (normal, 16%–47%). During a period of conscious-
ness, the physician obtained a sputum specimen from R.G. for
Gram stain and culture. A chest radiograph revealed density
changes consistent with interstitial infiltrates in the dependent
segments of the middle and lower right lung. A tentative diagno-
sis of aspiration pneumonitis is made. What factors predispose
R.G. to aspiration pneumonitis? How can the aspirated material
cause pneumonitis?

[SI units: Po2, 6.93 kPa; Pco2, 4.67 kPa; WBC count, 12 108/L, with PMNs,

0.68; bands, 0.08; and lymphocytes, 0.24]

Several factors in R.G.’s history make him susceptible to as-
piration. Alcohol intoxication has depressed his mental status
as well as his cough and gag reflex, which may have led to aspi-
ration of his vomitus. Table 60-14 lists conditions that predis-
pose individuals to aspiration. Those conditions that cause or
contribute to an altered state of consciousness are particularly
important. The specific effect of the aspirated material on the
lungs depends on the quantity and quality of the material aspi-
rated. The latter can be categorized into three types: direct pul-
monary toxin, particulate matter, and infected inoculum.61,128

Several toxic materials cause pneumonitis, the most com-
mon of which is gastric acid. When gastric acid enters the lungs,
the sequence of events has been likened to a chemical burn.
The aspirated secretions are neutralized rapidly over the first
few minutes, and this is accompanied by a shift of fluid into the
involved area of the lung. An estimated 96% of patients will
demonstrate signs of respiratory compromise within 1 hour
of aspiration and 100% within 2 hours. The two immediate

Table 60-14 Predisposing Conditions in Aspiration
Pneumonia

Alterations of Consciousness

Alcoholism
Seizure disorders
General anesthesia
Cerebrovascular accident
Drug intoxication
Head injury
Severe illness with obtundation
Impaired swallowing mechanism
Neurologic disorders
Esophageal dysfunction
Nasogastric feeding
Tracheotomy
Endotracheal tube
Periodontal disease

Reprinted with permission from Klein RS, Steigbigel NH. Seminars in Infectious
Disease. New York: Thieme Medical Publishers; 1983:5.
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consequences of aspiration of gastric acid are rapid, profound
hypoxia and shock secondary to massive fluid shifts into lung
tissue. In addition, atelectasis, hemorrhage, and pulmonary
edema may occur.61 Approximately 45% of healthy adults as-
pirate oropharyngeal secretions during deep sleep, and 70%
of patients with depressed consciousness aspirate pharyngeal
secretions. Gastric juice has a pH ≤2.5 and contains few to no
bacteria.129,130 However, after the initial insult, some patients
will develop a secondary bacterial pneumonia.131 The infec-
tion is due primarily to aspiration of oropharyngeal contents
in a setting of diminished host defenses caused by the chem-
ical pneumonitis.132 Other toxic materials causing aspiration
pneumonitis include hydrocarbons, mineral oil, bile, alcohol,
and animal fats.128

A second category of aspirated material is fluid containing
various amounts of bacteria. Oropharyngeal secretions are the
most frequent source of this material. Bacterial pneumonia re-
sults when the normal host lung defenses have been damaged
or altered and when the bacteria inoculum exceeds the body’s
ability to contain and eliminate it. Infection due to aspirated
bacteria may result in a pneumonia with little or no tissue de-
struction, necrotizing pneumonia, lung abscess, or empyema.

A third category of aspirated material consists of particulate
matter. When relatively large particles are aspirated, sudden
aphonia, cyanosis, and respiratory distress occur; the patient
can progress rapidly toward death. Smaller particles reaching
the lower airways cause local irritation with bronchospasm and
infection if they are not removed. Many of these cases occur
in young children following the ingestion of coins, peanuts,
teeth, vegetables, or other small particles. Rapid removal of
these particles usually results in the rapid reversal of symptoms
without significant sequelae.

Clinical Course

15. What is the expected clinical course of aspiration pneumo-
nia in R.G.?

The clinical course of a patient such as R.G. who has as-
pirated gastric contents and/or oropharyngeal secretions is
variable; three courses have been identified. Shock will oc-
cur in 20% to 30% of patients with documented large volume
aspiration129,133; respiratory function continues to deteriorate
in many of these patients, and approximately 25% die. Mortal-
ity rates may be higher in severely ill patients.134 Early clinical
signs and symptoms of gastric aspiration include fever, tachyp-
nea, rales, cough, cyanosis, wheezing, apnea, and shock. A sec-
ond group of patients will resolve the pneumonitis completely
over a few days to weeks without complication. A third group
will develop bacterial pneumonia following an initial period
of improvement.

Treatment

16. How should R.G. be treated?

R.G.’s initial treatment should primarily consist of support-
ive measures. Attention should be directed toward respiratory
support and correction of his fluid and electrolyte status. In
addition, any particulate matter present in the airways should
be removed.

Pulmonary edema secondary to massive fluid shifts into the
lung can contribute to a decrease in the intravascular volume.

If this occurs, aggressive supportive therapy with ventilation,
oxygen supplementation, and fluid replacement is indicated.

The use of corticosteroids to reduce inflammation in the
setting of aspiration pneumonia is not warranted. There are no
well-designed studies, and data supporting their use are anec-
dotal. In one published report, the use of steroids in the treat-
ment of aspiration in humans was suggested to be harmful.135

Although no difference was found in mortality, the incidence of
Gram-negative pneumonia was more frequent in those patients
receiving steroids. Because bacteria play little or no role in the
initial events following aspiration, antibiotic therapy should be
withheld until bacterial involvement is established.

Prophylactic antibiotics are not beneficial in this setting and
may contribute to a change in the oropharyngeal flora that
may, in turn, predispose the patient to pneumonia secondary to
resistant bacterial organisms. On the other hand, if the patient
has been hospitalized for >3 days at the time of aspiration,
empiric antimicrobial therapy may be justified, particularly if
the patient is elderly, debilitated, or believed to be deteriorating
clinically.

Clinical Presentation

17. R.G.’s pulmonary symptoms improved during the next
3 days, but now he has a temperature of 38.5◦C with an increase
in sputum production. How should he be assessed?

Patients like R.G. with mild aspiration pneumonia usually
resolve their respiratory difficulties within a few days following
the insult. If an infection occurs, a short period of clinical
improvement often takes place before signs and symptoms of
bacterial pneumonia present. Criteria used to identify bacterial
pneumonia following aspiration include (a) a new fever or a
significant rise in temperature from the patient’s baseline, (b)
a new or extending pulmonary infiltrate after the initial 36-
to 48-hour period, (c) an increase in WBCs or a change in the
differential WBC count, (d) a change in sputum characteristics
with purulence, and (e) the presence of pathogenic bacteria in
a transtracheal aspirate.

Microbiology

18. What bacterial organisms are likely to be responsible for
R.G.’s infectious pneumonia?

In the setting of aspiration pneumonitis, the bacterial
pathogen is difficult to predict because large numbers of po-
tential bacterial pathogens are present in sputum.

Most cases of aspiration pneumonia are caused by a wide
spectrum of Gram-positive and Gram-negative anaerobic and
aerobic bacteria representing the complex microbial flora of
the oropharynx and upper GI tract. When culture technique
is utilized, in approximately 50% of cases, aerobic bacteria
have been recovered, and in 60% to 90% of cases, anaer-
obes have been recovered.57,135 Tables 60-15 and 60-16 list
the most common bacteria recovered from patients with as-
piration pneumonia. In particular, anaerobes are commonly
isolated in patients with a history of alcohol or illicit drug
use or other risk factors that impair the gag reflex. In indi-
viduals without these risk factors, the most likely pathogens
in community-acquired aspiration pneumonia are including
S. pneumoniae, S. aureus, H. influenzae, and Enterobacteri-
aceae. In contrast, a larger percentage of hospital-acquired
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Table 60-15 Bacteriology of Aspiration Pneumonia

Community-Acquired Pneumonia

Streptococcus pneumoniae
Peptococcus sp.
Peptostreptococcus sp.
Microaerophilic streptococci
Fusobacterium sp.
Bacteroides melaninogenicus
Bacteroides sp.
Streptococcus sp.

Special Patients (Alcoholics, Diabetics [Nursing Home
Residents])

Staphylococcus aureus
Klebsiella pneumoniae
Escherichia coli
Anaerobes included above

Hospital-Acquired Pneumonia

Pseudomonas aeruginosa
S. aureus
S. pneumoniae
Anaerobes included above
E. coli
Enterobacter cloacae
Serratia marcescens
Other Gram-negative bacilli

aspiration pneumonias are caused by aerobic bacteria; they
also are usually polymicrobial in nature. The aerobic bacte-
ria recovered from patients with hospital-acquired aspiration
pneumonia include S. aureus, various Enterobacteriaceae, and
Pseudomonas aeruginosa. Understanding the differences in
the bacterial etiology in these two settings facilitates the selec-
tion of antimicrobial therapy. The bacterial etiology of aspira-
tion pneumonia in children is similar to that of adults.72,137

When a patient develops aspiration pneumonia in the com-
munity setting, mouth anaerobes and Gram-positive aerobic
bacteria such as group A streptococcus and S. pneumoniae
are the most common pathogens. However, some patients with
community-acquired aspiration pneumonia are more likely to
be infected with S. aureus or Gram-negative pathogens because
of oropharyngeal colonization. These individuals include al-
coholics (as in the case of R.G.), elderly patients housed in
long-term care nursing facilities,63 patients receiving enteral
feedings,138 and patients treated chronically with antacids, pro-
ton pump inhibitors, and/or H2-receptor antagonists. In the
latter individuals, Gram-negative flora are recovered from the

Table 60-16 Etiology of Aspiration-Associated Lung
Infections

Number of Anaerobes Aerobes
Patients Only Only Mixed

Community acquired 54 32 (59%) 5 (10%) 17 (31%)
Hospital acquired 47 8 (18%) 17 (36%) 22 (47%)

Adapted from references 65 and 159.

stomach because they are better able to survive in a more alka-
line pH.129,139,140 In addition, the oropharynx of these individ-
uals frequently is colonized with the same bacteria found in the
gastric flora.141 Up to 60% of patients colonized with a given
Gram-negative pathogen ultimately develop pneumonia due to
the same organism. Information suggests that the use of sucral-
fate reduces bacterial colonization of the stomach of critically
ill patients while maintaining adequate stress ulcer prophylaxis
and reduced frequency of nosocomial pneumonia.142,143

Treatment
ANTIMICROBIAL THERAPY

19. How should antibiotics be used in aspiration pneumonia?
How should R.G. be treated?

Antibiotic therapy should be selected on the basis of several
criteria: the clinical setting in which the aspiration occurred,
knowledge of the patient’s medical history, the Gram stain of
a reliably obtained sputum, and aerobic and anaerobic culture
results of lower respiratory tract secretions. Table 60-17 lists
common antibiotics and dosages used to treat aspiration pneu-
monia.

As noted previously, anaerobes are often the sole or dom-
inant bacteria involved in patients with community-acquired
aspiration pneumonia. Preferred therapy for this type of pneu-
monia is clindamycin. Metronidazole has also been used to
treat anaerobic pleuropulmonary infections,144,145 but the re-
sults have been mixed due, in part, to the severity of infections
treated (e.g., lung abscess). Metronidazole effectively inhibits
Gram-negative obligate anaerobic bacteria, such as Bacteri-
oides fragilis and other Prevotella sp., but fails to effectively
inhibit facultative anaerobic bacteria, such as Peptococcus sp.
and Peptostreptococcus sp.146 Other agents that can be used in-
travenously (IV) include a β-lactamase–inhibitor combination
or the combination of metronidazole plus penicillin.

Treatment of aspiration pneumonia in the elderly, in patients
from extended-care facilities, in patients with extensive medi-
cal histories, and in alcoholics (as in the case of R.G.) should
include agents with activity against Gram-negative rods.
Appropriate therapy choices might be a β-lactamase–inhibitor
combination or a fluoroquinolone plus clindamycin.

Due to colonization with more resistant organisms, aspira-
tion pneumonia in the hospital setting should be treated with
a regimen active against both Gram-negative pathogens and
anaerobes. P. aeruginosa should be considered as a possi-
ble pathogen in high-risk units (e.g., ICU) or in those pa-
tients at high risk (i.e., neutropenic patients or moderate to
severe thermal injury patients). Effective regimens include
a β-lactamase–inhibitor combination (piperacillin/tazobactam
[Zosyn] and ticarcillin/clavulanate [Timentin]), ciprofloxacin,
aztreonam or an antipseudomonal cephalosporin plus clin-
damycin or metronidazole, or a carbapenem. An empiric regi-
men should be modified when the results of the sputum culture
are known. The addition of vancomycin to cover methicillin-
resistant Staphylococcus aureus (MRSA) should be guided by
local epidemiologic data, sputum Gram stain, and culture and
sensitivity results. In patients with effusion or an empyema,
drainage of the collection will likely be required to achieve a
clinical cure.

Parenteral antibiotics should be continued until the patient
has responded clinically to the therapy as outlined previously
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Table 60-17 Suggested Antimicrobial Dosages for Treatment of Aspiration Pneumoniaa

Adult Pediatricb

Drug Dose Interval (hour) Total Daily Dose (mg/kg/24 hr) Interval (hr)

Penicillins

Ampicillin 1–2 g Q 4–6 100–200 Q 4–6
Nafcillin 1–2 g Q 4–6 100–200 Q 4–6
Penicillin (procaine) (IM) 0.6–1.2 million units Q 12 50,000 units Q 12
Penicillin G (for anaerobic infection) 1–2 million units Q 4–6 50,000–100,000 units Q 4–6
Ticarcillin 2–3 g Q 4–6 200–300 Q 4–6

Other Antibacterials

Aztreonam 1–2 g Q 8–12 50–100 Q 6–8
Chloramphenicol 250–500 mg Q 6–8 50–100 Q 6–8
Ciprofloxacin 400 mg Q 12
Clindamycin 600–900 mg Q 6–8 25–40 Q 6–8
Doxycycline 100 mg Q 12
Erythromycin 250–500 mg Q 6 40 Q 6
Imipenem 0.5–1 g Q 6–8 60 Q 6
Metronidazole 500 mg Q 8 25–60 Q 8–12
TMP-SMXc 10 mg/kg Q 12 10 mg Q 12
Vancomycin 500–1,000 mg Q 6–12 40 Q 6–12

Cephalosporins

Cefamandole 1–2 g Q 4–6
Cefazolin 1–2 g Q 8 50–100 Q 8
Cefotaxime 1–2 g Q 6–8 50–100 Q 6–8
Cefotetan 1–2 g Q 8–12
Cefoxitin 1–2 g Q 4–6 50–100 Q 4–6
Ceftazidime 1–2 g Q 8–12 50–100 Q 8–12
Ceftizoxime 1–2 g Q 8–12 50–100 Q 8–12
Ceftriaxone 1–2 g Q 12–24 50–75 Q 12–24
Cefuroxime 0.75–1.50 g Q 6–8 50–100 Q 6–8

Aminoglycosides

Amikacin 5.0–7.5 mg/kg Q 8–12 15–30 Q 8–12
Gentamicin 1.7 mg/kg Q 8 6.0–7.5 Q 8
Tobramycin 1.7 mg/kg Q 8 6.0–7.5 Q 8

IM, intramuscularly; TMP-SMX, trimethoprim-sulfamethoxazole.
a Intravenous doses administered over 30 to 60 minutes; in patients with normal clearance.
bInfants and children older than 1 month.
cTMP-SMX dosed at 10 mg/kg of TMP.

(Table 60-11). While most patients require 7 days of ther-
apy, patients with lung abscesses, particularly with inadequate
drainage, may require weeks of therapy. Oral combination op-
tions in treating aspiration pneumonia include amoxicillin/
clavulanate or clindamycin or metronidazole plus a fluoro-
quinolone.

Hospital-Acquired Pneumonia, Health Care-Associated
Pneumonia, and Ventilator-Associated Pneumonia

20. A.A., a 68-year-old man, is admitted to the hospital from an
extended-care nursing facility because of an acute change in men-
tal status, fever, dyspnea with respiratory difficulty, cough, and
sputum production. His medical history is notable for insulin-
dependent diabetes mellitus since the age of 10 years, a right-
sided cerebrovascular accident that left him with residual weak-

ness, and a recent Escherichia coli urinary tract infection that was
treated with oral TMP-SMX DS for 10 days. Because of poor nu-
trition, A.A. has been receiving nutritional supplements through
a flexible nasogastric feeding tube for the past 2 months.

Physical examination reveals a restless, elderly man with
the following vital signs: BP, 147/87 mmHg; pulse, 110 beats/
minute; respirations, 28 breaths/minute; and temperature,
39◦C. His head is without obvious trauma, and his neck is sup-
ple. Crackling rales with diminished breath sounds are noted
in the middle and upper right lung fields. The chest radiograph
shows a pulmonary infiltrate involving the right middle and up-
per lobes of the right lung with lobar consolidation. Because
A.A. is relatively uncooperative and cannot give a good spu-
tum specimen, a specimen of lower respiratory tract secretions
was collected by transtracheal aspiration. This specimen was
sent to the laboratory for Gram stain and culture.
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The Gram stain showed Gram-negative rods with 4% neu-
trophils. ABGs included a Pao2 of 34 mmHg on room air
(normal, 80–100 mmHg); his current Pao2 is 52 mmHg and
80 to 100 mmHg with 4 L/minute of supplemental oxygen.
Other laboratory values include the following: Hct, 39% (nor-
mal, 37%–47%); WBC count, 16,000 cells/mm3 (normal, 5–
10,000 cells/mm3); PMNs, 88% (normal, 45%–79%); bands,
10% (normal, 0%–5%); lymphocytes, 2% (normal, 16%–
47%); BUN, 12 mg/dL (normal, 7–20 mg/dL); and creatinine,
1.0 mg/dL (normal, 0.8–1.2 mg/dL).

21. Medications on admission include oral famotidine 20 mg ev-
ery day (QD). A tentative diagnosis of a hospital-acquired Gram-
negative pneumonia is made. A.A. is intubated and placed on a
ventilator. In addition, intravenous fluids are started to maintain
a urine output of 50 mL/hour. What are the risk factors for pneu-
monia in A.A.?

[SI units: Pao2, 4.53 and 6.93 kPa, respectively; Hct, 0.39; WBC count,

16–108/L; PMNs, 0.88; bands, 0.1; lymphocytes, 0.02; BUN, 4.28 mmol/L of

urea (normal, 2.50–7.14); creatinine 88.4 μmol/L (normal, 70.72–106.08)]

Background
Hospital-acquired pneumonia (HAP), ventilator-associated
pneumonia (VAP), and health care-associated pneumonia
(HCAP) are important causes of morbidity and mortality de-
spite advances in antimicrobial therapy, better supportive care,
and the use of a wide range of preventive measures. HAP is
defined as pneumonia that occurs ≥48 hours after admission
that was not incubating at the time of admission. VAP refers to
pneumonia that arises 48 to 72 hours after endotracheal intu-
bation. HCAP includes any patient who has been hospitalized
in an acute care hospital for 2 or more days within 90 days of
infection; resided in a nursing home or long-term care facility;
received recent intravenous antibiotic therapy, chemotherapy,
or wound care within the past 30 days of the current infection;
or attended a hospital or hemodialysis clinic.147

HAP is the second most common nosocomial infection
in the United States. It has been reported to extend hospi-
tal stays on average by 7 to 9 days with an associated excess
cost >$40,000 per patient. HAP accounts for 25% of all ICU
infections and >50% of the antibiotics prescribed. VAP oc-
curs in 9% to 27% of intubated patients, with the highest risk
during the first 5 to 10 days of ventilation. The attributable
mortality of HAP has been estimated to be 33% to 50%, with
the highest mortality rates associated with infection caused by
P. aeruginosa and Acinetobacter sp. and the use of ineffective
anti-infective therapy.

Risk Factors
The time of onset of pneumonia is an important epidemiologic
variable and risk factor for specific pathogens and outcomes
in patients with HAP, VAP, and HCAP. Early-onset HAP and
VAP are defined as occurring within the first 4 days of hos-
pitalization, usually carry a better prognosis, and are more
likely caused by antibiotic-sensitive bacteria. Late-onset HAP
and VAP (those cases occurring ≥5 days of hospitalization)
are more likely to be caused by multidrug-resistant (MDR)
pathogens and are associated with increased morbidity and
mortality.

Several risk factors for HAP have been identified, including
intubation and mechanical ventilation, aspiration, a patient’s

Table 60-18 Risks for Nosocomial Pneumonia

Intubation or tracheostomy
Age >70 years
Chronic lung disease
Poor nutrition status
Depressed consciousness
Thoracic or abdominal surgery
Immunosuppressive therapy

body position, the administration of enteral feeding, prior use
of antibacterial agents, bleeding prophylaxis (i.e., histamine
type 2 antagonists and proton pump inhibitors), and poor glu-
cose control. Each of the risk factors is potentially modifiable
and should be considered as part of the broad management
strategy for HAP.

Although A.A. is just now being admitted to the hospital,
his diagnosis should be considered HCAP because he resides
in a nursing home. Patients residing in nursing homes have an
increased incidence of nosocomial pneumonias and oropha-
ryngeal colonization with Gram-negative bacteria. In addition,
poor infection control practices contribute to the cross- con-
tamination of patients with pathogenic bacteria.148 Nursing
homes generally have flora similar to a hospital, as reflected by
his Gram stain, which is consistent with a Gram-negative pneu-
monia. Other risk factors associated with developing HAP are
listed in Table 60-18. The most significant risk factor is intuba-
tion, which increases the risk by 7- to 21-fold. In addition, other
risk factors include the use of famotidine, recent antibacterial
exposure, and the use of enteral feeding.

An important contributing factor in the cause of a pneu-
monia is colonization of the oropharynx. Several factors may
contribute to the colonization of A.A.’s oropharynx with Gram-
negative bacteria.149 He is disabled because of a cerebrovas-
cular accident, which has left him with right-sided weakness;
this chronic condition also may predispose him to changes in
oropharyngeal flora. A.A. is prone to aspiration of these secre-
tions because the residual effects of the stroke and nasogastric
tube used for nutritional support have decreased his airway
protection. Finally, an altered immune response in diabetics
and the elderly can further contribute to the establishment of a
respiratory infection in A.A. (Table 60-19). The use of drugs
that inhibit the production of gastric acid, such as famotidine,
increases the possibility of oropharyngeal colonization.140,141

Finally, the use of broad-spectrum antibiotics may inhibit the

Table 60-19 Conditions Associated With Gram-Negative
Colonization

Prolonged hospitalization
Alcoholism
Antibiotic exposure
Diabetes
Advanced age
Coma
Pulmonary disease
Intubation
Azotemia
Major surgery
Neutropenia
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Table 60-20 Microbiology of Nosocomial Pneumonia

Pathogen Cases (%)

Gram-Negative Bacilli 50–70
Pseudomonas aeruginosa
Acinetobacter sp.
Enterobacter sp.
Staphylococcus aureus 15–30
Anaerobic bacteria 10–30
Haemophilus influenzae 10–20
Streptococcus pneumoniae 10–20
Legionella 4

Viral 10–20
Cytomegalovirus
Influenza
Respiratory syncytial virus

Fungi
Aspergillus <1

growth of many normal flora, which allows Gram-negative
bacteria and other multiple-resistant bacteria to colonize the
oropharynx.150–152

Treatment

22. How does the bacteriology of HAP/HCAP/VAP differ from
CAP?

The major difference in the bacteriology between CAP and
HAP//HCAP/VAP is a shift to Gram-negative pathogens, MDR
pathogens, and MRSA in HAP/HCAP/VAP. Gram-negative
bacilli commonly colonize oropharyngeal secretions of pa-
tients with moderate to severe acute and chronic illnesses
without exposure to broad-spectrum antibiotics.60,61 Patients
admitted to the hospital with acute illnesses are rapidly colo-
nized with Gram-negative organisms. Approximately 20% are
colonized on the first hospital day, and this number increases
with the duration of hospitalization and severity of illness.57

Approximately 35% to 45% of hospitalized patients57 and up
to 100% of critically ill patients59 will be colonized within 3
to 5 days of admission.

Table 60-20 lists the most common bacteria associated
with HAP/HCAP/VAP based on the presence of risk factors
for MDR pathogens. Virtually all reports indicate that Gram-
negative bacteria account for 50% to 70% of all cases.147,153–157

The most common bacterium within this category is P. aerug-
inosa. In patients who are ventilator dependent, Acinetobac-
ter sp. often is reported as the most common Gram-negative
pathogen. S. aureus, which accounts for 10% to 20% of all
cases of HAP, is the most commonly identified Gram-positive
organism. Other organisms with special risk factors include
Legionella, which is associated with high-dose corticosteroid
use and outbreaks secondary to water supplies and cooling
systems,71,158 and Aspergillus, which is associated with neu-
tropenia or organ transplantation.159 Risk factors for MDR
pathogens are listed in Table 60-21.

SELECTING ANTIBIOTIC THERAPY

23. How should antibiotic therapy be started in A.A.?

The IDSA/ATS have published guidelines for the treatment
of HAP.147 The four major principles underlying the manage-

Table 60-21 Risk Factors for Multi-Drug Resistant
Pathogens

� Antimicrobial therapy in preceding 90 days
� Current hospitalization of 5 days or more
� High frequency of antibiotic resistance in the community or in the

specific hospital unit
� Presence of risk factors for HCAP:

Hospitalization for 2 days or more in the preceding 90 days
Residence in a nursing home or extended care facility
Home infusion therapy (including antibiotics)
Chronic dialysis within 30 days
Home wound care
Family member with multidrug-resistant pathogen

� Immunosuppressive disease and/or therapy

HCAP, health care–associated pneumonia.

ment of HAP, HCAP, and VAP include (a) avoid untreated or
inadequately treated HAP, VAP, or HCAP, as failure to initi-
ate prompt, appropriate therapy is associated with increased
mortality; the variability of bacteriology from one institution
to another, as well as within specific sites in a hospital, can
be significant; (b) avoid the overuse of antibiotics by focusing
on accurate diagnosis; (c) tailor therapy based on lower respi-
ratory tract cultures and shorten the duration of therapy; and
(d) apply prevention strategies directed at modifiable risk fac-
tors. The likelihood of an infection with a potential pathogen
is based largely on the time to onset of HAP (early, <5 days
into hospitalization, vs. late, >5 days), severity of the condi-
tion, and underlying risk factors. These guidelines are outlined
in Figure 60-4 and Tables 60-22 through 60-24.147 In general,
patients with early-onset disease who are not severely ill and
have no risk factors can be treated with a single agent, in-
cluding nonantipseudomonal third-generation cephalosporins
or carbapenems, β-lactam–inhibitor combinations, or an antip-
neumococcal fluoroquinolone. Empiric therapy in those with
late-onset or severe disease should include a combination of
antibiotics active against Pseudomonas. This regimen usu-
ally includes an antipseudomonal β-lactam, such as cefepime,

Empiric Antibiotic Therapy for HAP

Late Onset (≥5 days) or Risk Factors for
Multi-drug Resistant (MDR) Pathogens

(Table 60-21)

No Yes

HAP, VAP or HCAP Suspected
(All Disease Severity)

Broad Spectrum
Antibiotic Therapy

For MDR Pathogens
(Tables 60-23 & 60-24)

Limited Spectrum
Antibiotic Therapy

(Table 60-22)

FIGURE 60-4 Approach to empiric antibiotic therapy in patients with
healthcare-acquired pneumonia.
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Table 60-22 Initial Empiric Antibiotic Therapy for
Hospital-Acquired Pneumonia

Potential Pathogen Recommended Antibiotic

Streptococcus pneumoniae a

Haemophilus influenzae
Methicillin-sensitive

Staphylococcus aureus
Antibiotic-sensitive enteric

Gram-negative bacilli
Escherichia coli
Klebsiella pneumoniae
Enterobacter sp.
Proteus sp.
Serratia marcescens

Ceftriaxone
or

Levofloxacin, moxifloxacin, or
ciprofloxacin

or

Ampicillin/sulbactam
or

Ertapenem

aThe frequency of penicillin-resistant S. pneumoniae and multidrug-resistant S. pneu-
moniae is increasing; levofloxacin or moxifloxacin are preferred to ciprofloxacin, and
the role of other new quinolones, such as gatifloxacin, has not been established.

Table 60-23 Initial Empiric Therapy for Hospital-Acquired
Pneumonia, Ventilator-Associated Pneumonia, and Health
Care-Associated Pneumonia in Patients With Late-Onset
Disease or Risk Factors for Multidrug-Resistant Pathogens
and All Disease Severity

Potential Pathogens Combination Antibiotic Therapya

Pathogens listed in Table 60-20
and MDR pathogens

Pseudomonas aeruginosa
Klebsiella pneumoniae

(ESBL+)b

Acinetobacter sp.b

Antipseudomonal cephalosporin
(cefepirne, ceftazidime)

or
Antipseudomonal carbepenem

(imipenem or meropenem)
or
β-Lactam/β-Lactamase inhibitor

(piperacillin-tazobactam)
plus
Antipseudomonal fluoroquinoloneb

(ciprofloxacin or levofloxacin)
or
Aminoglycoside (amikacin,

gentamicin, or tobramycin)
plus

MRSA Linezolid or vancomycinc

Legionella pneumophilac

aRefer to Table 60-24 for adequate initial dosing of antibiotics. Initial antibiotic
therapy should be adjusted or streamlined on the basis of microbiologic data and
clinical response to therapy.
bIf an ESBL+ strain, such as K. pneumoniae, or an Acinetobacter sp. is suspected,
a carbepenem is a reliable choice. If L. pneumophila is suspected, the combination
antibiotic regimen including a macolide (e.g., azithromycin) or a fluoroquinolone
(e.g., ciprofloxacin or levofloxacin) should be used rather than an aminoglycoside.
cIf MRSA risk factors are present, or there is a high incidence locally.
ESBL, Extended Spectrum beta-lactamase; MDR, multidrug resistant; MRSA,
methicillin-resistant Staphylococcus aureus.

Table 60-24 Initial Intravenous, Adult Doses of Antibiotics
for Empiric Therapy of Hospital-Acquired Pneumonia, Including
Ventilator-Associated Pneumonia, and Health Care-Associated
Pneumonia, in Patients With Late-Onset Disease or Risk
Factors for Multidrug-Resistant Pathogens

Antibiotic Dosagea

Antipseudomonal cephalosporin
Cefepime 1–2 g Q 8–12 hr
Ceftazidime 2 g Q 8 hr

Carbepenems
Imipenem 500 mg Q 6 hr or 1 g Q 8 hr
Meropenem 1 g Q 8 hr

β-Lactam/β-Lactamase inhibitor
Piperacillin-tazobactam 4.5 g Q 6 hr

Aminoglycosides
Gentamicin 7 mg/kg per day†

Tobramycin 7 mg/kg per day†

Amikacin 20 mg/kg per day†

Antipseudomonal quinolones
Levofloxacin 750 mg daily
Ciprofloxacin 400 mg Q 8 hr

Vancomycin 15 mg/kg Q 12 hr‡

Linezolid 600 mg Q 12 hr

aDosages are based on normal renal and hepatic function.
† Trough levels for gentamicin and tobramycin should be <1 mcg/mL; for amikacin,
they should be <4–5 mcg/mL.
‡ Trough levels for vancomycin should be 15–20 mcg/mL.

imipenem, or piperacillin-tazobactam, plus either an amino-
glycoside or ciprofloxacin/levofloxacin. The addition of van-
comycin or linezolid should be considered if the Gram stain
demonstrates Gram-positive cocci in clusters.147

Because delays in the administration of appropriate therapy
have been associated with increased hospital mortality from
HAP, the prompt administration of empiric therapy is essential.
Importantly, changing therapy once culture results are available
may not reduce the excess risk of hospital mortality associated
with inappropriate initial therapy. To this end, local bacterio-
logic patterns and in vitro susceptibility results should be made
available and updated as frequently as possible. In addition to
the selection of an appropriate agent, the selection of adequate
dosing regimens is designed to optimize the pharmacodynamic
properties of the antibacterial agent(s). The choice of empiric
antibiotic therapy should be guided by the results of the Gram
stain and an analysis of the patient’s risk factors for oropha-
ryngeal colonization or altered pulmonary host factors. When
these risk factors are present, as in the case of A.A., coverage
for infection due to Gram-negative bacteria is indicated.

Resolution of HAP can be defined both clinically and micro-
biologically. Clinical improvement usually begins to become
apparent after the first 48 to 72 hours of therapy. During this
time, the selected antibacterial regimen should not be changed
unless progressive deterioration takes place or microbiologic
studies confirm the pathogen. Serial quantitative cultures of
the lower respiratory tract can also be used to identify micro-
biologic nonresponse and to modify antimicrobial therapy.

If culture results are negative or inconclusive (because of
known specimen contamination with mouth flora), the patient’s
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response to the initial antibiotic therapy should be used to eval-
uate modification of the antibiotic regimen. If the patient re-
sponds to the initial therapy, those antibiotics should be contin-
ued with consideration to narrow coverage to the most likely
causative pathogens. If the patient is not responding to the
initial antibiotic therapy, one should consider whether (a) the
pathogen is not covered in the initial choice of antibiotic ther-
apy, (b) the dose of antibiotic is insufficient, and (c) any other
factors are responsible for the failure to respond to therapy.
Such factors include poor pulmonary clearance of necrotic tis-
sue and cellular debris, lung abscesses, and severely altered
host defenses with a rapidly fatal underlying disease.

Of note, if one of the following organisms is isolated (Serra-
tia, Pseudomonas, indole positive Proteus, Citrobacter, or En-
terobacter sp.), in vitro reports indicating susceptibility should
be questioned, as these organisms often possess an inducible
β-lactamase gene (also referred to as a type I β-lactamase
enzyme).160 In vitro testing may demonstrate susceptibility to
third-generation cephalosporins and extended-spectrum peni-
cillins but may not translate to efficacy in the clinical set-
ting. As a possible scenario, after initiation with one of these
agents, the patient may initially respond; however, after approx-
imately 1 week, the patient’s condition will begin to worsen.
Because treatment with the β-lactam agent induces the ex-
pression of the type I enzyme, a subsequent specimen sent
after approximately 1 week is now likely to demonstrate re-
sistance to the third-generation cephalosporins and extended-
spectrum penicillins.160 Although cefepime is more likely to
be active against these isolates, a large inoculum of organisms
(e.g., that present in pneumonia) can result in β-lactamase
degradation of the cephalosporin.161 Considering that this
phenomenon will not be identified by using usual in vitro test-
ing, cefepime should be used cautiously in these patients.87

The preferred therapy in these patients includes TMP-SMX, a
fluoroquinolone, or a carbapenem.160 Acinetobacter sp. have
become resistant to many commonly used antibacterial agents.
Treatment of this sometimes multiply-resistant pathogen re-
quires the use of very high doses of ampicillin-sulbactam (up
to 24 g/day) or colistin.162,163

In summary, A.A. could be started empirically with ce-
fepime or piperacillin-tazobactam, with the addition of gen-
tamicin or ciprofloxacin. When culture results are known, the
antibiotic regimen can be modified and individualized for the
patient. Therapy is generally continued for 2 weeks, but in some
patients, therapy can be shortened to as little as 7 days. A.A.’s
clinical response should be monitored to determine whether
the selected antibiotics are effective in treating this infection.
These parameters include a decrease in temperature and heart
rate as well as a decrease in the WBC count with resolution of
the left shift. Mental status and sensorium are good monitoring
parameters in older individuals.

BROAD-SPECTRUM β-LACTAMS

24. Can the broad-spectrum β-lactam antibiotics be used as
monotherapy in the treatment of A.A.’s pneumonia?

In the past, the aminoglycosides were considered the antibi-
otics of choice in the treatment of nosocomial Gram-negative
infections. However, the availability of a large number of rel-
atively nontoxic antibiotics, including β-lactam antibiotics or
high-dose ciprofloxacin/levofloxacin has diminished the role

of aminoglycosides as the agents of choice for these infec-
tions. However, when choosing empiric therapy for a suspected
or documented pneumonia caused by Pseudomonas, combi-
nation therapy is preferred.147 The potential advantages of
combination include an improved likelihood of covering MDR
pathogens initially, improved bactericidal activity because of
synergy between the agents, and suppression of resistance that
may develop to one of the antibiotics.164

AMINOGLYCOSIDES

25. What pharmacokinetic and pharmacodynamic character-
istics must be considered in the dosing of aminoglycosides in pa-
tients with HAP?

Individualization of aminoglycoside dosing is required in
patients receiving these drugs.165–167 The efficacy and toxic-
ity of aminoglycosides correlates with aminoglycoside plasma
concentrations and therapeutic outcome in patients with Gram-
negative pneumonia.168 In patients receiving multiple daily
doses of gentamicin or tobramycin, achieving a 1-hour postin-
fusion peak plasma concentration >7 mcg/mL, a successful
outcome occurs more often than in those with lower plasma
concentrations.

The aminoglycosides are concentration-dependent killing
antibiotics. Their rate and extent of killing organisms is max-
imized by increasing the peak serum concentration relative to
the MIC of the pathogen. In addition to maximizing bacterici-
dal activity, in vitro evidence has demonstrated that this con-
centration goal also minimizes the development of resistance.
The use of once-daily dosing strategies to minimize nephro-
toxicity of the aminoglycosides has been studied extensively.
Single doses of gentamicin and tobramycin (5–7 mg/kg/day)
and of amikacin (15–20 mg/kg/day) have been reported to be
as effective as standard dosing of these agents in controlled
clinical trials. However, none of the trials has enrolled a suffi-
cient number of patients required to demonstrate a difference.
There are several advantages of single-dose aminoglycoside
therapy: (a) it is no more nephrotoxic than traditional dosing,
(b) clinicians are ensured that a therapeutic peak serum level
will be achieved with the first dose, (c) it is the only safe and
effective way to achieve serum peak levels of 10 to 20 times
the MIC for difficult-to-treat organisms such as P. aeruginosa,
and (d) it is a more efficient dosing regimen (less doses and
administration times per day; fewer serum level measurements
are required).

Despite the use of individualized aminoglycoside dosing,
morbidity and mortality rates due to Gram-negative pneumonia
remain high. This is because the success of antibiotic therapy
depends on the ability of the antibiotic to reach the site of
infection and remain biologically active.169 Concentrations of
the aminoglycosides in bronchial secretions range from 1 to
5 mcg/mL (∼30%–40% of serum concentrations) 2 to 4 hours
after parenteral administration.170 These concentrations may
be insufficient to inhibit the growth of many Gram-negative
organisms, especially Pseudomonas.

The bioactivity of the aminoglycosides is influenced by
the local tissue pH. In contrast to the penicillins and
cephalosporins, whose activities are little affected over a pH
range of 6.0 to 8.0, a 2- to 16-fold increase in the aminogly-
coside MIC of most Gram-negative bacteria occurs when the
pH is decreased from 7.4 to 6.8.171 The pH of endobronchial
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fluid in patients with normal lung physiology and pneumonia
averages 6.6.

Lastly, aminoglycosides bind to purulent exudates and cel-
lular debris, inactivating these agents.172–174 In summary, the
aminoglycosides penetrate poorly into bronchial secretions and
are less active at the site of infection because of local pH effects
and binding to cellular debris. These properties may result in
the need for increased dosages, placing patients at increased
risk for ototoxicity and nephrotoxicity.

BRONCHIAL PENETRATION OF ANTIBIOTICS

26. What factors govern the penetration of antibiotics into
bronchial secretions? Is penetration into bronchial secretions crit-
ical to the effectiveness of an antibiotic used in the treatment of
pneumonia?

An important factor to consider in the selection of an an-
tibiotic used to treat pneumonia is its ability to reach the site
of infection (i.e., the lung tissue or bronchopulmonary secre-
tions). Antibiotic concentrations in bronchial secretions do not
necessarily reflect the lung tissue concentrations but do repre-
sent the ability of the antibiotic to cross the bronchoalveolar
barrier.170

Many anatomic, physicochemical, and host factors influ-
ence drug penetration into respiratory tissue and secretions.170

Active transport mechanisms for drugs have not been identified
in respiratory tissues; therefore, passive diffusion is responsi-
ble for the transfer of antibiotics into respiratory tissue. The
degree of diffusion is determined by the ability of the antibiotic
to reach high free concentrations in the serum. The transfer of
an antibiotic into tissue may be slower than its elimination from
the serum. Furthermore, elimination of the antibiotic from the
tissue site occurs more slowly than from the serum; thus, serum
concentrations may not reflect antimicrobial concentrations in
lung tissue. The results of studies investigating the penetra-
tion of antibiotics into bronchial secretions should be inter-
preted cautiously because most of these studies have analyzed
the amount of antibiotic present in samples of expectorated
sputum or saliva, which may significantly underestimate the
amount of antibiotic present in respiratory secretions. The use
of fiberoptic bronchoscopy with a protected sampling device
has been helpful in the study of antibiotic penetration into res-
piratory secretions, but this procedure is impractical in the rou-
tine management of patients with pneumonia. Although some
have advocated the use of epithelial lining fluid (ELF) as a
surrogate for an antibiotic’s ability to be effective in treating
patients with pneumonia, ELF may accurately reflect the site
of action for antibiotics in the lung.

LOCALLY ADMINISTERED ANTIBIOTICS: PROPHYLAXIS

27. Can locally administered antibiotics be used to prevent
Gram-negative pneumonias?

The morbidity and mortality rates from hospital-acquired
Gram-negative pneumonia have not been reduced despite ag-
gressive treatment with high-dose parenteral antibiotics. Lack
of improved outcomes may be the result of poor antibiotic pen-
etration into the bronchial secretions and the local conditions at
the site of infection. Consequently, several investigators have
studied the efficacy of endotracheal instillation or aerosoliza-
tion of antibiotics to prevent Gram-negative pneumonias in

patients at risk for oropharyngeal colonization.175–179 Most
patients treated have been seriously ill individuals who were
admitted to the ICU unconscious and with tracheotomy to pro-
vide long-term ventilatory support. Endotracheal instillation
and aerosolization of antibiotics significantly reduced oropha-
ryngeal colonization with Gram-negative pathogens as well
as the incidence of pneumonia. However, other investigators
have observed the emergence of colonization with antibiotic-
resistant Gram-negative organisms and pneumonia caused by
these pathogens.177–179 In summary, endotracheally instilled
and aerosolized antibiotics can be used to prevent or reduce
oropharyngeal colonization in high-risk patients when used
for short periods with close microbiologic monitoring. Rou-
tine and long-term use cannot be recommended because of a
lack of well-controlled clinical trials and the possible emer-
gence of resistance.180,181

AEROSOLIZED ANTIBIOTICS

28. Can aerosolized antibiotics be used to treat patients with
Gram-negative pneumonias?

The efficacy of locally administered antibiotics to treat bron-
chopneumonia has been studied to a limited extent.180 Klaster-
sky et al.182 compared the effects of endotracheally instilled
gentamicin with intramuscular gentamicin in patients with
pneumonia. A favorable outcome occurred in all seven patients
receiving endotracheally instilled gentamicin versus only two
of eight patients receiving intramuscular gentamicin.

In a second study, these investigators compared the effects of
endotracheally instilled sisomicin with placebo in a similar pa-
tient population.183 All patients received systemic antibiotics
consisting of parenteral sisomicin and carbenicillin. A more
favorable outcome occurred in those patients receiving endo-
tracheally instilled sisomicin versus those receiving a placebo
(78% and 45%, respectively). In patients in whom the infecting
organism was sensitive to both carbenicillin and sisomicin, a
more favorable response occurred in those patients receiving
endotracheal sisomicin versus placebo (79% and 54%, respec-
tively). When the infecting organism was sensitive to sisomicin
only, a favorable outcome occurred in 79% versus 28%, re-
spectively. The development of resistant organisms was not a
problem in either case.

In a third study, these same investigators compared the ef-
fects of parenteral mezlocillin and endotracheally administered
sisomicin with and without parenteral sisomicin to determine
the benefit of concomitant parenteral aminoglycoside.184 The
clinical outcome in both groups was similar; however, resistant
bacteria were isolated from the sputum of the groups that were
administered endotracheal sisomicin. These findings the need
for further investigation into the use of aerosolized antibiotic
therapy for HAP/VAP/HCAP.

Administration

29. How is local antibiotic therapy administered?

Local antibiotic therapy may be administered by direct en-
dotracheal instillation or aerosolization. The antibiotic usually
is diluted with normal saline before administration. In the case
of direct instillation, gentamicin/tobramycin (40–80 mg) or
amikacin (500 mg) is diluted in 5 to 10 mL of normal saline
and instilled directly into the trachea through a catheter or
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through an endotracheal tube. The patient is then rotated from
side to side to promote distribution. Delivery of the antibiotic
into the oropharynx by aerosolization is accomplished by use
of an atomizer or nebulizers to deliver the antibiotic to the
lungs. The aerosolized route is preferred, and the dosage is
300 to 600 mg every 8 hours for gentamicin and tobramycin
diluted in a smaller volume (1–3 mL).180,181

Bronchial and Serum Concentrations

30. What concentration of aminoglycoside can be achieved in
bronchial secretions by this route of administration, and is any of
the antibiotic absorbed?

The concentration of the aminoglycoside in bronchial secre-
tions after parenteral administration (IV or intramuscularly) is
low and usually <2 mcg/mL.170 When the aminoglycosides
are delivered by either endotracheal instillation or aerosoliza-
tion, bronchial fluid antibiotic concentrations are substantially
higher.185–188 Bronchial fluid concentrations are significantly
higher when the aminoglycosides are given by endotracheal
instillation than by aerosol. These values usually exceed
200 mcg/mL and remain elevated for the dosing interval;187

when aerosolization is used, bronchial fluid concentrations usu-
ally exceed 20 mcg/mL.186,187

Absorption of the aminoglycosides from the lung differs
with the method of local administration used. Various doses of
aminoglycosides have been administered, which makes quan-
tification of the amount of the drug absorbed difficult. When
80 mg of gentamicin is administered by endotracheal instilla-
tion, serum concentrations >2.5 mcg/mL are achieved, sug-
gesting that a substantial amount of the administered drug is
absorbed.177,185,186 Approximately 10% to 15% of the dose
administered by endotracheal instillation is excreted into the
urine.189 When similar doses of antibiotic are administered by
aerosolization, serum concentrations are low or undetectable;
approximately 2% to 5% of the dose is excreted into the urine.
For this reason, aerosolization is the preferred route of admin-
istration. As with parenteral aminoglycoside administration,
patients with renal dysfunction should be monitored carefully
for drug accumulation.

Adverse Effects

31. What adverse effects are associated with local antibiotic
administration?

As noted previously, the emergence of antibiotic-resistant
bacteria is of major concern because these may be responsi-
ble for subsequent bacterial infections. This phenomenon is
more frequently associated with prophylactic aerosolized an-
tibiotics.

Endotracheal instillation or aerosolization of antibiotics
may cause cough; bronchial irritation; and in some individuals,
bronchospasm. These effects most often have been associated
with polymyxin B and have resulted in episodes of acute res-
piratory failure.190,191 Polymyxin can stimulate the release of
histamine, which is believed to be responsible for these ad-
verse effects; it also can decrease ventilatory function.190 The
aminoglycosides have been relatively well tolerated, although
minor alterations in ventilatory function have been reported.192

Studies evaluating the incidence of aminoglycoside nephro-
toxicity and ototoxicity associated with local antibiotic admin-

istration are unavailable; however, the incidence should be low.
Patients with renal dysfunction may accumulate this drug, and
serum concentrations of the aminoglycoside should be moni-
tored.

32. What preventive measures are effective for hospital-
acquired or nosocomial pneumonia?

The substantial risk of pneumonia in the ICU has prompted
aggressive methods to prevent this disease.193,194 As noted pre-
viously, several modifiable risk factors have been identified for
HAP/VAP/HACP. The most important recommendations in-
clude the use of the semiupright position to reduce the risk
of aspiration195 and infection control (including hand wash-
ing) to prevent the spread of pathogens from one patient to
the next and surveillance for ICU infections. As mentioned in
the discussion of aspiration pneumonia, the use of sucralfate
in lieu of H2-antagonists to prevent GI ulcers has been shown
to reduce the frequency of nosocomial pneumonia and can be
an alternative.169 The use of “selective decontamination” to
decrease the bacterial burden in the GI tract is not advocated.
This practice has been extensively studied in >4,000 patients
and has been shown to reduce the frequency of pneumonia
in the ICU, but it has had no impact on mortality.196,197 This
fact, coupled with the costs of the antibiotic regimens and the
potential for the emergence of resistance, makes it difficult to
recommend this approach. Finally, as described earlier, the use
of inhaled or aerosolized antibiotic therapy requires more data
before it can be recommended.180,181

Pneumonia in Cystic Fibrosis
Special Treatment Considerations

33. K.P., an 18-year-old man with CF, has been well until 3 days
ago when he noted “chest tightness” and a progressive deteriora-
tion of pulmonary function requiring supplemental oxygen. Other
symptoms include an increased cough with sputum production,
decreased appetite, and weight loss.

On physical examination, K.P. is a cachectic young male in
moderate respiratory distress. Vital signs include the follow-
ing: BP, 110/60 mmHg; pulse, 120 beats/minute; respirations,
35 breaths/minute; and temperature, 38.5◦C. Examination of the
chest reveals an increased chest diameter with diffuse bilateral
rales; there are no wheezes. K.P.’s height is 64 inches, weight is
42 kg, and serum creatinine (SrCr) is 1.0 mg/dL. Are there spe-
cial considerations in the treatment of pneumonia in patients with
CF?

[SI unit: SrCr, 88.4 μmol/L]

CF is a genetically linked disease affecting exocrine gland
secretions throughout the body (see Chapter 98).198 Progres-
sive pulmonary disease is the major determinant of the mor-
bidity and mortality of patients with this illness. The presence
of airway mucus plugging is likely to contribute to the develop-
ment of significant respiratory dysfunction and the establish-
ment of infection; recurrent respiratory infections play a major
role in the pathogenesis of the chronic pulmonary disease seen
in these patients. Symptoms associated with an infectious exac-
erbation include an increased frequency and duration of cough
or increased shortness of breath, increased sputum produc-
tion, change in the appearance of sputum, decreased exercise
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tolerance, decreased appetite, and a feeling of increased chest
congestion.

MICROBIOLOGY
Early in the disease, S. aureus is an important pathogen;

but later, colonization and infection with P. aeruginosa fre-
quently develops. Multiple bacterial isolates with differing an-
timicrobial sensitivity patterns often are found.199 In addition,
infection due to Burkholderia cepacia is emerging as a signifi-
cant problem in patients with CF.200,201 The role of B. cepacia
as a pathogen in CF patients is difficult to determine because
many patients recover from acute infections despite the use of
antimicrobials with little activity against this organism. Most
strains demonstrate variable sensitivity patterns to many of the
presently used antibiotics. Therefore, antibiotic therapy should
be based on known in vitro sensitivity testing.

Vigorous chest percussion with postural drainage and sys-
temic antibiotics have been the mainstay of therapy in the pre-
vention and treatment of pulmonary infections in patients with
CF. The objectives of antibiotic therapy in CF patients can be
divided into three categories: (a) early disease where the goal
is to delay chronic colonization with P. aeruginosa; (b) once
colonization with S. aureus and P. aeruginosa has occurred, to
delay the decline in pulmonary function and reduce frequency
and morbidity of exacerbations; and (c) during periodic exac-
erbations to relieve symptoms and restore pulmonary function
to baseline. It is unclear whether combination antibiotic ther-
apy is required to treat these patients, but it frequently is used
to treat Gram-negative pulmonary infections in CF patients.
Combination therapy usually consists of an aminoglycoside or
ciprofloxacin and an antipseudomonal β-lactam (piperacillin-
tazobactam, cefepime, aztreonam, imipenem, or meropenem).
Therapy generally is continued for 14 to 21 days.

DOSING CONSIDERATIONS
Altered drug elimination in CF patients has been reported

for several drugs.202–205 Jusko et al.202 studied the pharmacoki-
netics of dicloxacillin in patients with CF and reported that the
total body clearance and renal clearance of this drug were in-
creased. In another study, when specific techniques to assess the
glomerular infiltration rate were used, tobramycin renal clear-
ance was not increased out of proportion to the glomerular
filtration rate. These results suggest that alterations in the non-
renal clearance are responsible for the increased clearance of
the aminoglycosides. The underlying reasons for these changes
are unclear. In addition, changes in the pharmacokinetics of
antibiotics are neither consistent nor predictable. Patients with
CF may require higher dosages to achieve therapeutic plasma
concentrations of some antibiotics.181,205 Therefore, dosages
must be carefully individualized, and serum levels (in the case
of the aminoglycosides) should be monitored.

LOCAL ANTIBIOTIC ADMINISTRATION

34. Because such high doses of parenteral aminoglycosides are
required in CF patients, can aerosolized aminoglycosides be used
instead?

Aerosolized antibiotics have been advocated for CF patients
with acute pulmonary infections207–210 because several factors
limit the use of IV administration. Because most antibiotics
penetrate variably into lung tissue, they usually are adminis-

tered in maximal doses to facilitate passive diffusion, which
also increases the risk of systemic toxicity. In contrast, inhaled
antibiotics deliver large concentrations of antibiotics to the site
of infection while producing negligible serum concentrations,
which should reduce the risk of systemic toxicity.

However, several potential problems are associated with
aerosolized antibiotics. Prolonged administration selects out
resistant organisms in the bronchial airways, and this may have
deleterious consequences because of the recurrent nature of
pulmonary infections in CF patients. To be effective, the an-
tibiotic must be delivered to the alveoli. This requires parti-
cles <2 μm wide, but most commercially available nebulizers
generate particles between 2.5 and 4.5 μm wide,211 which are
deposited primarily in the oropharynx and smaller airways.
Also, studies using radioisotope-labeled aerosolized particles
have shown that there is a heterogeneous pattern of deposi-
tion in CF patients,212 which may limit the therapeutic effec-
tiveness of this delivery route. Bronchospasm has occurred in
patients given aerosolized gentamicin, which also may limit
the delivery of antibiotic to the site of infection. Nephrotoxi-
city and ototoxicity are unlikely with this route of administra-
tion.

Stephens et al.208 administered aerosolized tobramycin
along with parenteral antibiotics and reported that the clini-
cal outcomes of those receiving the combination of parenteral
and aerosolized antibiotics did not differ from those receiving
parenteral antibiotics alone. Steinkamp et al.210 evaluated the
clinical effectiveness of long-term, prophylactic tobramycin
aerosol therapy in 14 CF patients. The best clinical outcomes
occurred in individuals who were defined as moderately ill
and had mild lung disease. Drug toxicity and the emergence of
resistant organisms were minimal in the study population. Al-
though aerosolized antibiotics have reportedly slowed the rate
of pulmonary function decline in uncontrolled trials,213 these
positive results are difficult to differentiate from the natural
course of CF, which is characterized by significant variability
in the rate of lung function deterioration. Ramsey et al.214 con-
ducted a placebo-controlled, parallel-design, cross-over study
of 71 patients with stable pulmonary status and P. aeruginosa
detected in their sputum. Tobramycin 600 mg three times daily
or placebo was delivered for 28 days by ultrasonic nebulizer.
The dose was based on previous studies showing that sputum
tobramycin concentrations >10 times the MIC for P. aerugi-
nosa or a minimum sputum concentration of 400 mcg/mL were
required to ensure bacterial killing. The results showed a small
but significant improvement in pulmonary function in favor of
the tobramycin group. They also showed a 100-fold reduction
in the density of P. aeruginosa in sputum, a modest reduc-
tion in PMN count, a reduction in pulmonary exacerbations,
and a lower rate of systemic antibiotic use. Similarly, Ramsey
et al.214 conducted two double-blind, placebo-controlled trials
of intermittent inhaled tobramycin in patients with CF. These
studies used a different formulation of tobramycin for inhala-
tion that is preservative free and less likely to induce local
adverse reactions. Patients treated with tobramycin had a sta-
tistically significant increase in forced expiratory volume in
1 second (FEV1), a decrease in the density of P. aeruginosa,
and a decrease in hospitalization relative to the placebo group.
An increase in the percentage of resistant P. aeruginosa was
noted in the tobramycin-treated patients, but it did not reach
statistical significance.215
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In summary, aerosolized antibiotics provide tangible clin-
ical benefits in this patient population. The development
of resistance subsequent to aerosolized therapy is concern-
ing, but the clinical significance of these findings are un-
known. This route can be used as an adjunct to parenteral
therapy in patients with severe, acute exacerbations of pul-

monary infections that are unresponsive to maximal parenteral
doses.206,214–216

The optimal dose of aerosolized antibiotics is unknown.
The regimens found to be most effective include gentamicin
or tobramycin, 300 to 600 mg three times daily, administered
via a jet nebulizer.206,215
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History
Tuberculosis (TB) is an ancient disease, and evidence of TB
dates back as far as prehistoric times with evidence being found
in pre-Columbian and early Egyptian remains. However, TB
did not become a problem until the 17th and 18th centuries
when crowded living conditions of the industrial revolution
contributed to its epidemic numbers in Europe and the United
States. Early physicians referred to TB as phthisis, derived from
the Greek term for wasting, because its clinical presentation
consisted of weight loss, cough, fevers, and hemoptysis. Al-
though its characteristics were well known, an etiologic agent
was not clearly defined until 1882 when Robert Koch isolated
and cultured Mycobacterium tuberculosis and demonstrated its
infectious nature. With this knowledge, early treatment in the
mid-1800s to the early 1900s consisted of removing patients
with TB from the community and placing them in a sanato-
rium for bedrest and fresh air. With the advent of radiographic
film, pulmonary cavitary lesions were found to be pivotal in
the evolution of the disease. Therapy then included proce-

dures such as pneumoperitoneum, thoracoplasty, and plom-
bage to reduce the size of the cavitary lesion. Some of these
therapies may continue to be used for severe and refractory
cases.

The modern era of medical therapy for TB began in 1944
with the discovery of streptomycin and, shortly thereafter, para-
aminosalicylic acid. The addition of isoniazid (INH) in 1952
and rifampin in the late 1960s greatly increased the hopes
for the eventual elimination of TB in the United States.1

Multidrug-resistant TB (MDR-TB) emerged in the 1990s as
a threat to the control of TB in the United States and other
countries.2−4 More recently, TB has once again demanded
the attention of national and international medical journals, as
well as the lay press, with the emergence of extensively drug-
resistant TB (XDR-TB).5−7 Therefore, a high index of suspi-
cion for TB, rapid pathogen identification, susceptibility test-
ing, patient isolation to prevent dissemination, and aggressive,
appropriate antimicrobial therapy are critical to prevent further
development and spread of drug-resistant TB.

61-1
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Incidence and Epidemiology

Assuming life-long infection, approximately 2.0 billion peo-
ple (30% of the world’s population) are infected with
M. tuberculosis.8 Tuberculosis is the second most common cause
of death from an infectious disease in the world, second only to
human immunodeficiency virus (HIV) and acquired immun-
odeficiency syndrome (AIDS). Globally, an estimated 8.8 mil-
lion new cases of TB were reported in 2005, which represents
an increase of 0.5 million cases compared with 2000.8 Most
(7.4 million) of the new cases in 2005 originated from Asia and
sub-Saharan Africa.9 The countries with the largest number
of new cases were India (1.85 million), China (1.32 million),
Indonesia (0.53 million), Nigeria (0.37 million), Bangladesh
(0.32 million), and Pakistan (0.29 million).9 Twelve of the 15
countries with the highest incidence rates for TB are located in
Africa, a finding which can be explained, at least in part, by the
relatively high rates of co-infection with HIV.9 Countries with
the highest rate (per 100,000 population) for new TB cases were
Swaziland (1,262), Djibouti (762), Namibia (697), Lesotho
(696), Botswana (654), and Kenya (641).9 Tuberculosis rates
have also increased in the former Soviet Union. In Russia, the
incidence rate increased from 51 per 100,000 population in
1990 to 119 per 100,000 population in 2005.9 In 2005, ap-
proximately 1.6 million deaths secondary to TB were reported
globally, including 195,000 patients infected with HIV.9

In the United States, the rate of TB declined from 53.0
per 100,000 population in 1953, when the Centers for Disease
Control and Prevention (CDC) began conducting TB surveil-
lance, to 9.1 per 100,000 population in 1988.10 A resurgence
of TB took place in the United States from 1985 to 1992, in
large part because of the HIV/AIDS epidemic and the emer-
gence of MDR-TB. At its peak in 1992, 26,673 TB cases (10.5
per 100,000 population) were reported.10 As a result of this
resurgence, an advisory committee was established by the De-
partment of Health and Human Services to provide recom-
mendations for the elimination of TB in the United States.
The committee urged the establishment of a national goal of
TB elimination (<1 case per million of population) by the
year 2010, with an interim target incidence rate of 3.5 per
100,000 population by 2000.11 The plan incorporated identi-

fication of populations more susceptible to TB infection, the
use of biotechnology in diagnosis and treatment, and computer
telecommunication to track cases.11 These recommendations,
along with strict infection control procedures, prompt initia-
tion of treatment, and ensuring completion of TB therapy, have
successfully reduced the TB case rate in the United States. The
number of reported TB cases in 2006 was 13,767 cases, which
represents an incidence rate of 4.6 per 100,000 population.12

This incidence rate is the lowest recorded rate since national
reporting began over 50 years ago; however, the incidence rate
in 2006 remains higher than the interim target goal that was set
for 2000.11,12 TB is more common in patients 25 to 44 years
of age (34% of cases), but the highest incidence rate is seen in
patients ≥65 years of age (7.7 per 100,000 population).13

Although the incidence rate of TB in the United States con-
tinues to decline, the rate of decline has slowed since 2000
(Fig. 61-1). From 1993 to 2000, the average annual incidence
rate decreased 7.3% per year, but the average annual incidence
rate has only decreased 3.8% per year from 2000 to 2006.12

Foreign-born and ethnic minority populations are dispropor-
tionately infected with TB in the United States. The number of
TB cases in foreign-born persons increased by 5% from 1993
to 2006, whereas TB cases for persons born in the United States
decreased 66% over this time period (Fig. 61-1). In 1993, 69%
of reported TB cases were among U.S.-born persons, whereas
29% were among foreign-born persons.13 In 2006, the total
number of TB cases in foreign-born persons was 57% com-
pared with 43% for U.S.-born persons.12 Stated differently, the
rate of TB was 9.5 times greater for foreign-born persons (21.9
per 100,000 population) than for U.S.-born persons (2.3 per
100,000 population).12 Five countries accounted for over half
of TB cases reported in foreign-born persons in 2006: Mex-
ico, Philippines, Vietnam, India, and China.12 An analysis of
the number of TB cases in 2004 found that 50% of cases in
foreign-born persons were reported in those who had been in
the United States for more than 5 years; however, the incidence
rate was highest in persons who had been in the United States
for 1 year or less.14

In 2006, the TB rates for Hispanics, blacks, and Asians
were 7.6, 8.4, and 21.2 times higher, respectively, than the rate
for whites.12 Compared with 2005, 20 states and the District
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of Columbia had greater rates in 2006, whereas 30 states had
lower rates.12 Seven states accounted for 60% of all TB cases
in the United States in 2006: California (2,781), Texas (1,585),
New York (1,274), Florida (1,038), Illinois (569), New Jersey
(508), and Georgia (504).12 In 2005, TB cases were reported in
4.0% of residents in correctional facilities, 6.1% of homeless
persons, 2.4% of residents in long-term care facilities, 2.2%
of injecting drug users, 7.8% of noninjecting drug users, and
13.9% of persons with excess alcohol use.13

In the United States, a total of 124 cases of MDR-TB, de-
fined as resistance to both isoniazid and rifampin, were re-
ported in 2005.12 The overall proportion of MDR-TB cases
remained constant from 2004 to 2005 at approximately 1.2%,
which remains lower than the incidence of 2.5% in 1993.12,13

In recent years, most MDR-TB cases in the United States have
been reported in foreign-born persons. In 1993, 410 cases of
MDR-TB were reported and 105 (25.6%) were in foreign-born
persons.13 In 2006, 101 (81.5%) of the 124 MDR-TB cases
were reported in foreign-born persons.12

In the last few years, XDR-TB has emerged as a major
threat to global health.5−7 These extensively resistant strains
have been identified in many countries worldwide, including
the United States. One of the first reports from South Africa
described 53 patients infected with XDR-TB.15 Of these pa-
tients, 55% had no prior history of TB treatment, and 52 (98%)
died with a median survival period of only 16 days after the first
sputum specimen was collected.15 HIV testing was performed
in 44 of these patients, and 100% of them tested positive.15

Evaluation of the incidence of infections caused by XDR-
TB has been complicated by recent changes in the definition
of XDR-TB. The most recent definition of XDR-TB is re-
sistance to at least isoniazid and rifampin among first-line
agents, resistance to any fluoroquinolone, and resistance to
at least one second-line injectable drug (amikacin, kanamycin,
or capreomycin).16 Using the revised definition, 49 cases of
XDR-TB have been identified in the United States between
1993 and 2006, which represent 3% of evaluable MDR-TB
cases.17 A total of 32 cases were reported between 1993 and
1999, and 17 cases were reported between 2000 and 2006.17

Overall, 19 cases were reported in New York City, and 11 cases
were reported in California. The percentage of XDR-TB cases
among foreign-born persons increased from 38% in 1993 to
1999 to 76% in 2000 to 2006.17 Mortality was strongly asso-
ciated with concomitant HIV infection; 12 persons died, 10
of whom had HIV infection.17 The HIV status of the other 2
persons was unknown.

Continued strengthening of TB control and treatment pro-
grams remains essential to the goal of TB elimination in the
United States. To accomplish this goal, successful strategies
for controlling and preventing TB among foreign-born per-
sons must be developed.

Etiology
Tuberculosis is caused by M. tuberculosis, an aerobic, non–
spore-forming bacillus that resists decolorization by acid al-
cohol after staining with basic fuchsin. For this reason, the
organism is often referred to as an acid-fast bacillus (AFB).
It is also different from other organisms in that it replicates
slowly once every 24 hours instead of every 20 to 40 minutes
as do some other organisms. M. tuberculosis thrives in envi-

ronments where the oxygen tension is relatively high, such as
the apices of the lung, the renal parenchyma, and the growing
ends of bones.1

Transmission
Mycobacterium tuberculosis is transmitted through the air by
aerosolized droplet nuclei that are produced when a person
with pulmonary or laryngeal TB coughs, sneezes, speaks, or
sings. Droplet nuclei can also be produced by other methods,
such as aerosol treatments, sputum induction, bronchoscopy,
endotracheal intubation, suctioning, autopsy, and through ma-
nipulation of lesions or processing of secretions in the hospital
or laboratory.18 These droplet nuclei, which contain one to
three M. tuberculosis organisms, are small enough (1–5 μg) to
remain airborne for long periods of time and reach the alveoli
within the lungs when inhaled. Tubercle bacilli are not trans-
mitted on inanimate objects such as dishes, clothing, or bed-
ding, and organisms deposited on skin or intact mucosa do not
invade tissue.

Several factors influence the likelihood of transmission of
M. tuberculosis, including the number of organisms expelled
into the air, the concentration of organisms in the air deter-
mined by the volume of the space and its ventilation, the length
of time an exposed person breathes the contaminated air, and
presumably the immune status of the exposed individual.18

Family household contacts, especially children, and persons
working or living in an enclosed environment (e.g., hospitals,
nursing homes, prisons) with an infected person are at a signif-
icantly increased risk for becoming infected. Individuals with
impaired cell-mediated immunity, such as HIV-infected per-
sons or transplant recipients, are thought more likely to become
infected with M. tuberculosis after exposure than persons with
normal immune function.18

Several techniques are effective in limiting airborne trans-
mission of M. tuberculosis. Adequate room ventilation with
fresh air is very important, especially in the health care set-
ting, where six or more room–air exchanges per hour is
desirable.18,19 New construction or renovation of existing fa-
cilities should be designed so that airborne infection isolation
rooms achieve 12 or more room–air exchanges per hour.19 Ul-
traviolet irradiation of air in the upper part of the room can
also reduce the number of viable airborne tubercle bacilli. All
health care workers and visitors who enter the room of a patient
with TB should wear at least N95 disposable respirators, and
the mask should be fit tightly around the nose and mouth.19 Pa-
tients with presumed or confirmed infectious TB should wear
a protective mask when being transferred to another area of
the institution or to another institution.19 The most important
means of reducing transmission of M. tuberculosis is by treat-
ing the infected patient with effective antituberculosis therapy.

Pathogenesis
Latent Infection versus Active Disease

LATENT INFECTION
A clear distinction should be made between latent infec-

tion and active disease (tuberculosis). Latent infection occurs
when the tubercle bacilli are inhaled into the body. After in-
halation, the droplet nuclei containing M. tuberculosis settle
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into the bronchioles and alveoli of the lungs. Development of
infection in the lung is dependent on both the virulence of
the organism and the inherent microbicidal ability of the alve-
olar macrophages.20,21 In the nonimmune (susceptible) host,
the bacilli initially multiply unopposed by normal host de-
fense mechanisms. The organisms are then taken into alveolar
macrophages by phagocytosis and may remain viable, multi-
plying within the cells for extended periods of time. After 14 to
21 days of replication, the tubercle bacilli spread via the lym-
phatic system to the hilar lymph nodes and through the blood-
stream to other organs. Certain organs and tissues in the body,
such as the bone marrow, liver, and spleen, are, however, resis-
tant to subsequent multiplication of these bacilli. In contrast,
organs with high blood flow and PaO2, such as the upper lung
zones, kidneys, bones, and brain, are particularly favorable
for growth of the organisms. The organisms replicate for 2 to
12 weeks until they reach 103 to 104 in number, then a spe-
cific T-lymphocyte–mediated immune response develops. The
T cells secrete interferon-γ , interleukin-2, interleukin-10, and
other cytokines, and activated macrophages engulf and kill the
tubercle bacilli, preventing further replication.18 At this point,
the patient has developed cell-mediated immunity, which can
be detected by a reaction to the tuberculin skin test.18

In persons with intact cell-mediated immunity, activated T
lymphocytes and macrophages may form granulomas that limit
multiplication and spread of the bacilli by walling off the in-
fection from the surrounding environment.18 The organisms
tend to localize in the center of the granuloma, which is fre-
quently necrotic. Although small numbers of tubercle bacilli
may remain viable within the granuloma, proliferation of
M. tuberculosis is halted when cell-mediated immunity de-
velops. At this point, most persons with pulmonary tubercu-
losis infections are clinically asymptomatic and there is no
radiographic evidence of the infection.21 In some patients,
there may be a healed, calcified lesion on chest radiograph,
but bacteriologic studies are negative. A positive tuberculin
skin test is usually the only indication that the person has
been infected with M. tuberculosis. Individuals with latent
TB infection are not infectious and thus cannot transmit the
organism.18

ACTIVE DISEASE (TUBERCULOSIS)
In most patients, active TB disease results from reactivation

of a previously controlled latent infection, termed reactivation
tuberculosis. Approximately 10% of individuals who acquire
TB infection and do not receive therapy for the latent infection
will develop active TB disease. The risk of developing active
disease is highest in the first 2 years after infection, when half
of the cases occur.18 The annual and lifetime risks for reactiva-
tion TB have been shown, however, to be directly related to the
size of the induration on tuberculin skin testing. The risks for
reactivation TB were greater in patients with larger induration
diameters.22 The ability of the host to respond to M. tubercu-
losis may also be reduced by certain diseases such as diabetes
mellitus, silicosis, chronic renal failure, and diseases or drugs
associated with immunosuppression (e.g., HIV infection, an-
titumor necrosis factor-α agents, organ transplantation, corti-
costeroids, and other immunosuppressive agents).18,22 Persons
infected with HIV, especially those with low CD4(+) T-cell
counts, develop active TB disease rapidly after becoming in-
fected with M. tuberculosis; up to 50% of these individuals

develop active disease within the first 2 years of infection.23

In addition, a person with untreated latent TB infection who
acquires HIV infection will develop active TB disease at an
approximate rate of 5% to 10% per year.24,25 Physical or emo-
tional stress can destroy the balance between the immune sys-
tem and the infection, leading to active disease. Other factors
that may contribute to developing active disease include gas-
trectomy, intestinal bypass surgery, alcohol abuse, hematologic
disease, reticuloendothelial disease, and intravenous (IV) drug
use. The elderly, adolescents, and children <5 years of age also
are at an increased risk of developing active disease.18,26

DIAGNOSIS
Signs and Symptoms
Subjective Findings

1. M.W., a 36-year-old woman, is admitted to the hospital with
a 2-month history of cough, which has recently become produc-
tive. She is also experiencing fatigue, night sweats, and has lost
15 pounds. Other medical problems include diabetes mellitus,
which is controlled with 10 units of NPH insulin daily, and poor
nutritional status secondary to frequent dieting. M.W. works as
a volunteer in a nursing home several days a week. Recently, it
was discovered that two patients who she had been caring for had
undiagnosed active tuberculosis.

M.W.’s physical examination was normal, but her chest radio-
graph revealed bibasilar infiltrates. A tuberculin purified protein
derivative (PPD) skin test, sputum collections for cultures and
susceptibility testing, and a sputum AFB smear were ordered as
part of M.W.’s diagnostic workup. Initial laboratory test findings
were within normal limits.

The result of her tuberculin PPD skin test, read at 48 hours,
was a palpable induration of 14 mm. Her sputum smear was pos-
itive for AFB, and additional sputum cultures for M. tuberculosis
were ordered to confirm the diagnosis of active TB disease. What
subjective and objective findings does M.W. have that are consis-
tent with active TB disease?

M.W.’s history of cough (which gradually became produc-
tive), bibasilar infiltrates, fatigue, and night sweats are con-
sistent with the classic symptoms of active TB.18 The cough
may be nonproductive early in the course of the illness, but with
subsequent inflammation and tissue necrosis, sputum is usually
produced and is key to most of the diagnostic studies. The spu-
tum may contain blood (hemoptysis) in patients with advanced
cavitary disease, which is particularly worrisome because cav-
itary lesions harbor large numbers of organisms and the pul-
monary location allows for airborne transmission. Anorexia
from TB, along with frequent dieting, may have resulted in
M.W.’s weight loss. Other symptoms of TB can include fever,
pleuritic pain secondary to inflammation of lung parenchyma
adjacent to the pleural space, and general malaise. Dyspnea is
unusual unless there is extensive disease.18

Objective Findings
M.W. has a chest radiograph consistent with a lower respiratory
tract infection. In pulmonary TB, nodular infiltrates are usually
found in the apical or posterior segments of the upper lobes, but
markings may be found in any segment. M.W. also has a posi-
tive sputum smear for AFB, a positive PPD skin test (14 mm),



TUBERCULOSIS � 61-5

and diabetes mellitus, which is a risk factor for TB. Although
her laboratory test results are within normal limits, peripheral
blood leukocytosis and anemia are the most common hema-
tologic manifestations of TB.18 The white blood cell count is
normal or slightly increased, and an increase in monocytes and
eosinophils may be observed.

Potential Misdiagnoses
Many patients with active pulmonary TB may have no acute
symptoms, and cases are often found following routine chest
radiographs for other illnesses. Because many of the symptoms
of TB also occur in persons with pre-existing pulmonary dis-
ease or pneumonia, they may be overlooked and not attributed
to TB.

A lack of clinical symptoms can also contribute to misdi-
agnosis of TB. Almost 50% of the cases of active TB may be
misdiagnosed in the absence of classic symptoms.27 More than
one-third of the patients with active TB may have no sweats,
chills, or malaise, and <50% are febrile. Cough may exist in
80% of these patients, and only 25% have hemoptysis. Al-
though dullness over the apices of the lungs and post-tussive
rales are expected in TB, less than one-third of these patients
may have abnormal pulmonary signs. Reinforcing the need to
consider this diagnosis, TB was not suspected in 42% of pa-
tients with active disease in a community hospital.28 The lack
of specific clinical symptoms underscores the importance of
skin testing, sputum smears for AFB, and chest radiographs as
diagnostic tools in those individuals suspected to have TB.

Tuberculin Skin Testing/Whole Blood Interferon-γ Assay

2. What is tuberculin skin testing? How should the results be
interpreted in M.W.? What other test may be useful in the diag-
nostic work-up of M.W.?

The tuberculin skin test (Mantoux method) has been used as
a diagnostic tool for infection with M. tuberculosis for decades,
but a positive skin test is not necessary for the diagnosis of
active TB disease.29 The test is frequently referred to as the
PPD test, which contains a protein prepared from a culture of
the tubercle bacilli. The skin test is performed by injecting 0.1
mL of solution containing 5-TU PPD intracutaneously into
the volar or dorsal surface of the forearm.18,30 The injection
is made using a one-quarter to one-half inch, 27-gauge needle
and a tuberculin syringe, injected just beneath the surface of
the skin, avoiding subcutaneous tissue.18,31 A discrete, pale
elevation of the skin (a wheal) 6 to 10 mm in diameter should
be produced when the injection is performed correctly. If the
first injection was administered improperly, another test dose
can be given at once at a site several centimeters away from
the original injection site.18

If the patient has previously been infected with M. tuber-
culosis, sensitized T cells are recruited to the skin site where
they release cytokines.32 These cytokines induce an indura-
tion (raised area) through local vasodilatation, edema, fibrin
deposition, and recruitment of other inflammatory cells to the
area.18 Typically, the reaction to the tuberculin protein begins 5
to 6 hours after injection with maximal induration observed at
48 to 72 hours. Therefore, the test should be read between 48
and 72 hours after injection because tests read after 72 hours

tend to underestimate the actual size of the induration.18 For
standardization, the diameter of the induration should be mea-
sured transversely to the long axis of the forearm and recorded
in millimeters.18,31 The diameter of the induration should be
measured and not the erythematous zone surrounding the in-
duration.

An induration ≥5 mm in diameter read 48 to 72 hours after
injection is considered to be a positive reaction in an individ-
ual with a recent history of close contact with a person with
active TB, a person with fibrotic changes on chest radiograph
consistent with previous TB, organ transplant recipients and
other immunosuppressed patients (receiving the equivalent of
≥15 mg/day of prednisone for >1 month), or HIV-positive
persons.18,30,33,34 Because M.W. has a history of close con-
tact with two persons with active TB, her tuberculin skin test
reaction to the PPD is positive (14 mm).

An induration ≥10 mm in diameter is considered to be a
positive reaction in persons with clinical conditions that put
them at increased risk for TB, such as diabetes mellitus, silico-
sis, chronic renal failure, malnutrition, leukemia, lymphoma,
gastrectomy, jejunoileal bypass, and weight loss of >10% of
ideal body weight.18,30,34 In addition, an induration ≥10 mm is
considered to be positive in recent immigrants (<5 years) from
countries with a high prevalence of TB, injection drug users,
residents and employees of high-risk congregate settings (e.g.,
prisons, nursing homes, homeless shelters), health care work-
ers, mycobacteriology laboratory personnel, and children <4
years of age or infants, children, and adolescents exposed to
adults in high-risk catgories.18,30,34 The skin test is also con-
sidered positive for persons with an increase in induration di-
ameter of ≥10 mm within a 2-year period.30,34 For individuals
with no risk factors for TB, an induration ≥15 mm is required
for a positive reaction.30,34

Several limitations are seen when using tuberculin skin test-
ing as a diagnostic tool for the detection of M. tuberculosis
infection. Most importantly, the sensitivity and specificity of
skin testing is poor in certain patients groups who are most at
risk for TB infection, especially patients with HIV co-infection
or foreign-born persons.29 False–negative results can occur in
patients with impaired cell-mediated immune response. False–
positive results can result from infections caused by other my-
cobacterial species that cross-react with the M. tuberculosis
antigen, including vaccination with a bacillus of Calmette-
Guerin (BCG) vaccine. BCG vaccination increases the likeli-
hood of a false–positive tuberculin skin test result for up to 15
years after administration.35 False–positive results have been
reported with some PPD preparations,36 and an increase in skin
test converters has also been reported after a change in skin test-
ing preparations.37 Therefore, one preparation should be used
consistently in populations undergoing periodic testing.37 Only
experienced persons should read the Mantoux PPD skin tests,
because the risk of error in performance and interpretation is
high. In a study of 1,036 persons who each received two in-
jections of 5-TU PPD from the same vial (one in each arm),
14.5% had an induration >10 mm in one arm and an induration
<10 mm in the other arm, likely because of variability in the
reading of the tests.38

An in vitro enzyme-linked immunosorbent assay (ELISA)
test that detects the release of interferon-γ from T cells in
whole blood of sensitized patients, QuantiFERON-TB Gold
(Cellestis Limited, Carnegie, Victoria, Australia), has been
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approved by the U.S. Food and Drug Administration (FDA)
as an aid in diagnosing M. tuberculosis infection, including
both active TB disease and latent TB infection.29,39 Aliquots of
fresh (≤12 hours) heparinized whole blood are incubated with
the test antigens, early secretory antigenic target-6 (ESAT-6)
and culture filtrate protein-10 (CFP-10), for 16 to 24 hours.
After incubation, the concentration of interferon-γ released
by the T cells is determined by ELISA, and tests results are
interpreted.39 ESAT-6 and CFP-10 are secreted by all M. tu-
berculosis and pathogenic M. bovis strains but not from BCG
vaccine strains. Therefore, this test is more specific for M.
tuberculosis infection in BCG-vaccinated persons than tuber-
culin skin testing.29 The test depends on adequately function-
ing T cells, and a negative result may reflect underlying in vivo
immunosuppression, decreasing in vitro stimulation of the T
cells.29 In a study of 294 HIV-infected subjects, indeterminate
results were more likely to occur in subjects with a CD4(+)
count <100 cells/mm3 compared with those with a CD4(+)
count of ≥100 cells/mm3,40 Another study found only 64%
sensitivity for detection of active TB disease, suggesting that
this interferon-γ assay should not be used alone to exclude ac-
tive TB.41 False–negative results were more likely in patients
with extrapulmonary TB or in patients who had received anti-
tuberculosis therapy for up to 2 weeks.41

3. Because M.W.’s Mantoux PPD skin test is positive, does this
confirm her diagnosis of active TB?

No. M.W.’s positive reaction to 5-TU PPD alone does not
confirm active TB disease. It merely signifies that she has pre-
viously been infected with M. tuberculosis. To confirm the
diagnosis of active TB disease in M.W. and other patients,
M. tuberculosis must be isolated from sputum, gastric aspi-
rate, spinal fluid, urine, or tissue biopsy, depending on the site
of infection.18 As was done in M.W., the detection of AFB in
stained smears is easy and fast, and it can provide the clini-
cian with a preliminary confirmation of the diagnosis. Sputum
samples for AFB stain and culture should be obtained early in
the morning on at least three separate days.42 Smears may be
prepared directly from clinical specimens or from concentrated
preparations.18 The test is performed by placing the specimen
on a glass slide under a microscope with a Ziehl-Neelsen or
fluorochrome stain (not a Gram stain). Studies have shown,
however, that 5,000 to 10,000 bacilli per milliliter of speci-
men must be present to allow for detection of AFB in stained
smears.18,43 In 2005, 42% of pulmonary TB cases were spu-
tum smear negative.13 Therefore, a negative AFB smear does
not rule out active TB disease, and patients with active TB
and negative AFB smears may play an important role in the
ongoing transmission of M. tuberculosis.

Additional limitations of the AFB smear include its inabil-
ity to differentiate among mycobacterial species and between
viable and nonviable organisms. Mycobacterium avium com-
plex is isolated more frequently from the sputum of patients
in whom a diagnosis of TB is highly probable, such as the
elderly and patients with HIV infection.44 This has resulted
in a marked decrease in the specificity and positive predictive
value of the sputum smear.45 Nucleic acid amplification (NAA)
enhances and expedites the direct identification of M. tuber-
culosis. These technologies amplify specific target sequences
of nucleic acids in M. tuberculosis that can be detected by a

nucleic acid probe within hours. In the research laboratory,
a positive result can be obtained from specimens containing
as few as 10 bacilli, but the sensitivity is somewhat less in the
clinical laboratory.18 The AMPLIFIED Mycobacterium Tuber-
culosis Direct Test (MTD, GenProbe) and Amplicor Mycobac-
terium tuberculosis Test (Roche) are NAA assays available for
commercial use in the United States.44 The AMPLIFIED MTD
test is FDA approved for use in both smear-positive and smear-
negative specimens whereas the Amplicor test is only approved
for smear-positive specimens.

The NAA tests accurately diagnose nearly every case of
sputum smear-positive pulmonary TB (sensitivity 95%; speci-
ficity 98%); the tests will also diagnose approximately half of
the smear-negative, culture-positive pulmonary TB cases and
the specificity remains approximately 95%.18,44 Some investi-
gators suggest that NAA tests should not be performed if spu-
tum smears are negative and if the index of clinical suspicion
for active TB is low.46 The CDC recommends that AFB smear
and NAA be performed on the first sputum smear collected.47

If the AFB smear and NAA are both positive, TB is diag-
nosed with near total certainty. If the AFB smear is negative
and the NAA is positive, additional sputum samples should
be obtained, and if positive, the patient can be presumed to have
TB. If the AFB smear is positive and the NAA is negative, the
patient can be presumed to have nontuberculous mycobacteria.
If both AFB smear and NAA are negative, additional samples
should be tested by NAA. If negative, the patient can be pre-
sumed not to have infectious TB.44,47 NAA tests should not be
used in patients who are being treated because the tests will
amplify dead mycobacteria and cannot distinguish viable from
nonviable strains.46

Some patients may have a negative AFB smear, but a suffi-
cient number of organisms may be present to result in a positive
culture. Only 10 to 100 organisms are needed for a positive
culture.18,48 As a result of the limitations of the AFB smear, a
positive culture for M. tuberculosis is necessary to definitively
diagnose TB in M.W. and all patients. In addition, the culture
is of paramount importance because it is the only widely avail-
able technology that allows for drug susceptibility testing.44

It is also important to reiterate that M. tuberculosis organisms
grow slowly (i.e., once every 24 hours). Depending on the type
of media and detection system, it may take several weeks for
the cultures to become positive.1,18 Broth-based culture sys-
tems, such as BACTEC, MGIT, MB/BacT, Septi-Check, and
ESP, when combined with DNA probes, can produce positive
results in 2 weeks or less for sputum smear-positive specimens
and within 3 weeks for smear-negative specimens.44

4. Should M.W. be tested for HIV infection?

Yes, testing should be considered because TB may be the
first manifestation of HIV infection.1,49 Approximately 37% of
patients infected with HIV develop active TB disease within
5 months compared with 5% of exposed persons with intact
immune defenses.23,50 A complete discussion of TB and HIV
infection can be found in Questions 24 to 28.

5. Would a negative tuberculin skin test have eliminated the
possibility of infection with M. tuberculosis in M.W.?

No, a negative response to 5-TU PPD in M.W. would not
necessarily have excluded infection with M. tuberculosis. The
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Table 61-1 Factors Associated with False–Negative
Tuberculin Skin Tests

Factors related to the person being tested
Bacterial, viral, or fungal infections
Live virus vaccinations (measles, mumps, polio, varicella)
Chronic renal failure
Severe protein depletion
Diseases affecting lymphoid organs (Hodgkin’s disease, lymphoma,

chronic leukemia)
Corticosteroids, immunosuppressive agents
Age (newborns, elderly)
Factors related to the method of administration
Subcutaneous injection
Injecting too little antigen
Factors related to the tuberculin used
Improper storage (exposure to light and heat)
Improper dilution
Contamination
Factors related to reading the test and recording the results
Inexperienced reader
Error in recording

Adapted from reference 18, with permission.

PPD skin test has a reported false–negative rate of 25% dur-
ing the initial evaluation of persons with active tuberculosis
because of poor nutrition and general health, overwhelming
acute illness, or immunosuppression.18 False–negative results
most often occur in persons who (a) have had no prior infec-
tion with M. tuberculosis, (b) have only recently been infected,
or (c) are anergic. Factors that may result in a false–negative
tuberculin skin test are shown in Table 61-1.

Anergy (i.e., decreased ability to respond to antigens) can
be caused by severe debility, old age, immaturity in new-
borns, high fever, sarcoidosis, corticosteroids, immunosup-
pressive drugs, hematologic disease, HIV infections, over-
whelming TB, recent viral infection, live-virus vaccinations,
and malnutrition.18 If anergy is suspected, control skin tests
(candida, mumps, or trichophyton) should also be placed in
the contralateral arm. If the control test results are positive and
the PPD test result is negative, infection with M. tuberculosis
is less likely. The CDC changed its recommendations regard-
ing anergy skin testing in patients infected with HIV with a
negative PPD. They cite problems with standardization and re-
producibility, a low risk for TB associated with a diagnosis of
anergy, and the lack of apparent benefit of therapy for latent
TB infection in anergic patients who are infected with HIV.
Therefore, the use of anergy testing in conjunction with PPD
is no longer routinely recommended in this population or for
other patients who are immunocompromised.33,51,52

Booster Phenomenon (PPD Skin Test)

6. S.N. is a 50-year-old male hospital employee who had a 7 mm
induration after receiving his initial tuberculin skin test (PPD-
Mantoux). Because of his age and previous hospital employment,
it was decided to retest him 1 week later to rule out any booster
effect. The result of the repeated skin test was a 12 mm induration.
He denied any known exposure to persons with active TB. What
is the significance of this reaction? Should S.N. be placed on INH
therapy for latent TB infection?

Some persons experience a significant increase in the size
of a tuberculin skin test reaction, which may not be caused by
M. tuberculosis infection.18,53 This reaction, or booster phe-
nomenon, is not fully understood but may be caused by the
tuberculin skin test itself when tests are performed every 1 to 2
years. It may also be caused by infection with other mycobac-
teria, remote TB, or prior BCG vaccination. When caused by a
previous skin test, the booster phenomenon can occur as soon
as 1 week after the previous test. The incidence of this reaction
appears to increase with age.54 Therefore, S.N.’s reaction may
not represent infection with M. tuberculosis.

Serial, two-step tuberculin testing is recommended for
health care workers,18,55,56 so it is important to distinguish
a possible booster reaction from a recent infection with M. tu-
berculosis. Persons who exhibit an increase in the size of the
induration from <10 mm to >10 mm, as in the case of S.N.,
may be mistaken for a recent converter and unnecessarily given
INH to treat a latent infection. To determine whether a reaction
is caused by boosting rather than an infection, a second identi-
cal skin test should be administered 7 to 21 days after the first.
The results of this test should be read in 48 to 72 hours. If the re-
peat test is positive (>10 mm), the reaction should be classified
as a booster reaction, and the patient should not be treated with
INH. If the repeat test is <10 mm but changes to positive (with
a 6-mm increase) after 1 year, the person should be classified
as a recent converter and treated accordingly (see Question
15). One report suggested using a 15 mm induration as the
appropriate baseline in hospital employees tested annually.57

The increase in reaction size in S.N. is most likely caused
by the booster phenomenon. Because he is >35 years of age,
S.N. would not be an ideal candidate for INH therapy. S.N.
should be given a repeat skin test next year and evaluated as
previously described. He should not receive a two-step test in
the future because this is only done on initial evaluation of an
employee.

Bacillus of Calmette-Guerin (BCG) Vaccine

7. C. T., a 25-year-old female refugee from Vietnam, was given
a routine physical examination on entering the United States.
As part of this examination, she received a tuberculin skin test
with 5-TU PPD. The test result was positive with an induration
of 12 mm. She denied previous treatment for TB, but she remem-
bered receiving a TB vaccine (BCG) several years ago. What is the
BCG vaccine? Does this positive skin test indicate infection with
M. tuberculosis?

A live vaccine derived from an attenuated strain of M. bovis,
BCG, is used in many foreign countries with a high prevalence
of TB to prevent the disease in persons who are tuberculin
negative (no immunity to TB infection). Many different BCG
vaccines are available worldwide, and all of them differ with
respect to immunogenicity, efficacy, and reactogenicity. Addi-
tional factors, such as genetic variability in the subjects vac-
cinated, the nature of the mycobacteria endemic in different
parts of the world, and the use of different doses and different
immunization schedules, may contribute to the varied degrees
of protection afforded by the vaccine. The protective effect de-
rived from BCG vaccines in case-control studies has ranged
from 0 to 80%.58 Two meta-analyses concerning the efficacy
of BCG vaccination for preventing TB attempted to calculate
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estimates of the protective efficacy of the vaccines. The results
of the first meta-analysis indicated an 86% protective effect
against meningeal and miliary TB in children in 10 random-
ized clinical trials and a 75% protective effect in 8 case-control
studies.59 In the second meta-analysis, the overall protective ef-
fect of BCG vaccines was 51% in 14 clinical studies and 50%
in 12 case-control studies.60 Vaccine efficacy rates were greater
in studies in which persons were vaccinated during childhood
compared to those vaccinated at older ages.60 Neither study,
however, was able to determine the vaccine’s efficacy for pre-
venting pulmonary TB in adolescents and adults.

Prior vaccination with BCG usually results in a positive tu-
berculin skin test, but skin test reactivity does not correlate
with protection against TB.18,58 No reliable method exists to
distinguish tuberculin reactions caused by BCG vaccination
from those caused by natural mycobacterial infections.18,58

Therefore, it is prudent to consider positive reactions to 5-
TU of PPD in BCG-vaccinated persons as indicating infection
with M. tuberculosis, especially among persons from countries
with a high prevalence of TB.18 As mentioned previously, how-
ever, the interferon-γ assay, QuantiFERON-TB Gold, is more
specific for M. tuberculosis infection in BCG-vaccinated per-
sons than tuberculin skin testing.29 Therefore, C.T. should have
this test performed to determine presence of latent TB. If the
interferon-γ assay cannot be performed, C.T. should be treated
as though she has a positive tuberculin skin test (see Question
15). Because she is from an area with a high drug-resistance
rate, the possibility of infection with organisms that are resis-
tant to INH should also be considered (see Question 22).

Adverse reactions to the BCG vaccine vary according to the
type, dose, and age of the vaccine. Osteitis, prolonged ulcer-
ation at the vaccination site, lupoid reactions, regional suppu-
rative lymphadenitis, disseminated BCG infection, and death
have all been reported.58

The BCG vaccine is not recommended for use in the rou-
tine prophylaxis of TB in the United States. The risk of
exposure to TB in this country is relatively low, and other
methods of control (e.g., treatment of high-risk groups) are
sufficient. BCG vaccination should be considered for infants
or children who are tuberculin negative and are continually ex-
posed to a highly infectious, untreated patient with active TB
or if the child is continually exposed to a patient with infectious
pulmonary TB caused by M. tuberculosis strains resistant to
INH and rifampin.58 BCG vaccination of health care workers
should be considered in settings where a high prevalence of
patients are infected with MDR-TB, transmission of MDR-
TB strains to health care workers and subsequent infection are
likely, and comprehensive infection control precautions have
been unsuccessful.58 BCG vaccination is not recommended
during pregnancy or for children or adults in the United States
infected with HIV.58

TREATMENT OF ACTIVE DISEASE
Initial Therapy
Regimens

8. M.W.’s HIV test was negative. How should treatment be
initiated in M.W., pending the results of the sputum culture and
susceptibility testing? Can she transmit infection during treat-
ment?

The overall goals for the treatment of TB are to cure the
patient and to minimize the transmission of M. tuberculosis
to others. The primary goals of antituberculosis chemotherapy
are to kill the tubercle bacilli rapidly, prevent the emergence of
drug resistance, and eliminate persistent bacilli from the host’s
tissues to prevent relapse.61 To accomplish these goals, it is
essential that treatment be tailored and supervision be based
on each patient’s clinical and social circumstances (patient-
centered care). Effective treatment of TB requires a substantial
period (minimum 6 months) of intensive drug therapy with at
least two bactericidal drugs that are active against the organ-
ism. The initial phase of treatment is crucial for preventing the
emergence of resistance and for the ultimate outcome of TB
therapy.

Four basic regimens are recommended for the treatment of
adult patients with TB caused by organisms that are known or
presumed to be drug susceptible (Table 61-2).61 Because M.W.
has not been treated previously for TB, she should be started on
INH, rifampin, pyrazinamide, and ethambutol. Previous guide-
lines recommended the addition of ethambutol only if the local
prevalence of INH-resistant M. tuberculosis was ≥4%.42,62,63

In the United States, however, 7.3% of M. tuberculosis iso-
lates recovered from patients with no previous history of TB
in 2005 were resistant to INH.13 The prevalence of INH re-
sistance was higher in foreign-born persons (9.8%) compared
with those born in the United States (4.1%).13 Because of the
relatively high likelihood of TB caused by INH-resistant organ-
isms, four drugs are necessary in the initial 8-week treatment
phase. The initial four-drug regimen may be administered daily
throughout the 8-week period (regimen 1), daily for the first
2 weeks and then twice weekly for 6 weeks (regimen 2), or
three times weekly throughout (regimen 3).61 On the basis of
clinical experience, administration of drugs for 5 days/week
is considered to be equivalent to 7 days/week administration
and either may be considered daily. Five-day-a-week admin-
istration should always be given by directly observed therapy
(DOT), however.61 Drug dosages for these recommended reg-
imens are listed in Table 61-3. In addition, two fixed-dose
combination preparations are available in the United States:
Rifamate, which contains INH 150 mg and rifampin 300 mg
per capsule, and Rifater, which contains INH 50 mg, rifampin
120 mg, and pyrazinamide 300 mg per tablet. These formu-
lations are a means of minimizing inadvertent monotherapy,
especially when DOT is not possible, and decreasing the risk
of acquired drug resistance by reducing the number of cap-
sules or tablets that must be ingested each day.61 Ethambutol
can be discontinued as soon as the results from susceptibility
testing demonstrate susceptibility to INH and rifampin. The
incidence of streptomycin resistance has increased globally;
therefore, streptomycin is no longer recommended as inter-
changeable with ethambutol unless the organism is known to
be susceptible to the drug or the patient is from an area in which
streptomycin resistance is unlikely.61

The appropriate initial regimen for M.W. may be optimized
if drug susceptibility test results are available for the strains
recovered from the two patients she had been caring for in the
nursing home. M.W., who is diabetic and has a poor nutritional
status, should also be given pyridoxine 25 mg/day because she
may be at greater risk for the development of INH-induced
peripheral neuropathy (see Question 17).

The high risk of transmission of M. tuberculosis to other
patients and health care workers mandates that hospitalized
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Table 61-2 Treatment Regimens for Pulmonary Tuberculosis Caused by Drug-Susceptible Organisms

Initial Phase Continuation Phase Ratinga (Evidence)b

Interval and Doses Interval and Dosesc Total Doses
Regimen Drugs (Minimal Duration) Regimen Drugs (Minimal Duration) (Minimal Duration) HIV− HIV+

1 INH, RIF,
PZA, EMB

7 days/week for 56 doses (8 weeks)
OR 5 days/week for 40 doses

(8 weeks)d

1a INH/RIF 7 days/week for 126 doses
(18 weeks) OR

5 days/week for 90 doses
(18 weeks)d

182–130 (26 weeks) A (I) A (II)

1b INH/RIF Twice weekly for 36 doses
(18 weeks)

92–76 (26 weeks) A (I) A (II) f

1ce INH/RPT Once weekly for 18 doses
(18 weeks)

74–58 (26 weeks) B (I) E (I)

2 INH, RIF,
PZA, EMB

7 days/week for 14 doses (2 weeks)
then twice weekly for 12 doses
(6 weeks) OR 5 days/week for
10 doses (2 weeks)d then twice
weekly for 12 doses (6 weeks)

2a INF/RIF Twice weekly for 36 doses
(18 weeks)

62–58 (26 weeks) A (II) B (II) f

2be INH/RPT Once weekly for 18 doses
(18 weeks)

44–40 (26 weeks) B (I) E (I)

3 INH, RIF,
PZA, EMB

Three times weekly for 24 doses
(8 weeks)

3a INH/RIF Three times weekly for
54 doses (18 weeks)

78 (26 weeks) B (I) B (II)

4 INH, RIF,
EMB

7 days/week for 56 doses (8 weeks)
OR 5 days/week for 40 doses

(8 weeks)d

4a INH/RIF 7 days/week for 217 doses
(31 weeks) OR

5 days/week for 155 doses
(31 weeks)d

273–195 (39 weeks) C (I) C (II)

4b INH/RIF Twice weekly for 62 doses
(31 weeks)

118–102 (39 weeks) C (I) C (II)

EMB, ethambutol; INH, isoniazid; PZA, pyrazinamide; RIF, rifampin; RPT, rifapentine.
aDefinitions of evidence ratings: A = preferred; B = acceptable alternative; C = offer when A and B cannot be given; E = should never be given.
bDefinitions of evidence ratings: I = randomized clinical trial; II = data from clinical trials that were not randomized or were conducted in other populations; III = expert opinion.
cPatients with cavitation on initial chest radiograph and positive cultures at completion of 2 months of therapy should receive a 7-month continuation phase (31-week; either 217
doses [daily] or 62 doses [twice weekly]).

d Five-day-a-week administration is always given by directly observed therapy (DOT). Rating for 5 day/week regimens is A (III).
eOptions 1c and 2b should be used only in HIV-negative patients who have negative sputum smears at the time of completion of 2 months of therapy and who do not have cavitation
on the initial chest radiograph.
f Not recommended for HIV-infected patients with CD4+ cell counts <100 cells/mL.
From reference 61, with permission.

persons with suspected or confirmed infectious TB be placed
in respiratory isolation until they are determined not to have
TB, they are discharged from the hospital, or they are con-
firmed to be noninfectious.42 Based on M.W.’s subjective and
objective findings, she should be placed in respiratory isola-
tion. M.W.’s symptoms of TB should abate within the first
4 weeks. She would be considered to be noninfectious when
she is receiving effective drug therapy, is improving clinically,
and has had negative results for three consecutive sputum AFB
smears collected on different days.42 Patients who have re-
sponded clinically may be discharged to home despite positive
smears if their household contacts have already been exposed
and these contacts are not at increased risk of TB (e.g., infants,
HIV-positive and immunosuppressed persons). In addition, pa-
tients discharged to home with positive smears must agree not
to have contact with other susceptible persons.42

Fluoroquinolones as Initial Therapy
Interest in the fluoroquinolones for the treatment of TB dates
back >20 years with a report describing the use of ofloxacin
in 19 patients with chronic, drug-resistant disease.64 In a more
recent study from India, 92% to 98% of patients with newly
diagnosed pulmonary TB had negative sputum cultures after

2 months of ofloxacin-containing regimens.65 This study, how-
ever, did not have a standard control for comparison.

Several fluoroquinolones have in vitro activity against
M. tuberculosis. The most potent activity has been reported
with moxifloxacin and gatifloxacin; minimum inhibitory con-
centrations (MICs) for these agents are 4 to 8 times lower than
for levofloxacin.66 In murine models of TB, moxifloxacin, in
combination with rifampin and pyrazinamide, has been shown
to reduce the time to negative lung cultures by up to 2 months
and produce stable cure compared with isoniazid, rifampin, and
pyrazinamide.67,68 In mice treated for 4 months, no relapses
occurred in the moxifloxacin-containing regimen.68

In a recent study, moxifloxacin was compared with etham-
butol in the first 2 months of treatment in adults with smear-
positive pulmonary TB.69 Patients were randomized to receive
moxifloxacin 400 mg daily or ethambutol (based on body
weight), and all patients received INH, rifampin, and pyraz-
inamide. Patients receiving moxifloxacin were more likely
to have negative sputum cultures at 4 weeks (37% vs. 26%,
p = 0.05) and at 6 weeks (54% vs. 42%, p = 0.06), but
the 2-month conversion rates were 71% in each group.69 Re-
lapse rates were not evaluated in this study. Nausea was re-
ported more frequently in the moxifloxacin group (22% vs. 9%,
p = 0.002), but similar proportions of patients in each group
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Table 61-3 Drugs Used in the Treatment of Tuberculosis in Adults and Children

Dose Adjustment in
Drug Dosing (Maximal Dose) Primary Side Effects Renal Impairment Comments

First-Line Agents

Isoniazid Adults: 5 mg/kg (300 mg)
daily; 15 mg/kg (900 mg)
once, twice, or thrice weekly.
Children: 10–15 mg/kg (300
mg) daily; 20–30 mg/kg
(900 mg) twice weekly

Increased aminotransferases
(asymptomatic), clinical hepatitis,
peripheral neuropathy, CNS
effects, lupus-like syndrome,
hypersensitivity reactions

No Peripheral neuropathy preventable with
pyridoxine 10–25 mg; increased
serum level of phenytoin. Hepatitis
more common in older patients and
alcoholics

Rifampin Adults: 10 mg/kg (600 mg)
once daily, twice weekly, or
thrice weekly. Children:
10–20 mg/kg (600 mg) once
daily or twice weekly

Pruritis, rash, hepatotoxicity, GI
(nausea, anorexia, abdominal
pain), flu-like syndrome,
thrombocytopenia, renal failure

No Orange-red discoloration of body
secretions (sweat, saliva, tears,
urine). Drug interactions caused by
induction of hepatic microsomal
enzymes (warfarin, antiretroviral
agents, corticosteroids, diazepam,
lorazepam, triazolam, quinidine,
oral contraceptives, methadone,
sulfonylureas)

Rifabutin Adults: 5 mg/kg (300 mg) once
daily, twice weekly, or thrice
weekly. Children: unknown

Neutropenia, uveitis, GI symptoms,
polyarthralgias, hepatotoxicity,
rash

No Orange-red discoloration of body
secretions (sweat, saliva, tears,
urine). Weaker inducer of hepatic
microsomal enzymes than rifampin.

Rifapentine Adults: 10 mg/kg (600 mg)
once weekly during
continuation phase.
Children: not approved

Similar to rifampin Unknown Drug interactions caused by induction
of hepatic microsomal enzymes (see
rifampin).

Pyrazinamide Adults: 20–25 mg/kg (2 g)
daily; 40–55 kg: 2 g twice
weekly or 1.5 g thrice
weekly; 56–75 kg: 3 g twice
weekly or 2.5 g thrice
weekly; 76–90 kg: 4g twice
weekly or 3 g thrice weekly.
Children: 15–30 mg/kg (2 g)
daily; 50 mg/kg twice
weekly (2 g)

Hepatotoxicity, nausea, anorexia,
polyarthralgias, rash,
hyperuricemia, dermatitis

No Monitor aminotransferases monthly

Ethambutol Adults: 15–20 mg/kg (1.6 g)
daily: 40–55 kg: 2 g twice
weekly or 1.2 g thrice
weekly; 56–75 kg: 2.8 g
twice weekly or 2 g thrice
weekly; 76–90 kg: 4 g twice
weekly or 2.4 g thrice
weekly. Children: 15–20
mg/kg (1 g) daily; 50 mg/kg
(2.5 g) twice weekly

Optic neuritis, skin rash, drug fever Yes Routine vision tests recommended;
50% excreted unchanged in urine

Second-Line Agents

Cycloserine Adults: 10–15 mg/kg/day (1 g),
usually 500–750 mg/day in
two divided doses. Children:
10–15 mg/kg/day (1 g)

CNS toxicity (psychosis, seizures),
headache, tremor, fever, skin
rashes

Yes May exacerbate seizure disorders or
mental illness. Some toxicity
preventable by pyridoxine (100–200
mg/day). Monitor serum
concentrations (peak 20–35 mg/L
desirable)

Ethionamide Adults: 15–20 mg/kg/day
(1 g), usually 500–750 mg/
day in one daily dose or 2
divided doses. Children:
15–20 mg/kg/day (1 g)

GI effects (metallic taste, nausea,
vomiting, anorexia, abdominal
pain), hepatotoxicity,
neurotoxicity, endocrine effects
(alopecia, gynecomastia,
impotence, hypothyroidism),
difficulty in diabetes management

Yes Must be given with meals and
antacids. Monitor aminotransferases
and thyroid-stimulating hormone
monthly.
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Table 61-3 Drugs Used in the Treatment of Tuberculosis in Adults and Children (Continued)

Dose Adjustment in
Drug Dosing (Maximal Dose) Primary Side Effects Renal Impairment Comments

Second-Line Agents (Continued )

Streptomycin Adults: 15 mg/kg/day (1 g);
≥60 years, 10 mg/kg/day
(750 mg). Children: 20–40
mg/kg/day (1 g)

Vestibular and/or auditory
dysfunction of eighth cranial
nerve, renal dysfunction, skin
rashes, neuromuscular blockade

Yes Audiometric and neurologic
examinations recommended; 60% to
80% excreted unchanged in urine.
Monitor renal function

Amikacin Adults: 15 mg/kg/day (1 g);
≥60 years, 10 mg/kg/day
(750 mg). Children: 15–30
mg/kg/day (1 g)

Ototoxicity, nephrotoxicity Yes Less vestibular toxicity than
streptomycin. Monitoring similar to
streptomycin.

Capreomycin Adults: 15 mg/kg/day (1 g);
≥60 years, 10 mg/kg/day
(750 mg). Children: 15–30
mg/kg/day (1 g) as single
dose or twice weekly dose

Nephrotoxocity, ototoxicity Yes Monitoring similar to streptomycin.

Para-
aminosalicylic
acid (PAS)

Adults: 8–12 g/day in two to
three doses. Children:
200–300 mg/kg/day in two
to four divided doses

GI intolerance, hepatotoxicity,
malabsorption syndrome,
hypothyroidism

Yes Liver enzymes and thyroid function
should be monitored.

Levofloxacin Adults: 500–1,000 mg/day Nausea, diarrhea, headache,
dizziness

Yes Do not give with divalent and/or
trivalent cations (e.g., aluminum,
magnesium, iron)

Moxifloxacin Adults: 400 mg/day Nausea, diarrhea, headache,
dizziness

No See levofloxacin

Gatifloxacin Adults: 400 mg/day Nausea, diarrhea, headache,
headache

Yes See levofloxacin

CNS, central nervous system; GI, gastrointestinal.
Adapted from reference 61, with permission.

completed study treatment.69 Controlled studies of other flu-
oroquinolones have also found sputum conversion earlier in
therapy, but no difference in negative cultures at 2 months.70,71

Lastly, fluoroquinolone resistance in M. tuberculosis has been
described, occurring more commonly in multidrug-resistant
isolates.72

Susceptibility Testing
Drug susceptibility testing is essential and should be performed
on all initial isolates of M. tuberculosis; however, these results
may not be available for several weeks after treatment is initi-
ated. The maximal turnaround time for susceptibility testing is
≥30 days from the date of specimen collection.73 To expedite
this process, rapid tests for the detection of drug resistance are
being developed, but none of the tests are currently approved by
the FDA.46 Tests using molecular beacons utilize fluorescent-
labeled, hairpin-shaped DNA probes in which a fluorophore is
adjacent to a molecule which prevents fluorescence.46 Using
a real-time polymerase chain reaction (PCR) assay, fluores-
cence occurs if the amplified PCR products have the wild-type
gene sequence, but fluorescence is not detected if mutations are
present in the target sequence. These tests have high sensitivity
(89%–98%) and specificity (99%–100%) for rifampin resis-
tance, but sensitivity is lower for detecting INH resistance.46

Line probe assays and phage-based assays are commercially
available, but more data are needed. One of the line probe assay

kits, INNO-LiPA Rif. TB, is highly sensitive (>95%) and spe-
cific (>99%) for detecting rifampin-resistant M. tuberculosis
in culture, but more data are needed for application of the test
to clinical specimens.46

Contact Investigation

9. If M.W. is a risk to the community, does anyone need to
know?

Yes! Each case of active TB disease must be reported to
the local, state, or both public health departments.18,42,73 This
not only ensures proper therapy by monitoring adherence to
therapy, but it also ensures that contact and source case inves-
tigations will be performed. They will attempt to evaluate all
people who have been in close contact to M.W. so they may be
evaluated for latent TB infection or active disease as well. Re-
porting of cases also permits record-keeping and surveillance
to determine if public health TB control efforts are achieving
their goal of preventing the spread of TB.42,73

Continuation Therapy
Regimens

10. Six weeks later, M.W.’s sputum cultures were positive for
M. tuberculosis. Drug susceptibility tests demonstrated suscepti-
bility to both INH and rifampin. What drug regimen should be
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used for continued therapy of M.W.? How long should treatment
be continued?

Successful treatment of uncomplicated TB can now be com-
pleted in 6 months (26 weeks) if INH, rifampin, pyrazinamide,
and ethambutol are used for the first 2 months (8 weeks) and
if patient adherence to the regimen and the organism suscepti-
bility can be assured.61 Therefore, after 8 weeks of DOT with
INH, rifampin, pyrazinamide, and ethambutol, M.W.’s regi-
men may be reduced to INH and rifampin daily (5 days or 7
days per week) or two to three times per week under contin-
ued DOT for an additional 18 weeks (Table 61-2). Because
M.W. is HIV-negative and her chest radiograph did not reveal
cavitary lesions, she may also be a candidate for once weekly
administration of INH and rifapentine, as long as her sputum
AFB smear is negative after completing the initial 8 weeks of
therapy.61

One study of 160 patients with both pulmonary and extra-
pulmonary TB demonstrated the effectiveness of a primarily
twice-weekly treatment regimen. It consisted of INH 300 mg,
rifampin 600 mg, pyrazinamide 1.5 to 2.5 g, and streptomycin
750 to 1,000 mg intramuscularly (IM) daily for 2 weeks, fol-
lowed by the same drugs twice weekly at higher doses (except
rifampin) for an additional 6 weeks. The regimen was then re-
duced to INH and rifampin twice weekly for the remaining 16
weeks (4 months). All doses were administered by DOT. Three
months after beginning therapy, 75% of all patients studied had
negative sputum cultures, and all patients were culture nega-
tive at 20 weeks. A 1.6% relapse rate (two patients) and only
minor adverse effects were reported. Another important fea-
ture of this regimen is that it is highly cost effective. Among
the 6- and 9-month regimens, it is the second lowest in cost,
primarily because of the least number of patient–health care
worker encounters (62 directly observed doses).74

If pyrazinamide cannot be included in the initial regimen,
therapy should be initiated with INH, rifampin, and ethambutol
for the first 8 weeks. Therapy should be continued with INH and
rifampin for 31 weeks given either daily or twice weekly.61 If
drugs other than INH and rifampin are used in the initial phase,
treatment must be continued for 18 to 24 months.62

Twice weekly administration of INH (900 mg) and rifampin
(600 mg) is recommended for M.W. because this approach
requires fewer doses and should result in substantial cost
savings.61,74 In addition, the relapse rate for the twice- and
thrice-weekly INH and rifampin continuation regimens is sig-
nificantly lower than the once-weekly regimen of INH and ri-
fapentine 600 mg.75,76 Five characteristics were identified to be
independently associated with increased relapse risk in the INH
and rifapentine group: sputum culture positive at 2 months;
cavitation on chest radiograph; being underweight; bilateral
pulmonary involvement; being a non-Hispanic white person.76

A potential explanation for these results is the high protein
binding of rifapentine (97%). A study evaluated the safety and
tolerability of rifapentine 600 mg, 900 mg, and 1,200 mg once
weekly (with INH 15 mg/kg) in 150 HIV-negative patients.77

A trend toward more adverse events was observed in the 1,200
mg treatment arm (p = 0.051), but the 900-mg dose was well
tolerated.77 Relapse rates for the higher dose rifapentine reg-
imens were not known, however. A subsequent study demon-
strated that low plasma concentrations of INH were associated
with failure or relapse with once-weekly INH and rifapentine.78

Two patients who relapsed with M. tuberculosis monoresistant
to rifamycin had very low INH concentrations.78 Rapid acety-
lation status was a risk factor in those patients who failed or
relapsed.78 Rifamycin pharmacokinetics did not influence pa-
tient outcomes, however.78

Treatment with INH and rifampin should be continued for a
minimum duration of 26 weeks. Recent recommendations sug-
gest that a full course of therapy is determined more accurately
by the total number of doses taken, not solely by the duration of
therapy.61 Thus, 26 weeks is the minimum duration of treatment
and accurately indicates the amount of time the drugs are given
only if there are no interruptions in drug administration.61 Pyri-
doxine 10 to 25 mg/day should be continued throughout the
treatment period. If M.W. is symptomatic or smear or culture is
positive after 3 months of therapy, she should be re-evaluated
for possible nonadherence with her therapy or infection with
drug-resistant organisms. Evaluation should include a second
culture and a second susceptibility test, consideration of DOT
(if not already instituted), and consultation with experts in the
treatment of TB.42

Directly Observed Therapy

11. What exactly is DOT, and why is it important that it be used
in M.W.?

Directly observed therapy is the practice of a health care
provider or other responsible person observing as the patient
ingests and swallows the TB medications. DOT is the preferred
core management strategy for all patients with TB.42,46,61 The
purpose of DOT is to ensure adherence to TB therapy. DOT
not only ensures completion of therapy, but it may also reduce
the risk of developing drug resistance. By improving these two
factors, it also reduces the risk to the community. DOT can
be administered with daily or two- to three-times-per-week
regimens. It can be administered to patients in the office or
clinic setting, or it be given at the patient’s home, school, work,
or other mutually agreed on place.61,62 Often, enablers or in-
centives, such as food, clothing, or transportation, are used to
improve adherence to DOT. A comprehensive review of DOT-
related articles by a consensus panel of public health experts
found that the completion rate of TB therapy exceeds 90%
when DOT, as recommended by the CDC, is used along with
enablers.46,79 A study from San Francisco, California found
that culture-positive patients treated for active pulmonary TB
with DOT had significantly higher cure rates (97.8% vs. 88.6%,
p <0.002) and lower TB-related mortality (0% vs. 5.5%, p =
0.002) compared with patients treated using self-administered
therapy.80 Rates of treatment failure and relapse were similar
between the two groups.80 Although DOT is recommended for
all patients, public health departments may not provide it for
cost reasons. A study reported the cost-to-benefit analysis of
DOT versus self-administered therapy. Although the initial cost
of DOT is greater, when the costs of relapse and failure were
included in the model, DOT was significantly less expensive,
with differences up to $3,999.00 versus $12,167.00.81 When
drug resistance develops because DOT was not used, the cost
of salvage therapy increases to $180,000.00 per patient!82 It is
therefore widely accepted that patients with TB should receive
DOT.81,83
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Multiple Drug Therapy

12. Why is multiple drug therapy indicated for the treatment of
active TB disease? What is the role of each drug in the treatment
of TB?

The key to treating active TB disease is multiple drug ther-
apy for a sufficient time to kill the organisms and to prevent de-
velopment of resistant strains of M. tuberculosis. Most cavitary
lesions contain 109−12 organisms, and the frequency of muta-
tions that confer resistance to a single drug is approximately
10−6 for INH and streptomycin, 10−8 for rifampin, and 10−5

for ethambutol.61 Considering the many organisms involved,
patients with active TB disease likely harbor organisms with
random mutations that confer drug resistance to a given drug.
If a single drug is given, it would reduce the number of drug-
susceptible organisms but leave the drug-resistant organisms
to replicate. By using multiple drug therapy, the likelihood of
encountering organisms with mutations to multiple drugs is re-
duced. For example, the frequency of concurrent mutations to
INH and rifampin would be 10−14 (10−6 for INH and 10−8 for
rifampin), making simultaneous resistance to both drugs an un-
likely event in an untreated patient.61 Therefore, monotherapy
has no place in the treatment of active TB disease.61,82

Multiple drug therapy also serves to sterilize the sputum
and lesions as quickly as possible. The drugs available for
the treatment of TB vary in their ability to accomplish this
task.61 Drugs effective against tubercle bacilli can be divided
into first-line and second-line agents (Table 61-3). The foun-
dation of treatment should be with first-line agents, such as
INH, rifampin, pyrazinamide, and ethambutol. Of the vari-
ous agents, INH has the most cidal activity versus rapidly
multiplying M. tuberculosis during the initial phase of ther-
apy (early bactericidal activity), followed by ethambutol, ri-
fampin, and streptomycin.84–86 Drugs that have potent early
bactericidal activity more rapidly decrease the infectiousness
of the patient and reduce the likelihood of developing resistance
within the bacillary population.61 Pyrazinamide has weak early
bactericidal activity during the first 2 weeks of therapy and
is less effective at preventing emergence of drug resistance
than INH, rifampin, and ethambutol.61,84,87 Therefore, pyra-
zinamide should not be combined with only one other agent
when treating active TB disease. Rifampin also has activity
against intracellular organisms that are usually dormant but
undergo periods of active growth. This ability to penetrate and
destroy the persistent intracellular organisms makes rifampin
extremely valuable in short-course chemotherapy regimens.88

Pyrazinamide is most effective against tubercle bacilli in the
acidic environment within the macrophage or areas of tissue
necrosis. In addition, it is most effective in sterilizing lesions
when used in the first 2 months of treatment, but it does not offer
substantial sterilizing activity after 2 months. Pyrazinamide
is an essential component of the short-course regimens and
must be prescribed for regimens as short as 6 months to be
effective.61,62

Ethambutol is bacteriostatic at low doses and bactericidal at
higher doses. It is moderately effective against the fast-growing
bacilli. It has little sterilizing activity and is primarily used to
prevent the emergence of drug-resistant organisms.62

Streptomycin is bactericidal against the rapidly multiplying
extracellular organisms and is effective when given daily for 2

months followed by two to three times weekly administration
thereafter. In the past, streptomycin was administered by IM
injection, but these IM injections were painful. Therefore, al-
though it is not labeled for IV use, streptomycin may be given in
50 to 100 mL 5% dextrose in water or normal saline and infused
over 30 to 60 minutes.89 Also, as with all aminoglycosides,
streptomycin can cause ototoxicity and nephrotoxicity.62,89

The other drugs used in the treatment of TB (capreomycin,
amikacin, cycloserine, ethionamide, para-aminosalicylic acid)
are usually reserved for cases involving drug-resistant organ-
isms, treatment failures, drug toxicity, or patient intolerance to
the other agents. Their use is discussed later in the chapter (see
Question 23).

Monitoring Drug Therapy
Subjective Symptoms

13. What subjective and objective findings should be followed
to ensure therapeutic efficacy and minimize drug toxicity? Should
M.W. be followed closely after completion of her treatment regi-
men?

M.W. should be questioned about the occurrence of ad-
verse reactions secondary to the INH and rifampin (Table 61-
3). Specifically, she should be asked about anorexia, nausea,
vomiting, or abdominal pain, which may be an indication of
possible hepatitis. Because she has diabetes and is at greater
risk for the development of peripheral neuropathy, she should
be questioned about numbness and tingling in her extremi-
ties. INH-induced peripheral neuropathy, however, should not
be a problem in M.W. because she is also taking pyridoxine,
which should prevent this adverse effect. M.W. also should
be examined for, and questioned about, petechiae or bruises,
because thrombocytopenia occasionally is seen with intermit-
tent rifampin therapy. This effect purportedly occurs more fre-
quently with intermittent rifampin therapy, but it is rare at
the currently recommended intermittent rifampin dose of 10
mg/kg/day (∼600 mg).62

In a study comparing 6-month versus 9-month antituber-
culosis therapies of mostly INH and rifampin in 1,451 pa-
tients, the incidence of side effects was similar between the
two groups. Adverse effects occurred in 7.7% of patients in
the 6-month arm compared with 6.4% in the 9-month arm, a
difference that was not statistically significant (95% CI, 0.0–
4.6%).90 Hepatic disturbances occurred in 1.6% of patients in
the 6-month regimen, a nonsignificant difference from patients
in the 9-month regimens (1.2%). Hematologic disturbances
were rare at 0.2% and 0.0% in the 6-month and 9-month groups,
respectively. Other reported effects, gastrointestinal (GI) prob-
lems, rash, and arthralgias, were minor and infrequent in both
regimens.90

Objective Signs
A pretreatment complete blood count, platelet count, blood
urea nitrogen (BUN), hepatic enzymes (serum aminotrans-
ferases), bilirubin, and serum uric acid should be evaluated.
Baseline visual examination should also be considered for pa-
tients receiving ethambutol. These tests are performed to detect
any abnormality that may complicate or necessitate modifica-
tion of the prescribed regimen. They should be repeated if the
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patient experiences any evidence of drug toxicity or has abnor-
malities at baseline.61,62

M.W. is >35 years of age and at increased risk for develop-
ment of drug-induced hepatotoxicity. INH can cause asymp-
tomatic increases in serum transaminases as well as clini-
cal hepatitis.61 Pyrazinamide has also been associated with
hepatotoxicity, but the incidence is less common at doses
of 25 mg/kg/day. Transient asymptomatic hyperbilirubinemia
and typically cholestatic hepatitis can occur in patients re-
ceiving rifampin.61 Therefore, it is important that that pa-
tient be instructed about possible symptoms of hepatotoxi-
city, primarily nausea, vomiting, abdominal pain, anorexia,
and jaundice. Monthly serum liver function tests (LFT) are
no longer recommended because they are costly, transient,
asymptomatic elevations occur, and it may result in discontin-
uation of optimal therapy. The CDC recommends that med-
ical personnel question the patient about symptoms once
monthly.62

Sputum cultures and smears for AFB should be ordered ev-
ery 2 to 4 weeks initially and then monthly after the sputum
cultures become negative. With appropriate therapy, sputum
cultures should become negative in >85% of patients after 2
months. At this point, they will usually need only one more
sputum smear and culture at the completion of therapy. Radi-
ologic examination (chest radiographs) is not as important as
sputum examination, but it may be useful at the completion of
therapy to serve as a comparison for any future films.

Patients who are culture-positive at 2 months need to be
carefully re-examined. Drug susceptibility testing should be
performed to rule out acquired drug resistance, and special
attention should be given to drug adherence (i.e., DOT should
be used). If drug resistance is demonstrated, the regimen should
be modified as needed (see MDR-TB, Question 23). Sputum
cultures should also be obtained monthly until negativity is
achieved.62

As was the case for M.W., weight loss and nutritional de-
pletion are common in patients with active TB disease. In a
large TB treatment study, 7.1% of patients experienced re-
lapse, with relapse greatest in patients who were underweight
at diagnosis (19.1% vs. 4.8%, p <0.001) or with a body mass
index <18.5 kg/m2 (19.5% vs. 5.8%, p <0.001).91 In those pa-
tients underweight at diagnosis (defined as ≥10% below ideal
body weight), weight gain of 5% or less between diagnosis and
completion of 2 months of therapy was independently associ-
ated with relapse (odds ratio 2.4, p = 0.03).91 In addition, the
relapse rate was 50.5% in underweight patients with a cavi-
tary lesion on chest radiograph, positive sputum cultures after
2 months of therapy, and ≤5% weight gain in the first 2 months
of therapy.91 Therefore, it may be prudent to monitor M.W.,’s
weight during the initial 2 months of therapy and M.W. may
need to receive more intensive therapy or a longer duration of
therapy.

Routine follow-up usually is not required after the success-
ful completion of chemotherapy with INH and rifampin. It
may be prudent, however to re-examine the patient 6 months
after completion of therapy or at the first sign of any symp-
toms suggestive of active TB. This is especially important in
patients who were slow to respond to therapy or who have
significant radiologic findings at completion of therapy. These
recommendations are only for those patients with organisms
fully susceptible to the medications being used.62

Patients who are culture negative but have radiographic ab-
normalities consistent with TB should have an induced spu-
tum or bronchoscopy performed to establish a microbiologic
diagnosis and monitored radiographically. Patients with extra-
pulmonary TB should be evaluated according to the site of
involvement.61,62

Treatment Failure

14. If M.W. does not respond to her current therapy, should one
more drug be added to her regimen?

No! Adding a single drug to a failing regimen is the most
common and devastating mistake in TB therapy today. This
practice is essentially monotherapy because the assumption is
that the organisms are resistant to the medications currently be-
ing used. Resistance to the new drug will eventually develop,
further reducing the patient’s chance of cure. At least two,
and preferably three, new drugs to which susceptibility can be
inferred should be added to lessen the probability of further
acquired drug resistance. Empiric retreatment regimens may
include a fluoroquinolone, an injectable agent (e.g., strepto-
mycin, amikacin, or capreomycin), and an additional oral agent
(e.g., para-aminosalicylic acid, cycloserine, or ethionamide).61

New susceptibilities should be obtained and treatment adjusted
accordingly.1,61,82

TREATMENT OF LATENT TB INFECTION

15. M.W.’s 38-year-old husband, S.W., is skin tested with 5-TU
PPD to determine whether he is infected with M. tuberculosis.
He has a 10 mm reaction to the tuberculin skin test, which is
classified as positive. He does not have any clinical symptoms or
radiographic findings suggestive of active TB at this time. Is he
at risk of developing active disease? What are the current recom-
mendations for drug therapy for persons with latent TB infection?
Should S.W. be treated?

Because S.W. is a household contact of a person with active
TB disease and has a positive tuberculin skin test, he is at great
risk of becoming infected and developing active disease.33,34

During the first year after infection from the source case, a
household contact’s risk of developing active disease is 2% to
4%, with persons having a positive skin test at the greatest
risk.62

Treatment of latent TB infection is effective in preventing
active TB disease in persons who have positive tuberculin skin
tests and in those at risk for reactivation of active TB; there-
fore, it is strongly recommended.33,34,42 Treatment decreases
the population of tubercle bacilli and reduces future morbid-
ity from TB in the groups at high risk for developing active
disease. In clinical studies, INH prevents TB in up to 93%
of persons who receive the drug, depending on the duration
of therapy and patient adherence to the prescribed regimen.33

Although debate regarding the issue continues, the benefits of
treating latent TB infection outweigh the risks of INH-induced
hepatitis because all persons infected with TB is at risk for
developing active disease throughout their lifetime.2,62

S.W. is infected with M. tuberculosis, but he does not cur-
rently have active TB disease. In 2000, the CDC recommended
four regimens for the treatment of latent TB infection, and daily
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INH for 9 months was the preferred regimen.33 Studies in HIV-
negative persons indicated that 12 months of INH was more
effective than 6 months; however, the maximal benefit on INH
is likely achieved by 9 months. Daily INH for 6 months and
twice weekly INH for 6 or 9 months are also recommended
treatment options for latent TB infection.33 In a population of
3,788 patients beginning INH treatment for latent TB, only
64% of patients completed at least 6 months of therapy.92

Higher completion rates were associated with younger age,
Hispanic ethnicity, and non-U.S. country of birth.92 Lower
completion rates were associated with homelessness, excess al-
cohol intake, and experiencing an adverse event.92 One or more
adverse event, generally age related, was reported in 18% of
patients. INH-associated liver injury was seen in only 0.3% of
patients.92

Because of concerns about INH toxicity and poor adherence
secondary to the relatively long duration of therapy, shorter
rifampin-based regimens were also recommended. Rifampin
and pyrazinamide, daily for 2 months or twice weekly for 2 to
3 months, and daily rifampin monotherapy for 4 months were
recommended alternatives to INH therapy.33 In 2001, however,
severe and fatal hepatitis was reported in two patients receiv-
ing rifampin and pyrazinamide for latent TB infection.93 Both
patients developed anorexia and malaise, and liver functions
tests revealed an alanine aminotransferase and an aspartate
aminotransferase (AST) greater than 20 times the upper limit
of normal. The total bilirubin peaked at 17.8 mg/dL and 27.5
mg/dL in the first and second patient, respectively.93 Later in
the same year, the CDC reported an additional 21 cases of liver
injury associated with the 2-month rifampin and pyrazinamide
regimen.94 Of these 21 cases, 16 patients recovered and 5 pa-
tients died of liver failure. The onset of liver injury occurred
during the second month of the 2-month course in those who
died.

To reduce the risk of liver injury associated with rifampin
and pyrazinamide therapy, the American Thoracic Society and
the CDC, with the endorsement of the Infectious Diseases So-
ciety of America, have published revised recommendations for
the treatment of latent TB infection.94 For persons not infected
with HIV, daily INH therapy for 9 months remains the preferred
regimen, and 4 months of daily rifampin is an acceptable al-
ternative. The 2-month rifampin and pyrazinamide regimen
should be used with caution, if at all, especially in patients re-
ceiving medications associated with liver injury or those with
alcoholism. No more than a 2-week supply of INH and pyra-
zinamide should be dispensed at a time to facilitate periodic
clinical assessments of the patient. Serum aminotransferases
and bilirubin should be measured at baseline, and at 2, 4, and
6 weeks of treatment in patients receiving the rifampin and
pyrazinamide regimen.94

Daily rifampin for 4 months was compared with daily INH
for 9 months to assess completion of therapy and costs in a
relatively small study of patients with latent TB infection.95

For the patients randomized to rifampin, 91% took 80% of the
doses, and 86% took more than 90% of the doses at 20 weeks.95

For the patients randomized to INH, 76% took 80% of the
doses, and only 62% took more than 90% of the doses at 43
weeks.95 Discontinuation of therapy because of adverse events
was more common in the INH group (14%) versus the rifampin
group (3%), and the total cost of therapy was significantly less
in the rifampin group.95 Rifampin for 4 months is an effective,

safe, and affordable strategy to consider when treating latent
TB infection in selected populations of patients.95,96

In a study of 399 household contacts of patients with newly
diagnosed pulmonary TB with a positive PPD, TB rates, ad-
verse events, and adherence to therapy were compared between
weekly rifapentine and isoniazid for 12 weeks and daily ri-
fampin and pyrazinamide for 8 weeks.97 Adherence to therapy
was ≥95% in both groups. Four patients developed active TB
disease: three in the rifapentine and INH group and one in the
rifampin and pyrazinamide group (p = NS).97 Of patients in
the rifapentine and INH group, 1% experienced hepatotoxicity
compared with 10% in the rifampin and pyrazinamide group.
Although more data are needed, weekly rifapentine and INH
may be an alternative for treatment of latent TB infection.

S.W. should be placed on INH 300 mg/day for at least
6 months and preferably up to 9 months or rifampin for 4
months.33,94 Although at increased risk of developing INH-
associated liver damage (2.3%) because of his age, S.W. also
has a high risk for developing active TB. In this case, the ben-
efits of treatment outweigh the possible risks of hepatitis. S.W.
should be educated and questioned frequently about the clini-
cal symptoms of hepatitis, such as GI complaints. Pretreatment
serum aminotransferases and bilirubin should be assessed to
rule out pre-existing liver disease. The American Thoracic So-
ciety and the CDC do not recommend routine monitoring of
LFT unless symptoms suggest hepatotoxicity.62

ADVERSE DRUG EFFECTS
Isoniazid
Hepatotoxicity

16. After 2 months of INH therapy, S.W. was found to have an
AST of 130 U/L (normal, 7–40). Discuss the presentation, progno-
sis, and mechanism of INH-induced hepatitis. What are the risk
factors for developing hepatitis? Should INH be discontinued to
prevent further liver damage?

[SI unit: 130 U/L]

Approximately 10% to 20% of patients treated with
INH alone for latent TB infection will develop elevated
serum aminotransferases, which are generally transient and
asymptomatic.61,98 Most patients with mild, subclinical he-
patic damage do not progress to overt hepatitis and recover
completely even while continuing INH. In contrast, continua-
tion of INH in patients with symptoms of hepatitis increased the
risk of mortality compared with immediate discontinuation.61

The risk of death from TB, however, is estimated to be 11 times
higher than the risk of death from INH hepatotoxicity.99

Isoniazid-induced hepatotoxicity generally occurs within
weeks to months of initiating therapy; 60% of cases occur in
the first 3 months and 80% occur in the first 6 months.98 Con-
stitutional symptoms may be seen early and may last from days
to months. Nausea, vomiting, and abdominal pain are seen in
50% to 75% of patients with severe hepatotoxicity.98 Jaundice,
dark urine, and clay-colored stools may also be seen. Recovery
may take weeks after discontinuing INH therapy. The develop-
ment of INH hepatotoxicity has been linked to several factors,
including acetylator phenotype, age, daily alcohol consump-
tion, and concurrent rifampin use. Additionally, women may
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be at higher risk of death, especially during the postpartum
period.99

The mechanisms responsible for INH hepatotoxicity re-
main unclear. Previously, it was thought that rapid acety-
lators had a greater risk for INH hepatotoxicity than slow
acetylators. Rapid acetylators of INH form monoacetylhy-
drazine, a compound that can cause liver damage, more rapidly
than slow acetylators.100 Rapid acetylators also would elimi-
nate monoacetylhydrazine at a faster rate, however, and this
should equalize the risk of toxicity between slow and fast
acetylators.101 One study demonstrated a different incidence
of hepatitis between Asian males and females. Because both
groups were fast acetylators, this study suggests that hepatitis
is associated with factors other than acetylator phenotype.102

Acetylator status alone does not explain the development of
INH hepatotoxicity. Some evidence supports the theory that
INH-induced hepatitis is a hypersensitivity reaction; however,
many patients tolerate INH on rechallenge, discounting this
theory.103,104

Age and concurrent daily alcohol ingestion are the most
consistent risk factors for INH hepatitis.62 Progressive liver
damage is rare in persons <20 years of age. It occurs in ap-
proximately 0.3% of persons between the ages of 20 and 34
years, 1.2% of those between the ages of 35 and 49 years, and
2.3% of persons >50 years of age.62 One prospective cohort
study, however, demonstrated a low incidence of INH hepati-
tis. Of 11,141 patients receiving INH alone for the treatment of
latent TB infection, only 11 (0.1% of those starting and 0.15%
of those completing therapy) developed clinical hepatitis.105

Previous studies suggested a higher incidence of clinical hep-
atitis in patients receiving INH alone, and a meta-analysis of
six studies estimated the rate to be 0.6%.61

High-risk patients should be followed with routine monitor-
ing of LFT. These patients include those who consume alcohol
daily, persons >35 years of age, those taking other hepatotoxic
drugs, those with pre-existing liver disease, IV drug abusers,
black and Hispanic women, and all postpartum women. In
these high-risk patients, INH should be discontinued if the AST
level exceeds three to five times the upper limit of the normal
value.62 Because S.W.’s AST is three times the upper range of
the normal value and he is >35 years of age, INH should be
discontinued temporarily until the AST returns to normal. At
that time, INH should be resumed, and his LFT rechecked. If
the AST increases again, the drug should be discontinued and
S.W. should be followed frequently for development of active
TB.

17. C.M., a 50-kg, 35-year-old woman, is being treated for active
TB disease with INH 1,200 mg and rifampin 600 mg twice weekly.
Is 1,200 mg of INH twice weekly an appropriate dose for a 50-kg
patient? What INH side effects, other than hepatotoxicity, should
be anticipated?

The usual twice-weekly INH dose is 15 mg/kg, with a max-
imal dose of 900 mg; therefore, C.M. should be receiving no
more than 900 mg rather than 1,200 mg of INH. Although
high doses or increased serum concentrations have not been
linked with hepatitis, elevated serum INH concentrations have
been associated with increased central nervous system (CNS)
effects, ranging from somnolence to psychosis and seizure.
GI complaints are also more commonly observed at doses
>20 mg/kg.

Peripheral Neuropathy
Although uncommon at the both the recommended daily and
intermittent doses, INH can cause a peripheral neuropathy by
interfering with pyridoxine (vitamin B6) metabolism.33,61 As
many as 20% of patients may experience this problem with
INH doses >6 mg/kg/day. Numbness or tingling in the feet or
hands is the most common neuropathic symptom. In patients
with medical conditions where neuropathy is common, such
as diabetes mellitus, alcoholism, HIV infection, malnutrition,
and renal failure, supplemental pyridoxine 25 mg/day should
be given with INH.33,61 Women who are pregnant or breast-
feeding and persons with seizure disorders should also receive
supplemental pyridoxine with INH.33

Allergic Reactions
Allergic reactions consisting of arthralgias, skin rash, swelling
of the tongue, and fever have also occurred. INH has been
associated with arthritic symptoms and systemic lupus ery-
thematosus; approximately 20% of patients receiving INH de-
velop antinuclear antibodies.61

Other Reactions
Other reactions that might occur with INH are dry mouth,
epigastric distress, CNS stimulation and depression, psy-
choses, hemolytic anemia, pyridoxine-responsive anemia, and
agranulocytosis.103

Drug Interactions
In addition to the previously mentioned adverse reactions, INH
is a relatively potent inhibitor of several cytochrome P450
isoenzymes (CYP2C9, CYP2C19, CYP2E1), but has mini-
mal effects on CYP3A.61 INH inhibits the hepatic metabolism
of phenytoin and carbamazepine, resulting in increased plasma
concentrations of these drugs. Patients receiving either of these
two drugs with INH should be observed for signs of pheny-
toin or carbamazepine toxicity, such as nystagmus, ataxia,
headache, nausea, or drowsiness. Plasma phenytoin and car-
bamazepine concentrations should be monitored periodically
so that the doses can be adjusted if necessary. Carbamazepine
also may induce INH hepatitis by inducing its metabolism to
toxic metabolites.106 In addition, INH inhibits the metabolism
of diazepam and triazolam. It is important to note that rifampin
has the exact opposite effect on hepatic metabolism. Rifampin
is a stronger inducer than INH is an inhibitor as documented
by the fact that INH-rifampin combination therapy induces the
metabolism of diazepam, phenytoin, and other agents metab-
olized by the cytochrome P450 system.107

Rifampin
Flu-like Syndrome

18. One month after beginning her twice-weekly DOT regimen,
C.M. developed symptoms of myalgias, malaise, and anorexia.
Laboratory data were normal except for a slightly decreased
platelet count. Could C.M.’s symptoms be related to her drug
therapy? What adverse reactions other than hepatotoxicity should
be anticipated in a patient receiving rifampin?

A flu-like syndrome has been reported in about 1% of
patients receiving intermittent rifampin administration. This
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syndrome is rarely seen with usual doses of 600 mg twice
weekly, but the incidence increases with twice-weekly doses
>900 mg. The incidence also increases if the dosage inter-
val is increased to 1 week or longer.108,109 Unless the symp-
toms are severe, discontinuation of the drug is unnecessary.
Because C.M. is receiving rifampin 900 mg twice weekly, her
dose should be reduced to 600 mg and administered daily until
the symptoms subside. The temporary administration of a non-
steroidal anti-inflammatory drug (NSAID) has been used to al-
leviate the flu-like symptoms. Twice-weekly therapy may then
be resumed as long as the dose of rifampin dose does not exceed
600 mg.

Hepatotoxicity
Rifampin (rifapentine) is associated with a <1% rate of hep-
atotoxicity. Therefore, the risk of drug-induced hepatotoxicity
is greater with INH than with rifampin. On occasion, rifampin
can cause hepatocellular injury and potentiate hepatotoxicity of
other antituberculosis drugs.98 Although elevations of liver en-
zymes are seen on occasion, rifampin is more likely to produce
cholestasis, as manifested by increases in alkaline phosphatase
and hyperbilirubinemia without hepatocellular injury.98 Ele-
vations of all liver function tests may be seen transiently dur-
ing the first month of rifampin therapy, but they are usually
benign.61

Thrombocytopenia
Thrombocytopenia is more frequently associated with inter-
mittent or interrupted rifampin administration, likely caused
by production of IgG and IgM antibodies to rifampin. These
antibodies likely fix complement onto the platelets, resulting
in platelet destruction. Hypothetically, intermittent or inter-
rupted rifampin therapy results in increased antibody produc-
tion resulting in destruction of platelets. Once thrombocytope-
nia occurs with rifampin, its subsequent use is contraindicated
because the problem will likely recur.110,111

Miscellaneous Reactions
In addition to the side effects associated with high-dose, in-
termittent therapy, 3% to 4% of patients taking normal doses
of rifampin may experience adverse reactions.110 The most
common of these are nausea, vomiting, fever, and rash. Other
reactions to rifampin include the hepatorenal syndrome hemol-
ysis, leukopenia, anemia, and arthralgias as part of a suspected
drug-induced lupus syndrome.61,112 The development of these
latter reactions would require discontinuation of the drug.

Acute Renal Failure
Acute renal failure has also occurred rarely with rifampin.61

This hypersensitivity reaction may occur with both intermittent
and daily administration and may last as long as 12 months.108

Rifampin should be discontinued, and other drugs (e.g., pyra-
zinamide and ethambutol) should be given. The dose of etham-
butol should be adjusted for renal dysfunction. Both rifampin
and INH may, however, be given in normal dosages to patients
with pre-existing renal failure.113,114

Another important characteristic of rifampin relates to its
chemical makeup. It is an orange-red crystalline powder that
is distributed widely in body fluids. As a result, it can discolor
saliva, tears, urine, and sweat.61 Patients using rifampin should
be warned of this effect and cautioned not to use soft contact
lenses because of possible discoloration. This effect may also
be used to monitor adherence to rifampin therapy.

Drug Interactions
Rifampin is a potent inducer of cytochrome P450 isoen-
zymes, especially CYP3A4.61 The rifamycins differ in their
ability to induce cytochrome P450 isoenzymes, in which ri-
fampin is the most potent, rifapentine is intermediate, and
rifabutin is the least potent enzyme inducer.61 Rifampin in-
creases the metabolism of protease inhibitors, nonnucleoside
reverse transcriptase inhibitors, macrolide antibiotics, azole
antifungal agents, corticosteroids, oral contraceptives, war-
farin, cyclosporine, tacrolimus, theophylline, phenytoin, quini-
dine, diazepam, propranolol, metoprolol, sulfonylureas, vera-
pamil, nifedipine, diltiazem, enalapril, and simvastatin.61,107

While the patient is receiving rifampin, it may be necessary
to monitor serum concentrations of the aforementioned drugs,
where appropriate, or increase their dosages. Also, women who
are taking rifampin and oral contraceptives should use an alter-
native method of birth control. When treating any patient with
rifampin, the health care professional should carefully evaluate
all concomitant medications for the possibility of drug–drug
interactions.

INH-Rifampin
Hepatotoxicity

19. Does the combination of INH and rifampin cause hepato-
toxicity more frequently than either drug alone?

Some initial evidence suggested that the use of INH and
rifampin together was associated with a greater incidence
of hepatotoxicity. The mechanism was thought to be owing
to rifampin induction of the metabolism of INH to either
monoacetylhydrazine or to other hepatotoxic products of hy-
drolysis. Steele et al.104 performed a meta-analysis reviewing
the incidence of hepatitis between 1966 and 1989 using regi-
mens that contained INH without rifampin, rifampin without
INH, and regimens containing both drugs. They found the in-
cidence of clinical hepatitis was greater in regimens contain-
ing both INH and rifampin (2.7%) versus regimens of INH
alone (1.6%), but this effect was additive, not synergistic, and
therefore expected.104 The use of the two drugs together, there-
fore, is not contraindicated. Caution should be used in high-
risk groups such as the elderly, alcoholics, those receiving
concomitant hepatotoxic agents, and those with pre-existing
liver disease.98

Ethambutol
Optic Neuritis

20. S.E., a 65-year-old woman, was placed on INH 300 mg/day,
rifampin 600 mg/day, pyrazinamide 900 mg/day, and ethambu-
tol 1,200 mg/day for initial treatment of active pulmonary TB.
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Two months after the initiation of therapy, she began to com-
plain of blurred vision. A routine eye examination and visual field
tests yielded a diagnosis of optic neuritis. No evidence was seen
of glaucoma, cataracts, or retinal damage. Laboratory tests were
within normal limits except for an elevated serum uric acid (9.7
mg/dL; normal, 2–8 mg/dL) and a slightly elevated serum creati-
nine (SrCr) (1.6 mg/dL; normal, 0.6–1.4 mg/dL). No symptoms of
joint pain were associated with the elevated serum uric acid, and
there was no history of gout. Her calculated creatinine clearance
(ClCr) based on her weight of 65 kg was 35 mL/minute. Could
the visual problem and increased uric acid levels be related to her
medications?

[SI units: uric acid, 576.96 mol/L; SrCr, 123.76 mol/L; ClCr, 0.83 mL/sec]

S.E.’s decrease in visual acuity is compatible with
ethambutol-induced optic neuritis. This condition is character-
ized by central scotomas, loss of red-green color vision, or less
commonly, a peripheral vision defect. The intensity of these
ocular effects is related to the duration of continued therapy
after decreased visual acuity is first noted. The optic neuritis
is dose and duration related. The optic neuritis is rare at doses
of 15 mg/kg.115–117 The incidence is estimated to be 6% for
doses of 25 mg/kg and increases to 15% for doses >35 mg/kg.
Recovery, which may take many months, is usually, but not
always, complete when the drug is discontinued.

The optic neuritis manifested in S.E. is probably caused
by the use of an increased ethambutol dose (18.5 mg/kg) in
a patient with impaired renal function (estimated ClCr 35
mL/minute). Because ethambutol adds no additional benefit
to the INH and rifampin regimen after the first 2 months un-
less drug-resistant organisms are suspected, it can be discon-
tinued. Because ethambutol is excreted by the kidney (50%–
80%), her ethambutol dosage interval (or dosage) for etham-
butol should have been increased based on the decline in cre-
atinine clearance.113 Her visual acuity should be monitored
closely through periodic eye examinations, and she should be
instructed to contact her physician immediately if she experi-
ences any further visual changes.

S.E.’s elevated serum uric acid also may be attributed to
her ethambutol as well as a decline in her renal function, but
it is more likely caused by pyrazinamide, which decreases the
tubular secretion of urate.90 Asymptomatic hyperuricemia sec-
ondary to drugs usually does not require treatment.

SPECIAL TREATMENT CONSIDERATIONS
The Elderly
Incidence

21. G.H., a 75-year-old, 80 kg man who resides in a nursing
home, becomes disoriented, refuses to eat, and has a productive
cough. Physical examination reveals a thin man who is having
slight difficulty breathing. Laboratory findings are essentially nor-
mal with the exception of a slightly elevated BUN of 25 mg/dL
(normal, 10 to 20 mg/dL) and SrCr of 1.3 mg/dL (normal, 0.6–
1.3 mg/dL). A chest radiograph reveals infiltrates in the right
lower lobe; he has a history of congestive heart failure, which is
well controlled. Blood, urine, and sputum samples are sent for cul-
ture and susceptibility testing; the initial Gram stain is negative.
Because the nursing home has recently had two cases of active

TB, a PPD skin test and sputum smear for AFB are ordered. The
PPD skin test induration is 16 mm, and the sputum smear is pos-
itive for AFB. G.H.’s admission skin test several months ago was
negative. Discuss the presentation of TB in the elderly, and the
appropriate treatment of active disease in G.H. Is the incidence
of drug side effects higher in the elderly? Should other patients
in close contact with G.H. receive INH therapy?

[SI units: BUN, 8.93 mmol/L of urea (normal, 3.57–7.14); SrCr, 114.92

mol/L (normal, 53.04–88.4)]

The case rate of TB in adults ≥65 years is increased over
all other age groups (7.7 per 100,000 population).13 In 2005,
2.4% of TB cases were reported in residents of long-term care
facilities,13 and the case rate for nursing home residents is
1.8 times higher than that for elderly persons living in the
community.118 Active TB disease in the elderly has been at-
tributed to a decrease in the immune system followed by reac-
tivation of an earlier infection, but active disease is a common,
endemic infection in nursing home patients with no previous
immunity (negative skin test) to M. tuberculosis.118,119 The in-
cidence of positive skin tests increases after patients have been
in the nursing home >1 month. Therefore, all patients entering
a nursing home should be tested with 5-TU PPD. If the initial
test is negative and a source case is present in the nursing home
(as illustrated by this case), this test should be repeated in 1
month. The rate of tuberculin skin test conversion (from nega-
tive to positive tests) in this population is approximately 5%. If
these recent converters are not treated with INH, approximately
17% will develop progressive pulmonary TB.120

Diagnosis
The diagnosis of active TB in elderly patients is difficult be-
cause the classic symptoms of TB (cough, fever, night sweats,
weight loss) are often absent, and elderly patients may describe
their symptoms poorly. The chest radiograph and PPD skin test
may be the only signs of TB infection.118,120 Frequently, the
chest radiograph is atypical, resembling pneumonia or wors-
ening heart failure. Chest radiographs in the elderly are less
likely to have upper lobe infiltration, but more commonly have
extensive infiltration of both lungs.121 If the patient’s clinical
disease is caused by granuloma breakdown (reactivation), the
chest radiograph often shows apical infiltrates or nodules. If the
disease is progressing from an initial infection, as in the case of
G.H., lower lobe infiltrates may be present.118 TB in this popu-
lation may present clinically with changes in activities of daily
living, chronic fatigue, cognitive impairment, anorexia, or un-
explained low-grade fever. Nonspecific signs and symptoms
that range in severity from subacute to chronic and that persist
for weeks to months must alert clinicians to the possibility that
unrecognized TB is present.122 Sputum examination for M. tu-
berculosis, and AFB smear and culture should be performed
in all patients, including the elderly.

Treatment of Active Disease in the Elderly
The principles of TB treatment are the same for the elderly as
for any other age group.61,118 Because G.H. has clinical symp-
toms of a respiratory infection, positive sputum smears for
AFB, and a positive tuberculin skin test, he should be treated
with a four-drug regimen for active TB disease. Most TB cases
in elderly patients are caused by drug-susceptible strains of
M. tuberculosis; however, notable exceptions would be older
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patients who are from a country or region where the preva-
lence of drug-resistant strains is high, persons who have been
inadequately treated in the past, or persons who acquired the
infection from a recent contact known to be infected with drug-
resistant M. tuberculosis.122 G.H.’s drug regimen likely would
include INH 300 mg, rifampin 600 mg, pyrazinamide 20 to 25
mg/kg daily, and ethambutol 15 to 20 mg/kg daily for 8 weeks
followed by INH and rifampin daily or 2 to 3 times a week for 16
weeks (DOT). Another option might be INH, rifampin, pyra-
zinamide, and ethambutol daily for 2 weeks, followed by twice
weekly for 6 weeks, then INH and rifampin twice weekly for
16 weeks.122 Some clinicians prefer treating the elderly with 9-
month regimens of INH and rifampin. G.H. should also receive
pyridoxine 10 to 50 mg with each dose.62

Adverse Drug Effects
Although INH hepatitis is more common in elderly patients,
both INH and rifampin are generally well tolerated within this
age group, with major hematologic or hepatic side effects oc-
curring in 3% to 4% of patients.123 Therefore, serum amino-
transferases should be assessed at baseline, and G.H. should be
observed monthly for clinical signs of hepatitis. As discussed,
routine monitoring of LFT remains controversial because tran-
sient, asymptomatic rises do occur among the elderly.123

Although uncommon at 600 mg, rifampin given twice
weekly may cause a greater incidence of flu-like symptoms.
Because potential drug interactions with INH and rifampin are
possible, any medication added to the patient’s regimen should
be carefully evaluated. Considering that G.H. has age-related
decreased renal function, signs of ethambutol-induced visual
dysfunction should be monitoring carefully.

Treatment of Latent Infection in the Elderly
Treatment of elderly patients with positive tuberculin skin tests
but no active TB disease with INH 300 mg daily for 6 to 9
months is essential if a source case is present in the nursing
home. Stead et al.120 reported only one case of active disease
in patients receiving therapy for latent TB infection compared
with 69 cases in untreated patients. In patients with recently
converted skin tests, one patient in the group receiving INH
therapy developed active disease compared with 45 who re-
ceived no treatment.120 Rifampin for 4 months is also an ac-
ceptable regimen in the elderly.118

Multidrug-Resistant Organisms
Definition and Etiology

22. M.S., an ill-appearing 22-year-old Asian man, is admitted
to the hospital with signs and symptoms of pneumonia. He is
coughing and his chest radiograph indicates bilateral infiltrates.
He is placed in respiratory isolation pending the results of sputum
testing for M. tuberculosis. He states that he was diagnosed with
TB 3 months ago and started on a regimen of INH, rifampin,
pyrazinamide, and ethambutol. He stopped taking his medication
after 1 month, and an HIV test from 3 months ago was negative.
What is the likelihood of acquired drug resistance?

Drug-resistant M. tuberculosis became increasingly preva-
lent in the United States in the late 1980s to early 1990s, al-
though this has decreased in more recent years.3,4,13,124,125 In
2005, the incidence of INH resistance in the United States

was 7.3%, and the incidence of resistance to both INH and
rifampin (multidrug-resistance) was 1.0%.13 These resistance
rates have remained stable for the past 10 years.13 Resistance to
M. tuberculosis is either primary or acquired. Primary drug re-
sistance occurs when a patient harbors a resistant strain before
any drugs have been administered. Acquired drug resistance
occurs when resistant subpopulations are selected by inappro-
priate therapy.82 The World Health Organization (WHO) con-
ducted a global survey of drug resistance in M. tuberculosis,
which showed that resistance to at least one antituberculosis
drug occurs in a median of 9.9% of strains in patients never
having received treatment (primary) and in 36.0% of strains
in patients who received treatment for at least 1 month (ac-
quired). Based on these results, acquired drug resistance is a
larger problem.125

Acquired drug resistance may be the result of treatment
errors, such as addition of a single drug to a failing regi-
men, inadequate primary regimen, failure to recognize resis-
tance, and, most importantly, nonadherence to the prescribed
regimen. Sporadic ingestion, inadequate dosages, or malab-
sorption of medications can cause susceptible M. tuberculo-
sis strains to become resistant to multiple drugs within a few
months.76,126,127 These resistant organisms can then be trans-
mitted to persons who have never received treatment and lead
to primary resistance in these patients. Patients with MDR-TB
are twice as likely to have cavitary lesions on chest radiography
(p <0.001) and seven times more likely to have reported prior
treatment for TB (p <0.001).128

Patterns and prevalence of drug-resistance vary throughout
the world, and the highest rates of MDR-TB are in countries
of the former Soviet Union and China. As mentioned, the in-
cidence of MDR-TB in the United States has declined from
2.5% in 1993 and has remained stable at 1.0% over the past 10
years.13 Nonetheless, it is important to note that certain pop-
ulations are at risk for infections caused by MDR-TB. These
include HIV-infected persons and those in groups or institu-
tional settings, such as hospitals, prisons, nursing homes, and
homeless shelters.129

M.S. is Asian and, therefore, may have primary resistance
from his country of origin, making a detailed exposure his-
tory essential for the treatment of his infection. M.S. is also
an example of the problem of treatment failure caused by non-
adherence and the potential development of drug-resistant or-
ganisms. Homelessness and lack of awareness of the severity
of TB have been shown to be significantly associated with in-
terruptions in TB therapy.130 Therefore, educational efforts to
improve a patient’s understanding of TB disease is critical for
appropriate treatment of the disease.

Treatment

23. Can M.S. be cured, and how should he be treated?

Many factors can affect the outcome of therapy for MDR-
TB. These include HIV status, treatment adherence, the num-
ber of drugs to which the tubercle bacilli are still suscepti-
ble, and the time since the first diagnosis of TB.131–133 In a
recent study, all 11 patients who were HIV-positive died during
observation.132 In another study, 77% of patients with MDR-
TB had sputum cultures convert to negative in a median time
of 60 days (range, 4–462 days), but 23% of patients never



61-20 � INFECTIOUS DISEASE

converted to negative cultures.133 Of the patients who con-
verted, 60% converted after 4 months of therapy.133 Predic-
tors of a longer time for sputum culture conversion were high
initial sputum colony counts, bilateral cavitation on chest ra-
diograph, previous treatment of MDR-TB, and the number of
drugs the initial isolate was resistant to at the beginning of
therapy.133

Because his recent HIV test was negative, M.S. has a high
probability of treatment success. In HIV-negative patients, 32
(97%) of 33 patients with MDR-TB were cured, and these pa-
tients received an average of five second-line drugs.132 Only
one relapse occurred 5 years after treatment.132 Therefore,
M.S.’s current regimen should be re-evaluated, drug suscep-
tibility testing should be determined, and the patient should be
referred to a specialist or consultation at a specialized treatment
center.61 Current drug susceptibility testing in most institutions
takes several weeks; however, this can be decreased to 3 weeks
with the use of the BACTEC system. When initiating or re-
vising therapy, at least three previously unused drugs to which
there is in vitro susceptibility should be employed, and one
of these agents should be injectable.61 A new regimen should
contain at least four drugs, possibly more, depending on the
severity of the disease and the resistance pattern. If resistance
to INH and rifampin is suspected, M.S. should be started on a
regimen of pyrazinamide, ethambutol, a fluoroquinolone (le-
vofloxacin, ciprofloxacin, or moxifloxacin), and an injectable
agent (streptomycin, amikacin capreomycin), pending the re-
sults of susceptibility testing.61 Treatment should be given by
DOT and continued for 18 to 24 months.61,131

The fluoroquinolone antibiotics, ciprofloxacin, levo-
floxacin, and moxifloxacin are active against mycobacte-
ria, including M. tuberculosis, and they penetrate rapidly
into macrophages and exhibit intracellular mycobactericidal
activity.131 Fluoroquinolones inhibit DNA gyrase in M. tuber-
culosis, but the other molecular target of these agents, topoi-
somerase IV, is absent.131 Older studies did not demonstrate
cross-resistance between fluoroquinolones and other antimy-
cobacterial drugs134,135; however, a recent study found that
76% of ciprofloxacin-resistant strains were resistant to INH
and rifampin.72 Ciprofloxacin, ofloxacin, and levofloxacin have
been used long term for the treatment of mycobacterial in-
fections and were well tolerated with few serious adverse
effects.135,136 Of the commercially available fluoroquinolones
against M. tuberculosis, moxifloxacin is the most potent
agent.66 Limited data suggest that moxifloxacin is an accept-
able option in the treatment of MDR-TB.137 Selection of fluoro-
quinolone resistance has been observed in vivo, and complete
cross-resistance within the class is the accepted rule.131 Other
medications used for MDR-TB include para-aminosalicylic
acid, cycloserine, ethionamide, and capreomycin. These are
all associated with numerous side effects and should not be
prescribed without the guidance of an expert in the treatment
of MDR-TB (Table 61-3).

HIV
Treatment of Latent Infection with MDR-TB

24. L.W., the 26-year-old roommate of M.S., was recently found
to be HIV-positive. Currently, he does not have symptoms of active
TB. His PPD skin test is 6 mm. What is the possibility that M.S. has

infected L.W. with drug-resistant M. tuberculosis? How should he
be managed?

The risk that L.W. is infected with drug-resistant M. tuber-
culosis is high. HIV-infected persons are much more likely
to become infected than persons who are immunocompetent.
Because L.W. is at high risk of infection with multidrug-
resistant organisms, he should be started on two drugs for treat-
ment of latent TB infection.33 He could be started on pyra-
zinamide 20 to 25 mg/kg/day and ethambutol 15 to 20 mg/
kg/day for 12 months. Another possible regimen would
be pyrazinamide and a fluoroquinolone (levofloxacin, mox-
ifloxacin, or ciprofloxacin). The specific regimen for L.W.
should also take into consideration the drug susceptibility re-
sults of his roommate, M.S.

25. Because he is HIV-positive, what is L.W.’s prognosis?

Mortality in patients with HIV who are infected with
MDR-TB remains significantly higher than in HIV-negative
patients.132 If L.W. develops active MDR-TB disease and
had acquired immunodeficiency syndrome (AIDS), his risk of
death would be >70% even with aggressive multidrug treat-
ment.

26. F.R., a 32-year-old man diagnosed with AIDS 6 months ago,
is experiencing mild pleuritic chest pain with a productive cough.
He also has experienced weight loss, fatigue, and night sweats over
the past 2 weeks. A chest radiograph revealed bilateral infiltrates.
Sputum samples are ordered for AFB smear and culture, and
a PPD skin test is placed. The AFB smear is positive, and the
induration from the PPD is 6 mm. His CD4(+) count is 150/mm3.
He is currently receiving zidovudine, lamivudine, lopinavir, and
ritonavir for his HIV disease with no complaints. How does TB
present and what is its frequency in a patient with AIDS? How
effective is skin testing in the diagnosis of latent TB infection?
How should F.R. be treated?

Human immunodeficiency virus infects CD4(+) T cells,
leading to a decrease in cell-mediated immunity. This absence
of immunity allows the rapid development of active TB disease
in a person who is infected with M. tuberculosis.23,49,63,138−140

The lungs are most frequently affected (74%–79% of cases);
however, extrapulmonary disease also occurs much more fre-
quently in patients with HIV infection than in patients with-
out HIV infection (45%–72% vs. 17.5%).138,140 Patients with
AIDS have a much greater chance of extrapulmonary disease
when compared with an asymptomatic HIV-infected person.
Infection with M. tuberculosis may be difficult to distinguish
from other HIV-related pulmonary opportunistic infections
(Pneumocystis jiroveci, M. avium complex). TB often precedes
other opportunistic pulmonary infections and should be ruled
out in any patient with HIV infection.138 Several studies have
identified predictors of poor survival in HIV-infected patients.
These include low CD4(+) cell counts, MDR-TB, no DOT, and
a history of IV drug abuse.141 New therapies, such as the fluo-
roquinolones and immunomodulating agents, may improve the
outcome in these patients, but more clinical research is needed
to assess their value.142

PPD and Treatment of Active Disease
A PPD skin test should be applied to HIV-infected patients.
Nevertheless, only about 30% to 50% of patients with AIDS
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and TB will respond to a PPD skin test with an induration
>10 mm. Therefore, an induration ≥5 mm is considered to
be a positive reaction in this population.33,62,143 F.R.’s reac-
tion to PPD (6 mm) should be considered positive. Based on
his symptoms and positive AFB smear, he should be started
on multiple-drug therapy for treatment of active TB disease.
Recommendations for the treatment of TB in HIV-infected
adults are the same as those for HIV-uninfected persons, with
a few important exceptions (Table 61-2).61 These exceptions
include the potential for drug–drug interactions between rif-
amycins and antiretroviral agents and the potential for the de-
velopment of acquired rifamycin resistance with intermittent
therapy.61,144,145 Antiretroviral therapy should not be withheld
simply because the patient is being treated for TB, and a rif-
amycin should not be excluded for the treatment regimen for
fear of interactions with certain antiretroviral agents.61,146 Ex-
clusion of a rifamycin will likely delay sputum conversion,
prolong the duration of therapy, and possibly result in a poor
outcome.

Treatment of active TB in patients with HIV may be com-
plicated by the occurrence of immune reconstitution inflam-
matory syndrome, which occurs in 30% of patients who begin
therapy for both infections in close temporal proximity.146 This
syndrome reflects reconstituted immunity to M. tuberculosis
and usually occurs in the first 4 to 8 weeks after initiation
of antiretroviral therapy.146 Symptoms include fever, malaise,
and local reactions in organs, depending on the location of the
mycobacterial infection (e.g., lungs). Immune reconstitution
syndrome reactions are best managed with anti-inflammatory
agents, including corticosteroids.146

As noted earlier, rifampin is a potent inducer of cytochrome
P450 isoenzymes (especially CYP3A4), rifapentine is interme-
diate, and rifabutin is the least potent inducer.46,61 Rifabutin
is highly active against M. tuberculosis, so it has been recom-
mended in place of rifampin for the treatment of active TB
in HIV-infected patients receiving certain protease inhibitors
or nonnucleoside reverse transcriptase inhibitors.61 Data from
clinical trials also suggest that rifabutin- and rifampin-based
regimens are equally efficacious.61 Protease inhibitors and non-
nucleoside reverse transcriptase inhibitors may, however, either
induce or inhibit cytochrome P450 isoenzymes, depending on
the specific drug. As a result, these drugs may alter the serum
concentrations of rifabutin.61,147

The CDC has published guidelines for the use of ri-
fampin for treatment of TB in HIV-infected patients receiv-
ing protease inhibitors and nonnucleoside reverse transcrip-
tase inhibitors.148 Based on these guidelines, rifampin can be
used in the following situations: (a) a patient whose antiretro-
viral regimen includes the nonnucleoside reverse transcriptase
inhibitor efavirenz and two nucleoside reverse transcriptase in-
hibitors; (b) a patient whose antiretroviral regimen includes the
protease inhibitor ritonavir and one or more reverse transcrip-
tase inhibitors; or (c) a patient whose antiretroviral regimen in-
cludes the combination of two protease inhibitors.148 Because
F.R. is receiving lopinavir and ritonavir, a potent cytochrome
P450 3A4 inhibitor, he could be started on rifampin 600 mg,
INH 300 mg, pyrazinamide 20 to 25 mg/kg, and ethambutol 15
to 20 mg/kg daily for the first 8 weeks of therapy. If rifabutin is
started in place of rifampin, the dose of rifabutin must be de-
creased to reduce the likelihood of clinical toxicity associated
with increased concentrations of rifabutin (leukopenia, uveitis,

arthralgias, skin discoloration).147 Acquired rifamycin resis-
tance is more common in patients with very low CD4(+) cell
counts or who received intermittent dosing in the first 2 months
of therapy.144,145 Therefore, daily administration is necessary
during the intensive phase of treatment.

After this initial period, if no drug resistance is evident on
susceptibility testing, F.R. can be treated with INH and ri-
fampin (or rifabutin) daily or two to three times a week for
a minimum of 26 weeks. Because he is receiving ritonavir, the
rifabutin dose for intermittent therapy should be 300 mg.147

Although not applicable to F.R. because his CD4(+) count is
150 cells/mL, it should be noted that twice weekly continuation
therapy with INH and rifampin or INH and rifabutin is not rec-
ommended for HIV-infected patients with CD4(+) cell counts
<100 cells/mL because of an increased frequency of acquired
rifamycin resistance.61,147,149 In addition, the once weekly con-
tinuation regimen of INH and rifapentine is contraindicated in
HIV-infected patients because of a high rate of relapse with
organisms that have acquired resistance to the rifamycins.61

Because the margin of error is less in HIV-infected patients,
special care to ensure adherence is required. In other words,
DOT is highly recommended in this population. Furthermore,
if the patient is slow to respond, prolonged therapy (>6 months)
should also be considered. In addition to the antituberculosis
medications, pyridoxine should be given to prevent peripheral
neuropathy.

Drug Interactions

27. Are there any interactions between TB and antiretroviral
agents to consider in F.R.’s therapy?

Yes, many! Since 1995, the FDA has approved several prod-
ucts in the protease inhibitor class of antiretroviral drugs:
ritonavir (Norvir), saquinavir hard-gel capsule (Invirase),
saquinavir soft-gel capsule (Fortovase), indinavir (Crixivan),
nelfinavir (Viracept), amprenavir (Agenerase), and lopinavir
+ ritonavir (Kaletra). These products are the most potent an-
tiretroviral agents available to treat HIV-infected patients, but
they have many drug–drug interactions that are important to
consider. First, all of the protease inhibitors are cytochrome
P450 3A4 inhibitors, and ritonavir is the most potent inhibitor
in the class. As a result, drugs affected by this interaction, such
as rifabutin, will have elevated concentrations. In addition to
their effect on other drugs, the protease inhibitors are affected
by other drugs that affect the cytochrome P450 system, such as
by rifampin, which is a potent inducer of the cytochrome P450
system. The protease inhibitor concentrations are reduced by
35% to 80% with concomitant rifampin administration. This
reduction is somewhat less with rifabutin.150–152

The nonnucleoside reverse transcriptase inhibitors, nevirap-
ine (Viramune), delavirdine (Rescriptor), and efavirenz (Sus-
tiva), are metabolized by cytochrome P450, but they affect
other drugs metabolized by cytochrome P450 3A4 to vary-
ing degrees. Nevirapine is an inducer of CYP 3A4 isoen-
zymes, delavirdine is an inhibitor of CYP 3A4 isoenzymes, and
efavirenz is a mixed inducer–inhibitor. Therefore, their interac-
tions cannot be summarized as a class. The nucleoside reverse
transcriptase inhibitors, such as zidovudine and lamivudine,
are not metabolized by the cytochrome P450 system, making
drug interactions unlikely.152
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Malabsorption
As mentioned, inadequate therapy of TB is one of the main
reasons for treatment failure and development of acquired
drug resistance. This can occur in many ways, such as non-
adherence to therapy or malabsorption of the TB medications.
Malabsorption of TB medications has been documented in
HIV-infected patients. In one study, 19 of 20 patients had sub-
therapeutic serum rifampin concentrations. This phenomenon
is particularly common with rifampin and ethambutol and
explains, in part, the slow response in HIV-infected patients
with TB.127,153−155 Therefore, serum concentrations of rif-
ampin (or rifabutin) and ethambutol should be monitored in
F.R.127,153−155

Therapy of Latent Infection in HIV

28. Why should N.M., an HIV-infected person with a positive
PPD skin test and no clinical symptoms, receive treatment for his
latent TB infection?

The risk of N.M. developing active TB disease is substan-
tial. Pape et al.156 conducted a randomized, placebo-controlled
trial of INH therapy in HIV-infected patients. They found that
patients receiving placebo were six times more likely to de-
velop active TB than those receiving INH. The patients receiv-
ing INH were also less likely to develop AIDS.156 INH 300
mg daily for 9 months is, therefore, recommended for N.M.33

Some clinicians suggest that these patients receive INH for life
because eventual failure of the immune system will allow in-
fection to progress to active disease.138 (Therapy for MDR-TB
is addressed in Question 24.) Therapy should also be consid-
ered in nonanergic, HIV-infected, PPD-negative patients who
have been in recent contact with an infectious TB patient. The
effectiveness of INH therapy in anergic, HIV-infected patients
has not been established.51

Pregnancy

29. E.F. is a 25-year-old Hispanic woman who is being treated
with INH 900 mg and rifampin 600 mg twice a week for pul-
monary tuberculosis. She completed 2 months of therapy with
INH, rifampin, pyrazinamide, and ethambutol, and began the
new regimen 2 months ago. She recently became pregnant, and
her obstetrician is concerned about the possible teratogenic ef-
fects of INH. What are the risks of TB and its treatment to the
mother and the fetus? Are these drugs teratogenic?

Risks, Teratogenicity, and Treatment
Although concerns regarding the use of any medication during
pregnancy always exist, it is now recognized that untreated TB
represents a far greater risk to a pregnant woman and her fe-
tus than does the treatment.61,62 INH, rifampin, pyrazinamide,
and ethambutol are not teratogenic in humans, and the WHO
recommends their use in women who are pregnant.157,158 In
the United States, pyrazinamide is not recommended for use
during pregnancy because of insufficient safety data.61 If pyra-
zinamide is not included in the initial treatment regimen, the
minimal duration of therapy is 9 months.61 All pregnant women

receiving INH also should receive pyridoxine 25 mg/day be-
cause of the possibility of CNS toxicity.

Streptomycin should not be used during pregnancy except
as a last alternative because it has been associated with mild-
to-severe ototoxicity in the infant. This ototoxicity can occur
throughout the gestational period and is not confined to the
first trimester. With the exception of streptomycin ototoxicity,
the occurrence of birth defects in women being treated for TB
with the above agents is no greater than that of healthy preg-
nant women.159,160 Therefore, administration of antitubercu-
losis drugs is not an indication for termination of pregnancy.61

Because E.F. likely became pregnant after completing the first
2 months of therapy, she should continue her current regimen
for a total of 6 months because she received pyrazinamide as
part of the initial regimen.

MDR-TB in Pregnancy
Little is known about the efficacy and safety of second-line
drugs used to treat MDR-TB during pregnancy. Two reports
with small numbers of patients have suggested that treatment
is effective with no adverse effects to mother or child.161,162 In a
study of seven women treated for MDR-TB during pregnancy,
no obstetrical complications or perinatal transmission of MDR-
TB was observed.161 Five women were cured, one experienced
treatment failure, and one stopped therapy prematurely.161 No
evidence of drug toxicity was seen among their children ex-
posed to second-line drugs in utero, although one child was
diagnosed with MDR-TB.162 Clearly, more data are needed,
but pregnancy should not be a limitation to the treatment of
MDR-TB.

Lactation
When the baby is born, E.F. may breast-feed while continuing
her medication. Drug concentrations are minimal and do not
provide sufficient quantities for the treatment or prevention of
TB in the nursing infant.61,62,158

Pediatrics

30. A.M., a 3-year-old black boy, is suspected of having TB. His
father has been receiving treatment for TB for the last 2 months.
A.M. has a productive cough, fever, and general malaise. His spu-
tum is positive for AFB, and his PPD skin test is positive (10 mm).
What is the incidence of TB in children? How should A.M. be
treated?

The incidence of TB in children <15 years of age has de-
clined from 1,663 cases (2.9 per 100,000 population) in 1993
to 863 cases (1.4 per 100,000 population) in 2005.13 Children
commonly develop active TB disease as a complication of the
initial infection with M. tuberculosis, and the disease is charac-
terized by intrathoracic adenopathy, mid and lower lung infil-
trates, and the absence of cavitation on chest radiography.61,163

Because of the high risk of disseminated TB in infants and
children, treatment should be started as soon as the diagno-
sis of TB is suspected. In general, the regimens recommended
for adults are also the regimens of choice for infants, chil-
dren, and adolescents, with the exception that ethambutol is
not used routinely in children.61 Although it is no more toxic,
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ethambutol is often avoided because it is difficult to assess vi-
sual acuity in children. A.M. should be started on INH 10 to 15
mg/kg/day, rifampin 10 to 20 mg/kg/day, and pyrazinamide 15
to 30 mg/kg/day.61,62,163 Many experts prefer to treat children
with three drugs (rather than four) in the initial phase because
the bacillary population is usually lower than in an adult and
it may be difficult for an infant or child to ingest four drugs.
If resistance is suspected, ethambutol 15 to 20 mg/kg/day or
streptomycin 20 to 40 mg/kg/day should be added to the reg-
imen until susceptibility of the organism to INH, rifampin,
and pyrazinamide is known. Pyridoxine is recommended for
infants, children, and adolescents who are receiving INH.61

If resistance is not suspected in A.M. and susceptibility is
confirmed by testing, he should receive the INH, rifampin,
and pyrazinamide daily for 8 weeks. He can then continue to
take the INH and rifampin daily or two to three times a week
(DOT) for an additional 4 months. The dosage for INH and
rifampin in a two to three times a week regimen would be 20 to
30 mg/kg per dose and 10 to 20 mg/kg per dose, respectively
(Table 61-3).

A.M. should be examined routinely for signs and symptoms
of hepatitis. Although antituberculosis medications are gener-
ally well-tolerated in children, LFT two to three times normal
are common. These are often benign and transient; however,
the incidence of hepatitis in children from INH with rifampin
may be four to six times more common than in children re-
ceiving INH alone. Most hepatitis occurs within the first 3
months of therapy and generally is associated with more than
recommended doses of INH or rifampin.104,164

The last guidelines for targeted tuberculin skin testing and
treatment of latent TB in children and adolescents were pub-
lished in 2004.164 Children and adolescents should be screened
for risk factors for TB using a questionnaire, and they should
be skin tested with 5 TU PPD if one or more risk factors
are present.164 Insufficient data are available to recommend
use of whole blood interferon-γ assays in children. INH for
9 months is recommended for treatment of latent TB in this
population.164 Daily rifampin for 6 months is an acceptable
alternative, especially in children who cannot tolerate INH
or those exposed to a source case whose isolate was INH-
resistant.165

Extrapulmonary Tuberculosis and Tuberculous Meningitis

31. R.U. is a 64-year-old man who is brought to the emergency
department following a 4-day period during which he became pro-
gressively disoriented, febrile to 40.5◦C, and obtunded. He also
had severe headaches during this time. Physical examination re-
vealed some nuchal rigidity and a positive Brudzinski sign (neck
resistant to flexion). An initial diagnosis of possible meningitis was
made, and a lumbar puncture ordered. The cerebrospinal fluid
(CSF) appeared turbid, and laboratory analysis revealed an el-
evated protein concentration of 200 mg/dL, a decreased glucose
concentration of 30 mg/dL, and a white blood cell (WBC) count
of 500/mm3 (85% lymphocytes). A Gram stain of the spinal fluid
and a sputum smear for AFB were negative; other laboratory tests
were within normal limits. A diagnosis of tuberculous meningitis
was presumed. Discuss the presentation and prognosis of tuber-
culous meningitis. How should R.U. be treated?

[SI units: WBC count, 500 109/L (0.85 lymphocytes)]

Tuberculous meningitis is only one of the extrapulmonary
complications of infection with M. tuberculosis. Successful
treatment of extrapulmonary TB can usually be accomplished
in 6 to 9 months with an acceptable relapse rate.61,62,166 Some
forms, such as bone or joint TB, miliary TB, or tuberculous
meningitis may require 9 to 12 months of therapy.61 Because
specimens for culture and susceptibility testing may be difficult
or impossible to obtain from a site, response to treatment must
be based on clinical and radiographic improvement.

Tuberculous meningitis in older persons usually is caused
by hematogenous dissemination of the tubercle bacilli from a
primary site, usually the lungs. In its early stages, tuberculous
meningitis often is confused with aseptic meningitis because
the Gram stain is negative. The most common symptoms of
tuberculous meningitis are headache, fever, restlessness, irri-
tability, nausea, and vomiting. A positive Brudzinski sign and
neck stiffness may be present. As illustrated by R.U., the CSF
is usually turbid with increased protein and decreased glucose
concentrations. There is an increase in the CSF WBC count
with a predominance of lymphocytes. Culture of the CSF for
M. tuberculosis may not be helpful because rates of positivity
for clinically diagnosed cases range from 25% to 70%.167 Early
recognition and treatment is essential for a favorable outcome.
Thus, empirical treatment before receipt of confirmatory cul-
ture and susceptibility results is common in suspected tubercu-
lous meningitis. Multiple-drug therapy should be used because
irreversible brain damage or death can occur as soon as 2 weeks
after the onset of infection (not clinical symptoms).167

Treatment
Treatment should be initiated in R.U. with daily administra-
tion of INH 300 mg, rifampin 600 mg, pyrazinamide 20 to 25
mg/kg, and ethambutol 15 to 20 mg/kg for the first 2 months.61

After this initial phase of treatment, R.U. should receive daily
INH and rifampin treatment for an additional 7 to 10 months,
although the optimal duration of therapy is unknown.61 In addi-
tion, because R.U. is older, pyridoxine 10 to 50 mg/day should
be given to prevent the occurrence of peripheral neuropathy
from INH. It also should be remembered that rifampin may
impart a red to orange color to the CSF.

Isoniazid readily penetrates into the CSF, with CSF concen-
trations reaching up to 100% of those in the serum. Rifampin
is often included in tuberculous meningitis regimens and may
be associated with reduced morbidity and mortality; however
even with inflammation, its CSF concentrations are only 6% to
30% of those found in the serum. Ethambutol should be used
in the highest dosage to achieve bactericidal concentrations in
the CSF because its CSF concentrations are only 10% to 54%
of those in the serum. Streptomycin penetrates into the CSF
poorly even with inflamed meninges.168,169

Corticosteroids
Corticosteroids in moderate to severe tuberculous meningitis
appear to reduce sequelae and prolong survival.170 The mecha-
nism for this benefit is likely owing to reduction of intracranial
pressure. Dexamethasone 8 to 12 mg/day (or prednisone equiv-
alent) for 6 to 8 weeks should be used and then tapered slowly
after symptoms subside.170 Corticosteroids are likely indicated
for R.U.
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Solid Organ Transplant Recipients

32. M. S. is 66-year-old man with a history of TB as child.
He recently underwent a renal transplant. Will he develop TB,
and if so, are there any pharmacologic concerns to address in
him?

The risk of developing TB is 36 to 74 times greater among
solid-organ transplant recipients than in the general popula-
tion. The overall mortality rate in this population is 29%. The
increased risk of developing TB is largely caused by the im-
munosuppressive therapy given to prevent transplant rejection.
Although some patients may acquire the TB nosocomially,

most, including possibly M.S., will develop it as reactivation
of dormant TB. More than half of the patients will develop
pulmonary disease. Many, however, will also develop dissem-
inated or extrapulmonary disease, which is difficult to diag-
nose and therefore may cause a delay in diagnosis.171 Patients
should be treated with a standard TB regimen.61,62 Attention
should be paid to potential interactions with rifampin, which
may increase the metabolism of cyclosporine, tacrolimus, and
other medications. In addition, transplant recipients, in partic-
ular liver transplant recipients, may be at an increased risk of
developing INH hepatitis. It is recommended that all transplant
recipients receive a tuberculin skin test and that chemoprophy-
laxis be offered to all high-risk patients.171
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Infectious diarrhea is caused by the ingestion of food or water
contaminated with pathogenic microorganisms or their toxins.
The spectrum of infection caused by enteropathogens includes
asymptomatic carriage to life-threatening illnesses requiring
urgent medical attention. This chapter focuses on the diagnosis
and management of the common microbial causes of acute
infectious diarrhea.

DEFINITIONS
Diarrhea is often defined as three or more episodes of loose
stool or any loose stool with blood during a 24-hour period.1

The duration of illness is often classified as acute diarrhea if
the illness is <2 weeks’ duration, persistent diarrhea if the
illness lasts >14 days, and chronic diarrhea if the illness lasts
>30 days.

The classification of infectious diarrheas as either a nonin-
flammatory or inflammatory diarrheal illness is often used to
predict the most likely enteropathgen causing the illness and
to guide the overall treatment of this infection. Noninflam-
matory diarrheas are generally a less severe illness in which
patients present with nonbloody, watery stools; patients are
afebrile and without significant abdominal pain.1 Examination
of stool specimens does not reveal the presence of fecal white
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blood cells (WBC) or occult blood. Noninflammatory diar-
rheas are typically caused by rotaviruses, noroviruses, Staphy-
lococcus aureus, Bacillus cereus, Clostridium perfringens,
Cryptosporidium parvum, and Giardia lamblia.2 Most patients
with noninflammatory diarrheal illnesses require only support-
ive therapies.

In contrast, inflammatory diarrheas are generally a more
severe illness in which patients present with bloody diarrhea,
severe abdominal pain, and fever,2 and examination of stool
specimens reveals the presence of large numbers of fecal leuko-
cytes. Inflammatory diarrheas are caused by invasive pathogens
including Campylobacter jejuni, Shigella species, Salmonella
species, Clostridium difficile, Shiga toxin-producing Es-
cherichia coli (STEC), and Entamoeba histolytica.2 Selected
persons with inflammatory diarrheal illnesses may benefit from
antimicrobial therapy directed at the causative pathogen.

PREVALENCE
During the 1990s, worldwide, more than 3 million deaths were
attributed to infectious diarrhea, with most deaths occurring
in developing countries.1 The morbidity and mortality from
diarrheal illnesses are largely attributed to dehydration,2 with
the very young, the elderly, and the immunocompromised at
highest risk for this complication.2,3 In developing countries,
infectious diarrhea is mainly attributed to inadequate disposal
of sewage, leading to unsafe drinking water. In developed coun-
tries persons at risk for infectious diarrhea include international
travelers to underdeveloped countries; and persons in institu-
tional settings where maintenance of good hygiene is often
difficult (e.g., day care centers, hospitals, and extended care
facilities). Our increasing reliance on foreign food supplies is
another means by which exposure to foodborne infections may
occur.1 Finally, the increasing numbers of immunocompro-
mised hosts including human immunodeficiency virus (HIV)-
infected persons and organ transplant recipients comprise a
population that is more susceptible to intestinal infections.3

ETIOLOGY
Microbial causes of infectious diarrhea include bacteria,
viruses, protozoa, or fungi (Table 62-1). In developing coun-
tries, rotavirus is thought to be responsible for 60% of all diar-
rheal illnesses,4 whereas the most common bacterial pathogens
include the pathogenic E. coli, Campylobacter, Salmonella,
Shigella, and Vibrio species.4 In the United States, the Food-
Net Surveillance Network also identified these pathogens as the
most common causes of bacterial diarrheal illnesses, adding
Cryptosporidium as a cause of parasitic diarrheal illnesses.4

Rotavirus infection, which is commonly associated with the
hospitalization of children with diarrheal illnesses, is likely to
be the causative agent in many cases of community-acquired
diarrhea.4

PATHOGENESIS
Bacterial Virulence Factors
Enteropathogens possess a number of virulence factors, in-
cluding toxins, adhesions, and invasive properties that con-
tribute to the organism’s pathogenicity.1 Enterotoxins target

the small bowel, causing net movement of fluid into the gut
lumen leading to voluminous quantities of watery stools and
potentially life-threatening dehydration. Watery diarrhea can
also be caused by an alteration in the absorptive function of the
villus tip, as seen with rotaviruses and noroviruses.5 Cytotox-
ins target the colon, causing direct mucosal damage leading to
fever and bloody diarrhea.

The invasive properties identified in Shigella species and
invasive strains of E. coli allow these bacteria to invade and de-
stroy epithelial cells causing bloody or mucoid stools.5 Some
enteropathogens induce a vigorous host response (e.g., release
of proinflammatory cytokines from intestinal epithelial cells)
that can lead to diarrhea.5 Adhesions allow enteropathogens to
attach to and colonize the gastrointestinal (GI) mucosa, facili-
tating invasion, dissemination, toxin delivery, or host cell lysis.

Host Defenses
The human gastrointestinal tract possesses numerous defense
mechanisms to protect against enteric infection. For example,
because many bacteria cannot survive in an acidic environ-
ment, the normal gastric acidity of the stomach prevents vi-
able pathogens from passing from the stomach into the small
intestine. Intestinal peristalsis moves bacteria and their tox-
ins along and out of the GI tract. Gastrointestinal mucus and
mucosal tissue integrity provide physical barriers against in-
fection. Intestinal immunity, including the local production of
antibody, contributes to the host’s ability to resist enteric infec-
tion. Finally, the normal bacterial flora compete for space and
nutrients with potentially pathogenic organisms, or produce
substances that may be inhibitory to enteropathogens.5

Predisposing Factors
Predisposing factors to infectious diarrhea include travel his-
tory, compromised immune status, exposure to outbreaks of
foodborne or waterborne illnesses, poor personal hygiene, and
the use of pharmacologic agents. These predisposing factors
also provide clues to the most likely microbes causing the
diarrheal illness. For example, a diarrheal illness in the set-
ting of recent travel to a developing country suggests travel-
ers’ diarrhea caused by the pathogens endemic to that area.
HIV-infected persons are susceptible to infectious diarrhea
caused by Salmonella, Cryptosporidium, and numerous other
enteropathogens.3 Outbreaks of diarrheal illnesses should raise
suspicions of illness caused by S. aureus, B. cereus, C. per-
fringens, Shigella, Salmonella, Campylobacter, or noncholera
Vibrio.3 In the day care setting, agents spread by the fecal–
oral route, such as Shigella, G. lamblia, and Cryptosporidium,
should be considered.3 Diarrhea in the setting of hospitaliza-
tion or recent exposure to antibiotics increases the likelihood
of C. difficile colitis.1 Drugs that increase gastric pH, such as
H2-receptor antagonists, proton pump inhibitors, or antacids
increase the risk for infection with Salmonella because these
bacteria do not survive well in the normally acidic stomach
(Table 62-2).

CLINICAL PRESENTATION
Details of the patient’s clinical presentation, such as the specific
symptoms, the severity and duration of symptoms, and the
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Table 62-2 Pharmacologic Agents That May Promote
Gastrointestinal Infection

Drug Mechanism

Antacids, H2 -receptor antagonists,
proton pump inhibitors

Increased gastric pH; viable
pathogens passed to lower gut

Antibiotics Eradication of normal (anaerobic)
flora

Antidiarrheals Decreased gut motility; bacterial
growth

Immunosuppressives Inhibition of gut immune defenses

onset of the illness also help to predict the most likely micro-
bial cause of the diarrheal illness. For example, watery diarrhea
associated with nausea and vomiting occurring within hours of
exposure to a contaminated food source suggests the ingestion
of preformed toxins such as those produced by S. aureus or
B. cereus.3 Abdominal cramps and diarrhea occurring within
8–16 hours after consumption of contaminated meats and
gravies suggests infection with C. perfringens.

Bloody diarrhea and fever should raise suspicion of infec-
tion with invasive pathogens, such as Salmonella, Shigella,
and Campylobacter. Some invasive enteropathogens, such
as Campylobacter, Aeromonas, Shigella, and Vibrio para-
haemolyticus, may, however, initially cause watery diarrhea,
which is then followed by bloody diarrhea.1 In the United
States, STEC is the most common cause of bloody diarrhea,
and should be suspected, especially if fever is absent.6

Persistent diarrhea in travelers is associated with parasites
such as G. lamblia, Cryptosporidium, or Isospora belli; and
bacteria such as enteropathogenic E. coli, enterotoxigenic E.
coli, STEC, Shigella, C. jejuni, and Aeromonas.4

Complications of infectious diarrhea most commonly in-
clude dehydration and electrolyte losses. Metabolic alkalosis
can result from the severe vomiting associated with staphylo-
coccal food poisoning, or from gastroenteritis caused by ro-
taviruses or noroviruses. Other complications associated with
specific enteropathogens include toxic megacolon and intesti-
nal perforation following Shigella, STEC, and C. difficile infec-
tion; hemolytic uremic syndrome following STEC and Shigella
infection; a reactive arthritis following Shigella, Salmonella,
and Campylobacter infection; and metastatic infection follow-
ing Salmonella infection.4

TREATMENT OF PATIENTS WITH INFECTIOUS DIARRHEA
Infectious diarrhea is generally a self-limiting illness, and most
patients never seek medical attention. In many cases, replace-
ment of fluids and electrolytes is all that is required. Medical
evaluation is warranted for patients with profuse watery diar-
rhea with dehydration, six or more unformed stools within a
24-hour period, bloody stools, temperature >101.3◦F, or illness
of >48 hours’ duration. Other persons requiring medical eval-
uation for a diarrheal illness include patients >50 years of age
with severe abdominal pain, patients ≥70 years of age, and im-
munocompromised patients (e.g., acquired immunodeficiency
syndrome [AIDS], organ transplant recipient, or patients have
cancer chemotherapy).3 The evaluation of any diarrheal illness
should also consider the possibility of a noninfectious cause for

the illness, such as medications, inflammatory bowel disease,
radiation colitis, or malabsorption syndromes.7

Rehydration Therapy
Depending on the degree of dehydration and ongoing losses,
fluids and electrolytes may be replaced intravenously or orally.
The degree of dehydration is assessed by careful physical ex-
amination and measurement of vital signs. Severe dehydration
is characterized by lethargy and inadequate oral intake; very
sunken and dry eyes and a very dry tongue and mouth; and
a very fast, weak or nonplapable pulse.8,9 Other characteris-
tics of dehydration include poor urine output and low blood
pressure. Intravenous replacement therapies are warranted for
severely dehydrated persons, or persons with intestinal ileus or
who are unable to drink on their own.8

Mild to moderate dehydration can be treated primarily with
oral replacement therapies.8,9 For adults able to drink normally,
beverages containing glucose (e.g., lemonades, sweet sodas, or
fruit juices) or soups rich in electrolytes are recommended.10 In
developing countries, oral replacement therapy solutions con-
taining optimal concentrations of glucose, sodium, potassium,
chloride, and bicarbonate are responsible for the significant
reduction in mortality attributed to dehydration.9 These oral
replacement solutions are effective because sodium absorption
is accelerated in the presence of glucose.9

Laboratory Tests
Inflammatory diarrheal illnesses are characterized by stool
specimens containing large numbers of fecal leukocytes (e.g.,
more than three leukocytes per high-power microscopic field
in four or more fields, or markers of fecal leukocytes such
as lactoferrin) or the presence of occult blood.2,11 Pathogens
commonly cultured from these patients include Shigella,
Salmonella, Campylobacter, Aeromonas, Yersinia, noncholera
Vibrio, and C. difficile.3 The absence of leukocytes in a
stool specimen, however, does not rule out an inflammatory
diarrhea.11 The mean sensitivity of fecal leukocytes for the
prototypical inflammatory diarrheal disease agent Shigella, av-
erages 73% (range, 49%–100%).11 The absence of fecal WBC
suggests a noninflammatory diarrhea.

A microbiologic diagnosis of infectious diarrhea from a
stool sample is made by culture of the pathogen or isola-
tion of toxins (e.g., C. difficile) produced by the organism.
Careful selection of patients in whom stool cultures are per-
formed should maximize the cost-effectiveness of performing
this test.11 Stool cultures are recommended for patients with
one of the following: severe diarrhea; bloody stools; or stools
containing leukocytes, lactoferrin, or occult blood; or an oral
temperature ≥101.3◦F. Cultures are also recommended in pa-
tients with persistent diarrhea who have not been given empiric
antimicrobials.3 Identification of parasitic causes of infectious
diarrhea is made by microscopic examination of a stool spec-
imen for ova and parasites. More sensitive tests to diagnose
parasitic infections include direct immunofluorescence assay
(DFA) to detect G. lamblia and Cryptosporidium, and enzyme
immunoassay (EIA) to detect G. lamblia and Cryptosporidium
antigen.11

Enteropathogens may also be isolated from extraintestinal
sites such as the blood and bone marrow, or other sites to which
infection has spread.
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Drug Therapy
Bismuth Subsalicylate
Bismuth subsalicylate is an antidiarrheal agent with antibac-
terial properties.12 Adverse effects of bismuth subsalicylate
include darkening of the tongue and stools,4 tinnitus,13 and
encephalopathy when high doses are used.4 Bismuth subsali-
cylate can interfere with the absorption of other medications
such as doxycycline used in malaria prophylaxis, and fluoro-
quinolones used in the management of travelers diarrhea.

Loperamide and Diphenoxylate/Atropine
The antimotility agents loperamide and the combination prod-
uct diphenoxylate/atropine provide symptomatic relief by
slowing intestinal transit time.10 Loperamide is preferred over
diphenoxylate/atropine because of its better efficacy, lower
potential for adverse effects, and availability as an over-
the-counter preparation.10 Diphenoxylate/atropine can cause
drowsiness, dizziness, dry mouth, and urinary retention. Al-
though controversial,13 experts do not recommend the use of
antimotility drugs in persons with fever or bloody diarrhea14

or when invasive pathogens are suspected, because of concerns
that prolonging the clearance of pathogens from the intestinal
tract could worsen the severity of illness.13

Probiotics
Probiotics are live microbial mixtures of bacteria and yeasts
used to restore the normal intestinal flora, thereby reducing
intestinal colonization with pathogenic organisms.15 Probi-
otics can also produce pathogen-inhibiting substances, inhibit
pathogen adhesion to the GI tract, inhibit the action of mi-
crobial toxins, and stimulate immune defense mechanisms.16

Interest in probiotics stems in part from their potential to de-
crease the use of antibiotics.

Disadvantages of probiotics include the lack of both well-
controlled trials supporting their efficacy and quality con-
trols on the manufacturing of these products, and the risk for
systemic infection, particularly in the immunocompromised
host.16 Some evidence supports the use of probiotics for the
treatment of rotavirus diarrhea in children and as an adjunct
for the treatment of recurrent C. difficile colitis.16

Antimicrobials
Because infectious diarrhea is generally a self-limiting illness,
the routine use of antimicrobials is not necessary.1 In selected
individuals antimicrobials are beneficial, however, because
they decrease the duration and the severity of illness, prevent
invasive infection, and prevent person-to-person transmission
of pathogens.7 In general, antimicrobials are recommended for
patients with severe illness, patients with conditions that com-
promise normal enteric defenses, or for immunocompromised
patients. Antibiotics are also necessary to treat extraintesti-
nal complications of enteric infection, such as bacteremia and
osteomyelitis.

Trimethoprim-sulfamethoxazole (TMP-SMX), the amino-
penicillins, tetracyclines, and nalidixic acid have been used
extensively for the treatment of enteric infections because of
their ease of administration, relative safety, and low cost. The
emergence of enteric pathogens resistant to one or all of these
agents is limiting their usefulness for both domestically and in-
ternationally acquired infectious diarrhea.7 Depending on the

microbial cause of diarrhea, alternatives to these agents include
the fluoroquinolones, selected third-generation cephalosporins
(e.g., ceftriaxone, cefotaxime, cefixime), azithromycin, and ri-
faximin. Because fluoroquinolones have been widely used in
humans, and in agriculture and veterinary medicine, increasing
resistance to this class of antimicrobials among common bac-
terial enteropathogens, such Salmonella, Shigella and Campy-
lobacter species, is not uncommon.

Besides increasing resistance of enteropathogens to fluoro-
quinolones, another issue with these agents is that they are not
approved for use in children because lesions on cartilage tis-
sue have been reported in juvenile animals.17 Nevertheless, be-
cause of the emergence of multidrug-resistant enteropathogens
in some geographic areas, clinical trials using fluoroquinolones
in children have been performed, and the available data suggest
that a short course of these agents is safe.17,18

Prevention
Measures to prevent the spread of enteropathogens include
good personal hygiene; and proper handling, cooking, and stor-
age of foods. Persons traveling to areas with inadequate sewage
and water systems should follow the rule, “boil it, cook it, peel
it, or forget it.” Vaccines to prevent typhoid fever are available.

TREATMENT OVERVIEW

1. B.K. is a 78-year-old man presenting to his physician with a
diarrheal illness of 1 day’s duration. His illness began with vom-
iting, followed by abdominal pain, nausea, and watery diarrhea
without blood. He denies any fever. B.K.’s history of present ill-
ness is significant for dining with friends at a seafood restaurant
2 nights ago. They all shared an appetizer of raw oysters, and he
has since learned his friends are experiencing a similar illness.
B.K. has no significant medical history. He denies recent hospi-
talization, contact with small children, recent travel, or recent
use of antimicrobials. On physical examination B.K. is alert and
oriented, and is not “toxic” appearing. The remainder of his ex-
amination is only significant for decreased skin turgor and dry
mucous membranes. What is your general approach to the man-
agement of B.K.’s diarrheal illness?

The most common complication of any diarrheal illness is
loss of fluids and electrolytes, which in extreme cases can lead
to hypovolemia, shock, and death. Once replacement of fluid
and electrolyte losses have been addressed, patients are evalu-
ated to determine the need for further medical evaluation and
the need for drug therapy to provide symptomatic relief or spe-
cific antimicrobial therapy directed at the causative pathogen.

2. What specific plan for rehydration would you recommend
for B.K.? Would evaluation of a stool sample for the presence of
WBC or blood provide useful information to assist in treating his
illness?

B.K.’s clinical presentation is that of a nontoxic-appearing
elderly man with signs and symptoms of mild to moder-
ate volume depletion (decreased skin turgor and dry mucous
membranes). An oral rehydration solution containing 45 to
90 mEq/L of sodium can be used to manage his fluid and elec-
trolyte losses.3
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Further medical evaluation to determine if B.K.’s illness is
consistent with an inflammatory or noninflammatory diarrheal
illness will assist in assessing the role of specific drug therapies.
Patients with an inflammatory diarrheal illness may benefit
from antimicrobial therapy directed at the causative pathogen,
whereas those with a noninflammatory diarrheal illness can
generally be treated by fluids and electrolyte replacement. A
stool specimen should be sent to the laboratory and examined
for the presence of WBC and blood.

VIRAL GASTROENTERITIS
Clinical Presentation and Treatment

3. B.K.’s stool is negative for WBC and blood. In the meantime,
because of B.K.’s history of dining with friends with a similar ill-
ness, the physician calls the Board of Health to ask about other
reports of person with a similar illness, and is told of an outbreak
of Norovirus (previously called Norwalk-like virus) gastroenteri-
tis associated with food served at the restaurant where B.K had
dined. Why are B.K.’s history of present illness and clinical pre-
sentation consistent with the presumptive diagnosis of gastroen-
teritis caused by noroviruses?

Noroviruses are estimated to be responsible for more the
two-thirds of pathogen-confirmed, foodborne illnesses.19 Of
the common viral causes of gastroenteritis, B.K.’s history and
clinical presentation suggest a Norovirus as the likely pathogen.
Noroviruses are responsible for major outbreaks of foodborne
viral illnesses in both adults and children, usually in association
with restaurants, schools, and day care centers.19 These viruses
are spread by (a) the consumption of fecally contaminated wa-
ter or foods, such as inadequately cooked clams and oysters
harvested from contaminated waters, (b) person-to-person con-
tact, or (c) exposure to recreational waters.19 Illness typically
begins within 12–48 hours after exposure to the virus and gen-
erally lasts 1–3 days. The gastrointestinal illness is generally
mild, with patients reporting nausea, vomiting, diarrhea, ab-
dominal cramps, myalgias, headache, and chills. Fever occurs
in one-third to one-half of cases. Prevention of illness is aimed
at proper food handling practices.19

Rotaviruses and astroviruses are important causes of in-
fectious diarrhea in children, with rotaviruses responsible
for 30%–60% of all cases of severe watery diarrhea in this
population.20 Following an incubation period of 1–3 days, pa-
tients present with fever, vomiting, and watery but nonbloody
diarrhea. In normal hosts, this illness lasts for 5–7 days.20 Be-
cause rotavirus is spread by the fecal–oral route, preventive
measures include proper handwashing and disposal of con-
taminated items. A recently U.S. Food and Drug Administra-
tion (FDA)-approved rotavirus vaccine (RotaTeq) is indicated
for the prevention of rotavirus gastroenteritis in infants and
children caused by selected serotypes. A three-dose series is
administered between the ages of 6–32 weeks.21

The morbidity and mortality of viral gastroenteritis primar-
ily is caused by fluid and electrolyte losses. Thus, supportive
measures to correct these deficits and replace ongoing losses
are the mainstay of treatment for viral gastroenteritis. Probi-
otics have been found to decrease the duration of diarrhea
caused by the rotavirus. In young children hospitalized with
acute diarrhea primarily caused by rotavirus, a randomized,

double-blind placebo-controlled trial demonstrated that a mix-
ture of lactobacillus strains administered early (<60 hours) in
the course of illness decreased the duration of the diarrheal
illness from 130 hours–80 hours (p = 0.003). The lactobacil-
lus strains used in this study were selected for their potential
probiotic characteristics.22

VIBRIO SPECIES
Vibrio species are curved gram-negative rods whose natural
habitats are the environmental waters. Toxigenic V. cholerae
01 and 0139 cause epidemic cholera in humans,23 whereas
the noncholerae Vibrio species, such as V. parahaemolyticus,
generally cause gastroenteritis and extraintestinal infection.24

Vibrio cholerae

Clinical Presentation

4. M.M., a 50-year-old previously healthy man, is brought to
the emergency department (ED) by his family because of severe
watery diarrhea, vomiting, and altered mental status. His history
of present illness is significant for return 1 day ago from Latin
America where he visited with relatives, several of whom were
recovering from infection caused by V. cholerae. Approximately
24 hours before admission, he noted the onset of watery diarrhea
and began drinking the oral rehydrating solution left over from
his trip to Latin America. Over the past several hours he has been
unable to drink on his own, however, and his family noticed “white
flecks” in his stools.

In the ED, M.M.’s vital signs are as follows: temperature 101◦F,
blood pressure is 70/40 mmHg, and heart rate is 130 beats/minute.
His weight is 61 kg, which is 8 kg below his normal weight. Physical
examination reveals a critically ill man with sunken eyes, poor skin
turgor, and dry mucous membranes. The physician’s assessment
is severe dehydration, most likely secondary to infection from
V. cholerae. What are the signs and symptoms suggestive of severe
dehydration, and how should M.M.’s dehydration be treated?

M.M. shows signs of severe dehydration as manifested by
his altered mental status, sunken eyes, poor skin turgor, dry
mucous membranes, low blood pressure, increased heart rate,
and weight loss of >10% of his normal body weight.8 Other
complications of severe fluid and electrolyte losses associated
with cholera infection include acidosis as a result of bicarbon-
ate losses through stool along with lactic acidosis from shock,
and renal failure secondary to hypovolemia.8

Fluid and electrolyte replacement is the mainstay of treat-
ment for patients with cholera. The watery stools of patients
with cholera contain high concentrations of sodium, potassium,
and bicarbonate.8 In the United States, Ringer’s lactate solu-
tion is the only readily available intravenous (IV) solution with
the electrolyte composition required to treat cholera.8 Vigor-
ous IV hydration to restore his intravascular volume should be
instituted. Monitoring of blood pressure and normalization of
heart rate are mandatory. Once M.M. is able to drink fluids,
oral rehydration can be started even while rehydration with
IV fluids is ongoing. When replacing fluids in patients with
cholera, the use of oral replacement solutions containing <75
mEq/L of sodium is inappropriate because of the large amounts
of sodium lost through cholera stools.8
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5. Why is M.M.’s history of present illness and clinical presen-
tation consistent with a severe diarrheal illness caused by toxin-
producing V. cholerae?

The incubation period of V. cholerae is typically 1–3 days,
but ranges from a few hours to 5 days. The spectrum of ill-
ness caused by V. cholerae includes asymptomatic carriage
(most persons), mild to moderate watery diarrhea, and life-
threatening dehydration.8 M.M. is one of the few (2%–5%)
persons with severe dehydration which, within hours, could
evolve into hypovolemic shock and death. The watery and col-
orless stools with “white flecks” of mucus are referred to as
rice-water stools. Patients can lose up to 1 L/hour of fluid
during the first 24 hours and may lose up to 10% of their
body weight. The watery diarrhea is caused by the cholera
toxin, which promotes the secretion of fluids and electrolytes
by the small intestine. Cholera epidemics are caused by toxin-
producing strains of V. cholerae 01 or 0139.24 Hypoglycemia
can occur in severe cholera, especially in children.8

In developing countries with inadequate sanitation facili-
ties, cholera infection is primarily spread by the consumption
of contaminated water and foods. Foods that are often con-
taminated with V. cholera include improperly preserved fish,
raw oysters, and undercooked shellfish, such as crabs.8 In the
United States and other developed nations, cholera has been
virtually eliminated because of modern sewage and water treat-
ment systems. Nevertheless, cases of cholera are still seen in
the United States, particularly in persons traveling to parts of
Latin America, Africa, or Asia where epidemics of cholera still
occur, or in travelers bringing contaminated seafood back to
the United States. Domestic cases of cholera arise from the
consumption of undercooked seafood harvested from contam-
inated waters off the Gulf Coast.23

Treatment

6. Would M.M. benefit from the administration of antibiotics?

Antimicrobials are beneficial in the treatment of patients
with cholera because they decrease the volume of diarrheal
losses and shorten illness duration.25 In areas of the world
with limited health care resources, shortening the duration of
an illness with the use of relatively inexpensive antimicrobials
is a means of conserving health care resources because of the
shortened hospital stay and less need for intravenous fluids.25

Because antimicrobial resistance patterns of V. cholerae vary
in different regions of the world, as well as change over time
with antimicrobial resistant strains reverting back to suscepti-
ble strains, selection of a specific antimicrobial regimen should
consider the susceptibility pattern of the circulating strain.25

Both single-dose and multiple-dose regimens are clinically ef-
fective for the treatment of V. cholerae infection caused by sus-
ceptible strains; single-dose regimens are preferred because of
their ease of administration.25

Effective single-dose oral regimens in adults infected
with susceptible strains of V. cholerae include 300 mg of
doxycycline,25 1 g of ciprofloxacin,26 or 1 g of azithromycin.27

One study illustrated the importance of the need for on-
going surveillance of antimicrobial susceptibility patterns
of V. cholerae in order to increase the likelihood of clini-
cal success.27 Although a prior study demonstrated the effi-
cacy of ciprofloxacin for the treatment cholera caused by V.
cholerae, a more recent study reported that, because resis-

tance to ciprofloxacin had since emerged, a single 1-g dose
of ciprofloxacin was less effective than a single 1-g dose of
azithromycin.27

Effective single-dose, oral regimens for the treatment of
cholera in children include ciprofloxacin 20 mg/kg (maxi-
mum, 750 mg)28 or azithromycin 20 mg/kg (maximum, 1 g).29

These regimens were as effective as the standard treatment
with erythromycin 12.5 mg/kg/dose (maximum, 500 mg/dose)
Q 6 hr for 3 days. In these studies, single-dose regimens
were better tolerated than the multiple-dose regimen using ery-
thromycin. Compared with children treated with erythromycin,
children treated with a single dose of ciprofloxacin experi-
enced less vomiting and fewer stools,28 and those treated with
azithromycin also experienced less vomiting.29

Effective multiple-dose regimens for cholera include tetra-
cycline (500 mg orally Q 6 hr for 48–72 hours),25 erythromycin
250 mg orally four times daily for 3 days,8 and TMP-SMX
(adults, 160 mg TMP, 800 mg SMX twice daily for 3 days; chil-
dren, 5 mg/kg TMP, 25 mg/kg SMX twice daily for 3 days).8

Although resistance to TMS-SMX had previously been prob-
lematic, more recent strains of V. cholerae O139 causing in-
fection in Bangladesh are now susceptible to trimethoprim and
sulfamethoxazole.30

Vibrio parahaemolyticus

Clinical Presentation

7. C.T. is a 45-year-old man presenting to his family physician
with a 1-day history of nonbloody, watery diarrhea. His history is
significant for return 2 days ago from the coastal areas of Florida.
On the evening before leaving Florida, he and his wife dined at
a seafood restaurant where they shared the same meal, with the
exception of an appetizer of raw oysters that only C.T. had con-
sumed. His wife is not ill. C.T. has no significant medical history.
His physical examination reveals no signs or symptoms of de-
hydration. Why is C.T.’s history of present illness and clinical
presentation consistent with non-cholerae Vibrio gastroenteritis?

A key piece of information from C.T.’s history of present
illness, which is consistent with the presumptive diagnosis of
non-cholerae Vibrio gastroenteritis, is consumption of raw oys-
ters harvested from areas where V. parahaemolyticus species
have been identified. In a survey of V. parahaemolyticus infec-
tion in the United States, gastroenteritis accounted for 59% of
infections, wound infection accounted for 34% of infections,
and septicemia accounted for 5% of infections.24 Following a
median incubation period of 17 hours (range, 4–90 hours),31

clinical manifestations of gastroenteritis include diarrhea, ab-
dominal cramps, nausea, vomiting, and fever. Bloody diarrhea
occurs in 9%–29% of cases.24,31 In Japan, V. parahaemolyticus
is a frequent cause of watery diarrhea because of the consump-
tion of raw fish and shellfish.2

Treatment

8. Should a course of antibiotics be prescribed for C.T.?

In healthy adults, V. parahaemolyticus gastroenteritis is usu-
ally a mild, self-limiting illness lasting a median of 2.4–6
days.32 Antibiotics have not been shown to shorten the course
of uncomplicated infection,32 but they may be helpful in pa-
tients with severe diarrhea.24 Antimicrobials are also used to
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treat wound infections and septicemia.24 When indicated, cef-
tazidime with doxycycline, or doxycycline with ciprofloxacin
or an aminoglycoside is recommended.31 Individuals with liver
disease or alcoholism are at risk for severe Vibrio infections,
including septicemia.24 The risk for infection can be reduced
by avoiding the consumption of raw or undercooked shellfish;
and avoiding the exposure of wounds to seawater, especially
during the warmer months when water temperatures favor the
multiplication of Vibrio.31

STAPHYLOCOCCUS AUREUS, BACILLUS CEREUS, AND
CLOSTRIDIUM PERFRINGENS

Clinical Presentation and Treatment
Staphylococcus aureus, B. cereus, and C. perfringens are
important causes of toxin-mediated foodborne illnesses.
Gastrointestinal symptoms typically begin within 24 hours
of ingestion of contaminated foods, which is in contrast
to the longer incubation periods for illnesses caused by
Salmonella, Shigella, and Campylobacter. B. cereus causes
two different intestinal syndromes: the short-incubation dis-
ease characterized by vomiting (emetic syndrome) and the
long-incubation disease characterized by a diarrheal illness
(diarrheal syndrome).20

9. T.N., a 30-year-old woman, presents to her family physician
with an acute onset of nausea and vomiting. Her history is signif-
icant for attending a Chinese buffet 3 hours ago with friends who
are experiencing a similar illness. The buffet included a variety of
beef, fish, and chicken dishes; fried rice; and desserts, including
cream-filled pastries. T.N. is alert and oriented, and her physical
examination is normal. Why are T.N.’s history of present illness
and clinical presentation consistent with food poisoning caused
by S. aureus, or short-incubation disease caused by B. cereus?
Should empiric antibiotics be prescribed?

Foodborne illnesses are often grouped by their usual in-
cubation period: <6 hours, 8–16 hours, and >16 hours. The
rapid onset (within 6 hours) of T.N.’s GI symptoms after eating
suggests the illness is caused by preformed toxins produced
by S. aureus or B. cereus (short-incubation disease, emetic
syndrome). Diarrhea and abdominal cramps may also occur.
Although cooking kills the toxin-producing bacteria, it does
not destroy toxin that has already been produced. Foods impli-
cated in staphylococcal food poisoning include salads, cream-
filled pastries, and meats,20 whereas foods implicated in B.
cereus food poisoning include fried rice, dried foods, and dairy
products.20

In contrast, the features of T.N.’s illness are not consistent
with signs and symptoms of toxin-mediated illness caused by
C. perfringens or B. cereus (long-incubation disease, diarrheal
syndrome). These bacteria are associated with the onset of
diarrhea and abdominal cramps within 8–16 hours after the in-
gestion of contaminated foods, and vomiting is not a prominent
symptom in these illnesses. C. perfringens or B. cereus caus-
ing the long-incubation disease produces heat-labile toxins in
vivo after the ingestion of contaminated foods, thus, explaining
the longer incubation period compared with illness caused by
the ingestion of preformed toxins. Foods implicated in C. per-
fringens food poisoning include improperly stored beef, fish,
poultry dishes, pasta salads, and dairy products, whereas foods

implicated in long-incubation B. cereus food poisoning include
meats, vanilla sauce, cream-filled baked goods, and salads.20

Illnesses caused by these toxin-producing bacteria usually
resolve within 24 hours. Antibiotic therapy is not indicated.20

SHIGELLA
Shigella species are gram-negative bacilli that are frequent
causes of the dysentery syndrome. Dysentery is a severe man-
ifestation of inflammatory diarrhea characterized by bloody
or mucoid stools, abdominal cramps, and tenesmus (painful
straining when passing stools). Of the four Shigella species,
severe dysentery is most likely to be caused by S. dysenteriae
followed by S. flexneri, whereas a milder illness characterized
by watery diarrhea with or without blood is generally caused by
S. sonnei and S. boydii.33,34 In addition to the greater propensity
for dysentery to be caused by S. dysenteriae, differentiating be-
tween the various Shigella species (i.e., S. dysenteriae versus
other Shigella species) has implications in terms of the clinical
response to the prescribed antimicrobial regimen.

Shigella dysenteriae

Clinical Presentation

10. M.T. is a 60-year-old, ill-appearing man presenting to the
hospital because of worsening bloody diarrhea and fever. Two
days before admission, he noted the onset of fever, abdominal
cramps, and six to seven nonbloody, watery stools. His diarrhea
has since worsened to 10–12 small-volume stools with blood and
mucus, and he now complains of painful straining while passing
his stools. His history of present illness is significant for return
2 days ago from a business trip to Bangladesh. During the busi-
ness portion of his trip, M.T. remained at the hotel where the
meeting was being held and where all of his meals were prepared
by the hotel staff. On the day of his departure, however, he de-
cided to consume meals prepared by local street vendors. M.T.
lives alone in Florida. He has no significant medical history, has
no known drug allergies, and takes no medications. On admis-
sion, his temperature is 101◦F. Physical examination reveals an
acutely ill man with severe abdominal tenderness, and with signs
and symptoms of mild dehydration. Why are his history of present
illness and clinical presentation consistent with the diagnosis of
dysentery, most likely caused by Shigella dysenteriae?

A key piece of information from M.T.’s history of present
illness that is consistent with his presumptive diagnosis of
shigellosis is his recent travel to Bangladesh, where shigel-
losis is endemic because of the lack of adequate systems for
sewage disposal. Epidemics or outbreaks of S. dysenteriae have
been reported in other areas of the world, including South Asia,
India, and Sri Lanka.34 M.T. probably acquired his infection
following the consumption of contaminated foods prepared by
local street vendors. Because as few as 10–100 Shigella or-
ganisms can cause infection in healthy hosts,34 shigellosis is
easily spread by symptomatic persons with diarrhea, by person-
to-person contact, by consumption of contaminated food and
water, or by asymptomatic persons who continue to excrete
shigellae from their stool.35 Good hygiene and access to clean
water and foods are essential to prevent the spread of shigel-
losis.
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As in M.T., symptoms of dysentery begin within 24–48
hours following ingestion of Shigella bacteria and include
fever, fatigue, malaise, and anorexia.35 Watery diarrhea gener-
ally precedes dysentery, and frequently is the only manifesta-
tion of mild infection.35 Progression to dysentery may follow
within hours to days and is characterized by frequent small
volume, bloody, and mucoid stools; abdominal cramps; and
tenesmus.35 Of the four Shigella species, severe dysentery is
most likely to be caused by S. dysenteriae.33,34 Complications
of shigellosis include seizures, hemolytic uremic syndrome
(HUS), and toxic megacolon.35

Treatment

11. Would M.T. benefit from antibiotics to treat his presumed
diagnosis of shigellosis?

Effective antimicrobial therapy for shigellosis has several
benefits. First, effective therapy reduces the average duration
of illness from 5–7 days to about 3 days.35 Within 48 hours of
starting treatment, patients can expect to experience decreases
in stool frequency, the volume of bloody stools, and fever, and
an improved appetite.33 Second, effective antimicrobial ther-
apy reduces the risk of death and serious complications associ-
ated with shigellosis.33 Third, effective antimicrobial therapy
quickly reduces the carriage and excretion of Shigella species,
which serves to limit the spread of infection.36

Despite the aforementioned benefits of antimicrobial ther-
apy in patients with S. dysenteriae type 1 infection, prior case-
control studies suggest an association between the develop-
ment of HUS and antimicrobial use.37 In contrast, a recent
study reported that early administration of effective antimicro-
bials is associated with a low risk for developing HUS. These
authors speculated that the prior association between HUS and
antimicrobial use may have been observed because effective
antibiotics were given later in the course of the illness. Reasons
for the delay in administration of antimicrobials were possibly
related to patient’s delay in seeking medical care, or because
the Shigella species were subsequently found to be resistant to
the empiric antimicrobials prescribed.37

12. What empiric antimicrobial regimens are available for the
treatment of shigellosis?

Shigella species are well known for rapidly becoming resis-
tant to antimicrobials following exposure to these drugs.35 At
one time, effective empiric treatments for shigellosis included
the following older agents administered orally: TMP-SMX18

ampicillin (but not amoxicillin),18,38 or nalidixic acid.18

During the 1990s, as multidrug-resistant Shigella species
(e.g., resistance to ampicillin, TMP-SMX, and chloram-
phenicol) became more common, fluoroquinolones became
the antimicrobials of choice for the empiric treatment of
shigellosis.39 Clinical trials enrolling primarily adults found
norfloxacin 400 mg twice daily for 5 days40 or ciprofloxacin
500 mg twice daily for 3–5 days39,41 were as effective as the
standard therapies used for the treatment of shigellosis. Sub-
sequently, a single dose of ciprofloxacin 1 g42 or norfloxacin
800 mg43 were also found to be as effective as longer treatment
courses for patients with mild to moderate disease. Although
the benefits of the single-dose fluoroquinolone treatments in-
clude greater adherence to therapy and less cost, single dose
regimens are less effective than the standard 5-day treatment

courses in patients with more severe illness42 and in patients
with S. dysenteriae type 1 infection.42

Since the introduction of fluoroquinolones as the drugs
of choice for the empiric treatment of shigellosis, Shigella
species with reduced susceptibility to ciprofloxacin (i.e., higher
ciprofloxacin minimal inhibitory concentrations (MIC) in the
range of 0.25–1 mcg/mL) have been identified in England
and Wales,44 and Shigella species with even higher MIC to
ciprofloxacin (MIC of 8 minimal inhibitory concentration to 32
mcg/mL) have been identified in India.45 Current alternatives
to fluoroquinolones for the empiric treatment of shigellosis in-
clude ceftriaxone,25 and azithromycin,33,46 although there is
no national guideline for in vitro azithromycin susceptibility
testing for Shigella species.46

Besides emerging resistance, also of issue with fluoro-
quinolones are data citing lesions on cartilage tissue in juvenile
animals given these agents.17 Although fluoroquinolones are
not approved for use in children, the emergence of multidrug-
resistant enteropathogens in some geographic areas led to clin-
ical trials of the short-term use of fluoroquinolones in chil-
dren; and the available data suggest that a short course of these
agents is safe.17,47 The World Health Organization’s guide-
line for the control of shigellosis, an infection which is so
common in developing countries, note that the risk of fluoro-
quinolone toxicity in children is outweighed by the benefit of
effective therapy.33 The guideline is intended to assist public
health authorities and health care providers with the manage-
ment of cases shigellosis, and it recommends ciprofloxacin for
the treatment of shigellosis in both children (15 mg/kg orally
twice daily for 3 days) and adults (500 mg orally twice daily
for 3 days).33

Azithromycin has been successfully used in the treatment of
shigellosis. In adults with moderate to severe shigellosis caused
by multidrug-resistant Shigella species (e.g., variable resis-
tance to TMP-SMX, ampicillin, and nalidixic acid), clinical
success was similar for subjects treated with oral azithromycin
(500 mg on day 1, then 250 mg daily for 4 days) or oral
ciprofloxacin (500 mg Q 12 hr for 5 days) 89% versus 82%,
respectively; p >0.2.48 Despite in vitro susceptibility to these
study antibiotics, both azithromycin and ciprofloxacin, how-
ever, were less effective in the subset of patients infected with
S. dysenteriae type 1 (failure rate of 29% and 17%, respec-
tively) compared with patients infected with other Shigella
species (failure rate of 6% for either antibiotic).48

In the setting of epidemic dysentery caused by S. dysen-
teriae type 1 in which nearly all of the isolates were resis-
tant to ampicillin and TMP-SMX, similar clinical outcomes
were observed in adults treated with a single 1-g oral dose of
azithromycin or multiple doses of ciprofloxacin 500 mg orally
twice daily for 3 days. In this study, the mean number of days
until resolution of symptoms after starting therapy was 2.5 days
for azithromycin versus 2.3 days of ciprofloxacin.49

Ceftriaxone and cefotaxime, which are parenteral third-
generation cephalosporins with excellent in vitro activity
against Shigella species, have been used alone39 or with
amikacin45 for the treatment of shigellosis in patients failing
ciprofloxacin therapy. Of concern are reports of ceftriaxone-
resistant S. dysenteriae and other Shigella species from In-
dia, Korea, Taiwan, Argentina, and Turkey. Ceftriaxone resis-
tance in these Shigella strains is attributed to the production of
extended-spectrum β-lactamases.50
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Cefixime, an oral third-generation cephalosporin, is unreli-
able for the treatment of shigellosis with clinical and bacterio-
logic failures reported in 11%–47% and 22%–60% of patients,
respectively.46 The higher treatment failure rate with cefixime
is from a study of adults with illness primarily caused by S.
flexneri and S. dysenteriae type 1, the Shigella species that
typically cause a more severe illness.51 When cefixime was
compared with azithromycin, a trend toward better clinical out-
come and eradication was observed with azithromycin.52

13. Should loperamide be started in patients with dysentery?

The use of loperamide in dysentery is controversial.13 Be-
cause of concerns that prolonging the clearance of pathogens
from the intestinal tract could worsen the severity of illness, ex-
perts do not recommend the use of antimotility drugs in persons
with fever or bloody diarrhea14 or when invasive pathogens
are suspected.13 In adults with bacillary dysentery primarily
caused by Shigella species but who were not critically ill, how-
ever, the combination of ciprofloxacin and loperamide did not
prolong fever. Rather, the combination decreased the number
of unformed stools and shortened the duration of diarrhea.

14. What would be an appropriate antimicrobial regimen to
treat M.T.’s presumed case of shigellosis, likely caused by S. dysen-
teriae?

For persons with mild-to-moderate shigellosis, many au-
thorities recommend treatment with one or two doses of a fluo-
roquinolone. For more severe shigellosis, such as that displayed
by M.T., or for the treatment of proven S. dysenteriae type 1
infection, 3–5 days of therapy is recommended.33,35 Alterna-
tives to fluoroquinolones include ceftriaxone or azithromycin,
and, if susceptible, TMP-SMX or ampicillin

Shigella species other than S. dysenteriae

Clinical Presentation

15. F.F., a 30-year-old, previously healthy female, presents to
her physician with nonbloody, watery diarrhea of 3 days’ dura-
tion. Her history of present illness is significant for close contact
with her 2-year-old nephew who is recovering from shigellosis
caused by S. sonnei, which he acquired from the day care center
he attends. F.F. lives in California and has no significant medi-
cal history. Overall, she feels better compared with the previous
day. F.F. is afebrile, and her physical examination is completely
normal. How does F.F.’s clinical presentation of shigellosis differ
from that of M.T. in the previous question?

Unlike the more severe clinical presentation characteristic
of shigellosis caused by S. dysenteriae, S. sonnei generally
causes a mild and self-limited illness for which antimicrobials
are not generally required, but are often prescribed to shorten
the duration of illness and reduce the infectious period.53 In
industrialized countries, S. sonnei is the most common cause
of shigellosis, accounting for 90% of infections caused by
Shigella species.54

Treatment

16. Should F.F. receive a course of antibiotics to treat her pre-
sumed case of shigellosis?

If prescribed, the antimicrobial choices for F.F. are simi-
lar to those discussed in the previous case. Until recently, in
the United States multidrug-resistant Shigellae had not been
particularly problematic, and therefore TMP-SMX had been
recommended for the empiric treatment of shigellosis.55 In
1995, however, more than 50% of Shigella species isolated
from persons living in Oregon were reportedly resistant to
TMP-SMX or ampicillin.55 In 2005, outbreaks of shigellosis
in United States day care centers reported that 89% of S. son-
nei was resistant to both ampicillin and TMP-SMX.53 The
origin of multidrug-resistant Shigella species in the United
States may be related to migrant workers traveling to areas
such as Latin American and Mexico where multidrug-resistant
Shigella species is common.55

Because fluoroquinolones are not FDA approved for use
in children, in this population, alternatives for the treatment
of multidrug-resistant Shigella species include azithromycin46

and ceftriaxone.33

SALMONELLA
Salmonellae are often referred to as either nontyphoidal (e.g.,
S. typhimurium, S. enteritidis, S. choleraesuis, and many oth-
ers) or typhoidal (S. typhi and S. paratyphi) salmonellae. These
enteric gram-negative bacilli are important causes of food-
borne illness in humans, causing the clinical syndromes of
gastroenteritis, bacteremia, localized infection,56 typhoid fever
(enteric fever) and the chronic carrier state.57 The role of an-
timicrobial therapy in the treatment of salmonellosis is based
on the severity of the patient’s illness, presenting clinical syn-
drome, and underlying health problems.

Nontyphoidal Salmonellosis
Uncomplicated Gastroenteritis in the Immunocompetent Host

CLINICAL PRESENTATION

17. B.B., a 35-year-old, previously healthy man, presents to his
physician with a 1-day history of abdominal pain, nausea, vomit-
ing, and nonbloody stools. One day before the onset of his symp-
toms, he ate a turkey dinner at the local diner, and was later
informed of an outbreak of Salmonella gastroenteritis attributed
to food served at the restaurant. B.B. has no significant medi-
cal history. On physical examination, he is not ill appearing, but
is febrile. The rest of his examination is normal. B.B. is given
the presumptive diagnosis of mild, uncomplicated nontyphoidal
Salmonella gastroenteritis. Why is B.B.’s history of present illness
and clinical presentation consistent with this diagnosis?

A key piece of information from B.B.’s history of present
illness that is consistent with the presumptive diagnosis of
foodborne Salmonella gastroenteritis is his consumption of
foods associated with an outbreak of Salmonella gastroenteri-
tis. Salmonellae are widely found in nature, colonizing animal
hosts, including mammals, reptiles, and birds. Worldwide, non-
typhoidal salmonellae are major causes of foodborne illnesses
related to the consumption of contaminated beverages or foods
such as poultry (chickens, turkeys, ducks) or poultry products
(eggs), and dairy products.56

As in B.B., symptoms of Salmonella gastroenteritis usu-
ally begin 6–72 hours after ingestion of contaminated foods.
B.B. displays some of the typical clinical manifestations
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of Salmonella gastroenteritis, including the acute onset of
fever, diarrhea, and abdominal cramping. Other manifesta-
tions of Salmonella gastroenteritis include bloody diarrhea and
dehydration.54

TREATMENT

18. Should B.B. receive a course of antibiotics to treat his pre-
sumed diagnosis of uncomplicated nontyphoidal Salmonella gas-
troenteritis?

In otherwise healthy individuals such as B.B. presenting
with a mild episode of uncomplicated gastroenteritis secondary
to nontyphoidal Salmonella species, antibiotics are not rou-
tinely recommended because this is typically a self-limiting
illness lasting for 2–5 days. In most instances, persons with un-
complicated nontyphoidal Salmonella gastroenteritis require
only replacement of fluid and electrolyte losses. When antimi-
crobials have been prescribed in this setting, they have not re-
duced the duration or severity of illness.54 In addition, unneces-
sary use of antimicrobials may prolong asymptomatic carriage
of these organisms,54 place patients at risk for adverse drug re-
actions, and promote the emergence of antimicrobial-resistant
bacteria.54 A recent study in children confirmed that antimicro-
bials are still not mandatory even when nontyphoidal salmonel-
losis (manifesting primarily with GI symptoms and limited
signs of systemic inflammation) is caused by antimicrobial-
resistant Salmonellae.54

Antimicrobials should be reserved for persons who are
severely ill56 or for persons with risk factors for developing
extraintestinal Salmonella infection. Antimicrobials can also
be used when rapid interruption of fecal excretion of organisms
is needed to control outbreaks of salmonellosis in institution-
alized persons.56

19. Following resolution of B.B.’s acute episode of Salmonella
gastroenteritis, he is inadvertently found to be still excreting
Salmonella bacteria from his stool, despite remaining asymp-
tomatic. Should antimicrobials be prescribed to eliminate B.B.’s
intestinal carriage of nontyphoidal Salmonella?

Antimicrobials provide no benefit to persons such as B.B.
who are asymptomatic carriers of nontyphoidal Salmonella
and, therefore, they are not recommended to eliminate intesti-
nal carriage of these organisms.58 In healthy, asymptomatic
adults living in an area where nontyphoidal salmonellae are
endemic, a randomized, double-blind trial concluded that nei-
ther norfloxacin nor azthromycin was any better than placebo in
eradicating intestinal carriage of these organisms.58 Although
antimicrobials can rapidly convert stool cultures to negative
immediately after therapy, a longer follow-up reveals usually
no difference in the time to final clearance of Salmonella in
persons given antimicrobials versus those given placebo.56 The
median duration of fecal shedding of nontyphoidal Salmonella
is about 1 month in adults and 7 weeks in children <5 years of
age.56

Adverse consequences of using antimicrobials to eliminate
intestinal carriage is the emergence of Salmonellae that are
resistant to the antibiotics used,58 and adverse effects to the
antimicrobial.

Gastroenteritis in Patients at Risk for Extraintestinal
Salmonella Infection

CLINICAL PRESENTATION

20. W.M., a 75-year-old moderately ill-appearing man, presents
to his clinic physician with signs and symptoms of Salmonella
gastroenteritis. His history of present illness is significant for eat-
ing the same turkey dinner as B.B (Question 17). In contrast to
B.B., W.M.’s medical history is significant for recently diagnosed
leukemia. Would antimicrobial therapy benefit W.M.?

Overall, <5% of patients with nontyphoidal Salmonella
gastroenteritis become bacteremic, although infections with
S. choleraesuis and S. dublin are more likely to cause
bacteremia.59 Host factors that compromise the body’s abil-
ity to contain infections increase the risk for extraintesti-
nal Salmonella infection. These host factors include a very
young age; persons with HIV infection, diabetes, malignancy,
rheumatologic disorders, and low gastric pH (e.g., as in infancy,
pernicious anemia, or induced by medications); and persons
receiving immunosuppressive therapies.56 Bloodstream infec-
tion with Salmonella can lead to hematogenous seeding of any
body site.56

Antimicrobial therapy (usually 3–7 days is reasonable) is
recommended for persons such as W.M. who are severely ill,
or who have host factors that increase their risk for extraintesti-
nal spread of infection.56 Additionally, a short course (duration
of 48–72 hours or until the patient is afebrile) of antimicro-
bials is also commonly recommended for persons >50 years of
age who may have atherosclerotic lesions which, if bacteremia
were to occur, could become hematogenously seeded.56 Other
extraintestinal infections seen in persons with Salmonella bac-
teremia include osteomyelitis, septic arthritis, meningitis, and
infectious endarteritis.59

TREATMENT

21. What antimicrobials are available for the treatment of non-
typhoidal Salmonella infection? What empiric antibiotic would
be appropriate for W.M.?

Before the 1980s, the drugs of choice for the treatment of
nontyphoidal salmonellosis included ampicillin, TMP-SMX,
and chloramphenicol.59 Because it is not uncommon to find
that more than 50% of nontyphoidal Salmonella are resistant
to these antimicrobials, fluoroquinolones are now widely used
for the empiric treatment of salmonella infection.59

In the 1990s, reports of suboptimal clinical responses in
persons with nontyphoidal salmonellosis treated with fluo-
roquinolones raised questions about the effectiveness of this
class of antimicrobials for the treatment of salmonellosis.60

Microbiologic tests revealed these Salmonella strains were
resistant to nalidixic acid, a drug which is the proto-
type for the quinolone group of antimicrobials.60 Nalidixic
acid-resistant salmonellae generally have higher MIC to
ciprofloxcin (MIC range of 0.12–0.5 mcg/mL) compared with
nalidixic acid-susceptible strains (MIC <0.03 mcg/mL).60

In the United States, nalidixic acid-resistant, nontyphoidal
Salmonella species increased from 0.4% in 1996 to 2.3% in
2003.61

Infection with antimicrobial-resistant Salmonella is associ-
ated with suboptimal clinical outcomes. Some evidence sug-
gests that standard, long-course (7–10 days) fluoroquinolone
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regimens are less effective for the treatment of infection caused
by nalidixic acid-resistant Salmonellae.60 In addition, persons
with bloodstream infection caused by antimicrobial-resistant
nontyphoidal Salmonella are more likely to have bloodstream
infection and to be hospitalized versus persons with infection
caused by pansusceptible Salmonella.62

With concerns over fluoroquinolone resistance in
Salmonella species, alternative antimicrobials include the
expanded spectrum cephalosporins (cefotaxime or ceftriax-
one) and imipenem.59 Azithromycin has also been used in
a limited number of cases of nontyphoidal salmonellosis.56

Since 1991, however, nontyphoidal Salmonella species re-
sistant to extended-spectrum cephalosporins are increasingly
being identified in many areas of the world.59 Salmonella
resistance to the expanded spectrum cephalosporins is
primarily attributed to the production of extended spectrum
β-lactamases,59 and these strains may also exhibit decreased
susceptibility to ciprofloxacin.63 Imipenem has been success-
fully used for the treatment of invasive infection caused S.
enterica serotype choleraesuis resistant to both ceftriaxone
and ciprofloxacin.64

Invasive Nontyphoidal Salmonella Infection

22. B.T., a severely ill-appearing, 70-year-old man, presents to
the ED with complaints of severe abdominal pain, bloody diar-
rhea, new-onset right hip pain, and a temperature of 102◦F. His
history of present illness is significant for eating the same turkey
dinner as B.B. (Question 17) and W.M. (Question 18). His past
history is significant for a right hip prosthesis. Would B.T. benefit
from antibiotic therapy?

CLINICAL PRESENTATION AND TREATMENT
B.T. is presenting with signs and symptoms of Salmonella

gastroenteritis, and probable bloodstream infection compli-
cated by localized infection to his prosthetic hip (i.e., new onset
right hip pain). Treatment of Salmonella bacteremia without
other infectious complications is generally successful follow-
ing 10–14 days of antimicrobial therapy. A longer duration of
treatment and surgery may be required for metastatic infections
such as osteomyelitis.56

Regarding empiric antimicrobial treatment for B.T., the
widespread resistance to older agents (e.g., ampicillin and
TMP-SMX) makes these agents unsuitable options until sus-
ceptibility data are available. Instead, empiric therapy with an-
timicrobials, such as selected third-generation cephalosporins
(cefotaxime or ceftriaxone), or a fluoroquinolone can be
used, keeping in mind the possibility of resistance to fluoro-
quinolones. Selection of a specific antimicrobial should also
consider the specific extraintestinal site of infection.

Typhoidal Salmonellosis—Typhoid Fever (Enteric Fever)
Enteric fever is an acute systemic illness caused by typhoidal
Salmonellae, most commonly S. typhi. Enteric fever caused by
S. typhi is referred to as “typhoid fever,” whereas enteric fever
caused by S. paratyphi is referred to as “paratyphoid fever.”

Clinical Presentation

23. B.C., a 49-year-old obese woman, presents to the ED with a
1-week history of fever, abdominal pain, headache, anorexia, and

diarrhea. One day before admission, she noted a new red rash on
her chest. Her history of present illness is significant for return 10
days ago from travel to the Indian subcontinent where she stayed
with relatives, some of whom were recovering from typhoid fever.
B.C.’s medical history is significant for gallstones. She lives in Cal-
ifornia with her husband. On admission, she is alert and oriented
and moderately ill appearing. Vital signs are as follows: tempera-
ture is 101 ◦F and heart rate is 60 beats/minute, blood pressure is
stable. Physical examination is significant for splenomegaly and
hepatomegaly. Laboratory tests include the following: WBC is
3.0 × 106/mm3; liver function tests are mildly elevated and the re-
sults of two sets of blood cultures are pending. Why is her history
of present illness, clinical presentation, and laboratory findings
consistent with the presumed diagnosis of typhoid fever?

B.C.’s recent travel history to the Indian subcontinent and
exposure to relatives recovering from typhoid fever are key
pieces of information supporting her diagnosis of typhoid
fever. Most cases of typhoid fever occur in developing areas of
the world, including the Indian subcontinent, Southeast Asia,
Africa, and Latin America where the disease is endemic.57 In
developed countries, enteric fever is a sporadic disease occur-
ring mainly in travelers returning from areas where the disease
is endemic. In the United States, 74% of cases of typhoid fever
are diagnosed in persons reporting recent travel.57 It is likely
that B.C acquired her infection following the consumption of
contaminated foods during her trip to the Indian subcontinent.

B.C.’s clinical presentation includes the classic signs and
symptoms of enteric fever, such as high fever for >1 week as-
sociated with abdominal pain, anorexia, diarrhea or constipa-
tion; headache, dry cough, splenomegaly, and hepatomegaly.57

Other manifestations of severe typhoid fever include GI bleed-
ing, encephalopathy and shock.57 Laboratory abnormalites
consistent with typhoid fever include B.C.’s low WBC count
and mildly elevated liver function tests.57

The incubation period of B.C.’s illness is consistent with
the usual 7–14 days seen in persons with typhoid fever.57

During the incubation period, Salmonellae multiply within
macrophages and monocytes, and systemic manifestations of
typhoid fever appear when bacteria are released into the blood-
stream.

Treatment

24. Would B.C. benefit from a course of antimicrobials to treat
her presumptive diagnosis of typhoid fever? If so, what options
are available?

Effective antimicrobials for typhoid fever have several ben-
efits. First, effective therapy reduces fever and other symptoms
within 3–5 days, with acceptable regimens clearing all symp-
toms within 7–10 days.65 Second, effective antimicrobial ther-
apy decreases mortality–<1%57 from the 5%–10% mortality
rate reported in untreated patients.65 Third, effective therapy
prevents relapse of infection, which generally occurs in 5%–
10% of patients, and usually within 2–3 weeks after resolution
of fever.66 Finally, effective therapy eradicates fecal shedding
of S. typhi, which limits the spread of infection.65

Until the late 1980s, the standard treatment for typhoid
fever was 14–21 days of chloramphenicol, TMP-SMX, or
ampicillin.66 The subsequent availability of newer, but more
costly antimicrobials, including ceftriaxone and azithromycin,
provided alternatives for the treatment of typhoid fever. In
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adults and children with enteric fever caused by S. typhi or
S. paratyphi remaining susceptible to ampicillin, chloram-
phenicol, and TMP-SMX, clinical cure was achieved in 91%
of persons treated with parenteral ceftriaxone (3–4 g/day for
3–7 days), which was similar to the 94% cure rate in per-
sons treated with chloramphenicol.67 In children and ado-
lescents with uncomplicated typhoid fever caused primar-
ily by antimicrobial-susceptible strains (>90% susceptible to
ampicillin, TMP-SMX, chloramphenicol, ciprofloxacin, and
ceftriaxone) once daily administration of oral azithromycin
(20 mg/kg/day, maximum, 1,000 mg/day for 5 days) or par-
enteral ceftriaxone (75 mg/kg/day, maximum, 2.5 g/day for
5 days) produced similar clinical cure rates of 94% and 97%,
respectively. In this study, although bacteremia was present
longer in the azithromycin-treated patients, relapse of infection
at day 30 was higher in the ceftriaxone-treated patients versus
the azithromycin-treated patients, 6 (19%) versus 0%, respec-
tively. This rate of relapse with the short course of ceftriaxone is
consistent with the 5%–15% reported by other investigators.68

During the early 1990s, multidrug-resistant (i.e., simultane-
ous resistance to chloramphenicol, ampicillin, and TMP-SMX)
S. typhi caused outbreaks of typhoid fever in India, Pakistan,
Bangladesh, Vietnam, the Middle East, and Africa, thus, lim-
iting the usefulness of these older antimicrobials for the em-
piric treatment of typhoid fever.66 Consequently, the availabil-
ity of fluoroquinolones, which retained activity against these
multidrug-resistant strains,69,70 and which could be adminis-
tered orally, made the fluoroquinolones the preferred treat-
ments for enteric fever in both adults and children. In children
with uncomplicated typhoid fever in which 86% of isolates
were multidrug resistant (i.e., resistant to chloramphenicol,
TMP-SMX, ampicillin, and tetracycline), ofloxacin (7.5 mg/kg
twice daily for 2–3 days) achieved cure rates of >89%.70 Like-
wise, in adults with enteric fever, 63% of whom were infected
with multidrug-resistant S. typhi, oral ofloxacin (200 mg Q 12
hr for 5 days) was superior to a 5-day course of ceftriaxone
(3 g/day) with clinical cure achieved in 22 (100%) versus 18
(75%) patients treated with these respective regimens. In this
study, all S. typhi isolates were susceptible to the study antimi-
crobials, and the ceftriaxone failures were successfully treated
with ofloxacin.69

Azithromycin also has proved to be effective for the treat-
ment of typhoid fever caused by multidrug-resistant strains.
In adults (approximately one-third of whom were infected
with Salmonella resistant to at least two of the following:
chloramphenicol, ampicillin, or TMP-SMX, but susceptible
to azithromycin and ciprofloxacin), oral azithromycin (1 g
on day 1, then 500 mg daily on days 2–6) was as effective
as oral ciprofloxacin 500 mg twice daily for 7 days (100%
cure rate for both treatment groups).71 A 7-day course of
azithromycin in children (10 mg/kg/day orally once a day; max-
imum, 500 mg daily) and adults proved effective for the treat-
ment of infection caused by multidrug-resistant and nalidixic
acid-resistant S. typhi.72 Finally, in children with typhoid
fever, oral azithromycin given once daily (10 mg/kg/day for
7 days; maximum, 500 mg/day) was as effective as ceftriaxone
(75 mg/kg/day for 7 days; maximum, 2.5 g/day), with clini-
cal response rates of 91% and 97%, respectively. Despite in
vitro susceptibility, relapse of infection was higher in the cef-
triaxone versus azithromycin-treated patients, 14% versus 0%,
respectively.73 When a longer course (14 days) of ceftriaxone

was used in children with multidrug-resistant S. typhi (resis-
tance to ampicillin, chloramphenicol, and TMP-SMX), how-
ever, no child experienced a relapse, whereas 14% of chil-
dren treated with only 7 days of ceftriaxone experienced a
relapse.74 Although ceftriaxone remains very active against
S. typhi, isolates with high-level resistance to ceftriaxone have
been indentifed.66

Because the fluoroquinolones have been widely used for the
treatment of typhoid fever, increasingly reported are clinical
treatment failures when these antimicrobials were used to treat
this infection. Microbiologic examination of the strains asso-
ciated with fluoroquinolone treatment failure reveals these iso-
lates have higher MIC to ciprofloxacin compared with earlier
strains. Salmonella that are fully susceptible to ciprofloxacin
by disc testing generally have a ciprofloxacin MIC of <0.03
mcg/mL and are usually susceptible to nalidixic acid, the
prototype drug for the quinolone group of antimicrobials.65

In contrast, strains with low level ciprofloxacin resistance
(intermediate MIC of 0.125–1 mcg/mL) are usually resis-
tant to nalidixic acid, and these strains are associated with
unsatisfactory treatment responses to fluoroquinolones (see
below).65 Ciprofloxacin-resistant S. typhi have ciprofloxacin
MIC >1 mcg/mL and are resistant to nalidixic acid.64

Fully fluoroquinolone-resistant isolates have been detected in
India.65

In some regions of the world, clinical failure rates in patients
with enteric fever following treatment with fluoroquinolones
increased from 9%–35%, in 1997 and 1999, respectively.75

Following 12–14 days of ciprofloxacin for the treatment of
typhoid fever, the overall condition of 32 patients did not im-
prove, and all cases were eventually successfully treated with
ceftriaxone.76 In this report, the ciprofloxacin MIC of S. ty-
phi isolates ranged from 0.0625–0.5 mcg/mL, and ceftriax-
one MIC were <0.0625 mcg/mL. A retrospective review of
persons with infection caused by nalidixic acid-susceptible or
nalidixic acid-resistant S. typhi and who were treated with a
short course of ofloxacin reported more treatment failures in
patients infected with the resistant strains versus the suscepti-
ble strains, 50% versus <5%, respectively.77 Short courses of
fluoroquinolones are not recommended for the treatment of in-
fections caused by nalidixic acid-resistant S. typhi.65 Recent in
vitro data show that the newer fluoroquinolones (gemifloxacin
and moxifloxacin) may be the best drugs in this class for the
treatment of multidrug-resistant and nalidixic acid-resistant
isolates.78

Cefixime, an oral third-generation cephalosporin, has been
used for the treatment of typhoid fever, although with variable
success. In one study, cefixime administered for 12–14 days
was effective treatment for typhoid fever; however, when a
shorter, 7-day course of cefixime was used, cefixime was less
effective than 5 days of ofloxacin.79 Recent reports from Nepal
have shown that cefixime is not an acceptable alternative.78

Optimal treatment for fluoroquinolone-resistant isolates has
not been determined. Azithromycin, ceftriaxone, or maximal
recommended doses of fluoroquinolones for 10–14 days have
been recommended.66

25. What specific empiric antibiotic regimen would you rec-
ommend be initiated for the empiric treatment of B.C.’s typhoid
fever?
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Uncomplicated cases of typhoid fever can be treated with
oral antibiotics, whereas severe cases are treated with par-
enteral therapy.66 For the empiric treatment of typhoid fever,
ceftriaxone or a fluoroquinolone can be used.80 Azithromycin
is also an alternative agent. When susceptibility data are
known, fully susceptible isolates can be treated with a fluo-
roquinolone for 5–7 days, or with TMP-SMX, ampicillin, or
chloramphenicol for 10–14 days.66 Finally, the re-emergence
of S. typhi susceptible to TMP-SMX81 and chloramphenicol66

may mean these older agents may again be useful and inexpen-
sive alternatives for the treatment of S. typhi infection.

Adjunctive Treatment

26. Besides the administration of antibiotics, are there adjunc-
tive therapies from which B.C. could benefit?

For persons with severe typhoid fever (with altered mental
status or shock), mortality is decreased to 10% when chlo-
ramphenicol is combined with dexamethasone (3 mg/kg IV
followed by 1 mg/kg Q 6 hr IV for eight doses) compared
with chloramphenicol alone (56% mortality).82 The benefit of
steroids when the more potent fluoroquinolones are used is
unknown, however.83

Chronic Typhoid Carriers
CLINICAL PRESENTATION

27. Fourteen months following discharge from the hospital,
B.C.’s stool is still positive for S. typhi. During this time, her hus-
band has had two episodes of typhoid fever. Why is B.C.’s clinical
syndrome consistent with the chronic carrier state?

Although most patients excrete S. typhi in their stools for 3–
4 weeks following recovery from their illness, 1%–3% excrete
Salmonella from stool or urine for >1 year after infection; and
these individuals are referred to as “chronic carriers.” B.C.’s
risk factor for becoming a chronic carrier is her history of
gallstones, which allows the sequestration of organisms in her
diseased biliary tract. Although B.C. remains asymptomatic,
she serves as a reservoir for spreading infection to others.

TREATMENT

28. What therapeutic options are available to cure B.C.’s
chronic carrier state?

Treatment options for chronic S. typhi carriers such as
B.C. include a prolonged course of antibiotics, cholecystec-
tomy, or suppressive antimicrobial therapy.66 Of chronic car-
riers, 50%–90% may be cured following prolonged courses
of antibiotics,84–87 although efficacy may be lessened when
anatomic abnormalities (e.g., cholelithiasis) are present.84 Re-
lapse is usually detected within the first several months af-
ter completing antimicrobial therapy,88 but can occur up to
24 months after completing therapy.84 If S. typhi are suscepti-
ble, antimicrobial regimens proved effective in curing chronic
carriers include amoxicillin 2 g three times daily for 28 days,86

ampicillin 1 g four times daily for 90 days,85 ampicillin 1.5 g
four times daily plus probenecid for 6 weeks,84 TMP-SMX
160/800 mg twice a day for 3 months,87 ciprofloxacin 500–
750 mg twice a day for 3–4 weeks,88–90 or norfloxacin 400 mg
twice daily for 4 weeks.91 Patient follow-up in these studies
ranged from 10–12 months following completion of therapy.

Prevention

29. B.C.’s sister is planning a trip to the Indian subcontinent
and is concerned about developing typhoid fever. What can she
do to reduce her risk for developing typhoid fever?

In the United States, an intramuscular vaccine that is 51%–
77% effective in preventing typhoid fever can be administered
to persons >2 years of age. Adverse effects with the parenteral
vaccine include local pain and swelling, fever, headache, and
malaise.66 The Ty21a oral vaccine affords a protective efficacy
rate ranging from 42%–96%.66 This oral vaccine is well tol-
erated and can be administered to persons >6 years of age.
B.C.’s sister should consult with her physician regarding the
need for typhoid vaccination. She should also be informed that,
because the vaccine may not be fully protective, good hygiene
and avoiding foods with a high risk for contamination are still
necessary to minimize her risk for acquiring typhoid fever.

ESCHERICHIA COLI O157:H7
Epidemiology

30. P.J., a 3-year-old girl, is brought to the ED because of “stom-
ach pains” and nonbloody diarrhea that has progressed to bloody
diarrhea over the past 48 hours. Five days before the onset of diar-
rhea, the family celebrated the Fourth of July at a fast-food restau-
rant; P.J.’s parents ate fish sandwiches and P.J. ate a hamburger.
P.J.’s mother noted that, unlike previous hamburgers eaten at the
restaurant, this hamburger was not thoroughly cooked because
the juices from the hamburger were still pinkish. P.J. has no sig-
nificant medical history. During the week, she attends a day care
center.

On physical examination P.J. is afebrile, with signs of mild to
moderate dehydration. A stool sample is negative for fecal leuko-
cytes. The physician assesses her illness as bloody diarrhea, pos-
sibly caused by STEC. The plan is to admit P.J. to the hospital for
hydration, observation, and further workup. What clinical and
laboratory findings and epidemiologic history are consistent with
the diagnosis of STEC as the cause of P.J.’s illness?

Escherichia coli O157:H7 is a strain of E. coli that pro-
duces Shiga toxins as one of its mechanisms of causing GI
illness. A second virulence factor of STEC strains is their abil-
ity to attach to and damage the intestinal mucosa.92 These
E. coli bacteria cause a spectrum of infection, including asymp-
tomatic carriage, mild and nonbloody diarrhea, bloody diar-
rhea (hemorrhagic colitis), HUS, and thrombotic thrombocy-
topenia purpura.93

Escherichia coli O157:H7 should be suspected in the setting
of abdominal cramps with nonbloody diarrhea that progresses
to bloody diarrhea over 1–2 days.92 Unlike bloody diarrhea
associated with Shigella species or Campylobacter species,
fever is often absent or of low grade because this pathogen is
not invasive.94 Patients with severe illness are more likely to
have fever, however.95

Shiga toxin-producing Escherichia coli is most commonly
spread by consumption of undercooked beef products that are
contaminated with E. coli O157:H7, although other modes
of acquiring this infection have been reported (see Ques-
tion 32). The incubation period for this infection is usually
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3–4 days, which is consistent with P.J.’s recent history of eating
undercooked hamburger. In most instances, the illness resolves
in 5–7 days.92 Fecal leukocytes may or may not be found in
stool samples.96

Laboratory Diagnosis

31. How can the diagnosis of E. coli O157:H7 infection be con-
firmed?

In the United States, E. coli O157:H7 is the most com-
mon STEC serotype identified as causing this infection.96

Unlike other E. coli, O157:H7 does not rapidly ferment sor-
bitol, thus allowing the use of special culture media (Sorbitol-
MacConkey) to help in identifying this organism. Because of
sorbitol-fermenting organisms and non-O157 STEC, further
testing for Shiga toxins or the genes encoding them is increas-
ingly performed.92,93,96

Hemolytic Uremic Syndrome

32. Forty-eight hours after admission to the hospital, P.J. is
pale and has developed several “bruises” on her extremities. The
nurse recorded only a minimal output of darkened urine dur-
ing the past 24 hours. New laboratory tests reveal blood urea
nitrogen (BUN), 150 mg/dL (normal, 5–25); serum creatinine
(SrCr), 6 mg/dL (normal, 0.3–0.7); serum potassium (K), 6.8
mEq/L (normal, 3.5–5.5); WBC count, 20,000 cells/mm3 (nor-
mal, 5,000–15,000); hemoglobin (Hgb), 5 g/dL (normal, 11–13);
platelets, 50,000 cells/mm3 (normal, 150,000–350,000); and uri-
nalysis is positive for blood and protein. The stool specimen sent
on admission is positive for E. coli O157:H7. What complication
of E. coli O157:H7 infection does P.J. now display?

[SI units: BUN, 53.55 mmol/L of urea (normal, 1.79–8.93); SrCr, 530.4

μmol/L (normal, 26.52–62.88); K, 6.8 mmol/L (normal, 3.5–5.5); WBC

count, 20 × 109/L (normal, 5–15); Hgb, 50 g/L (normal, 110–130); platelets,

50 × 109/L (normal, 150–350)]

The new clinical and laboratory findings support the di-
agnosis of HUS, a well-known complication of STEC infec-
tion. HUS is characterized by the triad of thrombocytopenia,
microangiopathic hemolytic anemia, and acute renal failure
with oliguria.97 On physical examination, P.J.’s “bruises” on
her extremities are consistent with thrombocytopenia, which
is confirmed by the low platelet count. Her pale appearance
is consistent with anemia and is confirmed by the low Hgb;
the dark urine is caused by the color imparted from bilirubin
because of red cell lysis (hemolytic anemia). Finally, P.J.’s de-
creased urine output and increased serum creatinine and BUN
concentrations are consistent with renal failure.98

P.J. has several risk factors for HUS: her age (i.e., chil-
dren aged <5–15 years, median age 4–8 years), fever, in-
creased peripheral WBC count, and the season of the year (i.e.,
summer).95,97,99–102 Although not present in this case, another
possible risk factor for developing HUS is treatment with anti-
motility or antidiarrheal agents,103 although this has not been
universally confirmed.95,100 In addition to young age, age >65
years appears to be a risk factor for HUS.95 The progression
of E. coli O157:H7 gastroenteritis to HUS typically becomes

apparent about 1 week after the onset of diarrhea.95,97,99 Of
children, 3%–7%104 may develop HUS, with a mortality rate
ranging from 3%–5%. In adults, E. coli O157:H7 infection pro-
gresses to HUS in as many as 27% of patients, with a higher
rate in patients >65 years of age.95 HUS-related mortality has
reached 42% in patients >15 years of age95; elderly nursing
home patients have a mortality rate of up to 88%.105

Treatment

33. Would P.J. benefit from drug therapy, including antimicro-
bial, antimotility, or antidiarrheal agents?

Other than supportive measures to manage the complica-
tions associated with illness caused by E. coli O157:H7, no
specific drug therapy for this infection exists.92 In retrospec-
tive and prospective studies, antibiotics have not influenced
the severity of illness, or the duration of diarrhea or other GI
symptoms.106,107 When TMP-SMX was started a mean of 7
days after the onset of diarrhea, the duration of E. coli O157:H7
excretion was not altered.106

The effect of antibiotic administration on the risk of E. coli
O157:H7 complications (e.g., HUS) remains controversial. A
prospective cohort study of 71 children with diarrhea caused
by E. coli O157:H7 found that antibiotic treatment increased
the risk of progression to HUS.100 Previous publications have
supported these findings,104,106,107 whereas others have re-
ported that antibiotics do not increase the risk of progression to
HUS.95,103 A meta-analysis of these and other studies revealed
no association between antibiotic administration and develop-
ment of HUS.108 Antibiotic selection, timing of administration,
STEC strain, and patient selection vary in the selected studies
and complicate the analysis. Thus, the role of antibiotics in the
treatment of E. coli O157:H7 infection remains controversial.
Currently, clinicians do not recommend antibiotic treatment
for STEC. Clinicians must carefully weigh empiric antibiotic
treatment before the organism has been identification.109

Antimotility drugs are not recommended for patients with
E. coli O157:H7 infection because they have been variably
associated with an increased risk of progression to HUS,103,104

although other studies have failed to find an association.95,100

Although the explanation for the increased risk is unknown,
the reduction of bowel motility may decrease the clearance of
organisms from the GI tract, thereby increasing the absorption
of toxins. Administration of antimotility drugs within the first
3 days of illness has been associated with a longer duration of
bloody diarrhea.110

Prevention

34. P.J.’s family members want to know what they could have
done to prevent this infection. On discharge from the hospital, is
it safe for P.J. to return to her day care center?

Shiga toxin-producing Escherichia coli is often spread to
humans by consumption of contaminated beef products that
are not thoroughly cooked.93 Because thorough cooking kills
this organism, meat should be well cooked (i.e., juices from
meat should be clear, not pink). In addition, this infection can
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be acquired by consuming other contaminated foods, including
water, unpasteurized milk, apple cider, lettuce, and sprouts.92,93

An experimental E. coli O157 O-polysaccharide conjugate
vaccine is currently under study by the National Institutes of
Health.111 In a phase II trial, the vaccine was effective in in-
ducing an immune response in the target population of young
children and demonstrated no untoward effects.

Finally, because contact with infected persons commonly
results in transmission of this infection to others,104,105,107 P.J.
should have two consecutive stool cultures that are negative
for E. coli O157:H7 before returning to day care.112

CAMPYLOBACTER JEJUNI
Campylobacter species are gram-negative bacilli that have a
curved or spiral shape. Of the various Campylobacter species,
C. jejuni and C. fetus are associated with human illness,
with C. jejuni accounting for most of Campylobacter species
isolated.113

Clinical Presentation

35. M.U. is a 20-year-old, previously healthy woman present-
ing to the Student Health Center with the following complaints
for the past 24 hours: malaise, fever, diarrhea, abdominal pain,
and bloody diarrhea. One day before the onset of her symptoms,
she had dinner at a restaurant near campus where she ordered a
chicken sandwich, but ate only a portion of it because the chicken
was not thoroughly cooked. She has no significant medical history
and no recent travel history. On physical examination, M.U. is not
ill appearing. The physician tells her that over the past week, sev-
eral students with gastrointestinal symptoms similar to hers have
been diagnosed with C. jejuni gastroenteritis, and all had recently
eaten at the same restaurant. Why are M.U.’s history of present
illness and clinical presentation consistent with Campylobacter
gastroenteritis?

A key piece of information from M.U.’s history of present
illness, which is consistent with her presumptive diagnosis of
Campylobacter gastroenteritis, is her consumption of under-
cooked chicken at a restaurant with an ongoing outbreak of
Campylobacter gastroenteritis. In industrialized nations, the
most important risk factor for acquiring Campylobacter in-
fection is the consumption of improperly cooked foods such
as unpasteurized foods, and contaminated water. Prevention
of Campylobacter infection involves careful food preparation
and cooking practices.114 Person-to-person transmission is not
a major means of spreading this infection.

Symptoms of Campylobacter gastroenteritis begin 24–72
hours following exposure to contaminated foods. Clinical
manifestations of gastroenteritis include diarrhea and fever
(90%), abdominal cramps, and either loose and watery or
bloody stools.113 M.U. does not exhibit signs or symptoms
of complications associated with Campylobacter infection,
such as meningitis, cholecystitis, pancreatitis, peritonitis, gas-
trointestinal hemorrhage, a reactive arthritis, and bacteremia.
Bacteremia occurs in <1% of cases and most commonly
in immunosuppressed persons, the very young, or the el-
derly. Guillain-Barré syndrome is an important but uncommon
(<1/1,000 cases of infections) postinfectious complication of
C. jejuni gastroenteritis.113

Treatment

36. Would M.U. benefit from antimicrobial therapy to treat her
Campylobacter gastroenteritis?

Because C. jejuni gastroenteritis is an acute, self-limiting ill-
ness that typically resolves within 1 week,113 antibiotic therapy
is usually not necessary.115 On the other hand, antibiotics are
recommended for the treatment of Campylobacter infection in
patients having symptoms lasting >1 week, high fevers, bloody
stools, pregnant women, or immunocompromised hosts.113

Based on M.U.’s clinical presentation, including fever with
bloody stools, antimicrobial therapy is warranted.

When administered early in the course of the illness (i.e.,
before determining the cause of the diarrhea), antimicrobial
therapy shortens the duration and the severity of illness and
the duration of fecal excretion of pathogens.114 In contrast,
when antimicrobials are initiated later during the course of the
illness (i.e., after determining the cause of the diarrhea), an-
timicrobials do not alter the clinical course of Campylobacter
gastroenteritis.116

37. What empiric antimicrobial therapies could be initiated to
treat M.U.’s presumed case of C. jejuni enteritis?

Fluoroquinolones were once considered the drugs of choice
for Campylobacter infection.113 Fluoroquinolone-resistance in
Campylobacter species, however, is no longer an uncommon
finding. For example, fluoroquinolone-resistant Campylobac-
ter in Sweden, the United Kingdom, and The Netherlands
ranges from 18%–29%, and is even higher (72%–84%) in
Thailand and Spain.113 In the United States, fluoroquinolone-
resistant Campylobacter species causing human illness in Min-
nesota increased from 1.3% in 1992 to 10.2% in 1998, whereas
resistance to erythromycin remained low at 2%.114 This
widespread fluoroquinolone resistance is largely attributed to
the frequent use of these antimicrobials in veterinary medicine
and food animals (e.g., poultry).

In the clinical setting, patients with fluorquinonolone- or
erythromycin-resistant Campylobacter infection are at in-
creased risk for invasive illness or death.115 In travelers with
Campylobacter gastroenteritis, a trend is seen toward a longer
duration of illness in patients treated with ciprofloxacin versus
azithromycin (52 hours vs. 40 hours, respectively); which may
be related to the finding that 50% of the Campylobacter iso-
lates were resistant to ciprofloxacin, whereas all isolates were
susceptible to azithromycin.117

The drug of choice for C. jejuni gastroenteritis is ery-
thromycin (adults, 250 mg four times daily; or children, 30–50
mg/kg in divided doses) for 5–7 days118; clarithromycin or
azithromycin are also effective.113,117 Based on M.U.’s medi-
cal history and clinical presentation, empiric therapy with oral
erythromycin can be started.

TRAVELERS’ DIARRHEA
Of the more than 50 million persons traveling from industrial-
ized countries to developing countries where individuals are at
risk for acquiring travelers’ diarrhea (TD), about 40% of trav-
elers will experience a diarrheal illness.12 Of these travelers,
between 5% and 10% will continue to have enteric symptoms
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for 6 months after the episode of TD, a condition referred to
as the postinfectious irritable bowel syndrome.12

Etiology and Clinical Presentation

38. E.J. and B.R. are healthy 23-year-old women planning a
2-week vacation to Mexico. Before leaving on vacation, they dis-
cussed with their physician ways to avoid acquiring travelers’ di-
arrhea. Contrary to their physician’s recommendations, on the
day of their arrival in Mexico they both began eating fresh fruits
and vegetables from street vendors and drinking unbottled wa-
ter. On the second day of their vacation, B.R. noted the passing
of one to two watery stools without blood and without other GI
symptoms. In contrast, E.J. felt “feverish” and passed six to seven
loose, bloody stools. Neither traveler felt dizzy or thirsty, and both
continued drinking adequate amounts of fluids to avoid becoming
dehydrated. Why is the history of present illness and clinical pre-
sentation of their illnesses consistent with the diagnosis of TD?
What risk factors do they have for acquiring TD?

Travelers’ diarrhea is defined as three or more loose, un-
formed stools per day plus at least one symptom of enteric
infection, such as abdominal cramps, nausea, vomiting, fever,
fecal urgency, tenesmus, or the passage of bloody or mucoid
stools.119 Clinical manifestations of TD typically begin within
24–48 hours after consuming fecally contaminated foods. Of
travelers, 40% developing diarrhea have a mild, self-limiting
illness of 1–2 days’ duration.

The major risk factors these women have for acquiring TD
are their destination to a developing country with suboptimal
sanitation facilities to manage the disposal of sewage and the
consumption of food items with a high likelihood of being con-
taminated with enteropathogens. These high-risk food items in-
clude unbottled water, ice cubes, raw milk, unpeeled fruits and
vegetables, uncooked foods, moist foods (e.g., salads served
at room temperature), and food from street vendors.12

Infectious agents are the major cause of TD, with bac-
teria representing 80% of the cases in which a pathogen is
identified.12 Overall, Enterotoxigenic E. coli (ETEC) and en-
teroaggregative E. coli (EAEC) are the etiologic pathogens
identified in 50%–60% of TD cases,12 and invasive pathogens,
such as Shigella, Campylobacter, and Salmonella species, are
responsible for an additional 10%–15% of episodes of TD.12

General Management

39. What general approach should B.R. and E.J. take to manage
their illnesses?

The general approach to the management of TD includes
replenishing fluid and electrolyte losses, avoiding continued
ingestion of foods at high risk for being contaminated with
enteropathogens, considering the use of specific drug ther-
apy, or seeking medical attention. Neither traveler shows signs
and symptoms of dehydration, including thirst, dizziness, and
altered mental status, and both are drinking normally. They
should continue to drink fluids, such as tea, broth, carbonated
beverages, and fruit juices. For travelers able to drink fluids ad
libitum, a modified World Health Organization oral rehydra-
tion solution has not been shown to provide additional benefit
over the administration of loperamide alone.120 Electrolytes

can be replaced by eating salted crackers or similar sources of
sodium chloride.120

Travelers should eat well-cooked foods that are served
steaming hot and drink boiled or commercially bottled
beverages.12 Depending on the severity of their illness, trav-
elers can consider the use of antimotility agents alone or in
combination with antimicrobials. Self-treatment for TD can
be particularly important for persons who become ill in areas
where reliable medical care is not available.12 Of travelers re-
ceiving pretravel instructions for the self-medication of TD,
80% report their self-treatment was effective.121 For severe
symptoms, travelers should seek medical attention.

40. What drug therapies could B.R. and E.J. consider using to
reduce the duration and severity of travelers’ diarrhea?

Bismuth Preparations and Loperamide
Both bismuth subsalicylate and loperamide decrease the num-
ber of unformed stools in persons with TD. Concurrent admin-
istration of bismuth preparations and fluoroquinolones (an-
timicrobials commonly used in persons with TD) should be
avoided because the chelation of fluoroquinolones by bivalent
cations will reduce the bioavailability of these agents.122,123

Compared with bismuth subsalicylate, loperamide acts more
rapidly by exerting an antimotility effect.13

Antimicrobials
Effective antimicrobial therapy shortens the duration and
severity of TD. Previously effective antimicrobials for the
treatment of TD included tetracycline and TMP-SMX, but
widespread resistance of enteropathogens to these agents ren-
ders them unsuitable for the empiric treatment of this infection.
Depending on the most likely pathogen(s) causing TD, the rec-
ommended antimicrobial options for the empiric treatment of
this infection include the fluoroquinolones, azithromycin, and
rifaximin.13

Clues to the likely pathogen causing TD include the area
of travel and the clinical presentation of the illness. For exam-
ple, noninvasive pathogens, such as ETEC, are more common
causes of TD in Latin America and Africa,13 and the diarrheal
illness caused by these enteropathogens is characterized by a
less severe illness in which patients are afebrile, with non-
bloody, watery stools, and are without significant abdominal
pain.1 In studies performed in travelers to Mexico119,124,125 or
Kenya,124 a single dose of an antimicrobial (ciprofloxacin 500
mg,126 azithromycin 1 g,119 or levofloxacin 500 mg119) de-
creased the median time to passage of the last unformed stool
to 22–33 hours,119,124 compared with 54–66 hours in travel-
ers given placebo.119 In some,127 but not all studies,128 when
ETEC was the most common pathogen identified, the diar-
rheal illness was shorter in travelers taking loperamide plus
an antimicrobial. Specifically, fewer travelers taking ofloxacin
plus loperamide passed their last unformed stool at 24 hours
compared with travelers treated with ofloxacin alone, 62% ver-
sus 91% respectively.129 A recent study in military person-
nel stationed in Turkey reported the median time to the pas-
sage of the last unformed stool was shortened to as little at
3 hours in recruits given levofloxacin (single 500-mg dose)
plus loperamide (4 mg initially, then 2 mg as needed; maximum
16 mg/day); a finding that did not differ significantly from the
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13 hours observed in recruits randomized to treatment with
azithromycin (single 1-g dose) plus loperamide, p = 0.2.130

Rifaximin is a poorly absorbed rifamycin derivative that is
FDA approved for the treatment of TD caused by noninvasive
strains of E. coli. In travelers to Mexico and India, oral rifax-
imin 200 mg three times daily or ciprofloxacin 500 mg twice
daily for 3 days significantly reduced the median time to pas-
sage of the last unformed stool to 32 hours and 29 hours, respec-
tively, versus 66 hours for travelers given placebo.131 In this
study, rifaximin was as effective as ciprofloxacin against non-
invasive bacterial enteropathogens, but was less effective than
ciprofloxacin when invasive pathogens were identified. Rifax-
imin should not be used in patients with diarrhea complicated
by fever and bloody stools, or diarrhea caused by pathogens
other than E. coli.132

Invasive pathogens, such as Shigella, Campylobacter, and
Salmonella species, are more common causes of TD in Asia,12

and the diarrheal illness caused by these pathogens is character-
ized by a more severe illness in which patients are febrile, with
bloody diarrhea, and severe abdominal pain.2 A recent study
enrolling military personnel developing TD while in Thailand
reported that most were infected with Campylobacter species,
of which 50% were resistant to levofloxacin, whereas resistance
to azithromycin was not detected. In this study, the cure rate
was highest following a single dose of azithromycin 1 g (96%),
compared with the cure rates following 3 days of azithromycin
500 mg daily (85%) or levofloxacin 500 mg daily (71%),
p = 0.03.133 Levofloxacin was inferior to azithromycin, ex-
cept when patients were infected with levofloxacin-susceptible
Campylobacter, or when no pathogen was identified. The high-
est rate of nausea during the 30 minutes after receiving the
first antimicrobial dose was seen in persons given 1 g of
azithromycin (14% vs. <6%, respectively, for the other reg-
imens, p = 0.06). A prior trial in Thailand also reported a
trend toward a shorter duration of illness with azithromycin
(40 hours) versus ciprofloxacin (52 hours), which could
be related to the slower response in persons infected with
ciprofloxacin-resistant strains.117

41. Based on the severity of their illnesses, what specific drug
therapies could B.R and E.J. consider taking?

Treatment of TD with specific drug therapy is partly based
on the severity of the individual’s illness and likely en-
teropathogen. Travelers such as B.R. with a mild diarrheal
illness (one to two stools/24 hours) with mild or absent symp-
toms may forgo specific drug therapy or elect to use bismuth
subsalicylate. Patients with a mild to moderate diarrheal illness
(more than three stools/24 hours) with no distressing symptoms
can consider the use of loperamide or bismuth subsalicylate
(Table 62-3), although persons on a short and critical trip (e.g.,
business) might also consider the addition of an antibiotic. For
patients with distressing frequency or symptoms, loperamide
plus a fluoroquinolone, azithromycin or rifaximin can be used;
they should be reassessed after 24 hours.13

For travelers such as E.J., with severe diarrhea or diarrhea
with fever or bloody stools, a full 3 days of a fluoroquinolone
or azithromycin is recommended. Azithromycin can be consid-
ered a first-line agent for TD in areas where fluoroquinolone-
resistant Campylobacter species is common.13 Loperamide can

Table 62-3 Therapy for Travelers’ Diarrhea in Adults

Drug Treatment

Ciprofloxacin 500 mg twice daily for 1–3 days
Ofloxacin 400 mg twice daily for 1–3 days
Levofloxacin 500 mg daily for 1–3 days
Azithromycin 500 mg daily for 1–3 days
Rifaximin 200 mg three times daily for 3 days

Adapted from DuPont HL. Travelers’ diarrhea: contemporary approaches to therapy
and prevention. Drugs 2006;66:303; and Castelli F, et al. Prevention and treatment
of traveler’s diarrhea. Digestion 2006;73(Suppl 1):109, with permission.

be added for severe cramps or fluid losses, although the use
loperamide in patients with dysentery is controversial.13

Some experts recommend that travelers to high-risk areas
for acquiring TD be provided with medications and instruc-
tions for the self-treatment of TD, which is particularly impor-
tant to travelers who become ill in remote areas where reliable
medical care is not available.12 One recommendation is to pro-
vide travelers with nine 200-mg tablets of rifaximin for the
treatment of nondysenteric illness, and three 500-mg tablets of
azithromycin for use in case they develop febrile dysentery.12

Prophylaxis

42. On hearing of the travels of B.R. and E.J., classmates J.G.
and T.M. begin planning their vacation to Mexico, but want to
prevent any diarrheal illness that could interfere with their travel
plans. Neither student has any significant medical history. Besides
avoiding the consumption of food items with a high likelihood of
being contaminated with enteropathogens, what drug therapies
can be used to minimize their likelihood of developing TD?

Antimicrobials
A single daily dose of a fluoroquinolone provides a protec-
tion rate of 80% against TD.12 Significantly fewer diarrheal
illnesses are reported in patients given norfloxacin 400 mg
daily or ciprofloxacin 500 mg daily for 7–15 days (26%–64%)
versus travelers given placebo (2%–7%).127

Rifaximin provided a protective efficacy of 72%–77%
against TD in students traveling from the United States to Mex-
ico. Because ETEC was the main enteropathogen identified in
this study, another study is needed to determine if rifaximin can
prevent diarrhea caused by invasive bacterial pathogens.134 Ri-
faximin is not approved for the prophylaxis of TD.132

Miscellaneous Agents
Bismuth subsalicylate, two tablets (524 mg/dose) four times
daily for a maximum of 3 weeks, has a protective efficacy of
65% against TD.12 Probiotics have been studied on the ba-
sis of their ability to prevent enteropathogen colonization. To
date, the effectiveness of probiotics is conflicting, and the data
are not sufficiently strong to recommend their use as the only
prophylactic agent for TD.13

43. What specific drug therapies would be reasonable for T.M.
and J.G. to take as prophylaxis against travelers’ diarrhea?

Despite their efficacy in preventing TD, for several reasons
many experts14,135 do not recommend universal antimicrobial
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prophylaxis against TD. First, most persons will experience
a self-limiting illness. Second, if TD should occur effective
antimicrobial therapies can reduce the duration of illness to
as little as a few hours.135 Instead, antimicrobials should be
reserved for situations where the benefit of preventing illness
outweighs the downside of their use, including adverse drug
reactions, increased bacterial resistance, and expense.13 Candi-
dates for prophylactic antimicrobials include travelers in whom
a bout of diarrhea would not be well tolerated (e.g., persons
with autoimmune disorders, diabetes or chronic cardiac con-
ditions, impaired gastric acid secretion, inflammatory bowel
disease, HIV infection or those who are immunosuppressed;
or in travelers on short-term critical trips such as diplomats and
athletes).13

CLOSTRIDIUM DIFFICILE-ASSOCIATED DIARRHEA
Mild to Moderate Infection
Clinical Presentation and Diagnosis

44. B.W., a 35-year-old woman, is admitted to a 10-bed medi-
cal ward for the treatment of Streptococcus pneumoniae menin-
gitis. On arrival, she is started on ceftriaxone (Rocephin) 2 g IV
Q 12 hr and improves over the next few days. On day 7 of an-
tibiotic therapy, she complained of feeling warm, with cramping
abdominal pain and diarrhea. She began passing mucoid, green-
ish, foul-smelling watery stools, and had a temperature of 101◦F.
Microscopic examination of a stool sample was positive for fe-
cal leukocytes. The physician’s assessment of B.W.’s clinical and
laboratory findings is antibiotic-associated diarrhea (AAD), most
likely caused by C. difficile. What is the most likely mechanism
for this patient’s AAD?

Antibiotic-associated diarrhea is a common complication of
antimicrobial therapy.136 The mechanisms by which antibiotics
cause diarrhea include allergic and toxic effects on intestinal
mucosa, and alterations of GI motility (e.g., erythromycin), and
of normal intestinal flora. Changes in the normal bowel flora
can lead to changes in carbohydrate or bile acid metabolism by
intestinal bacteria or to overgrowth of pathogenic bacteria, ei-
ther of which may be followed by diarrhea.137 Bacteria known
to be associated with AAD include C. perfringens, S. aureus,
Klebsiella oxytoca, Candida species, and C. difficile.137 C. dif-
ficile infection is most clinically relevant and is the focus of
this section.

A spore-forming, gram-positive anaerobic bacillus, C. dif-
ficile can cause a wide spectrum of syndromes, including
asymptomatic carriage, diarrhea of varying severity, colitis
with or without formation of pseudomembranes, toxic mega-
colon, colonic perforation, and death.136

The pathogenesis of C. difficile infection involves disrup-
tion of the normal colonic flora, most commonly by antibiotics;
however, antineoplastic drugs138 and tacrolimus139 have been
implicated as well (Table 62-4). Alteration of the colonic mi-
croflora is followed by overgrowth of toxin-producing strains
of C. difficile.137 These toxins are responsible for causing
colonic inflammation and the clinical manifestations of this
infection.136,139

45. Why is B.W.’s history and presentation consistent with AAD
caused by C. difficile?

Table 62-4 Medications Implicated in Clostridium
difficile-Associated Diarrhea

Commonly Implicated

Cephalosporins
Clindamycin
Ampicillin
Fluoroquinolones

Less Commonly Implicated

Erythromycin
Clarithromycin
Azithromycin
Other penicillins
Trimethoprim-sulfamethoxazole

Rarely Implicated

Aminoglycosides
Rifampin
Tetracycline
Chloramphenicol
Vancomycin
Metronidazole
Antineoplastic agents

From Fekety R. Guidelines for the diagnosis and treatment of Clostridium difficile-
associated diarrhea and colitis. Am J Gastroenterol 1997;92:739; Johnson S, et al.
Clostridium difficile-associated diarrhea. Clin Infect Dis 1998;26:1027; and Pepin J,
et al. Emergence of fluoroquinolones as the predominant risk factor for Clostridium
difficile-associated diarrhea: a cohort study during an epidemic in Quebec. Clin Infect
Dis 2005;41:1254, with permission.

B.W.’s major risk factor for acquiring C. difficile-associated
diarrhea (CDAD) is owing to her having received an antibiotic
within the last 2 weeks. C. difficile is a common cause of noso-
comial diarrhea. The clinical and laboratory findings consistent
with CDAD include mucoid, greenish, foul-smelling watery
stools and crampy abdominal pain. Patients usually present
with low-grade fevers, but temperature may be >104◦F.136

Peripheral leukocytosis is common, with CDAD a common
cause of WBC >30,000 cells/mm3.140,141 Fecal leukocytes are
variably present in CDAD and are not clinically useful for
diagnosis.142

The onset of symptoms of CDAD varies widely from a
few days after the start of antibiotic therapy to 8 weeks after
the agent is discontinued.136 Other risk factors for acquiring
CDAD are admission to a hospital in which C. difficile is en-
demic or in which there is an ongoing outbreak of C. difficile
infection.

46. How can the diagnosis of CDAD be confirmed?

Several tests are available to make the diagnosis of C. diffi-
cile infection. The rapid tests latex agglutination and EIA are
commonly used in clinical laboratories. The latex agglutination
test detects antigens to C. difficile; EIA detects toxins A and
B produced by C. difficile.136 Limitations of the latex agglu-
tination test are that it also detects antigens to other intestinal
bacteria, and it does not differentiate toxin-producing strains
from non–toxin-producing strains.136 Of the C. difficile strains
isolated from various populations, 5%–25% do not produce
toxins (nontoxigenic) and do not cause colitis or diarrhea.143

Colonoscopy with biopsy is used to make the diagnosis of
C. difficile colitis rapidly. The characteristic colonic changes
are raised, yellowish nodules or plaquelike pseudomembranes,
often with skip areas of normal mucosa.136 Because the char-
acteristic pseudomembranes may be scattered throughout the
colon, the diagnosis of pseudomembranous colitis can be
missed with colonoscopy.
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47. How can B.W.’s CDAD be differentiated from enigmatic
AAD?

Only 10%–20% of cases of AAD are positive for toxigenic
C. difficile; the remaining cases have an unknown cause and
are referred to as simple, benign, or “nuisance” diarrhea.136,140

The clinical presentation of benign diarrhea is similar to many
cases of CDAD in that it is a self-limited illness that resolves
with nonspecific supportive measures and discontinuation of
antibiotics.136 Despite these similarities, these clinical entities
can be differentiated from one another by several objective
measures. In hospitalized patients, watery diarrhea, low func-
tional capacity, acid suppression, low albumin, and a WBC
>13,000 cells/mm3 were significant predictors of CDAD.144

Other clinical features that suggest CDAD rather than enig-
matic diarrhea are constitutional symptoms, no antibiotic dose
relationship to the illness, and hospital-wide epidemics of
diarrhea.140

Treatment

48. B.W.’s stool sample is positive for C. difficile toxin. What is
the general plan for treat B.W.’s CDAD?

After replacement of fluids and electrolytes, there are three
options to manage B.W.’s diarrhea. The first is to discontinue
the offending drug (if possible), which in B.W.’s case is proba-
bly the antibiotic ceftriaxone. In approximately 25% of cases,
discontinuation of the offending agent with concomitant fluid
and electrolyte replacement leads to resolution of symptoms
within 48–72 hours.145 Thus, patients with mild diarrhea may
not require any treatment other than discontinuation of the of-
fending agent.136,143

Because B.W. is being treated for bacterial meningitis, a
life-threatening infection, discontinuing antibiotics is not an
option. A second option is to change her antimicrobial ther-
apy to an agent less likely to cause CDAD. B.W. is taking
a cephalosporin, which, as with ampicillin, amoxicillin, and
clindamycin, is frequently implicated as a cause of C. difficile
diarrhea (Table 62-4). In contrast, antibiotics, such as TMP-
SMX, and aminoglyclosides, are less commonly associated
with C. difficile infection.136,143,146 None of these antimicro-
bials, however, is a suitable alternative for treating S. pneumo-
niae meningitis.

The third and most reasonable option for B.W. is to receive
therapy directed against C. difficile while continuing to take
ceftriaxone for the treatment of her bacterial meningitis.

METRONIDAZOLE AND VANCOMYCIN

49. What antibiotics could be prescribed to treat B.W.’s CDAD?

The oral agents most commonly used to treat CDAD are
metronidazole and vancomycin. In a randomized trial that en-
rolled patients with CDAD and colitis, no significant differ-
ence was found in the efficacy of these drugs after 10 days
of treatment.147 Overall, >95% of patients treated for a first
episode of CDAD with oral metronidazole or vancomycin is ex-
pected to respond to therapy.147,148 Recent reports have shown
increases in C. difficile resistance to metronidazole and van-
comycin, but the clinical significance in treatment selection
is unknown.149 Antibiotic sensitivities, therefore, are not rou-
tinely performed on C. difficile.

Metronidazole is well absorbed after oral administration
and is excreted through the biliary tract before reaching the

colon. Common adverse reactions include nausea, vomiting,
diarrhea, dizziness, confusion, and an unpleasant metallic
taste.136 A disulfiramlike reaction can occur when alcohol or
alcohol-containing medications are taken concurrently with
metronidazole.150 Because metronidazole is a carcinogen and,
in some animal species, a mutagen, it should be used in preg-
nancy only if clearly needed. Similarly, metronidazole’s safety
in children has not been proved, and many prefer not to use it
in this population if other options exist.136

Oral vancomycin produces fecal concentrations that are sev-
eral hundred times the concentration needed to inhibit toxin-
producing strains of C. difficile.148 A 7- to 10-day course of oral
vancomycin (125–500 mg orally four times daily) is recom-
mended for the treatment of CDAD, with all dosing regimens
equally effective.136,148,151,152 Because of equal efficacy and
high concentrations in the colon with all doses, 125 mg is the
most commonly prescribed dose. Although oral vancomycin
is not well absorbed, measurable serum concentrations have
been found in patients with both normal and compromised
renal function.153–155

Oral vancomycin is recommended when patients (a) fail
to respond to metronidazole; (b) are infected with C. difficile
resistant to metronidazole; (c) cannot tolerate metronidazole
(e.g., allergy, or concurrent use of ethanol-containing prod-
ucts); (d) are pregnant or <10 years of age; (e) are critically ill
because of C. difficile infection; or (f) have evidence of diarrhea
caused by S. aureus.136,156

50. What antibiotic regimen would you recommend for treat-
ment of B.W.’s CDAD?

When antibiotic therapy is required for patients who are not
critically ill as a result of their C. difficile infection, metron-
idazole (250–500 mg orally four times daily or 500–750 mg
orally three times daily) for 7–10 days is recommended as
first-line treatment.136,157 Oral metronidazole and oral van-
comycin are equally efficacious,147 but vancomycin use should
be limited to prevent emergence of vancomycin-resistant
organisms.157 In addition, oral vancomycin is significantly
more expensive than a course of oral metronidazole. Some of
this cost differential can be offset by using the IV vancomycin
preparation to prepare an oral solution (Table 62-5).

Once therapy directed against C. difficile is initiated, diar-
rhea or cramping should subside within 2–4 days. If B.W.’s
symptoms have not resolved, vancomycin can be tried.140

51. Following resolution of B.W.’s CDAD, is it necessary to send
a follow-up stool sample to determine whether it is negative for
C. difficile toxin?

After resolution of diarrhea, obtaining a follow-up stool
sample to determine whether it is negative for C. difficile toxin
is not recommended as part of routine practice because most
patients with positive tests will not develop a recurrence of their
diarrhea.136 In addition, approximately 5% of healthy adults
carry small numbers of C. difficile in their feces, whereas col-
onization rates are much higher (30%–50%) in hospitalized
patients and newborns.136,143

BACITRACIN

52. What other oral therapies have been used to treat CDAD?

In a randomized, double-blind trial, oral bacitracin
(80,000–25,000 U/day) was as effective as oral vancomycin
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Table 62-5 Costs of Oral Drug Therapy for Clostridium difficile-Associated Diarrhea

Drug Regimen Cost a

Metronidazole tablets (generic) 500 mg TID × 10 days $21.84/10 days
Vancomycin capsules (Vancocin) 125 mg QID × 10 days $646.40/10 days
Vancomycin solutionb (generic) 125 mg QID × 10 days $37.80/10 days
Nitazoxanide (Alinia) 125 mg BID × 10 days $251.60/10 days

aAWP Red Book 2006.
bPrepared from intravenous formulation.

(500–2,000 mg/day) in resolving symptoms of CDAD. Al-
though the difference was not statistically significant, however,
was a trend was seen toward a slower clinical response with
bacitracin. Compared with vancomycin, the clinical response
to bacitracin is slower and less certain, possibly because of re-
sistance to bacitracin.136 The recurrence rate is similar for both
antibiotics.158,159

NITAZOXANIDE
Nitazoxanide is an oral nitrothiazolide currently FDA ap-

proved for the treatment of cryptosporidia and giardia. Nita-
zoxanide has in vitro activity against C.difficile and has been
shown to be as effective as metronidazole in the initial treat-
ment of CDAD in a small comparative trial.160

RAMOPLANIN
Ramoplanin is a nonabsorbed, investigational, oral glycol-

ipodepsipeptide currently being studied in clinical trials for
the treatment of CDAD.161 Phase II trials have shown simi-
lar response rates when compared with vancomycin. In animal
models, ramoplanin has been shown to more effectively kill
C. difficle spores, a potentially important factor in relapse of
infection.162

TOXIN BINDERS
Anion-binding resins (e.g., cholestyramine, colestipol) are

not as reliable or as rapidly effective as oral metronidazole
or vancomycin.136 If prescribed, they are recommended only
for mild CDAD.136,163 The rationale for using exchange resins
for CDAD is their ability to bind to toxin B produced by
C. difficile163; however, resins have a limited binding capacity
for toxins that is probably inadequate for severe cases.136 Other
limitations of exchange resins include their inability to eradi-
cate the pathogenic organisms responsible for toxin production
and their ability to bind to vancomycin, which may reduce the
efficacy of the antibiotic.136 Severe constipation is a side effect
of exchange resins.136

Tolevamer is an investigational anionic polymer that binds
C. difficile toxins A and B. In a phase II trial, tolevamer (6 g/d)
alone was shown to be as effective as vancomycin for mild to
moderate CDAD, and trended toward lower recurrence rates.164

Further studies of variable doses are ongoing. Toxin bind-
ing may also be useful as adjunctive therapy with other anti-
bacterials.

PROBIOTICS
Probiotic microorganisms are introduced into the normal

flora to counteract disturbances and reduce the colonization
with pathogenic species.15 Although orally administered Lac-

tobacillus species and the yeast Saccharomyces boulardii have
been used to treat CDAD, no data support the use of probi-
otics alone to treat CDAD. Adjunctive use, however, has been
suggested to prevent CDAD and its recurrences. Reports of
isolated adverse effects, including fungemia, with ingestion of
viable S. boulardii have been reported.165

ANTIDIARRHEALS

53. What is the role of antidiarrheal agents in patients with
CDAD?

Opiates and other antiperistaltic agents should be avoided
in patients with CDAD. Although these types of drugs may
relieve diarrheal symptoms, they may also delay toxin removal
from the GI tract. Patients with antibiotic-associated pseu-
domembranous colitis have deteriorated during therapy with
antimotility medications.166

Transmission

54. H.T., a 76-year-old man with multiple medical conditions,
is admitted to the same 10-bed ward as B.W. His medical his-
tory is significant for a stroke that has left him bedridden in a
nursing home. His only medications are those used to manage his
hypertension. On day 4 of his hospitalization, H.T. complained of
severe abdominal pain and watery, loose stools with blood. Phys-
ical examination revealed a toxic-appearing man with a temper-
ature of 101◦F. A stool specimen is positive for C. difficile toxin,
and colonoscopy reveals pseudomembranes and colitis. A surgical
consultant recommends an emergent colectomy because of im-
pending bowel perforation secondary to the C. difficile infection.
What are H.T.’s risk factors for acquiring C. difficile-associated
pseudomembranous colitis during his hospitalization?

H.T.’s risk factors for acquiring C. difficile infection include
his advanced age, bedridden status,167 underlying diseases,168

and admission to the hospital. C. difficile infection is spread
when hospital personnel or equipment contaminated with C.
difficile spores come into contact with susceptible patients.
Physical proximity to an infected patient has been associated
with an increased risk of CDAD.169 Therefore, measures to
prevent the spread of C. difficile infection include proper hand-
washing before and after contact with infected patients, and the
use of gloves and enteric isolation precautions when in contact
with infected patients with diarrhea. Contaminated equipment
should be properly disinfected.136

Although C. difficile is often thought of as a nosoco-
mial pathogen, it is being increasingly isolated in outpatient
settings.170,171 A European study found that up to 28% of all
cases occurred without previous hospitalization.170
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New Epidemic Strain

55. Could there be a strain difference causing the severe CDAD
in H.T.?

A highly pathogenic strain of C. difficile has recently been
described in outbreaks in the United States.172 This strain, la-
beled BI/NAP1, causes more severe disease. Among its in-
creased virulence factors are an increased production of both
toxins A and B and a binary toxin. These strains are also
newly resistant to fluoroquinolones, which may increase the
frequency of disease.146 No current clinical tests exist to dis-
tinguish BI/NAP1 from other strains. There are no specific
treatment recommendations for this strain.

56. Over the next few days, all 10 patients on the ward with
B.W. and H.T. are found to have C. difficile toxin in their stools.
Five patients have diarrhea and the other five are asymptomatic.
What is the role of antibiotic therapy directed at C. difficile in
controlling this outbreak?

Neither oral metronidazole nor vancomycin is reliably ef-
fective in eradicating the carrier state (i.e., asymptomatic, fe-
cal excretion), and neither is recommended for use in this
situation.173 The lack of efficacy of these drugs is probably
related because, unlike the vegetative forms of C. difficile, the
spores of C. difficile are resistant to the action of antibiotics.136

Furthermore, compared with placebo, vancomycin adminis-
tration is associated with a significantly higher rate of C. dif-
ficile carriage 2 months after treatment.173 Restricting the use
of clindamycin can be an effective component in efforts to
control nosocomial epidemics of CDAD.167 With the emer-
gence of the BI/NAP1 strain, control of all antibiotic use,
including fluoroquinolones, may be important in outbreak
control.174

57. What effect will the current CDAD outbreak have on the
outcomes of the infected patients and on health care costs?

In a prospective study, hospitalized patients who developed
CDAD had a 3.6-day increase in length of stay.175 This increase
was accompanied by a doubling of hospital costs. Although
3-month mortality rates were higher in patients with CDAD
(48% vs. 22%), no significant differences were observed when
adjustments were made for severity of underlying illness. The
current outbreak is likely to increase both hospital costs and
individual lengths of stay.

Severe C. difficile Infection

58. What treatment is recommended for patients such as H.T.
who are critically ill from a C. difficile infection? What criteria
are used to characterize patients as “critically ill”?

Of patients with antibiotic-associated pseudomembranous
colitis who require surgical intervention (colectomy), up to
57% die.176 Although the precise definition of “critically ill”
is not clear, it has included patients with pseudomembrane
formation, fever >104◦F, marked abdominal tenderness, and
marked leukocytosis.157 Limited evidence suggests that van-
comycin may be more effective than metronidazole in patients
with predefined severe disease, including those admitted to

the intensive care unit.156 H.T. meets these criteria for being
critically ill.

Nonoral Treatment

59. Three days after oral vancomycin is initiated, H.T. devel-
ops an ileus and cannot take anything by mouth. What thera-
peutic options are available to treat H.T.’s pseudomembranous
colitis?

Adequate antibiotic levels in the colon are necessary to
treat C. difficile-associated pseudomembranous colitis. If the
oral route is not feasible (e.g., patients with an ileus or bowel
obstruction), the clinician must choose an agent that is ei-
ther secreted or excreted into the GI tract in its active form.
IV vancomycin is not the most desirable agent in this situa-
tion because it is not secreted into the GI tract. In contrast,
metronidazole is eliminated by both renal and hepatic routes;
bactericidal concentrations are achieved in both serum and
bile.177

The literature contains few reports of successful attempts
to treat CDAD or pseudomembranous colitis with IV metron-
idazole (500 mg Q 6–8 hr).178–180 Likewise, unsuccessful
attempts to treat CDAD with IV metronidazole have been
reported.178,181 When oral therapy is not feasible in patients
with CDAD, some experts recommend IV metronidazole 500–
750 mg three or four times daily with concurrent use of enteral
vancomycin.136 The clinical response of C. difficile infection
to IV vancomycin in a patient who did not survive was difficult
to ascertain.148

In adults, enteral vancomycin 500 mg four times daily can
be given through an ileostomy or colostomy (if present). Sev-
eral reports of successful outcomes using intercolonic van-
comycin (as an adjunct to oral or IV antibiotics) in patients
with CDAD have been documented. Rectal doses of van-
comycin have varied from 500 mg Q 4–8 hr to 1,000 mg/L Q
8 hr.182 Because patients with CDAD are at risk for colonic
perforation, enteral vancomycin should be administered
cautiously.

Relapse

60. One week after discharge from the hospital, B.W. once again
developed abdominal pain and diarrhea. Her clinic physician as-
sumed these symptoms could not be related to a relapse of her
CDAD because she had responded so well to metronidazole. What
is the likelihood that CDAD has recurred?

Regardless of the antibiotic regimen prescribed for CDAD,
symptomatic relapse occurs in 5%–30% of patients who re-
spond to their initial treatment regimen.136,143 Relapses occur
2 weeks to 2 months (median of 7 days) after treatment has
been discontinued.183

In most instances, relapses are caused by germination of
dormant spores that are intrinsically resistant to antibiotics.
Reinfection with C. difficile from external sources, however,
may account for up to half of all second episodes.184 In rare
instances, either vancomycin185 or metronidazole186 may have
caused CDAD.

Risk factors for recurrent CDAD include increasing age,
low quality-of-health score,183 use of additional antibiotics,
spring onset, and multiple prior episodes of C. difficile
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infection.187 Of patients experiencing their first episode of
CDAD, 24% experience a relapse, and 65% of patients with a
prior history of CDAD relapse.188

Data suggest that patients with a poor immune response
to C. difficile toxin A are more likely to have a relapse of
CDAD.189 It is not clinically helpful in the case of B.W., be-
cause no standard tests are currently available for this immune
response. The influence of the immune system, however, has
led to the usage of IV immune globulin in refractory or se-
vere cases of CDAD.190,191 The utility of the usage of immune
globulins has been debated in small single institution reviews.
Immune globulins would not be the considered the next line of
therapy for B.W.

61. How should patients such as B.W. who relapse after therapy
for CDAD be treated?

Most infections resulting from relapse are not related to
bacterial resistance and they respond to retreatment with the
same antibiotic used for initial treatment of the C. difficile
infection.143,192 Thus, an appropriate approach for B.W. is
to administer another 7- to 10-day course of oral metronida-
zole.

For patients with multiple recurrences of CDAD, the opti-
mal management plan is unresolved.136 Different approaches
have been tried, including (a) high-dose vancomycin (2,000
mg/day)193; (b) a 4- to 6-week course with vancomycin, after
which the dose is tapered over a 1- to 2-month period193,194; (c)
exchange resins163,195; (d) “pulse” dosing every 2–3 days193; or
(e) a combination of vancomycin and rifampin (600 mg orally
twice daily).196 Tapered and pulse therapy with vancomycin
were shown to be most effective in a clinical trial comparing
multiple strategies.193 When combined with standard antibi-
otic therapy, a clinical trial with the probiotic S. boulardii for
cases of relapsing CDAD noted a 65% response rate versus a
36% response rate for combination therapy with placebo.188

The relapse rate was reduced to 17% when S. boulardii was
combined with high-dose vancomycin.197

Nitazoxanide had a 74% initial response rate in patients
who had previously failed metronidazole therapy.198 Recur-
rent relapse was successfully treated with a second course of
nitazoxanide in a limited number of individuals, representing
an overall 66% response rate in a small difficult-to-treat popu-
lation.

Following treatment with vancomycin, a 2-week “chaser”
course of rifaximin, a poorly absorbed rifamycin derivative,
was successful in a case series for seven of eight patients with
multiple relapses.199 Although obviously a small sample, con-
cern must be raised that the single failure occurred in concert
with emerging rifaxamin resistance.

Cryptosporidium Parvum
Cryptosporidia are intracellular parasites that infect cells of
the GI tract, leading to a watery diarrheal illness. Of the var-
ious species, C. parvum is the most common cause of hu-
man illness. Although C. parvum causes an intestinal illness
in both healthy and immunocompromised persons; the clin-
ical presentations, the role of antiparasitic agents, and the
clinical response to antiparasitic agents differ between these
populations.

Clinical Presentation

62. C.K., a 35-year-old, previously healthy man, presents to his
family physician with complaints of 15 days of watery diarrhea
and a 5-lb weight loss. He heard an announcement by the Board
of Health of a community-wide outbreak of cryptosporidiosis
from contaminated water supplies, and is concerned that he has
this illness. Why are C.K.’s history of present illness and clinical
presentation consistent with cryptosporidiosis? Should antipara-
sitic agents be prescribed to treat cryptosporidiosis in otherwise
healthy persons such as C.K.?

A key piece of information from C.K.’s history of present
illness that is consistent with the diagnosis of cryptosporidio-
sis is his exposure to water supplies known to be contaminated
with cryptosporidium oocysts, because this is the most im-
portant mode of acquiring this infection.200 Other means of
spreading cryptosporidiosis include animal contact (cattle and
sheep), and person-to-person contact (e.g., health care workers,
day care personnel).200

C.K. is presenting with persistent diarrhea, which is defined
as diarrhea lasting >14 days. Common microbial causes of per-
sistent watery diarrhea include parasites, such as Isospora belli,
Microsporidia, G. lambli, and C. parvum. The spectrum of in-
fection with C. parvum ranges from asymptomatic carriage to
a persistent, noninflammatory diarrheal illness.200 Other man-
ifestations of cryptosporidiosis include nausea, vomiting, ab-
dominal cramps, weight loss, and fever.200 In immunocom-
petent patients such as C.K., cryptosporidiosis is generally a
self-limiting illness lasting approximately 2 weeks.200 In con-
trast, in immunocompromised patients, cryptosporidiosis can
be a chronic, debilitating, diarrheal illness associated with mal-
absorption and significant weight loss.

Treatment
In immunocompetent hosts with a diarrheal illness attributed
to C. parvum or in asymptomatic persons, other than replace-
ment of fluids and electrolytes, no specific therapy directed
at this parasite is generally required.201 If needed, a 3-day
course of nitazoxanide given with food (≥12 years, 500 mg
Q 12 hr; 4–11 years, 200 mg Q 12 hr; and 1–3 years, 100
mg Q 12 hr) is approved for the treatment of diarrhea caused
by C. parvum in persons >1 year of age.202 A randomized,
double-blind, placebo-controlled trial in immunocompetent
adults and children found that diarrhea resolved in 80% of those
treated with nitazoxanide versus 41% of patients given placebo,
p <0.0001; oocyst shedding was also significantly reduced. In
this study, diarrhea usually resolved within 3–4 days of starting
treatment.203

In contrast, for immunocompromised persons, a meta-
analysis of treatments for cryptosporidiosis found no evidence
to support the role of chemotherapeutic agents for the manage-
ment of cryptosporidioisis in this population.201 These findings
are consistent with a randomized trial that found a 3-day course
of nitazoxanide did not provide any benefit to children who
were HIV positive, whereas in children who were HIV neg-
ative, nitazoxanide treatment significantly improved the reso-
lution of diarrhea and decreased mortality.204 In persons who
are HIV positive, reconstitution of the immune system is the
mainstay of treatment for cryptosporidiosis.201
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INTRODUCTION
Despite the introduction of new antimicrobial agents and im-
provements in diagnostic and surgical techniques, the treatment
of intra-abdominal infections remains a therapeutic challenge.
Improvements in radiographic techniques with improved local-
ization of abscesses and early drainage, improved nutritional
management, and the selection of appropriate antimicrobial
agents all have contributed to a decrease in mortality associ-
ated with intra-abdominal infections.

Intra-abdominal infections are those contained within the
peritoneal cavity, which extends from the undersurface of the
diaphragm to the floor of the pelvis or the retroperitoneal space.
Intra-abdominal infections can present as localized infections,
a diffuse inflammation throughout the peritoneum, or infec-
tions in visceral organs such as the liver, biliary tract, spleen,
pancreas, or female pelvic organs. Abscesses can form any-
where within the abdomen, between bowel loops, or in solid
organs. If adequate source control is delayed, subsequent bac-
teremia and multiple organ failure are more likely to occur.

Although antimicrobial therapy should be selected on the
basis of the suspected pathogens, judicious use of antimicro-
bial agents is warranted owing to increasing rates of resistant
pathogens.

Normal Gastrointestinal Flora
The stomach of fasting individuals contains very few bacteria
(i.e., <100 colony-forming units [CFU]/mL) because of the
combined effects of gastric motility and the bactericidal ac-
tivity of normal gastric fluid, which has a pH of 1 to 2.1 The
bacterial population of the stomach can be altered by drugs or
diseases that increase gastric pH or decrease gastric motility.

Thus, patients with bleeding or obstructing duodenal ulcers,
gastric ulcers, or gastric carcinomas have an increased num-
ber of oral anaerobes and facultative gram-negative bacteria
colonizing the stomach.

The upper small intestine (duodenum and jejunum) usually
contains relatively few bacteria and harbors mainly oral flora.
The lower small intestine serves as a transitional zone between
the sparsely populated stomach and the abundant microbial
flora of the colon.2 The biliary tree is generally sterile, although
colonization with aerobic gram-negative bacilli (particularly
Escherichia coli and Klebsiella spp) is more likely in patients
with biliary tract stones, surgical biliary interventions, and in
the elderly patient population.3

In the ileum, facultative gram-negative and gram-positive
species, as well as obligate anaerobes, are encountered. As the
distal ileum is approached, the quantity and variety of bac-
teria increase. Substantial numbers of anaerobic bacteria are
present, including Bacteroides spp., E. coli, and Enterococ-
cus are the most commonly encountered gram-negative and
gram-positive organisms, respectively.1,2

In the large bowel, anaerobic bacteria, particularly Bac-
teroides species, predominate. In the distal colon, bacterial
counts average 1010 CFU/mL of feces, with anaerobes out-
numbering other organisms by a ratio of 1,000 to 10,000:1.2

Although large numbers of Clostridia spp., anaerobic gram-
positive cocci, and non–spore-forming anaerobic rods are
present, the most prevalent anaerobes are Bacteroides species.
Among the facultative aerobes, E. coli is the most frequently
isolated species.1,2 Given these differences in regional mi-
croflora populations, it is not surprising that trauma to the colon
carries a much higher risk of intra-abdominal infection than it
does to the stomach or jejunum4 (Fig. 63-1).

63-1
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FIGURE 63-1 Microflora of the gastrointestinal tract.

INFECTIONS OF THE BILIARY TRACT
Cholecystitis and Cholangitis
Cholecystitis and cholangitis are intra-abdominal infections
that originate as inflammatory conditions of the biliary tract,
most commonly as a result of obstruction in the gallbladder
or common bile duct. The obstruction is typically caused by
the presence of cholelithiasis. The biliary tract is sterile under
normal conditions and the flow of bile, along with its bacte-
riostatic properties, function to maintain the sterility. Infection
typically occurs as a secondary event to obstruction.3,4

Acute cholecystitis is the acute inflammation of the gall-
bladder. The presence of gallstones in >90% of cases prevents
the outflow of gallbladder drainage by obstructing the neck of
the gallbladder, Hartmann’s pouch, or the cystic duct.3 The ob-
struction causes an increase in intraluminal pressure, gallblad-
der distention, and edema, which triggers an acute inflamma-
tory response. The potential consequences of this obstruction
and inflammation include infection, ischemia, perforation, and
necrosis.3,5 The reduction in gallbladder outflow leads to bil-
iary stasis, which provides an ideal environment for bacterial
proliferation and subsequent infection (Fig. 63-2).

Acute cholangitis is an acute inflammation of the common
bile duct. The most common cause of cholangitis in the United
States is common bile duct obstruction as a consequence of
cholelithiasis. Less common causes include neoplastic ob-
struction, postoperative obstruction following biliary interven-
tion, benign strictures, and primary sclerosing cholangitis.3

Acute cholangitis characteristically involves the presence of
organisms and increased biliary pressure. The decrease in bil-
iary outflow results in biliary stasis and bacterial proliferation.
The obstruction of the biliary tree results in increased biliary
pressure, which facilitates the spread of bacteria into lymphat-
ics and potentially the bloodstream via alterations in membrane
permeability.3,6

Clinical Presentation and Diagnosis

1. D.S, a 42-year-old man, presents to the hospital with a 2-day
history of abdominal pain and tenderness, localized to the right
upper quadrant, fever to 38.9◦C, and chills. He complains of nau-
sea, with three episodes of emesis occurring in the past 24 hours.
D.S. appears jaundiced and reports dark-colored urine. His
laboratory values are white blood cell (WBC) count, 15 × 103/mm3



INTRA-ABDOMINAL INFECTIONS � 63-3

Gallbladder distension 

Gall stone impacted
in Hartmann’s pouch

Cystic duct 

Oedematous 
gallbladder wall 

Gallbladder distension 

Increased 
intraluminal 

pressure 

Fluid secretion 

Prostaglandin I2 and E2 secretion 

FIGURE 63-2 Pathogenesis of acute cholecystitis.

(normal, 3.2–9.8); serum creatinine (SrCr), 1.2 mg/dL (normal,
0.6–1.2); total bilirubin, 4 mg/dL (normal, 0.1–1); and alkaline
phosphatase, 220 U/L (normal, 30–120). What evidence of cholan-
gitis exists in D.S.? How does the presentation of cholecystitis dif-
fer from cholangitis?

[SI units: WBC count, 15 × 109 /L (normal, 3.2–9.8); SrCr, 106.08 μmol/L
(normal, 50–110); total bilirubin, 68.4 μmol/L (normal, 2–18)]

The clinical manifestations of acute cholangitis vary, but
the classic presentation involves Charcot’s triad, which con-
sists of fever, jaundice, and right upper quadrant abdominal
pain. Fever is present in 90% of cases, and jaundice and ab-
dominal pain occur in 60% to 70% of cases.3 A smaller percent-
age of patients may present with changes in mental status and
hypotension.3 Laboratory findings of acute cholangitis include
leukocytosis, elevated bilirubin and alkaline phosphatase, and
mildly elevated liver transaminases.3,6 The clinical signs and
symptoms of cholangitis, as exemplified by D.S., include high
fevers (38.9◦C), chills, jaundice, and right upper quadrant ab-
dominal pain. Laboratory evidence supportive of cholangitis
includes leukocytosis with WBC of 15 × 103/mm3, increased
bilirubin of 4 mg/dL, and elevated alkaline phosphatase of
220 U/L.

The clinical presentation of acute cholecystitis involves
fever, nausea, vomiting, and a prolonged constant abdominal
pain that is typically localized to the right upper quadrant. On
physical examination, patients with cholecystitis often have
tenderness in the right upper quadrant, which is evident by Mur-
phy’s sign (inspiration is inhibited by pain on palpitation).3,5

Laboratory findings include leukocytosis with increased neu-
trophils (left shift) and mild elevations in transaminases. Pa-
tients with cholecystitis may also present with mild jaundice
(bilirubin <60 mmol/L) in comparison to cholangitis.3,5

Diagnostic imaging for cholecystitis typically involves ul-
trasonography, which may reveal pericholecystic fluid, disten-
tion of the gallbladder, edema of the gallbladder wall, stones,
and a sonographic Murphy’s sign.3 Ultrasound is less sensitive
for choledocholithiasis, but may depict the presence of bil-
iary dilation with cholelithiasis to infer cholangitis. Computed
tomography (CT) imaging is also commonly utilized for the
diagnosis of cholangitis and may be superior in determining

the extent of biliary obstruction.3 Biliary scintigraphy and en-
doscopic retrograde cholangiopancreatography (ERCP) are al-
ternative modes of imaging for cholecystitis and cholangitis,
respectively.3,6

Etiology

2. What are the most likely organisms causing infection in
D.S.? What clinical specimens are helpful to identify the causative
pathogen(s)?

The most common pathogens associated with cholangitis
include E. coli, Klebsiella spp., Enterococcus spp., and Enter-
obacter spp. However, Pseudomonas aeruginosa, skin flora
(Staphylococcus spp., Streptococcus spp.), and oropharynx
bacteria may be cultured. Anaerobic organisms are associated
with ∼15% of infections, particularly in elderly patients un-
dergoing biliary tract surgery.3,7 The etiology of cholecystitis
typically involves E. coli, Klebsiella spp., and Enterococcus
spp. Anaerobes are less commonly isolated3,5 (Table 63-1).

As described above, the stasis of bile flow allows bacteria to
proliferate within the gallbladder or common bile duct. Acute
cholangitis results in increased pressure within the common
bile duct with dissemination of bacteria from the biliary tree
to the bloodstream. Blood cultures may be positive in up to
40% of patients with symptomatic acute cholangitis.3 Acute
cholecystitis may reveal positive bile cultures in 20% to 75%
of patients with symptomatic disease, but the utility of bile
cultures has yet to be determined.2 In contrast to cholangi-
tis, bacteremia is unlikely with cholecystitis. The choice of
antibacterial agents is largely empiric covering the aforemen-
tioned common causative pathogens.

Treatment
Definitive therapy for both cholangitis and cholecystitis must
involve the removal of the obstruction and infected contents,
using surgery, percutaneous drainage, or endoscopic interven-
tion. Empiric antibacterial therapy should be added owing to
the likelihood of secondary infection and to prevent complica-
tions. Supportive measures include fluid and electrolyte sup-
plementation and analgesia.3−6
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Table 63-1 Common Pathogens in Intra-Abdominal Infection

Disease Pathogens Comments

Primary peritonitis Escherichia coli, Klebsiella pneumoniae,
Streptococcus pneumoniae, Streptococcus spp.,

occasional anaerobes

Predominately in spontaneous bacterial peritonitis in cirrhotics.
Anaerobes less likely than aerobes.

Secondary peritonitis E. coli, Bacteroides fragilis, other aerobic
gram-negative rods and anaerobes, Enterococcus

Generally polymicrobial with both aerobic and anaerobic
pathogens. Enterococcus spp. are associated with nosocomial
infections and chronic surgical infections, particularly in patients
receiving broad-spectrum antimicrobials.

Chronic ambulatory
peritoneal dialysis

S. epidermidis, Staphylococcus aureus, diphtheroids,
gram-negative rods

Dwell time of exchange with intraperitoneal antibiotics must be a
minimum of 6 hours.

Cholecystitis,
cholangitis

E. coli, K. pneumoniae, anaerobes, other
gram-negative rods, Enterococcus

Necessity for antimicrobials that achieve high biliary concentrations
is unknown.

To decompress or drain the biliary ductal system in cholan-
gitis ERCP is used, with a success rate of >90% in the treat-
ment of cholangitis.3 Alternatively, percutaneous transhepatic
biliary drainage (PTBD) or endoscopic sphincterotomy (ES)
can be utilized to drain the contents. Open surgery is a less fa-
vored option to decompress the biliary tree, owing to increased
mortality.3 Acute symptomatic cholecystitis requires removal
of the gallbladder (cholecystectomy). The procedure of choice
is laparoscopic cholecystectomy within 48 to 72 hours of onset
of symptoms. Early intervention is associated with decreased
morbidity and length of hospital stay compared with delayed
surgical intervention.3,5 In high-risk patients, where the risks
outweigh the benefits of early surgery, percutaneous cholecys-
tostomy can be performed to drain the contents of the gallblad-
der. The procedure improves the clinical symptoms in 75% to
90% of patients who cannot undergo surgery. Cholecystec-
tomy, however, should take place once the patient is stable for
surgery.3

Antimicrobial Therapy

3. Based on the most likely causative pathogen(s), what em-
piric antimicrobial therapy is recommended for D.S., given a di-
agnosis of cholangitis?

Empiric antimicrobial therapy for cholangitis and chole-
cystitis should be initiated after blood cultures have been col-
lected. The empiric choice of therapy should cover enteric
gram-negative pathogens, particularly E. coli. The addition of
anaerobic coverage is generally recommended, particularly for
patients with cholangitis and elderly patients with previous bil-
iary tract interventions.3 Enterococcus spp. are less commonly
encountered pathogens and empiric coverage is typically
not necessary in community-acquired intra-abdominal infect-
ions.

Antimicrobial therapy must be guided by drug pharmacoki-
netics and pharmacodynamics, local resistance patterns, and
patient factors, such as drug allergies, renal or hepatic dys-
function, and cost. Examples of appropriate empiric regimens
include combination therapy with an extended spectrum ceph-
alosporin (ceftriaxone, cefotaxime, or cefepime) or an amino-
glycoside, plus metronidazole, or a fluoroquinolone (ciproflox-
acin or levofloxacin) plus metronidazole.8 Utilization of
aminoglycosides in uncomplicated, community-acquired in-
fections is not routinely recommended because of the need for
therapeutic drug monitoring and potential nephrotoxicity and

ototoxicity.8 Furthermore, the risk of renal toxicity has been
suggested to be greater in patients with obstructive jaundice.9

Therapy with ciprofloxacin or levofloxacin is appropriate in
combination with metronidazole owing to the relatively poor
anaerobic activity of the fluoroquinolones. Other fluoroquino-
lones, such as moxifloxacin and garenoxacin, with increased
anaerobic activity may represent a potential monotherapy op-
tion in the future.10 Monotherapy with aβ-lactam–β-lactamase
inhibitor combination (ampicillin–sulbactam, ticarcillin–
clavulanate, and piperacillin–tazobactam) or a carbapenem
(imipenem–cilastatin, meropenem, and ertapenem) would also
be appropriate therapy given the broad spectrum of gram-
positive, gram-negative, and anaerobic activity.8,11 Consid-
ering their activity versus multidrug-resistant gram-negative
bacilli, the carbapenems generally should be reserved for in-
fection caused by these pathogens.

An appropriate regimen for D.S. is ampicillin–sulbactam 3 g
IVPB every 6 hours as monotherapy. Aminoglycoside therapy
can be considered in D.S., but given the recent onset of signs
and symptoms and the likelihood of community-acquired or-
ganisms, other treatment options are available. The presence
of hyperbilirubinemia may also place D.S. at higher for the
development of aminoglycoside-induced nephrotoxicity.

Biliary Concentrations

4. The physician caring for D.S. questions the need for an an-
tibiotic that concentrates in the bile. Is there a benefit to using an
antibiotic that is extensively excreted into bile?

Common bile duct obstruction is a factor that can prevent
the entry of antibiotics into the bile, but the need for high bil-
iary concentrations of antibiotics in the treatment of cholan-
gitis has often been questioned.12 Nagar et al.13 reviewed the
biliary excretion of several antibiotics and concluded that a
number of antibiotics with excellent in vitro susceptibility are
poorly excreted into bile but are still clinically effective. Biliary
antibacterial concentrations have not been correlated with an
improved outcome.3 Highly biliary excreted versus moder-
ately biliary excreted antibiotics have been compared.12 The
investigators concluded that serum concentrations were more
important than biliary levels in reducing the septic compli-
cations of biliary tract surgery. These authors concluded that
biliary excretion of any antibiotic is minimal in the presence
of obstruction.12
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The treatment of D.S.’s biliary tract infection must include
biliary drainage. Ampicillin–sulbactam should be continued
for 5 to 7 days.

PRIMARY PERITONITIS
Peritonitis is inflammation of the peritoneum as a result of
infectious or chemical inflammation within the peritoneal
cavity.2,14 Infectious peritonitis can be classified as primary,
secondary, or tertiary. Primary peritonitis involves the develop-
ment of infection in the peritoneal cavity in the absence of intra-
abdominal abnormality.14,15 Secondary peritonitis classically
results from contamination of the peritoneum with gastroin-
testinal (GI) or genitourinary microorganisms as a result of
loss of mucosal barrier integrity. Tertiary peritonitis describes
clinical peritonitis along with signs of sepsis and multiorgan
dysfunction that persist or recur following the treatment of
secondary peritonitis.2,14

Primary peritonitis is also known as spontaneous bacte-
rial peritonitis (SBP) and is most frequently identified in
adults with cirrhosis and ascites. Nearly 10% to 30% of hos-
pitalized patients with cirrhosis and ascites have SBP.2,15,16

Primary peritonitis can also be associated with postnecrotic
cirrhosis, chronic acute hepatitis, acute viral hepatitis, con-
gestive heart failure, metastatic malignancy, or systemic lupus
erythematosus.2,14

Spontaneous Bacterial Peritonitis in Cirrhotic Patients
Clinical Manifestations and Diagnosis
Patients with SBP may present with fever, signs of peritoneal
irritation with abdominal pain, changes in GI motility, nau-
sea, vomiting, diarrhea, or ileus.16 Fever is the most common
sign, occurring in 50% to 80% of patients with SBP.2 Patients
may potentially have an atypical presentation or even lack
symptoms.16 The diagnosis of SBP is made on clinical presen-
tation and examination of the peritoneal fluid via paracentesis.
The ascitic fluid is tested for cell counts with WBC differen-
tial and the presence of microorganisms based on Gram stain
and culture. Ascitic fluid with an elevated polymorphonuclear
(PMN) count (≥250/mm3) is diagnostic of SBP.16

Etiology and Pathogenesis

5. M.W., a 51-year-old man with alcoholic cirrhosis and signif-
icant abdominal ascites, presents with a 4-day history of fever to
38.4◦C and abdominal pain. Ascitic fluid obtained by paracente-
sis was cloudy. Culture of the ascitic fluid is pending. Laboratory
values are ascitic fluid PMN count, 450/mm3, serum WBC count,
12.2 × 103/mm3 (normal, 3.2–9.8), and total bilirubin, 4.4 mg/dL
(normal, 0.1–1). What organisms are likely to be cultured from
M.W.’s ascitic fluid?

[SI units: WBC count, 12.2 × 109/L (normal, 3.2–9.8); total bilirubin, 75.2
μmol/L (normal, 2–18)]

An estimated 70% of cases of SBP are caused by aerobic
enteric organisms considered normal flora of the GI tract.16

E. coli is the most commonly cultured organism, followed
by Klebsiella pneumoniae.2 Other common causes of SBP
include Streptococcus pneumoniae and other Streptococcus
spp., accounting for 20% of cases. Enterococcus spp. are iso-
lated in ∼5% of cases.16 Staphylococcus spp., anaerobes, and

microaerophilic organisms are rarely reported in community-
acquired SBP. SBP is largely a monomicrobial infection.

One of the main mechanisms of pathogenesis associated
with the development of SBP is bacterial translocation, which
is the migration of microorganisms through the GI wall to
mesenteric lymph nodes and other structures outside the intes-
tine, including the bloodstream. Bacteria will then infect the
ascitic fluid by hematogenous or lymphogenous spread.16,17

Certain characteristics of cirrhotic patients may facilitate
the pathogenesis of SBP, including bacterial overgrowth, de-
creased motility, structural intestinal damage, and decreased
host defense mechanisms that function to eliminate microor-
ganisms. Bacterial overgrowth in the face of decreased motility
and increased gut wall permeability, secondary to structural
damage, facilitates subsequent systemic infection. Reduced
opsonic activity and phagocytosis allows the microorganisms
to escape the hosts’ defenses and subsequently infect the ascitic
fluid.17

Spontaneous bacterial peritonitis with underlying cirrho-
sis was previously associated with a >90% mortality rate, but
with the advances in antibacterial therapy, the rate has reduced
to ∼20% to 40%.2,16 Patient characteristics associated with
increased mortality include renal insufficiency, hypothermia,
hyperbilirubinemia, and hypoalbuminemia. Gram-negative in-
fections are also associated with a high mortality rate in SBP
compared with gram-positive infections.2 Early diagnosis and
effective antibacterial treatment of SBP have been associated
with reduced rates of mortality.18

Antimicrobial Therapy

6. What empiric antimicrobial therapy is recommended for
M.W. pending ascitic fluid culture results? What is an appropriate
duration of therapy, and how should the response to therapy be
monitored?

Although a positive Gram stain and culture will provide
guidance for antibacterial therapy, nearly 60% of patients
with signs and symptoms of SBP have negative cultures.19

Initial antibacterial therapy for patients with a diagnosis of
SBP is typically empiric and targeted toward the most likely
pathogens as described above. Ampicillin plus an aminogly-
coside traditionally was used as empiric therapy; however,
third-generation cephalosporins (cefotaxime and ceftriaxone)
or β-lactam–β-lactamase inhibitor combinations (ampicillin–
sulbactam) as monotherapy represent safer, possibly more
effective options.19,20 An oral fluoroquinolone (ofloxacin or
ciprofloxacin) has been recommended in uncomplicated SBP
in the absence of renal dysfunction or encephalopathy.16 The
lack of streptococcal activity of these agents suggests, how-
ever, they should not be used first line. The treatment of choice
for community-acquired SBP is typically a third-generation
cephalosporin. As described, aminoglycosides are not rec-
ommended in cirrhotic SBP therapy because of the risk of
nephrotoxicity.16 As with all infections, antibacterial therapy
should be adjusted on the availability of culture and sensitivity
data.

Antibiotic therapy is recommended until the PMN count
from the ascitic fluid falls below 250 cells/mm3, which nor-
mally occurs within 5 days.18 Franca et al.21 concluded that a
5-day course of cefotaxime for the treatment of SBP was as
effective as a 10-day course.
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M.W. should receive empiric therapy with an antimicrobial
agent effective against E. coli and other common pathogens
such as Klebsiella spp. and S. pneumoniae. Any of the above-
mentioned options would be reasonable empirical choices.

Prophylaxis

7. After treatment is completed, should prophylactic antimi-
crobial therapy be initiated in M.W.?

Recurrence rates for primary peritonitis are high. Cirrhotic
patients who survive an episode of SBP have a 1-year recur-
rence rate of nearly 70%. Two other types of cirrhotic pa-
tients are also considered high risk for the development of
SBP: patients with low ascitic protein (<1.0 g/dL) or elevated
serum bilirubin (>2.5 mg/dL) and patients presenting with
GI hemorrhage.16 Prophylactic antimicrobial therapy has been
shown to be of some benefit in cirrhotic patients at risk for the
development of SBP (primary prophylaxis) and those with a
high risk for the recurrence (secondary prophylaxis) of SBP:
the risks and benefits must be carefully evaluated, however.

Secondary prophylaxis in cirrhotic patients is typically initi-
ated with an antibacterial agent to provide selective decontam-
ination of the GI tract. The goal of this therapy is to reduce the
burden of bacteria and subsequently prevent bacterial translo-
cation and therefore infection.16 Prospective, randomized stud-
ies in cirrhotic subjects with ascites provide support for the use
of oral antibacterial agents to reduce the rate of recurrence. The
agents studied include oral norfloxacin,22 ciprofloxacin,23 and
trimethoprim–sulfamethoxazole.24 Long-term secondary pro-
phylaxis is recommended based on the significant reduction in
rates of recurrence in clinical trials.

Long-term primary prophylaxis in patients with low ascitic
proteins, elevated bilirubin, or both may also be beneficial but
is not associated with decreased overall infection or mortal-
ity and, therefore, not uniformly recommended.16,17,22−24 Pri-
mary prophylaxis is recommended, however, in all cirrhotic pa-
tients presenting with a GI hemorrhage.16 Clinical trials have
provided evidence to support the use of short course therapy
(7 days) of norfloxacin or ceftriaxone in patients presenting
with GI hemorrhage.17,25 Prophylactic therapy prevents bac-
terial infection and reduces the risk of rebleeding.17 Several
cost analyses have been performed demonstrating that pro-
phylactic therapy in high risk groups of cirrhotic patients is
cost-effective.17

Concerns have been raised regarding the rapid emer-
gence of bacterial resistance in cirrhotic patients receiving
norfloxacin prophylaxis. In one study evaluating the influ-
ence of prophylactic norfloxacin (400 mg/day) on fecal flora,
fluoroquinolone-resistant isolates developed during treat-
ment. Rates of fluoroquinolone-resistant and trimethoprim–
sulfamethoxazole-resistant gram-negative bacilli have become
more prevalent in patients who receive long-term prophylac-
tic therapy.26 Because of an increase both in resistance and
in gram-positive causative organisms, the utilization of long-
term prophylaxis must be considered when initiating antibac-
terial therapy for the treatment of new infections in this patient
population.27

M.W. has cirrhosis, a previous episode of SBP, and a high
total bilirubin; thus, he is at high risk for recurrence. Prophy-
lactic antimicrobial therapy should be considered and may be a
cost-effective measure. Any of the aforementioned prophylac-

tic regimens would be appropriate for M.W. A specific choice
for prophylactic therapy for M.W. would depend on institu-
tional resistance patterns.

Penetration of Antimicrobial Agents Into Peritoneal Fluid

8. The physician asks if the agents chosen for treatment and
prophylaxis of peritonitis in M.W. will penetrate across the peri-
toneum. What properties determine the penetration of antibiotics
into the peritoneal fluid?

The penetration of antimicrobial agents into tissues or ab-
scess cavities depends on the serum-to-tissue fluid concen-
tration gradient; the binding of the antimicrobial to serum
and tissue proteins; the diffusibility of the drug, based on its
molecular size and acid dissociation constant (pKa); and lipid
solubility.28 In general, the β-lactam antimicrobials have been
shown to achieve peritoneal fluid concentrations that exceed
typical minimum inhibitory concentrations (MIC) for most
commonly encountered facultative gram-negative and anaero-
bic bacteria.28,29

Continuous Ambulatory Peritoneal
Dialysis-Associated Peritonitis

9. H.M., a 43-year-old woman with diabetes mellitus and end-
stage renal disease, has undergone continuous ambulatory peri-
toneal dialysis (CAPD) daily for the past year. She presents with
abdominal pain and a cloudy dialysate fluid. H.M. has negligible
residual urine output. What are the most common causative or-
ganisms related to CAPD-associated peritonitis? What empiric
antimicrobial therapy should be initiated? How should antimi-
crobial agents be administered?

Pathogenesis and Clinical Presentation
Peritonitis continues to remain a major complication of peri-
toneal dialysis. An estimated 45% of patients undergoing con-
tinuous ambulatory peritoneal dialysis will experience at least
one episode of peritonitis in the first 6 months of dialysis. Ap-
proximately 60% to 70% of patients develop peritonitis during
the first year of dialysis, and recurrent infection occurs in 20%
to 30% of patients.2 CAPD-related peritonitis is theorized to
originate from contamination of the catheter by organisms of
the normal skin flora, contamination of the peritoneum from
an exit-site or subcutaneous-tunnel infection, contamination
of the dialysate fluid, or bacterial translocation.2 Alterations in
host defenses of the peritoneum may also have a role in the
development of CAPD-associated peritonitis.2

Clinical manifestations of CAPD-peritonitis include ab-
dominal pain and tenderness, which is observed in 60% to
80% of patients. Nausea and vomiting occur in approximately
30% of patients, whereas 10% will have diarrhea, and 10%
to 20% will present with fever. The diagnosis of peritonitis is
made based on clinical signs and symptoms along with exam-
ination of the dialysate fluid for cell counts, Gram stain, and
culture. Characteristically, the dialysate fluid will be cloudy
and have a WBC count >100 cells/mm3 with a neutrophilic
predominance (at least 50%).30 The Gram stain may be neg-
ative in 5% to 10% of cases and blood cultures are typically
negative.2 In most cases, peritonitis is commonly caused by a
single organism.31
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Etiology
The most common causative organisms are gram-positive bac-
teria, accounting for 60% to 80% of isolates. Coagulase-
negative Staphylococcus spp. (S. epidermidis) are the most
common causative organisms, followed by Staphylococcus au-
reus and Streptococcus spp., Gram-negative bacilli are isolated
in approximately 15% to 30% of cases, with E. coli being
the most common. Other common gram-negative organisms
include Klebsiella spp., Enterobacter spp., Proteus spp., and
P. aeruginosa. Anaerobes, fungi, and mycobacteria constitute
the less commonly encountered pathogens.2

Antimicrobial Therapy
In general, empiric antibiotic therapy should be directed against
the most common causative organisms, both gram-positive
and gram-negative, until cultures of peritoneal fluid are avail-
able. Intraperitoneal (IP) delivery of antibacterial agents is the
preferred route of administration for the treatment of CAPD-
associated peritonitis. The IP route provides very high local
concentrations of antibacterial agents as well as the ability to
avoid a venipuncture and allow the patient to self-administer
therapy at home.30

Treatment guidelines for CAPD-associated peritonitis pro-
vide a systematic approach for antimicrobial selection, dosing
guidelines, and duration of therapy. Initial therapy recommen-
dations include vancomycin or a first-generation cephalosporin
for gram-positive coverage with an appropriate antibacte-
rial agent for gram-negative coverage.30 Because of the in-
creasing rates of methicillin resistant S. aureus (MRSA) and
S. epidermidis (MRSE), vancomycin may be the most appro-
priate initial therapy for gram-positive organisms, although
cefazolin remains effective in certain geographical areas.31–33

Gram-negative therapy options include an aminoglycoside,
ceftazidime, cefepime, or a carbapenem.30,34 Local resistance
patterns must govern the decision for initial therapy for both
gram-positive and gram-negative causative organisms.30 Oral
treatment with fluoroquinolones represents an option in cer-
tain cases of CAPD-peritonitis given the extent of distribu-
tion into the peritoneal cavity. An increasing prevalence of
fluoroquinolone-resistant gram-negative organisms, particu-
larly E. coli, however, exists in many areas and must be
considered.35,36

When culture and susceptibility results are available, an-
tibacterial therapy should be adjusted as necessary. Antibi-
otic therapy is recommended for at least 2 weeks and even
longer in severe cases. Duration may be determined based
on clinical response. When S. aureus is isolated from culture,
therapy will be determined by susceptibility and may include
the removal of the dialysis catheter. Vancomycin plus or mi-
nus rifampin is recommended for MRSA, although monother-
apy with vancomycin is adequate, particularly if the infected
catheter is removed. Conversely, cefazolin alone is adequate
for MSSA. Coagulase-negative Staphylococcus spp. generally
require vancomycin owing to the high rate of methicillin re-
sistance. Enterococcus spp. or Streptococcus spp. should be
treated with ampicillin if susceptible. The addition of syner-
gistic doses of gentamicin may be considered, although clear
benefit has not been established in the treatment of entero-
coccal peritonitis. Furthermore, patients with CAPD do not
eliminate gentamicin well and may be at additional risk of
aminoglycoside ototoxicity. Vancomycin should be used for

ampicillin-resistant enterococcus; however, vancomycin resis-
tant Enterococcus spp. (VRE), requires treatment with line-
zolid, quinupristin–dalfopristin, or daptomycin. In the case of
culture-negative peritonitis and clinical improvement after 3
days of empiric coverage, a single agent directed toward gram-
positive organisms may be continued for a total of 2 weeks.30

When a single gram-negative organism is cultured (e.g., E.
coli, Klebsiella spp., or Proteus spp.), therapy can be narrowed
based on susceptibility. Isolation of P. aeruginosa most often
indicates a severe infection which may also involve the dial-
ysis catheter. Two antibacterial agents can be considered for
2 weeks. Monotherapy, however, appears to be as efficacious.
Therapy options include an antipseudomonal β-lactam such as
ceftazidime, cefepime, or imipenem–cilastatin with or without
an oral fluoroquinolone or an aminoglycoside. Aztreonam can
be used in the case of severe IgE-medicated penicillin allergy.
Polymicrobial peritonitis is uncommon, and may indicate a
more complicated intra-abdominal process. Therapy should
include activity for anaerobes with metronidazole, in combi-
nation with gram-positive, gram-negative coverage according
to culture and susceptibility data. Table 63-2 lists antimicro-
bial dosing guidelines for the treatment of peritonitis associated
with CAPD.30

An example of an appropriate regimen for H.M. may in-
clude vancomycin plus cefepime or an aminoglycoside given
intraperitoneally. The clinician should follow culture and sen-
sitivity results to adjust therapy based on guidelines, local sen-
sitivity patterns, and therapeutic response.

Fungal CAPD-Associated Peritonitis

10. Two years later, H.M. presents with abdominal pain and
cloudy dialysate fluid. Candida albicans is cultured from the
dialysate fluid. No other organisms are present. How should H.M.
be treated?

Fungal peritonitis is a rare complication of CAPD that is
associated with significant morbidity and mortality. The rate
of mortality in fungal peritonitis is approximately 25%.30 It
is recommended to remove the dialysis catheter in patients
with evidence of fungal peritonitis because of the high rates
of failure associated with maintaining the catheter.30 Patients
who have received prolonged or multiple courses of antibiotics
are at increased risk for fungal peritonitis owing to a shift in
normal flora.37 Most cases are caused by Candida spp., most
commonly C. albicans. An increase in nonalbicans species
has emerged in many areas.37 Antifungal therapy options in-
clude amphotericin B and flucytosine, caspofungin, flucona-
zole, or voriconazole. Amphotericin B may be administered
intravenously (IV) or IP, but when given IP it is very irritating
to the peritoneum.30 The azole antifungal agents can be admin-
istered orally, IV, or IP. Fluconazole is active against C. albicans
but has decreased activity against certain types of nonalbicans
species, such as C. glabrata. In general, fluconazole would
be appropriate, safe therapy for C. albicans, however, other
options, such as a polyene or echinocandin, would be needed
for C. glabrata. Initial therapy is commonly amphotericin B
plus flucytosine until the culture results are obtained. Therapy
should continue for a minimum of 2 weeks after catheter re-
moval and total duration may be based on severity and clinical
response.30
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Table 63-2 Intraperitoneal Antibiotic Dosing
Recommendations for CAPD Patients. (Dosing of Drugs With
Renal Clearance in Patients with Residual Renal Function
(Defined as >100 mL/day Urine Output): Dose Should Be
Empirically Increased by 25%)

Intermittent (per Continuous (mg/L,
exchange, once daily) all exchanges)

Drug
Aminoglycosides

Amikacin 2 mg/kg LD 25, MD 12
Gentamicin 0.6 mg/kg LD 8, MD 4
Tobramycin 0.6 mg/kg LD 8, MD 4

Cephalosporins
Cefazolin 15 mg/kg LD 500, MD 125
Cefepime 1 g LD 500, MD 125
Cephalothin 15 mg/kg LD 500, MD 125
Ceftazidime 1,000–1,500 mg LD 500, MD 125
Ceftizoxime 1,000 mg LD 250, MD 125

Penicillins
Ampicillin ND MD 125
Oxacillin ND MD 125
Nafcillin ND MD 125
Amoxicillin ND LD 250–500, MD 50
Penicillin G ND LD 50,000 units,

MD 25,000 units
Quinolones

Ciprofloxacin ND LD 50, MD 25
Others

Vancomycin 15–30 mg/kg
every 5–7 days

LD 1,000, MD 25

Aztreonam ND LD 1,000, MD 250

Antifungals
Amphotericin NA 1.5

Combinations
Ampicillin–sulbactam 2 g every 12 hours LD 1,000, MD 100
Imipenem–cilastatin 1 g BID LD 500, MD 200

Quinupristin–dalfopristin 25 mg/L in
alternate bagsa

aGiven in conjunction with 500 mg intravenous twice daily.
BID, twice daily; CAPD, continuous ambulatory peritoneal dialysis; LD, loading
dose, in mg; MD, maintenance dose, in mg; NA, not applicable; ND, no data.
From reference 30, with permission.

H.M.’s treatment should include temporary catheter re-
moval and administration of antifungal agents. Antifungal ther-
apy with fluconazole 200 mg orally everyday should be con-
tinued for at least 14 days.

SECONDARY PERITONITIS
Pathogenesis and Epidemiology
Secondary peritonitis usually occurs after fecal contamination
of the peritoneal cavity or its surrounding structures.1,8 Infec-
tions most often occur after perforation of the GI tract (e.g., ap-
pendicitis, diverticulitis, perforated ulcer, abdominal trauma,
bowel neoplasm). Secondary peritonitis most commonly oc-
curs after penetrating or blunt abdominal trauma.

Localization of infection without eradication of bacteria re-
sults in intraperitoneal or visceral abscesses. Intraperitoneal

abscesses occur most often in the right lower quadrant in asso-
ciation with appendicitis or a perforated peptic ulcer. Other
causes can include diverticulitis, pancreatitis, inflammatory
bowel disease, trauma, and abdominal surgery. Visceral ab-
scesses generally are found in the pancreas but also occur in
the liver, spleen, or kidney.2

11. A.H., a 52-year-old man, presents with severe abdominal
pain and nausea. Colonoscopy reveals a perforated colon. Vi-
tal signs include temperature of 102◦F and tachycardia (pulse,
110 beats/minute). Bowel sounds are absent. Laboratory values
are WBC count, 19 × 103/mm3 (normal, 3.2–9.8), and blood urea
nitrogen (BUN), 34 mg/dL (normal, 8–18). What signs and symp-
toms of secondary peritonitis does A.H. display?

[SI units: WBC count, 19 × 109/L (normal, 3.2–9.8); BUN, 11 mmol/L (nor-
mal, 3–6.5)]

Clinical Presentation and Diagnosis
Making the diagnosis of a localized intra-abdominal infection
may be difficult, despite the presence of signs and symptoms
typical of severe infection. The patient may experience pain
and voluntary guarding of the abdomen. Generalized abdomi-
nal pain usually is followed by a rigid, “boardlike” tensing of the
abdominal muscles.2 Inflammation around the intestines and
peritoneal cavity results in local paralysis and reflex rigidity of
the abdominal wall muscles and the diaphragm, causing rapid
and shallow respirations.2 Bowel sounds may be faint or absent
with concomitant abdominal distention, nausea, and vomiting.
Fever usually is present with tachycardia and decreased urine
output secondary to fluid loss into the peritoneum. These signs
usually are accompanied by an elevated WBC count with a
predominance of neutrophils (left shift). The hematocrit (Hct)
and BUN may be elevated as a result of dehydration. Initially,
patients are usually alkalotic as a result of vomiting and hy-
perventilation, but in the later stages of peritonitis, acidosis
usually occurs. Untreated peritonitis can result in generalized
sepsis and hypovolemic shock.1,2

Gram stain and culture should be performed immediately on
infected material before the initiation of antimicrobial therapy.
The presence of pleomorphic gram-negative bacilli, a strong
odor, or tissue gas is strongly suggestive of infection with
anaerobes, particularly Bacteroides fragilis.

12. Given these findings, what are the most likely pathogens for
A.H.’s secondary peritonitis?

Etiology
Because secondary peritonitis can result from perforation of
the intestinal tract, the normal flora consistent with the perfo-
rated segment determines the most likely pathogens. Studies
consistently document a mixed culture of aerobes and anaer-
obes. The presence of anaerobic bacteria in the culture is in-
dicative of a polymicrobial infection with a predictable group
of pathogens.1,2

The most commonly isolated facultative bacterium is E.
coli, which is found in approximately 60% of cultures. A vari-
ety of other gram-negative bacteria also are isolated, including
Klebsiella spp., Proteus spp, Enterobacter spp., and P. aerugi-
nosa (Table 63-3).1,38–40 Highly antibiotic-resistant strains of
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Table 63-3 Bacteriology of Intra-Abdominal
Infections1,38–40

Bacteria Patients (%)

Facultative and Aerobic
Escherichia coli 42–64
Proteus sp. 4–20
Klebsiella or Enterobacter sp. 6–23
Streptococci (including enterococci) 3–27
Staphylococci 3–10
Pseudomonas aeruginosa 4–15

Anaerobes
Bacteroides fragilis 30–50
Other Bacteroides sp. 9–16
Peptostreptococci 10
Clostridium sp. 2–20
Fusobacterium sp. 10

Candida, P. aeruginosa, Serratia, Acinetobacter, Enterobacter
spp., and Enterococcus often are isolated from patients who de-
velop secondary peritonitis while hospitalized.2,8 B. fragilis is
recovered from intra-abdominal sites because of its particular
virulence factors and is the most frequently isolated anaerobe
following perforation of the colon.2,41 Anaerobic cocci (Pep-
tostreptococcus) and facultative gram-positive cocci, such as
Enterococcus, are also isolated.2,8,39,41 B. fragilis and E. coli
are the most common pathogens found in blood culture samples
after bacteremia associated with an intra-abdominal infection.2

In summary, A.H. is likely to have an intra-abdominal in-
fection caused by mixed flora, containing both aerobic and
anaerobic bacteria. His current clinical status, highlighted by
an elevated temperature, is probably secondary to the presence
of facultative gram-negative bacteria, such as E. coli, Proteus,
Klebsiella, or Enterobacter. P. aeruginosa, Candida spp., or
other resistant bacteria are more likely with prolonged hospi-
talization or receipt of broad-spectrum antimicrobial agents.

Antimicrobial Therapy
Empiric Therapy

13. How should A.H. be treated? Based on clinical studies,
what empiric antimicrobial therapy is appropriate for A.H. at
this time?

Therapy for secondary peritonitis should include early ad-
ministration of antimicrobial agents directed at gram-negative
bacteria and anaerobes, fluid therapy, and support of vital organ
function, as well as source control measures. Source control is a
term used to involve all physical measures needed to eradicate
an infection, such as debridement of necrotic tissue or drainage
of an abscess or fluid collections. Surgical debridement and
drainage, in conjunction with appropriate antimicrobial ther-
apy, decrease the morbidity and mortality associated with
this disease.1,2,42 Therapy with an agent with activity against
P. aeruginosa is desirable if the infectious process develops
while the patient is hospitalized or has received broad-spectrum
antimicrobials. This is not necessary in A.H.

In general, when an intra-abdominal infection is present,
antimicrobial agents should be started immediately after ap-

Table 63-4 Treatment of Intra-Abdominal Infections

Regimen Dosage

Combination Therapy
1. Metronidazole 500 mg IV every 8 hr

Plus
Aminoglycoside 5–7 mg/kg/day (normal renal function)

2. Metronidazole 500 mg IV every 8 hr
Plus
Aztreonam 1–2 g IV every 8 hr

3. Metronidazole 500 mg IV every 8 hr
Plus
Ceftriaxone 1–2 g IV every 24 hr
Or
Cefotaxime 1–2 g IV every 8 hr
Or
Cefepime 1–2 g IV every 8 hr

4. Metronidazole 500 mg IV every 8 hr
Plus
Ciprofloxacin 400 mg IV every 12 hr

Monotherapy
Ampicillin–sulbactam 3 g IV every 6 hr
Cefoxitin 1–2 g IV every 6 hr
Ertapenem 1 g IV every 24 hr
Imipenem–cilastatin 500 mg IV every 6 hr
Meropenem 1 g IV every 8 hr
Piperacillin–tazobactam 3.375–4.5 g IV every 6 hr
Ticarcillin–clavulanic acid 3.1 g IV every 6 hr

IV, intravenous.

propriate specimens (e.g., blood, peritoneal fluid, abscess
drainage) are obtained for culture and sensitivity and before
any surgical procedures are performed.1,2,8,43 The parenteral
route should be used to ensure adequate systemic and tissue
concentrations, especially in patients in whom shock or poor
perfusion of the muscles or GI tract precludes the use of oral
or intramuscular (IM) routes of administration. Therefore, an-
timicrobial therapy is generally empiric, based on the expected
pathogens at the site of infection. Table 63-4 outlines dosing
recommendations for antibiotics commonly used in the treat-
ment of intra-abdominal infections.

Early clinical trials of clindamycin combined with gen-
tamicin are efficacious.2 Increasing resistance rates, the po-
tential for oto- and nephrotoxicity secondary to aminoglyco-
sides, and clindamycin-associated enterocolitis have resulted,
however, in many other options.38,44−49 For mild to mod-
erate community-acquired infections, monotherapy with a
β-lactam–β-lactamase inhibitor is recommended. Combina-
tion therapy with either a cephalosporin or a fluoroquinolone
plus metronidazole is also reasonable.8,44 A third- or fourth-
generation cephalosporin, ciprofloxacin, aztreonam, or an
aminoglycoside in combination with metronidazole represent
alternative options for severe infections.9,45 Meropenem, or
imipenem–cilastatin8,44 should be reserved for presumed or
documented multidrug-resistant pathogens or in sepsis. Al-
though meropenem and imipenem should be reserved as last-
line agents, ertapenem may have a role in mild to moderate
intra-abdominal infection. In comparative trials of ertapenem
versus piperacillin–tazobactam, the two agents were shown to
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be similar in efficacy and safety.45−47 Moxifloxacin with mixed
aerobic and anaerobic coverage may be a monotherapy option;
however, resistance to E. coli and anaerobes may limit its
utility.39 Because monotherapy has been shown to be effica-
cious in numerous trials, combination therapy is now rarely
used.

Meropenem and imipenem–cilastatin, because of their
broad spectrum of activity, should be reserved for the treatment
of more resistant gram-negative organisms associated with
nosocomial infections. Although piperacillin–tazobactam,
ticarcillin–clavulanic acid, and ampicillin–sulbactam may have
utility in complicated intra-abdominal infections, ampicillin–
sulbactam has inferior activity against nosocomial gram-
negative organisms and should not be used in patients with
long-term hospitalization or extensive antibiotic history.

A.H. should receive antimicrobial therapy with activity
against facultative gram-negative bacteria and anaerobes, in-
cluding B. fragilis. IV ertapenem 1 g every 24 hours would be
an appropriate treatment for A.H.’s mild to moderate infection.

Duration of Antimicrobial Therapy

14. For how long should A.H. receive antimicrobial therapy?

Recommendations for the duration of therapy for intra-
abdominal infection vary from 5 to 7 days and depend primar-
ily on the patient’s clinical response to therapy and need for
surgical drainage.8,44 In general, antimicrobial therapy should
be continued until resolution of signs of infection takes place,
including return of WBC count to normal and elimination of
fever.

Enterococcal Infection

15. S.S. is a 66-year-old, nonobese man with a strangulating
bowel obstruction. One day after undergoing surgical resection
of the duodenum, he develops a fever of 101◦F, shaking chills,
and abdominal pain. Laboratory values are WBC count, 18.4 ×
103/mm3 (normal, 3.2–9.8), and creatinine, 1.2 mg/dL (normal,
0.6–1.2). S.S.’s peritoneal fluid cultures grow E. coli, B. fragilis, C.
albicans, and Enterococcus. Blood cultures are negative. Should
he receive additional antimicrobial therapy active against Entero-
coccus?

Although Enterococcus is commonly cultured in patients
with secondary peritonitis, its pathogenicity has been ques-
tioned. Enterococcus can cause serious infections (e.g., en-
docarditis, urinary tract infections), but is less virulent in the
setting of polymicrobial infections such as intra-abdominal in-
fections.

An important issue is whether empiric treatment should
have included antibiotics directed specifically against Entero-
coccus. Some investigators believe that Enterococcus spp. are
commensal organisms that need not be treated in most clini-
cal settings. They point to clinical studies in which antibiotic
regimens lacking in vitro activity against Enterococcus have
been successful. The pathogenicity of Enterococcus lies in its
ability to enhance the formation of abscesses.1,2

In general, coverage is warranted if Enterococcus is present
in blood cultures, is the sole organism on culture, or is the pre-
dominant organism on Gram stain.2,44 Antienteroccocal ther-
apy may also be recommended in patients with nosocomial or
health care-associated infections.44 Because S.S.’s blood cul-

tures are negative and ascitic culture has demonstrated mixed
pathogens, Enterococcus coverage is not necessary. S.S. should
be treated with an antimicrobial regimen that has activity
against gram-negative pathogens and anaerobes.

Antifungal Therapy: Treatment of Candida

16. Should S.S.’s antimicrobial therapy include an agent with
antifungal activity?

The need to treat Candida species as a solitary isolate or
as part of a polymicrobial infection is controversial. Certainly,
Candida has the potential to cause peritonitis, IP abscesses,
and subsequent candidemia. Parenteral administration of am-
photericin B is an option for fungal peritonitis.14,44 Concern
over the toxicity of amphotericin is warranted, however, and
the risk-to-benefit ratio must be assessed carefully for each pa-
tient. To date, no clinical trials have assessed the efficacy and
safety of lipid-based amphotericin B, voriconazole, or caspo-
fungin in the treatment of intra-abdominal fungal infections.
The use of antifungal agents, such as fluconazole, may offer
decreased toxicity in these patients. The potential risk of the de-
velopment of resistance must, however, be addressed in clinical
trials. Fluconazole is considered an appropriate drug of choice
for C. albicans.44 For Candida glabrata or other fluconazole-
resistant species, an echinocandin or an amphotericin product
is an appropriate option.8

Therapy with an antifungal agent is not warranted at this
time unless positive blood cultures for Candida are isolated or
S.S. fails to respond to appropriate antimicrobial therapy.

Antimicrobial Irrigations

17. S.S.’s physician wishes to irrigate the peritoneum with
aminoglycosides to achieve high local concentrations. Is irrigation
with antimicrobial agents rational or effective in the treatment of
intra-abdominal infections?

Hypothetic concerns regarding irrigation of the peritoneal
cavity include spread of local infection, damage to the mesothe-
lium, dilution of opsonins, or suspension of bacteria in a fluid
medium where they are less amenable to phagocytosis. Gravity
and the movement of the diaphragm during respiration, how-
ever, spread bacteria throughout the peritoneal cavity even in
the absence of irrigation. In addition, free circulation of fluids
within the peritoneal cavity facilitates lymphatic clearance of
microorganisms and toxins.50

Although data are limited, systemic antibiotic therapy and
antibiotic irrigations appear to be efficacious for both the pre-
vention and treatment of postoperative infections.51,52 The
clinician, however, must recognize the potential for systemic
toxicity resulting from systemic absorption of antimicrobial
agents from the peritoneal cavity. Most antimicrobials are read-
ily absorbed from mucosal surfaces, especially when they are
inflamed. When large volumes of irrigating solution contain-
ing antibiotics are used (especially in combination with IV
doses), systemic drug concentrations can markedly exceed the
therapeutic range. Neuromuscular blockade, renal failure, and
ototoxicity have been reported after absorption of aminogly-
cosides from mucosal surfaces. Although a greater margin of
safety exists for many of the penicillins and cephalosporins,
the potential for toxicity is still of concern.53
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Few data support the superiority of antibiotic-containing
irrigating solutions over systemic therapy. Given the potential
for systemic toxicity secondary to absorption of antimicrobial
agents from the peritoneum, the paucity of controlled trials
documenting the efficacy of this method of administration, and
the proved efficacy of systemic therapy, it seems prudent to use
systemic therapy alone for the treatment of intra-abdominal
infections.51,52

Anaerobic Bacteria

18. The surgical resident initiated S.S. on piperacillin–
tazobactam for the treatment of his intra-abdominal infection.
Should culture and sensitivity results be used to monitor for anaer-
obic activity?

With the introduction of broad-spectrum antimicrobial
agents with in vitro activity against B. fragilis and a significant
problem of increasing resistance, the choice of a specific an-
tianaerobic agent has become more complex. Multiple mecha-
nisms of resistance are encountered, and resistance rates differ
among various geographic areas of the United States. Although
Bacteroides resistance to metronidazole is rare,14,54 resistance
to clindamycin has increased.14 Although the carbapenems and
the β-lactamase inhibitor combinations are exquisitely active
against Bacteroides, resistance has been reported.

The Clinical and Laboratory Standards Institute (CLSI),
formerly known as the National Committee for Clinical Lab-
oratory Standards (NCCLS), has suggested that susceptibility
testing be performed to determine patterns of anaerobic sus-
ceptibility to new antimicrobial agents and to monitor suscep-
tibility patterns periodically on a geographic and local basis.55

Because most anaerobes are cultured in the setting of mixed
flora, isolation of individual components of a complex mixture
can be time-consuming. In addition, most anaerobes are very
slow growing, and it may take days to weeks for a definitive
culture and sensitivity report. If specimens are not collected
and transported in optimal media or in a timely manner, inac-
curate or misleading results may be reported. The methods for
susceptibility testing of anaerobic bacteria are not well stan-
dardized, and many hospital laboratories do not have resources
to perform extensive culture and sensitivity testing. It has been
argued that routine cultures may be unnecessary because few
routine cultures affect the choice of antibiotic regimen, and
empiric therapy usually determines outcome.56 Therefore, em-
piric therapy must be aimed at the most likely pathogens, and
the clinician must be aware of the usual sensitivity patterns at
the institution, if anaerobic testing takes place. Routine suscep-
tibility testing for patient-specific cases is not recommended
because of the prolonged time needed to achieve results.

Intra-Abdominal Abscess

19. F.S. is a 32-year-old man who has undergone abdominal
surgery. Two weeks postoperatively, he develops abdominal pain
and purulent material begins to drain from his abdominal wound.
An intra-abdominal abscess is visualized by plain films. How did
this abscess develop? What considerations should be taken into
account in the selection of appropriate antimicrobial agents?

Abscesses are collections of necrotic tissue, bacteria, and
WBC that form over a period of days to years. They generally

result from chronic inflammation and the body’s attempt to
localize organisms and toxic substances by formation of an
avascular fibrous wall. This isolates bacteria and the liquid
core from opsonins and antimicrobial agents.

Microbiology
Although pathogens encountered in abscesses are similar to
those encountered in other intra-abdominal infections, ab-
scesses pose a therapeutic challenge because they typically
contain large bacterial inocula that are likely to include sub-
populations of resistant bacteria.42 Furthermore, the rate of
penetration of antibiotics into abscesses is hindered by the low
surface-to-volume ratio, low pH, and decreased permeability.

Although surgical debridement and drainage of F.S.’s ab-
scess is crucial, adjunctive therapy with antimicrobial agents
is warranted. The optimal antimicrobial agent should pene-
trate into the abscess in adequate concentrations with adequate
spectrum of activity.14,42 F.S. should be placed on an antimicro-
bial regimen that covers gram-negative bacteria and anaerobes,
such as piperacillin-tazobactam 3.375 g IV every 6 hours.

INFECTIONS AFTER ABDOMINAL TRAUMA AND
POSTOPERATIVE COMPLICATIONS
Risk factors for infection after penetrating abdominal trauma
include the number, type, and location of injuries; the presence
of hypotension; large transfusion requirements; prolonged op-
eration; advanced age; and the mechanism of injury.57

Most investigators stress the importance of instituting an-
timicrobial therapy as close to the time of trauma as possible.
Bozorgzadeh et al.58 demonstrated a significant reduction in the
incidence of postoperative infections when antibiotics were ad-
ministered before surgical repair of the penetrating abdominal
trauma.

Antimicrobial Therapy
Penetrating Trauma

20. M.S., a 23-year-old man, is admitted to the emergency
department within 1 hour after sustaining a penetrating knife
wound to the stomach and colon. He is to undergo emergency
laparotomy. What antimicrobial therapy is appropriate at this
time?

As with other types of intra-abdominal infections, antibi-
otics active against both aerobic and anaerobic pathogens
should be used.

Anti-infective therapy has been studied in patients who have
sustained penetrating trauma to the abdomen (usually from
knife or gunshot wounds). In several comparative trials, single-
drug therapy with cefoxitin was as effective as the combination
of clindamycin or metronidazole plus an aminoglycoside.59 In
evaluating these studies, however, it is important to note that
most patients did not sustain injuries to the colon, where the
risk of infection is highest. Although the age of this patient sug-
gests he would tolerate aminoglycoside therapy, monotherapy
with cefoxitin or one of the β-lactamase inhibitor combinations
would be appropriate.

21. How long should antibiotic therapy be administered to
M.S.?
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Consensus guidelines regarding the duration of therapy
were published by the Eastern Association for the Surgery of
Trauma (EAST) Practice Management Group. These investi-
gators reviewed all literature from 1976 to 1997 regarding the
duration of antimicrobial use following penetrating abdomi-
nal trauma. They concluded that antimicrobial use should not
exceed 24 hours in this patient population.57

The shortest duration of therapy that has been shown to
be effective has been 12 hours with the possibility that a
short course (<48 hours) of antimicrobial therapy is as ef-
ficacious as 5- to 7-day courses of therapy if antimicrobial
therapy is promptly instituted.44 Several other trials have con-
firmed no additional benefit exist in providing a longer treat-
ment duration.44,56,57,60−62

Because antimicrobial therapy carries a risk of adverse re-
actions, the development of resistance and unnecessary cost,
short-term therapy seems warranted as long as it is instituted
soon after the injury.57,63 If the initial dose of antibiotic is ad-
ministered >3 to 4 hours after injury, therapy should be con-
tinued for 3 to 7 days because the incidence of infection in this
circumstance is high.

Antimicrobial therapy was instituted soon after M.S. sus-
tained the colonic injury; therefore, a short course of antimi-
crobial therapy is appropriate. Therapy should be continued
for 24 hours.

Appendectomy

22. B.B. is a 17-year-old girl with a 2-day history of periumbil-
ical pain migrating to the right lower quadrant, abdominal dis-
tention, fever of 101.6◦F, diarrhea, and decreased bowel sounds.
Her WBC count is 16 × 103/mm3 (normal, 3.2–9.8). A presump-
tive diagnosis of acute appendicitis is made. What antimicrobial
therapy is indicated, and for how long should it be continued?

[SI unit: WBC count, 16.1 × 109/L (normal, 3.2–9.8)]

Clinical manifestations commonly encountered with acute
appendicitis include right lower quadrant abdominal pain, re-
bound tenderness, and low-grade fever complicated by nausea,
vomiting, and anorexia.2

A variety of antimicrobial agents are effective in the
treatment of peritoneal contamination associated with acute
appendicitis.64−68 Most studies, however, have included pa-
tients without gangrenous or perforated appendices, which are
associated with the highest risk of infection. In several well-
designed, randomized, placebo-controlled trials, the combina-
tion of clindamycin or metronidazole plus an aminoglycoside
has been compared with imipenem–cilastatin, β-lactams, and
β-lactamase inhibitor combinations. These single agents were
found to be as efficacious as combination therapy.21,65,67 Pa-
tients with gangrenous or perforated appendices who were
afebrile for 48 hours have been treated for durations ranging
from a single dose68 to 3 or more days.66

Overall, the studies justify the use of single-agent therapy
with a β-lactam or β-lactamase inhibitor combination active
against both gram-negative aerobes and anaerobes. In patients
with uncomplicated appendicitis, single-dose therapy is suffi-
cient; however, patients with gangrenous or perforated appen-
dicitis should be treated for 3 or more days.

B.B. should receive a preoperative dose of any of the afore-
mentioned β-lactam antimicrobials with activity against fac-
ultative gram-negative and anaerobic bacteria, such as cefo-
taxime (1 g IV × 1). Cost, potential side effects, and ease
of administration can be used to guide selection of a spe-
cific agent. If a gangrenous or perforated appendix is found
during surgery, antimicrobial therapy should be continued for
a minimum of 3 days or until B.B. has been afebrile for 48
hours.
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INTRODUCTION
This chapter begins with a brief review of urinary tract infec-
tions (UTI), but focuses on the treatment of patients with UTI.
For a more detailed discussion of the etiology, pathophysi-
ology, and diagnosis of UTI, the reader is referred to some
excellent texts and review articles.1−9 Additionally, a glossary
of associated terms is supplied at the end of this chapter.

Epidemiology
Urinary tract infections occur frequently in both community
and hospital environments and are the most common bacterial
infections in humans.1 UTI encompass a spectrum of clini-
cal entities ranging in severity from asymptomatic infection to
acute pyelonephritis with sepsis.1,6 Approximately 7 million
cases of acute cystitis and 250,000 cases of acute pyelonephri-
tis occur annually in the United States, resulting in more than
100,000 hospitalizations.4,10 Direct costs associated with the
diagnosis and treatment of UTI have been estimated at more
than $2.5 billion annually in the United States.8,10 After 1 year

of age until about age 50, UTI is predominantly a disease of fe-
males. From ages 5 through 14, the incidence of bacteriuria is
1.2% among girls and 0.03% among boys. Of women between
the ages of 15 and 24 years, 1% to 5% have bacteriuria; the
incidence increases 1% to 2% for each decade of life until ap-
proximately 10% of women are bacteriuric after age 70.1,7,11

Approximately 25% to 40% of all women will experience a
UTI during their lifetime.4 Women have more UTI than men,
probably because of anatomic and physiologic differences. The
female urethra is relatively short and allows bacteria easy ac-
cess to the bladder. In contrast, males are partly protected be-
cause the urethra is longer and antimicrobial substances are
secreted by the prostate.1,7

The incidence of UTI in neonates is about 1% and is
most frequent among male neonates, many of whom prove
to have congenital structural abnormalities.12 The mortality
rate among newborns with UTI was earlier reported to be as
high as 10%12; more recently, this rate has decreased because
of an increased awareness of the high frequency of UTI in
children, improved diagnostic techniques, and more effective
management.12
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64-2 � INFECTIOUS DISEASE

Urinary tract infections again become a problem for males
after the age of 50, when prostatic obstruction, urethral instru-
mentation, and surgery influence the infection rate. Infection in
younger men is rare and requires careful evaluation for urinary
tract pathology.13,14

In general, 5% to 20% of the elderly living at home have
bacteriuria. This increases to 20% to 50% in extended care fa-
cilities and 30% in hospitals.11,15,16 The frequency of infection
also rises with increasing age for those 65 years or older. Most
UTI in these patients are asymptomatic, but are still impor-
tant because they often result in symptomatic infection.11,15,16

Whether bacteriuria in old age is associated with decreased
survival is controversial17,18; however, the presence of asymp-
tomatic bacteriuria is associated with decreased functional
ability of institutionalized persons.11,15 Reasons for higher UTI
rates in elderly persons include the high prevalence of prostatic
hypertrophy in men, incomplete bladder emptying caused by
underlying diseases or medications, dementia, and urinary and
fecal incontinence.7,15,16

Etiology
Community-Acquired Infections
Most UTI are caused by gram-negative aerobic bacilli from
the intestinal tract. Escherichia coli cause 75% to 90%
of community-acquired, uncomplicated UTI.1,2,19 Coagulase-
negative staphylococci (i.e., Staphylococcus saprophyticus) ac-
count for another 5% to 20% of UTI in younger women.1,2,4

Other Enterobacteriaceae (Proteus mirabilis, Klebsiella) and
Enterococcus faecalis also are common pathogens.1,2,19 Un-
complicated infections are nearly always caused by only a sin-
gle organism.

Hospital-Acquired Infections
Urinary tract infections occur in up to 10% of hospital-
ized patients and represent 30% to 40% of all nosocomial
infections.20 E. coli remains the most common pathogen in
hospital-acquired or other complicated UTI, but it is respon-
sible for only 15% to 20% of these infections. Other gram-
negative organisms such as Pseudomonas aeruginosa, Proteus,
Enterobacter, Serratia, and Acinetobacter cause significantly
more infections (up to 25%) than in community-acquired
infections.4,21,22 Enterococcus is also a common pathogen in
hospital-acquired infections and causes approximately 25% of
infections.21,22 UTI caused by Staphylococcus aureus are usu-
ally the result of hematogenous spread, although this pathogen
is also associated with urinary catheterization.1,23,24 Finally,
Candida albicans is a common pathogen in hospital-acquired
infections and may be involved in 20% to 30% of cases.20,22

In contrast to uncomplicated infections that are usually mo-
nomicrobial, hospital-acquired UTI associated with structural
abnormalities or indwelling urinary catheters are often caused
by multiple organisms.1,20,21,23,24

Pathogenesis
The usual pathway for the spread of bacteria to the urinary tract
is the ascending route. A UTI usually begins with heavy and
persistent colonization of the introitus (i.e., vaginal vestibule
and urethral mucosa) with intestinal bacteria, especially in

women with recurrent UTI. Once introital colonization has
occurred, colonization of the urethra leads to retrograde infec-
tion of the bladder.3,25

The bladder has additional defense mechanisms that pre-
vent spread of the infection after urethral colonization occurs.
Urination washes bacteria out of the bladder and is effective if
urine flows freely and the bladder is emptied completely. Sub-
stances in the urine, including organic acids (which contribute
to a low pH) and urea (which contributes to a high osmolality),
are antibacterial. The bladder mucosa also has antibacterial
properties.1,2 Lastly, other substances, including IgA and gly-
coproteins (e.g., Tamm-Horsfall protein), are actively secreted
into the urine and act to prevent adherence of bacteria to uroen-
dothelial cells.3,25

Focal renal involvement may result from the spread of bac-
teria via the ureters and may be facilitated by vesicoureteral
reflux or decreased ureteral peristalsis. Reflux can be produced
by cystitis alone or by anatomic defects. Ureteral peristalsis is
decreased by pregnancy, ureteral obstruction, or gram-negative
bacterial endotoxins.1,3,25

Predisposing Factors
Extremes of age, female gender, sexual activity, use of contra-
ception, pregnancy, instrumentation, urinary tract obstruction,
neurologic dysfunction, renal disease, previous antimicrobial
use, and expression of A, B, and H blood group oligosaccha-
rides on the surface of epithelial cells are among the many
predisposing factors for the development of UTI.1,3,5,26

The overall likelihood of developing a UTI is approximately
30 times higher in women than in men.2 The incidence of bac-
teriuria in pregnant women is 2% to 10%, which is approxi-
mately twice that of similarly aged nonpregnant women.1,11,27

The incidence of acute symptomatic pyelonephritis in pregnant
women with untreated bacteriuria also is high. Many factors
contribute to the increased susceptibility of the pregnant fe-
male to infection; these include hormonal changes, anatomic
changes, progressive urinary stasis, and glucose in the urine.27

Instrumentation of the urinary tract (i.e., urethral and
ureteral catheterization) is an important predisposing factor for
hospital-acquired UTI in particular. As many as 67% of noso-
comial UTI are preceded by urinary tract instrumentation.20,24

Other urologic procedures, such as cystoscopy, transurethral
surgery, prostate biopsy, and upper urinary tract endoscopy,
are much less likely to result in infection unless there is pre-
existing bacteriuria or other contaminated sites (e.g., prostate,
renal stones).

Any obstruction to the free flow of urine (e.g., urethral steno-
sis, stones, tumor) or mechanical difficulty in evacuating the
bladder (e.g., prostatic hypertrophy, urethral stricture) predis-
poses patients to UTI. Furthermore, infections associated with
urethral or renal pelvic obstruction can lead to rapid destruction
of the kidney and sepsis.1

Renal disease increases the susceptibility of the kidney to
infection.1 The incidence of UTI among renal transplant recip-
ients has been reported to range from 35% to 80%.28

Patients with spinal cord injuries, stroke, atherosclerosis, or
diabetes may have neurologic dysfunction that can cause UTI.
The neurologic dysfunction can cause urinary retention, which
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may lead to catheterization. Furthermore, prolonged immobi-
lization facilitates hypercalciuria and stone formation in some
of these patients.1,3,4

Previous antimicrobial use (within the previous 15–28 days)
has been shown to increase the relative risk for UTI in women
by approximately three- to sixfold.5 This increased infection
risk applies to prior antimicrobial use for treatment of UTI as
well as other infections. The proposed mechanism for increased
risk is alteration of normal flora of the urogenital tract and pre-
disposition to colonization with pathogenic bacterial strains.5

Diabetes mellitus has often been associated with an in-
creased risk for UTI because of glucose in the urine, which
both promotes bacterial growth and impairs leukocyte func-
tion. Diabetes is also often associated with anatomic, neuro-
logic, and immunologic abnormalities of the urinary tract that
increase risk of infection, often because of increased need for
urinary tract instrumentation.29,30 Several studies have docu-
mented a two- to threefold increase in UTI in diabetic women
compared with nondiabetic women; rates of complications,
such as pyelonephritis, are also increased.29,31 Patients with
diabetes who have no neurologic complications resulting in
bladder dysfunction and who have not had instrumentation are
apparently not at increased risk compared with nondiabetic
patients.3 With autonomic neuropathy affecting the bladder
(i.e., cystopathy) or following instrumentation, UTI in diabetic
patients are both more frequent and more severe.3,30

Studies also have supported an association between sexual
intercourse and UTI among otherwise healthy women.3,26,32

Specific contraceptive practices, particularly the use of sper-
micides, have also been associated with increased risk for UTI.
The use of a diaphragm, cervical cap, or condom in combina-
tion with spermicidal jelly has been shown to increase the risk
of UTI compared with the use of the barrier method alone.26,33

Although the greatest risk has been associated with the spermi-
cide nonoxynol-9, the use of other types of spermicidal jellies
has also been associated with a significantly higher risk for
UTI.34 Oral contraceptive use has also been associated with
increased risk of UTI.26 The exact mechanisms of infection
related to sexual intercourse and contraceptive methods are un-
clear but appear to be related to alterations in vaginal flora that
allow for bacterial overgrowth and subsequent infection.35,36

Clinical Presentation
Symptoms commonly associated with lower UTI (e.g., cysti-
tis) include burning on urination (dysuria), frequent urination,
suprapubic pain, blood in the urine (hematuria), and back pain.
Patients with upper tract infection (e.g., acute pyelonephritis)
also may present with loin pain, costovertebral angle (CVA)
tenderness, fever, chills, nausea, and vomiting.1,2,4,6

Clinical signs and symptoms correlate poorly with either the
presence or the extent of the infection. Symptoms common to
lower UTI often are the only positive findings in upper UTI (i.e.,
subclinical pyelonephritis).1,6 The probability of true infection
in women who present with one or more symptoms of UTI is
only about 50%.37 The presence of dysuria, back pain, pyuria,
hematuria, bacteriuria, and a history of previous UTI enhance
the probability of true infection; the absence of dysuria or back
pain and history of vaginal discharge or irritation significantly
decrease the likelihood of infection.37 It has also been deter-

mined that the combination of dysuria and frequency in the
absence of vaginal discharge or irritation increases the prob-
ability of true infection to >90%.37 Fever, chills, flank pain,
nausea and vomiting, or CVA tenderness are highly suggestive
of acute pyelonephritis rather than cystitis.4,6 Many elderly
patients with UTI are asymptomatic without pyuria. Addition-
ally, because many patients have frequency and dysuria, it is
difficult to distinguish between noninfectious and infectious
causes based on symptoms.1 Nonspecific symptoms, such as
failure to thrive and fever, may be the only manifestations of
UTI in neonates and children <2 years of age.1

Laboratory Diagnosis
The urinalysis (UA) is a series of laboratory tests commonly
performed in patients suspected of having a UTI.38 A techni-
cian first performs a macroscopic analysis by describing the
color of the urine; measuring its specific gravity; and estimat-
ing the pH and glucose, protein, ketone, blood, and bilirubin
contents using a rapid “dipstick” method. Then the urine sed-
iment, obtained by centrifugation, is examined under a micro-
scope for the presence and quantity of leukocytes, erythrocytes,
epithelial cells, crystals, casts, and bacteria.

Microscopic examination of urine sediment in patients with
documented UTI reveals many bacteria (usually >20 per high-
power field [HPF]). Gram staining of uncentrifuged (“unspun”)
urine shows at least one organism per immersion oil field and
usually correlates with a positive urine culture. Pyuria (i.e.,
≥8 white blood cells [WBC] per mm3 of unspun urine or 2–
5 WBC/HPF of centrifuged urine) frequently is seen in pa-
tients with UTI. WBC casts in the urine strongly suggest acute
pyelonephritis.1

A rapid diagnostic dipstick test for the detection of bacteri-
uria, the nitrite test, detects nitrite formation from the reduction
of nitrates by bacteria. This test is widely available and easily
performed; however, at least 105 bacteria/mm3 are necessary
to form sufficient nitrite for the reaction to occur. Although a
positive nitrite reading is useful, false–negative results do oc-
cur. Dipstick testing can also be used to perform the leukocyte
esterase test, which detects the esterase activity of leukocytes
in the urine. A positive test correlates well with significant
pyuria39; however, both false–negative and false–positive find-
ings can occur with the leukocyte esterase panel. Nitrite and
lekocyte esterase tests are useful in ruling out the presence of
infection if results of both tests are negative, whereas positive
results of both tests in combination are highly suggestive of
the presence of infection. Confirmatory tests (e.g. urine cul-
ture) should be performed, however, if one or both dipstick test
finding is positive owing to the possibility of false–positive test
results.39

The major criterion for the diagnosis of UTI is the urine
culture. Proper interpretation of these cultures depends on ap-
propriate urine collection techniques. Urinating into a sterile
collection cup using the midstream clean-catch technique is the
most practical method of urine collection. This method of urine
specimen collection is especially useful for male patients, but
is less useful in female patients because contamination is ex-
tremely difficult to avoid.1 The external urethral area must first
be thoroughly cleaned and rinsed, then the urine specimen col-
lected after initiation of the urine stream (hence “midstream”).
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Suprapubic bladder aspiration, although unpleasant from a
patient’s point of view, generally is not painful and is quite
reliable. It is not practical for routine office or clinic practice,
but may be useful when voided urine samples repeatedly yield
questionable results or when patients have voiding problems.
Because contamination is negligible, any number of bacteria
found by this method reflects infection.1

Urinary catheterization for a urine culture sample yields
fairly reliable results if performed carefully. Infections can
result from the procedure itself because organisms might be
introduced into the bladder at the time of catheterization.

Urine must be plated on culture media within 20 minutes of
collection to avoid erroneously high colony counts from bac-
terial growth in urine at room temperature. Otherwise, urine
should be promptly refrigerated until it can be cultured. Colony
counts are also affected by the concentration of bladder urine;
bacterial counts are higher in first-voided morning urines com-
pared with those obtained from the same patient later in the day.

Urine cultures in the bacteriology laboratory usually are
evaluated by the pour-plate or streak-plate method. Greater
than 105 colonies of bacteria/mm3 cultured from a midstream
urine specimen confirms a UTI. A single, carefully collected
urine specimen provides 80% reliability, and two consecutive
cultures of the same organism are virtually diagnostic.1,2

It is important to understand that the classic definition of
UTI as ≥105 bacteria/mm3 is fairly insensitive in accurately
diagnosing patients with UTI. Approximately 30% to 50% of
actual cases of acute cystitis have <105 bacteria/mm3.4,11 Par-
ticularly in a symptomatic patient, using a definition of ≥102

bacteria/mm3 is much more sensitive and avoids failure to di-
agnose infection in many patients.4

Diagnosis of UTI in men also requires different interpreta-
tion of laboratory data. Contamination of urinary specimens is
much less likely to occur in men compared with women, and
numbers of bacterial colonies in specimens are therefore much
lower. Greater than 103 bacteria/mm3 is thus highly suggestive
of UTI in men.13,14,40 In addition, although a positive nitrite test
in a symptomatic man is highly indicative of the presence of an
acute UTI, a negative nitrite test does not necessarily exclude
infection and should be confirmed with a urine culture.41

Diagnosis of UTI in children is particularly problematic be-
cause of the difficulties and high contamination rates associated
with commonly used methods of urine specimen collection.
Suprapubic aspiration is the most accurate method in children,
followed by urinary bladder catheterization.9 Although clean-
catch and bag methods (i.e., collecting urine into a bag placed
around the urogenital area) are most susceptible to contami-
nation and inaccurate results, they are also the most preferred
methods for parents and health care personnel because they
are simple and noninvasive. The choice of diagnostic tests for
children will therefore be based on the experience, skill, and
preferences of those involved with the child, and no one tech-
nique will be ideal in every setting.9

Simplified culture methods such as the filter-paper method
(e.g., Testuria-R), dip-slide method (e.g., Uricult), and
pad-culture method (Microstix) are as reliable as traditional
laboratory methods for bacterial identification and quantifica-
tion. The filter-paper method is relatively inexpensive but does
not differentiate between gram-positive and gram-negative or-
ganisms. The dip-slide and pad-culture methods are accurate,
differentiate between gram-positive and gram-negative organ-

isms, and are similar in cost. The dip-slide method has the
added advantages of ease of storage and a nitrite indicator pad.

LOWER URINARY TRACT INFECTION
Initiation of Therapy

1. V.Q., a 20-year-old woman (married, no children) with no
previous history of UTI, complains of burning on urination, fre-
quent urination of a small amount, and bladder pain. She has no
fever or CVA tenderness. A clean-catch midstream urine sample
shows gram-negative rods on Gram stain. A culture and sensitivity
(C&S) test is ordered, and the results of a STAT UA are as follows:
appearance, straw-colored (normal, straw); specific gravity, 1.015
(normal, 1.001–1.035); pH, 8.0 (normal, 4.5–7.5); and protein,
glucose, ketones, bilirubin, and blood are all negative (normal,
all negative); WBC, 10 to 15 cells/mm3 (normal, 0–2 cells/mm3);
red blood cells (RBC), 0 to 1 cells/mm3 (normal, 0–2 cells/mm3);
bacteria, many (normal, 0 to rare); epithelial cells, 3 to 5 cells/mm3

(normal, 0 to few cells/mm3). Based on these findings, V.Q. is pre-
sumed to have a lower UTI. What should be the goals of therapy
and treatment plan at this time?

Drug treatment of a lower UTI often is started before C&S
results are known because the most probable infecting organ-
ism and its sensitivity to antibiotics can be predicted (Table
64-1). Approximately 75% to 90% of community-acquired in-
fections are caused by Enterobacteriaceae (especially E. coli).
Although these organisms may be sensitive to ampicillin,
amoxicillin, and the sulfonamides such as trimethoprim-
sulfamethoxazole (TMP-SMX), resistance to these agents
is common.42,43 Ampicillin resistance has been reported in
as many as 25% to 70% of community-acquired isolates;
resistance nationwide is currently about 30% to 40%.1,4,19,42,44

TMP-SMX has been a traditional agent of choice for many
years; however, TMP-SMX resistance has significantly
increased in recent years and may be as high as 20% to 30%
among community-acquired E. coli isolates.19,42,45 Although
traditionally associated with hospital-acquired infections,
resistance among E. coli and Klebsiella caused by production
of extended-spectrum β-lactamase (ESBL) enzymes which
confer resistance to penicillins and cephalosporins has also
been increasing among community-acquired pathogens.46

Another relatively common organism is S. saprophyticus.
Most strains are susceptible to sulfonamides, TMP-SMX,
penicillins, and cephalosporins. Alternative medications and
doses are shown in Table 64-2.

The goals of therapy for treatment of acute cystitis are to
effectively eradicate the infection and prevent associated com-
plications, while minimizing adverse effects and costs associ-
ated with drug therapy. To accomplish these goals, selection
of a specific antimicrobial agent should be made after consid-
ering several factors: (a) pathogens likely to be causing the
infection, (b) resistance rates to various antimicrobials within
the specific geographic area, (c) desired duration of therapy,
(d) clinical efficacy and toxicity profiles of various agents, and
(e) costs of specific agents. Because resistance rates among
various pathogens vary considerably among geographic areas,
clinicians involved in the treatment of patients with UTI must
be familiar with resistance rates prevalent within the specific
area within which they practice.19,42,43
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Table 64-1 Urinary Tract Infections

Organisms Commonly
Found Antibacterial of Choice

Uncomplicated UTI
Escherichia coli TMP-SMXc

Proteus mirabilis TMP-SMXc

Klebsiella pneumoniae TMP-SMXc

Enterococcus faecalis Amoxicillin
Staphylococcus

saprophyticus
First-generation cephalosporin or TMP-SMX

Complicated UTIa,b

Escherichia coli First-, second-, or third-generation
cephalosporin; TMP-SMXc

Proteus mirabilis First-, second-, or third-generation
cephalosporin

Klebsiella pneumoniae First-generation cephalosporin;
fluoroquinolone

Enterococcus faecalis Ampicillin or vancomycin ± aminoglycoside
Pseudomonas

aeruginosa
Antipseudomonal penicillin

± aminoglycoside; ceftazidime;
cefepime; fluoroquinolone; carbapenem

Enterobacter Fluoroquinolone; TMP-SMX; carbapenem
Indole-positive Proteus Third-generation cephalosporin;

fluoroquinolone
Serratia Third-generation cephalosporin;

fluoroquinolone
Acinetobacter Carbapenem; TMP-SMX
Staphylococcus aureus Penicillinase-resistant penicillin; vancomycin

TMP-SMX, trimethoprim-sulfamethoxazole; UTI, urinary tract infection.
aOral therapy when appropriate.
bDrug selection based on culture and susceptibility testing when possible.
cCaution in communities with increased resistance (>10%–20%). Fluoroquinolone,
nitrofurantoin, or cephalosporins should be used in areas with increased TMP-SMX
resistance.

Duration of Therapy

2. What treatment duration options are available for V.Q.?

Outpatients with acute, uncomplicated UTI can be treated
successfully with a 7- to 14-day course of oral medications, a
3-day course of therapy, or by single-dose therapy.1,4,47 A urine
C&S may be obtained before antibacterial therapy and repeated
2 to 3 weeks after the completion of therapy,1,2,4 although this
practice is seldom necessary in young adult females with a
lower UTI.1,4

The duration of therapy for UTI has been extensively stud-
ied and progressively shortened. The traditional 7- to 14-day
course of antibiotic therapy now is considered excessive for
most patients with uncomplicated infections.1,2,4,43,47,48 A 3-
day antibiotic treatment regimen is just as effective as a 10-day
regimen in achieving clinical cures and eradicating urinary
tract organisms, although this is somewhat antibiotic class-
specific.1,2,4,43,47,48 TMP-SMX and the fluoroquinolones are
recommended as the preferred agents for 3-day treatment reg-
imens. β-Lactam antibiotics and nitrofurantoin are more ap-
propriately reserved for longer treatment courses of 7 to 14
days4,49; however, a recent study has shown that a 5-day course
of nitrofurantoin is as effective as a 3-day course of TMP-
SMX.50 Longer treatment courses are also used in cases of
treatment failure following regimens of shorter duration. Be-

cause of the relatively high incidence of E. coli resistance to
ampicillin and amoxicillin, some experts do not recommend
these agents for initial, empiric use.2,4,42−44,48,49 Although
TMP-SMX is still recommended as the preferred agent for
acute, uncomplicated UTI, this agent also may not be a suitable
choice for empiric therapy in certain geographic areas because
of increasing resistance. Use of trimethoprim or TMP-SMX
has been discouraged in geographic areas where the incidence
of E. coli resistance exceeds 15% to 20%.42,43,45,48,51,52 The
fluoroquinolones have become favored agents in many geo-
graphic areas with high rates of resistance to ampicillin, TMP-
SMX, and trimethoprim because of excellent activity against
common urinary pathogens and the ability to use short 3-day
courses of therapy. The choice of a specific agent should be
based on geographic susceptibilities as well as any patient al-
lergies and the relative cost of the drugs.

Even a single dose of an antibiotic may be effective. Bac-
teria disappear from the urine within hours after antibacterial
therapy has been initiated.48 This, coupled with the urinary
bladder’s ability to defend itself through micturition, acidifica-
tion, and inherent antibacterial activity, gives theoretic support
to the clinical evidence that a large single dose of an antibiotic
can eradicate a UTI.

Single-Dose Therapy

3. Would a 3-day course of therapy or single-dose therapy be
preferred for V.Q.?

A single antibiotic dose is reasonably effective in treating
acute, lower UTI in young adult females.4,7,48 Commonly used
regimens are TMP-SMX (two or three double-strength tablets),
trimethoprim 400 mg, amoxicillin-clavulanate 500 mg, amoxi-
cillin 3 g, ampicillin 3.5 g, nitrofurantoin 200 mg, ciprofloxacin
500 mg, and norfloxacin 400 mg.1,48,49 Again, choice of a spe-
cific agent should be based on local susceptibility patterns,
patient allergies, and relative drug costs. Female patients with
history or clinical presentation suggestive of complicated in-
fection (e.g., systemic manifestations of infection, renal dis-
ease, anatomic abnormalities of the urinary tract, diabetes mel-
litus, pregnancy), a history of antibiotic resistance, or a history
of relapse after single-dose therapy should not receive single-
dose regimens. Single-dose therapy is also not appropriate for
male patients with UTI. Because V.Q. does not have any of
these contraindications, she could potentially receive single-
dose therapy with an appropriate agent.

The advantages of single-dose treatment of UTI include im-
proved compliance, cost savings, proved efficacy in a defined
population of patients (i.e., young women with acute, uncom-
plicated lower UTI), minimal side effects, and a potentially
decreased incidence of bacterial resistance associated with an-
tibiotic overuse. Furthermore, failure to eradicate the organism
with a single dose of an antibiotic may help identify patients
who have subclinical pyelonephritis and require more intensive
evaluation of their urinary tract.

Some concerns also exist about single-dose therapy.4,7,48,49

First, sample sizes in most of the comparative studies to date
have been relatively small. Consequently, it is difficult to de-
termine whether differences in effectiveness or incidence of
side effects between single-dose and multiple-dose therapy
are clinically significant. Meta-analysis of studies comparing
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Table 64-2 Commonly Used Oral Antimicrobial Agents for Acute Urinary Tract Infections1,2,4,27,48,49,96

Usual Dose

Drug Adult Pediatric Pregnancya Breast Milka Commentsb

Amoxicillin 250 mg Q 8 hr or 3 g
single dose

20–40 mg/kg/day
in three doses

Crosses placenta (cord)
= 30% (maternal)c

Small amount present Watch for resistant organisms.

Amoxicillin
+ potassium
clavulanate

500 + 125 mg Q 12 hr 20 mg/kg/day
(amoxicillin
content) in three
doses

Unknown Unknown

Ampicillin 250–500 mg Q 6 hr 50–100 mg/kg/day
in four doses

Crosses placenta Variable amount
(milk) = 1%–30%
(serum)c

Watch for resistant organisms.
Should be taken on an
empty stomach.

Cefadroxil 0.5–1 g Q 12 hr 15–30 mg/kg/day
in four doses

Crosses placenta Enters breast milk
(milk) = 20%
(serum)c

Alternate choices for patients
allergic to penicillins,
although cross-
hypersensitivity can occur.
May be associated with
high failure rates.

Cephalexin 250–500 mg Q 6 hr 15–30 mg/kg/day
in four doses

Crosses placenta

Cephradine 250–500 mg Q 6 hr 15–30 mg/kg/day
in four doses

Crosses placenta (cord)
= 10% (maternal)c

Norfloxacind 400 mg Q 12 hr Avoid Arthropathy in immature
animals

Unknown Useful for pseudomonal
infection. Avoid antacids
and ditrivalent cations and
sucral-fate. May cause
dizziness.

Ciprofloxacind 250–500 mg Q 12 hr Avoid Arthropathy in immature
animals

Unknown Alternate choices for patients
allergic to β-lactams

Levofloxacin 250 mg Q 24 hr Avoid Arthropathy in immature
animals

(milk) = 100%
(serum)c

Nitrofurantoin 50–100 mg Q 6 hr 5–7 mg/kg/day in
four doses

Hemolytic anemia in
newborn

Variable amounts; not
detectable to 30%;
may cause hemolysis
in G6PD-deficient
baby

Alternate choice. To be taken
with food or milk. May
cause brown or rust-yellow
discoloration of urine. See
Questions 47–49.

Sulfisoxazole
Sulfamethoxazole

(SMX)

0.5–1 g Q 6 hr
1 g Q 12 hr

50–100 mg/kg/day
in four doses

60 mg/kg/day in
two doses

Crosses placenta;
hemolysis in newborn
with G6PD deficiency;
displacement of
bilirubin may lead to
hyperbilirubinemia and
kernicterus; teratogenic
in some animal studies

Enters breast milk;
displacement of
bilirubin may lead to
neonatal jaundice;
may cause
hemolysis in G6PD
deficient baby

Alters bowel flora to favor
resistant organisms. To be
taken on an empty stomach
with a full glass of water.
Photosensitivity may occur.

Trimethoprim
(TMP)

100 mg Q 12 hr Crosses placenta (cord)
= 60%; (maternal)
folate antagonism;
teratogenic in rats

(milk) >1 (serum)c Alternate choice.

TMP-SMX 160 + 800 mg Q 12 hr
or 0.48 + 2.4 g
single dose

10 mg/kg/day
(TMP
component in
two doses)

Crosses placenta (cord)
= 60%; (maternal)
folate antagonism;
teratogenic in rats

(milk) >1 (serum)c To be taken on an empty
stomach with a full glass of
water. Photosensitivity may
occur. Monitor
HIV-infected patients
closely for development tof
adverse hematologic
reactions

First-line agent for prostatitis

aAlso see Chapter 46, Obstetric Drug Therapy.
bIncludes unique patient consultation information in italics.
cDenotes drug concentration.
d May increase theophylline concentrations when given concurrently. Carefully monitor theophylline serum concentrations during quinolone use.
TMP = SMX, trimethoprim-sulfamethoxazole.
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either single-dose or 3-day regimens with multiple-dose TMP-
SMX therapy has demonstrated that single-dose therapy is
significantly less effective in eradicating bacteriuria than
regimens of either ≥5 days (83% vs. 93%, respectively,
p <0.001) or ≥7 days in duration (87% vs. 94%, respectively;
p = 0.014).47,48 Although side effects were more common
with longer courses of therapy (11%–13% with single-dose
versus 19%–28% with longer regimens), they were mild and
well tolerated.47,48 Although fewer studies have directly com-
pared single-dose versus 3-day therapies, numerous studies
have shown that 3-day courses are as effective as courses of
longer duration.47,48 A 3-day course of therapy is therefore
currently recommended for uncomplicated cystitis.

A second area of concern relates to recurrences in patients
treated with single-dose therapy. Recurrent infections may rep-
resent either a relapse caused by incomplete eradication of
more deep-seated kidney infection or a true reinfection in a
high-risk patient. If it is assumed that patients who receive
single-dose therapy are selected properly, then reinfection is a
more likely explanation. It has also has been suggested, how-
ever, that relapse following single-dose therapy actually sug-
gests subclinical upper urinary tract infection.4 In either case,
single-dose therapies have been associated with higher rates of
recurrence compared with therapies of longer duration. Finally,
the safety of single-dose therapy in patients with subclinical
pyelonephritis needs further evaluation, and these regimens are
not currently recommended in this setting.

Based on the preceding information, a 3-day antibiotic
course is reasonable in V.Q. and would be the recommended
treatment for her infection. Although single-dose regimens are
considered appropriate for some carefully selected patients
with acute, uncomplicated lower tract infection, 3-day courses
are generally preferred for most patients.4

When using short-course (i.e., 1- or 3-day) regimens, it is
important to counsel the patient that the clinical signs and
symptoms of infection may often not be completely resolved
for 2 to 3 days following initiation of therapy. Therefore, symp-
toms that persist after beginning therapy (or actually complet-
ing therapy, in the case of single-dose regimens) are not nec-
essarily indicative of treatment failure.

Trimethoprim-Sulfamethoxazole

4. TMP-SMX, one double-strength tablet twice daily (BID) for
3 days is prescribed for V.Q. Is this appropriate therapy?

Yes. TMP-SMX (Co-trimoxazole, Bactrim, Septra) has
been shown to be effective for single- and multiple-dose ther-
apy of uncomplicated cystitis.1,2,48 Gram-positive and gram-
negative organisms, with the notable exceptions of P. aerugi-
nosa, Enterococcus, and anaerobes, generally are susceptible to
TMP-SMX.53 Although TMP-SMX may appear active against
enterococci in vitro, clinical efficacy against this pathogen is
variable and does not always correlate well with in vitro sus-
ceptibilities. The efficacy of TMP-SMX largely depends on the
sensitivity of the organism to trimethoprim, although Neisseria
gonorrhoeae is relatively more susceptible to the sulfonamide
component. Individually, trimethoprim and sulfamethoxazole
are bacteriostatic, but in combination they are bactericidal
against most urinary pathogens.53 Furthermore, this combi-
nation is almost uniformly successful in the treatment of un-

complicated UTI, even against organisms that originally were
resistant to either agent alone. Although rates of trimethoprim
resistance have increased over the past several years,19,45,45,54

resistance rates remain relatively low in many geographic areas
and trimethoprim alone would be effective in managing many
simple UTI.

The ratio of trimethoprim to sulfamethoxazole in the avail-
able tablet products is 1:5 (e.g., 80 mg trimethoprim and 400
mg sulfamethoxazole). This combination has been chosen to
achieve peak serum concentrations of the two drugs that ap-
proximate a 1:20 ratio. This ratio is optimal for synergistic ac-
tivity against most microorganisms, although the drugs remain
synergistic and bactericidal in ratios ranging from 1:5 to 1:40
in vitro.53,55 Urinary concentrations of trimethoprim and sul-
famethoxazole far exceed the minimum inhibitory concentra-
tions (MIC) for most susceptible urinary pathogens. Therefore,
good in vitro activity, excellent clinical success, relatively low
resistance rates among common pathogens in many geographic
areas, and low cost make TMP-SMX a reasonable choice in
V.Q. Many consider TMP-SMX the initial agent of choice in
the treatment of acute, uncomplicated lower UTI in geographic
areas where the incidence of TMP-SMX resistance among
E. coli is <20%.4,42,43,48,51,52

Interpretation of Culture and Sensitivity

5. C&S studies in V.Q. show a few Klebsiella and >105 bac-
teria per milliliter of P. mirabilis, which are sensitive to ampi-
cillin, amoxicillin-clavulanate, cephalosporins, TMP-SMX, and
gentamicin. The Proteus is intermediately sensitive to nitrofur-
natoin, and is resistant to ciprofloxacin. Based on V.Q.’s clinical
presentation and recent culture reports, did she have a true UTI?

Yes. Most women with either lower or upper UTI have
>100,000 bacterial colonies/mm3 of urine. As previously men-
tioned, a major revision in the diagnostic criteria for symp-
tomatic UTI has been the abandonment of the absolute re-
quirement for growth of at least 105 bacterial colonies/mm3 of
urine. The criterion of ≥100 bacteria/mm3 appears to provide
excellent sensitivity and specificity for the purpose of correctly
diagnosing and treating women with symptomatic infection.11

This same criterion should also be applied to lower UTI when
S. saprophyticus is isolated, because UTI caused by this
pathogen often are associated with low urine bacterial colony
counts, suboptimal growth on commonly used media, and neg-
ative findings on nitrite screening.

Mixed flora (more than two organisms) is rare except in
severely debilitated persons and other complicated infections.
Thus, mixed flora in the setting of uncomplicated infection fre-
quently suggests contamination, and a repeat specimen should
be obtained.

6. What is the correlation between sensitivity of the organism
to a particular drug and treatment outcome in acute cystitis?

Bacterial susceptibility to different antimicrobial drugs usu-
ally is tested by placing discs impregnated with antibacte-
rial agents on an agar surface that has been seeded with the
infecting organism. Bacterial susceptibility is indicated by a
zone of inhibited growth around the disc containing the drug.
Most discs are impregnated with a quantity of drug that cor-
relates with achievable serum concentrations. Drugs useful in
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the treatment of UTI are excreted primarily by the kidney, how-
ever, and urine concentrations of these drugs may be 20 to 100
times greater than serum concentrations. Therefore, an organ-
ism that is only intermediately sensitive, or even “resistant”
to the concentration of antibacterial drug in the testing disc,
might be sensitive to the high concentration of drug present in
the urine.

Although in vitro susceptibility testing is not always pre-
dictive of patient response to therapy, studies clearly show that
patients infected with a resistant pathogen are at increased risk
of treatment failure.52,56−58 Several studies reported clinical
response to infection in only 24% to 61% of patients with or-
ganisms resistant to TMP-SMX compared with 83% to 92% of
patients infected with susceptible organisms.52,56,57,59 Another
study found that patients infected with TMP-SMX-resistant
pathogens were 17 times more likely to fail therapy compared
with patients with susceptible strains.60 Patients treated with
TMP-SMX who were infected with drug-resistant organisms
were also found to have longer median times to symptom res-
olution (14 vs. 7 days, p = 0.0002), more frequent return
clinic visits within 1 week (36% vs. 6%, p <0.0001), more
frequent need for subsequent antibiotic therapy (36% vs. 4%,
p <0.0001), and higher rates of significant bacteriuria after
1 month (42% vs. 20%, p = 0.04).57 Although 50% to 60%
of patients with resistant organisms may experience failure
of TMP-SMX therapy, antimicrobial therapy is usually cho-
sen empirically without the benefit of C&S testing results.
Appropriateness of antibiotic therapy is thus usually judged
according to subsequent clinical response. If the infecting or-
ganism is sensitive, the urine will usually be sterile in 24 to
48 hours. If a urine specimen collected 48 hours after initia-
tion of therapy is not sterile and the patient has been taking
the medication properly, the antibiotic may be inappropriate
or the focus of infection may be deeper (e.g., pyelonephritis,
abscess, obstruction). If the urine specimen is sterile and the
patient is symptomatically improved, the appropriate antimi-
crobial is being used (regardless of sensitivity studies) and the
full course of therapy should be completed.

7. Was it necessary to order a pretreatment urine C&S for
V.Q.?

Some investigators question the value of pretreatment urine
cultures.1,4 Women with lower UTI usually have pyuria on uri-
nalysis and respond rapidly to antimicrobial treatment. Pyuria
appears to be a better predictor of treatable infection than the
colony count obtained on urine culture. Furthermore, the urine
culture accounts for a large portion of the cost of treating a pa-
tient with a UTI. Consequently, in patients with uncomplicated,
acute, lower UTI, it is more cost-effective to order a urinalysis
and, if pyuria is present, to forego a urine culture. Instead, the
patient should be empirically treated with a conventional 3- to
7-day course of antibiotic therapy. If V.Q. remains symptomatic
48 hours later, a C&S test can be ordered.

Fluoroquinolone Therapy

8. I.B., a 48-year-old woman, presents with a community-
acquired UTI. She has experienced a rash with TMP-SMX and
has a type I hypersensitivity reaction to penicillins. What is the

role of fluoroquinolones in the treatment of I.B.’s community-
acquired UTI?

Several fluoroquinolones are indicated for the treatment
of uncomplicated or complicated UTI; these include nor-
floxacin, ciprofloxacin, and levofloxacin. The fluoroquinolones
are usually administered orally in the treatment of UTI and
have excellent in vitro activity against most gram-negative
organisms, including P. aeruginosa.61 They are also active
in vitro against many gram-positive organisms including
S. saprophyticus.61 Resistance to fluoroquinolones among or-
ganisms causing acute uncomplicated UTI is usually <1% to
2%.19 Fluoroquinolone resistance may, however, be more fre-
quent in some geographic areas (5%–10%) and in complicated
infections44,54; these quinolone-resistant strains also tend to
be resistant to multiple other antimicrobials.62 The activity of
many fluoroquinolones in vitro is antagonized by urine (acidic
pH, divalent cations); however, this is unlikely to be clinically
significant because urine concentrations are several hundred-
fold greater than serum levels.61

Although the fluoroquinolones are as effective as TMP-
SMX in the treatment of uncomplicated UTI, they are not rec-
ommended as first-line therapy because they are more expen-
sive and provide no additional treatment benefits.4,7,42,43,48,61

Concerns also exist regarding the overuse of fluoroquinolones
and the promotion of drug resistance among community-
acquired pathogens. These agents are appropriate alternatives
for patients with allergies to first-line agents or for patients
infected with organisms resistant to multiple antibiotics, such
as P. aeruginosa. Fluoroquinolones are also recommended as
first-line agents in geographic areas with >20% resistance of
E. coli to TMP-SMX.42,43,48,51 Finally, the fluoroquinolones
are effective in treating patients with structural or functional
abnormalities of the urinary tract and other types of compli-
cated infections.61,63,64

A fluoroquinolone is appropriate for I.B. because it will be
effective and because she has experienced previous adverse
reactions to penicillins and sulfas. The fluoroquinolones are
considered similar in efficacy in this setting63,64; choice of
a specific agent should be based on comparative costs and
compliance considerations. The duration of fluoroquinolone
therapy in I.B. would be 3 days.

Drug Interactions

9. I.B. also is taking Maalox for a duodenal ulcer. What is the
likelihood that this antacid will affect the action of the fluoro-
quinolones?

It is imperative that clinicians question patients such as I.B.
regarding other medications (both prescription and nonpre-
scription) that they may be taking. Products containing di-
valent and trivalent cations (Mg2+, Ca2+, Zn2+, Al2+, Fe2+)
invariably cause significantly decreased fluoroquinolone ab-
sorption (20%–70% decrease in area under the concentration
curve [AUC]), and this may result in therapeutic failures. Al-
though this interaction can be avoided by taking the antacids or
other products at least 2 hours before or 4 to 6 hours after the
fluoroquinolone dose, this is complicated and inconvenient for
the patient.65 Patients simply should avoid these products while
taking fluoroquinolones. Interactions of the fluoroquinolones
with H2-receptor antagonists and proton pump inhibitors are
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usually not clinically significant, and these agents can be used
for patients with gastrointestinal (GI) ulcers.65

Some older fluoroquinolones also interfere with theo-
phylline metabolism, especially ciprofloxacin (20%–90% in-
crease in AUC). Norfloxacin increases the theophylline AUC
by approximately 15%.66 Therefore, theophylline levels should
be monitored closely in patients receiving these quinolones and
theophylline together. Levofloxacin does not significantly al-
ter methylxanthine metabolism.65 Whereas ciprofloxacin inter-
feres with the metabolism of caffeine, levofloxacin does not.65

Although the clinical significance of the interaction between
caffeine and most fluoroquinolones is minimal, patients should
be monitored carefully for signs and symptoms of caffeine tox-
icity. This is especially important for patients ingesting large
quantities of caffeine and in older patients.

There have been isolated reports of a clinical interaction
between certain quinolones (e.g., ciprofloxacin) and warfarin.
Although there seems to be no truly relevant pharmacokinetic
or pharmacodynamic interactions, patients receiving both war-
farin and quinolone therapy should nevertheless be carefully
monitored for changes in their anticoagulation.65 Isolated cases
have also been reported of increased toxicity with coadminis-
tration of quinolones and nonsteroidal anti-inflammatory drugs
(NSAID), phenytoin, and cyclosporine; whether these interac-
tions truly exist is unknown.65

HOSPITAL-ACQUIRED ACUTE URINARY
TRACT INFECTION

10. P.M., an alert, 70-year-old woman with chest pain, was hos-
pitalized to rule out acute myocardial infarction. This is her third
hospitalization for chest pain in the past 6 months. A urinary
catheter was temporarily placed as part of her routine medical
care. Two days after admission, she complained of burning on uri-
nation and bladder pain. TMP-SMX double strength, one tablet
BID was ordered after microscopic examination of the urine in-
dicated a UTI. Why was this empiric therapy appropriate?

Hospital-acquired (or nosocomial) UTI occur in about one-
half million patients per year and most are associated with
the use of indwelling bladder catheters. Approximately 10%
to 30% of catheterized patients develop infection.24 Compli-
cations of catheter-associated UTI are significant. Nosocomial
UTI are the source of up to 15% of all nosocomial bloodstream
infections, occurring in about 4% of all catheterized patients67;
the associated mortality rate is approximately 15%.24 Nosoco-
mial UTI also prolong hospitalization by an average of 2.5 days
and cost an additional $600 to $700.21,24,67 Prevention is the
best way to manage nosocomial UTI, but antibiotic treatment
is usually initiated in hospitalized patients who develop UTI
symptoms.

The susceptibility of hospital-acquired pathogens to antimi-
crobial agents differs from community-acquired bacteria, and
these susceptibilities frequently vary from one hospital to an-
other. Therefore, the microbiology department of a particular
hospital should be consulted to determine current trends in
the antibiotic susceptibility of bacteria acquired in that set-
ting. In general, E. coli is still the predominant urinary tract
pathogen. An increased proportion of infections is caused,
however, by other gram-negative bacteria such as Proteus and

Pseudomonas, gram-positive pathogens such as Staphylococ-
cus and Enterococcus, and yeast (e.g., Candida).20,22,24

Repeated courses of antibiotic therapy, anatomic defects of
the urinary tract, old age, increased hospital length of stay, and
repeated hospital admissions are associated with a higher inci-
dence of infection with antibiotic-resistant organisms.20,24,68,69

Pseudomonas, Proteus, Providencia, Morganella, Klebsiella,
Enterobacter, Citrobacter, and Serratia are particularly diffi-
cult to eradicate because they usually are less susceptible to
commonly used antimicrobial agents.

P.M. is elderly, hospitalized, and has been repeatedly ex-
posed to potentially resistant organisms during her previous
hospitalizations. Because prompt treatment is deemed nec-
essary, oral TMP-SMX is a reasonable first choice because
E. coli still is the most likely causative agent, and P.M. is
only mildly ill with signs and symptoms of lower UTI. Oral
fluoroquinolones are more commonly used in this setting,
however, because of the high potential for infection with re-
sistant pathogens.20,70,71 Cultures of P.M.’s urine should be
performed and, once C&S test results are known, therapy
promptly changed according to susceptibility reports. To
achieve the most cost-effective therapy, oral agents should be
administered to all patients capable of taking medications by
mouth unless the isolated pathogens are resistant to oral medi-
cations or underlying GI dysfunction makes adequate absorp-
tion of oral antibiotics questionable.70,71

11. If P.M. had additional symptoms of fever, chills, flank pain,
and vomiting, how would her treatment differ?

In seriously ill patients with possible sepsis, broad-spectrum
parenteral antibiotics with activity against P. aeruginosa are
usually preferred as initial therapy (Table 64-3). Suitable an-
tibiotic choices include antipseudomonal cephalosporins (e.g.,
ceftazidime, cefepime), extended-spectrum penicillins (e.g.,
piperacillin-tazobactam, ticarcillin-clavulanate), carbapenems
(imipenem-cilastatin, meropenem), intravenous (IV) fluoro-
quinolones (ciprofloxacin), and aztreonam. These antibiotics
appear to be at least as effective as the aminoglycosides and
lack the ototoxic and nephrotoxic potential. These newer agents
are more costly, however, and may be associated with the emer-
gence of resistant organisms and superinfection with organisms
such as Enterococcus and Candida.

In general, antipseudomonal β-lactam antibiotics remain
the drugs of choice for nosocomial urologic sepsis.71 The com-
bination of a β-lactam plus an aminoglycoside may be advan-
tageous in neutropenic patients. Once the susceptibility pattern
of the infecting organism is known, therapy should be altered
to single-agent therapy whenever possible to decrease both the
risks of drug toxicity and the drug costs.71

ACUTE PYELONEPHRITIS
Signs and Symptoms

12. L.B., a 45-year-old woman with diabetes, comes to the emer-
gency department (ED) complaining of frequent urination, fever,
shaking chills, and flank pain. She takes 20 U of NPH insulin
subcutaneously (SC) every morning. Positive physical findings in-
clude a temperature of 103◦F, a pulse of 110 beats/minute, blood
pressure (BP) of 90/60 mmHg, and CVA tenderness. A Gram stain
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Table 64-3 Parenteral Antimicrobial Agents Commonly Used in the Treatment of Urinary Tract Infections

Average Adult Daily Dose

Class Drug UTI Sepsis Usual Dosage Interval a Comments

Penicillins Ampicillin
Ampicillin-sulbactam

2–4 g
6 g

8 g
12 g

Q 4–6 hr
Q 6 hr

Use should be based on local susceptibility patterns.

Extended-spectrum
penicillin

Ticarcillin-clavulanate
Piperacillin-tazobactam

9–12 g
9 g

18 g
18 g

Q 4–6 hr
Q 4–6 hr

First-generation
cephalosporins

Cefazolin 1.5–3 g 6 g Q 8–12 hr More effective than second- or third-generation
cephalosporins against gram-positive organisms.

Second-generation
cephalosporins

Cefoxitin
Cefuroxime
Cefotetan

3–4 g
2.25 g
1–4 g

8 g
4.5 g
6 g

Q 4–8 hr
Q 8 hr
Q 12 hr

Intermediate between first- and third-generation
cephalosporins against gram-negative organisms.

Third-generation
cephalosporins

Cefotaxime
Ceftizoxime
Ceftriaxone
Ceftazidime

3–4 g
2–3 g
1 g
1.5–3 g

8 g
8 g
2 g
6 g

Q 6–8 hr
Q 8–12 hr
Q 12–24 hr
Q 8–12 hr

Better coverage than first- and second-generation
cephalosporins against gram-negative organisms.
Ceftazidime and cefepime are most effective
against Pseudomonas. All generations of
cephalosporins are ineffective against
Enterococcus faecalis and methicillin-resistant
staphylococci.

Fourth-generation
cephalosporins

Cefepime 1–2 g 4 g Q 12 hr

Carbapenems Imipenem-cilastatin
Meropenem
Doripenem
Ertapenem

1 g
1.5–3 g
0.5 g
0.5–1 g

2 g
3 g
0.5g
1 g

Q 6 hr
Q 8 hr
Q 8 hr
Q 24 hr

The most broad-spectrum coverage of any
antibiotics listed. Ertapenem not active against
Pseudomonas. Resistance may develop especially
with Pseudomonas. Toxic in some pregnant
animals

Monobactam Aztreonam 1–2 g 6–8 g Q 8–12 hr Active against gram-negative aerobic pathogens,
including Pseudomonas sp.

Aminoglycosides Gentamicin
Tobramycin
Amikacin

3 mg/kg
3 mg/kg
7.5 mg/kg

5 mg/kg
5 mg/kg
15 mg/kg

Q 8 hr
Q 8 hr
Q 12 hr

Potent against gram-negative bacteria including
Pseudomonas. Associated with possible eighth
nerve toxicity in the fetus. Amikacin should be
reserved for multiresistant bacteria.

Quinolones Ciprofloxacin
Levofloxacin

400–800 mg
250–500 mg

800 mg
500–750 mg

Q 12 hr
Q 24 hr

Use for resistant organisms. Change to oral therapy
when indicated

aAssuming normal renal function.

of L.B.’s urine reveals gram-negative rods, and a STAT UA demon-
strates glucosuria, macroscopic hematuria, 20 to 25 WBC/mm3,
numerous bacteria, and WBC casts. She also has a blood sugar
level of 400 mg/dL (normal, 70–105 mg/dL). L.B. is admitted to
the hospital with a diagnosis of acute bacterial pyelonephritis,
and routine laboratory tests including a blood chemistry profile,
complete blood count (CBC) with differential, and specimens of
urine and blood for C&S are ordered. L.B. is started on IV nor-
mal saline, ampicillin 1 g IV every 6 hours, and a sliding-scale
schedule of regular insulin based on every 6-hour blood sugars.
Which signs and symptoms in L.B. are consistent with a kidney
infection?

[SI units: blood sugar, 22.20 mmol/L (normal, 3.88–5.82)]

It is not always possible to differentiate clinically between
upper and lower urinary tract infections. Symptoms common in
lower UTI often are the only positive findings in upper UTI (i.e.,
subclinical pyelonephritis).1,4,6,72 L.B., however, does mani-
fest signs and symptoms of systemic infection consistent with
acute bacterial pyelonephritis, including tachycardia, hypoten-
sion, fever, shaking chills, flank pain, CVA tenderness, hema-
turia, and WBC casts. In addition, her diabetes may predispose
her to various renal infections, including pyelonephritis, possi-

bly because diabetic patients have altered antibacterial defense
mechanisms.6,72,73

Treatment
Triage for Hospitalization

13. Why was L.B. hospitalized?

Most patients with clinical pyelonephritis have relatively
mild infection and usually can be treated as outpatients. The
need for hospitalization often is determined by the patient’s
social situation and ability to maintain an adequate fluid in-
take and tolerate oral medications.6,7,72 Patients such as L.B.
with evidence of bacteremia (e.g., fever, shaking chills) or sep-
sis (e.g., hypotension) should be hospitalized and treated with
parenteral antibiotics.6,7,72 L.B. should be hospitalized because
her acute pyelonephritis may predispose her to diabetic ketoaci-
dosis.

Although blood cultures are usually obtained in patients
with moderate-to-severe pyelonephritis, one study found that
blood cultures were of low yield in the setting of acute uncom-
plicated pyelonephritis; they rarely provided any additional in-
formation not already obtained from the urine culture and were
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not helpful in the clinical management of such cases.74 Blood
cultures may be positive in up to 25% of patients with severe
or complicated pyelonephritis, however, and they are still rec-
ommended for patients such as L.B.6,72

Antimicrobial Choice

14. Was ampicillin appropriate treatment for L.B.?

Ampicillin is not an appropriate choice for L.B. because
diabetic patients (and patients treated with corticosteroids)
are susceptible to colonization with unusual or more resis-
tant organisms. As with lower tract UTI, pyelonephritis is
often classified as uncomplicated or complicated. L.B.’s in-
fection would be classified as a complicated infection be-
cause of her underlying diabetes.6,72 E. coli remains the pre-
dominant pathogen in complicated pyelonephritis, but other
gram-negative organisms (e.g., Klebsiella, Proteus, Pseu-
domonas) are found relatively more frequently.6,72 Because
L.B. is acutely ill and has gram-negative organisms in her
urine, she should be treated with an antibiotic that has a better
spectrum of activity against gram-negative organisms. Broad-
spectrum antibiotics appropriate for initial therapy would in-
clude parenteral third-generation cephalosporins (e.g., ceftri-
axone), IV fluoroquinolones (e.g., ciprofloxacin, levofloxacin),
and piperacillin-tazobactam; aminoglycosides are also some-
times recommended as monotherapy.6,7,75 Aztreonam may also
be considered for treatment of patients with severe β-lactam
allergies. It is not always necessary to initially treat patients
with antipseudomonal therapy; thus, agents such as ceftri-
axone with relatively less activity against Pseudomonas are of-
ten appropriate as initial therapy in patients such as L.B.6,7,72,75

Because most hospital laboratories can report C&S results
within 48 hours, these antibiotics can be replaced with more
specific ones if appropriate.

Serum versus Urine Concentrations

15. Is it necessary to achieve bactericidal concentrations of an-
timicrobials in the serum, or are high urinary concentrations ad-
equate for L.B.? How long should she be treated? How should
therapeutic success be determined?

In patients with pyelonephritis and infection of the renal
parenchyma, adequate tissue concentrations of antimicrobial
agents are needed. Therefore, antibiotics that achieve bacte-
ricidal concentrations in serum and kidney tissues should be
selected.70 Patients requiring hospitalization should be treated
with parenteral antibiotics until fluids can be taken orally and
the patient is symptomatically improved and afebrile for 24 to
48 hours. This should be followed with a course of oral an-
tibiotics for a total duration of antimicrobial therapy of 14 to
21 days; less severe infections not requiring hospitalization are
usually treated with 7- to 14-day courses. Although it is cus-
tomary to observe the patient in the hospital for 24 hours after
switching from parenteral to oral antibiotics before discharge,
this is probably of limited benefit.6,7,72,75 Specimens for C&S
should be obtained on the second day of therapy (to rule out
treatment failure), 2 to 3 weeks after the completion of therapy,
and again at 3 months.1,6

For patients who have relapsed after 14 days, retreatment
for 6 weeks usually is curative. There have been reports of

successful therapy with 5 days of treatment74; however, longer
courses are recommended.7,72,75

Oral Therapy

16. When should oral therapy be recommended for the initial
treatment of acute pyelonephritis?

Patients with mild, acute pyelonephritis (no nausea, vom-
iting, or signs of sepsis) can be treated with oral antibiotics
such as TMP-SMX for 14 days.6,72,75 This regimen is as effec-
tive as 6 weeks of TMP-SMX and significantly better than 6
weeks of ampicillin. The fluoroquinolones may be useful for
patients infected with resistant organisms because of their ex-
cellent in vitro activity against gram-negative organisms and
high kidney tissue concentrations (two- to tenfold greater than
serum).61 Agents, such as amoxicillin-clavulanate, cefixime,
or cefuroxime, also can be used in this setting.

SYMPTOMATIC ABACTERIURIA
Clinical Presentation

17. R.D., a 22-year-old woman, complains of urinary frequency
and painful urination, which have developed over the past 4 to 5
days. UA reveals 10 to 15 WBC/mm3 (normal, 0–2 WBC/mm3), but
no bacteria are seen on a Gram stain of the urine. Phenazopyridine
200 mg three times daily (TID) is prescribed. What is a reasonable
assessment of R.D.’s clinical presentation?

Acute urethral syndrome is defined as symptoms consis-
tent with lower UTI but with no organisms evident on Gram
stain or culture. The lack of detectable pathogens may mean
that the urine specimen is sterile or that the concentration of
the organism in the urine sample is small. Patients with these
findings still may have a UTI even though the voided urine is
sterile or contains <105 microorganisms per milliliter.76 The
causative organisms and the pathogenesis of infection in these
cases are the same as for lower UTI. Other organisms that
can cause urethritis in this setting are Chlamydia trachomatis,
N. gonorrhoeae, and Trichomonas vaginalis.76

Most cases of UTI with low bacterial counts are associated
with bacteriuria or C. trachomatis and also demonstrate pyuria
(>8 WBC/mm3).76 Conversely, pathogens are seldom present
in patients with the acute urethral syndrome when pyuria is
absent. Because R.D. is symptomatic, has 10 to 15 WBC/mm3

in her urine, and no bacteria on Gram stain, infection with
C. trachomatis or some other more atypical pathogen is likely.

Interstitial cystitis is a chronic clinical syndrome charac-
terized by bladder or pelvic pain and urinary frequency or
urgency.77 Although the exact cause of interstitial cystitis is
not known, it is not an infection-related disorder and does not
respond to antibiotic therapy. The clinical presentation of in-
terstitial cystitis is very similar to that of symptomatic abac-
teriuria, but absence of pyuria is a key difference. Interstitial
cystitis should be suspected in patients with clinical findings
suggestive of lower UTI but who do not manifest pyuria and
who have not responded to previous empiric antibiotic therapy;
no antibiotics should be administered without further diagnos-
tic evaluation.77
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Antibiotic Treatment

18. Should R.D. be treated with antibiotics?

Yes. A double-blind, placebo-controlled study evaluated the
use of doxycycline 100 mg BID in patients with UTI and low
bacterial counts. Clinical cure of bacteriuria and pyuria was sig-
nificantly greater in the doxycycline-treated group, but doxy-
cycline did not alter symptoms in patients without pyuria.76 Be-
cause E. coli, other gram-negative bacteria, and C. trachomatis
are the usual causes of acute urethral syndrome, an antibiotic
such as doxycycline with activity against Chlamydia is reason-
able initial treatment for patients such as R.D. presenting with
urinary tract symptoms (without bacteriuria) if pyuria also is
present. All tetracyclines and sulfonamides, with or without
trimethoprim, also are likely to be effective in such patients,
but doxycycline has been best studied to date. Of the fluoro-
quinolones, newer agents, such as levofloxacin, offer promise
as alternatives to doxycycline but have not been well studied in
this setting.76 Azithromycin as a single dose also has a major
role in treating chlamydial infections (see Chapter 65, Sexually
Transmitted Diseases).

Prolonged therapy of 2 to 4 weeks in duration and treat-
ment of sexual partners may be required to prevent reinfection
through intercourse. Prolonged therapy is appropriate if the
patient has a history consistent with Chlamydia urethritis; a
sexual partner with recent urethritis; a recent new sexual part-
ner; a gradual, rather than abrupt, onset of symptoms that has
occurred over a period of days (as in R.D.); and no hematuria.
Patients without such a history can be treated with a short
course of antibiotics as any other patient with a lower UTI.

Phenazopyridine

19. Was phenazopyridine appropriate for R.D.?

Phenazopyridine, a urinary tract analgesic, often is pre-
scribed alone or along with an antibacterial agent for the symp-
tomatic relief of dysuria. Although 200 mg orally TID may
relieve dysuria, it is ineffective in the actual eradication of true
UTI. Phenazopyridine plus an antibiotic is not any better than
an antibiotic alone; therefore, the drug is not likely to be of
significant value in R.D. and should seldom be prescribed for
such patients.

Although most patients have resolution of symptoms within
24 to 48 hours after beginning therapy, some patients with se-
vere dysuria or delayed response to antibiotic therapy may
benefit symptomatically from a short trial (1–2 days) of
phenazopyridine.4 The need for, and duration of, analgesic
therapy must be individualized.

Side Effects

20. What side effects have been associated with phenazopyri-
dine?

Phenazopyridine is an azo dye and may discolor the urine to
an orange-red, orange-brown, or red color that can stain clothes.
Other adverse effects of phenazopyridine occur following acute
overdose, or as a result of accumulation in older patients or in
patients with decreased renal function who take the drug chron-
ically. In vivo, about 50% of phenazopyridine is metabolized
to aniline, which can cause methemoglobinemia and hemolytic

anemia. The hemolytic anemia associated with phenazopyri-
dine occurs primarily in patients with glucose-6-phosphate de-
hydrogenase (G6PD) deficiency.78 Cases of reversible acute re-
nal failure and allergic hepatitis have also been rarely reported
following brief exposure to phenazopyridine.78

ASYMPTOMATIC BACTERIURIA
Antibiotic Treatment

21. A.K., an asymptomatic 6-year-old girl, is found to have sig-
nificant bacteriuria on routine screening. Should she be treated
with an antimicrobial agent?

The treatment of patients with asymptomatic bacteriuria de-
pends on the clinical setting in which it is found. Asymptomatic
bacteriuria occurs in a heterogeneous group of patients with
different prognoses and risks. Therefore, recommendations for
treatment of asymptomatic patients with significant bacteri-
uria (two consecutive voided urine specimens showing ≥105

bacteria per milliliter of urine in women, or a single clean-
catch voided specimen in men) are based on specific age, sex,
and clinical characteristics.1,11,12,79 These recommendations
are based on the risk for development of acute UTI and subse-
quent long-term complications. Generally, patients who appear
to benefit most from antibiotic treatment are those with com-
plicating factors such as urinary tract structural abnormalities,
immunosuppressive therapy, and procedures requiring urinary
tract instrumentation or manipulation.1,2,11 Short-course reg-
imens (i.e., single-dose or 3-day) are usually recommended
when treatment is desired,2 although longer regimens have also
been recommended.11

Urinary tract infections in infants and preschool children
(predominantly girls) occasionally are associated with renal
tissue damage.80 Asymptomatic bacteriuria of childhood also
is important because it may be a manifestation of an anatomic
or mechanical defect in the urinary tract. Therefore, it should be
evaluated fully. Because most cases of renal scarring as a result
of bacteriuria occur within the first 5 years of life, it is con-
troversial whether treatment should be limited to infants and
preschool children or whether all children should be treated re-
gardless of age. Screening for bacteriuria in children and treat-
ing those with positive cultures, regardless of their clinical pre-
sentation, seems reasonable and is frequently recommended.80

Treatment of A.K., although still controversial, seems prudent
because renal damage resulting from asymptomatic bacteri-
uria generally occurs during childhood. Should the decision
be made to treat, principles of therapy are similar to those for
symptomatic infections.

Pregnant Patients, the Elderly, and
Other Adult Populations

22. The decision to treat the asymptomatic bacteriuria of A.K.
was based primarily on the increased probability of renal dam-
age during childhood. What other population groups should be
treated for asymptomatic bacteriuria?

Without urinary tract obstruction, UTI in adults rarely
lead to progressive renal damage.2,4 Therefore, asymptomatic
bacteriuria does not require treatment in most adult patients
who have no evidence of mechanical obstruction or renal
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insufficiency. Aggressive antimicrobial therapy is appropri-
ate during pregnancy, however, because as many as 40%
of pregnant women with asymptomatic bacteriuria later de-
velop symptomatic UTI, particularly pyelonephritis.11 In ad-
dition, studies have confirmed associations between acute
pyelonephritis during pregnancy with increased rates of
preterm labor, premature delivery, and lower birth-weight
infants.26 The treatment of asymptomatic bacteriuria in preg-
nancy is therefore justified to decrease the risk of associated
complications.11

Treatment should be based on in vitro susceptibility test-
ing or by selecting the least expensive, least toxic agent. Sul-
fonamides should be avoided in late pregnancy because they
can contribute to kernicterus in the neonate. Fluoroquinolones
should be avoided during pregnancy because of the risk of
arthropathies (see Question 37).

Bacteriuria in the elderly is common.15,16 Although bac-
teriuria in this population often leads to symptomatic infec-
tion, clinical studies, however, have consistently documented
no beneficial outcomes in treated patients compared with
untreated patients.11,15 Consequently, therapy is not recom-
mended for the asymptomatic older patient because the ex-
pense, side effects, and potential complications of drug ther-
apy appear to outweigh the benefits.11,15 Patients experiencing
symptomatic infections should be treated as usual.

The treatment of asymptomatic bacteriuria in women with
diabetes has recently been shown not to reduce complica-
tions and is not currently recommended.11,79 Similarly, because
asymptomatic bacteriuria in patients with urinary catheters
is very common (∼25% with short-term catheterization and
virtually 100% long-term) but is associated with few com-
plications, antibiotic therapy is not recommended as long as
the catheter remains in place. Antibiotic treatment may be
considered in asymptomatic women who still have bacteruria
≥48 hours after removal of the catheter.11

RECURRENT URINARY TRACT INFECTIONS
Relapse versus Reinfection

23. T.W., a 28-year-old woman with a history of recurrent in-
fections, recently was treated for an E. coli UTI with TMP-SMX
for 10 days. A repeat UA was scheduled, but she canceled her
appointment because she “felt fine.” Eight weeks later, she re-
turned to the clinic with signs and symptoms of another UTI. The
only other medication she has taken is an oral contraceptive. Why
would C&S testing of a urine sample be especially useful at this
time?

Recurrent infections develop in approximately 20% to 30%
of women with acute cystitis.2,4,81,82 Repeat C&S data should
help determine whether this infection represents a relapse or a
reinfection. Relapse refers to a recurrence of bacteriuria caused
by the same microorganism that was present before therapy
initiation. Most relapses occur within 1 to 2 weeks after the
completion of therapy and are caused by persistence of the or-
ganism in the urinary tract. Relapses often are associated with
an inadequately treated upper UTI, structural abnormalities of
the urinary tract, or chronic bacterial prostatitis.1,81,83

Reinfection implies recurrence of bacteriuria with a differ-
ent organism than was present before therapy. Reinfections can

occur at any time during or after the completion of treatment,
but most appear several weeks to several months later. Ap-
proximately 80% of recurrences are caused by reinfection.1

Reinfection is generally caused by introital colonization with
Enterobacteriaceae from the lower intestinal tract1; of these,
E. coli is the most common. Certain E. coli strains have been
shown to adhere to vaginal epithelial cells and, in women with
recurrent UTI, adherence of these organisms to epithelial cells
is increased.25 That T.W. was symptom free for 8 weeks sug-
gests that this is a reinfection.

Oral Contraceptives as a Risk Factor

24. Is there an association between T.W.’s use of oral contra-
ceptives and her risk of contracting a UTI?

Information regarding the association between oral contra-
ceptive use and UTI is controversial. The two most recent stud-
ies to examine this association disagree in their conclusions.
A well-designed, prospective study examined 796 women and
found the incidence of UTI to be exactly the same between
oral contraceptive users and nonusers.33 A subsequent case-
control study in 229 women with recurrent UTI and 253 con-
trol subjects, however, found that oral contraceptive users were
at significantly higher risk for recurrent infection.26 The asso-
ciation between oral contraceptive use and risk of UTI remains
unclear.

The association between diaphragm use and UTI is much
stronger. Diaphragm users are approximately three times more
likely to develop a UTI than women using other contra-
ceptive methods, especially when the diaphragm is used in
conjunction with spermicidal jelly.26,33 Possible explanations
include urethral obstruction by the diaphragm together with
increased vaginal colonization by coliform organisms caused
by the spermicide. Use of a spermicide-coated condom also
has been shown to increase the risk of UTI.26,84

Treatment for Reinfection

25. Pending the C&S results, what therapy should be instituted
in T.W.?

T.W. has a history of recurrent infections and now probably
has a reinfection. Because reinfection is not caused by failure
of previous therapy, TMP-SMX may be a reasonable choice
once again. The probability that a resistant organism will be
responsible for the infection increases when the interval be-
tween infectious episodes is short. If several months elapse
between each episode of antimicrobial therapy, normal fecal
bacterial flora become re-established and the risk of infection
with resistant pathogens is reduced.

The alteration of fecal flora caused by the sulfonamides
makes these drugs poor choices for repeated use in cases
of frequent reinfection, especially when C&S results are un-
known. The development of bacterial resistance also may
limit the usefulness of these agents for chronic antimicrobial
therapy.19,44,81,82

26. If T.W. developed an adverse reaction to TMP-SMX, what
are some other therapeutic alternatives?

Nitrofurantoin is effective against 80% to 90% of E. coli
strains. It does not significantly alter the fecal or introital
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flora, and the development of resistance in previously sensitive
strains does not often occur.19,44,85 Therefore, it generally is a
useful agent for the treatment of recurrent E. coli, S. saprophyti-
cus, and Enterococcus infections. On the other hand, Proteus,
Enterobacter, and Klebsiella tend to be somewhat resistant to
this drug (susceptibility <60%).19

Nitrofurantoin is absorbed orally. Food substantially de-
creases the rate of absorption, but increases the total bioavail-
ability of nitrofurantoin from both the macrocrystalline cap-
sules and the microcrystalline tablets by about 40%. This effect
lengthens the duration of therapeutic urine concentrations by
about 2 hours.86 Nitrofurantoin barely reaches detectable levels
in the plasma because it is eliminated rapidly (half-life, 20 min-
utes) into the urine and bile; urine levels are 50 to 250 mg/L.86

Thus, nitrofurantoin is used only for UTI. The Kirby-Bauer
disc sensitivity test measures the sensitivity of an organism to
the expected serum levels of most antibiotics, whereas in the
case of nitrofurantoin, the test measures sensitivity to urinary
levels.

The fluoroquinolones also are useful in this setting. Their
widespread use should not be encouraged for reinfections as
in T.W. in light of their high cost and selection of resistant
organisms.49 Cephalexin and trimethoprim also have been rec-
ommended as alternative agents in this setting.2,81,82

Evaluation Procedures (Localization)

27. Greater than 105 bacteria per milliliter of P. mirabilis, sen-
sitive to ampicillin and TMP-SMX, are cultured in T.W.’s urine.
One week after completing her second course of TMP-SMX ther-
apy, signs and symptoms of a UTI again appear. How should T.W.
be assessed at this time?

First, attempt to rule out common causes for relapse. Inad-
equate therapy resulting from patient noncompliance with the
prescribed treatment, inappropriate antibiotic selection, or bac-
terial resistance to the prescribed agent should be considered
if significant bacteriuria persists despite treatment. Next, con-
sider renal infections (e.g., subclinical pyelonephritis), which
cause many relapsing UTI.1,2,81,82 Finally, if these common
causes are not present, radiologic tests should be performed
to rule out surgically correctable structural abnormalities of
the urinary tract (e.g., IV pyelogram). Infected kidney stones
and unilateral atrophic kidneys are common but correctable
abnormalities in females.

Radiologic tests are indicated when UTI start to recur in
children, in men <50 years of age, and in patients with UTI
associated with bacteremia, ureteral colic, or passage of stones.
These populations are most likely to have surgically correctable
lesions. In contrast, these procedures rarely are necessary in
adult women and elderly men until the common causes of re-
lapse in these populations have been eliminated.4,23,83 Chronic
bacterial prostatitis should be considered as a frequent cause
of recurrent infections in male patients.

Treatment of Relapse
Trimethoprim-Sulfamethoxazole

28. Pending C&S results, TMP-SMX is again prescribed. Is this
still a reasonable medication for T.W. at this time?

Because the P. mirabilis cultured during the last recurrence
was still susceptible to TMP-SMX, this agent would again be

a reasonable choice until C&S results are obtained. Alterna-
tively, use of a different agent (e.g., fluoroquinolone) could
be considered because the relapse occurred within 1 week of
completing the previous treatment and resistance may have
developed.4

29. How long should this therapy be continued?

The duration of therapy for relapsing infections usually is
14 days. In patients who relapse after a second 2-week course
of therapy, treatment for 6 weeks should be instituted.1,2,83

If relapse occurs after a 6-week course, some experts recom-
mend longer courses of 6 months to 1 year.1,2 These prolonged
courses should be reserved for children, adults who have con-
tinuous symptoms, or adults who are at high risk for developing
progressive renal damage. Asymptomatic adults without evi-
dence of obstruction should not receive these longer courses.
T.W. should be treated for at least 2 weeks and perhaps as long
as 6 weeks.

Trimethoprim

30. T.W. was previously treated with TMP-SMX and experi-
enced nausea and vomiting after taking the medication. Why
would trimethoprim alone be an appropriate substitute?

Trimethoprim alone and in combination with sulfamethox-
azole is active in vitro against many of the Enterobacteriaceae
associated with UTI and is an effective alternative to TMP-
SMX in the management of both chronic and acute UTI.1,2,4,83

It would be especially appropriate for T.W. because GI in-
tolerance to TMP-SMX is most commonly attributed to the
sulfamethoxazole component, and trimethoprim is associated
with a lower incidence of side effects. Some concern exists for
the potential development of resistant organisms, but studies
using trimethoprim alone have failed to demonstrate a signif-
icant increase in bacterial resistance.81 Trimethoprim is used
for the treatment of acute, uncomplicated UTI in a dosage of
200 mg/day.

Chronic Prophylaxis

31. T.W. was treated successfully with trimethoprim for
6 weeks. Is prophylactic antimicrobial therapy indicated? If so,
how long should it be continued?

Cases if chronic UTI in adult patients may be managed by
treating each recurrent infection with an appropriate antibacte-
rial. A single dose or longer course may be used. Chronic UTI
may also be managed by administering chronic, low-dose pro-
phylactic therapy. The frequency of urinary infections probably
is the main determinant of whether chronic suppressive therapy
should be used, because data suggest that repeated treatment
of recurrent infections eventually will result in a decreased
incidence of subsequent infections.1,82,87 Long-term prophy-
lactic therapy clearly reduces the frequency of symptomatic
infections in nearly all patients.15,87

From a cost-effectiveness standpoint, women having more
than one episode of cystitis per year may benefit from an-
timicrobial prophylaxis.81,83 For women with three or more
episodes of cystitis per year, prophylaxis clearly is more cost-
effective than treating individual infections. Therefore, chronic
antimicrobial prophylaxis should be considered in any adult
patient with two or more episodes of UTI per year.82,83

The duration of prophylactic therapy also is determined by
the frequency of infection. Women with three or more UTI
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in the 12 months before a 6-month course of antimicrobial
prophylaxis have a significantly higher recurrence rate (75%) in
the 6 months following prophylaxis than women who have had
only two infections in the 12 months before prophylaxis (26%
recurrence rate).87 Therefore, prophylaxis should be continued
for 6 months in patients with fewer than three UTI per year and
for at least 12 months in adult patients with three or more UTI
per year.

Before chronic antimicrobial suppressive therapy is initi-
ated, active infections must be completely eradicated with a
full course of appropriate antibiotic therapy. The low doses of
antimicrobials used for chronic prophylaxis suppress bacte-
rial growth but do not eliminate active infection. Furthermore,
surgically correctable anatomic abnormalities that predispose
the patient to recurrent infections (e.g., obstruction, stones)
should be ruled out. Patients with urologic abnormalities re-
spond poorly to prophylactic therapy.81,83 Age also should be
considered when contemplating chronic antimicrobial therapy.
An asymptomatic, elderly patient taking many other medi-
cations is usually not an ideal candidate for chronic prophy-
lactic treatment because of problems of noncompliance, cost,
and potential drug interactions or toxicities.81,83 Younger pa-
tients, however, are good candidates for long-term suppressive
therapy.82,83

Because T.W., a 28-year-old woman, has had at least three
UTI in the past few months, has undergone extensive evalu-
ation, and has just been successfully treated with a standard
course of trimethoprim, a 12-month course of antimicrobial
prophylaxis would seem reasonable. She also should be eval-
uated at regular intervals for recurrent UTI and for the devel-
opment of resistant organisms.

Although the foregoing discussion applies to antimicrobial
prophylaxis in adults, relatively few data are available con-
cerning long-term prophylaxis of recurrent UTI in children.
One recent study examined risk factors for recurrent UTI and
associations with antimicrobial prophylaxis in a prospective
cohort study involving nearly 75,000 children 6 years of age
or younger.88 Among the children in this study, antimicro-
bial prophylaxis was not associated with decreased risk of
recurrent UTI; however, prophylaxis was associated with a
7.5 times increased risk of infection caused by resistant bac-
teria. Long-term antimicrobial prophylaxis, therefore, should
not be routinely recommended for prevention of recurrent UTI

in children until such time as more favorable data become
available.1,2,81,82

32. What drugs can be used for long-term suppressive therapy?

Although numerous drugs are used for prophylaxis, TMP-
SMX may be the drug of choice for chronic antimicrobial ther-
apy owing to extensive experience, proved efficacy, infrequent
toxicities, and low cost.82,83 TMP-SMX also has the effect of
decreasing vaginal colonization with uropathogens.82 TMP-
SMX one-half tablet daily is commonly prescribed for chronic
UTI prophylaxis; TMP-SMX TID is also an effective, well-
tolerated and convenient prophylactic regimen.82,83

Successful prophylaxis, however, is significantly decreased
in patients with urologic abnormalities or renal dysfunction.
Also, infections that are not eradicated by a short-term thera-
peutic trial of TMP-SMX are not likely to respond to a long-
term regimen.81 Finally, enterococci may colonize introitally
in patients taking chronic TMP-SMX.87

Fluoroquinolones are effective for chronic suppressive ther-
apy but should be used only when antimicrobial resistance ex-
ists among cultured organisms or if the patient is intolerant
to other recommended drugs. Cephalosporins also have been
recommended as being appropriate for long-term prophylactic
therapy, but are perhaps best reserved for patients intolerant to
or failing prophylaxis with other agents.81,83

When selecting a drug for chronic antimicrobial therapy, it
is important to consider efficacy, the likelihood that resistant
organisms will develop, long-term toxicity, convenience, and
cost to the patient. The most commonly used agents are listed
in Table 64-4.

Based on the available information, it appears that T.W.
could be switched to TMP-SMX. Although she has a history
of GI distress because of this drug, this may not be a problem
with the lower doses used for prophylaxis. If it is, trimetho-
prim alone, nitrofurantoin, or a fluoroquinolone also should be
effective.

Cranberries and probiotics have long been of interest for
their potentially beneficial effects in preventing UTI. Cranber-
ries contain two known compounds that prevent E. coli from
adhering to uroepithelial cells in the urinary tract.89 A num-
ber of clinical trials have examined the efficacy of cranberries
in the prophylaxis of UTI, but the results are inconclusive

Table 64-4 Antimicrobial Agents Commonly Used for Chronic Prophylaxis Against Recurrent UTIs1,2,4,81–83,87

Agent Adult Dose Comments a

Nitrofurantoin 50–100 mg nightly Contraindicated in infant <1 month of age. To be taken with food or milk. May
cause brown or rust-yellow discoloration of urine.

Trimethoprim 100 mg nightly Not recommended in children <12 years of age.
Trimethoprim 80 mg

+ Sulfamethoxazole 400 mg
0.5–1 tablet nightly
or
3/week

Not recommended for use in infants <2 months. To be taken on an empty
stomach with a full glass of water. Photosensitivity may occur.

Norfloxacin 200 mg/day Avoid antacids; monitor theophylline levels.
Cephalexin 125–250 mg/day
Cefaclor 250 mg/day
Cephradine 250 mg/day
Sulfamethoxazole 500 mg/day

a Includes unique patient consultation information in italics.
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overall.89,90 Importantly, studies have used a wide variety
of cranberry products (e.g., juice concentrate, juice cocktail,
capsules, tablets) as well as different dosing regimens.89,90

Although two trials found that cranberry juice may decrease
the number of symptomatic UTI over a 12-month period in
younger women, it is not known whether it is effective for
other groups such as children and elderly men and women.89,90

Probiotics (particularly Lactobacillus strains) have also been
examined as a means of supplementing or re-establishing nor-
mal rectal or vaginal flora and thereby preventing colonization
with pathogenic strains associated with UTI.91 Studies of pro-
biotics for prophylaxis, however, are inconclusive at this time.
Further research is required to clarify unanswered questions re-
garding the role of cranberries or probiotics in the prevention
of UTI.89,91

SPECIAL CASES
Prostatitis
Prostatitis is a common but poorly understood entity. The most
prevalent forms include acute and chronic bacterial prostati-
tis, chronic calculus prostatitis, nonbacterial prostatitis, and
prostatodynia.13,14

Acute Bacterial Prostatitis
Acute bacterial prostatitis is characterized by the sudden onset
of chills and fever; perineal and low back pain; urinary urgency
and frequency; nocturia, dysuria, and generalized malaise; and
prostration. Patients also may complain of myalgias, arthral-
gias, and symptoms of bladder outlet obstruction. Rectal exam-
ination usually discloses an exquisitely tender, swollen prostate
that is firm and warm to the touch. The pathogens generally can
be identified by culture of the voided urine and usually are simi-
lar to those causing UTI in women (Table 64-1). In patients with
acute bacterial prostatitis, prostatic massage should be avoided
because of patient discomfort and the risk of bacteremia.13,14

Chronic Bacterial Prostatitis
Chronic bacterial prostatitis is one of the most common causes
of recurrent UTI in men. Except in male patients with spinal
cord injuries, infectious stones, or obstructive abnormalities
of the urinary tract, recurrent infections are almost always re-
lapses caused by persistence of bacteria in the prostate. Nor-
mally, men secrete a prostatic antibacterial factor; however,
this substance is absent in men with chronic prostatitis. Sim-
ple UTI will often eventually involve the prostate gland, where
bacteria are difficult to eradicate.

The clinical manifestations of chronic bacterial prostatitis
are highly variable and, in many patients, are asymptomatic.
The disease usually is suspected when a male patient treated
for UTI relapses, and the diagnosis is confirmed by examina-
tion of expressed prostatic secretions.13,14 To ensure accurate
localization (i.e., to distinguish prostatic from urethral bacte-
ria), segmented urine samples are taken. The first 10 mL of
voided urine represents the urethral sample, the midstream
urine collected represents the bladder sample, and the first
10 mL voided immediately after prostatic massage represents
the prostate sample. When the bladder sample is sterile or
nearly so, bacterial prostatitis is diagnosed if the bacterial count
in the prostate sample is at least one logarithm greater than that

in the urethral sample. The bacterial pathogens responsible for
chronic prostatitis often are similar to those of acute prostatitis
and UTI in general (Table 64-1).13,14

Treatment

33. D.G., a 60-year-old man, experienced his first UTI at age
40, with symptoms of frequency, dysuria, nocturia, perineal pain,
chills, and fever, but no flank pain. Acute prostatitis was diag-
nosed. E. coli was cultured from the urine, and treatment with a
sulfonamide was successful. After 12 asymptomatic years, acute
prostatitis caused by E. coli recurred and again responded to sul-
fonamide therapy. Two more E. coli infections that responded to
sulfonamide therapy occurred over the next 8 years. Why were
sulfonamides appropriate treatment for D.G.’s acute episodes of
bacterial prostatitis?

Most antibacterial drugs appropriate for UTI, including sul-
fonamides, can be used to treat acute bacterial prostatitis be-
cause the diffuse, intense inflammation of the prostate gland al-
lows many drugs to readily penetrate into the prostatic fluid and
tissues. Antimicrobial therapy should be continued for at least 1
month to prevent the development of chronic prostatitis.13,14,92

In addition to antibiotics, other supportive measures may
provide symptomatic relief to patients with acute bacterial pro-
statitis. These measures include liberal hydration, NSAID for
pain relief, sitz baths, and stool softeners.

In retrospect, sulfonamides were appropriate for D.G. be-
cause they effectively treated his infections.

34. Taking into account the pathophysiology of prostatitis, what
would be a reasonable choice of therapy for D.G. should he have
future recurrences of prostatitis?

Because inflammation is minimal in patients with chronic
prostatitis, most antibiotics that are acidic do not readily cross
the prostatic epithelium into the alkaline prostatic fluid. The-
oretically, the high alkalinity of prostatic fluids should impair
the diffusion of trimethoprim and enhance the diffusion of the
tetracyclines, certain sulfonamides, and the macrolide antibi-
otics, such as erythromycin. Nevertheless, TMP-SMX histor-
ically has the best documented cure rates in the treatment of
acute and chronic bacterial prostatitis. Long-term therapy of
chronic bacterial prostatitis with TMP-SMX for 4 to 16 weeks
is associated with a cure rate of 32% to 71%, which signifi-
cantly exceeds the cure rate associated with short-term therapy
of 2 or fewer weeks.13,14

The fluoroquinolones have become well-accepted alterna-
tives to TMP-SMX and are even considered by many to be the
agents of choice for the treatment of prostatitis.92 A number of
studies have documented bacteriologic cure in 80% to 90% of
patients treated with norfloxacin, ciprofloxacin, or levofloxacin
for 4 to 12 weeks, rates comparable to or substantially higher
than those achieved with agents such as TMP-SMX.13,14 The
fluoroquinolones have assumed an important role in the treat-
ment of prostatitis owing to their bactericidal activity against
common pathogens and excellent penetration into prostatic tis-
sues and fluid. The fluoroquinolones are often used as initial
empiric therapy of prostatitis and are also excellent alterna-
tives to other agents in patients who are unresponsive or intol-
erant to conventional therapy, or in those infected with resis-
tant organisms.13,14,92 Fluoroquinolones also have been used
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for chronic suppressive therapy (one-half normal doses) in pa-
tients who relapse after conventional treatment.1

D.G. should be treated with TMP-SMX for a minimum of
6 weeks; some authorities recommend a 2- to 3-month total
course of therapy. If an adequate trial of TMP-SMX is unsuc-
cessful, fluoroquinolone therapy can be used. Alternatively, a
fluoroquinolone could be used as initial therapy.92

If D.G. continues to develop recurrent infections following
a trial of fluoroquinolone therapy, chronic low-dose treatment
with TMP-SMX, fluoroquinolones, or nitrofurantoin can alle-
viate the symptoms of episodic bladder infection associated
with chronic bacterial prostatitis. Infections eventually recur
with greater frequency in most of these patients, although some
become asymptomatic, even with chronic bacteriuria. Chronic,
low-dose antibacterial therapy sterilizes the bladder, alleviates
symptoms, confines bacteria to the prostate, and prevents in-
fection of and damage to the rest of the urinary tract. Chronic
bacterial prostatitis is one of the few indications for continuous
antibiotic therapy.

Urinary Tract Infection and Sexual Intercourse

35. On routine screening, asymptomatic bacteriuria is noted in
W.W., a 30-year-old pregnant woman in her first trimester. Five
years ago, during her first pregnancy, she developed acute bacte-
rial pyelonephritis, which required hospitalization and treatment
with parenteral antibiotics. Since that time, she has had recur-
rent UTI, apparently related to sexual intercourse. These sub-
sided when she began taking a single dose of nitrofurantoin after
coitus, but she discontinued the practice before this pregnancy
because she was afraid of the potential effects of this drug on the
fetus. What is the association between sexual intercourse and the
occurrence of UTI?

Studies strongly support an association between sexual in-
tercourse and UTI.1,2,26,33,83 A direct relationship seems to
exist between the number of days with intercourse within the
previous week and the risk of developing a UTI.33 One study
found the relative risk of infection in women with 1, 4, and 7
days of intercourse within the previous week to be 1.4, 3.5, and
9.0, respectively, compared with women who were sexually in-
active within the previous week. Another study found that the
risk of UTI was doubled in women having intercourse more
than four times per month compared with those women who
did not.26 Studies also indicate that introital colonization by
fecal bacteria has a definite role in recurrent infections related
to intercourse. The migration of these colonizing bacteria into
the bladder appears to be facilitated during intercourse, but
the exact mechanism remains unclear.1,2,33,83 Because UTI are
uncommon in men, transmission of an infection from the man
is unlikely. Occasionally, bacteria harbored under the foreskin
of an uncircumcised man may be transmitted to his partner
through intercourse.3

36. Was it rational to treat these infections with a single dose of
an antibiotic after intercourse?

Postcoital antibiotic prophylaxis often is recommended
when recurrent UTI are thought to result from sexual inter-
course. Theoretically, a single dose of an antimicrobial agent
produces bactericidal activity in the urine before bacteria have a
chance to multiply, and the infection is averted. Patients should

be instructed to empty their bladder just after intercourse and
before taking the medication to minimize the number of bacte-
ria present in the bladder and to eliminate unnecessary dilution
of the drug in the urine. Because most drugs effective for UTI
are rapidly excreted by the kidney and reach high urinary con-
centrations, this regimen appears reasonable and does lower the
incidence of postcoital infections.87,93 It has the same draw-
backs as does any other type of antibiotic prophylaxis, however,
and is not recommended in patients with structural abnormal-
ities of the urinary tract or decreased renal function. It also
is important to treat symptomatic infection before beginning
prophylaxis.

Depending on the frequency of intercourse, postcoital pro-
phylaxis may result in less antibiotic use compared with con-
tinuous prophylaxis. TMP-SMX or nitrofurantoin is the most
commonly recommended agent; however, other agents such as
fluoroquinolones and cephalexin may be used.81,83,93,94

Urinary Tract Infection and Pregnancy

37. Because W.W.’s UTI is asymptomatic at this time, should
treatment be withheld because of her pregnancy?

W.W. should be treated because acute symptomatic
pyelonephritis may develop in pregnant women with untreated
bacteriuria. In addition, evidence suggests that maternal UTI
during pregnancy are associated with increased rates of preterm
labor, premature delivery, and lower birth-weight infants.26 Al-
though a cause-and-effect relationship has not been definitely
established, treatment with an appropriate antimicrobial agent
is currently recommended for all pregnant patients with sig-
nificant bacteriuria.11,27

Nitrofurantoin is often recommended during pregnancy be-
cause teratogenic effects have not been observed clinically.
In vitro investigations, however, suggest a slight mutagenic
potential. Nitrofurantoin also could cause hemolytic anemia in
a G6PD-deficient nursing infant; however, only small amounts
have been detected in breast milk.95,96 The fluoroquinolones
are contraindicated in pregnancy because of the arthropathy
observed in immature animals.68

The penicillins, cephalosporins, and aminoglycosides ap-
pear to be relatively safe for use during pregnancy, although
caution with the aminoglycosides is warranted because of pos-
sible eighth nerve toxicity in the fetus. These drugs, along with
the others listed in Tables 64-2 and 64-3, cross the placental
barrier; thus, the risk of toxicity or teratogenicity to the fetus
always must be considered before deciding to treat a pregnant
patient with a UTI.95,96

In this case, a cephalosporin or sulfisoxazole could be safely
prescribed for treatment of W.W.’s UTI. Ampicillin or amox-
icillin would also be reasonable choices if W.W. resided in
a geographic area where rates of resistance to these agents
were known to be low. W.W. was correct in discontinuing
her nitrofurantoin before pregnancy because of the risk to
the fetus, although small, tends to offset the advantage of an-
timicrobial prophylaxis. W.W. must receive proper follow-up
care.

38. How long should W.W. be treated?

Few studies have compared single-dose and 3-day therapy
with conventional 7-day therapy in pregnant patients. Initial
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trials demonstrated, however, that cure rates of single-dose ther-
apy were lower than 7- to 10-day therapy.26 Although more re-
cent trials have shown that single-dose therapy effectively erad-
icates bacteriuria in pregnancy, these studies were conducted
in a small number of patients. Therefore, it is recommended
that pregnant patients receive either a 3-day regimen or a 7- to
10-day regimen rather than single-dose therapy.11,26

Irrespective of the duration of therapy, appropriate follow-
up of patients is crucial. Clinicians must document elimination
of pathogens 1 to 2 weeks after therapy and follow the patient
monthly for the remainder of gestation. If bacteriuria recurs,
therapy should be given for relapse or reinfection and the pa-
tient evaluated radiologically for structural abnormalities.1,26

Urinary Catheters
Catheter-associated UTI, the most common type of hospital-
acquired infection, occur in up to 30% of catheterized
patients.24 Catheterization and other forms of urologic instru-
mentation are involved in 65% to 95% of all hospital-acquired
UTI.20 These UTI also are a major cause of nosocomial gram-
negative bacteremia.

Catheter infection can occur by bacterial entry from sev-
eral routes. The urethral meatus and the distal third of the
urethra normally are colonized by bacteria; therefore, initial
catheter insertion can introduce bacteria into the bladder. Bac-
teria contaminating catheter junctions and the urine collection
bag can migrate through the catheter lumen to the bladder,
initiating infection.24 The extraluminal space in the urethra
also has been considered a potential route of contamination.
The risk of infection is directly related to catheter insertion
technique, care of the catheter, duration of catheterization, and
the susceptibility of the patient. A diagnostic or single, short-
term catheterization is associated with a much lower risk of
infection than indwelling, long-term catheterization. Despite
careful technique, the risk of contaminating a sterile bladder
with urethral bacteria is always present. The incidence of infec-
tion following a single catheterization is 1% in healthy young
women and 20% in debilitated patients. Each reinsertion of the
catheter introduces a risk of infection.24

Infections have been reduced dramatically by the closed,
sterile drainage system, the most common type of catheter
currently in use. With this system, the drainage tube leads
from the catheter directly to a closed plastic collection bag.
The overall incidence of infection from the closed system with
careful insertion and maintenance is about 20%; the risk in-
creases to 50% after 14 days of catheterization. If the system is
disconnected or contaminated accidentally, the infection rate
is similar to that of an open system.24

Condom catheters appear to be associated with a lower
incidence of bacteriuria than indwelling urethral catheters.
These catheters avoid problems associated with insertion of
a tube directly into the urinary tract; nevertheless, urine within
the catheters may have high concentrations of organisms so
that colonization of the urethra and subsequent cystitis may
develop.24

To prevent bacterial contamination of the bladder when the
catheter is inserted, the periurethral area should be cleansed
carefully with soap and water followed by some type of anti-
septic solution. An iodophor solution often is recommended.
Once the catheter is in place, proper maintenance and strict ad-

herence to good catheter care are imperative to minimize the
incidence of infections. Thus, caregivers must be trained in the
techniques of obtaining urine samples from closed systems.
Application of antibacterial substances to the collection bag
and the catheter–urethral interface do not appear to decrease
the incidence of bacteriuria.24,97,98 The use of antimicrobial-
coated catheters (e.g., silver, rifampin plus minocycline) have
been shown in some studies to decreased rates of bacteriuria
and UTI.97,98 The overall effects of these catheters on infec-
tion rates, patient outcomes, and antibiotic resistance are not
known, however. The routine use of antibiotic-coated catheters
is not currently recommended.95,97

39. J.W., an 18-year-old man, was hospitalized following a div-
ing accident that resulted in a spinal cord injury with paralysis.
Included among several initial interventions was insertion of an
indwelling catheter with a closed drainage system because of blad-
der incontinence. Two weeks after admission to the hospital, J.W.
has developed asymptomatic bacteriuria. Should this be treated?

A systemic antibiotic selected specifically for the infecting
organism will temporarily result in sterile urine. Reinfection,
often by a resistant organism, occurs in 30% to 50% of these
cases if closed drainage catheterization is continued during
therapy.1,24 For this reason, it generally is recommended that
systemic antimicrobial therapy be initiated after or just before
catheter removal.1,24 Because long-term catheterization is nec-
essary in many patients and because bacteriuria is an inevitable
consequence, it is often recommended that asymptomatic pa-
tients (such as J.W.) be left untreated to avoid the complica-
tions of recolonization and potential infection with resistant
organisms.1,11,24 Therapy must be started, however, if fever,
flank pain, or other symptoms indicative of UTI develop.1,24

40. Is systemic antimicrobial prophylaxis useful for J.W.?

The benefits of systemic antibiotics in preventing catheter-
induced UTI are not clear. Studies using closed drainage sys-
tems with diligent catheter care indicate that systemic an-
tibiotics decrease the daily and overall incidence of infection
in patients with sterile urines before catheterization.97,98 The
preventive effect of antimicrobials is greatest for short-term
catheterizations or during the first 4 to 7 days of long-term
catheterization.97,98 Thereafter, the rate of infection increases.
Although the overall infection rate remains lower than in un-
treated patients, the emergence of resistant organisms is sig-
nificant. Therefore, in deciding to use systemic antimicrobials,
it is important to consider the patient’s underlying diseases,
risk factors, probable duration of catheterization, and potential
complications of drug toxicity or resistant organisms that can
result from the chronic use of antimicrobials. Because long-
term catheterization is anticipated for J.W., antimicrobial pro-
phylaxis for J.W. is not recommended.

41. C.A., a 60-year-old woman admitted for coronary bypass, is
catheterized for urinary incontinence. Two days after removal of
the catheter, she still has asymptomatic bacteriuria. How should
she be treated?

Catheter-acquired bacteriuria that persists 48 hours after
catheter removal may be treated with either a single large
dose or a 3-day regimen of TMP-SMX, even if the patient
is asymptomatic.11,24,92 Older women (>65 years) probably
should be treated with a 10-day course; however, the opti-
mal duration in this age group is unknown. Whether these
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treatment regimens can be used in male patients requires fur-
ther study.

Renal Failure

42. K.M., a 55-year-old man with a history of hypertension and
chronic renal failure, develops a UTI. His creatinine clearance
(ClCr), determined from a recent 24-hour urine collection, is
20 mL/minute. What antimicrobial agent should be prescribed?

[SI unit: SrCr, 0.33 mL/sec]

The major problem in treating UTI in patients with re-
nal failure is how to achieve adequate urine concentrations
of the drug without causing systemic toxicity. The ideal drug
would be (a) inherently nontoxic, even at high serum concen-
trations, making dosage adjustments unnecessary; (b) excreted
unchanged in the urine (i.e., not metabolized); and (c) elimi-
nated by renal tubular secretion rather than glomerular filtra-
tion. Because renal tubular secretion remains active in all but
the most severe cases of renal failure, antibiotics eliminated by
this mechanism would reach adequate urinary levels; however,
no such ideal drug exists.

Nitrofurantoin, doxycycline, and many sulfonamides are
substantially metabolized by the liver and generally produce
low urine levels in uremic patients. The aminoglycosides are
eliminated almost exclusively by the kidneys, but uremic pa-
tients are at high risk of drug-induced toxicities and alternative
agents are usually recommended. Penicillins, cephalosporins,
and trimethoprim are partially metabolized by the liver but are
also eliminated by the kidney to a significant extent. These
agents are suitable for use in renal failure according to the cri-
teria described above. Certain fluoroquinolones, specifically
ciprofloxacin and levofloxacin, are highly excreted in the urine
through a combination of filtration and tubular secretion and
reach extremely high urinary concentrations. These agents are
also considered safe and effective in the treatment of UTI in
patients with renal failure.

ADVERSE DRUG REACTIONS AND DRUG INTERACTIONS
Trimethoprim-Sulfamethoxazole
Hemolytic Anemia

43. G.R., a 45-year-old black man with an 8-year history of con-
gestive heart failure, was admitted to the hospital with increasing
shortness of breath. His hematocrit (Hct) was stable at around
42% (normal in men, 40%–49%) and his total serum bilirubin
was 0.8 mg/dL (normal, 0.2– 1.1 mg/dL). Sixteen days after ad-
mission, an E. coli UTI was diagnosed and G.R. was treated with
TMP-SMX 160 mg/800 mg twice daily. Four days after beginning
TMP-SMX, the Hct suddenly dropped to 25% and the hemoglobin
(Hgb) to 8.4 g/dL (normal in men, 14–18 g/dL). There were no
signs of bleeding, but his sclerae became icteric. After 7 days
of TMP-SMX therapy, the Hct was still 25%, but the reticulo-
cyte count had risen to 6.6% (normal, 0.5%–1.5%) and the total
serum bilirubin was 3.0 mg/dL. The TMP-SMX was discontinued,
and over a period of 2 weeks the Hct steadily rose to 40%. What
mechanism might explain G.R.’s sulfonamide-induced hemolytic
anemia? Is his presentation typical? Are there any other drugs
used to treat UTI that can cause a similar reaction?

[SI units: Hct, 0.39 to 0.43, 0.25, and 0.40, respectively (normal, 0.40–0.49);

bilirubin, 13.7 and 51.3 μmol/L, respectively (normal, 3.4–18.8); Hgb, 84

g/L (normal, 140–180 g/L); reticulocyte count, 0.066 (normal, 0.005–0.015)]

Hemolytic anemia is associated with sulfonamide adminis-
tration and may be mediated by several mechanisms, including
abnormally high blood levels, acquired hypersensitivity as re-
flected by the development of a positive Coombs’ test, genet-
ically determined abnormalities of red blood cell metabolism
(e.g., G6PD deficiency), or an “unstable” hemoglobin in RBC
(e.g., Hgb Zurich, Hgb Towns, Hgb H).91,92 Although the de-
fect appears to be most common in Mediterranean male pa-
tients, one variant affects as many as 11% of American black
men.92

Acute hemolytic anemia induced by sulfonamides in G6PD-
deficient patients does not appear to be dose related. It usually
is abrupt in onset and occurs within the first week of therapy.
Typical symptoms include nausea, fever, vertigo, jaundice, he-
patosplenomegaly, and occasionally, hypotension. Hematocrit
and hemoglobin values may fall precipitously and may be re-
duced to 30% to 50% of the normal values, as illustrated by
G.R., Leukocytosis and reticulocytosis are common, and acute
renal failure may result from the hypotension and hemoglobin-
uria. A mild hemolytic episode is characterized by reticulocy-
tosis without a significant fall in hemoglobin or hematocrit. Ni-
trofurantoin has also been reported to induce G6PD-deficiency
hemolysis.99

Clinical illness, as well as drug administration, can precipi-
tate hemolysis in patients with G6PD deficiency. Patients with
chronic bacterial infections of the urinary or upper respiratory
tract who receive chronic or repetitive courses of certain drugs
are particularly predisposed to hemolysis.99

Patients with enzyme deficiencies, especially those en-
zymes associated with the pentose-phosphate shunt (as is
G6PD), can develop hemolytic reactions when taking drugs
commonly used to treat UTI. Future use of sulfonamides or
nitrofurantoin should be avoided in G.R.

Rash and Drug Fever

44. J.P., a 63-year-old diabetic woman taking glipizide 10 mg/
day, developed an acute UTI for which TMP-SMX 160 mg/800 mg
BID for 10 days was prescribed. Seven days later she presented
to the ED with a pruritic maculopapular rash and fever. Are the
rash and fever in J.P. typical of that caused by the sulfonamides?

Yes. Rash is one of the more common side effects associated
with sulfonamide use and occurs in approximately 1% to 2% of
patients treated with TMP-SMX. Various hypersensitivity skin
and mucous membrane reactions have been reported, including
morbilliform, scarlatinal, urticarial, erysipeloid, pemphigoid,
purpuric, and petechial rashes. Erythema nodosum, exfoliative
dermatitis, photosensitivity reactions, and the Stevens-Johnson
syndrome also are associated with sulfonamides. Skin erup-
tions usually appear after 1 week of treatment, although more
rapid onset may occur in a sensitized person.53 The hypersen-
sitivity reactions that occurred in J.P. signify that an alternate
drug should be used to treat future UTI.

Folate Deficiency

45. D.M., a 50-year-old epileptic woman, has been taking pro-
phylactic TMP-SMX nightly for 3 months for chronic recurrent
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UTI. She also takes phenytoin 300 mg/day, which effectively con-
trols her seizures, and diazepam 2 mg TID. She smokes one pack
of cigarettes/day and drinks 1 pint of gin/day. Routine CBC after
a clinic visit shows a Hgb of 9 g/dL (normal in females, 13.5–
16.7 g/dL), a Hct of 30% (normal in females, 40%–49%), a mean
corpuscular volume (MCV) of 105 mm3 (normal, 80–100 mm3),
and a mean corpuscular hemoglobin concentration (MCHC) of
32% (normal, 32%–36%). Could TMP-SMX account for D.M.’s
megaloblastic anemia?

[SI units: Hgb, 90 g/L (normal, 135–167); Hct, 0.30 (normal, 0.40–0.49);

MCV, 105 fL (normal, 80–100); MCHC, 0.32 (normal, 0.32–0.36)]

Megaloblastic anemia secondary to folate deficiency has
been rarely associated with the use of TMP-SMX.53 Sulfon-
amides inhibit folic acid synthesis in bacterial and protozoal
cells but do not affect the human cell to a significant degree, ex-
cept when given in high doses. It is especially a problem in pa-
tients with known or potentially deficient folic acid stores, such
as pregnant women, older persons, patients with malabsorp-
tion or malnutrition, alcoholics, patients receiving anticonvul-
sants, or those with chronic hemolysis (e.g., sickle cell disease).
Concomitant administration of folic acid reverses these effects
without interfering with antimicrobial activity.53 It is doubtful
that significant folate deficiency occurs following short-term
TMP-SMX therapy or in patients without the above risk fac-
tors.

In D.M., both phenytoin and alcohol undoubtedly con-
tributed to folate deficiency anemia. Whether or not TMP-
SMX was a significant factor may be questioned, but an alter-
nate antibacterial may be preferable in a patient already at risk
for folate deficiency.

Nitrofurantoin
Gastrointestinal Disturbance

46. J.R., a 45-year-old, 110-pound woman, is given nitrofuran-
toin 100 mg four times daily (QID) for 14 days for an acute UTI.
She complains of nausea and GI upset after the ingestion of each
dose of nitrofurantoin. How can this effect be minimized?

Nausea is a fairly common complication of nitrofurantoin
therapy, and the patient’s compliance with the prescribed reg-
imen may be severely affected by this common side effect. It
is not known whether the mechanism by which nitrofurantoin
produces nausea is central or local. The following approaches
can be used to decrease nitrofurantoin-induced nausea:

� Take Each Dose With Food. Nitrofurantoin should be taken
with food or milk. If the nausea is a locally mediated effect,
the food may serve as a buffer; if the nausea is centrally me-
diated, then food may slow the rate of absorption and lower
the peak serum concentration of the drug. Food, however,
may also increase the bioavailability of nitrofurantoin. Slow-
ing of absorption is particularly beneficial in decreasing the
incidence of nausea and vomiting associated with the micro-
crystalline product.94

� Change to a Macrocrystalline Product. Use of the macro-
crystalline preparation results in significantly fewer adverse
effects without affecting clinical cure rates. The larger parti-
cle size of the macrocrystalline preparation results in slower
rates of dissolution and absorption, and lower serum levels.

This may decrease the nausea and vomiting associated with
the microcrystalline product.94 A disadvantage of the macro-
crystalline form is the cost, which may be 2 to 10 times that of
the microcrystalline form, depending on the product source.

� Lower the Dose. Nausea and vomiting appear to be dose
related and occur more frequently in small persons.94 The
minimal effective dose of nitrofurantoin generally is stated to
be 5 mg/kg/day and the average dose is usually 7 mg/kg/day.
At daily doses >7 mg/kg, the incidence of nausea appears to
increase significantly, so the dose in this 110-pound (50 kg)
patient could be decreased.

Pneumonitis

47. J.R. tolerated the macrocrystalline form taken with meals
and continued her regimen. However, 10 days later she presented
with dyspnea, tachypnea, coughing, and wheezing. Examination
revealed a temperature of 38.4◦C, pulse of 115 beats/minute, and
soft inspiratory and expiratory rhonchi with a few bibasilar rales.
Nitrofurantoin was stopped, and inhaled β2-agonists and steroids
were administered. Symptoms gradually disappeared after a few
days; however, rechallenge with a single 50-mg dose of nitro-
furantoin caused a recurrence of the respiratory distress. What
is the nature of the apparent nitrofurantoin-induced respiratory
reaction that occurred in J.R.?

Several hundred cases of nitrofurantoin-induced pulmonary
reactions have been reported.100 Acute, subacute, and chronic
reactions have been described. The acute form, illustrated by
J.R., often manifests within several days of initiating the drug
with a sudden flulike syndrome consisting of fever, dyspnea,
and cough. The subacute form tends to occur after at least
a month of exposure; symptoms include fever and dyspnea.
The chronic form tends to be more insidious with milder dys-
pnea and low-grade fever. In all forms, rales are commonly
heard and pulmonary infiltrates can be demonstrated on chest
radiograph. Although eosinophilia frequently occurs with the
acute form, it may be absent with the subacute and chronic
forms. Antinuclear antibodies are elevated in the latter two
forms. Discontinuation of nitrofurantoin results in complete
symptomatic recovery after several weeks; however, perma-
nent fibrotic changes may persist with the chronic pulmonary
reaction. Although steroids are frequently administered when
the adverse reaction is diagnosed, their efficacy has not been
demonstrated. Rechallenge with oral nitrofurantoin results in
rapid reappearance of pulmonary symptoms in those who have
had an acute reaction.100

Neurotoxicity

48. G.T., a 55-year-old woman, has been taking nitrofurantoin
100 mg QID for an acute UTI. Pertinent history includes hyperten-
sion and moderate renal failure. Medications include lisinopril,
hydrochlorothiazide, and allopurinol. On the tenth day of ther-
apy, she complains that both her hands and feet feel numb and
weak. Physical examination shows significant sensory loss to the
hands and feet as well as no ankle reflexes, although knee and arm
reflexes are present. What are the characteristics of neuropathy
associated with nitrofurantoin therapy?

Peripheral neuropathy usually is characterized by symmet-
ric dysesthesia and paresthesia in the distal extremities, which
progresses in a central and ascending fashion. It usually occurs
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within the first 60 days of treatment, although neuropathy can
be recognized up to 6 weeks after discontinuation of therapy in
16% of patients. Symptom severity is not dose related and is
generally reversible, although more severe cases may require
up to several months to resolve completely; a few patients may
develop permanent neuropathy. Renal failure is a risk factor
for toxicity, but neuropathy has also been reported in patients
with normal renal function.86,94

Nitrofurantoin excretion is impaired in renal failure; how-
ever, serum levels do not rise proportionately, suggesting that
the drug might be sequestered in an extravascular space. It
has been postulated that neurotoxicity is caused by accumula-
tion of nitrofurantoin in neural tissue, or that toxic metabolites
are involved.86,94 In view of the inability to achieve adequate
urinary concentrations of nitrofurantoin, even in mild renal
failure, G.T. should not be given this drug.

Fluoroquinolone Use in Pediatric Infections

49. C.S. is a 2-year old girl with a history of multiple recur-
rent UTI caused by congenital urinary tract abnormalities that
have not been corrected. She has had at least nine UTI since
birth and has received multiple courses of antibiotics, includ-
ing ampicillin, amoxicillin, amoxicillin-clavulanate, and TMP-
SMX. She has also been on chronic low-dose antibiotic pro-
phylaxis with TMP-SMX. C.S. was brought to her pediatrician
48 hours ago with signs and symptoms consistent with a new UTI.
Suprapubital aspiration was performed and urine samples sent
for C&S testing at that time, and C.S. was empirically begun on
amoxicillin-clavulanate pending laboratory test results. C&S re-
sults, however, are now available and show >105 colonies/mm3 of
P. mirabilis. The organism is susceptible to ciprofloxacin, gentam-
icin, and ertapenem; and resistant to ampicillin, trimethoprim,
TMP-SMX, cephalexin, cefaclor, cefpodoxime, tetracycline, ni-
trofurantoin, and erythromycin. C.S. has not clinically improved
while receiving empiric amoxicillin-clavulanate. What antibiotic
therapy would be most appropriate for continued management of
this acute infection in C.S.?

This case illustrates the serious dilemmas caused by an-
tibiotic resistance among uropathogens. The pathogen isolated
from C.S. is resistant to all commonly used, orally administered
antibiotics that have been proved effective in the treatment of
UTI in pediatric patients. Although penicillins, cephalosporins,
nitrofurantoin, and sulfonamides are frequently recommended
for treatment of pediatric UTI, multiple past treatment reg-
imens and chronic antibiotic prophylaxis have led to these
agents being unsuitable for treatment of this new infection.
Although in vitro susceptibility testing does not accurately
predict clinical response to therapy in all cases, the risk of
treatment failure and poor patient outcome is significantly
increased when agents to which isolates are resistant are
administered.42,43,51,52,56,57 Alternative treatment is required;
however, few desirable options exist for C.S.

The recommended duration of antibiotic therapy in C.S.
would be at least 2 weeks for the treatment of this com-
plicated and recurrent infection. Although the organism iso-
lated from C.S. is susceptible to gentamicin and this drug
would be effective, parenteral (intramuscular or intravenous)
administration would be required and the lengthy required
treatment duration makes this far from ideal. Use of amino-

glycosides would also be less desirable because of toxicity
concerns. Although ertapenem would also likely be effective,
there is relatively little clinical experience with this agent in
the pediatric population and ertapenem would also require
parenteral administration for the duration of the treatment
regimen.

Fluoroquinolones are contraindicated in children and ado-
lescents <18 years of age because of concerns regarding
potential musculoskeletal toxicities in juvenile populations.
Although not approved for pediatric use, fluoroquinolones
have been formally studied for febrile neutropenia, infectious
gastroenteritis, otitis media, bacterial meningitis, and other
uses.101−103 In addition, the use of fluoroquinolones has been
noted to be dramatically increasing in children and adoles-
cents, most likely owing to resistance to other antimicrobials;
approximately 520,000 prescriptions were written for patients
<18 years of age during 2002, of which nearly 3,000 prescrip-
tions were for children <2 years.101 Several recent reviews have
summarized data related to the safety of fluoroquinolones in
children; while tendinopathy or other musculoskeletal toxic-
ities have been recorded, they were usually mild in severity,
reversible, and occurred at rates comparable to that seen in
adults.101−103 Based on currently available information and in
consideration of problems related to antimicrobial resistance,
the American Academy of Pediatrics has published recommen-
dations regarding the use of fluoroquinolones in children and
adolescents.101 According to these recommendations, fluoro-
quinolones may be considered in special circumstances includ-
ing (a) infections caused by multidrug-resistant pathogens for
which there are no other safe and effective alternatives; and
(b) parenteral therapy is not feasible and no other effective
oral agent is available. Treatment of UTI caused by multidrug-
resistant, gram-negative pathogens are specifically mentioned
as a potentially appropriate use for fluoroquinolones in pedi-
atric patients.101

Selection of a specific agent for the treatment of UTI in C.S.
should be based on careful consideration of potential risks and
benefits of available antibiotic options. The feasibility, risks,
expenses, and inconvenience associated with prolonged (≥2
weeks) parenteral administration of an aminoglycoside or car-
bapenem may pose a difficult problem; however, the ease of
oral fluoroquinolone administration must be carefully balanced
against the possible risks of using these agents in this popula-
tion. Clearly, no antibiotic of choice exists for treatment of C.S.
and both the providers and the child’s parents must be involved
in development of an acceptable and well-informed treatment
plan.

GLOSSARY

Acute pyelonephritis: Inflammation of the kidney, with flank
pain and tenderness, bacteriuria (often bacteremia), pyuria,
and fever.

Bacteriuria: Bacteria cultured from urine when it is obtained
by either suprapubic aspiration, catheterization, or from a
freshly voided specimen. Asymptomatic bacteriuria exists
if colony counts exceed 105/mL in a patient without UTI
symptoms. Clinically significant bacteriuria probably exists
if colony counts are ≥102/mL in patients with UTI symp-
toms.
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Chronic pyelonephritis: A chronic, inflammatory condition of
the kidney with associated calyceal dilation and overlying
cortical scarring. A nonspecific pathologic appearance of
the kidney seen with many disease entities, only one of
which is bacterial infection of the kidney.

Complicated urinary tract infection: Infections associated with
conditions that increase the risk for acquiring infection, the
potential for serious outcomes, or the risk for therapy failure.
Such conditions are often associated with abnormalities that
may interfere with normal urine flow or the voiding mecha-
nism. Infections in men, children, and pregnant women are
considered complicated. Other examples of complicated in-
fections include those associated with structural and neu-
rologic abnormalities of the urinary tract, metabolic or hor-
monal abnormalities, impaired host responses, and those
caused by unusual pathogens (e.g., yeasts, Mycoplasma).

Cystitis: An inflammation of the bladder and urethra with dy-
suria, frequency, urgency, pyuria, clinically significant bac-
teriuria, and suprapubic tenderness on examination.

Prostatitis: An inflammatory condition affecting the prostate.
It can be acute or chronic. Frequently, specific bacterial
organisms cannot be detected.

Pyuria: White blood cells in the urine. A WBC count of
≥8/mm3 of uncentrifuged urine or 2 to 5 per HPF in cen-
trifuged urine sediment is consistent with a UTI.

Subclinical pyelonephritis: A kidney infection, but with lower
UTI signs and symptoms only. Uncomplicated urinary tract
infection: Infections occurring in otherwise healthy per-
sons, usually women, who have none of the underlying risk
factors known to increase the risk for treatment complica-
tions or failure (see Complicated UTI above).

Urethritis: An inflammation of the urethra with dysuria. The
etiologic organisms most commonly implicated are Neisse-
ria gonorrhoeae, Ureaplasma urealyticum, Chlamydia tra-
chomatis, and herpes simplex virus.

Urinary tract infection: Microorganisms (bacteria, fungi,
viruses) in the urinary tract, including the bladder, prostate,
kidneys, and collecting duct. Although fungi and viruses are
occasional etiologic agents, UTI are predominantly caused
by bacteria.

Vaginitis: Inflammation of the vagina with dysuria, vaginal
discharge, and vaginal odor. Common etiologic agents in-
clude Candida albicans, Gardnerella vaginalis, and tri-
chomonads.

REFERENCES
1. Sobel JD et al. Urinary tract infections. In: Mandell

GL et al., eds. Principles and Practice of Infectious
Diseases. 6th ed. New York: Churchill Livingstone;
2006:875.

2. McLaughlin SP et al. Urinary tract infections in
women. Med Clin North Am 2004;88:417.

3. Finer G et al. Pathogenesis of urinary tract infec-
tions with normal female anatomy. Lancet Infect
Dis 2004;4:631.

4. Mehnert-Kay SA. Diagnosis and management of
uncomplicated urinary tract infections. Am Fam
Physician 2005;72:451.

5. Smith HS et al. Antecedent antimicrobial use in-
creases the risk of uncomplicated cystitis in young
women. Clin Infect Dis 1997;25:63.

6. Ramakrishnan K et al. Diagnosis and management
of acute pyelonephritis in adults. Am Fam Physician
2005;71:933.

7. Kucheria R et al. Urinary tract infections: new in-
sights into a common problem. Postgrad Med J
2005;81:83.

8. Foxman B et al. Urinary tract infection: self-
reported incidence and associated costs. Ann Epi-
demiol 2000;10:509.

9. Craig JC. Urinary tract infection: new perspec-
tives on a common disease. Curr Opin Infect Dis
2001;14:309.

10. Brown P et al. Acute pyelonephritis among adults:
cost of illness and considerations for the eco-
nomic evaluation of therapy. Pharmacoeconomics
2005;23:1123.

11. Nicolle LE et al. Infectious Diseases Society of
America guidelines for the diagnosis and treatment
of asymptomatic bateriuria in adults. Clin Infect Dis
2005;40:643.

12. Hansson S et al. The natural history of bacteriurua
in childhood. Med Clin North Am 1997;11:499.

13. Hua VN et al. Acute and chronic prostatitis. Med
Clin North Am 2004;88:483.

14. Lummus WE et al. Prostatitis. Emerg Med Clin
North Am 2001;19:691.

15. Wagenlehner FM et al. Asymptomatic bacteriuria
in elderly patients: significance and implications for
treatment. Drugs Aging 2005;22:801.

16. Nicolle LE. Urinary tract infection in long-term-
care facility residents. Clin Infect Dis 2000;31:757.

17. Richards CL. Urinary tract infections in the frail

elderly: issues for diagnosis, treatment and preven-
tion. Int Urol Nephrol 2004;36:457.

18. Matsumoto T. Urinary tract infections in the elderly.
Curr Urol Rep 2001;2:330.

19. Gupta K et al. Antimicrobial resistance among
uropathogens that cause community-acquired uri-
nary tract infections in women: a nationwide anal-
ysis. Clin Infect Dis 2001;33:89.

20. Bagshaw SM et al. Epidemiology of intensive care
unit-acquired urinary tract infections. Curr Opin
Infect Dis 2006;19:67.

21. Tambyah PA et al. The direct costs of nosocomial
catheter-associated urinary tract infection in the era
of managed care. Infect Control Hosp Epidemiol
2002;23:27.

22. Laupland KB et al. Incidence and risk factors for
acquiring nosocomial urinary tract infection in the
critically ill. J Crit Care 2002;17:50.

23. Wagenlehner FM et al. Current challenges in
the treatment of complicated urinary tract in-
fections and prostatitis. Clin Microbiol Infect
2006;12(Suppl 3):67.

24. Tambyah PA. Catheter-associated urinary tract in-
fections: diagnosis and prophylaxis. Int J Antimi-
crob Agents 2004;24(Suppl 1):S44.

25. Kim BY et al. Invasion processes of pathogenic Es-
cherichia coli. Int J Med Microbiol 2005;295:463.

26. Scholes D et al. Risk factors for recurrent uri-
nary tract infection in young women. J Infect Dis
2000;182:1177.

27. Le J et al. Urinary tract infections during pregnancy.
Ann Pharmacother 2004;38:1692.

28. Tolkoff-Rubin NE et al. Urinary tract infection
in the immunocompromised host. Infect Dis Clin
North Am 1997;11:707.

29. Stapleton A. Urinary tract infections in patients
with diabetes. Am J Med 2002;113(Suppl 1A):80S.

30. Nicolle LE. Urinary tract infection in diabetes. Curr
Opin Infect Dis 2005;18:49.

31. Boyko EJ et al. Diabetes and the risk of acute uri-
nary tract infection among postmenopausal women.
Diabetes Care 2002;25:1778.

32. Foxman B et al. First time urinary tract infection
and sexual behavior. Epidemiology 1995;6:162.

33. Hooton TM et al. A prospective study of risk factors
for symptomatic urinary tract infection in young
women. N Engl J Med 1996;335:468.

34. Handley MA et al. Incidence of acute urinary tract
infection in young women and use of male con-
doms with and without nonoxynol-9 spermicides.
Epidemiology 2002;13:431.

35. Eschenbach DA et al. Effects of vaginal intercourse
with and without a condom on vaginal flora and
vaginal epithelium. J Infect Dis 2001;183:913.

36. Gupta K et al. Effects of contraceptive method on
the vaginal microbial flora: a prospective evalua-
tion. J Infect Dis 2000;181:595.

37. Bent S et al. Does this woman have an acute
uncomplicated urinary tract infection? JAMA
2002;287:2701.

38. Simerville JA et al. Urinalysis: a comprehensive re-
view. Am Fam Physician 71:1153.

39. Deville WL et al. The urine dipstick test useful to
rule out infections. A meta-analysis of the accuracy.
BMC Urol 2004;4:4.

40. Dimitrakov J et al. Recent developments in diagno-
sis and therapy of the prostatitis syndromes. Curr
Opin Urol 2001;11:87.

41. Koeijers JJ et al. Evaluation of the nitrite and
leukocyte esterase activity tests for the diagnosis of
acute symptomatic urinary tract infection in men.
Clin Infect Dis 2007;45:894.

42. Miller LG et al. Treatment of uncomplicated uri-
nary tract infections in an era of increasing antimi-
crobial resistance. Mayo Clin Proc 2004;79:1048.

43. David RD et al. Rational antibiotic treatment of out-
patient genitourinary infections in a changing envi-
ronment. Am J Med 2005;118(Suppl 7A):7S.

44. Mazzulli T. Resistance trends in urinary tract
pathogens and impact on management. J Urol
2002;168(Suppl):1720.

45. Gupta K et al. Increasing prevalence of antimi-
crobial resistance among uropathogens causing
acute uncomplicated cystitis in women. JAMA
1999;281:736.

46. Pitout JD et al. Emergence of Enterobacteriaceae
producing extended-spectrum beta-lactamases
(ESBLs) in the community. J Antimicrob Chem-
other 2005;56:52.

47. Milo G et al. Duration of antibacterial treatment
for uncomplicated urinary tract infection in women.
Cochrane Database Syst Rev 2005;2:CD004682.

48. Warren JW et al. Guidelines for antimicrobial treat-
ment of uncomplicated acute bacterial cystitis and



URINARY TRACT INFECTIONS � 64-23

acute pyelonephritis in women. Clin Infect Dis
1999;29:745.

49. Nicolle LE. Urinary tract infection: traditional phar-
macological therapies. Dis Mon 2003;49:111.

50. Gupta K et al. Short-course nitrofurantoin for the
treatment of acute uncomplicated cystitis in women.
Arch Intern Med 2007;167:2207.

51. Le TP et al. Empirical therapy for uncomplicated
urinary tract infections in an era of increasing an-
timicrobial resistance: a decision and cost analysis.
Clin Infect Dis 2001;33:615.

52. Raz R et al. Empiric use of trimethoprim-
sulfamethoxazole (TMP-SMX) in the treatment of
women with uncomplicated urinary tract infections,
in a geographical area with a high prevalence of
TMP-SMX-resistant uropathogens. Clin Infect Dis
2002;34:1165.

53. Masters PA et al. Trimethoprim-sulfamethoxazole
revisited. Arch Intern Med 2003;163:402.

54. Muratani T et al. Bacterial resistance to antimicro-
bials in urinary isolates. Int J Antimicrob Agents
2004;24(Suppl):S28.

55. Zinner SH et al. Sulfonamides and trimethoprim.
In: Mardell GL et al., eds. Principles and Practice
of Infectious Diseases. 6th ed. New York: Churchill
Livingstone; 2006:440.

56. Talan D et al. Comparison of ciprofloxacin (7 days)
and trimethoprim-sulfamethoxazole (14 days) for
acute uncomplicated pyelonephritis in women: a
randomized trial. JAMA 2000;283:1583.

57. McNulty CAM et al. Clinical relevance of
laboratory–reported antibiotic resistance in acute
uncomplicated urinary tract infection in primary
care. J Antimicrob Chemother 2006;58:1000.

58. Gupta K et al. Outcomes associated with trimetho-
prim/sulfamethoxazole (TMP/SMX) therapy in
TMP/SMX resistant community-acquired UTI. Int
J Antimicrob Agent 2002;19:554.

59. Noskin GA et al. Disappearance of the uncompli-
cated urinary tract infection: the impact of emerging
resistance. Clin Drug Invest 2001;21(Suppl):13.

60. Brown PD et al. Prevalence and predictors of
trimethoprim-sulfamethoxazole resistance among
uropathogenic Escherichia coli isolates in Michi-
gan. Clin Infect Dis 2002;34:1061.

61. Hooper DC. Quinolones. In: Mandell GL et al., eds.
Principles and Practice of Infectious Diseases. 6th
ed. New York: Churchill Livingstone; 2006:451.

62. Karlowsky JA et al. Fluoroquinolone-resistant uri-
nary isolates of Escherichia coli from outpatients
are frequently multidrug resistant: results from the
North American Urinary tract Infection Collabora-
tive Alliance-Quinolone Resistance Study. Antimi-
crob Agents Chemother 2006;50:2251.

63. Richard GA et al. Levofloxacin versus ciprofloxacin
versus lomefloxacin in acute pyelonephritis. Urol-
ogy 1998;52:51.

64. Pisani E et al. Lomefloxacin versus ciprofloxacin
in the treatment of complicated urinary tract infec-
tions: a multicenter study. J Chemother 1996;8:210.

65. Fish DN. Fluoroquinolone adverse effects and drug
interactions. Pharmacotherapy 2001;21(Suppl):
253S.

66. Ho G et al. Evaluation of the effect of norfloxacin on
the pharmacokinetics of theophylline. Clin Phar-
macol Ther 1988;44:35.

67. Saint S. Clinical and economic consequences of
nosocomial catheter-associated bacteriuria. Am J
Infect Control 2000;28:68.

68. Nguyen-Van-Tam SE et al. Risk factors for hospital-
acquired urinary tract infection in a large English
teaching hospital: a case-control study. Infection.
1999;27:192.

69. Wagenlehner FM et al. Spectrum and antibiotic re-
sistance or uropathogens from hospitalized patients
with urinary tract infections: 1994–2000. Int J An-
timicrob Agents 2002;19:557.

70. Wagenlehner FM et al. Emergence of antibiotic
resistance amongst hospital-acquired urinary tract
infections and pharmacokinetic/pharmacodynamic
considerations. J Hosp Infect 2005;60:191.

71. Liu H et al. Appropriate antibiotic treatment of gen-
itourinary infections in hospitalized patients. Am J
Med 2005;118(Suppl 7A):14S.

72. Miller O et al. Urinary tract infection and pye-
lonephritis. Emerg Med Clin North Am 2001;19:
655.

73. Scholes D et al. Risk factors associated with acute
pyelonephritis in healthy women. Ann Intern Med
2005;142:20.

74. McMurray BR et al. Usefulness of blood cultures
in pyelonephritis. Am J Emerg Med 1997;15:137.

75. Roberts JA. Management of pyelonephritis and up-
per urinary tract infections. Urol Clin North Am
1999;26:753.

76. Hamilton-Miller JM. The urethral syndrome
and its management. J Antimicrob Chemother
1994;33(Suppl A):63.

77. Nickel JC. Interstitial cystitis: a chronic pelvic pain
syndrome. Med Clin North Am 2004;88:467.

78. Phenazopyridine Hydrochloride. In: American
Hospital Formulary Service. Bethesda, MD: Amer-
ican Society of Hospital Pharmacists; 2003:
3468.

79. Harding GK et al. Antimicrobial treatment in dia-
betic women with asymptomatic bacteriuria. N Engl
J Med 2002;347:1576.

80. Zore JJ et al. Diagnosis and management of pe-
diatric urinary tract infections. Clin Microbiol Rev
2005;18:417.

81. Franco AV. Recurrent urinary tract infections. Best
Pract Res Clin Obstetr Gynaecol 2005;19:861.

82. Hooton TM. Recurrent urinary tract infection in
women. Int J Antimicrob Agents 2001;17:259.

83. Stapleton A et al. Prevention of urinary tract infec-
tion. Infect Dis Clin North Am 1997;11:719.

84. Fihn SD et al. Use of spermicide-coated condoms
and other risk factors for urinary tract infection
caused by Staphylococcus saprophyticus. Arch In-
tern Med 1998;158:281.

85. McOsker CC et al. Nitrofurantoin: mechanism of
action and implications for resistance development
in common uropathogens. J Antimicrob Chemother
1994;33(Suppl A):23.

86. Hooper DC. Urinary tract agents: nitrofurantoin
and methenamine. In: Mardell GL et al., eds.
Principles and Practice of Infectious Diseases.
6th ed. New York: Churchill Livingstone; 2006:
473.

87. Albert X et al. Antibiotics for preventing recur-
rent urinary tract infection in non-pregnant women.
Cochrane Database Syst Rev 2004;3:CD001209.

88. Conway PH et al. Recurrent urinary tract infec-
tions in children. Risk factors and association
with prophylactic antimicrobials. JAMA 2007;298:
179.

89. Raz R et al. Cranberry juice and urinary tract infec-
tion. Clin Infect Dis 2004;38:1413.

90. Jepson RG et al. Cranberries for preventing uri-
nary tract infections. Cochrane Database Syst Rev
2004;2:CD001321.

91. Reid G et al. Probiotics to prevent urinary tract in-
fections: the rationale and evidence. World J Urol
2006;24:28.

92. Wagenlehner FM et al. Current challenges in
the treatment of complicated urinary tract in-
fections and prostatitis. Clin Microbiol Infect
2006;12(Suppl 3):67.

93. Stapleton A et al. Post-coital antimicrobial prophy-
laxis for recurrent urinary tract infection. JAMA
1990;264:703.

94. Guay DR. An update on the role of nitrofurans in
the management of urinary tract infections. Drugs
2001;61:353.

95. Christensen B. Which antibiotics are appropriate
for treating bacteriuria in pregnancy? J Antimicrob
Chemother 2000;46(Suppl 1):29.

96. Briggs GG et al. Drugs in Pregnancy and Lac-
tation. 7th ed. Baltimore: Williams & Wilkins;
2005.

97. Johnson JR et al. Systematic review: antimicrobial
urinary catheters to prevent catheter-associated uri-
nary tract infection in hospitalized patients. Ann
Intern Med 2006;144:116.

98. Trautner BW et al. Prevention of catheter-
associated urinary tract infection. Curr Opin Infect
Dis 2005;18:37.

99. Frank JE. Diagnosis and management of G6PD de-
ficiency. Am Fam Physician 2005;72:1277.

100. Ben-Noun L. Drug-induced respiratory disorders:
incidence, prevention and management. Drug Saf
2000;23:143.

101. Committee on Infectious Diseases. The use of
systemic fluoroquinolones. Pediatrics 2006;118:
1287.

102. Sabharwal V et al. Fluoroquinolone use in children.
Pediatr Infect Dis J 2006;25:257.

103. Velissariou IM. The use of fluoroquinolones in chil-
dren: recent advances. Expert Rev Anti Infect Ther
2006;4:853.





C H A P T E R 65
Sexually Transmitted Diseases

Jeffery A. Goad and Karl M. Hess

GONORRHEA 65-2
Uncomplicated Gonorrhea 65-2

Transmission 65-2
Signs and Symptoms: Males 65-2
Diagnosis: Males 65-3
Signs and Symptoms: Females 65-3
Diagnosis: Females 65-3
Treatment 65-3

Ceftriaxone 65-4
Fluoroquinolones 65-4
Prescribing Patterns 65-4
Sexual Partners 65-6
Follow-Up 65-6
Antibiotic-Resistant Neisseria

gonorrhoeae 65-6
Anorectal and Pharyngeal Gonorrhea 65-6

Epidemiology 65-6
Signs and Symptoms 65-7
Treatment 65-7
Prevention 65-7

PELVIC INFLAMMATORY DISEASE 65-7
Etiology 65-7
Signs and Symptoms 65-8
Clinical Sequelae 65-8
Diagnosis and Treatment 65-8

COMPLICATED GONORRHEA 65-8
Disseminated Gonococcal Infection 65-8

Signs and Symptoms 65-8
Treatment 65-9

Treatment of Gonococcal Endocarditis and Meningitis 65-9
Neonatal Disseminated Gonococcal

Infection: Treatment 65-10

CHLAMYDIA TRACHOMATIS 65-10
Nongonococcal Urethritis 65-11

Etiology 65-11
Signs and Symptoms 65-11

Treatment 65-11
Recurrent Infection 65-11

Sexual Partners 65-11
Lymphogranuloma Venereum 65-12

Etiology and Signs and Symptoms 65-12
Treatment 65-12

SYPHILIS 65-12
Epidemiology 65-12
Clinical Stages 65-13

Primary Stage 65-13
Secondary Stage 65-14
Latent Stage 65-14
Tertiary Stage 65-14

Laboratory Tests 65-14
Dark-Field Examination 65-14
Serologic Tests 65-14

Nontreponemal Tests 65-15
Treponemal Tests 65-15

Treatment 65-15
Neurosyphilis 65-15
Follow-Up 65-16
Pregnancy 65-16
Jarisch-Herxheimer Reaction 65-17
Neonatal Syphilis 65-17

CHANCROID 65-17
Signs and Symptoms 65-18
Treatment 65-18

VAGINITIS 65-18

BACTERIAL VAGINOSIS 65-18
Signs, Symptoms, and Diagnosis 65-18
Treatment 65-19

VULVOVAGINAL CANDIDIASIS 65-19
Assessing Self-Treatment 65-19

Signs and Symptoms 65-19
Differential Diagnosis 65-20

Physiological Vaginal Discharge and
Symptomatic Normal pH Vulvovaginitis 65-20

Susceptibility to Vulvovaginal Candidiasis 65-20
Treatment of Vulvovaginal Candidiasis 65-21

Vaginally Administered Azoles 65-21
Other Treatments for Acute

Vulvovaginal Candidiasis 65-22
Oral Azoles 65-22

Adverse Effects Associated With Azoles 65-22
Patient Counseling 65-22

Complicated Vulvovaginal Candidiasis 65-22
Recurrent Vulvovaginal Candidiasis 65-23
Vulvovaginal Candidiasis During Pregnancy 65-23

TRICHOMONIASIS 65-23
Signs and Symptoms 65-23
Treatment 65-23

Metronidazole and Tinidazole 65-23
Adverse Effects 65-24

Pregnancy 65-24
Treatment 65-24

GENITAL HERPES 65-24
Etiology 65-24
Epidemiology 65-24
Signs and Symptoms 65-24

Recurrence 65-25
Transmission 65-25
Diagnostic Tests 65-26
Treatment 65-26

Adverse Effects 65-28
Patient Education and Counseling 65-28

Complications 65-28
Pregnancy 65-28

GENITAL WARTS 65-29
Prevention 65-30

VACCINES 65-30

Although descriptions of sexually transmitted diseases (STDs)
can be discerned in the earliest written records, only re-
cently have the common STDs been differentiated from each
other; unique STD syndromes continue to be described to-
day. For example, of the common STDs, bacterial vaginosis
(BV) was not described clearly as a syndrome (initially called
Haemophilus vaginalis vaginitis) until the 1950s; herpes sim-

plex virus (HSV) type 2 (the cause of genital herpes) was not
differentiated from HSV type 1 until the 1960s; the spectrum
of genital chlamydial infections was not well worked out until
the 1970s; and the human immunodeficiency virus (HIV) as
an STD, was not recognized until the 1980s. Since 1980, eight
additional sexually transmitted pathogens have been identi-
fied. They include the human papillomaviruses (HPV), human
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T-lymphotropic virus (HTLV-I and II), Mycoplasma genital-
ium, Mobiluncus species, HIV-1 and -2, and the human herpes
virus type 8 (associated with Kaposi sarcoma).1

GONORRHEA
Gonorrhea is caused by Neisseria gonorrhoeae, a Gram-
negative diplococcus. In 130 AD, Galen coined the term gon-
orrhea (Greek for “flow of seed”) for the syndrome associated
with this infection because he believed the urethral exudate
was semen. Although the role of the gonococcus in causing
urethral discharge in men has been known for years, the mani-
festations of gonorrhea in women were determined later. In the
1930s, sulfonamides became the first form of effective antimi-
crobial therapy for gonorrhea until penicillins and tetracyclines
became the mainstays of therapy. Considering the high levels
of resistance to these two antimicrobial agents, neither are rec-
ommended in the treatment of this disease state.

In the United States, the incidence of gonorrhea rose steadily
(15% per year) from the early 1960s through 1975, then fell
74% between 1975 and 1997. Since 1998, the rate has been
stable, however, greater than the Centers for Disease Control
and Prevention (CDC) goal of <100 cases per 100,000 people
(Fig. 65-1).2 Notably, the incidence of gonorrhea in heterosex-
uals rose sharply in 1985 for the first time in a decade. Since
this time, the rate has declined, although only in whites and
Asians. In contrast, the rate among African Americans was
approximately 18 times higher than the rate among whites in
2005. The highest incidence of gonorrhea is in men aged 20
to 24 years and in females aged 15 to 19 years and aged 20 to
24 years.3 Additional risk factors for gonorrhea include low
socioeconomic status, urban residence, unmarried marital sta-
tus, illicit drug use, inconsistent condom use, new or multiple
sex partners, prostitution, and a history of gonorrhea or other
sexually transmitted infections.4–6 Although the risk of gonor-
rhea was greater in homosexual men than in heterosexual men
in the past, the incidence dropped in homosexual men during
the 1980s AIDS epidemic, in large part due to a reduction in
sexual risk behaviors. Since 1988, the rate of gonococcal iso-

lates from homosexual men has increased from 4% to a high
of 17% in 2001, then fell to 11% in 2005.3,7

Uncomplicated Gonorrhea
Transmission

1. D.S., a 23-year-old male naval officer recently stationed in
the Philippines, complains of dysuria, meatal pain, and a profuse
yellow urethral discharge for 2 days. He admits to extramarital
sex with a prostitute over the past week. He is accompanied by his
pregnant wife, C.S., who is asymptomatic. D.S. engages in vaginal
sex but there is no history of oral or anal sex with either partner.
Assuming the prostitute has gonorrhea, what is the likelihood that
D.S. and C.S. have been infected?

After one or two episodes of unprotected vaginal intercourse
with an infected prostitute, a man has approximately a 50%
risk of acquiring a urethral infection; the risk increases with
repeated exposures and high prevalence among commercial
sex workers.8 The prevalence of infection in women who are
secondary sex contacts of infected men is as high as 80% to
90%.9 Therefore, the likelihood that D.S. and C.S. are infected
is high. Because D.S. had sex with a prostitute, both D.S. and
C.S. should also be tested for HIV infection.

Signs and Symptoms: Males

2. What signs and symptoms in D.S. are consistent with the di-
agnosis of gonorrhea? Describe D.S.’s anticipated clinical course
if he remains untreated.

In males, gonorrhea usually becomes clinically apparent 1
to 7 days after contact with an infected source. A purulent dis-
charge associated with dysuria is the first sign of infection;
D.S. exhibits both. The discharge, which is presumably caused
by chemotactic factors such as C5a released when antigono-
coccal antibody binds complement, may become more profuse
and blood tinged as the infection progresses. Some strains of
gonorrhea have a propensity to cause asymptomatic or
minimally symptomatic infection with negative Gram stain,
probably owing to different auxotypes.10
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FIGURE 65-1 Gonorrhea: reported rates in the United States, 1986 to 2005 and the Healthy People 2010
Target. Gonococcal Isolate Surveillance Project (GISP). (From reference 2.)
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Patients with asymptomatic or minimally symptomatic dis-
ease may serve as reservoirs for the infection, evading treat-
ment for prolonged periods of time.11 At one time, only fe-
males were thought to have asymptomatic gonorrhea, but
now it is known that men may be asymptomatic carriers as
well.12

In the pre-antimicrobial era, gonococci occasionally spread
to the epididymis, causing unilateral epididymitis; the preva-
lence was 5% or more in patients in some studies. Now epi-
didymitis occurs in <1% of men with gonorrhea. Urethral
stricture after repeated attacks and sterility after epididymitis
are rare complications of gonococcal infection owing to the
effectiveness of antibiotics.

Diagnosis: Males

3. Intracellular Gram-negative diplococci were seen on the
Gram stain of D.S.’s urethral exudate. Is any further diagnos-
tic testing required?

Demonstration of intracellular Gram-negative diplococci
in the Gram-stained exudate confirms the diagnosis in symp-
tomatic men. Until recently, some experts recommended that
cultures be reserved for individuals with negative Gram stain
of urethral exudate. However, today cultures are recommended
for all patients to permit isolation and testing of the bacteria
for antibiotic susceptibility. Cultures usually are performed on
Thayer–Martin medium, an enriched chocolate agar to which
vancomycin, colistimethate, and nystatin have been added.
Cultures from the throat should be obtained if D.S. was ex-
posed by cunnilingus to the prostitute. In D.S.’s case, a urethral
culture is indicated.

Signs and Symptoms: Females

4. C.S., D.S.’s wife, is asymptomatic. What symptoms would
be consistent with gonorrhea in C.S.? Do the symptoms differ
because she is pregnant? What is the natural course of gonorrhea
in women if left untreated?

Because the endocervical canal is the primary site of uro-
genital gonococcal infection in women, the most common
symptom is vaginal discharge. Many women infected with
gonorrhea have abnormalities of the cervix, including purulent
or mucopurulent endocervical discharge, erythema, friability,
and edema of the zone of ectopy.9 The incubation period for
urogenital gonorrhea in women is variable.13 Pelvic inflamma-
tory disease (PID) is a serious complication in 10% to 20%
of women with acute gonococcal infection and can lead to in-
fertility and chronic pelvic pain.9 The assessment of signs and

symptoms in women with gonorrhea often is confounded by
nonspecific signs and symptoms and a high prevalence of co-
existing infection, especially with Chlamydia trachomatis or
Trichomonas vaginalis.

Although lower genital tract symptoms in women may dis-
appear, they remain carriers of N. gonorrhoeae and should be
treated. Complications of urogenital gonorrhea in pregnancy
include spontaneous abortion, premature rupture of the fe-
tal membranes, premature delivery, and acute chorioamnio-
nitis.14,15 Other complications include gonococcal arthritis
(see Question 16) conjunctivitis, and ophthalmia neonatorum
in the newborn.16 For these reasons, it is critical that C.S. be
worked up thoroughly for gonorrhea.

Diagnosis: Females

5. How should gonorrhea be ruled out in C.S.?

C.S. should undergo an endocervical culture, which is pos-
itive in 80% of women with gonorrhea and is still considered
the “gold standard.”17 This test should be a part of every pelvic
examination of sexually active women. Nucleic acid amplifica-
tion tests (NAATs), such as polymerase chain reaction (PCR),
may yield sensitivities and specificities in the 90% to 100%
range, but results must be confirmed with endocervical culture
in low-prevalence communities (i.e., <4%).18 In C.S., anal cul-
tures also could be performed because the rectum can serve as
a reservoir for gonococci.

Treatment

6. Compare the various drug regimens used for uncomplicated
gonorrhea.

The CDC recommendations are summarized in Table 65-1.
Many strains of N. gonorrhoeae exhibit plasmid-mediated re-
sistance to penicillin and tetracycline (penicillinase-producing
N. gonorrhoeae [PPNG] and/or tetracycline-resistant N. gon-
orrhoeae [TRNG]; Fig. 65-2). In addition, significant levels
of chromosomally mediated resistance to penicillin, tetracy-
cline, and cefoxitin have been reported.2 In 2005, all iso-
lates in the Gonococcal Isolate Surveillance Project (GISP)
were susceptible to ceftriaxone; therefore, a single dose of
intramuscular (IM) ceftriaxone is preferred for the treat-
ment of gonorrhea. Cefixime 400 mg orally as a single
dose is also recommended by the CDC; however, tablets are
currently unavailable from the manufacturer. Recently, the
CDC withdrew recommendations for use of fluroquinolones
such as ciprofloxacin and ofloxacin because of unacceptably
high levels of quinolone-resistant N. gonorrhoeae (QRNG).19

Table 65-1 CDC Recommendations for Treatment of Uncomplicated Gonorrhea

Presentation Drugs of Choice (% Cured) Dosage Alternative Regimens

Urethritis, cervicitis,a rectal Ceftriaxone (98.9) 125 mg IM once Cephalosporin single dose regimensc

Cefixime (97.4)b 400 mg PO once
Pharyngeal Ceftriaxone 125 mg IM once

aBecause a high percentage of patients with gonorrhea have coexisting Chlamydia trachomatis infections, many clinicians recommend treating all patients with gonorrhea with a
7-day course of doxycycline or single-dose azithromycin for treatment of Chlamydia.
bIn July of 2002, Wyeth discontinued oral cefixime (Suprax); currently, only an oral suspension is available.
cAdditional cephalosporin regimens include ceftizoxime 500 mg IM, cefoxitin 2 g IM (administered with probenecid 1 g PO), and cefotaxime 500 mg IM. Limited evidence
suggests that cefpodoxime 200 mg and cefuroxime axetil 1 g might be oral alternatives.
Adapted from reference 6.
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FIGURE 65-2 Plasmid-mediated resistance to penicillin and tetracycline among GISP isolates, 1988 to
2005: Gonococcal Isolate Surveillance Project (GISP). PPNG, penicillinase-producing N. gonorrhoeae;
TRNG, tetracycline-resistant N. gonorrhoeae; PPNG–TRNG, resistant to both penicillin and tetracycline.
(From reference 2.)

Because a high percentage of patients with gonorrhea are also
coinfected with C. trachomatis, a single dose of azithromycin
or a 7-day course of doxycycline is recommended to be taken
concurrently for a presumed infection (see Question 22).

IM spectinomycin, which traditionally had been used in
individuals who could not tolerate either fluoroquinolones
or cephalosporins, is also unavailable from the manufac-
turer. Spectinomycin was the recommended treatment option
for gonorrhea in those with either penicillin or cephalos-
porin allergies.20 Individuals who have either penicillin or
cephalosporin allergies can be desensitized to cephalosporins
before treatment begins.21

CEFTRIAXONE
Ceftriaxone, a third-generation cephalosporin, is given as a

single, small-volume IM injection (e.g., 125 mg diluted with
normal saline or 1% lidocaine solution). Ceftriaxone eradicates
anal and pharyngeal gonorrhea and is also safe in pregnancy
(U.S. Food and Drug Administration [FDA] pregnancy cate-
gory B). Other injectable cephalosporins (notably ceftizoxime,
cefoxitin, and cefotaxime) have been found to be safe and
highly effective, although efficacy in pharyngeal infections is
not as well-established. Considering the limited availability of
cefixime tablets, other oral cephalosporins have been studied.
Although not meeting the strict CDC definition of success, ev-
idence suggests that the oral cephalosporins cefpodoxime and
cefuroxime axetil are effective in the treatment of uncompli-
cated urogenital gonorrhea.6

Ceftriaxone is ineffective against C. trachomatis and in the
prevention of postgonococcal urethritis, whereas ofloxacin and
levofloxacin for 7 days have similar efficacy to doxycycline.6

FLUOROQUINOLONES
Fluoroquinolones have been routinely used since the 1990s

for the treatment of gonorrhea; however, since 2002, the GISP
has documented increasing rates of fluoroquinolone resistance
in N. gonorrhoeae isolates (Fig. 65-3), which has necessitated
changes in the CDC’s Sexually Transmitted Treatment guide-
lines for 2006. Because of this increased resistance, the CDC
no longer recommends ciprofloxacin, levofloxacin, ofloxacin,
and other fluoroquinolones for the treatment of gonorrhea. This
recommendation also extends to the treatment of gonorrhea-
associated conditions such as PID.19

PRESCRIBING PATTERNS
The CDC’s 2005 Sexually Transmitted Disease Surveillance

Program observed that ceftriaxone 125 mg, followed by the flu-
oroquinolones ciprofloxacin and ofloxacin, were the most com-
monly prescribed agents (Fig. 65-4).2 Cefixime is currently
only available in a generic suspension (100 or 200 mg/5 mL)
form.22 Cefixime 400 mg tablets were unavailable since 2002,
but in 2008, they were re-introduced onto the market. Their
use should increase as they are the CDC preferred agent for
uncomplicated gonorrhea.

7. How should D.S.’s urethritis be treated? Because C.S. is
totally asymptomatic and the results of her cultures are pending,
should she be treated empirically? If so, what drug(s) would you
recommend?

Because D.S. has gonococcal infection limited to the ure-
thra (uncomplicated), a few treatment regimens are possible,
as outlined in question 6. Either ceftriaxone or cefixime is the
preferred treatment. With the current unavailability of cefixime
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tablets, alternative oral agents may need to be considered if
ceftriaxone is not appropriate. Quinolones should be avoided
because of increased resistance in N. gonorrhoeae and because
D.S.’s infection was likely obtained in the Philippines, where
quinolone resistance occurs in over half of all isolates.19,23

Cefpodoxime 200 mg PO and cefuroxime axetil 1 g PO are
active in vitro against PPNG, chromosomally mediated resis-
tant N. gonorrhoeae (CMRNG), and TRNG, but have limited
clinical evidence to support their use. They are, however, FDA
approved to treat uncomplicated N. gonorrhoea.24−26 Because
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FIGURE 65-4 Drugs used to treat gonorrhea in GISP participants, 1988 to 2005. (From reference 2.)
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no single-dose therapy for gonorrhea and chlamydia is highly
effective, additional concurrent therapy needs to be adminis-
tered. Azithromycin or doxycycline are effective for concomi-
tant chlamydia coinfection. Single-dose azithromycin 2 g PO
has been used to treat concurrent gonorrhea and chlamydia, but
it is more expensive, poorly tolerated because of increased gas-
trointestinal (GI) side effects, and less effective than standard
combination therapy.27

SEXUAL PARTNERS
C.S. also should be treated even though she appears asymp-

tomatic. All partners who have had sexual exposure to patients
with gonorrhea within 60 days should be treated. If the pa-
tient has not been sexually active for 60 days, the most recent
sexual partner should be treated. This is especially true when
the partner is pregnant because gonorrhea during pregnancy is
associated with chorioamnionitis and prematurity, as well as
neonatal infection. Pregnant women can be treated safely with
cephalosporins and azithromycin for gonorrhea and Chlamy-
dia. Doxycycline should be avoided during pregnancy.

FOLLOW-UP

8. How does one determine whether the drug therapy of gon-
orrhea has been effective in D.S. and C.S.?

If recommended therapies are used for treatment of un-
complicated gonorrhea (see Table 65-1), a test of cure is not
necessary for either C.S. or D.S. because cure rates are close
to 100%.6,9 If symptoms persist in D.S., who was treated with
ceftriaxone, cultures should be done to rule out other causes
of urethritis.

ANTIBIOTIC-RESISTANT NEISSERIA GONORRHOEAE

9. D.S. states that he was treated with penicillin in the past for a
gonococcal infection. Why are penicillins not prescribed routinely
today?

Failure of penicillin to eradicate the gonococcus can be the
result of plasmid (e.g., PPNG) or CMRNG antibiotic resis-
tance. PPNG contain plasmids, which determine the produc-
tion of lactamase, an enzyme that hydrolyzes the lactam ring
of penicillin G or ampicillin. Chromosomally mediated resis-
tance does not involve β-lactamase production and often is
associated with increased resistance to other β-lactams. The
clinical significance of CMRNG is questionable because serum
levels of approved antibiotics are achieved far above the min-
imum inhibitory concentration, such that treatment failure is
unlikely. However, to date, CMRNG remain largely susceptible
to ceftriaxone. High-level tetracycline resistance is defined by
gonococci that carry plasmid-encoded resistance to 16 g/mL
or more of tetracycline. These strains are known as TRNG. Al-
though not of major concern in the United States, development
of resistance to alternative therapies is a continuing concern.

The first cases of PPNG infection were reported in the
United States in 1976. PPNG are especially prevalent in South-
east Asia, the Far East, and West Africa, where the prevalence
often exceeds 50%. In the United States, the percent of PPNG
strains reached a peak of about 11% in 1991; since then, cases
have steadily declined to 0.5% in 2005, according to the CDC’s
GISP2 (Fig. 65-3). Strains of TRNG were first identified in
1985, but fortunately most TRNG isolates still are sensitive
to β-lactam antibiotics. The use of tetracycline was officially

abandoned by the CDC in 1985 and penicillin was abandoned
in 1987. In the late 1990s, the number of TRNG and PPNG
plus TRNG cases plateaued at about 5% and 1%, respectively.

Because about 21% of gonococcal isolates are resistant to
tetracycline and/or penicillin within the United States, it is still
not acceptable to use these agents in the initial management
of uncomplicated genital gonorrhea. Clinicians should obtain
a travel history to identify patients in whom multiple drug
resistance is endemic. In endemic areas such as the United
States and in hyperendemic areas where PPNG accounts for 3%
or greater of all gonococcal isolates, IM ceftriaxone is the drug
of choice. Antibiotic susceptibility testing is recommended in
cases of persistent infection after treatment.

Quinolone-resistant N. gonorrhoeae was first reported in
1990 and was reported to be 0.2% of isolates in the continen-
tal United States.2,6 As early as 1992 in Cleveland, Ohio,28

and 1995 in Seattle, Washington,29 outbreaks of QRNG were
reported. In the 2005 GISP report, 19.3% of isolates from
Hawaii were QRNG, whereas among California sites, 14.5%
to 31.3% of isolates were QRNG.2 In other geographic re-
gions, strains exhibiting resistance to ciprofloxacin are as high
as 63% in the Philippines and 48.8% in Hong Kong, with
slightly lower rates reported in the rest of Asia.30,31 For this
reason, quinolones have not been recommended for gonorrhea
acquired in Hawaii, California, or Asia.32 However, more re-
cently, N. gonorrhoeae resistance to quinolones has increased
and has become widespread in the United States, resulting in
the CDC recommending against using quinolones for the treat-
ment of gonococcal or related conditions (e.g., PID) acquired in
the United States. In 2006, 13.3% of all isolates collected by the
GISP demonstrated resistance to ciprofloxacin.19 Resistance to
fluoroquinolones is associated with mutations of GyrA and is
commonly identified in strains that produce β-lactamase and
strains exhibiting chromosomally mediated resistance to peni-
cillin and tetracycline.33 N. gonorrhoeae strains may therefore
exhibit decreased susceptibility or complete resistance to the
recommended dose of quinolones and the clinical importance
of strains with decreased susceptibility is unknown.34

D.S. was likely infected with N. gonorrhoeae in the Philip-
pines; thus, an appropriate cephalosporin antibiotic (such as IM
ceftriaxone or PO cefixime) should be recommended; QRNG
is highly likely. If he had been initially treated with ceftriaxone,
the expectation would be that he would be free of gonococcal
infection within 3 days. To date, ceftriaxone-resistant strains
of N. gonorrhoeae have not been reported.

Anorectal and Pharyngeal Gonorrhea
Epidemiology

10. M.B. is a 24-year-old, sexually active, homosexual male with
a 2-month history of perianal itching, painful defecation, con-
stipation, a bloody mucoid rectal discharge, and a sore throat.
Sigmoidoscopy revealed rectal mucosal inflammation but no ap-
parent ulcers or fissures. Stool examination for parasites was neg-
ative and a Venereal Disease Research Laboratory (VDRL) test
was nonreactive. Both rectal and pharyngeal cultures revealed
N. gonorrhoeae. How does gonorrhea in homosexual men com-
pare with gonorrhea in heterosexual men?

The most prevalent bacterial STD among the homosex-
ual male population is gonorrhea.35 Rectal infection oc-
curs rarely in strictly heterosexual men, whereas in the



SEXUALLY TRANSMITTED DISEASES � 65-7

male homosexual population, anorectal (25%) and pharyngeal
(10%–25%) gonococcal infections occur more often.9,36 Be-
cause pharyngeal36,37 and anorectal gonococcal infections are
often asymptomatic, a large reservoir of carriers in the ho-
mosexual male population may exist, diagnosed only with
more sensitive DNA amplification techniques.38 By compari-
son, very few urethral gonococcal infections are asymptomatic.
In addition, recent data indicate that pharyngeal infections may
be an important source of urethral gonorrhea in homosexual
men, spread by fellatio.36

Signs and Symptoms

11. Are M.B.’s signs and symptoms consistent with gonorrhea?

Rectal gonorrhea produces the syndrome of proctitis with
anorectal pain, mucopurulent anorectal discharge, constipa-
tion, tenesmus, and anorectal bleeding. The differential diag-
nosis of proctitis in the homosexual male includes rectal infec-
tion with N. gonorrhoeae, C. trachomatis, HSV, and syphilis.
Proctitis, limited to the distal rectum, should be differentiated
from proctocolitis, which is often caused by Shigella species,
Campylobacter species, or Entamoeba histolytica in homo-
sexual men. The incidence of rectal gonorrhea and Chlamydia
has dramatically risen since 1996.39 Rectal Chlamydia is of-
ten asymptomatic and observed more often than gonorrhea,
necessitating testing for both pathogens.40

Treatment

12. How should M.B.’s diagnosis be managed?

The treatment of choice for patients such as M.B. with
anorectal and/or pharyngeal gonorrhea is ceftriaxone 125 mg
IM as a single dose (see Table 65-1). Azithromycin or doxy-
cycline should be given to those with rectal gonorrhea to treat
possible coexisting rectal chlamydial infection. Patients such
as M.B. with either anorectal or pharyngeal gonorrhea should
be advised to avoid further unprotected sexual activity and
should be counseled and tested for infection with HIV.

13. What are alternative regimens for patients with isolated
anal or pharyngeal gonorrhea?

Women with anorectal gonorrhea alone can be treated with
either ceftriaxone or cefixime. Alternative regimens for iso-
lated anorectal infection include a single-dose cephalosporin
regimen such as with ceftizoxime. Because spectinomycin is
unavailable, patients with anorectal gonorrhea who are aller-
gic to penicillin or cephalosporins can be desensitized before
treatment is initiated. Patients with gonococcal infections of
the pharynx should be treated with ceftriaxone; however, in-
fections of this nature are more difficult to eradicate than in-
fections at anorectal sites. Chlamydial coinfection is uncom-
mon in pharyngeal gonorrhea, but should be treated with either
doxycycline or azithromycin.6

Prevention

14. What measures have been used to prevent the sexual trans-
mission of infection?

Condoms, when used properly, seem to provide a high de-
gree of protection against the acquisition and transmission of
STDs.41 Previous studies indicated that the use of the spermi-
cide nonoxynol-9 had activity against gonorrhea and Chlamy-
dia, although more recent studies show no effect.42,43 In light

of recent evidence that suggests nonoxynol-9 might actually
increase the chance of acquiring HIV, the CDC recommends
that it should not be used for the prevention of any sexually
transmitted infection.6,44 Thus, widespread use of this agent
for the purpose of decreasing the risk of STDs cannot be rec-
ommended at this time. Topical antibacterial agents, urinating,
and washing after intercourse are of little value in prevent-
ing the transmission of STDs. Douching may increase the risk
other STDs such as trichomoniasis.45

The prophylactic administration of antibiotics immediately
before or soon after sexual intercourse is not recommended
owing to increased costs and antimicrobial resistance. Use
of rapid, specific tests and empiric syndromatic management
should be used to enhance detection and treatment of gonor-
rhea.

PELVIC INFLAMMATORY DISEASE
The term pelvic inflammatory disease (PID) commonly refers
to a variety of inflammatory disorders of the upper female
reproductive tract. This term does not denote the primary
infection site (the fallopian tubes) nor the causative micro-
organisms. PID also has been used to connote an infection that
occurs acutely when either vaginal or cervical micro-organisms
traverse the sterile endometrium and ascend to the fallopian
tubes. Acute salpingitis also may be used to describe an acute
infection of the fallopian tubes. Therefore, the terms PID and
salpingitis are used interchangeably in this discussion to denote
an acute infection involving the fallopian tubes.

PID affects 1 million women annually in the United States.46

However, since 1985, the rate of hospitalization owing to PID
has decreased 68%.47 Many cases of acute PID occur by sex-
ual transmission, especially in young women 16 to 24 years
who are more likely to have multiple sexual partners.47 Not
all PID is caused by Chlamydia or gonorrhea. Up to 70% of
cases may be polymicrobial and include M. genitalium and
BV.48 Other risk markers and factors include unprotected sex-
ual intercourse before age 15, douching, BV, sex while men-
struating, and smoking.49 It is unclear whether an intrauterine
device (IUD) increases the risk of PID, but it may be prudent to
avoid placement when the patient has chlamydial or gonococ-
cal cervicitis.50 Two-thirds of PID cases resulting in infertility
are asymptomatic, and up to one-third are incorrectly diag-
nosed owing to low specificity of diagnostic techniques. In the
United States, infertility occurs in about 12.1% of women after
the first episode of PID.51 The estimated cost of direct medi-
cal expenditures for PID and its sequelae was estimated to be
$1.88 billion in 1998 with most of this cost associated with
treatment of acute PID.52

Etiology
Most cases of PID are caused by C. trachomatis and
N. gonorrhoeae.6 Some micro-organisms that comprise
the vaginal flora are also associated with PID, includ-
ing Gardnerella vaginalis, H. influenzae, and Streptococcus
agalactiae.6 Mycoplasma hominis, Ureaplasma urealyticum,
and M. genitalium have been associated with PID, but a
causative role is unclear.51 Facultative enteric Gram-negative
bacilli and a variety of anaerobic bacteria have also been iso-
lated from the upper genital tract of up to 70% of women with
acute PID.48 Women diagnosed with acute PID should be tested
for C. trachomatis and N. gonorrhoeae and screened for HIV.6
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Signs and Symptoms
The onset of symptoms of abdominal pain attributable to PID
caused by either gonococci or chlamydia often occurs soon af-
ter the menstrual period. Symptoms of PID, if present, are often
nonspecific, which can create a delay in or failure of diagnosis.
Vaginal discharge, menorrhagia, dysuria, and dyspareunia are
commonly associated with PID. Signs include cervical motion
tenderness, uterine tenderness, or adnexal tenderness. Temper-
atures above 101◦F, abnormal cervical or vaginal mucopurulent
discharge, white blood cells (WBC) on saline microscopy of
vaginal secretions, elevated erythrocyte sedimentation rate, or
an elevated C-reactive protein support a diagnosis of PID.6

Clinical diagnosis has sensitivity for PID of about 65% to
90%, whereas laparoscopy and a newer technique, transvagi-
nal Doppler ultrasound, are about 100% specific, resulting in
the combination of laparoscopy and clinical impression serv-
ing as the gold standard.6,53,54 Unfortunately, laparoscopy and
Doppler ultrasound are costly and often not readily available
for acute cases nor is it diagnostic for endometritis; thus, clin-
ical impression is critical. A key to reducing the incidence of
PID may be through active screening of chlamydia in young,
sexually active women.55,56

Clinical Sequelae
An abscess may form in the pelvic or abdominal cavity and
in one or both fallopian tubes. Chronic abdominal pain de-
velops in 18% of women with PID and may be the result of
pelvic adhesions surrounding the tubes and ovaries. After a
single episode of PID, tubal occlusion and fibrosis secondary
to fallopian tube inflammation (salpingitis) result in 12% in-
fertility, 25% infertility after two episodes, and 50% infertility
after three or more episodes.51 Other sequelae include ectopic
pregnancy (9%) and chronic pelvic pain (18%).57 The risk of
ectopic pregnancy is increased approximately eightfold after
one or more episodes of PID.

Diagnosis and Treatment

15. H.C., a 19-year-old, sexually active woman, complains of
mild dysuria, a purulent vaginal discharge, fever, and moderately
severe, bilateral, lower abdominal pain of 3 days’ duration. Ex-
amination confirms uterine and adnexal tenderness, a purulent
cervical exudate, and a temperature of 39◦C. Laboratory exami-
nations show a nonreactive VDRL and negative urinalysis. A preg-
nancy test performed at this time was negative. The peripheral
WBC count was mildly elevated (11,000/mm3) with 70% polymor-
phonuclear leukocytes. Does H.C. have PID? How should she be
treated?

Although fever and leukocytosis are often absent in mild or
subacute PID, these findings in a woman with uterine and ad-
nexal tenderness with cervical exudate increases the likelihood
of acute PID. Treatment should be initiated immediately after
diagnosis of PID to prevent clinical sequelae; confirmation of
the actual pathogen rarely takes place (Table 65-2). Patients
such as H.C. with mild to moderate PID can be hospitalized
and treated with parenteral antibiotics; however, clinical effi-
cacy and overall outcomes are equal between parental and oral
therapy, and H.C. could also be treated on an outpatient basis.
For inpatient treatment, the 2006 CDC guidelines recommend

either intravenous (IV) cefotetan 2 g every 12 hours or IV ce-
foxitin 2 g every 6 hours for at least 24 hours beyond the first
signs of clinical improvement. Once clinical improvement is
noted, parenteral therapy may be discontinued and PO doxycy-
cline 100 mg every 12 hours can continue to complete 14 days
of therapy. For outpatient treatment, the CDC guidelines rec-
ommend either IM ceftriaxone 250 mg as a single dose or IM
cefoxitin 2 g as single dose (with probenecid 1 g PO × 1) plus
PO doxycycline 100 mg twice a day for 14 days with or without
PO metronidazole 500 mg twice daily for 14 days. A tetracy-
cline derivative or an alternative agent that is active against
C. trachomatis should be included in the treatment of PID;
however, monotherapy with a tetracycline is not recommended
because of the lack of activity against Gram-negative aerobic
and anaerobic organisms and N. gonorrhoeae. The addition of
metronidazole, which covers anaerobic bacteria, should also
be considered; anaerobes have been isolated from the upper
reproductive tract of women with PID and may cause tubal
and epithelial destruction.6 Metronidazole is widely used by
clinicians, although its application is theoretical because the
role of anaerobes in PID is not well understood. Quinolones
(e.g., levofloxacin, ofloxacin) are no longer recommended for
the treatment of PID because of the increase in prevalence of
QRNG in the United States.19

Both oral and IV doxycycline have similar bioavailability;
therefore, doxycycline should be given PO whenever possible
because IV administration may be painful.6 Substantial clini-
cal improvement is usually seen within 3 days after initiation
of therapy. Clindamycin plus gentamicin can be used alter-
natively in penicillin-allergic and pregnant females.6 Because
H.C. is sexually active, any sexual partners within the previous
60 days (or if >60 days, then the most recent sexual partner)
should be empirically treated because of the risk of gonococ-
cal or chlamydial urethritis as well as to reduce the risk of
reinfection.6

COMPLICATED GONORRHEA
Disseminated Gonococcal Infection
Signs and Symptoms

16. S.P., a 28-year-old, sexually active woman, was seen for stiff-
ness and pain of the right wrist and left ankle and fever (38◦C).
On physical examination, the knee and wrist joints were found
to be hot, red, and swollen; papules and pustular lesions were
observed on S.P.’s legs and forearms. A latex fixation test for
rheumatoid factor was negative. A tap of the right knee yielded an
effusion with a WBC count of 34,000/ mm3 (80% polymorphonu-
clear leukocytes). Cultures of the skin lesions were negative, but
N. gonorrhoeae was isolated from the throat, cervix, blood, and
synovial fluid. A chest radiograph, echocardiogram, and electro-
cardiogram all were normal, and no murmur could be appreci-
ated. Assess S.P.’s clinical presentation.

S.P.’s signs, symptoms, and laboratory findings are con-
sistent with gonococcal bacteremia, which today occurs in
less than 1% of women and men with gonorrhea. The most
common manifestation of gonococcemia is the gonococcal
arthritis–dermatitis syndrome or disseminated gonococcal in-
fection (DGI) exhibited by S.P. Symptoms include fever,
occasional chills, a mild tenosynovitis of the small joints,



SEXUALLY TRANSMITTED DISEASES � 65-9

Table 65-2 Antimicrobial Regimens Recommended by the CDC for Treatment of Acute Pelvic Inflammatory Disease

Treatment Setting, Drugs, Schedule Advantage Disadvantage Clinical Considerations

Inpatient

Regimen A
Cefotetan 2 g IV Q 12 hr or cefoxitin 2 g IV Q 6 hr

plus doxycycline 100 mg IV or POa Q 12 hr
Continue doxycycline (100 mg PO BID) after

discharge to complete 14 days of therapy

Optimal coverage of
N. gonorrhoeae
(including resistant
strains) and
C. trachomatis

Possible suboptimal
anaerobic coverage

Penicillin-allergic patients
also may be allergic to
cephalosporins;
doxycycline use in
pregnant patients may
cause reversible inhibition
of skeletal growth in the
fetus and discoloration of
teeth in young children

Regimen B
Clindamycin 900 mg IV Q 8 hr plus gentamicin

loading dose IV or IM (2 mg/kg) followed by a
maintenance dose of 1.5 mg/kg Q 8 hrb

Continue clindamycin 450 mg PO QID or
doxycycline 100 mg PO BID after discharge to
complete 14 days of therapy

Optimal coverage of
anaerobes and
Gram-negative enteric
rods

Possible suboptimal coverage
of N. gonorrhoeae and
C. trachomatis

Patients with decreased renal
function may not be good
candidates for
aminoglycoside treatment
or may need a dosage
adjustment

Alternative regimen
Ampicillins/sulbactam 3 g IV Q 6 hr plus

doxycycline 100 mg PO or IV Q 12 hr

Optimal coverage of
N. gonorrhoeae and
C. trachomatis

Inadequate coverage of
anaerobes necessitates use
of metronidazole or
ampicillin/sulbactam

Not appropriate in pregnancy
or in young children

Outpatient

Regimen A
Ceftriaxone 250 mg IM in a single dose plus

doxycycline 100 mg PO BID for 14 days with
or without metronidazole 500 mg PO BID for
14 days or cefoxitin 2 g IM in a single dose and
probenecid, 1 g PO administered concurrently
in a single dose plus doxycycline 100 mg PO
BID for 14 days with or without metronidazole
500 mg PO BID for 14 days or other parenteral
third-generation cephalosporins (e.g.,
ceftizoxime or cefotaxime) plus doxycycline
100 mg PO BID for 14 days with or without
metronidazole 500 mg PO BID for 14 days

Good to excellent coverage
of N. gonorrhoeae and
optimal coverage of
C. trachomatis

Possible suboptimal
anaerobic coverage
necessitating the addition
of metronidazole

Optimal cephalosporin is
unclear; more complicated
regimen requiring
combination of parenteral
and oral therapies

aBecause of the pain involved with doxycycline infusions and the comparable PO/IV bioavailability, IV therapy should be replaced with PO as soon as possible.
bSingle daily dosing may be substituted.
Adapted from reference 6.

and skin lesions; the latter primarily involving the distal ex-
tremities are petechial, papular, pustular, and hemorrhagic in
appearance.58

Diagnosis of DGI is made by Gram stain and culture. How-
ever, blood cultures are positive in only 33% of DGI cases, even
when patients are cultured early in the course of the infection.59

The low positive yield from blood cultures may be due to the
low inoculum and/or intermittent bacteremic period. Routine
culture of the urethra, cervix, pharynx, and rectum should be
performed in any patient suspected of having DGI.

Treatment

17. How should S.P. be managed? How quickly will she respond
to therapy?

Patients like S.P. with gonococcal arthritis and bacteremia
should be hospitalized for treatment with ceftriaxone 1 g IV
daily until clinical improvement, such as decreased fever and

pain, is sustained for 24 to 48 hours, at which time therapy may
be switched to an appropriate oral agent. Unfortunately, ow-
ing to the increased incidence of QRNG in the United States,
only oral cefixime 400 mg daily for 7 days is currently recom-
mended (Table 65-3).6,19 Symptoms and signs of tenosynovitis
should be improved markedly within 48 hours. Septic gonococ-
cal arthritis with purulent synovial fluid may require repeated
aspiration and resolves more slowly.

Treatment of Gonococcal Endocarditis and Meningitis

18. How should gonococcal endocarditis and meningitis be
treated?

Gonococcal endocarditis and meningitis, occurring in only
1% to 3% of DGIs, require high-dose IV therapy such as
ceftriaxone (1–2 g IV every 12 hours) for 10 days or more in the
case of meningitis and for 4 weeks in the case of endocarditis.6,9
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Table 65-3 Treatment of Disseminated Gonococcal Infectiona

No Penicillin Allergy

Parenteral

Ceftriaxone 1 g IV or IM Q 24 hr or cefotaxime 1 g IV Q 8 hr or
ceftizoxime 1 g IV Q 8 hr and doxycycline 100 mg PO BIDb or
erythromycin base 500 mg PO QIDb (if pregnant)

Oral

Cefixime 400 mg PO BID

Penicillin Allergy

Parenteral

Spectinomycin 2 g IM Q 12 hr and doxycycline 100 mg PO BIDb or
erythromycin base 500 mg PO QIDb (if pregnant)

aDuration of treatment is 7 days.
bFor possible concomitant chlamydial infection, treat for 7 days.
Adapted from reference 6.

Neonatal Disseminated Gonococcal Infection: Treatment

19. How should neonatal DGI and meningitis be managed?

Neonatal DGI and meningitis can be treated with either
ceftriaxone or cefotaxime for 7 days; however, if meningitis is
documented, 10 to 14 days of treatment is required. Ceftriaxone
is given at 25 to 50 mg/kg (IV or IM) Q 24 hr and cefotaxime
is given at 25 mg/kg (IV or IM) Q 12 hr.

CHLAMYDIA TRACHOMATIS
C. trachomatis was first isolated from patients with lym-
phogranuloma venereum (LGV). However, laboratory diag-
noses for this pathogen were not developed until the 1960s
and 1970s.60 From 1986 to 2005, the rate of reported Chlamy-
dia infections in the United States rose from 35.2 to 332.5
cases per 100,000 individuals and was largely attributable to
the increased development and use of more sensitive screening
tests and improved national reporting efforts. Women are three
times more likely than men to be infected with Chlamydia—
496.5 cases versus 161.1 cases per 100,000 individuals, re-
spectively, in 2005; however, from 2001 to 2005, the infection
rate among men increased by 43.5% compared with 15.6% in

women over.61 In U.S. family planning clinics, the chlamydial
test positivity, a proxy for prevalence, is 6.3% in 15- to 24-
year-old women and probably much lower for men, although
men are less frequently screened.62 If left untreated, chlamy-
dial infection in women can lead to serious sequelae such as
PID, ectopic pregnancy, and infertility. Asymptomatic infec-
tion is also observed in both men and women; however, routine
screening is only recommended for sexually active women at
least 25 years old and women with risk factors for infection
(e.g., multiple sexual partners, new sexual partners). Screening
sexually active men for C. trachomatis can be considered in
settings with a high prevalence of the infection.6

C. trachomatis, an intracellular obligate organism, can be
diagnosed either by culture, direct immunofluorescence assay
(DFA), enzyme immunoassay (EIA), or NAATs of endocer-
vical or male urethral swabs.6 However, C. trachomatis is a
difficult organism to demonstrate in clinical specimens be-
cause cell culture techniques are not readily available to the
practitioner. Because few practitioners have access to facili-
ties for isolation of C. trachomatis, most chlamydial infections
are diagnosed and treated based on clinical impression and
laboratory techniques. Diagnostic tests, such as NAATs, DFA,
and EIA, are generally sensitive methods for detecting C. tra-
chomatis. Ligase chain reaction and PCR are two NAATs with
wide commercial availability, are relatively simple to use, can
be performed using urine or genital swab specimens, and are
more sensitive than non-NAATs.16 A test of cure is not nec-
essary unless patient compliance is questionable, symptoms
persist, or reinfection is suspected. Repeat testing fewer than 3
weeks after initiation of treatment is not recommended because
false-negative results may occur as a result of undetectable
C. trachomatis organisms. Moreover, false positives may oc-
cur with repeat NAATs as the result of the continued excretion
of dead organisms.6

The variety of clinical syndromes that are now known to be
caused by C. trachomatis are cervicitis, urethritis, bartholini-
tis, endometritis, salpingititis, and perihepatitis in women, and
urethritis, epididymitis, prostatitis, proctitis, and Reiter syn-
drome in men.63 It is interesting to note that the spectrum of
chlamydial infections closely resembles those caused by the
gonococcus, which is why many patients presenting with these
syndromes are treated with drugs effective against both organ-
isms (Table 65-4).

Table 65-4 Clinical Parallels Between Genital Infections Caused by N. gonorrhoeae and C. trachomatis : Resulting Clinical Syndromes

Gender Site of Infection N. gonorrhoeae C. trachomatis

Male Urethra Urethritis NGU, postgonococcal urethritis
Epididymis Epididymitis Epididymitis
Rectum Proctitis Proctitis
Conjunctiva Conjunctivitis Conjunctivitis
Systemic DGI Reiter syndrome

Female Urethra Acute urethral syndrome Acute urethral syndrome
Bartholin gland Bartholinitis Bartholinitis
Cervix Cervicitis Cervicitis
Fallopian tube Salpingitis Salpingitis
Conjunctiva Conjunctivitis Conjunctivitis
Systemic DGI Arthritis-dermatitis (Reiter syndrome)

Adapted from Schachter J. Chlamydial infections. N Engl J Med 1978;298:428, 490, 540. Copyright 2008 Massachusetts Medical Society.
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There is controversy in how C. trachomatis is cultured and
what the in vitro results mean clinically, especially in the 10%
to 15% of cases that fail treatment.64 The CDC thus uses cure
rates instead of microbial susceptibilities to make treatment
recommendations. Only azithromycin and doxycycline have
97% and 98%, respectively, cure rates.65 Agents mentioned as
alternatives include erythromycin, ofloxacin, and levofloxacin,
but not the penicillins, cephalosporins, aminoglycosides, clar-
ithromycin, ciprofloxacin, or metronidazole.6,66,67

Nongonococcal Urethritis
Etiology

20. T.K., a 26-year-old, sexually active man, complains of mild
dysuria and a mucoidlike urethral discharge that started about
15 days after his last intercourse. He had no fever, lymphadenopa-
thy, penile lesions, or hematuria. A Gram stain smear of an
anterior urethral specimen showed 20 polymorphonuclear neu-
trophilic leukocytes (PMNs) per oil immersion (1,000) field and
no Gram-negative diplococci. What pathogens are associated with
nongonococcal urethritis (NGU)?

In the United States, NGU is the most common STD in
men.63,68 Depending on the study design and diagnostic tech-
nique, causative organisms identified include C. trachomatis
in 35% to 50%,63 U. urealyticum in 9% to 42%,69 M. geni-
talium in 15% to 25%,70 T. vaginalis in 5% to 15%,71 and no
identifiable cause in up to 20%.69 The variety of pathogens and
disparity among identification techniques require sound clin-
ical judgment and an algorithmic laboratory testing approach
to accurately identify and treat the cause. A NAAT, if available,
should be performed to rule out the presence of C. trachomatis.

Signs and Symptoms

21. Describe the clinical presentation of a person with NGU. Is
T.K.’s presentation consistent with NGU? How does one differen-
tiate between NGU and gonococcal urethritis?

T.K.’s presentation is typical. Compared with gonococcal
urethritis, NGU typically produces less severe and less fre-
quent dysuria and less penile discharge. Chlamydial urethral
infection is completely asymptomatic more often than gono-
coccal urethral infection. The incubation period for gonococcal
urethritis is 2 to 7 days, whereas the incubation period for NGU
is typically 2 to 3 weeks.

Nonetheless, NGU and gonococcal urethritis cannot be re-
liably differentiated solely on the basis of symptoms and signs.
If there is objective evidence of a urethral discharge (expressed
by milking the urethra), a Gram stain with fewer than 5 WBCs
per oil immersion field in the urethral secretion, positive leuko-
cyte esterase test demonstrating 10 WBCs per high-power field,
the diagnosis of NGU is made by excluding the presence of
N. gonorrhoeae by Gram stain and/or culture.

Treatment

22. How should T.K. be treated?

If C. trachomatis cannot be ruled out, therapy with
azithromycin should be initiated to cover for both M. genital-
ium and Chlamydia.6 Doxycycline does not effectively eradi-
cate M. genitalium.72 For NGU, doxycycline 100 mg PO BID
for 7 days may also be prescribed. Both azithromycin and doxy-

cycline are considered equally effective against NGU.6,73−75

Doxycycline is less expensive and has been used more exten-
sively than azithromycin. Erythromycin base 500 mg PO QID
or erythromycin ethylsuccinate 800 mg PO QID for 7 days are
alternative CDC-approved regimens. Additionally, ofloxacin
300 mg PO BID or levofloxacin 500 mg PO QD for 7 days
are other alternatives, but they offer no significant advantages
over the previously mentioned agents, may not treat U. ure-
alyticum adequately, and are significantly more expensive.76

Ciprofloxacin should be avoided because treatment failures
have been reported.77 Patient counseling should emphasize
the need for abstinence from sexual intercourse at least un-
til the prescribed course of therapy has been completed (or 7
days after single-dose therapy) by the patient and their sexual
partner(s).63 There is some indication that the proportion of
NGU caused by C. trachomatis is declining, potentially being
replaced by an increased proportion of U. urealyticum, which
is variably cured at 2 weeks by azithromycin (73%) and doxy-
cycline (65%).73

RECURRENT INFECTION

23. T.K. was treated with doxycycline 100 mg BID for 7 days.
He remained asymptomatic for 14 days after completion of his
therapy, when he again noticed similar symptoms of dysuria and
a mucoidlike urethral discharge. How should T.K.’s recurrent
infection be treated?

The major problem encountered in the treatment of NGU
is the high rate of recurrent infections. Approximately 20%
to 60% of patients experience recurrent or persistent urethri-
tis within 1 to 2 weeks after treatment.70 The rate of recur-
rence is highest in patients with idiopathic urethritis, that is,
those not infected with C. trachomatis or U. urealyticum. Re-
currence suggests re-exposure to an untreated partner, whereas
persistent urethritis (without improvement during therapy) sug-
gests the presence of other organisms including M. genitalium,
U. urealyticum, or T. vaginalis.69 NGU that persists or recurs
should be retreated with the initial regimen if the patient was
not compliant or the sexual partner was not treated.6 For pa-
tients with persistent symptoms who were compliant with the
initial regimen and were not re-exposed, the CDC recommends
using either metronidazole or tinidazole 2 g PO as a single dose
plus a single 1 g dose of azithromycin if not used for the initial
episode.6

Men with acute epididymitis often have chlamydial or gono-
coccal infection, particularly if they are younger than 35 years
of age or have a urethral discharge. Older men with epididymi-
tis more often are infected with Escherichia coli or other uri-
nary pathogens. If testicular tenderness is present with urethri-
tis, and the clinical impression is consistent with epididymitis
caused by chlamydia or gonorrhea, some experts recommend a
single dose of ceftriaxone 250 mg IM plus doxycycline 100 mg
PO twice for 10 days. For a nonsexually transmitted etiology
of epididymitis, ofloxacin 300 mg PO BID or levofloxacin 500
mg PO once daily for 10 days may be used.6

Sexual Partners

24. A.C., T.K.’s girlfriend, comes into the clinic 3 weeks after
T.K.’s last visit. She is worried that she may have a similar in-
fection, although she has no signs or symptoms. What clinical
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manifestations of chlamydial infections are seen in women?
Should A.C. be treated for suspected chlamydial infection?

In the absence of cultures for Chlamydia, empirical treat-
ment of women who are sexual partners of men with NGU is
recommended. Routine partner referral for presumptive ther-
apy is not indicated for nonchlamydial NGU.69 Many partners
are asymptomatic, but from 30% to 70% are culture positive
if tested. A.C. should be examined carefully for mucopurulent
cervicitis and salpingitis. Although many women with chlamy-
dial infection of the cervix are asymptomatic, up to one-quarter
have evidence of mucopurulent discharge.78 A Gram stain of
appropriately collected mucopurulent endocervical discharge
from these patients shows many PMNs and an absence of gono-
cocci.

Regardless of findings, treatment should be initiated with
the same doxycycline regimen used for NGU. However, if
A.C. is pregnant, tetracyclines and fluoroquinolones should be
avoided. Azithromycin 1 g PO as a single dose or amoxicillin
500 mg PO TID for 7 days could be used instead. Alternatively,
either erythromycin base 500 mg QID for 7 days, erythromycin
base 250 mg PO for 14 days, erythromycin ethylsuccinate
800 mg PO QID for 7 days, or erythromycin ethylsuccinate
400 mg PO for 14 days can be used.6 Erythromycin estolate
should be avoided in pregnancy because of the increased risk
of hepatotoxicity. Azithromycin seems to be safe and effective
during pregnancy.79,80 High rates of GI complaints limit the
use of erythromycin. In pregnant women, a repeat NAAT is
recommended 3 weeks after completion of therapy to ensure
therapeutic cure.6 Coinfection with Chlamydia is common in
heterosexual men and women with gonorrhea. Therefore, drug
regimens effective against both organisms are recommended in
patients with gonorrhea to prevent postgonococcal chlamydial
morbidity (epididymitis, mucopurulent cervicitis, salpingitis)
and to reduce the genital reservoir of C. trachomatis.

Lymphogranuloma Venereum
Etiology and Signs and Symptoms

25. S.F., a 32-year-old male student who recently arrived from
Uganda, presents to the STD clinic with a chief complaint of pain
and swelling in the groin. He reports the appearance of a small
ulcer on his penis about 2 weeks ago, which resolved rapidly. Upon
examination, he has a bubo (inflammatory swelling of one or more
lymph nodes in the groin) with surrounding erythema on his right
side. S.F. also has a fever (39◦C). Laboratory findings are remark-
able for a mild leukocytosis (WBC count, 12,000 cells/mm3). What
organisms are responsible for LGV? Describe its clinical course.
What subjective and objective manifestations in S.F. are consis-
tent with LGV?

Lymphogranuloma venereum is rare in the United States,
occurring mainly in Africa, India, Southeastern Asia, South
America, and the Caribbean, but it may be on the rise in Europe
and North America.81,82 The cause of LGV is usually C. tra-
chomatis serovars L1, L2, or L3, which is different from those
serovars responsible for chlamydia urethritis. Three stages of
LGV infection are recognized in heterosexual men.83 During
stage I, a small genital papule or vesicle appears between 3 and
30 days after exposure. The patient usually is asymptomatic;
the ulcer heals rapidly and leaves no scar. This primary lesion is

consistent with the penile ulcer reported by S.F. Many patients
with LGV recall no primary lesion.

Stage II is characterized by acute, painful lymphadenitis
with bubo formation (the inguinal syndrome); it often is ac-
companied by pain and fever, as illustrated by S.F. Without
treatment, the buboes may rupture, forming numerous sinus
tracts that drain chronically. Adenopathy above and below the
inguinal ligament results in the “groove sign.” Healing occurs
slowly, and most patients suffer no serious sequelae. Patients
in this stage also may present with an anogenitorectal syn-
drome, which is accompanied by proctocolitis and hyperplasia
of intestinal and perirectal lymphatic tissue. Late or tertiary
manifestations include perirectal abscesses, rectovaginal fistu-
lae (in women), rectal strictures, and genital elephantiasis.83

Appropriate treatment of stage II LGV usually prevents these
late complications.

An acute anorectal syndrome of LGV occurs in homosexual
men who acquire the infection through rectal receptive inter-
course. In these cases, a primary anal ulcer may be noted with
associated inguinal adenopathy (anal lymphatics drain to in-
guinal nodes). Subsequently, acute hemorrhagic proctocolitis
occurs with tenesmus, rectal pain, constipation, and a mucopu-
rulent, bloody rectal discharge. Rectal biopsy may show gran-
ulomatous colitis, mimicking Crohn disease. Perirectal pelvic
adenopathy also occurs.

Treatment

26. How should S.F. be treated?

Current CDC recommendations for LGV include doxycy-
cline 100 mg PO BID or erythromycin base 500 mg PO QID for
21 days.6 Surgical intervention may be needed for later forms
of the disease. Azithromycin 1 g weekly for 3 weeks may be
effective, but clinical data on its use are lacking.6

SYPHILIS
Epidemiology
Syphilis is caused by the spirochete, Treponema pallidum. The
rates of primary and secondary syphilis in the United States
are thought to have increased in the late 1980s secondary to
crack cocaine use (and associated unsafe sex practices), but
from 1990 to 2000, rates have decreased to those reported in
1941 (when reporting began), representing a >86% decrease
since 1990.84,85 However, the number of cases have steadily
risen since 2000, reaching a high of 8,724 cases in 2005, pri-
marily in men who have sex with men.86 Another concern is
that syphilis facilitates the transmission of HIV, and recent
outbreaks of syphilis have been associated with HIV-positive
men who have sex with men.86,87 From 1996 to 2005, rates of
congenital syphilis decreased on average by 14.1% per year
(Fig. 65-5). From 2004 to 2005, the overall rate of congenital
syphilis decreased by 12.1% from 9.1 to 8 cases per 100,000
births.86 The Healthy People 2010 (HP) goal (0.2 cases per
100,000 people) is significantly lower than the HP 2000 goal
(4 cases per 100,000). Although we have met the HP 2000
goal, we still have far to go to surpass the HP 2010 goal (Fig.
65-6).

The clinical manifestations of syphilis have not changed ap-
preciably since their first description. However, early diagnosis,
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FIGURE 65-5 Congenital syphilis (CS).
Reported cases for infants younger than
1 year of age and rates of primary
and secondary syphilis among women,
1997 to 2006. (From reference 86.)

treatment, and greater physician/patient awareness of the dis-
ease have reduced the incidence of its severe forms. Penicillin
continues to be the mainstay of therapy. Vaccine development,
although premature, hopefully will advance as more is learned
about the biology of T. pallidum.

Clinical Stages

27. D.M., a 27-year-old homosexual man, presents to the STD
clinic with complaints of malaise, headache, and fever of 4 days’
duration. He also reveals that he had a sore on his penis about
8 weeks ago, but it has since resolved. Upon examination, he is
afebrile and has a widespread maculopapular skin rash that also
involves the soles of his feet; general lymphadenopathy also is ap-
preciated. Medical history is unremarkable except for one episode
of gonorrhea 2 years ago that was treated with procaine penicillin.
Laboratory findings include a normal peripheral WBC count, a
negative serology for HIV antigen, and a positive rapid plasma
reagin (RPR) test and fluorescent treponemal antibody absorp-
tion (FTA-Abs) test. Describe the clinical course of syphilis. Are
D.M.’s symptoms consistent with this infection?

Primary Stage
The average incubation period for syphilis is 3 weeks and
ranges from 10 to 90 days.88 During this incubation period,
T. pallidum can be demonstrated in the lymph and blood. The
primary chancre develops at the site of inoculation as a pain-
less papule that becomes ulcerated and indurated. The ulcer
is nontender and filled with spirochetes. The chancre usually
involves the penis in the heterosexual male; the penis or anus
in the homosexual male; and the vulva, perineum, or cervix
in the female. Occasionally, the lip or tongue is involved. Re-
gional lymph nodes are enlarged, firm, and nontender. Unfor-
tunately, the typical chancre described earlier often is missed,
particularly in women or homosexual men.89 Without treat-
ment, the primary chancre resolves spontaneously, usually in
2 to 6 weeks. The differential diagnosis of genital ulcers also
includes chancroid and genital herpes. Like chancroid, gen-
ital herpes produces painful, superficial, nonindurated ulcers
with tender inguinal adenopathy. However, unlike chancroid,
lesions of genital herpes characteristically proceed through a
vesicular state and often are associated with urethritis, cer-
vicitis, and constitutional symptoms, such as fever and chills.
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FIGURE 65-6 Primary and secondary syphilis, reported rates, 1970 to 2006 and the Healthy People
2010 objective (0.2 CASES PER 100,000). (From reference 86.)
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Syphilis can be differentiated from herpes by a nonpainful
versus painful lesion, a papular versus vesicular appearance,
and single versus multiple lesions. Chancroid is more diffi-
cult to differentiate from syphilis, although chancroid tends to
have a more tender lesion, jagged border, and striking inguinal
lymphadenopathy.90

Secondary Stage
Approximately 6 weeks after a chancre first appears, the un-
treated patient begins to manifest signs and symptoms of the
secondary stage of syphilis. This stage is currently illustrated
by D.M. Skin lesions of secondary syphilis may erupt in a va-
riety of patterns and are usually widespread in distribution. A
macular lesion often is the earliest manifestation in this stage.
The lesion is round or oval, occurs primarily on the trunk,
and is rose or pink in color. As lesions mature, they become
papular or nodular with scaling (the so-called papulosquamous
rash). The differential diagnosis of diffuse papulosquamous
rashes includes psoriasis, pityriasis rosea, and lichen planus.
In syphilis, the palms and soles are characteristically involved,
and oral lesions (mucous patches) may occur. Generalized lym-
phadenopathy usually is present, and patching alopecia may be
seen. The most infectious lesion of secondary syphilis is condy-
loma latum. Condylomata lata are characteristically wet, in-
durated lesions occurring primarily in the perineum or around
the anus as a result of direct spread from the primary lesion.
Laboratory studies sometimes reveal anemia, leukocytosis, or
an increased erythrocyte sedimentation rate. Other manifes-
tations of secondary syphilis include mild hepatitis, aseptic
meningitis, uveitis, neuropathies, and glomerulonephritis.91

Latent Stage
By definition, untreated, asymptomatic persons with serologic
evidence for syphilis have latent syphilis. The latent stage is di-
vided into two phases: the early latent (<1 year’s duration) and
late latent (>1 year’s duration). In the Oslo study of patients
with untreated syphilis, 25% experienced secondary relapses,
usually within the first year.92 Patients who relapse to the sec-
ondary stage are infectious; those in the late latent stage are
not infectious and are immune to reinfection with T. pallidum.

Tertiary Stage
Morbidity and mortality of syphilis in adults are due primarily
to a variety of late manifestations involving the skin, bones,
central nervous system, and cardiovascular system. Infectious
granulomas (gummas), the characteristic lesions of tertiary
syphilis, now are observed infrequently. Most gummas re-
spond quickly to specific therapy, although if critical organs
are involved (heart, brain, liver), they can be fatal.93 The most
common manifestations of syphilitic cardiovascular disease
are aortic insufficiency and aortitis, with aneurysm of the as-
cending aorta.

Neurosyphilis may be classified as asymptomatic early or
late, meningeal, parenchymatous, or gummatous. Although
neurosyphilis has been a rare complication for more than
40 years because of the widespread of use of penicillin,
syphilitic meningitis, an early form of neurosyphilis, may be in-
creasing among HIV-positive patients.94,95 Late neurosyphilis
may be asymptomatic or accompanied by a variety of mani-
festations; the most common syndromes are meningovascular
syphilis, general paresis, tabes dorsalis (locomotor ataxia), and

optic atrophy. In patients with asymptomatic neurosyphilis, ex-
amination of the cerebrospinal fluid (CSF) typically reveals
mononuclear pleocytosis, an elevated protein concentration,
and a positive VDRL reaction.

Patients with asymptomatic neurosyphilis are at increased
risk for developing clinical neurologic disease. Meningovascu-
lar syphilis, now accounting for almost 38% of all cases of neu-
rosyphilis, typically begins abruptly with hemiparesis or hemi-
plegia, aphasia, or seizures.96 General paresis is characterized
by extensive parenchymal damage and includes abnormalities
associated with the mnemonic PARESIS (personality, affect,
reflexes [hyperactive], eye [Argyll Robertson pupil], sensorium
[hallucination, delusions, illusions], intellect [decreased recent
memory, calculations, judgment], and speech). Tabes dorsalis
occurs after demyelinization of the spinal cord. Symptoms ob-
served include an ataxic, wide-based gait and foot slap; pares-
thesias; bladder irregularities; impotence; areflexia; and loss
of position, deep pain, and temperature sensation. The Argyll
Robertson pupil, seen in both paresis and tabes dorsalis, is a
small, irregular pupil that reacts to accommodation but not to
light.

Laboratory Tests

28. Evaluate D.M.’s laboratory findings.

Dark-Field Examination
Exudate expressed from the chancre or from condyloma latum
is examined with a dark-field microscope. The diagnosis of
syphilis is made if spirochetes with characteristic corkscrew
morphology and mobility are present. Dark-field examination
is the most specific and sensitive method, but only when the mi-
croscopist is experienced in the diagnosis of syphilis.97 Three
dark-field examinations on consecutive days should be per-
formed before considering the test negative in suspected pri-
mary syphilis.

Serologic Tests
Serologic tests become reactive during the primary stage, but
as shown in Table 65-5, they may be negative at the time of
presentation with primary syphilis. When the history or ex-
amination suggests primary syphilis, a VDRL should be sent
to the laboratory, or an RPR test should be performed in the
clinic (see discussion on nontreponemal tests, following). If
initial serology and dark-field examinations are negative, the
serology should be repeated in 1 to 4 weeks to exclude pri-
mary syphilis. If the dark-field examination is positive, an RPR

Table 65-5 False-Negative Results With VDRL and FTA-Abs
Tests

Percentage

Stage of Syphilis VDRL FTA-Abs

Primary 24 14
Secondary <0.1 <0.1
Early latent 5 1
Late latent 28 5

FTA-Abs, fluorescent treponemal antibody absorption; VDRL, Venereal Disease Re-
search Laboratory.
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Table 65-6 Causes of False-Positive VDRL and FTA-Abs
Test Results

VDRL FTA-Abs

Technical error Technical error
Other spirochetal diseases

(yaws, bejel, pinta)
Genital herpes

Heroin addiction
Lupus erythematosus Leprosy
Hashimoto thyroiditis Mononucleosis
Malaria Collagen vascular disease
Mononucleosis Pregnancy
Pregnancy
Immunizations
IV narcotic abuse

FTA-Abs, fluorescent treponemal antibody absorption; IV, intravenous; VDRL,
Venereal Disease Research Laboratory.

may still be ordered to establish a baseline for follow-up after
treatment.

Serologic tests are essentially always positive during sec-
ondary syphilis.90 Two types of tests are used for the serodiag-
nosis of syphilis: nontreponemal tests, which measure serum
concentrations of reagin (antibody to cardiolipin), and trepone-
mal tests, which detect the presence of antibodies specific for
T. pallidum.

NONTREPONEMAL TESTS
Nontreponemal tests are not specific for T. pallidum, but can

be quantified. They are inexpensive and useful for screening
large numbers of people. The most widely used nontrepone-
mal tests are the VDRL test and the RPR Card Test. The RPR
test is the most widely used because it is simpler to perform
than the VDRL. Results of the VDRL and RPR are not inter-
changeable; thus, the same test should be used throughout the
post-treatment monitoring period.98

The result reported in the quantitative VDRL test is the
most dilute serum concentration with a positive reaction. This
test may be used to follow the decline in VDRL titer after
effective therapy (see Question 31). In some individuals, a
serofast reaction occurs in which nontreponemal antibodies
may remain at a low titer for a long time and even their entire
lives. When false-positive tests occur (Table 65-6), the titer
usually is low (e.g., VDRL or RPR titer = 1:8).99 In secondary
syphilis, sensitivity of the RPR and VDRL approach 100%
owing to the high antibody concentrations.100

TREPONEMAL TESTS
Specific treponemal tests are most useful to confirm a pos-

itive nontreponemal test. The FTA-Abs test is the most com-
monly used treponemal test. Because the FTA-Abs test requires
fluorescence microscopy, it is relatively difficult and expensive
to perform and not appropriate for screening.

The T. pallidum immobilization (TPI) test, the microhemag-
glutination (MHA-TP) test, and the hemagglutination test for
syphilis (HATTS) are three other treponemal tests. The TPI test
is used rarely because of its cost and complexity. The MHA-TP
and HATTS tests are both easier to perform and less expensive
than the FTA-Abs test, but they are less sensitive in primary
syphilis. Treponemal tests should not be used to assess treat-

ment response because antibody titers correlate poorly with
disease progression. A newer test is the T. pallidum latex ag-
glutination test, which, in one study, was 100% sensitive and
specific for nearly all stages of syphilis and took only 10 min-
utes to complete.98,101 This test, however, is not in widespread
use.

Treatment

29. How should D.M. be treated?

Penicillin G is the drug of choice for the treatment for all
stages of syphilis (Table 65-7).6 Every effort should be made to
rule out penicillin allergy before choosing other antimicrobials
that have been studied much less extensively than penicillin in
the treatment of syphilis. Considering that penicillin-resistant
T. pallidum has never been observed, treatment regimens for
syphilis have changed relatively little over the years.

As shown in Table 65-7, recommended therapy for primary,
secondary, or latent syphilis (with negative findings in the CSF)
of <1 year’s duration is a single, IM 2.4 MU dose of benza-
thine penicillin G. If penicillin is contraindicated, tetracycline
(500 mg PO QID) or doxycycline (100 mg PO BID) for 2 weeks
are the main alternatives.6 If the patient is allergic to peni-
cillin, not pregnant, and is contraindicated or cannot tolerate
tetracycline or doxycycline, a 14-day regimen of azithromycin
(500 mg PO QD) or ceftriaxone (500 mg IM QD) may be
used (Table 65-7).102 The CDC lists an alternative regimen of
azithromycin 2 g in one dose or ceftriaxone 1 g IM or IV for
8 to 10 days.6 The use of erythromycin as an alternative is no
longer recommended by the CDC because of its poor efficacy.
The optimal dose, duration, and efficacy of these alternative
regimens are not well-defined, necessitating close follow-up
of patients. Skin testing should be performed for individuals
who claim allergy to penicillin. If the patient is truly allergic,
he or she should be desensitized with oral penicillin in incre-
mentally greater doses over a 4-hour period, after which a full
course of penicillin may be given.6 Latent syphilis (>1 year’s
duration) and cardiovascular syphilis are treated with IM ben-
zathine penicillin G weekly (2.4 MU) for a total of 3 weeks.
The alternative regimen is doxycycline (100 mg PO BID) or
tetracycline (500 mg PO QID) for 28 days with close serologic
and clinical follow-up. CSF examination is recommended if
alternatives to penicillin are being considered.

Neurosyphilis

30. Would D.M.’s treatment differ if his CSF had tested positive
for syphilis?

Neurosyphilis can present at any stage of syphilis. When
conventional IM doses of benzathine penicillin G are admin-
istered, measurable levels of penicillin are not obtainable in
the CSF. However, this does not mean that penicillin does
not concentrate in meningeal tissue.102 Treatment failures, as
well as late clinical progression to neurosyphilis, can occur
after treatment with the recommended IM regimen. After one
dose, benzathene penicillin reaches peak plasma concentra-
tion slower (13–24 hours) but with more prolonged trepone-
micidal plasma concentrations (7–10 days) than procaine peni-
cillin (1–4 hours to peak; 12- to 24-hour treponemicidal plasma
concentrations).102 Because of reports of benzathine penicillin
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Table 65-7 Treatment Guidelines for Syphilis

Stage Recommended Regimen Alternative Regimen

Early (primary, secondary,
or early latent)a

Benzathine penicillin G 2.4 MU single dose IM Doxycycline 100 mg PO BID for 14 days or
Tetracycline 500 mg PO QID for 14 days or
Ceftriaxone 1 g IM/IV QD for 8 to 10 days or
Azithromycin 2 g PO ×1 dose

Late latent or latent syphilis
of unknown duration

Lumbar puncture Lumbar puncture

If CSF normal: Benzathine penicillin G 2.4 MU/
wk ×3 wk IM

If CSF normal: Doxycycline 100 mg PO BID for 28 days
or

Tetracycline 500 mg PO QID for 28 days
If CSF abnormal: Treat as neurosyphilis If CSF abnormal: Treat as neurosyphilis

Neurosyphilisb

(asymptomatic or
symptomatic)

Aqueous penicillin G 18–24 MU IV QD ×10–14
daysc

Procaine penicillin 2.4 MU IM QD plus probenecid
500 mg PO QID, both for 10–14 days

Congenital Aqueous penicillin G 100,000–150,000 U/kg/d,
administered as 50,000 U/kg/dose IV Q 12 hr
during the first 7 days of life, and Q 8 hr
thereafter for a total of 10 daysd

If CSF normal: benzathine penicillin G 50,000 U/kg/dose
IM in a single dose

or
Procaine penicillin G 50,000 U/kg/dose IM a day in

a single dose for 10 days
Syphilis in pregnancy According to stage According to stage

aSome experts recommend repeating this regimen after 7 days for HIV-infected patients.
bBecause of the shorter duration of therapy as compared with latent syphilis, some experts recommend giving benzathine penicillin G, 2.4 MU/wk for up to 3 weeks, after the
completion of these neurosyphilis regimens to provide a comparable total duration of therapy.
cAdministered as 3–4 MU IV every 4 hours or continuous infusion.
d All infants born to women treated during pregnancy with erythromycin must be treated with penicillin at birth.
Adapted from reference 6.

failures in the 1970s, the CDC guideline recommends treat-
ment of neurosyphilis with aqueous penicillin G, 3 to 4 MU
IV every 4 hours, or 18 to 24 MU/d continuous infusion, for
10 to 14 days.6 Alternatively, neurosyphilis can be treated with
procaine penicillin (2.4 MU IM/d) plus probenecid (500 mg PO
every 6 hours) for 10 to 14 days. Some experts add benzathine
penicillin G (2.4 MU IM once a week for up to 3 weeks) after the
completion of aqueous penicillin G or procaine penicillin in the
hope of providing persistent treponemicidal blood/tissue/CSF
levels; the duration of therapy is the same as that for late-stage
syphilis. Penicillin-allergic patients should be skin tested to
confirm allergy and, if confirmed, the patient should be de-
sensitized and treated with an appropriate penicillin regimen.
The World Health Organization also recommends penicillin-
allergic nonpregnant patients receive either doxycycline
200 mg PO BID or tetracycline 500 mg PO QID for 30 days.103

Follow-Up

31. D.M. was treated with a single IM dose of benzathine peni-
cillin (2.4 MU). How should his response to therapy be monitored?

Physical examination and a quantitative VDRL or RPR test
for primary and secondary syphilis should be repeated at least
6 and 12 months after therapy.6 Retreatment should be consid-
ered when the RPR or VDRL titer does not decline by fourfold
in 6 months. Patients who also are infected with HIV should
have serologic testing every 3 months for 1 year and then a
follow-up at 2 years.90 Patients with latent syphilis should be
retested 6, 12, and 24 months after treatment. Close nontre-
ponemal serologic test monitoring is necessary if antibiotics
other than penicillin are used; CSF examination should be per-

formed in these patients at their last follow-up visit. Patients
with neurosyphilis should be monitored serologically every 6
months; CSF examinations should be repeated at 6-month in-
tervals until normal. If still abnormal at 2 years, retreatment
should be considered. Return of lesions, a fourfold increase in
titer, or a titer of 1:8 that does not fall at least fourfold within
12 months indicates the need for retreatment because of re-
lapse or reinfection. Suspected treatment failures, especially if
there is an abnormal CSF, should be treated as described for
neurosyphilis. However, false-positive serologic results should
be ruled out (Table 65-6).

Within 2 years, most patients with early syphilis become
seronegative. However, if the disease is treated during the late
stages, complete seroreversal may not occur. Patients treated
with oral doxycycline or erythromycin are less likely to be-
come seronegative.104 Therapy is considered adequate in pa-
tients who never become seronegative if the titer decreases
fourfold. Although the disease process may be halted in pa-
tients with tertiary syphilis, existing damage to the cardiovas-
cular or nervous systems cannot be reversed.

Pregnancy

32. N.W., a 27-year-old woman in her 19th week of gestation,
has a positive VDRL and FTA-Abs. How should N.W. be man-
aged? How would management be altered in the face of penicillin
allergy?

Although pregnancy has been a reported cause of false-
positive nontreponemal tests,91 the presence of both a positive
treponemal test and a nontreponemal test virtually excludes a
false-positive reaction.97 The next step is to determine whether
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N.W. already has been treated adequately. If she has previously
received adequate treatment and follow-up and shows no ev-
idence of persistence or recurrence of syphilis, then she re-
quires no further therapy. Pregnancy has no known effect on
the clinical course of syphilis.105 However, her infant should
be observed carefully. If N.W. has not been treated previously
for syphilis, then she should be treated with penicillin in the
same doses recommended for nonpregnant women; some ex-
perts recommend a second dose 1 week later of 2.4 MU of
benzathine penicillin.6

The goal of therapy should be to treat the mother with
syphilis as soon as possible. Syphilis transmission can occur
transplacentally as early as 9 to 10 weeks’ gestation and by di-
rect contact with lesions in the birth canal.105,106 If the mother
is left untreated, 70% to 100% of fetuses born to mothers with
primary or 40% with secondary syphilis may be aborted, still-
born, or born with congenital syphilis (see Question 34).107,108

There is no completely satisfactory alternative for the preg-
nant woman allergic to penicillin. Tetracycline, as well as
doxycycline, should be avoided during pregnancy, especially
during the second or third trimester, because of tetracycline’s
known effects on the fetus (tooth staining and inhibition of
bone growth).109

Erythromycin has been used to treat pregnant patients with
syphilis. However, the mean transplacental transfer rate (ratio
of the concentration between maternal and fetal blood levels)
of erythromycin is only 3%.110 This may explain why some
patients treated with erythromycin aborted or had stillborn
infants. Therefore, erythromycin is no longer recommended
as therapy for syphilis in the pregnant patient.6 A woman
with a history of allergy to penicillin should be skin tested;
if allergy is confirmed, she should be desensitized and treated
with penicillin.6 It is possible that the newer cephalosporins
and azithromycin may ultimately prove to be more accept-
able alternatives to penicillin G in the pregnant woman with
syphilis who is allergic to penicillin, but data are insufficient
at this time to recommend their use. Even with adequate de-
tection and treatment, fetal infection may still occur; however,
more recent evidence suggests that adequate treatment with
the appropriate penicillin dose can prevent up to 98% of fetal
infections.111,112 During pregnancy, the patient should be fol-
lowed up with monthly quantitative VDRL titers to evaluate
the effectiveness of therapy; thereafter, she should be followed
up as any other patient with syphilis.

Jarisch-Herxheimer Reaction

33. N.W. was treated with an IM injection of 2.4 MU of benza-
thine penicillin G. Six hours later, she complained of diffuse myal-
gias, chills, headache, and an exacerbation of her rash. She was
tachypneic, but normotensive. What has happened? How should
N.W. be managed?

N.W. has developed the Jarisch-Herxheimer reaction (JHR),
a benign, self-limited complication of antitreponemal antibi-
otic therapy that develops in a high proportion of patients
within a few hours after treatment of secondary syphilis and
less often after primary. The cause of JHR is not well under-
stood, but is probably related to release of cytokines.113 Clin-
ical manifestations include fever, chills, myalgias, headache,
tachycardia, and hypotension. The pathogenesis of the syn-
drome is uncertain, but the reaction is not an allergic reaction

to penicillin. It typically begins 1 to 2 hours after antibiotic ad-
ministration and normally subsides spontaneously even while
antibiotics are continued.114 Notably, JHR can occur after ad-
ministration of many antimicrobials and is not exclusive to
penicillins, nor is it exclusive to syphilis treatment, occurring
in other spirochetal diseases such as Lyme disease and relaps-
ing fever.115 Usually self-limiting in nonpregnant patients, the
primary risk of this reaction in pregnant women is miscarriage,
premature labor, or fetal distress.116 Pregnant women should
seek medical attention if contractions or a change in fetal move-
ments are noted. Close monitoring of JHR should be observed
for patients with ophthalmic or neurologic syphilis. For these
patients, prednisolone 10 to 20 mg three times a day for 3 days
given 24 hours before syphilis treatment may prevent fever, but
will not control local inflammation.102 Tumor necrosis factor-α
has been demonstrated to have some success in the prevention
of JHR in spirochete disease.117 Although there is no proven
effective preventive therapy, some experts still recommend an-
tipyretics, hydration, and patient education; antibiotic therapy
should not be discontinued.

Neonatal Syphilis

34. How should N.W.’s baby be treated if a diagnosis of congen-
ital syphilis is confirmed?

Infants born to mothers who have been treated for syphilis
during pregnancy should be carefully examined at birth, at
1 month, every 2 to 3 months for 15 months, and then every
6 months until the VDRL is negative or stable at a low titer.
Newborn serology is difficult to interpret because of transpla-
cental transfer of nontreponemal and treponemal immunoglob-
ulin G to the infant. Treatment decisions are largely based
on evidence of syphilis in the mother, adequacy of maternal
treatment, comparison of maternal and neonate nontreponemal
serology, and/or presence of clinical or laboratory evidence of
syphilis in the neonate. Aqueous penicillin G 50,000 U/kg per
dose IV every 12 hours should be used during the first 7 days
of life and every 8 hours thereafter for a total of 10 days. Pro-
caine penicillin G 50,000 U/kg per dose IM daily for at least 10
days is an alternative regimen.6 If more than 1 day of therapy
is missed, the CDC recommends restarting the entire course.
In addition, infants should be treated at birth, even if they are
asymptomatic, when maternal treatment is unknown or inade-
quate, or when infant follow-up cannot be guaranteed. In most
cases, a CSF examination should be performed before treat-
ment is begun to rule out neurosyphilis. Although benzathine
penicillin (50,000 U/kg IM) as a single dose is recommended
by some clinicians to treat infants who may not be followed up
on, data on the efficacy of this treatment regimen are lacking
and any abnormalities in the infant’s examination (e.g., abnor-
mal or uninterpretable CSF, long-bone radiographs, complete
blood count, and platelets) should preclude its use.6

CHANCROID
Chancroid or soft chancre is a painful genital ulcer disease
that often is associated with tender inguinal adenopathy. It
is caused by Haemophilus ducreyi, a Gram-negative bacillus.
Chancroid is endemic in developing countries and some areas
of the United States, but its incidence in the United States has
steadily declined from nearly 5,000 cases in 1987 to 17 cases in
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2005.3 Chancroid and other genital ulcers have been implicated
in the transmission of HIV. In the United States, up to 18% of
people with genital ulcers were also HIV seropositive.118

Signs and Symptoms

35. T.G., a 31-year-old uncircumcised man, presents to the STD
clinic with complaints of tender lesions on the penis and inguinal
regions. He noticed the penile lesions on the external surface of the
prepuce (foreskin) 2 days before his visit. The lesions were sharply
demarcated, but were not indurated; the base of the penile ulcer
was covered by a yellow-gray purulent exudate. Right inguinal
adenitis was present and extremely painful on palpation. A dark-
field examination of the purulent exudate was negative. Gram
stain revealed a mixture of Gram-positive and Gram-negative
flora. T.G. claims to have no drug allergies. What is the natural
course of chancroid? Does T.G. have signs or symptoms consistent
with chancroid? What diagnostic procedures are necessary?

Uncircumcised males may have an increased risk of chan-
croid infection and may not respond to therapy as well as cir-
cumcised males.6,119 A painful genital ulcer appears 3 to 10
days after exposure and begins as a tender, red papule that be-
comes pustular and ulcerates within 2 days. As illustrated by
T.G., the ulcer may be covered by a grayish or yellow exudate.
Multiple ulcers and tender inguinal lymph nodes, which may
become fluctuant, are seen in about 50% of cases.120 Aspira-
tion of fluctuant nodes may be necessary to prevent rupture.
A Gram stain can be misleading because of the polymicro-
bic nature of the ulcer and culture and because isolation of
H. ducreyi is difficult, requiring specialized specimen collec-
tion and growth media.6,121

Treatment

36. How should T.G.’s chancroid be treated?

Most strains of H. ducreyi produce a TEM-type β-
lactamase, and many strains are resistant to the antimicro-
bials that traditionally were used to treat chancroid, such as
sulfonamides and tetracycline.122,123 Currently recommended
treatment regimens include azithromycin 1 g PO for 1 dose,
ceftriaxone 250 mg IM once, ciprofloxacin 500 mg PO BID
for 3 days, or erythromycin base 500 mg PO TID for 7
days.6 Ciprofloxacin is contraindicated in pregnant and lac-
tating women and children 17 years of age or younger. Be-
cause T.G. does not have a history of penicillin hypersensi-
tivity, ceftriaxone as a single dose is the preferred treatment
regimen. Treatment may not be as effective for patients who are
coinfected with HIV or who are uncircumcised.6,119 Follow-
up should occur 3 to 7 days after treatment is initiated. De-
pending on the size of the ulcer, the time required until com-
plete recovery will vary; larger ulcers may require longer than
2 weeks.6

VAGINITIS
Vaginitis is one of the most common reasons why women seek
gynecologic care. Approximately 10 million physician office
visits are made annually in the United States for women seek-
ing evaluation and treatment of their symptoms.124 The term
vaginitis refers to such nonspecific vaginal symptoms as itch-
ing, burning, irritation, and abnormal discharge that may be

caused by infection or other medical conditions. The most com-
mon vaginal infections are BV (22%–50% of cases), vulvo-
vaginal candidiasis (VVC; 17%–39% of cases), and trichomo-
niasis (4%–35% of cases). However, between 7% and 72% of
cases of vaginitis may remain undiagnosed.125

BACTERIAL VAGINOSIS
Bacterial vaginosis (formerly called nonspecific vaginitis,
leukorrhea, G. vaginalis, or H. vaginalis) is associated with
an increased, malodorous vaginal discharge. The normal vagi-
nal lactobacillus flora is replaced by Mobiluncus species, Pre-
votella species, M. hominis, and increased numbers of G. vagi-
nalis.

The prevalence of BV varies widely owing to differing diag-
nostic criteria, demographics, and lack of a national reporting
system, but it probably represents the most common cause of
vaginal disharge.126 Many sexually active women are infected
with G. vaginalis at any one time, yet fewer than 50% are
symptomatic or have signs of abnormal vaginal discharge.127

The evidence for definitive risk factors in BV is inconclusive.
Multiple sexual partners,6 a new sexual partner,6 IUDs,128 and
douching129 have been associated with BV, whereas smoking,
abnormal Pap smears, and timing in relation to menstrual cy-
cle have not.129 There is conflicting information on the role of
heterosexual transmission; some nonsexually active postpu-
bertal women had BV,130 whereas longitudinal cohort studies
showed increased incidence of BV after single and multiple
sexual experiences.131,132 A study among sexually active les-
bians showed strong evidence for sexual transmission.133 The
routine treatment of sexual partners is not recommended be-
cause clinical trials have shown that a women’s response to
therapy or her likelihood of relapse or recurrence is not af-
fected by the treatment of her sexual partner(s).6

Signs, Symptoms, and Diagnosis

37. H.H. is a 24-year-old, sexually active woman with a 1-week
history of moderate vaginal discharge that has a “fishy” odor, most
notable after coitus. She has no complaints of vaginal pruritus or
burning. On examination, the discharge appears thin, white, ho-
mogeneous, and notably malodorous. A wet mount of the vaginal
secretion revealed few leukocytes and numerous “clue cells.” The
vaginal pH was 4.8, and a characteristic fishy odor was noted when
the discharge was mixed with 10% potassium hydroxide (KOH).
Does H.H. have signs and symptoms consistent with BV? What
diagnostic tests are required?

H.H.’s signs and symptoms are typical of BV. The clinical
diagnosis can be confirmed by a vaginal Gram stain that shows
overgrowth of the vagina with G. vaginalis and other organisms
as noted earlier.

A 10% KOH solution mixed with the vaginal secretions
yields a transient “fishy” odor because of the increased produc-
tion of biogenic diamines (positive amine test). A wet prepa-
ration of the specimen reveals “clue cells” (exfoliated vaginal
epithelial cells with adherent coccobacillary pathogens), pH
>4.5, and the characteristic KOH “whiff” test.134 If there are
many white cells, other infections (e.g., T. vaginalis) should
be suspected. Self-diagnosis is correct only about 3% to 4%
of the time because most women attribute symptoms to poor
hygiene.135
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Treatment

38. How should H.H. be treated?

Nonpregnant women with symptomatic disease require
treatment. Oral metronidazole 500 mg twice a day for 7 days
is the most effective treatment of BV. Initially, up to 95% of
women respond to this regimen, although only 82% still re-
port cure after 4 weeks, indicating the need for follow-up
if symptoms persist or recur.126,136 The FDA has approved
metronidazole extended release 750 mg once daily for 7 days
and a single dose of clindamycin intravaginal cream for the
treatment of BV; however, the CDC reports that limited data
have been published evaluating these regimens to other estab-
lished therapies.6 Metronidazole 2 g as single-dose therapy is
no longer recommended for treatment because this regimen has
the lowest efficacy against BV.6 Ampicillin is no longer con-
sidered an alternative treatment because approximately 50%
of women develop recurrent symptoms within 6 weeks.126,137

Clindamycin cream 2%, one full applicator (5 g) intravagi-
nally at bedtime for 7 days or metronidazole 0.75% gel, one
full applicator (5 g) intravaginally, once daily for 5 days are
CDC-approved topical recommendations.6,138 Patients should
be instructed to avoid consuming alcohol during treatment with
metronidazole and for 24 hours afterward. Additionally, clin-
damycin cream is oil based and may weaken latex condoms or
diaphragms. Alternatively, the CDC recommends clindamycin
300 mg PO two times a day for 7 days or clindamycin ovules
100 mg intravaginally once daily at bedtime for 3 days.

BV has been associated with pregnancy complications such
as preterm labor and premature delivery. If the decision is made
to treat BV during pregnancy, the CDC recommends metron-
idazole 250 mg PO three times daily for 7 days or 500 mg PO
twice a day for 7 days or clindamycin 300 mg PO twice daily for
7 days. Recent teratogenic data suggest that metronidazole is
not harmful to the fetus but the use of intravaginal clindamycin
cream has been associated with preterm delivery.6,139

VULVOVAGINAL CANDIDIASIS
Candida albicans is the causative organism of VVC in 80%
to 92% of cases, with C. glabrata and C. tropicalis account-
ing for most of the remaining cases.140,141 The latter organ-
isms have been identified increasingly as the causative agents
of VVC over the past two decades. Approximately 75% of
women will experience at least one episode of VVC, and 40%
to 45% will have two or more episodes within their lifetime.6

Approximately 5% of women who have VVC have recurrent
candidal episodes (defined as four or more episodes of VVC in
1 year).6 Vulvovaginal candidiasis is not usually described as
an STD because celibate women can develop VVC; however,
the incidence of VVC increases when women become sexually
active.141 Because of this, VVC is often diagnosed during eval-
uation for a suspected STD when women present with vaginal
symptoms.6

Assessing Self-Treatment

39. L.L., a 23-year-old woman, purchases an over-the-counter
(OTC) antifungal agent to relieve vaginal symptoms that she be-
lieves are caused by a vaginal yeast infection. L.L. asks the phar-
macist for assistance in the selection of an antifungal agent. What

Table 65-8 Questions to Gain Information About Possible
Candida Vulvovaginitisa

What symptoms are you experiencing currently?
Have you previously been diagnosed by a physician as having a vaginal

yeast infection?
What symptoms did you experience with that previous yeast infection?

Are the symptoms you are experiencing now the same or similar to
those you had with that previous infection?

If you were treated previously for a vaginal infection, what antifungal
agent did you use? For how long did you use it? Was it effective?

Did you experience any adverse effects associated with use of the
antifungal agent?

Are you pregnant?
Do you have any medical problems?
Are you taking any medications?
Do you have allergies?
Do you use any vaginal preparations (e.g., feminine hygiene sprays or

douches)?
If you have sexual intercourse, what contraceptive method do you use?

Does your sexual partner use a condom?
You could also ask questions about tight-fitting clothes, nylon

undergarments, swimming, etc.

aA questionnaire form might also be helpful in collecting information from the
patient.

information should be obtained from L.L. before a medication is
recommended?

The pharmacist should ask L.L. if this is her first episode
of vaginitis or whether she has experienced similar symptoms
previously that have been diagnosed as a vaginal yeast infec-
tion and treated by a physician. The nonprescription antifungal
agents are indicated for the treatment of VVC in women who
previously were diagnosed and treated by their physician. She
should be referred to her physician if (a) this is her first episode
of VVC; (b) she has had two episodes of VVC within the past 6
months; (c) she is pregnant; (d) she is younger than 16 or older
than 60 years of age; (e) she currently has abnormal vaginal
bleeding or lower abdominal pain; (f) she has been exposed to
a STD; or (g) she has a malodorous vaginal discharge (Table
65-8).

Signs and Symptoms

40. L.L. has experienced two episodes of vaginal yeast infec-
tions, with the most recent case occurring approximately 1 year
ago. On both occasions she was diagnosed as having VVC by her
physician and responded to antifungal therapy. L.L. currently de-
scribes vaginal and vulvar itching, vaginal soreness, and vulvar
burning accompanied by a thick, white vaginal discharge that
has the consistency of cottage cheese. She has been unable to have
sexual intercourse because of pain. These symptoms are similar to
those she experienced with her previous vaginal yeast infections.
L.L. has no underlying major health problems. Her current med-
ications include oral tetracycline for acne and Ortho Tri-Cyclen
for birth control. She has regular menstrual cycles and her last
menstrual period ended 4 days ago. What clinical manifestations
does L.L. exhibit that are consistent with VVC? What are other
common manifestations?

L.L. exhibits signs and symptoms associated with VVC
(i.e., vulvar and vaginal pruritus, vaginal soreness, vulvar
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burning, dyspareunia, and a thick, white vaginal discharge that
appears to be “curdlike”).6 Although vulvar pruritus occurs in
most symptomatic patients, many affected women have little
or no vaginal discharge.140 Typically, the vaginal discharge as-
sociated with VVC is a nonodorous, highly viscous, white dis-
charge that may vary in consistency from curdlike to watery.140

Symptoms may be worse before menses and may diminish with
the onset of menses.140

Differential Diagnosis

41. How can VVC be differentiated from other vaginal infec-
tions?

VVC should be differentiated from other vaginal infections
(e.g., BV) because a nonprescription antifungal agent could de-
lay the appropriate treatment of other vaginal infections. The
physical appearance of the vaginal discharge may be useful in
predicting VVC if it is a viscous, nonodorous, white, curdlike
discharge and the patient has a normal vaginal pH (pH < 4.5).6

The quantity of the discharge may be scanty to profuse. Some
women with VVC exhibit only vaginal erythema with minimal
discharge or an increased amount of normal vaginal secretion.
Table 65-9 characterizes the vaginal discharges associated with
VVC, BV, and vaginal trichomoniasis. The vaginal discharge
from a woman with signs and symptoms of VVC should be
examined for the microscopic presence of Candida using a
wet mount preparation with 10% KOH or a Gram stain of the
vaginal discharge. The use of KOH improves the visualization
of yeast or pseudohyphae that are seen in approximately 70%
of women diagnosed with VVC.6 If the wet mount is negative,
the patient’s vaginal discharge should be cultured for Candida
in an appropriate growth medium. The identification of Can-
dida in the absence of signs and symptoms is not diagnostic for
VVC and therefore treatment should not be initiated because
Candida and other species of yeast represent part of the normal
flora in approximately 10% to 20% of women.6 It is the prolif-
eration of C. albicans or other yeasts that lead to vulvovaginitis
symptoms.

PHYSIOLOGICAL VAGINAL DISCHARGE AND SYMPTOMATIC NORMAL pH
VULVOVAGINITIS

42. Do women such as L.L., who have an increased vaginal dis-
charge and symptoms consistent with VVC, necessarily have a
vaginal infection?

Although the possibility of vaginal infection must be ad-
dressed when a woman presents with an increased vaginal dis-
charge with or without symptoms, other conditions are as-

Table 65-10 Modified Amsel’s Criteria for the Diagnosis of
Bacterial Vaginosis

At least three of the following signs must be present for diagnosis:
Homogeneous discharge
Fishy amine odor when 10% KOH is added (sniff test)
Clue cells (i.e., >20% on wet mount)
Vaginal pH > 4.5
No lactobacilli on wet mount
KOH, potassium hydroxide.

From reference 236.

sociated with an increased discharge. First, a physiological
vaginal discharge must be distinguished from a pathological
discharge. Physiological discharges (Table 65-9) characteris-
tically are nonodorous, white or clear, highly viscous or floc-
cular, and acidic (pH ∼4.5). Physiological discharges may be-
come more profuse at midcycle secondary to increased cervical
mucus or vaginal epithelial cells. Other conditions resulting in
excessive vaginal discharge with or without VVC-like symp-
toms include retention of foreign bodies (e.g., tampons) and
allergic reactions or contact dermatitis secondary to the use of
vaginal spermicidal agents, soaps, deodorants, douches, vagi-
nal lubricants, and condoms. Episodes of vulvovaginitis-like
symptoms can be secondary to the frequent use of hot tubs,
Jacuzzis, or swimming pools that contain chemically treated
water (e.g., high levels of chlorine).142

Susceptibility to Vulvovaginal Candidiasis

43. What specific groups of women are most susceptible to
VVC? Does L.L. fit into any group at high risk for VVC?

Women are most susceptible to VVC during their child-
bearing years. Approximately 50% of U.S. college women re-
port having an episode of VVC between menarche and age
25.141 Candida albicans colonization and symptomatic VVC
increase during pregnancy and when high estrogen-containing
oral contraceptives are used. This increase has been attributed
to estrogen enhancement of the binding affinity of vaginal ep-
ithelial cells to C. albicans.143 Women with high glycogen
concentrations (e.g., uncontrolled or poorly controlled dia-
betes mellitus); women with depressed cell-mediated immu-
nity secondary to disease (e.g., cancer, HIV infection); and
women taking broad-spectrum antibiotics or immunosuppres-
sive drugs (e.g., cytotoxic agents, corticosteroids) may have in-
creased susceptibility to VVC.141,143 Individual cases of VVC,

Table 65-9 Characteristics of Vaginal Discharge

Characteristics Normal Candidiasis Trichomoniasis Bacterial Vaginosis

Color White or clear White Yellow-green White to gray
Odor Nonodorous Nonodorous Malodorous Fishy smell
Consistency Floccular Floccular Homogeneous Homogeneous
Viscosity High High Low Low
pH −4.5 4–4.5 5–6.0 >4.5
Other characteristics Thick, curdlike Frothy Thin

From references 140, 141, and 143.
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although not related to intercourse, may be related to orogenital
sex.

L.L. is taking tetracycline, which may heighten her risk of
developing VVC. Antibacterials (e.g., tetracycline, ampicillin,
cephalosporins) increase the risk for C. albicans overgrowth
by suppressing the normal vaginal flora (e.g., lactobacilli),
which normally protect against C. albicans. L.L. is also taking
a low-estrogen–containing oral contraceptive; however, low-
dose oral contraceptives have not been consistently associated
with an increased risk of VVC.144,145 The use of diaphragms,
vaginal sponges, and IUDs also may be risk factors for VVC.146

Stress-induced VVC and an increased incidence of VVC
before menstruation have been described.143 The cause of both
is currently unknown. Although various dietary factors have
been postulated as a cause of vaginal yeast overgrowth, the role
of diet in the development of VVC remains inconclusive.143

Treatment of Vulvovaginal Candidiasis
VAGINALLY ADMINISTERED AZOLES

44. What vaginally administered therapy might be effective for
L.L.’s VVC?

L.L. is an appropriate candidate for OTC therapy (Table
65-11) because she had previous vaginal yeast infections with
symptoms similar to those she currently is experiencing, and
her VVC is uncomplicated (defined as sporadic disease with
mild to moderate symptoms in a immunocompetent host).6

When a patient’s VVC appears complicated (defined as recur-
rent infections, severe symptoms, non-albicans candidiasis,
presence of uncontrolled diabetes, debilitation, immunosup-
pression, or pregnancy), she should be referred to her medical
practitioner.6 L.L. should respond to short-term topical azole
therapy. In addition, L.L. should ask her physician whether she

Table 65-11 Products Available for the Treatment of Candida Vulvovaginitis

Drug Availability Trade Names Dosing Regimens

OTC Products

Butoconazole 2% vaginal creama Femstat 3 Nonpregnant women: Administer 1 applicatorful
intravaginally QHS for 3 consecutive days

Pregnant women during second and third trimesters:
Administer 1 applicatorful intravaginally QHS for
7 consecutive days

Clotrimazole 1% vaginal creama Gyne-Lotrimin 7;
Mycelex-7; Sweet’n
Fresh Clotrimazole 7;
various generics

Administer 1 applicatorful intravaginally QHS for
7 consecutive days

Miconazole 2% creama Monistat 7; Femizol-M;
various generics

Administer 1 applicatorful intravaginally QHS for
7 consecutive days

100-mg vaginal
suppositoriesa

Monistat 7 Insert 1 suppository intravaginally QHS for 7 consecutive days

200-mg vaginal
suppositoriesa

Monistat 3 Insert 1 suppository intravaginally QHS for 3 consecutive days

1200-mg vaginal
suppositoriesa

Monistat 1 Daytime
Ovule

Insert 1 suppository intravaginally HS for 1 dose only

Tioconazole 6.5% vaginal ointment Vagistat-1, generics Administer 1 applicatorful intravaginally at HS for 1 dose only

Prescription Products

Butoconazole
(sustained release)

2% vaginal creama Gynazole 1 Nonpregnant women: Administer 1 applicatorful HS for
1 dose only

Clotrimazole 100-mg vaginal tablets Gyne-Lotrimin;
Mycelex-7; Sweet’n
Fresh Clotrimazole 7;
various generics

Insert 1 tablet intravaginally QHS for 7 consecutive days

100-mg vaginal tablets Gyne-Lotrimin;
Mycelex-7; Sweet’n
Fresh Clotrimazole 7;
various generics

Insert 2 tablets intravaginally QHS for 3 consecutive days

Fluconazole 150-mg oral tablet Diflucan tablet Take 1 tablet PO for 1 dose only
Nystatin 100,000 U vaginal tablet Mycostatin; Nystatin;

various generics
Insert 1 tablet intravaginally QHS for 14 consecutive days

Terconazole 0.4% vaginal creama Terazol 7 Administer 1 applicatorful intravaginally QHS for
7 consecutive days

0.8% vaginal creama Terazol 3 Administer 1 applicatorful intravaginally QHS for
3 consecutive days

80-mg vaginal suppositoriesa Terazol 3 Insert 1 suppository intravaginally QHS for 3 consecutive days

aThe CDC states that the use of vaginally administered oil-based preparations may weaken latex products such as condoms and diaphragms.
OTC, over-the-counter; QHS, at bed time.
From reference 6.
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should continue with oral tetracycline or be prescribed another
oral antibiotic instead. If L.L. had been evaluated by her physi-
cian, single-dose oral fluconazole or 3-day intravaginal therapy
might have been prescribed.

The available azole antifungals are equally effective in treat-
ing VVC with cure rates between 80% and 90% when a full
course of therapy is completed.6,147 All the azole antifungal
products listed in Table 65-11 are superior to nystatin. The
medication used to treat L.L.’s VVC should be selected based
on response or failure to previous therapy, convenience, ease of
use, length of therapy, dosage form, and cost. L.L. should se-
lect a non–oil-based product if a latex condom or a diaphragm
is used for contraception (Table 65-11).

OTHER TREATMENTS FOR ACUTE VULVOVAGINAL CANDIDIASIS
Oral lactobacillus and lactobacillus-containing yogurt have

long been advocated for the treatment of VVC; however, ev-
idence in support of this treatment is inconclusive.148 Boric
acid (600-mg capsules) inserted high in the vagina at bed-
time for 14 days is effective for the treatment of VVC, but
vaginal burning and irritation occur in approximately 4% of
women and boric acid is poisonous if inadvertently ingested.148

The primary indication for these extemporaneously prepared
boric acid capsules primarily has been in the treatment of
fluconazole-resistant Candida infection, especially that due to
C. glabrata. Gentian violet preparations also have limited use
in the treatment of candidiasis because they stain clothing and
bed linens and cause local irritation and edema. It is impor-
tant to note that these alternative regimens for the treatment of
acute VVC are not currently recommended by the CDC.

ORAL AZOLES

45. How effective are orally administered azoles in the treat-
ment of an acute VVC infection such as the one L.L. is experienc-
ing?

Fluconazole (Diflucan), administered as a single 150-mg
oral dose, is the only oral antifungal agent currently recom-
mended by the CDC for the treatment of acute VVC (Table
65-11).6 In two clinical studies, a single 150-mg oral dose of
fluconazole was as effective as 3- to 6-day regimens of intrav-
aginal clotrimazole.149,150 Although some women may prefer
an orally administered drug to one that is administered intrav-
aginally, their use for mild to moderate VVC is of some concern
because of the possibility for systemic adverse effects.

Adverse Effects Associated With Azoles

46. What adverse effects might L.L. experience from intravagi-
nally or orally administered azoles?

When used intravaginally, azoles are associated with mini-
mal adverse reactions, many of which are similar to the symp-
toms women report from candidiasis infections. Thus, it can
be difficult to differentiate disease symptoms from adverse
drug reactions. If the vaginal symptoms seem to worsen after
therapy is started, the patient should contact her health care
provider. In addition, if symptoms have not improved within
3 days after initiation of therapy, the patient should contact
her physician to rule out more severe disease, treatment of the
wrong disease, or drug-related adverse effects. Vulvovaginal
irritation, itching, burning, and pelvic cramps are commonly
associated with vaginal administration of azoles (3%–4%).151

Miconazole has also been associated with headaches, allergic
contact dermatitis, and skin rashes; clotrimazole with vulvo-
vaginal pruritus, dyspareunia, and bloating; butaconazole with
vulvovaginal pruritus (0.9%), burning (2.3%), soreness, dis-
charge, and swelling; terconazole with headaches (21%–30%),
dysmenorrhea (6%), genital pain (4.2%), and pruritus (2.3%–
5%); and tioconazole with burning (6%) and itching (5%). Oral
fluconazole has been associated with headache (13%), nausea
(7%), abdominal pain (6%), diarrhea, dyspepsia, dizziness,
taste perversion, angioedema, and rare cases of anaphylactic
reactions.151

Patient Counseling

47. How should L.L. be counseled about the use of a nonpre-
scription (OTC) vaginal antifungal product?

The details of intravaginal administration should be re-
viewed with L.L., including instructions on how to clean the
applicator (if one is used for drug administration) after each
use. To minimize leakage and annoyance, L.L. should apply
the product at bedtime to increase retention in the vagina. She
should be advised that the OTC vaginal antifungal creams and
suppositories are oil based and thus may weaken condoms or
diaphragms, thereby reducing their effectiveness.

L.L. should be informed about the importance of complet-
ing a full course of therapy even if her symptoms subside be-
forehand and to continue her antifungal treatment through her
menstrual period should it occur. In addition, L.L. should be
instructed to see her physician if her symptoms persist, if she
experiences symptoms that signal a more serious problem (e.g.,
abdominal pain, fever, a foul-smelling or bloody vaginal dis-
charge), or if another yeast infection occurs within 2 months.

L.L. also should be advised to avoid wearing tight-fitting,
unventilated underwear (e.g., nylon panties or panty hose) and
tight-fitting jeans because a warm, moist environment can fa-
cilitate fungal growth. However, a study addressing risk factors
for VVC found no relation between type of underwear and the
incidence of VVC.146 L.L. also could be alerted to the pos-
sible relation between candidiasis and swimming in a heavily
chlorinated pool or frequent use of a Jacuzzi or hot tub.

Complicated Vulvovaginal Candidiasis

48. How would management of L.L.’s VVC differ if she had
poorly controlled diabetes?

VVC in a woman with uncontrolled diabetes is usually con-
sidered to be complicated VVC. A diagnosis of complicated
VVC is also warranted when the VVC is severe, recurrent (as
defined), caused by non-albicans species of Candida, or when
VVC occurs in an immunosuppressed, debilitated, or preg-
nant woman. Approximately 10% to 20% of VVC cases can
be classified as complicated.6 The treatment of complicated
VVC varies depending on the underlying cause of complica-
tion. Severe VVC (extensive vulvar erythema, edema, excori-
ation, and fissures) should be treated with a 7- to 14-day course
of topical azoles or two oral doses of fluconazole 150 mg given
72 hours apart.6 Infection with non-albicans Candida should
be treated with a 7- to 14-day course of an oral or intrav-
aginal azole.6 Oral fluconazole has poor activity against non-
albicans Candida and should not be used; however, a 7-day reg-
imen of terconazole 0.4% cream has been shown to eradicate
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non-albicans Candida in 56% of affected patients.6,152 Boric
acid 600-mg capsules administered intravaginally once daily
for 14 days can be used if this regimen is not effective in erad-
icating the infection.6

Recurrent Vulvovaginal Candidiasis

49. L.L. develops another case of VVC 1 month later. Does she
have recurrent VVC? How should she be treated?

Most women have only occasional episodes of VVC, but
approximately 5% experience recurrent VVC infections de-
fined as four or more episodes per year.6 To determine whether
L.L. has recurrent VVC, a diagnosis of Candida needs to be
confirmed by vaginal cultures. Then, underlying risk factors
for VVC, such as uncontrolled diabetes mellitus, consumption
of excess sugars, IUD placement, and use of antibiotics, must
be ruled out.153 Based on the timing of L.L.’s episodes and the
absence of risk factors, L.L. does not meet the definition for re-
current VVC. If a patient meets the criteria for recurrent VVC,
an underlying cause of the problem may not be determined. In
addition, the role of sexual transmission is not currently well
understood.141 In most patients, the pathogenesis of recurrent
VVC cannot be determined.

Treatment of recurrent C. albicans vulvovaginitis should fo-
cus on a prolonged (7- to 14-day) course of topical therapy or
a three dose regimen of oral fluconazole (100, 150, or 200 mg)
administered every 3 days to eliminate symptoms and induce
remission.6 A 6-month maintenance regimen should be initi-
ated after remission has been achieved. See Table 65-12 for
a list of maintenance regimens. Despite the efficacy of these
regimens, discontinuation of therapy after 6 months can result
in relapse in up to 50% of women.6,153 Azole-resistant strains
of C. albicans are rare; therefore, culture and sensitivity test-
ing is not usually performed to help guide treatment before
initiation.

Vulvovaginal Candidiasis During Pregnancy

50. What teratogenic risks are associated with the use of azole
preparations?

Vaginal colonization with Candida and symptomatic VVC
are common during pregnancy.154 Asymptomatic colonization
is not associated with increased maternal or fetal risks and
need not be treated.155 However, symptomatic VVC should be
treated. Although doses of oral fluconazole used to treat VVC
have not been associated with increased fetal defects, higher
doses may be teratogenic. Therefore, topical antifungal agents

Table 65-12 Maintenance Regimens for Recurrent
Vulvovaginal Candidiasis

Dose Frequency

Topical agents
Clotrimazole 200 mg Twice weekly
Clotrimazole vaginal

suppositories
500 mg Weekly

Oral agents
Fluconazole tablets 100, 150, or 200 mg Weekly

From reference 6.

are preferred for treatment of VVC in pregnant women. The
CDC currently recommends a 7-day course of topical anti-
fungal therapy for VVC during pregnancy; however, a 3-day
regimen with appropriate follow-up to assess efficacy has been
shown to be effective in mild to moderate cases.6,155 Although
nystatin is classified as a category B drug during pregnancy,
it is not commonly used bits inferior efficacy rate. Clotrima-
zole is also classified as a category B drug for fetal risk, and
the remaining vaginally administered azoles are designated as
category C.155

TRICHOMONIASIS
Signs and Symptoms

51. N.B. is a 31-year-old woman with a recent history of diffuse
vaginal discharge with vaginal irritation. A wet-mount examina-
tion of vaginal secretions revealed numerous trichomonads. Ex-
amination confirms the presence of an increased, yellow-green
vaginal discharge. What subjective and objective clinical data
support a diagnosis of trichomoniasis?

Trichomoniasis is an STD caused by the protozoan T. vagi-
nalis. The prevalence in women ranges from 5% to 10% and
up to 60% in commercial sex workers.156 Trichomoniasis in
women is asymptomatic about 20% to 50% of the time.157 In
men, T. vaginalis presumably infects the urethra, although the
site of infection (urethra versus prostate) is uncertain. Men
with T. vaginalis infection usually are asymptomatic. Clas-
sic symptoms of trichomoniasis in women include a diffuse,
yellow-green discharge with pruritus, dysuria, and a “straw-
berry” cervix (cervical microhemorrhages). The latter are typ-
ically only seen in 2% to 25% of cases.158 In almost all cases of
trichomoniasis, a vaginal pH higher than 5 or 6 is observed.159

The Pap smear was reported to have a 48.4% error in diag-
nosis when used alone.158 Direct microscopic observation of
trichomoniasis using a wet mount suffers from low sensitivity,
but is up to 99% specific.160 Broth culture is considered to be
the gold standard for identification of trichomoniasis, but it
requires up to a 7-day incubation period and the culture sys-
tem is not widely available.158 The best approach to diagnosis
requires clinical and laboratory confirmation.

Treatment
Metronidazole and Tinidazole

52. How should N.B.’s trichomoniasis be treated?

The only class of drugs that are effective for the treatment
of trichomoniasis are the nitroimidazoles. In the United States,
metronidazole and tinidazole are the only available nitroimida-
zoles. Both are CDC-recommended first-line treatments given
as a single 2-g oral dose.6 In addition, sexual partners should be
simultaneously treated. Metronidazole cure rates are reported
to be 90% to 95%, whereas tinidazole cure rates are reported to
be 86% to 100%; concurrently treating sexual partners might
increase these rates.6,161 Clinical trials seem to suggest that
tinidazole is equivalent or superior to metronidazole in achiev-
ing cure and resolution of symptoms.162 Approximately 2% to
5% of T. vaginalis isolates exhibit resistance to metronidazole
therapy, necessitating a dose increase or a change in therapy to
tinidazole.6 If the 2-g metronidazole dose fails and reinfection
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is excluded, either metronidazole 500 mg PO twice daily for
7 days or tinidazole 2 g PO as a single dose can be used. If
either of these regimens fail, either metronidazole or tinidazole
2 g PO daily for 5 days may be used. In the case of allergy to
nitroimidazole compounds, patients can be desensitized and
subsequently treated with metronidazole.144

ADVERSE EFFECTS

53. N.B. was treated with metronidazole 500 mg twice a day for
7 days. On the fourth day of therapy while attending a party, N.B.
developed a severe headache, followed by nausea, sweating, and
dizziness. Could N.B.’s symptoms be caused by metronidazole?

Minor side effects associated with metronidazole therapy
include nausea, vomiting (especially with single-dose therapy),
headache, skin rashes, and alcohol intolerance. The alcohol
intolerance may be due to a metronidazole-induced inhibition
of aldehyde dehydrogenase, which results in the buildup of
high serum acetaldehyde levels, although this mechanism is
questionable.163 Severe “antabuse reactions” are uncommon,
but according to the manufacturer, patients still should be
warned about the possibility of nausea, vomiting, flushing, and
respiratory distress after alcohol consumption, although reli-
able evidence is lacking.146 As a general rule, patients should
avoid alcohol ingestion during treatment and for 24 hours
after metronidazole therapy and for 72 hours after tinidazole
therapy.6

Pregnancy

54. S.G., a 31-year-old woman, is in her first trimester of preg-
nancy and has a history of recurrent trichomoniasis. She now
complains of a diffuse, yellow vaginal discharge. The preliminary
diagnosis of trichomoniasis is confirmed by a wet-mount exami-
nation of vaginal secretions that revealed numerous trichomon-
ads. S.G. has read much of the lay press on metronidazole and is
concerned about her own safety as well as that of her fetus. Can
metronidazole be used for S.G.?

During pregnancy, trichomoniasis is associated with pre-
mature rupture of the membranes, preterm delivery, and low
birth weight.6 In a recent meta-analysis, an association between
metronidazole use and teratogenicity or mutagenicity in infants
could not be shown.164 However, caution should still be exer-
cised if metronidazole must be administered within the first
trimester. Metronidazole is mutagenic in facultative bacteria
and contains a nitro-reductase enzyme. Long-term, high-dose
metronidazole in laboratory mice is associated with the de-
velopment of pulmonary and hepatic tumors. Midline facial
defects have been documented in humans, but two literature
reviews indicate that metronidazole is not a teratogen.165,166

In contrast, the use of metronidazole in asymptomatic women
has not been shown to decrease rates of preterm labor despite
eliminating the organism from its host.167

TREATMENT

55. How should S.G. be treated?

All symptomatic women should be treated with metronida-
zole 2 g PO as a single dose.6 Metronidazole is classified as
pregnancy category B. Tinidazole 2 g PO as a single dose could
be suggested as an alternative regimen; however, it is classified
as pregnancy category C.

GENITAL HERPES
The word herpes is of Greek origin and means “to creep.”
HSV is a DNA-containing virus that consists of two antigenic
distinct serotypes: HSV-1 and HSV-2. The primary cause of
herpes labialis (cold sores), herpes keratitis, and herpetic en-
cephalitis is HSV-1. Genital herpes and neonatal herpes pri-
marily are the result of HSV-2 infections. However, up to 50%
of all reported cases of primary genital herpes are due to HSV-1
infections acquired through oral sex.168,169

Etiology
Most infants are exposed to HSV-1 early in life with over half
being positive for HSV-1 antibodies before 18 years and more
than 90% of the population positive by 70 years of age.170

The infection often is asymptomatic and generally is acquired
through primary infection of the respiratory tract. The initial,
primary disease is a gingivostomatitis characterized by vesicles
in the oral cavity and occasionally an elevated temperature;
life-threatening encephalitis or keratitis may appear during this
interval. Usually after primary exposure, HSV-1 enters cells of
the trigeminal ganglion, where it may remain latent for the
lifetime of the host.171

Initial HSV-2 infections usually follow puberty and coincide
with the onset of sexual activity, although transfer to a neonate
from an infected mother can occur. After primary infection, the
virus enters a state of latency in the sacral dorsal root ganglia
in many infected individuals; a high percentage of infected
persons may never manifest the disease clinically.171,172

In both HSV-1 and HSV-2 infections, the latent virus can
reactivate. Recurrent disease may occur even when circulating
antibody and sensitized lymphocytes are present. Clinically, the
lesions periodically erupt usually at the same location, and the
interval between episodes varies widely between individuals.

Epidemiology
Although herpes was recognized several thousand years ago,
genital herpes was not described formally until the 18th cen-
tury. The seroprevalence of genital herpes has increased dra-
matically in the United States—from 16.4% in the late 1970s
to 21.9% in the early 1990s—making it the most common STD
with over 45 million people infected in the United States.173

In 2001, U.S. physicians saw more than 150,000 new patients
presenting with herpes simplex.3

The prevalence of antibody to genital herpes is greater
among women (26%) than men (18%) and among blacks
(45.9%) than whites (17.6%).170,173 Demographic character-
istics obtained at the University of Washington indicate that
the mean number of lifetime sexual partners before acquisi-
tion of the disease was 8.8 in women compared with 32.8 in
men, with the overall chance of acquiring HSV-2 of 5 per 1,000
sex contacts.174 The mean time from the last sexual exposure
to the onset of disease was 5.8 days.172

Signs and Symptoms

56. B.J., a 28-year-old, sexually active man, complains of painful
penile lesions and tender inguinal adenopathy. The lesions are
vesicular and limited to the scrotum, glands, and shaft of the



SEXUALLY TRANSMITTED DISEASES � 65-25

penis. The onset of the lesions was preceded by a 1-week period of
fever, malaise, headache, and itching. Viral culture of the lesions
was positive for HSV infection. Describe the typical course and
clinical presentation of herpes genitalis in men and women. What
subjective and objective clinical data in B.J. are compatible with
herpes genitalis?

Most initial episodes of genital herpes, especially in the
male, are symptomatic. As illustrated by B.J., the symptoms
usually start about 1 week after the initial exposure with pro-
dromal signs of tingling, itching, paresthesia, and/or genital
burning.175 The prodromal stage, which can last from a few
hours to several days, is followed by the appearance of nu-
merous vesicles. The vesicles eventually erupt, resulting in
painful genital ulcers. The pain and edema associated with
genital herpetic lesions, especially if they are infected secon-
darily, can be severe enough to result in dysuria and urinary
retention. Bilaterally distributed lesions of the external geni-
talia are characteristic. The lesions usually are limited to the
glands, corona prepuce, and shaft of the penis in males and to
the vulva and vagina in females. However, lesions can occur
on the buttocks, thighs, and urethra.172 Asymptomatic or mu-
copurulent cervicitis occurs in about 15% to 20% of women
with primary HSV-2 infections.176 Rectal and perianal HSV-2
infections increasingly are being recognized. Herpes simplex
virus proctitis usually is seen in homosexual men and hetero-
sexual men who engage in anorectal intercourse. Symptoms
include anorectal pain and discharge, tenesmus, and constipa-
tion.

Prior infection with HSV-1 seems to ameliorate the severity
of the first episode of genital herpes, but does not appear to
affect the rate of recurrence.177 In primary infections, the local
symptoms of pain, itching, and urethral or vaginal discharge
last from 11 to 14 days, with a complete disappearance of
lesions in 3 to 6 weeks.172,177 The clinical course of primary
herpes is presented in Figure 65-7. Most patients, however,
have minor symptoms or are asymptomatic and unaware of
their disease; they are most infectious within the first year of
acquisition of the virus.178

Recurrence

57. Is B.J.’s infection likely to recur?

Most patients experience a recurrence of their initial infec-
tion. The rate of recurrent infections varies among individual
patients. In one study, 38% experienced at least six episodes,
and 20% had more than ten recurrences.177 Natural infection
with HSV-2 induces type-specific immunity against exogenous
reinfection, but does not affect recurrences.179 The severity of
the primary episode as well as the host’s immune response to
the disease seem to influence the subsequent recurrence rate.177

Recurrent infections usually appear at or near the site of the ini-
tial infection, and prodromal symptoms are reported by about
50% of persons with recurrent infection. Men seem to have
slightly more frequent recurrences. In contrast with primary in-
fections, there are fewer lesions and they are often unilateral.172

Constitutional symptoms such as lymphadenopathy, fever, and
malaise generally are milder. Recurrent infections are shorter
in duration (average, 1 week); local symptoms such as pain and
itching last 4 to 5 days and the lesions themselves last 7 to 10
days.172 By about 5 years after the initial infection, recurrence
rates tend to decrease.180 Genital infections with HSV-1, how-
ever, recur infrequently and decrease by 50% between 1 and 2
years after infection.181

Transmission

58. B.J. states that this is the first time he has had such lesions
and that he has had only one sexual partner for the last 14 months.
His sexually active female partner has no history of herpes geni-
talis or any other STD. The couple is very curious as to how B.J.
acquired his infection. How is HSV transmitted?

Transmission of HSV occurs by direct contact with active
lesions or from a symptomatic or asymptomatic person shed-
ding virus at a peripheral site, mucosal surface, or secretion.182

Genital HSV-2 infections usually are acquired through sexual
(vaginal or anorectal) intercourse, whereas genital HSV-1 in-
fections are acquired via oral–genital sexual practices. Because
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HSV is inactivated readily by drying and exposure to room
temperature, aerosol and fomite spread are unusual means of
transmission.183 Condoms may act as an effective barrier to
viral transmission in women, but this method does not offer
complete protection for men.184,185 Recent evidence suggests
that the frequency of condom use is directly proportional to
protection against acquisition of HSV-2.186

A patient with genital herpes is contagious only when he or
she is shedding the virus. The patient begins to shed virus dur-
ing the prodromal phase, which may be several hours to days
before the actual lesions first appear. Subclinical or asympto-
matic viral shedding is the most common means of sexual trans-
mission and important from a public health standpoint.187,188

Lesions are most contagious during the ulcerative phase. The
median duration of viral shedding as defined from onset to
the last positive culture is about 12 days.172 The mean time
from the onset of vesicles to the appearance of the crust stage
(∼10.5 days) correlates well with the duration of viral shed-
ding. However, there is considerable overlap between the dura-
tion of viral shedding and the duration of crusting. Therefore,
patients should be advised to refrain from sexual activity until
the lesions have completely healed. Women seem to require a
longer total lesion healing time than men, 19.5 and 16.5 days,
respectively.172 The mean duration of viral shedding from the
cervix is 11.4 days.

A genital herpes infection may be acquired from an individ-
ual who has never had symptomatic genital lesions. States of
asymptomatic or subclinical viral shedding occur in the major-
ity of women with recurrent genital herpes as a result of reacti-
vation of latent infection. These recurrent infections can have
a primary disease presentation, causing the patient to blame
the most proximate sexual partner when in actuality, the expo-
sure could have occurred in the distant past.189 Serologic and
virologic typing can be used to determine whether this is a true
primary infection. Using sensitive detection techniques such as
PCR, women with recurrent HSV infections demonstrated viral
shedding up to 28% of the time, but the relationship between a
PCR-positive HSV test and true communicability has yet to be
determined.190 A recent study of men and women seropositive
for HSV-2, but with no previous history of symptomatic gen-
ital herpes, demonstrated viral shedding in the genital tract at
a rate similar to those who reported symptomatic infection.191

Seropositive HSV patients also should be counseled to practice
safer sex, using male or female condoms, at all times, not just
during symptomatic episodes.

Diagnostic Tests

59. An HSV antibody test (Western blot) of B.J.’s serum taken
on day 1 of the illness was negative. However, 20 days later, the
HSV-2 antibody was positive. Viral cultures of B.J.’s genital lesions
grew HSV-2. A genital Pap smear and serologic antibody detection
tests were negative in B.J.’s asymptomatic sexual partner. How are
these laboratory tests to be interpreted?

The accuracy with which herpes genitalis can be diagnosed
without the aid of laboratory tests generally is quite good, espe-
cially if the infection is recurrent in nature. However, because
of the potentially severe psychological and physiological ram-
ifications of such a diagnosis, either virologic and/or serologic
confirmation of the diagnosis may be obtained.

The laboratory diagnosis of HSV-1 or HSV-2 infection de-
pends on isolation of virus from tissue culture; detection of
viral particles by electron microscopy; visibility of giant cells
or intranuclear inclusions by Papanicolaou or Giemsa stain-
ing (which are insensitive and nonspecific); direct detection of
HSV nucleic acid in cells, blood, or CSF by PCR; or serologic
methods using Western blot or EIA.175 Tissue culture currently
is the most sensitive method for detecting mucocutaneous her-
pes simplex infection. Tests that measure serologic response
(as in B.J.’s partner) are valuable in documenting primary in-
fection, but they are not very usefully in recurrent infections.
It is possible to differentiate between antibody to HSV-1 and
HSV-2 by means of the Western blot assay. Point-of-care de-
vices using HSV-1– and HSV-2–specific antibody testing kits
offer ease, reduced time, differentiation between HSV-1 and
HSV-2, and high sensitivities and specificities.6,192,193

Primary HSV infections are characterized by a fourfold or
greater rise in the HSV antibody titer as seen in B.J.’s case.
Fewer than 10% of patients with recurrent episodes of disease
experience a serologic rise in antibody titer between acute and
convalescent sera.194

B.J.’s partner’s results need to be interpreted cautiously. The
negative Pap smear is not completely diagnostic. A nonreactive
serology (absence of HSV antibodies) implies the absence of
a primary infection, although false-negative reactions have oc-
curred. Absence of antibody to HSV-2 by Western blot would
be good evidence against asymptomatic carriage.

Treatment

60. How should B.J.’s lesions be managed? Because the likeli-
hood of recurrence of genital herpes is high, what treatment and
prevention measures are recommended currently?

The great anxiety commonly associated with the diagnosis
of genital herpes is because there is presently no cure available
for the condition. Therapies ranging from antiviral agents and
photoinactivation to investigational vaccines have been tried.
Currently, only acyclovir (ACV), famciclovir (FCV), and vala-
cyclovir (VCV) are used to treat and prevent genital herpes
outbreaks.

The ideal anti-HSV agent should (a) prevent infection,
(b) shorten the clinical course, (c) prevent the development
of latency, (d) prevent recurrence in patients with established
latency, (e) decrease transmission of disease, and (f) eradicate
established latent infection.172 To date, no agent has been suc-
cessful in achieving all of these goals.

All three agents, ACV, FCV, and VCV, are effective for the
short-term treatment of some HSV infections. In general, ACV
has been in clinical use longer than FCV or VCV and thus has
more data to support its role in the treatment and suppression
of mucocutaneous and visceral HSV infections. ACV, a nu-
cleoside analog, is a substrate for HSV-specific thymidine ki-
nase. Through a series of phosphorylation steps, ACV is trans-
formed to ACV-triphosphate, a competitive inhibitor of viral
DNA polymerase. ACV has potent in vitro activity against both
HSV-1 and HSV-2 and is least active against varicella-zoster
and cytomegalovirus.195 FCV, a prodrug of penciclovir, has
increased oral bioavailability. Once converted in the intestine
and liver to the active form, penciclovir, it is quickly phos-
phorylated in HSV in a similar manner as ACV. VCV is the
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l-valyl ester prodrug of ACV. The oral bioavailability of VCV
is significantly better than ACV, producing plasma levels of
ACV comparable to those attained with IV administered ACV,
often eliminating the need for parenteral therapy with ACV.196

All three antiviral drugs seem to have good clinical benefit for
genital herpes infections.

In studies of severe, primary genital herpes, IV ACV
(5 mg/kg Q 8 hr) significantly reduced the duration of vi-
ral shedding, decreased the duration of signs and symptoms
of disease by a mean of 5 days, and hastened the time to
healing of lesions by a mean of 6 to 12 days over placebo-
treated patients.6,197 Similar findings have been shown in the
immunocompromised patient population.198 IV and oral ACV
or VCV also prevent HSV reactivation in seropositive im-
munocompromised patients who are undergoing bone mar-
row transplantation.199 For patients with HIV, ACV 400 mg
PO three times daily, FCV 500 mg twice daily, or VCV 500
mg twice daily for 5 to 10 days have been used for recur-
rent episodes.6 Currently, IV therapy is recommended only for
patients with severe genital or disseminated infections who
cannot take oral medication.

Topical therapy with ACV ointment (5% in polyethylene
glycol) has minimal effect on the duration of viral shedding,
symptoms, and lesion healing in first-episode primary genital
herpes and has no effect on the recurrence rate.197 Currently,
topical ACV is not recommended for primary genital herpes.
Penciclovir 1% cream is applied every 2 hours while awake and
has been shown to be effective for treatment of herpes simplex
labialis,200 but insufficient data exist to recommend its use for
genital herpes infections.

The introduction of oral agents (Table 65-13) has replaced
the use of topical ACV and thus are indicated for B.J. Oral
antivirals speed the healing and resolution of symptoms of

first and recurrent episodes of genital HSV-2 infections.201

Treatment of primary infection after the first week of infection
does not seem to change the natural history of recurrent out-
breaks; thus, patients should be educated about risk of sexual
transmission and prompt recognition of signs and symptoms
and the early use of antivirals.202 The frequency of recurrence
decreases with time in most patients. Recurrent episodes of
genital HSV-2 infection can be treated with any of the three
available oral antivirals (Table 65-13). Rather than having to
go into clinic, patients with recurrent infection should have a
supply of their antiviral drug with them to allow early initia-
tion of therapy, which may abort or reduce symptoms by 1 to
2 days.203,204

Daily suppressive therapy with ACV, FCV, or VCV reduces
the frequency of recurrent episodes up to 70% among pa-
tients with frequent (more than six episodes per year) gen-
ital herpes.6,205–207 Recurrent outbreaks diminish over time;
thus, after each year of continuous suppressive therapy, an ef-
fort should be made to discuss discontinuing therapy with the
patient.6 The use of suppressive therapy does not completely
eliminate viral transmission. However, a recent randomized,
controlled clinical trial of serodiscordant HSV-2–positive cou-
ples demonstrated a statistically significant decrease in the rate
of transmission to uninfected partners when infected partners
took 500 mg/day of VCV.208 This 8-month study was restricted
to heterosexual partners with fewer than ten recurrences per
year. The CDC recommends various dosing regimens for VCV,
but the 500-mg once-daily dose appears to be less effective
than the 1-g once-daily dose in patients with frequent recur-
rent episodes (i.e., >10 episodes per year).6 Immunocompro-
mised patients may require higher doses or more frequent in-
tervals for suppression.209 An increased frequency of resistant
strains has been reported in immunocompromised hosts who

Table 65-13 Antiviral Chemotherapy of Genital HSV-2 Infections

Acyclovir Valacyclovir Famciclovir Duration Comments

First clinical
episode

400 mg PO TID or
200 mg PO 5 per

day

1 g PO BID 250 mg PO TID 7–10 days May extend treatment duration if healing is
incomplete

Episodic recurrent
infection

400 mg PO TID or
200 mg PO 5 per

day or
800 mg PO BID

500 mg PO BID or
1 g QD

125 mg PO BID 5 days Most effective if initiated within the first 24 hr of
onset of lesions or during the prodrome

Daily suppressive
therapy

400 mg PO BIDa 500 mg PO QDb

or
1 g PO QD

250 mg PO BID Daily Reduces the frequency of genital herpes
recurrences by ≥75% among patients who have
frequent recurrences (i.e., ≥6 recurrences per
year); use should be reevaluated at 1 yr

Severe
disseminated

5–10 mg/kg IV
Q 8 hr

Not indicated Not indicated Variable Hospitalize and treat until clinical resolution of
symptoms

Follow-up IV therapy with PO ACV to complete
10 days

HIV-infected:
episodic

400 mg PO TID or
200 mg 5 per day

1 g PO BIDc 500 mg PO BID 5–10 days Treat until clinical resolution of lesions

HIV-infected:
suppressive

400–800 mg PO
BID or TID

500 mg PO BIDd 500 mg PO BID

Note: Regimen recommendations derived from 2002 CDC Recommendations.6
aSafety and efficacy up to 6 years have been documented with the use of acyclovir.
bValacyclovir 500 mg QD seems less effective in patients with >10 episodes per year. Thus, 1 g QD should be used in these patients.
cDosages up to 8 g/day have been used, but an association with a syndrome resembling either hemolytic uremic syndrome or thrombotic thrombocytopenic purpura was observed.
d Effective in decreasing both the rate of recurrences and the rate of subclinical shedding among HIV-infected patients.
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have used long-term therapy.210 All ACV-resistant strains are
also resistant to VCV, and most are resistant to FCV as well.
Foscarnet 40 mg/kg IV every 8 hours may be used for severe
ACV-resistant genital HSV infections.6 Cidofovir 1% gel (not
commercially available in the United States, but has been com-
pounded by pharmacists) applied once daily for 5 days may be
an alternative to IV foscarnet, but more studies are needed.6,211

B.J. is not yet a candidate for daily suppressive ACV ther-
apy. A summary of the indications for ACV, FCV, and VCV is
outlined in Table 65-13.

ADVERSE EFFECTS

61. What adverse effects secondary to ACV, FCV, or VCV
should be anticipated?

Overall, all forms of ACV, including VCV and FCV, are
associated with relatively few adverse reactions largely because
of the drugs’ affinity for viral thymidine kinase over cellular
kinase.

Hematuria and an increase in blood urea nitrogen and serum
creatinine may occur, primarily in patients with underlying re-
nal disease or those receiving concomitant nephrotoxic agents.
Transient elevations in serum creatinine are associated more
frequently with IV than with oral administration. In addition,
severe local reactions are possible with IV administration. In
immunocompromised patients, VCV at a dosage of 8 g/day
was associated with symptoms resembling a hemolytic ure-
mic syndrome or thrombotic thrombocytopenic purpura, but
in normal therapeutic doses, this has not occurred according to
the manufacturer. When given intravenously in high doses or
when significant dehydration exists, ACV has been shown to
crystallize in the renal collecting tubules of animals, leading
to renal insufficiency.212 ACV should not be rapidly infused
or administered at concentrations >10 mg/mL. If oral ACV or
VCV is administered to produce plasma levels equivalent to
IV doses, similar changes in renal function may be observed.
Dose adjustment is necessary for all three antiviral agents in
patients with decreased renal function.

Although neurotoxicity is a rare side effect, case reports of
coma and delirium have been reported in patients with renal
failure and renally adjusted ACV dosages.213,214

Intravenous ACV occasionally has been associated with cu-
taneous irritation and phlebitis, reversible leukopenia,215 and
transient elevations of liver transaminases. Oral ACV and VCV
are relatively safe and do not produce any serious side effects
at normal doses. Patients receiving oral ACV, VCV, or FCV
may complain of nausea, dizziness, diarrhea, and headaches.

Patient Education and Counseling

62. What are the roles for education and counseling in patients
with genital herpes? Are other forms of local or symptomatic care
useful?

Most genital herpes infections are benign, and lesions heal
spontaneously unless the patient is immunocompromised or
the lesions have become infected secondarily. The patient
should be instructed to keep the involved areas clean and dry.
To prevent autoinoculation, the patient should be told not to
touch the lesions and to wash his hands immediately after-
ward if he comes in contact inadvertently. Local anesthetics
provide relief from the pain of genital lesions, but they should
be avoided if possible because they counteract efforts to keep

the lesions dry. Local corticosteroid therapy is contraindicated
because it may predispose the patient to secondary bacterial
infections.

Patient counseling is an important facet in the therapy of
genital herpes and should include the source contact and any
future partner. Health care practitioners should attempt to re-
lieve patients’ feelings of guilt and anxiety; discussion of long-
term consequences should take place after the acute symptoms
of the infection have resolved.

For individuals with frequent recurrences, efforts should be
made to identify and avoid stimulatory factors such as sunlight,
trauma, or emotional stress. The limitations of therapy and
the decreased severity and frequency of recurrences with time
should be explained to the patient. The periods of infectivity
and the need to avoid sexual activity during these times also
should be emphasized, although subclinical or asymptomatic
shedding does occur, indicating the need for continuous barrier
protection. Women with herpes genitalis should be scheduled
for routine Pap smears and should be instructed to discuss the
problem with their physicians if they become pregnant.

Currently, there is no completely effective way to prevent
the transmission of HSV-2 infection. Barrier forms of contra-
ception, in particular condoms, may reduce the transmission of
HSV, but this may be limited only to male-to-female transmis-
sion owing to the large area that herpes lesions may occupy on
the female.184 However, recent evidence suggests that a higher
frequency of use by males of condoms can increase protection
and thus condoms should be recommended routinely to pre-
vent HSV infections in males and females.186 Nonoxynol-9,
a spermicide that has in vitro anti-HSV activity, is ineffective
in the treatment of established genital HSV infection and may
actually increase the risk of transmission of HSV by causing
genital ulceration.216

Complications

63. M.F. is a 23-year-old, sexually active female student with
a history of frequent and severe recurrences of genital herpes
since her initial infection 3 years ago. M.F. has tried numerous
therapies, including suppressive and episodic antivirals. None of
these therapies has provided M.F. with any relief of her symptoms,
nor have they decreased the frequency of her recurrences. M.F.
has read much in the lay press about herpes and is concerned
about the possible complications of the disease, especially cervical
cancer. What are the potential complications of herpes genitalis?

Previous research suggested that HSV-2 might be an onco-
genic agent responsible for carcinoma of the cervix. The theo-
retical association between HSV-2 and carcinoma of the cervix
was most likely biased by cross-sectionally designed studies,
misclassification, confounding with HPV, now known to cause
cervical cancer, and lack of power. A large longitudinal nested
case-control study using nearly 20 years of seroepidemiologic
and epidemiologic data combined with a meta-analysis con-
cluded that it is very unlikely that HSV-2 is associated with the
development of invasive cervical carcinoma.217

Pregnancy

64. A.P., a 26-year-old woman in her 32nd week of gestation, was
hospitalized with complaints of painful genital lesions, headache,
fever, increased vaginal discharge, and dysuria of 1 week’s
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duration. Multiple ulcerative lesions consistent with genital her-
pes were present on the cervix, vulva, labia minora, and thighs.
How should A.P. be treated?

Herpes genitalis seropositivity in pregnant women occurs
more frequently than in nonpregnant women, with 30% to 60%
of all pregnant women having serologic evidence of HSV-2
infection.172 Unfortunately, a large proportion of those infec-
tions occurring during pregnancy are limited to the cervix and
are totally asymptomatic, often eluding diagnosis.

Pregnant patients with a history of recurrent genital herpes
should be examined carefully when they present in labor for
evidence of active disease. The safety of systemic ACV and
VCV in pregnant women has not been established in controlled
trials and therefore is not clearly indicated for A.P. Some small
studies suggest ACV administered for several weeks before
delivery may decrease recurrent outbreaks and lessen the need
for herpes-related cesarean section,218 whereas a larger ran-
domized clinical trial did not show a benefit on reducing the
need for a cesarean delivery with primary infection.219 In gen-
eral, it does seem that patients with symptomatic genital herpes
benefit from caesarian section.220 The manufacturer of Zovirax
(ACV) maintains an extensive database of fetal complications
related to ACV use. To date, no link between ACV and birth
defects has been established.221 The decision to treat HSV with
ACV during pregnancy should depend on the clinical severity
of infection. Fetal exposure data to FCV or VCV are limited.
If the mother has an active herpes genitalis infection at the
time of delivery (either active genital lesions or asymptomatic
HSV-2 cervicitis), the baby should be delivered by cesarean
section within 4 hours after the membranes have ruptured to
prevent exposure of the neonate to the virus.172 However, if no
genital lesions are present at the time of labor, vaginal delivery
may be recommended.6 There is evidence that up to 70% of
neonatal herpes cases occur in asymptomatic women and the
use of ACV or VCV after 36 weeks gestation may decrease
clinical disease and viral shedding to the fetus.222

Neonatal herpes is a devastating systemic infection of the
newborn, associated with high morbidity and mortality. In
1994, assuming an average incidence of 265 cases of neona-
tal HSV per year, the estimated annual cost to the health care
system was $10.5 million.1 HSV-2 usually is transmitted to the
newborn during passage through an infected birth canal, al-
though ascending infections in newborns delivered by cesarean
section 6 hours after the membranes have ruptured have been
known to occur.223 The risk of transmission to the newborn is
greatest in mothers who acquire an initial infection late in the
third trimester and lower in mothers with recurrent infection
or those who acquire herpes in the first trimester.6 A primary
episode of clinically apparent HSV-2 results in neonatal HSV-2
infection 50% of the time; 33% of the time in asymptomatic
primary infection; 4% if lesions are due to recurrent infection;
and 0.04% in nonprimary asymptomatic infection.224

GENITAL WARTS

65. S.L., a 19-year-old woman, presents to the women’s health
clinic for her annual pelvic examination. One week later, her
Pap smear is read as showing koilocytosis. A colposcopy is sub-
sequently performed, revealing changes consistent with cervical
flat warts. What is the cause of S.L.’s infection? How should she
be managed?

HPV, primarily types 6 and 11, are the cause of genital
warts, or condylomata acuminata. In the United States, the
overall prevalence of HPV infection in women 14 to 59 years
is 26.8%, with most occurring among 14- to 24-year-olds.225

Other types of HPV, including 16 and 18, are strongly associ-
ated with cervical cancer.226 These cause Pap smear changes,
including koilocytosis and cervical dysplasia. A common cer-
vical cancer grading system, cervical intraepithelial neoplasia
(CIN), uses histologic changes to classify specimens in three
categories, CIN1, -2, and -3. The higher the CIN, the greater
the chance of progressing to invasive cervical cancer. Most
new cases of HPV infection spontaneously regress, but with
progressive histologic changes, the chance of spontaneously re-
gressing diminishes (CIN1, 60%; CIN2, 30%; CIN3, 10%).227

Types of HPV are also classified as high risk, or those likely
to cause cancer, and low risk, those less likely to cause cancer.
HPV types 16 and 18 are considered high risk and types 6 and
11 are low risk, mostly resulting genital warts. In women, vis-
ible warts occur on the labia, introitus, and vagina. Subclinical
lesions also commonly occur on these sites and on the cervix,
as in S.L.’s case. They are visible only by colposcopy after ap-
plying acetic acid. Men can sexually transmit HPV infections
to women as well as develop genital warts, and anal and pe-
nile cancer associated with oncogenic HPV types, especially
type 16.228

The goal of HPV therapy is the removal of symptomatic
warts. Several therapeutic options are available and include
patient-administered treatments to visible warts such as pod-
ofilox 0.5% solution or gel and imiquimod 5% cream and
provider-administered products such as topical treatments
(podophyllin 10%–25%, trichloroacetic acid 80%–90%, and
cryotherapy), surgery (laser or scalpel), and intralesional
interferon.6 None of these treatments has been shown to erad-
icate HPV infection or alter the natural history of HPV. It is
important to individualize therapy, considering location and
number of warts, patient preference, cost, and convenience.

Podophyllin, compounded as a 10% to 25% solution in tinc-
ture of benzoin, is applied by the health care provider to visible
warts. After application, it is washed off 3 to 4 hours later and
then reapplied once or twice a week until the warts have disap-
peared. Podofilox 0.5% solution or gel, the active component
of podophyllin resin, may be applied by the patient with a
cotton swab, or podofilox gel with a finger, to visible genital
warts twice a day for 3 days, followed by 4 days of no therapy.
A total of four cycles, 0.5 mL/day, or application of an area
larger than 10 cm2 should not be exceeded. Podofilox solution
is not suitable for use with perianal warts; the gel is more prac-
tical for this region. Podophyllin is potentially neurotoxic if
absorbed in large amounts. Podofilox has the advantage over
podophyllin resin in that it has a longer shelf life, does not need
to be washed off, and has less systemic toxicity.229 Therefore, it
should be applied in limited doses and should also be avoided
in pregnancy. The rate of wart recurrence after podophyllin
therapy is extremely high, probably 50%. With the high cost
of clinic care and the high recurrence rate, home treatment of
HPV with podofilox solution may be more cost effective and
equally efficacious.230

Imiquimod induces cytokines and activates the cell-
mediated immune system. In initial trials, complete clearance
of warts took place in 37% to 50% of immunocompetent pa-
tients, but up to 20% experienced recurrence.231 A 5% cream
may be applied with a finger at bedtime three times per week
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for up to 16 weeks. It is usually left on for 6 to 10 hours before
it is washed off with soap and water. Imiquimod may take as
long as 8 weeks before warts are cleared. Mild to moderate
local irritation occurs in more than half of the patients who use
it, especially when used daily instead of three times weekly.232

Cryotherapy by application of liquid nitrogen can be more
effective than podophyllin, but requires special equipment
and highly trained personnel to avoid over- or undertreating
warts. Pain and skin blistering after treatment is not unusual.
Cryotherapy is associated with little systemic toxicity and is
useful against oral, anal, urethral, and vaginal warts.

Trichloroacetic acid (80%–90%) is used topically in the
treatment of some genital warts, but its efficacy is uncertain.
To date, interferons are not recommended because of expense,
frequent occurrence of toxicity when given systemically, and
limited efficacy for intralesional administration. Cases refrac-
tory to topical drug therapy should be considered for surgical
treatment.

Prevention
In 2006, the first vaccine to prevent HPV types 6, 11, 16, and
18 was approved in the United States. This quadrivalent vac-
cine was tested in women from 15 to 26 years of age with
98% to 100% protection against HPV types contained in the

vaccine.233,234 This three-dose series can be given as early as
9 years of age, but is CDC recommended at 11 to 12 years as
part of a routine adolescent health care visit and ideally before
commencement of sexual activity.235 Because there are more
than 30 types of HPV associated with anogenital disease, a pre-
vious HPV infection is not a contraindication to vaccination. It
is also important to note that receipt of the HPV vaccine does
not change the recommendation for Pap smears. It is also not a
therapeutic vaccine; it has no effect on clearing a current HPV
infection.236

VACCINES
Prevention and control of STDs have largely revolved around
education and antimicrobials. Immunization, however, holds
the promise of protecting large numbers of people before they
are at risk for STDs as well as targeting those who already
have the infection. Hepatitis B is an example of an STD with a
highly effective vaccine that is now mandatory for school-aged
children. The quadrivalent HPV vaccine is gaining momentum
and a bivalent (HPV 16 and 18) is awaiting review and approval
by the FDA. Herpes simplex vaccines have been extensively
studied, but no candidate vaccine has been submitted for ap-
proval.
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Osteomyelitis is an inflammation of the bone marrow and sur-
rounding bone caused by an infecting organism. Any bone can
be involved. Serious morbidity often occurs even with early
diagnosis and treatment. Despite the continued refinement of
diagnostic procedures (e.g., radionuclide imaging, magnetic
resonance imaging), advances in antimicrobial therapy, and the
use of prophylactic antibiotics before orthopedic procedures,
osteomyelitis continues to be a serious problem because the
infection is not always cured.

Previously, osteomyelitis was more common in children
and the elderly, and the causative microorganisms were usu-
ally Gram-positive cocci such as streptococci and staphylo-
cocci. Although Staphylococcus aureus remains the most com-
mon causative organism, the prevalence of infection caused by
Gram-negative and anaerobic bacilli is increasing. Osteomyeli-
tis can affect all age groups.1

Bone can be infected by three routes: hematogenous spread
of bacteria from a distant infection site, direct infection
of bone from an adjacent or contiguous source of infec-
tion, and infection of bone because of vascular insufficiency.
Table 66-1 summarizes important characteristics of these types
of osteomyelitis.1,2 Patients with recurrent osteomyelitis are
considered to have chronic osteomyelitis.

BONE ANATOMY AND PHYSIOLOGY
Understanding the pathophysiology of osteomyelitis requires
a basic understanding of bone anatomy and physiology. Figure
66-1 is a graphic representation of a long bone. The bone is
divided into three sections: the epiphysis, located at the end

of the bone; the metaphysis; and the diaphysis. The epiphysis
and metaphysis are separated by the epiphyseal growth plate.
This is the rapidly growing area of the bone, supported by
many blood vessels. Surrounding most of the bone is a fibrous
and cellular envelope. The external portion of this envelope is
called the periosteum, and the internal portion is referred to as
the endosteum.

The blood vessels that supply bone tissue are located pre-
dominantly in the bone’s epiphysis and metaphysis. The nu-
trient arteries enter the bone at the metaphyseal side of the
epiphyseal growth plate and lead to capillaries that form sharp
loops within the growth plate. These capillaries lead to large
sinusoidal veins that eventually exit the metaphysis of the bone
through a nutrient vein. Within the sinusoidal veins, blood flow
is slowed considerably, and infection can begin if bacteria settle
here.

Variations exist in the vasculature of bone in different age
groups, leading to different forms of osteomyelitis. In neonates
and adults, vascular communications are present between the
epiphysis and metaphysis, which can allow infection to spread
from bone to the adjacent joint. During childhood, however, this
area often is protected from infection because the epiphyseal
plate separates the vascular supply for these two regions.

HEMATOGENOUS OSTEOMYELITIS
Hematogenous osteomyelitis classically has been a disease of
children, although the number of cases reported in adults is
increasing. Osteomyelitis in children tends to be acute and
hematogenous and is often responsive to antibiotic therapy

66-1
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Table 66-1 Features of Osteomyelitis

Feature Hematogenous Adjacent Site of Infection Vascular Insufficiency

Usual age of onset (yr) <20; >50 >40 >40
Sites of infection Long bones, vertebrae Femur, tibia, skull, mandible Feet
Risk factors Bacteremia Surgery, trauma, cellulitis; joint prosthesis Diabetes, peripheral vascular disease
Common bacteria Staphylococcus aureus, Gram-

negative bacilli; usually one
organism

S. aureus, Gram-negative bacilli;
anaerobic organisms; often mixed
infection

S. aureus, coagulase-negative staphylococci,
streptococci, Gram-negative and anaerobic
organisms; usually mixed infection

Clinical findings
Initial episode Fever, chills, local tenderness,

swelling; limitation of motion
Fever, warmth, swelling; unstable joint Pain, swelling, drainage, ulcer formation

Recurrent episode Drainage Drainage, sinus tract As above

alone. In comparison, osteomyelitis in adults tends to be suba-
cute or chronic and commonly results from trauma, prosthetic
devices, or other insult. As a result, surgical débridement often
is needed in addition to antibiotics when treating osteomyelitis
in adults.

Infection in children develops primarily in the metaphysis of
the rapidly growing long bones of the body, probably because
the slow blood flow in these areas allows bacteria to settle and
multiply. The acute infectious process (e.g., edema, inflamma-
tion, small vessel thrombosis) causes a rise in pressure within
the bone that compromises blood flow and eventually leads
to necrosis. Released cytokines alter bone integrity by pro-
moting osteoclast activity. Eventually, the elevated pressure
and necrosis might cause devitalized bone to fragment from
healthy bone (sequestra). With continued spread of the infec-
tion into the outer layers of the bone and soft tissue, abscess
and draining sinus tracts form.1,2

In children, hematogenous infection most commonly oc-
curs in the long bones, as a single focus in the femur and
tibia.1 In adults, the vertebrae are more commonly involved,
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FIGURE 66-1 Long bone anatomy. Source: Adapted from Triffitt JT.
Organic matrix of bone tissue. In: Urist MR, ed. Fundamental and Clini-
cal Bone Physiology. Philadelphia, Pa.: JB Lippincott; 1980:46.

and infection usually occurs in the fifth and sixth decades of
life.3 In neonates, hematogenous osteomyelitis is an especially
serious disease that often involves multiple bones, especially
the long bones. Rapid spread across the epiphyseal plate can
involve the adjacent joint, making immediate, aggressive treat-
ment crucial.

The most common organism causing hematogenous os-
teomyelitis in children is S. aureus, which is caused partly
by the proclivity of this bacterial species to settle and adhere
to bone and cartilage. In adults, S. aureus is also the most com-
mon causative pathogen. Gram-negative bacilli (Escherichia
coli, Klebsiella, Proteus, Salmonella, and Pseudomonas), how-
ever, are responsible for an increasing number of cases of
osteomyelitis. Intravenous (IV) drug abuse often leads to in-
fection with Pseudomonas aeruginosa, whereas Salmonella
species is a common cause in patients with sickle cell
anemia.1,2

The clinical features of hematogenous osteomyelitis vary,
depending on the patient’s age and the infection site. In chil-
dren, infection usually is characterized by an abrupt onset of
high fever and chills, localized pain, tenderness, and swelling.
Systemic symptoms often are absent in neonates, delaying the
diagnosis. A diagnosis, therefore, must be made on the ba-
sis of localized symptoms such as edema and restricted limb
movement. Systemic symptoms are also less common in adults.
Patients with vertebral osteomyelitis can present with the in-
sidious onset of localized back pain and tenderness.1,3

ACUTE OSTEOMYELITIS
Usual Clinical Presentation

1. T.S., a 9-year-old boy, is unable to go to school today because
of fever and increasing leg pain. Three to four days ago, he says
his upper left leg started to hurt and he began limping last night.
There is no history of trauma to the area. His only past medical
history is two episodes of otitis media at ages 4 and 6. In the pe-
diatrician’s office today, maximal tenderness is focally localized
over the left distal femur without knee joint effusion. No visible
signs of swelling, warmth, or trauma are seen. His white blood
cell (WBC) count is 7,000 cells/mm3 (normal, 5,000–10,000), with
a normal WBC differential. Plain radiographic studies of the left
leg are normal, but the erythrocyte sedimentation rate (ESR) is
62 mm/hour (normal, 0–15). Two blood cultures are obtained,
and T.S. is sent home with directions for bed rest and use of
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acetaminophen as needed for fever. However, 2 days later, he is
admitted to the hospital because of severe pain and tenderness in
his left leg and a fever of 38.8◦C. The blood cultures obtained 2
days ago are positive for S. aureus, sensitive to oxacillin (OSSA),
and the C-reactive protein (CRP) is 14 mg/dL (normal, <2.0).
Another x-ray study is again normal, but a magnetic resonance
imaging (MRI) scan is positive for inflammation in the left distal
femur. What findings in T.S. are consistent with hematogenous
osteomyelitis?

[SI units: WBC, 7, 000 × 109/L (normal, 5,000–10,000); ESR, 62 mm/hour

(normal, 0–15); CRP, 14 mg/dL (normal, <2.0)]

T.S. displays the usual signs and symptoms of acute
hematogenous osteomyelitis in children. He is a previously
healthy child who developed acute localized pain and tender-
ness of the left distal femur, abrupt onset of high fever, and
an elevated ESR. The plain radiographic study was normal
on two occasions before hospitalization; however, plain radio-
graphs of bone are usually normal during the first 2 weeks of
infection. MRI scans usually can detect bone changes earlier
in the course of disease, and T.S.’s MRI scan on hospitalization
detected inflammation in the left distal femur.2 Although T.S.
did not have a bone biopsy sent for culture, his clinical picture,
a positive MRI scan, and blood cultures positive for S. aureus
establish the diagnosis of osteomyelitis.2,4 As in many cases of
osteomyelitis, the specific event that caused bacteremia with
bacterial dissemination to bone is unknown.

Several laboratory tests should be obtained in every child
suspected of having osteomyelitis. Although these tests are not
specific for the diagnosis of osteomyelitis, they help confirm
the clinical diagnosis. A complete blood count (CBC) and an
ESR are routinely obtained. The serum CRP, when elevated, is
a measure of systemic inflammation.

An increased WBC count is consistent with osteomyelitis,
but significant leukocytosis is absent in many children with os-
teomyelitis at the initial examination. Thus, T.S.’s WBC count
of 7,000/mm3 is not unusual. In adults, leukocytosis does oc-
cur, but it is more commonly associated with an acute infection
than with recurrent disease. When leukocytosis is present, the
WBC count rarely exceeds 15,000/mm3.2,5

Although the ESR and the CRP are relatively nonspe-
cific, most patients with osteomyelitis have ESR values >20
mm/hour and a CRP >2.0 mg/dL.2 Therefore, the increased
ESR and CRP in T.S. are consistent with osteomyelitis. De-
structive changes of bone can be seen in plain radiographs,
although these do not appear for at least 10 to 14 days after the
onset of infection.2 MRI scans can detect inflammation of bone
more quickly than plain radiographs.6 Hence, a normal plain
film does not rule out acute osteomyelitis if obtained within the
first 2 weeks of infection. The MRI scan in T.S. was extremely
helpful because acute osteomyelitis was detected before the
appearance of osteomyelitis on plain x-ray film.

Predisposing factors for hematogenous osteomyelitis in-
clude any risk factors that promote bacteremia (e.g., indwelling
catheters, hemodialysis shunts, central venous catheters used
for chemotherapy or parenteral nutrition). A distant focus in
the gastrointestinal or urinary tract can lead to bacteremia and
predispose a patient to the development of osteomyelitis. Intra-
venous (IV) drug abuse leading to bacteremia can be a predis-
posing factor for osteomyelitis. None of these factors seem to
have predisposed T.S. to the development of osteomyelitis. In

children such as T.S. who have no history of fractures or pen-
etrating injury, the most common cause for acute hematoge-
nous osteomyelitis is S. aureus, including methicillin-resistant
strains.1,2,4,7

Patient Workup

2. What additional patient and diagnostic information should
be obtained before T.S. receives his first dose of antibiotics?

Before T.S. receives antibiotic therapy, he should be as-
sessed for drug allergies, especially penicillin allergy. Patient
interviews, discussions with his parents, and a comprehen-
sive review of his medical record are necessary, especially if
a history of allergy is reported. Details of an allergic reaction,
including symptoms, onset of the reaction, probable causative
agent, treatment, and exposure to related compounds, should
be sought.

Cultures of blood and bone aspirate material are the best
ways to identify the specific bacterial cause for osteomyelitis
and are often part of the initial workup. Cultures taken after
antibiotics are started often are negative, however, thereby ne-
cessitating the use of empiric broad-spectrum antibiotic ther-
apy for several weeks. As a result, both the cost of therapy and
the risk of toxicity increase.

In T.S.’s case, the positive blood culture and MRI scan es-
tablish the diagnosis of osteomyelitis without the need for a
bone culture. If the blood cultures had been negative, however,
a bone aspirate for culture to identify the pathogen would be
recommended.1,2 Once material has been obtained for culture,
initial empiric therapy should start as soon as possible.

Treatment
Empiric Antibiotic Therapy

3. T.S. has no history of drug allergies; he took amoxicillin
for the previous episodes of acute otitis media without incident.
What antibiotic treatment should be started? What is the rele-
vance of bone concentrations or protein binding of antibiotics in
the selection of therapy for osteomyelitis?

For initial antimicrobial treatment of hematogenous os-
teomyelitis, the agent chosen should be administered IV at
high dosages to achieve adequate levels in the infected bone. It
is important to initiate treatment as soon as possible to improve
the chances for complete eradication of infection and to avoid
the need for surgery. Thus, empiric antibiotic therapy often is
instituted before culture and sensitivity results are known.

Based on the epidemiology of T.S.’s infection and the re-
sults of the blood culture, he should be treated for S. au-
reus osteomyelitis. In both children and adults, approximately
one-third of cases of acute osteomyelitis are currently caused
by oxacillin-resistant strains (ORSA).7–9 Hence, initial, em-
piric treatment should be with IV vancomycin until suscep-
tibility results indicate the isolate is oxacillin- (or nafcillin-)
susceptible. In the absence of susceptibility results or if the
isolate is oxacillin-resistant, therapy would continue with van-
comycin. Recurrent infection rates with vancomycin therapy
are concerning, however; thus, it is crucial that appropri-
ate biopsy and culture results are obtained whenever pos-
sible so that patients receive β-lactam–based therapy for



66-4 � INFECTIOUS DISORDERS

Table 66-2 Empiric Intravenous Antibiotics for Acute Osteomyelitis in Children

Dosage

Host Likely Etiologies Antibiotics (mg/kg/day) (doses/day)

Neonate Staphylococcus aureus Oxacillin (or nafcillin) + 100 4
Group B streptococci cefotaxime or 150 3
Gram-negative bacilli Oxacillin (or nafcillin) + 100 4

gentamicin 5–7.5 3

<3 yr S. aureus Vancomycin or 45 4
Haemophilus influenzae

type b
Cefuroxime or 50 2

Oxacillin (or nafcillin) + 150 4
cefotaxime 100 4

≥3 yr S. aureus Vancomycin or 45 4

Oxacillin (or nafcillin) or 150 4
Cefazolin or 100 3
Clindamycin 30–40 3

After puncture wound
through shoe

P. aeruginosa Ceftazidime 150 3

Child with sickle cell
disease

Salmonella sp. Oxacillin (or nafcillin) + 150 4
S. aureus cefotaxime or 100 4

Vancomycin + 45 4
cefotaxime 100 4

oxacillin-susceptible isolates.10,11 Because of less experience
in treating ORSA osteomyelitis, clindamycin or linezolid
should be used only in patients who are vancomycin intolerant.
Other organisms that can cause osteomyelitis include Staphy-
lococcus epidermidis, Streptococcus pyogenes, Streptococcus
pneumoniae, Haemophilus influenzae, and P. aeruginosa. In
the neonate with osteomyelitis, S. aureus and Streptococcus
species are commonly responsible.1 T.S.’s blood culture grew
OSSA and he is not allergic to penicillin. He is placed on IV
oxacillin therapy at 150 mg/kg/day Q 6 hr. He could have been
started on IV nafcillin instead of oxacillin because these two
drugs are therapeutically equivalent, and are given in similar
dosage. His prior exposure to amoxicillin is irrelevant except
to establish the absence of a penicillin allergy.

Under circumstances of negative cultures or while blood or
bone cultures are pending, the age of the child with acute os-
teomyelitis is important in the selection of appropriate empiric
antibiotics. Table 66-2 summarizes recommended drugs and
dosages in children with acute osteomyelitis.1,4,12

Antibiotic Bone Penetration and Protein Binding
The importance of selecting an antibiotic that penetrates into
bone when treating osteomyelitis is unclear, nor does a clear
relationship exist between bone concentrations and outcome
of therapy.1,2,13 Theoretically, drug protein binding could in-
fluence clinical efficacy because it is believed that the free
drug, rather than the protein-bound drug, diffuses from plasma
into bone tissue. Studies evaluating the penetration of highly
protein-bound drugs, such as cefazolin (90% protein bound),
show high cefazolin bone levels after a single 1-g IV dose,
exceeding levels achieved with cephalothin, a drug with only
20% protein binding. In addition, cefazolin and ceftriaxone,
two highly protein-bound drugs, usually are effective in treat-
ing osteomyelitis, provided high dosages are given for an ex-

tended period, and the responsible pathogen is susceptible.
In summary, antibiotic bone concentrations and protein bind-
ing of antibiotics (when appropriate dosages are used) are not
significant factors in the selection of appropriate therapy for
osteomyelitis.1,2

Duration of Therapy

4. The S. aureus grown from T.S.’s blood culture is OSSA.
Is oxacillin the best antibiotic choice, or would other antibiotics,
given less frequently, also be adequate therapy?

Continuing to treat T.S. with IV oxacillin (or nafcillin) ev-
ery 6 hours follows treatment recommendations for OSSA os-
teomyelitis. Antistaphylococcal penicillins achieve high lev-
els in bone and usually provide effective therapy when the
treatment regimen is followed with frequent doses for an ade-
quate duration. Changing T.S. to cefazolin would allow slightly
less frequent dosing (Q 8 hr), a potential advantage for home
treatment. Vancomycin use should be discouraged in T.S.’s
case because cultures grew an oxacillin-sensitive organism,
and vancomycin is associated with higher rates of treatment
failure.10,11 While the logistics of outpatient therapy in T.S.
are being investigated, he should remain on oxacillin while in
the hospital.

5. Both of T.S.’s parents are employed, and their work sched-
ules would prevent them from leaving their jobs to transport him
to an outpatient antibiotic treatment center. Is T.S. a candidate
for outpatient IV antibiotic therapy at home, or could oral antibi-
otic treatment be considered at this time? Must T.S. remain in the
hospital to receive his oxacillin?

Initially, all patients should receive IV antibiotics because
early, aggressive therapy offers the best chance to cure the
infection. T.S., however, does not necessarily need to stay in
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the hospital to complete therapy. A peripheral central catheter
(PICC) can be inserted for treatment, with antibiotic adminis-
tered via continuous infusion pump.1,2,4 Whether T.S. should
go home on IV antibiotics must be decided in concert with his
parents. If they do not have the resources or are unwilling to
oversee IV treatment at home, T.S. should remain hospitalized
to assess the first week of treatment. In any case, expecting
a 9-year-old boy such as T.S. to complete several weeks of
IV therapy at home is overly optimistic. Furthermore, catheter
complications (e.g., dislodgment, infection, or occlusion) are
concerns. As discussed in Question 6, T.S. may be able to com-
plete most of his course of treatment with oral antibiotics. Oral
antibiotics, however, should not be given to T.S. until the ef-
fectiveness of the first week of IV therapy can be assessed. The
total duration of IV and oral therapy for T.S. should be at least 4
weeks, or until the ESR has returned to the normal range.1,2,12

Use of Oral Antibiotics

6. After 1 week of IV oxacillin, T.S. is afebrile and the pain
and tenderness in his left leg are significantly reduced. The ESR
is 40 mm/hour, and CRP is 6.0 mg/dL. The plan is to switch T.S. to
oral antibiotics to complete a 4-week course of treatment at home.
What is an appropriate dosing regimen, and how often should he
return to the clinic for evaluation?

[SI units: ESR, 40 mm/hour; CRP, 6.0 mg/dL]

Because IV therapy for several weeks is inconvenient and
expensive, even at home, patients such as T.S. who have re-
sponded to IV antibiotics can be switched to oral therapy.
Again, this decision must be made in concert with T.S.’s par-
ents, who must understand the vital importance of frequent
antibiotic doses in these circumstances. Oral antibiotics are
appropriate only if a clear clinical response to IV therapy has
occurred over 7 to 10 days, and the patient can swallow and
tolerate oral therapy in adequate dosage.1,4

Thus, T.S. is a candidate for oral therapy, assuming his par-
ents agree to supervise treatment once he leaves the hospital.
T.S. has responded promptly to the IV therapy: his fever, leg
pain, and tenderness have resolved, the ESR and CRP are re-
duced. The CRP changes more quickly in response to adequate
antimicrobial therapy than does the ESR.14 Oral therapy, how-
ever, will be effective only if T.S. is compliant. Therefore,
assurances must be in place to guarantee that all doses will be
taken. T.S.’s parents have made arrangements with his fourth-
grade teacher to help him take his oral antibiotic during the
day.

T.S. can complete his 4-week course of antibiotics with
oral dosing of cephalexin capsules or suspension, which seems
to taste better (and hence is usually better tolerated) than di-
cloxacillin suspension. Cephalexin dosage should begin at 37.5
mg/kg Q 6 hr. Close follow-up of T.S. (weekly) is required un-
der these circumstances to monitor compliance and clinical
response to therapy. Parenteral therapy should be reinitiated
promptly if T.S.’s compliance is not perfect, or symptoms (or
increased ESR or CRP) recur.4,12,15 Initial oral therapy with a
quinolone is not appropriate for T.S. primarily because staphy-
lococi resistance to ciprofloxacin has emerged, and secondarily
because quinolone use is relatively contraindicated in children.
Dosages of oral antibiotics for children with osteomyelitis are
summarized in Table 66-3.12

Table 66-3 Oral Antibiotic Doses for the Treatment of
Osteomyelitis in Children

Drug Dosage(mg/kg/day) Interval between Doses (hr)

Penicillin V 125 4
Dicloxacillin 100 6
Amoxicillin 100 6
Cephalexin 150 6
Cefaclor 150 6
Clindamycin 40 8

Duration of Follow-Up for Recurrent Infection

7. T.S. has completed 4 weeks of treatment for his acute
staphylococcal osteomyelitis. Clinical evidence shows that the os-
teomyelitis is completely resolved, and the ESR and CRP are nor-
mal. For how long should T.S. be followed for possible recurrence
of his infection?

Relapses of osteomyelitis can occur years after the initial
acute episode.1,2 In T.S.’s case of uncomplicated acute os-
teomyelitis, he should be evaluated for recurrence at least every
3 months for at least 2 years.

SECONDARY OSTEOMYELITIS
Osteomyelitis Secondary to a Contiguous Source Infection

8. R.W., a 56-year-old man, suffered an open right tibial frac-
ture 4 weeks ago in a motorcycle accident. His fracture was set
by open reduction and external fixation. Cefazolin, given as sur-
gical prophylaxis, was continued for 24 hours. Antibiotics were
then switched to IV ampicillin/sulbactam for 1 week, followed
by oral amoxicillin/clavulanic acid, which he is still taking today.
The postoperative course was unremarkable until yesterday, when
he developed right leg pain and spontaneous drainage from the
surgical wound. On presentation, his right shin is tender, warm,
swollen, and erythematous, but he is afebrile. Other physical find-
ings are within normal limits. Laboratory data, including WBC
count, serum creatinine, and blood urea nitrogen (BUN), are nor-
mal, but the ESR is 38 mm/hour, and CRP is 8 mg/dL. Plain bone
films and bone MRI show inflammation and nonhealing of the tib-
ial fracture. What findings in R.W. are characteristic of secondary
osteomyelitis?

Few of the systemic signs and symptoms usually associated
with acute osteomyelitis are seen in secondary osteomyelitis.
The objective findings usually present in hematogenous dis-
ease, such as fever, leukocytosis, and an elevated ESR, can be
absent. The most common subjective complaint in acute con-
tiguous osteomyelitis is pain in the area of infection, which
often is accompanied by localized tenderness, swelling, ery-
thema, and drainage. Because several weeks might pass before
the patient becomes symptomatic, radiographic studies at the
time of diagnosis might reveal abnormalities consistent with
bone deterioration.1,2

Clinical Presentation
R.W.’s case is consistent with osteomyelitis secondary to a
contiguous focus of infection. Probable infection has arisen
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in his right leg at the site of surgical repair of a fracture of
his right tibia. R.W.’s localized symptoms, along with the ab-
sence of fever and leukocytosis, are characteristic of secondary
osteomyelitis. In these cases, bone becomes infected from an
exogenous source, or through spread of an infection from ad-
jacent tissue to bone. Infection can result from any trauma
followed by an orthopedic procedure to fix a bone fracture.
The bones most commonly involved are the hip, tibia, femur,
and fibula.1,2

Other associated situations are caused by contiguous spread
of an infection. These include any penetrating injury, such as
a gunshot wound or a nail puncture, or soft tissue infections,
such as pressure sores or those involving the fingers and toes.

Unlike hematogenous osteomyelitis, which occurs mostly
in children, acute contiguous infection occurs more often in
adults. This is explained by the higher incidence of precip-
itating factors within this age group, such as hip fractures,
orthopedic procedures, oral cancers, sternotomy incisions for
cardiac surgery, and craniotomies.1,2

Common Pathogens
Whereas hematogenous osteomyelitis usually involves a sin-
gle pathogen, coinfection with several organisms is common
in contiguous-spread osteomyelitis. Thus, although S. aureus
is the most common pathogen, it is often part of a mixed
infection. Other organisms responsible for infection include
Pseudomonas, Proteus, Streptococcus, and Klebsiella species,
E. coli, and S. epidermidis. Most cases of osteomyelitis in-
volving the mandible, pelvis, and small bones (e.g., those of
the hands and feet) are caused by Gram-negative organisms.
Pseudomonas often is isolated from infections after puncture
wounds of the foot.1,2

Anaerobes also are associated with contiguous-spread os-
teomyelitis. The anaerobic organisms most commonly isolated
are Bacteroides species and anaerobic cocci. Possible predis-
posing factors include previous fractures or injuries resulting
from human bites. Adjacent soft tissue infections can also lead
to anaerobic bone infections, as in the case of sacral osteomyeli-
tis secondary to severe decubitus ulcers.

To establish the pathogenic organisms, R.W. should have
surgical re-evaluation and a biopsy of involved bone at the
probable site of infection.1,2 The bone films and MRI scan
will help localize the possible infectious process to direct the
surgical biopsy.

Initial Treatment

9. R.W. returns to the operating room for surgical exploration,
and bone tissue is obtained for culture. He has no drug allergies.
The initial postoperative antibiotic order is for vancomycin, 1 g
IV Q 12 hr. Is this adequate antibiotic treatment for R.W.?

R.W. has had surgery to obtain bone material for cul-
ture because cultures of adjacent wound or sinus tract ma-
terial are not predictive of the bacteria actually infecting the
bone.16 Broad antibiotic coverage is necessary now because
S. aureus and polymicrobial Gram-negative aerobic bacilli
most likely are causing this infection.1 R.W. already has been
started on vancomycin to cover for S. aureus; however, a
third- or fourth-generation cephalosporin (cefotaxime, ceftri-
axone, ceftazidime, or cefepime) or a quinolone (ciprofloxacin)
should be added for Gram-negative coverage. Cefepime (2 g

IV Q 12 hr) or meropenem (1 g IV Q 8 hr) is suggested in
cases involving P. aeruginosa, although other antipseudomonal
drugs (e.g., ceftazidime, aztreonam, imipenem) would also
be appropriate.2 Vancomycin usually is adequate for effec-
tive treatment of ORSA infection, although optimal trough
concentrations are not defined; some authors suggest trough
concentrations should be in the 15 to 20 mcg/mL range.17,18

Third-generation cephalosporins or quinolones should not be
used to treat serious staphylococcal infection; therefore, com-
bined therapy with antistaphylococcal penicillins (if OSSA)
or vancomycin is necessary.1 Oxacillin and vancomycin have
activity against Gram-positive anaerobes, but not against an
important Gram-negative anaerobe, Bacteroides fragilis. If B.
fragilis is cultured from bone, additional therapy with metron-
idazole is indicated. Alternatively, combined, broad aerobic
(including Pseudomonas) and anaerobic Gram-negative cov-
erage could be provided by β-lactam/β-lactamase inhibitor
combination therapy with piperacillin/tazobactam. While cul-
tures are pending for R.W., his antibiotic regimen is changed
to vancomycin 1.5 g IV Q 12 hr and ciprofloxacin 400 mg IV
Q 12 hr.

OSTEOMYELITIS CAUSED BY PSEUDOMONAS

10. The bone biopsy from R.W. grows P. aeruginosa, which is
sensitive to piperacillin, ceftazidime, imipenem, gentamicin, to-
bramycin, and ciprofloxacin. His leg pain is no worse than it was
2 days ago, and he remains afebrile. How should R.W. now be
treated? Is he a candidate for oral therapy?

Traditional aggressive therapy for R.W. would include gen-
tamicin or tobramycin plus a second agent active against Pseu-
domonas, such as piperacillin, ceftazidime, or ciprofloxacin.
More recently, antipseudomonal therapy with a β-lactam plus
ciprofloxacin combination has been used with increasing fre-
quency to avoid the complications of aminoglycosides. Thus,
vancomycin should be discontinued. There is reasonable expe-
rience treating Pseudomonas osteomyelitis with an antipseu-
domonal β-lactam, with an aminoglycoside added (both de-
pending on sensitivities), to complete a 4-week course of
therapy.1 R.W. can receive cefipime (2 g IV Q 12 hr) plus
gentamicin as initial therapy. To facilitate antibiotic therapy at
home, R.W. is a candidate for once-daily dosing of gentamicin.1

Because his renal function is normal, a single daily dose of 5
to 7 mg/kg can be administered. Although only a few reports
exist of extended-dose aminoglycoside use in osteomyelitis,
for other Gram-negative infections considerable evidence in-
dicates that once-a-day therapy is as effective and possibly less
toxic as multiple daily doses.19,20 At home, R.W. should have
serum creatinine and trough gentamicin concentrations mea-
sured weekly. Desired trough levels are <1 mcg/mL.

In an effort to avoid aminoglycoside toxicity, some investi-
gators have administered cephalosporins or ciprofloxacin alone
for 4 to 6 weeks to treat osteomyelitis caused by Pseudomonas.
These studies are inadequate, however, because they involved
small case series without control groups or their follow-up time
was too short (6 months).21–23 Furthermore, studies do not yet
support the use of oral quinolones (ciprofloxacin) alone in these
cases.24 To provide the best chance of cure, R.W. should receive
cefipime and gentamicin for the entire 4-week course of ther-
apy. The relative effectiveness of cefipime plus ciprofloxacin
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is unknown. R.W.’s antibiotic therapy can be reasonably
accomplished at home. If gentamicin nephrotoxicity occurs
or if he develops an allergic reaction to cefipime, oral
ciprofloxacin (750 mg PO Q 12 hr) can be used to complete the
full 4-week course of therapy. He should be followed closely
thereafter for at least 2 years to detect recurrent infection.

OSTEOMYELITIS ASSOCIATED
WITH VASCULAR INSUFFICIENCY

11. P.G, a 60-year-old man, presents to the diabetes clinic with
an ulcer on the inferior surface of his left big toe. This lesion began
as a red spot about 6 months ago, but is now an ulcer approxi-
mately 2 cm wide × 1 cm deep. He has not paid much attention
to it because it has not been very painful. The ulcer is not foul
smelling. P.G. has had type 2 diabetes mellitus for 20 years and is
currently treated with oral glipizide and metformin. Otherwise,
he has no other complaints, but notes that his toe sore began after
he started using a new pair of shoes about 7 months ago. Lab-
oratory data obtained earlier today show a normal WBC count
and differential, and normal electrolytes, BUN, and creatinine.
His fasting blood glucose, however, is 240 mg/dL (normal, 65–
110), and the ESR is 45 mm/hour (normal, 0–15). What findings
in P.G. are consistent with secondary osteomyelitis?

[SI units: fasting plasma glucose, 13.3 mmol/L (normal, 3.6–6.1); ESR, 45

mm/hour (normal, 0–15)]

P.G. has chronic lower extremity vascular insufficiency as
a result of type 2 diabetes. Patients such as P.G. with impaired
blood flow usually develop osteomyelitis in the toes or small
bones of the feet. Infection often first presents as cellulitis,
as in P.G.’s case, which commonly progresses to deep ulcers.
Finally, the infection spreads to the underlying bone. In many
cases of osteomyelitis associated with vascular insufficiency,
multiple pathogens can be cultured from surgical specimens
or the wound. The most commonly isolated pathogens are S.
aureus; however, Gram-negative and anaerobic bacteria also
are often recovered.

Similar to contiguous-spread osteomyelitis, systemic signs
of infection (e.g., fever and leukocytosis) are often absent in
patients who develop bone infection secondary to vascular in-
sufficiency. Local symptoms, such as pain, swelling, and ery-
thema, usually dominate the picture.1,2,25

P.G. may have a bone infection that underlies a chronic,
cutaneous ulcer on the bottom of his left big toe. Because of
likely diabetic neuropathy, the skin lesion may not be very
painful, and poor blood supply to the site likely contributed
to the development of a chronic infection and possibly sec-
ondary osteomyelitis. Clinically, osteomyelitis is suggested by
his elevated ESR and fasting glucose (consistent with infec-
tion). In addition, diabetic foot ulcers that are >2 cm wide and
>2 cm deep, or that penetrate to bone, are often predictive for
underlying osteomyelitis.25,26

Antibiotic Selection

12. P.G.’s wound is débrided, and material obtained from a deep
wound swab is sent to the microbiology laboratory for cultures. He
is hospitalized to receive wound care and to begin antibiotics. He

has no drug allergies, and he is started on vancomycin (1 g IV Q
12 hr) and oral ciprofloxacin (750 mg Q 12 hr). Is this appropriate
initial therapy?

The antibiotic treatment selected for P.G. should be active
against both Gram-positive and Gram-negative aerobic bac-
teria. Because anaerobic, Gram-negative bacteria are cultured
from bone in diabetic patients with osteomyelitis ≤15% of
the time, empiric anaerobic coverage may not be necessary
at this stage of treatment.27,28 Because of the emergence of
community-associated ORSA infection, vancomycin plus a
third-generation cephalosporin (ceftriaxone, ceftazidime) or
a quinolone (ciprofloxacin, levofloxacin) for Gram-negative
coverage is a frequently used empiric regimen. If anaero-
bic bacteria are believed to be clinically involved (e.g., foul-
smelling wound), metronidazole (Flagyl) should be added to
the regimen. Hence, the initial regimen of vancomycin and
ciprofloxacin for P.G. is rational. Further antibiotic refinement
should occur after the results of the deep wound swab cul-
ture are available. The duration of IV therapy for diabetic foot
osteomyelitis is not defined.26,28 Emerging evidence indicates
the effectiveness of oral linezolid (600 mg Q 12 hr) to treat
osteomyelitis caused by ORSA in diabetic patients.29,30 Other
useful oral drugs for staphylococcal infections, depending on
susceptibilities and patient tolerance, are clindamycin (300
Q 8 hr), trimethoprim-sulfamethoxazole (two DS Q 12 hr),
and amoxicillin/clavulanate (Augmentin, 850 mg or Q 12 hr).
The overall duration of combination therapy can range from 6
weeks to 10 months or more, depending on the healing rate of
the ulcer.28

P.G. should also be made aware that osteomyelitis associ-
ated with diabetic foot ulcers is difficult to treat because poor
circulation can impair antibiotic delivery to the infection site.
Despite surgical débridement of the infection followed by ap-
propriate treatment with long-term IV and oral antibiotic ther-
apy, cure rates are low. Even minor amputations (one or two
toes) are unsuccessful in eradicating infection. Radical sur-
gical approaches, such as transmetatarsal, below-the-knee, or
above-the-knee amputations, often are necessary to cure these
infections.1,2,26,31

CHRONIC OSTEOMYELITIS
Clinical Presentation

13. F.B., a 48-year-old man, sustained a fracture of the left
humerus in an automobile accident 6 years ago. That fracture
clinically healed without any immediate consequences. How-
ever, 1 year ago, a draining sinus tract developed at the site
of the previous fracture without any antecedent events. He
has taken various oral antibiotics over this last year, including
cephalexin and ciprofloxacin, which he stopped taking 2 months
ago. One month ago, he noted increased sinus drainage, pain,
swelling, and erythema of his left upper arm, and ciprofloxacin
was restarted. A swab culture of the sinus drainage grew S.
epidermidis, E. coli, Peptostreptococcus micros, and Bacteroides
species. Two days ago, while off of antibiotics for a week,
surgical débridement of bone and tissue was performed be-
cause of a further increase in drainage and poor appearance
of the wound. Gentamicin-impregnated polymethylmethacrylate
(PMMA) beads were placed in the tissue adjacent to the débrided
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bone during surgery. Bone cultures grew Proteus mirabilis,
P. micros, and B. fragilis. The Proteus was resistant to ampi-
cillin, cefazolin, ticarcillin, and ciprofloxacin, but sensitive to ce-
fotaxime, ceftriaxone, imipenem, gentamicin, and trimethoprim-
sulfamethoxazole. Antibiotic sensitivities for the Bacteroides were
not tested. What aspects of F.B.’s case are characteristic of chronic
osteomyelitis?

Inadequate treatment of an acute episode of osteomyelitis
can lead to formation of necrotic, infected bone and recurrent
symptoms consistent with chronic disease. Even with appro-
priate initial therapy, osteomyelitis can reactivate, even with
different organisms from the initial episode. Some propose that
previously infected bone might be a focus of reduced resistance
to infection, and then at risk for reinfection.32 Persistent symp-
toms or signs lasting longer than 10 days correlate with chronic
osteomyelitis and the development of necrotic bone.1 Draining
sinus tracts often develop from the bone to the skin in cases of
chronic osteomyelitis.33

F.B. probably developed a chronic bone infection after the
automobile accident. The reappearance of sinus tract drainage
in his left upper arm indicates an indolent infection of bone that
was periodically suppressed, but not treated by oral antibiotics.
Cultures of sinus drainage now grow multiple organisms, and
components of the topical normal bacterial flora are found.
These cultures usually do not correlate with the organisms
actually causing bone infection.16 F.B.’s recurrent course of
bone involvement with drainage and local symptoms, and lack
of any remarkable systemic symptoms, is classic for chronic
osteomyelitis.33

Surgery and Oral Antibiotics

14. Oral ciprofloxacin (750 mg BID) was restarted 1 month ago
when F.B.’s left arm became more painful and drainage increased.
Was his poor response to therapy unexpected? How should his case
have been managed?

F.B.’s poor response should have been expected for at least
two reasons. Antibiotic therapy was started before surgical
débridement of avascular tissue, and he was given an antibi-
otic that is ineffective because of resistance against the cultured
organisms from bone.

Surgery plays an important role in the treatment of chronic
osteomyelitis. Bone necrosis will progress if decompression
and drainage of the infected area is not carried out as soon
as possible. Furthermore, without initial surgical removal of
necrotic bone and other poorly vascularized, infected material,
even IV antibiotics are likely to fail.

After surgery, it is important to achieve high levels of an-
tibiotics that have been selected based on culture results from
specimens obtained by deep aspiration or bone biopsy. An-
tibiotics should not be selected based on culture results from
sinus tract drainage because these cultures do not correlate
with the actual causative organisms. F.B. should be treated ini-
tially with IV antibiotics because of relatively poor blood flow
at the infection site. Although the optimal duration of therapy
for chronic osteomyelitis is not well studied,1,2,34 parenteral
therapy is generally recommended for 6 to 8 weeks, followed
by 3 to 12 months of oral antibiotic therapy, depending on the
healing rate.2

Finally, F.B. should continue to be evaluated by an orthope-
dic surgeon because he may require further surgical treatment
to eradicate chronically infected bone.

Intravenous Antibiotics

15. What would be reasonable antibiotic therapy for F.B.?

On the basis of the bone culture and sensitivity results, F.B.
needs high-dose therapy directed at P. mirabilis and B. fragilis.
For convenience and possible future home therapy, ceftriaxone
(2 g IV Q 24 hr) could be started for coverage of Proteus. The
anaerobic activity of ceftriaxone is inadequate for infections
caused by Bacteroides. Therefore, metronidazole (500 mg IV Q
8 hr) also should be started. Because of excellent oral bioavail-
ability, the metronidazole can be rapidly converted to oral ther-
apy at the same dose before discharge. Piperacillin/tazobactam
(Zosyn) or ertapenem (Invanz) could be an alternative choice
for home IV therapy circumstances, assuming it is documented
that the Proteus isolate is sensitive to either agent. Both of these
drugs would also provide excellent activity against anaerobic
bacteria. Ertapenem is convenient for home therapy because it
can be given once daily (1 g IV Q 24 hr).

After 6 to 8 weeks of parenteral therapy (which can be com-
pleted at home), F.B. should be closely evaluated for response.
If symptoms have been reduced, then treatment with oral an-
tibiotics (trimethoprim-sulfamethoxazole and metronidazole)
should continue for at least 6 to 8 weeks, but treatment can be
continued for several additional months based on resolution
of the sinus tract drainage, pain, and tenderness in F.B.’s arm.
Under these circumstances, F.B. should be monitored closely
for possible adverse effects of these drugs given chronically
(hepatitis, cytopenias, neuropathy). If the sinus tract does not
heal or if F.B.’s arm remains painful, surgical exploration and
bone cultures must be repeated.

Local Antibiotics

16. What are the rationale for and effectiveness of local an-
tibiotic administration (the PMMA beads) inserted during F.B.’s
orthopedic surgery?

To deliver high concentrations of antibiotics to poorly vas-
cularized bone infection sites, various materials containing an-
tibiotics have been placed at the infection site during surgery.
Plaster pellets, fibrin, collagen, hydroxyapatite, and PMMA
impregnated with antibiotic, usually an aminoglycoside or van-
comycin, have been used. The dosage form is designed for the
slow release of antibiotics from the material. The most com-
monly reported experience with local antibiotic delivery has
been with antibiotic-impregnated PMMA cement or beads in-
serted during joint arthroplasty. Recurrent infection rates have
been comparable in patients treated with local antibiotic in-
sertion and those treated with systemic antibiotics. Thus, no
evidence suggests that the PMMA beads will improve F.B.’s
outcome when added to systemic therapy. Local delivery of an-
tibiotics should never replace systemic antibiotics in the treat-
ment of chronic osteomyelitis.35
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OSTEOMYELITIS ASSOCIATED
WITH PROSTHETIC MATERIAL
Usual Clinical Presentation

17. S.M., a 73-year-old woman, had right hip replacement 8
years ago for chronic osteoarthritis. She is seen today in the
orthopedic clinic because of increasing right hip pain for the
last 3 months. The hip is painful and warm, but her temper-
ature is 37.5◦C. Aspiration of fluid from the hip reveals a to-
tal nucleated cell count of 80,000/mm3 with 90% neutrophils.
A Gram stain of this fluid shows 4+ polymorphonuclear leuko-
cytes (PMN) and 1+ Gram-positive cocci. Her peripheral WBC
count is 8,800 cells/mm3. She is started on antibiotic therapy with
vancomycin and piperacillin/tazobactam pending culture results,
and she is scheduled for operative evaluation and possible re-
moval of her prosthetic joint. Does S.M. have a prosthetic joint
infection?

[SI unit: WBC, 8,800 × 109 cells/L]

Joint replacement surgery has become a common orthope-
dic procedure for patients with significant joint destruction as a
result of rheumatoid arthritis (RA) and other disabling diseases.
Prosthetic knee, shoulder, elbow, or hip devices made of metal-
lic alloys are cemented to adjacent bone to re-establish joint
function. Infection of these foreign bodies can occur because
of hematogenous dissemination of bacteria or by contiguous
spread from a topical wound. Staphylococcus species are most
commonly involved in prosthetic joint infections, followed by
Streptococcus species, Gram-negative bacilli, and anaerobes.
Bacteria infect bone adjacent to the joint prosthesis, including
the bone–cement interface, which results in a loosened and less
functional prosthesis.36

Chronic pain, swelling, erythema, and tenderness over a
prosthetic joint are typical findings associated with prosthetic
joint infection. S.M. has a relatively lengthy duration of symp-
toms associated with her right hip, which also could be caused
by joint loosening, but the cell count and differential from the
joint aspirate suggest joint infection. Also, the predominance
of neutrophils in her joint fluid and Gram-positive cocci on
a Gram stain are consistent with an infected prosthesis. As
is often the case, she has no obvious source of infection on
her skin or other site from which bacteria could disseminate.
Occasionally, sources of infection with hematogenous dissem-
ination to the prosthetic joint are identified, such as dental in-
fections, cellulitis, or urinary tract infections. Given the Gram
stain result, S.M. should be covered for Staphylococcus and
Streptococcus species with vancomycin, pending the results
of cultures and sensitivities. Staphylococcus species, includ-
ing coagulase-negative species such as S. epidermidis, are the
most commonly isolated bacteria responsible for prosthetic
infection. These coagulase-negative Staphylococci are espe-
cially adherent to prosthetic material and, although coagulase-
negative Staphylococci are usually considered a contaminant
in culture, and when a prosthesis is in place, it should be
considered a likely pathogen. Coagulase-negative Staphylo-
cocci are often resistant to oxacillin, but are susceptible to
vancomycin. Because Gram-negative bacteria also can infect
these joints, it is reasonable to add Gram-negative coverage
to S.M.’s regimen until the results of joint fluid cultures are
available.

Surgery

18. Does S.M. need surgery and antibiotics to cure her infec-
tion?

Yes. Surgery to remove S.M.’s hip prosthesis and chronic
antibiotics for 6 weeks are the current recommendations for op-
timal eradication of prosthetic joint infection.1,36 A two-stage
orthopedic procedure is involved: removal of the infected pros-
thesis, placement of an antibiotic-filled spacer or block, joint
immobilization, and antibiotics for 6 weeks. If the joint space
remains culture negative, a new joint prosthesis is reinserted.
Because avascular bone cement and prosthetic material can be-
come seeded with bacteria, complete removal of this material
is necessary to have the greatest chance of curing the infection.
Six weeks of systemic antibiotic therapy in combination with
orthopedic surgery results in restoration of joint function in
85% to 95% of cases. High rates of treatment failure (∼70%)
occur if the joint prosthesis is not removed and chronic sup-
pressive antibiotics are not given.36,37

Antibiotics

19. Because the pelvic portion of S.M.’s hip prosthesis is so
firmly attached to bone, the surgeon decides not to remove this
portion of the prosthesis because doing so would require a pelvic
fracture. Instead, her hip is débrided and the acetabular lining
material is replaced. Purulent material is sent for culture. The
removed lining material and three swabs of the right hip prosthesis
grow OSSA. How should S.M. be treated?

To prevent recurrence of infection, S.M. will need to take an-
tibiotics indefinitely, perhaps for the rest of her life if the origi-
nal prosthesis remains in place. Lifelong therapy is impractical,
expensive, and likely to provoke adverse effects. S.M. should
be treated initially with oxacillin (2 g IV Q 4 hr) for at least 2
weeks, although the optimal duration of this initial parenteral
therapy is unknown. Thereafter, she should be treated with oral
antibiotics. Limited success has been reported with the use of
ciprofloxacin plus rifampin, both given orally, in patients with
prosthetic joint infections caused by Staphylococcus species in
which the implant was not removed. In 18 patients with a short
duration of symptoms (<21 days), oral ciprofloxacin (750 mg
BID daily) and oral rifampin (450 mg BID daily) were given
for 3 months. Twelve patients who completed the protocol had
no evidence of infection at 24 months of follow-up.38 S.M.’s
symptoms have lasted 3 months, suggesting that her infection
may not respond to therapy as well as that reported. Neverthe-
less, a prolonged course of ciprofloxacin and rifampin could
be tried for at least 3 months.38 Because S.M. grew OSSA (and
assuming the isolate is also rifampin-sensitive), she could be
treated chronically with dicloxacillin plus rifampin. Rifampin
should be used when possible for prosthetic joint infection
caused by staphylococci.36 An important consideration before
using rifampin is to make sure the patient is not taking other
agents (e.g., warfarin, anticonvulsants) where a detrimental
rifampin-induced drug interaction could occur.39 A third op-
tion for oral therapy is linezolid (Zyvox). Limited data exist on
the use of linezolid for prosthetic joint infection, however, and
chronic use is associated with thrombocytopenia. If linezolid
is used for >2 weeks, S.M.’s platelet count should be followed
weekly.29,40
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20. S.F. is a 48-year-old man with hemophilia A and chronic
bilateral knee hemarthroses. He has been human immunodefi-
ciency virus (HIV) seropositive for 12 years; his last CD4 count
1 month ago was 480 cells/mm3 (normal, >800). One week ago,
he had uncomplicated bilateral knee arthroplasty. Cefazolin pro-
phylaxis was administered before surgery and for 24 hours post-
operatively. Soon after surgery, he noted intermittent chills and
sweats accompanied by documented fevers. Two blood cultures
drawn 3 days postoperatively were negative, and he was started on
ampicillin/sulbactam (Unasyn) and gentamicin. Two more blood
cultures drawn 3 days later are positive for P. aeruginosa, sensi-
tive to ceftazidime, piperacillin, imipenem, ciprofloxacin, and gen-
tamicin. The surgical sites are unremarkable. His antiretroviral
medications are zidovudine and lamivudine (Combivir) and efavi-
renz (Sustiva). What is a rational antibiotic therapy plan for S.F.?

Antibiotic treatment for S.F. should be designed to treat
his Pseudomonas bacteremia and also to eradicate and then
suppress Pseudomonas that may have seeded his prosthetic
joints. Without symptoms related to his knees (pain, swelling,
redness, tenderness), it will be impossible to tell whether the
joint has become infected without removing the prosthesis.
The conservative approach is to treat S.F. with combined an-
tipseudomonal antibiotics, such as ceftazidime (2 g IV Q 8 hr)
and once-daily gentamicin for 6 weeks, followed by chronic
suppressive therapy with oral ciprofloxacin for the rest of his
life.36 No evidence indicates that adjunctive rifampin improves
outcomes in Gram-negative infections. Also, rifampin would
interact significantly with S.F.’s antiretroviral therapy, particu-
larly efavirenz.39

SEPTIC ARTHRITIS
Nongonococcal Arthritis

21. M.T., a 65-year-old man, is referred to the rheumatology
clinic for left knee swelling. One week ago, his left knee became
painful and swollen and he was unable to flex the joint. He also
noted a temperature of 100.5◦F to 102◦F for at least 5 days. In
clinic, a joint effusion is noted, and fluid is aspirated for cell count,
a Gram stain, and culture. His medical history is unremarkable
except for an episode of hives after receiving cephalexin for cel-
lulitis 2 years ago. M.T.’s WBC count is 14,000 cells/mm3, and his
ESR is 40 mm/hour. The synovial fluid from his right knee con-
tains 50,000 WBCs/mm3 with 94% neutrophils, and the Gram
stain shows Gram-positive cocci in clusters. Culture results are
pending. His temperature is 38.5◦C. What findings in M.T. are
consistent with septic arthritis?

[SI units: WBC count, 12,000 and 80,000 × 109 cells/L, respectively; neu-

trophils, 0.94; ESR, 40 mm/hour]

Usual Clinical Presentation
Septic arthritis or infectious arthritis usually is acquired
hematogenously. The highly vascular synovium of the joint
allows easy passage of bacteria from blood into the synovial
space. Bacteremia, secondary to Neisseria gonorrhoeae or S.
aureus in particular, often is associated with the development
of joint infections. Septic arthritis also can develop secondary
to the spread of osteomyelitis into the joint. This is especially
a problem in children <1 year of age who still have capillaries
perforating the epiphyseal growth plate.2,4

Several factors predispose patients to the development of in-
fectious arthritis. Trauma can directly inoculate the synovium
or allow infecting organisms to penetrate it more easily. Pa-
tients with certain systemic disorders, such as diabetes melli-
tus, RA, osteoarthritis, chronic granulomatous disease, cancer,
or chronic liver disease, are more susceptible to the develop-
ment of infection. Endocrine factors can predispose pregnant or
menstruating women to the development of gonococcal arthri-
tis. In the menstruating patient, this can be explained partially
by the increased endocervical shedding of N. gonorrhoeae.41,42

M.T. has had an acute onset of monoarticular joint pain
and swelling, with reduced range of motion and fever. These
findings are classic for septic, nongonococcal arthritis. The
tap of his joint effusion with a predominance of neutrophils in
the joint fluid confirms the diagnosis. In these circumstances,
M.T.’s knee has been infected hematogenously from a distant,
usually unrecognized, source of infection. The knee is involved
most commonly, and S. aureus is the usual causative organism.
If M.T. had a urinary tract infection, however, Gram-negative
bacilli would more commonly be responsible for joint infec-
tion. Occasionally, a predisposing factor is present in the invol-
ved joint, such as pre-existing arthritis (i.e., RA) or trauma.41,42

A single joint is involved in 90% of bacterial arthritis cases.
As in M.T.’s case, the joint most commonly involved is the knee.
Other potential sites of infectious arthritis in adults include the
hip, shoulder, sternoclavicular and sacroiliac joints; the ankle
and elbow are common sites of infection in children. The wrist
and interphalangeal joints of the hand also may be involved,
but in these cases, the infectious pathogens are most often
N. gonorrhoeae and Mycobacterium tuberculosis.41 The most
common systemic indication of infectious arthritis is fever.
Localized symptoms include pain, decreased mobility of the
involved joint, and swelling.

As illustrated by M.T., most patients also have joint effusion
on physical examination. When evaluating a patient who may
have a joint infection, any purulent joint effusion should be
considered septic until a thorough workup proves otherwise.
Alternatively, noninfectious conditions may be present, such
as single joint involvement with synovial effusions (e.g., acute
RA, gout, chondrocalcinosis).41

Aspirated joint fluid should be cultured because isolation
of bacteria is the only definitive diagnostic test for bacterial
arthritis. M.T.’s joint fluid picture also is typical. The leukocyte
count in the synovial fluid usually is significantly elevated, with
counts ranging from 50,000 to 200,000 cells/mm3. Leukocyte
counts of <20,000 rarely are seen during infection, except in
early cases of bacterial arthritis or in patients with disseminated
gonococcal infection (DGI). Synovial fluid from an infected
joint also may have a decreased glucose concentration, but this
is seen in only about 50% of cases.41

Another laboratory finding in M.T. that is consistent with
infectious arthritis is the elevated ESR. Although this value is
higher in bacterial infection, viral or fungal arthritis also can be
associated with this finding. Increased WBC counts in serum
are common in younger patients, but rare in adults. Anemia also
can be associated with infection, especially in patients with
chronic involvement or in cases where predisposing factors
such as RA are present.42

When attempting to determine the most likely pathogen,
the patient’s age must be taken into consideration. In adults
>30 years of age such as M.T., and in children >2 years of
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age, S. aureus is the most common cause of bacterial arthritis.
In adults <30 years of age, N. gonorrhoeae is more likely to be
the causative agent. Streptococci, such as group A β-hemolytic
Streptococci, can cause infection in children and adults. Other
organisms, such as group B Streptococci, anaerobic Strepto-
cocci, and Gram-negative bacteria, can cause infection. Gram-
negative bacilli are responsible for approximately 15% of cases
and often infect multiple joints. Infections with these organ-
isms usually are associated with predisposing factors, such as
RA, osteoarthritis, or heroin use. The organism most com-
monly isolated from patients with bacterial arthritis who have
a history of IV drug abuse is P. aeruginosa.41,42

Initial Antimicrobial Therapy: Treatment in
β-Lactam Allergic Patients

22. M.T. describes his reaction to cephalexin as intense pruritic
skin lesions over his trunk and upper extremities that appeared
acutely (several hours) after he had received several doses. He did
not experience wheezing or shortness of breath, and his reaction
was treated symptomatically with diphenhydramine and discon-
tinuation of the cephalexin. He had received several types of oral
antibiotics before this episode of pruritus without difficulty, but
has not taken antibiotics since then. How should M.T. be treated?

Treatment of nongonococcal arthritis includes drainage of
purulent joint fluid (by needle aspiration or surgery) and ap-
propriate antibiotic therapy. Because S. aureus is most likely
involved, initial empiric therapy with a penicillinase-resistant
penicillin, a cephalosporin, or vancomycin should be initiated.
M.T.’s reaction to cephalexin is worrisome, however, because
readministration of a penicillin or cephalosporin could cause
allergic symptoms. An alternative, effective non–β-lactam
treatment is available, however. Because M.T.’s septic arthri-
tis is probably caused by S. aureus and, perhaps, streptococci,
vancomycin (1 g IV Q 12 hr), which covers both organisms,
should be started as soon as possible. In patients who are not
allergic to penicillin, oxacillin or nafcillin (2 g IV Q 4 hr) is rec-
ommended for OSSA infections. β-lactams and vancomycin
penetrate joint effusions adequately for Gram-positive infec-
tions. If M.T. acquired his infection in the hospital, vancomycin
also would be initially indicated because of the possibility that
ORSA is involved. In a nonallergic patient, therapy then can
be changed on the basis of sensitivity testing to oxacillin if the
organism is susceptible.41,42

Duration of Therapy

23. How long should M.T. be treated? How should the efficacy
of treatment be monitored?

Although few studies have been carried out to determine the
optimal duration of therapy for bacterial arthritis, the current
recommendation is 2 to 3 weeks; some investigators recom-
mend that treatment be extended to 4 weeks for infectious
arthritis caused by S. aureus or Gram-negative bacilli.41,42

M.T. should be treated for at least 3 weeks.42,43 His re-
sponse to therapy should be monitored clinically (resolution
of symptoms, fever, and falling ESR, CRP, or both) as well as
by periodic evaluation of joint fluid. Frequent aspirations of
joint fluid, initially on a daily basis, should be done, with eval-
uation of cell count and fluid culture. Effective therapy results

in a diminishing WBC count in the joint fluid and negative cul-
tures, usually within 3 to 4 days of treatment. A poorer outcome
(permanent joint dysfunction) can result if joint fluid cultures
are still positive after 6 days of treatment for Gram-positive
infection. If fluid cultures are persistently positive, more ag-
gressive surgical management is necessary to preserve joint
function.41,42

Most joint fluid cultures become negative after 7 days of
treatment with IV antibiotics. Joint inflammation and other
symptoms also should diminish by this time. The duration of
articular symptoms before antibiotic therapy is begun corre-
lates with the subsequent time required to sterilize the synovial
fluid. Therefore, delay in initiating antibiotic treatment may ne-
cessitate a longer course of therapy.

As in hematogenous osteomyelitis, oral antibiotics have
been used in septic arthritis to complete a course of treatment
if the initial response to IV therapy is adequate. Oral ther-
apy should not be considered until the patient is afebrile, joint
fluid cultures are negative, the ESR or CRP is normal, and
there is decreased joint pain and increased joint mobility.42

There are case series with generally positive results, but ad-
equately controlled, randomized clinical trials comparing IV
and oral therapy are not available.43 Because of M.T.’s allergy
to cephalexin, the choice of adequate oral therapy to complete
at least 3 weeks of treatment is difficult. Because of the con-
tinuing emergence of resistance among Gram-positive organ-
isms to ciprofloxacin, use of this agent is not recommended.
Oral clindamycin could be used, but published experience in
adults is minimal and there would be concern about the possible
development of antibiotic-associated colitis. Use of linezolid
(Zyvox) in septic arthritis is also not extensively reported in
the literature. If the S. aureus isolated from M.T. is sensitive
to trimethoprim-sulfamethoxazole, this agent may be an alter-
native to clindamycin for oral treatment. Published experience
with this mode of treatment also is lacking. M.T. should be
advised that parenteral treatment with vancomycin, which can
be accomplished at home, would be the most effective mode of
treatment. Finally, injections of antibiotics into the joint space
are of no value. Most antibiotics readily penetrate the joint
space and enter the synovial fluid.41,42

Gonococcal Arthritis

24. J.E., a 21-year-old woman, presents to the walk-in clinic
with right knee and right shoulder pain, nausea, and vomiting.
On physical examination, her right knee is swollen and she has
decreased range of motion of her right shoulder. Several erythe-
matous, papular skin lesions are noted on both hands. She also
has a vaginal discharge. Her temperature is 38.2◦C, and her WBC
count is 15,000 cells/mm3. She gives a history of having two re-
cent sexual partners. Cultures of blood, joint fluid, and vaginal
discharge are obtained; a joint fluid Gram stain shows 4+ PMNs,
but no organisms are seen. Why is J.E. considered to have gono-
coccal arthritis?

[SI unit: WBC, 15,000 × 109 cells/L]

Usual Clinical Presentation
Polyarticular arthritis in a young, sexually active adult, as is the
case with J.E., is caused most commonly by N. gonorrhoeae.
Arthritis in multiple joints is one of the most common features
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of disseminated gonococcal infection (DGI). Unlike nongono-
coccal arthritis, which is almost exclusively monoarticular,
gonococcal arthritis involves multiple joints in approximately
50% of cases. Clinically, patients present initially with a mi-
gratory polyarthralgia and later with fever, dermatitis, and
tenosynovitis. Skin lesions are an important clue to the diag-
nosis of DGI and often begin as tiny erythematous papules and
develop into larger vesicles. Other symptoms, such as purulent
and swollen joints, are present in only 30% to 40% of patients.
As in hematogenously acquired nongonococcal arthritis, the
synovial fluid leukocyte count usually is elevated, but to a lesser
degree. N. gonorrhoeae is recovered in <50% of purulent joint
effusions, however, but blood cultures often are positive for this
organism and, coupled with the patient’s clinical presentation,
can be used to make a definitive diagnosis.41,44

J.E. has systemic signs of infection, skin lesions, and multi-
ple joint involvement, which are classic for DGI. Her history of
recent sexual activity and the presence of a vaginal discharge
are consistent with gonococcal infection, although evidence of
mucosal infection with N. gonorrhoeae is not necessary for
disseminated infection to occur.41,44

Patient Workup and Treatment in the Clinic

25. What additional workup should be done in J.E.? Can she
be treated immediately in the clinic?

J.E. should be evaluated for other sexually transmitted dis-
eases, specifically syphilis and HIV infection. Serologic testing
for syphilis (rapid plasma reagent [RPR] or venereal disease
research laboratory [VDRL] testing) and for antibody to HIV
should be obtained. In addition, she should have a pregnancy
test because some of the antibiotics that may be used in J.E.
are contraindicated during pregnancy, including doxycycline.

Because of possible penicillinase production by N. gonor-
rhoeae, recommended therapy is with ceftriaxone (1 g intra-
muscularly or IV Q 24 hr) initially. J.E. should receive her first
dose of ceftriaxone in the clinic today. Parenteral treatment
should continue for 1 to 2 days after improvement begins; at
that point, oral cephalosporin therapy (cefixime 400 mg BID or
cefpodoxime 400 mg BID) can be started. Quinolone-resistant
N. gonorrhoeae are prevalent throughout the United States,
so the use of ciprofloxacin or levofloxacin as treatment is no
longer recommended by the Centers for Disease Control and
Prevention (CDC). The duration of antibiotic treatment is 7 to
14 days.42,45

J.E.’s sexual partners should also be evaluated and treated
for relevant sexually transmitted diseases.

Full Course of Therapy

26. Results of RPR and pregnancy testing in J.E. are negative.
How should she complete her course of therapy?

J.E.’s DGI should be treated for at least 7 days. J.E. also
should begin treatment with azithromycin (1 g orally once)
or doxycycline (100 mg orally BID for 7 days) for the possi-
bility of concomitant chlamydial infection. J.E. can complete
her course of treatment for DGI orally, although parenteral
therapy is recommended until signs and symptoms resolve.
This usually takes 2 to 4 days.44 She will have to return to
the clinic for daily ceftriaxone administration unless other ar-
rangements for parenteral therapy can be made. Current rec-
ommendations from the CDC are that oral treatment should
be with either cefixime (400 mg BID) or cefpodoxime (400
mg BID).45 Treatment guidelines for DGI are included in the
gonorrhea section of the chapter on sexually transmitted dis-
eases.
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Skin and soft tissue infections refer to infections involving any
or all layers of the skin (epidermis, dermis), subcutaneous fat,
fascia, or muscle. Many terms or classifications are used to de-
scribe various skin and soft tissue infections, and these often
are based on the site of infection and causative organism(s).
The terms or classifications, however, add little to the under-
standing and treatment of these infections. In fact, confusion
in terminology may be detrimental if treatment is delayed until
a causative organism is identified.

Although mild skin and soft tissue infections often are self-
limiting, moderate to severe infections can progress to com-
plicated infections, such as septic arthritis, osteomyelitis, or
systemic infections (bacteremia), if not treated appropriately.
Soft tissue infections in diabetic patients can lead to gangrene
and loss of limb, whereas necrotizing soft tissue infections,
even with appropriate treatment, are fatal in 30% to 50% of
patients.1

This chapter focuses on skin and soft tissue infections that
are primarily the result of a break in the skin following an
abrasion, skin puncture, ulceration, surgical wound, intentional
or unintentional insertion of a foreign body, or blunt soft tissue
contusion. Not discussed are superficial skin infections, such
as impetigo; infections that originate within the hair follicle
(e.g., folliculitis, furuncles, carbuncles) or sweat pores; styes,
acne, diaper rash, and skin infestations.

Treatment of traumatic skin and soft tissue infections often
is empiric and based on the severity and site of infection, the
patient’s underlying immunocompetence, and the triggering
event (e.g., abrasion, bite, insertion of a foreign object) because
attempts to isolate the causative organism often are futile.2,3

The organisms that should be considered when empirically
treating patients with a traumatic skin or soft tissue infection
are outlined in Table 67-1.

CELLULITIS
Definition and Causative Organisms

1. T.E., age 25 years, presents to her family doctor with a 2-
to 3-day history of worsening pain, redness, and swelling on her
left leg following an abrasion that occurred sliding into second
base during a softball tournament. The area is warm to the touch
with a defined erythematous border. Over the past 24 to 36 hours,
the leg has become increasingly painful and “tight.” Mild lym-
phadenopathy is present, and T.E. has a temperature of 38.2◦C.
The presumptive diagnosis is a moderate cellulitis, and cloxacillin
(Tegopen, Cloxapen) is prescribed. Why is cloxacillin appropriate
empiric treatment for T.E.?

Cellulitis (an acute inflammation of the skin and subcuta-
neous fat) is characterized by local tenderness, pain, swelling,
warmth, and erythema with or without a definite entry point.
Cellulitis is usually secondary to trauma or an underlying skin
lesion that allows bacterial penetration into the skin and un-
derlying tissues. Local treatment (i.e., cleaning or irrigation of
the site with soap and water) is all that is required for mild
cellulitis in patients with no evidence of a systemic infection.
In T.E., however, her elevated temperature, increasing pain,
and lymphadenopathy suggest a more serious infection. An-
tibiotics, in addition to local wound care, should be prescribed

67-1
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Table 67-1 Potential Organisms Causing Skin and Soft Tissue Infections

Gram-Positive Gram-Negative Anaerobes

Escherichia coli,
Staphy- Strepto- Klebsiella Species, Pasteurella Eikenella Clostridium Bacteroides
lococcal coccal Proteus Species Multocida Corrodens Oral Anaerobes Species Fragilis

Cellulitis X X
Diabetic soft tissue X X X X
Necrotizing infections X X X X X X
Erysipelas X
Animal bites X X X X X
Human bites X X X X X

X, organisms that should be covered empirically with appropriate antibiotic therapy.

for T.E. Cellulitis most often is caused by group A β-hemolytic
streptococci (Streptococcus pyogenes) and, less often, Staphy-
lococcus aureus (Table 67-1).2,3 In fact, unless there is an
abcess or penetrating trauma S. aureus rarely causes cellulitis.4

Wound cultures often are negative, however, and fail to iden-
tify the causative organism.2,3 Other organisms (Escherichia
coli, Pseudomonas aeruginosa, Klebsiella pneumoniae) also
can cause cellulites, but should be suspected only in immuno-
compromised patients or in patients who fail to respond to an-
tibiotics that have activity limited to gram-positive organisms.
Recently the incidence of community acquired methicillin-
resistant S. aureus (CA-MRSA) has been increasing.5

Empiric Antibiotic Therapy for Moderate Cellulitis
Oral cloxacillin (Tegopen, Cloxapen) is appropriate empiric
therapy for cellulitis in an otherwise healthy individual such
as T.E. Cloxacillin has good activity against staphylococcal
and streptococcal organisms and is better tolerated than ery-
thromycin (E-Mycin) or clindamycin (Cleocin). Dicloxacillin
(Dynapen), another antistaphylococcal penicillin, produces
slightly higher total serum concentrations than cloxacillin but
is more highly protein bound, resulting in slightly lower free-
serum concentrations.6 Flucloxacillin (Floxapen; not available
in the United States) provides similar total serum concentra-
tions to dicloxacillin (Dynapen) but is less protein bound and
produces higher free concentrations than either cloxacillin or
dicloxacillin.6 These small differences in pharmacokinetics
do not affect clinical outcome, and the choice between these
agents should be based on cost. If the cellulitis is well de-
marcated and there are no pockets of pus or evidence of vein
thrombosis, penicillin (V-Cillin K, Pen-Vee K) alone can be ap-
propriate because the causative organism is likely to be strep-
tococcal. Many other available antibiotics that have activity
against staphylococcal and streptococcal organisms have been
evaluated for effectiveness in skin and soft tissue infections.
In a surveillance study in the United States, all 405 isolates
of S. pyogenes isolated from skin and soft tissue infections
were sensitive to penicillin. S. pyogenes was also 100% sus-
ceptible to ceftriaxone, vancomycin, levofloxacin, and moxi-
floxacin; 6% of the organisms were resistant to azithromycin.7

Although many antibiotics are effective for the treatment of cel-
lulitis, none is more effective than cloxacillin or dicloxacillin.
Cephalexin (Keflex) is probably as effective and as well toler-
ated as cloxacillin or dicloxacillin and is comparable in cost.
Cephalexin has been shown to be just as effective as more
expensive agents (ofloxacin).8 The gram-negative activity of

cephalexin (not seen with cloxacillin or dicloxacillin) is not
required for most cases of cellulitis in otherwise healthy pa-
tients. In many emergency departments (ED), a single dose
of a long-acting parenterally administered cephalosporin (e.g.,
ceftriaxone), followed by oral therapy with one of the agents
mentioned above, is often the preferred treatment regimen.
This regimen is not more effective than oral therapy alone, and
ceftriaxone (Rocephin) adds to the cost of treatment.

In this case, antibiotic treatment is required, and T.E. should
receive the least expensive of cloxacillin, dicloxacillin, or
cephalexin. Although some of the macrolides and quinolones
are effective in treating cellulitis, they do not provide any ther-
apeutic advantage over older and less expensive agents.4

However, in areas where the incidence of CA-MRSA has be-
come clinically important (10–15% resistance) and especially
if there are additional risk factors (Children, competitive ath-
letes, prisoners, soldiers, selected ethnic populations, Native
Americans/Alaska Natives, Pacific Islanders, intravenous drug
users, men who have sex with men) empiric treatment should
be with antibiotics that have activity against CA-MRSA.9 At
present, most CA-MRSA are still susceptible to trimethoprim-
sulfamethoxazole, clindamycin and tetracyclines but clinical
trials of these agents for CA-MRSA infections are lacking.4,10

If these agents are used, a reasonable suggestion would be to
re-evaluate (by the patient if they are competent) within 24 to
48 hours to verify that an improvement is occurring. Some clin-
icians are avoiding the use of clindamycin because of concerns
of inducible resistance and in areas with a clinically important
incidence of CA-MRSA, laboratories should likely be testing
for inducible clindamycin resistance.

In addition to systemic therapy, T.E. should be instructed to
keep the area clean with soap and water (if an open wound is
present) and to protect the area.

Treatment for the Penicillin-Allergic Patient

2. What agents could be chosen if T.E. were allergic to peni-
cillin?

Oral erythromycin (E-mycin) or clindamycin (Cleocin)
could be chosen for patients with a documented history of
penicillin or cephalosporin allergy. However, there has been
an increase in certain regions of macrolide resistance group A
streptococci and if this was the case for TE, then erythromycin
may not be a reasonable alternative and oral quinolones such
as moxifloxacin or levofloxacin could be considered4 and local
sensitivities should direct the choice. Erythromycin causes
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nausea, vomiting, diarrhea, and cramps in 30% to 40% of pa-
tients, but this can be decreased by taking it with food. Clin-
damycin causes diarrhea in 20% of patients and can cause
serious toxicity secondary to antibiotic-associated colitis. Ery-
thromycin is much less expensive than clindamycin, and unless
a patient has documented gastrointestinal (GI) intolerance to
erythromycin, it is preferred over clindamycin. Trimethoprim-
sulfamethoxazole (Bactrim, Septra) has good activity against
S. aureus; its activity against S. pyogenes is weak, however,
and therefore, if a streptococcal organism cannot be ruled out,
it should likely not be used as empiric therapy. In addition to
the above mentioned agents, moxifloxacin could also be con-
sidered as an alternative in the penicillin allergic patient.

Dosages of Antibiotics

3. What dose should be prescribed for T.E.?

The recommended dosages in the literature for cloxacillin
(Tegopen, Cloxapen) and dicloxacillin (Dynapen) are 250 to
500 mg orally Q 6 hr and 125 to 250 mg orally Q 6 hr, re-
spectively. Although lower dosages of dicloxacillin can be
used, cloxacillin and dicloxacillin produce relatively similar
free serum concentrations and should be prescribed at similar
dosages. The dosage for mild to moderate infections should
be 250 mg orally Q 6 hr; for moderate to severe infections, it
should be 500 mg orally Q 6 hr. Dosages up to 1,000 mg orally
Q 6 hr have been used, but GI intolerance (usually diarrhea)
can occur. These dosages also apply to cephalexin and ery-
thromycin. The dosage for Pen-V is 250 to 500 mg orally Q 6 hr;
for oral clindamycin, the dosage is 150 to 450 mg orally Q 6
hr. Because cloxacillin is the drug chosen for T.E., a dosage
of 250 mg orally Q 6 hr should be sufficient. If she were more
severely ill, however, the higher dosage of 500 mg orally Q 6 hr
could be chosen. The dose for doxycycline is 100 mg orally Q
12 hr and the dose for trimethoprim-sulfamethoxazole is one
double-strength tablet orally Q12 h. The recommended dose
for moxifloxacin is 400 mg orally Q24 hr and 500 mg orally
Q24 hr for levofloxacin.

Treatment Duration

4. For how long should T.E. be treated?

While the usual recommended duration of therapy for cel-
lulitis is 10 days, 5 days of antibiotics has been shown to be
as good as 10 days for uncomplicated cellulites.11 An instruc-
tion to the patient to continue oral antibiotics for 2 to 3 days
after the patient has become afebrile and has improved clin-
ically seems reasonable. T.E. should be counseled to expect
a response within 1 to 2 days after therapy begins (although
erythema may persist longer). In addition, she should be in-
structed to return for re-evaluation if the condition does not
improve or worsens over the next few days.

Evaluation of Therapy

5. What further diagnostic evaluation should be undertaken
for T.E.?

In otherwise healthy individuals, identification of the
causative organism in cases of cellulitis is unnecessary. Nee-
dle aspiration, fine-needle aspiration biopsy, and punch biopsy

have isolated the causative organism in only about 15% to
25% of patients.2,3 Appropriate empiric treatment is effective
in most patients, and an attempt to isolate the organism does
not contribute to the success of treatment and adds signifi-
cantly to the cost of care. Although organisms often are not
cultured, attempts to identify the organism are recommended if
initial treatment fails and when treating immunocompromised
patients, patients with potential joint or tendon damage, and
patients with life-threatening infections requiring hospitaliza-
tion. In these cases, a swab of the primary wound and a needle
aspiration or punch biopsy of the leading edge of the cellulitis
should be obtained for Gram stain and culture before initiating
antimicrobial therapy. Blood for cultures should be drawn in
addition to wound cultures in these patients. Anaerobic cul-
tures need to be drawn only when the wound contains necrotic
tissue, the wound is foul smelling, or crepitus is present. Even
if wound and blood cultures are obtained, many infections will
be culture negative (74%).2 Blood culture results are positive
in less than 5% of cases.12 Culture information, in conjunction
with clinical course, can be used to modify subsequent treat-
ment. Because T.E. has only a moderate cellulitis, cultures are
not required and therapy can be given empirically.

Role of Topical Antibiotics

6. What role do topical antibiotics play in treating T.E.’s cel-
lulitis?

The value of topical antibiotics in treating skin infections is
questionable. Most topical antibiotics have not been evaluated
in appropriately designed trials. Although mupirocin produced
positive bacteriologic results over placebo in treating some
types of wound infections,13,14 most studies have found no im-
portant clinical differences.14 Mupirocin has been compared
favorably with erythromycin and cloxacillin in the treatment
of patients with impetigo, minor wound infections, and mild
cellulitis; however, most cases of mild cellulitis will improve
with only local wound care (e.g., cleansing or irrigation of the
area). In patients with moderate to severe infections, mupirocin
or any topical antibiotics (neomycin, bacitracin, polymyxin B)
should not be used to replace or augment systemic antibiotics.
Topical antibiotics likely do little but add to the cost of therapy,
and they occasionally cause a contact dermatitis.14 Therefore,
T.E. should not be treated with topical antibiotics because her
moderate cellulitis should be managed adequately by her sys-
temic antimicrobial therapy.

Empiric Antibiotic Therapy for Moderate
to Severe Cellulitis

7. J.M., age 34 years, presents to the ED with a 3- to 4-day his-
tory of increasing pain around his left hip, secondary to an injury
he received falling on the sidewalk. In addition, he has a fever
and feels weak, lethargic, and nauseated. Examination reveals a
swollen, warm, and extremely tender hip. J.M. has a temperature
of 39.8◦C and appears quite ill. A diagnosis of moderate to severe
cellulitis is made, and J.M. is hospitalized because of the severity
of the infection. J.M. has no other underlying medical problems.
What empiric antibiotic regimen would be reasonable for J.M.?

In moderate to severely ill patients, when hospitalization is
required, antibiotics should be administered parenterally. The
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parenteral agent of choice is nafcillin (Nafcil; cloxacillin in
Canada). Some clinicians add penicillin G (2 million units
Q 6 hr) to nafcillin to ensure coverage against streptococ-
cal organisms because the minimum inhibitory concentra-
tions for penicillin against streptococci are lower than those
with nafcillin. However, this “double coverage” is unneces-
sary if high-dose nafcillin (2 g intravenously [IV] Q 6 hr)
is used. Cefazolin (2 g IV Q 8 hr) would be an appropriate
alternative if it is less expensive than nafcillin. Second- and
third-generation cephalosporins (cefuroxime [Zinacef], cefox-
itin [Mefoxin], ceftriaxone [Rocephin], cefotaxime [Claforan])
and some quinolones may be as effective as nafcillin but pro-
vide no clinical advantages and are more expensive. Line-
zolid is also effective for the treatment of complicated skin
and soft tissue infections, but it is no more effective than
cloxacillin.15 In a large study (1,080 subjects) of compli-
cated soft tissue infections linezolid produced similar cure
rates to vancomycin overall (92% vs. 89%) but in a subset-
analysis of subjects with MRSA, linezolid was associated with
a better outcome rate (89% vs. 67%).16 Newer agents like
daptomycin and tigecycline have also been shown to be ef-
fective in serious soft tissue infections but at present they
don’t appear to offer any advantages over other agents un-
less other agents have been shown to be ineffective or are not
tolerated.

Therefore, J.M. should receive either nafcillin or cefazolin,
whichever is less expensive. Once J.M. has become afebrile
and has clinically improved for 2 days, the parenteral an-
tibiotic should be discontinued and appropriate oral therapy
(cloxacillin) initiated to complete at least a 10-day course
(2 weeks if the patient responds slowly). In settings where
10% to 15% of community isolates of S. aureus are methicillin
resistant or in severe infections (sepsis, necrotizing fasciitis,
etc) or if the patient has the risk factors outlined in question 1,
empiric treatment with vancomycin, linezolid or daptomycin
should be considered until the results of cultures and sensitiv-
ities are known.

Penicillin Allergy

8. Two days after starting therapy, J.M. develops a macu-
lopapular skin rash. What alternative therapy should be chosen?

Regardless of when during the course of therapy a drug
rash occurs (early or late), the precipitant drug should be dis-
continued because there is a chance, although small, that the
reaction could worsen. In patients who develop a penicillin
allergy and who still require parenteral therapy, clindamycin,
erythromycin, vancomycin (Vancocin), or linezolid (Zyvox in
the United States; Zyvoxam in Canada) moxifloxacin or lev-
ofloxacin could be chosen. Because all of these agents are
equally effective, the decision on which drug to use in J.M.
should be based on cost and dosing convenience (clindamycin
600 mg IV Q 8 hr, erythromycin 500 mg IV Q 6 hr, van-
comycin 1,000 mg IV Q 12 hr, and linezolid 600 mg IV Q 12
hr, moxifloxacin 400 mg IV Q24 hr and levofloxacin 500 mg
IV Q24 hr). The administration of IV erythromycin is inconve-
nient because of its significant local irritative properties, and
vancomycin, clindamycin, or linezolid, moxifloxacin or lev-
ofloxacin is preferred for J.M. The choice between these agents
should be based on cost.

Culture and Sensitivity Results

9. After 48 hours of therapy, culture and sensitivity results
are available. What changes, if any, should be made in J.M.’s
treatment?

If cultures show only streptococcal organisms, in a patient
who is not allergic to penicillin, therapy should be switched
to penicillin G because it is effective, well tolerated, and less
expensive than nafcillin (Nafcil). If cultures show staphylo-
coccal species (S. aureus) that are sensitive to methicillin, the
initial empiric therapy should be continued. If the organisms
are resistant to methicillin, therapy should be switched to van-
comycin 15 mg/kg IV Q 12 hr or linezolid 600 mg IV Q 12 hr.
The choice between these two agents should be based on oral
bioavailability, side effect profile, and cost. Because J.M. has
developed a presumed penicillin allergy, he should continue
with his existing therapy of either clindamycin or vancomycin.

Switching to Oral Therapy

10. After 72 hours of therapy, J.M. has improved considerably
and has been afebrile for 24 hours. Can he be switched to oral
therapy?

Once J.M. has been afebrile for at least 24 hours and is
virtually asymptomatic, other than some continuing tender-
ness around the site of the infection, oral therapy can replace
IV therapy, assuming J.M. can tolerate oral medications. Al-
though clinicians often switch to an oral version of the drug
that was given parenterally, this may not always provide the
patient with the most convenient and cost-effective therapy.
Clinicians should select the oral agent on the basis of culture
results, convenience, and cost.

Intravenous Drug User

11. M.C., age 22 years, presents to the ED with a 3- to 4-day
history of pain in her left forearm. On examination, she has a
swollen and erythematous area of approximately 8 × 12 cm in
the antecubital fossa of the left arm. The area is warm and tender
to the touch. M.C. has a temperature of 39.2◦C. She admits to
injecting heroin daily; track marks are present on both arms.
She states that she uses “filtered tap water” as a diluent for her
narcotics and that her arm “has only been hurting for the last
3 days.” No signs of lymphangitis or thrombophlebitis are seen.
What tests are needed to confirm the diagnosis?

M.C. has all the cardinal signs of cellulitis (i.e., induration,
edema, erythema, and tenderness to touch). Given her history
of an injury (injection), her presentation is compatible with
cellulitis. No additional tests are required unless, on clinical
examination, there is a suspicion of additional injury beyond
the injection site or of a deeper infection (e.g., osteomyelitis).
Obtaining a specimen from the infection site (by aspiration)
to identify the organism(s) is unnecessary unless the patient
has a concurrent condition that could impair her immunologic
response.3 The sensitivity of needle aspiration at the edge of
the wound or at the site of greatest inflammation in identi-
fying the infecting organism is only about 10%.2 Therefore,
aspiration of the wound is not warranted. The sensitivity of
needle aspiration increases to 25% in patients with underlying
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immunologic dysfunction (e.g., diabetes, malignancy, poor pe-
ripheral circulation) and may be beneficial in identifying the
infecting organism(s) in these patients.3 M.C. possesses risk
factor (intravenous drug use) for CA-MRSA.17She should be
closely examined for any sign of abscess at the infected site,
and drained if present. Cultures should be sent of any abscess
fluid, but routine cultures for CA-MRSA in cellulitus is not
required unless this is a repeat presentation or is part of moni-
toring for a community outbreak.17 For patients such as M.C.
with signs and symptoms (e.g., fever) where the injury is a
significant risk for bacteremia and potentially for endocarditis,
blood cultures are warranted. Blood cultures should be drawn
before antibiotics are started to assess the presence of bacte-
ria. If the blood cultures return positive, further assessment for
potential endocarditis is warranted.

Causative Organisms

12. Are the suspected organisms in this patient population sim-
ilar to those found in other patients with cellulitis?

A wide range of organisms can cause cellulitis in an IV drug
user because of the potential for direct inoculation of any or-
ganism with the drug of abuse. Despite the efforts of an IV drug
user to make as sterile an IV product as possible, the IV drug
user commonly is injecting a contaminated solution. Although
almost any organism can be found, the infecting bacteria caus-
ing cellulitis in an IV drug user are similar to those found in
normal hosts.18 β-Hemolytic group A streptococci and staphy-
lococci, particularly S. aureus, are the most common infecting
organisms.19,20 Intravenous drug use has been identified as a
risk factor for infection with CA-MRSA and should be partic-
ularly considered if the patient has had recurrent infections or
has failed to respond to antibiotic therapy.17 Staphylococcus
epidermidis and gram-negative organisms, including P. aerug-
inosa, are rarely the causative organisms unless the IV drug
user has taken oral cephalexin concurrent with his or her in-
jections, which is common in IV drug users.19 In areas with a
high prevalence of methicillin-resistant S. aureus, a similar re-
sistance pattern may be seen in IV drug users with cellulitis.21

Some investigators report a high incidence of anaerobic bac-
teria in cellulitis of IV drug users and hypothesize that these
result from the transfer of oral flora.22

Empiric Antibiotic Therapy
Antibiotic therapy directed at eradicating all possible infecting
organisms is not required. Because streptococci and staphy-
lococci account for >94% of all infecting organisms in IV
drug users with soft tissue infections,19 therapy need cover
only the sensitivity patterns of these organisms in the treat-
ment area. Cloxacillin, dicloxacillin, or nafcillin is appropri-
ate therapy (see Question 1). Oral therapy is appropriate for
mild cases of cellulitis. Infections that involve a large area or
that are associated with lymphangitis should be treated with
parenteral antibiotics. Likewise, infections involving the hand
should be treated parenterally.22 Since M.C. may be at risk
for CA-MRSA, if this organism is common in her local com-
munity, initial therapy of cotrimoxazole (1 double strength
tablet bid) or doxycycline (if confirmed not pregnant) would
be appropriate. If treatment does not result in some resolu-
tion of inflammation within 48 hours, antimicrobial cover-
age should be expanded to cover gram-negative organisms.

The anaerobic organisms found in IV drug users with celluli-
tis usually respond to treatment with penicillins or cephalo-
sporins.21

For patients not responding to initial therapy and for pa-
tients with signs or symptoms of a systemic response (e.g.,
rigors, hypotension), parenteral therapy that covers CA-MRSA
is required, such as vancomycin, linezolid, daptomycin or
tigecycline.17 Antibiotic therapy that provides coverage against
the other common organisms causing cellulitis (i.e., E. coli,
and K. pneumoniae) in the IVDU population should be added,
based on the sensitivity patterns in your local area. This may
include the use of a parenteral cephalosporin, quinolone, or
aminoglycoside. Although some clinicians suggest that a third-
generation cephalosporin or a quinolone be chosen over an
aminoglycoside because of concerns about toxicity, an amino-
glycoside is effective, safe, and inexpensive when used for a
short period (5–7 days).23 However, in patients with poor renal
function (estimated creatinine clearance <60mL/minute) the
aminoglycoside should be avoided.

Treatment of cellulitis in an IV drug user should include
rest, immobilization and elevation of the infected arm, antibi-
otics, and surgical drainage or débridement as required. If any
sign of pus collection in the wound is noted, the wound must be
surgically explored and drained. If no area of pus collection can
be seen or palpated, immobilization and elevation, combined
with systemic antibiotic therapy, is appropriate treatment. The
wound should be assessed daily for local tenderness, pain, ery-
thema, swelling, ulceration, necrosis, and wound drainage until
it shows signs of resolution to ensure that subsequent surgical
treatment is not required.22

SOFT TISSUE INFECTIONS IN DIABETIC PATIENTS
Skin and soft tissue infections are common in patients with di-
abetes mellitus. Approximately 25% of diabetic patients report
a history of skin and soft tissue infections,24 and 5% to 15% of
diabetic patients may undergo limb amputation.25 In addition
to the cost associated with treating skin and soft tissue infec-
tions, functional disability can occur, which can significantly
decrease the patient’s quality of life.

Predisposing Factors
Diabetic patients are at particular risk for foot problems, pri-
marily because of the neuropathies and peripheral vascular
diseases associated with longstanding diabetes. The decreased
pain sensation allows the patient to continue to bear weight
in the presence of skin damage, thereby promoting the forma-
tion of an ulcer. In addition, minor trauma (e.g., cuts, foreign
body insertion) can go unnoticed and, when left untreated, can
become infected and extensive. Although these infections are
common, preventive measures can reduce the frequency of
amputations.25

Causative Organisms

13. P.U., a 67-year-old man with diabetes, presents to his general
practitioner for a routine checkup and has no specific complaints.
P.U. has a 15-year history of poorly controlled type 2 diabetes and a
3-year history of recurrent foot ulcers. On examination, the physi-
cian sees that one ulcer on the underside of the foot, which had
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previously healed over, is open and inflamed; purulent fluid can be
expressed from the wound. P.U. reports no pain around the area
and was unaware that the ulcer had worsened. His temperature is
normal, and he shows no other signs of a systemic infection. Does
P.U. have an active infection, and is antibiotic therapy required?

All open wounds, in diabetic and nondiabetic patients, will
become colonized with bacteria, but only infected wounds
should be treated with antibiotic therapy.26 Often it is diffi-
cult to determine whether an open wound is infected, but signs
and symptoms (e.g., purulent drainage, erythema, pain, and
swelling around the area) are suggestive of infection. Based on
his symptoms, P.U. should be considered to have an infection
that requires treatment.

Empiric Antibiotic Therapy

14. What treatment should P.U. receive?

Mild infections can be treated empirically as are other soft
tissue infections26 because these are commonly caused by aer-
obic gram-positive cocci. A penicillinase-resistant penicillin
(e.g., cloxacillin, nafcillin) or cephalexin will be effective in
most cases. A culture of either the drainage or the infected site
should be obtained, however, to help guide future treatment.
The choice between these agents should be based on allergy
status and cost. If anaerobes are suspected, metronidazole or
clindamycin should be added to the regimen. In addition, for
all diabetic patients with soft tissue infections, osteomyelitis
must be ruled out. In patients with significant vascular com-
promise, crepitus, or gangrene, a radiograph should be taken
to identify any bone involvement.

In moderate to severe infections, antibiotic coverage should
be expanded because multiple organisms may be responsible
for the infection. An average of two to six organisms are cul-
tured from foot ulcers in patients with diabetes. The follow-
ing organisms (in no particular order) are found in >20% of
wounds in patients with diabetes: S. aureus, S. epidermidis,
Enterococcus faecalis, other streptococci, Proteus species,
E. coli, Klebsiella species, Peptococcus species, Peptostrep-
tococcus species, and Bacteroides species.26 These infections
are often polymicrobic, but treatment can be effective even
if not all cultured pathogens are covered.26 To determine the
pathogens most accurately, a specimen of infected tissue should
be obtained that is not directly communicating with an ulcer.
If this is not possible, cultures of purulent exudate or curettage
should be obtained, versus superficial swab, to determine the
true pathogens in the wound.27 Although antibiotics are im-
portant, drainage and surgical débridement to remove all the
infected or necrotic tissue are essential and are considered by
some to be the mainstay of treatment.26

Cultures of the affected areas may not be that useful unless
bone involvement is suggested. Although anaerobic organisms
often are difficult to culture, anaerobic organisms must be con-
sidered if an abscess or devitalized, necrotic, foul-smelling tis-
sue is present or the wound is a result of abdominal surgery.
Empiric coverage for E. faecalis is required only for severe
(necrotizing) infections Even if enterococci are found in the
wound, enterococcal coverage probably is needed only if it is
the predominant organism.

No “best” regimens exist to treat diabetic soft tissue
infections.28 Clindamycin 600 mg IV Q 8 hr with ciprofloxacin

400 mg or a third-generation cephalosporin is a very effective
combination that will provide coverage against most poten-
tial pathogens (gram-positive, gram-negative, and anaerobes),
with the exception of E. faecalis. Clindamycin, however, can
cause Clostridium difficile-associated diarrhea, and the par-
enteral formulation is expensive. Aminoglycosides are asso-
ciated with serious toxicity if used for an extended period
and should probably be avoided in diabetic patients with pre-
existing renal impairment. A β-lactam–β-lactamase inhibitor
combination, such as piperacillin and tazobactam (Tazocin),
ticarcillin and clavulanic acid, or ampicillin and sulbactam,
provides similar coverage but also adds coverage against en-
terococci and could be chosen over other combinations if it is
less expensive.

Other single-agent therapies could include the use of a car-
bapenem (imipenem or meropenem), but the increased cost
and broad spectrum of activity of these agents should limit use
to patients unresponsive to other therapies.

In many cases, diabetic foot infections are difficult to treat,
but aggressive treatment can prevent extension of the infec-
tion, development of osteomyelitis, and on occasion loss of
limb. Treatment should be continued for 3 to 4 days after all
signs of infection are absent. Oral therapy should be considered
once the infection has begun to abate. Because P.U. is an el-
derly diabetic patient and does not appear to be severely ill, the
least expensive of ciprofloxacin–clindamycin or piperacillin–
tazobactam, cefoxitin, or ceftizoxime, should be chosen as em-
piric therapy. In addition, ampicillin and sulbactam (Unasyn)
or ticarcillin and clavulanate (Timentin) could be chosen if ei-
ther is less expensive than the aforementioned agents or if local
sensitivity patterns suggest that organisms typically found in
these types of infections are routinely resistant to the other less
expensive agents. The broad spectrum of carbapenems (e.g.,
imipenem, meropenem) may appear desirable, but frequent use
contributes to isolation in individual patients and patient popu-
lations of more resistant pathogens, such as Stenotrophomonas
organisms. Their use should be limited when possible. In
areas where CA-MRSA is an issue, treatment should in-
clude antibiotics with activity against this organism. (see
Questions 1–3)

Postamputation Antibiotic Treatment

15. Despite aggressive antibiotic therapy and débridement,
P.U.’s infection spreads and an amputation is required. How long
should antibiotics be prescribed for P.U. following surgery?

The best option for uncontrollable, life-threatening infec-
tions often is amputation to remove the infected area. Once the
infected area has been removed, antibiotic therapy is no longer
required. If it were impossible to remove all of the infected
tissue, treatment should be continued as just described.

Prevention

16. What could have been done to prevent this complication in
P.U.?

Many of the foot problems associated with diabetes can
be prevented with proper foot care (Table 67-2),25 and these
preventive measures must be stressed. Diabetic patients with
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Table 67-2 Foot Care for the Diabetic Patient

Inspect feet daily for cuts, blisters, or scratches. Pay particular attention
to the area between the toes and use a mirror to examine the bottom
of the foot.

Wash feet daily in tepid water and dry thoroughly.
Apply lotion to feet to prevent calluses and cracking.
Ensure that shoes fit properly (not too tight or too loose), and inspect

them daily.
Trim nails regularly, making sure to cut straight across the nail.
Do not use chemical agents to remove corns or calluses.

neuropathies or those who are elderly should take care of their
feet regularly (every 1–2 days).

NECROTIZING SOFT TISSUE INFECTIONS
Definitions, Terminology, and Causative Organisms
Skin and soft tissue infections are described as necrotizing
when the inflammation is rapidly progressing and necrosis of
the skin or underlying tissue is present. The following clinical
signs are associated with necrotizing infections, but not with
simple cellulitis: edema beyond the area of erythema, skin blis-
ters or bullae, localized pallor or discoloration, gas in the sub-
cutaneous tissues (crepitus), and the absence of lymphangitis
and lymphadenitis. Pain out of proportion to the apparent ex-
tent of the infection or the hard wood feel of the infected area
may be the only clues of necrotizing infection.4 Necrotizing
soft tissue infections can progress rapidly to cause additional
local effects (i.e., necrosis and loss of skin sensation) and se-
vere systemic effects (e.g., hypotension, shock).29

Group A β-hemolytic streptococci, Pseudomonas species,
other gram-negative organisms, Clostridium perfringens, pep-
tostreptococci, B. fragilis, and Vibrio species can cause necro-
tizing infections.29

Necrotizing cellulitis involves the skin and subcutaneous
tissues. Necrotizing fasciitis involves both superficial and deep
fascia, and necrotizing infections involving the muscle are
termed myonecrosis. These terms can be used to describe all
three of these processes. Gas gangrene is myonecrosis caused
by a Clostridium subspecies, most commonly C. perfringens
(70%).29 Gas in a wound is not necessarily indicative of gas
gangrene caused by C. perfringens. Gram-negative organisms
(e.g., E. coli, Proteus Species, Klebsiella Species), or anaero-
bic streptococci can produce gas in a wound. Air also could
have been introduced at the time of the injury. Gas gangrene is
characterized by acute onset of worsening pain that is usually
out of proportion to the degree of injury.

Clostridial myonecrosis (true gas gangrene), streptococcal
gangrene (caused by group A β-hemolytic streptococci), and
synergistic bacterial gangrene (caused by anaerobic and aer-
obic bacteria, usually gram-negative) are other terms used to
describe necrotizing skin and soft tissue infections. Fournier’s
gangrene (a type of synergistic bacterial gangrene of the
scrotum), nonclostridial crepitant gangrene (nonclostridial gas
gangrene), and necrotizing fasciitis (all necrotizing soft tis-
sue infections other than clostridial myonecrosis, or some-
times just streptococcal gangrene) are other commonly used
terms.29

Empiric Antibiotic Therapy

17. M.T., a 45-year-old alcoholic man who lives on the streets
of the city, presents to the ED with a broken nose and facial lac-
erations, which he received after a fight outside one of the local
taverns. On examination, in addition to the facial wounds, an area
of severe inflammation, erythema, and necrosis is found on his left
calf. The area is very painful, crepitation is felt over the area, and
a purulent discharge is present. M.T. states this is secondary to a
knife wound he suffered approximately 1 week ago. What treat-
ment should be provided?

In addition to setting the broken nose and suturing the facial
lacerations, the clinician should evaluate the infection on M.T.’s
calf. A Gram stain and culture of the purulent discharge should
be evaluated before initiating antimicrobial therapy. Because
crepitus is present, the area should be incised and a specimen
of the infected tissue should be obtained for Gram staining and
culture.1

The primary treatment for necrotizing soft tissue infec-
tions involves extensive débridement of the area to remove
all necrotic tissue and drain the area. Thus, a surgical con-
sultation will be required for M.T. In addition, IV antibi-
otics are required. In this case, gas in the tissues could
be caused by many organisms, and empiric antibiotic ther-
apy should be broad spectrum and should include cover-
age against gram-positive organisms, the Enterobacteriaceae,
and B. fragilis. Initial therapy should have a broad spec-
trum until microbiological verification of the pathogen is ob-
tained. Initial therapy with piperacillin/tazobactam plus clin-
damycin or ampicillin/sulbactam plus clindamycin would be
appropriate.4 If the Enterobacteriaceae in the local commu-
nity have a high incidence of resistance to these agents,
adding ciprofloxacin is recommended.4 Alternatively, ther-
apy with a carbapenem could be used, with the addition
of clindamycin if group A β-hemolytic streptococci is sus-
pected. If the Gram stain of the discharge shows only
gram-positive rods (which would likely be clostridial sub-
species), the therapy could be streamlined to high-dose
penicillin.

Flesh-eating disease is usually a necrotizing fasciitis caused
by virulent strains of group A streptococci. High-dose peni-
cillin G (3 million units Q 4 hr) plus clindamycin (900 mg
IV Q 8 hr) are the drugs of choice for this condition.4,30,31

Although only experimental model data exist, the addition of
clindamycin to penicillin is more effective in fulminant strepto-
coccal infections than beta-lactam alone, potentially because
it inhibits protein synthesis which may reduce toxin expres-
sion by the bacteria, and cytokine response by the host.4 Clin-
damycin may have adjunctive activities that contribute to re-
duced morbidity from gram-positive pathogens. In vitro evi-
dence suggests that clindamycin suppresses toxin production
by S. aureus isolates.31

Adjunctive therapy for streptococcal necrotizing skin infec-
tions could include IV immunoglobulin G (IVIG) 2 g/kg as a
single dose or 0.4 mg/kg daily for 2 days.32 IVIG is thought
to work by binding to the superantigens released by the strep-
tococcal bacteria that are involved in the systemic effects of
the infection. The optimal dosage and duration of IVIG ther-
apy are unknown, as is the response to the variability between
commercial lots of IVIG products.4
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Therapy for necrotizing fasciitis should be altered based on
the patient’s clinical response and culture results.

ERYSIPELAS
Signs, Symptoms, and Causative Organisms

18. D.D., a 70-year-old man, presents to the ED with a red,
swollen face. He describes the area as “a swollen red spot” that has
appeared over the past 2 days. He also describes feeling unwell for
the previous 3 days and having a fever. On examination, D.D. has a
bright red, shiny, edematous lesion on his right cheek that is 0.4 cm
wide. It is a continuous lesion with a clearly demarcated border.
What signs and symptoms support the diagnosis of erysipelas in
D.D.?

Erysipelas is a superficial skin infection caused by strepto-
cocci, predominantly group A, although groups C or G (and
group B in children) also may cause the infection.33 Erysipelas
is diagnosed based on characteristics of the skin lesion and con-
current systemic symptoms.33 Patients with erysipelas have
associated systemic symptoms of high fever, chills, frequent
history of rigors, and general malaise. This constellation of
systemic symptoms differentiates erysipelas from other local
skin disorders. The lesion is a continuous, indurated, edema-
tous area. Early in the course, the lesion is bright red, but it
may turn to brown as the lesion ages or grows. The lesion
spreads peripherally with no islands of unaffected tissue. The
initial lesion results from a small break in the skin that be-
comes infected, although signs of the initial wound often are
not evident.

D.D. has the classic signs and symptoms of erysipelas: a
well-demarcated, edematous, red lesion with associated sys-
temic signs. No further diagnostic tests are required because
aspiration of the lesion or a superficial swab is not useful in
detecting the offending organism. 33

Empiric Antibiotic Therapy

19. What antibiotic therapy should be initiated for D.D.?

Erysipelas will respond promptly to antibiotics with activity
against group A streptococci.34 Oral penicillin V 250 to 300 mg
(depending on available dosage form) Q 6 hr or parenteral peni-
cillin G (1 million units IV Q 6 hr) should reduce the systemic
symptoms (e.g., fever, malaise) within 24 to 48 hours.34 It will
take several more days for the skin lesion to resolve. If D.D.
does not feel better within 72 hours after initiation of antibi-
otics, he should be instructed to return for reassessment. If D.D.
has an allergy to penicillins, clindamycin or oral quinolone,
such as moxifloxacin are alternatives. If your community has
increased macrolide resistance to group A streptococci these
agents should not be part of empiric therapy.35 Antibiotic ther-
apy should be continued for 10 days even if signs and symptoms
resolve quickly to avoid a relapse, which could lead to chronic
infection or scarring.

ACUTE TRAUMATIC WOUNDS

20. J.K., a 25-year-old construction worker, presents to the ED
with a deep cut on his left forearm suffered when he accidentally

put his hand through a plate glass window. Fourteen stitches are
required to close the wound. Is oral antibiotic therapy required
for J.K.?

Although almost all traumatic wounds are contaminated
with bacteria,36 routine oral antibiotic therapy is not indicated
unless there is evidence of an infection. Contaminated wounds
do become infected more often than noncontaminated wounds,
but prophylactic antibiotic therapy does not appear to decrease
the chance of infection.36 For all traumatic wounds, aggres-
sive wound care (e.g., irrigation, removal of foreign objects)
is required. A meta-analysis of randomized trials of prophy-
lactic antibiotics in patients presenting to an ED for nonbite
wounds found no evidence that oral antibiotics would protect
against infection.37 A course of antibiotic therapy should be
given only to immunocompromised patients (e.g., those with
diabetes mellitus, peripheral vascular disease, human immun-
odeficiency virus [HIV] or acquired immunodeficiency syn-
drome [AIDS], chronic corticosteroid use, leukopenia). Other
potential candidates for antibiotic therapy include wounds with
pus, contamination by feces, and delays in cleansing (>3 hours)
of the wound.38 Antibiotic therapy would be similar to that
given for cellulitis (see Question 1). Patients with risk factors
for the development of infective endocarditis (i.e., mitral valve
prolapse with regurgitation, an indwelling non-native cardiac
valve, a previous history of endocarditis, a history of con-
genital heart malformations, surgically constructed systemic-
pulmonary shunts, and cardiomyopathy) should receive pro-
phylactic amoxicillin (Amoxil) 3 g orally followed by 1.5 g
in 6 hours or erythromycin 1,000 mg orally followed by 500
mg orally in 6 hours if the patient is penicillin allergic.39

Because J.K. has no risk factors, all that is required is re-
moval of any glass fragments, irrigation, and suturing of the
area.

21. K.M., a 7-year-old boy, presents 30 minutes after falling
and scraping his elbow on the pavement. The father requests an
antibiotic ointment for the wound. You look at his elbow and notice
a mildly abraded, 1-inch square area. What treatment would you
recommend?

All minor injuries, such as scratches, cuts, and abra-
sions, should be thoroughly cleaned with soap and water.
The evidence on the use of a topical antibiotic as a pre-
ventive measure is contradictory.34 Placebo was compared
with povidone ointment and a topical antibiotic combination
(cetrimide–bacitracin–polymyxin) in children with minor der-
matologic injuries.34 The incidence of clinical infection was
significantly different in placebo (12.5%) versus the topical
antibiotic group (1.6%). No difference was seen in the in-
cidence of clinical infection between povidone and the topi-
cal antibiotic group. In addition, no significant difference was
noted between any of the preparations in the incidence of mi-
crobiologic infections. A randomized, double-blind, prospec-
tive trial comparing white petrolatum with bacitracin oint-
ment in wound care following dermatologic surgery showed
no difference between the groups in the incidence of wound
infection.40 Some patients can develop skin sensitivities to top-
ical antibiotics. K.M.’s wound should be thoroughly washed
and inspected, but a topical antibiotic ointment would not be
required.
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ANIMAL BITE WOUNDS
Evaluation of Dog and Cat Bites

22. P.J., a 14-year-old boy, presents to the ED 3 hours after
being bitten on the leg by a neighbor’s dog. He has a laceration,
14 cm long, on his medial calf. Four distinct puncture marks,
suggestive of teeth marks, also are present on the calf. There is
no suggestion of bone injury. P.J. was healthy before the attack
and has no chronic illness. Should P.J. receive any treatment other
than suturing of his laceration?

Any wound caused by an animal that results in the skin being
cut or punctured should be examined to ensure no underlying
tissue damage has occurred. This is especially true in patients
with bites of the hand or around other joints. The wound should
be washed with clean water as soon as possible after the bite.42

Irrigation of the wound, including puncture sites, should be
extensive to reduce the risk of infection. Obtaining specimens
for cultures is not required and wound irrigation should begin
as soon as possible.41

P.J.’s wound should be evaluated for deep tissue injury,
devascularization of any tissue, and bone injury.42 Loose sutur-
ing or closure with adhesive strips is appropriate for lacerations
following irrigation.41 Although the safety of closure of bite
wounds has been debated, a good therapeutic response has been
obtained following the closure of wounds.42 P.J. should be in-
structed to keep his leg elevated and immobilized until signs
of any infection have resolved.43

The need for antibiotics is controversial and guided by
wound characteristics. The patient should receive a course of
antibiotics44 if the wound involves the hand or is near joints41;
if it involves deep punctures or is difficult to irrigate; if the pa-
tient is immunocompromised (e.g., diabetes, splenectomy); or
if the wound is not well perfused. Antibiotics are not required
for dog bites in which no deep tissue injury is present and the
wound can be well irrigated, particularly if the wound is on the
lower extremities in healthy adults or children.45

Prophylaxis for rabies is required only if the animal is from
an area with endemic rabies or if the bite was the result of
an unprovoked attack by a wild animal.46 Contact the local
health board to determine the recent rabies risk in the area. If
P.J. has not received a tetanus toxoid booster within the past
5 years, a booster should be administered. If P.J. has never
been immunized for tetanus, tetanus immune globulin should
be administered in addition to the tetanus toxoid (see Question
26).46

Causative Organisms and Empiric Antibiotic Therapy

23. Because P.J. has several punctures that are difficult to irri-
gate, he is a candidate for antibiotic therapy. Which antibiotic(s)
should he receive?

The selection of the appropriate antibiotic is based on the
most likely pathogens from the specific animal bite. Animals
have different oral flora, which alters the potential pathogens
associated with bites. The most common pathogens in dog
bites are β-hemolytic streptococci, S. aureus, Pasteurella mul-
tocida, anaerobic bacteria (particularly Bacteroides species),
and Fusobacterium species.46 Although P. multocida often

is considered the primary pathogen of dog bites, antibiotic
coverage also must address the other common pathogens.46

Monotherapy with amoxicillin/clavulante 500/875 orally Q12
hr is recommended.4 If the patient is allergic to penicillin, tetra-
cycline or doxycycline provides adequate coverage. Doxycy-
cline is preferred over tetracycline because it is more conve-
nient to administer (twice daily for doxycycline vs. four times
a day for tetracycline); it can be used in patients with decreased
renal function, may be taken with food, and is only a little more
expensive (in the generic form) than tetracycline.

If the penicillin-allergic patient cannot take doxycycline, a
fluoroquinolone, such as moxifloxacin 400mg PO daily, could
be used. In all cases, patients should be instructed to watch for
a positive response; if the wound does not heal or it worsens
within 48 hours, the patient needs to be re-evaluated.

Antibiotic treatment should not extend beyond 5 days unless
signs of an infection remain.41 Appropriate therapy for P.J.
would be penicillin V and a penicillinase-resistant penicillin
(e.g., dicloxacillin or cloxacillin) orally.

For cat bites, the role of P. multocida appears more sig-
nificant because this organism can be found in the oral flora
of up to 75% of cats. Although antibiotic treatment is not re-
quired for some dog bites, reports of a >50% incidence of
infection after cat bites43 suggest that all patients with cat bites
should receive antibiotics. Because P. multocida often is resis-
tant to penicillinase-resistant penicillins and first-generation
cephalosporins, use of these agents in cat bites should be
avoided. Therapies discussed above for dog bites would be
appropriate for treating cat bites.

If the patient presents with an established infection, par-
enteral therapy is warranted if the infection is over a joint, has
lymphatic spread, or involves the hand or head. If the patient
has not responded to oral therapy, parenteral second-generation
cephalosporins, such as cefoxitin 1 g IV Q 6 hr or ceftizoxime
1 g IV Q 8 hr, have activity against P. multocida, streptococci,
staphylococci, and anaerobes.43 The value of parenteral admin-
istration of clindamycin or erythromycin is limited by poor ac-
tivity against P. multocida.2,43 The poor activity of quinolones
against anaerobes has limited their use, despite good activity
against P. multocida.47 Parenteral therapy should be continued
until resolution of the wound is evident, and therapy should then
be continued with oral antibiotics. Alternate, but more expen-
sive, therapies would include β-lactam/β-lactamase combina-
tions or carbapenems. There is no evidence that these agents
are superior to second or third generation cephalosporins. If
anaerobic infection is considered, the addition of metronida-
zole to the cephalosporin therapy may be warranted.5 Treat-
ment should continue for at least 7 days or until all clinical
signs of the infection have resolved.

HUMAN BITE WOUNDS
Evaluation of Human Bites

24. E.D., a 40-year-old man, presents with a sore arm 24 hours
after receiving a bite to his left forearm by his neighbor in a “dis-
cussion over property boundaries.” E.D. was previously healthy
and has no chronic diseases. A 6 × 8-cm area of his left forearm is
swollen and erythematous and includes several distinct puncture
marks consistent with a human bite. No joint deformity or bone
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abnormality is detected on clinical examination. How should E.D.
be treated?

Treating a human bite is similar to any other laceration,
including cleansing, irrigating, exploring, débriding, drain-
ing, excising, and suturing, as required.46,48 All human bites
should be cleansed as soon as possible, and any lacera-
tions or punctures irrigated copiously. Surgical exploration
with débridement, drainage, or excision should be under-
taken if deeper tissues may have been injured or if pus
collection could have occurred. Exploration for damage to
subcutaneous nerves, tendons, joints, or vascularity is partic-
ularly important in bites to the hand, especially the knuck-
les, because subsequent infections could seriously affect hand
function. Because E.D. presents 24 hours after the injury,
thorough exploration and irrigation of all lacerations or punc-
tures is required. With evidence of pus accumulation in his
wound, the area should be explored and drained. E.D. also
should receive systemic antibiotic therapy to eradicate po-
tential infecting organisms. Tetanus toxoid booster should be
administered if E.D. has not received a booster in the past
10 years.

Empiric Antibiotic Therapy and Causative Organisms

25. Which antibiotic should be prescribed for E.D.?

If E.D. had been seen within 12 hours of the injury, the
wound could likely have been treated adequately with simple
irrigation. This is especially true if the human bite does not
involve the hand.46 If the hand has been bitten or the patient is
immunocompromised, a course of antibiotics using oral agents
is appropriate.

If the wound is severe (i.e., involves subcutaneous tissues, a
joint, or a large area) or if the patient is unlikely to be compliant
with oral antibiotics, parenteral administration of antibiotics is
required.49 The most common pathogens in human bites are
β-hemolytic streptococci, S. aureus, Eikenella corrodens, and
Corynebacterium subspecies.46 Anaerobic bacteria also are
commonly involved.46 Treatment with a combination of peni-
cillin G and a penicillinase-resistant penicillin is appropriate.46

Therapy with a penicillinase-resistant penicillin or a first-
generation cephalosporin alone is not appropriate because
E. corrodens commonly is resistant to these antibiotics.43,47 If
the anaerobic flora of the patient’s community is often resistant
to penicillin, alternative anaerobic coverage with amoxicillin–
clavulanate may be required.46 If parenteral therapy is
required, a second-generation cephalosporin with antianaer-
obic activity (e.g., cefoxitin, ceftizoxime) is appropriate.46 Ce-
furoxime should not be used as single-agent therapy because
it lacks activity against anaerobes and E. corrodens.43 Third-
generation cephalosporins and quinolones have good activity
against E. corrodens, but they cannot be recommended be-
cause of their inferior activity against anaerobic organisms.43

Fluoroquinolones, such as levofloxacin or moxifloxacin, have
good activity against the organisms of bite infections, with the
exception of poor activity against Fusobacterium species.50

Azithromycin is the macrolide with the best activity against
bite organisms.51 Alternate, but more expensive, parenteral
therapy would include β-lactam/β-lactamse inhibitor combi-
nations or carbapenems. Oral regimens for penicillin-allergic

patients would include combinations of cotrimoxazole plus
metronidazole, or a fluoroquinolone plus clindamycin.4

TETANUS PROPHYLAXIS

26. G.T., a 48-year-old woman, presents to the ED 1 hour af-
ter receiving a 2-cm laceration to her foot from stepping on a
nail while walking around her neighborhood. Examination of the
wound found it to be clean, with no subcutaneous extension. The
wound was closed with superficial sutures, and no antibiotics,
systemic or topical, were prescribed. Should G.T. receive tetanus
prophylaxis?

Tetanus is a preventable disease through primary prophy-
laxis and appropriate wound management. Every child should
receive primary prophylaxis of three separate doses of tetanus
toxoid. This provides adequate coverage for at least 10 years.52

Tetanus can develop in patients who have not been immunized
or who have not received a booster dose within the past 10
years. If G.T. has received her primary tetanus immunization
and had a booster dose within the previous 10 years, no ad-
ditional tetanus prophylaxis is required for her wound (Table
67-3). If her primary immunization status is unknown or >10
years has elapsed since her last dose, a single 0.5-mL subcuta-
neous tetanus toxoid dose should be administered. If primary
immunization is unknown or incomplete, G.T. should receive
the initial 0.5-mL dose immediately and should be scheduled
to complete the primary immunization over the next 2 months.
For adults, the combination product of tetanus and diphtheria
toxoid is the recommended treatment because this will enhance
protection against diphtheria.

If G.T. had presented with a dirty wound (contaminated with
dirt, feces, soil, or saliva) or if the wound had resulted from a
burn, frostbite, missile (bullet), crush, or avulsion, she should
receive passive tetanus immunization with tetanus immune
globulin in addition to the tetanus toxoid described above. A
single 250-U intramuscular dose of tetanus immune globulin
will provide passive immunization in addition to the active
immunization produced from exposure to the tetanus toxoid
(Table 67-3).

Table 67-3 Tetanus Prophylaxis in Routine Wound
Management: Adults

Clean, Minor Wounds All Other Woundsa
History of Adsorbed
Tetanus Toxoid Tdb TIG Tdb TIG

Unknown or <3 doses Yes No Yes Yes
≥3 doses Noc No Yesd No

a Including, but not limited to, wounds contaminated with dirt, feces, soil, and saliva;
puncture wounds, avulsions, and wounds resulting from missiles; crushing, burns,
frostbite.
bFor children <7 years of age, diphtheria-tetanus-pertussis (DTP) is preferred to
tetanus toxoid alone. For persons ≥7 years of age, Td is preferred to tetanus toxoid
alone.
cYes, if >10 years since last dose.
d Yes, if >5 years since last dose. (More frequent boosters are not needed and can
accentuate the side effects.)
Td, tetanus and diphtheria toxoid; TIG, tetanus immune globulin.
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Many patients with malignancy have had their lives prolonged
through therapeutic advances in chemotherapy, immunother-
apy, and bone marrow transplantation. Despite such advances,
infectious complications continue to be a major cause of mor-
bidity and mortality in these patients, often replacing the
primary disease as the leading cause of death.1 Although
newer broad-spectrum antimicrobial agents and chemother-
apeutic agents have altered the frequency and types of infec-
tious complications in patients with both solid and hematologic
malignancies, the management of infections in immunocom-
promised hosts remains a major challenge to health care pro-
fessionals.

This chapter focuses on the prevention, diagnosis, and man-
agement of infectious complications in patients with neutrope-
nia secondary to cancer chemotherapy. The following topics
are addressed: principles of prophylactic antimicrobials, em-

piric antibiotic selection in the febrile patient, modification
and duration of therapy, monotherapy versus combination reg-
imens, empiric antifungal and antiviral use, and the use of
hematopoietic growth factors.

RISK FACTORS FOR INFECTION
Patients are rendered “immunocompromised” when there is a
significant disruption or deficiency of one or more of the host
defenses as a result of the underlying disease or chemother-
apy. These risk factors include neutropenia, iatrogenic damage
to skin and mucosal barriers, and impairment in both humoral
(antibody and complement) and cell-mediated immune de-
fenses. Bacteria, fungi, viruses, and protozoa may infect vari-
ous sites, depending on the specific immunodeficiency (Table
68-1).

68-1
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Table 68-1 Most Common Pathogens Causing Infections in Neutropenic Cancer Patients

Pathogen(s)

Immunologic Defect Underlying Condition(s) Bacteria Fungi Parasites Viruses

Neutropenia Cancer chemotherapy, acute
leukemia

S. aureus, coagulase-negative
staphylococci, enterococci,
E. coli, K. pneumoniae, P.
aeruginosa

Candida spp.,
Aspergillus
spp., Fusarium

— —

T-helper lymphocyte
(cell-mediated
immunity)

Immunosuppressive therapy,
Hodgkin disease,
transplantation

Listeria monocytogenes,
Nocardia asteroides,
Legionella, Salmonella,
mycobacteria

Cryptococcus,
Aspergillus,
Candida, H.
capsulatum,
Mucoraceae

Pneumocystis
jirovecii,
Toxoplasma
gondii

Herpes simplex,
varicella-zoster,
cytomegalovirus

Gamma-globulin
(humoral immunity)

Splenectomy, chronic
lymphocytic leukemia,
hypogammaglobuline-
mia, bone marrow
transplantation

S. pneumoniae, H. influenzae,
N. meningitidis

— Pneumocystis
jirovecii,
Babesia spp.

—

Damage to physical
barriers

Surgical procedures S. aureus; coagulase-negative
staphylococci, S. pyogenes;
Enterobacteriaceae; P.
aeruginosa, Bacteroides
spp.

Candida spp. — —

Indwelling catheters,
venipuncture

S. aureus, coagulase-negative
staphylococci,
Corynebacterium

Candida spp. — —

Chemotherapy, endoscopy,
radiation

S. aureus, coagulase-negative
staphylococci,
streptococci,
Enterobacteriaceae, P.
aeruginosa, Bacteroides

Candida spp. — Herpes simplex

Microbial colonization Chemotherapy, antibiotics,
hospitalization

S. aureus, coagulase-negative
staphylococci,
Enterobacteriaceae, P.
aeruginosa, Legionella

Candida spp.,
Aspergillus

— —

Transplantation Bone marrow — Candida spp. Toxoplasma
gondii, P.
carinii

Cytomegalovirus,
hepatitis B and C,
Epstein-Barr virus

Adapted from Armstrong D. History of opportunistic infection in the immunocompromised host. Clin Infect Dis 1993;17(Suppl 2):S318.

Neutropenia
Granulocytes, or granular leukocytes, represent an important
defense against bacterial and fungal infections. Neutropenia
(a reduction in the number of circulating granulocytes or neu-
trophils) predisposes the host to infections. The terms gran-
ulocytopenia and neutropenia are often used interchangeably.
The degree of neutropenia is expressed in terms of the absolute
neutrophil count (ANC) or the total number of granulocytes
(polymorphonuclear leukocytes and band forms) present in the
circulating pool of white blood cells (WBCs).

The quantitative relationship between neutropenia and out-
come of infections was established more than 40 years ago.2

It was discovered that the risk of infection in the neutropenic
patient is proportional to both the severity and duration of
neutropenia. In general, the risk of infection is low when the
ANC exceeds 1,000 cells/mm3, with the frequency and sever-
ity of infection inversely proportional to the ANC.2,3 As the
ANC drops to <500 cells/mm3, the risk of infection rapidly

increases. The risk of developing infection is further increased
as the ANC drops to <100 cells/mm3.2 Conversely, recovery of
the ANC is the most important factor determining the outcome
of infectious complications in the neutropenic patient. Febrile
patients with short durations of neutropenia (<1 week) or in
whom neutropenia is not severe (<100 cells/mm3) generally
respond to empiric antibiotics and less frequently develop seri-
ous, life-threatening infections.2 In contrast, patients rendered
neutropenic for >1 week (e.g., those receiving more intensive
chemotherapy regimens) and/or are severely neutropenic are
more vulnerable to serious infection.2

Damage to Physical Barriers
The intact skin and mucosal surfaces of the body constitute the
host’s primary physical defense against microbial invasion. The
integrity of this physical barrier may be disrupted by tumor,
treatment (e.g., surgery, radiation), or various medical proce-
dures (e.g., insertion of intravenous [IV] or urinary catheters,
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venipuncture, measurement of rectal temperature).4 Device-
related infections, including those associated with central IV
catheters, are commonly caused by migration of skin flora (e.g.,
staphylococci) through the cutaneous insertion site.4 Infections
secondary to damaged mucosal lining of the gastrointestinal
(GI) tract are usually caused by enteric bacteria and fungi such
as Candida spp.4

Alterations in the Immune System
Patients with immunoglobulin deficiencies (e.g., hypogam-
maglobulinemia, chronic lymphocytic leukemia, or splenec-
tomy) are at increased risk for infections with encapsulated
bacteria that must undergo antibody opsonization for efficient
phagocytosis. Such bacteria include Neisseria meningitidis,
Haemophilus influenzae, and Streptococcus pneumoniae.1,4

Hodgkin disease, organ transplantation, and HIV disease can
disrupt the cellular immune system, increasing the risk for
infections with obligate and facultative intracellular organ-
isms such as mycobacteria, Listeria, Toxoplasma, viruses, and
fungi.1,4

Some chemotherapeutic regimens have profound effects on
both cellular and humoral defenses. Corticosteroids exert their
immunosuppressive effects on the cellular immune system,
particularly at the T-lymphocyte and macrophage level. There-
fore, patients receiving corticosteroids have increased suscep-
tibility to infections with viral, bacterial, protozoal, and fungal
infections.5 Infectious complications secondary to glucocor-
ticoid use appear to be dose dependent. The risk of infection
increases with daily doses >10 mg or cumulative doses >700
mg of prednisone or its equivalent.5 Thus, patients receiving
corticosteroids in either high doses or for prolonged periods
are at increased risk for a wide spectrum of infections caused
by bacteria, fungi, and other opportunistic pathogens.5

Colonization
Microbial colonization can be a prerequisite to infection in
neutropenic patients. Colonization may be defined as the re-
covery of an organism from any particular site (e.g., stool, na-
sopharynx) without clinical signs of infection. Most infections
in neutropenic patients are caused by the host’s endogenous
microflora or hospital-acquired pathogens that have colonized
the alimentary tract, upper respiratory tract, and/or skin.3,6

Hematopoietic Stem Cell Transplantation
Transplantation of bone marrow predisposes patients to the
development of opportunistic infections secondary to both in-
tensive immunosuppressive therapy and transmission.7,8 These
infections may be acquired from blood products or may repre-
sent reactivation of latent host infection.7,8 The types of infec-
tions are detailed in other chapters (see Chapters 35 and 92).
The introduction of new therapeutic approaches for treatment
of the underlying malignancy (including nucleoside analogs
and monoclonal antibodies to CD20 and CD52), along with
use of unrelated stem cell donors, has increased the potential
for infections in these patients, particularly among allogeneic
hematopoietic stem cell transplant (HSCT) recipients.

Radiation Therapy
Side effects associated with the use of radiation therapy for the
treatment of malignancy (e.g., mucositis, skin breakdown, or
reduction in blood counts) may also predispose a patient with
neutropenia to infection.

MOST COMMON PATHOGENS

1. B.C., a 41-year-old woman, was admitted to the cancer cen-
ter for placement of a central IV catheter for administration of
chemotherapy to treat acute nonlymphocytic leukemia in relapse.
She was diagnosed 2 years ago and was treated with cytarabine
plus daunorubicin, which resulted in a complete remission for 33
months. This admission, she will be treated with high-dose cytara-
bine plus mitoxantrone for reinduction. What are the most likely
pathogens to cause infection in patients like B.C. during periods
of chemotherapy-induced neutropenia?

Bacteria are the primary pathogens associated with infec-
tion in febrile neutropenic patients, especially those occurring
early (Table 68-1).9 Bacteremia is most often caused by aerobic
Gram-negative bacilli (especially Pseudomonas aeruginosa,
Escherichia coli, and Klebsiella pneumoniae) or aerobic Gram-
positive cocci (i.e., coagulase-negative staphylococci, Staphy-
lococcus aureus, enterococci, viridans streptococci).10,11 Since
the mid-1990s, the proportion of Gram-negative infections
has decreased with a proportional increase in Gram-positive
infections.10–14 Gram-positive bacteria now account for ap-
proximately 60% to 70% of microbiologically-documented
infections in neutropenic cancer patients.12,13 This is be-
lieved to be due (in part) to the frequent use of indwelling
intravascular catheters, use of more intensive chemother-
apy regimens, and widespread use of broad-spectrum antibi-
otics for prophylactic and therapeutic use. These factors can
contribute to the development of infection in patients such
as B.C.

S. aureus (including methicillin-resistant S. aureus
[MRSA]) and Staphylococcus epidermidis, streptococci (in-
cluding S. pneumoniae and viridans streptococci), and
Corynebacterium species have become important pathogens
in some cancer centers.10–13 Moreover, enterococcal infec-
tions (including vancomycin-resistant enterococci [VRE]) are
increasing in frequency because of the routine use of broad-
spectrum antibiotics.12 Meningitis caused by the intracellular
organism Listeria monocytogenes can be observed in patients
with defective cellular immunity caused by disease or pro-
longed corticosteroid use. In general, anaerobic bacteria are an
infrequent cause of infection in granulocytopenic patients with
hematologic malignancies.15 However, they may occur more
frequently in patients with GI malignancies or with significant
disruption of the GI tract secondary to chemotherapy.15

Invasive fungal infections are a major cause of morbidity
and mortality among neutropenic cancer patients and patients
undergoing bone marrow transplantation.16 They tend to oc-
cur later in the illness. Patients with prolonged neutropenia
(>7 days), allogeneic HSCT recipients, and those undergoing
therapy for graft-versus-host disease (GVHD) are at increased
risk of developing systemic fungal infections. In one report,
approximately 50% of patients who die during prolonged pe-
riods of neutropenia had evidence of deep-seated mycoses at
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autopsy.16 Prior to the use fluconazole prophylaxis in selected
populations, Candida spp. were responsible for most invasive
fungal infections. Today, invasive infections due to Aspergillus
spp. and other moulds are a major cause of invasive fungal in-
fection (IFI)–related death (particularly those with prolonged
neutropenia and GVHD).16

Viral infections are generally a reactivation of latent infec-
tion. These may include herpes simplex virus and varicella-
zoster virus.3,10 Other viruses, such as cytomegalovirus
(CMV), can be acquired during hematopoietic stem cell
transplantation.73 Respiratory viruses (e.g., respiratory syncy-
tial virus [RSV], influenza, parainfluenza) and other seasonal
viruses may occasionally cause infection in this population.

PROPHYLAXIS AGAINST INFECTION
Infection Control
Exogenous contamination can be prevented by strict protective
isolation of patients in specially designed rooms that maintain a
sterile environment. These laminar airflow rooms are ventilated
with air that is passed through a high-efficiency particulate
air (HEPA) filter, which removes >99% of all particles larger
than 3 microns. Total protective isolation is accomplished by
strict isolation in conjunction with the administration of ster-
ile food and water, local skin care, and intensive microbial
surveillance.8 However, this regimen is burdensome to the pa-
tient and health care personnel, difficult to accomplish and
maintain, and expensive. Thus, it continues to be used in only
a few treatment centers. However, close adherence to adequate
handwashing procedures is essential. In addition, contact iso-
lation is advocated in circumstances in which the patient may
be colonized or infected with resistant organisms. Finally, iso-
lating the patients from caregivers with potentially contagious
respiratory viral illnesses is advocated.

Antimicrobial Prophylaxis

2. What is the role of oral antimicrobial prophylaxis during
the neutropenic period?

Studies have demonstrated that the early administration of
oral antibiotics (both antibacterials and antifungals) during the
afebrile, neutropenic period in select “high-risk” patients can
result in a reduction in the number of febrile episodes and
subsequent risk of infection.17 The goals of such prophylactic
antibiotic regimens have been aimed at reducing potentially
pathogenic endogenous microflora or preventing the acquisi-
tion of new micro-organisms in the neutropenic patient.17 Po-
tential benefits must outweigh the risks of antibiotic-related
adverse effects, the development of resistance, and the po-
tential for superinfection. Therefore, prophylaxis is generally
considered only in select “high-risk” patients with neutrope-
nia expected to be severe (<100 cells/mm3) or prolonged (<7
days).10

Nonabsorbable Antibacterials
The alimentary tract is recognized as an important reservoir of
potential pathogens. Therefore, gut decontamination with and
without total protective isolation has been investigated. The ra-
tionale behind the use of selective decontamination regimens is
based on animal studies that demonstrated that selective elim-

ination of aerobic GI flora, although maintaining anaerobic
flora, prevented colonization with potentially pathogenic aero-
bic Gram-negative bacteria. Early studies focused on the use of
nonabsorbable antimicrobials such as gentamicin, polymyxin
B, and colistin to eradicate selected bowel flora while reducing
the potential for systemic toxicity.

Oral, nonabsorbable antibacterial regimens have not shown
consistent efficacy in preventing infection in the neutropenic
cancer patient.17 A major problem with these regimens has
been poor patient compliance and tolerance, often because
of their unpleasant taste. Of additional concern is the devel-
opment of aminoglycoside resistance from the nonabsorbable
aminoglycoside-containing regimens. Finally, colistin use has
recently been identified as a risk factor for staphylococ-
cal infections.12 Therefore, use of nonabsorbable antibacte-
rial agents have largely been supplanted by oral, absorbable
antibiotics.10,17

Trimethoprim-Sulfamethoxazole
Several studies have demonstrated the benefit of trimethoprim-
sulfamethoxazole (TMP-SMX) in reducing bacterial infec-
tions when compared to placebo in febrile neutropenic
patients.18–20 Its benefit in reducing mortality, however, is less
clear. In contrast, its role in preventing Pneumocystis jirovecii
(formerly known as Pneumocystis carinii or PCP) pneumonia
has been established in many immunocompromised patient
populations, independent of the presence of neutropenia.8,10,19

The potential benefits of TMP-SMX prophylaxis must be care-
fully balanced against the potential for drug-induced bone mar-
row suppression, hypersensitivity reactions, the emergence of
resistant organisms (e.g., E. coli), and the development of su-
perinfections. Patients at high risk for developing P. jirovecii
pneumonia (i.e., patients with acute lymphocytic leukemia
receiving intensive chemotherapy, AIDS, allogeneic HSCT
recipients) should be strongly considered for TMP-SMX
prophylaxis.3,10 Recipients of T-cell–depleting agents (e.g.,
fludarabine or cladribine), cancer patients receiving prolonged
corticosteroids (>20 mg prednisone or its equivalent daily),
and autologous HSCT recipients should also be considered
for prophylaxis with TMP-SMX.3 In the absence of these risk
factors, routine use of TMP-SMX as primary prophylaxis for
neutropenia is not currently recommended.3,10 In patients re-
quiring PCP prophylaxis but unable to tolerate TMP-SMX,
patients should be considered for either TMP-SMX desensi-
tization, atovaquone, dapsone, or aerosolized pentamidine as
alternate strategies.3

Fluoroquinolones
Fluoroquinolones (e.g., ciprofloxacin, norfloxacin, ofloxacin,
levofloxacin) are used by some centers as prophylaxis for
patients at high risk of infection. Data regarding their use
for preventing infection in neutropenic cancer patients have
been summarized elsewhere.21–24 Of concern, however, is the
increasing frequency of Gram-positive infections (including
viridans streptococci) observed in patients receiving fluoro-
quinolone prophylaxis,25,26 combined with the emergence of
resistant Gram-negative bacilli (especially E. coli)27 caused
by the widespread use of these agents. Recent meta-analyses
report reductions in mortality in high-risk patients receiving
prophylaxis with fluoroquinolones.24 Because the benefits of
fluoroquinolone prophylaxis may be offset by the emergence
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of resistant organisms, routine prophylactic use in neutropenic
patients should be avoided.3 However, those at highest risk of
bacterial infections (i.e., those patients with an ANC <100
neutrophils/mm3 for >10 days) should be considered for fluo-
roquinolone prophylaxis until either the onset of fever or res-
olution of severe neutropenia (>100 neutrophils/mm3).3

Antifungals

3. What is the role of antifungal prophylaxis in neutropenic
patients?

Routine antifungal prophylaxis is not indicated in all pa-
tients with neutropenia. However, select patients (i.e., those
with acute leukemic patients with prolonged neutropenia [>7
days], allogeneic HSCT recipients, and patients receiving sys-
temic corticosteroids for treatment of GVHD) are at increased
risk of developing systemic fungal infections.16 Because of
the frequency with which such infections are encountered, dif-
ficulties in establishing a diagnosis, and poor response rates
in patients with serious invasive infection who are immuno-
compromised, effective prophylactic strategies are necessary
in these high-risk patients.

NONABSORBABLE ANTIFUNGALS
Various nonabsorbable antifungal agents have been studied

for use in fungal prophylaxis in neutropenic patients. Topical
agents, such as oral nystatin,28,29 clotrimazole,30 and oral am-
photericin B,31 have been studied. Of these agents, only oral
amphotericin B and clotrimazole have been successful in re-
ducing the frequency of oropharyngeal candidiasis. None of
the antifungals have a role as primary prophylaxis of invasive
fungal infections.3,10

SYSTEMIC ANTIFUNGALS
The use of systemic antifungals for prophylaxis has been

extensively studied. Early trials with the imidazoles micona-
zole and ketoconazole met with limited success. The toxicities
associated with these agents and the availability of newer, less
toxic antifungals currently limit their clinical utility in this set-
ting.

In addition to its in vitro activity against many Candida spp.
(e.g., C. albicans), itraconazole is active in vitro against As-
pergillus species. Randomized, placebo-controlled trials32,33

as well as comparisons with amphotericin B34 have demon-
strated its efficacy in reducing systemic Candida infections in
this patient population. A previous limitation to the potential
efficacy of itraconazole was the availability of a capsule for-
mulation whose bioavailability following oral administration
was significantly dependent on gastric acidity. The oral solu-
tion demonstrates improved bioavailability over the capsule. In
addition, an IV formulation has also been introduced for use
in patients unable to tolerate oral therapy.

Studies have demonstrated that fluconazole prophylaxis
has decreased the frequency of both superficial (e.g., oropha-
ryngeal candidiasis) and systemic fungal infections in bone
marrow transplant patients35,36 but not in patients with
leukemia.37,38 When fluconazole 400 mg/day was compared
with placebo for fungal prophylaxis in bone marrow trans-
plant recipients, it significantly reduced the incidence of inva-
sive candidiasis and delayed the initiation of empiric ampho-
tericin B from day 17 to day 21.36 It is unknown, however,

if such patients who currently may experience a reduction in
the degree and duration of neutropenia due to the administra-
tion of colony-stimulating growth factors would also benefit.
In contrast, in a study of patients with acute leukemia undergo-
ing chemotherapy, fluconazole prophylaxis was not associated
with a reduction in invasive fungal infections or need for em-
piric amphotericin B.38 Despite its potential role, concern over
its lack of reliable in vitro activity against moulds limits its
expanded use in high-risk patients. An increased frequency of
isolation of non-albicans Candida (e.g., C. krusei, C. glabrata,
C. parapsilosis) has also been noted in some institutions.39

Fluconazole may not have a significant impact in reducing
mortality in these patients.40

Fluconazole is available as both oral and IV formulations,
and its oral bioavailability is not significantly influenced by
changes in gastric acidity. Like itraconazole, the IV formu-
lation enables fluconazole to be administered to critically ill
patients or patients who have difficulty swallowing. However,
unlike itraconazole, it is not contraindicated in patients with
significant renal impairment. Despite such potential advan-
tages, the efficacy of fluconazole in preventing invasive fungal
infections was inferior to that of itraconazole in a random-
ized, comparative trial performed in 140 patients receiving al-
logeneic hematopoietic stem cell transplants.41 In this trial,
proven invasive fungal infections occurred in 6 of 71 (9%)
itraconazole recipients and 17 of 61 (25%) fluconazole-treated
patients. Although overall mortality was not different, fewer
fungal deaths were reported in the itraconazole-treated pa-
tients (9% vs. 18%), but this difference was not statistically
different (P = 0.13). In another randomized, comparative
trial in allogeneic HSCT patients, fluconazole was compared
with itraconazole.42 Although itraconazole demonstrated su-
periority during treatment and against mould infections, no
differences in invasive fungal infections or mortality were
observed between treatments during the entire study period.
Treatment-related hepatotoxicity and drug discontinuation be-
cause of side effects (predominantly GI intolerance) were more
frequent in the group receiving itraconazole (36% vs. 16%,
P <0.001).

The prophylactic role of IV amphotericin B has also been
investigated.40,43 In one such evaluation, amphotericin B 0.5
mg/kg given three times weekly was compared with flucona-
zole 400 mg/day in 90 patients with acute leukemia.43 Although
efficacy against fungal infections was similar in both groups,
more side effects (i.e., infusion-related reactions, nephrotoxi-
city, and electrolyte disturbances) were observed with the am-
photericin B regimen. Therefore, the use of amphotericin B
deoxycholate for primary prophylaxis is generally discouraged
given existing options. There are limited published data on the
efficacy of lipid-based formulations of amphotericin B (e.g.,
amphotericin B lipid complex, liposomal amphotericin B) for
prophylaxis. One study compared liposomal amphotericin B
versus a combination with fluconazole and itraconazole.44 No
significant differences were detected in terms of efficacy, but
toxicity was noted more frequently in the patients receiving
liposomal amphotericin B. Lipid-based amphotericin B prepa-
rations are generally reserved for patients with underlying renal
dysfunction for which alternative strategies would be inappro-
priate.

The recent introduction of the echinocandin class of an-
tifungals has expanded the number of agents evaluated as a
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prophylactic strategy in high-risk patients. Micafungin was
compared to fluconazole in a randomized, double-blind study
conducted in autologous and allogeneic HSCT recipients.45

Based on a composite endpoint (which included absence of
breakthrough fungal infection and absence of empiric modi-
fications to the antifungal regimen due to neutropenic fever),
micafungin was found to be superior. Although breakthrough
candidemia, survival, and adverse events were similar in both
groups, a trend toward a reduction in invasive aspergillosis in
the allogeneic HSCT population was noted in the micafungin
group. Micafungin is currently U.S. Food and Drug Adminis-
tration (FDA)–approved for the prevention of Candida infec-
tions in HSCT patients.

In addition to the echinocandins, extended-spectrum tria-
zoles (posaconazole and voriconazole) have been evaluated.
Posaconazole demonstrated improved survival, a reduction in
proven or probable IFI, and a reduction in invasive aspergillosis
when compared to standard prophylaxis (either itraconazole or
fluconazole) for the prevention of fungal infection in patients
undergoing chemotherapy for acute myelogenous leukemia or
myelodysplastic syndrome.46 Posaconazole has also proven to
be an effective prophylaxis in allogeneic HSCT recipients un-
dergoing therapy for GVHD.47 Posaconazole is currently avail-
able only as an oral formulation, which may limit its use in
patients unable to take oral therapy. Although the efficacy of
voriconazole in the treatment of invasive aspergillosis has been
well documented, published data to support its use as prophy-
laxis in this patient population is currently lacking. Side effects
(most notably hepatotoxicity) and the increased potential (rela-
tive to fluconazole and the echinocandins) for drug interactions
with voriconazole may limit its use in this setting to patients
at highest risk of mould infections. Although use of voricona-
zole has also been implicated in the emergence of pathogens
such as zygomycosis in this patient population, a definitive
cause-and-effect relationship is lacking.

Primary antifungal prophylaxis should generally be re-
served for high-risk patients with neutropenia (e.g., al-
logeneic HSCT recipients).3 Autologous HSCT recipients
receiving agents causing significant mucositis, patients under-
going therapy for acute leukemia and those receiving corti-
costeroids for treatment of GVHD should also be considered
for prophylaxis.3 Although fluconazole has demonstrated effi-
cacy when compared to placebo, select agents (i.e., echinocan-
dins, voriconazole, itraconazole, posaconazole, amphotericin
B) might be preferred in patients at increased risk of mold
infections. Prophylaxis is generally continued until day 75 af-
ter transplant or through induction therapy for patients with
leukemia.3 Patients with a history of documented Aspergillus
infection undergoing intensive chemotherapy should be con-
sidered for voriconazole. Although the addition of a second
prophylaxis (e.g., caspofungin) may be considered, the ben-
efits of combination therapy for secondary prophylaxis re-
quire further study. Other secondary prophylaxic regimens
can be used in patients with a history of IFIs, based on the
infection.

Patients receiving cytotoxic chemotherapy for solid tumors
have lower rates of invasive fungal infections compared with
patients with hematologic malignancies and those receiving
allogeneic bone marrow transplantation. This is primarily be-
cause of the differences in the duration of neutropenia. In
patients receiving cytotoxic chemotherapy for solid tumors,

antifungal prophylaxis may not be beneficial and may actu-
ally increase the potential for superinfection with resistant
fungi. Such patients should be managed with empiric anti-
fungal therapy if they develop persistent fever and neutro-
penia.

Antivirals
The use of antiviral prophylaxis varies with patient popula-
tion. High-risk patients (e.g., those receiving allogeneic HSCT,
those with acute leukemia undergoing induction or reinduction
therapy, those with a past history of infection during neutrope-
nia or patients receiving T-cell–depleting agents such as flu-
darabine) and those who are seropositive for herpes simplex
virus (HSV) should be considered for antiviral prophylaxis for
the first month after transplant or (for acute leukemics) during
periods of neutropenia.3,8,10 Both acyclovir and valacyclovir
may be useful in such settings. Published data for famciclovir
for this indication is lacking. Allogeneic HSCT patients who
are seropositive for varicella-zoster virus (VZV) should also be
considered for acyclovir prophylaxis until the patients have dis-
continued immunosupression.3,8,10 In addition, bone marrow
transplant recipients at increased risk of CMV infection (e.g.,
CMV-seropositive patients and CMV-seronegative recipients
with a CMV-seropositive donor) should be considered for ei-
ther ganciclovir prophylaxis or pre-emptive therapy if early ev-
idence of infection is observed.7,9 The role of valganciclovir as
a prophylactic strategy in this population requires further evalu-
ation. Patients experiencing HSV reactivation during treatment
should also receive prophylaxis during subsequent periods of
neutropenia.3

Respiratory tract infections due to RSV, influenza, and
parainfluenza are less commonly observed in patients with neu-
tropenia. Although response to influenza virus vaccine may be
attenuated, cancer patients should receive annual vaccinations
with inactivated influenza vaccine.3 In contrast, immunocom-
promised patients should not receive the intranasal live virus
vaccine.3

Hematopoietic Growth Factors
Updated guidelines have recently been published to readdress
the use of granulocyte colony-stimulating factor (G-CSF; fil-
grastim), granulocyte-macrophage colony-stimulating factor
(GM-CSF; sargramostim), or pegylated G-CSF (pegfilgras-
tim) for use in the prophylaxis of infection in the neutropenic
patient.48,49 These guidelines advocated the use as primary
prophylaxis in patients at high risk (>20%) of fever and neu-
tropenia based on risk factors of age (i.e., younger than 65
years), medical history (including prior history of febrile neu-
tropenic episodes, nutritional status, unstable comorbidities,
and presence of active infections), disease characteristics (es-
pecially those involving bone marrow resulting in cytopenias),
and myelotoxicity of the regimen (including both chemother-
apy and radiation) used to treat the underlying malignancy.
Secondary prophylaxis should be considered for patients who
had experienced neutropenic complication from prior cycles
of chemotherapy (especially if primary prophylaxis was not
administered), or for whom reductions in chemotherapy dose
to avoid neutropenia may compromise treatment outcome and
disease-free or overall survival.
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INFECTIONS IN NEUTROPENIC CANCER PATIENTS
Clinical Signs and Symptoms

4. Seven days after completing chemotherapy, B.C. devel-
oped a fever of 102◦F (orally). Vital signs are blood pressure
(BP), 109/70 mmHg; pulse, 102 beats/minute; and respirations,
25 breaths/minute. Physical examination demonstrates a clear
oropharynx without exudates or plaques. Chest and cardiac ex-
amination are normal. The exit site for the Hickman catheter is
clean and nontender without signs of erythema or induration. The
perineum and rectum are nontender, and no masses are noted.

Laboratory data are hematocrit (Hct), 20% (normal, 33%–
43%); hemoglobin (Hgb), 7 g/dL (normal, 14–18); WBC count,
1,400 cells/mm3 (normal, 3,200–9,800), with 3% polymorphonu-
clear leukocytes (PMNs; normal, 54–62), 1% band forms (normal,
3–5), 70% lymphocytes (normal, 25–33), and 22% monocytes
(normal, 3–7); platelet count, 17,000 cells/L (normal, 130,000–
400,000); blood glucose, 160 mg/dL (normal, 70–110); serum cre-
atinine (SrCr), 1.1 mg/dL (normal, 0.6–1.2); blood urea nitrogen
(BUN), 24 mg/dL (normal, 8–18).

What are the signs and symptoms of infection in B.C.? What
are the most common sites and sources of infection in patients
such as B.C.?

[SI units: Hct, 0.2 (normal, 0.33–0.43); Hgb, 70 g/L (normal, 140–180); WBC

count, 1.4 × 1010/L (normal, 3.2–9.8) with 0.03 PMNs (normal, 0.54–0.62),

0.01 band forms (normal, 0.03–0.05), 0.7 lymphocytes (normal, 0.25–0.33),

and 0.22 monocytes (normal, 0.03–0.07); platelets, 17 − 1010/L (normal, 130–

400); glucose, 8.88 mmol/L (normal, 3.89–6.11); SrCr, 97.24 mmol/L (normal,

53.04–106.08); BUN, 8.57 mmol/L urea (normal, 2.86–6.43)]

Neutropenia is usually defined as an ANC <500 cells/mm3,
or <1,000 cells/mm3, and expected to decline to <500
cells/mm3 within 2 days.3 B.C. has an ANC of 48 cells/mm3

(1,400 WBC/mm3 × [0.03 PMN + 0.01 bands]) and is there-
fore at high risk for infection. Fever in neutropenic patients is
defined as a single oral temperature of ≥38.3◦C (101◦F) or a
temperature of ≥38.0◦C (100.4◦F) for >1 hour in the absence
of an obvious cause.10,50 As her case illustrates, fever is the
earliest (and often the only) sign of infection in neutropenic
patients because typical signs can be modified or absent in this
patient population.9,47,48 In contrast, other signs and symptoms
consistent with a diagnosis of infection without fever should
be considered to be infection in the neutropenic host.

In patients with documented infections, the most com-
mon sites are skin, mouth/throat, esophagus, sinuses, ab-
domen/rectum/liver, vascular access, lungs, and urinary tract.3

Although the lung is the most common site of serious infec-
tion in neutropenic cancer patients, fever and dry cough are
often the only presenting signs of pneumonia.51 The impaired
inflammatory response in these patients often makes sputum
production scant, and sputum Gram stains often contain few
polymorphonuclear cells. Radiologic evidence of a pulmonary
infection can be minimal or absent, and the chest examination is
frequently nondiagnostic. Pneumonia has a high mortality rate
in neutropenic patients, especially if it occurs in conjunction
with bacteremia.10 In the presence of shock, a mortality rate
of approximately 80% has been observed in these patients.52

Invasive procedures such as venipuncture, central IV
catheter placement (e.g., Hickman catheter), and skin biopsies
are associated with cellulitis and systemic infections. However,

detecting skin and soft tissue infections is also difficult because
the typical signs and symptoms of infection (e.g., pain, heat,
erythema, swelling) are often absent.51 This phenomenon ex-
ists due to the lack of adequate numbers of granulocytes, as
well as the suppression or absence of other components of the
inflammatory response.2 Colonization of these lesions may re-
sult in local infection and the potential for systemic dissemina-
tion of bacteria and fungi. Bacteremia occurs primarily from
entry of bacteria through the skin or through unrecognized
ulcerations in the GI and perirectal areas.10

Confirmation of Infection

5. How can an infection be confirmed in patients such as B.C.?

Noninfectious sources of fever in the neutropenic cancer
patient include inflammation, tumor progression, tumor lysis,
adverse drug reactions, and transfusion reactions. Because of
the frequent lack of physical signs and symptoms of infection,
the clinician must obtain an accurate history (including the can-
cer type and treatment regimen) and conduct a careful physical
examination at the first sign of fever.51,53 A detailed search for
subtle signs and symptoms of inflammation at the most com-
mon sites, such as the oropharynx, bone marrow aspiration
sites, lung, periodontium, skin, vascular catheter access sites,
nail beds, and perineum (including the anus) is necessary. Be-
fore antibiotics are initiated, two sets of blood cultures (with
each set consisting of two culture bottles) should be obtained.3

Additional cultures (e.g., stool, urine, IV site, viral) should be
obtained if such infections are suspected.3 Any indwelling uri-
nary or IV catheter should be considered as a potential focus of
infection and, if possible, should be removed and cultured.10

Chest radiographs and oximetry should be obtained if signs
and symptoms point to the respiratory tract as a potential in-
fection site.10 A complete blood count, serum electrolytes, and
assessment of organ function (e.g., liver and kidney function)
should be obtained to assist in drug dosing and monitoring for
treatment-related toxicities.10

An infectious cause for fever can be documented either
clinically or microbiologically in up to 60% of neutropenic
cancer patients.9 Forty percent of these febrile episodes have
a documented microbiological origin; the remaining 20% are
attributed to infection based on clinical findings alone.9

Significance of Colonization

6. Routine surveillance cultures of swabs taken from B.C.’s
axillae, nasopharynx, and rectum grew C. jeikeium (axillae), S.
aureus (axillae and nasopharynx), and Enterococcus faecium (rec-
tum). What is the significance of these culture results? Should rou-
tine, serial surveillance cultures be performed in patients such as
B.C.?

Several factors influence the colonization and subsequent
infection by micro-organisms in cancer patients such as B.C.
Organisms isolated from infected patients can be found in en-
dogenous flora or acquired during hospitalization.6 The sources
of and factors contributing to colonization are numerous and
include staff-to-staff and patient-to-patient transmission (e.g.,
lack of frequent and adequate hand hygiene), direct trans-
mission from the environment (e.g., inadequately disinfected
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bathtubs, sinks, toilet bowls), foods (e.g., raw fruits and vegeta-
bles), inhalation from contaminated fomites (e.g., respirators,
ventilating systems), and IV access devices.

In addition to immunosuppression, the underlying malig-
nancy and chemotherapy diminish the cancer patient’s resis-
tance to colonization and infection. For example, chemother-
apy induces changes in the microbial binding receptors on
epithelial cells in the oropharynx. This allows Gram-negative
bacilli to adhere to these surfaces, changing the composition
of the oropharyngeal flora from a mixture of Gram-positive
aerobes and anaerobes to Gram-negative aerobic bacteria.54

Colonization with resistant organisms is enhanced by prior an-
tibiotic administration, which may suppress the growth of nor-
mal anaerobic flora in the GI tract. This anaerobic suppression
may promote the overgrowth of resistant micro-organisms.54

For example, P. aeruginosa and K. pneumoniae are not com-
monly found in the stools of normal healthy adults, but they
are recovered from the stools of hospitalized cancer patients.

Organisms that colonize cancer patients differ in their in-
vasiveness and propensity to cause infection.6,55 Colonization
with P. aeruginosa is more likely to result in infection than is
colonization with less virulent organisms such as E. coli or S.
epidermidis.56 However, if the host is profoundly impaired, or-
ganisms generally considered to be less virulent may become
pathogenic.

The acquisition of and subsequent colonization by poten-
tially pathogenic microbes may be detected by serial “surveil-
lance” cultures of specimens obtained from various body sites
such as the nasopharynx, axilla, urine, and rectum. Such
surveillance cultures can provide information about the dy-
namic changes in microflora during hospitalization that may be
useful for infection control purposes. However, little clinically
useful information is gained when infection is absent.57 There-
fore, surveillance cultures are generally restricted to select pa-
tients for infection control purposes. In such cases, culture of
the anterior nares (for MRSA) or rectal samples (for VRE or
multidrug-resistant Gram-negative bacilli) may be performed.

In summary, B.C.’s surveillance culture results indicate that
she is colonized with several potential pathogens associated
with infection in the immunocompromised host, but these re-
sults are probably not useful in selecting empiric antibiotics
for her fever.

EMPIRIC ANTIBIOTIC THERAPY
Rationale

7. Should B.C. be started on antibiotic therapy immediately?
Is this rational in view of the fact that neither the source of her
fever nor the pathogen has been established?

All febrile patients with either an ANC of <500 cells/mm3

or <1,000 and expected to decline to <500 cells/mm3 within 2
days should be considered to have a potentially life-threatening
infection.3,10 In addition, afebrile neutropenic patients with
signs or symptoms of infection should also receive antibi-
otic therapy. Once blood cultures and cultures from suspected
sources of infection are obtained, these patients should be
promptly started on broad-spectrum antibacterials.3,10 Early
studies in the 1950s and 1960s documented the poor prog-
nosis of neutropenic patients whose Gram-negative infections

were untreated during the first 24 to 48 hours following the on-
set of fever. Crude mortality rates secondary to P. aeruginosa
bacteremia approached 91%.56 This finding was confirmed in
the 1970s when it was demonstrated that withholding antibi-
otics until a pathogen was isolated resulted in an unacceptably
high mortality rate in neutropenic patients. Prompt use of em-
piric, broad -spectrum antibiotics since the mid-1980s has con-
tributed to significant reductions in infectious mortality rates
to <30%, depending on the causative organism.58 These ob-
servations emphasize the need for rapid institution of empiric
antibiotic therapy to prevent early morbidity and mortality.

Optimal Antibacterial Spectrum

8. What pathogen- and patient-specific factors should be con-
sidered when initiating empiric therapy for B.C.?

Despite advances in the development in antibacterials since
the 1960s, the empiric management of febrile neutropenic pa-
tients continues to be complicated by the changing spectrum
of bacterial pathogens and their antimicrobial susceptibilities.
Empiric antibiotic regimens should provide broad-spectrum
coverage against the potential Gram-negative bacilli most com-
monly isolated from neutropenic cancer patients (e.g., E. coli,
K. pneumoniae, P. aeruginosa), staphylococcal and viridans
streptococci.3,10 Because mortality from untreated bacteremia
caused by P. aeruginosa was high in early studies,56 empiric
regimens have traditionally included antimicrobials with an-
tipseudomonal activity.

Selecting an initial empiric regimen for a given patient
should take into account likely pathogens, their frequency of
isolation, infection-specific antibiotic efficacy and institutional
susceptibility patterns. Patient-related considerations should
include medical stability, allergies, prior and concomitant an-
timicrobials, and organ dysfunction (e.g., renal or hepatic). At-
tempts should be made to identify low-risk patients for whom
oral antimicrobial therapy may be an option.3,10 Finally, dosing
schedules, acquisition costs, and the potential for significant
toxicities should be considered.

In addition to broad-spectrum activity, antibacterial regi-
mens should ideally have bactericidal activity against the in-
fecting pathogen. However, no adequately controlled compar-
ative trials of bacteriostatic versus bactericidal antibiotics have
been conducted in humans.

In summary, many organisms, including those recovered
from surveillance cultures, may be pathogens in B.C. Those
associated with a high mortality rate during the first 48 hours
should be empirically treated pending culture and sensitivity
results. Therefore, an empiric regimen with optimal activity
against commonly isolated Gram-negative bacilli (including P.
aeruginosa) should be promptly administered to B.C.

Initial Empiric Antibiotic Regimens

9. What would be a reasonable initial empiric antibiotic regi-
men for B.C.?

Practice guidelines prepared by the National Comprehen-
sive Cancer Network3 and the Infectious Diseases Society of
America (IDSA)10 identify antimicrobial options for the treat-
ment of fever in the neutropenic cancer patient. The ideal
antibiotic regimen for empiric management in this setting
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remains controversial. Various antibiotics, alone and in combi-
nation, have been studied extensively.10 Monotherapy regimens
commonly include a third-generation cephalosporin (e.g., cef-
tazidime), a fourth-generation cephalosporin (e.g., cefepime),
or a carbapenem (e.g., imipenem-cilastatin or meropenem).
The combination regimens most frequently recommended (ex-
cluding those containing vancomycin) are an aminoglyco-
side (e.g., gentamicin, tobramycin, or amikacin) plus an an-
tipseudomonal ureidopenicillin with or without a β-lactamase
inhibitor (e.g., piperacillin, piperacillin-tazobactam), an
aminoglycoside with an antipseudomonal cephalosporin (e.g.,
ceftazidime, cefepime), or an aminoglycoside in combi-
nation with a carbapenem (e.g., imipenem-cilastatin or
meropenem).3,10 Although recommended by some sources,3

combination β-lactam antibiotics are less frequently used.
Comparisons of efficacy rates between studies are complicated
by differences in the definitions of neutropenia, the incidence
of documented infections, criteria used to assess clinical re-
sponse, and statistical methodology.50 Guidelines have been
proposed to establish standards for evaluating antimicrobial
therapy in this population.50 Despite such limitations, no strik-
ing differences regarding efficacy have been observed between
these empiric approaches.10

Oral Antibiotics
Carefully selected (“low-risk”) adult febrile neutropenic pa-
tients may be candidates for oral antibiotic therapy, either as
initial therapy or as follow-up to IV antibiotics (“sequential
therapy”).10,59,60 This would EXCLUDE patients with any of
the following: serious comorbidities, inpatient acquisition of
infection, uncontrolled malignancy, pneumonia, recent HSCT,
dehydration, hypotension, chronic lung disease, abnormal liver
(>3× upper limits of normal) or renal function (serum crea-
tinine >2 mg/dL), ANC <100 cells/mm3, or signs/symptoms
lasting longer than 7 days.3 Patients must be without micro-
biological or clinical evidence of infection (other than fever),
clinically stable, and closely observed. An international collab-
orative study established and validated a risk scoring system
in adults that incorporated these principles to identify low-risk
patients for whom oral therapy may be an option.61

Trials have confirmed the value of oral ciprofloxacin in com-
bination with amoxicillin-clavulanate in low-risk adult patients
with febrile neutropenia. Oral ciprofloxacin (30 mg/kg/day in
three divided doses) combined with amoxicillin-clavulanate
(40 mg/kg/day in three divided doses) has been compared to
IV ceftazidime.62 Treatment was equally successful in both
groups, but the ceftazidime group required significantly more
modifications in the initial regimen compared with the oral
group. Conversely, more patients receiving ciprofloxacin with
amoxicillin-clavulanate were unable to tolerate the oral regi-
men. Similarly, the efficacy of oral ciprofloxacin (750 mg twice
daily) in combination with amoxicillin-clavulanate (625 mg
three times daily) versus IV ceftazidime and amikacin has been
studied.63 As with the previous trial, the oral regimen was found
to be as effective as IV antibiotics. Therefore, ciprofloxacin
plus amoxicillin-clavulanate is most frequently used. Clin-
damycin may be used in place of amoxicillin-clavulanate if
the patient is allergic to β-lactam antibiotics.3,10 Cefixime has
been used effectively as an alternative regimen in low-risk pe-
diatric patients initially receiving IV therapy,64 but there is not
adequate experience with cefixime as an initial therapy.10

Patients receiving fluoroquinolone prophylaxis would gen-
erally be excluded from receiving oral therapy due to the in-
creased risk of infection with resistant organisms. Low-risk
patients with adequate home support (e.g., access to emer-
gency facilities, phone access) and the desire for home treat-
ment may be treated as an outpatient (with either IV or oral
therapy). Monitoring in the outpatient setting should include
either home nursing or office visits daily for 3 days to review
progress and to screen for problems (e.g., progression of in-
fection or drug intolerance).3 Patients who are stable and re-
sponding after the initial observation period may continue to
receive monitoring by phone contact.3

Intravenous Monotherapy

10. Can any of the more potent, extended spectrum β-lactams
be used as monotherapy in febrile neutropenic patients?

CEPHALOSPORINS
The antipseudomonal third-generation cephalosporin cef-

tazidime and the fourth-generation agent cefepime have been
extensively studied as monotherapy for empiric therapy in
febrile neutropenic patients. In general, these agents are safe
and have potent broad-spectrum activity in vitro against many
Gram-negative and some Gram-positive pathogens.

Numerous comparative clinical studies in both adults and
children have been performed to evaluate the efficacy of cef-
tazidime as initial empiric monotherapy in febrile neutropenic
cancer patients.65–79 Overall, ceftazidime was as effective as
the standard regimen in patients with documented infections
and unexplained fever. In some of these trials, the efficacy
of ceftazidime in patients with documented staphylococcal
infections was suboptimal. Select clinical trials have empir-
ically added antistaphylococcal coverage with a glycopeptide
(e.g., vancomycin) and have shown improved outcomes in
these patients.80,81 In addition, pathogens (particularly Gram-
negative pathogens) that produce either type 1 β-lactamase or
extended spectrum β-lactamase (e.g., K. pneumoniae) are not
likely to respond to ceftazidime monotherapy.82,83 These may
be seen more frequently in patients with prolonged hospitaliza-
tion or those who have received prior antimicrobial therapy.82

Therefore, local in vitro susceptibilities of common Gram-
negative pathogens should be examined prior to the routine
use of ceftazidime as monotherapy.

Cefepime is a fourth-generation cephalosporin with an
FDA-approved indication for monotherapy for empiric man-
agement of infection in patients with febrile neutropenia.
The potential advantage of this agent over third-generation
cephalosporins is its low affinity for major chromosom-
ally mediated β-lactamases.84,85 Compared with ceftazidime,
cefepime has more potent activity in vitro against select
Gram-positive bacteria (methicillin-susceptible Staphylococ-
cus species, viridans streptococci, and S. pneumoniae).85 Ran-
domized, comparative studies have evaluated the role of cefe-
pime as monotherapy in both adults and children with febrile
neutropenia.66,67,69,71,72,86–93 The improved Gram-positive ac-
tivity (relative to ceftazidime) may decrease the empiric need
for vancomycin in some patients. However, this advantage is
less likely in institutions with a high rate of MRSA because
cefepime and other cephalosporins are inactive against this
pathogen.
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CARBAPENEMS
The carbapenems are a unique class of antibiotics with

broad-spectrum activity against numerous Gram-positive
and Gram-negative bacteria, including anaerobes. Imipenem
(in combination with the dehydropeptidase inhibitor cilas-
tatin) and meropenem are two currently available agents
in this class. Both imipenem-cilastatin75,77,79,86,94–103 and
meropenem68,70,74,76,102,104–108 have been studied as mono-
therapy for febrile, neutropenic patients. The third member of
this class available in the United States, ertapenem, possesses
microbiological activity similar to that of the other carbape-
nems, although it lacks in vitro activity against Acinetobacter
species and Pseudomonas, including P. aeruginosa.109 Consid-
ering this lack of activity, ertapenem would not be appropriate
as empiric therapy for febrile neutropenic patients and has not
been evaluated in this setting. Agents with increased anaerobic
activity (e.g., carbapenems) might be used as empiric therapy
in cases where an intra-abdominal infection is suspected.

Clinical outcomes with imipenem-cilastatin monotherapy
have been comparable with those of the β-lactam plus amino-
glycoside combinations,79,94,98,101 as well as combination of
two β-lactams.96 Although proven to be effective, imipenem-
cilastatin has generally been associated with a higher inci-
dence of nausea and vomiting compared with ceftazidime or
meropenem.77,110 The GI side effects are generally dose related
(3–4 g/day) and associated with the rate of IV administration.97

Therefore, dosages of 2 g/day (divided Q 6 hr) are generally
given to patients with normal renal function.111

Meropenem has a broad spectrum of activity (similar
to that of imipenem-cilastatin) but is generally associated
with fewer GI side effects. Meropenem monotherapy for
febrile neutropenia has been evaluated in both adults and
children,68,70,74,76,102,104–108 and the results have supported the
value of meropenem as empiric monotherapy for use in febrile
neutropenic patients.

In summary, several studies have demonstrated that
monotherapy with cefepime, ceftazidime, or a carbapenem
(imipenem-cilastatin or meropenem) is appropriate as initial
empiric antibiotic therapy in febrile neutropenic patients. There
are no convincing data to support one choice over the others as
empiric monotherapy. However, routine carbapenem use may
be associated with increased drug acquisition cost (relative
to cephalosporins) and increased potential for development
of carbapenem resistance. Therefore, many institutions have
elected to reserve the carbapenems for patients who have failed
to respond to prior empiric therapy, have a history of infec-
tions with pathogens resistant to third- and fourth-generation
cephalosporins, are clinically unstable, or have need for ex-
panded anaerobic coverage.

ALTERNATIVE INTRAVENOUS MONOTHERAPY REGIMENS
Monobactams, fluoroquinolones, and β-lactam/β-lactamase

inhibitor combinations have shown efficacy in the man-
agement of febrile neutropenic patients. Monobactams and
fluoroquinolones have been particularly useful as empiric al-
ternatives in patients with β-lactam allergies.

Monobactams
Aztreonam, the only available monobactam, demonstrates
in vitro activity only against Gram-negative aerobic bacilli.112

Although its in vitro potency against Gram-negative bacteria

is comparable to that of ceftazidime, aztreonam lacks activity
against Gram-positive bacteria or anaerobes.112 Considering
the lack of Gram-positive activity, aztreonam should not be
used as monotherapy in this patient population. Empiric use
with aztreonam has been evaluated in combination with either
a β-lactam (piperacillin)113 or vancomycin.114

Fluoroquinolones
Select fluoroquinolones offer an approach to the empiric man-
agement of febrile neutropenic patients. Most agents in this
class are bactericidal against many Gram-negative bacilli.
However, they demonstrate variable potency in vitro against
certain Gram-positive bacteria, such as S. pneumoniae, S.
aureus, and E. faecalis. Of the currently available fluoro-
quinolones, ciprofloxacin is generally considered the most
active in vitro against P. aeruginosa. However, surveys pub-
lished within the past several years have demonstrated only
approximately 60% of P. aeruginosa isolates are susceptible to
ciprofloxacin.115,116

Ciprofloxacin has been studied as both monotherapy117–121

and as part of combination regimens122–125 as initial empiric
therapy in febrile neutropenic patients. However, monother-
apy with ciprofloxacin has met with mixed success. A Eu-
ropean Organization for Research and Treatment of Cancer
(EORTC) trial comparing ciprofloxacin 400 to 600 mg/day
versus piperacillin plus amikacin was terminated prematurely
because of significantly poorer response rates in the patients
treated with ciprofloxacin (65%) compared with the combina-
tion group (91%; P <0.002).120 This finding may be due in
part to the suboptimal ciprofloxacin dosage used and the im-
pact of fluoroquinolone prophylaxis on the institution’s noso-
comial flora. An additional study demonstrated more favor-
able results with ciprofloxacin monotherapy.121 However, the
consensus is that the fluoroquinolones should not be used as
monotherapy.3,10

β -Lactam/β -Lactamase Inhibitor Combinations
Randomized trials have compared piperacillin-tazobactam
monotherapy to various antibiotics.87,100,126–130 Recently pub-
lished trials have documented that piperacillin-tazobactam
is noninferior to cefepime in this patient population.131,132

Although the results look promising, experience with this
agent as monotherapy is limited relative to the carbapenems
and antipseudomonal cephalosporins. In addition, piperacillin-
tazobactam may interfere with the galactomannan assay used
in the diagnosis of select IFIs, including aspergillosis.

Antimicrobial Combinations

11. B.L., a 13-year-old boy, presented with a 3-week history of
“always being tired” and a persistent sore throat. Initial evaluation
revealed anemia, thrombocytopenia, and a WBC count of 130,000
cells/L (normal, 3,200–9,800 cells/mm3), with a predominance of
immature lymphoblasts. Further evaluation demonstrated that
B.L. had “high-risk” acute lymphocytic leukemia. Remission in-
duction treatment was initiated with teniposide plus cytarabine
followed by prednisone, vincristine, and L-asparaginase. Seven
days after induction chemotherapy, B.L. developed a fever (102◦F)
and chills. The ANC was 48 cells/mm3. SrCr and BUN were 1.0
mg/dL (normal, 0.6–1.2 mg/dL) and 15 mg/dL (normal, 8–18
mg/dL), respectively. The physician wants to empirically start B.L.
on ceftazidime plus gentamicin combination regimen. What is the
role of this combination in the empiric management of febrile
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neutropenia? Are there any differences in efficacy between these
combinations?

[SI units: SrCr, 88.4 mmol/L (normal, 53.04–106.08); BUN, 5.36 mmol/L urea

(2.8–6.43)]

RATIONALE FOR USE
Prior to the introduction of third- and fourth-generation

cephalosporins and carbapenems, the empiric use of antibac-
terial combinations in febrile neutropenic cancer patients was
favored because these regimens offered a broader spectrum of
activity against bacteria commonly infecting cancer patients. In
addition, these combinations offered the potential, in select cir-
cumstances, to provide an additive or synergistic effect. Finally,
they offered the potential to minimize the development of bac-
terial resistance. However, infections in neutropenic patients
have shifted from Gram-negative to Gram-positive pathogens,
against which traditional combination regimens (selected pri-
marily for their activity against Gram-negative pathogens) have
limited efficacy. Despite this concern, some clinicians continue
to favor antibiotic combinations, especially in patients who are
clinically unstable.

Synergy
Antibiotic synergy is defined as an interaction between antimi-
crobial agents in which the effect produced by the combina-
tion is greater than the sum of their individual activity. Various
in vitro methods may be used to test for synergistic activity be-
tween antibacterials, and these methods may result in differing
conclusions between similar combinations.

Studies published more than two decades ago reported that
the outcome in neutropenic cancer patients with documented
Gram-negative bacteremia was significantly improved with
the use of antibacterial combinations with the potential for
demonstrating synergy in vitro when compared with nonsyn-
ergistic combinations.133,134 Of 18 patients patients with pro-
found persistent neutropenia (<100 cells/mm3) whose regimen
demonstrated in vitro synergism or partial synergism against
the infecting pathogen, 8 showed clinical improvement.134 In
contrast, none of the 13 patients in the same study receiving
nonsynergistic antibiotic regimens responded. This difference
was statistically significant (P <0.005). Although these results
are of interest, this study was performed using older, less po-
tent Gram-negative agents. It is unknown whether synergistic
combinations of newer antimicrobials, such as quinolones with
carbapenems or piperacillin, would result in similar findings.

Prevention of Resistant Strains
Another argument in favor of antibiotic combination use is
that these combinations may prevent or delay the emergence of
resistance during therapy. Although resistant bacterial strains
have emerged during therapy with monotherapy, it is not clear
whether combination therapy will prevent the emergence of
resistance during therapy.

AMINOGLYCOSIDE PLUS β-LACTAM COMBINATIONS
Until the 1980s, most febrile neutropenic patients were

treated with two-drug combination regimens that contained an
aminoglycoside (gentamicin, tobramycin, or amikacin) plus
a β-lactam antibiotic, such as antipseudomonal penicillin or a
third-generation cephalosporin. This combination is one of the

most established empiric treatment regimens for the manage-
ment of febrile neutropenia.10

Numerous studies have been conducted to evaluate
the efficacy of combination therapy of an aminoglyco-
side with an antipseudomonal cephalosporin. Both cefta-
zidime65,79,83,104–106,129,135–146 and cefepime138,139,147,148 have
been evaluated as part of a combination regimen. Cephalo-
sporins without antipseudomonal activity (e.g., ceftriaxone)
have also been investigated in combination with aminoglyco-
sides, although this regimen is not routinely recommended.149

Antipseudomonal penicillins plus β-lactamase inhibitors (in
combination with an aminoglycoside) would also be consid-
ered.

The duration of combination therapy consisting of an
aminoglycoside plus a cephalosporin has also been evaluated.
A study conducted by the EORTC evaluated the effectiveness
of full-course versus short-course amikacin plus ceftazidime
in neutropenic patients with Gram-negative bacteremia.149 A
better outcome was demonstrated with full-course amikacin
plus ceftazidime than with a short course (3 days) of amikacin
plus a full course of ceftazidime. These data confirm the supe-
riority of combined therapy of ceftazidime plus a full course
of an aminoglycoside in profoundly neutropenic patients with
Gram-negative bacteremia.

Carbapenem antibiotics are more frequently evaluated as
monotherapy in this patient population. Therefore, relative
to the numerous trials examining the role of combination
therapy with cephalosporins, there are limited studies ex-
amining the combination of an aminoglycoside with either
imipenem-cilastatin99,142 or meropenem104 in this patient pop-
ulation. However, in one such evaluation, the combination of
imipenem-cilastatin plus amikacin was found to be superior to
imipenem-cilastatin monotherapy.150 Carbapenems (in com-
bination with aminoglycosides and vancomycin) have been
recommended as empiric initial therapy for patients who are
clinically unstable.3

Aminoglycosides have generally been considered the back-
bone of combination regimens because of their potential
for bactericidal action against various bacteria. However, the
addition of an aminoglycoside is associated with increased
costs for therapeutic monitoring.150,151 The benefit of an
aminoglycoside for empiric therapy has not been consistently
demonstrated.150,151 In addition, there is an increased potential
for the development of nephrotoxicity and ototoxicity.151 This
concern is especially relevant in patients receiving concomi-
tant nephrotoxins such as cisplatin and cyclosporine. Despite
these issues, B.L. may benefit from the empiric institution of
an aminoglycoside/β-lactam combination because he is pro-
foundly neutropenic (ANC <50 cells/mm3). Serum concentra-
tions of the aminoglycosides should be monitored as needed to
achieve optimal outcomes while reducing the risks of toxicity.

12. Seven days into therapy, despite rehydration, B.L.’s SrCr
and BUN rose to 2.0 g/dL and 45 mg/dL, respectively. Because
B.L. has developed nephrotoxicity (believed to be secondary to
the aminoglycoside), what other combination regimens (exclud-
ing those containing aminoglycosides) could be used? Are these
regimens as effective as aminoglycoside-containing regimens?

[SI units: SrCr, 176.8 mmol/L; BUN, 16.07 mmol/L urea]
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DOUBLE β-LACTAM COMBINATIONS
Although numerous β-lactam combinations (usually con-

sisting of either moxalactam or a cephalosporin plus an an-
tipseudomonal penicillin) have been studied, overall response
rates have not been significantly different from those of patients
treated with aminoglycoside/β-lactam regimens. However, ex-
perience is limited with double β-lactam combinations in pa-
tients with neutropenia or patients with documented infections
caused by P. aeruginosa, and the available results are somewhat
disturbing. Winston et al. observed a lower response in pa-
tients with profound, persistent neutropenia who were treated
with moxalactam plus piperacillin (48%) compared with those
treated with moxalactam plus amikacin (77%).152 Because the
number of patients studied was small, these differences ap-
proached but did not achieve statistical significance (P <0.08).
A poorer response in patients with infection caused by P. aerug-
inosa was observed. One of five patients treated with moxalac-
tam plus piperacillin versus seven of nine patients treated with
moxalactam plus amikacin responded (P <0.06). Two patients
with bacteremia caused by P. aeruginosa initially susceptible
to the double β-lactam regimen relapsed with isolates resistant
to multiple β-lactam antibiotics. These results are compatible
with the selection of bacteria producing high amounts of the
chromosomally mediated β-lactamase, which is capable of in-
activating third-generation cephalosporins and other less stable
β-lactams.

OTHER COMBINATIONS
As previously stated, ciprofloxacin has been studied in com-

bination with other antibacterials (either an aminoglycoside or
a β-lactam, including an antipseudomonal penicillin) as ini-
tial empiric therapy for treatment of suspected infection in
febrile neutropenic patients.122–125 These studies, however,
were associated with increased Gram-positive infections in
ciprofloxacin-treated patients. In addition, the in vitro activ-
ity of ciprofloxacin against P. aeruginosa has declined sig-
nificantly (to <70% in many institutions).115,116 Therefore, if
used as part of combination therapy, ciprofloxacin should be
combined with an antimicrobial with favorable in vitro activity
against this pathogen.

Summary
Given the limited experience with these regimens in patients
with profound persistent neutropenia or infections caused by
P. aeruginosa, empiric therapy with double β-lactam regimens
should not routinely be used as primary therapy. They can
be considered, however, in cases where combination therapy
is indicated, but the addition of an aminoglycoside may be
contraindicated.

Regardless of the empiric regimen selected, patients must
be closely monitored for nonresponse, emergence of sec-
ondary infections, adverse effects, and the development of
drug-resistant organisms.

Empiric Vancomycin

13. B.L. is begun on a three-drug regimen of ceftazidime, to-
bramycin, and vancomycin. What is the rationale for adding van-
comycin to the regimen?

As previously discussed, the number of infections due to
Gram-positive pathogens is increasing. Because cephalo-
sporins lack activity against methicillin-resistant staphylo-
cocci, vancomycin is often added to empiric regimens. A grow-
ing proportion of S. aureus infections are methicillin-resistant
(as many as 50% in some institutions).12 However, excessive
use of vancomycin has been associated with the rise in van-
comycin resistance among Gram-positive organisms, such as
VRE. Finally, emergent resistance in S. aureus has been seen
in the form of vancomycin intermediately resistant S. aureus
and rare case reports of S. aureus fully resistant to vancomycin.

Clinical studies evaluating the need for vancomycin as ini-
tial empiric therapy have reached different conclusions, pri-
marily due to differences in the measured end points.153 For
example, febrile neutropenic patients with cancer had more
rapid resolution of fever, fewer days of bacteremia, and a lower
frequency of treatment failure when vancomycin was added
to an initial regimen of antipseudomonal penicillin plus an
aminoglycoside.154,155 Similarly, the addition of vancomycin
to ceftazidime showed improved results compared with cef-
tazidime alone or with a three-drug combination.156 However,
other studies have concluded that mortality was not increased
when vancomycin therapy was delayed.157–159 The mortality
from staphylococcal infections is generally considered to be
low (<4%) during the first 48 hours after the onset of fever.153

In contrast, the mortality associated with viridans streptococcal
infections may be higher among patients who are not initially
treated with vancomycin.160 Some strains of viridans strepto-
cocci are either resistant or tolerant to penicillin, but antibac-
terials such as piperacillin, cefepime (not ceftazidime), and
carbapenems demonstrate excellent activity in vitro against
these strains.160,161

There has been considerable debate over whether van-
comycin should be included in the initial empiric regimen
for febrile neutropenic patients. Many clinicians believe that
this decision should be based on both patient and institu-
tion factors.10 In general, empiric vancomycin use should
be discouraged.3,10,162 At institutions where these fulminant
Gram-positive infections are rare, vancomycin should not
be routinely used unless culture results indicate the need.
However, for institutions frequently isolating invasive Gram-
positive bacterial pathogens (e.g., those caused by viridans
streptococci), vancomycin should probably be included in the
initial empiric regimen. Other patients in whom empiric van-
comycin should be considered in the initial regimen include
the following:

� Patients with clinically suspected catheter-related infec-
tions10,163

� Patients receiving intensive chemotherapy (e.g., high-dose
cytarabine) that produces substantial mucosal damage and
subsequent increased risk for penicillin-resistant streptococ-
cal infections (i.e., viridans streptococci)10,163,164

� Patients receiving prior fluoroquinolone or TMP/SMX pro-
phylaxis165

� Patients with a previous history of colonization with β-
lactam–resistant pneumococci or MRSA

� Patients with blood cultures positive for Gram-positive bac-
teria prior to identification and susceptibility testing

� Patients with hypotension or septic shock without an identi-
fied pathogen10,163,164
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Vancomycin has been studied in combination with various
antibiotics, including imipenem-cilastatin, meropenem, cef-
tazidime, cefepime, and various aminoglycosides. The addi-
tion of vancomycin to an aminoglycoside-containing regimen
should be done with caution because data support an increased
risk of aminoglycoside-induced nephrotoxicity in patients re-
ceiving these agents concomitantly with vancomycin.166 Em-
piric vancomycin should be discontinued after 3 days if a Gram-
positive infection is not identified.3,10

ALTERNATIVES TO VANCOMYCIN
Options exist for the treatment of invasive Gram-positive

infections. Linezolid is an oxazolidinone that can be admin-
istered IV or orally.167 A randomized, double-blind trial com-
paring the use of linezolid to vancomycin for empiric ther-
apy demonstrated comparable safety and efficacy.168 It is
associated with thrombocytopenia and secondary neutrope-
nia, especially when given for prolonged periods. Considering
the reduced marrow reserve in cancer chemotherapy patients,
these adverse events are of particular concern. Quinupristin-
dalfopristin is available for IV administration only, and con-
cerns regarding potential drug interactions and patient tolera-
bility (including musculoskeletal pain) may limit its use.167

Daptomycin provides potent in vitro activity against many
multidrug-resistant Gram-positive pathogens (including VRE
and MRSA), but requires IV therapy and should not be used for
the treatment of pneumonia. Further studies are needed with
both agents before they could be routinely recommended as an
alternative to vancomycin in this patient population.

In the case of B.L., empiric use of vancomycin is not war-
ranted based on the previous discussion, and it should be dis-
continued unless cultures indicate the need for this antibiotic.

ANTIBIOTIC DOSING, ADMINISTRATION, AND
MONITORING CONSIDERATIONS
Intermittent Versus Continuous Infusion of Intravenous
Antibiotics

14. Should B.L.’s antibiotics be given intermittently (i.e., di-
vided doses) or as a continuous infusion?

β-lactam antibiotics exhibit time-dependent (i.e., concen-
tration-independent) pharmacodynamic activity.169 Studies
with these agents in both animal and in vitro models of in-
fection suggest that prolonged exposure of bacteria to drug
concentrations above the minimum inhibitory concentration
(MIC) of the organism for a significant period of time may be
linked to improved bacterial killing and survival.169 Based on
these observations and the poor prognosis of neutropenic can-
cer patients with bacteremia, noncomparative, open-label trials
were conducted to evaluate the role of continuous infusions of
β-lactams (i.e., ceftazidime) in the empiric treatment of sus-
pected infection in cancer patients.170–172 These noncompara-
tive trials showed that continuous-infusion ceftazidime was a
treatment option and should be evaluated in larger, comparative
trials.

In contrast to β-lactam antibiotics, aminoglycosides ex-
hibit concentration-dependent (time-independent) pharmaco-
dynamic activity in both animal and in vitro models of
infection.169 Despite such properties, improved response with

continuous rather than intermittent infusion of the aminoglyco-
side has been reported.173 Such reports are difficult to evaluate
because many of the patients were entered into the studies
after “failing” to respond to previous antibiotic regimens. Pa-
tients often differed significantly in their immune status (e.g.,
differences in incidence of neutropenia among study groups,
uncontrolled use of granulocyte transfusions), and the total
daily dose of the aminoglycoside was often greater in the con-
tinuous infusion group. In the only randomized, prospective
study conducted to date, no significant difference in efficacy
was observed between the two modes of administration.173 The
most convincing argument against the continuous infusion of
aminoglycosides relates to the incidence of toxicity. Studies in
established animal models of aminoglycoside-induced nephro-
toxicity showed that the uptake of aminoglycosides into renal
cortical tissue increased, and glomerular function decreased
more when the drug was infused continuously rather than given
as single or divided doses.174

In conclusion, the maintenance of β-lactam antibiotic con-
centrations above the MIC of the suspected pathogen (as might
be provided by continuous infusion) appears rational. However,
data demonstrating improved effects with newer, more potent
agents in cancer patients are unavailable. Considering the po-
tential for toxicity with this route of administration, B.L. should
not receive tobramycin by continuous infusion. Although con-
sideration could be given to administering ceftazidime by con-
tinuous infusion, this method of administration would require
an IV line dedicated for continuous drug administration. This
technique may limit B.L.’s ability to receive intermittent to-
bramycin infusions unless additional IV ports or lines are avail-
able for use. Finally, there are no data showing that this method
is superior to intermittent administration.

Consolidated (“Once-Daily”) Aminoglycoside Dosing

15. What is the role of consolidated (“once-daily”) aminoglyco-
side dosing in febrile neutropenic patients such as B.L.?

Because of the concentration-dependent pharmacodynamic
properties of aminoglycosides and the convenience of ad-
ministration, studies have been conducted to describe both
the pharmacokinetic properties and efficacy of consolidated
dosing of aminoglycosides in animals and in neutropenic
patients. Pharmacokinetic studies with amikacin175,176 and
gentamicin177,178 have not revealed pharmacokinetic differ-
ences when compared with other populations. Several clini-
cal studies have included consolidated aminoglycoside dosing
for amikacin,104,135,137,139,148,179,180 gentamicin,147,181–183 and
tobramycin.140 However, most of the studies in this population
were not designed to evaluate differences between consoli-
dated aminoglycoside dosing compared to similar regimens
using intermittent dosing.10,184 In general, the various studies
suggest that consolidated dosing is as effective and possibly
less nephrotoxic than traditional dosing. Therefore, consoli-
dated dosing of aminoglycosides appears reasonable in empiric
therapy of neutropenic patients.184

Outpatient Administration
Continued administration of antimicrobials in the outpa-
tient setting has been suggested in a subset of low-risk
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patients.61,179,185–187 The criteria used to eligibility for
outpatient therapy are generally similar to those estab-
lished and previously discussed for oral therapy. Therefore,
outpatient administration of parenteral antibiotics can be
considered in a subset of low-risk patients with close medical
follow-up.3

HOST FACTORS INFLUENCING RESPONSE TO THERAPY

16. What factors may have influenced B.L.’s clinical response
to antimicrobial therapy?

The most important prognostic determinants of a favorable
outcome in patients with neutropenia and infection are the
recovery of the granulocyte count and (for the patient with in-
fection) the selection of agents with appropriate antimicrobial
activity against the pathogen.10 Patients with profound, per-
sistent neutropenia (<100 cells/mm3 that does not rise during
therapy or an initial ANC of 100–500 cells/mm3 that declines
during therapy) tend to respond to antibiotics less favorably
than patients whose bone marrow recovers.10 The initial gran-
ulocyte count appears to be less important than the trend to-
ward granulocyte recovery in influencing the patient’s overall
response to therapy. The site of infection also influences out-
come. Septic shock and pneumonia are associated with high
mortality in bacteremic neutropenic patients.10,53

MODIFYING INITIAL EMPIRIC ANTIBIOTIC THERAPY

17. M.H., a 24-year-old woman with a recent diagnosis of ovar-
ian cancer, developed neutropenia (ANC <150 cells/mm3) fol-
lowing chemotherapy. Five days after becoming neutropenic, she
developed a fever of 101◦F and was begun on an empiric antibi-
otic regimen of ceftazidime 2 g IV Q 8 hr. Although she remained
febrile, her initial cultures remained negative at 48 hours. Should
M.H. be continued on the same regimen, or should modifications
be made? How do the culture results influence this decision? How
long should empiric therapy be continued?

Following initiation of empiric antibiotics, a minimum of 3
days (72 hours) of empiric treatment are generally required to
determine initial efficacy in the absence of worsening of clin-
ical status. During this time, daily assessments should include
history and physical examinations, review of laboratory re-
sults, assessment of response, and evaluation of any antibiotic-
related toxicities. Modification of the initial empiric treatment
is based on whether the fever has resolved or is trending to-
ward normal, whether the patient’s condition has improved
or deteriorated, ANC, and whether an etiologic pathogen or
infection site has been identified.10 Adjustments to empiric
antibiotic therapy should be made prior to 3 days if pneumo-
nia or bacteremia is documented or if the patient’s condition
deteriorates.

Premature withdrawal of antibiotics may predispose these
patients to recrudescence of bacterial infection and increase
the risk of infection-related morbidity and mortality. In a clin-
ical study, 142 cancer patients with unexplained fever who be-
came afebrile following empiric antibiotics were randomized
to continue or discontinue antibiotic therapy after 7 days.188

The patients whose neutropenia resolved had no infectious se-
quelae regardless of whether antibiotics were continued or dis-

continued. For persistently neutropenic patients randomized
to continue or discontinue antibiotic therapy until their ANC
was >500 cells/mm3, the percentages of patients remaining
febrile without infections complications were 94% and 41%,
respectively.

Responding to Initial Therapy
No Etiology Identified
In general, if the fever improves, and the patient is stable or
improves following initiation of empiric antibacterials but no
identifiable etiology is identified, empiric therapy should be
continued for a minimum of 7 days.3,10 Patients for whom no
infection is identified after 3 days of treatment, who are afebrile
for 24 hours or more, and who have an ANC of at least 500
cells/mm3 for 2 consecutive days can be considered for treat-
ment discontinuation.3 Although it is most desirable that the
patient’s ANC be at least 500 cells/mm3 and increasing, dis-
continuing antibacterials after 7 to 14 days can be considered
for stable patients with prolonged neutropenia in the absence
of infection, with no disruption in mucous membranes and
integument, and in whom no invasive procedures or ablative
chemotherapy is planned. Such patients receiving initial par-
enteral therapy can be considered for switch to oral therapy.
Patients at higher risk of infectious complications (ANC <500
cells/mm3 at day 7 with initially severe neutropenia [ANC
<100 cells/mm3] or mucositis or who are clinically unstable)
should continue antibacterial treatment.3,10

M.H.’s slow response to empiric ceftazidime suggests that
this regimen may be suboptimal. However, it is prudent to wait
at least 72 hours to make that assessment in the absence of
clinical worsening. If at 72 hours M.H. becomes afebrile and
remains so for 5 to 7 days, it would be reasonable to discon-
tinue ceftazidime after 7 days as long as she appears clinically
well and has no apparent evidence of infection. Although it is
desirable for M.H.’s ANC to be >500 cells/mm3 before treat-
ment is stopped, therapy may be discontinued before this time
as long as she is closely monitored for recurrent fever and/or
evidence of new infection.

Etiology Identified

18. On day 3, M.H.’s temperature is normal (97.6◦C). However,
two sets of blood cultures drawn 3 days ago have grown S. aureus
resistant to methicillin and susceptible to vancomycin. Her ANC
is 170 cells/mm3. How should therapy be modified in M.H.? For
how long should antibiotics be continued?

Pizzo et al. treated 78 neutropenic cancer patients with doc-
umented Gram-positive bacteremias with a single drug (e.g.,
oxacillin, nafcillin) or a broad-spectrum combination regi-
men that provided Gram-positive coverage (carbenicillin plus
cephalothin plus gentamicin).189 Of the 15 patients treated with
pathogen-directed therapy who remained neutropenic for >7
days, 7 developed a secondary infection. In contrast, none of
the 24 patients who continued to receive the broad-spectrum
combination regimen developed any secondary infections.

In general, the duration of antibiotic therapy for docu-
mented infections in the patient responding to therapy should
be based on neutrophil recovery, the rapidity of defervescence,
site of infection, and pathogen. For patients such as M.H. for
whom an infectious cause of fever is identified but who are
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afebrile at 3 to 5 days, additional antimicrobials or antibi-
otic dosage adjustments (based on antimicrobial susceptibility
tests and antibiotic serum concentrations) may be required3,10

(Table 68-2). Despite such modifications, broad-spectrum an-
tibacterial coverage should be maintained in patients who re-
main persistently neutropenic.3,10 If M.H.’s neutropenia re-
solves, broad-spectrum antimicrobials may be discontinued,
and narrow-spectrum therapy directed against the infecting
pathogen should be continued for duration appropriate for that
indication. However, because M.H. remains neutropenic, the
ceftazidime should be continued for a minimum of 7 days
or until her ANC is >500 cells/mm3. Vancomycin should be
added to treat the MRSA bacteremia and should be continued
for an appropriate treatment course of 10 to 14 days (assuming
an uncomplicated infection).

Nonresponder to Initial Therapy
No Etiology Identified

19. S.B. is a 55-year-old woman with chronic myelogenous
leukemia (CML). She was admitted to the hospital with a 4-day
history of fevers and night sweats. On admission, her tempera-
ture was 102.3◦F, and her WBC count was 100,000 cells/mm3,
with an ANC of 500 cells/mm3. Blood and urine cultures were ob-
tained, and ceftazidime plus tobramycin was empirically started.
Over the next 3 days, S.B. remained persistently febrile and
neutropenic. All cultures remained negative. How should she be
treated?

One of the most challenging and controversial aspects of
empiric antibacterial therapy in the neutropenic host is the man-
agement of patients without a microbiologically documented
infection who remain persistently febrile on broad-spectrum
antibacterial therapy. A persistent fever may be due to tumor
lysis, an infection caused by resistant bacteria, slow response to
appropriate therapy, drug-related fever, superinfection, infec-
tions caused by nonbacterial pathogens (e.g., fungi, viruses),
inadequate serum or tissue levels of antibiotics, or avascular
infection (e.g., abscess). By day 3 following the initiation of
empiric antibiotics, S.B. should be reassessed in an attempt to
identify any one or more of these causes.10 A meticulous phys-
ical examination and a thorough review of all culture results
should be done. If indicated, additional cultures, diagnostic
imaging of suspected areas of infection, and serum drug con-
centrations should be obtained.

Based on the results and reassessment, options for manage-
ment are to continue the current empiric regimen, change an-
timicrobials, or add empiric antifungal therapy with or without
changes to antibacterial therapy10 (Table 68-2). Each treatment
option is discussed separately.

Guidelines published in 2002 by IDSA suggest that even if
fever persists after 5 days, the initial empiric regimen can be
continued without modification as long as the patient remains
stable and does not clinically deteriorate.10 This treatment de-
cision arm works best in patients with neutropenia expected to
resolve within the subsequent 5 days.10 Additional considera-
tion should be given to discontinuing vancomycin (if applica-
ble) in the absence of evidence for a Gram-positive infection.
Treatments are generally continued for a minimum of 4 to 5
days after the resolution of neutropenia.10 The need for fur-
ther antibiotics can then be reassessed. Patients for whom neu-

tropenia does not resolve generally receive at least 2 weeks
of therapy, at which time treatment needs can be reasses-
sed.10

Modify Initial Antibiotics

20. S.B., on day 4, continues to feel “lousy” and has started
to complain of abdominal pains. What is the significance of this
complaint? Should her antibiotic regimen be modified again?

In persistently neutropenic patients with evidence of disease
progression or who are clinically unstable, the initial empiric
regimen is generally modified (Table 68-2). Such evidence may
include catheter site drainage, abdominal pain, or pulmonary
infiltrates. In such cases (or in the event of drug-related toxi-
cities), consideration should be given to adding antibiotics or
changing to a different antibiotic regimen to broaden coverage
against resistant organisms. Because S.B. has developed new
abdominal pains suggestive of enterocolitis, her antibiotic regi-
men should be modified. Although cefepime provides excellent
coverage against the common Gram-negative pathogens, it has
limited activity against select Gram-positive pathogens (e.g.,
MRSA or VRE) and anaerobes. A change from cefepime to
imipenem-cilastatin or another broad-spectrum regimen with
both aerobic and anaerobic activity should be considered.

Antifungal Therapy

21. S.B.’s antibiotic regimen was changed to imipenem-
cilastatin plus tobramycin. Despite the change, she continues to
have a low-grade fever and does not feel better. What is S.B.’s risk
for developing a systemic fungal infection? What is the signifi-
cance of fungal infections in neutropenic cancer patients?

The incidence of invasive fungal infections in febrile neu-
tropenic patients varies between studies due to differences in
definitions, methods of detection, specific patient populations
studied, and prior use of antifungal prophylaxis.190 In one ret-
rospective review, the incidence of documented invasive fungal
infections in patients with leukemia was 27% (32 of 119).191

However, the diagnosis of invasive fungal infection was es-
tablished before death in only nine of the patients. In general,
patients with hematologic malignancies have a higher inci-
dence of fungal infections than those with solid tumors.190

Early diagnosis and prompt treatment of such systemic fungal
diseases are critical to patient survival.190 However, significant
challenges exist in making an accurate and timely diagnosis of
invasive fungal infections. Therefore, patients with protracted
fever and neutropenia for ≥5 days despite the administration
of broad-spectrum antibiotics should be considered for em-
piric antifungal therapy. Recent studies have also indicated
the potential to use newer diagnostic tests (e.g., β-D-glucan
tests or galactomannan assays), along with additional diagnos-
tic support, to initiate early pre-emptive therapy prior to the
development of severe infection.192

Most fungal infections in neutropenic cancer patients are
caused by Candida and Aspergillus species.193–195 Other less
common but important pathogenic fungi are those associ-
ated with zygomycosis (e.g., Mucor and Rhizopus species)
and other emerging pathogens (non-albicans Candida, Tri-
chosporon beigelii, Malassezia species, Cryptococcus neofor-
mans, and Fusarium species).193–195
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Table 68-2 Modifications of Initial Empiric Antibacterials in Patients With Neutropenia and Fever

Clinical Condition Type of Modification(s)

Responding within 3–5 days of treatment
No etiology identified Low risk: change to ciprofloxacin + amoxicillin-clavulanate (adults) [alternate clindamycin if penicillin

allergic] or cefixime (children).
High risk: continue antibiotic therapy.

Etiology identified Adjust antibiotics to most appropriate therapy based on infection.

Unresponsive (3–5 days) without clinical or
microbiological evidence of infection

Clinically stable: continue antibiotics.
Unstable: broaden antibacterial coverage to include anaerobes, resistant Gram-negative rods, and

resistant Gram-positive organisms.
Consider empiric antifungal therapy on days 4 and 5, especially if resolution of neutropenia is not

imminent and the patient is at high risk of fungal infection.
If initial regimen did not include vancomycin: re-evaluate risk factors for Gram-positive infection,

consider adding vancomycin.
Consider addition of G-CSF or GM-CSF.

Positive Gram stain Gram-positive: add vancomycin, pending further identification (especially in blood culture institutions
with high rate of methicillin-resistant S. aureus).

Gram-negative: if monotherapy, consider adding aminoglycoside to carbapenem or β-lactam
monotherapy.

Documented infection
Head, eyes, ears, nose, throat
Necrotizing ulceration/gingivitis If initial regimen did not include anaerobic therapy (carbapenem or β-lactam/β-lactamase inhibitor; i.e.,

piperacillin-tazobactam), consider adding clindamycin or metronidazole or switch to carbapenem
(imipenem-cilastatin or meropenem).

Consider adding antifungal (topical or systemic) and/or antiviral therapy.
Oral vesicular lesions Add antiviral therapy for Herpes simplex virus.
Oral thrush Add topical (e.g., oral clotrimazole, nystatin) or systemic (e.g., fluconazole) antifungal therapy.

Sinus tenderness, periorbital cellulitis,
nasal ulceration

Suspicion of mould infection: add amphotericin B preparation or voriconazole; consider combination
antifungal.

Vancomycin for periorbital cellulitis.
Reassess antistaphylococcal activity of empiric regimen; consider vancomycin.

Gastrointestinal tract
Esophagitis Add antifungal agent (see text); if no response, add acyclovir. Assess CMV risk and (if high) consider

ganciclovir or foscarnet.
Acute abdominal pain/perianal If initial regimen did not include carbapenem or β-lactam/β-lactamase inhibitor (i.e.,

piperacillin-tazobactam), consider adding clindamycin or metronidazole, or switch to
imipenem-cilastatin or meropenem. Assure pseudomonal coverage for perirectal infection.

Consider enterococcal coverage for infection (not colonization).
Consider antifungal.

Diarrhea Add metronidazole if C. difficile documented or suspected.
Contact isolation of rotavirus documented.

Liver abnormalities Consider anaerobic and enterococcal coverage. Antifungal or antiviral therapy added based on results of
diagnostic studies.

Respiratory tract
Interstitial infiltrates PCP: institute trial of TMP-SMX or (for sulfa-allergic patients) pentamidine.

Atypical pathogens (Mycoplasma, Legionella). Add fluoroquinolone, macrolide, or doxycycline.
CMV: add ganciclovir if high risk.
Consider influenza. Oseltamivir (preferred) or other directed therapies when indicated.

Focal lesion on chest radiograph If evidence of mould infection, add voriconazole (preferred) or amphotericin B formulations.
Consider growth factors (G-CSF, GM-CSF).
Consider antibiotic coverage for pathogen causing atypical pneumonia.

Skin and skin structure infection
Vesicular lesions HSV, VZV treatment: acyclovir, famciclovir, or valacyclovir.
Cellulitis, wound infection Consider adding vancomycin therapy.
Vascular access device infection, tunnel

tract infection
Remove catheter. Consider adding empiric vancomycin therapy initially. Adjust based on culture and

susceptibility results.

Central nervous system β-lactam (cefepime, ceftazidime, meropenem [imipenem if meropenem not available, + vancomycin).
Add ampicillin if concern for Listeria.

Consider high-dose acyclovir.

CMV, cytomegalovirus; G-CSF, granulocyte colony-stimulating factor; GM-CSF, granulocyte-macrophage colony-stimulating factor; HSV, herpes simplex virus; PCP, Pneumocystis
carinii; TMP-SMX, trimethoprim-sulfamethoxazole; VZV, varicella-zoster virus.
Adapted from references 3 and 10.
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It is difficult to compare clinical trials evaluating empiric
antibiotic therapy in neutropenic cancer patients due to clini-
cal trial design elements, such as inclusion of low-risk patients,
lack of blinding, changes in concomitant antibacterials obscur-
ing antifungal therapy endpoints, prior antifungal prophylaxis,
use of composite endpoints of safety and efficacy, and different
endpoint criteria.190 Although select studies have also demon-
strated that empiric antifungal therapy can decrease fungal-
related deaths, overall mortality has not been affected.196,197

This is the case particularly for patients with invasive disease
and persistent neutropenia.

Considerations regarding the choice of empiric antifungals
should include prior or current antifungal prophylaxis, risks
of antifungal-related toxicities, drug interactions, route of ad-
ministration, and costs. Although prompting evaluation, fever
alone does not necessarily indicate the need for intervention
with an antifungal in stable patients receiving mould-active
prophylaxis.

EMPIRIC AMPHOTERICIN B THERAPY

22. Should amphotericin B therapy be considered in S.B.?

Historically, amphotericin B deoxycholate was most com-
monly used in this setting because of its reliable activity in vitro
against most Candida and Aspergillus species.16,198,199 Pizzo
et al. demonstrated the impact of empiric amphotericin B de-
oxycholate in persistently febrile neutropenic patients.200 After
7 days of empiric broad-spectrum antibiotics, 50 patients with
unexplained fever, prolonged granulocytopenia, and evidence
of GI colonization with Candida species were randomized to
one of three groups. Patients in group 1 continued to receive
broad-spectrum antibiotics, those in group 2 had their antibi-
otics discontinued, and those in group 3 had amphotericin B
added empirically to their antibiotic regimen. Infectious com-
plications (e.g., bacterial or fungal infection, shock) developed
in 9 of 16 patients (56%) in group 2 within 3 days of stop-
ping antibiotics. Of the 16 patients in group 1 who continued
to receive antibiotics until neutropenia resolved, an infectious
complication developed in 6 (38%), 5 of which were caused
by fungal infections. In the 18 patients randomized to receive
amphotericin B, only 2 patients developed infectious compli-
cations. One of these infections in the latter group was caused
by an amphotericin B–resistant organism (P. boydii).

Comparative trials have evaluated the role of lipid-based
formulations of amphotericin B in the treatment of suspected
or documented infections in this population.201–209 Liposomal
amphotericin B,201–203,205 amphotericin B lipid complex,203

and amphotericin B colloidal dispersion204 have demonstrated
reductions in nephrotoxicity compared to amphotericin B de-
oxycholate. In addition, liposomal amphotericin B offers the
potential for reducing infusion-related side effects.202 How-
ever, efficacy appears comparable between the preparations,
and the lipid formulations are substantially more expen-
sive based on acquisition costs. Therefore, their use is of-
ten restricted to patients with underlying renal dysfunction or
those with significant risk factors for amphotericin B–induced
nephrotoxicity. Although there are limited data to suggest that
the continuous infusion of amphotericin B deoxycholate may
also reduce nephrotoxicity,210 efficacy regarding this method
of administration has not been established and cannot be rec-
ommended at this time.

Because of the alternate treatments options currently avail-
able, empiric use of amphotericin B products is generally re-
served for patients at highest risk of mould infections. When
initiated as empiric therapy, amphotericin B administration
is often preceded by attempts to minimize nephrotoxicity
(e.g., saline loading) and premedications to minimize infusion-
related reactions. Close monitoring of tolerability, renal func-
tion, and electrolytes is required during administration. When
initiated, amphotericin B is generally continued (in the absence
of a documented fungal infection) in a clinically stable patient
until the resolution of neutropenia. Clinically stable patients
without evidence of fungal infection but with persistent neu-
tropenia often receive a 2-week course of therapy. Patients with
documented (invasive) fungal infections are treated with vari-
able durations of treatment, depending on the fungal diagnosis.

ALTERNATIVES TO AMPHOTERICIN B
In stable patients at low risk of mould infections with As-

pergillus and drug-resistant Candida species (e.g., C. kru-
sei and some strains of C. glabrata), fluconazole may be an
acceptable empiric alternative to amphotericin B.211,212 Pa-
tients with suspected mould infections (e.g., aspergillosis)
or for whom fluconazole was used as prophylaxis should be
excluded. Although itraconazole possesses enhanced activity
in vitro against Aspergillus spp. and has reduced toxicity rel-
ative to amphotericin B, issues regarding oral tolerability, po-
tential for cross-resistance with other azoles, and considera-
tions of alternate treatment options limited its usefulness in
this situation. Voriconazole (an azole antifungal agent with in-
creased activity against Aspergillus and non-albicans Candida
relative to fluconazole) has also been tested in this population.
When compared with liposomal amphotericin B, it failed to
meet the pre-established criteria for noninferiority. However,
some believe that voriconazole should be considered as an al-
ternative to amphotericin B preparations for empiric therapy
in patients requiring initial empiric antifungal therapy and are
at increased risk of mould infections (due to receipt of prior
azole prophylaxis). Others continue to support the superior-
ity of liposomal amphotericin B for empiric therapy in this
population.213 Because of the increased potential (relative to
fluconazole) for drug interactions (including immunosuppres-
sives and chemotherapy) and adverse events (e.g., phototoxic-
ity, hepatotoxicity), voriconazole therapy should be monitored
closely.

The echinocandins (e.g., caspofungin, micafungin, anidula-
fungin) are a class of antifungals with in vitro activity against
Candida species (including non-albicans Candida) and As-
pergillus species. Caspofungin was found to be at least as
effective and better tolerated than liposomal amphotericin B
as empiric therapy in this patient population.214 Because of
its safety profile, caspofungin is often considered for patients
requiring initial empiric antifungal therapy and who are at in-
creased risk of mould infections (due to receipt of prior azole
prophylaxis); it is currently FDA approved for such use. Pub-
lished experience with other echinocandins (e.g., micafungin,
anidulafungin) as empiric therapy in the febrile neutropenic
patient is lacking at present.

Antiviral Therapy
Although necrotizing ulceration in the oropharynx, oral vesic-
ular lesions or esophagitis may be symptoms of a viral
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infection, empiric use of antiviral agents in the febrile neu-
tropenic patient are not indicated without evidence of such
disease.10 In contrast, clinical evidence of Herpes simplex or
varicella-zoster virus involving the skin or mucous membranes
should be treated with antivirals (e.g., acyclovir, valacyclovir,
famciclovir).10 When oral therapy is used, valacyclovir and
famciclovir might be favored due to improved oral bioavail-
ability and need for less frequent dosing. With the exception
of patients undergoing bone marrow transplantation,215 CMV
is an uncommon source of infection in the febrile neutropenic
patient. However, ganciclovir, valganciclovir, foscarnet, or, less
commonly, cidofovir treatment should be initiated in patients
with documented CMV infections. Likewise, if influenza or
RSV is identified, appropriate antiviral therapy should be ini-
tiated.

ANTIMICROBIAL ADJUVANTS

23. S.B. became afebrile 2 days after amphotericin B was initi-
ated, yet she remained neutropenic with an ANC of 480 cells/mm3.
An induction chemotherapy regimen consisting of idarubicin plus
cytarabine was initiated for her CML. Because the chemotherapy
will further reduce her ANC 7 to 10 days after treatment, is there
any way to facilitate marrow recovery and reduce the duration of
neutropenia in S.B.?

As previously discussed, the duration of neutropenia is the
most important factor affecting outcome in neutropenic cancer
patients. Because of this, there has been considerable interest
in enhancing the immune system in these patients.

Granulocyte Transfusions
One of the earliest approaches used to boost the patient’s de-
fense against infections was the transfusion of WBCs. In the
1970s, granulocyte transfusions were used adjunctively in pa-
tients with persistent neutropenia and documented infections
who, despite appropriate antibiotics, failed to respond after 24
to 48 hours. This approach had limited value because of the
difficulties in obtaining adequate cells for transfusion, as well
as the problems with alloimmunization and risk of infection
transmission. In addition, the questionable efficacy of WBC
transfusions has decreased the use of this strategy.216 There-
fore, granulocyte transfusions are not routinely indicated in
this population. However, patients with progressive bacterial
or fungal infections unresponsive to appropriate antimicrobial
therapy may be considered as candidates.3

Hematopoietic Growth Factors
The introduction of hematopoietic colony-stimulating factors
(CSFs) such as G-CSF (filgrastim), pegylated G-CSF (pegfil-
grastim), or GM-CSF (sargramostim) in clinical practice has
raised the hopes of improving survival in cancer patients.217

CSFs act on various stages of cell proliferation and differentia-
tion in the bone marrow (see Chapter 89). Studies in cancer pa-
tients receiving myelosuppressive or myeloablative chemother-
apy have demonstrated that concurrent use of the CSFs can re-
duce the duration of neutropenia.217 Rash, bone pain, headache,
fever, and myalgias have been reported as side effects with both
G-CSF and GM-CSF.217 Bone pain is usually mild to moderate
and often responds to nonopiate analgesics (acetaminophen or
ibuprofen). The pain usually resolves on discontinuation. A
flu-like syndrome consisting of fever, chills, rigors, headache,
and GI symptoms has been reported in many patients receiv-
ing GM-CSF.217 The selection of one CSF agent over another
is often based on practitioner preference rather than clinical
data.

Because these agents have not demonstrated a consistent
and significant effect on other infection-related parameters
(e.g., duration of fever, use of antibiotics, costs of treatment),217

routine use of CSFs as adjunctive therapy to antibiotics for
febrile neutropenic patients should be avoided. However, pa-
tients with high risks for infection-related complications may
be considered.3 Such risks include expected prolonged (>10
days) and profound (<100 cells/mm3) neutropenia, age older
than 65 years, uncontrolled malignancy, pneumonia, hypoten-
sion and multiorgan dysfunction (characteristic of sepsis syn-
drome), and invasive fungal infection.

Immunoglobulins
Data regarding the use of immunoglobulins as adjunctive
therapy for the treatment of select infections in the neu-
tropenic cancer patient is primarily limited to case reports.
Patients with pneumonia secondary to CMV may benefit
from adjunctive immunoglobulin therapy. In addition, IV im-
munoglobulin G should be considered in those patients with
hypogamaglobulinemia.3

Summary
G-CSF administration, although likely to reduce the duration
of her chemotherapy-induced neutropenia, is not indicated in
S.B., who is otherwise stable.
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INTRODUCTION
Potent combinations of antiretroviral drugs (also called highly
active antiretroviral therapy [HAART]) have dramatically al-
tered the natural progression of human immunodeficiency
virus (HIV) infection, and significantly improved the qual-
ity of life for many patients infected with HIV. As a result,
a pronounced decline has occurred in the reported number
of new acquired immunodeficiency syndrome (AIDS)-related
opportunistic infections and deaths.1,2 For many, the use of
HAART has shifted the outlook of HIV infection from a fatal
to a manageable disease. Advances continue to be made for
HIV therapy, and most recently include new and more potent
antiretroviral agents in existing therapeutic drug classes, new
antiretroviral agents in new therapeutic drug classes, and novel,
potent combinations of antiretrovirals. Despite these remark-
able advances, clinicians working in the area of HIV remain
cautious. Although many patients will benefit from these new
and more potent regimens, data have shown that up to 25% of
patients will fail therapy in the first year,3 and approximately
25% will have to change regimens within the first year owing
to drug-related adverse events.4 Remaining concerns include
the development of resistance and long-term adverse events,
suboptimal patient compliance and management of HAART
failures, and the rampant spread of HIV throughout develop-
ing countries.

This chapter focuses on the antiretroviral treatment of HIV
infection. Although many therapeutic options exist, a thorough
understanding of viral pathogenesis is essential for clinicians
managing patients infected with HIV. By understanding the

principles of therapy as they relate to viral pathogenesis, clini-
cians will be able to rapidly assimilate new data as they become
available. Consensus panel recommendations have been pub-
lished that can be used as a framework for clinical decision
making.5−7 Given the complexity of therapy, this chapter fo-
cuses only on treatment of adult HIV infection; the reader is
referred to the various Consensus Panel Guidelines on treat-
ment of perinatal transmission, pediatric HIV, and postexpo-
sure prophylaxis for both occupational and nonoccupational
HIV exposures (located at http://www.hivatis.org).

EPIDEMIOLOGY
Despite a dramatic decline in the number of AIDS-related op-
portunistic infections and deaths in industrialized countries,1,2

infection with HIV remains a leading cause of death through-
out many regions of the world. Access to newer, more potent
antiretroviral regimens and monitoring techniques are often
limited, however, by economics and politics. Infected patients
residing in countries with a strong economic standing have
reasonable access to medications (North America, western Eu-
rope, Australia, and New Zealand), whereas patients residing
in countries with scarce resources (Africa, south and southeast
Asia, the Pacific, Latin America, and the Caribbean) do not.
This is extremely alarming given that most infected patients
worldwide reside in developing regions of the world.8

As of December 2006, the worldwide estimate of persons
living with HIV infection is calculated as 39.5 million: 37.2
million adults (17.7 million women) and 2.3 million children
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<15 years of age. In 2006, it is estimated that 4.2 million
people were newly infected with HIV and 2.9 million people
died from AIDS. Two-thirds (63%) of all adults and children
infected with HIV live in sub-Saharan Africa, and almost three-
quarters (72%) of all adult and child deaths caused by AIDS
occurred there in 2006. In the past few years, the number of peo-
ple living with HIV has increased in every region of the world,
but the most striking increases occurred in east Asia, eastern
Europe, and central Asia: the number of people living with HIV
increased by 21% from 2004 to 2006.9 Intervention strategies
to educate and protect young people have only been effective
and sustained in Zimbabwe, where national adult HIV preva-
lence is declining. Although treatment strategies are difficult
to implement in developing countries because of social, politi-
cal, financial, and resource limitations, expanded provision of
antiretroviral treatment has gained an estimated 2 million life
years in low- and middle-income countries since 2002.8

In the United States, the availability of antiretroviral therapy
has resulted in an 80% decline in AIDS death rates between
1990 and 2003. In the past year, approximately 30,000 people
died from AIDS, whereas an estimated 1.2 million people are
HIV infected. A significant proportion of people (25%) are
unaware that they are HIV-positive, and approximately 65,000
acquired HIV infection in the past year. Racial and ethnic mi-
norities continue to be disproportionately affected by HIV: be-
tween 2001 and 2004, 50% of AIDS diagnoses were among
blacks (who only constitute 12% of the U.S. population) and
20% of AIDS diagnoses were among Hispanics (who consti-
tute 14% of the U.S. population). Compared with white men
and women, the rate of new HIV or AIDS diagnoses is 7 times
higher in black men and 21 times higher in black women.8

Transmission through sexual intercourse remains a predom-
inant route of infection, with unsafe sex between men ac-
counting for approximately 44% of cases, and heterosexual
intercourse accounting for approximately 34% of cases. The
proportion of women newly diagnosed has increased dramati-
cally (from 15% in 1995 to 27% in 2004). Additionally, patients
>50 years of age represent a rapidly expanding group, both
from new infections and as a result of effective antiretroviral
therapy extending life expectency.8

PATHOPHYSIOLOGY
Infection with HIV can be acquired through unprotected sex-
ual intercourse (both anal and vaginal), injectable drug use, re-
ceipt of tainted blood products, and mother-to-infant transmis-
sion (both perinatal infection and postpartum through breast
feeding).5 Infection can also be acquired from occupational
exposures among health care workers after needle sticks from
patients infected with HIV. Rarely, HIV infection has been doc-
umented after oral sex.10,11

Unprotected sexual intercourse has accounted for approxi-
mately 80% of all documented HIV infections to date.8 Trans-
mission between sexual partners depends on a number of fac-
tors, including the HIV viral subtype, stage of infection in the
index partner, genetic susceptibility to infection of the poten-
tial host, and the fitness (or pathogenicity) of the infecting viral
strain. Infectivity via male-to-male receptive anal intercourse
represents the greatest sexual risk factor followed by male-to-
female vaginal transmission and then female-to-male vaginal
transmission.12

The HIV attacks and binds to specific cells of the im-
mune system, including monocytes, macrophages, and T-cell
lymphocytes (also known as CD4+ T cells, helper T cells,
T cells).13−16 These cells display specific receptor proteins
known as CD4 receptors to which HIV binds. Once bound
to the CD4 receptor, coreceptor proteins are required for fu-
sion (CCR-5, CXCR-4).17,18 CCR-5 coreceptors are found on
both monocytes and T lymphocytes, and are more abundant in
patients newly infected with HIV.18,19 CXCR-4 coreceptors are
predominantly found on T lymphocytes and are more abundant
in patients who have been on long-term antiretroviral therapy.
The CD4–coreceptor complex causes conformational changes
to key HIV proteins (gp41 and gp120) allowing for a more
close association between the virus and host cell.20,21 HIV
fuses with the cell and releases its contents into the host cell’s
cytoplasm: this includes the virus’ RNA and specific enzymes
necessary for replication (Fig. 69-1). The single-stranded viral
RNA is transcribed via reverse transcriptase into a double-
stranded proviral DNA that is subsequently incorporated into
the host cell’s genetic material via the integrase enzyme. HIV
then uses the infected cell’s machinery to translate, transcribe,
and produce immature viral particles that bud and break from
the infected cell. For these immature virions to become infec-
tious, the HIV protease enzyme must cleave large precursor
polypeptides into functional proteins.22,23 Once complete, the
mature virion is free to infect new host cells and subsequently
produce more infectious virus. Over time, HIV-infected host
cells can be destroyed by a number of mechanisms: (a) a di-
rect cytolytic effect of the virus (e.g., formation of syncytium
induction, cellular dysfunction); (b) the identification and elim-
ination of the infected cell by the host’s immune response (e.g.,
via cytotoxic T-cell lymphocytes); or (c) the cell’s natural life
cycle coming to completion.16 In addition, HIV infection can
inhibit the production of new CD4 cells.24

Once a patient becomes infected, an initial burst of
viremia occurs and causes latent infection in various tis-
sues (e.g., lymph nodes) and cells (CD4, macrophages and
monocytes).25,26 Most infectious HIV virions (∼99%) reside
inside lymph nodes and other immune-cell rich tissues found
throughout the body.15,25,27,28 The immune system reacts by
producing antibodies against HIV; however, given the rapid
production of new HIV particles and the development of var-
ious new viral strains (a result of the error-susceptible HIV
reverse transcriptase), the antibody response is inadequate.29

After this burst of viremia, a transient depletion of CD4 cells
occurs (Fig. 69-2). Initially, patients may complain of nonspe-
cific symptoms, such as fever, lymphadenopathy, rash, fatigue,
and night sweats.30,31 This phase of infection is known as the
acute retroviral syndrome. In most cases, patients are unaware
that they are infected. Within 6 months, the host’s immune
response is able to control the infection to a point where the
number of virus particles produced per day equals the num-
ber of particles destroyed per day. This steady-state is often
referred to as the patient’s viral “set point.”

The higher a patient’s viral set point, the greater the risk for
disease progression, because the larger the viral population in
a host, the greater the chance for more widespread viral infec-
tion and destruction of immune cells and lymphoid tissue. Why
some patients establish higher or lower viral set points is cur-
rently under investigation, but this may be a consequence of dif-
ferences in immune responses, cellular receptor populations,
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FIGURE 69-1 Schematic Representation of the HIV-1 Life Cycle. Four classes of antiretroviral drugs are
available at present. Fusion inhibitors inhibit the entry of virions into a new target cell. The step of reverse
transcription can be targeted, using nucleoside/tide analogues or non-nucleoside reverse-transcriptase
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Rev Microb 2003 Dec;1:181.)

viral subtypes, viral fitness, or a combination of these factors.
This understanding of viral pathogenesis may lead to a new
paradigm of therapy: using antiretrovirals in the acute phase
of infection to lower viral set points and potentially reduce the
risk of disease progression. A significant challenge, however,
remains in identifying patients with acute infection.32

Once the initial burst of viremia has been controlled and
the viral set point established, infection with HIV results in
a constant battle between viral replication and suppression of
that replication by the immune system. Mathematical models
have calculated the production of HIV at 10 billion particles
per day.15,33−35 To keep the infection controlled, the body must
produce an equal immune response. Over time, HIV depletes
the body of T cells, which places the host at an increased risk
for opportunistic infections (Fig. 69-3). Direct measurements
of HIV RNA concentrations in plasma (also called “viral load”)
can predict disease progression (see below).36−38 Higher viral
load measurements represent an inability of the host to control
viral replication, and a greater risk for immune cell destruction.
Long-term “nonprogressors” (e.g., patients with asymptomatic
HIV infection for >10 years; 5% of all HIV-infected patients)

consistently have lower baseline viral loads than patients with
rapidly progressive disease (e.g., AIDS within 5 years of in-
fection; 20% of all HIV-infected patients).39,40

Without intervention, the natural progression of HIV infec-
tion results in depletion of 50 to 100 T cells/mm3/year.25,41 The
severity of immune dysfunction, as evidenced by T-cell loss,
is highly predictive of the potential for developing specific
types of opportunistic infections. For example, Pneumocystis
carinii pneumonia rarely occurs when T-cell counts are >200
cells/mm3, whereas retinitis from Cytomegalovirus (CMV) in-
fection infrequently occurs in patients with CD4 counts >75
cells/mm3 (Figs. 69-2 and 69-3). The diagnosis of AIDS is
made when a significant amount of immune deterioration has
occurred, either by direct depletion of CD4 cells or because
of the development of new opportunistic infection (Table 69-1
and Table 69-2).25,42 It is important to recognize that not every
patient with HIV has a diagnosis of AIDS. On average, without
appropriate drug therapy, death occurs within 10 to 15 years
after infection.25,42

The interplay between viral load and CD4 T-cell counts is
often compared with that of a train heading toward a particular
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destination. If the destination is immune system destruction
(and eventually death), then the T-cell count is the distance of
the train from this destination, and the viral load (concentra-
tion of HIV RNA in plasma) is the speed of the train. As both
higher speeds and shorter distances reach destinations faster,
so does a high viral load and low T-cell count result in quicker
onset of immune destruction (and death). Potent antiretroviral
regimens, by decreasing viral replication, dramatically alter
the natural course of infection, and prolong the time to oppor-
tunistic infection and death (Fig. 69-4).43

PHARMACOTHERAPY
Pharmacotherapy of HIV has been directed at inhibiting key
areas of the HIV life cycle (Fig. 69-1; Table 69-3). Much
research has been focused on agents that inhibit the reverse
transcriptase enzyme. Nucleoside or nucleotide analogue re-
verse transcriptase inhibitors (NRTIs: zidovudine, didanosine,
lamivudine, abacavir, tenofovir, emtricitabine, and stavudine),
inhibit this enzyme by incorporating false nucleic acids into the
newly forming proviral DNA.44 This results in a DNA strand

that cannot continue elongation. Non-nucleoside reverse tran-
scriptase inhibitors (NNRTIs: nevirapine and efavirenz), in-
hibit reverse transcriptase by directly binding to the enzyme
itself, and prevent DNA transcription from RNA.45 Protease
inhibitors (PI: saquinavir, amprenavir, nelfinavir, indinavir,
lopinavir, atazanavir, ritonavir, tipranavir, and darunavir) di-
rectly bind to the catalytic site of HIV protease, inactivating
the enzyme and preventing maturation of the HIV virion.46,47

Unlike reverse transcription, which occurs relatively early in
the course of the HIV life cycle, protease enzyme activity oc-
curs late in virion development. As a result, inactivation of
the protease enzyme inhibits viral replication in any infected
cell regardless of the current stage of HIV replication within
that cell. In contrast, reverse transcriptase inhibitors can pro-
tect newly infected cells only before formation and insertion
of proviral DNA into the host cell’s genetic material. Subse-
quently, these agents provide no benefit for those infected cells
that are actively producing new strains of virus.

Fusion inhibitors, such as T-20, prevent HIV and CD4+
T cells from being pulled closer together after HIV binds
to CD4 and CCR5 or CXCR-4 coreceptors. T-20 prevents
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fusion of the virus with the T-cell by binding to a double coil–
coil complex at the gp41–gp120–CD4 receptor area.21 Two
new classes of antiretroviral agents are coreceptor blockers
(e.g., via CCR5 and CXCR-4 blockade) and HIV integrase
inhibitors.48,49

With the development of newer, more potent antiretrovi-
ral regimens, researchers have speculated about the possibility
of eradicating HIV from an infected patient. This may require
complete inhibition of viral replication in all cell lines and body
stores where HIV resides (Fig. 69-5).15 One problem that exists
is that some cell lines have shorter half-lives than others (e.g.,
peripheral T cells, 1–2 days versus macrophages 14 days).50,51

In addition, long-lived infected T cells with half-lives last-
ing more than 6 to 44 months have been identified.52,53 This
may require complete HIV suppression for 60 years or more

to eradicate infection.52−54 Another complicating factor is the
potential for HIV to reside in sites that achieve low antiretro-
viral concentrations, thereby serving as sanctuaries for HIV
replication (e.g., central nervous system [CNS], testes). Once
therapy is discontinued, these sites could theoretically release
unaffected virions and repopulate the host. As a result, research
has shifted toward immune-based therapies that can identify
and destroy HIV-infected cells, in addition to preventing HIV
acquisition.

DIAGNOSIS

1. E.J. is a 27-year-old man who presents to your clinic with
new complaints of fevers, night sweats, weight loss, and a white

Table 69-1 1993 Revised Classification System for HIV Infection and the Expanded CDC Surveillance Case Definition for AIDS in
Adults and Adolescentsa

Clinical Categories

CD4 + T-Cell Categories (A) Asymptomatic, Acute (Primary) HIV (B) Symptomatic, Not (A) or (C) Conditions (C) AIDS-Indicator Conditions

1. >500/mm3 A1 B1 C1
1. 200–499/mm3 A2 B2 C2
1. <200/mm3 (AIDS indicator T-cell count) A3 B3 C3

aThe modifications to the prior 1986 Surveillance Case Definition, which have been included in the 1993 revision, include the use of CD4 cell count (<200 cells/mm3) or CD4 cell
percent (<14%) and the additional AIDS-indicating conditions of pulmonary tuberculosis, recurrent pneumonia, and invasive cervical cancer (see Table 69-2).
AIDS, acquired immunodeficiency syndrome; CDC, Centers for Disease Control and Prevention; HIV, human immunodeficiency virus.
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Table 69-2 Conditions Included in the 1993 Surveillance Case Definition

Category A

Asymptomatic human immunodeficiency virus (HIV) infection
Persistent generalized lymphadenopathy
Acute HIV infection with accompanying illness or history of HIV

infection

Category B

Bacillary angiomatosis
Candidiasis, oropharyngeal (thrush)
Candidiasis, vulvovaginal; persistent, frequent, or poorly responsive to

treatment
Cervical dysplasia or carcinoma in situ
Constitutional symptoms, such as fever >38◦C or diarrhea >1 mo
Hairy leukoplakia
Herpes zoster (shingles), involving at least two distinct episodes or

more than one dermatome
Idiopathic thrombocytopenic purpura
Listeriosis
Pelvic inflammatory disease, particularly if complicated by tubo-ovarian

abscess
Peripheral neuropathy

Category C

Candidiasis of bronchi, trachea, or lungs
Candidiasis, esophageal
Cervical cancer, invasive

Coccidioidomycosis, disseminated or extrapulmonary
Cryptococcosis, extrapulmonary
Cryptosporidiosis, chronic intestinal (>1 mo)
Cytomegalovirus disease (other than liver, spleen, or nodes)
Cytomegalovirus retinitis (with loss of vision)
Encephalopathy, HIV-related
Herpes simplex: chronic ulcer(s) (>1 mo); or bronchitis, pneumonitis, or

esophagitis
Histoplasmosis, disseminated or extrapulmonary
Isosporiasis, chronic intestinal (duration >1 mo)
Kaposi sarcoma
Lymphoid interstitial pneumonia, pulmonary lymphoid hyperplasia, or

botha

Lymphoma, Burkitt’s (or equivalent term)
Lymphoma, immunoblastic (or equivalent term)
Lymphoma, primary, of brain
Mycobacterium avium-intracellulare complex or M. kansasii, disseminated

or extrapulmonary
Mycobacterium tuberculosis, any site (pulmonaryb or extrapulmonary)
Mycobacterium, other species or unidentified species, disseminated or

extrapulmonary
Pneumocystis carinii pneumonia
Pneumonia, recurrentb

Progressive multifocal leukoencephalopathy
Salmonella septicemia, recurrent
Toxoplasmosis of brain
Wasting syndrome resulting from HIV

aChildren <13 years of age.
bAdded in the 1993 expansions of the acquired immunodeficiency syndrome (AIDS) surveillance case definition for adolescents and adults.

exudate in his mouth. He states that these symptoms have been
present for the past 4 to 6 weeks. On physical examination, it is
concluded that E.J. has thrush caused by Candida albicans. E.J.
admits to intravenous drug use in the past; however, he states that
he has been “clean” for 3 years. HIV infection is suspected and
consent for an HIV test is obtained. Why is HIV suspected and
how is it confirmed?

In otherwise healthy, immunocompetent individuals, the ap-
pearance of opportunistic infections, such as thrush, is rare.
This is because an intact cell-mediated immunity protects
against infection. In immunosuppressed individuals, such as
those infected with HIV or cancer, the immune system is
significantly damaged and places patients at risk for oppor-
tunistic infections. Infections such as shingles (Herpes zoster),
active tuberculosis, oral thrush, and recurrent candidal vagi-
nal infections in an otherwise healthy person warrant further
evaluation. More advanced diseases, such as Pneumocystis
jirovecii pneumonia, Mycobacterium avium bacteremia, and
Cytomegalovirus retinitis infections, among others, generally
occur in patients with severely depressed immune systems and
strongly suggest HIV infection. This is especially true for those
patients with risk factors for HIV infection. Despite E.J.’s dis-
continuation of intravenous drugs, his prior use places him at
risk for HIV infection. Given his social history and current
clinical presentation, an HIV test is warranted.

Testing for HIV is based on detection of an antibody to
the virus. The most commonly used methods include the
enzyme-linked immunosorbent assays (ELISA) and confirma-

tory Western blot tests.55,56 ELISA is highly sensitive and spe-
cific (>99%) and therefore represents a good screening test.
Using this method, the patient’s serum is placed in wells coated
with HIV antigens. After incubation and washing, an enzyme-
labeled antihuman antibody is added, followed by a substrate.
If HIV antibodies are present, a color change takes place; this
is confirmed with a spectrophotometer. Reactive ELISA are
subsequently repeated and, if both tests are positive, a Western
blot confirmatory test is performed. The Western blot involves
the addition of the host’s serum to known HIV antigens that
have been separated by gel electrophoresis. After washing and
incubation, antihuman immune globulins linked to an enzyme
or radioactive probe are added. The spectrum of band patterns
on the gel is then interpreted and compared with controls for
HIV diagnosis.

Although these tests when used together are highly specific
and sensitive, there are situations where both false–negative
and false–positive findings can occur.57 The most troublesome
is the situation in which a patient is truly infected but both
ELISA and Western blot results are negative, known clinically
as acute HIV infection. This occurs because, once infected, it
takes 1 to 2 months for a person to develop antibodies to HIV.58

Because both these tests rely on antibody detection, this “win-
dow” period of acute infection could result in a false–negative
test finding for HIV. If this is suspected, clinicians may wish to
order an HIV polymerase chain reaction (PCR) test (viral load
measurement; see below); measurements >10,000 copies/mL
are present only among patients who are HIV infected. Acute
HIV infection is increasingly implicated in sexual transmission
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of HIV, and cost-efficient methods to detect acute infection us-
ing routine viral load measurements have been developed.59

In all situations, a confirmatory Western blot test should be
performed to rule out false–positive findings and mislabeled
samples.

Results of the ELISA test take up to 1 to 2 weeks, and this
delay means that patients must contact their providers for test
results. According to the Centers for Disease Control and Pre-
vention (CDC), in the year 2000 approximately one-third of in-
dividuals who tested positive for HIV did not return to the clinic
to learn their results. Newer test methods have been developed
that allow clinicians to supply definitive negative and prelim-
inary positive results to patients within 20 minutes or less of
screening, using whole blood, serum, plasma, or oral fluid.60

The sensitivity and specificity of these new, rapid screening
tests are comparable to those of ELISA. Similar to ELISA, a
positive rapid test result should be confirmed by a supplemental
test. The use of rapid HIV tests should be strongly considered
when expected return rates for test results are low. The CDC

has published guidelines on the use and quality assurance of
these rapid HIV tests.61

SURROGATE MARKER DATA

2. E.J.’s ELISA and Western blot tests both return positive,
and he is informed of his HIV status the next week at his follow-
up examination. Before making any decisions regarding therapeu-
tic options, what additional laboratory tests should be obtained?
What cautions should be used when interpreting these values?

To determine whether therapeutic interventions are neces-
sary, the severity of immune damage and potential for dis-
ease progression must be assessed. As stated, HIV predomi-
nantly infects and destroys T cells. The larger the viral load,
the greater the risk for T-cell destruction and opportunistic in-
fections. Therefore, quantitative measurements of E.J.’s HIV
viral load and T-cell counts are necessary to “stage” the sever-
ity of infection, assess the risk for disease progression, and
provide a reference point (e.g., baseline) for future therapeutic
decisions.

Identification and measurement of T-lymphocyte subsets
(e.g., CD4, CD8) are based on flow cytometry readings of
fluorescent-labeled monoclonal antibodies.5,42 These values
can display wide variability on repeated laboratory evalua-
tions, even in clinically stable patients. Patient samples can
display up to 30% intra- and interlaboratory variability.5 In
at least one study, sufficient interlaboratory variability existed
to potentially result in conflicting treatment recommendations
in 58% of patients (e.g., initiating therapy when T-cell counts
fell <500 cells/mm3).62 Consequently, it is important to real-
ize that assessment of T-cell measurements should always be
interpreted as trends and not as individual values. Variability
can also be minimized by using the same laboratory and by
sampling patients at a consistent time of day.

The measurement of HIV viral load can be performed by
one of three methods: reverse transcriptase-polymerase chain
reaction (RT-PCR), branched-chain DNA (bDNA) assay, or nu-
cleic acid sequence-based amplification (NASBA).63 Measure-
ments using RT-PCR are obtained when viral RNA is amplified
and counted. In contrast, bDNA amplifies and enumerates the
signal from target probes attached to the viral RNA. NASBA
allows real-time, high throughput amplification of viral RNA.
All methods report HIV RNA in plasma as the number of copies
per milliliter, but have differing lower limits of quantitation.5

It should be recognized that plasma viral RNA values measure
the amount of free virus in the periphery and not the lymph
nodes. Because viral concentrations are substantially greater in
the lymph node, plasma measurements of HIV indirectly reflect
spill over from replication in that compartment.64,65

Similar to CD4 counts, viral load measurements (copies/
milliliter) can vary by as much as threefold (0.5 log) in either
direction.5 When obtaining a patient’s baseline value, a number
of issues must be considered. On initial infection with HIV, a
burst of viremia occurs until the host’s immune responses are
able to control the infection. Subsequently, viral load measure-
ments obtained during the first 6 months of infection may not
accurately reflect a true baseline value.5 In addition, factors that
activate the immune system, such as the development of a new
opportunistic infection or immunizations,66 can result in tran-
sient elevations of viral load measurements. In these situations,



69-8 � INFECTIOUS DISEASE

Table 69-3 Characteristics of Antiretroviral Agents for the Treatment of Adult Human Immunodeficiency Virus (HIV) Infection5,167

Drug Dose Pharmacokinetic Parameters Administration Considerations

Nucleoside Reverse Transcriptase Inhibitors

Zidovudine (ZDV; ZDV)
Retrovir (R)
Preparations
Oral Solution: 10 mg/mL
Capsule: 100 mg
Tablet: 300 mg
IV Solution: 10 mg/mL
Combivir (R) with 3TC: ZDV 300 mg

+ 3TC 150 mg
Trizivir (R) with 3TC and ABC: ZDV

300 mg + 3TC 150 mg + ABC
300 mg

300 mg BID or 200 mg TID
Combivir(R) or Trizivir(R): one tablet

two times per day

Oral bioavailability: 60%
Serum t1/2: 1.1 hr
Intracellular t1/2: 3 hr
Elimination: hepatic glucuronidation;

renal excretion of glucuronide
metabolite

Can be administered without
regard to meals
(manufacturer
recommends
administration 30 min
before or 1 hr after a meal)

Didanosine (ddI)
Videx
Preparations
Videx EC (R): 125 mg, 200 mg, 250

mg, and 400 mg capsule
Pediatric powder for oral solution

(when reconstituted as solution
containing antacid): 10 mg/mL

Generic ddI enteric coated capsule
also available

>60 kg: 400 mg QD (with TDF, use
250 mg QD)

<60 kg: 250 mg QD (with TDF, use
200 mg QD)

Oral bioavailability: 30% to 40%
Serum t1/2: 1.6 hr
Intracellular t1/2: 25–40 hr
Elimination: renal excretion ∼50%

Food decreases absorption
(↓ 55%); administer ddI on
empty stomach (1 hr
before or 2 hr after meal)

Separate ATV and TPV/r
administration by at least
2 hr

Stavudine (d4T)
Zerit
Preparations
Solution: 1 mg/mL
Capsules: 15, 20, 30, 40 mg

>60 kg: 40 mg BID
<60 kg: 30 mg BID
Sustained release: >60 kg use 100 mg

QD; <60 kg use 75 mg QD

Oral bioavailability: 86%
Serum t1/2: 1.0 hr
Intracellular t1/2: 3.5 hr
Elimination: renal excretion ∼50%

Can be administered without
regard to meals

Lamivudine (3TC)
Epivir
Preparations
Solution: 10 mg/mL
Tablets: 150 mg, 300 mg
Combivir: 3TC 150 mg + ZDV

300 mg
Epzicom: 3TC 300 mg + ABC 600 mg
Trizivir: 3TC 150 mg + ZDV 300 mg

+ ABC 300 mg

150 mg PO BID or 300 mg PO QD
As Combivir: one tablet BID
As Epzicom: one tablet BID
As Trizivir: one tablet BID

Oral bioavailability: 86%
Serum t1/2: 5–7 hrs
Intracellular t1/2: 18–22 hrs
Elimination: 70% unchanged in urine

Can be administered without
regard to meals

Emtricitabine (FTC)
Emtriva
Preparations
Capsules: 200 mg
Oral solution: 10 mg/mL
Truvada: FTC 200 mg + TDF 300 mg
Atripla: FTC 200 mg + TDF 300 mg

+ EFV 600 mg

200 mg QD for patients with calculated
creatinine clearance (CrCl)
>50 mL/min

Dose needs to be adjusted for renal
dysfunction:

CrCl 30–49 mL/min: 200 mg Q 48 hr
CrCl 15–29 mL/min: 200 mg Q 72 hr
CrCl <15 mL/min: 200 mg Q 96 hr
As Truvada: one tablet QD Truvada not

for patients with CrCl <30 mL/min
As Atripla: one tablet QD
Atripla not for patients with CrCl <50

mL/min

Oral bioavailability: 93%
Serum t1/2: 10 hr
Intracellular t1/2: >20 hr
Elimination: 86% recovered in urine

Can be administered without
regard to meals

Tenofovir (Viread)
Preparations
Tablets: 300 mg
Truvada: TDF 300 mg + FTC 200 mg
Atripla: TDF 300 mg + FTC 200 mg

+ EFV 600 mg

300 mg QD for patients with creatinine
clearance >60 mL/min;

Truvada: 1 tablet QD
Atripla: 1 tablet QD

Oral bioavailability: 25% fasting;
39% with high-fat meal

Serum t1/2: 17 hr
Intracellular t1/2: >60 hr
Elimination: primarily by glomerular

filtration and active tubular
secretion

Can be administered without
regard to meals
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Table 69-3 Characteristics of Antiretroviral Agents for the Treatment of Adult Human Immunodeficiency Virus (HIV)
Infection5,167 (Continued )

Drug Dose Pharmacokinetic Parameters Administration Considerations

Nucleoside Reverse Transcriptase Inhibitors (continued )

Abacavir
Ziagen
Preparations
Tablets: 300 mg
Oral solution: 20 mg/mL
Epzicom: ABC 600 mg + 3TC 300 mg
Trizivir: ABC 300 mg + ZDV 300 mg

+ 3TC 150 mg

300 mg Q 12 hr, or 600 mg QD
Epzicom: one tablet QD
Trizivir: one tablet BID

Oral bioavailability: 83%
Serum t1/2: 1.5 hr
Intracellular t1/2: 12–26 hr
Elimination: alcohol dehydrogenase

and glucuronyltransferase; 82%
renal elimination of metabolites

Can be administered without
regard to meals

Alcohol raises abacavir
exposure by 41%

Non-Nucleoside Reverse Transcriptase Inhibitorsa

Nevirapine
Viramune
Preparations
Suspension: 50 mg/5 mL
Tablets: 200 mg

200 mg PO QD × 14 days, then 200 mg
PO BID

Oral bioavailability: >90%
Serum t1/2: 25–30 hr
Intracellular t1/2: Unknown
Elimination: metabolized by CYP2B6

and CYP3A4 (also a CYP3A4
inducer) with 80% excreted in
urine as the glucuronide metabolite

Can be administered without
regard to meals

Delavirdine
Rescriptor
Preparations
Tablets: 100 and 200 mg

400 mg TID
(four 100-mg tabs in at least 3 oz water

to produce slurry); 200 mg tablets
should be taken intact

Oral bioavailability: 85%
Serum t1/2: 5.8 hr
Intracellular t1/2: Unknown
Elimination: metabolized by

CYP3A4 (also a CYP3A4
inhibitor) with 51% excreted in
urine as metabolites

Can be administered without
regard to meals

Efavirenz
Sustiva
Preparations
Capsules: 50, 100, 200 mg
Tablets: 600 mg
Atripla: EFV 600 mg + TDF 300 mg

+ FTC 200 mg

600 mg QHS
Atripla one tablet QHS Not for patients

with CrCl <50 mL/min

Oral bioavailability: ∼60%–70%
Serum t1/2: 40–55 hr
Intracellular t1/2: Unknown
Elimination: hepatically metabolized

by CYP2B6 and CYP3A4 (also
CYP3A4 mixed inhibitor/inducer)

Avoid taking with high-fat
meals, concentrations ↑
50% (increased risk for
CNS toxicity)

Protease Inhibitors

Indinavir
Crixivan
Preparations
Capsule: 200, 333, and 400 mg

800 mg Q 8 hrs
(BID dosing ineffective when sole

protease inhibitor)
Indinavir/ritonavir: IDV 800 mg + 100

mg or 200 mg of RTV BID

Oral bioavailability: 65%
Serum t1/2: 1.5–2 hr
Intracellular t1/2: Unknown
Elimination: hepatically metabolized

via CYP3A4 (also inhibitor of
CYP3A4)

Must be taken on empty
stomach (1 hr before or 2
hrs after a meal); may take
with skim milk or low-fat
meal.

Adequate hydration
necessary (at least 1.5 L/24
hr of liquid) to minimize
risk of nephrolithiasis

Ritonavir
Norvir
Preparations
Oral solution: 80 mg/mL
Capsules: 100 mg

600 mg Q 12 hr
(on the rare occasion that RTV is used as

the sole PI: day 1–2: 300 mg BID; day
3–5: 400 mg BID; day 6–13: 500 mg
BID; day 14: 600 mg BID)

Current primary use is as a
pharmacokinetic enhancer for other
PI, using 100–400 mg/day in one to
two divided doses

Oral bioavailability: Not determined
Serum t1/2: 3–5 hr
Intracellular t1/2: Unknown
Elimination: extensive hepatic

metabolism via CYP3A4 (also
potent CYP3A4 inhibitor and
mixed inhibitor/inducer of other
isozymes)

Take with food if possible to
improve tolerability

Dose should be titrated
upward to minimize
gastrointestinal adverse
events

Refrigerate capsules but not
liquid

Nelfinavir
Viracept
Preparations
Powder for oral suspension: 50 mg per

one level scoop (200 mg per one
level teaspoon)

Tablets: 250 and 625 mg

750 mg TID or 1,250 mg BID Oral bioavailability: 20%–80%
Serum t1/2: 3.5–5 hr
Intracellular t1/2: Unknown
Elimination: hepatic metabolism via

CYP3A4

Administer with meal or light
snack (exposure increased
two- to threefold)

(continued)
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Table 69-3 Characteristics of Antiretroviral Agents for the Treatment of Adult Human Immunodeficiency Virus (HIV)
Infection5,167 (Continued )

Drug Dose Pharmacokinetic Parameters Administration Considerations

Protease Inhibitors (continued )

Saquinavir
Invirase (hard gel capsules)
Preparations
Hard gel capsule: 200 mg
Tablets: 500 mg

Unboosted saquinavir not recommended
Saquinavir/ritonavir–1,000/100 BID;

1,600/100 QD under investigation

Oral bioavailability: 4% (as the
sole PI)

Serum t1/2: 1–2 hr
Intracellular t1/2: Unknown
Elimination: hepatic metabolism

via cytP450 3A4 (inhibitor)

Take within 2 hr of a meal and
take with RTV

Amprenavir
Agenerase
Preparations
Capsules: 50
Solution: 15 mg/mL
(capsules and solution NOT

interchangeable on mg per mg
basis)

Fosamprenavir
Lexiva
Tablet: 700 mg

1,200 mg PO BID capsules, 1,400 mg PIs
BID solution

Amprenavir/ritonavir–1,200/200 QD
(FDA-approved); 600/100–200 BID

Do not use APV and RTV solution
together owing to competition of the
metabolic pathway of the two vehicles

In ARV naı̈ve patients: fAPV 1,400 mg
BID or fAPV 1,400 mg + RTV 200
mg QD or fAPV 700 mg + RTV 100
mg BID

In PI-experienced patients: fAPV 700 mg
+ RTV 100 mg BID

Oral bioavailability: Not
determined

Serum t1/2: 7.1–10.6 hr (APV)
Intracellular t1/2: Unknown
Elimination: hepatic metabolism

via CYP3A4 (inhibitor)

Can be taken without regard to
meals but should not be taken
with high-fat meals

Lopinavir/ritonavir
Kaletra
Preparations
Tablet: LPV 200 mg + RTV 50 mg
Solution: LPV 80 mg+ RTV 20 mg

per mL

Two tablets or 5 mL BID
or
Four tablets or 10 mL QD (recommended

for treatment-naı̈ve patients only)

Oral bioavailability: Not
determined

Serum t1/2: 5–6 hr
Intracellular t1/2: Unknown
Elimination: hepatic metabolism

via CYP3A4 (inhibitor)

Take with food (increases area
under the curve by 48%)
Tablet stable at room
temperature

Atazanavir
Reyataz
Preparations
Capsules: 100 mg, 150 mg,

200 mg, and 300 mg

400 mg QD
Atazanavir/ritonavir: 300/100 QD

Oral bioavailability: 60%–70%
Serum t1/2: 6–7 hr
Intracellular t1/2: Unknown
Elimination: hepatic metabolism

via CYP3A4 (modest inhibitor)

Take with food, and avoid acid
suppressing agents (which
prevent ATV solubility and
absorption)

Darunavir
Prezista
Preparations
Tablet: 300 mg, 600 mg

DRV 600 mg + RTV 100 mg BID Oral bioavailability: 37% alone,
82% with RTV

Serum t1/2: 15 hr
Intracellular t1/2: Unknown
Elimination: hepatic metabolism

via CYP3A4 (inhibitor)

Food ↑ Cmax and AUC by 30%:
administer with food

Tipranavir
Aptivus
Capsules: 250 mg

TPV 500 mg + RTV 200 mg BID
DO NOT USE WITHOUT RTV

Oral bioavailability: not determined
Serum t1/2: 6 hr
Intracellular t1/2: Unknown
Elimination: hepatic metabolism via

CYP3A4 (inhibitor and inducer)

Administer with food to increase
bioavailability

Entry Inhibitors

Fuzeon (Enfurvitide, T-20) 90 mg SC BID in upper arm, thigh, or
abdomen

Oral bioavailability: 84.3%
compared with IV

Serum t1/2: 3.8 hr
Intracellular t1/2: Not applicable
Elimination: nonrenal, nonhepatic

Reconstitute with 1.1 mL of
sterile water for injection;
gently tap vial for 10 sec and
then roll gently between hands
to avoid foaming and ensure
all drug is off vial walls

After reconstitution, use
immediately or refrigerate for
24 hr. Refrigerated T-20
should be brought to room
temperature before injection.
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Table 69-3 Characteristics of Antiretroviral Agents for the Treatment of Adult Human Immunodeficiency Virus (HIV)
Infection5,167 (Continued )

Drug Dose Pharmacokinetic Parameters Administration Considerations

Chemokine Receptor Antagonists (CCR5)

Maraviroc
Selzentry
Preparations
Tablet: 150 mg, 300 mg

300 mg BID (with all NRTIs, NVP, TPV,
ENF) 150 mg BID with CYP3A
inhibitors (with or without a CYP3A
inducer) including: protease inhibitors
(except tipranavir/ritonavir),
delavirdine, ketoconazole,
itraconazole, clarithromycin, and other
strong CYP3A inhibitors (e.g.,
nefazadone, telithromycin)

600 mg BID with CYP3A inducers
(without a strong CYP3A inhibitor)
including: Efavirenz, etravirine
(TMC125), rifampin, carbamazepine,
phenobarbital, and phenytoin

Oral bioavailability: ∼33%
Serum t1/2: 14–18 hr
Elimination: hepatic metabolism by

CYP3A; 20% recovered in urine,
76% recovered in feces

Can be administered without
regard to meals (high-fat meal
decreases Cmax and AUC by
∼30%)

Integrase Inhibitors

Raltegravir
Isentress
Preparations
Tablet: 400 mg

400 mg BID Oral bioavailability: not established
Serum t1/2: 9 hr
Elimination: hepatic metabolism by

UGT1A1 glucuronidation; 32%
recovered in urine, 51%
recovered in feces

Can be administered without
regard to meals (high fat meal
decreases Cmax by ∼34% and
increases AUC by ∼19%)

a In clinical trials, the non-nucleoside reverse transcriptase inhibitor (NNRTIs) was discontinued because of rash in 7% of patients taking nevirapine, 4.3% of patients taking
delavirdine, and 1.7% of patients taking efavirenz. Rare cases of Stevens-Johnson syndrome have been reported with all three NNRTIs.
APV, amprenavir; ARV, antiviral; BID, twice daily; CNS, central nervous system; DRV, darunavir; ENF, enfuvirtide; fAPV, fosamprenavir; FDA, U.S. Food and Drug Administration;
IDV, indinavir; NRTIs, nucleosides; NVP, nevirapine; PI, protein inhibitor; PO, orally; QD, every day; QHS, four times daily; RTV, ritonavir; SC, subcutaneously; TDF, tenofevir
disoproxyl fumarate; TID, three times daily; TPV, tipranavir; TPV/r, tipranavir/ritonavir.

concentrations obtained within 4 weeks of the event may not
accurately reflect the baseline viral load measurement.5 Some
clinicians would recommend that at least two separate viral
load measurements, which are obtained within 1 to 4 weeks of
each other, be performed before making decisions regarding
therapeutic options.67 As with T-cell values, viral load mea-
surements should be evaluated as trends.

In addition to quantifying the viral load, baseline resistance
testing should be considered, using either genotypic or phe-
notypic testing,5 to guide the selection of the initial regimen.
Resistance testing is recommended in most clinical situations
before beginning treatment, because the rate of transmission of
virus resistant to at least one drug is estimated to be between 6%
and 16% in European and American cohorts68−74 (see Resis-
tance, Viral Genotyping, Phenotyping, and Viral Fitness case
for further discussion).

E.J. should have a baseline T-cell count, viral load measure-
ment, and viral genotype obtained. A complete blood count,
electrolyte panel, and renal and liver function tests should also
be performed. These laboratory values help in selecting thera-
peutic options (see below) and establish baseline values in the
event that problems are encountered in the future.

ANTIRETROVIRAL THERAPY

3. E.J.’s T-cell count and viral load measurement (two separate
levels obtained within the past 2 weeks) return at 225 cells/mm3

and 145,000 copies/mL (by RT-PCR assay). Should antiretroviral
therapy be initiated?

In deciding to initiate antiretroviral therapy, it is important to
consider both the potential benefits of therapy and the poten-
tial risk of therapy, including both short-term and long-term
side effects and potential for the development of drug resis-
tance (and cross-resistance; see below). Antiretroviral therapy
should be offered to any patient who is symptomatic, regardless
of T-cell count and viral load measurements. “Symptomatic”
refers to any new opportunistic infection or increases in con-
stitutional symptoms (e.g., fevers, night sweats, unexplained
weight loss). These events suggest a faltering immune system
that necessitates therapy. In patients who are asymptomatic, as-
sessment of the patient’s surrogate marker data (T-cell count, vi-
ral load measurements), concurrent medical conditions, med-
ication adherence history (if any), and motivation to initiate
therapy are necessary. The results of resistance testing should
be considered before initiating therapy.

Knowledge of both the T-cell count and the baseline viral
load values is necessary to “stage” the severity of infection.
In otherwise healthy, immunocompetent persons, T-cell mea-
surements are >1,200 cells/mm3. In patients who have been
chronically infected with HIV, significant T-cell destruction oc-
curs. When T-cell counts fall below 500 cells/mm3, patients are
at increased risk for opportunistic infections (Fig. 69-3). The
optimal time to initiate antiretroviral therapy among asymp-
tomatic patients with HIV infection is unknown. Data from
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FIGURE 69-5 Schematic summary of the turnover rates of virions and the relative contribution of the
different HIV-1-infected cell populations. After initiation of HAART, the viral burden decreases rapidly by
several orders of magnitude, which corresponds to the rapid clearance of plasma virions and productively
infected T lymphocytes (first phase). Certain cell populations that initially are responsible for only a small
proportion of the circulating virions in an untreated HIV-1-infected individual display slower turnovers.
Long-lived infected T lymphocytes, latently infected cells that become activated and release of virions from
follicular dendritic cells, contribute to the second phase of plasma virus decay. (Adapted with permission
from Simon V, Ho DD. HIV-1 dynamics in vivo: implications for therapy, Nat Rev Microb 2003 Dec;1:181.)

both clinical trials and observational cohort studies have shown
a clear benefit for antiretroviral therapy when CD4 cell counts
are <200 cells/mm.3,5 Currently, the optimal time to initiate
antiretroviral therapy in patients with CD4 cell counts between
200 cells/mm3 and 350 cells/mm3 is unknown. Information
from randomized, controlled trials to guide treatment initiation
is lacking, but observational cohorts provide some information
on disease progression and initiation of treatment. The risk of
disease progression is closely tied to CD4 cell counts, with
low CD4 counts (<200 cells/mm3) predicting both short- and
long-term risk of disease progression.36−38,75,76 High viral load

(>100,000 copies/mL), increasing age, acquisition of infection
through intravenous drug use, and a previous AIDS diagnosis
also increase the risk of disease progression in observational
cohorts. Based on these data, the Department of Health and
Human Services (DHHS) published guidelines on when to con-
sider antiretroviral therapy in those infected with HIV (Table
69-4). These guidelines provide general principles for when to
initiate therapy in an antiretroviral-naı̈ve patient; however, they
are not absolute. Most clinicians would prefer to begin therapy
before CD4 cell counts become <200 cells/mm3, and many
use <350 cells/mm3 as a point to begin discussions with the

Table 69-4 Indications for the Initiation of Antiretroviral Therapy in the Chronically HIV-1–Infected Patienta

Clinical Category CD4+ T-Cell Count Plasma HIV RNA Recommendationb

Symptomatic (AIDS,
severe symptoms)

Any value Any value Treat

Asymptomatic CD4+ T cells <200/mm3 Any value Treat. The 3-year probability of progressing to AIDS or death is 9%–20%.
Asymptomatic CD4+ T cells

200–350/mm3
Any value Treatment should be offered. The 3-year probability of progressing to AIDS

or death is 4.7%–6.1%.
Asymptomatic CD4+ T cells >350/mm3 >100,000 copies/mL Most experienced clinicians defer therapy, but some may consider initiating

treatment. The 3-year probability of progressing to AIDS or death is 4.4%
Asymptomatic CD4+ T cells >350/mm3 <100,000 copies/mL Defer therapy. The 3-year probability of progressing to AIDS or death is 3.4%.

aThe optimal time to initiate therapy in asymptomatic individuals with >200 CD4+ cells is not known. This table provides general guidance rather than absolute recommendations
for an individual patient. All decisions to initiate therapy should be based on prognosis as determined by the CD4+ T-cell count and plasma HIV RNA, the potential benefits and
risks of therapy shown in Table 69-4, and the willingness of the patient to accept therapy.
bProbability of progression to AIDS or death obtained from DHHS Treatment Guidelines, October 2006.
AIDS, acquired immunodeficiency syndrome; HIV, human immunodeficiency virus.
DHHS: Department of Health and Human Services
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patient regarding initiating therapy. Increasing data from longi-
tudinal cohort studies suggest that patients who begin HAART
therapy at higher CD4 cell counts are more likely to achieve
CD4 cell count recovery than patients who begin at counts
<200 cells/mm3,77−79 although the potential clinical implica-
tions of this remain unknown. This evidence plus the ease of
dosing and tolerability of new HAART regimens may tip the
balance to early treatment. Thus, treatment is offered to pa-
tients with CD4 cell counts between 200 cell/mm3 and 350
cells/mm3. In the case of CD4 cell counts >350 mm3, most
clinicians would defer treatment, unless viral load is very high
(i.e. >100,000 copies/mL), which increases the potential for
CD4 cell count decline, and thus the risk of disease progres-
sion. In this situation, clinicians may elect to take an approach
to early treatment and offer therapy to prevent further immune
compromise.

The decision to initiate therapy should not be taken lightly
nor should it be based solely on surrogate marker data. An-
tiretroviral regimens may improve the quality and duration of
a patient’s life, but they are not without significant risks and
adverse effects. Once therapy is initiated, antiretroviral therapy
is a lifetime commitment. For some patients, this may be a dif-
ficult realization, particularly if the patient is relatively healthy.
In addition, the fear of adverse events and toxicities must also
be overcome. These guidelines, therefore, should be used as
a springboard for discussions with the patient regarding the
risks and benefits of therapy. It is critical for practitioners to
talk openly with patients about their fears and concerns and
make an assessment about their motivation to initiate therapy
and ability to take a lifelong regimen. The patient should al-
ways make the final decision after careful discussions with the
practitioner.

E.J. has a number of significant risk factors for disease pro-
gression. He is clinically symptomatic with oral thrush and
nonspecific constitutional symptoms (e.g., fevers, night sweats,
and weight loss). His surrogate maker data place him at risk for
greater disease progression (T-cell count <350 cells/mm3 and
viral load >100,000 copies/mL). Based on these values, E.J.
should be counseled on his risk of disease progression, poten-
tial adverse events associated with both starting and deferring
treatment, and his willingness to adhere to a regimen.

4. After careful discussions, E.J. agrees to initiate therapy.
What should be the goals of therapy? What other factors or in-
formation needs to be considered in selecting an appropriate reg-
imen?

Before developing a patient-specific regimen, it is important
to recognize the benefits and limitations of therapy and identify
obtainable and realistic goals.

Goals of Therapy
Goal 1: Maximally and Durably Suppress Viral Load
The ability to measure viral loads has shown that maximal vi-
ral suppression often results in significant increases in T-cell
counts and improved clinical outcomes.5 Based on our under-
standing of viral pathogenesis, this is not surprising. Lower
amounts of replicating virus result in decreased risk for T-cell
infection and destruction and, subsequently, a more intact im-
mune response. Therefore, therapy should suppress viral repli-

cation as much as possible, preferably to nondetectable levels
in the plasma, for as long as possible.5,6 The development of
new antiretroviral agents with improved potency and adverse
event profiles, in addition to more convenient dosing regimens,
makes viral suppression a reasonable goal in most patients,
even those who previously have received multiple suboptimal
regimens. In the treatment-experienced patient, however, spe-
cial care must to given to designing a regimen that will suppress
viral load, yet not contribute to the development of drug resis-
tance that limits future treatment options. Consultation with an
expert in antiretroviral resistance patterns is critical to design-
ing a salvage regimen in such patients.

The development of drug resistance is a consideration in
the selection of regimens for patients who are antiretroviral
naı̈ve as well. In any given viral population, the potential ex-
ists for a spontaneous mutation to occur, which results in a
resistant isolate. The larger the population, the greater the risk.
HIV replication is a highly error-susceptible process, espe-
cially the reverse transcriptase enzyme. Given the high rate
of viral replication, the potential exists for the daily produc-
tion of thousands of replication-competent viral mutants to
each and every site on the HIV genome (∼10,000 nucleotides
in length).7,35 Under selective pressures from inadequate an-
tiretroviral therapies, isolates with reduced susceptibility to the
given regimen eventually flourish and repopulate the host. This
is of particular concern given the potential for cross-resistance
between antiretroviral agents (see following discussion of re-
sistance). Therefore, the use of a regimen that fully suppresses
viral replication reduces the potential for mutations and the
development of cross-resistance.

Although >20 U.S. Food and Drug Administration (FDA)-
approved antiretroviral agents are currently available to use in
combination therapies, many of these agents display similar
resistance profiles. As a result, by developing resistance to one
or more agents in a given regimen, the loss of activity to other
agents with similar resistance profiles can occur (i.e., cross-
resistance).7 Whether drug resistance develops is determined
by the genetic barrier associated with the individual agents.
Some agents have low genetic barriers; that is, only one or
two critical changes in the virus are necessary for resistance
to occur. An example of a class of agents with a low genetic
barrier is the NNRTIs. One critical point mutation in the viral
genome is required for loss of activity among this class of
agents.7 In contrast, the PIs have a wide genetic barrier in that
it takes multiple viral changes to incur resistance.7 It should
be recognized, however, that just because an agent has a low
genetic barrier does not mean it is virologically inferior or
less potent. Potent regimens containing NNRTIs have been
shown to be highly effective and provide durable treatment
responses.5 It is also important to realize that the potency of
the regimen as a whole is critical to determining whether or
not drug resistance develops. If viral replication is suppressed,
the development of resistance will be minimal. When viral
replication does occur, however, the greater the replication, the
greater the risk for development of resistance.5,6 In situations
in which viral replication does occur, having an agent(s) in the
antiretroviral regimen with a low genetic barrier may be risky
and could result in the loss of activity of the individual agent,
the development of cross-resistance to other agents, or both.
As a result, it is critical to select an antiretroviral regimen that
has a high likelihood of suppressing viral replication and to
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which the patient will strictly adhere (either through ease of
dosing or minimization of adverse drug events).

Given the increased rate of transmission of resistant viruses
to patients newly infected with HIV,68−71,80 current guidelines
recommend obtaining a resistance test before initiation of ther-
apy to help in the selection of appropriate agents in the an-
tiretroviral regimen.5,6 If a regimen is initiated that contains an
agent(s) to which the virus has already developed resistance,
the potency of the entire regimen may be insufficient for com-
plete viral suppression and further antiretroviral resistance may
develop. Because of its more rapid turn-around time, a viral
genotype is generally preferred over a viral phenotype.5

Goal 2: Preserve and Strengthen the Immune System
Suppression of viral replication usually leads to increased CD4
cell counts and strengthens and preserves the immune system.
With increased cell counts, patients are at decreased risk for
the development of opportunistic infections and death. With
newer and better regimens, strengthening and preserving the
immune system may be possible even in treatment-experienced
patients, although drug regimens must be designed carefully to
prevent development of further resistance. Although full im-
mune reconstitution may not be possible after prolonged time
periods with low CD4 cell counts, it is reasonable to attempt to
restore immune function as fully as possible. Despite advances
in drug therapy, it is important to remember that HIV remains
an incurable condition.

Goal 3: Limit Drug Adverse Events, Promote Adherence,
and Improve Quality of Life
Treatment with combination therapy has been shown to be
highly effective in suppressing HIV replication and improving
survival among patients who are HIV infected. Maximal viral
suppression, however, should not be obtained at the expense of

a patient’s overall health and safety. Lifelong adherence to an
antiretroviral regimen can be a complex and difficult task,4,5

although advances in coformulation of drug products and the
advent of ritonavir-boosted protease inhibitors have simplified
treatment considerably. Several once-daily regimens are rec-
ommended as first-line therapy (Tables 69-3 and 69-5). The
patient’s ability to adhere to therapy may, however, still be the
difference between a regimen that fails and one that results in
a clinical benefit, and the first regimen generally provides the
best chance for treatment success. Adverse events make toler-
ating these regimens difficult, minimizing drug adherence and
subsequent response to therapy. Changes in body composition
(known as lipodystrophy), increases in lipids and triglycerides,
bone and joint fractures, increased risks for cardiac disease, and
the development of lactic acidosis are serious concerns.81 In
addition, both acute and long-term adverse events can be fatal
if not properly identified and managed.

Data from studies evaluating nonadherence among those
HIV infected shows that at least 10% of patients on PIs miss
a dose each day and that at least 20% miss a dose every 2
days.82 The exact degree of adherence required for clinical
success is currently unknown, and patients should be coun-
seled to always take their regimens as prescribed. The four
most common reasons for skipping antiretroviral doses among
those infected with HIV are simple forgetfulness, a change
in daily routine, being too busy with other things, and be-
ing away from home.83,84 Factors associated with poor adher-
ence include (a) the number of medications (the greater the
number, the greater the likelihood of poor adherence); (b) the
complexity of the regimen (special meal requirements, esca-
lating or de-escalating doses, dose frequency); (c) special stor-
age requirements; (d) interference of medication with lifestyle
and daily activities; and (e) poor communication with pri-
mary care providers and other health care professionals.83,84

Table 69-5 Recommended Antiretroviral Agents for Initial Treatment of Established Human Immunodeficiency Virus (HIV) Infectiona

Preferred Alternatives

Dual NRTIs Options Tenofovir + emtricitabine (coformulated) Zidovudine + lamivudine (coformulated)
Abacavir + lamivudine (coformulated) Didanosine + (lamivudine or emtricitabine)

NNRTIs (one NNRTIs + two NRTIs) Efavirenzb Nevirapinec

PIs (one or two PIs + two NRTIs) Atazanavir + ritonavir Atazanavird

Fosamprenavir + ritonavir twice daily Fosamprenavir
Lopinavir/ritonavir (coformulated) twice daily Fosamprenavir + ritonavir once daily

Lopinavir/ritonavir (coformulated) once daily
Saquinaivr + ritonavir

Not recommended: Should not be
offered

All monotherapies, dual nucleoside regimens, NRTIs-sparing
regimens, triple NRTIs regimens

aThis table provides a guide to the use of available treatment regimens for individuals with no prior or limited experience on human immunodeficiency virus (HIV) therapy. In
accordance with the established goals of HIV therapy, priority is given to regimens in which clinical trials data suggest the following: sustained suppression of HIV plasma RNA
(particularly in patients with high baseline viral load), sustained increase in CD4+ T-cell count (in most cases >48 weeks), and favorable clinical outcome (i.e., delayed progression
to acquired immunodeficiency syndrome [AIDS] and death). Additional consideration is given to the regimen’s pill burden, dosing frequency, food requirements, convenience,
toxicity, and drug interaction profile compared with other regimens. It is important to note that all antiretroviral agents have potentially serious toxic and adverse events associated
with their use.
bExcept during the first trimester of pregnancy or in women with high pregnancy potential (women who are trying to conceive or who are not using effective and consistent
contraception).
cAs an alternative in adult females with CD4+ T-cell counts <250 cells/mm3 and adult males with CD4+ T-cell counts ≤400 cells/mm3.
d When used with tenofovir, atazanavir should be combined with ritonavir 100 mg/day.
NRTIs, nucleotide analogue reverse transcriptase inhibitor; PI, protease inhibitor.
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Incorporating these factors into the selection of a patient-
specific regimen may improve adherence and, subsequently,
the chance for an improved clinical outcome.

Goal 4: Prevent HIV-related Morbidity and Mortality
By successfully treating HIV (i.e., suppressing viral load and
restoring immune function), patients are at decreased risk for
acquiring HIV-associated opportunistic infections (Fig. 69-3).
By achieving goals 1 through 3, goal 4 naturally follows, and
truly this is the ultimate goal of the pharmacotherapy of HIV
infection. With modern-day HAART therapy, patients infected
with HIV are more frequently dying from non–HIV-related
conditions that are common in the general population (i.e.,
cardiovascular disease, hepatic disease, non–HIV-associated
malignancies)85 than in the past. Although this represents a
significant achievement in care, it also provides increased com-
plexity in caring for those infected with HIV who are both at
risk for HIV-related illness and also receiving treatment for
comorbid conditions. This increases the potential for drug–
drug and drug–disease interactions that must be considered to
optimize patient care and prevent morbidity and mortality.

5. On questioning, E.J. states that he has had two bouts of
alcohol-induced pancreatitis in the past. The last episode was ap-
proximately 1 year ago. He admits to occasional binge drinking
even though he knows it is not good for him. E.J. has no known
drug allergies and is currently taking only temazepam periodi-
cally to help him sleep. He is employed as a construction worker
and during the day hours is extremely busy. His complete blood
count, electrolyte, and liver and renal panel all return within nor-
mal limits. E.J. has no particular preference for a specific regimen
and appears highly motivated to take control of his disease. What
factors should be considered when selecting an appropriate an-
tiretroviral regimen?

The selection of a patient-specific regimen can be a com-
plex decision. Many potential combinations can be used, but a
number of general principles should be followed:

General Rules of Therapy5,6

1. Initiate therapy when the potential clinical benefits outweigh
the potential risks. Many of the current regimens reduce vi-
ral replication to below detectable levels in most patients,
and result in durable treatment responses. Reasons for these

improved response rates compared with older regimens in-
clude the simplification of the regimens (e.g., less pills per
day, less frequent dosing per day, use of fixed-dose com-
bination products), improvement in overall potency of the
regimens, and minimization of short-term side effects. Con-
sequently, if the correct patient-specific HAART regimen is
selected as initial therapy, the patient should be able to ad-
here to therapy and gain both a virologic and clinical benefit
from the regimen.

2. Select the type of antiretroviral regimen. The use of com-
bination HAART therapy is standard medical care and
should be considered in all patients. Monotherapy with any
agent should be avoided because clinical trials have shown
these regimens to be inferior. In addition, the use of dual
nucleoside-only–containing regimens should be avoided be-
cause initial viral suppression may not be sustained. In gen-
eral, two types of initial strategies—NNRTIs- or PI-based—
are preferred. (Table 69-6). Both types of regimens are
potent and can produce sustained virologic response. Cur-
rently, no evidence definitively recommends one type over
another, and the selection is dependent on patient-specific
factors, such as concomitant disease states (i.e., hepatitis,
diabetes, cardiovascular disease), and provider preference.
In selected patients with compelling reasons to avoid use of
a PIs or NNRTIs, triple nucleoside therapy may be consid-
ered with lamivudine (3TC), zidovudine (ZDV), and aba-
cavir (ABC), but this regimen should not be routinely used
as first-line treatment, particularly in patients with high viral
loads (i.e. >100,000 copies/mL).

3. Avoid regimens with overlapping toxicities. In general, the
concomitant use of the “D” NRTIs (didanosine [ddI] and
stavudine [d4T]) should be avoided owing to an increased
risk of pancreatitis and neuropathy. Atazanavir and indinavir
can both cause severe hyperbilirubinemia, and concomitant
use should be avoided.

4. Avoid regimens that are not virologically additive or syn-
ergistic. Zidovudine (ZDV) and d4T should not be used
together because both in vitro and in vivo studies have
shown these agents to be antagonistic. 3TC and emtric-
itabine (FTC) should not be used together because they
have similar resistance profiles, and concomitant use will
not confer any additional virologic benefit. Amprenavir oral
solution and fosamprenavir should not be used together, be-
cause fosamprenavir is simply the prodrug of amprenavir.

Table 69-6 Advantages and Disadvantages of Antiretroviral Components for Initial Antiretroviral Therapya

ARV Class Possible Advantages Possible Disadvantages

Dual
NRTIs

NNRTIs

PI

� Established backbone of combination antiretroviral
therapy

� Less fat maldistribution and dyslipidemia than
PI-based regimens

� Save PIs options for future use
� Higher genetic barrier to resistance
� Save NNRTIs for future use

� Rare but serious cases of lactic acidosis with hepatic steatosis reported (d4T
>ddI=ZDV>TDF=ABC=3TC=FTC)

� Low genetic barrier to resistance (single mutation confers resistance)
� Cross resistance among approved NNRTIs
� Skin rash
� Potential for cytochrome P450 drug interactions
� Metabolic complications (fat maldistribution, dyslipidemia, insulin resistance)
� Cytochrome P450 substrates, inhibitors, and inducers (potential for drug

interactions)

aAdapted from DHHS treatment guidelines January 2008.
Department of Health and Human Services.
3TC, lamivudine; ABC, abacavir; d4T, stavudine; ddI, didanosine; FTC, emtricitabine; HAART, highly active antiretroviral therapies; NNRTIs, non-nucleoside reverse transcriptase
inhibitors; NRTIs, nucleoside reverse transcriptase inhibitor; PI, protease inhibitor; TDF, tenofovir; ZDV, zidovudine.
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The use of tenofovir and didanosine as initial therapy is not
recommended owing to the potential for virologic failure,
suboptimal immunologic response, and the potential for de-
velopment of drug resistance.

5. If PI-based HAART is desired, consider using a ritonavir-
boosted regimen. Various PIs have been evaluated in combi-
nation with ritonavir, including saquinavir, lopinavir, indi-
navir, fosamprenavir, tipranavir, atazanavir, and darunavir.
Ritonavir, a potent inhibitor of cytochrome P450 meta-
bolism and p-glycoprotein activity, interacts significantly
with a number of agents, including other PIs.47 This inhi-
bition can be exploited to decrease the metabolism or in-
crease the absorption of the other PIs. In some cases, such
as lopinavir, tipranavir, and darunavir, the use of coadmin-
istered ritonavir is required for virologically relevant con-
centrations. The result is a regimen with more potent viral
suppression than a regimen using either agent alone. In ad-
dition, this combination allows for more convenient once-
or twice-daily dosing, often lowers the total daily pill bur-
den, and removes the need for drugfood restrictions. Given
that ritonavir can cause significant gastrointestinal side ef-
fects in some patients at increased doses and that only small
amounts of ritonavir are needed to inhibit metabolism, low
doses are sufficient (e.g., 100–200 mg). It should also be
remembered that ritonavir interacts with a number of med-
ications and, depending on the severity of the interaction,
may require dosage adjustments of other agents or the in-
ability to use ritonavir in the given regimen. 5,6

6. Avoid regimens shown to be detrimental in specific patient
populations. Examples include the use of efavirenz (Preg-
nancy Class D) in women of child-bearing potential not us-
ing reliable methods of birth control or in the first trimester
of pregnancy, because this drug has been associated with
teratogenic effects; the use of propylene glycol-containing
amprenavir solutions in high-risk patients, such as preg-
nant women, children <4 years of age, patients with renal
or liver dysfunction, and those undergoing treatment with
metronidazole or disulfiram. Nevirapine has the potential
for hepatotoxicity in patients with higher baseline CD4 cell
counts (>250 cells/mm3 for women, >400 cell/mm3 for
men).

6. What initial antiretroviral regimen should E.J. receive?

When selecting a patient-specific regimen, these steps
should be followed:

Step 1: Determine Which HAART-Based Regimen Will Be Used
A careful review of the advantages and disadvantages of each
interventional strategy should occur (Table 69-6). For exam-
ple, efavirenz may be avoided for patients with a psychiatric
history. Protease inhibitors may be less favored with a famil-
ial history or current medical condition consisting of coronary
artery disease, hyperlipidemia, or diabetes mellitus.81

After discussions with E.J., it appears that he is highly mo-
tivated to take control of his disease and is willing to initiate
therapy. Subsequently, the use of a combination regimen with
either a PI-based or NNRTIs-based regimen is appropriate.
Potential treatment options are listed in Table 69-5.

Step 2: Optimize Agents in the Regimen
The next step requires the selection of agents for the regimen.
In many situations, absolute contraindications and significant

drug–drug interactions limit the agents available for use in
the regimen. In this case, ddI is a relative contraindication
given a history of alcohol abuse and pancreatitis. The remain-
ing nucleoside or nucleotide reverse transcriptase inhibitors,
including ZDV, 3TC, d4T, tenofovir (TDF), FTC, and ABC,
are all potential options. With respect to drug interaction is-
sues, any NNRTIs or PIs class can be administered safely with
temazepam.

Step 3: Quality-of-Life Considerations
When selecting a regimen, assessment of quality-of-life issues,
potential adverse drug events, and patient requests should re-
ceive as much consideration as drug–drug interactions and ab-
solute contraindications. In some situations, these issues could
mean the difference between a regimen that is effective and one
that is not. Considering E.J.’s lifestyle and work requirements,
it is best to select a regimen that will minimally interfere with
his daily activities. The selection of a regimen with once- or
twice-daily dosing is appropriate (Table 69-3), although once-
daily dosing might be preferred. The combinations of nucle-
osides recommended as initial therapy can be given once or
twice daily, and are available as coformulated products (Ta-
ble 69-3). Examples of potential regimens include 3TC plus
ABC (dosed once daily) or FTC plus TDF (dosed once daily)
with efavirenz, which is the preferred first-line NNRTIs. Us-
ing the same nucleoside agents, atazanavir–ritonavir adminis-
tered once daily, fosamprenavir–ritonavir administered twice
daily, or lopinavir–ritonavir administered twice daily are the
preferred PI-based regimens.

7. E.J. is starting emtricitabine, tenofovir, and efavirenz (co-
formulated for once-daily dosing as Atripla). How should therapy
be monitored? Are any additional laboratory tests necessary?

Short-Term Assessments
Three important criteria determine whether an antiretroviral
regimen is effective: clinical assessment, surrogate marker
responses, and regimen tolerability.5,6 In patients who are
clinically symptomatic (e.g., constitutional symptoms such as
fatigue, night sweats, and weight loss; new opportunistic in-
fections), the initiation of an appropriate antiretroviral regimen
often results in resolution of symptoms, increased strength and
energy, and improvement in overall well-being. In some pa-
tients, however, the effect may not be as prominent. A careful
assessment of clinical symptoms should therefore be regularly
performed at all follow-up appointments.

In all patients, repeat viral load and T-cell measurements
are necessary. HIV RNA concentrations should be obtained
within 2 to 8 weeks of therapy initiation.5,6 This early value al-
lows clinicians to assess the magnitude of response and ensures
declining viral load measurements. Therapy with an effective
regimen will result in at least a threefold (0.5 log) and ten-
fold decrease (1.0 log) in viral load counts by weeks 4 and
8, respectively.5,6 The viral load should continue to decline
over the next 12 to 16 weeks and, in most patients, it will
become undetectable.5,6 Long-term response to therapy corre-
lates with the magnitude of viral suppression on initiation of a
regimen. The greater the suppression, the greater the durability
of response to that regimen.86−88 The speed and magnitude of
suppression, however, can be affected by a number of factors,
including clinical status of the patient (e.g., more advanced
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disease–low T-cell counts, high viral load value), adherence to
therapy, and overall potency of the regimen.5,6 When the viro-
logic response is less than optimal, evaluation of compliance
should be assessed, repeat viral load measurements performed,
and drug concentrations of key antiretroviral agents evalu-
ated for subtherapeutic values before considering a change in
therapy.

In response to declining viral replication, T-cell destruction
decreases and subsequently CD4 counts increase. The magni-
tude of this rebound can vary significantly, with some patients
experiencing large increases and others experiencing little or
no change. Given that T-cell changes do not occur rapidly, once
therapy is initiated, repeat T-cell counts should be obtained at
the 3- to 4-month follow-up visit.5,6

Failure either by surrogate marker data or clinical symp-
tomatology can occur when inadequate serum concentrations
of antiretrovirals are achieved. The most common reason for
this is failure to adhere to the prescribed regimen. It is impor-
tant to determine the reason for nonadherence so that it can
be quickly and adequately addressed (e.g., by education on the
management of adverse events, or by switching to a better-
tolerated regimen). Drug exposures can also be affected by the
addition of new drugs or herbal products to a patient’s regimen.
Both garlic and St. John’s wort have been shown to lower the ex-
posure to non–ritonavir-boosted protease inhibitors.89,90 In ad-
dition, certain medications require specific food requirements
to ensure optimal exposure (Table 69-3). Therefore, careful
evaluation of new drugs, herbs, and dosing habits should be
performed at each follow-up visit. If after discussions with
the patient, the clinician does not identify adverse events, ad-
herence issues, and new drug–drug, drug–herb, or drug–food
interactions as potential causes of failure, then changing to
another viable regimen should be considered. In some cases,
therapeutic drug monitoring may assist in identifying physio-
logic factors such as malabsorption or rapid metabolism.

8. After initiation of therapy, E.J.’s viral load values are 7,000
copies/mL at 4 weeks, and <50 copies/mL (undetectable) at 14
weeks. His T-cell counts have increased from 225 to 525 cells/mm3.
In addition, E.J. states that his night sweats and fevers have dis-
appeared, he “feels great” and that he has had no drug-related
problems. Is the therapy effective? How should therapy be moni-
tored?

E.J.’s response to the emtricitabine, tenofovir, and efavirenz
does indicate efficacy. Clinically, his symptoms have subsided
and his overall health is much improved. His viral load mea-
surements have responded appropriately and are now below
the level of assay detection. T-cell counts have increased by
300 cells/mm3. Finally, E.J. has experienced no drug-related
adverse events. Given the response to date, no changes are
required and the current regimen should be continued.

Long-Term Assessments
Once the prescribed regimen has been stabilized, the long-term
goals of therapy are to maintain maximal viral suppression,
sustain clinical and immunologic improvements, and main-
tain drug tolerability. Periodic assessments should be made of
viral load (every 3–4 months) and T-cell counts (every 3–6
months).5,6 These surrogate marker data allow clinicians to
monitor trends in viral activity and immunologic status and
assist them in identifying early regimen failure. Clinical as-

sessment of the patient and questioning of tolerability to the
prescribed regimen should occur at the 3- to 6-month follow-up
visits.

Treatment Failure

9. E.J. has remained on FTC, TDF, and efavirenz for more
than a year. To date, his T-cell counts have remained stable at 550
cells/mm3, and his viral load measurements have remained below
the limit of assay detection. He presents with new complaints of
fevers and malaise. E.J. reports that he has been compliant with
therapy and has not started any new medications. Repeat lab-
oratory tests now show E.J.’s viral load is 3,000 copies/mL and
his T-cell count is 375 cells/mm3 (both repeated and validated).
Should E.J.’s regimen be changed?

Up to 25% of patient on HAART fail therapy within the first
year.3 Reasons for failure are not fully known; however, risk
factors include a history of low T-cell counts, high viral loads,
and extensive use of antiretroviral agents.3,4 Assessment of
regimen failure should be based on data similar to when therapy
is initiated: (a) clinical symptoms, (b) surrogate marker data,
and (c) regimen tolerability and adherence.5−7

In many patients, the first sign of failure is a change in clin-
ical signs and symptoms. These changes can be subtle (e.g.,
increase in constitutional symptoms, new onset of oral thrush)
or more severe (e.g., new opportunistic infections). These sit-
uations suggest a failing regimen and necessitate a change in
therapy.

Assessment of efficacy should also involve evaluation of
surrogate marker data (e.g., T cells and viral load). In many sit-
uations, changes to these markers occur before any noticeable
clinical signs and symptoms. Therefore, careful evaluation of
surrogate marker data may allow clinicians an opportunity to
intervene before any significant immune destruction occurs.
Virologic failure, defined as new or continued viral replica-
tion despite appropriate antiretroviral therapy, suggests a fail-
ing regimen. For example, patients with repeated detection of
virus in plasma after initial suppression to undetectable levels
should be evaluated as potential treatment failures. In patients
who do not achieve viral suppression to below detectable levels,
a significant increase in viral replication (defined as a three-
fold increase or greater) should also be viewed as a treatment
failure.5,6

When assessing viral load, it is important to recognize that
these values can increase from vaccinations or other concur-
rent infections (see Question 2). Therefore, a thorough medical
history should be taken to rule out other causes of increasing
viral load. In addition, laboratory values should be interpreted
as trends over time and not necessarily as individual measure-
ments. A repeat viral load should be performed and evaluated
within 4 weeks of the initial viral load increase. In some cases,
transient viral “blips” occur (increases in viral load measure-
ments just above the level of assay detection (e.g., 50–1,000
copies/mL), which become undetectable at the next visit.91−93

The clinical significance of viral blips is unknown and, al-
though they may not directly reflect treatment failure, they
may represent the potential for near future viral breakthrough,
either because of patient nonadherence or insufficient antiretro-
viral potency. Careful follow-up of these patients is therefore
required, as changes to the current HAART regimen may be
necessary.
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In response to increasing viral replication, T-cell destruc-
tion occurs. A significant decrease in CD4 cells is defined as
a decrease of >30% in absolute numbers, or a decrease of 3%
in percentage.5,6 Persistently declining T-cell counts, with or
without increasing viral load measurements, represent treat-
ment failure and suggest a change in therapy is warranted.

Other potential causes for failure include nonadherence and
drug–drug interactions. When a patient has not taken the pre-
scribed regimen as directed, discussions regarding tolerabil-
ity, number of doses missed, duration of nonadherence, and
lifestyle changes should take place. The decision to reinitiate
a prescribed regimen should take into account the future like-
lihood of adherence and the potential development of resistant
strains. In those patients with a history of long-standing non-
adherence, the success of reinitiating the prescribed regimen
may be limited. The precise effect of the duration and extent
of nonadherence on the development of resistance, however,
has not been fully evaluated. For the virus to mutate, sufficient
drug pressure must be placed on the virus. Some estimate this
requires moderate patient adherence of 50%.94

Significant drug–drug, drug–food, and drug–herb interac-
tions could also contribute to therapeutic failure. Interactions
between a new medication and an herbal product could de-
crease the bioavailability or increase the metabolism of the
HIV medications leading to low serum concentrations.5,89,90

In addition, many medications require certain food require-
ments to allow maximal drug absorption. A careful review of
all new medications and their potential for clinically signifi-
cant drug interactions should be evaluated at all visits (Tables
69-7 and 69-8).

Currently, E.J. has a number of signs and symptoms that
suggest a failing regimen. E.J. is experiencing new symptoms
of fevers and malaise not attributable to any other cause. E.J.’s
viral load value has become detectable at 3,000 copies/mL
without evidence of concurrent infections or vaccinations in
the past 4 weeks. E.J.’s T-cell counts have declined from 550
cells/mm3 to 375 cells/mm.3 Finally, it appears that E.J. has
been adhering to his therapy and has not started any new med-
ications that could affect the efficacy of his current regimen.
Therefore, a change in therapy is necessary.

10. What potential antiretroviral regimen(s) can be considered
for E.J.?

In addition to the general rules of therapy described in Ques-
tion 5, other issues should be considered when selecting an
alternative regimen for a patient failing therapy.

General Rules for Changing Therapies5,6

1. If possible, the new regimen should contain all new an-
tiretroviral agents to which the patient has not been exposed.
If this is not possible, the new regimen should contain at
least two new agents that are not currently contained in the
failing regimen. The potential for cross-resistance between
antiretroviral drugs should be considered when choosing
new regimens, and therefore resistance testing should pro-
vide useful information (see Question 12).

2. Given that antiretroviral drug resistance is more likely to
occur with increased and prolonged viral replication in the
presence of antiretroviral agents, changes to therapy should
occur close to the time of treatment failure. Prolonged treat-
ment with a failing regimen is likely to result in the accu-

mulation of resistance mutations (particularly with protease
inhibitors), which may limit future treatment options.

3. Resistance testing is recommended to guide the selection
of future drug regimens. Optimally, testing via genotype,
phenotype, or virtual phenotype should occur while the
patient is taking the failing regimen, or within 4 weeks
of discontinuation to increase the likelihood of detecting
resistant isolates. These tests cannot reliably detect muta-
tions at viral concentrations <1,000 copies/mL, and may
have limited usefulness in patients with persistent low-level
viremia.

4. To prevent the development of resistance, one new drug
should never be added to a failing regimen. An exception
to this rule is if the initial response to a first regimen has
been inadequate (e.g., nondetectable viral load at 16–20
weeks). In this situation, some clinicians decide to intensify
therapy with an additional agent provided that the viral load
measurements were trending downward since initiation of
therapy.

5. If possible, a regimen that has failed in the past should
not be reinitiated; an isolate resistant to the failed regimen
could continue to reside within various compartments of the
body. If a regimen to which the patient had previously failed
were restarted, unimpeded viral replication of the resistant
strain would occur, repopulate the host, and eventually re-
sult in treatment failure. In some situations (e.g., patients
with advanced disease, limited treatment options and prior
exposure to most antiretroviral agents), it may be neces-
sary to reinitiate agents or regimens in combination with
additional new agents with the goal of suppressing viral re-
plication.

6. When treatment failure is a direct result of drug toxicity
(rather than poor drug efficacy), the offending agent should
be replaced with an alternative drug from a similar class
provided that the potential for cross-resistance is minimal.

7. If an agent in a given regimen must be stopped, it is rec-
ommended that all agents in the regimen be stopped and
restarted simultaneously to prevent the development of re-
sistance. An exception to this rule is when components of
a regimen have differing half-lives, such as NNRTIs and
NRTIs. In this situation, if all drugs are discontinued simul-
taneously, effective NNRTIs monotherapy is likely to result,
because detectable concentrations of the NNRTIs will per-
sist for days or weeks longer than detectable NRTIs concen-
trations. In this situation, many experts would recommend
continuing the NRTIs agents for 1 to 2 weeks past NNRTIs
discontinuation to provide combination therapy during the
NNRTIs elimination “tail.”

It should be recognized that many alternative regimens are
based on theoretic benefits or limited data. In addition, many
potential options could be limited in some patients based on
prior antiretroviral use, toxicity, or past intolerances. There-
fore, the clinician should carefully discuss these issues with
the patient before changing therapy.

Because E.J. is failing to respond to his current regimen,
a new antiretroviral regimen must be chosen. In addition to
selecting susceptible agents from resistance testing, the new
regimen should take into consideration quality-of-life issues. In
E.J.’s situation, it is reasonable to switch to a ritonavir-boosted
PIs regimen, with two or more nucleoside agents as dictated
by the viral resistance profile.
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Table 69-8 Drug Effects on Concentration of NNRTIs

Drug Affected Delavirdine Efavirenz Nevirapine

Fosamprenavir
(fAPV)

Levels: Presumably, similar PK effects as
APV: APV AUC ↑ 130%, and DLV
AUC ↓ 61%.

Dose: Co-administration not
recommended.

Levels: fAPV Cmin ↓ 36% (when dosed at 1,400 mg QD
with 200 mg RTV).

Dose: fAPV 1,400 mg + RTV 300 mg QD; or fAPV 700
mg + RTV 100 mg BID.

No data

Atazanavir (ATV) No data. Levels: With unboosted ATV, ATV AUC ↓ 74%. EFV no
change.

Dose: ATV 300 + RTV 100 mg QD with food - ATV
concentrations similar to unboosted ATV; if desired
ATV concentrations not achieved with ATV/r 300/100
mg, may need to increase the dose of ATV/r -
insufficient information for specific recommendation.
EFV dose - standard.

No data. A decrease in ATV levels is
expected. Co-administration is not
recommended.

Effect of NVP on ritonavir-boosted ATV
combination unknown; if used,
consider monitoring ATV level.

Darunavir (DRV) No data Levels: DRV AUC and Cmin ↓ 13% and 31%, respectively.
EFV AUC and Cmin ↑ 21% and 17%, respectively.

Dose clinical significance unknown. Use standard doses
and monitor closely. Consider monitoring levels.

Levels: NVP AUC and Cmin ↑ 27% and
47%, respectively. DRV unchanged.†

Dose: Standard.

Indinavir (IDV) Levels: IDV ↑ >40%; DLV-No effect
Dose: IDV 600 mg q8h. DLV standard

Levels: IDV ↓ 31%.
Dose: IDV 1,000 mg q8h; consider IDV/RTV. EFV

standard.

Levels: IDV ↓ 28%; NVP no effect.
Dose: IDV 1,000 mg q8h, or consider

IDV/RTV. NVP standard.
Lopinavir/Ritonavir

(LPV/r)
Levels: LPV levels expected to increase.
Dose: Insufficient data

Levels: With LPV/r tablets 600/150 mg BID + EFV 600
mg QD, LPV Cmin and AUC ↑ 35% and 36%,
respectively. No formal study of LPV/r tablets 400/100
mg BID + EFV. EFV no change.

Dose: LPV/r tablets 600/150 mg BID, when used with
EFV in tx-experienced patients. EFV dose - standard.

Levels: With LPV/r capsules, LPV Cmin

dec. 55%.
Dose: LPV/r tablets 600/150 mg BID,

when used in combination with NVP in
tx-experienced patients. NVP standard.

Nelfinavir (NFV) Levels: NFV ↑ 2 times. DLV ↓50%.
Dose: No data

Levels: NFV ↑ 20%.
Dose: Standard.

Levels: NFV ↑ 10%. NVP no effect
Dose: Standard.

Nevirapine (NVP) No data. Levels: NVP-no effect. EFV AUC ↓ 22%. ∗
Ritonavir (RTV) Levels: RTV ↑ 70%. DLV no effect.

Dose: Appropriate doses not established,
Levels: RTV ↑ 18%. EFV ↑ 21%.
Dose: Standard.

Levels: RTV ↑ 11%. NVP no effect.
Dose: Standard

Saquinavir (SQV) Levels: SQV‡ ↑ 5 times; DLV no effect.
Dose: Fortovase 800 mg TID. DLV

standard; monitor transaminase levels.

Levels: SQV‡ ↓ 62%. EFV ↓ 12%. SQV is not
recommended as sole PIs when EFV is used.

Dose: Consider SQV/RTV 400/400 mg BID.

Levels: SQV ↓ 25%. NVP no effect.
Dose: Consider SQV-sgc /RTV 400/400

mg or 1,000/100 mg BID or SQV-
hgc/RTV 1,000/100 mg BID.

Tipranavir No data. Levels: With TPV/r 500/100 mg BID, TPV AUC and Cmin

↓ 31% and 42%, respectively. EFV unchanged. With
TPV/r 750/200 mg BID, TPV PK unchanged.

Dose: No dose adjustments necessary.

Levels: No data on the effect of NVP on
TPV/r PK. NVP PK unchangeda

‡Study conducted with Invirase.
†Based on between-study comparison.
a Study conducted with TPV/r dose(s) other than U.S. Food and Drug Administration (FDA)-approved dose of 500/200 mg BID.
Reprinted from Guidelines for the Use of Antiretroviral Agents in HIV-1-Infected Adults and Adolescents, October 10, 2006. Developed by the DHHS Panel on Antiretroviral Guidelines for Adults and
Adolescents—A Working Group of the Office of AIDS Research Advisory Council (OARAC). Retrieved from http://aidsinfo.nih.gov/contentfiles/AdultandAdolescentGL.pdf, p. 88.

Considerations in Antiretroviral-Experienced Patients

11. H.G. is a 46-year-old, HIV-positive man with an extensive
history of treatment with a variety of antiretroviral agents. He
took ZDV monotherapy in the late 1980s and early 1990s. When
3TC became available, he took the combination of ZDV and 3TC
until he failed therapy about 8 years ago. At that time, he be-
gan experiencing ZDV-induced myopathies. Since that time, H.G.
has been “on and off” various regimens without sustained clini-
cal benefit. He is currently taking 3TC, d4T, TDF, ritonavir, and
saquinavir with a CD4 count and viral load measurement of 55
cells/mm3 and 48,000 copies/mL, respectively. These laboratory
values have been stable for the last 9 months. How do patients with
extensive antiretroviral histories differ from antiretroviral-naı̈ve
patients? Are there any special considerations when selecting ther-
apeutic regimens for patients such as H.G.?

Patients who have been infected for 10 or more years may
have been treated with many different regimens, both experi-
mental and FDA approved. As a result, many potential reg-

imens have already been exhausted and therefore may not
represent viable choices. Care of such patients is a clinical
challenge. Data from clinical trials and clinical experience
suggest that many patients previously treated with multiple
antiretroviral regimens will exhibit a decreased response and
decreased durability to older protease inhibitors such as indi-
navir and nelfinavir.5,6 Several newer agents, such as tipranavir,
darunavir, etravirine and enfuvirtide, have been developed
specifically for highly treatment-experienced patients, and they
have the ability to achieve viral suppression in these patients.
Maraviroc, the first CCR-5 receptor antagonist approved by
the FDA, is also an option for treatment-experienced patients
infected with HIV-1 utilizing this coreceptor and failing cur-
rent treatment. Maraviroc is not recommended for use in pa-
tients with dual-trophic viral populations (i.e., able to use
CXCR-4 or CCR-5 as coreceptors) or CXCR-4-trophic virus
and, thus, patients with extensive treatment histories should
undergo trophism testing before maraviroc is initiated. Ad-
ditional agents in clinical development, including both new
drug classes and drugs in existing classes with improved
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resistance profiles, are expected to further advance the treat-
ment of antiretroviral-experienced patients. Despite these ad-
vancements, some highly treatment-experienced individuals
will have extensive resistance patterns that limit therapeutic
options. In such patients, full suppression of viral load and
immune reconstitution may not be possible.

Patients who have experienced several antiretroviral regi-
mens present other unique challenges for clinicians and require
consideration of the following factors:

1. Regimen tolerability95−97: Patients with advanced HIV dis-
ease display decreased tolerability to many medications,
including antiretroviral agents. Although this is not fully
understood, it is probably a result of HIV-induced immune
alterations and cytokine dysregulations. Subsequently, clin-
icians evaluating patients with advanced disease should be
alert for possible drug-induced adverse events.

2. Drug interactions: Many patients with advanced disease
take numerous medications for primary or secondary pro-
phylaxis of various opportunistic infections, as well as other
medications for comorbid disease states. Subsequently, the
risk for a drug–drug interaction is increased. The addition of
any new medication, either prescription or over-the-counter,
should be carefully evaluated for potential interactions with
the patient’s current antiretroviral regimen (see Table 69-7).
In addition, any change to the current antiretroviral regi-
men should also be checked against the patient’s current
medication list.

3. Altered bioavailability: Patients infected with HIV with ad-
vanced disease may have unreliable absorption of many
medications. Reasons for this finding include episodes of
severe diarrhea, anorexia, weight loss, wasting, and gastric
achlorhydria. As a result, the bioavailability of some agents,
especially certain PIs that require specific dietary require-
ments, may be affected (Table 69-3). Any changes in dietary
habits or bowel function should be carefully assessed as to
the potential impact on the patient’s antiretroviral regimen.

4. Antiretroviral drug histories and resistance testing: The
most useful information to guide the choice of alternative
regimens is a detailed drug history, in conjunction with ap-
propriate resistance testing. Among patients with extensive
prior antiretroviral use, it is critical to identify previously
failed regimens and determine the precise cause of the fail-
ures. In an experienced patient who has taken many different
regimens over a lifetime, the number of remaining viable
agents and regimens may be limited. Therefore, it is im-
portant to determine whether prior regimens truly failed for
virologic reasons or some other cause (e.g., regimen intol-
erability or an inadequate trial period). In addition, detailed
knowledge of regimen intolerabilities and which agent(s)
caused the adverse event will help in the selection of a new
appropriate regimen. In some situations, the offending agent
may be reinitiated if the adverse event was minimal or can
be appropriately managed.

RESISTANCE, VIRAL GENOTYPING, PHENOTYPING,
AND VIRAL FITNESS

12. Will viral genotyping and phenotyping assist in selecting an
appropriate therapeutic regimen for H.G.? What are these tests?

What are their limitations and when should they be used? What
is viral fitness, and does it have a role in clinical decision-making?

Viral genotyping and phenotyping are tests that assess viral
resistance patterns to antiretroviral agents. Genotyping evalu-
ates mutations in the virus’ genetic material, whereas pheno-
typing assesses the ability of the virus to grow in the presence
of increasing concentrations of antiretroviral agents. The three
potential causes for the development of resistance are

1. Initial infection with a resistant isolate68−71

2. Natural selection of a resistant isolate as a consequence of
inefficient, error-susceptible viral replication35,98,99

3. Generation of resistant isolates via selective pressures from
antiretroviral therapies that do not fully suppress viral
replication7,100−109

Mutations are generated when naturally occurring amino
acids in the HIV genome are replaced with alternative amino
acids. For example, resistance to 3TC occurs when the
amino acid methionine (M) is replaced by valine (V) at the
184th amino acid in the protein chain.7,110 This mutation is
subsequently referred to as an M184V mutation. These amino
acid substitutions change the proteins that are produced and
may alter the shape, size, or charge of the viral enzyme’s
substrate or primer.111−113 Subsequently, antiretroviral drug
binding to the active site is decreased, affinity for natural
substrates is increased, or there is an increased removal of
the antiretroviral agent from the enzyme by the virus (known
as pyrophosphorylation).114 Whether a mutation results in a
clinically resistant, less viable, or indifferent isolate depends
on which amino acid(s) is replaced. In addition, certain muta-
tions or combination of mutations have been shown to produce
viral isolates that display increased sensitivity to various an-
tiretroviral agents (known as hypersusceptibility). Alterations
to certain key amino acids can also result in cross-resistance
between various antiretrovirals.7

Two key enzymes have been extensively studied with re-
gard to their potential for development of resistance: reverse
transcriptase (RT) and protease. Replication by the RT enzyme
is highly error susceptible. Given that the HIV genome is ap-
proximately 10,000 nucleotides in length and that mutations
via the RT enzyme occur approximately once in every 10,000
nucleotides copied, it has been estimated that a mutation oc-
curs with every viral replication cycle. With up to 10 billion
particles of virus being produced per day, the potential exists
for 1,000 to 10,000 mutations occurring at each site in the HIV
genome every day.35 Key mutations to the antiretroviral agents
are identified in Figure 69-6 and are updated periodically by
expert panels of clinicians.

Over time, countless viral subpopulations known as “quasi-
species” develop. In any given host, at any given time, many
different quasi-species can exist. In addition, within any com-
partment of the body (e.g., CNS, testes, lymph nodes), many
different quasi-species can also exist. Because these mutant
strains represent only a small number of isolates in the total vi-
ral population, they must have some replicative disadvantage
when compared with the “wild-type” virus.100,101 Under se-
lective pressures from antiretroviral therapies, however, these
mutant isolates can replicate. For example, if wild-type viral
replication is inhibited by an antiretroviral regimen, and if any
one viral strain of the quasi-species is more fit for growth in
the presence of that regimen, then the viral mutant will have
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Multi-nRTI Resistance: 69 Insertion Complex (affects all nRTls currently approved by the US FDA) 
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FIGURE 69-6 Mutations associated with resistance to the various classes of antiretroviral agents. Reprinted
with permission from the International AIDS Society—USA. Johnson VA, BrunVézinet F, Clotet B, et al.
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a competitive advantage.115 It should be recognized that for
resistance to develop, viral replication must occur. When viral
replication is completely inhibited, the development of resistant
isolates is uncommon.

Genotypic analysis involves sequencing the viral genetic
material via PCR amplification. Mutations associated with re-
sistance to a given agent are identified by analysis of key se-
quences of the RT or protease enzymes. These tests can be
rapidly processed; however, they detect mutations present only
in more than 25% of all HIV isolates in the body, and can only
reliably detect resistance patterns in samples with HIV RNA
>1,000 copies/mL. Because pressures from antiretroviral ther-
apies select resistant isolates, these tests may not provide in-
formation regarding rare, yet potentially clinically significant,
isolates.5

Phenotypic analysis involves growing virus in the presence
of various concentrations of drug and then determining viral
susceptibilities (e.g., inhibitory concentrations [IC50]). Pheno-
typing is limited because it evaluates only one viral isolate at a
time and could fail to identify other clinically relevant isolates.
In addition, the amount of drug required to inhibit viral growth
within a test tube may not represent concentrations required in
a given patient, or within various compartments of the body.5

An additional methodology, known as the virtual pheno-
type, is also currently available, and compares the genotype
information from a sample of interest to a large database of
viral isolates where both genotype and phenotype have been
performed.5 This method is only as reliable and robust as the
databases from which the virtual phenotype is generated, and
may be limited for newer agents with less available genotype-
phenotype data.

Genotyping and phenotyping have the potential to provide
useful information to clinicians who treat patients with HIV
infection. Evidence to date suggests that these tests are effec-
tive at predicting which agents will not work, but they are less
useful in predicting those that will work.5,7,116 For example,
if testing identifies resistance to an agent, it is highly unlikely
this agent will be effective. If testing identifies an agent as sus-
ceptible, however, it does not necessarily predict that this agent
will be effective. Clinical trials evaluating the use of genotyp-
ing and phenotyping for selection of alternative antiretroviral
regimens have shown positive treatment responses.5,6 As with
all clinical decisions made for those who are HIV infected,
careful assessment of the results in combination with the treat-
ment history are essential for proper clinical decision-making.
Consultation with an expert in antiretroviral drug resistance
patterns is highly recommended.

One other measure available to clinicians is “viral fitness”
or “replication capacity.” The genetic changes that occur in a
virus to become resistant to antiretroviral therapy often impair
the virus’ ability to grow.40,117−119 This measure of growth
ability is called “fitness” and is measured by replication ca-
pacity during phenotypic evaluation. During amplification of
the virus before measuring phenotype, the replication capacity
(RC) of the virus is measured and compared with a reference
wild-type, drug-sensitive virus. A virus with normal fitness
has a RC between 70% and 120% of the reference viral strain;
isolates with values <70% are considered to be less fit than
wild-type virus. In general, the more mutations that occur to
the virus, the more compromised the virus and the lower the
fitness (in some situations the interplay between mutations can

result in a viral isolate that is relatively fit). Recent data have
shown that, despite persistent viral replication, unfit viruses
may not cause the same degree of immune destruction as fit
viruses.119 This is important for patients with limited treatment
options because they may be able to stay on a HAART regimen
that is not completely suppressive, but that produces an unfit
virus, with less T-cell depletion. In these situations, it may be
best to keep patients on their current therapy despite measur-
able viral load measurements (provided their CD4 cell counts
are stable) until newer treatment options become available.

Given H.G.’s extensive antiretroviral drug history and his
current failure, a genotype, phenotype, or virtual phenotype
will likely provide some insights into potential therapeutic op-
tions.

SPECIAL CIRCUMSTANCES
Immune System Reconstitution

13. Results from H.G.’s genotype analysis suggest that a reg-
imen containing tenofovir, 3TC, ABC, and darunavir–ritonavir
may be useful. After thorough discussions with H.G., and care-
ful evaluation of potential drug–drug interactions, this regimen
is initiated. Within 2 weeks, H.G.’s T-cell counts increased from
55 to 127 cells/mm3; however, he now complains of progressive
visual loss in his right eye. Physical examination shows macular
edema and retinal inflammation consistent with Cytomegalovirus
infection. Is this a treatment failure? Should H.G.’s antiretroviral
regimen be discontinued or changed?

If H.G.’s therapy were evaluated based solely on the rules
of therapy (see Questions 7, 8, and 9), this situation would rep-
resent a treatment failure. This case, however, is an example of
immune reconstitution with disease reactivation after the initi-
ation of potent antiretroviral therapies.120−122 In patients with
advanced HIV disease (e.g., CD4 <100 cells/mm3), significant
immune dysfunction causes an inability to mount an appropri-
ate response to subclinical infections. As a result, these infec-
tions replicate unimpeded and often remain undetected by the
host (also known as quiescent disease). When potent antiretro-
viral therapies are initiated, immune function is often restored
leading to symptoms that can be used to identify and eliminate
smoldering infections. During the first 12 weeks of therapy,
this increased immune response primarily results from redis-
tribution of memory cells.123−126 Because of this phenomenon,
inflammation at the site of infection often occurs.

The immune reconstitution syndrome can present in any
organ system where quiescent disease exists (e.g., CNS, eyes,
lymph nodes). Most cases occur within 1 to 4 weeks after
the initiation of potent antiretroviral therapies. These cases
often occur despite significant increases in T-cell counts to
levels well above those generally associated with the detected
opportunistic infection.

Although most reports of immune system reconstitution
and inflammatory responses have involved infections, one re-
port describes the recurrence of hypersensitivity reactions to
trimethoprim-sulfamethoxazole (TMP-SMX) in a small group
of subjects (N = 4).127 All had undergone desensitization
protocols or dose reductions and were taking TMP-SMX for
Pneumocystis carinii pneumonia prophylaxis. On initiation of
HAART, patients experienced fever (4/4), maculopapular rash
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(2/4), and leukocytosis (4/4). The fever did not resolve until
TMP-SMX was discontinued. Clinicians should be aware of
the possibility of recurrence of hypersensitivity reactions after
the initiation of HAART therapies.

In this case, H.G. presents with signs and symptoms of im-
mune reactivation-associated (CMV retinitis, including new
onset of visual complaints and inflammation consistent with
CMV retinitis on physical examination, in the face of increased
T-cell counts (from 55–127 cells/mm3). Because the new op-
portunistic infection is a result of immune reconstitution and
not clinical failure, the regimen does not need to be discon-
tinued or changed. Appropriate treatment for CMV, however,
should be implemented.

Discordant Surrogate Markers

14. H.G. was successfully treated for CMV retinitis and the regi-
men of tenofovir, 3TC, ABC, and darunavir–ritonavir was contin-
ued. Over the following 6 months, H.G.’s T-cell counts increased to
325 cells/mm3 and his viral load value declined to 5,000 copies/mL.
At the last two clinic visits H.G.’s viral load (copies/mL) and
CD4 counts (cells/mm3) were 2,000/275 and <400/225, respec-
tively. H.G. reports no new clinical complaints or adverse drug
events. In addition, H.G. states that he has been compliant with
therapy. Are changes to therapy necessary?

In most cases, declines in viral load measurements result in
increases in CD4 cell counts and increasing viral load measure-
ments result in declining CD4 cell counts. In approximately
20% of cases, however, T cells decline along with viral load de-
cline or T cells increase along with viral load increases.5,127,128

These situations are referred to as discordant surrogate marker
data.

In this situation, it may be wise to continue current treatment
and monitor the patient closely, because changing or adding
an additional drug may not increase CD4 cell counts.6 When
T-cell counts increase despite increasing viral load measure-
ments, decisions regarding therapeutic options are unknown.
Although these patients may continue to observe a clinical
benefit from the current antiretroviral regimen for a period of
time, data suggest that long-term stability of the CD4 count is
unlikely.6 Because this may be an early warning sign of im-
pending CD4 cell destruction, many clinicians would change
antiretroviral therapies. Other clinicians, however, might de-
cide to follow patients carefully and change therapies at the first
sign of T-cell declines or new clinical signs and symptoms. In
these situations, other potential causes of viral load increases
(e.g., recent infection, vaccination) should be carefully evalu-
ated to prevent inappropriately changing a nonfailing regimen.

Therapeutic Drug Monitoring

15. P.P. is a 30-year-old HIV-positive man who has failed prior
antiretroviral regimens. Based on phenotypic resistance testing,
it appears that a regimen including lopinavir–ritonavir may be
able to overcome the viral isolate’s resistance pattern. Will plasma
measurements of P.P.’s antiretroviral drug concentrations be use-
ful? What measurement should be used, which agent(s) should be
measured, and how should the samples be collected?

Pharmacokinetic evaluations of various antiretrovirals, in-
cluding the NNRTIs and PI, have shown wide interpatient
variability in drug exposures among cohorts of patients tak-
ing the same dose of drug under the same conditions.46,129,130

Many factors contribute to interpatient variability in drug
exposure, such as pharmacogenetics, environment, different
physiologic conditions, regimen adherence, and drug–drug,
drug–food, and drug–nutraceutical interactions. For most an-
tiretrovirals, a drug exposure–response relationship exists
(e.g., the higher the exposure, the faster and more prolonged
the viral suppression).131 In addition, most antiretrovirals also
have exposure-toxicity relationships.130

Therapeutic drug monitoring (TDM) is currently recom-
mended for selected clinical situations.131 In patients fail-
ing a first regimen, or a regimen that initially was fully
suppressive, TDM may identify suboptimal drug concentra-
tions. For patients with uncharacterized drug–drug or drug–
food interactions and those with impairments in gastroin-
testinal, hepatic, or renal function, drug concentrations may
help to identify concentrations outside of the recommended
range that can be corrected with a dosage adjustment. TDM
may also be useful for assuring that a novel antiretrovi-
ral combination does not have any unpredictable adverse
drug interactions. In treatment-experienced patients, knowl-
edge of drug concentrations and viral susceptibility to the
given agent may help to design an optimal dosage regi-
men in the face of partial viral resistance. Conversely, pa-
tients experiencing toxicities thought to be concentration-
dependent (e.g., neuropsychiatric effects of efavirenz) may
benefit from TDM as well. Monitoring adherence and eval-
uating pharmacokinetics in special populations, such as preg-
nant women or pediatric patients, are additional indications for
TDM.

Pharmacology experts currently recommend obtaining
trough concentrations immediately before the next dose of a
PIs or an NNRTIs. For efavirenz, which is usually taken in the
evening, samples may be obtained at the 12-hour time point
owing to its long half-life.131 Many factors can affect the trough
values of various antiretroviral agents. For proper interpreta-
tion of the concentrations, patients should provide a dosing his-
tory from the last several days, a list of concomitantly adminis-
tered drugs to screen for interactions, and the exact time the last
dose was taken. The exact time the TDM sample was collected
should also be recorded. Another factor that can affect inter-
pretation of drug concentrations over time is intrapatient vari-
ability. Although not fully evaluated, it appears that under strin-
gent pharmacokinetic study conditions (e.g., study conditions
in which dosing, concomitant food administration, drug–drug
interactions, and adherence all are controlled) the day-to-day
variability of drug concentrations over time is minimal.132−134

Outside of a clinical study, however, where patients take their
medications under conditions that vary from day to day, the
concentrations could be highly variable at clinic visits over
time, and a few samples might be required to determine trends
in the drug exposure before making a dose adjustment. Finally,
to minimize laboratory variability and error in measuring these
concentrations, it is also recommended that a laboratory that
routinely measures antiretrovirals and participates in both in-
ternal and external quality control programs be used. A list of
such laboratories can be obtained from www.hivpharmacology.
com.
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In general, total drug concentration ranges for defining effi-
cacy and toxicity have been developed for PIs and NNRTIs.131

A limitation of obtaining total drug concentrations is that un-
bound, active drug fraction is not quantitated. These agents are
generally highly protein-bound, and alterations in the bound
or unbound fraction can contribute to both reduced efficacy
and increased toxicity within accepted total drug concentra-
tion ranges. Despite this, total concentrations are generally
used owing to technical challenges inherent in determining
unbound drug concentrations, and because a reasonable rela-
tionship exists between these concentrations and clinical out-
comes. The plasma or serum concentrations of NRTIs, how-
ever, may or may not be reflective of the active intracellular
triphosphate moiety, but may be useful to measure in certain
situations. Researchers are evaluating the intracellular triphos-
phate concentrations of the NRTIs in various cell types, in-
cluding peripheral blood mononuclear cells (PBMC). Limita-
tions to determining intracellular concentrations include the
sophisticated processing of the cellular components before
storage, the technical difficulty of the assay itself (generally
only found in pharmaceutical companies and academic cen-
ters), and the limited availability of instrumentation to mea-
sure the low concentrations of these moieties (e.g. femtomoles/
106 cells).

The interpretation of the drug concentration itself will vary
according on the clinical situation. Among treatment-naı̈ve pa-
tients with wild-type viral isolates, an assessment should be
made whether the concentration lies within a range of the pop-
ulation concentrations: how that range is defined tends to be
clinician-specific, but can be the interquartile range, the 90%
confidence interval, and so on. If the concentration is below
the desired cut-off, and the patient is not responding well to the
therapy, the clinician should consider giving more drug or us-
ing a pharmacokinetic-enhancing technique (e.g. adding riton-
avir). If the concentration is above the cut-off, and the patient
is experiencing drug toxicity, a dose reduction should be con-
sidered. Clinical trials evaluating TDM among antiretroviral-
naı̈ve patients initiating PI-based HAART have shown
improved clinical responses compared with patients given stan-
dard of care without TDM.135,136

Among patients with antiretroviral resistance, the interpre-
tation of the concentration is much more complex and may re-
quire the additional assessment of phenotypic resistance data.
Higher drug exposure may be needed for patients with drug-
resistant viruses to achieve efficacy. Preliminary investigations
have evaluated the ratio between drug exposure and viral sus-
ceptibility (in a similar fashion to the antimicrobial efficacy
ratios of Cmin: minimal inhibitory concentration [MIC] or area
under the curve [AUC]: MIC), also called an inhibitory quo-
tient (IQ).115 Interpretation of the current IQ data is diffi-
cult, however, owing to the various methodologies used for its
calculation.131 Ongoing research is focused on standardizing
calculation methods to improve the prediction of appropriate
antiretroviral concentrations for maximal efficacy.

In the current case, assuring that P.P.’s lopinavir trough con-
centration is at least above the IC50 value from the phenotype
may help improve his chances of optimal antiviral response. If
P.P.’s response to treatment is inadequate (e.g., unsatisfactory
decline in HIV RNA), then a concentration should be obtained
from a trough sample, with a careful concomitant drug and
dosing history, and sent to a reliable laboratory for analysis.

Metabolic Complications of Antiretroviral Therapies

16. J.F. is a 37-year-old HIV-positive man who has been tak-
ing stavudine, lamivudine, ritonavir, and saquinavir for the past
4 years. Since starting this regimen, J.F.’s T-cell counts have in-
creased from 65 to 475 cells/mm3, and his viral load has declined
from 70,000 to<400 copies/mL (using RT-PCR). J.F. is concerned
because he has noticed that his arms and legs have gotten quite
thin and the veins in his calves are now very pronounced. In ad-
dition, his cheeks have “disappeared,” and he cannot seem to get
the extra weight off around his belly. Otherwise, he “feels fine.”
On physical examination, you notice an abnormal accumulation
of fat on his posterior neck and upper back. Laboratory tests
reveal increased total cholesterol at 8.2 mmol/L (normal, <5.17
mmol/L), triglycerides at 3.8 mmol/L (normal, <2.82 mmol/L),
and a fasting blood glucose of 230 mg/dL (normal, <126 mg/dL)
with no evidence of ketones or sugar on urine analysis. Before
starting this regimen, all laboratory values were within normal
limits. J.F. admits to smoking two packs of cigarettes per day, occa-
sional alcohol consumption, poor dietary habits including eating
fast foods, and rarely exercising. Are the changes in laboratory
values and body shape a result of his current antiretroviral reg-
imen? Is J.F. at increased risk for cardiovascular disease since
starting HAART? What interventions, if any, may help?

The discovery and widespread use of HAART in clinical
practice has resulted in significant antiviral, clinical, and sur-
vival benefit among individuals infected with HIV. These com-
pounds, however, can cause metabolic complications, such
as abnormal distribution of body fat, lipid abnormalities
(e.g., hypercholesteremia, hypertriglyceridemia, increases in
low-density lipoprotein [LDL] and decreases in high-density
lipoprotein [HDL]), and new-onset diabetes.81,137−144 Coro-
nary artery disease, myocardial infarctions, and vascular com-
plications among relatively young patients who are HIV in-
fected taking HAART-containing regimens have also been
reported.145−150 Large observational studies suggest an in-
creased risk for cardiovascular disease among patients tak-
ing HAART, particularly among those receiving protease in-
hibitors. Several theories for the mechanism of these effects
have been proposed. One theory is that a sequence of the HIV-1
protease enzyme contains homology to human proteins such as
LDL-receptor–related protein, and cytoplasmic retinoic-acid
binding protein.137 By inhibiting these proteins, PIs may in-
hibit adipocyte growth or promote adipocyte lysis, leading to
alterations in serum lipid concentrations, visceral fat accumu-
lation, and impaired insulin signaling. A second theory is that
PIs interfere with retinoid signaling within adipocytes (exces-
sive levels of certain retinoids can resemble the lipodystrophy
syndrome).151−153 Additionally, nucleoside analogs can inhibit
mitochondrial DNA polymerase and, as a result, have been
implicated in lipoatrophy.154 Finally, metabolic abnormalities
have also been reported in patients who are HIV infected be-
fore receiving HAART, and may also be a consequence of HIV
infection or pre-existing metabolic disorders that are exacer-
bated by HAART.155

Up to 40% of patients on PI-based HAART are reported
to experience impaired glucose intolerance owing to signifi-
cant insulin resistance.156 Patients with type 2 diabetes mel-
litus are at increased risk, and PI-based regimens should
be avoided if possible in these patients.81 Fasting glucose
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measures for all patients are recommended before and dur-
ing therapy (e.g., every 3–6 months) with PI-based HAART.81

In many cases, the hyperglycemia will respond to diet and
exercise modifications; however, if pharmacologic interven-
tions are necessary, insulin “sensitizers” (thiazolidinediones,
metformin) may be most effective.81,157 For more pronounced
hyperglycemia, oral sulfonyureas or insulin may be appropri-
ate, although oral agents may be less efficacious in those who
are HIV infected with those who are not HIV infected.81 Al-
though hyperglycemia is reversible on discontinuation of PIs
therapy, the potential benefit of sustained viral suppression
with HAART-containing regimens often outweighs the risks
for complications in those patients whose hyperglycemia can
be controlled.

Elevations in serum levels of triglycerides, total choles-
terol, and LDL, with mild decreases in HDL, have also been
reported after the initiation of HAART.81,157,158 These ab-
normalities may be seen as early as 2 weeks after the ini-
tiation of therapy.81 Although all PIs have been implicated,
these laboratory abnormalities appear to occur more frequently
in ritonavir-containing regimens, and less frequently in pa-
tients receiving atazanavir.155 The NNRTIs can also cause
lipid alterations, although at a lower incidence than the PI.
Both efavirenz and nevirapine have been shown to increase
HDL concentrations among patients receiving HAART. Gen-
erally, nevirapine may have the least detrimental lipid profile
(i.e., greater increases in HDL concentrations and less effect
on LDL elevations).159 Of the NRTIs, stavudine appears to
affect lipid profiles to the greatest extent: two prospective
clinical trials have shown greater increases in triglycerides
and total cholesterol among patients receiving stavudine-
based HAART compared with zidovudine- or tenofovir-based
regimens.81,155

The management of HAART-associated hyperlipidemias
should involve dietary modifications and regular physical ex-
ercise with pharmacologic interventions reserved for those pa-
tients who meet criteria for treatment as with the general pop-
ulation. The goals of therapy for patient who are HIV infected
are the same for those who are not HIV infected and follow the
American Heart Association guidelines.81,155 When drug ther-
apy is warranted, hydroxymethylglutaryl coacetyl-A reductase
inhibitors (HMG-CoA) may be used for hypercholesterolemia
and fibric acid derivatives for hypertriglyceridemia.81,155 Both
HMG-CoA reductase inhibitors and PIs are metabolized by
the hepatic cytochrome P450 enzyme system, which may re-
sult in significant drug–drug interactions (most importantly,
decreased clearance of the HMG-CoA reductase inhibitor from
the PI, resulting in an increased risk for rhabdomyolysis, myosi-
tis, and transaminase elevations). When concomitantly admin-
istered with ritonavir, simvastatin concentrations increase sig-
nificantly, atorvastatin concentrations increase modestly, and
pravastatin concentrations decrease significantly.160 Conse-
quently, simvastatin should not be used in patients receiv-
ing ritonavir-based HAART, whereas atorvastatin can be used
with caution. Among patients who experience increases in
lipids or triglycerides and who are virologically controlled,
it may be possible to substitute the current PIs for a different
agent that has a lower propensity for raising these laboratory
values.161−170 An NNRTIs, an alternative protease inhibitor, or
possibly abacavir may be reasonable options to replace the pro-

tease inhibitor. It should be recognized that a detailed history
of prior resistance must be known before switching therapies
to prevent virologic failure.

Alterations in body composition, both fat loss (arms, legs,
face, buttocks) and fat accumulation (dorsocervical fatty de-
posits or “buffalo humps”, increased abdominal girth) are com-
monly observed among patients taking HAART. Up to 40%
to 50% of patients have been reported to experience these
changes, although the exact rate is confounded by differences in
definition and assessment.81 Risk factors for this complication
include higher baseline body mass index, increased duration
of exposure to antiretroviral agents, lower CD4 nadir at time of
initiation of HAART and CD4 response to therapy, increasing
age, female sex, and prolonged duration of HIV infection. In
general, the nucleoside analogs are believed to be responsible
for lipoatrophy, and the PIs are believed to be responsible for
lipoaccumulation.81 Because these agents are given in combi-
nation, it is difficult to precisely identify which class of agents
is responsible for which adverse event.

The causes of lipodystrophy are unknown. For the nucleo-
side analogs, the greater the ability to inhibit mitochondrial
DNA polymerase in vitro (e.g., stavudine), the greater the
propensity for lipatrophy. Studies involving the substitution
of one NRTIs for another have been done.166−171 Although
the substitution of stavudine with an alternate agent such as
zidovudine, tenofovir, or abacavir has shown statistically sig-
nificant increases in arm and leg fat, and decreases in trunk
fat using objective radiographic tests (e.g., dual-energy x-ray
absorptiometry, computed tomography scans), these improve-
ments are so modest that they may not be clinically significant.
The use of recombinant human growth hormone, an agent with
lipolytic effects, has been shown to decrease the size of buffalo
humps and abdominal girth; however, once use of the agent is
stopped, the growth often returns.81 Surgical excision or li-
posuction may be effective; however, recurrences have been
reported. In addition, caution should be exercised when using
surgical interventions for abdominal girth because of concerns
about intestinal perforation and intraperitoneal bleeding. For
facial wasting, injection of fat or synthetic polymers into the
recessed areas of the cheeks have shown good results but re-
quire frequent costly administration, and lack long-term safety
data.

Other important long-term complications include nucleo-
side-associated lactic acidosis, osteonecrosis, and osteope-
nia.81 Lactic acidosis has been predominantly associated with
the use of stavudine,5 but it can occur among all nucleoside
analogs. This can be managed by discontinuing therapy until
lactate levels return to normal and then reinitiating therapy with
a nonstavudine or non-nucleoside analog–containing HAART
regimen, if possible.

Currently, J.F. has elevated serum levels of cholesterol,
lipids, and fasting blood sugars. In addition, he has the classic
clinical presentation of body habitus changes with thinning of
his arms, legs, and face, as well as accumulation of central
fat and a modest buffalo hump on his neck. Although the cur-
rent antiretroviral regimen has been effective in lowering J.F.’s
viral load and increasing his T-cell counts, interventions are
necessary to prevent long-term complications such as prema-
ture heart disease and other vascular complications. Initially,
nonpharmacologic interventions such as diet, exercise, and
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life-style modifications (e.g., smoking cessation) should be
tried. In addition, given the increased reported incidence of
these adverse events with ritonavir- and stavudine-containing
regimens, modification of J.F.’s current antiretroviral regimen
may be reasonable and should be based on treatment history, re-
sistance profiles, and drug intolerances. If these interventions
fail, gemfibrozil, atorvastatin, metformin, or a thiazolidine-
dione (e.g., pioglitazone or rosiglitazone) should be consid-
ered.

Limited interventions are currently available for treatment
of the buffalo hump. J.F. could consider surgery or recombinant
human growth hormone; however, he should be advised that
the hump might return. In addition, if the facial lipoatrophy is
of significant concern, J.F. should consult a dermatologist who
specializes in HIV-associated facial reconstruction.

Structured Treatment Interruptions and
Target-Controlled Interventions

17. T.D. is a 32-year-old man infected with HIV whose an-
tiretroviral therapy was initiated with stavudine, lamivudine, and
lopinavir–ritonavir 2 years ago when he was first diagnosed with
HIV at a routine physical examination. At that time, his CD4 cell
count was 125 cells/mm3 and his viral load was 85,000 copies/mL.
T.D. has done well with his current regimen; he has been without
any adverse drug events, and his CD4 cell counts have been stable
at 575 cells/mm3 and his viral load measurements have been un-
detectable (<50 copies/mL). T.D. is concerned about long-term
adverse events from HAART and asks if he can stop therapy or
at least minimize his exposure to these agents. Can therapy be
discontinued once it is stable? If so, how should it be monitored?
Are there any interventions that can be implemented to minimize
drug exposures and potentially long-term adverse events?

Although HAART-based therapies have been shown to im-
prove survival and minimize the risk for development of op-
portunistic infections, these agents do have significant adverse
effects associated with their use. In addition, given the im-
proved survival rates from HAART, new and more complex
long-term adverse events are now recognized. Previously, the
goal of antiretroviral therapy was to prolong survival; now,
with the use of HAART, the management of HIV has shifted
to chronic health maintenance. Consequently, any interven-
tion that can decrease the risk for long-term adverse events
or minimize drug exposures over time may represent a key
strategy for managing infection with HIV, provided that the
intervention does not cause immunologic harm to the patient.
Two strategies have been investigated to minimize antiretro-
virial exposure: structured treatment interruptions (STI) and
CD4/viral load–guided discontinuations of therapy.

Structured treatment interruption interventions involve
starting and stopping HAART at controlled time points in
hopes of minimizing drug exposure, maintaining immunologic
control, and minimizing drug resistance. Various dosing sched-
ules have been used (e.g., 7 days on, 7 days off; 3 months on,
2 months off; 5 days on 2 days off) with mixed, although gen-
erally unfavorable, results.172−179 Additionally, this strategy is
difficult to adhere to, and short-term adverse drug events may
occur when therapy is reinitiated, including the acute retroviral
syndrome.179−181 It appears that antiviral resistance may occur

using STI interventions, and should not be undertaken with
regimens that contain agents with low genetic barriers or long
half-lives.182,183

Target-controlled therapy involves patients discontinuing
and reinitiating therapy only when certain target values are
reached (e.g., CD4 cell counts, viral load, or both).173,174 This
intervention is of particular interest for patients whose ther-
apy was initiated in the past when their CD4 cell counts were
>350 cells/mm3 or for patients whose immune systems have
improved to values >350 cells/mm3 for extended periods of
time. Earlier clinical trial data using target values of CD4 cells
counts falling <350 cells/mm3 or a decline of 25% to 30% from
baseline demonstrated promising results.173,174 More recent,
larger studies, however, do not support this approach.184,185 In
fact, the most recent studies have been discontinued prema-
turely because of increases in morbidity and mortality in the
treatment interruption arms.

Because of the conflicting evidence and uncertainty sur-
rounding treatment interruption, current guidelines do not rec-
ommend these interventions outside of a clinical trial setting.5,6

As such, if available at the clinical center, T.D. could be re-
ferred to a clinical study for close-follow-up and care during
treatment interruption. If the patient truly desires cessation of
therapy, the clinician should initiate a discussion to explain
fully the potential risks, such as disease progression and death,
and allow the patient to participate in the decision to stop treat-
ment. The patient should also be counseled that follow-up care
and careful monitoring will be required to monitor disease pro-
gression and the need to reinstitute antiretrovirals. If treatment
is continued, or when it is reinitiated, given the increased risk
for side effects with stavudine, it may be reasonable to replace
stavudine with ZDV, ABC, or TDF.

KEEPING CURRENT
The management of HIV infection continues to evolve. The
overwhelming data presented at scientific meetings and in jour-
nals has made staying informed about current issues and new
developments a daunting task. As a result, many clinicians,
even those actively caring for patient who are HIV infected,
remain cautious and often confused as to which therapeutic
options to use.

New technologies for the dissemination of medical infor-
mation are constantly evolving. The internet has allowed clin-
icians worldwide to exchange ideas, teach new concepts, and
obtain access to limited resources. In addition, many research
centers, patient advocacy groups, and academic institutions
have posted sites on the internet that have resulted in access to
large amounts of high-quality medical information. This new
technology has also allowed, however, for the dissemination
of incomplete, misleading, or inaccurate information. There-
fore, clinicians must remain cautious and carefully evaluate the
information obtained from various websites.

When evaluating the quality of a website, clinicians should
look for a few basic standards:

1. Author qualifications. Is the author qualified to write the
article or perform the research? Is his or her affiliation or
relevant credentials provided?
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Table 69-9 HIV Internet Resources

Government Sites

American Foundation for AIDS Research: http://www.amfar.org
AIDSinfo from US DHHS: http://www.aidsinfo.nih.gov
Centers for Disease Control and Prevention: http://www.cdc.gov
Consensus Panel Guidelines On-line: http://www.hivatis.org
Government HIV Mutation Charts: http://hiv-web.lanl.gov
Government HIV Mutation Charts: http://hiv-web.lanl.gov
National Institute of Allergy and Infectious Diseases: http://www.niaid.nih.

gov
National Prevention Information Network: http://www.cdcnpin.org
United Nations AIDS WebSite: http://www.unaids.org/

University Sites

Johns Hopkins AIDS Service: http://www.hopkins-aids.edu
University of California, HIV/AIDS Program: http://hivinsite.ucsf.edu
University of Stanford HIV Drug Resistance Database: http://hivdb.stanford.

edu/

AIDS Treatment/Advocacy Groups

Project Inform: http://www.projinf.org
San Francisco AIDS Foundation: http://www.sfaf.org/index.html

Other Relevant Sites

The AIDS Map: http://www.aidsmap.com
AIDS Education Global Information System: http://www.aegis.com
Clinical Care Options: http://www.clinicalcareoptions.com
HIV Drug Interactions: http://www.hiv-druginteractions.org
HIV and Hepatitis: http://hivandhepatitis.com
HIV Pharmacology: http://www.hivpharmacology.com
HIV Resistance Web: http://www.hivresistanceweb.com
HIV Treatment Information: http://www.i-base/info
Medscape: http://www.medscape.com
Physician’s Research Network: http://www.prn.org
The Body for Clinicians: http://www.thebodypro.com
Retroviral Conference: http://www.retroconference.org

2. Attribution. Are references provided to confirm statements?
Are all relevant copyrighted information noted?

3. Currency. When was the content posted? Is the website up-
dated regularly?

4. Disclosure. Who owns the website? Is there a conflict of
interest between what is being posted and any commercial
interest?

Any internet site that fails to meet these basic competen-
cies should be viewed with caution. In general, the most ac-
curate and informative websites for HIV-specific information
come from academic institutions, government organizations,
medical societies, and patient advocacy groups. Table 69-9
lists high-quality websites that provide timely and accurate in-
formation. A periodic evaluation of these sites often provides
sufficient information to stay up-to-date on current issues and
controversies.

CONCLUSIONS
Despite significant advances made in the treatment of patients
infected with HIV, a cure continues to be out of reach. Phar-
macists are in a unique position to assist both clinicians and
patients in the general management of HIV infection. In par-
ticular, the number of drug–drug interactions in HIV man-
agement is unprecedented compared with other therapeutic ar-
eas. A basic understanding of drug–drug interactions, absolute
contraindications, and adverse event profiles for antiretroviral
agents can substantially improve patient compliance, minimize
adverse events, and improve clinical outcomes. Although the
pharmacologic management of HIV is rapidly evolving, a ba-
sic understanding of viral pathogenesis and drug interactions
provides a framework that can be used to evaluate new infor-
mation as it becomes available.
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The acquired immunodeficiency syndrome (AIDS) is char-
acterized by the gradual erosion of immune competence and
the development of opportunistic infections (OIs) and malig-
nancies. Since the era of highly active antiretroviral therapy
(HAART) began in 1996, AIDS–related mortality has declined
in the United States.1,2 This decline in mortality more specifi-
cally is described by a decline in opportunistic infection asso-
ciated deaths over the pre-HAART (1992–1995), peri-HAART
(1996–1999), and post-HAART (2000–2003) eras with an in-
crease in noninfectious AIDS-related mortality.3 In 1997, the

year after HAART initiation, the U.S. Centers for Disease
Control and Prevention (CDC) estimated that approximately
60,000 AIDS-related opportunistic illnesses had occurred in
the United States during 1996.1 This report represents the
first calendar year in which the overall incidence of AIDS-
associated OIs did not increase in the United States; the 1996
figure represented a decline of 6% compared with 1995. Pa-
tients with human immunodeficiency virus (HIV) infection
are susceptible to an array of diseases, but most OIs are caused
by a few common pathogens, including Pneumocystis jiroveci

70-1
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Table 70-1 Conditions Included in the 1993 Surveillance Case Definition

Category A

Asymptomatic HIV infection
Persistent generalized lymphadenopathy
Acute HIV infection with accompanying illness or history of HIV

infection

Category B

Bacillary angiomatosis
Candidiasis, oropharyngeal (thrush)
Candidiasis, vulvovaginal; persistent, frequent, or poorly responsive

to treatment
Cervical dysplasia/carcinoma in situ
Constitutional symptoms, such as fever >38◦C or diarrhea >1 month
Hairy leukoplakia
Herpes zoster (shingles), involving at least two distinct episodes or

more than one dermatome
Idiopathic thrombocytopenia purpura
Listeriosis
Pelvic inflammatory disease, particularly if complicated by

tubo-ovarian abscess
Peripheral neuropathy

Category C

Candidiasis of bronchi, trachea, or lungs
Candidiasis, esophageal
Cervical cancer, invasive
Coccidioidomycosis, disseminated or extrapulmonary

Category C (Continued)

Cryptococcosis, extrapulmonary
Cryptosporidiosis, chronic intestinal (>1 month)
CMV disease (other than liver, spleen, or nodes)
CMV retinitis (with loss of vision)
Encephalopathy, HIV related
Herpes simplex: chronic ulcer(s) (>1 month); or bronchitis,

pneumonitis, or esophagitis
Histoplasmosis, disseminated or extrapulmonary
Isosporiasis, chronic intestinal (>1 month’s duration)
Kaposi sarcoma
Lymphoid interstitial pneumonia and/or pulmonary lymphoid

hyperplasiaa

Lymphoma, Burkitt (or equivalent term)
Lymphoma, immunoblastic (or equivalent term)
Lymphoma, primary, of brain
Mycobacterium avium-intracellulare complex or M. kansasii,

disseminated or extrapulmonary
Mycobacterium tuberculosis, any site (pulmonaryb or

extrapulmonary)
Mycobacterium, other species or unidentified species, disseminated

or extrapulmonary
Pneumocystis carinii pneumonia
Pneumonia, recurrentb

PML
Salmonella septicemia, recurrent
Toxoplasmosis of brain
Wasting syndrome due to HIV

aChildren <13 years old.
bAdded in the 1993 expansions of the AIDS surveillance case definition for adolescents and adults.
HIV, human immunodeficiency virus; PML, progressive multifocal leukoencephalopathy.

(carinii), cytomegalovirus (CMV), fungi, and mycobacteria.
Persons with AIDS also are susceptible to neoplastic diseases
(lymphoma and Kaposi sarcoma [KS]) and other conditions,
such as wasting syndrome.2,4

The 1993 revised classification system for HIV infection
and expanded surveillance case definition for AIDS included
stratification for the CD4+ lymphocyte count, as well as sub-
grouping by clinical categories (Table 70-1). These AIDS-
defining OIs or malignancies may also occur in asymptomatic
HIV-infected patients (Table 70-1).4

The Natural History of Opportunistic Infections
The Decline of the CD4+ Lymphocyte
Within the immune system, the CD4+ lymphocyte functions as
a “helper cell” that modulates the actions of the other key cel-
lular components of the immune system. The eventual loss of
CD4+ lymphocytes is the underlying pathophysiologic prob-
lem that leads to AIDS. (See Chapter 69, Pharmacotherapy
of Human Immunodeficiency Virus Infection, and compre-
hensive immunology texts for a more detailed explanation
of immune function and inflammation associated with HIV
infection).5,6 The infected CD4+ lymphocyte can function
normally for a period of time, but eventually becomes dys-
functional, as manifested by an abnormal response to soluble
mitogens.7,8 It is this cellular functional deficit, compounded

by the eventual decline in the absolute number of CD4+ lym-
phocytes, that leads to OIs, malignancies, and neurologic dys-
functions. The CD4+ count declines gradually over several
years in the untreated HIV-infected person. The average rate
of decline of CD4+ lymphocyte cells (CD4 slope) is approxi-
mately 40 to 80 cells/mm3/year in the absence of antiretroviral
therapy. An accelerated decline in the CD4+ count occurs at 1.5
to 2 years, just before an AIDS-defining diagnosis.9,10 With-
out therapy, the course of infection averages approximately 10
years from the time of initial infection to an AIDS-defining
diagnosis. There is individual variation in the decline of the
CD4+ count. Some patients have a rapid decline after the acute
retroviral presentation, whereas approximately 5% to 15%
have a CD4+ count of 500 for longer than 8 years; these patients
are considered chronic nonprogressors.11

The CD4+ count dictates the need for OI prophylaxis, af-
fects the differential diagnosis of the OI, and is an independent
indicator of prognosis. For these reasons, the CD4+ count has
become a primary surrogate marker of immune suppression
and antiretroviral activity.12 HIV-1 RNA is the other clinical
surrogate marker most predictive of survival and antiretroviral
activity.

OIs range from relatively minor events (e.g., oral candidia-
sis or oral hairy leukoplakia) to sight-threatening episodes of
CMV retinitis, or life-threatening P. jiroveci (carinii) pneumo-
nia (PCP). The risk for specific OIs varies with the degree
of immunosuppression.13,14,15 Asymptomatic patients with
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FIGURE 70-1 Natural history of CD4+ cell count in the average HIV patient without antiretroviral therapy
from the time of HIV transmissions to death. (Illustration by Mary Van, PharmD.)

moderate immunosuppression (CD4+ counts 200–500) may
become infected with herpes viruses and Candida species
and/or develop pneumonias, enteric infections, and meningitis
with common pathogens. Massive destruction of the immune
system occurs when the CD4+ count is below 200, which in-
creases the risk for opportunistic pathogens (e.g., PCP), oppor-
tunistic tumors, wasting, and neurologic complications. With
a CD4+ count of 50 to 100, invasive candidiasis, cerebral tox-
oplasmosis, cryptococcosis, and various protozoal infections
are observed. When the CD4+ count falls below 50, the patient
is in an advanced immunosuppressed state, which is associated
with non-Hodgkin lymphoma (NHL), CMV, and disseminated
Mycobacterium avium complex (MAC; Fig. 70-1). Without
treatment, the median survival associated with a CD4+ count
below 200 is 3.1 years, and the time to an AIDS-defining in-
fection ranges from 18 to 24 months.9,12,13,15 With the imple-
mentation of HAART, the 3-year probability of AIDS (which
includes in many cases OIs) has dramatically declined as com-
pared with before HAART; however, much of this may be
attributed to the use of prophylactic regimens for OIs.16

The Effect of Opportunistic Infections on Viral Load and Survival
Acute OIs upregulate HIV replication, resulting in higher HIV-
1 RNA concentrations in the plasma and lymphoid tissues of
HIV-infected patients.17−20 This enhanced replication is pre-
sumably caused by antigen-mediated activation of HIV-1 repli-
cation in latently infected cells. To assess the impact of OIs on
survival, data from a cohort of 2,081 HIV-infected patients fol-
lowed (in the preprotease inhibitor era) for a mean of 30 months
were analyzed.21 CD4+ counts and incidence of opportunistic
disease were used as independent variables. These investiga-
tors found that PCP, CMV, MAC, esophageal candidiasis, KS,
NHL, progressive multifocal leukoencephalopathy (PML), de-
mentia, wasting syndrome, toxoplasmosis, and cryptosporid-
iosis were independently associated with death.21 Additionally,
data from a prospective longitudinal study of HIV infection in
homosexual men initiated in 1984 (Multicenter AIDS Cohort
Study) demonstrated that plasma HIV-1 RNA concentrations

strongly predict the rate of decline of the absolute CD4+ count
as well as clinical progression to AIDS and death.22 More re-
cent investigations in the era of HAART have demonstrated
that CD4 count is the strongest prognostic factor in patients
starting therapy.16

Impact of Antiretroviral Agents on the Natural History of
Opportunistic Infections

REDUCTION IN THE INCIDENCE OF OPPORTUNISTIC INFECTIONS AND DEATH
The introduction of protease inhibitors, combination ther-

apy, prophylaxis therapy, and improved medical care has re-
duced the incidence of OIs and death resulting from AIDS
in HIV-positive patients. HAART usually consists of two nu-
cleoside reverse transcriptase inhibitors, in addition to one or
more protease inhibitors or one non-nucleoside reverse tran-
scriptase inhibitor. HAART generally refers to an antiretro-
viral regimen that can be expected to reduce the viral load
in antiretroviral-naive patients to fewer than 50 copies/mL. A
panel of experts convened by the U.S. Department of Health
and Human Services and the Henry J. Kaiser Family Foun-
dation recommended HAART as the standard of care for all
HIV-infected patients.23 These potent antiretroviral agents and
effective management of OIs have led to an improved quality
of life and prolonged duration of survival among HIV-infected
patients in the United States.24−26 A significant decrease in the
incidence of OIs and death was first reported in February 1996,
when preliminary data from a pivotal study became available.
The data demonstrated that the addition of ritonavir to an ex-
isting reverse transcriptase regimen in severely immunocom-
promised patients decreased the incidence of OIs and death.27

Several studies16,27,28,29−32 since have shown a decrease in the
incidence of OIs in AIDS patients receiving HAART therapy.
One such study, a retrospective cohort design of patients in an
HIV outpatient clinic observed from January 1994, through
June 1997, demonstrated a significant decline in OIs in 1996
and 1997. The most common conditions with reported reduced
incidence included KS, HIV wasting, and infections such as
PCP, MAC, and CMV.29
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Since the introduction of the protease inhibitors, the CDC
has reported a deceleration in the rate of AIDS diagnosis.31

This finding was observed in homosexual men and in intra-
venous (IV) drug users, but was not observed in heterosexual
exposure groups. Notably, a decrease in incidence of OIs was
not observed in HIV-positive, non-Hispanic blacks and His-
panics. The decline in AIDS-associated mortality is probably
the result of improved medical care, increased use of HAART
therapy, and effective prophylaxis. Unfortunately, the number
of deaths caused by AIDS has increased among women and
heterosexual transmission groups.

Changes in the Natural History of Opportunistic Infections
OIs and cancers result from long-standing immunosuppres-
sion from HIV infection.13−15 Several studies have reported a
change in the natural history of certain OIs after the initiation of
antiretroviral agents.33,34 Before HAART, approximately 40%
of all AIDS patients developed CMV retinitis, with the most
cases occurring at CD4+ counts below 100. Since the imple-
mentation of HAART, a decrease in the incidence of CMV
retinitis and a decline in the rate of retinitis progression have
been noted.33,35

Ironically, HAART therapy also has been associated with a
worsening or an unmasking of occult OIs in patients with ad-
vanced AIDS. When antiretroviral therapy strengthens the im-
mune system, inflammatory symptoms in response to infection
are more clinically pronounced.32,36 This syndrome has been
referred to as immune reconstitution inflammatory syndrome
or IRIS. A subclinical MAC infection syndrome, character-
ized by severe fever, leukocytosis, and lymphadenitis, was ob-
served in five patients after initiating HAART.32 CMV retinitis
occurred in five patients previously treated with HAART de-
spite a marked improvement in CD4+ counts (195 cell/mm3)
before diagnosis.35 Elevated liver function tests (LFTs) and
hepatitis C viremia have been documented after the initiation
of HAART.37

The initiation of HAART typically results in an increase
in CD4+ lymphocytes and a decrease in HIV-1 RNA to un-
detectable levels. It is unclear whether the CD4+ lympho-
cytes associated with HAART therapy are as functional as
the cells previously lost over the course of the HIV infec-
tion. It is also unknown whether this increase in total CD4+
lymphocytes reflects an increase in memory subtypes, and
whether these subtypes mediate a subclinical inflammatory res-
ponse.36

Improvement or Resolution of Opportunistic Infections
With the initiation of HAART, reports of improvement or
resolution of some OIs were published.38−42 These OIs in-
cluded KS,38 PML,39 CMV,33,35 microsporidiosis, crypto-
sporidiosis,40 and molluscum contagiosum,41 a viral infection
caused by a member of the Poxviridae family. Furthermore,
there are reports of restored immunity and clinical improve-
ment in patients with chronic hepatitis B infection (not classi-
fied as a CDC-defined AIDS indicator condition) upon the ini-
tiation of HAART.42 These infections were not eradicated, and
in some cases improvement was only transient. Clinical reso-
lution most likely results from immunologic improvement, and
the protective immunity against OI is sustained only as long as
HAART remains effective.

Pharmacotherapeutic Management
of Opportunistic Infections
Successful pharmacotherapeutic management of OIs requires
an understanding of the natural history of HIV-associated
OIs, including recognizing that OIs occur with declining
CD4+ lymphocyte counts, the clinical presentation of each
disease, diagnostic techniques, and effective treatment and
preventive strategies.43,44 Management issues, complicated by
multiple-drug therapy for OIs and HIV suppression, include
adherence, toxicities, resistance, drug interactions, and cost.
HIV-infected patients are usually less tolerant to drugs such
as flucytosine, trimethoprim-sulfamethoxazole (TMP-SMX),
and pyrimethamine. Therapeutic options are often limited;
therefore, more efficacious agents (e.g., for the treatment of
cryptosporidia and microsporidia) and less toxic agents (e.g.,
than pyrimethamine and sulfadiazine) need to be developed.45

In 1995, the U.S. Public Health Service (USPHS) and the
Infectious Diseases Society of America (IDSA) issued guide-
lines for the prevention of OIs in HIV-infected patients; these
were revised in 1997,46 1999,47 and 2002.48 Nineteen OIs, or
groups of OIs, are addressed, and recommendations are in-
cluded for preventing exposure to opportunistic pathogens,
preventing first episodes of disease by chemoprophylaxis or
vaccination (primary prophylaxis), and preventing disease re-
currence (secondary prophylaxis). Additionally, in 2004 the
CDC published the first edition guidelines for treatment of
OIs.49

Primary Prophylaxis
Primary prophylaxis is defined as therapy that is initiated before
the appearance of an OI in high-risk asymptomatic persons. It
is used to prevent the initial occurrence of an infection. Primary
prevention of OIs is important, considering the inevitable im-
mune depletion associated with chronic HIV infection.44,50,51

PCP and MAC prophylaxis have significantly prolonged sur-
vival and delayed the onset of illness (see sections about PCP
and MAC prophylaxis).50,51

The guidelines strongly recommend primary prophylaxis
against PCP, toxoplasmosis, Mycobacterium tuberculosis,
MAC, and varicella-zoster virus (VZV). Vaccinations to pre-
vent Streptococcus pneumoniae, hepatitis B virus, hepatitis A
virus, and influenza virus infection generally are recommended
for all HIV-infected patients. Primary prophylaxis for fungal
infections (Cryptococcus neoformans and Histoplasma cap-
sulatum), CMV, and bacterial infections are not routinely rec-
ommended for most patients, except in unusual circumstances
(Table 70-2).

DISCONTINUATION OF PRIMARY PROPHYLAXIS THERAPY
HAART has diminished the incidence of several

OIs.33,34,38,40 Therefore, it may be possible to discontinue pro-
phylactic OI therapy when CD4+ counts rise above the thresh-
old associated with risk for infection. These data have been
particularly encouraging in patients who had PCP prophylaxis
discontinued with an increase in CD4+ counts.48,52−54 In one
observational PCP prophylaxis study, no episodes of PCP were
observed after discontinuation of primary and secondary PCP
prophylaxis.52 These studies suggest that patients who respond
to HAART therapy with a sustained increase in CD4+ count
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Table 70-2 Primary Prophylaxis of Opportunistic Infections in HIV-Infected Adults and Adolescents

Preventive Regimens

Pathogen Indication First Choice Alternatives D/C Prophylaxis

Strongly Recommended as Standard of Care

Pneumocystis jiroveci
(carinii)

CD4+ count <200 or
oropharyngeal
candidiasis

TMP-SMX, 1 DS PO QD
or TMP-SMX 1 SS PO
QD

Dapsone 50 mg BID or 100 mg/day;
dapsone 50 mg QD +
pyrimethamine 50 mg QW +
leucovorin, 25 mg PO QW;
dapsone, 200 mg PO +
pyrimethamine 75 mg PO +
leucovorin, 25 mg PO QW;
aerosolized pentamadine, 300 mg
QM via Respirgard II nebulizer,
atovaquone, 1,500 mg PO QD;
TMP-SMX 1 DS 3×/wk

Patients on HAART with
sustained CD4 >200
cells for ≥3 months
may discontinue PCP
prophylaxis.
Reintroduce if CD4+
<200.

M. tuberculosis
Isoniazid sensitive TST reaction ≥5 mm or

prior positive result
without treatment or
contact with case of
active tuberculosis
regardless of TST result

Isoniazid 300 mg PO +
pyridoxine 50 mg PO
QD ×9 months or
isoniazid 900 mg PO +
pyridoxine, 100 mg PO
BIW ×9 months

Rifampin 600 mg PO QD ×4 months
or rifabutin 300 mg PO QD ×4
months: PZA 1,520 mg/kg PO QD
×2 months + rifampin 600 mg PO
QD ×2 months or rifabutin
300 mg PO QD ×2 months

Isoniazid resistant Same; high probability of
exposure to multidrug
resistant tuberculosis

Rifampin 600 mg PO QD
or rifabutin 300 mg PO
QD ×4 months

Pyrazinamide 15–20 mg/kg PO QD
×2 months; + either rifampin 600
mg PO QD ×2 months or rifabutin
300 mg PO QD ×2 months

Multidrug resistant
(INH and RIF)

Same; high probability of
exposure to
isoniazid-resistant
tuberculosis

Choice of drugs requires
consultation with public
health authorities

None

T. gondii IgG antibody to
Toxoplasma and CD4+
count <100

TMP-SMX, 1 DS PO QD TMP-SMZ, 1 SS PO QD: dapsone,
50 mg PO QD + pyrimethamine,
50 mg PO QW + leucovorin, 25
mg PO QW; dapsone 200 mg PO
QW + pyrimethymine 75 mg PO
QW + leucovorin 25 mg PO QW:
atovaquone, 1,500 mg PO QD with
or without pyrimethamine 25 mg
PO QD + leucovorin, 10 mg PO
QD

Patients on HAART with
sustained CD4 >200
for ≥3 months may
discontinue
toxoplasmosis
prophylaxis. Restart if
CD4 <200.

MAC CD4+ count <50 Azithromycin, 1,200 mg
PO QW or
clarithromycin 500 mg
PO BID

Rifabutin, 300 mg PO QD;
azithromycin, 1,200 mg PO QW +
rifabutin, 300 mg PO QD

Patient on HAART with
sustained CD4 >100
for ≥3 months may
discontinue MAC
prophylaxis. Restart if
CD4 <50,100.

VZV Significant exposure to
chicken pox or shingles
for patients who have
no history of either
condition or, if
available, negative
antibody to VZV

VZIG 5 vials (1.25 mL
each) IM administered
96 hr after exposure,
ideally within 48 hr

Usually Recommended

S. pneumoniae CD4+ >1,200 23 valent polysaccharide
Pneumococcal vaccine 0.5

mL IM

None

(Continued)
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Table 70-2 Primary Prophylaxis of Opportunistic Infections in HIV-Infected Adults and Adolescents (continued)

Preventive Regimens

Pathogen Indication First Choice Alternatives D/C Prophylaxis

Usually Recommended (continued)

HBV All susceptible
(anti-HBc-negative)
patients

Hepatitis B vaccine 3 doses None

Influenza virus All patients (annually
before influenza
season)

Inactivated trivalent
influenza virus vaccine
0.5 mL/yr IM

Oseltamivir 75 mg QD (influenza A
or B); Rimantadine, 100 mg PO
BID, or amantadine, 100 mg PO
BID (influenza A only)

HAV All susceptible
(anti-HAV-negative)
patient at increased risk
for HAV or patients
with chronic liver
disease (including HBV
or HCV)

Hepatitis A vaccine; 2
doses

None

Not Recommended for Most Patients; Indicated for Use Only in Unusual Circumstances

Bacteria Neutropenia G-CSF 510 mg/kg SC QD
×24 wk or GM-CSF
250 mg/m2 SC ×24 wk

None

C. neoformans CD4+ count <50 Fluconazole 100–200 mg
PO QD

Itraconazole 200 mg PO QD

H. capsulatum CD4+ count <100,
endemic geographic
areas

Itraconazole 200 mg PO
QD

None

CMV CD4+ count <50 and
CMV antibody positive

Oral ganciclovir 1 g PO
TID or valganciclovir
900 mg PO QD

None

BID, twice a day; CMV, cytomegalovirus; DS, double strength; G-CSF, granulocyte colony-stimulating factor; GM-CSF, granulocyte-macrophage colony-stimulating factor; HAART,
highly active antiretroviral therapy; HAV, hepatitis A virus; HBc, hepatitis B core; IM, intramuscularly; INH, isoniazid; MAC, Mycobacterium avium complex; PO, orally; QD,
daily; QW, weekly; RIF, rifampin; SC, subcutaneously; SS, single strength; TMP-SMX, trimethoprim-sulfamethoxazole; TST, tuberculin skin test; VZIG, varicella-zoster immune
globulin; VZV, varicella-zoster virus.
Adapted from USPHS/IDSA Guidelines. MMWR Morbid Mortal Wkly Rep 2002;51(RR-8):152.

can have their primary prophylaxis safely discontinued. The
OI prophylaxis guidelines suggest that primary PCP prophy-
laxis may be discontinued for patients on HAART when the
CD4+ count is above 200 for at least 3 months. Primary pro-
phylaxis for MAC may also be discontinued when the CD4+
count increases to above 100.48,55 In addition, the guidelines
suggest discontinuing primary prophylaxis for toxoplasmosis
when the CD4+ count increases to higher than 200 for at least
3 months.

Acute Therapy
Prompt diagnosis and immediate initiation of therapy are es-
sential to the management of acute infections. Most common
OIs can be classified into one of two groups. The first group
consists of infections that can be treated by conventional or
investigational agents. These include PCP, tuberculosis (TB),
cryptococcosis, CMV, MAC, and histoplasmosis. Treatment
may result in either effective or moderately effective resolution.
These infections may recur if chronic suppressive or secondary
prophylaxis is discontinued without an accompanying eleva-
tion in the CD4+ count and viral load suppression. The second
group includes pathogens for which no therapeutic regimen is

currently effective (Table 70-3). These include cryptosporid-
iosis, microsporidiosis, and PML.43

Secondary Prophylaxis or Chronic Suppressive Therapy
Secondary prophylaxis is used to prevent recurrence of an OI
once the patient has developed signs and symptoms of active in-
fection. In some cases, secondary prophylaxis regimens can be
discontinued after patients achieve a certain CD4+ level. The
USPHS and IDSA strongly recommend secondary prophy-
laxis for PCP, toxoplasmosis (reduced dosage), MAC, CMV,
Salmonella species, and infections caused by endemic fungi
and C. neoformans.48

DISCONTINUATION OF SECONDARY PROPHYLAXIS OR CHRONIC
SUPPRESSIVE THERAPY

In 1999, the USPHS/IDSA guidelines first reported
that stopping primary or secondary prophylaxis for certain
pathogens was safe if HAART led to an increase in the CD4+
count to above specified threshold levels. The 2002 USPHS/
IDSA guidelines incorporated more data to support these ini-
tial recommendations and expanded recommendations to other
pathogens. Criteria for discontinuing chemoprophylaxis are
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Table 70-3 Acute Management of Opportunistic Infections

Group Ia Group II

A B

Infections effectively treated
� Pneumocystis jiroveci pneumonia
� Tuberculosis
� Cryptococcosis
� Histoplasmosis

Moderate chance of effective treatment
� CMV
� MAC

No currently effective therapeutic regimen
� Cryptosporidiosis
� Microsporidiosis
� PML

aA and B may recur if secondary prophylaxis is discontinued.
CMV, cytomegalovirus; MAC, Mycobacterium avium complex; PML, progressive multifocal leukoencephalopathy.
Adapted from reference 43.

based on specific clinical studies and vary by duration of CD4+
count increase and duration of treatment of the initial episode
of disease (in the case of secondary prophylaxis).

Multiple case series have reported that maintenance ther-
apy for CMV can be discontinued safely in patients who have
maintained a CD4+ count of >100 to 150 for >6 months
on HAART.33,34,56−60 Whereas CMV retinitis typically reac-
tivated <6 to 8 weeks after stopping CMV therapy in the
pre-HAART era, these patients have remained disease free
for >30 to 95 weeks. Plasma HIV RNA levels varied among
these patients, demonstrating that the CD4+ count is the pri-
mary determinant of immune recovery to CMV. The deci-
sion to stop CMV prophylaxis should be made in consul-
tation with an ophthalmologist and is influenced by factors
such as the magnitude and duration of CD4+ increases and
viral load suppression, anatomical location of retinal lesions,
and vision in the contralateral eye. Regular ophthalmic ex-
amination is critical.33,34,48,59−61 Secondary PCP prophylaxis
may be discontinued among patients whose CD4+ counts
have increased to >200 for >3 months while on HAART.
Secondary prophylaxis for disseminated MAC may be dis-
continued among patients who have completed 12 months of
MAC therapy, have no signs or symptoms of MAC, and have
had a CD4+ count of >100 for >6 months in response to
HAART. Similarly, secondary prophylaxis for toxoplasmosis
may be discontinued in patients who have completed initial
therapy, have no signs or symptoms of infection, and have had
CD4+ counts of >200 for >6 months. Using the same cri-
teria, patients with cryptococcosis can discontinue secondary
prophylaxis if they have had CD4+ counts of >100 to 200 for
>6 months.

Although there are considerable data concerning the dis-
continuation of primary and secondary prophylaxis, there are
no data regarding restarting prophylaxis if the CD4+ count de-
creases again to levels at which the patient is likely to again be at
risk for OIs. For primary prophylaxis, it is unknown whether the
same threshold at which prophylaxis can be stopped should be
used or whether the threshold below which initial prophylaxis
is recommended should be used. For prophylaxis against PCP,
the 2002 guidelines use a CD4+ count of 200 as the threshold
for restarting both primary and secondary prophylaxis.

PNEUMOCYSTIS JIROVECI PNEUMONIA
As an indication of the relative obscurity of this organism, no
comprehensive text on PCP was available until 1983.62 Since

that time, this organism has been reclassified from a proto-
zoan to a fungus on the basis of ribosomal RNA sequence
comparisons.63 The morphologic resemblance of P. carinii to
a protozoan has led to its life cycle being described as a cyst
form, with up to eight sporozoites per cyst. The trophozoite or
extracystic form has different staining characteristics (i.e., it
does not stain with toluidine-blue O or Grocott-Gomori stains)
compared with the cyst or sporozoites. In addition, current lit-
erature refers to PCP as Pneumocystis jiroveci as opposed to
the original terminology of Pneumocystis carinii. The former
species is the one responsible for infectivity in humans.

Clinical Presentation

1. J.R. is a 38-year-old, HIV-seropositive man who was diag-
nosed 5 years ago when he had an outbreak of herpes zoster. He
refused antiretroviral therapy and was determined to treat him-
self using natural teas and herbs. J.R. developed a mild, nonpro-
ductive cough that has persisted for the last 4 weeks. He has also
had a low-grade fever but denies any chills or pleuritic chest pain.
His chest radiograph demonstrates a diffuse, symmetric, inter-
stitial infiltrate. Arterial PaO2 is 80 mmHg (normal, 80–105). His
last CD4+ count approximately 3 months ago was 180 cells/mm3

(normal, approximately 1,000 cells/mm3) and his viral load was
60,000 copies/mL. He refused primary PCP prophylaxis. After
hypertonic saline nebulization for sputum induction and subse-
quent bronchoalveolar lavage, examination of the specimens with
the modified Giemsa stain revealed both intracystic bodies and
extracystic trophozoites. How is the clinical presentation of J.R.
consistent with PCP?

The clinical features of PCP in AIDS patients differ from
non-AIDS patients in that a more subtle onset, with mild fever,
a cough, tachypnea, and dyspnea, is typically seen in HIV-
infected patients.64 J.R.’s low-grade fever and mild, nonpro-
ductive cough of 4 weeks’ duration are consistent with this
description of PCP. His history of HIV infection and the find-
ing of trophozoites on Giemsa stain further support a diag-
nosis of PCP. The characteristic diffuse interstitial pulmonary
infiltrates on J.R.’s chest radiograph are consistent with PCP.
Limited data exist with regard to the latent state of P. carinii
after host infection. Some investigators hypothesize that most
persons are asymptomatic unless the host immune system be-
comes impaired. Others believe that the infection is caused by
reinfection as opposed to reactivation.65
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Antimicrobial Selection

2. A diagnosis of PCP is made and J.R. agrees to be treated.
What patient factors are important to consider when selecting an
antimicrobial? What would be a reasonable drug for J.R., and
how might his course of PCP be monitored?

The treatment of acute PCP is determined by the degree of
clinical severity on presentation. The arterial oxygen status on
presentation is an important indicator of overall outcome. In
one study, surviving patients had a mean Po2 of 70 mmHg,
whereas the mean Po2 of the nonsurvivors was 55 mmHg.65

Key factors to consider when initiating therapy for PCP in-
clude arterial blood gas findings, whether it is an initial or
repeat episode of PCP, the need for parenteral therapy, and
a prior history of adverse drug reactions or hypersensitivity.
Concomitant therapy must also be considered.

Patients with PCP often can be classified as having mild,
moderate, or severe disease, based on their oxygenation. Pa-
tients with mild PCP often have a room air alveolar-arterial
(A-a) oxygen gradient of <35 or [Po2] >70 mmHg, patients
with moderate or severe disease have a gradient >35 mmHg
or [Po2] >70 mmHg. With the advent of corticosteroid use for
moderate to severe cases of PCP (discussed later), it is useful
to calculate the (A-a) gradient and/or [Po2]. The A-a gradient
(normal range, 5–15 mmHg) can be calculated as Pio2

− (1.25
× Pco2) – Po2, where Pio2 is the partial pressure of oxygen
(150 mmHg in room air), and Pco2 and Po2 are arterial levels
of CO2 and O2, respectively, expressed in mmHg.66

Several other clinical tests have been used to identify and
monitor PCP. The lactate dehydrogenase (LDH) concentration
in serum or bronchoalveolar lavage fluid has been used to di-
agnose and monitor therapy and to predict outcome of PCP.
However, many patients have overlapping diseases, prevent-
ing LDH from being used alone. Chest radiographs also are
variable. The most common picture is one of bilateral diffuse
interstitial pneumonitis, but atypical patterns, such as pleural
effusion, cavities, pneumatoceles, and nodules, may occur as
well. A normal chest radiograph is associated with a better
clinical outcome.

The natural course of PCP among untreated HIV-infected
patients is progressive dyspnea and hypoxemia. The increased
experience with treatment of PCP in AIDS patients (compared
with non–HIV-infected patients) indicates that a longer dura-
tion of therapy is needed.62 Despite the greater appreciation of
PCP in AIDS patients, some patients may not respond to ther-
apy; many experience worsening hypoxemia during the first
3 to 5 days after treatment is initiated. This period of clinical
worsening is least tolerated by those patients with moderate
to severe PCP (Po2 <70 mmHg). In sicker patients, this pe-
riod may lead to respiratory failure and the need for intubation
with continued critical care. Although many would associate
the need for intensive care unit admission as a poor prognostic
factor, many patients do well despite the need for mechanical
ventilation and IV antibiotics. In light of the role of corti-
costeroids, patients with PCP and respiratory failure may be
viewed as manageable if treated aggressively (Table 70-4).

Trimethoprim-Sulfamethoxazole
The decision to hospitalize a patient is based on the severity
of his or her illness. Patients who present with mild PCP with

reasonable oxygenation and without evidence of clinical dete-
rioration can be managed as outpatients. Patients with reason-
ably good gas exchange (i.e., Po2 >70 mmHg), but with signs
of clinical deterioration, most often are admitted to the hospi-
tal and given oxygen by nasal cannula and are usually started
on IV TMP-SMX (15–20 mg/kg/day TMP, 75–100 mg/kg/day
SMX) for 21 days. The dosing of IV TMP-SMX must be modi-
fied in patients with renal dysfunction. TMP reversibly inhibits
dihydrofolate reductase, and sulfamethoxazole competes with
para-aminobenzoic acid in the production of dihydrofolate,
synergistically blocking thymidine biosynthesis. TMP-SMX
is always the first choice for the treatment of PCP unless the
patient has a history of life-threatening intolerance. In the treat-
ment of PCP, TMP-SMX is either as effective as, or superior
to, all alternative agents. A good response may be expected in
>70% of patients receiving TMP-SMX.

TMP-SMX is often prescribed because of its availability as
an oral formulation. Tablets are >90% bioavailable. The usual
dose is 15 mg/kg (dosed by the TMP component) Q 8 hours
for 21 days. Because one double-strength tablet of TMP-SMX
contains 160 mg TMP plus 800 mg SMX, a standard regimen is
two double-strength tablets three times per day (or Q 8 hours).
Taking two double-strength tablets Q 6 hours (eight double-
strength tablets per day) does not improve efficacy and causes
increased toxicity (gastrointestinal [GI] intolerance, nausea,
vomiting, anorexia, and abdominal pain).

Although the TMP-SMX regimen is very efficacious, 25%
to 50% of patients may be intolerant. Adverse effects in-
clude an erythematous, maculopapular, morbilliform rash and,
less commonly, severe urticaria, exfoliative dermatitis, and
Stevens-Johnson syndrome. GI intolerance (nausea, vomiting,
abdominal pain) is common. Hematologic side effects may
include leukopenia, anemia, and/or thrombocytopenia. Neuro-
logic toxicities and hepatitis also may occur. The role of exces-
sive doses, plasma concentration monitoring, and metabolic
capability (i.e., rapid or slow acetylation of SMX) in the de-
velopment of hypersensitivity reactions remains unclear and
is under investigation.67,68 Most patients who develop a mild
hypersensitivity (skin rash) reaction can be managed with an-
tipruritics or antihistamines without discontinuation of TMP-
SMX. In some patients with mild hypersensitivity reactions,
the agent can be restarted after the rash has resolved, using
gradual dosage escalation or rapid oral desensitization to re-
duce adverse effects (Table 70-5).69 Patients with severe ad-
verse reactions should be switched to another agent rather than
being rechallenged with this drug.

Because J.R. seems to have a mild to moderate case of PCP
(Po2, 80 mmHg), has not previously experienced an episode
of PCP, and has no history of adverse effects to TMP-SMX, an
outpatient course of TMP-SMX would be reasonable.

Alternatives to Trimethoprim-Sulfamethoxazole

3. J.R. experienced exfoliative dermatitis on day 7 of TMP-
SMX treatment. What other drugs could be prescribed to treat
his PCP?

Because J.R. presents with a significant adverse effect to
TMP-SMX, it should be discontinued and he should not be
rechallenged or desensitized. Instead, he should be treated with
an alternative regimen (Table 70-4).70
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Table 70-4 Treatment of Pneumocystis jiroveci Pneumonia

Regimen Dose Route Adverse Effects/Comments

Approved

TMP-SMX 15–20 mg/kg TMP (75–100 mg/kg
SMX) daily administered IV or
PO Q 6–8 hr or 2 DS tabs BID

IV, PO Hypersensitivity, rash, fever,
neutropenia ↑LFTs,
nephrotoxicity (15 mg/kg/day
preferred to 20 mg/kg/day
because of reduced toxicity)

Pentamidine isethionate 4 mg/kg IV daily over 60–90 min
×21 days

IV Pancreatitis, hypotension,
hypoglycemia, hyperglycemia,
nephrotoxicity

Trimetrexate + leucovorin 45 mg/m2 IV/day ×21 days IV Hematologic, GI, CNS, rash
20 mg/m2 PO or IV Q 6 hr ×24 days PO/IV

Atovaquonea 750 mg BID with meals ×21 days
(suspension)

PO Headache, nausea, diarrhea, rash,
fever, ↑LFTs

TMPa + dapsone 15 mg/kg/day PO Pruritus, GI intolerance, bone
marrow suppression

100 mg/day ×21 days PO Methemoglobinemia, hemolytic
anemia (contraindicated in G6PD
deficiency)

Clindamycin + primaquine 600 mg IV Q 8 hr or 300–450 mg
PO Q 6 hr

PO or IV Rash, diarrhea

15–30 mg (base) daily ×21 days PO Methemoglobinemia, hemolytic
anemia (contraindicated in G6PD
deficiency)

Prednisone Within 72 hr of anti-Pneumocystis
therapy 40 mg Q 12 hr ×5 days,
then 40 mg QD ×5 days then 20
mg/day ×11 days

PO Initiation in patients with
moderately severe or severe
disease

Po2 <70 mmHg or A-a gradient
>35 mmHg

aUsed only in mild to moderate PCP.
A-a, alveolar-arterial; BID, twice a day; CNS, central nervous system; DS, double strength; GI, gastrointestinal; G6PD, glucose-6 phosphate dehydrogenase; IV, intravenous;
PCP, Pneumocystis jiroveci pneumonia; PO, oral; QD, daily; LFTs, liver function tests; TMP-SMX, trimethoprim-sulfamethoxazole.

IV pentamidine isethionate can be used to treat acute PCP.
The mechanism of action against the organism is unknown,
but may be related to interference with oxidative phosphory-
lation, inhibition of nucleic acid biosynthesis, or interference
with dihydrofolate reductase. Pentamidine generally is more
toxic than TMP-SMX.70,71 In a 5-year review of 106 courses
of IV pentamidine, 76 (72%) had adverse reactions (nephro-
toxicity, dysglycemia, hepatotoxicity, hyperkalemia, and hy-
peramylasemia). Drug discontinuation occurred in 31 (18%)
of the severe cases. Nephrotoxicity and hypoglycemia were the
most common causes of drug discontinuation. Nephrotoxicity
occurred in 25% to 50% of the patients and was associated
with dehydration and concurrent use of nephrotoxic drugs.
Hypoglycemia was noted in 5% to 10% of patients after 5
to 7 days of treatment, or several days after discontinuation
of treatment. Hyperglycemia is a consequence of decreased
β-cells and results in diabetes mellitus in 2% to 9% of pa-
tients. Other less common adverse effects and toxicities include
thrombocytopenia, orthostatic hypotension, ventricular tachy-
cardia, leukopenia, nausea, vomiting, abdominal pain, and
anorexia.71

Patients receiving IV pentamidine should be monitored
closely, and serum concentrations of glucose, potassium, blood
urea nitrogen (BUN), and creatinine should be obtained daily or
every other day during treatment. Other tests for periodic mon-
itoring include a complete blood count (CBC), LFTs, amylase,

lipase, and calcium.71 Renal toxicity often responds to a reduc-
tion in the dosage of pentamidine to 3 mg/kg/day or 4 mg/kg
Q 48 hours (creatinine clearance <10 mL/min); however, the
drug should be discontinued in patients who develop signs
and symptoms of pancreatitis. Risk factors for pentamidine-
induced pancreatitis include prior episodes of pancreatitis and
concurrent therapy with other drugs known to cause pancre-
atitis. The prior use of didanosine or stavudine may be a risk
factor for pancreatitis during pentamidine therapy.72

The daily pentamidine dose of 4 mg/kg is based on clinical
tolerance rather than target plasma concentrations. The exact
mechanisms for elimination of pentamidine are not well under-
stood. The drug is not excreted by renal mechanisms, and no
metabolites have been identified.73 The half-life of pentami-
dine is prolonged with multiple dosing and may increase up
to 12 days after the last dose.73 Nebulized pentamidine should
not be considered as an alternative to IV pentamidine.

Trimetrexate (Neutrexin), a lipid-soluble derivative of
methotrexate, is a highly potent inhibitor of dihydrofolate re-
ductase. It was first studied as salvage therapy in patients fail-
ing to respond to available drugs. The ability of trimetrexate
to enhance survival in these often-fatal situations gave hope
to the future of this treatment. However, results of subsequent
studies have not been as promising. Nonetheless, trimetrexate
has been approved for patients with moderately severe and
severe cases of PCP who are intolerant or unresponsive to
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Table 70-5 TMP-SMX Desensitization Schedule

Time

Hours: Rapid TMP-SMX Desensitization Schedulea

0 0.004/0.02 mg 1:100,000 (5 mL)
1 0.04/0.2 mg 1:1,000 (5 mL)
2 0.4/2.0 mg 1:100 (5 mL)
3 4/20 mg 1:10 (5 mL)
4 40/200 mg 5 mL
5 160/800 mg Tablet

Days: Eight-day TMP-SMX Desensitization Schedule
(QID)b,c

1 1:1,000,000
2 1:100,000
3 1:10,000
4 1:1,000
5 1:100
6 1:10
7 1:1
8 Standard suspension 1 mL
9 1 DS tablet/day

aSerial 10-fold dilutions were given hourly over a 4-hour period.
bTMP-SMX given four times daily for 7 days in doses of 1, 2, 4, and 8 mL in
accordance with dilution schedule.
c40 mg/TMP, 200 mg SMX/5 mL.
DS, double strength; QID, four times a day; SMX, sulfamethoxazole; TMP, trimetho-
prim.
Adapted from references 69 and 250.

TMP-SMX.74 Most clinicians reserve trimetrexate for hos-
pitalized patients intolerant of both TMP-SMX and IV pen-
tamidine. Recently, however, trimetrexate is no longer readily
available for routine use in patients. Serious complications as-
sociated with trimetrexate administration include bone mar-
row suppression, oral or GI ulcerations, renal dysfunction,
and hepatotoxicity. Patients receiving trimetrexate should be
monitored for myelosuppression with daily CBCs and platelet
counts. They should also be given leucovorin (80 mg/m2 daily)
to counteract trimetrexate-associated leukopenias. Leucovorin
should be continued for 3 to 5 days after completion of trime-
trexate therapy (45 mg/m2 IV once daily over 60–90 minutes
for 21 days).74 Comparative studies with TMP-SMX demon-
strate faster resolution of the A-a oxygen gradient and overall
superiority of TMP-SMX.74,75

Atovaquone (Mepron) suspension, 750 mg BID, is avail-
able for treatment of mild to moderate PCP.75−80 Atovaquone
interrupts protozoan pyrimidine synthesis and demonstrates
activity against P. carinii and Toxoplasma gondii in animal
models. Thus, this compound may benefit patients with more
than one OI. Atovaquone is approved by the U.S. Food and Drug
Administration (FDA) for the treatment of mild to moderate
PCP in patients intolerant of TMP-SMX. Atovaquone is also
an alternative for primary and secondary prophylaxis for both
PCP and toxoplasmosis.48 Atovaquone is well tolerated com-
pared with other PCP therapies. Adverse effects include rash,
fever, elevated LFTs, and emesis. A comparative study with
oral TMP-SMX in patients with mild to moderate PCP demon-
strated fewer side effects with atovaquone but greater efficacy

with TMP-SMX.78 When compared with IV pentamidine in the
treatment of mild to moderate PCP, atovaquone and pentami-
dine were equally efficacious, but significantly more toxicities
occurred with pentamidine.79 Most atovaquone studies were
performed using the moderately absorbed oral tablets; refor-
mulation of this drug as a suspension has improved bioavail-
ability by at least 30%. Concomitant administration of fatty
foods with atovaquone doubles the absorption.

An oral regimen of dapsone plus TMP is another alterna-
tive to TMP-SMX. Dapsone- TMP can be used to treat mild
to moderate PCP in patients intolerant of TMP-SMX. Dap-
sone is a sulfone antimicrobial that is used for leprosy. Al-
though monotherapy (200 mg/day) with dapsone is ineffec-
tive for the treatment (not prophylaxis) of PCP, the addition
of TMP (20 mg/kg/day) to dapsone (100 mg/day) is an effec-
tive alternative regimen.75,81,82 In a small comparative trial of
TMP-dapsone versus TMP-SMX, response rates of 93% and
90% were observed, respectively.83 When dapsone is coadmin-
istered with TMP, the resulting plasma concentrations for both
drugs are higher than when either drug is taken alone. In com-
bination with TMP, a pyrimidine, synergistic inhibition of folic
acid synthesis occurs.84 Dapsone-TMP should not be used in
sulfonamide-allergic patients with a history of type I hyper-
sensitivity reaction, toxic epidermal necrolysis, or Stevens-
Johnson syndrome. Dapsone is associated with hematologic
toxicities, including hemolytic anemia, methemoglobinemia,
neutropenia, and thrombocytopenia. Patients with glucose-6-
phosphate dehydrogenase (G6PD) deficiency cannot detoxify
hydrogen peroxide85 and are at an increased risk for hemato-
logic toxicity from dapsone.

Clindamycin-primaquine has activity in animal models
against P. carinii. A few trials with small sample sizes have
reported success rates of 70% to 100% with clindamycin (600
mg IV Q 6 hours or 600 mg orally TID) given in conjunc-
tion with 30 mg/day of primaquine base. Although skin rashes
are common with this combination, they often subside with
continued therapy. Some patients experience toxicities (fever,
rash, granulocytopenia, and methemoglobinemia) requiring
discontinuation.75,83,85 As with dapsone, before starting pri-
maquine, patients should be screened for G6PD deficiency.
Patients who test positive for G6PD deficiency are at risk for
developing hemolytic anemia.85

A double-blind efficacy and toxicity study of 181 patients
with mild to moderate PCP compared three oral drug regi-
mens: TMP-SMX versus dapsone-TMP versus clindamycin-
primaquine. The doses of TMP-SMX and dapsone-TMP were
weight based, and the dosage of clindamycin-primaquine was
600 mg clindamycin TID and primaquine 30 mg/day. All pa-
tients with moderately severe PCP (A-a oxygen gradient >45)
were treated with prednisone (40 mg BID for 5 days, then
once daily for 3 weeks). The three groups differed in toxicities.
Rash was the most frequent dose-limiting toxicity: TMP-SMX,
19%; dapsone-TMP, 10%; clindamycin-primaquine, 21%
(p = 0.2). Hematologic toxicities were observed more fre-
quently in the clindamycin-primaquine arm. Elevated LFTs
(five times above baseline) were more frequent in the TMP-
SMX arm (p = 0.003). The clindamycin-primaquine group
demonstrated better quality of life scores at day 7, but by
day 21 these differences became less significant.82 TMP-
SMX, dapsone-TMP, and clindamycin-primaquine demon-
strated equal efficacy in patients with mild to moderate PCP.
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J.R. should be hospitalized to better manage his severe ad-
verse reaction and to complete his treatment of PCP. Because
of his severe reaction to TMP-SMX, dapsone-TMP will not be
administered because dapsone is a sulfone with a high risk of
cross-reaction in patients who present with severe sulfa aller-
gies. IV pentamidine is an option for J.R., but is associated with
an extensive adverse effect profile and should be reserved for
patients with a more severe PCP presentation. Trimetrexate is
used as a parenteral alternative to treat severe PCP in patients
who are intolerant of or not responsive to TMP-SMX and IV
pentamidine. Although it may be better tolerated, it is not as
potent as TMP-SMX or IV pentamidine and is not readily avail-
able. Atovaquone is a reasonable option for patients with mild
PCP who are intolerant to TMP-SMX and have no evidence
of GI dysfunction, but it is not as effective as TMP-SMX or
IV pentamidine. Clindamycin-primaquine is as efficacious as
TMP-SMX for the treatment of mild to moderate PCP and can
be administered orally. Consequently, it is the drug of choice
in this patient.

The decision was made to start J.R. on oral clindamycin-
primaquine for his mild to moderate PCP. J.R. tested nega-
tive for G6PD deficiency and was treated with clindamycin-
primaquine for 14 days, completing a 21-day course of PCP
therapy (Table 70-4).

Initiation of Corticosteroids

4. Should J.R. receive corticosteroid therapy with PCP treat-
ment? When should corticosteroids be initiated, and what would
be a reasonable regimen for patients with PCP?

Corticosteroids have an important role in the management
of patients with acute PCP who are clinically ill and have a low
Po2 (<70 mmHg) or an A-a oxygen gradient >35.86−89 Many
patients who are started on PCP therapy have an acute period of
clinical deterioration, which may be associated with an acute
inflammatory reaction to the rapid killing of Pneumocystis or-
ganisms. Particularly among patients with moderate to severe
PCP (A-a oxygen gradient >35 mmHg or Po2 <70 mmHg
on room air), the use of prednisone during the first 72 hours
of treatment may prevent fatal acute deterioration.90 Data sug-
gest that corticosteroids may also have some benefit in patients

exhibiting acute respiratory failure after 72 hours of conven-
tional PCP therapy.91 The recommended dosing of prednisone
is 40 mg given orally twice daily for 5 days, then 40 mg/day for
5 days, and then 20 mg/day for 11 days, for a total of 21 days.
Patients requiring IV corticosteroids may receive methylpred-
nisolone at 75% of the prednisone dose. The impact of this
therapy on further immunosuppression has not been clearly
defined. The major concern is activation of latent infections
(such as TB) or exacerbation of an active undiagnosed con-
dition (especially fungal infections). However, the beneficial
role of corticosteroids as adjunctive therapy outweighs the rel-
ative risk of short-term steroid use in this population.92 More
common side effects of short-term corticosteroids include ul-
cerative esophagitis, increased appetite, weight gain, sodium
and fluid retention, headache, and elevated LFTs. While corti-
costeroids are being given, it may be prudent for patients with a
history of candidiasis to receive suppressive fluconazole ther-
apy; those with a positive TB skin test should receive suppres-
sive TB therapy. Corticosteroids should be used with caution
in the presence of uncontrolled diabetes, active GI bleeding,
and uncontrolled hypertension.93

Considering his mild hypoxemia (Po2 >70 mmHg), J.R. is
not a candidate for corticosteroid therapy.

Prophylaxis

5. J.R. was hospitalized and responded well to treatment. He
now is a candidate for secondary prophylaxis. What secondary
prophylaxis would be a good choice for J.R. when he is discharged
from the hospital?

The early recognized efficacy of TMP-SMX prophylaxis50

led to the eventual widespread application of prophylaxis and
the development of guidelines for PCP prophylaxis (Tables
70-2 and 70-6).48,94,95 A clear relationship between the CD4+
count and the occurrence of PCP led researchers to conclude
that most of the initial episodes of PCP could be prevented or
delayed by instituting primary prophylaxis. Studies that exam-
ined HIV-infected patients who were not receiving antiretrovi-
ral agents or antimicrobial prophylaxis observed a PCP preva-
lence of 8.4%, 18.4%, and 33.3% at 6, 12, and 36 months,
respectively, in patients with a CD4+ count of <200.95 These

Table 70-6 Antibiotic Regimens for Prophylaxis of Pneumocystis jirovecii Pneumonia

Regimen Dose Route

Approved

TMP-SMX 160 mg TMP + 800 mg SMX daily or 3×/wk (1 DS/day or 1 DS 3×/wk)
or 80 mg TMP + 400 mg/day SMX (1 SS/day)

PO

Dapsone 50 mg BID or 100 mg QD PO
Dapsone plus pyrimethamine plus

leucovorin
50 mg/day
50 mg/wk
25 mg/wk

PO
PO

Dapsone plus pyrimethamine plus
leucovorin

200 mg/wk
75 mg/wk
25 mg/wk

Aerosolized pentamadine isethionate 300 mg every month Via Respirgard II nebulizer
Atovaquone 1,500 mg QD PO

BID, twice a day; DS, double strength; IM, intramuscularly; IV, intravenously; PO, orally; QD, daily; SMX, sulfamethazole; SS, single strength; TMP, trimethoprim.
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data have formed the basis on which patients receive PCP pro-
phylaxis. In addition to patients with CD4+ counts of <200,
other patients at risk for PCP include those with a CD4+ count
of <14%, a history of an AIDS-defining illness, a history
of oropharyngeal candidiasis, and possibly those with CD4+
counts of 200 to 250.48 J.R. refused primary prophylaxis and
developed PCP. Because the expected relapse rate without pro-
phylaxis among patients (before the use of protease inhibitors)
has been documented to be 66% at 12 months’ follow-up, sec-
ondary prophylaxis is necessary for J.R. to prevent recurrence.

The same agents and dosing schedules are recommended for
primary (before an acute event) and secondary (after an acute
event) prophylaxis of PCP.48,96,97 TMP-SMX, one double-
strength tablet daily, is the most efficacious prophylactic reg-
imen; a single-strength tablet daily is less toxic and nearly
as efficacious.98 Anti-Pneumocystis prophylaxis (TMP-SMX
or dapsone) increases survival by 9 to 12 months, improves
quality of life, and decreases hospitalization.27,31,45,48 Patients
with a history of non–life-threatening rash or fever owing to
TMP-SMX, such as J.R., may benefit from rechallenge with the
original (or half) dose, or a dose-escalation technique (desensi-
tization regimen). Desensitization is preferred over switching
to an alternative agent and seems to be more successful than
the direct rechallenge method.99,100 Desensitization involves
initiating very low doses of TMP-SMX and gradually increas-
ing to the maximum dose over days to weeks (Table 70-5). In
addition, patients who develop PCP while receiving prophy-
lactic doses of TMP-SMX usually respond to full therapeutic
doses for acute therapy.

The alternative agents used for prophylaxis include dap-
sone alone, dapsone plus pyrimethamine (with leucovorin),
atovaquone suspension, and aerosolized pentamidine admin-
istered by the Respirgard II nebulizer (Tables 70-2 and 70-6).
TMP-SMX confers additional protection against toxoplas-
mosis and certain bacterial infections. Regimens containing
dapsone plus pyrimethamine or atovaquone with or without
pyrimethamine also protect against toxoplasmosis.48,70,86,96,97

Investigational prophylaxis agents with unproven efficacy
include oral clindamycin-primaquine, intermittently admin-
istered IV pentamidine, oral pyrimethamine-sulfadiazine, IV
trimetrexate, and aerosolized pentamidine administered by
other nebulizing devices.48 TMP-SMX is more efficacious
than dapsone or aerosolized pentamidine in the prevention of
PCP.101

Extrapulmonary (e.g., lymph nodes, spleen, liver, bone
marrow, adrenal gland, GI tract) P. carinii has been noted in
patients receiving inhaled pentamidine prophylaxis,102,103 a
finding rarely observed with IV administration. In addition,
aerosolized pentamidine alters the usual chest radiograph
findings associated with PCP, complicating the diagnosis of
this disease. Upper lobe infiltrates, cystic lesions, pneumoth-
oraces, cavitary lesions with nodular infiltrates, and pleural
effusions have been associated with aerosolized pentamidine
prophylaxis. Pentamidine prophylaxis is more expensive than
TMP-SMX or dapsone but less expensive than atovaquone
suspension.

The guidelines for primary prophylaxis indicate that it may
be possible to discontinue prophylactic antimicrobial therapy
when CD4+ counts rise above the threshold associated with
risk for infection (i.e., <200 for PCP).48,49,52,56−58,104 Reports
from three observational studies, one randomized trial, and a

combined analysis of eight prospectively followed European
cohorts support discontinuing secondary PCP prophylaxis in
patients whose CD4+ counts have increased to >200 for ≥3
months.104−108 The guidelines recommend that prophylaxis be
reintroduced if the CD4+ count decreases to <200, or if PCP
recurs at a CD4+ count of >200.49

J.R. responded well to his PCP treatment with clindamycin-
primaquine in the hospital. However, because this regimen
is unproven for secondary prophylaxis, it cannot be recom-
mended. Considering his intolerance to TMP-SMX, the best
selections would be dapsone (with or without pyrimethamine)
or atovaquone suspension.

Children
The prophylaxis of PCP in children needs further clinical re-
search. The CD4+ threshold of 200 is unreliable in infants be-
cause they have higher normal values for lymphocyte counts.
The current guidelines recommend administering primary PCP
prophylaxis to (a) HIV-infected or HIV-indeterminate children
born to HIV-infected mothers aged 1 to 12 months (prophy-
laxis should be discontinued for children subsequently deter-
mined not to be infected with HIV); (b) HIV-infected chil-
dren ages 1 to 5 years with a CD4+ count <500 or CD4+
percentage <15%; and (c) HIV-infected children ages 6 to
12 years old with a CD4+ count <200 or CD4+ percent-
age <15%. One study of HIV-infected children in Zambia
demonstrated a beneficial effect of cotrimoxazole on mortal-
ity and hospitalizations.109,110 The recommended regimen is
oral TMP-SMX (150/750 mg/m2/day) twice daily three times
a week on consecutive days. Acceptable alternative dosing
strategies include a single oral dose given three times a week
on consecutive days, or two divided doses daily, or two divided
doses three times per week on alternate days. HIV-infected chil-
dren with a history of PCP should be administered lifelong sec-
ondary prophylaxis to prevent recurrence, because the safety
of discontinuing secondary prophylaxis among HIV-infected
children has not been studied extensively.48

Pregnancy
Primary and secondary PCP prophylaxis is recommended for
all HIV-infected women who are pregnant. TMP-SMX is the
recommended agent, and dapsone is an alternative. Because of
the theoretical risk of teratogenicity from drug exposure du-
ring the first trimester, withholding prophylaxis until the sec-
ond trimester may be considered. As an alternative during this
time, aerosolized pentamidine is not systemically absorbed and
may be administered during the first trimester.48

TOXOPLASMA GONDII ENCEPHALITIS
Clinical Presentation

6. W.O. is a 40-year-old man discovered to be HIV positive dur-
ing admission to a detoxification program for alcohol and heroin
dependency. W.O. presented to the AIDS clinic with esophageal
candidiasis, a CD4+ count of 60 cells/mm3 (normal, approxi-
mately 1,000 cells/mm3), a viral load of 150,000 copies/mL, and
a Toxoplasma immunoglobulin G (IgG) titer of 1:256. W.O. was
started on HAART therapy. He remained well until 2 years later,
when he presented to the emergency department reporting two
seizures in the past 24 hours. His medications at that time included
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daily zidovudine (AZT), lamivudine, lopinavir/ritonavir, and
inhaled pentamidine 300 mg monthly. His temperature was
100.1◦F, and he was observed to have difficulty walking. His CD4+

count is 90 cells/mm3 (previously 230 cells/mm3), viral load is
70,000 copies/mL (previously 4,000), and white blood cell (WBC)
count is 4,200 cells/L (normal, 3,800–9,800). A magnetic resonance
image (MRI) of the head reveals several ring-shaped lesions in the
brain stem. Toxoplasma encephalitis is presumptively diagnosed.
Should W.O. be isolated from other patients and health care work-
ers to prevent the spread of this organism?

T. gondii is a parasitic protozoan that can infect people and
is spread by environmental factors, such as the consumption of
raw or undercooked meats and contact with cats. Immunocom-
petent persons infected with T. gondii may develop mild symp-
toms resembling infectious mononucleosis. However, these
symptoms are generally transient and associated with minimal
problems (except in pregnant women). Recrudescent disease
from T. gondii is problematic in patients with a suppressed cel-
lular immune system, including those infected with HIV. Any
HIV-positive patient infected with T. gondii is at risk for devel-
oping clinical disease, particularly at CD4+ counts <100, as
illustrated by W.O.111,112 W.O. presents with encephalitis (an
inflammation of the brain or brain stem), the most frequent
manifestation of T. gondii in HIV-positive patients.

All HIV-infected patients should be tested for IgG anti-
body to T. gondii after HIV diagnosis to detect latent infec-
tion. In the United States, as many as 70% of healthy adults
are seropositive to Toxoplasma. The prevalence of Toxoplasma
encephalitis among HIV-positive patients varies depending on
the geographic region. In the United States, only 3% to 10% of
AIDS patients actually develop encephalitis. In countries such
as France, El Salvador, and Tahiti, where uncooked meat com-
monly is ingested, seropositivity is >90% by the fourth decade
of life. Toxoplasma encephalitis may develop in as many as
25% to 50% of AIDS patients in these countries.111

The two major routes of transmission of Toxoplasma to hu-
mans are oral and congenital. W.O. need not be isolated from
other patients and health care workers. HIV-infected patients
should be advised not to eat raw and undercooked meat (in-
ternal temperature of meat should be at least 165–170◦F), es-
pecially patients who are IgG negative for T. gondii. Patients
should wash their hands after touching uncooked meats and
soil, and fruits and vegetables must be washed before eating.
HIV-infected patients should avoid stray cats, keep their cats
inside, and change the litter box daily. If no one else is avail-
able to change the litter box, patients should wash their hands
thoroughly afterward.48

Diagnosis

7. Is there sufficient clinical evidence to establish a presump-
tive diagnosis of Toxoplasma encephalitis in W.O.?

The diagnosis of Toxoplasma encephalitis usually is pre-
sumptive because demonstration of cysts or trophozoites in
brain tissue is required for a definitive diagnosis. The clinical
signs and symptoms of Toxoplasma encephalitis can be either
focal (indicating a specific region of the brain that is infected
or inflamed) or generalized (indicating diffuse inflammation
of the brain). Toxoplasma encephalitis usually occurs in pa-
tients with CD4+ counts of <100. Serum titers of antibodies

against T. gondii typically reflect past infection with the or-
ganism and unfortunately do not help delineate whether acute
infection is present. In addition, cerebrospinal fluid (CSF) poly-
merase chain reaction (PCR) for Toxoplasma is not always a
reliable diagnostic tool. Without prophylaxis, 45% of seropos-
itive HIV-infected patients develop encephalitis as a reactiva-
tion of a latent infection. Most patients with encephalitis have
single or multiple lesions demonstrated on computed tomog-
raphy (CT) scan or MRI of the head. Brain biopsy is reserved
for patients with symptoms of encephalitis who are seroneg-
ative and for those who do not respond to presumptive anti-
toxoplasmosis therapy.111−113 Because of the nonspecific di-
agnosis of Toxoplasma encephalitis, a high index of suspicion
for other causes of encephalitis (e.g., central nervous system
[CNS] lymphoma or TB) should be maintained throughout
the treatment period for presumed Toxoplasma encephalitis.112

W.O. has overwhelming clinical evidence suggestive of Toxo-
plasma encephalitis. He is HIV positive, has a CD4+ count of
<100, a positive Toxoplasma titer of 1:256 IgG, and a ring-
shaped lesion in the brain stem on MRI. The development of
this infection, in addition to the decline in CD4+ T cells and the
increase in plasma HIV RNA concentrations, may signal an-
tiretroviral failure. W.O.’s current antiretroviral therapy should
be reassessed, including his adherence to the regimen.

Prophylaxis

8. Should W.O. have been receiving prophylactic therapy for
T. gondii?

Similar to many other OIs associated with HIV, therapy for
toxoplasmosis can be categorized into primary prophylaxis,
treatment of acute disease, and secondary prophylaxis. Pri-
mary prophylaxis is currently recommended in HIV-infected
patients with CD4+ counts of <100 who are also IgG positive
for T. gondii (Table 70-2). Many of the agents used to pre-
vent PCP have activity against T. gondii and afford protection:
TMP-SMX, dapsone-pyrimethamine, and atovaquone with or
without pyrimethamine are effective as primary prophylaxis
for T. gondii.48,115−118 The increased use of PCP prophylaxis
with these agents has significantly decreased the incidence of
Toxoplasma encephalitis.2,31 The double-strength TMP-SMX
tablet daily dose is recommended as first-line prophylaxis. Data
do not support the use of macrolides or aerosolized pentami-
dine for Toxoplasma prophylaxis. Similarly, data are conflict-
ing regarding the efficacy of pyrimethamine as monotherapy
for primary prophylaxis.119,120

Primary prophylaxis may be discontinued in patients who
have responded to HAART with an increase in the CD4+ counts
to >200 for >3 months. Multiple observational studies121−123

and two randomized trials124,125 have reported minimal risk
in discontinuing Toxoplasma encephalitis prophylaxis in these
patients. In these studies, median follow-up ranged from 7 to
22 months. Primary prophylaxis should be reinstituted when
CD4+ counts drop below 200.

W.O. is currently receiving inhaled pentamidine for PCP
prophylaxis. Because of the localized delivery of inhaled pen-
tamidine, this agent has no antitoxoplasmosis activity, so W.O.
was at risk for the development of Toxoplasma encephalitis.
Considering his CD4+ count and IgG seropositivity, he should
have received primary prophylaxis for T. gondii.
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Treatment
Acute Therapy

9. How should W.O.’s presumptive Toxoplasma encephalitis be
treated?

Approximately 80% of patients with acute Toxoplasma en-
cephalitis can be treated successfully with a combination of
sulfadiazine 4 g/day in three or four daily divided doses and
pyrimethamine as a single 200-mg loading dose, followed by
50 to 75 mg/day as a single daily dose plus leucovorin 10
to 25 mg orally every day.111,112 Induction therapy should be
continued for 6 weeks after resolution of symptoms (a treat-
ment course of approximately 8 weeks) followed by mainte-
nance therapy (secondary prophylaxis). Sulfadiazine toxicity
may limit the completion of a full course of therapy in as many
as 40% of patients.126 However, successful desensitization has
been documented.127 W.O.’s clinical and radiologic response
should be monitored closely and other diagnoses considered if
there is no improvement.

Alternative therapy includes pyrimethamine plus leuco-
vorin with clindamycin 600 to 900 mg IV Q 6 to 8 hours
or 300 to 450 mg orally Q 6 hours for at least 6 weeks.
One controlled trial compared the efficacy and tolerability
of pyrimethamine plus sulfadiazine versus pyrimethamine
plus clindamycin. Although both regimens were effective,
pyrimethamine-sulfadiazine was found to be superior to
pyrimethamine-clindamycin. The risk of progression of Tox-
oplasma encephalitis was higher for patients who received
pyrimethamine-clindamycin therapy. Furthermore, the rate of
relapse was twice as high in the pyrimethamine-clindamycin
group. The rate of side effects was similar with both regi-
mens; however, pyrimethamine-clindamycin led to fewer dis-
continuations than pyrimethamine-sulfadiazine (11% versus
30%, respectively).128 Additionally, anticonvulsants should be
given to patients with toxoplasma encephalitis and a history of
seizures and corticosteroids may be warranted for focal lesions
and/or edema, but should be used cautiously.

10. W.O. is treated with sulfadiazine-pyrimethamine. What are
the limitations to the use of the sulfadiazine component for the
treatment of Toxoplasma encephalitis?

As with other sulfonamides in HIV patients, rashes com-
monly occur with sulfadiazine therapy.126 Similar to TMP-
SMX, various desensitization regimens have been recommend-
ed69,127; however, it may be simpler to use alternative regimens.

Renal function should be monitored throughout thera-
py.129−133 Elevated serum creatinine (SrCr) levels, hematuria,
or decreased urine output may occur secondary to sulfadiazine-
induced crystalluria. The water solubility of sulfadiazine is less
than that of other sulfonamides; therefore, hydration (2–3 L/
day) is needed to prevent crystalline nephropathy, and aggres-
sive hydration and alkalinization can be used in cases of crystal
formation. Although few manufacturers market sulfadiazine,
this drug is available from the CDC and from Eon Labs Man-
ufacturing, Inc.134,135

11. What toxicities are associated with the pyrimethamine com-
ponent?

Pyrimethamine can suppress bone marrow function; thus,
concomitant therapy with other medications that suppress mar-

row function (e.g., AZT or ganciclovir) may not be tolerated.
Leucovorin (10–25 mg/day) is always given in conjunction
with pyrimethamine to maintain bone marrow function, al-
though it may not always be successful. Folic acid (not folinic
acid) should be avoided because it can be used for growth by
protozoal organisms, potentially antagonizing pyrimethamine-
sulfadiazine activity.136−138 Vitamin preparations containing
large quantities of folic acid should be discontinued during
therapy for T. gondii.

W.O. is not taking any medications that would make him
particularly susceptible to the myelosuppressive effects of
pyrimethamine and he is not neutropenic. Consequently, he
should be given sulfadiazine and pyrimethamine.

Suppressive Therapy (Secondary Prophylaxis)

12. Once W.O. has completed acute therapy for his Toxoplasma
encephalitis, should he receive suppressive therapy?

Most antiprotozoal agents do not eradicate the cyst form
of T. gondii. Therefore, patients should be administered life-
long suppressive therapy unless immune reconstitution oc-
curs as a consequence of HAART. The combination of
pyrimethamine plus sulfadiazine plus leucovorin is very effec-
tive. Pyrimethamine (25–75 mg/day) plus sulfadiazine (500–
1,000 mg PO QID) plus leucovorin is significantly more
efficacious than taking this combination twice weekly.139

A commonly used regimen for patients who cannot toler-
ate sulfa drugs is pyrimethamine plus clindamycin.140 How-
ever, only the combination of pyrimethamine plus sulfadi-
azine provides protection against PCP as well. Additionally,
one retrospective chart review of 35 patients receiving
maintenance therapy for Toxoplasma encephalitis suggested
that sulfadiazine-pyrimethamine was more effective than
clindamycin-pyrimethamine or pyrimethamine alone.141 Low-
dose, intermittent pyrimethamine monotherapy has been asso-
ciated with an unacceptably high rate of mortality.142 The use
of atovaquone with or without pyrimethamine is also effective
as prophylaxis for both toxoplasma and PCP.

Patients receiving secondary prophylaxis are at low risk
for recurrence of Toxoplasma encephalitis when they have
completed initial therapy for Toxoplasma encephalitis, remain
asymptomatic, and have a sustained increase in their CD4+
count to >200 after HAART therapy for >6 months. Clinicians
may obtain a brain MRI as part of the evaluation to determine
whether to discontinue therapy. There are data to support that
discontinuation of primary and secondary prophylaxis for tox-
oplasmosis is safe if patients are receiving effective antiretro-
viral therapy and their CD4 count has increased to >200 for
≥3 months.125 Secondary prophylaxis should be reintroduced
if the CD4+ count decreases to <200.

Children aged >12 months who qualify for PCP prophy-
laxis and who are receiving an agent other than TMP-SMX or
atovaquone should have serologic testing for Toxoplasma an-
tibody. Severely immunosuppressed children who are not re-
ceiving TMP-SMX or atovaquone and are found to be seropos-
itive for Toxoplasma should receive prophylaxis for both PCP
and toxoplasmosis (i.e., dapsone plus pyrimethamine). Chil-
dren with a history of toxoplasmosis should be given lifelong
prophylaxis to prevent recurrence. The safety of discontinuing
primary or secondary prophylaxis among HIV-infected chil-
dren receiving HAART has not been studied extensively.
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In pregnancy, TMP-SMX can be administered for prophy-
laxis against Toxoplasma encephalitis as described for PCP.
Because of the possible risk associated with pyrimethamine
treatment and the low incidence of Toxoplasma encephali-
tis during pregnancy, chemoprophylaxis with pyrimethamine-
containing regimens can reasonably be deferred until after
pregnancy. In rare cases, HIV-infected pregnant women who
have serologic evidence of toxoplasmic infection have trans-
mitted Toxoplasma to the fetus in utero. However, there are no
specific guidelines for continuing secondary prophylaxis dur-
ing pregnancy. Pregnant HIV-infected women who have active
toxoplasmosis or evidence of a primary toxoplasmic infection
should be evaluated and managed in consultation with appro-
priate specialists. Infants born to women who have serologic
evidence of infections with HIV and Toxoplasma should be
evaluated for congenital toxoplasmosis.

W.O. will be continued on sulfadiazine-pyrimethamine for
suppressive therapy for his Toxoplasma encephalitis because
his CD4+ count has decreased to <100. W.O. is cur-
rently receiving aerosolized pentamidine for PCP prophylaxis,
but because sulfadiazine-pyrimethamine is also protective
against PCP, the aerosolized pentamidine can be discontinued.
Clindamycin-pyrimethamine is an inferior option because it
does not protect against PCP.48,140

Alternative Therapies

13. What treatment options exist for patients who cannot toler-
ate sulfadiazine and do not wish to undergo desensitization?

Clindamycin can be substituted for sulfadiazine in the acute
treatment of toxoplasmosis (900–1,200 mg IV Q 6 hours or
300–450 mg PO Q 6 hours) plus pyrimethamine and leu-
covorin at standard doses.140,143−145,146 Monotherapy with
atovaquone,147−151 trimetrexate, and the tetracyclines, doxy-
cycline and minocycline, has been successful.49

Combination therapy with pyrimethamine and folinic acid
plus azithromycin (1.2–1.5 g/day), clarithromycin (1 g BID), or
atovaquone (750 mg PO QID) was relatively successful in non-
comparative trials with limited numbers of patients.111,151,152

CYTOMEGALOVIRUS DISEASE
Diagnosis

14. P.Z., a 39-year-old man with AIDS, complains of floating
spots, light flashes, and difficulty reading road signs when he
drives. His most recent BUN was 17 mg/dL (normal, 8–25) and
SrCr was 0.8 mg/dL (normal, 0.5–1.7). His CD4+ count was 40
cells/mm3 (normal, approximately 1,000), and his viral load was
80,000 copies/mL 3 months ago. His current weight is 63 kg. P.Z.’s
medications include tenofovir, emtricitabine, atazanavir, riton-
avir, dapsone (PCP prophylaxis), and azithromycin (MAC pro-
phylaxis). He has a history of hematologic intolerance to AZT
and TMP-SMX. His WBC count is 1,200 cells/L (normal, 3,800–
9,800) with 63% polymorphonuclear neutrophil leukocytes. P.Z.
is known to have a positive CMV IgG antibody titer. Funduscopic
examination reveals alternating areas of hemorrhage and scar tis-
sue (a “cottage cheese and ketchup” appearance) in the proximity
of the retina in his left eye. What is the likely cause of P.Z.’s visual
problems?

[SI units: BUN, 6.07 mmol/L (normal, 2.9–8.9); SrCr, 70.72 mol/L (normal,

44–150); WBC count, 1.2 × 1010/L (normal, 3.8–9.8) with 0.63 polymor-

phonuclear neutrophil leukocytes]

P.Z. seems to have an inflammation of the retina (retinitis),
most likely because of CMV. Many HIV patients have been pre-
viously infected with CMV, and reactivation typically occurs
when CD4+ counts are <50. Before HAART, the prevalence
of CMV disease in HIV patients with a CD4+ count of <50
was 20% to 40%, and the incidence varied between 15 and
20 per 100 patient-years. Since the introduction of HAART, a
more than fivefold decrease in the incidence of CMV disease
has been reported by several authors.154 Although CMV can
cause colitis, pneumonitis, esophagitis, hepatitis, and neuro-
logic disease, retinitis is the most common manifestation of
active infection. CMV retinitis in HIV patients accounts for
75% to 85% of CMV end-organ disease. A recent investiga-
tion describing patients with CMV retinitis in the post-HAART
era found a diverse demographic group with infection; most
of them had received HAART; and as expected they had very
low CD4 counts.155 In addition, characteristics of the disease
in this group were similar to those in the pre-HAART era.
A panel of physicians with clinical and virologic expertise
was convened by the International AIDS Society to review the
available data and develop recommendations for treatment and
diagnosis of CMV disease.44 Diagnosis is usually presump-
tive because biopsy is difficult given the inaccessibility of the
retina. Serology is indicative of previous CMV infection but
not active disease. Cultures (serum, urine, and/or saliva) may
be useful for monitoring therapy, considering that patients fre-
quently have disseminated CMV disease. Patients with positive
cultures for CMV, while receiving therapy, may be at a higher
risk for relapse.156 Typically, the diagnosis of CMV retinitis is
based on observations made during a dilated retinal examina-
tion and indirect ophthalmoscopy, as was done for P.Z. Lesions
appear as fluffy, white retinal patches with retinal hemorrhage.

Once CMV retinitis is diagnosed, the patient should be thor-
oughly examined for extraocular CMV disease. P.Z. will re-
quire regular ophthalmologic examinations, along with retinal
photographs, for life. As with HIV therapy, CMV DNA quan-
tification in plasma or blood cells by quantitative branched-
chain DNA (b-DNA) or PCR may have a role in evaluating
treatment efficacy and predicting symptomatic development
of CMV disease.157−159

Drug Therapy

15. What are the treatment options for CMV retinitis, and
which one would be preferred for P.Z.?

Several treatment options exist for CMV retinitis: oral valg-
anciclovir, IV ganciclovir, IV ganiclovir followed by oral valg-
anciclovir, IV foscarnet, IV cidofovir, and ganciclovir intraocu-
lar implants with valganciclovir for induction and maintenance
therapy. Alternatives include combined IV ganciclovir plus fos-
carnet, intraocular injections of ganciclovir, foscarnet, cido-
fovir, or fomivirsen sodium (Vitravene).44,160−162 The efficacy
of combined parenteral ganciclovir and foscarnet is similar to
monotherapy, but it is more toxic. This latter therapy should be
reserved for patients with refractory disease (Table 70-7).163

Intraocular implants and intraocular injections of ganci-
clovir have similar efficacy in the treatment of CMV retinitis,
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but their benefit is localized and they may lead to an increased
risk of contralateral retinitis and extraocular CMV disease.
Concomitant systemic anti-CMV therapy is therefore recom-
mended (e.g., oral valganciclovir or IV ganciclovir). Use of
ganciclovir intraocular implants with oral valganciclovir has
shown to be more effective at preventing relapse of retinitis than
IV ganciclovir and likely oral valganciclovir.164,165 Therefore,
many providers prefer this as first-line therapy, although oth-
ers chose oral valganciclovir as first line. The choice of agents
typically depends on drug efficacy, toxicity, stage of disease,
and quality-of-life issues.

Ganciclovir
Ganciclovir is an acyclic nucleoside with CMV activity su-
perior to acyclovir.166,167 Similar to other nucleosides, ganci-
clovir must be taken into cells and phosphorylated before it
can compete with endogenous nucleotides for binding to vi-
ral DNA polymerase.168 Ganciclovir is poorly absorbed orally
(bioavailability, approximately 5%–9%) and its disposition is
biexponential after IV administration (terminal half-life, ap-
proximately 2.5 hours). The total body clearance is highly de-
pendent on glomerular filtration and tubular secretion.169

The induction dose of ganciclovir is 5 mg/kg per dose Q 12
hours IV for 14 to 21 days. It is approximately 80% effective in
delaying the progression of CMV retinitis.44,170−172 The dose-
limiting toxicity is bone marrow suppression, with neutrope-
nia occurring in approximately 50% of patients. Thrombocy-
topenia is also observed. Absolute neutrophil counts (ANCs)
and platelets should be monitored weekly during ganciclovir
therapy. If the ANC falls to <1,000 cells/mm3 or the platelet
count to <50,000/ mm3, the monitoring frequency should be
increased to twice weekly.44,173 Ganciclovir is available in two
other dosage forms, oral capsules and an intraocular implant
(Table 70-7).44,48 Dosage adjustments must be made in patients
with renal dysfunction (Table 70-8).

Patients who develop ganciclovir-induced bone marrow
suppression can be given granulocyte colony-stimulating fac-
tor (G-CSF). Both G-CSF (filgrastim) and granulocyte-macro-
phage colony-stimulating factor (GM-CSF [sargram-
ostim])174,175 have been used successfully. Although neither
of these agents is FDA approved for this indication, use of
the colony-stimulating factors may result in sight-saving or
life-prolonging therapy. Because GM-CSF may stimulate HIV
replication in macrophage cell lines,176,177 patients should
receive concomitant antiretroviral therapy.

Valganciclovir
Valganciclovir is an oral monovalyl ester prodrug that is rapidly
hydrolyzed to ganciclovir. The absolute bioavailability of gan-
ciclovir from valganciclovir is 60%, and a dose of 900 mg
results in ganciclovir blood concentrations similar to those ob-
tained with a dose of 5 mg/kg of IV ganciclovir. The effects
of oral valganciclovir to those of IV ganciclovir as induction
therapy for newly diagnosed CMV retinitis were compared in
patients with AIDS.165 Seventy-seven percent of patients in the
IV ganciclovir group and 72% of patients in the valganciclovir
group had a satisfactory response to induction therapy. The
median times to progression of retinitis were 125 days in the
IV ganciclovir group and 160 days in the oral valganciclovir
group. The mean values for the area under the curve (AUC) for
the ganciclovir dosage interval were similar at both induction

doses and maintenance doses. The frequency and severity of
adverse events were similar in the two groups. Based on these
data, oral valganciclovir is as effective as IV ganciclovir for in-
duction treatment and is convenient and effective for the long-
term management of CMV retinitis in patients with AIDS.

Cidofovir
Cidofovir is a nucleotide analog that is phosphorylated intra-
cellularly to an active diphosphate metabolite. It is the most
potent of all the available anti-CMV compounds and is active
against herpes simplex virus (HSV) and VZV, including the
acyclovir-resistant isolates. Cidofovir does not require viral
activation. Because nucleotide analogs do not require virally
encoded kinases for their activity, they remain a treatment op-
tion for patients who have failed to respond to ganciclovir.
Cidofovir is poorly absorbed orally (bioavailability, <5%) and
has an intracellular half-life of 17 to 65 hours, resulting in once-
weekly induction and every-other-week maintenance therapy.
This feature substantially enhances the quality of life relative
to foscarnet or ganciclovir, which must be administered much
more frequently.

Eighty percent of this poorly soluble agent is excreted un-
changed in the urine via filtration and tubular secretion. Cido-
fovir is nephrotoxic; however, administration of probenecid
(2 g administered 3 hours before the start of infusion and
two 1-g doses administered at 2 and 8 hours after infusion)
blocks tubular secretion and reduces nephrotoxicity. Prehydra-
tion with 1 L of normal saline is required 1 hour before each
dose and, if tolerated, repeated concomitantly with or after the
cidofovir infusion. Because nephrotoxicity is the most signif-
icant dose-limiting toxicity, other nephrotoxic agents should
be discontinued (e.g., nonsteroidal anti-inflammatory drugs,
aminoglycosides), and renal function should be carefully mon-
itored throughout therapy (BUN, SrCr, proteinuria) (Table 70-
7). Dosage adjustments must accompany deterioration in renal
function (Table 70-8).

The CBC should be checked at baseline because neutrope-
nia has been reported in approximately 20% of patients in clin-
ical trials. Hypotony (reduction in intraocular pressure) and
uveitis (inflammation of the uveal tract of the eye) have also
been reported. Thus, monthly intraocular pressure checks and
slit-lamp examinations of the retina are necessary.44,178,179

The role of cidofovir remains unclear. It offers the advantage
of weekly and biweekly dosing, but its toxicity greatly limits
its utility. Cidofovir appears to be as efficacious as foscarnet
and ganciclovir in the treatment of CMV retinitis, but no com-
parative studies have been performed. Finally, the efficacy of
cidofovir in the treatment of extraocular CMV (e.g., GI disease,
pneumonitis, encephalitis) remains to be established.44,178,179

Foscarnet
Foscarnet is a pyrophosphate analog that acts by selectively
inhibiting viral DNA polymerases and reverse transcriptase.
At doses currently recommended for induction therapy (60
mg/kg Q 8 hours or 90 mg/kg IV Q 12 hours), peak plasma
foscarnet concentrations are attained that should inhibit CMV
in vitro (Table 70-7).180 The dose-limiting toxicity of foscarnet
is nephrotoxicity, probably because its poor solubility results
in crystallization in nephrons.173,181

In one prospective randomized trial, patients receiving fos-
carnet for CMV retinitis survived approximately 4 months
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longer than those receiving ganciclovir.182 However, foscarnet-
treated patients with reduced creatinine clearance (<1.2 mL/
min/kg) had a poor survival rate. Whether the improvement was
because of the anti-HIV activity of foscarnet or the ability of
foscarnet-treated patients to continue receiving AZT (which
was not the case with ganciclovir) is unknown and remains
controversial.183,184

Because P.Z. has a low ANC, the bone marrow suppres-
sive effects of ganciclovir and valganciclovir are of concern.
Adjunctive therapy with G-CSF is an option. Because he has
good renal function (SrCr of 0.8 mg/dL), foscarnet or cidofovir
probably would be preferred.

NEPHROTOXICITY

16. P.Z. will receive foscarnet, 90 mg/kg IV over 2 hours Q 12
hours. How can the risk of nephrotoxicity be minimized?

During foscarnet therapy, adequate hydration is important
to prevent nephrotoxicity. To establish diuresis, 750 to 1,000
mL of normal saline or 5% dextrose should be administered
before the first infusion of foscarnet. With subsequent infu-
sions, 500 to 1,000 mL should be administered, depending
on the foscarnet dose. Careful dosage titration based on P.Z.’s
estimated creatinine clearance may also minimize nephrotox-
icity (Table 70-8). The SrCr clearance should be measured at
least twice weekly and the dosage recalculated if the creati-
nine clearance changes. CMV infection itself may also cause
an acute increase in the SrCr owing to acute interstitial nephri-
tis. Drugs with nephrotoxic potential, such as amphotericin B
or aminoglycosides, should be avoided if possible.181,182

ADVERSE EFFECTS

17. What toxicities other than nephrotoxicity have been associ-
ated with foscarnet therapy?

Hypocalcemia can occur because foscarnet, a pyrophos-
phate analog, can bind to unbound calcium. Electrolyte com-
plications can be minimized by avoiding high foscarnet plasma
concentrations. Therefore, foscarnet should be infused slowly
over 1 to 2 hours.185 Unbound serum calcium and phosphate
levels should be monitored twice weekly during induction
therapy and weekly during maintenance therapy, ideally when
foscarnet is at its highest concentration. Fatal hypocalcemia
occurred in an AIDS patient receiving both foscarnet and
parenteral pentamidine; thus, coadministration of these drugs
should be avoided.184

Penile ulceration from foscarnet has been problematic, es-
pecially in uncircumcised men. Characterized as a fixed-drug
eruption, careful attention to genital hygiene may minimize the
potential for penile ulceration. Other adverse events associated
with foscarnet include seizures, hypomagnesemia, anemia,
nausea, fever, and rash. Twice-weekly albumin, magnesium,
and potassium levels are required during induction therapy
and then weekly during maintenance therapy. In general, pa-
tients tolerate foscarnet more poorly than ganciclovir.186

DOSAGE ADJUSTMENTS

18. After 12 days of foscarnet therapy, P.Z.’s SrCr has increased
from 0.8 mg/dL to 1.2 mg/dL despite the coadministration of 2 L
of normal saline daily. What dosage adjustments should be made
for the remainder of the foscarnet treatment?

[SI units: SrCr, 70.72 and 106.08 mol/L, respectively]

Valganciclovir, ganciclovir, foscarnet, and cidofovir are
highly dependent on renal elimination, and dosages (or dosing
intervals) should be adjusted for even a modest reduction in re-
nal function (Table 70-8). For example, the creatinine clearance
threshold for dosage reduction of ganciclovir is 70 mL/1.73
m2/min; for dosage reduction of foscarnet, it is 1.6 mL/min/kg.
In contrast, the renal threshold for acyclovir and many other
drugs is a creatinine clearance of<50 mL/min. Therefore, care-
ful monitoring of renal function is important throughout CMV
therapy. P.Z.’s estimated creatinine clearance is 1.2 mL/min/kg;
therefore, his foscarnet induction dosage should be adjusted to
70 mg/kg IV Q 12 hours (Table 70-8).44,183

Ganciclovir-Foscarnet Combination
In a prospective, randomized, controlled trial of patients
with persistent or relapsed retinitis, ganciclovir and foscar-
net monotherapy were compared with combination low-dose
therapy.163 Mortality and adverse effects were similar in all
three groups. However, combination therapy was associated
with significantly delayed time to retinitis progression (median
1.3 and 2 months with foscarnet and ganciclovir monotherapy,
respectively, versus 4.3 months in the combination arm). How-
ever, the overall prolonged daily infusion time (up to 4 hr/day)
and adverse effects detracted from quality of life.163 Conse-
quently, combination therapy should be reserved for more re-
fractory cases of CMV retinitis187,188 (see Relapse or Refrac-
tory Retinitis).

Suppression Therapy

19. P.Z. completes 21 days of foscarnet induction therapy. How
can his CMV retinitis be suppressed in the future?

The currently available antiviral agents used to treat CMV
disease are not curative. After induction therapy, chronic main-
tenance therapy is indicated for the remainder of P.Z.’s life,
unless immune reconstitution occurs as a result of HAART.
Regimens that have been shown to be effective in randomized
controlled clinical trials include parenteral or oral ganciclovir,
parenteral foscarnet, combined parenteral ganciclovir and fos-
carnet, parenteral cidofovir, and (for retinitis only) ganciclovir
administration via intraocular implant or repetitive intravitre-
ous injections of fomivirsen. Oral valganciclovir is approved
for both acute induction and maintenance therapy, but the pub-
lished clinical data are limited. The current guidelines do not
include this as a preferred option for maintenance, but this may
change in the future. In uncontrolled case series, repeated in-
travitreous injections of ganciclovir, foscarnet, and cidofovir
have been shown to be effective for prophylaxis of CMV retini-
tis. However, because this therapy is effective only locally and
does not protect the contralateral eye or other organ systems,
it is usually combined with oral ganciclovir.

Foscarnet 90 mg/kg Q 12 hours as IV induction for 14 to 21
days is usually followed by IV foscarnet 90 to 120 mg/kg/day as
a single daily maintenance dose. The maintenance dose of 120
mg/kg/day is more efficacious, but may be more toxic than
the lower maintenance dose.189,190 Ganciclovir IV induction
(5 mg/kg/dose Q 12 hours) may be followed by IV ganciclovir
maintenance (5 mg/kg/day 5–7 times per week). Ganciclovir
IV induction may also be followed by oral ganciclovir 3,000 to
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6,000 mg daily in three divided doses administered with food.
Cidofovir, with induction doses of 5 mg/kg IV each week for 2
weeks followed by a maintenance dose of 5 mg/kg IV every 2
weeks, offers a more convenient dosing schedule and negates
the need for an indwelling IV catheter (Table 70-7).

Guidelines suggest that discontinuation of prophylaxis may
be considered in patients with CMV retinitis who are taking
HAART with a sustained (>6 months) increase in the CD4+
count to >100 to 150. These patients must have remained dis-
ease free for >30 weeks. The decision to discontinue suppres-
sion should be based on the magnitude and duration of the
CD4+ increase and viral load suppression, the anatomical lo-
cation of the retinal lesions, and the degree of vision loss. An
ophthalmology consultation is recommended.48 All patients
who have had anti-CMV maintenance therapy discontinued
should continue to undergo regular ophthalmologic monitor-
ing for early detection of CMV relapse as well as for immune
reconstitution uveitis.

Relapse or Refractory Cytomegalovirus Retinitis

20. After 5 months of maintenance therapy with foscarnet, a
routine funduscopic examination reveals retinal CMV disease
progression. How should P.Z.’s retinitis be managed at this time?

Most patients with CMV disease eventually relapse.44,190

For the first relapse, repeat induction therapy followed by main-
tenance therapy with the same drug is beneficial in most pa-
tients. Because P.Z. has tolerated foscarnet therapy thus far,
he should receive another course of induction therapy. After
reinduction, P.Z. should receive a higher maintenance dosage
(120 g/kg/day).48

It is important to distinguish between relapse and refrac-
tory disease. Relapse, as in the case of P.Z., is defined as
recurrence of clinically apparent viral activity and is usually
caused by a decline in immune function, insufficient delivery
of drug into the eye, or resistant CMV strains. Relapse can be
effectively managed by repeat induction therapy of the same
drug.44 If the relapse is due to a resistant virus, the patient
may benefit from a change in therapy. Ganciclovir-resistant
CMV strains occur by two mechanisms. DNA polymerase mu-
tation at the UL54 gene is observed in approximately 20% of
ganciclovir-resistant strains. This mutation usually confers re-
sistance to cidofovir and, to a lesser extent, foscarnet.44,191,192

Most ganciclovir-resistant CMV strains have UL97 mutations.
UL97 mutations are incapable of monophosphorylating gan-
ciclovir. Cidofovir and foscarnet are appropriate alternatives
to treat strains with UL97 mutations. Patients who receive ex-
tensive ganciclovir treatment (>6–9 months) may present with
highly ganciclovir-resistant strains containing UL54 and UL97
mutations.193 Cidofovir may be considered in most patients
who relapse while receiving ganciclovir or foscarnet. Although
ganciclovir- and foscarnet-resistant strains of CMV have been
reported, their precise role in the clinical failure of these regi-
mens is not known.194 Because of the different mechanisms of
action of ganciclovir and foscarnet, strains resistant to one drug
may retain sensitivity to the other.191,195 Resistant or relapsing
CMV retinitis may be treated by administration of local ocular
therapy via intravitreal injection of ganciclovir, foscarnet, or
fomivirsen. Fomivirsen is a phosphorothioate oligonucleotide
that inhibits the replication of the human CMV through an anti-

sense mechanism. Fomivirsen has potent activity against CMV,
including strains resistant to ganciclovir, foscarnet, and cido-
fovir. Fomivirsen demonstrates a 30-fold greater local activity
than ganciclovir.194,196,197 Ganciclovir intraocular implants are
also a potential option (see Local Treatment).

Refractory CMV retinitis is defined by disease progression
because of ineffective therapy. This phenomenon is observed
in two clinical situations: when the disease persists with min-
imal or no response during induction therapy, and when long-
term control is inadequate with maintenance therapy. Refrac-
tory CMV disease has been defined in clinical trials as two
relapses occurring within 10 weeks despite repeat induction
and maintenance therapy. Treatment options for refractory
CMV retinitis include reinduction with ganciclovir at higher
dosages (7.5 mg/kg/dose Q 12 hours, followed by maintenance
doses of 10 mg/kg/day) or reinduction using combination ther-
apy (IV ganciclovir plus foscarnet).44 Refractory CMV retinitis
can be treated with local ocular therapy via intravitreal injection
of ganciclovir, foscarnet, or fomivirsen as well as intraocular
implants.194,196,197

Local Treatment
Intravitreal Injections

21. What is the role of intravitreal injections in CMV retinitis?

Intravitreal administration of ganciclovir or foscarnet
through a small-gauge needle is a method of selectively de-
livering the drug to the site of infection.44,198−200 Ganciclovir
and foscarnet doses of 0.2 to 2 mg and 1.2 to 2 mg, respec-
tively, are administered two or three times per week for active
disease, followed by weekly maintenance injections. Intravit-
real fomivirsen induction 330 g (0.05 mL) once a week for 2
doses (days 1 and 15) followed by maintenance doses once ev-
ery 4 weeks also has been used.197 Potential complications of
intravitreal injections include bacterial endophthalmitis, vitre-
ous hemorrhage, and retinal detachment. Ocular inflammation,
with iritis and vitreitis, is the most frequently observed adverse
experience with fomivirsen (25%); this complication usually
responds to topical corticosteroids.197 Intravitreous therapy is
relatively uncommon because intraocular implants are avail-
able. Importantly, in contrast with systemic therapy, local in-
stillation of a drug is associated with a higher risk of CMV
disease developing in the contralateral eye as well as extraoc-
ular sites (Table 70-7).

Intraocular Ganciclovir Implants

22. Is P.Z. a candidate for ganciclovir intraocular implants?

The intraocular implant is a surgically implantable delivery
device (Vitrasert implant) capable of delivering ganciclovir
into the vitreous humor at a constant rate of approximately
1 g/hr over a period of 5 to 8 months.160,201−203 The implant
delivers a much higher concentration into the vitreous cav-
ity than can be achieved with systemic therapy. Implants may
be an acceptable initial choice for newly diagnosed patients
or patients with imminently sight-threatening disease. Surgi-
cal complications, such as retinal detachments, infections, and
hemorrhage, can occur during or after the procedure. To reduce
the risk of contralateral retinitis or extraocular CMV disease,
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patients receiving the intraocular implant should also be given
oral ganciclovir (1,000 mg TID) (Table 70-7).204

P.Z. should be reinduced with foscarnet therapy and main-
tained on a higher foscarnet dose. Neither alternating regimens
nor intravitreal administration of antiviral agents is appropriate
at present.

Oral Ganciclovir

23. What is the role of oral ganciclovir in the treatment of
CMV retinitis? Would P.Z. be a candidate for oral ganciclovir
(Cytovene) therapy?

Oral ganciclovir is available in the United States for the sup-
pressive treatment of CMV retinitis in AIDS patients. When
taken with food, oral ganciclovir at a dosage of 1,000 mg three
times a day provides daily drug exposure (e.g., AUC) that is
approximately 75% that of IV doses (5 mg/kg). Peak concen-
trations associated with oral dosing are substantially lower, but
trough levels are higher than with IV dosing. The bioavailabil-
ity of oral ganciclovir is increased by 22% when administered
with food. Therefore, patients should be counseled to take all
doses with food to maximize their drug exposure.205 Although
oral ganciclovir is a viable alternative to IV ganciclovir as main-
tenance therapy, the time to relapse may be shorter.205 As with
the IV formulations, neutropenia or anemia occurs in 40% to
60% of patients; however, the risk seems to be lower with oral
administration.

An esterified ganciclovir, valganciclovir, is available. This
agent yields an AUC approximately equivalent to that asso-
ciated with the IV administration of ganciclovir. The main-
tenance dosage is two 450-mg tablets of valganciclovir once
daily.

The expense of oral versus parenteral ganciclovir is con-
troversial. Cost comparisons must take into consideration
catheter-associated costs as well as the additional cost of
catheter-associated complications, such as sepsis. Further-
more, quality-of-life issues may weigh in favor of oral gan-
ciclovir. Oral ganciclovir seems to suppress CMV disease ef-
fectively and is a maintenance therapy option for patients with
stable, non–sight-threatening disease. The limited bioavailabil-
ity decreases its efficacy; however, larger dosages (e.g., 4,500
or 6,000 mg/day) seem more efficacious.44,204−206 However,
OI treatment guidelines state that ganciclovir is not recom-
mended for routine use as treatment or maintenance of CMV
owing to the superiority of IV ganciclovir and the availability of
valganciclovir.49 Considering his previous history of neutrope-
nia, P.Z. should not receive oral ganciclovir. Furthermore, oral
ganciclovir is less effective as maintenance therapy in sight-
threatening cases of retinitis, which exists in P.Z.

24. What is the role of oral ganciclovir or valganciclovir for
initial CMV prevention?

The role of oral ganciclovir for primary prophylaxis of CMV
retinitis has been evaluated in two studies.207,208 Oral ganci-
clovir decreased the 1-year incidence of disease by approxi-
mately 50% in one study,207 but did not demonstrate apprecia-
ble efficacy in the second investigation.208 These two studies
had important differences in study design that likely explain
the disparate results. One cost-effectiveness study estimated
that oral ganciclovir prophylaxis would cost >$1.7 million

per year of anticipated life expectancy.209 Valganciclovir has
demonstrated a trend in higher mortality in patients using it
for CMV primary prevention.48 These issues, in addition to
adverse effects such as neutropenia and anemia, the lack of
proven survival benefit in HIV-infected patients, and the risk
for ganciclovir-resistant CMV, are concerns that should be ad-
dressed when deciding whether to institute prophylaxis in indi-
vidual patients. Prophylaxis with oral ganciclovir or valganci-
clovir is not “strongly recommended as standard of care” by the
guidelines, but rather is “usually recommended” for patients
who are seropositive and have a CD4+ count of <50 (Table
70-2).44,48

CRYPTOCOCCOSIS
Clinical Presentation and Prognosis

25. A.S., age 28, is infected with HIV. She weighs 48 kg. Her
boyfriend was an IV drug user who died of AIDS 2 years ago. She
presents with a fever (103◦F) and a 2-week history of “splitting
headaches.” Laboratory test results include hemoglobin (Hgb),
11.2 g/dL (normal, 12.1–15.3 for females); WBC count, 4,100
cells/mm3 (normal, 3,800–9,800); platelets, 73,000/L (normal,
150,000–450,000); SrCr, 0.9 mg/dL (normal, 0.5–1.7); glucose, 94
mg/dL (normal, 65–115); and CD4+ count, 92 cells/mm3. She is
highly nonadherent and has not been to the clinic in more than a
year, at which time she was prescribed AZT, lamivudine, fosam-
prenavir, and ritonavir. Physical examination reveals no nuchal
rigidity. With the exception of moderate lethargy, her neurologic
examination is unremarkable. Her chest radiograph and three
sets of blood cultures for bacteria and fungi are negative. A CT
scan is nondiagnostic. Lumbar puncture reveals the following CSF
findings: glucose, 45 mg/dL (normal, 40–80); protein, 90 mg/dL
(normal, 15–45); WBC count, 10 cells/mm3 (normal, <5); and
a cryptococcal antigen titer of 1:2,048. Her intracranial pressure
(ICP) is 240 mm H2O (normal, 80–220). How is A.S.’s clinical pre-
sentation typical of a patient with AIDS and cryptococcal menin-
gitis? What is her likely prognosis?

[SI units: Hgb, 112 g/L (normal, 121–153); WBC count, 4.1 × 1010/L

(normal, 3.8–9.8); platelets, 73 1010/L (normal, 150–450); SrCr, 79.56 mol/L

(normal, 44–150); peripheral glucose, 5.2 mmol/L (normal, 3.6–6.3); CSF

glucose, 2.5 mmol/L (normal, 60%–70% of peripheral glucose); CSF protein,

0.9 g/L]

In the pre-HAART era, cryptococcosis developed in approx-
imately 6% to 10% of AIDS patients in the United States, with
meningitis being the most common clinical presentation.210 In
the era of HAART and azole prophylaxis, a significant decline
in the incidence of cryptococcosis has been observed.31,210

After HIV encephalopathy and toxoplasmosis, cryptococcosis
is the most common CNS infection associated with AIDS.210

The initial portal of entry is the lungs, where the organism is
normally contained by an intact immune system. Cryptococ-
cal disease typically develops in patients with profound defects
in cell-mediated immunity (i.e., CD4+ counts <100). Unlike
bacterial meningitis, cryptococcal CNS infection has a much
more insidious onset; the most common symptoms are fever
and headache. Less frequent signs and symptoms include nau-
sea and vomiting, meningismus, photophobia, and altered men-
tal status. Focal neurologic deficits and seizures are observed
in <10% of patients. CSF glucose is decreased, whereas CSF
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proteins are usually elevated. CSF cryptococcal antigen titer
and CSF culture are frequently positive. These findings, along
with the clinical presentation, form the basis for the diagnosis.
The overall outcome is poor, with a mean survival of 5 months.
Relapse within 6 months occurs in 50% of patients who do not
receive suppressive therapy. Altered mental status at baseline,
CSF WBC count of <20 cells/mm3, high CSF cryptococcal
antigen titer (>1:1,000), and an elevated initial CSF opening
pressure of >200 mm H2O have all been associated with a
poor prognosis.210

A.S.’s CD4+ count is 92. She has a temperature of 103◦F and
has experienced “splitting headaches” for about a week. Her
clinical presentation is typical of an AIDS patient with crypto-
coccal meningitis. The CSF WBC count of 10 cells/mm3, high
cryptococcal antigen titer, and ICP >200 mm H2O, suggest a
poor prognosis.211 If left untreated, cryptococcal meningitis is
fatal.

Treatment
Amphotericin B

26. How should A.S.’s acute cryptococcal meningitis be man-
aged?

The current treatment recommended for cryptococcal
meningitis is amphotericin B, 0.7 mg/kg/day IV, plus flucy-
tosine (100 mg/kg/day) given orally in four divided doses as
induction therapy for 14 days. Once the patient is stable (e.g.,
afebrile, with resolution of symptoms), then consolidation ther-
apy with oral fluconazole 400 mg/day for 8 weeks or until CSF
cultures are sterile can be initiated. After consolidation ther-
apy, daily suppressive therapy with fluconazole 200 mg should
be continued indefinitely unless immune reconstitution occurs
with HAART.211 Lipid-based formulations of amphotericin B
(specifically the liposomal amphotericin, AmBisome) dosed
as 4 mg/kg/day has shown to be effective.210

Although the aforementioned regimen is highly effective,
the ability to rapidly reduce A.S.’s ICP will also significantly
improve her clinical course. Removal of 10 to 20 mL of spinal
fluid by repeat lumbar puncture is recommended for patients
with an ICP >200 mm H2O (A.S.’s ICP is 240 mm H2O). Ad-
ditional interventions to consider to reduce A.S.’s elevated ICP
include administration of acetazolamide (a carbonic anhydrase
inhibitor that decreases CSF production) and the insertion of
an intraventricular shunt.210,211

27. What is the evidence for adding flucytosine to amphotericin
B in the acute treatment of A.S.? What are the disadvantages of
this combination?

Amphotericin B binds to sterols in the fungal cell mem-
brane, resulting in leakage of cytoplasmic contents.212 Flucy-
tosine is an antimetabolite type of antifungal drug that is acti-
vated by deamination within the fungal cells to 5-fluorouracil.
It inhibits fungal protein synthesis by replacing uracil with
5-flurouracil in fungal RNA, and it also inhibits thymidylate
synthetase via 5-fluorodeoxy-uridine monophosphate, interfer-
ing with fungal DNA synthesis. Although in vitro data have
demonstrated synergy between amphotericin B and flucyto-
sine, the addition of the latter agent remains controversial, par-
ticularly in AIDS patients, because of the potential for bone
marrow toxicity.210,213 Flucytosine, a purine analog, is approx-
imately 10% converted to 5-fluorouracil, an antimetabolite.

A classic prospective study conducted in HIV-negative pa-
tients favored the use of the combination.214 The protocol ran-
domized patients to receive either amphotericin B monother-
apy (0.4 mg/kg/day IV for 6 weeks followed by 0.8 mg/kg/day
IV every other day for 4 weeks) or amphotericin B plus flucy-
tosine (150 mg/kg/day orally divided Q 6 hours) for 6 weeks.
Fewer failures or relapses, more rapid CSF sterilization, and
less nephrotoxicity occurred in the combination group, al-
though overall mortality was no different. However, approx-
imately one-fourth of the patients in the combination arm de-
veloped leukopenia, thrombocytopenia, or both.

The addition of flucytosine to the therapeutic regimen in
HIV-positive patients warrants careful monitoring. In a retro-
spective review of 89 AIDS patients with cryptococcal menin-
gitis confirmed by CSF culture, no survival difference was
noted between those who received amphotericin B monother-
apy and those who were treated with the combination.212

Flucytosine-induced bone marrow suppression, possibly exac-
erbated by amphotericin B-induced renal dysfunction, resulted
in discontinuation of flucytosine in more than half of the pa-
tients. Neutropenia, thrombocytopenia, and diarrhea are more
common with sustained blood levels >100 mg/dL. However,
not all patients with high blood concentrations experienced
adverse effects, suggesting variable patient responses. If flucy-
tosine is chosen as adjunctive therapy, renal function and CBCs
should be monitored closely. Whether prospective evaluation
of flucytosine blood levels to maintain peak levels <100 mg/
dL reduces the incidence of toxicity remains unknown. A.S.
is at increased risk of granulocytopenia because of her HIV
disease and her concomitant myelotoxic AZT therapy.

The comparative trial forming the basis for the current rec-
ommendations for treatment of acute cryptococcal meningitis
in HIV-positive patients evaluated a higher dose of IV ampho-
tericin B (0.7 mg/kg/day) with or without flucytosine given at
a lower dose (25 mg/kg/dose PO Q 6 hours) for 2 weeks.211

The study evaluated 381 patients with an acute first episode
of cryptococcal meningitis. The second part of this trial re-
randomized stable or improved patients to either a fluconazole
or itraconazole treatment arm for an additional 8 weeks as con-
solidation therapy. Sixty percent and 51% of patients receiving
amphotericin B plus flucytosine, and amphotericin B alone,
respectively, had sterile CSF cultures at 2 weeks of therapy.
No significant differences were noted between groups in the
percentage of patients who were culture negative at 2 weeks.
Importantly, the addition of flucytosine to amphotericin B was
not associated with a significant increase in drug toxicities at
2 weeks. Fluconazole and itraconazole were similar in effi-
cacy. However, multivariate analysis revealed two factors that
were independently associated with a higher rate of CSF ster-
ilization: the addition of flucytosine and the randomization to
fluconazole. Consequently, amphotericin with flucytosine is
the preferred initial regimen.

INTRATHECAL OR INTRAVENTRICULAR AMPHOTERICIN B

28. Should A.S. also receive intrathecal or intraventricular am-
photericin B?

Although amphotericin B does not penetrate readily into
CSF, IV therapy for cryptococcal meningitis is adequate in
most patients. One small retrospective review of 13 patients
with a first episode of cryptococcal meningitis and under-
lying malignancy favored insertion of an Ommaya reservoir
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(a device inserted into the ventricle of the brain to enable
the repeated injection of drugs into the CSF).216 However,
the number of subjects was small, and complications from
using the Ommaya reservoir occurred in 30% of these pa-
tients (e.g., chemical ventriculitis, bacterial superinfection,
headache, fever, and tinnitus). Considering the lack of clear
efficacy and documented complications associated with the
direct instillation of amphotericin into CSF, this method of
administration should be avoided.

Fluconazole

29. Could A.S. be treated with fluconazole instead of ampho-
tericin B for acute cryptococcal meningitis?

Fluconazole, one of the triazole antifungal agents, inhibits a
fungal cytochrome P450 enzyme necessary for the conversion
of lanosterol to ergosterol. Without ergosterol, the fungal cell
membrane becomes defective and loses its selective perme-
ability properties.217 Unlike itraconazole, fluconazole is well
absorbed orally even in the presence of an elevated gastric
pH. Fluconazole has excellent CNS penetration and a good
safety profile,217 but is likely a secondary choice in the initial
treatment of cryptococcal meningitis. In a prospective, ran-
domized, multicenter trial, the National Institute of Allergy
and Infectious Diseases Mycoses Study Group and the AIDS
Clinical Trial Group (ACTG) compared amphotericin B with
200 mg/day of oral fluconazole (after a 400-mg loading dose)
for 10 weeks in 194 patients.218 The dose of amphotericin B
(mean dose, 0.4–0.5 mg/kg/day) and the possible addition of
flucytosine were left to the discretion of the individual investi-
gators. Although the overall mortality was similar (14% for am-
photericin B versus 18% for fluconazole), more fluconazole-
treated patients died during the first 2 weeks of treatment (15%
versus 8%; p = 0.25). Furthermore, the median time to the
first negative CSF culture in the successfully treated patients
was shorter in the amphotericin B group compared with flu-
conazole (16 versus 30 days). In a small, prospective, ran-
domized trial of 20 male patients with AIDS, oral fluconazole
(400 mg/day) for 10 weeks was compared with IV ampho-
tericin B (0.7 mg/kg/day for 1 week, followed by the same
dose thrice weekly for 9 weeks) combined with flucytosine
(150 mg/kg/day).219 There were four deaths in the fluconazole
group and none in the amphotericin B group (p = 0.27). Eight
of the 14 patients in the fluconazole group failed to respond to
treatment, whereas none of the amphotericin B patients failed
to respond. The mean duration of positive CSF cultures was 41
days in the fluconazole group and 16 days in the amphotericin
B group (p = 0.02). These results, taken together, have led
most clinicians to choose amphotericin, with or without flucy-
tosine, as initial treatment for severe cryptococcal meningitis.
Although increased doses of fluconazole have been proposed,
it is unknown whether these will result in improved outcomes.
High doses of fluconazole are being investigated further for
patients in the developing world where use of IV amphotericin
may not always be feasible. Considering the severity of her
meningitis, A.S. should be treated acutely with amphotericin
and not fluconazole.

Itraconazole

30. What is the role of itraconazole (Sporanox) in the treatment
of cryptococcal meningitis?

Although CSF penetration of itraconazole is poor, it has
been efficacious in an animal model of cryptococcal menin-
gitis.220 In a small, uncontrolled trial, all symptoms resolved
and cultures were negative in 10 of 14 AIDS patients with
cryptococcal meningitis. The median survival of these patients
exceeded 10.5 months. In another small, controlled trial, 42%
(5 of 12) of itraconazole-treated patients (200 mg orally twice
daily) responded completely, compared with 100% (10 of 10)
of patients who received amphotericin B (0.3 mg/kg/day IV)
plus flucytosine (150 mg/kg/day) for 6 weeks (p = 0.009).221

The lack of efficacy may be the result of erratic absorption of
itraconazole capsules and poor penetration into the CSF. The
suspension and IV formulations of itraconazole offer better
bioavailability and thus may result in improved outcomes. In
both studies, itraconazole generally was well tolerated, but its
role as initial therapy for acute cryptococcal meningitis remains
to be clarified.

In a comparative study of amphotericin B plus flucytosine
versus amphotericin B alone for 2 weeks, patients were ran-
domized to receive either fluconazole or itraconazole for an
additional 8 weeks of consolidation therapy. Itraconazole pro-
duced a lower rate of CSF sterilization than fluconazole. The
researchers concluded that itraconazole could be used in con-
solidation therapy of cryptococcal meningitis only for patients
who could not tolerate fluconazole.211 Itraconazole seems to
have a limited role in the treatment of cryptococcal meningitis
in HIV-positive patients.

Duration of Therapy

31. For how long should treatment continue for A.S.’s crypto-
coccal meningitis?

Once A.S. completes 2 weeks of acute induction therapy
with amphotericin B and flucytosine, she should be switched,
if stable, to oral fluconazole 400 mg/day for consolidation ther-
apy. However, itraconazole could be used if A.S. is intolerant
to fluconazole. Consolidation should be continued for an addi-
tional 8 to 10 weeks, followed by lifelong suppressive therapy
with fluconazole 200 mg/day211 (see Maintenance Therapy).

Maintenance Therapy

32. Should A.S. receive maintenance therapy after successful
treatment?

After induction and consolidation treatment of cryptococcal
meningitis, A.S. and all AIDS patients should receive main-
tenance therapy indefinitely, unless immune reconstitution oc-
curs as a result of HAART.48,210,211 A higher relapse rate and
a shorter life expectancy have been observed in patients who
did not receive chronic secondary prophylaxis.215 Fluconazole
(200 mg once daily) has emerged as the suppressive treat-
ment of choice. In a randomized, placebo-controlled trial of
61 AIDS patients, four recurrent cases of meningitis devel-
oped in the placebo group and none in the fluconazole group
(p = 0.03).222 One multicenter, comparative trial randomized
patients to receive either weekly amphotericin B 1 mg/kg/day
IV or 200 mg/day of fluconazole orally.223 Of 189 patients
enrolled, 18% of the patients in the amphotericin B group re-
lapsed, compared with 2% in the fluconazole group. Serious
toxicities were more frequent in the amphotericin B group.
Although data are limited, four of five patients maintained
on itraconazole (200–400 mg/day) for 3 to 12 months had a



70-26 � INFECTIOUS DISEASE

three- to sixfold decline in CSF cryptococcal antigen titers.
The fifth patient refused repeat lumbar punctures (see previ-
ous section on itraconazole). Thus, itraconazole should be used
only as an alternative to fluconazole.211,224

According to the OI guidelines,49 adult and adolescent pa-
tients are at low risk for recurrence of cryptococcosis when
they have completed a course of initial therapy, remain asymp-
tomatic, and have a sustained increase (e.g., >6 months) in
their CD4+ counts to >100 to 200 after HAART. This has been
evaluated in limited numbers of patients. Nonetheless, discon-
tinuing chronic maintenance therapy among such patients is
reasonable. Recurrences may happen, and certain specialists
may perform a lumbar puncture to determine if the CSF is
culture negative before stopping therapy. Maintenance therapy
should be reinitiated if the CD4+ count decreases to 100 to
200.

Primary Prophylaxis

33. What is the role of primary prophylaxis in cryptococcal
meningitis?

Primary prophylaxis against cryptococcal disease in HIV-
infected patients has been studied in a few clinical trials.225,226

In one open-label study, fluconazole (100 mg/day) was admin-
istered to all patients (329 HIV-infected patients) with CD4+
counts <68. These results were compared with 337 historical
controls from the pre-HAART era.226 Sixteen cases of cryp-
tococcal meningitis occurred in the historical controls (4.8%)
compared with only one case in the fluconazole group (0.3%).
In a prospective, randomized ACTG study, fluconazole 200
mg/day was compared with clotrimazole troches (10 mg five
times a day) for the prevention of fungal infections in 428 pa-
tients with advanced HIV disease. After a median follow-up
of 35 months, 32 cases of invasive fungal infection were con-
firmed. Of these, the majority (17 of 32) were cryptococcosis:
2 cases in the fluconazole group and 15 cases in the clotrima-
zole group. The greatest benefit derived from fluconazole was
observed in patient with CD4+ counts of <50.226 However, no
effect on survival was noted.

The risk for fluconazole resistance has been a concern
with primary prophylaxis because fluconazole resistance has
been reported in HIV-infected patients receiving long-term
therapy.227 In addition to the potential for resistance, other con-
cerns include the lack of survival benefits associated with pro-
phylaxis, the possibility of drug interactions, and cost. In light
of these concerns, the CDC currently does not recommend pri-
mary prophylaxis for this disease (Table 70-2).56 Fluconazole
in a daily dose of 100 to 200 mg is reasonable for patients with
a CD4+ count of <50.

Additional Therapies

34. What other acute therapies have been investigated for cryp-
tococcal meningitis?

The combination of fluconazole plus flucytosine appears to
be superior to fluconazole alone. High-dose fluconazole alone
(800–1,600 mg/day for up to 6 months) was compared with
high-dose fluconazole and flucytosine (150 mg/kg/day for 4
weeks) in 36 AIDS patients.228 Nine of 12 (75%) patients
in the combination group survived and became CSF culture
negative, whereas only 7 of 24 (29%) patients on fluconazole

monotherapy had similar outcomes. In a dose-escalation trial
of high-dose fluconazole with or without flucytosine, a signif-
icant increase in efficacy was observed as fluconazole doses
were increased. Potentially, combination fluconazole and flucy-
tosine are useful because of the excellent oral bioavailability
of both agents, which is particularly important in developing
countries. A randomized trial of 58 AIDS patients with crypto-
coccal meningitis compared fluconazole and flucytosine with
fluconazole monotherapy. Thirty patients received fluconazole
200 mg once daily for 2 months and flucytosine 150 mg/kg/day
for the first 2 weeks versus 28 patients who received only flu-
conazole 200 mg once daily for 2 months. Those who survived
for 2 months received fluconazole maintenance therapy at a
dose of 200 mg three times a week for 4 months. Combination
therapy significantly increased the survival rate compared with
monotherapy. No serious adverse effects were observed in ei-
ther group. Fluconazole and short-term flucytosine may be a
cost-effective and safe regimen in developing countries.229 Ad-
ditionally, higher doses of fluconazole in these settings (1,800–
2,000 mg/day) may be the best option for patients due to the
limitations of obtaining and administering flucytosine. These
doses are under investigation.

MYCOBACTERIUM TUBERCULOSIS
Clinical Presentation

35. C.J., a 45-year-old male prison inmate with AIDS, presents
with fever, cough, and occasional night sweats. A tuberculin pu-
rified protein derivative (PPD) skin test is negative, but C.J. is
assumed to be anergic based on his response to other skin test
antigens. Two acid-fast bacilli (AFB) sputum smears are also neg-
ative. Chest radiograph reveals hilar adenopathy with a question-
able right middle lobe localized infiltrate. No cavitary lesions are
seen. Why is infection with M. tuberculosis a strong possibility
in C.J.? His antiretroviral medications include abacavir, lamivu-
dine, and efavirenz. Three months ago his CD4+ count was 320
cells/mm3 (normal, approximately 1,000 cells/mm3) and his viral
load was 5,200 copies/mL.

One-third of the global population is infected with M. tu-
berculosis, with 7 to 8 million new cases every year. Mortality
is 2 to 3 million people annually, making TB the most com-
mon infectious cause of death worldwide.230 In 2005, of the
1.6 million deaths due to TB, 195,000 were HIV among in-
fected individuals.231 The incidence of TB in the United States
from 1985 to 1992 increased by 20%, approximately 40,000
more cases than expected.232−234 Factors associated with this
resurgence include the HIV epidemic, urban homelessness,
drug abuse, and the dismantling of public health TB control
resources. At that time, HIV disease was believed to be a ma-
jor factor contributing to the emergence of multidrug-resistant
M. tuberculosis (MDRTB). The recognized link between HIV
and TB, along with an increase in clinical and public health
resources, has subsequently resulted in a decline in the in-
cidence of TB in the United States.235 Fortunately in 2006,
incidence in the United States was 4.6 per 100,000 persons,
the lowest reported rate since TB surveillance began.235 Nev-
ertheless, TB is the leading cause of death in HIV-infected
persons worldwide, and pulmonary TB is an AIDS-defining
illness. Furthermore, M. tuberculosis strains resistant to isoni-
azid and rifampin, with or without resistance to other agents,
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have become a major public health concern.231−237 MDRTB
is defined by resistance to both isoniazid and rifampin. More
recently the emergence of extensively drug-resistant TB is in-
creasingly becoming a global health concern as identified in
South Africa from 2000 to 2004.235 In 1991 in New York City,
33% of M. tuberculosis cases were resistant to at least one
drug and 19% were resistant to both isoniazid and rifampin.238

In 2005, the first year with complete drug-susceptibility data,
124 cases of MDRTB were reported in the United States.235

These drug-resistant strains have been identified primarily in
large urban areas (e.g., New York and Miami), in coastal or
border communities, and in institutional settings.234,236 Nine
outbreaks of MDRTB in hospital and prison settings in New
York and Florida in 1990 were investigated by the CDC. A
high prevalence of HIV infection (range, 20%–100%), a high
mortality rate (72%–89%), and a short median duration of sur-
vival (range, 4–16 weeks) were common to these outbreaks.
MDRTB strains have been transmitted to health care workers
and prison staff.234,236

A Community Programs for Clinical Research on AIDS
survey evaluating MDRTB in eight metropolitan regions in the
United States observed drug-resistant isolates among 37% of
all HIV-positive patients versus 18% of HIV-negative patients
in New York City. In areas outside of New York City, resistance
rates were approximately 15% in both groups.239

C.J. presents with fever, cough, night sweats, and a right
middle lobe infiltrate with hilar adenopathy, consistent with
TB. Furthermore, his HIV status in combination with his in-
carceration increases the probability of M. tuberculosis infec-
tion, including multidrug-resistant isolates. C.J. will be started
with the standard four-drug regimen: isoniazid, rifampin (or
rifabutin), pyrazinamide, and ethambutol.240 (See Chapter 61
for a more comprehensive approach to TB treatment.)

36. Sputum cultures from C.J. document M. tuberculosis re-
sistant to both isoniazid and rifampin. Why are the negative tu-
berculin skin test, negative sputum smears for AFB, and lack of
cavitary lesions in C.J. still consistent with M. tuberculosis infec-
tion?

The clinical presentation of TB is often different in patients
with HIV infection. As many as one-half to two-thirds of AIDS
patients presenting with TB have evidence of extrapulmonary
sites of infection.230 These extrapulmonary sites include lymph
nodes, bone marrow, spleen, liver, CSF, and blood. M. tubercu-
losis was rarely cultured from blood before the AIDS era; how-
ever, bacteremia is well documented today.239 HIV-infected
patients with TB infection are also at risk for developing tu-
berculous meningitis.241 The chest radiograph in HIV-infected
patients may reveal hilar or mediastinal adenopathy or local-
ized infiltrates in the middle or lower lung fields.

In HIV-infected patients, it is unusual to see typical apical
infiltrates or cavitations. Furthermore, concomitant PCP may
confuse interpretation of chest radiographs. In addition, AFB
smears of sputum are negative in approximately 40% of HIV-
infected patients despite a positive culture, as in this patient.242

Finally, anergy is extremely common in HIV disease. Only 10%
to 40% of HIV-infected patients with TB have a positive tuber-
culin skin test. Anergy testing is not generally recommended
because of lack of standardization of anergy test reagents, poor
reproducibility, and a failure to show efficacy of prophylaxis
in anergic patients.48,243 Thus, definitive diagnosis of TB rests

on positive cultures from sputum or other tissue and body fluid
specimens.

Treatment

37. How should C.J. be treated?

C.J.’s organism is resistant to both isoniazid and rifampin
(by definition, MDRTB). These two agents should be discon-
tinued, and at least two more drugs should be added to his
regimen. The organism must be known to be susceptible to at
least three agents in the regimen.236,238 Treatment additions
for C.J. may include an aminoglycoside (e.g., streptomycin,
kanamycin, amikacin), capreomycin, and a fluoroquinolone
(e.g., ofloxacin, ciprofloxacin, levofloxacin).236,238 C.J.’s physi-
cian decided to treat him with pyrazinamide, 20 mg/kg/day
orally (maximum dose, 2 g), ethambutol 15 mg/kg/day orally
(maximum dose, 2.5 g), amikacin 15 mg/kg/day IV or intra-
muscularly, and levofloxacin 500 mg orally or IV daily.

The optimal duration of treatment for MDRTB has not
been established. The National Jewish Center for Immunol-
ogy and Respiratory Medicine treats MDRTB for 24 months
after sputum cultures become negative. Parenteral medication
is continued for 4 to 6 months if toxicity remains manage-
able (e.g., amikacin ototoxicity, nephrotoxicity).234,237,238 In-
termittent therapy (administered two or three times per week)
is allowable as long as it is directly observed.244 All patients in-
fected with organisms resistant to either isoniazid or rifampin
should have their ingestion of antitubercular medications di-
rectly observed. Although directly observed drug regimens are
labor intensive, overall they are cost effective.244

Whenever isoniazid- or rifampin-resistant organisms are
isolated, a medical expert should be consulted. Because many
patients suffer from adverse events related to their antituber-
culosis regimens (particularly GI effects), the National Jewish
Center recommends that initial therapy begin in the hospital to
monitor toxicity.244 To minimize side effects, this center also
initiates therapy with small doses of each agent followed by
gradual escalation to the target dose over 3 to 10 days.

In patients with organisms resistant only to isoniazid, sug-
gested regimens include rifampin or rifabutin, pyrazinamide,
and ethambutol daily for 14 days then twice weekly for 6 to
9 months, or for 4 months after sputum conversion. If the or-
ganism is resistant only to rifampin, suggested regimens in-
clude isoniazid, pyrazinamide, and ethambutol plus strepto-
mycin daily for 8 weeks, then isoniazid, pyrazinamide, and
streptomycin two or three times per week for 30 weeks. An al-
ternative to this regimen for rifampin resistance includes isoni-
azid, pyrazinamide, and ethambutol plus streptomycin daily for
2 weeks, then the same regimen two or three times a week for 6
weeks, followed by isoniazid, pyrazinamide, and streptomycin
two or three times a week for 30 weeks.

If the organism is sensitive to both isoniazid and rifampin,
then the preferred regimen consists of isoniazid, rifampin,
pyrazinamide, and ethambutol or streptomycin for 2 months.
The third and fourth drugs (pyrazinamide and ethambutol or
streptomycin) may be discontinued after 2 months. The dosing
regimens for HIV-infected patients and for non–HIV-infected
patients are the same. Treatment should continue for 9
months for both non–HIV-infected and HIV-infected pa-
tients. If HIV-positive patients demonstrate a slow or subop-
timal response, therapy should be prolonged on an individual
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Table 70-9 Tuberculosis Treatment Recommendations for Patients Coinfected With HIV and Tuberculosis

Induction Maintenance Comments

Rifampin-based Therapy (no concurrent use of PIs or NNRTIs)

INH/RIF/PZA/EMB (or SM) daily ×2 months INH/RIF daily or 2–3×/wk × 18 wk RIF-containing regimens used with caution with
protease inhibitors and NNRTIs

INH/RIF/PZA/EMB (or SM) daily ×2 wk, then
2–3×/wk ×6 wk

INH/RIF 2–3×/wk ×18 wk HIV status should be assessed at 3-month intervals
to determine need for antiretroviral therapy

INH/RIF/PZA/EMB (or SM) 3×/wk ×8 wk INH/RIF/PZA/EMB (or SM)
3×/wk ×4 months

Rifampin-based Therapy (concurrent use of PIs or NNRTIs)

INH/RFB/PZA/EMB daily ×8 wk INH/RFB daily or 2×/wk ×18 wk Monitor for RFB toxicity, arthralgias, uveitis,
leukopenia

INH/RFB/PZA/EMB daily ×2 wk, then 2×/wk
×6 wk

INH/RFB 2×/wk ×18 wk Dose modifications of RFB and PIs/NNRTIs when
given concurrently (Table 70-10)

� Nucleoside analogs and nucleotides: not con-
traindicated/ no dosage changes recommended

Streptomycin-based Therapy (concurrent use of PIs or NNRTIs)

INH/SM/PZA/EMB daily ×8 wk INH/SM/PZA 2–3×/wk ×30 wk SM is contraindicated in pregnant women
INH/SM/PZA/EMB daily ×2 wk, then 2–3×/wk

×6 wk
INH/SM/PZA 2–3×/wk ×30 wk If SM cannot be continued for 9 months, add EMB

and treatment should be extended to 12 months

EMB, ethambutol; INH, isoniazid; NNRTI, non-nucleoside reverse transcriptase inhibitor; PI, protease inhibitor; PZA, pyrazinamide; RFB, rifabutin; RIF, rifampin; SM, streptomycin.
Adapted from MMWR 2002:51(RR-8):152, and references 47 and 254.

basis.231,236 All HIV-infected patients receiving isoniazid are
at risk for peripheral neuropathy and should receive pyridoxine
(Table 70-9).237,244

38. How should C.J.’s response to therapy be monitored?

C.J.’s response to therapy should be monitored by drug ef-
ficacy and toxicity. Efficacy may be assessed by the resolution
of symptoms. Symptoms usually improve within 4 weeks, and
sputum cultures become negative within 3 months. C.J. should
be monitored for a decrease in the frequency of his fevers and
night sweats, as well as improvement in his cough. Sputum
smear and culture should be monitored at least monthly until a
negative culture is documented. Chest radiography may be the
last parameter to improve.235,236,240 In some patients, recur-
rence of symptoms may be caused by nontuberculous compli-
cations associated with HIV. This paradoxical reaction is asso-
ciated with the initiation of antiretroviral therapy245 and is the
consequence of immune reconstitution. Recovery of delayed
hypersensitivity occurs with increases in CD4+ counts, result-
ing in increased reactions to mycobacterial antigens. Contin-
uation of antimycobacterial and antiviral treatment is recom-
mended, and a short course of prednisone may be considered
for severe symptoms.245

The second monitoring parameter is drug toxicity. Recom-
mended baseline tests include LFTs, SrCr, CBC, and platelet
count. Baseline uric acid is required for patients receiving
pyrazinamide. Patients receiving ethambutol require baseline
visual acuity and red–green color perception assessment. Re-
assessment should be performed at least once monthly. Lab-
oratory monitoring usually is not recommended unless symp-
toms suggest toxicity. Isoniazid and, secondarily, rifampin and
pyrazinamide are the agents most associated with hepatotoxic-

ity (see Chapter 61). C.J. is not receiving isoniazid or rifampin
but is receiving pyrazinamide. Therefore, if transaminase lev-
els increase to higher than five times the upper limits of nor-
mal, pyrazinamide should be discontinued and an alternative
agent given. When his LFTs return to their normal limits, pyra-
zinamide can be reintroduced.240

Prophylaxis
HIV-Infected Persons: Multidrug-Resistant Tuberculosis

39. An HIV-infected nurse inadvertently entered C.J.’s room
without taking adequate precautions and suctioned respiratory
secretions. Four weeks later, her tuberculin skin test converted to
positive. What prophylactic regimen should be initiated for this
nurse?

There is no known prophylactic regimen with proven effi-
cacy against MDRTB,48,236 but several regimens have been rec-
ommended: pyrazinamide (25–30 mg/kg/day) combined with
ethambutol (15–25 mg/kg/day); pyrazinamide with ofloxacin
(400 mg BID); and pyrazinamide combined with ciprofloxacin
(750 mg BID).236,246 Other fluoroquinolones, such as lev-
ofloxacin, are associated with good in vitro activity and may
prove beneficial. Considering that C.J. is HIV infected, mul-
tidrug prophylaxis should continue for 12 months.48,246 The
choice of drugs must be based on susceptibility tests and con-
sultation with public health authorities (Table 70-2).48

HIV-Infected Persons: Drug-Susceptible Tuberculosis

40. K.D., a 26-year-old HIV-infected man, comes in for a rou-
tine clinic visit. It is discovered that he is a household contact of a
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person known to have active, untreated, drug-susceptible TB. His
CD4+ count is 350 cells/mm3. A tuberculin skin test (5 tuberculin
units of PPD) and two other skin test antigens are administered,
and he is instructed to return to the clinic in 48 hours. His PPD
has been negative in the past, and he has demonstrated delayed
hypersensitivity responsiveness. How should the results of K.D.’s
skin tests be interpreted, and should he receive prophylaxis con-
sidering his known exposure to TB?

The CDC and the American Thoracic Society currently rec-
ommend 9 months of isoniazid prophylaxis (300 mg/day PO)
plus pyridoxine (50 mg/day PO) for all HIV-infected persons
who have at least a 5-mm induration reaction to PPD and no
evidence of active TB (negative chest radiograph and no clin-
ical symptoms), unless otherwise contraindicated and regard-
less of Bacillus Calmette-Guerin (BCG) vaccination status.
The administration of BCG vaccine to HIV-infected persons is
contraindicated because of the potential to cause disseminated
disease.48 A>5-mm reaction in HIV-infected persons contrasts
to a >10-mm cutoff for HIV-negative persons.48,240 Few iso-
niazid prophylaxis failures have been reported, although this
finding has not been systematically studied. Additional pre-
ferred regimens in instances of questionable compliance in-
clude isoniazid 900 mg twice weekly plus pyridoxine 50 mg
twice weekly for 9 months, both administered under direct
observed therapy. A short-course preferred regimen includes
rifampin (600 mg/day) plus pyrazinamide (20 mg/kg/day) for
2 months (Table 70-2).48,247

An inverse relationship exists between anergy and a CD4+
count of <500.248 If K.D. proves to be anergic, he should
still be given isoniazid prophylaxis, considering his exposure
history.48 All HIV-infected persons, irrespective of age, PPD
results, or prior course of chemoprophylaxis, should be given
chemoprophylaxis if they are in close contact with persons
who have active TB. Prophylaxis also should be considered
for anergic, HIV-infected persons who are members of groups
known to have a prevalence of TB infection of >10%. In the
United States, these groups include IV drug users, prison in-
mates, residents of homeless shelters, and persons born in
Latin American, Asian, or African countries with high rates
of TB. The efficacy of primary prophylaxis in this group has
been demonstrated.48,240,244 Before any prophylactic regimen
is begun, active TB needs to be ruled out. K.D. should un-
dergo chest radiography and clinical evaluation to rule out ac-
tive disease. HIV-infected patients who are anergic or have a
negative reaction when tested do not require prophylaxis if
they are not close contacts of TB-infected patients.48,240,244

The CDC no longer recommends routine anergy test-
ing, because several studies have demonstrated inconsistent
results.48,249

HIV-Infected Persons: Protease Inhibitors or Non-Nucleoside
Reverse Transcriptase Inhibitors

41. F.C., a 36-year-old HIV-infected woman, diagnosed 6
months ago, was found to have active TB (pulmonary infiltrates on
chest radiographs, sputum AFB stain and culture positive, culture
pansensitive). She is taking AZT, lamivudine, lopinavir/ritonavir,
and fluconazole, and CD4+ count is 300 cells/mm3. What factors
must be considered when selecting TB therapy for F.C.?

The use of protease inhibitors in the treatment of HIV
patients coinfected with TB increases the potential for drug

interactions with rifamycin derivatives (rifampin, rifabutin).
Because the rifamycins are potent inducers of the hepatic
cytochrome P450 system (e.g., CYP3A4), they can induce
metabolism of the protease inhibitors, resulting in subtherapeu-
tic levels. Conversely, the protease inhibitors elevate rifamycin
serum levels by inhibiting their metabolism and increasing tox-
icities, such as uveitis (inflammation of the uveal tract of the
eye; see Chapter 61).

According to recent guidelines, rifampin should not be
coadministered with any standard protease inhibitors (boosted
or not with ritonavir) and delavirdine.250 Rifampin may be used
with efavirenz and nevirapine; however, optimal doses are not
known for all populations and additive hepatotoxicity exists
when nevirapine and rifampin are coadministered. When us-
ing rifampin with maraviroc or raltegravir an increased dose of
maraviroc (600 mg BID) may be used and the recommended
dose of raltegravir (400 mg BID); however, there is no reported
clinic experience for these regimens. Rifabutin may be used in
place of rifampin but should not be used with the saquinavir
(without ritonavir) or delavirdine. Rifabutin should be given at
50% of the usual dose (i.e., reduce from 300 to 150 mg/day)
with indinavir, nelfinavir, amprenavir, and fosamprenavir. Rif-
abutin should be used at 25% of the usual dose (i.e., 150
mg every other day or three times a week), with atazanavir,
lopinavir/ritonavir, or any ritonavir-boosted protease inhibitor.
When rifabutin is administered with indinavir as a single pro-
tease inhibitor, the dosage of indinavir should be increased
from 800 mg Q 8 hours to 1,000 mg Q 8 hr or given as 800
mg twice daily with ritonavir 100 mg twice daily. Rifabutin
should be given with efavirenz at dosages of 450 to 600 mg/day.
There are no data on using rifabutin in the HAART setting of
efavirenz plus a protease inhibitor. In this situation, rifabutin
dosing may need to be decreased. Rifabutin can be used in full
doses with nevirapine and etravirine.250

The CDC has recommended three treatment options for pa-
tients receiving protease inhibitors and non-nucleoside reverse
transcriptase inhibitors (NNRTI). If the patient has not yet been
started on a protease inhibitor or NNRTI, it may be best to de-
lay therapy and start antituberculosis medication immediately.
If the patient is receiving a protease inhibitor or NNRTI, some
physicians may decide to discontinue this treatment for the
duration of the antituberculosis medication. If the decision is
made to continue or initiate protease inhibitor or NNRTI ther-
apy, an antituberculosis regimen must be selected that modifies
the doses of rifampin or rifabutin (Table 70-9).240,251

There are currently five options for concomitant TB and
antiretroviral therapy; the first three are CDC-recommended
options. These are initiating therapy with regimens that do
not contain a protease inhibitor or an NNRTI (e.g., abacavir,
lamivudine [3TC], AZT), using a concomitant protease in-
hibitor or NNRTI with streptomycin-based therapy with no use
of rifamycins, and initiating rifabutin-based therapy with dose
adjustments of the concomitant protease inhibitor or NNRTI
(Table 70-9).252 The other two options are not recommended
by the CDC. They are using isoniazid, ethambutol, and pyraz-
inamide for 18 to 24 months253 with concomitant protease in-
hibitor or NNRTI therapy, and using efavirenz 800 mg/day
(plus two NRTIs) plus rifampin 600 mg/day or 600 mg twice
weekly.254

Discontinuing the protease inhibitor for F.C. is not an op-
tion considering the rapid viral replication and the risk of
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developing resistant isolates, especially considering that she re-
cently was started on protease inhibitor therapy and is clinically
responsive. A reduced dose of rifabutin (150 mg every other
day or three times per week) is recommended when coadminis-
tered with lopinavir/ritonavir. Considering that F.C. is receiving
lopinavir/ritonavir, she will be treated with a rifabutin-based
regimen. She will receive isoniazid, rifabutin, pyrazinamide,
and ethambutol daily for 8 weeks followed by isoniazid and
rifabutin daily or twice weekly for 18 weeks. An alterna-
tive regimen could be isoniazid, rifabutin, pyrazinamide, and
ethambutol daily for 2 weeks, then two times weekly for
6 weeks, followed by isoniazid and rifabutin, twice weekly
for 18 weeks. Considering the lopinavir/ritonavir-associated
reduction in metabolism, rifabutin should be administered
150 mg every other day or three times weekly (Table 70-10).

Drug Interactions

42. What additional non-antiretroviral–related drug interac-
tions are of concern to patients like F.C. who are taking antitu-
berculosis medications?

Rifampin induces hepatic microsomal enzymes and there-
fore increases the metabolism of many drugs frequently pre-
scribed for HIV-positive patients. For example, serum con-
centrations of fluconazole and ketoconazole are decreased by
25% and 80%, respectively,255,256 and dapsone concentrations
are lowered by as much as 90% with concomitant administra-
tion of rifampin. Rifampin may induce acute withdrawal when
given with methadone. The activity of oral contraceptives and
warfarin anticoagulants also may be reduced. Rifampin also
lowers serum concentrations of theophylline, anticonvulsants,
corticosteroids, sulfonylureas, and digoxin.

F.C. is receiving rifabutin rather than rifampin. Rifabutin
also induces hepatic microsomal enzymes, but the effect is less
pronounced. Rifabutin reduces the activity of several agents,
including warfarin, barbiturates, benzodiazepines, β-adrener-
gic blockers, chloramphenicol, clofibrate, corticosteroids, cy-
closporine, diazepam, digitalis, doxycycline, haloperidol, oral
hypoglycemics, ketoconazole, phenytoin, theophylline, quini-
dine, and verapamil. A significant reduction in activity is ob-
served with oral contraceptives, dapsone, and methadone (Ta-
bles 70-10 and 70-11).

Cytochrome P450 system inhibitors, such as certain
macrolides, quinolones, and antifungal azoles, prolong the
half-life of rifabutin. The macrolides erythromycin and clarith-
romycin result in a fourfold increase in rifabutin.48,234 F.C. is
concomitantly taking fluconazole; thus, rifabutin serum levels
might increase when given with fluconazole, leading to possi-
ble uveitis.233 However, F.C. is currently taking half the usual
dose of rifabutin, minimizing the risk for rifabutin-induced
uveitis.

MYCOBACTERIUM AVIUM COMPLEX DISEASE
Clinical Presentation

43. M.E., an HIV-infected 38-year-old woman with a history
of IV drug use, presents with fevers, drenching night sweats, a
poor appetite, and a 20-lb weight loss (>15% of baseline) over
the past 4 months. M.E. has refused all antiretroviral therapy

for the past year because of drug intolerance. She has a past
medical history of recurrent herpes zoster, PCP, and cryptococ-
cal meningitis. Her current medications include one TMP-SMX
double-strength tablet once daily and an occasional acyclovir dose
when she feels the herpes zoster “is beginning to start”; she refuses
MAC prophylaxis therapy. Physical examination reveals a cachec-
tic woman with mild hepatosplenomegaly. Pertinent laboratory
test results include hematocrit (Hct), 23% (normal, 36%–44.6%);
WBC count, 3,500 cells/L (normal, 3,800–9,800) with 68% neu-
trophils, 2% bands, 22% lymphocytes, and 8% monocytes; ab-
solute CD4+ count, 25 cells/mm3; viral load, 200,000 copies/mL;
aspartate transferase, 135 IU/L (normal, 0–35); alanine amino-
transferase, 95 IU/L (normal, 0 to 35); and alkaline phosphatase,
186 IU/L (normal, 30–120). Skin testing reveals anergy. The chest
radiograph is unremarkable. Based on these findings, a presump-
tive diagnosis of MAC infection is made. Why is M.E.’s clinical
presentation consistent with MAC infection?

[SI units: Hct, 0.23; WBC count, 3.5 × 1010/L with 0.68 neutrophils, 0.02

bands, 0.22 lymphocytes, 0.08 monocytes; aspartate aminotransferase, 135

U/L (normal, 0–35); alanine aminotransferase, 95 U/L (normal, 0–35);

alkaline phosphatase, 186 U/L (normal, 30–120)]

Disseminated MAC infection is common in end-stage AIDS
patients. On autopsy, MAC organisms are observed in the
lungs, spleen, colon, adrenals, kidneys, brain, and skin.257,258

MAC reduces survival; increased mortality is observed in
AIDS patients with disseminated MAC, compared with AIDS
patients without disseminated MAC.257 The predominant or-
ganism in HIV-positive patients is M. avium (97% of typeable
isolates) followed by Mycobacterium intracellulare (3%).259

The risk of developing disseminated MAC infection is strongly
associated with a CD4+ count of <100; the highest risk is in
patients with a CD4+ count <50.13 Age, gender, and race do
not influence the risk of disseminated MAC infection.48,257 The
overall prognosis is poor, with a mean survival of 3 to 7 months.
Poor prognostic indicators include prior OI, severe anemia,
AZT dose interruption, and low total lymphocyte count.260

M. avium is a ubiquitous organism found in food, water, soil,
and house dust. The most likely portal of entry is either the GI
or respiratory tract. Sputum and stool samples frequently are
colonized with MAC, although the significance of this finding
remains controversial. Common presenting symptoms associ-
ated with MAC infection include fever, night sweats, anorexia,
malaise, profound weight loss (>10% body weight), anemia,
lymphadenopathy, and diarrhea.261 M.E.’s fevers, drenching
night sweats, poor appetite, 20-lb weight loss, and mild hep-
atosplenomegaly are consistent with MAC infection. In partic-
ular, her CD4+ count of 25 puts her at risk for this OI.

Treatment
Initiation

44. Why is it appropriate to initiate M.E.’s drug therapy before
blood culture results have documented the presence of MAC?

Disseminated MAC is best diagnosed by peripheral blood
cultures. The finding of AFB on a blood smear is diagnos-
tic, but the results are variable.261,262 Conventional culture
methods using solid media may have a turnaround time of as
long as 8 weeks; however, radiometric broth systems signaling
the release of C15-labeled CO2 from mycobacteria may detect
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Table 70-10 Recommendations for Coadministering Rifampin and Rifabutin With Non-Nucleoside Reverse Transcriptase Inhibitors
and Protease Inhibitors

Use in Combination Use in Combination
Antiretroviral With Rifabutin With Rifampin Comments

Saquinavir HGC Possibly,a if regimen
also includes
ritonavir

No Coadministration of saquinavir HGC or tablet with rifabutin 150 mg QOD or 3×/wk
is recommended but only if ritonavir is used.

Coadministration of saquinavir with rifampin is not recommended because of the
demonstration of marked elevations in transaminases when saquinavir/ritonavir
and rifampin were combined.

Ritonavir Probably Possibly If the combination of ritonavir and rifabutin is used, then a substantially
reduced-dose rifabutin regimen (150 mg 2–3×/wk) is recommended.

Coadministration of ritonavir with usual-dose rifampin (600 mg QD or 2–3×/wk) is
possible; pharmacokinetic data and clinical experience are limited.

Indinavir Yes No There is limited, but favorable, clinical experience with coadministration of
indinavirc with a reduced daily dose of rifabutin (150 mg) or with the usual dose
of rifabutin (300 mg 2–3×/wk)

Coadministration of indinavir with rifampin is not recommended because rifampin
markedly decreases concentrations of indinavir.

Nelfinavir Yes No There is limited, but favorable, clinical experience with coadministration of
nelfinavird with a reduced daily dose of rifabutin (150 mg) or with the usual dose
of rifabutin (300 mg 2–3×/wk).

Coadministration of nelfinavir with rifampin is not recommended because rifampin
markedly decreases concentrations of nelfinavir.

Amprenavir and
fosamprenavir

Yes No Coadministration of amprenavir or fosamprenavir with a reduced daily dose of
rifabutin (150 mg) or with the usual dose of rifabutin (300 mg 2–3/wk) is a
possibility, but there is no published clinical experience.

Coadministration of amprenavir or fosamprenavir with rifampin is not recommended
because rifampin markedly decreases concentrations of amprenavir.

Atazanavir Yes No Coadministration of atazanavir with a reduced dose of rifabutin (150 mg every other
day or 3×/wk) is a possibility, but there is no published clinical experience.

Coadministration of atazanavir with rifampin is not recommended because rifampin
markedly decreases concentrations of atazanavir.

Lopinavir/ritonavir Yes No Coadministration of lopinavir/ritonavir with a reduced dose of rifabutin (150 mg
every other day or 3×/wk) is a possibility, but there is no published clinical
experience.

Coadministration of lopinavir/ritonavir with rifampin is not recommended because
rifampin markedly decreases concentrations of atazanavir.

Darunavir/ritonavir Yes No Coadministration of darunavir/ritonavir with a reduced daily dose of rifabutin 150
mg every other day is recommended.

Coadministration of darunavir/ritonavir with rifampin is not recommended.
Tipranavir/ritonavir No Possibly Coadministration of tipranavir/ritonavir is not recommended. A single dose of

rifabutin with tipranavir/ritonavir showed an increase in rifaubtin concentrations;
however, no multidose data are available.

No data are available with the coadministration of rifampin with tipranavir/ritonavir.
Nevirapine Yes Possibly Coadministration of nevirapine with usual-dose rifabutin (300 mg QD or 2–3×/wk)

is possible based on pharmacokinetic study data. However, there is no published
clinical experience for this combination.

Data are insufficient to assess whether dose adjustments are necessary when
rifampin is coadministered with nevirapine. Therefore, rifampin and nevirapine
should be used only in combination if clearly indicated and with careful
monitoring. Some studies have demonstrated additive hepatotoxicity.

Delavirdine No No Contraindicated because of the marked decrease in concentrations of delavirdine
when administered with either rifabutin or rifampin.

Efavirenz Probably Probablye Coadministration of efavirenz with increased doses of rifabutin 450–600 mg QD or
600 mg 3×/wk is recommended.

aDespite limited data and clinical experience, the use of this combination is potentially successful.
bBased on available data and clinical experience, the successful use of this combination is likely.
cRecommended to increase the indinavir dose to 1,000 mg Q 8 hr or boost with ritonavir (800/100 mg BID) when used in combination with rifabutin.
d Usual recommended dose is 750 mg TID or 1,250 mg BID. Some experts recommend increasing the nelfinavir dose to 1,000 mg if used TID and in combination with rifabutin.
eUsual recommended dose is 600 mg QD. Some experts recommend increasing the efavirenz dose to 800 mg QD if efavirenz is used in combination with rifampin.
QD, daily; QOD; every other dat.
Adopted from MMWR 2000;49:23 and U.S. Department of Health and Human Services Guidelines for Use of Antiretroviral Agents in Adults and Adolescents, Oct 10, 2007.



70-32 � INFECTIOUS DISEASE

Table 70-11 Drug Interactions With Tuberculosis and Mycobacterium avium complex Medications

Affected Drug Interacting Drug(s) Mechanism Recommendation

Atovaquone Rifampin Induction of metabolism drug
concentrations

Concentrations might not be therapeutic;
avoid combination or ↑ atovaquone
dose

Clarithromycin Ritonavir, indinavir Inhibition of metabolism ↑ drug
concentrations by 77%
(w/ritonavir) and 53% with
indinavir

No adjustments needed in normal renal
function; adjust if CrCl is <30
mL/min

Clarithromycin Nevirapine Induction of metabolism ↓ in
clarithromycin AUC by 35%, ↑
in AUC of 14-OH clarithromycin
by 27%

Effect on M. avium prophylaxis might be
decreased; monitor closely

Clarithromycin Rifabutin, rifampin Induction of hepatic metabolism ↓
clarithromycin concentration
50% (w/rifabutin) to 120%
(w/rifampin)

Clinical significance of ↓ clarithromycin
levels unknown

Ketoconazole, rifampin Isoniazid ↓ Serum concentration of
ketoconazole

Possible antifungal treatment resistance

↑ Hepatotoxicity May consider discontinuing one or both
agents if >5× baseline

Quinolones Didanosine, antacids,
iron products,
calcium products,
sucralfate

Chelation that results in marked ↓
in quinolone drug levels

Administer interacting drug ≥2 hr after
quinolone

Rifabutin Fluconazole Inhibition of metabolism with
significant ↑ in rifabutin drug
levels

Monitor for rifabutin, toxicity such as
uveitis, nausea, neutropenia

Antifungals, dapsone,
methadone, theophylline, oral
contraceptives, phenytoin,
digoxin, warfarin (all drugs
metabolized via CYP450)

Rifampin Induction of metabolism-
significant decrease in drug levels

Monitor drug levels (theophylline,
phenytoin, digoxin)

Monitor prothrombin time with warfarin
Use alternative birth control method

Theophylline, warfarin, digoxin Ciprofloxacin Inhibition of metabolism
theophylline levels, digoxin
levels, anticoagulant effects

Monitor theophylline and digoxin levels
and prothrombin time

AUC, area under the curve; CrCl, creatinine clearance; CYP450, cytochrome P450 enzyme system.
Modified from MMWR 1999;48(RR-10).

bacterial growth in 7 to 10 days.261,262 Identification of the
organism (M. tuberculosis versus atypical mycobacteria) by
conventional biochemical methods may take weeks to months.
Techniques using DNA probes make diagnosis possible within
several hours.262 Quantitative blood cultures have been useful
to monitor the effects of drug therapy, but may not be practi-
cal on a routine clinical basis. Radiometric broth methods also
may provide in vitro drug susceptibility in another 7 to 10 days.
Even with the availability of all of these laboratory tests, results
generally are not available for 2 to 3 weeks. In view of this lag
time, it is in the patient’s best interest to initiate empiric ther-
apy as quickly as possible. Although MAC is typically isolated
from blood, the organism can also be demonstrated via acid-
fast smears of lymph node, liver, or bone marrow biopsies.
Because these organs are rich in monocytes, the target cells
for MAC infection, the organism load may be high (up to 1011

colony-forming units [CFU]/mL). Granuloma formation or in-
flammation may be absent because of profound suppression of
cell-mediated immunity in end-stage AIDS patients.262,263

45. What is the relevance of M.E.’s discontinued antiretroviral
therapy to her development of MAC infection?

The incidence of disseminated MAC in AIDS patients re-
siding in the United States before HAART was 30% to 40%.
Treatment with protease inhibitors and the widespread use of
primary MAC prophylaxis since mid-1996 substantially low-
ered the incidence of disseminated MAC infection.262−265 HIV
also is known to infect monocytes and macrophages. In in vitro
macrophage culture studies, the intracellular growth rate of
M. avium was greatly enhanced in HIV-infected cells.266 Con-
versely, if macrophages taken from HIV-infected patients were
infected with M. avium, latent HIV virus began to replicate
in some of these cultures.266 Consequently, the two organisms
may act synergistically, leading to a hastened deterioration of
the host.261 Because M.E. has discontinued antiretroviral ther-
apy, the resultant increase in viral load has contributed to her
development of MAC.

Drug Susceptibility as a Basis for Treatment

46. Should M.E.’s therapy be based on in vitro drug suscepti-
bility results?

Correlation between in vitro drug susceptibility results and
clinical efficacy has not been clearly established for MAC.
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Numerous reasons may account for this finding. First, results
are method dependent; MAC isolates are more sensitive to an-
tibiotics if broth is used rather than agar.262,267 Second, current
in vitro methods are cell free, which does not take into ac-
count the intracellular nature of MAC infection. Thus, drugs
that have excellent intracellular penetration may be useful clin-
ically, even if in vitro minimum inhibitory concentration (MIC)
data suggest otherwise. Conversely, drugs that have favorable
MIC data may be ineffective clinically if they do not reach
the intracellular environment.266,267 An in vitro drug suscepti-
bility testing system that incorporates murine macrophages is
under development266,267 and eventually may be a better pre-
dictor of clinical outcome. Clinical laboratories in the United
States widely use the radiometric broth macrodilution utilizing
Bactec Technology.267,268

Drug susceptibility studies also may not correlate with clini-
cal efficacy because in vitro results for individually tested drugs
may show resistance, but combination therapy may be additive
or synergistic.269 Finally, some antimycobacterial agents ex-
hibit large differences between the MIC and maximum bacte-
ricidal concentration. This finding may reflect the difficulty in
eradicating this organism, particularly in a severely immuno-
compromised host. Despite these limitations, many clinicians
still use in vitro drug susceptibility data as a guide to therapy.
In summary, in vitro tests for susceptibility, although used, may
not predict clinical efficacy.

Drug Therapy

47. What drug regimens could be selected to treat M.E.?

The CDC recommends a two- or three-drug MAC regi-
men, and at least one of these drugs must be a macrolide.
Clarithromycin (500 mg PO BID) is the preferred agent;
azithromycin is an alternative. Ethambutol (15 to 25 mg/kg/day
PO) is recommended as the second agent. Several drugs
can be used as the third agent, including rifabutin (300
mg/day), ciprofloxacin (500–750 mg/day), and amikacin (15
mg/kg/day). The choice of the third agent depends on the sever-
ity of the illness, drug interactions, hepatic and renal function,
patient tolerability, patient compliance, and cost. Amikacin
(15 mg/kg/day) has been used in acute MAC therapy, but it is
toxic and does not seem to have a role in long-term therapy.
Long-term therapy may be discontinued in patients who have
completed a course of >12 months of treatment for MAC, re-
main asymptomatic, and have a sustained increase (e.g., >6
months) in their CD4+ count to >100 after HAART.48

In the late 1980s, whether patients with disseminated MAC
infection should be treated at all was controversial. The results
of early, uncontrolled trials were disappointing, with poor mi-
crobiologic response rates, little improvement in clinical symp-
toms, and a high incidence of adverse drug reactions. Addi-
tional clinical trials have been associated with improvement or
eradication of MAC bacteremia and improvement in clinical
symptoms. These improved results probably can be attributed
to earlier diagnosis, longer follow-up, more potent antiretro-
viral therapy, and the use of anti-MAC agents that penetrate
intracellular spaces more effectively.269

The macrolides have potent antimycobacterial activity. Sev-
eral studies have shown clarithromycin to be efficacious against
MAC.270,271 In a small placebo-controlled trial, seven of eight
patients who received 2 g/day of clarithromycin monotherapy

eradicated M. avium from their blood cultures after 4 weeks. In
contrast, all five placebo patients showed increases in CFU/mL.
In an uncontrolled, monotherapy trial of azithromycin (500
mg/day), patients showed a mean decrease from 2,028 to 136
CFU/mL. Fevers and night sweats resolved in most patients.272

However, bacteriologic relapse occurred after treatment was
discontinued and in 10 patients who elected to continue
azithromycin therapy (250 mg/day), suggesting the emergence
of resistance. In another investigation, all isolates initially were
susceptible to clarithromycin, but after 12 weeks of monother-
apy (1–4 g/day), in vitro resistance developed in 16 of 72 (22%)
patients.273

Because monotherapy can lead to breakthrough bacteremia
and resistance, MAC infections should be treated with a
combination of at least two agents, including a macrolide
plus ethambutol. Although clarithromycin and azithromycin
have excellent activity against MAC, clarithromycin is pre-
ferred because the emergence of resistance is more likely with
azithromycin.270−272 Both macrolides demonstrate excellent
intracellular penetration and have prolonged half-lives.274−276

GI toxicity (nausea, vomiting, diarrhea, abdominal pain, and
anorexia) is the most frequent adverse effect with either
agent.271,272 These effects may be dose related. Data show that
patients receiving 4 g/day of clarithromycin are more likely to
have their therapy discontinued because of GI upset than pa-
tients receiving lower doses.277 The dosage of clarithromycin
is 500 mg orally twice daily, and the dosage of azithromycin is
500 mg/day.

Ethambutol (15–25 mg/kg/day orally) is preferred as the
second agent.278 In a monotherapy study, 800 mg of ethambu-
tol was more effective than either clofazimine or rifampin.277

One or more of the following drugs can be added to
the macrolide/ethambutol combination: rifabutin, rifampin,
ciprofloxacin, and clofazimine, with or without amikacin. Iso-
niazid and pyrazinamide are not effective for the treatment of
MAC.249,266,268

Although four-drug regimens have been used, one study ob-
served that a three-drug macrolide regimen (clarithromycin,
ethambutol, rifabutin) was more effective than a four-drug
regimen (ciprofloxacin, clofazimine, ethambutol, rifampin).279

Benefits of the macrolide regimen included more rapid clear-
ing of MAC bacteremia and a longer duration of survival.
Rifabutin, at 600 mg/day, induced uveitis in approximately
one-third of patients. Subsequently, the rifabutin dosage was
lowered to 300 mg/day, and the incidence of uveitis decreased
to 5.6%. Although clearance of bacteremia was superior at
the higher rifabutin dose, no differences in survival were ob-
served. Several recent studies have demonstrated no bacte-
riologic or clinical benefit with the addition of clofazimine.
Clarithromycin and ethambutol, with and without clofazimine,
were investigated for the treatment of MAC bacteremia. Sur-
vival was found to be significantly decreased in the clofazimine
arm; 61% of the patients died versus 38% in the two-drug arm.
Based on this analysis, the FDA no longer recommends the
addition of clofazimine to clarithromycin and ethambutol.280

M.E. is placed on a regimen of clarithromycin 500 mg twice
daily and ethambutol 15 mg/kg/day. The choice to use two
drugs rather than three is based on M.E.’s poor adherence pro-
file. Other considerations for the addition of a third-line agent
include the severity of the illness, potential drug interactions,
tolerability, hepatic and renal function, and cost. M.E. must
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Table 70-12 Drugs Commonly Used in the Treatment of Mycobacterium avium Complex Infectiona

Agents Dose Toxicities

Initial Therapy Agents

Clarithromycin 500 mg PO BIDb Nausea, vomiting, diarrhea, abdominal pain, serum transferase elevations, bitter taste
Azithromycin 500 mg/day PO Nausea, vomiting, diarrhea, abdominal pain, serum transferase elevations
Ethambutol 15–25 mg/kg/day PO Optic neuritis,c nausea and vomiting
Rifabutind 300 mg/day PO Nausea, vomiting, diarrhea, serum transferase elevations, hepatitis, neutropenia,

thrombocytopenia, rash, orange discoloration of body fluids, uveitis
Clearance of other drugs owing to hepatic microsomal enzyme inductione

Secondary Agents

Ciprofloxacin 500–750 mg PO BID Nausea, vomiting, diarrhea, abdominal pain, headache, rare insomnia, hallucinations, seizures
Amikacin 10–15 mg/kg/day IV or IM Nephrotoxicity, ototoxicity

aMacrolide plus ethambutol with or without one or more of the drugs listed above.
bClarithromycin dose >500 mg BID is associated with increased mortality.
cVisual testing should be done monthly in patients receiving >15 mg/kg/day.
d Rifabutin dose 300–600 mg/day; but should not exceed 300 mg/day if given with clarithromycin or fluconazole.
eCommon drug interactions include protease inhibitors (see Table 70-10).
BID, twice a day; IM, intramuscularly; IV, intravenously; PO, orally.

be counseled regarding the slow response to treatment. If she
improves, therapy should be continued and HAART therapy
should be reinstituted.

MONITORING THERAPY

48. How should M.E. be monitored?

The primary goals of MAC therapy are to eradicate or re-
duce the number of M. avium organisms, decrease symptoms,
enhance quality of life, and prolong survival. M.E. should be
monitored for symptomatic relief (temperature spikes and fre-
quency of night sweats), as well as a microbiologic response
(CFU/mL). Clinical improvement may not be observed for 2
to 4 weeks, whereas eradication of bacteremia frequently takes
longer (4–12 weeks). If no improvement in clinical manifesta-
tions is observed in 4 to 8 weeks, a mycobacterial blood culture
should be repeated along with susceptibility testing. If resis-
tance is observed or suspected, two new drugs should be added
based on susceptibility testing with or without the macrolide.
If the organism is found to be susceptible to macrolides, ther-
apy should be continued and adherence, absorption, tolerance,
and drug interactions should be considered.281,282 If the prob-
lem is determined to be drug absorption, IV agents can be
considered. M.E. also should be followed for development of
toxicities related to drug therapy. Furthermore, because many
drugs used to treat MAC infections are associated with drug
interactions, this issue must be considered each time a new
drug is prescribed. In some cases, drug doses need to be mod-
ified or alternative drugs selected to prevent adverse events or
therapeutic failures (Table 70-11).283

Prophylaxis

49. What drug(s) should be used to provide primary prophy-
laxis against MAC infection?

The most recent official guidelines recommend oral therapy
with clarithromycin (500 mg BID) or azithromycin 1,200 mg

every week for persons with a CD4+ count <50. Although the
combination of azithromycin and rifabutin is more effective
than azithromycin alone, the increased cost, adverse events,
potential for drug interactions, and absence of a survival benefit
preclude this regimen from being routinely recommended. If
neither clarithromycin nor azithromycin is tolerated, rifabutin
300 mg/day may be used48 (Tables 70-2 and 70-12).

Before the use of macrolides, rifabutin was the agent of
choice for primary prophylaxis. However, no survival benefit
has been demonstrated with the use of this agent, and the drug
is associated with high cost, complex drug interactions, and an
increased risk for uveitis.48,283

Six hundred eighty-two patients with AIDS, CD4+ counts
<100, and negative MAC blood cultures were randomized to
receive clarithromycin (500 mg PO BID) or placebo.51 The
clarithromycin arm had a 69% reduction in MAC bacteremia
and fewer (16% versus 6%) cases of MAC infection. Signifi-
cantly more patients in the clarithromycin arm survived during
the 10-month follow-up (68% versus 59%), with an accompa-
nying longer median duration of survival. This trial was the first
prospective MAC prophylaxis study demonstrating a survival
benefit and a reduced risk of disseminated MAC infection.51

In a randomized, double-blind, placebo-controlled trial, 182
MAC-negative patients with AIDS and CD4+ counts <100
(median 44) were treated with azithromycin 1,200 mg every
week or placebo.284 Azithromycin reduced MAC bacteremia
by 57% and infection (23.3% versus 8.2%). Survival benefit
was not evaluated. GI disturbance was observed more com-
monly in the azithromycin arm.284

Azithromycin 1,200 mg every week, rifabutin 300 mg/day,
and a combination of both drugs in the same doses were com-
pared in patients with AIDS and CD4+ counts <100. The in-
cidence of MAC bacteremia was 13.9% in the azithromycin
monotherapy arm, 23.3% in the rifabutin monotherapy arm,
and 8.3% in the azithromycin, rifabutin combination arm. Time
to death was not significantly different among the treatments;
however, the combination arm had an increased incidence
of adverse drug effects. Although combination therapy was
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superior to azithromycin alone, its use is considered second-
line because of the increased cost, toxicity, and lack of survival
benefit.285

In a similar trial, patients with AIDS and CD4+ counts
<100 were randomized to receive clarithromycin 500 mg twice
daily, rifabutin 450 mg/day, or both.286 In the midst of the trial,
the rifabutin dosage was reduced to 300 mg/day because of a
drug interaction with clarithromycin that resulted in rifabutin-
induced uveitis. MAC bacteremia occurred in 9% of patients
in the clarithromycin monotherapy arm, 15% of patients in
the rifabutin monotherapy arm, and 7% of patients receiving
the combination. Time to death was not significantly different
among the arms, but the combination was more toxic.

The decision to use clarithromycin or azithromycin (both
first-line recommendations for primary prophylaxis) is based
on patient compliance and the potential for drug interactions.
Azithromycin (1,200 mg once weekly) may be preferable for
a patient who has difficulty with compliance. In contrast with
clarithromycin, azithromycin does not affect the cytochrome
P450 enzyme system and is therefore less likely to interact with
other drugs. M.E. would have benefited from MAC prophylaxis
when her CD4+ count decreased to <50.

Patients whose CD4+ count increases from 100 for >3
months may discontinue primary prophylaxis (Table 70-2).48

However, prophylaxis should be reintroduced if the CD4+
count decreases to <50 to 100.

ENTERIC INFECTIONS

50. A.B. is a 38-year-old woman with a 4-year history of HIV
infection and a CD4+ count of 160 (normal, approximately 1,000).
She reports two or three watery, unformed bowel movements per
day for approximately 6 weeks, with accompanying abdominal
pain. She has refused antiretroviral therapy and is currently tak-
ing only one TMP-SMX double-strength tablet each day. What
GI pathogens should be considered in the differential diagnosis
in HIV-infected patients who develop diarrhea?

GI complications are common in HIV patients (e.g., en-
teric infections, gastric achlorhydria, pancreatitis, cholangitis,
hepatitis, proctitis, KS, lymphoma, carcinoma, and HIV en-
teropathy). Enteric infections can be caused by fungal, viral,
bacterial, or protozoan pathogens. In general, clinical mani-
festations caused by GI infections appear with a decline in
the CD4+ count. Similar to A.B., most patients present with
a change in bowel habits, predominantly diarrhea.287 When
evaluating infectious diarrhea, several factors should be con-
sidered. The diarrhea first must be categorized as acute or
chronic. Acute diarrhea is defined as “greater than or equal
to three loose or watery stools for >10 days with fever, blood
in the stool, and/or weight loss.”254 In acute diarrhea in pa-
tients with AIDS, all potential etiologies should be evaluated,
including medication, dietary, or psychosomatic causes. Acute
diarrhea is usually associated with bacterial causes, such as
Salmonella, Shigella, Campylobacter jejunii, or Clostridium
difficile.

Chronic diarrhea is defined as “greater than two to three
loose or watery stools per day for >30 days.”254 Chronic in-
fectious diarrhea also can be caused by protozoans, such as
Microsporidia, Isospora, Cyclospora, Cryptosporidia, Enta-
moeba histolytica, and Giardia. Chronic diarrhea may also

have a viral etiology (e.g., HSV or CMV). Bacteria can also
be associated with chronic diarrhea, primarily Salmonella,
Shigella, C. jejuni, C. difficile, and MAC (Table 70-13).

Fungal Infections
In acute infectious diarrhea, fungal infections are rare; they
tend to be isolated to the oropharynx and esophagus and are
predominantly caused by Candida species, primarily C. albi-
cans. Other fungal infections in AIDS patients do not com-
monly involve the GI tract. However, patients with dissemi-
nated histoplasmosis may develop diarrhea (Table 70-12).

Viral Infections
Viruses that infect the GI tract of AIDS patients are unlike
those associated with diarrhea in non–HIV-infected patients
(e.g., rotaviruses, enteric adenoviruses, Norwalk agent, coro-
navirus, and coxsackieviruses). More common among HIV
patients are CMV and HSV infections. Disseminated CMV
infection is common in HIV-infected patients with advanced
disease, and although retinitis is the most common CMV in-
fection (see questions 14–25), as many as 2% of patients have
GI involvement.288 CMV usually involves the colon, and the
common presentation is diarrhea. Tissue biopsy is preferred for
a definitive diagnosis. CMV infection of the pancreas, liver,
gallbladder, and biliary tree also has been described.289 The
IV agents used to treat CMV retinitis may also be used to treat
CMV disease in the GI tract. In contrast with the treatment
of CMV retinitis, therapy for colitis lasts 3 to 6 weeks. Data
support the use of ganciclovir over foscarnet for CMV colitis,
whereas the efficacy of cidofovir is unknown. Regular ophthal-
mologic screening for CMV retinitis is recommended for all
patients with CMV GI tract disease.44

The other common cause of viral GI disease is herpes sim-
plex. The clinical presentation is similar to that of disseminated
CMV, but the site of infection and biopsy findings differentiate
the viruses. HSV type 1 primarily is associated with ulcer-
ated esophageal lesions. In contrast, HSV type 2 is often the
cause of proctitis. Although not usually associated with diar-
rhea, proctitis may result in bloody, mucousy stools. HSV also
can cause large, painful perianal lesions. Herpes simplex GI
lesions usually are treated with acyclovir; if herpes-resistant
virus is suspected, foscarnet is used (Table 70-12).254

Bacterial Infections
Bacteria such as Salmonella, Shigella, and Campylobacter
cause lower GI disease in HIV patients, but these organisms
are generally more virulent in HIV-negative patients. The fre-
quency of acute infectious diarrhea caused by Salmonella for
patients with AIDS is 5% to 15%. Salmonella bacteremia is
considered an AIDS-defining diagnosis. The clinical features
include fever and watery stools, with variable fecal WBCs.
Diagnosis is made based on stool and blood cultures. In con-
trast with immunocompetent persons, antibiotics are recom-
mended for treatment of Salmonella in HIV-infected patients;
ciprofloxacin (750 mg BID for 2 weeks) is the preferred regi-
men. Alternative regimens include ampicillin (8–12 g/day IV
for 1–4 weeks), amoxicillin (500 mg PO TID to complete a 2-
to 4-week course), TMP-SMX (5–10 mg/kg/day IV or PO for
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Table 70-13 Enteric Infections Associated With Infectious Diarrhea

Enteric Infections Treatment

Fungal

Candida albicansa Fluconazole 100–400 mg PO QD; ketoconazole 200–400 mg PO QD; caspofungin 50 mg IV QD; amphotericin B
0.3–0.5 mg/kg IV; liposomal or lipid amphotericin 3–5 mg/kg IV QD; voriconazole 200 mg BID; itraconazole solution
200 mg QD; efficacy of fluconazole is 85%

Histoplasmosis Itraconazole 200 mg PO TID ×3 days, then 200 mg PO BID ×12 wks (liquid formulation has better absorption, limited data
available on IV)

Alternative: amphotericin B 0.8–1.5 mg/kg IV or liposomal amphotericin 4 mg/kg QD then itraconazole 200 mg BID ×12 wks

Viral

CMV Ganciclovir 5 mg/kg IV BID ×2–3 wk; foscarnet 40–60 mg/kg Q 8 hr ×3–4 wk (efficacy of antiretroviral treatment is 75%) or
oral valganciclovir

HSVa Acyclovir 200–800 mg PO 5×/day or 5 mg/kg IV Q 8 hr ×2–3 wk

Bacterial

Salmonella spp. Ciprofloxacin 500–750 mg PO/IV BID ×14 days or TMP-SMX 5–10 mg/kg/day PO/IV BID ×2–4 wk or ampicillin 2 g/day PO
or 6 g/day IV ×14 days or third-generation cephalosporin or chloramphenicol; treatment may be extended to 4–6 wk

Shigella spp. Ciprofloxacin 500 mg PO/IV BID ×3–7 days; TMP-SMX 1 DS PO BID ×3–7 days; azithromycin 500 mg ×1, then 250 mg QD
×4 days; antiperistaltic agents (Lomotil or loperamide) are contraindicated

C. jejuni Ciprofloxacin 500 mg PO BID ×7 days or azithromycin 500 mg QD ×7 days
C. difficile Metronidazole 250–500 mg PO QID ×10–14 days or vancomycin 125 mg PO QID 10–14 days; antiperistaltic agents (Lomotil

or loperamide) are contraindicated

Protozoa

Isospora TMP-SMX 1 DS QID or 2 DS BID
Alternative: pyrimethamine 50–75 mg with folinic acid 5–10 mg or fluroquinolone

Cyclospora TMP-SMX 1 DS BID
Microsporidia Albendazole 400–800 mg PO BID until CD4 >200

Alternative: metronidazole, atovaquone, and thalidomide
Cryptosporidia No effective treatment; paromomycin, nitazoxanide, octreotide, azithromycin (marginal benefits and no cure); best treatment

approach is antiretroviral therapy to increase CD4 >100.

aPrimarily esophagitis.
BID, twice a day; DS, double strength; IV, intravenously; PO, orally; QID, four times a day; QD, daily; TID, three times a day; TMP-SMX, trimethoprim-sulfamethoxazole.
Adapted from references 288 and 295.

2–4 weeks), or a third-generation cephalosporin. Eradication
of Salmonella has been demonstrated only with ciprofloxacin.
Bacteremia may be more frequent compared with non–HIV-
infected patients and may recur despite antibiotic therapy. For
recurrent therapy, ciprofloxacin (500 mg PO BID) is preferred
for several months. TMP-SMX (5–10 mg/kg TMP component
daily IV or PO) may be considered as an alternative. Lifelong
treatment may be required (Table 70-13).290,291

The frequency of Shigella is 1% to 3% in acute infectious di-
arrhea in AIDS patients; S. sonnei accounts for approximately
70% of the reported U.S. cases. S. flexneri is also reported in
young homosexual men. Person-to-person spread is the main
route of transmission. Shigella causes dysentery, fever, and
abdominal cramps, which precede voluminous, watery stools.
Bloody mucoid stools with fecal urgency may also develop. Fe-
cal WBCs are common, and diagnosis is made by stool culture.
Mild to severe cases of Shigella bacteremia have been reported,
lasting an average of 7 days if untreated. Because this is a self-
limiting illness and resistance is common, treatment is recom-
mended only for severely ill patients. Antibiotic therapy should
be selected based on susceptibility patterns. Ciprofloxacin

(500 mg PO BID) or TMP-SMX (1 double-strength tablet PO
BID for 3 days) both are effective regimens. Antiperistaltic
agents are contraindicated. As with Salmonella, Shigella infec-
tions are associated with an increased frequency of bacteremia
in HIV-infected patients who may require prolonged therapy
(Table 70-13).291,292

C. jejuni accounts for 4% to 8% of cases of acute infectious
diarrhea in AIDS patients. Campylobacter enteritis is associ-
ated with a prodrome of fever, headaches, myalgia, and malaise
12 to 24 hours before diarrhea and abdominal pain. Diarrhea
varies from loose bowel movements to voluminous, watery,
and grossly bloody stools. Fecal leukocytes are variable, and
the diagnosis is made by stool culture. Campylobacter enteritis
is self-limiting, lasting only several days; however, some HIV-
infected persons have symptoms lasting >1 week and may
relapse if left untreated. Antibiotics are recommended for pa-
tients with high fevers, bloody stools, more than eight stools
per day, and symptoms for >1 week without improvement.
Erythromycin (500 mg PO QID for 5 days) and ciprofloxacin
(500 mg PO BID for 3–5 days) are the preferred agents.
Quinolone-resistant isolates are well documented. Alternatives
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to erythromycin or ciprofloxacin include tetracycline, clin-
damycin, and ampicillin (Table 70-13).293

HIV-positive patients should take preventive measures
against potential enteric pathogens. Close attention to hand
hygiene is recommended, as is not handling or eating raw or
uncooked poultry, fruits, vegetables, and nonpasteurized dairy
products. Fortunately, the widespread use of TMP-SMX for
PCP prophylaxis has reduced the frequency of these bacterial
infections. Disseminated MAC disease, M. tuberculosis, He-
licobacter pylori, and C. difficile also can cause diarrhea in
HIV-infected patients.

Protozoal Infections
As a group, protozoal infections are the most common cause
of diarrhea among HIV-infected patients. Opportunistic pro-
tozoans such as Cryptosporidium, Isospora belli, and Mi-
crosporidia are well-known GI pathogens. Other nonoppor-
tunistic protozoans such as Giardia lamblia, E. histolytica, and
Cyclospora cayetanensis also cause disease.287

Cryptosporidium, a coccidioidin protozoan with a life cy-
cle that occurs entirely within a single host, can be trans-
mitted from animals to humans by fecal water contamina-
tion or person-to-person fecal–oral spread.294 HIV-infected
patients should be advised to wash their hands after con-
tact with fecal material (e.g., changing diapers), exposure to
pets, gardening, or contact with soil, and they should avoid
oral–anal sexual practices. HIV-infected patients also should
avoid drinking water from lakes and swallowing water dur-
ing recreational activities. Outbreaks of cryptosporidiosis have
been linked to municipal water supplies.295 HIV-infected pa-
tients should avoid eating raw oysters because the oocysts can
survive in oysters for >2 months.48 In patients with AIDS,
the frequency of chronic infectious diarrhea owing to cryp-
tosporidiosis is 10% to 30%.294 In contrast to the explosive
onset that occurs in non-HIV patients, acute cryptosporidiosis
in AIDS patients is more insidious and progresses in sever-
ity as the degree of immunosuppression increases. Intestinal
cryptosporidiosis may be complicated by concurrent biliary
involvement, leading to jaundice and hepatosplenomegaly. Al-
though the diagnosis of cryptosporidiosis formerly depended
on intestinal tissue biopsy, newer techniques such as stain-
ing oocysts in stool (modified acid-fast methods) and fluo-
rescent antibody assays have been developed.296 No known
prophylaxis exists; however, one MAC prophylaxis study sug-
gested that clarithromycin and rifabutin also may prevent
cryptosporidiosis.297 The treatment of cryptosporidiosis re-
mains investigational and studies have progressed slowly. Sup-
portive care that includes fluid and electrolytes, parenteral hy-
peralimentation, and antidiarrheal agents often is necessary.

The long-acting somatostatin analog octreotide acetate (50–
500 g TID subcutaneously or IV at 1 g/hr) also has been used
with limited benefit in some patients. However, it is expen-
sive and the parenteral administration is inconvenient for many
patients.296 Trials of α-difluoromethylornithine and oral spi-
ramycin have yielded inconsistent results. Other drugs, such
as IV spiramycin, letrazuril, hyperimmune bovine colostrum,
transfer factor (a dialyzable leukocyte extract obtained from
cow lymph nodes), and IGX-CP (an oral formulation of
chicken egg yolks immunized with Cryptosporidium antigen),
have been investigated, but results are not encouraging.296

Paromomycin (500–750 mg PO QID with food for 21 days,
then 500 mg PO BID) is a poorly absorbed aminoglycoside
antibiotic commonly used to treat HIV-infected patients with
cryptosporidiosis.295 Paromomycin, 1 g BID plus azithromycin
600 mg/day for 4 weeks followed by paromomycin alone,
1 g BID for 8 weeks, was associated with improvement of
symptoms and a significant reduction in oocyst excretion.
Azithromycin, an azalide antibiotic, when used alone, is in-
effective.298

Nitazoxanide is an antimicrobial compound with activity
against protozoans, helminths, and bacterial organisms. This
drug has been approved for use; the usual dosage is 500 mg
orally twice daily for 3 days.254,296,299 Data have demonstrated
a 30% favorable response rate in HIV-negative but not HIV-
positive subjects. Higher doses or longer durations of therapy
may be needed in HIV-infected patients.

Several reports suggest that treatment with HAART results
in improved immune function and subsequent resolution of
cryptosporidiosis.40,300

I. belli, a coccidioidin protozoan, has a life cycle similar
to that of Cryptosporidium. The frequency of I. belli is 1%
to 3% in chronic infectious diarrhea in patients with AIDS.
Isospora is rarely identified as a cause of diarrhea (<1%) in the
United States and Europe, in contrast to Africa, Haiti, and Latin
America.301 Clinically, these patients develop diarrhea, steat-
orrhea, cramping, and weight loss. In AIDS patients, as well
as infants or children without AIDS, this disease may become
a protracted illness.296,301 Similar to Cryptosporidium, the di-
agnosis of isosporiasis is made with acid-fast stains. Isospora
oocysts are larger and morphologically distinct. Importantly,
and in contrast to cryptosporidiosis, isosporiasis can be treated
with TMP-SMX (160 mg/day and 800 mg/day, respectively).
Chronic suppressive therapy often is needed and can be ac-
complished with lower doses of TMP-SMX or pyrimethamine-
sulfadoxine (Table 70-13).

Microsporidium (a ubiquitous, obligate intracellular pro-
tozoan parasite) characterizes the four genera (out of hun-
dreds) of Microsporidia known to cause human disease; it is
responsible for 15% to 30% of chronic infectious diarrhea in
AIDS patients. Among AIDS patients, the cornea, liver, peri-
toneum, and small intestine have been reported to be infected
with Microsporidium.301 The primary species associated with
AIDS patients are Enterocytozoon bieneusi or Septata intesti-
nalis. These can be identified in intestinal biopsy specimens
using electron microscopy and hematoxylin-and-eosin stained
paraffin-embedded sections. Albendazole (400–800 mg PO
BID for >3 weeks) has been found to be efficacious in the
treatment of S. intestinalis. Some patients have been success-
fully treated with metronidazole, atovaquone, and thalidomide
(Table 70-13).302 Several reports suggest that infection resolves
with HAART therapy.40,48

GI manifestations of HIV infection become increasingly
common in the advanced stages of HIV infection. A.B. presents
with chronic infectious diarrhea (two or three watery stools for
>30 days). Review of her current medications (to rule out a
medication source for diarrhea) revealed only low-dose TMP-
SMX. CMV, MAC, Microsporidia, Isospora, and Cyclospora
are common in patients with a CD4+ count <100. Stool analy-
ses, including ova and parasites, AFB smears, bacterial culture,
C. difficile toxin assay, and Microsporidia assay, were ordered.
A fecal WBC examination was also ordered. The AFB smear
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of stool showed Cryptosporidia oocysts. A.B. was empirically
treated with paromomycin, 500 mg orally four times a day with
food for 21 days, then 500 mg orally twice daily with food for
chronic suppressive therapy. Baseline auditory and renal func-
tion assessment should be done before initiation of therapy
to monitor for ototoxicity and nephrotoxicity. A.B. should be
treated symptomatically with nutritional supplements and an-
tidiarrheal agents (Lomotil or loperamide). HAART therapy
with immune recovery may reverse the progression of her en-
teritis and should be recommended.

ESOPHAGEAL DISEASE

51. P.J. is a 45-year-old, HIV-positive man who was started on
AZT, 3TC, and lopinavir/ritonavir when he was diagnosed 1 year
ago. P.J. is a heroin user and has not been seen in the clinic since
his initial presentation. He appears today complaining of difficult,
painful swallowing and diffuse pain. Upon examination, localized
white plaques are observed in the oral cavity. His CD4+ count is
280 (normal, approximately 1,000). What is the most likely cause
of this patient’s dysphagia and odynophagia?

Esophagitis in HIV-positive patients generally is caused
by Candida (50%–75% of cases), CMV (10%–20%), HSV
(2%–5%), and aphthous ulcers (10%–20%).254 Symptoms in-
clude dysphagia, odynophagia, and thrush (with Candida in-
fections). Oral ulcers are common with HSV, rare with Can-
dida, and uncommon with CMV or aphthous ulcers. Pain is
usually diffuse in Candida infections and more focused with
HSV, CMV, and aphthous ulcers. Fever is primarily associated
with CMV.

Up to 75% of AIDS patients develop oral candidiasis, a con-
sequence of a failing immune system and fungal colonization
of the oropharynx. Patients with localized white plaques in the
oral cavity likely have oral candidiasis (thrush) and should be
started on antifungal therapy. Initially, patients may be treated
with local antifungal therapy (e.g., “swish and swallow” nys-
tatin suspension 3 million units four or five times daily or
clotrimazole troches four or five times daily). If no response is
noted or symptoms of esophageal involvement develop (e.g.,
dysphagia or odynophagia), these patients should be treated
with a systemic agent; the azoles are preferred. Many patients
with thrush without esophagitis do not respond to topical treat-
ment and also require systemic azole therapy.

Esophagitis owing to C. albicans increases in frequency as
HIV progresses. Not all patients with thrush develop esophagi-
tis; however, patients who experience esophageal symptoms
generally have esophagitis. Diagnosis is made using endoscopy
and microbiology. Multiple white or gray plaques are observed
endoscopically; they may be discrete or appear as continuous
exudates.303 Esophageal candidiasis must be treated as a sys-
temic infection; local antifungal agents should never be used.
Therapy should be initiated with oral fluconazole (Diflucan)
200 mg orally, then 100 mg orally daily for 2 to 3 weeks (up
to 400 mg/day). Fluconazole is the preferred azole because of
fewer toxicities, fewer drug–food interactions, and a reduced
potential for drug–drug interactions. Alternative oral therapies
include itraconazole oral solution or ketoconazole (Nizoral). If
azole-resistant candidiasis or severe disease is diagnosed, par-
enteral amphotericin B (0.3–0.5 mg/kg/day IV with or without
flucytosine 100 mg/kg/day) should be used.304

CMV esophagitis should be considered in patients who
do not respond to a 1-week course of an antifungal. CMV
esophagitis is confirmed via endoscopic biopsy demonstrat-
ing erythema and single or multiple discrete erosive lesions,
usually located distally.44,289 Acute treatment consists of gan-
ciclovir 5 mg/kg IV per dose twice daily or foscarnet 40 to 60
mg/kg IV per dose Q 8 hours for 2 to 3 weeks. Maintenance
therapy, if used, is usually half the dose used for induction treat-
ment. Patients with CMV esophagitis have a poor prognosis.

Diagnosis of esophageal disease caused by HSV is by en-
doscopy, which reveals erythema and erosions. These small,
shallow ulcers usually coalesce. HSV can be successfully
treated with acyclovir or valacyclovir. Aphthous ulcers are sim-
ilar in appearance and location to CMV, and negative results
for Candida, HSV, and CMV are suggestive of aphthous ul-
cers. Acute treatment involves prednisone 40 mg/day for 7 to
10 days, tapered to 10 mg/wk. Thalidomide, 200 mg/day, is
a promising regimen; one trial demonstrated a 53% response
compared with 7% in the placebo group.305

A presumptive diagnosis of Candida esophagitis can be
made for P.J. because he presents with oral pharyngeal can-
didiasis, dysphagia, and odynophagia. P.J. should be empiri-
cally treated with fluconazole, 200 mg/day for 14 to 21 days.
If he is unresponsive to fluconazole, endoscopy with biopsy
and culture should be performed to confirm the diagnosis. If
candidiasis is confirmed, P.J. should be checked for medica-
tion adherence and potential drug interactions. If the patient
is adherent and does not have malabsorption, parenteral am-
photericin B should be considered. Anecdotally, fluconazole
doses have been increased in some patients with refractory
candidiasis, with successful clinical outcomes. This may be an
option before amphotericin therapy.306 Relapse is common in
patients who do not receive secondary prophylaxis. Chronic
suppressive therapy (fluconazole 100–200 mg/day) should be
considered in all patients responsive to fluconazole therapy
who have frequent or severe recurrent esophagitis. However,
this practice has been documented to increase the probability
of azole resistance.48,307

HIV WASTING SYNDROME

52. J.R. is a 38-year-old woman who has been followed in the
HIV clinic for 8 years. She has been treated with antiretroviral
therapy for 5 years from the time she developed PCP. She has
chronic oral candidiasis managed with intermittent fluconazole.
Her last CD4+ count was 90 (normal, approximately 1,000). Over
the last two visits, J.R.’s weight has declined from a baseline weight
of 140 to 115 lb. She reports two or three loose stools per day,
intermittent fevers, loss of appetite, and a generalized weakness
for at least 5 weeks. What is the potential cause of J.R.’s weight
loss, and how should it be managed?

Rapid disease progression is associated with significant
weight loss in HIV-infected patients. Wasting syndrome can be
defined as “the unintentional weight loss of >10% of baseline
body weight plus chronic diarrhea (more than two loose stools
a day for >30 days) or chronic weakness with unexplainable
fever that is intermittent or constant for >30 days.”308

The pathophysiology of HIV wasting syndrome is not
clearly understood, but it is characterized by depletion of both
adipose and lean body tissue. Because weight loss may also
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Table 70-14 HIV Wasting Regimens

Agent Dose Side Effects Comments

Approved

Megestrol acetatea 400–800 mg/day Impotence, GI disturbances,
endocrine effects

Dose must be tapered before discontinuation

Dronabinola 2.5 mg BID (before lunch and
dinner)

Euphoria, dizziness, confusion,
sedation

Use with caution in patients with a history of
drug abuse

Somatropin (rhGH)b 0.1 mg/kg/day SC (6 mg/day) Edema, arthralgias, myalgias,
paresthesias, diarrhea

Long-term effect unknown
Expensive agent

Oxandroloneb 520 mg/day Elevated LFTs FDA orphan drug

Unlabeled Use

Oxymetholoneb 25–50 mg/day Irritability and aggression Monitor glucose tolerance
Testosteroneb 200–400 mg IM Q 2 wk Irritability, aggression,

gynecomastia, acne
Endogenous testosterone levels must be <400

ng/dL for all anabolic steroid administration
Cypionate or enanthate 4 or 6 mg/day
Testoderm scrotal patch 5 mg/day
TTS patch 5 mg/day

Androderm

Nandroloneb decanoate 100–200 mg IM Q 2 wk Elevated Hgb and Hct,
dysmenorrhea

Anabolic steroid

Thalidomide 300–400 mg/day Teratogenicity, somnolence,
rash, peripheral neuropathy

FDA orphan drug
Enhanced sedation with other CNS depressants

Cyproheptadinea 12–20 mg/day Sedation Antihistamine

aAppetite stimulants: weight gain predominantly fat, not lean body mass.
bSignificant increases in lean body mass.
CNS, central nervous system; FDA, U.S. Food and Drug Administration; GI, gastrointestinal; Hct, hematocrit; Hgb, hemoglobin; IM, intramuscularly; LFTs, liver function tests;
rhGH, recombinant human growth hormone; SC, subcutaneously.

signal an opportunistic infection (e.g., enteric infection, PCP, or
MAC), these etiologies must be ruled out.2 Wasting syndrome
may be multifactorial, resulting from decreased nutritional in-
take or absorption, accelerated nutrient metabolism, stress, or
a combination of these factors.309,310 J.R. meets the criteria for
wasting with an unintentional 18% weight loss accompanied
by chronic diarrhea and weakness.

Three appetite stimulants are routinely used to treat HIV-
related wasting (Table 70-14). Megestrol acetate is an oral syn-
thetic progestin related to progesterone. This drug is widely
used for the treatment of hormone-responsive malignancies,
but it is also approved for HIV-infected patients who have
lost at least 10% of their ideal body weight. Megestrol 400
to 800 mg/day has been associated with weight gains of up
to 10 kg.309,311 However, a significant portion of the observed
weight gain appears to be fat mass rather than lean tissue. Hy-
pergonadism, diabetes, and adrenal insufficiency are the most
serious side effects. Other side effects include impotence, diar-
rhea, reduced testosterone levels, hyperglycemia, and alopecia.

Dronabinol (delta-9-tetrahydrocannabinol), the psychoac-
tive component of marijuana, 2.5 mg twice daily has been
approved for treating AIDS-related weight loss. The dronabi-
nol significantly increases appetite,312 increases body weight
(primarily fat), and improves mood. Besides stimulating ap-
petite, dronabinol also has antiemetic effects, which are useful
in patients with nausea and vomiting associated with the wast-
ing syndrome. Euphoria, dizziness, confusion, and somnolence
occur in 18% of dronabinol-treated patients. A reduction in the

dose of dronabinol to 2.5 mg 1 hour before supper or bedtime
may reduce adverse events. Because of its potential for mis-
use, dronabinol should be used with caution in patients with
a history of substance abuse. Patients should be counseled to
avoid driving, operating machinery, or other potentially haz-
ardous activity until it is established that they can safely per-
form these activities. Alcohol or other CNS depressants may
result in additive CNS depression.

Cyproheptadine is an antihistamine reported to stimulate
appetite in HIV-infected patients. The use of cyproheptadine
12 mg/day has been associated with minimal weight gain as a
result of an increase in daily caloric intake. This drug, although
used for the treatment of anorexia, is not approved by the FDA
for HIV wasting (Table 70-14).

Anabolic steroids and testosterone have been shown to in-
crease muscle mass and strength in people with HIV wast-
ing syndrome. Products include oxandrolone (Oxandrin), nan-
drolone (Deca-Durabolin), oxymetholone (Anadrol-50), and
testosterone.313,314 Oxandrolone at a dosage of 15 mg/day sig-
nificantly increases body weight but does not improve body
strength. The usual dosage for males is 10 to 20 mg twice
daily; for females the range is 5 to 20 mg/day. This drug has
a low androgenic effect, so it is particularly useful in women.
Most weight gain is lean body mass. Minimal hepatotoxicity
has been associated with this agent.313 Oxandrolone can be
administered orally, which may improve adherence.313,315

Nandrolone increases body weight, muscle mass, and
strength. Nandrolone has a high anabolic effect and a low
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androgenic effect. The dosage of nandrolone for males is 100
to 200 mg intramuscularly every 1 to 2 weeks and for females
25 mg intramuscularly per week or 50 mg intramuscularly
every 2 weeks.315,316

Oxymetholone is not recommended for use in women be-
cause of its high androgenic potential. Hepatic toxicity is com-
mon, so LFTs must be carefully monitored. Doses of 50 mg
twice daily are used in HIV-infected male patients.315 In an
open-label study, oxymetholone produced a mean weight gain
of 5.7 kg with improvement in the Karnofsky score in HIV-
infected patients with wasting syndrome.317 It has high andro-
genic and some anabolic effects, so it may be better suited for
HIV-infected men.

A decrease in testosterone correlates with a decrease in
lean body mass in AIDS patients.314 Testosterone administra-
tion produces a significant increase in lean body mass (mean
1.2 kg) in HIV-positive patients without wasting syndrome. It
is available as long-acting intramuscular injections (enanthate
and cypionate), short-acting intramuscular injections (propi-
onate), and a transdermal system (2.5, 4, 5, and 6 mg/24 hr).
The transdermal systems differ in release rate, surface area, and
total testosterone content. Testosterone should be used in pa-
tients with low endogenous testosterone levels (<400 ng/dL in
men). Testosterone has been associated with improved mood,
libido, and energy in clinical trials. It is also associated with
acne, gynecomastia, alopecia, and testicular atrophy. Testos-
terone has been shown to be less effective than oxandrolone or
nandrolone for weight gain.318,319 In clinical practice, testos-
terone is sometimes combined with megestrol acetate or nan-
drolone, but this combination has not been studied.

Growth hormones (which directly influence nitrogen bal-
ance and muscle protein synthesis) have been used in the
treatment of HIV wasting syndrome. These include recombi-
nant human insulinlike growth factor-1 and somatropin (Sero-
stim), a recombinant human growth hormone. Disturbances in
growth hormone–insulinlike growth factor-1 axis have been
described in HIV-positive subjects. In one placebo-controlled
trial, 10 mg/day of recombinant human insulinlike growth
factor-1 subcutaneously failed to significantly increase weight
or lean body mass.320 Subcutaneous injections of somatropin
(0.1 mg/kg/day) have been associated with increases in lean
body mass and functional performance.321 Adverse events in-
clude edema, arthralgia, diabetes, acute pancreatitis, and carpal
tunnel syndrome. The questionable long-term benefits and the
tremendous expense of growth hormone diminish its appeal
(Table 70-14).316

Several cytokine modulators are used in the treatment of
HIV wasting. These include pentoxifylline (Trental), thalido-
mide, ketotifen, and omega-3 fatty acids (fish oil). Al-
tered metabolism of cytokines, tumor necrosis factor (TNF),
interleukin-1, or interferon-may play a role in the wasting syn-
drome. As an example, an elevation in serum TNF-α has been
noted in HIV patients with advanced disease. Thalidomide
and pentoxifylline, which decrease TNF-α levels, have been
used in patients with HIV wasting syndrome. Thalidomide has
been associated with significant weight gain.315,322 However,
thalidomide is associated with numerous adverse effects, in-
cluding somnolence, rash, teratogenicity, and peripheral neu-
ropathy (additive with other drugs known to cause peripheral
neuropathy). It may also be associated with an elevation in
HIV-RNA levels; however, more studies are needed for con-
firmation. Pentoxifylline, a drug used to prevent intermittent

claudication, has also been evaluated as treatment for the HIV
wasting syndrome. Unfortunately, because pentoxifylline has
failed to stimulate the appetite or increase weight gain, it does
not have a role in the treatment of HIV wasting.315

Exercise has been considered as a possible intervention for
HIV wasting. The preliminary results of one study demon-
strated an increase in lean body mass and strength after pa-
tients underwent an 8-week course of progressive resistance
training.323

J.R. must be assessed for possible OIs and treated accord-
ingly. Once the diarrhea has resolved, medications to reverse
HIV wasting may be started. The patient’s lack of appetite
should be addressed first with the use of megestrol acetate
(400 mg/day oral suspension). In addition, the patient should
be started on oxandrolone (10 mg/day PO). A pregnancy test
should be performed because most anabolic agents should not
be administered to pregnant women. Because of their high
androgenic effects, oxymetholone and testosterone should be
avoided in J.R.

HIV-ASSOCIATED MALIGNANCIES

53. Despite an extensive microbiologic workup, no organism
was identified, and other causes for J.R.’s change in bowel habits
were evaluated. What neoplastic conditions could be contributing
to J.R.’s GI status?

In addition to the OIs described under enteric infections,
GI malignancy is common in patients with HIV. As the CD4+
count declines, patients may develop KS (see Kaposi Sarcoma
section), lymphoma, and invasive cervical cancer. The reason
for the increased occurrence of malignancy is unknown, but it
may be related to impaired immune function. In addition, effec-
tive antiretroviral therapy and prophylactic anti-infective ther-
apy have extended the life span of patients with AIDS, increas-
ing the likelihood that malignancies will be detected.324,325 J.R.
has been on HAART therapy and prophylactic anti-infective
therapy for many years; thus, she may be at risk for malignancy.

Kaposi Sarcoma
KS previously was well described in non–HIV-infected pa-
tients, and its course was fairly uneventful. Consequently, lim-
ited studies of innovative chemotherapy regimens were con-
ducted in the past. In contrast, KS in HIV-infected patients is
more invasive and is associated with increased morbidity and
mortality.325 Although KS occurs predominantly in homosex-
ual men, the incidence of KS has increased in IV drug users,
recipients of blood products, women, and children. The risk of
developing KS is 20,000 times higher for HIV-infected patients
than for non–HIV-infected persons. The incidence of KS as a
presenting AIDS illness has significantly declined since the
early 1990s, and this may be indirectly due to HAART.326 An
infectious etiology has been suggested in recent studies. DNA
sequencing in KS tissue has detected a herpes virus. A new
human herpes virus 8 (HHV-8) has been observed in biopsies
of classic KS, African KS, and HIV-positive KS. This finding
suggests that HHV-8 is either a causative agent or a recurrent
passenger virus (i.e., an “innocent bystander”).327,328

Other studies have suggested that the pathogenesis of KS in
HIV patients is related to the existence of cells with the poten-
tial to become KS lesions. Cytokines released from activated
immune cells potentially stimulate the proliferation of KS
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precursor cells at a time when the immune function for such
cells is becoming progressively impaired. Furthermore, some
cells may produce a growth factor for KS cells (e.g., angiogenic
factors), and the expression of the tat gene by HIV may produce
growth factors that induce vascular KS-like tumors.324,329−331

KS presents with three types of lesions: flat, raised, or nodu-
lar. The lesions occur primarily on the skin, oral mucosa, GI
tract, and lungs. KS lesions may be asymptomatic or painful;
intestinal or pulmonary lesions may be associated with sig-
nificant clinical symptoms such as dyspnea or diarrhea. Cuta-
neous disease involves initially small, flat lesions that progress
to reddish or purple nodules.331 They are generally asymp-
tomatic and follow a pattern of cutaneous lymphatic drainage.
Progression of KS leads to lesions in the oral cavity in approx-
imately one-third of cases.328 KS has a multifactorial presen-
tation without a primary lesion; therefore, staging according
to a standard tumor-node-metastasis classification is not ap-
propriate. A staging system proposed in 1989 by the ACTG
Oncology Committee divides patients into good- or poor-risk
groups based on tumor characteristics, the patient’s immunity
(measured by CD4+ count), and the severity of systemic HIV-
associated illness.329,330 Whether staging and the choice or
response to therapy are correlated is unclear.

The growth of KS is stimulated by inflammatory cytokines,
which are increased in acute OIs and active HIV replication.
Successful management of KS includes optimal antiretroviral
therapy, prophylactic therapy, and effective treatment of OIs.
Mild disease is not treated; therefore, management of KS can
be divided into local and systemic therapy.330 Local therapy
involves the use of topical liquid nitrogen cryotherapy, intrale-
sional injections of vinblastine 0.01 to 0.02 mg/lesion every
2 weeks for 3 doses, and low-dose radiation therapy (e.g.,
400 rads every week for 6 weeks). Local therapy is used in
slowly progressive KS without life-threatening organ involve-
ment. Systemic therapy involves the use of interferon-α, 18
to 36 million IU daily intramuscularly or subcutaneously for
10 to 12 weeks, followed by 18 million units per day with
additional chemotherapeutic agents. These include paclitaxel
(Taxol) 100 to 135 mg/m2 IV every 2 to 3 weeks; doxoru-
bicin (Adriamycin), bleomycin, plus either vincristine or vin-
blastine or bleomycin plus vincristine; liposomal daunorubicin
(DaunoXome) 40 to 60 mg/m2 IV every 2 weeks; or liposomal
doxorubicin (Doxil) 10 to 20 mg/m2.330

The use of interferon-α for KS in patients with AIDS has
been well studied alone and in combination with antiretroviral
therapy.332,333 Early studies demonstrated that AIDS patients
receiving high doses of interferon developed neutropenia and
neurologic toxicity, and that nonresponders had high circulat-
ing levels of endogenous interferon.332−335 Later, in vitro data
indicated that interferon-α was synergistic with AZT against
HIV. As a result, interferon therapy was investigated in combi-
nation with AZT.333,334 Unfortunately, increasing doses of both
interferon-α and AZT caused neutropenia, hepatitis, and neu-
rologic toxicity. However, patients who could tolerate the com-
bination had partial or complete remissions and had increased
CD4+ counts. The hematologic toxicity caused by this com-
bination has prompted researchers to evaluate the concurrent
use of colony-stimulating factors such as G-CSF and GM-CSF.
Preliminary results indicate that colony-stimulating factors can
attenuate the hematologic toxicity.335 Although interferon may
be helpful for certain patients with KS, many cannot tolerate
this agent. For this reason, drugs that inhibit the effects of

angiogenic factors are under study. Patients with progressive
disease, widespread skin involvement (>25 lesions), extensive
cutaneous KS unresponsive to local treatment, and/or visceral
organ involvement (especially lung KS) require chemother-
apeutic agents. Newer products such as liposomal anthracy-
clines demonstrate comparable clinical efficacy with reduced
toxicities.336 Experimental therapies include foscarnet, ganci-
clovir, and cidofovir because of their in vitro activity against
HHV-8.337 Intralesional β-human chorionic gonadotropin in-
jections also have produced favorable responses.338

Non-Hodgkin Lymphoma
NHL is more common than KS in people infected with HIV,
particularly those with low CD4+ counts (median, 100 cells/
mm3).339 Unlike KS, NHL occurs in all risk groups of HIV-
infected patients and does not predominantly occur in ho-
mosexual men.340 High-grade NHLs account for approxi-
mately 3% of initial AIDS-defining illnesses in adults and
adolescents.341 The reason for the increased incidence is un-
known; however, similar to KS, cytokine dysregulation may
play a role.324

HIV-positive patients often have disseminated disease at
the time of diagnosis. In fact, many patients with systemic
NHL have extranodal disease (87%–95%). Patients also may
present with GI involvement at sites such as the oral cavity,
esophagus, small bowel, large bowel, appendix, and anorec-
tum. Involvement of the subcutaneous and soft tissue, epidural
space, myocardium, and pericardium has been reported. Pa-
tients with CNS lymphomas often present with altered men-
tal status, which may be mistaken for cerebral toxoplasmo-
sis or HIV dementia. Only brain biopsy definitively diagnoses
CNS NHL. Poor prognostic risk factors for patients with NHL
include a CD4+ count of <100, bone marrow involvement,
Karnofsky performance status <70, stage IV disease, and a
history of a prior AIDS-defining illness. Patients having none
of these prognostic risk factors have a threefold greater sur-
vival rate compared with patients with one or more of these
risk factors.341,342

The treatment of NHL is determined by organ involvement.
Patients with evidence of CNS lymphoma often require lo-
cal radiation or intrathecal chemotherapy. Several systemic
chemotherapy regimens have been evaluated,343 including cy-
clophosphamide with doxorubicin, vincristine, and prednisone
(CHOP); cyclophosphamide with methyl GAG, bleomycin,
prednisone, doxorubicin, and vincristine (NHL-7); cyclophos-
phamide combined with vincristine, intrathecal methotrex-
ate, doxorubicin, and prednisone (L-17); and methotrexate,
bleomycin, doxorubicin, cyclophosphamide, and dexametha-
sone (m-BACOD). Of these regimens, low-dose m-BACOD
and low-dose CHOP are considered to be the standard thera-
pies for NHL.344

Patients with NHL tend to have more advanced HIV disease
accompanied by reduced bone marrow reserves. As a result,
patients with poor prognostic factors do not tolerate full doses
of chemotherapy and often develop leukopenia. These patients
benefit from low-dose treatment. Patients with good prognostic
risk factors may benefit from full-dose chemotherapy along
with a colony-stimulating factor (e.g., G-CSF, GM-CSF) and
may still be able to remain on antiretroviral therapy.341,342

Because J.R. presents with pathogen-negative, persistent,
large-volume chronic diarrhea, KS and NHL must be ruled out.
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J.R. has shown no visible skin or oral KS lesions; endoscopy
revealed a small GI tumor. Tissue biopsy ruled out KS and
confirmed NHL, which was found to be stage II. The bone
marrow aspirate was also positive for NHL. The prognostic risk
factors for J.R. include a CD4+ count <100 and a past history
of an AIDS-defining illness (PCP). Consequently, low-dose m-
BACOD was initiated with GM-CSF as needed. J.R. will be
monitored for resolution of diarrhea as well as toxicities (e.g.,
hematologic). Her HAART therapy also should be reevaluated.

Cervical Intraepithelial Neoplasia

54. L.P., a 38-year-old woman, was heterosexually infected with
HIV. She also has a history of human papillomavirus (HPV) in-
fection successfully treated with imiquimod cream 5%. During
a routine HIV clinic visit, a “cheesy” vaginal discharge is noted.
L.P. states that her vagina has been itching. Physical examina-
tion is unremarkable with the exception of her vaginal discharge.
A potassium hydroxide stain of vaginal secretions is positive for
hyphae, indicating a yeast infection. CBC values include Hgb,
13.3 g/dL (normal, 12.1–15.3); WBC count, 5,500 cells/L (nor-
mal, 3,800–9,800); and platelets, 95,000/mm3 (normal, 150,000–
450,000). Notably, for the first time, L.P.’s CD4+ count has de-
clined to 435 cells/mm3 (normal, approximately 1,000). She has
received no prior antiretroviral therapy. Is L.P.’s gynecologic pre-
sentation typical of a woman with early HIV disease?

[SI units: Hgb, 130 g/L (normal, 121–153); WBC count, 5.5 × 1010/L

(normal, 3.8–9.8); platelets, 95 × 1010/L (normal, 150–450)]

Four gynecologic disorders occur more frequently, with
greater severity, and with less responsiveness in HIV-infected
women344−346: HPV, associated cervical intraepithelial neo-
plasia, Candida vaginitis, and pelvic inflammatory disease.
All are considered CDC HIV-associated conditions.4,348 Cervi-
cal neoplasia is a CDC AIDS-defining illness.4 Consequently,
L.P.’s presentation with vaginitis is typical. Her vaginal yeast
infection should be treated with an antifungal agent such as
fluconazole (100 mg/day PO) for ≥7 days. She should be fol-
lowed closely to ensure that her infection resolves, because
HIV-positive patients may not respond to the standard dura-
tion of therapy.

55. L.P. returns to the clinic in a week and her vaginal infec-
tion has cleared. A routine Pap smear is performed on this visit,
demonstrating cellular changes consistent with a low- grade squa-
mous intraepithelial lesion. What therapeutic intervention should
follow this abnormal Pap smear?

Women at increased risk of precancerous cervical cy-
tology include those with HIV infection or HPV infec-
tion and cigarette smokers.349−351 HPV infections, types 16,
18, and 33, are more prevalent among HIV-positive women
than HIV-negative women and have been causally impli-
cated in the development of preinvasive and invasive cervi-
cal neoplasms.352 Furthermore, the greater the degree of im-
munosuppression (CD4+ count <200), the higher the risk for
cervical intraepithelial neoplasia.353 Rapidly progressive cer-
vical malignancy and death have been reported in HIV-infected
women.349,354,355

All HIV-infected women should have Pap smears every 6
months in the first year of diagnosis.47 Among HIV-infected

women, approximately 15% of low-grade squamous intraep-
ithelial lesions progress to high-grade lesions, including mod-
erate to severe dysplasia or carcinoma in situ.355,356 Because
the risk of progression may be greater among HIV-infected
women, many gynecologists recommend colposcopic exami-
nation (microscopic inspection of the entire cervical area) with
directed biopsy.

If a biopsy confirms precancerous cellular changes, as in
L.P., a surgical procedure is indicated to destroy or remove
the dysplastic tissue.357 Options include laser therapy, elec-
trosurgery, and cryotherapy. Postsurgical complications may
include prolonged bleeding or infertility because of cervical
stenosis.358,359 After surgery, L.P. should have follow-up Pap
smears every 3 months for at least 1 year.357,360 The risk of
recurrence is much higher in HIV-infected women.352

Pharmacologic Intervention

56. What pharmacologic intervention has proven to be success-
ful in the treatment of cervical intraepithelial neoplasia? Is L.P. a
candidate for this therapy?

Interferon has been suggested for the treatment of cervical
intraepithelial neoplasia.361 Many uncontrolled studies have
been performed, but the number of women who have been
evaluated is insufficient to recommend use of this agent. The
best results were observed in one small study with systemic ad-
ministration, but most patients experienced adverse effects.361

In an additional trial, 15 women were treated with interferon-β,
2 million IUs intramuscularly daily for 10 days, and their out-
comes were compared with 15 women treated with saline.362

After >6 months, 14 of 15 (93%) of the treated women had
a complete response compared with 6 of 15 (40%) of the
controls. In a placebo-controlled trial using the same dosage
regimen,363 women with earlier stage cervical intraepithelial
neoplasia disease responded, but women with more advanced
disease responded poorly. A flulike syndrome characterized by
fever, chills, headache, malaise, arthralgia, and myalgia was the
most common adverse effect, although these symptoms were
better tolerated with continued treatment.361

Topical interferon-α is associated with a lower incidence
of adverse effects, but this route of administration seems less
efficacious.364,365 Intralesional interferon injections have been
tried, but they are inferior to the systemic route, and ex-
pert personnel are required for administration.366,367 In one
trial, women with grade II cervical intraepithelial neoplasia
were randomized to receive intramuscular β-interferon, in-
tralesional α-interferon, a combination of both, or conven-
tional therapy. Combination therapy demonstrated the best re-
sponse with respect to lesion progression.362 L.P. should not
be treated with either local or systemic interferon. Systemic
therapy seems somewhat more effective in small-scale trials,
but it is not well tolerated. The exact role of interferons in the
treatment of cervical intraepithelial neoplasia, particularly in
HIV-infected women, remains uncertain.
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Mycotic (fungal) infections, once observed only occasionally,
are now the fourth most commonly encountered nosocomial
infection. This increase can be attributed, in part, to the grow-
ing numbers of immunocompromised hosts as a result of organ
transplants, cancer chemotherapy, and the acquired immunod-
eficiency syndrome (AIDS) epidemic. Practitioners must be
up to date on current concepts in medical mycology that affect
the treatment and monitoring of patients with fungal infec-
tions. This chapter reviews the mycology, diagnosis, antimy-
cotics, and therapeutics for common mycotic infections. For
a more in-depth presentation of the basic biology of fungi, as
well as the epidemiology, pathogenesis, immunology, diagno-
sis, and monitoring of mycotic infections, see Dismukes’ Clin-
ical Mycology.1 In addition, other chapters in this book address
specific areas of mycology and antifungal therapy. These topics
include the treatment of fungal meningitis; endocarditis; intra-
abdominal and hepatosplenic infections; bone and joint in-
fections; and infections in immunocompromised patients with
and without human immunodeficiency virus (HIV) infections.
Treatment of uncommon fungal infections (e.g., paracoccid-
ioidomycosis, alternariosis or fusariosis, mucormycosis, and
pseudallescheriasis) is presented associated with immunocom-
promised hosts.

MYCOLOGY
Morphology
The pathogenic fungi that infect humans are nonmotile eu-
caryotes that reproduce by sporulation and they exist in two
forms: filamentous molds and unicellular yeasts. These forms
are not mutually exclusive and, depending on the growth con-
ditions, a fungus may exist in one or even both of these forms
(Table 71-1). The dimorphic fungi (e.g., Histoplasma capsu-
latum and Blastomyces dermatitidis) grow as a mold in nature
(27◦C), but quickly convert to the parasitic yeast form after
infecting the host (37◦C). This mycelium-to-yeast conversion
is an important factor in the pathogenesis of disease caused by
these organisms. Other pathogenic fungi, such as Aspergillus
species, grow only as a mold form, whereas Cryptococcus ne-
oformans usually grows as a yeast form. Candida species grow
with a modified form of budding whereby newly budded cells
remain attached to the parent cells and form pseudohyphae.
Fungi are aerobic and are easily grown on routine culture me-
dia similar to that used to grow bacteria. Most fungi grow best
at 25◦C to 35◦C. Fungi that cause only cutaneous and sub-
cutaneous disease grow poorly at temperatures >37◦C. This
temperature-selective growth explains, at least in part, why

71-1
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Table 71-1 Organism Classification

Hyphae (Moulds)
Hyalohyphomycoses

Aspergillus spp., Pseudallescheria boydii
Dermatophytes: Epidermophyton floccosum, Trichophyton spp.,

Microsporum spp.
Phaeohyphomycoses

Alternaria spp., Anthopsis deltoidea, Bipolaris hawaiiensis,
Cladosporium spp., Curvularia geniculata, Exophiala spp.,
Fonsecaea pedrosoi, Phialophora spp., Fusarium spp.

Zygomycetes
Absidia corymbifera, Mucor indicus, Rhizomucor pusillus

Dimorphic Fungi
Blastomyces spp., Coccidioides spp., Paracoccidioides spp.,

Histoplasma spp., Sporothrix spp.

Yeasts
Candida spp., Cryptococcus neoformans

these organisms rarely disseminate from a primary focus in
the skin or subcutaneous tissues.

Classification
Fungal infections are best classified by the area of the body in-
fected (Table 71-2). Superficial mycoses involve only the out-
ermost keratinized layers of the skin (stratum corneum) and
hair. The cutaneous mycoses extend deeper into the epidermis
and may also infect the nails. The subcutaneous mycoses infect
the dermis and subcutaneous tissues; entry into these sites is
by inoculation or implantation of dirt or vegetative matter. The
systemic mycoses cause disease of the internal organs of the
body. Standard definitions that are useful in daily patient care
for invasive fungal infections have been developed for epi-
demiologic and clinical trials. The guidelines are referenced
under each infection. The respiratory tract is the most com-
mon primary portal of entry into the patient, and infection in
the lungs may be symptomatic or asymptomatic. Systemic in-
fection with Candida usually results from a primary focus in
the gastrointestinal (GI) tract or skin. In each case, the organism

Table 71-2 Clinical Classification of Mycoses

Classification Site Infected Example

Superficial Outermost skin and
hair

Malasseziasis
(Tinea versicolor)

Cutaneous Deep epidermis and
nails

Dermatophytosis

Subcutaneous Dermis and
subcutaneous
tissue

Sporotrichosis

Systemic Disease of more than
one internal organ

Opportunistic Candidiasis
Cryptococcosis
Aspergillosis
Mucormycosis

Nonopportunistic Histoplasmosis
Blastomycosis
Coccidioidomycosis

may spread hematogenously from the primary focus through-
out the body, resulting in disseminated disease. The oppor-
tunistic mycoses occur primarily in the immunocompromised
host and require more aggressive treatment. The list of fungi
that cause opportunistic infection is rapidly expanding, espe-
cially with the AIDS epidemic.2 The nonopportunistic fungi
(primary pathogens) usually cause disease in the immunolog-
ically normal host. Some primary pathogens, however, result
in unique clinical syndromes when infection occurs in the im-
munocompromised host, such as histoplasmosis in AIDS.1

Pathogenesis of Infection
Endogenous
Fungal infection can be acquired from both exogenous and en-
dogenous sources. The only fungi known to be normal flora
(commensals) in humans are Pityrosporum obiculare, which
causes the noninflammatory superficial condition of tinea ver-
sicolor, and Candida species. Infections with these yeast or-
ganisms primarily develop from the patient’s own normal flora
(endogenous infection). These endogenous fungal infections
of the skin or mucous membranes occur when host resistance
is lowered and the organism proliferates in high numbers.
Excess heat and humidity, oral contraceptive use, pregnancy,
diabetes, malnutrition, and immunosuppression facilitate en-
dogenous local infection by both Pityrosporum and Candida.
Systemic candidal infections occur in the immunocompro-
mised host when the organism colonizing the patient’s skin or
GI tract is disseminated hematogenously throughout the body.

Exogenous
Exogenous infections occur when the fungus is acquired from
an environmental source. In the case of dermatophytes (ring-
worm fungi), the organism can be acquired from dirt, animals,
or another infected individual. The subcutaneous mycoses re-
sult from direct inoculation of infected material, often a thorn or
other vegetable matter, through the skin. Infections of the skin
and subcutaneous tissues by Aspergillus and the agents caus-
ing mucormycosis (e.g., Rhizopus, Absidia, Mucor) have re-
sulted from contaminated wound dressings and cast materials.3

Exogenous fungi colonized or carried on the hands of health
care workers can infect patients; therefore, these health care
workers, especially in intensive care units (ICU), must wash
their hands to prevent cross-infection between patients.4 Other
than candidal infections, the systemic mycoses are primarily
the result of inhalation of dust contaminated by the infectious
spores, with a primary focus of infection in the lungs. If local
or systemic host defenses are unable to control the primary in-
fection, the organism may be spread hematogenously to other
organs. Some of the systemic mycoses have defined geographic
(endemic) areas in which the fungus is more commonly en-
countered in the environment. For example, histoplasmosis and
blastomycosis occur most often in the regions of the Red, Mis-
sissippi and Ohio River valleys, whereas coccidioidomycosis
is endemic to the southwestern United States and the Central
Valley of California.

Host Defenses
Host defenses against fungal infection involve both nonim-
mune (also known as nonspecific or natural resistance) and
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immune (also known as specific or acquired resistance) mech-
anisms. Nonimmune resistance plays a primary role in pre-
venting colonization and invasion of a susceptible tissue. The
normal bacterial flora of the skin and mucous membranes pre-
vent colonization (colonization resistance) by more pathogenic
bacteria and fungi. Patients treated with broad-spectrum antibi-
otics are at greater risk for colonization and infection by fungi
because of the alteration in their bacterial flora. The barrier
function of the intact skin and mucous membranes is also an im-
portant defense against fungal infection. Skin defects, whether
the result of intravenous (IV) catheters, burns, surgery, or
trauma, predispose individuals to local invasion and fungemia,
especially with Candida species. When these physical barriers
are breached, the polymorphonuclear leukocyte (neutrophil)
and monocytes are the cells involved earliest in host defense
against fungi. The antifungal activity of neutrophils involves
phagocytosis and intracellular killing, but also can include ex-
tracellular killing by secreted lysosomal enzymes. Neutropenia
is the most common neutrophil defect predisposing to fungal
infection, but functional defects of neutrophils, such as those
occurring in patients with chronic granulomatous disease of
childhood and myeloperoxidase deficiency, have also been as-
sociated with an increased frequency of fungal infections, es-
pecially with Candida and Aspergillus.

Antibody and complement may have some role in resis-
tance to certain fungal infections, but they are not the primary
effectors of acquired resistance. Cellular immunity, mediated
by antigen-specific T lymphocytes, cytokines, and activated
macrophages, is the primary acquired (immune) host defense
against fungi. Patients with defective cellular immunity (e.g.,
immunosuppressed organ transplant recipients, patients with
lymphomas and AIDS, and those treated with corticosteroids
or cytotoxic agents) are at greatest risk for fungal infection. The
immunodeficiency noted in these patients is also the primary
reason for the poor therapeutic outcome despite appropriate
antifungal therapy. An additional factor associated with an in-
creased risk for fungal infection is the use of total parenteral
nutrition (TPN).1

ANTIMYCOTICS
Mechanisms of Action
Table 71-3 lists the U.S. Food and Drug Administration (FDA)-
approved topical and systemic antimycotics for the treatment
of fungal infections. Griseofulvin and potassium iodide have
limited clinical utility and are not used to treat systemic fungal
infections. Griseofulvin inhibits growth by inhibiting fungal
cell mitosis caused by polymerization of cell microtubules,
thereby disrupting mitotic spindle formation. It has activity
only against the dermatophyte fungi. The antifungal mecha-
nism of potassium iodide is unclear. It is effective only in the
treatment of lymphocutaneous sporotrichosis.

The eight antifungal drugs used for systemic disease fall into
five structural classes that act by four mutually exclusive mech-
anisms. Amphotericin B and nystatin, polyene macrolides, act
principally by binding to ergosterol in the fungal cell mem-
brane, effectively creating pores in the cell membrane and
leading to depolarization of the membrane and cell leakage.5

Amphotericin B binds with greater affinity to ergosterol than
to cholesterol.6 This phenomenon is believed to be mediated

Table 71-3 Antifungal Agents Approved for Use

Agent (Brand Name) Formulation

Systemic Agents
Amphotericin B (Abelcet,

AmBisome, Amphotec)
IV

Amphotericin B (generic) IV
Caspofungin (Cancidas) IV
Fluconazole (Diflucan) IV, tablet, oral suspension
Fluorocytosine [Flucytosine]

(Ancobon)
Capsule

Griseofulvin (generic) Tablet, oral suspension
Itraconazole (Sporanox) IV, capsule, oral solution
Ketoconazole (Nizoral) Tablet
Miconazole (Monistat) IV
Potassium iodide Solution
Terbinafine (Lamisil) Tablet
Voriconazole (Vfend) IV, tablet

Topicals, Class I
Amphotericin B Cream, lotion, ointment, oral

suspensiona

Butoconazole (Femstat) Ointment
Ciclopirox (Loprox) Cream, lotion
Clioquinol (Vioform) Cream, ointment
Clotrimazole Cream, lotion, lozenge, pessary,

solution, tablet
Econazole (Spectazole) Cream
Ketoconazole (Nizoral) Cream shampoo
Miconazole Aerosol, cream, lotion, pessary, spray,

suppository, vaginal tablet
Naftifine (Naftin) Cream, gel
Nystatin Cream, lozenge, ointment, powder,

suspension, tablet
Oxiconazole (Oxistat) Cream, lotion
Povidone iodine Douche, gel, suppository
Sodium thiosulfate (Exoderm) Lotion
Sulconazole (Exelderm) Cream, solution
Terbinafine (Lamisil) Cream
Terconazole (Terazol 7) Cream, suppository
Tioconazole (Vagistat) Ointment
Tolnaftate (generic) Cream, gel, powder, solution, spray
Undecylenic acid Cream, foam, ointment, powder, soap

aNo longer available in United States.
IV, intravenous.
Classification identified in reference 182, with permission.

through both hydrophilic hydrogen bonding and hydrophobic,
nonspecific van der Waals forces. Investigations using P32 nu-
clear magnetic resonance spectroscopy to study the interac-
tions of polyene macrolides with sterols documented that the
presence of the double bond in the side chain of ergosterol
(not present in cholesterol) accounts for the greater affinity of
amphotericin B for ergosterol.5 Amphotericin B, however, also
binds to sterols of mammalian cells (i.e., cholesterol), a fact
that is believed to account for most of the toxic effects of am-
photericin B. Alteration in the lipid content of the pathogens
membrane may play a role in the development of resistance,7

although this alone is apparently not sufficient to affect that
development.8 The lethal antifungal effects of amphotericin B
are, however, the result of not only cell leakage resulting from
ergosterol binding, but also immune stimulation and oxygen-
dependent killing.6,9
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5-Flucytosine (5-FC), a fluorinated cytosine analog, is be-
lieved to act principally by inhibiting nucleic acid synthe-
sis. It is actively transported into susceptible cells by the en-
zyme cytosine permease, where it is deaminated to the toxic
metabolite 5-fluorouracil. Fluorouracil, when converted to
5-fluorouridine triphosphate, functions as an antimetabolite.
It is incorporated into fungal RNA, where it is substituted for
uracil and thereby disrupts protein synthesis.10 5-Fluorouracil
can also be converted to fluorodeoxyuridine monophosphate,
which inhibits thymidylate synthase and thus disrupts DNA
synthesis.10

The azole antifungals and the allylamines (naftifine and
terbinafine) appear to act by the same principal mecha-
nism: inhibition of sterol biosynthesis by interference with ei-
ther cytochrome P450–dependent lanosterol C14-demethylase
(azoles) or squalene epoxidase (allylamines), critical enzymes
in the biosynthesis of ergosterol.11,12 The superior affinity of
the triazoles (fluconazole, itraconazole, voriconazole) for fun-
gal versus mammalian enzyme, as compared with the imi-
dazoles (ketoconazole, miconazole), generally is believed to
account for their reduced toxicity and improved efficacy.11

The consequence of sterol biosynthesis inhibition is a faulty
cell membrane with altered permeability. In general, the al-
lylamines and older azoles are viewed as fungistatic in their
action. The newer triazoles (voriconazole, posaconazole, and
ravuconazole) demonstrate fungicidal activity against some
fungal species.13 The clinical relevance of in vitro fungicidal
versus fungistatic action is the subject of considerable debate.
Nevertheless, it seems logical that fungicidal action, if it can
also be achieved in vivo, might be preferable in immunosup-
pressed hosts.

Lipopeptides, which are potent antifungal agents, include
the structural class of echinocandins (anidulafungin, micafun-
gin, and caspofungin). All share a common mechanism: they
act by interfering with 1,3-β-d-glucan, preventing synthesis
of essential cell wall polysaccharides that protect the cell from
osmotic and structural stresses. The result is inhibition of fun-
gal cell wall biosynthesis. Targeting the cell wall (as opposed
to the cell membrane, which is the target of polyene, azole, and
allylamine) has been an important step in selective inhibition
of fungal versus mammalian cells; the fungal cell wall does
not share target-associated toxicity with the mammalian cell
wall.14

Antifungal Spectrum and Susceptibility Testing
The Clinical and Laboratory Standards Institute (CLSI) rec-
ommends standardized broth dilution (M27-A2) and disk dif-
fusion (M44-A)22 methods for determining in vitro antifun-
gal susceptibilities for yeasts.15 This method stipulates test
medium, inoculum size and preparation, incubation time and
temperature, end-point reading and quality control limits for
amphotericin B, flucytosine, fluconazole, ketoconazole, and
itraconazole. Minimum inhibitory concentration (MIC) val-
ues for use in clinical interpretation are specified for flucona-
zole, itraconazole, and flucytosine against Candida species af-
ter 48 hours of incubation. For fluconazole and itraconazole,
a susceptible-dose dependent (S-DD) breakpoint was devel-
oped based on data supporting a trend toward better response
with higher drug levels for isolates with higher MIC.16 The
S-DD range includes MIC of 16 and 32 mcg/mL along with

>0.125 and <0.5 mcg/mL for fluconazole and itraconazole,
respectively. Candida isolates with MIC less than these ranges
are considered susceptible, and isolates with greater MIC are
considered resistant. Owing to rapid development of resistance
and limited data on correlation of MIC with outcome for flucy-
tosine monotherapy, proposed interpretive breakpoints for this
agent are based on a combination of historical data and re-
sults from animal studies. Candida isolates with a flucytosine
MIC ≤4 mcg/mL are considered susceptible, isolates with MIC
>16 mcg/mL are considered resistant. Limitations of the M27-
A methodology have precluded development of amphotericin
B interpretive breakpoints nor have interpretive criteria been
proposed for ketoconazole MIC. An E-Test (AB Biodisk; Pis-
cataway, NJ) is commercially available. Difficulties in end-
point determination using this method result from frequent,
nonuniform growth of the fungus on the agar medium; yet,
when properly performed, correlation between the E-Test and
M27-A methods has been satisfactory for the azole antifungal
agents against most Candida.17 Other techniques under devel-
opment for antifungal susceptibility testing for yeasts include
flow cytometry and direct measurement of alterations in ergos-
terol synthesis.18

Recently, the CLSI also approved a standardized broth di-
lution (M38A) method for determining in vitro antifungal sus-
ceptibilities for certain spore-producing moulds, namely As-
pergillus spp., Fusarium spp., Rhizopus spp., Pseudallescheria
boydii, and Sporothrix schenckii.19 An E-Test to evaluate
mould susceptibilities to the systemic antimycotics is also be-
ing studied. Despite these recent advances, the determination
of in vitro susceptibilities or resistance in clinical practice is
of limited utility and not readily available.

Susceptibility testing for clinical isolates is not routinely
recommended; however, published data on the susceptibility of
the identified species of yeast or mould should guide the clini-
cian’s therapeutic choice. Clinical isolates from patients failing
high-dose therapy (i.e., refractory oral pharyngeal candidiasis)
or unusual pathogenic yeasts in patients with AIDS can be sent
for testing.18 Testing should be performed in a laboratory where
the staff is trained in mycoses. Despite these limitations, certain
generalities should be emphasized. First, amphotericin B has
broad in vitro activity and clinical efficacy against the yeasts
and filamentous moulds. The echinocandins have cidal activity
in vitro versus Candida spp. and static activity for Aspergillus
spp.; they are not active in vitro against Cryptococcus spp. and
many endemic mycoses.20 The azole antifungals generally have
clinically significant activity against only the yeasts and most
dimorphic fungi. Additionally, itraconazole, voriconazole
and posaconazole have excellent in vitro activity against
Aspergillus spp., with clinical efficacy demonstrated for
itraconazole, posaconazole, and voriconazole. Unlike other
azoles, posaconazole has good in vitro activity and has shown
clinical efficacy against zygomycetes, fungal infections for
which previously only amphotericin B formulations were ther-
apeutic options.21,22

New Frontiers for Antifungal Therapy
Various investigative efforts have been directed toward both en-
hancing efficacy and reducing the toxicity of older antifungal
drugs, including biochemical modifications of the agent, im-
proved delivery systems, and combination therapy. Inhalation
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of amphotericin B, and in lung transplant recipients, lipid com-
plex amphotericin B, has been investigated in immunocompro-
mised patients as a prophylaxis for invasive aspergillosis. Re-
cently, caspofungin has been studied for suitability for aerosol
delivery. Antifungal dose and nebulized system required for ef-
fective prophylaxis has yet to be established.23–26 Even more
challenging are the attempts to discover or design new proto-
type antifungal compounds. Substantial hurdles exist because
both mammalian cells and fungal cells are eukaryotes and share
many similar biochemical processes, unlike bacterial cells,
which are prokaryotes. Traditionally, the drug discovery pro-
cess depended on the ability to detect compounds (either nat-
ural products or synthetic compounds) that selectively inhibit
or destroy fungal cells. This process is accomplished by either
or both of two approaches: (a) the evaluation of existing com-
pounds (natural or synthetic) for potentially useful antifungal
activity and (b) the design and synthesis of new compounds that
selectively block fungal targets. Recent advances in genomic
sequencing of C. albicans, C. glabrata, A. fumigatus, and
C. neoformans have allowed for use of this information within
the search for new targets. Other less conventional drug discov-
ery approaches include targeting known traditional virulence
factors (e.g., adhesions, secreted enzymes). This approach is
based on the principle that killing of the microbe need not oc-
cur for an anti-infective agent to be efficacious in reduction of
disease.

Lead compounds that appear promising for antimycotic
therapy include nikkomycins, sordarins, lytic peptides, hy-
droxypyridones, and cathelicidins. Nikkomycins inhibit chitin
synthase. Chitin synthase catalyzes the polymerization of
β-(1,4) linkages of N-acetyl glucosamine, which is criti-
cal to yeast cell membrane stabilization. Sordarins interfere
with elongation factor-2, which is essential for protein syn-
thesis, whereas lytic peptides and cathelicidins bind to cell
membrane sterols, thereby reducing cell membrane stabil-
ity. It appears that inhibition of cellular uptake of essential
compounds and loss of other compounds are secondary ef-
fects of an unknown primary mode of action for the hydrox-
ypyridone antimycotics.27 Sordarins, lytic peptides, hydrox-
ypyridones, cathelicidins and antibody directed therapies (i.e.,
mycograb: antiheat shock protein 90), a novel approach usu-
ally reserved for extracellular pathogens,28 are still in early
development.

SUPERFICIAL AND CUTANEOUS MYCOSES
Tinea Pedis: Treatment

1. C.W., a 28-year-old male construction worker, is evaluated
for a chronic case of “athlete’s foot.” He wears boots all day at
work and notes intense itching of both feet throughout the day. He
has been using tolnaftate powder (Tinactin) for 1 week with no real
therapeutic benefit. On examination, the web spaces between all
the toes are white, macerated, and cracked. A few vesicles are also
present over the dorsum of the foot at the base of the toes. Scrap-
ings of the lesions examined as a potassium hydroxide preparation
reveal branching, filamentous hyphae compatible with a dermato-
phyte infection. The diagnosis of “athlete’s foot” is made. What
therapeutic options are available for C.W.?

Selection of antifungal therapy should be based on the ex-
tent and type of infection. Superficial or cutaneous infections
should initially be approached topically. Any follicular, nail,
or widespread (>20% of body surface area [BSA]) infection
should be treated systemically under medical supervision ow-
ing to poor penetration of topical applications. Topical antifun-
gals have been reviewed as a class by the FDA advisory review
panel on over-the-counter (OTC) antimicrobial drug prod-
ucts and on an individual basis as newer products have been
released. To receive a class I recommendation, each agent
(or combination) must have been tested in well-designed clin-
ical trials that show the drug microbiologically and clinically
effective against dermatophytosis or candidiasis with insignifi-
cant toxicity (irritation). Class I agents are listed in Table 71-4.
Class II agents (camphor, candicidin, coal tar, menthol, pheno-
lates, resorcinol, tannic acid, thymol, tolindate) are considered
to have higher risk-to-benefit ratios associated with their phar-
macotherapy. Class III agents (benzoic acid, borates, caprylic
acid, oxyquinolines, iodines, propionic acid, salicylates, tri-
acetin, gentian violet) lack adequate scientific data to deter-
mine efficacy. Topical therapy with any class I agent applied
twice daily to the affected area for 2 to 6 weeks should be
adequate. Therapy should be titrated to response.

Because C.W. could continue tolnaftate powder for 2 to 6
weeks or switch to an antifungal cream or lotion (e.g., mi-
conazole), these products should be applied to the web spaces
between all the affected toes twice daily. C.W. should also
be careful to use nonocclusive footwear (e.g., cotton rather

Table 71-4 Antimycotic Prophylaxis Regimens and Costs

Agent Dose/Day Formulation Recommended Regimen Cost ( $)/daya

Selective GI Decontamination
Amphotericin B 400 mg Oral suspensionb Swish and swallow QID 4.00b

Nystatin 4–12 million units Oral suspension Swish and Swallow QID 16.60–40.80

Systemic
Clotrimazole 30–80 mg Trouche TID–QID 11.43–40.64
Ketoconazole 200–400 mg Oral QD 2.78–5.56
Itraconazole 200–400 mg Oral QD 15.56–31.11
Fluconazole 50–400 mg Oral QD 5.15–26.48

aFrom Price, AWP. Red Book: Thomson Healthcare, Durham, NC 27703: 2007.
bMade from parenteral formulation, no longer commercially available.
GI, gastrointestinal; QD, every day; QID, four times daily; TID, three times daily.
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than synthetic fiber socks, and leather rather than vinyl boots).
Application of an absorbent or antifungal powder to his
footwear would also be helpful (see Chapter 38, Dermatother-
apy and Drug Induced Skin Disorders).

Tinea Unguium (Onychomycosis): Treatment

2. If C.W. also suffered from an infection of the toenail
(onychomycosis), what additional therapy could be offered to
him?

Onychomycosis is typically caused by a dermatophyte, a
hyphal fungi, or Candida. Nail scrapings and culture should
be performed to help plan initial therapy. Once culture re-
sults are known, therapy can be initiated with either terbinafine
250 mg/day or itraconazole 200 mg/day for 6 (fingernail) to
12 (toenail) weeks. In some cases, however, successful therapy
of tinea unguium can require 3 to 6 months for fingernails and
6 to 12 months for toenails. Therapy should be considered suc-
cessful when several millimeters of healthy nail have emerged
from the nailfold to the margin of infected nail, or when a 25%
reduction in size of the infected site has been achieved.

For dermatophyte nail or paronychial infections, griseoful-
vin therapy could be used if an azole or allylamine is con-
traindicated. Griseofulvin (microsized or ultramicrosized) ad-
ministered orally at 10 mg/kg/day and titrated to response
should be effective.22 Owing to the large doses given for pro-
longed periods, C.W. should be monitored closely at each pre-
scription refill for signs and symptoms of adverse reactions.
Terbinafine or itraconazole most commonly causes symptoms
of headache, rash, and GI distress. Griseofulvin is more toxic,
often causing hypersensitivity (urticaria, angioedema, type II
hypersensitivity reactions), photosensitivity dermatitis, GI dis-
tress, and neurologic complications (headache, paresthesias,
altered sensorium).22

Antimycotic pulse therapy is a novel approach to the treat-
ment of onychomycosis. An FDA-approved alternative to daily
therapy can now include a course of itraconazole 200 mg twice
daily for 1 week in 2 consecutive months for fingernail infec-
tions. Double-blind, placebo-controlled trials revealed that this
regimen was associated with a 77% clinical response and 73%
mycologic response.29 Overall responses and toxicity to ther-
apy were more desirable with pulse regimens than with tradi-
tional regimens. Comparative studies demonstrate promising
results for itraconazole pulse therapy for toenail infections30

and fluconazole pulse therapy administered as a 150- to 450-mg
dose once weekly for up to 12 months for mild disease.31,32 Re-
lapse rates after pulse (intermittent) terbinafine for 4 months
have been frequent and longer courses of therapy are under
study to enhance long-term efficacy.33 Longer courses of ther-
apy are being evaluated.

Removal of the nail as the sole therapy is not recommended
because of the high relapse rate without concomitant systemic
therapy. Likewise, IV antifungals are not indicated.

3. Describe the role of corticosteroids, antibacterials, or other
additives to the antimycotic regimen in C.W.

Many patients with superficial, cutaneous, or nail infections
will have additional morbidity associated with local inflamma-
tion and secondary bacterial infections. Inflammation is caused
primarily by a type IV hypersensitivity reaction. Topical corti-

costeroids in conjunction with antifungals will often relieve
itching and erythema secondary to inflammation. Bacterial
(Proteus or Pseudomonas spp.) superinfection can also occur in
these inflamed or macerated areas and may require concomitant
topical antibacterial therapy. Pharmaceutical manufacturers of
OTC preparations often combine a drying agent or astringent
(e.g., alcohol, starch, talc, camphor) to their preparations to
increase desquamation of the stratum corneum. Hyperhidrosis
also can be relieved by these pharmaceutical additions. Such
combination treatments should not be used routinely, however,
because they increase the risk of toxicity and have not been
proven to increase efficacy. If required for symptomatic relief,
they should be used only for the initial days of treatment.

The affected web spaces between C.W.’s toes are macer-
ated and cracked and vesicles are present at the base of his
toes. A topical corticosteroid cream will probably facilitate
the healing process and make him more comfortable during
the first few days of antifungal therapy. The selection of top-
ical corticosteroid formulations is presented in Chapter 38,
Dermatotherapy and Drug Induced Skin Disorders.

SUBCUTANEOUS MYCOSES
Sporotrichosis
Treatment Options

4. O.M., a 62-year-old man, has had a painless, slowly enlarg-
ing ulcer on his left hand for the past 4 months. He is an avid
gardener, but can identify no antecedent local trauma. The pri-
mary lesion began as a red papule that slowly enlarged and then
ulcerated. At the same time the ulcer developed, O.M. also noted
painless, red nodules that spread proximally up his arm. He de-
nies any chills, fever, weight loss, or cough. The ulcer has slowly
enlarged despite daily application of a povidone-iodine ointment
and 2 weeks of cephalexin treatment. On physical examination,
O.M. is afebrile. A 1.5-cm2 ulcer is present on the dorsum of
the left hand. Extending proximally from the ulcer is a palpable
cord and multiple nontender, erythematous nodules distributed
linearly up the forearm, elbow, arm, and axilla. A culture of this
ulcer obtained 4 weeks ago is now growing Sporothrix schenckii.
What is the recommended therapy for O.M.?

Sporothrix schenckii is the dimorphic fungi found in the
soil and on many plants. Infection is usually secondary to in-
oculation into the skin from a thorn or sharp plant matter.
S. schenckii infection most commonly causes lymphocuta-
neous disease (Fig. 71-1) as illustrated by this case. Rarely,
extracutaneous disease may occur and usually involves the
lungs, bones, or joints.

Heat Treatment
In the 1930s and 1940s, local heat was applied to very mild
plaque or lymphocutaneous disease. Germination rates of this
dimorphic fungus actually can be decreased by increased tem-
perature, and heat therapy 1 hour/day for 3 months is effec-
tive in 90% of patients with plaques (very mild disease).34

Heat treatment could be particularly useful in pregnant patients
when pharmacotherapy may be contraindicated.

Itraconazole
Itraconazole is more active in vitro against S. schenckii
than other imidazoles or saturated solution of potassium
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FIGURE 71-1 Lymphocutaneous sporotrichosis.

iodide (SSKI) and has dramatically improved the therapy of
sporotrichosis. SSKI is seldom used for therapy secondary to
treatment-limiting toxicity. Cure rates for sporotrichosis cuta-
neous and lymphocutaneous disease are >90% with itracona-
zole 100 to 200 mg/day for 3 to 6 months. For extracutaneous
disease, higher dosages of itraconazole (200 mg BID) for 1 to
2 years achieve response rates of 81%, but relapse frequently
occurs (27%) after therapy is stopped.34,35 The toxicity and
safety profile for itraconazole also appears favorable in these
patients. Patients with extracutaneous disease who are unable
to tolerate the higher itraconazole dosages or whose disease
continues to progress should be treated with amphotericin B.
An amphotericin A total dose of 2.0 to 2.5 g is most often rec-
ommended. Although voriconazole, posaconazole and ravu-
conazole demonstrate amphotericin B in vitro activity against
S. schenckii (albeit less than itraconazole), their role in the
treatment of sporotrichosis has not been defined.36 Neither
ketoconazole or fluconazole is effective in the treatment of
sporotrichosis.

Terbinafine
Terbinafine has good in vitro activity against S. schenckii. Clin-
ical data, although not abundant, also suggest in vivo efficacy.37

An unpublished clinical trial comparing 250 mg or 500 mg BID
for 3 months for lymphocutaneous disease revealed responses
equivalent to itraconazole. Adverse reactions common in this
population included GI distress (dysgeusia, dyspepsia, diar-
rhea), skin rash, and weight gain. Greater clinical experience

and peer review of the aforementioned trial will further define
the role of terbinafine in the treatment of sporotrichosis.

Therefore, in the case of lymphocutaneous disease; itra-
conazole 100 mg/day for a minimum of 3 months is the treat-
ment of choice. If significant improvement is not observed in
the first 6 weeks, the itraconazole dosage should be increased
to 200 mg/day and continued for 6 months or until both the ul-
cer and lymphangitis have resolved. Most patients will respond
to this dosage, but an occasional patient may require dosages
of 300 or 400 mg/day.

Itraconazole Dosing

5. What instructions should O.M. receive for taking his itra-
conazole dose?

The peak serum concentrations of itraconazole capsules are
ninefold higher when the drug is taken with food (i.e., 0.18
mcg/mL with food and 0.02 mcg/mL in fasting subjects).38

The influence of food on absorption appears to be somewhat
dependent on the nature of the food. High-carbohydrate meals
decrease the absorption of itraconazole, and high-lipid con-
tent meals appear to increase itraconazole absorption.39 Pa-
tients who have difficulty eating (e.g., patients with AIDS,
those with cancer receiving antineoplastic therapy) may not
absorb a sufficient amount from the capsule to achieve thera-
peutic plasma concentrations following a typical oral dose.40

Although itraconazole manifests nonlinear serum pharmaco
kinetics (i.e., administering the total dose in two divided doses
is associated with higher peak serum concentrations than a
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single larger dose), no clinical benefit of splitting the dose has
been demonstrated. Therefore, O.M. could be instructed to take
his itraconazole capsule with his highest fat content meal of
the day or itraconazole solution could be substituted to improve
absorption.

Itraconazole oral solution is a cyclodextrin formulation that
has 55% bioavailability in a fed patient; this increases in a fast-
ing patient. Furthermore, bioavailability of this formulation is
not affected by level of gastric acidity. Average serum concen-
tration in a cohort of patients with advanced HIV infection was
2.7 mcg/mL following a 28-day twice daily dosing regimen.41

O.M. should take his itraconazole solution on an empty stom-
ach twice a day if this formulation is selected.

6. How would instructions for taking itraconazole capsules be
modified if O.M. were achlorhydric as a result of medications or
AIDS gastropathy?

Itraconazole capsules, as with ketoconazole, require an
acidic environment for dissolution and absorption. Thus, pa-
tients who are achlorhydric, either as a result of medications,
surgery, or underlying disease (e.g., AIDS gastropathy) may
not absorb itraconazole adequately.40,42 Use of ketoconazole
in achlorhydric patients has historically required concomi-
tant administration of 4 mL, 0.2 N hydrochloric acid aque-
ous solution.43 Etching of tooth enamel by the acid concerned
many clinicians, and other alternatives have been explored.
The administration of ketoconazole and itraconazole with a
low pH liquid (e.g., 8 to 16 fluid ounces of a cola or orange
juice) improves absorption in 65.2% of healthy patients who
are achlorhydric or taking H2-blockers (Table 71-5).20,44–59

Voriconazole does not require an acidic environment for
adequate oral absorption, but voriconazole should be adminis-
tered 1 hour before or after meals as high-fat meals have been
shown to reduce voriconazole serum concentrations. Quite the
opposite, posaconazole plasma levels are four-fold higher fol-
lowing administration with food or a high fat nutritional sup-
plement.

Because serum ketoconazole or itraconazole concentrations
<0.25 mcg/mL have been associated with treatment failures,
therapeutic drug monitoring is justified in patients in whom
therapy is failing.60 Serum antimycotic concentrations may be
more easily monitored in the future as assays become available
and correlations between concentration and efficacy are more
clearly established.

SYSTEMIC MYCOSES
Candida Infection

7. L.K., a 21-year-old, 5-foot 8-inch, 170-lb, otherwise healthy
man, was admitted to the hospital 16 days ago following a gunshot
wound to the abdomen. He has undergone three exploratory la-
parotomies with repair and resection of damaged small intestine.
He was placed on TPN to allow his bowel to rest and Solu-Medrol
for stress on admission day 6. Three days ago, he developed a fever
of 39.1◦C and chills; his blood pressure (BP) of 100/70 mm Hg
had dropped>30 mm Hg (systolic). Vancomycin and meropenem
were promptly begun after obtaining cultures. Despite 3 days of
antibiotics, he remains febrile. His physical examination reveals a
Hickman catheter in the right subclavian vein that is functioning

normally; no inflammatory changes are evident at the exit site. A
single erythematous nodule about 0.5 cm wide is noted near the
left wrist. The funduscopic examination of both eyes is normal.
A chest radiograph is also normal. The white blood cell (WBC)
count is currently 10,950 cells/mm3 and renal function is normal.
What subjective and objective data in this case are sufficiently
suggestive of a possible Candida infection to warrant further di-
agnostic evaluations in L.K.?

Epidemiology
Although L.K. might be infected with bacterial pathogens that
are not susceptible to vancomycin and meropenem, the pos-
sibility of a candidal infection should be considered. In epi-
demiologic studies, Candida species are the most common
nosocomial fungal pathogens. Candida species were responsi-
ble for 72.2% of mycoses in hospitalized cases, and Candida
albicans accounted for 55% of these cases in the Centers for
Disease Control, National Nosocomial Infections Surveillance
System. Attributable mortality associated with disseminated
candidiasis from all species is 38%. These statistics may well
be an underestimate of the true occurrence because systemic
candidiasis is difficult to diagnose. For example, autopsies in
neutropenic patients with hematologic malignancies indicate
that diagnosis of systemic candidal infection is made in 30% to
50% of patients at postmortem.61 Therefore, the morbidity for
systemic candidiasis may be even higher because of the limited
number of autopsies actually performed and our limited ability
to diagnose systemic disease.

Characteristics
The diagnosis and monitoring of therapeutic outcomes for sys-
temic candidal infection are difficult because the characteris-
tics of systemic candidal infection are subtle. Salient clinical
features include constitutional symptoms (e.g., fever, chills,
hypotension) and evidence of end-organ dissemination, such
as nodular skin lesions that are usually erythematous, endoph-
thalmitis, liver abscess, and spleen abscess. In addition, only
about 50% of patients or fewer will have a single positive Can-
dida blood culture. The Mycoses Study Group has utilized a
positive culture from a sterile body site and hypotension (sys-
tolic blood pressure [SBP] <100 mm Hg or a SBP decrease
>30 mm Hg) or abnormal temperature (<35.5◦C or >38.6◦C
on one occasion or >37.8◦C on two separate occasions
>4 hours apart), or inflammation at a infected site as diagnostic
criteria.

Risk Factors
Risk factors for candidemia include central venous catheters,
broad-spectrum antibiotic use, extensive surgical procedures,
Candida colonization, TPN, neutropenia or neutrophil dys-
function, and immunosuppression (e.g., premature infants,
burn patients, mannose-binding lectin deficiency and patients
with AIDS).62

L.K. has chills, a temperature of 39.1◦C and is hypotensive.
He is probably immunosuppressed as a result of multiple surg-
eries and corticosteroids. His Hickman catheter could serve as
a possible portal of entry for an infectious agent, and his broad-
spectrum antibiotic therapy with vancomycin and meropenem
would be expected to be adequate for most of the likely bac-
terial pathogens. Because L.K. still has manifestations of an
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infection despite 3 days of antibiotics, additional diagnostic
studies appear warranted.

Diagnostic Tests

8. What diagnostic tests could be ordered for L.K. to evaluate
a possible fungal infection?

The diagnosis of fungal infection may be made with vary-
ing levels of certainty. Sometimes, the diagnosis is absolutely
certain, such as when a pathogenic fungus from a clinical spec-
imen is isolated and identified. This is referred to as a definitive
or microbiologically confirmed diagnosis. At other times, the
physician can determine only that a high probability of infec-
tion exists. This is designated as a presumptive diagnosis. To
illustrate, a patient with a chest radiograph showing nodular
lesions and a high complement fixation antibody against H.
capsulatum would have a presumptive diagnosis of histoplas-
mosis. This may be as certain a diagnosis as is possible without
performing a more invasive procedure to obtain lung tissue. In
this event, a trial of drug therapy can be undertaken on the
presumptive diagnosis alone. A diverse spectrum of tests is
available for clinicians to diagnose and monitor therapeutic
responses.

DIRECT EXAMINATION
Direct examination of the specimen is often useful in diag-

nosing fungal infection. Traditionally, the specimen is treated
with 10% potassium hydroxide (KOH) to digest the cells and
debris, resulting in clear visualization of the hyphae or yeast.
Treatment of cerebrospinal fluid (CSF) specimens with KOH
is not necessary because this fluid is naturally clear. India ink
can be added to CSF to increase contrast and outline the or-
ganisms. Calcofluor white, a fluorescent fabric brightener that
binds to fungi and fluoresces brilliantly when viewed under the
ultraviolet microscope, also can be used to assist in recognition
of fungal elements.

Histologic examination of biopsy specimens is an important
tool for diagnosing and monitoring the presence of fungal in-
fection, but identifying the precise species of fungus involved
may be difficult. This is because only the tissue phase can be
observed, and the fungal organisms in the specimen may be few.
Because recognizing a fungus in hematoxylin- or eosin-stained
sections may be difficult, a number of special stains have been
developed.62 Periodic acid–Schiff staining binds linked sugar
groups in the fungal cell wall intensely magenta, thus making
visualization of the fungal form easier. Likewise, several sil-
ver precipitation stains, (Gomori methenamine silver) rely on
the presence of a charged fungal surface to reduce oxidized
silver to metallic silver. This process coats the fungus with a
black layer, again outlining the form.63 The mucicarmine stain
imparts a deep red color to complex polysaccharides, such as
mucin. It will also stain the thick capsule of C. neoformans.
Because no other yeast has a positive mucicarmine stain, the
definitive diagnosis of cryptococcosis can be made.64 The size
of the organism, manner of budding, and the presence or ab-
sence of septae can all help identify the problem.

Monoclonal antibodies against many fungi are now avail-
able. Immunohistochemical procedures using these sera on
biopsy specimens will enable the pathologist to detect the pres-
ence of a fungus, and determine its identity.64 Reagents for

in situ oligonucleotide probe hybridization to detect fungi in
tissue are being developed and will also be extremely helpful.65

CULTURE
The most definitive method for diagnosing or monitoring

a fungal infection is with culture. Specimens should be in-
oculated onto several different types of fungal media, some of
which contain antibiotics to inhibit bacterial overgrowth. Swab
specimens have a very low yield, especially for hyphal fungi
and should be avoided in follow-up cultures. Yeast may grow
rapidly and be isolated within 24 to 48 hours, but many fungi
grow slowly and 4 to 6 weeks of incubation may be necessary
to isolate and identify the organism. After growth, yeasts are
usually recognized by their patterns of metabolic activity on
a variety of substrates, whereas mycelial organisms may pro-
duce characteristic spores and fruiting bodies that are used for
identification. Occasionally, a mycelial organism will be slow
in producing recognizable spores, and immunologic testing for
a characteristic isoantigen may be used for identification.

ANTIGEN DETECTION
Fungi synthesize polysaccharides that cannot be broken

down by human enzymatic systems. These polysaccharides
can accumulate within the body and be excreted in the urine.
These fungal antigens can be detected by using antibodies that
specifically recognize a particular species of fungus, thereby
providing a diagnosis. The most commonly used antigen detec-
tion test is a latex agglutination test for cryptococcal antigen.
This assay can be performed on serum or CSF. Antigenemia is
present in 80% to 100% of patients with culture-proved crypto-
coccal meningitis. This test can also be used to monitor patient
response to therapy by determining the end-point dilution for
the positive reaction and following this end-point over time as
the patient is treated. If treatment is successful, the titer will
decline.66,67

Tests (quantitative polymerase chain reaction [PCR],
enzyme-linked immunosorbent assay [ELISA], latex aggluti-
nation) for other fungal antigens are not as well established.
Latex particle agglutination tests to detect candidal anti-
gens are available, but their utility has not been clearly
demonstrated. Assays for detecting H. capsulatum antigen
in serum and urine have been reported.68 Antigen can be
detected in the blood of 50% and in the urine of 80% to
90% of patients with systemic histoplasmosis. Patients with
blastomycosis and paracoccidioidomycosis, however, may
also have positive cross-reactions. The ELISA for detection
of Aspergillus galactomannan (GXM) antigen and Candida
(1–3)-β-d-glucan has been approved by the FDA. Owing to the
reported false–positive and false–negative rates, it is unclear
if these assays will improve therapeutic decision-making for
patients at risk for this infection.

ANTIBODY DETECTION
Detection of antibody can be useful for some fungal diseases

but not for others. Serologic diagnosis of systemic candidiasis
is complicated because most people have anti-Candida anti-
bodies. A rising titer is not specific for infection and may in-
dicate only colonization. Furthermore, dissemination of Can-
dida is most likely in people who are immunocompromised
and, therefore, may not respond by producing antibody.69 On
the other hand, seropositivity can be demonstrated in >90% of
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patients with symptomatic histoplasmosis.70 The most impor-
tant serologic tests use the complement fixation, immunodiffu-
sion, and enzyme immunoassay (EIA) techniques. Appropriate
evolution of serologic results requires an understanding of the
sensitivity, specificity, and predictive value of each methodol-
ogy. In general, serologic tests allow only a presumptive diag-
nosis of mycotic infections.

Although any of the aforementioned tests could be ordered
for L.K., a direct examination of his blood and urine spec-
imens along with an assessment of signs and symptoms of
disseminated candidiasis are reasonable first steps in his eval-
uation. A blood and urine specimen from L.K. should also be
cultured on different fungal media. Because a candidal infec-
tion is suspected, the culture could isolate Candida within 24 to
48 hours. Cultures and histopathologic examination of a biopsy
specimen of skin lesions are often helpful not only in confirm-
ing a diagnosis of disseminated candidal infection, but also in
monitoring response to therapy. The other fungal tests previ-
ously described need not be ordered immediately and should
await the results from direct examination and culture.

Necessity of Treatment

9. The clinical laboratory reports that a single blood culture
obtained from 2 days ago is growing Candida species. In addition, a
secondary finding of many budding yeast in the urine was reported
on urinalysis (UA). Why is therapy necessary in L.K. with only a
single positive blood culture?

Case control studies of candidemia noted an 85.6% mor-
tality rate in the untreated patients compared with a 41.8%
mortality rate in patients who were treated early. Isolation of
Candida from a patient’s bloodstream is now viewed seriously,
and therapy should be initiated immediately. Delays in ther-
apy of up to 1 week can increase mortality rates by 23%.71

In fact, delaying therapy 24 hours from the time a blood cul-
ture is positive or failure to follow Infectious Disease Society
of American (IDSA) treatment guidelines increases mortal-
ity nearly 50%.72,73 Removal of risk factors may improve the
clinical outcome of candidemia, and removal of central ve-
nous catheters is believed to improve the morbidity and mor-
tality rates.74,75 Removal of centrally inserted catheters may
make pharmacotherapy difficult, however, and L.K.’s other risk
factors (e.g., broad-spectrum antibiotics) are perhaps of even
greater importance.

Treatment Options and Combination Therapy

10. What therapeutic options are available to treat candidemia?
Which option would be best for L.K.?

Therapeutic options are individualized and based on the
competence of a patient’s host defenses. In immunocom-
petent patients, amphotericin B, an echinocandin or a tria-
zole, decreases morbidity and mortality associated with this
disease.76–80 Echinocandins have been demonstrated as effec-
tive as amphotericin B in neutropenic and non-neutropenic
patients; however, amphotericin B clears the bloodstream
fastest.81,82 In the largest, well-controlled comparative trial,
206 non-neutropenic patients were randomized to ampho-
tericin B 0.5 to 0.6 mg/kg/day or fluconazole 400 mg/day for
14 days. Mortality was <9% in both groups with no signifi-
cant difference in successful outcomes (amphotericin B, 80%;

fluconazole, 72%). Less toxicity was noted in the fluconazole
group, however.77 Therefore, fluconazole 400 mg/day is proba-
bly equally as effective as amphotericin B for non-neutropenic
patients infected with susceptible Candida. Candidemic (or
other mycotic infections discussed in this chapter) patients who
are clinically stable and have no evidence of deep-seated infec-
tion should be initiated on a triazole or echinocandin for at least
14 days. Patients who are unstable or have deep-seated (organ
involvement) infections should be treated with amphotericin B
0.5 to 0.6 mg/kg/day for at least 14 days; with concomitant sep-
tic shock, a minimum daily amphotericin B dose is 1.0 mg/kg.
A lipid formulation of amphotericin B should be substituted
in intolerant patients or those at high risk of adverse event.

In another trial, higher dosages of fluconazole (12 mg/kg/
day) alone or in combination with amphotericin B for a mini-
mum of 3 days, followed by step-down therapy to fluconazole,
were given to evaluate the effect of combination therapy on
improving clinical efficacy. Outcomes were not different from
previously reported success rates. Yet, the fluconazole treat-
ment group experienced higher Acute Physiology and Chronic
Health Evaluation (APACHE II) scores, making evaluation of
the comparison difficult.81 In contrast, in another clinical trial
the combination of amphotericin B and flucytosine appears
more effective than single-agent therapy.83,84 An amphotericin
B-containing regimen does appear more effective in patients
with APACHE scores between 10 and 22.

L.K. could be treated with an amphotericin B formulation
owing to hemodynamic instablity, with the total dose based
on clinical response and resolution of positive cultures (see
Question 12). The efficacy of this therapy should be monitored
by assessing the previously identified patient-specific signs and
symptoms of candidemia. Combination therapy should be tried
in patients who are not responding clinically along with a com-
plete examination for focal sites of infection (septic thrombi
or intra-abdominal abscess). HSP90 antibody may provide im-
proved outcomes in the future.28

11. This fungal species has now been identified as C. non-
albicans. How does this affect the therapeutic options for L.K.?

Historically, isolation of a non-albicans Candida from any
patient’s blood has been a matter of concern because of de-
creasing in vitro susceptibilities, clinical resistance observed
in animal models, and uncontrolled case reports. Intrinsic re-
sistance (C. lusitaniae to amphotericin B, C. parapsilosis to
echinocandins, and C. kruseii to fluconazole) or acquired re-
sistance (C. tropicalis or glabrata against fluconazole) has been
reported.78,83,84 Acquired in vitro fluconazole drug resistance
is probably associated with altered fungal cell membrane per-
meability, antifungal efflux pumps, and changes in CYP450
enzymes. In observational studies, fluconazole resistance
in vitro is up to 9%.78,83,84 A large, multicenter study of 232
non-neutropenic patients was unable, however, to demonstrate
a relationship between a yeast’s MIC and patient outcome.78

An inability to demonstrate a relationship is probably a result
of a poor understanding or inadequate management of risk fac-
tors for infection. For example, the removal of a colonized IV
catheter is probably a more important predictor of outcome
than the MIC of the isolated yeast. Also, the therapeutic envi-
ronment is changing with higher doses, new formulations of
older agents, and new agents used in therapeutic regimens.



71-12 � INFECTION DISEASE

Therefore, the true rate of acquired clinical resistance to
azoles and ultimate failure is unknown. Vigilant monitoring
and aggressive therapy of infections caused by non-albicans
Candida is recommended. In patients in whom susceptibilities
are available, fluconazole should be avoided when the MIC are
>16 mcg/mL. An antifungal should be avoided if the organism
has intrinsic resistance.

Amphotericin
DOSING

12. How should amphotericin B formulation be dosed and ad-
ministered to L.K.?

The amphotericin B dose and duration of therapy should
be individualized based on the severity of infection and im-
munocompetence of the patient. Once the patient is stable,
therapy should be changed to one of the applicable regimens
discussed previously. The dose of amphotericin B formulations
should be based on lean body mass. Owing to the difficulty in
measuring, many clinicians, however, use ideal body weight.
Tissues that contain large numbers of macrophages sequester
significant amounts of amphotericin B (liver, 17.5%–40.3%;
spleen, 0.7%–15.6%; kidney, 0.6%–4.1%; lung, 0.4%–13%),
but it does not distribute well into adipose tissue (<1.0%).79,80

Because L.K. is 5 feet, 8 inches tall and not obese, his ideal
body weight should be about 70 kg. Therefore, amphotericin B
35 mg/day (0.5 mg/kg) should be initiated because L.K. is not
clinically stable and is likely to need the higher-dose regimen.
Half the full dose should be given on the first day of therapy
and the full dose given on subsequent days. In more seriously
ill patients, the full dose of amphotericin B can be initiated im-
mediately. Although the optimal dosing regimen to initiate am-
photericin B is not well established, most clinicians gradually
titrate the dose upward to minimize infusion-related reactions.
Peak amphotericin B serum concentrations achieved after par-
enteral administration are a function of dose, frequency of dos-
ing, and rate of infusion. When the amphotericin B total dose is
<50 mg, the serum concentration is directly proportional to the
dose; doses >50 mg show a plateau in serum concentrations.
After administration, amphotericin B undergoes biphasic elim-
ination: peak serum concentrations drop rapidly (initial t1/2,
24–48 hours), but low concentrations (0.5–1.0 mcg/mL) are
detectable for up to 2 weeks (terminal t1/2 15 days).85 The long
terminal-elimination half-life has been used as a justification
for the common practice of every-other-day amphotericin B
dosing, in which twice the daily dose is given every other day.
Every-other-day regimens have not been carefully evaluated
but are rationalized based on the potential for reduced nephro-
toxicity. Administration of 0.5 mg/kg/day or 1.0 mg/kg every
other day results in trough amphotericin B concentrations with
sufficient postdose antifungal effects that inhibit the common
pathogenic fungi.86 Once L.K.’s clinical status has improved,
the potential for renal toxicity could outweigh the concerns
of potential reduced efficacy, and implementation of ampho-
tericin B every-other-day therapy should be considered.

PREMEDICATION
Premedication to prevent amphotericin B infusion-related

reactions and a test dose of amphotericin B are not needed
for L.K. Most practices of premedicating are performed out
of ritual rather than predicated on scientific study.87 Test dos-

ing with 1 mg before the first dose is not currently used be-
cause of the immeasurably low incidence of anaphylactoid re-
actions. Until clinical trials clarify the risk-to-benefit ratio of
premedications, concomitant therapy should be restricted to
acetaminophen for fever or headache and heparin to prevent
thrombophlebitis when possible.

INFUSION REACTIONS

13. L.K. has no complaints except for fevers and shaking chills
that occur during his 6- to 8-hour amphotericin B infusion for
the past 3 days. He has been receiving acetaminophen 650 mg
30 minutes before amphotericin B infusion, but he has refused
today’s amphotericin B dose. What measures can be taken to
minimize these infusion-related reactions?

Adverse reactions, which are common with amphotericin
B administration, are best classified as acute infusion-related,
dose-related, or idiosyncratic reactions. Infusion-related reac-
tions include an acute symptom complex of fever, chills, nau-
sea, vomiting, headache, hypotension, and thrombophlebitis.
Dose-related reactions also can be acute (e.g., cardiac arrhyth-
mias) or chronic (e.g., renal dysfunction with secondary elec-
trolyte imbalances and anemia).

Many infusion-related reactions appear to be mediated
by amphotericin B-induced cytokine (interleukin-1β, tumor
necrosis factor, prostaglandin E2) expression by mononuclear
cells.88,89 Hydrocortisone is extremely effective in suppress-
ing cytokine expression88 and it also blunts the fever and chills
associated with amphotericin B administration.90 Hydrocorti-
sone, however, does not reduce the frequency of chronic dose-
related toxicity such as renal insufficiency, and corticosteroid-
induced immunosuppression could decrease amphotericin B
fungicidal activity.91 Nonsteroidal anti-inflammatory drugs
(NSAID) also prevent fever, most likely by the suppression
of prostaglandin E2 expression.92 NSAID, however, cannot be
recommended for routine use because of their potential for
additive nephrotoxicity when used with amphotericin B.

The mild to moderate elevations in temperature and the
other infusion-related symptoms usually subside when the in-
fusion is completed, and tolerance to these effects develops over
3 to 5 days. L.K. initially should be counseled that these reac-
tions will abate over the next few days without intervention. If
assessment of the reactions suggests the need for more aggres-
sive premedication, a short course of hydrocortisone should be
initiated as outlined in Table 71-6. A dose of meperidine 25 to
50 mg by rapid IV infusion reduces amphotericin B-induced
rigors and can be repeated every 15 minutes as required while
monitoring for signs and symptoms of opiate toxicity. Admin-
istration of an average meperidine dose of 45 mg has been
found to resolve chills three times faster than placebo.93

Faster amphotericin B infusion rates (<4–6 hours) are as-
sociated with the earlier onset of infusion-related reactions but
not with more severe infusion reactions.94,95 Many patients
prefer rapid infusions (1–2 hours) because the infusion-related
reactions abate quickly on completion of the amphotericin
B infusion. Electrocardiographic evaluations of 1-hour infu-
sions indicate that this rate of amphotericin infusion is safe at
currently recommended doses in patients without renal or heart
disease. Rapid infusions are not safe in all patients, however,
because cardiac arrhythmias appear to be dose and infusion
rate related. If infused too rapidly, high serum concentrations of
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Table 71-6 Amphotericin B Desoxycholate Infusion Protocol

1. Administration
Dilute amphotericin in D5W; the final concentration should not exceed 0.1 mg/mL. Initial dosing (0.25 mg/kg based on ideal body mass) should not
exceed 30 mg. Infuse the dose over 0.75–4 hr immediately after a meal. Record temperature, pulse rate, and blood pressure every 30 min for 4 hours. If
patient develops significant chills, fever, respiratory distress, or hypotension, administer adjunctive medication before the next infusion. If initial dose is
tolerated, advance to maximal dose by the third to fifth day. Consult an infectious diseases clinician for any questions concerning maximal daily dose,
total dose, and duration of therapy.

2. Adjunctive Medications
1. Heparin 1,000 units may diminish thrombophlebitis for peripheral lines. Observe the contraindications to the use of heparin (e.g., thrombocytopenia,

↑ risk of hemorrhage, concomitant anticoagulation).
2. Administration of 250 mL of normal saline before amphotericin B may help ↓ renal dysfunction.
3. Acetaminophen administered 30 min before amphotericin B infusion may ameliorate the fever.
4. Hydrocortisone 0.7 mg/kg (Solu-Cortef) can be added to the amphotericin infusion. Hydrocortisone is given to ↓ infusion-related reactions. It should

be used only for significant fever (>2.0◦F elevation from baseline) and chills during infusions and should be discontinued as soon as possible (3–5
days). It is not necessary to add hydrocortisone if the patient is receiving supraphysiologic doses of adrenal corticosteroids.

5. Meperidine hydrochloride 25–50 mg may be used parenterally in adults to ameliorate chills.
3. Laboratory

1. At least twice weekly for first 4 wk, then weekly: Hct, reticulocyte count, magnesium, potassium, BUN, creatinine, bicarbonate, and UA. The GFR
may fall 40% before stabilizing in these patients. Discontinue for 2–5 days if renal function continues to deteriorate and reinstate after improvement.
Hct often falls 22%–35% of the initial level.

2. Monitor closely for hypokalemia and hypomagnesemia. Supplementation with a nonchloride potassium is preferable for metabolic (renal tubular)
acidosis associated with hypokalemia.

4. Caveats
1. Electrolytes. Addition of an electrolyte to an amphotericin solution causes the colloid to aggregate and probably results in suboptimal therapeutic

effect. This includes IV piggyback medications containing electrolytes or preservatives.
2. Filtering. The colloidal solution is partially retained by 0.22-micron pore membrane filter: do not use filters if possible.
3. The infusion bottle need not be light-shielded.

5. Patients Needing Closer Monitoring
1. Addisonian patients tolerate infusion poorly. Treatment with corticosteroids improves patient tolerance.
2. Patients should receive neither granulocyte transfusion nor indium scanning.
3. Patients with anuria or previous cardiac history may have an ↑ risk of arrhythmias, and slower infusions are recommended.

BUN, blood urea nitrogen; GFR, glomerular filtration rate; Hct, hematocrit; IV, intravenous; UA, urinalysis. From references 20,21,183,184, with permission.

amphotericin B can precipitate severe cardiac adverse events.
Arrhythmias have been reported most often in patients who
are anuric or who have previous cardiac disease.96 Continuous
infusion is not recommended based on the pharmacodynamics
of this agents and the concentration dependence of activity.

NEPHROTOXICITY

14. On day 4 of therapy with amphotericin B, L.K.’s serum
creatinine (SCr) and blood urea nitrogen (BUN) are 2.3 mg/dL
and 42 mg/dL, respectively. How could amphotericin B exacer-
bate L.K.’s renal dysfunction and how could it be prevented from
worsening?

[SI units: SCr, 203.32 μmol/L; BUN, 14.99 mmol/L]

Renal dysfunction is the adverse event that most often lim-
its treatment with amphotericin B. The renal toxicity results
from amphotericin B-mediated damage to renal tubules, which
results in electrolyte wasting and disrupts the tubuloglomeru-
lar feedback mechanism. The clinical manifestations of am-
photericin B-induced renal damage include azotemia, renal
tubular acidosis, hypokalemia, and hypomagnesemia.87 Gen-
erally, amphotericin B-related renal toxicity is reversible within
2 weeks after therapy has been discontinued. Administra-
tion of normal saline (250 mL) immediately before am-
photericin B administration can decrease amphotericin B-
induced nephrotoxicity97 and should be initiated before L.K.’s
next dose. Amphotericin B should not be admixed with

normal saline, however, because sodium causes amphotericin
B to precipitate into an inactive particulate in IV admixture
formulations.98 The cumulative dose of amphotericin deoxy-
cholate should be kept below 3 g; other nephrotoxins should
be avoided (especially diuretics) (Table 71-7), and patients
with already compromised renal function should be closely
monitored.98 Hypokalemia and hypomagnesemia also should
be monitored closely, and replacement therapy should be initi-
ated as soon as significant declines in potassium or magnesium
are detected. These measures to prevent further renal deterio-
ration should be implemented and the amphotericin B therapy
continued cautiously in this patient with systemic candidiasis.
Anemia, associated with decreased renal production of ery-
thropoietin, should resolve after amphotericin B is discontin-
ued and need not be treated.99

15. L.K. has developed significant renal dysfunction resulting
from acute tubular necrosis. How should his dose of systemic an-
tifungal drugs be altered?

Renal elimination of the antimycotics varies tremendously.
For systemically administered amphotericin B, only 5% to 10%
of unchanged drug is eliminated in urine and bile during the
first 24 hours,87 and no evidence indicates it is metabolized to a
significant extent. Therefore, no substantial dosage adjustment
is required for patients with chronic renal or hepatic failure.
Although many clinicians will withhold amphotericin B doses
if acute renal dysfunction develops during therapy, concerns
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Table 71-7 Significant Drug Interactions

Antifungal Interacting agent(s) Classa Onset Manifestation

AmphoB Acetazolamide 2 R Severe hyperchloremic acidosis secondary to additive or synergistic renal effects

Chemotherapeutic agents:
Doxorubicin, carmustine,

cyclophosphamide,
fluorouracil

2 D Enhanced chemotherapeutic effect secondary to ↑ cellularuptake.

Cyclosporine 2 D Enhanced nephrotoxitiy
Digoxin 2 D AmphoB-induced hypokalemia leading to ↑ digoxin toxicity
Leukocyte transfusion 1 R Severe pulmonary leukostasis with potential for respiratory failure
NSAID 2 R Additive or synergistic nephrotoxicity
Pentamidine 2 D Additive or synergistic nephrotoxicity
Potassium-sparing diuretics 2 D Spironolactone ↓ potassium requirements preventing hypokalemia in neutropenic

patients receiving AmphoB

CFG Anticonvulsants:
Carbamazepine, phenytoin,

mephenytoin
2 D Carbamazepine and phenytoin to significantly ↓ CFG concentrations through

CYP450 induction
Corticosteroids 2 D Dexamethasone induces metabolism of CFG, thus ↓ serum concentrations of CFG
Cyclosporine 2 D Elevations in transaminases (hepatic toxicity); CFG AUC ↑ by 35%
Rifampin Hepatic uptake transporters of CFG might be induced by rifampin; administer CFG

70 mg/day when coadministered with rifampin
Griseofulvin Sedative/hypnotics:

Benzodiazepines, ethanol,
barbiturates

3 D ↑ Griseofulvin clearance with concomitant barbiturate or ethanol consumption

Oral contraceptives 1 D ↓ Oral contraceptive efficacy
KI ACE inhibitors 2 D Hyperkalemia

Lithium 2 D Hypothyroidism
Potassium-sparing diuretics 2 D Hyperkalemia

Azole Antifungal Interactions
Effect of other drugs on azole(s)

Azole Interacting Agent(s) Class Onset Manifestation

KCZ Isoniazid 2 D ↓ Serum antifungal concentration and potential treatment failure
KCZ Anticholinergics 2 R ↓ Antifungal absorption; antifungal should not be administered concomitantly
KCZ Sucralfate 2 R 20% ↓ in KCZ concentration
KCZ, ITZ Didanosine 2 R Acid neutralizing agents in didanosine prevent ITZ absorption. KCZ extrapolated
ITZ Dexamethasone 2 D Dexamethasone hepatically induces metabolism of ITZ
ITZ Fluoxetine 3 D Norfluoxetine inhibits CYP3A4, ↑ ITZ concentrations
FCZ Hydrochlorthiazide 2 D Significant ↑ in FCZ concentrations; changes attributed to ↓ FCZ renal clearance
KCZ, ITZ, FCZ Antacids 2 R Poor dissolution of dosage form, therefore ↓ azole availability Administer KCZ and

ITZ 2 hr after antacid dose. Note drug formulations containing antacid buffers.
KCZ, ITZ, FCZ H2-blockers 2 R ↓ Antifungal absorption; antifungal should not be administered with H2-blockers.
FCZ, PCZ, VCZ Cimetidine 2 R Alteration of gastric pH ↓ FCZ, and PCZ absorption; VCZ concentrations noted

slightly ↑, possibly through nonspecific CYP450 inhibition by cimetidine.
KCZ, ITZ, FCZ,

VCZ
Carbamazepine 2 D ↓ ITZ serum concentrations and therapeutic failures have occurred. Carbamazepine

likely to significantly↓ VCZ concentration via potent CYP450 induction;
coadministration contraindicated.

KCZ, ITZ, FCZ,
VCZ

Rifampin 2 D Rifampin-potent CYP450 inducer. Significant ↓ in serum antifungal concentrations,
potentially leading to treatment failure. Doubling VCZ dose does not restore
adequate antifungal exposure; coadministration contraindicated.

VCZ Ritonavir 2 D Ritonavir-potent CYP450 inducer and both substrate for and inhibitor of CYP3A4.
VCZ serum concentrations ↓ by ritonavir in dose-dependent manner;
coadministration with low-dose ritonavir should be avoided; high-dose ritonavir
contraindicated.

VCZ Barbiturates 3 D Long-acting barbiturates likely to significantly ↓ VCZ concentrations.

Azole effects on other drugs
KCZ, ITZ Corticosteroids 2 D Twofold ↑ in serum methylprednisolone observed with concomitant KCZ. Similar

reaction with prednisone has been observed. ↑ Systemic effects of inhaled
budesonide after ITZ.

ITZ Fexofenadine 2 R Significant ↑ fexofenadin AUC not related to dose of ITZ suggesting mechanism
related to inhibition of gastrointestinal P-glycoprotein

KCZ, FCZ Theobromines 2 R Inhibition of theophylline absorption
FCZ Oral contraceptives 1 D ↓ Oral contraceptive efficacy
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Table 71-7 Significant Drug Interactions (Continued )

Azole Interacting Agent(s) Class Onset Manifestation

KCZ, ITZ, FCZ,
VCZ

Warfarin 1 D ↓ Warfarin protein binding and hydroxylation by liver (poor
documentation) leading to ↑ in prothrombin time response;
interaction with VCZ proposed via CYP2C9 inhibition.

KTZ, FCZ, VCZ Terfenadine
Cisapride
Astemizole
Pimozide
Quinidine

1 D Azoles result in inhibition of metabolism of these drugs. ↑ Plasma
concentrations can lead to QT prolongation and rarely torsade de
pointes. Coadministration of FCZ or VCZ and terfenadine
contraindicated.

KCZ, ITZ, FCZ,
PCZ, VCZ

Immunologic agents
Cyclosporine, Sirolimus,

Tacrolimus
2 D Azole inhibition of CYP3A4 produce significant ↑ in serum

immunosuppressant concentration and ↑ toxicity. Monitor
cyclosporine and tacrolimus whole blood trough concentrations
frequently during and at discontinuation of antifungal therapy.
Coadministration of VCZ and sirolimus contraindicated. Data
extrapolated for sirolimus and ITZ or PCZ.

KCZ, ITZ, FCZ, Sulfonylureas 2 D Significantly ↑ sulfonylurea concentrations. Data extrapolated for
VCZ.

PCZ, VCZ, KCZ,
ITZ, FCZ, PCZ,
VCZ

Benzodiazepines 3 D 20% ↓ in chlordiazepoxide clearance demonstrated with KCZ.
Inhibition of CYP3A4 by azole significantly ↑ serum
concentrations of benzodiazepines metabolized by this enzyme.
Monitor adverse effects frequently and consider dose reduction.

VCZ Calcium channel blockers 3 D ↑ Plasma concentrations of calcium channel blockers metabolized by
CYP3A4.

VCZ Ergot alkaloids 1 D Ergotism; coadministration of VCZ with ergot alkaloids
contraindicated.

VCZ Methadone 2 D R-methadone and S-methadone serum concentrations ↑ via VCZ
inhibition of CYP2C9, CYP2C19, and CYP3A4.Monitor for
methadone toxicity (QT prolongation).

VCZ Statins 2 D VCZ inhibits lovastatin metabolism in vitro (CYP3A4 inhibition).
Monitor for rhabdomyolysis.

VCZ Vinca alkaloids 3 D ↑ Plasma concentrations of vinca alkoloids (CYP3A4 substrates)
leading to neurotoxicity.

Two-way interactions
KCZ, ITZ, FCZ,

PCZ, VCZ
Phenytoin, mephenytoin 2 D Phenytoin induction of UDP-G metabolism decreases PCZ

concentrations. ↓ VCZ concentrations thought due to phenytoin as
CYP2C9 substrate and CYP450 inducer. Avoid concomitant
phenytoin and PCZ use; ↑ VCZ maintenance dose.

Phenytoin serum concentrations ↑ after FCZ, PCZ, or VCZ
administration; postulated mechanism via CYP3A4 inhibition.
Monitor plasma phenytoin concentrations.

PCZ, VCZ Rifabutin 2 D ↓ PCZ concentrations via UDP-G induction. ↓ VCZ concentrations
via potent CYP450 induction.

↑ Rifabutin concentrations due to inhibition of CYP3A4 by PCZ and
VCZ may ↑ rifabutin adverse effects. Avoid concomitant PCZ or
VCZ and rifabutin.

VCZ Efavirenz 1 D Efavirenz is a CYP450 inducer, CYP3A4 substrate and inhibitor.
Concomitant administration results in ↓ VCZ and ↑ efavirenz
concentrations. Coadministration contraindicated. Data
extrapolated to other non-nucleoside reverse transcriptase
inhibitors; monitor for drug toxicity or antifungal failure.

VCZ Omeprazole 2 R ↑ Omeprazole and VCZ concentrations via CYP2C19 inhibition.
Reduce omeprazole doses of ≥40 mg by one-half. Metabolism of
other proton pump inhibitors CYP2C19 substrates may also be
inhibited by VCZ.

VCZ Oral contraceptives 2 D ↑ Oral contraceptive and VCZ concentrations via CYP2C19
inhibition; monitor for oral contraceptive and VCZ adverse events.

VCZ HIV protease inhibitors
Saquinavir, amprenavir,

nelfinavir
2 D VCZ and protease inhibitors inhibition of CYP3A4 metabolism

(in vitro); monitor patients for toxicity.

aClassification: 1, major; 2, moderate; 3, minor
bClinically significant interaction that the authors recommend the reader should focus on.
ACE, angiotensin-converting enzyme; AmphoB, amphotericin B; CYP, cytochrome P; D, delayed; FCZ, fluconazole; HIV, human immunodeficiency virus; ICZ, itraconazole;
KCZ, ketoconazole; KI, potassium iodide; NSAID, nonsteroidal anti-inflammatory drugs; PCZ, posaconazole; R, rapid, UDP-G; VCZ, voriconazole.
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of drug-induced nephrotoxicity in L.K. must be balanced
against the high likelihood of mortality in untreated patients
with deep-seated infections.60,61 Alternative systemic antifun-
gal therapy (i.e., azoles or echinocandins) that is less nephro-
toxic should also be considered. Dosing recommendations for
echinocandins are unchanged in renal dysfunction or liver dys-
function except for caspofungin. For patients in moderate hep-
atic insufficiency (Child-Pugh score 7–9), the maintenance
caspofungin dose should be decreased to 35 mg/day. No data
are available for caspofungin used in severe hepatic impair-
ment and a further dosage reduction should be considered.

Ketoconazole and itraconazole undergo first-pass metabo-
lism and have a biphasic dose-dependent elimination.38,39

These agents are extensively metabolized and excreted in the
bile; small amounts of unchanged drug are excreted in the
urine, therefore, no need exists to adjust dosages in patients
with renal dysfunction or in patients undergoing dialysis.100

Fluconazole and voriconazole, unlike ketoconazole and itra-
conazole, are not extensively metabolized. More than 90% of
a fluconazole dose is excreted in urine, of which about 80% is
measured as unchanged drug and about 20% as metabolites.101

Because fluconazole is excreted primarily unchanged in the
urine, dosages should be adjusted in patients with renal in-
sufficiency (Table 71-5).20,21,38–41,87,100–108 Fluconazole or
voriconazole may be reasonable alternatives in L.K., but the
dosage must be adjusted for renal function based on published
nomograms.102

16. What is the role of an amphotericin B formulated with a
lipid?

Lipid formulations of amphotericin B have been approved
by the FDA for patients who are unable to tolerate generic am-
photericin B (Table 71-8). In addition, the admixture of am-
photericin B in 10% or 20% lipid emulsion has been used for
treating systemic mycotic infections. The lipid carriers differ
tremendously for each of the amphotericin formulations. The
liposomal formulation is a spherical carrier that contains am-
photericin both on the inside and outside of the vesicle. Imag-
ine the lipid complex as a snowflake shape, and the colloidal
dispersion shaped like a Frisbee with amphotericin bound to
the structure. The differences in structure appear to have no
effect on therapeutic outcome but confer different protection
against amphotericin adverse effects.109 Amphotericin B ad-
mixture with a lipid emulsion cannot be recommended until a
stable formulation can be established.110

Limited data are available to assist in the management of this
case. A single large controlled trial has evaluated amphotericin
B lipid complex for the treatment of disseminated candidiases.
Amphotericin B 0.6 to 1.0 mg/kg/day for 14 days was slightly,
but not significantly, superior to the lipid complex formula-
tion at 5 mg/kg/day for mycologic efficacy (68% vs. 63%) or
survival.111 Renal dysfunction defined as a doubling in serum
creatinine, however, was 47% with amphotericin B and 28%
with this lipid formulation. Because of the significant cost,
lipid formulations of amphotericin B should be reserved for
patients who have pre-existing renal dysfunction, and those
who have severe adverse reactions to, or are failing, generic
amphotericin B. Indications for the lipid formulations are fur-
ther reviewed in the discussion of sections on aspergillosis and
cryptococcosis.

Antimycotic Prophylaxis

17. What measures could have been undertaken to prevent in-
vasive fungal infections in L.K.?

In 2005, the Mycoses Study Group Trial defined patients
at high risk patients who could benefit from prophylaxis. Tri-
als are underway to assess efficacy of differing antifungals in
those patients who have at least one of the primary risk fac-
tors: systemic antibiotics for previous 4 days or presence of a
central venous catheter. In addition, each patient would have at
least two secondary risk factors: dialysis or use of TPN during
previous 4 days; inpatient surgery, pancreatitis, or more than
one dose of systemic steroids or immunsuppressive within 7
days before ICU admission. Minimizing these risk factors is
instrumental in preventing fungal infections. When such con-
trol is not possible, pharmacotherapy should be considered in
high risk populations (>10% candidemia incidence).112

Selective GI decontamination or systemic antimycotic phar-
macotherapy can be used in high-risk, immunocompromised,
or surgical patients to prevent the development of fungal infec-
tions and could have been used for L.K. In critically ill surgical
patients, the risk of invasive infection may be reduced by >50%
with systemic fluconazole prophylaxis. No change was seen,
however, in patient survival.113 Alternatively, a nonabsorbable
antifungal such as amphotericin B or nystatin could be selected.
Oral amphotericin B decreases systemic candidal infections
threefold to fivefold in high-risk patients.114 Yet, the problems
of questionable antifungal stool concentrations,115 decreasing
azole cost, and poor compliance have led to preferential azole
use. Azoles are more effective in preventing oral pharyngeal
candidiasis (OPC) than placebo.116,117 Only small studies with
inadequate sample sizes have compared the clinical efficacy
of azoles with polyene antifungals (e.g., amphotericin B) for
prevention of either oropharyngeal or systemic candidiasis.

Prophylaxis could be initiated in L.K. and therapy contin-
ued until L.K. develops a systemic infection or until immuno-
suppression ends. If L.K. is discharged from the hospital and
treated as an outpatient, a systemic azole (imidazole or tria-
zole) administered once daily is preferable to a polyene to im-
prove adherence. To reemphasize, however, systemic therapy
increases the risk of resistance, adverse effects, drug interac-
tions (Table 71-7), and sometimes cost (Table 71-4).

Candiduria
Treatment

18. M.Y., a 24-year-old man, has been hospitalized in the surgi-
cal ICU with multiple traumatic injuries resulting from a motor
vehicle accident. Shortly after admission, he underwent an ex-
ploratory laparotomy for a ruptured spleen and lacerated liver.
He subsequently suffered respiratory and renal failure. M.Y. is
currently intubated and on mechanical ventilation. Since admis-
sion, he has been nutritionally supported with central hyperal-
imentation and has been receiving broad-spectrum antibiotics
(gentamicin, ampicillin, and metronidazole). A Foley catheter is
in place. Two recent UA show budding yeast and cultures were
positive for >100,000 colony-forming units of C. albicans. M.Y.
is currently afebrile, his funduscopic examination is normal, and
no macronodular skin lesions are present. The WBC count is
8,900 cells/mm3, and three sets of blood cultures drawn over
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Table 71-8 Amphotericin B Formulations

Amphotericin B Amphotericin B Amphotericin B in
Amphotericin B Lipid Complex Colloidal Dispersion Liposomal Amphotericin B Lipid Emulsion

Category (Fungizone) (ABLC; Abelcet) (Amphotec) (AmBisome) (ABLE)

FDA-approved
indication

Life-threatening
fungal infections

Visceral
leishmaniasis

Refractory or
intolerant to
AmphoB

Invasive
Aspergillosis in
patients
refractory or
intolerant to
AmphoB

Empirical therapy in neutropenic FUO
Refractory or intolerant to AmphoB
Visceral leishmaniasis

NA

Formulation
Sterol
Phospholipid

None
None

None
DMPC and

DMPG(7:3)a

Cholesterol sulfate
None

Cholesterol sulfate (5)a

EPC and DSPG(10:4)a
Safflower and

soybean oils
10–20 g/100 mL
EPC >2.21 g/100 mL
Glycerin >258 g/

100 mL

Amphotericin B
(Mole%)

34 33 50 10 Variable

Particle size (nm) <10 1,600–11,000 122( ± 48) 80–120 333–500

Manufacturer Generic Enzon Intermune Fujisawa Pharmaceuticals Not applicable

Stability 1 wk at 2–8◦C or 24
hr at 27◦C

15 hr at 2–8◦C or
6 hr at 27◦C

24 hr at 2–8◦C 24 hr at 2–8◦C Unstable

Dosage and rate 0.3 to. 0 mg/kg/day
over 1–6 hr

5.0 mg/kg/day at
2.5 mg/kg/hr

3–4 mg/kg/day over
2 hr

3.0–5.0 mg/kg/day over 2 hr Investigational:
1.0 mg/kg/day over

1–8 hr

Lethal dose 50% 3.3 mg/kg 10–25 mg/kg 68 mg/kg 175 mg/kg Unknown

Pharmacokinetic
Parameters

Dose 0.5 mg/kg 5.0 mg/kg × 7 days 5.0 mg/kg × 7 days 2.5 mg/kg × 7 days 5 mg/kg × 7 7 days 0.8 mg/kg/day ×13
days

Serum Concentrations
Peak 1.2 mcg/mL 1.7 mcg/mL 3.1 mcg/mL 31.4 mcg/mL 83.0 mcg/mL 2.13 mcg/mL

Trough 0.5 mcg/mL 0.7 mcg/mL 4.0 mcg/mL 0.42 mcg/mL

Half-life 91.1 hr 173.4 hr 28.5 hr 6.3 hr 6.8 hr 7.75 hr

Volume of
Distribution

5.0 L/kg 131.0 L/kg 4.3 L/kg 0.16 L/kg 0.10 L/kg 0.45 L/kg

Clearance 38.0 mL/hr/kg 436.0 mL/hr/kg 0.117 mL/hr/kg 22.0 mL/hr/kg 11.0 mL/hr/kg 37.0 m/hr/kg

Area Under the
Curve

14 mcg/mL × hr 17 mcg/mL × hr 43.0 mcg/mL × hr 197 mcg/mL × hr 555 mcg/mL × hr 26.37 mcg/mL × hr

aMolar ratio of each component, respectively.
AmphoB, amphotericin B; DMPC, dimyristoyl phosphatidycholine; DMPG, dimyristoyl phosphatidyglycerol; DSPG, distearolyphosphatidyglycerol; EPC, egg phosphatidylcholine;
FDA, U.S. Food and Drug Administration; FUO, fever of unknown origin; NA, not applicable.

the past 2 days are negative. How should M.Y.’s candiduria be
treated?

[SI unit: WBC count, 8.9 × 109/L]

Caution must be used when selecting pharmacotherapy for
M.Y. because it is difficult to differentiate among cystitis, ure-
thritis, or systemic infection in the presence of funguria. Sim-
ilarly, it is difficult to differentiate colonization from infection
because candiduric patients are usually asymptomatic. Fun-
guria cannot be used to determine the location or severity of
invasion. Signs and symptoms of systemic disease should be

monitored diligently until a diagnosis of colonization, cysti-
tis, or urethritis is confirmed and the risk of dissemination is
excluded.

Eradication of fungi in the urine (specifically C. albicans)
should begin with removal of the indwelling urinary catheter
and alleviation of risk factors for fungal disease. If catheter re-
moval does not clear the urine within 48 hours, pharmacother-
apy should be considered. If M.Y. is scheduled for a genitouri-
nary procedure, he should receive systemic therapy because
the rate of candidemia after surgery is high (10.8%). In addi-
tion, any patient at high risk for dissemination into the blood
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should be treated (e.g., patients with diabetes, genitourinary
abnormalities, renal insufficiency, or immunosuppression).118

Bladder irrigation with amphotericin B has been commonly
used and concentrations of 150 mcg/mL effectively kill 5 ×
106 C. albicans in the urine within 2 hours.119 Clinical stud-
ies evaluating the efficacy of continuous amphotericin B 150
mcg/mL irrigations or intermittent irrigations (15–30 mcg/100
mL) retained for 1 hour × 3 to 7 days are limited, however, and
often have had serious design flaws. In two comparative studies,
bladder irrigation for 5 days with amphotericin B 50 mcg/mL
appeared to be superior to fluconazole 100 mg/day as mea-
sured by microbiologic cure rates. Cure rates 2 to 4 weeks days
after infection were equal, however, but mortality rates were
higher in the amphotericin B-treated groups. Amphotericin B
failures may have been associated with dissemination of yeast
from the urinary tract.120,121 Systemic antifungal therapy with
flucytosine 100 to 150 mg/kg/day for 7 days122 and azoles (flu-
conazole 0.6 to 1.4 mg/kg/day for 7 days)123,124 also has been
used in noncomparative or nonrandomized studies.

Blastomycosis
Etiology

19. C.P., a 17-year-old girl, is admitted to the hospital with a
chronic pneumonia that has not responded to antibiotics. Three
months ago, she developed a chronic cough that eventually became
productive of purulent sputum, which was occasionally streaked
with blood. Two months ago, she developed “boils” on her lower
extremities and back, which drained spontaneously. She was hos-
pitalized at another hospital but failed to respond to amoxicillin
and erythromycin. C.P. denies fever, chills, or night sweats, but
has lost 11 pounds. Her temperature is 38.2◦C. A 2-cm2 subcu-
taneous, fluctuant, tender mass is seen over the right mandible
and a second fluctuant mass about 4 cm wide on the lower back.
Also, several 0.5- to 1-cm2 ulcers with heaped-up, hyperkeratotic
margins are noted on the lower extremities (Fig. 71-2). Rales are
heard at the right lung base. C.P.’s leukocyte count is slightly el-
evated at 13,500 cells/mm3. A chest radiograph shows a masslike
infiltrate in the right mid-lung field (Fig. 71-3). A wet preparation
of ulcer scrapings and material aspirated from a subcutaneous
abscess reveal numerous broad-based, budding yeast forms with
refractile cell walls and multiple nuclei typical of B. dermatitidis.

Cultures of sputum, skin scrapings, and abscess material even-
tually confirmed the diagnosis. What was the likely portal of entry
for C.P.’s disseminated blastomycosis? Why should it be treated?

[SI unit: WBC count, 13.5 × 109/L]

Typical of the other endemic mycoses, the primary portal
of entry for B. dermatitidis is the lungs. A pulmonary origin
for C.P.’s infection is also supported by her history of cough
with purulent, blood-streaked sputum, evident about a month
before cutaneous lesions appeared on her legs and back. An
acute pulmonary infection is most often asymptomatic and,
when symptomatic, usually requires only observation. Chronic
pulmonary or extrapulmonary blastomycosis will develop in
an unknown number of these patients. C.P.’s rales at the base of
her right lung and persistent pneumonia that is unresponsive
to antibiotics indicate that she has a chronic pulmonary
infection and will require therapy. Chronic pulmonary disease
often presents with radiographic studies that can be mistaken

FIGURE 71-2 Disseminated Blastomyces dermatitidis skin
ulcers.

FIGURE 71-3 Chest radiograph of pulmonary Blastomyces
dermatitidis.
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for tuberculosis or lung cancer; the masslike infiltrate in her
right lung on chest radiograph also is consistent with chronic
pulmonary disease. Extrapulmonary infections can involve
the skin (verrucous or ulcerative lesions), bone, genitourinary
system (prostatitis, epididymo-orchitis), or central nervous
system (CNS) (meningitis or brain abscess). If untreated,
these chronic pulmonary or extrapulmonary infections will
be fatal in at least 21% of patients.125 Because C.P. presents
with pulmonary and cutaneous evidence of blastomycosis,
she should be treated.

Treatment

20. What specific therapy should be initiated for C.P.?

Historically, amphotericin B was considered the treatment
of choice for blastomycosis and total doses of >2 g were
associated with 97% cure rates, low relapse rates, yet 70%
toxicity.125 Ketoconazole and itraconazole currently are advo-
cated as safe and effective alternatives to amphotericin B in
patients with non–life-threatening, non-CNS infections. The
NIAID -Mycoses Study Group126 confirmed the effectiveness
of azoles for the treatment of chronic pulmonary and extra-
pulmonary disease caused by the endemic mycoses, blasto-
mycosis, and histoplasmosis. In uncontrolled evaluations of
chronic pulmonary and extrapulmonary infections (excluding
life-threatening or CNS), ketoconazole at dosages of 400 to
800 mg/day resulted in cure rates of about 89%, failure rates
of about 6%, and relapse rates of about 5%.126 In similar stud-
ies, itraconazole capsules 200 to 400 mg/day for a median of
6.2 months resulted in cure rates of 88% to 95%.127 Flucona-
zole was ineffective at dosages <400 mg/day. Higher dosages
(400–800 mg/day), however, are as effective as ketoconazole in
non–life-threatening disease.128 Although these trials are nei-
ther comparative nor controlled, itraconazole appears to be less
toxic than ketoconazole and to have the best benefit (efficacy)
to risk (toxicity) ratio.

C.P. has mild to moderate disease and can be treated with
an initial itraconazole dosage of 200 mg/day. If no clinical im-
provement is seen within 2 weeks or if the disease progresses
despite therapy, the dosage of itraconazole can be titrated
upward in 100-mg increments to a maximal dosage of 400
mg/day. Treatment should continue for at least 6 months. If
C.P. develops severe or meningeal disease, itraconazole should
be discontinued and amphotericin B 0.3 to 0.5 mg/kg/day
should be initiated to provide a total dose of 1.5 g. C.P. should
be followed up for 12 months because of the possible risk
of relapse. Unlike histoplasmosis, skin and serologic testing
are not sufficiently sensitive to diagnose blastomycosis or
evaluate the effectiveness of treatment.126,129 Rather, patients
should be evaluated closely for resolution of symptoms
(constitutional, pulmonary), negative microbiologic samples,
and improvement in radiographic studies.

Antifungals in Pregnancy

21. C.P. reports she has not menstruated in 3 months, and a
urine pregnancy test is positive. How does this information change
the therapeutic options for her?

The data on the safety of antimycotics for treating patients
who are pregnant or lactating are limited, but comprehensively

reviewed according to FDA categories of the teratogenic risks
of drugs (see Chapter 47, Obstetric Drug Therapy).130,131 The
systemic azoles are categorized risk factor C.132 However, we
believe they are contraindicated in pregnant or lactating women
who are breast-feeding because of their potential teratogenicity
and endocrine toxicity in the fetus or newborn. As with the
azoles, griseofulvin and flucytosine have been classified as risk
factor C. These agents should not be used in C.P. because the
risk clearly outweighs the therapeutic benefit. Few or no data
exist on the secretion of these agents in breast milk. Therefore,
breast-feeding should be discouraged in women receiving these
antifungal agents.

Amphotericin B and terbinafine are classified as risk fac-
tor B. Therapeutic agents in this category have no fetal risk
based on animal studies or, when risk has been found in ani-
mals, controlled human studies have not confirmed the results.
No reports apparently exist regarding the use of terbinafine in
pregnancy. Therefore, this arbitrary designation is of concern
and recommendation is to avoid terbinafine use in pregnancy
until published data support a B classification. Furthermore,
considerable clinical experience with amphotericin B in preg-
nant women has documented successful treatment of systemic
mycoses with no excess toxicity to either the mother or fetus.
Thus, amphotericin B formulations have been the mainstay of
antifungal therapy in pregnancy.

Histoplasmosis
Treatment

22. J.N., a 47-year-old man with severe rheumatoid arthritis,
has been maintained on daily prednisone for the past 6 years; his
current dosage is 20 mg/day. For the past 4 weeks, he has expe-
rienced daily fevers to 38.4◦C, drenching night sweats, anorexia,
and an 8.2-kg weight loss. His prednisone dosage was increased
to 40 mg/day with little clinical effect. On admission to the hos-
pital, J.N. appears chronically ill and has many of the stigmata
of chronic steroid therapy. His temperature is 37.8◦C with an as-
sociated rapid heart rate of 105 beats/minute. A shallow mouth
ulcer is present on the hard pallet. The liver is enlarged to a to-
tal span of 18 cm, and the spleen is palpable 3 cm below the left
costal margin. Stool is positive for occult blood. A chest radio-
graph shows bilateral interstitial infiltrates (Fig. 71-4A). He is
pancytopenic, with a hematocrit (Hct) of 29% (normal, 39%–
45%), a WBC count of 3,500 cells/mm3 (normal, 4,000–11,000
cells/mm3), and platelet count of 78,000 cells/mm3 (normal, 130
to 400,000 cells/mm3). The bilirubin is normal but the amino-
transferases are elevated to about 1.5 times normal, and serum
lactate dehydrogenase is 10 times over normal. A UA reveals 8 to
10 WBC/high-power field. The SrCr is 1.9 mg/dL, and BUN is
42 mg/dL. A bone marrow aspirate and biopsy of the mouth ulcer
reveals multiple, small intracellular yeast forms compatible with
H. capsulatum in macrophages and polymorphonuclear leuko-
cytes (Fig. 71-4B). Cultures of blood and urine, bone marrow as-
pirate, and mouth ulcer biopsy grew H. capsulatum. What should
be the primary antifungal therapy in this case of systemic H. cap-
sulatum? What clinical parameters should be monitored to assess
the efficacy and toxicity of J.N.’s therapy?

[SI units: Hct, 0.29; WBC count, 3.5 × 109/L; SrCr, 167.96 μmol/L; BUN,

14.99 mmol/L urea]
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A B

FIGURE 71-4 Histoplasmosis infection. A: Chest radiograph showing bilateral interstitial infiltrate.
B: Gram’s stain of peripheral blood showing leukocytes with intracellular organisms.

The treatment benefits of antifungal therapy in systemic
histoplasmosis have not been well investigated. Treatment op-
tions for histoplasmosis are outlined in Table 71-9.133 Accord-
ingly, J.N. should be treated with amphotericin B 0.3 to 0.5
mg/kg/day or itraconazole 2.8 mg/kg/day, and his course of
therapy should be monitored for both efficacy and toxicity.
Amphotericin B was selected for this case.

Blood and urine cultures, pancytopenia (except anemia
in amphotericin B-treated patients), constitutional symptoms,
serum lactate dehydrogenase (LDH,) and hepatosplenomegaly
are excellent measures for evaluating outcome to antifungal
therapy of J.N.’s histoplasmosis. Anemia and chest radiographs
are poor measures of treatment response. Chest radiographs
often reflect calcified granulomas in chronic disease with

Table 71-9 Treatment of Histoplasmosis

Disease Primary Secondary

Acute Pulmonary
Prolonged symptomatology (> 2 wks) Resolves spontaneously Not applicable
Immunocompromised c ITZ 50–100 mg/day (3–6 mos)a AmphoB 0.3–0.5 mg/kg/daya

Respiratory distress AmphoB lipid formulationc AmphoB 0.3–0.5 mg/kg/day
(Pao2 <70 mm Hg) AmphoB 0.5–1.0 mg/kg/day ITZ 1.5–2.8 mg/kg/day (≥6 mos)a

(TD250–500 mg) ± corticosteroids ITZ (has not been investigated in
life-threatening situations)

Chronic Pulmonary
Active ITZ 1.5–2.8 mg/kg/day 9 mos)a,b AmphoB 0.5 mg/kg/dayb

Inactive Or KTZ 400 mg/day (≈6 mos)
Histoplasmoma No treatment Not applicable
Mediastinal fibrosis Surgeryd Not applicable

Systemic Disease AmphoB (total dose recommended: 35 mg/kg) or
ITZ 2.8 mg/kg/daya

Fluconazole 400–800 mg/daye

aTreatment should be continued until the patient is symptom free and culture negative for 3 mos. The recommendations for duration of therapy or total doses should be used only
as guides for initial therapy.
bIndicated only for serious symptoms (i.e., hemoptysis).
cLipid formulations of amphotericin B are preferable to generic amphotericin B in HIV-infected patients.135

d ITZ 200 mg QD or BID for 6–18 mos for most patients.
eFluconazole should only be used in patients who cannot take ITZ.
AmphoB, amphotericin B deoxycholate; ITZ, itraconazole; KTZ, ketoconazole; TD, total dose.
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scarring, which rarely resolve even with extensive therapy.
Therefore, evaluation of deterioration on radiograph but not of
improvement is possible. In addition, amphotericin B-induced
renal disease with secondary anemia can confuse evaluation of
disease resolution. Anemia must be excluded as a prognostic
indicator in patients receiving amphotericin B for durations of
3 weeks regardless of the dose.99

Diligent follow-up of patients is required because relapses
occur in 5% to 15% of amphotericin B-treated patients within 3
years. Relapses occurred in patients who received <30 mg/kg
total dose of amphotericin B, or had concomitant untreated Ad-
dison’s disease, immunosuppression, vascular infections (en-
docarditis, grafts, aneurysms), or meningeal infections.133,134

More than 90% of HIV-positive patients experience a relapse of
histoplasmosis subsequent to adequate amphotericin B therapy.
A double blind trial in immunocompromised patients (HIV)
revealed that liposomal amphotericin B was superior to am-
photericin B deoxycholate. It is not known how itraconazole
compares with liposomal amphotericin B in those infected with
HIV. If this patient was infected with HIV, a lipid based am-
photericin may have been preferred.135 Even the initiation of
subsequent immunosuppressive therapy is of particular con-
cern because of the potential for reactivation (relapse) and dis-
semination of histoplasmosis from dormant foci, especially in
patients with residual granulomas.

Potential adverse effects to amphotericin B also should be
monitored in J.N. (e.g., infusion-related reactions, nephrotox-
icity, anemia, hypokalemia, neurotoxicity, thrombophlebitis).
In addition, J.N.’s adrenal status should be monitored closely
because of his long-term corticosteroid therapy and his
histoplasmosis. Patients who are addisonian secondary to
histoplasmosis infections appear to experience more episodes
of amphotericin B-induced acute hypotension.

Azole Adverse Effects

23. After treatment with a total amphotericin B dose of
750 mg, clinical improvement of J.N.’s histoplasmosis is subjec-
tively and objectively documented. The clinician selected keto-
conazole 400 mg/day as an oral substitute for his amphotericin
B regimen because of the patient’s economic circumstances. Six
weeks later, J.N. complains of impotence and wonders whether
this could be caused by his medication. What is the likelihood
that ketoconazole is the cause of J.N.’s impotence?

Ketoconazole has been associated with more adverse reac-
tions and greater potential for drug interactions compared with
miconazole, itraconazole, and fluconazole. The most common
side effects of ketoconazole, however, are nausea and vomiting.
GI distress appears to be dose-related because a substantially
smaller percentage of patients experience these effects when
receiving ketoconazole dosages of 400 mg/day compared with
dosages of 800 mg/day.134 Endocrine and hepatic toxicities are
the most significant adverse effects of ketoconazole requiring
monitoring. Dose-splitting from daily to twice daily may de-
crease the nausea and vomiting. Dose-related endocrinologic
toxicities (hypoadrenalism, oligospermia, and diminished li-
bido) have been observed during ketoconazole therapy sec-
ondary to inhibition of mammalian sterol synthesis,11,136 and
usually resolve with drug discontinuation. Therefore, J.N.’s
complaints of impotence might well be attributed to his keto-
conazole. Liver enzymes should also be monitored because an

approximate 10% risk exists of elevation in transaminases and
an occasional case of serious hepatitis and hepatic failure.11,136

The triazoles—itraconazole, fluconazole, and voricona-
zole—are much better tolerated and require less monitoring
than ketoconazole therapy. This has been attributed to the
greater affinity of the triazoles for fungal cytochrome enzymes
and less interference with mammalian enzymes.137 Neither
itraconazole nor fluconazole (6 mg/kg/day) exhibit any sub-
stantial hepatotoxicity or antiandrogenic effects, and nausea
and vomiting occur in substantially fewer patients (<5%) re-
ceiving these agents compared with imidazoles. Abnormal el-
evations in liver function occurred in 2.7% of patients receiv-
ing voriconazole during clinical trials. Abnormalities in liver
function tests may be associated with higher azole dosages or
serum concentrations, but generally resolve either with con-
tinued therapy or dosage modification, including drug discon-
tinuance. Liver function should be determined before and pe-
riodically throughout azole therapy because cases of serious
hepatic reactions have been reported.137 A unique adverse
event associated with voriconazole is enhanced perception to
light, which may be associated with higher plasma concentra-
tions or doses. Generally, drug discontinuance is not required,
although monitoring of visual acuity, visual field, and color
perception is advised if therapy lasts longer than 28 days. Di-
arrhea, asthenia, flatulence, and eye pain have been reported
with posaconazole therapy.54 Based on these data, J.N. should
be given a trial of itraconazole.

Azole Drug Interactions

24. J.N. chose to continue his ketoconazole therapy. He now
returns with Cushnoid signs and symptoms. What potential drug
or disease state interaction could be implicated as a cause of this
serious problem in J.N.?

Drug interactions with systemic azoles and polyenes can
lead to mild inconveniences or life-threatening events (Ta-
ble 71-7). The interaction between azoles and glucocorticoids
is not as serious as the interaction reporting QT prolonga-
tion and ventricular arrhythmias with nonsedating H1-selective
antihistamines.138 The interaction with corticosteroids can be
multifaceted, however, and is therapeutically challenging. Al-
though it is clinically possible that corticosteroids could af-
fect outcome, no clinical trial has addressed this important
question. Drug interaction trials have measured an increase in
corticosteroid serum concentrations leading to recommenda-
tions to decrease the steroid dose by 50% when ketoconazole
is used concomitantly. The interaction has been suggested be-
tween glucocorticoids and other azoles.139 In addition, dexam-
ethasone has been demonstrated to increase the clearance of
caspofungin.

Other significant drug interactions with the azole antifun-
gals revolve around their ability to inhibit the cytochrome
(CYP) P450 enzyme system. All five azoles inhibit CYP3A4,
but with varying potency: ketoconazole is the most potent
inhibitor, followed by itraconazole and voriconazole, then
posaconazolze and fluconazole. In addition to the interac-
tions documented in Table 71-7, numerous other agents are
substrates to cytochrome CYP3A4, but for which no clinical
studies have evaluated an interaction. As azole antifungals
could increase serum concentrations and therefore increase
activity of these substrates, caution should be exercised
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during concomitant use. Adding complexity to voriconazole’s
interactions include its propensity to inhibit CYP2C9 and
CYP2C19, two isoenzymes exhibiting polymorphism, thus
increasing concentrations of CYP2C9 or CYP2C19 substrates.
Conversely, agents that either induce or inhibit the CYP450
system may decrease or increase, respectively, antifungal drug
concentrations.

Coccidioidomycosis
Serologic Tests

25. F.W., a 32-year-old Filipino woman and a lifelong resident
of the Central Valley in California, is admitted to the hospital
with a third recurrence of coccidioidal meningitis. Approximately
4 years ago, she was treated with a total amphotericin B dose of
2.2 g, which resulted in a good clinical response. Nine months later,
she relapsed and received a second course of amphotericin B to a
total of 1.6 g. She did well over the next 18 months and was able
to return to work as a secretary. Over the past 4 months, however,
F.W. has had chronic headaches, has been unable to concentrate at
work, and is reported by family members to have a very labile per-
sonality. A computed tomography (CT) scan of the brain reveals
mild hydrocephalus. An opening pressure of 19 mm Hg (normal,
10 mm Hg) was documented at lumbar puncture. Analysis of the
CSF showed 110 WBC/mm3 (normal, 0 WBC/mm3)); glucose, 18
mg/dL (normal, 60% of serum glucose); and protein, 190 mg/dL
(normal, <50 mg/dL). Complement fixation antibodies were
positive in the CSF at a titer of 1:32. How should serologic tests
for coccidioidomycosis be interpreted?

The most important serologic tests for fungal infections use
complement fixation (CF), immunodiffusion, and EIA tech-
niques. Tests for complement fixing antibodies (i.e., CF) to
the dimorphic fungi (Table 71-1) are well established and var-
ious antigens have been used. Coccidioidin is the mycelial
phase antigen for Coccidioides immitis. Of patients with coc-
cidioidomycosis, 61% will have coccidioidin CF titers of at
least 1:32 and 41% will have titers of 1:64. Rising titers are a
bad prognostic sign, and falling titers indicate clinical improve-
ment. Therefore, F.W.’s CSF CF titer of 1:32 is consistent with
active coccidioidomycosis. Immunodiffusion testing for coc-
cidioidomycosis using coccidioidin reveals that seropositive
results appear 1 to 3 weeks after onset of primary infection in
75% of patients and this positivity usually disappears within 4
months if the infection resolves.140 IgG- and IgM-specific EIA
using a combination of antigens for C. immitis have been devel-
oped. These tests offer sensitivities of >92% and specificities
of 98% for serum and CSF. EIA reactivity appears earlier than
CF reactivity.141,142

Antifungal Central Nervous System Penetration

26. What is a pharmacokinetic explanation for the treatment
failure of F.W.? How might this problem be overcome?

F.W. has received prolonged parenteral amphotericin B ad-
ministration and the CSF still contains fungal organisms. Treat-
ment failures in this case may partly be owing to the lim-
ited penetration of amphotericin B into the CSF.87 Because
amphotericin B is highly bound to lipid (90%–95%), CSF
concentrations achieved are only 2% to 4% of the serum
concentration87,137; peritoneal, synovial, and pleural fluid con-

centrations are slightly <50% of the serum concentrations (Ta-
ble 71-5). Flucytosine is not significantly bound to protein and
penetrates the CSF, vitreous, and peritoneal fluids; its volume
of distribution approximates that of total body water.143 Flucy-
tosine concentration in the CSF is 74% of the serum concentra-
tion, resulting in its extensive use in treatment of CNS mycoses.
Flucytosine, however, has no activity in coccidioidomycosis
and, therefore, cannot be used in F.W.

The volume of distribution of fluconazole approaches that
of total body water,144 and concentrations of fluconazole in
CSF are approximately 60% of simultaneous serum concen-
trations. Ketoconazole has only about 1% of the dose present as
free drug because it is highly bound to plasma proteins (>80%)
and to erythrocytes (15%). Therefore, ketoconazole penetrates
poorly into the CSF except with dosages of 1,200 mg/day. Itra-
conazole is similar to ketoconazole in that it is >99% protein
bound. Itraconazole concentrates intracellularly in host alveo-
lar macrophages, however, and that may account for its efficacy
against fungal CNS infection despite its inability to penetrate
into the CSF.145 Echinocandins also poorly (<5%) penetrate
into the CSF.146 Data on terbinafine and posaconazole pene-
tration are currently unavailable. Therefore, fluconazole might
be an alternative to CNS instillation of amphotericin B based
only on pharmacokinetic considerations.

Preliminary studies with fluconazole, investigated at
dosages of 400 mg/day, are promising for control of disease
in patients with coccidioidomycosis meningitis. Relapse rates
are high once fluconazole therapy is stopped, however.140 Ke-
toconazole, which must be given at very high doses and results
in significant toxicity, should be used only if other therapies are
contraindicated.139,147 Oral itraconazole 200 mg twice daily is
not superior to fluconazole based on a randomized, double-
blind, placebo-controlled trial of nonmeningitis disease; how-
ever, it tended toward greater efficency.148

Intrathecal Amphotericin

27. What adverse events might be observed with the intrathecal
administration of an antifungal in F.W.?

Augmentation of systemic antifungal administration with
intraventricular or intrathecal administration may improve
the outcome for antifungals with poor penetration into the
CSF.148–153 Intrathecal amphotericin B doses in adults nor-
mally range from 0.25 to 0.5 mg diluted in 5 mL of 5%
glucose.140,145 A few studies suggest that doses >0.7 mg im-
prove the cure rate and decrease relapse.147 Cisternal or in-
traventricular administration is recommended as the routes of
choice because of flow characteristics of CSF from the ven-
tricles to the spinal cord.148–150 When lumbar administration
is necessary, amphotericin B is administered in a hypertonic
solution of 10% glucose and the patient is placed in a Trende-
lenburg position in an attempt to improve distribution of the
drug to the basilar meninges and ventricles and reduce local
toxicity. Voriconazole, caspofungin, and the lipid amphotericin
formulations have not been evaluated.

Cisternal antifungal administration has been associated
with headaches, nausea, vomiting, cranial nerve paresis, and
cisternal hemorrhage caused by needle trauma.149,150–152 An
Ommaya reservoir often is used to facilitate intraventricular
administration of amphotericin B. Common complications of
these devices include shunt occlusion, bacterial colonization
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or bacterial meningitis, parkinsonian symptoms, and
seizures.149–153 Lumbar administration has been used because
it is simpler, but it often must be discontinued because
of chemical arachnoiditis, headache, transient radiculitis,
paresthesia, nerve pulses, difficulty voiding, impaired vision,
vertigo, and tinnitus.153 Acute toxic delirium, demyelinating
peripheral neuropathy, and spinal cord injury have also been
reported.154–156 Regardless of the substantial and serious
adverse effects, intrathecal administration may be effective in
treating patients with meningitis who have severe disease or
who are pharmacologic nonresponders.

Aspergillosis
Empiric Therapy (Neutropenic Host)

28. M.Z., an otherwise healthy 29-year-old man, presented for
allogeneic bone marrow transplantation (BMT) 12 days ago. He
has had no serious complications associated with his chloroquine-
induced aplastic anemia during his 7-month wait for BMT. On
BMT days −5 to −2, induction therapy was initiated with cy-
clophosphamide (50 mg/kg) and total body irradiation, and then
bone marrow from his HLA antigen-compatible brother was in-
fused on day 0. The onset of neutropenia was noted on day 3 and
the WBC count was 50 cells/mm3. M.Z. has complained only of
stomatitis and diarrhea before day 5. On that morning, he was
complaining of fever, chest pain, and headache. On physical ex-
amination, his temperature is 37◦C. Empiric anti-infectives were
added, but by day 8 he was not clinically improving. What thera-
peutic options should be considered for this patient?

Empiric antifungal therapy in a neutropenic host should be
initiated when a patient is febrile for >96 hours on appro-
priate anti-infectives. Routine empiric therapy for a patient
without evidence of deep-seated fungal infection historically
has been amphotericin B 0.3 to 0.6 mg/kg/day or fluconazole
200 to 400 mg/day until the absolute neutrophil count is >500
cells/mm3.157 Therapy results in resolution of signs and symp-
toms in up to 64% of patients.

Because mould infections are of concern in this neutropenic
patient population, drug therapy that is highly active against
these organisms should be considered. Assessments of newer
antifungals using a composite endpoint for success have failed
to show superiority over amphotericcin B. A large, well-
controlled, double-blind comparison of amphotericin B 0.6
mg/kg/day versus liposomal amphotericin B 3.0 mg/kg/day can
be a guide for this case. Patients who were febrile >96 hours
and neutropenic (<500 cells/mm3) experienced equal survival
and clinical success of approximately 50% for both agents.158

Success rates studies comparing other agents, liposomal am-
photericin B (34%) with caspofungin (34%),159 voriconazole,
or itraconazole160,161 have had similar outcomes. It is impor-
tant to remember that fever is a late and insensitive measure
of infection. Prevention of breakthrough invasive fungal infec-
tion may be the most important indicator of an agent’s efficacy.
Using this measure, voriconazole appears superior when com-
paring trials, voriconazole versus liposomal amphotericin B
(1.9% vs. 5%), amphotericin B versus liposomal amphotericin
B (3.2% versus 7.8%).158,161 Selection of any of these expen-
sive, however less toxic, agents should be weighed against the
incidence of invasive fungal disease in institution.

29. What is the role of lipid formulations of amphotericin B in
other disease states?

A motivation for developing these formulations was the
observation that serum triglycerides and cholesterol decrease
adverse drug reactions and may improve efficacy.112,162 The
advantage of the formulations (Table 71-8) is clear in the treat-
ment of diseases such as aspergillosis, which require long-term
therapy that can result in patient intolerance to generic am-
photericin B.109 Multiple uncontrolled or retrospective trials
have observed that all four lipid formulations of amphotericin
B appear to be less nephrotoxic and may be more effective
than amphotericin B deoxycholate. A single large randomized,
double-blind trial and a historical controlled trial support these
observations.147,163

Few well-controlled prospective comparative trials exist to
guide the decision-making process for fungal infections that
require a shorter course of therapy. In addition to the data pre-
sented for candidemia (Question 16), liposomal and lipid com-
plex amphotericin B have been evaluated for treatment of cryp-
tococcal meningitis and histoplasmosis in patients infected
with HIV.135,164,165 Each lipid agent appears safer and more
effective than amphotericin B deoxycholate. Secondary to the
high acquisition cost and relatively low rates of toxicity with
short course therapy, generic amphotericin B should be selected
over the lipid formulation unless a patient is clearly intolerant,
requires extended therapy, or experiences a treatment failure.

Of particular interest are the ongoing studies and case re-
ports in which Intralipid 10% to 20% combined with am-
photericin B (1–2 mg/mL) is administered at a dosage of
1 mg/kg/day. This practice cannot be recommended until a
prospective, randomized, controlled trial documents efficacy
and reduced toxicity of these lipid emulsion–amphotericin B
formulations as compared with amphotericin B alone. Current
concerns are (a) the inability to formulate a pharmaceutically
stable product,166 (b) difficulty assessing whether inline filter-
ing is required, and (c) the delivery of excessive calories.167

Treatment of Aspergillosis

30. Chest auscultation on day 8 reveals right-sided rales with
a friction rub. Chest radiograph shows a nodular infiltrate in
the right middle lobe. Fiberoptic bronchoscopy identified eroded
bronchioles with necrotic tissue, and methenamine silver nitrate
stain of a biopsy sample revealed fragmented, closely septated
hyphal bodies branched at 45 degree angles. The samples were
sent to microbiology for cultures. All previous blood and sputum
cultures have been negative, except that Aspergillus niger growing
from sputum before admission was classified as a “contaminant.”
The diagnosis at this time is probable aspergillosis. What treat-
ment steps should be taken?

Drug therapy should be approached by first determining
whether the infection is likely to be invasive or noninvasive
disease (Fig. 71-5). Most patients inhale Aspergillus species
and never become symptomatic or develop only mild hyper-
sensitivity pneumonitis. Invasive infections are more likely to
occur in immunocompromised patients, especially those with
prolonged neutropenia associated with bone marrow trans-
plantation. A classic observation reported by radiology is a
“halo” sign or a “crescent” sign identified on CT, highly sug-
gestive of this infection. Additionally, an ELISA for a sur-
face protein, galactomannan, has been reported to have high
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FIGURE 71-5 Classification of Aspergillosis infections.

sensitivity in the diagnosis of invasive disease.168 Positive
serum results (optical density index [ODI] >1.5) can be ob-
tained as early as 17 days before clinical symptoms or radio-
logic signs. Confounding false–positive test findings induced
by Bifidobacterium sp. colonization in pediatric gastrointesti-
nal tracts, and administration of piperacillin-tazobactam or cal-
cium gluconate, have concerned clinicians using this test for
screening in areas with low case rates. This test should be an
excellent prognostic indicator for therapeutic outcome in con-
firmed cases or screening in areas with high case rates. The
subjective and objective data in this case clearly represent in-
vasive symptomatic disease and there is a need for aggressive
treatment.

Aspergillosis is a model for invasive mould infections
that have a propensity to invade blood vessels and tissue.
Antimycotic pharmacotherapy should be initiated rapidly and
aggressively (Table 71-10) in conjunction with removal or
reversal of immunosuppression if possible. Definite or proba-
ble invasive aspergillosis should be treated with voriconazole

or high-dose amphotericin B formulation (liposomal ampho-
tericin B 1 mg/kd/day),169 or combination therapy.168 Combi-
nation of voriconazole and caspofungin for salvage therapy has
been associated with reduced mortality when compared with
voriconazole alone.170 Liposomal amphotericin B at doses
>1 mg/kg/day have not led to greater responses.171 Despite
early and intensive therapy, mortality from invasive aspergillo-
sis can be >50%.172 In unresponsive patients, an amphotericin
B formulation in combination therapy with an echinocandin,
flucytosine, rifampin, or itraconazole; or an echinocandin with
voriconazole should be considered.168,169,173 Flushing, rash,
facial swelling, and pruritis can occur with caspofungin admin-
istration and is thought to be histamine mediated. Less serious,
but more frequent, adverse effects reported in patients receiv-
ing caspofungin include fever, elevations in serum transami-
nases, serum alkaline phosphatase, or both, and headache.154

Patients with mild to moderate Aspergillus should be treated
with voriconazole or itraconazole.172 Clinical and microbi-
ologic cure rates of 50% to 71% have been reported for
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Table 71-10 Therapeutic Options for Treatment of Aspergillosis

Disease Primary Secondary

Hyalohyphomycetes
Aspergillosis

Allergic bronchopulmonary Prednisone 1 mg/kg/day followed by 0.5 mg/kg/day or
QOD × 3–6 mos; no antifungal therapy

ITZ 200 mg BID × 4 mosa

Aspergilloma Observation Surgeryb

Systemic (invasive)
Serious

Voriconazole 6 mg/kg/day LD, 4 mg/kg/day divided
twice daily

Amphotericin B lipid
formulation,d or

AmphoB 1.0–1.5 mg/kg/dayc

Mild or moderate Voriconazole 6 mg/kg/day LD, 4 mg/kg/day divided
twice daily

Amphotericin B lipid
formulation,d or

AmphoB 0.5–0.6 mg/kg/dayc

or
ITZ 200 mg TID loading dose × 3 days then

200 mg BID with meals (6-mo minimum)

aTreatment should be continued until the patient is symptom free and culture negative for 3 months. Noted durations or total doses should be used only as a compass to help guide
therapy.
bIndicated only for serious symptoms (e.g., hemoptysis).
cLipid formulations of amphotericin B should be utilized preferentially in these patients.
d Liposomal amphotericin B at doses up to 15 mg/kg/day appears safe in phase I/II trials.185

AmphoB, amphotericin B; BID, twice daily; ITZ, itraconazole; LD, loading dose; QOD, every other day; TID, three times daily.

voriconazole or itraconazole-treated patients with invasive as-
pergillosis. Further studies are necessary to define the optimal
dose, duration, and route of itraconazole in invasive forms of
aspergillosis.

Cryptococcosis

31. D.W., a 48-year-old man, was hospitalized with fever and
severe headache. His history was significant for Hodgkin’s lym-
phoma, which is in remission. Lumbar puncture revealed an open-
ing pressure of 280 mm Hg (normal, 10 mm Hg), WBC count of 50
leukocytes/mm3 (normal, 0 leukocytes/mm3), a positive India ink
preparation, and a cryptococcal antigen titer of 1:4,096. Serology
for HIV infection was negative. Culture of the CSF eventually
grew C. neoformans. The presumptive diagnosis is cryptococcal
meningitis. What are the treatment options for D.W.?

Currently, only two therapeutic options exist for meningeal
cryptococcal disease: amphotericin B formulation with or
without flucytosine and fluconazole. Flucytosine cannot be
used alone for therapy or prophylaxis because of the rapid
development of resistance. This yeast is also resistant to
echinocondins. Patients, whether infected with HIV or not,
have improved treatment outcomes when the combination of
amphotericin B and flucytosine is used.175,176 Furthermore,
when flucytosine (100–150 mg/kg/day divided into four daily
doses) is used in combination therapy, the dose of amphotericin
B may be reduced to 0.3 to 0.6 mg/kg/day, which decreases the
frequency of dose-related amphotericin B toxicity. In patients
who cannot be treated with flucytosine, the dosage of ampho-
tericin B must be increased to >0.6 mg/kg/day.

Fluconazole is an alternative to amphotericin B in patients
infected with HIV with cryptococcal meningitis. It is important
to be mindful of the following caveats, however: sterilization of
the CSF occurs more rapidly and mortality is lower during the
first 2 weeks of therapy in patients treated with amphotericin B
as compared with fluconazole.162,177 Early mortality was espe-

cially high in fluconazole-treated patients who presented with
altered mental status.175,177,178 Thus, initial therapy of crypto-
coccal meningitis in patients with mental status changes should
be initiated with amphotericin B for at least 2 weeks or until the
patient has stabilized clinically. At this point, fluconazole may
be substituted at an initial dosage of 400 mg/day. The dosage
may be titrated upward to a dosage of 800 mg/day depend-
ing on clinical response. After a 10-week course of therapy is
completed, the dosage of fluconazole is reduced to a mainte-
nance dosage of 200 mg/day for life. Fluconazole 400 mg/day
can be used in all other patients. Another alternative may in-
clude liposomal amphotericin B 4 mg/kg/day for 21 days.165

Until larger clinical studies have been completed, however, this
regimen cannot be recommended over generic amphotericin B
(see Chapter 70, Opportunistic Infections in HIV-Infected Pa-
tients).

In D.W., initial treatment should focus on elimination of
all factors leading to immunosuppression. Antifungal therapy
should then be initiated immediately with amphotericin B 0.3
to 0.6 mg/kg/day plus flucytosine 100 to 150 mg/kg/ for a min-
imum of 6 weeks to optimize the chance of a cure, especially
in transplant recipients.178 In addition, CSF hypertension, usu-
ally presenting as headache, should be resolved through ther-
apeutic spinal tap. Acetazolamide should be avoided in these
cases.179

32. What parameters should be monitored while D.W. is treated
with flucytosine?

The most common side effect of flucytosine is GI dis-
tress (e.g., nausea, vomiting, diarrhea). Although flucytosine
is not metabolized per se by mammalian cells, gut flora may
be responsible for metabolism of flucytosine to fluorouracil.
This toxic metabolite has been speculated to account, in
part, for the GI distress and bone marrow toxicity associated
with flucytosine therapy.180 Other flucytosine adverse effects
include leukopenia, thrombocytopenia, and hepatotoxicity.
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Dose-dependent bone marrow suppression, which can be fa-
tal, generally is seen in patients whose serum concentration of
flucytosine is >100 mcg/mL. Thus, it is important to monitor
blood concentrations and maintain concentrations below this
level.176,178 If assays for flucytosine serum concentrations are
unavailable, signs and symptoms of bone marrow suppression
or worsening renal function should result in a dosage reduc-
tion or discontinuation of the drug. Flucytosine is eliminated
by glomerular filtration, with 80% to 95% of the dose excreted
unchanged in the urine. Renal excretion of flucytosine is di-
rectly related to creatinine clearance, and dosages should be
adjusted based on creatinine clearance to prevent accumulation
to toxic concentrations in patients with renal impairment.100

Patients with creatinine clearances of 10 to 40 mL/min should
have the dosage of flucytosine reduced by 50% (usual dose,
37.5 mg/kg Q 12 hours). For patients with creatinine clearance
<10 mL/min, dosing should be initiated at 37.5 mg/kg/day,
with frequent monitoring of flucytosine serum concentrations.

Dosage adjustment and close monitoring also are required for
patients receiving hemodialysis and it is recommended that the
dose be given postdialysis.

33. When is combination antifungal therapy indicated?

In vitro results of antifungal combinations against many
common mycotic pathogens have been variable. These incom-
plete and inconsistent findings have been attributed to variable
incubation times, variable concentrations of antifungal agents,
and the sequence of antifungal addition.179 As a result, clin-
ical decisions about combination therapy should be based on
patient-specific in vivo evaluations. Because of the limited clin-
ical data, combination antifungal therapy should be initiated
cautiously. Except for the treatment of cryptococcal meningi-
tis and disseminated aspergillosis, combination therapy should
be reserved for cases of treatment failure (disseminated can-
didiasis) with no other established pharmacologic options for
therapy or mould infections with high mortality rates.
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Viral infections are common causes of human disease. An es-
timated 60% of illnesses in developed countries result from
viruses, compared with only 15% from bacteria. These may
include the common cold, chickenpox, measles, mumps, in-
fluenza, bronchitis, gastroenteritis, hepatitis, poliomyelitis, ra-
bies, and numerous diseases caused by the herpesvirus. Up-
per respiratory tract infections, such as the common cold or
influenza, are one of the most common reasons for visits to
a health care professional.1 Although most of these patients
have a self-limiting illness, certain viral infections, such as
influenza, can cause significant mortality, particularly in the
elderly. For example, in the worldwide Spanish influenza epi-
demic of 1918 to 1920, between 20 million and 100 million
people died.2 Influenza vaccines can reduce the impact of this
illness in susceptible populations, but there are no vaccines
against many other potentially severe viral infections, includ-
ing herpes encephalitis and neonatal herpes. Therefore, the
need for safe and effective antiviral agents is obvious.

Substantial progress has been made in antiviral chemother-
apy as a result of advances in molecular virology and genetic
engineering. Antiviral agents can be designed to inhibit func-
tions specific to viruses; this maximizes their therapeutic ben-
efits while minimizing adverse effects to the host cell.

Current technology also permits rapid diagnosis of viral dis-
eases. It is now possible to make a specific diagnosis of several

viral illnesses within hours to a few days; previously, specific
diagnosis took days to months. This has made it possible to
select an appropriate antiviral drug early for the treatment of
acute viral infection.

This chapter describes the etiology, pathogenesis, and treat-
ment of common viral infections. Specific case presentations
illustrate the optimal use of antiviral drugs in patients with
viral infections.

HERPES SIMPLEX VIRUS INFECTIONS
Herpesvirus is an extremely important pathogen in humans.
It causes many illnesses, including herpes encephalitis and
neonatal herpes, which are associated with significant mortal-
ity and sequelae, and genital herpes, which causes substantial
pain and emotional suffering. Fortunately, antiviral drugs can
decrease the morbidity, mortality, and duration of symptoms
in most cases.3

Herpes Encephalitis
Herpes simplex virus (HSV) encephalitis is the most common
sporadic viral infection of the central nervous system (CNS).
The estimated incidence is approximately 2.3 cases per million
population per year, although this may be an underestimate
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because of the difficulty in diagnosing this disease. It can occur
at any age and is characterized by the acute onset of fever,
headache, decreased consciousness, and seizures. Any child
with fever and altered behavior should be evaluated carefully.
This is a devastating infection: without treatment, mortality
approaches 70%, and only 2.5% of patients recover enough to
lead normal lives.3

Herpes simplex virus type 1 (HSV-1) is the etiologic agent
in most patients with herpes encephalitis, but herpes simplex
virus type 2 (HSV-2) is more common in newborns. The in-
fection may be localized to the brain or involve cutaneous and
mucous membranes. Although any area of the brain can be
involved, the orbital region of the frontal lobes and portions of
the temporal lobes are most often affected.

Herpes encephalitis is often difficult to diagnose and is al-
ways a serious disease. A computed tomography (CT) scan
is usually indicated to rule out other conditions, including a
brain abscess or other space-occupying lesions that may pro-
duce similar symptoms. The CT or radionucleotide scans may
be unremarkable early in the course of the disease.

Cerebrospinal fluid (CSF) examination usually reveals pleo-
cytosis (predominately lymphocytes) with 50 to 2,000 white
blood cells (WBCs)/mm3. Polymorphonuclear leukocytosis
and red blood cells (RBCs) may also be seen. Many patients
have an elevated protein level in the CSF (median, 80 mg/dL).
The presence of antibody to HSV-1 is useful in making the
diagnosis.

The electroencephalogram (EEG) is the most sensitive but
least specific test. There are usually CT or brain scan abnor-
malities, but these may take a day or two longer to appear.
The EEG, CT, and brain scan findings compatible with HSV
encephalitis can be mimicked by other conditions, and a brain
biopsy is required to clearly establish the diagnosis. Rapid di-
agnosis of herpes encephalitis by a polymerase chain reaction
(PCR) assay of HSV DNA in the CSF is available at most
medical centers. This is a highly sensitive, specific, and rapid
method for diagnosing herpes encephalitis.4

Clinical Presentation

1. R.F., a 7-year-old boy weighing 20 kg, was seen in the
emergency department (ED) after a seizure. Over the previous
3 days, R.F. had decreased appetite, headache, and fever (101◦F–
102◦F), and was lethargic and disoriented. His leukocyte count
was 13,000/mm3 with a shift to the left. Ceftriaxone (50 mg/kg
given intravenously [IV] Q 12 hr) and dexamethasone (0.15 mg/kg
IV Q 6 hr) were initiated for presumed bacterial meningitis. Phe-
nobarbital (5 mg/kg IV Q 24 hr) was given for seizure control. The
CSF was normal, and no bacteria could be identified. Over the
next 2 days, R.F. became increasingly less responsive and lapsed
into a coma. A CT scan of the brain revealed decreased density
in a localized area of the left temporal lobe. Because of a high
suspicion of herpes encephalitis, a brain biopsy was performed.
Acyclovir 20 mg/kg IV Q 8 hr was started immediately after the
procedure. HSV-1 was isolated from the biopsy specimen 24 hours
later. What findings in R.F. are consistent with the diagnosis of
herpes encephalitis? Why was a brain biopsy performed?

[SI unit: leukocytes, 13 × 106/L]

Fever, headache, lethargy, and disorientation are common
features of herpes encephalitis. As illustrated by R.F., the CSF
examination can be normal in some patients. The CT scan

showing decreased density in the left temporal lobe is sugges-
tive of herpes encephalitis. Finally, a negative CSF culture also
suggests the absence of a bacterial infection.5 However, these
findings cannot establish the diagnosis of herpes encephalitis.

Brain biopsy is the most definitive diagnostic procedure
for herpes encephalitis. Biopsy is particularly important be-
cause some treatable conditions, such as cryptococcosis and
aspergillosis, can be missed by other diagnostic procedures.
The morbidity (bleeding) caused by brain biopsy is low (1%)
in medical centers with extensive experience.

Treatment: Acyclovir

2. As expected, a specific pathogen (HSV-1) was isolated from
the biopsy specimen in R.F. What is the treatment of choice for
R.F.’s herpes encephalitis?

Two studies comparing acyclovir and vidarabine have
demonstrated that IV acyclovir (10 mg/kg Q 8 hr for 10 days) is
the treatment of choice in patients with herpes encephalitis.6,7

The 12-month all-cause mortality was 25% in the acyclovir-
treated group and 59% in the vidarabine-treated group. Of great
importance was the fact that nearly one-third of the acyclovir-
treated patients returned to normal life, compared with only
12% of those treated with vidarabine.8 In addition, acyclovir
is less toxic than vidarabine. Currently, vidarabine is not mar-
keted in the United States.

Acyclovir-resistant herpes is not an important consideration
in the management of herpes encephalitis in most patients, but
it can be important in AIDS or other immunocompromised pa-
tients who receive multiple repeated courses of acyclovir (see
Chapter 71). Foscarnet has been successfully used in immuno-
compromised patients with acyclovir-resistant HSV.9,10

Acyclovir is the treatment of choice for R.F. because it has
been shown to decrease morbidity in patients with herpes en-
cephalitis.

The role of corticosteroids in the treatment of herpes en-
cephalitis is not well defined. One small, nonrandomized trial
found that corticosteroid therapy, in combination with IV acy-
clovir, was associated with an improved outcome.11 However,
prospective, randomized trials are needed before routine use
of corticosteroids can be recommended.12

ACYCLOVIR PHARMACOKINETICS

3. Why is the acyclovir dosage regimen appropriate based on
the serum concentrations required for the inhibition of viral repli-
cation? How should the effect of acyclovir be monitored in R.F.?

In adults receiving single IV doses of acyclovir 2.5 to
5 mg/kg, a peak plasma concentration of 3.4 to 6.8 mcg/mL has
been reported.13,14 The mean peak and trough plasma concen-
trations were 9.8 and 0.7 mcg/mL, respectively, after multiple
doses of 5 mg/kg every 8 hours.8 At larger IV doses of 10 to
15 mg/kg, the peak plasma concentrations of acyclovir have
ranged from 10 to 30 mcg/mL15 (Tables 72-1 and 72-2).

Limited data are available on acyclovir pharmacokinetics
in children, particularly premature infants. Acyclovir pharma-
cokinetics for children older than 1 year of age are similar
to those of adults16 (Table 72-1). In neonates receiving acy-
clovir 5 to 15 mg/kg IV Q 8 hr, the peak and trough serum
concentrations have ranged from 3.1 to 38 mcg/mL and 0.23
to 30 mcg/mL, respectively.17,18 Acyclovir distributes into all
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Table 72-1 Pharmacokinetic Properties of Antiviral Drugs

Drug Dose Used in Study Peak Serum Concentrations (mcg/mL) % Recovered Unchanged in Urine Elimination Half-Life (h)

Acyclovir8,13,16,21 2.5–10 mg/kg IV 3.4–22.9 69–91 2.5–3.3
200–800 mg PO 0.83–1.61 NR 2.5–3.3

Amantadine89 100–200 mg PO 0.2–0.5 52–88 11–15
Famciclovir52,159 125–1,000 mg PO 0.8–6.6 73–94a 2.0–3.0a

Oseltamivir87,160 75 mg PO 0.6–3.5b 99b 6–10b

Ribavirin117 0.82 mg/kg INH × 20 h 1–3 NR 6.5–11
Rimantadine90 100–200 mg PO 0.2–0.7 20 9–31
Valacyclovir161,162 1,000 mg PO 5.7–6.7c 46–80c 2.5–3.3c

Zanamivir86,163,164 10 mg INH BID 0.039–0.054 7–17 2.5–5.1

aPharmacokinetic properties of active metabolite, penciclovir.
bActive metabolite oseltamivir carboxylate.
cPharmacokinetic properties of active metabolite, acyclovir.
BID, twice a day; INH, inhalation, IV, intravenously; NR, not reported; PO, orally.

tissues, with the highest concentrations occurring in the kidney
(10 times the plasma concentration) and the lowest in the CSF
(25%–70% of plasma concentration).8 For R.F., the regimen
is appropriate (Table 72-3). Although the pharmacokinetics in
children older than 1 year are similar to those in adults, higher
dosages are needed in view of its relatively poor distribution
into CSF.

HSV-1 clinical isolates have an ID50 of 0.02 to 13.5 mcg/mL,
with a mean of 0.45 to 1.47 mcg/mL.8,19 However, antiviral
susceptibility testing can be affected by many variables, in-
cluding the amount of inoculum and the testing method used.
The results of antiviral susceptibility tests are usually reported
as ID50 (the serum concentration necessary to produce 50%
inhibition of the viral cytopathic effect). ID90 may correlate
better than ID50 with clinical outcome, but the results are
unpredictable.20 Consequently, the clinical status of patients
is monitored for efficacy of acyclovir. Most patients begin to
improve within 48 hours after starting treatment.

ADVERSE EFFECTS

4. What type of adverse effects can occur as a result of IV
acyclovir therapy in R.F.? How should these be monitored, and
how can they be minimized?

Acyclovir is a relatively safe drug, but renal toxicity as-
sociated with IV acyclovir should be considered (Table 72-
4). Blood urea nitrogen (BUN) and serum creatinine (SrCr)
levels can increase in approximately 5% to 10% of patients.
These changes are generally reversible. Acyclovir is relatively
insoluble: maximum urine solubility at 37◦C is 1.3 mg/mL.
Therefore, a transient crystal nephropathy may occur at high
acyclovir concentrations.21

Other common adverse effects include gastrointestinal (GI)
complaints such as nausea and vomiting and neurologic distur-
bances, including lethargy, tremors, confusion, hallucinations,
and seizures.21,22 Neurotoxicity appears to be more common
in patients with impaired renal function and tends to be re-
versible. Transient elevation of liver enzymes may occur. Fi-
nally, IV acyclovir can cause phlebitis and pain at the injection
site.21 This can be minimized by administering acyclovir at a
concentration of about 5 mg/mL (maximum, 7 mg/mL).22

Renal function tests, including BUN, SrCr, and urine output,
should be monitored closely. To minimize the risk of acyclovir

nephrotoxicity, R.F. should be well hydrated, and each acyclovir
dose should be infused over 1 hour. In addition, the IV infusion
site should be inspected for inflammation and pain, and R.F.
should be asked about pain at the infusion site.

CONVERSION TO ORAL THERAPY

5. After 7 days of IV acyclovir, R.F. is alert, responsive, ac-
tively moving about, and eating a normal diet. The intern suggests
switching him to oral acyclovir and discontinuing IV therapy. Why
is this not appropriate?

Oral therapy is inappropriate for R.F. Based on studies in
adults, the absorption of acyclovir after oral administration is
variable, slow, and incomplete. The bioavailability of acyclovir
is low (F = 0.15–0.30) and decreases with increasing doses.21

The mean peak plasma concentration has ranged from only
0.83 to 1.61 mcg/mL after multiple acyclovir doses of 200
to 800 mg.21,23 Thus, with only approximately 50% of acy-
clovir penetrating the blood–brain barrier, the concentrations
of acyclovir in the CSF may be inadequate for R.F. Therapy
with IV acyclovir should be continued to complete a 10-day
course (Table 72-3). The role of long-term oral antiviral agents
following IV therapy to further reduce morbidity is currently
being studied.5,24

Neonatal Herpes
Most neonates acquire herpes from the infected genital secre-
tions of the mother at delivery.25 The incidence ranges from
1 in 3,000 to 5,000 deliveries per year in the United States.
The infection can present in one of three forms: localized to
the skin, eye, and mouth (45%); encephalitis (30%); or dis-
seminated disease (25%). The effects of neonatal herpes can
be devastating, and severe disabilities persist in many afflicted
children.25 With currently available antivirals, the mortality
has ranged from 4% in those with CNS involvement to 29% in
those with disseminated disease.25 Neonatal HSV-1 infections
may also be acquired after birth through contact with family
members with symptomatic or asymptomatic oral-labial HSV-
1 infection or from nosocomial transmission. When the virus
is transmitted from the mother, clinical evidence of infection in
the neonate usually is present 5 to 17 days after birth. Although
skin vesicles are the hallmark of infection, at least one-third
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Table 72-2 Clinical Pharmacokinetics of Antiviral Drugs

Elimination

Volume of
Drug Type of Patient Total Clearance Distribution Half-Life (hr) Comments

Acyclovir8,14,16,18,21 Adults 327 mL/min/1.73 m2 59 L/1.73 m2 2.5–3.3 Use 100% of recommended dose, but extend
dosage interval to 12 and 24 hr if ClCr ranges
from 25–50 and 10–25 mL/min/1.73 m2,
respectively; use 50% of recommended dose
Q 24 hr if ClCr ranges from 0–10
mL/min/1.73 m2.

Neonates 98–122 mL/min/1.73 m2 24–30 L/1.73 m2 3.2–4.1

Amantadine89 Adults 2.5–10.5 L/hr 1.5–6.1 L/kg 11–15 Adjust doses in renal failure: 200 mg on day 1,
then 100 mg/d if ClCr 30–50; 200 mg on day
1, then 100 mg QOD if ClCr 15–29; 200 mg
Q 7 days if ClCr <15 mL/min/1.73 m2.

Famciclovir49,159,165 Adults 0.37–0.48 L/hr/kg 1.1 L/kg 2.2–3.0 Use 100% of recommended dose, but extend
dosage interval to 12 and 24 hr if ClCr ranges
from 40–59 and 20–39 mL/min, respectively;
use 250 mg Q 24 hr if ClCr <20 mL/min.

Oseltamivir87,160,166 Adults 18.8 L/hr (renal
clearance)

NA 6.0–10 Use 75 mg/d in patients if ClCr 10–30 mL/min.
The effect of hepatic impairment has not been
determined.

Pediatrics
(1–12 y)

0.63 L/h/kg NA 7.8 Dosage recommendations are based on body
weight and age. Use 30 mg BID if patient is
15 kg and 1–3 yr, 45 mg if patient is 15–23 kg
and 4–7 yr, 60 mg if patient is 23–40 kg and
8–12 yr and normal adult dose if >40 kg and
older than 13 yr.

Adolescents 0.32 L/h/kg NA 8.1

Rimantadine90 Adults 20–48 L/hr 25 L/kg 9–31 Because it undergoes extensive metabolism,
dose may have to be adjusted in patients with
severe liver disease. Dose adjustments may
also be necessary in elderly and in those with
severe renal failure (ClCr <10 mL/min).
Manufacturer recommends 50% reduction in
such cases.

Valacyclovir23 See acyclovir
(prodrug of
acyclovir)

Use 100% of recommended dose, but extend
dosage interval to 12 and 24 hr if ClCr ranges
from 30–49 and 10–29 mL/min, respectively;
use 500 mg Q 24 hr if ClCr <10 mL/min.

Zanamivir86 Adults 2.5–10.9 L/hr 15.9 L 2.5–5.1 4%–17% of inhaled dose systemically absorbed.
Although only limited studies with renal or
hepatic impairment, dosing adjustment likely
unnecessary.

Valganciclovir See
ganciclovir

Use 50% of recommended dose if ClCr ranges
from 40–59 mL/min; use 450 mg Q 24 hr if
ClCr ranges from 25–39 mL/min; use 450 mg
QOD if ClCr <25 mL/min.

BID, twice a day; ClCr, creatinine clearance; QD, every day; QOD, every other day.

to one-half of neonates never have skin lesions.26 In 70% of
patients, the disease may progress from isolated skin lesions to
involve other organs, including the lungs, liver, spleen, CNS,
and eyes.

Diagnosis of this infection can be made by direct fluo-
rescent antibody examination of epithelial cells from the in-
fant or the mother. Examination of the base of a vesicu-
lar lesion may show giant cells and intranuclear inclusions,
which are characteristic of HSV infections. Serologic test

results are also helpful in making a diagnosis of neonatal
herpes.

Risk Factors

6. S.P., an 18-year-old woman, was admitted to labor and de-
livery with premature rupture of the membranes. Four hours
later, S.P. vaginally delivered a 2.5-kg baby boy, R.P., who had an
estimated gestational age of 33 weeks. Twenty-four hours after
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Table 72-3 U.S. Food and Drug Administration (FDA)-Indicated Drugs for Various Viral Infections

Disease Drug Dosage (Age Group) Route Duration

Herpes encephalitis Acyclovir (Zovirax)a >12 yr: 10 mg/kg Q 8 hr IV 10 days
3 mo–12 yr: 20 mg/kg Q 8 hr IV 10 days

Neonatal herpes Acyclovir (Zovirax) Birth–3 mo: 10–20 mg/kg Q 8 hra IV 14–21 days

Oral-facial herpes (for treatment
of recurrent infection)

Acyclovir (Zovirax) Adults: 400 mg 5×/days PO 5 days
Famciclovir (Famvir) Adults: 1,500 mg PO 1 dose
Valacyclovir (Valtrex) Adults: 2,000 mg BID PO 1 day

Oral-facial herpesb

(immunocompromised patients)
Acyclovir (Zovirax) >12 yr: 5 mg/kg Q 8 hr IV 7 days

<12 yr: 10 mg/kg Q 8 hr IV 7 days
Famciclovir (Famvir) Adults: 500 mg BID PO 7 days

Herpes zosterb (immunocompetent
patients)

Acyclovir (Zovirax) Adults: 800 mg 5×/days PO 7–10 days
Famciclovir (Famvir) Adult: 500 mg Q 8 hr PO 7 days
Valacyclovir (Valtrex) Adult: 1,000 mg Q 8 hr PO 7 days

Herpes zosterb

(immunocompromised patients)
Acyclovir (Zovirax) >12 yr: 10 mg/kg Q 8 hr IV 7 days

<12 yr: 20 mg/kg Q 8 hr IV 7 days

Varicella (immunocompetent
patient)

Acyclovir (Zovirax) >40 kg: 800 mg QID PO 5 days
>2 yr and <40 kg: 20 mg/kg

(max 800 mg) QID
PO 5–10 days

Varicella (immunocompromised
patients)

>12 yr: 10 mg/kg Q 8 hr IV 7–10 days
< 12 yr: 500 mg/m2 Q 8 hr IV 7–10 days

Cytomegalovirus retinitis
(immunocompromised patients)

Ganciclovir (Cytovene) 5 mg/kg Q 12 hr; then 5 mg/kg/days
or 6 mg/kg, 5 days a week

IV 14–21 days for induction;
maintenance

Cidofovir (Vistide) 5 mg/kg Q week for 2 wk, then
Q 2 wk

IV Maintenance

Foscarnet (Foscavir) 90 mg/kg Q 12 hr, then 90 mg/kg
QD

IV Induction for 2 wk;
maintenance

Valganciclovir (Valcyte) 900 mg BID, 900 mg QD PO Induction for 21 days;
maintenance

Influenza A Amantadinec (Symmetrel) > 9 yr: 100 mg BID PO 10 days (treatment), 14–28 days
(protection with vaccine),
90 days (protection without
vaccine)

1 to 9 yr: 4.4–8.8 mg/kg/days but
<150 mg/days

PO

Rimantadinec (Flumadine) >14 yr: 100 mg BID PO 7 days (treatment, not approved
for treatment in children) up
to 6 wk for prophylaxis

1–13 yr: 100 mg BID PO Up to 6 wk for prophylaxis
1–9 yr: 5 mg/kg div. QD-BID

(max 150 mg/days)
PO

Influenza A and B Oseltamivir (Tamiflu) >13 yr (or >40 kg): 75 mg BID PO 5 days (treatment)
>13 yr (or >40 kg): 75 mg QD PO 10 days (prophylaxis)

Up to 6 wk (community
outbreaks)

23–40 kg: 60 mg BID
15–23 kg: 45 mg BID
>1 yr–15 kg: 30 mg BID

PO 5 days (treatment)

23–40 kg: 60 mg QD
15–23 kg: 45 mg QD
>1 yr–15 kg: 30 mg QD

PO 10 days (prophylaxis)

Zanamivir (Relenza) >7 yr: 10 mg (2 inhalations) BID Inhalation 5 days (treatment)
Adolescent and Adult: 10 mg

(2 inhalations) QD
Inhalation 10 days (prophylaxis)

28 days (community outbreak)
>5 yr: 10 mg (2 inhalations) QD Inhalation 10 days (prophylaxis)

Respiratory syncytial virus Ribavirin (Virazole) 6 g in 300 mL over 12–18 hr/days Inhalation 3–7 days

aFDA-approved dose is 10 mg/kg. Although doses of 15–20 mg/kg have been used, safety has not been established at these doses.
b Foscarnet 40 mg/kg IV Q 8 hr is recommended for acyclovir-resistant herpes simplex virus or varicella-zoster virus.
cAmantadine and rimantadine are no longer recommended as drugs of choice for either prophylaxis or treatment of influenza A.
BID, twice a day; IV, intravenously; PO, orally; Q, every; QD, every day; QID, four times a day.
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Table 72-4 U.S. Food and Drug Administration-Indicated Drugs for Various Viral Infections

Adverse Effects of Approved Antiviral Drugs

Drug Adverse Effects

Acyclovir Local irritation, phlebitis (9%); increased SrCr, BUN (5%–10%); nausea, vomiting (7%); itching, rash (2%); increased liver
transaminases (1%–2%); CNS toxicity (1%)

Amantadine Nausea, dizziness (lightheadedness), insomnia (5%–10%); depression, anxiety, irritability, hallucination, confusion, dry mouth;
constipation, ataxia, headache, peripheral edema, orthostatic hypotension (1%–5%); suicide ideation/attempt (<1%)

Cidofovir Nephrotoxicity (53%); neutropenia (34%); rash (30%); headache (27%); alopecia (25%); anemia (20%); abdominal pain (17%); fever
(15%); infection (12%); ocular hypotonia (12%); nausea, vomiting (8%); asthenia (7%); diarrhea (7%)

Famciclovir Headache (6%–9%); nausea (4%–5%); diarrhea (1%–2%)

Foscarnet Fever, nausea, vomiting (47%); renal dysfunction (33%); anemia (9%–33%); diarrhea (30%); headache (26%); electrolyte
abnormalities (6%–15%); bone marrow suppression (10%); seizure (10%); anorexia (5%); abdominal pain (5%); mental status
changes (5%); paresthesia, peripheral neuropathy (5%); cough, dyspnea (5%); rash (5%); first-degree AV block, ECG changes
(1%–5%)

Ganciclovir Increased ScCr (35%–69%); anemia (15%–25%); neutropenia, pancytopenia, thrombocytopenia (5%–8%); abdominal pain, anorexia
(15%); diarrhea (44%); nausea, vomiting (13%); retinal detachment, vitreous hemorrhage, cataracts, corneal opacification
(6%–15%); neuropathy; rash

Oseltamivir Nausea, vomiting (9%–15%); diarrhea (3%); abdominal pain (2%); dizziness, vertigo, insomnia (1%); self-injury and psychosis

Ribavirin Worsening of respiratory status, bacterial pneumonia, pneumothorax, apnea, ventilator dependence; cardiac arrest, hypotension; rash;
conjunctivitis

Rimantadine CNS (insomnia, dizziness, headache, nervousness, fatigue); GI (nausea, vomiting, anorexia, dry mouth, abdominal pain) (1%–3%)

Trifluridine Burning or stinging on instillation (4.6%); palpebral edema (2.8%); keratopathy; hypersensitivity reaction; stromal edema; hyperemia;
increased intraocular pressure

Valacyclovir Headache (14%); nausea (15%); vomiting (6%); dizziness (3%); abdominal pain (3%)

Valganciclovir Neutropenia (27%); thrombocytopenia (6%); diarrhea (41%); nausea, vomiting (21%–30%); abdominal pain (15%); increased ScCr
(3%); insomnia (16%); peripheral neuropathy (9%); paresthesias (8%); ataxia, dizziness, seizures, psychosis, hallucinations,
confusion, drowsiness (<5%); retinal detachment (15% during treatment of CMV retinitis); hypersensitivity

Zanamivir Bronchospasm; decline in respiratory function, especially if underlying respiratory disease; nasal/throat irritation and/or congestion
(2%); headache (2%); cough (2%); diarrhea (3%); nausea, vomiting (1%–3%)

AV, atrioventricular; BUN, blood urea nitrogen; CMV, cytomegalovirus; CNS, central nervous system; ECG, electrocardiogram; GI, gastrointestinal; ScCr, serum creatinine.

delivery, S.P. reported the onset of vesicles in the genital area; she
had a history of previous episodes of genital herpes. The last in-
fection was during her first trimester of pregnancy. Is R.P. at risk
of developing herpes infection?

R.P. is at risk of acquiring herpes infection because the
mother had genital herpes during the first trimester and because
he was delivered vaginally rather than by cesarean section.27

The risk of a newborn acquiring the disease from an infected
mother with primary disease is about 35%; that from a mother
with reactivation is 3%.

Treatment: Acyclovir

7. Ten days after birth, R.P. developed poor feeding patterns,
irritability, and respiratory distress. Three days later, skin lesions
appeared. How should R.P. be treated?

R.P. is manifesting signs of HSV infection and should
be treated with antiviral therapy (Table 72-3). The drug of
choice for neonatal herpes simplex virus infections is IV
acyclovir.25,26 Vidarabine was the first antiviral agent used in
the treatment of neonatal HSV. Because of the drastic reduc-
tion in morbidity, it became the standard of therapy to which
other antiviral agents were compared. In clinical trials com-
paring vidarabine with acyclovir, acyclovir was shown to be as
effective as vidarabine in infants with skin, eye, mouth (SEM)
involvement, encephalitis, and disseminated HSV infection.28

Although both agents were equally effective, acyclovir was
safer and easier to administer, making it the standard of care
for neonatal HSV.

ACYLOVIR ADMINISTRATION

8. What dosage of acyclovir should R.P. receive?

Although an IV dosage of 30 mg/kg given in three divided
doses has been shown to be effective in the treatment of neona-
tal herpes, the use of 60 mg/kg has been shown to have ad-
ditional benefits in decreasing morbidity and mortality. The
higher dose of acyclovir is associated with a higher frequency
of hematologic abnormalities, especially neutropenia.29,25,30

The minimum duration of therapy should be 14 days, for
neonates with only SEM involvement, whereas longer courses
(e.g., 21 days) are indicated in infants with CNS involvement
or disseminated disease.25

The role of prolonged oral suppressive therapy in newborns
with SEM involvement has been investigated. Acyclovir, given
orally (PO) at 300 mg/m2 per dose three times a day (TID),
resulted in a reduction in the recurrences of lesions. Half of
these patients developed neutropenia. One patient had lesions
resistant to acyclovir.31 Because the long-term benefits cannot
be fully attributed to the use of suppressive acyclovir, sup-
pressive therapy for patients with SEM involvement is not
recommended.32
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Oral-Facial Herpes
Both primary and recurrent oral-facial HSV-1 infections can be
asymptomatic. Gingivostomatitis and pharyngitis are the most
common clinical manifestations of a first episode of HSV-1 in-
fection, and recurrent herpes labialis is most commonly caused
by reactivated HSV infection. Clinical features include fever,
malaise, myalgia, inability to eat, and irritability. Immunocom-
promised patients with oral-facial herpes have severe pain, ex-
tensive lesions, and prolonged viral shedding; thus, they are
candidates for antiviral therapy.

Herpes labialis (cold sores) is the most common oral-facial
HSV infection. Clinical features include pain or paresthesia
and erythematous or papular lesions followed by vesiculation
and swelling. These lesions usually crust and heal in the next
few days. Viral cultures often are positive within 2 to 3 days.
Rapid diagnosis can be made by visualizing viral particles in
vesicular fluid with electron microscopy or fluorescent anti-
body staining of cells from vesicles.

Indications for Antiviral Treatment

9. M.K., a 26-year-old man, developed pain and erythematous
skin lesions on his face and around his mouth over a 2-day period
after contact with a person with active lesions. Over the next 2
days, significant swelling was noted. M.K. has no previous history
of cold sores or any other illnesses. Should he be treated with
antiviral drugs?

Most patients with herpes labialis have a self-limiting be-
nign course. Antiviral drugs (e.g., acyclovir, valacyclovir) are
indicated only when the patient has a primary infection, an un-
derlying illness, or a compromised immune system that may
lead to prolonged illness or dissemination.

Although ice, ether, lysine, silver nitrate, and smallpox vac-
cine have been used to treat cold sores, no data support their
efficacy. Aspirin and acetaminophen are sometimes suggested
for symptomatic relief.

10. P.L., a 16-year-old boy diagnosed with acute lymphocytic
leukemia 8 months ago, is now admitted for a bone marrow
transplant. Admission laboratory tests reveal that he has anti-
bodies against HSV-1 and that 4 months ago, during a course of
chemotherapy, he developed an oral-facial herpes infection. What
is the significance of these findings for P.L., who is about to un-
dergo a bone marrow transplant?

Immunosuppressed patients have more frequent and se-
vere mucocutaneous HSV infections. Therefore, IV acyclovir
should be considered to suppress the reactivation of oral-facial
HSV infections.33,34 Oral therapy with famciclovir is approved
for use in HIV-infected patients,35 but efficacy in other im-
munocompromised patients is not yet established.

ANTIVIRAL TREATMENT

11. P.L. did not receive antiviral therapy. Two weeks later, he
developed oral-mucosal and skin lesions on his face, which were
painful and associated with malaise. HSV was identified from the
lesion by an immunofluorescence technique. What is the treat-
ment of choice for P.L.?

Acyclovir is administered IV at 5 mg/kg Q 8 hr for 7 days21

or until the lesions are healed, followed by oral acyclovir
200 mg TID for about 6 months. In patients with marrow

transplants and culture-proven recurrent mucocutaneous her-
pes simplex, oral acyclovir (400 mg five times daily for 10
days) is significantly more effective than placebo in reducing
pain, virus shedding, new lesion formation, and lesion healing
time.36 Studies have shown that oral valacyclovir has similar
pharmacokinetic parameters as IV acyclovir and may be used
as an alternative to IV therapy.37 However, clinical efficacy of
valacyclovir in this population has not been established. The
immunocompromised patients in these studies included those
receiving corticosteroids, those with leukemia, and recipients
of renal allografts.36,37

12. N.B., a 43-year-old woman, experiences eight to ten cold
sores a year. These are typically preceded by “colds” or sun expo-
sure. She requests a prescription for acyclovir to “prevent” cold
sores when she feels one coming on. What is the role of antiviral
medications in the acute treatment and prevention in immuno-
competent patients with recurrent herpes labialis?

Topical agents which are approved by the U.S. Food and
Drug Administration (FDA) for the treatment of recurrent her-
pes labialis in immunocompetent patients include acyclovir
(Zovirax) 5% cream and ointment, docosanol (Abreva) 10%
cream, and penciclovir (Denavir) 1% cream. Clinical trials
showed that each agent resulted in decreased healing time and
decreased pain associated with herpes lesions, when started at
the first sign or symptom of a cold sore.38–44 Penciclovir also
decreases viral shedding. Some data have indicated that penci-
clovir cream may be more effective than acyclovir cream and
ointment.41,42 An advantage of docosanol over the other agents
is that it is available without a prescription. The topical agents
must be applied within 1 hour of the first sign or symptom of
a cold sore and then Q 2 hr for 4 days while awake.

Oral antiviral medications can decrease the duration of pain
and healing time in immunocompetent patients. Oral acyclovir
400 mg five times daily for 5 days started within 1 hour
of the development of a cold sore was more effective than
placebo in reducing mean duration of pain and healing time
in immunocompetent patients with a history of one to five
episodes of herpes labialis per year.45 Valacyclovir, 2 g at the
first signs of a cold sore followed by 2 g 12 hours later, and
famciclovir 1,500 mg as a single dose showed similar clinical
efficacy.46,47 No studies have directly compared the efficacy
of the different oral antiviral medications.48 Frequency of dos-
ing and cost should be considered when choosing a particular
agent.20,23,49

Daily suppressive therapy may be recommended in patients
with six or more recurrences per year or in patients with se-
vere episodes. In immunocompetent patients with six or more
episodes of herpes labialis, oral acyclovir 400 mg twice a day
(BID) for 4 months was more effective than placebo in de-
creasing the number of recurrences in patients with herpes
labialis.50 Although not approved by the FDA for suppressive
therapy, valacyclovir, 500 mg once daily, also appears to be
efficacious in decreasing the number of recurrences.51

N.B. should be treated with either a topical antiviral medica-
tion or an oral antiviral for the acute episode of herpes labialis.
She should be instructed to start treatment as soon as the first
sign or symptom of the cold sore appears. If suppressive ther-
apy is desired, N.B. should be treated with continuous oral
acyclovir or valacyclovir.
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Resistance

13. How should an acyclovir-resistant HSV infection be
treated?

The incidence of acyclovir-resistant herpes is higher in
immunocompromised patients compared with immunocom-
petent patients. Current estimates of HSV resistance in the
immunocompromised population are about 5%; some popula-
tions, such as bone marrow transplant patients, have a resis-
tance rate approaching 30%.52,53 IV foscarnet 40 mg/kg Q 8 hr
was found to be more effective and less toxic than IV vidarabine
15 mg/kg/day in patients with AIDS and mucocutaneous her-
petic lesions unresponsive to IV acyclovir.54 More concerning,
however, are the reports of foscarnet-resistant HSV, particu-
larly in the bone marrow transplant population.55,56 Cidofovir
has been used with moderate success in such cases. In pa-
tients with recurrent acyclovir-resistant genital herpes, limited
evidence suggests that topical imiquimod 5% cream may be
effective.57

VARICELLA-ZOSTER INFECTIONS
Chickenpox
Chickenpox used to be a common childhood infection, but the
incidence has decreased by up to 84% in states with moderate
rates of use of the varicella-zoster virus (VZV) vaccine since
1995.58 This vaccine is now considered a routine childhood
vaccine by the American Academy of Pediatrics (see Chapter
96). Before the vaccine was available, approximately 3.5 mil-
lion cases occurred per year in the United States: 60% of cases
occurred in children 5 to 9 years of age, and 80% occurred in
those younger than 10 years. Although it is a benign disease
in most patients, complications and mortality (7/10,000 cases)
can occur in patients younger than 5 years and older than 20
years, and in immunocompromised patients.

This is a highly contagious disease. Children are considered
infectious from 2 days before the onset of rash until all vesicles
have crusted (usually 4–6 days after the onset of rash). After
household exposure, more than 90% of susceptible individu-
als become infected. Thus, the history can assist in making a
diagnosis. A smear of cells scraped from the lesions will show
multinucleated giant cells. Viruses also can be identified in
vesicular lesions by electron microscopy, or antigen can be de-
tected by countercurrent immunoelectrophoresis. Chickenpox
is a primary varicella-zoster infection, whereas herpes zoster
(shingles) is caused by reactivation of VZV.

Clinical Presentation

14. A.V., a 10-year-old boy, was admitted to the hospital for eval-
uation and treatment of possible recurrent chickenpox with pro-
gressive lesions. According to his mother and his physician, he had
a mild case of chickenpox at age 4 years. At admission, A.V. had a
10-day history of progressive vesicular and pustular lesions that
began on his neck and spread to his back, trunk, extremities, and
face. Although he had been febrile (up to 40.5◦C PO) over the past
3 days, his temperature on admission was 37◦C. A.V. had episodes
of vomiting during the 4 days before admission. On admission, he
was alert, cooperative, and well oriented but had overt ataxia with
abnormal cerebellar signs. Lesions consistent with VZV infection
were extensive and confluent over the face, neck, chest, and back.

Stages of lesions varied from tiny thin-walled vesicles with an
erythematous base to umbilicated vesicles. Few crusted lesions
were present. Blood analysis revealed a BUN of 9 mg/dL, SrCr of
0.2 mg/dL, and slightly elevated serum transaminase levels (AST
65 IU/L [normal, 0–34] and ALT 122 IU/L [normal, 0–34]). Be-
cause of the possibility of cerebellar involvement with VZV in-
fection and possible underlying immunodeficiency, therapy with
acyclovir 550 mg IV Q 8 hr (1,500 mg/m2/day) was instituted.
Oral diphenhydramine was also prescribed for itching, but A.V.
required only two doses on the first hospital day.

New lesions were noted on the second day of acyclovir therapy,
but by the third day, no new lesions appeared and previous le-
sions were healing. The ataxia improved daily. He was discharged
on day 7 with no further complaints of nausea and vomiting.
Follow-up serologic evaluation demonstrated a fourfold rise in
the optical density for the VZV enzyme-linked immunosorbent
assay (ELISA) from day 20 to day 60 after the onset of infection.
These results suggested primary VZV infection. Why is the use of
acyclovir in A.V. appropriate?

[SI units: BUN, 3.213 mmol/L; SrCr, 15.25 mcmol/L; AST, 1.084 mckat/L;

ALT, 2.034 mckat/L]

Antiviral Treatment
Neonates, adults, immunocompromised hosts, patients with
progressive varicella, and those with extracutaneous compli-
cations can benefit from acyclovir therapy. In clinical trials,
acyclovir has been shown to be effective in preventing dissem-
ination of VZV infection, accelerating cutaneous healing, and
decreasing fever and pain.59,60 A.V. had a prolonged progres-
sive course of varicella and demonstrated an extracutaneous
manifestation of varicella infection (e.g., ataxia with abnormal
cerebellar signs). Because of the concern of possible cerebellar
involvement, the use of IV acyclovir was appropriate in A.V.

15. C.J., an 8-year-old boy, developed a case of chickenpox
and was kept home from school. Four days later, his 15-year-
old brother, K.J., began to exhibit similar symptoms. What is the
role of acyclovir in immunocompetent patients with chickenpox?
Should C.J. or K.J. be treated with acyclovir?

Three studies in children (2–18 years of age) have shown
that oral acyclovir 20 mg/kg (when initiated within 24 hours of
disease onset) four times a day (QID) for 5 to 10 days was more
effective than placebo in accelerating healing and decreasing
the formation of new lesions, fever, and itching. However, acy-
clovir produced only modest benefits (usually healing 1 day
sooner than placebo) and was not effective in reducing the
complications of varicella.61 Thus, acyclovir is not indicated
for C.J.

Adolescents and adults are more likely to develop complica-
tions (e.g., pneumonia, encephalitis) than children. Acyclovir
800 mg PO QID for 5 days in adolescents and 800 mg PO
five times daily for 5 days in adults (initiated within 24 hours
of disease onset) was more effective than placebo in decreas-
ing the number of lesions, time for healing, fever, and itching.
The effect of acyclovir on severe complications could not be
assessed.62–64 Thus, acyclovir therapy should be considered
in those at increased risk of severe chickenpox, for example,
those like K.J. who are older than 14 years or those with chronic
respiratory or skin disease.65 No data are available to show if
famciclovir and valacyclovir are as effective as acyclovir.
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Supportive Treatment

16. What is the role of supportive treatment in A.V. and C.J.?

Cool baths and application of calamine or other topical an-
tipruritic agents may decrease itching. In severe cases, a sys-
temic antipruritic/antihistamine preparation may be useful be-
cause some degree of sedation may be desired. In A.V. and C.J.,
aspirin should not be used because Reye syndrome has been
associated with the use of salicylates in chickenpox or flulike
illness (see Chapter 94).

Shingles (Herpes Zoster)
Herpes zoster infections are caused by the reactivation of dor-
mant VZV in the sensory neurons. Reactivation is believed to
occur because of waning immunity. The incidence of herpes
zoster is higher in immunocompromised patients (e.g., those
with HIV or cancer or those receiving immunosuppressive
medications), and the incidence of zoster increases with age.
It tends to be more severe in the elderly.

Acute herpes zoster infection is characterized by pain,
which is described as deep aching or burning. It may be accom-
panied by excessive sensitivity to touch. Many patients develop
a rash that presents initially as erythematous patches and pro-
gresses to vesicles that crust in 7 to 10 days. By 1 month, the
rash is usually gone, but scarring can occur.

Postherpetic neuralgia (PHN) is pain that continues more
than 1 month after the onset of the rash. It is estimated that 10%
to 70% of patients experience PHN. PHN is the most common
complication of acute herpes zoster, and its prevention is im-
portant because PHN pain is difficult to treat.

The goal of pharmacotherapy in acute herpes zoster is to
inhibit viral replication to reduce pain and duration of rash. Ul-
timately, it is hoped that by inhibiting the virus, nerve damage
can be prevented, and the incidence and severity of PHN can
be decreased. Unfortunately, no therapy can prevent all cases
of PHN.

With the approval of the herpes zoster vaccine (Zostavax),
it is hoped that the incidence of herpes zoster and the resulting
PHN will be reduced (see Chapter 95).

Antiviral Therapy in Immunocompetent Patients

17. E.O. is a 72-year-old, previously healthy man who complains
of a burning pain under his left arm for the last 2 days. The
pain radiates across his chest. The pain is worse when the area
is touched. This morning, he noticed a rash that starts under his
arm and continues to his midline. Pertinent laboratory findings
include BUN of 15 mg/dL (normal, 8–18) and SrCr of 2.0 mg/dL
(normal, 0.6–1.2). He has not received the herpes zoster vaccine.
A diagnosis of herpes zoster is made. What therapy should be
initiated?

[SI units: BUN, 5.4 mmol/L; SrCr, 177 micromolar/L]

Acyclovir is the standard antiviral agent against which new
therapies are compared. In immunocompetent patients, oral
acyclovir 800 mg five times daily for 7 to 10 days is moder-
ately beneficial in reducing acute pain during the first 28 days.
Acyclovir therapy should be initiated within 72 hours of the
onset of the rash. The effects of acyclovir in reducing PHN and
chronic pain are unclear. Although a number of trials showed
no benefit in reducing PHN, a meta-analysis of five placebo-

controlled trials of acyclovir treatment in herpes zoster found
that the number needed to treat was 6.3 to reduce the incidence
of PHN at 6 months.66

Famciclovir (Famvir) is approved for the treatment of acute
herpes zoster infection. Famciclovir is rapidly absorbed and
converted to the active drug penciclovir in the intestine. The
bioavailability of famciclovir is higher than acyclovir, result-
ing in higher concentrations of active drug in the infected cells.
In addition, the half-life of famciclovir is considerably longer
compared with acyclovir, allowing less frequent administra-
tion. In a large clinical trial comparing famciclovir with acy-
clovir, famciclovir 500 mg TID was as effective as acyclovir
800 mg five times a day in reducing the duration of acute pain
and healing of the rash.67 In another study comparing famci-
clovir with placebo, famciclovir did not decrease the incidence
of PHN but reduced the duration of PHN versus placebo.68

A limitation of acyclovir is its poor oral bioavailability
(15%–30%). In an attempt to overcome this, valacyclovir (Val-
trex), a prodrug of acyclovir, was developed. Valacyclovir is
rapidly and extensively absorbed and converted to acyclovir
in the body after oral administration. In clinical trials, vala-
cyclovir 1 g TID was equally effective as acyclovir 800 mg
five times a day in terms of rash progression and time to rash
healing, and valacyclovir was more effective than acyclovir
in relieving zoster-associated pain.69 In comparison to famci-
clovir, valacyclovir was comparable in duration of acute zoster-
associated pain and PHN.70

E.O. should be started on acyclovir, famciclovir, or vala-
cyclovir for the treatment of his herpes zoster. Famciclovir or
valacyclovir may be preferred because adherence with a three-
times-daily regimen will likely be better than with acyclovir,
which must be administered five times a day. Therapy should
be initiated as soon as possible because most of the clinical tri-
als began therapy within 72 hours of the rash onset. Although
therapy may not prevent PHN, it may have an effect on the du-
ration of pain. Because these agents are renally eliminated, the
dosage should be adjusted based on E.O.’s creatinine clearance
(Table 72-2).

18. Should E.O. receive a corticosteroid to treat or prevent the
pain associated with herpes zoster?

The use of corticosteroids such as prednisone or pred-
nisolone remains controversial.71 A number of studies have
examined the effect of steroids on pain during acute neuralgia
and on the development of PHN. Early studies indicated ben-
efit for both acute pain and PHN, but these studies were small
and uncontrolled, lacked statistical analysis, and used various
corticosteroid regimens. Studies suggest possible relief of the
acute pain but no decrease in PHN.72–75 Adverse effects of the
corticosteroids and the theoretical possibility of dissemination
of herpes zoster resulting from their use should be considered
when deciding whether to initiate therapy. Based on recent
studies demonstrating lack of benefit in preventing PHN, the
theoretical concerns of herpes zoster dissemination, and the
beneficial effects of antiviral agents such as acyclovir, famci-
clovir, and valacyclovir for acute pain, corticosteroids should
not be used in E.O.

19. Two months after the onset of the rash, E.O. continues
to complain of pain. A diagnosis of PHN is made. What FDA-
approved treatments for PHN should be prescribed for E.O.?
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Although many different agents have been studied, the only
FDA-approved treatments for PHN are topical capsaicin, topi-
cal lidocaine 5% patches (Lidoderm), and pregabalin (Lyrica).
Capsaicin depletes substance P, a mediator that transmits pain
from the periphery to the CNS. The largest double-blind,
placebo-controlled trial of capsaicin evaluated 143 patients
with PHN for at least 6 months. After 6 weeks of treatment
with capsaicin 0.075% cream, pain scores were reduced in
21% and 6% of the capsaicin and placebo groups, respectively.
Following the double-blind phase of the study, a subset of pa-
tients continued to use capsaicin cream for up to 2 years, and
most patients experienced prolonged pain relief.76 Lidocaine
5% patches have only been compared with placebo and have
been shown to relieve pain for 4 to 12 hours following admin-
istration. Either capsaicin cream or lidocaine patches can be
considered as a first-line options for E.O. Capsaicin should be
applied three or four times per day. A common adverse effect
is a burning sensation after application, which is intolerable
in up to one-third of patients. The burning sensation usually
lessens with continued use.

If lidocaine patches are prescribed, E.O. should be in-
structed to apply up to three patches to the painful area. Pa-
tients should be instructed to wear the patches for a maximum
of 12 hours a day, and proper disposal of used patches should
be emphasized. Because even a used patch contains a large
amount of lidocaine, small children or pets could suffer seri-
ous consequences from chewing or swallowing a used patch.77

Pregabalin, a newer agent approved for the treatment of
PHN, appears to be effective but is associated with a greater
risk of adverse effects. Pregabalin binds to a subunit of calcium
channels, thereby decreasing calcium influx at nerve terminals
and reducing the release of several neurotransmitters, includ-
ing glutamate, norepinephrine, and substance P.78 Dizziness
and somnolence are common. In clinical trials, dizziness was
experienced by 29% of patients treated with pregabalin com-
pared to 9% of placebo-treated patients; somnolence was noted
in 22% of patients who received pregabalin compared to 8%
of placebo-treated patients. Dizziness and somnolence usually
occur soon after the pregabalin is started and appears to be
dose dependent.78

Other agents that have been used in the treatment of
PHN include tricyclic antidepressants (e.g., amitriptyline, de-
sipramine), anticonvulsants (e.g., gabapentin), and opioids.79

Antiviral Therapy in Immunocompromised Patients

20. R.F. is a 68-year-old woman seen in the ED with a chief com-
plaint of vesicles on her face associated with severe pain. She has a
history of polymyalgia rheumatica and possible temporal arteritis
causing headaches that are generally responsive to steroids. She
had been having increasing headaches on the right side of her
forehead 5 days before admission. Two days before admission,
her family physician increased the dosage of prednisone from
30 mg/day to 60 mg/day. Vesicles developed on her face 1 day
before admission. She was admitted for pain control and diag-
nosed with herpes zoster infection. Six hours after admission,
R.F. began having visual hallucinations, hearing noises, and talk-
ing to herself. A lumbar puncture was performed with the follow-
ing results: three WBCs (two lymphocytes and one monocyte);
three RBCs; protein, 84 mg/dL; and glucose, 86 mg/dL. VZV was
isolated from the CSF. IV acyclovir was started at a dosage of

10 mg/kg Q 8 hr. Why is antiviral therapy indicated in R.F.?
Should her prednisone be continued or discontinued?

Antiviral therapy is indicated for R.F. Acyclovir may halt
the progression of acute herpes zoster infection in immuno-
compromised hosts such as R.F., who has been taking large
doses of corticosteroids.80

In clinical trials, IV acyclovir 10 mg/kg Q 8 hr has been
shown to be effective in severely immunocompromised pa-
tients. Alternatively, in less severely immunocompromised pa-
tients, oral therapy with acyclovir 800 mg five times a day, vala-
cyclovir 1,000 mg TID, or famciclovir 500 mg TID, along with
close monitoring, can be used.81 In patients with cutaneous dis-
semination of disease, there was a more rapid clearance of the
herpes zoster virus from vesicles. Pain relief occurred faster
in patients who received acyclovir, and fewer acyclovir-treated
patients reported PHN, but the differences were not statistically
significant.80 There are no data available regarding the use of
famciclovir or valacyclovir in severe herpes zoster infection in
an immunocompromised host.

Systemic corticosteroids are of unproven usefulness and
may slow the healing of lesions. Therefore, if possible, R.F.’s
prednisone should be slowly tapered.

ACYCLOVIR TOXICITY

21. On the fourth day of acyclovir therapy, R.F. developed se-
vere nausea and vomited three times. The laboratory data showed
a BUN of 45 mg/dL and SrCr of 3.2 mg/dL (baseline BUN,
10 mg/dL and SrCr, 1.0 mg/dL). Why must R.F.’s acyclovir dosage
be altered?

[SI units: BUN, 16.07 and 3.57 mmol/L, respectively; SrCr, 282.88 and

88.40 micromolar/L, respectively]

Nausea and vomiting have been reported with acyclovir
therapy in patients with herpes zoster infections.21 Similarly,
elevations of SrCr and BUN can occur in association with
acyclovir therapy. This may be secondary to acyclovir crystal-
lization in the renal tubules, particularly when fluid intake is
inadequate (Table 72-4). Because R.F.’s creatinine clearance
is between 10 and 25 mL/minute per 1.73 m2, the acyclovir
dosage interval should be extended to 24 hours. Every effort
should be made to maintain adequate hydration for the dura-
tion of acyclovir therapy. (See Table 72-2 and Chapter 2 for
creatinine clearance calculation.)

INFLUENZA
Influenza is an acute infection caused by the virus of the
Orthomyxoviridae family. Epidemics of influenza are usually
caused by the type A virus; type B virus is generally associated
with sporadic infection. Infection is transmitted by the inhala-
tion of virus-containing droplets ejected from the respiratory
tract of a person with influenza. It can be spread by direct
contact, large droplets, or articles recently contaminated by
nasopharyngeal secretions. The incubation period is typically
2 days (range, 1–4 days).

Influenza A viruses are classified into subtypes of hemag-
glutinin (H) and neuraminidase (N) surface antigens. Three
subtypes of hemagglutinin (H1, H2, H3) and two subtypes of
neuraminidase (N1, N2) have caused influenza in humans. In-
fection with a virus of one subtype may confer little or no
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Table 72-5 Persons Who Should Receive the Influenza
Vaccine82

� All healthy children ages 6–59 mo
� All persons 50 years or older
� Nursing home or chronic care facility residents
� Children and adults with chronic pulmonary or cardiovascular disease
� Children and adults who have required medical follow-up because of

chronic metabolic diseases (e.g., diabetes mellitus), renal dysfunction,
hemoglobinopathies, or immunosuppression (due to medications or dis-
eases such as HIV)

� Children and adults who are at risk for aspiration (e.g., cognitive dys-
function, spinal cord injuries, seizures)

� Children (6 mo–18 yr) receiving long-term aspirin therapy
� Women who will be pregnant during influenza season
� Health care workers
� Household members of person in high-risk groups (including contacts

of infants and children 0–59 mo)

protection against viruses of other subtypes. In addition, sig-
nificant antigenic variation (antigenic drift) within a subtype
may occur over time. Thus, infection or vaccination with one
strain may not protect against a distantly related strain of the
same subtype. This is why major epidemics of influenza con-
tinue to occur and influenza vaccines are reformulated each
year with likely viral strains to maximize immunity.

Persons at highest risk for influenza infection (Table 72-
5) should receive the influenza vaccine each year. Each year’s
vaccine contains three virus strains (generally two type A and
one type B) that are likely to circulate in the community for the
upcoming season. The efficacy depends on the similarity of the
components of the vaccine to the circulating viruses that year
and the immunocompetence of the host. If there is a good match
with the circulating viruses, the vaccine can prevent illness in
approximately 70% to 90% of healthy adults and children. It
appears to be effective in preventing hospitalization and pneu-
monia in 70% of elderly persons living in the community and
in 50% to 60% of elderly persons residing in nursing homes.
However, the efficacy of the vaccine in preventing illness is of-
ten only 30% to 40% among the frail elderly. Despite the lower
efficacy, the illness is less severe, and the risk of complications
is reduced in vaccinated individuals.

Individuals who can transmit influenza to persons at high
risk include physicians, nurses, and other personnel in both
hospital and ambulatory settings; employees of nursing homes
and chronic care facilities; providers of home care services;
and household members, including children.

Persons at high risk and those who may transmit the virus
to those at high risk should be vaccinated annually. Table 72-6
describes the types of vaccines, dosage, number of doses, and
route of administration. The optimal time for vaccine adminis-
tration is between mid-October and mid-November because in-
fluenza activity peaks between late December and early March
in the United States. Vaccinating an individual too early in
the season could result in waning antibody concentrations be-
fore the influenza season is over. However, influenza vaccine
should be offered throughout the influenza season, even if
outbreaks of influenza have already been documented in the
community.82

Table 72-6 Influenza Vaccines82

Age Dosage Number of Doses

6–35 mo
36–59 mo

0.25 mL IMa inactivated vaccine
0.5 mL IMa inactivated vaccine

1 or 2c

1 or 2c

5–49 yr 0.5 mL IMa inactivated vaccine or 0.5 mL
INb live vaccine

1 or 2c

≥50 yr 0.5 mL IMa inactivated vaccine 1

aThe recommended site is the deltoid muscle for adults and older children and the
anterolateral aspect of the thigh in infants and young children.
bThe live vaccine should not be used in patients with chronic pulmonary or cardiovas-
cular disease and in those with underlying immunodeficiencies.
cTwo doses given at least 1 mo apart for children younger than 9 years who are receiving
the vaccine for the first time.
IM, intramuscularly; IN, intranasally.

Because the parenteral influenza vaccine is an inactivated
vaccine and contains no infectious viruses, it cannot cause in-
fluenza. The most common adverse effect is soreness at the
administration site lasting for up to 2 days.83 Fever, malaise,
myalgia, and other systemic reactions occur infrequently; these
may develop within 6 to 12 hours after the vaccine is given
and persist for 1 to 3 days.83,84 Immediate hypersensitivity to
egg protein (hives, angioedema, allergic asthma, or systemic
anaphylaxis) rarely occurs. Persons with anaphylactic hyper-
sensitivity and those with acute febrile illness should not be
given the vaccine. However, minor illnesses with or without
fever are not contraindications for the influenza vaccine, par-
ticularly in children with a mild upper respiratory tract infec-
tion or allergic rhinitis. When the vaccine is contraindicated, a
neuraminidase inhibitor (oseltamivir or zanamivir) should be
used for prophylaxis.82 Amantadine and rimantadine are no
longer recommended for prophylaxis of influenza because of
widespread resistance in the United States.

Clinically, it is impossible to differentiate between influenza
A and B. Definitive diagnosis can be made by isolating the virus
from throat washings or sputum and by a significant increase
in antibody titers during the convalescent period.

Clinical Presentation

22. K.B., a 40-year-old woman, comes into the pharmacy and
says she has “the flu.” She recently started a new job and is afraid
she will lose her job if she misses too many days from work. What
questions would you ask her to differentiate the common cold
from an influenza infection?

It can be difficult to differentiate the common cold from an
influenza infection. Influenza infections typically occur from
December through March in the United States. Patients with
influenza generally experience more systemic symptoms, such
as fever higher than 102◦F, headache, myalgia, and cough. Rhi-
norrhea, nasal congestion, and sneezing are more pronounced
in patients with the common cold. Sore throat can occur with
both a cold and the flu. Bacterial sore throat (e.g., strep throat)
is differentiated from a viral sore throat in that a viral sore
throat usually has a slower onset and the throat pain is less se-
vere. Lymph nodes are only slightly enlarged and not tender in
a viral sore throat, whereas with a bacterial sore throat, lymph
nodes are large and tender.85
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K.B. should be questioned about her symptoms and expo-
sure to ill contacts, and investigation into whether influenza
has been documented in the community should be performed
to help differentiate an influenza infection from the common
cold.

Treatment

23. K.B. describes symptoms consistent with an influenza in-
fection for the past 24 hours. What treatment options exist for
the treatment of influenza? Why is she a candidate for a neu-
raminidase inhibitor agent such as zanamivir or oseltamivir?

Two agents known as the neuraminidase inhibitors for the
treatment of influenza A and B in adults were approved in
1999. Zanamivir (Relenza) and oseltamivir (Tamiflu) work by
selectively inhibiting the enzyme neuraminidase, an enzyme
necessary for viral replication and spread. Oseltamivir is cur-
rently indicated for the prevention and treatment of influenza
in patients 1 year of age and older; zanamivir is indicated for
the prevention of influenza in patients 7 years of age and older
and for the treatment of influenza in patients 5 years of age and
older.86,87

Zanamivir is available as an oral powder for inhalation. For
the treatment of influenza infection in adults, 10 mg (two in-
halations) BID for 5 days should be used. Patients should in-
hale two doses separated by at least 2 hours on the first day
and then two doses separated by 12 hours on days 2 through
5.86 Bronchospasm after use can occur, and if bronchodila-
tors are also prescribed, the bronchodilator should be used be-
fore zanamivir.86 Proper use of the delivery system (Rotadisk
Diskhaler) is important, and thus patients should be instructed
on proper use, with a demonstration of delivery technique, by
the pharmacist.

Oseltamivir is pharmacologically related to zanamivir but
has significantly better oral bioavailability, allowing oral dos-
ing. The dosage of oseltamivir for the treatment of influenza in
adults is 75 mg BID for 5 days.87 As with zanamivir, treatment
with oseltamivir must be started within 2 days of the onset
of symptoms. Common side effects include nausea, vomiting,
and headache.87 In addition, there are reports, predominantly
in children, of self-injury and delirium, following the admin-
istration of oseltamivir.88

Amantadine is approved for patients 1 year of age or older.
Rimantadine is only approved for the prevention of influenza A
in children.89,90 However, the incidence of resistance to aman-
tadine and rimantadine has increased dramatically in recent
years. In one study, 92% of strains of influenza A demon-
strated resistance to influenza A. Consequently, these agents
are no longer recommended for the routine prevention or treat-
ment of influenza infections.82

When administered within 2 days of onset of illness,
zanamivir and oseltamivir reduce influenza symptoms by ap-
proximately 1 day.91–93 Information regarding the effective-
ness of the neuraminidase inhibitors in preventing serious com-
plications of influenza, such as pneumonia or worsening of
chronic diseases, is limited.82 Advantages of the neuraminidase
inhibitors over amantadine and rimantadine include the effi-
cacy against influenza B or resistant influenza A. Because the
causative agent is unknown and symptoms have been present
for more than 2 days, K.B. may benefit from a neuraminidase

inhibitor. Oral oseltamivir is easier to administer than inhaled
zanamivir. Although oseltamivir will not cure influenza, it may
reduce the severity and duration of symptoms by about 1 day.
Because K.B. is concerned about missing too much time from
work, she should be treated with a 5-day course of oseltamivir.

24. J.T., a 74-year-old man, is brought to the ED from a nursing
home with chief complaints of fever (103◦F), shaking chills, cough,
headache, malaise, anorexia, and photophobia. He has been ill
for the past 48 hours but suddenly became worse this evening.
On physical examination, he appeared flushed, his skin was hot
and moist, and he was working hard to breathe. Vital signs were
blood pressure, 150/90 mmHg; pulse, 108 beats/minute; respira-
tory rate, 22 breaths/minute; and temperature, 103◦F. Rales were
audible on auscultation of both lungs. A chest roentgenogram
showed bilateral infiltrates but no consolidation. Blood gas stud-
ies showed significant hypoxia, with a PaO2 of 50 mmHg and a
PaCO2 of 50 mmHg. J.T.’s medical history was significant for
chronic bronchitis and a stroke 16 months ago. Blood, sputum,
and urine cultures were obtained, and J.T. was started on antibi-
otics (gentamicin 140-mg loading dose, then 90 mg Q 12 hr IV
piggyback and clindamycin 900 mg Q 8 hr IV piggyback). Gram
stain of the sputum sample showed many WBCs but no bacteria.
He was started on oxygen therapy at 4 L/minute via nasal cannula.
Twenty-four hours later, his respiratory symptoms worsened, and
his arterial blood gases deteriorated slightly (PaO2, 40 mmHg;
PaCO2, 55 mmHg). J.T. was intubated, and a sputum sample was
obtained and sent to the virology lab. Three days later, influenza
A virus was isolated from the sputum. Blood, urine, and spu-
tum cultures were all negative for bacterial pathogens. Why is
this presentation consistent with influenza infection? Is antiviral
treatment indicated in J.T.?

[SI units: PaO2, 6.665 and 5.332 kPa, respectively; PaCO2, 6.665 and 7.332

kPa, respectively]

Although symptoms of influenza may vary depending on
age, most patients with influenza A have an abrupt onset of
fever, chills, cough, and headache. In elderly patients such as
J.T. and those with underlying diseases, the course of influenza
can worsen quickly, and patients are more likely to require
hospitalization.

Antiviral therapy in J.T. is inappropriate. None of the antivi-
ral agents has been studied in patients presenting with symp-
toms after 48 hours of onset. In addition, the antiviral agents
have shown efficacy only in uncomplicated influenza.82

Prevention

25. Over the next 3 weeks, two other nursing home patients
develop influenza A infections. What measures should be taken
to prevent a further outbreak of influenza among other residents?

Influenza Vaccines
The nursing home residents and staff should receive influenza
vaccine plus chemoprophylaxis with oseltamivir, or zanamivir.
The Centers for Disease Control and Prevention (CDC) rec-
ommends immunization of all high-risk groups82 (Table 72-
5). The top-priority groups include all individuals who are at
high risk for influenza-related complications and their house-
hold contacts. Second in priority are otherwise healthy adults
50 years of age or older and children with chronic metabolic
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diseases severe enough to warrant regular follow-up during
the preceding year. Any child younger than 9 years in which
the vaccine is indicated requires two doses of the vaccine for
optimal effectiveness. The first dose should be administered
in September, and the second dose is given before influenza
infection is present in the community. However, the efficacy of
influenza vaccine is incomplete (70%).94 Therefore, the CDC
recommends the use of oseltamivir or zanamivir in high-risk in-
dividuals who may not develop an adequate antibody response
(e.g., patients with advanced HIV infection) to supplement the
protection by vaccine.82

A live, attenuated influenza vaccine (FluMist) is an option
for healthy, nonpregnant individuals between the ages of 2 and
49 years. In clinical studies with matched influenza strains, live,
attenuated influenza vaccine was approximately 87% effective
in preventing influenza in children and provided 85% efficacy
in adults.95 Advantages of the intranasal route of administra-
tion include ease of administration and patient acceptability of
an intranasal preparation compared to an intramuscular (IM)
injection. However, because the vaccine is live, viral shedding
can occur for 2 or more days after vaccination. Consequently,
patients who are immunosuppressed and close contacts of pa-
tients who are severely immunocompromised (including health
care workers who care for them) should not receive the live vac-
cine. Others who should not receive the live vaccine include pa-
tients with asthma or other chronic disorders of the pulmonary
or cardiovascular systems, those with chronic metabolic dis-
eases such as diabetes, renal dysfunction, hemoglobinopathies,
and children or adolescents who are receiving aspirin or other
salicylates.82

Oseltamivir and Zanamivir
Analysis of clinical trials of oseltamivir in the prevention of in-
fluenza showed a decreased incidence of laboratory-confirmed
influenza: 4.8% in the placebo group and 1.2% in the treat-
ment group.96 The incidence of influenza in a skilled nursing
facility was 4.4% in the placebo group and 0.4% in the os-
eltamivir group. In addition, oseltamivir lowered the rate of
infection in patients exposed to influenza at home from 12%
to 1%. Zanamivir also showed decreases in subsequent cases
among individuals exposed to influenza in the home setting,
although zanamivir is currently not indicated for prophylaxis
of influenza.97,98

Comparative studies between neuraminidase inhibitors have
not been published. Because oseltamivir is available in an oral
formulation, it may be easier to administer in nursing home
patients compared with zanamivir, which requires proper use
of the delivery device and a coordinated inspiratory effort.

AVIAN FLU
Avian flu is an illness caused by an influenza virus that is
commonly found in wild poultry. Although many wild birds
carry the avian influenza viruses in their intestines, this virus
does not commonly cause illness in wild birds. However, the
virus is quite contagious and can be deadly in domesticated
birds, such as chickens, ducks, and turkeys.

There are two types of avian influenza: the North American
H5N1 strain and the Asian H5N1 strain. The low pathogenic
or North American strain is common in wild birds and rarely
causes symptoms of disease. This strain does not cause disease

in humans. Conversely, the high pathogenic or Asian strain
spreads rapidly to domesticated poultry and often results in
death. This strain is endemic in Asia and has spread to Europe.
This strain can infect humans, especially after direct contact
with infected birds. There are only rare reports of human-to-
human transmission, with none occurring in the United States.

To date, the two H5N1 avian flu strains have not caused
widespread disease in humans. For an avian flu pandemic to
occur, the virus must be easily spread from human to human.
Currently, the transmissibility among humans is poor.

Clinical Presentation

26. D.D. presents to the urgent care complaining of fever, diffi-
culty breathing, cough, and blood in his sputum. Of note, he works
for the poultry industry, and recently, a large number of chickens
have died. On physical exam, he is febrile (101.5◦F), tachypneic
(55 breaths/minute), and has crackles on chest exam. He has a
slightly elevated WBC with leukocytosis. Blood, sputum, and res-
piratory secretions were sent for culture. The PCR for influenza
A returns as positive. What signs and symptoms in D.D.’s history
support a diagnosis of avian flu?

The signs and symptoms of infection with avian flu vary
widely. Persons infected with the virus can demonstrate signs
and symptoms typically seen with human influenza infections,
such as fever, cough, sore throat, and muscle aches. Alterna-
tively, infected individuals may have a more fulminant course
with pneumonia, severe respiratory distress, and other life-
threatening complications. If an avian flu pandemic occurred,
those most likely to be seriously affected would be infants, the
elderly, and those with chronic medical conditions.99 Speci-
mens from patients should be sent to the CDC for additional
testing if the patient has had a history of contact with poultry
or domestic birds and tests positive for influenza A by either
PCR or antigen detection testing.100

Treatment

27. How should D.D. be treated?

For cases of human infection with H5N1, the neuraminidase
inhibitors oseltamivir and zanamivir may improve clinical out-
come if administered early. Oseltamivir has been used more
than zanamivir, but clinical studies are limited. It is believed
that the H5N1 virus is susceptible to the neuraminidase in-
hibitors. Although traditional antibacterial agents are not ef-
fective for the H5N1 virus, antibiotics may have a role in
secondary bacterial infection such as pneumonia, which of-
ten occurs following influenza infections.

In April 2007, the FDA approved the first influenza H5N1
virus vaccine or avian influenza vaccine. The inactivated vac-
cine is indicated for the immunization of individuals between
the ages of 18 and 64 years who are at increased risk of exposure
to avian influenza. The vaccine is given as a two-dose series,
with the doses separated by 21 to 35 days. In clinical trials, the
vaccine has been found to reduce the risk of avian influenza
in about 45% of the recipients. In the remaining 55% of re-
cipients, although the antibody concentrations were below the
protective threshold concentration, the vaccine may potentially
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reduce disease severity, influenza-related hospitalizations, and
deaths.101

RESPIRATORY SYNCYTIAL VIRUS INFECTIONS
Respiratory syncytial virus (RSV) is an important pathogen
causing bronchiolitis and bronchopneumonia. RSV infection
commonly affects infants younger than 2 years, with more than
one-half of the infants becoming infected in the first 2 years
of life. Of these infants, approximately 1% to 2% will require
hospitalization.102 Children with underlying congenital heart
disease or lung disease may be at increased risk of mortality
due to RSV.103 Patients with RSV infection before 3 years of
age appear to be at an increased risk of wheezing and asthma
during childhood.104–106

RSV infections usually occur in the winter. The chest radio-
graph and blood gases are often abnormal, and the virus can
be isolated in the nasopharyngeal secretions.

Clinical Presentation and Ribavirin Therapy

28. J.R., a 6-month-old infant who is lethargic, tachypneic, and
cyanotic, is brought to the ED. J.R.’s medical history is signif-
icant for congenital HIV. He has a fever (102◦F), his breath-
ing is labored, and wheezing is audible on expiration. The chest
roentgenograms show a flattened diaphragm and hyperinflated
lung parenchyma. Because of hypoxemia and hypercarbia, J.R. is
placed on ambient oxygen to maintain the alveolar oxygen pres-
sure at >60 mmHg. RSV is present in the respiratory secretions.
What type of therapy is indicated for J.R., who has an underlying
immunodeficiency?

The goal of therapy is to decrease airway resistance in a
patient such as like J.R.107 Treatment of RSV is highly in-
dividualized, depending on the presenting signs and symp-
toms. Oxygen is first-line therapy. Decreases in airway re-
sistance may be achieved with the use of bronchodilators or
corticosteroids. However, bronchodilators have led to minimal
clinical improvement in only approximately 25% of infants
with RSV.108 The use of corticosteroids in the treatment of
RSV is not recommended.109 Although individual studies dif-
fer on the clinical benefits of oral corticosteroids, two meta-
analyses found no benefits in decreasing length of stay or dis-
ease severity.110,111

The use of ribavirin (Virazole), an antiviral agent that pos-
sesses unique inhibitory activity against a large number of both
DNA and RNA viruses, for the treatment of RSV remains
controversial. Early studies with ribavirin showed significant
clinical improvement compared to placebo in both healthy
children and those with underlying disease.112 These studies
reported clinical recovery and improvement in arterial oxy-
genation. Subsequent studies found ribavirin to be ineffective
in patients with a variety of risk factors.113,114 Consequently,
the routine use in previously healthy infants and children has
not been clearly established. Whether ribavirin decreases the
long-term sequelae and severity of illness in high-risk groups
(including premature infants, patients with bronchopulmonary
dysplasia, congenital heart disease, cystic fibrosis, and immun-
odeficiency) has not been determined.115 Current recommen-
dations include consideration for use of ribavirin in infants with
severe disease or those at risk for severe disease such as infants

who may be immunocompromised and/or have hemodynami-
cally significant cardiopulmonary disease.109 Because J.R. has
an underlying immunodeficiency, ribavirin may be considered
if J.R.’s condition worsens.

RSV immune globulin (RSV-IGIV, RespiGam) is an IV
product made from the blood of donors with high titers of
RSV-neutralizing antibodies. The use of RSV-IGIV has been
evaluated in children at high risk for severe infections and in
previously healthy children. Although administration of RSV-
IGIV was safe, studies have shown no efficacy with the use of
immune globulins in the treatment of RSV.116 Thus, this is not
recommended for use in the treatment of RSV.

Administration of Ribavirin

29. How is ribavirin administered, and what precautions should
be taken during drug administration in J.R.?

Ribavirin is administered as an aerosol through a collision
generator that generates particles small enough (1–2 micron
wide) to reach the lower respiratory tract. This ensures that
high concentrations of ribavirin penetrate the respiratory se-
cretions at the site of viral replication while minimizing sys-
temic absorption. The concentration of the ribavirin solution
in the reservoir is 20 mg/mL (6 g in 300 mL of sterile water).
The dose is administered over 12 to 18 hours, although in non-
ventilated patients, 2 g over 2 hours TID (using a 60-mg/mL
solution) has been successfully used.114 Ribavirin therapy is
continued for 3 to 7 days.117

Ribavirin is approved for use in patients requiring mechani-
cal ventilation. However, ribavirin is hygroscopic, and aerosol
particles can deposit in the tubing and around the expiratory
valve of a ventilator. The precipitated drug can obstruct the
expiratory valve and alter the peak end-expiratory pressure.117

Ribavirin has been safely used in such patients,118,119 but close
monitoring of respiratory therapy is advised to prevent this
problem. In addition to the inspection of tubing, modifications
of standard ventilatory circuits have been suggested.117

Adverse Effects

30. What are the important adverse effects of ribavirin?

The most common adverse effects of ribavirin are rash, ini-
tial mild bronchospasm on drug initiation, and reversible skin
irritation.120 Although long-term follow-up data are limited, a
study evaluating the effects of ribavirin in patients 1 year after
administration showed a reduction in the incidence and sever-
ity of reactive airway disease, as well as in hospitalizations
related to respiratory illness. Further long-term evaluation is
still necessary.121

Ribavirin is contraindicated in women who are or may be-
come pregnant during exposure to the drug. Although there
are no human data, ribavirin has been found to be teratogenic
and/or embryolethal in nearly all animal species in which it has
been tested. Teratogenesis was evident after a single oral dose
of 2.5 mg/kg in hamsters and after daily oral doses of 10 mg/kg
in rats. Malformation of the skull, palate, eye, jaw, skeleton,
and GI tract were noted in animals. Ribavirin has reduced the
survival of fetuses and offspring of animals tested. It is lethal to
rabbit embryo in daily oral doses as small as 1 mg/kg. There are
no studies that address teratogenicity in humans, but hospital
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personnel who are pregnant or may become pregnant should
avoid exposure to this drug.117

It is important to consider the environmental effects of ri-
bavirin on the personnel involved with its administration. One
study found no detectable plasma or urine concentrations of
ribavirin in 19 nurses, whereas another reported its presence in
the RBCs of a nurse caring for a patient who received ribavirin
via oxygen tent.122 The ribavirin concentration in the air was
highest when it was administered via oxygen tent, followed
by mist mask, and was lowest after administration via endo-
tracheal tubes of mechanically ventilated patients. This has
led to several recommendations: (a) ribavirin aerosol should
be administered solely via endotracheal tube of mechanically
ventilated patients in a closed filtered system102; (b) children
receiving ribavirin should be placed in a containment chamber
equipped with a high-efficiency particulate air filter exhaust in
an isolation room with negative air pressure117; (c) disposable
full-body coverings and either a powered air-purifying respi-
rator or disposable particulate respirator should be made avail-
able to all health care personnel117; and (d) men and women
planning to have children should not care for patients receiving
ribavirin via oxygen tents.122 ICN Pharmaceuticals markets an
aerosol delivery system for oxygen and ribavirin that decreases
the liberation of ribavirin into the environment.117

Prevention

31. S.N. is a 7-month-old boy born prematurely at 31 weeks’
gestation. He has bronchopulmonary dysplasia (BPD) and uses
oxygen at home. RSV season will begin next month. What treat-
ments to prevent RSV infection are available? Why is S.N. a can-
didate for such treatment?

Two products are available for the prevention of RSV in-
fections. RSV-IGIV may be used to prevent or decrease the
severity of lower respiratory tract infections caused by RSV
in children younger than 24 months with BPD or a history of
premature birth before 35 weeks’ gestation. Infants who were
born prematurely and who have underlying pulmonary dis-
ease (e.g., BPD), cardiovascular disease, or immunodeficiency
states are at higher risk for death because of RSV than other
infants.

In a large study of infants with BPD and/or prematurity,
monthly infusions of RSV-IGIV during RSV season (start-
ing in mid-November and continuing for three to five monthly
doses) decreased the number of RSV lower respiratory tract in-
fections, hospital admissions, duration of hospitalizations, and
days in the intensive care unit.123 Other studies have demon-
strated similar results.124

Palivizumab (Synagis), a humanized monoclonal antibody
made from recombinant DNA, is active against RSV and is
indicated for children at high risk of RSV respiratory tract
infections (e.g., infants with BPD or a history of premature
birth prior to 35 weeks’ gestation). The efficacy of palivizumab
was demonstrated in a randomized, double-blind, placebo-
controlled trial involving 1,502 children who had a history
of prematurity or BPD.125 Children received monthly IM in-
jections of placebo or palivizumab for 5 months during RSV
season. Palivizumab-treated children had a reduction in RSV
hospitalizations and intensive care admissions, and had shorter
hospitalizations for RSV disease. Palivizumab is preferred over

RSV-IGIV for most high-risk infants because it is easier to ad-
minister (IM vs. IV), does not interfere with the response of
live vaccines such as measles-mumps-rubella or varicella vac-
cine, and is not likely to transmit blood-borne diseases because
it is a synthetic product rather than one derived from human
blood.126

Based on S.N.’s age and his underlying immunodeficiency,
he is a candidate for palivizumab therapy.109

Palivizumab Dosage and Administration

32. How are the doses of RSV-IGIV and palivizumab calculated,
and how should they be given?

RSV-IGIV 750 mg/kg is given as an IV infusion. The dose
of palivizumab is 15 mg/kg given IM. For both products, the
first dose is given before the start of the RSV season, and then
monthly doses are given throughout the RSV season. In the
Northern Hemisphere, the RSV season is typically November
through April.

Because adverse reactions to RSV-IGIV may be related
to the infusion rate, infusion titration is important. Dur-
ing the initial 15 minutes, RSV-IGIV should be infused at
1.5 mL/kg/hour (using a 50-mg/mL solution). The infusion
rate can then be increased to 3 mL/kg/hour for the next
15 minutes, and, if tolerated, the rate can be increased to a
maximum of 6 mL/kg/hours.

HANTAVIRUS INFECTIONS
Rodents are the primary reservoir hosts of Hantavirus, and in
the United States, the deer mouse (Peromyscus maniculatus)
is the main reservoir. These viruses apparently do not cause
illness in the reservoir hosts, but infection in humans occurs
when infected saliva, urine, and feces are inhaled as aerosols
produced by the rodent. Most patients recall exposure to ro-
dents or rodent feces within 6 weeks of the onset of illness.127

Person-to-person transmission has not been documented.
Four serotypes of Hantavirus have been identified. The case

definition used by the CDC includes clinical evidence of (a)
febrile illness characterized by unexplained adult respiratory
distress syndrome (ARDS) or acute bilateral pulmonary in-
terstitial infiltrates; or (b) an autopsy finding of noncardio-
genic pulmonary edema resulting from an unexplained res-
piratory illness. In addition, laboratory evidence consists of
(a) a positive serology (i.e., presence of Hantavirus-specific
immunoglobulin M or rising titers of immunoglobulin G), or
(b) positive immunohistochemistry for Hantavirus antigen in
a tissue specimen, or (c) positive PCR for Hantavirus RNA in
a tissue specimen.128

Hantavirus infection can cause three different clinical dis-
eases: hemorrhagic fever with renal syndrome, nephropathia
epidemica, and Hantavirus pulmonary syndrome (HPS). Hem-
orrhagic fever with renal syndrome and nephropathia epidem-
ica occur in Asian and European continents. HPS occurs only
in the Western Hemisphere, including North America.129 As
of March 2007, there have been 465 cases of HPS in the United
States, with 35% of the cases resulting in death.130 Most have
occurred in the southwestern United States during spring and
summer.
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Clinical Presentation

33. K.C., a previously healthy 55-year-old woman, presented
with an abrupt onset of fever, cough, myalgia, and shortness of
breath. K.C. lives in western Texas and has not traveled out of
state during the past 6 months. Diagnostic evaluation, including
a complete blood count with differential and blood and sputum
cultures, was negative. On day 3, K.C. remained febrile and had
vomiting, hypotension, hypoxemia, and bilateral diffuse infiltrates
on the chest radiograph.

Abnormal laboratory findings included a leukocyte count of
22,000/mm3 with a shift to the left, platelets 70,000/mm3, and
albumin concentration of 2 g/dL. K.C. suddenly developed ARDS.
The Hantavirus immunoglobulin M ELISA titer performed from
K.C.’s serum specimen at the CDC was elevated. What signs and
symptoms are consistent with Hantavirus infection?

The clinical features of patients with HPS include fever,
myalgia, headache, and cough. Abdominal pain, nausea, and/or
vomiting may also be present. The physical examination has
been unreliable. Laboratory abnormalities may include leuko-
cytosis, thrombocytopenia, and hypoalbuminemia. The chest
radiograph may initially be normal but can progress rapidly
to bilateral infiltrates and ARDS. Other viral pneumonias do
not typically progress to ARDS as rapidly as Hantavirus infec-
tions. Because of the nonspecific signs and symptoms, some
patients may be misdiagnosed as having influenza.

Treatment

34. How should K.C. be treated?

Supportive treatment is important. Oxygen therapy and me-
chanical ventilation may be necessary. Hypotension can be
treated with vasopressor agents and judicious use of IV crys-
talloids to prevent worsening of pulmonary edema. Universal
precautions and respiratory isolation should be instituted.129

There is no FDA-approved drug to treat Hantavirus infec-
tions. Based on one study in 242 patients, IV ribavirin was
more effective than placebo in reducing the mortality and the
morbidity (oliguria and hemorrhage) in patients in China. IV
ribavirin was given as a loading dose of 33 mg/kg, followed by
16 mg/kg Q 6 hr for 4 days and 8 mg/kg Q 8 hr for the next
3 days. Each dose was infused over 30 minutes. Reversible
anemia was the main adverse effect of ribavirin.131

Two other clinical trials, however, did not show similar clin-
ical efficacy in the treatment of HPS. One open-label trial con-
ducted by the CDC showed a mortality rate of 47% in pa-
tients who received ribavirin compared with 50% to those who
did not. Therefore, the trial was inconclusive.132 In addition,
a double-blind, placebo-controlled trial conducted at the Na-
tional Institutes of Health enrolled 36 patients randomized to
either IV ribavirin or placebo.133 Although the trial was dis-
continued early and lacked the power to detect statistical dif-
ferences, ribavirin did not demonstrate trends toward improved
clinical outcomes. At this time, the use of ribavirin is contro-
versial and is not recommended.

K.C. should receive supportive treatment, including vaso-
pressors, fluids, oxygen, and mechanical ventilation, if neces-
sary.

WEST NILE VIRUS
West Nile virus (WNV) was first identified in the United States
in 1999 in New York City. Since then, the virus has had rapid ge-
ographic expansion and has infected individuals in most states
in the continental United States.134 Although WNV normally
occurs in tropical climates, the increase in international travel
and changes in weather patterns have led to its spread.

WNV is a member of the Flaviviridae family. Culicine
mosquitoes (including Culex pipiens, Culex restuans, and
Culex quinquefasciatus) are the vectors, and they infect both
birds and humans. Infection with the virus involves direct in-
oculation by the infecting mosquito. WNV can infect a num-
ber of vertebrates, including horses. Transmission requires a
mosquito bite, and transmission from person to person or bird
to bird is not known to occur. Birds are reservoir hosts. Because
of the seasonal variations in the life cycle of the mosquito,
cases are most commonly seen during the summer and early
fall.

Diagnosis is usually made by high clinical suspicion and
laboratory tests. WNV can cause a wide range of illness, from
an asymptomatic disease to West Nile fever to encephalitis.
Mortality is low except in those with encephalitis. Mortality
rates in the elderly, particularly those older than 70 years, can
be nine times higher than in the general population.135 The
CDC classification of WNV encephalitis consists of (a) febrile
illness with neurologic symptoms plus isolation of the WNV
antigen or genomic sequence from a tissue, blood, CSF, or other
body fluids; (b) WNV IgM antibody in a CSF sample; (c) a
fourfold rise in the antibody titer to WNV; and (d) demonstra-
tion of an IgM or rising titers of IgG to WNV in a single serum
sample. 136

Clinical Presentation

35. A.G. is an 84-year-old woman. She is very active and runs
the yearly flower festival in the community. She was brought to
the ED by her granddaughter, who found her at home, confused
and complaining of a headache, fatigue, and increasing muscle
weakness. She is found to have a temperature of 103◦F. Her Mini-
Mental Status Exam score was 21 of 30. She has decreasing muscle
strength and an erythematous, macular, papular rash on her arms
and legs. The complete blood count and electrolytes were normal,
with the exception of slightly decreased sodium. The CSF had
increased WBCs, increased protein and normal glucose, and pos-
itive IgM antibody to WNV. A CT scan showed no abnormalities.
What signs and symptoms are indicative of WNV encephalitis?

Acute signs and symptoms of WNV include sudden on-
set of fever, anorexia, weakness, nausea, vomiting, eye pain,
headache, altered mental status, and stiff neck. A rash may be
present on the arms, legs, neck, and trunk. The rash is typi-
cally erythematous, macular, and papular with or without mor-
billiform eruption. Laboratory parameters may show normal
or elevated WBC counts. Low serum sodium concentrations
may be seen in patients with encephalitis. CSF usually shows
pleocytosis, mostly with an elevation of lymphocytes, elevated
protein levels, and normal glucose levels. Magnetic resonance
imaging (MRI) shows some enhancement of the leptomeninges
or the periventricular areas in approximately one-third of
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patients, but no other abnormalities or evidence of acute dis-
ease are present on either CT or MRI examination.

With disease progression, further muscle weakness and hy-
poreflexia may be seen. Patients may progress to a diffuse,
flaccid paralysis similar to Guillain-Barré syndrome. Ataxia,
extrapyramidal symptoms, cranial nerve abnormalities, myeli-
tis, optic neuritis, and seizures may be seen.

Treatment

36. What treatment options are available to A.G.?

Currently, treatment of WNV infection is supportive. Pa-
tients with febrile infection usually have a self-limiting course.
In severe cases, patients with muscle weakness and signs of
encephalitis will require admission to an intensive care unit,
and many will need mechanical ventilation. The available an-
tiviral medications do not have any activity against WNV in
vivo, although ribavirin inhibits replication in vitro.137 Combi-
nation therapy of high-dose ribavirin and interferon-α-2b has
been used in patients with severe disease with limited success.
Although optimal doses have not been established, the doses
needed to inhibit the virus were 2 million units of interferon
and 2,400 mg of ribavirin daily.138 Clinical trials are ongoing to
establish the safety and efficacy of intravenous immune glob-
ulin, and α-interferon. In addition, a new agent, AVI-4020, is
undergoing preclinical trials to determine the pharmacokinetic
and safety profile.

SEVERE ACUTE RESPIRATORY DISTRESS SYNDROME
Severe acute respiratory distress syndrome (SARS), a highly
infectious disease, was first identified in China in early 2003.
Since then, the viral syndrome has been reported in several
countries in East Asia, North America (particularly Canada),
South America, and Europe. As of April 2004, approximately
8,000 cases have been reported, with a case fatality rate of about
10%.139,140 Many of the cases reported in Asia and Canada
have been traced to a single index case, with outbreaks clus-
tered in apartments, hotels, health care facilities, or biomedical
facilities. There is some evidence to suggest that increased age
(older than 60 years) may be associated with an increased mor-
tality risk.141

The disease is easily spread by airborne microdroplets. Ge-
ography and a history of recent travel to affected areas are
believed to be important to an individual’s likelihood of con-
tracting the disease. In a sample of 100 suspected patients in
the United States, 94% traveled within the 10 days before ill-
ness onset to an area listed in SARS case definitions.142 SARS
is believed to be transmitted mostly by close contact with an
infected person (e.g., sharing eating utensils, <3-feet conver-
sations).

A novel coronavirus, SARS coronavirus (SARS-CoV), was
isolated from patients and identified as the causative agent of
SARS. Inoculations of a Vero E6 cell line with throat swab
specimens from patients with the diagnosis of SARS showed
cytopathologic features.143 Although the natural reservoir of
SARS-CoV has not been identified, the virus has been detected
in the Himalayan masked palm civet, the Chinese ferret badger,
and the raccoon dog.

Clinical Presentation

37. N.Z. is a 48-year-old Asian female who returned 3 days ago
from a business trip to Taiwan. Two days after her return, she com-
plained of fatigue, myalgia, chills, and headache. On the third day,
she awoke feeling feverish and diaphoretic. Her temperature was
101◦F. She complained of a sore throat with cough and shortness
of breath when she climbed stairs. She visited her local physician,
who noted rales during chest auscultation. As there was concern
for SARS, the patient was admitted and placed under quarantine
in a local hospital. A chest radiograph revealed bilateral inter-
stitial infiltrates. A routine pneumonia workup was performed
with pulse oximetry, blood cultures, and sputum Gram stain and
culture. Blood was also collected for antibody analysis. Complete
blood count and clinical chemistries were obtained, and the tests
were remarkable only for lymphopenia. What signs and symp-
toms in N.Z. suggest that this is a case of SARS?

The case definition established by the CDC includes
clinical, epidemiologic, laboratory, and exclusion criteria.144

Symptoms of early disease include fever, chills, rigor, myal-
gia, headache, diarrhea, sore throat, or rhinorrhea. Mild-to-
moderate illness includes temperature higher than 100.4◦F and
clinical findings of lower respiratory illness such as cough or
shortness of breath. Severe illness includes the previous criteria
plus radiographic evidence of pneumonia or acute respiratory
distress syndrome. N.Z. presents to her physician with severe
respiratory illness.

Probable or likely exposure to SARS-CoV is a critical com-
ponent of the SARS case definition. Travel to a location with
documented or suspected recent transmission of SARS-CoV
or close contact with a person with mild-to-moderate or severe
respiratory illness in the 10 days prior to the onset of symp-
toms are defined as possible exposures to SARS-CoV. Likely
exposure is defined as close contact with a person with con-
firmed disease or symptoms of disease. In N.Z.’s case, travel
to Taiwan classifies her as having possible exposure.

For patients suspected of having SARS in the United States,
laboratory diagnosis can be confirmed by an enzyme im-
munoassay detecting serum antibody to SARS-CoV, isolation
of SARS-CoV from a clinical specimen, or detection of SARS-
CoV RNA by a reverse transcriptase PCR. Both the enzyme
immunoassay and the PCR are validated by the CDC. Informa-
tion regarding the most recent criteria for laboratory diagnosis
can be found at the CDC website.

Although the majority of cases of infection are self-limited,
initial symptoms may be followed by hypoxemia, which may
progress to the need for intubation and mechanical ventilation.
Typically, patients do not manifest neurologic or GI symptoms.

Treatment

38. What treatment options are available to N.Z.?

Treatment for SARS during the 2002–2003 outbreak
included broad spectrum antibiotics, ribavirin, lopinavir/
ritonavir, corticosteroids, interferon, and immunoglobulin.145

Broad spectrum antibiotics are recommended to cover other
potential pathogens until SARS-CoV is isolated. Ribavirin has
been used in doses ranging from 400 mg IV every day to 2 g IV
followed by 1g IV Q 6 hr.146 Treatment ranged from 4 to
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14 days. Efficacy of ribavirin in the treatment of SARS is
unknown due to the self-limiting nature of the disease and
the coadministration of other agents. Studies have determined,
however, that ribavirin does not inhibit SARS-CoV in vitro,
and viral loads remained elevated postmortem despite therapy
with ribavirin.147,148 A high percentage of persons developed
adverse drug reactions, including hemolytic anemia (61%),
hypocalcemia (58%), and hypomagnesemia (46%). Two of
three in vitro studies of lopinavir and ritonavir showed activity
against SARS-CoV. Lopinavir 400 mg PO BID with ritonavir
100 mg BID may be effective in reducing mortality in patients
with SARS, but data are limited.145 Treatments with various
corticosteroids, interferon, and immunoglobulin remain con-
troversial. No treatment guidelines are available due to the lack
of prospective randomized controlled trials.

THE COMMON COLD
The most prevalent viral infection is the common cold. In the
United States, approximately 62 million cases of the common
cold occur annually.149 An estimated 20 million and 22 million
days of absence from work and school, respectively, occur. The
frequency of the occurrence of a cold is greater in younger chil-
dren and decreases with increasing age. Although the common
cold is self-limiting, otitis media occurs in approximately 20%
of children following infection.150

Many viruses have been isolated from patients with res-
piratory infections, but rhinovirus is the most common viral
pathogen.151 Rhinovirus accounts for approximately 34% of
all respiratory illnesses. More than 100 different serotypes of
rhinovirus exist, and the prevalence of each varies with time
and geography. Other pathogens include coronavirus, parain-
fluenza, RSV, adenovirus, and enterovirus. Because of the num-
ber of pathogens known to cause the common cold, develop-
ment of an effective vaccine remains difficult.

Treatment for the common cold is directed at pharmacologic
treatment of symptoms. Nonsteroidal anti-inflammatory drugs,
oral or intranasal decongestants, antihistamines, and antitus-
sives may be used. However, these products provide minimal
relief of symptoms152 and do not shorten the natural course of
infection.153 In pediatric patients younger than 2 years, the use
of cough and cold medications is not recommended by the FDA
due to the deaths associated with their use.154,155 Currently,
there are no specific antiviral treatments for the common cold.

Prevention

39. J.C. comes into the pharmacy asking for an herbal prod-
uct that will help him prevent colds this upcoming cold season. He
states that last year he had three colds and his neighbor had none.
His neighbor had mentioned an herbal product he had been tak-
ing. J.C. cannot remember the name of the product but wonders
if there are any products that may be helpful.

Zinc
Zinc, a dietary supplement, has been studied in both the preven-
tion and treatment of the common cold. The proposed mech-
anism of action is that the rhinovirus 3C protease is inhibited
by zinc, and the inhibition of this enzyme prevents viral repli-
cation. In vitro, zinc has been shown to have antiviral activity.
Several trials conducted in the past several decades have pro-
duced conflicting results on the benefits of zinc in decreasing
symptom severity or duration. A meta-analysis found no clear
evidence to support the use of zinc lozenges in the treatment
or prevention of the common cold.156 Patients who took zinc
lozenges for the common cold complained of mouth irrita-
tion, unpleasant taste, feeling sick, and diarrhea. Zinc is not
currently recommended for treatment or prophylaxis of the
common cold.

Echinacea
Echinacea is an herbal product extracted from the Echinacea
plant, which belongs to the Compositae family. Echinacea is
believed to stimulate the immune system, specifically phagocy-
tosis. Some clinical trials using echinacea have shown positive
results in decreasing the incidence of infection when com-
pared to placebo, but the results remain inconclusive. No ben-
efits were shown in decreasing the severity and duration of the
common cold when compared to placebo. In trials evaluating
the effectiveness of echinacea in the treatment of the common
cold, 9 of 16 trials found a decrease in the severity and duration
of symptoms.157 A recent study showed no benefit of echinacea
over placebo but did show an increased incidence of rash in
the treatment group.158 Because the current data are inconclu-
sive and due to the variability of echinacea concentrations in
the available products, use of echinacea in the prevention and
treatment of the common cold is not recommended.

REFERENCES
1. Hing E, Cherry DK, Woodwell DA. National am-

bulatory medical care survey: 2004 summary Adv.
Data 2006;23:1.

2. Murray CJ et al. Estimation of potential global pan-
demic influenza mortality on the basis of vital reg-
istry data from the 1918–1920 pandemic: a quanti-
tative analysis. Lancet 2006;368:2211.

3. Whitley RJ et al. Herpes simplex virus. Clin Infect
Dis 1998;26:541.

4. Aurelius E et al. Rapid diagnosis of herpes sim-
plex encephalitis by nested polymerase chain reac-
tion assay of cerebrospinal fluid. Lancet 1991;337:
189.

5. Whitley RJ. Herpes simplex encephalitis; adoles-
cents and adults. Antiviral Res 2006;71:141.

6. Skoldenberg B et al. Acyclovir versus vidarabine in
herpes simplex encephalitis. Lancet 1984;2:707.

7. Whitley RJ et al. Vidarabine versus acyclovir ther-

apy in herpes simplex encephalitis. N Engl J Med
1986;314:144.

8. Bedford Laboratories. Acyclovir for Injection USP.
Product Information. Ben Venue Laboratories, Inc.;
2005.

9. Naik HR et al. Foscarnet therapy for acyclovir-
resistant herpes simplex virus 1 infection in allo-
geneic bone marrow transplant recipients. Clin In-
fect Dis 1995;21:1514.

10. Safrin S et al. A controlled trial comparing foscar-
net with vidarabine for acyclovir-resistant mucocu-
taneous herpes simplex in the acquired immunod-
eficiency syndrome. N Engl J Med 1991;325:551.

11. Kamei S et al. Evaluation of combination therapy
using acyclovir and corticosteroid in adult patients
with herpes simplex virus encephalitis. J Neurol
Neurosurg Psychiatry 2005;76:1544.

12. Oppenshaw H, Cantin EM. Corticosteroids in her-

pes simplex virus encephalitis. J Neurol Neurosurg
Psychiatry 2005;76:1469.

13. Whitley RJ et al. Pharmacokinetics of acyclovir in
humans following intravenous administration. Am
J Med 1982;73:165.

14. de Miranda P et al. Acyclovir kinetics after intrave-
nous infusion. Clin Pharmacol Ther 1979;26:718.

15. Laskin OL et al. Pharmacokinetics and tolerance of
acyclovir, a new antiherpes virus agent, in humans.
Antimicrob Agents Chemother 1982;21:393.

16. Blum MR et al. Overview of acyclovir pharmacoki-
netic disposition in adults and children. Am J Med
1982;73:186.

17. Yeager AS. Use of acyclovir in premature and term
neonates. Am J Med 1982;73:205.

18. Hintz M et al. Neonatal acyclovir pharmacokinetics
in patients with herpes virus infection. Am J Med
1982;73:210.



VIRAL INFECTIONS � 72-19

19. Pavia I et al. Flow cytometric analysis of herpes sim-
plex virus type 1 susceptibility of acyclovir, ganci-
clovir, and foscarnet. Antimicrob Agents Chemother
1997;41:2686.

20. Swierkosz EM, Biron KK. Antimicrobial agents
and susceptibility testing. In: Murray PR et al,
eds. Manual of Clinical Microbiology. 6th ed.
Washington, DC: ASM Press; 1995:1417.

21. GlaxoSmithKline. Zovirax (acyclovir). Product In-
formation. Research Triangle Park, NC; 2005.

22. Wagstaff AJ et al. Acyclovir: a reappraisal of its
antiviral activity, pharmacokinetic properties and
therapeutic efficacy. Drugs 1994;47:153.

23. GlaxoSmithKline Inc. Valtrex. Product informa-
tion. Research Triangle Park, NC; July 2006.

24. Whitley RJ, Kimberlin DW. Herpes simplex: en-
cephalitis children and adolescents. Semin Pediatr
Infect Dis 2005;16:17.

25. Kimberlin DW. Herpes simplex virus infection in
neonates and early childhood. Semin Pediatr Infect
Dis 2005;16:271.

26. Kohl S. The diagnosis and treatment of neona-
tal herpes simplex virus infection. Pediatr Ann
2002;31:726.

27. American College of Obstetrics and Gynecology
(ACOG). ACOG practice bulletin. Management of
herpes in pregnancy: clinical management guide-
lines for obstetricians-gynecologists. Int J Gy-
naecol Obstet 2000;68:165.

28. Whitley R et al. A controlled trial comparing vi-
darabine with acyclovir in neonatal herpes simplex
virus infection. N Engl J Med 1991;324:444.

29. Kimberlin DW. Neonatal herpes simplex infection.
Clin Microb Rev 2004;17:1.

30. Kimberlin DW, Whitley RJ. Neonatal herpes:
what have we learned. Semin Pediatr Infect Dis
2005;16:7.

31. Kimberlin DW et al. Administration of oral acy-
clovir suppressive therapy after neonatal herpes
simplex virus disease limited to the skin, eyes, and
mouth: results of a phase I/II trial. Pediatr Infect
Dis J 1996;15:247.

32. Gutierrez K, Arvin AM. Long term antiviral sup-
pression after treatment for neonatal herpes infec-
tion. Pediatr Infect Dis J 2003;22:371.

33. Ljungman P. Prophylaxis against herpesvirus infec-
tion in transplant rejection. Drugs 2001;61:181.

34. Slifkin M et al. Viral prophylaxis in organ transplant
patients. Drugs 2004;64:2763–92.

35. Schacker T et al. Famciclovir for the suppression
of symptomatic and asymptomatic herpes simplex
virus reactivation in HIV-infected persons. Ann In-
tern Med 1998;128:21.

36. Shepp DH et al. Oral acyclovir therapy for mucocu-
taneous herpes simplex virus infections in immuno-
compromised marrow transplant patients. Ann In-
tern Med 1985;102:783.

37. Hoglund M et al. Comparable acyclovir exposures
produced by oral valacyclovir and intravenous acy-
clovir in immunocompromised cancer patients. J
Antimicrob Chemother 2001;47:855.

38. Spruance SL et al. Acyclovir cream for treatment
of herpes simplex labialis: results of two ran-
domized, double-blind, vehicle-controlled, multi-
center clinical trials. Antimicrob Agents Chemother
2002;46:2238.

39. Raborn GW et al. Effective treatment of herpes sim-
plex labialis with penciclovir cream: combined re-
sults of two trials. J Am Dent Assoc 2002;133:303.

40. Sacks SL et al. Clinical efficacy of topical do-
cosanol 10% cream for herpes simplex labialis: a
multicenter, randomized, placebo-controlled trial. J
Am Acad Dermatol 2001;45:222.

41. Lin L et al. Topical application of penciclovir cream
for the treatment of herpes simplex facialis/labialis:
a randomized, double-blind, multicentre, acyclovir-
controlled trial. J Dermatol Treat 2002;13:67.

42. Femiano F et al. Recurrent herpes labialis: efficacy
of topical therapy with penciclovir compared with
acyclovir (acyclovir). Oral Dis 2001;7:31.

43. Spruance SL et al. Penciclovir cream for the
treatment of herpes simplex labialis. JAMA
1997;277:1374.

44. Raborn GW et al. Penciclovir cream for recurrent
herpes simplex labialis: an effective new treatment.
Antimicrob Agents Chemother 1996;36:178.

45. Spruance SL et al. Treatment of recurrent herpes
simplex labialis with oral acyclovir. J Infect Dis
1990;161:185.

46. Spruance SL et al. Clinical significance of antiviral
therapy for episodic treatment of herpes labialis:
exploratory analyses of the combined data from
two valacyclovir trials. J Antimicrob Chemother
2004;53:703.

47. Spruance SL et al. Single-dose, patient-initiated
famciclovir: a randomized, double-blind, placebo-
controlled trial for episodic treatment of herpes
labialis. J Am Acad Dermatol 2006;55:47.

48. Jensen LLA et al. Oral antivirals for the acute treat-
ment of recurrent herpes labialis. Ann Pharma-
cother 2004;38:705.

49. Novartis Pharmaceutical Corp. Famvir. Product in-
formation. East Hanover, NJ; 2006.

50. Rooney JF et al. Oral acyclovir to suppress
frequently recurrent herpes labialis: a double-
blind, placebo-controlled trial. Ann Intern Med
1993;118:268.

51. Baker D, Eisen D. Valacyclovir for prevention of
recurrent herpes labialis: 2 double-blind, placebo-
controlled studies. Cutis 2003;71:239.

52. Rabella N et al. Antiviral susceptibility of herpes
simplex viruses and its clinical correlates: a single
center’s experience. Clin Infect Dis 2002;34:1055.

53. Morfin F et al. Herpes simplex virus resistance to
antiviral drugs. J Clin Virol 2003;26:29.

54. Safrin S et al. A controlled trial comparing foscar-
net with vidarabine for acyclovir-resistant muco-
cutaneous herpes simplex in the acquired immun-
odeficiency syndrome. N Engl J Med 1991;325:
551.

55. Bryant P et al. Successful treatment of foscarnet-
resistant herpes simplex stomatitis with intra-
venous cidofovir in a child. Pediatr Infect Dis J
2001;20:1083.

56. Chen Y et al. Resistant herpes simplex virus type 1
infection: an emerging concern after allogenic stem
cell transplantation. Clin Infect Dis 2000;31:927.

57. Brummitt CF. Imiquimod 5% cream for the treat-
ment of recurrent, acyclovir-resistant genital her-
pes. Clin Infect Dis 2006;42:575.

58. Seward JF et al. Varicella disease after introduc-
tion of varicella vaccine in the United States, 1995–
2000. JAMA 2002;287:606.

59. Carcao MD et al. Sequential use of intravenous
and oral acyclovir therapy of varicella in im-
munocompromised children. Pediatr Infect Dis J
1998;17:626.

60. Masaoka T et al. Varicella-zoster virus infec-
tion in immunocompromised patients. J Med Virol
1993;(Suppl 1):82.

61. Klassen TP et al. Acyclovir for treating other-
wise healthy children and adolescents. Cochrane
Database Syst Rev 2003;(1).

62. Feder HM Jr. Treatment of adult chickenpox with
oral acyclovir. Arch Intern Med 1990;150:2061.

63. Whitley RJ. Therapeutic approaches to varicella-
zoster virus infections. J Infect Dis 1992;166(Suppl
1):S51.

64. Wallace MR et al. Treatment of adult varicella with
oral acyclovir: a randomized placebo-controlled
trial. Ann Intern Med 1992;117:358.

65. Committee on Infectious Diseases. The use of acy-
clovir in otherwise healthy children with varicella.
Pediatrics 1993;91:674.

66. Jackson JL et al. The effect of treating herpes
zoster with oral acyclovir in preventing posther-
petic neuralgia: a meta-analysis. Arch Intern Med
1997;157:909.

67. deGreef H. Famciclovir, a new oral antiherpes drug;
results of the first controlled clinical study demon-
strating its efficacy and safety in the treatment of
uncomplicated herpes zoster in immunocompetent
patients. Int J Antimicrob Agents 1995;4:241.

68. Tyring S et al. Famciclovir for the treatment
of acute herpes zoster: effects on acute disease
and postherpetic neuralgia: a randomized, double-

blind placebo-controlled trial. Ann Intern Med
1995;123:89.

69. Beutner KR, et al. Valacyclovir compared with
acyclovir for improved therapy for herpes zoster
in immunocompetent adults. Antimicrob Agents
Chemother 1995;39:1546.

70. Tyring SK et al. Antiviral therapy for herpes zoster:
randomized, controlled trial of valacyclovir and
famciclovir therapy in immunocompetent patients
50 years and older. Arch Fam Med 2000;9:863.

71. Ernst ME et al. Oral corticosteroids for herpes
zoster pain. Ann Pharmacother 1998;32:1099.

72. Santee JA. Corticosteroids for herpes zoster:
what do they accomplish? Am J Clin Dermatol
2002;3:517.

73. Woods MJ et al. A randomized trial of acyclovir
for seven days or twenty one days with and without
prednisolone for treatment of acute herpes zoster.
N Engl J Med 1994;330:896.

74. Whitley RJ et al. Acyclovir with and without pred-
nisone for the treatment of herpes zoster. Ann Intern
Med 1996;125:376.

75. Whitley RJ et al. Acyclovir plus steroids for herpes
zoster [letter]. Ann Intern Med 1997;126:832.

76. Watson CP et al. A randomized vehicle-controlled
trial of topical capsaicin in the treatment of posther-
petic neuralgia. Clin Ther 1993;15:510.

77. Endo Pharmaceuticals, Inc. Lidoderm. Product in-
formation. Chadds Ford, PA; 2006.

78. Pfizer, Inc. Lyrica. Product information. New York;
2006.

79. Volpi A et al. Current management of herpes zoster.
Am J Clin Dermatol 2005;6:317.

80. Balfour HH Jr et al. Acyclovir halts progression of
herpes zoster in immunocompromised patients. N
Engl J Med 1983;308:1448.

81. Dworkin RH et al. Recommendations for the man-
agement of herpes zoster. CID 2007;44:S1.

82. Prevention and control of influenza: recommenda-
tions of the Advisory Committee on Immunization
Practices (ACIP). MMWR Morb Mortal Wkly Rep
2006;55(No. RR-10):1.

83. Margolis KL et al. Frequency of adverse reactions
after influenza vaccination. Am J Med 1990;88:27.

84. Nichol KL et al. Side effects associated with in-
fluenza vaccination in healthy working adults. Arch
Intern Med 1996;156:1546.

85. Berardi RR et al, eds. Handbook of Nonprescrip-
tion Drugs, 15th ed. Washington, DC: American
Pharmaceutical Association; 2006.

86. GlaxoSmithKline. Zanamivir. Product information.
Research Triangle Park, NC; 2006.

87. Roche Laboratories. Oseltamivir. Product informa-
tion. Nutley, NJ; 2006.

88. Food and Drug Administration, Pediatric Advisory
Committee. Dear Healthcare Professional Letter.
November 13, 2006. Available at: www.fda.gov/
medwatch / safety / 2006 / Tamiflu dhcp letter.pdf.
Accessed July 27, 2007.

89. Endo Pharmaceuticals, Inc. Symmetrel. Product in-
formation. Wilmington, DE, 2003.

90. Forest Pharmaceuticals, Inc. Flumadine. Product
information. St. Louis, MO; 2006.

91. Hayden FG et al. Use of oral neuraminidase in-
hibitor oseltamivir in experimental influenza: ran-
domized controlled trials for prevention and treat-
ment. JAMA 1999;282:1240.

92. Management of Influenza on the Southern Hemi-
sphere trial (MIST) Study Group. Randomized trial
of efficacy and safety of inhaled zanamivir in treat-
ment of influenza A and B virus infections. Lancet
1998;352:1877.

93. Jefferson T et al. Neuraminidase inhibitors for pre-
venting and treating influenza in healthy adults.
Cochrane Database Syst Rev 2003:1.

94. Allison MA et al. Influenza vaccine effectiveness
in health 6- to 21-month-old children during the
2003–2004 season. J Pediatr 2006;149:755.

95. MedImmune Vaccines, Inc. FluMist. Product infor-
mation. Gaithersburg, MD; 2006.

96. Hayden FG et al. Use of selective oral neu-
raminidase inhibitor oseltamivir to prevent in-
fluenza. N Engl J Med 1999;341:1336.



72-20 � INFECTIOUS DISORDERS

97. Hayden FG et al. Inhaled zanamivir for the pre-
vention of influenza in families. N Engl J Med
2000;18:1282.

98. Monto AS et al. Zanamivir in the prevention of in-
fluenza in healthy adults: a randomized controlled
trial. JAMA 1999:282:31.

99. U.S. Department of Agriculture. Avian influenza:
low pathogenic H5N1 vs. highly pathogenic H5N1
latest update. September 28, 2006. Available at:
http://www.usda.gov/wps/portal/!ut/p/ s.7 Ø A/7
Ø 10B/.cmd/ad/.ar/sa.retrievecontent/.c/6 2 1UH/.
ce/7 2 5JM/.p/5 2 4TQ/ th/J 2 90/ s.7 Ø A/7 Ø
10B?PC 7 2 5JM contentid-2006%2FØ8%2F
Ø296.xml&PC 7 2 5JM parentnav-LATEST
RELEASES&PC 7 2 5JM navid-NEWS
RELEASE . Accessed October 11, 2007.

100. Centers for Disease Control and Prevention. Out-
break of avian influenza A (H5N1) in Asia and
interim recommendations for evaluation and re-
porting of suspected cases—United States, 2004.
MMWR Morb Mortal Wkly Rep 2004;53:97.

101. Sanofi Pasteur, Inc. Influenza virus vaccine, H5N1.
Product information. Swiftwater, PA; April 2007.

102. Lugo RA, Nahata MC. Pathogenesis and treatment
of bronchiolitis. Clin Pharm 1993;12:95.

103. Shay DK et al. Bronchiolitis-associated mortal-
ity and estimates of respiratory syncytial virus-
associated deaths among U.S. children 1979–1997.
J Infect Dis 2001;183:16.

104. Kotaniemi-Syrjanen A et al. Rhinovirus-induced
wheezing in infancy-the first sign of childhood
asthma? J Allergy Clin Immunol 2003;111:66.

105. Stein RT et al. Respiratory syncytial virus in early
life and risk of wheeze and allergy by age 13 years.
Lancet 1999;354:541.

106. Openshaw PH et al. Links between respiratory syn-
cytial virus bronchiolitis and childhood asthma:
clinical and research approaches. Pediatr Infect Dis
J 2003;22:S58.

107. Panitch HB. Respiratory syncytial virus bronchi-
olitis: supportive care and therapies designed to
overcome airway obstruction. Pediatr Infect Dis J
2003;22:S83.

108. Kellner JD et al. Bronchodilators for bronchiolitis.
Cochrane Database Syst Rev 2000;(2):CD001266.

109. American Academy of Pediatrics, Subcommittee on
Diagnosis and Management of Bronchiolitis. Diag-
nosis and management of bronchiolitis. Pediatrics
2006;118:1174.

110. Patel H et al. Glucocorticoids for infant viral bron-
chiolitis in infants and young children. Cochrane
Database Syst Rev 2004;(3):CD004878.

111. Garrison MM et al. Systemic corticosteroids in
infant bronchiolitis: a meta-analysis. Pediatrics
2000;105:E44.

112. American Academy of Pediatrics, Committee on In-
fectious Diseases. Use of ribavirin in the treatment
of respiratory syncytial virus infection. Pediatrics
1993;92:501.

113. Wheeler JG et al. Historical cohort evaluation of
ribavirin efficacy in respiratory syncytial virus in-
fection. Pediatr Infect Dis J 1993;12:209.

114. Englund JA et al. High-dose, short-duration rib-
avirin aerosol therapy compared with standard rib-
avirin therapy in children with suspected respiratory
syncytial virus infection. J Pediatr 1994;125:635.

115. Ventre K et al. Ribavirin for respiratory syncytial
virus infection of the lower respiratory tract in in-
fants and young children. Cochrane Database Syst
Rev 2007;(1):CD000181.

116. Fuller H et al. Immunoglobulin treatment for
respiratory syncytial virus infection. Cochrane
Database Syst Rev 2006;(4):CD004883.

117. ICN Pharmaceuticals. Product information. Vira-
zole (ribavirin for inhalation solution). Costa Mesa,
CA; May 1996.

118. Smith DW et al. A controlled trial of aerosolized
ribavirin in infants receiving mechanical ventila-
tion for severe respiratory syncytial virus infection.
N Engl J Med 1991;325:24.

119. Meert KL et al. Aerosolized ribavirin in mechan-
ically ventilated children with respiratory syncy-

tial virus lower respiratory tract disease: a prospec-
tive, double-blind, randomized trial. Crit Care Med
1994;22:566.

120. Janai HK et al. Ribavirin: adverse drug reactions,
1986 to 1988. Pediatr Infect Dis J 1990;9:209.

121. Edell D et al. Early ribavirin treatment of bron-
chiolitis: effect on long-term respiratory morbidity.
Chest 2002;122:935.

122. Krilov LR. Safety issues related to the administra-
tion of ribavirin. Pediatr Infect Dis J 2002;21:479.

123. Groothius JR et al. Prophylactic administration
of respiratory syncytial virus immune globulin to
high-risk infants and young children. N Engl J Med
1993;329:1524.

124. PREVENT Study Group. Reduction of RSV hos-
pitalization among premature infants and children
with bronchopulmonary dysplasia using respira-
tory syncytial virus immune globulin prophylaxis.
Pediatrics 1997;99:93.

125. The IMpact-RSV Study Group. Palivizumab, a hu-
manized respiratory syncytial virus monoclonal an-
tibody, reduces hospitalizations from respiratory
syncytial virus infection in high-risk infants. Pe-
diatrics 1998;102:531.

126. Committee on Infectious Diseases. Prevention of
respiratory syncytial virus infections: indications
for the use of palivizumab and update on the use of
RSV-IVIG. Pediatrics 1998;102:1211.

127. Khan AS et al. Hantavirus pulmonary syndrome:
the first 100 cases. J Infect Dis 1996;173:1297.

128. Centers for Disease Control and Prevention. Case
definitions for infectious conditions under public
health surveillance. MMWR Morb Mortal Wkly Rep
1997;46:1.

129. Mertz GJ et al. Hantavirus infection. Disease-a-
Month 1998;44:89.

130. Center for Disease Control and Prevention. All
about Hantavirus. Availabel at: http://www.cdc.
gov/ncidod/diseases/hanta/hps/noframes/caseinfo.
htm. Accessed September 25, 2007.

131. Huggins JW et al. Prospective, double-blind, con-
current, placebo-controlled clinical trial of intra-
venous ribavirin therapy of hemorrhagic fever with
renal syndrome. J Infect Dis 1991;164:119.

132. Mertz GJ et al. Hantavirus infections in the United
States: diagnosis and treatment. Adv Exp Med Biol
1996;394:153.

133. Mertz GJ et al. Placebo-controlled, double-blind
trial of intravenous ribavirin for the treatment of
Hantavirus cardiopulmonary syndrome in North
America. Clin Infect Dis 2004;39:1307.

134. Centers for Disease Control and Prevention. 2007
West Nile Virus Activity in the United States. Avail-
able at: http://www.cdc.gov/ncidod/dvbid/westnile/
Mapsactivity/surv&control07Maps.htm. Accessed
on September 25, 2007.

135. Nash D et al. The outbreak of West Nile Virus in-
fection in the New York City area in 1999. N Engl
J Med 2001;344:1807.

136. Centers for Disease Control and Prevention. Epi-
demic/epizootic West Nile virus in the United
States: revised guidelines for surveillance, preven-
tion, and control. April 2001.

137. Petersen LR et al. West Nile virus: a primer for the
clinician. Ann Intern Med 2002;137:173.

138. Anderson JF, Rahal JJ. Efficacy of interferon alpha-
2b and ribavirin against West Nile Virus in vitro.
Emerg Infect Dis 2002;8:107.

139. Centers for Disease Control and Prevention.
Current SARS situation. Available at: www.cdc
.gov/ncidod/sars/situation.htm. Accessed July 27,
2007.

140. World Health Organization. Summary of prob-
able SARS cases with onset of illness from 1
November 2002 to 31 July 2003. September 26,
2003. Available at: www.who.int/csr/sars/country/
table2003 09 23/en/. Accessed July 27, 2007.

141. Donnelly C et al. Epidemiological determinants of
spread of causal agent of severe acute respiratory
syndrome in Hong Kong. Lancet 2003;361:1761.

142. Centers for Disease Control and Prevention. Up-
date: outbreak of severe acute respiratory syn-

drome, worldwide, 2003. MMWR Morb Mortal
Wkly Rep 2003;52:269.

143. Ksiazek TG et al. A novel coronavirus associated
with severe acute respiratory syndrome. N Engl J
Med 2003;348:1953.

144. Centers for Disease Control and Prevention. Re-
vised U.S. surveillance case definition for severe
acute respiratory syndrome (SARS) and update
on SARS cases—United States and worldwide,
December 2003. MMWR Morb Mortal Wkly Rep
2003;52:1202.

145. Christian MD et al. Severe acute respiratory syn-
drome. Clin Infect Dis 2004;38:1420.

146. Stockman LJ et al. SARS: systemic review of treat-
ment effects. PLoS Med 2006;3:1525.

147. Centers for Disease Control and Prevention. Se-
vere acute respiratory syndrome (SARS) and coro-
navirus testing—United States 2003. MMWR Morb
Mortal Wkly Rep 2003;52:297.

148. Mazulli T et al. Severe acute respiratory syndrome-
associated coronavirus in lung tissue. Emerg Infect
Dis 2004;10:20.

149. Centers for Disease Control and Prevention. Vital
and health statistics: current estimates from the Na-
tional Health Interview survey, 1996. October 1999.

150. Heikkinen T et al. The common cold. Lancet
2003;361:51.

151. Monto AS. Epidemiology of viral respiratory infec-
tions. Am J Med 2002;112:4S.

152. Arroll B. Non-antibiotic treatments for upper-
respiratory tract infections (common cold). Resp
Med 2005;99:1477.

153. Eccles R. Efficacy and safety of over-the-counter
analgesics in the treatment of common cold and
flu. J Clin Pharm Ther 2006;31:309.

154. Centers for Disease Control and Prevention. In-
fant deaths associated with cough and cold
medications—two states, 2005. MMWR Morb Mor-
tal Wkly Rep 2007:56:1.

155. Wingert WE et al. Possible role of pseudoephedrine
and other over-the-counter cold medications in
the deaths of very young children. J Forensic Sci
2007;52:487.

156. Marshall I. Zinc for the common cold. Cochrane
Database Syst Rev 2000;(2):CD001364.

157. Linde K et al. Echinacea for preventing and treat-
ing the common cold. Cochrane Database Syst Rev
2006;(1):CD000530.

158. Taylor JA et al. Efficacy and safety of echi-
nacea in treating upper respiratory tract infections
in children: a randomized controlled trial. JAMA
2003;290:2824.

159. Filer CW et al. Metabolic and pharmacoki-
netic studies following oral administration of
14C-famciclovir to healthy subjects. Xenobiotica
1994;24:357.

160. He G et al. Clinical pharmacokinetics of the prodrug
oseltamivir and its active metabolite Ro 64-0802.
Clin Pharmacokinet 1999;37:471.

161. Glaxo Wellcome, Inc. Valacyclovir hydrochloride.
Product information. Research Triangle Park, NC,
1997.

162. Soul-Lawton J et al. Absolute bioavailability
and metabolic disposition of valacyclovir, the L-
valyl ester of acyclovir, following oral adminis-
tration to humans. Antimicrob Agents Chemother
1995;39:2759.

163. Cass LMR et al. Pharmacokinetics of zanamivir af-
ter intravenous, oral, inhaled, or intranasal admin-
istration to healthy volunteers. Clin Pharmacokinet
1999;36(Suppl 1):1.

164. Dunn CJ, Goa KL. Zanamivir: a review of its use
in influenza. Drugs 1999;58:761.

165. Pue MA et al. Linear pharmacokinetics of penci-
clovir following administration of single oral doses
of famciclovir 125, 250, 500, and 750 mg to healthy
volunteers. J Antimicrob Chemother 1994;33:
119.

166. Bardsley-Elliot A, Noble S. Oseltamivir. Drugs
1999;58:851.

167. Skoldenberg B. Herpes simplex encephalitis. Scand
J Infect Dis Suppl 1996;100:8.



C H A P T E R 73
Viral Hepatitis

Curtis D. Holt

CAUSATIVE AGENTS AND
CHARACTERISTICS 73-2
Definitions of Acute and Chronic Hepatitis 73-2
Serologic Evaluation in Presumed Chronic Hepatitis 73-2

HEPATITIS A VIRUS 73-3
Virology and Epidemiology 73-3
Pathogenesis 73-4
Natural History 73-4
Clinical Manifestations 73-5
Extrahepatic Manifestations 73-5
Diagnosis and Serology 73-6
Treatment 73-6

General Measures 73-6
Adjustment of Medication Doses 73-6
Prevention of Hepatitis A 73-7

Pre-exposure Prophylaxis 73-7
Immunoglobulin 73-7
Vaccine 73-7

Dosing Regimen 73-7
Combination Vaccine 73-8

Efficacy, Safety, and Duration of Response 73-8
Indications 73-8

Postexposure Prophylaxis 73-8

HEPATITIS B VIRUS 73-9
Virology 73-9
Epidemiology 73-9
Transmission 73-10

Sexual Transmission 73-10
Blood and Blood Products 73-10
Perinatal Transmission 73-11
Injection Drug Use 73-11
Other Modes of Transmission 73-11

Pathogenesis 73-11
Diagnosis 73-11
Serology 73-11
Natural History 73-13
Clinical Manifestations 73-13

Acute Liver Failure 73-13
Prognosis 73-14
Treatment 73-15

Extrahepatic Manifestations 73-15
Prevention of Hepatitis B 73-15

Pre-exposure Prophylaxis 73-15
Dosing Regimen 73-15
Efficacy 73-16
Nonresponders 73-16
Interchangeability of HBV Vaccines 73-17
Duration of Response 73-17
Indications 73-17

Universal Hepatitis B Vaccination 73-17
Adverse Effects 73-18

Postexposure Prophylaxis 73-18
Percutaneous Exposure 73-18
Sexual Exposure 73-18
Perinatal Exposure 73-19

Evaluation and Management of Patients with Chronic
HBV Infection 73-20
Goals of Therapy 73-21
Drug Therapy 73-21

Interferons 73-21
Efficacy 73-22

Conventional Interferon 73-22
Pegylated Interferon 73-22

Predictors of Response 73-22
Adverse Effects 73-25
Dosing 73-25

Nucleoside Analogs 73-26
Lamivudine Resistance 73-26

Adefovir 73-26
Entecavir 73-27
Telbivudine 73-27
Additional Agents 73-28

Therapeutic Vaccines 73-28
Combination Therapies 73-29

Liver Transplantation 73-29
HBIG Dosage, Administration, and Adverse

Effects 73-30

HEPATITIS D VIRUS 73-30
Virology and Epidemiology 73-30
Pathogenesis 73-31
Diagnosis and Serology 73-31
Natural History 73-32
Clinical and Extrahepatic Manifestations 73-32
Prevention 73-32
Treatment 73-32

HEPATITIS C VIRUS 73-33
Virology 73-33
Epidemiology 73-34

Percutaneous Transmission 73-34
Nonpercutaneous and Sporadic Transmission 73-34

Pathogenesis 73-35
Diagnosis 73-35

Serologic Tests 73-35
Qualitative HCV RNA Assays 73-35
Quantitative HCV RNA Assays 73-35
Biochemical Markers 73-36
Biopsy 73-36
Selection of Tests 73-36

Natural History 73-37
Nonimmunocompromised Patients 73-37
Immunocompromised Patients 73-37
HIV Coinfection 73-38
HBV Coinfection 73-38

Clinical and Extrahepatic Manifestations 73-38
Prevention of Hepatitis C 73-38

Pre-exposure Prophylaxis 73-38
Postexposure Prophylaxis 73-38

Treatment of Acute Hepatitis C 73-38
Treatment of Chronic Hepatitis C 73-39

Goals of Therapy 73-39
Interferon 73-40

Assessment of Interferon Response and
Efficacy 73-40

Additional Treatment Strategies 73-40
Ribavirin Plus Interferon 73-40
Predictors of Treatment Outcome 73-40

Current Treatment Strategies 73-41
Pegylated Interferons 73-41

Efficacy 73-41
Predictors of Treatment Outcome for Pegylated

Interferons 73-42
Adverse Effects and Monitoring 73-42
Choosing Interferon Formulations 73-43
Interferon or Pegylated Interferon

Monotherapy 73-44
Treatment Options for Relapse of Chronic

Hepatitis C 73-44
Adjunctive Therapies 73-44
Summary of HCV in Nonimmuno-

compromised Patients 73-44
Treating Hepatitis C Following Liver Transplantation 73-45

HEPATITIS E VIRUS 73-45
Virology, Epidemiology, Transmission, and

Pathogenesis 73-45
Diagnosis 73-45
Clinical Manifestations, Serology, and Natural

History 73-46
Prevention and Treatment 73-46

HEPATITIS G VIRUS 73-46
Virology 73-46
Epidemiology 73-46
Transmission 73-46
Pathogenesis and Diagnosis 73-46
Clinical Manifestations and Treatment 73-47

SUMMARY 73-47

73-1



73-2 � INFECTIOUS DISEASE

One of thefirst references to epidemic jaundice was ascribed to
the philosopher Hippocrates. Over the centuries, several epi-
demics, usually associated with poor hygiene, were observed,
especially during wartime. The possibility of a viral etiology
was considered as recently as the turn of the 20th century.

Since the 1970s, five distinctly separate hepatitis viruses
have been identified with liver disease as their major clinical
manifestation, all of which have been characterized and cloned.
A sixth virus also has been identified, but has yet to be impli-
cated in liver disease. Five of these viruses are RNA viruses;
and one is a DNA virus. The mode of transmission differs, as
do the natural history and outcomes. The individual viral types
can be distinguished by serologic assays and, in some instances,
by genotyping. Although significant progress in the area of dis-
ease prevention has occurred, advances in treatment have been
limited because of the large amount of virus produced and its
rapid mutation. People with chronic hepatitis C produce ap-
proximately 1 trillion virus particles daily, compared with 100
billion particles daily for those infected with chronic hepatitis
B and 10 billion particles daily for those with HIV infection.
This chapter reviews the virology, epidemiology, pathogenesis,
clinical manifestations, diagnosis, natural history, prevention,
and treatment strategies for viral hepatitis.

CAUSATIVE AGENTS AND CHARACTERISTICS
Viral hepatitis is a major cause of morbidity and mortality in
the United States.1,2 At least six distinct agents are responsi-
ble for viral hepatitis. These hepatotrophic viruses are iden-
tified by the letters A through G as follows: (a) type A hep-
atitis caused by hepatitis A virus (HAV), (b) type B hepatitis
caused by hepatitis B virus (HBV), (c) type C hepatitis caused
by hepatitis C virus (HCV), (d) delta hepatitis caused by the
HBV-associated hepatitis D virus (HDV), (e) type E hepati-
tis caused by the hepatitis E virus (HEV), and (f) type G
hepatitis, caused by the hepatitis G virus (HGV) and the GB
agents (Table 73-1). Hepatitis A through E viruses primarily
affect the liver and have the potential to cause inflammation
and hepatocellular necrosis, whereas the clinical manifesta-
tions of HGV are unknown.3 These viruses differ in their im-
munologic characteristics and epidemiologic patterns (Table
73-2). Fecal-oral transmission is the primary mode of infec-

tion for HAV and HEV, whereas percutaneous transmission is
characteristic of HBV, HCV, and HDV.4–7 HGV also appears
to be transmitted percutaneously, primarily through volunteer
blood donors.8,9 Several other viruses primarily affect nonhep-
atic organ systems and may secondarily induce a hepatitis-like
syndrome. These include the Epstein-Barr virus (infectious
mononucleosis); cytomegalovirus (CMV); herpes simplex
viruses; varicella-zoster virus; and rubella, rubeola, and
mumps viruses (Table 73-3).

Definitions of Acute and Chronic Hepatitis
Viral hepatitis can present as either an acute or chronic illness.
Acute hepatitis is defined as an illness with a discrete date
of onset with jaundice or increased serum aminotransferase
concentrations >2.5 times the upper limit of normal.10 Acute
viral hepatitis infection is a systemic process and lasts as long
as, but not exceeding, 6 months.

Chronic hepatitis is an inflammatory condition of the liver
that involves ongoing hepatocellular necrosis for 6 months
or more beyond the onset of acute illness.11 The causes of
chronic hepatitis are shown in Table 73-3. The most common
cause of chronic hepatitis is chronic viral hepatitis, caused
by HBV or HCV.12,13 Drug-induced and autoimmune chronic
hepatitis occur less frequently, whereas metabolic disorders
and HDV chronic hepatitis are relatively rare.14−16 Neither
HAV nor HEV infections cause chronic hepatitis. The long-
term effects of HGV continue to be investigated, but the virus
does not appear to cause liver (or any other) disease, even in
immunocompromised patients.17

Serologic Evaluation in Presumed Chronic Hepatitis
Because the clinical manifestations and incubation periods
are similar among patients with hepatitis, serologies are use-
ful in diagnosing the type of viral infection that is occur-
ring. Appropriate tests include detecting specific antibodies
against hepatitis A virus (anti-HAV), hepatitis B surface anti-
gen (HBsAg) and hepatitis C antibody (anti-HCV). A diag-
nosis of acute hepatitis A virus infection includes the pres-
ence of IgM anti-HAV. If HBsAg is present, further testing
for hepatitis B envelope antigen (HBeAg) and HBV-DNA is

Table 73-1 Hepatitis Nomenclature

Hepatitis Type Antigen Corresponding Antibody Comments

A Hepatitis A virus (HAV) Hepatitis A antibody (anti-HAV) RNA virus; present in stool and serum early in course of hepatitis A
B Hepatitis B surface antigen

(HBsAg)
Hepatitis B surface antibody

(anti-HBs)
DNA virus; found in serum in >90% of patients with acute hepatitis

B, anti-HBs appears following infection and confers immunity
Hepatitis B core antigen

(HBcAg)
Hepatitis B core antibody

(anti-HBc)
Anti-HBc detected in serum during and after acute infection

Hepatitis B envelope
antigen (HBeAg)

HB envelope antibody
(anti-HBe)

HBeAg correlates with infectivity; suggestive of active viral
replication

C Hepatitis C antigen (HCAg) Hepatitis C antibody (anti-HCV) RNA virus; previously known as posttransfusion NANB hepatitis
D Hepatitis D antigen (HDAg) Hepatitis D antibody (anti-HDV) Defective RNA virus; requires presence of HBsAg
E Hepatitis E antigen (HEAg) Hepatitis E antibody (anti-HEV) RNA virus present in stool; cause of enteric NANB hepatitis
G Hepatitis G antigen (HGAg) Not available RNA-like virus; named GBV-A, GBV-B, and GBV-C; thought to be

of tamarin origin

NANB, non-A, non-B hepatitis.
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Table 73-2 Comparison of the Etiologic Forms of Hepatitis A, B, C, D, E, and G Viruses

Virus HAV HBV HCV HDV HEV HGV
Genome RNA DNA RNA RNA RNA RNA
Family Picornavirus Hepadnavirus Flavivirus Satellite Calicivirus Flavivirus
Size (nm) 27 42 30–60 40 32 Unknown
Incubation (days)

[mean]
15–50 [30] 45–180 [80] 15–160 21–140 [35] 15–65 [42] 14–35 [NA]

Transmission
Oral Common Rare Rare No Yes, common Unknown
Percutaneous Rare Common Common Common Unknown Yes
Sexual No Common Common Common No Rare
Perinatal No Common Rare Common Rare Yes, rare

Onset Sudden Insidious Insidious Insidious Sudden Yes, rare
Clinical illness 70%–80% adults

5% children
10%–15% 5%–10% 10% 70%–80% adults Unknown

Icteric presentation
Children <10% 30% 25% Unknown Unknown Unknown
Adults 30% 5%–20% 5%–10% 25% Common Unknown
Peak alanine

aminotransferase
(ALT) (U/L)

800–1,000 1,000–1,500 300–800 1,000–1,500 800–1,000 Unknown

Incidence of acute
liver failure (%)

<1 <1 <1 2–7.5 <1; higher in pregnant
women

Unknown

Serum diagnosis
Acute infection Anti-HAV IgM HBsAg

Anti-HBc IgM
HCV-RNA

(anti-HCV)
Anti-HDV IgM Anti-HEV IgG

(seroconversion)
HGV RNA

Chronic infection HBsAg
Anti-HBc IgG

Anti-HCV (ELISA)
RIBA

Anti-HDV IgG NA HGV RNA

Viral markers HAV RNA HBV-DNA
DNA polymerase

HCV-RNA HDV-RNA Viruslike particles HGV RNA

Immunity Anti-HAV IgG Anti-HBs NA NA Anti-HEV IgG Unknown
Case-fatality rate 0.1%–2.7%

0.15%–1.7%
1%–3% 1%–2% <1% coinfect 0.5%–4%

1.5%–21% pregnant
women

Unknown

Complete recovery >97% 85%–97% 50% 90% 99% Unknown
Incidence of chronic

infection
0% 2%–7%

>90% neonates
50% 80% superinfect

≤5% coinfection
0% Unknown

Carrier state No Yes Yes Yes No Unknown
Risk of hepatocel-

lular carcinoma
No Yes Yes Yes No No

Drug treatment None Interferon,
lamivudine
adefovir

Interferon, ribavirin +
interferon
pegylated

Interferon
pegylated

Interferon + ribavirin

Interferon None Unknown

ELISA, enzyme-linked immunosorbent assay; NA, not applicable.

indicated to document the presence of active viral replica-
tion and assess the viral load. Testing for hepatitis D anti-
body (anti-HDV) also should be performed in patients with
hepatitis B to evaluate the possibility of coexisting delta hep-
atitis. If the hepatitis serology is negative, rare but treatable
causes of chronic active hepatitis should be excluded. These
include alcoholic liver disease, Wilson disease, α1-antitrypsin
deficiency, and drug-induced chronic active hepatitis. Drugs
associated with reversible chronic active hepatitis syndrome
include methyldopa,18 nitrofurantoin,19 isoniazid,20 and rarely,
sulfonamides21 and propylthiouracil.22

Following exclusion of these conditions, the patient should
be evaluated for the presence of circulating immunologic
markers associated with the autoimmune (idiopathic) form of

chronic hepatitis. These tests include antismooth-muscle anti-
body, antimitochondrial antibody, antinuclear antibody titers,
and increased serum immunoglobulins.

HEPATITIS A VIRUS
Virology and Epidemiology
Hepatitis A virus is a 27-nm diameter, single-stranded RNA
virus that is classified as a picornavirus (Table 73-2).23 Fol-
lowing attachment to a cell surface receptor, the viral RNA is
uncoated. The cell host ribosomes then bind to the viral RNA,
and form polysomes. Subsequently, HAV is translated into a
polyprotein with three distinct regions: P1, P2, and P3 with the
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Table 73-3 Etiologies of Chronic Hepatitis

Viral Infections

Hepatitis viruses (B, C, D)
Cytomegalovirus (CMV)
Epstein-Barr virus (EBV)
Rubella virus

Drug-Induced

Methyldopa
Nitrofurantoin
Isoniazid
Sulfonamides
Propylthiouracil

Metabolic Disorders

Wilson disease
α1-Antitrypsin deficiency

Autoimmune Hepatitis

P2 and P3 regions encoding for nonstructural proteins associ-
ated with viral replication. HAV appears to replicate within the
liver; however, enterocytes may also support viral replication.23

HAV has a single serotype that remains detectable in intact viri-
ons and has four different genotypes (I-IV).23

Hepatitis A virus has a worldwide distribution.4,24–26 The
prevalence of infection is related to the quality of the water sup-
ply, level of sanitation, and age.26,27 Incidence data are unreli-
able, however, because the disease is frequently mild and often
unrecognized, resulting in underreporting.24–27 The primary
mode of transmission is person-to-person via the fecal-oral
route.24–27 HAV is passed into the stool in high titer. Consider-
ing that the virus resists degradation by environmental condi-
tions, gastric acid, and digestive enzymes in the upper gastroin-
testinal (GI) tract, it is readily spread within a population.28

Fecally contaminated water or also food is a significant mode
of transmission.24,25,28 Children are considered an important
reservoir of infection for others.29,30

In the United States, the reported incidence of HAV is 10.8
cases per 100,000, and it is usually associated with outbreaks
in lower socioeconomic groups or common-source outbreaks
(e.g., day-care centers).25,27,28,30 Rates in males are greater
than those in females by about 20%.25,28 Children aged 5 to
14 years and Native Americans have the highest incidence of
HAV.25−27 Recent data suggest, however, that with vaccina-
tion in children, the incidence of HAV infection is approxi-
mately 1.9 cases per 100,000 population, the lowest rate ever
recorded.29 Similar rates of decline have been demonstrated
in Native Americans and Hispanics. Additionally, cyclic out-
breaks of HAV have been reported among users of injecting
and noninjecting drugs and in men who have sex with men.29

Considering the widespread presence of hepatitis A antibody
(anti-HAV), the virus has a high attack rate, with 70% to 90%
of those exposed ultimately becoming infected.24,25

The most common risk factors for acquiring HAV include
close contact with a person positive for HAV (26%), employ-
ment or attendance at a day-care center (14%), injection drug
use (11%), recent travel (4%), and association with a suspected

food- or water-borne outbreak (3%).4,24,25,27,29 Up to 42% of
reported HAV infections have no known source for infection.26

Exceedingly rare causes of HAV include transfusion of blood or
blood products collected from donors during the viremic phase
of their infection and from contact with experimentally in-
fected nonhuman primates.7,25,27,31 Percutaneous transmission
is rare because no asymptomatic carrier state for HAV exists,
and the incubation period is brief.1,26,30,32 Occupations at risk
for HAV include sewage workers, hospital cleaning personnel,
day-care staff, and pediatric nurses.27,30,31 Furthermore, HAV
is the most common preventable (e.g., vaccination) infection in
travelers visiting locations with poor hygienic conditions.30,33

Up to 22% of patients with acute HAV may need to be hospital-
ized with an associated cost of managing HAV and workdays
lost accounting for >$400 million annually.29

Pathogenesis
Theoretically, HAV infection results in both a cytopathic and
immunologic hepatocyte injury; however, the exact mechanism
of injury is unknown.28,33,34 Viral replication occurs within
the liver, based on immunohistochemical analysis in primates.
The presence of IgM in sinusoidal cells and hepatitis A viral
antigen (HAVAg) in Kupffer cells likely result in the histologic
manifestations and functional impairment observed in HAV
disease.30 In addition, circulating T lymphocytes have been
isolated from the liver of patients with acute HAV infection.30

Nonspecific mechanisms of hepatocyte injury may in-
volve natural killer (NK) cells and lymphokine-activated killer
(LAK) cells, which are believed to precede the initiation of
damage caused by cytotoxic T lymphocytes (CTL).30,35 Subse-
quent hepatocyte death results in viral elimination and eventual
resolution of the clinical illness.

Natural History
Hepatitis A virus is typically a benign, self-limited infection,
with recovery within 2 months of disease onset. Two atypical
courses of acute HAV infection have also been described: pro-
longed cholestasis and relapsing hepatitis.30 In patients with
prolonged cholestasis, the duration of jaundice exceeds 12
weeks and is associated with pruritus, fatigue, loose stools,
and weight loss. Aminotransferase concentrations during this
period are <500 U/L.Spontaneous recovery often occurs, yet
corticosteroids have been administered to facilitate resolution
of the cholestatic phase. Relapsing or polyphasic HAV occurs
in 6% to 12% of both adult and pediatric patients and can be
characterized by an initial phase of acute infection followed by
remission (duration of 4–15 weeks), with subsequent relapse.
Aminotransferase concentrations often normalize during the
time of remission but increase to >1,000 U/L with relapse.
Also, HAV RNA is detectable in the serum, and HAV is usually
recovered from the stool during relapse. The pathogenesis of
relapsing hepatitis has not been elucidated. Fulminant hepatitis
A is rare, occurring in 0.014% to 3.0% of the population in-
fected with HAV, but often fatal.30,36 Patients >40 years of age
or <11 are more susceptible to HAV-induced fulminant hep-
atic failure (FHF). Chronic HAV does not exist. Typically, the
course of HAV includes an incubation phase, an acute hepatitis
phase, and a convalescent phase. Complete clinical recovery is
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usually seen within 2 months in 60% of patients and virtually
all patients within 6 months following HAV infection.

Clinical Manifestations

1. E.T., a 34-year-old medical sales representative, presents to
the emergency department (ED) with acute onset of jaundice and
“dark urine.” He was in good health until 2 weeks ago, when he
noted feeling fatigued and weak, which he attributed to his de-
manding work schedule. He also recalled having a mild headache,
loss of appetite, muscle pain, diarrhea, and low-grade fevers from
99◦F to 101◦F. He attributed these symptoms to the flu and took
acetaminophen with plenty of fluids. His symptoms persisted un-
til yesterday, when they seemed to resolve unexplainably. He then
noted his urine was cola-colored. This morning, he noted jaundice
of his eyes and skin and sought medical attention.

E.T.’s medical history includes a recent respiratory tract in-
fection, treated successfully with levofloxacin. His social history
is significant for frequenting the local oyster bar, where he reg-
ularly ingests raw oysters. He denies smoking and recent travel
outside the United States, but admits to occasional alcohol con-
sumption. E.T. has no history of sexual exposure, needle use, or
transfusions. His current medications include oral (PO) diazepam
5 mg at bedtime (HS) as needed (PRN) for “muscle spasms,”
but he has not taken diazepam for “several months.” He also
has a seizure disorder sustained after a motorcycle accident 2
years before admission, for which he takes phenytoin 400 mg
PO HS.

Physical examination is significant for a well-developed, well-
nourished man in no acute distress. He is alert and oriented,
with a temperature of 99◦F. His sclerae and skin are icteric,
and his abdomen is positive for a tender, enlarged liver, and
right upper quadrant (RUQ) pain. Laboratory tests reveal the
following values: hemoglobin (Hgb), 16 g/dL (normal, 12.3–16.3
g/dL); hematocrit (Hct), 44% (normal, 37.4%–47.0%); white
blood cell (WBC) count, 5,500 cells/mm3 (normal, 3.28–9.29 ×
103);aspartate transaminase (AST), 120 U/L (normal, 5–40 U/L);
alanine aminotransferase (ALT), 240 U/L (normal, 5–40 U/L); al-
kaline phosphatase, 86 U/L (normal, 21–91 U/L); total bilirubin,
3.2 mg/dL (normal, 0.2–1.0 mg/dL); direct bilirubin, 1.5 mg/dL
(normal, 0–0.2 mg/dL); and phenytoin concentration, 12 mg/L
(normal, 10–20 mg/L). The albumin, prothrombin time (PT),
blood glucose, and electrolytes all are within normal limits. E.T. is
negative for anti-HCV, HBeAg, HBsAg, and hepatitis B core anti-
body (anti-HBc), but is positive for IgM anti-HAV. What clinical
features and serologic markers are consistent with viral hepatitis
in E.T.?

[SI units: Hgb, 160 g/L (normal, 123–63); Hct, 0.44% (normal, 0.374–0.47%);

WBC count, 5,500 × 109cells/L (normal, 3,280–9,290 × 109);AST, 120 U/L

(normal, 5–40); ALT, 240 U/L (normal, 5–40); alkaline phosphatase, 86 U/L

(normal, 21–91); total bilirubin, 54.72 μmol/L(normal, 3.42–17.1); direct

bilirubin, 25.65 μmol/L (normal, 0–4)]

The incubation period for HAV is 15 to 50 days (average, 30)
following inoculation (Table 73-2). The host is usually asymp-
tomatic during this stage of the infection; thus, E.T. is beyond
the inoculation phase of the disease. Because HAV titers are
highest in the acute-phase fecal samples, and the period of in-
fectivity is between 14 and 21 days before the onset of jaundice
to 7 or 8 days following jaundice, he should be considered in-

fectious at this time. In HAV infections, acute-phase serum and
saliva are less infectious than fecal samples, whereas urine and
semen samples are not infectious. Family members and persons
recently in immediate contact with E.T. should be notified to
limit the possibility of disease transmission.

The symptoms of acute viral hepatitis caused by HAV, HBV,
HCV, HDV, and HEV are similar. The onset of symptoms in
HAV infection, however is less insidious than those seen with
HBV and HCV infection.28–30 Generally, symptoms of HAV
present a week or more before the onset of jaundice. The likeli-
hood of having symptoms is related to age. In children age <6
years, 70% of infections are asymptomatic, whereas older chil-
dren and adults have symptomatic disease with jaundice occur-
ring in >70% of cases. E.T. has signs and symptoms of acute
HAV infection, including the nonspecific prodromal symp-
toms of fatigue, weakness, anorexia, nausea, and vomiting.
Abdominal pain and hepatomegaly are common. Less com-
mon symptoms include fever, headache, arthralgias, myalgias,
and diarrhea. Within 1 to 2 weeks of the onset of prodromal
symptoms, patients may enter an icteric phase with symptoms,
including clay-colored stools, dark urine, scleral icterus, and
frank jaundice. The dark urine is caused by bilirubin, gener-
ally occurring shortly before the onset of jaundice. E.T. should
be questioned about the presence of pale stools (light gray or
yellow), which usually is observed during the icteric phase.
His scleral icterus is strongly suggestive of viral hepatitis.
Icteric infections usually occur in adults, and are 3.5 times
more common than the nonicteric presentation that is seen in
children.37

The results of E.T.’s liver function tests (LFT) (e.g., eleva-
tions in AST, ALT, and bilirubin) also are consistent with viral
hepatitis. Serum transaminase concentrations increase during
the prodromal phase (usually ALT >AST) of HAV infection,
peaking before the onset of jaundice. These concentrations
are often >500 U/L, and decline at an initial rate of 75% per
week, followed by a slower rate of decline thereafter. Serum
bilirubin peaks following aminotransferase activity and rarely
exceeds 10 mg/dL. Bilirubin levels decline more slowly than
aminotransferases and generally normalize within 3 months.
Right upper quadrant tenderness, mild liver enlargement and
splenomegaly may also be present in patients with acute HAV
infection.

Extrahepatic Manifestations

2. Are there any additional complications that E.T. could de-
velop from his acute HAV infection?

With the appearance of jaundice, prodromal pruritus and
extrahepatic manifestations can occur, usually in patients with
a more protracted illness. Thus, E.T. should be monitored for
additional manifestations of HAV infection, including immune
complex-associated rash, leukocytoclastic vasculitis, glomeru-
lonephritis, cryoglobulinemia (less likely than with HCV),
and arthritis. Rare extrahepatic manifestations include epi-
dermal necrolysis, fatal myocarditis, renal failure in the pres-
ence of hepatic failure (hepatorenal syndrome), optic neuritis,
and polyneuritis.30,38,39 Hematologic abnormalities, although
infrequently reported, include autoimmune hemolysis and
thrombocytopenic purpura, aplastic anemia, and red cell
aplasia.30,38
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FIGURE 73-1 Typical course of hepatitis A. ALT, alanine aminotransferase; anti-HAV, antibody to HAV;
HAV, hepatitis A virus. From reference 40, with permission.

Diagnosis and Serology
Several diagnostic methods are available for detecting HAVAg
(antigen) and anti-HAV (antibody). HAV can be detected in
stool specimens 1 to 2 weeks preceding clinical illness. Viral
RNA can be detected in body fluids and serum using the poly-
merase chain reaction (PCR), an expensive method usually
reserved for research purposes. Because most patients present
when the virus is no longer in stool, serum antibody can be
detected by radioimmunoassay (RIA) or enzyme-linked im-
munosorbent assay (ELISA). Two classes of HAV antibodies
are detectable: IgM and IgG (Fig. 73-1). Detection of IgM to
HAV in a patient who presents with clinical characteristics of
hepatitis or in an asymptomatic patient with elevated transam-
inases is consistent with acute HAV infection. HAV IgG ap-
pears following IgM and is indicative of previous exposure
and immunity to HAV, whereas a rising IgG is consistent with
recent exposure.28,30,40 Anti-HAV IgM is commonly present
throughout the disease course (16–40 weeks), usually peaking
early and declining to undetectable levels 3 to 4 months after
the initial infection.30,41 One-quarter of patients infected with
HAV have IgM present for up to 6 months, and occasionally
longer. HAV IgG appears early in the convalescent phase and is
detectable for decades after the acute infection resolves, with
a slowly declining titer.30 Both ELISA and RIA methods of
antibody detection are sensitive, specific, and reliable to diag-
nose acute HAV infection. E.T. has a positive IgM anti-HAV,
consistent with acute HAV infection. E.T. has a negative IgM
anti-HBc test, ruling out acute HBV infection.30

Treatment
General Measures
Hepatitis A virus infection is usually a self-limited disease
that does not require a specific therapy. Many treatments have
been recommended for acute viral hepatitis, but none signif-

icantly alter the course of the disease. The patient with acute
viral hepatitis may be treated as an outpatient if symptoms
are mild to moderate and regular medical evaluation occurs.
Patients infected with hepatitis A usually do not require hos-
pitalization, unless they develop complications of hepatic in-
sufficiency, such as encephalopathy or hemorrhage secondary
to hypoprothrombinemia. Patients should continue their nor-
mal activities as much as possible while avoiding physical ex-
haustion. Intravenous (IV) fluid and electrolyte replacement is
necessary in some patients with severe nausea and vomiting.
Patients should abstain from alcohol during the acute phase of
the disease. Following resolution of symptoms and serum bio-
chemical abnormalities, moderate alcohol intake is no longer
contraindicated. Ultimately, any patient with fulminant hepatic
failure caused by HAV infection should be evaluated for liver
transplantation.

Adjustment of Medication Doses

3. Should E.T.’s medications be adjusted during the acute
phase of hepatitis A infection?

Dosage adjustments for hepatically eliminated drugs in the
setting of liver disease are difficult to predict. This is because
hepatic metabolism is complex, involving numerous oxidative
and conjugative pathways that are variably affected in hepatic
disease. In renal disease, creatinine serves as an endogenous
marker to predict the clearance of renally eliminated drugs.
In hepatic disease, however, no reliable endogenous markers
exist to predict drug hepatic clearance. Laboratory tests that
approximate the synthetic function of the liver (albumin, PT)
and biliary clearance (bilirubin) are used to estimate the de-
gree of hepatic impairment, but these tests are not depend-
able in predicting alterations in pharmacokinetic parameters
for hepatically metabolized drugs.
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Table 73-4 Half-Life Data for Various Agents in Acute Viral
Hepatitis Compared With Reference Normal Controls

Half-life (t1/2 hr)

Drug7 Normal Controls Acute Viral Hepatitis

Acetaminophen42 2.1 3.2
Aspirin43 0.4 No changea

Carbamazepine43 12 Increased
Chlordiazepoxide44 11.1 91
Chloramphenicol45 4.6 11.6
Clofibrate46 17.5 No change
Diazepam47 37.2 74.5
Lidocaine48 3.7 6.4
Lorazepam49 21.7 No change
Meperidine50 3.4 7
Nitrendipine51 2.2 No change
Norfloxacin52 4.3 No change
Oxazepam53 5.1 No change
Phenobarbital54 86 No change
Phenytoin55 13.2 No change
Quinine56 10 17
Rifampin57 2.5 6.5
Theophylline59 7.7 19.2
Tolbutamide59 5.9 4.0
Warfarin60 25 No change

aNo change indicates that the difference between patients with acute viral hepatitis
and normal controls is not statistically significant.

Because of the difficulty in predicting hepatic drug clear-
ance, unnecessary and potentially hepatotoxic medications are
best if avoided during the acute phase of the illness. When drug
therapy is indicated with agents that undergo hepatic elimina-
tion, it is prudent to use the lowest doses possible to achieve
the desired therapeutic effect. Data from small pharmacoki-
netic studies in patients with acute viral hepatitis are shown in
Table 73-4.42–60

E.T. should be advised to discontinue diazepam (Valium)
because this medication undergoes extensive hepatic biotrans-
formation and limited data suggest this agent accumulates in
the setting of acute viral hepatitis.47 If E.T. should require drug
therapy for muscle spasms, he should either decrease the di-
azepam dose or consider using an alternative agent (e.g., lo-
razepam) that does not accumulate in acute viral hepatitis.49

Patients with acute viral hepatitis do not require phenytoin
dosage adjustments.55 Because E.T.’s plasma phenytoin con-
centration is within the desired therapeutic range, no dosage
adjustment is needed at this time.

Prevention of Hepatitis A
Prevention of hepatitis A infection can be achieved through im-
munoprophylactic measures. Immunoprophylaxis may be pas-
sive, active, or a combination of both. In passive immunization,
temporary protective antibody in the form of immunoglobulin
is administered. In active immunization, a vaccine is adminis-
tered to induce the formation of protective antibody. Prophy-
laxis can be administered before (pre-exposure prophylaxis)
or after exposure (postexposure prophylaxis).

Pre-exposure Prophylaxis

4. M.D., a 22-year-old student, is preparing for a 2-week va-
cation to Thailand. He plans to travel 3 months from now and
wonders if he should receive prophylaxis for HAV.

IMMUNOGLOBULIN
Before hepatitis A vaccine was available, the sole therapy

for pre-exposure prophylaxis of hepatitis A infection was im-
munoglobulin. Immunoglobulin is an injectable solution con-
taining a full complement of antibodies normally present in
human serum. Current preparations are manufactured by cold
ethanol fractionation of pooled plasma collected from at least
1,000 human donors, providing protective levels of anti-HAV.
Although passive immunization with immunoglobulin alone
is highly effective in preventing hepatitis A virus infection,61

the duration of protection is short. When used for pre-exposure
prophylaxis (e.g., in travelers who are allergic to a vaccine com-
ponent or decide against vaccination), a dose of 0.02 mL/kg
of immunoglobulin administered intramuscularly (IM) con-
fers protection for <3 months, and an IM dose of 0.06 mL/kg
confers protection for ≥5 months.29,30,61 Patients with con-
tinued exposure to hepatitis A require IM administration of
immunoglobulin 0.06 mL/kg every 5 months for adequate
protection.29,62

VACCINE
Active immunization with hepatitis A vaccine has largely

supplanted the use of immunoglobulin for pre-exposure pro-
phylaxis of infection caused by HAV. Formulations of inac-
tivated hepatitis A vaccine available in the United States in-
clude Havrix and Vaqta. Both vaccines are formalin-inactivated
preparations of attenuated HAV strains. The manufacturers
use differing units to express antigen content of their respec-
tive vaccines. Havrix dosages are expressed in ELISA units
(EL.U.), and Vaqta dosages are expressed as units (U) of hep-
atitis A antigen.

Dosing Regimen
Havrix is available in two formulations that differ according
to age: for persons 12 months to 18 years of age, 720 EL.U.
(0.5 mL) per dose in a two-dose schedule; and for persons
>19 years of age, 1,440 EL.U. (1.0 mL) per dose in a two-dose
schedule (Table 73-5).29,30 This vaccine is usually injected IM
into the deltoid muscle using a needle length appropriate for

Table 73-5 Recommended Doses of Hepatitis A Vaccines

Age at Vaccination Dose (Volume)a Schedule (Months)b

Havrix
Children 12 mos–18 yrs 720 EL.U. (0.5 mL) 0, 6–12
Adults >19 yrs 1,440 EL.U. (1.0 mL) 0, 6–12

Vaqta
Children 12 mos–18 yrs 25 U (0.5 mL) 0, 6–18
Adults >19 yrs 50 U (1.0 mL) 0, 6

aEnzyme-linked immunosorbent assay (ELISA) units.
bZero months represents timing of the initial dose; subsequent numbers represent
months after the initial dose.
From references 29,62, with permission.
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the person’s age and size, with a booster dose administered 6
to 12 months later. Of note, the pediatric Havrix formulation
(three-dose schedule) is no longer available. In comparison,
Vaqta is available in two formulations, and the formulations
differ according to the person’s age: for persons 12 months
to 18 years of age, 25 U (0.5 mL) in a two-dose schedule;
for persons >19 years of age, 50 U (1.0 mL) per dose in a
two-dose schedule (Table 73-5).29,30 Likewise, this vaccine is
usually injected IM into the deltoid muscle with a booster dose
administered 6 to 18 months later.29

The levels of anti-HAV necessary to prevent infection have
not been definitively established. The manufacturer-specified
protective levels for Havrix and Vaqta are >20 mIU/mL(or
>33 mIU/mL in recent studies) and >10 mIU/mL, respec-
tively. The immune response to each preparation has been
rapid and complete, with >94% of patients achieving protec-
tive antibody levels 1 month after vaccination.29,62 Following
administration of a second dose, 100% of vaccine recipients
achieve protective antibody titers.29,63 Additionally, both vac-
cines are extensively immunogenic in children (including those
with Down syndrome) and adolescents, with 97% to 100% of
persons between the age of 2 to 18 years achieving protective
antibody levels 1 month after receiving the first dose; 100%
achieve protective levels 1 month following the second dose.29

Additionally, data indicate that inactivated hepatitis A vaccines
are immunogenic in children aged <2 years who do not have
passively acquired maternal antibody. Vaccination among this
group achieves a protective antibody level.29

COMBINATION VACCINE
The US Food and Drug Administration (FDA) has also li-

censed a combined HAV and HBV vaccine (Twinrix, Glaxo-
SmithKline Biologicals, Rixensart, Belgium) for use in persons
aged ≥8 years.29,64 Twinrix is composed of the same antigenic
components used in Havrix and Engerix-B. Each dose of Twin-
rix contains at least 720 EL.U. of inactivated HAV and 20 mcg
of recombinant hepatitis B surface antigen (HBsAg). Trace
amounts of thimerosal (<1 mcg) is also present from the man-
ufacturing process.

Primary immunization consists of three doses, given on a
0-, 1-, and 6- month schedule, the same that is used for single
antigen hepatitis B vaccine.29,64 Any person 18 years of age or
older having an indication for both hepatitis A and hepatitis B
vaccine can be given Twinrix, including patients with chronic
liver disease, users of illicit injectable drugs, men who have sex
with men, and persons with clotting factor disorders who re-
ceive therapeutic blood products.29,64 For international travel,
hepatitis A vaccine is recommended; hepatitis B vaccine is rec-
ommended for travelers to areas of high or intermediate hep-
atitis B endemicity who plan to stay for longer than 6 months
and have frequent close contact with the local population.29,64

Data from 11 clinical trials in adult patients ages 17 to 70
years indicated, at 1 month after completion of the three-dose
series, that seroconversion for anti-HAV (titer >20 mIU/mL)
was elicited in 99.9% of vaccines, and protective antibod-
ies against HBsAg (anti-HBs >10 mIU/mL) were elicited in
98.5% of vaccinees.29,64 Thus, the efficacy of Twinrix likely
is comparable with existing single antigen hepatitis vaccines.
The persistence of anti-HAV and antibody to hepatitis B sur-
face antigen (anti-HBs) following administration is similar to
that following single antigen hepatitis A and B vaccine admin-

istration at 4-year follow-up. Observed adverse effects were
generally similar in type and frequency to those reported fol-
lowing vaccination with monovalent hepatitis A and B vaccines
and no serious vaccine-related adverse events were observed
in clinical trials.29,64

Efficacy, Safety, and Duration of Response
The efficacy of the hepatitis A vaccine is well established with
protective efficacy of 94% to 100%.64–66 The vaccine is well
tolerated with soreness at the injection site, headache, myal-
gia, and malaise as the most commonly reported adverse ef-
fects. A recent postmarketing surveillance study of >6 million
doses of vaccine revealed <0.01% of patients reporting ad-
verse events.67

The duration of protection has not been studied extensively;
however, the little data that exist suggest persistence of protec-
tive antibody titers for periods of 6 years with Havrix and 5 to
6 years with Vaqta.29 Estimates of antibody persistence derived
from pharmacokinetic models of antibody decline indicate that
protective concentrations of antibody could be present for >20
years.29,68,69 The US Advisory Committee on Immunization
Practices (ACIP) does not have a recommendation regarding
the need for booster doses at this time.

Indications
The ACIP continues to recommend administering hepatitis A
vaccination for several high-risk groups, including travelers to
countries with high endemicity of infection (South and Cen-
tral America, Africa, South and Southeast Asia, Caribbean,
and the Middle East), travelers to countries with intermediate
endemicity of infection (Eastern and Southern Europe and the
former Soviet Union), children living in communities with high
rates of hepatitis A infection and periodic hepatitis A outbreaks
(Alaskan Native villages, American Indian reservations), men
who have sex with men, IV drug users, researchers or per-
sons who have occupational risk for hepatitis A (health care
workers), persons with clotting factor disorders, and persons
with chronic liver disease who are at increased risk for ful-
minant hepatitis A.29 Because M.D. will not travel for another
3 months, he should receive either Havrix 1,440 EL.U. or Vaqta
50 U as soon as possible and no later than 1 month before travel.
This initial injection will provide adequate protection from
HAV infection during his travel, and he can receive the booster
injection on his return, at least 6 months after the first injection.

Postexposure Prophylaxis

5. L.W., a 26-year-old man, recently was diagnosed with HAV
infection. He attends college and works part-time as a retail clerk.
He lives with his wife and infant daughter. Which of L.W.’s con-
tacts require postexposure prophylaxis for HAV?

The ACIP recommends using immunoglobulin for peo-
ple who have been recently exposed to HAV and who have
not been previously vaccinated. The recommended dose is
0.02 mL/kg, administered IM as soon as possible but no later
than 2 weeks after exposure. Contacts who have received a dose
of hepatitis A vaccine at least 1 month before exposure do not
need immunoglobulin, because protective antibody titers are
achieved in >95% of patients 1 month after vaccination.29,62

Administration of immunoglobulin within 2 weeks of expo-
sure to HAV is 80% to 90% effective in preventing acute HAV
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infection.29,70 In most cases, when given early, immunoglobu-
lin prevents both clinical and subclinical HAV illness. Protec-
tion following immunoglobulin administration is immediate
and complete; however, long-lasting immunity to HAV does
not develop.

Immunoglobulin is recommended for close personal con-
tacts (household and sexual) of persons with acute hepatitis
A infection. L.W.’s wife and infant daughter should receive
prophylactic administration of immunoglobulin. Vaccination
is not required at this time. Prophylaxis is not recommended
for casual contacts at work or school.

Other situations in which immunoglobulin administration
may be indicated include hepatitis A infection in day-care cen-
ters and in settings with infected persons who prepare and
serve food. Immunoglobulin is recommended for all staff and
children in day-care settings when a case of hepatitis A virus in-
fection is diagnosed among employees or attendees.29,62 When
a food handler is diagnosed with hepatitis A, immunoglobulin
is recommended for other food handlers at the same location.
Given the improbability of disease transmission to persons con-
suming food prepared or served by workers infected with hep-
atitis A, the routine administration of immunoglobulin in this
setting is not recommended.29,62

Unvaccinated patients with continued exposure to hepatitis
A require IM administration of immunoglobulin 0.06 mL/kg
every 5 months for adequate protection.29 When immunoglob-
ulin is required for infants or pregnant women, preparations
that do not contain thimerosal should be used.29 Additionally,
immune globulin does not appear to impede the immune re-
sponse to inactivated vaccines or to oral poliovirus vaccine
or yellow fever vaccine. Immune globulin may, however, in-
terfere with the response to live attenuated vaccines such as
measles, mumps, rubella (MMR) vaccine and varicella vac-
cine when administered as either individual or combination
vaccines. Therefore, MMR and varicella vaccine should be
delayed for at least 3 months following administration of im-
mune globulin for HAV prophylaxis. Immune globulin should
not be given within 2 weeks after the administration of MMR
or varicella vaccine. Finally, if immune globulin is adminis-
tered within 2 weeks of MMR, the person requires revaccina-
tion, but not sooner than 3 months after the immune globulin
administration for MMR. Serologic tests for varicella vacci-
nation should be performed 3 months after immune globulin
administration to determine if revaccination is required.

HEPATITIS B VIRUS
Virology
Hepatitis B virus is a partially double-stranded DNA virus that
is a member of the Hepadnaviridae family of viruses (Table
73-2).13,71–74 Unlike HAV, HBV is antigenically complex, and
results in an acute illness with or without a chronic disease
state. Intact HBV virions are 42 nm wide and contain four
major genes (core, X protein, surface X, and polymerase) as-
sociated with viral replication.13,71–76 The core gene encodes
the core nucleocapsid protein which aids in viral packaging
and production of HBeAg. The surface gene encodes for sev-
eral proteins (pre-S1, pre-S2, and S). The X gene encodes
an X protein that is considered to be associated with hepatic
carcinogenesis. Lastly, the polymerase gene encodes a large

protein that is responsible for viral packaging and DNA repli-
cation. On the surface, coating HBV, is the HBsAg, which is
the virus’s major envelope protein. This antigen is found in
patients with acute or chronic HBV infection and chronic car-
riers. Two additional proteins, L and M, are also present in the
viral envelope. The function of the L protein appears to be vi-
ral binding to the hepatocyte surface, whereas the function of
the M protein is unknown. Inside the surface envelope of the
intact hepatitis B virion is a 27-nm structure called the internal
nucleocapsid core, which consists of several copies of the vi-
ral core protein or HBcAg surrounding the viral DNA and the
virally encoded polymerase. The HBeAg is a secreted product
of the nucleocapsid core of HBV, and its presence is also in-
dicative of viral replication.71–76 In addition to intact virions,
several subviral particles (S proteins) are produced that are
non-infectious; however, they are severely immunogenic and
promote the formation of neutralizing antibodies.71–76 These
particles were used to develop the first HBV vaccines.

Our understanding of HBV replication is based on experi-
ments performed in animals; thus, extrapolation of these results
to human disease must be made with caution.74,76,77 The life
cycle of HBV can be summarized as follows: (a) viral attach-
ment and entry; (b) viral uncoating in the cytoplasm through
direct membrane fusion; (c) synthesis of complete double-
stranded DNA in the nucleus: conversion of relaxed circu-
lar HBV-DNA into double-stranded covalently closed circular
DNA (ccc-DNA), catalyzed by HBV viral DNA polymerase;
(d) synthesis of RNA that forms the template for DNA synthe-
sis by host RNA polymerase; (e) translation of viral transcripts
in the cytoplasm, which yields the viral envelop, core, pre-
core, and X proteins, as well as the viral DNA polymerase;
(f) encapsidation or packaging of RNA in the cytoplasm
with production of viral cores; (g) RNA synthesis of minus
strand DNA by reverse transcriptase (RT); and (h) envelopment
of viral cores with excretion of infective virions, or transport
of viral core back into the nucleus (Fig. 73-2). The final step of
replication facilitates horizontal spread of infection throughout
the liver.

A basic understanding of the HBV life cycle has provided
unique opportunities for drug development. Of special impor-
tance, the HBV polymerase functions as both an RT for synthe-
sis of the negative DNA strand from genomic RNA and as an
endogenous DNA polymerase. Because the HBV polymerase
is remotely related to the RT enzymes of retroviruses (e.g.,
human immunodeficiency virus [HIV]), it is apparent that some
inhibitors of HIV polymerase or RT might have activity against
the HBV polymerase. Thus, several RT inhibitors have been
evaluated for treating and preventing HBV. Because the proof-
reading function of the RT is nonexistent, an extremely high
mutation rate for HBV occurs resulting in viral resistance to
many of these agents.

Epidemiology
Approximately 5% of the world’s population is infected with
HBV.1,6,12,73,78 It is estimated that >1.25 million carriers
(defined as persons positive for hepatitis B surface anti-
gen for >6 months) occur in the United States, many of
whom are immigrants from endemic areas and Alaskan na-
tives (6.4%).1,6,71,73,78 The incidence of acute HBV has been
on the decline in the United States.1,6,71,73,78 Over the past
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FIGURE 73-2 Life cycle of hepatitis B virus. From Ganem D. Hepadnaviridae: the viruses and their replica-
tion. In: Fields BN. Ed. Fundamental Virology. 3rd ed. Philadelphia: Lippincott-Raven; 1996:1199, with
permission.

decade, HBV has been reduced from a rate of 438,000 infec-
tions per year in the late 1980s to an estimated 185,000 cases
in 1997. This reduction has occurred in all age, racial, ethnic,
and high-risk groups. The most significant reduction is in chil-
dren and health care workers, groups with the highest rate of
vaccination. The reduced incidence of HBV infection may be
attributed to changes in behavior, which has led to decreased
transmission of infection. High-risk groups in the United States
for acquiring HBV infection include certain ethnic groups
(Alaskan natives, Pacific Islanders), first-generation immigra-
nts from regions of high endemicity (Southeast Asia), injection
drug users, gay men, black Americans (compared with white
Americans), and males (more than females).1,73,78–80 The most
prominent risk factors associated with acute HBV include het-
erosexual contact (42%), men having sex with men (15%),
and injection drug use (21%).73,78–80 HBV vaccination oppor-
tunities include clinics for sexually transmitted disease (and
contacts) and in prisons and holding centers for incarceration.

The epidemiology of chronic HBV infection is less well
known than that of acute disease. Within the United States,
it is estimated that 0.2% of the population is HBsAg
positive.73,78–80 Blacks are more likely to be HBsAg positive
than whites, but the highest reported rates of HBsAg symptoms
are among Asian Americans, especially those from China and
Southeast Asia. In population-based surveys, HBV is respon-
sible for 1% to 14% of chronic liver disease with chronic infec-
tion more likely to develop in infants compared with adults.6

Transmission
Hepatitis B virus is transmitted by sexual contact, percutaneous
or perinatal exposure, and by close person-to-person contact
allegedly through open cuts and sores, especially among chil-
dren in hyperendemic areas. These modes of transmission of
HBV are summarized in the following sections.

Sexual Transmission
Sexual activity is the most significant mode of HBV transmis-
sion worldwide, including North America, where the preva-
lence of infection is low.73,78–81 Heterosexual intercourse ac-
counts for the majority of United States infections (26%). In
heterosexuals, factors associated with an enhanced risk of HBV
infection include duration of sexual activity, number of sexual
partners, and history of sexually transmitted diseases (STD).
Sexual partners of injection drug users, prostitutes, and clients
of prostitutes are at a very high risk for infection. Sexual part-
ners of infected individuals are at high risk for infection, even
in the absence of high-risk behavior. Studies of household of
the infected and sexual contacts have reported that 0% to 3%
of the spouses or sexual partners and 4% to 9% of the chil-
dren are HBsAg positive. Because most patients with chronic
HBV infection are unaware of their infection and are “silent
carriers,” sexual transmission is likely to be a significant mode
of worldwide transmission. The use of condoms appears to
reduce the risk of sexual transmission.73,78–80

From 1980 to 1985, a very high rate of HBV infection was
observed in homosexual men, accounting for 20% of all re-
ported cases of infection.73,78–80 Multiple sexual partners, anal-
receptive intercourse, and duration of sexual activity were the
most common factors associated with HBV acquisition in this
population. Current rates of HBV infection in this population
have fallen and are estimated to be about 8%, possibly as a
result of modifications of sexual behavior in response to HIV.
Similar to heterosexuals, the use of condoms in this population
may also reduce the risk of sexual transmission.

Blood and Blood Products
Previously, blood was not screened for HBV; by the early
1970s, however, this risk of transmission was significantly re-
duced through screening of blood (used for transfusions) and
blood products before their administration.73,78–80 Although
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the risk of transfusion-associated HBV infection has been
greatly reduced with the screening of blood (tests for HBsAg
and anti-HB core) and the exclusion of donors who engage in
high-risk activities, it is estimated that 1 out of 50,000 trans-
fused units transmit HBV infection.73,78–80

Perinatal Transmission
Early childhood exposure and perinatal exposure are additional
modes of transmission of HBV infection.73,78–80 High serum
concentrations of virus have been linked with increased risk
of transmission by vertical routes (and needlestick exposure).
Infants born to HBeAg-positive mothers with high viral repli-
cation (>80 pg/mL) have a 70% to 90% risk of perinatal HBV
acquisition compared with a 10% to 40% risk in infants born to
mothers infected with HBV who are HBeAg-negative. Infec-
tion generally occurs via inoculation of the infant at the time of
birth or soon thereafter and, even with active and passive im-
munization, 10% to 15% of babies may acquire HBV infection
at birth.

In developing countries with high prevalence rates and in
regions of the United States with high endemicity, children
born to HBsAg-positive mothers with HBV are at risk for ac-
quiring HBV infection in the perinatal period, with infection
rates reported to be between 7% and 13%.73,78–80 In addition,
children of HBsAg-positive mothers who are not infected at
birth remain at very high risk of early childhood infection,
with 60% of those born to HBsAg-positive mothers becom-
ing infected by the age of 5 years. The mechanism of the later
infection, which is neither perinatal nor sexual, is not known,
however. Furthermore, although HBsAg is detectable in breast
milk, breast-feeding is not believed to be a primary mode of
HBV transmission.

Injection Drug Use
Recreational drug use in the United States and Europe is an
important mode of HBV transmission, accounting for approx-
imately 23% of all patients.73,78–80 The risk of HBV infection
increases with duration of recreational drug use; thus, sero-
logic markers of ongoing or prior HBV infection are usually
present after 5 years of drug use.

Other Modes of Transmission
Other risk factors for transmission of HBV include working
in a health care setting, transfusion and dialysis, acupuncture,
tattooing, traveling abroad, and living in institutions.73,78–80

Sporadic cases of HBV transmission have been attributed to
nonpercutaneous transmission by way of small breaks in the
skin, biting, or mucous membranes. Although HBsAg is found
in saliva, tears, sweat, semen, vaginal secretions, breast milk,
cerebrospinal fluid, ascites, pleural fluid, synovial fluid, gastric
juice, urine, and, rarely, feces of HBsAg-positive persons, only

semen, saliva, and serum actually contain infectious HBV in
experimental transmission studies. Thus, kissing is not consid-
ered to be a significant means of HBV transmission, but biting
could be.

Pathogenesis
Similar to HAV infection, clinical observations suggest that
host immune responses are more important than virologic fac-
tors in the pathogenesis of liver injury.71,73,78,82,83 Host cellular
and humoral immune responses are linked to T lymphocytes,
which enhance viral clearance from hepatocytes and cause liver
injury.71,73,78,82,83

Diagnosis
The presence of HBsAg in serum is diagnostic for HBV infec-
tion. In 5% to 10% of acute cases in which the HBsAg levels
fall below sensitivity thresholds of current assays, the presence
of IgM anti-HBc in serum confirms a recent acute hepatitis B
infection. Another highly reliable marker of active HBV repli-
cation and diagnosis is the presence of HBV DNA in serum
through qualitative or quantitative assays, detectable early dur-
ing the course of acute HBV infection.71,73,78,84,85 Persisting
levels of HBV DNA indicate ongoing infection and a high
degree of active viral replication and infectivity.

Diagnostic methods for HBV DNA have expanded in recent
years.71,73,78,86,87 Tests detecting HBV DNA can be classified
as (a) dependent on hybridization of labeled probe to the DNA
with quantification (Genostics assay; branched-DNA [bDNA])
and (b) PCR-based assays in which viral DNA is amplified with
detection through gel electrophoresis. Genostics and bDNA
are moderately sensitive in detecting DNA in HBsAg-negative
and HBeAg-positive patients and they have high specificity.
Values obtained by these assays are not interchangeable and are
used primarily as research tools. In general the non–PCR-based
assays are available with levels of sensitivity from 103 to 105

genomic copies/mL of serum. Their results usually correlate
with clinical response to antiviral therapy. Because of their
many limitations, most clinical laboratories use one of many
commercially available PCR assays with enhanced sensitivity
(102 genomic copies/mL or less).

Serology
Serologic patterns, general definitions, and diagnostic criteria
of HBV infection are depicted in Table 73-6. Within the first
several weeks after exposure (range, 2–10 weeks), HBsAg ap-
pears in the blood and is present for several weeks before serum
concentrations of aminotransferases increase and symptoms
become apparent (Fig. 73-3A).41,71,73,78,88,89 Clinical illness
usually follows HBV exposure by 1 to 3 months. HBsAg can

Table 73-6 Common Serologic Patterns of Hepatitis B Virus Infection

HbsAg HbeAg Anti-HBs Anti-HBe Anti-HBc Interpretation

+ + − − − Incubation period
+ + − − + (IgM) Acute HBV infection (typical case); chronic HBV carrier with high infectivity
− − + − + (IgG) Recovery from HBV infection
+ − − − + (IgG) Chronic HBV carrier; chronic hepatitis B
− − + − − Successful immunization with HBV vaccine
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A

B

FIGURE 73-3 A: Sequence of events after acute hepatitis B virus infection with resolution. ALT, alanine
aminotransferase; anti-HBc, hepatitis B core antibody; anti-HBe, hepatitis B envelope antibody; anti-HBs,
hepatitis B surface antibody; HBeAg, hepatitis B e antigen; HBsAg, hepatitis B surface antigen; HBV
DNA; hepatitis B virus DNA; IgM anti-HBc, IgM antibody to hepatitis B core virus; PCR, polymerase
chain reaction. B: Sequence of events after acute hepatitis B virus infection converts to chronicity. ALT,
alanine aminotransferase; anti-HBc, hepatitis B core antibody; anti-HBe, hepatitis B envelope antibody;
HBeAg; hepatitis B e antigen; HBsAg, hepatitis B surface antigen; HBV DNA, hepatitis B virus DNA; PCR,
polymerase chain reaction. (From reference 40, with permission.)

be detected in serum until the clinical illness resolves and usu-
ally becomes undetectable after 4 to 6 months. Persistence of
HBsAg beyond 6 months implies progression to chronic HBV
infection. The antibody to HBsAg (anti-HBs) often appears
after a short “window” period during which neither HBsAg
nor anti-HBs are detectable. In most patients, anti-HBs per-
sists for years after HBV infection, conferring immunity to
reinfection (Fig. 73-3A).

A soluble viral protein, HBeAg is detectable early during
the acute phase of the disease and persists in chronic hepati-
tis B infection. HBeAg is a marker of active HBV replication,
and its presence correlates with circulating HBV particles. The
presence of both HBeAg and HBsAg indicates a high level of
viral replication and infectivity and a need for antiviral therapy.
Generally, seroconversion from HBeAg to hepatitis B envelope
antibody (anti-HBe) results in a reduction in HBV DNA and
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suggests resolution of HBV infection. Some patients may, how-
ever, continue to have active liver disease and detectable serum
HBV DNA levels as a result of the presence of wild-type virus
or the presence of precore or promoter mutations that impair
HBeAg secretion (HBeAg-negative patients).

Hepatitis B core antigen does not circulate freely in the
bloodstream and is not measured. Anti-HBc, the antibody di-
rected against HBcAg, is usually detected 1 to 2 weeks after
the appearance of HBsAg and just before the onset of clini-
cal symptoms, and it persists for life. The detection of IgM
anti-HBc is the most sensitive diagnostic test for acute HBV
infection. During the recovery phase of infection, the predom-
inant form of anti-HBc is in the IgG class. The presence of
this antibody suggests prior or ongoing infection with HBV.
Furthermore, in areas where HBV is not endemic, isolated de-
tection of anti-HBc in a patient’s serum may correlate with
low levels of HBV DNA. The presence of HBV DNA may
enhance the risk of transmission of HBV and progression to
cirrhosis and hepatocellular carcinoma. Patients immunized
against HBV do not develop anti-HBc; therefore, the presence
of this antibody differentiates successful vaccination from ac-
tual HBV infection.

Natural History
Of those patients with acute HBV infection, only 1% devel-
ops fulminant hepatic failure (FHF).35,71,73,90 These patients
generally have coagulopathy, encephalopathy, and cerebral
edema.35,90 The cause of fulminant infection is a heightened
immune response to the virus, provided that HDV or HCV
coinfections are ruled out. Patients with acute liver failure of-
ten have early clearance of HBsAg, which may complicate the
diagnosis, but a positive IgM antibody to HBcAg generally
confirms the diagnosis.

Generally, four phases of HBV infection can be deter-
mined: immune tolerance, immune clearance, low level repli-
cation or nonreplication phase (inactive carrier), and reactiva-
tion phase. Up to 12% (average 5%) of immunocompetent
patients acutely infected with HBV remain chronically in-
fected (historically defined as detectable HBsAg in serum for
6 months or longer) (Fig. 73-3B).71,78,90,91 In these patients,
HBsAg generally remains detectable indefinitely and anti-HBs
fails to appear. The risk of chronicity following neonatally ac-
quired infection is high (>90%), possibly because neonates
have immature immune systems. Of infected neonates, 50%
have evidence of active viral replication. Furthermore, pa-
tients who have a reduced ability to clear viral infections—
including those receiving chronic hemodialysis, immunosup-
pression following transplantation, chemotherapy, or patients
with HIV infection—may have a greater risk for developing
chronic HBV infection.71,92 The outcomes of these patients are
mainly determined by the presence or absence of viral repli-
cation and by the severity of liver damage.92,93 Approximately
50% of all chronic carriers have ongoing viral replication, es-
pecially with elevated aminotransferases, and 15% to 20% of
these develop cirrhosis within 5 years.71,78,92,93 Spontaneous
loss of HBeAg (7% –20%/year) has been reported, possibly as
a result of the use of antiviral therapy, whereas loss of HBsAg
occurs less frequently (1%–2%/year). In general, chronic car-
riers remain infected throughout their entire life.41,88,89 In one
study, the 5-year survival rate was 97% in patients with early
histologic changes, including chronic persistent hepatitis (in

which inflammation is limited to the portal areas), compared
with 86% in patients with chronic active hepatitis (in which
liver cell necrosis and inflammation are present in the hepatic
parenchyma) and 55% in patients with documented cirrhosis.94

Asymptomatic HBV carriers tend to have mild disease mani-
festations with few complications, even with a long period of
follow-up. Finally, the risk of hepatocellular carcinoma (HCC)
is increased up to 300 times in chronic carriers with active viral
replication (HBeAg-positive).95,96

Clinical Manifestations

6. W.H. is a 35-year-old man who developed nausea, vomit-
ing, anorexia, scleral icterus, and jaundice within the past month.
Within the past week he became increasingly lethargic, confused,
disoriented, and lapsed into a coma. He is admitted to the ED,
intubated, and transferred to the intensive care unit (ICU).

W.H.’s social history is significant for IV drug use for the past
10 years and alcohol abuse (none for the previous 5 years). Phys-
ical findings include an older-than-age-appearing, hypertensive
(blood pressure [BP], 158/99 mmHg), bradycardic (heart rate
(HR), 58 beats/minute) man in respiratory distress (respiratory
rate (RR), 26 breaths/minute) with severe jaundice, scleral icterus,
and decreased hepatic dullness to percussion (reduced hepatic
mass). He shows sluggish pupillary response and increasing mus-
cle tone; neurologic examination reveals him to be stuporous and
nonarousable.

The laboratory evaluation shows the following results: Hct,
42%; Hgb, 14 g/dL; platelets, 85,000/mm3 (normal, 150,000–
300,000/mm3); PT, 25.8 sec (control, 12 sec), international normal-
ized ratio (INR), 3.8; AST, 555 U/L (normal, 5–40 U/L); ALT, 495
U/L (normal, 5–40 U/L); alkaline phosphatase, 101 U/mL (nor-
mal, 21–91 U/mL); and total bilirubin, 8.4 mg/dL (normal, 0.1–1.2
mg/dL). Hepatitis serologic tests are positive for HBsAg, HBeAg,
IgM anti-HBc, and HBV DNA. IgM anti-HAV, IgM anti-HDV,
and anti-HCV are negative. STAT blood gases reveal a metabolic
acidosis with a compensatory respiratory alkalosis. W.H.’s serum
creatinine is 1.8 mg/dL (normal, 0.5–1.2 mg/dL) with a recent
reduction in urine output.

What clinical findings does W.H. have that support the diag-
nosis of acute hepatitis and acute liver failure?

[SI units: Hct, 0.42; Hgb, 140 g/L; AST, 555 U/L (normal, 5–40); ALT, 495

U/L (normal, 5–40); alkaline phosphatase, 101 U/L (normal, 21–91); total

bilirubin, 143.6 μmol/L (normal, 1.7–20.5)]

The clinical features of acute HBV infection are similar
to those described for HAV infection. W.H.’s initial symptoms
included a recent history of nausea, vomiting, anorexia, scleral
icterus, and jaundice. These are consistent with diagnosis of
acute hepatitis B. His serologies, notably a positive IgM anti-
HBc and HBV DNA, also support this diagnosis.

Acute Liver Failure
The most significant complication of acute HBV infec-
tion is acute liver failure (ALF), defined as the onset of
hepatic encephalopathy within 8 weeks of the onset of
symptoms (Table 73-7).36,73,78,90 W.H. has several symp-
toms consistent with ALF. These include recent onset of
hepatic encephalopathy, lethargy, confusion, coma, coagu-
lopathy, hemodynamic instability, declining liver function,
and acidosis. Patients with ALF often have cerebral edema
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Table 73-7 Principal Causes of Acute Liver Failure

Cause Agents Responsible

Viral hepatitis Hepatitis A, B, C, D, E virus
Toxins Carbon tetrachloride

Amanita phalloides
Phosphorus

Vascular events Ischemia
Veno-occlusive disease
Heatstroke
Malignant infiltration

Miscellaneous Wilson disease
Acute fatty-liver of pregnancy
Reyes syndrome

Drug-related injury Acetaminophen
Idiosyncratic

(80% mortality rate), a complication of a disrupted blood–brain
barrier that allows protein-rich fluid to cross into the extracel-
lular spaces of the brain tissue leading to edema and increased
intracranial pressure (ICP) (vasogenic model). Toxins also can
induce cerebral damage, edema, and subsequent increases in
ICP in patients with an intact blood–brain barrier (cytotoxic
model) (Table 73-7). Clinical symptoms (sluggish pupillary
response and increasing muscle tone) develop when the ICP
>30 mmHg.36,73,78,90,97–99 Cerebral edema in the confinement
of the cranial vault raises the ICP, which may reduce intrac-
erebral perfusion. The edema can result in cerebral ischemia
if the cerebral-perfusion pressure (CPP) (systemic blood pres-
sure minus ICP) is not maintained >40 mmHg.

W.H. has symptoms of cerebral edema and may benefit from
100 to 200 mL of a 20% solution of mannitol (0.3–0.4 g/kg)
administered by rapid IV infusion to induce an osmotic diuresis
with a subsequent decrease in ICP. The dose may be repeated
at least once after several hours.36,73,78,98,99 Because W.H. also
has a BP of 158/99 mmHg, a HR of 58 beats/minute, and is
at risk for intracranial hemorrhage, an ICP monitoring device
should be placed.36,90,100,101 Although placement of this de-
vice is invasive, and bleeding is a potential complication, ICP
monitoring devices provide important prognostic information.
Patients with a CPP >40 mmHg that is refractory to mannitol
therapy are not candidates for liver transplantation.

W.H. also has a coagulopathy typical of ALF. Decreased
levels of clotting factors II, V, VII, IX, and X normally syn-
thesized by the liver account for his prolonged PT and ele-
vated INR.36,90,102 In addition, consumption of clotting factors
by low-grade disseminated intravascular coagulation (DIC) is
common in ALF. W.H. is also thrombocytopenic and at risk
for GI ulceration.36,90,98 A platelet transfusion should be con-
sidered if his counts drop to <50,000/mm3. Since he is not
actively bleeding, fresh frozen plasma is not indicated at this
time.36,90,103

W.H. also should be monitored for cardiovascular and re-
nal abnormalities as a result of his ALF.36,90,98 These resemble
those associated with cirrhosis and septic shock in certain re-
spects, but differ in others. Although W.H. is hypertensive,
most patients with ALF are hypotensive and hypovolemic and
present with interstitial edema owing to low levels of oncotic
proteins. Functional renal failure, also known as hepatorenal
syndrome (HRS) or acute tubular necrosis (ATN), occurs in

43% to 55% of patients with ALF.36,90 In HRS, renal blood
flow is reduced, renin and aldosterone levels are increased, and
levels of atrial natriuretic factor are unchanged.104

As seen in W.H., patients may develop acid-base distur-
bances, including respiratory alkalosis as a result of central
nervous system (CNS)-mediated hyperventilation or a lactic
acid-induced metabolic acidosis.36,90 Hyponatremia, hy-
pokalemia, hypocalcemia, hypomagnesemia, hypoglycemia,
and pancreatitis are additional findings associated with ALF.
Thus, sodium, potassium, calcium, magnesium, blood glucose,
and amylase should be monitored closely in W.H.36,90 Finally,
pulmonary complications (hypoxemia, aspiration, adult respi-
ratory distress syndrome [ARDS], and pulmonary edema) or
sepsis (bacterial, fungal) occur in patients with ALF.36,90,98

Prognosis

7. What is W.H.’s prognosis?

Although the incidence of ALF is <1%, the prognosis
for these patients is poor once encephalopathy has devel-
oped.36,90,98,105 Survival depends on the etiology and degree
of hepatic destruction, the ability of the remaining liver cells
to regenerate, and the management of complications that may
develop during the course of illness. Survival rates often de-
pend on the etiology of ALF. In one series, patients with non-A,
non-B hepatitis and halothane or drug hepatotoxicity had worse
survival rates (20% and 12.5%, respectively) compared with
those with hepatitis A, hepatitis B, or acetaminophen overdose
(66.7%, 38.9%, and 52.9% survival, respectively).105 Age <14
years, worsening grade of encephalopathy, reduced liver size,
and significantly abnormal LFT values (e.g., serum bilirubin,
aminotransferases, alkaline phosphatase, PT, and serum albu-
min) also are poor prognostic indicators in patients with ALF
(Table 73-8).36,105 Because W.H. has evidence of encephalopa-
thy, cerebral edema, and abnormal LFT values, he has a poor
prognosis (Table 73-8).

Table 73-8 Criteria for Predicting Death and the Need for
Liver Transplantation in Patients With Acute Liver Failure

Cause of Acute
Liver Failure Criteria

Acetaminophen
poisoning

pH <7.3 (irrespective of grade of encephalopathy)
OR
PT >100 sec AND
Serum creatinine >3.4 mg/dL (300 μmol/L) in

patients with grade III or grade IV encephalopathy
All other causes PT >100 secs

OR
Any three of the following variables (irrespective of

grade of encephalopathy):
Age <10 yrs or >40 yrs; liver failure caused by

non-A, non-B hepatitis, halothane-induced
hepatitis, or idiosyncratic drug reactions; duration
of jaundice before encephalopathy >7 days;
PT >50 secs; serum bilirubin >17.5 mg/dL
(300 μmol/L)

PT, prothrombin time.
From reference 105, with permission.
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Treatment

8. Outline an appropriate treatment plan for W.H.’s ALF.

The primary therapy for ALF is supportive care for
the comatose patient. Systemic therapies with heparin,
prostaglandin, or insulin and glucagon have shown limited
efficacy.36,90 Blood or plasma exchange, hemodialysis, or other
methods implemented to detoxify the blood or improve the
coma grade do not result in long-term benefits if liver mass
is not reconstituted as well. Thiopental may be useful in low-
ering ICP, but corticosteroids and prolonged hyperventilation
are of no value.36,90 W.H. could benefit from prophylactic H2-
blockers because they have been shown to reduce the incidence
of upper GI hemorrhage.36,90 Blood products (packed red blood
cells, fresh frozen plasma, or platelets) should be given as
needed if W.H. develops active bleeding, and pulmonary artery
monitoring should be implemented to guide management of in-
travascular volume and gas exchange. W.H. should be closely
monitored for additional complications, especially cardiac ab-
normalities (arrhythmias), hemodynamic changes, renal fail-
ure, acidosis, pulmonary complications, and sepsis.

In cases in which prognostic information indicates <20%
chance of survival without transplantation, liver transplanta-
tion is indicated (Table 73-8). In patients with acetaminophen
poisoning resulting in ALF, a pH <7.3, a PT >100 seconds
and a serum creatinine >3.4 mg/dL, with grade III or IV
encephalopathy usually require transplantation.105,106 Other
causes of ALF, a PT >50 seconds, or any three of the fol-
lowing variables (irrespective of grade of encephalopathy):
age <10 years or >40 years; liver failure caused by non-A,
non-B hepatitis, halothane-induced hepatitis, or idiosyncratic
drug reactions; duration of jaundice before encephalopathy
>7 days or serum bilirubin >17.5 mg/dL indicate a need
for transplantation.105,106 Several strategies to prevent death
have been used before liver transplantation with some success.
These include hepatic assist devices (e.g., bioartificial liver),
auxiliary partial heterotopic transplants, and partial liver graft
from living related donors.36,90

Extrahepatic Manifestations

9. What are the extrahepatic manifestations of acute or
chronic HBV infection?

Extrahepatic manifestations, such as arthralgias, rash, an-
gioneurotic edema, and polyarteritis nodosa, have been re-
ported in patients with acute or chronic HBV infection.71,78

Chronic and, to a lesser extent, acute HBV infection have been
associated with immune complex-associated membranoprolif-
erative glomerulonephritis. Neurologic complications of HBV
infection include Guillain-Barré syndrome and polyneuropa-
thy. Pericarditis and pancreatitis are infrequent complica-
tions of HBV infection. Additional complications of chronic
HBV infection include portal hypertension with variceal and
esophageal bleeding, encephalopathy, ascites, spontaneous
bacterial peritonitis, and hepatorenal syndrome. Although
HCC is not considered extrahepatic, many patients with HBV
may develop HCC.71,78,96

Coinfection with other viruses has been reported in pa-
tients with HBV infection. For example, markers of prior or
active HBV infection are present in >80% of patients with

acquired immunodeficiency syndrome (AIDS), with approx-
imately 10% of these cases seropositive for HBsAg.107 HIV
has also been reported to coexist in up to 13% of patients
with chronic HBV infection.108 Compared with patients with
HBV infection alone, patients coinfected with HBV and HIV
have significantly higher levels of viral replication, lower ALT
levels, and less severe histologic disease. HBV infection does
not reduce survival in HIV-positive patients; however, because
these patients live longer, hepatic decompensation and mani-
festations of HBV may occur.

Prevention of Hepatitis B
Comprehensive strategies should be implemented to prevent
and maintain protection against HBV infection and should be
widely available to eliminate transmission that occurs during
infancy and childhood as well as during adolescence and adult-
hood. Thus, alterations in sexual behavior, screening of high-
risk patients or settings (e.g., STD and HIV testing and treat-
ment facilities, drug abuse treatment and prevention settings,
heath care settings targeting services to intravenous drug users,
heath care settings targeting services to men having sex with
men, and correctional facilities) and blood products, develop-
ing needle exchange programs, and cultural outreach and edu-
cation may have an impact on HBV transmission. The goals of
preventive therapy should be to identify all persons who require
immunoprophylaxis for the prevention of infection and provide
long-term protection through vaccination to decrease the risk
of chronic HBV infection and its subsequent complications, as
well as minimizing adverse effects and cost of therapy.

Pre-exposure Prophylaxis

10. P.G., a 55-year-old nursing student, is going to start her clin-
ical rotations. She has no history of hepatitis and has not yet been
immunized. She is 5 feet 2 inches and weighs 80 kg. What prophy-
lactic regimen should P.G. receive to prevent hepatitis secondary
to HBV?

The available vaccines are manufactured using recombinant
DNA technology. Both Recombivax HB (10 mg HBsAg/mL)
and Engerix-B (20 mg HBsAg/mL) are yeast-derived HBV
vaccines that induce an immunologic response similar to the
plasma-derived vaccine (no longer used). Because P.G. will
come in contact with potentially infectious bodily secretions
during her rotations, she should be immunized against hepatitis
B with either Recombivax HB or Engerix-B.

DOSING REGIMEN
The recommended doses of available hepatitis B vaccines

are shown in Table 73-9.109–111 The preferred vaccination
schedule uses a three-dose regimen. The first dose is followed
1 month later by a second dose, and the third dose is adminis-
tered 6 months after the initial dose. The first two doses func-
tion as priming doses, inducing antibody to HB surface antigen
(anti-HBs) in >85% of healthy persons. The third dose serves
as a booster dose, significantly increasing the anti-HBs titer
and conferring optimal protection (>90%). The third dose can
be administered up to 12 months after the initial dose with
comparable efficacy. A four-dose series has been approved for
high-risk patients in whom rapid protection is desired. If this
schedule is followed, the fourth dose at 12 months is necessary
to ensure protective antibody titers.
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Table 73-9 Recommended Doses of Currently Licensed
Hepatitis B Vaccinesa

Recombivax HB Engerix-B

Group Dose (μg) (mL) Dose (μg) (mL)

Birth to 10 yrs — — 10 (0.5)
Birth to 19 yrs 5 (0.5) — —
Children and adolescents

11–19 yrs
— — 10 (0.5)

Adolescents 11–15 yrsb 10 (1.0) — —
Adults >20 yrs 10 (1.0) 20 (1.0)
Dialysis patients and other

immunocompromised hosts
40 (1.0) 40c (2.0)

aOne dose administered three times: at time 0, 1 month, and 6 months.
bOne dose administered: two times 0 and 4–6 months.
cTwo 1.0-mL doses administered at one site, in a four-dose schedule at 0, 1, 2, and
6 months.
From references 109–111, with permission.

The recommended doses for the yeast-derived recombinant
hepatitis B vaccines were based on dose-response studies that
determined the optimal dose necessary to achieve protective
antibody titers. Dose-response studies with Recombivax HB
in healthy adults using 1.25, 2.5, 5, 10, and 20 mcg of HBsAg
all elicited an immune response. Those patients receiving the
10- or 20-mcg dose developed substantially higher antibody
titers than those receiving lower doses. No significant differ-
ence was observed between the 10- and 20-mcg dose; thus, the
10-mcg dose was selected as the standard adult dose of Re-
combivax HB. Similar analyses were performed to determine
the 5-mcg adolescent and pediatric dosage. Dose-response tri-
als with Engerix-B demonstrated an optimal immune response
at higher dosages. The reason for the differing doses neces-
sary to elicit an adequate immune response is unknown. Some
have speculated that differences in the manufacturing process
(yeast culture, purification methods) may influence the im-
munogenicity of the final product. For this reason, hepatitis
B vaccines produced by different manufacturers may not be
equally immunogenic on a microgram-for-microgram basis.112

Relative potency comparisons are not clinically important be-
cause comparative trials using Recombivax HB and Engerix-
B in the recommended dosages have demonstrated equivalent
immunogenicity and tolerability. P.G. can be immunized with
either product, provided she receives the manufacturer’s rec-
ommended dosage with each injection.

Hepatitis B vaccine should be administered as an IM in-
jection in the deltoid muscle of adults and children or in the
anterolateral thigh muscle of neonates and infants. The im-
munogenicity of hepatitis B vaccine is significantly lower when
injections are given in the buttocks, probably because the
greater amount of fat tissue in the buttocks inhibits interfacing
of vaccine and antigen-recognition leukocytes. The results of a
small vaccination series suggest that healthy adults who do not
respond to HBV injection to the buttocks have a significantly
higher response when vaccinated in the arm. P.G. should be
immunized with either Recombivax HB (10 mcg) or Engerix-
B (20 mcg) administered as a 1-mL IM injection in the deltoid
muscle.

EFFICACY
Recombinant yeast-derived vaccines (e.g., Recombivax

HB, Engerix-B) produce similar results.113 Although a mea-
surable immune response is readily achieved with the current
HBV vaccine, a quantitative titer of circulating anti-HBs nec-
essary to prevent infection has not been clearly substantiated.
A protective antibody response has been defined as anti-HBs
levels ≥10 mIU/mL.111 This threshold was derived from early
HBV vaccine trials in homosexual men, where vaccine recipi-
ents with serum antibody levels ≥10 sample ratio units (SRU)
were protected from HBV infection.114–117 A serum antibody
level of 10 SRU is roughly equivalent to 10 mIU/mL when the
international standard is used. For this reason, an anti-HBs level
of ≥10 mIU/mL is considered a protective antibody titer and is
the standard used by the US ACIP. Although HBV infections
have occurred in vaccine recipients with a detectable immune
response, almost all infections have been asymptomatic, iden-
tified only through the presence of anti-HBc. These infections
have been limited largely to patients with no response or a poor
response to vaccination.116

NONRESPONDERS

11. P.G. has completed her three-dose vaccination series with
Engerix-B. Routine hepatitis serology testing, performed before
volunteering for a drug study, reveals that P.G. is anti-HBs neg-
ative. Why did P.G. not respond to the hepatitis B vaccine, and
how should she be managed?

Two important determinants of vaccine efficacy appear to
be the age at vaccination and underlying immune function. In
healthy recipients, the immune response to vaccination de-
creases with advancing age. In one study, 99% of patients
age 0 to 19 years, 93% of those age 20 to 49 years, and
73% of those >50 years of age achieved protective anti-
HBs levels (>10 SRU) after three doses of the hepatitis B
vaccine.118 Immunocompromised patients, including those re-
ceiving hemodialysis,119 those infected with HIV,120 or chil-
dren receiving cytotoxic chemotherapy,121 respond poorly to
the HBV vaccine. Patients who smoke 122–124 or are obese122,123

also have a reduced response. P.G. has two risk factors for a
poor response to the hepatitis B vaccine: she is >50 years of
age and she is moderately obese (ideal body weight for her
height is 50 kg).

Vaccine recipients who respond poorly to hepatitis B vac-
cine have been classified either as hyporesponders who can
probably be protected by additional doses of vaccine or as true
nonresponders. Patients with inadequate initial response to the
HBV vaccine series should be revaccinated. Of hyporespon-
ders (anti-HBs levels <10 mIU/mL), 50% to 90% develop a
protective level following a single booster injection125,126 or
after repeating the entire three-dose series.121,129 Of patients
not responding to a primary vaccination series with Engerix
B, 60% produced an immune response after a three-dose se-
ries with HBVax II (Recombivax), suggesting a repeat course
with the alternative HBV vaccine may be a reasonable ap-
proach in some patients.127 Revaccination of nonresponders
(no detectable anti-HBs) is less successful, and protective lev-
els, if achieved, are not sustained.128 True nonresponders to
HBV vaccination are rare in the immunocompetent popula-
tion, and these persons may have a genetic predisposition
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toward nonresponsiveness.129 P.G. should be revaccinated with
a booster dose of hepatitis B vaccine. Her anti-HBs levels can
be rechecked 1 month after the injection. If she still has not
responded, it is reasonable to administer an additional two in-
jections to complete a second vaccination series.

INTERCHANGEABILITY OF HBV VACCINES

12. T.M., a 32-year-old hospital laboratory technician, received
the first two doses of hepatitis B vaccine with Recombivax HB.
He has relocated recently and is due for the third injection. The
employee health service at his new job uses only Engerix-B for
hepatitis B vaccination. Can hepatitis B vaccines produced by
different manufacturers be used interchangeably?

Although it is recommended that patients receive the com-
plete vaccination series with the same product, data suggest
this is not absolutely necessary to induce a protective antibody
titer. In a study to determine whether a hepatitis B vaccination
series initiated with Recombivax HB could be completed with
Engerix-B, healthy adults received 10 mcg of Recombivax HB
at baseline and 1 month. At 6 months, the subjects were ran-
domized to receive either Engerix-B 20 mcg or Recombivax
HB 10 mcg. One month after the third dose, 100% of those who
had received Engerix-B and 92% of those who had received
Recombivax HB had protective anti-HBs levels.130

Chan et al.131 studied the booster response to either recombi-
nant hepatitis B vaccine or plasma-derived vaccine in children
who had been vaccinated originally with the plasma-derived
product (Heptavax-B). Children were randomized to either
5 mcg of the plasma-derived vaccine or 20 mcg of Engerix-B.
One month after the booster injection, all vaccine recipients
had significant elevations in their anti-HBs titers, suggesting
recombinant hepatitis B vaccines elicit an adequate booster re-
sponse in persons who originally received the plasma-derived
vaccine.131 According to the ACIP, the immune response from
one or two doses of a vaccine produced by one manufacturer,
when followed by subsequent doses from a different manufac-
turer, is comparable with that resulting from a full course of
vaccination with a single vaccine.111

T.M. may complete the hepatitis B vaccine series with
Engerix-B provided he receives the recommended dosage of
20 mcg administered as a 1-mL IM injection to the deltoid
region. This dose will significantly increase his circulating
anti-HBs titer, thus conferring optimal protection from HBV
infection.

DURATION OF RESPONSE

13. Does T.M. require a booster injection for sustained protec-
tion from HBV infection?

The duration of vaccine-induced immunity has been evalu-
ated in many long-term studies.117,132–139 The duration of de-
tectable anti-HBs appears proportional to the peak antibody
response achieved after vaccination, and protective anti-HBs
levels were sustained in 68% to 85% of patients receiving the
plasma-derived HBV vaccine in studies with follow-up ranging
from 6 to 12 years.132–136 Importantly, the protective efficacy of
the HBV vaccine in these trials was high, even in patients with
anti-HBs levels <10 mIU/mL. HBsAg was only rarely detected
and most HBV events consisted of asymptomatic seroconver-

sion to anti-HBc. These studies suggest that successful HBV
vaccination is associated with long-lasting protection without
the need for additional booster doses for up to 12 years.

The mechanism of sustained protection from HBV, despite
low or nondetectable anti-HBs levels, is thought to be related to
the phenomenon of immunologic memory in previously sen-
sitized B lymphocytes. This amnestic response, in combina-
tion with the long incubation period of HBV, may allow the
synthesis of protective antibodies sufficiently quickly to block
infection in patients rechallenged with HBV.140

In summary, no need exists for routine administration of
HBV vaccine booster doses to immunocompetent persons fol-
lowing successful vaccination. Immunocompromised patients
may require a persistent minimal level of protective antibody,
and the ACIP does recommend annual antibody testing for
patients receiving chronic hemodialysis with administration
of a booster dose when antibody levels are <10 mIU/mL.111

Based on available evidence, T.M. does not require a scheduled
booster dose of hepatitis B vaccine.

INDICATIONS

14. Why is it appropriate for T.M. to be vaccinated with hepati-
tis B vaccine, and who else should be vaccinated with this vaccine?

The ACIP has recommended pre-exposure hepatitis B vac-
cination for the following high-risk groups: health care work-
ers with exposure to blood, staff of institutions for the devel-
opmentally disabled, hemodialysis patients, recipients of blood
products, household and sexual contacts of HBV carriers, inter-
national travelers to HBV-endemic areas, injecting drug users,
sexually active homosexual men, bisexual men, and inmates
of long-term correctional facilities.111 Because T.M. is a hos-
pital laboratory technician, he is at high risk for exposure to
hepatitis B and should be vaccinated.

UNIVERSAL HEPATITIS B VACCINATION
In addition to the previously listed high-risk groups, all in-

fants should receive hepatitis B vaccination. This recommen-
dation is based on data suggesting the practice of vaccinating
only high-risk persons had little impact on decreasing the in-
cidence of HBV disease. Populations at risk for HBV disease
(injecting drug users, persons with multiple sexual partners)
generally are not vaccinated before they begin engaging in
high-risk behaviors. In addition, many persons who become
infected have no identifiable risk factors for infection and thus
would not be recognized as candidates for vaccination. A pro-
gram designed to immunize children before they initiate high-
risk behaviors is likely to have a greater impact in reducing
the incidence of HBV infection. As a means to achieve this
goal, the hepatitis B vaccine now is incorporated into the ex-
isting pediatric vaccination schedule. The first dose is admin-
istered during the newborn period (preferably before the infant
is discharged from the hospital) but no later than 2 months of
age.111 The recommended vaccination schedule is shown in
Table 73-10.

15. R.M. is a mother of two children aged 11 years and 2 months.
Her infant daughter just received a second dose of hepatitis B
vaccine as part of her routine well-baby care. R.M. wonders if her
son, who did not receive the hepatitis B vaccine during his normal
childhood immunizations, should receive the vaccine now.
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Table 73-10 Recommended Schedules of Hepatitis B
Vaccination for Infants Born to HBsAg (−) Mothers

Hepatitis B Vaccine Age of Infant

Option 1

Dose 1 Birth (before hospital discharge)
Dose 2 1–2 mosa

Dose 3 6–18 mosa

Option 2

Dose 1 1–2 mosa

Dose 2 4 mos a

Dose 3 6–18 mosa

aHepatitis B vaccine can be administered simultaneously with diphtheria-tetanus-
pertussis, Haemophilus influenza type b conjugate, measles-mumps-rubella, and oral
polio vaccines.
From reference 111, with permission.

The Centers for Disease Control and Prevention (CDC) has
addressed the issue of immunizing children and adolescents
born before 1991 who are potentially at risk for hepatitis B
infection. The current recommendations suggest that adoles-
cents who have not received three doses of hepatitis B vaccine
should initiate or complete the series at ages 11 to 15 years. A
schedule of 0, 1 to 2, and 4 to 6 months is recommended.141 It is
anticipated that universal vaccination of all infants and previ-
ously unvaccinated adolescents aged 11 to 12 years, in addition
to ongoing immunization of high-risk persons, will reduce the
incidence of acute hepatitis B infection, hepatitis B-associated
chronic liver disease, and HCC. R.M.’s son should receive ei-
ther Recombivax HB 5 mcg or Engerix-B 10 mcg as an IM in
the deltoid with repeat doses 1 to 2 months and 4 to 6 months
from the initial injection.

ADVERSE EFFECTS
Hepatitis B virus vaccination generally has been well-

tolerated. The most common side effect is pain at the injection
site, observed in 3% to 29% of patients. Transient febrile re-
actions (defined as temperature >99.9◦F) occur in <6% of re-
cipients, and other reactions, including nausea, rash, headache,
myalgias, and arthralgias, are observed in <1% of recipients.
Ongoing monitoring of vaccine safety by the FDA and CDC
is assessed through the Vaccine Safety Datalink (VSD) project
and Vaccine Adverse Events Reporting System (VAERS). On
the basis of these reporting systems, additional “causal” ad-
verse effects associated with vaccination include anaphylaxis
(1 case per 1.1 million vaccine doses), Guillain-Barré syn-
drome, and multiple sclerosis. Additional rare adverse events
that have been reported but remain to be validated are chronic
fatigue syndrome, neurologic disorders (leukoencephalitis, op-
tic neuritis, and transverse myelitis), rheumatoid arthritis, type
1 diabetes, and autoimmune disease.

Postexposure Prophylaxis
PERCUTANEOUS EXPOSURE

16. K.N., a 26-year-old medical student, presents to the ED
after accidentally sticking herself with a contaminated needle
while drawing blood from an HBsAg-positive patient. K.N. was

Table 73-11 Guide to Postexposure Immunoprophylaxis for
Exposure to Hepatitis B Virus

Type of Exposure Immunoprophylaxis

Perinatal Vaccination + HBIGa

Sexual Vaccination + HBIG
Household contact

Chronic carrier Vaccination
Acute case None unless known exposure
Acute case, known exposure HBIG − vaccination

Infant (<12 months) acute case
in primary caregiver

HBIG + vaccination

Inadvertent (percutaneous or
permucosal)

Vaccination − HBIG

aHBIG, hepatitis B immunoglobulin.
From references 111 and 143, with permission.

not vaccinated previously and had no known prior episodes of hep-
atitis or liver disease. Her tetanus status is current. She weighs
56 kg. How should K.N. be treated for percutaneous exposure to
hepatitis B?

Following exposure to HBV, prophylactic treatment with
hepatitis B vaccination and possibly passive immunization with
hepatitis B immunoglobulin (HBIG) should be considered. The
ACIP recommendations for postexposure immunoprophylaxis
following hepatitis B exposure are shown in Table 73-11.

K.N.’s percutaneous exposure warrants active immuniza-
tion with HBV and passive immunization with HBIG. The
source of K.N.’s exposure is HBsAg-positive, and K.N. had
not been vaccinated previously with the hepatitis B vaccine.
She should receive a single dose of HBIG 0.06 mL/kg (3.4
mL) as an IM injection in either the gluteal or deltoid region
as soon as possible after exposure, preferably within 24 hours.
HBIG is prepared from plasma of persons preselected for high
titer anti-HBs. The anti-HBs of HBIG in the United States
is 1:100,000 as determined by radioimmunoassay. HBIG is
superior to immunoglobulin in the prevention of hepatitis B
infection following percutaneous exposure. K.N. also should
receive active immunization with IM hepatitis B vaccine (at a
separate site) simultaneously with HBIG. The second and third
doses should be given 1 month and 6 months later. Passively
acquired antibodies against hepatitis B virus from HBIG or
immunoglobulin will not interfere with active immunization
via hepatitis B vaccine.142

If the HBsAg status of the donor source of a percutaneous
exposure is unknown, recommendations for prophylaxis of
HBV infection depend on whether the donor source is at high
risk or at low risk for being HBsAg-positive. High-risk donor
sources include homosexual men, IV drug abusers, patients
undergoing hemodialysis, residents of mental institutions, im-
migrants from endemic areas, and household contacts of HBV
carriers. Additional ACIP recommendations for hepatitis B
prophylaxis following percutaneous exposure are shown in Ta-
ble 73-12.

SEXUAL EXPOSURE

17. What are the current recommendations for a person who
has had sexual contact with an HBsAg-positive person?
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Table 73-12 Recommendations for Hepatitis B Prophylaxis Following Percutaneous Exposure111

Treatment When Source Is Found to Be

Exposed Person HBsAg-Positive HBsAg-Negative Unknown or Not Tested

Unvaccinated Administer HBIG × 1a and initiate hepatitis vaccine Initiate hepatitis B vaccineb Initiate hepatitis B vaccineb

Previously vaccinated
Known responder Test exposed person for anti-HBsc

1. If inadequate, hepatitis B vaccine booster dose
2. If adequate, no treatment

No treatment No treatment

Known responder HBIG × 1a as soon as possible, repeat in 1 month
OR
HBIG × 1a plus one dose of hepatitis B vaccine

No treatment If known high-risk source, may treat
as if source were HBsAg positive

Response unknown Test exposed person for anti-HBsc

1. If inadequate, HBIG × 1a plus hepatitis B vaccine
booster dose

2. If adequate, no treatment

No treatment Test exposed person for anti-HBsc

1. If inadequate, hepatitis B vaccine
booster dose

2. If adequate, no treatment

aHBIG dose 0.06 mL/kg given intramuscular (IM).
bFor dosing information, see Table 73-9.
cAdequate anti-HBs is ≥10 mIU.
HBIG, hepatitis B immunoglobulin.

Sexual transmission of hepatitis B is an important cause of
HBV infection, accounting for approximately 30% to 60% of
all new cases annually.143 Passive immunization with a single
5-mL dose of HBIG was found highly effective in preventing
hepatitis B infection following sexual exposure when com-
pared with a control globulin (with no anti-HBs activity).144

The CDC recommends that susceptible persons exposed to
HBV through sexual contact with a person who has acute or
chronic HBV infection should receive postexposure prophy-
laxis with 0.06 mL/kg of HBIG as a single IM dose within 14
days of the last exposure. Patients also should receive the stan-
dard three-dose immunization series with hepatitis B vaccine
beginning at the time of HBIG administration.143

PERINATAL EXPOSURE

18. S.L., a 3.2-kg boy, was just born to an HBsAg-positive
mother. Is S.L. at risk for acquiring HBV infection, and how
should he be treated?

In many Asian and developing countries, perinatal (vertical)
transmission accounts for most hepatitis B infections. Infants
born to HBV-infected mothers have a >85% risk of acquir-
ing HBV during the perinatal period. Of those who become
infected, 80% to 90% become chronic HBsAg carriers.145–147

Although fulminant cases have been reported, most hepatitis
infections in neonates are asymptomatic. Despite the usually
innocuous initial disease, significant adverse consequences are
associated with chronic HBsAg carriage in neonates. Chronic
hepatitis B infection is associated with chronic liver disease
and has been clearly implicated as a major risk factor in the
development of primary HCC.148,149

Mothers who are chronic carriers of hepatitis B, although
not acutely infected, pose the risk of transmitting the hepatitis
B virus to their infants. The risk is related to the presence of
HBsAg and HBeAg (suggesting a high degree of viral repli-
cation and infectivity). The likelihood that S.L. will develop
HBV infection is high. S.L. requires immediate therapy with
HBIG (to provide immediate high titers of circulating anti-

HBs) and simultaneous vaccination with hepatitis B vaccine
(to induce long-lasting protective immunity). Screening preg-
nant women for the presence of HBeAg and administration of
HBIG and hepatitis B vaccine is 85% to 98% effective in pre-
venting HBV infection and the chronic carrier state.145,147,150

This compares with a 71% efficacy rate for administration of
HBIG alone. Simultaneous administration of HBIG and hep-
atitis B vaccine does not adversely affect the production of
anti-HBs in neonates.145,147

Infants born to mothers who are HBsAg positive should re-
ceive simultaneous IM injections of the appropriate doses of
hepatitis B vaccine (Table 73-9) and HBIG (0.5 mL) within
12 hours of birth. The injections should be administered at
separate sites. S.L. should receive HBIG (0.5 mL) as soon
as possible after birth, administered as an IM injection. He
also should receive 0.5 mL of either Recombivax HB (5
mcg) or Engerix-B (10 mcg) as an IM injection at a separate
site.

19. What would the management plan be if the HBsAg status
of S.L.’s mother was unknown?

The ACIP has developed recommendations for the preven-
tion of perinatal HBV infection. This includes the routine test-
ing of all pregnant women for HBsAg during an early prenatal
visit. HBsAg testing should be repeated late in the pregnancy
for women who are HBsAg-negative but who are at high risk
of HBV infection or who have had clinically apparent hepati-
tis. Women admitted for delivery who have not had prenatal
HBsAg testing should have blood drawn for testing. While test
results are pending, the infant should receive hepatitis B vac-
cine within 12 hours of birth (Table 73-9). If the mother is found
later to be HBsAg-positive, her infant should receive HBIG as
soon as possible within 7 days of birth. The second and third
doses of vaccine should be administered at 1 and 6 months,
respectively. If the mother is found to be HBsAg-negative, her
infant should continue to receive hepatitis B vaccine as part of
the routine vaccination series.111
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Evaluation and Management of Patients with Chronic
HBV Infection

20. E.A. is a 55-year-old woman who presents to the hepatology
clinic with a recent history of mild jaundice. Her previous med-
ical history is unremarkable except for a blood transfusion she
received during child birth in 1988. What initial and follow-up
tests should be performed to assess the extent of HBV infection
in E.A.?

The evaluation of patients infected with chronic HBV is de-
scribed in Table 73-13. Initially, a thorough history and phys-
ical examination should be performed with greater emphasis
placed on risk factors for coinfection, alcohol use, and fam-
ily history of HBV and liver cancer. Laboratory tests should
include assessment of liver disease, markers of HBV replica-
tion, and screening tests for HCV, HDV, or HIV. Vaccinations
for hepatitis A should also be administered as described above.
The decision to perform a liver biopsy should be made based
on knowledge of a patient’s age, the ALT level, HBeAg status,
HBV DNA levels, and additional clinical features suggestive
of chronic liver disease or portal hypertension. In patients who
are not initially considered for treatment (inactive HBV car-
riers), an algorithm for follow-up based on HBeAg status is

Table 73-13 Evaluation of Patients With Chronic Hepatitis B

Initial evaluation

History and physical examination
Family history of liver disease, hepatocellular carcinoma
Laboratory tests to assess liver disease (CBC, platelets, ALT, AST,

bilirubin, prothrombin time/INR) and biopsy
Tests for HBV replication (HBeAg/anti-HBe, HBV DNA)
Tests to rule out coinfection (anti-HCV, anti-HDV, anti-HIV)
Tests to screen for HCC (AFP, and ultrasound for high-risk patients)

Suggested followup for patients not considered for
treatment (HBeAg +, HBV DNA >20,000 IU/mL and
normal ALT

ALT every 3–6 months, increasing frequency if ALT becomes elevated.
If ALT > 2 × ULN, recheck ALT every 1 to 3 months; consider liver

biopsy if age >40, ALT borderline or mildly elevated on serial tests.
Consider treatment if biopsy shows moderate or severe inflammation
or significant fibrosis.

If ALT >2 × ULN for 3–6 months and HBeAg+, HBV DNA >20,000
IU/mL, consider liver biopsy and treatment.

Consider screening for HCC in relevant population.

Inactive HBsAg carrier

ALT every 3 months for 1 year, if persistently normal, ALT every 6–12
months

If ALT >1 to 2 × ULN, check serum HBV DNA level and exclude other
causes of liver disease. Consider liver biopsy if ALT borderline or
mildly elevated in serial tests or if HBV DNA persistently >20,000
IU/mL. Consider treatment if biopsy shows moderate or severe
inflammation or significant fibrosis.

Consider screening for HCC in relevant population.

ALT, alanine aminotransferase; APF, α-fetoprotein; AST, aspartate aminotransferase;
CBC, complete blood count; HCC, hepatocellular carcinoma; INR, international
normalized ratio; ULN, upper limit of normal
From references 72, 73, with permission.

described in Table 73-13. Periodic screening for HCC should
also be performed in high-risk populations such as Asian men
>40 and Asian women >50 years of age, persons with cirrho-
sis, persons with a family history of HCC, blacks>20 years
of age, and any carrier >40 years of age with persistent or
intermittent ALT or HBV DNA elevations.

21. C.R., a 28-year-old man, presents to the ED with jaundice,
complaints of incapacitating fatigue, and vague intermittent ab-
dominal pain for the past month. C.R. was diagnosed with hepati-
tis B 2 years before admission. His social history includes IV drug
abuse (none for 2 years) and alcohol abuse (none for 2 years). Sev-
eral weeks ago, C.R. noted darkening of his urine and yellowing
of his eyes.

Physical examination reveals a thin man in no apparent dis-
tress. He is afebrile, and his BP, HR, and RR are within normal
limits. Moderate scleral icterus is noted. The abdomen is soft and
nondistended. The liver is enlarged, nontender, and smooth with
an edge palpable 5 cm below the costal margin and a span of 15 cm.
The spleen is palpable. The cardiac, pulmonary, neurologic, and
extremity examinations all are within normal limits.

C.R.’s laboratory evaluation is significant for Hct, 44%; Hgb,
15 g/dL; WBC count, 8.8 cells/mm3; platelets, 225,000/mm3 (nor-
mal, 150,000–300,000/mm3); PT, 15.4 sec (control, 12 sec), INR,
1.8; AST, 326 U/L (normal, 5–40 U/L); ALT, 382 U/L (normal,
5–U/L); alkaline phosphatase, 142 U/mL (normal, 21–91 U/L);
total bilirubin, 4.2 mg/dL (normal, 0.1–1.2 mg/dL); and albu-
min, 2.8 g/dL (normal, 3.5–4.5 g/dL). Hepatitis serologic tests are
positive for HBsAg, HBeAg, and anti-HBc and negative for IgM
anti-HBc, IgM anti-HAV, and anti-HCV. HBV DNA is reported
as <200 pg/mL. A liver biopsy reveals periportal inflammation
as well as piecemeal and bridging necrosis. What clinical findings
does C.R. have that support the diagnosis of chronic hepatitis B
infection?

[SI units: Hct, 0.44; Hgb, 150 g/L; WBC count, 8.8× 103 cells/L; AST, 326

U/L (normal, 5–40); ALT, 382 U/L (normal, 5–40); alkaline phosphatase,

142 U/L (normal, 21–91); total bilirubin, 71.8 μmol/L (normal, 1.7–20.5);

albumin, 28 g/L (normal, 35–45)]

The chronic occurrence of jaundice and hepatospleno-
megaly with significantly elevated AST and ALT in a young pa-
tient such as C.R. is suggestive of chronic hepatitis. Although
alcoholic hepatitis secondary to long-term alcohol abuse is
consistent with these clinical features, his serologic tests are
positive for HBV. Hepatitis serology with positive HBsAg and
HBeAg suggest ongoing viral replication and a high degree of
infectivity.

Serum concentrations of aminotransferases can range from
slightly abnormal to greatly elevated, with ALT concentrations
generally greater than AST. Serum bilirubin concentrations
>3.0 mg/dL are common, serum concentration of alkaline
phosphatase usually is increased, and the PT may be prolonged.
Patients such as C.R. with a prolonged PT and low serum al-
bumin concentration generally have a more severe form of
chronic hepatitis.

Liver biopsy is important for the diagnosis, treatment, and
prognosis of patients with chronic hepatitis. C.R.’s liver biopsy
reveals the classic triad of periportal inflammation as well as
piecemeal and bridging necrosis. The liver biopsy and hepatitis
serologic test results are consistent with a diagnosis of chronic
hepatitis B infection.
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Treatment of chronic HBV infection requires knowledge
of the natural history of the untreated disease and the poten-
tial benefits of intervention. Currently six agents are approved
by the US Food and Drug Administration (FDA) for treating
chronic HBV infection.

22. Does C.R. require treatment for chronic hepatitis secondary
to hepatitis B?

The decision to treat C.R. depends on the severity of symp-
toms, the serum biochemistries, and the liver biopsy results.
C.R. has evidence of severe chronic HBV infection. He is
symptomatic with jaundice, severe fatigue, and abdominal
pain, and the results of his LFT and HBV DNA levels sug-
gest his disease is advanced (decreased albumin, elevated PT).
Therefore, he should be treated to reduce the replication of
HBV, resolve the hepatocellular damage, and prevent long-
term adverse hepatic sequelae.

Goals of Therapy

23. What are the goals of therapy for chronic hepatitis sec-
ondary to HBV?

Progression of chronic hepatitis to cirrhosis is thought to be
related to continued replication of the hepatitis B virus. Loss of
active viral replication usually is associated with a decrease in
infectivity, a reduction in inflammatory cells within the liver,
and a fall of serum aminotransferase activities into the normal
range. The disappearance of detectable HBeAg and HBV DNA
is considered an indicator of loss of active viral replication.

The goals of therapy in chronic HBV infection are to achieve
sustained suppression of HBV replication and remission of
liver disease.72,73 Ultimately, achieving these goals should
lead to resolving ongoing hepatocellular damage and reduc-
ing the development of cirrhosis and HCC.72,73 Clinical tri-
als for chronic HBV infection have used the following mark-
ers as endpoints for successful therapy: seroconversion from
HBeAg-positive to HBeAg-negative (with appearance of anti-
HBe), reductions in serum aminotransferase activity, elimi-
nation of circulating HBV DNA, and improvement in liver
histology. The elimination of HBsAg (termination of HBV
carrier state) has been difficult to achieve in clinical trials. Ad-
ditionally, the responses to antiviral therapy of chronic HBV
can be categorized as biochemical (BR), virologic (VR), or
histologic (HR), and as on therapy or sustained off therapy
(Table 73-14).

Drug Therapy

24. Would initiating therapy during the acute phase of the HBV
infection have benefited C.R.?

Pharmacologic interventions in the management of acute
hepatitis B have been disappointing. Early studies demon-
strated a transient decrease in serum aminotransferase ac-
tivity and bilirubin concentration associated with corticos-
teroids. More recent studies, however, have resulted in a
higher incidence of relapse, and mortality152,153 in patients
receiving corticosteroids. Other therapies, including Hepati-
tis B immunglobulin (HBIG)154 and α-interferon,155 have
been ineffective in managing acute viral hepatitis secondary
to HBV. Nucleoside and nucleotide reverse transcriptase in-
hibitors reduce HBV DNA levels in patients with chronic

Table 73-14 Definition of Response to Antiviral Therapy

Category of Response Characteristics

Biochemical Response
(BR)

Decrease in serum ALT to within the
normal range

Virologic Relapse (VR) Decrease in serum HBV DNA to
undetectable levels by PCR assays, and
loss of HBeAg in HBeAg-positive
patients

Primary nonresponse
(not applicable to IFN
therapy)

Decrease in serum HBV DNA by <2
log10 IU/mL after at least 24 weeks of
therapy

Virologic Relapse (VR) Increase in serum HBV DNA of 1 log10

IU/mL after discontinuation of
treatment in at least two determinations
more than 4 weeks apart

Histologic response (HR) Decrease in histology activity index by at
least 2 points and no worsening of
fibrosis score compared with
pretreatment liver biopsy

Complete response (CR) Fulfill criteria of biochemical and
virological response and loss of HBsAg

Time of Assessment

On therapy During therapy
Maintained Persist throughout the course of treatment
End of treatment At the end of a defined course of therapy
Off therapy After the discontinuation of therapy
Sustained (SR-6) 6 months after discontinuation of therapy
Sustained (SR-12) 12 months after discontinuation of therapy

ALT, alanine aminotransferase; IFN, interferon; PCR, polymerase chain reaction.
From references 72, 73, with permission.

disease71,72,74,156−165; however, their use in acute HBV infec-
tion requires further investigation.156–158 Thus, administration
of antivirals during the acute phase of HBV infection is not
recommended in C.R.

INTERFERONS

25. What drug therapy should C.R. receive to treat chronic
HBV-associated infection?

Previously, the most effective agents for treating chronic
hepatitis B have been interferons,166,167 which appear to acti-
vate their target cells by binding to specific cell surface recep-
tors to induce synthesis of effector proteins.168,169 These in-
tracellular proteins induce the antiviral, antiproliferative, and
immunomodulatory actions of the interferons. Gene expres-
sion, upregulation of NK cells, cytotoxic T cells, and macro-
phages are induced by interferons.168,169 Their antiviral activ-
ity possibly arises from their ability to abate viral entry into
the host cells and modulate several steps of the viral replica-
tion cycle (e.g., viral uncoating, inhibition of messenger RNA
[mRNA], and protein synthesis). Several varieties of interfer-
ons are commercially available (Table 73-15). Interferon-α2b
(Intron-A) and pegylated interferon (PegIFN-α2a), remain the
only FDA-approved interferons for the treatment of chronic
HBV infection. Pegylated interferons are also used for treat-
ment of HCV infection (see section on Hepatitis C). These
agents are known to have increased serum half-life resulting in
a prolonged antiviral effect, as well as less immunogenicity.
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Table 73-15 Comparison of Interferons Used to Treat Viral Hepatitis

Agenta Trade Source Indication Dose/Route Comments

Interferon-α

Interferon-α 2a Roferon-A Recombinant HCV 3 MU TIW IM/SC
× 12 months

Most commonly used interferon for HCV

Interferon-α 2b Intron-A Recombinant NANB/HCV 3 MU TIW IM/SC
× 6 months

Previous standard of care for HCV

Interferon-α n1 NA Lymphoblastoid Not FDA approved
for HCV

3 MU TIW IM/SC
× 12 months

Originally thought to have higher relapse rate
versus recombinant interferon-α (6 months);
response rate with 12 months of therapy

Interferon-α-con-1 Infergen Recombinant HCV 9 mcg TIW SC ×
6 months

Has greater in vitro effects versus other
interferons; proposed enhanced efficacy against
HCV type 1 genotype

a Interferons may decrease hepatic cytochrome P450 metabolism of drugs.
NA, not applicable; NANB, non-A, non-B hepatitis; IM, intramuscular; SC, subcutaneously; TIW, three times weekly.

Efficacy
Conventional Interferon

Interferon-α is moderately effective in treating chronic hepati-
tis B in a small percentage of highly selected patients.170–174

(Table 73-16 and Table 73-17) HBeAg-positive patients with
chronic HBV receiving IFN-α may experience a virologic re-
sponse based on clearance of HBeAg (27%; range, 15%–41%)
or HBV DNA (47%; range, 32%–79%) compared with 9% of
untreated controls. Normalization of ALT values is observed
in 47% of IFN-α–treated patients versus 13% in untreated
controls. Clearance of HBsAg occurs in only 10% to 15%
of patients after completion of therapy.170–174 In one long-term
follow-up study of patients responding to IFN-α, delayed clear-
ance of HBsAg was observed in 65% of patients 3 years after
completion of therapy.175 Relapse after successful therapy is
rare. In another prospective study, 103 patients with chronic
hepatitis B treated with 2 to 5 million units (MU) of IFN-α for
4 to 6 months compared with untreated patients demonstrated
greater HBeAg and HBsAg clearance rates (56% versus 28%
and 11.6% versus 0%, respectively; P <0.001) at 5 years.176 All
patients with loss of HBeAg also lost HBV DNA and had newly
detectable anti-HBeAg antibodies. A trend toward greater sur-
vival and fewer clinical complications was also seen in the
treatment group.

Pegylated Interferon
In a recent phase III trial, results using PegIFN-α2a 180 mcg
weekly plus placebo (n = 271), PegIFN-α2a 180 mcg weekly
plus lamivudine 100 mg daily (n = 271), or lamivudine 100 mg
daily (n = 272) for 48 weeks were compared. Patients were
also followed for an additional 24 weeks after the end of
therapy.177 At the end of the 24-week follow-up, significantly
more patients who received PegIFN monotherapy or combina-
tion therapy than those who received lamivudine monotherapy
had HBeAg conversion (32% versus 19%; P <0.001, and 27%
versus 19%; P = 0.02, respectively). The use of PegIFN-α2a
(alone or in combination) also resulted in HBsAg conversion in
16 patients compared to none in the lamivudine monotherapy
group (P = 0.001). Additionally, at the end of treatment, viral
suppression was most evident in the group that received com-
bination therapy. This trial suggests that use of PegIFN-α2a is
superior to lamivudine on the basis of HBeAg conversion, HBV
DNA suppression, and HBsAg conversion. Similar results were

reported in HBeAg-positive patients receiving PegIFN-α2b.178

In the only published trial performed in 552 HBeAg-negative
patients, PegIFN-α2a 180 mcg weekly (n = 177) was com-
pared with either PegIFN-α2a 180 mcg weekly plus 100 mg
lamivudine (n = 179) or 100 mg lamivudine alone (n = 181).
Viral suppression was greater in the combination group, but
sustained response (HBV DNA and ALT levels at week 72)
was comparable in the group that received PegIFN-α2a alone
(or in combination), and superior to the lamivudine monother-
apy group (15%, 16%, and 6%, respectively). Loss of HBsAg
occurred in 12 patients in the pegylated interferon groups as
compared with none in the lamivudine group. Ultimately, the
addition of lamivudine to PegIFN did not affect post therapy
response rates in this patient population.179

For these reasons, a trial with IFN (including pegylated IFN)
is reasonable for C.R. Long-term follow-up data are sparse in
their ability to demonstrate reductions in cirrhosis or hepa-
tocellular cancer in patients receiving IFN-α therapy. Studies
comparing the outcome of responders versus nonresponders
found that patients who cleared HBeAg had better overall sur-
vival and survival free of hepatic decompensation; the benefit
was most pronounced in patients with cirrhosis.72,73

Predictors of Response

26. Is C.R. likely to respond to IFN-α therapy?

Certain patient variables can predict the response to therapy
with standard and pegylated IFN-α (Table 73-18). The most
reliable predictor of a positive response to IFN-α in HBeAg-
positive patients appears to be pretreatment ALT and HBV
DNA levels.71,73,74 Patients with high pretreatment ALT lev-
els (greater than twice the upper limit of normal) and HBV
DNA levels <200 pg/mL (roughly equivalent to 56 million
copies/mL on a PCR assay) are more likely to respond to ther-
apy than those with higher levels.71,73,171 In addition, data sug-
gest that HBeAg seroconversion with IFN treatment is associ-
ated with improved survival and reduced complications. Other
predictors of a positive response include a short duration of dis-
ease, negative HIV status, and a high histologic activity index
(HAI) as demonstrated by liver biopsy.71,73,74,175 Currently,
some studies also suggest that persons infected with HBV
genotypes A and B respond better than those with genotypes
C and D.72,73,178 No consistent predictor of sustained response
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Table 73-18 Factors Predictive of a Sustained Response to
Interferon-Alpha in Patients With Chronic Hepatitis

Chronic hepatitis B
Short duration of disease
High serum, aminotransferase concentrationsa

Active liver disease with fibrosisa

Low HBV DNA concentrations
Wild-type (HBcAg positive) virus
Absence of immunosuppression

aOne of the most commonly associated factors with a high degree of response to
therapy

in patients who are HBeAg negative exist. C.R. is a reason-
able candidate for IFN-α therapy. His liver biopsy is consistent
with chronic disease, he has high pretreatment aminotrans-
ferase levels, his HBV DNA is <200 pg/mL, and his duration
of chronic hepatitis is short. Before initiating IFN-α, serologic
testing for HIV and genotyping should be performed to assist
in the evaluation of C.R.’s response to therapy (Table 73-13).

Adverse Effects

27. What adverse effects to IFN-α should be monitored in C.R.?

Adverse effects associated with standard and PegIFN-α
therapy are similar and quite common (Table 73-19). These
have been categorized as early side effects that rarely limit the
use of IFN, and late side effects that may necessitate dose reduc-
tion or discontinuation of therapy altogether.72,73,167,180 The
early side effects of IFN-α therapy generally appear hours after
administration and resemble an influenza-like syndrome with
fever, chills, anorexia, nausea, myalgias, fatigue, and headache.
Virtually all patients receiving IFN-α experience these toxic-
ities, and they tend to resolve after repeated exposure to the

Table 73-19 Serious Adverse Events Reported With
Interferon-α Therapy

Central Nervous System

Psychosis
Depression/suicide
Delirium/confusion
Extrapyramidal ataxia
Paresthesia
Seizures
Relapse in substance abuse

Hematologic

Granulocytopenia
Thrombocytopenia
Anemia

Dermatologic

Psoriasis
Erythema multiforme

Gastrointestinal

Autoimmune hepatitis
Primary biliary cirrhosis
Hepatic decompensation

Cardiovascular

Cardiac arrhythmias
Sudden death
Dilated cardiomyopathy
Hypotension

Other

Retinopathy
Hearing loss
Pulmonary interstitial fibrosis
Acute renal failure
Hyperthyroidism
Hypothyroidism
Systemic lupus erythematosus

From references 167, 179, 180, and 181, with permission.

drug. Administration of IFN-α at bedtime may decrease the
severity of early side effects. Acetaminophen can be used to
treat early side effects of IFN-α therapy, but should be limited
to 2 g/day to minimize the risk of hepatotoxicity. The late side
effects usually are observed after 2 weeks of therapy and are
more serious. These toxicities, which limit the use of IFN-α, in-
clude worsening of the influenza-like syndrome, alopecia, bone
marrow suppression, bacterial infections, thyroid dysfunction
(both hypothyroidism and hyperthyroidism), and psychiatric
disturbances (emotional lability: irritability, depression, anx-
iety, delirium, and suicidal ideation). The use of IFN-α can
also cause a flare (increase) in ALT levels in 30% to 40% of
patients. These flares are considered to be a favorable prog-
nostic indicator, but they have been reported to cause hepatic
decompensation, especially in cirrhotic patients. Finally, rare
adverse effects, such as development of autoantibodies, retinal
changes, and impaired vision, have been reported. C.R. should
be questioned at each clinic visit about new or worsening symp-
toms as well as any changes in mood or the ability to perform
daily tasks of living. Additional monitoring parameters should
include a complete blood count (CBC) with differential and
platelet count after weeks 1 and 2 of therapy and monthly
thereafter during treatment. Thyroid function tests and screen-
ing tests for autoantibodies should also be performed following
initiation of therapy.

Dosing

28. What dose of IFN-α should C.R. receive?

Standard interferon doses of 2.5 to 10 MU can be adminis-
tered subcutaneously (SC) daily or three times weekly for 1 to
12 months. The manufacturer of IFN-α2b recommends 30 to
35 MU/week, administered SC or IM as 5 MU/day or 10 MU
three times weekly. For children, the dose should be 6 MU/m2

SC three times a week with a maximum of 10 MU. The rec-
ommended duration of therapy for patients who are HBeAg
positive is for 16 to 24 weeks. Current data suggest that pa-
tients with HBeAg-negative HBV infection should be treated
for at least 12 months and possibly for 24 months to enhance
the rate of sustained response.72,73 The recommended dose of
PegIFN-α2a, the only pegylated IFN approved for the treat-
ment of HBV infection in the United States, is 180 mcg SC
weekly for 48 weeks. It may be possible, however, to use lower
dosages or shorter duration of therapy to achieve a sustained
response in HBeAg-positive patients. More trials are needed to
support this altered dosing regimen. Whether longer duration
of treatment (> 48 weeks) is beneficial in HBeAg-negative
patients remains to be determined.

Some authorities believe thrice-weekly administration of
IFN-α is associated with more severe flu-like symptoms and
headache when compared with daily administration. In con-
trast, severe bone marrow suppression tends to occur less often
with thrice-weekly administration.180,181 Treatment questions
that still need to be adequately assessed are the optimal sched-
ule of IFN administration (daily versus every other day versus
three times weekly) and the benefit of combining IFN with
other antiviral agents (see below) for the treatment of HBV
infection. Because C.R. is HBeAg positive, has normal WBC
and platelet counts, he should initially receive either IFN-α2b
as a 5-MU SC injection daily for 16 weeks or PegIFN-α2a
180 mcg SC weekly for 48 weeks. The SC route of administra-
tion is preferred in C.R. to decrease the possibility of hematoma
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formation because his PT is prolonged. If conventional doses
of IFN lead to liver failure, development of sepsis, or bleeding,
low-dose therapy may be of benefit based on results from a
trial in patients with decompensated cirrhosis.

The dose should be decreased by 50% if granulocyte
or platelet counts decline to <750/mm3 and 50,000/mm3,
respectively.182 Profound thrombocytopenia (<30,000/mm3)
or neutropenia (<500/mm3); serious changes in mood or be-
havior; and intractable nausea, vomiting, or fatigue warrant the
immediate discontinuation of IFN-α.

NUCLEOSIDE ANALOGS

29. If C.R. does not respond to IFN-α, what additional antiviral
therapies are available?

Although IFN has been important in the treatment of chronic
HBV infection, patients included in most clinical trials repre-
sented a highly select group of chronic HBV carriers. Specifi-
cally, patients with decompensated liver disease were excluded
because they often have leukopenia and thrombocytopenia as a
result of hypersplenism, which limits the dose of IFN that can
be administered. In addition to IFN-α, the FDA has approved
several antiviral agents for treatment of chronic hepatitis B in-
fection (lamivudine, adefovir dipivoxil, entecavir, and telbivu-
dine) with at least three more (emtricitabine, clevudine, and
tenofovir disoproxil) that may be approved in the near future.

Lamivudine (Epivir-HBV) was the first nucleoside analog
approved by the FDA for use in patients with compensated
liver disease who had evidence of active viral replication
and liver inflammation caused by chronic hepatitis B infec-
tion. Nucleoside analogs represent an alternative approach
to treatment.71,73,74,156–165 Lamivudine, the(–) enantiomer of
3′—thiacytidine is an oral 2′–, 3′—dideoxynucleoside that
inhibits DNA synthesis by terminating the nascent proviral
DNA chain and interferes with the RT activity of HBV.183,184

In clinical trials, lamivudine was well tolerated and reduced
serum levels of HBV DNA.71,73,74,162,163,184,185 In a pivotal
randomized, placebo-controlled trial patients received 100 mg
lamivudine or placebo as initial therapy for chronic hepatitis
B for 52 weeks.186 Patients receiving lamivudine were more
likely to have a histologic response, loss of HBeAg in serum,
sustained suppression of HBV DNA to undetectable levels,
and reduced incidence of hepatic fibrosis. Additional findings
were that lamivudine recipients were more likely to experi-
ence HBeAg seroconversion (loss of HBeAg), undetectable
levels of serum HBV DNA, and the appearance of antibodies
against HBeAg. HBeAg responses were maintained in most pa-
tients for 16 weeks following discontinuation of therapy. The
most commonly reported adverse effects have been headache,
fatigue, nausea, and abdominal discomfort. Less common ad-
verse effects include laboratory abnormalities, such as tran-
sient asymptomatic elevation in amylase, lipase, and creati-
nine kinase levels.71,73,74,78,161–163,184 Although this trial led to
widespread use of lamivudine, its major use has been as a con-
tinuous long-term therapy in HBV-infected individuals, which
can result in resolution of disease and loss of HBsAg.

30. What is the risk of development of resistance in C.R.?

Lamivudine Resistance
Lamivudine, however, has a high rate of antiviral resistance.
Considering the high rate of viral turnover and the error suscep-

tible nature of the polymerase (particularly the RT), acquisition
of resistance mutations would be predicted. The most common
mutation leading to lamivudine resistance is a specific point
mutation in the highly conserved methionine motif of the HBV
polymerase.71,73,74,78,96,189 In this mutation, the methionine
residue is changed to a valine or isoleucine. These genotypic
mutations in the YMDD locus associated with a reduced sen-
sitivity to lamivudine occur following long-term therapy (e.g.,
52 weeks). This motif is thought to be representative of the
active site of the enzyme, similar to that associated with HIV
RT, leading to lamivudine resistance.71,73,74,78,161–163,184,187,188

Lamivudine-resistant HBV mutants generally are detectable
after 6 months or more of continuous therapy. Integrated data
from four studies show a 24% (range, 16%–32%) incidence
at 1 year, increasing to 47% to 56% at 2 years of therapy
and 69% to 75% at 3 years of therapy.71,73,74,78,96,189 The
presence of YMDD mutants results in a loss of the clini-
cal response, a rise in ALT levels, and worsening of hep-
atic histology.72,73 Reports of continued improvement despite
lamivudine resistance exist, but the long-term consequences of
viral resistance (including hepatic decompensation and exac-
erbation of liver disease) are poor. Thus, lamivudine may have
limited benefit in patients similar to C.R. A greater therapeutic
benefit in chronic HBV infection would be anticipated with
equally or more potent nucleoside analogs with lower rates of
resistance.

31. What other drug therapies are available for managing
C.R.’s chronic HBV infection?

Adefovir
Adefovir dipivoxil (Hepsera, Gilead) was the second nu-
cleoside analog approved by the FDA for the treatment of
chronic hepatitis B in adults with evidence either of ac-
tive viral replication or of persistent elevations in serum
aminotransferases (ALT or AST) or histologically active
disease.190 Adefovir dipivoxil is the oral prodrug of an acyclic
nucleotide monophosphate analogue, 9-(2-phosphonylme-
thoxyethyl)-adenine (PMEA). The active drug is a selective in-
hibitor of numerous species of viral nucleic acid polymerases
and reverse transcriptases. It has broad-spectrum antiviral ac-
tivity against retroviruses, hepadnaviruses, and herpesviruses.
Orally administered adefovir dipivoxil exhibits an inhibitory
effect on both the HIV and HBV reverse transcriptases.

Previously, two trials reported the results of adefovir for
the treatment of patients who were HBeAg-negative191 and
HBeAg-positive.192 (Table 73-16 and Table 73-17) The first of
these trials, patients with chronic hepatitis B who were negative
for hepatitis HBeAg were randomly assigned to receive either
10 mg of adefovir dipivoxil (n = 123) or placebo (n = 61) once
daily for 48 weeks.191 The primary endpoint in this trial was
histologic improvement. At week 48, 64% of patients who had
baseline liver biopsy specimens available in the adefovir dip-
ivoxil group had improvement in histologic liver abnormalities
(77 of 121), as compared with 33% of patients in the placebo
group (19 of 57). Additionally, serum HBV DNA levels were
reduced to <400 copies/mL in 61 of 123 patients (51%) receiv-
ing adefovir and in 0 of 61 patients (0%) receiving placebo. The
median decrease in log-transformed HBV DNA levels was also
greater with adefovir-treated patients compared with patients
taking placebo (3.91 versus 1.35 log copies/mL; P<0.001).
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Biochemical markers (alanine aminotransferase levels) had
normalized at week 48 in 84 of 116 (72%) of patients receiv-
ing adefovir compared with 17 of 59 (29%) of those receiving
placebo. No HBV polymerase mutations associated with resis-
tance to adefovir were identified within the study period. Ade-
fovir resulted in significant histologic, virologic, and biochem-
ical improvement, with an adverse event profile similar to that
of placebo. Emergence of adefovir-resistant HBV polymerase
mutations was not observed; however, data suggest rates of
resistance to be <1% at 1 year and up to 29% after 5 year.72,73

Importantly, it appears that adefovir is capable of inhibiting
the enzymatic activity of both wild-type and YMDD mutant
variants of both of these viruses. Adefovir resistance may be
more common in patients with pre-existing lamivudine resis-
tance, however, and instances of combined resistance have been
reported.189

In the second clinical trial, adefovir was given to HBeAg-
positive patients with chronic hepatitis B.192 Patients were ran-
domly assigned to receive 10 mg or 30 mg of adefovir dipivoxil
or placebo daily for 48 weeks. The primary endpoint was his-
tologic improvement in the 10-mg group as compared with the
placebo group. After 48 weeks of treatment, significantly more
patients who received 10 mg or 30 mg of daily adefovir had his-
tologic improvement (53% and 59%, respectively) versus 25%
in placebo patients. In addition, a significant reduction in serum
HBV DNA levels, undetectable levels (<400 copies/mL) of
serum HBV DNA, normalization of alanine aminotransferase
levels, and HBeAg seroconversion were associated with ade-
fovir. Adefovir-associated resistance mutations were identi-
fied in the HBV DNA polymerase gene within the study pe-
riod. The safety profile of the 10-mg dose of adefovir dip-
ivoxil was similar to that of placebo. More adverse events
and renal laboratory abnormalities were observed in the group
receiving 30 mg/day of adefovir. In summary, adefovir dip-
ivoxil led to histologic liver improvement, reduced serum HBV
DNA and alanine aminotransferase levels, and increased rates
of HBeAg seroconversion without adefovir-associated resis-
tance. Again, long-term follow-up is required to validate these
findings.

Additional data show that adefovir has been associated with
primary nonresponse as shown by only a modest reduction in
HBV DNA levels and minimal improvement in ALT in up to
one-third of patients with HBeAg-positive HBV infection. Pri-
mary nonresponse is associated with high pretreatment HBV
DNA levels and may occur owing to the moderate potency of
adefovir against HBV. Higher doses could be used; however,
they are correlated with renal toxicity. Long-term trials with
the drug are ongoing and have shown that high rates of re-
sponse are possible in patients with HBeAg-negative hepatitis
B infection.

Entecavir
Entecavir (Baraclude, Bristol-Myers Squibb) is an acyclic
guanosine derivative with potent activity against HBV.73,74 The
drug inhibits HBV replication at three different steps: (a) the
priming of HBV DNA polymerase; (b) the RT of the nega-
tive strand HBV DNA from the pregenomic RNA; and (c) the
synthesis of positive strand HBV DNA. In vitro studies have
shown that the drug is more potent than lamivudine and ade-
fovir and is highly effective against lamivudine-resistant HBV
mutants.

In two published phase III clinical trials, the efficacy of
entecavir was reported in patients with HBeAg-positive and
HBeAg-negative hepatitis B infection (Table 73-16 and Ta-
ble 73-17). In the first randomized double-blind trial, 715 pa-
tients with compensated liver disease who had not previously
received a nucleoside analog were assigned to receive ente-
cavir 0.5 mg (n = 357) or lamivudine 100 mg once daily (n
= 358) for a minimum of 52 weeks. By week 48, HBeAg-
positive patients receiving entecavir had higher rates of his-
tologic (72% versus 62%; P = 0.009), virologic [HBV DNA
undetectable by PCR] (67% versus 36%; P <0.001), and bio-
chemical [ALT normalization](68% versus 60%; P = 0.02) re-
sponses when compared with lamivudine.193 Of note, the sero-
conversion rates were similar among the two treatment groups
(21% versus 18%; entecavir versus lamivudine, respectively).
No viral resistance to entecavir was detected during the study
period, but follow-up data suggest a low rate of resistance (3%
by week 96 of therapy).194 The authors concluded that entecavir
was as safe and had significantly higher histologic, virologic,
and biochemical response rates than HBeAg-positive patients
treated with lamivudine. In patients who remained HBeAg pos-
itive with low levels of HBV DNA replication, a second year
of entecavir and lamivudine therapy resulted in seroconversion
in 11% and 13% of patients, respectively.195

In another randomized double-blind phase III trial, results
were reported in patients with HBeAg-negative hepatitis B in-
fection receiving either entecavir 0.5 mg (n = 331) or 100 mg
lamivudine daily (n = 317) for a minimum of 52 weeks. At
week 48, patients receiving entecavir had significantly higher
rates of histologic (70% versus 61%; P = 0.01), virologic (90%
versus 72%; P < 0.001) and biochemical (78% versus 71%;
P = 0.045) response rates.196 Again, no evidence of resis-
tance was seen among patients receiving entecavir. Safety and
adverse events were similar in the two groups. The authors
concluded that entecavir was as safe and had significantly
higher histologic, virologic, and biochemical response rates
than HBeAg-negative patients treated with lamivudine. Thus
C.R. could receive entecavir 0.5 mg daily. As with all of the
nucleoside agents, renal function should be monitored closely
and appropriate dosage adjustments should be implemented a
when renal function chances (Table 73-20). Furthermore, en-
tecavir may be used for lamivudine-refractory or resistant pa-
tients. In these patients, lamivudine should be discontinued to
reduce the risk of entecavir resistance. In vitro studies showed
that entecavir resistant mutations are susceptible to adefovir,
but sparse clinical data are available to validate this finding.
The dose of entecavir used for lamivudine-resistant patients is
1.0 mg daily.

Telbivudine
Telbivudine (Tyzela, Idenix) is an orally available l-nucleoside
analog with potent antiviral activity against HBV.197–199 In a
randomized double-blind phase III trial 1,370 patients with
HBeAg-positive (n = 921) or HBeAg-negative (n = 446)
chronic hepatitis B infection were randomized to receive
600 mg of telbivudine or 100 mg of lamivudine once daily197

(Table 73-16 and Table 73-17). The primary efficacy endpoint
was noninferiority of telbivudine to lamivudine for therapeutic
response (i.e., a reduction in serum HBV DNA levels to <5
log 10 copies/mL, along with a loss of HBeAg, or normaliza-
tion of aminotransferase levels). Secondary endpoints included
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Table 73-20 Adjustment of Adult Dosage of Nucleoside and
Nucleotide Analogs in Accordance with Creatinine Clearance

Creatinine Clearance
(mL/min) Recommended Dose

Lamivudine

≥50 100 mg QD
30–49 100 mg first dose then 50 mg QD
15–29 35 mg first dose, then 25 mg QD

5–14 35 mg first dose, then 15 mg QD
<5 35 mg first dose, then 10 mg QD

Adefovir

≥50 10 mg daily
20–49 10 mg every other day
10–19 10 mg every third day
Hemodialysis patients 10 mg every other week following dialysis

Entecavir

Nucleoside naı̈ve Lamivudine refractory/
resistant

≥50 0.5 mg QD 1.0 mg QD
30–49 0.25 mg QD 0.5 mg QD
10–29 0.15 mg 0.3 mg QD
<10 or hemodialysis

or continuous
ambulatory
peritoneal dialysis

0.05 mg QD 0.1 mg QD

Telbivudine

≥50 600 mg daily
30–49 400 mg daily
<30 200 mg daily
Hemodialysis patients 200 mg daily following dialysis

QD, every day
From references 72, 73, with permission.

histologic response, change in HBV DNA, and HBeAg re-
sponses. At week 52, a higher proportion of HBeAg-positive
patients receiving telbivudine than lamivudine had a thera-
peutic response (75.3% versus 67.0%; P = 0.005) or a his-
tologic response (64.7% versus 56.3%; P = 0.01); telbivu-
dine was also not inferior to lamivudine for these endpoints
in HBeAg-negative patients. Elevated creatinine kinase levels
were more commonly seen in the patients treated with tel-
bivudine, whereas elevated ALT and AST levels were more
common in those treated with lamivudine. Resistance rates
were lower among the telbivudine group compared with the
lamivudine group during the first year of therapy. The rates of
HBeAg loss were similar between the telbivudine and lamivu-
dine treatment groups (26% versus 23%, respectively). With
respect to resistance, telbivudine selects for mutations in the
YMDD motif. Although resistance rates are lower than those
reported with lamivudine, the resistance rate is substantial and
increases at a high rate following the first year of therapy.188

In the phase III trial genotypic resistance after 1 and 2 years of
therapy was observed in 4.4% and 21.6% of HBeAg-positive
and 2.7% and 8.6% of HBeAg-negative patients who received
telbivudine compared with 9.1% and 33% of HBeAg-positive

and 9.8% and 21.9% of HBeAg-negative patients who re-
ceived lamivudine.74,75 Although telbivudine is more potent
with lower rates of resistance than lamivudine, the rates of re-
sistance appear to be higher than for other approved therapies.
Thus, telbivudine may not be an optimal choice of nucleoside
agent for C.R.

Additional Agents
The safety and efficacy of other antiviral agents for the
treatment of chronic HBV infection, including tenofovir
(PMPA),73,74 emtricitabine [Emtriva, FTC (2R,5S)-5-fluoro-1-
[2-(hydroxymethyl)-1,3-oxathiolan-5-yl]cytosine],73,198 and
clevudine [L-FMAU (1-(2-fluoro-5-methyl–L-arabinofura-
nosyl-uracil)]73,74,199 are under investigation. In one study of
248 patients receiving 200 mg daily of emtricitabine(FTC),
there were significantly higher rates of histologic (62% versus
25%), virologic (54% versus 2%) and biochemical (65% ver-
sus 25%) responses at week 48 compared with placebo. The
rates of HBeAg seroconversion were the same in both groups
(12%) with FTC resistance rates occurring in 13% of treated
patients.198 Clinical trials with daily clevudine 30 mg for up to
24 weeks demonstrated that the drug is well tolerated and that
serum HBV DNA levels were undetectable by PCR assay at
the end of treatment in 59% of HBeAg-positive and in 92% of
HBeAg-negative patients. A unique characteristic of clevudine
is the durability of viral suppression, which persists up to 24
weeks after therapy is discontinued in some patients.199 Ulti-
mately, this agent has not been shown to increase the rate of
HBeAg seroconversion compared with placebo controls and it
also may select for mutations in the YMDD motif.

Although several drugs have failed to treat HBV
effectively,200–203 agents such as tenofovir may prove effective
against HBV isolates that are resistant to lamivudine.204–206

Novel agents, such as glycosidase inhibitors, hammerhead ri-
bozymes (short RNA molecules that possess endoribonuclease
activity capable of degrading target RNA), and antisense phos-
phodiester oligodeoxynucleotides (short fragments of DNA
that are complementary to HBV-RNA, which result in inhibi-
tion of RNA translation) are also under investigation.207 Pend-
ing the results of these trials and the arrival of HBV protease in-
hibitors and cytokine therapies, combination antiviral therapy
as demonstrated in patients with HIV, may enhance response
rates, reduce the progression of liver disease, and ultimately en-
hance survival in patients with chronic HBV infection.208,209

Because of the relatively high resistance rates for lamivudine
and telbivudine, and dosing limitations for adefovir, entecavir
0.5 mg daily should be initiated in C.R. if he fails to respond
to IFN or PegIFN. Recommendations for treatment of chronic
hepatitis B virus can be found in Table 73-21.

Therapeutic Vaccines
Theradigm-HBV (Cytel, San Diego, CA) is a therapeutic vac-
cine consisting of the viral protein HBcAg peptide, a T-helper
peptide (tetanus toxoid peptide) that enhances immunogenic-
ity, and two palmitic acid molecules. The vaccine appears to be
well tolerated, has dose-dependent response rates, and appears
to work by inducing HBV-specific major histocompatibility
complex (MHC) class I-restricted CTL. Phase I and II studies
in patients with chronic HBV are in progress.210 Another ther-
apeutic vaccine undergoing clinical investigation for chronic
HBV is HBV/MF59.211 This vaccine combines the HBV “Pre
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Table 73-21 Recommendations for Treatment of Chronic Hepatitis B

HBeAg HBV DNA (PCR) ALT Treatment Strategy

+ >20,000 IU/mL ≤2 × ULN Low efficacy with current treatment.
Observe, consider treatment when ALT becomes elevated.
Consider biopsy in persons >40 years, ALT persistently high normal to 2 × ULN, or

family history of HCC
Consider treatment if HBV DNA >20,000 IU/mL and biopsy shows moderate to severe

inflammation or significant fibrosis
+ >20,000 IU/mL ≥2 × ULN Observe for 3–6 months and treat if no spontaneous HBeAg loss

Consider liver biopsy prior to treatment if compensated
Immediate treatment if icteric or clinical decompensation (IFN-α/PegIFN-α, LAM, ADV,

ETV, LdT may be used as initial therapy) LAM LdT not preferred due to high rate of
resistance

HBeAg to anti-HBe Endpoint of treatment: seroconversion from
Duration of therapy: IFN-α: 16 weeks PegIFN-α: 48 weeks LAM, ADV, ETV, LdT:

minimum 1 year, continue for at least 6 months
After HBeAg seroconversion
IFN-α nonresponders/contraindications to IFN-α → ADV/EDV
IFN-α/PegIFN-α, LAM, ADV, ETV, or LdT may be used as initial therapy, LAM and LdT

not preferred due to high rate of resistance
>20,000 IU/mL ≥2 × ULN High rate of drug resistance; endpoint of therapy not defined

Duration of therapy: IFN-α/PegIFN-α: 1 year LAM, ADV, ETV, LdT: >1 year
IFN-α nonresponders/contraindications to IFN-α → ADV.EDV

> 2,000 IU/mL 1–2 × ULN Consider liver biopsy and treat if liver biopsy shows moderate/severe necroinflammation
or significant fibrosis

<2,000 IU/mL ≤ULN Observe, treat if HBV DNA or ALT becomes higher
± Detectable Cirrhosis Compensated:

HBV DNA >2,000 IU/mL-treat: LAM/ADV/ETV/ LdT may be used as initial therapy;
LAM and LdT not preferred due to high rate of resistance

HBV DNA <2,000 IU/mL: consider treatment if ALT is elevated
Decompensated:
Coordinate treatment with transplant center, LAM (or LdT) + ADV or ETV preferred
Refer for liver transplant

± Undetectable Cirrhosis Compensated: observe
Decompensated: refer for liver transplant

ADV, adefovir; ALT, alanine aminotransferase; ETV, entecavir; IFN-α, interferon alpha; LAM, lamivudine; LdT, telbivudine; PegIFN-α, pegylated interferon alpha; ULN, upper
limit of normal.
From references 72, 73, with permission.

S2 and S” antigens with an MF59 adjuvant (enhances immune
responses).

32. If C.R. fails therapy with entecavir, is combination therapy
appropriate?

Combination Therapies
Combination therapy for HIV and HCV have been proved to
be more effective than monotherapy. The potential for additive
or synergistic antiviral effects and reduced or delayed rates of
viral resistance may also be possible in patients with hepatitis B
infection. Several combination therapies have been evaluated
in patients infected with hepatitis B (PegIFN and lamivudine,
lamivudine and adefovir, lamivudine and telbivudine) but none
have been proved to be superior to monotherapy in producing
a higher rate of sustained response. Furthermore, combination
therapies have shown a reduced rate of resistance in patients
treated with lamivudine compared with monotherapy, but no
data support the use of combination therapy to reduce mutation
rates in agents that have a low risk of drug resistance when used
alone.

Liver Transplantation

33. If C.R. fails therapy and continued to decompensate from
his chronic HBV infection, what nonpharmacologic interventions
are available?

One-year survival rates for patients with cholestatic or al-
coholic liver disease are >90% in most transplant centers.92

Historical data for liver transplants in patients with chronic
HBV infection are associated with 1-year survival of 50%
compared with non–HBV-infected recipients. In one report,
51 HBsAg-positive patients who received a liver transplant
for postnecrotic cirrhosis were compared with 38 transplant
recipients with evidence of HBV immunity (HBsAg-negative
and anti–HBs-positive).95 Early post-transplant mortality was
similar between the groups but delayed mortality was greater
in the HBsAg-positive arm (63% versus 80%, respectively, in
patients who survived at least 60 days, or 45.1% and 63.2%, re-
spectively, overall). Recurrent HBV infection was the primary
cause of death in HBsAg-positive patients.92 Patients with ac-
tive viral replication preceding transplantation as indicated by
HBeAg or HBV DNA positivity are less likely to have graft
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or overall survival compared with those without active viral
replication.212 Reinfection of the allograft takes place in up
to 100% of liver transplant recipients, but morbidity is higher
in HBeAg-positive patients. HBV DNA levels may be a better
predictor of outcome than HBeAg positivity.212 For this reason,
pretransplant HBV DNA status has become the preferred pre-
dictor of outcome following transplantation. Because of poor
outcomes, several centers have excluded HBsAg-positive pa-
tients (in the presence of viral replication) from having liver
transplantation. This policy is not universally accepted, how-
ever, and with appropriate posttransplant prophylactic strate-
gies, patients who are nonresponders to drug therapy can un-
dergo successful liver transplantation.

34. What are the current recommendations for prevention of
recurrent hepatitis B infection following liver transplantation?

The most efficacious approach to preventing HBV recur-
rence following transplantation has been with high-dose IV
hepatitis B immunoglobulin in the anhepatic and postoperative
periods.211,212 Samuel et al. reported that 110 HBsAg-positive
patients treated with daily IV HBIG in the early postopera-
tive period to maintain their serum anti-HBs levels ≥100 IU/L
had an overall survival (84%) that approached that observed
in other transplant recipients without HBV infection.211 These
data have been confirmed in a large retrospective analysis of
patients (N = 334) undergoing transplantation for HBV infec-
tion in Europe. Furthermore, the European trial demonstrated
that patients receiving long-term HBIG administration (>6
months) compared with patients receiving short-term HBIG
(<6 months) had a lower risk for recurrent HBV infection
(35% versus 75%) and longer 3-year actuarial survival (78%
versus 48%).211

HBIG DOSAGE, ADMINISTRATION, AND ADVERSE EFFECTS
Historically, liver transplant centers routinely administer

immunoprophylaxis with IV HBIG 10,000 IU (10 vials, 50 mL
in 250 mL of saline) in the anhepatic (recipient liver excised)
phase, then 10,000 IU (50 mL infused over 4–6 hours) for
the next 6 days postoperatively. HBIG (10,000 IU) is adminis-
tered on a monthly basis for life, or is discontinued if HBsAg
becomes positive, indicating treatment failure. This regimen
achieves trough anti-HBs titers of approximately 500 IU/L and
up to 2,000 IU/L; however, the link of specific titers and protec-
tion from recurrence is controversial at this time. Patients may
also experience a serum sickness-like syndrome (fever, myal-
gias) that is reversible after discontinuation of HBIG therapy.
An IV preparation of HBIG is now available for patients un-
dergoing liver transplantation for chronic HBV infection.

Long-term concerns associated with HBIG administration
include the potential for HBV reinfection from extrahepatic
sites despite adequate anti-HBs titers, emerging mutant viruses
that no longer bind to the immunoglobulin, and the prohibitive
high cost of therapy (>$60,000/year).213,214 Current data sug-
gest that pharmacokinetic modeling and use of maintenance
therapy with IM administration of HBIG (e.g., 2.5–10 mL
every 2–3 weeks) following a reduced induction dose (e.g.,
10,000 IU anhepatically, then 2,000 IU IV × 6 doses) may
achieve similar outcomes and reduce the cost associated with
IV administration of the drug.215–217

35. What is the role of oral antiviral agents in liver transplant
recipients with HBV?

As previously described, the availability of nucleoside
analogs, such as lamivudine, adefovir, and entecavir, are having
an impact on the treatment of patients with HBV infection, and
they also have a role in patients who undergo transplants for
chronic HBV infection.71,73,184,218–221 Lamivudine monother-
apy is effective in converting HBV DNA-positive patients to
negative status before and after liver transplantation. Emerging
mutations at the YMDD locus in transplant and nontransplant
recipients also have been observed, however, rendering lamivu-
dine ineffective.71,73,184,222,223 Nucleoside analogs are still
considered investigational at this time for HBV prophylaxis
following transplantation because they have not been FDA
approved for this indication in the United States. Several trans-
plant centers, however, have implemented clinical protocols
that combine lamivudine with HBIG; ultimately, this combi-
nation regimen has emerged as a clinical standard because it has
been effective, with low rates of resistance. When lamivudine
resistance has occurred following transplant and leads to recur-
rent hepatitis B, the use of adefovir, entecavir, or tenofovir has
been successful in the post-transplant setting. Future consider-
ations for preventing recurrent HBV infection following trans-
plantation include combining nucleoside analogs (lamivudine,
adefovir, entecavir), HBIG, or various combinations; however,
optimal management strategies continue to be determined. In
some patients with low HBV DNA before transplant, the use
of RT inhibitors may eliminate the administration of HBIG
in the early postoperative course or may allow a “switch” to
long-term oral nucleoside- or nucleotide-based therapy. More
long-term data are required, however, to validate this approach.
Thus, patients who are transplant recipients for chronic HBV
infection who fail treatment with HBIG and lamivudine should
be treated as part of an investigational protocol.

HEPATITIS D VIRUS
Virology and Epidemiology
Hepatitis D virus is a small, single-stranded RNA animal virus
(36 nm) that is similar to defective RNA plant viruses (Table
73-2).224–226 Discovered in the late 1970s, HDVwas found in
the nuclei of infected hepatocytes, and it presents in some, but
not all, HBV-infected patients. HDV appears to replicate exclu-
sively in the liver via extensive base-pairing that results in the
formation of an unbranched rodlike genome. Although repli-
cation of the virus can occur within hepatocytes in the absence
of HBV, the latter is required for coating the HDV virions and
allowing for their cellular spread. The HDV genome is repli-
cated by an RNA intermediate (antigenome) that depends on
the host’s RNA-dependent RNA polymerase. During replica-
tion, the genomic (positive strand) HDV RNA becomes the
template for successive rounds of minus-strand synthesis. The
multimeric minus strand then serves as a template for posi-
tive strand synthesis. Subsequently, autocleavage and ligation
form circular genomes that are produced from this multimeric
precursor.

Fifteen million persons are infected with HDV, with the
highest incidence reported in Italy, Eastern Europe, the Ama-
zon Basin, Colombia, Venezuela, Western Asia, and the South
Pacific.1,225,226 In the United States, an estimated 7,500 HDV
cases occur annually.1,226 The prevalence of HDV is great-
est among persons with percutaneous exposure (e.g., injec-
tion drug users) and hemophiliacs (20%–53% and 48%–80%,
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respectively) and may be affected by additional factors such as
age of infection.1,226 The modes of transmission of HDV are
similar to those reported for HBV infection. Thus, HDV clearly
represents a potential infectious hazard to patients susceptible
to HBV and those who are chronic HBV carriers.226,227 Be-
cause infection by HDV requires the presence of active HBV,
preventing HBV infection will prevent HDV infection in a sus-
ceptible patient.1,225,226

Pathogenesis
Limited data suggest that HDVAg (antigen) and HDV RNA
may possess direct cytotoxic effects on hepatocytes, whereas
other findings implicate the immune response in pathogene-
sis.225,226,228 Furthermore, several autoantibodies associated
with chronic HDV infection may play a role in propagating liver

disease and could partially explain the differences in disease
severity observed in patients with HDV plus HBV compared
with those with HBV alone.

Diagnosis and Serology
The ELISA and RIA tests for IgM anti-HDV are available
commercially, whereas detection methods for HDV RNA are
available only on a research basis to distinguish ongoing from
previous HDV infection.226,229 Measurement of anti-HDV is
generally not useful for early diagnosis because detectable an-
tibody levels are usually achieved late in the clinical course of
the infection (Fig. 73-4A). Anti-HDV IgM is detectable before
anti-HDV IgG in acute HDV coinfection and is diagnostic for
acute HDV infection. Anti-HDV IgM levels are not sustained
in self-limiting HDV infection but may persist in patients with

A

B

FIGURE 73-4 A: Typical course of acute icteric HBV with HDV coinfection. ALT, alanine aminotransferase;
anti-HBs, hepatitis B surface antibody; anti-HDV, antibody to delta hepatitis virus; HBsAg, hepatitis B
surface antigen; HDV RNA, delta hepatitis RNA; IgM anti-HDV, IgM antibody to delta hepatitis virus.
B: Typical course of acute icteric HBV with HDV superinfection. ALT, alanine aminotransferase; anti-HBs,
hepatitis B surface antibody; anti-HDV, antibody to delta hepatitis virus; HBsAg, hepatitis B surface antigen;
HDV RNA, delta hepatitis RNA; IgM anti-HDV, IgM antibody to delta hepatitis virus.
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chronic HDV infection. Also, anti-HDV IgM does not distin-
guish coinfection (HBV and HDV acquired simultaneously)
from superinfection (HDV acquired in chronic HBV carrier)
(Fig. 73-4B).

Differentiation between coinfection and superinfection is
made by the presence or absence of anti-HBc IgM. In acute
coinfection, serum anti-HDV IgM and HDV RNA appear to-
gether with anti-HBc IgM, whereas in patients with superin-
fection, HDV markers are present in the absence of anti-HBc
IgM. The presence and titer level of anti-HDV, in the case of
persistent infection, also correlate with the severity of disease.
Titers of anti-HDV IgG >1:1,000 indicate ongoing viral repli-
cation.

Hepatitis D virus antigen is present in the serum in the late
incubation period of acute infection and lasts into the symp-
tomatic phase in up to 20% of patients. Because this antigen is
transient, repeat testing may be required to detect its presence.
The clinical utility of HDVAg detection by ELISA and RIA
is limited by the necessity of precise timing of a sample and
by its availability only as a research test. In addition, during
persistent infection, HDVAg may not be detectable because it
is complexed with anti-HDV.

Hepatitis D virus RNA is an early marker of infection in
patients with both acute and chronic HDV infection.226,229,230

HDV RNA is detectable in 90% of patients during the symp-
tomatic phase of HDV infection. HDV RNA levels are nonde-
tectable following symptomatic resolution but remain elevated
in chronic infection. A significant correlation exists among
HDV RNA detection by hybridization assay, positive results
for IgM anti-HDV in serum, and positive immunohistochem-
istry for HDVAg in liver biopsies. Detection of HDVAg by
immunohistochemical analysis of liver tissue is the best diag-
nostic method for persistent HDV infection; however, antigen
staining is only available in research laboratories.229

Natural History
Coinfection with HDV and HBV resulting in acute hepatitis
is correlated with a higher risk of severe or fulminant liver
disease.226 The rate of chronic disease following coinfection
with HDV is similar to that of HBV infection alone, whereas
superinfection with HDV is linked to a high rate of chronic-
ity; however, the clinical course may be variable.226,231 Ap-
proximately 15% of patients superinfected with HDV develop
rapidly progressive disease with hepatic decompensation (e.g.,
cirrhosis) within 12 months of the infection. Another 15% of
patients have a benign course of illness. Most patients (70%)
have a slow progression to cirrhosis, depending on age, IV
drug use, and level of viral replication.225–227 Finally, HBsAg-
positive, HBeAg-positive patients who are superinfected with
HDV are more likely to develop fulminant disease compared
with those who are HBsAg-positive with anti-HBe and who
are superinfected and develop chronic disease.225–227

Clinical and Extrahepatic Manifestations
Delta infection may be acquired simultaneously in a patient
with acute HBV infection (coinfection), or it may occur in
a patient with chronic HBV who is a carrier of HBsAg (su-
perinfection). Infection with HDV can lead to both acute and
chronic forms of hepatitis. Another pattern of infection, known

as latent HDV infection, is documented in liver transplant re-
cipients and is characterized by HDV infection being identified
in the liver graft before reinfection of the graft with HBV.226,232

Acute HDV coinfection is marked by symptoms seen in other
acute hepatotrophic viral infections. HDV infection also has a
unique biphasic increase in aminotransferase activity, which is
rarely observed in HBV infection alone. The clinical features
of chronic HDV infection are not specific and are similar to
those seen in chronic hepatitis from other causes.

Patients who develop chronic infection are at risk for de-
veloping cirrhosis and hepatic decompensation. In contrast to
patients with chronic HBV infection, a negative association
exists between HDV and HCC.226,227 Potential reasons for this
could be that the delta agent has direct tumor protective ef-
fects; delta markers in patients with HCC disappear because
the time between infection and cancer detection is longer than
in patients with HCC from other causes, or HDV predisposes
to early mortality before HCC can develop.226

Prevention
Hepatitis D virus replication is dependent on HBV replica-
tion; therefore, successful immunization with HBV vaccine
also prevents HDV infection.225–227 No immunoprophylactic
therapies are available for patients with chronic HBV infection
who are also at risk for superinfection with HDV. Prevention of
HDV superinfection is based on behavioral modification, such
as the use of condoms to prevent sexual transmission and nee-
dle exchange programs to minimize transmission by IV drug
use.

Treatment
Supportive care is the general strategy used to treat HDV in-
fection. Because the development of fulminant hepatic failure
is more frequent with HDV infection, close monitoring for
evidence of encephalopathy, coagulopathy, and other signs of
liver failure (e.g., acidosis) is warranted. Liver transplantation
is the treatment of choice for patients with fulminant or end-
stage liver disease following HDV infection. In patients with
chronic HDV infection, antiviral therapy has been attempted;
however, therapeutic trials in managing chronic HDV infection
have been disappointing (Table 73-22).226,231 Treatment with
either prednisone or azathioprine is ineffective.233 The use of
IFN-α to treat chronic delta hepatitis has been reviewed us-
ing meta-analysis of five small, randomized, controlled trials.
Patients treated with IFN-α (5 MU/day or 9 MU three times
weekly) for 12 months experienced a 30% rate of complete dis-
ease remission (normalization of ALT values) compared with
1% observed in untreated controls.234 In the largest trial pub-
lished to date, patients with chronic hepatitis D were random-
ized to either IFN -α2b, 5 MU three times weekly for 4 months
then 3 MU three times weekly for an additional 8 months, or
placebo. Serum ALT reductions of >50% from baseline were
observed in 42% of IFN-α–treated patients at 4 months com-
pared with 7% of untreated controls. The treatment effect was
not sustained, however, because only 26% of treated patients
maintained reductions in ALT levels at 12 months. Relapses
after discontinuation of therapy were common, and histologic
improvement was not statistically different from controls.235 A
trial using IFN-α (9 MU three times weekly) demonstrated both
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Table 73-22 Efficacy of Interferon in Chronic HDV

Response (%)

Author N Interferon Dosage Duration (Months) Primary Sustained

Rosina/Rizzetto 12 α2b 5 MU TIW 3 33 8
12 None − − 17 0

Rosina 31 α2b 5 MU TIW then 3 MU TIW 4 then 8 45 25
30 None − − 27 0

Farci 14 α2a 9 MU TIW 12 71 36
14 α2a 3 MU TIW 12 29 0
13 None − − 8 0

Gaudin 11 α2b 5 MU TIW then 3 MU TIW 4 then 8 66 9
11 None − − 36 18

Puoti 21 α2b 10 MU TIW and 6 MU TIW 6 and 6 14 9

TIW, three times weekly.
From references 167, 235, 236, with permission.

virologic and histologic improvement after 48 weeks of ther-
apy. As in the previous trials, the treatment effect was not sus-
tained, and relapse was common after drug discontinuation.236

No clinical, serologic, or virologic factors consistently predict
response or lack of response to IFN. In uncontrolled trials in-
volving a small number of patients, the duration of the HDV
infection may be significant based on the improved response
rates in patients who have had their disease for a relatively
short period (i.e., IV drug users) compared with response rates
in patients from endemic areas whose infections are acquired
early in life. Because of the nature of these reports, verification
of this association is needed.

Two small open-label trials evaluated the use of PegIFN-α
alone237 or in combination with ribavirin238 for the treatment
of chronic HDV infection. Castelnua et al.237 evaluated the ef-
ficacy of PegIFN-α2b monotherapy, 1.5 mcg/kg weekly for 12
months in 14 patients with chronic HDV infection. A virologic
response, defined as undetectable HDV RNA by PCR, was seen
in 57% of patients at the end of therapy and persisted in 43% of
patients during the follow-up period. The rate of ALT normal-
ization was higher at the end of follow-up (57%) than at the
end of therapy (36%), suggesting that the reduction occurred
during the posttreatment phase. A second randomized, con-
trolled trial was performed comparing the efficacy and safety
of PegIFN-α alone (1.5 mcg/kg/week) for 72 weeks (n = 16) or
in combination with ribavirin (800 mg/day) for 48 weeks fol-
lowed by PegIFN-α monotherapy for 24 additional weeks (n =
22).238 Clearance of HDV RNA at the end of therapy occurred
in 19% of patients receiving monotherapy and just 9% of those
patients receiving combination therapy. Similarly, the rate of
virologic clearance increased to 25% and 19%, respectively,
during posttreatment follow-up period. The rates of biochem-
ical response were similar in both groups (25% versus 27%
at the end of follow-up) with relapse rates approaching 60%.
Although these trials show promise, larger trials with longer
follow-up periods are required to confirm the role of PegIFN
in HDV infection.

Results from a pilot trial that evaluated the efficacy of
100 mg of oral lamivudine in five patients with HDV (all were
positive for HBsAg, antibody to HDV, and HDV RNA) for
12 months demonstrated that serum levels of HBV DNA were

reduced in all five patients. All patients remained HBsAg and
HDV-RNA positive, however, and serum ALT and liver histol-
ogy did not improve.239 Additionally, in patients with chronic
HDV infection who received 100 mg of oral lamivudine for
24 weeks followed by a combination of high-dose interferon
(9 MU TIW) and 100 mg of oral lamivudine for 16 weeks,
biochemical and histologic test findings were not significantly
improved compared with baseline characteristics.240 Nucleo-
side analogs, such as lamivudine, have not proved to be ef-
fective for treating HDV infection because of their inabil-
ity to cause HBsAg, the only protein required by HDV, to
disappear.

In patients with decompensated cirrhosis caused by HDV,
liver transplantation is the most appropriate intervention be-
cause IFN may precipitate hepatic decompensation.212,214,236

The presence and amount of HBV DNA before transplanta-
tion is the most significant outcome marker, often predicting
the posttransplant reinfection rate. Patients who receive a liver
transplant for chronic HDV infection have a lower incidence of
posttransplant HBV infection than do those with HBV infec-
tion alone (67% versus 32%, respectively).212 This is thought to
be related to an inhibitory effect of HDV on HBV replication.
Furthermore, 3-year survival is higher for patients with HDV
cirrhosis than for patients undergoing transplantation for HBV
cirrhosis alone (88% versus 44%, respectively) and is similar
to patients having liver transplantation for other indications.212

HEPATITIS C VIRUS
Virology
Before the development of methods to identify hepatitis C
virus, most post-transfusion hepatitis cases were designated as
non-A, non-B (NANB) hepatitis. HCV is recognized now as the
most common cause of chronic NANB transfusion-associated
hepatitis.235−238 HCV is a single-stranded, 50-nm RNA virus
related to the flaviviruses, a family that includes the yellow
fever virus and two animal viruses, bovine viral diarrhea virus,
and classic swine fever virus (Table 73-2).241,245,246

The genome of HCV contains a single outer reading frame
(ORF) capable of encoding a large viral protein precursor that,
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when cleaved, results in a series of structural (nucleocapsid
core and envelops 1 and 2) and nonstructural (NS2, NS3, NS4a,
NS4b, NS5a, and NS5b) proteins.245,247,248 The amino termi-
nal region of NS3 encodes a viral serine protease that cleaves
viral peptides, whereas the carboxyl end functions as a he-
licase, which is essential in unwinding of viral RNA during
replication. The NS5b protein functions as an RNA-dependent
RNA polymerase; the function of the NS5a protein is unknown,
but it may play a role in regulating replication. Furthermore,
the positive strand RNA of HCV functions as a template for
synthesis of negative strand RNA, as a template for translation
of viral proteins, and as genomic RNA to be packaged into
new virions. Unlike HBV, HCV has no DNA intermediate and
therefore cannot integrate into the host genome.245,247,248

The replication process of HCV is poorly understood be-
cause there is no in vitro or in vivo study model system. Avail-
able data suggest that viral binding and uptake into the hepato-
cytes occur through membrane fusion and receptor-mediated
endocytosis245,247,248 (Table 73-2). Following incorporation
into the cytoplasm of hepatocytes, the nucleocapsid is uncoated
to release RNA. Subsequently, the HCV RNA is translated to
several polyproteins that undergo co- and post-translational
processing. Subsequently, a complex structure (positive strand
RNA) is used as a template for synthesis of negative strand
RNA. In primates, HCV RNA is detectable within 3 days of
infection, persisting in serum during peak ALT elevation. De-
tection appears to be associated with the appearance of viral
antigens in hepatocytes, the major site of HCV replication. The
importance of extrahepatic sites for replication (e.g., mononu-
clear cells) has not been determined. Kinetic studies in HCV-
infected patients have depicted a high viral turnover that may
partially explain the rapid emergence of viral diversity in pa-
tients with chronic HCV infection and the persistence of the
infection, through immune escape, following acute exposure.
Mechanisms pertaining to viral packaging and release from the
hepatocytes are poorly understood.

Epidemiology
The worldwide seroprevalence based on antibody to HCV
(anti-HCV) is approximately 3%, with >170 million peo-
ple infected chronically. Geographic variations exist, from
0.4% to 1.1% in North America to 9.6% to 13.6% in North
Africa.241,246,249 The prevalence of anti-HCV in the United
States has been estimated to be 1.8%, corresponding to
an estimated 3.9 million persons infected nationwide. Of
these, 2.7 million persons are chronically infected (based
on positive HCV RNA), with approximately 230,000 new
infections per year.241,246,249 HCV is the etiologic agent in
more than 85% of cases associated with post-transfusional
NANB hepatitis.241,243,244 Following HCV antibody screen-
ing of blood donors in the early 1990s, transfusion-related
reports of HCV have been dramatically reduced, and non–
transfusion-related cases have emerged (e.g., injection drug
users).241,246,250 Sporadic infection with HCV (infection with-
out an identifiable risk factor) accounts for up to 40% of re-
ported HCV infections.241,243,246 HCV is transmitted through
percutaneous (e.g., blood transfusion, needlestick inoculation,
high-risk behavior)241,243,246 and nonpercutaneous (e.g., sexual
contact, perinatal exposure) routes.241,243,246,251,252 The latter
appears to occur to a lesser extent than with HBV.

Hepatitis C virus infection occurs among persons of all
ages, but the highest incidence is among persons aged 20 to
39 years with a male predominance. Blacks and whites have
similar incidence rates of acute disease, whereas persons of
Hispanic ethnicity have higher rates. In the general population,
the highest prevalence rates of chronic HCV infection are found
among persons aged 30 to 49 years and among males.241,243,246

Unlike the racial or ethnic pattern of acute disease, blacks have
a substantially higher prevalence of chronic HCV infection
than do whites.

In the United States, the predominant HCV genotype
is type 1, with subtypes 1a and 1b accounting for 70%
of cases.241,243,246 Knowledge of the genotype or serotype
(genotype-specific antibodies) of HCV is helpful in making
recommendations and counseling regarding therapy. Patients
with genotypes 2 and 3 are almost three times more likely to
respond to therapy with IFN-α or the combination of IFN-α
and ribavirin. Furthermore, when using combination therapy,
the recommended duration of treatment depends on the geno-
type. For these reasons, testing for HCV genotype is often
clinically helpful. Once the genotype is identified, it need not
be tested again; genotypes do not change during the course of
infection. Because HCV has a high mutation rate during repli-
cation, several so-called quasispecies, a heterogeneous popu-
lation of HCV isolates that are closely related, may, however,
exist in an infected individual.241,247,248 The number of qua-
sispecies increases over the course of infection, which allows
HCV to escape the host’s immune system, leading to persistent
infection.

Percutaneous Transmission
Before the routine use of blood screening, the incidence of
acute HCV infection among transfusion recipients in the 1970s
was approximately 5% to 10%. Subsequently, blood donor
screening using a first-generation anti-HCV test reduced the
risk of transfusion-related hepatitis to 0.6% per patient and
0.03% per unit transfused.241,250 Following the use of more
sensitive second- and third-generation assays for anti-HCV, the
risk and incidence of transfusion-related hepatitis approaches
that reported in hospitalized patients who have not received a
transfusion.

The incidence of HCV infection is 48% to 90% among injec-
tion drug users, and the risk of acquiring the infection in these
persons is as high as 90%.241,244,253 Of injection drug users with
acute NANB hepatitis, 75% are anti-HCV positive and, unlike
transfusion-related hepatitis, the incidence of HCV infection
associated with injection drug use has not declined.241,244,253

Additional risk factors for HCV infection include the pres-
ence of HBV or HIV infections.241,244,253 Other populations
at risk for acquiring HCV include patients receiving chronic
hemodialysis (up to 45%)241,244,253 and health care workers
(0% to 4% seroconversion following needlestick).241,244,253,254

Nonpercutaneous and Sporadic Transmission
Nonpercutaneous transmission includes transmission between
sexual partners and from mother to child. This route of trans-
mission is less efficient compared with the percutaneous route,
and is supported by data assessing sexual transmission of HCV.
Sexual partners of index patients with anti-HCV have an inci-
dence of HCV infection ranging from 0% to 27%, whereas
low-risk (anti-HCV negative) index subjects without liver
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disease or high-risk behavior (injection drug use or promis-
cuity) have an incidence of anti-HCV of 0% to 7%.241,244 In
contrast, sexual partners of subjects with liver disease or high-
risk behavior have an incidence of anti-HCV ranging between
11% and 27%.241,251 Also, the sexual partners of homosexual
men and promiscuous heterosexuals with HCV have shown an
increase in anti-HCV positivity.

Compared with the high incidence of perinatal transmis-
sion of HBV from mothers to infants, perinatal transmission
of HCV infection is relatively low; however, high titers of cir-
culating HCV in the mother may enhance the risk of infection
in the infant.241 Additional concerns and areas for investiga-
tion related to mother-to-infant transmission of HCV include
the timing of transmission (in utero, time of birth), the relative
risk associated with breast-feeding, and the natural history of
perinatally acquired infection.

In sporadic HCV infection, up to 40% of patients acquire
HCV infection without a known or identifiable risk factor.241

This type of HCV infection may be related to a prevalent non-
percutaneous or percutaneous route that has yet to be identi-
fied.

Pathogenesis
The pathogenesis of liver damage as a result of HCV infec-
tion most likely results from both direct and indirect, immune-
mediated responses instigated by the virus. Direct cellular in-
jury may be caused by the accumulation of intact virus or
viral proteins.248,255 The direct mechanism of injury is sup-
ported by the observation that patients with high concentra-
tions of HCV RNA (quantified through branched chain DNA
assay) have greater lobular inflammatory activity compared
with those with minimal inflammation. Whether specific geno-
types (i.e., 1, 1b, 2) are correlated with severe disease contin-
ues to be assessed. European data suggest that type 1 geno-
type is associated with higher viral replication, and infection
with the type 1b genotype is associated with more progres-
sive liver disease.248,256 One reason why HCV genotype 1
may be more difficult to treat than genotypes 2 or 3 is that
genotype 1 has a longer half-life (2.9 hours) than that of
genotypes 2 or 3 (2.0 hours).241,257 Viral half-life can be de-
fined as the time for the original amount of virus to be de-
creased by half, or in this case, die. Other data do not support
these findings and have shown that patients with type 2 geno-
types have more severe liver disease.258 Duration of infection
is another factor that may be related to disease severity be-
cause the expression of genotypes may change over time mak-
ing the correlation between genotype and severity of disease
problematic.

Immune-mediated mechanisms for hepatic injury have
been based on the presence of CD8+and CD4+ lympho-
cytes in portal, periportal, and lobular areas in patients with
HCV infection.248,255 Hepatic CD8+ lymphocytes are acti-
vated through an alternative antigen-independent pathway that
stimulates CTL, which initiate hepatocellular injury. Helper or
inducer T cells (CD4+) have also been implicated in the patho-
genesis of chronic HCV infection; however, other data suggest
that CD4+ cells may play a protective role against hepatocellu-
lar injury. Autoimmune mechanisms of hepatocellular injury
(e.g., anti-liver-kidney microsomal antibodies) may play a mi-
nor role in the pathogenesis of liver injury.248,255

Diagnosis
Serologic Tests
A test for antibodies to HCV is the initial screening test for
suspected HCV infection.241,246,259–261 The two types of anti-
body tests are (a) the enzyme immunoassay (EIA) and the (b)
recombinant immunoblot assay (RIBA). These serologic as-
says were developed using recombinant antigens derived from
cloned HCV transcripts to substantiate a diagnosis of HCV. Pre-
dictive values of a positive third-generation EIA test are about
99% (in immunocompetent patients), which obviates the need
for a confirmatory RIBA test in the diagnosis of patients with
clinical liver disease.241,246,259–261 A negative EIA test is ade-
quate to exclude a diagnosis of chronic HCV infection in non-
immunocompromised individuals.241,246,260,261 Occasionally,
patients undergoing hemodialysis and those with immune defi-
ciencies may have false-negative findings on EIA. On the other
hand, false-positive results can occur in healthy persons with-
out any identifiable risk factors and normal aminotransferases,
and in patients with autoimmune disorders.241,246,259,260,262 In
these groups, the results should be confirmed using an assay for
HCV RNA to diagnose chronic HCV infection. Anti-HCV an-
tibodies usually are detected in serum late during the course of
acute hepatitis C. In many cases, however, seroconversion may
take up to a year or longer following exposure to HCV. Anti-
HCV is detectable in serum for a variable length of time after
acute infection, but it is not protective and its presence does
not differentiate between acute, chronic, or resolved infection.
The clinical symptoms, changes in HCV RNA, and serologic
changes in acute and chronic HCV infection are shown in Fig-
ure 73-5A and B. Because of the enhanced specificity and
sensitivity rates of the newer EIA tests, RIBA for antibodies to
HCV proteins are infrequently used.

Qualitative HCV RNA Assays
Acute or chronic HCV infection in a patients with EIA posi-
tivity should be confirmed by a qualitative HCV RNA (PCR)
assay with a lower limit of detection of 50 IU/mL or less (∼100
viral gene/mL) or with transcription-mediated amplification
(TMA), which has a detection limit of 10 IU/mL.241,246,260,262

Both of these test are highly specific (99%). Qualitative tests
detect HCV as early as 1 to 2 weeks after exposure and detect
the presence of circulating HCV RNA (viral copies/mL). Re-
sults are reported as either “positive” or “negative” and are
used to monitor patients receiving antiviral therapy. A sin-
gle positive qualitative assay for HCV RNA confirms active
replication but does not exclude viremia and may only de-
tect a transient decline in viral load below the level of detec-
tion of the assay.241,246,260–262 A follow-up qualitative HCV
RNA needs to be obtained to confirm the lack of active HCV
replication.241,246,260–262

Quantitative HCV RNA Assays
In comparison, quantitative tests are less sensitive than qual-
itative tests and they are used to determine the concen-
tration of HCV RNA with assays such as semiquantita-
tive PCR-based Amplicor assay (qPCR) or bDNA signal
amplification.241,246,260–262 The lower limit of detection with
the second-generation bDNA and Amplicor assays are 250,000
viral equivalents/mL and 200 viral copies/mL, respectively.
The qualitative HCV viral load test and third-generation bDNA
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A

B

FIGURE 73-5 A: Typical course of acute hepatitis C virus. ALT, alanine aminotransferase; anti-HCV, hepatitis
C antibody. B: Typical course of chronic hepatitis C virus. ALT, alanine aminotransferase; anti-HCV, hepatitis
C antibody.

test have a lower limit of detection (sensitivity) of 50 copies/mL
and 2,000 to 3,500 copies/mL, respectively. These tests should
not be used to exclude the diagnosis of HCV infection or to de-
termine treatment endpoint. An HCV RNA standard has been
attempted to allow normalization of reported viral titers in
international units. The reported international unit does not
correlate with the actual number of viral particles in a prepara-
tion and variability does exist. The clinical utility of serial
HCV viral concentrations in a patient is based on contin-
ued use of the same specific quantitative assay that was used
initially.241,246,260–262 These tests provide significant informa-
tion with respect to response to treatment in patients receiving
antiviral therapy.

Biochemical Markers
Testing for serum ALT concentrations is not a sensitive marker
for assessing disease activity and at best has a weak correlation
with the histopathologic findings on a liver biopsy.241,246,260–262

Nevertheless, serial determination of ALT over time appears
to be a better indicator of liver injury than is a single ALT test.

Biopsy
Liver biopsy can determine the extent of liver injury caused
by HCV.241,246,260–262 Although some histologic findings are
characteristic of HCV infection, such as portal lymphoid ag-
gregates, steatosis, and bile duct injury, these alone are not
sufficiently specific to establish a diagnosis of hepatitis C. Cur-
rently, no reliable, readily available tests exist to detect HCV
antigens in the liver. With respect to liver biopsy in the man-
agement HCV, a baseline biopsy (regardless of the extent of
aminotransferase elevation) is recommended for the initial as-
sessment of disease. Patients age >40 years or those who wish
to defer therapy may benefit most from a liver biopsy.

Selection of Tests
All patients with elevated liver aminotransferases without an
obvious source, especially those with known risk factors,
should be tested for HCV. A diagnosis of acute hepatitis C
can be initiated in a patient with symptoms of acute hepatitis
and a positive anti-HCV titer. Confirmation is established by
using ELISA tests. If patients are anti-HCV positive by ELISA
with an increase in ALT concentration and have a known risk
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Table 73-23 Diagnostic Tests for HCV Infection

Test/Type Application Comments

Hepatitis C Virus Antibody (Anti-HCV)

EIA (enzyme immunoassay)
Supplemental assay (i.e., recombinant

immunoblot strip assay [RIBA])

Indicates past or present infection, but does not
differentiate between acute, chronic, or resolved
infection. All positive enzyme immunoassay (EIA)
results should be verified with a supplemental assay

Sensitivity >97%
EIA alone has low positive predictive value

in low prevalence populations

Hepatitis C Virus Ribonucleic Acid (HCV RNA)

Qualitative testsa

Reverse transcriptase polymerase chain reaction
(RT-PCR) amplification of HCV

RNA by in-house or commercial assays (e.g.,
Amplicor HCV)

Detects presence of circulating HCV RNA
Monitor patients on antiviral therapy

Detects virus as early as 1–2 weeks after
exposure

Detection of HCV RNA during course of
infection might be intermittent

False-positive or false-negative results
might occur

Hepatitis C Virus Ribonucleic Acid (HCV RNA)

Quantitative testsa RT-PCR amplification of HCV
RNA by in-house or commercial assays (e.g.,
Amplicor HCV Monitor)

Branched chain DNA (bDNA) assays (e.g.,
Quantiplex HCV RNA Assay)

Determine concentration of HCV RNA
Might be useful for assessing the likelihood of

response to antiviral therapy

A single negative RT-PCR is not conclusive
Should not be used to exclude the

diagnosis of HCV infection or to
determine treatment endpoint

Less sensitive than qualitative RT-PCR

aCurrently not US Food and Drug Administration approved; lack standardization.

factor for infection exposure (IV drug abuse, blood transfu-
sions, needle stick), confirmatory assays may not be required
(Table 73-23).

Tests for HCV RNA may be indicated for diagnosing HCV
when HCV antibody tests are unreliable and when indetermi-
nate results are obtained. Thus, direct testing of HCV RNA is
preferred to anti-HCV in the early stages of acute HCV infec-
tion before HCV antibodies have been produced, when anti-
body tests are unreliable (e.g., immunocompromised patients),
when intermediate results are reported (e.g., RIBA-2 in blood
donors), in differentiation between active and past infection,
and in the evaluation of patients with chronic liver disease in
whom antibody tests are intermediate.

Natural History
Nonimmunocompromised Patients
Once established, infection with HCV persists in most
patients.241,245,246,263 Because disease progression is often
asymptomatic, patients are typically diagnosed when they re-
ceive routine biochemical testing during a physical examina-
tion or before blood donation, for example. Because NANB
hepatitis (e.g., hepatitis C) was established in 1974, com-
prehensive data pertaining to the natural history of the dis-
ease are limited. It is known, however, that HCV infection
leads to progressive liver disease. Following an asymptomatic
period, histologic or clinical cirrhosis can be identified in
8% to 42% of patients as early as 15 months following the
infection.241,245,246,263 Of patients, 10% may also have decom-
pensated liver disease as evidenced by splenomegaly, ascites,
coagulopathy, and esophageal varices. In nonimmunocompro-
mised patients, the time between acute infection and manifes-
tations of chronic liver disease is usually 20 to 30 years with
rare instances of terminal disease occurring within 3 to 5 years

following acute infection. Patients with chronic HCV infection
are also at increased risk for HCC.241,245,246,263

Patients receiving dialysis have a greater incidence of HCV
infection compared with the general population (6% to 22%)
because they receive multiple blood transfusions.264 Kidney
transplant recipients also have a high incidence of HCV in-
fection (6%–28%), which may be acquired through dialysis
before transplant or from the allograft or blood products fol-
lowing transplantation.265 Following kidney transplantation,
elevation in aminotransferases is more common in anti–HCV-
positive compared with anti–HCV-negative patients (48% and
14%, respectively) and cirrhosis has been reported with the
former.266,267 While HCV infection is associated with liver
failure, differences in overall patient and graft survival be-
tween HCV-positive and HCV-negative patients do not appear
to be significant. Long-term studies are needed to confirm these
findings.

Immunocompromised Patients
Chronic HCV infection is the most common indication for
orthotopic liver transplantation (OLT) in the United States
with up to 40% of patients receiving a transplant for the
disease.268–271 Recurrence rates of HCV following transplan-
tation are 100%, possibly because of viremia at the time of
transplant.268–271 In addition, de novo acquisition of HCV from
the donor liver or from blood products may occur. One-year
follow-up studies indicate that 50% of patients with viremia
following transplant (HCV RNA) have normal biopsies with no
histologic evidence of HCV infection, 40% have mild chronic
hepatitis, and 10% have progressive liver damage with chronic
active hepatitis and bridging fibrosis or cirrhosis.268,269 His-
tologic evidence of disease may also be present even when
aminotransferase levels are normal. Reports suggest that high
viral loads, as measured by quantitative HCV RNA, have been
correlated with early acute hepatitis in the allograft and that
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genotype 1b may predispose OLT recipients to more severe
histologic disease compared with recipients of transplants with
other genotypes.268–270 Controlled trials are needed to further
evaluate the relationship between genotype, viral load, amount
of immunosuppression, and immunomodulating coinfections
(e.g., CMV) and the course of posttransplant HCV infection.

HIV Coinfection
The incidence of HCV infection in HIV-infected patients is
variable with up to 100% infection reported in HIV-positive
injection drug users.268 In other populations, such as homo-
sexual men, the incidence is marginally greater than that re-
ported in the general population. Some studies suggest that
patients with HCV who are coinfected with HIV may also
have more severe hepatic injury and a worse outcome than
those infected with HCV alone, whereas other reports contra-
dict these findings.268,272–274 These conflicting reports may be
affected by several factors, including the duration of HCV in-
fection before HIV infection, the route of HCV infection, the
genotype associated with infection, and patient selection.

HBV Coinfection
As mentioned above, both HBV and HCV are transmitted par-
enterally and coinfection is not uncommon, particularly in IV
drug users and in countries with a high prevalence of HBV
infection.73,241 Coinfection with chronic HBV and HCV re-
sults in more severe liver disease than infection with either
virus alone, including increased risk of liver cancer and fulmi-
nant hepatitis.72,241,275,276

Clinical and Extrahepatic Manifestations
Most patients with acute HCV infection are asympto-
matic.241,246,263,277 In contrast, patients with chronic HCV in-
fection generally complain of fatigue. Nonspecific symptoms
are similar to those seen with HBV infection, including nau-
sea, anorexia, abdominal discomfort, and depression. Once pa-
tients develop cirrhosis and portal hypertension, they may ex-
perience intractable ascites, spontaneous bacterial peritonitis,
GI or esophageal bleeding, poor synthetic function (hypoal-
buminemia or prolonged PT), or encephalopathy.241,246,263,277

Jaundice occasionally occurs in acute HCV infection, but it is
usually present in chronic infection as a result of decompen-
sated liver disease.

Significant extrahepatic manifestations may also develop
as a result of HCV infection.241,246,263,277 They include mem-
branoproliferative glomerulonephritis, mixed cryoglobuline-
mia, porphyria cutanea tarda, leukocytoclastic vasculitis, focal
lymphocytic sialadenitis, corneal ulcers, idiopathic pulmonary
fibrosis, and rheumatoid arthritis.

Prevention of Hepatitis C
Pre-exposure Prophylaxis
No vaccines are effective against HCV, and current measures
to prevent hepatitis C infection have largely focused on iden-
tifying high-risk uninfected persons and counseling them on
risk-reducing strategies to prevent infection.

The CDC and NIH have published recommendations that
address these issues.241,244 Suggested primary preventative
measures are that in health care settings, adherence to universal
(standard) precautions for the protection of medical personnel

and patients be implemented and that HCV-positive individ-
uals should refrain from donating blood, organs, tissues, or
semen. In some situations, the use of organs and tissues from
HCV-positive individuals may be considered. For example, in
emergency situations the use of a donor organ in which the
HCV status is either positive or unknown may be considered
in an HCV-negative recipient after full disclosure and informed
consent. Strategies should be developed to identify prospective
blood donors with any history of injection drug use. Such in-
dividuals must be deferred from donating blood.

Furthermore, safer sexual practices, including the use of la-
tex condoms, should be strongly encouraged in persons with
multiple sexual partners. In monogamous long-term relation-
ships, transmission is rare.241,244 Although HCV-positive indi-
viduals and their partners should be informed of the potential
for transmission, insufficient data exist to recommend changes
in current sexual practice in persons with a steady partner. It is
recommended that sexual partners of infected patients should
be tested for antibody to HCV.

In households with an HCV-positive member, sharing ra-
zors and toothbrushes should be avoided.241,243 Covering open
wounds is recommended. Injection needles should be carefully
disposed of using universal precaution techniques. It is not nec-
essary to avoid close contact with family members or to avoid
sharing meals or utensils. No evidence justifies exclusion of
HCV-positive children or adults from participation in social,
educational, and employment activities.

Additionally, pregnancy is not contraindicated in HCV-
infected individuals. Perinatal transmission from mother to
baby occurs in <6% of instances.241,244 No evidence indicates
that breast-feeding transmits HCV from mother to baby; there-
fore, it is considered safe. Babies born to HCV-positive mothers
should be tested for anti-HCV at 1 year.

Finally, needle exchange and other safer injection drug use
programs may be beneficial in reducing parenterally transmit-
ted diseases.241,244 Expansion of such programs should be con-
sidered in an effort to reduce the rate of transmission of hepati-
tis C. It is important that clear and evidenced-based information
be provided to both patients and physicians regarding the nat-
ural history, means of prevention, management, and therapy of
hepatitis C.

Postexposure Prophylaxis
Immunoglobulin is no longer recommended for postexpo-
sure prophylaxis of hepatitis C infection because it is not
effective.241,244,279

Treatment of Acute Hepatitis C

36. R.D. is a 37-year-old, 95-kg professional athlete with mul-
tiple arm tattoos and a remote history of IV drug use. In 1993,
an unscheduled physical examination was performed on R.D. be-
cause of the severe fatigue he experienced following inscription of
a tattoo. Laboratory tests at that time revealed the following re-
sults: ALT, 350 U/L (normal, 5–40 U/L); serum anti-HCV positive
(RIBA-2); and an HCV RNA level of 800,000 viral equivalents/mL
(bDNA). What were the clinical and serologic features of HCV in
R.D. (at that time), and what drug therapy could have been used
to treat his acute hepatitis C?

R.D. clearly had a clinical picture consistent with acute
HCV infection, including symptoms of fatigue, elevated ALT,
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Table 73-24 Comparative Pharmacokinetics of Pegylated Interferons

Interferon-α Peginterferon-α2b (12 kDa) Peginterferon-α2a (40 kDa)

Parameter
Absorption Rapid Rapid Sustained
Distribution Wide Wide Blood, organs
Clearance – 10-fold reduction (hepatic/renal) 100-fold reduction (hepatic)
Elimination half-life (hr) 3–5 30–50 50–80
Weight-based dosing No Yes No
Increased concentration with multiple dosing No Yes Yes
Protected from degradation No Probable Yes

and positive anti-HCV RIBA-2 assay and HCV RNA levels.
Interferon-α has been studied in patients with acute HCV in an
effort to reduce the severity and rate of progression of chronic
infection. Limited data suggest that patients with acute HCV
infection receiving IFN-α had a lower rate of chronic infection
(36%–61%) compared with patients who did not receive ther-
apy (80%–100%).280,281 These studies, however, have included
relatively few patients and used varying dosages and durations
(6 months to 1 year). One recent report in Germany evaluated
44 patients with acute hepatitis C.282 Patients received 5 MU
of IFN-α2b SC daily for 4 weeks and then three times per week
for another 20 weeks. Serum HCV RNA concentrations were
measured before and during therapy and 20 weeks after the
end of therapy. At the end of therapy, 43 of 44 patients had un-
detectable concentrations of HCV RNA in serum and normal
serum alanine aminotransferase concentrations. Therapy was
well tolerated in all but one patient, who stopped therapy after
12 weeks because of side effects. Thus, if early identification
is possible, interferon therapy in the acute phase of the dis-
ease appears to be rational. Thus, R.D. could have been started
on IFN-α to minimize his risk for developing chronic HCV
infection.

Treatment of Chronic Hepatitis C

37. Initially, R.D.’s hepatologist did not initiate IFN therapy.
R.D. now presents to the clinic confused (encephalopathic), with
mild ascites and scleral icterus. Significant laboratory findings are
as follows: total bilirubin, 4.2 ng/mL (normal, 0.2–1.0 ng/mL); di-
rect bilirubin, 2.2 ng/mL (normal, 0–0.2 ng/mL); ALT, 350 U/L
(normal, 5–40 U/L); and AST, 330 U/L (normal, 5–40 U/L). Ad-
ditionally, genotyping of R.D.’s HCV infection shows that he is
genotype 2. What pharmacologic agents are effective in the treat-
ment of patients with chronic hepatitis C?

R.D. appears to have an atypical accelerated progression
of hepatitis C infection based on the current status of his dis-
ease. Chronic hepatitis develops in approximately 80% of pa-
tients with acute hepatitis C infection. Of patients chronically
infected with HCV, approximately 8% to 42% develop histo-
logic or clinical cirrhosis and disability from end-stage liver
disease.241,243,246,263 Up to 10% of cases are associated with
decompensated disease with splenomegaly, ascites, coagulopa-
thy, and esophageal varices as early as 15 months after the
episode of acute HCV infection. The lack of specific immuno-
prophylaxis and significant morbidity and mortality associ-
ated with chronic HCV infection highlight the need for effec-
tive antiviral therapy. Previously, symptomatic patients with
chronic hepatitis C infection without decompensated liver dis-

ease could be treated with IFN-α283–298 (Table 73-24) or IFN
plus ribavirin299–301 (Table 73-25) based on controlled studies
confirming effectiveness. Furthermore, patients without evi-
dence of fibrosis or significant inflammatory activity are at
extremely low risk for the development of cirrhosis or seri-
ous hepatic complications; therefore, they can usually defer
therapy. Conversely, patients with advanced cirrhosis are poor
candidates for current IFN-based treatment regimens because
of the increased treatment-associated morbidity seen in these
patients and the possible precipitation of decompensation or
frank hepatic failure.

GOALS OF THERAPY
The goals of therapy for treating HCV infection are (a)

eradicate the virus; (b) decrease morbidity and mortality; (c)
normalize biochemical markers; (d) improve clinical symp-
toms; (e) prevent spread of the disease; (f) prevent progression
to cirrhosis and hepatocellular carcinoma; and (g) prevent the
development of end-stage liver disease and its manifestations.
These goals may be partly achieved through pharmacologic
therapy.

Table 73-25 Contraindications to Interferon-α Plus
Ribavirin

Interferon Ribavirin

Absolute neutrophil <1.5 Unstable cardiac disease
Platelets <75,000/mm3 Severe chronic obstructive pulmonary

disease (COPD), asthma
Severe depression Renal dysfunction
Psychiatric instability Serum creatinine >1.5 mg/dL
Active substance abuse Creatinine clearance <50 mL/min
Uncontrolled autoimmune Anemia

disorders Hemoglobin <13 g/dL in males
Thyroid Hemoglobin <12 g/dL in females
Diabetes Hemoglobinopathies
Rheumatoid arthritis Thalassemias, sickle cell anemia
Elevated antinuclear

antibodies

Note: Pregnancy risk:
1. Contraindicated in women who are pregnant or by men whose

female partners are pregnant.
2. Negative pregnancy test should be obtained before therapy.
3. Women of childbearing potential and men capable of inducing

pregnancy must use two reliable forms of birth control during
treatment; contraception should be continued for 6 months
following discontinuation of treatment.
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Interferon
ASSESSMENT OF INTERFERON RESPONSE AND EFFICACY
Several tests are used to assess therapy in HCV infection.

These include biochemical markers such as ALT (less reli-
able), histologic markers (improvement in HAI), clinical pro-
gression and mortality, and viral load (HCV RNA). Patterns
of response with respect to viral load can be summarized as
follows: (a) nonresponder: no reduction in HCV RNA during
treatment; (b) partial responder: reduced HCV RNA during
treatment, increased HCV RNA following treatment period; (c)
relapser: HCV RNA undetectable during treatment followed
by high HCV RNA at the end of therapy; and (d) sustained re-
sponder: nondetectable HCV RNA throughout the treatment
period and beyond the end (usually 6 months) of therapy
(Fig 73-6).

In one of the largest trials published to date, patients with
chronic hepatitis C were randomly assigned to 3 MU or 1 MU
of IFN-α2b three times weekly for 24 weeks or placebo.283

Response to therapy was assessed by serial measurements of
ALT values and liver biopsy results before and after treatment.
Of 58 patients treated with 3 MU of IFN-α, approximately
one-third had normalized ALT values compared with 16% of
patients treated with 1 MU of IFN-α and <5% of untreated
controls. Improvement in liver histology was noted in patients
receiving IFN-α. The responses to IFN-α were rapid (in gen-
eral, within 12 weeks). End of treatment response, however,
was poor following discontinuation of IFN-α.

Because of the suboptimal response of interferon in early
clinical trials, several strategies were attempted to enhance
efficacy.283–298 Explored strategies included longer courses of
therapy, higher doses of interferon, and utilization of differ-
ent formulations of interferon.302–311 Also, patients developed
anemia, thrombocytopenia, neutropenia, and neurologic ad-
verse effects with the prolonged regimens or higher dosing
schedules. Ultimately, there did not appear to be a significant
difference in efficacy or tolerability between different forms of
interferon (e.g., IFN-γ , consensus interferon).302–310

38. Are there additional IFN formulations that R.D. could re-
ceive that may be more efficacious than IFN-α monotherapy for
treating chronic HCV infection?

Additional Treatment Strategies
RIBAVIRIN PLUS INTERFERON
In 1998, reports were published on the results of blinded,

placebo-controlled trials of patients infected with hepatitis C
with combination therapy utilizing interferon and ribavirin for
treatment naı̈ve patients299–301 (Table 73-25) and in patients
with relapsing HCV.302 In a double-blind, US multicenter trial,
patients with chronic HCV infection were randomly assigned
to receive recombinant IFN-α2b plus placebo for 24 weeks
or 48 weeks, or the combination of IFN-α2b and ribavirin for
24 weeks or 48 weeks.297 IFN-α2b was administered SC at a
dosage of 3 MU three times per week, and oral ribavirin (or
matched placebo) was given in daily divided doses of 400 mg
(am) and 600 mg (pm) in patients <75 kg or 600 mg twice
daily in patients >75 kg. Efficacy was determined based on
sustained virologic response (absence of HCV RNA 24 weeks
after treatment was discontinued), biochemical response (re-
duction in serum aminotransferases), and histologic response
(hepatic inflammation and fibrosis based on biopsy).

Greater sustained virologic response took place in patients
receiving combination therapy with ribavirin for either 24
weeks (70 of 228 patients; 31%) or 48 weeks (87 of 228 pa-
tients; 38%) than in patients who received IFN alone for 24
weeks (13 of 231 patients; 6%) or 48 weeks (29 of 255 pa-
tients; 13%). The rate of sustained biochemical response sim-
ilarly was greater among patients who received IFN and rib-
avirin for 24 or 48 weeks than among those who received IFN
alone. Histologic improvement was observed most often in pa-
tients receiving the combination regimen for either 24 weeks
(57%) or 48 weeks (61%) compared with IFN alone for either
24 weeks (44%) or 48 weeks (41%). Dose-limiting adverse ef-
fects were most commonly associated with combination ther-
apy. Of patients on ribavirin, 8% required dosage reduction
for hemoglobin concentrations <10 g/dL. Hemoglobin con-
centrations remained depressed, yet stable, with the dosage
reduction throughout the rest of the trial period and returned
to baseline within 4 to 8 weeks after treatment was stopped at
24 or 48 weeks. Dyspnea, pharyngitis, pruritus, rash, nausea,
insomnia, and anorexia were also more common with combi-
nation therapy than with IFN alone. The most common reason
for discontinuation of therapy was depression, which ranged
from 2% to 9% in all groups. Despite the favorable outcomes
with combination therapy, no difference in overall survival was
described between the treatment groups.

Similarly, another placebo-controlled, multicenter, random-
ized trial was performed in 832 patients with compensated
chronic HCV infection.300 Patients were assigned to one of
three regimens: 3 MU IFN-α2b three times per week plus oral
ribavirin (400 mg followed by 600 mg daily if <75 kg or 600
mg twice daily if >75 kg) for 48 weeks; 3 MU IFN-α2b three
times per week plus oral ribavirin (400 mg followed by 600
mg daily if <75 kg or 600 mg twice daily if >75 kg) for 24
weeks; or 3 MU IFN-α2b three times per week plus placebo for
48 weeks. The primary study endpoint was loss of detectable
HCV RNA (serum HCV RNA <100 copies/mL) at week 24
after treatment. A sustained virologic response was observed
in 119 (43%) of the 277 patients treated for 48 weeks with the
combination regimen, 97 (35%) of the 277 patients treated for
24 weeks with the combination regimen, and 53 (19%) of the
278 patients treated for 48 weeks with IFN alone.

Discontinuation of therapy for adverse events was more
frequent with combination therapy (19%) and monotherapy
(13%) given for 48 weeks than combination therapy given for
24 weeks (8%).

PREDICTORS OF TREATMENT OUTCOME
These studies have resulted in the identification of several

independent factors predicting sustained virologic response to
combination therapy.241,311,312 The most significant of which is
HCV genotype. Generally, genotype 1-infected patients have
poor response to interferon and ribavirin, irrespective of viral
load, and require 48 weeks of therapy. Patients with HCV other
than genotype 1 with a viral load <2 million copies/mL, how-
ever, have higher response rates and require only 24 weeks of
therapy. Additional host factors have been identified and may
help predict response to, and duration of, therapy, allowing
combination therapy to be tailored more effectively.241,311,312

In addition to HCV genotype non-1, other factors that pre-
dict a good response to interferon and ribavirin include age
<40 years, female gender, and little to no portal fibrosis
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on biopsy.241,311,312 In addition, black patients with chronic
HCV infection have lower response rates than whites to IFN
monotherapy and are predominantly infected with genotype
1.241,311,312

Based on previous studies, R.D. could have benefited from
the combination of ribavirin plus IFN. Other interferon-based
therapies exist that are considered to be the standard of care
for patients with chronic HCV infection.

Current Treatment Strategies

39. What other IFN-based drug therapy could provide R.D.
with therapeutic advantages over IFN alone or IFN plus ribavirin?

Although the advent of combination interferon and rib-
avirin therapy has led to significant improved clearance of
serum HCV RNA and improved both biochemical and his-
tologic evidence of chronic hepatitis, numerous patients with
chronic infection are not adequately treated.241,299–301,311,312

Thus, research in the last few years has examined methodolo-
gies for enhancing the effectiveness of interferon-based treat-
ments. The most promising of these explorations has been the
development of pegylated interferons.241,313–316 These com-
pounds are formed through the attachment of polyethylene gly-
col (PEG) to an interferon molecule, thus changing the pharma-
cokinetic and pharmacodynamic properties of the drug (Table
73-24).241,313–316 Of importance, the PEG moiety significantly
increases the half-life of IFN, resulting in sustained serum con-
centrations and permitting once weekly dosing.241,313–316 The
current “standard of care” is PegIFN plus ribavirin for most pa-
tients with chronic hepatitis C infection. Subgroups of patients
remain in whom standard IFN plus ribavirin combination or
pegylated monotherapy may be preferable. Treatment groups
are discussed below.

PEGYLATED INTERFERONS
Currently, two forms of PegIFN are FDA approved for treat-

ment of HCV infection. The linear 12 kDa PegIFN, peginter-
feronα2b (Pegintron; Schering-Plough Corporation), was the
first to be FDA approved.241,313,317,318 The 40-kDa pegylated
interferon, peginterferon α2a (Pegsys; Hoffman La Roche),
has also received FDA approval (Table 73-24).241,313,319–321

Efficacy
In a dose-finding study, PegIFN-α2b (12 kDa) was compared
with IFN-α2b for the initial treatment of compensated chronic
hepatitis C.317 Patients received either IFN-α2b 3 MU three-
times-weekly or PegIFN-α2b 0.5 mcg/kg, 1.0 mcg/kg, or 1.5
mcg/kg once weekly. Subjects were treated for 48 weeks and
then followed for an additional 24 weeks. All three PegIFN-
α2b doses significantly improved virologic response rates (loss
of detectable serum HCV RNA) compared with IFN-α2b. Un-
like the end-of-treatment virologic response, the sustained vi-
rologic response rate was not dose related above 1.0 mcg/kg
PegIFN-α2b because of a higher relapse rate among patients
treated with 1.5 mcg/kg PegIFN-α2b, particularly among pa-
tients infected with genotype 1. All three PegIFN-α2b doses
decreased liver inflammation to a greater extent than did IFN-
α2b, particularly in subjects with sustained responses. Adverse
events and changes in laboratory values were mild or moderate.

In another trial using the 40 kDa PegIFN dosage form,
PegIFN-α2a was compared with IFN-α2a in the initial treat-

ment of patients with chronic hepatitis C.319 A total of 531
patients with chronic hepatitis C were randomized to receive
either 180 mcg of PegIFN-α2a SC once per week for 48 weeks
or 6 MU of IFN-α2a SC three times per week for 12 weeks,
followed by 3 MU three times per week for 36 weeks. Patients
were assessed at week 72 for a sustained virologic response that
was defined as an undetectable level of hepatitis C virus RNA
(<100 copies/mL). PegIFN-α2a was associated with a higher
rate of virologic response than was IFN-α2a at week 48 (69%
versus 28%) and at week 72 (39% versus 19%). Sustained nor-
malization of serum alanine aminotransferase concentrations
at week 72 was also more common in the PegIFN group than
in the IFN group (45% versus 25%). The two groups were sim-
ilar with respect to the reported adverse events. Authors con-
cluded that in these patients, a regimen of PegIFN-α2a given
once weekly is more effective than a regimen of IFN-α2a given
three times per week.

These trials demonstrate that monotherapy with pegylated
interferons is superior to conventional interferon alone. Sev-
eral trials have evaluated the role of combination pegylated
interferon plus ribavirin for the treatment of chronic hepatitis
C infection.318,321,322

Manns et al.318 compared the combination of PegIFN-α2b
(1.5 mcg/kg/week) plus ribavirin 800 mg/day with PegIFN-α2b
(1.5 mcg/kg/week with a reduction to 0.5 mcg/kg/week after 4
weeks) plus ribavirin 1,000 to 1,200 mg/day and with IFN-α2b
plus ribavirin.312 No difference in the sustained response was
observed between the lower dose of PegIFN-α2b (12 kDa) plus
ribavirin and standard IFNα2b plus ribavirin. The difference in
the overall treatment response between PegIFN-α2b (12 kDa)
(1.5 mcg/kg) plus ribavirin and IFN-α2b plus ribavirin was 6%
adjusted for viral genotype and presence of cirrhosis at base-
line. As with other IFN-based therapies, patients with genotype
1 infection, regardless of their pretreatment viral load, had a
lower response to PegIFN-α2b (12 kDa) plus ribavirin com-
pared with patients infected with other viral genotypes. The
superior efficacy of PegIFN plus ribavirin over standard IFN
plus ribavirin was only seen in patients with genotype 1 infec-
tion. One-third of patients with both genotype 1 infection and
a high viral load (>2,000,000 copies/mL, >800,000 IU/mL)
responded to therapy in both groups. Similarly, the efficacy
of PegIFN plus ribavirin was the same as that observed with
standard IFN plus ribavirin in patients with bridging fibrosis
or cirrhosis.

Other researchers have compared the efficacy and safety
of PegIFN-α2a plus ribavirin, IFN-α2b plus ribavirin, and
PegIFN-α2a alone in the initial treatment of chronic hepati-
tis C.321 In this trial, patients were randomly assigned to three
treatment groups who received at least one dose of study medi-
cation consisting of 180 mcg of PegIFN-α2a once weekly plus
ribavirin 1,000 or 1,200 mg/day (depending on body weight),
weekly PegIFN-α2a plus daily placebo or 3 MU of IFN-α2b
three times weekly plus daily ribavirin for 48 weeks. A sig-
nificantly greater proportion of patients receiving PegIFN-α2a
plus ribavirin had a sustained virologic response (defined as
the absence of detectable HCV RNA 24 weeks after cessa-
tion of therapy) compared with patients who received IFN-
α2b plus ribavirin (56% versus 44%; P<0.001) or PegIFN-α2a
alone (56% versus 29%; P<0.001). The proportions of patients
with HCV genotype 1 who had sustained virologic responses
were 46%, 36%, and 21%, respectively, for the three regimens.
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Among patients with HCV genotype 1 and high baseline levels
of HCV RNA, the proportions of those with sustained virologic
responses were 41%, 33%, and 13%, respectively. The overall
safety profiles of the three treatment regimens were similar.
Based on these results, it appears that PegIFN-α2a plus rib-
avirin is superior to IFN-α2b plus ribavirin or PegIFN-α2a
alone in the treatment of chronic hepatitis C. Pooled data from
these trials suggest that the sustained virologic response (SVR)
rates were higher among patients with HCV RNA genotype 2
or 3 (76%–84%) and lower among those patients with genotype
1 (42%–52%).

Predictors of Treatment Outcome for Pegylated Interferons
Independent variables associated with a favorable response
to pegylated interferon plus ribavirin include genotype non-
1, low pretreatment HCV RNA level, light body weight,
young age (40 years), and the absence of bridging fibrosis
or cirrhosis.241,318,321 Ethnicity is also a strong predictor of
response to therapy with PegIFN. Based on data from clini-
cal trials, blacks have lower response rates than do whites.323

Another predictor of SVR has been established by monitor-
ing the rate of HCV RNA reduction following initiation of
therapy.325,326 Assessment of antiviral effects through viral ki-
netics have been shown to help in predicting the likelihood of
a SVR. Because the decline in HCV RNA follows a pattern of
biphasic reduction, it enables clinicians to determine whether a
rapid virologic response (RVR), defined as undetectable HCV
RNA, occurs. If this response is observed, it is a strong predic-
tor of obtaining an SVR. Additionally, if patients with genotype
1 do not have an early virologic response (EVR), defined as
≥2 log10 decrease in HCV RNA from baseline or undetectable
HCV RNA at 12 weeks, they are unlike to achieve an SVR and
therapy may be discontinued.

40. Should weight-based ribavirin dosing be recommended in
R. D.?

The most appropriate dose of ribavirin administered in com-
bination with PegIFN-α2b is controversial.241,246 The FDA-
approved ribavirin dose of 800 mg is lower than that approved
for standard IFN-α2b. The FDA-approved dose was selected
because of concerns regarding additive toxicities associated
with peginterferon and ribavirin. Additional data from trials of
PegIFN-α2a have suggested that the 800-mg dose is sufficient
for treatment of nongenotype 1 infection, but that higher doses
(1,000 mg/1,200 mg based on a 75 kg weight) are necessary
for effective treatment of genotype 1. Additional data analysis
from the pivotal trials has led to patient-specific recommenda-
tions for duration and dosing of therapy based on HCV geno-
type (Fig. 73-6). Patients with genotypes 2 and 3 require only
24 weeks of therapy with 800 mg daily of ribavirin, whereas
patients with genotype 1 (and potentially genotype 4), require
48 weeks of therapy and full doses of ribavirin (1,000–1,200
mg daily).

A distinct relationship occurs between successful outcomes
(SVR) and exposure to ribavirin. In patients who received
<60% of the total ribavirin dose, early virologic response
rates and SVR were lower than in patients who had reduced
ribavirin exposure (73% versus 79%–84% and 33% versus
57%–67%, respectively).327 Furthermore subanalysis of the
Manns et al.312 data established that the dose of ribavirin is
predictive of achieving SVR. Recent data from an open label,

multicenter trial suggest that patients with HCV genotype 1
had improved SVR rates in patients receiving PegIFN-α2b 1.5
mcg/kg/week plus weight-based ribavirin dosing (800–1,400
mg/day) for 48 weeks compared with those receiving PegIFN-
α2b 1.5 mcg/kg/week plus 800 mg of ribavirin daily (34%
versus 28.9%; P = 0.005) for 24 or 48 weeks.328 In patients
with HCV genotype 2 or 3, rates were not significantly dif-
ferent (61.8% versus 59.5%, respectively) regardless of treat-
ment duration. These finding suggest that PegIFN-α2b plus
weight-based dosing of ribavirin for 48 weeks may be appro-
priate for patients with genotype 1, whereas same-dose (800
mg ribavirin) for 24 weeks may be adequate for patients with
genotype 2 or 3. Additional data are needed to establish in-
dividual dosing recommendation for ribavirin based on HCV
genotype. Because R.D. has genotype 2, he should be initi-
ated on PegIFN-α2a in a dose of 180 mcg weekly and oral
ribavirin 800 mg daily in two divided doses. At 24 weeks, his
aminotransferase and HCV RNA levels should be assessed,
and therapy stopped.329 (Fig. 73-6).

Adverse Effects and Monitoring

41. What adverse effects might be expected if pegylated inter-
feron plus ribavirin are used in R. D., and what are appropriate
monitoring parameters?

In the clinical trials with PegIFN and ribavirin, adverse ef-
fects resulted in discontinuation of treatment in approximately
10% to 14% of patients.317–323Adverse events were similar be-
tween those patients receiving PegIFN plus ribavirin and those
receiving IFN plus ribavirin, except for a higher frequency of
injection site reactions and a higher frequency of neutropenia
in the PegIFN plus ribavirin group. Side effects in both groups
included influenza-like symptoms, hematologic abnormalities,
thyroid dysfunction, and neuropsychiatric symptoms.317–323

The education of patients, their family members, and care-
givers about side effects and their prospective management is
an integral aspect of treatment.

Regular monitoring of neuropsychiatric side effects, cy-
topenias, and adherence to HCV therapy is mandatory (Ta-
ble 73-25). Psychological conditions, particularly depression,
are common among persons with hepatitis C and are frequent
side effects of interferon.314–323 Patients’ mental health should
be assessed before initiation of antiviral therapy and moni-
tored regularly during therapy, because the ability to comply
with the treatment regimen may become compromised. An-
tidepressants, such as selective serotonin reuptake inhibitors,
may be useful in the management of depression associated with
antiviral therapy.314–323

In certain patients with persistent cytopenias despite dose
reductions, treatment with hematopoietic growth factors (i.e.,
erythropoietin, granulocyte colony-stimulating factor) may be
useful to reduce symptoms and maintain adherence to antiviral
therapy.314–323 This therapy is costly, however, and the optimal
dosage is not yet clear. Additionally, it is not known if the use
of hematopoietic growth factors will enhance the likelihood
of an SVR. Thus, the potential benefits of these agents need
confirmation in prospectively designed trials before they can
be recommended.

Of special importance, severe hemolysis from ribavirin
can occur in patients with renal insufficiency.314–323 In these
patients, the ribavirin dose should either be reduced or
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All patients:

All patients:

1.   Make the diagnosis based on aminotransferase elevations, anti-HCV and HCV RNA in serum, and chronic hepatitis
      shown by liver biopsy.

2.   Assess for suitability of therapy and contraindications. Discuss side effects and possible treatment outcomes.

3.   Test for HCV genotype

4.   Genotype 1: Test for HCV RNA level immediately before starting therapy (baseline level).

Genotype 1:

     Start therapy with peginterferon alfa-2a in a dose of 180 mg weekly or peginterferon alfa-2b in a
     dose of 1.5 mg/kg weekly in combination with oral ribavirin in two divided doses of 1,000 mg daily
     if body weight is � 75 kilograms (165 lbs.) or 1,200 mg daily if body weight is � 75 kilograms.

Genotype 2 or 3:

     Start therapy with peginterferon alfa-2a in a dose of 180 mcg weekly or with alpha-2b in a dose
     of 1.5 mcg per kilogram weekly and oral ribavirin 800 mg daily in two divided doses.

     At weeks 1, 2, and 4 and then at intervals of every 4 to 8 weeks thereafter, assess side effects,
     symptoms, blood counts, and aminotransferases.

Genotype 1:

     At week 12, retest for HCV RNA level. If HCV RNA is negative or has decreased by at least two
     log10 units (such as from 2 million IU to 20,000 IU or from 500,000 IU to 5,000 IU or less), continue
     therapy for a full 48 weeks, monitoring symptoms, blood counts, and ALT at 4- to 8-week intervals.
     If RNA has not fallen by two log10 units, stop therapy.

Genotype 2 or 3:

     At 24 weeks, assess aminotransferase levels and HCV RNA and stop therapy.

     After therapy, assess aminotransferases at 2- to 6-month intervals. In responders, repeat HCV RNA
     testing 6 months after stopping.

FIGURE 73-6 Algorithm for treatment of hepatitis C. Based on reference 241, with permission.

discontinued. Of note, ribavirin is not removed by hemodialy-
sis. Finally, lactic acidosis may be a rare complication of com-
bination therapy in patients undergoing therapy for HIV and
HCV. Thus R.D. should be monitored closely to minimize the
risk of severe adverse effects in initiated PegIFN plus ribavirin
therapy.

Choosing Interferon Formulations
Pegylated interferons offer the convenience of once weekly ver-
sus three times weekly dosing, but PegIFN are associated with

a greater incidence of cytopenias and injection site reactions
compared with standard IFN. Moreover, there are subsets of pa-
tients in which treatment response with standard IFN-α2b plus
ribavirin is the same with as PegIFN plus ribavirin. These in-
clude patients with nongenotype-1 infection and patients with
compensated cirrhosis.241,246 When deciding whether to treat
a patient with PegIFN or standard IFN in combination with
ribavirin, the patient and provider should weigh the risks and
benefits of the two treatment regimens (Fig. 73-6). For exam-
ple, in the patient with compensated cirrhosis, particularly if
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he or she has leukopenia before therapy, standard IFN might be
the preferred treatment because of a short half-life and reduced
likelihood of dose reductions for cytopenias.

Interferon or Pegylated Interferon Monotherapy
For patients with contraindications to the use of ribavirin, such
as those with unstable cardiac disease, anemia, renal insuffi-
ciency, or those who might conceive while receiving treatment
or within 6 months of completing therapy, IFN monotherapy
or PegIFN should be considered.241,246 Pegylated interferons
have been shown to be superior to standard IFNα in the treat-
ment of hepatitis C, and PegIFN are the treatment of choice in
select patients.241,246

As a result of recent trials, combination therapy is the treat-
ment of choice for naı̈ve patients, that is those who have re-
ceived neither interferon nor ribavirin therapy and who are able
to tolerate ribavirin. Pegylated interferons plus ribavirin offer
the convenience of once-weekly dosing, but with only a slight
increase in efficacy and an increase in adverse events compared
with standard IFNα plus ribavirin.241,246 The FDA-approved
dose of ribavirin is 800 mg, but higher doses (1,000/1,200 mg
based on a 75 kg weight) may be improve efficacy in patients
with genotype 1 infection. A ribavirin dose of 800 mg appears
adequate for treatment of genotype non-1 infection. Although
the results using PegIFN plus ribavirin are encouraging, the
benefits of treatment on important clinical outcomes such as
prevention of complications of advanced liver disease and the
prevention of hepatocellular carcinoma remain to be demon-
strated. Finally, no clinical trials have demonstrated the supe-
riority of one type of PegIFN compared with the other (e.g.,
PegIFN-α2a versus PegIFN-α2b).

Treatment Options for Relapse of Chronic Hepatitis C

42. What is the role for combination therapy in patients who
have relapse of chronic HCV infection?

As noted, HCV relapse rates (based on HCV RNA reappear-
ance) often occur following discontinuation of IFN therapy
despite longer courses of treatment. Based on previous trials,
the combination of ribavirin plus IFN may reduce HCV re-
lapse. Results from these trials were confirmed in 345 patients
with chronic active HCV who relapsed following IFN.302,323 A
total of 173 patients were randomly assigned to receive either
standard dose IFN-α2b with ribavirin (400 mg [am] and 600
mg [pm] in patients <75 kg or 600 mg twice daily in patients
>75 kg) for 6 months or IFN and placebo.302 The primary
endpoints of the study were the disappearance of HCV RNA
from the serum and histologic improvement at the end of the
24-week follow-up period. On completion of treatment, serum
levels of HCV RNA were undetectable in 141 of 173 patients
who received combination therapy compared with IFN alone
(82% versus 47%; P<0.001). Serum HCV RNA continued to
be undetectable in 84 patients (49%) in the combination group
and in only 8 patients (5%) in the IFN alone group (P<0.001)
at 6 months. Patients who achieved a virologic response also
had sustained normalization of serum ALT concentrations and
histologic improvement. Of note, patients with the greatest re-
sponse were those with low viral load and genotypes 2 or 3.
As in previous trials, patients receiving combined therapy had
a significant reduction in their hemoglobin concentrations, but
otherwise had a safety profile similar to that of IFN alone.

These results appear to be as good or better than those in
patients receiving higher doses and longer courses of IFN.
Thus, patients with chronic HCV infection without decompen-
sated liver disease who relapse, may benefit from combination
therapy.

Adjunctive Therapies

43. In addition to IFN alone, or the combination of IFN plus
ribavirin, or PegIFN, are there any other therapeutic options avail-
able for R.D.?

Interferon responders have lower serum iron, iron satura-
tion, and hepatic iron levels (which is believed to upregulate
cellular immune responses) than do nonresponders to IFN.324

In pilot trials, iron reduction by phlebotomy has been correlated
with an improvement in aminotransferase levels in patients
with chronic HCV infection and iron overload. These limited
data suggest an enhanced response to IFN may be achieved
through iron reduction by phlebotomy.

Other approaches to treating chronic HCV infection include
nonsteroidal anti-inflammatory drugs,330 pentoxifylline,331 vi-
tamin E,332 omega-3 fatty acid supplements333; herbal reme-
dies, such as glycyrrhizin (licorice root),334 silymarin (milk
thistle),335 and sho-saiko-to (TJ-9),336 are unproved for the
routine treatment of HCV. These agents are thought to have
anti-inflammatory or antifibrotic effects on the liver, which
may lead to normalization of biochemical markers (i.e., ALT).
Data from patients receiving IL-10 (Tenovil), which inhibits
the Th1 T-cell subset, suggest that formation of liver scar tis-
sue may be reduced.337

Future therapies for treatment of HCV infection are promis-
ing and numerous are in development. Recent studies using
hydroxymethylglutaryl-coenzyme A (HMG-CoA) reductase
inhibitors (e.g., statins) confirm that cholesterol biosynthesis
has an impact on HCV replication and that statins may be
useful in interrupting this pathway.338 In addition to conven-
tional and PegIFN, recombinant human albumin or IFN-α fu-
sion protein (Albuferon), which has a prolonged half-life and
excellent antiviral activity, has entered phase II trials.338–340

Alternatives to ribavirin have also been developed. Virami-
dine, a ribavirin prodrug, has limited exposure to red blood
cells (RBC) and demonstrated significant antiviral activity and
erythrocyte-sparing properties.338–340 In the last few years, the
development of in vitro replication systems for HCV has led
to significant advances in the HCV replication cycle. Specifi-
cally targeted antiviral therapy (STAT-C) include those agents
that specifically target the viral replication cycle: internal ribo-
some entry site (IRES) inhibitors, translation (protease, heli-
case) inhibitors, translation (polymerase) inhibitors, and virus
assembly (glycoside) inhibitors.338–340 Cyclophillin inhibitors
and immune mediators (IFN-γ - and IFN-β, thymosin, and lev-
ovorin) may also prove useful for treating HCV infection.338–340

Finally, an experimental vaccine has also been studied in chim-
panzees; however, no efficacy or safety data are available with
this agent in humans.341 R.D. should not be initiated on these
agents at this time as further investigation is needed.

Summary of HCV in Nonimmunocompromised Patients
Overall, many factors have been identified that are associ-
ated with an increased or decreased likelihood of response
to IFN therapy in patients infected with HCV. Analyses have



VIRAL HEPATITIS � 73-45

generally shown that a decreased pretreatment HCV RNA titer
is associated with more favorable response, that genotypes
other than type 1b exhibit higher sustained response rates com-
pared with genotype 1b, and that responders have less fibrosis
and less inflammatory changes than nonresponders. Further-
more, most trials conducted using IFN or combinations thereof
exclude patients with decompensated liver disease (cirrhosis),
patients with HCC, patients with cryoglobulinemia or associ-
ated membranoproliferative glomerulonephritis, and children
infected with HCV. Additional experience is needed in these
areas to definitively assess therapy for HCV infection.

Treating Hepatitis C Following Liver Transplantation

44. While discussing treatment options for HCV infection, R.D.
experiences a sudden loss of consciousness. He is admitted to the
intensive care unit where he will be emergently evaluated for a
liver transplant. What are the therapeutic options for prevent-
ing or treating HCV-infected patients following liver transplanta-
tion?

Uncontrolled trials have reported the efficacy of IFN-α in
treating hepatitis C following transplantation.342–344 In one re-
port, 11 patients were treated with IFN-α (3 MU three times
weekly for 6 months).342 After therapy was stopped, only one
patient had normal liver enzyme levels and IFN was not cor-
related with precipitating allograft rejection. In a similar trial,
4 of 18 patients (22%) had a sustained biochemical response
(normal aminotransferase levels) at the end of treatment and
in 6-month follow-up.344 HCV RNA levels were reduced in
both responders and nonresponders, but returned to pretreat-
ment levels after discontinuation of IFN. Sustained effects were
not observed, nor were improvements in histology. Only one
patient had an IFN-associated, biopsy-proved delayed rejec-
tion episode. In contrast to these reports, others have identified
IFN therapy with precipitating rejection, possibly because of
its ability to upregulate the expression of human leukocyte
antigen (HLA) class I and II antigens.345

Similar to the nontransplant population, the combination
of IFN and ribavirin or ribavirin alone has also been assessed
in liver transplant recipients for treating recurrent HCV in-
fection following transplantation.346–348 Data from pilot and
randomized, noncomparative trials suggest that combination
therapy is effective but poorly tolerated.346 Furthermore, trans-
plant recipients appear to have a high incidence of hemolysis,
thrombocytopenia, and mental status changes with combina-
tion therapy. Transplant recipients should also be closely mon-
itored for rejection during and following cessation of IFN plus
ribavirin therapy. Finally, the use of PegIFN alone or in combi-
nation with ribavirin has also been considered following liver
transplantation.346 Any combination therapy could be consid-
ered (based on response criteria for interferon as listed above)
in the following areas in liver transplant recipients having trans-
plant because of HCV: (a) as prophylaxis for HCV immedi-
ately following liver transplantation (first transplant); (b) as
prophylaxis for HCV immediately following liver transplan-
tation (second transplant for recurrent HCV); (c) in patients
with HCV recurrence without decompensation with worsening
symptoms; and (d) in patients with recurrent HCV with decom-
pensation. These areas are clearly controversial and continue
to warrant clinical investigation.

HEPATITIS E VIRUS
Virology, Epidemiology, Transmission, and Pathogenesis
Hepatitis E virus is an icosahedral, nonenveloped virus of
the Caliciviridae family between 32 and 34 nm wide that
was initially identified by immune electromicroscopy in the
stool samples of infected persons (Table 73-2).349,350 The HEV
genome is a single-stranded polyadenylated RNA and, unlike
HAV, has an RNA genome that encodes for nonstructural pro-
teins through overlapping open ready frames (ORF). Several
ORF encode for nonstructural proteins, structural proteins,
or proteins of undetermined function. The HEV polyprotein
has several sequences, including an RNA-dependent RNA-
polymerase, and RNA helicase, and a virally encoded cysteine
protease.

Hepatitis E virus occurs in endemic areas such as Africa,
Southeast and Central Asia, Mexico, and Central and South
America as both epidemic and sporadic infections.349,351 Spo-
radic infections also occur in nonendemic areas and are usually
associated with travel into areas of endemicity. The attack rate
(the percentage of exposed patients who become infected) of
HEV is low compared with HAV (1% versus 10%, respec-
tively). In endemic areas, outbreaks usually occur between 5
and 10 years apart and are often associated with times of heavy
rainfall, after floods or monsoons, or following the recession
of flood waters.349,351,352 The overall case fatality rate for the
general endemic population is 0.5% to 4%, whereas for rea-
sons unknown, pregnant women have a much greater case fa-
tality rate of 20%.349,353 In particular, the fetal complication
rate is increased, especially if the infection occurs in the third
trimester of pregnancy.349,354 The frequency of death in utero
and immediately following birth is also greater than seen with
acute hepatitis of other causes.349,354

Transmission of HEV is via the fecal-oral route, and the
most common source of transmission is ingestion of fecally
contaminated water.349,351,353 Poor climactic conditions in con-
junction with inadequate personal hygiene and sanitation have
led to epidemics of HEV infection. Secondary attacks usually
are much lower than that observed with HAV, ranging from
0.7% to 2.2% versus 50% to 75%, respectively.349,351,353 The
mechanism for this difference could be related to the instabil-
ity of HEV to its environment, differences in the quantity of
virus needed to propagate infection, or a greater frequency of
subclinical disease.

Interference with the production of cellular macro-
molecules, alteration of cellular membranes, and alteration of
lysosomal permeability are some of the proposed mechanisms
of hepatic injury.355,356 In addition, immune-mediated mecha-
nisms are believed to be responsible for lysis of virally infected
hepatocytes by direct lymphocyte cytotoxicity or antibody-
mediated cytotoxicity.

Diagnosis
Initial assays for detection of anti-HEV used electromi-
croscopy to detect HEVAg on the surface of HEV particles
in stool and serum and immunohistochemistry to detect the
antigen in liver tissue.349,351,353 Fluorescent antibody-blocking
assay is currently used to detect anti-HEV reacting to HEVAg
in serum and, although highly specific, this assay lacks sensi-
tivity (50%) in acute HEV infection.349,351 Additional cloning
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and sequencing of HEV has led to the development of Western
blot assays and ELISA that detect anti-HEV by using recombi-
nant expressed proteins from the structural region of the virus.
Reverse transcriptase polymerase chain reaction (RT-PCR) has
also been used to confirm the diagnosis of HEV by detect-
ing HEV RNA from serum, liver, or stool.349,351,353 Clinically,
HEV is a diagnosis of exclusion.

Clinical Manifestations, Serology, and Natural History
The incubation period following exposure is listed in Table
73-1. Two phases of illness have been described, including
a prodromal and preicteric phase as described for HAV infec-
tion. Peak serum aminotransferase levels reflect the onset of the
icteric phase and generally return to baseline by 6 weeks.349,354

Stool is often positive for HEV RNA at the onset of the icteric
phase and persists for an additional 10 days beyond this pe-
riod. Viral shedding may also occur for up to 52 days after
the onset of icterus. Detection in the serum occurs during the
preicteric phase, before detection of virus in the stool, and
becomes undetectable following the peak in aminotransferase
activity. Because HEV RNA is not detectable in the serum dur-
ing symptoms, diagnostic tests using HEV RNA have limited
utility and a correlation between PCR detection and infectiv-
ity has not been observed. Serologically, HEV IgM becomes
detectable before the peak rise in ALT, whereas antibody titers
peak with peak ALT levels and subsequently decline. In most
patients, HEV IgM is present for 5 to 6 months following the
onset of illness. HEV IgG appears after HEV IgM and re-
mains detectable for up to 14 years after acute infection; how-
ever, the duration of protective immunity has not been fully
elucidated.349,357

In nonfatal cases, acute HEV hepatitis is followed by com-
plete recovery without any chronic complications. There ap-
pears to be protection from reinfection; however, the duration
of protection is variable. Fulminant hepatitis has also been as-
sociated with HEV infection and has a high association with
pregnancy.349,351,352,354 Maternal mortality was reported to be
1.5% for HEV infection occurring in the first trimester of preg-
nancy, 8.5% for those in the second trimester, and 21% for those
infected in the third trimester.

Prevention and Treatment
No immunoprophylactic measures exist for HEV disease, and
effective prevention strategies are dependent on improved san-
itation in endemic areas. Travelers going to endemic areas
should be educated regarding the risks of drinking water, eating
ice, or eating uncooked shellfish or uncooked and peeled fruits
and vegetables. Drinking water should be boiled to inactivate
HEV. No vaccines or postexposure prophylaxis are available
to prevent HEV infection. Results from a phase II randomized
trial suggest, however, that in a high-risk population, a recom-
binant hepatitis E vaccine can be effective in the prevention of
HEV infection.351

HEPATITIS G VIRUS
Virology
In 1995, the genomes of two previously unidentified RNA
viruses were cloned from experimentally inoculated tama-

rins.358–360 The original inoculate was obtained from a sur-
geon (initials G.B.) with NANB hepatitis who was thought to
have HCV. The viruses were subsequently named GB virus A
(GBV-A) and GB virus B (GBV-B).358–360 Another unknown
RNA virus related to GBV-A and GBV-B was discovered (us-
ing representational difference analysis) and was designated
GB virus C (GBV-C).358–360 Similar methods were also im-
plemented in the discovery of one more previously unknown
virus, designated TT virus (TTV), obtained from a patient
(initials T.T.). In 1996, another independent research group
isolated a novel RNA virus (designated HGV) that was as-
sociated with hepatitis.358–360 Sequencing studies comparing
GBV-C and HGV have shown these isolates to be two geno-
types of the same virus. Apparently, only humans and higher
primates can be infected by human GBV-C/HGV.358–360

The GBV-C/HGV is a single-stranded enveloped RNA virus
that consists of 9,100 to 9,400 nucleotides (Table 73-2).358–360

GBV-C/HGV belongs to the Flaviviridae viruses, and tem-
porarily to the hepacivirus genus together with HCV because
the genomic organization of this virus resembles HCV. The
biological functions of many GBV-C/HGV proteins have not
been entirely defined, although the capsid region of this virus
is defective and core proteins are not encoded, unlike with
HCV. An envelope region that encodes a surface glycoprotein
as well as protease, helicase regions has been identified.358–360

Additional phylogenetic analysis has depicted four genotypes:
genotype 1 (GBV-C; originated from West Africa), genotype 2
(TTV; originated from the United States), and genotype 3 and
4 (originated from Asia).

Epidemiology
Spread worldwide, GBV-C/HGV infection has been observed
in healthy persons and in IV drug users, men who have sex
with men, patients receiving multiple transfusions, and patients
with fulminant hepatic failure.358,359,361 Viremia has been re-
ported to be between 1% and 4% among healthy populations
in Europe and North America and even higher rates (10%–
33%) have been documented in residents of South America and
Africa.358–360 The prevalence of resolved GBV-C/HGV infec-
tions (using envelope antibodies) appears to be more common
than the occurrence of viremic infections. Rates of resolved
infections described in blood donors are 3% to 15% in Eu-
rope, 3% to 8% in North America, 20% in Africa and South
America, and 3% to 6% in Asia.358–360

Transmission
Transmission of GBV-C/HGV has been primarily associ-
ated with blood transfusions and infections have been ob-
served in the presence of other hepatitis viruses (e.g., HBV,
HCV).358–360 Additional modes of transmission include injec-
tion drug use, hemodialysis, sexual contact, and vertical or
perinatal transmission.358 Also, GBV-C/HGV RNA has been
isolated in saliva, suggesting that close social contact may be
a possible mode of transmission.358–360

Pathogenesis and Diagnosis
The pathogenesis and serologic presentation of GBV-C/HGV
are poorly described. The natural course of GBV-C/HGV
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infection appears to vary from an acute self-limited episode
to a chronic infection that may persist from years to
decades.358–360,362 GBV-C/HGV can cause mild acute hepati-
tis, but despite persistent infection, it does not appear to cause
clinically significant chronic hepatitis.358 Diagnosis is usually
established through detection of the virus by RT-PCR method-
ology (HGV RNA).358,363 Additionally, first generation EIA
tests have been utilized to detect specific antibodies to the en-
velope glycoprotein to diagnose previous infection; however,
the specificity and sensitivity of these tests have not been fully
elucidated. Reliable serologic assays are needed.

Clinical Manifestations and Treatment
Clinical and extrahepatic manifestations of GBV-C/HGV are
unknown, but the virus has been found to be in serum
for many years in patients with several types of liver dis-
eases.358–364,365 No causal relationship has been established
between GBV-C/HGV and acute, fulminant, and chronic non
B–C-D hepatitis.358–360,364,365 The role of the GBV-C/HGV in
human hepatitis remains unclear. Published studies provide fur-
ther evidence that GBV-C/HGV may not be a significant cause
of acute or chronic liver disease.358 One report demonstrated
that 15% of children with chronic hepatitis C or hepatitis B
are infected with GBV-C/HGV; however, GBV-C/HGV coin-
fection does not appear to cause more severe liver disease.
In another report, serum HCV RNA concentrations, liver his-
tology, and response to treatment with IFN-α did not differ
between patients with and without GBV-C/HGV coinfection.
Loss of serum HGV RNA did not correlate with a biochem-
ical response, whereas loss of serum HCV RNA did. These
results show that GBV-C/HGV coinfection frequently occurs
in individuals infected with HCV and that GBV-C/HGV does

not influence the severity of liver disease or response to treat-
ment with—IFN-α in patients with chronic hepatitis C. Be-
cause the significance of GBV-C/HGV is unclear, screening
of blood donors for this virus is not presently justified. Cur-
rently, no agents are used to treat or prevent GBV-C/HGV
infection.358

SUMMARY
Viral hepatitis continues to be a significant worldwide infec-
tious disease. To date, prevention strategies through universal
vaccination are the most efficient methods for minimizing the
incidence of HAV, HBV, and HDV. Patient education with re-
spect to the common ways of spreading these infections may
also result in behavioral modifications that reduce the over-
all incidence of infection. Once HBV and HCV progress to
chronic infection, more efficacious and better tolerated antivi-
ral therapies are needed to treat these infections. Similarly,
therapeutic modalities that reduce the progression of these dis-
eases are necessary to prevent end-stage liver disease and the
development of additional complications (encephalopathy, in-
tractable ascites, coagulation disorders, and HCC). As a better
understanding of viral replication is established, as well as ap-
propriate models for study, new agents may become available.
Furthermore, more diagnostic tools are needed to better iden-
tify new hepatitis viruses and monitor response to drug thera-
pies. The economic impact and quality of life of these patients
remains to be fully elucidated.
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MALARIA
Distribution and Mortality
Malaria is considered the world’s most important parasitic dis-
ease, responsible for an estimated 300 to 500 million cases and
annual deaths in excess of 1 million.1–4Approximately 27 mil-
lion U.S. travelers visit malaria-endemic areas each year.5 The
distribution of the four Plasmodium species of malaria varies
worldwide, with Plasmodium falciparum, which has the high-
est mortality, primarily acquired in sub-Saharan Africa, Haiti,
the Dominican Republic, the Amazon region in South Amer-
ica, and parts of Asia and Oceania.

Life Cycle
Malarial infection is transmitted by the female mosquito of the
genus Anopheles, which injects the asexual forms or sporo-
zoites into the human host during a blood meal. After a lapse
of about 9 to 16 days and an asexual multiplication stage in
the liver called exoerythrocytic schizogony, daughter cells, or
merozoites, are released into the blood to infect red blood cells
(RBC). The merozoites develop into the characteristic ring or

trophozoite forms in RBC and then go through another asexual
reproductive stage called erythrocytic schizogony to produce
more merozoites. When the infected RBC rupture, the mero-
zoites invade new blood cells and repeat the erythrocyte cycle.
In 1 or 2 weeks, a subpopulation of merozoites differentiates
into the sexual forms, resulting in male and female gameto-
cytes. If the gametocytes in the host blood are ingested by a
female Anopheles mosquito during a blood meal, fertilization
and an asexual division in the mosquito midgut will propagate
the infective sporozoites to complete the cycle.

The characteristic malarial paroxysms of chills and fever
in patients usually coincide with the periodic release of mero-
zoites and other pyrogens in the blood. In P. falciparum infec-
tions, this periodicity may not always be apparent. However,
intervals of 48 hours between paroxysms are reported for Plas-
modium vivax, Plasmodium ovale, and P. falciparum (tertian
periodicity), and 72 hours for Plasmodium malariae (quartan
periodicity). Unlike infections caused by P. falciparum and
P. malariae, infections with P. vivax and P. ovale have a latent
form of the exoerythrocytic phase that can persist in the host
liver for months to years. This latent form can produce relapses
of the erythrocytic infection (Fig. 74-1).

74-1



74-2 � INFECTIOUS DISORDERS

FIGURE 74-1 P. falciparum gametocytes.

Epidemiology
Although malaria is endemic to the tropics, approximately
1,324 cases were diagnosed in the United States in 2004.3,5 Of
the 775 U.S. civilians who acquired malaria while abroad, 160
(20.6%) reported that they had been on a chemoprophylaxis
regimen recommended by the Centers for Disease Control and
Prevention (CDC).3 Malaria transmission in the United States
has occurred from the blood of immigrants and travelers, lo-
cal transmission, military personnel, and rarely through blood
transfusions.2,3,5,6 In terms of the species of Plasmodium iden-
tified in the United States, 49% represented P. falciparum, and
81% of these infections were acquired in Africa.3 Transfusion
malaria often is the result of P. malariae, which can persist
in the blood without symptoms for extended periods and has
also been reported to cause nephrotic syndrome.7,8 Malaria
can also be transmitted congenitally and through contaminated
needles.3,8,9

Drug Resistance
Chloroquine-resistant P. falciparum (CRPF) is widespread
and present in all malaria-endemic areas of the world ex-
cept Mexico, the Caribbean, Central America (north of the
Panama Canal), and parts of the Middle East (except Iran,
Yemen, Oman, and Saudi Arabia).10–14 However, P. falci-
parum malaria, resistant to chloroquine and mefloquine, has
been isolated in Thailand, Cambodia, and Myanmar (Burma).
Chloroquine-resistant P. vivax is an emerging problem in
Papua, New Guinea, Irian, Jaya (Indonesia), Myanmar, and
Columbia.10,12,14,15 Most fatal cases of imported malaria in
the United States are the result of travelers’ failure to comply
with appropriate chemosuppressive regimens, delays in seek-
ing treatment, misdiagnosis by physicians or laboratories, and
inappropriate antimalarial regimens.2,13 Prophylactic drug reg-
imens for individuals traveling to endemic areas are problem-
atic (see Question 5).10,11,15

Acute Malaria
Signs and Symptoms

1. M.L, a 29-year-old male student, presents to the emergency
department (ED) with complaints of malaise, myalgia, headache,
and fever of 4 days’ duration. A native of Ghana, West Africa, he
recently visited his parents and returned to the United States 3
weeks ago. Two days before admission, he had an abrupt onset of
coldness and chills, followed 1 hour later by a high fever, headache,
nausea, and vomiting. The episode of chills and fever lasted about
24 hours, after which he became asymptomatic. On the afternoon

of admission, he again had a bout of chills that preceded a fever
of 40◦C.

Physical examination reveals a slender black man who is
acutely ill and complaining of severe abdominal pain. Abdom-
inal examination reveals a soft, tender spleen that is slightly
enlarged. Blood pressure (BP) is 110/70 mmHg; pulse 120
beats/minute, respiration rate 32 breaths/minute, and temper-
ature 40◦C. Laboratory findings include hemoglobin (Hgb)
11 g/dL (normal, 12–16); hematocrit (Hct) 34% (normal, 36%–
47%); white blood cell (WBC) count 3,300 cells/mm3 (normal,
4,000–11,000) with 76% neutrophils (normal, 45%–65%),
23% lymphocytes (normal, 15%–35%), and 1% monocytes
(normal, 1%–6%); platelets 83 × 103/mm3 (normal, 150–450);
and bilirubin 1.0 mg/dL (normal, 0.1–1). Urinalysis reveals
trace amounts of albumin and the presence of urobilinogen.
Thick and thin films of M.L.’s blood are prepared. A Giemsa
stain of the thin film demonstrates P. falciparum gametocytes.
Why is the presentation of M.L. consistent with P. falciparum
malaria?

[SI units: Hgb, 110 g/L (normal, 120–160); Hct, 0.34 (0.36–0.47); WBC

count, 3.3 × 10 9/L (normal, 4–11) with 0.76 neutrophils (normal, 0.45–0.65),

0.23 lymphocytes (normal, 0.15–0.35), 0.01 monocytes (normal, 0.01–0.06);

platelets, 3.3 × 10 9/L (normal, 150–450); bilirubin, 18 mmol/L (normal,

2–18)]

M.L. recently visited Ghana, West Africa, where P. falci-
parum is endemic.4,9,11 P. vivax malaria accounts for about
50% of all cases of malaria reported in the United States. The
prevalence of P. falciparum malaria has been increasing, how-
ever, and it accounts for about 49% of all malarial cases.3 In-
fected persons usually experience prodromal symptoms (pri-
marily headache, muscle aches and pains, malaise, nausea,
and vomiting) around the second week after exposure.4,13 This
time frame is consistent with M.L.’s onset of symptoms. The
incubation period and the onset of primary symptoms for P.
falciparum malaria can be delayed for months, however.4,11,16

History of travel to an endemic area, the cyclical paroxysmal
episodes of chills and fever, the presence of thrombocytopenia
and jaundice, and the identification of P. falciparum gameto-
cytes in M.L.’s blood confirm the diagnosis of malaria.

Treatment

2. How should the P. falciparum malaria in M.L. be treated?
How would M.L.’s treatment differ from that used for other Plas-
modium species?

P. falciparum malaria, the most severe form of malaria,
has the highest mortality rate.4,5,11,16–25 The fever spikes,
unlike those associated with P. vivax and P. ovale malaria,
normally are very high (40◦C–41◦C), and complications
(including confusion, vomiting, diarrhea, severe abdominal
pain, hypoglycemia, renal failure, and encephalopathy) are
common.4,13,18–26

QUINIDINE AND QUININE
M.L. is very ill and may be unable to tolerate oral medica-

tions because of nausea and vomiting. He should be admitted
to an acute care unit and started on intravenous (IV) quinidine
gluconate.4,9,11,18,27 For doses of IV quinidine, see Table 74-1.
If >48 hours of parenteral therapy is required, the dosage of
quinidine should be reduced by one-third to one-half.11,27
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Table 74-1 Drug Therapy of Parasitic Infection 4,7,9,10,11,14,18,27,28,29,32,35,36,39,57,61,64,80,81,90,93,107,111,116,120,124,125,127

Drug of Choice Dosage Adverse Effects

Amebiasis (Including Cyst Passers)
Asymptomatic
Iodoquinol Adults: 650 mg PO TID × 20 days Rash, acne, thyroid enlargement
or Children: 30–40 mg/kg/days PO TID × 20 days
Diloxanide furoate Adults: 500 mg PO TID × 10 days Flatulence, abdominal pain
or Children: 20 mg/kg/day PO TID × 10 days
Paromomycin Adults: 25–35 mg/kg/day PO TID × 7 days Nausea, vomiting

Children: Same as adults

Mild to Moderate Gastrointestinal Disease
Metronidazole
or

Adults: 750 mg PO TID × 10 days
Children: 35–50 mg/kg/day PO TID × 10 days

Nausea, headache, metallic taste, disulfiram
reaction with alcohol, paresthesia

Tinidazole Adults: 2 g once daily × 3 days Metallic or bitter taste, anorexia, nausea,
vomiting, epigastric discomfort, weakness,
seizures, peripheral neuropathy

followed by Children: 50 mg/kg (max. 2 g) × 3 days

Iodoquinol Adults: 650 mg PO TID × 20 days Rash, acne, thyroid enlargement
Children: 30–40 mg/kg/day PO TID × 20 days

Severe Gastrointestinal Disease
Metronidazole
or

Adults: 750 mg PO TID × 10 days
Children: 35–50 mg/kg/day PO TID × 10 days

Nausea, headache, metallic taste, disulfiram
reaction with alcohol, paresthesia

Tinidazole Adults : 2 g once daily × 5 days Metallic taste or bitter taste, nausea, vomiting,
epigastric discomfort, anorexia and weaknessfollowed by Children : 50 mg/kg/day (max. 2 g) × 5 days

Iodoquinol Adults: 650 mg PO TID × 20 days Rash, acne, thyroid enlargement
Children: 30–40 mg/kg/day PO TID × 20 days

Alternatives
Dehydroemetine
followed by

Adults: 1–1.5 mg/kg/day IM × 5 days (max.
90 mg/day)

Arrhythmias, hypotension; ECG: P-R, Q-T,
QRS prolongation, S-T depression

Children: Same as adults
Iodoquinol Adults: 650 mg PO TID × 20 days Rash, acne, thyroid enlargement

Children: 35–40 mg/kg/day PO TID × 20 days

Amebic Liver Abscess
Metronidazole
or

Adults: 750 mg PO TID × 10 days Nausea, headache, metallic taste, disulfiram
reaction with alcohol, paresthesiaChildren: 35–50 mg/kg/day PO TID × 10 days

Tinidazole Adults : 2 g once daily × 5 days
followed by Children : 50 mg/kg (max. 2 g) × 5 days
Iodoquinol
or

Adults: 650 mg PO TID × 20 days Rash, acne, thyroid enlargement
Children: 30–40 mg/kg/day PO TID × 20 days

Alternatives
Dehydroemetine
followed by

Adults: 1–1.5 mg/kg/d IM × 5 days (max. 90 mg/day) Arrhythmias, hypotension; ECG: P-R, Q-T,
QRS prolongation, S-T depressionChildren: Same as adult

Diloxanide furoate
or

Adults: 500 mg PO TID × 10 days
Children: 20 mg/kg/day PO TID × 10 days

Paromomycin Adults: 25–30 mg/kg/day PO TID × 7 days Nausea, vomiting
Children: Same as adults

Ascariasis (Roundworm)
Albendazole Adults/Pediatric: 400 mg once Nausea and headache
or
Mebendazole Adults and children: 100 mg BID PO × 3 days Diarrhea, abdominal pain

Enterobiasis (Pinworm)
Mebendazole Adults and children: 100 mg once; repeat in 2 wk Diarrhea, abdominal pain
Pyrantel pamoate
or

Adults and children: 11 mg/kg PO once (max. 1 g),
repeat in 2 wk

Nausea, headache, dizziness, rash, fever

Albendazole Adult/Pediatric: 400 mg once; Repeat in 2 wk Abdominal pain, reversible alopecia, increased
transaminases, rarely leukopenia

(continued )
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Table 74-1 Drug Therapy of Parasitic Infection 4,7,9,10,11,14,18,27,28,29,32,35,36,39,57,61,64,80,81,90,93,107,111,116,120,124,125,127 (Continued )

Drug of Choice Dosage Adverse Effects

Filariasis
Diethylcarbamazine Adults: Day 1, 50 mg PO; day 2, 50 mg TID; day 3,

100 mg TID; days 4–14, 6 mg/kg/day in 3 doses
Severe allergic/febrile reactions, gastrointestinal

disturbance, rarely encephalopathy
Children: Day 1, 25–50 mg; day 2, 25–50 mg TID; day

3, 50–100 mg TID; days 4–14, 6 mg/kg/day in 3 doses

Flukes (Trematodes)a

Praziquantel Adults and children: 75 mg/kg/day in 3 doses × 1 day
(exceptions: C. sinensis and P. westermani, × 2 days)

Malaise, headache, dizziness, sedation, fever,
eosinophilia

Giardiasis
Metronidazole
or

Adults: 250 mg PO TID with meals × 5 days Nausea, headache, metallic taste, disulfiram
reaction with alcohol, paresthesiaChildren: 15 mg/kg/day PO TID × 5 days

Quinacrineb Adult: 100 mg PO TID × 5 days Gastrointestinal yellow staining of skin and
psychosisPediatric: 2 mg/kg TID × 5 days (max 300 mg/day)

Nitazoxanidec Pediatric: 12–47 mo Abdominal pain, diarrhea, vomiting and
headache100 mg (5 mL) Q 12 hr × 3 days

4–11 yr
200 mg (10 mL) Q 12 hr × 3 days

Hookworm
Mebendazole Adults and children: 100 mg PO BID × 3 days Diarrhea, abdominal pain

Lice
1% Permethrin (NIX)
or

Topical administration Occasional allergic reaction, mild stinging,
erythema

Ivermectin
Adults and Children : 200 mcg/kg × 3, day 1, day 2 and

day 10
Fever, pruritus, sore lymph nodes, headache,

joint pains, rarely hypotension

Leishmaniasis
Sodium stibogluconate
or

Adult: 20 mg SB/kg IV or IM × 20–28 days
Pediatric: Same as adult

Gastrointestinal, malaise, headache arthralgias,
myalgias, anemia, neutropenia,
thrombocytopenia; ECG abnormalities (ST-
and T-wave changes)

Liposomal
Amphotericin B

Adult: 3 mg/kg/day (days 1–5) and 3 mg/kg/days 14 and
21

Pediatric: Same as adult

Hypotension, chills, headache, anemia,
thrombocytopenia, fever, and elevated serum
creatinine

Malaria
All Plasmodia Except Chloroquine-Resistant

Parenteral therapy
Quinidine gluconate Adults: Loading dose 10 mg/kg of salt (6.2 mg base)

diluted in 250 mL normal saline and infused IV over
2 hr, followed by a continuous IV infusion of
0.02 mg/kg/min (0.012 mg base) for 72 hr; switch to
oral quinine 650 mg Q 8 hr as soon as possible

ECG: Q-T and QRS prolongation; hypotension,
syncope, arrhythmias; cinchonism

Pediatric: Same as adult

Oral therapy
Chloroquine Phosphate Adult: 1 g (600 mg base), then 500 mg 6 hr later, then

500 mg at 24 and 48 hr later.
Gastrointestinal, headache, pruritus, malaise,

and cinchonism
Pediatric: 10 mg base (max. 600 mg base) then 5 mg

base/kg 6 hr later, then 5 mg/base at 24 and 48 hr

Chemoprophylaxis
Chloroquine phosphate Adult: 500 mg (base) once weekly (beginning 1–2 wk

before departure and continuing through stay and up
to 4 wk after returning)

Dose-related: vertigo, nausea, dizziness,
light-headedness, headache, visual
disturbances, toxic psychosis and seizures

Pediatric: 5 mg/kg base once weekly up to adult dose
(300 mg base)

Chloroquine Resistant Therapy (CRF)
Mefloquine
or

Adult: 750 mg followed by 500 mg 12 hr later Nausea, vomiting, abdominal pain, arthralgias,
chills, dizziness, tinnitus and A-V blockPediatric: 15 mg/kg followed 8–12 hr later by

10 mg/kg

(continued )
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Table 74-1 Drug Therapy of Parasitic Infection 4,7,9,10,11,14,18,27,28,29,32,35,36,39,57,61,64,80,81,90,93,107,111,116,120,124,125,127 (Continued )

Drug of Choice Dosage Adverse Effects

Atovaquone/ proguanil Adult: 2 tablets BID × 3 days Rash, nausea, diarrhea, increased
aminotransferases, cholestasisPediatric: 11– 20 kg: 1 adult tablet/d × 3 days 21–30 kg: 2

adult tablets/day × 3 days 31–40 kg: 3 adult tablets/day
× 3 days >40 kg: 2 adult tablets BID × 3 days

Chemoprophylaxis-CRF
Mefloquine
or

Adult: 250 mg once weekly beginning 1–2 wk before
departure, continuing through stay and for 1–4 wk after
return

Pediatric: <15 kg: 5 mg/kg once weekly 15–19 kg: 1/4
tablet once weekly 20–30 kg: 1/2 tablet once weekly
31–45 kg: 3/4 tablet once weekly >45 kg: 1 tablet once
weekly

Doxycycline Adult: 100 mg daily beginning 1–2 days before departure
continuing during stay and 1 wk after return

Nausea, diarrhea and monilial rash

Quinine sulfate Adults: 650 PO TID × 3 days Cinchonism
plus Children: 25 mg/kg/day PO TID × 3 days
Pyrimethamine-sulfadoxine (Fansidar)
or

Adults: 3 tablets at once (withhold until febrile episode) Gastrointestinal, erythema multiforme, Stevens-
Johnson syndrome, toxic epidermal necrolysisChildren: 1/2–2 tablets (depends on age)c

Mefloquine Adults: 1,250 mg once Dose-related: vertigo, nausea, dizziness,
light-headedness, headache, visual
disturbances, toxic psychosis seizures

Children: 25 mg/kg once (>45 kg)

Prevention of Relapses (P. vivax and P. ovale)
Primaquine phosphate Adults: 52.6 mg/day (30 mg base) × 14 days; this follows

chloroquine or mefloquine regimen
Abdominal cramps, nausea, hemolytic anemia

in G6PD

Scabies
5% Permethrin (Elimite cream) Topical administration Rash, edema, erythema

Alternatives
Ivermectin Adults: 200 mcg/kg PO; repeat in 2 wk Nausea, diarrhea, dizziness vertigo and pruritus
Lindane (Kwell) Apply topically once Not recommended in pregnant women, infants,

and patients with massively excoriated skin

Crotamiton 10% (Eurax) Topically Local skin irritation

Tapewormd

Praziquantel Adults and children: 5–10 mg/kg PO × 1 dose Malaise, headache, dizziness, sedation, eosino-
philia, fever

Hydatid Cystse

Albendazole Adults: 400 mg BID × 8–30 days, repeat if necessary Diarrhea, abdominal pain, rarely hepatotoxicity,
leukopeniaChildren: 15 mg/kg/day × 28 days, repeat if necessary

(surgical resection may precede drug therapy)

Trichomoniasis
Metronidazole Adults: 2 g PO × 1 day or 250 mg PO TID × 7 days Nausea, headache, metallic taste, disulfiram

reaction with alcohol, paresthesiaChildren: 15 mg/kg/day PO TID × 7 days

aSchistosoma haematobium, S. mansoni, S. japonicum, Clonorchis sinensis, Paragonimus westermani.
bQuinacrine is available in the United States: Panorama Compounding Pharmacy, Van Nuys, CA 91406.
cSame dose is recommended in children with Cryptosporidium parvum.
d Diphyllobothrium latum (fish), Taenia solium (pork), and Dipylidium caninum (dog), except for Hymenolepis nana where the dose is 25 mg/kg × 1dose.
eEchinococcus granulosus, E. multilocularis. For neurocysticercosis: 400 mg BID 8–30 days.
BID, twice daily; ECG, electrocardiograph; G6PD, glucose-6-phosphate dehydrogenase; IM, intramuscularly; PO, orally; TID, three times daily.

Because IV quinidine is not routinely used in cardiology
care, it may not be available in all hospitals. Because of the
serious nature of P. falciparum malaria, small stocks of the drug
should be kept on hand, or a procedure needs to be established
in the hospital to acquire IV quinidine on short notice from an
alternative source (Contact Eli Lilly: 800-545-5979).27 Oral
quinine and clindamycin or the combination of atovaquone
and proguanil (Malarone) can be used until IV quinidine is
available.4,7,27

While receiving the IV quinidine, M.L.’s electrocardiogram,
BP, and serum glucose should be monitored closely.4,7,9 Sup-

portive care, including fluid, IV dextrose 5% to 10% and elec-
trolyte management, dialysis, blood transfusion, and mechani-
cally assisted ventilation, are important adjunctive therapies
in seriously ill patients. The serum concentration of quini-
dine should be determined once daily during the continu-
ous infusion. Quinidine levels should remain between 6.1 and
16.5 mcmol/dL. The quinidine infusion should be slowed or
stopped if the QRS complex exceeds 25% of baseline, if hy-
potension is unresponsive to fluid challenge, or if the quinidine
serum concentration is >16.5 mcmol/dL.9,11 When M.L. can
be switched to oral therapy, he should receive oral quinine
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sulfate 650 mg Q 8 hr to complete 3 to 7 days of total
therapy.9,11,18 The quinine is administered for 7 days if P. fal-
ciparum is acquired in Thailand.27

MANAGING CHLOROQUINE-RESISTANT PLASMODIUM FALCIPARUM
If M.L. does not respond to the quinidine or quinine regi-

men within 48 to 72 hours (i.e., failure to reduce parasitemia
by 25% of baseline and continued fever over this period),
other adjunctive therapies must be considered.9,27 One of the
recommended drug treatments for CRPF infection, which is
added to quinine therapy, is doxycycline 100 mg twice daily
for 7 days (doxycycline should overlap the quinine for 2 to
3 days before the latter is discontinued) or clindamycin 900
mg three times a day for 5 days.27 If the patient cannot toler-
ate oral doxycycline, IV doxycycline 100 mg Q 12 hr can be
substituted. An alternative in a patient who can tolerate oral
therapy and in whom it is not contraindicated (i.e., history of
seizures, or endemic area where P. falciparum is not resistant
to the agent) mefloquine 750 mg can be initiated, followed
by 500 mg 12 hours later.27 M.L. may also be treated with
the combination of atovaquone 250 mg and proguanil 100 mg
(Malarone). The dose of Malarone is two tablets twice daily
for 3 days.11,27 Although exchange transfusion has been sug-
gested as an adjunct therapy for serious P. falciparum malaria,
the role of this intervention remains questionable.11 The CDC
suggests that if patients have parasitemia >10%, or if the pa-
tient has altered mental status, nonvolume pulmonary edema,
or renal complications, exchange transfusion be consid-
ered (www.cdcgov/malaria/pdf/treatmenttable.pdf accessed on
02/26/07).

MANAGING OTHER PLASMODIA SPECIES
A patient infected with one of the other species of Plas-

modia (P. vivax, P. ovale, or P. malariae) should receive oral
chloroquine phosphate (Aralen). The initial dose is 1 g (600 mg
base) followed by 500 mg (300 mg base) 6 hours later; sub-
sequently, 500 mg (300 mg base) is administered daily for
2 days.27 For patients who cannot tolerate the oral doses of
chloroquine, parenteral doses of quinidine can be adminis-
tered (Question 2 lists doses).27 Patients with P. ovale and P.
vivax also should be given primaquine to prevent relapses from
the latent exoerythrocytic stages in the liver. The adult dosage
of primaquine is 52.6 mg/day (30 mg base) for 14 days; this
should follow the chloroquine regimen.7,27

Chemoprophylaxis and Pregnancy

3. T.P., a male medical resident from Indonesia, is planning to
visit his seriously ill mother. His wife, T.R., who is 16 weeks preg-
nant, and their 4-year-old daughter will accompany him. What
prophylactic medications for malaria should be administered to
each member of the family?

All travelers to endemic areas should receive chemoprophy-
laxis for malaria. In Indonesia, including Papua, New Guinea,
all four types of malaria are present.7,9,11 T.P. and his family
may have to take prophylactic therapy for all malarial species,
including a regimen that will protect them against CRPF in-
fections. To verify whether a country is included in the CRPF
list or to obtain other relevant information on malaria prophy-
laxis, T.P. should call the CDC Malaria Hotline, which pro-
vides a touch tone-activated, computer-assisted service (770–

488-7788).2,27 Pregnant women are at greater risk for malaria
infection and its complications (especially severe hemolytic
anemia and splenomegaly) and should be advised not to travel
to areas endemic for malaria, if possible.11,13,28–34 Current pub-
lications that provide updated information on parasitic diseases
and immunization requirements include Medical Letter, Mor-
bidity and Mortality Weekly Reports, Health Information for
International Travel, and various Internet sites.11,13,18

CHLOROQUINE AND PRIMAQUINE PHOSPHATE
Chloroquine phosphate is an effective chemoprophylactic

agent against all species of Plasmodia except drug-resistant
P. falciparum. The adult dosage of chloroquine phosphate is
500 mg (300 mg base) once weekly beginning 1 week be-
fore departure and continuing for 4 weeks after last exposure.
The pediatric dosage of chloroquine is 5 mg/kg base (8.3 mg
chloroquine phosphate) once weekly beginning 1 week before
departure and continuing for 4 weeks after exposure. A sus-
pension of chloroquine in chocolate syrup can be prepared
for children (5 mg/mL). Chloroquine prophylaxis is safe dur-
ing pregnancy, and the benefits outweigh the risk of malaria
and the drug’s possible side effects.9,11,13,27,29,31 Mefloquine
and Malarone may be options for prophylaxis and treatment in
pregnancy29–34; however, these are not recommended for this
particular indication in the United States.27

By taking the chloroquine 1 week before travel, the patient
can achieve adequate antimalarial chloroquine levels in the
blood by the second week. Potential side effects also can be
detected early. A weekly dose of 0.5 g of chloroquine phos-
phate produces average plasma concentrations of chloroquine
between 0.47 and 0.78 mcmol/L Most strains of P. vivax and
P. falciparum are susceptible to plasma levels between 0.046
and 0.093 mcmol/L, respectively.7,18,35 Mefloquine (Lariam)
250 mg (salt) once weekly beginning 1 week before depar-
ture and continuing for 4 weeks after leaving a malarious area
is an alternative regimen to chloroquine.7,18,27,36 Mefloquine
is not recommended during pregnancy or in children weigh-
ing ≤5 kg, however, because the safety of this agent has not
been fully established in these populations.27 Recently, P. vivax
was reported to be resistant to chloroquine in Indonesia and
New Guinea, and despite the lack of data on mefloquine in
pregnancy (T.R. is in the second trimester), T.R. may have
to be given this agent.15,18,32,33,37,38 Chloroquine suppresses
the asexual erythrocytic forms of the malaria parasite and
has no action against the exoerythrocytic phase of P. vivax
and P. ovale.7,18 However, primaquine phosphate prevents re-
lapses of P. vivax and P. ovale by inhibiting the exoerythro-
cytic stage; it also has a significant gametocidal effect against
all species.11,15,18 To prevent an attack after departure from
an area where P. vivax and P. ovale are present, the clinician
should also prescribe primaquine phosphate 52.6 mg/day (30
mg base) for 14 days to coincide with the last 2 weeks of
the chloroquine regimen. Primaquine should not be adminis-
tered to pregnant patients.27 The major toxicity of concern,
aside from the teratogenic risk, is hemolytic anemia in pa-
tients with RBC glucose-6-phosphate dehydrogenase (G6PD)
deficiency7,18,28,36,39

PROPHYLAXIS FOR CHLOROQUINE-RESISTANT PLASMODIUM FALCIPARUM
Prophylaxis for CRPF also can be achieved by taking

mefloquine in the doses indicated above instead of using the
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chloroquine regimen.27 An alternative to mefloquine is doxy-
cycline 100 mg/day beginning 1 day before travel and continu-
ing for the duration of the stay and for 4 weeks after leaving the
malarial area. Travelers such as T.P. should be advised to take
measures to reduce contact with infected mosquitoes by wear-
ing long-sleeved blouses/shirts and pants/trousers, applying in-
sect repellent containing 31% to 35% meta-N, N-diethyl-meta-
toluamide (DEET) (e.g., HourGuard-12, Amway Corp.; DEET
Plus, Sawyer Products), sleeping in a screened room, or using
netting impregnated with permethrin.30,32,34,37,40 An alterna-
tive to the mefloquine chemoprophylaxis regimen in CRPF
areas is the combination of atovaquone 250 mg and proguanil
100 mg (Malarone) administered once daily taken 1 to 2 days
before departure and continued for 1 week after return.1,2,27

The pediatric dosage (Malarone Pediatric) contains 62.5 mg of
atovaquone and 25 mg of proguanil.1,27 Instead of doxycycline,
T.R. could take Malarone as chemoprophylaxis. The advantage
of Malarone is that it can also be used as treatment. The recom-
mended therapeutic dose of Malarone for CRPF is two tablets
twice daily for 3 days.27 Both prophylaxis and treatment of
CRPF in nonimmune subjects and pregnant patients continue to
pose special problems.41–47 Pyrimethamine has teratogenic ef-
fects and sulfonamides are contraindicated in early pregnancy;
however, chloroquine, quinine, and quinidine have been sug-
gested as safe treatments during pregnancy.2,4,27,29,32,33,39,43

Although not associated with abortions, low birthweight, neu-
rologic retardation, or congenital malformations, mefloquine
is associated with an increased risk of stillbirth.27,34,35,39

T.P. and T.R. should reconsider their decision to travel to-
gether because of the risks of malarial infection during preg-
nancy. In view of the recent report of P. vivax resistance to
chloroquine in Indonesia, the family members should consider
using mefloquine.27 The risks and benefits of mefloquine in
pregnancy (T.R. is in her second trimester) should be com-
municated to the family.15,39 Physical barriers (e.g., clothes,
mosquito nets), insect repellent, and a short stay in the en-
demic area also should be helpful.29,34,48

Malaria Vaccine

4. Why could T.R. not be vaccinated as an alternative to pro-
phylaxis with 8-aminoquinolines such as chloroquine?

Currently, no vaccination is available. As a result of suc-
cessful in vitro P. falciparum cultivation and advances in ge-
netic engineering and monoclonal antibody research, some
progress has been made, but this vaccine is probably a few years
away.49–54 The malaria plasmodium undergoes many transfor-
mations during its development, and each stage expresses a
different plasmodial genome that generates a large number of
antigens. The development of a malaria vaccine relies on the
identification and characterization of these antigens and the
subsequent production of monoclonal antibodies.49,51

At present, three types of vaccines against P. falciparum
are under study: a merozoite vaccine that would induce immu-
nity against the erythrocytic forms of plasmodia in the blood,
a sporozoite vaccine that would protect against the exoery-
throcytic or liver phase, and a gamete vaccine (“transmission
blocking”) that would prevent transmission of malaria in en-
demic areas.49 When a vaccine for malaria is available, it is
expected to provide an immune response for at least 1 year.

The safety of these vaccines to the fetus and mother during
pregnancy will require evaluation.

Multidrug-Resistant Plasmodium Falciparum Malaria

5. F.S., a permanent U.S. resident of Cambodian origin, is
planning to travel to the Thai-Kampuchean refugee camp. What
antimalarial agents should he use for chemoprophylaxis?

F.S. is traveling to the Thai-Burma border, where P. falci-
parum malaria is epidemic. Chemoprophylaxis against malaria
in this region of southeast Asia has become progressively diffi-
cult because of the appearance of P. falciparum strains resistant
to chloroquine, pyrimethamine-sulfadoxine, quinine, and even
mefloquine.7,13,38,41,43,46,47

F.S. will have to take chemoprophylaxis against both P. vi-
vax and multidrug-resistant P. falciparum. Mefloquine (Lar-
iam) 250 mg once weekly starting 1 week before travel and
continuing weekly for the duration of the stay and for 4 weeks
after leaving Thailand is recommended.27 On return from his
visit, primaquine phosphate should be added to F.S.’s regi-
men to prevent an attack of P. vivax, because mefloquine has
no effect on the exoerythrocytic phase of P. vivax (see Ques-
tion 3 for doses of primaquine).27 Another alternative drug for
prophylaxis against P. falciparum malaria for F.S. would be
doxycycline 100 mg taken once daily beginning 1 to 2 days
before departure and continuing for 4 weeks after he returns
from Thailand.2,27

A new chemical entity, ginghaosu, has been undergo-
ing field trials and may prove to be useful for resistant
P. falciparum. Ginghaosu, a plant extract (artemisinin com-
pounds), has been used for many centuries in China for
fever and malaria.4,7,10,41–45,55–58 Artemisinin and its deriva-
tives (artemether and artesunate) are considered rapidly ef-
fective even against CRPF strains and have undergone nu-
merous trials.7,18,55–58 The antimalarial agent halofantrine
(Halfan) may be another alternative to mefloquine, but this
agent has been associated with fatal arrhythmias.27 Clinical
trials of fosmidomycin, tefenoquine, lumefantrine, and other
new antimalarial agents are ongoing.1,14,15,47,55–60

Side Effects of Antimalarials

6. A.K., a 36-year-old Malaysian man, is seen in the ED with
a 2-day history of fever, chills, and bouts of diarrhea following
his return from west Malaysia, where he was visiting his parents
for 3 weeks. A.K. had not taken any prophylaxis for malaria. A
blood smear stained with Giemsa solution demonstrated P. vivax,
and A.K. was given chloroquine 1 g (600 mg base) initially, to be
followed by 500 mg (300 mg base) 6 hours later and 500 mg at 24
and 48 hours. On completion of the chloroquine regimen, A.K.
was instructed to take primaquine 52.6 mg/day (30 mg base) for
14 days. However, A.K. was seen again in the ED a day later with
complaints of abdominal pain, severe headache, vomiting, and a
“bitter taste” in the mouth. What subjective evidence does A.K.
exhibit that is compatible with the toxicity of antimalarials?

The major side effects of chloroquine (e.g., nausea,
abdominal pain, pruritus, vertigo, headache, and visual
disturbances)7,18,39 usually are associated with large doses
such as those needed for A.K.’s therapy. The gastrointesti-
nal (GI) complaints and severe headache experienced by A.K.
are consistent with chloroquine therapy, and the bitter taste he
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described is experienced by all patients who are given chloro-
quine or other 8-aminoquinoline preparations. Because A.K.
also will be taking primaquine after the course of chloroquine,
he should be told that he probably will experience some GI
upset with this drug as well. Abdominal cramps associated
with primaquine may be relieved by antacids or by taking the
drug after meals. The severe nausea and vomiting may have
dehydrated A.K., and he should be encouraged to replenish his
fluids. Table 74-1 lists the adverse effects of antimalarials.

Glucose-6-Phosphate Dehydrogenase Deficiency

7. Why is A.K. at risk for primaquine sensitivity?

Primaquine sensitivity, or G6PD deficiency, is an inherited
error of metabolism transmitted by a gene of partial domi-
nance located on the X chromosome. Patients with this en-
zyme deficiency are sensitive to the 8-aminoquinolines, sulfon-
amides, para-aminosalicylates, nitrofurantoin, sulfone, aspirin,
quinine, quinidine, nalidixic acid, and methylene blue.27,36,39

G6PD in RBC preserves glutathione in the reduced form (Fig.
88-2, Chapter 88, Drug-Induced Blood Disorders) by regener-
ating nicotinamide adenine dinucleotide phosphate (NADPH).
Reduced glutathione protects RBC membranes from increased
oxidant stress. Patients with low levels of glutathione and im-
paired regeneration of NADPH, as seen with G6PD deficiency,
are susceptible to the oxidizing effect of drugs.18,30,61–63

Hemolysis reportedly occurs on the third day of drug ingestion
and usually is manifested as abdominal discomfort, anemia,
and hemoglobinuria.61

The incidence of G6PD deficiency in the southeast Asian
refugee population is approximately 5.2%.63 Because A.K. is
a native of Malaysia and may have G6PD deficiency, he may
be at risk of hemolysis if primaquine is ingested. Therefore, he
should be screened for G6PD deficiency before being treated
with this drug.

Although a number of simple and satisfactory screening
tests for G6PD deficiency are available, the fluorescent spot
test is the simplest, most reliable, and most sensitive. The spot
test is based on the addition of a reagent containing NADPH
to a hemolysate of the patient’s RBC. After an incubation pe-
riod, the mixture is spotted on filter paper and examined under
long-wave ultralight. Fluorescence of the mixture on the fil-
ter paper will indicate the presence of NADPH generated by
G6PD. In patients who have G6PD deficiency, it will fluoresce
only weakly, or no fluorescence will be detected. Large vari-
ants exist among those with the mutant gene, and if A.K. has
a variant with relatively mild episodic clinical manifestations
(variant A, with 10%–60% residual enzyme activity), he may
be treated with primaquine at 45 mg/week for 8 weeks.64

FIGURE 74-2 E. histolytica.

AMEBIASIS
Prevalence and Mortality
Amebiasis, caused by the small protozoan parasite Entamoeba
histolytica (Fig. 74-2), results in amebic dysentery and he-
patic abscess.65–69 Approximately 10% of the world’s popula-
tion (predominately in Latin America, Africa, and Asia) is in-
fected, and about 100,000 die annually from this infection.64,65

In the United States, amebiasis is considered endemic in 33%
of immigrants from Mexico and Central and South America
and in 17% from those from Asia and Pacific Islands.64,66

Most of these individuals are infected with E. dispar (80%), an
antigenically different strain from the pathogenic E. histolyt-
ica (10%) that does not seem to cause symptomatic invasive
disease.66,68 Amebiasis can be asymptomatic, or it can present
as colitis or dysentery. Extraintestinal lesions, primarily ab-
scesses in the liver, also can be characteristic.65–68

Life Cycle
The amebic parasite or trophozoite lives in the lumen of the
colon and the colonic mucosa (Fig. 74-3). Trophozoites do not
survive outside the host body and, if ingested, will be destroyed
by gastric juice. In contrast, the encysted trophozoites can sur-
vive drying and freezing: they are killed only by temperatures
in excess of 55◦C or by hyperchlorination of water.66,68 Infec-
tion occurs by ingestion of cysts present in contaminated water
or food. Once ingested by the host, each cyst dissolves in the
alkaline media of the small intestine and undergoes asexual
division to produce eight trophozoites.65–68 The trophozoites,
which represent the invasive form of E. histolytica, then move
to the large bowel, invade the mucosal crypts, and produce
ulcerations.65–68 Ulcerations of the bowel wall can result in
amebic dysentery, inflammatory lesions in the bowel (ame-
bomas), amebic appendicitis, and perforation of the colon or
intestine66,68,70–75 The amebae also can enter into the portal
vein, which transports them to the liver, where they can initiate
multiple abscesses.66,68,75–78 Cases of genital and cutaneous
amebiasis are rare but have been reported.66,68

Amebic Dysentery
Diagnosis

8. M.B., a 41-year-old Egyptian immigrant, presented to the
ED with a 10-day history of abdominal pain and multiple, loose

FIGURE 74-3 E. histolytica trophozoite.
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watery stools with occasional streaks of blood. On physical ex-
amination, he is a thin man with abdominal distress. His vital
signs are temperature 38◦C; pulse 88 beats/minute; and BP 120/80
mmHg. He has no skin lesions, jaundice, or lymphadenopathy.
The examination is remarkable for slight abdominal distention
with some right lower quadrant tenderness. Rectal examination
reveals some tenderness and brown liquid stool positive for occult
blood. Proctosigmoidoscopy demonstrates colonic mucosa that is
diffusely edematous and friable. A biopsy specimen could not be
obtained because M.B. was uncooperative and combative. Initial
laboratory findings are Hgb 13.4 g/dL; Hct 40%; leukocyte count,
13,800 cells/mm3 with 68% neutrophils, 14% bands, 5% lympho-
cytes, and 13% monocytes; albumin 3.1 g/dL (normal, 3.5–5). A
liver scan and liver function tests are normal.

On ultrasound examination, a tender mass palpable in the
lower right quadrant proves to be a 3-cm collection of fluid con-
sistent with an abdominal abscess. During an exploratory oper-
ation, the clinician drains 100 mL of a brownish-yellow mate-
rial. Smears of the drained material are positive for E. histolytica
trophozoites, and culture of the material is negative for bacteria.
Fresh stool tested for E. histolytica by TechLab’s E. histolytica II
antigen detection test (Blacksburg, VA) is positive.

How was amebic colitis differentiated from ulcerative colitis
in M.B.? What is the significance of obtaining serology in
M.B.?
[SI units: Hgb, 130.4 g/L; Hct, 0.40; leukocyte count, 13.8 × 109/L with 0.68

neutrophils, 0.14 bands, 0.05 lymphocytes, and 0.13 monocytes; albumin,

31 g/L (normal, 35–50)]

M.B.’s abdominal symptoms, elevated temperature, right
lower quadrant tenderness, and occult blood in the stool ex-
amination, together with the proctosigmoidoscopic findings,
strongly suggest either a bacterial or a protozoan infection.65–69

Stool examination confirms that M.B. has amebiasis; the pres-
ence of E. histolytica in the abdominal abscess and bloody
stools confirm the diagnosis of amebic colitis. Serum anti-
body tests are useful, especially when the parasite is absent
from the stool or abscess material and are considered highly
sensitive (>90%).66,69 The TechLab E. histolytica II antigen
detection test, which detects specific antibody to the amebae
in stool, is helpful in nonendemic areas for the differential di-
agnosis between ulcerative colitis and amebic colitis.68,79 Al-
though in M.B. a positive finding of E. histolytica in the smear
from the abdominal abscess is diagnostic, TechLab’s E. his-
tolytica II test will document the presence of E. histolytica.69

The test may not differentiate between acute and chronic dis-
ease in an area of high endemicity.69,79 The TechLab test is
specific for E. histolytica and does not cross-react with the
nonpathogenic E. dispar.68 When appropriate stool samples
are not available in these cases, endoscopic or colonoscopic
specimens may be critical for diagnosis, and positive serology
will confirm the diagnosis of acute amebiasis.65–69 In invasive
amebiasis, serum antibodies are found in 90% of individuals
by day 7 of illness.65,68 A positive antibody test of the stool
with the TechLab antigen detection test identifies most patients
with invasive amebic colitis; the absence of serum antibodies
to E. histolytica after 7 days of symptoms is evidence against
a diagnosis of invasive amebiasis.68,79 M.B.’s positive anti-
body test for E. histolytica in the stool and identification of E.
histolytica in the abdominal abscess confirm the diagnosis of
amebiasis.69

Drugs

9. What are the major drugs that can be used to treat M.B.?
What regimen might be preferred?

The two classes of drugs that can be used to treat M.B.’s
amebiasis are the luminal-acting drugs, which act only in
the bowel lumen, and the tissue amebicides, which have
activity in the bowel wall, liver, and other extraintestinal
tissues27,65–68 Luminal-acting drugs achieve high concentra-
tions in the bowel, but only minimal systemic absorption takes
place. These drugs include diiodohydroxyquin or iodoquinol
(Yodoxin), diloxanide furoate (Furamide), and paromomycin
(Humatin).

M.B. needs to be treated with a tissue amebicide in combi-
nation with a luminal agent because he has positive serology,
which indicates tissue invasion by E. histolytica. Tissue ame-
bicides are well absorbed and attain adequate systemic levels
to treat extraintestinal amebiasis.27,65–68 Because the concen-
trations of the tissue drugs in the bowel may be insufficient
to eradicate E. histolytica, they must be combined with a
luminal-acting agent to treat both serious intestinal amebiasis
and extraintestinal amebic lesions.27,65–68 The tissue amebi-
cides include metronidazole (Flagyl), tinidazole (Tindamax),
chloroquine phosphate (Aralen), emetine, and dehydroeme-
tine. Chloroquine is effective only as a liver amebicide.27

Dehydroemetine is very seldom used but if it is needed, it
can be obtained from the CDC.66 Diloxanide can be obtained
from Panorama Compounding Pharmacy, Van Nuys, Califor-
nia (800-247-9767).27

M.B.’s acute amebic dysentery should be treated with a
combination of metronidazole and a luminal agent, such as
iodoquinol or diloxanide furoate. Either tinidazole or nitazox-
anide (Alinia) is an alternative to metronidazole.27 If M.B. is
too ill to tolerate the oral tablets, a loading dose of 15 mg/kg
of metronidazole can be administered IV over 1 hour, followed
by a maintenance dose of 500 mg Q 6 hr.79 A single oral dose
of 2.4 g of metronidazole for 2 to 3 days or tinidazole 2 g once
daily for 3 to 5 days is equally effective27,65,66 (for doses of
other agents, see Table 74-1).

M.B. needs to be monitored and his stool should be exam-
ined over the ensuing 3 months.

Amebic Cyst Passer

10. P.C., a 47-year-old man whose stool was found to be positive
for E. histolytica cysts on routine examination, was completely
asymptomatic. Would you treat P.C.? What are other drug regi-
mens for amebiasis?

P.C. is an asymptomatic cyst passer and the infection may
be chronic. Invasive amebiasis and extraintestinal disease are
potential threats to P.C., and he is a source of infection to
others.66,68 For these reasons, he should be treated with a full
course of a luminal amebicide (diloxanide or iodoquinol).65−67

To verify the eradication of the infection, P.C.’s stool should be
examined monthly for 3 months. (For other treatment regimens
for amebiasis, see Table 74-1 or reference 66.)

11. If P.C. is not treated, what complications might be encoun-
tered?

Failure to treat P.C. might lead to significant medi-
cal problems. Amebic liver abscess is one of the most
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common complications of amebiasis, with the right lobe of the
liver being involved in 90% of all cases.65−68,75−78 Patients usu-
ally present with fever, tenderness over an enlarged liver, leuko-
cytosis, an elevated sedimentation rate, and anemia.65−68 Liver
scans (using radioactive isotopes with either technetium-99 or
gallium), magnetic resonance imaging (MRI), ultrasonogra-
phy, and serology (enzyme immunoassay or TechLab) usually
confirm the presence of an abscess.65,75–78 Liver abscesses can
extend to the lungs through fistulas and can cause empyemas
and lung abscesses.75–79 Amebic peritonitis also can result
from liver abscesses.65–68 Other complications include ame-
bic pericarditis, brain abscess, amebic strictures secondary
to dysentery, and cutaneous amebiasis.65–68 Management of
these complications includes exploratory surgery to drain the
abscesses, needle aspiration directed by radiologic monitoring,
appropriate cultures of aspirate fluid, and drug therapy with
metronidazole or tinidazole combined with a luminal agent
such as iodoquinol.27,65–68,79 Most patients respond within 3
days with decreased pain, anorexia, and fever.66 Lesions may
take 4 to 10 months to resolve; healing can be monitored
through periodic radiologic studies.66,75

TREATMENT DURING PREGNANCY

12. C.R., a 24-year-old woman, presented with a 5-day history
of watery stools, bloody mucus, and fever after returning from
Thailand. She initially was treated with ampicillin, to which she
did not respond. She is 22 weeks pregnant, and her medical his-
tory includes rheumatic fever at age 5 and heart murmurs. Her
temperature is 38.2◦C and her abdomen is soft but nontender; she
complains of severe cramps. Fresh stool is positive for occult blood,
and the wet mount demonstrates trophozoites with ingested RBC.
A trichrome stain shows E. histolytica trophozoites. Bacterial cul-
ture is negative for pathogenic bacteria. An abdominal computed
tomography (CT) scan is negative for abdominal or liver ame-
biasis, and an antiamebic antibody test is negative. A diagnosis
of intestinal amebiasis is made. How would you treat C.R.? If
C.R. subsequently develops amebic colitis, how would you treat
her, and what are some toxicities of concern with the selected
regimens?

C.R. needs to receive a luminal amebicide to treat her in-
testinal amebiasis. Because she is 22 weeks pregnant and has
an underlying cardiovascular problem, the therapeutic options
are limited. Metronidazole, iodoquinol, and emetine are not
preferred regimens for C.R. because of their potential adverse
effects to mother or fetus. A drug with minimal systemic ef-
fects would be optimal so as not to jeopardize her fetus. Paro-
momycin, a nonabsorbable aminoglycoside, is effective and
has been used in pregnant patients.27,66 C.R. should receive
paromomycin 25 to 35 mg/kg/day in three divided doses for
7 days.27,66 The most common side effect of paromomycin is
GI upset, manifested as increased frequency of stools.27,67 At
the end of the course of therapy, C.R.’s stools should be tested
to verify a cure. A serology for serum amebic antibodies also
should be evaluated. If her serology is positive, a full course of
metronidazole followed by a luminal agent, either iodoquinol
or diloxanide furoate, must be considered.27,66 Because C.R.
would be in the third trimester of pregnancy during this period,
her fetus would be less susceptible to the teratogenic effects of
the drugs if she develops amebic colitis or hepatic amebiasis.

Used concomitantly with a luminal amebicide, metronida-
zole or tinidazole remain the drugs of choice for all patients
with severe amebic colitis, hepatic abscess, and extrain-
testinal amebiasis.27,66,68,79 The most common side effects
include metallic taste, nausea, diarrhea, furry tongue, and
glossitis.27,36,66 Metronidazole causes disulfiramlike effects
if alcohol is consumed concomitantly.27,66 Of major concern
are the reports of carcinogenicity in rodents and mutagenic
activity of metronidazole in bacteria.66 The clinical signifi-
cance of carcinogenicity in the human population has not been
fully assessed because a cause-and-effect relationship between
use of the drug and malignancy has not been documented
adequately.27,66 Although metronidazole is considered safe in
C.R., who now is in her third trimester, it should be avoided if
possible during the first trimester of pregnancy.27,66

If amebic colitis or hepatic amebiasis develops, C.R. needs
to receive either iodoquinol or diloxanide furoate to follow her
metronidazole or tinidazole regimen. If iodoquinol is selected,
the side effects associated with usual dosages include nausea
and vomiting, abdominal discomfort, diarrhea, headache, and
occasionally enlargement of the thyroid gland.36,66,67

If diloxanide furoate is selected instead of iodoquinol, this
agent is essentially free of side effects with the exception of
some minor GI symptoms such as flatulence (belching and
abdominal distention) and stomach cramps.27,66 This may be
preferable to iodoquinol for C.R.

GIARDIASIS
Prevalence and Transmission
Giardiasis, manifested as nausea, abdominal cramping, and di-
arrhea, is caused by the protozoan Giardia lamblia.80–83 The
disease is endemic in many areas of the world, especially where
sanitation and sanitary habits are poor.80,81 Although the preva-
lence is low in most developed countries, a number of out-
breaks of giardiasis have been reported in Sweden, Canada,
and the United States.84–86 G. lamblia is the most commonly
reported pathogen in infectious diarrhea among Americans.81

Water-borne outbreaks of giardiasis occur more often than
food-borne outbreaks.80,81,83 Giardiasis seems more prevalent
in children, older debilitated individuals, and in those with dys-
gammaglobulinemias (specifically those with a deficiency of
IgA).80,81,83,87

Life Cycle
Giardia lamblia exists in two forms: the trophozoite and the
cyst (Fig. 74-4). The cyst is excreted in the stool and, if it
is ingested in contaminated water or food, it will excyst in
the stomach to produce trophozoites.80,81,83 The trophozoites
migrate to the small intestine and produce the GI symptoms
characteristic of giardiasis. Symptoms appear 5 to 15 days after
ingestion of the cyst.80

Diagnosis
Signs and Symptoms

13. J.T., a 23-year-old female student, has just returned from
Mexico after spending a month there with a local church group.
Two days before returning to the United States, J.T. had a bout
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FIGURE 74-4 G. lamblia cyst.

of diarrhea with “offensive yellow stools.” She now complains of
nausea, abdominal discomfort, and occasional foul-smelling diar-
rhea alternating with constipation. J.T. indicates that she has lost
about 10 pounds over the previous 2 weeks. Three stool samples
are examined for ova and parasites, and a stool culture is ordered.
Two of the three stool samples are positive for G. lamblia cysts,
and the culture is negative for bacterial pathogens. Why is this a
typical presentation of giardiasis?

The symptoms of giardiasis are variable. Some patients
present with profuse watery stools, abdominal distention,
and cramping for several weeks; others complain only of
mild abdominal discomfort, flatulence, and occasional loose
stools.80,81,83 J.T.’s symptoms are typical and consistent with
the description of giardiasis. Symptoms usually begin about
2 weeks after transmission of the infection and include
anorexia, nausea, and diarrhea with bulky, foul-smelling
stools.80,81,83 The acute phase of giardiasis can be followed
by a period of chronic intermittent diarrhea alternating with
constipation.80,81,83 During this period, anorexia and malab-
sorption will cause weight loss. Malabsorption from severe or
chronic giardiasis can result in steatorrhea and deficiencies in
vitamins A and B12.

80,81,83,88,89 G. lamblia cysts usually are
found in the stool, although there may be periods when cysts
are difficult to detect because of a low count.80,81,83 The onset
of symptoms, foul-smelling stools, and weight loss are consis-
tent with symptomatic giardiasis in J.T.

14. If the stool examination had been negative for G. lamblia,
what alternative steps would have been necessary to make a diag-
nosis in J.T.?

Bacterial infection caused by Salmonella, Shigella, or
Campylobacter was ruled out by a negative stool culture in
J.T.80,83 The next step would be to use the Entero-Test in an
attempt to obtain a diagnosis of giardiasis.81 The Entero-Test
consists of a gelatinous capsule attached to a string. The patient
swallows the capsule and the other end of the string is secured
to the face with tape. After 4 to 6 hours, the string is pulled up
and the bile-stained end is examined under a microscope. The
Entero-Test sample obtained from the duodenum will demon-
strate the trophozoite rather than the cyst and reportedly has a
better yield than a stool examination.80

Several other tests to detect Giardia antigen in the stool have
become commercially available.80,81,83 These tests have a sen-

sitivity of 85% to 98% and a specificity of 90% to 100%.80,81

However, stool samples are still important to document G.
lamblia.82 An immunofluorescence assay using monoclonal
antibody against Giardia cysts is available (Meridian Diag-
nostics, Cincinnati, Ohio). Some clinicians may prefer to use
these newer tests rather than the Entero-Test. If the Entero-Test
finding is negative, however, most clinicians would initiate a
therapeutic trial rather than subject a patient to other invasive
diagnostic procedures.80–83 As a last resort, endoscopy with
duodenal fluid sampling and biopsy may be performed.80,81,83

TREATMENT

15. How should J.T. be treated?

Metronidazole is the drug of choice for giardiasis in J.T.27

Metronidazole 250 mg three times daily for 7 days is as ef-
fective as quinacrine in the treatment of giardiasis.27,36,80–83

Although metronidazole was reported to be mutagenic in bac-
teria and carcinogenic at high dosages in animals, no evidence
suggests that it currently represents a risk in humans.80,81,83

Quinacrine (Atabrine) administered 100 mg three times
daily for 5 days, with cure rates of 90% to 95%, was once con-
sidered the drug of choice for giardiasis, but is no longer com-
mercially available; it can be obtained from Panorama Com-
pounding Pharmacy (see Question 9).27,80,81

Furazolidone (Furoxone), an alternative to metronidazole,
is available as a tablet and suspension for the treatment
of giardiasis.27,80–83 Furazolidone has cure rates of 80% to
90%, and the adult dosage is 100 mg four times daily for
7 days.81

Furazolidone, which is available as a suspension, is pre-
ferred by some clinicians for children. However, metronida-
zole should be considered the drug of choice for giardiasis in
both adults and children.

Tinidazole (Tindamax), an analog of metronidazole, is
now available in the United States and is highly effective
for giardiasis.27,90 Other alternatives are paromomycin (25–
35 mg/kg/day in three divided doses for 7 days), albendazole
(400 mg daily for 5 days), and nitazoxanide (100–500 mg twice
daily for 3–7 days).80,82,91–93

Following therapy, diarrhea usually subsides within 1 to 2
days and completely resolves in about 10 days.80–83 Cyst ex-
cretion is disrupted 2 days after initiation of therapy. Complete
normalization of intestinal functions, especially recovery from
malabsorption, may require 4 to 8 weeks.81 If J.T. does not re-
spond to one course of therapy, she may need a second course
of metronidazole.80–83

ENTEROBIASIS
Prevalence
Enterobiasis is an intestinal infection caused by the pinworm
Enterobius vermicularis (Fig. 74-5). Pinworm, the most com-
mon helminthic infection in the United States, has an estimated
annual incidence of 42 million.94–98 Enterobiasis is a cos-
mopolitan disease that usually affects all members of a family
when one member is infected. Therefore, all household resi-
dents must be treated simultaneously. Institutionalized patients
and preschool children in daycare centers may be at greater risk
for acquiring enterobiasis.94,99
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FIGURE 74-5 E. vermicularis ovum.

Life Cycle
Infection is initiated with the ingestion of pinworm eggs, which
reach the mouth on soiled hands or contaminated food and
drink. After ingestion, the eggs hatch in the intestine, releasing
the larvae, which attach to the jejunum or upper ileum.94 After
copulation, the female worm migrates to the lower bowel and
produces eggs. Under the stimulus of air or change in tempera-
ture, the female releases eggs in the perianal skin.94 Cutaneous
irritation in the perianal region produced by migrating females
and the presence of eggs can cause severe pruritus.94,99

Signs and Symptoms

16. L.C., a 6-year-old boy, is brought in by his mother, K.C., to
see the family physician. K.C. states that L.C. was sent home from
school because of inattention and disruptive behavior. L.C. has
been very irritable and complained of abdominal discomfort and
perianal pain on two occasions the previous week. A cellophane
tape swab placed over the perianal skin demonstrates the translu-
cent eggs of E. vermicularis. Explain the symptoms observed in
L.C. What pathologic changes are associated with enterobiasis?

Pinworm infection can be asymptomatic, but the most com-
mon symptom is intense pruritus ani caused by the presence of
the sticky pinworm eggs in the perianal skin. Pruritus can cause
constant scratching and can result in dermatitis and secondary
bacterial infections.94,98,99A heavy load of worms can cause
anorexia, restlessness, and insomnia, resulting in behavioral
changes, as illustrated in L.C.94,99

Generally, pinworms do not cause any serious intestinal
pathology.94,99 Rarely, E. vermicularis ectopic lesions can be
caused by a gravid worm that has migrated from the perianal
region into the vagina, uterus, or fallopian tubes. The adult
worm may travel through the fallopian tubes to the peritoneal
cavity.94–98 The association between cystitis in young females
and enterobiasis presumably results when the female worm
enters the urethra and makes its way into the bladder carrying
enteric bacteria.96,97

Treatment
Pyrantel Pamoate, Mebendazole, and Albendazole

17. How should L.C. be treated?

Three different preparations are available to treat pinworm
infection in L.C.: pyrantel pamoate (Antiminth), mebendazole
(Vermox), and albendazole (Albenza).27,94,96,99 Either pyran-
tel pamoate or mebendazole can be considered for this pa-
tient. L.C. should receive a single dose of 11 mg/kg (max-
imum, 1 g) of pyrantel pamoate followed by a second dose
in 2 weeks.27,94,96,99 Some patients experience mild GI upset,
headache, and fever from this therapy.27,97 Pyrantel pamoate

acts as a depolarizing neuromuscular blocking agent releasing
acetylcholine, which inhibits cholinesterase, thereby leading to
paralysis of the worm and expulsion from the host’s intestinal
tract.94,100

Mebendazole is as effective as pyrantel for enterobia-
sis, with a cure rate above 90%.97,99 Mebendazole, a broad-
spectrum antihelmintic agent that also is given as a single dose
(100 mg), is repeated in 2 weeks.27 Because mebendazole is
poorly absorbed, few systemic side effects are associated with
its use, except abdominal pain or diarrhea.94,96 Albendazole,
another broad-spectrum antihelmintic, is administered as 400
mg once and repeated in 2 weeks.27 Both albendazole and
mebendazole inhibit microtubule function and deplete glyco-
gen stores in worms, leading to their death.94,99,100

Household Contacts

18. What advice should be given to L.C.’s mother?

Pinworm infection can recur as a result of reinfection within
families.99 Therefore, all members of L.C.’s family need to be
treated simultaneously. The pinworm’s cycle of transmission
can be interrupted by encouraging careful handwashing and
fingernail scrubbing after using the toilet and before meals.94,99

Despite meticulous precautions, it still may be difficult to erad-
icate the infection because of contact with persons outside the
home. It may be necessary to repeat treatment for some mem-
bers of the family at a later date.94,99 K.C. needs to be reassured
that pinworm infection in the home does not represent substan-
dard hygiene.99

CESTODIASIS
Description
Cestodiasis (tapeworm infection) is caused by members of the
phylum Platyhelminths (flat worms), which include, among
others, Taenia solium (pork tapeworm), Taenia saginata (beef
tapeworm), Diphyllobothrium latum (broad fish tapeworm),
and Hymenolepis nana (dwarf tapeworm).101–104

The tapeworm’s body is made up of an anterior attachment
organ called a scolex, accompanied by a chain of segments
or proglottids called a strobila. The strobila grows throughout
the life of the tapeworm, with the extension taking place just
posterior to the scolex.101,102 At the end of the strobila, mature
or gravid segments contain eggs enclosed in the uterus, which,
because of its characteristic shape and size, may be used for
identifying tapeworm species.101,102

Tapeworms remain attached to the mucosal wall of the up-
per jejunum by the scolex, which contains two to four muscu-
lar cup-shaped suckers. The parasite lacks an alimentary canal
and obtains nutrients directly from the host’s intestine. A pro-
trusible structure called a rostellum is located in the center
of the scolex and may contain hooks in some species.101,102

The scolex, proglottids, and eggs, which are specific for each
species, are used for definitive diagnosis.101

Tapeworms cause disease in humans in either the adult or
larval stage.101,102 The symptoms in the host primarily are GI
when the adult form is present. Larvae or cysticerci become
encysted in various visceral organs, causing a disease called
cysticercosis.103,105–107
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Life Cycle
Pork tapeworm (T. solium) and beef tapeworm (T. saginata)
infections are caused by ingestion of poorly cooked meat.
The larva or cysticercus is released from the contaminated
meat by bile salts and matures in the host jejunum in about 2
months.101,102 The pork tapeworm has been reported to reach
a length of 10 to 20 feet, and adult beef tapeworms can mea-
sure up to 30 feet. Gravid proglottids, which contain the eggs,
are passed in the host’s feces and are the source of infection
in animals. When ingested by animals, the embryos are re-
leased from the eggs; these migrate through the lymphatics
and blood, developing into cysticerci (encysted larvae) in var-
ious muscles.101–103

Cysticercosis, the systemic infection caused by the larval
stage of T. solium, is usually acquired by ingestion of the
eggs in contaminated food or by autoinfection.101The eggs of
T. solium, when ingested by the host, are digested by gastric
juices and develop into the larvae (oncospheres), which pen-
etrate the small bowel and migrate through the bloodstream
throughout the body to produce human cysticercosis. Clini-
cal manifestations range over a broad spectrum of symptoms
and include both neurogenic and psychiatric: increased in-
tracranial pressure, chronic severe headache, intellectual de-
terioration, decreased visual acuity, and focal and generalized
seizures.103,105–107

Epidemiology
The pork tapeworm occurs worldwide and is prevalent in Mex-
ico, Latin America, Slavic countries, Africa, southeast Asia,
India, and China.101,102 The beef tapeworm is cosmopoli-
tan, but is found predominantly in Ethiopia, Europe, Japan,
the Philippines, Latin America, and the Middle East.101,102

Both occur in the United States, although the prevalence is
low.101,102

Diphyllobothrium latum (broad fish tapeworm) inhabits the
ileum in the human host, and infection is acquired by ingesting
raw or inadequately cooked freshwater fish.101,102 D. latum also
infects other fish-eating animals, including the fox, mink, bear,
walrus, and seal. These animals can serve as reservoirs.101

Broad tapeworm disease, or diphyllobothriasis, is common
in Finland, Scandinavia, Russia, and the lake regions of North
Italy, Switzerland, and France.101 In North America, the high-
est incidence of infection has been reported in Alaska and
Canada.101

Hymenolepis nana (dwarf tapeworm) is cosmopolitan in
distribution, with a high incidence in children in the tropics
and subtropics.101,102 It is the most common human tapeworm
in the United States, particularly in the southeastern section.
The infection is passed primarily from person to person by
contaminated hands or fomites.

Taenia Saginata and Taenia Solium

Signs and Symptoms

19. B.R., a 10-year-old boy from Mexico, has moved to the
United States with his parents. The school nurse saw him on sev-
eral occasions when he complained of vague abdominal discom-
fort and pain. On questioning, B.R. reports seeing “white noodle-
like” objects in his stools. B.R. is seen in the clinic. A cellophane

FIGURE 74-6 T. saginata.

impression of the perianal region and three stool samples over
several days demonstrate infection with T. saginata (Fig. 74-6).
IgE level and eosinophil count are within normal limits. Explain
the presenting symptoms in B.R.

Patients with tapeworm infections (either T. saginata, as
in B.R., or T. solium) present with symptoms ranging from
mild epigastric or abdominal pain to a burning sensation,
general weakness, weight loss, headache, constipation, and
diarrhea.101,103 Complications from T. saginata include ap-
pendicitis, obstruction of pancreatic ducts, and intestinal
obstruction.101,102 Because the adult worm is weakly immuno-
genic, some patients present with moderate eosinophilia and
elevated IgE levels,101 although B.R. did not. He reported worm
segments (“white noodlelike” objects) in the stool. This is com-
monly how diagnosis is made. Segments are sometimes found
in underclothing. An alternative diagnostic method is to use
anal swabs (the “Scotch tape” method) as used for pinworm
ova.101

Diagnosis

20. How can T. saginata infection be differentiated from T.
solium in B.R.?

The eggs of T. saginata and T. solium are identical and, when
found in the stool, will not aid in diagnosis. The presence
of gravid proglottids (Fig. 74-7) or a scolex in the stool is
necessary to determine the species.101,102
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FIGURE 74-7 T. solium and T. saginata gravid segments.

Placing gravid proglottids from B.R.’s stool between two
slides and injecting India ink into the central uterine system
will demonstrate the characteristic anatomic differences.101,103

An intact scolex recovered from B.R.’s stool after treatment
also will confirm the species. The scolex of T. saginata has
no hooklets (“unarmed”), whereas that of T. solium contains a
double row of hooklets (“armed”).102 With T. solium, the di-
agnosis of neurocysticercosis is made based on history, symp-
toms, and identification of neurologic lesions by CT scanning
and MRI.103,105–107

The enzyme-linked immunotransfer blot (CDC-ETIB) as-
say of cerebrospinal fluid is considered highly sensitive and
specific for neurocysticercosis.106,107

Treatment

21. How should B.R. be treated, and how should therapy be
evaluated?

The drug of choice for both T. saginata and T. solium in-
testinal tapeworm infections is praziquantel (Biltricide) 5 to 10
mg/kg as a single dose.27,101,102 Cure rates for both T. saginata
and T. solium have been reported to be high.101 The tablets of
praziquantel should be swallowed whole with a liquid during
meals. In patients who cannot tolerate the single dose because
of severe nausea and vomiting, praziquantel can be adminis-
tered in divided doses; the interval between doses should be
4 to 6 hours.27,100 Praziquantel kills the adult worm but does
not destroy the eggs. The intact or disintegrating segments ap-
pear in the stool over a week.101 Stool specimens should be
re-examined to confirm that no regrowth of T. solium (5 weeks
after treatment) and T. saginata (3 months after treatment).101

Eggs can be released when gravid segments of T. solium
disintegrate after treatment, and the release of embryos from
the eggs can cause cysticercosis. To minimize this possibil-
ity, the clinician should give a purgative (magnesium sulfate
15–30 g) 2 hours after administration of praziquantel when
T. solium infection is suspected.102 B.R. should be told that
segments of the tapeworm will be passed for several days after
treatment.

Diphyllobothrium Latum and Hymenolepis Nana

22. Could B.R. have D. latum or H. nana infection? How are
these treated?

FIGURE 74-8 D. latus ovum.

FIGURE 74-9 H. nana ovum.

Infection with D. latum is highly unlikely in B.R. be-
cause diphyllobothriasis is almost exclusively found among
raw fish-eating populations of the Baltic countries, Alaska,
and Canada,101,102 and B.R. is from Mexico. In addition, nei-
ther the characteristic operculate eggs (Fig. 74-8) nor the dis-
tinctive almond-shaped scolex of D. latum was found during
stool examination.

Hymenolepis nana (dwarf tapeworm) infection is world-
wide and is a possibility in B.R. It is unusual to find proglottids
of H. nana because they usually disintegrate before passage.101

Instead, identification is made by the presence of the charac-
teristic eggs (Fig. 74-9).

Treatment of D. latum is identical to that of T. saginata,
except that a purgative is not necessary after therapy. H. nana
infections are treated with praziquantel 25 mg/kg as a single
dose.27

Cysticercosis and Other Complications

23. V.N. is a 59-year-old native of Guanajuato, Mexico who pre-
sented in the E.R at a local hospital with a 3-month history of
lethargy, intermittent headaches, and episodes of ataxia. V.N’s
daughter reports that her father had an episode of seizure the
previous evening and he fell off the couch while watching TV.
V.N. has been in the United States for about 10 years but has
made numerous trips to rural Mexico to see relatives. A lumbar
puncture ordered on V.N. showed the following: CSF: WBC 4
cells/mm3 (93% lymphocytes and 6% polymorphonuclear cells)
(normal <5 cells), protein 94 mg/dL (normal <50 mg/dL), glu-
cose 45 mg/dL (normal <60%–70% of serum). India ink capsule
stain was negative with no organisms detected. MRI showed multi-
ple intraparenchymal-enhancing lesions with perilesional edema



PARASITIC INFECTIONS � 74-15

and some calcified lesions. Enzyme-linked immunoelectrotrans-
fer blot (ETIB) assay was positive for neurocysticercosis.

[S.I Units: CSF glucose: 2.5 mmol/L (normal 60%–70% of serum glucose);

protein: 0.92 g/L]

Neurocysticercosis, the deposition of the larval cysts (fluid-
filled bladder containing the invaginated scolex) of T. solium
in the cerebral parenchyma, meninges, spinal cord, and the
ventricular system, is considered the most common par-
asitic disease of the central nervous system.101,103,105–107

However, debate continues regarding the efficacy of an-
thelminthic therapy and the optimal dosages of these agents
for neurocysticercosis.103,107,108 If V.N. had subarachnoid or
intraventricular cysticercosis, these would normally be treated
with surgery. Because of the risk of neurosurgical proce-
dures, others have suggested anthelmintic therapy.103 Be-
cause V.N. has parenchymal disease (cerebral cysticercosis)
and multiple cysts, he will receive medical treatment.27,103,107

Hydrocephalus (blockage of the foramen of Monroe or
aqueduct of Sylvius), if present, and elevated intracra-
nial pressure are relieved by a ventriculoperitoneal shunt
or temporary ventriculostomy.101,107 V.N. will need sympto-
matic therapy (e.g., anticonvulsants) because he presented
with seizures and the CT scan and ETIB assay confirmed
neurocysticercosis.105–107 ETIB assay, which uses purified ex-
tract of T. solium antigen and which detects the specific anti-
bodies, has a sensitivity of 98% and specificity of 100%.105

Seizures, which occur in 70% to 90% of these cases, are
the most common manifestation of neurocysticercosis. For
seizures, V.N. will be started on an anticonvulsant with either
phenytoin (doses to attain serum levels of 10–20 mcg/mL) or
carbamazepine (doses to attain serum levels of 5–12 mcg/mL)
before any surgical or medical therapy. Phenobarbital is the pre-
ferred anticonvulsant in children.101 With parenchymal neuro-
cysticercosis, V.N. will receive corticosteroids, which will be
used to ameliorate inflammatory reaction from dying parasites.
He will be started on this 1 to 2 days before anthelminthic ther-
apy and continued for 4 to 7 days after completion of therapy.
However, administration of corticosteroids may not prevent
adverse effects in V.N.105 Dexamethasone 4 to 16 mg/day (or
an equivalent dose of prednisone) is the suggested dose for
corticosteroid.101,105,107 Albendazole 400 mg for 8 to 30 days
is the preferred agent and may be more cost effective than
praziquantel. However, praziquantel 50 to 100 mg/kg/day in
three divided doses for 30 days has also been recommended
for parenchymal neurocysticercosis.27,105,107–109 It has been
suggested that a better understanding of the pathophysiologic
mechanisms, primarily the character of inflammatory response
of the host, survival and growth of the organism, and mecha-
nism of anthelmintic activity, may help to identify more defini-
tive therapy for neurocyticercosis in the future.107,110 On com-
pletion of therapy with albendazole (1–3 months), a brain CT
scan or MRI and an electroencephalogram should be obtained
to monitor the resolution or volume reduction of cysts and
seizure activity in V.N.105,108–110 Some patients may need two
or more courses of antiparasitic therapy.107–110

24. If V.N. had D. latum instead of T. saginata, what would be
some subjective and objective findings?

If V.N. had been infected with D. latum instead of T. sag-
inata, he may complain of being tired and possibly sleepy,

which may be manifestations of anemia. D. latum can cause
a megaloblastic anemia because the tapeworm competes with
the host for dietary vitamin B12.101 Although 40% of patients
with D. latum infection have reduced levels of vitamin B12,
less than 2% actually develop anemia from this deficiency.101

Decreased levels of other nutritional elements have included
ascorbic acid, folic acid, and riboflavin.101 In those who do de-
velop deficiency in vitamin B12 from D. latum infection, man-
ifestations may include glossitis, tachycardia, and neurologic
symptoms such as weakness, paresthesia, and motor coordina-
tion disturbances.101,102

Praziquantel: Side Effects

25. What are the common side effects of praziquantel?

Praziquantel, which is used for T. saginata infections, is
associated with headache, dizziness, drowsiness, nausea, ab-
dominal pain, myalgia, and urticaria.27,102,111 The side effects
usually appear about 2 hours after administration and dissipate
within 48 hours. The tablets of praziquantel should never be
chewed, but should be swallowed whole with fluids, prefer-
ably during meals. Chewing the tablets can induce retching
and vomiting because of the bitter taste.27,100

PEDICULOSIS
Prevalence
Pediculosis (lice infections) can be caused by head lice (Pedicu-
lus humanus capitis) (Fig. 74-10), body lice (P. humanus),
or crab lice (Phthirus pubis). Lice infections can be present
in all socioeconomic groups, but are seen more often among
the poor because of crowded living conditions and infrequent
washing.112–116

Life Cycle
Head and body lice have similar life cycles, but their habitat
preferences distinguish the two varieties.113 The adult fertil-
ized female lays eggs, which remain glued to hair or seams of
clothing (Fig. 74-11). The oval-shaped eggs (nits) hatch in 7
to 10 days and produce nymphs, which go through a number
of molts to evolve into mature adults.112,113 Both larvae and
adults feed on the host’s blood. The lice penetrate the host skin
via stylets within their head and attach themselves by a circlet

FIGURE 74-10 Pediculus humanus capitis (head lice).
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FIGURE 74-11 Nit or egg of lice on hair shaft.

of teeth on their proboscis. Crab lice usually are found in pubic
hair, although these organisms can also be found on eyebrows,
eyelashes, and axillary hairs.112,113

Epidemiology
The highest incidence of head lice is seen among school-
children.113,115,116 The incidence of all types of lice infesta-
tion in the United States has been estimated to be 6 to 12
million cases.116 Head and body lice are transferred between
hosts by personal and clothing contact, whereas crab lice are
transmitted by sexual contact.112,113

Signs and Symptoms

26. D.J., a 54-year-old homeless man who lives in a city shelter,
is brought to the clinic by his welfare worker. D.J. has excoria-
tions and numerous pustular lesions all over his body. The welfare
worker states that D.J. has “lice all over his body.” Why are the
symptoms in D.J. consistent with lice infection?

The most common complaint of patients with head and
body lice is pruritus of the scalp, ears, neck, and other body
parts. With severe infestations, as seen in D.J., intractable
itching and scratching can result in folliculitis, hemorrhagic
macules or papules, postinflammatory skin thickening, and
pigmentation.112–116 In contrast, schoolchildren who are ex-
posed frequently to head lice may have only minor pruritus
affecting the scalp, ears, and neck.112,116

Treatment

27. How should D.J. be treated for lice infection of the head,
body, and genital areas?

Concurrent treatment for the pustular bacterial lesions and
lice infestation should be initiated in D.J. Head lice in both
adults and children can be treated with 1% permethrin (NIX)
liquid rinse. Alternatives are 0.5% malathion (Ovide) lotion
and pyrethrin 0.33% plus 4% piperonyl butoxide (RID). Both
pyrethrin preparations and malathion 0.5% are as effective as
γ -benzene hexachloride or lindane 1% (Kwell).27,112,113,116

The eradication rate for lindane is 17% to 61%, compared with
74% to 100% with the new synthetic derivative of pyrethrin,
permethrin (NIX).117 Recent studies indicate that there may be
differences in efficacy among the topical agents. Ovide lotion
(0.5% malathion) was the fastest-killing pediculicide and the
most effective; lindane was considered the least effective.117

Growing concern is that lice are becoming resistant to the
pyrethrin products in the United States.112,113,116,117

PYRETHRIN, LINDANE, MALATHION, AND IVERMECTIN
Pyrethrin, which contains extracts of chrysanthemum flow-

ers, acts by blocking the transmission of nerve impulses in lice
and kills them in a few minutes.112,118 Approximately 30 to
50 mL of the pyrethrin lotion should be massaged into D.J.’s
scalp, left for about 10 minutes, then rinsed out. The treatment
should be followed by a plain shampoo. Nits can be removed
from the hair by applying a solution containing equal parts of
water and vinegar and using a sturdy fine-tooth comb to re-
move the nits.112,113 The whole course of treatment should be
repeated within 7 to 10 days to eradicate the organisms hatched
after initial therapy.112,113 Patients who have a history of rag-
weed allergy occasionally react to pyrethrin preparations.112 If
D.J. has an allergy to pyrethrin, malathion lotion 0.5% may be
an alternative. Malathion should be left on for 12 to 24 hours.

For the body and pubic lice in D.J., a pyrethrin combination
lotion should be applied. It may be necessary to leave the lotion
on for 4 to 6 hours to eradicate crab lice.113 The applications
should be followed by a warm bath. The treatment should be
repeated in 7 to 10 days. The pruritus in D.J. can be symptomat-
ically treated with an antihistamine and a low-potency topical
steroid.112

Alternative treatment for head lice for patients in whom
the infestations are not eradicated with either permethrin 1%
or lindane are 5% permethrin cream (Elimite) applied to the
scalp overnight, or petrolatum (approximately 40 g) applied
to the scalp and left overnight while wearing a shower cap.112

After the application of the petrolatum, a shampoo should be
used for 7 to 10 days to remove the residue. Children 2 years or
younger should not be treated for lice, and only manual removal
should be attempted.113 Other alternative therapies include two
doses of ivermectin 200 mcm/kg administered a week apart or
albendazole 400 mg once or for 3 days.119–121 A recent report
advocates use of hot air as a nonpharmacologic treatment for
pediculosis.122

PETROLATUM
To remove pubic lice from D.J.’s eyelids or eyelashes, plain

petrolatum ointment can be used. Petrolatum is applied to the
eyelashes and lid margins with cotton swabs three or four times
daily. This regimen will either suffocate the lice or physically
remove them.

DECONTAMINATION MEASURES
Treatment for pediculosis should include thorough decon-

tamination to avoid reinfection. All personal articles of cloth-
ing, including bedding, should be washed (preferably in the hot
cycle of the washer at temperature >50◦C).123 Hairbrushes,
combs, and other plastic articles can be decontaminated by
soaking in rubbing alcohol or pediculicide.112,113 In institu-
tions and schools where lice infestations are a problem, outer
clothing (coats, hats, scarves) of individuals should be isolated
in separate plastic bags at the beginning of the day. This mea-
sure will reduce reinfection significantly.

Toxicity

28. What are the toxicities of the common pediculicides?

Lindane can cause neurologic symptoms, including tre-
mors, ataxia, insomnia, and seizures in patients who are ex-
posed to it over extended periods.124,125 It also is reported to
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cause aplastic anemia.125 However, when it is applied for 10
minutes to treat head or body lice, it is considered safe and
effective in both adults and children. Adverse effects reported
with permethrin were local irritative symptoms. Malathion, an
organophosphate cholinesterase inhibitor, is degraded rapidly
by hepatic enzymes in humans and occasionally can cause
some local irritation.125 These agents are not contraindicated
during pregnancy and can be used for treatment.27,125

SCABIES
Prevalence
Scabies is caused by Sarcoptes scabiei var. hominis.126–130 The
female mite burrows into the skin of the host and lays eggs,
which hatch into larvae after 72 to 84 hours. After a number
of molts, the adult mites mate and the male dies. The female
gravid mite continues to burrow into new areas of skin, pri-
marily in web spaces between the fingers, wrists, elbows, peri-
umbilical skin, and buttocks.126,127 The hallmark of scabies is
intense itching with erythematous papules and excoriations. In
infants, scabies may be vesicular or bullous; secondary pyo-
derma is not uncommon. Transmission is by intimate contact,
and institutional epidemics have been reported.126–128,130

Treatment

29. A.R., a 4-year-old girl, has a pruritic rash with excoriations
in the interdigital areas of both hands. Her mother states that
A.R.’s 7-year-old brother, G.R., has a similar rash affecting his
hands, groin, and feet. The lesions are scraped and microscopic
examination reveals mites and ova of S. scabiei. How should A.R.
and G.R. be treated? What special instructions and precautions
should accompany therapy?

LINDANE, PERMETHRIN, AND CROTAMITON
The agents available for treatment of scabies include lin-

dane 1% (Kwell), crotamiton 10% (Eurax), and permethrin
5% cream (Elimite).27,125–128,130 The agent that has been used
most extensively is lindane, but its safety remains a point of
contention.124,125 When lindane is left on the skin too long (es-

pecially excoriated skin), percutaneous absorption can cause
neurotoxicity.124 Crotamiton 10% is presumably safe for in-
fants and pregnant women, but definitive data do not exist.
A single application of permethrin 5% cream is more effec-
tive than crotamiton or lindane.121,126,127 Suggestion is that
two doses of ivermectin (Stromectol) (200 mcg/kg separated
by 1–2 weeks) can be added to the topical therapy if there is
no response to permethrin alone. Although ivermectin is not
FDA-label approved for scabies, a significant number of stud-
ies have used this agent both topically and systemically for
scabies.119,121,126,127 Studies indicate that two doses of iver-
mectin (200 mcg/kg) separated by a week can be used for
scabies epidemics, and the cure rate has been around 100%
with this regimen.119,126

A.R. and G.R. should have their nails trimmed to mini-
mize further excoriation. They then should be bathed using a
soft washcloth to remove loose crusts. Thereafter, permethrin
cream should be massaged into the skin from the head (includ-
ing the scalp) to the soles of the feet.125–127 The cream should
be left on for 8 to 14 hours before they shower again. Perme-
thrin application should be repeated a week later. If crotamiton
is selected, it should be applied to the entire body (including
the scalp) and left on for 24 hours after the initial bath. A sec-
ond 24-hour application is recommended before the children
are bathed again. When lindane is used, it is applied to the
entire body (avoiding the eyes and mucous membranes) and
left on the body for approximately 8 hours.127 After 6 to 8
hours, a cool bath should be taken. Pruritus from scabies can
be treated symptomatically with an oral antihistamine such as
hydroxyzine (Vistaril) or diphenhydramine (Benadryl), or with
a low-potency topical steroid.

Clothes and linens belonging to A.R. and G.R. should be
freshly laundered (hot cycle at temperatures >50◦C), and they
should be re-examined after a week. If evidence remains of
active infestation (positive microscopic findings), a second
treatment course can be initiated in these patients.129 They
should be informed that pruritus can persist for more than
10 days. Pruritus usually results from retained parts of the
mites.
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OVERVIEW
Ticks belong to the class Arachnida, which includes scorpi-
ons, spiders, and mites. As a vector of human illness world-
wide, ticks are second in importance only to mosquitoes. Ticks
transmit more infectious agents than any other arthropod. Dis-
ease can be spread by ticks, either by transmission of microor-
ganisms or by injection of tick toxin into a host. Bacterial,
rickettsial, protozoal, and viral disease pathogens can be trans-
mitted from ticks to humans1 (Table 75-1).

Tick Genus
Only two of the three families of ticks are of medical signif-
icance to humans: the soft-bodied ticks, Argasidae, and the
hard-bodied ticks, Ixodidae.1 Four of the 13 genera of Ixodi-
dae transmit disease in the United States: Dermacentor, Ixodes,
Amblyomma, and Rhipicephalus. Among the five genera of Ar-
gasidae, only Ornithodoros are known to transmit pathogens to

humans in the United States. Most hard ticks have a 2-year life
cycle, comprising the larval, nymphal, and adult stages. They
require one blood meal during each stage before they can ma-
ture into the next stage and they usually remain attached to a
host for hours or days. In contrast, soft ticks may have multiple
nymphal stages, and both nymphal and adult forms can feast
on blood multiple times, usually for only 30 minutes. However,
Argasidae can survive many years without blood sustenance
and are long-lived.1 Humans are the inadvertent hosts for the
life cycle of almost all ticks and tick-borne diseases.

LYME DISEASE
Lyme disease, or more accurately Lyme borreliosis, is a mul-
tisystem spirochetal disease transmitted by a tick bite.1–8 Al-
though the responsible spirochete, Borrelia burgdorferi, was
not identified until 1982,1 late manifestations of a dermatitis
produced by a Borrelia species were described in Europe more
than a century ago.

75-1
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Table 75-1 Tick-Borne Diseases

Disease Causative Agent Tick Vector Host Region

Lyme Borrelia burgdorferi Ixodes Wild rodents Worldwide
Relapsing fever

(endemic)
Borrelia species Ornithodoros Wild rodents Worldwide

Southern tick-associated
rash illness

Borrelia lonestari? Amblyomma ? South-central United States

Tularemia Francisella tularensis Dermacentor Rabbits, ticks North America
Amblyomma

Rocky Mountain spotted
fever

Rickettsia rickettsii Dermacentor Wild rodents, ticks Western Hemisphere
Rhipicephalus Arizona

Spotted fever group Rickettsia parkeri Amblyomma Horses? United States
various rickettsia various species ? Worldwide

Boutonneuse fever Rickettsia conorii Ixodes Wild rodents, dogs Africa, India, Mediterranean
North Asian tick typhus Rickettsia sibirica Ixodes Wild rodents Mongolia, Siberia
Queensland tick typhus Rickettsia australis Ixodes Wild rodents, marsupials Australia
Q fever Coxiella burnetii Dermacentor

Amblyomma
Sheep, goats, cattle,

ticks, cats
Worldwide

Babesiosis Babesia species Ixodes Mice, voles Europe, North America
Human monocytotropic

ehrlichiosis
Ehrlichia chaffeensis Amblyomma Deer, dogs United States, Mexico,

Europe, Africa, Middle EastDermacentor Deer

Human granulocytic
anaplasmosis

Anaplasma
phagocytophilia

Ixodes pacificus
Ixodes

Deer, elk, wild rodents United States, Europe

Human ehrlichial
ewingii

Ehrlichia ewingii Amblyomma Dogs? United States

Colorado tick fever Coltivirus species Dermacentor Wild rodents, mammals North America
Tick-borne encephalitis Flavivirus Ixodes Rodents Eurasia
Tick paralysis Neurotoxin Dermacentor N/A North America, Europe,

Australia, South Africa

N/A, not applicable.

Spirochete Identification and Pathology
Three genomic subgroups of B. burgdorferi worldwide prob-
ably account for the clinical variations observed in the dis-
ease. The North American strains identified to date belong
to the B. burgdorferi sensu stricto group. Although all three
groups have been found in Europe, most isolates are Borrelia
garinii or Borrelia afzelii. An example of a disease variation
is the condition of acrodermatitis chronica atrophicans (Table
75-2), a skin lesion associated predominantly with B. afzelii
infection.9

Lyme disease is a multisystem condition, affecting the skin,
joints, and cardiovascular, central, and peripheral nervous sys-
tems. The ailment is named for the villages of Lyme and Old
Lyme, Connecticut, where arthritic complications of this dis-
ease were first recognized. Lyme disease accounts for 96% of
cases of vector-borne illness in the United States, with>15,000
cases reported annually.3,5 Worldwide, it is probably the most
commonly reported tick-borne disease.10

Tick Vector
Spirochetal Behavior
The tick acquires the B. burgdorferi spirochete from feeding on
an infected host. The spirochete remains dormant in the tick’s

midgut until the tick feeds again, at which time the spirochete
acquires a mammalian plasminogen, allowing it to penetrate
the midgut wall and invade the salivary glands of the tick. In
the interim, B. burgdorferi activates a tick gene, boosting pro-
duction of a tick salivary protein, Salp-15, to which it binds.
This coating helps camouflage the bacterium from mammalian
immune cell detection and destruction.11 The spirochete then
passes through the salivary ducts of the tick and is injected
through the skin of the new host with the tick bite. Few spiro-
chetes are transmitted from the tick to its host during the first
24 to 36 hours of attachment. An infected nymphal tick, how-
ever, invariably transfers spirochetes when attached to its host
for >72 hours.

Tick Identification
Larval and nymphal ticks are small, <3 mm, the size of a
freckle or poppy seed. Therefore, the tick often goes unnoticed,
and fewer than half of patients with Lyme disease recall hav-
ing been bitten by a tick. The tick feeds on small, medium, or
large mammals; lizards; or birds during its larval and nymphal
(immature) stages. Larval ticks are not relevant vectors for
Lyme disease, however, because they are rarely infected and
become so only after feeding on an infected host.9 Adult ticks
parasitize only medium or large mammals.1 Humans are inad-
vertent hosts of any stage of the tick.1 Although the tick can
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Table 75-2 Lyme Disease Clinical Manifestations

Early Localized Infection:

Erythema migrans skin rash

Early Disseminated Disease:

Heart (<4% of untreated patients in United States)
Myocarditis or pericarditis
Conduction defects, varying degrees of atrioventricular or bundle branch

block, but permanent pacing not indicated

Nervous System (Neuroborreliosis)
Cranial nerve (Bell’s) palsy
Meningitis, lymphocytic
Radiculoneuritis, myelitis
Sensory or motor peripheral neuropathy

Skin
Multiple secondary erythema migrans lesions; lymphocytoma

(lymphadenosis benigna cutis) rare in the United States, but 1% in
Europe

Late Disease:

Musculoskeletal (less common in Europe)
Persistent (<10% of untreated in United States) or intermittent arthritis

of >1 large joint, especially the knee

Skin (10% in Europe; rare in the United States)
Acrodermatitis chronica atrophicans (unique to Lyme disease)

Late Neurologic
Peripheral neuropathy, subacute encephalopathy (memory impairment,

sleep disturbance, dementia) and in Europe, progressive
encephalomyelitis

feed on many different animals, each tick species has preferred
hosts. For example, the immature Ixodes scapularis prefers
to be hosted by the white-footed mouse, whereas the mature
tick prefers white-tailed deer. In the northeastern and mid-
western United States, I. scapularis (formerly dammini) is the
primary vector, whereas I. pacificus is the primary vector in the
western United States. In Europe, I. ricinus is the vector, and
I. persulcatus is the primary vector in Asia. The discovery
of organisms such as B. burgdorferi from I. ovatus in Japan
and Haemaphysalis longicornis in China, both of which par-
asitize domestic animals and humans, demonstrates a greater
diversity of endemic vectors and cycles in Asia. Therefore,
the geographic distribution of Lyme disease matches the geo-
graphic range of the specific Ixodes species that harbor Lyme
Borrelia.

Host Identification
The host’s ability to harbor and transmit the spirochete to the
tick (i.e., reservoir competency) is an important consideration
in understanding the epidemiology and prevalence of Lyme
disease. The reservoir-competent white-footed mouse and the
reservoir-incompetent (i.e., incapable of harboring and trans-
mitting the spirochete) white-tailed deer are the preferred hosts
for the immature and adult forms of I. scapularis in the north-
eastern United States, respectively.1 Subadult I. pacificus or-
ganisms preferentially feed on the western fence lizard, which

is reservoir incompetent. In fact its blood is borreliacidal.9,12,13

Deer are not important hosts for mature I. pacificus organisms.
Similarly, in the southern United States, immature I. scapularis
ticks feed primarily on lizards. The cotton mouse and cotton
rat, however, appear to be the predominant reservoir hosts for
the spirochete in the southern United States, which the tick
may feed upon. In Europe, various reservoir-competent mice
and vole species are reported hosts for I. ricinus.1

How is Lyme borreliosis transmitted to humans in the west-
ern United States if the preferred hosts are not reservoir com-
petent? It is suggested that the dusky-footed wood rat and kan-
garoo rat, which can support B. burgdorferi, are the hosts of the
spirochete for the few immature I. pacificus which incidentally
feed on the rats. Thus, an estimated 0% to 14% of I. pacificus
organisms are infected with spirochetes, contrasting with in-
fection rates for I. scapularis in the northeastern United States
of 20% to 40%.9 In Europe, I. ricinus infection rates vary from
4% to 40%. In addition, bird parasitism by ticks enables the
ticks to be carried long distances, even intercontinentally, dur-
ing spring and fall migrations. Birds can bring ticks into new
areas and also serve as maintenance hosts.1

Thus, the complex interplay of spirochete, host, and vector
in a particular area influences the risk of Lyme disease after
a tick bite. Lyme disease is not transmitted directly between
people.6

Classification and Laboratory Testing of Lyme Disease
The clinical features of Lyme disease were historically divided
into three stages: early localized (stage 1), early disseminated
(stage 2), and chronic, persistent, or late disease (stage 3). Many
believe that “chronic” Lyme disease is an unproved entity,9,14

although some disagree.15,16 Currently, Lyme disease is clas-
sified as either “early” or “late” disease with the possible exis-
tence of post-Lyme disease syndromes.9 Although Lyme dis-
ease may be debilitating, it is not life threatening.

The most specific marker of Lyme disease is a characteristic
skin rash termed erythema migrans. This solitary skin lesion
occurs in 80% to 90% of patients with the disease.4,5 No other
physical finding of Lyme disease is diagnostic. No laboratory
gold standard for diagnosis currently exists. Laboratory di-
agnosis of Lyme disease is problematic because sufficiently
sensitive and specific tests are lacking; deficiencies in labo-
ratory standardization confound the issue. Positive results of
blood tests for an antibody response to the spirochete only sup-
port a diagnosis of Lyme disease as seropositivity alone does
not prove that a given medical condition is caused by Lyme
disease.9 The IgM antibody response develops 4 weeks after
infection, peaks at 6 to 8 weeks, and declines to the normal
range after 4 to 6 months. In some patients, IgM levels may
remain high or reappear. The IgG antibody response begins
6 to 8 weeks after disease onset, peaks at 4 to 6 months, and
may remain elevated indefinitely.17 Overuse of serologic test-
ing and over reliance on the results have resulted in excessive
and inaccurate diagnoses of Lyme disease.

Treatment
The clinical manifestations of Lyme disease should govern the
treatment strategy used (Table 75-3).9 To effect a cure, it is not
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Table 75-3 Treatment Recommendations for Lyme Disease

Erythema Migrans

Adults: Doxycycline (Vibramycin) 100 mg PO BID × 10 days
Or
Amoxicillin (Polymox) 500 mg PO TID × 14–21 days
Or
Cefuroxime axetil (Ceftin) 500 mg PO BID × 14–21 days
Children (<8 yrs): Amoxicillin 50 mg/kg/day PO in 3 divided doses

(maximum, 500 mg/dose) × 14–21 days or cefuroxime 30 mg/kg/day
PO in 2 divided doses (maximum, 500 mg/dose) × 14–21 days

Children (>8 yrs): May use doxycycline 1–2 mg/kg PO in 2 divided
doses (maximum, 100 mg/dose) × 14–21 days

Cardiac Disease: third-degree heart block
Adults: Ceftriaxone (Rocephin) 2 g IV Daily × 14–21 days
Or
Cefotaxime (Claforan) 2 g IV Q 8 hr × 14–21 days
Or
Penicillin G (Pfizerpen) 3–4 MU IV Q 4 hr × 14–21 days
Or
For first- or second-degree heart block: doxycycline or amoxicillin in

doses as noted above × 14–21 days

BID, twice daily; IV, intravenous; MU, million units; PO, by mouth; TID, three times
daily.

necessary to continue antibiotic treatment until all symptoms
have resolved.5,9

1. J.S., age 38 years, visits his local physician with symptoms
of low-grade fever and muscle aches 3 days after deer hunting in
the state of Washington. After hunting for approximately 6 hours,
he noticed a small tick on his thigh and immediately destroyed it.
A small, itchy spot that he felt at the site of the tick bite is no
longer symptomatic. The temporal relationship of the tick bite
with his symptoms of fever and myalgias prompts his physician to
collect blood samples for Lyme disease antibody testing. Antibiotic
therapy also is initiated. Why is the blood test not likely to be of
value? Why is empiric antibiotic therapy not appropriate for J.S.?

In general, the use of serologic testing or antimicrobial pro-
phylaxis after a recognized tick bite is not recommended.9 The
antibody response to B. burgdorferi is not detectable for the
first 4 weeks after a tick bite.5 Therefore, the blood tests for
antibodies to B. burgdorferi are unlikely to be positive, as J.S.’s
tick bite occurred only 3 days ago.

The risk of developing Lyme disease can be affected by the
rate of transmission of the spirochete from infected ticks to
humans; the length of time before the tick is removed during
its bite; the degree of blood engorgement of the tick (“scutal
index”); the prevalence of spirochete infestation of ticks in
an area, which varies with the tick species; and the reservoir
competency of host animals in the region.9

Although transmission rates of Lyme disease from an in-
fected tick bite are estimated at approximately 10%, the risk is
reduced dramatically if the tick is removed within 24 hours of
attachment, as in J.S.’s case. The small, itchy spot experienced
by J.S. probably represented a hypersensitivity reaction to the
bite. These erythematous, noninfectious skin lesions develop
within 48 hours of tick detachment or may occur while the
tick is still attached. They are usually <5 cm in diameter; they

may have an urticarial appearance and usually disappear in 1 or
2 days.9

Prophylactic antibiotic preventative therapy with a single
dose of 200 mg oral doxycycline, or for children 8 years or
older at 4 mg/kg to a maximum 200-mg dose, can be offered
if the following criteria are met: (a) there are no contraindi-
cations to doxycycline use; (b) administration can start within
72 hours of tick removal; (c) the tick can be reliably identified
as a nymphal or adult I. scapularis tick with certainty of the
duration of attachment of 36 hours or more based on the degree
of engorgement or time of exposure; and (d) the local rate of
infection of ticks by B. burgdorferi in the area of exposure is
20% or greater based on current ecological evidence.9 Rou-
tine testing of ticks themselves for tick-borne infections is not
recommended.9

Antibiotic prophylaxis after I. pacificus tick bites is gener-
ally not necessary.9 The low infection rate of B. burgdorferi in
I. pacificus ticks may be owing to the observation that the west-
ern fence lizard’s blood can destroy spirochetes in the tick’s tis-
sues during feeding.12 In summary, J.S. would not require pro-
phylactic doxycycline treatment or serologic testing for his tick
bite because of the short duration of tick attachment and low
prevalence of B. burgdorferi infestation of I. pacificus ticks.

ERYTHEMA MIGRANS
Signs, Symptoms, and Disease Course

2. K.T., a 34-year-old woman, presents with right knee pain
and multiple, large, discrete skin rashes that she has had for the
past 10 days. Three months ago, in July, she visited friends in
Massachusetts and spent much of her time engaged in outdoor
activities (e.g., hiking, biking, swimming). Two months ago, her
husband noticed a circular area of intense redness, approximately
9 cm wide, in her left armpit. The rash grew considerably larger
over the next 2 weeks and had a red outer border. K.T. attributed
the expansion of the rash to having scratched the mildly itchy
area. The rash gradually disappeared. In late August, K.T. expe-
rienced fatigue, nausea, and headache for a week and thought it
was “summer flu.” In early September, she experienced right knee
pain; ibuprofen produced some relief. On examination, she was
afebrile and had mild soft tissue swelling of the right knee. Her
white blood cell (WBC) count was normal. Serum samples con-
tained antibody titers to B. burgdorferi of 1:60 and 1:400 for IgM
and IgG, respectively. A Venereal Disease Research Laboratory
(VDRL) test for syphilis and a pregnancy test were negative.

K.T. is started on a 4-week course of oral doxycycline 100 mg
twice daily. What characteristics of K.T.’s skin rash are consistent
with the erythema migrans of Lyme disease?

The erythema migrans of Lyme disease usually develops
within 30 days (median, 7 days) of a usually asymptomatic
tick bite at the site of inoculation of the spirochete.4,10 The rash
begins as an erythematous (red) macule or papule typically in
the groin, gluteal fold, axilla, torso, popliteal fossa, or thigh.18

In children, erythema migrans is often found on the head at the
hairline, neck, arms, or legs.18 It expands outwardly at 2 to 3
cm/day to a diameter of 5 to 70 cm (mean, 16 cm), occasionally
with some central clearing.18 The classic annular or ringlike
patch may have complex concentric inner erythematous cir-
cles, resembling a bull’s eye or target, especially in European
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cases.18 Some cases of erythema migrans in the United States
lack central clearing.9 The rash may be warm to the touch and
is usually painless, but some patients have mild burning or
itching.4 Up to 50% of patients with erythema migrans have
multiple secondary lesions that most likely represent blood-
borne spread of the spirochete to other skin sites rather than
multiple tick bites.10 If untreated, erythema migrans generally
fades within several weeks; if treated, it usually resolves in
several days.

Low-grade fever and other nonspecific symptoms, such as
fatigue, malaise, lethargy, headache, stiff neck, myalgia,
arthralgia, and regional or generalized lymphadenopathy, may
accompany erythema migrans. In the United States, 70%
to 80% of patients with Lyme disease display erythema
migrans.4,5,19 Some may not have the other early symptoms of
the disease. Some clinicians prefer abandoning the term “flu-
like illness” in favor of “viral-like syndrome” to describe the
nonspecific symptoms of early Lyme disease because cough,
rhinitis, sinusitis, and gastrointestinal (GI) symptoms do not
usually occur.16

Pitfalls in the diagnosis of erythema migrans exist. Lesions
commonly misdiagnosed as erythema migrans include strep-
tococcal cellulitis, urticaria, dermal hypersensitivity reaction,
Rhus contact dermatitis, granuloma annulare, arthropod hy-
persensitivity reactions, tinea corporis, and serum sickness
rashes.18 K.T.’s skin rash was large (>9 cm), red, and had a
red outer border. It gradually faded over a few weeks. These
characteristics are consistent with a diagnosis of erythema mi-
grans.

Serologic Testing

3. What might have been the rationale for the laboratory
tests that were undertaken in K.T., and what would be reason-
able interpretations of laboratory tests in patients with Lyme
disease?

An antibody titer measured by enzyme-linked immunosor-
bent assay (ELISA) is considered positive for IgM when it
is >1:100 and positive for IgG when it is >1:130. K.T.’s re-
sults (IgM of 1:60 and IgG of 1:400) support a diagnosis of
Lyme disease because the IgM can naturally fall by this time,
yet IgG levels may remain elevated indefinitely. Syphilis and
other known biologic causes (periodontal spirochetes) of false–
positive serologic testing should be excluded. Rheumatoid fac-
tor or antinuclear antibody tests usually are negative in Lyme
disease. These tests help differentiate rheumatoid arthritis or
systemic lupus erythematosus from Lyme disease. The WBC
count is normal or mildly elevated in Lyme disease. K.T. had a
normal WBC. Pregnancy was ruled out before initiating a tetra-
cycline. Most interesting in K.T. is the presence of secondary
erythema migrans lesions, which develop in up to 50% of un-
treated patients in the United States and represent disseminated
infection.

The presence of erythema migrans as an early indicator of
Lyme disease gives physicians the best opportunity for early
diagnosis and treatment. In the United States, the expression
of erythema migrans is the only manifestation of Lyme dis-
ease that is sufficiently distinctive to allow clinical diagnosis
in the absence of confirmatory laboratory information.9 Early
treatment can prevent the sequelae of disseminated disease.

LYME DISEASE TREATMENT
Antibiotics

4. Why was doxycycline (Vibramycin) chosen to treat K.T.?

Borrelia burgdorferi is susceptible to amoxicillin, tetracy-
clines, and some second- and third-generation cephalosporins,
based on in vitro data. It is only moderately sensitive to peni-
cillin G (Pfizerpen) and is resistant to first-generation cephalo-
sporins, rifampin (Rimactane), cotrimoxazole (Bactrim), ami-
noglycosides, chloramphenicol (Chloromycetin), and the
fluoroquinolones.9,19

Penicillin, tetracycline, and erythromycin historically were
the drugs of choice for the treatment of Lyme disease because
they are given orally; they are relatively inexpensive and ap-
peared to have good in vitro activity. Disappointing in vivo
results, however, were found with all these agents except peni-
cillin. Perhaps tetracycline and erythromycin were under dosed,
given in too short a duration, or intrinsically have larger time-
to-kill ratios than penicillin. In Europe, in particular, penicillin
still is used with continued success. Amoxicillin (Polymox) has
better absorption and a longer serum half-life than penicillin
V (Veetids) and continues to be effective in treating Lyme dis-
ease. Amoxicillin is preferred for Lyme disease treatment in
pregnant or breastfeeding women and in children <8 years of
age.19

Compared with the third-generation cephalosporins, the
second-generation drug cefuroxime axetil (Ceftin) is available
in an oral dosage form and has good in vitro activity as well
as in vivo performance. It is more expensive than oral amoxi-
cillin or tetracyclines. Of the third-generation cephalosporins,
ceftriaxone (Rocephin) has the strongest in vitro activity. The
long half-life of ceftriaxone allows the convenience of once-
daily dosing in an outpatient program. Ceftriaxone is expen-
sive, however, and has a higher incidence of diarrhea than other
β-lactams, probably because of partial biliary excretion. Risk
factors for the development of ceftriaxone-induced biliary dis-
ease include age <18 years, daily ceftriaxone dose >40 mg/kg,
female gender, and administration of prior courses of the drug.
Cefotaxime (Claforan) is an alternative to ceftriaxone that is
not associated with biliary complications and comparable in
cost, but it must be dosed more frequently.

The macrolides clarithromycin (Biaxin) and azithromycin
(Zithromax) may or may not have activity against Lyme
spirochetes.9 As with erythromycin, they have been less ef-
fective for the treatment of Lyme disease in controlled clin-
ical trials.19 The combination of a macrolide with lysoso-
motropic agents, especially hydroxychloroquine, anecdotally
has been suggested to be associated with increased symptom
relief probably because of the combined anti-inflammatory ac-
tivity rather than direct antimicrobial activity.9 Azithromycin is
not considered to be a first-line agent in the treatment of Lyme
disease.9

Doxycycline is well absorbed orally and is less expensive
than third-generation cephalosporins that must be adminis-
tered parenterally. Doxycycline has a long serum half-life of
18 to 22 hours. In addition, doxycycline penetrates into the
cerebrospinal fluid (CSF) at concentrations of at least 10% of
serum levels even in the absence of meningeal inflammation.
Doxycycline can complex with divalent or trivalent cations in
the gut, and absorption may be decreased as a result. On the
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other hand, administering doxycycline with food, to minimize
nausea, is recommended.9 Compared with other tetracyclines,
doxycycline has the least affinity for divalent calcium cations,
and oral absorption is reduced by only 20% if given with milk.
The major side effect of doxycycline is phototoxicity, which is
of concern because Lyme disease usually occurs during sunny
times of the year. A less recognized side effect is the risk of
doxycycline-induced esophageal ulceration. Patients should be
instructed not to take doxycycline or other tetracyclines for 1 to
2 hours before going to bed or lying down and to take the med-
ication while standing up with at least 240 mL of clear fluid,
especially with the capsule formulation. Despite less in vitro
activity compared with some β-lactam antibiotics, B. burgdor-
feri is sufficiently susceptible to doxycycline, and clinical ex-
perience with doxycycline has been very favorable.20

In conclusion, doxycycline was a suitable choice for K.T.,
and the 4-week duration of therapy matches the recommenda-
tion for adult arthritis treatment outlined in Table 75-3.

Antibiotic-Refractory Lyme Arthritis

5. K.T. continues to have knee inflammation for 4 months af-
ter receiving a second course of antibiotic treatment (ceftriaxone
2 gm daily for 2 weeks) and is now considered to have antibiotic-
refractory Lyme arthritis. Why should antibiotic therapy be re-
peated (or not repeated) for K.T.’s arthritis?

Antibiotic-refractory Lyme arthritis, which in the United
States develops in approximately 10% of patients with Lyme
arthritis, has been associated with an increased frequency of
the class II major histocompatibility complex allele, HLA-
DRB1*0401 human leukocyte antigen, and an immune re-
sponse to outer surface protein A (OspA).21,22 Patients with
these markers may be predestined for the development of
chronic arthritis despite antibiotic therapy.21,22 The HLA-
DRB1∗0401 allele is associated with lack of response to an-
tibiotic therapy and autoimmunity.21,22 Destructive changes in
the involved joint may occur, with the synovium showing vas-
cular proliferation, villous hypertrophy, and a lymphoplasma
cellular infiltrate similar to other inflammatory arthritides. In
these patients, persistent arthritis is not the result of the persis-
tence of active infection by the spirochete in a protected site.
Such patients often respond well to synovectomy, again sug-
gesting that the presence of synovitis may not be the result of
persistence of the infection.

If K.T. is HLA-DRB1*0401 positive and has antibody reac-
tivity to the outer surface protein OspA of B. burgdorferi, and
a negative polymerase chain reaction (PCR) of synovial fluid
for B. burgdorferi nucleic acids, she will likely be resistant to
further antibiotic treatment. Repeat antibiotics are ineffective
in this case. Remittive agents, such as hydroxychloroquine or
intra-articular corticosteroid injections, may be helpful. Syn-
ovectomy may be offered.9

Neuroborreliosis

6. E.C., a 54-year-old man, presents with symptoms of late
Lyme encephalopathy, including memory deficits, somnolence,
and irritability. CSF analyses confirm the diagnosis. Should E.C.
be treated with antibiotics? If so, for how long?

Although very rare, neurologic complications of Lyme
disease are the major morbidity of the disease.10 Lyme en-
cephalopathy is more common in Europe than in the United
States.9 Although the acute neurologic manifestations of Lyme
disease can remit spontaneously, IV antibiotic therapy hastens
the resolution of symptoms and prevents more chronic sequelae
(e.g., mild cognitive dysfunction or low-grade peripheral neu-
ropathies). The development of these other syndromes in E.C.
may be evidence of irreversible neurologic damage. Therefore,
the approach to diagnosis and treatment should be aggressive.
IV antibiotic therapy is indicated according to most clinicians
(Table 75-3).20 Most authorities recommend a minimum of 2
to 4 weeks.9,19,20 Other candidates for intensive IV regimens of
antibiotic therapy include patients with third-degree AV block
or acute Lyme meningitis or radiculopathy.20

All patients with Lyme disease should be treated with an-
tibiotics because most cases can be managed effectively with
appropriately chosen antibiotics. In conclusion, E.C. should
be treated aggressively with a parenteral third-generation
cephalosporin such as ceftriaxone 2 g IV daily for 2 to 4 weeks.9

Treatment response, however, is usually slow and possibly in-
complete. Unless reliable objective measures indicate relapse,
retreatment is not recommended.9,23

Laboratory Testing of Lyme Disease

7. P.S., a 35-year-old asymptomatic man with a history of a tick
bite from a nonendemic Lyme disease area, just tested positive on
ELISA. He was tested because he expressed a fear of Lyme disease.
Why is this positive result alone sufficient (or insufficient) to begin
treatment for Lyme disease? What other tests could be considered
to help confirm the diagnosis?

The B. burgdorferi spirochete is long and narrow, with flag-
ella. A flagellar 41-kDa protein is similar to flagellar proteins
on other spirochetes, and cross-reactivity can occur. The Osp
include two of the major elicitors of antibody response in late
Lyme disease, termed OspA and OspB. The OspA antigen was
used for vaccine development.

Problems of standardization, sensitivity, and specificity
have caused significant interlaboratory and intralaboratory
variations in test results in the serodiagnosis of Lyme disease.24

Serologic testing for an antibody response to the spirochete is
incapable of distinguishing between active infection and prior
exposure. Demonstration of local CSF antibody production and
comparison with serum concentrations, however, are highly
useful in the diagnosis of neuro-disease, especially in Euro-
pean cases. Despite these problems, detection of the antibody
response to B. burgdorferi is the most commonly used labora-
tory procedure for the diagnosis of Lyme disease.

Immunofluorescent assay (IFA) detection of antibody re-
sponse was the first tool used in the diagnosis of Lyme disease.
This test, however, is labor intensive and interpretation of the
results is subjective; it has been replaced by ELISA analysis.
Even with ELISA, however, 5% to 7% of test results may be
false–positives. The Western blot (immunoblotting) test has
been shown to increase the specificity of ELISA results, but
it is also insensitive in early Lyme disease.4 Western blotting
supplements ELISA testing but does not confirm it, because
they are not independent tests.25
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Except for research studies, attempting to culture blood or
skin for B. burgdorferi or PCR testing is not recommended
in routine clinical practice in the differential diagnosis of ery-
thema migrans owing to the expense and cumbersome nature
of these tests.9

In summary, P.S. should not be treated for active Lyme
disease based solely on one positive ELISA test. Seroposi-
tivity alone does not prove infection by B. burgdorferi.9 Al-
though the Western blot might help to establish a diagno-
sis, only a careful history and physical examination in com-
bination with the serologic testing will accurately diagnose
Lyme disease. The erythema migrans rash is key to early
diagnosis.

8. A friend from an area not endemic for Lyme disease calls
you to say that she has been recently diagnosed with “chronic
Lyme disease.” She was never found to have early or late Lyme
disease. She’d like more information about it. How should you
respond?

Chronic Lyme disease is a confusing term. Most authorities
agree that there may be “post-Lyme disease syndromes,” but its
definition is evolving and not yet well accepted.9 They agree,
however, that objective evidence of a prior B. burgdorferi infec-
tion must be established before using this terminology. Criteria
for diagnosing a post-Lyme disease syndrome include fatigue,
widespread musculoskeletal pain, cognitive difficulties, or sub-
jective symptoms of such severity that a substantial reduction
in previous levels of activities is encountered. Any of these
subjective symptoms must have had onset within 6 months of
the initial Lyme disease diagnosis and persisted for at least
6 months after completion of antimicrobial therapy. It is con-
sidered clear that if someone has adhered to a recommended
treatment regimen for Lyme disease, no convincing biologic
evidence establishes the existence of symptomatic, chronic in-
fection by B. burgdorferi. The organism has not been shown to
develop antibiotic resistance.9 For these patients with chronic
subjective symptoms for >6 months, repeated antibiotic ther-
apy is not useful or recommended.9,26

Is post-Lyme disease an autoimmune disease? The usual
markers of autoimmune disease, such as increased erythrocyte
sedimentation rates (ESR) or C-reactive protein levels, have
not been seen. The usual “clustering” of HLA antigen geno-
types seen in autoimmune disease has not been shown in case
versus control studies in documented Lyme disease in patients.
Is it different than fibromyalgia? One can objectively differen-
tiate post-Lyme disease from fibromyalgia because the usual
fibromyalgia trigger or pressure points are negative in patients
with post-Lyme disease.

Many have attempted to identify useful tools to track Lyme
disease response to therapy or supposed disease progression
with markers, such as CD57 lymphocyte tests, soluble cd14
levels, anti-C6 antibodies, C6 peptides by ELISA, urinary anti-
gen testing, following Western blot band changes.27–30 None
of these tests have proved to be useful.

What is apparent is that the term “chronic Lyme disease”
has been used for patients with vague, undiagnosed complaints
who have never had the disease. In fact, most patients regarded
as having chronic Lyme disease, when rigorously evaluated
at university-based medical centers, have had no evidence of
current or prior B. burgdorferi infection.9

Because of a lack of efficacy, supportive data, or poten-
tial harm to the patient, the following are not recommended
for treatment of any manifestation of Lyme disease: exces-
sive dosing, long-term dosing, pulsed-dosed, or combination
antibiotics; IV hydrogen peroxide or immunoglobulins; anti-
Bartonella treatment with macrolides or other antibiotics (al-
though the DNA of Bartonella has been found in some Ixodes
ticks, no convincing evidence indicates that it can be trans-
mitted to humans by tick bite); hyperbaric oxygen; fever
therapy; specific nutritional supplements; ozone; cholestyra-
mine; or magnesium or bismuth (bismacine or chromacine)
injections.9

Your friend should be encouraged to seek an alternate di-
agnosis. Even in many patients who have had verified Lyme
disease, the aches and pains of daily living they experience ap-
pear to be more related to their posttreatment symptoms than
Lyme disease itself.9

Lyme Disease Prevention

9. P.S. is alarmed that his family members may contract Lyme
disease. How do you advise him?

Most vector-borne diseases are prevented through vector
control. This has proved difficult for tick-borne diseases be-
cause of a lack of efficacy or environmental concerns. Meth-
ods tried include habitat destruction by fire, chemical spraying,
eradication of host deer, or protection of mice from tick infes-
tation.

The prevention of Lyme disease has been limited thus far to
personal protection efforts. Tick repellents may be applied to
the skin or clothing. N,N-diethyl-m-toluamide (DEET) skin re-
pellents (Repel Sportsmen) combined with a permethrin (Per-
manone) clothing repellent offer the best overall protection9,19

DEET has been tested against Ixodid ticks for repellence and
found to be more effective than dibutylphthalate, dimethylph-
thalate, pyrethrum, and two combination products. Although
DEET was considered safe historically, studies suggest that up
to 50% of an applied dose may be absorbed through the skin
and distributed to fat, liver, and muscle tissue. Half of it is ex-
creted as metabolites in the urine over 5 days. Because DEET
is lipid soluble, it can accumulate in fatty tissue and the brain.

Adverse DEET effects reported in adults include tingling,
dryness, and some desquamation around the nasal area after
repeated application of a 50% DEET solution to the face and
arms. Two days after discontinuation of the solution, these side
effects usually resolve.

In children, on the other hand, serious reactions after ex-
cessive DEET application have been reported.9 These are rare
events, however, and if the products are used according to their
labeling, the adverse reaction risk is low, even for children >2
months of age.4,9 Prolonged or excessive application is not
recommended. It may be prudent to use the lowest effective
concentration of DEET-containing repellents, such as those
containing 20% to 30%. To minimize DEET toxicity apply
sparingly, avoid inhalation or introduction into the eyes, wash
repellent-treated skin when coming inside, avoid use on chil-
dren’s hands (that are likely to have contact with the eyes or
mouth), and apply it only to intact skin or clothing.

A Centers for Disease Control and Prevention (CDC) rec-
ommended insect repellent alternative to DEET is picardin
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(Cutter Advanced).31 The effectiveness of picardin against
Ixodes ticks has not been established, however.9

Physical barriers to ticks, such as wearing protective gar-
ments, long pants, and long-sleeved shirts, tucking shirts into
pants and pants into boots, and wearing closed-toed shoes,
should help to prevent infection. Ticks can be easier to spot
on light-colored clothing. Checking the body for ticks regu-
larly is recommended; any that are found should be promptly
removed. Avoiding tick habitats is the best protection against
tick-borne diseases. Human vaccine for Lyme disease has been
withdrawn from the market. It may have caused autoimmune
arthritis in HLA-DR4 positive patients.32 Citing low demand,
the U.S. manufacturer discontinued production in 2002.

ENDEMIC RELAPSING FEVER
Relapsing fever exists in two forms: epidemic and endemic.
The bacterial spirochete Borrelia recurrentis, the agent re-
sponsible for epidemic relapsing fever, is transmitted between
humans by the human body louse. Epidemic relapsing fever
prevails in crowded conditions and occurs in the Middle East,
Africa, and Asia; it has not been reported in the United States
in recent years.33–35 Mortality rates of up to 40% have been
reported in some epidemics. Endemic relapsing fever, which
is caused by a variety of Borrelia species, occurs worldwide,
and is spread by ticks.

Spirochete Identification
In Europe, the identified responsible spirochete is Borrelia
hispanica. In Africa, they are Borrelia duttoni, and Borre-
lia crocidurae; in North America, the species are Borrelia
hermsii, Borrelia turicatae, and Borrelia parkeri.33,34,36 Other
Borrelia species may produce Lyme-like diseases or relapsing
fevers worldwide. The terms “tick-borne” relapsing fever and
“endemic” or “sporadic” relapsing fever are considered inter-
changeable. In contrast to epidemic relapsing fever, death from
tick-borne relapsing fever is rare, and most patients recover.33

As the name implies, this disease is characterized by inter-
mittent bouts of fever of variable duration. The Borrelia have
the genetic ability to alter their outer surface proteins exten-
sively. This capacity of the spirochetes to vary their surface
antigens, thus eluding host defenses, is the presumed explana-
tion for the recurrent nature of relapsing fever.33,34,36

Tick Vector
Tick Identification
The predominant tick vector for relapsing fever is of the genus
Ornithodoros, a soft-bodied tick. These ticks feed on wild ro-
dents or domestic animals and, incidentally, on humans. In
North America, three tick species carry the agents of endemic
relapsing fever with apparent strict specificity. In fact, the
names of the responsible Borrelia species have been adopted
from the three tick species that transmit them: O. hermsii,
O. parkeri, and O. turicata. Although the ticks themselves
may serve as reservoir hosts, the Borrelia usually circulate
between wild rodents and ticks. The assumption that relapsing
fever-causing Borrelia species are associated only with soft-
shelled ticks is challenged by the isolation of B. miyamotoi from
I. persulcatus, the hard-bodied vector tick for Lyme disease in

Japan.37 Similar to Lyme disease, greater worldwide variations
of endemic cycles and vectors for tick-borne relapsing fever
may exist than in North America.38

Tick Geography
In North America, relapsing fever is an uncommon disease
largely confined to the geographic distribution of the tick
species that harbor the Borrelia. These ticks are usually found
in the remote natural settings of the mountains and semiarid
plains of the far west and Mexico. In the United States, most
cases of relapsing fever are caused by B. hermsii. It can develop
when people visit tick- or rodent-infested cabins or summer
homes. O. hermsii and O. parkeri inhabit forested mountain
areas, usually at high altitudes, and have been pinpointed as
the common source of relapsing fever outbreaks from human
exposure in mountain cabins.36 O. turicata transmits its Bor-
relia in the semiarid plains, from Kansas to central Mexico,
creating outbreaks in people visiting caves, especially lime-
stone ones in central Texas.34,36

Spirochetal Behavior
Ticks acquire spirochetes from blood feeding on small wild
rodents. If high levels of Borrelia are present in the animal’s
blood, large numbers of spirochetes will be ingested by the tick
and reside in the tick’s midgut. During the next few days, the
spirochetes invade the midgut wall, traverse the hemolymph
system, and within a few weeks infect the salivary glands as
well as other tick tissues and organs. They endure through
tick molting and by now are practically absent in the midgut.
Females may develop infected ovaries and transmit Borrelia
to offspring in some Ornithodoros species, but this is rare in
O. hermsii.34 Having reached the tick’s salivary glands, the
spirochetes are poised to invade the next host that the tick
feeds upon.

Tick Behavior
In contrast to the hard-bodied ticks, these ticks feed rapidly, of-
ten detaching after 30 to 90 minutes.34 They feed at night while
people are sleeping, and their bite is usually painless. There-
fore, most people are unaware that they have been bitten.36

Disease Characterization
The hallmark of endemic relapsing fever is an abrupt onset of
high fever (often >39◦C) after an incubation period of 4 to
18 days.34,35 The patient may develop shaking chills, severe
headache, tachycardia, abdominal pain, myalgias, arthralgias,
nausea, vomiting, and malaise. The fever usually breaks in 3
to 6 days in untreated patients. After a variable afebrile period
of 3 to 36 days, (usually 7 days), cyclical periods of fever and
constitutional symptoms reappear. Each febrile attack progres-
sively diminishes in severity. Three to five relapses typically
occur in untreated patients. A transient skin rash lasting 1 to
2 days appears in 6% to 28% of patients, typically when the
primary fever has broken. The rash may be localized or general-
ized and consist of petechiae, macules, or papules. Neurologic
involvement, more common with B. turicata infection, may be
evident.33,36

Routine laboratory testing is of little value. Moderate ane-
mia is common, however, as well as an increased ESR.
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Leukocyte counts may be normal, yet thrombocytopenia is reg-
ularly encountered but is considered nonspecific.34,35,36

The diagnosis of relapsing fever is made by direct observa-
tion of the spirochete on a peripheral blood smear while the
patient is febrile.36 The observation of the smear is enhanced
with Wright’s or Giemsa staining. Further enhancement may be
obtained by staining fixed smears with acridine orange. Anti-
body serology tests, although available, are of little value. Skin
biopsy of the rash demonstrating the spirochete is unreliable.
Direct culture of the spirochete from the blood into a special
culture medium is the most specific diagnostic tool, but this is
a slow technique confined to research laboratories.

Treatment
Doxycycline postexposure prophylaxis against a specific
species, B. persica, of tick-borne relapsing fever has been
shown to be successful in an Israeli study.39 Whether this ap-
proach can be translated to other settings for other Borrelia
species is unknown.

Successful treatment regimens usually include a 7 to 10 day
course of antibiotics. Tetracyclines are preferred and doxycy-
cline, 100 mg orally two times a day, is usually used.36 Tetra-
cycline or erythromycin is also effective at dosages of 500 mg
orally four times a day. Hospitalization and administration of
IV antibiotics may be required in severely ill patients.

10. O.T. is a 52-year-old man who visits his family practitioner
with a sudden onset of high fever, severe headache, malaise, nau-
sea, vomiting, and myalgias. He returned a week ago, at the end
of July, from a stay in a rustic cabin on the north rim of the
Grand Canyon. The clinician orders a manual complete blood
count (CBC) and chemistry panel and asks the laboratory to ob-
serve a blood smear with Giemsa stain. What clues does the physi-
cian have to suspect endemic relapsing fever as the diagnosis?

The disease occurs more often in males, and the nonspecific
constitutional symptoms exhibited by O.T. match the custom-
ary features of the ailment. The history is more revealing. The
patient visited a location and setting where prior outbreaks of
relapsing fever have been documented. In addition, cases of en-
demic relapsing fever peak in the summer months when ticks
are warmer and more active.

11. After confirming the presence of Borrelia in the blood smear,
the physician prescribes a 10-day course of tetracycline. Two
hours after the first dose, O.T.’s wife calls the physician’s office
with concerns that the disease is worsening. O.T. is experiencing
an increased temperature, is feeling faint and chilled, and has a
rapid pulse and respiration rate. A skin lesion appears. What is
most likely happening? Is this a drug reaction?

Up to 54% of patients with relapsing fever experience a reac-
tion to the first dose of antibiotic, called a Jarisch-Herxheimer
reaction (see Chapter 65, Sexually Transmitted Diseases).34–36

It may occur in louse-borne relapsing fever, tick-borne relaps-
ing fever, and in other spirochetal diseases, such as syphilis or
Lyme.9 The dramatic reaction consists of a rise in temperature,
chills, myalgias, tachycardia, hypotension, increased respira-
tory rate, vasodilation, and occasionally exacerbation of skin
lesions. Treatment of the reaction consists of supportive care.
Severe reactions may require hospitalization for monitoring of
vital signs and management of hypovolemia. Although this is

a reaction to the administration of an antibiotic drug, it is not
an allergic response, and the antibiotic should be continued.

Southern Tick-Associated Rash Illness (STARI)

12. M.G., a 46-year-old man living in southern Missouri, re-
cently developed a rash resembling erythema migrans after a
Lone Star tick bite. Because this tick is not known as a vector
for Lyme disease, what could be the cause?

Amblyomma americanum (the Lone Star tick) is found
through the southeast and south-central United States and
along the Atlantic coast as far north as Maine. This tick ag-
gressively bites humans in the southern states, as opposed to
I. scapularis ticks. Spirochetes detected by microscopy and
culture have been found in 1% to 3% of Lone Star ticks and are
named Borrelia lonestari.40,41 It is more closely related to the
relapsing fever group of Borrelia than to Lyme Borrelia based
on DNA sequencing. B. lonestari and B. burgdorferi, how-
ever, were ruled out as the cause of erythema migranslike skin
lesions known as STARI in one investigation in Missouri.42

Whether antibiotic treatment is even needed for STARI is be-
ing investigated.

OTHER BACTERIAL DISEASES: TULAREMIA
Tularemia
Etiology and Epidemiology
In 1911, George W. McCoy and Charles W. Chapin from the
U.S. Public Health Service investigated a plaguelike disease
in wild ground squirrels harvested in Tulare County, Cali-
fornia, and discovered tularemia’s cause.43 The bacterium is
a small, nonmotile, aerobic, nonencapsulated, gram-negative
coccobacillus now named Francisella tularensis in honor of
Edward Francis for his fieldwork and contributions to tularemia
research.43 Three tularemia strains, the more virulent biovar A
and the less virulent biovars B and C, are recognized.36 Type
A tularemia, formerly thought to exist only in North Amer-
ica was identified as well in Slovakia in 1998.44 It is fatal in
up to 5% of cases.43,45 The important reservoir hosts for the
bacteria are hares, rabbits, and ticks. Before 1950, most human
cases of the disease developed from direct contact with infected
animals, usually hares or rabbits, and tularemia cases that oc-
cur in the fall or winter are usually associated with hunting
season exposure. The prime source of serious human infec-
tions is the domestic rabbit.44 Tick bite transmission, however,
now accounts for more than half of tularemia cases west of
the Mississippi River in the United States. In summer months,
tick bites appear to be the main mode of transmission of tu-
laremia to humans.44 Other modes of transmission include in-
gestion of, or contact with, infected meat, water, or soil; inhala-
tion of aerosolized bacteria; or bites from infected animals,
mosquitoes, or deerflies.43,46 Direct person-to-person spread
of the disease is rare.

Tularemia is found in North America, Europe, Russia,
Japan, and the Middle East. Most U.S. cases occur in the
south and midwest, primarily in Arkansas, Missouri, Okla-
homa, Kansas, and South Dakota.36,44,47 The North American
tick vectors are Dermacentor variabilis (dog tick), Amblyomma
americanum (Lone Star tick), and Dermacentor andersoni
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(wood tick). Tick-borne tularemia occurs most often in the
spring and summer, matching the likelihood of exposure. Re-
ported cases of tularemia in the United States have steadily
declined since 1950 from a case report high of 2,291 in 1939
to current levels of <200 per year since 1967.

Clinical Presentation
The clinical manifestations of tularemia are related to the mode
of transmission. Classically, six types of tularemia presenta-
tion are identified: ulceroglandular, glandular, typhoidal, ocu-
loglandular, oropharyngeal, and pneumonic.43 The last three
forms are presumably not tick-borne, reflecting the potential
avenues of transmission of the microorganism.

Ulceroglandular is the most common form of tularemia, ac-
counting for 75% to 80% of cases.36,43 It is characterized by an
ulcer that forms at the site of the tick bite, usually on the lower
extremities, perineum, buttocks, or trunk. The lesion starts as a
firm, erythematous papule that ulcerates and heals over several
weeks. It is accompanied by regional, painful lymphadenopa-
thy, usually inguinal or femoral. Glandular tularemia is defined
by painful, swollen lymph nodes without an accompanying skin
lesion. Typhoidal tularemia is characterized by fever, chills,
headache, debilitation, abdominal pain, and prostration. Fever
and chills are common with all forms of tularemia.

After exposure to the bacteria and an incubation period
of 4 to 5 days, patients become ill with a sudden onset of
fever, chills, headache, cough, arthralgias, myalgias, fatigue,
and malaise. The severity of symptoms is quite variable, rang-
ing from a mild, limited disease (probably type B tularemia)
to rare cases of septic shock (probably type A tularemia).
A hallmark manifestation is a high fever without an accom-
panying increase in pulse, or pulse-temperature disparity.36

Common complications are mild hepatitis, secondary pneu-
monia, and pharyngitis. With antibiotic treatment of uncom-
plicated tularemia, mortality rates are only 1% to 3%. In-
creased morbidity and mortality are seen in the rare typhoidal
forms.

Diagnosis
Laboratory diagnosis of tularemia is limited to the demonstra-
tion of an antibody response to the bacteria. Routine laboratory
testing is of little help in establishing the diagnosis. Because
an antibody response to the illness requires 10 to 14 days for
detection, treatment is usually empiric. The diagnosis is based
on clinical suspicion from the epidemiologic history and the
presence of compatible findings. The customary serologic test
demonstrates F. tularensis antibody agglutination. Although
a single agglutination test with a titer of 1:160 or more in a
suspected case is highly suggestive of a tularemia diagnosis, a
fourfold or greater rise in titers between the acute and conva-
lescent stages is diagnostic.43

Treatment
In adults, streptomycin 7.5 to 10 mg/kg intramuscularly (IM)
or IV Q 12 h for 7 to 14 days is the treatment of choice.43

Pediatric dosing is 20 to 40 mg/kg IM divided twice daily for
7 to 14 days.

13. Streptomycin was historically the drug of choice for tu-
laremia but it is often unavailable commercially. What other an-
tibiotics are alternatives? What are their drawbacks?

Some clinicians believe that gentamicin is the best al-
ternative aminoglycoside for the treatment of nonmeningitic
tularemia.43 Its advantages compared with streptomycin in-
clude lower minimal inhibitory concentrations (MIC), less
vestibular toxicity, and wider commercial availability. Con-
sidered fairly comparable in efficacy to streptomycin treat-
ment, gentamicin therapy has been associated with increased
treatment failure and relapse, however.36 Some of the case re-
ports and studies of gentamicin may have involved inadequate
durations of therapy, treatment delays, or sicker patients. To-
bramycin (Nebcin) has been associated with lower cure rates
and higher failure rates than gentamicin or streptomycin.36

Initial cure rates and response to tetracycline are equivalent
to those for gentamicin, but therapy with tetracycline has re-
sulted in twice as many relapses. Perhaps bactericidal agents
are required for successful tularemia treatment.

Reported cure rates for chloramphenicol therapy of tu-
laremia are significantly lower than those for streptomycin.
Chloramphenicol is considered bacteriostaticlike tetracy-
cline. Chloramphenicol does penetrate into the CSF, with
or without inflamed meninges, better than aminoglycosides
or tetracyclines. Therefore, when tularemic meningitis is
suspected, chloramphenicol plus streptomycin should be
considered.36,43

Cephalosporins, such as ceftriaxone (Rocephin) and cef-
tazidime (Fortaz), possess favorable MIC data for F. tularen-
sis; but inadequate clinical responses and treatment failures
were encountered with ceftriaxone. In general, β-lactams and
macrolides cannot be recommended for tularemia treatment.36

Of the fluoroquinolones studied, ciprofloxacin (Cipro) has the
optimal minimal bactericidal concentration (MBC) in vitro
data. Promising results with ciprofloxacin treatment have
been documented.36,43,48 Because pneumonia is a common
complication of tularemia, concern exists about the poten-
tial for overwhelming streptococcal meningitis or sepsis dur-
ing ciprofloxacin therapy. Fluoroquinolones are relatively con-
traindicated in children.

It is not entirely clear why the in vitro susceptibility of F.
tularensis to some antibiotics does not correlate with clini-
cal success in treatment of tularemia. It has been suggested
that testing pure cell cultures of the organism (“axenic” me-
dia) with antibiotics does not correlate well with clinical re-
sponse. This may be because F. tularensis is predominantly an
intracellular organism. One study using an in vitro cell sys-
tem of tularemia antibiotic sensitivity testing found the high-
est activity with aminoglycosides, tetracyclines, rifampin, and
fluoroquinolones, the drugs found to have the most favorable
outcomes in treating tularemia today.49

In many of the reported studies of antimicrobial therapy for
tularemia, short courses of treatment (∼7 days) were used. To
prevent tularemia from worsening or relapsing, longer reg-
imens (14 days) should be used. Jarisch-Herxheimer reac-
tions can occur with antibiotic treatment of tularemia. Antibi-
otic prophylaxis for people exposed to those with tularemia
is not recommended, but prophylactic antibiotics might be
used for suspected bioterrorism attacks of tularemia. Con-
cern for the use of biological warfare agents, such as an-
thrax, botulinum toxin, plague, or hemorrhagic fever exists
as well for Tularemia. Acute febrile illness with pneumonia
and other signs of infection would result 3 to 5 days after ex-
posure to aerosolized or airborne Tularemia organisms from an
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intentionally set weapon.50 No tularemia vaccines are available
in the United States.43

THE RICKETTSIA: ROCKY MOUNTAIN SPOTTED FEVER,
RICKETTSIA PARKERI INFECTION, EHRLICHIOSIS, AND
ANAPLASMOSIS
Rocky Mountain Spotted Fever (RMSF)
Rocky Mountain spotted fever is the most prevalent and viru-
lent rickettsial disease in the United States. As early as 1872,
RMSF infected white settlers of the Northwest and it may
have been prevalent in Native Americans of the region before
that time. It was first described in residents of the Bitterroot,
Snake, and Boise River valleys of Montana and Idaho in the
late 1800s. Howard Ricketts discovered the causative agent,
Rickettsia rickettsii, in 1906. The rickettsiae is a small (0.3 by
1.5 μm), pleomorphic, gram negative, obligate intracellular
coccobacillus that can survive only briefly outside of a host.36

Epidemiology
Today, RMSF is reported in every U.S. state except Ver-
mont, Maine, and Hawaii; and in Canada, Mexico, and Central
and South America.51 It has not been documented outside of
the Western Hemisphere. The term “Rocky Mountain spot-
ted fever” is actually a misnomer today because the disease
has shifted eastward from the Rocky Mountain states, and the
greatest incidence of RMSF now occurs in North Carolina,
Oklahoma, Arkansas, South Carolina, and Tennessee.52 Most
RMSF infections arise from tick exposure in rural or subur-
ban locations, yet rare outbreaks in urban environments have
occurred.

The prevalence of RMSF is highest in children 5 to 9 years
of age.36,53 Another peak prevalence is seen in men >60 years
of age. Risk factors are male gender, residence in wooded areas,
and exposure to dogs that may bring ticks into households and
yards.

Tick Vectors and Hosts
In the east, south, and west coasts of the United States, tick
vectors for RMSF have been identified as the dog tick, Der-
macentor variabilis. In the Rocky Mountains states, the wood
tick, Dermacentor andersoni, is the vector. In Mexico, they are
Rhipicephalus sanguineus and Amblyomma cajennense, with
the latter also being responsible in Central and South Amer-
ica. The brown dog tick, Rhipicephalus sanguineus, has been
identified as a new tick vector for RMSF in a defined area of
Arizona.36,52,54

The Dermacentor tick feeds on humans only during its adult
stage. Larval Dermacentor ticks may be infected while feed-
ing on small mammals that develop sufficient rickettsemia for
transmission, such as chipmunks, ground squirrels, cotton rats,
snowshoe hares, and meadow voles. Dogs are not considered
reservoirs for R. rickettsia but are susceptible to RMSF and
may introduce infected ticks into households.52 Adult ticks
transmit the rickettsia transovarially to their progeny with high
efficiency and establish newly infected tick lines. If the rick-
ettsia burden is large in the adult tick, however, it may cause
tick death, thereby reducing infected tick lines. Therefore, there
must be nontick reservoirs, as mentioned previously, to develop
newly infected tick generational lines; otherwise, RMSF would

slowly disappear. In summary, ticks are both vectors and hosts
for R. rickettsia.

Disease Course, Symptoms, and Fatalities
Rickettsia rickettsia is usually transmitted to humans from an
infected tick bite.51 The organism can also gain access to hu-
mans through broken skin if an infected tick is being crushed
with bare fingers, and such crushing may generate infectious
aerosols that might be inhaled. Conjunctival contact with in-
fected tick tissues or feces provides another route for rickettsial
entry.

After introduction of the organisms into the body, the rick-
ettsia spread hematogenously with a predilection for the vascu-
lar endothelium, especially in capillaries. During an incubation
period of 2 to 14 days, induced phagocytosis allows rickettsial
entry into endothelial cells, where they replicate by binary fis-
sion in the cytoplasm and nuclei of infected cells. This induces
a generalized vasculitis leading to activation of clotting factors,
capillary leakage, and microinfarctions in various organs.51 In
severe infections, hypotension and intravascular coagulation
may coexist and culminate in cell, tissue, or organ destruction.

Dehydration is an early sign of RMSF, followed by increased
vascular permeability, edema, decreased plasma volume, hy-
poproteinemia, reduced serum oncotic pressure, and prerenal
azotemia. RMSF is a multisystem disease, but a particular or-
gan may be the major focus of the disease. If the brain or lungs
are severely infected, death can ensue. An increased severity
of illness is associated with edema, particularly in children,
and hypoalbuminemia. Hypotension is present in 17% of pa-
tients and hyponatremia in 56%. Extensive infection of the
pulmonary microvascular endothelium can cause noncardio-
genic pulmonary edema.

A common finding in RMSF is myalgia (72%–83%) or mus-
cular tenderness, which are manifestations of skeletal mus-
cle necrosis. Striking creatinine kinase elevations have been
described. Thrombocytopenia resulting from consumption of
platelets during intravascular coagulation processes occurs in
35% to 52% of patients. True disseminated intravascular co-
agulation with attendant hypofibrinogenemia is exceptional,
however, even in severe or fatal cases. Blood loss or hemolysis
in some may cause anemia, which is seen in 30% of patients
and reflects blood vessel damage. Fatalities usually occur 8 to
15 days after illness onset if no treatment is given or if treatment
is delayed. Long-term sequelae from severe forms of RMSF
can include partial paralysis of the lower extremities, gangrene
of extremities requiring amputation, deafness or hearing loss,
incontinence, and movement or speech disorders.52,55

“Fulminant” RMSF is best defined as a disease with a
rapidly fatal course with death occurring in ∼5 days. This
form of disease is characterized by an early onset of neuro-
logic signs and late or absent skin rash; it is highly associated
with glucose-6-phosphate dehydrogenase deficiency, chronic
alcohol abuse, advanced age, black race, and male gender.52

In the preantibiotic era, RMSF mortality rates were as high
as 30%, but they have fallen to 5% in antibiotic-treated cases
today.52

The classically defined triad of RMSF symptoms at initial
presentation is fever, rash, and headache, but this is found in
only 40% of cases.36 The RMSF skin rash typically begins,
2 to 4 days after fever onset, as pink, 1- to 5-mm blanchable
macules that later become papules.52 It begins on the ankles,
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wrists, and forearms and soon thereafter involves the palms or
soles. It then spreads to the arms, thighs, and trunk and typically
evolves into a petechial exanthem. The utility of these findings
in the differential diagnosis is limited because rash may be
absent, transient, or late; it may never become petechial or it
may have an unusual distribution.

Diagnosis
As for most tick-borne diseases, confirmatory serologic analy-
sis is only retrospective in nature, and antirickettsial treatment
should begin immediately to prevent morbidity and mortality.52

R. rickettsia is hard to culture.36 Immunohistologic demonstra-
tion of R. rickettsii in biopsy specimens of rash lesions is the
only approach that can yield diagnostic results in a timely man-
ner, but this approach is applicable only to those presenting
with a skin rash.

The best serologic test for RMSF is the IFA test, but antibod-
ies typically appear only after 10 to 14 days.51 More striking
laboratory abnormalities of RMSF disease include a normal
leukocyte count with a shift to the left, hyponatremia, thrombo-
cytopenia, elevated serum transaminases or creatinine kinase,
and CSF pleocytosis. These findings are observed late in the
disease course, however, and are not helpful in early disease
recognition.

Clinical findings and history are key to early diagnosis and
successful treatment. In a febrile, tick-exposed person with a
rash, RMSF should be considered. RMSF should be strongly
considered in febrile children, adolescents, or men >60 years
of age, especially if they reside in or have traveled to the south-
ern Atlantic or south-central United States from May through
September. A delay in treatment for RMSF beyond 5 days of
symptom onset increases the mortality rates from 6% to 22%.56

Treatment
In vitro, the MIC for R. rickettsia is 0.5 mcg/mL for chlo-
ramphenicol, 0.25 mc/mL for tetracycline, and 0.06 mcg/mL
for doxycycline. The recommended treatment is doxycycline
100 mg orally or IV two times a day for at least 7 days and
for 2 days after the temperature is normal.57 Chloramphenicol
is reserved for use in pregnancy.51 The erythromycins, peni-
cillins, sulfonamides, aminoglycosides, and cephalosporins are
not effective. Although fluoroquinolones have shown activity
in other spotted fever rickettsial diseases, no reports are found
of their use in human RMSF disease and they cannot be rec-
ommended at this time.36,57

14. Can tetracyclines be given safely to young children with
RMSF?

In 1994, the American Academy of Pediatrics (AAP) Com-
mittee on Infectious Diseases revised the RMSF treatment op-
tions for young children after considering chloramphenicol’s
potential toxicity and the dental staining concerns for tetracy-
clines. The AAP now acknowledges tetracyclines as accept-
able treatment in children of any age with RMSF. Doxycycline
should be the tetracycline agent of choice in pediatric RMSF
because it is dosed less frequently than other tetracyclines,
which may improve compliance, and does not bind calcium as
strongly as other tetracyclines. The dosage is 4.4 mg/kg orally
divided into two doses on day 1 followed by 2.2 mg/kg/day
orally each day for 7 to 10 days or 2 to 3 days after the fever
abates and clinical improvement occurs.57

Prevention
In addition to the same guidelines for prevention of Lyme dis-
ease, keeping pets free of ticks should reduce exposure. Ticks
must not be crushed in a way that might introduce rickettsia
into cutaneous lesions, mucous membranes, or the conjunc-
tiva. No RMSF vaccine is available. Antirickettsial antibiotic
prophylaxis after a tick bite is not warranted.

Rickettsia Parkeri and other Spotted Fever
Group (SFG) Rickettsia
In the last quarter of the 20th century, a distinct spotted
fever group (SFG) rickettsia has been discovered worldwide
causing novel rickettsioses.58 In the United States, SFG rick-
ettsial pathogens other than R. rickettsia have recently been
recognized, including R. felis, R. akari, and R. parkeri.59,60

Three cases of R. parkeri human infection transmitted by tick
bite have been reported.58,60,61 R. parkeri infection is associ-
ated with fever, malaise, and eschar formation (rarely seen in
RMSF), especially at the site of the Gulf Coast tick, Ambly-
omma maculatum, bite.36 R. parkeri infection is milder than
RMSF and can be diagnosed by PCR testing of an eschar or
papule lesion.60 Doxycycline treatment has resulted in prompt
(<1 or 2 days) resolution of symptoms.58,60

Ehrlichiosis and Anaplasmosis
Species Identification
Three tick-borne rickettsial human diseases have emerged
in recent years: human monocytotropic ehrlichiosis (HME),
caused almost exclusively by Ehrlichia chaffeensis, human
granulocytic anaplasmosis (HGA), caused by Anaplasma
phagocytophilum, and human Ehrlichia ewingii infection
(HEE).9,36,52,62–64 A human mononucleosislike disease first
described in Japan in 1954 is caused by Ehrlichia sennetsu,
a rickettsiallike organism having a fish fluke vector. The dis-
ease is termed Sennetsu fever and is now indigenous to Japan
and Southeast Asia.64 The agents of HME, HGA, and HEE
parasitize white blood cells.

In 1987, the first reported case of human ehrlichial infection
in the United States was found in a soldier at Fort Chaffee,
Arkansas. It was initially misinterpreted as being the same
agent that infects dogs, Ehrlichia canis. Subsequent studies
revealed that it was a unique species, E. chaffeensis. Cases
of HME have now been reported in many states, Europe, and
Africa.63 Retrospective analysis revealed that 10% to 20% of
unconfirmed, presumptive diagnoses of RMSF were actually
HME. The number of HME cases is greater than RMSF in
several states today.

Anaplasmosis was first described in 1994. Since HGA’s
discovery, more cases have been reported than for HME.52

During 2001–2002, HGA rates were especially high in Rhode
Island, Wisconsin, Minnesota, Connecticut, New York, and
Maryland.52

Tick Vectors and Disease Hosts
The primary tick vector of HME is A. americanum, the Lone
Star tick, and its geographic distribution matches that of most
cases of HME, occurring in the south central and southeast-
ern Unites States.63 E. chaffeensis also has been recovered
in Dermacentor variabilis, Ixodes pacificus, and Amblyomma
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cajennense.63 Cases of HME that have been diagnosed in the
northeastern United States are probably caused by A. ameri-
canum. HME cases in Europe, Africa, and some U.S. states
suggest other vectors. An important reservoir for E. chaffeen-
sis is white-tailed deer.52 Dogs, coyotes, and goats have shown
natural infection with E. chaffeensis.52 HME begins with the
introduction of E. chaffeensis into the skin of a host from
the bite of an infected tick. The bacteria spread throughout
the body hematogenously. They become established within the
cells of monocytic macrophages in the spleen, lymph nodes,
liver, bone marrow, lung, and kidney. Characteristic, micro-
scopically visible intracellular inclusion bodies called moru-
lae (for their mulberrylike appearance) develop. Each morula
is actually a membrane-bound rickettsial colony that grows and
divides within the monocyte’s cytoplasm. Necrosis in heavily
infected cells occurs, and it is believed that cell rupture and
the subsequent release of rickettsia allows infection of more
monocytes, repeating the cycle.

Tick vectors that harbor the HGA agent include I. scapu-
laris and I. pacificus, which are also Lyme disease transmitters.
In Europe, Ixodes ricinus is the vector. The main reservoir for
A. phagocytophilum is the white-footed mouse. Other hosts
include white-tailed deer, elk, and other wild rodents.52 The
events after introduction into a patient’s skin of the HGA agent
by tick bite are unknown. Rather than directly attacking ma-
ture granulocytes, it is suspected that the rickettsia infects a
myeloid precursor in the bone marrow and survives or multi-
plies throughout granulocytic cellular maturation.

Tick removal from the body is less likely to be effective for
disease prevention than it is in Lyme disease because of the
rapid transmission of A. phagocytophilum during the nymphal
tick bite.65 Tick exposure is defined by geography and season.
Simply being in an area where ticks can be found, particularly
during spring and summer, constitutes exposure.

Clinical and Laboratory Findings
Human ehrlichiosis and anaplasmosis usually present as a non-
specific, febrile, flulike illness resembling RMSF. They begin
5 to 21 days after tick exposure.9,63,66 Patients may be entirely
asymptomatic, but there have been occasional fatalities from
the complications of renal failure, respiratory failure, shock,
or encephalopathy. HME and HGA share similar clinical fea-
tures. Both display fever as the major symptom in nearly 100%
of cases.66 The other common symptoms of malaise, myal-
gia, headaches, and rigors are found in virtually all cases of
HGA but somewhat less in HME. Other less common symp-
toms for both diseases include diaphoresis, nausea, vomiting,
cough, diarrhea, abdominal pain, arthralgia, pharyngitis, rash,
and confusion. HEE infection has been seen almost exclusively
in immunocompromised patients, yet no fatalities have been
documented.52,67

As with many other tick-borne diseases, serologic findings
of antibody response to ehrlichiosis assist only by retrospec-
tively confirming the diagnosis. Currently, indirect IFA serol-
ogy is the gold standard for both HGA and HME.63 Blood
detection by PCR or culture has been used for HGA. The fol-
lowing signs often are noted, however: hypertransaminemia,
leukopenia (often with a shift to the left), thrombocytopenia,
and anemia. These findings may increase the suspicion for
HME or HGA infection. A peripheral blood smear showing
neutrophilic morulae is diagnostic for HGA, but negative re-
sults do not rule out the diagnosis.66 In HME, peripheral blood

smears are rarely diagnostic. HME morulae are more likely to
be identified in macrophages with biopsy or postmortem spec-
imens of the liver, spleen, or bone marrow anecdotally. A pe-
ripheral blood smear examination for morulae should probably
be undertaken because this method is the quickest and easiest
for making a provisional diagnosis. Confirmatory testing by
serology or PCR is still required to establish the diagnosis.9,52

15. Because the clinical findings of HME and HGA are similar,
how can they be differentiated?

The nonspecific manifestations of HME and HGA are con-
sidered indistinguishable. Although considered an uncommon
finding, skin rash is consistent with either disease. In HME,
skin rashes are seen in almost 60% of children but in <30%
of adults.52 In HGA, skin rashes occur in 10% or less of pa-
tients and may actually reflect coinfection with Lyme disease.36

Therefore, if a skin rash is present, HME is much more likely
than HGA (Table 75-4).

Human monocytotropic ehrlichiosis and HGA can be dif-
ferentiated by serologic evaluation or PCR. Treatment should
never be delayed pending the results of testing because the mor-
tality rate is 2% to 3% for HME and 0.5% to 1% for HGA.52,63

Delays in diagnosis and treatment are related to a substantial
proportion of death from the diseases.

HME and HGA as Opportunist/Immunosuppressor
Opportunistic cases of HME have appeared in patients with ac-
quired immunodeficiency syndrome (AIDS), and death from
overwhelming HME infection has occurred in other immuno-
compromised patients. Animal models of A. phagocytophilum
infection have shown impaired defense responses, such as de-
fects in granulocyte emigration and phagocytosis, suppressed
CD4 and CD8 counts, and impaired lymphoproliferation of
isolated lymphocytes. HGA fatalities have been associated
with concomitant candidiasis, cryptococcal pneumonia, severe
herpesvirus infection, and invasive pulmonary aspergillosis.
Theoretically, opportunistic infections may be secondary to
rickettsial-mediated impairment of the immune response.

Treatment and Prevention
Doxycycline (Vibramycin) 100 mg orally twice daily for 10 to
14 days is the drug of choice for both HME and HGA.63 For
HGA, doxycycline for only 10 days is sufficient.9 In chil-
dren <8 years of age, doxycycline is given at a dosage of 4
mg/kg/day PO or IV divided into two daily doses. For those
>8 years of age but weighing <45 kg, 4 mg/kg of doxycycline
Q 12 h is used; adult doses are used for children weighing
>45 kg.9 (See RMSF for a discussion of the pediatric use of
doxycycline.) If tetracyclines are absolutely contraindicated,
rifampin 300 mg orally twice daily for 7 to 10 days is an
alternative in mild HGA disease.9 Pediatric rifampin dosing
for HGA is 10 mg/kg (to a maximum 300-mg dose) twice
daily for 5 to 7 days.68 Chloramphenicol (Chloromycetin) is
ineffective in vitro and should not be used.63 Although early
in vitro data suggested benefit with fluoroquinolones, this
finding has not resulted in a clear role for these agents as
this time. Ineffective antibiotics for ehrlichiosis or anaplasmo-
sis include gentamicin (Garamycin), ceftriaxone (Rocephin),
cotrimoxazole (Bactrim), erythromycin (E-Mycin), metron-
idazole (Flagyl), clindamycin (Cleocin), sulfonamides, and
penicillin.36 Asymptomatic, seropositive patients with anti-
bodies to A. phagocytophilum should not be treated.9
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Table 75-4 Tick-Borne Disease Findings

LD RF Tularemia HME HGA RMSF Babesiosis CTF

Rash + + + + + + + + + + + − +/ −
Fever + + + + + + + − + + + + + + + + + + + + + + + + + +
Rigors − + + + + − + + + + + + + + + + + + + + + −
Headache + + + + + + + − + + + + + + + + + + + + + + + +
Myalgia + + + + − + + + + + + + + + + + + + + + + + + +
Anemia − + + − + + + + + + + + + + +
Nausea/vomiting + + + + − + + + + + + + + +
Cough + + + + + + + − + −
Confused + + − + + + + + − +
Malaise + + + + + + + − + + + + + + + + + + + + + + + + + −
Arthralgias + + + + + + + + + − + −
LFTs + + + + + + + + + + + + + + + + +
Increased + + + / − − − + / − − −
WBCs
Decreased WBCs − − − + + + + + +/ − − + ++
ESR − + + − − − − + +
Decreased platelet count − + + + − + + + + + + + + + + + +

Caution: Routine laboratory testing is of little value in diagnosing or differentiating tick-borne diseases.
+, ≤25% association; −, not usually associated; CTF, Colorado tick fever; ESR, erythrocyte sedimentation rate; HGA, human granulocytic anaplasmosis; HME, human monocytic
ehrlichiosis; LD, Lyme disease; LFTs, liver function tests; RF; relapsing fever; RMSF, Rocky Mountain spotted fever; WBCs, white blood cell counts.

Prevention of ehrlichial disease is preferable to treatment.
Tick avoidance and detection strategies, as outlined for Lyme
disease, are recommended. No evidence supports the routine
administration of prophylactic antibiotics for HME or HGA
prevention in patients with known tick bites. Vaccines may be
developed.63

16. G.K., a 78-year-old man living outside Duluth, Minnesota,
presents with an influenzalike illness in late May. He has a 2-day
history of fever, shaking chills, headache, myalgias, nausea, and
anorexia. On examination, his temperature is 39.4◦C, but other
physical findings are unremarkable. No skin rashes are found.
During questioning, he stated he had multiple tick bites about
2 weeks ago while he was fur trapping. The physician suspects
anaplasmosis and prescribes doxycycline 100 mg PO twice daily
for 10 days. Blood is drawn for serology, CBC with differential,
chemistry profile, C-reactive protein, and a Wright’s stain mi-
croscopic examination. Immediately available abnormal results
include neutrophilic morulae on microscopy, a WBC count of
2.5 × 109/L (normal, 4.0–10.7), a platelet count of 80 × 109/L
(normal, 150–450), C-reactive protein of 136 mg/L (normal, 4–8),
aspartate aminotransferase (AST) of 150 U/L (normal, 16–40),
and lactate dehydrogenase of 700 U/L (normal, 80–175). Serology
is still pending. Two days later, G.K. defervesced and was feeling
better. How does this case fulfill a diagnosis of HGA?

G.K.’s history is significant for HGA. He was in the right
place, the upper midwestern United States, and was outdoors
during the right season; most patients are diagnosed with HGA
in May through August.66 The usual incubation period from
tick bite to illness onset ranges from 5 to 21 days.9

His symptoms are also important. Nearly 100% of patients
with HGA have a fever of >37.6◦C. Other symptoms in G.K.
consistent with HGA are rigors (shaking chills), headache,
myalgias, nausea, and anorexia.66 Matching laboratory find-
ings include neutrophilic morulae. The observed leukopenia
and thrombocytopenia strongly support the diagnosis. Evi-
dence of mild to moderate hepatic injury, as seen by the ele-

vated liver enzyme results, and the elevated C-reactive protein
also are helpful in HGA diagnosis.66 Finally, the good response
to doxycycline, with fever resolution in 2 days, is customary.
Fever persisting for more than 2 days after doxycycline treat-
ment suggests that the diagnosis of HGA is incorrect.9

THE PROTOZOA: BABESIOSIS
Babesiosis
History
Investigating the deaths of 30,000 to 50,000 head of Roma-
nian cattle with febrile hemoglobinuria in 1888, Victor Babes
described an intraerythrocytic organism that was thought to
be bacterial, and it was named Haematococcus bovis.36,69,70

While investigating a hemolytic cattle fever in Texas in 1893,
Smith and Kilborne established that the causative organism
was a protozoan, Babesia bigemina, and introduced the con-
cept of arthropod-borne transmission of the disease.36,69,70

The first human case of babesiosis was definitively identi-
fied in a 33-year-old Yugoslavian cattle farmer in 1957. His
febrile hemoglobinuria and intraerythrocytic organisms were
attributed to the bovine pathogen Babesia divergens.69,70 He
had undergone a previous splenectomy and died of the disease.
Postmortem inquiry revealed that his cattle were infected with
a bovine babesial species. Possible tick vectors identified were
Ixodes ricinus and Dermacentor sylvarum. To date, rare, often
fatal, human cases of babesiosis in Europe have been caused
by B. divergens and B. microti.9 Sporadic cases of babesio-
sis have been reported in Asia, South America, and Africa.9

European cases present with a fulminant, febrile illness 1 to
3 weeks after a tick bite. In 84% of these cases, the patients
have been asplenic. Coma and death has occurred in >50%
of cases. Customary findings are hemoglobinuria, hemolysis,
jaundice, chills, sweats, myalgia, pulmonary edema, and renal
insufficiency.

The first human babesiosis case in a person with an in-
tact spleen was reported in 1969 in a patient from Nantucket
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Island, Massachusetts. Since then, “Nantucket fever” has been
found to be caused by the babesial rodent agent B. microti. In
contrast to most European cases and those reported in Cali-
fornia, human babesiosis in endemic areas of the Great Lakes
regions and the northeastern United States commonly occurs
in normosplenic patients.69,70,71 The presenting complaints are
usually nonspecific and consist of malaise, fatigue, low-grade
fever or shaking chills, headache, generalized musculoskele-
tal complaints, emotional lability, nausea, emesis, and weight
loss. Fatal cases have been found in distinct areas of Wiscon-
sin, Missouri, Rhode Island, and California. Severe, nonfatal
cases have occurred in Minnesota, the state of Washington, and
California. Additional cases have been reported in New York,
Connecticut, Maryland, Virginia, Georgia, as well as in Mex-
ico. Members of Babesia and Theileria genusera are called
piroplasms because of their pear-shaped appearance of divid-
ing parasites within erythrocytes. A different type of Babesia-
like piroplasm has emerged in the western United States: des-
ignated WA-1, it was originally isolated in a resident in the
state of Washington.69 In Missouri, a pathogen called MO-1
has caused babesiosis.69,70

Babesia, Ticks, and Hosts
There are >100 species of Babesia having a wide geo-
graphic range.36,69 To date, only four species are known human
pathogens: B. divergens, B. microtti, WA-1, and MO-1.36 They
are transmitted by Ixodes, Boophilus, Dermacentor, Haema-
physalis, and Rhipicephalus ticks. B. microti is transmitted in
the northeastern United States by I. scapularis, the deer tick
of Lyme disease and HGA, and in the United Kingdom by
I. trianguliceps. In Europe, bovine babesiosis is transmitted by
I. ricinus. In the western United States, I. pacificus is the prob-
able vector. High infection rates of B. microti in field mice (Mi-
crotus pennsylvanicus) and white-footed mice (Peromyces leu-
copus) have been found on Nantucket Island in Massachusetts
during investigations of transmission cycles. Other reservoirs
for B. microti are chipmunks, meadow voles, shrews, and rats.69

In the southeastern United States, nymphal stage I. scapu-
laris ticks feed on lizards, which are poor reservoirs for B.
microtti, possibly explaining why babesiosis is rarely reported
there. Babesia species also are transmitted from the larval to
nymphal stage of the tick (that is, transstadial transmission
occurs).69

Symptoms and Diagnosis

17. H.W., age 64 years, spent July on Martha’s Vineyard. A
week later, he felt fatigued and lost his appetite. He presents to
his local physician in the middle of August with complaints of
fever, headache, drenching sweats, aches and pains, and occa-
sional dark-colored urine. He does not recall a tick bite. On phys-
ical examination, he has splenomegaly and hepatomegaly. Lab-
oratory tests show a severe normochromic, normocytic anemia,
decreased hemoglobin, hemoglobinuria, thrombocytopenia, and
increased liver enzymes. His temperature is 40◦C. Examination
of a Giemsa-stained thin blood smear reveals the presence of un-
pigmented ring-shaped intraerythrocytic parasites, some forming
tetrads that resemble a Maltese cross, in >10% of his erythro-
cytes. The physician institutes a clindamycin and quinine regimen.
What was the clue to the diagnosis of babesiosis?

The babesiosis diagnosis was confirmed by the direct ob-
servation of the protozoan inside the red blood cells. Although

the Giemsa-stained test is a commonly used tool, it is subject
to false–negative results because the rate of parasitemia is typ-
ically low. Usually, multiple blood smears need to be examined
because few erythrocytes may be infected early in the course
of the disease when most people seek medical help.9 Because
blood smear inspection is often not successful in diagnosing
babesiosis or may only detect a few parasites, additional sup-
portive laboratory results are advocated, such as serology using
IFA for IgM and IgG antibabesial antibodies or PCR detection
of babesial DNA in the blood.9

Most patients with B. microti babesiosis are asymptomatic.
This form of babesiosis can be viewed as a distinct occult,
asymptomatic disease with few known sequelae. A number
of transfusion-acquired infections have been documented, re-
flecting the existence of the asymptomatic form of babesiosis
in blood donors.

A second form of babesiosis is a potentially life-threatening
hemolytic one that occurs in people predisposed to severe in-
fection because of advanced age, immune suppression because
of human immunodeficiency virus (HIV) disease or malig-
nancy, or prior splenectomy.73 Although babesial infection is
as prevalent in children as in adults, it is more severe in adults
>50 years of age. Complications seen in severe babesiosis
include acute respiratory failure, disseminated intravascular
coagulation, congestive heart failure, coma, and renal failure,
with a 5% to 9% mortality rate.9,36

In the northeastern United States, infections commonly oc-
cur in patients with spleens, as in H.W. Clinically apparent
cases are most common in 50- to 60-year-old patients, many of
whom do not recall a tick bite. Most symptoms of babesiosis are
caused by hemolysis or the systemic inflammatory responses
to parasitemia.70 The usual incubation period is 1 to 6 weeks
after the tick bite.36 Nonspecific, viral-like symptoms that are
gradual in onset appear first, as in H.W.’s case, followed several
days later by the other symptoms H.W. displayed. A hallmark
of the disease is hemolytic anemia of varying severity. A high
index of suspicion for babesiosis should be maintained in any
patient with an unexplained febrile illness who lives in or has
traveled to a region where the infection is endemic during June
through August, as in H.W.’s case, particularly if there is a
history of tick bite.36

Treatment

18. Why were clindamycin and quinine chosen to treat H.W.?
What other drugs have been used?

The discovery of a human babesiosis treatment regimen
combining clindamycin (Cleocin) and quinine was a fortuitous
one. An 8-week-old infant with presumed transfusion-acquired
malaria was initially treated with chloroquine. Because of
a lack of response, treatment was switched to quinine plus
clindamycin, and the patient defervesced.70 A correct diagno-
sis of babesiosis was subsequently confirmed. Although this
treatment combination is still used, frequent side effects (e.g.,
tinnitus, vertigo and diarrhea) occur, often resulting in dose
reduction or discontinuation.9,36 Treatment failures with this
regimen have occurred in splenectomized patients, patients
with HIV infection, or those receiving concurrent cortico-
steroids.9 Dosing recommendations for adults are clindamycin
600 mg orally Q 8 h or 300 to 600 mg IV Q 6 h plus quinine
650 mg orally Q 6 to 8 h for 7 to 10 days; children should
receive clindamycin 7 to 10 mg/kg (maximum, 600-mg dose)
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orally or IV Q 6 to 8 hours plus quinine 8 mg/kg (maximum,
650 mg dose) orally Q 8 hours for 7 to 10 days.9,69,70

Atovaquone (Mepron), the hydroxynaphthoquinone deriva-
tive used for opportunistic infections in patients with HIV, has
been used with substantial success in patients with B. microti
infection refractory to conventional therapy. Combination ther-
apy of azithromycin with atovaquone is better tolerated than
clindamycin–quinine combinations. This newer regimen is as
effective as the clindamycin with quinine combination. The
dosing is atovaquone 750 mg orally Q 12 hr plus azithromycin
500 mg to 1,000 mg orally on day 1 and 250 mg on subsequent
days for 7 to 10 days.9 Higher azithromycin doses of 600 mg to
1,000 mg/day may be used in immunocompromised patients.9

Children should receive atovaquone 20 mg/kg (maximum, 750
mg dose) Q 12 hr plus azithromycin 10 mg/kg (maximum,
500-mg dose) on day 1 and 5 mg/kg (maximum, 250-mg dose)
orally thereafter for 7 to 10 days.9

Antimicrobials should be used in all patients with ac-
tive babesiosis owing to the risk of complications. Antibody
seropositive, symptomatic patients without identifiable para-
sites on blood smear or PCR positivity should not be treated.
Similarly, asymptomatic patients should not be treated regard-
less of serologic results, blood smear examinations, or PCR
findings. A course of treatment should be considered in asymp-
tomatic patients, however, if these tests are positive and repeat
testing demonstrates persistent parisitemia for >3 months.9

Partial or complete red blood cell (RBC) transfusions may
be life-saving in severe babesiosis for patients having high-
grade parasitemia (10% or more infected erythrocytes), signif-
icant hemolysis, or pulmonary, renal, or hepatic compromise.9

Rapidly increasing parasitemia leading to massive intravascu-
lar hemolysis and renal failure mandates immediate treatment
for this form of the disease.

Babesiosis prevention is the same as for other tick-borne
diseases. Splenectomized patients should avoid areas where
babesiosis is endemic. Although developed for use in cattle,
babesial vaccines are not available for humans.69

THE VIRUSES: COLORADO TICK FEVER AND
TICK-BORNE ENCEPHALITIS
Colorado Tick Fever
Disease History
“Mountain fever” has been described since the first immigrants
arrived in the Rocky Mountains. It was later renamed Colorado
tick fever (CTF) and the Colorado tick fever virus (CTFV) was
identified as the cause.

Virus Identification
Colorado tick fever is caused by a double-stranded RNA
Coltivirus. It is an intraerythrocytic virus. At least 22 strains of
CTF virus are known, but the antigenic variation between hu-
man strains is low.72 The virus is an arbovirus because it repli-
cates inside ticks. The primary nidus of infection is thought to
be CTFV invasion of hematopoietic progenitor cell lines and
it remains sheltered in mature erythrocytes.72

Ticks and Host Reservoirs
Colorado tick fever is a viral illness transmitted by the bite of an
infected tick.73,74 Although at least eight tick species have been

found to be infected with the virus, Dermacentor andersoni is
the primary tick vector that transmits the illness to humans.73,72

D. andersoni feeds on numerous mammals, but ground squir-
rels, porcupines, and chipmunks are primary reservoirs for
CTFV.72–74 Transstadial but not transovarial transmission of
CTF virus in the tick has been documented.72

Prevalence
The CTF is contracted in forested mountain areas at higher ele-
vations of the Rocky Mountain regions in the United States and
Canada, especially on the south-facing brush slopes and dry
rocky surfaces of mountains east of the Continental Divide.73,72

Neutralizing CTFV antibodies are found in up to 15% of
perennial campers.75 Although CTF can develop from March
to September, May and June are the peak months for its
development.75

Symptoms

19. T.M., a previously healthy 28-year-old native of Atlanta,
Georgia, returns from a 1-week late spring camping trip in the
eastern Colorado Rocky Mountains. Four days later, he experi-
ences fever, chilliness, aching back and leg muscles, photophobia,
retro-orbital and abdominal pain, and headache. He recalls no
tick bites and has no skin rashes. Suspecting RMSF, his physician
prescribes doxycycline. T.M.’s symptoms and fever initially re-
solve, but 2 days later his symptoms return. Physical examination
at this time reveals a temperature of 39◦C. Routine laboratory
tests are normal, although leukopenia is observed with a WBC
count of 2.4 × 109/L. Why do T.M.’s symptoms suggest a diagno-
sis of CTF?

Symptoms of CTF usually start 3 to 6 days after a tick
bite, although roughly half of patients do not remember be-
ing bitten.72,74 The most common initial symptoms are fever
of rapid onset, headache, and chills without true rigors, and
myalgias.74 A rash, which may be light colored, is occasion-
ally seen.74,75 A biphasic (“saddle-back”) or triphasic pattern
of fever and other symptoms lasting 5 to 10 days has been
observed.72,73,74 CTF infection is usually self-limiting and se-
quelae are rare, although fatigue and malaise may last for
months.74 One- to 3-week periods of convalescence are usual.
Children, however, experience complications more frequently
than adults.73 Severe forms of CTF may involve central nervous
system (CNS) infection (aseptic meningitis or encephalitis),
hemorrhagic fever, myo- or pericarditis.72,75 A prolonged con-
valescence does not imply persistent viremia, although viremia
can last for 3 to 4 months because of the intraerythrocytic lo-
cation of the virus avoiding immune clearance.72,73

Laboratory Findings
Moderate to significant leukopenia is the most important find-
ing in CTF. Leukocyte counts are usually normal on the first
day, but decrease to 2 to 3 × 109/L by the fifth or sixth day
of illness. In one third of confirmed CTF cases, however, the
leukocyte counts remained around 4.5 × 109/L. Counts re-
turn to normal within a week of fever abatement in most cases.
Thrombocytopenia may occur.72 Occasionally, mildly elevated
levels of creatinine phosphokinase and aspartate aminotrans-
ferase are reported.
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Diagnosis and Treatment
The CTF diagnosis is made serologically, either with IFA stain-
ing of erythrocytes, complement fixation, or ELISA.72 The
most sensitive isolation system is intracerebral injection of in-
fected blood into suckling mice.72 Reverse transcriptase PCR
was developed for CTF diagnosis.72 Treatment is limited to
supportive care.72,73,75 A few deaths have been reported, all
with hemorrhagic signs. Long-term immunity is generally con-
ferred by CTFV infection.72 Experimental CTF vaccines are
no longer made.72

Tick-Borne Encephalitis (TBE)
Tick-borne encephalitis is divided into three subtypes, Euro-
pean, Siberian, and Far Eastern, and is endemic to central and
eastern Europe, Russia, and the Far East, with some overlap in
geography.76,77 The highest incidence of TBE is in Latvia, the
Urals, and western Siberia.

The etiologic agent is an RNA virus in the genus Fla-
vivirus. The European subtype is transmitted to humans by
I. ricinus and the Siberian and Far Eastern subtypes by I. per-
sulcatus, although the latter tick and subtype were implicated
in a Finnish outbreak.77 Occasional TBE cases have followed
the consumption of infected unpasteurized milk or cheese di-
rectly without a tick vector.76 The virus reservoirs are small
rodents. Ticks are vectors, and humans are accidental hosts of
the virus.76 Ticks can become infected for life by the virus at
larval, nymphal, or adult stages and can transmit it transovari-
ally and transstadially.76

As the disease name implies, the ultimate outcome of the in-
fectious process is manifested as CNS involvement, with symp-
toms of aseptic meningitis, meningoencephalitis, and menin-
goencephalomyelitis. TBE begins as a febrile headache with
progression to CNS manifestations. Treatment is supportive.
Human TBE vaccines are available in some countries.76,78

THE TOXINS: TICK PARALYSIS
Tick Paralysis

20. A.M., a 3-year-old girl residing in Spokane, Washington,
complains of weakness in both legs. The next day, she begins ex-
periencing flaccid paralysis in both legs and the lower trunk, al-
though she is alert and oriented. Her mother discovers a tick
attached to A.M.’s scalp under her hair and removes it. A.M. is
back to full health in 2 days. What happened?

Tick paralysis (tick toxicosis) occurs worldwide in humans
and many animals and was first described by the explorer Hov-
ell in Australia in 1824.79,80 Although 43 tick species world-
wide can produce tick paralysis in animals and humans, it is
predominantly caused in humans by Dermacentor andersoni
and D. variabilis in North America.81 The other ticks impli-
cated here are A. americanum, A. maculatum, I. scapularis,
and I. pacificus.80 In Australia, I. holocyclus is the culprit.

Most human cases occur during the spring and summer
in Australia and the United States. In the United States, it is
most common in the Pacific Northwest and Rocky Mountain
states.79,80 Female ticks are predominantly responsible.79 In
children, girls are more commonly affected, but in adults, more
males are affected.79

The presumed cause of the disease is the secretion of a neu-
rotoxin present in the saliva of a tick, which must usually be at-
tached for 4 to 7 days before symptoms develop.79,81 The toxin
affects motor neurons and decreases acetylcholine release.79

Paresthesias and symmetric weakness in the lower extremities
with motor difficulties progress to an ascending flaccid paral-
ysis in several hours or days.82 Cerebral sensorium is usually
spared, pain is absent, and the blood and CSF are normal.80 If
the tick is not removed, the toxicosis can progress to respiratory
paralysis with death in 10% of cases.79–81

In North America, tick removal commonly results in com-
plete recovery within hours to days. In Australia, the dis-
ease is more acute and paralysis may continue to progress for
2 days after tick removal. Recovery from the disease in Aus-
tralia may take several weeks. Treatment is supportive. Anti-
toxin derived from dogs is the treatment of choice for animals,
but not for humans because of the risk of serum sickness or
acute reactions.79

MIXED INFECTIONS

21. Because the tick vectors and mammalian hosts are the same
for babesiosis, anaplasmosis, and Lyme disease in the northeast-
ern United States, all three diseases, theoretically, could be trans-
mitted to a human from one tick bite. Is there evidence of human
coinfection with more than one tick-borne disease?

Human coinfection by the agents of Lyme disease,
babesiosis, or anaplasmosis can occur, especially in endemic
areas.83–85 Some believe that coinfection may alter the nat-
ural course for each disease, whereas others have found
only an increase in clinical manifestations, especially flulike
symptoms, in concurrent Lyme disease with babesiosis or
HGA.83,84

Dual infection may affect the choice of initial antibiotic
therapy. For example, although amoxicillin is sometimes used
to treat early Lyme disease, it is not effective for HGA. Doxy-
cycline, however, is useful in both of these diseases. Thus,
some cases of Lyme disease that were believed to be treatment
failures may actually have been confounded by coinfection.
Patients with concurrent Lyme disease and babesiosis have
more symptoms and a longer duration of illness compared
with patients with single infections.83,84 When moderate to
severe Lyme disease is diagnosed, the possibility of concomi-
tant babesial or anaplasma infection should be considered in
regions where both diseases are endemic. Neutropenia and
thrombocytopenia are associated with anaplasmosis; anemia
and thrombocytopenia are associated with babesiosis and nei-
ther is routinely found in Lyme disease. For patients with Lyme
disease who experience a prolonged flulike illness that fails to
respond to appropriate antiborrelial therapy, clinicians should
consider testing for babesiosis and anaplasmosis.84

SUMMARY
Most of the research into tick-borne human disease demon-
strates a close historical relationship of endemic tick-deer-
rodent cycles for various microorganisms. These cycles are
almost exclusively identified as having occurred at the geo-
logic sites of the terminal moraines of Ice Age glaciers. Given
the recent explosion of deer populations in the United States
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and Europe, the increase in tick-borne human diseases may
reflect the reduction of natural deer predators, the continued
expansion of human populations from urban to rural environ-

ments, or both. Therefore, it is likely that we will continue
to encounter increasing cases of tick-borne human disease of
known or unknown origin.
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OVERVIEW
Anxiety can be described as an uncomfortable feeling of vague
fear or apprehension accompanied by characteristic physical
sensations. It is a normal reaction to a perceived threat to one’s
physical or psychological well-being. The anxiety reaction is
normally provoked by stress of some sort and involves activa-
tion of neurobiological systems that, when activated, contribute
to self-preservation. Anxiety serves the purpose of alerting us
to take appropriate measures for dealing with stressful circum-
stances. Anxiety involves the perturbation of several different
neural systems causing two basic components: mental features
(e.g., worry, fear, difficulty concentrating) and physical symp-
toms (e.g., racing heart, shortness of breath, trembling, pacing).
An activation of these same systems can also be caused by cer-
tain medical illnesses such as pheochromocytoma or hyperthy-
roidism or medications such as sympathomimetics, resulting
in both the physical and psychological manifestations of anxi-
ety. However, when the anxiety is due to an external cause such
as a medical illness or a medication, the anxiety abates when
the physiological cause is removed.1

If the anxiety is not due to an external cause such as a med-
ical illness or a medication, and it is out of proportion to the
actual threat or when the anxiety lasts far beyond the presence
of the threat, anxiety may impair normal functioning and be-
come an anxiety disorder. The anxiety experienced by a person
is excessive for the situation (in intensity or duration) or very
distressing, to the point that it interferes with daily functioning.
Pathological anxiety can be differentiated according to whether
it occurs (a) as a primary anxiety disorder, (b) as a secondary
anxiety disorder due to medical causes or substances, (c) in
response to acute stress (e.g., loss of a loved one, marital or
family problems), or (d) as a symptom associated with other
psychiatric disorders. This differentiation can be difficult, but
is important in guiding optimal treatment.

Classification and Diagnosis of Anxiety Disorders
The Diagnostic and Statistical Manual of Mental Disorders,
Fourth Edition, Text Revision (DSM-IV-TR) classifies primary
anxiety disorders into six types: generalized anxiety disor-
der (GAD), panic disorder, phobic disorders (including social
anxiety disorder), obsessive-compulsive disorder (OCD), post-
traumatic stress disorder (PTSD), and acute stress disorder.1

The additional category of “Anxiety Disorder Not Otherwise
Specified” is used for cases not meeting the diagnostic crite-
ria for any of these six types or for cases in which it cannot
be determined whether the anxiety disorder is primary or sec-
ondary. Each disorder involves an unhealthy level of anxiety,
but the characteristic type and severity of symptoms, as well as
course of illness, vary from one disorder to another. Efficacy
of drug and nondrug treatments also varies between disorders,
indicating underlying biological differences. The DSM-IV-TR
secondary anxiety disorders include “anxiety disorder due to
a general medical condition” and “substance-induced anxiety
disorder.”1 An anxiety disorder may occur in the absence of
other psychiatric disorders, but it is often present in addition to
other psychiatric disorders, such as mood disorders. Although
anxiety disorders and mood disorders are classified separately
in the DSM-IV-TR, a perusal of the criteria for both diag-
nostic categories reveals they have much in common, includ-

ing fatigue, impaired concentration, restlessness, difficulties
with sleep, and somatic symptoms. The main difference is that
mood disorders have a prominent mood factor. Both anxiety
and mood disorders appear to be associated with dysregula-
tions in the limbic system of the brain, which is involved in
emotion, learning, and memory.2

Neurobiology of Anxiety
The limbic system is composed of a set of structures that are
integral to behavior, including the two key structures, the hip-
pocampus and the amygdala. Hippocampal brain circuits are
essential for conversion of short-term to long-term memory
and for spatial memory, whereas the amygdala circuits are in-
volved with emotion and its expression. A neurocircuit arising
from the output pathways of the central nucleus of the amygdala
is believed to mediate fear and anxiety responses in humans.3

Dysregulated or exaggerated output through various amygdala-
related circuits may be a common element underlying the dif-
ferent anxiety disorders, but the specific type of dysfunction
probably differs among the various disorders. If it is assumed
that a dysregulation of the stress response is the basis of anxiety
disorders, then the genesis of anxiety is probably related pri-
marily to interactions between neural pathways in and between
the limbic system, the sympathetic nervous system, and the
hypothalamic-pituitary-adrenocortical (HPA) axis.2,4 It is be-
coming clear that neither anxiety nor depression is solely due to
abnormalities of neurotransmitter systems because these sys-
tems regulate and are regulated by other neurocircuits. Many
neurotransmitter systems interact to modulate the actions of
the limbic pathways, including the monoamine neurotrans-
mitters, epinephrine and norepinephrine (NE); corticotrophin-
releasing hormone (CRH); the indoleamine, serotonin (5-HT);
the inhibitory amino acid, γ -aminobutyric acid (GABA); the
excitatory amino acid, glutamate; and the neuropeptides, chole-
cystokinin (CCK), neuropeptide Y (NPY), and substance P.3,5

Interaction of the Hypothalamic-Pituitary-Adrenocortical,
Noradrenergic, and Serotonergic Systems
In the event of an acute threat, the fight-or-flight response stim-
ulates both the peripheral and central sympathetic systems.
This results in the peripheral reactions such as increased heart
rate, heart stroke volume, and vasodilation of blood vessels car-
rying blood to the muscles. This is accompanied by a release
of NE by the locus ceruleus (LC), the main nidus of NE cell
bodies in the brain. Central release of NE results in vigilance
and arousal, and the ability to focus attention on the threat and
its stimulation in response to stress or fear produces arousal
and symptoms of anxiety (tachycardia, tremor, sweating). NE
innervation of the hippocampus results in an increased state of
memory formation, whereas innervation of the amygdala po-
tentiates the formation of aversive memories.4 Normally, this
is important in allowing us to encode emotionally laden mem-
ories, but when overactive, it may result in a constant state of
arousal and hypervigilance.

During a perceived threat, concomitant with activation of
the sympathetic nervous system, the HPA axis is also acti-
vated. Initially, both CRH and arginine vasopressin (AVP) are
released in the hypothalamus. CRH and AVP activate the ante-
rior pituitary to release adrenocorticotropic hormone (ACTH),
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which stimulates the release of glucocorticoid steroids from the
adrenal cortex. The glucocorticoids act on cells by increasing
gene transcription, which can take up to several hours. This
explains why the sympathetic response occurs more rapidly
than the glucocorticoid response. The glucocorticoids bind to
receptors both peripherally and in the brain. Although short-
term elevation of glucocorticoids allows the body to adapt to a
stressful situation by supporting HPA activation and mobilizing
energy stores, prolonged elevation of the same glucocorticoids
impairs neural plasticity and may even result in neuronal death.
Both the sympathetic system and the HPA axis responses are
modulated by limbic brain circuits innervating the amygdala,
hippocampus, and orbital/medial prefrontal cortex. CRH is re-
leased not only in the hypothalamus, but also in the amygdala
as well as in the LC. Its actions involve more than just activation
of the HPA axis. CRH binds to at least two specific receptors in
the brain, CR1 and CR2 receptors. These receptors modulate
the actions of a variety of neurotransmitters, including NE, 5-
HT, glutamate, and dopamine. When CRH is infused into the
LC in rodents, it causes anxiety-like behaviors.2,4

Although the inhibitory neurotransmitter, 5-HT, is involved
in stress reactions, its role is not entirely clear. 5-HT has roles
in sleep, appetite, memory, impulsivity, sexual behavior, and
motor function, and seems to decrease aggressive behavior.
The site of most 5-HT cell bodies in the brain is the raphe nu-
clei. There is considerable interconnectivity between the raphe
nuclei and the LC, and they tend to mutually inhibit one an-
other. Under normal circumstances, 5-HT connections from the
hippocampus decrease activity in the amygdala, which would
dampen fear and anxiety responses. However, under conditions
of stress, the LC accelerates firing, inhibits the raphe nuclei
firing, and increases CRH release—all of which sensitize the
limbic system and cause arousal and sensitivity to memory of
any stressful or aversive stimuli. This primes the system to a
state of arousal to deal with the threat.2

One hypothesis is that anxiety states are associated with
chronic NE overactivity combined with decreased activity in
the 5-HT system.2 This would maintain the amygdala and hip-
pocampal and cortical pathways associated with the stress re-
action in a stable state of hyperarousal. In this state, a minor
fear response might be associated with a disproportionately
large fear/aversion response. This would result in a chronic
activation of the HPA axis. Chronically elevated corticosteroid
levels have been shown to contribute to hippocampal and cere-
bral atrophy. A loss of inhibitory pathways that contribute to
a halting of the stress response could lead to a chronic state
of arousal and anxiety in the absence of any specific external
stimulation of the stress pathways.

Although the specific etiology of anxiety is only hypoth-
esized, the current use of treatments that activate the 5-HT
system, or other inhibitory systems such as the GABA system,
support the hypothesis.

Epidemiology and Clinical Significance of
Anxiety Disorders
As a group, the anxiety disorders are the most common of
psychiatric illnesses. Epidemiologic surveys indicate that one
in four Americans suffer from an anxiety disorder at some time
in their lives and that 18% are affected in any given year.6,7

Most anxiety disorders are more common in women than in
men.7

Anxiety disorders are associated with a decrease in qual-
ity of life and psychosocial functioning. These factors impact
marital, educational, and employment status. Although most
anxiety disorders do not require inpatient hospitalization for
treatment, their presence is associated with significant impair-
ment in major areas of life functioning.8

Today, most anxiety disorders are highly treatable with med-
ications, cognitive or behavioral therapies, or combinations
thereof. However, less than one-third of those affected seek
help, and many who do are not properly diagnosed.7 Most
medical care for anxiety disorders is rendered in nonpsychiatric
settings. Patients commonly present to primary care providers
complaining of physical symptoms that cannot be medically
explained, while the anxiety continues unrecognized. A large
portion of primary care patients with anxiety do not believe
in taking medication for emotional problems or are not taking
medication to treat their anxiety because their primary care
provider did not recommend it.9

Because anxiety is a feeling with which everyone is famil-
iar, there is a tendency to trivialize the impact it can have on
a sufferer’s functioning and quality of life. An increased un-
derstanding about pathological anxiety is needed in society in
general and health care professionals in particular so that peo-
ple seek and receive the treatment they need. Widespread pub-
lic educational campaigns have been initiated to help increase
awareness about anxiety disorders and their potential treat-
ments. Practitioners must be knowledgeable about the clinical
characteristics and treatment options for various disorders, and
must be able to share this information with patients and other
health care professionals. A list of consumer and professional
resources for information about anxiety disorders and treat-
ment can be found in Table 76-1.

Clinical Assessment and Differential Diagnosis of Anxiety

1. J.K., a 66-year-old man, complains to his physician of having
trouble sleeping, feeling nervous, and worrying constantly. J.K.’s
wife passed away 1 year ago, and he recently retired from his job as
an accountant. Since then, he has become very involved in his hob-
bies of gardening and writing short stories but claims that he often
cannot concentrate well enough to write. J.K. has mild chronic ob-
structive pulmonary disease (COPD) and suffered a myocardial
infarction (MI) 2 years ago. His currently prescribed medications
include lisinopril (Zestril), furosemide (Lasix), atorvastatin (Lipi-
tor), niacin, and sucralfate. He also takes over-the-counter (OTC)
loratadine and pseudoephedrine for allergies, naproxen for back
pain, and docusate sodium as needed (PRN) for constipation. J.K.
states that he drinks several cups of coffee each morning and one
or two glasses of beer several nights a week to help him calm down
when he has had a stressful day. He denies any history of psychi-
atric illness but states that he has always been a “high-strung”
individual. What factors should be considered in the clinical as-
sessment and differential diagnosis of J.K.’s symptoms of anxiety?

A diagnostic decision tree such as that in Figure 76-1 can
be used to assist the clinician in differentiating among various
causes of anxiety and the different anxiety disorders. Accord-
ing to DSM-IV-TR criteria for primary anxiety disorders, the
symptoms should not be secondary to any medical (drug or
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Table 76-1 Resource Organizations for Anxiety Disorders

Anxiety Coach

5105 Tollview Drive
Rolling Meadows, IL 60008
(847) 481-5251
Website: www.anxietycoach.com

Anxiety Disorders Association of America

8730 Georgia Avenue, Suite 600
Silver Spring, MD 20910
(240) 485-1001
Website: www.adaa.org

Freedom From Fear

308 Seaview Avenue
Staten Island, NY 10305
(718) 351-1717
Website: www.freedomfromfear.org

Mental Health America

2000 N. Beauregard Street, 6th Floor
Alexandria, VA 22311
(800) 969-6642
Website: www.nmha.org/

MentalHelp.net

Website: http://mentalhelp.net

Obsessive Compulsive Foundation

676 State Street
New Haven, CT 06511
(203) 401-2070
Website: www.ocfoundation.org

PTSD Gateway

(877) 507-PTSD
Website: www.ptsdinfo.org

Social Phobia/Social Anxiety Association

2058 E. Topeka Drive
Phoenix, AZ 85024
Website: www.socialphobia.org

disease) causes. As illustrated in Table 76-2, the potential “or-
ganic” or secondary sources for anxiety symptoms are numer-
ous.

Secondary Causes of Anxiety
A diagnosis of anxiety disorder due to a general medical condi-
tion is warranted when symptoms are believed to be the direct
physiological consequence of a medical condition.1 In patients
such as J.K. who have a number of medical conditions, these ill-
nesses must be considered as possible underlying precipitants
of anxiety. A complete physical and laboratory workup, with
a thorough medical and psychiatric history, are also needed
to exclude other, possibly reversible causes before a primary
anxiety disorder diagnosis is considered. In most cases of new-
onset anxiety in elderly persons, symptoms can be attributed
to some medical or substance-related cause.

Hypoglycemia, hyperthyroidism, electrolyte abnormalities,
and angina pectoris are notably associated with anxiety
symptoms.10 Persons with chronic medical conditions such as
COPD, Parkinson disease, cardiomyopathy, post-MI, Graves
disease, and primary biliary cirrhosis have prevalences of
anxiety that are markedly increased compared with healthy
controls.10 Medical illness in general, especially in older pa-
tients such as J.K., is associated with higher rates of both anxi-
ety and depression compared with the general population.10 In
some cases, the anxiety is physically induced by the medical
condition, but reactional anxiety may also occur in response to
being faced with a medical illness, especially a serious illness.
In either case, the presence of anxiety may complicate the med-
ical picture and have a negative impact on the course of illness.
Successful management of the medical condition often relieves
anxiety in such cases, but short-term use of anxiolytic medica-
tions or nondrug therapies (biofeedback, psychotherapy) can
also be very helpful.

When evaluating for possible causes of anxiety, it is also im-
portant to consider all medications a person is taking, including
OTC drugs such as cough and cold preparations.11 A diagno-
sis of substance-induced anxiety disorder is warranted when
anxiety symptoms occur in relation to substance intoxication
or withdrawal, or when medication use causes the symptoms.
Among the medications that J.K. is taking, pseudoephedrine
might be contributing to his anxiety. Other medications that
can cause anxiety are listed in Table 76-2. Psychoactive sub-
stance abuse, withdrawal from CNS depressants (e.g., alco-
hol, barbiturates, benzodiazepines), excessive caffeine intake,
and nicotine withdrawal may go unrecognized as underlying
precipitants of anxiety. J.K.’s current pattern of alcohol use,
although not excessive, may become problematic if he uses
alcohol to self-medicate his anxiety symptoms.

Although anxiety is the hallmark characteristic of anxiety
disorders, it is not unique to this diagnostic category. Virtually
any psychiatric illness may present with anxiety symptoms.
Major depression, schizophrenia, bipolar disorder (both de-
pressive and manic phases), eating disorders, and dysthymia
are notably associated with anxiety, and diagnostic differentia-
tion can sometimes be difficult.1 For example, J.K.’s difficulties
with sleeping and concentrating, as well as excessive worry,
may be core target symptoms of either anxiety or depression,
or possibly both. If anxiety symptoms occur only in relation
to another psychiatric disorder, then a separate anxiety dis-
order diagnosis is precluded. Anxiety in these cases may be
alleviated with successful treatment of the primary psychiatric
disorder. However, benzodiazepines are often used as adjunc-
tive therapy, especially early in the course of treatment because
they have a rapid onset of action.

Individuals with other psychiatric disorders can also have
a primary anxiety disorder. In fact, comorbidity with anxiety
disorders is the rule rather than the exception.6 Depression,
in particular, is notably associated with anxiety disorders, and
there are marked degrees of comorbidity between the two.12

Concurrent anxiety and depression are associated with greater
disability, poorer treatment outcomes, and higher suicide rates
than either depression or anxiety alone.

Other factors that should be considered in J.K. are the re-
cent changes in his life (retiring, losing his spouse). Anxi-
ety in response to life stressors may be severe and function-
ally detrimental, but could be considered appropriate for the
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Table 76-2 Secondary Causes of Anxiety

Medical Illnesses

Endocrine and metabolic disorders: hyperthyroidism, hypoglycemia, Addison disease, Cushing disease, pheochromocytoma, PMS, electrolyte
abnormalities, acute intermittent porphyria, anemia

Neurologic: seizure disorders, multiple sclerosis, chronic pain syndromes, traumatic brain injury, CNS neoplasm, migraines, myasthenia gravis,
Parkinson’s disease, vertigo, essential tremor

Cardiovascular: mitral valve prolapse, CHF, arrhythmias, post-MI, hyperdynamic β-adrenergic state, hypertension, angina pectoris, postcerebral infarction
GI: PUD, Crohn disease, ulcerative colitis, irritable bowel syndrome
Respiratory: COPD, asthma, pneumonia, pulmonary edema, respirator dependence, pulmonary embolus
Others: HIV infection, systemic lupus erythematosus

Psychiatric

Depression, mania, schizophrenia, adjustment disorder, personality disorders, delirium, dementia, eating disorders

Drugs

CNS stimulants: amphetamines, caffeine, cocaine, diethylpropion, ephedrine, MDMA (Ecstasy), methylphenidate, nicotine (and withdrawal), PCP,
phenylephrine, pseudoephedrine

CNS depressant withdrawal: barbiturates, benzodiazepines, ethanol, opiates
Psychotropics: antipsychotics (akathisia), bupropion, buspirone, SNRIs, SSRIs, TCAs
Cardiovascular: captopril, enalapril, digoxin, disopyramide, hydralazine, procainamide, propafenone, reserpine
Others: albuterol, aminophylline, baclofen, bromocriptine, cycloserine, dapsone, dronabinol, efavirenz, fluoroquinolones, interferon-α, isoniazid,

isoproterenol, levodopa, lidocaine, mefloquine, metoclopramide, monosodium glutamate, nicotinic acid, NSAIDs, pergolide, quinacrine, sibutramine,
statins, steroids, theophylline, thyroid hormone, triptans, vinblastine, yohimbine

CHF, congestive heart failure; CNS, central nervous system; COPD, chronic obstructive pulmonary disease; GI, gastrointestinal; MI, myocardial infarction; MDMA, 3,4-
methylenedioxymethamphetamine; NSAIDs, nonsteroidal anti-inflammatory drugs; PMS, premenstrual syndrome; PCP, phencyclidine; PUD, peptic ulcer disease; SNRIs, sero-
tonin/norepinephrine reuptake inhibitors; SSRIs, selective serotonin reuptake inhibitors; TCAs, tricyclic antidepressants.

circumstances. Usually, this type of anxiety is self-limiting
and brief, subsiding over days to weeks as the person adapts
to the new situation. However, some people may have serious
difficulty adjusting, with prolonged, excessive, or debilitating
symptoms that progress to a primary and sometimes chronic
disorder. If the person has no history of an anxiety disorder
and the symptoms last only a few months, a diagnosis of ad-
justment disorder with anxious mood may be appropriate. If
the symptoms are severe enough and continue for a prolonged
period, a primary anxiety disorder may be present. The ini-
tial onset of a chronic anxiety disorder often occurs during a
stressful time period. Short-term or intermittent therapy with
anxiolytic medication or counseling can be extremely benefi-
cial in helping persons cope during times of acute stress. In
contrast, management of primary anxiety disorders usually re-
quires more extended treatment.

In summary, the factors in J.K.’s case that warrant further
investigation before a primary anxiety disorder diagnosis can
be made include his medical illnesses (COPD, post-MI), his
use of pseudoephedrine and caffeine, possible depression, and
his adjustment to the recent changes in his life. These factors
need to be addressed, and treated or corrected if possible, be-
fore a diagnosis of an anxiety disorder can be made and an
appropriate treatment plan defined.

GENERALIZED ANXIETY DISORDER
Epidemiology and Clinical Course
GAD is one of the most common anxiety disorders, with a
lifetime prevalence of 3.9% to 6.6%.1,7 The onset of GAD

is usually gradual and may be associated with increased life
stressors. Although the mean age of onset for GAD is 21 years,
the high-risk period for onset ranges from the early teens to
the mid-50s.7 GAD appears to be two times more common
in females than males, and affected women often experience
premenstrual exacerbation of symptoms.13 The typical course
of GAD is often described as being chronic and recurrent,
but much is unknown about the long-term course of illness.
Without treatment, it appears that less than half of GAD cases
undergo remission.

Most people with GAD also have at least one other psychi-
atric disorder, most commonly, depression or another anxiety
disorder. Common comorbid disorders include panic disor-
der, social anxiety disorder, simple phobia, OCD, and major
depression.6 GAD commonly precedes the development of
these other disorders, and coexistence of GAD with these other
conditions is associated with marked disability, high utiliza-
tion of health care resources, and relatively poor treatment
outcomes.7 Alcohol abuse and dependence are also common
in GAD patients and frequently result from attempts at self-
medication of anxiety symptoms.14 The observation that GAD
rarely occurs in isolation has prompted debate about whether
it is actually a primary anxiety disorder or merely a prodromal
or residual phase of another disorder.

Diagnostic Criteria
The DSM-IV-TR criteria for GAD are presented in Table 76-3.
GAD is characterized by unrealistic or excessive anxiety and
worry about life issues for 6 months or longer.1 The patient
usually has great difficulty in controlling the worry, which is



ANXIETY DISORDERS � 76-7

Table 76-3 Diagnostic Criteria for Generalized Anxiety
Disorder

1. Unrealistic or excessive anxiety and worry about life circumstances
for a period of at least 6 months, during which the person has been
bothered more days than not by these concerns

2. Person has difficulty controlling anxiety and worry
3. Anxiety and worry are associated with at least three of the following

symptoms:
a. Restlessness or feeling keyed up or on edge
b. Easy fatigue
c. Difficulty concentrating or mind going blank
d. Irritability
e. Muscle tension
f. Sleep disturbances

4. If another psychiatric disorder is present, the focus of the anxiety
and worry is unrelated to it

5. Anxiety, worry, or physical symptoms cause significant distress or
impairment in social, occupational, or some other important aspect
of functioning

6. Disturbance is not due to the direct effects of a substance,
medication, or general medical condition and does not occur only
during the course of a mood disorder, psychotic disorder, or
pervasive developmental disorder

Adapted from reference 1, with permission. Copyright © 2000 American Psychiatric
Association.

accompanied by at least three of the associated symptoms listed
in Table 76-3. Although some types of physical symptoms are
similar between GAD and other anxiety disorders, the course
of the symptoms varies between disorders. If the anxiety is
related solely to another anxiety disorder (e.g., obsession with
germs, fear of being in social situations), a diagnosis of GAD
is not warranted.

In children with GAD (also called “overanxious disorder
of childhood”), the duration requirement for symptoms is only
1 month.1 Excessive worry in this younger population typically
involves performance in school or sports, punctuality, perfec-
tionism, and the possibility of catastrophic events. Children
with GAD commonly seek excessive reassurance and approval
from others.

Etiology and Pathophysiology
Genetic factors play a modest, but significant role in the eti-
ology of GAD. The genes involved in the hereditary devel-
opment of GAD are believed to be the same as those in ma-
jor depression, with environmental factors determining which
disorder is expressed in an individual.5,15 Biological studies
in GAD have found abnormalities in the noradrenergic, sero-
tonergic, and CCK systems, as well as in GABA-A recep-
tor function.5 Several studies report decreased α2-adrenergic
receptors in GAD patients, and this is believed to represent
downregulation of receptors in response to high catecholamine
levels. Abnormally low levels of lymphocyte peripheral benzo-
diazepine receptors (PBRs) have been reported by several in-
vestigators. GAD patients have also shown enhanced anxiety in
response to CCK-4 administration compared with normal con-
trols, suggesting an increased sensitivity of the CCK system in
GAD.

Treatment of Generalized Anxiety Disorder
Nonpharmacologic Treatments
Management of GAD can involve both nonpharmacologic and
pharmacologic therapies. Nondrug treatments such as support-
ive psychotherapy, dynamic psychotherapy, cognitive therapy,
relaxation training, and meditation exercises are often helpful
in relieving anxiety and improving coping skills.16 Cognitive
therapy is aimed at identifying negative thought patterns that
may provoke or worsen anxiety and changing them to be more
positive. Combined cognitive-behavioral therapy (CBT) has
been associated with significant reductions in anxiety that are
maintained over 6 to 12 months, as well as decreased psychi-
atric comorbidity in GAD.16 Controlled comparisons of cog-
nitive therapies and benzodiazepine treatment have reported
comparable efficacies in GAD.16 Although psychosocial treat-
ments are commonly recommended as first-line therapy for
GAD and other anxiety disorders, they are vastly underused
due to cost (many insurance providers offer limited coverage
for outpatient psychotherapy) and time requirements, as well
as a limited availability of trained therapists. The decline in
use of psychosocial therapies for anxiety disorders over the
past decade also correlates with the explosion in medication
options for treating anxiety disorders.

Benzodiazepines
Benzodiazepines are still widely prescribed anxiolytic agents,
and their efficacy in treating GAD and many other anxiety
disorders is well established.14 The benzodiazepines offer dis-
tinct clinical advantages over older agents such as barbiturates,
meprobamate, paraldehyde, and alcohol. These advantages in-
clude more specific anxiolytic effects, lower fatality rates from
acute toxicity and overdose (when taken alone), better side
effect profiles, lower potential for abuse, and less dangerous
interactions with other drugs. Currently, use of these older
nonbenzodiazepine agents as anxiolytics is generally consid-
ered inappropriate because of the many advantages of benzo-
diazepines and other newer agents.

MECHANISM OF ACTION
In humans, benzodiazepines have four distinct effects: anxi-

olytic, anticonvulsant, muscle relaxant, and sedative-hypnotic.
These agents are used to treat a wide variety of medical and psy-
chiatric conditions, including muscle spasms, seizures, anxi-
ety disorders, acute agitation, and insomnia. Benzodiazepines
with a rapid onset and a short duration of action are commonly
used to decrease anxiety and apprehension, as well as induce
sedation before surgery and other medical procedures.

The mechanism of action of benzodiazepines involves po-
tentiation of GABA by binding to sites on the central GABA-
A receptor. There are four types of GABA-A receptors that
are benzodiazepine sensitive; these are distinguished by the
type of α subunit they contain (α1, α2, α3, or α5).17,18 Ben-
zodiazepine binding sites on α1-GABA-A and α2-GABA-A
receptors were formerly called BZ-1 and BZ-2 receptors, re-
spectively, but there is a trend away from use of the latter ter-
minology. Receptors with an α1 subunit are widely distributed
throughout most brain areas and are the most abundant type.
Benzodiazepine interaction at the α1-GABA-A receptors pro-
duces sedative and amnestic effects, whereas anxiolytic effects
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are associated with binding to the α2-GABA-A receptor.17,19

This latter type of GABA-A receptor is localized mainly in the
limbic system, cerebral cortex, and striatum. GABA-A recep-
tors with α3 subunits are linked with noradrenergic, seroton-
ergic, and cholinergic neurons.

Currently available benzodiazepine anxiolytics do not have
selective activity at any of the four GABA-A receptor subtypes.
Research is aimed at developing benzodiazepine compounds
with specific affinity for the α2-GABA-A receptor, which
would produce anxiolytic effects without sedative and amnes-
tic effects.20 Agents that are partial agonists at α2-GABA-A
receptors are also being studied as potential anxiolytics; these
would be associated with minimal tolerance, dependence, and
withdrawal.20 Zolpidem (Ambien), eszopiclone (Lunesta), and
zaleplon (Sonata) are examples of selective α1-GABA-A re-
ceptor agonists that have been introduced as selective hypnotic
agents.

CLINICAL COMPARISON OF BENZODIAZEPINES
Approximately 35 benzodiazepine compounds are mar-

keted worldwide. Of the 13 benzodiazepines commercially
available in the United States, 7 are marketed as antianxiety
agents, and 6 as oral sedative-hypnotics. These indications re-
flect the manufacturers’ labeling decisions because the anxi-
olytics can be effective sedatives and vice versa.

Table 76-4 compares the clinical profiles of marketed oral
benzodiazepines. Midazolam (Versed) is not included on Table
76-4. It is a short-acting, water-soluble benzodiazepine, indi-
cated only for induction of sedation before surgery or for short
diagnostic or endoscopic procedures. It was previously mar-

keted only in parenteral formulation, but an oral syrup form
is now available. Clonazepam (Klonopin) was originally ap-
proved only as an anticonvulsant, but is now also indicated
for the treatment of panic disorder. Clonazepam and most
of the other benzodiazepines also have many unlabeled uses,
including treatment of anxiety and agitation associated with
various medical or psychiatric illnesses, GAD, and other anx-
iety disorders; irritable bowel syndrome; premenstrual syn-
drome; chemotherapy-induced nausea and vomiting; catatonia;
tetanus; involuntary movement disorders (restless legs syn-
drome, periodic limb movements of sleep, akathisia, tardive
dyskinesia, essential tremor); and spasticity associated with
various neurologic disorders (cerebral palsy, paraplegia).

Antidepressant Agents
Antidepressants have now surpassed benzodiazepines as the
recommended first-line treatment for most anxiety disorder pa-
tients, even though benzodiazepines are still widely prescribed.
One important clinical difference between these two medica-
tion classes is that the anxiolytic effects of benzodiazepines
occur almost immediately, whereas the effects of antidepres-
sants occur gradually over several weeks. For this reason, it is
common practice for short-term benzodiazepine therapy to be
prescribed in combination with an antidepressant during initial
treatment of many anxiety disorders.

The first indication that antidepressants might be effective
in the treatment of anxiety disorders appeared in the late 1970s,
when certain tricyclic antidepressants (TCAs) and monoamine
oxidase inhibitors (MAOIs) were found to be useful in treating

Table 76-4 Clinical Comparison of Benzodiazepine Agents

Maximum Recommended Approximate
Usual Dosage Range Dosage Through 65 Years Dosage Year

Drug (Trade Name, Generic) FDA-Approved Indications Through 65 Years of Age of Age Equivalencies Introduced

Chlordiazepoxide (Librium,
Limbitrol,a Librax,b generic)

Anxiety, preoperative anxiety,
acute alcohol withdrawal

15–100 mg/day 40 mg/day 50 1960

Diazepam (Valium, generic) Anxiety, muscle relaxant,
acute alcohol withdrawal,
preoperative anxiety,
anticonvulsant

4–40 mg/day 20 mg/day 10 1963

Oxazepam (Serax, generic) Anxiety, alcohol withdrawal 30–120 mg/day 60 mg/day 30 1965
Flurazepam (Dalmane, generic) Sedative-hypnotic 15–30 mg HS 15 mg HS 30 1970
Clorazepate (Tranxene,

Tranxene-SD, generic)
Anxiety, alcohol withdrawal,

anticonvulsant
15–60 mg/day 30 mg/day 15 1972

Clonazepam (Klonopin, Klonopin
wafer, generic)

Anticonvulsant, panic disorder 0.5–12 mg/day 3 mg/day 0.5 1975

Lorazepam (Ativan, generic) Anxiety, anxiety associated
with depression

2–6 mg/day 3 mg/day 1.5–2.0 1977

Alprazolam (Xanax, Xanax XR,
Niravam orally disintegrating
tablets, generic)

Anxiety, anxiety associated
with depression, panic
disorder

0.5–6 mg/day (up to
10 mg/day for
panic disorder)

2 mg/day 1.0 1981

Temazepam (Restoril, generic) Sedative-hypnotic 15–30 mg HS 15 mg HS 30 1981
Triazolam (Halcion, generic) Sedative-hypnotic 0.125–0.25 mg HS 0.125 mg HS 0.25 1983
Quazepam (Doral) Sedative-hypnotic 7.5–15 mg HS 7.5 mg HS 15 1990
Estazolam (ProSom, generic) Sedative-hypnotic 1–2 mg HS 1 mg HS 2.0 1991

FDA, U.S. Food and Drug Administration; HS, at bedtime.
aCombination product containing amitriptyline.
bCombination product containing clidinium bromide (classified as a gastrointestinal antispasmodic agent).
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Table 76-5 Summary of Comparative Medication Treatment Options for Anxiety Disorders

Disorder First-Line Treatmentsa Second-Line Treatments Possible Alternatives

Generalized anxiety disorder Venlafaxine XR
Buspirone
Benzodiazepines
Paroxetine
Escitalopram
Duloxetine

Sertraline
Citalopram

Tricyclic
antidepressantsb

Fluoxetine
Mirtazapine
Nefazodoneb

Hydroxyzine
Panic disorder Paroxetine

Sertraline
Fluoxetine
Alprazolam
Clonazepam

Fluvoxamine
Citalopram
Clomipramine
Lorazepam
Escitalopram

Venlafaxine
Nefazodoneb

Mirtazapine
Imipramine
Valproic acid
Diazepam

Social anxiety disorder Paroxetine
Sertraline
Venlafaxine XR
Fluvoxamine CR

Citalopram
Clonazepam
Alprazolam
Escitalopram

Phenelzineb

Nefazodone
Bupropion
Buspironec

Topiramate
Gabapentin

Posttraumatic stress disorder Sertraline
Paroxetine

Fluoxetine
Fluvoxamine
Venlafaxine
Nefazodone
Citalopram
Escitalopram

Amitriptylineb

Imipramineb

Phenelzineb

Mirtazapine
Trazodonec

Carbamazepine
Valproic acid
Lamotrigine
Topiramate
Nefazodoneb

Atypical antipsychoticsc

Obsessive-compulsive disorder Paroxetine
Fluoxetine
Sertraline
Fluvoxamine CR
Fluvoxamine

Clomipramineb

Venlafaxine
Citalopram
Escitalopram

Clonazepamc

Antipsychotic agentsc

Buspironec

Pindololc

Nefazodone
Lithiumc

aU.S. Food and Drug Administration–approved indications.
bDocumented efficacy, but not recommended for first-line treatment because of undesirable clinical properties (side effects, potential toxicity, drug interactions).
cAdjunctive therapy only.

panic disorder. Clomipramine (Anafranil), a TCA, emerged as
an effective treatment for OCD soon thereafter, and as shown
in Table 76-5, selective serotonin reuptake inhibitor (SSRIs)
have since gained first-line status for treating all five primary
anxiety disorders.21 The distinction between anxiolytics and
antidepressants is continually narrowing.

Early controlled studies found trazodone, doxepin, imipra-
mine, and amitriptyline to be comparably effective or even
superior to benzodiazepines in treating GAD.14 Although the
benzodiazepines work more quickly, and TCA treatment is of-
ten associated with initial increases in anxiety (especially with
higher dosages), continued TCA therapy is usually effective if
the side effects can be tolerated. However, the TCAs are not
widely used for treating anxiety disorders because attention has
turned to other much safer and better tolerated antidepressants.

Paroxetine (Paxil) is the best-studied SSRI in GAD and
was U.S. Food and Drug Administration (FDA) approved for
this indication in 2001. Paroxetine is superior to placebo and

as effective as the TCAs in treating GAD, but it is much
better tolerated. Results from a large fixed-dose study sug-
gest that a paroxetine dosage of 20 mg/day is effective for
most patients with GAD, although some may need 30 to 40
mg/day for optimal benefits.22 As with TCAs, some patients
experience an initial increase in anxiety during SSRI treat-
ment, so that lower-than-normal SSRI starting doses should be
used in patients with GAD. A low paroxetine starting dose of
10 mg/day is recommended for the first week in patients with
GAD to minimize initial side effects. Paroxetine maintenance
therapy significantly decreases the risk of GAD relapse at
6 months.23 The most common side effects of paroxetine in
patients with GAD are sedation, nausea, dry mouth, constipa-
tion, asthenia, headache, and sexual dysfunction. With long-
term therapy, weight gain may be problematic.

The combination serotonin/norepinephrine reuptake in-
hibitors (SNRIs), venlafaxine (Effexor XR), and duloxetine
(Cymbalta) are efficacious for the treatment of GAD. Several
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large controlled studies have shown venlafaxine XR to be
effective in reducing anxiety associated with depression, as
well as in the treatment of pure GAD.24−26 The recommended
venlafaxine starting dose is 37.5 mg/day, and the effective
dosage range for GAD is 75 to 225 mg/day.26 Many patients
respond to doses of 75 to 150 mg/day, although some may
require up to 225 mg/day. The side effect profile of ven-
lafaxine is similar to the SSRIs, with nausea being the most
common complaint. Nausea is dose related, and usually sub-
sides after 1 to 2 weeks of continued therapy. Other com-
mon side effects of venlafaxine include dizziness, asthenia,
dry mouth, sweating, and either sedation or insomnia. Signif-
icant increases in blood pressure are not usually seen within
the dosage range used for GAD (75–225 mg/day), but can
occur with higher venlafaxine doses. Long-term studies re-
port that GAD response to venlafaxine is maintained during
6 months of continued treatment.25 Duloxetine recently re-
ceived FDA approval for the treatment of GAD. Two 10- and
one 9-week, randomized, placebo-controlled, double-blind tri-
als in patients suffering from GAD have reported that dulox-
etine (60–120 mg/day) performed better than placebo.27−29

In the single trial with a venlafaxine XR comparison arm,
both duloxetine and venlafaxine exhibited similar efficacy and
tolerability.27

SSRIs other than paroxetine can also be beneficial in treat-
ing GAD. Escitalopram (Lexapro) received FDA approval for
GAD in late 2003, and preliminary reports suggest efficacy
for citalopram (Celexa).21,30 Sertraline (Zoloft), fluvoxamine
(Luvox), and fluoxetine (Prozac) are reportedly effective in al-
leviating anxiety symptoms in patients with depression.14,31,32

Fluoxetine may be more likely than other SSRIs to cause anx-
iety as an initial side effect.21 Fluoxetine use in depressed pa-
tients with prominent anxiety or psychomotor agitation has
been associated with poor response in some studies, although
others report it to be comparably effective and as well tolerated
as other SSRIs in this population.32,33

Mirtazapine (Remeron) is a non-SSRI antidepressant that
appears promising in the treatment of GAD, but controlled
studies are few.34 It causes an especially low incidence of anx-
iety as a side effect, which is attributed to its serotonin re-
ceptor type-2 blocking activity. (See Chapter 79 for more in-
formation regarding the clinical use of various antidepressant
agents.) Another non-SSRI antidepressant, nefazodone, exhib-
ited anxiolytic effects in patients with GAD but it was associ-
ated with several cases of severe hepatotoxicity. In 2004, the
trade name brand (Serzone) was voluntarily removed from the
market by its manufacturer, although generic nefazodone is still
available.35

Although decreases in anxiety symptoms during antide-
pressant treatment may appear within the first 2 weeks, re-
sponse is gradual and generally continues over 8 to 12 weeks
or longer. Therefore, optimal trials of antidepressants in GAD
should allow at least 8 weeks of adequate doses before a lack
of response is determined. Continued improvements may oc-
cur over 4 to 6 months in some GAD patients treated with
antidepressants.23,25

Overall, advantages of antidepressants over benzodi-
azepines in treating GAD include their superior efficacy for
cognitive symptoms such as excessive worry and their better
coverage for common comorbid disorders such as depression
and other anxiety disorders. Antidepressants also lack potential

for abuse and dependence, although nearly all antidepressants
can cause a withdrawal syndrome on abrupt discontinuation.

Other Agents Used to Treat Generalized Anxiety Disorder
Compared with antidepressants and benzodiazepines, bus-
pirone is effective in treating cognitive anxiety symptoms and
is not associated with abuse or dependence; however, it has a
delayed onset of anxiolytic effects and is not appropriate for
as-needed use.

Buspirone (BuSpar) was marketed in the United States in
1986 as the first of a nonbenzodiazepine class of anxiolyt-
ics, the azapirones. This class differs pharmacologically and
clinically from the benzodiazepines.14,36 Buspirone does not
interact with GABA receptors and works as a partial agonist
of the serotonin type 1A (5-hydroxytryptamine [5HT1A]) re-
ceptor (i.e., it binds to the receptor but exerts a fraction of the
effect of a full agonist).37 This partial agonist activity results
in reduced serotonin neurotransmission. In addition, buspirone
enhances dopaminergic neurotransmission by blocking presy-
naptic dopamine receptor-2 auto receptors and also facilitates
noradrenergic activity.36

β-Adrenergic receptor blocking agents such as propranolol
(Inderal) are very effective in reducing certain physical symp-
toms of anxiety (tremor, flushing, tachycardia) that result from
activation of the sympathetic nervous system. These agents
are especially effective in preventing performance anxiety or
“stage fright” by suppressing peripheral autonomic activity, but
they do not modify cognitive symptoms of anxiety. β-Blockers
are not as effective as benzodiazepines in the treatment of anx-
iety disorders and are not recommended as a primary treatment
option for GAD.

Histamine-1 (H1) receptor blocking agents such as hydrox-
yzine (Vistaril) and diphenhydramine (Benadryl) have been
used for years in the treatment of anxiety and insomnia. Be-
cause of their potent sedative effects, these antihistamines are
generally used on an as-needed basis for insomnia or for their
calming effects in a variety of patient types. Although these
drugs are considered benign and diphenhydramine is available
over the counter, they do possess significant anticholinergic
effects, which can produce problems such as confusion, cog-
nitive impairment, nausea, and constipation. Elderly patients,
especially those who are medically ill or have dementia, are par-
ticularly vulnerable to these side effects, and diphenhydramine
is considered inappropriate for use in the elderly.38 There is no
evidence for the efficacy of diphenhydramine in the treatment
of primary anxiety disorders.

Several studies have reported hydroxyzine to be beneficial in
treating GAD. A large placebo-controlled study in nonelderly
patients demonstrated superiority of hydroxyzine (50 mg/day
given in three divided doses) over placebo.39 Hydroxyzine was
as effective as benzodiazepine therapy over 3 months of treat-
ment, although it did not work as quickly. No anticholinergic,
cognitive impairment, or weight gain adverse effects were re-
ported in hydroxyzine-treated patients, and it was very well
tolerated. Minimal sedation was reported with the relatively
low daily hydroxyzine dose used in this study. Abrupt discon-
tinuation of hydroxyzine after 3 months was not associated
with significant withdrawal symptoms. Hydroxyzine is an in-
expensive drug and may be a treatment option for GAD in
some patients, but controlled comparisons with antidepressant
agents are needed to better define its current role in therapy. It is
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not a good choice of therapy for elderly persons or patients with
GAD and comorbid depression or other anxiety disorders.

Clinical Presentation and Assessment of Generalized
Anxiety Disorder

2. N.K., a 25-year-old woman, has been employed as a bank
clerk for the past 5 years. She had an excellent work record until
6 months ago, when excessive absences and a tendency to become
easily upset at customers and coworkers became noticeable. On
clinical assessment, N.K. complains of being tired, irritable, and
tense, with frequent stomach upset and diarrhea. She has no his-
tory of mental illness; however, she admits to being stressed and
worrying too much about “just little things,” which she cannot
seem to control regardless of how hard she tries. N.K. denies ex-
periencing episodic “attacks” of severe anxiety (which might be
indicative of panic disorder) or of having obsessive-compulsive
thoughts or behaviors.

N.K.’s physical examination is unremarkable, and she has no
history of mental illness in her family, although her mother was a
“nervous person.” N.K. denies any past or present use of any illicit
substances or alcohol. Her mental status examination reveals the
following:

� Appearance and behavior: N.K. is neatly groomed and
dressed and speaks coherently, but she constantly fidgets and
taps her right foot. She states that she often has difficulty
falling asleep but generally remains asleep throughout the
night.

� Mood: N.K. is anxious and worried about the clinician’s eval-
uation and admits to occasionally feeling depressed because
of her anxiety.

� Sensorium: N.K. is oriented to person, place, and time.
� Thoughts: N.K. denies any auditory or visual hallucinations.

N.K. states that at times she has difficulty speaking, is unable to
relax, and startles easily. She realizes that work has been difficult
for her lately, and her supervisor has told her that her job is in
immediate jeopardy unless she improves her performance. N.K.
states that she just wants to be able to perform her job well, relax,
and enjoy life. Her insight and judgment are good, and she is
motivated to obtain treatment. N.K. denies any suicidal ideation.
The physician’s provisional diagnosis is GAD (DSM-IV criteria).
What clinical features of GAD are present in N.K., and how can
her symptoms be assessed objectively?

N.K. exhibits the following target symptoms associated with
GAD: excessive worry that is difficult to control, irritability,
tension and inability to relax, fatigue, and sleep disturbances.
Other typical symptoms of anxiety present in N.K. include gas-
trointestinal (GI) problems (upset stomach and diarrhea), being
startled easily, difficulty speaking, and fidgeting. These target
symptoms are not necessarily diagnostic of any particular dis-
order, but other factors in association with these symptoms are
consistent with GAD. The absence of physical or other psy-
chiatric illnesses, as well as use of any illicit substances or
alcohol, excludes possible secondary causes of anxiety. The
6-month duration of symptoms is consistent with a diagnosis
of GAD, and N.K. is at a common age for onset of GAD. More
important, the symptoms are causing significant occupational
impairment for N.K. and interfering with her quality of life;
therefore, a diagnosis of GAD is appropriate in N.K.

The Hamilton Anxiety Rating Scale (HAM-A) is a useful
assessment tool to evaluate clinical anxiety, and it is the stan-
dard instrument used in GAD clinical trials. A HAM-A score
of >18 is generally correlated with significant anxiety, and a
score of 7 to 10 is associated with remission.40 The HAM-A
can be used to assess baseline anxiety symptoms in patients
such as N.K. and to monitor response throughout treatment.
The Sheehan Disability Scale is a patient-rated instrument,
which is commonly used to assess functional impairment due
to GAD and other anxiety disorders. A score of 1 reflects mild
disability.40

Indications for and Selection of Treatment

3. Based on the information presented in N.K.’s case, how can
it be determined whether treatment is indicated? What factors
should be considered in choosing the most appropriate treatment
for N.K.?

N.K. meets the diagnostic criteria for GAD and is suffering
significant disability from her anxiety disorder. She also has
insight into her illness and desires treatment that will enable her
to improve her job performance and quality of life. Appropriate
treatment of GAD can help achieve these goals and is therefore
indicated for patients such as N.K.

Treatment options for GAD may include both pharmaco-
logic and nondrug therapies. Psychosocial treatments such as
CBT can be effective in treating GAD, but use of these therapies
alone is generally reserved for patients with mild-to-moderate
symptoms. In N.K.’s case, prompt treatment is needed because
she feels that her job is in immediate jeopardy owing to impair-
ments associated with her anxiety. Therefore, pharmacother-
apy in combination with psychological therapy, if available, is
indicated in N.K.

Among potential drug therapies, the benzodiazepines,
paroxetine, duloxetine, venlafaxine, and buspirone, are all con-
sidered first-line treatments for GAD.14 A primary considera-
tion when choosing among these options is whether any comor-
bid psychiatric conditions are present. Venlafaxine, duloxetine,
and paroxetine are good initial choices for patients with con-
current depression, which is common in GAD patients. They
are also preferred over benzodiazepines in patients with past or
present alcohol or substance abuse. Other medical or psychi-
atric disorders may also be present, which can guide selection
toward a treatment that may be dually effective.

Another important consideration when selecting treatment
for GAD is how fast therapeutic effects are needed. Benzodi-
azepines reduce anxiety within a few hours, whereas the an-
tidepressants and buspirone have delayed onsets of anxiolytic
effects. Medication cost is another potential factor, and generic
benzodiazepines are currently the least expensive anxiolytic
medications.

In N.K.’s case, a benzodiazepine may be a good initial choice
because of the need for quick symptom relief relating to her
problems at work. N.K. is young and healthy with no past or
present history of substance or alcohol use that might make
benzodiazepines unsuitable for her. GAD is often chronic, and
antidepressants or buspirone are usually preferred over ben-
zodiazepines for long-term treatment. Therefore, one of these
agents would also be appropriate to use in this case. Combina-
tion benzodiazepines-SSRI therapy during initial treatment of
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anxiety disorders is well tolerated and may result in synergistic
anxiolytic effects and quicker response.41,42

Benzodiazepine Treatment
Factors Influencing Benzodiazepine Selection

4. The physician decides to treat N.K.’s GAD with venlafaxine
XR and also wants to prescribe a benzodiazepine for quick control
of her anxiety during the first several weeks until the onset of
venlafaxine’s anxiolytic effects. What factors are important in
the selection of a particular benzodiazepine agent for N.K.?

Of the available benzodiazepines, none has demonstrated
clear superior efficacy in the treatment of anxiety. However,
certain agents have been used much more extensively than
others. Alprazolam (Xanax) is the most commonly used in the
United States, lorazepam (Ativan) is the next most popular,
followed by clonazepam (Klonopin) and then diazepam (Val-
ium). All four of these benzodiazepines have been successfully
used in the treatment of GAD.

Because the overall anxiolytic efficacies of benzodiazepines
are similar, other factors must be considered when selecting
one agent over another. The one major area of clinically sig-
nificant differences between benzodiazepines is their pharma-
cokinetic properties. These are generally the main factors con-
sidered in drug selection (Table 76-6).

Benzodiazepines can be differentiated pharmacokinetically
according to their elimination half-lives and their metabolism
to active or inactive compounds (Fig. 76-2; Table 76-6).
Diazepam (Valium) and chlordiazepoxide (Librium) have half-
lives between 10 and 40 hours but are metabolized by he-
patic oxidative pathways to the active metabolite desmethyl-
diazepam (DMDZ), which has a half-life of at least 100
hours.43 Demethylation of diazepam to DMDZ is mediated
by several cytochrome P450 (CYP) isozymes, including CYP
2C19, CYP 3A4, and, to a lesser extent, CYP 2B6. CYP 2C19

appears to be the predominate pathway with usual therapeu-
tic diazepam doses, but CYP 3A4 becomes more important
with high doses, in overdose cases, and in CYP 2C19 poor
metabolizers.44 The other major active diazepam metabolite,
temazepam, is formed through CYP 3A4–mediated hydroxy-
lation.

As shown in Figure 76-2, the prodrugs quazepam (Doral)
and clorazepate (Tranxene) are also metabolized to DMDZ.43

Because of the long half-life of this active metabolite, chronic
dosing of benzodiazepines that are converted to DMDZ can
lead to drug accumulation and prolonged clinical effects. This
can be especially detrimental in the elderly, those with liver dis-
ease, or persons taking other drugs that interfere with benzo-
diazepine metabolism. Although their long durations of action
make once-daily dosing possible, small, divided daily doses
are often used clinically to minimize side effects.

Clonazepam undergoes various routes of hepatic meta-
bolism, including oxidative hydroxylation, reduction, and ace-
tylation.43 At least five metabolites have been identified, but
their pharmacologic activity is uncertain. The specific enzymes
responsible for clonazepam metabolism have not been con-
firmed, but there is evidence that it is a substrate for CYP
3A4.45 The elimination half-life of clonazepam ranges from
20 to 50 hours, making once-daily dosing feasible. A new for-
mulation of orally disintegrating clonazepam tablets (Klonopin
wafer) has been introduced and is indicated for the treatment
of panic disorder. This product dissolves quickly on the tongue
and is promoted as being especially convenient because it can
be taken without water.

Alprazolam (Xanax, Niravam) and lorazepam (Ativan) have
intermediate half-lives of 10 to 20 hours, and oxazepam (Serax)
has a short to intermediate half-life of 5 to 14 hours. Alprazo-
lam is a triazolobenzodiazepine that is metabolized by CYP
3A4 to an active metabolite, α-hydroxy alprazolam, which
has a short half-life of approximately 2 hours and is con-
sidered clinically insignificant. Alprazolam, lorazepam, and

Table 76-6 Pharmacokinetic Comparison of Benzodiazepine Agents

Elimination Rate of Onset After
Drug Half-Life (hr)a Active Metabolites Protein Binding Pathway of Metabolism Oral Administration

Chlordiazepoxide >100 Desmethyldiazepam 96% Oxidation Intermediate
Diazepam >100 Desmethyldiazepam 98% Oxidation (CYP 3A4,

CYP 2C19)
Very fast

Oxazepam 5–14 None 87% Conjugation Slow
Flurazepam >100 Desalkylflurazepam,

hydroxyethylflurazepam
97% Oxidation Fast

Clorazepate >100 Desmethyldiazepam 98% Oxidation Fast
Lorazepam 10–20 None 85%–90% Conjugation Intermediate
Alprazolam 12–15 Insignificant 80% Oxidation (CYP 3A4) Fast
Temazepam 10–20 Insignificant 98% Conjugation Intermediate
Triazolam 1.5–5 Insignificant 90% Oxidation (CYP 3A4) Intermediate
Quazepam 47–100 2-Oxoquazepam,

desalkyloxoquazepam
>95% Oxidation Fast

Estazolam 24 Insignificant 93% Oxidation Intermediate
Clonazepam 20–50 Insignificant 85% Oxidation, reduction

(CYP 3A4)
Intermediate

Midazolam 1–4 None 97% Oxidation (CYP 3A4) NA

NA, not applicable.
aParent drug + active metabolite.
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FIGURE 76-2 Metabolic pathways of benzodiazepines.

oxazepam usually need to be taken on a TID to QID dosing
schedule for sustained clinical effects, but an extended-release
(XR) preparation of alprazolam that allows QD or BID dosing
has become available. Alprazolam XR may be associated with
less CNS side effects than the immediate-release form because
peak alprazolam blood levels are lower.46 Also, a quickly dis-
solving tablet of alprazolam (Niravam) has been marketed.
Lorazepam, temazepam (Restoril), and oxazepam undergo
phase II metabolism by glucuronidation and are believed to be
substrates for the uridine diphosphate-glucuronosyltransferase
2B7 isozyme.47 These agents are free of active metabolites and
are unlikely to accumulate with chronic administration; they
are preferred over long-acting agents in patients with liver dis-
ease and in the elderly. Unlike phase I oxidative metabolism,
phase II glucuronidation processes do not appear to decline
with age.47

Benzodiazepines are readily absorbed within 2 to 3 hours
after oral administration.43 They are widely distributed in the
body and accumulate preferentially in lipid-rich areas such
as the CNS and fat tissue. Lipid solubility varies among the
agents, resulting in differences in rates of absorption and speed
of onset, as well as duration of clinical effects (Table 76-6). Di-
azepam and clorazepate have the highest lipid solubilities and
the quickest onsets of action, which can be desirable when
rapid anxiolysis is needed; however, both can produce an un-
pleasant “drugged” or “high” feeling in some patients. Highly
lipophilic benzodiazepines are also more quickly redistributed
out of the brain, which decreases their duration of action. For
example, even though diazepam has a very long half-life, its
clinical effects last for a shorter period than lorazepam, which
has a relatively short half-life.

Diazepam, lorazepam, chlordiazepoxide, and midazolam
are also available for parenteral (intravenous [IV] and intra-
muscular [IM]) administration.43 These routes are usually re-
served for treatment of severe agitation or seizures or for in-
duction of preoperative sedation and anxiolysis. IM injection
of both chlordiazepoxide and diazepam can be very painful.

Lorazepam is the preferred agent when parenteral dosing is
needed for quick control of anxiety or agitation because it
is rapidly and completely absorbed after IM injection. The
absorption of sublingual lorazepam, alprazolam, and triazo-
lam (Halcion) is comparable to or slightly faster than oral
absorption.43

Cost is another important factor in benzodiazepine selec-
tion. Brand name benzodiazepines can be relatively expensive,
but all are available in less costly generic versions, except the
extended-release and quick-dissolving formulations. Potential
drug interactions should also be considered in the selection of
an agent because they can alter pharmacokinetics and clinical
effects (see Question 9).

Because N.K. is young and healthy and is not taking any
other medications, the clinician could choose just about any
benzodiazepine. Nevertheless, most clinicians still prefer to
use shorter-acting high-potency agents such as lorazepam or
alprazolam for patients such as N.K. Appropriate starting doses
would be lorazepam 0.5 to 1 mg TID or alprazolam 0.25 to
0.5 mg TID. Dosages can be increased every 3 to 4 days, if
needed, within the dosage ranges indicated in Table 76-4. N.K.
should notice a decrease in her anxiety symptoms within the
first few days of treatment. Prescription of a generic formula-
tion is recommended to reduce treatment costs.

Adverse Effects and Patient Counseling

5. Lorazepam 0.5 mg TID is prescribed for N.K. in addition
to venlafaxine XR. What side effects may occur with benzodi-
azepine treatment, and how should N.K. be counseled regarding
benzodiazepine therapy?

Overall, benzodiazepines are very safe and well-tolerated
medications, and drug discontinuation due to side effects is
extremely rare. Sedation and feelings of tiredness are the most
common side effects of the benzodiazepines, but sedation can
also be beneficial in alleviating the insomnia that often ac-
companies anxiety. Tolerance usually develops to the sedative
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effects of benzodiazepines within 1 to 2 weeks of continued
treatment; consequently, benzodiazepine sedative-hypnotics
are recommended for only short-term use.48 Fortunately, tol-
erance does not appear to develop to the anxiolytic or muscle
relaxant effects of benzodiazepines.

Benzodiazepines can cause cognitive impairment and an-
terograde amnesia (decreased memory for new information
after taking the drug), which is dose related and reversible on
medication discontinuation. Tolerance often develops to the
cognitive adverse effects, but they can also persist throughout
therapy in some patients.49 Use of alcohol during benzodi-
azepine therapy greatly increases the risks for memory prob-
lems and sedation, as well as for other more dangerous effects.
Elderly individuals are more sensitive to the sedative, cog-
nitive, and psychomotor effects of the benzodiazepines, and
tolerance to these effects may occur more slowly than in the
nonelderly.50

Other psychomotor effects such as problems with balance
and coordination and delayed reaction time also can occur dur-
ing benzodiazepine treatment.43 These effects are also dose
related, but usually subside within a few weeks of continued
treatment. However, it is important that patients starting on
benzodiazepine therapy be cautioned about possible adverse
psychomotor effects. Residual daytime effects after taking a
long-acting benzodiazepine the previous night may even pose
a hazard while driving the next day.

The link between benzodiazepine use and falls, especially
in the elderly, is well documented and may result from a com-
bination of balance impairment, sedation, and muscle relaxant
effects.51 Rapid dosage escalation and use of doses that are
too high (of either long-acting or short-acting agents) have
been identified as major risk factors, but even use of low doses
of short-acting agents greatly increases the fall risk in the
elderly.51,52 Although tolerance can develop to the psychomo-
tor effects of benzodiazepines, elderly individuals may experi-
ence persistent impairment. Benzodiazepines should probably
be considered second-line therapy in the ambulatory older pop-
ulation.

Respiratory depression is another potential adverse effect
of benzodiazepines, but it is usually clinically relevant only
in patients with severe respiratory disease, in overdose sit-
uations (see Question 11), or when combined with alcohol
or substances that depress breathing. It is recommended that
benzodiazepines be avoided in patients with sleep apnea. Res-
piratory complications are encountered most often with IV
administration. IV midazolam has been associated with a num-
ber of deaths due to cardiorespiratory arrest during its use
for conscious sedation, most often in patients premedicated
with narcotics or in those with chronic obstructive airways dis-
ease. Severe respiratory depression has also occurred with the
concurrent use of benzodiazepines and olanzapine (Zyprexa),
loxapine (Loxitane), or clozapine (Clozaril).

Paradoxic disinhibition, with increased anxiety, irritabil-
ity, and agitation, can occur infrequently with benzodia-
zepines.43,53 Such effects have been mainly observed in
elderly or developmentally disabled patients. Other unusual be-
haviors, such as increased anger, hostility, and violence, have
been attributed to benzodiazepine use in a small number of
cases.43 Most of these reports were anecdotal and involved pa-
tients with pre-existing psychiatric disorders such as bipolar
disorder, schizophrenia, or personality disorders. It is difficult

to confirm that benzodiazepines caused these paradoxic reac-
tions because such disorders are commonly associated with
behavioral problems, and benzodiazepines are often used in
their treatment. Overall, there is no convincing evidence that
benzodiazepines actually cause violent or suicidal behaviors,
but there is some evidence to the contrary.43,53

Benzodiazepines have also been associated with clinical de-
pression, although evidence supporting a causal relationship is
very limited and the use of benzodiazepines during the initial
weeks of antidepressant therapy may actually improve and pos-
sibly hasten antidepressant response in depression.12

In summary, N.K. should be told that she may experience
sedation and difficulties in thinking, concentration, or memory
during the first week or so of therapy, but these side effects
should resolve once she develops some tolerance to the drug.
She should be extremely careful while driving or performing
other tasks that require psychomotor skills, especially during
the first week, and she should avoid the use of alcohol while
she is taking benzodiazepines.

Benzodiazepine Abuse and Dependence

6. Two weeks later, N.K. contacts her clinician to discuss a
medication concern. She reports that the medication has been
extremely effective in relieving her anxiety, and she is currently
taking venlafaxine XR, 150 mg Q AM, and lorazepam, 0.5 mg TID,
as directed by her physician. However, her mother has told her
that she will become addicted to lorazepam, and she wonders if
she should stop taking it because of this concern. What potential
for abuse and dependence is associated with benzodiazepines?
How should N.K. be counseled regarding “becoming addicted” to
lorazepam?

Concerns related to abuse and dependence are probably
the major drawback to the clinical use of benzodiazepines.
These agents are classified as schedule IV controlled sub-
stances, reflecting a relatively limited abuse and dependence
liability. There may be differences within the class regarding
abuse potential. Diazepam, alprazolam, and lorazepam are re-
ported to be more likely to be abused than are oxazepam and
chlordiazepoxide.54 This difference in abuse potential is com-
monly attributed to the quicker onset of effects for drugs such
as diazepam, which may be associated with a subjective eu-
phoric sensation. The XR alprazolam formulation is reported
to have a lower abuse potential than immediate-release alprazo-
lam because of its slower onset of effects and lower maximum
plasma concentrations.46

Abuse is characterized by drug use outside the therapeutic
setting and implies recreational use combined with continued
use despite negative consequences, dose escalation, and loss of
control over use. Patients without a history of substance abuse
who take benzodiazepines for therapeutic purposes are unlikely
to escalate doses or use them in ways characteristic of abuse.54

The potential problems with benzodiazepine abuse and de-
pendence can be avoided or minimized in several ways. First
is the identification of patients who have a history of alcohol
or substance abuse and using nonbenzodiazepine treatments in
such cases.54 Second, patients should be counseled about the
likely duration of benzodiazepine use, the possibility of with-
drawal symptoms, and the importance of gradual drug tapering
when therapy is to be discontinued. The distinction between
“addiction” and appropriate therapeutic use, which may be
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accompanied by some degree of physical dependence, should
be explained.

N.K. should be advised that as long as the medication is
helping her anxiety and she is taking it according to her physi-
cian’s instructions, her use of lorazepam does not constitute
addiction. However, her body may develop some physiologi-
cal dependence to the drug, so if she stops taking lorazepam
abruptly, she could experience increased anxiety and other
withdrawal symptoms. When lorazepam is to be discontinued,
the dose should be decreased gradually over a sufficient period
to minimize withdrawal symptoms.

Duration of Treatment

7. Two weeks later at her clinic appointment, N.K. is still doing
well and has shown further improvements in her GAD symptoms.
She has been taking the prescribed lorazepam and venlafaxine
doses for 1 month, and her venlafaxine has been increased to the
current dose of 150 mg/day during this time. How long should
medication therapy continue?

GAD is a chronic disorder that can fluctuate in severity and
often requires long-term treatment. Relapse after discontinu-
ation of benzodiazepine monotherapy is reported to occur in
50% to 80% of GAD patients; however, some of these cases
may actually involve benzodiazepine withdrawal.55 These re-
lapse rates also do not take into account the concurrent use
of other medications that may prevent relapse, such as ven-
lafaxine. Although long-term use of benzodiazepines is gen-
erally safe and effective, it is desirable to limit treatment to
the shortest duration necessary because of the physical depen-
dence potential.14 When benzodiazepines are used for acute
anxiolytic effects during initiation of antidepressant treatment
for GAD, they are commonly limited to short-term (2–6 weeks)
therapy. N.K. has shown good response after 1 month of com-
bined lorazepam and venlafaxine XR therapy. Because the
anxiolytic effects of venlafaxine usually occur between 2 and
4 weeks of therapy and she is taking a therapeutic venlafax-
ine dose, it is appropriate to start discontinuing lorazepam at
this time. N.K. is unlikely to experience significant withdrawal
symptoms after only 1 month of treatment, but the dose should
still be gradually decreased over several weeks, according to
tolerability of the taper.55

There is no consensus about the optimal duration of drug
therapy for GAD. However, recent recommendations suggest
that effective medication treatment be continued for at least
6 to 12 months after response.14 Continuation treatment with
antidepressants significantly reduces the risk of GAD relapse
over 6 months.23,25 Therefore, venlafaxine XR therapy should
be continued for another 5 to 11 months in N.K.’s case. After
that time period, gradual venlafaxine discontinuation may be
considered and reinstitution of treatment is warranted if relapse
occurs.

Symptoms and Management of Benzodiazepine Withdrawal

8. G.S., a 43-year-old man, has been taking diazepam 40 mg/
day for 6 months for its muscle relaxant effects after sustaining a
dislocated shoulder and other injuries in a car accident. Four days
ago, G.S. was unable to refill his prescription for financial reasons.
A brief mental status examination reveals mild confusion and
irritability. Physically, G.S. is trembling and complains of overall
body aching and an upset stomach. His medical history indicates

Table 76-7 Symptoms of Benzodiazepine Withdrawal

Common Less Common Rare

Anxiety Nausea Confusion
Insomnia Depression Delirium
Irritability Ataxia Psychosis
Muscle aches/weakness Hyperreflexia Seizures
Tremor Blurred vision Catatonia
Loss of appetite Fatigue

no current medical problems or psychiatric illnesses, and G.S.
denies the use of tobacco, alcohol, or other drugs of abuse. How
should G.S. be treated?

Because G.S. has not taken his prescribed diazepam for 4
days, it is likely that he is experiencing a withdrawal syndrome
from long-term benzodiazepine use. His mental and physical
symptoms are consistent with benzodiazepine withdrawal. The
benzodiazepine withdrawal syndrome implies some degree of
physical dependence, and its onset, duration, and severity can
vary according to dose, duration of treatment, speed of with-
drawal, and elimination half-life of the agent used.54,55 With-
drawal symptoms that follow discontinuation of agents with
short half-lives usually appear within 1 to 2 days and may be
more short lived, but more intense, than after discontinuation
of long-acting benzodiazepines. Withdrawal symptoms usually
appear 4 to 7 days after discontinuation of long-acting agents
and may last several weeks. Symptoms of benzodiazepine with-
drawal, which are listed in Table 76-7, are generally mild when
the drug is tapered gradually during discontinuation.55 Rarely,
serious symptoms such as seizures or psychosis may occur
during benzodiazepine withdrawal. Risk factors for seizures in-
clude head injury, alcohol dependence, electroencephalogram
abnormalities, and use of other drugs that lower the seizure
threshold.

Diazepam 10 to 20 mg orally should be administered and
repeated within 1 to 2 hours if needed. Resumption of his pre-
vious diazepam dosage of 40 mg/day should effectively treat
his withdrawal symptoms. However, because his acute injury
occurred 6 months ago, it may be desirable to begin discontin-
uation of the benzodiazepine.

Various dosage reduction regimens have been proposed for
benzodiazepine discontinuation. Even when managing with-
drawal from low-dose benzodiazepine use, doses should be
reduced slowly over 4 to 16 weeks.55 The rate of the drug taper
should be individualized to the patient, but a general recom-
mendation is a 10% to 25% decrease in the dosage every 1 to
2 weeks. The first half of the benzodiazepine taper (down to
50% of the original dose) is generally easier and can proceed
more quickly than the last half of the taper.55 In G.S.’s case,
the discontinuation period may take several months.

In general, the same benzodiazepine the patient has been
taking should be used to manage withdrawal. However, because
withdrawal symptoms are more severe during discontinuation
of short-acting compared with long-acting benzodiazepines, a
long-acting agent can be substituted at an equivalent dosage
and then tapered.55 In difficult cases, adjunctive medications
have been used to ease tolerability of the gradual withdrawal.
Carbamazepine (Tegretol) has been effective in attenuating
the symptoms of withdrawal from both benzodiazepines and
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alcohol. Propranolol decreases some physical withdrawal
symptoms (tremor, tachycardia), but does not affect the asso-
ciated anxiety or decrease the seizure risk.55 CBT, combined
with gradual drug taper, has also been effective in facilitating
successful benzodiazepine discontinuation.

Benzodiazepine Drug Interactions

9. R.G., a 24-year-old female college student, has been tak-
ing alprazolam 1 mg TID for treatment of GAD for almost 1 year.
She states that alprazolam has been very helpful for her GAD, but
complains to her physician that she is feeling especially stressed

lately because she is trying to keep up with extremely difficult
schoolwork while making arrangements for her upcoming wed-
ding. She has no medical illnesses, but states that she has suffered
from several episodes of vulvovaginal candidiasis since recently
beginning oral contraceptives (Ortho-Novum 1/35). R.G. smokes
two packs of cigarettes per day and drinks up to 6 cups of coffee
per day. Itraconazole, 200 mg QD for 3 days, is prescribed for
treatment of recurrent vulvovaginal candidiasis. What potential
drug interactions with alprazolam are present in this case?

Reported drug interactions with benzodiazepines are sum-
marized in Table 76-8 and can be divided into two primary

Table 76-8 Drug Interactions With Benzodiazepines

Interacting Drug(s) Effect on Object Drug Clinical Significance/Comments

Hepatic enzyme inducers: carbamazepine,
phenobarbital, phenytoin, and rifampin

Decreased Cps and clinical effects of
benzodiazepines

Triazolam and midazolam may be ineffective in
patients taking rifampin.163

Carbamazepine greatly decreases the Cps and
clinical effects of midazolam, alprazolam, and
clonazepam, possibly rendering them
ineffective.164,165

Hepatic CYP 3A4 inhibitors: ketoconazole,
itraconazole, nefazodone, fluvoxamine,
fluoxetine, erythromycin, clarithromycin,
cimetidine, oral contraceptives,
diltiazem, nelfinavir, indinavir, ritonavir,
saquinavir, verapamil

Significantly increased Cps of
benzodiazepines that undergo oxidative
metabolism (alprazolam, triazolam,
diazepam, chlordiazepoxide, clonazepam)

Benzodiazepine dosage reductions may be required
because of increased clinical effects such as
sedation and psychomotor impairment; effects are
greatest on alprazolam, triazolam, and
midazolam.166

Ketoconazole and itraconazole should be avoided in
patients taking alprazolam or triazolam.167

Benzodiazepine dosage reductions are recommended
when nefazodone, fluoxetine, or fluvoxamine are
added to alprazolam, diazepam, or triazolam.166

Ritonavir Initial inhibition of alprazolam and triazolam
metabolism, followed by later induction of
metabolism

Reduced benzodiazepine dosage is needed initially if
ritonavir is added to therapy; a dosage increase
may be required later.168

Grapefruit juice Increased Cps of diazepam, alprazolam, and
triazolam

Increased benzodiazepine clinical effects (sedation,
psychomotor impairment) are possible.166,169

Omeprazole Increased diazepam Cp and prolonged half-life Increased benzodiazepine clinical effects (sedation,
psychomotor impairment) are possible.56

Antacids, ranitidine Decreased rate of benzodiazepine absorption Possible delayed onset of benzodiazepine clinical
effects; separation of administration times is
recommended.

Valproic acid, probenecid Significantly decreased clearance of lorazepam Lorazepam dosage reductions may be required.170

Estrogen-containing oral contraceptives Decreased Cps of benzodiazepines that
undergo glucuronidation (lorazepam,
oxazepam, temazepam) and increased Cps
of benzodiazepines that undergo oxidative
CYP 3A4 metabolism (alprazolam)

Decreased or increased clinical effects of
benzodiazepines are possible.13,47,56

Central nervous system depressants
(alcohol, barbiturates, and opioids)

Increased central nervous system depressant
effects of benzodiazepines (sedation,
psychomotor impairment)

Avoid use of alcohol with benzodiazepines; exercise
caution with use of other depressants.

Alprazolam Increased digoxin Cp Digoxin toxicity is possible; monitoring of digoxin
level and possible digoxin dosage reduction are
recommended.171

Benzodiazepines Respiratory depression and adverse
cardiovascular effects reported on addition
of benzodiazepines in several patients
taking clozapine

Caution with benzodiazepine use in patients taking
clozapine.

Possible decreased efficacy of levodopa in
Parkinson disease

Drug interaction is not well established; monitor for
possible effect.

Increased or decreased efficacy of
neuromuscular blocking agents

Drug interaction is not well established; monitor for
possible effect.

Cp, plasma concentration; CYP, cytochrome P450.
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types: pharmacodynamic and pharmacokinetic. The most sig-
nificant pharmacodynamic drug interactions involve other
CNS depressants such as alcohol or barbiturates. These com-
binations can lead to additive CNS and respiratory depressant
effects that can be deadly. Important pharmacokinetic drug in-
teractions mainly involve agents that either inhibit or induce
benzodiazepine metabolism.56 Because the benzodiazepines
have a relatively wide margin of safety, elevated plasma levels
and/or prolonged elimination half-lives are unlikely to cause
serious toxicity. However, they can lead to increased seda-
tive and psychomotor effects, which may be clinically signif-
icant in certain cases. Conversely, increased benzodiazepine
metabolism by hepatic enzyme inducers may result in medica-
tion ineffectiveness. As indicated in Table 76-8, most pharma-
cokinetic drug interactions with benzodiazepines involve CYP
3A4– or CYP 2C19–mediated mechanisms.

In R.G.’s case, the most important drug interaction is be-
tween alprazolam and the newly prescribed antifungal, itra-
conazole, which is a potent CYP 3A4 inhibitor that can cause
a 170% increase in the area under the curve of alprazolam.57

Therefore, the dosage of alprazolam should be reduced by
about one-third, over several days according to tolerability, dur-
ing the 3 days R.G. is taking itraconazole.

Estrogen-containing oral contraceptives can also inhibit the
CYP 3A4 metabolism of benzodiazepines such as alprazolam,
potentially resulting in increased side effects.13 Thus, a reduc-
tion in the benzodiazepine dosage may be needed when oral
contraceptives are added to ongoing benzodiazepine therapy.
The clearance of benzodiazepines that undergo glucuronida-
tion (lorazepam, oxazepam, and temazepam) can be acceler-
ated by oral contraceptives, but this interaction is probably
clinically insignificant.13,47

Cigarette smoking increases the clearance of some benzodi-
azepines (clorazepate, lorazepam, oxazepam), but has no effect
on others (diazepam, midazolam, chlordiazepoxide).58 Over-
all, the effect of smoking is unpredictable and is most likely to
be important in patients who either stop or start smoking while
taking a benzodiazepine. R.G. should be urged to quit smok-
ing for the sake of her general health and to prevent substantial
risks for serious cardiovascular events that occur in smokers
taking oral contraceptives. If R.G. does quit, careful monitor-
ing will be needed to determine whether any alprazolam dosage
reduction is necessary.

R.G. should also be encouraged to decrease her coffee con-
sumption because caffeine can increase anxiety and possibly
decrease the effectiveness of alprazolam. Caffeine has de-
creased diazepam concentrations by approximately 22%, but
studies with other benzodiazepines are lacking.56

Benzodiazepine Use in Pregnancy and Lactation

10. At her clinic visit 8 months later, R.G is doing very well. She
has graduated from college, is happily married, and states that she
and her husband have decided to start a family. R.G.’s candida in-
fection did not recur after a single course of itraconazole, and she
has successfully quit smoking. She also has discontinued her oral
contraceptive and plans to become pregnant soon. R.G. continues
to take alprazolam 0.5 mg BID to TID and wonders whether she
should also stop taking this drug before she becomes pregnant.
What is the teratogenic potential of alprazolam? What alternative
treatments are available for the management of R.G.’s anxiety?

Early reports implicated diazepam in causing several birth
deformities, including cleft lip and/or cleft palate and limb
and digit malformations, but later studies failed to support this
association.59 Most benzodiazepine anxiolytics are classified
as pregnancy category D, indicating that there is some evi-
dence of fetal risk but that the benefits of the medication may
outweigh these risks in certain patients.59 Available evidence
suggests that benzodiazepine use during the first trimester in-
creases the risk for oral clefts by approximately 2.4-fold, but the
absolute risk is <1%. Alprazolam and lorazepam have not ex-
hibited teratogenic effects, but it is always advisable to avoid
drug use during pregnancy when possible, especially in the
first trimester.59 In patients such as R.G., the benzodiazepine
should be tapered and discontinued before she becomes preg-
nant. Nondrug treatments for her GAD such as relaxation ther-
apy, meditation, and biofeedback or cognitive therapy may be
helpful. If necessary, single or repeated small doses of benzo-
diazepines during the second and third trimesters are unlikely
to have important adverse effects on the baby. Alprazolam and
lorazepam are the preferred agents.59 Chronic or large doses,
especially of long-acting agents, should be avoided because
they may accumulate in the fetus. Perinatal sequelae reported
in newborns whose mothers took benzodiazepines during preg-
nancy include withdrawal symptoms, sedation, muscle weak-
ness, hypotonia, apnea, poor feeding, and impaired tempera-
ture regulation.59

Pregnancies are sometimes unplanned, and the clinical sit-
uation of unexpected pregnancy in a woman maintained on
benzodiazepines can also arise. The general course of action
in such cases is often to discontinue all medications immedi-
ately. However, it is unwise to abruptly stop benzodiazepine
treatment in someone who has been receiving chronic therapy
because the resultant withdrawal syndromes can be detrimen-
tal to both mother and child. Benzodiazepine dosages should
be tapered as quickly as possible to the lowest dosage neces-
sary and discontinued if possible. The postpartum period is
a time of heightened risk for recurrence of anxiety disorders,
and new mothers should be monitored carefully for signs of
relapse.60 Benzodiazepines are excreted readily in breast milk,
and it is generally recommended that they be avoided by nurs-
ing mothers.61 (Also see Chapter 46.)

Benzodiazepine Overdose and Use of Flumazenil

11. S.P. is a 17-year-old boy who is brought to the hospital by his
mother. S.P. is barely conscious, and his breathing is slow and shal-
low. His mother states that he “took a whole bottle of diazepam”
(5 mg, #30) sometime during the previous night. S.P.’s medical
history is significant for a severe head injury sustained from a
car accident 8 months ago. He currently takes carbamazepine
(Tegretol) 200 mg TID for seizure prophylaxis. S.P.’s mother be-
lieves that diazepam is the only drug that he ingested because
no other medications are missing. What signs and symptoms are
consistent with benzodiazepine overdose? Why is it inappropriate
to administer the benzodiazepine antagonist, flumazenil, in this
case?

Benzodiazepine overdose is characterized by respiratory
and CNS depression, both of which are evident in this case
(S.P. is almost unconscious, with slow and shallow breathing).
Overdose with benzodiazepines as the sole ingested agent is
rarely life threatening, and full recovery is the usual outcome.62
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Flumazenil is a benzodiazepine receptor antagonist that is
effective in reversing the sedation associated with benzodi-
azepine intoxication. Its effects on respiratory depression are
inconsistent, but improved breathing may occur secondarily to
increased consciousness.62

The primary use of flumazenil is in reversing benzodia-
zepine-induced conscious sedation (primarily with midazo-
lam) in patients who have been sedated for minor surgical or
diagnostic procedures. Its use for this purpose is generally safe
and effective, and facilitates patient recovery and discharge by
decreasing the postprocedural monitoring period.63 Flumaze-
nil is also approved for treating benzodiazepine overdose, but
this use is controversial because of potentially serious compli-
cations and questions about its cost effectiveness.63 Flumazenil
administration does not appear to decrease mortality or length
of hospital stay in cases of benzodiazepine overdose; therefore,
its use for this purpose has become limited.63

There are several reports of seizures or cardiac arrhythmias
(including fatalities) following the administration of flumaze-
nil in comatose patients who had ingested multiple drugs.62

These overdoses often included TCAs and carbamazepine.
The anticonvulsant effects of benzodiazepines may protect
against TCA-induced seizures, and the rapid reversal of their
effects with flumazenil removes this protection. Flumazenil
is contraindicated in cases of overdose involving TCAs or
carbamazepine or overdoses of any agent that decreases the
seizure threshold. Toxicology screening and an electrocardio-
gram (ECG) should be performed before flumazenil is admin-
istered. Physical symptoms suggestive of TCA overdose in-
clude dry mucous membranes, mydriasis, and motor twitching
or rigidity. Flumazenil should also be avoided in patients with
increased intracranial pressure or a known history of seizures
or head injury, in those who have been receiving chronic benzo-
diazepine therapy, and in patients with a history of recent illicit
drug abuse (cocaine, heroin) because flumazenil can precipi-
tate seizures in these situations. Administration of flumazenil
should occur only when acute seizure management measures
are available.

Flumazenil reverses benzodiazepine-induced sedation or
coma within 1 to 2 minutes after IV administration. The
most common side effects include agitation, dizziness, nau-
sea, general discomfort, tearfulness, anxiety, and a sensation
of coldness.62 Rapid or excessive infusion has been associated
with tachycardia and hypertension. The elimination half-life
of flumazenil is 41 to 79 minutes, and sedation may recur after
1 to 2 hours, especially when large doses of long-acting ben-
zodiazepines are involved. Repeated flumazenil doses or an IV
infusion may be indicated in these cases. Full recovery should
be verified (3–4 hours of stable alertness) before patients are
discharged after flumazenil administration, and they should be
advised to avoid driving or performing other potentially haz-
ardous activities for 24 hours. Flumazenil undergoes extensive
hepatic metabolism to inactive metabolites.62 Dosage reduc-
tions are recommended in patients with liver dysfunction, but
flumazenil pharmacokinetics are not altered significantly by
gender, age, or renal impairment.

Flumazenil administration is not appropriate in S.P.’s case
because of his history of head injury and seizures. Instead,
management should involve general supportive measures and
mechanical ventilation, if indicated. It is probably too late for
use of activated charcoal or gastric lavage in this case because

the ingestion occurred the previous night. These interventions
can often be beneficial in managing benzodiazepine overdose,
although gastric lavage may provide no extra benefit over ad-
ministration of activated charcoal alone. A psychiatric evalu-
ation is also indicated in this case to identify and address the
reasons for S.P.’s overdose.

Physiological Variables Influencing Benzodiazepines

12. B.G., a 68-year-old man, is brought to the emergency de-
partment (ED) by his wife after being involved as the driver in a
minor car accident. He has no physical injuries except for several
small abrasions caused by the car airbag deployment. However,
B.G. appears drowsy, is mildly confused, and has an unsteady gait.
A toxicology screen reveals no alcohol or other substances, except
for diazepam, which his physician prescribed several months ago.
B.G.’s wife states that he has been taking 1 tablet (5 mg) BID or
TID and that it has been remarkably effective in improving his
mood and anxiety. B.G., who is 5 feet 8 inch tall and weighs 250
lb, is a recovering alcoholic with moderate liver disease caused
by years of heavy drinking. He has successfully maintained his
sobriety for nearly 2 years. In addition to diazepam, B.G. also oc-
casionally takes OTC omeprazole (Prilosec) and cimetidine (Taga-
met) for heartburn. It is determined that B.G. is suffering from
adverse effects of diazepam, probably caused by drug accumula-
tion. What factors could be influencing disposition of diazepam
in this patient?

Benzodiazepine pharmacokinetics can be affected by var-
ious physiological factors, including age, gender, obesity, he-
patic and renal disease, and ethnicity (Table 76-9). Several of
these factors are present in this case and may have contributed
to the accumulation of diazepam with resulting adverse con-
sequences.

B.G.’s age may influence diazepam disposition. Reductions
in both CYP 3A4 and CYP 2C19 activity have been reported
to occur with aging. The glucuronidation metabolic pathways
are minimally affected with age, so no such effect is seen
with lorazepam or oxazepam.47 Although some studies indi-
cate reduced clearance of various benzodiazepines in the el-
derly (especially males), others have found comparable rates of
benzodiazepine clearance between young and elderly groups.
Other factors that may contribute to longer benzodiazepine
half-lives in the elderly include decreased hepatic blood flow
and increased volumes of distribution of lipid-soluble com-
pounds (due to decreased muscle mass and increased fat); the
latter effect can increase a drug’s half-life in the absence of
any clearance changes. As described in Question 5, older pa-
tients are more sensitive to the sedative and psychomotor ef-
fects of benzodiazepines. For these reasons, the recommended
benzodiazepine dosages for patients older than 65 years are
generally one-third to one-half of those used in healthy adults
(Table 76-4).

Gender also may influence benzodiazepine clearance.13,64

Studies examining gender effects have yielded mixed results,
probably because of wide interindividual differences. In elderly
patients, some investigators have found lower clearances of
clorazepate, diazepam, and alprazolam in men compared with
those in women.64 Women have been reported to have higher
CYP 3A4 and CYP 2C19 activities, which may partially ex-
plain these findings. The increased CYP 3A4 activity in women
disappears after menopause, which may necessitate the use
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Table 76-9 Physiological Factors Influencing Benzodiazepine Pharmacokinetics

Factor Physiological and Pharmacokinetic Effects Clinical Significance/Comments

Aging Increased elimination half-life due to increased Vd of all
benzodiazepines172

Lower benzodiazepine dosages, and possibly less frequent
dosing intervals, recommended in the elderly

Decreased clearance of benzodiazepines that undergo oxidative
hepatic metabolism (Table 76-6)173

Benzodiazepines that undergo glucuronidation
(lorazepam, oxazepam) preferred in the elderly

Decreased plasma proteins may lead to increased free fraction of
highly protein-bound benzodiazepines (Table 76-6)

Possible increased clinical effects

Decreased gastric acidity may lead to increased rate of
benzodiazepine absorption

Possible faster onset of clinical effects

Gender Age-related decrease in hepatic oxidative metabolism of
benzodiazepines more pronounced in males

Elderly males may require especially low benzodiazepine
dosages

Increased CYP 3A4 and CYP 2C19 activity in premenopausal
women may result in higher clearance of drugs that undergo
oxidative metabolism13

Possible decreased plasma benzodiazepine concentrations
and shorter duration of clinical effects of oxidatively
metabolized agents in premenopausal women

Decreased glucuronidation in women may result in slower clearance
of benzodiazepines metabolized by conjugation13

Women may have longer elimination half-lives of
lorazepam and temazepam and may require less
frequent dosing

Increased Vd in women due to lower lean body mass and increased
adipose tissue13

Possible longer elimination half-lives in women,
especially the elderly, and greater drug accumulation

Lower plasma protein binding in women13 Clinical significance unknown
Obesity Increased benzodiazepine elimination half-lives due to increased Vd Increased chance of drug accumulation in obese patients;

dosage reductions may be indicated
Liver disease Decreased clearance and increased elimination half-lives of

long-acting benzodiazepines and alprazolam in cirrhosis and
hepatitis; no changes with oxazepam or triazolam47

Avoid long-acting benzodiazepines, or use significantly
lower doses to avoid drug accumulation

Increased elimination half-life of lorazepam in cirrhosis but not
acute hepatitis

Decreased lorazepam dose or increased dosing interval
recommended in cirrhosis

Kidney disease Decreased plasma protein binding may lead to increased free
fraction of highly protein-bound benzodiazepines (Table 76-6)174

Dosage reductions may be necessary

Ethnicity Decreased oxidative metabolism (via CYP 2C19) of diazepam and
alprazolam in Asians65

Asians may require lower doses of diazepam, alprazolam,
and possibly other benzodiazepines

CYP, cytochrome P450; Vd, volume of distribution.

of lower benzodiazepine dosages during the postmenopausal
period. Women have slower glucuronidation metabolic pro-
cesses than men, resulting in lower clearance of agents such as
temazepam and oxazepam.13,47

Obesity and liver impairment are other physiological factors
that are relevant to B.G.’s case. Obesity increases the volume
of distribution of benzodiazepines and the extent of accumula-
tion of long-acting agents. Significant changes in the elimina-
tion half-lives of lorazepam and oxazepam are not observed in
obese patients. Liver dysfunction can reduce benzodiazepine
elimination rates and prolong their half-lives, resulting in rec-
ommendations for decreased dosages. The pharmacokinetics
of oxazepam or triazolam are unaffected by liver disease.

Decreased protein binding of benzodiazepines can occur in
patients with renal insufficiency, and this may lead to increased
free fractions of highly protein-bound agents. However, no sig-
nificant changes in clearance or volume of distribution of free
drug have been noted. Regarding ethnicity, up to 20% of Asians
are CYP 2C19 poor metabolizers. Decreased clearance of a va-
riety of CYP 2C19 substrates, including diazepam, has been
reported in Asian subjects.65

In summary, the physiological factors that can alter benzo-
diazepine disposition in B.G. are his age, obesity, male gen-
der, and liver disease. Accumulation of diazepam due to these
combined effects probably led to his mental status changes. In
addition to these factors, cimetidine and omeprazole can both

significantly impair the metabolism of diazepam, resulting in
decreased clearance and increased side effects (Table 76-8).56

If continued benzodiazepine therapy is deemed necessary
for B.G., lorazepam or oxazepam would be preferred agents
because they would be least affected by aging, obesity, liver
disease, or drug interactions. Benzodiazepine dosage equiva-
lencies, which are based on relative potencies, can be used to
determine an equivalent dose for the selected agent (Table 76-
4). However, these equivalencies are inexact, and dosing con-
versions should take patient variables and usual dosage ranges
into consideration. For example, B.G. had been taking 10 to
15 mg/day of diazepam, so the calculated equivalent lorazepam
dosage is 2 to 3 mg/day. Because of his age, a somewhat lower
initial dose of 0.5 to 1.0 mg BID would be indicated, accom-
panied by careful monitoring for adverse effects or withdrawal
symptoms. However, switching to a nonbenzodiazepine agent
should be considered because this may be a better treatment
option for B.G.

Buspirone Therapy

13. Several days after recovery from diazepam intoxication,
B.G. expresses a desire to discontinue benzodiazepine use. He
is being criticized by his fellow Alcoholics Anonymous program
members for taking a drug associated with dependency. The
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decision is made to switch B.G. from diazepam to buspirone. How
does the clinical profile of buspirone compare with that of the ben-
zodiazepines?

Buspirone was the first agent marketed as an anxiolytic
that lacks CNS depressant effects. In contrast to the benzodi-
azepines, it produces no significant sedation, cognitive or psy-
chomotor impairment, or respiratory depression, and it lacks
muscle relaxant and anticonvulsant effects.37 Buspirone is gen-
erally well tolerated, and side effects, when they occur, include
mild nausea, dizziness, headache, and initial nervousness.66

Some patients may experience mild drowsiness or fatigue on
initiation of therapy. Low sedation potential and lack of cogni-
tive and respiratory depressant effects make buspirone useful
in older patients who may have a variety of chronic medical
conditions. Unlike many antidepressants, buspirone does not
adversely affect sexual functioning and has actually improved
sexual functioning in some patients with GAD.36 Buspirone
has minimal potential for abuse and is not classified as a con-
trolled substance. It does not produce physical dependence
or withdrawal syndromes on discontinuation, even after long-
term therapy.”37,67 It also does not interact with alcohol or other
CNS depressants and is relatively safe in overdose.37

Buspirone is as effective as benzodiazepines such as alpra-
zolam, oxazepam, lorazepam, diazepam, and clorazepate in the
treatment of GAD.66 Its superiority over placebo has been re-
ported in many, but not all, trials. For example, in a controlled
comparison with extended-release venlafaxine, buspirone was
no more effective than placebo in treating GAD.68 Like antide-
pressants, buspirone is more effective than benzodiazepines in
treating the cognitive symptoms of anxiety. However, the anx-
iolytic effects of buspirone have a more gradual onset than
that of benzodiazepines. Initial effects are observed within the
first 7 to 10 days, but 3 to 4 weeks may be needed for optimal
results. Buspirone must be taken on an ongoing basis if it is
effective and the drug should not be taken intermittently or “as
needed.”

Switching From Benzodiazepine to Buspirone Therapy

14. How should B.G. be switched from benzodiazepine to bu-
spirone therapy?

Because buspirone has no CNS depressant effects and is
not cross-tolerant with the benzodiazepines, it is not effec-
tive in preventing or treating benzodiazepine withdrawal. Thus,
when patients are being converted from benzodiazepine to bus-
pirone therapy, the benzodiazepine must be discontinued grad-
ually. Because it takes several weeks for full therapeutic effects
of buspirone to occur, it can be initiated before the benzodi-
azepine taper begins. This may indirectly ease benzodiazepine
withdrawal by providing extra anxiolytic coverage during the
benzodiazepine taper period.69

Buspirone is completely absorbed, but it undergoes ex-
tensive first-pass metabolism, which reduces its absolute
bioavailability to approximately 5%.37 Administration with
food may significantly increase bioavailability by decreasing
the first-pass effect. Buspirone has an active metabolite, 1-
pyrimidinylpiperazine (1-PP), which is present in much higher
concentrations than buspirone at therapeutic doses. 1-PP acts
on the noradrenergic system rather than serotonin and func-
tions as an α2-adrenergic antagonist. Some of the side effects
of buspirone, such as nervousness, are attributed to this active

Table 76-10 Buspirone Drug Interactions

Interacting Drug(s) Clinical Significance/Comments

CYP 3A4 inhibitors:
nefazodone, fluoxetine,
fluvoxamine, erythromycin,
itraconazole, ketoconazole,
diltiazem, verapamil,
grapefruit juice, and
ritonavir

Significant increases in buspirone Cp
have been reported with these
agents, but adverse clinical effects
are not always apparent.

Buspirone dosage reductions are
recommended when coadministered
with erythromycin, fluvoxamine,
nefazodone, fluoxetine, or
itraconazole.

Rifampin Highly significant decreases in
buspirone Cp; avoid concurrent use.

Haloperidol Buspirone may increase haloperidol
Cp, but one study found no
interaction.

Monoamine oxidase inhibitors Possible serotonin syndrome; avoid
concurrent use.

Cp, plasma concentration; CYP, cytochrome P450.

metabolite.37,70 The mean elimination half-life of buspirone is
short, approximately 2 to 3 hours, but 1-PP is longer acting.

The clearance of buspirone is significantly reduced in pa-
tients with kidney or liver disease, but there is little change in
side effects or tolerability.37 Nevertheless, it is recommended
that lower buspirone dosages be used in patients with com-
promised renal or hepatic function and that it be avoided in
cases of severe impairment. Buspirone pharmacokinetics are
not significantly affected by age or gender; therefore, no dosage
adjustments are needed in the elderly.37

Important drug interactions with buspirone are summa-
rized in Table 76-10.37 Buspirone is metabolized by CYP 3A4,
and coadministration of CYP 3A4 inhibitors, including grape-
fruit juice, can result in significant increases in buspirone lev-
els. In many cases, the half-life of buspirone remained un-
changed, suggesting that these interactions are mainly due to
inhibition of CYP 3A4–mediated first-pass metabolism in the
gut. Because of buspirone’s extremely wide margin of safety
and tolerability, even very large increases in its plasma levels
may be clinically insignificant. Some hepatic enzyme inducers
can render buspirone ineffective due to large increases in bu-
spirone clearance. Buspirone should be avoided in patients tak-
ing MAOIs due to the risk of serotonin syndrome. Buspirone
does not appear to enhance the CNS depressant effects of al-
cohol.

It was previously believed that patients who had been treated
with benzodiazepines in the past did not respond as well to
buspirone as benzodiazepine-naive patients. It is now evi-
dent that buspirone can provide benefit in this population as
long as the benzodiazepine is tapered slowly enough to pre-
vent withdrawal.14 B.G. has been taking diazepam for several
months and needs to be withdrawn gradually over a period
of at least several weeks. B.G. can be started on buspirone
at this time. The usual recommended starting dosage of bu-
spirone is 15 mg/day given in two to three divided doses, but
a lower dosage (10 mg/day) is indicated in B.G. because of
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his liver disease. Twice-daily dosing is preferred to facilitate
compliance and is comparable in efficacy and tolerability to
three-times-daily dosing.71 The daily dosage may be increased
in 5-mg/day increments every 3 to 4 days. Optimal anxiolytic
doses generally range from 20 to 30 mg/day, with 60 mg/day
being the manufacturer’s recommended maximum. There are
no specific guidelines for adjusting dosages in patients with
liver impairment; therefore, dosage titrations in B.G. should be
made slowly, according to his response and side effects. “Divi-
dose” 15-mg tablets are available; these tablets are scored and
notched, so they may be broken into 5-, 7.5-, or 10-mg doses.
A 30-mg “Dividose” tablet is also available, as well as generic
buspirone products.

PANIC DISORDER
Diagnostic Criteria
The DSM-IV-TR criteria for panic disorder are presented in
Table 76-11.1 The hallmark characteristic of panic disorder
is the occurrence of sudden and distinct panic attacks, which
are marked by a tremendous wave of symptoms and feelings
listed in Table 76-11. At least four of these symptoms are re-
quired to fulfill criteria for a panic attack, and the term “limited
symptom attack” refers to those events involving less than four
symptoms. Three types of panic attacks have been defined with
regard to the context in which they occur: unexpected or uncued
panic attacks (the attack is not associated with a situational trig-
ger); situationally bound panic attacks (the attacks invariably
occur on exposure to a situational trigger); and situationally

Table 76-11 Diagnostic Criteria for Panic Disorder

1. Presence of at least two unexpected panic attacks, characterized by
at least four of the following symptoms, which develop abruptly and
reach a peak within 10 minutes:
a. Palpitations, pounding heart, or accelerated heart rate
b. Sweating
c. Trembling or shaking
d. Sensations of shortness of breath or smothering
e. Feeling of choking
f. Chest pain or discomfort
g. Nausea or abdominal distress
h. Feeling dizzy, unsteady, lightheaded, or faint
i. Derealization or depersonalization
j. Fear of losing control or going crazy
k. Fear of dying
l. Numbness or tingling sensations

m. Chills or hot flushes
2. At least one of the attacks has been followed by at least one of the

following symptoms for a duration of at least 1 month:
a. Persistent concern about having another attack
b. Worry about the implications or consequences of the attack
c. Significant change in behavior because of the attack

3. Symptoms are not due to the direct effects of a medication,
substance, or general medical condition

4. Panic attacks are not better accounted for by another psychiatric or
anxiety disorder (e.g., phobias, obsessive-compulsive disorder)

5. May occur with or without agoraphobia (see text)

Adapted from reference 1, with permission. Copyright © 2000 American Psychiatric
Association.

predisposed panic attacks (the attacks are more likely to, but
do not invariably, occur on exposure to a situational trigger).1

The DSM-IV-TR criteria for panic disorder require the oc-
currence of at least two unexpected or uncued panic attacks
that are followed by persistent worry or concern about hav-
ing another panic attack or a significant change in behavior
related to the attacks. Although panic attacks are the hallmark
symptom of panic disorder, their occurrence does not always
indicate panic disorder.1 Depressive disorders and other anx-
iety disorders can also be associated with occasional panic
attacks. Situationally bound panic attacks are more character-
istic of specific phobias or social anxiety disorder than panic
disorder, and situationally predisposed panic attacks may oc-
cur in either panic or phobic disorders. Nocturnal panic at-
tacks, which awaken a person from sleep, are almost always
indicative of panic disorder. Because panic attacks occur unpre-
dictably, they often lead to generalized anxiety or constant fear
of sudden attacks. Two subtypes of panic disorder have been
identified: without agoraphobia or with agoraphobia.1 Agora-
phobia refers to a fear of being in situations from which escape
might be difficult or embarrassing in the event of a panic attack.
Mild-to-moderate agoraphobia involves selective avoidance of
certain places or situations such as shopping malls, theaters,
grocery stores, elevators, and driving alone. Some people may
be unable to go anywhere unless accompanied by a compan-
ion. In severe cases of agoraphobia, the sufferer may become
completely housebound.

Epidemiology and Clinical Course
Approximately 28% of the general population experiences a
single isolated panic attack at some time in their lives.72 Ap-
proximately 10% to 12% of persons experience recurrent panic
attacks that do not fulfill the diagnostic criteria for panic disor-
der; however, these persons can still be significantly affected.
True panic disorder is estimated to affect 1% to 2% of Ameri-
cans at some time in their lives.7,72 Women are affected two to
three times more often than men and are more likely to develop
agoraphobia.13 The onset of panic disorder usually occurs in
the late teens to mid-30s, and it is rarely seen in the elderly.7

Most persons report onset of the disorder at some particularly
stressful time in their life; in women, this often includes the
prenatal and postpartum periods.13,60

Panic disorder is accompanied by marked degrees of psy-
chiatric comorbidity; 50% to 60% of patients suffer a major de-
pressive episode at some point. Other common comorbid con-
ditions include social anxiety disorder, GAD, OCD, PTSD, per-
sonality disorders, alcohol abuse, and bipolar disorder.1,72,73

Patients with comorbid disorders have more severe symptoms,
show slower and poorer response to treatments, are less likely
to experience full remission, and have a greater suicide risk
(particularly when depression or substance abuse are present)
than those with panic disorder alone.74,75 Panic disorder causes
significant functional disability in areas of work, family rela-
tionships, and overall quality of life.7,76

Panic disorder is associated with very high rates of health
care service utilization.75 Because of the physical manifesta-
tions of panic attacks, repeated ED visits and costly diagnostic
tests are common.77 About 25% to 32% of patients making ED
visits related to chest pain actually have panic disorder. The
poor recognition of panic disorder in primary care settings
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further increases use of medical services. Panic disorder is
the underlying cause of symptoms in an estimated 10% to
30% of patients referred to specialty vestibular, respiratory,
or neurology clinics, and up to 60% of those referred for
cardiology consultation.1 The vast majority of patients with
panic disorder do not complain of feeling anxious and re-
port only physical symptoms, such as chest pain, GI problems,
headache, dizziness, and shortness of breath, which contributes
to misdiagnosis.77 It is not uncommon for patients to have been
in the health care system for up to 10 years before they are cor-
rectly diagnosed.

The long-term course of panic disorder is highly variable.1

Some patients experience episodic periods of remission and
relapse, whereas others suffer almost continuously. Follow-up
studies conducted several years after treatment reveal that ap-
proximately one-third of patients are still well and in remission,
40% to 50% of patients are improved but experience persis-
tent symptoms, and another 20% to 30% are unchanged or
worse.1,78

Etiology and Pathophysiology
There is substantial evidence that panic disorder is biologically
based. A neuroanatomical model for panic disorder has been
proposed in which the anxiety and fear response to threatening
stimuli are mediated through the amygdala.5,79 Various pro-
jections from the amygdala, including the hypothalamus and
the LC, trigger autonomic and neuroendocrine responses that
result in anxiety and panic attacks. Patients with panic disorder
have a heightened anxiety sensitivity (fear of anxiety-related
sensations), and a variety of substances and situations are ca-
pable of triggering the neural fear network that activates the
anxiety and panic response.79 Acute panic attacks are believed
to be caused by dysregulated firing in the LC as described
previously (see Neurobiology of Anxiety section), and hyper-
responsiveness of the NE system may be an underlying cause
for panic disorder.80

Experimental provocation of panic attacks is an important
component of panic disorder research. Administration of cer-
tain substances induces panic attacks rather consistently in per-
sons with panic disorder, but not in normal healthy subjects.5,79

These substances include caffeine, noradrenaline, sodium lac-
tate, hypertonic sodium chloride, high concentration carbon
dioxide (CO2), yohimbine, flumazenil, and CCK-B agonists.
Administration of effective medication treatments for panic
disorder blocks the effects of these panic-inducing substances.
Challenge studies such as these provide evidence for possi-
ble abnormalities in GABA-A receptor, NE, 5-HT, and CCK
functioning that underlie panic disorders. Decreased GABA-A
benzodiazepine binding sites, abnormal regulation of neuroac-
tive steroids that modulate GABA-A receptors, hyperactivation
of the HPA axis, and CCK-B receptor gene polymorphism are
among the findings associated with panic disorder.73,81

Hypersensitivity to 35% CO2 inhalation, as evidenced by
precipitation of panic attacks, robustly identifies patients with
panic disorder as well as those with other anxiety disorders such
as OCD and GAD.79 This association is specific enough that
CO2 hypersensitivity is considered a biological trait marker,
at least for a subset of panic disorder patients. Effective treat-
ment of panic disorder with medication significantly decreases

the sensitivity to CO2 inhalation.82 Brain imaging studies
also have demonstrated abnormal patterns of cerebral glu-
cose metabolism in certain brain areas in patients with panic
disorder.79

A familial occurrence of panic disorder has been noted;
first-degree relatives of individuals with panic disorder have
an 8- to 21-fold greater risk of panic disorder than relatives of
unaffected persons.1,15 Genetic and environmental influences
both contribute to this familial pattern. The inherited compo-
nent is believed to involve heightened anxiety sensitivity, which
confers increased vulnerability for panic disorder. Heightened
anxiety sensitivity in panic disorder has been associated with
“catastrophic cognitions,” in which harmless normal physical
sensations are misinterpreted as being dangerous and cause
fear.78 These negative cognitive patterns are often unconscious
and may be integral in potentiating recurrent panic attacks in
a biologically predisposed individual.

Developmental experiences may also be important in the
etiology of panic disorder. Several studies have shown that dis-
tressing childhood events such as separation from parents and
abuse are associated with markedly increased risks of develop-
ing panic disorder later in life.79 Behavioral inhibition during
childhood, characterized by excessive fear and avoidance of
novel stimuli, is also extremely common in panic disorder pa-
tients. Obviously, no one biological abnormality can explain
panic disorder, and further research is needed to define the
complex interplay of the various pathophysiological, genetic,
and cognitive findings in this illness.

Treatment of Panic Disorder
Approximately 70% to 90% of patients with panic disor-
der can experience substantial relief with currently available
treatments, which include both pharmacologic therapies and
CBTs.1,73 Medications are most beneficial for reducing panic
attacks initially, and their effects on phobic avoidance gener-
ally occur later. Nonpharmacologic therapies are especially
effective in reducing avoidance behaviors. The two classes
of first-line medication treatments for panic disorder are the
SSRIs and the benzodiazepines, and these agents are often
used in combination.73 Several TCA and MAOI antidepres-
sants are also effective in treating panic disorder, but are re-
served as second- or third-line options because of their clinical
disadvantages compared with SSRIs. The heightened anxiety
sensitivity common in panic disorder makes patients especially
vulnerable to certain initial antidepressant side effects, such as
anxiety and agitation. This is seen with most antidepressants,
including SSRIs and TCAs, and is the reason why lower than
usual starting doses of antidepressants are recommended in
patients with panic disorder.

Selective Serotonin Reuptake Inhibitors
The SSRIs, paroxetine, sertraline, and fluoxetine, as well as
the SNRI, venlafaxine, are FDA approved for treating panic
disorder. There is strong evidence that other SSRIs (fluvox-
amine, citalopram, escitalopram) are also effective.21,30 Sev-
eral large controlled trials have demonstrated the superiority
of paroxetine, sertraline, and fluoxetine over placebo in reduc-
ing the frequency of panic attacks, anticipatory anxiety, and
associated depression.83,84 Although low starting dosages are
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recommended (10 mg/day for paroxetine, 25 mg/day for ser-
traline, 5–10 mg/day for fluoxetine) to minimize side effects,
higher doses are usually required for response. The recom-
mended target dosage range of paroxetine for panic disorder is
20 to 40 mg/day.85 Fixed-dose sertraline studies showed that
the efficacy of 50, 100, and 200 mg/day doses was compara-
ble; there was no consistent dose–response effect.86 Therefore,
50 mg/day should be targeted as the minimum dose of sertra-
line that will be needed when treating panic disorder; higher
doses may sometimes be required. The target dose of fluox-
etine in panic disorder is 20 mg/day, and most patients are
unlikely to require higher doses.83 For citalopram, a 20- to 30-
mg/day dosage range has been associated with better efficacy
than 40 to 60 mg/day, whereas doses of 10 to 15 mg/day were
ineffective.24 The initial dose of venlafaxine XR should be
37.5 mg/day.

Response to SSRIs and other antidepressants in panic disor-
der occurs gradually, over the course of several weeks. Reduced
frequency of panic attacks usually begins within 4 to 6 weeks.
A trial period of 10 to 12 weeks should be allowed to fully
assess response, and continued improvements may be seen
over a treatment period of 6 months or longer.73,78 Overall, the
SSRIs are as effective as the TCAs in treating panic disorder,
but they are better tolerated and may have a slightly faster onset
of therapeutic effects.78,87

Benzodiazepines
The benzodiazepines, alprazolam and clonazepam, are FDA
approved for treating panic disorder and are the most ex-
tensively studied agents of this class.77,78,88 As previously
described, new formulations of these agents (Xanax XR,
Klonopin wafer) have been introduced specifically for use in
panic disorder. Lorazepam is another high-potency agent that
appears to be as effective as alprazolam and clonazepam.78

Other benzodiazepines such as diazepam were previously be-
lieved to be ineffective in treating panic disorder, but they can
be effective if sufficiently high doses are used.78

Optimal benzodiazepine dosing is an important issue in
panic disorder because these individuals often need higher
doses for response than patients with other anxiety disorders.89

This may be related to reduced sensitivity of benzodiazepine
binding sites in panic disorder.18 An alprazolam dosage range
of 4 to 6 mg/day is effective for most panic disorder patients,
but others may require up to 10 mg/day for optimal response.
When clonazepam is used, the minimum effective dosage ap-
pears to be 1 mg/day, and most panic disorder patients do well
in the range of 1 to 3 mg/day.

One problem with alprazolam use in panic disorder is that
many patients experience breakthrough anxiety or panic at-
tacks 3 to 5 hours after taking a dose because of its relatively
short duration of action.78 The total daily alprazolam dose usu-
ally needs to be taken in three or four, and sometimes five,
divided doses to minimize this effect. The extended-release al-
prazolam formulation (Xanax XR) was developed to address
this problem.46 Xanax XR can be dosed once or twice daily
and is associated with minimal interdose anxiety. It may have
a lower abuse liability than immediate-release alprazolam, but
it is more expensive than generic alprazolam. Clonazepam is
longer acting than standard-release alprazolam, and a twice-
daily dosing schedule is usually sufficient. A switch to either

clonazepam or extended-release alprazolam can be benefi-
cial when breakthrough anxiety is a problem with immediate-
release alprazolam. Extended-release alprazolam is more ex-
pensive than generic alprazolam or clonazepam and probably
offers no clinical advantage in most cases. Panic disorder pa-
tients are especially sensitive to benzodiazepine withdrawal
effects. For this reason, clonazepam may be preferred over al-
prazolam in many panic disorder patients.89

Tricyclic Antidepressants, Monoamine Oxidase Inhibitors,
and Other Antidepressants
TCAs were the first medications widely used in the treatment
of panic disorder. Imipramine (Tofranil) and clomipramine
(Anafranil) are as effective as alprazolam, but are less well
tolerated.74,85 One trial with desipramine (Norpramin) found
that it did not significantly differ from placebo.78 Well-
conducted studies involving other TCAs are lacking. As indi-
cated, especially low starting dosages of TCAs (10 mg/day) are
needed to minimize initial anxiety-like side effects. Even so,
many patients discontinue therapy because of poor tolerability.
Imipramine should be slowly titrated up to the recommended
target dosage of 100 mg/day.

Clomipramine appears to be more effective than other TCAs
for panic disorder, perhaps because of its greater serotoner-
gic effects.90 The possibility of a therapeutic dosage window
for clomipramine in panic disorder has been suggested, with
dosages >80 mg/day being associated with a reduced like-
lihood of response.90,91 Clomipramine seems to be most ef-
fective within the dosage range of 60 to 80 mg/day, which is
relatively low but reasonably well tolerated. Patients who do
not respond to clomipramine doses in this range are unlikely
to benefit from further dose increases.

Among the MAOIs, phenelzine (Nardil) is often heralded as
being remarkably effective in the treatment of panic disorder,
but this claim is based on studies that were conducted more than
two decades ago in patients who might not meet the current di-
agnostic criteria for panic disorder.78 No recent MAOI studies
are available to assess phenelzine’s efficacy within the con-
text of current diagnostic and treatment standards. Phenelzine
may be extremely effective, but it is generally an option of last
resort for treatment-refractory cases because of the many clin-
ical disadvantages of MAOIs relative to other antidepressants
(see Chapter 79). Preliminary reports suggest that other newer
antidepressants, including venlafaxine, nefazodone, mirtaza-
pine, and escitalopram, may also be beneficial in treating panic
disorder.30,78,89 These agents may be useful in patients who do
not respond to SSRI therapy.

Miscellaneous Agents
Bupropion (Wellbutrin), buspirone, and trazodone are gener-
ally ineffective for panic disorder.78 Trials of propranolol and
clonidine have yielded mixed, but largely negative results.78

None of these agents are considered appropriate treatment op-
tions in panic disorder, although buspirone and pindolol have
been effective in augmenting response to SSRI therapy.89,92

Other medications that are reportedly effective in treating panic
disorder include the anticonvulsants carbamazepine, oxcar-
bazepine, tiagabine, and valproate; the calcium channel blocker
verapamil; the antipsychotic agent olanzapine; the antihis-
tamine chlorpheniramine; the serotonin-3 receptor antagonist,
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ondansetron; and inositol.78,89 More information is needed be-
fore any of these can be recommended for the treatment of
panic disorder.

Nonpharmacologic Treatments
CBTs, including exposure treatment and relaxation training,
are also established as being effective in panic disorder.73,78

The cognitive theory of panic disorder is based on the observed
heightened anxiety sensitivity in these patients and asserts that
physical anxiety sensations are misinterpreted as being serious
or life threatening and that these fears trigger a cycle of further
worsening anxiety symptoms that finally progress to a panic
attack. Reversing the cognitive component of this vicious cycle
is an integral part of cognitive therapy and is important in
producing lasting therapeutic effects of treatment.78 Breathing
retraining and exposure to fear cues are key components of
behavioral therapy.

Some studies have found medications to be superior to
CBTs in the treatment of panic disorder, whereas others re-
port opposite results.73,78 CBTs reportedly result in benefits
that are maintained longer after therapy is stopped and have
also been effective in easing benzodiazepine discontinuation.
Combining medication with CBTs can be useful, especially in
patients with severe agoraphobia or those who only partially
respond to either treatment modality used alone.89,93

Clinical Presentation and Differential Diagnosis
of Panic Disorder

15. S.K., a 24-year-old female graduate student, presents to the
ED complaining of chest pain, difficulty breathing, dizziness, and
nausea. She describes feeling “as if my head is going off in space
and I am outside my body.” She states that she has been un-
der extreme stress lately with examinations, working too much,
and constantly fighting with her roommate. S.K. fears that she
has had a heart attack or stroke brought on by her stressful life.
S.K. recently visited her family physician for the same symptoms;
however, a complete physical examination and laboratory workup
yielded no abnormalities, and she was advised to try to relax.
She states that her first “attack” occurred out of the blue about
5 months ago while she was studying in the library and that she can
never predict when they will occur. Since then, her symptoms have
become more severe and frequent, and she has started skipping
classes for fear they will return. S.K. denies any drug or alcohol
use but states that she has suffered from depression in the past
and was hospitalized for one severe episode 2 years ago. An ECG
is performed and found to be normal. The physician’s diagnosis
is panic disorder with mild agoraphobia. What clinical features
of panic disorder does S.K. display, and what are the important
factors in the differential diagnosis of panic disorder?

S.K. exhibits many typical characteristics of panic disorder.
As illustrated in this case, the first panic attack typically oc-
curs without warning while the person is involved in a normal
everyday activity and lasts 10 to 30 minutes. Panic attacks are
extremely terrifying and usually leave the sufferer feeling anx-
ious and convinced that something is medically wrong. As with
S.K., it is not uncommon for persons to make ED visits fol-
lowing or during panic attacks, believing they have had a heart
attack or other serious event. Unfortunately, panic disorder is
often not recognized in primary care settings, and no medical

cause for the symptoms can be identified. Faced with findings
that they are apparently healthy, persons may make repeated
ED visits and consult different doctors and specialists in an
attempt to uncover a physical explanation for their frightening
symptoms.

S.K. exhibits the following target symptoms of panic dis-
order: chest pain, shortness of breath, dizziness, abdominal
distress, and depersonalization (“my head is going off in space
and I am outside my body”). Mild agoraphobia is present be-
cause she has started limiting class attendance because of her
panic attacks. Other factors consistent with a diagnosis of panic
disorder include her young age, female gender, lack of abnor-
mal physical findings, and absence of possible precipitating
substances. This case also illustrates the association between
onset of panic disorder and stressful life events, its common as-
sociation with depression, and the frequent lack of recognition
of panic disorder in primary care settings.

Because different substances or medical conditions can
cause severe anxiety and panic, it is necessary to rule out these
potential causes for panic disorder symptoms.77 Notable trig-
gers of panic attacks include caffeine, alcohol, nicotine, non-
prescription cold preparations, cannabis, amphetamines, and
cocaine.77 Any medication that causes anxiety as a side effect
can potentially precipitate panic attacks in predisposed individ-
uals (Table 76-2). Medical illnesses that can cause panic attacks
include hyperthyroidism, hyperparathyroidism, pheochromo-
cytoma, seizure disorders, and cardiac arrhythmias. Panic
disorder is also associated with higher-than-expected comor-
bidities with hypertension, mitral valve prolapse, asthma,
coronary artery disease, peptic ulcer disease, Parkinson dis-
ease, chronic pain syndromes, primary biliary cirrhosis,
and irritable bowel syndrome.78 In patients with comorbid
medical conditions, panic disorder can worsen the physical
illness.

Panic attacks can also occur in other anxiety disorders. How-
ever, in these cases, the panic attacks usually occur on exposure
to a feared object or situation (in phobic disorders), an object of
obsession (in OCD), or a stimulus associated with a traumatic
stressor (in PTSD). S.K. reports that her panic attacks occur
unexpectedly, and situationally bound or predisposed attacks
are not evident; therefore, the features are consistent with panic
disorder.

Treatment Selection for Panic Disorder, SSRI Dosing
Issues, and Combination SSRI-Benzodiazepine Therapy

16. S.K. is referred to a psychiatrist who decides to initiate treat-
ment with fluoxetine 20 mg Q AM. Three days later, S.K. calls
the doctor complaining that her anxiety and panic attacks have
greatly increased since she started taking fluoxetine. The psychi-
atrist prescribes alprazolam 0.5 mg (tablets) and instructs S.K.
to take 1 tablet as needed for the anxiety. What factors should be
considered in the selection of an initial medication treatment for
panic disorder? Why is the prescribed treatment for S.K. inap-
propriate?

An SSRI, with or without concurrent benzodiazepine ther-
apy, is appropriate first-line treatment for most panic disorder
patients.88,89 In patients such as S.K. who have a history of
depression, SSRIs may also help prevent depressive relapse.
Patients with severe or distressing symptoms usually require
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concurrent benzodiazepine therapy, which provides quick re-
lief from anxiety and panic attacks until the therapeutic ef-
fects of SSRI occur. At that time, usually after several weeks,
the benzodiazepine can be gradually discontinued. An SSRI-
benzodiazepine combination is currently the most commonly
prescribed initial treatment for panic disorder and is superior
in efficacy to initial monotherapy.42 Although benzodiazepines
are generally avoided in patients with a history of substance
abuse, use of low doses for a limited time period may be appro-
priate for some such patients with disabling symptoms, as long
as there is no current substance (especially alcohol) abuse.54,89

Because of the levels of distress and impairment caused by
S.K.’s panic disorder, combined SSRI-benzodiazepine therapy
would have been the preferred initial treatment. Scheduled ben-
zodiazepine dosing is preferred over as-needed dosing sched-
ule during initial therapy, so that panic attacks are prevented.89

Because panic attacks generally last less than 30 minutes, they
have usually passed by the time an as-needed benzodiazepine
dose can take effect.

In choosing among SSRIs for the treatment of panic dis-
order, fluoxetine may be more likely to be anxiety provoking
in some patients, and there is less published evidence to sup-
port its use than for sertraline or paroxetine.21 If fluoxetine is
used, very low initial doses (5–10 mg/day) should be used; in
S.K.’s case, the prescribed 20-mg/day starting dose was much
too high. Also, scheduled versus as-needed benzodiazepine
dosing would have been preferred. After 2 to 4 weeks, the
benzodiazepine can be gradually discontinued while the SSRI
therapy is continued and gradually titrated to the target effec-
tive dose. The potential for drug interactions must also be kept
in mind when SSRI-benzodiazepine combinations are used be-
cause certain SSRIs can inhibit benzodiazepine metabolism,
leading to increased benzodiazepine side effects (see Benzo-
diazepine Drug Interactions section and Table 76-8).

Patient Counseling Information
Patients such as S.K. who are beginning SSRI therapy for the
treatment of panic disorder should be counseled about possible
increased anxiety during the first 1 or 2 weeks of treatment,
as well as other common SSRI side effects, including nausea,
headache, and either insomnia or sedation. Because these are
dose-related effects, patients should inform their clinician of
any problems, and a dosage reduction may be indicated. These
adverse effects usually subside after 1 to 3 weeks of continued
treatment. It is also important to inform patients that it may take
several weeks before beneficial effects of antidepressant treat-
ment are seen, and 6 to 12 weeks or longer may be required for
full response. Patients receiving initial benzodiazepine therapy
should be counseled about their relatively quick onset of ef-
fects to provide anxiolytic coverage during the initial weeks of
SSRI therapy, as well as the likely limited duration of benzo-
diazepine therapy. Other pertinent counseling information for
benzodiazepine treatment should also be included (see Ques-
tion 5). The desired goals of therapy and likely duration of
treatment should also be explained (see Question 18). Provid-
ing information about the nature of panic disorder, including
reassurance that panic attacks are not life threatening, is also
important. Many clinicians recommend that patients keep a
“panic diary” in which they record frequency of panic attacks,
along with symptoms experienced during attacks.

Clinical Assessment and Goals of Therapy

17. S.K. refuses to continue taking fluoxetine, so paroxetine is
prescribed instead. After 1 week of paroxetine therapy at the ini-
tial dosage of 10 mg/day, S.K. is tolerating the medication well.
The plan is to gradually increase the paroxetine to 40 mg/day over
the next several weeks. S.K. is also taking alprazolam, 0.5 mg BID
to TID. What are the desired goals of treatment in this case, and
how can S.K.’s response to treatment be assessed?

Five domains in panic disorder have been identified in which
treatment outcomes should be assessed: frequency and severity
of panic attacks, anticipatory anxiety, phobic avoidance behav-
iors, overall well-being, and illness-related disability in various
areas (work, school, family).78 The treatment goals in this case
are first to stop S.K.’s panic attacks, then to reduce her antic-
ipatory anxiety, followed by reversal of phobic avoidance.40

These outcomes should enable her to attend class regularly
and, secondarily, improve her overall functioning and quality
of life.

Several different instruments have been used to assess out-
comes of treatment in panic disorder.40 In addition to the panic
diary, others include the Fear Questionnaire, the Panic Ap-
praisal Inventory, and the Panic Disorder Severity Scale. The
latter is currently considered by many experts to be the most
useful because it evaluates outcomes in all five identified target
domains of panic disorder.40,78

Course and Duration of Therapy

18. After 3 months of paroxetine therapy, S.K. reports that she
has had no panic attacks in the past month and that functioning
has improved dramatically. She is currently taking 40 mg/day
of paroxetine (two 20-mg tablets) and gradually stopped taking
the alprazolam 3 to 4 weeks ago. S.K. reveals that she is going
to class, making good grades, getting along with her roommate,
and dating. S.K. is experiencing no significant side effects from
paroxetine but complains that it is expensive. She wonders how
long she should continue taking it since she is doing so well. What
is the recommended duration of treatment for panic disorder?

Long-term medication trials in panic disorder support the
recommendation that treatment should continue for at least 6
to 12 months after acute response.78,94 The benefits of main-
tenance pharmacotherapy in preventing relapse are well docu-
mented. Maintenance treatment gives patients time to resume
normal lifestyles and to re-establish daily activities following
acute cessation of panic attacks.

In this case, S.K.’s current paroxetine dosage of 40 mg/day is
appropriate because this is within the effective dosage range for
panic disorder. Paroxetine therapy should be continued at the
current dosage for 3 to 6 more months. Paroxetine is available
as a generic and the use of a 40-mg paroxetine tablet instead
of two 20-mg tablets each day can decrease the drug expense.
After a successful period of full remission, a trial of medication
discontinuation may be attempted to determine whether contin-
ued treatment is necessary. Medication should not be stopped
in patients who are experiencing stressful life events or sub-
stantial residual problems in any of the five domains. When
medication is discontinued, it should be withdrawn gradually
over several months, regardless of which medication class is
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involved. Because of the devastating impact that panic disorder
can have, reinstitution of drug treatment is indicated if relapse
occurs. Long-term treatment with antidepressants, and benzo-
diazepines if necessary, is generally successful in maintaining
treatment benefits without detrimental effects or dosage esca-
lations. Panic disorder is accepted as an appropriate indication
for long-term benzodiazepine therapy if necessary.88

SOCIAL ANXIETY DISORDER AND SPECIFIC PHOBIAS
Classification and Diagnosis of Phobic Disorders
The DSM-IV-TR category of phobic disorders includes two
primary types: specific phobia (formerly called simple pho-
bia) and social phobia (also called social anxiety disorder).1

The term social anxiety disorder is more commonly used and
is the term used in this text. These disorders involve fears that
are excessive or unreasonable and lead to avoidance behav-
ior to minimize anxiety. The DSM-IV-TR criteria for phobic
disorders are presented in Table 76-12.1 The main difference
between specific phobias and social anxiety disorder is that
the former involves fear and avoidance of specific objects or
situations, whereas the latter involves social situations.

Social Anxiety Disorder
In social anxiety disorder, there is an intense irrational fear
of scrutiny or evaluation by others because of concerns about
humiliation or being made to appear ridiculous.1 The gener-
alized type of social anxiety disorder refers to cases in which
fears relate to most social situations (e.g., fear of general social
interactions, speaking to people, attending social gatherings,
dating), whereas the nongeneralized type involves more spe-
cific phobias.1 Public speaking is by far the most common

Table 76-12 Diagnostic Criteria for Phobic Disorders

Social Anxiety Disorder (Social Phobia)

1. Marked and constant fear of one or more social situations in which
the person is exposed to unfamiliar people or possible scrutiny by
others and the person fears humiliation or embarrassment

2. Exposure to the situation provokes an immediate anxiety response
3. Person realizes the fear is excessive or unreasonable (not required in

children)
4. Feared situation is avoided or endured with intense anxiety or

distress
5. Fear or avoidance significantly interferes with the person’s normal

routine or activities or causes marked distress
6. In individuals younger than 18 years of age, the duration of the fear

is at least 6 months
7. Anxiety or phobic avoidance are not better accounted for by another

psychiatric disorder (e.g., fear of having a panic attack, obsessions
that accompany OCD, trauma related to PTSD)

Specific Phobia

1. Marked and persistent fear of a specific object or situation that is
excessive or unreasonable

2. Other criteria (2–7) listed previously for social anxiety disorder

OCD, obsessive-compulsive disorder; PTSD, posttraumatic stress disorder.
Adapted from reference 1, with permission. Copyright © 2000 American Psychiatric
Association.

nongeneralized type; others include speaking to strangers, eat-
ing in public, and using public restrooms. A defining feature
of either type is that the fears and anxiety are confined to so-
cial situations, and patients are usually symptom free when
alone. The most common symptoms seen in social anxiety
disorder include blushing, muscle twitching, and stuttering,
in addition to other typical symptoms of anxiety. Panic at-
tacks may also occur in either specific phobia or social anxiety
disorder on exposure to the feared object or situation. How-
ever, social anxiety disorder is differentiated from panic dis-
order and agoraphobia in that it involves the fear of humilia-
tion and social scrutiny, rather than the fear of having a panic
attack.

The DSM-IV-TR excludes a diagnosis of social anxiety dis-
order if the person fears public embarrassment due to some
physical or medical condition. However, this criterion is con-
troversial because it excludes social anxiety disorder that is
due to certain socially stigmatizing conditions, such as Parkin-
son’s disease, stuttering, obesity, and physical disfigurement
or deformity.1 These cases are sometimes referred to as sec-
ondary social anxiety disorder.

Specific Phobias
Specific phobias are classified into five subtypes: animal type
(snakes, dogs, spiders), natural environment type (heights,
water, storms), blood-injection type (blood, injury, medical
procedures), situational type (flying, bridges, elevators), and
others.1 Exposure to the feared circumstance produces intense
anxiety, sometimes to the degree of panic attacks, and avoid-
ance of the stimuli is common. Significant impairment of func-
tioning or marked distress must be present for a diagnosis of
specific phobia to be warranted. For example, fear of flying
might constitute specific phobia in a person whose job requires
airplane travel, but it would not impair functioning in someone
who never has occasion to fly.

Management of specific phobias has traditionally involved
mere avoidance of the stimuli. Medications generally are not
considered beneficial, but CBTs involving repeated exposure to
the feared situation and systemic desensitization are very effec-
tive. Computer-generated, virtual environment desensitization
(virtual reality) therapy has been used successfully to reduce
fears associated with flying and heights. Benzodiazepines can
not only effectively reduce anxiety associated with a phobic
trigger, but they can also interfere with the efficacy of expo-
sure therapies.

Social Anxiety Disorder
Epidemiology and Clinical Course
The lifetime prevalence of social anxiety disorder is approxi-
mately 7%, which is lower than previous estimates of 13% to
14%.7 The male:female prevalence ratio is approximately 2:3.
Social anxiety disorder usually begins early in life, with a mean
onset between ages 14 and 16 years.95 More than 50% of pa-
tients are affected before adolescence, and a history of shyness
and behavioral inhibition throughout childhood is common.95

Unless effectively treated, the clinical course is often that of
a chronic, unremitting, and lifelong disorder. Only 35% of
patients recovered over the 10-year follow-up in one recent
study.96
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Comorbidity and Clinical Significance
Because social anxiety disorder usually begins during the
teenage years, it can seriously interfere with development
of normal social skills and abilities to form interpersonal
relationships.97 This can lead to functional disabilities that
may persist for a lifetime. Social anxiety disorder can interfere
with achievement of full academic and career potentials and is
associated with unemployment, lower levels of education, and
dependence on public financial support systems.7 Persons with
social anxiety disorder are less likely to marry, and more than
half report moderate-to-severe impairments in their abilities to
carry out ordinary daily activities.97

Comorbidity in social anxiety disorder is high, with an es-
timated 70% to 80% of individuals having at least one other
psychiatric disorder in their lifetime.1,95,96 Common comor-
bid conditions include simple phobia, major depression, GAD,
panic disorder, body dysmorphic disorder, and alcohol abuse.
Because of its early onset, social anxiety disorder usually
precedes the development of comorbid disorders. Alcohol is
commonly used to decrease anxiety in social situations. The
risk of suicide attempts is very high, especially in those with
both social anxiety disorder and another comorbid psychiatric
illness.7

Etiology and Pathophysiology
Social anxiety disorder is known to be a familial disease, but the
relative contributions of genetic versus environmental influ-
ences have not been differentiated.15 Early factors that may pre-
dispose to its development include anxious behavior modeling
in parents and parental overprotection.1 Shyness in children,
which is associated with later development of social anxiety
disorder, has been linked to a specific genetic polymorphism
of the serotonin transporter promoter region.98

Biological studies suggest that the generalized and non-
generalized types of social anxiety disorder may have dif-
ferent underlying pathophysiologies. Nongeneralized social
anxiety disorder may mainly involve disturbances in noradren-
ergic system functioning, whereas there is substantial evidence
for dopaminergic and serotonergic dysfunction in the general-
ized form.99,100 Abnormally low dopamine neurotransmission
in generalized social anxiety disorder is supported by find-
ings of significantly decreased dopamine-2 receptor binding;
markedly reduced dopamine transporter densities; low levels
of the dopamine metabolite, homovanillic acid; high rates of
social anxiety disorder in persons who later develop Parkinson
disease; and several reports of emergence of social anxiety dis-
order during antipsychotic treatment.99,100 Social anxiety dis-
order appears to be unique among the anxiety disorders in its
association with dopamine system abnormalities. Pharmaco-
logic challenge studies suggest that serotonin type-2 receptors
are hypersensitive in patients with social anxiety disorder, and
neuroimaging studies have found specific neural circuits to be
activated in this illness.99

Treatment of Social Anxiety Disorder
Early detection and treatment of social anxiety disorder are
vital in reducing its lifelong functional consequences and may
prevent development of comorbid disorders. Because of the
very nature of the disorder, some sufferers are reluctant to
seek treatment. Those who do seek help, even in psychiatric
settings, are rarely diagnosed and treated appropriately.95 In the

past few years, pharmacotherapy has become first-line therapy
for social anxiety disorder. Nonpharmacologic treatments also
can be very beneficial, and use of the two modalities may be
complementary.

SELECTIVE SEROTONIN REUPTAKE INHIBITORS
As with many other anxiety disorders, SSRIs are consid-

ered the primary treatment option for most patients with so-
cial anxiety disorder.95 Paroxetine, sertraline, and the SNRI,
venlafaxine XR, have received FDA approval for this treat-
ment indication.101 Fluoxetine, fluvoxamine CR, citalopram,
and escitalopram have also demonstrated efficacy in controlled
clinical trials.101−103

Unlike patients with GAD and panic disorder, those with
social anxiety disorder can usually tolerate standard antide-
pressant starting doses. Target effective SSRI doses for social
anxiety disorder are within the normal antidepressant dosage
ranges. The one fixed-dose study of paroxetine in social anxi-
ety disorder found no overall difference in efficacy between 20,
40, and 60 mg/day.104 Although some individuals may respond
better to higher dosages, adequate time should be allowed at
20 mg/day before the dosage is increased. Response to SSRI
treatment occurs gradually, and an adequate medication trial
to assess response should last at least 8 to 10 weeks. Many
who experience minimal response at week 8 may show good
response at week 12, and improvements have been found to
continue throughout 16 weeks of treatment.105

OTHER ANTIDEPRESSANTS
The MAOIs phenelzine and tranylcypromine have also

demonstrated marked efficacy for social anxiety disorder but
are reserved for SSRI nonresponders.95,101 Before the advent
of SSRIs, phenelzine was considered the mainstay of pharma-
cotherapy for social anxiety disorder. The typically effective
dosage ranges are 60 to 90 mg/day for phenelzine and 30 to
60 mg/day for tranylcypromine.

The reversible monoamine oxidase-A inhibitors, moclobe-
mide and brofaromine, which are currently unavailable in the
United States, have shown mixed efficacy results in controlled
studies.95 Case reports and/or open studies suggest that other
antidepressants, including nefazodone and bupropion, may be
useful in treating social anxiety disorder, but controlled trials
are needed to define their roles.95 Imipramine is ineffective for
social anxiety disorder, and TCAs are not among the recom-
mended treatment options.95,101

BENZODIAZEPINES
The high-potency benzodiazepines, clonazepam and alpra-

zolam, may also be useful in some patients with social anxiety
disorder. Clonazepam was markedly efficacious in one con-
trolled study, whereas alprazolam showed only modest effi-
cacy over placebo.95,101 The usual effective dosage ranges are
1 to 3 mg/day for clonazepam and 1 to 6 mg/day for alprazo-
lam. In contrast to the antidepressants, benzodiazepines have
a quicker onset of therapeutic effects and can also be used on
an as-needed basis prior to participation in stressful social sit-
uations. However, benzodiazepines can reduce the therapeutic
effects of exposure therapy. Other disadvantages of the ben-
zodiazepines include their lack of efficacy for many common
comorbid psychiatric disorders, potential for abuse and depen-
dence, and a potentially dangerous interaction with alcohol.
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Benzodiazepines are generally considered second-line therapy
for social anxiety disorder, but in clinical practice they are com-
monly used on an as-needed basis in combination with SSRI
therapy.101

β-BLOCKERS AND OTHER MISCELLANEOUS AGENTS
β-Adrenergic receptor blockers reduce peripheral auto-

nomic symptoms of anxiety, but they are not effective
in treating generalized social anxiety disorder.95 However,
they are useful for nongeneralized social phobia involving
performance-related situations. Propranolol and atenolol are
the two recommended agents and can be used on an as-needed
basis to reduce performance anxiety. Small doses (10–80 mg
of propranolol or 25–50 mg of atenolol) of either agent may
be administered 1 to 2 hours before the performance to de-
crease symptoms such as tremors, palpitations, and blushing.
A test dose should be tried before the actual occasion to as-
sess medication tolerability. β-Blockers are not recommended
as monotherapy for the treatment of generalized social anx-
iety disorder.101 Various other medications, including prega-
balin, gabapentin, tiagabine, and levetiracetam have also been
reported to be effective in the treatment of social anxiety dis-
order, but they are considered second-line treatment.101

NONPHARMACOLOGIC TREATMENTS
Several studies have demonstrated CBTs to be comparable

to medications in the treatment of social anxiety disorder.106

The cognitive therapy component is aimed at changing the
negative thought patterns, such as expectations of perform-
ing poorly and overconcern about negative evaluation by
others.106 These negative expectations lead to increased appre-
hension and anxiety, which further impair performance abil-
ities. The behavioral therapy component, as in other anxiety
disorders, involves repeated exposure to the feared social situ-
ations and practice at performing in those situations. Cognitive-
behavioral group therapies are especially beneficial in social
anxiety disorder because group members can practice social
interactions with one another. Although medications may work
faster, CBTs are believed to result in longer-lasting treatment
gains.106 Social skills training can also be beneficial in improv-
ing interpersonal communication skills.

Clinical Presentation of Social Anxiety Disorder

19. S.H., an 18-year-old man, is brought for psychiatric consul-
tation by his mother who complains that her son is extremely shy.
S.H. was referred to the psychiatrist by his primary care physi-
cian, who reports that S.H. is physically healthy. S.H.’s mother
states that he is a very bright young man who made straight As in
high school despite frequent absenteeism, but he has no friends
and has never been on a date. S.H.’s mother says that during
high school, S.H. never attended any school social functions and
spent all of his time in his room working on his computer. On
graduation from high school, he received a full scholarship to a
community college but refused to go. When questioned by the psy-
chiatrist, S.H.’s face turns bright red, and his voice shakes when
he speaks. S.H. admits that his behavior is not normal but says
that he is afraid that he might “do something stupid” when he is
around people and becomes extremely embarrassed when he has
to talk to anyone. He has wanted to ask a certain girl for a date for
3 years but experienced severe anxiety attacks on the few occa-
sions he has tried to approach her. S.H. is afraid of being turned
down and believes that no girl would ever want to date someone

like himself. The psychiatrist’s diagnosis is social anxiety disor-
der. What clinical features of social anxiety disorder are present
in S.H.?

S.H. exhibits many characteristic features of the general-
ized type of social anxiety disorder. S.H. admits that he does
not like being around people for fear of embarrassment, and
he generally avoids social situations, which are classic traits of
social anxiety disorder. His symptoms of blushing and shak-
ing voice are also common in social anxiety disorder, as well
as other typical anxiety symptoms such as palpitations, trem-
bling, sweating, tense muscles, dry throat, hot/cold sensations,
and a sinking feeling in the stomach. S.H. also displays hy-
persensitivity to rejection and low self-esteem, and he realizes
that his behavior and fears are unreasonable. These symptoms
and S.H.’s young age are consistent with a diagnosis of social
anxiety disorder.

S.H.’s case illustrates the substantial disability that can re-
sult from this illness. S.H.’s anxiety disorder has deprived him
of normal social development, making friends, dating, partic-
ipating in social functions, and pursuit of higher education.
Future impairments throughout S.H.’s life are likely to be sig-
nificant unless his anxiety is treated successfully.

Treatment Selection for Social Anxiety Disorder

20. The physician decides to treat S.H. with medication and
prescribes sertraline, 50 mg Q AM. Is the prescribed pharma-
cotherapy appropriate in this case?

Because S.H.’s generalized social anxiety disorder is
severely impacting his life, medication treatment is indicated.
The SSRIs are first-line therapy for treating social anxiety dis-
order, and sertraline is a good choice because it is FDA ap-
proved for this indication. Although not applicable in this case,
sertraline is also effective for many of the other psychiatric dis-
orders that are commonly seen in patients with social anxiety
disorder. The sertraline starting dose of 50 mg/day is appro-
priate for S.H., and 50-mg increment dosage increases can be
made every 4 weeks according to response, up to a maximum
of 200 mg/day. Signs of response may be seen within 2 to
4 weeks, but 8 to 12 weeks is usually required for optimal
results. If available, CBT may also be combined with pharma-
cotherapy for S.H.

Goals and Duration of Treatment

21. What are the goals of treatment in this case, and how can
S.H.’s response to treatment be objectively assessed? How long
should effective therapy be continued?

Three principle domains of treatment outcomes have been
defined for social anxiety disorder: symptoms, functionality,
and overall well-being.40 It is recommended that efficacy as-
sessments examine all three of these areas because even if all
anxiety symptoms disappear, treatment is not really clinically
significant unless functioning also improves. The clinician-
rated Liebowitz Social Anxiety Scale (LSAS) and the patient-
rated Sheehan Disability Scale can be used for measuring im-
provements in the symptom and functional ability domains,
respectively.40 In S.H.’s case, the desired outcomes of treatment
include reducing his fear and avoidance of social situations,
enabling him to comfortably interact socially and attend col-
lege, and improving his overall quality of life.



ANXIETY DISORDERS � 76-29

Several studies have examined relapse rates after double-
blind discontinuation of effective treatment in social anxiety
disorder.101,105,106 Based on their results, relapse appears to be
very common. Long-term studies have shown that sertraline,
paroxetine, escitalopram, and clonazepam prevent relapse of
social anxiety disorder during continuation treatment. There-
fore, pharmacotherapy should be continued for at least 1 year
after response.95,101 After that time, a trial of gradual medica-
tion discontinuation may be attempted, accompanied by close
monitoring for signs of relapse.

POSTTRAUMATIC STRESS DISORDER AND ACUTE STRESS
DISORDER
Diagnostic Criteria
PTSD and acute stress disorder occur in people who have expe-
rienced a severely distressing traumatic event. These disorders
are characterized by symptoms of intrusive re-experiencing,
avoidance features, emotional numbing, and symptoms of au-
tonomic hyperarousal.1 PTSD has been recognized most com-
monly in war veterans and was referred to as “shell shock” after
World War I. However, PTSD also occurs in persons exposed
to events such as natural disasters, serious accidents, criminal
assault, rape, physical or sexual abuse, and political victimiza-
tion (refugees, concentration camp survivors, hostages). The
trauma does not have to involve physical injury to the PTSD
victim. Witnessing someone else being injured or killed, being
diagnosed with a life-threatening illness, and experiencing the
unexpected death of a loved one are common types of trauma
that may lead to PTSD.1

The DSM-IV-TR criteria for PTSD are presented in Ta-
ble 76-13. PTSD is classified as having either an acute or
delayed (after 6 months) onset in relation to the trauma; the
latter is extremely rare.1 Symptoms must persist for at least 1
month to meet the criteria for PTSD. Acute stress disorder is
a separate diagnostic category in the DSM-IV-TR and refers
to cases in which symptoms last <1 month (but at least 2
days).1 It involves many of the same clinical features as PTSD,
but there is an additional requirement of peritraumatic disso-
ciative symptoms (numbing, derealization, depersonalization,
amnesia, feeling dazed). In both PTSD and acute stress dis-
order, the symptoms must be severe enough to interfere with
some aspect of functioning.

Epidemiology and Clinical Course
PTSD was previously believed to affect approximately 1% of
the general population, but recent studies reveal a much higher
lifetime prevalence of approximately 7% to 8%.107 PTSD is
twice as common in women than in men, although overall men
are exposed to trauma more often than women.107 Rates of
PTSD are expected to rise as the frequency of traumatic events
throughout the world continues to increase. An estimated 80%
to 90% of individuals in the United States today will experience
at least one event during their lifetime that is traumatic enough
to lead to PTSD.107

Most people who are exposed to a traumatic event do not
develop PTSD; approximately 90% of individuals experience
a normal acute stress response to trauma and fully recover.107

Risk factors for the development of PTSD include experienc-
ing assaultive violence, more severe and chronic traumas, a

Table 76-13 Diagnostic Criteria for Posttraumatic Stress
Disorder

1. Person has experienced a traumatic event in which the individual
witnessed, experienced, or was confronted with actual or threatened
death, or serious injury to self or others, and to which the person
responded with intense fear, helplessness, or horror

2. Traumatic event is re-experienced persistently in some way (e.g.,
dreams, nightmares, flashbacks, recurrent thoughts or images), or
intense distress is experienced on exposure to stimuli associated
with the traumatic event

3. Persistent avoidance of stimuli associated with the event and
numbing of general responsiveness involving at least three of the
following:
a. Efforts to avoid thoughts, feelings, or conversations related to the

trauma
b. Efforts to avoid people, places, or activities that are reminders of

the trauma
c. Impaired recall of the traumatic event
d. Decreased interest or participation in activities
e. Feelings of detachment
f. Restricted range of affect
g. Sense of foreshortened future

4. Persistent symptoms of increased arousal (not present before the
event) that include at last two of the following:
a. Sleep disturbances
b. Irritability or anger outbursts
c. Difficulty concentrating
d. Hypervigilance
e. Exaggerated startle response

5. Duration of the disturbance (2–4) of at least 1 month
6. Disturbance causes significant impairment in some aspect of daily

functioning

Adapted from reference 1, with permission. Copyright © 2000 American Psychiatric
Association.

history of depressive or anxiety disorders, and experiencing
dissociative or other intense symptoms during or soon after
the trauma.107,108 Previous exposure to trauma also increases
the risk of developing PTSD after later traumas, and survivors
of childhood sexual or physical abuse have been found to be
especially vulnerable.108,109 Among people exposed to various
traumatic events, the overall conditional risks for PTSD are
reported to be 6% for males and 13% for females.107 In gen-
eral, traumas involving personal assault (e.g., rape, combat) are
associated with much higher conditional risks of developing
PTSD than other types of trauma.

Most PTSD patients also suffer from other disorders at
some point in their lifetime, including major depression, GAD,
panic disorder, phobic disorders, and alcohol or other substance
abuse.107 Overall, 79% to 88% of those with PTSD have an-
other lifetime psychiatric disorder, most commonly depression
or substance abuse.109−111 High rates of substance abuse and
dependence in patients with PTSD are related to attempts to
self-medicate PTSD symptoms.111 The suicide risk in PTSD is
high and comparable to that seen in major depression.112 PTSD
causes significant functional disability and has been associated
with school failure, teenage pregnancy, unemployment, mari-
tal instability, legal problems, and impaired performance in the
workplace.112

The course of PTSD is highly variable. Most patients who
meet criteria for PTSD 1 month after trauma show sponta-
neous recovery within 6 to 9 months.110 PTSD continues for
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years in a significant minority, estimated at 10% to 25%, and
some sufferers experience a lifelong course of illness. The over-
all median duration of PTSD is reported to be approximately
2 years, but has been found to be four times longer in women
(4 years) than in men (1 year).110

Etiology and Pathophysiology
The effects of stress on the brain have been a topic of in-
tensive research. Apparently, psychological trauma, especially
that which occurs early in life or is chronic in duration, can
cause persistent changes in various aspects of brain func-
tioning and in neurobiological responses to stress.113 Evi-
dence of altered NE, 5-HT, glutaminergic, GABA system,
neuroendocrine, substance P, and opioid system functioning
has been found in PTSD.114–116 Stress-induced hyperactiv-
ity of central noradrenergic systems is believed to lead to
the generalized anxiety and autonomic hyperarousal associ-
ated with PTSD.115 These symptoms may also be related to a
supersensitivity of the HPA axis system in PTSD because af-
fected patients have a blunted ACTH response to CRH and
decreased basal cortisol levels, as well as increased num-
bers of glucocorticoid receptors.114 A subset of PTSD pa-
tients appear to have an abnormally sensitized 5-HT system,
and these patients may represent a neurobiologically distinct
subgroup.116

Numerous studies have found reduced hippocampal vol-
umes in PTSD, which is a brain area involved in learning and
memory that appears to be particularly vulnerable to the dam-
aging effects of stress.113 Neuropsychological tests show that
reduced hippocampal volume is associated with cognitive and
memory impairments in PTSD patients.112 Functional neu-
roimaging studies in PTSD have found excessive activation
of the amygdala and certain other brain areas in response to
trauma-related stimuli.113,117 Thus, the neurobiological con-
sequences of stress and trauma result in both structural and
functional changes in the brain. Genetic factors may also play
a role in influencing vulnerability to the damaging effects of
stress.117

Treatment of Posttraumatic Stress Disorder
Both medications and CBTs are useful in treating PTSD. Non-
pharmacologic therapies alone may be appropriate for ini-
tial treatment of mild PTSD cases, but pharmacotherapy, ei-
ther alone or in combination with psychological therapies,
is usually recommended for patients with moderate or se-
vere illness.108,109,112 When assessing various treatment op-
tions for PTSD, it is important to consider effects on all three
core symptom clusters (re-experiencing/intrusive symptoms,
avoidance/emotional numbing, hyperarousal symptoms). Not
all PTSD treatments are effective for these major symptom
domains.

The preferred first-line medications in PTSD are the SSRIs,
but various other antidepressants may also be useful. Response
to pharmacotherapy occurs very gradually, over 8 to 12 weeks
or longer. Partial response at 12 weeks of treatment may be
followed by full remission after several more months of ther-
apy; therefore, an adequate time period should be allowed to
fully determine response to a particular medication. However,
lack of improvement after 4 weeks of therapy is unlikely to be

effective with medication continuation, so alternate treatment
strategies should be tried in these cases.118 Early treatment
during the first 3 months that follow a trauma may prevent the
development of chronic PTSD.109

Selective Serotonin Reuptake Inhibitors
Sertraline and paroxetine are currently the only FDA-approved
medications for treating PTSD. Large controlled studies have
demonstrated that both agents are very effective and su-
perior to placebo in reducing all three PTSD symptom
clusters (re-experiencing, avoidance/numbing, and autonomic
hyperarousal).118 They also have beneficial effects on depres-
sion and general anxiety symptoms and have been associated
with improvements in overall functioning as well as quality
of life.118 Fluoxetine also appears to be effective in treating
PTSD in some patients, although study results have been mixed
and a lack of significant effects on avoidance/numbing symp-
toms has been noted.118 Male war veterans with long-standing
combat-related PTSD have been noted to respond poorly to flu-
oxetine, compared with females and civilians, but this observa-
tion may apply to treatment of PTSD in general.119,120 Citalo-
pram, fluvoxamine, and the SNRI venlafaxine have shown
efficacy in the treatment of PTSD in open trials but randomized,
double-blind, placebo-controlled studies have yielded nega-
tive results, possibly due to the small numbers of subjects
studied.118

Other Antidepressants
Several open studies and case reports suggest that nefazodone,
mirtazapine, and bupropion are also effective in treating the
core symptoms of PTSD.121 Although supporting evidence
for these antidepressants is not as strong as for sertraline and
paroxetine, they may be considered appropriate alternatives
to the SSRIs in certain patients. The TCAs amitriptyline and
imipramine and the MAOI phenelzine have also been found
to be effective for PTSD in controlled trials, but these agents
are generally not recommended because of their poor tolera-
bility and safety profiles.109 Because of the relatively high risk
of suicide in PTSD, TCAs can be especially dangerous in this
population.

Miscellaneous Agents
Various other medications have been used successfully in
limited numbers of PTSD cases. The anticonvulsants carba-
mazepine, valproate, topiramate, tiagabine, gabapentin, and
lamotrigine have been markedly effective in certain patients
and can be particularly useful for reducing irritability, impul-
sivity, and angry or violent outbursts.121,122 Anticonvulsant
therapy can also be effective for intrusive, re-experiencing,
and hyperarousal symptoms. Atypical antipsychotic agents
have been used effectively to treat PTSD-related psychotic
symptoms (risperidone, clozapine, olanzapine) and sleep dis-
turbances, but they do not appear to be useful for treating core
PTSD symptoms.121 The α1-adrenergic antagonist, prazosin,
and the α2-adrenergic agonist, clonidine, were reported to de-
crease nightmares and other core symptoms in patients with
PTSD.123 Benzodiazepines are generally ineffective in treating
PTSD, although they may be useful in managing sleep distur-
bances during the early weeks following trauma. Their use in
PTSD should be limited to short-term therapy because chronic
use may have detrimental effects.124
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Nonpharmacologic Treatments
Various types of psychosocial therapies have been used in
the treatment of PTSD, including anxiety management train-
ing to help patients cope with stress.124 Cognitive therapies
seem to be most effective for symptoms of demoralization,
guilt, and shame, whereas exposure therapies are better for
reducing intrusive thoughts, flashbacks, and avoidance be-
haviors. Both cognitive and exposure therapies have been
shown to be markedly and comparably effective in controlled
PTSD trials, but exposure is probably more critical for optimal
results.109,112

Clinical Presentation of Posttraumatic Stress Disorder

22. D.D. is a 42-year-old woman who was attacked and raped
in the driveway of her home as she was getting out of her car
1 month ago. She did not seek medical treatment at the time and
waited several days before reporting the incident to anyone, in-
cluding her family. She presents to her physician complaining that
she cannot sleep and that she is irritable, anxious, and depressed.
When asked about any recent stressors in her life, she finally tells
her doctor about the rape. D.D. has no history of psychiatric ill-
ness, admits that her symptoms have appeared since the attack,
and says that she has never had any psychiatric problems un-
til now. She states that she has nightly nightmares and becomes
extremely anxious every time she comes home and gets out of
her car at night (which she avoids doing when possible). She is
startled when the phone rings or when someone approaches her
unexpectedly, and she literally freezes if she sees a man who bears
any physical resemblance to her attacker. D.D. also states that
memories of the rape often flash through her mind for no reason,
although she tries hard not to think about it. The assailant has
not been caught, and D.D. feels extremely guilty for not promptly
reporting the crime. Her symptoms are interfering significantly
with her ability to work at her job and have put a strain on her
marriage. What clinical features of PTSD does D.D. display?

Persons with PTSD often present with nonspecific com-
plaints indicative of a generalized anxiety, depression, or sub-
stance use disorder. They may not realize or want to reveal an
association between their symptoms and the trauma they have
experienced. Careful evaluation by the clinician is required to
elicit a pattern suggestive of PTSD. D.D. displays many target
symptoms of PTSD, including re-experiencing (nightmares, re-
current memories), avoidance of the activity that reminds her of
the trauma, and symptoms of increased arousal (sleep difficul-
ties, irritability, exaggerated startle response). In addition, she
is experiencing feelings of depression, distress, marital prob-
lems, and impairment in occupational functioning as a result
of her symptoms. The lack of any previous psychiatric illness
combined with the temporal relationship between the attack
and her symptoms support the presence of PTSD as opposed
to another anxiety or depressive disorder. Because her trauma
occurred 1 month ago, her condition would be classified as
acute-onset PTSD.

Treatment Selection and SSRI Dosing

23. What factors are important in the selection of an initial
treatment for D.D.?

Because D.D. is exhibiting moderate-to-severe PTSD symp-
toms, pharmacotherapy is indicated. Medication treatment can
also be combined with CBTs if they are available, but nonphar-
macologic therapies alone are generally reserved for patients
with mild symptoms. An SSRI is the preferred initial medica-
tion treatment for most patients.118 Sertraline is an appropriate
choice of treatment in this case and is FDA approved for PTSD.
Low initial SSRI doses are recommended in PTSD, so sertra-
line can be started at 25 mg/day and gradually increased to
the target dosage range of 100 to 150 mg/day, according to
response and tolerability.121 Regarding other SSRIs, studies
suggest that a paroxetine dose of 20 to 40 mg/day is sufficient
for most PTSD patients; higher doses have not been associated
with better response.121 Persistent sleep complaints during the
first month after a traumatic experience may predispose the
patient to chronic PTSD, so management of sleep disturbances
is an important component of initial PTSD treatment.123 Low-
dose adjunctive trazodone (25–50 mg at bedtime) would be a
good choice in this case because it is a safe, effective, and an
inexpensive sedative agent.

Even in the absence of formal CBTs, certain aspects of
patient and family education are vital to the successful treat-
ment of PTSD.108,109 Providing information about the nature
and prognosis of PTSD are important. The patient should be
encouraged to talk with family and friends about the trauma
because repeated retelling of the traumatic event is therapeutic
and can help facilitate recovery. Significant others need to un-
derstand the importance of listening and of being tolerant of the
patient’s emotional reaction and persistent preoccupation with
his or her experience. Peer support groups are widely available
and can be very beneficial in the recovery of trauma victims.
Patients should be advised to try not to avoid things that remind
them of the trauma, but rather to expose themselves to these
situations as often as possible.

Clinical Assessment and Goals of Therapy

24. What are the goals of treatment in this case, and how can
D.D.’s symptoms be objectively assessed?

The first goal of treatment of PTSD is to reduce the core
symptoms of re-experiencing, avoidance, numbing, and hyper-
arousal. In D.D.’s case, these target symptoms include night-
mares, intrusive memories, avoidance behaviors, irritability,
startling easily, and sleep difficulties. Improvements should
begin within the first 2 weeks and gradually continue over the
course of 2 to 3 months. Secondary goals in this case include
improving D.D.’s stress resilience, decreasing her work- and
marriage-related disability, and improving her overall quality
of life. Other general treatment goals in PTSD include decreas-
ing detrimental behaviors (use of alcohol or substances, risky
activities, violence) and treating any comorbid psychiatric con-
ditions that may be present.

Several different rating scales have been developed to assess
response to treatments in PTSD.40 The most commonly used
clinician-rated scales are the Clinician Administered PTSD
Scale (CAPS) and the Treatment Outcome PTSD Scale (TOPS-
8). CAPS is most often used in clinical PTSD trials, whereas
TOPS-8 is shorter and easier to use in clinical practice. Patient-
rated scales for evaluating PTSD symptoms include the David-
son Trauma Scale and the Impact of Events Scale. The Sheehan
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Disability Scale is often used to assess functional impairment
due to PTSD.

Course and Duration of Treatment
Good treatment response in PTSD is more likely to occur when
treatment is begun within 3 months of the trauma.109,112 There
is no well-established definition of response in PTSD, but a
decrease in symptoms by 30% to 50%, along with substantial
functional improvement, is commonly used in clinical trials.
Full recovery during treatment of PTSD is fairly uncommon,
and partial responders to either medication or psychosocial
therapies may benefit from adding another treatment modality.
When an initial SSRI trial is ineffective, the patient may be
switched to another SSRI or one of the other antidepressants
that have been effectively used in PTSD.121 Partial responders
may benefit from the addition of a second medication, depend-
ing on which core symptoms predominate (see Pharmacother-
apy of Posttraumatic Stress Disorder section).

For patients who respond, treatment should be continued for
an additional 6 to 12 months for acute cases (when symptoms
were present <3 months before treatment) and 12 to 24 months
for chronic cases (when symptoms lasted >3 months before
treatment).109 Long-term SSRI treatment can prevent relapse
of PTSD, especially in those who show good response during
the first 3 months of therapy.124 When pharmacotherapy is
discontinued, it should be withdrawn gradually over 1 to 3
months.

OBSESSIVE-COMPULSIVE DISORDER
Diagnostic Criteria
The DSM-IV-TR criteria for OCD are presented in Table
76-14.1 OCD is characterized by recurrent obsessions or com-
pulsions, which are severe enough to be distressing, consume
at least 1 hour a day, or significantly interfere with some as-
pect of functioning. An obsession is an intrusive or recurrent
thought, image, or impulse that incites anxiety in the person
and that cannot be ignored or suppressed voluntarily. The most
common obsessions include germs and contamination; patho-
logical doubt; somatic concerns; need for order and symmetry;
and religious, aggressive, or sexual thoughts.125,126 A compul-
sion is a behavior or ritual that is performed in a repetitive or
stereotypic way that is designed to reduce anxiety associated
with obsessions or to prevent some future event or situation.
However, the compulsions are not actually connected to the
obsessions in any realistic way. Frequent compulsions include
checking, cleaning, arranging symmetrically, ordering, hoard-
ing, counting, and needing to ask questions or confess.126 The
obsessions and compulsions are unpleasant and disturbing to
the sufferer and are not associated with pleasure or gratifica-
tion. This feature distinguishes OCD from certain other detri-
mental behaviors (excessive gambling or shopping), which are
often described as being “compulsive.” Adults with OCD usu-
ally realize that their rituals are senseless and excessive at some
point, but children may not make this distinction.1

OCD is a clinically heterogeneous disorder involving a wide
range of symptoms. Five separate OCD symptom dimensions
have been defined: symmetry obsessions and repeating, count-
ing, and ordering compulsions; contamination obsessions and

Table 76-14 Diagnostic Criteria for Obsessive-Compulsive
Disorder

1. Presence of either obsessions or compulsions:
Obsessions:
(a) Recurrent and persistent ideas or thoughts are experienced, at

some time during the disturbance, as intrusive and senseless
(b) Thoughts, impulses, or images are not simply excessive worries

about real life problems
(c) Person attempts to ignore or neutralize the ideas or thoughts

with some other thought or action
(d) Person realizes the obsessions are the product of his or her own

mind
Compulsions:
(a) Repetitive and intentional behaviors or mental acts are

performed in response to the obsession or according to rigid
rules

(b) Behavior is designed to prevent or reduce distress or to prevent
some dreaded event; however, the activity is clearly excessive
and unrealistic to neutralize the situation

2. At some point during the disturbance, the person realizes that the
obsessions and compulsions are excessive or unreasonable (not
necessary in children)

3. Obsessions or compulsions cause marked distress, are time
consuming (>1 hr/day), or significantly interfere with some aspect
of daily functioning

4. Content of the symptoms is not related to another psychiatric
disorder, and the disturbance is not due to the direct effects of a
substance, medication, or general medical illness

Adapted from reference 1, with permission. Copyright © 2000 American Psychiatric
Association.

cleaning compulsions; hoarding obsessions and compulsions;
aggressive obsessions and checking compulsions; and sex-
ual/religious obsessions and related compulsions. Although
specific symptoms in an individual may change over time, they
usually remain within the same dimension.126

Epidemiology and Clinical Course
OCD once was believed to be a rare disorder, but epidemio-
logic studies reveal that it affects between 2% and 3% of the
worldwide population.1,127 The overall lifetime prevalence is
slightly higher in women, but men tend to have an earlier onset
of illness (between ages 6 and 15 years) than women (between
ages 20 and 29 years).1,13,127 Many patients report having mild
symptoms for years before full OCD emerges, and an estimated
one-third to one-half of patients have onset during childhood
or adolescence. Prepubertal OCD is three times more common
in boys than in girls.13 Women with OCD often have worsening
of symptoms during the premenstrual and postpartum periods,
and onset or worsening of OCD during pregnancy appears to be
fairly common.60 Regardless of gender, the severity of illness
usually worsens during stressful life periods.

The course and severity of OCD are highly variable and
unpredictable, with some persons only mildly or intermittently
affected and others suffering severely and constantly through-
out their lifetime. The natural course of untreated OCD was
followed for a 40-year period in a group of 144 patients.126 Al-
though 83% of patients were improved at the end of the follow-
up period, only 20% experienced full remission. Two-thirds
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of patients continued to have some OCD symptoms, and a
progressive deterioration was observed in 10%. Observational
studies suggest that the long-term course of OCD may be im-
proved substantially with appropriate treatment.128,129 How-
ever, a portion of sufferers still experience a chronic and life-
long course.

It is no surprise that OCD can have seriously detrimen-
tal effects on functional abilities and quality of life. In large-
scale surveys, OCD patients report that their symptoms signif-
icantly interfere with their abilities to socialize, study, work,
make friends, and maintain good relationships with family
and friends.130 It is estimated that each person with OCD
loses an average of 3 years’ wages over his or her lifetime.130

Quality-of-life ratings in OCD patients indicate marked im-
pairments and are similar to those observed in patients with
depression. Fortunately, treatment of OCD can be accompanied
by significant improvements in quality of life and functional
abilities.

Although several effective treatments are currently avail-
able for OCD, most patients do not seek treatment until the
disorder is seriously affecting their lives. One study found that
OCD patients waited an average of 7.5 years after the onset of
OCD before seeking medical evaluation for their disorder.130

This may be because most OCD patients realize that their
symptoms are senseless, so they attempt to hide their disor-
der due to embarrassment. People with OCD often carry out
their rituals privately and may be very successful at concealing
their symptoms from others. Initial treatment for OCD is com-
monly sought outside psychiatric settings, and the obsessive-
compulsive symptoms are often missed.

Increased recognition that OCD is a biological disorder for
which effective treatments are available is needed among the
general public and health care professionals. Four simple ques-
tions are recommended for screening for potential OCD.125 Do
you have to wash your hands over and over? Do you have to
check things repeatedly? Do you have recurrent distressing
thoughts that you cannot get rid of? Do you have to complete
actions again and again or in a certain way? Clinicians in a
variety of health care settings can incorporate these screen-
ing questions into their practice to use when possible signs of
OCD are present. Health care providers should be prepared to
provide education about the nature and treatability of OCD to
suspected sufferers and to make appropriate treatment referrals
in these cases.

Psychiatric Comorbidity and Obsessive-Compulsive
Spectrum Disorders
As with other anxiety disorders, OCD often is accompanied
by psychiatric comorbidity. Two-thirds of those with OCD de-
velop major depression during their lifetime.1,126 There is a
higher-than-expected overlap of OCD with disorders such as
specific and social phobias, GAD, panic disorder, schizophre-
nia, schizoaffective disorder, bipolar disorder, and eating
disorders. Identification of comorbid conditions with OCD
is important because it can influence choice of treatments.
Obsessive-compulsive personality disorder, which is classi-
fied as an Axis II disorder, occurs in a small percentage
of OCD patients. Despite their name similarities, obsessive-
compulsive personality disorder does not involve true obses-
sions and compulsions (which are senseless and distressing to

the sufferer). Rather, it is a personality pattern characterized by
rigid and inflexible preoccupation with rules, lists, order, and
perfectionism.1 Although these personality traits cause prob-
lems, the person with the personality disorder does not view
his or her behavior as abnormal or unreasonable.

The relation between tic disorders and OCD is particularly
striking. Tics occur in 20% to 30% of OCD patients, and 5%
to 7% have full Tourette syndrome, whereas 35% to 50% of
Tourette syndrome patients exhibit OCD symptoms.126 Indi-
viduals with OCD plus Tourette syndrome are believed to rep-
resent a genetically and pathophysiologically distinct subtype
of illness.126 These patients are more likely to be male and
tend to have an earlier age at OCD onset (before age 10 years),
more severe symptoms, and poorer response to SSRIs than
those with OCD alone.131

Another childhood neurologic disorder commonly associ-
ated with OCD is Sydenham chorea. This is the neurologic
variant of rheumatic fever, which is an autoimmune disease
triggered by infection with group A β-hemolytic streptococcal
pharyngitis. Recent reports describe children who developed
sudden and severe tics and obsessive-compulsive symptoms
after strep throat infections.132,133 This condition is designated
in the medical literature by the acronym PANDAS (pediatric
autoimmune neuropsychiatric disorders associated with strep-
tococcal infection), and it has been rapidly reversed by an-
tibiotic or IV immunoglobulin treatment. The possibility of a
PANDAS correlation should be considered in any child who
develops abrupt onset of obsessive-compulsive symptoms,
particularly those who have had pharyngitis within the past
6 months.

The term “obsessive-compulsive spectrum disorder” refers
to a diverse collection of psychiatric conditions from various
DSM-IV-TR categories that have overlapping characteristics
with OCD and involve recurrent or distressing thoughts and/or
irresistible or repetitive behaviors.134 These include somato-
form disorders (body dysmorphic disorder [preoccupation
with an imagined or slight defect in appearance], hypochon-
driasis), eating disorders (anorexia nervosa, bulimia nervosa,
binge eating disorder), and impulse control disorders (trichotil-
lomania [recurrent impulses to pull out one’s hair], pathologi-
cal gambling, compulsive nail biting, kleptomania, compulsive
buying). Tourette syndrome and autism are also often included
in this spectrum of disorders. Some of these disorders, such
as body dysmorphic disorder, have much higher comorbidi-
ties with OCD than others. Like OCD, many patients with
these conditions have shown good response to treatment with
serotonergic antidepressants such as clomipramine and SSRIs,
sometimes preferentially over agents with mainly noradrener-
gic activity.134 Examples include body dysmorphic disorder,
compulsive buying, pathological gambling, trichotillomania,
binge eating disorder, and bulimia nervosa.134

Etiology and Pathophysiology
A wealth of research has attempted to identify a specific bi-
ological explanation for OCD. Because OCD displays such
clinical heterogeneity, there may be several distinct etiologies
for different subtypes of illness. One leading hypothesis has
focused on the role of 5-HT dysfunction, which is supported
by the finding that the only effective medication treatments
for OCD mainly influence 5-HT transmission.135 However, the
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multitude of studies involving 5-HT challenges and other meth-
ods for assessing central 5-HT function in OCD have resulted
in no conclusive answers, and the exact role of 5-HT underlying
OCD still has not been determined. It is interesting that nat-
urally occurring animal models of OCD have been observed
in dogs (canine acral lick) and birds (feather picking disor-
der), and these conditions have been treated successfully with
SSRIs.

More promising areas of OCD research involve functional
brain imaging studies.135 These techniques are used to assess
regional metabolic activity in different areas of the brain. Stud-
ies in OCD patients have identified abnormal hyperactivity
(when compared with normal controls) in certain frontal lobe
and basal ganglia regions, specifically the orbital frontal cor-
tex, cingulate cortex, and head of the caudate nucleus.135,136

Interestingly, these regional brain metabolic abnormalities nor-
malize after successful treatment of OCD, and certain brain
metabolism patterns may be associated with preferential re-
sponse to SSRI versus CBTs.135,137 These findings have led to
one current hypothesis that OCD is a neurologic disorder char-
acterized by a hyperfunctioning circuit involving the aforemen-
tioned brain regions. In support of this hypothesis, neurosur-
gical techniques that interrupt this circuit are often effective
in the treatment of OCD. The mechanism of efficacy of the
SSRIs may be related to desensitization of terminal serotonin
auto receptors in the orbitofrontal cortex, which enhances 5-HT
neurotransmission in this brain region.135,136 Structural abnor-
malities have also been identified in OCD, including increased
brain cortex and opercular volumes, decreased total white mat-
ter volume, and smaller pituitary gland size.125,135 Specific
types of cognitive dysfunction have also been found, includ-
ing problems with nonverbal memory, visuospatial skills, and
visual attention.135 Impairments in memory functioning have
been correlated with the aforementioned structural abnormal-
ities in OCD.

In addition to biological factors, twin and family stud-
ies support an effect of genetics on risk for OCD.15 Hered-
ity appears to be most important in early-onset OCD cases
(before age 18 years) because familial aggregation has not
been observed in OCD cases with a later age at onset.138

Several studies suggest an association between OCD and
specific polymorphisms in the serotonin transporter, 5HT1Dβ

and 5HT2A receptor genes, but others have failed to repli-
cate these findings.139,140 Other candidate gene studies have
linked OCD with functional polymorphisms in the catechol
O-methyltransferase, dopamine D4-receptor genes, and a high-
affinity neuronal/epithelial excitatory amino acid transporter
gene.140,141

Treatment of Obsessive-Compulsive Disorder
Both medications and behavioral therapies are effective in the
treatment of OCD. Behavioral therapy is vitally important for
OCD, and the combination of drugs plus behavioral therapy
provides optimal treatment. All medications consistently ef-
fective in the treatment of OCD are potent inhibitors of sero-
tonin reuptake. These include clomipramine, and the SSRIs:
fluvoxamine, fluoxetine, paroxetine, and sertraline. All five of
these medications are FDA approved for the treatment of OCD
in adults, and all except paroxetine are indicated for use in
children with OCD.

Clomipramine
Clomipramine was the first drug with proven efficacy in treat-
ing OCD, and it was considered the standard first-line treatment
for several years until the SSRIs gained popularity. Many large
well-controlled studies have documented that clomipramine
is far superior to placebo and significantly improves OCD
symptoms in approximately 60% to 70% of patients.126,142

Clomipramine is unique among TCAs in its effectiveness
for OCD. This distinct property is attributed to its more po-
tent effects on 5-HT reuptake inhibition compared with other
TCAs. Clomipramine is often referred to as an SRI (sero-
tonin reuptake inhibitor), not an SSRI, because its major active
metabolite, desmethylclomipramine, is a potent inhibitor of
norepinephrine reuptake. Clomipramine also blocks adrener-
gic, histaminergic, and cholinergic receptors similarly to other
TCAs, resulting in an adverse effect profile similar to that of
imipramine (see Chapter 79).

Although direct comparison studies have shown clomi-
pramine to be similar in efficacy to various SSRIs in treating
OCD, several meta-analyses have concluded that clomipramine
is superior to SSRIs overall.142,143 However, clomipramine is
less well tolerated than SSRIs, and patients are more likely
to discontinue clomipramine treatment because of side ef-
fects. Therefore, clomipramine is currently reserved as a
second-line treatment option for patients who do not re-
spond adequately to SSRI therapy.142 Details about the clinical
use of clomipramine are discussed in Questions 32 through
34.

Selective Serotonin Reuptake Inhibitors
SSRIs are the only first-line medication treatments for OCD.
Double-blind, placebo-controlled studies have documented the
efficacies of fluvoxamine, fluoxetine, paroxetine, and sertra-
line in the treatment of OCD.144 Citalopram and escitalopram
also are effective but there is less evidence to support their use.
There is no strong evidence that any one SSRI is more effective
than the others in treating OCD, but some patients may respond
to or tolerate one agent better than another.144 Usual SSRI start-
ing dosages can be used in OCD, but at least 4 weeks should
be allowed before exceeding the targeted minimally effec-
tive dosages (fluvoxamine 200 mg/day, fluoxetine 40 mg/day,
paroxetine 40 mg/day, and sertraline 100 mg/day).144 Details
about the clinical use of SSRIs in OCD are discussed in Ques-
tions 28 through 31.

Augmentation Strategies
Other than venlafaxine, none of the other miscellaneous
agents studied in OCD have demonstrated impressive effi-
cacy as monotherapy. However, several agents appear to be
useful as augmentation therapy to boost response to SSRIs
or clomipramine in partial responders to these agents.145 The
combination of an SSRI plus clomipramine is one such op-
tion for patients who show partial response, although attention
must be paid to potential drug interactions, which may lead to
clomipramine toxicity (see Question 34).

Antipsychotic agents are useful for augmentation therapy.
They may be particularly effective in patients with comorbid
tic disorders, although recent reports suggest they are equally
effective in patients without tics. Older first-generation an-
tipsychotics, such as haloperidol and pimozide, are effective
in augmenting response to fluvoxamine in controlled trials
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(conducted before the dangerous interaction between pi-
mozide and CYP 3A4 inhibitors, such as fluvoxamine, was
identified). Recent reports have focused on newer second-
generation antipsychotics because these agents are generally
preferred over first-generation antipsychotics and are better
tolerated.145,146 Risperidone (2–4 mg/day), olanzapine (10–20
mg/day), and quetiapine (200 mg/day) have all been used suc-
cessfully in treatment-resistant OCD to augment response to
SSRIs.145,147,148 It is interesting to note that second-generation
antipsychotics (risperidone, clozapine, olanzapine) have been
reported to cause or worsen obsessive-compulsive symptoms
in schizophrenic patients in a number of cases.145 This effect is
believed to be due to the 5-HT2-receptor antagonistic activity of
antipsychotics. Certain SSRI-antipsychotic combinations can
increase antipsychotic plasma levels and side effects, particu-
larly extrapyramidal symptoms. Pimozide should not be used
in combination with clomipramine, fluoxetine, sertraline, or
fluvoxamine because of the potential for cardiac QT interval
prolongation.

Pindolol is another augmenting agent that has been shown to
be effective in a placebo-controlled study.149 This trial involved
treatment-resistant OCD patients and found pindolol (2.5 mg
TID) to be most beneficial in patients who had shown partial
response to SSRI therapy.

Miscellaneous Agents
A wide variety of other medications have been tried in the
treatment of OCD, with varying degrees of success. Several
controlled studies support the efficacy of venlafaxine in the
treatment of OCD.142 A recent trial comparing venlafaxine
with clomipramine in OCD found these agents to be compara-
bly effective, but venlafaxine was better tolerated.150

Benzodiazepines are generally not beneficial in treating
OCD, although there are several reports of clonazepam being
effective as adjunctive therapy or monotherapy.126 Clonazepam
appears to have serotonergic effects, which may explain its po-
tential usefulness in OCD. This agent may be helpful in patients
with prominent anxiety symptoms, but it can also interfere with
the effectiveness of CBT and should not be used concurrently.
As discussed, fluvoxamine and fluoxetine can significantly in-
crease serum levels of clonazepam.

The MAOI, phenelzine, was one of the first medications
studied for OCD. Early case reports of its use were favorable,
but more recent findings suggest that phenelzine is largely in-
effective for OCD.126

Nonpharmacologic Treatments
COGNITIVE-BEHAVIORAL THERAPIES
CBT is an extremely important component of treatment for

OCD and should be incorporated into the initial treatment plan
whenever possible. CBT alone may be appropriate for mild
OCD or in cases in which it is desirable to avoid medication
(e.g., pregnancy, medical conditions). The combination of CBT
and medication is generally superior to either treatment ap-
proach used alone.125,126 Treatment gains achieved with CBT
often are maintained long after its discontinuation, which is an
advantage over pharmacotherapy.125

The cognitive therapy component of CBT is aimed toward
changing the detrimental thought patterns in OCD and is most
helpful for obsessions such as scrupulosity, moral guilt, and
pathological doubt. The behavioral therapy aspect, called ex-

posure plus response prevention, involves exposure to feared
objects or situations followed by prevention of the usual com-
pulsive response. This type of therapy is most beneficial for
patients with contamination fears, hoarding, and rituals involv-
ing symmetry, counting, or repeating. Because exposure plus
response prevention is anxiety provoking and can be very dis-
tressing, many patients refuse to participate in it.

NEUROSURGERY
Neurosurgical treatment of OCD has been practiced since

the 1950s and is considered an option of last resort in treatment-
refractory patients. Cingulotomy and capsulotomy are the most
commonly used procedures. Indications for neurosurgery in-
clude severe disability from obsessive-compulsive symptoms
and failed treatments (drugs and behavioral therapies) that have
been tried systematically for at least 5 years.151 Reported suc-
cess rates of neurosurgery in OCD range from 40% to 60%
and complications, including potential infections, personality
changes, cognitive impairment, and epilepsy, appear to be rare.
A recent, long-term, follow-up study of patients who under-
went neurosurgery during the 1970s found that therapeutic
effects were maintained but that patients exhibited mild-to-
moderate impairments in neuropsychological performance.151

Permanent cognitive sequelae from neurosurgery may be more
common than previously realized. A new neurosurgical pro-
cedure using an instrument called the gamma knife (anterior
gamma capsulotomy) is being used for treatment-refractory
OCD. Results suggest good efficacy with improved short-
and long-term safety compared with traditional neurosurgical
techniques.152

Defining Response to Therapy
Response to medication treatment in OCD is gradual and often
delayed. Initial improvements usually begin to appear within
the first month, but maximal response may take as long as 5
to 6 months. An adequate period to assess response at lower
medication dosages should be allowed before increasing to
possibly unnecessary higher dosages. Patients who show un-
satisfactory response to lower SSRI dosages by weeks 4 to 9
should have their dosages gradually increased to the manufac-
turer’s recommended maximum (see Question 28). A trial of 8
to 12 weeks at maximum medication dosages is recommended
before determining response to a particular medication.

The primary goal of treatment in OCD is to decrease obses-
sions and compulsions to a level at which the person is able to
function normally. Complete elimination of symptoms is rare
with current treatments.153 Most clinical trials in OCD define
clinical response as a 25% to 35% reduction in Yale-Brown
Obsessive-Compulsive Symptom Checklist (Y-BOCS) scores
(see Question 27). Therefore, even those classified as respon-
ders may be left with 65% to 75% of their original symptoms,
and this may or may not result in significant improvements in
functioning or quality of life.

Strategies for Managing Partial Response and Nonresponse
Current estimates are that approximately 40% to 60%
of patients show clinically meaningful improvements in
obsessive-compulsive symptoms during an initial (SSRI or
clomipramine) medication trial, but only a small percent-
age exhibit marked response.142 Unfortunately, a fairly large
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percentage of patients derive minimal or no benefit from an
initial trial and require further tactics. Approximately 20% of
those who fail a first SSRI trial subsequently respond to an-
other agent in this class; therefore, switching to a second SSRI
is usually recommended as the next step before initiating a
trial of clomipramine.125,142 However, clomipramine can be
extremely effective in SSRI nonresponders, and it remains a
useful treatment option despite its clinical disadvantages.

Partial responders to an initial SSRI trial may be better
served by addition of one of the augmentation agents dis-
cussed in the previous section than by switching to a new
medication. Also, inclusion of CBTs is important for optimiz-
ing treatment with any medication. Neurosurgery is an option
for severe treatment-refractory cases. Predictors of poor re-
sponse to treatment in OCD include poor insight; hoarding
or sexual/religious dimension symptoms; prepubertal onset of
illness; and presence of comorbid personality, mood, or eating
disorders.

Clinical Presentation and Assessment

25. R.G. is a 25-year-old woman whose husband complains that
she spends 1.5 hours a day cleaning the stove and takes four show-
ers each day. The unusual behavior began about 1 year ago after
the birth of their son but has continued to worsen, and R.G.’s hus-
band states that he cannot deal with her “odd habits” any longer.
R.G. recently lost her job as a secretary because of tardiness (it
took her 3 hours to get ready for work) and spending too much
time away from her desk in the ladies’ room. R.G. admits that it is
silly, but she has irresistible urges to make sure that both she and
her surroundings are completely free of germs so that her child
will not get sick. She also confines herself to one floor of their
three-level house because she is afraid that she will fall down the
stairs while carrying her son. R.G. also states that she constantly
has “what if” thoughts about horrible things happening to her
family, which are very disturbing. The physician’s diagnosis is
OCD. What clinical features of OCD does R.G. display, and how
can her symptoms be objectively evaluated?

R.G. displays many characteristic symptoms of OCD. The
most commonly encountered clinical presentation of OCD in-
volves patients with excessive fear of contamination with dirt,
germs, or toxins, who repeatedly wash their hands or clean ob-
jects or their surroundings. These persons also typically avoid
touching possibly dirty objects (e.g., doorknobs, money) or
shaking hands with people. Another common clinical presen-
tation is the OCD patient with pathological doubt who con-
stantly worries that something bad will happen because of his
or her negligence. These people can be afraid that they have
failed to lock the door, turn off the stove, shut the refrigerator
door, or secure the medicine cabinet from children. As a result,
they continuously check and recheck their actions.

R.G. displays obsessions of contamination and pathologi-
cal doubt, and compulsions of excessive cleaning and wash-
ing. These symptoms are time consuming, cause significant
distress, and have led to her unemployment and marital diffi-
culties. As seen in this case, most persons present with a mix-
ture of various obsessions and compulsions. R.G. also realizes
that her thoughts and behaviors are “silly,” which most often
is the case in OCD. This case also illustrates the onset of OCD
during times of stressful or significant life events. Pregnancy,

death of a relative, and marital discord have been identified as
precipitating factors in the onset of OCD.127,153

The aforementioned Y-BOCS is a useful tool in the ini-
tial evaluation of those who present with symptoms of OCD
and may be used in the objective assessment of R.G.’s symp-
toms. The Y-BOCS is a 10-item scale with a maximum possible
score of 40; a score of >15 is generally considered to represent
clinically significant obsessive-compulsive symptoms.154 This
scale is a standard tool for evaluating drug efficacy in OCD
clinical trials and is often used in clinical practice to assess
response to treatments. Other OCD assessment instruments
include the National Institute of Mental Health Obsessive-
Compulsive Scale, the Leyton Obsessional Inventory, and the
self-rated Maudsley Obsessional-Compulsive Inventory. Spe-
cial versions for use in children have been developed for the
Y-BOCS and the Leyton Obsessional Inventory.

SSRI Treatment of Obsessive-Compulsive Disorder
SSRI Selection and Dosing

26. On assessment, R.G.’s Y-BOCS score is found to be 33.
Her physician prescribes fluvoxamine and instructs R.G. to take
100 mg Q am for 1 week and then 200 mg Q am thereafter. He also
refers R.G. to a psychologist to receive CBT. Is this initial choice
of therapy appropriate?

SSRIs such as fluvoxamine are considered the best choice
of initial pharmacotherapy for OCD. The primary differences
between SSRIs involve pharmacokinetic properties and poten-
tial for drug interactions (see Chapter 79). Because there are no
overall differences in efficacy among the four SSRIs approved
for OCD, fluvoxamine is a suitable selection for R.G. However,
the prescribed dosing instructions for R.G. are not appropriate.
The initial recommended dosage for fluvoxamine in adults is
50 mg/day (25 mg in children), and it is best taken in the evening
because it tends to be sedating. Using higher-than-necessary
dosages can increase both adverse effects and medication costs,
and these factors can lead to early termination of therapy.
The dosage can be increased by 50-mg increments every 3 to
4 days according to patient tolerability, up to the initial targeted
dose of 200 mg/day and a maximum of 300 mg/day.144 Daily
doses exceeding 100 mg should be given in two divided doses,
based on fluvoxamine’s elimination half-life of approximately
15 hours. A controlled-release fluvoxamine formulation can be
dosed once daily.155 This product is reported to be better toler-
ated than standard-release fluvoxamine and may be associated
with a faster onset of therapeutic effects.

Adjunctive Cognitive-Behavioral Therapy
The decision to include CBT in R.G.’s treatment plan is appro-
priate. The overall efficacy of these nonpharmacologic treat-
ments is estimated to be 50% to 70% when used alone, and their
use to complement pharmacotherapy is considered vital.125

R.G.’s Y-BOCS score of 33 indicates a moderate-to-severe
symptom severity, which provides further support for using
a combined treatment approach. For R.G., exposure plus re-
sponse prevention therapy might involve covering her hands
with dirt and not allowing her to wash them for a certain
time period. These behavioral techniques cause extreme anx-
iety and discomfort, which often lead to dropout from ther-
apy or noncompliance with “homework assignments” (which
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involve continuation of the therapy principles outside the clin-
ical setting), but are highly effective if the patient can adhere
to treatment.

SSRI Adverse Effects and Patient Counseling

27. What patient counseling information should be provided to
R.G. in conjunction with the prescribed treatments?

All OCD patients beginning treatment should be counseled
that the medication response occurs gradually and that several
weeks may elapse before beneficial effects become noticeable.
It is important to emphasize that maximum response may take
3 months or longer and that complete elimination of all symp-
toms is unlikely. It also is helpful to point out that a variety of
other medication treatment options exist for those who do not
respond adequately to an initial trial.

R.G. should be educated about possible fluvoxamine side
effects, including nausea, sedation or insomnia, and headache.
Medication should be taken with food to decrease these effects.
Side effects are most common during the initial weeks of ther-
apy, are usually dose related, and often subside with continued
treatment. Other aspects of SSRI therapy, including additional
adverse effects and their management and drug–drug interac-
tions, are discussed in Chapter 79. Patients should be encour-
aged to report any problems to their treatment provider. The
importance of adhering to prescribed therapies, both pharma-
cologic and behavioral, should also be stressed.

28. After 4 weeks, R.G. is taking fluvoxamine 200 mg daily and
tolerating the medication well. She complains that she has not
noticed much improvement, and her Y-BOCS score is slightly de-
creased at 30. R.G. has been to the cognitive-behavioral therapist
twice but is reluctant to return because the therapy was so stress-
ful. R.G. requests to be switched to a more effective medication,
and she also asks to be given some Xanax to help calm her anx-
iety during behavioral therapy sessions. What is the best course
of action for R.G. at this point?

Switching to another medication is not recommended at
this point because not enough time has elapsed to assess flu-
voxamine’s efficacy. R.G. is tolerating fluvoxamine well and
has shown a mild improvement, so this medication should be
continued for at least another 4 weeks. Additional counseling
information should be provided to R.G. to emphasize the grad-
ual response to treatment in OCD. An increase in fluvoxamine
dosage, up to 250 or 300 mg/day, may be considered after sev-
eral more weeks because some patients may respond better to
higher dosages. If R.G.’s symptoms continue to cause signifi-
cant functional impairment after 10 to 12 weeks of higher-dose
fluvoxamine therapy, a change in treatment (e.g., switching to
another SSRI or augmentation therapy) will be indicated.

R.G. should be encouraged to continue CBT to optimize the
chance for successful treatment. An anxiety response is inte-
gral to the therapeutic benefits of behavioral therapies; because
benzodiazepines can blunt this response, they may reduce their
efficacy. Therefore, alprazolam should be avoided, and a tem-
porary reduction in the intensity of behavioral therapy may
be indicated instead. Fluvoxamine can also inhibit the CYP
3A4–mediated metabolism of alprazolam, resulting in more
pronounced effects from a given dose.

Course and Duration of Therapy

29. After 5 months of treatment, R.G. is happy to report that
her OCD is much improved (Y-BOCS score of 11). She still has
intermittent obsessions related to contamination and doubting,
but they are less intense than before. She is usually able to re-
sist urges to clean and wash excessively and is using the stairs in
their home with only mild discomfort. Her previous employer has
agreed to let her return to her secretarial position when she is
ready, and she plans to do so soon. R.G.’s husband is extremely
pleased with her progress. Their primary question at this visit is
whether treatment can be discontinued now because R.G. is doing
so well. What recommendations should be provided regarding the
long-term course of therapy for R.G.?

This case illustrates a common outcome of OCD treatment,
in which some symptoms persist (as evidenced by a Y-BOCS
score of 11), but significant improvements in functioning occur.
It is currently recommended that effective treatment for OCD
be continued for at least 1 year after response to reduce the risk
of relapse. The effectiveness of maintenance pharmacotherapy
in preventing relapse of OCD is well documented.128,154 There-
fore, continued drug treatment for at least 7 more months is
indicated for R.G. Results from several studies suggest that
decreased medication doses (with SSRIs and clomipramine)
during maintenance therapy are comparably effective as full
doses in preventing relapse.154 If R.G. were experiencing any
fluvoxamine-related problems, a decrease to the minimally ef-
fective dose (150 mg/day) during maintenance therapy might
be recommended.

After a 1-year maintenance period, discontinuation of med-
ication may be considered by carefully weighing the possible
risks and benefits. When medication therapy for OCD is with-
drawn, the dosage should be gradually decreased by approxi-
mately 25% every 1 to 2 months. Continuous monitoring for
signs of relapse is required during this period. Gradual discon-
tinuation also lessens the chance of the withdrawal syndrome
that often occurs following abrupt discontinuation of SSRI or
TCA therapy (see Chapter 79). Long-term or even lifelong
maintenance pharmacotherapy is usually recommended after
two to four severe relapses or three to four less severe relapses.

Clomipramine Treatment
Dosing Guidelines

30. K.T. is an 18-year-old Asian man who was diagnosed with
OCD 2 years ago and also suffers from mild depression. His
physician plans to start him on clomipramine therapy because
he has failed previous trials with paroxetine and fluvoxamine.
Is clomipramine an appropriate choice of therapy for this pa-
tient? What recommendations can be made regarding initiation
of clomipramine treatment?

Current guidelines recommend that clomipramine be re-
served for OCD patients who fail at least two SSRI trials;
therefore, its choice for this patient is appropriate.126 One pre-
caution relevant to this case is that clomipramine, like other
TCAs, is highly dangerous in overdose situations. Because K.T.
is depressed, he should be evaluated carefully for any suici-
dal thoughts before starting clomipramine. If suicidal ideation
is detected, it would be preferable to try another SSRI. This
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case also illustrates the common comorbidity of depression
with OCD. Fortunately, most effective treatments for OCD fall
into the antidepressant category, and drug treatment can be
beneficial for both conditions. Nevertheless, the responses of
depression and OCD to treatment are independent of one an-
other so that depression may respond completely to a certain
medication while OCD symptoms persist.154

Clomipramine should be initiated at a low dosage of 25 to
50 mg/day administered with meals. Divided daily doses are
sometimes used initially to minimize side effects, but the total
daily dose can be given at bedtime after dose titration. The
pharmacokinetic parameters of clomipramine are comparable
to other TCAs. Its average elimination half-life of approxi-
mately 24 hours makes once-daily dosing appropriate.144,156

The clomipramine dosage should be increased to an ini-
tial target range of 150 to 200 mg/day over 2 to 4 weeks,
guided by patient tolerability. The maximum recommended
daily dosage of clomipramine is 250 mg/day because of the
sharply increased risk of seizures (2.1%–3.4%) with higher
dosages as compared with the risk with dosages <250 mg/day
(0.24%–0.48%).157 Longer duration of clomipramine therapy
may also increase the risk of seizures. Clomipramine should
be used with caution in persons with a history of seizures,
head injury, or any other factors that might lower the seizure
threshold.

Clomipramine Side Effects and Monitoring Guidelines

31. What guidelines should be recommended for monitoring
the outcomes (both therapeutic and adverse) of clomipramine
therapy?

Clomipramine is less well tolerated than the SSRIs and can
cause a number of significant adverse effects, especially during
the first few weeks of therapy. The most common side effects,
reported in more than half of those taking clomipramine, in-
clude sedation, dry mouth, dizziness, and tremor.157 Consti-
pation, nausea, blurred vision, insomnia, and headache also
occur frequently. K.T. should be advised that these are not se-
rious effects and usually subside with continued treatment.

Many patients receiving long-term clomipramine (and other
TCA) therapy gain substantial amounts of weight. As with
the SSRIs, sexual dysfunction can be a problem in both
men and women. In men, clomipramine can cause ejacula-
tion abnormalities, which can impair fertility. Patients taking
clomipramine should also be counseled about the additive CNS
depressant effects with alcohol and to be cautious about the
possible sedative effects while driving or performing other po-
tentially hazardous activities.

As with other TCAs, an ECG should be performed before
starting clomipramine in individuals at risk for heart disease
and in pediatric patients. Elevations in liver enzymes have been
observed frequently during the first 3 months of clomipramine
treatment, and baseline liver function tests should also be ob-
tained before initiating treatment. The liver enzyme changes
are reversible on discontinuation of clomipramine therapy.

No therapeutic range for plasma drug concentrations has
been firmly established for clomipramine in OCD, but moni-
toring plasma levels may be clinically useful in certain patients
to guide dosing and/or minimize drug toxicity. Clomipramine
metabolism is highly variable from one person to the next, and
it is difficult to accurately predict the resulting clomipramine

level from any given dose. The initial hepatic metabolism of
tertiary TCAs such as clomipramine involves demethylation
through various isozymes, including CYP 1A2, CYP 2C19,
and CYP 3A4.156,158 Both the parent drug (clomipramine)
and the primary active metabolite (N- desmethylclomipramine)
then undergo CYP 2D6–mediated hydroxylation. Therefore,
the metabolism of clomipramine will be affected by combi-
nation with any agent that inhibits CYP 1A2, CYP 2C19,
CYP 3A4, or CYP 2D6. Clinically significant drug interac-
tions are possible with several of the SSRIs, including flu-
oxetine, fluvoxamine, and sertraline (see Chapter 79 Mood
Disorders).

Although various studies have failed to find a correlation
between clomipramine plasma level and clinical response, the
ratio of clomipramine to N-desmethylclomipramine may be
important.159 Clomipramine is primarily serotonergic, whereas
N-desmethylclomipramine is more noradrenergic; higher lev-
els of N-desmethylclomipramine relative to clomipramine have
been associated with poorer clinical response. Factors that
impair the CYP 2D6–mediated elimination of N-desmethyl-
clomipramine (concurrent medications that are potent CYP
2D6 inhibitors, CYP 2D6 poor metabolizers) may possibly de-
crease the efficacy of clomipramine by shifting the metabolic
ratio in an undesired direction.

Asian patients such as K.T. have been found to have sig-
nificantly decreased clearance of clomipramine and higher
clomipramine: N-desmethylclomipramine ratios compared
with whites, which may necessitate use of lower doses.160 This
is probably due to genetic polymorphism of either CYP 2C19
or CYP 2D6, which results in decreased metabolic capacity
through these routes in the Asian population. Careful monitor-
ing for possible signs of toxicity should accompany dose in-
creases, and the clomipramine plasma level should be checked
in those patients (Asian or otherwise) who show unexpected
effects with usual doses. An opposite effect has been described
in ultra-rapid CYP 2D6 metabolizers, in which unusually high
clomipramine dosages may be required for therapeutic effi-
cacy.

Clomipramine Augmentation

32. After 10 weeks of taking clomipramine 100 mg HS, K.T.
has shown partial response. He continues to experience mild-
to-moderate anticholinergic side effects and frequent daytime
fatigue. His plasma clomipramine level is relatively high for
the given dose at 450 ng/mL (clomipramine plus desmethyl-
clomipramine). The physician decides to add another drug to aug-
ment treatment. Considering K.T.’s current medication regimen
and the evidence supporting the different augmentation strate-
gies, which drug would be the best choice for K.T.?

Many different agents have been used to augment re-
sponse to either an SSRI or clomipramine. An SSRI could
be added to clomipramine. Of the SSRIs, fluvoxamine, fluox-
etine, paroxetine, and sertraline are all approved as monother-
apy for OCD, and any of these would be likely to aug-
ment therapy. However, when adding an SSRI to a TCA,
the potential for drug interactions should always be con-
sidered. Clomipramine is metabolized by CYP 1A2, CYP
3A4, CYP 2C19, and CYP2D6.156,158,161,162 The 2D6 path-
way is particularly important because it is the rate-limiting
metabolic pathway for elimination of both clomipramine and
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desmethylclomipramine. Fluvoxamine, paroxetine, and fluox-
etine are all important inhibitors of clomipramine metabolism.
Sertraline also has the potential to cause a clinically significant
interaction with clomipramine. Alternatively, escitalopram and
citalopram would not be likely to cause a significant drug inter-
action, but evidence for their efficacy as augmenting agents in
combination with clomipramine is lacking. A combination less
likely to be associated with a drug interaction is the combina-
tion of clomipramine and a second-generation antipsychotic.
Up to 2006, ten trials comparing the effectiveness of antipsy-

chotic augmentation had been published. Three trials have
been conducted using risperidone, two using olanzapine and
four using quetiapine. Unfortunately, most studies are small
(<30 patients). However, a meta-analysis of the available data
suggested that risperidone was most effective (at a dose near
2 mg/day), and haloperidol was the next most effective
agent.146 Even though it might be efficacious, haloperidol
would not be the optimal choice in K.T. because it inhibits
clomipramine metabolism, and as a first-generation antipsy-
chotic, it is associated with numerous side effects.

REFERENCES
1. American Psychiatric Association. Diagnostic and

Statistical Manual of Mental Disorders. 4th ed., text
revision. Washington, DC: American Psychiatric
Association; 2000.

2. Ressler KJ, Nemeroff CB. Role of serotonergic and
noradrenergic systems in the pathophysiology of
depression and anxiety disorders. Depress Anxiety
2000;12(Suppl 1):2.

3. Ninan PT. The functional anatomy, neurochemistry,
and pharmacology of anxiety. J Clin Psychiatry
1999;60(Suppl 2):12.

4. Gunnar M, Quevedo K. The neurobiology of stress
and development. Annu Rev Psychol 2007;58:145.

5. Jetty PV et al. Neurobiology of generalized anxiety
disorder. Psychiatr Clin North Am 2001;24:75.

6. Kessler RC et al. Prevalence, severity, and comor-
bidity of 12-month DSM-IV disorders in the Na-
tional Comorbidity Survey Replication. Arch Gen
Psychiatry 2005;62:617.

7. Lepine JP. The epidemiology of anxiety disorders:
prevalence and societal costs. J Clin Psychiatry
2002;63(Suppl 14):4.

8. Mendlowicz MV, Stein MB. Quality of life in in-
dividuals with anxiety disorders. Am J Psychiatry
2000;157:669.

9. Weisberg RB et al. Psychiatric treatment in primary
care patients with anxiety disorders: a compari-
son of care received from primary care providers
and psychiatrists. Am J Psychiatry 2007;164:
276.

10. Wise MG, Griffies WS. A combined treatment ap-
proach to anxiety in the medically ill. J Clin Psy-
chiatry 1995;56(Suppl 2):14.

11. Anon. Drugs that may cause psychiatric symptoms.
Med Lett Drugs Ther 2002;44:59.

12. Moller HJ. Anxiety associated with comorbid de-
pression. J Clin Psychiatry 2002;63(Suppl 14):22.

13. Pigott TA. Gender differences in the epidemiology
and treatment of anxiety disorders. J Clin Psychia-
try 1999;60(Suppl 18):4.

14. Brawman-Mintzer O. Pharmacologic treatment of
generalized anxiety disorder. Psychiatr Clin North
Am 2001;24:119.

15. Hettema JM et al. A review and meta-analysis of
the genetic epidemiology of anxiety disorders. Am
J Psychiatry 2001;158:1568.

16. Borkovec TD. Psychotherapy for generalized anx-
iety disorder. J Clin Psychiatry 2001;62(Suppl
11):37.

17. Mohler H et al. A new benzodiazepines pharmacol-
ogy. J Pharmacol Exp Ther 2002;300:2.

18. Lydiard RB. The role of GABA in anxiety disorders.
J Clin Psychiatry 2003;64(Suppl 3):21.

19. Low K et al. Molecular and neuronal substrate
for the selective attenuation of anxiety. Science
2000;290:131.

20. Gorman JM. New molecular targets for antianxi-
ety interventions. J Clin Psychiatry 2003;64(Suppl
3):28.

21. Lee KC et al. Beyond depression: evaluation of
newer indications and off-label uses for SSRIs. For-
mulary 2002;37:240.

22. Rickels K et al. Paroxetine treatment of gener-

alized anxiety disorder: a double-blind, placebo-
controlled study. Am J Psychiatry 2003;160:749.

23. Stocchi F et al. Efficacy and tolerability of paroxe-
tine for the long-term treatment of generalized anx-
iety disorder. J Clin Psychiatry 2003;64:250.

24. Silverstone PH, Salinas E. Efficacy of venlafaxine
extended release in patients with major depressive
disorder and comorbid generalized anxiety disor-
der. J Clin Psychiatry 2001;62:523.

25. Montgomery SA et al. Effectiveness of venlafax-
ine, extended release formulation, in the short-term
and long-term treatment of generalized anxiety dis-
order: results of a survival analysis. J Clin Psy-
chopharmacol 2002;22:561.

26. Rickels K et al. Efficacy of extended-release ven-
lafaxine in nondepressed outpatients with general-
ized anxiety disorder. Am J Psychiatry 2000;157:
968.

27. Hartford J et al. Duloxetine as an SNRI treatment for
generalized anxiety disorder: results from a placebo
and active-controlled trial. Int Clin Psychopharma-
col 2007;22:167.

28. Kaponen H et al. Efficacy of duloxetine for the treat-
ment of generalized anxiety disorder: implications
for primary care physicians. Prim Care Companion
J Clin Psychiatry 2007;9:100.

29. Rynn M et al. Efficacy and safety of duloxe-
tine in the treatment of generalized anxiety disor-
der: a flexible-dose, progressive-titration, placebo-
controlled trial. Depress Anxiety 2007. Available at:
www.interscience.wiley.com. Accessed April 27,
2008.

30. Waugh J, Goa KL. Escitalopram: a review of its use
in the management of major depressive and anxiety
disorders. CNS Drugs 2003;17:343.

31. Russell JM et al. Effect of concurrent anxiety on re-
sponse to sertraline and imipramine in patients with
chronic depression. Depress Anxiety 2001;13:18.

32. Fava M et al. Fluoxetine versus sertraline and parox-
etine in major depression: tolerability and efficacy
in anxious depression. J Affect Disord 2000;59:119.

33. Flament MF, Lane R. Acute antidepressant re-
sponse to fluoxetine and sertraline in psychiatric
outpatients with psychomotor agitation. Int J Psych
Clin Pract 2001;5:103.

34. Fawcett J, Barkin RL. A meta-analysis of eight ran-
domized, double-blind, controlled clinical trials of
mirtazapine for the treatment of patients with major
depression and symptoms of anxiety. J Clin Psychi-
atry 1998;59:123.

35. Spigset O et al. Hepatic injury and pancreatitis dur-
ing treatment with serotonin reuptake inhibitors:
data from the World Health Organization (WHO)
database of adverse drug reactions. Int Clin Psy-
chopharmacol 2003;18:157.

36. Apter JT, Allen LA. Buspirone: future directions.
J Clin Psychopharmacol 1999;19:86.

37. Mahmood I, Sahajwalla C. Clinical pharmacokinet-
ics and pharmacodynamics of buspirone, an anxi-
olytic drug. Clin Pharmacokinet 1999;36:277.

38. Beers MH. Explicit criteria for determining inap-
propriate medication use by the elderly. Arch Intern
Med 1997;157:1531.

39. Llorca PM et al. Efficacy and safety of hydroxyzine
in the treatment of generalized anxiety disorder:
a 3-month double-blind study. J Clin Psychiatry
2002;63:1020.

40. Ballenger JC. Treatment of anxiety disorders to re-
mission. J Clin Psychiatry 2001;62(Suppl 12):5.

41. Stahl SM. Independent actions on fear circuits may
lead to therapeutic synergy for anxiety when com-
bining serotonergic and GABAergic agents. J Clin
Psychiatry 2002;63:854.

42. Goddard AW et al. Early coadministration of clo-
nazepam with sertraline for panic disorder. Arch
Gen Psychiatry 2001;58:681.

43. Charney DS et al. Hypnotics and sedatives. In:
Hardman JG et al., eds. Goodman & Gilman’s The
Pharmacological Basis of Therapeutics. 10th ed.
New York: McGraw-Hill; 2001:399.

44. Schmider J et al. Relationship of in vitro data on
drug metabolism to in vivo pharmacokinetics and
drug interactions: implications for diazepam dispo-
sition in humans [editorial]. J Clin Psychopharma-
col 1996;16:267.

45. Bonate et al. Clonazepam and sertraline: absence
of drug interaction in a multiple-dose study. J Clin
Psychopharmacol 2000;20:19.

46. Klein E. The role of extended-release benzodi-
azepines in the treatment of anxiety: a risk-benefit
evaluation with a focus on extended-release alpra-
zolam. J Clin Psychiatry 2002;63(Suppl 14):27.

47. Liston HL et al. Drug glucuronidation in clini-
cal psychopharmacology. J Clin Psychopharmacol
2001;21:500.

48. Fujita M et al. Changes of benzodiazepine recep-
tors during chronic benzodiazepine administration
in humans. Eur J Pharmacol 1999;368:161.

49. Gladsjo JA et al. Absence of neuropsychologic
deficits in patients receiving long-term treatment
with alprazolam-XR for panic disorder. J Clin Psy-
chopharmacol 2001;21:131.

50. Lauderdale SA, Sheikh JI. Anxiety disorders in
older adults. Clin Geriatr Med 2003;19:721.

51. Ensrud KE et al. Central nervous system-active
medications and risk for falls in older women. J
Am Geriatr Soc 2002;50:1629.

52. Wang PS et al. Hazardous benzodiazepines regi-
mens in the elderly: effects of half-life, dosage, and
duration on risk of hip fracture. Am J Psychiatry
2001;158:892.

53. Rothschild AJ et al. Comparison of the fre-
quency of behavioral disinhibition on alprazolam,
clonazepam, or no benzodiazepine in hospital-
ized psychiatric patients. J Clin Psychopharmacol
2000;20:7.

54. Posternak MA, Mueller TI. Assessing the risks and
benefits of benzodiazepines for anxiety disorders in
patients with a history of substance abuse or depen-
dence. Am J Addict 2001;10:48.

55. Rickels K et al. Pharmacologic strategies for dis-
continuing benzodiazepine treatment. J Clin Psy-
chopharmacol 1999;19(Suppl 2):12S.

56. Tanaka E. Clinically significant pharmacokinetic
drug interactions with benzodiazepines. J Clin
Pharm Ther 1999;24:347.



76-40 � PSYCHIATRIC DISORDERS

57. Yasui N et al. Effect of itraconazole on the
single oral dose pharmacokinetics and pharma-
codynamics of alprazolam. Psychopharmacology
1998;139:269.

58. Zevin S, Benowitz NL. Drug interactions with to-
bacco smoking: an update. Clin Pharmacokinet
1999;36:425.

59. American Academy of Pediatrics Committee on
Drugs. Use of psychoactive medication during
pregnancy and possible effects on the fetus and new-
born. Pediatrics 2000;105:880.

60. Altshuler LL et al. Course of mood and anxiety dis-
orders during pregnancy and the postpartum period.
J Clin Psychiatry 1998;59(Suppl 2):29.

61. The American Academy of Pediatrics Committee
on Drugs. Transfer of drugs and other chemicals
into human milk. Pediatrics 2002;110:1030.

62. Weinbroun AA et al. A risk-benefit assessment of
flumazenil in the management of benzodiazepines
overdose. Drug Saf 1997;3:181.

63. Mathieu-Nolf M et al. Flumazenil use in an
emergency department: a survey. Clin Toxicol
2001;39:15.

64. Yonkers KA et al. Gender differences in pharma-
cokinetics and pharmacodynamics of psychotropic
medication. Am J Psychiatry 1992;149:587.

65. Wan J et al. The elimination of diazepam in Chinese
subjects is dependent on the mephenytoin oxidation
phenotype. Br J Clin Pharmacol 1996;42:471.

66. Pecknold JC. A risk–benefit assessment of bu-
spirone in the treatment of anxiety disorders. Drug
Saf 1997;16:118.

67. Dimitriou EC et al. Buspirone vs. alprazolam: a
double-blind comparative study of their efficacy,
adverse effects and withdrawal symptoms. Drug In-
vest 1992;4:316.

68. Davidson JRT et al. Efficacy, safety, and tolerabil-
ity of venlafaxine extended release and buspirone
in outpatients with generalized anxiety disorder. J
Clin Psychiatry 1999;60:528.

69. Chiaie RD et al. Assessment of the efficacy of bu-
spirone in patients affected by generalized anxiety
disorder, shifting to buspirone from prior treatment
with lorazepam: a placebo-controlled, double-blind
study. J Clin Psychopharmacol 1995;15:12.

70. Uhlenhuth EH et al. International study of expert
judgment on therapeutic use of benzodiazepines
and other psychotherapeutic medications: IV. Ther-
apeutic dose dependence and abuse liability of ben-
zodiazepines in the long-term treatment of anxiety
disorders. J Clin Psychopharmacol 1999;19(Suppl
2):23S.

71. Sramek JJ et al. Meta-analysis of the safety and
tolerability of two dose regimens of buspirone in
patients with persistent anxiety. Depress Anxiety
1999;9:131.

72. Kessler RC et al. The epidemiology of panic attacks,
panic disorder, and agoraphobia in the National Co-
morbidity Study Replication. Arch Gen Psychiatry
2006;63:415.

73. Roy-Burne PP et al. Panic disorder. Lancet 2006;
368:1023.

74. Lepola U et al. Sertraline versus imipramine treat-
ment of comorbid panic disorder and major depres-
sive disorder. J Clin Psychiatry 2003;64:654.

75. Roy-Byrne PP et al. Panic disorder in the primary
care setting: comorbidity, disability, service utiliza-
tion, and treatment. J Clin Psychiatry 1999;60:492.

76. Hettema JM et al. The structure of genetic and envi-
ronmental risk factors for anxiety disorders in men
and women. Arch Gen Psychiatry 2005;62:182.

77. Katon WJ. Panic disorder. N Engl J Med 2006;354:
2360.

78. American Psychiatric Association Practice Guide-
lines. Practice guideline for the treatment of patients
with panic disorder. Am J Psychiatry 1998;155:1.

79. Cousins MS et al. GABA(B) receptor agonists for
the treatment of drug addiction: a review of recent
findings. Drug Alcohol Depend 2002;65:209.

80. Gorman JM et al. Neuroanatomical hypothesis of
panic disorder, revised. Am J Psychiatry 2000;157:
493.

81. Strohle A et al. Induced panic attacks shift gamma-

aminobutyric acid type A receptor modulatory neu-
roactive steroid composition in patients with panic
disorder. Arch Gen Psychiatry 2003;60:161.

82. Perna G et al. Antipanic drug modulation of 35%
CO2 hyperreactivity and short-term treatment out-
come. J Clin Psychopharmacol 2002;22:300.

83. Michelson D et al. Efficacy of usual antidepressant
dosing regimens of fluoxetine in panic disorder. Br
J Psychiatry 2001;179:514.

84. Pollack MH et al. A double-blind study of the ef-
ficacy of venlafaxine extended-release, paroxetine,
and placebo in the treatment of panic disorder. De-
press Anxiety 2007;24:1.

85. Perugi G et al. Diagnosis and treatment of
agoraphobia with panic disorder. CNS Drugs
2007;21:741.

86. Sheikh JI et al. The efficacy of sertraline in panic
disorder: combined results from two fixed-dose
studies. Int Clin Psychopharmacol 2000;15:335.

87. Bakker A et al. SSRIs vs. TCAs in the treatment
of panic disorder: a meta-analysis. Acta Psychiatr
Scand 2002;106:163.

88. Pollack MH. The pharmacotherapy of panic disor-
der. J Clin Psychiatry 2005;66(Suppl 4):23.

89. Zamorski MA, Albucher RC. What to do when
SSRIs fail: eight strategies for optimizing treatment
of panic disorder. Am Fam Physician 2002;66:1477.

90. Caillard V et al. Comparative effects of low and
high doses of clomipramine and placebo in panic
disorder: a double-blind controlled study. Acta Psy-
chiatr Scand 1999;99:51.

91. Marcourakis T et al. Serum levels of clomipramine
and desmethylclomipramine and clinical improve-
ment in panic disorder. J Psychopharmacol 1999;
13:40.

92. Hirschmann S et al. Pindolol augmentation in pa-
tients with treatment-resistant panic disorder: a
double-blind, placebo-controlled trial. J Clin Psy-
chopharmacol 2000;20:556.

93. Kampman M et al. A randomized, double-blind,
placebo-controlled study of the effects of adjunctive
paroxetine in panic disorder patients unsuccessfully
treated with cognitive-behavioral therapy alone. J
Clin Psychiatry 2002;63:772.

94. Mavissakalian MR, Perel JM. Duration of imi-
pramine therapy and relapse in panic disorder
with agoraphobia. J Clin Psychopharmacol 2002;
22:294.

95. Pollack MH. Comorbidity, neurobiology, and phar-
macotherapy of social anxiety disorder. J Clin Psy-
chiatry 2001;62(Suppl 12):24.

96. Keller MB. Social anxiety disorder clinical course
and outcome: review of Harvard/Brown anxiety re-
search project (HARP) findings. J Clin Psychiatry
2006;67(Suppl 12):14.

97. Stein MB. Disability and quality of life in social
phobia: epidemiologic findings. Am J Psychiatry
2000;157:1606.

98. Arbelle S et al. Relation of shyness in grade school
children to the genotype for the long form of
the serotonin transporter promoter region polymor-
phism. Am J Psychiatry 2003;160:671.

99. Mathew SJ et al. Neurobiological mechanisms
of social anxiety disorder. Am J Psychiatry
2001;158:1558.

100. Schneier FR et al. Low dopamine D2 receptor bind-
ing potential in social phobia. Am J Psychiatry
2000;157:457.

101. Davidson JRT. Pharmacotherapy of social anxiety
disorder: what does the evidence tell us? J Clin Psy-
chiatry 2006; 67(Suppl 12):20.

102. Davidson JRT et al. Fluoxetine, comprehensive be-
havioral therapy, and placebo in generalized social
phobia. Arch Gen Psychiatry 2004;61:1005.

103. Lader M et al. Efficacy and tolerability of esc-
italopram in 12- and 24-week treatment of so-
cial anxiety disorder: randomised, double-blind,
placebo-controlled, fixed-dose study. Depress Anx-
iety 2004;19:241.

104. Liebowitz MR et al. A randomized, double-blind,
fixed-dose comparison of paroxetine and placebo
in the treatment of generalized social anxiety dis-
order. J Clin Psychiatry 2002;63:66.

105. Stein DJ et al. Predictors of response to pharma-
cotherapy in social anxiety disorder: an analysis of
3 placebo-controlled paroxetine trials. J Clin Psy-
chiatry 2002;63:152.

106. Fedoroff IC, Taylor S. Psychological and pharmaco-
logical treatments of social phobia: a meta-analysis.
J Clin Psychopharmacol 2001;21:311.

107. Breslau N. The epidemiology of posttraumatic
stress disorder: what is the extent of the problem?
J Clin Psychiatry 2001;62(Suppl 17):16.

108. Ballenger JC et al. Consensus statement on post-
traumatic stress disorder from the International
Consensus Group on Depression and Anxiety. J
Clin Psychiatry 2000;61(Suppl 5):60.

109. American Psychiatric Association. Practice guide-
line for the treatment of patients with acute stress
disorder and posttraumatic stress disorder. Arling-
ton, VA: American Psychiatric Association; 2004.

110. Breslau N. Outcomes of posttraumatic stress disor-
der. J Clin Psychiatry 2001;62(Suppl 17):55.

111. Jacobsen et al. Substance use disorders in patients
with posttraumatic stress disorder: a review of the
literature. Am J Psychiatry 2001;158:1184.

112. Davidson JRT. Recognition and treatment of post-
traumatic stress disorder. JAMA 2001;286:584.

113. Nutt DJ, Malizia AL. Structural and functional
brain changes in posttraumatic stress disorder. J
Clin Psychiatry 2004;65(Suppl 1):11.

114. Koob GF. Corticotrophin-releasing factor, nore-
pinephrine, and stress. Biol Psychiatry 1999;46:
1167.

115. Southwick SM et al. Role of norepinephrine in
the pathophysiology and treatment of posttraumatic
stress disorder. Biol Psychiatry 1999;46:1192.

116. Friedman MJ. Future pharmacotherapy for post-
traumatic stress disorder: prevention and treatment.
Psychiatr Clin North Am 2002;25:427.

117. Shear MK. Building a model of posttrau-
matic stress disorder [editorial]. Am J Psychiatry
2002;159:1631.

118. Stein DJ et al.Pharmacotherapy for post trau-
matic stress disorder (PTSD). Cochrane Database
Syst Rev 2006, Issue 1. Art. No.: CD002795.
DOI:10.1002/14651858.CD002795.pub2.

119. Martenyi F et al. Fluoxetine versus placebo in
posttraumatic stress disorder. J Clin Psychiatry
2002;63:199.

120. Hertzberg MA et al. Lack of efficacy of fluoxetine
in PTSD: a placebo controlled trial in combat vet-
erans. Ann Clin Psychiatry 2000;12:101.

121. Asnis GM et al. SSRIs versus non-SSRIs in post-
traumatic stress disorder. Drugs 2004;64:383.

122. Davidson JRT et al. The efficacy and tolerability of
tiagabine in adult patients with post-traumatic stress
disorder. J Clin Psychopharmacol 2007;27:85.

123. Boehnlein JK, Kinzie JD. Pharmacologic reduc-
tion of CNS noradrenergic activity in PTSD: the
case for clonidine and prazosin. J Psychiatr Pract
2007;13:72.

124. Davidson JRT. Long-term treatment and prevention
of posttraumatic stress disorder. J Clin Psychiatry
2004;65(Suppl 1):44.

125. Stein DJ. Obsessive-compulsive disorder. Lancet
2002;360:397.

126. American Psychiatric Association. Practice guide-
line for the treatment of patients with obsessive-
compulsive disorder. Arlington, VA: American Psy-
chiatric Association; 2007.

127. Horwath E, Weissman MM. The epidemiol-
ogy and cross-national presentation of obsessive-
compulsive disorder. Psychiatr Clin North Am
2000;23:493.

128. Koran LM et al. Efficacy of sertraline in the long-
term treatment of obsessive-compulsive disorder.
Am J Psychiatry 2002;159:88.

129. Mains G et al. Relapses after discontinuation of
drug associated with increased resistance to treat-
ment in obsessive-compulsive disorder. Int Clin
Psychopharmacol 2001;16:33.

130. Hollander E. Obsessive-compulsive disorder: the
hidden epidemic. J Clin Psychiatry 1997;58(Suppl
12):3.

131. Rosario-Campos MC et al. Adults with early-onset



ANXIETY DISORDERS � 76-41

obsessive-compulsive disorder. Am J Psychiatry
2001;158:1899.

132. Arnold P, Richter MA. Is obsessive-compulsive
disorder an autoimmune disease? Can Med Assoc J
2001;165:1353.

133. Swedo SE et al. Pediatric autoimmune neuropsy-
chiatric disorders associated with streptococcal in-
fections: clinical description of the first 50 cases.
Am J Psychiatry 1998;155:264.

134. Phillips KA. The obsessive-compulsive spectrums.
Psychiatr Clin North Am 2002;25:791.

135. Stein DJ.Advances in the neurobiology of obses-
sive-compulsive disorder. Psychiatr Clin North Am
2000;23:545.

136. Saxena S, Rauch SL. Functional neuroimaging and
the neuroanatomy of obsessive-compulsive disor-
der. Psychiatr Clin North Am 2000;23:563.

137. Saxena S et al. Differential brain metabolic pre-
dictors of paroxetine in obsessive-compulsive dis-
order versus major depression. Am J Psychiatry
2003;160:522.

138. Nestadt G et al. A family study of obsessive-
compulsive disorder. Arch Gen Psychiatry 2000;57:
358.

139. Melke J. Serotonin transporter gene polymorphisms
and mental health. Curr Opin Psychiatry 2003;
16:215.

140. Pato MT et al. Recent findings in the genetics of
OCD. J Clin Psychiatry 2002;63(Suppl 6):30.

141. Leckman JF, Kim Y-S. A primary candidate gene
for obsessive-compulsive disorder. Arch Gen Psy-
chiatry 2006;63:717.

142. Dell’Osso B et al. Diagnosis and treatment of
obsessive-compulsive disorder and related disor-
ders. Int J Clin Pract 2007;61:98.

143. Ackerman DL, Greenland S. Multivariate meta-
analysis of controlled drug studies for obsessive-
compulsive disorder. J Clin Psychopharmacol
2002;22:309.

144. Blier P et al. Pharmacotherapies in the management
of obsessive-compulsive disorder. Can J Psychiatry
2006;51:417.

145. Hollander E et al. Refractory obsessive-compulsive
disorder: state-of-the-art treatment. J Clin Psychi-
atry 2002;63(Suppl 6):20.

146. Skapinakis P et al. Antipsychotic augmentation of
serotonergic antidepressants in treatment-resistant
obsessive-compulsive disorder: a meta-analysis of
the randomized controlled trials. Eur Neuropsy-
chopharmacol 2007;17:79.

147. McDougle C et al. A double-blind, placebo-
controlled study of risperidone addition in serotonin
reuptake inhibitor-refractory obsessive-compulsive
disorder. Arch Gen Psychiatry 2000;57:794.

148. Denys D et al. Quetiapine addition to sero-
tonin reuptake inhibitor treatment in patients with
treatment-refractory obsessive-compulsive disor-
der: an open-label study. J Clin Psychiatry 2002;63:
700.

149. Dannon PN et al. Pindolol augmentation in
treatment-resistant obsessive compulsive disorder:
a double-blind placebo controlled trial. Eur Neu-
ropsychopharmacol 2000;10:165.

150. Albert U et al. Venlafaxine versus clomipramine
in the treatment of obsessive-compulsive disor-
der: a preliminary single-blind, 12-week, controlled
study. J Clin Psychiatry 2002;63:1004.

151. Dougherty DD et al. Prospective long-term follow-
up of 44 patients who received cingulotomy for
treatment-refractory obsessive-compulsive disor-
der. Am J Psychiatry 2002;159:269.

152. Greenberg BD et al. Neurosurgery for intractable
obsessive-compulsive disorder and depression: crit-
ical issues. Neurosurg Clin N Am 2003;143:
199.

153. Attiullah N et al. Clinical features of obsessive-
compulsive disorder. Psychiatr Clin North Am
2000;23:469.

154. Hollander E et al. Pharmacotherapy for obsessive-
compulsive disorder. Psychiatr Clin North Am
2000;23:643.

155. Hollander E et al. A double-blind, placebo-con-
trolled study of the efficacy and safety of con-
trolled-release fluvoxamine in patients with obses-
sive-compulsive disorder. J Clin Psychiatry 2003;
64:640.

156. Nielsen KK et al. Single-dose kinetics of clomi-
pramine: relationship to the sparteine and S-
mephenytoin oxidation polymorphisms. Clin Phar-
macol Ther 1994;55:518.

157. Nissen D et al. Mosby’s Drug Consult. 13th ed. St.
Louis, MO: Mosby; 2003.

158. Nielson K et al. The biotransformation of
clomipramine in vitro, identification of the cy-
tochrome P450s responsible for the separate
metabolic pathways. J Pharmacol Exp Ther 1996;
277:1659.

159. Oesterheld J, Kallepalli BI. Grapefruit juice and
clomipramine: shifting metabolic ratios. J Clin Psy-
chopharmacol 1997;17:62.

160. Shimoda K et al. Pronounced differences in the
disposition of clomipramine between Japanese
and Swedish patients. J Clin Psychopharmacol
1999;19:393.

161. Nemeroff CB et al. Newer antidepressants and
the cytochrome P450 system. Am J Psychiatry
1996;153:311.

162. Michalets EL. Update: clinically significant cy-
tochrome P-450 drug interactions. Pharmacother-
apy 1998;18:84.

163. Villikka K et al. Triazolam is ineffective in patients
taking rifampin. Clin Pharmacol Ther 1997;61:8.

164. Backman JT et al. Concentrations and effects of
oral midazolam are greatly reduced in patients
treated with carbamazepine or phenytoin. Epilep-
sia 1996;37:253.

165. Furukori H et al. Effect of carbamazepine on the
single oral dose pharmacokinetics of alprazolam.
Neuropsychopharmacology 1998;18:364.

166. Dresser GK et al. Pharmacokinetic-pharmacody-
namic consequences and clinical relevance of cy-
tochrome P450 3A4 inhibition. Clin Pharma-
cokinet 2000;38:41.

167. Greenblatt DJ et al. Ketoconazole inhibition of tri-
azolam and alprazolam clearance: differential ki-
netic and dynamic consequences. Clin Pharmacol
Ther 1998;64:237.

168. Greenblatt DJ et al. Extensive impairment of tria-
zolam and alprazolam clearance by short-term low-
dose ritonavir: the clinical dilemma of concurrent
inhibition and induction [editorial]. J Clin Psy-
chopharmacol 1999;19:293.

169. Ozdemir M et al. Interaction between grapefruit
juice and diazepam in humans. Eur J Drug Metab
Pharmacokinet 1998;23:55.

170. Samara EE et al. Effect of valproate on the pharma-
cokinetics and pharmacodynamics of lorazepam. J
Clin Pharmacol 1997;37:442.

171. Guven H et al. Age-related digoxin-alprazolam in-
teraction. Clin Pharmacol Ther 1993;54:42.

172. Herman RJ, Wilkinson GR. Disposition of di-
azepam in young and elderly subjects after acute
and chronic dosing. Br J Clin Pharmacol 1996;42:
147.

173. Kaplan GB et al. Single-dose pharmacokinetics and
pharmacodynamics of alprazolam in elderly and
young subjects. J Clin Pharmacol 1998;38:14.

174. Matzke GR, Frye RF. Drug administration in pa-
tients with renal insufficiency: minimizing renal
and extrarenal toxicity. Drug Saf 1997;16:205.





C H A P T E R 77
Sleep Disorders

Julie A. Dopheide and Glen L. Stimmel

SOCIETAL IMPACT 77-1

EPIDEMIOLOGY 77-2
Sleep Disorders 77-2
Hypnotic Use 77-2

THE SLEEP STAGES 77-2
Normal Sleep 77-2
Nonrapid Eye Movement Sleep 77-3
Rapid Eye Movement Sleep 77-3
Abnormal Sleep 77-3

NEUROCHEMISTRY OF SLEEP–WAKE
CYCLE 77-4
Wakefulness and Sleep-Promoting Neurochemicals 77-4
Drug-Induced Effects on Neurochemicals 77-4

DYSSOMNIAS 77-4
Patient Assessment 77-4

Questions to Ask Patients 77-4
Nonpharmacologic Treatment 77-4
Pharmacologic Treatment 77-5

In a Normally Healthy Patient 77-6
Nonprescription Sleep Aids 77-6

Time-Zone Shift: Nonpharmacologic Treatment versus
Triazolam or Z-hypnotic 77-6

Melatonin 77-7
Ramelteon 77-7
“Z-hypnotics” (Zolpidem and Zaleplon and

Eszopiclone) 77-8

IN A MEDICALLY ILL PATIENT 77-9
Insomnia and Effect on Sleep Stages 77-9
Drug or Disease Etiologies 77-9
Comparing Available Hypnotics 77-10
Dependence and Tolerance 77-11

IN PSYCHIATRIC DISORDERS 77-12
Stepwise Approach to Selecting a Hypnotic 77-12
Sleep Disturbance of Depression 77-12
Causes: Psychiatric and Substance Abuse 77-12
Treatment 77-12

Hypnotics 77-12
Antidepressants 77-14

IN THE ELDERLY 77-14
Patient Assessment 77-14
Age-Related Effects on Sleep 77-15

AGE-RELATED EFFECTS ON HYPNOTIC
DISPOSITION 77-15
Pharmacokinetic and Pharmacodynamic

Differences 77-15
Other Drugs Used as Hypnotics 77-15
Rebound Insomnia and Withdrawal Symptoms 77-16

SLEEP APNEA 77-16
Clinical Presentation 77-16
Drug Treatment Considerations 77-17

NARCOLEPSY 77-17
Comparing Treatments 77-17
Methylphenidate and Imipramine 77-18
Modafinil 77-18
Naps and Other Behavioral Interventions 77-18

RESTLESS LEGS SYNDROME AND PERIODIC LIMB
MOVEMENTS DURING SLEEP 77-19
Treatment 77-19

PEDIATRIC INSOMNIA 77-20

FORMULARY MANAGEMENT OF
HYPNOTICS 77-21

“I wake to sleep, and take my waking slow. I learn by going
where I have to go.”

Theodore Roethke, The Waking

The human drive to sleep is strong and enduring. Most healthy
people spend one-third of their lives asleep. Such a major part
of life deserves full exploration and study. This chapter reviews
the impact, epidemiology, and classification of disorders of the
sleep–wake cycle. An overview of normal sleep physiology and
neurochemistry precedes case discussions.

SOCIETAL IMPACT
The impact of sleep disorders on overall health, productivity,
and quality of life has been increasingly appreciated. Untreated
sleep disorders, including chronic insomnia, sleep apnea, pe-
riodic limb movements during sleep (PLMS), and narcolepsy,
are all associated with diminished mental and physical func-
tioning and poor quality of life.1−4 Sleep research shows that
chronic insomnia, for example, can predict untreated illness or
may contribute to injury and illness.2,5,6

Chronic insomnia is associated with immune system dys-
regulation and the release of proinflammatory cytokines (IL-

6 and tumor necrosis factor alpha [TNF-α]), a disruption of
the hypothalamic-pituitary-adrenal (HPA) axis and a deple-
tion of brain serotonin and other neurotransmitters.6 Persons
with insomnia are 10 times more likely to suffer from de-
pression and 17 times more likely to have anxiety compared
with people without insomnia.6 Chronic insomnia is two to
three times greater in individuals with high blood pressure,
breathing difficulty, gastrointestinal (GI) disorders, cancer, and
chronic pain, among other conditions.7 Insomnia and exces-
sive daytime sleepiness in the elderly are leading predictors of
institutionalization.2

In 2005, a National Institutes of Health (NIH) panel of sleep
experts recommended a major shift regarding insomnia. The
panel stated that insomnia is not just a symptom of a med-
ical or psychiatric illness but a condition that contributes to
the severity of that disease or disorder. Indeed, when insom-
nia is effectively treated, co-occurring medical and psychi-
atric conditions, such as chronic pain or depression, are re-
lieved along with improvement in functioning and quality of
life. The relationship between insomnia and medical or psy-
chiatric illness is bidirectional.2,6 Instead of categorizing in-
somnia as either primary (with no other co-occurring disor-
der) or secondary, it should be categorized as either primary

77-1
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or “comorbid” (insomnia that co-occurs with medical or psy-
chiatric illness).5

Excessive sleepiness caused by a sleep disorder or sleep
deprivation constitutes a serious public health hazard in health
care workers, firefighters, policemen, and truck drivers.8 An
alert mind is crucial for maximal productivity in all occupa-
tions, particularly when driving is involved. Of all drivers, 20%
reportedly have fallen asleep at least once while driving.8 Mo-
tor vehicle accidents also tend to peak during the early morning
(1 am to 6 am) and mid afternoon (2 pm to 4 pm) hours—times
when the circadian cycle for sleepiness is maximal.8 College
students with short sleep times (≤6 hrs/night) had lower grade
point averages (GPA) than long sleepers (≥9 hours). Mid range
sleepers (7–8 hours) were not significantly different than long
sleepers.9 Medical interns made 35.9% more errors in the Med-
ical Intensive Care Units and Cardiac Care Units when working
a 24-hour shift compared with working 16 hours.10 Medical
resident shifts are now limited to 12–16 hours to improve pa-
tient safety.10

EPIDEMIOLOGY
Sleep Disorders
One in seven Americans has a longstanding sleep–wake
disorder.3−5,11,12 During the course of a year, approximately
30% of the population will experience insomnia, and approx-
imately one-third of this group will consider the problem
severe.2,5 Insomnia is defined as requiring >30 minutes to
fall asleep, when individuals awaken throughout the night and
cannot immediately return to sleep, when individuals expe-
rience early-morning awakening, or when total sleep time is
decreased to <6 hours.2,5,13 Insomnia is the most common
sleep complaint, but the resulting daytime sleepiness and fa-
tigue are troubling after-effects. Insomnia is categorized into
three general types: transient (lasting a few days), short-term
(lasting <4 weeks), or chronic (persisting for ≥1 month). The
resulting level of daytime impairment should be assessed to
determine insomnia severity.5,6,13,14

Major sleep disorders in order of decreasing prevalence are
listed in Table 77-1.2,4 Nightmares, nocturnal leg cramps, and
snoring are more benign sleep disorders. Nightmares occur
often in 5% to 30% of children 3 to 6 years of age, and ap-
proximately 2% to 6% of adults have weekly nightmares.15

Sleep walking occurs in 1% to 2% of the population. Complex

Table 77-1 Incidence of Major Sleep Disorders5,13–15,34

Sleep Disorder Incidence (%)

Insomnia 30–35
Transient (few days)
Short-term (up to 1 month)
Chronic (>1 month)
Sleep apnea 5–15
PLMS (nocturnal myoclonus) 5–15
RLS 5–15
Narcolepsy 0.06

PLMS, periodic limb movements during sleep; RLS, restless legs syndrome.

sleep behavior disorders, such as driving or eating while still
half-asleep, are uncommon to rare. These behaviors are more
common in people taking hypnotic medications, and therefore,
counseling is needed.15,16 In 2007, the U.S. Food and Drug Ad-
ministration (FDA) issued a black-box warning that applies to
all medications marketed for insomnia. It warns of the risk of
angioedema (facial swelling), an allergic reaction, as well as
complex sleep behaviors as described above.16

Hypnotic Use
Cognitive-behavioral therapy (CBT) is the preferred treatment
for insomnia because of well-established efficacy, absence of
drug side effects, and sustained benefit over time.5,14,17−20

Hypnotic medications are recommended when nondrug inter-
ventions fail, cannot be implemented, or when rapid results are
essential.5,14,20

Prescribing trends have shifted away from older benzodi-
azepine hypnotics toward sedating antidepressants, namely tra-
zodone, sedating antipsychotics such as quetiapine, and newer
benzodiazepine receptor active “Z-hypnotics” (zaleplon, zolpi-
dem, eszopiclone).21 Age, gender, and socioeconomic sta-
tus influence hypnotic prescribing. One study of 2,966 out-
patient visits for insomnia or sleep complaint over 1996 to
2001 showed that 48% received a prescription for medication
only—with no CBT. Z-hypnotics were prescribed at 25% of
these visits. Factors that increased the likelihood of receiving a
Z-hypnotic included female gender, co-occurring psychiatric
illness, and upper socioeconomic status.

An analysis of 147,945 patient visits for sleep difficulty be-
tween 1997 and 2002 in the United States showed women were
1.5 times more likely to have insomnia-related visits. In all
ages, the most frequently prescribed or recommended medica-
tions were either zaleplon or zolpidem (28.5%), and trazodone
(32%). Z-hypnotics were prescribed or recommended signifi-
cantly more often in patients <65 years of age compared with
older patients (54.6% vs. 29.8%, respectively). Temazepam
was prescribed to 18.3% of those >65 years of age compared
to 15.7% of those <65 years of age. Triazolam or flurazepam
was prescribed in 4.9 to 7.9% of patients from all age groups.22

With aging, sleep typically changes in quality, partially
because of sleep disruption related to chronic illnesses.23,24

Elderly persons consume more sleep-promoting medications
than younger adults. The 2003 National Sleep Foundation’s
“Sleep in America” poll found 11% of older adults take pre-
scription medications to promote sleep compared with 6% of
younger adults.23

THE SLEEP STAGES
Normal Sleep
Each sleep stage serves a physiologic function and can be mon-
itored in sleep laboratories by polysomnography. Polysomnog-
raphy is the term used to describe three electrophysiologic mea-
sures: the electroencephalogram (EEG), the electromyogram
(EMG), and the electro-oculogram (EOG). The pattern of brain
waves, muscle tone, and eye movements can be used to cate-
gorize sleep as rapid eye movement (REM) sleep or nonrapid
eye movement (NREM) sleep.25,26



SLEEP DISORDERS � 77-3

Nonrapid Eye Movement Sleep
Nonrapid eye movement sleep is divided further into four
stages, with different quantities of time spent in each stage.
Stage 1 is a transition between sleep and wakefulness known
as relaxed wakefulness, which generally comprises approxi-
mately 2% to 5% of sleep. Approximately 50% of total sleep
time is spent in stage 2, which is rapid-wave (alpha) or lighter
sleep. Stages 3 and 4 are slow-wave (delta) or deep sleep. Stage
3 occupies an average of 5% of sleep time, whereas stage 4
comprises 10% to 15% of sleep time in young, healthy adults.
At sleep onset, the brain quickly passes through stage 1 and
moves to stage 2. Muscle activity shuts down and brain waves
become less active. After a brief REM period, the brain moves
into slow-wave sleep (NREM stages 3 and 4) approximately
1 to 3 hours after a person falls asleep. The body continually
moves through all of the sleep stages over the course of the
night (Fig. 77-1). REM periods become longer and deep sleep
lessens over the last half of the night.25−27

Nonrapid eye movement sleep stages differ qualitatively as
well as quantitatively. The function of stage 1 is to initiate
sleep. Stage 2 provides rest for the muscles and brain through
muscle atonia and low-voltage brain wave activity. Arousabil-
ity from sleep is highest during stages 1 and 2. In contrast, it
is difficult to awaken someone during stages 3 and 4, or delta
sleep. Delta sleep, also known as restorative sleep, is enhanced
by serotonin, adenosine, cholecystokinin, and IL-1. The abil-
ity of IL-1 to promote slow-wave sleep supports a widely held
theory linking deep sleep to the augmentation of immune func-
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tion. Some hormones (e.g., somatostatin, growth hormone) are
released mainly during slow-wave sleep. Deep sleep is most
abundant in infants and children and tends to level off at ap-
proximately 4 hours a night during adolescence.24,25 At age
65, deep sleep accounts for only 10% of sleep and at age 75,
it often is nonexistent.23,25 Age-related increased awakenings,
decreased deep sleep, and daytime sleepiness have been as-
sociated with increases in cortisol and the proinflammatory
cytokine, IL-6.6,24,26

Rapid Eye Movement Sleep
Whereas NREM sleep is necessary for rest and rejuvenation,
the purpose of REM sleep remains a mystery. REM sleep also
is called paradoxical sleep because it has aspects of both deep
sleep and light sleep. Body and brainstem functions appear to
be in a deep sleep state as muscle and sympathetic tone drop
dramatically. In contrast, neurochemical processes and higher
cortical brain function appear active. Dreaming is associated
closely with REM sleep, and when a person is awakened from
REM, alertness returns relatively quickly.

Numerous physiologic functions are altered during REM
sleep. Breathing is irregular, consisting of sudden changes in
respiratory amplitude and frequency corresponding to bursts
of REM. Temperature control is lost and the body tempera-
ture typically lowers. REM sleep brings on variability in heart
rate, blood pressure (BP), cerebral blood flow, and metabolism.
Cardiac output and urine volume decrease. Blood may become
thicker as a result of autonomic instability and temperature
changes.26,28

Rapid eye movement periods cycle approximately every 90
minutes throughout the night. Duration of REM increases in
the last half of the night, becoming longer and more intense just
after the time when body temperature is at its lowest, around
5 am. Although the reason for the importance of REM sleep
is unknown, it is clear that the human body needs REM sleep.
When deprived of REM sleep, whether through poor sleep,
drugs, or disease states, the brain and body try to catch up.
REM rebound occurs, which may result in vivid dreams or an
overall less restful sleep.25−27

Abnormal Sleep
Primary insomnia (difficulty sleeping not attributable to a drug,
psychiatric disorder, or medical condition) can resemble a nor-
mal sleep pattern, but may be associated with an increased
time to fall asleep, multiple awakenings, or decreased total
sleep time. Polysomnographic readings evaluating insomnia
secondary to psychiatric disorders can be markedly differ-
ent. In depressive disorders, decreased REM latency (i.e., the
time from sleep onset to the appearance of REM) is a classic
finding. Acute psychotic disorders feature prolonged global
sleeplessness, with sleep onset latency, fragmented sleep, and
decreased slow-wave sleep. Medical disorders (e.g., arthritis,
cancer, infections) can be associated with significantly altered
sleep-stage pattern. Uncontrolled pain can result in frequent
awakenings and decreased total sleep time. Oxygen saturation
is at its lowest during REM sleep; therefore, less time in REM
may be advantageous for patients with cystic fibrosis and other
breathing disorders.25,26,28
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Primary sleep disorders, including PLMS, can cause inter-
mittent partial arousals out of stage 2 sleep and can impair
the progress to slow-wave sleep. This may disrupt the quality
of sleep and contribute to daytime impairment. Sleep apnea
syndrome signals the brain to initiate multiple miniarousals
in response to breathing cessation during sleep and, therefore,
decreases the quality of sleep. Patients with narcolepsy may
have the most unique pattern of sleep disruption because they
fall almost immediately into REM sleep (instead of the usual
90-minute latency) and may experience an increased number
of REM episodes.4

Although polysomnographic readings from sleep laborato-
ries are interesting and can be useful diagnostic and assessment
tools, they are neither routinely available nor are the costs rou-
tinely reimbursable by insurance companies. A thorough his-
tory of sleep problems obtained through patient interviews,
along with both physical and psychiatric evaluations, are the
most widely used methods of patient assessment. Although
acknowledging the usefulness of clinical assessment, certain
patients with more serious sleep problems, such as sleep ap-
nea, narcolepsy, or excessive daytime impairment, should have
sleep laboratory evaluations.

NEUROCHEMISTRY OF SLEEP–WAKE CYCLE
Wakefulness-and Sleep-Promoting Neurochemicals
A basic understanding of brain neurochemistry is essential in
understanding sleep disorders and the clinical use of hypnotics.
Hypnotics exert their effects by modulating brain neurotrans-
mitters and neuropeptides (e.g., serotonin, norepinephrine,
acetylcholine, histamine, adenosine, and γ -aminobutyric acid
[GABA]). The neuronal systems where neurotransmitters and
neuropeptides act to control the sleep–wake cycle lie in the
brainstem, hypothalamus, and basal forebrain, with connec-
tions in the thalamus and cortex. Noradrenergic, histaminergic,
and acetylcholine-containing neurons promote wakefulness as
they modulate cortical and subcortical neurons. Excitatory
amino acids, such as glutamate, and stimulating neuropeptides
(e.g., substance P, thyrotropin-releasing factor, corticotropin-
releasing factor) also promote wakefulness.27 Hypocretin 1 and
2, also known as orexin a and b, are neuropeptides that modu-
late the sleep–wake cycle. Hypocretin 1 and 2 are deficient in
people with narcolepsy and primary hypersomnia.29,30

Wakefulness and sleep are antagonistic states competing for
control of brain activity. Sleep takes over as the wakefulness-
maintaining neuronal systems weaken and sleep-promoting
neurons become active. Serotonin-containing neurons of the
brainstem raphe dampen sensory input and inhibit motor ac-
tivity, promoting the emergence of slow-wave sleep.6,25,27,31

Opiate peptides (e.g., enkephalin, endorphin) and GABA, an
inhibitory neurotransmitter, also promote sleep.27,31−33

Drug-Induced Effects on Neurochemicals
The neurochemistry of sleep also can be understood by consid-
ering the effect of hypnotic drugs on specific neurotransmit-
ters. GABA is facilitated when a benzodiazepine compound
attaches to the benzodiazepine-chloride-ionophore complex
and causes chloride channels to open and inhibit the overex-
cited areas of the brain. GABA-facilitating hypnotics, such
as benzodiazepines, induce sleep and decrease arousals be-

tween stages, providing more continuous stage 2 sleep. Ben-
zodiazepines, however, also may decrease stage 4 slow-wave
sleep and suppress REM, leading to REM rebound on abrupt
discontinuation.27,31,34 Some antihistamines promote sleep by
blocking histamine-containing neurons involved in maintain-
ing wakefulness. The excitatory effects of caffeine and other
methylxanthines are attributed to their antagonism of adeno-
sine receptors. Adenosine is a sleep-promoting neurotransmit-
ter or neuromodulator.27,30

Neurotransmitter alteration may or may not affect REM
sleep. Drug-induced noradrenergic and serotonergic modula-
tion usually decreases REM sleep. An increase in dopamin-
ergic neurotransmission can increase wakefulness but has no
direct effect on REM sleep.27,32 In contrast, increased cholin-
ergic neurotransmission triggers REM sleep.27,32 Cortisol de-
creases REM sleep in young and old with unpredictable ef-
fects on slow-wave sleep and increased wakefulness in the
elderly.6,25,35,37 It is useful to think of the brain centers, neu-
rochemicals, and neuropeptides involved as an interactive net-
work regulating our sleep–wake cycle. Certainly, drugs or dis-
ease states that alter neurotransmission can have significant
impact on the sleep–wake cycle. Sensory input (visual and
acoustic) works with the internal network and signals brain
centers to either wake or sleep. Thus, darkness is a visual cue
that prepares the brain for sleep. Similarly, bright light serves
to prepare the brain for wakefulness.25,38

DYSSOMNIAS
Patient Assessment
Questions to Ask Patients
The first step in patient assessment is to determine whether
the sleep problem is difficulty falling asleep, difficulty main-
taining sleep, early-morning awakening, poor quality sleep, or
excessive daytime sleepiness (EDS). Answers to the questions,
“How long does it take you to fall asleep and how many hours
do you sleep?” should be compared with the patient’s nor-
mal sleep pattern to determine how it varies. Questions such
as “How do you feel during the day: well rested, sleepy, or
something else?” can help assess functional impairment. Not
all patients need the same amount of sleep. Approximately
7 to 9 hours of sleep is optimal for most people: too much
sleep can be as problematic as too little sleep.13,25 The Inter-
national Classification of Sleep Disorders and the Diagnostic
and Statistical Manual of Mental Disorders, Fourth Edition,
Text Revision (DSM-IV-TR) have categorized sleep disorders
largely based on pathophysiology and presumed etiology rather
than numbers of hours of sleep.39,40 Four main categories of
sleep disorders are useful for clinical assessment (Table 77-
2). The next step in patient assessment involves investigating
the possible causes of the sleep disorder and any co-occurring
conditions. All medical, psychiatric, drug, environmental, and
social causes must be considered and treated along with the
sleep disorder. The degree of functional impairment should be
assessed to evaluate the severity of the disorder.

Nonpharmacologic Treatment
Cognitive-behavioral therapies are the most effective interven-
tions for insomnia according to the American Academy of
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Table 77-2 Classification of Sleep Disorders

Dyssomniasa

Intrinsic: idiopathic insomnia, narcolepsy, sleep apnea, periodic limb
movements during sleep

Extrinsic: inadequate sleep hygiene, substance-induced sleep disorder
Circadian rhythm sleep disorders: jet lag, shift work, delayed sleep

phase syndrome

Parasomniasb

Arousal: confusional arousals, sleep walking, sleep terrors
Sleep–wake transition disorders: sleep talking, nocturnal leg cramps
Associated with REM: nightmares, sleep paralysis, impaired

sleep-related penile erections
Other: Primary snoring, sudden infant death syndrome, sleep bruxism

Medical, Psychiatric, and Substance-Induced Sleep
Disorders

Associated with mental disorders: mood disorders, anxiety disorders,
psychotic disorders

Associated with neurologic disorders: Parkinson disease, Huntington
disease, dementia

Associated with other medical disorders: heart disease, renal
insufficiency, pulmonary disease

Associated with a substance: medication/substance abuse (e.g.,
phenylpropanolamine, cocaine)

Proposed Sleep Disorders

Menstrual-associated sleep disorder, pregnancy-associated sleep
disorder, short or long sleeper

aAny sleep pattern that is abnormal (e.g., insomnia or excessive sleepiness).
bAny unusual behavior that emerges during sleep.
From references 6, 13, 15, with permission.

Sleep Medicine and the NIH. These interventions can take 2
to 10 weeks to successfully implement based on the individ-
ual and the severity and chronicity of that person’s insomnia,
however, results are long-lasting. Table 77-3 lists established
cognitive and behavioral interventions with brief descriptions
in addition to some sleep-hygiene tips to include in patient
counseling. Sleep hygiene techniques have not been demon-
strated as effective without adjunctive CBT.5,14

The sleep environment should be dark and comfortable, free
from noise or distractions, and not too warm or too cold. Along
with creating a sleep-friendly setting, establishing regular sleep
hours, particularly a regular wake time, is necessary to condi-
tion the body to sleep. Even after a poor night’s sleep, it is
important for healthy sleepers to avoid daytime naps and stay
awake until the regular sleep time. In some cases, brief (e.g.,
20-minute) naps may be refreshing without disrupting noctur-
nal sleep. Phototherapy, bright light exposure for 30 minutes
to 1 hour on awakening in the morning, is an additional tool
that can help set the circadian rhythm for regular sleep–wake
cycles.14,21,38 Healthy sleep often can be facilitated by avoiding
problem-solving activities (e.g., finances, crossword puzzles),
strenuous physical exercise, or exciting movies while in bed.
Exercise early in the day can improve sleep. Exercise should
be completed before dinner time so that the body has a few
hours to relax before it is time to sleep. Relaxation is the key
to healthy sleep. If a sleeper finds himself or herself tossing,

Table 77-3 Nonpharmacologic Treatments for Insomnia

1. Cognitive-behavioral therapy: most effective; can be from any
trained provider.
Cognitive: identify and stop thought patterns that interfere with

sleep (e.g., “I’m never going to sleep” or allowing 15 minutes to
review a worry list, then putting worries aside).

Behavioral: stimulus control, sleep restriction, relaxation,
paradoxical intention.

(a) Stimulus control: train the brain to reassociate the bed and
bedroom with sleep and re-establish a consistent sleep–wake
schedule.

(b) Sleep restriction: create “sleep-debt” by curtailing amount of
time in bed, then increasing time in bed as sleep efficiency
improves.

(c) Relaxation therapy: progressive tensing and relaxing of
muscles, yoga, stretching.

(d) Paradoxical intention: encourage patient to engage in most
feared behavior, “staying awake” to reduce performance
anxiety associated with trying to sleep.

2. Sleep hygiene: not considered effective on its own; useful
adjunctive treatment.
Avoid caffeine, stimulants, heavy meals and etoh at bedtime;

exercise early in the day before dinner to relieve stress and
prime brain for sleep. Turn the face of the clock away from
view; establish a pre-bedtime ritual, make sure bedroom is dark,
quiet, comfortable

From references 14, 20, with permission.

turning, or worrying, it is time to get out of bed and stretch,
read, or listen to soft music to relax. Health care practitioners
should remind patients to avoid large meals at bedtime because
the digestion of heavy meals can impair sleep. Last, chemicals
that can disrupt sleep (e.g., alcohol, caffeine, other stimulants)
should be eliminated when possible.14,20,21

Pharmacologic Treatment
When rapid relief of transient or short-term insomnia is needed
or when chronic insomnia persists despite nondrug therapeutic
interventions, hypnotic medication is indicated. Benzodi-
azepine hypnotics or newer, benzodiazepine omega-1 selec-
tive hypnotics, sometimes called “Z-hypnotics,” are first-
line therapies because they offer significantly greater efficacy
than over-the-counter (OTC) products; they are safer than
barbiturates and are more effective compared with sedating
antidepressants.5,21,41

Some patients need pharmacologic treatment for insomnia
but do not seek treatment from their health care providers.5,41

Alcohol and OTC sleep aids containing antihistamines are
widely used to self-medicate insomnia, although the results
are less than ideal.5,21

The ideal hypnotic has a rapid onset of effect (within 20
minutes, the natural time to fall asleep), helps the patient sleep
throughout the night, does not cause daytime impairment, and
has no abuse potential. Currently, there are no ideal hypnotics.
Hypnotics that act at benzodiazepine receptors come closest to
the ideal.42 Available agents vary in onset, duration, and poten-
tial for daytime impairment, mostly because of their individual
pharmacokinetic profiles.41,42 The selection of the appropriate
hypnotic should consider the type of insomnia to be treated
and the physiologic characteristics of the patient. For example,
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if someone cannot fall asleep but has no trouble staying asleep
and wants no carry-over effect into the next day, a rapid-acting
hypnotic with a short half-life and no active metabolites is
desirable.21,41,42

Less common sleep disorders are treated with a variety of
medications as well as some nondrug therapies. PLMS and
restless legs syndrome (RLS) can be relieved with dopamine
agonists, opioids, gabapentin, or clonazepam.4 Narcolepsy is
best treated with planned naps, modafinil, stimulants, sodium
oxybate, or some antidepressants.4 Both sleep apnea and pri-
mary snoring can be worsened with central nervous system
(CNS) depressants but usually improve with nondrug thera-
pies such as continuous positive airway pressure (CPAP).43

Sleep disturbances associated with medical and psychiatric di-
agnoses require special attention because a hypnotic can either
improve or worsen the problem.6,13

In a Normally Healthy Patient

1. E.P., a 31-year-old woman, is requesting a medication for
treatment of her insomnia. She just returned to California from
Hong Kong 2 days ago and is now having difficulty getting to sleep.
When she arrived in Hong Kong, she went to sleep immediately
at 4 PM and awoke at 3 AM. Her sleep pattern adjusted during
her 6-week visit in Hong Kong, but on returning to California,
it now takes her 2 to 3 hours to fall asleep. She has difficulty
awakening in the morning and, as a result, sleeps past noon. She
needs to be alert during the day to fulfill her obligations as a school
teacher. What information provided by E.P. is important in the
assessment of her insomnia? What additional information should
be obtained from E.P. to assist in the assessment of her sleep
disturbance?

E.P. describes a time-zone shift or disruption in circadian
rhythm, which is a common cause of transient insomnia. Her
major complaint is difficulty falling asleep, because she reports
no trouble staying asleep or awakening too early. It is important
for E.P. not to be sedated during the day because she is a teacher.
Additional information needed from E.P. includes the duration
of insomnia, methods already tried to relieve insomnia and
their efficacy, concurrent medications, coexisting medical or
psychiatric problems, alcohol use, caffeine use, and current
life stresses. E.P. should be advised that assessing all of the
aforementioned information is necessary in treating her sleep
problem.

2. In response to your additional questions, you learn that E.P.
has no medical problems and takes no prescription medications.
She has been taking pseudoephedrine at night for nasal stuffiness
since returning from Hong Kong. She denies drinking alcoholic
beverages and coffee but admits to recently increasing her tea
intake to try to stay awake during the day. She denies a long
history of insomnia, but adds, “I have not been able to sleep as
well in my new apartment; I don’t know why.” What factors could
be contributing to E.P.’s?

Several factors are contributing to E.P.’s type of insomnia,
which can be classified as circadian rhythm sleep disorder re-
lated to jet lag. Her circadian rhythm has been disrupted be-
cause of travel, but she also takes a stimulating decongestant
(i.e., pseudoephedrine) and drinks a caffeine-containing bev-
erage (i.e., tea). In addition, she sleeps in new surroundings
that may require time for adjustment. All these factors can
contribute to her difficulty in falling asleep. Circadian rhythm

sleep disorder results from a mismatch between the sleep–wake
schedule required by a person’s environment and the circadian
sleep–wake pattern.

Nonprescription Sleep Aids

3. E.P. would like to purchase a nonprescription sleep medi-
cation. What would you recommend?

An individual risk-versus-benefit assessment is essential
before recommending any medication, even OTC products.
Most nonprescription sleep aids contain antihistamines such
as diphenhydramine (Benadryl). Antihistamines can cause
drowsiness and can help patients fall asleep. The ability to
cause sedation does not necessarily lead to hypnotic efficacy.
Some patients do not feel well rested the next day after tak-
ing an antihistamine, but instead feel slow, lethargic, and not
mentally sharp. This “hangover effect” can be significant and
may be related to the lipid solubility and central histaminic
(H1) and muscarinic blocking effects of the antihistamine.21,41

Antihistamines with low lipid solubility (e.g., fexofenadine,
loratadine) do not cross the blood–brain barrier readily and
do not cause sedation. Although diphenhydramine is the most
common antihistamine found in nonprescription sleep med-
ications, some preparations contain the antihistamines dox-
ylamine or hydroxyzine. Tolerance can develop to the seda-
tive effects of antihistamines after 3 to 7 days of continued
use.21,41 Because of a high incidence of daytime sedation
and risk of cognitive impairment,44 antihistamines are a poor
choice for E.P., a teacher who must stay alert and functional
throughout the day. Therefore, E.P.’s insomnia should be man-
aged with nonpharmacologic interventions before initiating
any drug therapy.

Time-Zone Shift: Nonpharmacologic Treatment versus
Triazolam or Z-hypnotic

4. Why is E.P. especially susceptible to the effects of time-zone
shift (i.e., “jet lag”), and what counseling is needed?

Time-zone shift disrupts the natural circadian rhythm,
which helps regulate sleep. E.P. traveled west, then east through
multiple time zones. Symptoms and severity of jet lag are re-
lated to the direction traveled and the number of time zones
crossed.38 Individuals >50 years of age and those travel-
ing eastward have more difficulty in adjusting their circadian
rhythm to time-zone changes. Eastward travelers have diffi-
culty falling asleep and westward travelers complain of diffi-
culty staying asleep and early morning awakening.38 Travelers
should be made aware of the problem and should take steps
to help their systems adjust. On arrival in the new time zone,
travelers such as E.P. should reset their watches and participate
in activities corresponding to the new time. Staying active until
the new time-zone bedtime and avoiding naps and stimulants
can be helpful.38

E.P. should be informed about the likely causes of her in-
somnia (i.e., jet lag, tea, pseudoephedrine, new surroundings).
She also should understand that it may take 1 to 3 weeks for
her system to readjust after traveling.38 The importance of
nonpharmacologic interventions to improve sleep (Table 77-3)
should be emphasized. For E.P., it is necessary to pay partic-
ular attention to regulating her sleep cycle by awakening at
the same time each day and resisting daytime naps even af-
ter a poor night of sleep. This process, called chronotherapy,
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Table 77-4 Pharmacokinetic Properties of Hypnotics Acting at Benzodiazepine Receptors22,41,54–76,111

Active Substance Lipid Solubility Tmax (hr) Onset (min) Half-Life (hr) Duration (hr)a

Zaleplon Moderate 1.1 30 1.1 1–2
Zolpidem Low 1–2 30 2.5 2–4
Zolpidem ER Low 2 45 2.8 3–5
Eszopiclone Low 1–1.6 30–45 6 5–8
Triazolam Moderate 1 15–30 2–5 2–4
Temazepam Moderate 1.5–2.0 60–120 10–20 8–12
Flurazepamb

Hydroxyethyl-b Low 1 2–3
Aldehyde-b Low 1 1
N-desalkyl-b Moderate 10 30–60 50–100 10–30

aTime the patient feels the effects after a single dose; usually approximates half-life with multiple doses; individual variability exists; and tolerance may develop with continued
use, lessening the duration. Tmax, time of maximum concentration.
bFlurazepam metabolite.

regulates the internal time clock. In addition, an hour of bright
light in the morning can serve as an environmental stimulus,
normalizing the circadian rhythm.38 If E.P.’s insomnia persists
despite adhering to cognitive-behavioral interventions, a pre-
scription hypnotic may be necessary.

5. E.P. asks if she can try one of her husband’s triazolam
tablets. She notes, “He is immediately out like a light when he
takes it, and I worry it may be too strong for me.”

Short-acting hypnotics (Table 77-4) like triazolam are ef-
fective to induce and regulate sleep if the stay will be relatively
short (<5 days) and if critical activities must be accomplished
during the first 48 hours after arrival at the destination.38 Ad-
vantages of triazolam for E.P. include well-established efficacy,
an onset of 15 to 30 minutes and no next-day impairment at
recommended doses (0.25 mg, 0.125 mg for elderly). Women
may be more affected from hypnotics than men, possibly be-
cause of greater oral bioavailability.21,41 E.P. could ask her
physician to prescribe triazolam 0.125 mg in case it is needed.
Triazolam is less optimal than zaleplon or zolpidem for E.P. be-
cause it can cause impairment in new learning or anterograde
amnesia. These effects can be sufficiently severe to result in
inability to remember new information learned on the trip. Tri-
azolam is also associated with rebound insomnia (i.e., daytime
nervousness, jitteriness, and insomnia worse than before) if
abruptly stopped after >7 to 10 days of continuous use. Of
the benzodiazepine hypnotics, triazolam is most commonly
associated with rebound insomnia and withdrawal problems
likely related to its high binding affinity to the benzodiazepine
GABA-chloride–ionophore receptor complex.41,45 Also, tria-
zolam’s short half-life (2–5 hours), and rapid decrease in blood
levels create the potential for withdrawal symptoms including
anxiety and insomnia. Anterograde amnesia is not a problem
with “Z”-hypnotics at recommended doses because they are
selective for the �-1 receptor and do not have significant anxi-
olytic effects.41 Triazolam is highly effective in inducing sleep
when used on an as-needed basis. Long-acting hypnotics, such
as flurazepam (Dalmane), may prevent the traveler from awak-
ening in the morning and should be avoided.

Melatonin

6. E.P. states she would like to try melatonin for improved sleep
but wonders whether it is safe and effective. What information is

available on the safety and efficacy of melatonin for jet lag or
other types of insomnia?

Melatonin is a naturally occurring hormone secreted by the
pineal gland, located in the center of the brain. The pineal
gland is connected to the retina via a nerve pathway that runs
through the suprachiasmatic nucleus of the hypothalamus, the
body’s circadian clock. The pineal gland produces melatonin (a
byproduct of serotonin metabolism) only during the nocturnal
phase of the circadian cycle and only in relative darkness.41

Several studies show melatonin has at least mild sleep-
promoting properties when administered before the period of
natural increase in endogenous melatonin (∼10 pm to mid-
night). Studies in adults show melatonin causes significantly
more sleepiness when taken at 8 pm compared with 11:30 pm,
theoretically because the brain’s receptors are already saturated
with melatonin late at night.41

Eight of ten clinical trials for jet lag found that melatonin,
between 0.5 and 5 mg taken close to the target bedtime in the
new time zone decreased jet lag. A systematic review of 10 clin-
ical trials showed melatonin was more effective for travel east-
ward crossing multiple time zones.46 Melatonin 0.5 to 10 mg
has been found effective for entraining the circadian rhythms in
blind people, for alleviating insomnia in developmentally dis-
abled or handicapped children and adults, and treating short-
term, initial insomnia in children with attention deficit hyperac-
tivity disorder (ADHD).41,47 It has no established effectiveness
for chronic insomnia.5 Consumers selecting melatonin should
be advised that the safety and effectiveness of melatonin for
long-term use have not been clearly established and the purity
of melatonin is not regulated by the FDA. Melatonin side ef-
fects include sleepiness, headache, and nausea, although usual
doses of melatonin 0.5 to 5 mg are well tolerated.41,48 Mela-
tonin use has been associated with reports of depression, liver
disease, and vasoconstrictive, immunologic, and contraceptive
effects.38,41,46

Ramelteon

7. E.P. is concerned about using melatonin because it is not
regulated by FDA and the purity and product integrity cannot
be guaranteed. Her doctor gave her a prescription for ramelteon
(Rozerem) 8 mg at bedtime, how does ramelteon compare with
melatonin?

Ramelteon is a highly selective agonist for melatonin re-
ceptors 1 and 2 (MT 1, MT 2). Melatonin receptor 1 regulates
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sleepiness and MT 2 regulates phase shifts from day to night.
The clinical significance of ramelteon’s selectivity for MT 1
and MT 2 is not well-described.49 Ramelteon is approved by
the FDA for insomnia characterized by difficulty falling asleep.
Clinical studies in primary insomnia show it decreases the
time to fall asleep by 10 to 19 minutes and it increases to-
tal sleep time by 8 to 22 minutes. Its half-life ranges from 1
to 2.6 hours. Half-life of its active metabolite, M II, is 2 to
5 hours. Ramelteon undergoes hepatic metabolism by
CYP1A2. Increases in serum concentration occur even with
mild liver disease, so caution is recommended for patients
who have at least moderate liver disease. Fluvoxamine inhibits
CYP1A2, dramatically increasing the serum concentration of
ramelteon, and coadministration with all potent CYP1A2 in-
hibitors should be avoided. The most common adverse events
observed with ramelteon include headache (7%), dizziness
(5%), somnolence (5%), fatigue (4%), and nausea (3%).

No evidence of cognitive impairment, rebound insomnia,
withdrawal effects, or abuse potential was noted in clinical tri-
als. Adults with a history of sedative abuse took triazolam 0.25,
0.5, 0.75 mg, and ramelteon 16, 80, 160 mg, versus placebo
over 18 days. Ramelteon demonstrated no potential for abuse
or motor and cognitive impairment up to 20 times the rec-
ommended therapeutic dose, whereas triazolam demonstrated
potential for abuse at all doses.50

Ramelteon is a reasonable option for initial insomnia with
no abuse potential and little to no risk of next-day impairment.
In the absence of published trials comparing ramelteon with
other sedative-hypnotic agents, its place in therapy is unclear.

“Z-hypnotics” (Zolpidem and Zaleplon and Eszopiclone)

8. It has been a month and E.P. continues to have difficulty
falling asleep. What alternative medications (aside from triazo-
lam and ramelteon) offer rapid onset, have low risk of daytime
sedation, and can be administered safely over weeks to months if
necessary?

Considering their rapid onset of action, Z-hypnotics (zale-
plon, zolpidem, and eszopiclone) are all potential alternatives
for E.P. They have varying degrees of selectivity for �-1 recep-
tor on the benzodiazepine receptor complex. This selectivity
imparts hypnotic efficacy with no significant anxiolytic, muscle
relaxant, or anticonvulsant effects. Consequently, Z-hypnotics
have a lower risk of abuse, withdrawal, and tolerance com-
pared with older nonselective benzodiazepines such as triazo-
lam and temazepam. These attributes makes Z-hypnotics more
desirable for the treatment of chronic insomnia. Both zolpi-
dem controlled-release and eszopiclone are FDA approved for
chronic insomnia and are effective for up to 3 to 6 months
of therapy.51 Although the abuse potential of Z-hypnotics is
less than for nonselective benzodiazepines, they are problem-
atic in active substance abuse disorders, however. Z-hypnotics
are C-IV controlled substances with more potential for abuse
than ramelteon. Tolerance and withdrawal have been reported
with abrupt discontinuation of zolpidem, particularly with self-
escalation of dose, thus monitoring and counseling are needed.

Another potential advantage of Z-hypnotic’s �-1 selectiv-
ity is little to no change in sleep architecture or sleep stages.
Temazepam and flurazepam increase the percentage of stage
2 sleep but can suppress REM and stage 3 and 4 deep restora-
tive sleep. In contrast, Z-hypnotics do not interfere with these

sleep stages and have lower rates of uncomfortable REM
rebound (vivid dreams, increased autonomic instability) on
discontinuation.51

The Z-hypnotics differ with respect to pharmacokinetics
and adverse events. Zolpidem (Ambien), the first Z-hypnotic,
marketed in the United States in 1991 is absorbed rapidly,
reaches peak serum levels in 1.5 hours and is eliminated rapidly
with an average half-life of approximately 2.5 hours.41 Zolpi-
dem is metabolized by the oxidative cytochrome P450 isoen-
zyme CYP3A4; therefore, drug interactions should be con-
sidered when zolpidem is coadministered with CYP3A4 in-
hibitors such as diltiazem or fluoxetine. Zolpidem has no active
metabolites and it has a low risk of residual daytime sedation
in recommended doses.51,52 It should be taken on an empty
stomach for faster absorption. The usual adult dose of zolpi-
dem is 10 mg at bedtime; elderly or patients such as E.P., who
expresses concern that a medicine may be too strong, should
begin with 5 mg at bedtime. Zolpidem controlled release (CR)
has no clear advantage over zolpidem, except that it may pro-
vide a slightly longer duration of sleep. Serum concentrations
peak in 2 hours compared with 1.5 hours for immediate release
zolpidem with an associated longer latency to effect.42

Zaleplon (Sonata) offers a shorter elimination half-life (1.1
hour) and duration of effect than zolpidem. It is least likely
of all hypnotic agents to cause residual daytime sedation and
has the least effect on memory and psychomotor performance.
An assessment of psychomotor performance, arousal, mem-
ory, and cognitive functioning with zaleplon revealed no cog-
nitive impairment.51 The most common adverse effects with
zaleplon include dizziness, headache, and somnolence. In dose
escalation studies using up to 60 mg, symptoms appear at ap-
proximately 30 minutes after dosing, peak at 1 to 2 hours, and
are no longer evident after 4 hours. It can be taken in the middle
of the night as long as the individual has 4 hours left in bed
(Table 77-4).41 Zaleplon is metabolized primarily via aldehyde
oxidase, and CYP3A4 is a secondary route of metabolism, and
there are no active metabolites; it has less potential for drug or
food interactions compared with zolpidem or eszopiclone.41

Eszopiclone (Lunesta) maintains efficacy with no evidence
of tolerance after 6 months of continuous use, resulting in an
FDA approval for long-term use.53 Hypnotic efficacy has been
demonstrated for up to 6 months in younger patients taking
2 to 3 mg nightly, and in elderly patients taking 1 to 2 mg
nightly, although only the higher range of doses significantly
improved sleep maintenance. As with zolpidem and zaleplon,
eszopiclone has a rapid onset of effect, but differs in that it
has a longer duration of effect (Table 77-4). Time of maximum
concentration (Tmax) is delayed up to 1 hour when eszopiclone
is administered after a high-fat meal, potentially delaying the
onset of sleep.54

Eszopiclone has less receptor selectivity than either zale-
plon or zolpidem, potentially resulting in some anxiolytic,
amnestic, and anticonvulsant activity.52 Among the three Z-
drugs, eszopiclone has a dose-related unpleasant bitter taste
in 16% to 33% of patients.54 Headache and dizziness were
reported more commonly with eszopiclone than placebo, and
at higher doses, next day confusion and memory impairment
have been reported in up to 3% of patients.51,54 Eszopiclone
is primarily metabolized by CYP3A4, so drugs that induce or
inhibit this isoenzyme can have an impact on metabolism and
a clinical effect.54
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E.P. needs a medication that will hasten sleep onset, but
does not need continued drug effect later in the night. Both
zolpidem and zaleplon are useful alternatives for E.P. because
of their efficacy for her sleep onset difficulty. Among the Z-
hypnotics, eszopiclone has the longest half-life and the greatest
risk for next-day impairment.

9. As an alternative to ramelteon, zolpidem immediate-
release, 5 mg is prescribed. E.P. expresses concern over possible
adverse effects owing to its labeling as a CIV controlled substance
and the recent FDA warning of complex sleep behaviors such as
night eating and night driving. How should E.P.’s concerns be
addressed?

Patient counseling is most effective when it is interac-
tive with both patient and practitioner actively listening to
each other while exchanging information. It is best to be-
gin by emphasizing the benefits of zolpidem to improve her
sleep and daytime functioning. Next, E.P. should be reassured
that zolpidem is generally well-tolerated and she will be pre-
scribed the lowest dose to minimize the likelihood of adverse
effects. Counseling should include a discussion of common
and potentially serious adverse effects along with management
strategies. Common possible adverse effects include headache
(28.4%), drowsiness (26.2%), fatigue (16.6%), and dizziness
(14.0%).51 Gastrointestinal side effects occurred in 1.7% of
patients; this side effect is more common with Z-hypnotics
compared with nonselective benzodiazepines. Confusion, dis-
orientation, obsessive ideas, delirium, and psychosis occurred
at a rate of 1% in postmarketing surveillance studies. Halluci-
nations, mostly visual, are more common in elderly patients, or
in those taking high doses or patients with impaired metabolism
of zolpidem.21 E.P. should be encouraged to report both effec-
tiveness and all adverse effects to her clinician. Alcohol may
be ingested 3 to 4 hours before taking zolpidem but they should
not be taken together because it may cause excessive side ef-
fects and interfere with E.P.’s sleep.

To address E.P.’s concern about the FDA’s hypnotic warn-
ing, a reasonable response would be, “rarely, individuals taking
sleeping medication have been reported to be making phone
calls, eating, having sex, or driving while half asleep. The
risk for these potentially dangerous reactions increases if con-
sumers take a higher than recommended dose, or drink alcohol
or mix hypnotics with other sedating medications.”16 Another
rare allergic reaction is facial swelling (angioedema). All man-
ufacturers of hypnotic medication are required to include this
information in their package inserts.16

IN A MEDICALLY ILL PATIENT
Insomnia and Effect on Sleep Stages

10. A.T., a 42-year-old woman with a 5-year history of hypothy-
roidism and a 2-year history of hypertension and chronic lower
back pain, was just transferred from the intensive care unit (ICU)
into a medical unit. Her cardiac status is considered “stable” 2
days after a myocardial infarction (MI). She is 5 feet 9 inches
tall and weighs 72 kg. She is receiving aspirin (enteric-coated),
levothyroxine, and felodipine. Her main complaint is insomnia, in-
cluding difficulty falling asleep, difficulty maintaining sleep, and
early-morning awakenings. A.T. reports insomnia for 6 weeks be-

fore admission, which only worsened during the hospitalization.
What type of insomnia does A.T. have and how might the insomnia
affect her?

A.T.’s insomnia is considered chronic because she experi-
enced it for 6 weeks before hospital admission. It is severe
because it involves difficulty falling asleep, maintaining sleep,
and early-morning awakening. Careful monitoring and effec-
tive treatment of A.T.’s sleep disturbance is crucial; studies
show disrupted sleep can increase the risk of another adverse
cardiac event owing to worsening autonomic instability and
poor perfusion to the myocardium.2

Because normal sleep moves through all the stages of
NREM and REM in a continuous cycle, a patient deprived of
continuous sleep may not receive sufficient time in each sleep
stage. When stage 2 is diminished, muscles have insufficient
opportunity to rest and rejuvenate. If NREM stages 3 and 4 are
eliminated, immune function and the healing process can be
disrupted. If REM sleep is deprived or excessive, neurotrans-
mitter function may be altered and physiologic homeostatic
processes can be disrupted.6,13,25

Drug or Disease Etiologies

11. What individual drug or disease state factors should be as-
sessed in A.T. before developing a treatment plan?

Numerous medical disorders and primary sleep disorders
are associated with difficulty falling asleep and maintaining
sleep (Table 77-5 and Table 77-6).2,6 First, A.T.’s pain man-
agement should be assessed for optimal efficacy. Acute post-
MI pain adds to A.T.’s chronic lower back pain. Of patients
with lower back pain, 50% experience chronic poor sleep
patterns.27,38 Second, A.T. was just transferred out of the ICU.
Sleep deprivation in an ICU is common and is attributed to the
continuous lighting, noise, and constant interventions. Sleep
deprivation may prolong or worsen a disease process through
diminished natural killer cell activity and decreased stages 3
and 4 of NREM sleep (when healing occurs).6,13,41 Medica-
tions also may be contributing to A.T.’s insomnia (Table 77-5).
Levothyroxine can overstimulate the CNS if given in exces-
sive doses.55 A.T.’s thyroid status should be re-evaluated to
ensure appropriateness of the thyroid dose, especially con-
sidering her post-MI status. Calcium channel blockers have
been associated with occasional sleep disturbances; there-
fore, felodipine should be evaluated as a potential contributing
factor.55

Another clue to a possible cause of A.T.’s sleep problem
is her description of early-morning awakening, which could
be related to hospital activity during these hours or to the
presence of a major depressive disorder. A.T. requires psychi-
atric evaluation to rule out depression, which occurs in 33%
to 88% of patients after an MI.28 In general, patients with
chronic illnesses are at increased risk of developing major de-
pression, which typically presents with insomnia or hypersom-
nia. Interestingly, medical outcome studies of other chronic ill-
nesses (cardiovascular, pulmonary, renal, neurologic disease)
show a high prevalence of sleep disturbance even in those
not suffering from depression.2,7 Chronic insomnia related to
multiple causes can be resistant to treatment; however, treat-
ment of underlying causes increases the likelihood of insomnia
resolution.
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Table 77-5 Potential Causes and Contributing Factors for
Each Chronic Sleep Complaint

Difficulty Falling Asleep

Learned or conditioned activation (primary insomnia); restless legs
syndrome (RLS)

Medications: methylphenidate, modafinil, fluoxetine, bupropion,
steroid, β-blocker

Substances: caffeine, guarana, alcohol
Psychiatric disorders: schizophrenia, depression, anxiety disorder,

bipolar disorder
Medical disorder: chronic pain, neuropathy, gastrointestinal disorder,

cardiopulmonary disorders (particularly if in recumbent
position).

Difficulty Maintaining Sleep

Excessive time in bed
Psychiatric disorder: major depression, anxiety or bipolar disorder,

substance abuse
Sleep disordered breathing: sleep apnea, acute respiratory distress

syndrome
Cardiac disease: atrial fibrillation, heart failure, angina
Neurologic disorder: dementia, Parkinson disease, multiple sclerosis

Early Morning Awakening

Major depression
Advanced sleep phase syndrome; learned or conditioned activation

(primary insomnia)
Forced to get up because of family or work obligations

Excessive Daytime Sleepiness

Medications: clonidine, antihistamines, antipsychotic, antidepressant,
benzodiazepine, chloral hydrate, opioid, anticonvulsant,
α1-adrenergic blockers

Obstructive sleep apnea, central sleep apnea, narcolepsy
Chronic sleep deprivation

Based on Table 1 from reference 13.

Comparing Available Hypnotics

12. A.T.’s pain is now under control, her levothyroxine dose
is appropriate, and felodipine-induced sleep disturbance, sleep-
disordered breathing, RLS, and PLMS have all been ruled out. A
psychiatric evaluation finds that A.T. does not have major depres-
sion, but she is anxious about “life after a heart attack.” She meets
criteria for primary insomnia and adjustment disorder with
anxiety. She continues to have trouble falling asleep and staying
asleep. She will be discharged in 2 days. The pain management
team suggests an adjunctive medication with anxiolytic proper-
ties that may also help with sleep. Which hypnotic is best for A.T.,
considering her individual clinical characteristics?

The ideal hypnotic for A.T. should act quickly and continue
working throughout the night to provide her with uninterrupted
sleep. A hypnotic that is not metabolized in the liver would have
a lower potential for drug interactions and lessen the opportu-
nity for systemic accumulation. If daytime drug concentrations
are needed to calm anxiety, however, a hypnotic with slowly
eliminated active metabolites may be desirable. The compara-
ble doses of the hypnotic medications are listed in Table 77-7.
When considering available hypnotic medications, differences

Table 77-6 Potential Causes of Chronic Sleep
Disorders25–69,70

Psychiatric Disorders

Anxiety disorders Depressive disorders
Bipolar disorder Psychotic disorders
Personality disorders Somatoform disorders
Organic mental disorders Substance abuse

Medical and Neurologic Disorders

Angina pectoris Dementia
Bronchitis Peptic ulcer disease
Chronic fatigue Hyperthyroidism and hypothyroidism
Cystic fibrosis Asthma
Huntington disease COAD
Parkinson disease Epilepsy
Hypertension Gastroesophageal reflux
Arthritis Renal insufficiency
Cardiac disease Connective tissue disease
Chronic pain
Cancer

Sleep Disorders

RLS Sleep apnea (obstructive or central)
PLMS (nocturnal myoclonus) Primary snoring
Circadian rhythm sleep

disorder (jet lag, shift work,
delayed sleep phase)

Narcolepsy

Drugs Associated with Sleep Disturbance

Insomnia Hypersomnia
Alcohol Alcohol
Bupropion Benzodiazepines
Fluoxetine Antihypertensives
Sertraline Clonidine
MAO inhibitors α-Adrenergic blockers
TCA ACE inhibitors
Thyroid supplements β-Blockers
Calcium channel blockers Anticonvulsants
Decongestants Analgesics
Appetite suppressants Chloral hydrate
Theophylline Antipsychotics
Corticosteroids Antihistamines
Dopamine agonists Opioids

ACE, angiotensin-converting enzyme; COAD, chronic obstructive airway disease;
MAO, monoamine oxidase; PLMS, periodic limb movements during sleep; RLS,
restless legs syndrome; TCA, tricyclic antidepressants.

Table 77-7 Hypnotic Dosing Comparison

Drug Dose (mg) Range (mg)

Midazolam (Versed) 15 10–30
Zaleplon (Sonata) 10 5–10
Zolpidem (Ambien) 10 5–10
Zolpidem ER (Ambien CR) 12.5 6.25–12.5
Triazolam (Halcion) 0.25 0.125–0.25
Temazepam (Restoril) 15 7.5–30
Flurazepam (Dalmane) 15 15–30
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in pharmacodynamic and pharmacokinetic properties should
be considered (Table 77-4).

A nonselective benzodiazepine hypnotic is preferable in
A.T. because of the need for anxiolytic properties in addition
to hypnotic efficacy. Z-hypnotics are not effective anxiolytic
agents. Onset of effect is related to lipophilicity, receptor bind-
ing affinity, and Tmax.41,42

The pharmacodynamic and pharmacokinetic properties of
triazolam (Halcion) have already been presented. Its rapid on-
set is an advantage for A.T.; however, the duration of action
would not be sufficient to help A.T. stay asleep. In addition, it
should not be used for >7 to 10 days because of the greater
potential for adverse effects with prolonged use and the pos-
sibility of significant rebound insomnia on withdrawal.41 A.T.
may require a hypnotic for >7 to 10 days, which is the maximal
duration for triazolam use.

Flurazepam (Dalmane) induces sleep within 15 to 45 min-
utes during chronic dosing. On the first night of use, how-
ever, flurazepam does not induce sleep as well as triazolam.
It has intermediate fat solubility but depends on plasma con-
centrations of its metabolite, desalkylflurazepam, for most of
its activity.41 Desalkylflurazepam concentrations take approxi-
mately 24 hours to accumulate and induce sleep. Studies show
flurazepam maintains efficacy in sleep induction for at least
30 days; desalkylflurazepam has weak receptor binding affin-
ity and a long half-life, resulting in gradual elimination and
little chance for rebound insomnia.41 Desalkylflurazepam can
accumulate during chronic dosing and affect daytime cog-
nition in some patients or compete for hepatic metabolism,
resulting in altered levels of other hepatically metabolized
medications.41,56 Accumulation and daytime sedation can be
therapeutic for some patients with daytime anxiety. A.T. has
difficulty moving around during the day because of her chronic
lower back pain, and oversedation from accumulation may im-
pair her daytime functioning. Although flurazepam is a viable
alternative, it is useful to explore other options.

Temazepam (Restoril) takes 1 to 2 hours to induce sleep.
It has moderate fat solubility, similar to desalkylflurazepam,
but it has a longer dissolution time. Temazepam takes 1.5 to
2 hours to reach peak plasma concentrations. Temazepam’s
longer dissolution time is caused by its large drug particle
size in a gelatin capsule. The European product formulation,
consisting of a solution in a wax matrix, induces sleep in 30
minutes.41,56 A potential advantage for using temazepam in
A.T.’s case is its lack of hepatic oxidative metabolism and in-
termediate duration of action of 8 to 12 hours. It does not
interfere with the metabolism of other hepatically metabolized
drugs and it does not accumulate, minimizing the potential
for daytime impairment.35,41 The long onset of action may be
of concern, although A.T. could take the drug an hour before
bedtime to optimize timing for sleep.

For A.T., the most appropriate choice is temazepam.
Temazepam’s advantages are intermediate duration of activ-
ity that would keep her asleep throughout the night, and
low risk of daytime impairment owing to no known active
metabolites.35,41

Dependence and Tolerance

13. On further discussion with A.T., who prefers to try
cognitive-behavioral interventions for anxiety reduction and sleep

induction, temazepam 15 mg at bedtime is prescribed on an as-
needed basis. A.T. will be monitored regularly as an outpatient for
efficacy and tolerability. As A.T. is preparing to leave the hospi-
tal, her daughter, B.T., expresses concerns about the potential for
physical dependence on temazepam and the risk of A.T. becoming
an addict. How would you respond to her concerns?

Fear of dependence and addiction to medications is a con-
cern among the general public. Television station “medical
experts” and popular magazine “health sections,” while pro-
viding information, may increase the potential for confusion,
erroneous impressions, and misinformation. For health care
practitioners, it becomes even more crucial to provide sound
drug information in common, easy-to-understand terms.

An example of the practitioner’s response may be, “I’m glad
you have expressed a concern; it gives us a chance to discuss
temazepam therapy before your mother leaves the hospital.
Temazepam has been prescribed for a medical reason, to im-
prove your mother’s sleep and to aid in her healing process.
One therapeutic benefit of temazepam is an 8-hour duration of
effect. Your mother will be able to sleep throughout the night
so that she is well rested during the day. It also may decrease
her anxiety over not sleeping, and that puts less stress on her
heart.

“The possible side effects of temazepam include sedation,
unsteadiness, and dizziness. She should let her doctor know if
she experiences any adverse effects. Right now, it is unclear
how long your mother will be taking temazepam. Duration
of therapy needs to be assessed on an ongoing basis. If your
mother takes temazepam every night for more than 4 weeks,
two things could happen: (a) she may develop a tolerance and it
may not help her sleep anymore, or (b) her system may develop
a dependence in which she may have worse insomnia if she does
not take it. These two scenarios do not always occur and are not
likely because your mother will be taking it on an as-needed
basis. If one or the other does happen, some other intervention
may be tried to help with her sleep, or the temazepam dose can
be gradually decreased to prevent withdrawal problems. It is
important to advise your mother to take the medication only
as directed (no more or less), avoid alcohol, and report any
decrease in effectiveness or any adverse effects to her health
care practitioner. Your mother, without a history of substance
abuse, is not likely to become an addict. Although dependence
is something to pay attention to, it is not the same as addiction
and what matters is the functional ability of your mother while
on and off the medication.”

Epidemiologic data indicate that benzodiazepines are
widely used primarily for brief periods of time, but less com-
monly used on a long-term basis. Dependence can occur after
continued use over 2 to 4 months.36 Daily users for >1 year
tend to be older, medically ill, and chronically dysphoric and
have panic disorder or chronic insomnia. Most chronic use ap-
pears to be medically appropriate and does not lead to dose
escalation or abuse. Among chronic dysphoric patients, the in-
dications are less clear, and dose escalation is noted sometimes
without notable therapeutic benefit. Benzodiazepine hypnotics
rarely are taken alone for pleasure, and generally are not likely
to be abused. Among substance abusers, however, they fre-
quently are taken as part of a polysubstance abuse pattern by
alcoholics and narcotic, methadone, and cocaine users. In these
groups, abuse is highly prevalent. Benzodiazepines are used to
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augment euphoria (narcotics and methadone users), to decrease
anxiety and withdrawal symptoms (alcoholics), and to ease the
“crash” from stimulant-induced euphoria (cocaine users).37

Physiologic dependence on benzodiazepines, resulting in a
withdrawal and abstinence syndrome, develops usually after 2
to 4 months of daily use of the longer half-life benzodiazepines.
Shorter half-life benzodiazepine use can result in physiologic
dependence earlier (days to weeks) and may be associated with
more withdrawal problems.41,45 See Table 77-4 for a compar-
ison of pharmacokinetic properties of hypnotics.

IN PSYCHIATRIC DISORDERS
Stepwise Approach to Selecting a Hypnotic

14. P.H., a 35-year-old man, is hospitalized after a suicide at-
tempt with an amphetamine and alcohol overdose 1 week ago.
Before the overdose attempt, P.H. had been clean (i.e., abstinent)
and sober for 2 years. He is diagnosed with major depression
and organic mood disorder secondary to psychoactive substance
abuse. His target symptoms include a 20-pound weight loss, low
energy, social withdrawal, depressed mood, hopelessness, inability
to experience pleasure, trouble falling asleep, and early-morning
awakening. His medications include fluoxetine (Prozac), 20 mg
daily; lansoprazole (Prevacid), 30 mg daily; and a multivitamin
daily—all started 5 days ago. After completing an interview with
P.H., you learn that he was doing well until 2 months ago when his
significant other left him and he became increasingly depressed.
He began to attend Alcoholics Anonymous groups more regularly,
but his depression worsened. Two weeks before admission, he went
on a drinking binge that led to the suicide attempt. P.H. reports
feeling restless and sleeping only 3 to 4 hours a night. Use Ta-
ble 77-8 to compare the clinically significant differences between
available hypnotics and to demonstrate how such information can
be used to develop patient-specific treatment plans. What is the
best approach to solving P.H.’s sleep problem?

The stepwise approach for selecting a hypnotic outlined in
Table 77-8 serves as a useful guide for applying the information
to an individual patient. Once the type of insomnia is known
(difficulty falling asleep, difficulty maintaining sleep, early-
morning awakening), possible causes or contributing factors
must be identified and treated. Cognitive-behavioral interven-
tions can be implemented if P.H. is willing and able to partici-
pate. At step 3, if significant insomnia persists and CBT is not
feasible, a medication can be considered.

Step 4 lists factors to consider in the drug selection process.
For example, agents with long-acting metabolites (e.g., flu-
razepam,) may accumulate or cause daytime hangover. There-
fore, it is best to avoid flurazepam in the elderly. If the hypnotic
has no hepatic metabolism, it will not be subject to drug inter-
actions with other agents that are hepatically metabolized. If
insomnia is chronic and resistant to hypnotic treatment, or if a
low abuse potential agent is desired (e.g., person with existing
addictive disorder), trazodone or another sedating antidepres-
sant may be selected.

Sleep Disturbance of Depression

15. What type of insomnia does P.H. have and how is it different
from other types of insomnia?

P.H. has trouble falling asleep and early-morning awaken-
ing, and sleep time has decreased to 3 or 4 hours a night. He
is diagnosed with major depression, and sleep difficulty is part
of the disorder. Generally, initial insomnia and early-morning
wakening are associated with depression, although difficulty
maintaining sleep and next-day fatigue are common as well.
P.H. is most bothered by trouble falling asleep, early-morning
awakening and next-day fatigue.

The insomnia of depression probably is related to a
dysregulation of neurotransmitters, such as serotonin, nor-
epinephrine and dopamine, in addition to dysregulation of
the hypothalamic-pituitary axis. All are involved in regulat-
ing mood and the sleep–wake cycle.6,13 Neurotransmitter ac-
tivity is modified by the effects of antidepressants on REM
sleep. Most effective antidepressants (excluding trazodone,
and bupropion) suppress REM, causing increased REM la-
tency and decreased total REM time.32,57 Indeed, REM sleep
deprivation can elevate mood.57,58 Depressed patients deliber-
ately deprived of REM sleep have had a reduction in depres-
sive symptoms. In addition to effects on REM, antidepressants
redistribute slow-wave sleep to more physiologically natural
patterns, with increased intensity in the first half of the night.58

Sedating antidepressants with serotonin 2 (5HT-2) antagonist
properties, such as trazodone and mirtazapine, alleviate insom-
nia and improve sleep architecture.32

Causes: Psychiatric and Substance Abuse

16. What other factors may be contributing to insomnia in P.H.?
How can his sleep problem be solved?

P.H. has been prescribed fluoxetine to treat his depression.
Fluoxetine can cause insomnia in 10% to 40% of patients and
thus should be dosed in the morning. P.H. also was using alco-
hol and stimulants before admission. Drug withdrawal and the
lingering “abstinence syndromes” often are associated with in-
somnia, although sometimes hypersomnia is the predominant
symptom.36,59

Treatment
The treatment for P.H.’s insomnia should begin with patient
education. P.H. should be informed that >90% of depressed
patients have some sleep disturbance, either too little or too
much, and his sleep should improve as depressive symptoms
improve (over 2–8 weeks). Counseling on cognitive-behavioral
interventions to improve sleep may be appropriate when P.H.’s
depression begins to clear and he is more motivated to improve
his sleep hygiene. In the meantime, the potential contribution
of fluoxetine to his restlessness or insomnia should be assessed
by confirming that the drug is being dosed in the early morning
to minimize this effect. An alternate, less activating selective
serotonin reuptake inhibitors (SSRI) such as sertraline, citalo-
pram, paroxetine, or a sedating antidepressant such as mirtaza-
pine may be preferred unless P.H.’s history includes a positive
response with fluoxetine that would justify ongoing treatment.

Hypnotics
All antidepressants, including SSRI, such as fluoxetine, can
improve sleep as the depression lifts; however, fluoxetine,
bupropion, and monoamine oxidase inhibitors can all cause
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Table 77-8 Stepwise Approach to Selecting a Hypnotic for Insomnia

Step 1. Determine type of insomnia: DFA, DMS, EMA; duration.
Step 2. Consider possible causes: medical, psychiatric, drug; treat causes.
Step 3. CBT and sleep hygiene ineffective or only partially effective; significant insomnia persists.
Step 4. Assess type of patient: age, size, diagnosis, organ function, drug interactions, abuse potential.

Type of Insomnia

Treatment Options DFA DMS EMA

Antidepressants Duration of therapy: Chronic use in
depressive diagnosis

Duration of therapy: Chronic use in
depressive diagnosis

Onset and duration of effects:
Intermediate to long onset

Onset and duration of effects:
Intermediate to long onset

Pharmacokinetic considerations: See
individual antidepressant

Pharmacokinetic considerations: See
individual antidepressant

Clinical considerations: Substance
abuse; treatment-resistant insomnia

Clinical considerations: Substance
abuse; treatment-resistant insomnia

Chloral hydrate Duration of therapy: Short-term use,
2–7 days

Onset and duration of effects: Rapid
onset; intermediate duration

Pharmacokinetic considerations:
Major metabolite, trichloroethanol,
is active

Clinical considerations: GI side
effects; rapid tolerance; no EEG
effects; drug interactions

Duration of therapy: Short term and
chronic

Onset and duration of effects: Long
onset; moderate duration

Clinical considerations:
Hepatic metabolism

Flurazepam or
quazpam

Duration of therapy: Short term and
chronic

Duration of therapy: Short term and
chronic

Onset and duration of effects: Rapid
onset; long duration

Onset and duration of effects: Rapid
onset; long duration

Pharmacokinetic considerations:
Active metabolite

Pharmacokinetic considerations:
Active metabolite

Clinical considerations: Efficacy long
term

Clinical considerations: Efficacy long
term

Temazepam Duration of therapy: Short term and
chronic

Onset and duration of effects: Long
onset; moderate duration

Pharmacokinetic considerations: No
hepatic metabolism

Zolpidem,
zaleplon, or
triazolam

Duration of therapy: Short-term use,
7–10 days for triazolam, 2–4 weeks
for zaleplon and several months for
zolpidem

Onset and duration of effects: Rapid
onset; short duration

Pharmacokinetic considerations: Short
half-life

Clinical considerations: Rebound
insomnia; CNS side effects

CNS, central nervous system; DFA, difficulty falling asleep; DMS, difficulty maintaining sleep; EEG, electroencephalogram; EMA, early-morning awakening; GI, gastrointestinal.

insomnia as well.55,60 Prescribing a hypnotic short term or a
sedating antidepressant is recommended for depressed patients
with insomnia because a good night’s sleep can improve treat-
ment adherence and daytime functioning until antidepressant

effects become apparent.2,6 A study of 545 patients with ma-
jor depression and insomnia taking fluoxetine in the morning
were randomized to receive either eszopiclone 3 mg or placebo
for 8 weeks. Eszopiclone cotherapy resulted in improved sleep
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quality, faster antidepressant response, and significantly more
responders and remitters at week 8 compared with placebo.61

Unpleasant taste was the only adverse effect reported signifi-
cantly more in the eszopiclone group versus the placebo group
(22.7 vs. 0.7%). In separate studies, zolpidem and trazodone
have demonstrated efficacy for residual insomnia in depressed
patients with partial antidepressant response.6

Hypnotics that act at benzodiazepine receptors are not rec-
ommended for P.H. because of his drug use history. Nonse-
lective benzodiazepines can have a euphoric effect, are cross-
tolerant with alcohol, and are likely to be abused by patients
with substance-abuse problems.36,41 Abuse, dependence, and
withdrawal reactions have been reported with �1 selective
agents Z-hypnotics (zolpidem, zaleplon, eszopiclone); there-
fore, neither class of drugs is appropriate for P.H.51

If the clinician determines that fluoxetine treatment is pre-
ferred over an alternate SSRI or mirtazapine, then trazodone
may be added to alleviate insomnia.62 The addition of tra-
zodone to fluoxetine, bupropion, or monoamine oxidase in-
hibitors decreased time to sleep and increased duration of sleep
but caused intolerable sedation in a few patients who received
fluoxetine. Tolerance did not develop to the sedative effects of
trazodone in short-term studies (<6 weeks) used adjunctively
for depression; however, decreased benefit over time has been
reported.62 The 5HT-2 antagonist properties of trazodone at
low dosages and its α-adrenergic blocking effects provide the
rationale for its efficacy as a sedating agent.

Antidepressants

17. What is the evidence for trazodone’s use in managing
insomnia? What other antidepressants are used in the treat-
ment of insomnia? Discuss the advantages and disadvantages
of using sedating antidepressants for the treatment of insomnia
in P.H.

Trazodone is not thought to be a highly effective antide-
pressant because most people cannot tolerate an effective dose
(300–600 mg/day). Because of its sedating properties, tra-
zodone has become a commonly prescribed adjunctive med-
ication (50–200 mg/day) to induce sleep while awaiting the
onset of the primary antidepressant’s effect. Trazodone’s half-
life is approximately 6.4 hours in younger adults and 11.6
hours in the elderly. It undergoes hepatic metabolism via
CYP 2D6 and 3A4, so inhibitors can increase blood lev-
els and worsen side effects. The most common side effects
of trazodone include drowsiness (29.1%), dizziness (21.9%),
and dry mouth (17.7%). Cardiac arrhythmias are possible
at doses >200 mg/day as is priapism, a painful prolonged
erection that occurs in 1 of 1,000 to 10,000 males. Al-
though priapism is considered, rare, it can lead to impo-
tence if untreated, therefore P.H. should be counseled about
priapism.60,62

In the only placebo-controlled trial of trazodone conducted
in primary insomnia, investigators compared the hypnotic ef-
ficacy of trazodone and zolpidem with placebo in 306 adults
(aged 21–65 years). Subjects were randomly assigned to re-
ceive trazodone 50 mg, zolpidem 10 mg, or placebo nightly
for 2 weeks. Sleep parameters were assessed using a subjec-
tive sleep questionnaire that patients completed each morning
and at weekly office visits. Trazodone was found as effective as

zolpidem for the first week of treatment, but during the second
week, only zolpidem was more effective than placebo.62

Tricyclic antidepressants (TCA) (e.g., amitriptyline, dox-
epin) were used to treat primary insomnia for years based on
case reports describing efficacy in doses of 10 to 75 mg/night.41

TCAs, however, increase the risk of cardiovascular problems
and anticholinergic side effects (see Chapter 79, Mood Dis-
orders I: Major Depressive Disorders). TCA have not been
proven to be as effective and safe as benzodiazepine hypnotics
or trazodone.

For P.H., TCAs raise additional safety concerns. P.H. has
a history of substance abuse and prior suicide attempts. Both
are risk factors for future suicide attempts. TCAs are more
toxic in overdose when compared with trazodone, and there
are multiple reports of TCA plasma levels increasing to toxic
levels when administered in combination with fluoxetine (see
Chapter 79).

Switching to mirtazapine as an antidepressant that offers
more sedation is a reasonable consideration for P.H. Mirtazap-
ine has 5HT-2 antagonist effects, which imparts sedation, and
they are safer than TCAs in overdose.32 Mirtazapine is not
associated with priapism but it can cause weight gain. Paroxe-
tine (Paxil) is another option for treating both depression and
insomnia in P.H. Paroxetine relieved insomnia for 15 primary
insomnia patients in a 6-week, open, flexible-dose study.33

IN THE ELDERLY
Patient Assessment

18. S.B., a 78-year-old woman, just moved to a skilled nursing
facility from her daughter’s home because her family could not
take care of her. She was unable to sleep at night and paced the
house. Six weeks ago, she fell and broke a hip. She had a total hip
replacement and uses a walker now. S.B. takes the following med-
ications: salsalate 750 mg BID, lorazepam 0.25 mg TID, lisinopril
10 mg daily, hydroxyzine 50 mg in the morning, and Senokot one
tablet in the morning and at bedtime. Zaleplon 10 mg at bedtime
has just been prescribed to treat insomnia, with the first dose to
start tonight. What additional information is needed to evaluate
S.B.’s sleep problem?

Thus far, it is unclear what type of insomnia S.B. has: dif-
ficulty falling asleep, difficulty staying asleep, early-morning
awakening, or just overall less restful sleep. Identifying the type
of insomnia helps to guide proper treatment. As discussed in
previous cases, many factors can contribute to sleep problems
(e.g., disease states, medications, psychosocial factors, poor
sleeping habits). The usual thorough evaluation is needed to
understand the etiology of S.B.’s sleep disorder, after which
her medication regimen can be optimized.

19. S.B. typifies the nursing home patient, struggling with med-
ical problems and adjusting psychologically to new life situations.
On review of the progress notes in the medical record, the con-
sultant discovers S.B.’s type of insomnia is described as difficulty
falling asleep and maintaining sleep. S.B. is charted as “stable”
medically, with satisfactory pain control and no dementia or ma-
jor psychiatric diagnosis. The progress notes mention situational
anxiety secondary to her move to the nursing home. Lorazepam
(Ativan) was prescribed 3 days ago to treat the anxiety. No side
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effects had been documented in the medical record, but the nurs-
ing notes describe S.B. taking 2-hour naps two to three times a
day and awakening two to three times nightly to urinate. What
considerations are important for the assessment and treatment of
insomnia in an elderly patient such as S.B.?

Age-Related Effects on Sleep
S.B.’s age is an important consideration because sleep is qual-
itatively different in the elderly, despite the continued need
for the same quantity of sleep. A circadian shift advance
may occur in which older individuals go to bed earlier and
awaken earlier.38 Fewer cycles into slow-wave sleep and more
frequent awakenings occur, which results in the experience
of “lighter sleep.”63 The proportion of sleep time spent in
REM does not change significantly with aging.64 Chronic dis-
ease, depressed mood, poor perception of health, and the use
of sedatives, but not age, were all associated with insomnia
in one large, epidemiologic study of 6,800 individuals >65
years. Of these, 28% had insomnia at baseline, but nearly half
(48%) did not report symptoms at follow-up 3 years later,65

demonstrating that insomnia is not always persistent in the
elderly. Persistent chronic medical illness (arthritis, cardio-
vascular disease, prostate problems) predicts persistent sleep
disturbance.2,7 Sleep-related respiratory disturbances and pe-
riodic leg movements are more common in the elderly,1,3,12

and they contribute to insomnia and excessive daytime seda-
tion. EDS occurs in 7% to 30% of those >65 years of age;
cardiovascular disease, dementia, excessive night-time awak-
enings, and sedating medications are factors associated with
EDS.63,64,66 All of these causes should be ruled out as contrib-
utors to poor sleep patterns in S.B.

Elderly individuals with chronic illness or social isolation
report significantly more problems with sleep than those who
are actively involved (e.g., club membership, religion, work)
or have a close friend.23,64 Anxiety and depression often are
associated with insomnia, and the elderly tend to be more sus-
ceptible to anxiety and depression coping with bereavement,
retirement, financial security, and social and functional losses.
All of the aforementioned factors contribute to poor sleep
patterns.23,64 An often overlooked problem in the elderly is an
alarmingly high rate of alcohol and drug use. Alcohol ingestion
is associated with more fragmented, poor-quality sleep.59 The
observation that S.B. has several chronic medical conditions
and functional impairment, and has recently changed living
environments all have an impact on treatment decisions.

For S.B., several studies document success with nonphar-
macologic interventions to improve sleep in the elderly.14,20,67

A controlled clinical trial in 78 older adults demonstrated that
CBT emphasizing good sleep habits was more effective than
temazepam in improving sleep as measured by sleep diaries.
Polysomnography showed comparable efficacy between CBT
and temazepam in improving sleep.67 Of note is the observa-
tion that more than half of the patients screened and deemed
eligible for the study (85/163) were excluded because of sleep
apnea (40/163), medical or psychiatric conditions (17/163), or
an inability to stop taking sedative-hypnotic agents (22/163).
These exclusions exemplify the complex etiology of insomnia,
the need for careful screening to rule out sleep apnea, and the
reality of sedative-hypnotic dependence in a significant per-
centage of older adults.

Another study in 175 consecutive hospitalized elderly de-
scribed how a nonpharmacologic sleep protocol (warm drink,
massage, relaxation tapes) administered by nurses was effec-
tive for improving sleep and decreasing sedative-hypnotic use
from 54% to 31% (p <0.002). Back massage was useful in
promoting sleep in a group of 24 critically ill men.67,68 Light
therapy administered in the evening by a visor for 30 minutes
at 2,000 lux to 10 elderly women in the community improved
sleep efficiency and decreased fatigue.69 These nonpharmaco-
logic interventions should be tried for S.B. to avoid the risk
of unsteady gait and excessive daytime cognitive impairment
associated with any sedating medication.

AGE-RELATED EFFECTS ON HYPNOTIC DISPOSITION
Pharmacokinetic and Pharmacodynamic Differences
Small doses elicit pronounced pharmacologic effects in the
elderly, and pharmacokinetic differences greatly affect the
amount of drug available at the receptor site.35 Absorption of
benzodiazepines can be decreased by diminished gastric acid-
ity and decreased GI motility. The volume of distribution of
a hypnotic drug can be affected because the elderly may have
increased or decreased plasma proteins, depending on whether
they have inflammatory disease or poor nutrition. Excessive fat
stores can increase the volume of tissue into which lipophilic
drugs redistribute.35 Bioavailability of zolpidem and eszopi-
clone is increased in the elderly requiring dosage reduction.52

Oxidative metabolism might be compromised in the elderly.63

A significantly diminished metabolism is seen in individuals
>75 years compared with those 65 to 75 years of age. In
young elderly, hypnotic drugs that undergo oxidative biotrans-
formation (e.g., flurazepam) may accumulate more as a result
of competition for hepatic metabolism and a decline in renal
function than to inherent changes in oxidative metabolism. El-
derly patients typically are on multiple drugs competing for
metabolism in the liver. Excretion of more hydrophilic active
metabolites can be slowed in the elderly secondary to a well-
documented, age-related decline in renal function.52,63

Other Drugs Used as Hypnotics

20. What are the potential problems with S.B.’s current med-
ication regimen, and what changes are needed to improve her
sleep?

S.B. is receiving lorazepam three times daily and hydrox-
yzine every morning. The hydroxyzine can exert intense, long-
lasting sedation in the elderly and cause frequent daytime naps
when combined with multiple daily doses of lorazepam.48,70

One short nap during the day often is normal for elderly peo-
ple and usually does not impair nocturnal sleep; however, in
S.B., multiple naps during the day could prevent a restful sleep
throughout the night.23,64 Although lorazepam is not marketed
as a hypnotic, it possesses sedative effects as do all benzodi-
azepine compounds. The elderly are particularly sensitive to
cognitive impairment from benzodiazepine medications so the
risk versus benefit of continued lorazepam use must be con-
sidered carefully.23,64

Lorazepam does not undergo oxidative hepatic metabolism
and interacts only with a few drugs. It has an intermediate
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elimination half-life of 10 to 20 hours, which could help S.B.
maintain sleep, and it has no active metabolites.35 Because
S.B. currently is taking lorazepam for anxiety, a change in her
dosing schedule from 0.25 mg three times daily to 0.25 mg
every morning and 0.5 mg at bedtime may be useful in shift-
ing daytime sedation more toward bedtime to help S.B. initiate
and then maintain sleep throughout the night. Zaleplon can
be discontinued because no need exists for it to be combined
with lorazepam. In addition, the starting dose of 10 mg is too
high for an elderly individual; a 5-mg dose is more appro-
priate (Table 77-4). Neither zaleplon nor lorazepam may be
needed at bedtime if behavioral interventions are successful.
The risks of hydroxyzine (i.e., cognitive impairment caused by
central anticholinergic effects and excessive daytime sedation)
outweigh its potential benefits for S.B. and it should be dis-
continued.

Rebound Insomnia and Withdrawal Symptoms

21. An attendant at a skilled nursing facility seeks assistance
for one of his patients by presenting the following problem: “L.R.
really has been complaining since his sleeping medication was
changed. He is agitated, irritable, sweaty, and tosses and turns all
night, barely sleeping. I have even noticed some BP and pulse fluc-
tuations. He was taking flurazepam 15 mg at bedtime for many
years and approximately a week ago his new doctor replaced flu-
razepam with zolpidem 5 mg at bedtime. Do you think this prob-
lem could be caused by the medication change?” What is causing
L.R.’s symptoms?

L.R. is experiencing symptoms of benzodiazepine with-
drawal. He took flurazepam every night for years and appar-
ently developed a physical dependence. Withdrawal reactions
are more common with short half-life benzodiazepines, such
as triazolam, but long half-life drugs, such as flurazepam, also
can elicit withdrawal responses.41,71 With long half-life drugs,
the withdrawal symptoms typically occur 1 to 2 weeks after
drug discontinuation. The lag time is caused by the slow elim-
ination of flurazepam. Zolpidem displays cross-tolerance with
benzodiazepines, including flurazepam; it could not, however,
prevent the withdrawal reaction because it was given in a sig-
nificantly lower relative dose. In addition, zolpidem is metab-
olized and eliminated rapidly.

22. What therapeutic interventions should be initiated to man-
age L.R.’s withdrawal symptoms and rebound insomnia?

A slow, gradual dosage reduction is tolerated better by
patients than immediate benzodiazepine discontinuation. Be-
cause L.R. is experiencing withdrawal symptoms, his nightly
flurazepam should be restarted. Once the withdrawal symp-
toms (e.g., agitation, irritability, autonomic fluctuations, in-
somnia) subside and L.R. is comfortable, his physician can
discuss the gradual dosage reduction process with him. The
gradual discontinuation of flurazepam in L.R. should begin by
administering the flurazepam every other night. Subsequently,
flurazepam should be administered every few nights until L.R.
no longer needs the medication. The withdrawal process may
require several weeks. The physical withdrawal he experienced
may, however, contribute to his becoming psychologically de-
pendent on the flurazepam. L.R. needs reassurance, and non-

pharmacologic treatment approaches, such as stimulus control,
sleep restriction, and CBT.36,67

SLEEP APNEA
Clinical Presentation

23. O.R., a 56-year-old man, presents to an ambulatory care
clinic complaining of chronic fatigue, low energy, excessive snor-
ing, and overall less restful sleep. He describes his sleep: “It feels
like I’m just skimming the surface of sleep. I’m tired all day and
my wife says my loud snoring and gasping to breathe keeps her
awake.” His symptoms have worsened over the past year and a
half since early retirement. He has gained weight (5 feet 10 inches,
202 pounds, body mass index [BMI] 29) and has developed hyper-
tension. O.R.’s current BP reading is 140/90 mm Hg. Medications
include hydrochlorothiazide 25 mg in the morning and aspirin 81
mg in the morning. What are the possible causes of O.R.’s sleep
disorder, and why is it important for O.R. to have his problem
evaluated in a sleep laboratory?

O.R. reports diminished sleep quality, excessive snoring,
gasping for air, and weight gain. Although a number of causes
could be responsible for O.R.’s symptoms, one of the most se-
rious is sleep apnea. Sleep apnea is a neurologic disorder char-
acterized by mini-episodes of cessation of breathing, which
can occur 10 to 200 times an hour. If there is a reduction in
airflow but no cessation of breathing, it is called hypopnea. The
brain responds to episodes of apnea and hypopnea with “mini-
arousals,” waking the individual to stimulate breathing.4,72,73

These frequent mini-arousals prevent the individual from ob-
taining quality sleep by not allowing sufficient time in deep,
slow-wave sleep, or REM. Obstructive sleep apnea (OSA), the
most common type, may be induced when extra body weight
(note O.R.’s weight gain) places pressure on the throat and
uvula, narrowing the space into which air must travel; this
results in the difficulty in breathing and excessive snoring.
Biochemically, proinflammatory cytokines such as C-reactive
protein, TNF-α, and IL-6 have been associated with the patho-
genesis of EDS and sleep apnea.11,12,74

Hypertension may be contributing to O.R.’s sleep difficulty.
Several studies show an increased risk of sleep apnea in patients
with hypertension, coronary artery disease, and cerebrovascu-
lar disease.66,75 Although sleep apnea occurs in approximately
5% of women and 15% of men in the general population, it
occurs in up to 40% of patients with hypertension.75 Treat-
ment of OSA can improve BP control and lead to more restful
sleep. Of note, OSA occurs in nonobese individuals and in
all ages, including infants.11,43,66 Sleep-disordered breathing,
including snoring, is a significant risk factor for hypertension
even in young individuals of normal weight.76

Overnight evaluation by polysomnography (i.e., EEG,
EOG, EMG) in a sleep laboratory would confirm or rule out
sleep apnea and allow distinction between OSA and the less
common, central sleep apnea.43,72 Patients with central sleep
apnea lack respiratory effort (i.e., the diaphragm does not move
in attempts to take in air); they frequently gasp for air during the
night.72 Treatment of central sleep apnea requires continuous
positive airway pressure (CPAP) as opposed to being alleviated
through weight loss or anatomic manipulations. Central sleep
apnea frequently occurs along with OSA.
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Drug Treatment Considerations

24. Results from the sleep laboratory study clearly document
O.R.’s sleep problem as OSA. He experiences an average of 56
apneic episodes per hour. O.R.’s weight gain and inactivity prob-
ably contribute to the problem. Both are serious, potentially life-
threatening conditions. Why should O.R.’s sleeping difficulties
not be treated with a hypnotic medication?

Hypnotics, alcohol, or any CNS depressant can be lethal
for patients with sleep apnea and should not be prescribed
for O.R. CNS depressants interfere with the mini-arousals re-
quired to stimulate breathing once it has stopped. In this case,
the sleep laboratory study may have saved O.R. from a po-
tential life-threatening breathing disorder that could have been
exacerbated by a hypnotic with CNS depressant activity.

Obstructive sleep apnea can be treated by tracheostomy,
nasal surgery, tonsillectomy, uvulopalatoplasty, and either
nasal or orally administered CPAP.12,43,77 Weight loss and
CPAP therapy are the most effective treatments and must be
maintained for continued therapeutic efficacy.11,72 In CPAP, the
patient wears a lightweight mask to bed each night and a con-
stant flow of air is provided mechanically to prevent breathing
cessation and to allow for more restful sleep. Although CPAP
is effective for both obstructive and central sleep apnea, the
results are short lived and apneic episodes typically reappear
when CPAP therapy is stopped. Preliminary studies in individu-
als with nocturnal bradycardia and sleep apnea show that inser-
tion of a permanent cardiac pacemaker significantly improved
bradycardia and sleep apnea.78 More studies are needed. At
this time, the best treatment for O.R.’s hypertension and sleep
apnea is weight loss and CPAP.

25. If weight loss, surgery, and CPAP are all ineffective or im-
practical, what drug treatments are potentially effective for O.R.’s
sleep apnea?

Modafinil, an agent approved for narcolepsy, is also FDA
approved to treat excessive daytime sleepiness caused by OSA
or shift work sleep disorder. For O.R., it is best used as an ad-
junct to CPAP at doses of 200 to 400 mg in the morning.79,80

Protriptyline, medroxyprogesterone, theophylline, and aceta-
zolamide have been used successfully in small numbers of
patients with sleep apnea.80 A decrease in apneic episodes is
statistically significant, but not, however, clinically significant
for most patients.80 Fluoxetine and paroxetine show promise in
treating sleep apnea by increasing upper-airway patency dur-
ing sleep.80,81 To date, no clinically significant improvement
has been documented with either agent.

NARCOLEPSY
Narcolepsy is an incurable neurologic disorder characterized
by two main features: irrepressible sleep attacks and cataplexy.
Sleep attacks can intrude at any time during the individual’s
waking state. Cataplexy is the loss of muscle tone in the face
or limb muscles and often is induced by emotions or laugh-
ter. Cataplexy can be subtle, where the patient is limp and not
moving, or dramatic, whereas persons with narcolepsy collapse
to the floor.82 Hypnagogic hallucinations and sleep paralysis
are other secondary symptoms not present in all persons with
narcolepsy. Hypnagogic hallucinations are perceptual distur-

bances (i.e., auditory, visual, tactile) that occur while experi-
encing a sleep attack. The patient may see imaginary objects,
hear sounds, or feel sensations. Sleep paralysis is a terrifying
experience that can occur when falling asleep or when awak-
ening. Patients are unable to move their limbs, to speak, or
even to breathe deeply. Narcoleptics learn, however, that sleep
paralysis episodes are benign and brief (lasting <10 minutes).
Except for daytime sleepiness, these symptoms are thought to
be expressions or partial expressions of REM sleep.4,15

Symptoms of narcolepsy often begin at puberty, but patients
usually are not diagnosed until years later, in their late teens or
early 20s. Early symptoms consist of excessive daytime seda-
tion and poor sleep quality. The sleep cycle becomes progres-
sively more erratic with frequent bursts of REM and decreased
regularity of deep or slow-wave sleep. Polysomnography in a
sleep laboratory is necessary to confirm narcolepsy. Sleep ar-
chitecture is notably different. Instead of the 90-minute delay
before REM, individuals with narcolepsy progress directly into
REM sleep.4

In the 1970s, genetic research in narcoleptic dogs (Dober-
man pinchers) and humans, revealed narcolepsy is associated
with deficits in the hypocretin receptor-2 gene (Hcrtr2).4,29 An
autoimmune response of unknown origin is thought to dam-
age hypocretin or orexin secreting cells in the hypothalamus.
Without functional hypocretin and orexin cells, the sleep-wake
cycle is disrupted. Hypocretin and orexin are also involved in
body weight, control of water balance and temperature.4

Comparing Treatments
Optimal treatment of narcolepsy involves treating both
sleep attacks and cataplexy. Schedule II controlled sub-
stances, methylphenidate (Ritalin) and dextroamphetamine
(Dexedrine), were the first drugs used to treat narcolepsy, with
65% to 85% of patients deriving significant improvements in
wakefulness. Mixed amphetamine salts are also FDA approved
for narcolepsy.4 The mechanism of action of methylphenidate
and amphetamines is related to increasing neurotransmission
of dopamine and norepinephrine. Modafinil (Provigil), a sched-
ule IV controlled substance, is an effective treatment with less
abuse potential. Its exact mode of action is not fully understood,
but it is thought to increase wakefulness through noradrenergic,
adrenergic, histaminergic, GABA-modulating, glutamatergic,
and hypocretin or orexin stimulating mechanisms.4,79 In sum-
mary, these stimulating drugs decrease the number of sleep
attacks, improve task performance, and increase the time to
fall asleep, but cannot eliminate sleep attacks altogether. Re-
search is under way exploring the possible use of immuno-
suppression at the time of narcolepsy onset. One hypothesis
suggests that immunosuppression therapy during a period of
pathologic immune response could prevent or reduce damage
to the hypocretin system that otherwise would lead to the de-
velopment of narcolepsy.4,83

Cataplexy does not respond to psychostimulants or moda-
finil but may be lessened with low doses of antidepressants. Tri-
cyclic antidepressants (imipramine and clomipramine) were
the first antidepressants used, but protriptyline, desipramine,
and SSRI (fluoxetine, sertraline, and paroxetine) are also used.4

SSRI and protriptyline offer the advantage of less daytime se-
dation, compared with tertiary TCA. The effectiveness of an-
tidepressants for the treatment of cataplexy is thought to be
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related to REM-suppressant effects. A Cochrane database re-
view concluded insufficient evidence exists to recommend an-
tidepressants as effective treatments for cataplexy, given that
most studies are small and uncontrolled. It should be recog-
nized, however, that large-scale studies on such a rare disorder
are difficult to conduct.84 Antidepressants are not considered
effective in decreasing sleep attacks.4,83,84

Sodium oxybate (Xyrem), a salt form of the CNS
depressant-γ -hydroxybutyrate, is the only FDA-approved
treatment for cataplexy. Its therapeutic effects are related to
decreased REM, improved sleep consolidation, and increased
stage 3 and 4, slow-wave sleep.4,82 In two randomized, double-
blind, placebo-controlled trials, sodium oxybate 9 g/night (i.e.,
450 mg at bedtime, then 450 mg 2 to 4 hours later), but not 3 or
6 g/night, significantly reduced the median frequency of cata-
plexy attacks by 69% in patients with narcolepsy, whereas 4.5
to 9 g over 8 weeks significantly reduced the median frequency
of cataplexy attacks by 57% to 85% in a dose-related manner.
Both trials showed 6% to 30% reduction in excessive daytime
sleepiness as measured on the Epworth Sleepiness Scale and
20% to 43% reduction in daytime sleep attacks.82

Improved daytime wakefulness is an advantage of sodium
oxybate compared with antidepressants. Adverse effects in-
clude nausea, headache, dizziness, and enuresis. Sodium oxy-
bate can be administered safely with stimulants; however, coad-
ministration with other CNS depressants, including hypnotic
medication, is contraindicated because of the risk of respira-
tory depression.82 Individuals taking sodium oxybate should
take it on an empty stomach for maximal efficacy, and it should
not be given to those with sleep-disordered breathing, sleep ap-
nea, or an alcohol or substance abuse disorder.82 Because of
a significant abuse potential, sodium oxybate is available only
through restricted distribution, the Xyrem Success Program,
by calling 1-866-997-3688 Orphan Medical. It is a schedule
III controlled substance.82

Methylphenidate and Imipramine

26. G.B., a 23-year-old man with narcolepsy, is receiving
methylphenidate long-acting (Ritalin LA) 60 mg every AM and
imipramine 75 mg at bedtime to treat his narcolepsy and cata-
plexy. What are the potential risks of using both methylphenidate
and imipramine to treat G.B.?

Anorexia, stomach pain, nervousness, irritability, insomnia,
and headaches are common side effects of stimulant drugs.4

Psychotic reactions can occur in narcoleptic patients taking
stimulants at any dose; however, these symptoms resolve when
the stimulant is discontinued. Hypertension and abnormal
liver function are more serious complications of long-term
stimulant use. Stimulants, even at high dosages (e.g., 80 mg
methylphenidate), usually do not bring a patient to a normal
level of alertness, and sometimes nocturnal sleep is disrupted.
To prevent stimulant-induced insomnia, doses should be taken
before 3 pm. Tolerance to the therapeutic effects of stimulants
may, however, develop in some patients with narcolepsy.4,83

Drug holidays sometimes can allow the patient to recapture
therapeutic benefit; however, many patients opt for an in-
creased stimulant dose instead. Exceeding maximal recom-
mended doses of stimulant significantly increases the risk of
psychosis, substance abuse, psychiatric hospitalization, tachy-

arrhythmia and anorexia according to a case-control study in
116 patients with narcolepsy taking stimulants.85

Imipramine, as with all TCAs, can cause orthostatic hy-
potension, anticholinergic side effects, sedation, cardiac con-
duction changes, and periodic limb movements. In addition,
G.B.’s imipramine therapy will be more complex because
methylphenidate can inhibit the metabolism of imipramine,
resulting in higher levels of imipramine.86 G.B. should be mon-
itored closely during the initiation of imipramine therapy and
imipramine plasma levels should be assessed to minimize side
effects and prevent toxicity. The optimal therapeutic plasma
concentration of imipramine for treatment of cataplexy has not
been established, but low doses may be effective and the risk
of toxicity from imipramine increases when serum imipramine
concentrations are >300 ng/mL.

Modafinil

27. G.B. develops intolerable nervousness, irritability, and noc-
turnal insomnia on methylphenidate as the dose is increased to 80
mg/day in an attempt to further decrease sleep attacks. He asks
about switching to modafinil (Provigil). Does modafinil offer any
advantage for G.B.?

Modafinil’s efficacy relative to other CNS stimulants has
not been adequately assessed in controlled clinical trials; how-
ever, it has less potential for insomnia and adverse CNS reac-
tions at recommended dosages between 200 and 400 mg/day
administered in the morning.4 It also has less abuse poten-
tial compared with stimulants and is a schedule IV controlled
substance. Headache was the only adverse experience rated
significantly higher than placebo in 283 patients taking the
recommended dose of either 200 or 400 mg/day of modafinil.
Anorexia, nervousness, restlessness, and pulse and BP changes
are dose-related side effects to discuss during counseling. The
maximal tolerable single daily dose may be 600 mg/day, be-
cause 800 mg/day produced increased BP and pulse in one
tolerability study.87 Gradual dosage titration improves tolera-
bility. Armodafinil, an active stereoisomer of modafinil has a
similar adverse effect profile as modafinil and is being studied
for narcolepsy.4

28. What counseling should G.B. receive as he changes from
methylphenidate to modafinil?

People taking modafinil should receive counseling regard-
ing the potential for drug interactions. Modafinil induces
CYP 3A4 metabolism primarily in the gut; decreased levels
of triazolam and ethinyl estradiol have been associated with
modafinil coadministration.88 Enzyme inhibition may also
occur. Modafinil’s inhibition of CYP 2C19 is the proposed
mechanism behind modafinil-associated clozapine toxicity.89

Monitoring for drug interactions is more crucial because
modafinil is increasingly used for other indications, includ-
ing daytime sleepiness associated with Parkinson disease,
fibromyalgia, sleep apnea, fatigue associated with multiple
sclerosis, and ADHD.90,91,92

Naps and Other Behavioral Interventions

29. The benefits, possible risks, and importance of regular
physician assessment have been explained to G.B., and he agrees
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to report efficacy and adverse effects to his primary care provider
regularly. G.B.’s last imipramine level 2 weeks ago on the lower
methylphenidate dose was 115 ng/mL, and G.B. is reminded to
take the medicine at regular intervals along with daytime naps.
Why are naps helpful in the treatment of G.B. and what other
behavioral interventions are useful in treating narcolepsy?

Strategically timed 15- to 20-minute naps taken at lunch and
then again at 5:30 pm can be refreshing for narcoleptics and
increase their time between sleep attacks. Narcolepsy support
groups are available and may help G.B. better cope with such
a life-changing chronic illness. It also is important for G.B. to
avoid alcohol and to regulate his bedtime and wake-up time in
the attempt to normalize his sleep habits.4,83

RESTLESS LEGS SYNDROME AND PERIODIC LIMB
MOVEMENTS DURING SLEEP
Restless legs syndrome is a condition characterized by unpleas-
ant leg sensations occurring at rest, worsening at night, with
an irresistible urge to move. Patients use descriptors such as
painful, aching, creeping, crawling, pulling, grabbing, tingling
sensations relieved by movement. For some patients, RLS may
also involve the arms.3,4 Up to 15% of the population suf-
fers from RLS while awake, and up to 85% of these also have
PLMS.3 PLMS, also known as nocturnal myoclonus, is best
described as involuntary clonic-type movements of the lower
extremities while sleeping that usually involve bilateral ankle
dorsiflexion, knee flexion, and hip flexion. They typically last
0.5 to 5 seconds and occur every 20 to 40 seconds. Five or
more movements per hour of sleep as recorded by EMG dur-
ing polysomnography is considered pathologic. Depending on
the severity, both RLS and PLMS contribute to insomnia and
prevent restful sleep, and patients with RLS report impaired
daytime functioning. Akathisia is different from RLS in that
akathisia is more of a generalized urge to move which occurs
throughout the day without the characteristic worsening symp-
toms in the evening associated with RLS.3,4

Restless legs syndrome and PLMS can occur at any age, but
may be most common in the elderly. Sudden remissions, which
may last for months or even years, are as difficult to explain as
relapses, which appear without any apparent reason. Parkin-
son disease, hypothyroidism, uremia, chronic bronchitis, iron
deficiency, folate, B12 deficiency, and pregnancy are all asso-
ciated with symptomatic RLS. The pathophysiology of both
conditions involves dopaminergic neurotransmission because
decreased D2 receptor binding in the striatum of patients with
RLS and PLMS has been documented.4

Treatment
Nonpharmacologic management includes reduction in caffeine
and alcohol intake, regular exercise, and cessation of smoking.4

Dopaminergic agents, benzodiazepines, opioids, and selected
anticonvulsants have all demonstrated efficacy for RLS and
PLMS. Drug selection is based on severity of symptoms, co-
occurring conditions, and tolerability.4

l-dopa with carbidopa was the first dopaminergic agent to
demonstrate efficacy for RLS. It is seldom recommended, how-
ever, because with chronic use, l-dopa treatment was asso-
ciated with RLS earlier in the night (augmentation) and re-

bound RLS in the middle of the night. l-dopa may be use-
ful on an as needed basis (i.e., when going to the movies,
for example). Bromocriptine 7.5 mg/night is effective but
causes excessive nausea, and CNS adverse events. Pramipexole
(Mirapex) and ropinirole (Requip) both stimulate D2 and D3
receptors; they are FDA approved for RLS and are considered
first-line therapy. Studies show they are effective in alleviat-
ing RLS and increasing total sleep time for 70% to 90% of
patients.4 Ergot-derived dopaminergic agonists (pergolide and
cabergoline) should be avoided for safety reasons. Pergolide
was recently removed from the market because of the risk of
cardiac valve regurgitation. A comparative study in patients
with Parkinson showed pramipexole and ropinirole were not
associated with clinically significant valvulopathies and are
much safer than pergolide.93

Pramipexole should be initiated at 0.125 mg given 2 to 3
hours before bedtime every night. The dose can be increased
every 4 to 7 days based on symptoms. The usual effective
dosing range is (0.375–1.5 mg/night) Ropinirole should be
initiated at 0.25 mg given 1 to 3 hours before bedtime with
a dosing range between 1 and 4 mg/day. Dizziness, hypoten-
sion, nausea, daytime fatigue, and somnolence can occur with
both agents; therefore, careful monitoring and counseling are
needed. Pramipexole is eliminated renally; ropinirole is elim-
inated by hepatic metabolism via the CYP 1A2 isoenzyme.
Careful dosage adjustment to control symptoms with tolerable
side effects is important with dopamine agonists. Insomnia is
a potential problem with all dopaminergic agents and benzodi-
azepines are sometimes necessary in combination to alleviate
this symptom.4

Benzodiazepines, particularly clonazepam 0.5 to 2 mg and
temazepam 7.5 to 30 mg, may be effective in relieving mild to
moderate RLS. Most studies, however, have shown reduction
in arousals from PLMS rather than elimination of movements.
These agents should not be used if sleep apnea coexists because
of respiratory depressant effects. The most common adverse
effect with clonazepam is excessive daytime somnolence.4

Agents with intermediate to long half-lives are preferred be-
cause agents with short half-lives (<5 hours) may contribute
to confusional states and nocturnal wandering in patients with
RLS.94

Opioids have been demonstrated effective; however, their
use is limited because of side effects (constipation, se-
dation, nausea), dependence, and concern over addiction.
Propoxyphene (65–130 mg) or codeine 30 mg may be use-
ful in mild cases of RLS or PLMS for intermittent symptoms.
Higher-potency agents, such as oxycodone 4.5 to 5 mg or
methadone 5 to 10 mg, should be reserved for severe or resis-
tant symptoms.94 Opioids must be used with caution in those
who have sleep apnea.94

Anticonvulsants are another potential treatment for RLS and
PLMS without the insomnia of dopamine agonists or addiction
potential of benzodiazepines or opioids. Carbamazepine 200 to
400 mg/day was found to be superior to placebo in one double-
blind study and in small open trials.4,95 Several open trials and
one double-blind, placebo-controlled study found gabapentin
in divided doses of 900 to 3,000 mg/day to be effective, par-
ticularly when RLS occurred with pain.4,95

Tramadol, a central analgesic with less abuse potential than
opioids, was found effective and well tolerated in 10 of 12
patients when given over 15 to 24 months in doses of 50 to
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150 mg/day.96 Magnesium supplementation of 12.4 mmol over
4 to 6 weeks was effective in significantly improving symptoms
in 7 of 10 patients with RLS or PLMS in one open trial.97 Iron
supplementation is recommended for RLS associated with iron
deficiency.4

PEDIATRIC INSOMNIA
Typical sleep need in children varies from 12 to 14 hours in
children 1 to 3 years of age to between 8.5 and 9.5 hours in
adolescents.98 All major sleep disorders can occur in youth
and therefore evaluation for insomnia, RLS, PLMS, sleep ap-
nea, and narcolepsy are needed whenever symptoms warrant.
Trouble initiating and maintaining sleep are more common in
children with ADHD (25%–50%) and autism spectrum disor-
ders (44%–83%). Of infants and toddlers, 10% to 30% have
bedtime sleep resistance that can be managed behaviorally with
parental education. Inconsistent bedtime, falling asleep away
from bed, fears, and psychiatric and medical conditions can all
contribute to poor sleep in children.98

At least 5% to 10% of high school students have delayed
sleep phase syndrome, a physiologic condition where they do
not fall asleep until between 1 and 3 am and they awaken be-
tween 9 am and noon. School schedules dictate earlier awak-
ening resulting in chronic sleep deprivation. Recent poll data
indicate that 28% of high school students fall asleep in school
at least once a week and 14% are late or miss school because
of oversleeping.98

Behavioral interventions to promote good sleep habits (e.g.,
consistent bedtime and wake-time, prebedtime ritual) should
be initiated during childhood and continued throughout ado-
lescence to promote a lifetime of healthy sleep. No hypnotics
are FDA approved for insomnia in children and adolescents
and significant data are lacking to guide clinicians on medica-
tions to improve sleep in youth. Diphenhydramine, clonidine,
melatonin, and chloral hydrate are commonly used in children
and some adolescents; however, the use of Z-hypnotics is also
increasing, although this class has not been well-studied in this
population.99

30. What is the evidence for the safety and efficacy of
diphenhydramine, melatonin, clonidine, chloral hydrate, and
benzodiazepine-active hypnotics in children and adolescents?

Diphenhydramine is the most commonly used sedative in
children according to a survey of 800 pediatricians in four
states.99 It has been shown to decrease both time to fall asleep
and awakenings in children and adults. The lowest effective
dose should be given to minimize anticholinergic side effects
and impaired cognition.

Melatonin at an average dose of 2 mg/night administered
1 hour before bedtime was effective and well-tolerated for 29
of 32 children age 9.6 (±4.5 years) with chronic sleep initi-
ation and sleep maintenance problems over an average of 2.1
months.100 Melatonin 0.3 to 5 mg given 1 to 2 hours before
bedtime has been effective for delayed sleep phase syndrome
in adolescents.101

After diphenhydramine, clonidine, an α2-adrenergic ago-
nist, is the most prescribed medication to improve sleep in
youth despite the lack of data to support its safety and effec-
tiveness for insomnia. Mostly, it is prescribed to treat difficulty
initiating sleep. Dosing is 50 to 100 mcg at bedtime.99 Common

side effects include sedation, dry mouth, constipation, dizzi-
ness, and bradycardia.102 Rebound hypertension is possible on
abrupt discontinuation of regular use of clonidine.

Chloral hydrate is the most extensively studied sedative
agent in youth,103 and several reasons exist for its widespread
use: rapid onset, moderate duration, and lack of significant
effects on the EEG. Chloral hydrate induces sedation and al-
lows brain-wave assessment without drug interference.104 The
most common adverse effects of chloral hydrate are nausea,
vomiting, or diarrhea, which can be minimized by giving the
drug diluted or with food. Tolerance to the sedative effects de-
velops rapidly over a 5- to 14-day period of continued use.104

Chloral hydrate generally is void of cardiac and respiratory
toxicity at its usual dose of 50 mg/kg, but it has been linked to
arrhythmias and even respiratory failure in children with com-
promised cardiac or respiratory systems. Therefore, it should
not be used (or used only with extreme caution) in patients
with severe cardiac or respiratory disorders.103,105 The tolera-
bility of preprocedure chloral hydrate was evaluated in children
with significant cardiac disease (<1 month to 5 years of age)
undergoing echocardiograms. The drug was well-tolerated
with only 10.8% of patients experiencing adverse effects; de-
creases in heart rate and blood pressure occurred but were not
significant.106

Therapeutic effects and known potential toxicities from
chloral hydrate are associated with its two active metabo-
lites: trichloroethanol and trichloroacetic acid. A single dose
of trichloroethanol, the metabolite responsible for sedation,
induces sedation within 30 minutes and has a usual dura-
tion of action of 4 to 8 hours, similar to its half-life of 8 to
12 hours in adults. The half-life can be longer (9–40 hours)
in children, depending on the age and maturity of the pa-
tient. Trichloroacetic acid is a minor metabolite that does not
achieve significant levels in most patients after a single dose.
On multiple dosing, trichloroacetic acid can displace bilirubin
or warfarin from albumin binding sites, potentially resulting in
hyperbilirubinemia or hypoprothrombinemia.101,105,107 The
half-life of trichloroacetic acid is much longer (2–6 days),
and this metabolite can accumulate under multiple dosing
conditions.

Midazolam oral syrup (0.6 mg/kg dose of a 2 mg/mL solu-
tion) is used as a premedication for children undergoing brief
procedures (e.g., dental). Premedication dosing of midazolam
in children is generally recommended at 0.25 to 0.5 mg/kg.
Metabolism occurs via CYP3A4 isoenzyme with a half-life
of 2.9 to 4.5 hours. Although more studies are needed, mida-
zolam represents an alternative to chloral hydrate with fewer
GI side effects, less potential for accumulation, and lower risk
of cardiotoxicity.56,108 Temazepam has also been used as a
premedicant in children, but the long onset of effect requires
dosing 1 to 2 hours before procedures.109 Clonazepam 0.25
to 0.5 mg at bedtime has a long half-life of 30 to 40 hours
and has been used to prevent sleep terrors or sleep walking in
children.101

Z-hypnotics are increasingly prescribed in youth despite a
lack of data. Both zaleplon and zolpidem have been used to
treat initial insomnia in older children and adolescents and de-
layed sleep phase syndrome in adolescents. Studies show zolpi-
dem clearance is three times greater in children compared with
young adults; therefore, usual dosing of 10 mg is recommended
in children who are able to swallow tablets or capsules. Using
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lower doses may result in lack of effectiveness or parasomnias
including hypnagogic hallucinations.101

When considering the best sedative for a child, it is use-
ful to compare the advantages and disadvantages of available
agents. Barbiturates (e.g., phenobarbital, pentobarbital) are se-
dating, but can have a higher incidence of cardiac, respiratory,
and CNS depression than chloral hydrate or benzodiazepine-
active agents.103 Benzodiazepines have not been studied sys-
tematically in children, but there are some reports of paradoxic
excitatory reactions, psychomotor impairment, and excessive
sedation in young age groups.109 Respiratory depression and
altered EEG patterns can occur secondary to benzodiazepine
therapy. An analysis of adverse sedation events in pediatric
patients found that 60 of 95 cases resulted in death or per-
manent neurologic injury. Negative outcomes were associated
with drug overdose, the use of multiple sedating medications,
drug interactions, prescription or transcription errors, or in-
adequate monitoring and resuscitation of children undergoing
sedation. Among chloral hydrate, barbiturates, ketamine, or
benzodiazepines, no evidence indicates that one drug or route
of administration was associated with greater toxicity.103 Any
sedative should be used for the shortest period of time possi-
ble, with careful monitoring of respiratory, cardiac, and CNS
functions, particularly in very young children.

FORMULARY MANAGEMENT OF HYPNOTICS

31. Balancing high-quality care with economic common sense is
the responsibility of formulary managers in all health care organi-
zations. The Pharmacy and Therapeutics Committee has decided
that four hypnotics should be designated as first-line agents to pro-
mote the safe and effective treatment of insomnia. Other agents
will require special permission for use. What factors should be
involved in the selection of four first-line hypnotics?

Therapeutic efficacy, versatility, and patient tolerability
should be foremost in identifying priority hypnotics for a health
care system’s core formulary. Adverse-effect profiles should
be known and manageable. Another important factor is cost,
which should be measured both directly (drug cost, frequency
of health care utilization) and indirectly (functional ability,
productivity and quality of life).110 When balancing the clini-
cal therapeutics against the economic realities of the available
hypnotics, five factors should be considered: onset, duration
of effect, metabolism, tolerability, and cost (see Table 77-4 to
review pharmacokinetic profiles).

A hypnotic with a rapid onset and short duration with no ac-
cumulation of active metabolites is best for patients who only
have difficulty falling asleep and who want no risk of next-
day impairment. Zaleplon (Sonata), triazolam (Halcion), and
ramelteon (Rozerem) best fit this clinical profile. Compared
with triazolam, zaleplon has fewer adverse reactions on dis-
continuation, does not affect sleep stages, and may be used for
several weeks if needed. In contrast, triazolam is limited to 7
to 10 days of continuous use. Zaleplon’s advantages warrant
formulary status whereas triazolam does not.

Ramelteon is the only FDA-approved hypnotic without
abuse potential owing to its lack of activity at the benzodi-
azepine receptor complex. It acts by stimulating melatonin re-
ceptors. It is rapid acting with a short duration of action and no
risk of next-day impairment in its recommended 8-mg dose.

Although ramelteon has not been established as effective as
benzodiazepine hypnotics, it should be included on the formu-
lary because it has the clear advantage of no abuse potential.
It is more effective at initiating sleep compared with placebo,
and it is well-tolerated over 4 to 5 weeks; long-term studies
are underway. It is a good option for those with trouble falling
asleep who request a medication with no abuse potential.

Zolpidem and eszopiclone both have a rapid onset but there
is a risk of next-day impairment. A 10-mg dose of zaleplon
is free of residual hypnotic or sedative effects when admin-
istered as little as 2 hours before waking in normal subjects,
whereas residual effects are still present up to 5 hours after
a 10-mg zolpidem dose.19 Residual effects with eszopiclone
would likely be longer than zolpidem because of its longer
half-life.41 Eszopiclone offers a little longer duration of ef-
fect compared with zolpidem, but it causes more unpleasant
taste, limiting patient acceptability. Zolpidem controlled re-
lease may allow for somewhat longer sleep duration compared
with immediate release zolpidem, but no comparative trials
have shown a distinct clinical advantage. Availability of zolpi-
dem immediate-release generic lowers drug cost as well. For
these reasons, immediate release zolpidem merits formulary
status over zolpidem extended release and eszopiclone.

Temazepam (Restoril) has a long onset of action (1–2 hours)
and intermediate duration (8–10 hours) of action. Temazepam
offers several advantages with regard to liver metabolism.
It is not oxidized in the liver and does not compete for
metabolism with other hepatically metabolized drugs nor ac-
cumulate with chronic use. In addition, temazepam has been
studied in both young age groups as a premedication and in
older age groups as a hypnotic. Unlike Z-hypnotics, it has
anxiolytic activity as well. When dosed 1 to 2 hours before
bedtime, it is useful in initiating and maintaining sleep. It
is an inexpensive and versatile hypnotic meriting formulary
status.

Flurazepam (Dalmane) is hepatically metabolized with
long-acting active metabolites. It is able to keep the patient
asleep throughout the night and provide residual daytime se-
dation if needed for agitation or anxiety. It maintains hypnotic
efficacy over at least 30 days of continuous use. Flurazepam’s
disadvantage includes the highest risk of next-day cognitive
impairment. It does not deserve formulary status.

Chloral hydrate has a rapid onset and short-to-intermediate
duration of action with no daytime hangover in patients with
good hepatic function. Chloral hydrate has clinical usefulness
in all age groups and, unlike other hypnotics, it is available
in liquid, capsule, and suppository form, and is inexpensive.
Chloral hydrate has been studied in all age groups. Disadvan-
tages, including GI irritation, protein-binding interactions, and
lack of usefulness for short-term or chronic insomnia, make it
a poor choice for formulary status.

In consideration of the available clinical and cost data, zale-
plon, zolpidem, temazepam, and ramelteon should be consid-
ered priority hypnotics. Zaleplon initiates sleep with the least
risk of daytime hangover and can even be dosed during the
night. Zolpidem initiates sleep effectively and maintains sleep
longer than zaleplon for those with midnocturnal awakenings.
Temazepam has a sufficient duration of action to benefit those
with intolerable midnocturnal awakenings and it has an anxi-
olytic effect that is beneficial for many patients. Ramelteon has
a rapid onset, no next-day impairment and no abuse potential.
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All have been demonstrated effective and safe in the elderly. If
insomnia is effectively treated with proper use of medications
and nonpharmacologic interventions, costs may be decreased
through decreased health care utilization, reduced work absen-

teeism, and improved quality of life.5,41,110 A review of any
formulary decision should be conducted every 6 months to de-
termine whether these selections need to be changed based on
therapeutic outcome data.
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Schizophrenia is a debilitating and emotionally devastating
illness with long-term impact on patients’ lives. Many ex-
perts consider schizophrenia to be the most severe expression
of psychopathology, encompassing significant disruptions of
thinking, perception, emotion, and behavior. Schizophrenia is
usually a lifelong psychiatric disability. Family relationships,
social functioning, and employment are frequently affected,
and periodic hospitalizations are common. The management
of schizophrenia involves multiple strategies to optimize the
patient’s functional capacity, reduce the frequency and sever-
ity of symptom exacerbations, and reduce the overall mor-
bidity and mortality from this disorder. Many patients require
comprehensive and continuous care over the course of their
lives.

The aim of this chapter is to provide a framework for the
clinician to develop skills in schizophrenia management by

considering the pathophysiology, assessment, clinical course,
and treatment of schizophrenia.

EPIDEMIOLOGY
In the United States, approximately 1% of the population devel-
ops schizophrenia during their lifetime. Although schizophre-
nia affects men and women with equal frequency, there are
differences in the age of onset and course of illness. The on-
set of schizophrenia usually occurs during late adolescence or
early adulthood. Studies have shown women have, on average,
an onset of schizophrenia 3 to 5 years after men.1 Women also
have their first admission due to psychiatric illness 3 to 6 years
after men on average.1 Prevalence rates are similar throughout
the world, but pockets of high prevalence have been reported
in some areas. After adjusting for differences in diagnostic
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criteria for schizophrenia, similar prevalence rates across cul-
tures have been observed.

ECONOMIC BURDEN
Mental disorders constitute a large part of the global burden of
disease, with schizophrenia being among the greatest causes
of disability in the United States and the world.2 Unlike other
chronic diseases such as diabetes and hypertension, which oc-
cur late in life, schizophrenia usually affects people when they
are young followed by a chronic course persisting through-
out the patient’s lifetime. Most people with schizophrenia ex-
perience multiple hospitalizations and generally require so-
cial assistance. Even during relatively stable phases of their
illness, most people with schizophrenia require support that
ranges from a family member to daytime hospitalization. As
of 2002, total costs for schizophrenic patients in the United
States averaged $62.7 billion annually, taking into account di-
rect and indirect costs, as well as unemployment costs. Direct
costs include hospitalization, rehabilitation, professional ser-
vices, medication, and office visits. Indirect costs include loss
of productivity caused by illness, disability, premature death,
and economic burden to families.3 Schizophrenia accounts for
approximately 2.5% of total annual health care costs in the
United States. Persons afflicted by schizophrenia represent ap-
proximately 10% of this country’s permanently disabled popu-
lation and consume 20% of Social Security benefit days.4,5 In
2004, it was estimated that 70% of patients with schizophre-
nia receive medications through Medicaid. Because of the ad-
vent of newer atypical antipsychotics over the past 20 years,
the cost of psychotropic medications now exceeds $10 billion
annually.6

ETIOLOGY (NEUROBIOLOGY)
Schizophrenia is a complex disorder with multiple causes.
Considering the lack of consistent neuropathology or biomark-
ers, current theories of the disorder have moved away from
the view that it is a single entity, toward a conceptualization
of schizophrenia as a collection of etiologically disparate dis-
orders with common clinical features.7,8 In this section, the
genetic and environmental factors, neuroanatomical, and neu-
rochemical features of schizophrenia are considered.

Genetic and Environmental Risk Factors
First-degree biologic relatives of persons with schizophre-
nia have a tenfold higher risk of developing the disease
than the general population.9 The risk is highest (40%–
50%) in a monozygotic (identical) twin of a person with
schizophrenia.10,11 There is also higher concordance for
schizophrenia in monozygotic twins compared with dizygotic
twins, with respective rates being approximately 50% and
15%.12 Because the concordance rate is not 100% in monozy-
gotic twins or 50% in dizygotic twins, other nongenetic factors
must contribute to the development of the disorder. Environ-
mental factors such as prenatal difficulties (e.g., malnutrition
in the first trimester of pregnancy or influenza in the second
trimester), perinatal complications, and various nonspecific
stressors may also influence the development of schizophre-
nia. Despite the overwhelming evidence that schizophrenia is
an inherited illness, a single “schizophrenia gene” has not

been found. Risk for schizophrenia is, to some extent, ge-
netically transmitted and is probably determined by multiple
genes. A review of the molecular genetics of schizophrenia
cited linkage studies implicating chromosomes 6, 8, 10, 13,
and 22.13

Neuroanatomy
Studies comparing the brains of individuals with schizophrenia
with the brains of normal controls have uncovered a number
of important differences. Although these studies suggest that
anatomical and functional abnormalities are associated with
schizophrenia, no single pathognomonic abnormality consis-
tently has been found. In addition, localization of the site(s)
responsible for the pathophysiology of schizophrenia remains
elusive.

The most consistent structural finding seen with computed
tomography and magnetic resonance imaging in patients with
schizophrenia has been enlarged ventricles, particularly the
lateral and third ventricles. In addition, there seems to be a re-
lationship between brain asymmetry and the disease process.14

When unilateral abnormalities have been reported, they have
typically involved the left hemisphere.14 As imaging tech-
nology has advanced, magnetic resonance imaging studies in
schizophrenia frequently have shown morphologic abnormali-
ties involving the temporal, frontal, and parietal lobes, and the
subcortical structures.15−19 Findings include decreased neu-
ronal volume and density, decreased synaptic connections,
decreases in synaptophysin (a membrane protein of synaptic
vesicles), and loss of microtubule associated protein and synap-
tosomal protein in certain regions of the cortex.20,21 The lack
of gliosis in association with the neuroantomical abnormali-
ties in the brains of schizophrenia patients suggests that these
changes occur neurodevelopmentally.22 Functional imaging
studies, such as positron emission tomography, single photon
emission computed tomography, and functional magnetic reso-
nance imaging have demonstrated alterations in either cerebral
perfusion or glucose metabolism in frontal, temporal, and basal
ganglia areas of the brain.23−26 Additional attention has been
directed toward the correlation of regional brain abnormalities
with specific symptoms or subtypes of schizophrenia. Thus
far, the most robust findings have been found in the relation
between negative symptoms and the prefrontal cortex, positive
symptoms and temporal lobes, and thought disorder and the
planum temporale.27

In summary, neuroimaging studies have identified anatom-
ical and functional abnormalities that affect different areas of
the brain, particularly the prefrontal and temporal areas, cor-
responding with the impairments observed in schizophrenia.28

Medial temporal structures are important for the processing of
sensory information, and abnormalities in this area may explain
distortions in the interpretation of external reality that are char-
acteristic of schizophrenia. The prefrontal cortex is responsible
for some of the complex and highly evolved human functions,
including the integration of information from other cortical
areas. The prefrontal cortex is largely responsible for the regu-
lation of working memory, which involves maintaining infor-
mation in temporary memory while that information is used for
executive functions. Hence, these abnormalities in prefrontal
areas could explain the deficits in working memory and atten-
tion that are often present in schizophrenia. New theories of
schizophrenia that have been proposed include the “cognitive
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dysmetria” theory (implicating the thalamus and its cortical
and cerebellar connections), the “disconnection model” (im-
plicating temporolimbic and prefrontal disconnections), and
the “asynchronous neural firing” model.29−31

Neurochemistry
The discovery of the antipsychotic properties of chlorpro-
mazine led to a fundamental understanding of the neurochem-
istry of schizophrenia. The finding that chlorpromazine and
other antipsychotic drugs decrease dopamine activity by block-
ing specific postsynaptic receptors served as the foundation
for the dopaminergic hypothesis of schizophrenia. Nearly all
drugs that decrease dopamine activity decrease the positive
symptoms of schizophrenia. Furthermore, the clinical effi-
cacy of antipsychotic agents is roughly proportional to their
affinity for a particular subtype of dopamine receptors, the
D2 receptor.32,33 Although other classes of dopamine recep-
tors have been identified (e.g., D1, D3, D4), this close rela-
tionship to clinical potency exists only for the D2 receptor
subtype.34 Indirect evidence supporting the dopamine hypoth-
esis is found in the observation that dopamine agonists such
as amphetamine, levodopa, methylphenidate, and other amin-
ergic agents can worsen schizophrenia symptoms in some
patients.35−37 Although these observations indicate that ma-
nipulating the dopaminergic system can regulate the posi-
tive symptoms of schizophrenia, they do not directly im-
plicate a central excess of dopamine as the sole cause of
schizophrenia symptoms. This simplistic theory does not ex-
plain, for instance, cases of schizophrenia in which residual
or negative symptoms predominate. The “hypofrontality the-
ory” suggests that reduced or dysfunctional dopaminergic neu-
rotransmission within the prefrontal cortex or mesocortical
area of schizophrenic patients may be responsible for nega-
tive symptoms.38,39 In addition to negative symptomatology,
prefrontal dopaminergic dysfunction has been correlated with
cognitive dysfunction, particularly in the area of working mem-
ory. It has also been proposed that a chronically low level of
striatal dopamine release causes negative symptoms (caused by
low levels of dopamine in the prefrontal cortex). The dimin-
ished dopamine release leads to an upregulation of dopamine
receptors, resulting in supersensitivity to phasic dopamine re-
lease in the context of environmental stressors (exhibited be-
haviorally as positive symptoms).40 This theory explains why
dopamine-blocking drugs improve positive symptoms, but not
negative symptoms.

Serotonin also seems to play a role in schizophrenia. Al-
teration in monoamine activity in the limbic circuit has been
proposed as a possible link to the dopamine hypothesis of
schizophrenia.41 Serotonin receptors are abundant in meso-
cortical areas, and agonism at these receptor sites may have
an inhibitory effect on dopaminergic receptors or dopamine
release, possibly contributing to negative schizophrenia symp-
toms.

Another area of focus is the involvement of excitatory amino
acids and the glutamate transmitter system in the pathogene-
sis of schizophrenia.42 Decreased activation of N-methyl-d-
aspartic acid (NMDA) or glutamate receptors may increase
cortical dopamine release and produce a syndrome resem-
bling schizophrenia. This hypofunctional NMDA receptor the-
ory was supported by findings of low glutamate levels in the
cerebrospinal fluid of persons with schizophrenia and by the

observation that phencyclidine (PCP), an NMDA antagonist,
could produce florid psychosis.43 In utero exposure to exci-
totoxins or viruses has been proposed as a possible mecha-
nism for destruction of NMDA receptors within the brain. The
clinical effect of neuronal destruction may not be expressed
until late adolescence or early adulthood (when symptoms of
schizophrenia usually arise). γ -Aminobutyric acid (GABA), a
major inhibitory amino acid, may act as a third link between the
neuromodulation of glutamate and dopamine receptors. It has
been suggested that GABA receptor function may be impaired
within the prefrontal region, resulting in abnormal NMDA re-
ceptor concentrations.44 It has also been proposed that an im-
balance between NMDA, GABA, and dopamine receptors may
cause the symptoms of schizophrenia. Studies examining the
clinical effects of direct glycinergic agonists or inhibitors of
glutamate uptake in persons with schizophrenia are needed to
clarify the role of excitatory amino acid neurotransmission in
this disorder.

Substantial progress has been made in neuropathological
and neuroanatomical studies of schizophrenia. Insights from
physiological imaging studies in living patients, studies of
brain development and its genetic control, and pharmacologic
studies using newer atypical antipsychotics are promising step-
ping stones that may lead to a better understanding of the patho-
genesis of schizophrenia.

CLINICAL PRESENTATION
Historical Concept of Schizophrenia
Kraepelin45 provided the first thorough description of the con-
stellation of symptoms that make up schizophrenia, which he
called “dementia praecox” (a syndrome of cognitive and be-
havioral deficits that tend to appear early in life). Kraepelin em-
phasized that dementia praecox generally followed a chronic
course with no return to the premorbid level of functioning.
Kraepelin also noted that no single pathognomonic symptom
or cluster of symptoms served to characterize dementia prae-
cox, an illness he considered so mysterious that he referred
to it as a disorder whose causes were shrouded in “impene-
trable darkness.” Bleuler46 concurred with Kraepelin’s initial
description of schizophrenia, although he suggested that some
patients did recover and subsequently could lead productive
lives. For Bleuler, the most important and fundamental fea-
ture was a fragmentation in the formulation and expression of
thought, referring to it as “loosening of associations.” Bleuler
described the “4 As” of schizophrenia, which include autism
(preoccupation with internal stimuli), inappropriate affect (ex-
ternal manifestations of mood), loose associations (illogical
or fragmented thought processes), and ambivalence (simul-
taneous, contradictory thinking). Thus, Bleuler focused on
negative symptoms and thought disorganization rather than
on the positive symptoms of schizophrenia, such as delu-
sions and hallucinations. Another important contribution to the
defining features of schizophrenia was Schneider’s “first-rank”
symptoms47 of schizophrenia that assisted the clinician in diag-
nosing schizophrenia. First-rank symptoms include delusions,
auditory hallucinations, thought withdrawal, thought insertion,
thought broadcasting, and experiencing feelings or actions that
are under someone else’s control. Schneider’s first-rank symp-
toms provided the framework for the systematic diagnostic
criteria used today in psychiatry.
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Diagnosis and Differential Diagnosis
The Diagnostic and Statistical Manual of the American Psychi-
atric Association, text revision (DSM-IV-TR), is the latest edi-
tion of the guide for diagnosing and classifying schizophrenia
and other psychiatric disorders. Compared with previous DSM
editions, the DSM-IV-TR places a greater emphasis on nega-
tive symptoms and the social and occupational dysfunction
associated with schizophrenia.11 Psychosis has many causes,
and all must be excluded before the diagnosis of schizophre-
nia is made. In addition, a diagnosis can be made only if the
DSM-IV-TR criteria are met (Table 78-1). Clinicians can mis-

Table 78-1 DSM-IV-TR Criteria for Schizophrenia

A. Characteristic Symptoms

At least two of the following, each present for a significant portion of
time during a 1-month period (or less if successfully treated):

1. Delusions
2. Hallucinations
3. Disorganized speech (e.g., frequent derailment or incoherence)
4. Grossly disorganized or catatonic behavior
5. Negative symptoms (i.e., affective flattening, alogia, or avolition)
Note: Only one “A symptom” is required if delusions are bizarre or

hallucinations consist of a voice keeping up a running commentary
on the person’s behavior or thought, two or more conversations with
each other.

B. Social/Occupational Dysfunction

For a significant portion of the time since the onset of the disturbance,
one or more major areas of functioning such as work, interpersonal
relationships, or self-care is markedly below the level achieved
before the onset.

C. Duration

Continuous signs of the disturbance persist for at least 6 months. This
6-month period must include at least 1 month of symptoms (or less if
successfully treated) that meet criterion A (i.e., active-phase
symptoms) and may include prodromal and/or residual periods when
the “A criterion” is not fully met. During these periods, signs of the
disturbance may be manifested by negative symptoms or by two or
more symptoms listed in “criterion A” present in an attenuated form
(e.g., blunted affect, unusual perceptual disturbances).

D. Schizoaffective Disorder and Mood Disorder Exclusion

Schizoaffective disorder and mood disorder with psychotic features
have been ruled out because either (a) no major depressive, manic, or
mixed manic episodes have occurred concurrently with the active
phase symptoms or (b) if mood episodes have occurred during active
phase symptoms, their total duration has been brief relative to the
duration of the active and residual periods.

E. Substance/General Medical Condition Exclusion

The disturbance is not due to direct physiological effects of a substance
(drug of abuse or medication) or a general medical condition.

F. Relationship to a Pervasive Development Disorder

If there is a history of autistic disorder or another pervasive
development disorder, the additional diagnosis of schizophrenia is
made only if prominent delusions or hallucinations also are present
for at least a month (or less if successfully treated).

From reference 11.

diagnose psychotic patients when the diagnosis is based on
presenting symptoms alone without regard to the longitudinal
clinical course. An accurate diagnosis is important be-
cause treatments vary for psychoses with different origins.
Schizophreniform disorder is similar to schizophrenia except
that it lasts for >1 month but for <6 months. Brief psy-
chotic disorder is diagnosed when positive symptoms present
suddenly and are present for ≥1 day but <1 month. After
the episode subsides, premorbid functioning usually returns.
Various personality disorders, including schizotypal, schizoid,
and paranoid types also can resemble schizophrenia; however,
these disorders lack the chronic thought disturbances seen in
schizophrenia. Bipolar disorder, manic or depressive phase,
and major depression can have psychotic features that usu-
ally are mood congruent. Negative symptoms of schizophre-
nia such as akinesia, anergy, apathy, and social withdrawal
may resemble depression, but do not respond to antidepres-
sant therapy. It is also important to differentiate extrapyra-
midal side effects of drugs, particularly akinesia seen with
antipsychotic-induced parkinsonism, from the negative symp-
toms of schizophrenia. Common differential diagnoses are
listed in Table 78-2.

Drug-induced psychosis is an important differential diag-
nosis when evaluating patients with schizophrenia-like symp-
toms. Illicit drugs may cause psychotic symptoms in any indi-
vidual, but do not cause the illness of schizophrenia in persons
without a predisposition to mental illness or an underlying psy-
chiatric disorder. Drugs causing acute psychotic symptoms in-
clude amphetamines, cocaine, cannabis, phencyclidine (“angel
dust”), lysergic acid diethylamide, and ketamine. In addition,
anticholinergic delirium can occur if excessive doses or com-
binations of therapeutic agents with anticholinergic properties
are prescribed. A urine toxicology screen can help to evaluate
the contribution of substance abuse to psychosis, but because of
the risk of false-negative results, the quality and progression
of the presenting symptoms and physical findings also must
be considered to make an accurate diagnosis. A particularly
difficult problem is evaluating the cause of psychosis in a pa-
tient with schizophrenia and concurrent drug or alcohol abuse.

Table 78-2 Differential Diagnosis for Schizophrenia
(DSM-IV-TR)

Drug-induced Psychoses

Amphetamine
Cocaine
Cannabis (marijuana)
Phencyclidine (PCP)
Lysergic acid diethylamide (LSD)
Anticholinergics

Primary Psychiatric Disorders

Brief psychotic disorder
Schizophreniform disorder
Bipolar affective disorder, manic type
Mood disorder with psychotic features

Personality Disorders

Schizotypal
Schizoid
Paranoid
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Distinguishing between the two may not be possible until the
patient becomes drug free and residual symptoms are assessed.
There are some differences in the presentation of drug-induced
psychosis and schizophrenia. For example, chronic stimulant
use usually does not present with a formal thought disorder.
Cannabis psychosis may be differentiated from acute paranoid
schizophrenia because patients with the former usually expe-
rience a subjective feeling of panic and retain insight into their
problem.48 Acute PCP ingestion can cause psychotic symp-
toms such as paranoia and acute catatonia, but other concomi-
tant symptoms such as ataxia, hyperreflexia, nystagmus, and
hypertension are not found in schizophrenia.

Target Symptoms
Schizophrenia is a complex disorder comprising different clus-
ters of signs and symptoms. The characteristic symptoms of
schizophrenia have often been conceptualized as falling into
two broad categories: positive and negative (or deficit) symp-
toms. Positive symptoms can be further divided into two dis-
tinct groups, positive symptoms and disorganized symptoms.
Positive symptoms include hallucinations (auditory, visual)
and delusions (persecution, guilt, religion, mind control). Dis-
organized symptoms include disorganized speech, thought dis-
order (tangentiality, derailment, circumstantiality) and disor-
ganized behavior (clothing, appearance, aggression, repetitive

actions). Negative symptoms include affective flattening, de-
creased thought and speech productivity (alogia), loss of abil-
ity to experience pleasure (anhedonia), and decreased initia-
tion of goal-directed behavior (avolition). Most patients with
schizophrenia exhibit both positive and negative symptoms, al-
though the dominance of one type over the other usually varies
throughout the course of the illness. Younger patients tend to
exhibit more positive symptoms, whereas in older patients neg-
ative symptoms predominate. Table 78-3 provides a glossary
of commonly used terms in schizophrenia, and Table 78-4 lists
positive and negative symptoms of schizophrenia.

Cognitive deficits, including problems with attention, mem-
ory, and concentration, are another frequently cited problem for
people with schizophrenia. These impairments are common,
affecting as many as 70% of individuals with schizophrenia.49

The most consistently replicated deficits are observed on tasks
measuring attention, information processing speed, working
memory, learning, and executive (frontal systems) functions.50

These domains are not only commonly impaired in schizophre-
nia, but they are also strongly associated with functional out-
comes (social and community functioning).50 Although it is
likely that the overall dysfunction observed in schizophrenia
encompasses factors such as psychopathology, drug treatment,
and social isolation, evidence suggests that cognitive impair-
ments have a stronger relationship to the long-term functional
outcome than positive symptoms.50

Table 78-3 Glossary of Commonly Used Terms in Schizophrenia

Affect: behavior (usually an expression of an emotion) observed by the interviewer. Common types of disturbances in affect include: restricted—mild
decrease in range and intensity of the expression of emotion; blunted—significant decrease in intensity of the expression of emotion; flat—absence of
expression of emotion; inappropriate—incongruency between patient’s affect and mood or behavior; and labile—abrupt shifts in expression of emotion.

Akathisia: syndrome consisting of subjective feelings of anxiety and restlessness, and objective signs of pacing, rocking, and an inability to sit or stand
still for extended periods of time.

Akinesia: absence or decrease in voluntary movement; may be antipsychotic induced (extrapyramidal side effects) or a manifestation of negative
symptoms of schizophrenia.

Alogia: impoverished thinking usually manifested through speech and language deficits. Speech is brief and lacks spontaneity; replies to questions are
very concrete (poverty of speech). Poverty of content refers to speech that is adequate in amount, but is of little substance (overly abstract), repetitive, or
stereotyped.

Anergy: lack of energy.
Anhedonia: loss of interest or pleasure.
Avolition: an inability to initiate and sustain goal-directed activities. The patient may sit for extended periods of time and show minimal interest in

participating in social or work-related activities.
Circumstantiality: a form of disorganized speech characterized by “talking in circles” or taking an unusually long length of time in answering a question

or expressing one’s point of view.
Delusions: a false belief that is firmly held despite evidence to refute the belief. The belief does not qualify as a delusion if it is a cultural or religious

belief accepted by a group of individuals. Types of delusions include grandiose, persecutory, and somatic type.
Executive function: the ability to design and carry out a solution to a plan when the solution is not obvious. Loss of executive function presents as failure

to learn from past experience and failure to plan or organize life events.
Hallucination: a sensory perception (e.g., auditory, visual, somatic, tactile) experienced in the absence of external stimuli. Hallucinations may be

recognized as false sensory perceptions in some, whereas others may believe that the experiences are reality based.
Loose associations: a form of disorganized, illogical speech characterized by unrelated words, phrases, and sentences used in a fashion that makes

comprehension very difficult, if not impossible.
Mood: a pervasive and sustained emotion that is experienced by the patient. Examples include depressed, anxious, angry, or irritable mood.
Mood-congruent delusions or hallucinations: delusions or hallucinations that are consistent with a mood or behavior (e.g., delusions/hallucinations of

death, guilt, or punishment in the presence of a depressed mood).
Mood-incongruent delusions or hallucinations: delusions or hallucinations that are not consistent with a mood or behavior (e.g., delusions/

hallucinations of death, guilt, or punishment in the presence of mania).
Tangentiality: a form of disorganized speech in which answers are remotely or completely unrelated to questions, and patients’ thoughts frequently shift

in an unconnected fashion.
Thought broadcasting: a delusion that one’s thoughts are being broadcast to others (e.g., a patient feels that others can read his or her mind).
Thought disorder: a general term often used to describe any type of abnormal thought process (e.g., delusion, loose association, conceptual

disorganization).
Thought insertion: a delusion that one’s thoughts are being inserted into one’s mind by others.



78-6 � PSYCHIATRIC DISORDERS

Table 78-4 Positive and Negative Symptoms of
Schizophrenia

Positive Negative

Combativeness, agitation, and
hostility

Psychomotor retardation
Affective flattening

Tension Avolition
Hyperactivity Lack of socialization
Hallucinations Alogia
Delusions Loss of emotional connectedness
Disorganized speech (loose

associations, tangential,
blocking)

Loss of executive functions

Unusual behavior

Case Presentation
J.C., a 22-year-old, single, unemployed man, was brought into the
emergency department (ED) of a mental health hospital by the
police after he was found running barefoot downtown dodging
cars in subzero weather. In the ED, J.C. was extremely frightened,
and stated, “They won’t let me go.”

History of Present Illness: J.C. is not a poor historian. He is ag-
itated easily and threatens the interviewer when asked questions
regarding his illness. J.C. said he came to this city 5 years ago
“to be the king of jazz music.” He did not complete high school,
has lost touch with his family and has been living at the Salva-
tion Army for the past 3 years. He has no close friends, and does
not trust most people. He hears voices of “dead people” who tell
him he is worthless and “will be killed.” He says, “The newscast-
ers on the television are reading my mind and telling everyone
my personal secrets.” These problems and insomnia have been
disturbing him for the past year.

Medical History: J.C. has no history of a previous psychiatric
illness and has never been hospitalized. The administrator at the
Salvation Army confirms that J.C. has been living at the facility for
3 years. His behavior has always been rather “odd and unusual”;
he has recently become more agitated. He does not get along with
other tenants and staff and he has been unable to care for himself
for the past year or so.

Psychosocial History: The hospital social worker reveals that
J.C.’s mother was frequently hospitalized for unspecified psy-
chotic episodes and his father was “never around.” J.C. admits
that he was somewhat of a “rebel” as a child; he has never held
steady employment and relies on Social Security income and
money from strangers to survive.

Physical Examination/Laboratory Tests: J.C. was given a com-
plete physical examination, which was noncontributory. His lab-
oratory tests, including complete blood count (CBC) with differ-
ential, SMA-28 laboratory panel, and thyroid and liver function
tests (LFTs) were within normal limits. The urine drug screen
was negative, his neurologic examination was unremarkable, and
no further tests were ordered.

Mental Status Examination: Appearance and Behavior: J.C.
is a thin, disheveled-looking man with very poor hygiene, who
appears much older than his stated age. He is extremely suspi-
cious of the interviewer and his surroundings and continually
asks, “Where am I, who are you, and what do you want?” He
also is agitated easily. Mood: J.C. is very anxious and worried,
concerned that the “dead people” are going to track him down
and “bury me alive.” His affect is blunted, with a minimal range

of reactivity to his emotions. Memory: Remote memory seems to
be intact, although his immediate and short-term memory are
difficult to assess because he is uncooperative. Sensorium: He is
oriented to person, place, time, and situation. Thought Content:
He hears dead people talking to him. He seems to be responding
to internal stimuli, mumbling to himself and answering his own
questions. Thought Process: J.C. is very suspicious and exhibits
loose associations such as “What are you doing to me? Don’t you
like my hat? Jazz musicians will save us all. You are with the FBI!”
Insight and Judgment: Both are poor as evidenced by J.C.’s de-
nial of his illness and need for treatment, and his behavior, which
precipitated this admission.

Provisional Diagnosis: Schizophrenia, Paranoid Type

1. What target symptoms of schizophrenia are present in J.C.?
How are target symptoms used to monitor treatment?

J.C. exhibits many of the classic Schneider’s first-rank
symptoms of schizophrenia, including auditory hallucinations
(hearing voices from “dead people” telling him that he will be
killed), delusions (“Jazz musicians will save us all. You are with
the FBI. They will bury me alive.”), and thought broadcasting
(“The newscasters on the television are reading my mind.”).
Other target symptoms include agitation, suspiciousness, loose
associations, poor grooming and hygiene, impaired sleep, de-
creased social skills, and impaired insight and judgment. These
target symptoms are the basis of assessing a change in clinical
status and monitoring J.C.’s response to medications.

Typical Course and Outcome
Onset of Illness
The onset of schizophrenia starts with the prodromal phase
that begins with the first changes in behavior and lasts un-
til the onset of psychosis.51−53 It is characterized by a slow
and gradual onset of signs and symptoms that can last weeks
to years, but typically persists for at least a year.51 Common
prodromal signs and symptoms include anxiety, blunted affect,
depression or dysphoric mood, irritability, loss of initiative, low
energy, poor concentration, sleep disturbance, social isolation
and withdrawal, and suspiciousness. Subthreshold or attenu-
ated positive symptoms, and mild disorganization (digressive,
vague, overly abstract, or concrete thinking) may begin during
the prodrome. Gradual deterioration in functioning commonly
occurs. The prodrome is difficult to recognize; however, family
members may interpret the earliest subtle changes as normal
adolescence, a phase, relational problems, depression, or drug
use. Some researchers have viewed the prodromal phase as the
optimal point to begin pharmacologic intervention. Research
has shown that many patients are ill for months or even years
before seeking treatment; this delay in treatment is related to
outcome and level of remission. Early recognition of the pro-
drome could lead to interventions that delay or prevent the
emergence of psychosis. Eventually, a symptom characteristic
of the active phase appears (Table 78-1, criterion A), marking
the disturbance as schizophrenia.

Course of Illness
In contrast with the notion of an inevitable progressive
deterioration in schizophrenia as proposed by Kraepelin,
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longitudinal studies of schizophrenia suggest that the course of
illness is highly variable. The majority suffers from episodic
exacerbations and remissions with some degree of residual
symptoms.45,54−56 Complete remission (i.e., a return to full
premorbid functioning) is not common in this disorder. Of the
patients who remain ill, some seem to have a relatively stable
course, whereas others show a progressive worsening associ-
ated with severe disability. Reported remission rates range from
10% to 60%, and a reasonable estimate is that 20% to 30% of all
schizophrenic patients are able to lead somewhat normal lives.
About 20% to 30% of patients continue to experience moderate
symptoms, and 40% to 60% of patients remain significantly im-
paired by their disorder for their entire lives. Early in the illness,
negative symptoms may manifest as prodromal features. Sub-
sequently, positive symptoms appear. Because these positive
symptoms are particularly responsive to treatment, they typi-
cally diminish, but in many individuals negative symptoms per-
sist between episodes of positive symptoms. As patients with
schizophrenia age, the frequency and severity of acute episodes
may decrease; however, negative symptoms may become more
prominent in some individuals, a state often referred to as
burn-out.54,56,57

Prognosis
Predictors of an improved long-term outcome in patients with
schizophrenia include female gender, a positive family his-
tory of an affective disorder, a negative family history of
schizophrenia, good premorbid functioning, higher IQ, mar-
ried marital status, acute onset with precipitating stress, fewer
prior episodes (both number and length), a phasic pattern of
episodes and remissions (i.e., fewer residual symptoms), ad-
vancing age at onset, minimal comorbidity, paranoid subtype,
and symptoms that are predominantly positive (delusions, hal-
lucinations) and not disorganized (thought disorder, disorga-
nized behavior).58 Despite modern treatment advancements,
schizophrenia remains a severe disease with a relatively poor
outcome. Many patients experience repeated hospitalizations
and exacerbations of symptoms, and suicide attempts are rel-
atively common. Individuals with schizophrenia have a 20%
shorter life expectancy than the general population.59 This is
due in part, to an increased incidence of general medical illness
(such as diabetes or cardiovascular disease) and suicide.58 Pa-
tients with schizophrenia have approximately a 50% lifetime
risk for a suicide attempt and as many as 9% to 13% complete
suicide.60

2. What other factors in J.C.’s history are consistent with the
diagnosis of schizophrenia, and what is his prognosis?

Other factors that are consistent with schizophrenia in
J.C. include onset of illness in early adulthood (typical age
of onset is late adolescence to early 30s), a positive fam-
ily history of psychiatric illness, inability to maintain steady
employment and establish interpersonal relationships with oth-
ers, and the apparent chronicity of the illness over the past
year. His acute exacerbations of psychosis are also character-
istic of schizophrenia. Because of J.C.’s young age at the time
of his initial psychotic episodes, a positive family history for
thought disorder, an unstable home environment, and a low
premorbid level of functioning, his long-term prognosis is not
good.

TREATMENT
Schizophrenia is a chronic disease for which there is no
cure. Pharmacotherapy can reduce symptoms to improve so-
cial and cognitive functions; however, patients have multiple
relapses and experience residual symptoms throughout their
lives. Treatment can decrease acute symptoms, decrease the
frequency and severity of psychotic episodes, and optimize
psychosocial functioning between episodes. However, many
patients require comprehensive care and life-long treatment.
Comprehensive care consists of pharmacologic, psychosocial,
and rehabilitative treatment.

Goals of Treatment
The American Psychiatric Association Practice Guideline for
the Treatment of Schizophrenia describes three phases of ill-
ness for the purpose of integrating treatment.58 Treatment is
divided into three phases—acute, stabilization, and stable—
with each phase using different drug and nondrug strategies to
achieve the desired therapeutic outcome. These phases are not
always distinct or separate, but instead tend to overlap.

Acute Phase
During the acute phase of illness, patients suffer from floridly
psychotic symptoms such as delusions and/or hallucinations,
are severely disorganized, and usually require hospitalization
or are placed in a supervised outpatient setting. Negative symp-
toms become more severe during this phase as well. The initial
treatment goal is to calm agitated patients who may be physical
threats to themselves or others. Medication is usually required
to achieve this outcome, although nondrug interventions such
as emotional support from the staff and use of quiet areas can
also be helpful. An antipsychotic should be initiated as soon
as feasible because prolonged psychotic episodes may be as-
sociated with a worsening of their course of illness.61

Stabilization Phase
During the stabilization phase, acute symptoms gradually de-
crease in severity as the patient begins to stabilize. The goals
of treatment during the stabilization phase of the illness are to
reduce the likelihood of symptom exacerbation and develop
a plan for long-term treatment.58 The hope is that a patient
will return to his or her premorbid level of functioning, al-
though this is unlikely. Treatment should consist of a com-
bination of pharmacologic and nonpharmacologic strategies.
Treatment guidelines recommend that patients continue the
same medication and dosage from which they received benefit
from during the acute phase of illness. Treatment should be
continued for at least 6 months.58 During this phase, the indi-
vidual is most vulnerable to relapse. Another concern during
the stabilization phase is that clinicians, patients, and families
may wrongly conclude that the antipsychotic stopped working
if psychotic symptoms persist during this phase. For example,
a patient may have suffered from hallucinations that were loud
and derogatory before initiation of treatment; after 8 weeks
of treatment, the voices might remain but become quieter and
less demeaning. Because antipsychotics have been shown to
provide gradual improvement over a period of months after
the initial episode was treated, the current regimen should be
continued.62
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Stable Phase
During the stable phase, a level of functioning considered op-
timal for that individual patient is attained. Although com-
plete resolution of symptoms is desired, many patients never
achieve this goal. Negative symptoms may persist and patients
may experience nonspecific symptoms such as tension, anx-
iety, or mood instability during the stable phase. Treatment
during the stable or maintenance phase is designed to optimize
functioning and minimize the risk and consequences of re-
lapse. Antipsychotics are highly effective in preventing relapse.
There are no reliable predictors of relapse for an individual
patient. When developing a long-term strategy to prevent re-
lapse and rehospitalization, the dose and type of antipsychotic,
and the duration of therapy should be considered. Long-term
pharmacotherapy reduces the risk of relapse in schizophrenic
patients and also may reduce the risk of environment- and
stress-induced relapse relative to untreated patients.63,64 The
effectiveness of antipsychotics in remission prevention was
demonstrated in studies in which stable patients were either
continued on an antipsychotic or changed to placebo. In these
studies, relapse rates were higher in patients who did not re-
main on an antipsychotic. Although results vary, approximately
70% of the patients who were switched to placebo experienced
a relapse within 12 months. In contrast, only about 30% of
drug-maintained patients had a relapse of their condition.65

This supports the need for continuing antipsychotic treatment
in patients after they have recovered from a psychotic episode.
All patients with schizophrenia should receive maintenance
therapy for at least 1 year, unless antipsychotic agents are not
tolerated or the diagnosis is uncertain. If a patient has only
a single episode with predominately positive symptoms and
is symptom free for 1 year after the acute episode, then dis-
continuation of the medication with careful follow-up can be
considered.58 Patients with a history of multiple episodes may
be candidates for medication discontinuation after stability has
been demonstrated for 5 years.58 Lifelong treatment is indi-
cated in patients who present a significant risk to themselves
or others when unmedicated.58

3. What are the specific treatment goals for J.C.?

The immediate treatment goal for J.C. is to reduce his ag-
itation because he may be a physical threat to himself and
others. Intermediate goals during the stabilization phase are to
attenuate, or to eliminate, if possible, symptoms of psychoses
and the thought disorder. Long-term goals during the stable
phase should include assisting J.C. in developing a psychoso-
cial support system (e.g., caretakers, mental health workers,
peer groups) to promote enhanced medication adherence, en-
able him to live semi-independently, and possibly obtain part-
time employment.

Nonpharmacologic Interventions
Nonpharmacologic interventions are often combined with drug
treatment and can provide additional benefits in such areas as
relapse prevention, improved coping skills, better social and
vocational functioning, and ability to function more indepen-
dently. Interventions should be started as early as possible, even
during the management of an acute episode. As a patient begins
to stabilize during an acute episode, nonpharmacologic strate-
gies can be implemented.58 Individual therapy (e.g., support-
ive, insight oriented, reality oriented) can improve insight into

the illness, improve medication adherence, teach ways to cope
with medication side effects and stress, and help the patient
to identify early warning signs of relapse. Group therapy can
enhance socialization skills. In patients who are less stable and
who continue to exhibit negative symptoms, supportive therapy
is generally more effective than group or other more complex,
insight-oriented therapies. Family therapy is also important be-
cause family members need to learn ways to cope with such
a devastating illness and how to be supportive of their loved
one, while not being overly controlling. Vocational training can
benefit patients who will likely need a significant amount of as-
sistance in finding and maintaining long-term employment.66

Evidence-based practice guidelines for psychosocial treatment
of schizophrenia now include interventions such as social skills
training, cognitive/cognitive–behavioral therapy, family psy-
choeducation, and vocational rehabilitation.67−71

4. Is nonpharmacologic therapy indicated for treatment of
J.C.?

J.C. should be placed in an area of the hospital ward with
low amounts of noise and stimulation until his agitation sub-
sides. He needs careful observation by staff until he is fully
assessed for the cause of his symptoms and his level of dan-
gerousness. If the treatment team determines that he is very
dangerous, he may need one-to-one supervision by an individ-
ual staff member. As his behavior calms, J.C. can receive more
ward privileges and should begin to attend group therapy. Ini-
tial therapy focuses on issues such as “what is schizophrenia?”
and “what are the ways to treat it?” Basic issues related to
medication education are also discussed. These include symp-
toms that are improved with medication and recognition of
common acute adverse effects. Socialization with other pa-
tients and staff should also be encouraged. As J.C. improves
further, therapy and education can shift toward coping skills,
stress management, recognition of prodromal symptoms of re-
lapse, long-term adverse effects, and ways to enhance adher-
ence to treatment. Family therapy should also be considered
if J.C. allows contact to occur. Family therapy focuses on de-
creasing family stress surrounding the illness, family problem
solving, and communication. If J.C. enters a stable phase after
discharge from the hospital, other strategies such as psychoso-
cial clubhouses to improve socialization, social skills training,
and vocational rehabilitation can increase his quality of life
and productivity.58

5. How should the staff and family members communicate
most effectively with J.C., considering his paranoid state?

Communication should be calm and nonjudgmental in any
acutely psychotic and agitated patient. Open-ended questions
should be used, with a switch to closed-ended questions if J.C.
is unwilling to respond. His paranoid delusions should not be
challenged directly because he may feel attacked and become
angry and more agitated. Instead of challenging the delusional
thoughts, the clinicians should acknowledge that J.C. believes
the “dead people” are real and that he is “the king of jazz,”
but that they do not share his belief. Direct eye contact should
also be intermittent to avoid making the patient feel threat-
ened. If the patient is violent, they should be interviewed in the
presence of another health care provider. The clinician must
not react to the provocation of a threatening patient and should
avoid using a loud voice or aggressive words. When interview-
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ing a violent patient, questions should be focused on issues
that need immediate attention, such as medication adherence
before admission to the hospital, presence of medical condi-
tions, and recent consumption of drugs and alcohol.72,73 As J.C.
calms, he will likely be more cooperative with questions and
assessments.

Assessment
Because a diagnosis of schizophrenia cannot be made or mon-
itored by laboratory or physical tests, the clinician must use
target symptoms gathered from a patient interview and his-
toric records to assess treatment response. A complete medi-
cal, psychiatric, and medication history, physical examination,
laboratory panel (electrolytes; glucose; liver, renal, and thyroid
function tests; CBC with differential; urinalysis; urine toxicol-
ogy screen), and electrocardiogram (ECG) should be obtained
as soon as possible during the acute phase of illness or once the
patient is cooperative (e.g., stable phase). A complete evalua-
tion is needed to rule out other causes of psychosis, to identify
comorbid conditions requiring treatment, and to give guidance
for selecting an antipsychotic and for determining the length
of treatment.

Given the lack of insight that characterizes schizophrenia
patients, collateral information should be gathered from the
patient’s relatives, friends, and significant others. Target symp-
toms for schizophrenia are specific for an individual patient,
and they must be clearly identified and documented before
and during the course of treatment to determine response to
an intervention. Both specific treatment goals and the patient’s
previous baseline level of functioning should be clearly estab-
lished at the onset of drug therapy. These data are used to give
a direction for treatment and as a way of determining whether
the outcome has been achieved.

Pharmacologic Interventions
Non-Antipsychotic Agents

BENZODIAZEPINES
Benzodiazepines are commonly added to antipsychotics

and have been found to be useful in some studies for anxiety,
agitation, global impairment, and psychosis.74 Adjunctive use
of benzodiazepines can spare the need for higher dosages of
antipsychotics. However, some studies found that the benefits
of benzodiazepines were sometimes not sustained.58 Unfortu-
nately, it is not possible to predict who will respond to adjunc-
tive benzodiazepine treatment, and any potential benefit must
be balanced against the risks of benzodiazepines. Common side
effects of benzodiazepines include sedation, ataxia, cognitive
impairment, and behavioral disinhibition. This latter effect can
be a serious problem in those patients who are being treated
for agitation. Withdrawal reactions, including psychosis and
seizures, can significantly complicate management if a patient
suddenly becomes noncompliant with benzodiazepine treat-
ment. In addition, patients with schizophrenia are vulnerable
to both abuse and addiction to benzodiazepines. For these rea-
sons, the use of benzodiazepines should be limited to short
trials (2–4 weeks in duration) for the management of severe
agitation and anxiety.

LITHIUM
The use of lithium in schizophrenia has been investigated

as monotherapy as well as an adjunctive treatment with an-

tipsychotics. Studies evaluating the antipsychotic properties of
lithium monotherapy indicate that it has limited effectiveness in
schizophrenia and may be harmful for some patients.58 In com-
bination with antipsychotics, lithium has been observed to im-
prove psychosis, depression, excitement, and irritability.58,75,76

In general, adjunctive lithium therapy may be considered in pa-
tients who have a partial or poor response to an antipsychotic
agent. The dose of lithium should be sufficient to obtain a blood
level in the range of 0.8 to 1.2 mEq/L. Patients should be mon-
itored for adverse effects that are commonly associated with
lithium (e.g., polyuria, tremor). Reports of increased neurotox-
icity from combined use of lithium and antipsychotic agents
are inconclusive, and the risk seems to be no different with
either medication used alone.77

ANTICONVULSANTS
Anticonvulsants such as carbamazepine and valproate are

often prescribed in patients with schizophrenia as adjunctive
treatment of psychosis, agitation, aggression, impulsivity, and
mood lability.78,79 However, as with lithium, there is little sup-
port for the efficacy of these agents as monotherapy. In gen-
eral, the evidence to support the use of carbamazepine for
schizophrenia is inconsistent. Neppe80 reviewed the literature
and concluded that patients with nonresponsive psychosis and
agitation, aggression, or “interpersonal difficulties” may ben-
efit from the addition of carbamazepine. In a recent meta-
analysis, Leucht et al. described a nonsignificant trend for a
benefit from carbamazepine as an adjunct to antipsychotics.78

An important consideration with carbamazepine is that the
drug alters the metabolism of most antipsychotic agents, and
dosage adjustment is often required. Carbamazepine should
never be used concurrently with clozapine because of the ad-
ditive risk of agranulocytosis.

Recent evidence indicates that valproate is being prescribed
more frequently for schizophrenia and that the use of lithium
and carbamazepine is declining.81 This shift in utilization may
reflect a more favorable side effect profile of valproate. In a re-
cent investigation of hospitalized patients treated with risperi-
done and olanzapine for an acute exacerbation of schizophre-
nia, concurrent administration of divalproex resulted in
earlier improvements in a range of psychotic symptoms.82 Ad-
ditional research is needed to confirm this finding. Dosages
and target serum levels of carbamazepine and valproate are
similar to those useful in the treatment of bipolar disorder (see
Chapter 80 Mood Disorders II: Bipolar Disorders).

PROPRANOLOL
Propranolol, in combination with antipsychotic drugs, has

been evaluated in nonresponders, with variable results. Po-
tential explanations for the enhanced efficacy include a drug
interaction leading to higher antipsychotic drug serum con-
centrations, relief of akathisia, or a primary improvement in
psychosis. In addition, propranolol has improved chronic ag-
gression in individuals with schizophrenia.83 When used to
treat aggression or to enhance the response to antipsychotic
agents, high doses are needed. Propranolol is started at 40 to
80 mg twice a day and is increased every other day until intol-
erable adverse effects occur (systolic blood pressure [BP] of
<90 mm Hg or a heart rate <50 beats/minute). Dosages as low
as 160 mg and as high as 1,920 mg have been effective; how-
ever, a reasonable trial usually is considered to be 240 mg/day
for 2 months.83,84
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Antipsychotics
CLASSIFICATION AND NOMENCLATURE OF THE ANTIPSYCHOTICS
Antipsychotics have been broadly classified into two

groups. The older agents (i.e., those introduced in the United
States before 1990) are referred to as typical or conventional
antipsychotics or dopamine receptor antagonists, with pharma-
cologic activity attributed to the blockade of central dopamine
receptors, particularly the D2 receptor subtype. These agents
have also been referred to as major tranquilizers and neurolep-
tics. The term major tranquilizer is inaccurate, because these
agents, particularly the high-potency agents, can improve psy-
chosis without associated sedation. Neuroleptic refers to the
tendency of these drugs to cause neurologic side effects, partic-
ularly extrapyramidal symptoms (EPS). Typical antipsychotics
are further classified as high- or low-potency agents, based on
their relative ability to block dopamine receptors. They can also
be classed by chemical structure (phenothiazine and nonphe-
nothiazine) and potential for common adverse effects (EPS,
sedation, anticholinergic, and cardiovascular effects).66,85 Ex-
amples of typical agents include haloperidol, fluphenazine,
thiothixene, chlorpromazine and thioridazine.

Newer agents, atypical or serotonin-dopamine antago-
nists, consist of clozapine, risperidone, olanzapine, quetiap-
ine, ziprasidone, aripiprazole, and paliperidone. These agents
demonstrate postsynaptic effects at 5-HT2A and D2 recep-
tors. Some of the general characteristics that may be con-
sidered as features of atypical antipsychotic include an ab-
sence or decreased incidence of EPS and tardive dyskinesia
(TD), lack of effect on serum prolactin, greater efficacy for
refractory schizophrenia, and greater activity against nega-
tive symptoms.86 However, currently there are no widely ac-
cepted characteristics that define an “atypical” antipsychotic,
and clozapine is actually the only atypical agent which ful-
fills all of the criteria stated above. Recently, the term second-
generation antipsychotic has also been proposed to describe
this class of medications, although there is no consensus on
the nomenclature at the present time.87

MECHANISM OF DRUG ACTION
Although the specific mechanism of action of antipsy-

chotics has not been elucidated, the focus is postsynaptic block-
ade at dopamine D2 and serotonin 5-HT2A receptor sites. It is
generally accepted that D2 receptor antagonism plays a key role
in the treatment of positive symptoms of schizophrenia as well
as in the production of EPS and hyperprolactinemia-related
side effects. Knowledge of the central dopamine pathways in
the brain can be used as a model to understand the therapeutic
and side effects of the antipsychotics. The central dopamine
system is composed of four tracts: mesolimbic, mesocortical,
nigrostriatal, and tuberoinfundibular (Fig. 78-1). Drug action
can be predicted if a clinician understands the function of each
tract, along with the binding affinity of an agent for recep-
tors located in the tract (Tables 78-5 and 78-6). Blockade of
dopamine receptors in the mesolimbic tract is likely responsi-
ble for the reduction of positive symptoms of schizophrenia.
Blockade of the other dopamine tracts is largely responsible for
the adverse effects of antipsychotic treatment. The mesocorti-
cal tract is responsible for higher-order thinking and executive
functions. Dopamine hypofunctioning in this area, either from
the schizophrenia itself or by antipsychotic action, may be
responsible for negative symptoms. The nigrostriatal tract

modulates body movement. Antipsychotic-induced blockade
in this area causes EPS. Lastly, antipsychotic-induced blockade
of the dopamine tract in the tuberoinfundibular area of the an-
terior pituitary leads to hyperprolactinemia.39 Ideally, selective
dopaminergic blockade of the mesolimbic tract would be pre-
ferred. Unfortunately, typical antipsychotics block all four of
these dopaminergic pathways. Studies have demonstrated that
antipsychotic effects require a striatal D2 receptor occupancy of
65% to 70%; D2 receptor occupancy greater than 80% signifi-
cantly increases the risk of EPS.88,89 During chronic treatment
with typical antipsychotic agents, between 70% and 90% of D2
receptors in the striatum are usually occupied.90 Not surpris-
ingly, all the typical antipsychotic agents have been observed
to be effective in reducing positive symptoms of schizophrenia
and they all can cause EPS and TD.

In contrast with typical antipsychotic agents that affect all
four dopamine tracts, atypical antipsychotics primarily affect
dopamine tracts in the limbic system and have been termed
limbic specific.39 For example, therapeutic doses of risperi-
done, olanzapine, and ziprasidone produce >70% occupancy
at D2 receptors.91,92 However, attributing antipsychotic ef-
ficacy solely to D2 receptor effects is an oversimplification
because many patients do not respond to medication despite
adequate D2 occupancy.88 Furthermore, low levels of D2 stri-
atal receptor occupancy (<70%) have been observed with
therapeutic doses of clozapine and quetiapine. This may ex-
plain the low propensity of these agents to produce EPS,
but also calls into question the minimum receptor occupancy
necessary for antipsychotic efficacy as proposed for typical
agents.92,93

Blockade of the 5-HT2A receptors, a shared property of
the atypical agents, has been investigated with regard to its
significance in mediating antipsychotic effects.94 At thera-
peutic doses, most atypical agents occupy more than 80%
of cortical 5-HT2A receptors.92,95,96 Blockade of 5-HT2A re-
ceptors, independent of D2 antagonism, has not been demon-
strated to produce antipsychotic effects. However, it is pos-
tulated that a high 5-HT2A to D2 receptor affinity ratio may
underlie the enhanced therapeutic efficacy and low propensity
for EPS observed with atypical antipsychotics.39 Serotonin is
known to exert a regulatory effect on dopaminergic receptors or
dopamine release, but the degree of control may vary depend-
ing on the pathway. Specifically, serotonin tonically inhibits
dopamine release. Therefore, 5-HT2A antagonism should en-
hance dopaminergic transmission. It has been proposed that the
atypical properties of antipsychotics (efficacy against negative
symptoms and low propensity to produce EPS) are due in part
to augmentation of dopaminergic function via 5-HT2A block-
ade in the mesocortical and nigrostriatal pathways and lim-
bic specificity.39,97 Aripiprazole is an antipsychotic agent with
unique effects at D2 and 5-HT receptors. Specifically, this agent
has partial agonist activity at D2 and 5-HT1A receptors and an-
tagonist activity at serotonin 5-HT2A receptors. Aripiprazole is
a functional antagonist at D2 receptors under hyperdopaminer-
gic conditions but exhibits functional agonist properties under
hypodopaminergic conditions.98 Paliperidone (Invega) is the
newest atypical agent approved by the U.S. Food and Drug Ad-
ministration (FDA). Because paliperidone is the primary active
metabolite of risperidone, 9-hydroxyrisperidone, we should ex-
pect the mechanism of action of paliperidone to be similar to
that of risperidone.99,100
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FIGURE 78-1 Four dopamine pathways in the brain. The neuroanatomy of dopamine neuronal pathways
in the brain can explain both the therapeutic effects and the side effects of the known antipsychotic agents.
(1) The nigrostriatal dopamine pathway projects from the substantia nigra to the basal ganglia, and is
thought to control movements. (2) The mesolimbic dopamine pathway projects from the midbrain ventral
tegmental area to the nucleus accumbens, a part of the limbic system of the brain thought to be involved
in many behaviors, such as pleasurable sensations, the powerful euphoria of drugs of abuse, as well as
delusions and hallucinations of psychosis. (3) A pathway related to the mesolimbic dopamine pathway is
the mesocortical dopamine pathway. It also projects from the midbrain ventral tegmental area, but sends
its axons to the limbic cortex, where it may have a role in mediating positive and negative psychotic
symptoms or cognitive side effects of neuroleptic antipsychotic medications. (4) The fourth dopamine
pathway of interest is the one that controls prolactin secretion, called the tuberoinfundibular dopamine
pathway. It projects from the hypothalamus to the anterior pituitary gland.

Table 78-5 Neurotransmitter Tract Function and Effect of Typical Versus Atypical Antipsychotics

Neurotransmitter Tract Clinical Function Typical Agent Effects Atypical Agent Effects

Dopamine-nigrostriatal Modulates EPS Potent D2 blockade causes
EPS

Minimal EPS owing to greater specificity for
mesolimbic system

Dopamine-mesolimbic Modulates arousal, memory,
behavior

Effectively treats positive
symptoms

Effectively treats positive symptoms

Dopamine-mesocortical Modulates cognition,
socialization, and other
negative symptoms

Less effective for negative
symptoms

Clozapine (possibly others) greater efficacy
for negative symptoms; clozapine,
risperidone (others?) may improve
cognition

Dopamine-tuberoinfundibular Regulates prolactin release Increases prolactin release
(dose related)

No increase in prolactin with clozapine,
dose-related with risperidone, no
significant increase with others

Serotonergic (5-HT2) 5-HT2 blockade reduces EPS,
improves negative symptoms

Minimal affinity for
5-HT2 receptors

Greater affinity for 5-HT2 receptors

EPS, extrapyramidal side effects.
Adapted from references 39, 86, and 97.
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Table 78-6 Relative Receptor-Binding Affinities of Typical and Atypical Antipsychotic Agents

Receptor D1 D2 5-HT2 α1 M1 H1

Typical Agents

Chlorpromazine − +++ ++ +++ +++ ++
Fluphenazine − +++ + + − −
Perphenazine − +++ ++ ++ − ++
Thioridazine + +++ ++ +++ +++ +
Haloperidol ++ +++ + + − −
Atypical Agents

Clozapine ++ ++ +++ +++ +++ +
Risperidone − +++ +++ +++ − +
Olanzapine ++ ++ +++ ++ +++ ++
Quetiapine − + ++ +++ + +
Ziprasidone ± ++ +++ ++ − +
Aripiprazole + +++ ++ ++ − +
Paliperidone − +++ +++ +++ − +
D1, dopamine subtype 1; D2, dopamine subtype 2; 5-HT2, serotonin subtype 2; 1, alpha 1; M1, muscarinic (cholinergic) subtype 1; H1, histamine subtype 1.
−, none; ± , unclear; +, minimal; ++, moderate; +++, high; ++++, very high.
Compiled from references 90, 99, 100, 143, and 266.

Antipsychotic drugs also affect other receptors, usually re-
sulting in adverse effects rather than enhanced therapeutic re-
sponse. For example, histamine-1 (H1) blockade is responsible
for sedation and possibly weight gain. Blockade of 5-HT2C
receptors may also play a role in the weight gain associated
with some atypical agents. α1-Adrenergic blockade causes
orthostatic hypotension and plays a role in sexual dysfunc-

tion. Muscarinic receptor blockade causes the classical anti-
cholinergic effects such as dry mouth, blurred vision, consti-
pation, and urinary retention. An understanding of the receptor-
binding properties of the typical and atypical agents is helpful
to predict their adverse effects profiles.66,85,101 Properties of
typical and atypical antipsychotics are listed in Tables 78-6
and 78-7.

Table 78-7 Relative Incidence of Antipsychotic Drug Adverse Effects

Sedation EPS Anticholinergic Orthostasis Seizures Prolactin Elevation Weight Gain

Typical—Low Potency

Chlorpromazine ++++ +++ +++ ++++ +++ +++ ++
Thioridazine ++++ ++ ++++ ++++ ++ +++ +++
Typical—High Potency

Trifluoperazine ++ ++++ ++ ++ +++ +++ ++
Fluphenazine ++ +++++ ++ ++ ++ +++ ++
Thiothixene ++ ++++ ++ ++ ++ +++ ++
Haloperidol + +++++ + + ++ +++ ++
Loxapine +++ ++++ ++ +++ ++ +++ +
Molindone + ++++ ++ ++ ++ +++ +
Atypicals

Clozapine ++++ + ++++ ++++ ++++c 0 ++++
Risperidone +++ +a ++ +++ ++ 0 to +++c ++
Olanzapine +++ +b +++ ++ ++ +c +++
Quetiapine +++ + ++ ++ ++ 0 ++
Ziprasidone ++ + ++ ++ ++ 0 +
Aripiprazole ++ + ++ ++ ++ 0 +
Paliperidone +++ +a ++ +++ ++ 0 to +++c ++
aVery low at dosages <8 mg/day.
bWith dosages <20 mg/day.
cDose related.
0, no effect; +, very low; ++, low; +++, moderate; ++++, high; +++++, very high; EPS, extrapyramidal side effects.
Compiled from references 58, 99, 100, 182, 143, 166, and 266.
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Selection of an Antipsychotic
In all patients, the selection of a specific antipsychotic agent
should be individualized. The choice of a specific medication is
usually based on a number of factors and is frequently more art
than science. Important factors include prior experience (effi-
cacy and side effects), the ease of attaining a therapeutic dose,
available dosage forms, and formulary or cost considerations.
One of the best predictors of response is the patient’s previ-
ous response to a specific antipsychotic, or a positive response
in a first-degree relative. If a patient responded poorly to an
antipsychotic in the past, an agent from a different chemical
class should be prescribed. Also, if a patient has a particular
aversion to an antipsychotic side effect, an appreciation for
differences among the available antipsychotics in this regard
would be helpful. Drugs with a similar side effect profile should
be avoided. Although all the antipsychotic agents have been
shown to be efficacious during the acute phase of schizophre-
nia, atypical antipsychotics (with the exception of clozapine)
have become the agents of first choice for the treatment of
schizophrenia. The rationale for this practice is based on the
lower risk of EPS and TD with the atypical agents.

Efficacy
Typical antipsychotics are effective in reducing positive symp-
toms of schizophrenia during acute psychotic episodes and in
preventing recurrence in many patients.102 These agents are
less effective for treating negative symptoms. In fact, there is
concern that typical agents may exacerbate negative symptoms
by causing drug-induced akinesia. In general, all typical an-
tipsychotic agents are believed to be equally effective when
used in equivalent doses.

Clinical trials demonstrate that the atypical agents—
clozapine, risperidone, olanzapine, quetiapine, ziprasidone,
aripiprazole, and paliperidone—are superior to placebo, and
are at least as effective as typical antipsychotics for treat-
ment of the positive and negative symptoms of schizophre-
nia.98,103−113 In a meta-analysis of 52 randomized clinical tri-
als comparing atypical agents (including clozapine, risperi-
done, quetiapine) with typical agents (haloperidol or chlor-
promazine), Geddes et al.114 found no difference in efficacy
between these two drug classes if the dose of the typical
agent was considered. The apparent superiority of atypical an-
tipsychotics (in terms of efficacy and drop-out rates) could
be attributed to the use of excessive doses of typical agents
(>12 mg/day haloperidol or equivalent). In contrast, two other
meta-analyses concluded that the atypical agents have efficacy
and tolerability advantages over typical agents independent of
haloperidol dosage.115,116 Davis et al.116 concluded that avail-
able evidence demonstrates an efficacy advantage for some
(clozapine, risperidone, olanzapine) but not all atypicals (que-
tiapine, ziprasidone, and aripiprazole) when compared with
typical agents. These authors suggest that the atypical agents
are at least as efficacious as typical agents for positive symp-
toms, and that atypical agents are likely more efficacious with
negative and cognitive symptoms. This potential advantage
of the atypical agents continues to be a source of much de-
bate. On one hand, there are some who believe that atypi-
cal agents have a unique therapeutic effect on the primary
negative symptoms, whereas others contend that this find-
ing is actually a secondary impact upon other related symp-

toms and disease manifestations.117 Data on risperidone and
olanzapine suggest a direct effect on primary negative symp-
toms independent of their effect on psychotic, depressive, or
EPS.118,119

The National Institute of Mental Health Clinical Antipsy-
chotic Trials of Intervention Effectiveness trial (CATIE) was
a real-world trial evaluating schizophrenic patients. The trial
compared the effectiveness of atypical antipsychotics (quetiap-
ine, risperidone, clozapine, olanzapine, and, later, ziprasidone)
to that of perphenazine, a midpotency typical antipsychotic.120

Perphenazine was chosen owing to a lower incidence of EPS
compared with high and other midpotency typical antipsy-
chotics, as well as decreased sedation when compared with
low-potency typical antipsychotics. In this study, 1,460 pa-
tients were included from 57 sites in 24 states. The results
indicated olanzapine was least likely to be discontinued; how-
ever, it (and clozapine) had the most metabolic side effects.
Perphenazine was as effective as the atypical agents, however,
it had the highest incidence of EPS, even after patients with
TD were excluded from receiving the medication.121,122

Dosage Forms
ORAL DISINTEGRATING TABLET
Pharmacotherapy during the acute phase is administered

orally (as tablets or liquid concentrate) or intramuscularly (IM),
depending on the patient’s willingness to take medication, the
risk of imminent harm, and dosage form availability. Usually,
antipsychotic therapy is administered orally. The newest tech-
nology available is the oral disintegrating tablet (ODT). ODT
can be in the form of a compressed tablet, compression molded
tablets, and freeze-dried (lyophilized) wafers that dissolve or
disintegrate within a matter of seconds when placed on the
tongue. Of the atypical agents, risperidone, olanzapine, and
aripiprazole are available as ODT.

SHORT-ACTING INJECTABLES
Although all of the antipsychotics are available in oral for-

mulations, only a few are available as injectables. Short-acting
IM preparations of an antipsychotic may be preferred over oral
medication if a patient is agitated and not likely to be coop-
erative. IM preparations bypass the gastrointestinal tract and
first-pass metabolism and have a faster onset of action. For
example, most IM antipsychotics reach a maximum plasma
level within 30 to 60 minutes and patients usually experi-
ence substantial calming within 15 minutes.123 Of the short-
acting agents available for IM use, most clinical experience has
been with high-potency typical antipsychotic medications such
as haloperidol or fluphenazine. Haloperidol and fluphenazine
have the advantage of being calming without being sedating,
but they can cause severe EPS. Some clinicians prefer low-
potency agents such as chlorpromazine, because they are more
sedating. Low-potency agents can also cause severe hypoten-
sion. High-potency agents can be given in larger doses because
they have a lower risk of anticholinergic and cardiovascular
complications than low-potency agents. In general, the use of
oral typical agents has declined because of the neurologic risks.
Studies have shown that the FDA-approved IM formulations of
the atypical agents (olanzapine, aripiprazole, and ziprasidone)
seem to be better tolerated than typical agents and are equally
effective as haloperidol in the acute treatment of psychoses in
patients with schizophrenia.124,125
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Agitation is a problem that many mental health providers
face. It can affect whether or not a patient can be treated at any
point in time. A patient who is acutely agitated may behave
in a way that may result in harm of self, others, or property.
In these cases, medication is needed to calm the patient. In
the past, sleep was thought to be essential in the treatment
of acute agitation. This is no longer true, though, some fa-
cilities may still use this as an endpoint or goal.126 If rapid
tranquilization is required for a patient who is acutely agi-
tated and exhibiting dangerous behavior, the combination of
IM haloperidol and IM lorazepam appears more effective than
either alone.127 However, rapid tranquilization is not neces-
sarily more effective than traditional dosing methods, and is
associated with a greater incidence of acute side effects such as
dystonic reactions.128,129 Rapid tranquilization can be achieved
when repeated IM injections of high-potency antipsychotics or
benzodiazepines are given until the patient is either adequately
calmed, a maximum recommended daily dose is reached, or
dose-limiting adverse effects such as acute dystonia (antipsy-
chotics), ataxia, or slurred speech (benzodiazepines) occur.
The most commonly used regimen is haloperidol 2 to 5 mg
combined with lorazepam 2 mg injected IM every 30 to 60
minutes to a maximum of three doses.130 Patients should be
monitored for severe adverse events, particularly those patients
with underlying medical or neurologic problems. Vital signs
should be monitored and the dose should be held if clinically
significant adverse effects occur.129,131 The concept of rapid
tranquilization should not be confused with rapid neurolepti-
zation, which implies the use of very high loading dosages of
antipsychotics (e.g., administering a series of closely spaced
IM doses over a period of hours) to produce a more rapid remis-
sion of psychotic symptoms.130 The practice of rapid neurolep-
tization leads to a higher incidence of EPS without advantages
of efficacy when compared with the administration of lower
doses of the same drugs. Rapid neuroleptization is no longer
recommended.128 Most recently, with the advent of IM and
fast-acting oral formulations of atypical antipsychotics, the
combination has changed to decrease the incidence of EPS.
Clinical trials have shown that risperidone, ziprasidone, arip-
iprazole, and olanzapine are at least as effective as haloperidol
and lorazepam (Table 78-8).125,126,132−139

6. How should pharmacotherapy be used to treat the acute
phase of schizophrenia in J.C., and what should be done first to
manage his acute symptoms?

Aripiprazole 9.75 mg IM injection can be given to J.C. so
further assessment can be completed. Aripiprazole for any
a typical IM agent is a good choice because it has efficacy
in calming rather than sedating the patient, it has a lower
propensity for EPS and TD, and is available in a short-acting
IM formulation. These are important features because J.C.
is likely to refuse oral medications because of his paranoid
symptoms. Also, aripiprazole IM has limited cardiovascu-
lar problems such as hypotension, bradycardia with or with-
out hypotension, tachycardia, and syncope as compared with
olanzapine IM.132,139 Lorazepam 0.5 to 1 mg PO or IM ev-
ery 4 to 6 hours as needed may be given to J.C. to con-
trol ongoing agitation, however, greater sedation and ortho-
static hypotension have been observed with the combination
of lorazepam and aripiprazole as compared to aripiprazole
alone.132 Subsequent doses of aripiprazole IM can be given
every 2 hours if needed for agitation, up to a maximum of
30 mg/day.

7. J.C. was given a single dose of aripiprazole 9.75 mg IM.
His agitation resolved after the first injection but you are later
informed that this medication is not covered by J.C.’s healthplan.
What is the next medication you would recommended for J.C., and
what factors should be considered when selecting an antipsychotic
for the acute and stabilization phases?

An antipsychotic prescribed at a dose reflective of the needs
during the stabilization phase should be started now. Olanzap-
ine, 10 mg at bedtime, is an appropriate choice for pharmaco-
logic treatment of schizophrenia in the acute phase. With the
exception of clozapine, any of the other atypical agents would
also be appropriate choices.

Past experience with antipsychotics predicts therapeutic
success in the selection of a regimen. J.C. does not have a
past psychotropic medication history to guide drug selection.
He also does not have a history of nonadherence, which would
direct the choice toward a depot product. A common starting
dose for olanzapine is 10 mg/day.

Table 78-8 Agents to Treat Acute Agitation

Medication Dosage Form Dose Onset Half-life Duration of Action

Lorazepam PO (tablet), IM, IV 1–2 mg 60–90 min 12–15 hr 8–10 hr

Typical Antipsychotics

Haloperidol PO (tablet), IM, IV 5–10 mg 30–60 min 12–36 hr up to 24 hr
Droperidol IM, IV 5–10 mg 15–30 min 2–4 hr 6–8 hr

Atypical Antipsychotics

Olanzapine PO (tablet), IM, ODT 10 mg 15–45 min 30 hr 24 hr
Risperidone PO (tablet, liquid), ODT 2 mg 60 min 20 hr Not available
Ziprasidone PO (tablet), IM 20 mg 30–60 min 2–5 hr 4 hr
Aripiprazole PO (tablet, liquid), IM 9.75 mg 1–3 hr 75–94 hr Not available

IM, intramuscularly; IV, intravenously; ODT, oral disintegrating tablet; PO, orally.
Compiled from references 125, 126, and 132–139.
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8. When should J.C.’s target symptoms start to respond to
olanzapine?

During the first week, often known as the medicated co-
operation stage, J.C. should respond to the calming proper-
ties of the antipsychotic, and his symptoms of hostility, ag-
itation, and insomnia should improve. During the next 2 to
6 weeks, the improved socialization stage, J.C. should be-
gin to obey hospital rules, attend ward meetings, and gen-
erally become more sociable. Severely ill schizophrenic pa-
tients with chronic disease may never reach this stage. The
elimination of the thought disorder stage can occur within
any time frame, but usually takes at least 2 to 3 weeks and
up to several months to occur. During this stage, the core
symptoms of schizophrenia such as delusions, hallucinations,
and thought disturbance improve. If no improvement of J.C.’s
core symptoms is observed after 3 weeks of olanzapine 10
mg/day, then the dose should be increased slowly to 15 or
20 mg/day and the patient should be observed for another 3 to
4 weeks.

9. It is 6 months later. Most of J.C.’s symptoms have improved,
he is residing in assisted living housing and working part-time at
Goodwill Industries. Although he is not troubled by any side ef-
fects, he sees no point in continuing his medication. Should olan-
zapine be discontinued? What are the current practice guidelines
regarding long-term treatment?

J.C. clearly is responding well to olanzapine and has no side
effects. To minimize risk of relapse, he should continue his
current regimen for at least another 6 months. If his symptoms
remain stable and he maintains good psychosocial functioning
(e.g., continues work, keeps close contact with social workers,
attends medication groups), discontinuation of therapy can be
considered.

When J.C. has been stabilized for a total of approximately
1 year on olanzapine 10 mg/day, then the dose can be reduced
by 20% every 3 to 6 months until it is discontinued or relapse
occurs. If he exhibits recurrent target symptoms of schizophre-
nia or decompensation, then the dose should be increased to
the previous effective dose (or medication restarted if it was
discontinued). Because it is likely that J.C. will require life-
long antipsychotics, it is important to determine the minimal
effective dose to prevent recurrence, while minimizing the risk
of adverse effects. J.C. is not a candidate for intermittent ther-
apy during the stable phase. He is not a decanoate candidate
because he is compliant with treatment.

LONG-ACTING DEPOT INJECTABLES
Long-acting depot medications are not recommended for

acute psychotic episodes because these medications take
months to reach a steady-state concentration and are elimi-
nated very slowly.58 Hence, it is difficult to correlate clini-
cal effect with dosage, and it is extremely difficult to make
dosage adjustments to manage side effects. However, long-
acting depot medications can be useful for maintenance ther-
apy in patients with a history of nonadherence to their oral
medication and in those who prefer the convenience of long-
acting or depot injections. In these situations, the oral form
of available depot medications should be initiated first. If the
oral form has been shown to be safe and effective, the patient
can be converted to the depot form. Fluphenazine, haloperidol,

and risperidone are available as long-acting decanoate injec-
tions. Long-acting injectable risperidone appears to combine
the most valuable features of an atypical antipsychotic (broadly
efficacious and well tolerated) with those of injectable long-
acting antipsychotics (improved bioavailability and assured
medication delivery).141,142

Pharmacokinetics and Drug Interactions
Dosing considerations also have a major influence on safe and
effective antipsychotic selections. Specific factors include the
number of times a day a medication needs to be administered,
the difference between a starting dose and a “target” therapeutic
dose (i.e., titration required), and the risk for drug–drug inter-
actions. The long half-life (12–24 hours) and active metabolites
of most oral antipsychotic drugs allow for once- to twice-daily
dosing.143 Most antipsychotics, with the exception of clozapine
and ziprasidone, can be safely given once a day. Most antipsy-
chotics achieve a steady-state concentration in 4 to 7 days, but it
is important to understand that the onset of antipsychotic effect
is not related to achieving steady state. Pharmacologic effects
often persist for longer than pharmacokinetics would imply.
In some instances, treatment is initiated at a subtherapeutic
dose and gradually titrated upward to an effective dose. This
approach is taken to allow the patient to develop tolerance to
adverse events such as sedation or orthostatic hypotension. In
the case of acute agitation, antipsychotic doses are also often
divided, despite the long half-lives of these drugs, such that
the sedative effects are maintained over the day. Once a pa-
tient has been stabilized or has become tolerant to the adverse
effects, the goal is to give medication once a day, usually at
bedtime. Bedtime dosing enhances medication adherence and
concentrates ongoing adverse effects such as sedation at night.

Both pharmacokinetic and pharmacodynamic drug interac-
tions can occur with antipsychotic agents. Cytochrome P450
enzymes, especially the 1A2, 2D6, and 3A4 isoenzymes, are
responsible for the metabolism of many antipsychotics.144 In-
duction or inhibition of these enzymes by other drugs may
result in clinically important drug interactions. Table 78-9
summarizes the metabolic pathways for commonly used an-
tipsychotic drugs. In the case of clozapine, serious complica-
tions such as seizures can occur when drug interactions cause
serum concentrations of clozapine to rise significantly. Exam-
ples of drugs that have the potential to cause serious inter-
actions with antipsychotics include fluvoxamine (CYP 1A2
inhibitor), erythromycin, ketoconazole, and ritonavir (CYP
3A4 inhibitors), quinidine, risperidone, fluoxetine, and parox-
etine (CYP 2D6 inhibitors), and cimetidine (multiple enzyme
inhibition).145 Conversely, inducers of drug metabolism such as
carbamazepine (induces multiple enzymes) or cigarette smok-
ing (induces CYP 1A2) can reduce the plasma concentra-
tions of antipsychotic drugs. For example, carbamazepine has
been shown to reduce plasma concentrations of haloperidol
by 50%.146 Cigarette smoking has been shown to increase
the metabolism of clozapine and olanzapine.144 Pharmacody-
namic interactions may occur when medications with similar
unwanted properties are concurrently prescribed. For exam-
ple, concomitant use of low-potency typical agents or clozap-
ine along with diphenhydramine or hydroxyzine may cause
augmentation of anticholinergic effects. Pharmacodynamic
drug interactions of greatest concern are those that can cause
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Table 78-9 Pharmacokinetic Comparisons of Antipsychotics

Antipsychotic Agent Mean Half-Life (hr) Major Cytochrome P450 Pathway Plasma Concentration Range

Chlorpromazine 8–35 2D6 Not well defined
Thioridazine 9–30 2D6 Not well defined
Perphenazine 8–21 2D6 Not well defined
Fluphenazine 14–24 2D6 0.2–2.8 mg/mL
Fluphenazine decanoate 8 days 2D6 0.2–2.8 mg/mL
Thiothixene 34 2D6 2–15 mg/mL
Haloperidol 12–36 2D6 4–12 ng/mL
Haloperidol decanoate 21 days 2D6 4–12 ng/mL
Loxapine 5–15 None Not well defined
Molindone 10–20 None Not well defined
Clozapine 16 1A2, 3A4 350–420 μg/mL suggested
Risperidone 22 2D6 Not well defined
Olanzapine 30 1A2 >23.2 ng/mL @ 12 hours post dose
Quetiapine 7 3A4 Not well defined
Ziprasidone 4–5 3A4 Not well defined
Aripiprazole 75–94 2D6, 3A4 Not well defined
Paliperidone 23 Limited 2D6, 3A4 Not well defined

Compiled from references 99, 132, 143, 144, 248, and 266.

significant orthostatic hypotensive, anticholinergic effects, and
sedation. Pharmacokinetic and dosing information for the an-
tipsychotics are provided in Tables 78-9 and 78-10.

Pharmacoeconomic Considerations
Although medication expenditures represent only a small por-
tion of total resource utilization associated with the manage-
ment of schizophrenia, concern exists about the cost of atypical
antipsychotics and whether their relative advantages over typ-
ical agents are worth their increased cost.147 Drug acquisition
costs for atypical antipsychotics can be 100-fold higher than
typical antipsychotics. Most pharmacoeconomic studies with
atypical antipsychotics show that these agents are at least cost
neutral and may offer cost advantages compared with tradi-
tional agents when total mental health costs are considered.148

Depending on the individual study, the higher costs associated
with atypical antipsychotics are offset by decreased number
of hospital admissions, length of inpatient stay, and number of
outpatient visits. Hence, drug costs should not be the sole fac-
tor considered when selecting an antipsychotic. The selection
of a medication should be individualized and factors such as
efficacy, side effects, patient acceptance, and total health care
costs should be considered.

Adverse Effects
An important factor in the selection of an antipsychotic is the
potential risk for adverse events. Key adverse effects that dif-
ferentiate the antipsychotics include EPS, anticholinergic side
effects, cardiac effects, hyperprolactinemia, metabolic effects
and sedation. Table 78-7 compares antipsychotic agents with
regard to the risk of these adverse effects.

EXTRAPYRAMIDAL SIDE EFFECTS AND TARDIVE SYNDROMES
EPS is a broad term that describes several types of acute

and chronic drug-induced movement disorders. Acute dysto-
nia, parkinsonism, and akathisia all occur early in treatment,
whereas TD, tardive dystonia, and tardive akathisia have a late
onset, usually after years of treatment. The acute forms of EPS

usually develop soon after the initiation of antipsychotics, are
dose dependent, and are generally reversible soon after dis-
continuation of the offending agent.149 It has been estimated
that 60% of patients who receive typical antipsychotics de-
velop some form of EPS acutely.58 In general, typical agents
are more likely to cause EPS than atypical agents when these
medications are used at usual therapeutic doses. Among the
seven currently available atypical agents, clozapine and que-
tiapine are associated with the lowest risk for EPS. The ris-
ing prescription rate of atypical antipsychotics (and decrease
in use of the typical agents) have substantially reduced the
problem of EPS. Similarly, the risk of antipsychotic-induced
TD is suggested to be lower with atypical agents compared
with typical agents. Most of the evidence documenting a de-
creased incidence of TD with atypical agents is derived from
data and clinical experience with clozapine, risperidone, olan-
zapine, and quetiapine.150−153

Acute Dystonia
Acute dystonia has the earliest onset of all the EPS symp-
toms. Most cases occur within the first few hours or days
after initiation or dose increase of antipsychotic medication.
Dystonia is characterized by sustained muscle contractions.
Common presentations of antipsychotic-induced dystonia in-
clude a sudden onset of brief or sustained abnormal pos-
tures, including tongue protrusion, oculogyric crisis (eyes
rolling back into head), trismus (spasm of the jaw), torti-
collis (torsion of the neck); opisthotonos (arching of back),
and unusual positions in the trunk, limbs, and toes. Laryngeal
dystonias are the most serious dystonias and are potentially
fatal. Risk factors for acute dystonia include younger age, male
gender, high dosage of high-potency typical antipsychotics,
and previous history of dystonia.58

The exact pathophysiology of acute dystonia is uncer-
tain. Conflicting theories describe either a hypodopaminer-
gic or hyperdopaminergic state after an antipsychotic-induced
blockade of postsynaptic dopamine receptors. Acute dystonia
likely is caused by dysregulation of the dopamine system and
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Table 78-10 Antipsychotic Relative Potency and Adult Dosing

Drug and Chemical Class Dose Equivalence Usual Starting Dose (mg/day) Acute Phase Dosage (mg/day) Maintenance/Stable Phase Dosage (mg/day)

Typical Agents–Phenothiazines

Aliphatic type
Chlorpromazine (Thorazine) 100 50–200 300–1,500a 150–800

Piperidine type
Thioridazine (Mellaril) 100 50–200 300–800 150–600

Piperazine type
Perphenazine (Trilafon) 10 4–16 32–64a 8–48
Trifluoperazine (Stelazine) 5 2–10 10–80 5–30
Fluphenazine (Prolixin) 2 2–10 5–80 2–20

Typical Agents–Nonphenothiazines

Thioxanthene
Thiothixene (Navane) 4 2–10 5–60a 5–30

Butyrophenone
Haloperidol (Haldol) 2 2–10 5–100 2–20

Dibenzoxazepine
Loxapine (Loxitane) 10 10–20 50–250c 25–100

Dihydroindolone
Molindone (Moban) 10 25–75 25–225 25–100

Diphenylbutylpiperidone
Pimozide (Orap) 1 1–2 10–30 2–6

Atypical Agents

Risperidone (Risperdal) 2 1–2 2–16 2–8
Clozapine (Clozaril) 50 12.5–25 150–900 150–600
Olanzapine (Zyprexa) 5 5–10 10–20 10–20
Quetiapine (Seroquel) 75 50–100 300–750 400–600
Ziprasidone (Geodon) 60 40–80 80–200 80–160
Aripiprazole (Abilify) 7.5 10–15 10–30 15–30
Paliperidone (Invega) 3 6 6–12 6–12

aDosages can be exceeded with caution, but high-dose therapy is rarely needed.
Compiled from references 57, 66, 80, 144, 151, 239, 241, and 256.

imbalance between neurotransmitter systems after acute an-
tipsychotic administration.154

10. J.P., a 19-year-old man, was brought to the psychiatric ED
because of assaultive behavior toward his mother. J.P. states he
struck her because the devil told him to do it. Trifluoperazine 5 mg
IM Q 4 to 6 hr PRN was started to control his assaultive behavior.
He received four IM injections over 24 hours and was converted to
15 mg PO HS. On day 2 of the admission he complained of a stiff
neck and protruding tongue. J.P. became very upset and wanted
to leave the hospital and never take these medications again. No
other medical conditions were noted. What evidence suggests that
J.P. is experiencing an acute dystonia reaction?

The sudden appearance of a stiff neck and a protruding
tongue in J.P. is consistent with acute dystonia. In addition,
J.P.’s young age, male gender, and use of a high-potency typical
antipsychotic agent also place him at high risk for experiencing
a dystonic reaction.

11. How should acute dystonia be treated in J.P.?

Acute dystonic reactions are sudden in onset, dramatic in
appearance, and can cause patients great distress. It requires
immediate treatment. The initial goal of treatment is to relieve

symptoms as soon as possible with either benztropine 1 to 2 mg
or diphenhydramine 25 to 50 mg by IM injection. Although the
IV route has a faster onset of action, it is not needed in J.P. be-
cause his reaction is not severe. If symptoms do not resolve
within 15 to 30 minutes, then the dose should be repeated. If
there are contraindications to the use of anticholinergic drugs,
lorazepam 1 to 2 mg IM can be used. J.P. must be reassured that
this is a temporary condition that can be prevented and treated.
To prevent another reaction, J.P. should be given oral anti-
cholinergic drugs in doses commonly used for pseudoparkin-
sonism for 2 weeks after this dystonic reaction.154

Parkinsonism
The clinical presentation of antipsychotic-induced parkinson-
ism includes bradykinesia or akinesia, which may be associ-
ated with decreased arm swinging, a masklike face, drool-
ing, decreased eye blinking, and soft, monotonous speech,
tremor, which is most commonly a rhythmic, resting tremor,
and rigidity of the extremities, neck or trunk (most identifiable
in the limbs as a “cogwheel” rigidity during passive motion).154

Antipsychotic-induced parkinsonism occurs in approximately
20% of patients treated with antipsychotic agents.58 Symp-
toms can occur at any time, but usually develop within 4 weeks
after antipsychotic initiation or a dose increase. Advanced age,
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Table 78-11 Common Rating Instruments for Schizophrenia
and Antipsychotics

Psychosis

Brief Psychiatric Rating Scale (BPRS)
Positive and Negative Symptom Scale for Schizophrenia (PANSS)
Scale for Assessment of Positive Symptoms (SAPS)
Scale for Assessment of Negative Symptoms (SANS)

Movement Disorders—Tardive Dyskinesia

Abnormal Involuntary Movement Scale (AIMS)
Dyskinesia Identification System Condensed User Scale (DISCUS)

Movement Disorders—Parkinsonism

Simpson Angus Scale for Extrapyramidal Symptoms

Movement Disorders—Akathisia

Barnes Akathisia Scale

antipsychotic dose and potency, and preexisting EPS are the
major risk factors for antipsychotic-induced parkinsonism.155

The Simpson Angus Rating Scale is used commonly to assess
the presence and severity of EPS (Table 78-11).156

Antipsychotic-induced parkinsonism (as well as idiopathic
Parkinson’s disease) is thought to be due to postsynaptic
dopamine receptor blockade in the nigrostriatal system, lead-
ing to an imbalance between the dopaminergic and cholinergic
systems. Reasons for the delay in onset between receptor block-
ade, which occurs within hours after initiating an antipsychotic,
and development of symptoms are not well understood.154

Atypical antipsychotics are the mainstay of the pharma-
cologic management of psychosis in patients vulnerable to
developing antipsychotic-induced parkinsonism. The reduced
parkinsonian liability of atypical antipsychotics has been as-
sociated with their limbic specificity, 5-HT2A blocking effects
and in some cases less D2 receptor blockade.89,92,97

12. S.B., a 46-year-old man, has a diagnosis of chronic undif-
ferentiated schizophrenia and was treated with loxapine 50 mg
TID with inadequate response. The dose cannot be increased due
to oversedation. Because of the incomplete response, S.B. was
switched to haloperidol 5 mg Q AM and 10 mg QHS. One week
after the switch, S.B. returns to the clinic complaining of feeling
“real slow.” He has a bilateral hand tremor that improves when he
picks up his coffee cup. Physical examination detected cogwheel
rigidity in both arms, although it was worse on the right side.
S.B. wants to be taken off this “bad” medication. What evidence
suggests that S.B. has antipsychotic-induced parkinsonism?

The onset of symptoms within 1 week of starting a new,
high-potency typical antipsychotic is the first clue to the pres-
ence of EPS. The “slow feeling” possibly is indicative of aki-
nesia, and S.B.’s bilateral tremor and cogwheel rigidity also are
features of antipsychotic-induced parkinsonism.

13. What antiparkinsonian drug could be selected for S.B., if
any?

In mild cases of antipsychotic-induced parkinsonism, im-
mediate intervention may not be required if the movement dis-
order is not bothersome to the patient. For troublesome cases, as
experienced by S.B., the simplest intervention is to reduce the

Table 78-12 Agents to Treat Antipsychotic-Induced
Parkinsonism and Akathisia

Medication Equivalent Dose (mg) Dose/Day (mg)

Anticholinergic

Benztropine (Cogentin)a 0.5 2–8
Biperiden (Akineton)a 0.5 2–8
Diphenhydramine (Benadryl)a 25 50–250
Procyclidine (Kemadrin) 1.5 10–20
Trihexyphenidyl (Artane) 1 2–15

Dopaminergic

Amantadine – 100–300

GABAminergic

Diazepam (Valium) 10 5–40
Clonazepam (Klonopin) 2 1–3
Lorazepam (Ativan)a 2 1–3

Noradrenergic Blockers

Propranolol (Inderal) – 30–120

aOral dose or IM injection can be used.

antipsychotic (haloperidol) dose to the lowest effective level. If
dose reduction is not possible, then an antiparkinsonian agent
can be added (Table 78-12).154

All anticholinergic antiparkinsonian agents are equally ef-
fective for antipsychotic-induced parkinsonism, although there
are differences in adverse effects and duration of action. Tri-
hexyphenidyl is the least sedating but more prone to abuse,
whereas diphenhydramine is the most sedating. Benztropine
has the longest duration and can be used once or twice a day if
needed, whereas the others have to be used three to four times a
day. Benztropine 1 mg twice a day orally could be initiated for
S.B. because he is likely too psychiatrically unstable to tolerate
a reduction in the haloperidol dose. The tremor, rigidity, and
akinesia should begin to resolve within the first few days of
treatment. Alternatively, a switch to an atypical antipsychotic
may negate the need for an antiparkinsonian drug in S.B.

14. Benztropine 1 mg BID is started one week later, all of S.B.’s
acute symptoms of parkinsonism have disappeared. How long
should benztropine be continued in S.B. now that his EPS are
resolved?

The long-term treatment of antipsychotic-induced parkin-
sonism with antiparkinsonian medication is controversial.154

The World Health Organization published a consensus state-
ment recommending that the prophylactic use of anticholin-
ergic medication in patients receiving antipsychotics should
be avoided or used only in cases where alternative strategies
have failed.157 For S.B., an attempt to taper and discontinue
the antiparkinsonian treatment should be initiated 6 weeks to
3 months after symptoms resolve. Unfortunately, as many
as 30% of patients chronically treated with typical antipsy-
chotics continue to experience parkinsonian symptoms.90 If
that should occur with S.B., he should be switched to an atyp-
ical agent.
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15. What risks are associated with long-term anticholinergic
treatment?

The risks of anticholinergics include constipation, dry
mouth leading to dental caries, and blurred vision. They can
also impair memory, especially in older patients. Some patients
develop tolerance to these adverse effects, but others do not,
even with chronic use. Patients sometimes abuse anticholiner-
gic medications for their mood-elevating and hallucinogenic
effects. Abuse may be confused with reluctance to discontinue
antiparkinsonian medication because of the fear of recurrent
EPS or ongoing symptoms.

16. One week after the benztropine was started, S.B.’s psychi-
atric symptoms began to respond to the haloperidol, but he devel-
oped acute urinary retention. Reduction of the benztropine dose
to 1 mg/day did not improve his urinary retention. What alter-
native treatments without anticholinergic effects are available to
manage S.B.’s pseudo-parkinsonian symptoms?

S.B. is just beginning to gain benefit from his haloperidol;
therefore, the haloperidol dose should not be reduced. Aman-
tadine, an antiparkinsonian medication that directly stimulates
postsynaptic dopamine receptors and restores the cholinergic
and dopaminergic balance in the nigrostriatum, would be a
reasonable alternative to benztropine in S.B. Amantadine is an
option for patients who cannot tolerate or who respond poorly
to anticholinergic drugs. It often is preferred in the elderly
because of the lower incidence of cognitive impairment. The
parkinsonian symptoms usually respond within 24 hours.

S.B. should be started on amantadine 100 mg twice a day
and benztropine should be discontinued. He should be moni-
tored to determine whether EPS reappear and his urinary re-
tention problem is corrected. S.B. also should be monitored for
the appearance of amantadine-associated, dose-related adverse
effects such as tremor, slurred speech, ataxia, depression, hal-
lucinations, rash, orthostatic hypotension, and insomnia. If he
cannot tolerate amantadine, or if amantadine does not control
his EPS, an atypical antipsychotic agent can be considered.

Akathisia
Akathisia is a syndrome consisting of subjective feelings of
restlessness or the urge to move and an objective motor com-
ponent expressed as a semipurposeful movement most often
involving the lower extremities (pacing, rocking, and an inabil-
ity to sit or stand in one place for extended periods of time).
Akathisia is observed in up to 50% of patients treated with
typical antipsychotics and ranges from 5% to 15% of patients
treated with atypical agents.58,158 Akathisia is often extremely
distressing to patients, is a common cause of medication non-
adherence and, if allowed to persist, can produce dysphoria
and possibly aggressive or suicidal behavior.58 It is often diffi-
cult to distinguish from psychomotor agitation and worsening
psychosis. Hence, the clinician must take care not to misdiag-
nose akathisia because an increase in antipsychotic dose could
worsen this adverse event. It usually develops within days to
weeks after initiating antipsychotic therapy.

The pathophysiology of akathisia is unclear, but much at-
tention has focused on two theories.154 One theory states that
the mesocortical postsynaptic dopamine blockade leads to in-
creased locomotor activity. An alternate theory claims that
akathisia is caused by dopamine antagonist-induced dysregula-

tion of noradrenergic tracts that project from the locus ceruleus
to the limbic system.

17. J.P. was diagnosed with paranoid schizophrenia. His acute
episode improved with trifluoperazine 15 mg HS, and he had no
other dystonic reactions. Two weeks later he became increasingly
agitated, began pacing the floor, was unable to sit or lie down for
longer than 10 minutes at a time, and subjectively had a feeling
that he described as “I have ants in my pants.” J.P. is observed
rocking back and forth from one foot to the other while standing in
line for his dinner. He has no symptoms of antipsychotic-induced
parkinsonism. Should the dose of trifluoperazine be increased?

J.P.’s symptoms of rocking, pacing, agitation, and the in-
ability to sit still are consistent with akathisia. Because his
psychiatric symptoms have improved and the new symptoms
developed within 2 weeks after the initiation of trifluoperazine,
a diagnosis of akathisia is more probable than unresponsive-
ness to the antipsychotic medication. Therefore, the trifluoper-
azine dose should not be increased because it can worsen the
akathisia.

18. How should J.P.’s akathisia be managed?

Akathisia is less responsive to treatment than are
antipsychotic-induced parkinsonism and dystonia.58 As an
initial approach to manage his akathisia, a small reduction
(5 mg/day) in his trifluoperazine dosage should be attempted.
If symptoms of his psychosis return or if the akathisia persists,
the addition of a β-blocking agent, an anticholinergic drug, or
a benzodiazepine can be considered.58,154 Propranolol would
be a recommended agent because there is a suggestion that its
efficacy and safety profile may be preferable compared with
other agents.159 Anticholinergic drugs are appropriate alterna-
tives if antipsychotic-induced parkinsonism is present. If his
symptoms do not improve in response to a dosage reduction
of his trifluoperazine within 1 week, J.P. should be started on
propranolol 20 mg three times a day, and the dose should be
increased by 20 mg every other day to a maximum of 120 mg, if
necessary.159 He has no contraindications to β-blocker therapy
and does not have antipsychotic-induced parkinsonism; there-
fore, antiparkinsonian agents (Table 78-12) are not preferred
over propranolol. If the akathisia persists after a trial of propra-
nolol 120 mg/day therapy for 1 week, benzodiazepines should
be tried or he should be switched to an atypical antipsychotic.

Tardive Dyskinesia (TD)
TD is a syndrome characterized by involuntary choreoathetoid
movements that occurs in individuals taking long-term antipsy-
chotics. The face (tics, blinking, grimacing), tongue (chewing,
protrusion, tremor, writhing), lips (smacking, pursing, puck-
ering), neck and trunk (torsion and torticollis), and limbs (toe
tapping, pill rolling, and writhing) are commonly involved. The
movements may be choreiform (rapid, jerky, nonrepetitive),
athetoid (slow, sinuous, continual), or rhythmic (stereotypic)
in nature.

TD occurs in approximately 20% of patients who receive
long-term treatment with typical agents.149 The cumulative an-
nual incidence is approximately 5% through the first 4 years
of treatment in an adult who receives typical antipsychotic
treatment.160 Advancing age is the most consistently observed
risk factor for the development of TD.161 The annual incidence
rates of developing TD are three- to fivefold higher in older
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patients compared with younger adults.162,163 Other risk factors
include higher mean daily and cumulative antipsychotic doses,
and presence of extrapyramidal signs early in treatment.162,163

Although there is some indication that the risk of TD may
be higher in women, nonwhites, patients with affective psychi-
atric disorders, and patients taking concomitant anticholinergic
agents, these findings have not been consistently observed.161

For most patients, TD does not seem to be progressive or
irreversible; it can be reversed with discontinuation of the an-
tipsychotic agent. The onset of symptoms tends to be subtle
with a fluctuating course.161 Most TD cases are relatively mild.
However, a portion of patients (5%–10%) may develop a form
of TD that is severe enough to impair functioning.164 Severe
oral dyskinesia may result in dental and denture problems that
can progress to ulceration and infection of the mouth as well
as muffled or unintelligible speech. Severe orofacial TD can
impair eating and swallowing, which in turn could produce
significant health problems. Gait disturbances owing to limb
dyskinesia may leave patients vulnerable to falls and injuries.

Although the exact cause of TD is unknown, dopaminer-
gic hypersensitivity, disturbed balance between dopamine and
cholinergic systems, dysfunction of GABAergic and noradren-
ergic systems and neurotoxicity via free radicals have been
proposed.149

19. C.M., a 31-year-old woman, was diagnosed with chronic
paranoid schizophrenia 9 years ago. She responds to antipsychotic
drugs, but has been hospitalized six times because of nonadher-
ence to her medications. She has taken loxapine, haloperidol, and
fluphenazine in the past and currently is being treated with tri-
fluoperazine 25 mg HS (decreased from 30 mg 1 month ago).
C.M. also has been taking trihexyphenidyl 2 mg TID for the past
5 years. Involuntary movements (including tongue protrusion, fre-
quent blinking, and writhing movements of her legs) were noted
during a recent evaluation. What data in C.M.’s history are con-
sistent with TD?

The 9 years of antipsychotic treatment and the symptoms
of tongue protrusion, blinking, and writhing leg movements
are consistent with TD. Long-term anticholinergic treatment
(trihexyphenidyl) also may contribute to the development of
C.M.’s abnormal movements.

20. C.M. has no history of abnormal movements and currently
has no EPS. What disorders or medications can produce symp-
toms similar to those of TD?

Tourette syndrome, dental problems, Huntington’s or
Sydenham’s chorea, chorea of pregnancy, and systemic lupus
erythematosus are among the disorders that have been associ-
ated with dyskinetic movements. Medications such as meto-
clopramide, amoxapine, bromocriptine, levodopa/carbidopa,
and pramipexole165 also can cause TD. Spontaneous dyskine-
sia resembles TD but can occur in patients without previous
exposure to antipsychotic medications.161 This form of abnor-
mal movement is noticeably more common in elderly patients.
A baseline dyskinesia rating is essential before treating elderly
patients with antipsychotic medications to avoid the potential
diagnostic dilemma of differentiating spontaneous dyskinesia
from antipsychotic-induced TD.

TD varies in severity and presentation and is reversible in
many cases; therefore, rating scales are needed to standardize
assessments (Table 78-11). A temporal relationship between

an antipsychotic dose change and movement severity should
be evaluated when performing assessments. An increase in
the antipsychotic dose can clinically suppress the symptoms,
whereas a decrease in dose can transiently unmask the move-
ments often called “withdrawal dyskinesia.”165 For example,
the movements C.M. is exhibiting may have worsened as a
result of the recent dose reduction in trifluoperazine. On the
other hand, a dose increase may produce a temporary lessen-
ing of movement severity. Patients taking long-term antipsy-
chotics should be evaluated for TD every 3 to 6 months us-
ing a standardized rating scale (Table 78-11). Findings always
should be documented in patient records to ensure continuity
of care.

21. C.M. is diagnosed with antipsychotic-induced TD. How
should C.M.’s TD be managed?

Management of TD should focus first on prevention. That
is, antipsychotic drugs must be reserved to treat conditions
known to respond (e.g., psychotic disorders such as schizophre-
nia, major depression with psychotic features, schizoaffective
disorder), and the total dose and duration of treatment should
be minimized. Because C.M.’s long-term exposure to antipsy-
chotics is the likely cause of her TD, discontinuation of her
trifluoperazine would be the ideal treatment. Unfortunately,
she has experienced multiple recurrent psychotic episodes and
requires lifetime treatment with antipsychotics. Because of the
reduced TD liability with atypicals, C.M. should be switched
to an atypical agent.150−153 It has been recommended that an
atypical antipsychotic be used for mild TD symptoms, and that
clozapine be considered when TD is severe or distressing to
the patient.150,166 Rapid reduction in the dose of trifluoperazine
must be avoided to prevent severe withdrawal dyskinesias, but
her dose should be slowly reduced as an atypical antipsychotic
is titrated to the lowest effective dose. This minimizes both her
exposure to antipsychotic medications and her corresponding
dyskinesia risk. Trihexyphenidyl should also be discontinued
because of its possible contribution to TD. Because C.M. has
already been diagnosed with TD, an evaluation of the risks
and benefits of continued antipsychotic treatment must be dis-
cussed with her and documented in the chart.

22. Are there other medications for treating T.D.?

A number of other agents have been studied for their poten-
tial therapeutic effects on TD. Drugs that augment GABA neu-
rotransmission (e.g., diazepam, clonazepam, valproic acid),
adrenergic drugs (propranolol, clonidine) and free-radical
scavengers (vitamin E) have all been used, with limited or
inconsistent results.160,167,168 These agents may be useful as
adjunctive treatments when TD persists despite the use of atyp-
ical agents.

ANTICHOLINERGIC EFFECTS
Anticholinergic effects are more significant with low-

potency typical antipsychotics, and with the atypical agents,
clozapine and olanzapine. Clinically, patients complain of con-
stipation, urinary retention, and dry eyes, mouth, and throat.
Dry mouth and throat can cause several additional problems,
including dental caries and weight gain if thirst is satisfied
with high-sugar drinks. Oral fungal infections can also occur
if gum or liquids with high sugar content are regularly con-
sumed. The most serious complications from medications with
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anticholinergic properties are delirium and adynamic
ileus.169,170 Interestingly, clozapine causes significant hyper-
salivation despite its anticholinergic effects. The mechanism
is unknown, but it may be caused by clozapine’s augmenta-
tion of the adrenergic receptors that control salivation.171 Drug
therapy with benztropine, amitriptyline, and clonidine may al-
leviate hypersalivation; however, these agents are not effec-
tive in all patients and when they are beneficial tolerance may
develop. Although anticholinergic effects are a minor prob-
lem with high-potency typical agents, some patients may still
have problems when anticholinergic antiparkinsonian agents
are added to treat EPS.

CARDIOVASCULAR EFFECTS
Orthostatic Hypotension
Antipsychotic drugs can cause a variety of cardiovascular com-
plications, but the most common problem is orthostasis from
α1-adrenergic blockade. Low-potency typical agents and atyp-
ical antipsychotics pose the greatest risk for producing ortho-
static hypotension. Orthostasis is most likely to occur during
the first few days of treatment or when increasing the dose
of medication. Although tolerance usually occurs within 2 to
3 weeks, orthostasis necessitates slow dose titration early in
treatment for patients who are particularly prone to this side
effect (e.g., the elderly).

Tachycardia
Tachycardia may occur as a result of the anticholinergic effects
of antipsychotic medications on vagal inhibition, or secondary
to orthostatic hypotension.58 Clozapine produces the most pro-
nounced tachycardia. If tachycardia is sustained or becomes
symptomatic, low doses of a β-blocker such as atenolol or
propranolol can be useful once an ECG has ruled out other
medical causes.

Electrocardiographic Changes
ECG changes such as prolongation of the QT and PR inter-
vals, ST-segment depression and T-wave flattening have been
observed with antipsychotics.172 The most clinically important
of these potential changes is prolongation of the QTc interval
(which is the QT interval adjusted for heart rate) and has drawn
the attention of the FDA. QTc prolongation may lead to the de-
velopment of ventricular tachyarrhythmias such as torsades de
pointes and ventricular fibrillation, which can cause syncope,
cardiac arrest, or sudden cardiac death. All antipsychotics have
the potential to prolong the QTc interval to varying degrees. In
2000, Pfizer in consultation with the FDA, completed a study
in which the QTc intervals of patients taking several antipsy-
chotics, at usual therapeutic dosages and in the presence of a
metabolic inhibitor, was compared (Fig. 78-2).173 Thioridazine
was shown to prolong the QTc interval at least 20 msec longer
than haloperidol, risperidone, olanzapine, or quetiapine. This
led to a boxed warning on the FDA-approved product labeling
stating that thioridazine has been shown to prolong the QTc
interval in a dose-related manner and its use should be limited
to patients who cannot be managed on other antipsychotics.
In the same study, ziprasidone prolonged the QTc interval 5
to 15 msec longer than did haloperidol, risperidone, olanzap-
ine, or quetiapine. Unlike thioridazine, the ziprasidone effects
were not dose related. The exact point at which QTc prolon-
gation becomes clinically dangerous is unclear. Because most
reported cases of torsades de pointes have appeared in indi-
viduals with a QT interval >500 msec, discontinuation of the
suspected offending agent has been recommended if the in-
terval consistently exceeds 500 msec. It is important to note
that no patients in this study had QTc intervals exceeding 500
msec or arrhythmias. Despite the fact that no increased risk
of arrhythmia or sudden death has been demonstrated with
ziprasidone, caution is warranted in patients with some types
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of cardiac disease and with an uncontrolled electrolyte distur-
bance. The coprescription of ziprasidone with other drugs that
prolong the QT interval should be avoided. Under most clin-
ical circumstances, however, ziprasidone may be safely used
without ECG monitoring or other special precautions.

METABOLIC EFFECTS
Hyperprolactinemia
Antipsychotic-induced hyperprolactinemia has come to the
forefront because of differences found among the atypical
agents. Before the introduction of the atypical agents, prolactin
elevation was unavoidable because all typical antipsychotics el-
evate serum prolactin by blocking the tonic inhibitory actions
of dopamine in the tuberoinfundibular tract.174 Among the
atypical agents, risperidone and, to a lesser extent, olanzapine
produce a dose-related increase in prolactin levels that is equal
to or greater than that seen with typical antipsychotics.175,176

The remaining atypical agents have little impact on serum pro-
lactin levels.175 Hyperprolactinemia is of clinical importance
because it may lead to galactorrhea, gynecomastia, amenor-
rhea, anovulation, impaired spermatogenesis, decreased libido
and sexual arousal, and anorgasmia.177 Interestingly the hyper-
prolactinemia is not always associated with clinical symptoms.
For example, Kleinberg et al.176 failed to find an association
between sexual dysfunction and risperidone-associated hyper-
prolactinemia. This may be a product of the multifactorial na-
ture of sexual dysfunction or methodologic limitations in data
collection. Patients often do not spontaneously report symp-
toms of sexual dysfunction and clinicians must remember to
ask about these potential side effects.175

Weight Gain
Weight gain is emerging as one of the most significant concerns
associated with the use of antipsychotics, particularly among
the atypical agents. The mechanism of antipsychotic-induced
weight gain is unclear, but antagonism of histamine H1 and
serotonin 5-HT2C receptors has been implicated.178 A genetic

predisposition exists for weight gain; a mutation in the 5-HT2c
receptor gene may increase risk for weight gain from atypical
antipsychotics. No genetic tests exist to predict which patients
will gain weight from the atypical antipsychotics.179,180 An-
other theory is the potential decreased signaling of two sero-
tonin receptors, 2A and 2C, increased calorie intake and ap-
petite, and/or decreased metabolic rate.180,181 The higher the
binding affinity to the histaminergic receptor, the more that
agent is likely to be associated weight gain.180 Among the
atypical agents, weight gain is most common with clozapine
and olanzapine, lowest with ziprasidone and aripiprazole, and
intermediate with risperidone and quetiapine.182 In a meta-
analysis, Allison et al.183 found that the estimated weight gain
at 10 weeks of therapy was greater with clozapine (4.45 kg) and
olanzapine (4.15 kg) relative to risperidone (2.1 kg) and ziprasi-
done (0.04 kg), as illustrated in Figure 78-3. Moderate short-
term weight gain has been demonstrated with quetiapine and is
minimal with aripiprazole.98,184 Similarly, clozapine and olan-
zapine have the largest associated weight gain with long-term
treatment.184 The weight gain observed with clozapine and
olanzapine is not dose dependent and plateaus 6 to 12 months
after treatment initiation.185,186 However, other authors suggest
that antipsychotic-associated weight gain plateaus within the
first several months of treatment with risperidone, quetiapine,
and ziprasidone can continue over several years for clozap-
ine and olanzapine.175 The issue of weight gain has important
clinical implications in light of the link with impaired glucose
tolerance and type II diabetes, hyperlipidemia, and increased
mortality.58,187−190 Patients who had no weight gain due to
atypical antipsychotics can still develop diabetes mellitus. In
a case review of 45 patients who developed or had worsen-
ing of their diabetes, nearly 50% had no weight gain. Atypical
antipsychotics may impair insulin sensitivity or glucose regu-
lation independent of weight gain, although the true reason for
diabetes is still unknown.179,181

Cardiovascular disease is the leading cause of death among
patients with schizophrenia.191 On average, patients with
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Table 78-13 Monitoring Protocol for Atypical Antipsychoticsa

Baseline Week 4 Week 8 Week 12 Quarterly Annually Every 5 years

Personal/Family history X X
Weight (BMI) X X X X X
Waist circumference X X
Blood pressure X X X
Fasting plasma glucose X X X
Fasting lipids profile X X X

aMore frequent assessments may be warranted based on clinical status.
Compiled from references 219 and 220.

schizophrenia live 20% shorter than the general population.
They commit suicide up to 20 times more than the general
population; and patients with schizophrenia specifically aged
25 to 44 years old, are three times more likely to die com-
pared with the general population. This number has continued
to increase as patients are no longer institutionalized.179

23. L.A., a 45-year-old woman with chronic paranoid schizo-
phrenia, had been managed successfully with haloperidol for
many years. She subsequently developed TD and was switched
to olanzapine 20 mg HS. Before initiation of olanzapine 4 months
ago, L.A. was 54 and weighed 132 lb. She has responded well to
the olanzapine; however, she now weighs 148 lb. Can L.A.’s weight
gain be attributed to olanzapine?

Weight gain has been reported with typical antipsychotics,
but even greater weight gain has been seen with atypical
agents such as clozapine and olanzapine, and to a lesser extent,
risperidone and quetiapine.182−184 The cause of antipsychotic-
induced weight gain is multifactorial and may include a change
in food preferences, increased food or fluid intake, carbo-
hydrate craving, or a lack of activity. Blockade of the his-
tamine and 5-HT2C receptors are also contributory. H1 block-
ade causes sedation that may produce inactivity. H1 blockade
may also increase weight by interfering with normal satiety
signals from the gut, resulting in overeating. Evidence for a
role of 5-HT2C antagonism is derived indirectly from appetite-
suppressing drugs, such as fenfluramine, which are thought to
act via 5-HT agonism.192

L.A.’s weight gain should be taken seriously because it
may contribute to medical conditions such as diabetes, hy-
perlipidemia, coronary artery disease, gastrointestinal disor-
ders, cancer, and hypertension.193,194 A significant weight gain
may cause her to have a poor self-image, which may lead
to treatment nonadherence. Obese patients with schizophre-
nia are 2.5 times more likely to discontinue their medication
than nonobese patients.194 She should be enrolled in a weight
management program. If a patient gains 5% or more of their
pretreatment body weight, switching to another antipsychotic
should be considered.195 For L.A., switching to another an-
tipsychotic with lower weight gain liability may be considered;
however, this decision must be balanced against her current
positive response to olanzapine.

24. How should the potential metabolic complications associ-
ated with antipsychotics be monitored?

Although the risk of TD seems to be significantly re-
duced with the use of atypical antipsychotics, there is con-

cern regarding other long-term side effects with these agents
including impaired glucose tolerance, type 2 diabetes, and
hyperlipidemia.175,187

L.A. should be informed about these potential complica-
tions. The routine monitoring of weight, fasting glucose lev-
els, and lipid panels have been recommended and appropri-
ate therapeutic options should be initiated if abnormalities are
observed.175,187 Guidelines have been created for the monitor-
ing of metabolic issues associated with atypical antipsychotic
use (Table 78-13). At baseline, a personal and family medical
history should be obtained, as well as height and weight (to
determine body mass index), waist circumference, BP, fast-
ing plasma glucose, and a fasting lipid panel.195,196 Fasting
blood glucose and lipid levels, as well as BP measurements,
should be completed 3 months after drug initiation, then every
year if the patient is within normal limits.195,196 Weight should
be reassessed at weeks 4, 8, and 12, then quarterly, after drug
initiation.195,196 L.A. should be encouraged to self-monitor her
weight and report any significant weight fluctuations. Subjec-
tive evidence of a weight change may include a change in
clothes or belt size. In addition, she should be routinely mon-
itored for the presence of diabetic symptoms (e.g., polyuria,
polydipsia) at every clinic visit.

NEUROLEPTIC MALIGNANT SYNDROME

25. C.B., a 25 year-old man, was hospitalized with the diagno-
sis of schizophrenia, paranoid type, and was started on loxapine
25 mg HS. After 2 days of therapy, C.B. became rigid, seemed
confused at times, and had a fever of 41◦C. A diagnosis of neu-
roleptic malignant syndrome (NMS) was made. What features of
this syndrome does C.B. have and how should it be treated?

NMS is a rare but potentially lethal adverse effect of antipsy-
chotic therapy. The risk of NMS seems to be lower for atypical
agents than for typical agents.143 However, cases of NMS have
been linked to treatment with clozapine, risperidone, olanzap-
ine, quetiapine, ziprasidone, and aripiprazole.197−203

NMS can occur hours to months after the initial drug ex-
posure, and the mortality rate is reported to be as high as
20%.58 The incidence is estimated at between 0.02% and
3.23% of patients taking typical antipsychotic drugs.204 The
cardinal features include muscular rigidity, hyperthermia, au-
tonomic dysfunction, and altered consciousness. Extrapyrami-
dal dysfunction (e.g., rigidity) and akinesia usually develop ini-
tially or concomitantly with a temperature elevation as high as
41◦C. Autonomic dysfunction includes tachycardia, labile BP,
profuse diaphoresis, dyspnea, and urinary incontinence. The
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patient’s level of consciousness may vary from alert to mutism,
stupor, and coma. Other neurologic findings include sialorrhea,
dyskinesia, and dysphagia. Symptoms usually develop rapidly
over 24 to 72 hours. Creatine kinase, CBC, and LFTs are usu-
ally increased.

C.B.’s fever of 41◦C, rigidity, and confusion are consis-
tent with NMS. C.B.’s loxapine should be discontinued and
supportive measures initiated to treat hyperthermia and pre-
vent dehydration (e.g., antipyretics, a cooling blanket, and IV
fluids).205 Secondary complications such as pneumonia and
renal failure should be managed as they develop.

If C.B.’s condition does not show a trend toward improve-
ment or worsens after 1 to 3 days of observation and supportive
therapy, a number of additional pharmacologic interventions
should be considered.205 NMS has been attributed to dopamine
depletion caused by neuroleptic drug blockade of dopamine
pathways in the basal ganglia and hypothalamus. For that rea-
son, dopamine agonists such as amantadine or bromocriptine
sometimes are beneficial. Dantrolene relaxes skeletal muscle
and is specifically recommended for severe hyperthermia. C.B.
should be started on dantrolene 50 mg four times daily and ei-
ther bromocriptine 2.5 mg three times daily or amantadine
100 mg three times daily to accelerate reversal of his
condition.206 If he is unable to take oral medications, 1.25 to
1.5 mg/kg IV dantrolene should be used.

NMS is self-limiting and usually lasts 2 to 14 days after the
oral antipsychotic is discontinued, or longer after discontinu-
ation of depot medications. C.B.’s response to therapy can be
assessed by frequently monitoring his vital signs and by mea-
suring creatine kinase daily. After several weeks of recovery,
treatment may be cautiously resumed with another atypical
antipsychotic.205,207

SEDATION
Sedation can occur with any antipsychotic agent; however,

it is most pronounced with the low-potency typical agents and
with clozapine and quetiapine. Sedation at the beginning of
treatment may be desirable for anxious or aggressive patients.
However, persistent sedation during long-term treatment may
adversely affect daily functioning and quality of life. Most
patients develop some tolerance to these sedating effects over
time, but it can be minimized by reducing the dose or shifting
administration to bedtime.

HEPATIC DYSFUNCTION

26. A.S., a 24-year-old woman, is brought to the hospital be-
cause of unusual behavior and violence toward her mother. A.S.
is diagnosed with schizophrenia, paranoid type, acute exacerba-
tion. Quetiapine 25 mg BID was prescribed initially and the dose
gradually increased until 200 mg TID was achieved. Her baseline
laboratory tests (CBC with differential, a chemistry profile that
included LFTs, and serum electrolytes) were within normal lim-
its. The same tests were repeated 10 days after her psychosis was
under evaluation. The aspartate aminotransferase and alanine
aminotransferase are now 2.5 times normal, but she has no GI
complaints or medical problems. Should quetiapine be discontin-
ued at this time?

Benign elevations in LFTs (i.e., increases in aspartate
aminotransferase or alanine aminotransferase less than two
to three times normal) have long been reported early in the
course of therapy with most antipsychotic drugs.34,66,85 Such

increases are rarely problematic; thus, no routine assessment
of liver function in mandated by the FDA.

A more specific hepatic complication, cholestatic jaundice,
has been associated with certain antipsychotic agents. The
phenothiazines, especially chlorpromazine, have been impli-
cated. Most cases develop within the first month of therapy
and usually are preceded by prodromal symptoms of fever,
chills, nausea, upper gastric pain, malaise, and pruritus. Dis-
continuation of the phenothiazine and symptomatic care are
the primary modes of treatment because the cholestatic jaun-
dice generally is self-limiting and usually resolves within 2 to
8 weeks. Occasionally, a more chronic course may develop.
Once the signs and symptoms have resolved, an alternate class
of antipsychotic, preferably a nonphenothiazine, should be
prescribed.

The LFTs in A.S. are only modestly abnormal, and she is
not experiencing symptoms of hepatotoxicity or cholestatic
jaundice. Therefore, quetiapine should be continued. Routine
laboratory monitoring of LFTs does not prevent drug-induced
cholestatic jaundice; thus, no follow-up laboratory tests are
required unless symptoms of hepatic dysfunction develop.
Awareness and evaluation of A.S. for prodromal symptoms
is the most appropriate action at this time.

OCULAR EFFECTS

27. Are there any additional baseline tests that should have been
performed on A.S. before starting quetiapine?

The ocular effects of antipsychotic agents are well recog-
nized and are generally of minor clinical consequence. Corneal
and lens changes have been reported with several phenoth-
iazines and thiothixene. Chlorpromazine is the most commonly
implicated, with the risk being greatest with long-term, high-
dose exposure (1–3 kg lifetime dose).208

If A.S. has not yet had a slit-lamp evaluation, an ophthal-
mologist should evaluate her as soon as possible. A 6-month
follow-up examination is also indicated. Quetiapine should
probably be discontinued if lens changes were noted on any
of the examinations.

TEMPERATURE DYSREGULATION AND DERMATOLOGIC EFFECTS

28. N.M., a 27-year-old man, recently was diagnosed with undif-
ferentiated schizophrenia and was stabilized with chlorpromazine
400 mg HS during a 3-month stay in an inpatient unit. N.M. has
continued chlorpromazine 400 mg HS as an outpatient and has
done so well that he is ready to return to work as a laborer at a
construction site. What precautions should he take when working
outside?

N.M. should be advised to wear a hat when working outside,
drink fluids, stay in the shade as much as possible, and seek a
cooler environment if he feels hot. Antipsychotics can cause
temperature dysregulation, likely by inhibiting hypothalamic
temperature regulation. The net result is poikilothermia (the
normal body temperature cannot respond to heat or cold, and
patients become hypothermic or hyperthermic, depending on
the surrounding temperature).209 The strong anticholinergic
effects of N.M.’s chlorpromazine can impair cutaneous heat
elimination and further exacerbate the problem. Olanzapine
and clozapine also have strong anticholinergic properties, ne-
cessitating caution for patients exposed to excessive heat.
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N.M. should also be advised to use a sunscreen with max-
imum sun protection factor, along with protective clothing
because chlorpromazine-induced photosensitivity can predis-
pose him to severe sunburns. The tricyclic structure of some
antipsychotic drugs absorbs ultraviolet rays, producing free
radicals that damage skin. Chlorpromazine is the most com-
mon cause of photosensitivity, but it can occur with all phe-
nothiazines and with thiothixene.209

Other dermatologic reactions can occur with antipsychotics,
and N.M. should be advised to report any skin abnormalities
to his physician. Dermatitis, presenting with a maculopapular
rash on the face, neck, and upper chest, occurs in approxi-
mately 5% of patients shortly after starting chlorpromazine.
Localized or generalized urticaria also can develop. Antihis-
tamines usually provide adequate relief, but the antipsychotic
agent may have to be discontinued in severe cases. The rash
rarely reappears after resumption of treatment.

SEIZURES

29. R.A., a 26-year-old woman recently diagnosed with chronic
paranoid schizophrenia, is brought to the hospital after assaulting
a neighbor. She presents in an acute psychotic state and has not
calmed down since entering the hospital. She has struck two staff
members on the psychiatric unit. R.A. has had generalized tonic–
clonic seizures since age 14 and currently is taking carbamazepine
300 mg TID (serum concentration on admission is 8.2 mg/mL).
R.A. has not been taking any antipsychotic medications and has
been seizure free for 1 year. She needs acute treatment with an
antipsychotic because of her dangerous behavior. How should an
antipsychotic be initiated to treat her schizophrenia in light of her
seizure disorder?

Antipsychotic drugs can lower the seizure threshold, pro-
ducing seizures in patients who previously were seizure free.
Seizures are most common with low-potency typical antipsy-
chotics and clozapine.58 Clozapine-induced seizures are dose
related. The seizure rate is approximately 1% at doses be-
low 300 mg/day, 2.7% at doses between 300 and 600 mg/day,
and 4.4% at doses above 600 mg/day.210 Because R.A. is cur-
rently a danger to herself and to others, the benefits of an-
tipsychotic treatment outweigh the risks. Strategies to min-
imize the risk of seizures should be employed and include
slow dose titration, use of lowest effective doses, and pos-
sible concurrent administration of an antiepileptic drug (e.g.
carbamazepine).211

Haloperidol, an agent with a low risk for causing seizures,
is a good selection. An initial dose of 5 mg PO or 2.5 mg IM
should be given immediately, and additional dosages should
be carefully administered until the psychosis resolves or she
is no longer dangerous. The decision to use scheduled or
as-needed medications should be based on whether she re-
mains dangerous after a few immediate doses and the under-
lying cause of the psychosis. Supplemental benzodiazepines
may be used to avoid high doses of haloperidol. If neces-
sary, R.A.’s carbamazepine dose should be adjusted to main-
tain good seizure control and serum concentrations should
be monitored. Carbamazepine (and other enzyme-inducing
antiepileptic drugs) can influence the hepatic metabolism of
antipsychotic agents. R.A. should be monitored for recurrent
symptoms of schizophrenia if her carbamazepine dosage is
increased.

SEXUAL DYSFUNCTION

30. K.J., a 24-year-old man with chronic paranoid schizophre-
nia, was rehospitalized for an acute exacerbation secondary to
nonadherence with thioridazine 400 mg HS. During the medica-
tion history, it is discovered that he stopped taking thioridazine
because he lost his interest in sex. When he tries to have inter-
course, he experiences delayed ejaculation. About a week after
stopping the thioridazine he is able to have a normal ejaculation.
How does thioridazine contribute to K.J.’s sexual dysfunction?

Thioridazine is recognized as the most common cause of
antipsychotic-induced sexual dysfunction.212 Sexual side ef-
fects such as diminished libido, impaired arousal, and erec-
tile and orgasmic dysfunction, however, have also been re-
ported with both other typical agents and atypical agents.175

The causes of antipsychotic-induced sexual dysfunction are re-
lated to a number of factors including hyperprolactinemia via
dopamine blockade, α-adrenergic blockade, and anticholiner-
gic and sedative effects.213 Impaired sexual function has also
been observed in untreated patients with schizophrenia, mak-
ing the distinction between drug-induced and disease-induced
symptoms difficult.214 K.J.’s sexual dysfunction likely is re-
lated to the thioridazine because the symptoms resolved after
he stopped the medication. Lowering the dose of thioridazine
or converting him to another antipsychotic with less influence
on sexual function may be helpful, although no reliable evi-
dence is available to indicate which drugs are least likely to
cause sexual dysfunction.

Predictors of Medication Response
As a general rule, antipsychotic agents should be initiated and
titrated over the first few days to an average effective “tar-
get” therapeutic dose unless the patient’s physiological status
or history indicates that this dose may result in unacceptable
adverse events.215 After 1 week on the “target” dose, a mod-
est dosage increase (within the recognized therapeutic range)
may be considered if minimal or no improvement has been ob-
served. In instances in which symptoms improve after the dose
is increased, it may be difficult to know whether the response
resulted from the dose change or from additional days on the
drug. The duration of a therapeutic trial is 3 to 8 weeks in pa-
tients with little to no response, and 5 to 12 weeks in patients
with a partial response.166,215 Dosing recommendations for the
antipsychotics are provided in Table 78-10.

Factors to Consider When Evaluating a Poor Response
A large proportion of patients with schizophrenia do not have
an adequate response to antipsychotic therapy. Inadequate re-
sponse may be caused by inadequate dosing, poor adherence,
or true resistance to antipsychotic treatment.216 Some of these
factors can be addressed. In some patients, the therapeutic an-
tipsychotic dose cannot be reached because of intolerable side
effects. As mentioned, a therapeutic trial of 3 to 12 weeks at
an optimal dosage may be necessary to determine the full ben-
efit from an antipsychotic agent. Nonadherence with medica-
tions is a common obstacle in the management of schizophre-
nia, even in supervised settings. Blood level monitoring may
be helpful to identify nonadherent patients as well as those
in whom a pharmacokinetic factor may account for a poor
response (e.g., poor drug bioavailability, rapid metabolizer,
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concomitant use of a metabolism-inducing agent). Therapeutic
ranges of some antipsychotics are provided in Table 78-9.

A single definition of treatment resistance does not exist,
but factors to consider in this definition include chronic or re-
peated hospitalizations, persistent positive symptoms, lack of
improvement in negative symptoms, and breakthrough symp-
toms despite adherence to treatment.216 Guidelines for deter-
mining treatment resistance have been proposed and include
at least two prior drug trials of 4 to 6 weeks duration at 400
to 600 mg chlorpromazine (or equivalent, i.e., 8–12 mg of
risperidone) with no clinical improvement, >5 years without
a sustained period of good social or occupational functioning,
and persistent psychotic symptoms.216,217

Several strategies have been proposed if a change in antipsy-
chotic medication is necessitated by side effects or insufficient
efficacy.140 These include an abrupt switch (abrupt cessation
of the current drug, with abrupt introduction of the new one at
the expected therapeutic dose), a gradual switch (slow down-
ward adjustment of the dosage of the current medication, with
slow upward adjustment of the dosage of the new drug) or an
overlapping switch (abrupt introduction of the new medication
overlapping with the current medication, followed by down-
ward adjustment of the dosage of the previous medication).
None of these strategies has been demonstrated to be superior
to another in terms of efficacy or safety, and the switch strategy
depends on the clinical presentation.

31. M.S., a 24-year-old man, was brought to the ED by the police
because voices told him to strike his mother. His medical workup
and urine drug screen were negative. M.S. has a diagnosis of
schizophrenia, undifferentiated type, and has been hospitalized
four times in the last 2 years secondary to poor adherence to
his prescribed medication. He has had the same presentation on
all previous hospitalizations. During his last hospitalization, M.S.
was stabilized on thiothixene (Navane) 20 mg orally at bedtime
without any signs of adverse effects. How can IM depot therapy
decrease readmissions, and how do we determine if M.S. is a good
candidate for IM depot therapy?

M.S.’s history suggests that he is a good candidate for de-
pot therapy. He responds to typical antipsychotics, but relapses
owing to nonadherence. He should be able to tolerate higher po-
tency antipsychotics because he has tolerated moderate doses
of thiothixene. The patient should also be asked whether he is
willing to take injections before proceeding with this strategy.

Conversion From Oral to Depot Therapy

32. How could M.S. be converted from oral therapy to depot
therapy?

For patients such as M.S. who have never taken risperi-
done, haloperidol, or fluphenazine (the currently available
long-acting depot forms of antipsychotics), an oral trial lasting
several days to weeks is needed before conversion. The trial is
necessary to ensure tolerability, evaluate response, and, when
possible, determine the minimum effective dose.

Various formulas to convert from oral formulations to the
decanoates have been proposed, but no method has been proved
clinically superior. Clinicians should strive to use the longest
dosing interval between injections and minimize the duration
of combination oral and depot therapy. Careful evaluation of

both tolerance and response is required for several months after
initiating depot therapy.

FLUPHENAZINE DECANOATE CONVERSION
After stabilizing the patient on oral fluphenazine, multiply

the total daily fluphenazine oral dose by 1.2 and administer
as fluphenazine decanoate IM every 1 to 2 weeks.218 Alter-
natively, 12.5 mg of fluphenazine decanoate can be adminis-
tered IM every 1 to 2 weeks for every 10 mg (rounding to the
nearest 10-mg increment) of oral fluphenazine per day (e.g.,
25 mg/day PO rounded to 30 mg/day and given as 37.5 mg
of decanoate).219 The decanoate dosing interval may be in-
creased to every 3 weeks after 4 to 6 weeks of therapy because
of fluphenazine accumulation. There are no specific guidelines
for the continuation of oral therapy after initiating the depot
formulation; however, combination oral and IM therapy should
be limited to the initiation period (1–4 weeks) or during times
of decompensation.

HALOPERIDOL DECANOATE CONVERSION
Elderly patients or those stabilized on <10 mg of oral

haloperidol per day should receive haloperidol decanoate in
an IM dose that is 10 to 15 times the oral daily dose ev-
ery 4 weeks. If higher oral doses are needed for stabiliza-
tion, then the first decanoate dose should be 15 to 20 times
the oral daily dose to a maximum of 450 mg.220 The first in-
jection of haloperidol decanoate should not exceed 100 mg.
If more is required, the balance of the dose can be given in
an additional one to two injections (provided that there are
no EPS) over 3 to 7 days. Because haloperidol accumulates,
the monthly decanoate dose should be decreased every 3 to 4
months by 25% until a minimum effective dose is achieved.
Most patients can be effectively managed with a maintenance
dose of 50 to 200 mg every 4 weeks.166 Guidelines for con-
comitant oral therapy remain unclear and should be based on
response and adverse effects, with the goal of depot alone after
the first month of treatment if the aforementioned strategy is
used.218

Using these guidelines, M.S. should be converted from thio-
thixene 20 to 10 mg of oral haloperidol per day (Table 78-
10). Oral haloperidol should be continued alone for at least
1 week, until M.S. is stabilized. Once stabilization with oral
haloperidol has occurred, haloperidol decanoate 100 mg IM
can be administered. This can be followed with 50 mg IM
3 days later if no adverse effects are noted after the first injec-
tion. The total initial dose is 150 mg every 4 weeks (15 times
the oral dose). A 200-mg total dose is also acceptable if the
clinician believes the patient needs more drug. No oral med-
ication is needed after the second injection and should only
be given if M.S. shows signs of decompensation. M.S. should
be monitored carefully for extrapyramidal side effects and re-
sponse. M.S. should receive haloperidol decanoate 150 mg IM
every 4 weeks with the dose adjusted according to response
and tolerance; the dose can be decreased after 3 to 4 months
because of drug accumulation.

LONG-ACTING RISPERIDONE FORMULATION
It is recommended that patients establish tolerability with

oral risperidone prior to initiating treatment with Risperdone
CONSTA. In published clinical trials, IM doses of 25, 50, or
75 mg have been administered at 2-week intervals.141,142 The
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recommended dose is 25 mg IM every 2 weeks. Oral therapy
of risperidone should be continued for 2 to 3 weeks after the
first IM injection and then discontinued.

Inadequate Response

33. J.H., a 33-year-old man, was diagnosed with chronic para-
noid schizophrenia at age 21 and has been hospitalized 15 times
because of his illness. He repeatedly presents in a paranoid and
hostile state complaining of auditory hallucinations and paranoid
delusions in which the police and the people in his apartment
building are trying to kill him. His symptoms have prevented him
from obtaining employment, and he has no close friends. He has
been treated with fluphenazine 20 mg HS and perphenazine 48 mg
HS, but has had only a partial response to each medication. After
each discharge, J.H. stays out of the hospital for approximately
6 months, then relapses, even with good adherence. He currently
is taking haloperidol 15 mg HS with only minimal improvement
after 2 months of treatment. What can be done to improve his
response?

J.H. meets criteria for treatment-resistant schizophrenia,
and clozapine is the “gold standard” for the treatment of this
type of patient.216 However, considering the risk of agranu-
locytosis, the burden of side effects, and the requirement of
white blood cell (WBC) monitoring associated with cloza-
pine therapy, one of the other atypicals should be tried before
proceeding to clozapine.166,216

Clozapine
INDICATIONS

34. J.H. did not respond to an adequate trial of quetiapine
400 mg BID and was just admitted to the hospital again. He is
becoming increasingly isolated and paranoid. He has no other
medical conditions and is taking only lorazepam 1 to 2 mg Q 4
to 6 hr PRN. His last dose of quetiapine was 2 days ago. Because
of his refractory illness, J.H. is being considered for clozapine
therapy. What are the advantages and disadvantages of clozapine
therapy? What makes him a good candidate for clozapine?

Clozapine is approved by the FDA for treatment of resistant
schizophrenia or when adverse effects such as TD and EPS
preclude use of other antipsychotics. Clozapine is contraindi-
cated in patients with a history of a myeloproliferative disor-
der, uncontrolled epilepsy, paralytic ileus, clozapine-induced
agranulocytosis or granulocytopenia a current WBC count be-
low 3,500 mm3 or ANC count below 2,000/mm3. Clozapine
also should be used with caution in patients who cannot toler-
ate anticholinergic effects, in those at risk for drug-induced
orthostasis, or in patients with significant renal or hepatic
disease.221 Because of J.H.’s progressive decline in social func-
tioning and inadequate response to haloperidol, fluphenazine,
perphenazine, and quetiapine, clozapine should be considered.

Clozapine has clearly demonstrated superiority to typical
agents in treating refractory schizophrenia. In the pivotal study
by Kane et al.,222 30% of clozapine-treated subjects versus 4%
of chlorpromazine-treated subjects met criteria for response at
6 weeks. A review and meta-analysis of seven controlled trials
compared clozapine with typical antipsychotics in treatment-
resistant schizophrenia and found that clozapine was supe-
rior in terms of overall therapeutic response, EPS, and adher-
ence rate.223 However, similarly favorable response rates have

not yet been seen with other atypical agents in treatment re-
sistant schizophrenia. Risperidone and olanzapine have been
most often studied in this regard. In a double-blind trial com-
paring risperidone with haloperidol in treatment-refractory
schizophrenia, a significantly higher response rate favoring
risperidone was observed at week 4 but not at week 8.224 In a
6-week clinical trial, only 7% of patients prospectively deter-
mined to be resistant to haloperidol responded to olanzapine,
a rate that did not differ from chlorpromazine.225 In general,
atypical agents other than clozapine have not been consistently
found to be as effective in treatment-resistant schizophrenia.226

Nevertheless, given the problems associated with clozapine
(risk of agranulocytosis, burden of other side effects, and the re-
quirement for hematologic monitoring), atypical agents should
be tried before proceeding to clozapine in most patients.216

However, some patients do not respond to clozapine after an
adequate trial of at least 6 months at a therapeutic dose. In
such situations, it is reasonable to prescribe the antipsychotic
to which they had the historic best response. Augmentation
strategies, such as the addition of mood stabilizers (lithium
and valproate), benzodiazepines, propranolol, antidepressants,
or another antipsychotic agent, may be attempted. However,
evidence for this approach is lacking.226 Treatment guidelines
recommend reserving augmentation strategies for patients who
fail or cannot tolerate clozapine, although in practice these
strategies are often tried before a trial of clozapine.58,227

INITIATION OF THERAPY

35. How should clozapine be initiated in J.H.? What are its side
effects and how should he be monitored?

Whenever possible, clozapine should be initiated when a
patient is medication free. However, if the patient is too ill to
be taken off all antipsychotic drugs before adding clozapine,
the current medication can be discontinued after a therapeu-
tic clozapine dose has been achieved. Alternatively, clozapine
can be titrated upward while the first antipsychotic is slowly
tapered downward. Whenever possible, high-potency antipsy-
chotics should be the concurrent agent used during the cloza-
pine titration to minimize additive adverse effects such as seda-
tion, anticholinergic effects, and orthostasis. Benzodiazepines
should not be used for early behavioral and anxiety control, be-
cause their combined use with clozapine can lead to respiratory
or cardiac arrest.58

Clozapine can be started in an outpatient setting if patients
are carefully monitored for tolerability, especially orthostasis.
The starting dose is 12.5 to 25 mg once or twice a day with
increases of 25 to 50 mg/day until a target dose is reached.
Clozapine is given in divided doses. The optimal dose has not
been specifically delineated although an initial target of 300
to 450 mg/day is reasonable based on clinical experience. The
maximum daily dose is 900 mg, but titration should proceed
slowly to such high doses, and only after adequate trials at
lower doses. Response is based on improvement of individual
target symptoms and can be monitored by psychometric rating
scales (Table 78-11). In addition, the overall ability of a patient
to function and care for oneself during clozapine therapy also
should be considered.228 Most patients improve significantly
during the first 6 weeks, but some take longer. Although the
exact length of an appropriate trial is unclear, 12 weeks is
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adequate for most clients; however, improvement may continue
for 6 to 12 months after initiating therapy.58,229,230

Clozapine has been issued five blackbox warnings from the
FDA. These included agranulocytosis, seizures, myocarditis,
increased mortality in elderly patients with dementia-related
psychosis, and other adverse cardiovascular and respiratory
effects.231 The risk of seizures is dose dependent. The risk of
fatal myocarditis is most frequent in the first month of treatment
with clozapine. Other adverse cardiovascular and respiratory
effects indicates orthostatic hypotension that may or may not
be accompanied by syncope. Rarely, collapse with respiratory
or cardiac arrest may occur. This is why it is essential to start
patients on 12.5 mg once or twice daily, whether it is initiation
of treatment, or the patient has been off of clozapine for 2 or
more days.231

Clozapine causes agranulocytosis in approximately 1% of
patients; therefore, baseline and weekly CBCs are required
during treatment. Clozapine is automatically discontinued if a
patient is noncompliant with the blood work. After 6 months
of continuous, stable treatment, patients can be changed to
biweekly WBC monitoring if their WBC counts are accept-
able (≥3,500 mm3 and the absolute neutrophil count [ANC] is
≥2,000 mm3). After an additional 6 months on a continu-
ous, stable regimen, the patient may be changed to WBC
monitoring every 4 weeks.231 If a patient takes clozapine for
<6 months with no problems, but stops the drug for <1 month,
WBC monitoring can restart where it was left off for a total
of 6 months. If the break is >1 month, then an additional
6 months of weekly testing are needed.

If baseline laboratory work is within normal limits and an
informed consent is obtained, J.H. can start on clozapine 25 mg
at bedtime. His clozapine dose should be increased by 25 to
50 mg every day until the dose is 300 mg/day, the minimum
dose at which most patients respond. The doses should be
split and given as 150 mg twice a day. Subsequently, clozapine
should be increased incrementally according to the guidelines
described. If J.H. has no response to 300 mg after 4 to 8 weeks
(based on a reduction in Brief Psychiatric Rating Scale scores
and global improvement), then the dose can be increased to
450 mg (150 mg TID). If response still is inadequate, then the
dose can be increased slowly to a maximum of 900 mg/day.
Careful monitoring for orthostasis, hyperthermia, and overse-
dation is needed, especially during early titration. Serum con-
centration monitoring can also help to guide dose increases.

Clozapine may also cause sialorrhea, or hypersalivation.
This is most often worst at night, and may lead to social
withdrawal, choking, or aspiration pneumonia.232 The inci-
dence ranges from 31% of patients (premarket studies) to
up to 80% in several clinical trials.233 Several case reports
have indicated that the scopolamine patch (1.5 mg/72 hour),
ipratropium sublingual spray (0.03% or 0.06% given 2 sprays
up to three times daily), atropine 1% ophthalmic solution (2
drops swish and swallow twice daily), botulinum toxin (150
IU injected into each parotid gland), and guanfacine (1 mg
every morning) are effective in reducing, if not eliminating,
sialorrhea.232−236 Other medications commonly used are cloni-
dine, anticholinergics (biperiden, benztropine, and diphenhy-
dramine), amitriptyline, terazosin, and propranolol.235,237

36. Four weeks after starting clozapine, J.H.’s WBC count
drops to 4,000/mm3 from a baseline of 6,800/mm3. Two weeks

later, he has a WBC count of 2,100/mm3 and an ANC of 980/mm3.
What action, if any, should be taken?

[SI unit: WBC count, 4.0 and 2.1 × 109/L, respectively]

The hematologic adverse effect profile for clozapine is very
different from that of other antipsychotic agents. The inci-
dence of clozapine-induced agranulocytosis is at least 10 to
20 times greater than the incidence with typical antipsychotic
medications.221 The incidence increases with age and is higher
among women.238 Analysis of data from 150,409 patients fol-
lowed by the Clozaril National Registry found agranulocytosis
in 585 patients resulting in 19 deaths.238 The risk of agranulo-
cytosis is greatest early in treatment with most cases appearing
during the first 3 months of treatment. After 6 months, the risk
for agranulocytosis decreases substantially but may occur in
rare instances up to 5 years into treatment.228,231 Trends in the
weekly tests showing a continual decline in WBC count, even
if it remains >3,000/mm3, require careful attention. Guide-
lines for responding to reduction in WBC are described in
Table 78-14.

Clozapine should be discontinued immediately, J.H. should
be hospitalized, and hematology and infectious disease

Table 78-14 Guidelines for Response to Clozapine-Induced
White Blood Cell Abnormalities

Do Not Initiate Clozapine

Initial WBC count <3,500/mm3

Initial ANC <2,000/mm3

History of myeloproliferative disorder
History of agranulocytosis or granulocytopenia related to clozapine

WBC <2,000/mm3 and/or ANC <1,000/mm3

Discontinue clozapine immediately
Do not rechallenge patient
Monitor WBC and differential: until normal and for at least 4 weeks:
—Daily until WBC > 3,000/mm3 and ANC > 1,500/mm3

—Twice weekly until WBC > 3,500/mm3 and ANC > 2,000/mm3

—Weekly after WBC > 3,500/mm3

Consider bone marrow aspiration
Protective isolation initiated if deficient granulopoiesis

WBC 2,000–3,000/mm3 or ANC 1,000–1,500/mm3

Discontinue clozapine
Monitor WBC and differential:
—Daily until WBC > 3,000/mm3 and ANC > 1,500/mm3

—Twice weekly until WBC > 3,500/mm3 and ANC > 2,000/mm3

May restart clozapine when:
—if no symptoms of infection present
—WBC > 3,500/mm3 and ANC > 2,000/mm3

WBC Drops to 3,000–3,500/mm3; >3,000/mm3 Over
1–3 Weeks; Immature WBCs Present

Repeat WBC with differential
If repeated WBC between 3,000 and 3,500/mm3 and ANC

<2,000/mm3

—repeat WBC with differential until WBC > 3,500/mm3 and ANC
>2,000/mm3

ANC, absolute neutrophil count; WBC, white blood cell.
Compiled from references 58 and 231.
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specialists should manage his care. Granulocyte colony-
stimulating factor has been used successfully to manage
clozapine-induced agranulocytosis.239 Clozapine should not
be reinstituted in J.H. because he has a very low ANC. How-
ever, it should be noted that agranulocytosis can be reversible
upon discontinuation of clozapine, in most cases, with no per-
sisting hematologic sequelae.238

37. What pharmacotherapy options could be tried to improve
J.H.’s response now that clozapine is contraindicated?

Sequential monotherapy trials with other atypical agents
that he had not been previously exposed to may be initiated.
Alternatively, strategies such as the combination of an antipsy-
chotic and a mood stabilizer or another antipsychotic have been
attempted. Because J.H. has no precautions or contraindica-
tions to an adjunctive trial of lithium, he is a candidate for
a 1-month lithium trial along with an antipsychotic medica-
tion other than clozapine. The antipsychotic is selected after
reviewing his medication history and choosing the agent to
which he had the best previous response. Lithium should be
given at doses to achieve a target level of 0.8 to 1.2 mEq/L and
continued for 1 month to allow the best chance for response.
If the patient is unchanged at the end of 1 month, the lithium
should be discontinued and another adjunctive agent tried for
a 1-month trial.

Serum Concentration Monitoring

38. E.H., a 68-year-old woman who was diagnosed with chronic
undifferentiated schizophrenia>30 years ago. She requires main-
tenance therapy with antipsychotic drugs because she relapsed
when her haloperidol dose was decreased to 10 mg/day. Cur-
rently, she is responding poorly to haloperidol 15 mg HS for
6 weeks despite good adherence to her therapy. She has moderate
pseudoparkinsonism controlled by benztropine 1 mg BID. Why
should a serum concentration of haloperidol be obtained before
increasing E.H.’s dose of this drug?

Antipsychotic drug serum concentrations are not part of
routine clinical care, but can be considered under the following
circumstances240:

� Poor response to moderate doses after an adequate trial (dose
and duration)

� Serious or unexpected adverse effects at moderate dosages
� Deterioration in a compliant and previously stable patient
� Use of higher than usual dosages
� Evaluating whether the lowest effective dose is used in main-
tenance therapy

� Children, elderly, and medically compromised patients with
potentially altered pharmacokinetics

It is unnecessary and not cost effective to obtain serum
concentrations for antipsychotic drugs that do not have de-
fined therapeutic ranges. Most studies describe haloperidol’s
therapeutic range to be between 4 and 12 ng/mL.241,242 The
recommended ranges for fluphenazine and thiothixene are 0.2
to 2.8 ng/mL and 2 to 15 ng/mL, respectively.243−245 Eval-
uation of clozapine trials suggest an optimal range of 350
to 420 ng/mL.246,247 Greater response rates were observed in
olanzapine-treated patients whose plasma concentrations were
>23.2 ng/mL in blood samples collected 12 hours after the
dose.248 Samples should be collected 5 to 7 days after a fixed

dose and 10 to 12 hours after the last dose for oral prepara-
tions. Two to three months should elapse before samples are
collected in patients taking depot preparations.240

E.H. has received an adequate trial of haloperidol and
has moderate antipsychotic-induced parkinsonism. To prevent
exposure to higher than necessary doses, a serum haloperidol
concentration is warranted before increasing the dose. The tar-
get serum concentration should be between 4 and 12 ng/mL.

Treatment Adherence
Poor adherence with prescribed antipsychotic therapy is a sig-
nificant problem in the long-term management of schizophre-
nia. Comprehensive reviews suggest that deviation (primarily
underuse) from prescribed regimens occurs in about 50% of
patients with schizophrenia.249,250 Recent advances in med-
ication treatments with atypical agents have produced fewer
side effects, which some studies have shown has increased
adherence.251,252 During any phase of illness, nonadherence
with maintenance antipsychotic therapy places patients at risk
for exacerbation of psychosis, increased clinic and emergency
room visits, and rehospitalization.253,254 Nonadherence to pre-
scribed regimens can also compromise patients’ daily func-
tioning and quality of life. Long-acting depot antipsychotics
should be strongly considered for patients who have a history
of nonadherence. In addition to assured medication delivery,
another benefit of depot preparations is avoidance of potential
bioavailability problems. Clinicians should suspect poor ab-
sorption if serum concentrations are much lower than expected
for a given oral dose; however, factors such as nonadherence or
drug–drug interactions must also be ruled out. Disadvantages
of long-acting depot formulations include the time required to
reach optimal dosing and the inability to immediately with-
draw the drug if unpleasant side effects develop.58,255 Because
of this, patients should be converted to a depot form after con-
firmation that the oral dosage form is safe and effective.

CONSIDERATIONS IN SPECIFIC POPULATIONS
Pregnancy

39. D.M., a 26-year-old woman, has a 6-year history of chronic
undifferentiated schizophrenia that has been treated with chlor-
promazine 400 mg HS. She is psychiatrically stable and was last
hospitalized 2 years ago. When D.M. decompensates, she isolates
herself, is unable to care for herself, does not eat properly, and
does not maintain her grooming and hygiene. She just found out
that she is 8 weeks pregnant. Should her chlorpromazine be con-
tinued and what are the risks if the medication is continued?

Most of the available evidence regarding the use of an-
tipsychotics during pregnancy has focused on typical antipsy-
chotics. Among the typical antipsychotics, pooled results of
large retrospective and small prospective controlled studies
suggest an increased risk of congenital anomalies in patients
treated with low-potency phenothiazines, particularly when
treated during the first trimester.256 Guidelines have recom-
mended that the use of antipsychotic medication during the
first trimester should be minimized or avoided if possible, es-
pecially between weeks 6 and 10.58 If an antipsychotic is nec-
essary during this period, high-potency typical antipsychotics
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may be safer.58 In addition to their teratogenic effects, there
are other reasons to avoid low-potency antipsychotics. Low-
potency agents can worsen constipation and cause orthostatic
hypotension and uteroplacental insufficiency. Guidelines have
also recommended that medications should be tapered 1 week
before delivery to minimize neonatal complications such as
dystonia, withdrawal dyskinesias, temperature dysregulation,
and irritability.58

Medication management should balance the needs of D.M.
against those of her unborn child. D.M.’s schizophrenia has
been stable for 2 years. Chlorpromazine should be discontinued
because it is a low-potency phenothiazine and D.M. is currently
in her first trimester. Because she is a danger to herself when
ill, it is critical that treatment be initiated at the first evidence
of decompensation. D.M. should be monitored by her clini-
cian, family members, and caseworker at frequent intervals for
reemergence of psychotic symptoms. If D.M. decompensates,
treatment should be restarted with a nonphenothiazine, high-
potency agent at the lowest possible dose (e.g., haloperidol or
fluphenazine 2–5 mg at night). If D.M. does not respond to low-
dose haloperidol or fluphenazine, or if she develops intolerable
extrapyramidal side effects, then a lower potency antipsychotic
drug or an atypical agent can be selected. D.M.’s chart should
include the following documentation: specific behaviors that
necessitate treatment (danger to self, fetus, or others), goals
of therapy (acute control of dangerous behavior or remission),
dose, route of administration, schedule, and projected dura-
tion of treatment, obstetric history and other medications used
during pregnancy, alcohol or illegal drug use; regular progress
notes on response and need for continued treatment; and in-
formed consent from the patient or guardian.

Children

40. M.J. is the 5-year-old son of a close friend of the family who
was diagnosed with autism. His mother, R.J., knows you are a

psychiatric pharmacist and asks your opinion about the use of
atypical antipsychotics in children with autism. What can you tell
her?

Risperidone is the only atypical antipsychotic agent that is
approved by the FDA for the symptomatic treatment of irri-
tability in autistic children and adolescents.99 In a study of 5-
to 17-year-old children with autism accompanied by severe
tantrums, aggression, or self-injurious behavior, the children
were randomly assigned to flexible doses of either placebo
or risperidone treatment (dose range, 0.5–3.5 mg/day) for
8 weeks.257 A significantly greater percentage of children re-
ceiving risperidone responded to treatment than those receiv-
ing placebo (56.9% vs. 14.1% respectively, p <0.001); 69% of
the risperidone group had at least a 25% improvement on the
irritability subscale of the Aberrant Behavioral Checklist as
rated by a parent or primary caretaker and confirmed by a clin-
ician and a rating of much or very much improved on a global
improvement scale compared with only 12% in the placebo
group (p <0.001). The benefit from risperidone treatment was
maintained for six months in two-thirds of the risperidone re-
sponders. The overall reduction in the level of irritability was
57% at 8 weeks of risperidone in comparison with a reduction
of only 14% with placebo (p <0.001). Troost et al.258 evalu-
ated the long-term effects of risperidone for an additional 24
weeks after the initial 8-week open-label trial. Risperidone was
effective in reducing disruptive behavior in about one-half of
the children, although considerable weight gain was observed.

Data with other atypical antipsychotics for the treatment
of autism are limited. Olanzapine has the most data to date
with open-label trials suggesting efficacy; quetiapine, ziprasi-
done, and anpiprazole may also be effective.259−265 Hollander
et al.120 found olanzapine to be a potential alternative to risperi-
done for improving global functioning of pervasive develop-
mental disorders but the risk of significant weight gain may
limit its use in children/adolescents. In contrast, ziprasidone
was not associated with significant weight gain.264
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We who squander our sorrows
How we look beyond them
into the mournful passage of time
To see whether they might end

—Rainer Marie Rilke

INTRODUCTION
Depression is a common, chronic, and potentially debilitating
illness that has tempered the human condition since the begin-
ning of recorded history. The ancient Egyptians, for instance,
wrote about depression more than 3,000 years ago. In the First
Book of Samuel (dated about 700 bc), Saul, the King of Israel,
is overcome by an “evil spirit” that causes him to feel “inca-
pacitated, guilt-ridden and hopeless,” leading ultimately to his
suicide.1

Cultures throughout history have speculated on the origin of
depression. The ancient Greeks believed that depression was
caused by an excess of bile. Hippocrates thoroughly described
the condition as a somatic illness and is believed to have coined
the term “melancholia,” which literally translates to “black
bile.” During the Middle Ages, depression and other psychi-
atric illnesses were considered to be punishment or afflictions
from a vengeful God rather than actual illness. At that time, the
church and society believed depression to be the result of be-
ing weak minded or sinful. Even today, many people suffering
from a depressive episode carry the stigma of “having a ner-
vous breakdown,” and medications are viewed as a “crutch”
to help cope with daily life. Throughout history, depression
has affected the lives of many famous people, including Lud-

wig Van Beethoven, Meriwhether Lewis, Abraham Lincoln,
Charles Dickens, Winston Churchill, Ernest Hemingway, and
Marilyn Monroe.1

Although many people experience “the blues” on occasion,
the term “depression” is reserved in psychiatry to define a spe-
cific medical condition with distinctive biological and pharma-
cologic implications. Similarly, the term “clinical depression”
is liberally applied in popular culture to a condition that ap-
proximates the psychiatric diagnosis of major depression. In
general, depressive disorders are enormous health concerns
that are often misdiagnosed or undertreated. The physical and
social dysfunction associated with depression is profound and
is believed to outweigh many other chronic medical conditions,
including hypertension, diabetes, and arthritis.2 The Medical
Outcomes Study, for instance, determined that the degree of
impairment in depressed individuals is comparable to that seen
in patients with chronic heart disease.3 The financial ramifica-
tions of depression are tremendous and place an overwhelming
burden on our society. In 2000, the estimated cost of depres-
sion in the United States was $83.1 billion annually, with most
of these costs ($51.5 billion) attributed to lost productivity and
absenteeism in the workplace.4

Epidemiology
Since World War II, the lifetime incidence of depression has
been rising steadily in studied populations. A recent investiga-
tion concluded that the annual incidence of mood disorders is
approximately 10% in the adult population, and 1 in 15 adults
(6.7%) will suffer from an episode of major depression during
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any 12-month period.5 Various studies from Europe and the
United States have estimated the lifetime prevalence to be 5%
to 12% in adult males and 9% to 26% in females.6 Although
the incidence of depression is remarkably similar across vari-
ous races and ethnic groups, the illness may be slightly more
common in lower socioeconomic classes.7

The onset of depression occurs most commonly in the late
20s, but there is a wide range, and the first episode may actually
present at any age. One prevailing misconception is that depres-
sion is more common among elderly individuals.8 Epidemio-
logic evidence suggests that the incidence is slightly lower in
older persons than in the general population, but certain sub-
types may be more common (e.g., melancholia, depression
with psychotic features), and new-onset depression that ini-
tially presents during geriatric years may carry a worse prog-
nosis.

Genetic factors appear to play a major role in the cause of de-
pression. The offspring of depressed individuals are 2.7 times
more likely to have depression if one parent is afflicted, and 3.0
times more likely if both parents suffer from depression.9 Con-
cordance rates for monozygotic (identical) twins range from
54% to 65%, whereas dizygotic (fraternal) twins range from
14% to 24%.10 Genetic factors may also predispose individu-
als to an earlier onset of depression (younger than 30 years of
age).11

Alternatively, there is clear evidence that depression may
occur as a result of stressful events (i.e., environmental fac-
tors) in one’s life. These factors include a difficult childhood,
physical or verbal abuse, pervasive low self-esteem, death of a
loved one, loss of a job, and the end of a serious relationship.
Acute depressive episodes are often attributed to a combination
or diatheses of environmental or genetic factors. For instance,
individuals carrying a genetic predisposition to mood disorders
may undergo a traumatic experience that ultimately triggers the
manifestation of depressive symptomatology. Depression may
also occur spontaneously, however, among people who appear
to lack any obvious genetic or environmental factors.

Diagnosis and Classification
Both the diagnosis and the classification of depression have
undergone many transformations since Emil Kraepelin’s bio-
logical model of the late 19th century. Kraepelin separated the
functional psychoses into two groups: manic-depressive in-
sanity and dementia praecox. Kraepelin’s detailed descriptions
of these two mental illnesses laid the foundation for modern
psychiatry.12 In 2000, the American Psychiatric Association
(APA) published refined, standardized criteria for diagnosing
depressive disorders in the Diagnostic and Statistical Manual
of Mental Disorders, Fourth Edition, Text Revision (DSM-IV-
TR).13 Depressive disorders are classified under Mood Dis-
orders in DSM-IV-TR and include major depressive disorder;
single-episode or recurrent, dysthymic disorder; and depres-
sive disorder, not otherwise specified. See Table 79-1 for the
classification of mood disorders.

As previously stated, a major depressive disorder may occur
as a single episode, but it is more commonly a recurrent event
and looked on, therefore, as a chronic illness.6 The frequency of
recurrent episodes is highly variable, with some people experi-
encing discrete episodes separated by many years of relatively
normal mood (i.e., euthymia), and others experiencing residual

Table 79-1 Classification of Mood Disorders

I. Mood Disorders
A. Depressive Disorders

1. Major Depressive Disorder, Single Episode
2. Major Depressive Disorder, Recurrent
3. Dysthymic Disorder
4. Depressive Disorder Not Otherwise Specified

B. Bipolar Disorders
1. Bipolar Disorder, Single Episode
2. Bipolar Disorder, Recurrent
3. Cyclothymic Disorder
4. Bipolar Disorder Not Otherwise Specified

C. Secondary Mood Disorder due to Nonpsychiatric Medical Condition
D. Substance-Induced Mood Disorder
E. Mood Disorder Not Otherwise Specified

From reference 13.

symptoms between episodes that may never completely remit.
The risk of future episodes appears to increase disproportion-
ately with the chronicity of the illness. For instance, after the
first episode there is a 50% likelihood of a second. After the
second, there is a 70% chance of a third, and with the third
episode comes nearly a 90% incidence of a fourth.

Depressive disorders may be subclassified using cross-
sectional symptom features, or specifiers, according to DSM-
IV-TR.13 For example, the phrase “with melancholic features”
is used when patients possess primary neurovegetative symp-
toms, early morning awakening, marked psychomotor agita-
tion or retardation, and significant anorexia or weight loss.
Melancholia is often a more severe form of depression, and
the cause is rather autonomous (i.e., lacking apparent environ-
mental triggers).14 It may also be less likely than other forms of
depression to remit spontaneously. The phrase “with atypical
features” is used when depressive symptoms include weight
gain, hypersomnia, leaden paralysis, or rejection sensitivity.
When hallucinations or delusions occur in patients who are
primarily depressed, the phrase “with psychotic features” is
applicable to the mood disorder. Other diagnostic specifiers
used in DSM-IV-TR include “chronic,” “with catatonic fea-
tures,” and “with postpartum onset.”

Dysthymic disorder is a type of depressive illness character-
ized by fewer symptoms than major depression, but the course
is much more chronic with symptoms being present most of
the time for at least 2 years. In practice, the distinction of ma-
jor depression from dysthymia may be difficult to make and
requires a detailed psychiatric history. Some patients may ex-
perience an episode of major depression superimposed on a
history of dysthymia, a condition commonly known as dou-
ble depression. The treatment for dysthymia has traditionally
focused on psychotherapy, but recent evidence suggests that
antidepressant medications may also be effective.15

Differential Diagnosis
Symptoms of depression may be induced or exacerbated by
numerous medical illnesses or medications (Tables 79-2 and
79-3). Consequently, DSM-IV-TR specifies that whenever an
“organic cause” is temporally related to the onset of depressive
symptoms, the patient does not fit the criteria for major depres-
sion, even if all other criteria are met.13 The rationale for this
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Table 79-2 Selected Medical Conditions That May
Mimic Depression

Central Nervous System

Alzheimer disease
Cerebrovascular accident
Epilepsy
Multiple sclerosis
Parkinson disease

Cardiovascular

Cerebral arteriosclerosis
Congestive heart failure
Myocardial infarction

Endocrine

Addison disease
Diabetes mellitus (types I and II)
Hypothyroidism

Women’s Health

Premenstrual dysphoric disorder
Antepartum/postpartum
Perimenopause

Other

Chronic fatigue syndrome
Chronic pain syndrome(s)
Fibromyalgia
Irritable bowel syndrome
Malignancies (various)
Migraine headaches
Rheumatoid arthritis
Systemic lupus erythematosus

stipulation is that if the medical illness is successfully treated
or the offending agent is discontinued, the depressive illness
will spontaneously resolve, eliminating the need for somatic
intervention. Although lists of medical illnesses or medications
are helpful, the clinician should be aware that the actual ev-
idence demonstrating an association between depression and
specific organic causes is often very limited and anecdotal. If
a medication or condition is suspected of causing depression,
the chronologic association should be investigated rigorously
before other action is taken.

Clinical Presentation
For a diagnosis of major depressive disorder to be made, symp-
toms must be present for at least 2 weeks and must not be
precipitated or influenced by a medical illness or medication
(according to DSM-IV-TR criteria). Individuals must possess
at least five symptoms, one of which is either depressed mood
OR anhedonia (diminished interest or pleasure in activities).
The other seven symptoms are as follows:

Table 79-3 Selected Medications That May
Induce Depression

Cardiovascular Agents

β-blockers (?)
Clonidine
Methyldopa
Reserpine

Central Nervous System
Agents

Barbiturates
Benzodiazepines (?)
Chloral hydrate
Ecstasy (MDMA)
Ethanol

Hormonal Agents

Anabolic steroids
Corticosteroids
Gonadotropin-releasing hormone
Progestins
Tamoxifen

Others

Efavirenz
Interferon
Isotretinoin
Mefloquine
Levetiracetam

1. Change in appetite
2. Change in sleep
3. Low energy
4. Poor concentration (or difficulty making decisions)
5. Feelings of worthlessness or inappropriate guilt
6. Psychomotor agitation or retardation
7. Recurrent thoughts of suicide

The diagnostic criteria also stipulate that the mood distur-
bance must cause marked distress or result in clinically sig-
nificant impairment of social or occupational functioning. To
distinguish depression from grief reactions or bereavement, it
is also stipulated that the symptoms of major depression must
persist for at least 2 months after the precipitating event. Table
79-4 lists the specific criteria for a diagnosis of major depres-
sive disorder.

Although low energy and changes in sleep or appetite are
present in most depressed patients, the clinical presentation of
depression can be highly variable. Many patients, for exam-
ple, will readily express profound sadness or hopelessness, but
others can project a more anxious or irritable appearance. Psy-
chomotor agitation may be apparent, featuring wringing of the
hands, grimacing, pacing, or cursing. Conversely, psychomotor
retardation can be evident, with slowed speech or thinking, soft
monotone voice, or minimal facial expression. On occasion,
psychotic symptoms (e.g., auditory hallucinations, persecutory
delusions, somatic delusions of serious medical illness) may
also occur.

Although the criteria for detecting major depression are
exactly the same in the elderly population as in the general
population, the presentation may be slightly different than in
younger individuals. Elderly patients may be less likely to ac-
knowledge sadness or melancholy and choose to dwell instead
on somatic complaints such as headache, insomnia, joint pain,
dizziness, or constipation.16 As a result, clinicians are advised
to consider the possibility of depression whenever a person
presents with vague, chronic symptoms of physical illness and
unclear etiology.

Table 79-4 Diagnostic Criteria for Major
Depressive Disorder

� At least five of the following symptoms have been present during the
same 2-week period and represent a change from previous
functioning. One of the symptoms must be either depressed mood or
loss of interest/pleasure.

– Depressed mood most of the day, nearly every day
– Loss of interest in pleasurable activities most of the day, nearly

every day
– Change in weight or appetite (increase or decrease) when not

dieting
– Insomnia or hypersomnia nearly every day
– Fatigue or loss of energy nearly every day
– Diminished ability to think or concentrate, or indecisiveness
– Feelings of worthlessness or excessive or inappropriate guilt nearly

every day
– Psychomotor agitation or retardation nearly every day
– Recurrent thoughts of death or suicidal ideation

� Symptoms cause clinically significant distress or impairment in
social, occupational, or other important areas of functioning.

� Symptoms are not caused by an underlying medical condition or
substance (e.g., medications or recreational drugs).
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Pathophysiology
Our understanding of the biological basis for depressive disor-
ders has come a long way since Hippocrates first identified bile
as a possible cause. Several modern theories addressing the ori-
gin of depression have evolved over the past three decades, fo-
cusing on neurotransmitter systems, including norepinephrine,
serotonin, and dopamine. As unique antidepressant medica-
tions are developed and our understanding of the mechanisms
of pharmacologic action improve, other cogent theories of de-
pression will undoubtedly evolve.

In the past, the monoamine hypothesis proposed that de-
creased synaptic concentrations of norepinephrine and/or sero-
tonin caused depression. The norepinephrine depletion theory
was originally based on the observation that reserpine, which
depleted catecholamine stores in the central nervous system
(CNS), was capable of causing depression.17,18 This theory
evolved into the permissive hypothesis, which emphasized a
greater role for serotonin in promoting or “permitting” a de-
cline in norepinephrine function. Specifically, this hypothesis
suggests that low concentrations of serotonin or norepinephrine
in the CNS precipitated depressive symptoms, while low levels
of serotonin and increased activity of norepinephrine resulted
in manic symptoms. Antidepressants were believed to relieve
depression by inhibiting the reuptake of norepinephrine and/or
serotonin from the synapse back up into the neuron, and effec-
tively increasing neurotransmitter concentrations in the synap-
tic cleft.19

Although these theories were initially helpful in enhanc-
ing our understanding of how antidepressants worked, there
were multiple reasons to suspect that other mechanisms and
systems were involved. First, antidepressants were capable of
blocking the reuptake of neurotransmitters almost immediately
after administration, yet several weeks lapsed before therapeu-
tic effects were evident (i.e., delayed onset).20 Second, synaptic
concentrations of biogenic amines are not always decreased in
depressed individuals and can actually be higher than those
seen in normal controls.21 Last, antidepressants in develop-
ment can work via other mechanisms, which do not involve
relative increases in synaptic neurotransmitter concentrations
(e.g., can block substance P, or can antagonize corticotropin-
releasing factor or corticosteroid receptors).22–24

The dysregulation hypothesis has evolved more recently and
suggests that depression, as well as other psychiatric disorders,
is the result of a dysregulated neurotransmitter system. Specific
criteria for dysregulation have been proposed as follows: (a)
an impairment in the regulatory or homeostatic mechanisms,
(b) an erratic basal output of the neurotransmitter system, (c)
a disruption in normal periodicities (circadian rhythm), (d) a
less selective response to environmental stimuli, (e) perturba-
tion of the system resulting in a delayed return to baseline,
and (f) restoration to efficient regulation through the use of
pharmacologic agents.25

Regardless of the antidepressant mechanism of action,
changes in the presynaptic and postsynaptic receptor densi-
ties (or sensitivities) have been described as being “downregu-
lated.”26 Changes include a decrease in postsynaptic alpha-
adrenergic receptor sensitivity, along with alterations in the
sensitivities of the alpha-adrenergic, dopaminergic (D2) and
serotonin receptor subtypes (5-HT1A and 5HT2A). For exam-
ple, selective serotonin reuptake inhibitors (SSRIs) can in-

crease the efficiency of serotonergic neurotransmission acutely
(through reuptake blockade), but their therapeutic effects are
linked temporally with increased release of serotonin through
downregulation of presynaptic autoreceptors (5-HT1A).27

Today, emphasis continues to be placed on serotonin, nor-
epinephrine, and dopamine neurotransmitters, and additional
attention is also being paid to their differential effects on speci-
fic depressive symptoms. For instance, appetite, sleep, libido,
motor function, anxiety, and aggression all appear to be strongly
influenced by serotonin transmission. Research evidence for
serotonergic influence has demonstrated that the concentra-
tion of serotonin’s primary metabolite (5-hydroxyindoleacetic
acid [5-HIAA]) is decreased in the cerebrospinal fluid (CSF)
of depressed patients.27 Low 5-HIAA concentrations have also
been found in the CSF of patients attempting suicide and may
have a role in triggering other violent activities.28 Dietary de-
pletion of L-tryptophan, a serotonin precursor, has induced
relapse in depressed patients previously responsive to SSRIs,
and symptoms such as irritability and disrupted sleep/appetite
appear to return preferentially29 (Fig. 79-1).

Alternatively, deficiencies in norepinephrine (and dopamine
to some extent) are believed to mediate depressive symptoms
such as anhedonia, decreased energy, memory impairments,
and executive dysfunction.30 Administration of α-methyl para-
tyrosine (which inhibits the synthesis of norepinephrine) has
resulted in the return of these depressive symptoms among
patients previously treated successfully with noradrenergic
antidepressants.31 The role of dopamine in mediating this con-
stellation of symptoms has been implied through postmortem
studies, neuroimaging results, and the demonstrated effective-
ness of pure dopamine agonists (e.g., amantadine, pramipex-
ole) in relieving depression.32 Ultimately, it is still believed that
a common circuitry is influenced by the different neurotrans-
mitters, resulting in the clinical manifestation of depression.31

Neuroendocrine Findings
Along with dysregulated neurotransmitter systems, neuroen-
docrine abnormalities may contribute to the development of
depression. Depressed patients often have abnormal thyroid
function tests (including low triiodothyronine [T3] and/or thy-
roxine [T4] levels).33 They also may exhibit an abnormal re-
sponse to challenge with thyroid-releasing hormone (TRH),
consisting of a blunted or exaggerated thyroid-stimulating hor-
mone (TSH) response.34 Clinical hypothyroidism can also in-
duce depressive symptoms, and thyroid supplementation can
reverse this pathology, suggesting an indirect association be-
tween mood disorders and thyroid homeostasis.35

The hypothalamic-pituitary-adrenal (HPA) axis may also
influence the manifestation of depression, with a relative hy-
peractivity of this system commonly reported in depressed in-
dividuals. Pituitary and adrenal glands are often enlarged in de-
pressed patients, and concentrations of corticotropin-releasing
factor (CRF) are often elevated during depressive episodes
and decline with the administration of antidepressant med-
ications or electroconvulsive therapy (ECT).24,36 Exogenous
administration of CRF has elicited classic symptoms of de-
pression in laboratory animals (including decreased appetite,
anxiety, insomnia, and decreased libido).37 In humans, med-
ications that block postsynaptic corticosteroid receptors have
also displayed antidepressant properties, as demonstrated with
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Genetic Predisposition
�

Stress

Immune System Endocrine System Central Nervous System

↑ Cytokines (IL6) Hypothalamus

↑ CRH ↓ TRH

Pituitary

↑ ACTH ↓ TSH

Adrenal Gland Thyroid Gland

↑ Cortisol ↓ T3/T4

↓     Serotonin (SHT) activity
↓↑   Norepinephrine (NE) activity
↓     Dopamine (DA) activity

↑  5HT receptor sensitivity
↑  �-receptor sensitivity

↓ G protein

↓ cAMP cascade

↓ Neurotrophins (BDNF)

FIGURE 79-1 Influence of genetic and environmental factors on the immune system, endocrine system,
and central nervous system. CRH, corticotropin-releasing hormone (also known as corticotropin-releasing
factor [CRF]); TRH, thyrotrophin-releasing hormone; ACTH, adrenocorticotropic hormone; TSH, thyroid-
stimulating hormone; T3/T4, thyroxine/triiodothyronine. (Copyright JL Corbitt, PR Finley 2003.)

ketoconazole and mifepristone.38,39 Interestingly, serotonin ex-
erts a strong influence on the HPA axis (and vice versa).
Activation of the postsynaptic serotonin receptors (5-HT2)
along the hypothalamic paraventricular nucleus can stimulate
corticotropin-releasing hormone–secreting neurons. Cortico-
steroids can also modulate serotonin synthesis, metabolism,
and reuptake.24

Not all of the evidence, however, supports a causative role
of HPA overactivity in the manifestation of depression. The
acute administration of high-dose corticosteroids, for instance,
is more commonly associated with mood elevation (e.g., eu-
phoria or hypomania), leading some to suggest that the ex-
aggerated HPA response seen with depression is actually the
body’s attempt to overcome this mood disorder. Furthermore,
HPA overactivity has not been observed in certain populations
of depressed patients, such as adolescents and young adults.
Given the strong association of depression with chronic in-
flammatory conditions, further exploration of the relationship
of the HPA axis to depressive symptoms is imperative.

Imaging Studies
Imaging studies (including computed tomography, magnetic
resonance imaging, positron emission tomography [PET], and
single-photon emission computed tomography) suggest that
patients with depression have regional brain dysfunction, most

often affecting the limbic structures and prefrontal cortex.
Alterations in cerebral blood flow and/or metabolism in the
frontal-temporal cortex and caudate nucleus are associated
with common depressive symptoms such as dysphoria, an-
hedonia, hopelessness, and flat affect.40 Increased firing of
the amygdala in the left hemisphere has been linked in PET
studies with the future development of depression.41 Because
subtypes of depression have been linked to different regional
dysfunctions, a network hypothesis has begun to emerge that
may lead to improvements in depression diagnosis and targeted
treatments.42

Patient Assessment Tools
Pharmaceutical care in the depressed patient requires special-
ized knowledge of the illness and treatments, as well as refined
interviewing skills. To obtain specific information about the
target symptoms of depression and to assess the therapeutic
impact of psychotropic medications, effective and productive
interpersonal communication is vital. The structured mental
status examination is an established systematic way of assess-
ing a patient’s mental health (Table 79-5). Many functional do-
mains are assessed in a mental status examination. Through this
structured interview, the clinician has an observational basis
for evaluating a patient’s appearance, behavior, speech, mood,
affect (i.e., outer manifestation of inner emotional states),
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Table 79-5 Mental Status Exam

General Appearance, Behavior, Speech
� Apparent age; appear ill or in distress?
� Dress
� General reaction to examination, negativism
� Posture and gait
� Unusual movements
� Facial expression
� Signs of anxiety
� General level of activity
� Repetitious activities (stereotypy, mannerisms, compulsions)
� Disturbances of attention: distractibility
� Speech: mute, word salad, echolalia, klang, neologisms

Mood and Affect
� Quality of prevailing mood; intensity and depth
� Constancy of mood, patient-stated mood
� Affect: range, appropriateness, lability, flatness

Sensorium
� Orientation for time, place, person, situation
� Memory: recent and remote, immediate recall

Level of Intellectual Functioning
� An estimate of current intellectual functioning, not an estimate of original

intellectual potential
� General fund of information: presidents, oceans, governor, large cities,

current events. Why does the moon appear larger than the stars?
� Vocabulary
� Serial 7 subtractions (also tests attention and sensorium)

Thought Processes
� Pattern of associations (tempo, rhythm, organization, distortions,

excesses, deficiencies)
� False perceptions (hallucinations, illusions, delusions, distortions of

body image, depersonalization)
� Thought content (what patient tells, main concerns, obsessive ideation)
� Abstracting ability (tests by similarities, proverbs)
� Judgment and insight

sensorium, memory, and intellectual function. For a more de-
tailed discussion of the mental status examination and specific
psychiatric interviewing techniques, readers should refer to
other sources.43,44

Behavioral rating scales have been used for many years
in drug efficacy studies and are being used routinely in the
clinical arena today. Rating scales can be helpful in assessing
the severity of mental illness, quantifying changes in target
symptoms, and determining treatment efficacy, but they are not
necessarily diagnostic. Rating scales can vary in length, con-
tent, and format, and can be completed by providers, patients,
researchers, family members, or conservators. Numerous de-
pression scales have been developed over the years, including
the Hamilton Rating Scale for Depression (HAM-D), the Beck
Depression Inventory, the Zung Depression Scale, the Hop-
kins Symptom Checklist, the Montgomery Asberg Depression
Rating Scale, the Center for Epidemiological Studies Depres-
sion (CES-D) Scale, the Patient Health Questionnaire, and the
Quick Inventory of Depressive Symptoms (QIDS).45–52 The
HAM-D was initially designed to measure the efficacy of an-
tidepressant medications given to severely depressed individ-
uals in controlled clinical trials (Table 79-6).45 Over the years,
this instrument emerged as the gold standard of depression
rating scales, although many clinicians are unaware of its limi-
tations. For instance, the HAM-D was never designed for rou-
tine use in the general ambulatory care patient population and
fails to address a number of target symptoms required for a
DSM-IV-TR diagnosis of major depression (e.g., low energy,
poor concentration, reverse neurovegetative symptoms). The
QIDS has emerged recently as a more valuable instrument in
the hands of primary care providers. It contains a total of 16
items, can be completed within 10 to 15 minutes, and is avail-
able at no cost to clinicians. It has been validated and used
extensively in clinical and research settings and is available in
a clinician-rated or patient-rated format. The CES-D is also
available in an abbreviated format and has served as a useful

screening instrument among elderly populations (Tables 79-7
and 79-8).53

Although depression symptoms are clearly associated with
many biochemical and endocrine anomalies, there are currently
no useful laboratory tests that are routinely administered to aid
the clinician in establishing a diagnosis of depression. For many
years, the dexamethasone suppression test (DST) was used to
confirm the diagnosis of depression, but now it is rarely indi-
cated. The rationale for this test lies in the apparent inability
of depressed patients to suppress cortisol concentrations after
dexamethasone administration. The standard protocol consists
of administering a 1-mg dose of dexamethasone at 11 pm and
obtaining blood samples at 4 pm and 11 pm on the following day
for the purpose of measuring subsequent cortisol concentra-
tions. The results are considered abnormal (positive) if either
of the two samples are >5 mcg/dL. Studies have demonstrated
that the DST is often more abnormal in older depressed sub-
jects, and a meta-analysis concluded that a positive baseline
DST was predictive of worse treatment outcomes.54 Unfortu-
nately, many medical conditions and medications may augment
the cortisol response, resulting in a greater likelihood of false-
positive findings. Furthermore, as many as half of depressed
subjects may have a normal DST (i.e., manifesting in false-
negative findings). The APA Task Force on Laboratory Tests
in Psychiatry has outlined some of the potential indications
for the DST, and it may, in fact, be useful in certain clinical
situations to confirm a diagnosis of depression.55 However, in
general, the DST is not recommended as a routine screening
instrument at present.

Nondrug Therapies for Depression
The successful treatment of depression provides a most
formidable challenge to modern medicine. In addition to the
emotional turmoil and social disability that a depressed indi-
vidual endures, the illness can have an affect on other disease
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Table 79-6 Hamilton Depression Scale (HAM-D 17)

For Each Item, Check the Box Next to the Response That Best Characterizes the Patient
1. Depressed mood

(sadness, hopeless,
helpless, worthless)

0� Absent
1� These feeling states indicated only on questioning
2� These feeling states spontaneously reported verbally
3� Communicates feeling states nonverbally (i.e., through facial expression, posture, voice, and tendency to weep)
4� Patient reports VIRTUALLY ONLY these feeling states in his or her spontaneous verbal and nonverbal communication

2. Feelings of guilt 0� Absent
1� Self-reproach, feels he or she has let people down
2� Ideas of guilt or rumination over past errors or sinful deeds
3� Presents illness as a punishment; delusions of guilt
4� Hears accusatory or denunciatory voices and/or experiences threatening visual hallucinations

3. Suicide 0� Absent
1� Feels life is not worth living
2� Wishes he or she were dead or any thoughts of possible death to self
3� Suicide ideas or gesture
4� Attempts at suicide (only serious attempt rates 4)

4. Insomnia early 0� No difficulty
1� Complains of occasional difficulty falling asleep (i.e., more than one-half hour)
2� Complains of nightly difficulty falling asleep

5. Insomnia middle 0� No difficulty
1� Patient complains of being restless and disturbed during the night
2� Waking during the night—any getting out of bed rates 2 (except for purposes of voiding)

6. Insomnia late 0� No difficulty
1� Waking in early hours of the morning but goes back to sleep
2� Unable to fall asleep again if gets out of bed

7. Work and activities 0� No difficulty
1� Thoughts and feeling of incapacity, fatigue, or weakness related to activities, work, or hobbies
2� Loss of interest in activities, work, or hobbies—either directly reported by patients, or indirect in listlessness,

indecision, and vacillation (feels he or she has to push self)
3� Decrease in actual time spent in activities or decrease in productivity, in hospital, rate 3 if patient does not spend at

least 3 hours a day in activities or decrease in productivity, in hospital, rate 3 if patient does not spend at least 3 hours a
day in activities (hospital job or hobbies), exclusive of ward chores

4� Stopped working because of present illness, in hospital, rate 4 if patient engages in no activities except ward chores, or
if patients fails to perform ward chores unassisted

8. Retardation (slowness
of thought and speech,
impaired ability to
concentrate, decreased
motor activity)

0� Normal speech and thought
1� Slight retardation at interview
2� Obvious retardation at interview
3� Interview difficult
4� Complete stupor

9. Agitation 0� None
1� “Playing with” hands, hair, etc.
2� Hand wringing, nail biting, hair pulling, biting of lips

10. Anxiety psychic 0� No difficulty
1� Slight retardation at interview
2� Obvious retardation at interview
3� Interview difficult
4� Complete stupor

11. Anxiety somatic 0� Absent Physiological concomitants of anxiety, such as
1� Mild Gastrointestinal (GI)—dry mouth, wind, indigestion, diarrhea, cramps, belching
2� Moderate Cardiovascular—palpitations, headaches
3� Severe Respiratory—hyperventilation, sighing
4� Incapacitating Sweating

12. Somatic symptoms—GI 0� None
1� Loss of appetite but eating without staff encouragement; heavy feelings in abdomen
2 � Difficulty eating without staff urging; requests or requires laxatives or medication for bowels or medication for GI

symptoms
13. Somatic

symptoms—general
0� None
1� Heaviness in limbs, back, or head; backaches, headache, muscle aches; loss of energy or fatigability
2� Any clear-cut symptoms rates 2

(continued )
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Table 79-6 Hamilton Depression Scale (HAM-D 17) (Continued)

14. Genital symptoms 0� Absent Symptoms such as Loss of libido
1� Mild Menstrual disturbances
2� Severe

15. Hypochondriasis 0� Not present
1� Self-absorption (bodily)
2� Preoccupation with health
3� Frequent complaints, requests for help, etc.
4� Hypochondriacal delusions

16. Loss of weight
(answer only A or B)

A. When rating by history:
0� No weight loss
1� Probably weight loss associated with present illness
2� Definite (according to patient) weight loss

B. On weekly ratings by ward psychiatrist, when actual weight changes are measured:
0� <1-lb weight loss in week
1� >1-lb weight loss in week
2� >2-lb weight loss in week

17. Insight 0� Acknowledges being depressed and ill
1� Acknowledges illness but attributes cause to bad food, climate, overwork, virus, need for rest, etc.
2� Denies being ill at all

Investigator’s Signature:

From Hamilton M. Development of a rating scale of primary depressive illness. Br J Soc Clin Psychol 1967;2:278.

states, slow the recovery process, or even promote complica-
tions. Furthermore, the likelihood of future depressive episodes
increases with each recurrence, dampening the patient’s prog-
nosis over time.

Although pharmacologic intervention has become the pri-
mary treatment modality for relieving depressive symptoms,
the efficacy and suitability of other therapeutic options should
not be overlooked. Most experts now advocate a three-pronged
approach to relieving and preventing depressive symptoms, in-
volving (a) psychotherapy, (b) somatic interventions, and (c)
lifestyle adjustments. Because these interventions address dif-
ferent aspects of the illness at different stages in the recov-
ery process, they work synergistically together, and a brief
summary of these approaches can be found later in this chap-
ter. (Note: Because discussion of medications comprises the
bulk of this chapter; readers are advised to refer to the “Drug
Management” section for information specific to pharmaco-
therapy.)

Psychotherapy
For the treatment of mild to moderate depression, psychother-
apy has proved to be comparable to pharmacologic inter-
vention and may actually be preferred by some patients.
For the acute treatment of severe depression, antidepressants
appear to be more effective than psychotherapy alone and
have a more rapid onset of therapeutic action.56 The bene-
ficial effects of psychotherapy, however, may persist longer
than medication-related benefits after the interventions have
been formally discontinued. In addition, psychotherapy may
be particularly beneficial for preventing relapse among pa-
tients who previously demonstrated a therapeutic response to
antidepressants.57 Overall, the combination of treatments is
superior to either intervention alone, although the routine use
of both modalities is often not feasible in today’s health care
environment.56

Several forms of psychotherapy are available, including
cognitive-behavioral therapy (CBT), interpersonal therapy, and
psychoanalytic and psychodynamic therapies. CBT, in particu-
lar, often focuses on identifying and reversing negative thought
patterns that perpetuate depressed emotions. It has been stud-
ied extensively in the depression field and is now available in a
manual-driven, evidence-based format. A more precise expla-
nation and description of psychotherapeutic alternatives is be-
yond the scope of this textbook. However, clinicians in the field
are strongly encouraged to develop familiarity with these ap-
proaches, as well as general supportive counseling techniques,
which can serve to promote the recovery process and decrease
the likelihood of future episodes.58

Somatic Interventions
ECT is a safe, rapid-acting, and highly effective therapeutic
intervention that continues to suffer, ostensibly, from a poor
public image. ECT was enormously popular during the 1940s
and 1950s and was used without discretion to treat a wide
variety of psychiatric conditions. This practice waned with
the advent of effective psychotropic medications, and with the
accumulation of case reports describing fractures and severe
cognitive impairment in treated patients. Since the 1950s, the
ECT procedure has undergone considerable transformation
and refinement.59 Adjunctive medications are now routinely
administered to prevent adverse effects and reduce morbidity
(e.g., a short-acting barbiturate for general anesthesia, an an-
ticholinergic agent to prevent bradycardia and dry excessive
airway secretions, succinylcholine to prevent fractures from
tonic-clonic contractions). The electric stimulus itself is no
longer applied in one steady current but now consists of a
series of brief pulses that have been shown to decrease the
severity of postictal headaches and memory impairment.

Fundamentally, ECT features the induction of generalized
seizures through an electric current delivered by bilateral or
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Table 79-7 Quick Inventory for Depressive Symptomatology (Clinician-Rated) (QIDS-C16)

NAME: TODAY’S DATE:
Please circle the one response to each item that best describes the patient for the past 7 days.

1. Sleep Onset Insomnia:
a. Never takes longer than 30 minutes to fall asleep.
b. Takes at least 30 minutes to fall asleep, less than half the time.
c. Takes at least 30 minutes to fall asleep, more than half the time.
d. Takes more than 60 minutes to fall asleep, more than half the time.

2. Midnocturnal Insomnia:
a. Does not wake up at night.
b. Restless, light sleep with few awakenings
c. Wakes up at least once at night
d. Awakens more than once at night and stays awake for 20 minutes or

more, more than half the time.
3. Feeling Anxious or Tense:

a. I do not feel anxious or tense.
b. I feel anxious (tense) less than half the time.
c. I feel anxious (tense) more than half the time.
d. I feel extremely anxious (tense) nearly all of the time.

4. The Quality of Your Mood:
a. The mood (internal feelings) that I experience is very much a

normal mood.
b. My mood is sad, but this sadness is pretty much like the sad mood I

would feel if someone close to me died or left.
c. My mood is sad, but this sadness has a rather different quality to it

than the sadness I would feel if someone close to me died or left.
d. My mood is sad, but this sadness is different from the type of

sadness associated with grief or loss.
5. Sleep During the Night:

a. I do not wake up at night.
b. I have a restless, light sleep with a few brief awakenings each night.
c. I wake up at least once a night, but I go back to sleep easily.
d. I awaken more than once a night and stay awake for 20 minutes or

more, more than half the time.
Please complete either 6 or 7 (not both)

6. Decreased Appetite:
a. There is no change in my usual appetite.
b. I eat somewhat less often or lesser amounts of food than usual.
c. I eat much less than usual and only with personal effort.
d. I rarely eat within a 24-hour period, and only with extreme personal

effort or when others persuade me to eat.
7. Increased Appetite:

a. There is no change from my usual appetite.
b. I feel a need to eat more frequently than usual.
c. I regularly eat more often and/or greater amounts of food than usual.
d. I feel driven to overeat both at mealtime and between meals.

8. Aches and Pains:
a. I don’t have any feeling of heaviness in my arms or legs or any aches

or pains.
b. Sometimes I get headaches or pains in my stomach, back, or joints,

but these pains are only sometime present and don’t stop me from
doing what I need to do.

c. I have these sorts of pains most of the time.
d. These pains are so bad they force me to stop what I am doing.

9. Concentration/Decision Making:
a. There is no change in my usual capacity to concentrate or make

decisions.
b. I occasionally feel indecisive or find that my attention wanders.
c. Most of the time, I struggle to focus my attention or to make

decisions.
d. I cannot concentrate well enough to read and cannot make even

minor decisions.
10. Energy Level:

a. There is no change in my usual level of energy.
b. I get tired more easily than usual.
c. I have to make a big effort to start or finish my usual daily activities

(e.g., shopping, homework, cooking, or going to work).
d. I really cannot carry out most of my usual daily activities because I

just don’t have the energy.
11. General Interest:

a. There is no change from usual in how interested I am in other people
or activities.

b. I notice that I am less interested in people or activities.
c. I find I have interest in only one or two of my formerly pursued

activities.
d. I have virtually no interest in formerly pursued activities.

12. Capacity for Pleasure or Enjoyment (excluding sex):
a. I enjoy pleasurable activities just as much as usual.
b. I do not feel my usual sense of enjoyment from pleasurable activities.
c. I rarely get a feeling of pleasure from any activity.
d. I am unable to get any pleasure or enjoyment from anything.

13. View of Myself:
a. I see myself as equally worthwhile and deserving as other people.
b. I am more self-blaming than usual.
c. I largely believe that I cause problems for others.
d. I think almost constantly about major and minor defects in myself.

14. View of My Future:
a. I have an optimistic view of my future.
b. I am occasionally pessimistic about my future, but for the most part

I believe things will get better.
c. I’m pretty certain that my immediate future (1–2 months) does not

hold much promise of good things for me.
d. I see no hope of anything good happening to me anytime in the

future.
15. Thoughts of Death or Suicide:

a. I do not think of suicide or death.
b. I feel that life is empty or wonder if it’s worth living.
c. I think of suicide or death several times a week for several minutes.
d. I think of suicide or death several times a day in some detail, or I

have made specific plans for suicide or have actually tried to take my
life.

Please review this test and write in this space the numbers of the three items that were the most difficult to understand.
Which three items (questions) were the easiest to understand?

Thank you.

Range 0–42 Score:

Copyright c©1995, A. John Rush, MD.
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Table 79-8 Comparison of Selected Depression Rating Scales

Instrument Minimal Mild Moderate Severe

Hamilton (HAM-D)—17-item Clinician-rated <8 8–15 16–27 >27
Beck Depression Inventory (BDI) Clinician-rated <10 10–16 17–29 >29
BDI Patient-rated <10 10–15 16–23 >23
Quick Inventory for Depressive Symptoms (QIDS-C)
Clinician-rated

<6 6–10 11–15 >15

QIDS-SR Patient-rated <6 6–10 11–15 >15
Montgomery-Asberg Depression Rating Scale (MADRS)

Clinician-rated
<7 7–19 20–34 >34

unilateral electrode placement. Certain medications may raise
seizure thresholds (benzodiazepines) or promote cognitive im-
pairment (lithium) and should be discontinued before the pro-
cedure. Adverse effects are generally minimal and consist
mainly of transient anterograde amnesia (i.e., difficulty remem-
bering events around the time of the procedure), retrograde
amnesia, confusion, headaches, and muscle aches. Cardiovas-
cular effects (e.g., ventricular arrhythmias, myocardial infarc-
tion [MI]) are the most ominous sequelae, but these events are
actually quite rare.

Many years of clinical experience have enabled clinicians
to identify patient populations most likely to benefit from this
intervention. Today, ECT is recommended for patients with
treatment-resistant depression, severe vegetative depression,
psychotic depression, and depression in pregnancy. Overall re-
sponse rates are rather impressive, ranging from 70% to 90%,
and ECT has the distinct advantage of inducing a therapeu-
tic response within the first week or two of treatments.60 The
recommended frequency of ECT treatments is variable. Most
institutions have used three sessions weekly to induce a thera-
peutic response acutely, although evidence suggests that twice-
weekly sessions are better tolerated and more cost effective.61

The frequency of treatments thereafter (i.e., maintenance ther-
apy) is unknown, although recent evidence suggests that ECT
administered weekly for 1 month and less frequently thereafter
may be as effective as aggressive pharmacotherapy in prevent-
ing relapse. 62

Other somatic interventions have also been used success-
fully to treat depression. Transcranial magnetic stimulation
(TMS) is a noninvasive procedure involving the application of
an electrical stimulus across the scalp, which ultimately gen-
erates an electrical field in the cerebral cortex.63 Unlike ECT,
TMS does not generate an actual seizure and is very well tol-
erated. Evidence of efficacy has been demonstrated in several
investigations using repetitive high-frequency techniques, and
imaging studies have shown functional improvements consis-
tent with antidepressant properties. However, it is not currently
U.S. Food and Drug Administration (FDA) approved for the
treatment of depression. Vagal nerve stimulation (VNS) in-
volves the surgical implantation of an electrical device in the
subcutaneous tissue below the clavicle, which sends an im-
pulse along the left vagal nerve into the cerebral cortex.64 This
intervention has proven to be effective for intractable seizures.
It is currently FDA approved for the management of treatment-
resistant depression as well, although the safety and cost effec-

tiveness of this expensive procedure have not been extensively
studied.

Light therapy or phototherapy is particularly effective for
relieving the irritability and malaise associated with seasonal
affective disorder, a milder form of depression that has been
attributed to decreases in natural sunlight found with seasonal
variation.65 Phototherapy is administered in the form of a light
box delivering 1,500 to 10,000 lux over a period of 1 to 2
hours daily. It is generally very well tolerated, although case
reports of mania have surfaced as with any other somatic in-
tervention used for depression. Sleep deprivation may be an
effective adjuvant to antidepressants and has also been studied
as a remedy for premenstrual dysphoric disorder. The goal of
sleep deprivation is to gradually advance sleep cycles by al-
tering wake schedules, ultimately minimizing the duration of
rapid eye movement (REM) sleep.66

Lifestyle Adjustments
Any therapeutic approach to mood disorders should seek to
reverse unhealthy or destructive lifestyle habits and consider
other activities that may relieve stress and facilitate well-being.
Alcohol, recreational drug use, and excessive caffeine con-
sumption should be minimized (if not prohibited) in patients
suffering from depression or anxiety disorders. Sleep habits
should be evaluated and improved to ensure optimal rest. This
also promotes the restoration of normal physiological and im-
munologic processes that can ward off chronic illness. Dietary
factors should be modified to promote diverse, balanced, and
nutritional eating habits.

Increased physical activity and sustained cardiovascular ex-
ertion can impart a variety of health benefits, as well as relief
from mood disorders. Although investigations examining the
effectiveness of exercise for clinical depression have met with
mixed results, exercise can certainly regulate appetite, improve
sleep patterns, increase energy, enhance self-esteem, and in-
dicate a return to euthymic status.67 Exercise has been shown
to increase circulating concentrations of serotonin in the pe-
riphery and enhance neurogenesis in the hippocampus.68 Other
activities may also serve to relieve stress and help patients de-
velop insights into their emotional well-being. These pursuits
can range from daily journal writing (or “journaling”), to prayer
or meditation, to yoga and tai chi. Classes in mindfulness-based
meditation, in particular, are now being offered at many medi-
cal centers, and the health benefits of this approach have been
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demonstrated in a wide range of medical conditions (e.g., can-
cer, chronic pain syndromes, HIV illness).69 Certain herbal
remedies may also be effective and are discussed in Chapter 3.

MAJOR DEPRESSIVE DISORDER
Diagnosis

1. A.R. is a 25-year-old woman who presents to the student
health clinic for a routine physical examination. During her visit,
A.R. states, “I’ve been feeling pretty down lately and just want to
give up.” Her physical examination is unremarkable, and all lab-
oratory tests (complete blood count with differential, chemistry
panel, and thyroid function tests) are within normal limits. A hu-
man chorionic gonadotropin test is negative. Her medical history
is noncontributory, the only prescription medication she has re-
ceived is an oral contraceptive (which she has taken faithfully for
the past 6 months), and she denies drinking alcohol or using other
recreational substances.

When asked, A.R. states that she has had increasing periods of
depressed mood over the past few months and often finds herself
crying in the morning for no particular reason. She reports that
she has no interest in her old hobbies (playing the piano, mountain
biking, gardening). She is engaged to be married in 3 months
but feels that she does not deserve to be a wife. Over the past 2
months, her appetite has decreased, and she has lost 15 lb. She
feels overwhelmed about all of the plans that she needs to make
for her wedding (“I don’t even deserve a wedding this nice”) and
has difficulty sleeping, often waking in the middle of the night
and being unable to fall back asleep. She has no energy during
the day and finds it difficult to concentrate or make decisions.
This is a major concern because she is a graduate student at the
local university.

The mental status examination reveals an appropriately
dressed female who appears sad but who is alert, coherent, and
logical. Her affect is constricted, apprehensive, and sad. Mood is
depressed, and she admits having suicidal ideation but no specific
plans. She is oriented to person, place, and time but shows some
recent memory deficits. Her intelligence is estimated to be above
average. Concentration and abstractions (e.g., “don’t cry over
spilled milk,” “a rolling stone gathers no moss”) are satisfactory.
She denies hearing voices or other hallucinations. She has good
insight and judgment into her illness. What signs and symptoms
does A.R. have that support the diagnosis of major depressive
disorder?

The target symptoms of depression are listed in Table 79-9
and can be recalled by the pneumonic D-SIG-E-CAPS or DIG-
SPACES. Based on A.R.’s history, she describes a dysphoric or
depressed mood as well as anhedonia (lack of interest in hob-

bies or pleasurable activities). In addition, she demonstrates
frequent episodes of crying, decreased appetite (with an unin-
tentional 15-lb weight loss), poor concentration, low energy,
suicidal ideation, worthlessness, and inappropriate guilt. Her
mental status examination is consistent with these target symp-
toms, revealing a constricted, sad affect (physical manifestation
of inner emotional states) and frequent crying episodes during
the interview.

Based on the DSM-IV-TR criteria, A.R. has major depres-
sive disorder. Over the past 2 weeks, she has consistently ex-
hibited at least five of the associated symptoms, one of which is
depression or anhedonia. It does not appear that her symptoms
are the result of any medical condition, medication, thought
disorder, or uncomplicated bereavement. The anhedonia and
vegetative symptoms (e.g., midnocturnal insomnia, decreased
appetite, weight loss) are consistent with the depressive sub-
type of melancholia.

Suicide Assessment

2. What is the risk of A.R. hurting herself? How should suici-
dal ideation be assessed?

Patients with major depression should always be assessed
for the presence of suicidal thoughts (e.g., “Do you ever feel
like giving up?”, “Are you thinking about hurting yourself?”).
Suicide is viewed by the depressed patient as a remedy to insur-
mountable problems when all other options appear hopeless.
Comments made by the patients alluding to suicide (e.g., “Life
is not worth living anymore,” “I am leaving and may never
see you again”) should be taken seriously. Misunderstandings
about suicidal ideation abound in the general public. Common
myths include the ideas that people are more likely to commit
suicide if asked about it, that people who attempt suicide are
just looking for attention, or that suicide is usually attempted
after a sudden traumatic event.

Several factors may place a person at greater risk for a sui-
cide attempt. A detailed plan, for instance, suggests a serious
intent and a higher risk for successful suicide. The clinician
should be concerned if a change takes place in A.R.’s person-
ality (e.g., giving away possessions, making a will, purchasing
a firearm, asking about the lethal dose of medications). Other
risks for suicide include living alone, having a physical illness,
being unemployed, being 15 to 24 years of age or older than 65
years of age, having a history of alcohol/drug abuse, or having
a family history of suicide.70 Gender plays a role as well, with
women much more likely to attempt suicide, while men are
more often successful.

The management of patients who are potentially suici-
dal depends on the attendant risk, incorporating many of the

Table 79-9 Depressive Disorder Target Symptom Mnemonic

D SIG E CAPS

Depressed mood Sleep (insomnia or hypersomnia) Energy loss Concentration (loss)
Interest (loss of, including libido) Appetite (loss or gain)
Guilt Psychomotor (agitation or retardation)

Suicide (ideation)

From ref. 67.
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factors just cited. For patients who are actively suicidal, hospi-
talization is often necessary and may even be facilitated against
the patient’s will in high-risk settings. Other life-saving inter-
ventions include establishing close contact with the patient’s
family and health care provider, convincing the patient to con-
tract for his or her safety, ensuring that firearms and other
lethal means are removed from the home, and avoiding an-
tidepressants with a narrow therapeutic index (e.g., tricyclic
antidepressants [TCAs]) or limiting the dispensed quantity to
<10 days. Depressed patients surface in any health care envi-
ronment, so all clinicians should have an emergency hotline or
crisis telephone number at their disposal.

A.R. is at some risk for suicide, although she does not have
a detailed plan at present. She should be monitored closely
during the first few weeks of therapy by friends or family mem-
bers. If her suicidal ideation becomes severe, A.R. should be
admitted to a facility for her own safety. Unfortunately, it is
not always possible to predict whether A.R. (or any depressed
patient) will attempt to commit suicide. Even with the most
conservative precautions, a small percentage of patients suc-
ceed in their suicide attempts.

DRUG MANAGEMENT
Drug Selection: General Considerations

3. A.R. is diagnosed as follows: Axis I—major depressive dis-
order, single episode, with melancholic features; Axis II—none;
and Axis III—none. What drug options are available for A.R.’s
depressive symptoms? What considerations should be made when
selecting antidepressant therapy?

At present, 23 medications have received FDA approval in
the United States for the treatment of depression. They can be
conveniently grouped into six categories:

1. SSRIs
2. Serotonin norepinephrine reuptake inhibitors (SNRIs)
3. Norepinephrine reuptake inhibitors (NRIs)
4. TCAs
5. Monoamine oxidase inhibitors (MAOIs)
6. Miscellaneous (e.g., trazodone, mirtazapine)

All available antidepressants are equally effective in the
general depressed patient population, and all appear to have
the same delayed onset of therapeutic effects. Historically, it
has been reported that 65% to 70% of patients given a thera-
peutic trial of an antidepressant will have a positive response
(therapeutic response traditionally defined as a ≥50% drop
in depression rating scores), and 35% to 40% achieving re-
mission (i.e., virtual absence of symptoms).71 These treatment
effects, however, were usually measured in randomized con-
trolled trials (RCTs) among patients with minimal comorbidity
who were exhibiting moderate-to-severe psychopathology. Re-
cent efforts have been made to examine these response patterns
under less rigidly controlled conditions (i.e., more naturalistic
studies). Most notably, a series of investigations that came to
be known as the STAR*D (Sequenced Treatment Alternatives
to Relieve Depression) trials enrolled nearly 3,000 patients
from primary care clinics and mental health centers across the
United States in an effort to determine the effectiveness of first-
line treatments, as well as second-line agents and augmentation

Table 79-10 Factors to Consider in Selecting
an Antidepressant

� History of prior response (personal or family member)
� Safety in overdose
� Adverse effect profiles
� Patient age
� Concurrent medical/psychiatric conditions
� Concurrent medications (e.g., potential for drug interactions)
� Convenience (e.g., minimal titration, once-daily dosing)
� Cost
� Patient preference

strategies.72 All eligible patients received a relatively rigorous
course of citalopram (average dose = 41.8 mg daily), and the
results suggested that response rates are closer to 50% and
remission is achieved in 30% of patients treated under “real
world” conditions.

Because the response rates for all currently available an-
tidepressants are comparable, other important considerations
should influence decision making (Tables 79-10–79-13). The
first factor to consider is the patient’s history of previous re-
sponse. If this history is unavailable (or the patient has never
received an antidepressant before), the clinician should inquire
about family history. If a first-degree relative had a successful
course of antidepressant treatment with minimal adverse ef-
fects, that specific medication (or another from the same antide-
pressant class) would be a prudent choice for initiating therapy.

The potential impact of an antidepressant on concurrent
medical conditions or disease states is often considered next.
For example, certain antidepressants (e.g., TCA, paroxetine,
mirtazapine) are associated with significant weight gain and
would not be desirable choices for obese patients. Similarly,
bupropion should be avoided in patients with a history of
seizures, and venlafaxine may not be ideal for patients with
hypertension.

Many clinicians select an antidepressant by matching the
patient’s presenting symptoms to the side effect profile of an-
tidepressant medications. For example, if a depressed patient
is sleeping and eating excessively, and possesses little energy
or motivation, the clinician may choose an agent that will ad-
dress these baseline symptoms, perhaps through the enhance-
ment of noradrenergic transmission (e.g., bupropion). Patients
with substantial anxiety or irritability may benefit preferen-
tially from antidepressants that facilitate serotonergic trans-
mission (e.g., SSRI) because nearly 50% of patients with ma-
jor depression are believed to be suffering from a concurrent
anxiety disorder. Conversely, some clinicians argue that if an
antidepressant is clinically effective, it will relieve all target
symptoms eventually, regardless of the adverse effect profile.
Nonetheless, tailoring antidepressant medications to a patient’s
presentation is a common practice that may minimize the initial
side effect burden and promote adherence.

Other important patient-specific factors to consider in the
selection of an agent include safety in overdose, potential for
drug interactions, ease of administration (once daily vs. di-
vided doses), necessity of titration practices, cost (to the pa-
tient/institution), and patient preference.

Because A.R. is a student, the clinician may want to se-
lect an antidepressant that has minimal effects on alertness or
cognitive function, such as an SSRI or bupropion. Of these
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Table 79-11 Pharmacology of Antidepressant Medications

Bioavailability Protein Half-Life (in hours)
Medication Serotonin Norepinephrine Dopamine (Oral) Binding (Active Metabolite)

Selective Serotonin Reuptake Inhibitors

Fluoxetine (Prozac) + + + + 0/+ 0 80% 95% 24–72 (146)
Sertraline (Zoloft) + + + + 0/+ + >44% 95% 26 (66)
Paroxetine (Paxil) + + + + + 0 64% 99% 24
Citalopram (Celexa) + + + + 0 0 80% <80% 33
Escitalopram (Lexapro) + + + + 0 0 80% 56% 27–32

Serotonin Norepinephrine Reuptake Inhibitors

Venlafaxine (Effexor) + + + + + + + 0 92% 25–29% 4 (10)
Duloxetine (Cymbalta) + + ++ ++++ 0 50% >90% 12 (8–17)

Norepinephrine Reuptake Inhibitors

Bupropion (Wellbutrin) 0/+ + + >90% 85% 10–21

Tricyclic Antidepressants

Desipramine (Norpramin) + + + + + 0/+ 51% 90% 12–28
Nortriptyline (Pamelor) + + + + + 0 46%–56% 92% 18–56
Amitriptyline (Elavil) + + + + + + + + 0 37%–49% 95% 9–46 (18–56)
Imipramine (Tofranil) + + + + + 0/+ 19%−35% 95% 6–28 (12–28)
Doxepin (Sinequan) + + + + 0 17%−37% 68%−85% 11−23

Others

Mirtazapine (Remeron) + + + + + + + 0 50% 85% 20–40

0, negligible; +, very low; + +, low; + + +, moderate; + + + +, high.

two options, an SSRI may be preferred for A.R. because she is
experiencing a significant decrease in appetite and insomnia,
which may be exascerbated with bupropion.

Response Rates of Target Symptoms

4. A.R. is given a prescription for sertraline 50-mg tablets. She
is instructed to take a half tablet (25 mg) for the first week and
increase to a whole tablet daily thereafter. She is also asked to
return to the clinic in 4 weeks for follow-up. How soon should
A.R.’s target symptoms begin to resolve?

A similar delayed pattern of therapeutic response has been
observed with all antidepressant medications. Traditionally,
patients have been informed that approximately 4 to 6 weeks
must elapse before they will experience any therapeutic bene-
fit from medication. However, researchers in the field consider
this a conservative estimate, gleaned from standard drug effi-
cacy studies ill suited to answer this question.73 In such studies,
patients will begin to show signs of clinical response during the
first 1 or 2 weeks of active treatment, but because the difference
from placebo is assessed every 7 days and will not ordinarily
achieve statistical significance until the third or fourth week,
these early response patterns are misinterpreted to suggest that
it may take a month or more for patients to improve. Some
experts have contended, in fact, that trials uniquely designed
to investigate the onset of therapeutic effect will conclusively

show that patients exhibit substantial improvement during the
first 2 weeks of treatment, and maximum improvement may not
be evident for 4 weeks or more.74

The pattern of patient response can also be generalized,
with neurovegetative symptoms often the first to subside (e.g.,
altered sleep or appetite, decreased energy, excessive worrying
and irritability). The cognitive symptoms are slower to respond,
and 3 to 4 weeks or more may elapse before improvements are
evident. These symptoms include excessive guilt or pessimism,
poor concentration, hopelessness or sadness, and decreased
libido.

A.R. should be counseled concerning this anticipated delay
in therapeutic response and advised that optimal improvement
may take at least 4 weeks. If she is not aware of this time
frame, she may stop the medication prematurely, prolonging
her distress and further delaying the recovery process.

Selective Serotonin Reuptake Inhibitors
Adverse Effects

5. What are the most common side effects reported with
SSRIs, and how should they be managed?

Although it is not accurate to say that SSRIs (or SNRIs)
cause fewer side effects than TCAs, the adverse effects asso-
ciated with these newer antidepressant classes are generally
milder and less likely to lead to discontinuation.75 There are
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Table 79-12 Adverse Effects of Antidepressant Medications

Anticholinergic GI Effects Sexual Weight
Medication Sedation Agitation/Insomnia Effects Orthostasis (Nausea/Diarrhea) Dysfunction Gain

Selective Serotonin Reuptake Inhibitors

Fluoxetine (Prozac) + + + + + 0/+ 0/+ + + + + + + + + +
Sertraline (Zoloft) + + + + 0/+ 0 + + + + + + +
Paroxetine (Paxil) + + + + + ++ 0 + + + + + + + + ++
Citalopram (Celexa) + + + + 0/+ 0 + + + + ++ +
Escitalopram (Lexapro) + + + 0/+ 0 + + + + ++ +

Serotonin Norepinephrine Reuptake Inhibitors

Venlafaxine (Effexor) + + + + + 0 + + + + + + +
Duloxetine (Cymbalta) + + ++ + 0 + ++ ++ 0/+

Norepinephrine Reuptake Inhibitors

Bupropion (Wellbutrin) 0 + + + + 0 + 0/+ 0

Tricyclic Antidepressants

Desipramine (Norpramin) + + + + + + + + 0/+ + + +
Nortriptyline (Pamelor) + + + + + + + 0/+ + + +
Amitriptyline (Elavil) + + + + 0/+ + + + + + + + + 0/+ + + + + +
Imipramine (Tofranil) + + + 0/+ + + + + + + + 0/+ + + + +
Doxepin (Sinequan) + + + + 0/+ + + + + + + + + 0/+ + + + +

Others

Mirtazapine (Remeron) + + + + 0 + + 0/+ + 0/+ + + +
0, negligible; +, very low; + +, low; + + +, moderate; + + + +, high.

also generally fewer concerns with SSRI (or SNRI) and co-
morbid illnesses than one encounters with TCAs, suggesting
that SSRIs may often be a better choice in medically complex
patients.

As clinical experience accumulates with the SSRI (and
SNRI) agents, a distinct side effect profile has emerged, con-
sisting of gastrointestinal (GI) complaints, CNS disturbances,
and sexual dysfunction. All these medications may induce nau-
sea, but this tends to be a transient effect that diminishes af-
ter the first week of treatment. Typically, the SSRI can cause
some local GI irritation 1 to 2 hours after oral administration.
For this reason, patients should always be advised to take the
medication after a meal or snack, particularly during the first
week of therapy. Nausea with SSRIs may also be mediated
centrally through the stimulation of certain serotonin recep-
tors (5-HT3C) that activate the chemoreceptor trigger zone.76

Nausea triggered by this mechanism has a more delayed onset,
corresponding to the accumulation of medication until steady-
state dynamics are reached, and often persists throughout the
dosing interval. Patients who experience nausea mediated by
CNS stimulation may be unable to tolerate this effect and often
require dosage reduction or drug discontinuation.

SSRIs may also have transient and bothersome effects on
bowel function. Unlike nausea, there does appear to be clin-
ically relevant differences among SSRIs in this regard. Ser-
traline, fluoxetine, and citalopram have been associated with
a 15% to 20% incidence of diarrhea.77 Fortunately, the diar-

rhea often remits after 1 week or so of continued therapy and
rarely requires an interruption of treatment. In contrast, paroxe-
tine possesses a mild affinity for blocking muscarinic receptors
that can manifest as anticholinergic side effects, such as consti-
pation, dry mouth, or urinary hesitancy. This may discourage
the use of paroxetine in patients with pre-existing constipa-
tion or those receiving other medications with anticholinergic
potential.

SSRIs can have myriad effects on the CNS, with distur-
bances in sleep or disposition being a primary concern. Overall,
the SSRIs appear to have significant but highly variable effects
on sleep architecture. For example, in sleep studies, SSRIs have
been shown to increase sleep latency and decrease sleep effi-
ciency, often resulting in morning sleepiness or malaise. Many
patients also notice that their dreams become more vivid and
memorable, which is not always a desirable experience, and
may prolong the REM stage, resulting in less fitful sleep.78

It should be emphasized, however, that sleep may actually im-
prove once the antidepressant properties of the medications are
apparent and baseline depressive symptoms are relieved (e.g.,
midnocturnal insomnia).

Compared with older antidepressants, SSRIs are generally
considered activating compounds, and there does appear to be
a hierarchy among the individual agents. Fluoxetine, for exam-
ple, is widely regarded as the most activating of the SSRIs, a
property that may be desirable in anergic patients or undesir-
able in those who are agitated or have difficulty falling asleep.79
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Table 79-13 Dosage Ranges and Costs of Antidepressant Medications

Medication Brand Name Starting Dose (mg/day) Maximum Dosage (mg/day) Usual Dosage (mg/day) Relative Cost a

Selective Serotonin Reuptake Inhibitors

Fluoxetine Prozac 10 80 10–20 mg QD $b

Sertraline Zoloft 25 200 50 mg QD $$b

Paroxetine Paxil 10 50 10–20 mg QD $b

Citalopram Celexa 10 60 20 mg QD $$b

Escitalopram Lexapro 5 20 10 mg QD $$$$

Serotonin Norepinephrine Reuptake Inhibitors

Venlafaxine Effexor 25 375 50 mg BID $$$$
Venlafaxine Effexor XR 37.5 225 150 mg QD $$$$
Duloxetine Cymbalta 30 120 60 mg QD $$$$

Norepinephrine Reuptake Inhibitors

Bupropion Wellbutrin 200 450 100 mg TID $$b

Bupropion Wellbutrin SR 150 400 150 mg BID $$b

Bupropion Wellbutrin XL 150 450 300 QD $$$$b

Tricyclic Antidepressants

Desipramine Norpramin 25 300 200 mg HS $
Nortriptyline Pamelor 10–25 150 100 mg HS $

Others

Mirtazapine Remeron 15 45 15–30 mg HS $$b

aBased on average wholesale prices for usual therapeutic doses (July 2007).
bPrice reflects cost of generic formulation.
$ = $0–25/month; $$ = $25–50/month; $$$ = $50–70/month; $$$$ = >$70/month.

For this reason, fluoxetine is usually administered in the
morning after breakfast. However, it should be noted that fluox-
etine is not necessarily activating for all patients. In fact, some
find it to be slightly sedating or numbing. Daytime drowsiness
can be experienced with fluoxetine, perhaps as a result of light,
restless sleep. Sertraline, escitalopram, and citalopram have
also been associated with comparatively more insomnia than
sedation, but they are generally considered to be less activating
than fluoxetine in this regard. The effects of paroxetine appear
to be somewhat mixed, with approximately equal proportions
of patients complaining of sedation and insomnia, respectively.

Another type of CNS side effect reported with SSRIs in-
volves the extrapyramidal system. SSRIs have been associated
with extrapyramidal side effects (EPS), consisting of akathisia,
dystonias, and parkinsonian symptoms that are qualitatively
identical to those commonly seen with high-potency antipsy-
chotics. Fortunately, the reported incidence of EPS effects is
much lower than with antipsychotic agents.80 Although EPS
reactions have been documented with all SSRIs, most case
reports have featured paroxetine. Because paroxetine has the
highest affinity for serotonin receptors, this may lend support to
the theory that these EPS effects are mediated through the indi-
rect influence of serotonergic neurons on dopaminergic activ-
ity. In certain areas of the brain, serotonin and dopamine appear
to have an inverse relationship, whereby central stimulation of
serotonin receptors results in a net decline in dopaminergic
transmission. Therefore, management of EPS effects induced

by SSRI is identical with that of those precipitated by antipsy-
chotics. Dystonias and parkinsonian side effects can be treated
with anticholinergic agents and subsequent dosage reduction.
Akathisia usually responds to a dosage decrease and/or admin-
istration of low-dose β-blockers.

The deleterious effects of SSRI on sexual function were
overlooked in early clinical trials, but it is now widely rec-
ognized that these adverse effects are very common and po-
tentially profound consequences of SSRI treatment that can
often lead to medication nonadherence.81 In the medical liter-
ature, the reported incidence of sexual dysfunction ranges from
1.9% to 75%, reflecting the diversity of research methods (or
lack thereof) used to detect this occurrence.82,83 The actual in-
cidence of SSRI-induced sexual dysfunction is approximately
30% to 50%, and it appears to be slightly more common in men,
but the severity may be worse in women. Delayed orgasm is the
most common sexual complaint attributed to SSRIs or SNRIs,
and should be distinguished from decreases in desire or libido,
which are considered to be an aspect of the psychopathology
of depression itself. This iatrogenic effect on orgasms has actu-
ally been used to clinical advantage in men reporting premature
ejaculation, but most patients find it undesirable.84 All SSRIs
are commonly implicated with sexual dysfunction, but there
are several indirect lines of evidence suggesting that parox-
etine and fluoxetine are the worst in this regard.85,86 It also
appears that this is a dose-dependent phenomenon, which may
respond favorably to a decrease in daily dosage. Unlike the GI
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and CNS side effects reported with SSRIs, sexual dysfunction
is not usually a transient adverse effect and must be addressed
by clinicians if patients are to complete a full course of therapy.

6. Are there any other adverse effects of SSRIs about which
A.R. should be aware?

In addition to GI, CNS, and sexual side effects, a variety
of other, less common, adverse sequelae may jeopardize treat-
ment. Dry mouth and headache occur with many antidepres-
sants, and, although these somatic complaints are prevalent
in the general population, placebo-adjusted rates suggest that
SSRIs may induce this phenomenon.77 Increased sweating has
also been reported with SSRIs and can be particularly uncom-
fortable or embarrassing.87 Dosage reduction may help relieve
this adverse effect, and alpha-blockers (e.g., terazosin, pra-
zosin) and anticholinergic antidotes have been used as well
(e.g., benztropine or low-dose TCA at bedtime).88,89 Bruxism,
or teeth grinding, can also be an unfortunate consequence of
SSRI treatment, leading to chipped or cracked teeth and gen-
erally poor dentition.90 Often, patients may not be aware of
this nocturnal effect and complain merely of a dull, persis-
tent headache during the morning hours. This, too, may be
a dose-dependent side effect of all SSRIs, and several anti-
dotes have been prescribed (e.g., buspirone, benzodiazepines,
gabapentin).91,92 In small retrospective studies and several case
reports, SSRIs have been linked to dilutional hyponatremia
or syndrome of inappropriate antidiuretic hormone.93,94 All
SSRIs (and venlafaxine) have been associated with this phe-
nomenon, and elderly patients appear to be uniquely at risk.

The long-term effects of SSRIs on body weight are more
variable and difficult to predict. It is worthwhile to recall that
decreased appetite is one of the most common depressive
symptoms and that a small weight gain after an antidepres-
sant course may actually be viewed as a therapeutic effect of
successful treatment. Early reports of weight loss with fluox-
etine generated much optimism for the use of SSRI in obe-
sity, but longitudinal studies found this to be a brief, transient
phenomenon.95 All SSRIs have been implicated with signif-
icant weight gain after long-term use, but it is relatively rare
phenomenon believed to be mediated by genetic markers that
have not been conclusively identified. The exception is with
paroxetine, which has been implicated much more often than
other SSRIs. One long-term RCT compared the effects of flu-
oxetine, sertraline, and paroxetine on total body weight.96 After
7 months of SSRI use, 25% of the patients receiving paroxe-
tine gained a clinically significant amount of weight (defined
as a >7% increase in total body weight) compared with 7%
with fluoxetine and 4% with sertraline. Long-term studies with
citalopram and escitalopram suggest that 3% to 5% of patients
will experience a significant weight gain. Because weight gain
may occur with any SSRI, it is best to monitor weight changes
closely during long-term treatment and respond accordingly.

Retrospective studies have also linked SSRI with an in-
creased risk for severe GI bleeds.97 This has been attributed to
the SSRI effects on decreasing platelet activation and aggre-
gation. Interestingly, these pharmacologic properties may also
confer a therapeutic advantage, as longitudinal studies have
suggested that SSRI may be cardioprotective and prevent fu-
ture MI. Because the bulk of evidence addressing SSRI effects
on GI bleeds and MI has been inferred from nonrandomized

retrospective studies that may be strongly influenced by other
confounding factors (e.g., lifestyle habits, depression itself),
future prospective trials are clearly indicated.

Dosage Titration

7. A.R. calls the clinic 2 weeks later requesting a dosage in-
crease. She reports that she has been taking 50 mg of sertraline
every morning for the past week and has noticed considerable
improvement in her sleep, appetite, and outlook (“Little things
don’t bother me so much anymore”), but believes she could be
doing better. She still feels as though her mood and concentration
could improve, and admits that she has yet to resume her exer-
cise regimen (“I still don’t have the energy”). She asks you if she
could increase her dosage. What changes would you make to her
antidepressant regimen at this time?

It is very important to establish realistic expectations for
treatment with antidepressants from the very beginning of ther-
apy. Patients need to be informed of the anticipated course of
antidepressant treatment and should be advised, for instance,
that the onset of side effects usually precedes that of thera-
peutic effects. Also, patients should be advised that, although
antidepressants may relieve their acute symptoms and prevent
relapse, they do not abolish environmental stressors, increase
self-esteem, or reverse negative perceptions and emotions.

Dosing and prescribing patterns with SSRI have changed
since the first SSRI (fluoxetine) was introduced in the United
States in 1988. In general, clinicians have come to realize
that “one size fits all” prescribing philosophies and early ag-
gressive dosing practices were largely unnecessary and often
compromised medication adherence. Providers have found, in
fact, that lower dosages of SSRIs may actually suffice (e.g.,
10 mg/day of fluoxetine, paroxetine, or citalopram) if patients
are informed of the delayed onset of therapeutic effects and are
closely monitored for tolerance and response. Because preclin-
ical fixed-dose studies were rarely conducted with these lower
dosages, it is difficult to endorse this practice empirically. How-
ever, there is experimental evidence demonstrating that daily
doses as small as 5 mg of fluoxetine are more effective than
placebo and comparable to 20 mg in a significant segment of
the depressed populace.98

For A.R., many factors must be considered before increas-
ing her dosage. She has been receiving the medication for only
2 weeks (25 mg daily for 1 week, 50 mg daily thereafter), and
the improvement she is exhibiting in neurovegetative symp-
toms may suggest that the resolution of cognitive symptoms
is soon to follow. She should be reminded that the optimal ef-
fects of antidepressants may not be evident for 4 to 6 weeks.
Furthermore, it is possible that the lack of improvement in her
concentration and energy may be largely situational as the day
of her wedding approaches. An increase in medication at this
time would not necessarily address these environmental fac-
tors and would serve only to increase the side effect burden.
Therefore, a reasonable recommendation would be to continue
with the current daily dose of 50 mg and to re-evaluate the
medication’s effects when she returns to clinic in 2 weeks.

8. At the end of 4 weeks of treatment, A.R. is seen in the clinic
and asked about side effects she has experienced. She recalls some
mild nausea during the first week of treatment but continued to
take the medication after breakfast (as directed) and noticed that
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Table 79-14 Management of SSRI-Induced Sexual
Dysfunction

� Patience (may improve after 2−4 weeks)
� Reduced dosage (if possible)
� Drug holidays (sertraline, paroxetine, citalopram, escitalopram only)
� Antidotes

– Bupropion SR 150 mg QD–BID
– Sildenafil 50–100 mg QD PRN
– Mirtazapine 7.5–15 mg HS
– Cyproheptadine 4–12 mg PRN (1 hour prior)
– Methylphenidate 2.5–5.0 mg QD
– Others: yohimbine, amantadine, buspirone, gingko

� Change of antidepressants (e.g., bupropion, mirtazapine)

this effect went away after approximately 3 or 4 days of therapy.
She denies diarrhea, insomnia, or headache. Before leaving, she
reluctantly admits that the only side effect she is experiencing is
sexual. (“I love my fiancee, but sex isn’t as enjoyable anymore.”)
How should this side effect be managed at this time?

From a clinician’s standpoint, the detection and proper man-
agement of SSRI-induced sexual dysfunction can be one of the
most important factors in ensuring medication adherence (Ta-
ble 79-14). Clinicians may be uncomfortable asking patients
about their sexual activities and satisfaction, but the high in-
cidence of this side effect (and low likelihood of patients vol-
unteering information) necessitates a thoughtful and direct ap-
proach. Some patients acknowledge sexual dysfunction but
decide that the improvement in their mood and overall health
outweighs limitations in sexual performance; however, many
others simply stop the medication if the side effect is never
addressed.

It may be wise to advise patients that sexual function may
change over time, depending on the type and etiology of sexual
dysfunction experienced. Depression itself is associated with
a decreased libido in 70% to 90% of untreated patients.99 This
symptom will most likely subside with a successful course of
antidepressant treatment. Delayed ejaculation or anorgasmia,
however, is usually an iatrogenic phenomenon with SSRIs and
SNRIs, often persisting and jeopardizing treatment. Because
A.R. has been taking the medication faithfully for the first 4
weeks and the time course is consistent with the SSRI effects,
it is unlikely that the condition will spontaneously remit now,
and some action must be taken.

Ordinarily, one of the first options in managing sexual dys-
function is to reduce the dosage, but this may precipitate a
recrudescence of the original depressive symptoms in some
patients. In A.R.’s case, she is taking a relatively low therapeu-
tic dosage of sertraline, and a further decrease may be a risky
proposition. An alternative solution for A.R.’s problem may
be to recommend drug holidays. Small open-label studies with
short-acting SSRIs (e.g., sertraline, paroxetine) suggested that
if patients skipped their doses on Friday and Saturday, sexual
function would return to normal on the weekends.100,101 Al-
though this method was reported to be successful, it may also
promote nonadherence with medication and lead to increased
risk of relapse or withdrawal symptoms.

If the patient has had a therapeutic response to the antide-
pressant, the next option in this setting is to consider anti-
dotes to SSRI-induced sexual dysfunction, and the most pop-
ular treatment at present is bupropion. Clinical reports and

controlled investigations suggest that the addition of this an-
tidepressant can be helpful for restoring sexual desire and may
relieve delayed orgasm or anorgasmia in approximately 50% of
patients.102–104 This therapeutic effect has been demonstrated
in depressed and nondepressed patients alike. A common dos-
ing technique is to start with 150 mg of bupropion daily. If
unsuccessful, the dose can be increased to 150 mg SR twice
daily after several days (or 300 mg of the XL preparation).

From a mechanistic standpoint, sexual arousal and orgasm
constitute a complex physiological process, and it is not well
understood how SSRIs induce adverse effects or how bupro-
pion may provide relief. Some researchers have theorized that
delayed ejaculation or orgasm is mediated by a stimulation of
postsynaptic 5-HT2 or 5-HT3 receptors, whereas others sug-
gest that the indirect effects of SSRIs on dopamine may be
involved.105 Additional theories point to the inhibitory effects
of SSRIs on prolactin or nitric oxide synthetase.105

Other remedies have been prescribed for SSRI-induced sex-
ual dysfunction. A large randomized, controlled trial examined
the impact of sildenafil on male patients suffering from this
side effect.106 Overall, 54% of patients randomized to silde-
nafil found it be effective compared with a 4% response rate
with placebo. Open-label trials of sildenafil in women experi-
encing SSRI-induced anorgasmia have also reported improve-
ments, suggesting that controlled trials in this population are
warranted.

Cyproheptadine is an obscure antihistamine with potent an-
tiserotonergic properties, which has also received some atten-
tion as a potential antidote. It has been used successfully for
the treatment of SSRI-induced sexual dysfunction in doses of
4 to 12 mg just before intercourse.107 Unfortunately, cypro-
heptadine is sedating and appears to have a limited role in this
capacity. If it is used, one should never administer the med-
ication on a routine or daily basis because reports of relapse
in depressed patients have surfaced. Amantadine, buspirone,
and yohimbine have also been used successfully to reverse
delayed ejaculation or decreased libido, but the evidence for
efficacy is rather limited.108–110 One small double-blind study
compared the effects of amantadine with buspirone or placebo
among depressed patients developing sexual dysfunction on
antidepressants.111 All three treatments improved sexual dys-
function to a comparable extent, and the only statistically sig-
nificant finding was related to an increase in energy reported
among patients receiving amantadine (vs. placebo). An open-
label trial of Ginkgo biloba in men and women with sexual
dysfunction reported very high success rates, but mixed re-
sults have been experienced in actual practice.112 Mirtazapine
is capable of blocking postsynaptic 5-HT2 receptors and the-
oretically may relieve ejaculatory difficulties, but controlled
trials have not been conducted. Finally, stimulants such as
methylphenidate or dextroamphetamine may increase libido
in SSRI-treated patients, but the potential for dependence and
abuse discourages their routine administration.113

The onset of A.R.’s sexual dysfunction is consistent with
the introduction of sertraline, and it appears, at this time, that
her situation will not improve if she continues to take the SSRI.
Because she is exhibiting some evidence of a therapeutic re-
sponse, one would prefer to continue sertraline and discuss
possible antidotes for sexual dysfunction with her. A.R. states
that she would prefer to not to start another prescription med-
ication to treat her problem, but she will “think about it.”
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Table 79-15 Duration of Antidepressant Treatment

Acute treatment phase: 3 mo
Continuation treatment phase: 4–9 mo
Maintenance treatment phase: Variable
� Acute and continuation treatment recommended for all patients with

major depressive disorder (i.e., minimal duration of treatment = 7 mo)
� Decision to prescribe maintenance treatment is based on the following.

– Number of previous episodes
– Severity of previous episodes
– Family history of depression
– Patient age (worse prognosis if elderly)
– Response to antidepressant
– Persistence of environmental stressors

� Indefinite maintenance treatment is recommended if any one of the
following criteria are met.
1. Three or more previous episodes (regardless of age)
2. Two or more previous episodes and age older than 50 yr
3. One or more and age older than 60 yr

Duration of Treatment

9. At 6 weeks, A.R. reports that her depressive symptoms are
effectively in remission (“I feel like I have my old life back!”).
Her energy has improved, and she is doing well in her studies and
looks forward, once again, to her wedding day. How long should
A.R. continue taking the antidepressant?

According to the guidelines issued by the Agency for Health
Research and Quality (formerly known as the Agency for Heath
Care Policy and Research), antidepressant treatment can be
broken down into three stages (Table 79-15).114 The first stage,
acute treatment, lasts approximately 12 weeks; during this
time, the clinician attempts to resolve the presenting symp-
toms and induce remission. The second stage is commonly
called continuation treatment because the patient continues to
receive the same antidepressant regimen that induced the ini-
tial treatment response, and the clinician attempts to keep the
acute symptoms in remission. The duration of continuation
treatment is variable (4−9 months after initial treatment or re-
sponse), but it is recommended that all patients suffering from
major depression complete these first two stages. Therefore,
the minimum duration of treatment is 7 months. Alternatively,
others have advocated that the minimum duration of treatment
should be for 6 months after the complete resolution of symp-
toms.

The third stage of treatment, maintenance treatment or pro-
phylaxis, is not indicated for all patients, and the necessity of
continuing medication beyond the first 6 to 7 months depends
on many patient-specific factors. One must consider the num-
ber of previous episodes, family history of depression, patient’s
age, severity of presenting symptoms, response to therapy, and
persistence or anticipation of environmental stressors. There
are specific populations for whom indefinite pharmacologic
treatment is advocated: (a) individuals with three or more pre-
vious episodes of major depression, (b) individuals older than
50 years with two or more previous episodes, and (c) individu-
als older than 60 years with one or more previous episodes.114

Many experts believe that pharmacotherapy should also be
continued indefinitely in all elderly people (older than 65
years) suffering from major depression, but research evi-

Table 79-16 Discontinuation of Antidepressants

Withdrawal syndrome
� Worse with paroxetine, venlafaxine
� Symptoms: dizziness, nausea, paresthesias, anxiety/insomnia,

flulike symptoms
� Onset: 36–72 hr
� Duration: 3–7 days

Taper schedule (for patients receiving long-term treatment)
� Fluoxetine: generally unnecessary
� Sertraline: decrease by 25–50 mg every 1–2 wk
� Paroxetine: decrease by 5–10 mg every 1–2 wk
� Citalopram: decrease by 5–10 mg every 1–2 wk
� Escitalopram: decrease by 5 mg every 1–2 wk
� Venlafaxine: decrease by 25–50 mg every 1–2 wk
� Nefazodone: decrease by 50–100 mg every 1–2 wk
� Bupropion: generally unnecessary
� Tricyclics: decrease by 10%–25% every 1–2 wk

Note: Risk of relapse greatest 1 to 6 months after discontinuation.

dence to conclusively support this recommendation is currently
lacking.115

Because A.R. is exhibiting a full therapeutic response to
sertraline, the recommendation would be for her to continue
with the effective dosage (50 mg/day) for at least 7 consecutive
months. At the end of this time frame, the clinician should
sit down with the patient and review the considerations that
enter into the decision to continue treatment. Ultimately, the
decision to continue antidepressant medications is left to the
patient’s judgment, and he or she should be well informed of
the potential consequences of stopping treatment.

In the future, if A.R. decides to discontinue her an-
tidepressant, she should be advised of potential withdrawal
symptoms (Table 79-16). Abrupt discontinuation of chronic
SSRI treatment (e.g., treatment >2 months) has been asso-
ciated with dizziness, headache, anxiety, flulike symptoms,
and paresthesias.116 The onset of these symptoms is generally
within 48 to 72 hours of stopping treatment, and effects may
persist for at least 1 week. Withdrawal symptoms generally are
mild and self-limiting but can be uncomfortable and alarming.
Because of their relatively short half-life (and absence of long-
acting metabolites), paroxetine, fluvoxamine, and venlafaxine
have been associated with a more profound withdrawal pre-
sentation than other SSRIs and SNRIs. Due to its long-half
life (and that of its active metabolite), fluoxetine has not been
commonly associated with withdrawal symptoms. Nonethe-
less, one is best advised to taper slowly off all antidepressant
medications after an extended treatment course.

After A.R. has completed a full course of pharmacotherapy,
it is advisable to taper her sertraline over several weeks to min-
imize the risk of withdrawal, as well as to monitor for signs
and symptoms of relapse (e.g., decrease to 25 mg daily for 2−4
weeks, then discontinue). The risk of relapse is relatively low
during the first month off medication, and depressive symp-
toms often return during the second or third months. The risk
of relapse is highest during the first 6 months overall.117

Antidepressants in Pregnancy and Lactation

10. Eight months after starting her antidepressant, A.R. re-
ports that she has continued to be symptom free and is now living
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happily with her husband. She has taken the sertraline faithfully
each morning and is willing to do so for as long as it is prescribed
(“I don’t ever want to go through that again!”). She also reveals
that she and her husband are thinking of stopping her birth con-
trol pills for the purpose of starting a family. She asks if it is
necessary to continue the antidepressant through her pregnancy.
How should A.R. and her husband be counseled at this time?

The risk for depression is substantial during pregnancy and
during the postpartum period.118 Historically, patients have
been informed that pregnancy is relatively protective in re-
gard to depression, but more recent evidence does not support
this perception.119 A recent prospective investigation reported
that women who discontinued their antidepressant on learning
they were pregnant were much more likely to relapse prior to
delivery (68% relapse rate vs. 26% who continued treatment;
hazard ratio = 5.0).120

Before deciding to treat with an antidepressant during preg-
nancy, one should make a careful inventory of the benefits and
risks. The consequences of maternal depression on the mother
and fetus must be compared with the potential risks of in utero
medication exposure (i.e., teratogenicity, growth impairment,
other adverse birth outcomes). From the mother’s perspective,
untreated depression carries with it a great deal of distress
during an emotional time. Sleep and appetite may be com-
promised at a time when these functions are most important
for the baby’s development. Mothers may also be tempted to
drink alcohol or abuse substances, and studies have also shown
that depressed mothers are much less likely to attend prena-
tal clinic visits. Depression during pregnancy is a very strong
risk factor for postpartum depression as well. Neonatal studies
have shown that infants of mothers who became depressed dur-
ing pregnancy were smaller at birth, had lower Apgar scores,
and experienced more irritability and emotional problems.121

Abnormal activation along the HPA axis has also been demon-
strated among infants born to mothers who were depressed
during pregnancy, and other factors suggesting enhanced sus-
ceptibility to depression later in life may be engendered as well.

The attendant effects of antidepressants on the developing
fetus have been difficult to predict or quantify. For obvious
reasons, RCTs of potential teratogens are seldom conducted
in expectant mothers, so study methods to assess fetal risk are
less than ideal, and recommendations may change in coming
years with subsequent investigations.

At the present time, it is believed that most of the SSRIs and
newer antidepressants pose little risk for the development of
serious fetal malformations, and they have been subsequently
categorized as Class C by the FDA (suggesting that the risk to
the fetus is not definitively known). Their relative safety has
been corroborated recently by two large case-control studies
published in the New England Journal of Medicine, where a
very small increase in risks was reported.122,123 One notable
exception to the SSRI safety profile can be found with parox-
etine, which was recently reclassified as Class D by the FDA
following the demonstration of a sixfold increase in the risk
of persistent pulmonary hypertension in newborns.124 Interest-
ingly, the FDA also speculated that the benefits of paroxetine
to the mother may still outweigh the risks to the developing
fetus.

An additional concern with SSRIs and SNRIs in pregnancy
can be found in the risk for neonatal withdrawal symptoms im-

mediately after delivery. This has been reported with TCA in
the distant past as well. A small controlled investigation (n =
40) examined the effects of fluoxetine and citalopram on CNS
effects in newborns and found a significant increase in rest-
lessness, tremor, shivering, and hyperreflexia during the first 4
days of life (vs. controls) that spontaneously remitted shortly
thereafter.125 Although some clinicians have interpreted these
findings to suggest that antidepressants should be tapered and
discontinued prior to delivery, others have argued that delivery
and the postpartum period constitute major stressors for the
new mother and the risk of relapse during this time would be
unacceptably high if the medication is withdrawn. This same
study did not find any substantial difference in birthweight or
preterm deliveries, but there was a significant decline in Apgar
scores on average. Other studies have also reported a small but
significant decrease in birthweight among babies exposed in
utero to SSRI (vs. TCA).

The safety of bupropion in pregnancy has also not been ex-
tensively studied. A recent review of animal studies uncovered
an increased risk of congenital abnormalities, but retrospec-
tive reviews in humans have failed to identify an enhanced risk
of fetal malformation or spontaneous abortions. Due to these
findings in animal trials, however, the FDA recently changed
bupropion to a Class C rating. Data are even more sparse with
mirtazapine, venlafaxine, or duloxetine, but again no cause for
alarm has been identified among infants exposed to these an-
tidepressants in utero. Similarly, fetal malformations have been
rarely reported with TCA and they are generally regarded as
safe in pregnant women. MAOIs, however, should be avoided
due to increased risks for hypertensive crises.

For A.R., it is important to assess her risk for depression if
she stops taking her antidepressant. This was her first episode
of depression (which occurred under stressful circumstances),
and she does not have a strong genetic predisposition to mood
disorders. If she is committed to starting a family, she may
want to consider being tapered off the sertraline over several
weeks just before conception. If she becomes pregnant and her
depression returns, the risk to the fetus appears to be quite low
with most SSRIs, including sertraline. Theoretically, this risk
can be reduced further if the antidepressant is started after the
first trimester (when most major fetal development occurs),
and lower doses would be prudent as well to minimize fetal
exposure.

11. What are the risks of continuing antidepressant medications
during breast-feeding?

Approximately 70% of mothers report sadness or anxiety
during the first few days after delivery (“baby blues”), but these
feelings will usually resolve within 1 to 2 weeks. Approxi-
mately 10% of women will develop unremitting symptoms that
ultimately satisfy criteria for major depressive disorder. Al-
though psychotherapy may be appealing and obviate the need
for medication exposure via breast milk, it is often inconvenient
and impractical for new mothers to leave the house on a weekly
basis without their infants. Antidepressant medications, there-
fore, are frequently prescribed to manage postpartum mood
disorders.

Because breast-feeding is widely advocated in contempo-
rary medical circles, the passive transfer of medication from
mother to infant must be considered. Studies with TCAs and
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SSRIs suggest that concentrations of antidepressants in breast
milk are not negligible. However, subsequent concentrations
in the infant’s bloodstream are relatively low, and the sequelae
from this exposure have been limited to scattered case reports
of increased infant irritability. Among the available agents,
doxepin and fluoxetine have been associated with the high-
est concentrations in infants, and although the clinical or de-
velopmental consequences of this finding have not been elu-
cidated, it has been recommended that these medications be
avoided.126 Recent studies with SSRIs suggest that the con-
centrations achieved in breast milk are lowest with sertraline
and that paroxetine, citalopram, and escitalopram are some-
where between the extremes of fluoxetine and sertraline.126,127

If an antidepressant is to be continued in a mother who is
breast-feeding, the lowest dosage should be prescribed, and
the mother may want to take the medication just before the
infant’s longest sleep period. It may also be useful to note that
the concentration of SSRI in breast milk will generally peak
approximately 4 to 8 hours after oral administration. If a new
mother is particularly concerned about breast milk exposure,
she can be advised to pump and save breast milk immediately
prior to taking their antidepressant, and pump and dump breast
milk (if possible) between the 4- and 8-hour postadministration
period.

Drug Interactions

12. A.R. was recently diagnosed with an uncomplicated urinary
tract infection and given a prescription for a short course of oral
antibiotics. She is not yet pregnant, but has called to ask if there
are any drug interactions to be concerned with in regard to her
antidepressant (sertraline). What can you tell her?

There is a growing awareness of the potential for certain
antidepressants (e.g., certain SSRIs, duloxetine) to inhibit the
metabolism of other medications that are cleared through the
cytochrome P450 system of isoenzymes (Table 79-17). In gen-
eral, these drug interactions are concentration dependent and
most clinically relevant when the affected medication has a nar-
row therapeutic index, requires conversion to an active metabo-
lite, or cannot be eliminated through other metabolic routes.128

Important examples of affected medications include TCAs,
calcium channel blockers, estrogen, theophylline, phenytoin,
warfarin, triazolobenzodiazepines, and cisapride.

The SSRIs are potent inhibitors of the cytochrome P450
isoenzymes, but important differences exist among the indi-
vidual agents in their affinity for the isoenzymes and for the
specific metabolic pathways involved (Table 79-17). For in-
stance, the cytochrome P450 1A2 isoenzyme (or CYP 1A2) is
most sensitive to the inhibitory effects of fluvoxamine, whereas
fluoxetine and paroxetine have the highest affinity for CYP
2D6.128 Fluoxetine’s active metabolite has moderate inhibitory
effects on the CYP 3A4 isoenzyme. In comparison, sertraline
citalopram and escitalopram have a lower potential for drug
interactions but may still inhibit the metabolism of various
medications based on the individual circumstances (e.g., high
dose, genetic predisposition).128–130

Although in vitro affinities of antidepressants for the respec-
tive isoenzymes can be very helpful for predicting potentially
dangerous drug combinations, there is wide interpatient vari-
ability in the susceptibility for these interactions. Much of this

variability can be attributed to genetic polymorphism. With
CYP 2D6, for example, approximately 5% to 10% of whites
and 1% to 2% of Asians are considered poor metabolizers via
this isoenzyme (i.e., possess a nonfunctional variant of the en-
zyme); and the rest of these respective populations are regarded
as extensive metabolizers.131 However, genetic variation does
not explain the unpredictable nature of the situation entirely.

One of the best examples of this variability can be found
with desipramine, a secondary amine of the TCAs, which is
metabolized almost exclusively through the CYP 2D6 path-
way. In vitro affinities suggest that paroxetine would have the
greatest impact on metabolism occurring via this route, but
controlled investigations discovered that fluoxetine increased
the plasma desipramine concentrations of adult volunteers by
350%, paroxetine by 125%, and sertraline by 20%.132–134 One
plausible explanation for this unexpected finding may be that
therapeutic doses of fluoxetine are associated with much higher
plasma concentrations than other SSRIs because of a smaller
first-pass effect. Levels may also be higher at steady state be-
cause of the longer plasma half-life of fluoxetine and norflu-
oxetine compared with other SSRIs. It is also worth men-
tioning that even though sertraline had less of an impact on
desipramine concentrations, two patients experienced a dou-
bling of steady-state desipramine levels, emphasizing the wide
variability in patient response.134 Other investigations have re-
ported that bupropion increased the area under the curve for
desipramine by 500%, duloxetine by 300%, and escitalopram
by 100%, respectively.

The CYP 3A4 isoenzyme is actually the most abundant
CYP enzyme found in the human body, and it has been esti-
mated that nearly half of all medications prescribed will ul-
timately undergo metabolic degradation via this isoenzyme.
Fortunately, the only two antidepressants that can have signif-
icant inhibitory effects on this enzyme are norfluoxetine and
fluvoxamine. Serious drug interactions have been mediated
through this pathway, the most notable involving cardiotoxicity
and malignant ventricular arrhythmias precipitated by elevated
concentrations of several medications that have subsequently
been withdrawn from the market (terfenadine, astemizole, and
cisapride). Another clinically significant interaction may oc-
cur when fluoxetine is coadministered with the triazolobenzo-
diazepines (triazolam, alprazolam, and midazolam). Because
these psychotropic medications are occasionally combined to
manage anxiety disorders or depression, clinicians are advised
to empirically reduce the initial dosage of the triazolobenzo-
diazepines (75% with triazolam, 50% with alprazolam) in pa-
tients currently receiving these SSRIs.

Serotonin Syndrome

13. What is serotonin syndrome, and is A.R. at risk for this
interaction?

Serotonin syndrome is a rare but potentially fatal interac-
tion that has been precipitated by the combination of two or
more drugs that enhance serotonin transmission.135 The syn-
drome consists of a constellation of associated symptoms, in-
cluding anxiety, shivering, diaphoresis, tremor, hyperreflexia,
and autonomic instability (increased/decreased blood pressure
and pulse rate).136 Fatalities have been attributed to malignant
hyperthermia.
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Table 79-17 Drug Interactions of the Cytochrome P450 System

Relative Rank CYP1A2 CYP2C9/19 CYP2D6 CYP3A4

Offending Agent (inhibits enzyme)

High Fluvoxamine Cyp2C9 Paroxetine Fluoxetine (norfluoxetine)
Fluoxetine Fluoxetine Fluvoxamine
Fluvoxamine Duloxetine
Cyp2C19 Bupropion
Fluvoxamine

Moderate Fluoxetine Cyp2C19 Citalopram
Paroxetine Fluoxetine Escitalopram

Sertraline Sertraline

Low Citalopram Cyp2C9/19 Venlafaxine Citalopram
Escitalopram Citalopram Mirtazapine Escitalopram
Sertraline Escitalopram Paroxetine
Venlafaxine Paroxetine Sertraline
Duloxetine Sertraline Venlafaxine
Bupropion Venlafaxine Duloxetine

Other Inhibitors

Quinolones (ciprofloxacin,
enoxacin, etc.)

Modafinil (2C9, 2C19) Fenfluramine Macrolides (Erythro, Clarith)

Macrolides (erythromycin,
clarithromycin)

Cimetidine (2C19) Yohimbine Cimetidine

Grapefruit juice Omeprazole (2C19) Methadone CCB (verapamil, diltiazem)
Imidazoles (2C9, 2C19)

(ketoconazole, fluconazole)
Quinidine Imidazoles (ketoconazole,

fluconazole)
Celecoxib Protease inhibitors

Grapefruit juice

Other Inducers

Cigarettes St. John’s wort Modafinil St. John’s wort
Caffeine Phenytoin and phenobarbital
St. John’s wort Carbamazepine

Rifampin
Prednisone
Testosterone

Affected Agent (increased concentration)

TCA-tertiary amines (imipramine,
amitriptyline)

Phenothiazines (chlorpromazine)
Thiothixene
Haloperidol
Clozapine
Olanzapine
Caffeine
Theophylline
Propranolol
Tacrine

Cyp2C9
Phenytoin
Tolbutamide
Warfarin
NSAIDs
Cyp2C19
TCA-tertiary amines

(imipramine, amitriptyline)
Citalopram
Barbiturates
Propranolol
Omeprazole

TCA-secondary amines
(desipramine, nortriptyline)

Fluoxetine
Paroxetine
Venlafaxine
Duloxetine
Amphetamines
Atomoxetine
Risperidone
Donepezil
Codeine
Hydrocodone
Tramadol
Dextromethorphan
Chlorpheniramine
Beta-Blockers (propranolol,

metoprolol)

Fluoxetine
Sertraline
Venlafaxine
Modafinil
Quetiapine
Ziprasidone
Aripiprazole
Buspirone
Benzodiazepines (triazolam,

alprazolam)
Zolpidem
Carbamazepine
Donepezil
CCB (verapamil, diltiazem,

nifedipine)
Sex hormones (estrogen)
Corticosteroids
Statins (lovastatin, simvastatin)
Protease inhibitors
Sildenafil

mcpp, 1-(m-chlorophenyl) piperazine; NSAIDs, nonsteroidal anti-inflammatory drugs; TCA, tricyclic antidepressant; CCB, calcium channel blockers.



79-22 � PSYCHIATRIC DISORDERS

With mild cases of serotonin syndrome, the symptoms ordi-
narily resolve 24 to 48 hours after the serotonergic agents have
been discontinued. Supportive treatment is usually not neces-
sary. For more severe reactions, various serotonergic antago-
nists, such as cyproheptadine, methysergide, and propranolol,
have been used.137–139 Dantrolene has been administered suc-
cessfully to manage hyperthermia.140

Most case reports of serotonin syndrome (and most fa-
talities) have occurred with a combination of an MAOI and
an SSRI, which is now considered an absolute contraindica-
tion. Other case reports involve the combination of an MAOI
(or SSRI) and tryptophan, meperidine, SNRI, tricyclics, dex-
tromethorphan, linezolid, and tramodol.135 One case of sero-
tonin syndrome was reportedly induced by the combination of
clomipramine with S-adenosylmethionine.141 Serotonin syn-
drome has also been reported with concurrent administration
of multiple SSRIs. Theoretically, the combination of an SSRI
with St. John’s Wort may also precipitate this pharmacody-
namic interaction, but more recent evidence has suggested
that the MAOI properties of the herbal preparation are min-
imal with therapeutic doses. Nonetheless, a case series of five
older patients who developed symptoms reminiscent of sero-
tonin syndrome has appeared in the literature, and, given the
degree of uncertainty that persists, this combination of antide-
pressant agents is best avoided.142 The safety of combining
an SSRI with certain migraine medications (e.g., sumatriptan)
has not been elucidated, and clinicians are advised to avoid this
combination if possible as well.

The combination of a phenylpiperazine (e.g., trazodone)
with an SSRI may pose some concern because both classes of
antidepressants augment serotonin activity in the CNS. Tra-
zodone has been associated with serotonin syndrome in two
incidences, one involving the coadministration of buspirone
and the other associated with a concomitant MAOI.136 How-
ever, in practice, trazodone has been commonly prescribed to
patients receiving an SSRI for the treatment of insomnia, and
no confirmed cases of serotonin syndrome have surfaced in the
medical literature.143

Refractory Depression

14. F.H. is a 55-year-old postmenopausal woman presenting to
the women’s health clinic who has suffered from multiple depres-
sive episodes since the age of 30 years. She reports that she has
been hospitalized on three different occasions. Although F.H. is
unable to recall details of any specific antidepressant trials, her
prescription record reveals treatment with imipramine (100 mg/
day), nortriptyline (75 mg/day), diazepam (10 mg/day), and fluox-
etine (20 mg/day for the past 8 weeks). Eventually, she recalls that
imipramine made her “dizzy and left a strange taste in my mouth”
and that diazepam made her “even more depressed.” She says that
the fluoxetine may be “helping a little bit but I feel so jumpy and
irritable that no one can stand me.” F.H. has grown rather de-
spondent over her situation (“I almost feel like giving up”). What
would be the next reasonable step for managing F.H.’s depressive
illness?

Pooled results of clinical trials suggest that the majority of
patients with major depression receiving an adequate trial of
any antidepressant will have a therapeutic response, tradition-
ally defined as at least a 50% reduction in depressive symp-

toms. However, for a patient who is severely depressed, a 50%
reduction in symptoms still leaves him or her with significant
psychopathology and associated disability. Consequently, there
has been a strong movement in recent years to consider full
remission as the preferred therapeutic end point.71 Scientific
support for this ideologic shift comes from long-term studies
demonstrating that patients achieving remission are much less
likely to suffer relapse. One longitudinal investigation found
that patients with residual symptoms were three times more
likely to suffer relapse during the 12 months after treatment
than those who had remitted.144 Although remission can be
generally defined as the virtual absence of residual depres-
sive symptoms, it can also be quantified with a corresponding
threshold value on a depression rating scale (e.g., QIDS <6; 17-
item HAM-D <7).71 As more clinical trials use these rigorous
standards, it has become evident that approximately only 30%
to 40% of patients receiving an adequate trial of an antidepres-
sant actually achieve remission. Therefore, strident efforts are
being made to make patients feel well and not merely better,
and providers must undertake a thorough, rational, and per-
haps aggressive approach to optimize treatment and achieve
this goal.

For F.H., the first step would be to confirm her diagnosis and
rule out potential medical explanations for her distress. Iatro-
genic causes should also be explored, such as recent changes in
her hormone replacement therapy. Persistent stressors or sub-
stance abuse patterns may be hindering her sustained recovery
and should be addressed.

An assessment of F.H.’s attitude toward medication adher-
ence is also vital, and her complete medical records should be
obtained to verify the dose, duration, and results of previous
antidepressant trials. It is critical to confirm that she received
full therapeutic trials of the antidepressants that she was pre-
scribed before seeking other therapeutic options. A full thera-
peutic trial for the treatment of depression is considered to be a
minimum of 4 weeks receiving a clinically effective dosage of
medication. Although some improvement may be noted dur-
ing the first 1 or 2 weeks of treatment, maximal response is
rarely evident until 4 weeks of medication have been received.
An open-label study with fluoxetine, for instance, randomized
patients who were not fully responsive after 3 weeks of treat-
ment (20 mg/day) to either continue with the original regimen
or receive an increased dosage (60 mg/day) for 5 additional
weeks.145 At the end of the study period, 49% of the patients
receiving 20 mg converted to full responders, suggesting that
3 weeks is an inadequate period to confidently assess patient
response. Because 50% of the patients receiving 60 mg/day
converted to full responders, it may also be inferred that dosage
increases are not necessary in many patients.

Drug Selection

Serotonin Norepinephrine Reuptake Inhibitors

15. After a careful interview and workup, it was determined
that F.H. is suffering from an acute episode of major depres-
sion with a probable history of dysthymia as well (i.e., double
depression). She denies substance abuse, which is supported by
a subsequent toxicology screen. From her medical chart and in-
terview, it is confirmed that she received a therapeutic trial of
nortriptyline and fluoxetine with inadequate clinical benefit. She
is not interested in psychotherapy. Her provider decides to start
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venlafaxine (37.5 mg SR preparation daily). Is this a reasonable
choice?

Because 30% to 40% of patients will effectively achieve
remission and about 20% to 25% of patients will stop an an-
tidepressant because of side effects, it is safe to say that most
patients started on a given antidepressant ultimately need a
significant adjustment or change to their original regimen.146

Clinicians, therefore, are obligated to have a thorough under-
standing of several antidepressant medications and classes if
they are to facilitate successful outcomes.

In F.H.’s case, she has previously failed a therapeutic trial
of nortriptyline and is currently expressing vague suicidality,
so an additional TCA would not be a reasonable choice (see
full discussion of TCAs in the text that follows). Although she
has also failed a fluoxetine trial, open-label studies and large
controlled investigations suggest that 50% to 70% of patients
who are unresponsive or intolerant of one SSRI will experi-
ence a therapeutic response to a different SSRI.145,147,148 For
example, in the STAR*D trials patients failing an initial course
of citalopram were just as likely to respond if they were ran-
domized to a subsequent trial of a different SSRI (sertraline)
as they were to other antidepressant classes (venlafaxine and
bupropion, specifically).149 If a different SSRI is to be initi-
ated, it may be wise to opt for one with less activating prop-
erties than fluoxetine (e.g., sertraline, paroxetine, citalopram,
escitalopram). Alternatively, a medication from a different an-
tidepressant class would possess the hypothetical benefit of
a unique mechanism of action (e.g., venlafaxine, bupropion).
Because F.H. is evidently experiencing much torment and de-
spair, a sense of urgency may be perceived, justifying a different
pharmacologic approach altogether.

Venlafaxine is the first member of a relatively new class
of antidepressants known as SNRIs. Duloxetine (Cymbalta),
which possesses a very similar mechanism of action, is the
only other SNRI that is approved in the United States for the
treatment of depression at the present time.150 Studies in se-
vere melancholic depression and treatment-resistant depres-
sion suggest that venlafaxine is at least as effective as other
antidepressants in these populations, and it has emerged as
a valuable alternative agent.151–153 At dosages <150 mg/day,
venlafaxine’s therapeutic effects are mediated exclusively from
the blockade of serotonin reuptake. Therefore, associated ad-
verse effects at low dosages are qualitatively and quantitatively
very similar to those found with SSRIs: GI distress, sleep dis-
turbances, and sexual dysfunction. At higher dosages, effects
on norepinephrine are observed, which distinguish venlafaxine
from an SSRI in terms of adverse effects (e.g., causes hyper-
tension) but may also confer additional therapeutic benefit.
Duloxetine does not appear to exhibit a dose-dependent differ-
ential effect on neurotransmitters.

Venlafaxine has a relatively brief plasma half-life
(5−8 hours) and is demethylated to an active metabolite
(O-desmethyl-venlafaxine) that has a short half-life as well
(11 hours). This metabolite was recently approved by the FDA
for the treatment of depression. Duloxetine also has a relatively
short half-life (12 hours) and, as with the SSRI, withdrawal re-
actions may occur when the SNRI are abruptly discontinued
after chronic administration. Venlafaxine is not a potent in-
hibitor of cytochrome P450 isoenzymes, so drug interactions
are less of a concern than with certain SSRIs, but duloxetine is

a moderate inhibitor of the CYP 2D6 isoenzyme. Both SNRIs
have been associated with serotonin syndrome, so clinicians
should be aware of the potentially dangerous drug combina-
tions that can occur with these antidepressants.154

For F.H., the choice of venlafaxine seems to be prudent. It
is fairly safe in overdose, possesses a unique mechanism of
action, and is generally less activating than fluoxetine (which
had provoked some irritability in her). In comparison to SSRIs,
venlafaxine possesses a wide therapeutic range and ordinarily
requires more dosage titration (which can increase resource
utilization). A starting dose of 37.5 mg (XR) is reasonable, but
baseline vitals should be recorded for F.H. with every dosage
change in order to monitor the effect of this SNRI on her blood
pressure and heart rate. Most patients respond to daily doses
between 150 and 225 mg. Because F.H. is suffering from a
relatively severe depression, it may be wise to increase her
daily dose to 75 mg once she has exhibited good tolerance
(i.e., after 4−7 days). In the event that F.H. has not exhibited
a satisfactory response to 75 mg/day after 4 weeks, the dosage
may be increased in increments of 37.5 to 75 mg every few
weeks to a daily maximum of 225 mg. Although daily doses of
the XL preparation above 225 mg are not recommended by the
manufacturer, anecdotal success and relative safety have been
reported for doses as high as 300 mg daily.155

Other Agents: Bupropion and Mirtazapine

16. Are there any other antidepressants to consider if F.H. fails
her venlafaxine trial?

Bupropion is an aminoketone with a mechanism of action
that is clearly different from that of any other antidepressant
that has received FDA approval. The direct effects of bupro-
pion on serotonin transmission are negligible, but it may act
by enhancing dopamine and/or norepinephrine activity.156 At
therapeutic dosages, bupropion has an attractive adverse effect
profile, limited to occasional nausea and insomnia or jitteri-
ness. Seizures, which were reported shortly after it was released
in 1985, appear to be very unlikely with therapeutic dosing of
bupropion, provided that patients are not predisposed (e.g., his-
tory of epilepsy, bulimia, or recent history of heavy drinking).
Bupropion is one of the few antidepressants that may actually
decrease appetite. A recent randomized, placebo-controlled in-
vestigation of bupropion in depressed obese patients observ-
ing caloric restriction found that bupropion was much more
likely to induce significant weight loss than placebo.157 After
26 weeks of treatment, 40% of the bupropion-treated patients
lost >5% of their total body weight versus 16% with placebo.
This weight loss was positively correlated with an improve-
ment in depressive symptoms.

Bupropion is converted via the cytochrome P450 2B6 isoen-
zyme to an active metabolite (9 hydroxy-bupropion). Bupro-
pion (or its metabolite) appears to have a moderate affinity for
inhibiting the CYP 2D6 isoenzyme, and significant elevations
of venlafaxine and metoprolol have been demonstrated to occur
with concurrent administration. Because of its short half-life
(approximately 8 hours for the parent compound and 12 hours
for the active metabolite), bupropion has historically been ad-
ministered in divided doses, although a once-daily preparation
is now available (Wellbutrin XL, or generic). For the regular-
release product, the recommended starting dose is 100 mg BID,
increasing to 100 mg TID after at least 3 days. Individual doses
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must not exceed 150 mg and should be given at least 6 hours
apart. With the SR formulation, initial daily doses are 150 mg
QD, increased to 150 mg BID by the fourth day at the earliest.
Individual doses of bupropion SR can be as large as 200 mg,
and divided doses should be given at least 8 hours apart. For
the XL formulation, the package insert recommends initiating
at 150 mg QD and increasing to 300 mg QD as early as the
fourth day. Maximum daily doses are 450 mg for regular and
XL products and 400 mg for SR products.

Mirtazapine is a novel antidepressant capable of modulat-
ing serotonin and norepinephrine activity through a complex
mechanism of action. In vitro studies reveal that mirtazapine
is an antagonist at presynaptic alpha2-autoreceptors and post-
synaptic 5-HT2 and 5-HT3 receptors.158 In addition, it appears
to possess some mild inhibitory properties at serotonin reup-
take transporters. Therefore, the net effect of mirtazapine is
to enhance serotonin and norepinephrine in a manner that is
clearly distinct from any other antidepressants. In a compar-
ative randomized trial with fluoxetine for moderate to severe
depression, mirtazapine appeared to be much more effective
than the SSRI after 4 weeks of treatment (58% responders vs.
30% with the SSRI; p <0.05), but the differences were no
longer significant at 6 weeks (63% vs. 54%; p = 0.67).159

The most common adverse effects experienced with mir-
tazapine are sedation and weight gain. Because mirtazapine
has potent antihistaminergic effects, it is considered to be quite
sedating. Anecdotally, it has been reported that higher daily
doses of mirtazapine (>30 mg) are less sedating than lower
doses owing to an increase in noradrenergic effects. In ad-
dition to the substantial risk of increasing appetite and total
body weight, mirtazapine has also been associated with sig-
nificant increases in total cholesterol and triglycerides.160 The
recommended starting dosage is 15 mg at bedtime, and the
therapeutic dosage ranges from 15 to 45 mg/day.160 Data from
controlled trials have demonstrated safety and efficacy in doses
up to 60 mg daily.159,161

Irreversible MAOIs (e.g., phenelzine, tranylepromine) may
also be an alternative for patients who have failed multiple an-
tidepressant trials. Like venlafaxine, TCAs, and mirtazapine,
MAOIs are believed to relieve depressive symptoms by en-
hancing the activity of multiple neurotransmitters, which may
be desirable for refractory cases. Because serious drug and di-
etary interactions are encountered with MAOIs, candidates for
treatment should be chosen carefully; a full discussion of the
clinical usefulness of MAOIs can be found in the “Depression
With Atypical Features” section at the end of this chapter.

Antidepressant Augmentation

17. Three months later, F.H. reports that she feels less hope-
less on venlafaxine XL (150 mg/day) and that her appetite has
improved as well. However, she is still somewhat depressed and
lethargic and attempts to increase her dosage have been limited
by nausea and recurring insomnia. What pharmacologic options
remain to help manage her refractory depression?

Because F.H. has obtained considerable relief from her ven-
lafaxine trial but is experiencing dose-limiting side effects,
one would prefer to add a second medication (i.e., augmenta-
tion therapy) rather than changing antidepressants at this time
(Table 79-18). A reasonable next step would be to augment

Table 79-18 Partial Response to Antidepressant Treatment
Augmentation Strategies (With SSRIs)

Ensure completion of full therapeutic trial (4–6 wk).
Ensure optimal dose of antidepressant.
Consider augmentation therapies:

� Bupropion
� Lithium
� Thyroid supplements
� Pindolol (?)
� Buspirone
� Atypical antipsychotics
� Modafinil
� Lamotrigine

her current venlafaxine regimen with another medication such
as lithium, thyroid hormone, or bupropion. Lithium’s antide-
pressant properties appear to apply to both unipolar and bipo-
lar patients. Seven of nine antidepressant augmentation trials
with lithium have reported positive therapeutic effects, usually
within 1 week of achieving steady-state dynamics (i.e., 3−7
days of daily dosing).162 Effective lithium blood levels are gen-
erally within the range used to treat bipolar disorder (0.5−1.2
mEq/L). As with the use of lithium therapy in bipolar disor-
der, all appropriate clinical monitoring parameters should be
followed carefully (see Chapter 80).

T3 also has a long history of use in psychiatric circles for
patients exhibiting partial or suboptimal responses to antide-
pressant monotherapy. Five of six RCTs support the use of
T3 supplementation for antidepressant augmentation, with an
average effect size of 0.58 reported.163 Triiodothyronine (Cy-
tomel), at a dosage of 25 mg/day can accelerate as well as
augment antidepressant response, and superior effects have
been reported in female patients, in particular. The response to
the thyroid supplementation should be noticeable within 1 to 2
weeks, much like that found when lithium is used to augment
therapy. Thyroxine (T4) has also been administered success-
fully in a dose of 0.1 mcg daily. Whether T3 is superior to T4
has not been resolved, although one study seemed to indicate
that more patients respond to the former (T3) than to the lat-
ter (T4).163 In the recently concluded STAR*D trials, T3 was
compared to lithium for antidepressant augmentation in pa-
tients with two previous treatment failures.164 Remission rates
were modest for both agents in this challenging population
(24.7% with T3 vs. 15.9% with lithium, NS).

Bupropion has also been used successfully as an augment-
ing agent for many years in several open-label trials and one
RCT.165,166 Patients receiving SSRI or SNRI who continue to
complain of fatigue, hypersomnia, or executive dysfunction are
excellent candidates, and the combination treatment is usually
well tolerated. With F.H., one should be mindful that bupropion
may increase her venlafaxine levels and hasten the return of
GI and CNS effects.104 Although the stimulating properties of
bupropion may help relieve her lethargy, it may also exacerbate
her insomnia.

Lamotrigine is FDA approved for the treatment of bipolar
depression. Like lithium, its clinical utility has also extended
to the treatment of unipolar disorder, but the evidence sup-
porting lamotrigine in this capacity is currently preliminary.
If indicated, lamotrigine should be initiated at a low dose of
25 mg at bedtime and slowly advanced to a target of 150 mg
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daily over a period of 6 to 8 weeks to minimize the potential for
serious life-threatening rashes (e.g., 25 mg daily × 2 weeks,
50 mg daily × 2 weeks, 100 mg daily × 2 weeks, 150 mg daily
thereafter). CNS side effects such as sedation, dizziness, and
ataxia have also been commonly reported.

Buspirone augmentation has been supported by multiple
open-label studies and one large RCT. Unfortunately, an addi-
tional RCT failed to find a statistically significant benefit from
buspirone augmentation due, primarily, to an inexplicably high
placebo response rate. Theoretically, buspirone may be of ben-
efit to patients with residual symptoms of anxiety, in particular,
and titration up to daily doses of 30 to 45 mg daily are often
required.

Among other options, pindolol is a unique alpha-blocker
with intrinsic sympathomimetic properties that has received
some attention as an augmenting agent.167 Early open-label
studies and one double-blind, controlled trial suggested that
pindolol may enhance or accelerate the therapeutic effects of
other antidepressants.167–169 These benefits were attributed,
in part, to the inhibitory effects that pindolol has on the 5-
HT1A autoreceptor.170 A more recent double-blind placebo-
controlled investigation enrolled 86 depressed patients, and,
after 6 weeks of treatment, there was no statistical advantage
to pindolol augmentation in terms of the onset or extent of
antidepressant effect.169 A 3-week, single-blind, crossover fol-
lowed the initial study phase, and again no benefits from the
alpha-blocker were evident. Given the obvious discrepancies in
study results, further research appears warranted to adequately
assess whether pindolol enhances response to SSRIs or other
antidepressant medications.

Modafinil is FDA approved for the treatment of narcolepsy,
but it has been used extensively to increase energy and alert-
ness, particularly among depressed patients. A large placebo-
controlled RCT was conducted among 311 subjects exhibiting
a partial response to an SSRI.171 Significant improvements
were seen on sleepiness and fatigue scales, as well as overall
depression scores, among patients randomized to a fixed dose
of 200 mg daily.

The use of atypical or second-generation antipsychotics
(SGAs) for the management of treatment-resistant depression
has become relatively common among mental health providers
but definitive well-controlled trials are currently lacking. Al-
though a wide variety of anecdotal evidence suggests that
SGAs may be effective for unipolar, bipolar, or psychotic de-
pression, most investigations have featured an open-label de-
sign or a limited number of subjects. One common finding in
these reports, however, has been a very rapid therapeutic re-
sponse to relatively low doses (e.g., 1−2 mg of risperidone,
5−10 mg of olanzapine). Given the high acquisition costs of
these medications, and the significant metabolic effects that
have been demonstrated, it is hoped that additional trials will
be conducted to examine the wisdom of this practice in the
near future.

The Elderly

18. R.M., a 71-year-old man, is brought in to see a primary care
provider by his daughter with whom he has been living since the
death of his wife 6 months ago. His daughter reports that R.M.
had been in good health until his wife’s death and that since then

he has been keeping to himself, showing little interest in social
activities. She reports that he used to be a happy, outgoing per-
son but is now very irritable and becomes agitated over insignif-
icant things. Over the past 4 months, he has lost approximately
12 lb and has trouble falling asleep. He used to be a voracious
reader but seems uninterested in current events now. He appears
to be confused or preoccupied at times and is incapable of under-
standing new concepts. His only documented medical problem
is benign prostatic hypertrophy (BPH), and current medications
consist of a stool softener and bulk laxative. Today’s physical ex-
amination is normal, and the laboratory examination is signifi-
cant only for a mildly elevated prostate-specific antigen (PSA) of
10.0 ng/mL.

On mental status examination, R.M. is perceived to be a thin,
nervous, sad-appearing elderly man. He is oriented × 3. His re-
sponse to questions is slow, and his volume of speech is reduced.
Affect is sad. Mood is dysthymic. He shows mild impairments in
his ability to think through problems and perform simple math-
ematical exercises. There is no evidence of delusions, hallucina-
tions, or paranoia. He denies suicidal thoughts but feels hopeless
at present and admits “there’s no reason to live anymore.” How
does a depressive episode in late life, such as that in R.M., differ
from an episode earlier in life?

Depression in late life is typically more difficult to recognize
than depression in younger adults. Clinicians and patients may
inappropriately attribute depressive symptoms to the “aging
process” and minimize their significance. In addition, func-
tional expectations are often lowered after retirement, making
the degree of impairment difficult to evaluate. Because medical
comorbidities are also more common in the elderly, depressive
symptoms may be overlooked or misinterpreted in the workup
as well.172

In general, the elderly present with the same depressive tar-
get symptoms as younger adults, which is reflected in the fact
that DSM-IV-TR diagnosis for major depression in adults is
not specific for age. However, qualitatively, the presentation of
depression among the elderly may be quite different.173 For in-
stance, older patients are more likely to present with psychomo-
tor retardation and are less likely to acknowledge “depression”
per se, preferring instead to dwell on somatic concerns (e.g.,
poor sleep, low energy, changes in bowel function, bodily aches
and pains). They are also much less likely to share or admit
suicidal thoughts, and because elderly men have the highest
suicide success rate, an accurate assessment of depression and
attendant risks is critical (see “Drug Selection” section).174

19. What is R.M.’s differential diagnosis? Should he receive
antidepressant therapy?

In assessing nonspecific behavioral and cognitive symptoms
in the elderly, a careful differential diagnosis between medical
and other psychiatric disorders is essential because numerous
medical illnesses can mimic depressive symptoms. Anemia,
malignancies, congestive heart failure (CHF), and endocrine
abnormalities may all present in a manner similar to that in
depressive illness and can be ruled out only with a careful line
of questioning and systematic physical workup.

One of the more difficult differential diagnoses in
this setting involves the distinction of depression from
dementia.175,176 Like depression, patients with dementia may
present with apathy, poor memory or concentration, reduced
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facial expression, and lack of spontaneous interaction. The
illnesses are often comorbid, as 30% to 70% of patients with
dementia also suffer from major depression.176 Some experts
have suggested, in fact, that new-onset depression in elderly
patients may actually be part of a prodrome toward the man-
ifestation of Alzheimer Dementia (AD).176,177 A longitudinal
cohort study found that, among elderly patients suffering from
an acute episode of major depression, 57% were ultimately
diagnosed with AD within the next 3 years.175 Diagnostically,
there are three notable differences between dementia and de-
pression: (a) the symptoms (slow and subtle changes with de-
mentia, rapid with depression), (b) orientation (markedly im-
paired with dementia, intact with depression), and (c) principal
CNS impairment (short-term memory with dementia, concen-
tration with depression).

Drug Selection
A therapeutic trial of an antidepressant in a depressed individ-
ual with cognitive impairment may reverse the symptoms of
the affective illness and restore functional capacity. Cognitive
function may also improve to some degree. Moreover, because
primary degenerative dementia is largely a diagnosis of exclu-
sion, a successful trial of an antidepressant may help clarify
the underlying pathological condition and is strongly recom-
mended in patients with a positive personal or family history
of mood disorders. Patients with dementia, in fact, may ben-
efit from antidepressant therapy, even if they do not present
with a major mood disorder.178 Overlapping pathophysiology
and neuroanatomical dysfunction in these two disorders might
explain the efficacy of antidepressants for selected symptoms
of degenerative dementia. Although R.M.’s physical examina-
tion and laboratory workup were normal, a therapeutic trial of
an antidepressant is warranted based on his current depressive
target symptoms.

The overall efficacy of antidepressants in elderly patients
is believed to be comparable to that observed in younger sub-
jects, although the response to treatment is somewhat slower
(i.e., 6-week therapeutic trial usually warranted). Similarly, the
comparative therapeutic effects of individual antidepressants
do not appear to differ qualitatively between elderly patients
and the general population. The selection of antidepressants
for geriatric depression, therefore, is quite similar to the pro-
cess recommended for younger patients, although the pres-
ence of medical comorbidities and current medications will
often have a greater influence on treatment plans due to the
higher overall disease burden found in older patients. For ex-
ample, the anticholinergic effects of certain antidepressants
(TCA, paroxetine) may discourage their use in elderly patients
suffering from narrow angle glaucoma, chronic constipation,
or urinary hesitancy. The cognitive effects of antidepressants
may also be more pronounced in elderly people due to dif-
ferences in pharmacokinetic disposition (prolonged half-life)
and pharmacodynamic properties (compromised integrity of
blood−brain barrier). Although sedating antidepressants such
as mirtazapine may serve to promote sleep in depressed pa-
tients suffering from insomnia, other geriatric clients may be
candidates for more activating medications that can increase
energy or enhance alertness (e.g., bupropion).

In the case of R.H., mirtazapine might be a judicious choice
due to the fact that his appetite and sleep have diminished con-
siderably over the past several months. A conservative starting

dose of 7.5 mg at bedtime might be considered to ensure his
tolerability of a new medication, although it is quite possible
that eventual dosage increases might be required to achieve a
therapeutic response.

Tricyclic Antidepressants

20. B.H. is an obese 52-year-old man suffering from his first
episode of major depressive disorder, melancholic subtype. He has
an 8-year history of CHF (New York Heart Association functional
class II) with an ejection fraction of 35% and atrial fibrillation.
He is currently taking digoxin 0.25 mg PO QD and enalapril 10
mg PO BID. His CHF has been well controlled on this regimen,
and he remains asymptomatic with regard to the CHF. His atrial
fibrillation occurs about once every 6 months. All other labora-
tory parameters are within normal limits. His cardiologist believes
that TCA are the most effective antidepressants for melancholic
depression. Are they any safety concerns in starting a TCA in this
patient?

For many years, the TCAs were the most popular class of
medications used to treat depression. The acquisition cost for
TCAs was quite low, we had several decades of experience
using them, and there continue to be providers who prefer
antidepressant medications that enhance serotonin and nor-
epinephrine for the treatment of severe or melancholic depres-
sion (i.e., dual-action antidepressants).179 TCAs continue to be
prescribed for other indications that are comorbid with depres-
sion as well (e.g., migraine prophylaxis, chronic pain). Unfor-
tunately, TCAs possess a variety of adverse effects, ranging
from bothersome (dry mouth, sedation, constipation) to seri-
ous (cardiovascular effects), which often prevent patients from
receiving therapeutic doses of medication.180 Patient adher-
ence with prescribed medication may also be compromised
with TCAs.181

The SSRIs are widely regarded as a major breakthrough
in the pharmacologic management of depressive symptoms
and have largely supplanted the TCA in their role as preferred
agents for the treatment of mood disorders. Their popularity
can be attributed to numerous advantages over older com-
pounds, including a lower side effect burden, safety in over-
dose, less dosage titration, once-daily administration, and pa-
tient preference. Results of a meta-analysis concluded that,
although the overall efficacy of the two antidepressant classes
was comparable, primary care patients receiving an SSRI were
much less likely to discontinue therapy prematurely due to side
effects.182 Although SSRIs were once more expensive than
TCAs, most are now available in generic formulations and are
relatively inexpensive.

Side Effects

21. B.H.’s cardiologist is concerned about the effect of a TCA
on his cardiac status. What are the major adverse effects and
toxicities of the TCAs, and how should these be managed?

The most common adverse effects of the TCAs are listed
in Table 79-12. Anticholinergic effects are commonly encoun-
tered with the TCAs and may adversely affect adherence.183

These side effects include dry mouth, blurred vision, constipa-
tion, and urinary retention. Although patients may develop tol-
erance to these effects, they may never disappear completely.
Clinicians should be prepared to counsel patients about the
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appropriate way to manage these problems. Patients with dry
mouth, for instance, may tend to drink excessive fluids to re-
lieve discomfort. To minimize the inherent potential for weight
gain with TCAs, patients should be advised to avoid caloric
beverages and drink water or dietetic fluids instead. Sugarless
gum or hard candy is often recommended as well.

TCAs also can be very sedating and are usually adminis-
tered at bedtime to minimize functional impairments. Confu-
sion or memory deficits may also occur with TCAs and can be
particularly onerous in elderly patients. The secondary amines
may be more tolerable in this regard, but all TCAs can impair
concentration or alertness to some extent.

The impact of TCAs on cardiovascular function is a le-
gitimate and serious concern. The most potentially danger-
ous adverse effect of the TCAs is their quinidinelike prop-
erties (type IA) on prolonging cardiac conduction through
the His-Purkinje system. This, in conjunction with positive
chronotropic and adrenergic-blocking properties of the TCAs,
can lead to re-entry arrhythmias (e.g., torsades de pointes and
other ventricular arrhythmias). In patients with pre-existing
conduction defects and in overdose, there is a greater risk for
cardiac arrhythmias.184 Therefore, B.H. should receive a base-
line electrocardiogram (ECG) before therapy.

Orthostatic hypotension is the most common and trouble-
some cardiovascular effect of the TCAs and MAOIs because it
can result in significant morbidity and mortality.185,186 Major
clinical consequences of orthostatic hypotension include falls
leading to bone fractures, lacerations, and even MI. Patients
with CHF, such as B.H., are at greatest risk for developing
orthostatic hypotension.

Imipramine and nortriptyline have been best studied with
respect to their association with orthostatic hypotension.
Amitriptyline, desipramine, doxepin, and clomipramine are
also capable of producing it to varying degrees. Although sys-
tematic comparisons of the propensity of the TCAs to cause or-
thostatic hypotension are generally lacking, the tertiary amines
(e.g., imipramine) may cause more severe orthostatic hypoten-
sion than the secondary amines (e.g., nortriptyline), and re-
search evidence supports the contention that nortriptyline has
the lowest risk for causing orthostatic hypotension among
TCAs.184,187

Antidepressants and Cardiac Disease

22. Will the choice of antidepressant affect B.H.’s arrhythmia?

There are substantial differences among antidepressants
(and antidepressant classes) in regard to overall cardiac safety
and arrhythmogenic effects in particular. The SSRIs, in gen-
eral, appear to be relatively safe in patients with a history of
arrhythmias or recent MI.188 In a placebo-controlled investiga-
tion, hospitalized patients with unstable cardiac disease were
randomized to either sertraline or placebo.189 Overall, both
treatment arms were very well tolerated, and there was actually
a lower risk of severe cardiac events reported in the sertraline
group (vs. placebo). Retrospective data suggest that SSRIs may
be somewhat cardioprotective in depressed patients with heart
disease, a benefit that might be explained by their ability to
decrease platelet activation.190,191

TCAs increase heart rate, probably via intrinsic anticholin-
ergic properties that increase sinus node activity. Clinically,

this effect is generally not significant, especially in medically
healthy, depressed patients.192 However, it may be important
in those with underlying conduction disease, coronary artery
disease, or CHF. TCAs, when used at therapeutic dosages
for the treatment of depression, decrease premature atrial and
ventricular contractions in both depressed and nondepressed
patients.193,194 Antidepressants with class 1A antiarrhythmic
activity (e.g., TCAs) may also have arrhythmogenic activity
and thus increase the chances of ventricular arrhythmias and
sometimes of sudden death. This effect on rhythm and con-
duction is believed to be related to the inhibitory effects of
TCAs on the fast sodium channels and a decrease in Purk-
inje fiber action potential amplitude, membrane responsive-
ness, and slowed conduction.194 Even nortriptyline, which is
believed to be one of the safer TCAs in patients with heart
disease, was associated with a greater risk for adverse cardiac
events than paroxetine in an RCT.195

Bupropion and mirtazapine appear unlikely to affect car-
diac rhythm or induce arrhythmias in susceptible patients.188

Bupropion, however, should be used with caution in patients
with pre-existing hypertension because of potential increases
in BP.196 Its safety has not been well studied in patients with
heart disease. Similarly, venlafaxine does not appear to be ar-
rhythmogenic, but increases in BP may be seen with higher
dosages (>150 mg daily) limiting its usefulness in certain pa-
tient populations.155 The nonselective MAOIs do not seem to
affect rhythm significantly, although they generally do slow
heart rate and can cause or worsen orthostatic hypotension.197

Trazodone was associated with ventricular aggravation in the
past, but this risk has not been further elucidated, and its
widespread use as a sedative hypnotic in institutional settings
has generally been well tolerated.188

Plasma Concentration Monitoring

23. Are plasma concentrations clinically useful in monitor-
ing antidepressant therapy? When should plasma antidepressant
concentrations be obtained?

Attempts to demonstrate an association between plasma
concentrations and therapeutic response for SSRIs, venlafax-
ine, and bupropion have been largely unsuccessful. In con-
trast to the newer agents, the serum concentration of some
TCAs correlates well with clinical response. Nortriptyline ex-
hibits a curvilinear effect, whereas imipramine demonstrates
a sigmoidal relationship between serum levels and clinical
response.198,199 Maximum benefit of imipramine is usually as-
sociated with serum levels of imipramine plus its demethylated
metabolite, desipramine, in excess of 250 ng/mL. The relation-
ship between plasma concentration of desipramine and clinical
response is less clear, but it appears that a linear relationship is
likely.200 The most controversy surrounds amitriptyline; stud-
ies have shown a linear relationship, a curvilinear relation-
ship, and no relationship between serum concentration and
outcome.201–203

The APA Task Force on the Use of Laboratory Tests in Psy-
chiatry recommends plasma concentration monitoring of TCA
when patients are elderly, not responding to therapy, nonad-
herent, experiencing adverse effects, or on multiple medica-
tions that may result in a possible drug interaction.204 Plasma
concentrations of imipramine, nortriptyline, and desipramine
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should be obtained after at least 1 week of a constant dosage
when steady state has been achieved. Samples should be drawn
12 hours after the last dose has been administered. Routine
therapeutic blood monitoring of other antidepressants is not
recommended because information concerning their useful-
ness is limited; however, serum levels may be useful for eval-
uating adherence in some patients or ruling out serious toxi-
cities.205

Other Medical Comorbidities
Diabetes

24. B.L. is a 43-year-old woman who has become increasingly
depressed over the past 4 months after the unexpected death of
her father. She mentions that she was very upset immediately fol-
lowing his death, unable to sleep at night, and frequently crying at
work. These symptoms have not abated over the past few months.
She is slightly obese and has always been “borderline diabetic,”
but her blood sugar control has worsened since her father’s death,
and she has subsequently gained 30 lb (HbA1c = 8.2 last week,
up from 6.1, 4 months ago). She is very upset that she has re-
cently been diagnosed with type 2 diabetes and does not believe
that she is capable of following the lifestyle modifications recom-
mended. How strong is the association between depression and
diabetes? Would an antidepressant be an appropriate treatment
for her symptoms at this time, and, if so, which agent(s) would be
recommended?

The potential association of depression with diabetes has
been discussed in the medical literature for more than 300
years.206 Results of a meta-analysis confirmed that diabetic
patients are twice as likely to be suffering from depression
than the general population, an association that appears to hold
true for type 1 and type 2 diabetic illness.207 Theories abound
as to why diabetic patients become depressed, citing complex
physiological, psychological, and social factors, and a precise
explanation has not been elucidated. Conversely, longitudinal
studies have shown that depressed patients are twice as likely
to develop type 2 diabetes with time, and in 80% to 90% of
cases, the mood disorder preceded the metabolic condition.208

It has also been established that depressed diabetic patients are
much more likely to suffer long-term complications with this
metabolic disorder, and successful treatment of depression has
been demonstrated to improve glycemic indices.209–211

Successful treatment of mood disorders in patients with dia-
betes is important for several reasons. Patients with depression
or diabetes are at risk for cardiovascular illness, and successful
antidepressant treatment, therefore, may substantially decrease
morbidity and mortality. Depressed patients are also much less
likely to comply with treatment recommendations in general
because of their hopelessness, cognitive impairment, and social
isolation. As a result, they are three times more likely to stop
taking their medications, leading to a worsening of diabetes
and other medical conditions.212 Most depressed patients also
report a change in their appetite at baseline, which may lead to
a compromise in blood sugar control. Moreover, decreases in
energy and motivation may also sabotage diabetes treatment
plans.

Although the number of clinical studies conducted with de-
pressed diabetic patients is limited, antidepressants appear to
possess the same efficacy rates for this particular comorbid-

ity as previously found in the general population.211 Currently,
there is no evidence to suggest that one class of antidepressant
is more efficacious than another. Selection of an antidepressant
in the diabetic population, therefore, rests largely on differ-
ences in adverse effect profiles, potential impact on diabetes
complications, and potential for drug interactions.

One important consideration in selecting an antidepressant
is the potential impact of the agent on appetite, blood sugar con-
trol, and total body weight. Although research on the effects of
antidepressants on glycemic control is limited primarily to rat
populations, important differences appear to exist among an-
tidepressants in regard to weight gain potential.213 As discussed
previously, the risk of clinically significant weight gain appears
to be highest with mirtazapine, TCAs, and MAOIs, and these
medications should be avoided. Although SSRI and SNRI may
occasionally induce weight gain in susceptible patients (esti-
mated incidence of 3%−5%), this adverse effect appears to be
of greatest concern with paroxetine (25% incidence). Bupro-
pion may cause appetite suppression in some patients, which
may be beneficial for the obese but may also pose a theoretical
concern about hypoglycemia in diabetic patients.

Because one of the long-term complications of diabetes is
sexual dysfunction, this potential side effect of antidepressants
may also be worth considering. It should be emphasized, how-
ever, that erectile dysfunction and impotence are the sexual
side effects most commonly encountered by male diabetics.
Thus, although the SSRI may impair sexual performance by
delaying or preventing orgasm, this impairment occurs at a
different stage of the sexual process and would not necessar-
ily discourage use of SSRIs. Diabetic neuropathies may also
influence antidepressant selection. SNRIs have proven quite
effective for the management of neuropathic pain, but clin-
icians should also be aware that venlafaxine and duloxetine
may increase blood pressure and heart rate as well.

Pharmacokinetic drug interactions may also be a con-
cern for certain antidepressants in diabetic patients. For in-
stance, many of the oral antidiabetic agents are substrates for
metabolism by the cytochrome P450 isoenzyme system. In-
hibition of this metabolic step may precipitate a serious drug
interaction by increasing plasma concentrations of the antidi-
abetic agents and enhancing hypoglycemic effects. Several of
these agents are metabolized via the CYP 2C9 isoenzyme (e.g.,
tolbutamide, glyburide, glipizide, rosiglitazone), and the ad-
ministration of certain SSRIs (e.g., fluoxetine or fluvoxamine)
may potentiate their effects. Repaglinide and some of the sul-
fonylureas are metabolized via the CYP 3A4 isoenzyme, which
may also be inhibited by fluoxetine or fluvoxamine.

For B.L., the depressive symptoms she experienced after
her father’s death may be considered a natural response to this
serious loss. Because her symptoms have persisted for longer
than 2 months, her psychiatric illness would no longer be cat-
egorized as a grief reaction (or bereavement) and should be
managed medically as an acute episode of major depression.
Thus, it is advisable that her depression receive serious atten-
tion (i.e., thorough assessment of psychiatric condition) and
necessary treatment. Medical history, previous antidepressant
trials, and concurrent use of other prescription medications
should also be investigated. If B.L. is amenable to an antide-
pressant, an SSRI that is unlikely to induce weight gain or
potentiate drug interactions may be a prudent choice. Such
agents would include sertraline, citalopram, or escitalopram.
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Epilepsy

25. C.B., a 20-year-old woman, was recently diagnosed with
major depressive disorder, single episode. Since the age of 8, she
has also experienced complex partial seizures. Her seizures have
been difficult to control in the past (at least six seizures per month),
but her condition has improved recently (none for 8 months) on
a combination of carbamazepine and gabapentin. Are there any
special considerations with regard to antidepressant selection in
this patient?

Although seizures are a relatively uncommon effect of
antidepressant medications, they are frightening and serious
when they occur. The overall risk of seizures with most an-
tidepressants is quite low at therapeutic dosages, and, as a re-
sult, the precise risk is difficult to quantify with any statistical
certainty.214 Furthermore, the risk of new-onset seizures in the
general population (i.e., not necessarily receiving antidepres-
sants) is approximately 0.073% to 0.086% annually, suggest-
ing the likelihood of occasional coincidental case reports.215

Among the antidepressants marketed in the United States,
imipramine may be the best studied, and the frequency of
seizures was reported to be 0.1% among patients prescribed
therapeutic dosages (–200 mg/day).216

Generally, it is believed that iatrogenic seizures are a dose-
related phenomenon, so it is not surprising that most case
reports of antidepressant seizures have involved overdose in-
gestions, most commonly with the TCAs. Seizures have been
correlated to peak plasma concentrations of tricyclics (e.g.,
levels >1,000 ng/mL) and typically occur within 6 hours after
the overdose.217

The specific antidepressant may also be of some impor-
tance, but one may want to recall the methodologic difficulties
inherent in estimating accurate figures. An older review cited
amoxapine with the highest risk of seizures in overdose, fol-
lowed by maprotiline and the TCAs (collectively).218 Bupro-
pion was withdrawn from the market in 1986 after the ap-
pearance of new-onset seizures in bulimic patients receiving
the antidepressant as part of a placebo-controlled trial (4 of
69 subjects).219 After a re-examination of the original dosing
recommendations, bupropion was released again in 1989, and
a new SR preparation appeared in 1998. Among the 3,100
patients to receive the new preparation for up to 1 year, the
cumulative seizure risk was 0.15%.220 Although SSRIs have
been associated with seizures in acute overdose, the compara-
tive risk encountered with dosages in the therapeutic range has
not been determined.

Because of C.B.’s seizure history, choosing a medication
with a low risk of seizures is prudent. Bupropion, for instance,
is contraindicated in patients with a pre-existing seizure dis-
order. Because carbamazepine has a narrow therapeutic in-
dex and is metabolized by multiple isoenzymes within the cy-
tochrome P450 system, antidepressants that may inhibit its
clearance and raise plasma levels, such as duloxetine (CYP
2D6), fluoxetine (CYP 2D6 and 3A4), and paroxetine (CYP
2D6), should be avoided. Similarly, carbamazepine may in-
duce the metabolism of certain TCAs, and it also possesses
some of the cardiotoxic effects of these antidepressants (e.g.,
slowed conduction) further discouraging its use. Among the
remaining alternatives, one may opt for an SSRI less likely
to inhibit metabolic pathways (e.g., sertraline, citalopram) or
venlafaxine.

AIDS

26. K.H., a 33-year-old HIV-positive woman, has been reason-
ably healthy over the past 2 years but recently developed AIDS
after an episode of oral candidiasis. During the past few months,
she has noticed a loss of interest in life, accompanied by de-
creased energy, easy fatigability, and difficulty concentrating (she
has to read a sentence several times before she can comprehend
its meaning). She also reports a depressed mood but denies sui-
cidal ideation. Her current medications are zidovudine (Retro-
vir), lamivudine (Epivir), ritonavir (Norvir), and oral clotrima-
zole troche (Mycelex). After a thorough medical workup, other
opportunistic infections have been ruled out. What precipitating
factors may be contributing to K.H.’s current symptoms of de-
pression?

Patients with serious illnesses such as HIV/AIDS or cer-
tain cancers are faced with an extreme psychosocial stressor
that can precipitate a depressive episode. Research evaluat-
ing the severity of emotional distress in persons with HIV has
shown elevated anxiety, depression, social isolation, and sui-
cidal ideation.221 Chronic depression in AIDS patients has, in
fact, been associated with an acceleration of the disease pro-
gression, as well as a significant reduction in the perceived
quality of life (vs. nondepressed HIV-infected controls).222,223

K.H. currently is, or will be, confronted with a number of psy-
chological issues, including fear of developing an opportunistic
infection, chronic somatic preoccupations, debilitation, anger,
possible death at a young age, and reactive depression.224,225

Although K.H.’s target symptoms (fatigue, decreased con-
centration, and depressed mood) may represent a depressive
episode secondary to psychosocial stressors, her differen-
tial diagnosis also includes HIV-1–associated cognitive/motor
complex or dementia resulting from HIV disease (formally
known as AIDS dementia complex).226 HIV-associated demen-
tia closely resembles the symptoms of a depressive disorder
and is part of the Centers for Disease Control and Prevention
classification system for HIV infection (category C).227 Neo-
plasms and opportunistic infections of the CNS secondary to
AIDS can also alter mental status. However, a thorough medi-
cal workup ruled out opportunistic infection in K.H.

27. Based on K.H.’s target symptoms, is she a candidate for an-
tidepressant therapy? What considerations should be made when
selecting antidepressant therapy for K.H.?

K.H. would benefit from antidepressant therapy to help ame-
liorate her target symptoms of decreased energy, lack of con-
centration, and depressed mood, regardless of whether it is a
major depressive episode or direct HIV involvement within
the CNS. Although antidepressant trials in the general HIV
population are lacking (and particularly scarce among popula-
tions of women or underrepresented minorities), several fac-
tors should be taken into account when selecting antidepressant
medication in an HIV/AIDS patient.228,229 In general, compar-
ative trials with conventional agents have been associated with
high dropout rates because of adverse effects, suggesting that
HIV/AIDS patients may be more vulnerable to toxic effects,
or that lower doses of antidepressant medications should be
considered.230,231

Drug interactions can be a primary concern because sev-
eral of the protease inhibitors undergo metabolic transforma-
tion via the cytochrome P450 system, primarily through the
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CYP 3A4 and CYP 2B6 isoenzymes. Therefore, fluoxetine
and fluvoxamine are best avoided. Among the alternatives,
SSRIs and TCAs have demonstrated comparable efficacy in
the depressed HIV/AIDS population, but the side effect burden
of SSRIs may be more tolerable to these patients. Bupropion
has become increasingly popular in depressed HIV/AIDS pa-
tients, and the activating properties may be attractive in this
particular patient.232 Inhibition of bupropion metabolism has
been demonstrated with concurrent administration of riton-
avir, efavirenz, and nelfinavir, however, which may complicate
its use under certain circumstances.233 Low-dose psychostimu-
lants (e.g., methylphenidate, dextroamphetamine) or modafinil
may also be helpful because some limited evidence has demon-
strated improved cognition and mood in AIDS patients.234 For
appetite stimulation, mirtazapine would be a reasonable op-
tion in some AIDS patients, although the sedating potential
should be carefully considered. An additional option may be
ECT, which has been administered safely and effectively to the
depressed AIDS population as well.235

Depression With Atypical Features (Atypical Depression)
Monoamine Oxidase Inhibitors

28. G.R., a 38-year-old, 73-kg woman, presents at the univer-
sity outpatient psychiatric clinic with a chief complaint of extreme
lethargy and depressed mood more days than not for the past 6
weeks. During this period, she has also been sleeping too much
and overeating (she says she has gained at least 10 lb in this time
frame). On interview, she also reports an intense fear of heights
and consequently does not travel if it involves driving over a bridge
or flying in an airplane. She reports that this episode seems to
have started around the time of the break-up with her boyfriend,
and she becomes extremely anxious and tearful in revealing this
piece of her history. Her psychiatric history is consistent with at
least two other similar depressive episodes, the first when she was
18 years old and the second occurring around age 25 years. She
currently weighs 73 kg, and her physical examination and labo-
ratory assessments are within normal limits. In the past, she has
exhibited a poor response to trials of fluoxetine and nortripty-
line. During her last episode, she is noted to have responded to
phenelzine 60 mg/day.

G.R.’s depressive illness manifests differently from that ex-
pected in most cases of depression. How is this depression of G.R.
different from melancholic depression?

G.R. suffers from hysteroid dysphoria, more commonly
known as atypical depression (Table 79-19). DSM-IV-TR now
refers to it as depression with atypical features.13 Clinically,
atypical depression has generally been regarded as a fairly
heterogenous group of depressive symptoms that represent a
specific form of depressive illness. Traditionally, atypical de-
pression has been regarded as a more persistent, debilitating,
and treatment-resistant mood disorder. Patients with this disor-
der tend to respond better to MAOIs than other antidepressant
classes.236

The term “atypical depression” was first used to describe
patients with symptoms of depression, such as a worsening
of mood in the evening, lethargy, phobic and somatic anxi-
ety, and emotional overreactivity to environmental events. In
studying atypical depression, one group of investigators has
identified a set of explicit operational criteria for atypical de-

Table 79-19 A Comparison of Atypical Depression
and Melancholia

Feature Atypical Depression Melancholia

Onset Teens (or younger) Thirties (avg)
Gender Females > males Females > males
Course Chronic Episodic
Phenomenology

Appetite/weight Increased Decreased
Sleep Increased Decreased
Energy Low with leaden paralysis Low

Reaction to rejection Very sensitive Indifferent
Treatment response MAOI = SSRI = TCA MAOI = TCA =

SSRI

MAOI, monoamine oxidase inhibitor; SSRI, selective serotonin reuptake inhibitor;
TCA, tricyclic antidepressant.

pression (the “Columbia” criteria) based on the literature and
their own clinical experience.237 Briefly, the requirements are
as follows: patients must meet criteria for DSM depressive
disorder; however, they are excluded if they have pervasive
anhedonia (i.e., they have a mood reactivity or enjoy some ac-
tivities or daily experiences). Furthermore, they must have at
least two of the following: (a) hypersomnia, (b) leaden paral-
ysis (profound lethargy), (c) hyperphagia, or (d) pathological
sensitivity to interpersonal rejection (rejection sensitivity). The
features of atypical depression and melancholia are compared
in Table 79-19.

G.R. reports a depressed mood, extreme lethargy, phobic
avoidance of bridges or high places, and a recent problem with
hypersomnia and hyperphagia with subsequent weight gain.
She also seems to have a prominent rejection sensitivity re-
garding the relationship with her boyfriend.

INITIATION

29. What role do MAOIs have in the management of depres-
sion today? Would this class of antidepressant be appropriate for
G.R.? Outline a dosage titration and treatment plan.

For the treatment of depression, the modern pharmacologic
era was ushered in by the discovery of iproniazid, an antituber-
cular medication and potent inhibitor of MAO.238 Subsequent
research with this MAOI ultimately led to the formulation of
the biogenic amine hypothesis of depression, and it influenced
antidepressant drug development for the next 20 years.

Although the MAOIs, most notably phenelzine and tranyl-
cypromine, were commonly prescribed for the treatment of
depression in the 1970s and 1980s, their popularity has waned
in recent years primarily because of the risks of serious drug–
drug and drug–food interactions.239 However, for the treatment
of atypical depression, the MAOIs are among the most effec-
tive pharmacologic agents available and are still prescribed for
patients with this depressive subtype usually after failing an
SSRI. Double-blind trials featuring MAOIs versus TCAs have
consistently demonstrated a superior response to the MAOIs,
and a controlled trial comparing moclobemide with fluoxe-
tine reported that the MAOI was superior as well.240–242 Lim-
ited data comparing TCAs with SSRIs for atypical depression
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suggest that the two classes are comparable in efficacy, and
both were superior to placebo.243

Because of G.R.’s positive response to phenelzine in the
past, this choice of an antidepressant would be reasonable, but
one should ask about the patient’s previous experience with
this medication (therapeutic effects, side effects, adherence,
duration of treatment, and reason for discontinuation). If the
dietary restrictions were difficult for G.R. to follow, she may
be a good candidate for an MAOI transdermal patch (selegi-
line, Emsam). This transdermal agent is available in 6, 9, and
12 mg strengths, but only the 6 mg patch was approved by
the FDA as safe without the need for dietary restrictions. She
should remain wary, however, of the variety of drug interac-
tions that may occur with concurrent MAOI use.

ADVERSE EFFECTS

30. G.R.’s insurance company is not willing to approve the non-
formulary use of the MAOI patch, and she is unable to afford its
monthly cost. Phenelzine is restarted at a dose of 30 mg daily (15
mg in the morning and at lunchtime). G.R. is being monitored
closely for suicidal ideation, especially because the MAOIs are
potentially lethal when taken in overdose. What other adverse ef-
fects of the nonselective MAOIs should be looked for in G.R. while
she is being treated with phenelzine?

Orthostatic hypotension, weight gain, edema, and sexual
dysfunction are common during MAOI therapy.244 As is the
case with the TCAs, the nonselective MAOIs can cause clin-
ically significant postural decreases in BP. However, with the
MAOIs, the mechanism is believed to be a direct sympatholytic
effect because both the lying and the standing systolic BP read-
ings are decreased.245,246 Phenelzine seems to cause orthostatic
hypotension more commonly than does tranylcypromine.247

Because the orthostatic hypotension appears to be dose related,
a reduction in dosage may be helpful.248 For more difficult
cases, orthostatic hypotension has been managed pharmaco-
logically by the addition of 25 mg/day of triiodothyronine or
initiation of fludrocortisone 0.025 to 0.05 mg once to twice
a day.249 Monitoring for BP changes, as well as edema and
serum electrolyte changes (e.g., hypokalemia), is paramount
if these pharmacologic interventions are used. MAOI-induced
weight gain may be managed by monitoring carbohydrate and
fat intake. Edema can be treated by elevating the affected limbs
and/or using a thiazide diuretic (e.g., hydrochlorothiazide 25–
50 mg BID), with careful monitoring of other medications (e.g.,
serum lithium levels) for potential drug interactions.249 Sexual
dysfunction occurs in up to 20% of patients taking MAOIs but
may diminish and disappear spontaneously over time.250,251 If
necessary, it can be managed with bethanechol (Urecholine) at
dosages up to 50 mg/day in both men and women.244

A switch into mania has been reported in up to 10% of
patients with a history of bipolar disorder. Therefore, MAOIs
should be avoided in this population.244 Although MAOIs are
not known as antimuscarinic medications, some patients com-
plain of anticholinergiclike side effects, including blurred near
vision and urinary retention. Dosage reduction may be help-
ful, but these effects may also diminish over time. Paresthesias
have also been reported with the MAOIs and can be treated
with pyridoxine 50 to 150 mg/day.252 The nonselective MAOIs
are not associated with proarrhythmic, antiarrhythmic, or con-
tractility effects when used in therapeutic dosages. Rash is by

far the most common side effect reported with the selegiline
patch, with an approximate incidence of 30% to 40%. Like
other MAOI, selegiline can be quite activating, and insomnia
is frequently reported.

DRUG–FOOD INTERACTIONS

31. G.R. states that what she most fears is the “cheese reaction.”
What steps can be taken to avoid it?

The “cheese reaction,” which can manifest as a hyperten-
sive crisis, is so named because it occurred in patients who
were taking nonselective MAOIs and ingested foods high in
tyramine, a byproduct of tyrosine metabolism that is found
in certain foods and beverages, such as aged cheese or Chi-
anti wine (Table 79-20). When tyramine is ingested in the ab-
sence of an MAOI, it is rapidly metabolized by MAO in the GI
tract before systemic absorption. In the presence of an MAOI,
more tyramine is absorbed and relatively high concentrations
of tyramine may be achieved in circulation, resulting in the dis-
placement of norepinephrine (and other catecholamines) from
presynaptic storage granules. Norepinephrine surges out into
the synapse, and as metabolic degradation is inhibited by the
MAOI, a profound pressor response is triggered.253 The trans-
dermal application of low-dose selegiline (i.e., 6 mg patch)
does not cause appreciable MAOI activity in the GI tract, so
normal tyramine degradation continues to occur locally, and
dietary restrictions are unnecessary with this strength.

Hypertensive crisis can occur at any time after ingesting
the tyramine-containing food and is probably not related to the
duration of MAOI therapy.244 Reports of hypertensive crisis
are sporadic and difficult to quantify. About 8% of phenelzine

Table 79-20 Foods Containing Tyramine

High Amounts of Tyraminea

Smoked, aged, or pickled meat or fish
Sauerkraut
Aged cheeses (e.g., Stilton, blue cheese)
Yeast extracts (e.g., Marmite)
Fava beans

Moderate Amounts of Tyramineb

Beer (microbrewed > commercial)
Avocados
Meat extracts
Red wines such as Chianti

Low Amounts of Tyraminec

Caffeine-containing beverages
Distilled spirits
Chocolate
Soy sauce
Cottage and cream cheese
Yogurt and sour cream

aMay not consume.
bMay consume in moderation.
cMay consume.
Adapted from Shulman KI et al. Dietary restriction, tyramine, and the use of
monoamine oxidase inhibitors. J Clin Psychopharmacol 1989;9:397.
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patients and 2% of tranylcypromine patients reported hyper-
tensive reactions based on a chart review of 198 patients taking
MAOIs.244 However, it is a relatively rare event and is certainly
found less often than MAOI-induced orthostatic hypotension.

Patients who are to receive nonselective MAOIs should be
reliable and willing to comply with food and medication re-
strictions. This adverse event can be minimized with a low-
tyramine diet that begins several days before starting the MAOI
and continues for 3 to 4 weeks after stopping the MAOI. The
severity of the cheese reaction is related to the amount of tyra-
mine in any given food (i.e., 20 mg of tyramine can produce a
severe hypertensive reaction), and the amount of tyramine can
vary greatly in “high-tyramine food items.”254,255 Foods that
absolutely should not be consumed with nonselective MAOIs
include aged cheeses, concentrated yeast extracts, fava beans,
and sauerkraut.256 Microbrewed beers have much higher tyra-
mine content than large, commercially produced varieties and
are best avoided. Likewise, consumption of any food that has
spoiled, is overripe, or has fermented, even if it is not found in
the restricted list, should be avoided. Foods that typically con-
tain tyramine and therefore should be avoided or consumed
with caution when taking an MAOI are listed in Table 79-20.

32. How should an MAOI-induced hypertensive crisis be man-
aged in G.R.?

A hypertensive crisis should be considered a medical emer-
gency. In a hospital setting, general supportive measures are
used, with attention to respiratory, metabolic, and cardiovascu-
lar systems. The urine should be acidified (e.g., with vitamin
C), and IV beta-blockers are often given (e.g., phentolamine
[Regitine] 5 mg IV followed by 0.25−0.50 mg IV every 4−6
hours). On occasion, patients have also received prescriptions
for nifedipine with instructions to carry the medication with
them and administer a 10-mg sublingual dose (if necessary).257

DRUG–DRUG INTERACTIONS

33. What common drug–drug interactions are associated with
the nonselective MAOIs?

Several potentially fatal drug–drug interactions occur with
this group of antidepressants. Like the reaction with tyramine,
indirect sympathomimetics such as phenylpropanolamine and
pseudoephedrine (common ingredients in over-the-counter
cold preparations and diet pills) can cause a precipitous rise in
BP that can result in cerebrovascular accident.

The potential for inducing serotonin syndrome with the
combination of SSRIs and MAOIs has been well chronicled.
A washout period of at least 14 days should separate the use
of an SSRI and an MAOI. Because fluoxetine (and its primary
active metabolite norfluoxetine) has a much longer half-life,
the recommended washout period is at least 5 weeks after
discontinuing this particular SSRI. Caution is advised when
other serotonergic mediations are prescribed (see “Serotonin
Syndrome” section). In addition, patients should avoid medi-
cations such as carbamazepine and cyclobenzaprine, which are
structurally related to the TCAs.258 Meperidine (Demerol) can
cause a life-threatening interaction with MAOIs that is some-
what reminiscent of serotonin syndrome. This reaction is a
result, in part, of the MAOI interfering with the degradation of
the meperidine and is manifested by agitation, hyperthermia,
and circulatory collapse.259 Other narcotic analgesics such as

meperidine, methadone, and tramadol may also trigger this re-
action. Codeine and hydrocodone do not appear to have this
effect when combined with MAOIs.

Depression With Psychotic Features
(Psychotic Depression)

34. R.S., a 41-year-old man, is brought to the crisis stabilization
unit (CSU) by the police because of extremely agitated behavior.
His wife had called the police because R.S. was on the roof of their
home with a gun shooting into the shingles. R.S. had worried for
some time that the mortgage balance on the house was too large;
now he was yelling that the house was “killing his spirit” and that
he could not handle it any longer. He had told his wife that he
was “inadequate as a provider” for her and their two children.
In your interview with him at the CSU, he tells you that for the
past week he has been hearing the voice of his deceased father
telling him to kill himself after destroying the house. This has
distressed him greatly. Of note, he was fired from his job as a
computer analyst 6 weeks ago. His sleep is reported by his wife to
be poor over the past month, with difficulties in falling asleep as
well as waking up during the night and being unable to resume
sleeping. His mood is depressed, and he has lost 15 lb in the past
2 weeks as a result of decreased appetite. His psychiatric history
is positive for two past episodes of depression, one at age 22 and
the other at age 35. Both episodes resolved after 8-week courses of
imipramine 250 mg/day. He is diagnosed with major depressive
disorder, recurrent, with psychotic features, and is admitted to
the adjacent hospital for treatment. What features of psychotic
depression are evident with R.S.?

Psychotic depression, also known as delusional depression
or depression with psychotic features, is a type of affective
illness in which the individual manifests with primary mood
symptoms found in major depression and also demonstrates
secondary psychotic features, such as delusions (fixed, false
beliefs) and/or hallucinations (generally auditory). This dis-
order may be regarded as an extreme form of depression in
which the individual’s mood is so disturbed that perception
is significantly impaired or distorted. Endocrine abnormali-
ties and imaging studies strongly suggest that depression with
psychotic features is distinct from unipolar depression, and
there is evidence that it more closely resembles bipolar illness.
Psychotic depression has been estimated to occur in at least
5% of the depression admissions to acute care hospitals in the
United States, and it may be comparatively more common in
the geriatric population.260

The delusions and hallucinations encountered with psy-
chotic depression can be classified as either mood congru-
ent or mood incongruent. Mood-congruent psychotic features
imply that the psychosis is consistent with the depressive ill-
ness. In depression, mood-congruent delusions might include
self-deprecatory thoughts as well as extreme feelings of guilt,
sinfulness, or nihilistic ideation. Mood-incongruent psychotic
features imply that the psychotic content is not consistent with
the overall mood but, rather, is bizarre, much like that seen in
schizophrenia. An example of mood-incongruent features may
be a giggle or grin as a patient describes his or her misery and
desire to commit suicide.

R.S. described mood-congruent hallucinations when he
spoke of his dead father commanding him to kill himself. His
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ideas of being inadequate and not a good provider are also
consistent with a mood-congruent delusion.

35. Why is it critical to resolve R.S.’s psychotic depression
promptly? What treatment options are available for R.S.?

Psychotic depression is associated with much greater mor-
bidity and mortality than other forms of major depression and
also carries a higher risk of suicide than other types of depres-
sive illness. This factor is currently a major concern in R.S.’s
case because he has reported suicidal ideation.

Psychotic depression is often refractory to antidepressant
monotherapy.261,262 If pharmacotherapy is used in R.S., the
historical approach has been to prescribe an antipsychotic med-
ication in addition to an antidepressant medication. The com-
bination of an antipsychotic and an antidepressant has proved
to be superior to either component alone in psychotic depres-
sion. Several combination products are available that contain
both an antipsychotic and an antidepressant (e.g., Symbyax
contains fluoxetine and olanzapine). Although these combina-
tion products may appear to be convenient, they are fixed-dose
combinations, and it is impossible to titrate the dosages of the
individual agents independently. In psychotic depression, as
the psychosis lifts, it is often prudent to taper and discontinue
the antipsychotic agent while maintaining the antidepressant
medication for a full course of treatment. If the antipsychotic
drug is continued after the psychosis has lifted, the patient may
be at greater risk for the neurotoxic effects of the antipsychotic
(e.g., pseudoparkinsonism, tardive dyskinesia) as well as an
increased side effect burden overall.

Atypical or second-generation antipsychotics, such as
risperidone and olanzapine, are believed to possess some an-
tidepressant properties, leading researchers to consider their
usefulness as monotherapy for this disorder.263 There is still
some controversy as to whether the atypical agents are relieving
depressive symptoms or the negative symptoms of schizophre-
nia; however, their ability to block postsynaptic 5-HT2 recep-
tors and facilitate dopamine transmission in certain areas of
the brain suggests genuine antidepressant properties. Further-
more, their proven efficacy in treating bipolar disorder (both
mania and depression) may suggest some clinical benefit in
managing refractory depression or depression with psychotic
features. At present, evidence supporting their use in psychotic

Table 79-21 Seven Things That Everyone Should Know
About Depression

� Depression is NOT a personality flaw or a weakness of character.
Depression has been associated with a chemical imbalance in the
nervous system, which can be easily corrected with antidepressant
medications and associated counseling.

� All antidepressants are equally effective.
Approximately 65% of patients receiving a therapeutic trial of any
antidepressant medication will have a beneficial response.

� Most patients receiving antidepressants will experience some side
effect(s) initially.
Identify an accessible health professional who can answer your
questions.

� Antidepressants should be taken at the same time daily.
This will make it easier for you to remember to take the medication
and may also minimize side effects.

� The response to antidepressants is delayed.
Several weeks may pass before you begin to feel better, and it may take
4 to 6 weeks before maximal benefits are evident.

� Antidepressants must be taken for at least 6 to 9 months.
Even if you are feeling completely better, studies have shown that
people who stop their medication during the first 6 months are much
more likely to become depressed again.

� Antidepressants are NOT addictive substances.
Antidepressants may elevate the moods of depressed individuals, but
they do not act as stimulants and are not associated with craving or
other abuse patterns. However, if certain antidepressants are
discontinued abruptly, mild withdrawal reactions may occur.

depression is preliminary. The most rigorous trial compared the
effects of risperidone with combination therapy with haloperi-
dol and amitriptyline.264 Although combination treatment did
appear to be more efficacious, risperidone produced substantial
declines in depression and general psychopathology. Several
other case reports suggest that the atypical antipsychotics are
worthy of additional study.

If pharmacotherapy is unsuccessful, ECT has proven to be
a particularly effective remedy for this psychotic depression.
ECT has a reported success rate of 80% to 85% in this popula-
tion, and the onset of effect is quite rapid. The ideal frequency
of maintenance treatments, however, has not been established.

In summary, Table 79-21 offers seven points that everyone
should know about depression.
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Manic-depression distorts moods and thoughts, incites dread-
ful behaviors, destroys the basis of rational thought, and too
often erodes the desire and will to live. It is an illness that
is biological in its origins, yet one feels psychological in the
experience of it; an illness that is unique in conferring ad-
vantage and pleasure, yet one that brings in its wake almost
unendurable suffering and, not infrequently suicide.

Kay Redfield Jamison1

INTRODUCTION
Bipolar disorder (formerly known as manic-depression) is a
chronic and progressive illness that disrupts and disables the
lives of those afflicted. Impairment in day-to-day functioning
continues even when mood symptoms have dissipated.2 Based
upon a report from the National Institute of Mental Health
patients typically spend one-fourth of their adult lives in the
hospital and half of their lives disabled.3 In fact, the burden of
bipolar disorder exceeds many severe illnesses such as human
immunodeficiency virus, diabetes mellitus, and asthma.4

Diagnosis and Classification
Mood disorders are diagnosed using the criteria established
in the Diagnostic and Statistical Manual of Mental Disorders,
Fourth edition, Text Revision (DSM-IV-TR).5 Discrete periods
of mood disturbance are defined as major depressive episodes,
manic episodes, hypomanic episodes, or mixed episodes.

Manic or hypomanic episodes (Table 80-1) are periods of
abnormally and persistently elevated, expansive, or irritable

mood.5 Hypomanic episodes are less intense than manic
episodes, which are severe enough to impair functioning (self-
care, occupational, social), complicate a medical condition, re-
sult in psychotic features, or require hospitalization.5 Although
manic and hypomanic episodes are characteristic symptoms of
bipolar disorder, it is depressive episodes that predominate. De-
pressed mood is ordinarily the initial presenting symptom.6,7

Bipolar disorder and major depressive disorder share the same
criteria with major depressive episodes (Table 79-4).5 A mixed
episode is diagnosed when a patient meets criteria for both a
major depressive episode and a manic episode concurrently for
at least a 1-week period.5 Associated symptoms with mixed
episodes include agitation, insomnia, changes in appetite, psy-
chosis, and suicidality.

A person who has experienced one or more manic or mixed
episodes with or without a depressive episode is diagnosed
as having bipolar I disorder. An individual who has experi-
enced one or more episodes of both hypomania and depression
(without a history of manic or mixed episodes) is diagnosed as
having bipolar II disorder.5

The diagnosis of a cyclothymic disorder is used for a person
who has experienced at least 2 years of mood cycling charac-
terized by numerous periods with hypomanic symptoms and
separate periods with depressive symptoms that do not meet
the criteria for a major depressive episode. Bipolar disorder,
not otherwise specified (NOS), refers to disorders with fea-
tures of mania or hypomania that do not meet the criteria for a
specific bipolar disorder.5

The DSM-IV-TR also uses a series of descriptors called
specifiers to further characterize the course of illness and the

80-1
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Table 80-1 DSM-IV-TR Criteria for a Manic Episodea

1. A distinct period of abnormally and persistently elevated,
expansive, or irritable mood, lasting ≥1 week (or of any duration
if hospitalization is necessary).

2. During the period of mood disturbance, ≥3 of the following
symptoms have persisted (4 if the mood is only irritable) and have
been present to a significant degree:
� Inflated self-esteem or grandiosity
� Decreased need for sleep (e.g., feels rested after only 3 hours of

sleep)
� More talkative than usual or pressure to keep talking
� Flight of ideas or subjective experience that thoughts are racing
� Distractibility (i.e., attention too easily drawn to unimportant or

irrelevant external stimuli)
� Increase in goal-directed activity (either social, at work, at

school, or sexually) or psychomotor agitation
� Excessive involvement in pleasurable activities that have a high

potential for painful consequences (e.g., the person engages in
unrestrained buying sprees, sexual indiscretions, or foolish
business investing)

3. The symptoms do not meet the criteria for a Mixed Episode.
4. The mood disturbance is sufficiently severe to cause marked

impairment in occupational functioning or in usual social activities
or relationships with others, or to necessitate hospitalization to
prevent harm to self or others, or there are psychotic features.

5. The symptoms are not due to the direct physiologic effects of a
substance (e.g., a drug of abuse, a medication, or other treatment)
or a general medical condition (e.g., hyperthyroidism).

aCriteria for a hypomanic episode are identical to a manic episode however the
symptoms need only be present for 4 days and are not severe enough to cause marked
impairment in occupational functioning or in usual social activities or relationships
with others, or to necessitate hospitalization to prevent harm to self or others, or
for psychotic features to be present. Manic-like episodes that are clearly caused by
somatic antidepressant treatment (e.g., medication, electroconvulsive therapy, light
therapy) should not count toward a diagnosis of bipolar I disorder.
Reprinted with permission from American Psychiatric Association. Mood Disorders.
In: Diagnostic and Statistical Manual of Mental Disorders. Fourth Ed. Text Revision.
Washington, DC: American Psychiatric Association; 2000;362:368.

most recent type of episode experienced by the individual. Re-
cent episodes are first classified as hypomanic, manic, mixed,
or depressed. They may be described further in terms of sever-
ity (mild, moderate, severe), the presence of psychotic features
(in partial or full remission), with or without catatonic features,
or with onset during the postpartum period. Other specifiers
convey information regarding the pattern of illness. For exam-
ple, some individuals experience major depressive episodes at
a characteristic time of the year (usually the winter) or switch
from depression to mania during a particular season. The spec-
ifier “with seasonal pattern” applies only to the pattern of major
depressive episodes. Other specifiers describe whether full re-
covery between episodes (i.e., with or without full interepisode
recovery) occurs and whether individuals experience rapid cy-
cling (four or more mood episodes/year).5

Epidemiology and Cost Burden
Using DSM-IV criteria, the lifetime prevalence of bipolar I
disorder is estimated to be 1.0%; bipolar II disorder is slightly
more common at 1.1%.8 The prevalence rate for the bipolar
spectrum of illnesses which includes bipolar I, bipolar II, and
subthreshold bipolar disorder (mood symptoms present but not

meeting full diagnostic criteria) is 4.4%.8 Bipolar I and II are
more common in females than in males, whereas subthreshold
illness predominates in males.8 The familial nature of bipo-
lar disorder has been well established. The estimated relative
risk of bipolar disorder in first-degree relatives of probands has
been estimated to be 10.7.9 Twin studies add further support to
the genetic linkage of bipolar disorder. Goodwin and Jamison
report a 63% concordance rate (rate of illness in co-twin of
affected proband) for monozygotic twins compared with 13%
for dizygotic twins.9 The cost of bipolar illness in 1991 was
reported to be $45 billion.10 Direct costs accounted for 17%
of the total, whereas the remaining 83% was owing to indi-
rect costs such as lost wages, suicide, institutional care, and
caregiver burden.

Clinical Signs and Symptoms
A manic episode usually begins with a change in sleep pat-
terns along with mood elevation. Target symptoms typically
include increased talkativeness, staying awake all night, and
bursts of energy during which projects are begun but rarely
completed. Mania often is characterized by thought distur-
bances. Patients may exhibit “flight of ideas” (rapid speech
that switches among multiple ideas or topics) and delusions
of grandeur (false beliefs of special powers, knowledge, abil-
ities, importance, or identity). The behavior of manic patients
is characterized as being intrusive, loud, intense, irritable, sus-
picious, and challenging. They often exercise poor judgment.
For example, they may spend large sums of money in business
deals that ultimately fail, become sexually promiscuous, take
excessive risks, or fail to obey laws.

These symptoms usually develop gradually over several
days to more than a week in three stages. Stage I is character-
ized by euphoria, irritability, labile affect, grandiosity, overcon-
fidence, racing thoughts, increased psychomotor activity, and
an increase in the rate and amount of speech. This stage corre-
sponds to an episode of hypomania. Stage II features increased
dysphoria (a feeling of extreme discomfort and unrest), hos-
tility, anger, delusions, and cognitive disorganization without
apparent cause. This stage corresponds to acute mania. Many
patients progress no further than this stage. Others may proceed
to stage III, in which the manic episode progresses to an undif-
ferentiated psychotic state. Individuals in stage III experience
terror and panic. Their behavior is bizarre and psychomotor
activity is frenzied. They may experience hallucinations. They
progress from disorganized thought patterns to incoherence
and disorientation. Just as the manic episode gradually builds,
it often declines in a gradual manner. Psychotic symptoms
usually resolve first, whereas irritability, paranoia, and exces-
sive behavior continue. Slowly, remaining symptoms such as
hyperverbosity, seductiveness, and dysphoria decrease.11

Course of Illness
The mean age of onset for the bipolar spectrum of illnesses
is 21 years.8 Bipolar I is the earliest in onset at 18 years,
compared with bipolar II at 20 years and subthreshold bipo-
lar disorder at 22 years.8 Approximately 20% to 30% of new
cases occur in children between 10 and 15 years old.12,13 Pa-
tients may present initially with mania, hypomania, depres-
sion, or a mixed episode. However, 75% of patients report
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having had multiple episodes of depression before the devel-
opment of a manic episode.12 Misdiagnosis is common early
in the illness with a startling 69% of patients reporting be-
ing misdiagnosed.12 Furthermore, up to 26% reported visiting
as many as five physicians before an accurate diagnosis was
made. Interestingly, although 70% of patients reported having
at least one symptom of mania before, only about 40% reported
these symptoms to a physician.12 After 60 years of age, there
is a significant decrease in the new onset of bipolar disorder.14

Therefore, a presentation of mania later in life should alert
the clinician to an underlying medical problem as the possible
cause.

Bipolar disorder is a recurrent illness; single episodes of
mania occur in fewer than 10%.5 Most suffer multiple episodes
of mania, hypomania, or depression separated by periods of
euthymia (normal mood) throughout the course of their lives.
In the majority, mania occurs just before or immediately after a
depressive episode.5 There may be a 5- to 10-year period from
the onset of illness until the first hospitalization or diagnosis.14

The course of illness is characterized by episode, length
duration of euthymic intervals, frequency of relapse, severity
of episodes, and predominant syndrome (mania, hypomania, or
depression). These factors do not remain fixed throughout an
individual’s illness. For instance, individuals may experience
episodes of dysphoria and depression before ever experiencing
hypomania or mania. Often, the euthymic interval and cycle
length decrease with additional episodes. Over time, a course of
alternating manic and depressive episodes without intervening
euthymic periods can develop.

People diagnosed with either bipolar I or II disorder who
experience shorter cycle lengths and who suffer from four or
more episodes of depression, hypomania, mania, or a mixed
episode in a year are identified as “rapid cyclers.” Rapid cy-
cling occurs in 20% of cases; women are more often affected
than men.15 Individuals with rapid cycling bipolar disorder
often are refractory to conventional treatment and suffer sig-
nificant morbidity and mortality because of their rapid changes
in mood. They may have little or no euthymic period between
manic and depressive episodes. This can have drastic family,
social, and occupational consequences.

Unfortunately, despite adequate treatment, 73% of individ-
uals with bipolar disorder relapse within 5 years. Furthermore,
nearly half continue to experience significant mood symptoms
between episodes, and fewer than 20% are euthymic or have
minimal symptoms.16

Complications of Bipolar Illness
Patients with bipolar illness have higher rates of mortality
from both natural and unnatural causes. Higher rates of natural
mortality largely result from cardiovascular disease.17 Suicide
(primarily in depressive and mixed episodes) and excessive
risk-taking behaviors (primarily during manic or hypomanic
episodes) also contribute to the high mortality rate. Significant
risk factors for suicide in bipolar patients include drug abuse,
hospitalization for depression, age younger than 35 years, a re-
cent (within 2 years) hospitalization, previous suicide attempts,
and a family history of affective disorders.18,19 Overall mortal-
ity as well as deaths owing to suicide or cardiovascular causes
are significantly reduced in bipolar patients who are adequately
treated.16

Bipolar patients are especially prone to substance abuse.
Approximately 42% have comorbid substance use disorders.8

Rapid cyclers and those with dysphoric mania have the highest
rates of concomitant substance abuse.19 Individuals in a manic
phase may engage in sexual indiscretions or risky sexual prac-
tices that expose them to sexually transmitted diseases.

The World Health Organization recently identified the top
ten causes of disability-adjusted life-years in the world; bipolar
disorder ranked sixth.20 Individuals with bipolar disorder are
likely to experience stress and upheaval in many areas of their
lives, including relationships, employment, and finances. Of
bipolar patients, 88% have been hospitalized once and 66% at
least two times.20 Patients with manic and depressive episodes
have divorce rates that are two- to threefold higher than those
found in nonaffected populations. Patients often report having
poor relationships with family members, and nearly 75% re-
port that their family members have a limited understanding
of bipolar disorder.12 Employment problems may result from
bizarre, inappropriate, or unreliable behavior. In one study,
60% of patients reported being unemployed, 88% felt the dis-
ease affected how well they performed at work, and 63% felt
that they were treated differently from their peers.12 Finan-
cial and legal problems may result from excessive spending,
involvement in schemes, substance abuse, and risk-taking be-
havior. Caregivers and family members may also suffer signif-
icant distress in caring for a relative with bipolar illness.20

Treatment Overview
Several North American guidelines for the treatment of bipo-
lar disorder exist.14,21−24 The most recent guidelines to be up-
dated are from the Texas Implementation of Medication Al-
gorithms and the Canadian Network for Mood and Anxiety
Treatments.21,23 The goals of treatment across the phases of
illness include the control of acute symptoms, symptom re-
mission, return to normal level of functioning, prevention of
relapses, and reduction of suicide.14 Both the acute treatment of
manic and depressive episodes and maintenance treatment for
prevention of future episodes require individualization of ther-
apy; treatment decisions should take into account presenting
symptoms, history of response, patient preference, and comor-
bid medical or substance use conditions.

Initial treatment strategies for hypomanic/manic episodes
includes the preferred and well established antimanic agents
lithium, valproate, or an atypical antipsychotic (AAP). Mixed
episodes are more likely to respond to valproate or an AAP
than lithium. Carbamazepine (CBZ) and the AAP olanzapine
are effective in manic or mixed episodes; however, safety con-
cerns preclude their use as first-line agents.21,25 Short-term use
of benzodiazepines may be needed, particularly for severely ill
or agitated patients.14 In the case of severe manic symptoms
or in those only partially responsive to an adequate trial (gen-
erally 1–2 weeks) of monotherapy, a two-drug combination of
lithium, valproate, or an AAP is recommended.21 CBZ, ox-
carbazepine, or a typical antipsychotic alone or in combina-
tion with a preferred antimanic drug are potential alternatives.
For treatment-resistant cases, electroconvulsive therapy (ECT),
clozapine, or a three-drug combination of lithium plus an anti-
convulsant (CBZ, oxcarbazepine, valproate) plus an AAP are
recommended. When drug combinations are used, the individ-
ual agents should employ different mechanisms of action.
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The treatment of acute depressive episodes emphasizes the
use of drugs that target the depressed phase without induc-
ing mania or cycle acceleration. Lithium or lamotrigine are
preferred treatments for bipolar depression.14,21,23,24 For pa-
tients with a history of severe, recent, or recurrent mania, lamo-
trigine should only be used in combination with an antimanic
agent.21 Despite being the only U.S. Food and Drug Admin-
istration (FDA)-approved treatments for bipolar depression,
quetiapine and the olanzapine/fluoxetine combination (OFC),
should be reserved for second-line use because of the risk of
side effects such as metabolic complications.25 After failure of
these second-line options, a two-drug combination of lithium,
lamotrigine, quetiapine, or OFC is appropriate.21 Subsequent
medication trials can include antidepressants, such as selec-
tive serotonin reuptake inhibitors (SSRIs), bupropion, or sero-
tonin and norepinephrine reuptake inhibitors (SNRIs), but only
when used in combination with an antimanic agent.21 The use
of antidepressants at this stage in treatment has been hotly
debated.21,26 Because of concerns of undertreated depression,
some authors have suggested earlier use of antidepressants;
however, others advocate for an “antidepressant-sparing” strat-
egy because of the risks of inducing mania and cycle acceler-
ation. Owing to an increased risk of switching into mania and
side effects, the use of monoamine oxidase inhibitors and tri-
cyclic antidepressants (TCA) should be reserved for refractory
cases.

Maintenance treatment of bipolar disorder should include
continuing the acute phase treatment while periodically sim-
plifying and moving toward monotherapy with lithium, val-
proate, or lamotrigine. Although several AAPs are effective in
preventing relapse, they are considered alternative treatments
owing to safety concerns.21 Patient and family education to
improve medication adherence are vital to promote long term
recovery. Causes of nonadherence that should be considered
include ambivalence, side effects, lack of insight, and a reluc-
tance to surrender the “high” of the manic episode.14 Patients
should also be advised to maintain regular patterns of daily
activities, a consistent sleep–wake cycle, meals, exercise rou-
tines, and other schedules.

CLINICAL ASSESSMENT
Clinical Presentation and Diagnosis

1. H.M., is a 23-year-old man, accompanied to the clinic by his
wife, A.M. She called the clinic before bringing H.M. in and re-
ported much of the following information. A.M. says that he was
doing well until about 3 weeks ago, when his niece was killed in
an automobile accident. At the funeral, he borrowed some “nerve
pills” from his cousin. Since then, H.M. has been acting increas-
ingly “wild.” He has been staying up later and later at night and
often bursts into the bedroom at 2 or 3 A.M. and loudly awakens
A.M. Sometimes, he presents her with expensive gifts, which they
cannot afford. He often jumps on the bed and starts singing her
love songs in a loud voice. A.M. notes that H.M. then almost al-
ways demands sex, after which he sleeps for a few hours and then
loudly gets up and leaves the house.

H.M. recently has experienced problems at work, where he is
a snack delivery truck driver. Over the last several weeks, he was
noted to be loading his truck in a rapid and reckless manner. His
boss received several reports that H.M. was driving unsafe and at
high speeds. Store owners called to complain that he was giving

away free cases of snacks to customers. He often did not complete
deliveries to the stores at the end of his route.

Last week, when his boss called to express concern over his
behavior, H.M. said he was quitting his job. He wrote an illegi-
ble resignation note, which was at least 10 pages long, called an
overnight air delivery service to deliver the note to his employer
(who is located only 3 miles from his home), and then left the
house before the driver arrived to pick it up. H.M. returned sev-
eral hours later driving a brand new foreign car and wearing an
expensive new suit, red cowboy boots, and a bright green hat with
a large feather. He told A.M. that he had a new job, which was
going to make him a millionaire.

Last night, she found a large sum of money in his pants pocket
when emptying the clothes hamper. He did not come home at all,
but he called her at 4 A.M. to tell her to pack for Dallas, where
he was going to become the new head coach of the professional
football team.

Upon arriving at the clinic, H.M. insists, “I don’t need no doc.
I am supercalifragilistic!” He then bursts into song. He is dressed
flamboyantly but needs a shave and shower. He gives the examiner
(a stranger) a bear hug and has trouble sitting still, listening,
or allowing others to talk. His speech is pressured and loud; he
often fails to complete sentences or communicate entire ideas, and
he is rhyming and punning. His mood obviously is elevated, but
he becomes increasingly irritable throughout the examination.
He insists he must get to Texas to sing the national anthem at
a football game before the CIA can stop him; he then breaks
down in tears. Within moments, he is again smiling and talking of
money-making schemes. He is oriented to person and place, but
thinks it is tomorrow. Intelligence seems average. When asked to
interpret a proverb, H.M. becomes angry, throws a chair across
the room, and yells, “Enough of this! Air Force One is waiting for
me!” He then storms out of the office. How is H.M.’s presentation
consistent with the diagnosis of a manic episode?

The hallmark of a manic episode is changes in mood, be-
havior, cognition, and perception (Table 80-1).11 H.M. first
demonstrates an elevated mood. He is exuberant and notes
how great he feels. However, manic patients often demonstrate
lability in their mood, and they may become irritable and easily
frustrated, especially when challenged. In this case, H.M. be-
comes irritable and resentful when questioned by the examiner.
His quick displays of sadness and anger further demonstrate
the volatility of his mood.

H.M. displays behavior and speech typical of acute mania.
He has a reduced need for sleep, behaves recklessly, and is
overactive. His speech is pressured, loud, and full of rhymes
and puns, and he sings to express his emotion. As illustrated by
H.M., speech may skip from topic to topic in a “flight of ideas.”
Behavior often is characterized as being excessive and expan-
sive. H.M. dresses flamboyantly, hugs his examiner, writes an
unnecessarily lengthy letter of resignation, seeks an overnight
courier service for local delivery, presents his wife with lavish
gifts, and distributes merchandise to strangers.

Delusions are often present in acute mania and are grandiose
in nature and deal with inflated abilities, self-importance,
wealth, or special missions in life. H.M. makes unrealistic com-
ments about his money-making schemes, his singing ability,
his position as the coach of a professional football team, and
his intended use of the presidential plane. Persecutory delu-
sions may also be present such as H.M.’s fear that the CIA is
going to stop him.
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Patients with acute mania are often disorganized and do
not complete tasks. They tend to skip from idea to idea and
scheme to scheme. In this case, H.M. neglects his hygiene,
fails to complete his deliveries, and neglects sending out his
resignation letter.

Precipitating Factors

2. What factors make H.M. vulnerable to the occurrence of a
manic episode at this time?

The mean age of onset for bipolar disorder is 21 years of
age.8 Thus, H.M. is at the age in which his disorder would
be likely to first manifest itself. In addition, manic episodes
are often precipitated by psychosocial stressors.27 The death
of H.M.’s niece may have served as a predisposing factor for
the development of a manic episode.

A variety of medications and clinical states can induce
or precipitate manic episodes (Table 80-2). The most com-
mon drug causes of mania involve medications that affect
monoamine neurotransmitters,28 such as antidepressants and
stimulants. Corticosteroids, anabolic steroids, isoniazid, le-
vodopa, caffeine, and over-the-counter stimulants can induce
or aggravate mania. Sleep loss also can be a significant cause
of mania.27 A reduction in sleep after the death of his niece
could have contributed to the development of H.M.’s manic
episode.

3. If the “nerve pills” borrowed by H.M. were antidepres-
sants, could they have contributed to the development of his manic
episode?

All major classes of antidepressants including monoamine
oxidase inhibitors, TCAs, SSRIs, and SNRIs may precipitate
mania in an estimated 20% to 40% of patients with bipolar
disorder.29 Despite the purported risk, up to 78% of patients

Table 80-2 Selected Drugs Reported to Induce Mania

Anticonvulsants Gabapentin, lamotrigine, topiramate
Antidepressants Monoamine oxidase inhibitors, TCAs,

SSRIs, SNRIs, bupropion, nefazodone,
trazodone, mirtazapine

Antimicrobials Clarithromycin, ofloxacin, cotrimoxazole,
erythromycin, isoniazid,
metronidazole, zidovudine, efavirenz

Anti-Parkinsonian Drugs Levodopa, amantadine, bromocriptine
Anxiolytics/hypnotics Buspirone, alprazolam, triazolam
AAPs Aripiprazole, olanzapine, quetiapine,

risperidone, ziprasidone
CNS stimulants Caffeine, cocaine, methylphenidate,

amphetamine,
Drugs of abuse Marijuana, PCP, LSD
Endocrine Corticosteroids, thyroid supplements,

androgens
Herbals St. John’s wort, SAMe, Ma-huang,

omega-3 fatty acids, tryptophan
Sympathomimetics Ephedrine, phenylpropanolamine,

pseudoephedrine, phenylephrine
Miscellaneous Cimetidine, tramadol, sibutramine

AAPs, atypical antipsychotics; CNS, central nervous system; LSD, lysergic acid
diethylamide; PCP, phencyclidine; SAMe, s-adenosyl-l-methionine; SSRI, selective
serotonin reuptake inhibitor; SNRI, serotonin and norepinephrine reuptake inhibitors;
TCA, tricyclic antidepressant.
Compiled from references 28, 29, 132, 134, 135, and 139–155.

with bipolar disorder are treated with antidepressants, but only
56% receive mood stabilizers.26 There are numerous case re-
ports of induction of mania or hypomania with antidepres-
sant treatment, but few controlled studies making it difficult to
make comparisons across antidepressant classes. A compari-
son of the monoamine oxidase inhibitor, tranylcypromine, and
the TCA, imipramine, found a similar rate of treatment emer-
gent mania between groups (21% and 25%, respectively).30 A
meta-analysis found a higher switch rate for TCAs (11.2%)
than for SSRIs (3.7%), which approximated placebo (4.2%).31

A controlled trial with bupropion, sertraline, and venlafax-
ine (in combination with a mood stabilizer) found an overall
switch rate of 19% during acute treatment and 37% during
the continuation phase of the study with no significant differ-
ence between agents.32 Antidepressants may also cause cycle
acceleration in bipolar disorder, which effectively decreases
the time between mood episodes. The risk for cycle accel-
eration may be heightened for patients who develop manic
or hypomanic symptoms on antidepressants despite receiving
antimanic treatment concurrently.33 In the case of H.M., an an-
tidepressant may have precipitated the manic episode or short-
ened his cycle, moving him into an episode of mania from a
preexisting state of depression or euthymic mood.34

TREATMENT OF ACUTE MANIA

4. Why does H.M. require treatment?

Manic episodes have a number of severe complications.
Left untreated, severe mania can result in confusion, fever, ex-
haustion, and even death. The impairment in judgment, the
excesses, and the risk-taking that occur during manic episodes
may devastate relationships, careers, and finances, and lead
to physical harm and loss of life. Manic individuals may en-
gage in illegal activities or behave in a manner that results in
a violation of the law. H.M. drives recklessly, may have lost
his job, spends excessive amounts of money on gifts, cloth-
ing, and automobiles; and plans to participate in a variety of
money-making schemes. He has acquired a great deal of cash
suddenly, perhaps from withdrawing all of his family’s sav-
ings or from some type of illegal enterprise. Manic patients
also may engage in risky sexual encounters, leading to infec-
tion with sexually transmitted diseases or human immunodefi-
ciency virus. Alcohol and drug abuse are common. Irritability,
such as that demonstrated by H.M., can lead to episodes of
violence, resulting in potential harm to the patient or to others.
The goals of treatment are to reduce the severity and duration
of the current mood episode as well as to prevent recurrence
of future episodes.

Valproate (Divalproex, Valproic Acid)

5. What is the appropriate treatment for H.M.’s acute manic
episode?

Depending on the type and severity of mania, first-line treat-
ment includes lithium, valproate, AAPs (aripiprazole, queti-
apine, risperidone, ziprasidone), or a combination of these
agents.14,21−24 Table 80-3 lists the treatment recommenda-
tions as summarized by North American Treatment Guidelines.
Considering H.M.’s presentation, monotherapy with a first-
line agent is appropriate.14,21−24 In the past, lithium was the
preferred first-line agent for mania, but its use is limited by a
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Table 80-3 Initial Choice of Treatment for Manic and Mixed Episodes

APA TIMA Expert Consensusc CANMAT

Euphoric Li, VPA, AAP Li, VPA, ARP, QTP, RIS, ZIP Lia , VPA, Li or VPA + AAPb Li, VPA, AAP, Li or VPA + AAPb

Mixed VPA VPA, ARP, RIS, ZIP VPAa , VPA + AAPb

aDrug of choice.
bOlanzapine, risperidone, quetiapine.
cInitial and preferred treatment only.
AAP, atypical antipsychotic; ARP, aripiprazole; Li, lithium; OLZ, olanzapine; QTP, quetiapine; RIS, risperidone; VPA, valproate; ZIP, ziprasidone.
Adapted from American Psychiatric Association (APA). Practice guideline for the treatment of patients with bipolar disorder (revision) Am J Psychiatry 2002;159(Suppl 4):1;
Texas Implementation of Medication Algorithms (TIMA). Update to the algorithms for treatment of bipolar I disorder. J Clin Psychiatry 2005;66:870; Expert Consensus. Expert
consensus guideline series: treatment of bipolar disorder. Postgraduate Medicine: A special report. December 2004:1. Canadian Network for Mood and Anxiety (CANMAT).
Treatments guidelines for the management of patients with bipolar disorder: update 2007. Bipolar Disord 2006;8:721.

narrow therapeutic index, drug interactions, and bothersome
side effects. However, some experts indicate that lithium re-
mains the preferred mood stabilizer in euphoric mania. The
efficacy of valproate in acute mania has been shown to be
comparable with lithium; approximately one-half of patients
will demonstrate at least a 50% reduction on the Mania Rat-
ing Scale derived from the Schedule for Affective Disorders
and Schizophrenia.35 Valproate may also be preferred in pa-
tients who have characteristics that predict a poor response to
lithium, such as substance abuse, rapid cycling, mixed states,
or multiple prior episodes.22

Dosing and Monitoring

6. Valproate was chosen for the management of H.M.’s mania
because of comparable efficacy to lithium as well as the more
rapid onset of effect.14 How should valproate therapy be initiated,
and what baseline tests are necessary? How will H.M.’s response
to therapy be monitored?

The initial dose of valproate for H.M. should be 250 mg
three times per day.14 The dosage should then be increased by
250 to 500 mg every 2 to 3 days to obtain steady-state serum
valproate levels between 45 and 125 mcg/mL or a maximum
dosage of 60 mg/kg/day.36 An alternative strategy is to use an
oral loading regimen of 20 to 30 mg/kg/day given on a TID
schedule during an acute episode of mania. This approach has
been used during inpatient management, and may result in a
more rapid onset of effect.37 The correlation between serum
concentration and efficacy is not well established with val-
proate levels of 45 mcg/mL being a minimum threshold and
higher concentrations offering greater benefit. In fact, those
achieving a serum concentration of 80 mcg/mL by day 3 had
greater symptom improvement at days 3 and 5 of treatment.37

A pooled analysis demonstrated a linear relationship between
serum concentration and efficacy with the greatest improve-
ment found in patients with valproate levels >94 mcg/mL.38

Above valproate levels of 125mcg/mL, the risk of side effects
increases.39

Before valproate is initiated, baseline laboratory tests, in-
cluding a complete blood count (CBC) with differential and
platelets, and liver function tests should be obtained. H.M.’s
baseline weight and neurologic status should be recorded. In
premenopausal women who have not undergone surgical ster-
ilization, a baseline pregnancy test is warranted. Attention
should be given to any medications that might be adminis-
tered concurrently with valproate because interactions with

aspirin, phenytoin, phenobarbital, lamotrigine, rifampin, war-
farin, felbamate and carbamazepine are cited frequently (also
see Chapter 54).

Valproate should decrease the severity and duration of
H.M.’s current manic episode, decrease the frequency of sub-
sequent episodes, and increase the euthymic period between
episodes. Once treatment has started, H.M. should be mon-
itored for response of his initial target symptoms, including
grandiosity, decreased need for sleep, pressured speech, dis-
tractibility, and impulsivity. Symptom improvement with val-
proate can be expected in approximately 5 days.40

SIDE EFFECTS

7. What are the potential side effects of valproate therapy?
How should H.M. be monitored for these possible effects?

H.M. should be monitored for potential dose-related ad-
verse reactions of valproate including various gastrointestinal
(GI) complaints (nausea, diarrhea, dyspepsia, anorexia), seda-
tion, ataxia, tremor, benign hepatic transaminase elevations,
and thrombocytopenia. GI complaints may be mitigated by
reducing the dosage, changing to an extended-release prepa-
ration, or administering an antacid or H2-antagonist. Central
nervous system (CNS) effects such as ataxia and sedation may
respond to dosage reduction, although sedation may resolve
with continued treatment. If tremor is bothersome or interferes
with the patient’s functioning, dosage reduction or change to
the extended-release preparation may provide relief.41 Alope-
cia occurs in 0.5% to 12% of patients and may improve with
dose reduction.42 Small elevations in transaminases are con-
sidered benign; however, valproate should be discontinued if
elevations are more than two to three times the upper limit of
normal.

Weight gain occurs in up to 20% of patients receiving
valproate.39 The increase in body weight is particularly dis-
tressing to some patients and may contribute to medication
nonadherence. Weight gain has been associated with valproate
serum concentrations >125 mcg/mL; therefore, dosage re-
duction may be helpful.39 Valproate also has been associ-
ated with the development of polycystic ovary syndrome in
women.43 Core features of polycystic ovary syndrome include
oligomenorrhea and hyperandrogenism, which develop con-
currently in about 10% of women with bipolar disorder after
taking valproate. The clinical features associated with polycys-
tic ovary syndrome include menstrual irregularities, infertility,
hirsutism, alopecia, insulin resistance, hyperlipidemia, and
obesity.
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There are several reports of valproate-induced hyperam-
monemic encephalopathy in psychiatric patients.44,45 Patients
presenting with coma or mental status changes should have
serum ammonia and liver functions tests ordered. If valproate-
induced hyperammonemic encephalopathy is suspected, then
valproate should be discontinued. Other serious adverse events
with valproate include fulminant hepatic failure, agranulocy-
tosis, and pancreatitis, all of which require discontinuation of
therapy as well.

Once valproate therapy is initiated, liver function tests, val-
proate serum levels, and CBCs with differential and platelets
should be monitored at least monthly for the first 3 months and
every 3 to 6 months thereafter.14 Body weight should also be
determined at baseline and monitored monthly during therapy.

8. H.M. was titrated to a total daily valproate dosage of 2,500
mg/day and a steady-state plasma concentration of 95 mcg/mL
was reported after 1 month of treatment. A routine CBC with
differential and platelet count was ordered at this time and the
following data were reported: white blood cell (WBC) count,
8.5 × 103/mm3; hemoglobin, 14.5 g/dL; hematocrit, 43%; red
blood cells, 5.2 × 106/mm3; neutrophils, 59%; lymphocytes, 27%;
monocytes, 6%; eosinophils, 2%; basophils, 0.5%; and platelets,
75 × 103/mcL. How should H.M.’s valproate-induced thrombo-
cytopenia be managed?

[SI units: WBC count, 8.5 × 109/L (normal, 3.2–9.8); hemoglobin, 145 g/L

(normal [male], 115–155); hematocrit, 0.43 L (normal [male], 0.39–0.49);

red blood cells, 5.2 × 1012/L (normal [male], 4.3–5.9); neutrophils, 0.59 L

(normal, 0.54–0.62); lymphocytes 0.27 L (normal, 0.25–0.33); monocytes,

0.06 L (normal, 0.03–0.07); eosinophils, 0.02 L (normal, 0.01–0.03); ba-

sophils, 0.005 L (normal, 0–0.0075); platelets, 75 × 109/L (normal, 130–400)]

Valproate-induced thrombocytopenia occurs rarely and is
associated with higher serum levels.39 Nevertheless, clinicians
should educate patients to look for signs such as easy bruis-
ing or bleeding. In most patients, thrombocytopenia is asymp-
tomatic and responds to a lowering of the valproate dosage;
complete discontinuation of the drug is often unnecessary.46

H.M.’s dosage should be reduced, and his platelet count should
be monitored closely. In addition, he should be observed for
reemerging symptoms of mania.

Lithium
PRELITHIUM WORKUP

9. C.N., a 21-year-old woman, was diagnosed with her first
episode of mania 3 weeks ago. At that time, she was hospitalized
and treated with lithium at a dose of 1,200 mg/day (serum level,
0.8 mEq/L). C.N.’s manic episode was stabilized, and after 10 days
she was discharged from the hospital. She was scheduled to see
her outpatient psychiatrist for follow-up 1 week later, but failed
to keep the appointment. Today, C.N. arrives at the emergency
department at the request of her mother. C.N. is pulling her mom’s
hair and kicking wildly as she is pulled from the car. She can be
heard screaming “The FBI is after me, Mom! You want them
to find me, don’t you? I would have made it out of the country
if you hadn’t gotten in the way! I was going to marry Prince
Charles and become the new queen of England.” Upon evaluation,
C.N.’s mood is irritable, and she is pacing around the interviewer.
She is dressed in a short skirt and high heels and is wearing an
excessive amount of makeup and costume jewelry. During the
interview, she interrupts the examiner, smiles, and says in a loud,
provocative voice “Let’s you and me get out of here!” Her mother
states that after C.N. was discharged from the hospital, she lost
her prescription and within several days, stopped attending her
classes at the local community college. She began staying out late,
playing her radio loudly, and driving recklessly, finally hitting
the side of the garage while parking early this morning. What
laboratory tests are required before initiating lithium therapy for
C.N.?

Because lithium can affect many organ systems, baseline
laboratory values must be evaluated before therapy is initi-
ated. These values will serve to determine whether future ab-
normal values are lithium related. Furthermore, various phys-
iologic states may affect lithium’s excretion or predispose one
to lithium toxicity. In these cases, baseline laboratory tests
are useful in determining the presence of factors that con-
traindicate the use of lithium or require an adjustment in
dosage. As a young, healthy female, C.N.’s prescreening labo-
ratory battery should include electrolytes, blood urea nitrogen,
creatinine, urine-specific gravity, thyroid-stimulating hormone
(TSH), thyroxine (T4), and a CBC (Table 80-4). Also, a preg-
nancy test should be obtained before starting therapy.

Table 80-4 Lithium Monitoring

Baseline Weekly × 4 Weeks Monthly × 3 Months Quarterly Yearly If Symptoms Arise

Pregnacya x x
CBC x x
Electrolytes x x x
Kidney (BUN/SCr)b x x x
ECGc x x x
Urine x x
Thyroid function x x
Lithium level x x x x
Weight/BMI/waist size x x

aWomen of childbearing potential.
bMore frequent monitoring for patients with preexisting kidney disease.
cPatients ≥45 years or with preexisting cardiac disease.
BMI, body mass index; CBC, complete blood count; ECG, electrocardiogram; SCr, serum creatinine
Reprinted with permission from: Gelenberg AJ. A concise guide to psychotropic medications: laboratory testing, patient warnings, and drug interactions, part I of II. Biological
Therapies in Psychiatry 2006;29:37.
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DOSING

10. C.N.’s baseline laboratory parameters were normal. How
should lithium treatment for C.N. be initiated?

Because C.N. has previously responded to lithium and does
not have rapid cycling or mixed bipolar disorder, she is likely
to respond to lithium again. Although there are many strategies
for calculating lithium dosage requirements, it is simplest to
begin C.N. at a dosage of 300 mg two times a day. This is a
common starting dose for a healthy adult patient.

Patients experiencing an acute manic episode require higher
lithium levels than are required during maintenance therapy.
The goal for the acute management of C.N. is a serum level
between 0.5 and 1.2 mEq/L.14 Because lithium is not immedi-
ately effective, C.N.’s lithium dosage can be adjusted based on
the results of lithium serum levels checked twice weekly un-
til the manic episode resolves. As she recovers and enters the
maintenance phase of treatment, both C.N.’s lithium dosage
and her lithium levels will require reevaluation (see Question
25).

11. How long will it take to get the full effect of lithium?

The half-life of lithium is approximately 24 hours; there-
fore, steady-state concentrations are achieved in approximately
5 days. The onset of action is slow taking as long as 1 to
2 weeks to fully exert its therapeutic effects.14 Because of the
delay in onset, it is appropriate to use an adjunctive medication
to help reduce C.N.’s acute symptoms. Both benzodiazepines
and antipsychotics have been used in this manner.14 AAPs (see
Chapter 78) are preferred over typical antipsychotics and have

been demonstrated to enhance efficacy and accelerate time to
response when used in combination with lithium.21 Benzodi-
azepines reduce agitation, anxiety, and insomnia.47

SIDE EFFECTS

12. After 3 weeks of therapy, C.N. is demonstrating significant
improvement in her sleep, impulsivity, delusions, and activity
level. She has achieved her previous lithium carbonate dose of
1,200 mg/day and her lithium level is 0.8 mEq/L. However, today
she is complaining to the nursing staff that she has developed a
hand tremor. Soon after her physician arrives to evaluate her, she
asks to be excused so that she can go to the bathroom. How might
C.N.’s presentation be related to her medication?

[SI unit, lithium, 0.8 mmol/L]

When considering side effect management early in lithium
therapy, it becomes important to monitor lithium levels closely.
When patients start to recover from acute mania, the rate of
lithium clearance may decrease and patients may demonstrate
an increase in lithium levels and worsening side effects (Table
80-5). This does not seem to be the case with C.N. because her
lithium level is within the accepted range for the management
of acute mania.

C.N. is complaining of a hand tremor. She should be in-
terviewed and examined to determine its origin. In this case,
the likely medication-related cause for the tremor would be
lithium. Lithium-induced tremor occurs in 10% to 65% of pa-
tients treated and is characteristically rapid, regular, and fine
in amplitude (8–12 cycles/sec).47,48 Often, this tremor occurs
early in therapy and improves over time. Caffeine, personal or

Table 80-5 Lithium Adverse Effects

Organ System Clinical Presentation Comments

Cardiovascular ECG changes T-wave suppression, delayed or irregular rhythm, increase in PVCs;
SSNS; myocarditis

Edema Primarily ankles and feet; transient or intermittent; secondary to effects
on sodium/carbohydrate metabolism; caution about diuretics and
sodium restriction to avoid lithium toxicity

Dermatologic Acne Worsens
Psoriasis Treatment-refractory worsening
Rashes Maculopapular and follicular

Endocrine Hypothyroidism About 5% goiter; about 30% clinically significant hypothyroidism; may
diminish sex drive

Hyperparathyroidism Clinically nonsignificant
Fetus (teratogenic) Tricuspid valve malformation, atrial septal defect Ebstein anomaly
Gastrointestinal Anorexia, nausea (10%–30%) Usually early in treatment and usually transient; may be early sign of

toxicity
Diarrhea (5%–20%) Slow-release preparations may help

Hematologic Leukocytosis May be useful in disorders such as Felty syndrome, iatrogenic
neutropenia. May counter CBZ-induced leukopenia

Neurologic Tremor (10%–65%) Dose-related; men > women; worse with
antidepressants/antipsychotics; reduce dose or use β-blocker

Cognitive disruption (10%) Worsens compliance; perceived as “mental dulling”
Poor concentration/memory; fatigue/weakness May be early toxicity; may mimic depression

Renal Polyuria-polydipsia (nephrogenic diabetes insipidus) May be an indication of morphological changes; requires adequate
hydration

CBZ, carbamazepine; ECG, electrocardiogram; PVC, premature ventricular contraction; SSNS, sick sinus node syndrome.
Reprinted with permission from: Janicak PG et al. Treatment with Mood Stabilizers. In: Principles and Practice of Psychopharmacotherapy, 2nd ed. Philadelphia: Lippincott
Williams & Wilkins; 2006:426.
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family history of tremor, alcoholism, anxiety, antidepressants,
antipsychotics, and possibly increased age enhance the risk of
lithium-induced tremor.48 The tremor is more common in pa-
tients with higher serum concentrations and may be worse at
times of peak serum levels.14 If C.N. is not bothered by the
tremor and suffers no impairment, treatment is not necessary.
If the tremor becomes problematic, her lithium dosage may
be reduced or a β-adrenergic blocking agent can be added.
Switching to a sustained-release lithium preparation may re-
duce peak serum levels and ameliorate tremors associated with
the peak of absorption.14 Because it is fairly early in treatment
and C.N. has only a moderate lithium level, it is more reason-
able to add propranolol 10 mg three times a day rather than to
reduce the lithium dosage if an intervention is required. Pro-
pranolol usually is effective at dosages <160 mg/day.48 C.N.
also should be educated about her tremor and instructed to
reduce her caffeine consumption.

In addition, C.N. should be asked about her trip to the bath-
room during this clinic visit, because lithium may cause both
diarrhea and polyuria. Polyuria and polydipsia are common,
occurring in up to 60% of patients.49 Nephrogenic diabetes in-
sipidus is present in 12% of patients on long-term treatment.50

With the lower serum levels of lithium commonly used today,
the actual increase in urine volume may be as low as 20%; thus,
a decrease in C.N.’s lithium dosage may help to reduce polyuria
if this is a problem. Urine output also has been correlated with
trough lithium levels.51 Although the advantages of once-daily
administration of lithium are not universally accepted, switch-
ing a stabilized patient to this schedule with its lower trough
levels may help to reduce urine volume.14 If C.N. were to fail
to respond to either of these interventions, amiloride could be
prescribed concurrently.14 Amiloride seems to antagonize the
effect of lithium on free water clearance by reducing the ion
entry into renal epithelial cells.

If C.N.’s trip to the bathroom was because of diarrhea,
lithium should be evaluated as a possible cause; up to 20%
of patients started on lithium experience diarrhea, epigas-
tric bloating, and sometimes pain early in therapy.51 Diarrhea
from lithium is associated with high serum levels, once-daily
dosing, and rapidly absorbed preparations; therefore, divided
doses may help to alleviate the problem. Use of lower doses
and switching to sustained-release preparations are alternative
strategies that could be used. Sustained-release preparations
can potentially lead to lower lithium levels in patients with rapid
GI motility because the product must be present in the small
intestine for several hours to achieve maximal absorption. If
C.N. has diarrhea or polyuria, her fluid status and lithium levels
should be monitored carefully. Dehydration leads to increased
lithium reabsorption in the proximal tubule and could result in
accumulation to toxic levels.

13. Should C.N. be switched to a sustained-release preparation
of lithium?

Sustained-release dosage forms have often been used to
aid in medication adherence and reduce side effects. Although
standard lithium preparations are often administered three or
four times per day, many clinicians prescribe them for once- or
twice-daily administration. Sustained-release lithium is usu-
ally administered once or twice daily, results in lower peak
levels, and may decrease side effects associated with high
peak concentrations. Both lithium-induced tremor and gas-

tric symptoms may respond to a change to sustained-release
preparations.14 If C.N. is no longer experiencing problems with
tremor or GI side effects, she should be maintained on a stan-
dard preparation of lithium carbonate.

14. What should C.N. be told regarding potential renal damage
from lithium?

C.N. should be informed that lithium can cause renal side
effects; however, cases of irreversible kidney damage are rel-
atively rare and have occurred mainly when patients have pre-
existing renal disease, have experienced episodes of lithium
intoxication, or have been poorly monitored with regard to
lithium levels.52 Communication with her physician regard-
ing situations that increase the risk of lithium toxicity (see
Question 16) and cooperation with regular lithium and renal
function monitoring can vastly reduce the risk of renal disease
secondary to lithium therapy. Finally, C.N. must be informed
that polyuria is not related to any of the more serious renal side
effects.

PATIENT EDUCATION

15. What does C.N. need to know about lithium before she is
discharged?

As with all drugs, C.N. should be instructed to disclose the
medications she is taking to all of her health care providers.
She should be informed that dehydration, fever, vomiting, or
sodium-restricted diets could lead to increases in her lithium
level. Therefore, she needs to drink plenty of fluids and eat
a diet consistent in the amount of sodium. C.N. should be
instructed to contact her physician if she starts to experi-
ence any symptoms of lithium toxicity, including worsening
tremor, slurred speech, muscle weakness or twitches, or diffi-
culty walking.

C.N. also should be told to use caution in selecting over-
the-counter medications. Specifically, she should be warned to
avoid the use of preparations containing any of the nonsteroidal
anti-inflammatory drugs, which can increase lithium levels.53

C.N. should know that caffeine can sometimes be troublesome
in patients taking lithium. On a short-term basis, caffeine can
worsen lithium tremor; on a longer term basis, it may lower
lithium levels.53 With regard to serum lithium level monitor-
ing, C.N. needs to know that lithium levels usually are drawn
approximately 12 hours after a dose of lithium. If she is taking
lithium in the evening and the morning, she should take her
evening dose and then report for a blood sample to be drawn
in the morning before taking her morning dose.

TOXICITY

16. One day, C.N.’s mother calls, concerned that C.N. has been
complaining of nausea, vomiting, and diarrhea for several days.
Over the past few hours, C.N. has become confused and has de-
veloped a coarse tremor and slurred speech. It has been 4 months
since C.N.’s lithium level has been checked. The only change is
that C.N. started taking ibuprofen recently for headaches. What
action should be taken?

There is a strong possibility that C.N. is suffering from
lithium toxicity, which can occur acutely from an overdose
or insidiously if lithium excretion is reduced. Mild toxicity
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at levels <1.5 mEq/L usually includes feelings of apathy,
lethargy, and muscle weakness accompanied by nausea and ir-
ritability. Moderate toxicity occurs between 1.5 and 2.5 mEq/L
with symptoms progressing to coarse tremor, slurred speech,
unsteady gait, drowsiness, confusion, muscle twitches, and
blurred vision. Severe toxicity at levels >2.5 mEq/L can re-
sult in seizures, stupor, coma, renal failure, and cardiovascu-
lar collapse. C.N. seems to be experiencing moderate lithium
toxicity. She should be taken to the emergency department
immediately, where stat laboratory tests, including a lithium
level, electrolytes, and renal function tests, should be ordered.
Intravenous solutions should be started to ensure that C.N. is
hydrated adequately, and electrolyte abnormalities should be
corrected promptly. Depending on the results of physical ex-
amination and laboratory tests, cardiac monitoring should be
instituted. Her ibuprofen should be discontinued.

Lithium levels must be interpreted with caution if they were
drawn within 12 hours of lithium ingestion, because levels
drawn sooner than 12 hours may be falsely elevated. In con-
trast, levels that are drawn too soon may be falsely low in
individuals who have ingested large quantities of a sustained-
release lithium formulation. Twelve-hour serum lithium
levels >2.5 mEq/L, coma, shock, further deterioration, and
failure to improve with conservative management are indi-
cations for dialysis. Although peritoneal dialysis has been
instituted in cases of lithium intoxication, hemodialysis is
preferred.14

HYPOTHYROIDISM

17. After receiving lithium at 1,200 mg/day for 1 year, C.N.
returns complaining that the lithium is slowing her down. She is
tired and has gained weight in recent weeks and thinks that she
is becoming depressed. In the examining room, C.N. complains
that the temperature is too cold. What is the most likely cause of
C.N.’s complaints? What treatment should be instituted?

C.N.’s symptoms are consistent with those of hypothy-
roidism. Lithium affects the incorporation of iodine into thy-
roid hormone, interferes with secretion of thyroid hormones,
and may interfere with the peripheral degradation of T4 to
T3 (tri-iodothyronine).54 Using laboratory indices, the inci-
dence of hypothyroidism in lithium-free bipolar patients ranges
from 6% to 11% as compared with 28% to 32% in lithium-
treated patients.55 Subclinical hypothyroidism with elevated
levels of TSH may be present in an even larger number of
patients taking lithium. Risk factors for developing lithium-
induced hypothyroidism include female gender, family history
of hypothyroidism or thyroid illness in first-degree relatives,
weight gain, elevated baseline TSH, preexisting autoantibod-
ies, an iodine-deficient diet, rapid cycling, and elevated lithium
levels.56 For women, the first 2 years of treatment may be a pe-
riod of heightened risk as well for any patient starting lithium
in middle age.56

Thyroid function tests should be ordered to evaluate C.N.’s
current symptoms. If she is found to be hypothyroid, discontin-
uation of therapy is not necessary. She should receive levothy-
roxine in doses that normalize her thyroid function tests. Even
if she has an elevated TSH with normal levels of T3 and T4, low-
dose thyroid supplementation may help to resolve her symp-
toms, and prevent breakthrough depressive symptoms.54

DRUG AND DIETARY INTERACTIONS

18. T.J., a 35-year-old man, is hospitalized and treated with
lithium for a severe manic episode. He had a stable lithium level
of around 0.80 mEq/L for several weeks, but his last two levels have
dropped to 0.65 and 0.61 mEq/L without any change in his drug
therapy. T.J. insists that he is taking the medication as prescribed.
The nursing staff believes that he is compliant with his medication
but notes that he is spending more time off the ward and in the
cafeteria. What factors could contribute to a decrease in T.J.’s
lithium levels?

[SI units: lithium, 0.80, 0.65, and 0.61 mmol/L]

Drug interactions are a common cause of changes in lithium
levels, but there have been no changes in T.J.’s regimen (Ta-
ble 80-6 provides a list of clinically significant drug interac-
tions). Changes in formulation or brand may sometimes have
an impact on lithium levels. However, lithium is relatively well
absorbed and has a long elimination half-life, so this usually
does not result in large changes in the 12-hour postdose lithium
level. Occasionally, patients switched from lithium citrate to
solid dosage forms experience small changes in lithium levels.

T.J. should be questioned regarding his visits to the cafeteria
because diet can have a major influence on lithium excretion.
If T.J. is consuming large amounts of caffeinated beverages or
salty snacks, a reduction in lithium levels could occur. Increases
in dietary sodium intake and the ingestion of methylxanthines
(e.g., caffeine, theophylline) can increase lithium clearance.53

Finally, acute mania can increase lithium clearance.57 If T.J.
was showing signs of a relapse, his decrease in lithium levels
might be attributable to his return to a manic state.

LITHIUM IN PREGNANCY

19. A.J., a 36-year-old woman, has been maintained success-
fully on lithium therapy for 5 years for bipolar disorder. She asks
whether she should stay on lithium because she plans to become
pregnant in the near future.

Lithium has been associated with a variety of congenital
malformations, including the rare cardiac malformation, Eb-
stein anomaly.58 There is considerable disagreement about the
importance of lithium as a teratogen. Lithium was originally
thought to increase the risk of the Ebstein anomaly 400 times;
however, the risk is more likely 20 to 40 times higher than in the
general population.59 The estimated overall risk for congeni-
tal malformations is approximately 4% to 12% compared with
2% to 4% in controls.60 Still, lithium is a pregnancy category
D drug because of evidence of the risk to the human fetus.
Because malformations of this type are most likely to occur
in the first trimester of pregnancy, it is advisable for patients
to discontinue lithium therapy, when possible, during the first
trimester.

In addition to cardiac malformations, infants exposed to
lithium have been reported to develop hypotonia, nephrogenic
diabetes insipidus, and thyroid abnormalities.58 Lithium ad-
ministration during pregnancy increases the risk of premature
delivery by a factor of two to three.61 Unfortunately, the rel-
ative safety of other psychotropics commonly used in bipolar
disorder is either not ideal or is unknown. Valproate and CBZ
are categorized as FDA category D during pregnancy and the
general consensus is that these medications are genuine ter-
atogens and should be avoided.62 Lamotrigine has not been
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Table 80-6 Lithium Drug Interactions of Clinical Significance

Drugs That May Increase Lithium Levels

NSAIDs
Many NSAIDs have been reported to increase lithium levels as much as 50%–60%. This probably is due to an enhanced reabsorption of sodium and

lithium secondary to inhibition of prostaglandin synthesis.
Diuretics

All diuretics can contribute to sodium depletion. Sodium depletion can result in an increased proximal tubular reabsorption of sodium and lithium.
Thiazidelike diuretics cause the greatest increase in lithium levels, whereas loop diuretics and potassium-sparing diuretics seem to be somewhat safer.

ACE inhibitors
ACE inhibitors and lithium both result in volume depletion and a reduction in glomerular filtration rate. This results in reduced lithium excretion.

Drugs That May Decrease Lithium Levels

Theophylline, caffeine
Theophylline and caffeine may increase renal clearance of lithium and result in a decrease in levels in the range of 20%.

Acetazolamide
Acetazolamide may impair proximal tubular reabsorption of lithium ions.

Sodium
High dietary sodium intake promotes the renal clearance of lithium.

Drugs That Increase Lithium Toxicity

Methyldopa
Cases of sedation, dysphoria, and confusion owing to the combined use of lithium and methyldopa have been reported.

Carbamazepine
Cases of neurotoxicity involving the combined use of lithium and carbamazepine have been reported in patients with normal lithium levels.

Calcium channel antagonists
Cases of neurotoxicity involving the combined use of lithium and the calcium channel blockers verapamil and diltiazem have been reported. Lithium

does interfere with calcium transport across cells.
Antipsychotics

Cases of neurotoxicity (encephalopathic syndrome, extrapyramidal effects, cerebellar effect, EEG abnormalities) have been reported due to the
combined use of lithium and various antipsychotics. The interaction may be related to increase in phenothiazine levels, changes in tissue uptake of
lithium, and/or dopamine-blocking effects of lithium. Studies attempting to demonstrate this effect have yielded differing results.

Serotonin-selective reuptake inhibitors
Fluvoxamine and fluoxetine have been reported to result in toxicity when added to lithium. Sertraline has been reported to cause nausea and tremor in

lithium recipients.

ACE, angiotensin-converting enzyme; EEG, electroencephalogram; NSAIDs, nonsteroidal anti-inflammatory drugs.

associated with fetal anomalies thus far in available surveys
but the data is best regarded as preliminary at the present time.
Typical antipsychotics are classified as pregnancy category C,
suggesting that adverse morphologic outcomes are less likely
to occur (in comparison with mood stabilizers), although this is
not necessarily predictive. Data on AAPs are also preliminary,
but it is worth noting that, in a recent comparison of placental
passage, olanzapine was associated with the highest exposure
(72% ratio of umbilical cord-to-maternal plasma concentra-
tions), followed by haloperidol (65%), risperidone (49%), and
quetiapine (24%).63 Olanzapine was also associated with the
highest rates of low birth weight and neonatal intensive care
unit admissions. For additional information on the safety of
psychotropic medications see Chapters 54, 76, 78, and 79.

A.J. and her physician should discuss her individual risks
related to lithium treatment. In addition to the risks of terato-
genicity, they must consider the harm that could result from the
possible recurrence of episodes of mania or depression and the
risks inherent in discontinuing lithium or switching to another
antimanic agent. Also, A.J. should be actively involved in the
decision-making process.

If A.J. and her physician decide that she is to remain on
lithium, her levels must be monitored closely during preg-
nancy and her dosage adjusted periodically. Lithium clearance

increases during the third trimester by 30% to 50%, result-
ing in a reduction in lithium levels and a need for dosage
adjustment.59 Approximately 16 to 18 weeks after conception,
screening tests, high-resolution ultrasound, and fetal echocar-
diography can be used to determine whether cardiac defects
have developed.59 If possible, A.J.’s physician should consider
decreasing the lithium dose before delivery to minimize lithium
levels in the newborn and to offset the reduction in lithium ex-
cretion that occurs after delivery.59

If A.J. and her physician decide that she is to discontinue
lithium, they must be prepared to deal with the risks of lithium
discontinuation. Several cases of what are thought to be re-
bound manic episodes have resulted from the abrupt cessation
of lithium therapy. If lithium is to be discontinued in A.J., it
should be gradually reduced over 4 weeks.

20. A.J. did not use lithium throughout her pregnancy. After
delivery, A.J. and her physician decide to restart lithium. How
soon can this take place?

Lithium can be restarted as soon as A.J.’s urine output is
established and she is fully hydrated. However, this decision
also may be affected by whether or not A.J. chooses to breast-
feed her child because lithium passes into breast milk and is
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present in concentrations up to 72% of that found in the ma-
ternal blood.58 Risks to the newborn include hypothyroidism,
cyanosis, hypotonia, lethargy, and cardiac dysrhythmias. Hy-
dration status must be closely monitored because lithium toxi-
city may develop during infantile illnesses. Thus, A.J. and her
physician must discuss the advantages of breast-feeding ver-
sus the risks of exposing the newborn to lithium or withholding
lithium during the postpartum period. A.J. should be informed
that approximately 40% to 70% of bipolar women experience
affective episodes after delivery.58

If A.J. chooses to breast-feed while taking lithium, she
should consider using infant formula when the child becomes
ill because febrile illness, vomiting, and diarrhea can increase
the risk of lithium toxicity. She also should be instructed to con-
tact her pediatrician if the infant experiences diarrhea, vomit-
ing, hypotonia, poor sucking, muscle twitches, restlessness, or
other unexplained changes in behavior or status.

Atypical Antipsychotics

21. D.W., a 34-year-old female singer and musician, recently
experienced her fourth hospital admission for a manic episode.
She also suffers from psoriasis and asthma. A trial of lithium
led to worsening of her psoriasis and unacceptable tremor, which
interfered with her guitar playing. Use of β-blockers was not con-
sidered because of her asthma. She was subsequently switched
to valproate monotherapy. However, tremor has again become
problematic. Furthermore, she is concerned about her appear-
ance because she has begun to experience weight gain and hair
loss from the valproate. What other drugs are available for the
treatment of acute mania?

AAPs are acceptable first-line choices for the treatment of
acute mania (Table 80-3) and aripiprazole, olanzapine, queti-
apine, risperidone, and ziprasidone are FDA approved for this
indication (Table 80-7). Three recent systematic reviews and
meta-analyses support the efficacy of AAPs as a class.64−66

Perlis et al.64 reviewed data from 12 randomized, placebo-
controlled, monotherapy studies and 6 adjunctive studies find-
ing a collective response rate of 53% for AAPs compared with
30% for placebo. There was no difference in response between
the individual AAPs. In adjunctive studies, the mean odds ratio
was 2.4 for a 50% improvement with the addition of an AAP
to a mood stabilizer (primarily lithium or valproate). Scherk
et al.65 conducted a meta-analysis of 24 randomized controlled
trials and found superiority of AAPs for acute mania in com-

Table 80-7 FDA-Approved Medications for Bipolar Disorder

Drug Mania Mixed Depression Maintenance

Carbamazepine (extended-
release capsule)

X X

Lamotrigine X
Lithium X X
Valproate (divalproex

sodium)
X X

Aripiprazole X X X
Olanzapine X X X
Olanzapine/fluoxetine X
Quetiapine X X
Risperidone X X
Ziprasidone X X

parison to placebo and equal efficacy to lithium, valproate, and
the typical antipsychotic haloperidol. In this analysis, the ad-
dition of an AAP to lithium, valproate, or CBZ was found to
be more effective in reducing manic symptoms and lead to less
treatment discontinuation than lithium or the anticonvulsant
alone. The results of a different meta-analysis specifically de-
signed to evaluate combination treatment of AAPs with lithium
or an anticonvulsant also found greater efficacy for the com-
bined regimen.66 In most combination therapy studies, AAPs
were limited to patients having no response or only a partial
response to lithium or an anticonvulsant. Thus, the utility of
drug combinations as initial therapy cannot be addressed.

Although the AAPs seem to be equally effective for the
treatment of acute mania, these agents differ in their adverse
effect profiles. A significant concern regarding the use of AAPs
is the risk of metabolic complications, including weight gain,
glucose dysregulation, and dyslipidemia. Clozapine and olan-
zapine have the highest risk for metabolic complications, que-
tiapine and risperidone are associated with an intermediate
risk, and ziprasidone and aripiprazole seem to have the lowest
risk.25,21 Clozapine is also associated with significant safety
concerns, including agranulocytosis, seizures, sialorrhea, an-
ticholinergic side effects, and orthostasis. The requirement for
frequent monitoring of WBC count is also a deterrent to its
use. Efficacy data with clozapine are limited compared with the
other AAPs, but clozapine seems to be effective in treatment-
resistant mania and in long-term mood stabilization.67−69

Sedation is common with clozapine, olanzapine, and que-
tiapine and this effect may be beneficial in the treatment of
acute mania. However, sedation can also lead to nonadherence
with long-term use.70 Aripiprazole and ziprasidone are less
sedating, and the adjunctive use of a benzodiazepine is often
necessary in the acute management of mania. The use of ad-
junctive benzodiazepines may also benefit treatment emergent
akathisia, which occurs in 11% to 18% of patients treated with
aripiprazole.71,72 Ziprasidone may cause activation; however,
this effect is attenuated at doses of 120 mg/day or more. Results
of the Clinical Antipsychotic Trials of Intervention Effective-
ness study in schizophrenia suggest that risperidone may over-
all be the best tolerated of the AAPs; however, this drug carries
a higher risk for serum prolactin elevation and extrapyramidal
symptoms.73

D.W.’s concern over her weight gain makes aripiprazole or
ziprasidone rational choices for her manic episode. Aripipra-
zole should be started at 30 mg/day with the option to decrease
the dose to 15 mg/day. If ziprasidone is selected, it should be
started at 40 mg BID with food and increased to 60 to 80 mg
BID with food on the second day of therapy. In addition to
symptom response, D.W. should be monitored for metabolic
complications of AAP therapy. If D.W. fails to respond to the
initially selected AAP, a switch to a different AAP may prove
beneficial given the variability in individual response.21 Table
80-8 provides dosing information for AAPs in acute mania.

22. What alternative agents are available for acute mania if
lithium, valproate, or an AAP fail?

Alternative and Adjunctive Therapies
ANTICONVULSANTS
CBZ represents an alternative treatment for the management

of acute mania when lithium, valproate and AAPs fail.14,21,23,24
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Table 80-8 Atypical Antipsychotic Dosing in Acute Mania

Atypical
Antipsychotic Initial Dose Titration Effective Dose Range

Aripiprazole 30 mg/day Not required 15–30 mg/day
Olanzapine 10–15 mg/day 5 mg/day 5–20 mg/day
Quetiapine 50 mg BID 50 mg BID 200–400 mg BID
Risperidone 2–3 mg/day 1 mg/day 1–6 mg/day
Ziprasidone 40 mg BID 20–40 mg BID 40–80 mg BID

Adapted from: Bristol Myers Squib. Abilify package insert. Princeton, NJ: 2006
Nov. Eli Lilly and Company. Zyprexa package insert. Indianapolis, IN: 2006 Nov.
Astra Zeneca Pharmaceuticals. Seroquel package insert. Wilmington, DE: 2007 May.
Janssen, L.P. Risperdal package insert. Titusville, NJ: 2007 Feb. Pfizer. Geodon pack-
age insert. NY, NY: 2007 March.

Initial interest with CBZ in affective disorders dates back to
the early 1970s with expanding clinical use in the 1980s.74 In
2005, the FDA approved the extended-release CBZ capsule for
the treatment of acute manic and mixed episodes based on the
results of two double-blind, randomized, placebo-controlled
trials.74 To enhance power, a pooled analysis of these two stud-
ies has been conducted.75 The primary endpoint, reduction in
manic symptoms, was superior to placebo at days 7, 14, and
21 with a mean decrease in the Young Mania Rating Scale
(YMRS) of 12 points compared with a 6-point reduction with
placebo. The response rates at study endpoint were 52% for
CBZ-treated patients and 26% for placebo-treated patients.
Significant reductions in the YMRS were achieved in both
manic and mixed episodes. The mean final dose of extended
release CBZ was 707 mg/day.

CBZ should be started at 100 to 200 mg twice daily. The dose
should be increased by 200 mg every 3 to 4 days until adequate
serum levels have been reached.14 Although no correlation
between CBZ serum levels and response in bipolar disorder
has been established, serum levels >12 mcg/mL are associated
with sedation and ataxia. The recommended target serum level
is from 4 to 12 mcg/mL.14 Average daily doses for maintenance
therapy range from 200 to 1,600 mg/day.

Adverse effects occur in up to 50% of patients receiving
CBZ.14 Neurologic adverse effects, including ataxia, blurred
vision, diplopia, and fatigue, are most frequently reported.
CBZ can cause adverse hematologic effects, including tran-
sient leukopenia, and more rarely, agranulocytosis, thrombo-
cytopenia, and aplastic anemia. CBZ therapy may also cause
hyponatremia, skin rashes, elevation of liver enzymes, weight
gain, and GI complaints. Women of child-bearing potential
should be tested for pregnancy because CBZ is classified as
pregnancy category D and has the potential to cause terato-
genic effects, especially neural tube defects.

Before receiving CBZ, patients should undergo baseline
laboratory testing, including a CBC with differential and
platelets, and liver function tests. Subsequent hematologic and
liver function monitoring should be occur every 2 weeks during
the first 2 months of treatment and every 3 months thereafter
(see Chapter 54).14 During therapy, patients should be mon-
itored for abnormal bleeding or petechiae, skin rashes, signs
and symptoms of infection, and signs of hyponatremia such as
mental status changes.

CBZ can induce the metabolism and, thereby, reduce the
effect of a number of drugs, including oral contraceptives, war-

farin, theophylline, haloperidol, lamotrigine, and TCAs. The
concurrent use of erythromycin, cimetidine, fluoxetine, or cal-
cium channel blockers may lead to increased levels of CBZ and
unanticipated toxicity (see Chapter 54). CBZ has a complex
pharmacokinetic interaction with valproate. CBZ can increase
the metabolism of valproate, resulting in reduced serum con-
centrations and efficacy. Conversely, valproate may inhibit the
metabolism of CBZ, leading to increased serum concentrations
and adverse effects. The combination of CBZ and lithium may
increase the risk of neurotoxicity, particularly in patients with
preexisting neurologic diseases. Therefore, the combination
should be avoided in these patients. CBZ also has the ability
to induce its own metabolism. This autoinduction effect may
cause CBZ levels to decrease for up to 1 month after a dose
adjustment is made; thus, dose increases may be needed to
maintain a therapeutic effect.

Oxcarbazepine, a structural analog of CBZ, may be an
option for the treatment of bipolar disorder. Oxcarbazepine
has some advantages over CBZ, including improved tolerabil-
ity and fewer drug interactions. However, there is a paucity
of well-designed clinical trials of oxcarbazepine in bipolar
disorder.76 Case reports, retrospective chart reviews, open-
label trials, and small double-blind studies have found oxcar-
bazepine monotherapy or adjunctive treatment to be effective
in acute mania.76 The only study of oxcarbazepine in bipolar
disorder with adequate statistical power to detect an effect did
not report a significant difference between placebo and oxcar-
bazepine for the primary endpoint (mean reduction in YMRS).
This study included 116 children and adolescents (the majority
of patients were between ages 7 and 12 years old) with a manic
or mixed episode.77

Other anticonvulsants studied in mania include lamotrigine,
gabapentin, topiramate, tiagabine, zonisamide, and levetirac-
etam. Initial open-label studies of lamotrigine in mania were
promising, and there is one published double-blind trial to date
that showed a similar response between lamotrigine, lithium,
and olanzapine.78,79 However, there are two unpublished trials
of lamotrigine in mania, both of which are negative.78 Cur-
rently, experts doubt that lamotrigine has any significant effect
in acute bipolar mania.

Another anticonvulsant, gabapentin, has been studied in
bipolar disorder. Open trials and case reports suggested that
adjunctive treatment with gabapentin was effective in manic,
hypomanic, and depressive states of bipolar disorder.80−82 A
more recent controlled trial found no benefit of gabapentin.83

In this double-blind, placebo-controlled trial, gabapentin dosed
flexibly between 900 and 3,600 mg/day was administered as
an adjunct to lithium, valproate, or lithium plus valproate in
patients with bipolar I disorder whose current episode was
manic, hypomanic, or mixed. At 12 weeks, gabapentin failed
to show any significant benefit over placebo. In fact, the placebo
group did significantly better than the gabapentin-treated
patients.

Topiramate was also originally suspected to have antimanic
effects based largely on open add-on studies.84 However, in
four double-blind, placebo-controlled trials, topiramate did not
separate from placebo and was less effective than lithium in
the treatment of acute mania.85 Tiagabine has not been evalu-
ated in randomized, controlled trials in the treatment of bipolar
disorder. In the two open trials conducted, no benefit on manic
or hypomanic symptoms was demonstrated and some patients
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experienced serious side effects such as seizures.86,87 Two sep-
arate, open-label adjunctive trials with levetiracetam and zon-
isamide in treatment-resistant bipolar patients have shown re-
ductions in manic symptoms; however, these studies included
patients in a variety of bipolar mood states (depression, mania,
cycling, euthymia), not just acute mania.88,89 Caution is war-
ranted; zonisamide was discontinued in 32% of patients for
worsening mood symptoms. Also, 7 out of 16 levetiracetam-
treated patients with manic symptoms dropped out and 6 of the
remaining patients developed an exacerbation of manic symp-
toms.

Despite the array of treatments available for the manage-
ment of acute mania, large numbers of patients fail to respond
to monotherapy, and combination therapy is becoming
increasingly common.90 Potentially useful combinations
include lithium plus AAPs, valproate plus AAPs, and lithium
plus valproate.22,23 A combination to be avoided is CBZ and
clozapine owing to the increased risk of hematologic adverse
effects.

Benzodiazepines and Antipsychotics for Acute Agitation

23. M.B. is a 39-year-old man hospitalized for an acute manic
episode but refusing all medications, reporting “I will be robbed
of my superpowers.” He is found pacing around the inpatient unit
shouting orders for his release. When asked to return to his room
by the nursing staff, he becomes agitated, picks up a chair, and
begins swinging it wildly at anyone who approaches him. In the
past M.B. developed an acute dystonic reaction to haloperidol.
M.B. has a medical history of diabetes mellitus and hypertension.
What is an appropriate pharmacologic intervention for M.B.?

Benzodiazepines and antipsychotics are useful in treat-
ing agitation, irritability, and hyperactivity associated with
acute manic episodes. Oral formulations are preferred and are
favored by patients in psychiatric emergencies.91 Oral dose
delivery can be facilitated with liquid concentrates and
orally disintegrating tablets. Uncooperative patients may
require intramuscular (IM) injections of benzodiazepines
or antipsychotics.92 Traditionally, the combination of IM
haloperidol and IM lorazepam has been used; however, the
rapid-acting IM AAPs are becoming increasingly popular with
improved tolerability over typical antipsychotics. Currently,
ziprasidone, aripiprazole, and olanzapine are available in rapid-
acting IM dosage forms. IM ziprasidone at doses of 10 and 20
mg is effective in psychotic agitation.93,94 IM aripiprazole is
effective at doses of 9.75 and 15 mg for manic or mixed-state
agitation (however, oversedation is more common with a 15-mg
dose).95 Olanzapine 10 mg IM is effective for manic or mixed-
state agitation.96 Repeat doses of IM ziprasidone, aripiprazole,
and olanzapine can be administered 2 to 4 hours after the first
dose, if needed. The concurrent use of a benzodiazepine with
an antipsychotic is generally safe and potentially more effec-
tive than either agent alone; however, IM olanzapine should
not be used with benzodiazepines owing to concern regarding
excessive sedation and cardiorespiratory depression.97,98

Lorazepam is the preferred benzodiazepine for acute manic
agitation. Benefits of lorazepam include availability of both IM
and oral formulations (tablet and concentrate), lack of active
metabolites, and safety in hepatic and renal impairment. The
Expert Consensus Guideline recommends dosing lorazepam

at 1 to 3 mg orally or 0.5 mg to 3 mg IM, with repeated doses
at least 60 minutes apart and a maximum dose of 10 to 12 mg
in the first 24 hours.99 The primary concerns regarding the
use of benzodiazepines for agitated mania are sedation and
potential for abuse and addiction. Because adjunctive therapy
with benzodiazepines is usually administered on an inpatient
basis for a short time period, abuse and addiction are unlikely
to be important considerations.

M.B. is uncooperative and an immediate danger to others,
thus warranting IM administration. Because of M.B.’s history
of acute dystonia to haloperidol, an IM AAP (such as olan-
zapine, ziprasdone, or aripiprazole) should be used. The com-
bination of ziprasidone 10 mg IM and lorazepam 2 mg IM is
an appropriate intervention. IM administration of aripiprazole
and lorazepam may also be used. As M.B. becomes calmer and
more receptive to treatment, he should be transitioned to oral
therapy. Adjunctive benzodiazepine treatment may be neces-
sary during M.B.’s hospitalization to control his manic symp-
toms.

TREATMENT OF ACUTE BIPOLAR DEPRESSION

24. H.C., a 31-year-old woman, was hospitalized for treatment
of an acute manic episode 3 months ago. She was discharged on
valproate 1,750 mg/day with a favorable response. Recently, her
parents have become concerned because H.C. has been in bed
most of the day for the last 2 weeks. When out of bed, H.C. sits
on the couch without moving for hours. She only nibbles at the
food her parents offer her. She has no other signs or symptoms
of physical illness and has not taken any additional medications,
alcohol, or drugs of abuse to her parents’ knowledge. On further
questioning, they admit that she is intermittently tearful and ex-
presses remorse for her behavior when she was manic. They also
quote her as saying that she is “as low as I can go and I just want to
die.” They suspect she is suicidal. H.C.’s parents report that she is
taking valproate as prescribed and that the last time she was this
depressed lithium did not seem to help even in combination with
valproate. Her valproate level on discharge was 80 mcg/mL. What
change in H.C.’s treatment should be instituted at this time?

Lithium
Acute bipolar depression is a recurring and chronic problem
for many patients. The depression is often difficult to control
and puts patients at significant risk for suicide. Until recently,
little attention was paid to bipolar depression and few data are
available regarding the best treatment options for these patients.
Remission of depressive symptoms should be the primary goal
for bipolar depression. Ideal treatment for bipolar depression
should target acute depressive symptoms, decrease suicide risk,
prevent future mood episodes (both manic and depressive), and
not precipitate mania or mood cycling.100 A logical first step
in the management of bipolar depression is to optimize the
dose of the current mood stabilizer.21 Although most studies
of lithium for acute bipolar depression are nearly two decades
old, this agent remains one of the drugs of choice.14 Seven of
eight placebo-controlled cross-over studies demonstrated the
benefit of lithium in bipolar depression with a mean response
rate of 76%.100 Higher serum lithium concentrations (≥0.8
mEq/L) may be required and are associated with antidepressant
activity in bipolar depression.101
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Lamotrigine
Lamotrigine is considered a first-line agent for bipolar depres-
sion by all North American guidelines.14,21−24 A double-blind,
placebo-controlled trial of lamotrigine monotherapy in bipolar
depression found that 51% of patients receiving lamotrigine
200 mg/day met criteria for response on the Hamilton Rat-
ing Scale for Depression (HAM-D), compared with 45% of
those treated with lamotrigine 50 mg/day, and 37% of placebo-
treated patients.102 The difference in response rates among the
three groups did not reach statistical significance. However,
a significant difference between both treatment groups and
placebo was noted on the Montgomery-Asberg Depression
Rating Scale (MADRS). A cross-over study of lamotrigine,
gabapentin, and placebo reported response rates of 45%, 26%,
and 19%, respectively.103 Lamotrogine was recently compared
with OFC in a large 7-week trial of bipolar I depression.104 Im-
provement from baseline on the Clinical Global Impressions-
Severity of Illness Scale was significantly greater with OFC
(−1.85) than for lamotrigine (−1.62), the response and re-
mission rates did not differ between groups. Also, patients
receiving lamotrigine did not achieve the 200 mg/day target
dose until week 5 (leaving only 2 weeks of study treatment at
the target dose). Patients treated with OFC experienced more
adverse effects than those treated with lamotrigine.

Because H.C. did not respond to lithium in combination
with valproate during her past depressive episode, lamotrigine
is a reasonable alternative treatment for the current episode.
Lamotrigine metabolism is affected by the concomitant use
of enzyme-inducing (e.g., CBZ) and enzyme-inhibiting drugs
(e.g., valproate). Thus, the initial dose and titration schedule
for lamotrigine must be adjusted for patients taking these and
other interacting drugs. For patients receiving no enzyme in-
ducers or inhibitors, the initial dose is 25 mg/day for weeks 1
and 2, followed by 50 mg/day for weeks 3 and 4, 100 mg/day
for week 5, and then increased to 200 mg/day at the beginning
of week 6. Patients receiving enzyme inducers should begin
lamotrigine treatment with 50 mg/day for weeks 1 and 2, then
100 mg/day in divided doses for weeks 3 and 4. Thereafter,
the dose can be increased by 100 mg/day each week to a tar-
get dose of 400 mg/day in divided doses (usually BID). In
this case H.C. is taking valproate, which is known to inhibit
the metabolism of lamotrigine. Therefore, the initial dose for
H.C. is 25 mg every other day for weeks 1 and 2 followed
by an increase to 25 mg/day for weeks 3 and 4. The dose
can be increased to 50 mg/day for week 5, and then increased
to the maximum recommended dose of 100 mg/day begin-
ning at week 6. For some patients, doses higher than the tar-
get dose may be useful. Dizziness, headache, ataxia, sedation,
blurred vision, and GI disturbances are the most common side
effects. Lamotrigine may cause a skin rash, especially when
dosages are increased quickly and in patients receiving con-
comitant valproate. Lamotrigine-induced rash may progress to
the life-threatening Stevens-Johnson syndrome. H.C. should
be instructed to contact her physician immediately at the first
sign of a skin rash.

Atypical Antipsychotics
AAPs offer another option for the treatment of bipolar depres-
sion. Quetiapine has been studied in two identical, double-
blind, placebo-controlled studies for patients with bipolar I
or II depression. In both studies, patient were randomized to

quetiapine 300 or 600 mg/day, or placebo for 8 weeks. The
primary efficacy outcome was mean reduction in MADRS
from baseline to week 8. The first study (BOLDER I) ran-
domized 542 patients.105 The mean change in MADRS from
baseline to study endpoint was similar in the 300 and 600
mg/day treatment groups and both were superior to placebo.
Discontinuation due to adverse effects was most common in the
600 mg/day group. The second study (BOLDER II) random-
ized 509 patients.106 In both active treatment groups, the reduc-
tion in MADRS was again superior to placebo. Discontinuation
owing to adverse effects (most commonly dry mouth, sedation,
somnolence, dizziness) was most common in the 600 mg/day
group. Based on these two studies, the target dose of quetiapine
for bipolar depression should be 300 mg/day.

Olanzapine and olanzapine–fluoxetine combination have
been studied in patients with bipolar I depression. In the first
published study, patients were randomized to olanzapine (n =
370), placebo (n = 377), or olanzapine–fluoxetine combina-
tion (n = 86).107 The 4:4:1 ratio of treatment allocation was
explained by the authors: “the primary objective of this 8-week,
randomized, double-blind, parallel study was to compare the
efficacy and safety of olanzapine monotherapy and placebo in
the treatment of bipolar I disorder, depressed. An olanzapine–
fluoxetine combination treatment arm was also included con-
currently for exploratory purposes.” Thus, the primary objec-
tive was to compare olanzapine with placebo in bipolar de-
pression. Both the olanzapine and the olanzapine–fluoxetine
combination groups had greater improvement in MADRS than
placebo throughout the study. This benefit was evident as early
as week 1 of the study. Additionally, the olanzapine–fluoxetine
combination was superior to treatment with olanzapine alone
from weeks 4 through 8. As mentioned, olanzapine–fluoxetine
combination therapy was statistically superior to lamotrigine
in bipolar depression; however, the clinical significance of this
difference remains to be established.104 A prominent concern
with the use of olanzapine–fluoxetine combination or quetiap-
ine is the substantial risk of metabolic complications. Because
of these risks, quetiapine and olanzapine–fluoxetine combina-
tion are reserved for second-line use in bipolar depression, de-
spite being the only FDA-approved drugs for this indication.21

Antidepressants
Antidepressant use in bipolar depression is controversial and
current guidelines suggest that they should be used only when
other preferred treatments such as lithium, lamotrigine, que-
tiapine, or olanzapine–fluoxetine combination have failed (ei-
ther alone or in combination).21 Antidepressant monotherapy
should be avoided in bipolar disorder at all times.14,21 How-
ever, there is conflicting evidence regarding the protective role
of antimanic agents against the development of mania trig-
gered by antidepressants.26,108−110 The largest controlled trial
of antidepressant augmentation in bipolar depression was con-
ducted as part of the Systematic Treatment Enhancement Pro-
gram for Bipolar Disorder (STEP-BD) study. This study was
a 26-week, double-blind, placebo-controlled trial comparing
antidepressants (bupropion or paroxetine) with placebo as ad-
junctive treatment to a mood stabilizer (any FDA-approved an-
timanic agent).111 The primary endpoint of durable recovery
(euthymia for 8 weeks) was achieved in 24% of antidepres-
sant treated subjects compared with 27% of subjects receiving
placebo. There was no significant difference between groups
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in treatment emergent mood switch. These findings suggest
that there is no advantage of adjunctive treatment with an an-
tidepressant in patients with bipolar depression receiving a
FDA-approved antimanic agent.

MAINTENANCE THERAPY OF BIPOLAR DISORDER

25. R.L., a 33-year-old man, has been treated for an episode of
acute mania with lithium 600 mg BID for 3 weeks. He is no longer
overtly manic. However, because R.L. may have had past episodes
of depression and mania, his physician decides to institute pro-
phylactic (maintenance) lithium therapy. What are the goals of
maintenance lithium therapy for R.L.? How should he be moni-
tored during this maintenance phase? How long should R.L. be
maintained on lithium?

Lithium
Appropriate goals for maintenance therapy include an increase
in the interval between episodes, a decrease in the frequency of
episodes, and a reduction in the duration and severity of single
episodes. Maintenance therapy with lithium clearly reduces
the frequency and severity of mood episodes in patients with
bipolar disorder. Goodwin and Jamison112 have shown that
in patients receiving maintenance lithium, only 34% relapsed,
compared with 81% of patients receiving placebo. However,
some studies indicate that lithium’s effectiveness may be much
lower. Naturalistic studies that followed patients on mainte-
nance lithium indicate an episodic recurrence rate of 43% to
55%.113,114 It is possible that these studies failed to identify pa-
tients with rapid cycling disorder who may have done poorly
on lithium. Beyond preventing mood relapses, lithium ther-
apy may have the added benefit of reducing mortality from
suicide.115 Conflicting results have been published recently
regarding lithium’s effectiveness for prevention of any mood
episode in patients with bipolar I disorder.116,117

Target levels for maintenance therapy with lithium should
be in the range of 0.5 to 0.8 mEq/L.14 However, one study
found that patients with lithium levels ranging from 0.4 to
0.6 mEq/L had relapse rates 2.6 times higher than patients with
levels ranging from 0.8 to 1.0 mEq/L. Although these higher
levels reduced the number of relapses, they also resulted in a
higher incidence of side effects.118

In addition to determining appropriate maintenance lithium
levels for R.L., it is appropriate to consider whether once-daily
administration of lithium can improve adherence or side ef-
fects. During periods of dosage readjustment, R.L. will re-
quire monitoring of his lithium serum level more frequently.
Once stabilized, the monitoring frequency can be reduced to
quarterly. See Table 80-4 for recommended lithium monitoring
parameters.

The decision to institute maintenance lithium therapy usu-
ally is made because of the severity of affective episodes and
the belief that they will recur in the future. A period of suc-
cessful maintenance therapy means that the individual is con-
trolled, not cured, because most patients who are withdrawn
from lithium eventually relapse. With each recurrent manic
episode, the risk of experiencing subsequent and more frequent
manic episodes increases. Furthermore, as individuals experi-
ence successive episodes, they tend to recover less completely
and function at a diminished level between occurrences.112 Be-

cause the goal is to prevent the trauma of repeated episodes and
the deterioration that may accompany them, R.L. may require
lithium for the remainder of his life.

Lithium Refractoriness

26. P.B. is a 42-year-old woman with five previous hospitaliza-
tions for manic and/or depressive episodes. She has experienced
approximately six severe mood swings in the past year, including
episodes of depression and hypomania. Despite adequate plasma
levels, she has not responded to a regimen that includes lithium
and paroxetine. She now presents as depressed, with expressions
of suicidal hopelessness about her condition, sleep disturbances,
and poor appetite. Why is P.B. failing to respond to lithium?

There are several potential reasons for P.B.’s poor response.
Poor adherence always must be considered as a potential rea-
son for lithium failure; however, P.B. has an adequate level
of lithium. If P.B. had been intermittently compliant in the
past or if her therapy had been stopped, she might have de-
veloped a syndrome called lithium discontinuation–induced
refractoriness. This phenomenon occurs in patients who once
responded to lithium and then had their lithium discontinued.
When an affective episode recurs, they fail to fully respond to
lithium reintroduction. However, there is conflicting evidence
regarding lithium refractoriness, and it is unclear how often this
phenomenon occurs.119,120 If P.B. had been having more and
more breakthrough affective episodes gradually, she simply
could have become tolerant to lithium. Thus, a careful review
of P.B.’s history of adherence and the pattern of her affective
episodes is necessary.

P.B. has another potential reason for nonresponse. She has
had at least six affective episodes in the past year. Therefore,
she meets criteria for rapid cycling. Approximately 70% to
80% of rapid cyclers have a poor response to lithium.14 P.B.’s
trough lithium level should be assessed to ensure that it exceeds
the lower limit of the usual therapeutic range. Potential causes
of rapid cycling such as the paroxetine should be discontin-
ued. Medical etiologies (e.g., hypothyroidism) and substance
abuse should also be evaluated. The addition of valproate or
lamotrigine may be warranted.14

27. What other maintenance treatments for bipolar disorder
are available?

Anticonvulsants
Because of the side effects of lithium, many patients become
intolerant or unwilling to continue lithium therapy. Valproate
and lamotrigine are reasonable alternatives that have shown
efficacy in bipolar maintenance therapy. The first controlled
trial of valproate in the maintenance treatment of bipolar dis-
order randomized 372 patients with a recent manic episode to
valproate, lithium, or placebo.117 Patients were followed for
52 weeks. The primary outcome of time to any mood episode
did not differ between groups. However a lower percentage of
patients discontinued treatment for any reason in the valproate
group (62%) than lithium (76%) or placebo (75%) and patients
on valproate remained in the study longer (198 days) than pa-
tients on lithium (152 days) but not placebo (165 days). The
mean valproate serum concentration was 85 mcg/mL.
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Lamotrigine has been studied rigorously in the mainte-
nance treatment of bipolar I disorder. A pooled analysis of
two placebo-controlled studies involving 638 patients found
that lamotrigine and lithium more than doubled the time to
intervention (e.g., addition of pharmacotherapy or ECT) for
any mood episode compared with placebo.121 The time to in-
tervention was 197 days for lamotrigine, 187 days for lithium,
and 86 days for placebo. Interestingly, lamotrigine was also
superior to placebo in delaying the time to an intervention for
a depressive episode, making it an attractive agent for patients
with frequent depressive relapses.

Limited evidence supports the role of CBZ in the mainte-
nance treatment of bipolar disorder. In a 2-year study of 94
patients randomized to lithium or CBZ, more patients had a
mood relapse on CBZ (42%) than lithium (27%).122 Mean
drug blood levels were within the predefined range for both
CBZ (6.8 mcg/mL) and lithium (0.75 mmol/L). Another study
compared CBZ and lithium as prophylactic therapies for pa-
tients with bipolar I disorder (n = 114), bipolar II disorder, or
bipolar disorder NOS (n = 57).123 For bipolar I patients, CBZ
failed more often than lithium with regard to all criteria (hos-
pitalization, recurrence, concomitant medication, side effects,
and subclinical recurrence). In contrast, the failure rate for
lithium and CBZ in bipolar II or bipolar NOS was dependent
on the failure criterion used. The authors summarize that CBZ
was equally as effective as lithium in this population. In a sep-
arate analysis, patients were stratified into classical (bipolar I
disorder without mood incongruent delusions or comorbidity;
n = 67) and nonclassical (all other patients; n = 104) bipolar
subtypes. The rate of hospitalization was significantly lower
for lithium than for CBZ (26% vs. 62%, respectively) in the
subgroup of patients with classical bipolar disorder. No sig-
nificant difference was found in the subgroup of patients with
nonclassical bipolar disorder subtype.

Atypical Antipsychotics
AAPs have become increasingly popular alternatives and ad-
junctive treatments for maintenance therapy of bipolar disor-
der. To date aripiprazole and olanzapine have received FDA
approval for the maintenance treatment of bipolar disorder;
however, the mood-stabilizing properties of the AAPs may be
shared among all agents in the class. A 26-week, double-blind,
placebo-controlled relapse prevention study of aripiprazole
was conducted in 161 patients with a recent manic or mixed
episode.124 After patients met stabilization criteria (YMRS
≤10 and MADRS ≤13) during an aripiprazole open-label
phase they were randomized to aripirazole (mean, 24 mg/day)
or placebo. On the primary outcome of time to a mood episode,
aripiprazole was superior with a hazard ratio of 0.52 for relapse
on aripiprazole relative to placebo. An extension phase of this
study found that aripiprazole was superior to placebo in delay-
ing time to mood episode for an additional 74 weeks; however,
only 12 patients completed the study.

Olanzapine and lithium were compared in an open-label re-
lapse prevention study of 431 patients with a recent manic or
mixed episode who met remission criteria (YMRS ≤12 and
HAM-D ≤8) on a open-label combination therapy of lithium
and olanzapine.125 Patients were then randomized to lithium
(mean serum level, 0.7 mEq/L) or olanzapine (mean dose, 13.5
mg/day) monotherapy for 52 weeks of follow-up. Mood relapse

occurred in 30% of olanzapine-treated patients and in 39% of
lithium-treated patients. This result met the authors predefined
criteria for statistical noninferiority of olanzapine relative to
lithium. In a more recent study, 361 patients achieving remis-
sion (YMRS ≤12 and HAM-D ≤8) during open-label treat-
ment with olanzapine were randomized to placebo or olanza-
pine (mean 12.5 mg/day) for 48 weeks of follow-up.126 Time
to any mood episode was significantly longer with olanzap-
ine (174 days) than with placebo (22 days). Despite strong
evidence of efficacy for olanzapine, the risk of metabolic com-
plications limits the use of this drug in the long-term treatment
of bipolar disorder (see Question 21).

28. What is the role of psychotherapy in bipolar disorder?

Psychotherapy can have a profound effect on the prevention
of acute illness, as well as a sustained effect on maintenance
treatments. Excessive stress, for example, is often implicated in
the onset of affective episodes, particularly early in the lifetime
course of bipolar illness.27 If individuals and their families can
learn to avoid these triggers or to develop coping skills, the
acute impact can be minimized and future episodes averted.

Therapy may also help the family to cope with the extreme
emotions and disruption that are the hallmark of acute manic
and depressive episodes. Violent outbursts, infidelity, financial
debts, and loss of self-esteem may all be a byproduct of relapse,
and family members must come to terms with such calamities,
as well as fears surrounding future episodes. Improvements in
sleep hygiene may be encouraged in these sessions, because
regular sleep–wake cycles seem vital to the maintenance of
euthymic states. Last, sustained medication adherence must
also be emphasized; individuals with bipolar disorder will often
stop their mood stabilizers in an effort to resume the “highs” of
mania. Many other patients also find the cumulative side effect
burden of complex psychotropic regimens to be prohibitive.

The specific psychotherapeutic approach to bipolar disorder
is generally quite similar to interventions offered to individuals
with schizophrenia. Family-focused therapy seems to be quite
effective, as are cognitive–behavioral, interpersonal, and social
rhythm therapy. Collaborative care models have been exten-
sively studied for unipolar depression in primary care settings,
but the effectiveness of collaborative care models for bipolar
illness is less clear. In the STEP-BD trials, subjects were ran-
domized to one of four therapy approaches and collaborative
care was the least effective.127 Reported response rates were
77% with family-focused therapy, 64% with interpersonal and
social rhythm therapy, 60% with cognitive–behavioral therapy,
and 54% with collaborative care. However, some authorities
contend that the collaborative care intervention was compara-
tively less intensive than the other three treatment modalities
in this report.

29. Are there other treatment options for bipolar disorder?

Although most experts advocate for regular physical activity
to prevent bipolar mood swings, the body of literature support-
ing such an approach is very limited. Lifestyle surveys have
demonstrated that people afflicted with bipolar disorder are
less likely to exercise and more likely to exhibit poor dietary
habits than those without a serious mental illness.128 Theo-
retically, exercise may improve dietary habits, regulate sleep,
increase energy, and promote euthymic moods. Because all of
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these factors would be expected to improve the prognosis of
bipolar illness, exercise should be encouraged.

A wide variety of herbal preparations and dietary supple-
ments have been studied for the treatment of bipolar disorder.
There has been considerable interest in the benefits of omega-3
fatty acid supplementation. A meta-analysis of double-blind,
placebo-controlled trials of combined bipolar and unipolar de-
pression found significant benefit of omega-3 fatty acid supple-
mentation over placebo in patients with bipolar and unipolar
depression.129 In most cases, omega-3 fatty acid supplemen-
tation was used as adjunctive treatment and included eicos-
apentaenoic acid (EPA) alone or a combination of EPA and
docosahexaenoic acid (DHA). The doses studied ranged from
1 gm/day of EPA all the way up to 9.6 g/day of combined EPA
and DHA. Frangou et al.130 compared 1- and 2-g/day doses of
ethyl-EPA with placebo. Although both doses were superior to
placebo, there was no difference between the 1- and 2-g/day
doses. In a separate dose-ranging study for unipolar depres-
sion, results demonstrated a difference in response between
the 1-g/day group and the placebo group; however, the 2- and
4-g/day treatment results did not differ from placebo.131 Both
of these studies suggest that 1 g/day of EPA may be adequate;
but, the optimal dose of DHA and the optimal ratio of EPA to
DHA remains unknown. The value of omega-3 fatty acids in
the treatment and prevention of future manic episodes has been
less clear. In fact, in one small randomized trial, 3 of 14 sub-
jects treated with omega-3 fatty acids withdrew from the study
due to the occurrence of manic or hypomanic symptoms.132

Among the other options, inositol was recently compared
with lamotrigine and risperidone in an augmentation trial for

bipolar depression.133 The three treatments were equivalent
with regard to recovery from depression; however, the study
was open label and the sample size was small (n = 66).
St. John’s wort and S-adenosyl-l-methionine may be effective
for depressive episodes; however, these agents should gener-
ally be avoided in bipolar disorder owing to the risk of switch-
ing to mania.134,135 Chromium shows some promise for the
treatment of acute depressive episodes. In one study, approx-
imately one-third of bipolar patients with treatment-resistant
rapid cycling bipolar disorder had a positive response.136 The
number of affective episodes also decreased for those patients
remaining in the study; however, only 23% of patients were
available for follow-up evaluation at 1 year. The adjunctive use
of intravenous magnesium has been found to be beneficial for
treatment resistant acute mania.137

ECT has been shown to have benefit in acute mania, mixed
states, depression, and as a therapy to prevent relapse.14 The
rapid onset of effect of ECT in acute mania has been well doc-
umented. This therapy is also well tolerated, when used with a
pretreatment regimen that includes a short-acting barbiturate, a
skeletal muscle depolarizing agent, and atropine. The optimal
placement of ECT electrodes (unilateral versus bilateral place-
ment of electrodes) and the optimal frequency of ECT treat-
ments to prevent a relapse are still unknown. The influence of
concurrent psychotropic medications on ECT treatment suc-
cess also should be considered.138 Anticonvulsants and benzo-
diazepines may raise the seizure threshold and interfere with
seizure induction. Lithium may increase confusion and mem-
ory impairment after ECT. Antipsychotics agents seem to be
relatively safe in patients receiving ECT.
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The popular culture book Ritalin Nation suggests that modern
Western society’s high-speed lifestyle and rapid-fire culture
have significant consequences for children.1 Because children
are being continuously bombarded with sophisticated sensory
stimuli via television and video games, many never learn to
concentrate on free-play activities. By the time they reach
school age, they have not learned the skills necessary to at-
tend to activities such as reading, writing, and arithmetic. It
is hypothesized that children become “addicted to” and “de-
pendent” on continuous sensory stimulation. DeGrandpre hy-
pothesizes that the symptoms of attention deficit hyperactiv-
ity disorder (ADHD)—hyperactivity and an inability to attend
to low-stimulation activities—reflect an escape behavior used
by children to maintain sensory stimulation.1 In this theory,
methylphenidate is effective only because it provides stimula-
tion in this case, pharmacologic stimulation as opposed to audi-
tory or visual stimulation. This minority opinion contends that
ADHD is a diagnosis invented by 20th-century psychiatrists
and pharmaceutical companies. In the well-known European
children’s story of Fidgety Phillip written in the 1863 book,
Struwwelpeter, by Heinrich Hoffmann2 “Phil stop acting like
a worm, the table is no place to squirm. Thus speaks the father
to his son severely say it, not in fun. Mother frowns and looks
around, although she doesn’t make a sound. But Phillip will
not take advice, he’ll have his way at any price. He turns and
churns, he wriggles and jiggles. Here and there on the chair,
Phil, these twists I cannot bear.” Today, Phil may have been
diagnosed with ADHD.

Among the vocal critics of ADHD are included the Church
of Scientology, newspaper reporters, talk show hosts, Drug
Enforcement Agency officials, conservative legislators, and
a small number of physicians and psychologists. Safer cate-
gorized the objections of the ADHD faultfinders into seven
criticisms: (a) physicians are haphazard in their diagnosis and
treatment of ADHD; (b) school alternative programs for treat-
ing ADHD are neglected or ignored because of stimulant treat-
ment; (c) ADHD is caused by 20th- and 21st-century social and
cultural pressures and is not really a legitimate diagnosis; (d)
stimulant treatment has profound limitations; (e) stimulants are

harmful and abused by ADHD patients; (f) methylphenidate is
overprescribed; and (g) pharmaceutical companies influence
the “pro-Ritalin” parent support groups excessively to legit-
imize the acceptance of Ritalin as the treatment of choice in
ADHD.3 However, the data do not support these assertions.
These claims are countered by the following data: (a) on av-
erage, a physician requires an hour to make the initial ADHD
diagnosis; (b) 25% of ADHD children do not receive a pre-
scription; (c) most pediatricians offer nonmedical treatment
alternatives for ADHD; (d) 45% of methylphenidate-treated
ADHD diagnosed children are in special education classes be-
cause of learning disabilities; (e) genetic determinants are the
major causative factor in explaining the etiology of ADHD;
(f) stimulants are clearly more effective than behavioral ther-
apy for the treatment of ADHD; (g) stimulants are safe, well
tolerated, and rarely abused by ADHD youth; (g) because of di-
version, pharmaceutical company production quotas cannot be
used to determine or estimate the number of treated ADHD in-
dividuals; (h) in reality, stimulants may be underprescribed for
ADHD children and adolescents because of the social stigma
associated with taking methylphenidate or amphetamines; and
(i) parents have the same attitudes toward ADHD, regardless
of whether they are members of a pro-Ritalin parent support
group.3

DIAGNOSTIC CRITERIA
The effectiveness of stimulants in improving academic per-
formance is often misunderstood. On occasion parents may
pressure clinicians into writing stimulant prescriptions for a
“let’s see if it helps” trial. If the drug does help, they may
assume that the diagnosis of ADHD is validated. However,
stimulant medications improve vigilance performance (atten-
tion/concentration) in both normal and hyperactive children.4

Other commonly used dopamine agonists such as caffeine and
nicotine also benefit concentration and the ability to study.
Table 81-1 presents the Diagnostic and Statistical Manual of
Mental Disorders, Fourth Edition, Text Revision (DSM-IV-
TR) criteria required to make a diagnosis of ADHD.

81-1
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Table 81-1 DSM-IV-TR Diagnostic Criteria for Attention
Deficit Hyperactivity Disorder

Inattention Factor

(Six or more of the following nine behaviors need to be present for ≥6
months in two or more settings, such as home, school, or physician’s
office.)

1. Careless mistakes or inattention to detail
2. Reduced attention span
3. Poor listener
4. Cannot follow instructions and does not complete tasks
5. Difficulty organizing tasks and activities
6. Avoids and/or dislikes chores or homework
7. Loses things needed for tasks and activities
8. Easily distracted by extraneous stimuli
9. Forgetful in daily activities

Hyperactivity/Impulsivity Factor

(Six or more of the following nine behaviors need to be present for ≥6
months in two or more settings, such as home, school, or physician’s
office.)

Hyperactivity
1. Fidgets with hands/feet or squirms in chair
2. Cannot remain seated in the classroom
3. Uncontrollable/inappropriate restlessness
4. Difficulty in engaging in play or leisure activities quietly
5. Often on the go and appearing driven by a motor
6. Excessive talking

Impulsivity
7. Blurts out answer prior to completion of question
8. Difficulty waiting turn
9. Interrupts or intrudes on others

Reprinted with permission from reference 73.

ADHD impacts the child and his or her family, the child’s
social interactions, and the child’s self-esteem. Often children
are aware of these difficulties and resist doing their normal
day-to-day tasks. Establishing a diagnosis of ADHD in an adult
who has never been treated for the disorder during childhood
is difficult. Symptoms tend to be more subjective, with less
overt hyperactivity. Unlike teachers who are often familiar with
the symptoms associated with ADHD in children, spouses,
coworkers and employers are often unfamiliar with ADHD as
a disorder that can also affect adults. They may attribute the
individual’s difficulties to being lazy or to “underachievement”.
Symptoms of ADHD in adulthood often interfere with social
relationships and employment.

PREVALENCE
ADHD is classified into three subtypes depending upon the
hallmark clinical features: hyperactive-impulsive, inattentive,
or combined. The Centers for Disease Control and Prevention
analyzed data from the 2003 National Survey of Children’s
Health.5 In 2003, approximately 7.8% (4,418,000; 95% confi-
dence interval = 4,234,000−4,602,000) of U.S. children ages
4 to 17 years were diagnosed with ADHD. ADHD diagnosis

was reported approximately 2.5 times more frequently among
males than females.

COMORBIDITY
There is a high rate of comorbidity between ADHD and
other psychiatric conditions including conduct disorder, op-
positional defiant disorder, depression, major affective dis-
order, and anxiety disorders, including obsessive-compulsive
disorder and Tourette syndrome (TS). Family histories from
first-degree relatives of probands with ADHD reveal increased
rates of ADHD (25% concordance rate), polysubstance depen-
dence, antisocial personality disorder, depression, and anxi-
ety disorders.6 Children with ADHD are at an increased risk
of having antisocial behavior, depression, and polysubstance
abuse problems as adults. ADHD symptoms persist into adult-
hood in approximately 10% to 60% of patients.7 Adults with
ADHD are usually self-sufficient, but they have poorer aca-
demic performance, poorer job performance, and lower so-
cioeconomic status than do their siblings. They also have more
frequent divorces, job changes, changes of residence, and car
accidents. Most adults with ADHD report a high level of sub-
jective distress (79%) and interpersonal problems (75%).8

DIFFERENTIAL DIAGNOSIS
ADHD should not be diagnosed until head injuries, absence
seizures, cerebral infection, substance abuse, hyperthyroidism,
anxiety disorders, and mood disorders have been excluded. Of
these conditions, anxiety disorders and mood disorders are
most commonly misdiagnosed as ADHD. The ADHD workup
should include teacher and parent–child ratings using an ac-
cepted rating scale such as the Iowa Connors Rating Scale for
ADHD; a physical examination; lead screening; a neurological
examination; antenatal, perinatal, social, family, school, and
medical history; developmental milestones; cognitive testing
that includes an IQ test and a reading test; and psychometric
tests that quantify errors of omission (inattention) and errors
of commission (hyperactivity/impulsivity).

SIGNS AND SYMPTOMS

1. C.B., a 6-year-old boy, was brought into a child psychiatry
clinic after his mother attended his first-grade school conference
and was told that her son was having difficulty adjusting to first
grade. C.B.’s mother reported that C.B. had always been a some-
what difficult child. He showed disruptive behavior and did not
respond well to direction to put toys away, and he never seemed
to be able to keep track of what was going on around him. As an
infant, he was irritable and overactive. At 7 months, when he be-
gan crawling, he would disrupt the entire house. He was unable to
follow through with parental instructions to keep his feet off the
furniture, not walk on the tops of tables, and not walk through
the living room carrying melting chocolate popsicles. When he
learned to talk, he talked incessantly and continuously. Attempts
to ignore his attention-seeking behavior seemed to have little effect
on him. He was disruptive and impulsive in preschool, with noisy,
attention-seeking behaviors that continued through first grade.
He was oblivious to the pleas of teachers and teaching assistants
to get him to sit still and pay attention. He would not sit in his seat.
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Often he would get up and run around the room. He could not stay
on task on assignments for more than 5 minutes without becom-
ing distracted. Before he even started his assignments, looking for
his lost pencil would distract him. His partially completed class
assignments would be incomplete and filled with careless errors.
He would talk to his classmates when they were working, pointing
out to them what was going on outside. He was in constant motion,
moving his legs and arms and wiggling in his seat. It was difficult
for C.B. to participate in school activities/games because he inter-
rupted others or participated out of turn, which made other kids
not like him. During the clinic evaluation, C.B. was quite active.
He jumped on his chair rather than sitting on it. When he even-
tually did sit, he remained in his chair for only 2 to 3 minutes. He
then began pulling books off the shelves. When he was told to leave
them alone, he threw two books onto the floor and then headed
toward the doctor’s desk to examine the pens, pencils, and paper-
weights. C.B. had trouble attempting to put a puzzle together (a
five-piece puzzle); he would put one piece in place, lose interest,
and throw the remaining pieces across the room. He would re-
verse letters when asked to write the letters of the alphabet, and
he reversed the letter r when writing his name. His physical exam
was otherwise within normal limits. What symptoms of ADHD
does C.B. present? For which of the three diagnostic subtypes of
ADHD does he meet the criteria?

Based on his history, C.B. exhibits the symptoms of ADHD,
combined subtype. C.B. represents a child with ADHD who
is more likely to present to a child psychiatry clinic rather
than a pediatrician or family doctor. If his medical history was
explored, C.B. would likely be a risk taker, having more acci-
dents requiring stitches and involving broken bones then other
children his age. It is likely that his parents and perhaps C.B.
himself would say that he has trouble making and maintaining
friendships or that his friends were more likely to be children
who themselves have behavior difficulties. Finally, it appears
that C.B. has comorbid oppositional defiant disorder. Although
establishing a learning disorder diagnosis at his current age is
unlikely, as C.B. ages the probability of this occurring is likely
to increase, and he should be monitored and tested for a learn-
ing disorder.

NEUROBIOLOGY
Various abnormal neurochemical and genomic abnormali-
ties are associated with ADHD. A decrease in 3-methoxy-4-
hydroxyphenylglycol (MHPG), the major metabolite of nore-
pinephrine, supports a norepinephrine deficiency hypothesis,
whereas low levels of homovanillic acid, the major metabolite
of dopamine, is postulated to support a dopamine deficiency
hypothesis.9 In addition, an excess of platelet monoamine ox-
idase (MAO) has been observed in children with ADHD. Nor-
mally, there is an age-related decrease in MAO in the platelets
of children.10 However, this decrease in MAO activity was
not observed in children with ADHD. The computerized elec-
troencephalogram brain mapping of ADHD children show an
excess of theta (slow wave) activity in the frontal lobe, which
may relate to a decrease in glucose metabolism in this area
and suggest dysregulation of arousal and attention.11 The neu-
rochemical changes are also hypothesized to have a genetic
basis. Candidate genes associated with ADHD can be grouped
into four categories: (a) genes coding for various neurotrans-

mitter functions (i.e., dopamine-transporter receptor [DAT1],
dopamine-4 receptor [DRD4], dopamine-5 receptor [DRD5],
synaptosome-associated protein of 25 kDA [SNAP25]);
(b) genes coding for enzymes involved in dopamine biosyn-
thesis (i.e., tyrosine hydroxylase [chromosome 11p15.5], di-
hydroxyphenylalanine [DOPA], decarboxylase [chromosome
7p11], dopamine-beta-hydroxylase [chromosome 9q34]);
(c) genes coding for enzymes involved in the metabolism of
catecholamines (i.e., catechol-O-methyltransferase [COMT],
MAO); and (d) other genes (i.e., glutamate receptor inotropic
N-methyl-d-aspartate [NMDA] 2A [GRIN2A] [chromosome
16p13], serotonin transporter gene).12

PHARMACOTHERAPY
Although central nervous system (CNS) stimulant or psychos-
timulant medications are currently the drugs of choice, tri-
cyclic antidepressants (TCAs), atomoxetine, bupropion, and
clonidine are also useful medications in the treatment of pa-
tients with ADHD. Stimulants that are norepinephrine and/or
dopamine agonists benefit the symptoms of ADHD. Patients,
teachers, and clinicians rate 75% of children with ADHD to
be improved on stimulants, compared to 18% of placebo-
treated children.13 Approximately 20% to 25% of those who
respond poorly to one medication will respond positively to
another.14

Central Nervous System Stimulants
The short- and long-term effectiveness and safety of pharma-
cological and nonpharmacological interventions for ADHD
in children and adults was suggested in a meta-analysis
based on 77 randomized controlled trials.15 There were no
obvious differences in effectiveness among the stimulants
methylphenidate, dextroamphetamine, and pemoline. How-
ever, the six randomized controlled trials that compared drugs
with nondrug interventions consistently showed that stimu-
lants, particularly methylphenidate, were more effective than
nonpharmacologic interventions. The 20 combined therapy
(stimulants plus psychotherapy) randomized controlled trials
were unable to identify any additional benefit from the nonphar-
macologic interventions. The analysis concluded that psychos-
timulants are first-line drugs in the treatment of ADHD, and
the stimulants methylphenidate, dextroamphetamine, mixed
amphetamine salts, and pemoline are equivalent in efficacy.
ADHD symptoms that should improve with treatment include
hyperactivity; attention span; impulsivity and self-control;
compliance; physical and verbal aggression; social interactions
with peers, teachers, and parents; and academic productivity.
ADHD symptoms that may or may not improve include read-
ing skills, social skills, learning (less improvement in this area
than behavior), academic achievement, antisocial behavior,
and arrest rates.16 Although stimulants are more effective for
improving behavioral symptoms than academic performance,
these agents can improve classroom learning. Methylphenidate
0.3 mg/kg per dose improves performance on arithmetical
and language tasks.17 In addition, aggressive behavior, includ-
ing stealing and vandalism, is improved by standard doses of
methylphenidate 0.3 to 0.6 mg/kg. Stimulants decrease fric-
tion between siblings and peers and improve maternal−child
interactions. Patients most likely to respond are characterized
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as having low ADHD severity, low anxiety, higher IQs, be-
ing younger, and being highly inattentive. The response from
a single stimulant dose predicts the home and school be-
havioral response at 4 weeks.18 Finally, patient adherence to
stimulant medication correlates with greater improvement on
teacher-reported symptoms, an effect that is stable for up to
5 years.19

2. C.B. and his mother come to the local pharmacy with a
prescription for Concerta 18 mg, #30 tablets, one tablet in the
morning with zero refills. The mother is upset with the cost of
the medication. Her assumption was that methylphenidate was
inexpensive. What relevant patient/caregiver counseling points
can you make with respect to the cost of the immediate- and
extended-release medications presented in Table 81-2? Suggest to
the mother a simple quantitative method whereby she can mon-
itor whether C.B. is responding to the medication. She is also
concerned about potential side effects of psychostimulants that
she has read about, such as drug addiction, tics, growth retarda-
tion, and other adverse effects. What counseling points would you
make to her regarding these issues?

According to Table 81-2, generic formulations of short-
and intermediate-acting psychostimulants are available. The
intermediate-acting formulations of methylphenidate are ef-
fective for 6 to 8 hours. If the rationale for nonimmediate-
release formulations is to spare the child the embarrassment
of taking the medication at school, one of these less expensive
products would be suitable.

The Iowa Connors Teacher’s Scale−Revised is an example
of an ADHD monitoring tool that is used by teachers for moni-
toring of children and adolescents at school. The scale consists
of ten items scored as not at all (0), a little bit (1), pretty much
(2), or very much (3). They are divided into two symptom clus-
ters: the Attention Factor and the Conduct Factor. The five items
of the Attention Factor consist of (a) fidgeting, (b) hums and
makes other odd noises, (c) excitable (impulsive), (d) inatten-
tive (easily distracted), and (e) fails to finish thing he starts. The

five items of the Conduct Factor consist of (a) quarrelsome, (b)
acts smart, (c) temper outburst (explosive, unpredictable be-
havior), (d) defiant, and (e) uncooperative. This scale has been
updated such that normative data exist by both gender20 and
ethnicity.21 Typically, children with untreated ADHD typically
score 2 standard deviations above the mean for their compari-
son group. Following successful treatment, their score should
decrease to <1 standard deviation above the mean.

Adverse drug reactions (ADRs) are relatively infrequent
with the therapeutic use of psychostimulants for ADHD.
According to a parental survey, the only side effect of
methylphenidate more severe than at baseline was appetite sup-
pression, whereas dextroamphetamine caused more severe in-
somnia and appetite suppression. Methylphenidate was better
tolerated than dextroamphetamine because of more severe in-
somnia, appetite suppression, irritability, proneness to crying,
anxiety, dysphoria, and nightmares. Only four of 125 subjects
(3.2%) discontinued the medication because of side effects.22

The association between psychostimulant use and growth re-
tardation is controversial. Some authors contend that growth
retardation occurs as a function of the disease rather than a
result of psychostimulant use.23 Others suggest that it is in-
deed possible for stimulants to cause growth retardation, but
that this effect is reversible with drug holidays such as on the
weekends or during the summer.24 However, drug holidays
have the risk of disruption of the psychosocial development
of the child during the medication-free intervals. Stimulants
have been alleged to precipitate or exacerbate tics in children
in approximately 1.3% to 60% of ADHD patients.25 Multiple
randomized controlled trials have challenged the veracity of
this adverse effect. As an example, the Tourette’s Syndrome
Study Group contrasted the effect of methylphenidate, cloni-
dine, and the combination of the two to placebo in the treatment
of 136 children (7–14 years old) diagnosed with ADHD and
Tourette’s Syndrome. The group concluded that prior recom-
mendations to avoid methylphenidate in these children because
of concerns of worsening tics were unsupported.26

Table 81-2 Characteristics of Psychostimulants

Product Maximum Dose (mg/d) Peak Concentration (hr) Duration of Action (hr)

Short-acting psychostimulants (IR)

Methylphenidate (Ritalin, Methylin, generic) 60 1–2 3–4
d-Methylphenidate (Focalin) 20 1–2 4–5
Dextroamphetamine (generic) 40 3 3–5

Intermediate-acting psychostimulants

Methylphenidate (Ritalin SR, Methylin ER, Metadate ER, generic) 60 4–5 6–8
Dextroamphetamine (Dexedrine Spansules) 40 1st peak, 3; 2nd peak, 8 5–8
Mixed amphetamine salts (Adderall, generic) 30 3 3–7

Long-acting psychostimulants

Methylphenidate (Metadate CD) 30:70 ratio of IR:ER product 60 1st peak, 1.5–3; 2nd peak, 4–6 6–9
Methylphenidate (Ritalin LA) 50:50 ratio of IR:ER product 60 1st peak, 1–2; 2nd peak, 5–7 8–10
Methylphenidate (Concerta) 54 1st peak, 1–2; 2nd peak, 6–8 12
Mixed amphetamine salts (Adderall XR) 30 1st peak, 3; 2nd peak, 7 10–12

CD, controlled dose; ER, extended release; IR, immediate release; LA, long acting; SR, sustained release; XR, extended release.
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C.B.’s mother concerned about stimulant treatment increas-
ing risk of her child becoming a substance abuser. This concern
is probably unfounded. A meta-analysis of epidemiologic liter-
ature led to the conclusion that stimulant-treated patients with a
diagnosis of ADHD were less likely to be diagnosed with sub-
stance use disorder than those not treated with stimulants.27

However, C.B.’s mother’s concerns are not completely without
merit. In 2005, the U.S. Food and Drug Administration (FDA)
added a warning to amphetamine package prescribing inserts
to note that misuse of amphetamine may cause sudden death
and serious cardiovascular adverse events.28 Amphetamines
should not be used in patients with structural cardiac abnor-
malities because of the risk of sudden unexplained death. In
addition, there are a small number of cases of sudden unex-
plained death in children without cardiac abnormalities taking
Adderall.

Tricyclic Antidepressants

3. Because of economic issues, C.B. has been treated with
generic immediate-release methylphenidate for several years. He
has two bottles of medication, one he keeps at home, while the
other is held by the school nurse. When C.B. started junior
high school, his mother noticed his home supply was gone be-
fore it needed refilling. It was discovered that C.B. was selling
the methylphenidate to his friends at school. At this time, it was
decided to treat C.B. with another class of drugs than the psychos-
timulants. His primary care practitioner asks for your recommen-
dation regarding an alternative agent to treat C.B.’s ADHD. What
alternatives would be recommended for C.B.?

TCAs have been used in the treatment of patients diagnosed
with ADHD for nearly 30 years. There may be an ADHD sub-
group that responds better to the TCAs than to stimulants.
Because TCAs may be effective for the treatment of major de-
pression and anxiety disorders in children and adolescents,
this class of drugs might best be reserved for patients di-
agnosed with ADHD accompanied by major depression or
any of the anxiety disorders such as obsessive-compulsive
disorder. Six randomized controlled trials in ADHD have
established the efficacy of amitriptyline,29 imipramine,30,31

desipramine,32,33 and nortriptyline.34 TCAs are more effective
than placebo in treating ADHD, but they are less effective than
methylphenidate. TCAs such as imipramine and clomipramine
can also cause significant daytime sedation. This sedation is
likely to adversely affect cognition in children diagnosed with
ADHD. An additional concern that limits the utility of the
TCAs in this patient population is their potential adverse ef-
fects on cardiac conduction. Six fatalities have been associ-
ated with desipramine administration in children; therefore,
careful cardiac monitoring is imperative.35 A baseline elec-
trocardiogram (ECG) should be obtained, and then repeated
when dosages reach 1.5 mg/kg/day, 3.0 mg/kg/day (typical
maintenance dose), and 5 mg/kg/day (the maximum dose).
With respect to the use of TCA in children and adolescents,
the American Heart Association recommends a baseline his-
tory and physical, a current medication history, and a baseline
ECG within the following parameters of PR interval = 200
milliseconds, QRS duration = 120 milliseconds, and QTc =
460 milliseconds.36 Follow-up ECG and history are indicated
after steady state is achieved and at the dosage thresholds listed

above. Nortriptyline, because it is twice as potent, is dosed at
1.5 to 2.5 mg/kg/day and requires ECG monitoring at doses
that reflect the difference in potency.

Bupropion
Six randomized controlled trials have established the effective-
ness of bupropion as an alternative medication to the psychos-
timulants in the treatment of ADHD among children, adoles-
cents, and adults.37,38 One of the studies found bupropion at
an average dose of approximately 3 mg/kg/day to be as effec-
tive as methylphenidate in the treatment of adolescents with
ADHD.39 The two most common adverse effects encountered
with bupropion in ADHD studies were dermatologic reactions
and seizures. Dermatologic reactions occurred twice as often as
the placebo with severe bupropion-induced urticaria requiring
discontinuation in 5.5% (4/72) of the patients in one study.40

In adults, the risk of seizures increases by about fourfold if
bupropion doses of >450 mg/day are exceeded.41 Although
there are no case reports of seizures in children receiving ther-
apeutic doses of bupropion, it is recommended to confine the
dose range for treating ADHD to less than 6 mg/kg/day.

Atomoxetine
Atomoxetine inhibits the presynaptic norepinephrine trans-
porter and is not classified as a psychostimulant. Clinical tri-
als have shown that atomoxetine is superior to placebo in
reducing the symptoms of ADHD in children, adolescents,
and adults.42,43 However, a trial comparing atomoxetine to the
mixed amphetamine salt product, Adderall, found atomoxetine
to be less effective than the psychostimulant.44 Atomoxetine
requires a 10- to 14-day titration to the therapeutic dose of 1
to 1.5 mg/kg/day. The slow titration is necessitated by the high
rates of nausea (12%), vomiting (15%), and asthenia (11%).45

In addition, atomoxetine can raise blood pressure and heart
rate. Two or more episodes of high systolic and diastolic blood
pressures occurred in 8.6% and 5.2% of pediatric subjects, re-
spectively. Heart rate increases of >110 beats/minute and more
than 25 beats/minute over baseline were observed in 3.6% of
patients.45

An additional concern regarding the use of TCAs, atomoxe-
tine, and bupropion is the prescribing insert warning regarding
an increase in suicidal thinking and behavior. Pooled analyses
of short-term (4−16 weeks) placebo-controlled trials of nine
antidepressant drugs in children and adolescents with major de-
pressive disorder, obsessive-compulsive disorder, or other psy-
chiatric disorders (a total of 24 trials involving more than 4,400
patients) revealed a greater risk of suicidal thinking or behavior
during the first few months of treatment in those receiving an-
tidepressants. The average risk of such events on drug was 4%,
twice the placebo risk of 2%.46 The seriousness of this warn-
ing has been questioned because no suicides occurred in these
trials, and because the suicide rates for the 15- to 24-year-old
age group in the United States decreased from 13.2/100,000
in 1990 to 9.9/100,000 in 2001.47 The FDA has authored a
patient information handout for pharmacists to give to parents
whose children are receiving antidepressant prescriptions en-
titled Medication Guide—Antidepressant Medicines, Depres-
sion, and Other Serious Mental Illnesses and Suicide Thoughts
or Actions.48 Thus, this information packet should be given to



81-6 � PSYCHIATRIC DISORDERS

the parents for patients receiving a TCA, bupropion, or ato-
moxetine prescription, even though they are being treated for
ADHD.

Modafinil
Modafinil, at single daily doses ranging from 170 to 425
mg/day, has been found to be effective in the treatment
of ADHD-diagnosed prepubescent, adolescent, and adult
patients.49,50 One small preliminary study found it to be as
effective as dextroamphetamine in the treatment of adults
with ADHD.51 Common adverse effects include insomnia,
headache, and decreased appetite, although discontinuation
rates are similar to placebo.52

Because C.B. was selling a short-acting methylphenidate,
considering a change to a different medication is reasonable.
After discussion with C.B. and his parents, the treating physi-
cian may believe that C.B. is aware of the seriousness of this
act and thus may elect to continue treatment with the stimu-
lant medication. Conversely, a long-acting stimulant medica-
tion with less abuse potential could be considered. However,
most clinicians would elect to change the patient’s medication
to a class without known abuse potential. Based on the available
literature, both atomoxetine and bupropion would be reason-
able alternatives. Both medications have the disadvantage of
taking several days to weeks to become effective. Atomoxe-
tine is not available in generic form; bupropion, even though
it is available as a generic product, would be more expensive
than methylphenidate. However, the safety margin for misuse
of atomoxetine is greater than for bupropion and thus atomox-
etine would be preferred by some providers as an alternative
to C.B.’s use of methylphenidate.

4. A.D., a 6-year-old first grader, has responded well to his
methylphenidate (Concerta) treatment during the school year. His
mother sends him off to his father and stepmother for his annual
summer visit, with explicit directions for the parents regarding
how to use the medication. One month later, he returns home
with a full bottle of medication. As he bounces around the room,
A.D. reports that his father and stepmother said he did not need
these “poison pills”. A.D.’s mother phones the stepmother to find
that they put A.D. on the Feingold diet along with sugar restriction
to control his behavior. What are the roles of diet and alternative
therapies in the treatment of ADHD?

The Feingold diet is the most widely known dietary inter-
vention associated with the treatment of ADHD.53 It is based
on the theory that many children are sensitive to dietary sali-
cylates and artificially added colors, flavors, and preservatives.
The elimination of these substances from the diet has been
proposed to improve learning and behavioral problems associ-
ated with ADHD. However, most randomized controlled trials
do not support this hypothesis. In addition, the prevalence who
have food sensitivities consistent with the Feingold diet among
children with ADHD is very small.53 Another dietary interven-
tion hypothesis is that the elimination of all dietary sugars will
reverse the hyperactivity associated with ADHD. However, the
claims of an association between sugar intake and hyperactiv-
ity have not been supported, even in those children who are
reportedly sensitive to the effects of sugar.54 The use of very
high doses of vitamins and/or minerals, known as megavita-
min therapy, to treat ADHD is another intervention that lacks

data to support its claim. All randomized controlled trials con-
ducted to evaluate the effectiveness of megavitamin therapy
in ADHD are negative. The American Psychiatric Association
and American Academy of Pediatrics concluded that the use of
megavitamin therapy to treat behavioral and learning problems
is unjustified.55

5. G.S. is a 6-year-old boy referred to the Tourette Syndrome
clinic by his pediatrician because of worsening motor (blinking,
grimacing) and vocal (throat clearing, coprolalia, grunting) tics.
He is treated successfully with clonidine 250 mcg/day. However, his
behavior and performance in school is still so poor that his teacher
refers him to the school psychologist, who diagnoses ADHD, com-
bined type. A trial of stimulant treatment is considered. The par-
ents are concerned about treating his two disorders simultane-
ously with the clonidine and a stimulant. Can stimulants be used
in children with both disorders?

The two commonly prescribed alpha-2-adrenergic agonists
in child-adolescent psychiatry, clonidine and guanfacine, are
not approved by the FDA for any psychiatric indication. How-
ever, a large randomized controlled trial supports the use of
clonidine in the treatment of comorbid Tourette Syndrome
and ADHD.56 The Tourette Syndrome Study Group compared
the effect of methylphenidate (mean, 26 mg/day), clonidine
(mean, 250 mcg/day), and the combination (methylphenidate
∼26 mg/day + clonidine mean, 280 mcg/day) to placebo in
the treatment of 136 children (7–14 year olds) diagnosed with
ADHD and Tourette Syndrome. Teacher ratings showed that
both clonidine and methylphenidate used as individual treat-
ments were more effective than placebo. However, the greatest
improvement was seen with the combination therapy. Cloni-
dine primarily benefited the symptoms of impulsivity and hy-
peractivity, while methylphenidate primarily benefited inatten-
tion. A meta-analysis of trials evaluating the efficacy of the
clonidine for the treatment of children and adolescents with
ADHD concluded that the effect size of the drug was modest
(0.58) and less than that of the psychostimulants.57 Despite its
widespread use, there is just one randomized controlled trial
that documents the effectiveness of guanfacine in the treat-
ment of patients diagnosed with ADHD and/or a tic disorder.
Thirty-four medication-free elementary school–age children
with ADHD and a tic disorder participated.58 After 8 weeks
of treatment with a modal dose of 1 mg guanfacine TID, the
children had a mean improvement of 37% in their total score
on the teacher-rated ADHD Rating Scale, compared to 8%
improvement for placebo. Continuous Performance Test com-
mission errors decreased by 22% and omission errors by 17%
in the treated group, compared with increases of 29% in com-
mission errors and of 31% in omission errors in the placebo
group. However, the parent-rated hyperactivity on dextroam-
phetamine improved by 27% in the guanfacine group and 21%
in the placebo group, a nonsignificant difference.

6. G.S.’s mother places a call to the clinic asking to talk to his
physician. She tells the physician that the school psychologist rec-
ommended a complicated behavioral modification program that
the parents were to institute for G.S. The mother instituted the
program, but after two weeks, she was exhausted. In her opinion,
the behavioral modification provided no benefit after one month.
She asks the physician whether behavioral modification benefits
the symptoms of ADHD.
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The Multimodal Treatment Study of Children with ADHD
(MTA) Cooperative Group was designed to compare long-
term medication and behavioral treatments with respect to ef-
ficacy. A group of 579 children between 7 and 10 years of age
with ADHD combined type were recruited and randomized to
four different treatment groups.24 The children were included
even if they had comorbid diagnoses, including conduct disor-
der, oppositional defiant disorder, or a learning disability. The
treatment groups included drug treatment regimen, behavioral
treatment, drug treatment regimen plus behavioral treatment,
or typical community treatment. Behavioral interventions were
delivered in a group-based recreational setting and included an
8-week, 5-days-per-week, 9-hours-per-day, intensive program
administered by a counselor/aid. Once school started, the sub-
jects in this arm of the study received 60 school days of a part-
time, behaviorally trained, paraprofessional aid who worked
directly with the child. In addition, the child’s teacher received
10 to 16 sessions of biweekly consultation that focused on
classroom behavior management strategies. Daily behavior re-
port cards were sent home to parents. At the same time, families
were involved in 27 group therapy meetings plus 8 individual
family meetings. The goal of this behavioral management treat-
ment was to train the parents to administer appropriate tech-
niques so they could continue the treatment on their own. Of the
children receiving medication, 75% received methylphenidate;
10% received dextroamphetamine; and 15% received pemo-
line, imipramine, clonidine, guanfacine, or bupropion. It was
concluded that drug treatment was more effective than behav-
ioral treatment according to parents’ and teachers’ ratings of
inattention, and teachers’ ratings of hyperactivity-impulsivity.
Combined treatment (drug treatment plus behavioral modifi-
cation) was equally effective as medication management only
and more effective than behavioral treatment and community
care according to parent- and teacher-reported ADHD symp-
toms. A regimented drug treatment protocol for ADHD ap-
pears to be both beneficial and cost effective. However, the
study did confirm that if comorbid disorders such as con-
duct, oppositional defiant, anxiety, or affective were present,
then behavior management with or without drug treatment was
beneficial for these comorbid conditions. The behavioral man-
agement techniques used in this study were costly and highly
labor-intensive.

7. G.S. returns to clinic 3 months later for a follow-up ap-
pointment. He is doing quite well receiving a combination of
methylphenidate and clonidine but no behavioral therapy. His
mother has been using the Iowa Connors Rating Scale for ADHD
which she was taught to use as a way to monitor her son’s behav-
ior. Her observational scores show him to have an approximate
average score of 8 for the past week. This score is significantly
decreased from a score of 24 at his initial workup. The teacher’s
scores on the rating scale are similar to the mothers’ scores. The
mother asks the physician if they could talk privately for a few
minutes. She relates to the physician that out of curiosity, she
has been sporadically scoring the test for her husband, G.S.’s bi-
ological father, for several weeks. Although the conduct factor
was normal, she reports that he scores about a 12 on the atten-
tion factor. She inquires whether her husband would be a candi-
date for psychostimulant therapy for ADHD. He was treated for 2
years as a child for hyperactivity, but then his parents stopped the
treatment when his hyperactive behavior improved. What is the

natural course of ADHD through adulthood? Are the effective
treatments for adolescents and children diagnosed with ADHD
effective in adults as well?

The experience of G.S.’s father is similar to that of many
adults who were diagnosed with ADHD as children. Thus,
in a series of 128 boys, hyperactivity and impulsivity symp-
toms were seen to decline at a higher rate than inattention
symptoms.59 Among 18 to 20 years olds with ADHD who
were followed up over 4 years, 40% continued to meet the Di-
agnostic and Statistical Manual of Mental Disorders, Third
Edition, Revised (DSM-III-R) criteria for ADHD. Importantly
more than 90% of the 18 to 20 year olds continued to experi-
ence functional problems with inattention.59 Other researchers
have followed children with ADHD to adulthood by comparing
the academic records of controls and ADHD adults. The lat-
ter had significantly higher rates of repeated grades, tutoring,
placement in special classes, and reading disability.60,61 Adults
with ADHD have been found to achieve lower socioeconomic
status and experience more work difficulties and more fre-
quent job changes.62 In a study comparing 172 ADHD adults
to 30 non-ADHD adults, the adults with ADHD reported more
psychological maladjustment, more speeding violations, and
more frequent changes in employment.63 More adults with
ADHD had their driver’s licenses suspended, had performed
poorer at work, and had quit or been fired from their job.
Adults with ADHD also were more likely to have had multiple
marriages.

Numerous studies have documented the effectiveness of
methylphenidate,64 desmethylphenidate,65 mixed ampheta-
mines,66 desipramine,67 bupropion,38 atomoxetine,68,69 and
modafanil50 in the treatment of adults with ADHD. All of the
trials were similar in that the experimental drug was compared
with placebo with the exception of modafinil, where an am-
phetamine comparator was used along with placebo. A no-
table finding is that the effect sizes for improvement relative
to placebo were lower with atomoxetine (0.35 and 0.40 in two
studies) than with methylphenidate and amphetamine (effect
sizes of 0.8 to 1.0). This indirect evidence suggests that atomox-
etine may be less effective than the stimulants for ADHD treat-
ment. Doses for immediate-release methylphenidate are more
conservative (0.3 mg/kg per dose in adults) when inattention is
the predominate feature. In contrast, doses of up to 0.6 mg/kg
immediate-release methylphenidate are often necessary to op-
timally control the behavioral feature of the disorder.70 These
methylphenidate doses are consistent with 0.5 to 1.0 mg/kg/day
doses found to be effective in adults.64 Mixed amphetamine
salts are effective in doses of 20 to 60 mg/day.66 The effective
dose of desipramine is approximately 150 mg/day. Bupropion
is generally dosed at 3 mg/kg/day.41 The two large studies of
atomoxetine used doses that ranged from 60 to 120 mg/day.69

The mean effective dose for modafinil was 207 mg/day.50

8. An editorial by a community newspaper criticized the local
school district for the widespread prescribing of psychostimulants
by school psychologists. The editorial provided the stimulus for
a review by the school board of the clinical practices of the psy-
chologist staff. A regional expert on ADHD pharmacotherapy was
contacted by the board and asked to present a rational set of med-
ication prescribing guidelines for the treatment of children and
adolescents diagnosed with ADHD. The expert decided that the
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most straightforward approach to this issue would be to present
the Texas Medication Algorithm Project (TMAP) guidelines for
the treatment of ADHD in children and adolescents. Describe the
TMAP algorithm for the treatment of children and adolescents
diagnosed with ADHD.

The goal of the TMAP algorithm is to provide system-
atic guidance and structure regarding the potential array of
therapeutic options for the ADHD population. There are five
algorithms for ADHD treatment; one each for the following
diagnoses: (a) ADHD, (b) ADHD with major depressive dis-
order, (c) ADHD with any anxiety disorder, (d) ADHD with a
tic disorder such as Tourette Syndrome, and (e) ADHD with
aggression.71 The algorithms and the details of their use can be
found on the Texas Department of State Health Services web-
site (http://www.dshs.state.tx.us/mhprograms/ CMAP.shtm).73

For patients with ADHD only, it is recommended to initiate
treatment with either methylphenidate or an amphetamine. Pa-
tients who fail the first psychostimulant can then be treated with
the alternate psychostimulant. For patients that fail the stimu-
lants, a trial of atomoxetine is warranted. If atomoxetine fails,
a TCA or bupropion can be tried. If these drugs both fail, the
alpha-adrenergic agonists, clonidine and guanfacine, should

be considered. Patients diagnosed with comorbid ADHD and
major depressive disorder can be treated according to both the
TMAP ADHD and Major Depressive Disorder algorithms. In
patients with comorbid ADHD and an anxiety disorder, ini-
tial treatment with atomoxetine or a psychostimulant is rec-
ommended. If these treatments fail, the combination of ato-
moxetine with a psychostimulant, or a psychostimulant with
a selective serotonin reuptake inhibitor should be considered.
Patients with ADHD and a tic disorder can be treated simi-
larly to those with ADHD only. However, if the tics worsen, an
alpha-adrenergic agonist, atypical antipsychotic haloperidol,
or pimozide can be tried individually until the patient responds.
For patients with significant comorbid aggression, the standard
ADHD algorithm should be used; behavioral interventions are
added if the patient’s behavior does not improve. If behav-
ioral modification fails, an atypical antipsychotic, lithium, or
valproate should be considered. Clinicians should not follow
the algorithm blindly. It should be emphasized that algorithms
integrate available research and clinical consenus into user-
friendly, hierarchical decision trees of mediation options. The
algorithms are not intended to serve as a substitute for clinician
judgment.
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Control of eating and maintenance of normal body weight are
common problems in our society. Despite the public and med-
ical pressure to “stay fit,” the incidence of obesity has doubled
over the past two decades, particularly among children and
adolescents.1 A review of eating disorders and obesity, as well
as recommendations for self-help books and websites related
to eating disorders, can be found in the Clinical Manual of Eat-
ing Disorders2 and the second edition of Eating Disorders and
Obesity: A Comprehensive Handbook.1 The third edition of the
American Psychiatric Association Practice Guidelines for the
Treatment of Patients with Eating Disorders provides the most
recent diagnostic and treatment guidelines for anorexia ner-
vosa, bulimia nervosa, and binge-eating disorder.3 Although
effective therapies for eating disorders exist, many people do
not seek treatment and many cases are not recognized in clin-
ical settings.

DEFINITIONS: EATING AND RELATED DISORDERS
Eating Disorders
Eating disorders should be considered a syndrome character-
ized by a cluster of symptoms that define the condition.1–4

Anorexia nervosa, bulimia nervosa, binge-eating, and obesity

are examples of eating or metabolic disorders that evolve as
a result of weight loss behaviors and/or by a complex inter-
action of social, developmental, and biological factors. Diag-
nosis of eating disorders is based on weight, engagement in
weight loss behaviors (e.g., restricting or avoiding food, vom-
iting, laxative and diuretic abuse, use of appetite suppressants,
overexercising), binge-eating behaviors, abnormal attitudes
and preoccupation with weight, shape, and food, and medical
consequences.4 Preoccupations with body weight and shape,
food avoidance, and overeating are relatively “modern” clini-
cal disorders. In Western societies, men have less pressure to be
slim and to diet compared with young females (e.g., less media
influences on dieting and exposure to abnormally thin body im-
ages). It is estimated that up to two-thirds of teenage girls and
one in six adult women in the United States diet each year.1,2,5

Compared with men, women are twice as likely to report cur-
rent dieting or a history of dieting. Adolescent girls often start
dieting around 12 to 13 years and the rates increase between
the ages of 12 and 16.1 Dieting in males is more likely to be as-
sociated with participation in sports, gender identity conflicts,
past obesity, and fear of medical complications than from any
sociocultural pressures for dieting. Many “fad” diets provide
inadequate nutrition, are medically dangerous, and result in

82-1
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Table 82-1 Body Mass Index and Guidelines for Weight
Classes

Metric Conversion Formula Using Kilograms and Meters

BMI = Weight in kilograms

Height in meters2

Nonmetric Conversion Formula Using Pounds and Inches

BMI = Weight in pounds

Height in inches2
× 703

Weight Status BMI Obesity Class

Anorexia nervosa ≤17.5
Underweight <18.5
Normal 18.5–24.9
Overweight 25.0–29.9
Obesity 30.0–34.9 I

35.0–39.9 II
Extreme obesity ≥40 III

Adapted from reference 14.

rebound weight gain after dieting owing to starvation-induced
reduction in metabolic rate. Starvation or the lack of regu-
lar intake of food produces both physiologic and psycholog-
ical symptoms (i.e., anxiety, irritability, and distractibility),
a preoccupation with food, a drive to eat, and binge-eating
behaviors.1

People without eating disorders seem to integrate cultural,
behavioral, and chemical changes (release of chemicals from
the stomach, intestine, and brain) to produce an appropriate
perception of hunger or satiation and are more likely to main-
tain an ideal weight. Ideal body weight can be measured by a
number of calculations, but the body mass index (BMI) is most
commonly used for assessing weight based on age and gender
norms.6,7 For calculations of BMI and guidelines for weight
classes, see Table 82-1. Behaviors associated with each eating
disorder are unique, but may overlap and occur throughout the
individual’s lifetime (Table 82-2 compares eating disorders).

Table 82-2 Comparison of Eating Disorders

Anorexia Nervosa Bulimia Nervosa Binge-Eating Disorder

Lifetime prevalence 0.5%–1% females 1%–4% females Unknown
Prevalence rates 0.7%–4% (community)

20%–30% (weight control programs)
Female:male 10:1 10:1 1.5:1
Onset Mid to late adolescence

(14–18 years)
Late adolescence or early

adulthood
Late adolescence or early 20s

Cross-over from AN to BN or vice versa 15% ∼1% NA
Subthreshold eating disorder 15% 20% Unknown
Persistent disorder 10% 10% Unknown
No clinical eating disorder after long-term

follow-up (10 yr after referral)
50% 70% Unknown

Death <10% ∼1% Unknown

AN, anorexia nervosa; BN, bulimia nervosa; NA, not applicable.
Adapted from references 1, 2, and 4.

Anorexia Nervosa
The term anorexia (the medical term for loss of appetite) was
first used in 1873 by an English physician, Sir William Gull,
who described a young woman with restrictive dieting and
amenorrhea. When the focus on weight and thinness becomes
pathological and detrimental to the person’s health (e.g., defi-
ciency in essential amino acids, vitamins, minerals, and elec-
trolytes; bone loss; depression; and cardiac changes) it is called
anorexia nervosa. Criteria from the Diagnostic and Statisti-
cal Manual of Mental Disorders, Fourth Edition-Text Revision
(DSM-IV-TR) are listed in Table 82-3.4 Anorexia nervosa is
defined by a BMI ≤17.5 kg/m2. Because linear growth may
be impaired in people with anorexia nervosa owing to poor
nutrition, adjustments to height and weight calculations must
be made based on expected values for the age range.1 Weight
loss, a refusal to maintain a minimal normal weight for age and
height, and amenorrhea are characteristic features of the dis-
order. Classic symptoms and attitudes include persistent and
irrational fear of becoming overweight, a distorted perception
of body image, and denial of the seriousness of the illness.8

Anorexia nervosa is divided into two subtypes: restricting
and binge-eating/purging.4 Weight loss is accomplished pri-
marily by the reduction in total food intake (restriction), al-
though most eventually try purging (misuse of laxatives and di-
uretics or self-induced vomiting) and use of excessive exercise
to lose weight. Approximately 50% of women with anorexia
nervosa develop bulimic symptoms; some women who initially
have bulimic symptoms later develop anorexic symptoms.3 Pa-
tients with anorexia can alternate between restricting and bu-
limic subtypes throughout their illness. Individuals with the
binge-eating/purging type are likely to exhibit more impulse
control behaviors such as suicidal and self-harm behaviors,
drug and alcohol abuse, mood lability, and increased sexual
activity.3,8

Bulimia Nervosa
Bulimia, or binge eating (consuming a large amount of food
over a short period of time), was first described in 1979 by
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Table 82-3 DSM-IV-TR Diagnostic Criteria for Anorexia
Nervosa4

A. Refusal to maintain body weight at or above a minimally normal
weight for age and height (e.g., weight loss leading to maintenance
of body weight <85% of that expected; or failure to make expected
weight gain during period of growth, leading to body weight <85%
of that expected).

B. Intense fear of gaining weight or becoming fat, even though
underweight.

C. Disturbances in the way that one’s body weight or shape is
experienced, undue influence of body weight or shape on
self-evaluation, or denial of the seriousness of the current low body
weight.

D. In postmenarchal females, amenorrhea (the absence of at least three
consecutive menstrual cycles). (A woman is considered to have
amenorrhea if her periods occur only following hormone [e.g.,
estrogen] administration.)

Specify types:
Restricting type: During the current episode of anorexia nervosa, the

person has not regularly engaged in binge eating or purging behavior
(i.e., self-induced vomiting or the misuse of laxatives, diuretics, or
enemas).

Binge eating/purging type: During the current episode of anorexia
nervosa, the person has regularly engaged in binge eating or purging
behavior (i.e., self-induced vomiting or the misuse of laxatives,
diuretics, or enemas).

Reprinted with permission from the Diagnostic and Statistical Manual of Mental
Disorders, Fourth Edition, Text Revision, (Copyright c© 2000). American Psychiatric
Association.

Gerald Russell, a London psychiatrist, who observed that sev-
eral of his anorectic patients went on eating binges. Bulimia
was first recognized as a separate disorder from anorexia ner-
vosa in 1980 in the DSM-III. Originally, the criteria empha-
sized binge-eating behaviors without the associated features
of self-induced vomiting, laxative abuse, and preoccupation
with shape and weight. Individuals with bulimia have a pow-
erful urge to overeat in combination with a fear of becoming
fat; thus, they induce vomiting or abuse purgatives or both
to get rid of ingested foods. One essential distinction from
anorexia is that patients with bulimia nervosa usually maintain
a normal weight, although a few patients are overweight or
obese.2

The diagnostic criteria for bulimia nervosa have evolved
over time to the most current DSM-IV-TR criteria (Table 82-
4).4 The characteristics of bulimia nervosa include binge-
eating along with inappropriate compensatory behaviors and
methods to prevent weight gain that occur, on average, at least
twice weekly for 3 months. Patients must satisfy all five cri-
teria (Table 82-4) to be diagnosed with bulimia nervosa and
may be further classified as either the purging or nonpurg-
ing type. Individuals with bulimia nervosa may use several
methods to compensate for binge-eating. Vomiting after binge-
eating (or purging) is the most common technique and is used
by 80% to 90% of individuals with bulimia nervosa.3 In com-
parison with nonpurging bulimics, those with purging behav-
iors have more anxiety about eating, a greater disturbance in
body image, more self-injurious behaviors, and a higher in-
cidence of comorbid anxiety, depression, and alcohol abuse.1

Nonpurging forms of bulimia nervosa may include excessive

Table 82-4 DSM-IV-TR Diagnostic Criteria for Bulimia
Nervosa4

A. Recurrent episodes of binge eating. An episode of binge eating is
characterized by both of the following:
1. Eating, in a discrete period of time (e.g., within any 2-hour

period), an amount of food that is definitely larger than most
people would eat during a similar period of time and under
similar circumstances

2. A sense of lack of control over eating during the episode (e.g., a
feeling that one cannot stop eating or control what or how much
one is eating)

B. Recurrent inappropriate compensatory behavior to prevent weight
gain, such as self-induced vomiting; misuse of laxatives, diuretics,
enemas, or other medications; fasting; or excessive exercise

C. The binge-eating and inappropriate compensatory behaviors both
occur, on average, at least twice a week for 3 months

D. Self-evaluation is unduly influenced by body shape and weight
E. The disturbance does not occur exclusively during episodes of

anorexia nervosa

Specify types:
Purging type: During the current episode of bulimia nervosa, the

person has regularly engaged in self-induced vomiting or the misuse
of laxatives, diuretics, or enemas

Nonpurging type: During the current episode of bulimia nervosa, the
person has used other inappropriate compensatory behaviors, such
as fasting or excessive exercise, but has not regularly engaged in
self-induced vomiting or the misuse of laxatives, diuretics, or
enemas

Reprinted with permission from the Diagnostic and Statistical Manual of Mental
Disorders, Fourth Edition, Text Revision, (Copyright c© 2000). American Psychiatric
Association.

exercise or fasting, taking appetite suppressants or stimulants,
and use of insulin for weight control in patients with diabetes
mellitus.1

Eating Disorder Not Otherwise Specified
A subset of individuals may have characteristics of anorexia
nervosa and bulimia nervosa, but do not meet the complete
diagnostic criteria of the disorder.2 In the DSM-IV-TR, these
individuals are classified as having an “Eating Disorder Not
Otherwise Specified” (ED-NOS), which also has been called an
atypical eating disorder.4 Subsyndromal or subclinical eating
disorders have been found in 7% to 10% of young women. Up
to 50% of individuals presenting to eating disorder programs
are given the diagnosis of ED-NOS because they fail to meet
one DSM-IV-TR criteria (e.g., <2 eating binges per week for
3 months, <3 months of amenorrhea).3 Individuals who abuse
weight reduction medications, take anabolic steroids, or use
excessive exercise to lose weight and those with binge-eating
behaviors are diagnosed with ED-NOS. Extreme vegetarians
or vegans may be a type of eating disorder due to their ob-
sessive aversion to ingesting meat or animal byproducts and
strict avoidance of animal-derived foods. Cases of food re-
fusal and undernutrition secondary to hypochondriasis may be
an atypical eating disorder.1 Individuals with a subsyndromal
eating disorder are at risk for developing anorexia nervosa and
bulimia nervosa and need professional help to reduce abnor-
mal eating habits, food restriction, body image distortion, and
compulsive exercising.3
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Binge-Eating Disorder
Binge-eating disorder is a proposed diagnostic entity in the
DSM-IV-TR and is characterized by recurrent binge-eating
episodes unaccompanied by behaviors to prevent the weight
gain, such as self-induced vomiting or laxative abuse.2–4

The diagnostic criteria requires binge-eating episodes that
are associated with three (or more) of the following: eat-
ing very rapidly; eating until feeling uncomfortable; eating
large amounts of food when not physically hungry; eating
alone because of embarrassment about how much is eaten;
and feeling disgusted, guilty, or depressed about overeating.2,4

Binge-eating episodes must occur at least 2 days a week for
6 months and cause significant distress about binge-eating. In
some individuals, binge-eating may be triggered by dysphoric
moods such as anxiety and depression, whereas others may feel
“numb” or “spaced out” during the eating episode.2,4 Binge-
eating patients are more likely to overeat in response to negative
emotional states, and obese binge-eaters often eat in response
to emotional stress.2 A night eating syndrome characterized
by insomnia with evening hyperphagia has been recognized
as a type of binge-eating disorder.1 Nighttime eaters suffer
from frequent awakenings and their snack intake is usually
high carbohydrate-to-protein foods. During the night, they can
consume more than 50% of their normal daily caloric intake.

Approximately 15% to 50% (average, 30%) of people in
weight control programs fit the criteria for a binge-eating disor-
der; approximately one-third of these individuals are male.3,4

Binge-eating disorder may be a type of nonpurging bulimia
nervosa or an overeating disorder, because this pattern of eat-
ing is found in both bulimia nervosa and obesity.9 Chronic,
recurrent binge-eating and dieting are associated with obesity,
which leads to significant morbidity and mortality.8 Comorbid
psychiatric disorders associated with binge-eating disorder in-
clude anxiety, depression, obsessive-compulsive disorder, im-
pulsive behaviors, substance-related disorders, and personality
disorders.4,8

Obesity
Obesity is not recognized as a psychiatric or eating disorder
in the DSM-IV-TR, although individuals often have comorbid
anxiety and depression, a history of “yo-yo” dieting (weight
loss attempts followed by weight gain), binge-eating behav-
iors, and obsessions about food and body weight.9 Obesity
is a chronic metabolic disorder that is determined by multi-
ple biological and environmental factors, a sedentary lifestyle,
and a genetic predisposition. The current worldwide epidemic
of obesity may be secondary to overconsumption of high-fat,
energy-rich foods; unhealthy snacking between meals; more
food choices at restaurants, snack bars, and grocery stores;
readily available inexpensive food 24 hours a day; larger sized
portions of food and drinks; increased advertising of high-
fat/high-carbohydrate foods and drinks; and the lack of physi-
cal activity and sleep. The addition of 20 to 30 kcal/day over a
number of years can lead to significant weight gain; thus, en-
ergy intake and energy output through physical activity must
be balanced for weight control.1 The increase in the prevalence
of obesity and negative health outcomes (diabetes, hyperlipi-
demia, cardiovascular disease) are major public health prob-
lems in industrialized countries. Despite the improvements in
treatment for cardiovascular disorders over the last decade, a
study has shown that obesity has significant impact on activi-

ties of daily living and functional impairment as people age.10

In addition, obesity has been shown to be associated with a
25% increased risk of mood and anxiety disorder, although a
causal relationship has not been established.11

Obesity is defined as a BMI ≥30 kg/m2 and obese patients
have an estimated 50% to 100% increased mortality rate com-
pared with patients with BMI in the range of 20 to 25 kg/m2 (Ta-
ble 82-1).7,12–15 People with a BMI range of 25 to 29.9 kg/m2

are considered overweight and those >28 have an increased
risk of developing chronic illnesses (e.g., musculoskeletal dis-
orders, cardiovascular disease, diabetes).

EPIDEMIOLOGY
The prevalence of anorexia nervosa, bulimia nervosa, binge-
eating, and obesity have increased over the past 50 years.1,5

An estimated 5 million Americans have an eating disorder
(anorexia nervosa, bulimia nervosa, binge-eating disorder, and
variations of disturbances in eating). Eating disorders are more
common in women (90%–95% of cases are women, and life-
time male:female prevalence ratios range from 1:6–1:10).3

Overall lifetime prevalence rates of eating disorders (including
any binge eating) ranged from 0.6% to 4.5% in adults surveyed
in 2003.8 Homosexual orientation and premorbid obesity are
risk factors for eating disorders among males.1,3

Anorexia Nervosa
The prevalence of anorexia nervosa has increased in industri-
alized societies where there is an abundance of food and where
being thin is linked with attractiveness and success.1,3 Pa-
tients with anorexia nervosa are predominantly female (90%–
95% of cases), typically middle to upper-middle class, and
white. Prevalence rates among late adolescent and early adult-
hood females is 0.5% for narrowly defined and up to 4.1%
for more broadly defined anorexia nervosa.3,4 The incidence
and prevalence of childhood-onset anorexia nervosa is not
known. It is estimated that 19% to 30% of preadolescent pa-
tients with anorexia nervosa are male.1–3 Common comorbid
conditions associated with anorexia nervosa in both men and
women include poor self-esteem, mood disorders (major de-
pression, dysthymia, and bipolar), anxiety disorders (especially
obsessive-compulsive disorders and social phobia), substance
abuse, and personality disorders (cluster C spectrum, particu-
larly avoidant personality disorder and obsessive-compulsive
personality disorder).1–3 Women who have recovered from
anorexia nervosa are likely to have perfectionism, inflexible
thinking, overly compliant behavior, social introversion, as well
as a continued drive for thinness and rigid eating habits.1,2

Bulimia Nervosa
The true prevalence of bulimia nervosa is not known because
most patients seem to be within the standards of a healthy
weight and are secretive about their eating habits. Further-
more, estimates of lifetime prevalence among women vary
widely (1%–4%) because most studies have examined selected
populations such as high school or college students.3 Male
cases of bulimia nervosa are uncommon, whereas the ratio of
binge-eating disorder is more equivalent between genders.1

Bulimia nervosa is four to six times more common than
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anorexia nervosa. Comorbid disorders associated with bulimia
nervosa and binge-eating include obesity, substance (alcohol,
cocaine, nicotine) use disorders, personality disorders (cluster
B and C spectrum, particularly borderline personality disorder
and avoidant personality disorder, impulsive, and narcissistic
personality), anxiety disorders (obsessive-compulsive disor-
der, panic disorder, and social phobia), mood disorders (ma-
jor depression, dysthymia, and bipolar disorder), and impulse
control disorders (compulsive buying, kleptomania, and self-
mutilation).2,3,8 Individuals who have recovered from bulimia
nervosa often continue to have obsessional symptoms, abnor-
mal eating behaviors, overconcern with body image, dysphoric
mood, and low self-esteem.1,16

Binge-Eating Disorder
The onset of binge-eating usually first occurs in late adoles-
cence or in the early 20s and after significant weight loss from
dieting.4 Binge-eating is more common in women than men
(∼1.5 times) and its estimated prevalence rate in the United
States is between 2% and 5% of adult women.4,16 The preva-
lence of binge-eating disorder is between 0.7% and 4.0% in
community samples; 20% to 30% in individuals participating
in weight loss programs; and up to 50% in patients seeking
bariatric surgery.2,4 Approximately 1.5% of the general pop-
ulation has night eating syndrome, which is characterized by
morning anorexia, evening hyperphagia, insomnia, and occurs
more often in obese individuals during periods of high stress.17

The prevalence of night eating disorder ranges from 9% to 14%
of patients being treated at obesity clinics and between 8% and
42% among bariatric surgery patients.17

Obesity
Obesity is a major public health concern worldwide and is the
leading cause of numerous medical conditions (e.g., cardio-
vascular disease, hypertension, dyslipidemia, diabetes, sleep
apnea) and premature death.7,14,18 Approximately 97 million
adults in the United States are overweight or obese.14 Adult
obesity usually results from a steady weight gain from the
mid-20s to between ages 50 and 59, when the prevalence of
obesity peaks.19 The increased prevalence of obesity with in-
creasing age may be secondary to continued consumption of
calories that are not expended because of reduction in daily
exercise, reduction in the amount of energy the body needs
for daily functions, and smoking cessation.19 In 2003 and
2004, 66% of adults were considered overweight or obese and
32% of patients had BMI ≥30 kg/m2.19 Obesity is more com-
mon in women (with higher rates in low socioeconomic status
groups) and in those with diabetes mellitus.3 In the recent Na-
tional Health and Nutrition Examination Survey (NHANES)
report, obesity and overweight were more prevalent among
non-Hispanic black women consistent with previous years.19

The rate of extreme obesity (BMI ≥40) was also highest among
black women (14.7% versus 6.9% among all U.S. adults).19

The economic impact of obesity in the United States in 1994
was estimated to be $68 billion for medical expenses and loss
of income and more than $30 billion for diet programs and
products.20,21 Future research is needed to assess the impact
of obesity and weight loss on direct/indirect costs of medical
care and lost productivity outcomes.22

In recent years, the incidence of obesity (BMI ≥30
kg/m2) and severe obesity (BMI >40 kg/m2) has been ris-
ing in industrialized countries, particularly among children
and adolescents.23 According to the latest report from the
NHANES taken from data collected during 2003 and 2004,
17% of children in the United States were overweight and the
prevalence of overweight increased 2.2% and 4.2% in females
and males, respectively.19 From 1999 to 2000 to 2003 to 2004,
non-Hispanic black female children/adolescents had the high-
est prevalence (2.8%) of overweight. Childhood obesity is un-
fortunate because typical weight reduction methods may not
be successful and there is a greater negative psychological im-
pact on the child secondary to comments by his or her peers.
It is known that children who are overweight often remain
overweight as adults.24 Although the cause for the increased
prevalence of overweight among children is unclear, poor diet,
lack of physical activity, and sleep deprivation have been shown
to be potential contributors.25–27 As in adults, type 2 diabetes
mellitus is a significant concern in overweight children.28 The
weighted prevalence of type 2 diabetes mellitus in adolescents
was recently estimated to be 29% of all adolescents who had di-
abetes; in addition, 11% of all U.S. adolescents were estimated
to have impaired fasting glucose.28 Furthermore, the preva-
lence of metabolic syndrome in adolescents was estimated to
be 4.5% from the NHANES 1999 to 2004 study.29 Treatment
of childhood obesity should always be initiated as early as pos-
sible; most programs recommend a reduction in weight gain
rather than weight loss.

ETIOLOGY AND PATHOPHYSIOLOGY
Eating behavior reflects an interaction between the individual’s
genetic makeup, physiologic state (e.g., balance of neurotrans-
mitters and neuropeptides, metabolic state and rate, sensory
receptors for smell and taste, condition of the gastrointesti-
nal [GI] tract), and environmental factors (e.g., sight of the
food, accessibility of food, ambient temperature, stress, social
gatherings).1,30,31 Cultural and religious beliefs and traditions
about food also affect eating behaviors. Medical conditions,
psychiatric disorders, medications, and substances (e.g., nico-
tine, central nervous system [CNS] stimulants) may influence
appetite and eating behaviors as well (see Table 82-5 for a list
of medications and medical conditions that may cause weight
gain and loss). Normally when a person has eaten an adequate
amount of food, neurotransmitters or peptides in the brain sig-
nal the satiety centers in the hypothalamus and there is a re-
duced desire to eat. Because more bulimia patients starve them-
selves or use strict dieting between binges, their bodies may
sense a “food-deprived state” and this changes brain chemistry
to stimulate appetite.31 When the “starving” person begins to
eat, the brain neurotransmitters (e.g., serotonin) that normally
turn off appetite may fail to work; thus, the person eats exces-
sive amounts of food. Studies in patients with eating disorders
have shown that the perceptions of hunger and satiety are ab-
normal in patients who binge and purge.31

The exact etiology and pathogenesis of anorexia nervosa
are unknown, but are likely a combination of familial, psycho-
logical, sociocultural, and biological factors.1,30 Fluctuations
in serotonin, dopamine, norepinephrine, leptin, neuropeptide
Y (NPY), and cortisol levels modulate appetite, satiety, and
eating behavior.1,32 The neuropeptide, neurotransmitter, and
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Table 82-5 Medications and Medical Conditions That May Cause Weight Gain and Weight Loss

WEIGHT GAIN WEIGHT LOSS

Medications Medications

α- and β-blockers (e.g., terazosin, atenolol, propranolol) Alcohol/sedative-hypnotics
Antidepressants (e.g., mirtazapine, paroxetine, phenelzine, trazodone, tricyclic Antidepressants/noradrenergic agents (e.g., atomoxetine, bupropion)

antidepressants) Antidiabetics (e.g., acarbose, exenatide, metformin, pramlintide)
Antidiabetics (e.g., insulin, sulfonylureas, thiazolidinediones) Antiepileptic (e.g., felbamate, topiramate, zonisamide)
Antiepileptic drugs (e.g., carbamazepine, gabapentin, pregabalin, valproic acid) Cardiovascular/antihypertensive agents (e.g., ACE inhibitors,
Antihistamines (e.g., diphenhydramine, cyproheptadine, histamine-2 blockers) clonidine, digoxin, diuretics)
Antipsychotics (e.g., most typicals, clozapine, olanzapine, risperidone, Modafinil

quetiapine) Nicotine
Glucocorticoids (e.g., prednisone) Stimulants (e.g., amphetamine, cocaine, dextroamphetamine,
Mood stabilizers (e.g., lithium) dopaminergic agents, pseudoephedrine, sibutramine)

TheophyllineProgestin-containing hormones (e.g., medroxyprogesterone)
Protease inhibitors (e.g., ritonavir, indinavir)

Medical Conditions Medical Conditions

Chronic heart failure Addison’s disease
Cushing syndrome Cancer (e.g., stomach, gallbladder, liver, ovarian, pancreatic)
Depression (e.g., seasonal affective disorder, premenstrual dysphoric disorder) Diabetes mellitus type 1 and 2
Diabetes mellitus type 2 Digestive conditions (e.g., Crohn disease, inflammatory bowel disease,
Hypothyroidism intestinal motility disorders, malabsorption, ulcerative colitis)
Polycystic ovarian syndrome Human immunodeficiency virus/acquired immunodeficiency syndrome
Schizophrenia Hyperthyroidism

Mood disorders (e.g., depression, mania)

ACE, angiotensin-converting enzyme.
Adapted from reference 2.

hormonal disturbances found in anorexia nervosa are sec-
ondary to malnutrition and weight loss and seem to normalize
after weight normalization and long-term recovery.30,32

There are many possible causes for obesity, such as ge-
netic predisposition, disturbances of hunger and satiety cen-
ters in the brain, endocrine abnormalities, environmental and
cultural influences, socioeconomic status, medical conditions
such as hypothyroidism, medications that stimulate appetite,
and inactivity.14,31 Obese individuals tend to have more re-
strained eating (dieting with chronic caloric restriction) and
lower levels of activity compared with persons with normal
weight. This behavior can lead to lowered basal metabolic rates,
less energy expenditure, and increased weight gain secondary
to periodic overeating and binge-eating.9 Recently, there have
been several association studies linking short sleep duration
and metabolic changes such as obesity, insulin resistance, and
diabetes.33 One study showed that children aged 30 months
and younger who lacked sleep were at risk of developing obe-
sity at 7 years.34 Alteration of the hypothalamic regulation of
appetite and energy expenditure owing to sleep loss has been
one explanation. Sleep loss has also been shown to be associ-
ated with low leptin levels and high ghrelin levels; both factors
contribute to signaling of energy deficit and hunger, which may
contribute to overeating and obesity.35

Individuals with mental illness are especially prone to de-
veloping obesity. Psychotropic medications including chlor-
promazine, clozapine, and olanzapine cause significant weight
gain.2 Associated physiological changes may increase the risk

of type 2 diabetes mellitus. Of patients with severe chronic
mental illness, 40% to 62% are overweight before initiation of
medication.36 Contributing factors may include reduced access
to medical care, lifestyle habits (decreased physical activity,
poor diet), and economic issues that restrict participation in
healthy living regimens.

Psychological, psychodynamic, and cognitive theories have
attempted to explain the emotional, perceptual, and phobic
fears of eating disorders, but there are few studies evaluat-
ing these hypotheses.1,3 Examples of psychological and fa-
milial factors associated with anorexia nervosa include the
fear and avoidance of sexuality and growth, failure of par-
ents to encourage independence and self-expression, rigidity
and overinvolvement of parents, and premorbid perfectionism
and high-achieving characteristics.3 Childhood sexual abuse or
early sexual trauma may be a contributing factor in the etiology
of eating disorders.1

Genetics
There is a genetic risk for anorexia nervosa, with higher rates
among first-degree biological relatives and higher concordance
rates for monozygotic twins (∼55%) compared with dizygotic
twins (∼5%).1–3,37,38 A large epidemiologic twin study found
a strong genetic association between anorexia nervosa and
bulimia nervosa; thus, these eating disorders share a familial
risk.30,39 Comorbid mood disorders and an increased risk
of mood disorders have been found among first-degree
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biological relatives of individuals with the binge-
eating/purging type of eating disorder.30 Eating disorders and
excessive exercising have been linked to obsessive-compulsive
personality disorder and to obsessive-compulsive disorder.30,40

There is an increased frequency of bulimia nervosa, mood
disorders, obsessive-compulsive disorders, and substance
abuse and dependence among first-degree biological relatives
of patients with bulimia nervosa.39 Genetic studies show that
80% of children with two obese parents are obese compared
with 40% of children with one obese parent, and 10% of
children with two normal-weight parents.31 Genetic risks for
obesity are associated with a higher “set-point” for appetite
and food intake, which causes individuals to eat more before
feeling full. Recently, investigators have found a variant in the
fat mass and obesity associated gene that may be linked to
BMI and obesity.41

Hypothalamus Dysregulation
Neurobiological theories of eating disorders have focused on
dysregulation of the hypothalamic–pituitary–adrenal, hypo-
thalamic–pituitary–gonadal, and hypothalamic–pituitary–
thyroid axes as well as dysregulation of neurotransmitters,
neuropeptides, endogenous opioids, growth hormone, insulin,
and leptin.1,30,31,42 Alterations in hypothalamic functioning
are associated with appetite changes, mood disorders, and
neuroendocrine disturbances.1,30 The hypothalamus is the
major appetite and eating control center in the brain and is
sensitive to a variety of facilitatory and inhibitory neurotrans-
mitters and polypeptide neurohormones from the brain and
GI tract.1,31 Disruption of the ventromedial hypothalamus
produces hyperphagia and obesity, whereas lesions of the
lateral hypothalamus cause hypophagia and weight loss. This
suggests that there is a ventromedial “satiety” and lateral
“feeding” center in the hypothalamus. The hypothalamus
receives input from peripheral satiety sites (e.g., gastric
and pancreatic peptides released secondary to food passing
through the GI tract), from leptin that is produced by fat cells,
and from the catecholamine and indoleamine neurotransmitter
system in the brain.1,30,43

Neurotransmitter Dysregulation
Serotonin
Serotonin plays an important role in postprandial satiety, anx-
iety, sleep, mood, obsessive-compulsive, and impulse control
disorders.1,30 Serotonin is synthesized from the essential amino
acid, l-tryptophan, which must come from the diet.44 Under the
influence of darkness, serotonin is metabolized in the pineal
gland to melatonin, a major neuromodulator of sleep and re-
productive function. Serotonin activity in the region of the
medial hypothalamus has an inhibitory effect on appetite and
is responsible for satiety or the feeling of fullness after food
intake.40,44,45 Pharmacologic treatments that increase intrasy-
naptic serotonin or those that directly activate serotonin recep-
tors cause satiety and reduce food consumption.40 Serotonin
has an inhibitory effect on dopamine activity and its release
is increased with motor activity. Excessive exercising and hy-
peractivity are found in many patients with eating disorders,
particularly anorexia nervosa.46 Physical exertion increases

central serotonin synthesis and turnover, which perpetuates
reduced food intake and body weight.

Conversely, reduction of serotonergic activity in the CNS
is associated with eating disorders, depression, anxiety dis-
orders, and obsessive-compulsive disorder.30,40,45 Low cere-
brospinal (CSF) fluid levels of 5-hydroxyindoleacetic acid, the
major metabolite of serotonin, are associated with aggressive,
impulsive, and suicidal behavior and have been found in low-
weight patients with anorexia nervosa and in patients with more
frequent bingeing.40 Diminished serotonin activity (either by
tryptophan depletion or serotonin antagonists) can contribute
to increased food intake and carbohydrate craving.16,45 Dietary
restriction of tryptophan has been shown to reduce brain sero-
tonin synthesis, causing a deficiency state. The reduction in
serotonin activity may upregulate the appetite or satiety cen-
ters in the brain, thereby increasing the amount of food a person
wants to eat. Agents that block postsynaptic serotonin activ-
ity (e.g., clozapine, olanzapine, risperidone, quetiapine, cypro-
heptadine, mirtazapine) can stimulate appetite and may cause
weight gain.

Dopamine
Disturbances in dopamine activity and feedback regulation
at different receptors have been postulated as a cause of
anorexia nervosa.40 Agents that increase dopamine activ-
ity (e.g., apomorphine, a dopamine agonist; levodopa, a
metabolic precursor of dopamine; and amphetamine, a releaser
of dopamine from presynaptic stores) have been shown to
have anorexic effects.47 Dopamine agonists increase dopamin-
ergic transmission and motor activity, which causes loss of
appetite and hyperactivity; at higher doses, these agents may
cause psychosis (hallucinations and delusions) and repeti-
tive/stereotypical behaviors.47 The CNS effects of dopamin-
ergic agents occur in the cerebral cortex, in the reticular-
activating system, and in the hypothalamic feeding center. The
mesolimbic–mesocortical dopaminergic circuits are important
for behavior reward and reinforcement, and are involved with
“addictive” behaviors.47 Dopamine-augmenting agents such
as amphetamines are used for the treatment of exogenous obe-
sity and may produce tolerance, dependence, and withdrawal
reactions. Conversely, dopamine receptor antagonists such as
clozapine, pimozide, and chlorpromazine may cause dysphoria
and are often associated with weight gain.

Norepinephrine
The hypothalamus is innervated by noradrenergic pathways;
thus, norepinephrine is involved in the regulation of eating be-
havior, the hypothalamic control of thyrotropin-releasing hor-
mone secretion, corticotropin-releasing hormone (CRH) re-
lease, and gonadotropin secretion.47 d-Amphetamine, which
inhibits the reuptake of norepinephrine, decreases hunger
sensations and food intake. Abnormalities in leptin and β3-
adrenergic activity have been associated with obesity and
diabetes.18,48 The human β3-adrenoceptor is involved in a
feedback loop with leptin to regulate energy balance, lipolysis
in adipocytes, serum insulin levels, and food intake.49 Peo-
ple with hereditary obesity or non–insulin-dependent diabetes
mellitus may have abnormalities in the β3-adrenoceptor or in
leptin activity, signaling, or receptors.48 A genetic variant of
the β3-adrenoceptor in humans has been associated with mor-
bid obesity and non–insulin-dependent diabetes. It is possible
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that some cases of obesity may be secondary to failure of the
β3-adrenoreceptor on brown adipocytes to respond appropri-
ately to leptin-induced sympathetic activity.50 β3-Adrenergic
receptor agonists are being studied to induce thermogenic ac-
tivity and promote weight loss when combined with a calorie-
restricted diet.49

Neuropeptide and Leptin Dysregulation
Leptin
Leptin is thought to act as an afferent satiety signal in the brain
to regulate body fat mass.1,51,52 Leptin reduces food intake, de-
creases serum glucose and insulin levels, increases metabolic
rate, and reduces body fat mass and weight by reducing NPY
activity.51,53 Leptin serum levels are highly correlated with
BMI and body fat,52 and its secretion has a circadian rhythm
and an oscillatory pattern similar to other hormones.48,54 Lep-
tin is supposed to signal the brain to stop eating, but the signal
may not get through properly in some overweight people.51 It
has been postulated that some obese individuals may have par-
tially resistant hypothalamic receptors or that there is a defect
in the blood–brain barrier transport system for bringing leptin
into the brain.51,54,55 CSF leptin levels in some obese humans
have been found to be much lower than expected compared
with serum leptin levels which suggests that the brain uptake
of leptin may be defective.1 Leptin and leptinlike products cur-
rently are being investigated for weight reduction in obese pa-
tients and in overweight patients with non–insulin-dependent
diabetes mellitus.51

Malnourished or underweight individuals with anorexia
nervosa have reduced plasma and CSF leptin compared with
normal weight controls.52,56,57 In anorexic patients, CSF leptin
levels return to normal before full weight restoration and may
contribute to difficulties in patients achieving and maintaining
a normal weight.30 In women with bulimia, serum leptin lev-
els are correlated with body weight and are similar to normal
controls.30

Neuropeptides
NPY and peptide YY are chemically related, 36–amino-
acid peptides and are two of the most potent stimulators of
appetite.1,45 Both enhance food intake in animals, possibly by
causing hunger.58 Peptide YY is three times more potent in
stimulating food intake than NPY.30 Injection of NPY into
the brain causes all of the features of leptin deficiency (e.g.,
hyperphagia and obesity).55 Many of leptin’s effects on food
intake and energy expenditure are centrally mediated in the hy-
pothalamus by neurotransmitters such as NPY.51,53 NPY levels
are high in the CSF of anorectic patients but are ineffective
in overriding the appetite suppressant neurotransmitters and
neuropeptides.31,59 Plasma leptin and CSF levels of NPY and
peptide YY return to normal concentrations in women who
have recovered from anorexia nervosa or bulimia nervosa.45

Regardless, a recent study of 497 obese patients showed that
NPY Y5 receptor antagonism did not produce increased weight
loss when added to 6 months of either orlistat or sibutramine
therapy.60

Opioid Peptides/Endorphins
Endogenous opiates play a role in food reward. Altered opi-
oid activity may contribute to changes in feeding behavior,

reproductive activity, and cortisol release.30 β-Endorphin, an
endogenous opiate peptide, stimulates feeding behavior in an-
imals and humans, and levels are highly correlated with body
weight.58 Underweight anorexic and some bulimic patients
have reduced CSF β-endorphin concentrations that may con-
tribute to changes in feeding behavior.30 Dynorphin, an en-
dogenous opioid receptor ligand, enhances feeding behavior
and acts at the paraventricular nucleus in the hypothalamus.31

Opioid agonists stimulate feeding, whereas opioid antagonists
inhibit feeding; however, there have been few data to support
a therapeutic role opioid antagonists in weight loss.61

Miscellaneous Neurohormones and Peptides
Food intake and gastric emptying are regulated by the periph-
eral release of GI peptides such as cholecystokinin, glucagon,
calcitonin, bombesin, and somatostatin, all of which inhibit
feeding.1,62 Other hormones, neurotransmitters, and peptides
involved in the regulation of hunger and satiety (e.g., histamine,
oxytocin, vasopressin, galanin, CRH, melanocyte-stimulating
hormone, hypocretin, and orexin) and lipotic action (e.g.,
growth hormone and dehydroepiandrosterone) are being in-
vestigated. Histamine is involved in the regulation of appetite,
and histamine1-blocking agents (e.g., tricyclic antidepressants
[TCAs], antipsychotics, antihistamines) cause sedation and in-
creased appetite in animals and humans.63 Growth hormone, a
lipolytic hormone that acts at adipose tissue, reduces and redis-
tributes body fat by releasing glycerol and free fatty acids into
the circulation.64 Growth hormone secretion is significantly
lower in obese individuals and lipolysis is, therefore, reduced.
As people age, the secretion of growth hormone declines (it
is estimated that 50% of people >65 years have growth hor-
mone deficit).64 Replacement doses of growth hormone have
been suggested to treat obesity and to reverse body changes
associated with aging.

Brain Changes
Once malnutrition occurs, the normal mechanisms for reg-
ulating eating behavior change and anorexia is perpetuated
because of neurochemical dysregulation and, possibly, brain
atrophy. Brain imaging studies have found generalized atro-
phy and/or ventricular dilation in patients with anorexia ner-
vosa that reverse with weight gain.30 Reduced regional cerebral
blood flow in the temporal lobe has been reported in childhood-
onset anorexia, indicating a possible functional abnormality of
the brain.65 Electroencephalograms of anorexic patients of-
ten show generalized abnormalities secondary to electrolyte,
glucose, and fluid changes in the brain.30 Morphologic brain
changes (e.g., sulcal widening, enlarged ventricles) have been
found on brain positron emission tomography and computed
tomography scans in some bulimic patients. Electroencephalo-
graphic changes (e.g., paroxysmal spike pattern) have been re-
ported in some patients with bulimia nervosa, but brain wave
changes usually are more disturbed with anorexia nervosa.30

INITIAL ASSESSMENT
A comprehensive evaluation of patients with eating disorders
is essential in determining the diagnosis and selecting treat-
ment options (Table 82-6).2–4,66 A psychiatric assessment is
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Table 82-6 Assessment and Management of Eating Disorders

Assessment Examples

Develop a therapeutic alliance with the patient
Collaborate with other clinicians and providers Other physicians, dieticians, mental health professionals, school personnel
Assess and monitor eating disorder symptoms and behaviors DSM-IV-TR criteria, structured interviews, rating scales, screening tools
Determine diagnosis and target behaviors Binge-eating, purging behaviors, laxative abuse, excessive exercise, food restrictions
Assess and monitor medical status Vital signs, weight and height, BMI, cardiovascular status, dental exam, comorbid medical

disorders, laboratory tests (Tables 82-7 and 82-8)
Assess and monitor for psychiatric disorders Anxiety, obsessions/compulsions, insomnia, depression, suicidal ideation or plan,

substance abuse, impulsive behaviors, personality disorders
Assess family issues History of eating disorders, family dynamics and support, family attitudes toward eating,

exercise, appearance

Management

Provide education about eating disorder, management, and
treatment approaches

Provide appropriate treatment setting Inpatient hospitalization, residential treatment, partial hospitalization, or intensive
outpatient care depending on medical or psychiatric conditions

Provide psychosocial treatments Individual, group, family and couples therapy, self-help, online resources, 12-step programs
Restore or maintain a healthy weight Monitor weight, growth, and individual characteristics
Nutritional rehabilitation for anorexia nervosa Resume eating and weight gain for seriously underweight, normalize eating patterns and

normal perceptions of hunger and satiety
Minimize target behaviors Food restrictions, binge-eating, purging, and excessive exercising
Treat physical and medical complications
Treat associated psychiatric conditions
Prevent relapse

BMI, body mass index; DSM-IV-TR, Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, Text Revision.
Adapted from references 2 and 3.

required to establish the diagnosis, identify any comorbid psy-
chiatric disorders, determine the risk of suicide, and evaluate
psychosocial stressors.3 Concurrent mood, anxiety, obsessive-
compulsive, personality, and substance abuse disorders often
accompany anorexia and bulimia nervosa and need to be iden-
tified. Medical complications are numerous with eating dis-
orders (Table 82-7) and require a multi-system assessment
and laboratory monitoring (Table 82-8). An interdisciplinary
treatment team consisting of physicians, nurses, dietitians, and
mental health professionals is recommended for the manage-
ment of children and adolescents with eating disorders.1–3

A detailed weight history and growth chart are needed to
detect the onset of an eating disorder.3 Evaluation of eating be-
haviors, and purging helps to identify patterns and factors that
precede binge-eating. Determining the frequency, type, and
length of exercising identifies pathological or excessive physi-
cal activity. Assessing body image beliefs and distortions, cul-
tural attitudes about size and shape, and family attitudes toward
appearance are important in determining perceptions and at-
titudes about appropriate weight. Menstrual cycle history and
duration of amenorrhea identifies women with increased risk
of osteopenia and osteoporosis. Males also develop osteopenia
and osteoporosis and may have a lower bone density compared
with females with anorexia nervosa.1 Lowered libido and in-
fertility are common owing to diminished sex hormones, ces-
sation of menstruation, and gonadal atrophy.1 Diagnosis of co-
morbid psychiatric disorders (e.g., affective, anxiety, substance
abuse, and personality disorders) and medical conditions (e.g.,
diabetes, thyroid abnormalities, inflammatory bowel disease)

helps to determine which management strategies should be
used to correct an underlying condition.2,3

TREATMENT APPROACHES
A multifaceted treatment approach that addresses medical,
dental, nutritional, psychiatric, and family needs is recom-
mended for anorectic, bulimic, or obese patients.1–3,31,67

Guidelines for the medical and psychiatric assessment and
management of eating disorders have been published (Tables
82-6 and 82-7).3,66 Because patients may be resistant or disin-
terested in treatment, family members or friends may initiate
medical attention.31 Interventions include education about the
disorder, exercise, nutritional counseling, modification of eat-
ing behavior, psychotherapy, and pharmacotherapy. Obtaining
the patient’s cooperation in the program to establish healthy eat-
ing patterns is vital.3 Most patients receive weekly outpatient
assessments and therapy to monitor progress toward treatment
goals over several months. Hospitalization is recommended
for patients with severe anorexia nervosa who require life-
saving intensive medical management, including refeeding.3

Caloric intake, weight, urine output, serum electrolytes, heart
rate, and blood pressure are monitored daily.1,2 Indications
for inpatient treatment include a 75% or less expected body
weight, intractable purging, rapid weight loss, cardiac distur-
bances, severe electrolyte imbalances, psychosis, or suicidal
ideation.3 Residential eating disorder programs that special-
ize in the long-term treatment of eating disorders for those
individuals who need more intensive therapy are available.3
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Table 82-7 Medical Complications of Eating Disorders

Organ System Signs and Symptoms Associated Laboratory Abnormalities

Cardiac Acrocyanosis; arrhythmias; bradycardia; chest pain;
cold extremities; dizziness or lightheadedness;
faintness; orthostatic hypotension; palpitations;
peripheral edema; syncope; tachycardia; weakness

Electrocardiogram changes (e.g., QTc prolongation,
ST-segment depression, T-wave inversion); mitral valve
prolapse; left ventricular changes (e.g., decreased mass and
cavity size); cardiomyopathy (emetine toxicity from ipecac)

Central nervous system Anxiety; apathy; cognitive impairment; decreased
attention and concentration; depression; fatigue;
headache; irritable mood; lethargy; neuropathies;
obsessional thinking; peripheral neuropathy;
seizures (large fluid shifts or electrolyte
disturbances); weakness

Brain imaging changes (e.g., cortical atrophy, decreased gray
and white matter, increased ventricular:brain ratio,
ventricular enlargement); electroencephalogram changes
(e.g., diffuse abnormalities, metabolic encephalopathy);
abnormal cerebral blood flow and metabolism

Dental Dental caries (from acidic vomitus); dental enamel
erosion (from acidic vomitus); gingivitis; swollen
cheeks/neck; enlarged salivary glands

Increased serum amylase (benign parotid hyperplasia); erosion
of dental enamel

Dermatologic Anorexia nervosa: acne, alopecia, brittle nails, dry
skin and hair, hair thinning, lanugo (fine body hair),
yellow skin (hypercarotenemia)

Vomiters: scarring or calluses on dorsum of hand
(Russell’s sign); petechiae

Increased serum carotene (in anorexia nervosa); vitamin
deficiencies

Endocrine/metabolic Cold intolerance; diuresis; fatigue; low body
temperature; pitting edema; poor skin turgor;
impaired temperature regulation; weakness

Carbohydrate intolerance; dehydration (e.g., increased urine
specific gravity, osmolality); electrolyte abnormalities (e.g.,
hypokalemia, hypomagnesemia, hypophosphatemia);
hyperamylasemia; hypercholesterolemia in anorexia
nervosa; hypercortisolism; hypoglycemia; hypothermia;
hypothyroidism (e.g., low T3, elevated TSH); lipid
abnormalities; low basal metabolic rate

Fluid/electrolyte/renal Decreased or increased urinary volume; dehydration;
diuresis; peripheral edema (cessation of laxative and
diuretic abuse); pitting edema

Decreased glomerular filtration rate; decreased serum
creatinine; hypochloremia; hypokalemia; hypomagnesemia;
hyponatremia; hypophosphatemia (especially on refeeding);
hypozincemia; increased blood urea nitrogen; ketonuria;
metabolic acidosis (laxative abuse); metabolic alkalosis
(vomiting); renal calculi; renal failure

Gastrointestinal Anorexia nervosa: abdominal pain, abnormal bowel
sounds; abnormal taste sensation (zinc deficiency);
bloating (abdominal distension with meals);
constipation; dehydration; delayed gastric emptying;
gastric dilation (rapid feeding); parotitis; vomiting

Laxative abuse: constipation; decreased intestinal
motility; diarrhea

Vomiters: dental caries; esophagitis; gastroesophageal
erosions; gastric tears; gastritis; gastroesophageal
reflux; heartburn; parotid hyperplasia

Abnormal liver function tests; increased serum amylase (in
purging); gallstones; increased pancreatic amylase;
pancreatitis

Gastric motility: delayed emptying

Endoscopy: Barrett esophagus or inflammation;
Mallory-Weiss (esophageal) or gastric tears or perforation

Stool guaiac: positive for purging or laxative abuse

Hematologic Fatigue; cold intolerance; bruising; clotting
abnormalities

Anemia (normocytic, microcytic, or macrocytic); leukopenia;
neutropenia; thrombocytopenia

Musculoskeletal Bone pain with exercise; delayed linear growth;
fractures (from bone loss); muscle wasting,
weakness, and aches; myopathy

Osteopenia or osteoporosis (decreased bone density); short
stature (arrested skeletal growth); stress fractures

Nutrition Low body weight; cachexia; dehydration;
hypothermia; weakness; vitamin and mineral
deficiencies (stomatitis, glossitis, diarrhea)

Hypoalbuminemia; low weight and BMI; low body fat
percentage; anemia; hypercholesterolemia; decreased serum
calcium, ferritin, B12, folate, niacin, thiamine, zinc

Reproductive Anorexia nervosa: amenorrhea; arrested sexual
development (atrophy of breasts, delayed puberty,
ovarian/uterine regression, regression in secondary
sexual characteristics); loss of libido; infertility;
oligomenorrhea; pregnancy complications and
neonatal complications (low weight gain and
low-birth-weight infant)

Decreased serum estradiol (women); follicle-stimulating
hormone and luteinizing hormone (prepubertal levels);
decreased serum testosterone (men)

BMI, body mass index; T3, tri-iodothyronine; TSH, thyroid-stimulating hormone.
Adapted from references 1–4, 30.
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Table 82-8 Laboratory Assessment and Monitoring

Patient Type Laboratory Parameter

All eating disorders Complete metabolic panel (serum electrolytes,
blood urea nitrogen, serum creatinine)

Thyroid functioning (T3, free T4, TSH)
CBC with differential
Urinalysis
Liver function tests: aspartate

aminotransferase, alanine
aminotransferase, alkaline phosphatase

Malnourished or
severely symptomatic

Serum calcium, magnesium, phosphorus,
ferritin

Electrocardiogram
24-hour urine for creatinine clearance

Amenorrhea for >6
months

Osteopenia/osteoporosis assessment (DEXA
bone density scan)

Women: serum estradiol, luteinizing
hormone, follicle-stimulating hormone,
β-human chorionic gonadotropin, prolactin

Men: serum testosterone
Other tests/screens Urine drug screens for suspected substance

abuse; serum amylase for vomiting; brain
magnetic resonance imaging and
computerized tomography for severe
malnutrition

CBC, complete blood count; T3, tri-iodothyronine; T4, thyroxine; TSH, thyroid-
stimulating hormone; DEXA, dual energy x-ray absorptiometry.
Adapted from reference 3.

Relapse prevention requires long-term outpatient psycho-
therapy as well as psychopharmacologic agents when appro-
priate.

Treatment of obesity generally does not involve hospitaliza-
tion, although the patient’s degree of overweight/obesity and its
impact on quality of life is an important consideration. Before
recommending treatment, assessment of the BMI, waist cir-
cumference, presence of obesity-related diseases, risk factors
for cardiovascular disease and related conditions, and patient’s
motivation to lose weight should be assessed.14 Patients should
also be screened for medical conditions and/or medications that
can increase the risk for obesity, and these underlying factors
should be corrected before recommending treatment.

ANOREXIA NERVOSA
Clinical Features

1. S.B., a 16-year-old girl, is referred to her physician because
of a 30-lb weight loss over the past 6 months and amenorrhea for
the past 9 months. She had a normal menarche at age 12 years
and reached her maximum weight of 140 lb at age 11. S.B. is a star
player on her high school tennis team and previously was involved
in gymnastics as a child. Her current weight is 98 lb and height
is 5 feet 5 inches. S.B. feels that her weight is perfect, because it
helps her move better on the tennis court, an opinion she believes
is reinforced by her coach. S.B. rarely eats three meals a day and is
on an extreme no-fat diet. She runs an average of 8 miles/day and
practices tennis 2 to 3 hours/day after school. Despite her parents’
concern about her weight, S.B. feels that if she gains weight, she
will be fat and unable to play competitive tennis.

Upon further questioning, S.B. admits to a previous weight
loss at around age 13 from 140 to 100 lb, which resulted in amen-
orrhea for 6 months. At that time, she was involved in gymnastics
and was told she needed to lose weight to stay on the team. S.B.
started exercising to burn off calories and skipping breakfast to
lower her caloric intake. At times, she became dehydrated and
had episodes of hypotension that resulted in dizzy spells. She also
took “diet pills” that a friend gave her, which made her heart beat
fast and caused insomnia. At times she had difficulty controlling
her diet and would binge on foods that were “bad”; this usually
only happened when she was under more stress at school and at
home. During this time, S.B. was on the honor roll and involved in
competitive gymnastics and tennis at her school. S.B. was referred
by her school nurse to the school psychologist because of the no-
ticeable weight loss. The psychologist recommended that she be
evaluated by her pediatrician to receive treatment for an eating
disorder. What characteristics does S.B. have that are related to
anorexia nervosa?

Anorexia nervosa, a condition of self-induced weight loss,
is characterized by a BMI ≤17.5, weight loss of at least 15%
of ideal body weight, a preoccupation with body weight and
food, behaviors directed toward weight loss, intense fear of
gaining weight, disturbances of body image, and amenorrhea
(Table 82-3).4 S.B.’s BMI is 16.3 (98 lb ÷ [65 in]2 × 703),
which fits the criteria for anorexia nervosa. The main clinical
feature of anorexia nervosa is a morbid fear of becoming fat
and losing control over eating.4 Anorectic behaviors include
restrictive dieting (e.g., drastically reducing the amount of food
ingested, minimizing foods high in fat and carbohydrates, and
vegetarianism), purging behaviors (e.g., self-induced vomit-
ing and excessive use of laxatives or diuretics), and stren-
uous exercise. The anorectic person often has a starved ap-
pearance that is caused by loss of subcutaneous fat tissue.30

Associated behaviors include looking in mirrors to check for
thinness, expressing concern about being fat, and preoccupa-
tion with food (e.g., collecting recipes, preparing elaborate
meals, hiding or hoarding carbohydrate-rich foods, throwing
away food, cutting food into small pieces, eating slowly). Per-
sonality traits include low self-esteem, sensitivity to rejection,
perfectionism, competitiveness, an extreme sense of responsi-
bility, excessive conformity, guilt, and an intolerance of angry
feelings.2 Sleep disturbances, depression, anxiety, phobias, so-
cial isolation, and sexual disinterest are commonly associated
with anorexia nervosa. Anorexia nervosa has been considered a
type of obsessive-compulsive disorder with obsessive thoughts
about food and weight and compulsive acts or rituals to allevi-
ate the thoughts or fears of being “fat.”1,30

Course and Prognosis

2. How does S.B.’s clinical course resemble others with
anorexia nervosa and what is her prognosis?

As illustrated by S.B., anorexia nervosa typically begins in
adolescent girls between the ages of 13 and 18 years (mean,
17) and rarely occurs after age 40.2 However, the incidence
of anorexia nervosa has increased in prepubertal children ow-
ing to overconcern and obsession about weight and dieting.1,68

The onset of anorexia nervosa frequently is associated with a
major change in life (e.g., leaving home for college) or after
a stressful life event. Anorexia usually begins with significant
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food deprivation (e.g., related to dieting, stress, or severe ill-
ness) along with strenuous physical exercising.3 Most patients
with anorexia nervosa are extremely overactive and obsessive
about exercise routines to burn off calories and induce weight
loss. Exercise is typically solitary and rigid, and patients feel
guilty if they do not exercise. Individuals like S.B., who have
occupational or athletic pressures to be thin (e.g., gymnasts,
figure skaters, long distance runners, ballet dancers, and mod-
els) are at increased risk for developing anorexia nervosa.2,3

Among males, wrestlers, body builders, and runners seem to
be at greatest risk for developing an eating disorder and for
abusing anabolic steroids.3

The course and prognosis for anorexia nervosa is variable
and individuals may only have a single episode, recurring cy-
cles of weight loss and weight gain, or a chronic deteriorat-
ing course that may result in death.1,2 Some individuals may
be overweight initially, then develop anorexia nervosa when
they start dieting, and later develop bulimia nervosa or obe-
sity. Approximately 30% to 50% of patients with anorexia ner-
vosa develop symptoms of bulimia during the course of their
illness.3 Approximately 45% to 50% of people with anorexia
nervosa or bulimia nervosa recover completely, approximately
30% achieve a partial recovery, 20% to 25% are plagued with a
long-term illness with no substantial change in symptoms, and
fewer than 10% of persons with anorexia nervosa die.1,3,30,69

Patients with anorexia nervosa may have extreme anxiety, rest-
lessness, and insomnia owing to food deprivation. Many pa-
tients who have recovered from anorexia nervosa continue to
suffer from social phobias and generalized anxiety, obsessional
thinking, compulsive behaviors, perfectionism, dysthymia, and
depression.3,30

In severe weight loss cases, hospitalization is required to
restore weight and correct electrolyte and fluid abnormali-
ties. Those who require hospitalization have higher rates of
mortality (∼6%–10%) secondary to suicide or from the phys-
ical effects of starvation.70 The mortality rate of anorexia
nervosa is approximately 0.56%/year, which is 12 times
higher than the mortality rate of young women in the gen-
eral population.3,71 Recurrent depressive episodes and sui-
cide have been reported in up to 5% of patients with chronic
anorexia nervosa.1 A follow-up study of women with eat-
ing disorders reported a 7.4% mortality rate with 4 out
of 10 deaths due to suicide in women with anorexia.72

Mortality rates among women with anorexia are higher in
those with low weight at intake, low serum albumin levels,
longer duration of illness, bingeing and purging, poor so-
cial functioning, and comorbid substance abuse and affective
disorders.73

Medical Complications

3. The physician treating S.B. is concerned about possible
medical complications caused by her anorexia nervosa. What lab-
oratory and other medical tests should be ordered when assessing
S.B. for her anorexia nervosa? What are the most common lab-
oratory abnormalities that you would expect to see and why do
they occur?

Starvation can affect all major organ systems and result in
serious laboratory, cardiac, bone, and brain abnormalities.1–3

Self-induced vomiting and the use of laxatives, diuretics, and

enemas also can cause physiologic changes and abnormal lab-
oratory tests (Tables 82-7 and 82-8). Appropriate laboratory
tests for evaluation of patients with anorexia nervosa include
the following: complete blood count, urinalysis, electrolytes,
lipid profile, serum albumin, amylase, renal function, liver
function, thyroid function, electrocardiogram (ECG), and a
bone density scan.3 Follicle-stimulating hormone, luteiniz-
ing hormone, prolactin, and estradiol levels should be as-
sessed in females and testosterone levels should be evaluated in
males.

In anorectic patients, the metabolic rate declines due to a
loss of body mass that causes a reduction of tri-iodothyronine.
Other abnormalities include elevated liver enzymes, increased
lipid metabolism resulting in increased free fatty acids, hypoal-
buminemia, fasting hypoglycemia, and glucose intolerance.
Hypokalemia from emesis or chronic diarrhea after laxative
abuse can cause skeletal and smooth muscle weakness, car-
diac conduction abnormalities, arrhythmias, and possibly, car-
diac arrest.30 Amenorrhea may occur early in the illness be-
fore significant weight loss has occurred (i.e., when BMI is
between 17 and 19) and can persist after weight gain, lead-
ing to infertility and bone loss. The decrease in bone density
correlates with the duration of amenorrhea in women with
anorexia nervosa.74 Bone loss and inadequate bone formation
(osteopenia and osteoporosis) may be caused by calcium, vita-
min, and micronutrient deficiencies; estrogen and testosterone
deficiency; hypercortisolemia; insulinlike growth factor-I de-
ficiency; and excessive exercise.74,75 Bone density is corre-
lated with caloric intake, fat mass, leptin levels, and BMI.
Studies have reported that young women with anorexia ner-
vosa may have a bone density similar to menopausal women
in their 70s and 80s.74 Although body density may increase
with weight recovery, osteopenia may be a permanent con-
sequence of the disease, resulting in significant morbidity
from bone fractures.74 In males, weight restoration leads to in-
creased testosterone levels, but 10% to 20% of men may have
some type of testicular abnormality secondary to prolonged
starvation.1

Treatment
Medical Management

4. The laboratory tests for S.B. indicate that she has a low tri-
iodothyronine level, mild anemia, an elevated blood urea nitrogen
(BUN), hypokalemia, and hyponatremia. T-wave inversions and
bradycardia are found on the ECG. Low estradiol and luteiniz-
ing hormone levels and reduced bone density on the bone scan
are reported. S.B. has orthostatic hypotension from dehydration
and is severely constipated. Physical examination reveals lanugo
(fine body hair), dry skin and hair, and atrophy of the breasts.
The physician recommends that S.B. be admitted to an inpatient
program that specializes in eating disorders. Based on S.B.’s pre-
sentation, does this patient require hospitalization? What is the
usual approach for correcting and monitoring these complica-
tions from anorexia nervosa?

Patients should be hospitalized for any of the following
conditions: rapid weight loss of >15% of body weight, hy-
potension with a systolic blood pressure <90 mmHg, brady-
cardia (heart rate, <50 beats/minute), core body tempera-
ture <97◦F, suicidal ideation, medical complications, and



EATING DISORDERS � 82-13

nonresponsiveness to outpatient treatment (after 3–4 months).3

S.B. should be hospitalized because of her medical complica-
tions of anorexia nervosa. Because the majority of medical
complications associated with anorexia nervosa improve with
nutritional rehabilitation, the first step in most eating disorder
programs is to restore weight, rehydrate, and correct serum
electrolytes under close medical supervision.1–3 Vitamin and
mineral deficiencies secondary to restricted dieting require
supplementation of vitamins, minerals, and electrolytes (potas-
sium, magnesium) along with nutritional refeeding.

The primary treatment for anorexia nervosa is to im-
prove overall nutritional status, restore weight, restore gonadal
function, and establish normal eating patterns (Table 82-6).3

Weight gain reduces the core symptoms of anorexia ner-
vosa and improves dysphoric mood and obsessive-compulsive
behaviors.16 A minimum goal weight is approximately 90%
of ideal weight for height using standard tables, but a final
“healthy” goal weight is the weight at which normal ovu-
lation and menstruation occur.3 Inpatient weight restoration
programs can increase weight at a rate of 2 to 3 lb/week,
whereas outpatient programs usually have lower weight goals
of 0.5 to 1 lb/week. Guidelines for calorie intake and mon-
itoring during refeeding can be found in the American Psy-
chiatric Association’s Practice Guideline for the Treatment of
Patients with Eating Disorders.3 Parenteral or enteral nutrition
is used for patients with severe undernutrition who are refrac-
tory to other methods of weight gain.3 Rapid refeeding and
weight gain are not recommended because they increase the
risk of a “refeeding syndrome,” characterized by gastric bloat-
ing, edema, cardiac changes, and congestive heart failure.71

Initial caloric intake of 30 to 40 kcal/kg/day (1,000–1,600
kcal/day) with progressive increase up to 70 to 100 kcal/kg/day
during the weight gain phase are usual standards for nutritional
rehabilitation.3 For the weight maintenance phase, intake of 40
to 60 kcal/kg/day is required to maintain growth in children and
adolescents.3

Weight gain results in improvement in psychological and
medical complications associated with starvation and patients
are more likely to participate and benefit from psychosocial
treatments. Treatment should continue for at least 3 to 6 months
after achieving the goal weight and until menstrual periods
resume.16 Cognitive and physiological abnormalities may per-
sist for months after achieving the goal weight, thus abnormal
eating behaviors and body image distortions may return with-
out a comprehensive treatment approach.16

Routine monitoring of laboratory tests (e.g., complete blood
count and platelets, renal and hepatic function tests, elec-
trolytes, BUN, urinalysis, ECG), weight, and vital signs is
required to assess medical status (see Table 82-8).2,3,76,77 Pa-
tients who are emaciated often have cognitive difficulties and
psychological changes that can interfere with their participa-
tion in behavioral and cognitive therapies.31 Patients with a
history of vomiting must be watched closely to prevent this
compensatory behavior during hospitalization. Cardiac moni-
toring (e.g., blood pressure, pulse, ECG) is indicated to assess
cardiac arrhythmias, ventricular tachycardia, or prolonged QT
interval.3

Bone density studies at baseline and at 6- to 12-month in-
tervals are recommended to assess lumbar spine bone density
and to determine the risk of compression fractures.74 Weight
restoration has been shown to be important in reversing men-

strual irregularities, pubertal delay, and bone loss that may
result in fractures.78 Prolonged amenorrhea (>6 months) has
been associated with irreversible osteopenia (loss of bone den-
sity), greater risk of osteoporosis, a higher rate of spine and
hip fractures, and infertility.74

Cognitive–Behavioral Therapy, Behavioral Therapy,
and Family Therapy

5. S.B. and her family meet with a psychologist from the eating
disorder’s program to receive education about anorexia nervosa
and to review treatment goals. At first, S.B. refuses to be admitted,
but her parents strongly support a structured program because
they argue about her eating behaviors and excessive exercising.
Because of the seriousness of her medical status, S.B. finally agrees
to participate in therapy. What are the standard therapeutic ap-
proaches for patients with anorexia nervosa?

Anorexia responds to a variety of psychotherapeu-
tic approaches that include individual, group, and family
therapy.1,3,31 Behavioral positive reinforcement programs (i.e.,
operant conditioning) and response–prevention techniques are
very helpful in reducing destructive eating behaviors. Positive
rewards, such as increasing social activities, visitations, and
physical exercise, can be used when preset weight gain goals
are met. Those who use self-induced vomiting after eating can
be observed for several hours after meals to prevent purging
behavior. These techniques can be modified for both inpatient
and outpatient programs to monitor progress toward treatment
goals.

Cognitive–behavioral therapy (CBT) helps patients to iden-
tify false thinking, distortions in processing and interpreting
events, and their relationship to mood and behavior.2 Patients
are encouraged to evaluate thoughts and feelings related to eat-
ing, fears, anxiety, and control issues. Cognitive techniques are
taught to help the person restructure his or her thought process,
to improve problem solving skills, and to better cope with life
stresses. Cognitive therapy can help the person to better under-
stand his or her overvaluation of being thin and obsession with
food.

Family counseling or therapy may be helpful in younger
adolescents, particularly if family dynamics or unfair parental
expectations are issues that increase stress.3 Individual and
family therapy provide opportunities to help patients under-
stand themselves and their relationships with others.

Pharmacotherapy

6. S.B.’s mother asks the attending psychiatrist in the eating
disorders program about medications used for anorexia nervosa.
The mother is also worried about S.B.’s depressed mood and
hopelessness about the future. The physician explains that psy-
chotropic medications usually are not effective in treating the pri-
mary symptoms of anorexia nervosa until the person has gained
at least 85% of their expected body weight. Are there any effec-
tive medications for anorexia nervosa? Which agent should be
recommended for S.B.?

Many pharmacologic agents have been tried in the acute
treatment of anorexia nervosa, but none have been shown to
be more effective than placebo. Malnourished patients may
be prone to side effects of medications, and some antidepres-
sant agents (e.g., TCAs) can increase the risk of dehydration,
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hypotension, arrhythmias, and seizures.3 The pharmacokinet-
ics of medications also can be altered in patients with anorexia
nervosa owing to changes in body fat and protein. For example,
hypoalbuminemia can result in more free (unbound) drug and
a decrease in body fat can reduce the volume of distribution
of fat-soluble drugs, resulting in increased steady-state plasma
levels.79 Because of the increased risk of drug toxicity, any
drug therapy should be started with very low doses that are
titrated gradually based on adverse effects. In one systematic
review, the literature on the efficacy of medications and behav-
ioral interventions for anorexia nervosa in adults and children
was weak or nonexistent.80

Serotonin-augmenting agents such as selective serotonin
reuptake inhibitors (SSRIs) are more effective in the treat-
ment of bulimia nervosa than in underweight patients with
anorexia nervosa.2,3 Patients with reduced dietary tryptophan
have low CSF serotonin levels; therefore, SSRIs may not work
owing to low serotonin production and release.2,16 After weight
gain and adequate protein intake, SSRIs are more likely to
have a therapeutic effect in weight-restored anorexic patients.
SSRIs such as fluoxetine may have a potential role in preventing
relapse in weight-restored individuals with anorexia.2 Antide-
pressants generally are reserved for patients with prominent
depressive or obsessive-compulsive symptoms that persist af-
ter weight has been regained.3 SSRIs are considered the safest
class of antidepressants and are the drugs of choice for comor-
bid anxiety, obsessive-compulsive-impulsive behaviors, social
phobia, and depression.2 SSRIs are better tolerated than other
classes of antidepressants (e.g., TCAs, monoamine oxidase
inhibitors [MAOIs]).3 Serotonin–norepinephrine reuptake in-
hibitors such as duloxetine and venlafaxine have not been ad-
equately studied. Bupropion, a norepinephrine–dopamine re-
uptake inhibitor is contraindicated in patients with anorexia
because of an increased risk of seizures.2

Antipsychotics, such as chlorpromazine and pimozide, were
initially used to treat psychotic-like obsessional thinking,
but there is no evidence that they are effective in anorexia
nervosa.2,16 Atypical antipsychotic agents with serotonin
antagonist effects (i.e., olanzapine, quetiapine, risperidone)
may exacerbate obsessive-compulsive disorder, worsen binge-
eating, and cause weight gain due to blockade of serotonin
receptors.16 Cyproheptadine (serotonin antagonist with anti-
histamine effects that increases appetite and promote weight
gain) has been tried in anorexia nervosa with mixed results.2

There is no evidence that mood stabilizers or anticonvulsants
help with the treatment of anorexia. Lithium carbonate has
been tried, but has a narrow therapeutic range and may cause
neurotoxicity at high plasma levels; it does not seem to be
effective in increasing weight gain.16

Estrogen replacement is inadequate to increase bone density
in patients with anorexia nervosa, particularly without weight
restoration and normalization of body fat composition.74,75

Oral contraceptives may cause weight gain, but have no ef-
fect on bone density.2 Calcium supplementation alone has not
been shown to increase bone density in anorexia nervosa.75

Controlled trials of zinc supplementation have been conducted
but results are mixed.1 Adequate nutrition, weight gain, cal-
cium and vitamin D supplementation, restoration of the regu-
lar menstrual cycle, and moderate weight-bearing aerobic ex-
ercise are currently the treatments of choice to maintain bone
density.74,75

Other agents have been used to treat anorexia nervosa. Ben-
zodiazepines (e.g., lorazepam 0.5–1 mg or oxazepam 15–30
mg) have been given before feeding to reduce anxiety symp-
toms, but these agents may cause CNS depression, dependence,
and withdrawal reactions. Clonidine has not been found to in-
crease weight or have therapeutic effects.16 Metoclopramide
and domperidone (dopamine antagonists) have been investi-
gated for increasing gastric emptying and reducing abdominal
distension and bloating, but there is concern about extrapyra-
midal reactions when these agents are used in high doses.2

BULIMIA NERVOSA
Clinical Features

7. S.B., now a 21-year-old woman, still struggles to maintain
her normal weight despite several relapses of her anorexia ner-
vosa. Since starting college, she has started gaining weight when
living in the dorms with a self-serve cafeteria. Over the past
year, rather than exercising excessively to keep the weight off,
she sometimes binge-eats at fast food restaurants late at night.
The binge-eating episodes have become very expensive and S.B.
has started shoplifting and stealing money to support her “habit.”
Currently, S.B. has been binge-eating at least three times a week
over several months. She is beginning to gain weight even though
she restricts food between bingeing episodes and induces vomit-
ing afterward to help control her weight. S.B. is very secretive
about her binge-eating and purging despite living in a sorority
house at college. She plans the episodes late at night and of-
ten drives into the country to consume the food and to vomit.
S.B. is scared of gaining weight, so she often does not eat for
several days between the binge-eating episodes and is thinking
about using laxatives to lose weight. What characteristics and be-
haviors of S.B. suggest that she may be suffering from bulimia
nervosa?

Many aspects of S.B.’s history are consistent with bulimia
nervosa with compensatory mechanisms (Table 82-4). She has
a long history of secretive bingeing and purging. Bulimia ner-
vosa is often a chronic disorder with multiple episodes of re-
lapse and remission that begins in late adolescence or in early
adult life between the ages of 15 and 24 years.1,3 Bulimia may
occur in normal weight, obese, or anorexic individuals, as is
the case with S.B. Binge-eating usually is preceded by emo-
tional factors (e.g., anxiety, depression, boredom, relationship
or family problems) or a stressful life event.3 Younger women
tend to have family problems or are seeking independence from
parents, whereas women older than age 20 are more likely to
have marital or relationship difficulties preceding the onset of
bulimia nervosa. Before the onset of the disorder, individuals
may be overweight and report periods of severely restricting
food intake, fasting, and using “fad” diets to lose weight.1

Binge-eating occurs when the person loses his or her control
over food restriction and becomes “out of control” when con-
suming food. Before starting to binge-eat, women can become
sweaty, tachycardic, anxious, and tense, all of which may be
related to starvation from dieting. During the bingeing episode,
a sense of freedom and a reduction in anxiety or negative
thoughts often is reported. Afterward, the person may feel de-
pressed, guilty, and anxious about gaining weight and try to
reduce these negative emotions with the act of vomiting.
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Course and Prognosis

8. How does the clinical course of S.B. resemble others with
bulimia nervosa and what is her prognosis ?

The course of the disorder may be intermittent, with peri-
ods of remission and recurrences of binge-eating, or it may be
chronic.1–3 Between binges, individuals often diet rigorously,
try to resist the urge to eat, and are fearful of weight gain. Over
time, the frequency and severity of the binge-eating increases
and bulimia nervosa develops. Low self-esteem, anxiety, guilt
about binge-eating, depression, impulsive behaviors, sexual
conflicts, and problems with intimacy are commonly found in
women with bulimia nervosa.3 In one sample of women with
eating disorders, 35% of women had relapse of bulimia nervosa
at the 9-year follow-up period; in addition, relapse was asso-
ciated with greater body image disturbances and psychosocial
dysfunction.81 Approximately 5% of those with bulimia ner-
vosa develop anorexia nervosa.30

9. In addition to bingeing, S.B. now admits to using laxa-
tives several times a day. She has also recently started smoking
cigarettes and occasionally uses cocaine for its euphoric and ap-
petite suppressant effects. How are these common compensatory
mechanisms used to prevent weight gain in patients with bulimia
nervosa?

Most binge eaters end the episode because they become
nauseated, full, or have discomfort.3,4,31 Several strategies are
used to reduce the fear of gaining weight. The most popular is
to reduce the amount of calories absorbed from the food they
have eaten by inducing vomiting or restricting food between
binges.31 As many as 80% to 90% of bulimic patients have
induced vomiting after an episode of binge-eating to decrease
abdominal discomfort and to reduce the chance of gaining
weight, and approximately 60% of patients regularly use self-
induced vomiting. Initially, individuals may use a variety of
methods to induce vomiting, such as gagging themselves with
their fingers, a toothbrush, or a spoon. Later, individuals may
be able to vomit without self-induction techniques.

Between 75% and 90% of binge eaters have abused lax-
atives during their illness but this method is less effective in
controlling body weight. Laxatives act primarily on the large
bowel to empty, but this occurs after food already has been
absorbed in the small intestine. Excessive laxative intake may
lead to electrolyte disturbances, particularly potassium defi-
ciency. Approximately 60% have used over-the-counter (OTC)
diet pills that may contain some form of laxative.

Some individuals may restrict food or starve between eating
binges, use excessive exercise, and ingest appetite-suppressant
products in an attempt to compensate for binge-eating. A
number of appetite-suppressing medications with sympath-
omimetic effects have addictive properties. Approximately
40% of binge eaters have used diuretics to lose weight, but
this only loses fluid weight and is ineffective for reducing en-
ergy from food. Approximately 10% use prescription anorectic
medications and at least 20% of bulimic patients abuse alcohol
or drugs.

Misuse of diuretics and enemas, consuming syrup of ipecac
to induce vomiting, or taking thyroid hormones are less fre-
quently used methods to reverse binge eating effects. Women

with eating disorders, especially in those who binge and purge,
seem to be at higher risk of smoking than controls.82

Medical Complications

10. S.B. has been experiencing constant headaches, muscle
cramps, and fatigue for several days and feels that she has the
flu. She makes an appointment at the student health clinic and
is evaluated by a nurse practitioner in a walk-in clinic. During
the physical examination, the nurse notes abrasions on the top
of her hand, hypertrophy of the salivary and parotid glands, and
enamel loss on her teeth. S.B. is dehydrated and complains of
chronic constipation. What signs and symptoms of bulimia ner-
vosa are present on S.B.’s physical examination? What laboratory
screening tests are recommended to rule out a medical diagnosis
or medical complications from bulimia nervosa?

Individuals with bulimia nervosa are usually within their
normal weight range; thus, medical complications, morbidity,
and mortality associated with weight loss or obesity are less
of a problem.3 Common physiologic changes and abnormal
laboratory tests associated with purging are listed in Table 82-
7. Baseline laboratory tests often include serum electrolytes,
a complete blood count, liver and renal function tests, thyroid
function tests, and an ECG (Table 82-8).3

Purging behavior can produce electrolyte abnormalities
(e.g., hypochloremia, hypokalemia, hyponatremia), fluid dis-
turbances, and dehydration.3,31 Metabolic alkalosis (elevated
serum bicarbonate) is associated with loss of stomach acid
through vomiting; metabolic acidosis may occur secondary
to diarrhea through laxative abuse. Hypokalemia occurs sec-
ondary to aldosterone secretion and increased potassium ex-
cretion from the kidneys, and through self-induced vomiting.31

Electrolyte disturbances can cause lethargy, weakness, and,
possibly, cardiac arrhythmias.

Permanent loss of dental enamel, especially on the front
teeth, and dental cavities are common secondary to the effects
of stomach acid.31 Enlargement or inflammation of salivary
glands (sialadenitis), particularly the parotid glands, from re-
current vomiting often is reported. Elevated serum amylase
owing to increases in salivary isoenzymes often results. Cal-
luses or scars on the dorsal part of the hand secondary to
trauma by the teeth (known as the Russell sign) is caused by
repeated self-induction of vomiting.83 Individuals who chron-
ically abuse syrup of ipecac to induce vomiting may develop
myopathy (e.g., muscle weakness, aching, hyporeflexia, slurred
speech) and/or cardiotoxicity (e.g., atrial premature contrac-
tions, supraventricular tachycardia, ventricular tachycardia,
flattened or inverted T waves, prolonged QT and P-R intervals,
changes in the QRS complex, decreased contractility, and car-
diac arrest).31 Ipecac contains a cardiotoxin that, in high doses,
may cause permanent necrosis of heart fibers and interstitial
edema.

Laxative abuse initially causes diarrhea, but continued use
may result in rebound fluid retention and electrolyte distur-
bances. A withdrawal syndrome associated with discontinua-
tion of laxatives is characterized by constipation, abdominal
bloating and cramping, agitation, and feeling “sick.” Diuretics
or OTC slimming tablets cause electrolyte disturbances, par-
ticularly potassium deficiency. Fluid retention may result when
long-term diuretic use is discontinued.
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Approximately 40% of women with bulimia nervosa have
irregular menstruation and 20% have amenorrhea. Menstrual
disturbances usually cease when body weight is stabilized and
when dangerous methods of weight control, including exces-
sive exercise and intermittent starvation, are stopped.

Treatment
Medical Management

11. The nurse practitioner feels that S.B. has bulimia nervosa
based on the physical examination and laboratory tests (serum
potassium, 3.0 mEq/L; BUN:creatinine ratio,>30; volume deple-
tion; scarring on the dorsum of the hand; and severe dental caries
and enamel erosion). She confronts S.B. about her eating habits
and recommends referral to a therapist and psychiatrist who have
experience in eating disorders. S.B. finally confesses about how
horrible she feels and asks for help. A plan is established that
includes a psychiatrist, therapist, and nutritionist to manage the
medical, psychological, and nutritional aspects of treatment. How
should physiologic complications be monitored and assessed in SB?

Individuals who seek medical help may not tell their physi-
cian about their eating habits; thus, bulimia nervosa may be
missed. Most patients with bulimia nervosa do not require
hospitalization unless there is a medical or psychiatric indi-
cation such as severe depression with suicidal thoughts, se-
vere concurrent drug or alcohol abuse, or a life-endangering
medical problem (e.g., severe hypokalemia, metabolic alkalo-
sis/acidosis, severe dehydration, acute pancreatitis, cardiomy-
opathy, cardiac arrhythmia).3,16 Common medical complaints
include GI problems (irritable bowel syndrome, spastic colon),
menstrual irregularities, depression, or panic attacks. Those
who seek treatment for bulimia nervosa have usually started
inducing vomiting or taking purgatives, or both. Patients with
self-induced vomiting should be monitored for esophageal
tears, dehydration, metabolic alkalosis (hypochloremia and hy-
pokalemia), elevated serum amylase, weakness and lethargy,
cardiac arrhythmias, erosion of dental enamel or dental caries,
and vitamin, electrolyte, and mineral deficiencies.3 Correct-
ing serum electrolyte abnormalities helps to reduce the risk of
medical complications such as cardiac arrhythmias. Individ-
uals who abuse ipecac require monitoring of blood pressure
(hypotension), heart rate (tachycardia), ECG to assess cardiac
failure, and liver enzymes. An echocardiogram may be needed
to diagnose cardiomyopathy.

Cognitive–Behavioral Therapy and Interpersonal Therapy

12. S.B. agrees to participate in an intensive outpatient eating
disorder treatment program that is coordinated through the stu-
dent health clinic. Her team feels that she will need help with
self-esteem development, coping skills, and adherence with treat-
ment, so they develop biweekly sessions to work on goals. What
are the standard nonpharmacologic therapies for patients with
bulimia nervosa or binge eating disorder?

Psychoeducational groups, nutritional counseling, self-help
manuals, and self-monitoring have all been used as treatments
for bulimia nervosa. However, the literature suggests that in-
dividuals who receive CBT have higher remission rates; thus,
this treatment should be considered the first-line treatment of
choice for most patients.2 Most patients benefit more from
structured CBT approaches, requiring an average of 20 ses-

sions over a 4- to 6-month period.3,16 Beside CBT, interper-
sonal psychotherapy may be useful in treating bulimia nervosa
and binge-eating disorder.2 Time-limited interpersonal psy-
chotherapy, up to 16 weeks, also has been shown to improve
interpersonal problems and role transitions and reduces bu-
limic behaviors over the long term. Reviews of psychological
and pharmacotherapy comparative studies for bulimia nervosa
and binge-eating disorders can be found elsewhere.1

Behavioral and cognitive techniques help individuals to
self-monitor their binge-eating and purging episodes and docu-
ment changes in mood and circumstances related to the binge–
purge behavior.2 CBT helps the person to examine distortions
in his or her thought processing and interpretation of events,
and uses cognitive restructuring to change the way he or she
thinks and reacts. Several studies have reported that CBT or
CBT in combination with antidepressants is more effective in
reducing bulimic symptoms than giving antidepressant med-
ications alone.2,3,16,84 CBT has been reported to be more ef-
fective than supportive psychotherapy and the addition of an
antidepressant may significantly improve depression and binge-
eating behaviors.85 Psychoeducational approaches along with
individual and group therapy are commonly used for CBT.
Behavioral therapy is used to stop the binge-eating and purg-
ing behaviors by restricting exposure to situations or cues that
trigger a binge–purge episode, by finding alternative behaviors
that are less destructive, and by delaying the purging response
to eating. Response prevention techniques are used to prevent
vomiting by placing an individual in a more restrictive envi-
ronment or situation where it is very difficult to vomit.

Pharmacotherapy

13. The psychiatrist has several individual sessions with S.B. to
assess the severity of the eating disorder and to rule out other psy-
chiatric or medical disorders. S.B. has mild symptoms of depres-
sion that do not meet the criteria for a major depressive episode.
Nicotine and cocaine help her mood, so S.B. wonders if an antide-
pressant would help her feel less anxious and reduce the urge to
binge and purge. The psychiatrist agrees that the comorbid sub-
stance abuse, mild depression, anxiety symptoms, and obsessive-
compulsive behaviors may respond to an antidepressant. What
medications have been used to treat bulimia nervosa? How safe
and effective are these agents, and how long should patients be
maintained on treatment?

If medications are required, antidepressants are considered
the drugs of choice for bulimia nervosa.1–3,16 Bulimic patients
do not need to be clinically depressed to benefit from treatment.
Several short-term, double-blind, placebo-controlled studies
have demonstrated that antidepressants are effective for reduc-
ing binge-eating and vomiting episodes, although some classes
such as TCAs and MAOIs have more adverse effects and may
not be tolerated.86,87 Serotonin-augmenting agents are the most
commonly prescribed antidepressants for bulimia nervosa and
binge-eating disorder and have a more favorable side effect pro-
file in comparison with other classes.16 Nutritional counseling
has been shown to be effective in bulimia nervosa and may
have beneficial effects when combined with SSRI treatment.88

Few long-term controlled studies have been done with antide-
pressants to evaluate if modifications in eating behaviors and
weight are maintained over time. Fluoxetine and fluvoxamine
combined with CBT was shown to be more effective than drug
therapy alone in the treatment of binge eating disorder at 1-year
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follow-up based on BMI and eating disorder rating scales.84

A summary of randomized controlled trials of antidepressants
versus placebo for bulimia nervosa can be found elsewhere.2

Fluoxetine was approved by the U.S. Food and Drug Ad-
ministration (FDA) in 1996 for the treatment of bulimia ner-
vosa. Higher daily doses of fluoxetine (60 mg/day) may be
superior to the standard antidepressant dose of 20 mg/day.16

Other serotonin-augmenting agents (e.g., citalopram, escitalo-
pram, fluvoxamine, paroxetine, sertraline, and venlafaxine)
are alternative treatments for bulimia nervosa or binge-eating
disorder.2,16 The efficacy and ideal dose of SSRIs other than
fluoxetine have not been established.16 Common side effects re-
ported with SSRIs include diarrhea, nausea, headache, insom-
nia, and sexual dysfunction. Bradycardia and hyponatremia
have been reported with SSRIs; thus, monitoring of heart rate,
blood pressure, and serum electrolytes is recommended, partic-
ularly for patients who use diuretics or have purging behaviors.

In a review of double- and single-blind, placebo-controlled
studies, TCAs, MAOIs, topiramate, ondansetron, and inositol
have shown some benefit in bulimia nervosa.2,89 Bupropion is
not recommended for the treatment of eating disorder patients
owing due to reported risks of seizures in patients with bulimia
nervosa.2 Topiramate, a novel antiepileptic agent, has been
reported to decrease binge-eating episodes and improve quality
of life in patients with bulimia nervosa in several double-blind,
placebo-controlled studies.2

Duration of antidepressant therapy is an important issue
because patients treated for at least 6 months have a better
long-term outcome than patients who receive shorter antide-
pressant trials.86 Only 50% of patients achieve a complete
remission after antidepressant treatment and a majority have
relapses after the initial intervention has stopped.16 Approx-
imately one-third of patients may relapse with prophylactic
antidepressant treatment.16 A rapid relapse of binge-eating be-
haviors has been reported when antidepressants are withdrawn
in both bulimia nervosa and binge-eating disorder.86 In general,
antidepressants should be prescribed for at least 6 months, and
some patients may require long-term prophylactic antidepres-
sant treatment.16 Daily recordings of mood and binge-eating
behaviors, weekly weighings, and close monitoring may have
their own therapeutic benefits as well.

OBESITY
Clinical Features

14. S.B., now 50 years old, is married and has 3 children. She has
been treated successfully for her eating disorders that she suffered
as a young woman and has lived without any complications for
several decades. Unfortunately, after 3 children, she has noticed a
slow but progressive increase in her weight over the past few years.
She is currently being evaluated at a chronic pain clinic for lower
back and knee pain secondary to degenerative joint disease. Her
current height is 5 feet 6 inches tall; she weighs 250 lb, has a waist
circumference of 40 inches, and is unable to move without signifi-
cant joint and back pain. In the past 15 years, she has developed di-
abetes, hypertension, and hyperlipidemia. S.B. is currently being
treated for depression and perimenopausal symptoms. S.B.’s cur-
rent medications include metformin, atenolol, atorvastatin, and
paroxetine. How is obesity defined and assessed in a patient like
S.B.? What common clinical features of obesity and risk factors
are useful for determining the need for treatment in S.B.?

Obesity is an excessive accumulation of body fat secondary
to poor appetite regulation and decreased energy metabolism.
Appropriate treatment of the overweight/obese patient requires
assessment of the degree of overweight and overall risk status.
The best method to determine the degree of overweight/obesity
is to measure the BMI, which is associated with total body fat
content.14 The waist circumference is an independent predictor
of risk factors and morbidity and correlates to abdominal fat
content.7,14 High relative health risks are seen in patients with
waist circumference >102 cm (40 inches) in men and >88
cm (35 inches) in women compared with patients with nor-
mal weight. Fat deposited around the waist seems to be more
likely than fat on the hips or thighs to lead to health risks such
as cardiovascular disease, insulin resistance, type 2 diabetes,
hyperlipidemia, and increased blood pressure. The waist cir-
cumference may not be as predictive or helpful in patients with
BMI >35 kg/m2 and height <5 ft.14 Waist:hip ratio indicates
regional fat distribution and increased health risk is seen in
patients with high intra-abdominal fat (waist:hip ratio >1 in
men and >0.8 in women).7 Skin-fold thickness can be used to
assess body fat at various sites, but measurements may vary
between observers and it does not provide information about
intramuscular or abdominal fat.7 S.B.’s BMI is 40.3 (250 lb ÷
[66 in]2 × 703), which is in obesity class III (extreme obe-
sity). To determine absolute risk and need for treatment of
overweight/obesity, clinicians should be familiar with related
diseases and other risk factors (Table 82-9).

Patients who are overweight/obese need to be monitored
for other cardiovascular risk factors as recommended by the
guidelines published by the National Cholesterol Education

Table 82-9 Conditions That Increase the Risk Status in
Overweight/Obese Patients

Disease Conditions Risk for Disease Complications, Mortality

Coronary heart disease Very high
Atherosclerotic disease
Type 2 diabetes mellitus
Sleep apnea

Other obesity-related diseases

Gynecologic abnormalities High
Osteoarthritis
Gallstones and complications
Stress incontinence

Cardiovascular risk factors

Cigarette smoking Very high if ≥2 risk factors
Hypertension
Increased LDL cholesterol
Low HDL cholesterol
Impaired fasting blood glucose
Family history of premature CHD
Age (men >45, women >55 or

postmenopausal)
Physical inactivity
High serum triglycerides

CHD, coronary heart disease; HDL, high-density lipoprotein; LDL, low-density
lipoprotein.
Adapted from reference 14.
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Program and the Joint National Committee on Prevention, De-
tection, Evaluation and Treatment of High Blood Pressure. The
impact of S.B.’s current medications for her various chronic
conditions and her limited mobility to participate in exercise
regimens should be taken into consideration. Patients’ moti-
vation to lose weight is a significant predictor of success or
failure in the weight management program. The willingness to
participate in a regimen may depend on past history of diets,
social support at home and workplace, patient’s understanding
of the illness, time, and financial burden.14 Obesity is consid-
ered a chronic medical condition because it causes multiple
physical complications.7 The greater the degree of obesity, the
harder it is for a person to lose weight permanently without
medical and behavioral interventions. Major depressive dis-
order, anxiety disorders, and low self-esteem are common in
obese patients owing to social prejudice and discrimination in
the work force.9

Course and Prognosis

15. S.B. has steadily gained weight since her early 30s after
the birth of her first child. She has always struggled with her
weight and has three other siblings who are obese. She has tried
more than 15 diets to lose weight, but each time she stops the diet
she regains even more weight. S.B. admits to overeating and, at
times, uses laxatives and OTC diet pills to help her control her
weight and appetite. What is the typical course and prognosis of
obesity?

Obesity is a chronic disease that can begin in childhood or
adolescence and can be characterized by a slow and steady
increase in body weight during adult life. In a retrospective
cohort study comparing long-term mortality of people under-
going bariatric surgery with obese patients in the control group,
the rate of death from any cause was 40% lower in the surgical
group.90

Overeating or binge-eating along with restrictive dieting
is a common occurrence among Americans and may be a
chronic lifelong problem that leads to obesity. Recent stud-
ies have shown that 10% to 25% of obese people regularly en-
gage in binge-eating behavior and that the greater their weight,
the more likely they are to be binge eaters16; at least 25% to
45% of obese individuals have symptoms that meet the cri-
teria for binge-eating disorder.9,16,83 Unlike individuals with
bulimia nervosa, obese binge-eaters usually do not vomit or
purge and may or may not restrict food intake between binge-
eating episodes. Obese binge-eaters often have a preoccupation
with their body shape and weight, but they have poor control
of their eating habits. Women tend to be more concerned about
their body shape and weight and are more likely to diet than
men. More than 80% of people who lose weight gradually
regain it; patients who continue on weight maintenance pro-
grams consisting of dietary, physical, and behavioral therapy
have a better chance of not regaining weight than those who
discontinue weight maintenance programs.14

Medical Complications

16. The physician in the pain management clinic is very con-
cerned about S.B.’s weight because of her current medical con-

ditions and the likelihood of further complications during her
lifetime. What are the most common medical conditions associ-
ated with obesity?

Obesity has a tremendous impact on physiologic function-
ing and medical illnesses. Obese people tend to die young,
and the more abdominal body fat, the greater the mortality.
Obesity-related medical conditions in the United States result
in 300,000 deaths per year and cost approximately $70 billion
in health care costs.91 Obesity is linked with many disabling
diseases such as diabetes mellitus (non–insulin-dependent and
insulin-resistant), pulmonary impairment (hypoventilation, hy-
poxia, hypercapnia, and sleep apnea), gallbladder disease
(gallstones and cholecystitis), cancers (colorectal, prostate,
breast, cervical, endometrial, uterine, and ovarian), osteoarthri-
tis (hips, knees, and back), gout, cardiac disease (hypertension,
stroke, congestive heart failure, and coronary heart disease),
increased cholesterol and triglycerides (TG) (increased low-
density lipoproteins and decreased high-density lipoproteins),
dermatologic problems (intertrigo and stretching of skin), and
menstrual irregularities.14,31 The Nurses Health Study showed
that the risk of developing diabetes in women with BMI >35
was 60 times higher than the lowest risk group (BMI <22
kg/m2).92 It is estimated that >60% of type 2 diabetes mellitus
cases are due to obesity.20 Weight loss helps to control diseases
associated with obesity and may even help prevent develop-
ment of these diseases. Weight loss has been shown to be bene-
ficial in lowering blood pressure, total cholesterol, low-density
lipoproteins, TG, blood glucose in patients with diabetes mel-
litus type 2, and increasing high-density lipoproteins.14

Treatment
Medical Management

17. The physician recommends that S.B. reduce her weight over
the next 12 months to help improve the quality of her life, reduce
the associated morbidity from related medical conditions, and
prolong her life. What would be appropriate goals for weight loss
with F.W.? What type of nutritional and exercise plan should be
recommended?

According to the National Heart, Lung, and Blood Insti-
tute guidelines, weight loss treatment should be initiated for
patients who are overweight, who have increased waist cir-
cumference plus two or more risk factors, or are obese (BMI
≥30).14 The general goals of weight loss and management
are to prevent weight gain, reduce body weight, and maintain
weight loss over a long period.14 Treatment options to facilitate
weight loss include moderate caloric restriction, medications
(e.g., appetite suppressants, lipase inhibitors), physical activity,
and behavior therapy. Obese patients (like S.B.) should strive
to lose 10% of baseline weight at a rate of 1 to 2 lb/week with
an energy deficit of 500 kcal/day over 6 months. Overweight
patients should ideally lose 0.5 lb/week with an energy deficit
of 300 to 500 kcal/day over 6 months. A low-calorie diet con-
sistent with National Cholesterol Education Program Step 1
or Step 2 diet has been shown to be most effective. A low-
fat diet does not decrease weight unless total caloric intake is
decreased. Total fat intake should account for 30% or less of
total calories consumed per day.14 Drastic caloric restriction is
difficult to maintain and may lead to reduced metabolism and



EATING DISORDERS � 82-19

overeating due to hunger. Severe caloric restriction and rapid
weight loss can be harmful and result in rebound binge-eating
behavior and weight gain.93

Increased physical activity can facilitate weight loss and is
essential in preventing weight gain. Overweight children and
adults should have at least 30 minutes of moderate-intensity
physical exercise daily (with a gradual increment of increasing
exercise by several minutes each day up to 30 minutes per day).
It has recently been shown that moderate exercise (e.g. 4 kcal/g
per week) can improve physiologic variables.94 Modest weight
loss is beneficial, because even a small amount of weight loss,
as little as 5%, is associated with significant improvements in
health status.

Obese patients should be evaluated for hypothyroidism be-
cause it is a potential cause of weight gain. However, use of
thyroid hormones to cause weight reduction in patients with
normal thyroid function is not recommended.

Nonpharmacologic Therapy

18. S.B. has never participated in a behavior modification
weight reduction or maintenance program. The physician recom-
mends that she attend weekly social support meetings and learn
more desirable behaviors for self-monitoring her diet and exer-
cise. What types of nonpharmacologic therapies or programs are
available for weight reduction and relapse prevention?

Behavioral modification programs using support groups, a
balanced diet, and exercise are most effective for mild obesity
(20%–40% overweight).31 Behavioral modification programs
(e.g., nutritional education, exercise, cognitive restructuring,
self-monitoring) are the most effective for overweight chil-
dren and help to motivate parents and children to alter their
lifestyles.14 Supportive family therapy is desirable, particu-
larly for obese children. Obesity may be related to cultural
attitudes, family eating behaviors, and social events involving
food. Relapse prevention should identify high-risk situations
or events that may cause weight gain so that the person can
learn new coping strategies to avoid overeating.

Because of the high demand by consumers, there are numer-
ous types of weight loss programs, diets, and products that may
or may not be effective. Individuals who want to lose weight
frequently seek out popular structured programs (e.g., Jenny
Craig, Weight Watchers). Other weight loss programs include
low-fat, low-sodium, vegetarian, soy, Atkins, and Zone diets.
Regardless of which weight loss program is chosen, patients
should select a program that emphasizes the following: (a)
counseling for lifestyle changes, (b) trained staff, (c) coping
strategies for stressful times, (d) weight loss maintenance, and
(e) flexible and appropriate food choices.95

Overall, a combination of low-calorie diet, behavioral mod-
ifications, and increased physical activity are most effective for
reducing and maintaining weight loss. These measures must
be attempted and maintained for at least 6 months before con-
sidering pharmacotherapy.14

Pharmacotherapy

19. S.B. asks the physician about medications that can help with
weight loss. What is the current status of pharmacologic agents for
obesity therapy? What are their mechanisms of action, efficacy,
and potential adverse effects?

A comprehensive treatment approach to obesity includes
a weight loss diet, exercise, supportive psychotherapy, and
behavioral modification techniques. If indicated, medications
such as an anorectic agent (to suppress hunger and appetite)
or a GI lipase inhibitor (to reduce fat absorption) may be
prescribed.96 Weight loss is possible for most patients, but the
main problem is that the vast majority of people regain the
weight over time.2 Obesity is a chronic, lifelong illness that
may require long-term medication therapy. Medication should
be considered only for patients with a BMI >30 kg/m2 with-
out risk factors or >27 kg/m2 with an obesity-related risk fac-
tor (Table 82-9).14 Anorectic medications or lipase inhibitors
should not be considered a replacement for diet, behavioral
modification, and exercise, but rather as add-on therapy.

Medications used for the treatment of obesity in the United
States are found in Table 82-10. Although there are many med-
ications with varying mechanisms of action that have been the-
orized to be effective for weight loss, currently marketed drugs
for weight loss do so by suppressing the appetite or decreasing
the absorption of fat.96 According to recent meta-analyses and
critical reviews, sibutramine and orlistat have been shown to
have consistent and sustained, albeit modest, weight loss effects
over other pharmacologic classes of drugs up to 1 year.97,98

AMPHETAMINES AND SYMPATHOMIMETICS
Amphetamines, dextroamphetamine, and sympathomimet-

ics have been used as appetite suppressants and thermogenic
agents for several decades.99 The enhancement of dopamin-
ergic activity is believed to be responsible for amphetamine’s
rewarding, reinforcing, and addictive properties.100 Because
of their euphoric properties and risks of drug abuse, am-
phetamines are schedule II controlled agents and are not
routinely used for weight loss.101 Additional concerns with
sympathomimetics are the potential for rebound binge-eating,
weight gain, lethargy, and depression when the medication is
discontinued.31 Other centrally active appetite suppressants
that augment catecholamines (e.g., phentermine, mazindol,
phendimetrazine, and diethylpropion) were developed for the
treatment of obesity and may have a lower incidence and sever-
ity of CNS side effects compared with the amphetamines.99

Although amphetamines and sympathomimetics may be
quite effective for weight loss, they are not without signifi-
cant risks. Fenfluramine and dexfenfluramine were voluntarily
removed from the United States market in 1997 due to studies
linking their usage to valvular heart disease and primary pul-
monary hypertension.102 As of April 2004, the FDA has pro-
hibited the sale of dietary supplements containing ephedrine al-
kaloids (ephedra) owing to the many reports of serious adverse
effects (e.g., stroke, seizures, and death).103 Ephedrine (found
in ephedra and ma huang) was included in several OTC and
herbal products that promoted their ability to increase energy
expenditure, thus causing weight loss. Phenylpropanolamine
(PPA), a popular synthetic catecholamine that was widely
found in OTC weight-loss products and decongestants, was
also voluntarily withdrawn in 2000.104 PPA increased satiety
by stimulating norepinephrine and dopamine release in the
hypothalamic feeding center, but studies found an increased
risk of hemorrhagic stroke in women who took appetite sup-
pressants containing more than 32 mg/day PPA.105 Because of
significant adverse effects of sympathomimetics, these agents
are no longer recommended for weight loss.
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Table 82-10 Medications Marketed or Used for the Treatment of Obesity

Generic Name Trade Name Dosage DEA Schedule or Class

Amphetamine/dextroamphetamine Adderall
Biphetamine

5–30 mg/day
12.5–20 mg/day

IIa

IIa

Benzphetamine hydrochloride Didrex 25–50 mg one to three
times daily

III

Dextroamphetamine
Immediate release Dexedrine 5–10 mg before meals IIa

Extended release Dexedrine 10–30 mg IIa

Diethylpropion hydrochloride
Immediate release Tenuate 25 mg TID; 75 mg AM IV
Controlled release Tenuate Dospan 75 mg AM IV

Ephedrine Various products 20–60 mg/day OTC
Mazindol Sanorex 1 mg TID; 2 mg AM IV
Methamphetamine hydrochloride

Immediate release Desoxyn 2.5–5 mg before meals IIa

Orlistat Xenical, Alli 120 mg TID, 60 mg TID Prescription, OTC
Phendimetrazine tartrate Bontril, Plegine, Prelu-2,

X-Trozine
35 mg TID; 105 mg AM III

Phenmetrazine Preludin 25 mg BID–TID IIa

Phentermine
Hydrochloride Adipex-P, Fastin, Oby-Cap,

Phentride
8 mg TID; 30–37.5 mg AM IV

Resin Ionamin 15–30 mg AM IV
Sibutramine Meridia 5–15 mg/day IV

aHigh abuse potential, not recommended for routine or long-term use.
BID, twice a day; OTC, over the counter; TID, three times a day.
Adapted from references 53 and 125.

ANTIDEPRESSANTS
Serotonin- and/or norepinephrine-augmenting agents (e.g.,

serotonin or norepinephrine reuptake inhibitors) are the most
effective agents for suppressing appetite drive and reducing
weight. For obese binge-eating patients, SSRI antidepressants
such as fluoxetine have been used successfully to reduce binge-
eating behavior, but this is not always associated with weight
loss.65 The reason for the weight regain is unclear, but may
relate to the development of tolerance or the lack of frequent
follow-up visits.106 In a recent meta-analysis, high-dose fluox-
etine was shown to produce a pooled weight loss of 4.74 kg at
6 months and 3.15 kg at 12 months.98 Studies with other SSRIs
are either lacking, limited by small sample size or have shown
nonsignificant results.98 Bupropion, an antidepressant that in-
hibits dopamine reuptake, has been shown to have some weight
loss (2.77 kg) effects at 6 and 12 months when combined with
other weight loss measures (diet, exercise).98 Antidepressants
that have histamine-antagonist effects (i.e., TCAs) or block
serotonin receptors (e.g., mirtazapine) cause sedation and in-
crease appetite and weight, and thus should not be used in
obese patients.63

SEROTONIN/NOREPINEPHRINE REUPTAKE INHIBITORS
Sibutramine (Meridia), a prescription medication marketed

for weight loss, is structurally related to amphetamines (β-
phenylethylamine) and is classified as a schedule IV con-
trolled agent.107 Sibutramine and its two active metabolites
inhibit the reuptake of serotonin and norepinephrine and, to a
lesser extent, dopamine, thereby increasing concentrations of
these neurotransmitters in the brain.107–109 By increasing sero-
tonin and norepinephrine activity, α-adrenergic, β-adrenergic,

and serotonin2A/2C receptors are stimulated, which in turn
causes a downregulation of α- and β-adrenergic and sero-
tonin receptors.44,107 This promotes a sense of satiety and
thus decreases appetite. A synergistic interaction between nor-
epinephrine and serotonin has been shown to maximize reduc-
tion in food intake.100,110 When a norepinephrine or serotonin
reuptake inhibitor is given alone, food intake generally is not
altered unless these agents are given in significantly higher
dosages. Sibutramine also is thought to cause a sympathetic
stimulation of brown adipose tissue (thermogenesis to increase
glucose utilization) via the β3-adrenoceptors.100,110

In a recent meta-analysis for long-term administration of
sibutramine, including 10 trials and more than 2,600 pa-
tients, sibutramine reduced weight by 4.3% over those tak-
ing placebo and increased the percentage of patients achieving
successful weight maintenance.97 In addition, cardiovascular
risk profiles also improved with sibutramine (increased high-
density lipoprotein cholesterol and lower TG concentrations).
It should be noted that sibutramine was associated with eleva-
tions in diastolic and systolic blood pressure as well as heart
rate.

In a 1-year trial, 224 obese patients were randomized to
receive sibutramine alone, lifestyle modification counseling
alone (in group sessions), sibutramine plus group sessions of
lifestyle modification, or sibutramine plus brief lifestyle modi-
fication counseling by a primary care provider. All patients
were restricted to a 1,200 to 1,500 kcal/day diet and similar
exercise regimen.111 Patients who received the drug and group
sessions of lifestyle modification lost the most weight (an av-
erage of 12.1 kg) versus those in the other groups, who only
lost about half the average weight. It should be stressed that
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sibutramine should always be combined with lifestyle modifi-
cations.

Common adverse effects of sibutramine include headache,
decreased appetite, dry mouth, constipation, and insom-
nia.108,112 Other less common side effects include sweating,
irritability, excitation, dizziness, insomnia, and increases in
blood pressure and heart rate (increase in blood pressure by
1–3 mmHg and in heart rate by 4 to 5 beats/minute). Frequent
blood pressure and pulse rate monitoring is recommended be-
cause these cardiovascular effects are believed to be dose re-
lated. Sibutramine must be used cautiously in patients with
high blood pressure and its use is not recommended in patients
with heart disease, congestive heart failure, conduction disor-
ders (arrhythmias), or stroke. Sibutramine is absolutely con-
traindicated in patients taking certain CNS medications that
increase levels of norepinephrine or serotonin (e.g., MAOIs)
and other centrally acting appetite suppressants. Precautions
should be taken in patients who are coadministered lithium, an-
timigraine agents (e.g., sumatriptan, dihydroergotamine), and
some opioid analgesics (e.g., tramadol, dextromethorphan).
Drugs that inhibit liver enzymes (cytochrome P450 3A4),
such as ketoconazole and erythromycin, can increase serum
concentrations of sibutramine. Sibutramine is well absorbed
and has high first-pass liver metabolism to produce two active
metabolites, both with long elimination half-lives of 14 to 16
hours.108 Initial dosing of sibutramine is 10 mg once daily with
or without food (typically in the morning) and the dose can be
increased to 15 mg once daily if needed. A 5-mg dose is avail-
able for patients who do not tolerate the recommended starting
dose.

LIPASE INHIBITORS
Orlistat (Xenical), an FDA-approved weight loss medica-

tion, works to reduce dietary fat absorption by inhibiting GI
(stomach and pancreas) lipase activity.113,114 In February 2007,
the FDA approved the OTC marketing of orlistat under the trade
name, Alli.115 Orlistat is a hydrogenated derivative of lipstatin
(a naturally occurring lipase inhibitor produced by Strepto-
myces toxytricini) that is a potent inhibitor of lipases and weak
inhibitor of other intestinal hydrolases.114 Gastric and pancre-
atic lipase are enzymes that play a pivotal role in the digestion
of dietary fat (TG). Before digestion and absorption of dietary
fat is possible, each TG molecule must be hydrolyzed by lipase
enzymes into absorbable products—two fatty acid molecules
and one 2-monoacylglycerol molecule. Orlistat inhibits lipase
by binding to and inactivating the enzyme. Subsequently, TG
cannot be absorbed, and approximately 30% of ingested fat
is excreted in the feces.114 The therapeutic activity of orlistat
takes place in the stomach and small intestine and effects are
seen as soon as 24 to 48 hours after dosing.

Orlistat does not exert appetite suppressant effects, has no
CNS effects, and has no systemic absorption.114 It is most
effective if combined with a reduced fat and calorie diet113

and is indicated to reduce the risk of weight regain after prior
weight loss. It also is indicated for obese patients with an ini-
tial BMI ≥30 kg/m2 or ≥27 kg/m2 in the presence of other
obesity-related risk factors. In a recent meta-analysis, orlis-
tat was shown to produce less weight loss (2.9 kg) than sibu-
tramine; orlistat also improved blood pressure, low-density and
high-density lipoprotein concentrations.97 GI adverse events
were common, although there was no report of vitamin defi-
ciencies. Orlistat may also reduce the risk of related diseases;

in a 4-year study, orlistat plus lifestyle changes was associ-
ated with a 37% risk reduction of diabetes in over 3,300 obese
patients.116

The most common adverse effects associated with orlistat
include GI problems (loose stools, oily spotting, flatus with
discharge, fecal urgency, fatty/oily stools, increased defeca-
tion, fecal incontinence, bloating, and cramping).117 The most
common adverse events reported are fatty/oily stool, fecal ur-
gency, and oily spotting. The most common non-GI adverse
effect was headache (6%). Side effects usually develop early
in treatment and persist for 1 to 4 weeks, but occasionally last
longer than 6 months. Because GI adverse effects are worse
with a high-fat diet, orlistat may enhance dietary compliance
with a low-fat diet.

Orlistat may reduce the absorption of fat-soluble vitamins
(A, D, E, and K) and patients should take a multivitamin supple-
ment that contains these vitamins.117 The supplement should be
taken once a day at least 2 hours before or after the administra-
tion of orlistat, such as at bedtime. Orlistat may interfere with
vitamin K absorption and potentiate the bleeding effects of war-
farin. Orlistat may also reduce the absorption of amiodarone
and cyclosporine. When used in diabetic patients, weight loss
may be accompanied by improved control of diabetes, which
requires a reduction in doses of diabetic medications, includ-
ing insulin. Orlistat has additive effects when combined with
lipid (cholesterol)-lowering agents such as pravastatin; thus,
the dose of statins may be reduced.114 The dosage of pre-
scription orlistat in adults is 120 mg three times daily (OTC
dose is 60 mg three times daily), during (or up to 1 hour af-
ter) each main meal containing fat. If a meal occasionally is
missed or contains no fat, the dose may be omitted. Dosages
exceeding 120 mg three times daily do not provide additional
benefit.

MISCELLANEOUS AGENTS
Topiramate is a second-generation antiepileptic agent which

acts as an agonist at γ -aminobutyric acid (GABAA) recep-
tors and as an antagonist at non–N-methyl-d-aspartic acid
glutamate receptors. It has been shown to produce a dose-
dependent weight loss between 1 and 8 kg and may also produce
weight loss in patients with bipolar affective disorder.118 In a
pooled analysis of 6 studies with wide range of dosages, top-
iramate produced a 6.5% weight loss compared with placebo
at 6 months.98 Paresthesia, CNS, and GI effects were com-
monly seen at higher doses. Zonisamide has been recently
studied in randomized controlled trials for weight loss in obese
patients with and without binge-eating.119,120 One double-
blind, placebo-controlled study showed that the active treat-
ment group lost an average of 6% of baseline body weight
compared with the placebo group at the end of 4 months.119

In the binge-eating population, tolerability was low for zo-
nisamide and resulted in a 20% dropout rate.120

20. S.B. is willing to try a pharmacologic interventions along
with behavioral modification, but she has heard about the use of
surgery to reduce the size of her stomach. When should surgical
intervention be used? What are potential complications related
to surgery and postsurgical precautions?

Surgery
Surgery should be used only for morbidly obese individuals
(BMI ≥40 or ≥35 kg/m2 with comorbid conditions) in whom
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behavioral or pharmacologic treatments have failed.121 For
severely obese patients (>100% over normal weight), the most
effective treatment is a surgical procedure to reduce the size of
the stomach. Surgical procedures either reduce the absorptive
surface of the GI tract resulting in malabsorption, or reduce
the stomach volume so that the person feels full after a smaller
meal. According to recent guidelines, gastric banding, vertical
banded gastroplasty, Roux-en-Y gastric bypass, and biliopan-
creatic diversion are effective options, although the degree of
weight loss and complications may differ.122 Gastric bypass has
been shown to produce a greater weight loss compared with
gastroplasty procedures.123 In addition, laparoscopic (vs. open
surgical approaches) may be preferred for reducing postopera-
tive complications and hospital stay.122 The mortality rate from
bariatric surgery is estimated to be 0.3% to 1.9% and literature
has shown that centers who perform surgeries at high volume
have better outcomes.96

Some of the complications of bariatric surgery include nau-
sea, stomach ulceration, stenosis, anemia, and cholelithiasis.
Postsurgical precautions include careful evaluation of meal
sizes and timing along with meal content, especially immedi-
ately after surgery. Patients should be aware that they will not
be able to resume their normal eating habits and they should
be properly educated on lifestyle modifications for mainte-
nance of weight loss. In addition, medications and adequate
intake of necessary nutrients are important considerations af-
ter surgery. Medication such as nonsteroidal anti-inflammatory
drugs, salicylates, and bisphosphonates may cause ulcerations
and medications that are delayed- or extended-release may
not be absorbed owing to changes in gastric size.124 Medi-
cations may need to be administered using liquid formulation
and other dosage routes. Transdermal formulations need to be
carefully dosed to account for changes in body surface area
postsurgically.124
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DEFINITIONS
Physical addiction or dependence occurs when repeated ad-
ministration of a drug causes an altered physiologic state (neu-
roadaptation). Following neuroadaptation, a characteristic set
of withdrawal symptoms occurs when the drug is abruptly dis-
continued. Psychological addiction or psychological depen-
dence refers to a “maladaptive pattern of substance use leading
to clinically significant impairment or distress.”1 Habituation
is a state of either chronic or periodic drug use characterized
by a desire (but not a compulsion) to continue using the drug,
no tendency to increase the dose, and an absence of physical
addiction despite some degree of psychological dependence.

These conditions collectively are now thought of as addic-
tive disease. A different clinical syndrome is associated with

each drug, but all involve a chronic process with progressive
deterioration of psychological and physiologic activity sec-
ondary to the habitual use of a drug. Although the neuro-
chemistry of the addictive process is possibly the same for
all drugs, the psychosocial and pharmacokinetic aspects vary
from drug to drug. Evidence, consistent with models estab-
lished for alcoholism, indicates that genetically inherited traits
may result in expression of addictive disease when the per-
son is exposed to certain drugs and other habituating psychic
stimuli.2

The Diagnostic and Statistical Manual of Mental Disorders,
fourth edition (DSM-IV) cites criteria for substance-related dis-
orders and divides them into two groups: the substance use dis-
orders (including criteria for distinguishing between substance
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dependence and substance abuse) and the substance-induced
disorders (intoxication, withdrawal, and others).1

DRUG CULTURE
The drug-using population has developed colloquialisms re-
ferring to specific drugs as well as many of the aspects of their
drug-using lives. Clinicians encountering unfamiliar expres-
sions should simply ask the patient to explain any terms that
are not mutually understood. Most patients are surprisingly
willing to describe their drug use if they trust the clinician’s
ability to help them.

It is worthwhile to look at the business aspects of the illicit
drug trade to gain some perspective on the accuracy of histori-
cal information provided by the patient. The supply of drugs to
the illicit marketplace is subject to the demand for such com-
modities and obeys laws of economics just as other businesses.
Nevertheless, some notable differences exist. There is no
quality control at illicit drug laboratories such as that man-
dated by the US Food and Drug Administration (FDA) for
legally sanctioned pharmaceutical manufacturers. Premarket-
ing research for efficacy and safety is not of concern to illicit
drug laboratories. The chemicals that the underground chemist
must use to synthesize the desired products are to some degree
controlled and monitored by the “narcs” (law enforcement of-
ficers, specifically plainclothes narcotics officers). As a partic-
ular drug synthesis process becomes known to law enforce-
ment authorities, the sale of the required chemicals becomes
restricted, and the illicit drug chemists will use alternate meth-
ods of synthesis, sometimes with unpredictable results. The
dealer (drug seller) is generally attempting to maximize prof-
its and may dilute the relatively expensive drug with cheaper
sugars, local anesthetics, and other substances. Frequently, a
cheaper or more readily available chemical is substituted for
the one desired by the customer (e.g., ephedrine sold as am-
phetamine). Generally, substituted drugs are in the same phar-
macologic class; otherwise, the customer would not obtain the
desired psychic effect and would not purchase more drug from
that dealer. Nor will a dealer wish to put any acutely toxic
chemical in the drugs sold because such an action discourages
further purchases.

Despite a trend toward drugs of higher purity in the illicit
marketplace, clinicians should be aware that the patients often
do not really know which drug they have taken. Any history ob-
tained from users concerning drug use should be substantiated
by looking for the expected physical symptoms and obtain-
ing appropriate laboratory studies. Any paraphernalia, such as
syringes or drug samples, brought to the clinician may pro-
vide valuable evidence to explain a pathologic state. Needles
should be considered infectious and should never be handled;
they should be promptly discarded into appropriate needle dis-
posal boxes.

URINE SCREENING

1. J.R., who is applying for a new job, has been told that his
pre-employment physical will include a urine drug screen. He is
worried because for the past 6 months he has been smoking one
joint (i.e., cigarette) of marijuana per day, using cocaine twice
per week, and drinking a half-pint of brandy to sleep on the days
when he has been using cocaine. He last used these drugs 1 week

ago. Now he wants to know if he can cleanse his urine of drugs in
2 days by drinking lots of water and exercising heavily. What is a
reasonable answer to his question?

Drug users try several methods to avoid detection of il-
licit drugs in their urine. In addition to exercise and hydration,
attempts at enhancing excretion include taking diuretics (at-
tempted forced diuresis), drinking vinegar or cranberry juice;
taking vitamin C (attempted pH manipulation for ion trapping
of drugs in the urine and enhancing excretion); taking saunas
(attempted hastening of drug elimination from fat stores); buy-
ing clean urine from a drug-free individual (assumes that the
urine collection is unobserved so the switching of samples
can be accomplished); and adding bleach, isopropanol, or salt
(NaCl) to the urine sample (inactivates the enzymes used by
the popular immunoassay “urine drug screen” systems). Com-
mercial products specifically created for the purpose of adul-
terating urine samples (“Urinaid,” “Urine Luck,” “Klear”) are
widely available in head shops (commercial establishments that
sell drug paraphernalia) and on the internet. These products ei-
ther destroy the drug or interfere with the assay. Most of these
methods are derived from research literature describing the
immunoassay techniques. Although each of the above tech-
niques may decrease the urinary concentration of a drug to
some small degree, none of these methods will enhance the
total body clearance of drug. Dehydration (e.g., from diuret-
ics) may actually increase the effective drug concentration in
the urine, allowing easier detection. Forced fluid administra-
tion, resulting in a greatly increased output of dilute urine, or
adding water to the specimen in an effort to lower the drug
concentration below the cutoff level of the assay may result in
a false-negative result, but this technique is often detected by
the laboratory by measuring the creatine concentration and the
specific gravity of the urine.3

The immunoassay techniques used for drug detection are
not 100% accurate. Several medications (over-the-counter
and prescription), foods, and workplace chemicals are cross-
reactive and may produce false-positive results for certain in-
toxicating drugs. For example, diphenhydramine and queti-
apine in the urine can cause a false-positive result for
methadone, cloxacillin may test positive for benzodiazepines,
fluoroquinolones may cross-react with assays for opiates,
efavirenz may cause a false-positive result for marijuana,
ephedrine may cause a false-positive test result for am-
phetamines, and tramadol and venlafaxine have caused false-
positive test findings for phencyclidine.3−8 Current product
information should be studied for specific test systems, which
are constantly being altered to minimize spurious results.

Many factors influence the length of time a drug can be de-
tected in body fluids (e.g., individual metabolism and excretion
rates); therefore, drug detection periods are rough estimates.
Urine tests for most drugs of abuse are usually negative within
a week of the last use. Heavy, chronic use of marijuana or phen-
cyclidine may, however, produce positive urine results for up
to several weeks.9 Drug testing does not pick up sporadic use
that falls outside of these ranges, nor does it indicate chronic-
ity of use. A positive test obtained by random screening is as
likely to represent first-time use as it is chronic use.10 Drug test
results should be interpreted only by persons familiar with the
laboratory technology and the pharmacokinetics of the drugs
being tested.
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Hair, saliva, and sweat testing for abused drugs is gaining
popularity. Abused drugs can be detected for a longer time
in hair. A question of racial bias in hair testing has been
raised because the coarse hair of some blacks may absorb
proportionately more cocaine than the hair of whites.10 Com-
mercial products to clean the hair and saliva have also become
available to beat these drug tests.11

Passive exposure to drugs resulting in a positive urine test
is possible but highly improbable. It would take exposure to
the smoke from 30 marijuana joints in a small, unventilated
space to produce a positive urine drug screen.3 Passive ex-
posure to drugs may be problematic, however, with the hair
testing method.10

Therefore, J.R.’s urine is likely to be positive only for mar-
ijuana when he is tested, assuming he uses no drugs in the
meantime. Forced fluids and exercise will not affect his uri-
nary drug tests.

OPIOIDS
Abuse of opioids includes illicit drugs, such as heroin, and
the nonmedical use of prescription pain relievers. According
to the Drug Enforcement Administration (DEA), prescription
pain relievers appear to be increasingly diverted from legiti-
mate and illegitimate sources of supply via the internet.12 In
the 2006 National Survey on Drug Use and Health, the rate
of past month and past year use among persons aged 12 years
or older reporting nonmedical use of pain relievers was sec-
ond only to marijuana and far surpassed those of cocaine and
heroin. The survey reported 5.2 million Americans had used
prescription pain relievers nonmedically in the past month.13

Diverted oxycodone is generally sold as 20- or 40-mg tablets
at $1 per milligram.14

Heroin

2. D.J., age 28, has been “fixing” (injecting) two “quarter bags”
($25 worth) of “junk” (heroin sold on the street) daily for about a
month. This “run” (daily use) began when he met a new “connec-
tion” (drug supplier) at a party. D.J. describes a steady supply of
“Mexican tar.” He explains he began smoking the heroin but has
now progressed to injecting. What is “Mexican tar”?

Over the past 2 decades, a dramatic shift occurred in the
heroin market in the United States. Southeast Asia, formerly
the dominant supplier, has been replaced by South America,
particularly in the East, and in the West, “Mexican tar” or
“black tar” heroin from Mexico is the predominant form. The
South American heroin (sold as a white powder) is frequently
>90% pure, and this has resulted in increased availability of
high-purity heroin from all sources. According to the Office of
National Drug Control Policy, South American heroin ranges
from 40% to 95% pure, and Mexican black tar heroin ranges
from 5% to 64% pure.14 This has led to a new, younger user
population, who can smoke or snort this high-purity heroin and
avoid the stigma and hazards associated with needle use. As
the addiction progresses and the user’s “habit” (amount used
daily) increases, however, the user will often begin injecting
the drug. The DEA estimates there are roughly 800,000 heroin
addicts in the United States. The 2006 National Survey on
Drug Use and Health, which does not survey institutionalized
populations, found the number of current heroin users in the

United States had increased from 136,000 in 2005 to 338,000
in 2006.13

Heroin is often sold in glassine bags referred to as “dime”
($10) or “quarter” ($25) bags. A dime bag contains 40 to 50 mg
of heroin.15 Mexican tar, which looks and feels like sticky
black roofing tar, is sold as a gummy, pasty chunk, the size of
a matchhead, which is enough for two to five doses. The cost
of a chunk of Mexican tar this size is $20 to $25. The cost of
heroin dependence can range from $20 to $200/day, depending
on the level of use.

Heroin Addiction

3. D.J. developed a “big habit” (tolerance developed, and his
daily requirement of drug to maintain euphoria had increased).
He could not “hustle” (obtain by any means) any more cash
on a daily basis. When he tried “kicking” (abrupt cessation of
drug use) the drug “cold turkey” (without any therapy for with-
drawal symptoms), he became “dope sick” (typical heroin with-
drawal symptoms), which was extremely unpleasant. He has been
“chipping” (using only occasionally) since his withdrawal. Is D.J.
“hooked” (addicted)?

Abstinence precipitated a withdrawal syndrome in D.J.;
therefore, he is by definition physically addicted to heroin.
The powerful ability of the drug to rapidly alleviate with-
drawal symptoms results in reinforcement to continue using
the drug. D.J.’s ongoing desire to continue using heroin despite
his inability to afford it and his all-day hustling constitutes a
psychological dependence on heroin.

Noticeable opioid physical dependence is highly variable,
but it is assumed that the potential for an abstinence syndrome
exists after repeated administration for only a few days.16

Opioid Withdrawal

4. D.J. arrives at the detoxification clinic 10 hours after his last
dose of heroin. He is sweating and shaking and keeps yawning.
Should he be treated for opioid withdrawal?

Six to 12 hours after the last dose of morphine or heroin (di-
acetylmorphine), patients addicted to heroin will typically de-
velop symptoms of anxiety, hyperactivity, restlessness, and in-
somnia with yawning, sialorrhea, rhinorrhea, and lacrimation.
There may also be profuse diaphoresis with concurrent shaking
chills and pilomotor activity resulting in waves of gooseflesh
of the skin (thus, the term “cold turkey”). Anorexia, nausea,
vomiting, abdominal cramps, and diarrhea may occur. Severe
back pain may accompany muscle spasms that cause kicking
movements (“kicking the habit”). These symptoms are most
severe 48 to 72 hours after the last opioid dose. D.J. is ex-
hibiting typical heroin withdrawal symptoms, and supportive
therapy would be appropriate.

During withdrawal, the heart rate and blood pressure may
be elevated. Failure to take in food and fluids, combined with
vomiting, sweating, and diarrhea, can result in marked weight
loss, dehydration, ketosis, and acid-base imbalance. Rarely,
cardiovascular collapse has occurred during the peak phase of
opiate withdrawal.

The more dramatic symptoms of heroin withdrawal subside
after 7 to 14 days of abstinence even without treatment; how-
ever, a return to complete physiologic equilibrium may require
months or longer.17



83-4 � SUBSTANCE ABUSE

The character, severity, and time course of withdrawal
symptoms that appear when an opioid drug is discontinued
depend on many factors, including the particular opioid, total
daily dose, interval between doses, duration of use, intent of
drug use, and the health and personality of the user. Unlike the
withdrawal symptoms from sedative-hypnotic drugs, opioid
withdrawal symptoms are seldom life-threatening.

Withdrawal From Different Opioids

5. R.F. a 33-year-old man, says he is addicted to methadone,
but hours after his last dose he does not exhibit any signs of opioid
withdrawal. Why is this reasonable?

Physiologic withdrawal symptoms from all opioid drugs are
qualitatively similar but quantitatively different in onset, du-
ration, and severity. Opioids with shorter durations of action
tend to produce brief, intense abstinence syndromes, whereas
those eliminated from the body at much slower rates produce
prolonged but milder withdrawal syndromes. The abstinence
syndrome of methadone is consistent with that expected for
a long-acting opioid. Methadone withdrawal symptoms gen-
erally do not become apparent until 36 to 48 hours after the
last dose.17 Although the symptoms are qualitatively similar to
those of morphine and heroin, they are less severe overall but
are most intense around the sixth day of abstinence, and persist
for 14 days or more.15 R.F. could be telling the truth because
his methadone withdrawal symptoms should not occur until 2
to 3 days after his last dose.

Iatrogenic Dependence

6. J.B., a 21-year-old man who underwent bowel surgery, re-
quired morphine 10 mg intramuscularly Q 4 hr for 10 days. Is
J.B. physically dependent on morphine?

Physical dependence occurs in any patient after 2 to 10 days
of continuous administration of an opioid.18 In the setting of
the treatment of acute pain, the dependence is generally not
clinically significant because the patient will taper the thera-
peutic dose naturally as the pain condition resolves. If the opi-
oid is abruptly stopped, the patient may experience withdrawal
symptoms, however the intensity of those symptoms varies de-
pending on the individual’s physiology, as well as the dose and
duration of use of the opioid. Higher doses and longer times
of administration are likely to produce more severe symptoms
of withdrawal on cessation of opioid use.

Therapeutic physical dependence should not be confused
with addiction. Physical dependence is defined as a neurobio-
logical adaptation that occurs with chronic exposure, whereas
addiction is a set of maladaptive behaviors involving adverse
consequences owing to use of drugs, loss of control over drug
use, and preoccupation with acquisition of the drug.1 Physi-
cal dependence and tolerance (the need for increasing doses to
achieve the initial effects of the drug) can occur in the setting
of addiction, but are also expected, nonpathological sequelae
of chronic opioid therapy.

Most studies evaluating the occurrence of opioid addiction
resulting from the therapeutic treatment of pain have concluded
the risk is low.19 Historically, a much greater problem has been
the undertreatment of pain. It has been theorized that pain may

actually reduce the risk of addiction by attenuating the euphoric
effects of opioids.18

Certain pharmacologic properties, such as high potency,
rapid onset and shorter duration of action, and water solubility
may increase the likelihood of abuse of that medication. Al-
though all opioids have some abuse liability, some are intrinsi-
cally more abusable than others. For example, the controlled-
release formulations have been promoted as less likely to cause
addiction than immediate-release products, because when used
as intended, the reinforcing properties of the opioid are re-
duced. When tablets, such as OxyContin, are crushed, how-
ever, the drug’s controlled-release properties are compromised,
and the result is much higher dosages than what is available
in the immediate-release formulation tablets. Mixed agonist–
antagonist opioids (pentazocine, nalbuphine, butorphanol) and
partial mu agonist opioids (buprenorphine, tramadol) have less
potential for abuse and addiction than the pure mu agonists
(e.g., morphine, hydromorphone, oxycodone); however, abuse
and addiction to all has been observed.18

The term “pseudoaddiction” has been coined to describe the
inaccurate interpretation of certain “drug-seeking behaviors”
in patients who are inadequately treated for pain.18,19 Their
preoccupation actually reflects a need for pain relief, but is
erroneously interpreted as addiction.

J.B. may experience a mild withdrawal syndrome on cessa-
tion of his morphine treatment, unless the doses are tapered.

Medical Complications

7. C.F., age 30, presented to the emergency department with
violent shaking chills. She admitted that she was a heroin addict
and was forced into “doing some cottons” because of an acute
financial crisis. She now fears that she has “cotton fever.” How
should “cotton fever” be managed, and what other medical com-
plications of heroin addiction might be suspected?

When heroin is prepared for self-administration, cotton is
used as a filter to trap adulterants; thus, some of the drug re-
mains trapped in the cotton. These crude filters are saved, and
when money or drug availability is poor, water or other sol-
vents are added to the “old cottons” to extract any remaining
drug for intravenous (IV) use. “Cotton fever” is an acute febrile
reaction. The onset is within 30 minutes of injection, with shak-
ing chills, diaphoresis, postural hypotension, tachycardia, and
low-grade fever. These symptoms are initially suggestive of
sepsis, but most of the symptoms resolve without treatment
in 2 to 4 hours, with complete recovery in 1 day. In the past,
cotton fever was believed to be an allergic reaction to tiny cot-
ton fibers injected with the drug, but a case report suggests
that the causal agent is probably Pantoea (formerly Enterobac-
ter) agglomerans, via a heat-stable endotoxin.20 Cotton and
cotton plants are heavily colonized with P. agglomerans.21 IV
drug users will often use the term “cotton fever” to describe
any short-term illness characterized by fever, chills, aches, and
pains. C.F. should have blood cultures performed and receive
empiric therapy with a broad-spectrum antimicrobial, such as
a third-generation cephalosporin.

According to the Drug Abuse Warning Network (DAWN),
heroin is consistently among the top three drugs reported
in emergency department visits and drug-related deaths.22,23

Bacterial endocarditis, sepsis, embolism, septic and aseptic
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abscesses, thrombophlebitis, cellulitis, and necrotizing fasci-
itis have also resulted from both improper sterilization of in-
jection apparatus and needles and poor injection techniques.

The common practice of sharing “works” (needle and sy-
ringe) between friends has resulted in transmission of various
infectious diseases. Chief among those is viral hepatitis, specif-
ically the hepatitis C virus (HCV). Approximately 3.2 million
Americans are infected with HCV and most of the cases re-
sulted from injection drug use.24 According to the Centers for
Disease Control and Prevention (CDC), in the United States,
human immunodeficiency virus (HIV) infection caused by in-
jection drug use had an overall prevalence of 14% in 2005.25

Other infectious diseases such as syphilis, tetanus, botulism,
and malaria can be transmitted in a similar manner and should
be considered when evaluating this patient.

Heroin Overdose

8. T.F., age 21, was unconscious after an alleged “OD” (over-
dose) on “smack” (heroin). He had a decreased respiratory rate of
four breaths per minute, cyanosis, symmetrically “pinned” (max-
imally miotic or pinpoint) pupils, and a slightly decreased blood
pressure. He has one “fresh track” (needle puncture wound) and
several “old tracks” (healed scars from needle puncture wounds)
in the antecubital fossa area. What is the immediate treatment of
choice for this patient?

Immediate treatment includes airway management, car-
diorespiratory support, and opioid reversal with naloxone.
Naloxone is a full opioid competitive antagonist that rapidly
reverses the respiratory depression and hypotension associated
with overdose. The preferred route of administration is IV; if
access cannot be gained, it may be given intramuscularly (IM),
subcutaneously (SC), or by endotracheal tube.26

Initial IV administration of 0.2 to 0.4 mg naloxone should
be slow and should be discontinued if T.F. responds. It is not
necessary to precipitate opioid withdrawal symptoms; the end-
point of naloxone therapy is a relative stabilization of the pa-
tient’s vital signs. A naloxone-precipitated, sudden-onset with-
drawal syndrome is more severe than the symptoms produced
by abstinence alone. Repetitive doses should be given if the pa-
tient remains unresponsive, up to a maximal dose of 10 mg of
naloxone.26 If the patient still has not responded, the diagnosis
of opioid overdose should be reconsidered.26,27

The duration of action of naloxone ranges from 20 to 60
minutes, depending on the dose and route of administration.
Treatment of the methadone-overdosed patient will require se-
rial dosing of naloxone every 20 to 60 minutes because the
toxic effects of this long-acting opiate recur.26 The patient must
be carefully observed following the termination of naloxone
therapy to detect any reappearance of opioid intoxication. An
IV infusion of naloxone may be appropriate if high doses are
needed or if the patient has recurrent respiratory depression.

Treatment of Opioid Dependence

9. A.X. age 27, has been addicted to heroin for 3 years but is
tired of the street scene and wants to “get clean” (complete absti-
nence). He can no longer afford his growing daily habit but is not
sure he can stop using opioids. He seems willing and determined

to receive treatment for his heroin dependence. What therapeutic
options are available to him?

The ultimate goal of most detoxification programs is to
transform the narcotic addict into a responsible, drug-free,
emotionally stable, and productive member of society. Despite
many claims, no program to date fulfils all of these goals. Fur-
thermore, all programs either have a high recidivism rate or
do not produce a drug-free state in the patient. Heroin addic-
tion, or any other chronic, compulsive form of drug abuse, is
a symptom of a wide range of problems in the addictive dis-
ease patient. Therefore, no single treatment modality can be
universally applied to all patients.

Treatment options can be loosely divided into either social
model programs or medical model programs. Either model may
be inpatient or outpatient based. Social model programs use
a nonmedical approach to detoxification and ongoing recov-
ery. Detoxification usually involves the “cold turkey” method
of abrupt cessation of the opioid without supportive ther-
apy. Medical model programs are based on pharmacothera-
peutic treatment managed by medical professionals and addi-
tionally offer recovery-oriented counseling. One therapeutic
approach involves opioid substitution for detoxification or
maintenance. Currently, methadone and buprenorphine are
FDA-approved for these indications.28 Another approach in-
volves symptomatic treatment of withdrawal. The mainstay of
this approach is the α2-agonist clonidine. A third approach
uses rapid detoxification precipitated by an opioid antagonist
under general anesthesia.

Methadone treatment for opioid dependence is federally
regulated and is only available through specially licensed opi-
oid treatment programs. The Drug Addiction Treatment Act of
2000 allows qualified physicians to prescribe Schedule III, IV,
and V medications approved for the treatment of opioid depen-
dence in an office-based setting.29 Currently, only buprenor-
phine, a schedule III medication, is approved for this indication.

With A.X.’s apparently strong psychological addiction to
heroin (he does not know if he can live without opioids) and
his desire to be abstinent, it would seem appropriate to attempt
gradual detoxification with intensive psychosocial counseling
rather than maintenance therapy.

Substitution Pharmacotherapies for Opioid Dependence
Methadone Detoxification

10. A.X. starts a methadone detoxification program at a local
methadone clinic. He claims to have a $100/day habit. What is the
recommended methadone dose for starting treatment?

Methadone is a synthetic, potentially addictive, orally acting
opiate with a prolonged duration of action of 12 to 24 hours.
Pharmacologically, it is qualitatively identical to morphine and
other opioid analgesics. Pioneered by Dole et al.,30 methadone
substitution was considered the treatment of choice for opioid
addiction by many researchers. It continues to be widely used
today, but methadone has emerged as a drug of abuse and many
deaths have resulted from its excessive use.26,31 In 2004, there
were 3,800 deaths from methadone overdose, compared with
780 in 1999.15

Purportedly, methadone (at a dose of 80–150 mg or
more) blocks the euphoriant effects of other opioids without
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producing euphoria itself. This dose allegedly produces a high
degree of cross-tolerance to other opioids so that it is extremely
difficult to “get off” (obtain euphoria) with IV injection of other
opioids. Addicts, however, have been able to obtain euphoria
from doses of 60 to 100 mg of methadone. Furthermore, at
lower maintenance doses of methadone that do not produce eu-
phoria, addicts have been able to reach euphoric states through
the concomitant IV administration of other opioids. The higher
purity heroin available today has required even higher doses of
methadone to achieve cross-tolerance.32

Methadone detoxification involves stabilizing the patient on
a daily methadone dose that is determined by the patient’s re-
sponse based on objective symptoms of withdrawal. This may
involve the use of standard rating scales for withdrawal, such
as the Clinical Institute Narcotic Assessment (CINA).33 Ini-
tially methadone may be given in 5 mg increments up to a total
of 10 to 20 mg over the first 24 hours.31 Larger methadone
doses (i.e., 20 mg starting dose) may be required for patients
with larger habits. If initial withdrawal symptoms persist 2 to
4 hours after initial dose administration, the dose can be sup-
plemented with another 5 to 10 mg. Federal regulations allow a
maximum of 40 mg as initial dose unless a program physician
documents that 40 mg was insufficient to suppress opioid with-
drawal symptoms.34 Once a stabilizing dose has been reached
(usually, 40–60 mg/day, but may be as high as 120 mg/day),
methadone is tapered by 20% a day for inpatients or 5% a day
for outpatients.26,31,34 Studies have suggested that slow tapers
are associated with better outcomes. The duration of the taper
varies, but a period of 3 to 4 weeks is generally used. The grad-
ual taper may last as long as 6 months. The most common side
effects of methadone are constipation, sweating, and sexual dif-
ficulties. A Cochrane review of studies comparing methadone
tapers with other detoxification methods (adrenergic agonists
and other opioid agonists) found that programs vary widely
in design, duration, and treatment objectives, but overall the
effectiveness of the treatments was similar, with most patients
relapsing to heroin use.35 Persistent drug craving, often last-
ing months, probably accounts for the high relapse rate. Even
temporary reductions in heroin use are seen as a benefit, how-
ever, because heroin use is associated with major health (HIV,
hepatitis C) and social (crime) issues. Medical management
of opioid dependence should be accompanied by psychosocial
treatments, such as cognitive-behavioral therapies, behavioral
therapies, and self-help groups, such as Narcotics Anonymous
(NA).

A reasonable starting dose of methadone for A.X. would be
20 mg orally. An additional 5 to 10 mg could be administered
after 2 to 4 hours for persistent withdrawal symptoms. The
daily dose should be titrated upward every third day by 10 mg
until he is stabilized on a methadone dose of 60 mg/day. The
drug can then be tapered slowly (e.g., 3 mg/day) with A.X.
on an outpatient over a period of 4 weeks, while attending
counseling sessions and NA meetings.

Buprenorphine Detoxification

11. A.X. heard about a medication called buprenorphine that
can be used instead of methadone. How might this medication be
used for A.X.?

Buprenorphine, a synthetic partial opioid agonist, was ap-
proved by the FDA in October 2002 for the treatment of opi-

oid dependence. It is a partial agonist at mu receptors, and in
opioid-dependent patients it prevents withdrawal symptoms.
Because of its partial effects, it produces maximal “ceiling”
analgesia with sublingual doses of 24 to 32 mg, a dosage equiv-
alent to approximately 60 to 70 mg of oral methadone. This
limits its use in the management of heroin addiction. Buprenor-
phine is associated with a milder withdrawal syndrome com-
pared with full opioid agonists.

Buprenorphine has a long half-life owing to its prolonged
occupancy on mu receptors and it produces a relatively mild
withdrawal when discontinued. It is believed to be a safer
alternative to methadone because life-threatening respiratory
depression is much less likely to occur than with a pure mu
agonist, unless another central nervous system (CNS) depres-
sant is taken concurrently. Most deaths involving buprenor-
phine have been caused by a combination of the drug with
benzodiazepines.28,36 Naloxone bolus doses often are ineffec-
tive in reversing respiratory depression caused by buprenor-
phine because of its prolonged occupancy on mu recep-
tors. Evidence suggests that continuous infusion of naloxone
is necessary to overcome buprenorphine-induced respiratory
depression.37

Because buprenorphine is a schedule III medication, it can
be prescribed in an office-based setting under the Drug Ad-
diction Treatment Act of 2000, as previously discussed. It
is available as 2- and 8-mg tablets for sublingual use. The
tablets contain buprenorphine hydrochloride alone (Subutex)
or in combination with naloxone (Suboxone). The naloxone
is poorly absorbed orally, and its presence in the combination
tablets is to discourage the IV abuse of buprenorphine. Both
tablet forms can be used in an inpatient setting, but Suboxone
is preferred in the outpatient setting, to decrease the risk of di-
version. When initiating buprenorphine, the first dose should
not be given until >4 hours after the last dose of a short-acting
opioid, such as heroin, or 24 hours after a long-acting opioid,
such as methadone. Evaluation of objective opioid withdrawal
signs may involve use of standard rating scales.33 Induction
dosing should begin with 2 or 4 mg on the first day, which can
be repeated every 2 to 4 hours if withdrawal symptoms subside
and then reappear, up to a maximum of 8 mg. The dose can then
be titrated the second day in 2- to 4-mg increments to a dose of
12 to 16 mg.38 Higher doses during induction may precipitate
withdrawal symptoms. In the inpatient setting, the patient may
be stabilized on a relatively low daily dose (e.g., 8 mg/day) and
then tapered in increments of 2 mg/day over several days.26 In
the outpatient setting, the patient should be initially stabilized
on a daily dose (probably 8–32 mg/day) of buprenorphine that
suppresses withdrawal. The dose should then be gradually ta-
pered over a period of 10 to 14 days. Buprenorphine is not asso-
ciated with any significant adverse effects when used to manage
opioid withdrawal. Buprenorphine detoxification should be ac-
companied by psychosocial treatments and support groups as
mentioned.

A Cochrane review found that relative to clonidine,
buprenorphine is more effective in alleviating opioid with-
drawal symptoms; patients treated with buprenorphine stay in
treatment longer, and are more likely to complete treatment.17

The severity of withdrawal appears to be similar for withdrawal
managed with buprenorphine or methadone, but withdrawal
symptoms may resolve more quickly with buprenorphine. The
authors of the meta-analysis concluded that, although there is
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limited evidence comparing buprenorphine with methadone,
both agents have similar effectiveness in the management of
opioid withdrawal. Buprenorphine has a higher unit-dose cost
compared with methadone. A depot preparation of buprenor-
phine is being investigated for the management of opioid with-
drawal.

Maintenance Therapy

12. A.X.’s friend B.P. also attends the methadone clinic but is on
methadone maintenance. How is methadone used in maintenance
therapy? Are there any maintenance alternatives?

Methadone maintenance is the most common form of
pharmacologic treatment for opioid dependence. During
methadone maintenance, heroin-dependent patients are stabi-
lized on a dose of methadone that will be sufficient to sup-
press withdrawal symptoms for 12 to 24 hours without pro-
ducing euphoria. Studies have shown that patients maintained
on methadone doses of 60 mg or more had better outcomes
than those maintained on lower doses.32 Most patients do well
on a dose range of 60 to 120 mg/day, although some pa-
tients require more and some require less.39 Drugs that induce
CYP 450 enzymes can precipitate withdrawal in patients main-
tained on methadone. Drugs that inhibit CYP 450 enzymes
extend the duration of methadone’s effects. The drug is admin-
istered in one daily oral dose to maintain daily contact with
the patient. With the aid of daily counseling and rehabilita-
tion, most clinicians attempt to detoxify the patient eventually
from methadone as well. Patients who relapse repeatedly de-
spite supportive treatment may require long-term maintenance
therapy.

The ultimate goal of methadone maintenance is controver-
sial. By enabling addicts to escape from the illicit drug scene,
review their present lifestyles, and reorient their goals, reha-
bilitation becomes possible. Early enthusiasm for methadone
maintenance has now been tarnished by its use in the same
abuse patterns as other opioids. Methadone is now a desired
substitute for heroin among the addict population, although
the “high” it provides is generally considered inferior to that
of heroin, codeine, and other opioids.

Whether rehabilitation occurs or is even possible is confused
by the lack of clear and widely accepted goals of therapy. The
addition of social objectives to the therapeutic medical goal
of cessation of heroin self-administration further confuses the
issue. Some people believe the patient must remain completely
drug-free for life (including methadone) to consider the treat-
ment program a success. Others see opioid addictive disease
as a disorder in which some opioid (methadone for example)
must always be administered to the addict to correct the under-
lying biochemical pathology before any social rehabilitation
can occur.

Medical staffing problems and disruption of the patient’s
employment schedules brought about by the necessity for
daily doses of methadone stimulated a search for alternative
drugs to methadone. “Take home” dosing, allowing patients
to obtain more than a single day’s dose of methadone for
self-administration, has frequently led to drug diversion and
heroin recidivism. Another alternative for maintenance ther-
apy is buprenorphine (see Question 11). Most patients can be
stabilized on 8 to 32 mg/day of buprenorphine.26

Once stabilized, it may be possible to switch to alternate-
day or three-times-a-week dosing schedules. As discussed,
buprenorphine has the advantage of office-based availabil-
ity, thus removing the stigma associated with attending a
methadone clinic. There has been interest in developing office-
based methadone treatment as well.

When levomethadyl acetate (removed from the US mar-
ket in 2003 following reports of severe cardiac-related ad-
verse events), buprenorphine, and high-dose methadone (60–
100 mg) therapies were compared with low-dose methadone
(20 mg)40; all three therapies were effective in treating opioid
dependence and were superior to low-dose methadone. Trials
comparing 12 to 16 mg/day of buprenorphine with moder-
ate doses of methadone (50–60 mg/day) have generally shown
comparable outcomes, although higher doses of methadone
(>80 mg) appear to be superior to buprenorphine. Buprenor-
phine may be best suited for patients with mild to moderate
physical dependence.

Pain Management

13. T.A., a 44-year-old man maintained on 120 mg daily of
methadone, is in severe pain owing to a fractured femur. What
type of analgesic, and how much, can be used safely in this pa-
tient?

Neuroplastic changes in pain perception occur with chronic
opioid use and can result in increased pain sensitivity, or hy-
peralgesia. In addition cross-tolerance to the analgesic effects
extends to all opioids. Therefore, patients maintained on opi-
oid agonist treatment for addiction may actually require higher
doses of opioid agonist analgesics given at shorter intervals.41

Addiction relapse because of the use of opioid analgesics is less
likely than relapse because of untreated pain. Careful clinical
assessment for objective signs of pain will decrease the physi-
cian’s concerns of being manipulated. For T.A., it would be
appropriate to control his pain acutely using patient-controlled
analgesia (PCA) with IV morphine. Given his narcotic toler-
ance, the initial PCA pump settings could include a 2-mg IV
bolus dose of morphine with a 6-minute lock-out interval de-
livering a maximum of 20 mg/hour. T.A.’s pain should be eval-
uated and the regimen adjusted as needed to achieve adequate
control. T.A.’s usual maintenance dose of methadone should
be continued while he is receiving morphine for his acute pain.
Many clinicians would divide the daily dose (e.g., 30 mg every
6 hours) to avoid excessive peak levels of narcotic. Opioid
withdrawal should be strictly avoided in this patient because it
is associated with hypersensitivity to painful stimuli, followed
by exaggerated catecholamine and anxiety responses. The par-
tial antagonist–agonist narcotics pentazocine (Talwin), butor-
phanol (Stadol), and nalbuphine (Nubain) should be avoided
because their narcotic antagonist properties may precipitate
opioid withdrawal symptoms when used in a methadone-
maintained patient.

There is less experience in treating acute pain in patients
maintained on buprenorphine.41 Buprenorphine’s high affinity
for the mu receptor risks competition with, or even displace-
ment of, full opioid agonists. Naloxone should be on hand when
opioid analgesics are used in the buprenorphine-maintained
patient. Alternatively, the buprenorphine maintenance dose can
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be converted to methadone for the duration of opioid analgesia
treatment.

T.A. should be reassured that his methadone will be contin-
ued and his pain aggressively treated. T.A.’s physician should
consult with the methadone maintenance program to verify
methadone dose and alert them to any controlled substances
used in his treatment that may be detected with drug testing.

Methadone in Pregnancy

14. J.R., age 28, has been maintained on 100 mg methadone
daily for the past year. She is now 3 months pregnant. What is the
teratogenic potential of methadone?

Methadone has been accepted since the late 1970s to
treat opioid addiction during pregnancy.34 Methadone main-
tenance was determined to be the standard of care for pregnant
women with opiate addiction by a 1998 National Institutes of
Health (NIH) consensus panel.42 Currently, methadone is the
only opioid medication approved by the FDA for medication-
assisted treatment of opioid addiction in pregnant patients.
Women maintained on methadone frequently have regular
menstrual periods, ovulate, conceive, and have normal preg-
nancies. Heroin-addicted mothers, however, generally expe-
rience more complicated pregnancies because their lifestyles
often predispose them to a poor general state of health and
precludes adequate prenatal medical care.43 Infants born to
heroin-addicted mothers may also be exposed to other sub-
stances (e.g., alcohol, cocaine, tobacco). These infants tend to
be smaller, to weigh less at birth, and to be born prematurely
compared with the children of women not using opiates.43

Withdrawal During Pregnancy

15. Are there alternatives to methadone in the treatment of
opioid-dependence in pregnancy? Should methadone be contin-
ued in J.R.?

J.R. should continue methadone maintenance to avoid
precipitating a withdrawal syndrome. Withdrawal from
methadone is not recommended for pregnant women.34 A
structured methadone maintenance program that provides ac-
cess to counseling and medical care is probably at least as
beneficial to the pregnancy as the pharmacologic prevention
of withdrawal. Lowering the maternal methadone dosage is
associated with decreased incidence and decreased severity
of neonatal withdrawal symptoms.44 Therefore, the dose of
methadone should be titrated individually throughout the preg-
nancy. The neonate can be managed for either opioid-induced
CNS depression or methadone withdrawal after delivery, as
needed.

Methadone continues to be the standard of care for the man-
agement of opioid dependence in pregnancy; however, a grow-
ing body of evidence suggests buprenorphine may be a rea-
sonably safe alternative.26,39 Also some evidence suggests that
infants born to buprenorphine-maintained women have a lower
incidence of neonatal abstinence syndrome.45,46

Neonatal Addiction

16. Because methadone crosses the placental barrier, will J.R.’s
infant exhibit opioid withdrawal symptoms after birth and, if so,
how should they be managed?

Methadone crosses the placental barrier and can cause CNS
and respiratory depression as well as opioid abstinence in the
newborn. In one study, 46% of the infants born to methadone-
maintained mothers exhibited withdrawal signs and required
treatment for neonatal abstinence sydrome (NAS).44 In gen-
eral, the most common NAS symptoms include restlessness,
tremors, a high-pitched cry, hypertonicity, increased reflexes,
regurgitation, tachypnea, diarrhea, and sneezing. Seizures are
associated with, but not necessarily caused directly by, opioid
withdrawal in the neonate. The withdrawal symptoms in the
newborn may be delayed for up to 3 days.

Management of the neonate’s opioid withdrawal syndrome
entails careful attention to hydration with demand feeding and
symptomatic care. Mild withdrawal symptoms need no ther-
apy, but moderate to severe symptoms may require 14 or more
days of treatment. Therapy of neonatal withdrawal should be-
gin when symptoms occur. Prophylactic therapy is not recom-
mended.

Symptoms of physiologic addiction are usually apparent
within 48 hours of birth. At this time, treatment can be initi-
ated. Currently, NAS is treated with either morphine or pheno-
barbital. Studies have suggested that morphine is superior to
phenobarbital in both decreasing time of treatment and need
for higher intensity of care.45,47 Morphine can be started at a
dose of 50 mcg/kg given orally four times daily and titrated to
control symptoms. Once the NAS symptoms have stabilized,
the dose can be decreased daily by 20% until discontinua-
tion of the drug. Phenobarbital is preferred for the treatment
of NAS in cases of combined dependence or benzodiazepine
dependence.45 If used, phenobarbital is instituted in doses of 5
to 10 mg/kg/day in the first 24 hours, then tapered symptomati-
cally, usually about 20% per day. If J.R.’s infant displays opioid
withdrawal symptoms (e.g., feeds poorly, becomes tremulous
or agitated), morphine at a dosage of 50 mcg/kg orally given
four times daily would be an appropriate intervention. This
dosage is given until symptoms stabilize and then gradually
tapered over the next week.

Breast-Feeding

17. Should J.R. breast-feed her infant?

Methadone is excreted into the breast milk of methadone-
maintained mothers. The amount of methadone in the breast
milk is unlikely, however, to have adverse effects on the
infant.48 Furthermore, studies have found minimal transfer of
methadone into breast milk.34 Breast milk offers advantages
clearly beneficial to infants and J.R. should be encouraged to
breast-feed her infant.

Opiate Antagonist Treatments

18. A.J. is a 41-year-old anesthesiologist seeking rehabilitation
and reinstatement of his medical license following 5 years of fen-
tanyl abuse. Are there any special considerations in chemical de-
pendency treatment in health care providers? Would opiate an-
tagonist treatment be appropriate for A.J.?

Experts suggest that the lifetime risk for substance abuse
is higher among physicians than the general population.49

The risk is largely based on access to drugs of abuse, and
drug dependence is described as an “occupational hazard” for
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health care providers. Abuse of fentanyl by anesthesiologists
and abuse of meperidine by nurses has long been recognized.
Fentanyl (injectable as well as transdermal formulations) and
meperidine are primarily, but not exclusively, drugs of abuse
among health care providers. Hospice workers and veterinari-
ans also have access to high potency opioids. Medical residents
in anesthesiology and psychiatry have higher rates of substance
abuse than do residents in other specialties, and psychiatrists
are more likely to abuse benzodiazepines than physicians in
other specialties.49 Fentanyl is associated with rapid develop-
ment of dependence, intense tolerance, and drug-seeking be-
havior in addicted physicians over a period of months rather
than years.

A comprehensive assessment of addicted health care
providers is necessary to determine if professional impair-
ment is present, and whether issues involving public health
and safety or violations of ethical standards, such as profes-
sional boundary violations or improprieties, require that the
heath care provider be reported to his respective medical board.
A physician’s registration with the federal DEA may need to
be suspended. It generally is accepted that physicians require
longer durations of treatment because they are held to a higher
standard of recovery owing to concerns of public safety, and
they may be clever at concealing their illness.49 Physicians
should have structured posttreatment monitoring for at least 5
years.

If opioid addiction results from a process of classic and
instrumental conditioning and is positively reinforced by self-
administration and drug-seeking behavior, then narcotic antag-
onists may break this addiction cycle. The narcotic antagonists
naloxone and naltrexone can block the euphoriant effects of
heroin and other opiates, prevent the development of physi-
cal dependence, and afford protection from opioid overdose
deaths. Of these two antagonists, only naltrexone appears to
have any practical utility. Naloxone (Narcan) is impractical
because of its short duration of action and its variable potency
when taken orally. Naltrexone (Trexan) is orally active and pro-
vides a dose-related duration of opioid blockade. An oral dose
of 100 mg of naltrexone will block opiate effects for 2 days, and
150 mg for 3 days. Thus, dosing on Monday, Wednesday, and
Friday is possible and convenient for the patient. Naltrexone
is also available in an injectable extended-release formulation
for once-monthly use.50 Patients selected for naltrexone ther-
apy must be opioid free to avoid precipitation of withdrawal.
For heroin or morphine dependent patients, a 4- to 7-day wait
is recommended, whereas methadone addiction requires a 10-
to 14-day wait. Patients who are highly motivated to abstain
have been most successfully treated with this drug. A.J. is a
good candidate for naltrexone therapy because of his desire to
become rehabilitated and his need to remain drug-free despite
continued access to opioids at work.

Ultrarapid Opiate Detoxification

19. Before A.J. can start naltrexone therapy, he must undergo
fentanyl detoxification. Would rapid detoxification over a few
hours be preferable to the more traditional detoxification methods
for A.J.?

Ultrarapid opiate detoxification (UROD) has been advo-
cated to shorten the opioid detoxification period by precipitat-

ing withdrawal with an opioid antagonist. The opioid antag-
onist causes rapid stripping of agonist from opioid receptors.
UROD is performed under heavy sedation or general anesthe-
sia so the patient does not consciously experience the acute
withdrawal symptoms. The protocols for UROD vary in terms
of the opioid antagonist (naloxone, nalmefene, or naltrexone),
anesthetic agent, adjunctive medications, and duration of anes-
thesia. UROD has been performed as an outpatient or inpatient
procedure, with costs ranging from $7,500 to $15,000.51

The UROD procedure includes risks, such as vomiting with
aspiration; cardiovascular complications, including cardiac ar-
rest; pulmonary edema; and death.51 Some patients have re-
ported residual withdrawal symptoms over several days. Lit-
tle information exists regarding referral to ongoing treatment
or relapse rates after UROD.52 One randomized, controlled
trial found no benefit of UROD over safer, less-expensive
treatments using buprenorphine and naltrexone or clonidine
and naltrexone.51 UROD has been criticized for being sim-
ply a “quick fix” that fails to address the underlying behavior
changes necessary for recovery. Additionally, it subjects pa-
tients to possible morbidity and mortality when safer, estab-
lished procedures are available. The high cost of UROD limits
its accessibility. More studies are needed to evaluate the risks
and benefits of this approach. UROD would probably not be
recommended as a first-line detoxification method for A.J.

Symptomatic Therapy of Opioid Withdrawal

20. How can A.J.’s opioid withdrawal be managed symptomat-
ically? He weighs 72 kg and his blood pressure is 130/80 mmHg.

Methadone treatment for addiction has its limitations (pre-
scribing restrictions, protracted withdrawal, drug of depen-
dence), and many patients prefer an alternative. The discov-
ery of the ability of the α2-adrenergic agonist, clonidine, to
ameliorate some of the opioid withdrawal symptoms, has led
to its widespread use as a nonopioid alternative, despite that it
is not approved for this indication in the United States. Other
α2-adrenergic agonists (lofexidine, guanfacine, guanabenz ac-
etate) have also been investigated.53 Noradrenergic outflow
from the locus ceruleus is increased during opioid withdrawal
and is blocked by administration of mu agonist opioids. Symp-
toms of opioid withdrawal, therefore, are partly owing to ex-
cessive sympathetic activity in the locus ceruleus. Central α2-
adrenergic agonists act on presynaptic autoreceptors to inhibit
locus ceruleus noradrenergic outflow during mu agonist opi-
oid withdrawal, thereby significantly reducing some of the
symptoms.

Clonidine is therefore best used in a multidrug regimen
(Table 83-1). The four primary symptoms of opioid withdrawal
are musculoskeletal aches and pains, anxiety, insomnia, and
gastrointestinal disorders. Contraindications to clonidine use
include diastolic blood pressure <70 mmHg, concurrent de-
pendence on sedative-hypnotics, and clonidine hypersensitiv-
ity or previous intolerance. The most common adverse effects
are sedation and hypotension. A recent Cochrane review ex-
amined studies comparing clonidine with methadone taper and
found no significant difference in efficacy between the two for
the treatment of heroin or methadone withdrawal.53 A separate
Cochrane review did find buprenorphine to be more effective
than clonidine in alleviating opioid withdrawal symptoms.17
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Table 83-1 Symptomatic Therapy of Opiate Withdrawal

Symptom Medication Dose

Bone or joint pain Ibuprofen 800 mg Q 8 hr with food as needed

Muscle pain or cramps Methocarbamol 750 mg Q 6 hr as needed

Insomnia

Gastrointestinal hyperactivity

Nausea

Trazodone
Chloral hydrate
Flurazepama

Doxepin

Belladonna alkaloids with phenobarbitalb

Dicyclomineb

Prochlorperazineb

Trimethobenzamideb

50–150 mg at bedtime
500–1,500 mg at bedtime
30–90 mg at bedtime
50–100 mg at bedtime

Two tablets Q 8 hr as needed
20 mg Q 6 hr as needed

10 mg Q 6 hr as needed
300 mg Q 6 hr as needed

aAvoid in concurrent benzodiazepine dependence.
bAnticholinergic effects also alleviate rhinorrhea, sialorrhea, diaphoresis, and lacrimation.

A sublingual or oral test dose of 0.1 mg (0.2 mg for patients
>91 kg) of clonidine is given: if diastolic blood pressure re-
mains >70 mmHg, additional doses may be instituted, usually
as transdermal patches. Transdermal absorption of clonidine
from patches (Catapres-TTS) avoids most of the problems en-
countered with oral therapy. The number of patches applied to
a hairless area of the body (usually the upper back or scapular
area) depends on the patient’s lean body weight: <50 kg, cloni-
dine 5 to 7.5 mg (two or three TTS-1 patches); 50 to 91 kg, 10
mg (two TTS-2 patches or one TTS-2 and two TTS-1 patches),
and >91 kg, 10 to 15 mg (two or three TTS-2 patches). Patients
<73 kg should use two of the TTS-1 patches and one TTS-2
patch so that one TTS-1 patch can be removed in the event of
hypotensive complications. Patches are left on for 7 days, re-
placed with half the dosage during the second week, and then
discontinued. Alternatively, oral clonidine can be used at a dose
of 0.1 to 0.2 mg/dose two to four times daily to a maximum
of around 1 mg/day for 2 to 4 days after cessation of opioids,
then tapered and discontinued by 7 to 10 days.53

Clonidine is also used in conjunction with naltrexone for
rapidly withdrawing patients from opioid dependence. This
technique has been shown to be safe and effective.26 The with-
drawal precipitated by naltrexone is avoided by pretreating the
patient with clonidine. Limitations to this technique include
the need to monitor the patient for the first 8 hours because of
the potential severity of the precipitated withdrawal and the
need for blood pressure monitoring. An advantage is the easy
transition to opioid antagonist treatment.

A.J.’s blood pressure and drug history should be evaluated
for clonidine therapy. Provided his diastolic blood pressure is
>70 mmHg after the clonidine test dose, he can receive the
clonidine patches (one TTS-2 and two TTS-1 patches) with
additional medications to treat his withdrawal symptoms, along
with daily intensive psychosocial counseling.

SEDATIVE-HYPNOTICS
The sedative-hypnotics are a diverse group of compounds
with broad clinical uses, including anesthesia, treatment of
anxiety, and treatment of insomnia. Ethanol, also a sedative
hypnotic agent, continues to be the most widely abused sub-
stance in the United States and is discussed in Chapter 84, Al-

cohol Use Disorders. Benzodiazepines, which have replaced
barbiturates in clinical practice, have become the prototypi-
cal sedative-hypnotic drugs of abuse. Other abused sedative-
hypnotic drugs include carisoprodol and γ -hydroxybutyric
acid (GHB). Carisoprodol, a nonscheduled skeletal muscle
relaxant, has an active metabolite meprobamate, a sedative-
hypnotic agent with known abuse potential.54 GHB is a putative
neurotransmitter abused for its euphoric and sedative-hypnotic
effects.

Abstinence Syndromes Associated With
Sedative-Hypnotic Dependence

21. During a year of therapy for anxiety, B.J. increased his dose
of alprazolam to two 1-mg tablets five times a day. He has admit-
ted to “doctor shopping” and buying alprazolam on the street to
maintain his daily habit. Will he experience withdrawal symptoms
if he suddenly discontinues alprazolam?

Patients who have been on long-term courses of therapeu-
tic doses of sedative-hypnotics often experience withdrawal
symptoms on abrupt discontinuation of therapy. Withdrawal
syndromes seen with sedative-hypnotics are similar to those
seen with alcohol withdrawal and can include insomnia, anx-
iety, tremors of the upper extremities, muscular weakness,
anorexia, nausea, vomiting, and postural hypotension.55 Pos-
tural hypotension may be of value in differentiating the ab-
stinence syndrome from ordinary anxiety states. Generalized
tonic-clonic seizures can occur as isolated seizures or as status
epilepticus. The psychoses that develop resemble the delirium
tremens produced by alcohol withdrawal and are usually char-
acterized by disorientation, agitation, delusions, and halluci-
nations. During the delirium, hyperthermia and agitation can
lead to exhaustion, rhabdomyolysis, cardiovascular collapse, or
death. Abstinence from short-acting barbiturates and meproba-
mate produces symptoms that peak within 2 or 3 days. Discon-
tinuation of short-acting benzodiazepines (e.g., lorazepam, ox-
azepam, alprazolam, temazepam) results in the abrupt onset of
withdrawal symptoms, usually within 12 to 24 hours after the
last dose. Long-acting agents, and those with active metabo-
lites, have a gradual onset of milder withdrawal symptoms
compared with the short-acting agents. Withdrawal symptoms
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following chronic use of long-acting benzodiazepines typically
peak on the fifth to eighth day after the last dose.55

B.J. has been abusing alprazolam, taking more than the rec-
ommended maximum dose. Likely, he will experience with-
drawal, possibly including seizures, if he were to abruptly dis-
continue the alprazolam. His withdrawal from this medication
should be medically managed. He should undergo an initial
physical examination and plan to be absent from his place of
employment for at least a week to begin detoxification.

Treatment of Sedative Withdrawal

22. How should B.J.’s sedative-hypnotic dependence be
treated?

In clinical practice, three general medication strategies are
used for withdrawing patients from sedative-hypnotics: de-
creasing doses of the drug of dependence (tapering); substi-
tuting (and gradual taper) of phenobarbital for the drug of
dependence; and the substituting (and gradual taper) of a long-
acting benzodiazepine for the drug of dependence.55 Gradual
tapering of the drug of dependence is appropriate for patients
with therapeutic dose dependence or those taking long-acting
sedative-hypnotics, who are not currently abusing alcohol or
other substances. A recent meta-analysis suggests that man-
agement of benzodiazepine monodependence by gradual ta-
per is preferable to abrupt discontinuation.56 The authors also
noted that a potential value may exist with carbamazepine
used as an adjunctive medication for benzodiazepine taper,
but larger, controlled studies are needed. The patient who is
abusing sedative-hypnotics already has a strong association
between the drug of choice and certain desired effects. There-
fore, to minimize exacerbating addictive disease, substitution
and taper with a long-acting therapeutic agent is preferred. The
pharmacologic rationale for phenobarbital substitution is that it
is long acting, producing little changes in serum levels between
doses, thereby preventing breakthrough withdrawal symptoms.
Lethal doses are many times higher than toxic doses; and dys-
phoria occurs with elevated dose, rendering it undesirable for
users. As a result, the abuse potential is low, and there is little
to no street value.

The phenobarbital method is the one most generally appli-
cable; it is widely used in drug treatment programs because it
is the best choice for patients who have lost control of their
benzodiazepine use or who are polydrug users. The method
involves calculating a phenobarbital replacement dose for the
total daily dose of the sedative-hypnotic being abused. The cal-
culation is based on phenobarbital equivalents (Table 83-2). If
multiple sedative-hypnotics are being used, the totals for each
drug and alcohol (amount of pure ethanol) are summated. The
total phenobarbital substitution dose should be given in divided
doses, three or four times daily (to avoid dysphoria). Because

the calculated dosage is an estimate based on patient history,
which may be inaccurate, it is advisable to administer a test
dose if the calculated replacement dose is >180 mg/day. The
test dose, generally one-third the total dose, is given to the
patient, who is then observed for 1 to 2 hours. The patient is
observed for mitigation of withdrawal symptoms as well as
signs of overmedication, such as somnolence or incoordina-
tion. Once an appropriate dose is determined, the patient is
usually stabilized on that dose for 1 to 2 weeks. Following sta-
bilization, an open-ended taper of phenobarbital is instituted,
with dosages reduced by 30 mg every 2 to 3 days as tolerated.57

B.J. has an addiction to alprazolam and because it is a short-
acting benzodiazepine, it is a poor choice for tapering his
dosage. Phenobarbital should be substituted for alprazolam.
His total dose of alprazolam is 10 mg/day, so he should receive
300 mg of phenobarbital divided three or four times a day.

γ-Hydroxybutyric Acid

23. L.S. has been attending “raves” (all-night dance parties) ev-
ery weekend for the past few months. She has been taking “liquid
ecstasy” at these parties and believes it is a safe drug because she
heard it once was sold in health food stores. What drug is she
likely taking, and what are the risks with its use?

γ -Hydroxybutyric acid (GHB), commonly referred to as
“liquid ecstasy,” is a potent “club drug.” Once available as
an over-the-counter nutritional supplement, primarily used by
bodybuilders, the FDA removed it from the retail market in
1990 because of widespread reports of poisoning. In 2000 it
was classified as a schedule I drug; however, a GHB-containing
product, sodium oxybate, is available as a schedule III pre-
scription drug for the treatment of cataplexy associated with
narcolepsy. GHB prodrugs, γ -butyrolactone (GBL) and 1,4-
butanediol are still available for purchase on the internet. GHB
is found in mammalian brain tissue, where it is derived from
conversion of its parent neurotransmitter, γ -aminobutyric acid
(GABA).58 It is believed to be a neurotransmitter. Experimental
evidence suggests that the mechanism of action of exogenously
administered GHB involves agonist activity at the GABAB
receptor.58

γ -Hydroxybutyric acid has CNS depressant effects and is
abused for its euphorigenic properties, disinhibition, and en-
hanced sensuality. Its psychic effects are similar to those of
alcohol, and include increased libido, short-term aterograde
amnesia, and a dreamy, altered sensorium. It has a steep dose-
response curve, and common adverse effects include dizziness,
nausea, weakness, agitation, hallucinations, seizures, respira-
tory depression, and coma. Its effects are synergistic with al-
cohol. GHB overdose may be fatal, and there is no antidote.
Treatment for GHB overdose is primarily supportive.

Table 83-2 Hypnotic Dose Equivalent to 30 mg Phenobarbital57

Pure ethanol 30–60 mL Clonazepam 1–2 mg Pentobarbital 100 mg
Alprazolam 1 mg Diazepam 10 mg Secobarbital 100 mg
Butalbital 100 mg Flunitrazepam∗ 1–2 mg Temazepam 30 mg
Carisoprodol 350 mg Lorazepam 2 mg Triazolam 0.5 mg
Chlordiazepoxide 25 mg Oxazepam 30 mg Zolpidem 5 mg

∗Not approved for use in the United States.
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Highly addictive, tolerance and physical dependence can
occur with regular use of GHB, and a withdrawal syndrome
has been seen in people who have taken high doses of it (∼18
g/day or more, although doses are variable in solution form)
with frequent dosing (Q 1–3 hr).58 Withdrawal symptoms can
include muscle cramps, nausea, vomiting, tremor, anxiety, in-
somnia, tachycardia, restlessness, and delirium or frank psy-
chosis. Death caused by pulmonary edema has been reported.
Treatment of withdrawal involves supportive care, including
use of benzodiazepines (e.g., lorazepam or diazepam) for se-
dation. Withdrawal can last up to 2 weeks.58

Misrepresented sometimes as a natural and safe hypnotic,
the low therapeutic index and the unknown purity of illicit
supplies, particularly when sold in solution, make GHB a po-
tentially dangerous drug. Physical dependency is a possibility
as well. L.S. should be educated about GHB’s potential risks.
If she chooses to use GHB, she should be encouraged not to
drink alcohol or use other drugs, not to drive, and to be cautious
about the amount she ingests.

CENTRAL NERVOUS SYSTEM STIMULANTS
Cocaine
Cocaine is a naturally occurring alkaloid derived from the Ery-
throxylon coca plant, found mainly in the Andes Mountains of
South America. Cocaine was first isolated in the 1800s and
was a common ingredient in tonics and elixirs of the 1900s.
The Harrison Narcotic Act of 1914 prohibited nonmedical use,
and in 1970 it became a schedule II controlled substance. To-
day, it is second to marijuana as the most frequently used drug
of abuse. According to the 2006 National Survey on Drug
Use and Health, an estimated 35 million people in the con-
tinental United States have tried cocaine; 6 million people
used cocaine within the previous year, and 2.4 million used
cocaine at least once within a month before the survey.13 Co-
caine is a CNS stimulant and has vasoconstrictive and local
anesthetic properties. Cocaine’s stimulant effects are primarily
caused by blockade of reuptake of dopamine, norepinephrine,
and serotonin. It also facilitates the release of dopamine and
norepinephrine. This results in an overall increase in availabil-
ity of neurotransmitters. Cocaine also has other indirect effects
on neurophysiology, including effects on the endogenous opi-
oid systems.59,60 Cocaine is associated with compulsive use.
The powerful reinforcing effects of cocaine have been identi-
fied as occurring in brain regions rich in dopaminergic nerve
terminals.

Dosage Forms and Routes of Administration

24. C.H. and his friends bought an “eight ball” (one eighth of
an ounce) of “blow” (powdered cocaine). C.H. has only snorted
cocaine, but one of his friends suggests they cook up some “rocks”
to smoke. What are the distinctions between the various dosage
forms of cocaine and their respective routes of administration?

In the manufacture of cocaine, organic solvents are used
to solubilize the alkaloidal bases from the leaves, which are
then precipitated to form a sticky material, called “pasta” or
“cocaine paste.” The benzoylmethylecgonine (cocaine) in this
“pasta” is separated from most of the other plant alkaloids,
converted to the hydrochloride or other salts, precipitated, and

dried. This product is the white cocaine hydrochloride powder
usually seen in the illicit market. The final product is usually
“stepped on” or “cut” (diluted) with various adulterants to in-
crease profits for the dealers. According to the DEA, in 2004
the average purity of cocaine was 84%.12 Cocaine is usually
purchased on the illicit market in quantities of gram or ounce
increments. The cost varies geographically, but 1 g of powdered
cocaine usually sells for $100 in most cities.14

Powdered cocaine is generally snorted. Usually 10 to 25 mg
of powdered cocaine is placed on a mirror or flat surface,
formed into a line, and then insufflated through a straw or
rolled dollar bill. A typical low to moderate user may consume
1 to 3 g/week. Cocaine powder can also be used for IV injec-
tion. The highly water-soluble powder is usually mixed with
water and injected. When cocaine is injected simultaneously
with heroin, this is known as a “speedball.”

Cocaine hydrochloride melts at a high temperature, destroy-
ing much of its psychoactivity in the process. Therefore, it is in-
efficient to smoke cocaine hydrochloride in this form. The use
of “freebase” cocaine became popular during the late 1970s,
as this form of cocaine has a lower melting point and can
therefore be smoked, producing an intense rush. For freebase,
the cocaine hydrochloride is dissolved into ethyl ether. When
an alkali, such as bleach (sodium hypochlorite) or sodium bi-
carbonate, is added to this ethyl ether, the hydrochloride salt
is cleaved from the free alkaloidal cocaine base. The sugars,
salts, and some of the other water-soluble adulterants are pre-
cipitated out of solution, and the free alkaloidal base remains
in the ethyl ether solution. When the ether is evaporated, the
freebase of cocaine remains in a powder form. The synthesis
of freebase is dangerous and the resultant product may contain
residual organic solvents, thus making it highly volatile and
putting the user at risk of burns.

In the mid-1980s a safer, easier method for extracting the
cocaine base supplanted the traditional freebase process. In the
manufacture of “crack,” cocaine hydrochloride is dissolved in
water. When alkali (bleach or sodium bicarbonate) is added to
this aqueous solution, the free alkaloidal base (“crack”) precip-
itates out while the salts and some adulterants stay in aqueous
solution. The precipitate is commonly referred to as a “rock.”
The size of the rock varies but generally ranges from one tenth
of a gram to a half a gram. Rocks generally sell for $10, but
prices range from $2 to $40, depending on the size of the rock.14

Both manufacturing methods produce cocaine free alkaloidal
base of 90% or greater purity. Smoking “crack” has surpassed
snorting as the most common way to use cocaine.

Pharmacokinetics and Effects

25. C.H.’s friend gets some baking soda and water from the
kitchen and proceeds to convert a few grams of their cocaine into
“rock.” After smoking a few “hits” (doses), C.H. feels euphoric,
energized, and self-confident. Are these typical cocaine effects?

C.H. is describing the typical euphoria associated with co-
caine use. Cocaine generally produces a euphoriant action with
a rapid onset and short duration. Snorting cocaine generally
produces euphoria and stimulation within 2 minutes; smoking
produces these effects within 6 to 8 seconds. Cocaine has a
short elimination half-life of approximately 30 minutes owing
to its rapid metabolism by plasma esterases.59
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An initial relaxed, euphoric, gregarious, talkative, hyperac-
tive state characterizes the “high” of cocaine. Additionally, the
person may report increased interest in sexual matters, dimin-
ished short-term memory, periods of intense concentration on
one limited subject, diminished hunger, hypervigilance, and a
peculiar, slightly out-of-body sense of one’s actions. Without
additional doses of cocaine, these feelings usually resolve into
a state of mild depression, fatigue, hunger, and sleepiness by
1 to 3 hours. Physiologic manifestations include mydriasis, si-
nus tachycardia, vasoconstriction with hypertension, bruxism,
repetitive behavior, hyperthermia, and talkativeness. After a
few hours, continuous self-administration of cocaine will be-
gin to progress from euphoria to dysphoria and hallucinosis
and then to psychosis. Some users engage in nonstop binges
of self-administration until psychological toxicity develops.61

Adverse Effects

26. C.H. and his friends continue to smoke crack for the next
10 hours. C.H. decides to go out for a pack of cigarettes and col-
lapses on the sidewalk outside his apartment. A passerby calls
911, and C.H. is rushed to the nearest emergency department in
a semiconscious state. What has likely happened to C.H.?

Cocaine is the most frequently mentioned illicit substance
in emergency department visits. In 2005, 448,481 cocaine-
related visits to an emergency department were reported in
the United States.22 The potential adverse effects associated
with both acute and chronic use of cocaine are numerous and
involve most organ systems in the body.

The cardiac complications associated with cocaine use in-
clude hypertension, arrhythmias, myocardial ischemia and in-
farction, dilated and hypertrophic cardiomyopathy, myocardi-
tis, aortic dissection, and acceleration of atherosclerosis. These
cardiac effects have occurred in individuals with and without
underlying heart disease who have taken large or small doses by
all routes of administration and may be associated with acute
or chronic use. The cardiac events can occur before, during,
or after other toxicities, such as seizures, and can be fatal. The
mechanism of cocaine-induced myocardial infarction is most
likely multifactorial, involving one or more of the following
processes: coronary artery vasoconstriction, increased myocar-
dial oxygen demand related to increased blood pressure and
increased heart rate, increased platelet aggregation and throm-
bus formation, coronary vasospasm, and arrhythmia. The risk
is greatest within the first hour following use.62,63 Frequent co-
caine users are up to seven times more likely to suffer a heart
attack than are nonusers.59

The medical management of acute coronary syndromes dif-
fers when cocaine is the cause. Specifically, nonselective β-
blocker therapy (i.e., propranolol) is contraindicated, throm-
bolysis should be used with caution, and nitrates and ben-
zodiazepines are part of first-line therapy.27 In patients with
cocaine-associated chest pain, a 12-hour observation period to
rule out myocardial infarction or ischemia is probably suffi-
cient before discharge from a medical facility.64

Cocaine has also been associated with cerebrovascular
catastrophes. Stroke can occur as a result of increased blood
pressure, vasoconstriction, or thrombosis. Seizures are another
CNS complication. Seizures can occur with first use and are
most often single, generalized tonic-clonic seizures. Most oc-
cur within 90 minutes of drug use, when drug plasma con-

centrations are highest. It is estimated that 10% of patients
presenting to emergency departments with acute cocaine in-
toxication have seizures.65

The route of cocaine administration also affects the nature
of the adverse effects. For example, pulmonary complications,
including pneumomediastinum, pneumothorax, pneumoperi-
cardium, acute exacerbation of asthma, diffuse alveolar hem-
orrhage, pulmonary edema, and “crack lung,” are associated
with smoking crack cocaine. Crack lung is a syndrome of acute
pulmonary infiltrates associated with a spectrum of clinical
and histologic findings.66 Snorting cocaine can lead to perfo-
ration of the nasal septum because of the drug’s local anesthetic
and vasoconstrictive effects. IV use of cocaine has been asso-
ciated with renal infarction, wound botulism, viral hepatitis,
HIV infection, bacterial endocarditis, sepsis, and other infec-
tious complications.67 C.H. could be suffering from cardiovas-
cular, cerebrovascular, or pulmonary complications caused by
his crack smoking. His emergency department workup should
be thorough and directed by his symptoms.

Cocaine Addiction

27. C.H. is released from the emergency department and re-
turns home to find his friend with more crack. They resume
smoking and binge for the next 4 days. They run out of drugs
and money, and C.H. begins to “crash.” In desperation, he sells
his skateboard to his neighbor for $20, buys another rock, smokes
it, and feels good again. Is C.H.’s cocaine usage pattern consistent
with cocaine dependence?

C.H. continues to use cocaine despite adverse consequences
(emergency department visit), uses it compulsively, suffers
withdrawal symptoms, and alleviates his symptoms with fur-
ther use. Per the DSM-IV criteria for substance dependence,
C.H. is addicted to cocaine.1

Prolonged or heavy use of cocaine has been associated with
the development of tolerance to some of its central effects. Tol-
erance to cocaine’s euphoric effects has been shown to occur,
but tolerance to its cardiovascular effects may be incomplete.68

A withdrawal syndrome may follow long-term or binge use.
The initial, acute symptoms, referred to as the “crash,” consist
of depression, fatigue, craving, hypersomnolence, and anxi-
ety. Anhedonia and hyperphagia soon follow. Although most
symptoms are mild and resolve within 1 to 2 weeks, the dys-
phoria and anhedonia can persist for weeks. These symptoms
do not produce profound physiologic changes and are generally
not life-threatening.68

Treatment of Addiction

28. C.H. decides to get clean and seeks help from a detox clinic.
What therapeutic options are available to him?

Most cases of simple cocaine withdrawal do not require
medical treatment. Multiple pharmacologic therapies to facil-
itate abstinence from cocaine have been, and continue to be,
under investigation, however. Most studies have yielded vari-
able results, and to date no drug exists that is proven effective in
treating cocaine dependence.26 Studies of dopamine agonists
(amantadine, selegiline, levo-dopa/carbidopa, pergolide), an-
tidepressants (desipramine, fluoxetine, bupropion), and carba-
mazepine have yielded inconsistent findings. Methylphenidate
(Ritalin) has been investigated as “maintenance treatment” to
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satisfy the cocaine addict’s desire for further enhancement of
mood; however, methylphenidate also can stimulate a power-
ful craving for the more intense euphoria of cocaine and has
significant abuse potential. Recent research shows promise for
topiramate, baclofen, tiagabine, disulfiram, and modafinil, but
these findings require replication. A cocaine vaccine is cur-
rently under investigation. Psychosocial treatments focusing
on abstinence have been effective in the treatment of cocaine
dependence.26 Cognitive-behavioral therapies and behavioral
therapies, such as contingency management, along with 12-
step–oriented individual counseling can be useful, although
the efficacy of these therapies varies. Participation in a 12-step
self-help group (AA, NA), as an adjunct to treatment, seems
to predict less cocaine use.

Because currently no drug therapies are effective or ap-
proved by the FDA for the treatment of cocaine addiction,
C.H. should receive psychosocial treatment, such as cognitive-
behavioral therapy and relapse prevention.

Amphetamines
Central nervous system stimulants have been used both with
and without social acceptance for thousands of years. The
Chinese prepared ephedrine-containing products from a plant
called Ma-Huang (Ephedra vulgaris).15 People in East Africa
and the Arabian peninsula chew the leaves of the khat bush
(Catha edulis) for the stimulating effects of the alkaloid
cathinone.59 Caffeine is consumed worldwide in a usually so-
cially acceptable manner in the form of coffee and cola soft
drinks. Amphetamine was synthesized in 1887, and metham-
phetamine in 1919. The legal sanctions against widespread pre-
scribing of amphetamines in the 1970s restricted their supply
and fostered a black market thriving on the illicit production of
methamphetamine powder (“speed,” “meth,” “crank,” “crystal
meth”). During the 1990s, California and the West Coast ex-
perienced a dramatic resurgence of methamphetamine-related
hospital admissions, poison center calls, and law enforcement
actions. Methamphetamine abuse has since become a nation-
wide problem, prompting government restrictions on retail
sales of ephedrine and pseudoephedrine (precursor chemicals
used in the manufacture of methamphetamine). A new mar-
keting tool developed by savvy drug dealers aimed at younger,
new users involves bright coloring and flavoring (strawberry,
cola, cherry, orange) added to crystal methamphetamine to
help mask the bitter taste. According to the National Survey
on Drug Use and Health for 2006, there were 731,000 current
users of methamphetamine in America. The rate of lifetime
methamphetamine use in 2006 (5.8%) was higher than in 2005
(5.2%), but lower than in 2002 (6.5%).13

Physical and Psychological Effects

29. D.C., a college student, used speed this past weekend when
partying with his friends. He has a midterm examination in 2
days and is too tired to study, so one of his friends suggests snort-
ing some more speed and then hitting the books. Will this help
overcome his fatigue?

Methamphetamine produces CNS stimulation by enhanc-
ing the effects of norepinephrine, serotonin, and dopamine.
This is accomplished by both blocking reuptake and stimulat-
ing release of these neurotransmitters. These effects are greater

for dopamine and norepinephrine than for serotonin. Metham-
phetamine is metabolized in the liver, and its half-life is 6 to
15 hours.59

The powerful stimulating effects of amphetamine and
methamphetamine have made their use popular among a wide
variety of groups, including students, athletes, the military, di-
eters, and long-distance truck drivers. Initially, the user may
experience alertness, euphoria, increased energy, the illusion
of increased productivity, sociability, and decreased appetite.
Continuous dosing, however, produces stereotypical groom-
ing and other repetitive motions. Physiologic effects include
bruxism, tremor, muscle twitching, mydriasis, hypertension,
diaphoresis, elevated body temperature, nausea, dry mouth,
weight loss, and malnutrition. Continued use over several
days decreases productivity and is associated with disordered
thoughts, paranoia, and psychosis. Tolerance develops very
rapidly after continued use.59

Illicit methamphetamine is commonly insufflated or in-
jected and, less commonly, taken orally. In a pattern similar
to that seen with smoking cocaine, users are now freebasing
methamphetamine and smoking it. Crystal methamphetamine,
known as “crystal meth” or “ice,” became popular in Japan,
Hawaii, and the US West Coast initially, but use has spread to
other parts of the United States. Heating the crystals and smok-
ing the vapor, as with crack, is a common route of adminis-
tration; however, snorting and IV administration are also used.
Absorption is rapid after smoking “ice,” and the effects can
last as long as 24 hours. Methamphetamine-induced psychosis
may occur more frequently with the use of “ice.” Acute pul-
monary edema has also been reported following inhalation.69

D.C. will probably be able to stay awake to study if he uses
more methamphetamine; however, if he is up for too many
days without sleep, his performance on the examination will
likely suffer.

Adverse Effects and Toxicities

30. D.C. finds speed very much to his liking and begins to use it
daily. He goes many days at a time without sleeping or showering
and starts losing weight because he seldom has an appetite. His
friends start calling him a “tweaker.” He believes his friends are
working with the DEA and tapping his phone. What is happening
to D.C.?

D.C. is exhibiting classic signs of chronic metham-
phetamine abuse, which will likely progress if he continues us-
ing. A “speed freak” or “tweaker” (chronic methamphetamine
user) is generally regarded even by other drug users as men-
tally unstable, aggressive, and emotionally labile, with unpre-
dictable periods of violent, even homicidal, behavior. Chronic
users characteristically develop complex paranoid delusional
systems with hallucinations during extended periods of intoxi-
cation that may involve several sleepless days and nights of con-
tinuous methamphetamine administration. This “speed psy-
chosis” may include tactile hallucinations, such as formication,
the sensation of something crawling under the skin. Initial at-
tempts at reassuring, reality-oriented communication (“talking
down”) may be successful for an acute psychotic episode. An
extremely agitated, anxious, psychotic user, however, will often
require administration of a benzodiazepine, such as diazepam
or lorazepam. If psychosis persists, a high-potency neurolep-
tic, such as haloperidol, is preferred owing to its minimal
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anticholinergic activity. Low-potency neuroleptics, such as
chlorpromazine, with higher anticholinergic activity, may
worsen symptoms of delirium and hyperthermia.61

The physiologic toxicity of stimulant drugs includes hy-
pertension, stroke, seizures, hyperthermia, sexual dysfunction,
dental caries, rhabdomyolysis, renal failure, cardiac arrhyth-
mias and cardiomyopathies, myocardial infarction, and mal-
nutrition.

The development of neurotoxicities involving dopaminer-
gic and serotonergic neurons has been demonstrated in an-
imals, but it is less clear if such toxicities develop in hu-
mans. Although some studies have shown loss of dopamine
transporters, resulting in slower motor function and de-
creased memory, there is evidence of recovery with protracted
abstinence.70

Withdrawal and Treatment

31. D.C. is arrested for assault following a bar fight. He is held
in the county jail and is unable to post bail. What withdrawal
symptoms might he experience during incarceration?

D.C. will probably suffer intense cravings for metham-
phetamine and initial agitation, followed by fatigue and hy-
persomnolence. A withdrawal state following acute cessation
of chronic stimulant use is generally the same as that previously
described for cocaine (see Question 27). As with cocaine, the
“crash” is notable for marked fatigue, depression, and anhe-
donia. Most symptoms are mild and will resolve within 1 to 2
weeks, although anhedonia and depression may persist.

Clinical studies investigating treatments for metham-
phetamine dependence have borrowed from the experience
studying cocaine treatments. Currently no effective pharma-
cologic treatments have been proved effected for metham-
phetamine dependence. The most effective treatment so far
appears to be cognitive-behavioral therapy.71

DISSOCIATIVE DRUGS: PHENCYCLIDINE, KETAMINE,
AND DEXTROMETHORPHAN
Phencyclidine (phenylcyclohexylpiperidine) and ketamine are
arylcycloalkylamine, dissociative, anesthetic agents. Phency-
clidine (PCP) at one time was marketed as an IV anesthetic
agent under the trade name of Sernyl.72 Subsequent reports
of postanesthetic dysphoric reactions caused the drug to be
withdrawn in 1965. It was reintroduced in 1967 as Sernylan
and marketed as a veterinary anesthetic until 1978, when the
manufacture and sale of the drug became illegal. Ketamine is
currently used clinically as an anesthetic in both animals and
humans. Ketamine is shorter acting and somewhat less potent
than PCP.

Abuse of arylcycloalkylamines occurs primarily in large
metropolitan areas. PCP is relatively easy to synthesize and
is inexpensive, therefore it is often misrepresented as other
street drugs, such as lysergic acid diethylamide (LSD), am-
phetamine, mescaline, or δ-9-tetrahydrocannabinol (THC).
Ketamine (“K,” “Special K,” “Super K,” “cat valium”) is com-
monly used as a “club drug” and is sometimes misrepresented
as 3,4-methylenedioxymethamphetamine (MDMA; ecstasy).
Ketamine is often diverted from veterinarian supplies. PCP
(“angel dust,” “dust”) in powdered form is often applied to
parsley, marijuana (“dusted joint,” “superweed”), or tobacco

cigarettes and smoked. Oral, intranasal, and parenteral routes
of administration are used by some. The combination of co-
caine and PCP in a freebase smoking mixture is called “Space-
Base.” Although ketamine is manufactured as an injectable
liquid, it is frequently evaporated to a powder.73 The powder
can be snorted or compressed into tablets.

Dextromethorphan, an antitussive agent commonly found
in over-the-counter cough remedies, has emerged as a drug of
abuse, especially popular among adolescents. Its appeal may
be because it is inexpensive, licit, lacks social disapproval as-
sociated with other drugs, available over-the-counter, and is
believed to be safe because it is produced by a pharmaceuti-
cal company. Street names include “Skittles,” “DXM,” “Dex,”
“Robo,” “C-C-C,” and “Red Devils.” Use is referred to as
“dexing,” “robotripping,” and “robodosing.” Dextromethor-
phan is the d-isomer of the codeine analog of levorphanol. The
metabolic byproduct of dextromethorphan, dextrophan, has
weak N-methyl-d-aspartate (NMDA) antagonist properties.74

When dextromethorphan is ingested in large doses, it produces
effects similar to PCP or ketamine. When abused, doses range
from 300 to 1,800 mg. The most commonly abused form is
Coricidin HBP Cough and Cold (called “C-C-C” on the street)
because it contains the highest concentration of dextromethor-
phan per dosage unit on the market (30 mg). Dextromethor-
phan is also available for sale on the internet in powdered form,
which can be ingested orally or snorted. The dextromethorphan
“high” can last 3 to 6 hours and can consist of euphoria, disso-
ciation, hallucinosis, increased perceptual awareness, altered
time perception, hyperexcitability, pressure of thought, disori-
entation; and increased blood pressure, heart rate, and body
temperature; and blurry vision.74,75 Other ingredients found
in the over-the-counter preparations, such as acetaminophen,
chlorpheniramine, guaifenesin, and alcohol, may be problem-
atic when ingested in large doses. According to the Drug Abuse
Warning Network, an estimated 5,581 emergency department
visits in 2004 involved nonmedical use of dextromethorphan.71

PCP is considered the typical dissociative drug, and review of
its effects largely applies to ketamine and dextromethorphan
as well.73

Phencyclidine
Phencyclidine Intoxication

32. J.R., age 18, is brought to the emergency department by po-
lice for violent, combative behavior. Friends claim he was smoking
a “dusted joint” (PCP applied to a marijuana cigarette). He ap-
pears agitated, diaphoretic, and disoriented. His blood pressure is
160/100 mm Hg, pulse 130 beats/minute, and temperature 101◦F.
He has vertical and horizontal nystagmus. Are these effects con-
sistent with PCP intoxication?

J.R.’s symptoms are consistent with PCP intoxication. PCP
and ketamine are noncompetitive antagonists of the NMDA
receptor subtype of the major excitatory neurotransmitter, glu-
tamate. The dose, route of administration, and serum concen-
tration of phencyclidine all influence the pharmacologic effects
of this drug and, thus, the symptoms of intoxication.72 PCP in
low doses causes inebriation, ataxia, changes in body image,
numbness, and a mind-body dissociative feeling. Horizontal,
vertical nystagmus, or both are often present, and the anesthetic
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effect of the drug raises the pain threshold. Amnesia can occur
following intoxication.

As the dose of PCP increases, the patient may manifest ag-
itation, combativeness, catatonia (ketamine users refer to this
as a “k-hole”), and psychosis. The action of PCP on the auto-
nomic nervous system becomes more prominent and is charac-
terized by a confusing combination of adrenergic, cholinergic,
and dopaminergic effects. A hypertensive response is typically
encountered. Tachycardia, tachypnea, and hyperthermia may
also be noted in the moderately intoxicated patient. The agi-
tated, combative patient often has feelings of great strength.
This, combined with the anesthetic effect of PCP, can result
in serious injury because there is no pain sensation to stop the
physical activity.

With large doses of PCP, marked CNS depression occurs and
nystagmus may no longer be present. In addition to the phys-
iologic effects noted earlier, respiratory depression, seizures,
acidosis, and rhabdomyolysis may further compromise the pa-
tient’s condition. Rhabdomyolysis, particularly in the presence
of acidemia, can result in acute renal failure.61 Opisthotonic
posturing and muscular rigidity occur frequently in the severely
intoxicated patient.

Medical Management of Intoxication

33. How should J.R. be treated?

Diagnosis of PCP intoxication should be confirmed through
a blood or urine specimen. Currently, no clinically useful an-
tidote to PCP exists, and treatment should be supportive. En-
vironmental stimuli should be minimized. Even attempts to
“talk down” the patient may trigger a combative response, and
chemical restraints may be indicated. Physical restraints may
increase risk of rhabdomyolysis and should be reserved for pa-
tients who pose threat of great danger to themselves or others.
Benzodiazepines are useful in the management of the anx-
ious, agitated patient with mild to moderate PCP intoxication.
If benzodiazepines are insufficient, haloperidol (5 mg IM) is
effective.57 Low-potency neuroleptics should be avoided be-
cause a greater possibility of precipitating a hypotensive re-
sponse or a seizure exists.

Hypertension may be managed with β-blockers or calcium
channel blockers. Diazepam is a useful anticonvulsant for the
management of PCP-induced seizures. Because extreme agi-
tation, seizures, and hyperthermia can initiate rhabdomyolysis
and secondarily cause myocardial, renal, or hepatic dysfunc-
tion, anxiolytics, neuroleptics, anticonvulsants, and cooling
measures should be used as needed.

Management may also include attempts to increase elimi-
nation of PCP from the body. The urinary excretion of PCP (a
basic compound) is enhanced when the urine is acidic; how-
ever, the amount excreted usually is not very large compared
with the amount ingested.61 Activated charcoal in a dose of
1 g/kg given every 2 to 4 hours can prevent the intestinal reab-
sorption of this drug and promote its elimination.

Psychological and Prolonged Effects

34. J.R. is admitted for a 72-hour psychiatric evaluation. His
history reveals that he is a chronic PCP abuser. What psycholog-
ical adverse effects are associated with chronic use?

Chronic PCP use can result in long-term residual psycholog-
ical symptoms, including anxiety, depression, and psychosis.61

Pharmacotherapy for these symptoms may be necessary. Pro-
longed psychiatric sequelae are almost always associated with
premorbid psychopathology. Perceptual disorders, including
auditory and visual hallucinations, such as after images seen
following moving objects (“trails”), may also occur. Flash-
backs (discussed in detail in the following section on LSD)
have been reported after PCP use.

The DSM-IV does not recognize PCP withdrawal; how-
ever about one-fourth of heavy PCP users report symptoms
following discontinuation of use.61 These symptoms include
depression, anxiety, irritability, hypersomnolence, diaphore-
sis, and tremor. Animal studies have described a withdrawal
syndrome, but it is unclear if a true withdrawal syndrome oc-
curs in humans.76 Currently, no pharmacologic treatments for
PCP addiction exist. Some animal data indicate neurotoxic-
ity; however, the long-term consequences and significance for
humans is unknown and requires further study. Chronic users
often complain of feeling “spaced”; they may be irritable and
antisocial and feel depersonalized and isolated from people.
Memory lapses, speech and visual disturbances, and confu-
sion have been described in long-term users as well.

HALLUCINOGENS
Hallucinogens can be categorized as indole alkylamines (e.g.,
LSD, psilocybin, and dimethyltryptamine) or phenethylamines
(e.g., mescaline; MDMA). LSD is considered the prototype
hallucinogen. Although MDMA is classified as a phenethyl-
amine, it has structural similarities to amphetamine and mesca-
line. It has been labeled an entactogen or empathogen because
of its strong empathy-producing effects and mild hallucino-
genic effects. The term entactogen can be translated as “a
touching within.” Hallucinogens are commonly referred to as
psychedelics.

In 2006, >35 million Americans reported using hallucino-
gens sometime in their lives, 3.9 million had used it in the past
year, and >1 million had used it in the past month. The popu-
larity of MDMA (ecstasy, X) has risen dramatically in recent
years, partly because of its use as a “club drug.” In 2006, 12.2
million Americans reported using MDMA sometime in their
lives, 2.1 million had used it in the past year, and 528,000 had
used it in the past month.13

The usual pattern of use for hallucinogens is occasional
self-administration for enhancement of recreational activities,
such as dancing, or for “mind expansion.” Certain individuals
may develop psychological dependence and use hallucinogens
in a more chronic and compulsive manner.

LSD
Effects

35. B.T. attended a dinner party with a few close friends and
the host suggested they all “trip” (take LSD) after dinner. B.T.
had no previous experience with LSD but was very excited to try
it. She took a “hit” (dose) and her host told her she should cancel
all plans for tomorrow. What can she expect?

Perhaps the most famous of all hallucinogens, LSD-25, was
first synthesized by Albert Hofmann of Sandoz Laboratories
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in 1938.73 It was developed as an analeptic agent but pro-
duced significant uterine stimulation and caused experimen-
tal animals to become excited or cataleptic. Five years later,
while resynthesizing LSD-25 for further pharmacologic test-
ing, Dr. Hofmann experienced a restlessness that forced him
to go home. This was followed by 2 hours of intense visual
hallucinations of kaleidoscopic images and colors. Later, he
identified LSD-25 as a potent hallucinogen. Clinical exper-
imentation produced hundreds of papers describing LSD as
a drug that could facilitate psychotherapy, particularly in the
management of addictive behavior. Widespread public self-
experimentation with LSD for recreation and self-exploration,
coupled with growing attention to adverse psychological con-
sequences, led Sandoz to discontinue production of LSD-25
(as well as psilocybin, psilocin, and related congeners) in Au-
gust 1965. The United States made LSD a schedule I controlled
substance in 1970 after the proliferation of illicit suppliers to
meet the huge public demand for this drug.

Although the mechanism of action of classic hallucinogens
is not fully understood, they appear to predominately act as ag-
onists or partial agonists at serotonin (5-HT) receptors, specif-
ically the 5-HT2 receptor.77 LSD, one of the most potent hal-
lucinogens known, is active at doses of 25 to 250 mcg. Most
users take about 100 to 150 mcg of LSD for a significant effect.
This dose produces mild to moderate sympathomimetic effects,
profound visual hallucinosis, and the sensation of disordered
integration of sensory input. For example, sounds and music
are perceived as visual imagery, odors are felt, and inanimate
objects assume lifelike qualities. In addition to these sensory-
perceptual effects, psychic effects occur, such as deperson-
alization, dreamlike feelings, and rapid alterations of affect.
These are accompanied by somatic effects, including dizzi-
ness, nausea, weakness, tremor, and tingling skin.73,77 These
combined effects begin within an hour of ingestion of LSD
and usually peak in intensity during the first 2 to 3 hours. After
taking LSD, most people feel they have returned to a normal
psychological state by 8 to 12 hours.

Within an hour after ingestion, B.T. will begin to experience
altered sensations of her surroundings, in addition to some
psychic and somatic effects.

Adverse Effects

36. After a few hours of “tripping,” B.T. begins to think she will
never return to a normal state. She fears she has “slipped over the
edge” and begins to panic. What is happening to her?

The most frequently encountered adverse reaction associ-
ated with the hallucinogenic drugs is a mental state of acute
anxiety and fear, typically referred to as a “bad trip.” The hal-
lucinogen experience is influenced by set (the user’s mental
state and expectations of drug effects) and setting (the envi-
ronment in which drug use takes place, including the social
conditions). Users may be able to calm themselves without
outside intervention. The initial therapy of people undergoing
a bad trip is frequently called “reality therapy” and consists of
“talking down” the fear and panic.61,77 This consists of getting
the person to a quiet, relaxed setting and helping him or her
focus on explanations for the uncertainties that are causing the
panic. This process also tends to reassure the person that he or
she is in a safe physical environment and that the drug effects
will diminish in a few hours. Most of these bad trips are re-

solved during the state of intoxication (generally, 6–12 hours),
but some last as long as 24 to 48 hours.

If the talk-down approach is not successful in resolving the
panic, drug therapy can be considered. Sedation with an oral
benzodiazepine (i.e., diazepam 10–30 mg) or a parenteral ben-
zodiazepine (i.e., lorazepam 2 mg IM) will frequently alleviate
the panic.61 Supportive talking down should be continued be-
cause the benzodiazepine will not stop the trip; it will simply
sedate the patient. Haloperidol 2 mg IM may also be used if
benzodiazepines are insufficient. Phenothiazines should not be
used for initial management of bad trips because they have been
associated with poor outcomes.61

With regard to adverse physical effects, classic hallucino-
gens have a high margin of safety, although patients should
be monitored for seizures or elevations in body temperature,
which may indicate a potential hyperthermic crisis. Anticon-
vulsant therapy may not be effective until body temperature
has been lowered.61

B.T. is experiencing a bad trip. Her friends should try to
“talk her down,” with reassurance that the effects of the drug
will eventually wear off. If this approach is unsuccessful, she
should be taken to the emergency room for pharmacologic
treatment of her anxiety and panic.

Flashbacks and Long-Term Effects

37. B.T.’s friends “talk her down,” but she has heard that people
sometimes have flashbacks after LSD use and is worried she will
re-experience her bad trip. What are flashbacks? What are the
long-term consequences of LSD use?

Use of hallucinogens can trigger a transient psychosis or
unmask an underlying psychiatric disorder; however, a true
psychotic episode is rare. Psychiatric conditions following hal-
lucinogen use that persist more than a month are likely caused
by pre-existing psychopathology.61 Hallucinogen use does not
seem to be associated with any cognitive impairment.78

Hallucinogen persisting perceptual disorder (HPPD), com-
monly referred to as flashbacks, is characterized by recurrences
of part or all of the hallucinogenic drug experiences follow-
ing a period of normal consciousness in a person who used
the drug previously. The American Psychiatric Association’s
DSM-IV includes diagnostic criteria for HPPD. The flashbacks
may last from minutes to days or months (usually a few hours).
The estimated prevalence of flashbacks varies widely in studies
and the etiology is still unclear.79 Flashbacks can occur spon-
taneously or be triggered by exercise, stress, or another drug
(e.g., marijuana).61 Treatment remains anecdotal; no random-
ized, controlled trials have evaluated the efficacy of pharma-
cotherapy for HPPD.

LSD and other classic hallucinogens have low addiction
potential. There does not appear to be a clinically important
withdrawal syndrome associated with their use. The rapid de-
velopment of tolerance that occurs with these drugs may ex-
plain the intermittent use patterns commonly seen.

MDMA
Effects

38. R.X. and her friend P.B. go to “raves” (all-night dance par-
ties) every weekend and usually take ecstasy (MDMA). R.X. says
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it makes her feel like “I love everyone around me,” and P.B. likes
to be able to “dance all night without getting tired.” Are these
effects common with MDMA?

Merck Pharmaceuticals patented MDMA in 1914, but it
was not until the 1950s that its use was examined in animal
studies, when the US Army Intelligence investigated it as a
“brainwashing” agent. By the late 1970s, a few therapists and
psychiatrists began using the drug with reported success in pa-
tients with a wide range of conditions.80 MDMA produces a
very manageable and comfortable entactogenic effect, during
which the person has a clear sensorium. The experience can
be recalled in detail, and the insights gained during the session
can be incorporated into normal life. The public gave several
names to this drug, such as ecstasy, XTC, Adam, and M&Ms.
The media became aware of the anecdotal reports from both
psychiatrists and people self-experimenting with MDMA. In
1985, the DEA made MDMA a schedule I drug. Subsequently,
supplies of the drug proliferated in the public illicit market-
place, and its popularity soared. In 2001, following successful
lobbying by researchers interested in reinstituting MDMA in
clinical practice, the FDA granted approval for a pilot study
investigating the therapeutic use of MDMA in the treatment
of posttraumatic stress disorder (PTSD).81 At the time of this
writing, the study has nearly completed phase II. The FDA has
also approved a phase II dose-response pilot study of MDMA-
assisted psychotherapy in subjects with anxiety associated with
advanced stages of cancer.

The effects of MDMA are mainly exerted by three neuro-
chemical mechanisms: blockade of serotonin reuptake, stim-
ulation of serotonin release, and stimulation of dopamine
release.82 The common psychological effects of MDMA in-
toxication include an overall heightened sense of empathy, in-
terpersonal closeness, increased acceptance of others, and a
powerful sense of well-being.83 The experience is influenced
by set and setting. The amphetamine-like side effects include
mydriasis, tachycardia, sweating, increased energy and alert-
ness, bruxism, nausea, and anorexia.84 Users generally ingest
MDMA in tablet form and the onset of action is usually after
30 to 60 minutes. Some users take a “booster” dose after 2
hours. The usual duration of action of MDMA is 4 to 6 hours
and the half-life is approximately 8 hours. MDMA users in the
“rave” scene often “stack” multiple doses, and polydrug use is
common. The combined use of ecstasy and LSD is referred to
as “candy flipping.”82

R.X.’s feelings of love for everyone are consistent with the
empathogenic effects of MDMA, whereas P.B. is enjoying the
amphetaminelike effects of increased energy to dance all night.

Adverse Effects

39. Several hours after taking MDMA, P.B. is still dancing. She
begins to feel hot and realizes she is profusely sweating. On her
way to the bar for a drink, she begins to feel confused and collapses
to the floor. Her friends witness her having a seizure and call 911.
What is happening to P.B.?

The “rave” scene, with its crowded conditions and often-
high ambient temperatures, has contributed to many adverse
effects associated with MDMA ingestion. Because of their
increased physical activity, the “ravers” may become dehy-
drated. Additionally, supplies of MDMA have been notori-
ously unreliable. Many other drugs have been misrepresented

as MDMA, including other phenethylamines such as 3,4-
methylenedioxyamphetamine (MDA) and paramethoxyam-
phetamine (PMA); amphetamine; cocaine; opiates; ketamine;
and dextromethorphan. The common polydrug use practiced
at “raves” compounds the problem. Dextromethorphan taken
at high doses for its dissociative properties competes with
MDMA for hepatic metabolism and its anticholinergic effects
block perspiration, potentially leading to overheating.80

The most dangerous adverse physical effect of MDMA is
hyperthermia. MDMA has a slight affinity for the 5-HT2 re-
ceptor, and the increased body temperature may be the result of
this activation.82 The hyperthermia has led to rhabdomyolysis,
and acute renal and hepatic failure, disseminated intravascular
coagulation (DIC), and death.85 DIC has been the most com-
mon cause of death. Treatment of hyperthermia involves cool-
ing measures and IV fluids. Benzodiazepines (e.g., lorazepam
2 mg IM or IV) and dantrolene (1 mg/kg IV) may be helpful.
Other adverse physical effects can include hypertension, car-
diac arrhythmias, convulsions, cerebrovascular accident, hep-
atitis, and hyponatremia (from overingestion of water as a harm
reduction measure to avoid hyperthermia).84,85 Although emer-
gency room visits associated with MDMA use continue to be
relatively rare, they increased dramatically (>2,000%) from
1994 to 2001, but have remained stable since.22,86 Adverse
psychological effects are also possible, including anxiety, de-
pression, panic attacks, agitation, paranoia, and rarely psy-
chosis. The treatment of these psychological adverse effects is
the same as for those associated with the classic hallucinogens,
including “talk-down” therapy and benzodiazepine administra-
tion. P.B. may be suffering from MDMA-induced hyperthermia
and needs urgent medical evaluation.

Long-Term Effects

40. R.X. has read in the newspaper that MDMA is associated
with “brain damage” and is worried that she has caused per-
manent damage to her brain. What are the long-term effects of
MDMA?

Animal studies have consistently demonstrated long-term
MDMA-induced serotonin depletion. This has been evidenced
by lower levels of serotonin, decreased metabolite levels, low-
ered levels of tryptophan hydroxylase, and loss of serotonin re-
uptake transporters.80 MDMA damages serotonin axonal pro-
jections; axonal resprouting and regeneration do occur, but it is
unclear if these new projections are damaged. Despite this ev-
idence of neurotoxicity, no associated functional changes have
been demonstrated.80,87

Several retrospective studies in humans have claimed low-
ered cognitive performance in MDMA users compared with
nonusers. These studies have serious methodologic flaws, in-
cluding their retrospective design and failure to control for
important confounding variables, such as other drug use and
adulterant exposure and lifestyle factors.80,87 Well-controlled,
prospective clinical trials are required to establish definitively
any risk associated with MDMA ingestion.

Use of MDMA does not appear to produce physical depen-
dence, but some users may become psychologically depen-
dent. Tolerance to the empathogenic effects develops rapidly
and may last 24 to 36 hours. This may explain in part the
more common practice of sporadic dosing of the drug.83 No
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distinctive withdrawal syndrome has been described that would
require pharmacologic treatment.

MARIJUANA
Marijuana is the most widely used illicit substance in the United
States. In 2006, 97.8 million Americans reported using mari-
juana at some time in their lives, 25.3 million had used in the
past year, and 14.8 million had used in the past month.13 The
main psychoactive ingredient in the Cannabis sativa plant is
THC, although the plant is known to contain more than 70
cannabinoids.88 In the United States, the dried, chopped leaves
and flowers of the Cannabis plant (grass, pot, weed, green bud,
chronic, mary jane) are rolled into a cigarette paper (mari-
juana cigarette, known as a joint or blunt; a “roach” is the butt
of the marijuana cigarette) or smoked in a pipe or water pipe
(“bong”). Each joint usually weighs 0.5 to 1 g, for a THC con-
tent of about 5 mg (very weak), 30 mg (average), or 100 mg
(highest-quality sinsemilla). The sinsemilla (Spanish for
“without seeds”) growing technique involves separating the
female plants from the males before pollination occurs. This
results in female plants with higher amounts of THC, up to
14%.89

A dramatic increase in the potency of marijuana has oc-
curred over the past two decades. Marijuana average potency
has increased 52.4% (from 5.34% THC to 8.14%) just within
the last 5 years.12 The raw resin of the Cannabis plant can
be pressed into cakes, balls, or sticks, called hashish (“hash,”
“temple balls”), which is smoked or eaten. Hashish can con-
tain up to 12% THC. The oils can be extracted from the plant
with organic solvents to produce “hash oil,” perhaps the most
potent Cannabis derivative, with THC concentrations of up to
50%.89 Commercial grade marijuana (marijuana not grown by
the sinsemilla technique) sells on average for $100 per ounce,
but high-quality marijuana can cost $600 per ounce.14

Researchers in cannabinoid neurobiology have discovered
two cannabinoid receptors in the CNS: CB1 and CB2; how-
ever, additional receptors have been proposed. In addition, five
endogenous cannabinoids (endocannabinoids) that act at the
cannabinoid receptors have been discovered.90,91 The best-
known are arachidonic acid ethanolamide (anandamide) and
2-arachidonoylglycerol (2-AG).90

Marijuana’s therapeutic potential has been the center of
much public controversy. Research on the effects of cannabi-
noids has led to several potential therapeutic uses, including
relief of nausea and vomiting, appetite stimulation; treatment
of pain, epilepsy, glaucoma, migraine, anxiety, depression, and
movement disorders (Parkinson’s disease, Huntington’s dis-
ease, Tourette’s syndrome, multiple sclerosis); and providing
neuroprotection after brain injury or cerebral ischemia.91,92 A
synthetic form of THC, dronabinol, is available as prescrip-
tion tablets, and a synthetic cannabinoid, nabilone, is available
as capsules, but advocates of medicinal marijuana use argue
that inhalation allows for faster onset and easier titration of the
dose. In addition, nauseated patients want to avoid the oral route
of administration. Future research may focus on developing a
safer delivery system that will be reliable, rapid, and safe.93 An
oromucosal spray, Sativex, derived from botanical material, is
under investigation in the United States. The principal active
components are THC and cannabidiol. This cannabis extract

spray has been approved in Canada, and is also being used in
the United Kingdom.

Effects

41. After school one day, P.H. is offered a “joint” by one of his
friends. He smokes it and begins to feel light-headed and euphoric.
He begins laughing at everything around him. Thirty minutes
later he and his friend become very hungry (“the munchies”) and
eat several candy bars. Are these effects consistent with marijuana
use?

Yes. The pharmacologic effects sought by most users of
cannabis products are sedation, mental relaxation, euphoria,
and mild hallucinogenic effects, and these effects depend on
set and setting. Other common effects that are usually per-
ceived as pleasurable include silliness, subjective slowing of
time, gregariousness, hunger, and mild perceptual changes of
all the senses that engender an absorbing fascination with mu-
sic, eating, and other sensual and sensory activities. The state
of mind generated is referred to as “stoned,” “high,” “loaded,”
“wasted,” and many other colloquial terms. Smoking mari-
juana typically causes numbness and tingling of the extrem-
ities, light-headedness, loss of concentration, and a floating
sensation in the first 3 or 4 minutes. Some of these effects are
probably caused by the hyperventilation associated with deep
inhalation of the smoke (referred to as a “hit” or “toke”) and
breath holding to allow maximal absorption from the lungs.
Over the first 10 to 30 minutes, the user may experience tachy-
cardia (possibly palpitations), mild diaphoresis, conjunctival
injection, drying of the mouth, weakness, postural hypotension,
periods of tremulousness, incoordination, and ataxia along
with euphoria and the mental effects described above. These
effects usually resolve by 1 to 3 hours and are followed by a
30- to 60-minute period of sleepiness before complete clearing
and return to normal consciousness. Oral ingestion of cannabis
products may delay the onset of effects by 45 to 60 minutes
and prolong the duration.89

Adverse Effects

42. P.H. smokes more marijuana with his friend. He liked it so
much the first time, he decides to take several “hits” this time. He
begins to think his friend is laughing at him and notices his heart
is beating rapidly. He starts to panic. Is P.H.’s reaction caused by
the marijuana?

Consistent with its widespread use, marijuana was the sec-
ond most frequently mentioned illicit substance in emergency
department episodes in the United States in 2005. A total of
242,200 marijuana-related emergency department visits were
mentioned in 2005.22 Despite these numbers, cases have been
documented of fatality in humans from marijuana overdose,
and adverse effects tend to be self-limiting and often do not
require medical treatment.

A syndrome consisting of anxiety, paranoia, depersonal-
ization, disorientation, and confusion that can lead to panic
states and incapacitating fear is perhaps the most frequently
reported adverse effect of marijuana. Comforting reassurance
(“talk down”) and reducing stressful stimuli can alleviate this
condition. The dysphoria and anxiety usually resolve in a few
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hours or less with such an approach. More severe incidents that
evolve into panic reactions that are not resolved by sympathetic
counseling may be relieved with oral benzodiazepine therapy
in a dose equivalent to 5 to 10 mg of diazepam.61 These ad-
verse psychological reactions to cannabis products commonly
occur with inexperienced users, high doses, concomitant use
of other psychoactive drugs, and overtly stressful situations.
Severe reactions requiring pharmacologic therapy are rare.

Currently, there is much debate in the scientific commu-
nity regarding the association of marijuana and psychosis. A
review of the literature found that cannabis use increases the
risk of developing psychotic disorders among vulnerable or
predisposed individuals and negatively affects the course of
pre-existing chronic psychosis.88 Population statistics argue
against a causal relationship.

Adverse physical effects can include slowed psychomotor
responses and short-term memory loss. Slowed psychomotor
responses have been shown in certain groups of acutely intox-
icated subjects and chronic users. Short-term memory loss is
a frequently documented acute, reversible effect of marijuana
intoxication as well.

The paranoid ideation and panic reaction of P.H. could cer-
tainly be caused by the high dose and his inexperience with
marijuana.

Long-Term Effects

43. P.H. continues to smoke marijuana daily. His parents dis-
cover his marijuana use and confront him, telling him it will make
him stupid, unmotivated, and strung out, and may lead to the use
of harder drugs. Are P.H.’s parents’ concerns valid? What are
possible long-term effects of marijuana use?

Chronic use of cannabis has been alleged to produce an
“amotivational syndrome” characterized by apathy, lack of
long-term goal achievement, inability to manage stress, and
generalized laziness, but little scientific evidence supports such
a syndrome.89

Cognitive impairment can occur after heavy marijuana use,
but appears to be reversible with abstinence.94 The impairment
is more pronounced, the longer the drug is used.89 Other con-
current drug use may also contribute to cognitive impairment
associated with marijuana use. Evidence of brain damage as-
sociated with marijuana use is equivocal.

The pulmonary complications of chronic heavy marijuana
use are potentially significant. Chronic cough, sputum, wheez-
ing, bronchitis, and cellular changes typical of chronic tobacco
smokers are reported in chronic cannabis smokers.89,95 THC
has been shown to be a potent bronchodilator. Both oral and
smoked THC were shown to produce significant bronchodi-
lation when given to healthy subjects. The bronchodilatory
response in asthmatics given THC has been shown to be less
vigorous.66 Tolerance to these effects can develop after some
weeks, and chronic marijuana smoking results in increased
airway resistance and decreased pulmonary function.89 Many
of the same carcinogens in nicotine cigarettes are also found
in marijuana smoke. Epidemiologic studies have suggested an
association between marijuana smoking and certain cancers
(lung, head and neck); however, controlled studies have not
established such a link.96−98 Aspergillus-contaminated mar-
ijuana has been reported to cause pulmonary fungal infec-

tions in immunocompromised patients, who may be using the
drug for its medicinal value.99 Harm reductionists have recom-
mended that immunocompromised patients microwave their
marijuana before use.

Tolerance to the psychoactive effects of marijuana does de-
velop. Chronic users may not experience the full range of ef-
fects as new users unless they abstain for several days or weeks
to regain initial sensitivity to the cannabis, and chronic users
can tolerate large doses that generally are toxic to novices.
Tolerance develops rapidly to both physiologic and psycho-
logical effects of cannabis. Dependence characterized by a
physical withdrawal syndrome occurs after chronic high-dose
use of cannabis. The withdrawal syndrome can involve anx-
iety, depression, irritability, restlessness, decreased appetite,
sleep disturbance, sweating, tremor, nausea, vomiting, and
diarrhea.61,89 Dysphoria and malaise similar to that experi-
enced with influenza can also occur. The cumulative dose of
cannabis and duration of use necessary to produce dependence
have varied significantly. The withdrawal syndrome is gener-
ally mild and self-limiting, and pharmacologic treatments usu-
ally are not required.

Marijuana has been labeled as a “gateway drug,” meaning
that it will lead to the use of “harder” drugs, such as cocaine or
heroin. Marijuana is the most widely used illicit drug, but use
of drugs such as alcohol and tobacco often predates marijuana
use. No studies have conclusively demonstrated a causal link
between marijuana use and subsequent other drug use.89

P.H.’s parents’ concerns are understandable, but not entirely
accurate. They should attempt to educate P.H. about the true
risks involved with marijuana use, such as interference with
studies, risk of pulmonary complications, and possible risk of
dependence.

INHALANTS
The introduction of anesthetics (nitrous oxide, chloroform,
and ether) to medicine in the early 1800s also promoted the
widespread and popular recreational use of these inhalants for
mind-altering recreational purposes. Today, abused inhalants
include a wide variety of chemicals that are found readily in
homes, workplaces, or purchased at retail establishments. In-
halants are commonly subdivided into three main categories:
the volatile solvents (mostly hydrocarbons); volatile nitrites
(amyl, butyl, isobutyl, cyclohexyl); and nitrous oxide (“laugh-
ing gas”). The fumes or vapors of these liquids, or paste in the
case of glue, are directly inhaled out of their containers (“sniff-
ing”); poured onto a rag which is held to the nose (“huffing”);
poured into a plastic bag (“bagging”); or merely cupped in the
hands and inhaled. Aerosols and gaseous substances such as
nitrous oxide are also used to inflate a balloon and then in-
haled out of the balloon by the user. These products can also
be ingested orally or sprayed directly into the mouth. Volatile
solvents include gasoline, toluene, kerosene, alcohols, airplane
glue, lacquer thinner, acetone (nail polish remover), benzene
(nail polish remover, model cement), naphtha (lighter fluid),
plastic cement, liquid paper (i.e., White Out, usually containing
1,1,1-trichloroethane, also trichloroethylene and perchloreth-
ylene), and many others. The volatile nitrites, once widely
available, are prohibited by the Consumer Product Safety Com-
mission but can still be found, sold in small bottles, labeled as
“video head cleaner” or “room odorizer.” Amyl nitrite is used
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medically as a vasodilator for treatment of angina and requires
a prescription. The volatile nitrites are commonly referred to
as “poppers,” because of the sound made when an ampule of
amyl nitrite is broken open. The most commonly used inhalants
are glue, shoe polish, toluene, and gasoline.100−102 The use of
multiple products is common. Silver and gold paints are pop-
ular because they contain more toluene than paints of other
colors.103

In 2006, 22.8 million Americans reported using inhalants
at some time in their lives, >2 million had used them in the
past year, and 761,000 had used them in the past month.13

Unlike other drugs of abuse, inhalant use is most common
among younger individuals (consistently highest annual preva-
lence among 8th graders) and tends to decline as youth grow
older. The decline likely reflects that other drugs become avail-
able and are substituted, and that the inhalants are seen as
“kids” drugs. Abuse of inhalants is believed to be popular
among children and adolescents because of their low cost, easy
availability, rapid onset, and low threat of legal intervention.
Additionally, they are easily concealed. The 2006 Monitor-
ing the Future (MTF) study found that 16.1% of 8th graders
have abused inhalants.104 The MTF and other national sur-
veys of adolescents have found that after marijuana, inhalants
are the second most widely used class of illicit drugs for 8th
graders.96 Most inhalant users, however, have used alcohol
or cigarettes previously.105 These surveys, most of which are
administered in schools, likely underestimate the true preva-
lence, as a small but high risk group (incarcerated, homeless,
and transient adolescents) are not included in the surveys. His-
torically, use of inhalants in the United States has been highest
among native American youth and lowest among black and
Asian youth.100,105

It was previously believed that inhalant use was more preva-
lent in rural communities; however, recent surveys indicate
use occurs in both urban and rural settings.103 Inhalant use
has been associated with polysubstance use, later IV drug use,
delinquency, depression, suicidal behavior, antisocial person-
ality disorder, and impaired family functioning.100,106,107 Some
research has indicated inhalant use is more prevalent in lower
socioeconomic groups, but recent studies have failed to show
an association between use and family income.100,105 Inhalant
use is not gender-specific; however, sustained abuse is more
common in male users.100,103,107 Friends’ influence on drug
use (peer pressure) has been shown to be the strongest predic-
tor of drug use in adolescents.108

Effects of Inhalants

44. H.K., age 14, has been pouring degreasing solvents, gasoline,
and paint thinners onto a rag and “huffing” the fumes to produce
intoxication. What clinical presentation might be expected in this
young man?

Inhalant abuse includes a broad range of chemicals and they
likely have different pharmacologic effects. In fact, the mecha-
nisms of action of the volatile inhalants are poorly understood.
Nearly all have CNS depressant effects. Evidence from ani-
mal studies suggests the effects and mechanism of action of
volatile solvents are similar to those of alcohol and sedative
hypnotics.103,109

Gases and vapors are rapidly absorbed when inhaled and,
because of their high lipophilicity, tend to distribute preferen-

tially to lipid-rich organs such as the brain and liver.101 Expired
air is the major route of elimination, and most are metabolized
to some extent.

Inhalation of these products produces a temporary stim-
ulation and reduced inhibitions before the depressive CNS
effects occur. Acute intoxication is associated with eupho-
ria, giddiness, dizziness, slurred speech, unsteady gait, and
drowsiness.103 As the CNS becomes more deeply affected, il-
lusions, hallucinations, and delusions develop. The user ex-
periences a euphoric, dreamy high that culminates in a short
period of sleep. The intoxicated state lasts a few minutes, but
users may continue to inhale repeatedly over several hours.

Nitrous oxide is an antagonist of the NMDA subtype of
the glutamate receptor.72 Its pharmacologic effects are poorly
understood. It produces euphoria and symptoms of intoxication
similar to those described for the volatile solvents.

The major effect of the volatile nitrites is the relaxation of
all smooth muscles in the body, including the blood vessels.
This usually allows a greater volume of blood to flow to the
brain. The onset of effects takes 7 or 8 seconds and the effects
last about 30 seconds. A certain “rush” occurs, which may be
followed by a severe headache, dizziness, and giddiness. The
volatile nitrites are frequently used in the context of sexual
activity, particularly by homosexual males because of the effect
of increased tumescence and relaxation of smooth muscle.110

Acute Complications of Inhalants

45. What acute complications may H.K. experience from in-
halation of these solvents?

In 2005 the Drug Abuse Warning Network reported 4,312
emergency department visits were associated with inhalant
use in the United States.22 Deaths from inhalant use are well
documented and may occur from overdose or trauma (falls,
drowning, hanging). Death from overdose is often caused by
respiratory problems or suffocation after CNS depression.110

Deaths caused by asphyxiation, convulsions, coma, and aspi-
ration of gastric contents have occurred.103 Acute cardiotox-
icity resulting in cardiac arrest is the most common cause of
sudden death.107 Referred to as “sudden sniffing death,” it is
likely caused by “sensitization” of the myocardium to cate-
cholamines, exacerbated by physical exercise, resulting in fa-
tal ventricular arrhythmias. Nearly one-third of deaths resulted
from first-time use and 90% of deaths are men.107 A study of
cases of inhalant abuse reported to US poison control centers
found that three categories of inhalants were disproportion-
ately responsible for most deaths: gasoline, air fresheners, and
propane/butane.111 The author of that study concluded that a
potential exists for >200 deaths from volatile solvent abuse
per year in the United States.

Toxicities of Inhalants

46. What toxicities are associated with chronic inhalation of
solvents?

The wide variety of chemicals inhaled causes a tremen-
dous range of toxicities. Toxicity depends on the chemical,
and on the magnitude and duration of exposure. Complica-
tions can result from the effects of the solvents or other toxic
ingredients, such as lead in gasoline. The lipophilicity of the
volatiles enhances their toxicity. Injuries to the brain, liver,
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kidney, bone marrow, and particularly the lungs can occur and
they may result from the effect of heavy exposure or hypersen-
sitivity. Inhalant abusers may develop irritation of the eyes,
nose, mouth, including rhinitis, conjunctivitis, and rash.110

Methemoglobinemia has been associated with volatile nitrite
use.107

Many of the inhalants produce neurotoxicity, which can
range from mild impairment to severe dementia. Studies re-
veal approximately 10% of chronic inhalant abusers develop
evidence of neurotoxicity.101 Neurologic deficits include cog-
nitive impairment, ataxia, optic neuropathy, deafness, and dis-
orders of equilibrium. Loss of white matter, brain atrophy, and
damage to specific neural pathways can result from chronic
exposure to some inhalants.

Solvent abusers have been found to have impaired execu-
tive functions, including capacity for insight and behavioral
self-control.101 Some damage to the nervous system and other
organs may be at least partially reversible when inhalant use is
discontinued.103

Inhalant Abuse and Dependence

47. Are inhalants addictive?

Compulsive use has been documented with inhalants, al-
though inhalant abuse and dependence is a neglected area of

research. Animal studies have shown some of the abused in-
halants to have reinforcing properties.110,112 The DSM-IV sets
criteria for inhalant abuse and dependence, but does not pro-
vide for physiologic dependence, and it is unclear if a true
withdrawal syndrome occurs with chronic use of inhalants. In-
halant use is typically episodic in nature and, thus, users may
not be exposed to levels with sufficient frequency necessary
to develop physical dependence or tolerance. A review of na-
tional surveys of adolescents found 11% of past year users met
the criteria for inhalant abuse or dependence.100 A study of
adolescents in drug treatment revealed that inhalant abuse or
dependence is relatively uncommon in adolescent treatment
programs.106 Although many adolescents may try inhalants,
few meet criteria for DSM-IV–defined inhalant use disorders.
Volatile solvent abusers are particularly refractory to drug
treatment.108
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ALCOHOL CONTENT AND DEFINITIONS
Beverages containing alcohol (ethanol) have a wide range of
ethanol content. Alcoholic proof is a measure of how much
ethanol is in an alcoholic beverage, and is twice the percentage
of alcohol by volume (ABV), the unit that is commonly used
as percent. This system dates to the 18th century, and perhaps
earlier, when spirits were graded along with gunpowder. A
solution of water and alcohol “proved” itself when it could be
poured on a pinch of gunpowder and the wet powder could still
be ignited. If the gunpowder did not ignite, the solution had too
much water in it and the proof was considered insufficient. A
“proven” solution was defined as 100 degrees proof (100).1,2

In the United States, the proof is twice the percentage of
alcohol content measured by volume at a temperature of 60◦F.
Therefore “80 proof” is 40% alcohol by volume, and pure
alcohol (100%) is “200 proof.” One hundred percent ethanol
does not stay 100%, because it is hygroscopic and absorbs
water from the atmosphere.

Alcohol is produced by yeast during the process of fermen-
tation. The amount of alcohol in the finished liquid depends
on the amount of sugar initially present for the yeast to convert
into alcohol. Low alcohol beer is beer with very low or no

alcohol content. Legally, in the United States, beers contain-
ing up to 0.5% alcohol by volume can be called nonalcoholic.
In some states (e.g., Minnesota, Colorado, and Utah), beer
sold in supermarket chains and convenience stores must be
<3.2% alcohol by weight (4% alcohol by volume or ABV).
Alcohol content is generally listed by volume (e.g., a beer
that is 4.0% by volume is about 3.2% by weight). Light beers
range from 2% to about 4% ABV; beers range from 4% to
6% ABV; ales, stouts, and specialty brews can be as high as
10% ABV.

Depending on the strain of yeast, wines are produced at
about 14% to 16% (28–32 proof), because that is the point in
the fermentation process where the alcohol concentration de-
natures the yeast. Since the 1990s, a few alcohol-tolerant ‘super
yeast’ strains have become commercially available, which can
ferment up to 20%. Yeast organisms multiply as long as there is
sugar to metabolize, gradually increasing the alcoholic content
of the solution and killing off competing microorganisms, and
eventually themselves. There are fortified wines with a higher
alcohol concentration because stronger alcohol has been mixed
with them. As this is usually done before fermentation is com-
plete, these products contain a much higher quantity of sugar
and therefore are typically sweet.

84-1
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Stronger liquors are distilled after fermentation is complete
to separate the alcoholic liquid from the remains of the source
of sugar (e.g., grain, fruit). The idea of distillation is that a
mixture of liquids is heated; the one with the lowest boiling
point will evaporate first, followed by the one with the next
lowest boiling point, and so on. Water and alcohol form a mix-
ture called an azeotrope that has a lower boiling point than
either one of them, so what distills off first is the mixture that
is 95% alcohol and 5% water. Distilled liquor therefore can-
not be stronger than 95% (190 proof). Other techniques can
separate liquids that can produce 100% ethanol (called “abso-
lute alcohol”), but they are used only for scientific or industrial
purposes. A standard drink in the United States is considered
to be 0.5 ounces or contain 15 grams of alcohol. This is equal
to 12 ounces (355 mL) of 5% beer, 5 ounces (148 mL) of 12%
wine, or 1.5 ounces (44 mL) of 40% spirits.1,2

Epidemiology
Slightly more than half (50.9%) of Americans aged 12 or
older, reported being current drinkers (at least one drink in
the past 30 days) of alcohol in the 2006 National Survey on
Drug Use and Health survey.3 This translates to an estimated
125 million people, which is similar to the 2005 estimate
of 126 million people (51.8%). More than 57 million peo-
ple (23.0%) aged 12 or older participated in binge drinking
(five or more drinks on the same occasion; i.e., at the same
time or within a couple of hours of each other, on at least
1 day in the past 30 days) in 2006. In 2006, heavy drinking
(five or more drinks on the same occasion on each of 5 or more
days in the past 30 days) was reported by 6.9% of the popula-
tion aged 12 or older.3 In 2003, alcohol use disorders (AUD)
in the United States accounted for 12,766 person deaths in
alcohol-related traffic crashes, constituting almost 30% of the
total traffic crash fatalities.4 Currently, >700,000 people a day
in the United States receive treatment for alcohol dependence.5

Approximately 10% of Americans will be affected by alco-
hol dependence sometime during their lives.6,7 In 2001–2002,
prevalences of Diagnostic and Statistical Manual of Mental
Disorders, Fourth Edition (DSM-IV) alcohol abuse and de-
pendence were estimated to be 4.7% and 3.8%, respectively.8

Abuse and dependence were more common among males and
among younger respondents. The prevalence of abuse was
greater among whites than among blacks, Asians, and His-
panics. The prevalence of dependence was higher in whites,
Native Americans, and Hispanics than Asians.8

Alcohol dependence is a chronic disorder with genetic, psy-
chosocial and environmental factors influencing its develop-
ment and manifestations. Although treatment outcomes have
improved, still much remains to address unsuccessful treat-
ment of alcohol abuse and dependence for many others.9 As
defined by the DSM-IV,10 alcohol dependence is characterized
by the preoccupation with alcohol use, use despite adverse con-
sequences, as well as tolerance and withdrawal (Table 84-1).

Treatment of alcohol dependence consists mainly of psy-
chological, social, and pharmacotherapy interventions aimed
at reducing alcohol-related problems.11 Treatment usually con-
sists of two phases: detoxification and rehabilitation. Detoxifi-
cation manages the signs and symptoms of withdrawal. Once
detoxified, rehabilitation helps the individual avoid future prob-
lems with alcohol. Most rehabilitation treatments are psy-

Table 84-1 Diagnostic Criteria for Alcohol Abuse and
Dependence10

DSM-IV defines abuse as a maladaptive pattern of substance use leading
to clinically significant impairment or distress, as manifested by one
(or more) of the following, occurring within a 12-month period:

1. Recurrent substance use resulting in a failure to fulfill major role
obligations at work, school, home

2. Recurrent substance use in situations in which it is physically
hazardous

3. Recurrent substance-related legal problems
4. Continued substance use despite having persistent or recurrent social

or interpersonal problems caused or exacerbated by the effects of the
substance

DSM-IV defines dependence as a maladaptive pattern of substance use,
leading to clinically significant impairment or distress, as manifested
by three (or more) of the following, occurring at any time in the same
12-month period:

1. Tolerance, as defined by either of the following:
� A need for markedly increased amounts of the substance to achieve

intoxication or desired effect
� Markedly diminished effect with continued use of the same amount

of substance
2. Withdrawal, as manifested by either of the following:

� The characteristic withdrawal syndrome for the substance
� The same (or a closely related) substance is taken to relieve or avoid

withdrawal symptoms
3. The substance is often taken in larger amounts or over a longer period

than was intended
4. There is a persistent desire or unsuccessful efforts to cut down or

control substance use
5. A great deal of time is spent in activities to obtain the substance, use

the substance, or recover from its effects
6. Important social, occupational or recreational activities are given up

or reduced because of substance use
7. The substance use is continued despite knowledge of having a

persistent or recurrent physical or psychological problem that is likely
to have been caused or exacerbated by the substance (e.g., continued
drinking despite recognition that an ulcer was made worse by alcohol
consumption)

chosocial, consisting of individual and group therapies, resi-
dential treatment in alcohol-free settings, and self-help groups,
such as Alcoholics Anonymous. Although psychosocial treat-
ments show effectiveness in reducing alcohol consumption and
in maintaining abstinence, reviews of treatment studies report
40% to 70% of patients return to drinking within the year fol-
lowing treatment.12 An evidence report prepared by the Agency
for Health Care Policy and Research13 concludes that there is
both a significant need to improve current alcohol treatments,
as well as to develop new strategies.

Interest in using pharmacotherapies to improve treatments
for alcohol dependence is growing.14,15 The rationale for phar-
macotherapy is based on several considerations. Advances in
neurobiology have identified neurotransmitter systems that ini-
tiate and sustain alcohol drinking; pharmacologic modifica-
tion of these neurotransmitters or their receptors may alter
dependence.16 Promising genetic research confirms that al-
coholics are a heterogeneous population and that several gene
variations can predispose some to increased alcohol use and
other gene variations can confer protection.16 Animal models
have identified pharmacologic agents that reduce alcohol con-
sumption in animals, suggesting similar agents could reduce
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alcohol consumption in humans. Finally, medications have im-
proved the treatment of other addictive disorders, such as nico-
tine and opiate dependence, suggesting better pharmacothera-
pies may be developed for the treatment of alcoholism.

Risks and Benefits of Alcohol Consumption
The role of alcohol in the development of medical problems
such as cardiovascular disease, hepatic cirrhosis, and fetal ab-
normalities is well documented. Alcohol use and abuse con-
tribute to thousands of injuries, auto collisions, and violence.17

Alcohol can dramatically affect worker productivity and absen-
teeism, family interactions, and school performance.18 Some
studies suggest, however, that individuals who abstain from
using alcohol may also be at greater risk for a variety of condi-
tions, particularly coronary heart disease (CHD), than people
who consume small to moderate amounts of alcohol.19

Over the past 20 years, a number of studies have docu-
mented an association between moderate alcohol consumption
and lower risk for CHD20 and myocardial infarction (MI).21

Binge drinking after an MI, however, increases the risk of
mortality.22 U.S. guidelines define moderate drinking as one
drink or less daily for women or people aged 65 and older, and
two drinks or less per day for men.23 An association between
moderate drinking and lower risk of CHD does not mean that
alcohol is the cause of the lower risk. A review of population
studies indicates that the higher mortality risk among abstain-
ers may be attributable to socioeconomic and employment sta-
tus, mental health, and overall health, rather than abstinence
from alcohol use.24 Benefits of moderate drinking on CHD
mortality are offset at higher drinking levels by increased risk
of death from other types of heart disease, cancer, cirrhosis,
and trauma. The risk of a disease outcome from low to mod-
erate drinking is less than the risk from either no drinking at
all or heavier drinking. This produces a U-shaped curve when
examining the association of alcohol consumption with rates
of deaths from all causes.19

The exact mechanism by which alcohol use may be protec-
tive against morbidity in those with CHD is not clear. Some
evidence indicates that different types of alcoholic beverages,
such as red wines which are high in tannins, may lower blood
lipids and fats by increasing antioxidants. It is also possible
however that how a person drinks alcoholic beverages matters
as well. For example, wines are ingested more slowly as they
are typically consumed in moderate amounts with food. Binge
drinking of any type of beverage, however, increases the risk
of mortality from CHD in particular.22

NEUROSCIENCE AND NEUROBEHAVIOR
Pharmacokinetics and Pharmacology
When consumed in amounts typical of normal social drink-
ing, the absorption of ethanol from the stomach, small intes-
tine, and colon is complete; however, the rate is variable. Peak
blood ethanol concentrations after oral doses in fasting subjects
generally are reached in 30 to 75 minutes, but several factors
can influence the rate and extent of absorption.25 The most
rapidly absorbed formulations are carbonated beverages con-
taining 10% to 30% ethanol. In contrast, high concentrations
of alcohol can produce vasoconstriction in the gastrointesti-

nal (GI) mucosa, which results in slowed or even incomplete
absorption of ethanol. Absorption of ethanol from the small
intestine appears to be more rapid than any other part of the GI
tract and does not depend on the presence or absence of food.
Factors that control the rate of gastric emptying significantly
control the rate of absorption by controlling the rate at which
ethanol is delivered to the small intestine.26,27 For example,
food in the stomach slows the absorption of ethanol, probably
by slowing gastric emptying.

The level of intoxication achieved is not solely related to the
plasma concentration. For any particular plasma concentration,
greater cognitive impairment is seen during times when the
plasma level is rising compared with when ethanol is primar-
ily being eliminated. The degree of intoxication also appears
to be directly related to the rate at which pharmacologically
active plasma concentrations are attained. Alcohol negatively
affects cognitive performance and has a differential effect on
the descending versus ascending limb of the blood alcohol con-
centration curve. The latter finding may have important ram-
ifications relating to the detrimental consequences of alcohol
intoxication.28

The blood alcohol level (BAL) or blood alcohol concen-
tration (BAC) is calculated using the weight of ethanol in mil-
ligrams and the volume of blood in deciliters. This yields a BAC
expressed as a proportion (i.e., 100 mg/dL or 1.0 g/L) or as a
percentage (i.e., 0.10% alcohol). Ethanol concentrations are
usually converted to equivalent blood alcohol concentrations
for standardization purposes when measured in other body flu-
ids. Ethanol in expired air or breath alcohol concentration is
usually stated as grams per 210 liters of breath.

Breath alcohol measurement has been used as an estimate of
blood ethanol concentrations since the 1970s. Breath measure-
ment relies on the property of ethanol to partition from blood
into inspired air. At equilibrium, the concentration of ethanol
in the vapor depends on the ethanol concentration in the fluid
and the temperature. If air is inhaled deeply into the lungs and
the breath is held briefly, ethanol vapor rapidly diffuses out of
the pulmonary capillary blood into air in the alveoli and the
ethanol vapor in the alveolar air approaches the equilibrium
concentration. The concentration of ethanol vapor in alveolar
air at body temperature is a small fraction of the ethanol con-
centration in blood, which generally varies from person to per-
son, depending on pulmonary blood flow and the diffusibility
of alcohol. Regardless of variability, a uniform breath to blood
ethanol partition coefficient of 1:2,100 has been defined for
legal purposes in almost all countries, and is used to calibrate
almost all breath alcohol measurement devices.29

Specificity of alcohol metabolism affects an individual’s
sensitivity to alcohol, and vulnerability to specific behavioral
and physiologic effects of alcohol. The alcohol dehydrogenase
(ADH) pathway is the major enzyme system responsible for al-
cohol metabolism in humans. The main alcohol metabolism oc-
curs with ADH isoenzymes, in the stomach (ADH6 and ADH7)
and in the liver (ADH1, ADH2 and ADH3). The pathway in-
volves conversion of ethanol to acetaldehyde by these ADH
isoenzymes, resulting in the reduction of nicotine-adenine-
dinucleotide (NAD) to NADH. In the second step, acetalde-
hyde is converted to acetate via the enzyme aldehyde dehy-
drogenase, which also reduces NAD to NADH. These are the
rate-limiting steps in ethanol metabolism, and this route be-
comes saturated when large amounts of ethanol deplete NAD.29
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Acetate ultimately is converted to carbon dioxide and water. An
additional pathway that is more involved in alcohol-dependent
individuals than those who are not, involves the catalase path-
way of peroxisomes and the microsomal ethanol oxidizing sys-
tem (MEOS), in the smooth endoplasmic reticulum. The main
functional component of the MEOS is the cytochrome P250
(CYP) 2E1.

Of a dose of ethanol, 90% to 98% is oxidized in the liver,
with the remaining drug excreted unchanged in the alveolar
air and urine. Ethanol metabolism formerly was described by
zero-order kinetics; however, Michaelis-Menten and other non-
linear, concentration-dependent models are more accurate.30,31

In some situations, a portion of the absorbed dose of ethanol
does not appear to enter the systemic circulation, suggesting
first-pass metabolism. The relative contribution of hepatic ver-
sus gastric ADH to this response continues to be debated,
however.32,33 Using a two-compartment, Michaelis-Menton
pharmacokinetic model as well as experimental data, Levitt et
al.34,35 suggest that gastric metabolism contributes negligibly
to first-pass metabolism. In contrast, Lieber et al.36 believe that
gastric metabolism accounts for gender and ethnic differences
in first pass metabolism. Estimates of total gastric ADH suggest
that the enzyme can metabolize 0.9 to 1.8 g/hour of ethanol,
depending on the concentration of ethanol consumed.37 Al-
though gastric alcohol dehydrogenase has a lower affinity for
ethanol compared with hepatic alcohol dehydrogenase, it may
be capable of exerting modest metabolic effects at alcohol con-
centrations found in the stomach after a drink. The extent of
first-pass extraction tends to decrease as the dose of alcohol in-
creases. This is likely because of saturation of alcohol dehydro-
genase, regardless of the source. When plasma ethanol levels
>0.2 g/mL, the alcohol dehydrogenase system becomes sat-
urated. As hepatic alcohol dehydrogenase becomes saturated,
there is increased unchanged excretion of alcohol. This results
in a more intense odor of alcohol on the breath as the plasma
ethanol concentration increases. The metabolism of alcohol
also then tends to become nonlinear because of stimulation
of CYP2E1, which produces metabolic tolerance to ethanol in
chronic users.

Lower first-pass metabolism has been found in alcohol-
dependent individuals, women, the elderly, and Japanese
subjects.34,36 Gastric alcohol dehydrogenase may also play a
role in the effect of food in reducing ethanol bioavailability.
Food, by delaying gastric emptying, allows for more extensive
gastric metabolism.37

The accepted average rate of ethanol oxidation commonly
reported in the medical literature is 0.15 g/mL/hour for men
and 0.18 g/mL/hour for women.38 Although this rate still is
widely used for both legal and medical purposes, other data
suggest wide variability in ethanol metabolism. For example,
wide differences in alcohol dehydrogenase activity have been
demonstrated and attributed to heredity and other causes.39,40

Chronic heavy drinkers frequently oxidize ethanol at twice the
normal rates, with their metabolic rates returning to baseline
after a period of abstinence.41 The rate of oxidation in chronic
heavy drinkers may also increase with elevated blood ethanol
levels.41 In contrast, patients with end-stage liver disease may
progress to the point at which they have almost no metabolic
capacity. Thus, serial determinations of plasma ethanol con-
centrations are needed to evaluate pharmacokinetic parameters
in a particular patient.

Chronic alcohol use is associated with characteristic
changes in the liver. Hyperlipidemia and fat deposition in the
liver occur because of shunting of the excess hydrogen into
fatty acid synthesis and direct oxidation of ethanol for energy
instead of body fat stores being used for energy. Fatty liver is
the first step in a sequence of events that ultimately leads to al-
coholic cirrhosis. Accumulated acetaldehyde, which interferes
with mitochondrial function by shortening and thickening mi-
crotubules, has been implicated as playing a role in the hep-
atotoxic process. The damaged microtubules then inhibit the
secretory functions of the hepatocytes, which results in an in-
crease in size and weight of the liver.42 Nutritional deficits and
impaired hepatic protein metabolism may contribute as mech-
anisms of hepatotoxicity in chronic ethanol consumers.43,44

Although beyond the scope of this chapter, various other mech-
anisms of hepatotoxicity may be involved to various extents in
producing damage to the liver.45

Acetaldehyde is believed to play a role in most actions
of alcohol.46 Elevated acetaldehyde concentrations during
ethanol intoxication cause the commonly seen sensitivity re-
actions, including vasodilatation and facial flushing, increased
skin temperature, increased heart and respiration rates, and
lowered blood pressure. Acetaldehyde also contributes to the
sensations of dry mouth and throat associated with bron-
choconstriction and allergic-type reactions, as well as nausea
and headache. These adverse effects mediated by acetaldehyde
certainly have the potential to protect drinkers against the ex-
cessive ingestion of alcohol, but acetaldehyde also has the po-
tential to produce euphoric effects that may reinforce alcohol
consumption. Acetaldehyde also contributes to the increased
incidence of GI and upper airway cancers that are seen with
increased incidence in heavy consumers of alcohol and which
may also play a role in the pathogenesis of liver cirrhosis.

Ethanol ingestion can depress the central nervous system
(CNS) through all the different stages of anesthesia. Tolerance
to this effect occurs after chronic use such that a blood ethanol
level of 0.150 g/mL will not produce apparent behavioral or
neurologic dysfunction in persons who drink a pint or more of
80-proof liquor (or its equivalent) daily for several years.

Neurobiological Basis of Alcohol Dependence
Previously, theories of alcohol action suggested that alco-
hol dissolved in cellular membranes and increased membrane
fluidity.47 This action in turn altered the function of macro-
molecules in the cell membrane, leading to intoxication. More
recent evidence indicates that alcohol binds to hydrophobic
pockets of proteins, changing the structures of proteins and
altering their function. Proteins that are particularly sensitive
to alcohol include ion channels, neurotransmitter receptors,
and enzymes involved in signal transduction.5 Notable neuro-
transmitters and their receptors include γ -aminobutyric acid
(GABA), glutamate, dopamine (DA), serotonin (5-HT), adeno-
sine, neuropeptide-Y (NPY), norepinephrine, cannabinoid re-
ceptors, and opioid peptides. These neurotransmitters or their
receptors are potential targets for pharmacotherapy.

The key inhibitory neurotransmitter in the CNS is GABA,
which is associated with a chloride-ion channel that is affected
by low concentrations of alcohol. Normally, when GABA binds
to the GABAA receptor, the chloride channel opens, allowing
negatively charged chloride ions to enter the cell and inhibiting
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neuronal cell activity. In the presence of alcohol, GABA-
induced inhibition is inhibited.48 Receptor compensation for
continual inhibition by alcohol is to reduce GABAA recep-
tor subunits.49 Other sedative medications, such as benzodi-
azepines, also bind to the chloride channel at slightly differ-
ent sites and facilitate GABA inhibition. The existence of a
common receptor mechanism for the actions of alcohol and
sedative-hypnotics accounts for the cross-tolerance between
these substances.

Glutamate is the major excitatory neurotransmitter in
the CNS. After concurrent events of α-amino-3-hydroxy-5-
methyl-isoxazole-4 propionic acid (AMPA) depolarization and
glutamate binding to N-methyl-d-aspartate (NMDA) recep-
tors, a Ca2+ ion channel opens and makes the depolarization
process more likely. Low doses of alcohol strongly inhibit
NMDA receptors and inhibit neuronal activity.50 After con-
tinual exposure to high doses of alcohol, NMDA receptors
upregulate in an attempt to balance alcohol’s inhibitory action.
Thus, the combined effect of alcohol on GABAA and glutamate
is to inhibit excitation and facilitate sedation.

Several other ion channels and receptors neurotransmit-
ters are also affected by alcohol. One of the serotonin (5-
hydroxytryptamine or 5-HT) receptors, the 5-HT3 receptor,
is an ion-channel receptor. This receptor is particularly sensi-
tive to the action of low doses of alcohol, and may result in an
activation of serotonin and dopamine. Alcohol also modifies
the activity of β-adrenergic and adenosine neurotransmitter re-
ceptors linked to adenylate cyclase through membrane-bound
G-proteins. Low doses of alcohol can facilitate the activity
of norepinephrine, serotonin, dopamine, endocannabinoid sig-
naling system, and other neurotransmitter receptors linked to
G-proteins.47,51,52

Other lines of research also suggest important roles for
NPY and the cannabinoid receptor 1 (CB1). NPY is a pep-
tide neurotransmitter implicated in the control of food intake,
cerebrocortical excitability, cardiovascular homeostasis, and
integration of emotional behavior.53 Evidence suggests that a
polymorphism in the NPY gene, Leu7Pro, may be associated
with alcoholism and that central NPY activity is recruited in
response to ethanol consumption. Moreover, activation of NPY
may act as a protective feedback mechanism to prevent high
ethanol drinking.53 Recent studies also show that the endo-
cannabinoid signaling system plays a key role in the reinforc-
ing effects of ethanol by mediating actions on the signal trans-
duction coupled to G-proteins.53 In particular, the cannabinoid
receptor (CB1) is activated by delta-9-tetrahydrocannabinol
(�9-THC), the major psychoactive component of marijuana,
and stimulated by naturally occurring endogenous cannabi-
noid agonists. Chronic alcohol administration may downreg-
ulate CB1 receptors, facilitating a compensatory increase in
endocannabinoids, subsequently influencing neurotransmitter
release.52 Endogenous cannabinoid agonists are found to pro-
mote alcohol craving in animals and mimic the psychoactive
effects of �9-THC.52 By contrast, an antagonist of the CB1
receptor, rimonabant, decreases food intake in animals as well
as humans and decreases alcohol consumption in rodents.54,55

On a neurobiological-behavioral level, the mesolimbic
dopaminergic pathway from the ventral tegmental area to the
nucleus accumbens is activated by most dependence-producing
drugs, including alcohol, cocaine, opiates, and nicotine.56,57

Putatively, activation of this pathway mediates drug reward and

is responsible for the dependence-producing properties of all
drugs of abuse.58 Repeated alcohol use sensitizes the system,
so that behavioral stimuli associated with alcohol also begin
to release dopamine and to facilitate additional alcohol use.59

Dopamine released by drugs of abuse are two- to tenfold that
of natural rewards. This sensitization may account for the crav-
ing and preoccupation with alcohol, which are the hallmarks
of alcohol dependence.

Cessation of chronic alcohol use results in an abstinence
or withdrawal state of nervous system excitation that is dys-
phoric and negatively reinforcing. It has been suggested that
abstinence contributes to alcohol craving and the preoccupa-
tion with alcohol use, in that dependent individuals will con-
tinue alcohol use to avoid this state.60 As noted, chronic alcohol
use causes GABAA downregulation and NMDA upregulation,
leading to CNS hyperactivity. The locus coeruleus, a nucleus
of norepinephrine-containing cells in the pons, becomes hyper-
active during withdrawal and is proposed as mediating some of
the negative effects of withdrawal. Chronic alcohol and drug
use alters gene expression and increases levels of adenylyl cy-
clase, upregulates cyclic adenosine monophosphate (cAMP)-
dependent protein kinases, activates cAMP-response element
binding protein (CREB) and several phosphoproteins in this
brain region mediating tolerance and dependence.61

MANAGEMENT OF ACUTE ETHANOL INTOXICATION
Clinical Presentation
Toxicology

1. S.L. is brought to the emergency department (ED) unre-
sponsive except to noxious stimuli. Her friends report an evening
of heavy drinking to celebrate her 21st birthday. Her respirations
are 8 breaths/minute and shallow. Blood pressure (BP) is 100/60
mm Hg, pulse is 100 beats/minute, and temperature is 36◦C. A
stat arterial blood gas determination reveals a pH of 7.29 (nor-
mal, 7.36–7.44), PCO2 of 52 mmHg (normal, 35–45), and HCO3

of 19 mEq/L (normal, 21–27). Why is S.L.’s respiratory status of
concern?

Frequently, individuals reaching their 21st birthday con-
sume alcohol in excess (e.g., attempt to have 21 drinks, often
as quickly as during the first hour after turning 21). This can
lead to lethal blood alcohol levels, particularly in those who
are alcohol naive. In the medulla, ethanol can depress respira-
tions by inhibiting the passive neuronal flux of sodium via a
mechanism similar to that of general anesthetic agents.62 The
enzyme Na+/K+-adenosine triphosphatase (ATPase) is inhib-
ited, cAMP concentrations are reduced, and GABA synthesis
is impaired. Ethanol is clearly a CNS depressant, and even the
uninhibited behavior associated with its use is caused by prefer-
ential suppression of inhibitory neurons. More global neuronal
inhibition is seen at high ethanol concentrations.

Treatment of alcohol intoxication is essentially supportive.
In highly intoxicated patients, however, the prolonged slowing
of the respiratory rate can lead to arrhythmias, cardiac arrest,
and death, often accompanied by aspiration of vomit. Respi-
ratory depression is responsible for the acid-base abnormality
in S.L., which causes a respiratory acidosis. Even when blood
ethanol levels are below those associated with medullary paral-
ysis, a blunted respiratory response to hypercapnia and hypoxia
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is seen.63,64 This makes the assessment of respiratory status a
primary concern in severely intoxicated patients.

Management of Respiratory Depression

2. What therapy should be initiated to manage S.L.’s respira-
tory depression?

Highly intoxicated patients with depressed respiration such
as S.L require immediate supportive care that may include en-
dotracheal intubation for respiratory support. This should be
sufficient to restore her acid-base balance to within normal lim-
its, because her acidosis is primarily of respiratory origin (pH
7.29, Pco2 52 mmHg). When metabolic acidosis is a significant
component of the acid-base disturbance, it may be necessary
to administer sodium bicarbonate. This should be done only
in conjunction with appropriate respiratory support to prevent
the development of hypercapnia.

S.L. was brought to the ED in a comatose state, and it is
unknown whether she has ingested other drugs. She should be
given 0.4 to 2 mg of naloxone (Narcan) because alcohol in-
toxication often is complicated by coingestion of other drugs
and can rapidly reverse narcotic-induced respiratory depres-
sion. This dose can be repeated at 2- to 3-minute intervals
for up to 10 mg, depending on the patient’s response and the
clinician’s index of suspicion for ingestion of respiratory de-
pressants other than alcohol. Naloxone has been used to reverse
alcohol-induced coma, to reverse clonidine-induced coma, to
treat septic or cardiogenic shock, and to treat acute respiratory
failure,65,66 based on its postulated ability to reverse the effects
of endogenous opiate-like agonists in the CNS.

Serum Ethanol Concentration

3. Thirty minutes later, the following laboratory results are
reported: glucose, 49 mg/dL (normal, 70–110); sodium (Na), 142
mEq/L (normal, 135–147); potassium (K), 3.5 mEq/L (normal,
3.5–5.0); chloride (Cl), 104 mEq/L (normal, 95–105); HCO3,
20 mEq/L (normal, 20–27); blood urea nitrogen (BUN), 18 mg/dL
(normal, 5–22); creatinine, 0.9 mg/dL (normal, 0.6–1.1); and
ethanol, 475 mg%. Based on the blood ethanol level, how severe
is S.L.’s intoxication?

Chronic use of alcohol can produce significant tolerance,
therefore, the blood alcohol level cannot be used as a sole de-
terminant of physiologic status. By contrast, for alcohol naive
patients such as new college students, BAC in the 0.30 mg%
range can be fatal, although chronic drinkers can be awake
and alert at such a level. The blood ethanol concentration gen-
erally correlates with the clinical presentation of the patient
(Table 84-2), although tolerance varies among individuals. Im-
pairment in motor function may become observable at levels
of 0.05 mg%. Moderate motor impairment usually is seen at
80 g/L, which is the legal definition of intoxication in all states
when driving. Respiratory depression may occur with ethanol
concentrations 0.45 mg%.67

The accepted median lethal dose (LD50) for ethanol in hu-
mans is a blood concentration of 0.50 mg%, although fatalities
have been reported with ethanol concentrations ranging from
0.295 to 0.699 mg%.68,69 Factors that may be associated with
fatalities at lower ethanol concentrations include lack of tol-

Table 84-2 Blood Alcohol Relationship to Clinical Status

Blood Ethanol Concentration Clinical Presentation a

50 mg/dL (0.05 mg%) Motor function impairment observable
80 mg/dL (0.08 mg%) Moderate impairment; legal definition

of intoxication in all states when
driving

450 g/L Respiratory depression
500 g/L LD50 for ethanol

aTolerance to alcohol varies among individuals.

erance to alcohol, ingestion of other drugs, heart disease, and
pulmonary aspiration. For example, patients who died of com-
bined ethanol and barbiturate ingestions had a mean ethanol
concentration of only 0.359 mg%.69 Therefore, the clinician
should order a toxicologic screening panel of S.L.’s urine to
rule out possible concurrent drug ingestion.

Acute Management

4. After S.L.’s respiratory support needs are attended, what
other clinical conditions warrant attention?

In the alert intoxicated patient, general management is sup-
portive and protective. Volume depletion resulting in hypoten-
sion often occurs in ethanol-intoxicated patients. Hypothermia
also is a complication of severe intoxication and can contribute
to hypotension. S.L.’s BP is not severely low and should nor-
malize with fluid replacement and Trendelenburg bed posi-
tioning (i.e., foot of the bed is elevated such that the head
is lower than the pelvis). Hypoglycemia most often occurs in
conjunction with reduced carbohydrate intake. This situation is
common in malnourished alcoholics but also might be particu-
larly pronounced in S.L. if she were dieting. If intravenous (IV)
fluids are given, thiamine administration should precede that
of glucose, to prevent Wernicke’s encephalopathy (see Ques-
tion 10). Because she is hypoglycemic, 50 mL of 50% glucose
solution should be administered to her by IV push (after ad-
ministering 100 mg thiamine intramuscularly [IM]).70 Addi-
tionally, administration of a short-acting benzodiazepine, such
as lorazepam, should be considered. Although not appropriate
at this time, if S.L. becomes violent or severely agitated, 2 to 5
mg of haloperidol IM or IV can be administered as needed.

5. What medical interventions can facilitate removal of
ethanol from S.L.?

GastrointestinaI Decontamination
Gastric lavage may be useful if ingestion of other drugs is
expected, or when the large consumption of alcohol is very re-
cent. Activated charcoal absorbs ethanol poorly but should be
administered when coingestion of other drugs is suspected. In
addition to S.L.’s clinical presentation, information obtained
from friends who brought her in to the hospital should be con-
sidered to assess concominant drug and alcohol use by S.L.

Hemodialysis
Hemodialysis rapidly removes ethanol from the body,71 but the
role of this treatment modality is unclear. In uncomplicated
cases, it has been suggested that dialysis be initiated when
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Table 84-3 Acute Alcohol Intoxication: Symptoms and Treatment

Symptom Course Treatment

Respiratory acidosis Alcohol-induced respiratory depression; blunted
response to hypercapnia and hypoxia

Endotracheal intubation for respiratory support

Coma Alcohol-induced CNS depression; ingestion of other
drugs

Gastric lavage, naloxone (Narcam) 1 mg, repeat every 2 to 3 minutes
up to 10 doses, depending on response and suspicion of ingestion.
Dialysis possible

Hypotension Hypovolemia IV fluid replacement
Hypoglycemia Most often occurs in malnourished patients. Pyruvate

is converted to lactate, rather than glucose, through
gluconeogenesis.

50% glucose (50 mL) by IV push

CNS, central nervous system; IV, intravenous.

the blood ethanol concentration >0.6 mg%.68 Ventilatory as-
sistance and good supportive care usually are most important
because respiratory depression is the primary cause of death
in ethanol intoxication. With good supportive care, dialysis is
generally unnecessary. Dialysis may be considered if the pa-
tient cannot be stabilized or has other complicating factors,
such as coexisting disease states or ingestion of other drugs.
The management of acute alcohol intoxication is summarized
in Table 84-3.

MANAGEMENT OF ALCOHOL WITHDRAWAL
Signs and Symptoms

6. J.M. is a chef at a nursing home where his wife is the ad-
ministrator. He drinks at work and was found unconscious and
brought to the hospital. His wife states that J.M. regularly drinks
half a gallon of vodka daily and has suffered an alcohol withdrawal
seizure in the past. J.M.’s wife states that she does not believe that
he ever abused street or prescription drugs. His blood alcohol con-
centration (BAC) on admission was 0.52 mg%. J.M has a history
of hepatic insufficiency secondary to cirrhosis. What signs and
symptoms evident in a clinical diagnosis of alcohol withdrawal
need to be monitored in J.M.? The following laboratory results
are reported: Total bilirubin 0.4 mg/dL (normal, 0.2–1.2 mg/dL);
direct bilirubin 0.2 (normal, 0–0.4 mg/dL); alkaline phosphatase
74 (normal, 35–131 U/L); aspartate aminotransferase (AST), 129
(normal, 11–36 U/L); alanine aminotransferase (ALT) 72 (nor-
mal, 6–43 U/L); blood urea nitrogen (BUN) 18 mg/dL (normal, 5–
22 mg/dL); creatinine 0.8 mg/dL (normal, 6–1.3 mg/dL); glucose
101 mg/dL (normal, 70–110 mg/dL); uric acid 6.3 mg/dL (normal,
2.5–8.5 mg/dL); calcium 9.9 mg/dL (normal, 8.3–10.6 mg/dL);
albumin 4.7 (normal, 3.3–4.9 g/dL); cholesterol 423 mg/dL (nor-
mal, <200 mg/dL); creatine kinase, 1,344 U/L (normal, <18–198
U/L); sodium (Na), 143 mEq/L (normal, 132–147); potassium (K),
4.2 mEq/L (normal, 3.4–5.0); bicarbonate (HCO3), 25.2 (normal,
17.0–30.6 mEq/L); chloride (Cl), 107 mEq/L (normal, 95–105);
magnesium (Mg) 0.9 mg/dL, (normal, 1.5–3.1 mg/dL);γ-glutamyl
transpeptidase (GGT) 992 U/L (normal 10–61 U/L)

For many alcohol-dependent individuals with significant
physical dependence, a cluster of withdrawal symptoms known
as “alcohol withdrawal syndrome” (AWS) may occur on ces-
sation or reduction of alcohol consumption. Depending di-
rectly on the degree of physical dependence, AWS can range
from creating significant discomfort to mild tremor to alcohol

withdrawal-related delirium, hallucinosis, seizures, and poten-
tially death.72–73 A GGT of 992 U/L suggests that J.M is a
heavy drinker.

Patients may present with AWS in a variety of settings, be-
cause alcohol-dependent patients may be unrecognized and ex-
perience withdrawal after inpatient hospital admission for un-
related medical reasons. For example, a sample from a primary
care practice indicated that 15% of patients presented with at-
risk drinking patterns or identified alcohol-related problems.74

Also a continual need exists to assess preoperatively surgical
patients for possible alcohol dependence, to treat them ade-
quately and prevent AWS-related complications during and
after surgery.75 Institutional protocols for support and treat-
ment of AWS may vary considerably, and confusion often ex-
ists regarding standards of care.76

The DSM-IV10 defines the set of criteria necessary for a
diagnosis of AWS. Diagnosis requires cessation or reduction
in alcohol use that has been heavy and prolonged, and two or
more of the following developing within several hours to a few
days after the first criterion: autonomic hyperactivity, increased
hand tremor, insomnia, nausea or vomiting, transient halluci-
nations or illusions (tactile, visual, or auditory), psychomotor
agitation, anxiety, and grand mal seizures. These symptoms
must cause significant distress or impairment of important ar-
eas of functioning, and not be caused by a general medical con-
dition or another mental disorder. Withdrawal-related seizure
is considered a more severe manifestation of withdrawal, as
is alcohol withdrawal delirium (AWD), or delirium tremens
as traditionally called. AWD is estimated to have a mortal-
ity rate of approximately 5% of patients who go into alcohol
withdrawal.77 Recognized predictors for AWS complications
include the duration of alcohol consumption, total number of
prior detoxifications from alcohol, and previous withdrawal-
related seizures and episodes of AWD.78

7. How could the severity of J.M.’s withdrawal symptoms be
assessed?

Of currently used instruments available for measuring the
degree of withdrawal in an alcohol-dependent patient, the most
commonly used is the revised Clinical Institute Withdrawal As-
sessment (CIWA-Ar).79 Additionally the Sedation-Agitation
Scale (SAS) could also be used to assess agitation.80 The
CIWA-Ar is a validated 10-item scale used for grading sever-
ity of alcohol withdrawal symptoms. The CIWA-Ar provides
a final AWS score with a maximum of 67 points. A CIWA-Ar
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Table 84-4 Comparison of Benzodiazepines Used for Alcohol Withdrawal

Benzodiazepine Onset of Action Peak Level Onset Pathway Metabolized Elimination Half-life (hrs) Comparative Dose

Chlordiazepoxide Intermediate (PO) 1–4 hrs (PO) Hepatic 3–29 (parent drug)
28–100 (metabolite)

10 mg

Diazepam Rapid (IV or PO) 1–2 (PO) 1 hrs (IM) 8 min
(IV)

Hepatic 14–70 (parent drug)
30–200 (metabolites)

5 mg

Lorazepam Intermediate (PO)
Rapid (IV)

1–6 hrs (PO) 45–75 min
(IM/SL) 5–10 min (IV)

Hepatic; no active
metabolites

8–24 1 mg

Oxazepam Slow (PO) 1–4 hrs (PO) Hepatic; no active
metabolites

3–25 15 mg

Onset of Action: Rapid, within 15 minutes; Intermediate, 15–30 minutes; Slow, 30–60 minutes.
IM, Intramuscular; IV, intravenous; PO, oral; SL, sublingual.

rating of 8 points or less represents mild withdrawal and needs
little pharmacologic support. A rating of 9 to 15 is associ-
ated with moderate withdrawal and may require some phar-
macotherapy. A rating >15 corresponds to severe withdrawal,
with an increased risk of seizures and AWD, and requires close
monitoring. Treatment of AWS can be initiated based on a par-
ticular patient’s CIWA-Ar score. Providers should also con-
sider concomitant illnesses and medications when interpreting
CIWA-Ar scores. Indeed, individual items in the scale are not
specific to AWS, and likewise some manifestations of with-
drawal may be blunted. The SAS can be used in combina-
tion with the CIWA-Ar to evaluate the level of agitation and
consciousness of a patient, and be linked to administer ben-
zodiazepines on a symptom-triggered regimen when a patient
becomes agitated (for scores >4 on a 7-point scale).

Therapy

8. What drugs are demonstrated to be the most clinically ef-
fective for alcohol withdrawal particularly in a patient such as
J.M. with evidence of cirrhosis?

Benzodiazepines
Benzodiazepines modulate anxiolysis by stimulating GABAA
receptors and, in doing so, substitute pharmacologically for
alcohol.81

Evidence
Considered the drugs of choice for alcohol withdrawal for some
time,75,81,82 long-acting benzodiazepines (e.g., chlordiazepox-
ide and diazepam) and short-acting agents (e.g., lorazepam and
oxazepam) represent the most efficacious pharmacotherapies
for the treatment of acute alcohol withdrawal.83 They are effec-
tive in preventing both first seizures and subsequent seizures
during alcohol withdrawal.84 Longer-acting benzodiazepines
may provide for easier weaning because they gradually self-
taper on metabolism and excretion; this allows for less fluctu-
ation in plasma drug levels.85 Longer-acting benzodiazepines
also cause fewer rebound effects and withdrawal seizures on
discontinuation. Shorter-acting agents (e.g., lorazepam or ox-
azepam), which undergo hepatic metabolism but are oxidized
to inactive metabolites, require more frequent dosing but may
be more appropriate for alcoholics with liver disease and the
elderly.82,86 Short-acting lorazepam and long-acting diazepam
also demonstrate a higher potential for abuse because of a

shared rapid onset of action.76 As all benzodiazepines appear
equally effective in ameliorating the signs and symptoms of
alcohol withdrawal, however, the choice of a benzodiazepine
is dependent on factors such as pharmacokinetic properties,
dosage formulation, presence of liver impairment, and ease of
dosage titration (Table 84-4).76

Benzodiazepines are shown to be more effective than
placebo in reducing the signs and symptoms of alcohol with-
drawal.87 The results of a meta-analysis on treatments for
alcohol withdrawal indicated a statistically significant de-
crease of 4.9 cases of delirium for every 100 patients treated
with benzodiazepines.76 Likewise, a significant difference was
shown with treatment in regard to withdrawal-related seizures,
with a reduction of 7.7 cases per 100 patients treated. In a
Canadian meta-analysis, no difference was seen in adverse ef-
fects between benzodiazepines and alternative agents.88 Even
in elderly, cognitively impaired patients, benzodiazepines are
recommended.86 Notably, these patients may be at an even
greater risk for adverse events related to ethanol withdrawal.
(Refer to Table 84-5 for general AWS treatment guidelines.)

Dose
Two strategies for dosing benzodiazepines in AWS in-
clude fixed-schedule and symptom-triggered regimens. Fixed-
schedule regimens involve a set dose and interval for the agent
chosen, which is to be tapered off at specific times, usually
starting on the second day of treatment. Symptom-triggered
regimens depend on the use of a rating scale of withdrawal
severity, such as the CIWA-Ar previously noted, which is re-
peated at set intervals. Medication is only administered if the
scoring from the scale is above a predetermined threshold value
for treatment. In this way, the risk of under- or overmedicating
patients may be minimized, because dosing is guided by the
degree of withdrawal symptoms. Several studies confirm that
symptom-triggered regimens compared with fixed-dose regi-
mens appear to result in a shorter duration of necessary therapy
and less medication administered in total, an advantage that ap-
pears to come without any loss of efficacy.

The treatment challenge associated with individuals who
are in alcohol withdrawal with a comorbid medical illness is
illustrated by the case of a patient with AWS who has coronary
artery disease. Such a patient may be more aggressively treated
for withdrawal-related hypertension and thus treated with a
β-blocker or clonidine. The result of such adjuvant treat-
ment may be a reduced sensitivity of the CIWA-Ar owing
to a masking of the patient’s autonomic manifestations of
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Table 84-5 Suggested Treatment Strategies for Alcohol Withdrawal Syndrome

Protocol Special Considerations Drug Dose Range Benefits

Symptom-Triggered
Regimen based on
CIWA-Ar Score
assessed as
medically
appropriate

Assess patient and administer one
of these drugs every hour until
CIWA-Ar = 8–10 for 24 hrs.

Chlordiazepoxide
Diazepam
Lorazepam

50–100 mg
10–20 mg

2–4 mg

Less abuse potential for
outpatients, low cost.
Long-acting

Available in IM and IV
form-More appropriate in
elderly and hepatic
impairment

Fixed-Schedule
Regimens
(Provide additional

medication as
needed when
symptoms are not
controlled (i.e.
CIWA-Ar = 8 10)

Consider if:
Mild: CIWA-Ar 8–10; SBP >150

mmHg or DBP >90 mmHg;
HR >100; T >100◦F. Titrate
dose.

Moderate: CIWA-Ar 8–15;
SBP 150–200 mmHg or
DBP 100–140 mmHg;
HR 110–140; T = 100◦F to
101◦F; Tremors, Insomnia and
agitation. Titrate dose.

Severe Withdrawal Symptoms:
CIWA-Ar >15;
SBP >200 mmHg or
DBP >140 mmHg;
HR >140; T >101◦F;
Tremors, Insomnia and
agitation. Endpoint is sedation.

Example of fixed dosing
schedule using
lorazepam.

Mild: 1–2 mg PO every
4–6 hours as needed for
1–3 days

Moderate: on days 1 and 2
give 2–4 mg PO four
times a day. On days 3
and 4 give 1–2 mg PO
four times a day. On day
5 give 1 mg by mouth
twice a day.

Severe: Give 1–2 mg IV
every 1 hour while
awake for 3–5 days.

Rapid onset of action; ease
of administration.

Alternative Therapies In patients with benzodiazepine
allergy or when use of a
benzodiazepine is deemed
medically inappropriate.

Carbamazepine
Gabapentin

Taper from 600–800 mg on
day 1 down to 200 mg
over 5 days.

400 mg TID for 3 days then
400 mg BID for 1 day then

400 mg for 1 day.

For both drugs:
Non-addicting
Few drug interactions
Cause relatively little

cognitive impairment.

Adjunctive Therapies Adrenergic hyperactivity- Clonidine 0.1 mg twice daily as
needed.

For mild to moderate
hyperactivity

Adrenergic hyperactivity β-Blockers (e.g.
atenolol)

50 mg daily. Shown to improve vital
signs faster than
oxazepam alone

Adrenergic hyperactivity Carbamazepine 800 mg/day tapered down
to 200 mg over 5 days.

Anticonvulsant activity

Agitation, hallucinations,
delirium

Neuroleptics (e.g.
haloperidol)

0.5–5 mg every hour;
maximal dose 100
mg/day.

Rapid onset of action.

BID, twice daily; CIWA-Ar, Clinical Institute Withdrawal Assessment; DBP, diastolic blood pressure; HR, heart rate; PO, oral; SBP, systolic blood pressure; TID, three times daily.
Reprinted with permission from Guirguis AB and Kenna GA, Treatment Considerations for Alcohol Withdrawal Syndrome, U.S. Pharmacist; 2005.

withdrawal. This could then lead to a higher likelihood of
undermedicating the patient for withdrawal and may put the
patient at higher risk for severe sequelae from withdrawal. Be-
cause of these exclusion criteria, the symptom-triggered ap-
proach has not been tested in such populations or those with
histories of severe withdrawal including seizures or delirium.
Therefore, traditional fixed-dose regimens are recommended
in these populations.76

An effective approach is most likely to consider combining
these two dosing strategies. For example, for a low-risk pa-
tient (no history of AWS or AWD, the patient consumes low
weekly amounts of alcohol and no signs or symptoms of early

AWS) that patient receives a symptom-triggered regimen (e.g.,
lorazepam 1 mg every hour as needed). Alternatively, a high-
risk patient (history of AWS, AWD, or withdrawal seizures,
consume large daily amounts of alcohol, signs or symptoms of
early AWS) receives fixed-dose lorazepam or diazepam with a
tapering dose schedule and as needed benzodiazepine adminis-
tration for uncontrolled alcohol withdrawal signs or symptoms.

Contraindications, Warnings, Interactions
Elderly patients, those with hepatic or renal insufficiency,
and those with medical illnesses require close observation to
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prevent overmedication. In patients receiving calcium channel
blockers, β-blockers, and α2-adrenergic agonists, some signs
of withdrawal such as hypertension, tachycardia, and tremor
may not be apparent.

Summary
Patients with a history of severe withdrawal symptoms, with-
drawal seizures, or delirium tremens; multiple previous detox-
ifications; concomitant psychiatric or medical illness; recent
high levels of alcohol consumption; pregnancy; and lack of a
reliable support networks should be considered for inpatient
treatment regardless of the severity of their symptoms.

Many clinicians have adopted lorazepam as the drug of
choice to treat AWS because it has no active metabolites
and has an intermediate half-life. Therefore, alcoholic patients
with liver disease are at less risk for developing toxicity from
detoxification with lorazepam than other benzodiazepines. The
choice of agent is based on pharmacokinetics. Diazepam and
chlordiazepoxide are long-acting agents that have been shown
to be excellent in treating AWS. Because of the long half-life
of these medications, withdrawal is smoother, and rebound
withdrawal symptoms are less likely to occur. Lorazepam and
oxazepam are intermediate-acting medications with excellent
records of efficacy. Treatment with these agents may be prefer-
able in patients who metabolize medications less effectively,
particularly the elderly and those with liver failure. Lorazepam
is the only benzodiazepine with predictable intramuscular ab-
sorption (if intramuscular administration is necessary). Rarely,
it is necessary to use extremely high dosages of benzodi-
azepines to control the symptoms of alcohol withdrawal. Be-
cause clinicians often are reluctant to administer exceptionally
high dosages, undertreatment of alcohol withdrawal is a com-
mon problem. Ultimately, controlled studies comparing the ad-
vantages and disadvantages of the various benzodiazepines in
alcohol detoxification have not been performed, and no evi-
dence exists to definitively support the use of lorazepam as the
first-line agent in the treatment of AWS.

In most patients with mild to moderate withdrawal symp-
toms, outpatient detoxification is safe and effective, and costs
less than inpatient treatment. If outpatient treatment is chosen,
the patient and support person(s) should be instructed on how
to take the prescribed medication, its side effects, the expected
withdrawal symptoms, and what to do if symptoms worsen.
Small quantities of the withdrawal medication, especially ben-
zodiazepines, should be prescribed at each visit. Because close
monitoring is not available in outpatient treatment, a fixed-
schedule regimen should be used.

Given J.M.’s elevated liver enzymes, a reasonable approach
would be to start with lorazepam. Shorter-acting agents, such as
lorazepam that do not undergo extensive hepatic metabolism,
are more appropriate for patients with evidence of hepatic in-
sufficiency.

9. Is there an advantage to treating J.M. with an anticonvul-
sant given his history of seizures?

Anticonvulsants Evidence
Certain anticonvulsant agents show promise for a greater
role in the treatment of alcohol withdrawal, although a place
in treatment is still not definitive.93,94 Interest for their use
include the possibility that anticonvulsants may curb the kin-

dling phenomenon suspected in withdrawal and may there-
fore be neuroprotective.89 Kindling refers to long-term neu-
ronal changes resulting from repeated detoxifications and may
be associated with progressively worse AWS on subsequent
detoxifications.90 Additionally, anticonvulsants have low abuse
potential and a minimal effect on cognition.91 Finally, benzodi-
azepines may increase the level of alcohol craving and relapse
to alcohol use after abstinence.92

The anticonvulsant agent, carbamazepine, widely used in
Europe for AWS, effectively decreases the severity of with-
drawal symptoms; it is comparable to the benzodiazepines in
terms of adverse events and is equally effective as lorazepam
in decreasing the symptoms of alcohol withdrawal.92 Although
limited information is available on whether carbamazepine can
reduce seizures or delirium associated with alcohol withdrawal
in humans,76 carbamazepine was found to be superior to lo-
razepam in preventing rebound withdrawal symptoms and re-
ducing post-treatment drinking.91 Also, patients treated with
carbamazepine had a better success rate for subsequent re-
habilitation than those treated with benzodiazepines. In that
study, carbamazepine was dosed on a tapering schedule of 600
to 800 mg divided through day 1, down to 200 mg as a sin-
gle dose on day 5. It was as equally efficacious as lorazepam
in reducing most withdrawal symptoms during detoxification,
and was better at reducing anxiety and promoting sleep.93 It
should be noted that this study involved patients with mild-to-
moderate AWS who were treated on an outpatient basis. An
earlier study among alcohol-dependent inpatients with severe
withdrawal symptoms found that carbamazepine was equally
safe and effective as oxazepam.94

The major concerns with the clinical use of carbamazepine
are the risk of agranulocytosis or aplastic anemia, both poten-
tially lethal conditions.82 Additionally, in a study comparing
carbamazepine with lorazepam, pruritus was the most frequent
side effect in 18.9% of patients.92 Strong evidence indicates hu-
man fetal risk with carbamazepine use (category D) and should
only be considered if no other safer drugs can be used or are
ineffective. Carbamazepine is not intended for outpatient use
and can potentiate the sedative effects of alcohol.

Valproate sodium has been used in the treatment of AWS
for many years, although most studies suggesting efficacy were
open label.95,96 In a small trial of patients with uncomplicated
AWS, valproate was equivalent to lorazepam in suppressing al-
cohol withdrawal symptoms.96 One well-controlled study com-
pared valproate and carbamazepine with placebo and reported
a high rate of side effects and concluded that the initial dosages
of these drugs (oral dose of 600 mg every12 hours) were
too high.97 In a randomized, double-blind placebo-controlled
trial evaluating the addition of divalproex with standard of
care with benzodiazepines, divalproex reduced progression of
withdrawal symptoms as measured by the CIWA-Ar, and like-
wise reduced benzodiazepine requirements.98 The investiga-
tors speculated that a loading dose of divalproex could poten-
tially increase the magnitude of these benefits. Use of valproic
acid during pregnancy may cause teratogenic effects, such as
spina bifida, or other neural tube defects. Use in women of
childbearing potential for AWS is therefore not recommended
(category D). Furthermore, no evidence exists for the use of
valproic acid outside of a controlled setting such as inpatient
detoxification.

Gabapentin is a U.S. Food and Drug Administration (FDA)-
approved adjunctive treatment for partial seizures, and has been
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studied in additional trials for off-label indications including
AWS. Gabapentin is not metabolized in humans; it is elimi-
nated via renal mechanisms and, therefore, is safe for use in
those with compromised hepatic function. Additionally, be-
cause gabapentin does not induce or inhibit hepatic enzymatic
function, the impact of potential drug interactions, such as
with alcohol, is lessened. Its major side effects leading to dis-
continuance include somnolence (1.2%) and ataxia (0.8%).
Gabapentin was administered to six patients in one trial,99 and
49 patients in another.100 The 5-day dosing schedule for both
of these trials was 400 mg three times a day for 3 days, 400
mg twice a day for 1 day, and 400 mg for 1 day. The results of
these trials suggest that gabapentin may be useful for patients
with mild to moderate AWS. For example, in the second larger
study,100 those individuals who reported larger amounts of al-
cohol use before treatment required more as-needed benzodi-
azepines, suggesting that those with higher CIWA-Ar scores
do not do as well on gabapentin.

If gabapentin is used, avoid abrupt withdrawal, which can
precipitate seizures. Also, gabapentin should be used cau-
tiously, and the dose appropriately reduced, in patients with
compromised renal function. Because the drug can potentiate
the sedative and respiratory depression effects of alcohol, it is
important to ensure that the patient is alcohol-free. Although
newer anticonvulsants, such as gabapentin, may be useful for
some patients with mild or moderate AWS, benzodiazepines
are still the drugs of choice for most patients.

Drugs having antiglutamatergic activity have also been
studied, but more research is needed before clinicians can rec-
ommend their use. A placebo-controlled, randomized, single-
blind trial, randomized 127 alcohol-dependent patients under-
going withdrawal, to receive placebo, diazepam 10 mg three
times daily, lamotrigine 25 mg four times daily, memantine
10 mg three times daily, or topiramate 25 mg four times daily.
Additional diazepam was allowed when the assigned med-
ication failed to suppress withdrawal symptoms adequately.
Only diazepam and lamotrigine were significantly superior to
placebo in reducing CIWA-AR scores, although diazepam was
most frequently associated with side effects.101

Summary
Currently, no specific indication exists for using anticonvul-
sants to treat alcohol withdrawal, yet because these agents are
used internationally in the treatment of AWS, clinicians should
be aware of this approach. Because gabapentin undergoes renal
elimination, there is some advantage over lorazepam; however,
support for gabapentin has been demonstrated in patients with
mild to moderate AWS. At this time, no clear convincing ev-
idence indicates that an advantage to using an anticonvulsant
over lorazepam. Anticonvulsants, particularly carbamazepine
and gabapentin, may offer advantages over benzodiazepines
in some patients. Specifically, because they have low abuse
potential and interact minimally with alcohol, anticonvulsants
may eventually be an option for outpatient treatment, partic-
ularly for those who are at sufficiently low risk not to require
hospitalization. Although gabapentin may be useful for some
patients, benzodiazepines are still the drugs of choice for most
patients, including J.M.102

10. What adjunctive support might be considered for J.M.?

ADJUNCTIVE TREATMENTS
The hydration, electrolyte (especially, potassium and magne-
sium), and nutritional status of patients should be assessed
at presentation. Support with IV fluids may be necessary in
those patients with excessive losses through vomiting, sweat-
ing, and hyperthermia.90 Thiamine and multivitamins should
be routinely administered to patients in alcohol withdrawal.
If IV fluids are given, thiamine administration should pre-
cede that of glucose, to prevent precipitation of Wernicke’s
encephalopathy.103 Alcohol-dependent patients are deficient
of thiamine and have a higher risk for developing Wernicke’s
encephalopathy.104 Wernicke’s encephalopathy is a disorder
caused by thiamine deficiency. In 1881, Dr. Carl Wernicke,
a Polish neurologist, described the condition as a triad of
acute mental confusion, ataxia, and ophthalmoplegia. Kor-
sakoff amnestic syndrome is a late neuropsychiatric manifes-
tation of Wernicke’s encephalopathy with memory loss and
confabulation; hence, the condition is referred to as Wernicke-
Korsakoff syndrome or psychosis. It is most often seen in
alcohol-dependent patients, but it can also be seen in disorders
associated with malnutrition such as long-term hemodialysis or
patients with acquired immunodeficiency syndrome (AIDS).

Thiamine deficiency results in a diffuse decrease in cerebral
glucose utilization. The body usually stores about 3 weeks
of thiamine with daily requirements of about 1.5 mg. The
body can absorb about 4.5 mg of a 100-mg oral dose of thi-
amine. Rapid correction of brain thiamine deficiency can occur
with high plasma concentrations of thiamine, achieved by par-
enteral supplementation only because absorption of the oral
thiamine by the GI tract is minimal, even with massive oral
daily dosing.104 According to the 2004 Evidence-Based Guide-
lines of the British Association of Psychopharmacology,105 to
prevent the neuropsychiatric effects of thiamine deficiency, pa-
tients should receive at least 100 mg IM on the first day and
patients should be taking 100 to 200 mg/day of thiamine for up
to 30 days. Because parenteral thiamine supplementation has
been associated with anaphylactic reactions, it is only recom-
mended as a slow IV injection in the presence of resuscitation
facilities, although some reviews cite lower grade evidence
in favor of oral thiamine supplementation during outpatient
detoxification.106

Several adjunctive medications, aside from the sedative-
hypnotics, may serve ancillary roles in the therapy of AWS.
Their selection should be based on treating specific symptoms
associated with the syndrome. For instance, β-blockers (e.g.,
propranolol,107 atenolol108) or α2-adrenergic agonists (e.g.,
clonidine109) can be used for moderate to severe hypertension
or other autonomic manifestations. These agents can, how-
ever, mask symptoms of severe withdrawal that may herald the
onset of a seizure without providing any antiseizure activity.
Antipsychotics (e.g., haloperidol) can be used for managing
hallucinations and severe agitation, but care must be used be-
cause these drugs can reduce the seizure threshold.81,102

MANAGEMENT OF ALCOHOL DEPENDENCE
Screening for Alcohol Problems
Patients who are awake and cognitively responsive should be
interviewed to assess their alcohol use history.110 Several in-
struments are available to screen and delineate the extent of
a patient’s alcohol use. Ultimately, time and purpose for use
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are always major factors when deciding which instrument to
use. The simplest screen to assess risk of alcohol abuse is to
ask: During the past year on how many occasions have you
had five or more drinks (for a man) or four or more drinks (for
a woman) at one time?111 An affirmative answer would sug-
gest that further follow-up of the patient’s alcohol use history
is needed. A second tool called the C-A-G-E consists of four
questions: (1) Have you ever felt you should Cut down on your
drinking?; (2) Have people Annoyed you by criticizing your
drinking?; (3) Have you ever felt bad or Guilty about your
drinking?; (4) Have you ever felt you needed a drink first thing
in the morning to steady your nerves or get rid of a hangover
(Eye opener)? Positive responses to two questions suggest an
alcohol problem (Table 84-6).112 The Rapid Alcohol Problems
Screen (RAPS4) is a short screen that has demonstrated ef-
fectiveness in an emergency setting.113 The RAPS4 questions
assess heavy alcohol consumption. The Alcohol Use Disor-
ders Identification Test (AUDIT), which was developed by the
World Health Organization, has also been shown to be effective
in screening individuals and distinguishing problem drinkers
from others.114

Treatment Aims
It is important to keep in mind that unknown numbers of people
with alcohol dependence heal themselves. These people have
had the ability to just stop drinking. For a good many other
patients who need assistance and who meet diagnostic criteria
for substance abuse or dependence, psychosocial approaches
are the foundation of treatment for these patients (Table 84-7).
By contrast, should the patient need pharmacologic support,
then consideration of a medication plan is entirely appropriate.

Table 84-6 Useful Screens for Assessing Alcohol Problems

The C-A-G-E Screening Questions (CAGE)
Have you ever felt you should Cut down on your drinking?
Have other people Annoyed you by criticizing your drinking?
Have you ever felt Guilty about drinking?
Have you ever taken a drink in the morning to calm your nerves or get rid

of a hangover (Eye opener)?

The Rapid Alcohol Problems Screen (RAPS4)
Remorse: During the last year, have you had a feeling of guilt or remorse

after drinking?
Amnesia: During the last year, has a friend or family member ever told

you about things that you could not remember you said or did when
you were drinking?

Perform: During the last year, have you failed to do what was normally
expected of you because of drinking?

Starter: Do you sometimes take a drink when you get up in the morning?

Methods for Determining Recent Alcohol Consumption
Acute Consumption

� Blood alcohol
� Urine (Ethyl glucuronide)
� Saliva
� Breath

Recent Heavy Consumption
� Gamma-glutamyl transferase (GGT)
� Carbohydrate-deficient tranferrin (CDT)
� Mean corpuscular volume (MCV)

Pharmacotherapy
The pharmacologic treatments of alcohol dependence focus on
relapse prevention once detoxification is complete. Treatment

Table 84-7 Psychosocial and Behavioral Interventions Used with AUD

Type of Therapy Underlying Processes Key Ingredients

Cognitive Behavioral
Therapy (CBT)

The foundation is the belief that by identifying and monitoring
maladaptive thinking patterns, patients can reduce or
eliminate negative feelings and substance use.

Alter cognitive processes that lead to maladaptive behaviors
of SUD

Intervene in the behavioral chain that leads to substance use.
Help patients deal with acute or chronic substance craving.
Promote and reinforce the development of social skills and

behaviors compatible with abstinence

Motivational
Enhancement
Therapy (MET)

Brief treatment is characterized by an empathetic approach in
which the therapist helps to motivate the patient by asking
about the pros and cons of the target behavior (e.g.,
substance use).

Develop discrepancy (e.g., comparing given behavior with
peer norms)

Eliciting self-motivational statements
Listen with empathy
Avoid argumentation
Support self-efficacy

Medical Management
(MM)

Brief 20-minute intervention by a health care professional
(e.g., nurse, pharmacist, or physician).

Focus on medication adherence
Monitor alcohol use
Assess side effects
Encourage 12-step meeting attendance
Set goals
Educate

Brief Behavioral
Compliance
Enhancement
Therapy (BBCET)

Brief 10-minute intervention by a health care professional. Focus on medication adherence
Monitor alcohol use
Assess side effects
Allow patient to set goal

12-Step Facilitation Any support group that is a self-help group. Commonly called
Alcoholics Anonymous, for example.

Find a support group one feels comfortable with
Get a sponsor
Work the 12 steps to recovery
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Table 84-8 Selected Double-Blind, Placebo-Controlled Trials for Alcohol Dependence

Alcoholic Drinking/
Medication (dose) Type of Agent Weeks/Study Design Subtype Nondrinking Days Craving Relapse

Disulfiram117 (1 mg, 250 mg) Aversive 52/Double-blind
placebo-controlled

AD + NR NR

Naltrexone164 (50 mg) Opiate antagonist 12/Double-blind
placebo-controlled

AD + +/0 +

Naltrexone170 (50 mg) Opiate antagonist 12/Double-blind
placebo-controlled

AD + + +

Acamprosate150 (1,998 mg) NMDA modulator 48/Double-blind
placebo-controlled

AD + 0 +

Acamprosate201 (1,332 mg or
1,998 mg)

NMDA modulator 24/Double-blind
placebo-controlled

AD + + +

Fluoxetine202 (60 mg) SSRI 12/Double-blind
placebo-controlled

AD/Type A
AD/Type B

0
−

NR
NR

0
0

Fluoxetine203 (60 mg) SSRI 12/Double-blind
placebo-controlled

AD/MD + NR NR

Sertraline204 (200 mg) SSRI 14/Double-blind
placebo-controlled

AD/Type A
AD/Type B

+
0

NR
NR

0
0

Ondansetron205 (4 mcg/kg) 5-HT3 antagonist 12/Double-blind
placebo-controlled

Early onset
Late onset

+
0

NR
NR

NR
NR

Topiramate181 (up to 300 mg) Mixed-action 12/Double-blind
placebo-controlled

AD + + NR

Naltrexone144 (100 mg) or/and
Acamprosate (3,000 mg)

Opiate antagonist
NMDA modulator

16/Double-blind
placebo-controlled

AD − NR NR

+, medication significant compared with placebo (p <0.05); −, significant difference favoring placebo; 0, no significant difference; ± , interaction of subgroup or trend favoring
medication; AD, alcohol dependent; Early Onset, onset of alcohol problems <25 years; Late Onset, onset of alcohol problems >25 years; GAD, generalized anxiety disorder; MD,
major depression; NR, data not reported; +, medication significant compared with placebo (p <0.05); Type A, later onset of alcohol-related problems, severe dependence, fewer
childhood risk factors, alcohol-related problems and psychopathological dysfunction; Type B, early onset of alcohol-related problems, increased number of childhood risk factors,
family history of alcoholism, greater severity of dependence.

is intended to be an adjunct to psychosocial treatments (Ta-
ble 84-7) and not used alone.115 To date, disulfiram, acam-
prosate, and naltrexone tablet and injection have been FDA
approved for the treatment of alcohol dependence. In addition,
several other drugs (Table 84-8) have shown varying degrees
of success.115,116 (Table 84-9). Much is still unknown about
the long-term rates of abstinence, how long these drugs should
be used once patients are in treatment, the optimal doses, and
whether the drugs are more effective in men or women or for
which specific subpopulations.

11. R.M. is a 55-year-old man, weighing 140 pounds, who used
to drink about 60 drinks a week before going through alcohol
detoxification. R.M. is married, has a good job, and is now commit-
ted to remain alcohol abstinent. R.M. heard about a drug called
disulfiram from a friend and is interested in using this medication
to help him abstain from drinking. Is disulfiram an appropriate
agent to consider for R.M.? Total bilirubin 0.3 mg/dL (normal,
0.2–1.2 mg/dL); direct bilirubin 0.1 (normal, 0–0.4 mg/dL); alka-
line phosphatase 53 (normal, 35–131 U/L); AST 30 (normal, 11–36
U/L); ALT 35 (normal, 6–43 U/L); BUN 14 mg/dL (normal, 5–22
mg/dL); creatinine 1.0 mg/dL (normal, 0.6–1.3 mg/dL); glucose
123 mg/dL (normal, 70–110 mg/dL); uric acid 9.1 mg/dL (normal,
2.5–8.5 mg/dL); calcium 8.7 mg/dL (normal 8.3–10.6 mg/dL); al-
bumin 4.0 (normal, 3.3–4.9 g/dL); cholesterol 255 mg/dL (normal,
<200 mg/dL); creatine kinase 78 U/L (normal,<18–198 U/L); Na
132 mEq/L (normal, 132–147); K 3.3 mEq/L (normal, 3.4–5.0);
HCO3 22.6 mEq/mL (normal, 17.0–30.6 mEq/L); Cl, 109 mEq/L

(normal, 95–105); Mg 1.7 mg/dL (normal, 1.5–3.1 mg/dL), GGT
30 U/L (normal, 10–61 U/L).

DISULFIRAM
Disulfiram is an irreversible acetaldehyde dehydrogenase in-
hibitor that blocks alcohol metabolism leading to an accumu-
lation of acetaldehyde. Disulfiram reinforces an individual’s
desire to stop drinking by providing a disincentive associated
with increased acetaldehyde levels, resulting in headache, pal-
pitations, hypotension, flushing, nausea, and vomiting when
patients consume alcohol. Although results from clinical trials
are inconsistent, some consensus has developed that oral disul-
firam reduces the number of drinking days.115 Supervision of
disulfiram administration leads to better outcomes, although
not always in the order of a statistically significant effect.116

The primary predictor of success with disulfiram is the pa-
tient’s commitment to total abstinence from alcohol. Although
anecdotal reports of success are common, clinical evidence
suggests disulfiram appears to be most effective for alcoholics
who are involved in special high-risk situations (e.g. wed-
dings, graduations) and particularly when administration is
supervised.115

Evidence
Controlled clinical trials of disulfiram have failed to demon-
strate consistently a therapeutic benefit.115 Double-blind,
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Table 84-9 Recently Completed or Major Ongoing Drug Trials for Alcoholism

Drug Pros Cons Comments

Sertraline 200 mg/day Selectively targeting LOA
subtypes

Most likely little treatment
benefit for EOA subtype

N = 160; 80 EOA and LOA; results not yet reported

Topiramate183 300 mg
(maximal dose)

Potentially mimics actions
of alcohol without the
reinforcement

Not tested in recently
abstinent alcoholics;
optimal dose unknown

N = 368; 14 weeks 6-week titration, 8 week maintenance and
7–16-day taper. Compared with placebo, topiramate
significantly lowered % heavy drinking days (p = 0.002),
drinks/drinking days (p = 0.006) and % of days abstinent
(p = 0.002).

Ondansetron 4 mcg/kg
twice a day

Treatment matching in
EOA based on SERT
may result; nominal side
effects

Most likely little treatment
benefit for LOA subtype

N = 320 160 with LL 5-HTTLPR and 160 with the SS/SL
SERT. Results not yet reported.

Ondansetron 4 mcg/kg
twice a day and
Topiramate 300 mg
(maximal dose)

The combination of
ondansetron and
topiramate may be
additive among EOA

Ondansetron dosing by
weight does not easily
translate to clinical
practice

N = 360 12 weeks; project ends 8/31/09

Aripiprazole206 30 mg
(maximal dose)

Multiple mechanisms of
action

No preclinical or clinical
data; not tested in actively
drinking alcoholics;
optimal dose unknown

N = 266 12 weeks; Also received weekly psychotherapy.
Discontinuations (40.3% vs. 26.7%) and treatment-related
adverse events (82.8% vs. 63.6%) were higher with
aripiprazole than placebo. No significant difference
compared with placebo in % days abstinent (p = 0.227),%
subjects without a heavy drinking day or time to first
drinking day. The aripiprazole group had fewer drinks per
drinking day (p <0.001).

Naltrexone injection176

190 mg or 380 mg
Increased adherence Pain management 6 months; 380 mg of long-acting naltrexone (n = 205) or 190

mg of long-acting naltrexone (n = 210) or a matching
volume of placebo (n = 209) each administered monthly
and combined with 12 sessions of low-intensity
psychosocial intervention. Compared with placebo, 380 mg
of long-acting naltrexone resulted in a 25% decrease in the
event rate of heavy drinking days (p = 0.02) and 190 mg of
naltrexone resulted in a 17% decrease (p = 0.07). Sex and
pretreatment abstinence each showed significant interaction
with the medication group on treatment outcome, with men
and those with lead-in abstinence both exhibiting greater
treatment effects.

Naltrexone and
Acamprosate144

100 mg and 3 g
(maximal doses)

Targeting positive and
negative reinforcement

Not tested in actively
drinking alcoholics

N = 1,383 16 weeks; patients receiving medical management
with naltrexone, CBI, or both fared better on drinking
outcomes, whereas acamprosate showed no evidence of
efficacy, with or without CBI. No combination produced
better efficacy than naltrexone or CBI alone in the presence
of medical management. Placebo pills and meeting with a
health care professional had a positive effect above that of
CBI during treatment.

SR141716,
Rimonabant

Unique mechanism of
action; potentially useful
for nicotine cessation
and weight loss

Little research on drugs that
block the endocannabinoid
system (i.e., potential side
effects)

N = 40 laboratory study of non–treatment-seeking volunteers
using cannabinoid-1 antagonist

Naltrexone and
Sertraline

Combination may yield
better abstinence rates

Both drugs have
gastrointestinal side effects

N = 198 Alaskan Native Americans; results not yet reported.

Gabapentin as an
adjunct to
Naltrexone for
alcoholism

Practical application to
clinical practice.

Examine if alcoholics receiving naltrexone and adjunctive
gabapentin will have less relapse than those treated with
naltrexone alone. Project ends 8/31/07.

CBI, combined behavioral intervention EOA, early-onset alcoholism; 5-HTTLPR, serotonin transporter polymorphism, LL, long-long 5-HTTLPR alleles; LOA, late-onset alco-
holism; SS/SL, short-short 5-HTTLPR alleles/short-long 5-HTTLPR alleles.

placebo-controlled studies using disulfiram are difficult be-
cause the psychological deterrent to use is experienced
by both treatment groups and those who relapse will be
unblinded when they experience the pharmacologic inter-
action.

In the most rigorous clinical trial conducted in a population
of veterans, no significant difference in abstinence rates was
demonstrated between patients taking placebo, 1 mg or 250 mg
of disulfiram.117 Patients randomized to receive 250 mg of
disulfiram daily drank less frequently (significantly fewer
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drinking days per year), however. Patients who were middle-
aged and had social stability were more likely to benefit from
disulfiram. In another trial in which administration was super-
vised, patients receiving disulfiram drank less alcohol and less
frequently; however on randomization, patients were unblinded
to their drug.118

The efficacy of disulfiram compared with other drugs such
as naltrexone is poorly studied.119 Although no advantage was
seen for combining disulfiram with naltrexone in dually diag-
nosed alcohol-dependent patients,120 in one study, disulfiram
combined with acamprosate resulted in increased days of cu-
mulative abstinence.121

Dosing
The recommended starting dose of disulfiram is 250 mg once
daily, with a range of 125 to 500 mg/day.120 If a patient drinks
and does not experience a disulfiram-ethanol reaction, the dose
can be increased to 500 mg, as a significant proportion of
patients may not experience a disulfiram-alcohol reaction at
the usual 250 mg daily dose.122,123 Side effects are increased,
however, at doses >250 mg. Dosing starts at least 12 to 24
hours after abstinence initiation (when the blood or breath al-
cohol concentration is zero). Treatment continues, depending
on the particular needs of the individual, but is generally at least
90 days and maintenance therapy may be required for years.

Contraindications, Warnings, and Interactions
Because of the intense cardiovascular and physical changes
that occur in the disulfiram–ethanol interaction, disulfiram is
contraindicated in patients with cardiac disease, coronary oc-
clusion, cerebrovascular disease, and renal or hepatic failure.
At somewhat higher doses, psychotic reactions have occurred.
Many clinicians avoid disulfiram use in elderly patients or in
those with any significant medical illness (e.g., diabetes). It is
not definitive that disulfiram causes fetal abnormalities when
administered during pregnancy,124 but some data are found re-
garding limb reduction anomalies in infants born to disulfiram-
treated mothers taking disulfiram during the first trimester of
pregnancy.125 As a result, disulfiram should only be used dur-
ing pregnancy if the expected benefit to the mother and fetus
is greater than the possible risk to the fetus; however, it should
be avoided in the first trimester (category C). No information
is available about the safety of this medicine during breast-
feeding.

Disulfiram can also be hepatotoxic and should be used cau-
tiously in patients with liver disease. Liver function should be
established at baseline and after 14 days of treatment and a
complete blood count (CBC) and liver function tests (LFT)
should be obtained every 6 months.126

R.M. has normal hepatic function; however, LFT should be
monitored at baseline and periodically during treatment. Al-
though not all clinicians agree, most would recommend—at
minimum—baseline LFT: ALT, AST, GGT and withholding
disulfiram when LFT are more than three times upper lim-
its of normal.126 If elevated, repeat LFT every 1 to 2 weeks
until normal, and then every 3 to 6 months if no elevations,
with an awareness that increased LFT results may signal re-
turn to drinking rather than disulfiram toxicity.127,128 Persis-
tently elevated LFT may also indicate viral hepatitis (B or C),

for which alcoholics have a higher risk, and thus the need to
order a hepatitis profile. Currently no specific guidelines exist
to determine whether a patient with elevated LFT should or
should not receive treatment for alcoholism. Many clinicians
anecdotally feel that as long as a patient’s hepatic function is
closely monitored, a reduction in alcohol use will lead to more
normalized LFT. Wide ranges of psychiatric adverse effects
include disorientation, agitation, depression, and behavioral
changes such as paranoia, withdrawal and bizarre behaviors,
and worsening of schizophrenia, especially at doses >250 mg
daily.129–130 Disulfiram should be avoided or used very cau-
tiously in persons with these conditions. Disulfiram can be
used relatively safely at a dose of 250 mg daily in alcohol-
dependent patients with co-occurring psychiatric disorders, in-
cluding schizophrenia.120,131,132

Disulfiram is a potent inhibitor of the CYP2E1 oxidase,
and can interact with anticoagulants (warfarin), antiepilep-
tics (phenytoin, carbamazepine), some benzodiazepines (e.g.,
diazepam but not lorazepam), and tricyclic antidepres-
sants (amitriptyline, desipramine), potentially increasing the
toxicity of these medications. Delirium can result in com-
bination with monoamine oxidase inhibitors. Other impor-
tant interactions can occur with metronidazole and omepra-
zole.133

Patient Education
To receive optimal results with disulfiram, patients must re-
ceive regular counselling and be closely monitored for any
changes in hepatic function. Patients should be advised that
the involvement of significant others will facilitate their re-
covery. Having someone participate in helping to validate the
administration process is known to lead to better outcomes.
Discontinuation of disulfiram should occur only after consul-
tation with the prescriber and counsellor involved. Common
side effects of disulfiram include drowsiness, particularly in
the first few weeks of treatment, a metallic or garlic taste, and
sexual dysfunction. The dose can be taken at bedtime if drowsi-
ness or tiredness occurs.

Patients must stop the medication for at least 3 days (up to
14 days in some) before being exposed to products contain-
ing alcohol. What cannot be overlooked is that patients taking
disulfiram must be informed about the dangers of consuming
even small amounts of alcohol in foods, in over-the-counter
medications, in mouthwashes, and in use of topical lotions.
Also, it is important to verify that the patients understand the
necessary precautions and the consequences of alcohol use.
The patient should call the prescriber to report any respiratory
difficulty, nausea, vomiting, decreased appetite, dark colored
urine, or a change in pigmentation in the skin or eyes (primarily
yellowing).

Summary
Generally, given the special circumstances needed for suc-
cess, disulfiram is generally not the drug of choice for treat-
ing alcoholism. The social, medical, and psychiatric status
of a candidate is an important consideration in the use of
disulfiram. Conditions that R.M. would appear to possess
that may enhance the effectiveness of disulfiram include an
agreement by R.M. to have his medication administration
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supervised (in this case by his wife), a steady job, and his high
level of motivation to sustain abstinence. R.M. should also
receive counselling and support services on a regular basis.

12. T.M. is a 60-year-old woman who weighs 105 pounds, is
63 inches tall, and is actively drinking about 40–50 drinks a week.
Her CIWA-Ar score is 8. T.M. wants a medication that will grad-
ually reduce her alcohol use over time so that she can drink so-
cially with friends. T.M. has heard of acamprosate and asked
for some samples but she was refused. Why was she not a good
candidate? Total bilirubin 0.8 mg/dL (normal, 0.2–1.2 mg/dL); di-
rect bilirubin 0.2 (normal, 0–0.4 mg/dL); alkaline phosphatase 80
(normal, 35–131 U/L); AST 30 (normal, 11–36 U/L); ALT 23 (nor-
mal, 6–43 U/L); BUN 20 mg/dL (normal, 5–22 mg/dL); creatinine
1.2 mg/dL (normal, 0.6–1.3 mg/dL); glucose 91 mg/dL (normal,
70–110 mg/dL); uric acid 3.3 mg/dL (normal, 2.5–8.5 mg/dL);
calcium 8.9 mg/dL (normal, 8.3–10.6 mg/dL); albumin 4.5 (nor-
mal, 3.3–4.9 g/dL); cholesterol 195 mg/dL (normal, <200 mg/
dL); creatine kinase 190 U/L (normal <18–198 U/L); Na 143
mEq/L (normal, 132–147); K 4.2 mEq/L (normal, 3.4–5.0); HCO3

25.2 (normal, 17.0–30.6 mEq/L); Cl 110 mEq/L (normal, 95–105);
BUN 14 mg/dL (normal, 5–22); magnesium 1.9 mg/dL, (normal,
1.5–3.1 mg/dL).

ACAMPROSATE
Acamprosate (Campral) has multiple actions, but is princi-
pally a glutamate and GABA modulator. In vitro and in vivo
studies in animals suggest that acamprosate interacts with
GABA and glutamate to restore the imbalance of neuronal
excitation134 and inhibition135 caused by chronic alcohol use.
The key mechanism of action is considered to be as a weak
functional antagonist of the glutamate NMDA receptor pos-
sibly mediated through indirect modulation of the receptor
site via antagonism at the mGluR5 receptor.136 A series of
meta-analyses and systematic reviews demonstrated that when
used as an adjunct to psychosocial interventions, acamprosate
improves drinking outcomes such as the length and rate of
abstinence.115,137–139 This effect is doubtful if acamprosate is
not initiated quickly after a detoxification.140,141 Evidence indi-
cates that the effect of acamprosate on abstinence rate lasts after
the treatment is stopped.142 The success of acamprosate, how-
ever, seems limited to European trials as recent U.S. trials failed
to demonstrate significant results on primary outcome mea-
sures.143,144

Acamprosate appears to be especially useful in a therapeutic
regimen targeted at promoting abstinence and can be used in
primary care settings as well as specialized addiction treatment
programs.145 Acamprosate has been studied in thousands of pa-
tients, primarily in Europe, and few contraindications to treat-
ment exist. Little consistent information is found about patient
characteristics that predict improvement while taking acam-
prosate. In a meta-analysis of all U.S. and European studies,
predictors of abstinence were motivation, readiness to change,
baseline abstinence, initial first week compliance, and living
with a partner or child.146 A pooled analysis of seven Euro-
pean trials, however, found no significant predictors of the
abstinence outcome measures.147 Candidates for acamprosate
should be committed to abstinence and begin the medication
after being abstinent from alcohol.148,149

Evidence
In a systematic review of the efficacy data related to
acamprosate,148 proof for efficacy of acamprosate was strong.
Moreover, several acamprosate studies have reported positive
results. For example, in a study of 272 severely dependent alco-
holics, patients receiving acamprosate showed a significantly
higher continuous abstinence rate within the first 2 months
of treatment compared with patients receiving placebo.150 Of
acamprosate treated patients, 40% were continuously abstinent
over a 48-week period compared with 17% of those who re-
ceived placebo.

Acamprosate has also been studied for periods of up to a
year. In a long-term follow-up (12 months) after trial com-
pletion, acamprosate still maintained an effect on abstinence
rates, but not on nondrinking days.151 Some studies have found
limited to no efficacy,143,144,152–154 although two of the stud-
ies may have been underpowered.153,154 One of these studies
also had a short treatment period,154 and the other had a long
delay in initiating treatment.152 In summary, most studies sug-
gest that acamprosate is a safe and well tolerated drug for the
promotion of alcohol abstinence.

Dose
Acamprosate is dispensed in 333 mg tablets and the usual dose
is 666 mg/day three times daily.155 Patients can be started on the
full dose without titration. Acamprosate is not well absorbed
from the GI tract and it takes several days to achieve desired
blood levels of the medication. The medication appears to be
safe and effective in alcoholics, with minimal side effects. It
does not appear to produce sedation and does not cause drug
dependence. Main adverse effects of acamprosate appear to
be GI, including nausea, diarrhea, and bloating. Nausea or
diarrhea can be usually managed with bismuth compounds,
but if symptoms are severe or persistent, the dose should be
reduced by one-third to one-half. Acamprosate has been used
in trials for a year, but the duration of therapy depends on
treatment success and the willingness of the patient to continue
therapy indefinitely.

Contraindications, Warnings, and Interactions
Acamprosate should not be used in patients with impaired kid-
ney function (CrCl <30 mL/minute), nor in patients who pre-
viously exhibited hypersensitivity to acamprosate. The dose
should be 333 mg three times daily in patients with a CrCl be-
tween 30 and 50 mL/minute. Acamprosate should only be used
during pregnancy when the benefit clearly outweighs the risk
as the drug has been shown to be teratogenic (category C) in
rats.155 Tetracyclines may be inactivated by the calcium com-
ponent in acamprosate during concurrent administration.156

Naltrexone increases plasma levels of acamprosate, although
the clinical significance of this interaction is unknown.157,158

Suicidal ideation, and attempted and completed suicides have
occurred in patients taking acamprosate. Depression or suici-
dal ideation must be monitored.

Patient Education
Acamprosate must be used in combination with a psychosocial
program such as combined behavioral intervention (CBI) or
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regular Alcoholics Anonymous (AA) meetings. Acamprosate
may be taken without regard to meals. The tablets should not
be crushed and should be taken whole. Although no interaction
with alcohol occurs, abstinence in combination with counsel-
ing and social support are required to attain optimal treatment.
Patients should report persistent diarrhea, sudden or excessive
weight gain, swelling of the extremities, respiratory difficul-
ties, fainting, or thoughts of suicide.

Summary
Acamprosate was approved by the FDA for the maintenance
of abstinence in alcohol-dependent individuals who are absti-
nent at treatment initiation. Despite a strong showing in many
European trials, less favorable results compared with naltrex-
one were seen in recent U.S. studies, perhaps making acam-
prosate a good choice for heavily dependent patients coming
out of detoxification with verifiable abstinence before starting
the drug. Given that T.M. is not abstinent, and wishes to con-
tinue drinking socially, the evidence would suggest that she is
not a good candidate for acamprosate.

13. T.M. is vacillating over whether or not she wants to con-
tinue drinking or not. T.M. is willing to attend weekly counseling
sessions. T.M. has never taken a medication for alcoholism and
now states that she is willing to stop drinking. Her primary care
provider is considering naltrexone. Does the evidence support this
choice, and what should be considered before choosing between
the oral tablets or the monthly injection in this patient?

NALTREXONE
Naltrexone blocks the action of endorphins when alcohol is
consumed, and this results in an attenuation of dopamine re-
lease at the nucleus accumbens thought to be crucially impor-
tant to positive reinforcement, reward, and craving.60 Although
naltrexone therapy has been recommended for all alcohol-
dependent patients who do not have a medical contraindication
to its use, a survey of 1,388 U.S. physicians specializing in ad-
diction reported that they prescribed naltrexone to an average
of only 13% of their patients.159 The main self-reported reasons
why physicians did not prescribe naltrexone to more patients
were that patients refused to take the medication or comply
with prescribing regimens (23%), and that patients could not
afford the medication (21%).

Evidence seems to support the use of naltrexone as an ad-
junct to psychosocial interventions122,139,145,160 with higher ab-
stinence rates in short-term treatment161 and as a deterrent to
progressing from a lapse to a full-blown relapse.115 Naltrexone
is as efficacious as disulfiram and probably more efficacious
than acamprosate.144,161–162 The addition of acamprosate to
naltrexone does not enhance outcome.144,163

Several studies indicate that naltrexone is most effective
in patients with strong craving,164,165 poor cognitive status at
study entry,166 and high compliance.167,168 This observation
is consistent with the demonstrated effect of naltrexone in re-
ducing craving. Evidence also indicates that persons with a
family history for alcoholism, early age at onset of drinking,
and comorbid use of other drugs are more likely to benefit from
naltrexone.169

Evidence
A comprehensive review of pharmacotherapies for alcoholism
concluded that naltrexone oral (ReVia) produced a consis-
tent decrease in relapse rate to heavy drinking and in drink-
ing frequency, although it did not enhance absolute abstinence
rates.149 More specifically, several studies using naltrexone re-
port the opiate antagonist to be more effective than placebo in
reducing relapse rates, in increasing a percent of nondrinking
days,164,167,170 and in reducing craving in heavy drinkers.171

Yet other studies fail to demonstrate a significant difference
with placebo.172,173 Several factors may explain the discrep-
ancies in results of the different clinical trials with naltrex-
one. Many of the studies included small sample sizes and may
lack the statistical power to demonstrate treatment effects.162

Several large sufficiently powered studies also reported nega-
tive results.172–174 Nonetheless, the COMBINE trial144 clearly
supports the effectiveness of naltrexone in that each of the
groups of patients receiving naltrexone in conjunction with
medical management had a higher percentage of days absti-
nent than those receiving placebo plus medical management
without naltrexone or CBI. Naltrexone also reduced the risk of
heavy drinking.

Naltrexone injection (Vivitrol), was approved by the FDA
and released in June 2006. Injectable naltrexone is safe and well
tolerated in alcohol-dependent individuals.175 In two double-
blind, randomized, placebo-controlled trials, the efficacy of
once monthly long-acting injectable or depot forms of nal-
trexone was demonstrated,176,177 which suggests the advan-
tage of increased compliance. Garbutt et al.176 found men re-
ceiving naltrexone injection had significantly better treatment
outcomes than women, and women who received nattrexone
demonstrated no difference with those who received placebo.
Additionally, because a robust effect was seen for natrexone
injection compared with placebo for people coming into the
study abstinent, the FDA required the manufacturer to place a
requirement for abstinence when starting the medication on its
product information.

Dose
Naltrexone has been approved for use in the first 90 days of
abstinence when the risk of relapse is highest. It has also been
shown to be safe and well tolerated by patients for periods of up
to a year. Treatment with naltrexone should continue based on
the response to the medication. Discontinuation should only be
considered in consultation with the health care provider. The
usual dose of naltrexone is 50 mg daily, although doses of 25
mg to 100 mg daily have been reported to be effective, partic-
ularly in those with lower blood concentrations of the drug.178

Side effects, such as nausea or headache, are more common in
the initial few days of therapy. Starting with a 25-mg dose (half
a tablet) for the first two to four daily doses may reduce the
incidence of side effects. Anecdotally, some practitioners sug-
gest that because of its long half-life, naltrexone may also be
administered three times weekly in doses of 100 mg on Mon-
days, 100 mg on Wednesdays, and 150 mg on Fridays (or the
equivalent of 50 mg daily). This method may facilitate super-
vised or observed administration of naltrexone, because only
three (versus seven) observations are required per week.

The injection (380 mg) should be administered by deep
IM injection into a gluteal muscle, alternating buttocks each
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injection. No dose adjustment is required for mild or moder-
ate renal or hepatic impairment, but naltrexone has not been
studied in severe renal or hepatic impairment.

Contraindications, Warnings, Interactions
Naltrexone is contraindicated in patients with a history of sen-
sitivity to naltrexone with acute hepatitis or liver failure; in
those who are physically dependent on opiates, receiving opi-
ate analgesics, or in acute opiate withdrawal. The benefit of
using naltrexone during pregnancy should clearly outweigh the
risk. The concurrent administration of naltrexone and opiate
analgesics is contraindicated. To avoid triggering an acute ab-
stinence syndrome, patients must be opiate free for a minimum
of 7 to 14 days before initiating treatment with naltrexone, as
substantiated with a urine drug test. Although rarely performed,
a naloxone challenge test can be utilized before treatment with
naltrexone to rule out concurrent use of opiates. Naltrexone is
in the FDA pregnancy category C and it is unknown whether
naltrexone passes into breast milk.

Naltrexone injection must be mixed and administered im-
mediately. A special diluent is supplied in the carton and must
be administered with the needle supplied with it in the carton. If
there is a short delay (e.g., a few minutes) after suspension but
before transfer into the syringe, the vial should be inverted a
few times to resuspend the product and then transferred into the
syringe for immediate use. Substitution of any of the supplied
components is not recommended. If the milky white suspen-
sion clogs the needle during administration, the needle should
be withdrawn from the patient, capped with the attached safety
device, and replaced with the spare administration needle pro-
vided. The plunger should be gently pushed until a bead of
the suspension appears at the tip of the needle. The remainder
of the suspension can then be administered into an adjacent
site, but in the same gluteal region. Should a patient miss a
does, the patient should be instructed to return as soon as pos-
sible to receive the next dose; however, no data exist regarding
restarting treatment in patients who have missed appointments
or discontinued their treatment.

A possible clinical concern with naltrexone tablets or long-
acting injectable naltrexone is pain management. Any attempt
to overcome the opiate blockade produced by naltrexone us-
ing exogenous opioids may result in fatal overdose. Should a
patient be in pain after receiving an injection, the first drug
of choice should be a nonopiate, such as a nonsteroidal anti-
inflammatory drug (NSAID). If the patient is still in pain, an
opiate can be used but it will most likely have to be admin-
istered in a higher dose and more frequently. When reversal
of naltrexone blockade is required for pain management, pa-
tients should be monitored in a setting equipped and staffed
for cardiopulmonary resuscitation and monitored for signs of
respiratory depression.

Patient Education
Naltrexone tablets have been demonstrated to be more effective
when used in combination with cognitive behavioral therapy
(CBT) or psychosocial therapy. Therefore, to obtain the opti-
mal long-term benefit, the patient must plan on meeting with
a counselor and enroll in a behavior modification or support
group program such as AA that supports their abstinence. Pa-
tients should be reminded not to use opiates or any medications
not approved by the prescriber during treatment. Patients re-

ceiving naltrexone must be opiate free from 7 to 10 days as
substantiated with a urine drug test and should be asked to
wear some kind of identifier for medical emergencies. Particu-
larly with naltrexone injection, documentation to alert medical
personnel of naltrexone treatment is needed in case of trauma
necessitating pain management.

Alert patients that naltrexone can cause nausea, headache,
drowsiness, dizziness, or blurred vision. In a year-long safety
study, the most common side effects were nausea, headache,
anxiety, and sedation.178 Should such side effects occur, reduc-
ing the dosage by one-half often reduces the side effects. Large
doses of naltrexone can cause liver failure. Patients should re-
port excessive tiredness, unusual bleeding or bruising, loss of
appetite, pain in the upper right part of the stomach, any dis-
coloration of the skin or eyes, a change in stool color or urine,
thoughts of suicide, or signs of pneumonia.

An important consumer consideration to note is that, as of
this writing, naltrexone injection costs about $800 a month
compared with <$150 a month for a month supply of 50-mg
tablets. Because the injection is new, some insurance plans
might not pay for it, or it may be available on formulary but at
a higher co-pay rate to the patient. This cost may represent a
significant barrier to affordable treatment for many patients.

Summary
Naltrexone, CBT or a support group would appropriate for
T.M. Current evidence suggests, however, that tablets rather
than injection would be the most appropriate choice for T.M.
Primary concerns would be poor hepatic function (which is
normal) or previous failure with the medication. The primary
consideration in this case is that no significant difference has
been seen in drinking outcomes in women who received nal-
trexone or placebo injections.176 While this perhaps anoma-
lous result is still being investigated, sufficient support exists
to prescribe naltrexone tablets in this patient. On the other hand,
although everyone received a 1-hour low-intensity psychoso-
cial intervention every other week, women compared with men
in the control group reduced their alcohol use more than did
men, suggesting that using a psychosocial approach such as
CBT (Table 84-7) would benefit T.M.

14. T.M. reduces her alcohol use substantially, but is still drink-
ing. Is there any advantage to the combination therapy of acam-
prosate with naltrexone?

The rationale for combining the drugs is that acamprosate
reduces negative reinforcement and naltrexone attenuates pos-
itive reinforcement.60 To test this hypothesis, a randomized,
controlled study of 160 patients performed in Europe demon-
strated that, although combining naltrexone and acamprosate
was more effective than either placebo or acamprosate alone,
adding acamprosate was not significantly more effective than
naltrexone alone.163 In a much larger study, the COMBINE
trial randomized >1,300 individuals in a double-blind fash-
ion to receive placebo, naltrexone, or acamprosate alone or in
combination with medical management or combined behav-
ioral therapy.144 Results from this study suggest that acam-
prosate has no significant effect on drinking versus placebo,
either by itself or with any combination of the other treat-
ments in the study. Furthermore, patients receiving placebo and
medical management (MM) from a health care professional
(Table 84-7) had better outcomes than patients receiving CBI
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(a CBT-like therapy that includes 12-step facilitation) alone.
Based on the available evidence, it would not be reasonable to
combine acamprosate with naltrexone.

OTHER DRUG THERAPY

15. W.W. is a 48-year-old male executive, who weights 230
pounds and is 73 inches tall. He comes for help with his alco-
hol use, which he recognizes is out of control. He has previously
tried disulfiram, naltrexone, and acamprosate and does not want
the naltrexone injection. Currently, W.W. is drinking 55 drinks
a week. His CIWA score is 9 (although he does not appear to
need inpatient detoxification). His laboratory work reveals the
following: Total bilirubin 0.4 mg/dL (normal, 0.2–1.2 mg/dL); di-
rect bilirubin <1 (normal, 0–0.4 mg/dL); alkaline phosphatase
74 (normal, 35–131 U/L); AST 70 (normal, 11–36 U/L); ALT 89
(normal, 6–43 U/L); BUN 14 mg/dL (normal, 5–22 mg/dL); cre-
atinine 1.1 mg/dL (normal, 0.6–1.3 mg/dL); glucose 151 mg/dL
(normal, 70–110 mg/dL); uric acid 5.8 mg/dL (normal, 2.5–8.5
mg/dL); calcium 10.0 mg/dL (normal, 8.3–10.6 mg/dL); albumin
3.6 (normal, 3.3–4.9 g/dL); cholesterol 189 mg/dL (normal, <200
mg/dL); creatine kinase 90 U/L (normal, <18–198 U/L); Na 134
mEq/L (normal, 132–147); K 4.5 mEq/L (normal, 3.4–5.0); HCO3

29.2 (normal, 17.0–30.6 mEq/L); Cl 97 mEq/L (normal, 95–105);
magnesium 2.3 mg/dL, (normal, 1.5–3.1 mg/dL). What other med-
ications might be considered?

Topiramate
Topiramate is an FDA-approved medication found to have mul-
tiple mechanisms of action, including enhanced GABAA in-
hibition that results in decreased dopamine facilitation in the
midbrain thought to be of potential benefit in the treatment
of addiction.179 Additionally, there is antagonism of kainate to
activate the kainate/AMPA glutamate receptor subtypes180 and
inhibition of type II and IV carbonic anhydrase isoenzymes.

Evidence
Topiramate is not FDA-approved for the treatment of alco-
holism. Because the drug is coming off patent soon, it is un-
likely the manufacturer will pursue an indication for topiramate
in the treatment of alcohol dependence. Johnson et al.,181 in a
randomized, double-blind, placebo-controlled trial used an es-
calating dose from 25 to 300 mg/day of topiramate or matching
placebo in 150 men and women non–treatment-seeking alco-
holics during the first 8 weeks of a 12-week period. Patients
stayed at the same dose over the last 4 weeks of the study.
All patients in the study received brief behavioral compliance
enhancement therapy (BBCET) that was a 10- to 15-minute
meeting with a health care professional (i.e., a pharmacist,
nurse, nurse practitioner, physician, or physician assistant) that
focused on resolving side effect issues and facilitated adher-
ence (Table 84-7). Participants receiving topiramate reported
significantly fewer drinks per day and drinks per drinking day,
significantly fewer drinking days, significantly more days of ab-
stinence, and significantly less craving than those on placebo.
The evidence suggests that, although abstinence was not a
goal at the start of the topiramate study, the medication may
be more beneficial during the abstinence initiation phase of
treatment.182 In a recently completed phase II clinical trial, the
use of topiramate for alcohol dependence treatment was con-
firmed by outcomes demonstrating that topiramate recipients

showed a significantly greater lowering of percentage of heavy
drinking days (mean difference, 8.4% [95% CI, 3.1–13.8],
p = 0.002), drinks per drinking day (mean difference, 0.9
[95% CI, 0.3–1.5], p = 0.006), and a higher percentage of
days abstinent (mean difference, −7.7% [95% CI, −12.5–2.9],
p = 0.002). Using a repeated-measures mixed model, topira-
mate showed even greater efficacy over placebo (p<0.001) for
all comparisons.183

In the treatment of alcohol dependence, topiramate is
titrated from 25 mg/day up to 300 mg/day over 6 weeks (100 mg
in the morning; 200 mg in the afternoon) or to the patient’s max-
imal tolerable dose. Abrupt discontinuation of topiramate has
been associated with seizures in patients without a history of
seizures and, for this reason, gradual withdrawal of the drug
(e.g., a 25% decrease in the dosage every 4 days over 16 days)
is recommended.

16. W.W. also reports >2 week period of feeling worthless, sui-
cidal ideation, a 29-pound. weight loss over the last 6 weeks, hyper-
somnia, and lethargy. These symptoms have alternated with short
periods (e.g., ∼4 days) of feeling exhilarated, expansiveness, com-
pulsive buying sprees, hyposomnia, and arguments with friends
and coworkers. He does not report any psychotic episodes. How
should patients with underlying psychiatric and alcohol use dis-
orders be approached?

W.W. reports symptoms that appear consistent with bipolar
II disorder (ruling out any other diagnosis) that would include a
formal differential diagnosis of major depressive disorder and
hypomania without psychosis. Clinicians must consider the
potential for dual diagnosis disorders (e.g., depression, bipolar
disorder, or schizophrenia) combined with substance depen-
dence (e.g., as with alcohol). Tobacco and caffeine dependence
are common. A significant number of individuals with mental
health disorders also have an alcohol use disorders compared
with the general population.184 Increased comorbid conditions
also lead to a poorer treatment prognosis.

Principles for the optimal treatment of patients with a dual
diagnosis include the following: (a) Flexibility (e.g., while the
goal of treatment may be abstinence, for some patents move-
ment in the right direction is just as important to keep the
person engaged in treatment). (b) Repetition (e.g., a constant
refocusing of attention for avoiding alcohol and for confronting
their psychiatric symptoms is a priority. (c) Counseling (e.g.,
matching patients to the appropriate intervention). These fac-
tors are all fundamental to long-lasting treatment success. Med-
ications, when appropriate (e.g., early and vigorous drug in-
tervention with nonaddictive medications) may also help the
patient stay in treatment; however, every effort must be made
to use medications that do not induce euphoria, cause depen-
dence, and are effective and safe even during relapse.

Clinicians must distinguish between drug-induced and
drug-related psychiatric disorders. Ideally, but often imprac-
tical, is to permit 3 to 4 weeks of abstinence to provide ade-
quate information to determine the relationship off the alcohol
use disorder with the psychiatric disorder. A complete drug
use history, urinalysis, and blood or hair drug tests should be
obtained. A comprehensive history, including age of onset of
disorders, persistence of psychiatric illness during abstinence,
and very importantly, family history, should provide adequate
diagnostic information.

Patients with both drug use and psychiatric disorders con-
stitute a substantial and challenging subpopulation. Treating
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the alcohol use disorder alone predicts a poorer outcome for
other disorders including early relapse. Early and aggressive
treatment for each condition should be implemented. Further-
more, care must be taken to ensure that the medications pre-
scribed are safe if combined with alcohol.

A few studies have evaluated the effectiveness of mood
stabilizers (e.g., lithium, carbamazepine, divalproex, atypical
antipsychotics, and topiramate) in the treatment of comorbid
bipolar disorder and alcohol dependence.185,186 Some evidence
suggests that topiramate may be helpful during the depres-
sive phase of bipolar disorder186 perhaps as a result of reduc-
ing alcohol use.187 Clinicians should monitor weight loss,188

worsening depression, and suicidal ideation in patients using
topiramate.189

17. Over an 8-week period, W.W. is taking 300 mg of topiramate
a day and is only drinking 10 drinks a week. W.W. complains that
he is experiencing pins and needles in his arms and hands. Is this
related to symptoms of withdrawal or to topiramate?

It is likely that tingling in the extremities, called pares-
thesias, is a possible result of withdrawal from alcohol, the
more probable reason for this occurrence (given the tempo-
ral relationship) is as a side effect of topiramate therapy. In
addition to paresthesias, other prominent side effects include
mental confusion, slowness in thinking, depression, and som-
nolence, which may be attenuated by titration when initiating
therapy, and the development of renal calculi in about 1.5% of
patients.189 Adequate hydration is encouraged, particularly in
patients who may be at risk for developing calculi.

Contraindications, Warnings, Interactions
Topiramate is contraindicated in those hypersensitive to the
drug. Topiramate should be used with caution in those who
have a history of urolithiasis, paresthesias, secondary angle
closure glaucoma, renal or hepatic impairment, and conditions
or therapies that predispose to acidosis (e.g., renal disease, se-
vere respiratory disorders, status epilepticus, diarrhea, surgery,
ketogenic diet, or drugs). Monitoring for hyperchloremic non–
ionic-gap metabolic acidosis is essential, and, therefore, base-
line chemistry (e.g., HCO3 and pH) should be assessed and
monitored regularly thereafter. Metabolic acidosis can cause
symptoms such as tiredness and loss of appetite, or more seri-
ous conditions including arrhythmia or coma. Topiramate has
been found to be teratogenic in animal studies and is a preg-
nancy category C medication.189

Concomitant use of oral contraceptives, phenytoin, carba-
mazepine, and valproic acid has been found to interact with
topiramate.190 Coadministration of another carbonic anhydrase
inhibitor, such as acetazolamide, may increase the possibility
of renal stone formation and should be avoided.

Patient Education
Patients should be advised not to adjust the dose or discon-
tinue the medication without consulting a health care provider.
Unless otherwise instructed, to prevent kidney stones and de-
hydration, patients should maintain adequate hydration and
be advised to drink 2 to 3 L/day of fluid. Patients may be at
risk for decreased sweating and increased body temperature
and should therefore monitor their exercise, particularly in hot
weather. Topiramate can cause drowsiness, dizziness, changes
in memory, a change in taste (particularly with carbonated bev-
erages), vision changes (particularly associated with increased

intraocular pressure), and pressure to the touch, loss of appetite
or unplanned weight loss, and sudden changes in mood.

Summary
Evidence for the effectiveness of topiramate is promising, al-
though more clinical research is needed on topiramate in effi-
cacy and effectiveness trials, as well as determining the proper
dose. Although W.W. has some liver impairment (AST and
ALT twice the normal limit), some evidence supports the use
of valproate as a good choice to treat the diagnosis of bipo-
lar disorder and AUD in this particular patient191; drug lev-
els must be monitored, however, because valproate is entirely
metabolized by the liver. Topiramate, on the other hand, is re-
nally metabolized and might be considered an adjunctive ther-
apy if W.W. does not completely respond to the drug of first
choice.

Balcofen
Baclofen promotes a balance between inhibition of release of
GABA, mediated by presynaptic GABAB receptors and inhibi-
tion of neuronal excitability mediated by postsynaptic GABAB
receptors.192 Putatively, agonism of GABAB receptors also
modulates mesolimbic dopamine neurons.193 Baclofen is ap-
proved for use in the United States to reduce cramping, spasms,
and muscle tightness.

Efficacy
Baclofen has been promoted for investigation by the National
Institute on Alcohol Abuse and Alcoholism (NIAAA) for al-
cohol dependence.194 Studies show that baclofen is effective in
reducing alcohol self-administration195 and motivation to con-
sume alcohol in rats.196 In a double-blind, placebo-controlled
trial using baclofen, alcohol-dependent patients reported less
craving, drank on fewer days, and had higher rates of total
abstinence than those receiving placebo.197

Summary
Because baclofen is metabolized by the kidneys, it would be
an alternative adjunct to topiramate to treat the AUD diagnosis
in W.W. The evidence for baclofen is limited and should only
be considered an alternative if other approved drugs failed or
W.W. was known to be allergic to topiramate.

DRUG INTERACTIONS

18. T.C. is a 32-year-old man who has been diagnosed with al-
cohol dependence and depression. He reports recent weight loss
(20 pounds in the last month), excessive ‘sluggishness,’ an in-
creased need for sleep (10–12 hours a day) and feelings of guilt
and worthlessness. His depression is likely substance induced,
but the importance of his alcohol use is largely ignored. T.C.’s
primary care provider plans to start sustained-release bupropion
for depression. Laboratory tests were performed at the visit but
are not yet available. What should be considered when prescrib-
ing bupropion or any other medication to T.C. and what simple
information should T.C. be given?

Prescription drug use and interactions with alcohol are fairly
common with individuals diagnosed with alcohol abuse or
dependence disorders. Alcohol–prescription drug interactions
in patients diagnosed with AUD have been found to be as
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high as 40%, with more than 20% taking medications with
moderate to severe alcohol interactions.198 The interaction of
alcohol with the cytochrome P450 enzyme system may be
complex, and depends on duration of consumption. Notably,
short-term consumption leads to a competitive inhibition of
the CYP2E1, whereas chronic use leads to induction of this
enzyme. CYP2E1 induction leads to increased clearance of
such drugs as alcohol itself, warfarin, diazepam, rifamycin,
meprobamate, pentobarbital, and propranolol, with the effect
on liver metabolism lasting for days to weeks after discontinu-
ation of alcohol. More importantly, the CYP2E1 enzyme sys-

tem converts several substances into highly toxic metabolites.
These include cocaine, enflurane and methoxyflurane, isoni-
azid, phenylbutazone, and acetaminophen. Through induction
of this alternate pathway of drug metabolism, otherwise safe
doses of drugs may become hepatotoxic. Carbamazepine is
also known as a cytochrome P450 3A4 inducer, and can cause
several problematic interactions on multiple medications.198

Obviously, clinicians must consider the impact (e.g., on the
liver) of prescribing drugs when patients are also abusing or
dependent on alcohol.199 (See Table 84-10 for more alcohol-
drug interactions.)

Table 84-10 Ethanol Drug Interactions

Acetaminophen Chronic excessive alcohol consumption increases susceptibility to acetaminophen-induced hepatotoxicity. Acute intoxication
theoretically protects against acetaminophen toxicity because less hepatotoxic metabolite is generated.

Anticoagulants
(oral)

Chronic ethanol consumption induces hepatic metabolism of warfarin, decreasing hypoprothrombinemic effect. Very large acute
ethanol doses (>3 drinks/day) may impair the metabolism of warfarin and increase hypothrombinemic effect. Vitamin
K-dependent clotting factors may be reduced in alcoholics with liver disease, also affecting coagulation.

Antidepressants Enhanced sedative effects of alcohol and psychomotor impairment are possible. Acute ethanol impairs metabolism. Fluoxetine,
paroxetine, fluvoxamine, and probably other serotonin reuptake inhibitors (SSRI) do not interfere with psychomotor or
subjective effects of ethanol.

Ascorbic acid Ascorbic acid increases ethanol clearance and serum triglyceride levels and improves motor coordination and color
discrimination after ethanol consumption.

Barbiturates Phenobarbital decreases blood ethanol concentration; acute intoxication inhibits pentobarbital metabolism; chronic intoxication
enhances hepatic pentobarbital metabolism.

Benzodiazepines Psychomotor impairment increased with the combination.
Bromocriptine Ethanol increases gastrointestinal side effects of bromocriptine.
Caffeine Caffeine has no effect on ethanol-induced psychomotor impairment.
Calcium channel

blockers
Verapamil inhibits ethanol metabolism and increases intoxication.

Cephalosporin
antibiotics

Ethanol produces flushing, nausea, headaches, tachycardia, and hypotension. Cephalosporin antibiotics that have an
ethyltetrazolethiol side chain produce this disulfiramlike reaction (e.g., cefoperazone, cefamandole, cefotetan).

Chloral hydrate Elevation of plasma trichloroethanol (a chloral hydrate metabolite) and blood ethanol. Combined central nervous system (CNS)
depression. Vasodilation, tachycardia, headache.

Chloroform Ethanol increases chloroform hepatotoxicity.
Doxycycline Chronic consumption of ethanol induces hepatic metabolism of doxycycline and may lower serum concentration of the antibiotic.
Erythromycin Ethanol may interfere with absorption of the ethylsuccinate salt. Effects on other formulations are unknown.
Furazolidone When ethanol is ingested, nausea, flushing, lightheadedness, and dyspnea may occur (i.e., a disulfiramlike reaction).
H2 antagonists Cimetidine potentiates ethanol effects. Increases peak plasma ethanol concentrations and area under the plasma ethanol

concentration time curve. CNS toxicity from increased cimetidine serum concentration. Nizatidine, and ranitidine may also
increase blood alcohol levels slightly by inhibiting gastric alcohol dehydrogenase. Famotidine does not affect blood alcohol
levels.

Isoniazid Consumption of ethanol with isoniazid increases risk of hepatotoxicity. Tyramine-containing alcoholic beverages may cause
hypertensive reaction.

Ketoconazole and
metronidazole

When ethanol is ingested, nausea, flushing, lightheadedness, and dyspnea may occur (i.e., a disulfiramlike reaction may occur
with metronidazole). A sunburnlike rash has been reported with ethanol consumption and ketoconazole. A similar reaction
may occur with itraconazole, although no reports exist.

Meprobamate Synergistic CNS depression.
Metoclopramide Enhances sedative effects of ethanol.
Monoamine oxidase

inhibitors
Tyramine-containing alcoholic beverages (e.g., wines, beer) may cause a hypertensive crisis. Pargyline may inhibit aldehyde

dehydrogenase and cause a disulfiramlike interaction with ethanol.
Narcotic analgesics Volume of distribution of intravenous meperidine increases with increasing ethanol consumption. Clinical significance unknown.

Potential for enhanced CNS depression.
Oral hypoglycemic

agents
Chlorpropamide, tolbutamide, and tolazamide may cause flushing, lightheadedness, nausea, and dyspnea if alcohol is ingested

(i.e., a disulfiramlike reaction).
Paraldehyde Possible metabolic acidosis.
Phenothiazines Potentiates psychomotor effects of ethanol.
Quinacrine Possible inhibits acetaldehyde oxidation.
Salicylates Increases gastric bleeding associated with aspirin; may increase chance of gastrointestinal hemorrhage.
Tetrachloroethylene Combined CNS depression.
Trichloroethylene Flushing, lacrimation, blurred vision, tachypnea may occur when patients exposed to trichloroethylene drink alcohol.

Adapted from reference 190, with permission.
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Summary
An alternative to bupropion should be considered particularly
in light of the unavailability of T.C.’s laboratory test results.
In this case, critical issues need to be considered, particularly
hepatic function, which may be associated with an increased
risk of seizures. Bupropion is extensively metabolized by the
liver and should be used with extreme caution in patients with
severe hepatic cirrhosis. In these patients, a reduced dose or fre-
quency of administration is required, as peak plasma levels are
substantially elevated, thereby increasing the risk of seizures.
The dose should not exceed 150 mg every other day in pa-
tients with impaired hepatic function.200 Additionally, patients

should be told that the excessive use or abrupt discontinuation
of alcohol may alter their seizure threshold and bupropion is
therefore contraindicated in patients undergoing abrupt discon-
tinuation of alcohol. Patients have also reported lower alcohol
tolerance during treatment with bupropion. Patients, in gen-
eral, should be advised that the consumption of alcohol should
be minimized or avoided.200 Moreover a recent study demon-
strated that one-third of patients with AUD prescribed drugs
were never advised not to take their prescribed medication with
alcohol.198 The study also reported that bupropion, serotonin
reuptake inhibitors (SSRI) and acetaminophen were the drugs
most frequently involved in drug-alcohol interactions.
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Long before Christopher Columbus traveled to the New World,
tobacco use was widespread in the Americas—tobacco prepa-
rations were part of religious ceremonies for the Native Amer-
icans, and tobacco was also used medicinally. At that time,
and for several subsequent centuries, little was known or sus-
pected about the dangers of tobacco use. In retrospect, it is
not surprising that these dangers were not recognized initially
because the more pressing health issues at that time were re-
lated to life-threatening, acute diseases as opposed to chronic
diseases such as those imposed by tobacco. However, it is now
well established that tobacco is a detrimental substance, and
its use dramatically increases a person’s odds of dependence,
disease, disability, and death.

Cigarettes are the only marketed consumable product that
when used as intended will contribute to the death of half or
more of its users.1 Tobacco products are carefully engineered
formulations that optimize the delivery of nicotine, a chemical
that meets the criteria for an addictive substance: (a) nicotine
induces psychoactive effects, (b) it is used in a highly controlled
or compulsive manner, and (c) behavioral patterns of tobacco
use are reinforced by the pharmacologic effects of nicotine.2

As a major risk factor for a wide range of diseases, including
cardiovascular conditions, cancers, and pulmonary disorders,
tobacco is the primary known preventable cause of premature
death in our society.3 During the 20th century, 100 million
deaths were caused by tobacco, and currently, an estimated
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5.4 million deaths occur annually.3 Unless tobacco control ef-
forts are able to reverse this trend, the number of annual deaths
is likely to exceed 8 million by the year 2030.4 According to
Dr. Margaret Chan, Director-General of the World Health Or-
ganization, “Reversing this entirely preventable epidemic must
now rank as a top priority for public health and for political
leaders in every country of the world.”4

In the United States, smoking is responsible for approxi-
mately 438,000 premature deaths each year.5 In addition to the
harm imposed on users of tobacco, exposure to secondhand
smoke results in an estimated 50,000 deaths each year.6 Fur-
thermore, enormous economic burden accompanies tobacco
use. Each pack of cigarettes smoked costs society $7.18 for as-
sociated medical care ($3.45) and productivity losses ($3.73),
for a total of $157 billion in annual health-related economic
losses.5 Because of the health and societal burdens that it im-
poses, tobacco use and dependence should be addressed during
each clinical encounter with all tobacco users.7

EPIDEMIOLOGY OF TOBACCO USE AND DEPENDENCE
Nicotine addiction is a form of chronic brain disease resulting
from alterations in brain chemistry.8 Dr. Alan Leshner, former
director of the National Institute on Drug Abuse, defines drug
addiction as “compulsive use, without medical purpose, in the
face of negative consequences.”8 The addictive properties of
nicotine are well documented.

In the United States, experimentation with cigarettes and the
development of regular smoking typically occur during ado-
lescence, with 88% to 89% of adult smokers having tried their
first cigarette by 18 years of age9,10 and 71% of adult daily
smokers having become regular smokers by age 18.9 Because
most teens who smoke at least monthly continue to smoke in
adulthood,9 tobacco use trends among youth are a key indi-
cator of the overall health trends for the nation.11 According
to the Centers for Disease Control and Prevention (CDC), the
prevalence of current smoking (defined as having smoked at
least one cigarette in the preceding 30 days) among high school
students increased throughout the early and mid-1990s,12 iden-
tifying an urgent need for tobacco prevention and cessation
programs focused on younger age groups. These have led to
subsequent decreases. In 2007, an estimated 21.6% of 12th
graders (23.1% of males and 19.6% of females) had smoked
one or more cigarettes in the past 30 days.13

Among adults, smoking prevalence varies by sociodemo-
graphic factors, including sex, race/ethnicity, education level,
age, and poverty level. The CDC reported that in 2006, the
percentage of current smokers (defined as having smoked 100
or more cigarettes during their lifetime and currently smoking
every day or some days) was 20.8% (23.9% of men and 18.0%
of women).14 Table 85-1 summarizes the smoking prevalence
estimates for various population subgroups, stratified by sex.
In 2006, the highest median prevalence of current smoking was
evident in Kentucky (28.6%), and the lowest prevalence was
observed in Utah (9.8%).15 An estimated 44.3% of cigarettes

Table 85-1 Percentage of Current Smokersa Ages 18 Years and Older, by Sex and Selected Characteristics—National Health
Interview Survey, United States, 2006

Characteristic Category Men (n = 10,715) Women (n= 13,560) Total (n = 24,275)

Race/ethnicityb White, non-Hispanic
Black, non-Hispanic
Hispanic
American Indian/Alaska

Native, non-Hispanic
Asianc

24.3
27.6
20.1
35.6

16.8

19.7
19.2
10.1
29.0

4.6

21.9
23.0
15.2
32.4
10.4

Educationd 0–12 years (no diploma)
GEDe diploma
High school diploma
Associate degree
Some college
Undergraduate degree
Graduate degree

30.6
51.3
27.6
25.4
26.1
10.8

7.3

23.0
40.2
20.4
17.8
20.0

8.4
5.8

26.7
46.0
23.8
21.2
22.7

9.6
6.6

Age group (years) 18–24
25–44
45–64
65 and older

28.5
26.0
24.5
12.6

19.3
21.0
19.3

8.3

23.9
23.5
21.8
10.2

Poverty status f At or above federal poverty level
Below federal poverty level
Unknown

22.9
34.0
23.3

17.8
28.0
14.2

20.4
30.6
18.3

Total 23.9 18.0 20.8

aPersons who reported having smoked ≥100 cigarettes during their lifetimes and who, at the time of interview, reported smoking every day or some days. Excludes 315 respondents
whose smoking status was unknown.
bExcludes 266 respondents of unknown race or multiple races.
cDoes not include Native Hawaiians and Other Pacific Islanders.
d Persons ages 25 years and older, excluding 305 persons whose educational level was unknown.
eGED, general educational development.
f Based on family income reported by respondents and 2005 poverty thresholds published by the U.S. Census Bureau.
From reference 15.
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smoked in the United States are among persons with mental
illness.16

Factors Contributing to Tobacco Use
Tobacco addiction is maintained by nicotine dependence.17

Nicotine induces a variety of pharmacologic effects, described
as follows, that lead to dependence.17,18 However, tobacco de-
pendence is not simply a matter of nicotine pharmacology—it
is a result of the interplay of complex processes, including
the desire for the direct pharmacologic actions of nicotine, the
relief of withdrawal, learned associations, and environmental
cues (e.g., advertising, the smell of a cigarette, or observing
others who are smoking).17 Physiological factors, such as pre-
existing medical conditions (e.g., psychiatric comorbidities16)
and one’s genetic profile, also can predispose individuals to
tobacco use. Notably, it has been estimated in twin studies that
40% to 60% of smoking is heritable.19–21 The rapidity with
which nicotine, the addictive component of tobacco, is ab-
sorbed and passes through the blood-brain barrier contributes
to its addictive nature. After inhalation, nicotine reaches the
brain within seconds.17 As such, smokers experience nearly
immediate onset of positive effects of nicotine, including plea-
sure, relief of anxiety, improved task performance, improved
memory, mood modulation, and skeletal muscle relaxation.17

These effects, mediated by alterations in neurotransmitter lev-
els, reinforce continued use of nicotine-containing products.

Nicotine Pharmacology
Nicotine (Nicotiana tabacum), which is composed of a pyridine
ring and a pyrrolidine ring, is one of the few natural alkaloids
that exist in the liquid state. Nicotine is a clear, weak base (pKa
= 8.0) that turns brown and acquires the characteristic odor of
tobacco after exposure to air.22,23 In acidic media, nicotine is
ionized and poorly absorbed; conversely, in alkaline media,
nicotine is nonionized and well absorbed. Under physiological
conditions (pH = 7.3–7.5), approximately 31% of nicotine is
nonionized and readily crosses cell membranes.22,24 Given the
relation between pH and absorption, the tobacco industry and
pharmaceutical companies are able to titrate the pH of their
tobacco products and nicotine replacement therapies (NRTs)
to maximize the absorption potential of nicotine.17,25

Once absorbed, nicotine induces a variety of central ner-
vous system, cardiovascular, and metabolic effects. Nico-
tine stimulates the release of several neurotransmitters, in-
ducing a range of pharmacologic effects such as pleasure
(dopamine), arousal (acetylcholine, norepinephrine), cognitive
enhancement (acetylcholine), appetite suppression (dopamine,
norepinephrine, serotonin), learning (glutamate), memory en-
hancement (glutamate), mood modulation (serotonin), and re-
duction of anxiety and tension (β-endorphin and GABA).18

The dopamine reward pathway, a network of nervous tissue
that elicits feelings of pleasure in response to certain stimuli,
is central to drug-induced reward. Key structures of the reward
pathway include the ventral tegmental area, nucleus accum-
bens, and prefrontal cortex (the area of the brain that is respon-
sible for thinking and judgment). The neurons of the ventral
tegmental area contain the neurotransmitter dopamine, which
is released in the nucleus accumbens and in the prefrontal cor-
tex. Immediately after inhalation, a bolus of nicotine enters

the brain, stimulating the release of dopamine, which induces
nearly immediate feelings of pleasure, along with relief of the
symptoms of nicotine withdrawal. This rapid dose response
reinforces repeated administration of the drug and perpetuates
the smoking behavior.18

Chronic administration of nicotine has been shown to result
in an increased number of nicotine receptors in specific regions
of the brain,26 which is believed to represent upregulation in
response to nicotine-mediated desensitization of the receptors
and may play a role in nicotine tolerance and dependence.18

Chronic administration also leads to tolerance to the behav-
ioral and cardiovascular effects of nicotine over the course of
the day; however, tobacco users regain sensitivity to the effects
of nicotine after overnight abstinence from nicotine, as shown
in Figure 85-1.17,22 Notably, after smoking the first cigarette of
the day, the smoker experiences marked pharmacologic effects,
particularly arousal. No other cigarette throughout the day pro-
duces the same degree of pleasure/arousal. For this reason,
many smokers describe the first cigarette as the most important
one of the day. Shortly after the initial cigarette, tolerance be-
gins to develop. Accordingly, the threshold levels for both plea-
sure/arousal and abstinence rise progressively throughout the
day as the smoker becomes tolerant to the effects of nicotine.
With continued smoking, nicotine accumulates, leading to an
even greater degree of tolerance. Late in the day, each individ-
ual cigarette produces only limited pleasure/arousal; instead,
smoking primarily alleviates nicotine withdrawal symptoms.
Lack of exposure to nicotine overnight results in resensitiza-
tion of drug responses (i.e., loss of tolerance). Most dependent
smokers tend to smoke a certain number of cigarettes per day
and tend to consume sufficient nicotine per day to achieve the
desired effects of cigarette smoking and minimize the symp-
toms of nicotine withdrawal.22 Withdrawal symptoms include
depression, insomnia, irritability, anxiety, difficulty concen-
trating, restlessness, and increased appetite.27–29 Tobacco users
become adept at titrating their nicotine levels throughout the
day to avoid withdrawal symptoms, maintain pleasure and
arousal, and modulate mood.

Nicotine is extensively metabolized in the liver and, to a
lesser extent, in the kidney and lung. Approximately 70%
to 80% of nicotine is metabolized to cotinine, an inactive
metabolite.17,24 The rapid metabolism of nicotine (t1/2 = 2
hours) to inactive compounds underlies tobacco users’ needs
for frequent, repeated administration. The half-life of cotinine,
however, is much longer (t1/2 = 18–20 hours), and for this rea-
son, cotinine is commonly used as marker of tobacco use as
well as a marker for exposure to secondhand smoke.17 Coti-
nine cannot, however, differentiate between the nicotine from
tobacco products and the nicotine from NRT products.

Nicotine and other metabolites are excreted in the urine.
Urinary excretion is pH dependent; the excretion rate is in-
creased in acidic urine. Nicotine is excreted in breast milk and
can be detected in the blood and urine of infants of nursing
smokers.23,24

Drug Interactions With Smoking
It is widely recognized that polycyclic aromatic hydrocar-
bons (PAHs), present in appreciably large quantities in to-
bacco smoke, are responsible for most drug interactions with
smoking.30,31 PAHs, which are the products of incomplete
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FIGURE 85-1 Nicotine addiction cycle throughout the day.

• The sawtooth line represents venous plasma concentrations of nicotine as a cigarette is smoked every
40 minutes from 8 am to 9 pm.

• The upper solid line indicates the threshold concentration for nicotine to produce pleasure or arousal.
• The lower solid line indicates the concentrations at which symptoms of abstinence (i.e., withdrawal

symptoms) from nicotine occur.
• The shaded area represents the zone of nicotine concentrations (neutral zone) in which the smoker is

comfortable without experiencing either pleasure/arousal or abstinence symptoms.

Source: Reprinted from reference 22, with permission.

combustion of tobacco, are potent inducers of several hepatic
cytochrome P450 microsomal enzymes (CYP1A1, CYP1A2,
and possibly CYP2E1). Although other substances in tobacco
smoke, including acetone, pyridines, benzene, nicotine, car-
bon monoxide, and heavy metals (e.g., cadmium), might also
interact with hepatic enzymes, their effects appear to be
less significant. Most drug interactions with tobacco smoke
are pharmacokinetic, resulting from the induction of drug-
metabolizing enzymes (especially CYP1A2) by compounds in
tobacco smoke. Table 85-2 summarizes key interactions with
smoking.30,32 Patients who begin smoking, or quit smoking,
might require dosage adjustments for some medications.

Health Consequences of Tobacco Use
Smoking has a causal or contributory role in the development
of a variety of medical conditions (Table 85-3).3 In the United
States, tobacco use accounts for nearly 1 in 5 deaths, and an
estimated 8.6 million persons suffer from chronic conditions
attributable to smoking.33 Among current smokers, chronic
bronchitis is the most common condition (49%), followed by
emphysema (24%). Among former smokers, the most preva-
lent condition is chronic bronchitis (26%), followed by em-
physema (24%) and previous heart attack (24%). Lung cancer,
the leading cause of cancer-related mortality for both men and
women in the United States and a disease for which the 5-
year survival rate is approximately 15%,34 accounts for an es-
timated 1% of all smoking-attributable morbidity (i.e., among
those who are living) in current smokers and 2% in former
smokers.33

Secondhand Smoke Exposure
Exposure to secondhand smoke, which includes the smoke em-
anating from burning tobacco and that exhaled by the smoker,
results in an estimated 50,000 deaths annually, in addition to
contributing to numerous diseases among nonsmoking chil-

dren and adults.6 Major conclusions of the 2006 Surgeon
General’s Health Effects of Involuntary Exposure to Tobacco
Smoke6 report include (a) Many millions of Americans, both
children and adults, are still exposed to secondhand smoke
in their homes and workplaces despite substantial progress in
tobacco control; (b) Secondhand smoke exposure causes dis-
ease and premature death in children and adults who do not
smoke; (c) Children exposed to secondhand smoke are at an
increased risk for sudden infant death syndrome, acute respira-
tory infections, ear problems, and more severe asthma. Smok-
ing by parents causes respiratory symptoms and slows lung
growth in their children; (d) Exposure of adults to secondhand
smoke has immediate adverse events on the cardiovascular
system and causes coronary heart disease and lung cancer; (e)
The scientific evidence indicates that there is no risk-free level
of exposure to secondhand smoke; and (f) Eliminating smok-
ing in indoor spaces fully protects nonsmokers from exposure
to secondhand smoke. Separating smokers from nonsmokers,
cleaning the air, and ventilating buildings cannot eliminate ex-
posures of nonsmokers to secondhand smoke. Supplementing
evidence presented in the Surgeon General’s report, in January
2006, the California Environmental Protection Agency desig-
nated secondhand smoke as a “toxic air contaminant” and, in
addition to the list of diseases described in the Surgeon Gen-
eral’s report, specified that exposure is associated with breast
cancer in younger, primarily premenopausal women.35

Benefits of Quitting
The 1990 Surgeon General’s Report on the health benefits of
smoking cessation describes numerous and substantial health
benefits associated with quitting.36 Benefits incurred soon
after quitting (e.g., within 2 weeks to 3 months) include im-
provements in pulmonary function, circulation, and ambula-
tion. Within 1 to 9 months of quitting, the ciliary function of
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Table 85-2 Drug Interactionsa With Smoking

Drug/Class Mechanism of Interaction and Effects

Pharmacokinetic Interactions
Alprazolam (Xanax) • Conflicting data on significance of a PK interaction. Possible ↓ plasma concentrations (up to 50%); ↓ half-life (35%).
Bendamustine (Treanda) • Metabolized by CYP1A2. Manufacturer recommends using with caution in smokers due to likely ↓ bendamustine

concentrations, with ↑ concentrations of its two active metabolites.

Caffeine • ↑ Metabolism (induction of CYP1A2); ↑ clearance (56%).
• Likely ↑ caffeine levels after cessation.

Chlorpromazine (Thorazine) • ↓Area under the curve (AUC) (36%) and serum concentrations (24%).
• ↓ Sedation and hypotension possible in smokers; smokers may need ↑ dosages.

Clozapine (Clozaril) • ↑ Metabolism (induction of CYP1A2); ↓ plasma concentrations (18%).
• ↑ Levels upon cessation may occur; closely monitor drug levels and reduce dose as required to avoid toxicity.

Erlotinib (Tarceva) • ↑ Clearance (24%); ↓ trough serum concentrations (2-fold).
Flecainide (Tambocor) • ↑ Clearance (61%); ↓ trough serum concentrations (25%).

• Smokers may need ↑ dosages.
Fluvoxamine (Luvox) • ↑ Metabolism (induction of CYP1A2); ↑ clearance (24%); ↓ AUC (31%) ↓ plasma concentrations (32%).

• Dosage modifications not routinely recommended but smokers may need ↑ dosages.
Haloperidol (Haldol) • ↑ Clearance (44%); ↓ serum concentrations (70%).

Heparin • Mechanism unknown but ↑ clearance and ↓ half-life are observed. Smoking has prothrombotic effects.
• Smokers may need ↑ dosages due to PK and PD interactions.

Insulin, subcutaneous • Possible ↓ insulin absorption secondary to peripheral vasoconstriction; smoking may cause release of endogenous
substances that cause insulin resistance.

• PK & PD interactions likely not clinically significant; smokers may need ↑ dosages.
Irinotecan (Camptosar) • ↑ Clearance (18%); ↓ serum concentrations of active metabolite SN-38 (∼40%; via induction of glucuronidation);

↓ systemic exposure resulting in lower hematologic toxicity and may reduce efficacy.
• Smokers may need ↑ dosages.

Mexiletine (Mexitil) • ↑ Clearance (25%; via oxidation and glucuronidation); ↓ half-life (36%).
Olanzapine (Zyprexa) • ↑ Metabolism (induction of CYP1A2): ↑ clearance (98%); ↓ serum concentrations (12%).

• Dosage modifications not routinely recommended but smokers may require ↑ dosages.
Propranolol (Inderal) • ↑ Clearance (77%; via side-chain oxidation and glucuronidation)

Ropinirole (Requip) • ↓ Cmax (38%) and AUC (30%) in study with patients with restless legs syndrome.
• Smokers may need ↑ dosages.

Tacrine (Cognex) • ↑ Metabolism (induction of CYP1A2); ↓ half-life (50%); serum concentrations three-fold lower.
• Smokers may need ↑ dosages.

Theophylline (Theo Dur, etc.) • ↑ Metabolism (induction of CYP1A2); ↑ clearance (58–100%); ↓ half-life (63%).
• Levels should be monitored if smoking is initiated, discontinued, or changed.
• ↑ Clearance with second-hand smoke exposure.
• Maintenance doses are considerably higher in smokers.

Tricyclic antidepressants (e.g.,
imipramine, nortriptyline)

• Possible interaction with tircyclic antidepressants in the direction of ↓ blood levels, but the clinical importance is not
established.

Tizanidine (Zanaflex) • ↓ AUC (30–40%) and ↓ half-life (10%) observed in male smokers.

Pharmacodynamic Interactions
Benzodiazepines (diazepam,

chlordiazepoxide)
• ↓ Sedation and drowsiness, possibly caused by nicotine stimulation of central nervous system.

Beta-blockers • Less effective antihypertensive and heart rate control effects; might be caused by nicotine-mediated sympathetic
activation.

• Smokers may need ↑ dosages.
Corticosteroids, inhaled • Asthmatic smokers may have less of a response to inhaled corticosteroids.

Hormonal contraceptives • ↑ Risk of cardiovascular adverse effects (e.g., stroke, myocardial infarction, thromboembolism) in women who
smoke and use oral contraceptives. Ortho Evra patch users shown to have 2-fold ↑ risk of venous thromboembolism
compared to oral contraceptive users, likely due to ↑ estrogen exposure (60% higher levels).

• ↑ Risk with age and with heavy smoking (15 or more cigarettes per day) and is quite marked in women age 35 and
older.

Opioids (propoxyphene,
pentazocine)

• ↓ Analgesic effect; smoking may ↑ the metabolism of propoxyphene (15–20%) and pentazocine (40%). Mechanism
unknown.

• Smokers may need ↑ opioid dosages for pain relief.

aShaded rows indicate the most clinically significant interactions.
Adapted from reference 32, with permission. Copyright 1999–2008 The Regents of the University of California, University of Southern California, and Western University of
Health Sciences. All rights reserved.
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Table 85-3 Health Consequences of Smoking3

Cancer Acute myeloid leukemia
Bladder
Cervical
Esophageal
Gastric
Kidney
Laryngeal
Lung
Oral cavity and pharyngeal
Pancreatic

Cardiovascular
disease

Abdominal aortic aneurysm
Coronary heart disease (angina pectoris, ischemic

heart disease, myocardial infarction)
Cerebrovascular disease (transient ischemic attacks,

stroke)
Peripheral arterial disease

Pulmonary
disease

Acute respiratory illnesses
Upper respiratory tract (rhinitis, sinusitis,

laryngitis, pharyngitis)
Lower respiratory tract (bronchitis, pneumonia)

Chronic respiratory illnesses
Chronic obstructive pulmonary disease
Respiratory symptoms
Poor asthma control
Reduced lung function

Reproductive
effects

Reduced fertility in women
Pregnancy and pregnancy outcomes

Preterm, premature rupture of membranes
Placenta previa
Placental abruption
Preterm delivery
Low infant birth weight

Infant mortality
Sudden infant death syndrome

Other effects Cataract
Osteoporosis (reduced bone density in

postmenopausal women, increased risk of hip
fracture)

Periodontitis
Peptic ulcer disease (in patients who are infected

with Helicobacter pylori)
Surgical outcomes

Poor wound healing
Respiratory complications

the lung epithelial cells is restored; initially, this might result
in increased coughing as the lungs clear excess mucus and to-
bacco smoke particulates. Smoking cessation results in mea-
surable improvements in lung function37 (see Chapter 23,
Fig. 23-1). Over time, patients experience decreased cough-
ing, sinus congestion, fatigue, shortness of breath, and risk of
pulmonary infection. One year after cessation, the excess risk
of coronary heart disease is reduced to half that of continuing
smokers. After 5 to 15 years, the risk of stroke is reduced to a
rate similar to that of people who are lifetime nonsmokers, and
10 years after quitting, the chance of dying of lung cancer is
approximately half that of continuing smokers. In addition, the
risk of developing mouth, throat, esophagus, bladder, kidney,
or pancreatic cancer is decreased. Finally, 15 years after quit-
ting, the risk of coronary heart disease is reduced to a rate that
is similar to that of people who have never smoked.36 Smoking
cessation can also lead to a significant reduction in the cumula-
tive risk of death from lung cancer, for both men and women.38

Quitting at ages 30, 40, 50, and 60 years is associated with 10, 9,
6, and 3 years of life gained, respectively. On average, cigarette
smokers die approximately 10 years younger than do nonsmok-
ers, and among those who continue smoking, at least half will
die due to a tobacco-related disease. Persons who quit before
age 35 add 10 years of life and have a life expectancy similar
to those who have never smoked.1 Reduction in smoking does
not equate to a reduction in harm; even low levels of smoking
(e.g., 1–4 cigarettes per day) have documented risks,39,40 and
therefore, a reduction in the number of cigarettes smoked per
day should be viewed as a positive step toward quitting, but
should not be recommended as a targeted end point. For any
patient who uses tobacco, the target goal is complete, long-
term abstinence from all nicotine-containing products. Thus,
it is never too late to quit and to incur subsequent benefits of
quitting. But quitting earlier is clearly advantageous.

Tobacco Use and Dependence: Treatment Approaches
Most tobacoo users attempt to quit without assistance, despite
the fact that persons who receive assistance are more likely
to be successful in quitting.7,41 Given the complexity of the
tobacco-dependence syndrome and the constellation of fac-
tors that contribute to tobacco use, treatment requires a mul-
tifaceted approach. To assist clinicians and other specialists
in providing cessation treatment to patients who use tobacco,
the U.S. Public Health Service published the Clinical Practice
Guideline for Treating Tobacco Use and Dependence. This
document, which represents a distillation of more than 8,700
published articles,7 specifies that clinicians can have an impor-
tant impact on their patients’ ability to quit. A meta-analysis of
29 studies7 determined that compared with patients who do not
receive an intervention from a clinician, patients who receive
a tobacco cessation intervention from a physician clinician or
a non-physician clinician are 2.2 and 1.7 times, respectively,
more likely to quit (at 5 or more months after cessation). Al-
though even brief advice from a clinician has been shown to
lead to increased odds of quitting,7 more intensive counseling
yields more dramatic increases in quit rates.7

Numerous effective medications are available for tobacco
dependence, and clinicians should encourage their use by all
patients attempting to quit smoking—except when medically
contraindicated or with specific populations for which there is
insufficient evidence of effectiveness (i.e., pregnant women,
smokeless tobacco users, light smokers, adolescents).7 Al-
though both pharmacotherapy and behavioral counseling are
effective independently, patients’ odds of quitting are substan-
tially increased when the two approaches are used simulta-
neously. The estimated efficacies of various treatment strate-
gies are shown in Table 85-4. Clinicians can have a significant
impact on a patient’s likelihood of success by recommending
pharmacotherapy agents and by supplementing medication use
with behavioral counseling as described later in this chapter.

Assisting Patients With Quitting
Behavioral Counseling Strategies
According to the Clinical Practice Guideline,7 five key com-
ponents comprise comprehensive counseling for tobacco
cessation: (a) asking patients whether they use tobacco, (b) ad-
vising tobacco users to quit, (c) assessing patients’ readiness
to quit, (d) assisting patients with quitting, and (e) arranging
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Table 85-4 Efficacy of Treatment Methods for Tobacco Use and Dependence7

Treatment Method Estimated Odds Ratioa (95% CI) Estimated Abstinenceb Rate (95% CI)

Behavioral interventions

Advice to quit
No advice to quit 1.0 7.9
Physician advice to quit 1.3 (1.1–1.6) 10.2 (8.5–12.0)

Clinician intervention
No counseling by a clinician 1.0 10.2
Counseling by a nonphysician clinician 1.7 (1.3–2.1) 15.8 (12.8–18.8)
Counseling by a physician 2.2 (1.5–3.2) 19.9 (13.7–26.2)

Format of smoking cessation counseling
No format 1.0 10.8
Self-help 1.2 (1.0–1.3) 12.3 (10.9–13.6)
Proactive telephone counselingc 1.2 (1.1–1.4) 13.1 (11.4–14.8)
Group counseling 1.3 (1.1–1.6) 13.9 (11.6–16.1)
Individual counseling 1.7 (1.4–2.0) 16.8 (14.7–19.1)

Pharmacotherapy interventions

Placebo 1.0 13.8
First-line agents

Bupropion SR 2.0 (1.8–2.2) 24.2 (22.2–26.4)
Nicotine gum (6–14 weeks) 1.5 (1.2–1.7) 19.0 (16.5–21.9)
Nicotine inhaler 2.1 (1.5–2.9) 24.8 (19.1–31.6)
Nicotine lozenge (2 mg) 2.0 (1.4–2.8) 24.2d

Nicotine patch (6–14 weeks) 1.9 (1.7–2.2) 23.4 (21.3–25.8)
Nicotine nasal spray 2.3 (1.7–3.0) 26.7 (21.5–32.7)
Varenicline (2 mg/day) 3.1 (2.5–3.8) 33.2 (28.9–37.8)

Second-line agentse

Clonidine 2.1 (1.2–3.7) 25.0 (15.7–37.3)
Nortriptyline 1.8 (1.3–2.6) 22.5 (16.8–29.4)

Combination therapy
Nicotine patch (>14 weeks) + ad lib NRT (gum or nasal spray) 3.6 (2.5–5.2) 36.5 (28.6–45.3)
Nicotine patch + bupropion SR 2.5 (1.9–3.4) 28.9 (23.5–35.1)
Nicotine patch + nortriptyline 2.3 (1.3–4.2) 27.3 (17.2–40.4)
Nicotine patch + nicotine inhaler 2.2 (1.3–3.6) 25.8 (17.4–36.5)

aEstimated relative to referent group.
bAbstinence percentages for specified treatment method.
cA quitline that responds to incoming calls and makes outbound follow-up calls. Following an initial request by the smoker or via a fax-to-quit program, the clinician initiates
telephone contact to counsel the patient.
d One qualifying randomized trial; 95% CI not reported in 2008 Clinical Practice Guideline.
eNot approved by the U.S. Food and Drug Administration as a smoking cessation aid; recommended by the USPHS Guideline as a second-line agent for treating tobacco use and
dependence.
Reprinted from reference 32, with permission. Copyright 1999–2008 The Regents of the University of California, University of Southern California, and Western University of
Health Sciences. All rights reserved.

follow-up care. These steps are referred to as the “5 A’s” and
are described, in brief, as follows. Figure 85-2 can be used as
a guide for structuring counseling interventions.

� Ask: Screening for tobacco use is essential and should be a
routine component of clinical care. The following question
can be used to identify tobacco users: “Do you ever smoke
or use any type of tobacco?” At a minimum, tobacco use
status (current, former, never user) and level of use (e.g.,
number of cigarettes smoked per day) should be assessed
and documented in the medical record. Also, consider asking
patients about exposure to secondhand smoke.

� Advise: All tobacco users should be advised to quit; the ad-
vice should be clear and compelling, yet delivered with sen-
sitivity and a tone of voice that communicates concern and a
willingness to assist with quitting. When possible, messages
should be personalized by relating advice to factors such as a

patient’s health status, medication regimen, personal reasons
for wanting to quit, or the impact of tobacco use on others.
For example, “Ms. Crosby, I see that you now are on two
different inhalers. It’s important that you know that quitting
smoking is the single most important treatment for your em-
physema. I strongly encourage you to quit, and I would like
to help you.”

� Assess: Key to the provision of appropriate counseling in-
terventions is the assessment of a patient’s readiness to quit.
Patients should be categorized as being (a) not ready to quit
in the next month; (b) ready to quit in the next month; (c) a
recent quitter, having quit in the past 6 months; or (d) a former
user, having quit more than 6 months ago.7,42 This classifi-
cation defines the clinician’s next step, which is to provide
counseling that is tailored to the patient’s level of readiness
to quit. As an example for a current smoker: “Mr. Malkin,
are you considering quitting, maybe sometime in the next
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STEP Five: ARRANGE Follow-up Counseling
Monitor patients’ progress throughout the quit attempt. Follow-up contact should occur
during the first week after quitting. A second follow-up contact is recommended in the
first month. Additional contacts should be scheduled as needed. Counseling contacts can
occur face-to-face, by telephone, or by e-mail. Keep patient progress notes.

Address temptations and triggers; discuss relapse prevention strategies.

Congratulate patients for continued success.

STEP Three: ASSESS Readiness to Quit

* Relapse prevention interventions not necessary in the case of the adult who has not used to bacco for many
years.

Fiore MC, Jaen CR, Baker TB, et al. Treating Tobacco Use and Dependence: 2008 Update. Clinical Practice
Guideline. Rockville, MD: U.S. Department of Health and Human Services, Public Health Service. May 2008.

Provide
appropriate

tobacco
dependence
treatment

Promote 
motivationto 

quit

Prevent 
relapse*
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continued 
abstinence

YES

YES

NO NO

NO

YES

STEP Four: ASSIST with Quitting
Assess Tobacco Use History
• Current use: type(s) of tobacco used, brand, amount
• Past use:

– Duration of tobacco use
– Changes in levels of use recently

• Past quit attempts:
– Number of attempts, date of most recent attempt, duration
– Methods used previously—What did or didn’t work? Why or why not?
– Prior medication administration, dose, compliance, duration of treatment
– Reasons for relapse

Discuss Key Issues (for the upcoming or current quit attempt)
• Reasons/motivation for wanting to quit (or avoid relapse)
• Confidence in ability to quit (or avoid relapse)
• Triggers for tobacco use
• Routines and situations associated with tobacco use
• Stress-related tobacco use
• Social support for quitting
• Concerns about weight gain
• Concerns about withdrawal symptoms

Facilitate Quitting Process
• Discuss methods for quitting: pros and cons of the different methods
• Set a quit date: more than 2–3 days away but less than 2 weeks away
• Recommend completion of a Tobacco Use Log
• Discuss coping strategies (cognitive, behavioral) for key issues
• Discuss withdrawal symptoms
• Discuss concept of “slip” versus relapse
• Provide medication counseling: compliance, proper use, with demonstration
• Offer to assist throughout the quit attempt

Evaluate the Quit Attempt (at follow-up)
• Status of attempt
• Inquire about “slips” and relapse
• Medication compliance and plans for discontinuation

Is the patient now
willing to quit?

Does the patient now use tobacco?

Did the patient use
tobacco previously?

STEP One: ASK about Tobacco Use
Suggested Dialogue

– “Do you ever smoke or use any type of tobacco?”
– “I take time to talk with all of my patients about tobacco use—because it’s important.”

– “Medication X often is used for conditions linked with or caused by smoking. Do you,
or does someone in your household smoke?”

– “Condition X often is caused or worsened by exposure to tobacco smoke. Do you, or
does someone in your household smoke?”

STEP Two: Strongly ADVISE to Quit
Advice should be clear, strong, and personalized yet delivered sensitively, with a tone
conveying concern for the patient’s health and a sincere commitment to help with
quitting.

Suggested Dialogue
– “It’s important that you quit as soon as possible, and I can help you.”
– “I realize that quitting is difficult. I t is the most important thing you can do to protect

your health now and in the future. I have training to help my patients quit, and when
you are ready I will work with you to design a specialized treatment plan.”

FIGURE 85-2 Tobacco Cessation Counseling Guide Sheet. Source: Reprinted from reference 32, with per-
mission. Copyright © 1999–2008 The Regents of the University of California, University of Southern
California, and Western University of Health Sciences. All rights reserved.

month?” The counseling interventions for patients who are
ready to quit will be different from those for patients who are
not considering quitting.

� Assist: When counseling tobacco users, it is important that
clinicians view quitting as a process that might take months
or even years to achieve, rather than a “now or never”
event. The goal is to promote “forward progress” in the pro-
cess of change, with the target end point being sustained
abstinence.

When counseling patients who are not ready to quit, an
important first step is to promote motivation. Some patients
who are not ready to quit truly might not believe that they
need to quit; however, most will recognize the need to quit
but are simply not ready to make the commitment to do so.
Often, patients have tried to quit multiple times, and failed, and
thus are too discouraged to try again. Strategies for working
with patients who are not ready to quit involves promoting
motivation to quit, and this can be accomplished by applying
the “5 R’s”7 (Table 85-5) and by offering to work closely with
the patient in designing a treatment plan. Although it might be
useful to educate patients about the pharmacotherapy options,
it is inappropriate to prescribe a treatment regimen for patients
who are not ready to quit. For patients who are not ready to
quit, encourage them to seriously consider quitting by asking
the following series of three questions:

1. Do you ever plan to quit?
Most patients will respond “yes,” in which case the clin-
ician should continue with question 2. If they respond
“no,” the clinician should strongly advise the patient to
quit and offer to assist, if the patient changes his or her
mind.

2. How would it benefit you to quit later, as opposed to now?
Most patients will agree that there is never an ideal time
to quit, and procrastinating a quit date has more negative
effects than positive.

3. What is the worst thing that would happen if you were to
quit now?
This question probes patients’ perceptions of quitting,
which reveals some of the barriers to quitting that can then
be addressed by the clinician.

For patients who are ready to quit (i.e., in the next month),
the goal is to work with the patient in designing an individ-
ualized treatment plan, addressing the key issues listed under
the “Assist” component of Figure 85-2.32 Except when med-
ically contraindicated or with specific populations for which
there is insufficient evidence of effectiveness, patients should
be encouraged to use pharmacotherapy (described later in this
chapter) in combination with a behavioral intervention.7 The
first steps are to discuss the patient’s tobacco use history, inquir-
ing about levels of smoking, number of years smoked, methods
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Table 85-5 Enhancing Motivation to Quit: The “5 R’s” for Tobacco Cessation Counseling7

� Relevance—Encourage patients to think about the reasons why quitting is important. Counseling should be framed such that it relates to the patient’s
risk for disease or exacerbation of disease, family or social situations (e.g., having children with asthma), health concerns, age, or other patient
factors, such as prior experience with quitting.

� Risks—Ask patients to identify potential negative health consequences of smoking, such as acute risks (shortness of breath, asthma exacerbations,
harm to pregnancy, infertility), long-term risks (cancer, cardiac, and pulmonary disease), and environmental risks (promoting smoking among
children by being a negative role model; effects of second-hand smoke on others, including children and pets).

� Rewards—Ask patients to identify potential benefits that they anticipate from quitting, such as improved health, enhanced physical performance,
enhanced taste and smell, reduced expenditures for tobacco, less time wasted or work missed, reduced health risks to others (fetus, children,
housemates), and reduced aging of the skin.

� Roadblocks—Help patients identify barriers to quitting and assist in developing coping strategies (Table 85-6) for addressing each barrier. Common
barriers include nicotine withdrawal symptoms (Table 85-7), fear of failure, a need for social support while quitting, depression, weight gain, and a
sense of deprivation or loss.

� Repetition—Continue to work with patients who are successful in their quit attempt. Discuss circumstances in which smoking occurred to identify
the trigger(s) for relapse; this is part of the learning process and will be useful information for the next quit attempt. Repeat interventions when
possible.

used previously for quitting (what worked, what did not work
and why), and reasons for previous failed quit attempts. Clini-
cians should elicit patients’ opinions about the different phar-
macotherapies for quitting and should work with patients in
selecting the quitting methods (e.g., medications, behavioral
counseling programs). Although it is important to recognize
that pharmaceutical agents might not be appropriate, desir-
able, or affordable for all patients, clinicians should educate
patients that medications, when taken correctly, can substan-
tially increase the likelihood of success by making them more
comfortable while quitting.

Patients should be advised to select a quit date that is more
than 3 days but less than 2 weeks away. This time frame pro-
vides patients with sufficient time to prepare for the quit at-
tempt, including mental preparation, as well as preparation
of the environment, such as by removing all tobacco products
and ashtrays from the home, car, and workspace and informing
their family, friends, and coworkers about their upcoming quit
attempt and requesting their support. Additional strategies for
coping with quitting are shown in Table 85-6.32 Patients should
be counseled about coping with withdrawal symptoms (Table
85-7)32 and medication use and compliance, and it is crucial to
emphasize the importance of receiving behavioral counseling
throughout the quit attempt. Finally, patients should be com-
mended for taking important steps toward improving their
health.
� Arrange: Because patients’ ability to quit increases when
multiple counseling interactions are provided, arranging
follow-up counseling is an important, yet typically neglected,
element of treatment for tobacco dependence. Follow-up con-
tact should occur soon after the quit date, preferably during
the first week. A second follow-up contact is recommended
within the first month after quitting.7 Periodically, additional
follow-up contacts should occur to monitor patient progress,
assess compliance with pharmacotherapy regimens, and pro-
vide additional support.

Relapse prevention counseling should be part of every
follow-up contact with patients who have recently quit smok-
ing. When counseling recent quitters, it is important to address
challenges in countering withdrawal symptoms (Table 85-7)32

and cravings or temptations to use tobacco. A list of strategies
for key triggers or temptations for tobacco use is provided in
Table 85-6.32 Importantly, because tobacco use is a habitual

behavior, patients should be advised to alter their daily rou-
tines; this helps disassociate specific behaviors from the use of
tobacco. Patients who slip and smoke a cigarette (or use any
form of tobacco) or experience a full relapse back to habitual
tobacco use should be encouraged to think through the scenario
in which tobacco use first occurred and identify the trigger(s)
for relapse. This process provides valuable information for fu-
ture quit attempts.

TELEPHONE QUITLINES
Clinicians should become aware of local, community-based

resources for tobacco cessation, including telephone quitlines.
When time or expertise do not afford provision of comprehen-
sive tobacco cessation counseling during a patient visit, clini-
cians are encouraged to apply a truncated 5 A’s model, whereby
they Ask about tobacco use, Advise tobacco users to quit, and
Refer patients to quit to a telephone quitline. This generally can
be accomplished in less than one minute. Telephone services
that provide tobacco cessation counseling have proliferated
since the late 1990s; these services provide low-cost interven-
tions that can reach patients who might otherwise have limited
access to medical treatment because of geographic location or
lack of insurance or financial resources. In clinical trials, tele-
phone counseling services for which at least some of the con-
tacts are initiated by the quit line counselor have been shown to
be effective in promoting abstinence,7 and these positive results
have been shown to translate into real world effectiveness.41

The addition of medication to quitline counseling significantly
improves abstinence rates compared to medication alone.7 In
addition, preliminary evidence suggests that quitlines are also
effective for smokeless tobacco cessation.43 The telephone
number for the tollfree tobacco quitline is 1-800-QUIT NOW.
In some states, clinicians can submit a fax referral form, on
behalf of a patient, to the quitline. This form initiates a process
whereby a quitline counselor then contacts the patient directly.

Pharmacotherapy Options
All smokers who are trying to quit should be encouraged
to use one or more U.S. Food and Drug Administration
(FDA)-approved pharmacologic aids for cessation; potential
exceptions that require special consideration include medi-
cal contraindications or use in specific populations for which
there is insufficient evidence of effectiveness (i.e., pregnant
women, smokeless tobacco users, light smokers, adolescents).7
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Table 85-6 Cognitive and Behavioral Strategies for Tobacco Cessation

Cognitive strategies

Focus on retraining the way a patient thinks. Often, patients mentally deliberate on the fact that they are thinking about a cigarette, and this leads to relapse.
Patients must recognize that thinking about a cigarette does not mean they need to have one.

Review commitment to quit,
focus on downside of tobacco

Reminding oneself that cravings and temptations are temporary and will pass. Have patient announce, either silently or
aloud, “I want to be a nonsmoker, and the temptation will pass.”

Distractive thinking Deliberate, immediate refocusing of thinking when cued by thoughts about tobacco use.
Positive self-talks, “pep talks” Saying “I can do this” and reminding oneself of previous difficult situations in which tobacco use was avoided with

success.
Relaxation through imagery Centering of mind toward positive, relaxing thoughts.
Mental rehearsal, visualization Preparing for situations that might arise by envisioning how best to handle them. For example, a patient might envision

what would happen if he or she were offered a cigarette by a friend—the patient would mentally craft and rehearse a
response, and perhaps even practice it by saying it aloud.

Behavioral strategies

Involve specific actions to reduce risk for relapse. For maximal effectiveness, these should be considered prior to quitting, after determining patient-specific
triggers for tobacco use. Here, we list some behavioral strategies for several common cues or triggers for relapse.

Stress Anticipate upcoming challenges at work, at school, or in personal life. Develop a substitute plan for tobacco use during
times of stress (e.g., deep breathing, take a break/leave the situation, call supportive friend or family member,
self-massage, use nicotine replacement therapy).

Alcohol Drinking alcohol can lead to relapse. Patient should consider limiting/abstaining from alcohol during the early stages of
quitting.

Other tobacco users Quitting is more difficult if the patient is around other tobacco users. This is especially difficult if there is another tobacco
user in the household. Patients should limit prolonged contact with individuals who are using tobacco during the early
stages of quitting. Ask coworkers, friends, and housemates not to smoke or use tobacco in their presence.

Oral gratification needs Have nontobacco oral substitutes (e.g., gum, sugarless candy, straws, toothpicks, lip balm, toothbrush, nicotine
replacement therapy, bottled water) readily available.

Automatic smoking routines Anticipate routines that are associated with tobacco use and develop an alternative plan.
Examples:
Morning coffee with cigarettes: change morning routine, drink tea instead of coffee, take shower before drinking coffee,

take a brisk walk shortly after awakening.
Smoking while driving: remove all tobacco from car, have car interior detailed, listen to a book on tape or talk radio, use

oral substitute.
Smoking while on the phone: stand while talking, limit call duration, change phone location, keep hands occupied by

doodling or sketching.
Smoking after meals: get up and immediately do dishes or take a brisk walk after eating, call supportive friend.

Postcessation weight gain The majority of tobacco users gain weight after quitting. Most quitters will gain <10 lb, but there is a broad range of
weight gain reported, with up to 10% of quitters gaining as much as 30 lb. Advise patient not to attempt to modify
multiple behaviors at one time. If weight gain is a barrier to quitting, advise patient to engage in regular physical
activity and adhere to a healthful diet (as opposed to strict dieting). Carefully plan and prepare meals, increase fruit and
water intake to create a feeling of fullness, and chew sugarless gum or eat sugarless candies. Consider use of
pharmacotherapy shown to delay weight gain (e.g., the 4-mg nicotine gum or lozenge or bupropion SR).

Cravings for tobacco Cravings for tobacco are temporary and usually pass within 5–10 minutes. Handle cravings through distractive thinking,
take a break, change activities/tasks, take deep breaths, or perform self-massage.

Adapted from reference 32, with permission. Copyright 1999–2008 The Regents of the University of California, University of Southern California, and Western University of
Health Sciences. All rights reserved.

Table 85-7 Postcessation Withdrawal Symptoms

Symptoms Duration

Chest tightness A few days
Constipation, stomach pain, gas 1–2 weeks
Cough, dry throat, nasal drip A few days
Craving for a cigarette Frequent for 2–3 days; can persist for

months or years
Difficulty concentrating 2–4 weeks
Dizziness 1–2 days
Fatigue 2–4 weeks
Hunger Up to several weeks
Insomnia 1 week
Irritability 2–4 weeks

Adapted from reference 32, with permission. Copyright 1999–2008 The Regents of
the University of California, University of Southern California, and Western Univer-
sity of Health Sciences. All rights reserved.

Currently, the FDA-approved first-line agents7 include five
NRT dosage forms, sustained-release bupropion (bupropion
SR), and varenicline. Pharmacologic agents that have not re-
ceived FDA approval for smoking cessation but are recom-
mended as second-line agents7 include clonidine and nortripty-
line.

The first approved medication for smoking cessation was the
nicotine gum, which was marketed in 1984. This was later fol-
lowed by the nicotine transdermal patch (prescription-only for-
mulation in 1991 and nonprescription formulations in 1996),
bupropion SR and nicotine nasal spray in 1996, the nicotine
oral inhaler in 1997, the nicotine lozenge in 2002, and vareni-
cline in 2006. Each product has been shown to be effective
in promoting smoking cessation. Dosing information, precau-
tions, and adverse effects for the first-line agents are shown in
Table 85-8.
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Cigarette Moist snuff Nasal spray Inhaler Lozenge (2 mg)

Time (minutes)

Gum (2 mg) Patch

25

20

15

10

5

0
0 10 20 30 40 50 60

P
la

sm
a 

N
ic

ot
in

e 
(µ

g/
L)

FIGURE 85-3 Plasma nicotine concentrations for various nicotine-containing products. Source: Reprinted
from reference 32, with permission. Copyright © 1999–2008 The Regents of the University of California,
University of Southern California, and Western University of Health Sciences. All rights reserved. Plasma
nicotine concentration curves derived from references 52, 66, and 127.

First-Line Agents
NICOTINE REPLACEMENT THERAPY
NRT increases success for quitting by reducing the phys-

ical withdrawal symptoms associated with tobacco cessation
while the patient focuses on modifying his or her behavior
and coping with the psychological aspects of quitting. In ad-
dition, because the onset of action for NRT is not as rapid as
that of nicotine obtained through smoking, patients become
less accustomed to the nearly immediate, reinforcing effects
of inhaled tobacco. A meta-analysis of 111 controlled trials,
enrolling more than 43,000 participants, found that all NRT
formulations (gum, inhaler, lozenge, patch, and nasal spray)
result in statistically significant improvements in abstinence
rates when compared with placebo. Patients using NRT are
1.6 times as likely to quit smoking than are those receiving
placebo.44 Figure 85-3 depicts the concentration time curves
for the various NRT formulations, compared with a cigarette
and moist snuff (a form of smokeless tobacco). It can be seen
that of the five NRT dosage forms, the nicotine nasal spray
reaches its peak concentration most rapidly. The nicotine gum,
lozenge, and oral inhaler have similar concentration curves,
and the nicotine transdermal patch has the slowest onset, but
offers more consistent blood levels of nicotine over a sustained
period of time.

BUPROPION SR
Bupropion SR is an atypical antidepressant medication hy-

pothesized to promote smoking cessation by blocking the re-
uptake of dopamine and norepinephrine in the central nervous
system and possibly by acting as a nicotine receptor antago-
nist. These neurochemical effects are believed to modulate the
dopamine reward pathway and reduce cravings for nicotine
and symptoms of withdrawal.7 Use of bupropion SR approxi-
mately doubles the long-term abstinence rate when compared
with placebo.7,45

VARENICLINE
Varenicline is a partial agonist, highly selective for the α4β2

nicotinic acetylcholine receptor.46 The efficacy of varenicline
in smoking cessation is believed to be the result of sustained,
low-level agonist activity at the receptor site combined with
competitive inhibition of nicotine binding. The partial ago-
nist activity induces modest receptor stimulation leading to
increased dopamine levels that attenuate the symptoms of
nicotine withdrawal. In addition, by competitively blocking
the binding of nicotine to nicotinic acetylcholine receptors in
the central nervous system, varenicline inhibits the surges of
dopamine release that occur immediately following inhalation
of tobacco smoke. The latter mechanism may be effective in
preventing relapse by reducing the pleasure associated with
smoking.47 A recent meta-analysis has found that varenicline
(2 mg/day) more than triples the likelihood of long-term absti-
nence from smoking relative to placebo.7

Second-Line Agents
Although not FDA-approved specifically for smoking cessa-
tion, the prescription medications clonidine and nortriptyline
are recommended as second-line agents.7 Lack of an FDA-
approved indication for smoking cessation and side effect pro-
files currently prohibit these agents from achieving first-line
classification.7

PHARMACOTHERAPY FOR TREATING TOBACCO USE
AND DEPENDENCE
Transdermal Nicotine Patch

1. T.B. is a 32-year-old woman who is enrolled in a work-
site smoking cessation program. During the previous group ses-
sion, the cessation counselor discussed the various medications for
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cessation. T.B. has set her quit date for 1 week from today, and
she is interested in starting the nicotine transdermal patch. She
is currently smoking 1 pack per day (PPD), which is a reduction
from the 1.5 PPD she had been smoking for the past 10 years.
T.B. reports she smokes several cigarettes in succession immedi-
ately after waking in the morning. She takes no medications and
has no medical problems. Which nicotine transdermal product
should T.B. select, and how should it be used?

Two different transdermal nicotine patch systems are cur-
rently marketed. Transdermal nicotine delivery systems consist
of an impermeable surface layer, a nicotine reservoir, an ad-
hesive layer, and a removable protective liner. The technology
for delivery of nicotine across the skin varies by manufacturer.
NicoDerm CQ uses a rate-controlling membrane. The generic
patches (previously marketed as Habitrol) use drug-dispersion-
type systems whereby release of nicotine is controlled by diffu-
sion of the drug across an adhesive layer.48 The currently mar-
keted formulations (which continuously release nicotine over
24 hours) deliver nicotine more slowly than the gum, lozenge,
nasal spray, and inhaler (Fig. 85-3). Plasma nicotine levels ob-
tained via transdermal delivery are approximately 50% lower
than those achieved with cigarette smoking but still alleviate
the symptoms of withdrawal.49

The efficacy of the transdermal nicotine patch is well docu-
mented with significantly improved abstinence rates relative to
placebo (Table 85-4).7,44 A meta-analysis of 25 randomized,
controlled trials found treatment with the nicotine patch (6–
14 weeks) approximately doubled the likelihood of long-term
abstinence compared to placebo.7

Dosing
The manufacturers’ recommended dosages are listed in Table
85-8. In general, higher levels of smoking necessitate the use of
higher-strength formulations and a longer duration of therapy.
Ultimately, the starting dose, rate of tapering, and total dura-
tion of therapy must be individualized to the patient’s baseline
smoking levels, development of side effects (e.g., nausea, dys-
pepsia, nervousness, dizziness, sweating), and the presence or
absence of withdrawal symptoms (Table 85-7). T.B. currently
smokes 20 cigarettes per day, and thus she should initiate the
regimen using the 21-mg/day patch.

Patient Education
Regardless of the product selected, T.B. should be instructed to
apply the patch to a clean, dry, hairless area of skin on the upper
body or the upper outer part of her arm at approximately the
same time each day. To minimize the potential for local skin
reactions, the patch application site should be rotated daily, and
the same area should not be used again for at least 1 week. After
patch application, T.B. should ensure that the patch adheres
well to the skin, especially around the edges. The clinician
should reassure T.B. that water will not reduce the effectiveness
of the nicotine patch if it is applied correctly, and she may bathe,
shower, swim, or exercise while wearing the patch. Finally,
T.B. should be advised to discontinue use of the nicotine patch
and contact a health care provider if skin redness caused by
the patch does not resolve after 4 days, if the skin swells or
a rash develops; if irregular heartbeat or palpitations occur;
or if she experiences symptoms of nicotine overdose such as

nausea, vomiting, dizziness, diarrhea, sweating, weakness, or
rapid heartbeat.

Adverse Reactions

2. Ten days later, T.B. calls to complain of an itchy rash that
she believes is caused by the nicotine patch. She noticed the rash
yesterday when she removed the first patch from her left upper
arm. This morning, after removing the second patch from her
right upper arm, she noticed a similar rash. T.B. describes the
skin on her right arm as slightly red but not swollen; the rash
on her left arm has only a faint trace of pink discoloration. Her
last cigarette was 2 days ago. How should T.B. be managed at this
time?

The most common side effects associated with the nicotine
patch are local reactions (erythema, burning, and pruritus) at
the skin application site. These reactions are generally caused
by skin occlusion or sensitivity to the patch adhesives. Rotat-
ing the patch application sites on a daily basis minimizes skin
irritation; nonetheless, skin reactions to the patch adhesives
occur in up to 50% of patch users. Less than 5% of patients
discontinue therapy because of a skin reaction.7 T.B. appears
to be experiencing a mild skin reaction and should be reas-
sured that it is normal for the skin to appear erythematous
for up to 24 to 48 hours after the patch is removed. T.B. can
apply topical hydrocortisone cream (0.5% or 1%) or triam-
cinolone cream (0.5%), or can take an oral antihistamine for
symptomatic treatment.7 Because the rash on her left arm has
nearly resolved, it is reasonable for T.B. to continue using the
nicotine transdermal patch provided that the erythema is not
too bothersome.

Other less common side effects associated with the trans-
dermal nicotine patch include vivid or abnormal dreams, in-
somnia, and headache. Sleep disturbances likely result from
nocturnal nicotine absorption. Patients experiencing trouble-
some sleep disturbances should be instructed to remove the
patch prior to bedtime and apply a new patch as soon as pos-
sible after waking the following morning.7

The clinician should also provide behavioral counseling
support by asking T.B. about the current quit attempt. Ap-
propriate issues to address include her confidence in remain-
ing tobacco free, situations in which she has been tempted to
smoke and potential triggers for relapse, nicotine withdrawal
symptoms, her social support system for quitting, and any other
questions or concerns she might have. It is reasonable to review
potential coping strategies (behavioral and cognitive; Table 85-
6) and schedule a future follow-up call. The clinician should
commend T.B. for her decision to quit, congratulate her for
remaining tobacco free for 48 hours, and reassure her that skin
irritation is a common, yet generally manageable, complication
with the nicotine patch.

Product Selection Considerations
The primary advantage of the transdermal nicotine patch com-
pared with other NRT formulations is that the patch is easy
to use and conceal, releases a continuous dose of nicotine
throughout the day, and requires administration only once daily.
As a result, patients who have difficulty adhering to regimens
that require taking multiple doses of medications throughout
the day or those who want a simplified regimen are likely to
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be more successful with the nicotine patch. Disadvantages of
the patch include a high incidence of skin irritation associated
with the patch adhesives and the inability to acutely adjust the
dose of nicotine to alleviate symptoms of withdrawal. Finally,
patients with underlying dermatologic conditions (e.g., psoria-
sis, eczema, atopic dermatitis) should not use the patch because
they are more likely to experience skin irritation.7

Nicotine Gum

3. T.B. would like to discontinue the nicotine transdermal
patch. She wants to know if the gum is an effective alternative.

Nicotine polacrilex gum is a resin complex of nicotine and
polacrilin in a chewing gum base that allows for slow release
and absorption of nicotine across the oral mucosa. The prod-
uct is available as 2- and 4-mg strengths, in multiple flavors
(regular, cinnamon, fruit, mint, and orange). The gum has a
distinct, tobacco-like, slightly peppery, minty, or fruity taste
and contains buffering agents (sodium carbonate and sodium
bicarbonate) to increase the salivary pH, which enhances the
buccal absorption of nicotine. The amount of nicotine absorbed
from each piece is variable, but approximately 1.1 and 2.9 mg
of nicotine are extracted from the 2- and 4-mg gum formula-
tions, respectively.50 Peak plasma concentrations of nicotine
are achieved approximately 30 minutes after chewing a single
piece of gum and then slowly decline thereafter (Fig. 85-3).
Patients using short-term (6–14 weeks) or long-term (>14
weeks) treatment with nicotine gum are significantly more
likely to remain abstinent compared to those receiving placebo
(Table 85-4).7

Dosing
Table 85-8 outlines the manufacturer’s recommended dosing
schedule for the nicotine gum. Individuals who smoke <25
cigarettes per day should use the 2-mg strength, and those
smoking more should use the 4-mg strength. During the ini-
tial 6 weeks of therapy, patients should use 1 piece of gum
every 1 to 2 hours while awake. In general, this amounts to at
least 9 pieces of gum daily. The “chew and park” method de-
scribed here allows for the slow, consistent release of nicotine
from the polacrilin resin. Patients can use additional pieces
of gum (to the daily maximum of 24 pieces per day) if crav-
ings occur between scheduled doses. In general, patients who
smoke a greater number of cigarettes per day will require
more nicotine gum to alleviate their cravings than will pa-
tients who smoke fewer cigarettes per day. It is preferable to
use the gum on a fixed schedule of administration, tapering
over 1 to 3 months rather than using it “as needed” to control
cravings.7

Patient Education
Proper chewing technique is crucial when using the nicotine
gum. Patients should be instructed to chew the gum slowly
until a peppery, minty, or fruity taste, or a slight tingling sen-
sation in the mouth is detected; this varies but generally occurs
after about 15 chews. When the taste or tingling sensation is
noted, the patient should “park” the gum between the cheek
and gum to allow absorption of nicotine across the buccal mu-
cosa. When the taste or tingling dissipates (generally after 1–2

minutes), the patient should resume chewing slowly. When
the taste or tingle returns, the patient should stop chewing and
park the gum in a different area in the mouth. Rotating the gum
placement site within the mouth helps decrease the incidence
of oral irritation. The chew/park steps should be repeated until
most of the nicotine is extracted; this generally occurs after 30
minutes and becomes obvious when chewing no longer elicits
the characteristic taste or tingling sensation.

Patients should be warned that the absorption and there-
fore effectiveness of nicotine gum might be reduced by acidic
beverages (e.g., coffee, juices, wine, soft drinks),51 which tran-
siently reduce the salivary pH. To prevent this interaction, pa-
tients should be advised not to eat or drink (except water) for
15 minutes before or while using the nicotine gum.

Product Selection Considerations
Advantages of nicotine gum include the fact that this formula-
tion may be used to satisfy oral cravings and the 4-mg strength
might delay weight gain.7 For these reasons, the gum may be
particularly beneficial for patients who have weight gain con-
cerns or for patients who report boredom as a trigger for smok-
ing. The gum might also be advantageous for patients who de-
sire flexibility in dosing and prefer the ability to self-regulate
nicotine levels to manage withdrawal symptoms. Some pa-
tients may find that the viscous consistency of the gum makes
it difficult to use because it sticks to dental work. Others may
find it difficult or socially unacceptable to chew the gum so
frequently. Nicotine gum should not be used by patients with
temporomandibular joint (TMJ) conditions. Finally, to mini-
mize adverse effects and derive maximal therapeutic benefit,
it is imperative that patients use enough gum each day and use
the correct chewing technique.

Nicotine Lozenge

4. How does the nicotine lozenge differ from the nicotine gum?

The nicotine polacrilex lozenge is a resin complex of nico-
tine and polacrilin in a sugarfree, light mint, or cherry-flavored
lozenge. The product is available in 2- and 4-mg strengths,
which are meant to be consumed like hard candy or other
medicinal lozenges (e.g., sucked and moved from side to
side in the mouth until fully dissolved). Because the nico-
tine lozenge dissolves completely, it delivers approximately
25% more nicotine than does an equivalent dose of nicotine
gum.52 Like the nicotine gum, the lozenge also contains buffer-
ing agents (sodium carbonate and potassium bicarbonate) to
increase salivary pH, thereby enhancing buccal absorption of
the nicotine. Peak nicotine concentrations of nicotine with the
lozenge are achieved after 30 to 60 minutes of use and then
slowly decline thereafter (Fig. 85-3). In a trial evaluating the
formulation currently available in the United States, the nico-
tine lozenge approximately doubled the 6-month abstinence
rates compared with placebo (23.9% vs. 12.3%).53 A recent
meta-analysis of five studies using either the nicotine lozenge
(nicotine polacrilin) or sublingual tablet (not available in the
United States) concluded that the odds of abstinence at 6 or
more months was 2.0 with the tablet/lozenge relative to placebo
(95% CI, 1.6–2.5).44
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Dosing
Unlike other NRT formulations, which use the number of
cigarettes smoked per day as the basis for dosing, the rec-
ommended dosage of the nicotine lozenge is based on the time
to first cigarette (TTFC). Some experts believe that the best in-
dicator of nicotine dependence is the need to smoke soon after
waking.54 Based on this method, people who smoke their first
cigarette of the day within 30 minutes of waking are considered
more highly dependent on nicotine than those who smoke their
first cigarette more than 30 minutes after waking. Because the
nicotine polacrilin lozenge has been studied using the TTFC
as a dosage selector, the product is licensed for use in the fol-
lowing manner: Patients who smoke their first cigarette of the
day within 30 minutes of waking should use the 4-mg strength
lozenge, and patients who smoke their first cigarette of the
day more than 30 minutes after waking should use the 2-mg
strength lozenge. Patients are more likely to succeed if they use
the lozenge on a fixed schedule rather than as needed. During
the initial 6 weeks of therapy, patients should use 1 lozenge
every 1 to 2 hours while awake. In general, this amounts to at
least 9 lozenges daily. Patients can use additional lozenges (up
to 5 lozenges in 6 hours or a maximum of 20 lozenges per day)
if cravings occur between scheduled doses.

Patient Education
Similar to the gum, the nicotine lozenge is a specially for-
mulated nicotine delivery system that must be used properly
for optimal results. The lozenge should be allowed to dissolve
slowly in the mouth; when nicotine is released from the po-
lacrilin resin, a warm, tingling sensation may be experienced.
The patient should occasionally rotate the lozenge to different
areas of the mouth to reduce the potential for mucosal irritation.
When used correctly, the lozenge should completely dissolve
within 30 minutes. Patients should be counseled not to chew
or swallow the lozenge because this increases the incidence of
gastrointestinal-related side effects.

Because the nicotine in the lozenge is dissolved in saliva
and absorbed through the buccal mucosa, patients should be
cautioned that the effectiveness of the nicotine lozenge may
be reduced by acidic beverages such as coffee, juices, wine,
or soft drinks. As recommended for the nicotine gum, pa-
tients should be advised not to eat or drink (except water) for
15 minutes before or while using the nicotine lozenge.

Adverse Reactions
In general, the nicotine lozenge is well tolerated. The most
common side effects include nausea, hiccups, cough, dyspep-
sia, headache, and flatulence. Patients who use more than one
lozenge at a time, continuously use one lozenge after another,
or chew or swallow the lozenge are more likely to experience
dyspepsia or hiccups.

Product Selection Considerations
The nicotine lozenge is similar to the nicotine gum formulation
in that it may be used to satisfy oral cravings, the 4-mg strength
might delay weight gain,7,53 and patients can self-titrate therapy
to acutely manage withdrawal symptoms. Because the lozenge
does not require chewing, many patients find this to be a
more discrete nicotine delivery system. The disadvantages of
the lozenge are the fact that it requires frequent dosing, and the

gastrointestinal side effects (nausea, hiccups, and heartburn)
may be bothersome.

Postcessation Weight Gain

5. T.B. is worried about gaining weight after she quits smok-
ing. Is weight gain common after quitting, and if so, how can this
be prevented?

Most tobacco users gain weight after quitting, and clinicians
should neither deny the likelihood of weight gain nor minimize
its significance.7 For nearly all patients, the health risks asso-
ciated with postcessation weight gain are negligible compared
to the risks of continued smoking.

Studies suggest that most quitters gain less than 10 lb, but
there is a broad range of weight gain reported, with up to 10%
of quitters gaining as much as 30 lb.7 In general, women tend to
gain more weight than men. In a study of nearly 6,000 smokers
who were followed up for 5 years after quitting, the average
weight gain during the follow-up period was 19.2 and 16.7 lb
among women and men, respectively.55 For men and women,
subgroups that are more likely to gain weight after quitting
are African Americans, younger tobacco users (younger than
55 years), and heavier tobacco users (those smoking more than
25 cigarettes per day).

The weight-suppressing effects of tobacco are well known.
However, the mechanisms to explain why most successful quit-
ters gain weight are not completely understood. Smokers have
been found to have an approximately 10% higher metabolic rate
compared with nonsmokers.56 In some studies, higher caloric
intakes were documented after cessation.57,58 The increased
caloric intake may result from an increase in appetite, improved
sense of taste, or a change in the hand-to-mouth ritual through
the substitution of tobacco with food.

In general, a patient is less likely to be successful if he or
she attempts to change multiple behaviors at once. For this rea-
son, strict dieting to prevent weight gain, especially during the
early stages of quitting, is generally not recommended.7 T.B.
should be counseled that the average weight gain of less than
10 lb is less detrimental to her overall health than is continued
smoking. Because she is concerned about weight gain, it is
reasonable for the clinician to recommend that T.B. engage in
some form of regular physical activity. Even modest physical
activity (e.g., walking 30 minutes daily) has been found to at-
tenuate the weight gain associated with smoking cessation.58

Although strict dieting is not recommended, T.B. should care-
fully plan and prepare meals to avoid binge eating, increase
her water intake to create a feeling of fullness, chew sugarless
gum, and limit alcohol consumption. Furthermore, T.B. may
consider pharmacotherapy options that have been shown to de-
lay weight gain—this would include the 4-mg nicotine gum or
lozenge or bupropion SR.7 It is important to note, however,
that once the medication is terminated, the quitter gains, on
average, an amount of weight that is comparable to that which
would have been gained in the absence of medication.7

Relapse Back to Smoking

6. During a follow-up contact, the clinician learns that T.B.
smoked half a pack of cigarettes at a party over the weekend
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and has relapsed to her previous smoking levels after not having
smoked for just over a month. How should the clinician respond?

The clinician should thank T.B. for being honest about her
smoking and ask her to discuss the circumstances during which
the smoking occurred. At the time of her smoking, where was
she, who was she with, how did she get access to cigarettes,
and how was she feeling at the time? What, specifically, were
the triggers for her relapse (e.g., alcohol, depression, friends
who were smoking around her)? It is important that the clin-
ician help the patient to use this information as part of the
learning process, but it also is important to focus on the “pos-
itive,” such as T.B.’s ability to have remained tobacco free for
more than 1 month. After being smoke free for more than
4 weeks, most physical effects of nicotine withdrawal have
completely resolved, and thus, the relapse trigger for T.B. likely
was psychological or situational and could be abated through
application of effective coping techniques. After an informa-
tive discussion about the situation in which the smoking oc-
curred, it is important that the clinician work with the patient in
identifying strategies for avoiding relapse in the future (Table
85-6).

Smoking and Cardiovascular Disease

7. P.J. is a 62-year-old man admitted for an elective coronary
artery bypass graft (CABG) procedure. His medical history is sig-
nificant for angina, hypertension, dyslipidemia, peripheral vascu-
lar disease (PVD), and allergic rhinitis. He underwent a bilateral
carotid endarterectomy procedure 2 years ago and had iliac artery
angioplasty with stent placement 5 years ago for PVD. P.J.’s so-
cial history is significant for tobacco use (1.5–2 PPD) and alcohol
(3–4 drinks/day). He is approximately 10 lb overweight. His pre-
operative laboratory results are significant for a total cholesterol
of 270 mg/dL (desirable, <200), low-density lipoprotein choles-
terol count (LDL-C) of 163 mg/dL (optimal, <70), high-density
lipoprotein cholesterol count (HDL-C) of 35 mg/dL (low, <40),
and triglycerides of 350 mg/dL (normal, <150). His medications
before admission include atenolol 50 mg QD, aspirin 81 mg QD,
isosorbide dinitrate 20 mg TID, atorvastatin 20 mg QD, fluti-
casone nasal spray (50 mcg/spray) 1 spray/nostril QD, and ni-
troglycerin 0.4 mg SL as needed. Which of P.J.’s chronic med-
ical conditions may be caused or exacerbated by his tobacco
use?

A wealth of evidence suggests that cigarette smoking is
a major cause of cardiovascular disease and is responsible
for approximately 138,000 premature cardiovascular-related
deaths each year.5 Smoking is known to accelerate the pro-
cess of atherosclerosis, leading to chronic cardiovascular dis-
orders, including coronary heart disease, cerebrovascular dis-
ease, PVD, aortic aneurysm, and congestive heart failure.3 In
addition, smoking greatly elevates the risk for acute cardiovas-
cular events, including sudden death, myocardial infarction
(MI), stroke, and reocclusion of coronary or peripheral vessels
after graft surgery or angioplasty.3,59

There are numerous plausible pathophysiological mech-
anisms whereby tobacco smoking contributes to the devel-
opment of cardiovascular disease. Oxidant gases and other
compounds in tobacco smoke are believed to induce a hyperco-
agulable state characterized by increased platelet aggregation
and thrombosis, which greatly increases the risk of MI and

sudden death.59,60 The carbon monoxide in smoke reduces the
amount of oxygen available to tissues and organs, including
myocardial tissue, and may reduce the ventricular fibrillation
threshold.59 Smoking may accelerate atherosclerosis through
effects on serum lipids; smokers tend to have higher levels of
total cholesterol, LDL-C, and triglycerides and lower HDL-C
than nonsmokers.3 Smoking increases the levels of inflamma-
tory mediators (C-reactive protein, leukocytes, and fibrinogen),
which may contribute to the development and progression of
atherosclerosis.61 Finally, smoking stimulates the release of
neurotransmitters (e.g., epinephrine, norepinephrine) that in-
crease myocardial workload and induce coronary vasoconstric-
tion leading to ischemia, arrhythmias, and sudden death.3,59

P.J.’s hospital admission for a CABG procedure for coronary
heart disease and angina, as well as previous procedures for
peripheral vascular disease (angioplasty with stent placement)
and cerebrovascular disease (bilateral carotid endarterectomy),
are all conditions associated with chronic tobacco use. His
elevated total cholesterol, LDL-C, and triglycerides and re-
duced HDL-C levels are consistent with smoking-induced dys-
lipidemia. Cigarette smoking in combination with P.J.’s other
established cardiovascular risk factors (hypertension, dyslipi-
demia) have synergistically increased his risk for serious car-
diovascular disease.3,59 Fortunately, the effects of smoking on
lipids, coagulation, myocardial workload, and coronary blood
flow appear to be reversible, and P.J.’s risk of developing fur-
ther cardiovascular-related complications will markedly de-
crease if he is able to quit smoking.36,62 The clinician should
approach this hospitalization as an opportunity to motivate and
assist P.J. with quitting smoking.7 Furthermore, data suggest
the initiation of intensive cessation counseling interventions in
hospitalized patients is effective in achieving long-term abs-
tinence.63

8. The cardiothoracic surgeon has strongly advised P.J. to quit
smoking. P.J. is willing to quit completely, but he is worried be-
cause he has tried to quit smoking “hundreds of times” and has
never been able to quit for longer than 1 week. He expresses a
desire for a medication to assist him during this quit attempt. He
has tried the nicotine gum and transdermal patch during three
previous quit attempts. He did not like the gum because it made
his jaw sore. He had temporary success with the nicotine patch
but found it to be less flexible than the gum. For example, when
he needed extra nicotine during stressful situations, he could not
apply a second patch. What treatment alternatives are reasonable
for P.J.?

P.J. has failed treatment with the nicotine gum and trans-
dermal patch. First-line treatment options that he has not tried
include the nicotine lozenge (see question 4), nicotine nasal
spray, nicotine inhaler, bupropion SR, and varenicline. P.J.
might also be a candidate for combination therapy (see ques-
tion 10).

Nicotine Nasal Spray
The nicotine nasal spray is an aqueous solution of nicotine
available in a metered-spray pump for administration to the
nasal mucosa. Each actuation delivers a metered 50-mcL spray
containing 0.5 mg of nicotine. Nicotine in the nasal spray is
more rapidly absorbed than other NRT formulations (Fig. 85-
3), with peak venous nicotine concentrations achieved within
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11 to 18 minutes after administration.24 Use of the nicotine
nasal spray more than doubles long-term (>6 months) absti-
nence rates when compared to placebo (Table 85-4).7,44

Dosing
A dose of nicotine (1 mg) is administered as two sprays, one
(0.5-mg spray) in each nostril. The recommended initial reg-
imen is one to two doses every hour while awake for 6 to 8
weeks. This may be increased, as needed, to a maximum rec-
ommended dosage of five doses per hour or 40 mg/day. For
best results, patients should be encouraged to use at least eight
doses per day during the initial 6 to 8 weeks of therapy be-
cause less frequent administration may be less effective. After
6 to 8 weeks, the dose should be gradually decreased over an
additional 4 to 6 weeks.

Patient Education
Before using the nasal spray for the first time, the nicotine
nasal spray pump must be primed. This is done by actuating the
device into a tissue until a fine spray is visible (about six to eight
times). When administering a dose, the patient should tilt the
head back slightly and insert the tip of the bottle into the nostril
as far as is comfortable. After actuation of the pump, the patient
should not sniff, swallow, or inhale through the nose because
this increases the irritant effects of the spray. Patients should
wait 5 minutes before driving or operating heavy machinery
(because of the increased likelihood of tearing, coughing, and
sneezing).

Adverse Reactions
Side effects commonly reported with the nicotine nasal spray
include nasal and throat irritation (hot peppery sensation),
sneezing, coughing, watery eyes, and rhinorrhea. In clinical
trials, 94% of patients report moderate-severe nasal irritation
during the first 2 days of therapy; 81% of patients still reported
mild-moderate nasal irritation after 3 weeks of therapy.7 Nasal
congestion and transient changes in taste and smell have also
been reported.7 Despite the high incidence of local adverse
effects, with regular use during the first week, most patients
become tolerant to the irritant effects of the spray.64

Product Selection Considerations
The primary advantage in using the nicotine nasal spray is the
ability to rapidly titrate therapy to manage withdrawal symp-
toms. However, because nicotine from the spray more rapidly
penetrates the central nervous system, there may be higher
likelihood of developing dependence during treatment. The
nicotine nasal spray has a dependence potential intermediate
between tobacco products and other NRT products. About 15%
to 20% of patients continue to use the nicotine nasal spray for
longer periods than recommended (6–12 months), and 5% use
the spray at higher doses than recommended.7 Individuals with
chronic nasal disorders (e.g., rhinitis, polyps, sinusitis) or se-
vere reactive airway disease should not use the nicotine nasal
spray because of its irritant effects. Exacerbation of asthma has
been reported after use of the nicotine nasal spray.65

Nicotine Inhaler
The nicotine inhaler consists of a two-piece plastic device de-
signed to deliver nicotine contained in individual cartridges.
Each foil-sealed cartridge contains a porous plug with 10 mg

of nicotine and 1 mg of menthol. Menthol is added to reduce
the irritant effect of nicotine. Plastic spikes located on the in-
terior of both mouthpiece components pierce the protective
foil covering on the cartridge, allowing the release of 4 mg of
nicotine vapor following inhalation.

Given that the usual pack-a-day smoker repeats the hand-
to-mouth motion up to 200 times per day or 73,000 times each
year, it is not surprising that many smokers find they miss the
physical manipulation of the cigarette and associated behaviors
that accompany smoking. The nicotine inhaler was designed to
provide nicotine replacement in a manner similar to smoking
while addressing the sensory and ritualistic factors that are
important to many patients who smoke.66

As a patient puffs on the inhaler, the nicotine vapor is de-
livered to the mouth and throat, where it is absorbed through
the mucosa. Only a small amount (<5% of a dose) of nicotine
reaches the lower respiratory tract.67 With an intensive inhala-
tion regimen (80 puffs over 20 minutes), about 4 mg of nicotine
is delivered, and of that, 2 mg is absorbed.68 Peak plasma nico-
tine concentrations with the inhaler are achieved after approxi-
mal 30 minutes of use24 and then slowly decline thereafter (Fig.
85-3). Use of the nicotine inhaler approximately doubles long-
term (>6 months) abstinence rates when compared to placebo
(Table 85-4).7,44

Dosing
During the initial 3 to 6 weeks of treatment, the patient should
use one cartridge every 1 to 2 hours while awake. This should
be increased, as needed, to a maximum of 16 cartridges per
day. In clinical trials, most successful quitters used an average
of 6 to 16 cartridges per day. The manufacturer recommends
that each cartridge be depleted of nicotine by frequent con-
tinuous puffing over 20 minutes. The recommended duration
of treatment is 3 months, after which patients may be weaned
from the inhaler by gradual reduction of the daily dose over
the following 6 to 12 weeks.

Patient Education
Patients should be instructed to inhale shallowly (as if puffing a
pipe) to minimize the likelihood of throat irritation. When used
correctly, 100 shallow puffs from the inhaler mouthpiece over
20 minutes approximates 10 puffs from one cigarette over 5
minutes.66 The release of delivery of nicotine from the inhaler
is temperature dependent and significantly reduced at tem-
peratures below 40◦F.7,66 In cold conditions, patients should
store the inhaler and cartridges in a warm place (e.g., inside
pocket).7 Conversely, under warmer conditions, more nicotine
is released per puff. However, nicotine plasma concentrations
achieved using the inhaler in hot climates at maximal doses
will not exceed levels normally achieved with smoking.66

As with other forms of NRT that are absorbed across the
buccal mucosa, the effectiveness of the nicotine inhaler may be
reduced by acidic foods and beverages, such as coffee, juices,
wine, or soft drinks. Therefore, patients should be instructed
not to eat or drink anything (except water) for 15 minutes before
or while using the inhaler.

Adverse Reactions
The most common side effects associated with the nico-
tine inhaler include mouth/throat irritation (40%) and cough
(32%).7 Most patients rated cough and mouth and throat irrita-
tion symptoms as mild, decreasing with continued use. Other
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less common side effects are rhinitis, dyspepsia, hiccups, and
headache. Adverse reactions necessitating discontinuation of
treatment occurred in less than 5% of patients using the inhaler.

Product Selection Considerations
Patients who express a preference for therapy that can be easily
titrated to manage withdrawal symptoms or one that mimics
the hand-to-mouth ritual of smoking may find the nicotine in-
haler to be an appealing option. Patients with underlying bron-
chospastic conditions should use the nicotine inhaler with cau-
tion because the nicotine vapor may be irritating and provoke
bronchospasm.

Bupropion SR
Bupropion SR was the first non-nicotine medication FDA-
approved for smoking cessation. Clinical trials involving en-
rolling nearly 10,000 patients over the past 16 years have
confirmed its effectiveness as an aid for smoking cessation.45

A recent meta-analysis found that bupropion SR treatment
doubles long-term (>6 months) abstinence rates when com-
pared to placebo (Table 85-4).7

Pharmacokinetics
Animal data suggest the absolute bioavailability of bupro-
pion ranges from 5% to 20%. It undergoes extensive hepatic
metabolism to three active metabolites; one of the metabolites,
hydroxybupropion, is formed by the cytochrome P450 isoen-
zyme CYP2B6. Bupropion and its metabolites are eliminated
in urine (87%) and feces (10%), with less than 1% being ex-
creted unchanged in the urine. The half-life for bupropion is
21 hours, and its metabolites have a half-life range of 20 to 27
hours; steady-state plasma concentrations are reached within
5 and 8 days, respectively.69

Dosing
Treatment with bupropion SR should be initiated while the
patient is still smoking because approximately 1 week of treat-
ment is necessary to achieve steady-state blood levels. Patients
should set a target quit date that falls within the first 2 weeks
of treatment, generally in the second week. The starting dose
of bupropion SR is one 150-mg tablet each morning for the
first 3 days. If the initial dose is tolerated, the dosage should
be increased on the fourth day to the recommended maximum
dosage of 300 mg/day (150 mg BID). Therapy should be con-
tinued for 7 to 12 weeks after the quit date; however, some
patients might benefit from extended treatment. Whether to
continue treatment with bupropion SR for periods longer than
12 weeks for smoking cessation must be determined for in-
dividual patients.69 For patients experiencing side effects with
the 300 mg/day regimen, Swan et al suggest that 150 mg/day is
better tolerated and exhibits comparable long-term efficacy.70

Similarly, Hurt and colleagues found no significant difference
in long-term (>6 months) abstinence rates between subjects
randomized to 150 mg/day or 300 mg/day.71

Patient Education
Patients should be instructed to follow the dosing regimen de-
scribed previously. Advise patients experiencing insomnia to
avoid taking the second dose close to bedtime. Inform patients
that bupropion might cause dizziness, drowsiness, or reduced
alertness, and caution should be exercised when driving or

operating machinery. Because alcohol use might increase the
likelihood of seizures, patients should avoid or drink alcohol
only in moderation while taking bupropion. Patients who con-
sume alcohol regularly should be advised to talk with a health
care provider about their alcohol use before initiating bupro-
pion therapy because abrupt cessation of alcohol use while
taking bupropion might increase the risk of seizure. Patients
should also be advised not to take Zyban and Wellbutrin or
generic bupropion formulations concomitantly to avoid dose-
related adverse effects, including seizures.

Adverse Reactions
Adverse effects associated with bupropion therapy include
insomnia (35%–40%) and dry mouth (10%)7; these usually
lessen with continued use. Taking the second daily dose in
the early evening, but no sooner than 8 hours after the first
dose, might reduce insomnia. Less common side effects in-
clude headache, nausea, tremors, and rash. Seizures are a dose-
related toxicity associated with bupropion therapy. For this
reason, bupropion is contraindicated in patients with under-
lying seizure disorders and those receiving concurrent therapy
with other forms of bupropion (Wellbutrin, Wellbutrin SR, and
Wellbutrin XL). Bupropion also is contraindicated in patients
with anorexia or bulimia nervosa, patients undergoing abrupt
discontinuation of alcohol or sedatives (including benzodi-
azepines), and patients currently taking monoamine oxidase in-
hibitors due to the increased potential for seizures in these pop-
ulations. In clinical trials for smoking cessation, the frequency
of seizures with bupropion SR is <0.1% (seven seizures among
8,000 bupropion-treated patients),45 which is comparable to
the reported incidence of seizures (0.1%) with the sustained-
release formulation (Wellbutrin) when used for the treatment
of depression.72 For this reason, bupropion should be used
with extreme caution in patients with a history of seizure, cra-
nial trauma, patients receiving medications known to lower the
seizure threshold, and patients with underlying severe hepatic
cirrhosis. Animal studies suggest that seizures may be related
to the peak plasma concentration of bupropion,73 and as a pre-
cautionary measure, the manufacturer recommends that pa-
tients space the doses at least 8 hours apart and limit the total
daily dose to no more than 300 mg.

Product Selection Considerations
Bupropion SR may be the drug of choice for patients who prefer
to take oral medications (an alternative oral option is vareni-
cline, described as follows). Because bupropion SR is simple
to use (twice daily oral dosing), this agent may be preferable
for patients with regimen compliance concerns (e.g., those un-
able to consistently use short-acting NRT formulations that
require multiple daily doses). Bupropion SR may be particu-
larly beneficial for use in patients with coexisting depression or
in individuals with a history of depressive symptoms during a
previous quit attempt. Finally, bupropion SR can be used safely
in conjunction with NRT, and data suggest that this combina-
tion might be slightly more effective than monotherapy with
either agent.7,74 Disadvantages of bupropion SR include a high
prevalence of insomnia and the need to screen patients care-
fully to prevent the rare complication of seizures.

Varenicline
Varenicline is the most recent agent approved by the FDA
for smoking cessation. Data from meta-analyses indicate that
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varenicline significantly increases long-term abstinence rates
relative to placebo and bupropion SR,7 with a pooled odds
ratio of 3.1 for varenicline versus placebo for continuous ab-
stinence at 6 months follow-up (Table 85-4). In clinical trials
comparing varenicline with bupropion, varenicline was shown
to be significantly superior at 52 weeks with an odds ratio of
1.7 (95% CI, 1.3–2.2).75

Pharmacokinetics
Varenicline absorption is virtually complete after oral admin-
istration, and oral bioavailability is unaffected by food or time-
of-day dosing. Once absorbed, varenicline undergoes minimal
metabolism, with 92% excreted unchanged in the urine. Renal
elimination is primarily through glomerular filtration, along
with active tubular secretion, possibly via the organic cation
transporter, OCT2.76 The half-life is approximately 24 hours,
and following administration of multiple oral doses, steady-
state conditions are reached within 4 days.77

Dosing
Treatment with varenicline should be initiated 1 week before
the patient stops smoking. This dosing regimen allows for grad-
ual titration of the dose to minimize treatment-related nausea
and insomnia. The recommended dose of varenicline is 1 mg
BID (taken as one 1-mg tablet in the morning and one 1-mg
tablet in the evening) following a 1-week titration: 0.5 mg daily
days 1 to 3, 0.5 mg twice daily days 4 to 7, and 1 mg twice daily
weeks 2 to 12. For patients who have successfully quit smoking
at the end of 12 weeks, an additional course of 12 weeks may
be appropriate to increase the likelihood of long-term absti-
nence. Varenicline is excreted largely unchanged in the urine,
and as such, should be used with caution in patients with severe
renal dysfunction (<30 mL/minute). Dosage adjustments may
be necessary.

Patient Education
The tablets are to be taken orally, after eating, with a full glass
of water. Nausea and insomnia are side effects that are usually
temporary. However, if these symptoms persist, patients should
notify their provider so dosage reduction can be considered.
The typical regimen is a 12-week course of therapy, and patients
should be advised to comply with the prescribed dosage for the
recommended duration.

Adverse Reactions
Varenicline is generally well tolerated. Common side effects
(≥5% and twice the rate observed in placebo-treated patients)
include nausea (30%), sleep disturbance (insomnia 18%; ab-
normal dreams 13%), constipation (8%), flatulence (6%), and
vomiting (5%). Per the manufacturer’s prescribing informa-
tion, nausea was the most common adverse event associ-
ated with varenicline treatment. Nausea was dose dependent
and generally described as mild or moderate and often tran-
sient; however, for some patients, it was persistent over several
months. Initial dose titration was beneficial in reducing the
occurrence of nausea. Approximately 3% of subjects receiv-
ing varenicline 1 mg BID discontinued treatment prematurely
because of nausea. For patients with intolerable nausea, dose
reduction should be considered.76

Post marketing, there have been case reports of neuropsychi-
atric symptoms (behavior changes, agitation, depressed mood,

suicidal ideation or behavior) as well as reports of worsening
of pre-existing psychiatric illness among patients being treated
with varenicline. These reports are rare in comparison to the
total number of patients using the medication, but nonetheless
warrant ongoing surveillance. In 2008, the FDA alerted heath
care providers to advise patients and caregivers that patients
should stop taking varenicline and contact their health care
provider immediately if agitation, depressed mood, or changes
in behavior that are not typical for them are observed, or if
the patient develops suicidal ideation or suicidal behavior.78

Patients with serious psychiatric illness such as schizophrenia,
bipolar disorder, and major depressive disorder did not partic-
ipate in the premarketing studies of varenicline, and as such,
the safety and efficacy of the medications in these populations
have not been established.76

Product Selection Considerations
Varenicline is a first-line agent for the treatment of tobacco
use and dependence.7 It offers a convenient oral dosing reg-
imen and a new mechanism of action that might be particu-
larly appealing for patients who have failed quit attempts with
other first-line agents (e.g., NRT or bupropion SR). Its use has
not been recommended in combination with other agents and
therefore is currently limited to monotherapy. As with any of
these medications, varenicline should be combined with be-
havioral counseling in order to maximize chances for a suc-
cessful, long-term quit attempt. Given its potential for inducing
negative neuropsychiatric effects, varenicline might not be the
optimal choice for patients with a current or past history of
psychiatric illness.

P.J. has tried the nicotine gum and transdermal patch dur-
ing previous quit attempts. Because he was intolerant to the
nicotine gum (it stuck to his dental work), this form of NRT
is not appropriate. P.J.’s experience with the transdermal patch
suggests he may benefit from a short-acting NRT formulation
that allows for active administration and titration of drug as
needed to alleviate symptoms of withdrawal. Other first-line
therapies include the nicotine nasal spray, inhaler, and lozenge;
bupropion SR; or varenicline. P.J. should not use the nicotine
nasal spray because he has allergic rhinitis and may be more
susceptible to the irritant effects of the spray. In addition, some
data suggest that the bioavailability of nicotine is reduced in
patients with rhinitis.79 Furthermore, the safety and efficacy of
the nasal spray in patients with chronic nasal disorders have
not been adequately studied. Reasonable choices for P.J. there-
fore include bupropion SR, nicotine lozenge, nicotine inhaler,
or varenicline. Any of these options are reasonable, and the
choice of therapy should be dictated by P.J.’s individual pref-
erence. Alternatively, it is reasonable to consider combination
therapy (see question 10).

Safety of Nicotine Replacement Therapy in Patients With
Cardiovascular Disease

9. P.J. would like to try the nicotine inhaler. Is NRT safe for
use in patients with cardiovascular disease?

Nicotine activates the sympathetic nervous system lead-
ing to an increase in heart rate, blood pressure, and myocar-
dial contractility. Nicotine may also cause coronary artery
vasoconstriction.80 These known hemodynamic effects of
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nicotine have led to doubts about the safety of using NRT in
patients with established cardiovascular disease, particularly
those with serious arrhythmias, unstable angina, or MI.

Soon after the nicotine patch was approved, anecdotal case
reports in the lay press linked NRT (patch and gum) with
adverse cardiovascular events (i.e., arrhythmias, MI, stroke).
Since then, several randomized, controlled trials have evalu-
ated the safety of NRT in patients with cardiovascular disease,
including angiographically documented coronary artery steno-
sis, MI, stable angina, and previous coronary artery bypass
surgery or angioplasty.81–83 The results of these trials sug-
gest no significant increase in the incidence of cardiovascu-
lar events or mortality among patients receiving the nicotine
patch when compared with placebo. However, because these
trials specifically excluded patients with unstable angina, se-
rious arrhythmias, and recent MI, the manufacturers of NRT
products recommend that these agents be used with caution
among patients in the immediate (within 2 weeks) post-MI pe-
riod, those with serious arrhythmias, and those with unstable
angina.7 It is notable, however, that NRTs (patch, nasal spray)
have been shown to have fewer effects on biomarkers of car-
diovascular risk than does smoking,84 and smoking cessation
has been shown to improve cardiovascular parameters with no
negation of these improvements with use of NRT.85

Although one methodologically weak case-control study
raised questions regarding NRT use in intensive care settings,86

NRT use in patients with cardiovascular disease has been
the subject of numerous reviews, and it is widely believed
by experts in the field that the risks of NRT in this patient
population are small in relation to the risks of continued to-
bacco use.44,59,80,87,88 The 2008 Clinical Practice Guideline
concludes that there is no evidence of increased cardiovas-
cular risk with these medications.7 Although the use of NRT
may pose some theoretical risk in a patient like P.J., cigarette
smoking is far more hazardous to his health. Cigarettes, un-
like NRT, deliver numerous toxins that induce a hypercoagula-
ble state, reduce the oxygen-carrying capacity of hemoglobin,
and adversely affect serum lipids. The amount of nicotine
that P.J. would receive using the recommended dose of any
NRT product will not exceed the amount he previously ob-
tained from his 1.5–2 PPD smoking habit. The clinician should
strongly encourage pharmacotherapy during P.J.’s current quit
attempt. P.J. is 10 lb overweight; the additional risk imposed by
a modest weight gain after smoking cessation likely will not
be of clinical significance, compared with that of continued
smoking.

Combination Therapy

10. J.B. is a 60-year-old man referred to the pulmonary clinic
for further evaluation and management of his chronic obstructive
pulmonary disease (COPD). He complains of decreased exercise
tolerance and has noted increasing shortness of breath (SOB)
with minimal exertion (e.g., while golfing or climbing stairs). He
currently uses an albuterol inhaler (90 mcg/puff), 2 puffs Q 4 hr
regularly for SOB. His medical history is otherwise unremark-
able except for osteoarthritis controlled with acetaminophen 1 g
TID. He has smoked approximately 1.5 to 2 PPD for more than
40 years. J.B. indicates he has made several quit attempts over
the past year. On the first attempt (quitting “cold turkey”), J.B.

relapsed within 2 days. J.B. was smoke free for nearly 2 weeks
on his second quit attempt (using the 4-mg nicotine lozenge), but
he found it difficult to adhere to the frequent dosing schedule
and relapsed shortly, discontinuing the lozenge. His most recent
quit attempt was 6 months ago using varenicline (1 mg BID).
After 1 month of abstinence, J.B. self-terminated varenicline (“I
thought I didn’t need it anymore”) and relapsed within 2 weeks.
On further questioning, J.B. states that he did not enroll in a be-
havioral counseling program or seek additional assistance (other
than pharmacotherapy) during any of his quit attempts. He ex-
presses an interest in smoking cessation but is discouraged by his
inability to quit. On physical examination, coarse breath sounds
that clear after coughing are noted. His chest x-ray results are
normal. Spirometry reveals a forced expiratory volume in 1 sec-
ond (FEV1) of 2.8 L (72% of predicted) and a forced vital capacity
(FVC) of 4.1 L (81% of predicted). His FEV1/FVC ratio is 68%.
He weighs 76 kg and is 72 in. tall. J.B. is concerned about his wors-
ening pulmonary function and is committed to making another
effort to quit. What treatment options are appropriate for J.B.?

Tobacco smoking is the single most important risk factor
for the development of COPD, and most patients diagnosed
with COPD are current or former smokers.89 Medications (e.g.,
bronchodilators, anti-inflammatory agents) used to treat the
symptoms of COPD have not been shown to alter the disease
progression.89 J.B.’s pulmonary function tests indicate he has
stage II (moderate) COPD89; given his worsening pulmonary
symptoms, it is imperative that he stop smoking as soon as pos-
sible. J.B. should be advised that medications for COPD offer
only limited symptomatic relief; the most important compo-
nent of his treatment is smoking cessation.89,90 The clinician
should commend J.B. for his interest in quitting and help him
devise a patient-specific treatment plan.

In addition to monotherapy with any of the first-line agents,
the 2008 Clinical Practice Guideline identified selected com-
binations of medications that can be considered in the initial
treatment of tobacco dependence. Medication combinations
that significantly increase long-term (>6 months) cessation
rates relative to placebo and are recommended as first-line
treatments include combination NRT and the nicotine patch in
combination with bupropion SR (Table 85-4).7

Combination Nicotine Replacement Therapy
Combination NRT involves the use of a long-acting formu-
lation (patch) in combination with a short-acting formulation
(gum, lozenge, inhaler, or nasal spray). The long-acting for-
mulation, which delivers relatively constant levels of drug,
is used to prevent the onset of severe withdrawal symptoms,
whereas the short-acting formulation, which delivers nicotine
at a faster rate, is used as needed to control withdrawal symp-
toms that may occur during potential relapse situations (e.g.,
after meals, when stressed, or around other smokers). A recent
meta-analysis found that the nicotine patch in combination
with a short-acting NRT formulation (gum, inhaler, or nasal
spray) was significantly more effective than single-agent NRT.
The odds of long-term (>6 months) cessation was 1.4 with
combination NRT compared to NRT monotherapy (95% CI,
1.1–1.6).44

Nicotine Patch and Bupropion SR in Combination
The combination of bupropion SR and NRT has been eval-
uated in three long-term controlled trials. Patients receiving
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combination therapy with bupropion SR and the nicotine patch
in standard dosages were significantly more likely to quit than
were patients randomized to the nicotine patch alone.7 The
odds of long-term (>6 months) abstinence were 1.3, with the
combination compared to nicotine patch monotherapy (95%
CI, 1.0–1.8).7

TREATMENT SELECTION
Given the severity of J.B.’s condition and his willingness to

quit now, the clinician should initiate treatment as soon as pos-
sible. His treatment should consist of pharmacotherapy in con-
junction with behavioral counseling and appropriate follow-up.

Pharmacotherapy
The clinician should work with J.B. to select the most appropri-
ate pharmacotherapy. As noted previously, appropriate options
would include the various NRT formulations, bupropion SR,
varenicline, or an effective combination of first-line agents.
The choice of therapy is dictated by considerations such as
individual patient preference for a given agent, previous expe-
rience with cessation medications, current medical conditions,
previous levels of smoking, medication adherence issues, and
the patient’s out-of-pocket cost. For patients reporting a posi-
tive experience with a given medication, retreatment with the
same agent or a combination of agents might be appropriate,
with consideration given to increasing the dose, frequency, or
duration of therapy. For patients reporting a negative experi-
ence with pharmacotherapy (e.g., poor adherence, side effects,
palatability issues, cost), an alternative agent should be con-
sidered. Given J.B.’s previous adherence issues with the nico-
tine lozenge as monotherapy, it might be preferable to use a
long-acting cessation medication such as the nicotine patch,
bupropion SR, or varenicline. Combination therapy with the
nicotine patch and a short-acting NRT formulation (used as
needed) or bupropion SR would also be appropriate.

Behavioral Counseling
Although medications are effective alone in helping patients
quit smoking, maximizing patients’ chances for a long-term,
successful quit attempt requires the use of one or more medi-
cations in combination with behavioral counseling. J.B’s pre-
vious 1-month quit attempt highlights the successful impact
of varenicline in this patient; however, the relapse is likely at-
tributable to a shortened course of therapy and the absence of a
behavioral counseling program. J.B. should be advised that the
medications are designed to make patients more comfortable
while quitting and that behavioral counseling is needed to ad-
dress the “habit” of smoking by helping him cope with difficult
situations and triggers for relapse. J.B. should be advised to (a)
call the tollfree tobacco quitline at 1-800-QUIT NOW, (b) call
the tollfree number that accompanies the selected medication
(all medications include a free counseling program), (c) enroll
in a local group program, (d) join an online quitting program
such as Quitnet.com, or (e) request individualized counseling
from a health professional with expertise in tobacco cessation.
In addition, J.B. should be reminded that compliance with the
medication regimen—daily compliance, as well as duration
of therapy—will increase his chances of quitting for good.
Clinician-delivered counseling might also include a personal-
ized message to further enhance his motivation to quit. For
example, the clinician could translate J.B.’s spirometry results

into an effective “lung age” (e.g., the age of the average healthy
individual with similar spirometry values). Given J.B.’s height
(72 in.) and FEV1 (2.8 L), his estimated “lung age” is almost
80 years.91 This educational approach has been found to sig-
nificantly increase long-term (12-month) quit rates in a recent
controlled trial.91

Complementary Therapies

11. J.B. is worried about “taking more drugs” and asks whether
one of the natural herbal products might be better for him than
“prescription drugs.”

Although many herbal and homeopathic products are avail-
able to help people quit smoking, data that support their safety
and effectiveness are lacking. Most herbal preparations for
smoking cessation contain lobeline, an herbal alkaloid with
partial nicotine agonist activity. Although direct-to-consumer
advertisements suggest that lobeline-containing preparations
are safe and effective, a meta-analysis found no evidence to
support the role of lobeline as an effective aid for smok-
ing cessation.92 Likewise, nicobrevin (an herbal product not
available in the United States that contains quinine, men-
thyl valerate, camphor, and eucalyptus oil),93 hypnosis,94 and
acupuncture95 have not been found to be effective treatments
for smoking cessation.7 Furthermore, patients should be cau-
tioned that herbal cigarettes are not safe alternatives because
they result in the inhalation of other toxins present in smoke.
J.B. should be advised that the efficacy of the herbal thera-
pies are not well established, and use of these agents cannot be
recommended at this time.

12. K.M. is a 47-year-old female who has been smoking
cigarettes (2 PPD) for almost 30 years. She admits to numerous
failed attempts over the past 10 years. K.M. states, “I’ve tried just
about everything to help me quit, but nothing seems to work.”
K.M. has tried NRT (transdermal patch, lozenge, and inhaler),
bupropion SR, varenicline, acupuncture, and hypnotherapy. On
questioning, K.M.’s treatment regimens have been appropriate
(e.g., correct dosages, duration of therapy). K.M. has enrolled in
several worksite cessation classes throughout the years but admits
to sporadic attendance due her stressful and unpredictable sched-
ule (she is a paralegal in a busy law firm). Her medical history is
significant for TMJ syndrome secondary to nocturnal bruxism
(teeth grinding). K.M. is ready to quit now and states, “I want
to go to my 30-year high school reunion [4 months from now] as
a nonsmoker.” What treatment options exist for patients failing
first-line therapies?

For most smokers, the quitting process is characterized by
a series of quit attempts and subsequent relapses. On aver-
age, former smokers report 10.8 quit attempts over a period
of 18.6 years before achieving long-term cessation.96 Most
quit attempts are undertaken without assistance, and approxi-
mately 95% of attempts end in relapse.7 As emphasized in the
2008 Clinical Practice Guideline, clinicians should approach
the treatment of tobacco dependence in a manner similar to
the treatment of other chronic medical conditions such as dia-
betes, asthma, hyperlipidemia, and hypertension. By acknowl-
edging the chronic nature of tobacco dependence, clinicians
will appreciate the need for ongoing care (which includes pa-
tient education, behavioral counseling, and pharmacotherapy)
rather than episodic care (e.g., a single treatment course or
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periodic/occasional interventions).7 K.M. should be congrat-
ulated on her renewed interest in quitting, and the clinician
should work with her to design an individualized treatment
plan.

Second-Line Agents
CLONIDINE
Clonidine is a centrally acting α2-adrenergic agonist that

reduces sympathetic outflow from the central nervous system.
Clonidine is approved for use as an antihypertensive agent,
but it is also effective in reducing the autonomic symptoms of
both opioid and alcohol withdrawal. Studies of clonidine for
smoking cessation have been inconsistent, but a recent meta-
analysis concluded that clonidine treatment doubles long-term
(>6 month) abstinence rates relative compared to placebo (Ta-
ble 85-4).7 Dosages for tobacco cessation have ranged from
0.15 to 0.75 mg/day PO and 0.1 to 0.3 mg/day transdermally.
The recommended starting dose is 0.1 mg BID or 0.1 mg/day
transdermally, increasing by 0.10 mg/day/week as tolerated
for up to 10 weeks.7 The high incidence of side effects, includ-
ing dry mouth, sedation, dizziness, and constipation, relegate
clonidine as a second-line agent reserved for individuals who
have failed or are intolerant of first-line agents.

NORTRIPTYLINE
Nortriptyline, a tricyclic antidepressant, has demonstrated

efficacy for smoking cessation, approximately doubling long-
term (6-month) abstinence rates compared with placebo (Table
85-4).7 The regimen used for treating tobacco dependence is
25 mg/day, increasing gradually to a target dosage of 75 to
100 mg/day, for approximately 12 weeks.7 Because the half-life
of nortriptyline is prolonged (up to 56 hours), therapy should be
initiated at least 10 days before the quit date to allow it to reach
steady-state concentrations at the target dose. The side effects
most commonly observed with nortriptyline include sedation,
dry mouth, blurred vision, urinary retention, lightheadedness,
and tremor. This drug should be used with caution in patients
with underlying cardiovascular conditions because of the risk
of arrhythmias and postural hypotension.

High-Dose Nicotine Replacement Therapy
Plasma levels of nicotine achieved with NRT are generally
much lower than those observed during regular smoking.64,97

Given this incomplete level of nicotine replacement, standard
doses of NRT may be insufficient for some individuals, and
in particular, for moderate-to-heavy smokers. Studies using
transdermal nicotine in doses up to 44 to 63 mg/day suggest
that high-dose NRT is safe.98–102 However, trials evaluating
higher doses of NRT have yielded conflicting results. Some
studies suggest higher doses of NRT may be more effective
in heavy smokers,100,101,103 whereas others have demonstrated
slight but not statistically significant improvements in cessa-
tion rates104,105 or no difference.106,107 When the results of
six studies were pooled, the odds ratio for abstinence was 1.2
for high-dose NRT compared to conventional dose NRT (95%
CI, 1.0–1.3), suggesting that high-dose NRT therapy may be
advantageous in some patients.44 This approach should be re-
served for patients not able to quit using conventional doses of
transdermal NRT.

Extended Use of Medications
In a minority of patients, extended duration medication ther-
apy appears to be safe and effective. Long-term follow-up
data from the Lung Health Study have found that approxi-
mately 15% of long-term quitters continued nicotine gum ther-
apy with no serious side effects.108 The 2008 Clinical Prac-
tice Guideline states that extended use of medications might
be beneficial in individuals who report persistent withdrawal
symptoms during treatment, those who have relapsed shortly
after medication discontinuation, or those who are interested
in long-term therapy.7 Clinicians should be aware that many
of the medications (bupropion SR, varenicline, nicotine nasal
spray and inhaler) are FDA approved for long-term (6-month)
use.69,76,109,110 Although the goal should be complete absti-
nence from all nicotine-containing products, continued use
of medicinal nicotine is substantially safer than any level of
smoking.7,111

K.M. has relapsed following appropriate treatment with sev-
eral first-line agents, and the clinician should evaluate K.M.’s
previous quit attempts, including the dates, methods used (be-
havioral and pharmacotherapy), and her perceptions of why
these methods were ineffective. If K.M. believes a particular
medication was more effective than others, it might be reason-
able to use the same agent during her next quit attempt.7 Alter-
native approaches include the use of a different medication (in-
cluding second-line agents) or a combination of medications7

(see question 10). Given that K.M. has TMJ, the nicotine gum
formulation should not be used.

Drug Interactions With Smoking

13. M.K. is a new patient presenting to the pharmacy with
a new prescription for Ortho Tri-Cyclen (norgestimate/ethinyl
estradiol). The new patient history form completed by M.K. re-
veals that she is 32 years old, weighs 65 kg, and is 70 in. tall.
She takes no prescription medications but occasionally uses lo-
ratadine 10 mg PRN for allergies and ibuprofen 400 mg PRN for
dysmenorrhea. She has no significant medical history. Her father
has hypertension and suffered an MI last year. Her mother has
type 2 diabetes and dyslipidemia. Her social history is significant
for tobacco use (1 PPD for 15 years), alcohol (1 glass of wine
per night), and caffeine (5–6 cups of coffee daily). Are there any
potential interactions with M.K.’s new prescription?

Smoking and Combined Hormonal Contraceptives
One of the most important, but often unrecognized, precautions
to consider with oral contraceptive use is the potential interac-
tion between tobacco smoke and estrogens in combination hor-
monal contraceptives. Estrogens are known to promote coagu-
lation by altering clotting factor levels and increasing platelet
aggregation. As described in question 7, substances present in
tobacco smoke, including oxidant gases and other products of
combustion, induce a hypercoagulable state increasing the risk
of acute cardiovascular events. Exposure to both factors (smok-
ing and high levels of estrogen) greatly increases the risk of
thromboembolic and thrombotic disorders. Considerable epi-
demiologic evidence indicates that cigarette smoking substan-
tially increases the risk of adverse cardiovascular events, in-
cluding stroke, MI, and thromboembolism in women who use
oral combination hormonal contraceptive agents.112,113 This
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risk is age related, in that the absolute risk of death from car-
diovascular disease in oral contraceptive users who smoke is
3.3 per 100,000 women ages 15 to 34 years compared with
29.4 per 100,000 women ages 35 to 44 years. To put this in
perspective, the corresponding risk of death from cardiovascu-
lar disease in nonsmoking women who use oral contraceptives
is much lower, with a death rate of 0.65 per 100,000 women
ages 15 to 34 years and 6.21 per 100,000 women ages 35 to 44
years.114 Because of the increase risk of adverse cardiovascular
events, current guidelines from the American College of Obste-
tricians and Gynecologists (ACOG) and the World Health Or-
ganization (WHO) state that combination estrogen-progestin
contraceptives should not be used in women who are older than
35 years of age and smoke.115,116 These organizations recom-
mend the use of progestin-only contraceptives (oral and in-
jectable formulations) and intrauterine devices in this popula-
tion.115,116

M.K. is 32 years of age, and despite her heavy smoking
status (20 cigarettes per day), oral contraceptive use is not con-
traindicated at this time. However, the clinician should strongly
advise M.K. to quit smoking and assess her readiness to do so.
M.K. should be informed that if she continues to smoke while
using oral combined hormonal contraceptives, her risk of de-
veloping a blood clot, stroke, or heart attack will continue to
increase over time. Her family history (father with recent MI
and mother with diabetes and hyperlipidemia) suggests that
she may be genetically predisposed to cardiovascular disease,
and thus, efforts to minimize preventable risk factors should
be encouraged to reduce the likelihood that she will develop
cardiovascular-related complications in the future.

14. M.K. is not considering quitting smoking at this time and
does not want to discontinue her oral contraceptives because she
is sexually active and needs a reliable form of birth control. She
wonders if the new low-dose birth control pills or other formula-
tions (e.g., patch, vaginal ring) are safer for smokers.

Combined oral contraceptives available in the United States
contain estrogen in doses ranging from 20 to 50 mcg of ethinyl
estradiol. The results of in vitro studies have shown that oral
contraceptives containing ≥50 mcg of ethinyl estradiol induce
greater procoagulatory effects than do preparations contain-
ing either 30 mcg or 35 mcg of ethinyl estradiol; formula-
tions containing 20 mcg of ethinyl estradiol appear to have
little or no adverse effects on coagulation.117,118 Early epi-
demiologic reports linking oral contraceptive use and severe
cardiovascular events were largely observed in women using
oral contraceptives containing >50 mcg of ethinyl estradiol.119

Since then, manufacturers have reduced the dose of estrogen
in oral contraceptives such that the majority of preparations
available in the United States contain 20 to 35 mcg of ethinyl
estradiol.120

In 2001, the U.S. Surgeon General stated that lower-dose
oral contraceptives may be associated with a reduced risk for
coronary heart disease (CHD), compared with higher-dose for-
mulations. Despite this conclusion, the report cautioned that
heavy smokers who use oral contraceptives still have a greatly
elevated risk for CHD.121 Consistent with the Surgeon Gen-
eral’s cautionary statement, a recent study found that women
who smoked >25 cigarettes per day had a 20-fold higher risk
of MI than nonsmoking women who used oral contraceptives.

Interestingly, the elevated risk was independent of the dose of
estrogen in the oral contraceptive; women using preparations
containing >50 mcg of estrogen were no more likely to expe-
rience an MI than were women using preparations containing
<50 mcg of estrogen. There was only one case involving the
use of a preparation containing 20 mcg of estrogen, and thus,
the safety of this dose could not be evaluated.122

Serum estrogen levels obtained with the vaginal ring are
significantly lower than those achieved with either transdermal
or oral combined contraceptive formulations,123 and theoreti-
cally, the contraceptive vaginal ring might be a safer formula-
tion for women who smoke. However, because the contracep-
tive patch and vaginal ring are relatively new, and their safety
has not been established among women who smoke, guidelines
issued by the ACOG state that the same precautions for the use
of oral combined contraceptions should apply to these newer
formulations as well.116

M.K.’s prescribed oral contraceptive agent (Ortho Tri-
Cyclen) is a triphasic formulation containing 35 mcg of
ethinyl estradiol in combination with weekly increasing doses
of norgestimate (0.18, 0.215, and 0.25 mg) throughout each
monthly cycle. Although some clinicians recommend the use of
low-dose (20-mcg) estrogen preparations in smokers, the avail-
able evidence suggests that the prescribed regimen poses no
additional risk in M.K. However, if M.K. increases her smok-
ing levels to >25 cigarettes per day, some data suggest that
her risk for an MI is increased.122 The clinician should inform
M.K. that there are currently no studies demonstrating a re-
duced risk of adverse cardiovascular events in smokers using
oral contraceptives containing low doses (e.g., 20 mcg) of es-
trogen or the newer transdermal and vaginal ring formulations.
In the absence of data, only smoking cessation can be advocated
to definitively reduce the risk of stroke, MI, and thromboem-
bolism in women who use combined hormonal contraceptives.

Behavioral Counseling
Although M.K. is not considering quitting at this time, it is
appropriate for the clinician to apply the 5 R’s (Table 85-5) to
promote motivation to quit. This counseling should be relevant
to M.K.’s situation and should highlight the risks of continued
tobacco use, such as her elevated risk for thromboembolic and
thrombotic disorders (associated with continued use of oral
contraceptives). M.K. should be asked to think about the re-
wards of quitting and any potential roadblocks to quitting. At
subsequent encounters, the clinician should sensitively assess
M.K.’s tobacco use status and motivation to quit, and offer
assistance with quitting when M.K. is ready. If M.K. decides
to quit, it would be important to reassess her caffeine intake
because caffeine levels have been reported to increase by 56%
in patients who quit smoking.30

NONCIGARETTE FORMS OF TOBACCO
Smokeless Tobacco
Classification

15. T.M. is a 29-year-old man who presents to the clinic for
evaluation of a painless “white patch” along his lower left gumline,
which he noted several weeks ago while flossing his teeth. His social
history is significant for the use of smokeless tobacco (consumes
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one can of Copenhagen moist snuff every 2–3 days), cigarettes (1
pack per week), and alcohol (one to two beers daily). T.M. reports
he has “dipped” for the past 10 years but only recently started
smoking “socially” in the evenings when out with friends. He is
in otherwise excellent health and takes no medications. What is
smokeless tobacco?

Smokeless tobacco is a term used to describe forms of to-
bacco that are not burned and inhaled but rather held in the
mouth to allow absorption of nicotine across the oral (buccal)
mucosa. Smokeless tobacco products in the United States are
broadly categorized as either chewing tobacco or snuff. Chew-
ing tobacco, which is generally available in loose-leaf, plug,
and twist formulations, is chewed or held in the cheek or lower
lip. Snuff, which is commonly available as loose particles or
sachets resembling mini tea bags, has a much finer consis-
tency and is generally held in the mouth and not chewed. Most
snuff formulations in the United States are classified as moist
snuff, and users place a small amount (a “pinch”) between
the cheek and gum (also known as dipping) and suck on the
moist mass of tobacco for 30 minutes or longer. Dry snuff,
which is generally sniffed or inhaled through the nostrils, is
less commonly used. Newer formulations including “spitless”
moist snuff (e.g., Snus), and lozenges containing compressed
tobacco powder are being marketed as cigarette substitutes for
situations where smoking is prohibited.124

Epidemiology
According to the U.S. Department of Health and Human
Services, in 2006, an estimated 8.2 million Americans ages
12 years and older (3.3%) had used smokeless tobacco in
the past month. Males (6.6%) were more likely than females
(0.3%) to be current users.125 The prevalence of smokeless to-
bacco use is highest among individuals between the ages of 18
and 25 and is substantially higher among American Indians,
Alaskan Natives, residents of the southern United States, and
persons living in rural areas.125,126

Pharmacokinetics
Absorption of nicotine from chewing tobacco and snuff is pH
dependent, with more nicotine absorbed across the buccal mu-
cosa under alkaline conditions. Smokeless tobacco manufac-
turers manipulate the nicotine content and pH of their products
by adding alkaline buffering agents and changing the tobacco
processing methods to control the delivery of nicotine. For
example, a “starter” formulation such as Skoal Bandits has
a lower nicotine content and is more acidic (pH = 5.4) to
increase tolerability. Once dependence has been established,
users generally advance to more alkaline, higher nicotine con-
tent products such as Skoal Fine Cut (pH = 7.6) and Copen-
hagen (pH = 8.6), which are capable of delivering higher lev-
els of nicotine.126 As depicted in Figure 85-3, the nicotine
from smokeless tobacco is absorbed less rapidly than from
cigarette smoke, and the peak levels generally occur after 20
to 30 minutes. Plasma levels of nicotine decline slowly even
after removal of tobacco from the mouth because of the gradual
release of nicotine from mucous membranes and the possible
intestinal absorption of nicotine from swallowed tobacco.127

Although the rate of nicotine absorption from cigarettes ex-
ceeds that from smokeless tobacco, the extent of absorption
does not. In fact, regular smokeless tobacco users experience

comparable exposure to nicotine and are as likely to develop
physical dependence as are regular smokers.126,128

16. On examination, a superficial whitish lesion with moderate
wrinkling of the tissue adjacent to the mandibular left canine and
premolars is noted. In addition, there is localized gingival reces-
sion and moderate brown staining of the enamel surfaces. T.M.
reports that he routinely places snuff between his lower left cheek
and gum. He asks if the lesion might be cancerous and wonders
if it is related to his snuff use. What are the health consequences
of smokeless tobacco use?

Users of smokeless tobacco are often under the mistaken
impression that these formulations are a “safe” alternative to
smoking cigarettes because it is not inhaled. In addition to the
cosmetic concerns (e.g., halitosis, staining of teeth), the use of
smokeless tobacco is associated with numerous adverse health
effects,128 including the following:

Soft Tissue Alterations/Leukoplakia
Smokeless tobacco users commonly develop an oral soft tis-
sue condition called leukoplakia or “snuff dipper’s lesion.”
These white-colored patches or plaques, which are observed
in approximately 15% of chewing tobacco users and 60% of
snuff users, generally develop at mucosal sites in contact with
the tobacco.128,129 Of concern is the fact that a small per-
centage of these lesions may transform into squamous cell
carcinomas.126,130 Following cessation, the oral leukoplakia
appears to regress or completely disappear in the majority of
cases.130,131

Periodontal Effects
In addition to the soft tissue alterations noted previously, reg-
ular users of smokeless tobacco are at significant risk for the
development of gingival recession (complete or partial loss
of the tissue covering the root of the tooth), caries, and tooth
abrasion. The loss of gingival tissue, observed in up to 27% of
smokeless tobacco users, generally occurs at sites constantly
exposed to tobacco.129 The high sugar content found in many
smokeless tobacco products in contact with exposed tooth root
tissue might account for the increased incidence of dental caries
in smokeless tobacco users.126,128,129

Cancer
The most serious consequence of smokeless tobacco use is
an increased risk of developing oral and pharyngeal can-
cers; the risk appears to be dose related with heavy, long-
time users being more likely to develop oral cancer compared
with nonusers.128 Smokeless tobacco contains 28 known car-
cinogens, including tobacco-specific nitrosamines, polycyclic
aromatic hydrocarbons, and radioactive polonium-210, all of
which are in direct contact with mucosal tissues for prolonged
periods.132

Although smokeless tobacco products do not yield many
of the risks associated with the inhalation of combusted to-
bacco (e.g., pulmonary disease, lung cancer), these products
impose harm and should not be recommended as aids for
smoking cessation, particularly because safer, more effective
products (i.e., medications labeled for smoking cessation) are
available.124,128,133

T.M. is presenting with an oral mucosal lesion commonly
observed in smokeless tobacco users. His long-standing history
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of snuff use and characteristic white, wrinkled lesion appear-
ing at a site where he habitually places snuff are consistent
with leukoplakia. T.M. should be informed that the lesion is
most likely caused by his chronic snuff use, and he should be
strongly advised to quit. With continued exposure to carcino-
gens present in smokeless tobacco, there is an increased risk
that the leukoplakia will undergo malignant transformation.
The presence of an identifiable tobacco-induced oral lesion
might serve as a powerful motivator for a quit attempt. If he
is able to quit snuff use, the gum tissue will likely normalize
over a period of 6 weeks.131 If the lesion persists, he should
be referred for biopsy and further diagnostic evaluation. Fi-
nally, T.M. already has evidence of localized gingival recession,
which increases his risk for serious periodontal disease and
further dental-related complications. These periodontal prob-
lems will progress as long as he continues to use smokeless
tobacco.

Treatment

17. T.M. relates that his new girlfriend is a “militant” non-
smoker who is likely to stop dating him if he does not quit. He
is aware that tobacco is “bad for him” and is worried about de-
veloping oral cancer. He believes it will not be difficult to quit
smoking because he smokes so little. He is more worried about
stopping the use of snuff and wants to know if there are any med-
ications to help him quit.

Despite the known health risks and high prevalence of
smokeless tobacco use, there are limited evidence-based rec-
ommendations to guide clinicians in the treatment use smoke-
less tobacco use.7 In a recent meta-analysis, Ebbert et al.134

reviewed the results of 20 randomized, controlled trials evaluat-
ing behavioral counseling and pharmacotherapy interventions
for smokeless tobacco use, and their findings are summarized
as follows.

BEHAVIORAL THERAPY
Behavioral interventions, including the use of self-help ma-

terials (written manuals, pamphlets, videotapes), brief (15- to
20-minute) counseling sessions, telephone support, oral ex-
amination with feedback, computerized gradual reduction of
tobacco, and use of non-tobacco oral substitutes (herbal and
mint snuff, chewing gum), have been shown to significantly in-
crease long-term (>6 month) cessation rates (OR 1.6; 95% CI,
1.4–1.8) compared with control interventions. Interventions
that appear to be particularly effective in promoting abstinence
among smokeless tobacco users compared to control interven-
tions include telephone support (OR 2.1; 95% CI, 1.7–2.6) or
oral examination with clinician-delivered feedback (OR 1.9;
95% CI, 1.1–3.2).134

NICOTINE REPLACEMENT THERAPY
To date, the nicotine patch and gum are the only NRT for-

mulations that have been evaluated in randomized controlled
trials for smokeless tobacco cessation. A pooled analysis of
trials evaluating long-term (>6-month) quit rates did not find
a statistically significant improvement with the nicotine patch
(OR 1.2; 95% CI, 0.9–1.5) or nicotine gum (OR 1.0; 95% CI,
0.6–1.6) when compared to placebo.134 Encouraging results
from a small open-label trial suggest the nicotine lozenge may

be effective for cessation of smokeless tobacco use, but these
findings are preliminary.135 Overall, data from controlled tri-
als suggest NRT is not effective in the treatment of smokeless
tobacco use, but further studies are necessary.7,134

BUPROPION SR
Bupropion SR for smokeless tobacco cessation has been

evaluated in two small randomized, controlled trials with a
follow-up duration of at least 6 months. A pooled analysis of
these trials failed to find a statistically significant improvement
in cessation rates relative to placebo (OR 0.9; 95% CI, 0.5–
1.6).134

The 2008 Clinical Practice Guideline recommends that
smokeless tobacco users receive counseling interventions sim-
ilar to those recommended for smokers.7 Based on the available
evidence, it appears that behavioral interventions are effective
in the treatment of smokeless tobacco use. Limited data suggest
that pharmacotherapy with bupropion SR or NRT is ineffec-
tive. However, more research is necessary to determine whether
combination pharmacotherapy and counseling will provide im-
proved cessation rates in smokeless tobacco users. T.M. should
be provided with behavioral counseling tailored to his stage of
readiness to quit—if he is ready to quit in the next 30 days, a
treatment plan should be devised. If he is not ready to quit in the
next 30 days, motivational counseling should be applied using
the 5 R’s (Table 85-5). Because oral examination with patient
feedback appears to promote quitting, T.M. should be referred
to a dental provider for additional monitoring and follow-up.
T.M. has specifically asked about the use of pharmacotherapy
as a cessation aid, and although data do not support the use
of bupropion SR or NRT because of insufficient evidence of
effectiveness, these agents might be considered. T.M. should
also be informed that a non-tobacco oral substitute (herbal and
mint snuff) in combination with behavioral counseling is also
effective.134

Cigars

18. R.N., a 40-year-old man who currently smokes 1 PPD of
cigarettes, would like to know whether cutting down to one to two
cigars per day is a safe alternative to cigarette smoking.

Cigars are conventionally defined as “any roll of tobacco
wrapped in leaf tobacco or in any substance containing
tobacco.”136 The types of cigars available in the United States
vary and include little cigars (shaped like cigarettes and weigh-
ing <1.3 g; small cigars or cigarillos (some with a plastic
mouthpiece and weighing between 1.2 and 2.5 g); regular
cigars (usually rolled to a tip on one end and banded; gen-
erally weighing between 5 and 17 g); and premium cigars (ex-
pensive, generally hand rolled, and weighing >22 g).136,137

Cigar tobacco is generally air cured and produces smoke with
a more alkaline pH, which allows for buccal absorption of
nicotine.138

Cigar consumption has significantly increased over the past
decade.139 According to the U.S. Department of Health and
Human Services, in 2006, an estimated 13.7 million Ameri-
cans ages 12 years or older (5.6%) had smoked one or more
cigars in the past month. The prevalence of cigar use was high-
est among individuals ages 18 to 25 years (12.1%); males
(9.3%) were more likely than females (2.1%) to be current
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cigar smokers.125 Some data suggest that the increased con-
sumption is due to a greater prevalence of occasional cigar
smoking by previous nonsmokers, particularly among those of
higher socioeconomic status.136 This trend is likely the result
of enhanced marketing and promotional efforts by the tobacco
industry; cigar advertisements often depict celebrities or ath-
letes associating cigar smoking with glamour, affluence, and
success.136,140 Increasing numbers of former cigarette smok-
ers switching to cigars and experimentation among adolescents
with cigar smoking may also play a role.136

Exactly how much nicotine an individual might obtain from
a single cigar is difficult to determine or generalize because
cigar weight and nicotine content vary widely from brand to
brand and from cigar to cigar. Most cigars range in weight
from about 1 to 22 g; a typical cigarette weighs less than 1 g.
The nicotine content of ten commercially available cigars
studied in 1996 ranged from 10 to 444 mg. In comparison,
U.S. cigarettes have a relatively narrow total nicotine content
range (mean = 13.5 ± 0.1 mg) per cigarette.141 Relating these
data, Henningfield et al. concluded that it is possible for one
large cigar to contain as much tobacco as an entire pack of
cigarettes and deliver enough nicotine to establish and main-
tain dependence.138

The adverse health effects of cigar smoking have been well
described and include an increased risk of cancer of the lung,
oral cavity, larynx, esophagus, and pancreas. In addition, cigar
smokers who inhale deeply are at increased risk for developing
cardiovascular disease and COPD.136 Cigarette smokers who
switch to smoking only cigars decrease their risk of developing
lung cancer, but their risk is markedly higher than if they were
to quit smoking altogether.136

R.N. should be counseled that switching from cigarette
smoking to low-level daily cigar smoking will not reduce his
risk for developing a tobacco-related disease. The amount of
nicotine delivered by one to two cigars per day is capable
of sustaining his dependence on nicotine. In addition, former
cigarette smokers are more likely to inhale deeply, which fur-
ther increases the risk of cancer and cardiovascular and pul-
monary disease. The clinician should strongly advise R.N. to
quit smoking cigarettes and that switching to cigars is not a
safe alternative.

Bidis and Clove Cigarettes

19. K.K. is a 16-year-old male who has been suspended from
school after his third offense for smoking on campus. K.K. began
experimenting with bidis and kreteks a few years ago and then
started smoking cigarettes “socially” with his friends. For the past
year, he has been smoking about a half-pack of cigarettes per day.
What are bidis and kreteks?

Bidis
Bidis are small, hand-rolled cigarettes imported to the United
States primarily from India and other Southeast Asian coun-
tries. They consist of finely ground tobacco wrapped in a brown
tendu or temburni leaf. Bidis, which are similar in appearance
to marijuana cigarettes, are readily available in tobacco shops
and ethnic stores and via Internet retailers in a variety of flavors
(e.g., chocolate, vanilla, strawberry, cherry, mango, orange)
and tend to be more popular among younger smokers.142 In a

U.S. survey of nearly 64,000 adults (≥18 years) in 15 states,
young adults (18–24 years) reported the highest rates of ever
(16.5%) and current (1.4%) bidi use.143 In 2006, an estimated
2.3% of 12th graders had smoked bidis in the past year.125

In a previous survey in Massachusetts, reasons cited by urban
adolescents for smoking bidis were that they were better tast-
ing, less expensive, safer, and easier to buy than traditional
cigarettes.144

Although bidis contain less tobacco than standard
cigarettes, studies have shown they produce substantial
amounts of tar, nicotine, and carbon monoxide.145,146 A study
using standardized smoking machine testing methods found
that bidis deliver three times the amount of carbon monoxide
and nicotine and nearly five times the amount of tar found in
standard cigarettes.145 Because of the low combustibility of the
tendu leaf wrapper, bidis must be puffed constantly to remain
lit. As a result, bidi smokers inhale more frequently and more
deeply, thereby markedly increasing the delivery of tar and
other toxins.144 Most bidis do not have a traditional filter tip,
which further increases exposure to toxic constituents present
in smoke. However, a filter does not confer added safety, as
evidenced by a study that found that bidi cigarettes contain-
ing a filter actually delivered higher levels of tar, nicotine, and
carbon monoxide when compared with unfiltered bidi brands.
In this study, the filtered bidi cigarettes contained a small wad
of cotton instead of the usual cellulose acetate filter found
in American cigarettes. The investigators speculated that the
inefficient cotton filter and the slightly larger size of the fil-
tered bidi brands led to the observed higher yields of inhaled
toxins.146

Although by law all packages of bidis sold in the United
States must contain the Surgeon General warning about the
hazards of smoking, spot-checks in various retail outlets have
shown that many of these products are not labeled with health
warnings.147 The absence of federally mandated warning labels
may lead to the false impression that these products are safer
than other forms of tobacco. However, studies in India have
shown that bidi smokers have a comparable or greater risk
of developing tobacco-related respiratory, cardiovascular, and
neoplastic disease than cigarette smokers. Even low levels of
bidi smoking (1–7 bidis/day) are associated with an elevated
risk of death (risk ratio estimate, 1.3) compared to nonsmokers.
Higher levels of bidi smoking (≤8 bidis/day) incur an even
higher risk of death (risk ratio estimate, 2.2).148

Clove Cigarettes
Clove cigarettes or “kreteks” are cigarettes imported from
Indonesia containing a mixture of approximately 60% to 70%
tobacco and 30% to 40% minced cloves.142 Although usage
data in adults are not available, in 2006, an estimated 6.2%
of 12th graders had smoked kreteks in the past year.125 Data
from smoking machine tests have found that clove cigarettes
deliver twice as much nicotine and carbon monoxide and three
times as much tar as conventional cigarettes.149 In addition
to the hazards associated with smoking, clove cigarette use
has been implicated in causing rare cases of hemorrhagic pul-
monary edema, pneumonia, bronchitis, and hemoptysis.150–152

It has been speculated that eugenol, a compound possessing lo-
cal anesthetic properties and present in large quantities in clove
cigarette smoke, might be toxic to pulmonary tissue. The anes-
thetic effects of eugenol might also place users at an increased
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risk of pulmonary aspiration resulting from an impaired gag
reflex.152

There is concern among some experts that experimenta-
tion with noncigarette tobacco (kreteks, bidis, cigars) provides
an alternative form of nicotine exposure to individuals who
might not otherwise smoke cigarettes. This concern is height-
ened by recent data that suggests susceptible youth can become
addicted to nicotine shortly (within 1–2 days) after smoking
initiation.153 K.K. began experimenting with bidis and clove
cigarettes before he smoked cigarettes socially. It is difficult to
know whether K.K.’s previous use of bidis and clove cigarettes
led to regular cigarette smoking, but these products can de-
liver nicotine levels capable of inducing and sustaining depen-
dence.

Water Pipes

20. L.B.C. is a 19-year-old college freshman who resides in an
on-campus dormitory. She has been invited by several of her
hallmates to “hang-out” at a local hookah bar for the evening.
What is hookah, and is this form of tobacco “safe”?

Hookah or water pipe smoking is an ancient method of to-
bacco use whereby users inhale smoke that is passed through
water. Water pipe nomenclature is region specific and includes
names such as “hookah” (Africa and Indian subcontinent);
“narghile” (Israel, Jordan, Lebanon, Syria); “shisha,” “boory,”
or “goza” (Egypt, Saudi Arabia); and “hubble bubble” (many
regions).154

A water pipe is a multicomponent apparatus consisting of
a mouthpiece, hose, water bowl, body, and head. Maassel (a
mixture of tobacco, dried fruit pulp, honey, and molasses in a
variety of flavors) is placed in the head and then covered with
perforated aluminum foil. Small pieces of burning charcoal are
placed on top of the foil. Following inhalation, heat emanating
from the burning charcoal is drawn through the tobacco mix-
ture generating smoke. A vacuum created in the water bowl
causes the smoke to “bubble” through the water and collect in
the air space above the water. The cooled smoke is then trans-
ported to the user through the hose and mouthpiece during
inhalation.154

Hookah bars and cafes, many of which are in close prox-
imity to college campuses, have been emerging throughout the
United States,155 and data suggest this form of tobacco use
is becoming increasingly popular among young adults.156,157

Recent surveys estimate a 13% to 20% prevalence of current
water pipe smoking (use within the previous 30 days) among
U.S. college students.156,158 Although many water pipe users
assume that the water will filter out toxins and believe this form
of smoking is less harmful than cigarette smoking,156,157,159

data are lacking to substantiate this belief. Indeed, studies have
found that water pipe smokers who inhale are exposed to nico-
tine and other toxins in levels that are comparable to or exceed
those found in cigarette smoke,160–162 suggesting that water
pipe smoking is not “safe.” Furthermore, preliminary data sug-
gest that water pipe smokers are at risk for developing depen-
dence and other adverse health-related conditions associated
with smoking.154
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Definition
Anemia is a reduction in red cell mass. It often is described as a
decrease in the number of red blood cells (RBC) per cubic mil-
limeter (mm3) or as a decrease in the hemoglobin concentration
in blood to a level below the normal physiologic requirement
for adequate tissue oxygenation. The term anemia is not a di-
agnosis, but rather an objective sign of a disease. Diagnostic
terminology for anemia requires the inclusion of the pathogen-
esis (e.g., megaloblastic anemia secondary to folate deficiency,
microcytic anemia secondary to iron deficiency). An exact di-
agnosis is important to the understanding of the problem and
to implement specific therapy to correct the anemia.

Pathophysiology
Anemia is a symptom of many pathologic conditions. It is
associated with nutritional deficiencies and acute and chronic

diseases; it also can be drug induced. Anemia can be caused by
decreased red cell production, increased red cell destruction,
or increased red cell loss. If the anemia is caused by decreased
red cell production, it may be the result of disturbances in
stem cell proliferation or differentiation. Anemias caused by
increased red cell destruction can be secondary to hemolysis,
whereas increased red cell loss may be caused by acute or
chronic bleeding. Anemias associated with acute blood loss,
those that are iron related, and those caused by chronic disease
comprise most of all anemias.1 Classifications of anemias ac-
cording to pathophysiologic and morphologic characteristics
are shown in Table 86-1.

Normally, RBC mass is maintained by feedback mecha-
nisms that regulate levels of erythropoietin (EPO), a hormone
that stimulates proliferation and differentiation of erythroid
precursors in the bone marrow. Two types of erythroid pre-
cursors reside in the bone marrow: the burst-forming unit,

86-1
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Table 86-1 Classifications of Anemia

Pathophysiologic (Classifies Anemias Based on
Pathophysiologic Presentation)

Blood Loss
Acute: trauma, ulcer, hemorrhoids
Chronic: ulcer, vaginal bleeding, aspirin ingestion

Inadequate Red Blood Cell Production
Nutritional deficiency: B12, folic acid, iron
Erythroblast deficiency: bone marrow failure (aplastic anemia,

irradiation, chemotherapy, folic acid antagonists) or bone marrow
infiltration (leukemia, lymphoma, myeloma, metastatic solid
tumors, myelofibrosis)

Endocrine deficiency: pituitary, adrenal, thyroid, testicular
Chronic disease: renal, liver, infection, granulomatous, collagen

vascular

Excessive Red Blood Cell Destruction
Intrinsic factors: hereditary (G6PD), abnormal hemoglobin synthesis
Extrinsic factors: autoimmune reactions, drug reactions, infection

(endotoxin)

Morphologic (Classifies Anemias by Red Blood Cell Size
[Microcytic, Normocytic, Macrocytic] and Hemoglobin
Content [Hypochromic, Normochromic, Hyperchromic])

Macrocytic
Defective maturation with decreased production
Megaloblastic: pernicious (vitamin B12 deficiency), folic acid

deficiency

Normochromic, normocytic
Recent blood loss
Hemolysis
Chronic disease
Renal failure
Autoimmune
Endocrine

Microcytic, hyperchromic
Iron deficiency
Genetic abnormalities: sickle cell, thalassemia

G6PD, glucose-6-phosphate dehydrogenase.

erythroid (BFUe) and colony-forming unit, erythroid (CFUe).
The BFUe is the earliest progenitor, which eventually develops
into a CFUe. BFUe is moderately sensitive to EPO and is un-
der the influence of other cytokines (e.g., interleukin [IL]-3,
granulocyte-macrophage colony-stimulating factor [GM-
CSF]). In contrast, CFUe is highly sensitive to EPO and differ-
entiates into erythroblasts and reticulocytes. Of EPO, 90% is
produced in the kidney; liver synthesis accounts for the remain-
ing 10%. Reduced oxygen-carrying capacity is sensed by renal
peritubular cells, and this stimulates release of EPO into the
bloodstream. Patients with chronic anemia may have a blunted
and inadequate response for the degree of anemia present.

Detection
Signs and Symptoms
Signs and symptoms of anemia vary with the degree of RBC re-
duction as well as with the time interval over which it develops.
Onset of anemia can be acute or can develop slowly, resulting
in tissue hypoxia caused by the decreased oxygen-carrying
capacity of the reduced red cell mass. As a result, perfusion

to nonvital tissues (e.g., skin, mucous membranes, extremi-
ties) is decreased to sustain tissue perfusion of vital organs
(e.g., brain, heart, kidneys). Slowly developing anemias can
be asymptomatic initially or include symptoms such as slight
exertional dyspnea, increased angina, fatigue, or malaise. Un-
corrected tissue hypoxia can lead to a number of complications
in quality of life, cognition, and respiratory and gastrointestinal
(GI) systems. Changes in the blood hemoglobin concentration
also lead to changes in the kidney tissue oxygen tension, as
discussed previously.1,2

In severe anemia, a hemoglobin (Hgb) <8 mg/dL, heart rate,
and stroke volume often increase in an attempt to improve
oxygen delivery to tissues. These changes in heart rate and
stroke volume can result in systolic murmurs, angina pectoris,
high output congestive heart failure, pulmonary congestion,
ascites, and edema. Thus, anemia is generally not well tolerated
in patients with cardiac disease. Skin and mucous membrane
pallor, jaundice, smooth or beefy tongue, cheilosis, and spoon-
shaped nails (koilonychia) also may be associated with severe
anemia of different causes of anemia.

History
A thorough history and physical examination are essential be-
cause of the complexity of the pathologic conditions associated
with anemia. A time line, which begins with the onset of symp-
toms (and surrounding events) and extends to current status, is
important. Because longstanding anemias can indicate heredi-
tary disorders, the family history should be noted. Past Hgb or
hematocrit (Hct) determinations, transfusion history, as well
as occupational, environmental, and social histories may be
valuable. Finally, a medication history can help eliminate drug
reactions or interactions as the cause of the anemia.

Physical Examination
On physical examination of a patient with anemia, pallor is
most easily observed in the conjunctiva, mucous membranes,
nail beds, and palmar creases of the hand. In addition, pos-
tural hypotension and tachycardia can be seen when hypo-
volemia (acute blood loss) is the primary cause of anemia.
Patients with B12 deficiency may exhibit neurologic findings,
which include changes in deep tendon reflexes, ataxia, and loss
of vibration and position sense; all are consistent with nerve
fiber demyelination. Patients with anemia from hemolysis may
be slightly jaundiced from bilirubin release. Manifestations of
hemorrhage can include petechiae, ecchymoses, hematomas,
epistaxis, bleeding gums, and blood in the urine or the stool.

Laboratory Evaluation
Although anemia may be suspected from the history and phys-
ical examination, a full laboratory evaluation is necessary to
confirm the diagnosis, establish its severity, and determine its
cause. A list of the routine laboratory evaluations used in the
workup for anemia is found in Table 86-2. The cornerstone
of this evaluation is the complete blood count (CBC). Normal
hematologic values can be found in Table 86-3. Male patients
have higher hematocrit (Hct) values than do female patients.
The Hct is increased in individuals living at altitudes above
4,000 feet in response to the diminished oxygen content of the
atmosphere and blood.

The morphologic appearance of the RBC provides use-
ful information about the nature of the anemia. Microscopic
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Table 86-2 Routine Laboratory Evaluation for Anemia
Workup

Complete blood count (CBC): Hgb, Hct, RBC count, red cell indices
(MCV, MCH, MCHC), WBC count (and differential)

Platelet count
Red cell morphology
Reticulocyte count
Bilirubin and LDH
Serum iron, TIBC, serum ferritin, transferrin saturation
Peripheral blood smear examination
Stool examination for occult blood
Bone marrow aspiration and biopsya

aPerformed in patients with abnormal peripheral blood smears.
Hct, hematocrit; Hgb, hemoglobin; LDH, lactic dehydrogenase; MCV, mean cor-
puscular volume; MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular
hemoglobin concentration; RBC, red blood cell; TIBC, total iron-binding capacity;
WBC, white blood cell.

evaluation of the peripheral blood smear can detect the pres-
ence of macrocytic (large) RBC, which usually are present
when anemia results from a vitamin B12 or folic acid defi-
ciency; microcytic (small) RBC usually are associated with
iron deficiency anemia. Acute blood loss generally is associ-
ated with normocytic cells.

Together with the information gained from the history and
physical examination, the routine laboratory evaluation can
provide sufficient information to distinguish between the most
common forms of anemia (Fig. 86-1). If still not identified
after routine evaluation, problems such as autoimmune dis-
ease, collagen vascular disease, chronic infection, endocrine
disorders, or drug-induced destruction may be causing the
anemia. When uncertainty exists or an abnormal peripheral
blood smear is noted, a bone marrow aspiration with biopsy is
indicated.

Table 86-3 Normal Hematology Values

Pediatric Adult

Laboratory Test 1–15 yr Male Female

RBC (× 106/mm3) ± 4.7–6 5.4–0.7 ± 4.8–6
Hgb (g/dL) ± 13–2 16–2 ± 14–2
Hct (%) ± 40–5 47–5 ± 42–2
MCV (μm3) ± 80–5 87–7 ± 90–9
MCH (pg/cell) ± 33.5–2 29–2 ± 34–2
MCHC (g/dL) ± 31–36 31–36 ± 31–36
Erythropoietin (mU/mL) 4–26 4–26 4–26
Reticulocyte count (%) 0.5–1.5 0.5–1.5 0.5–1.5
TIBC (mg/dL) 250–400 250–400 250–400
Fe (mg/dL) 50–120 50–160 40–150
Folate (ng/mL) 7–25 7–25 7–25
RBC folate (ng/mL) — 140–960 140–960
Fe/TIBC (%) 20–30 20–40 16–38
Vitamin B12 (pg/mL) >200 >200 >200
Ferritin (ng/mL) 7–140 15–200 12–150

Fe, iron; Hgb, hemoglobin; Hct, hematocrit; MCH, mean corpuscular hemoglobin;
MCV, mean corpuscular volume; RBC, red blood cell; TIBC, total iron-binding
capacity.

There are many causes of anemia. This chapter is limited
to the most common anemias managed with drugs. Hemolytic
anemias are covered in Chapter 87, Drug-Induced Blood Dis-
orders. Before proceeding, the reader should review the ba-
sic hematologic laboratory tests used to evaluate and monitor
anemia (see Chapter 2: Interpretation of Clinical Laboratory
Tests).

IRON DEFICIENCY ANEMIA
Iron deficiency is a state of negative iron balance in which the
daily iron intake and stores are unable to meet the RBC and
other body tissue needs. The body contains approximately 3.5 g
of iron, of which 2.5 g are found in Hgb. A significant amount
of iron is stored as ferritin or aggregated ferritin (hemosiderin)
in the reticuloendothelial cells of the liver, spleen, and bone
marrow and by hepatocytes. Ferritin circulates at concentra-
tions that reflect total iron body stores. Only a small fraction
of iron is found in plasma (100 to 150 mcg/dL), and most is
bound to transferrin, the transport protein.

Despite the continuing turnover of RBC, iron stores are well
preserved because the iron is recovered and reutilized in new
erythrocytes. Only about 0.5 to 1 mg/day of iron is lost from
urine, sweat, and the sloughing of intestinal mucosal cells that
contain ferritin in men and in non-menstruating women. Men-
struating women lose approximately 0.6% to 2.5% more iron
per day.3 Pregnancy and lactation are other common sources
of iron loss.

Individuals with normal iron stores absorb roughly 10% of
ingested dietary iron. The average American diet contains 6 mg
of elemental iron/1,000 Kcal. Thus, the average daily intake
ranges between 10 and 12 mg, enough to replace the 1 mg lost
daily (based on 10% absorption). For menstruating, pregnant,
or lactating women, however, the daily iron intake requirement
may be as high as 20 mg.

Iron, which is absorbed from the duodenum and upper je-
junum by an active transport mechanism, is enhanced in the
presence of an acidic gastric environment. Dietary iron, which
is primarily in the ferric state, is converted to the more readily
absorbed ferrous form in the acid environment of the stomach.
It is the ferrous form that binds to transferrin for its journey
to the bone marrow, where it is incorporated into the Hgb of
mature erythrocytes.

Gastrointestinal absorption of iron is increased from the
usual 10% to as much as three- to fivefold in iron deficiency
states or when erythropoiesis occurs at a more rapid rate.3 An-
imal sources of iron, heme iron, are better absorbed than plant
sources, nonheme iron. A gastrectomy or vagotomy may de-
crease the conversion of the ferric form of iron to the ferrous
state, thereby diminishing iron absorption. In addition, certain
foods and drugs can complex with iron, decreasing its absorp-
tion.

Anemia caused by iron deficiency is the most common nu-
tritional deficiency worldwide. Although iron deficiency ane-
mia has many causes (Table 86-4), blood loss is considered
one of the more common. Each milliliter of whole blood con-
tains 0.5 mg of iron, whereas each milliliter of packed RBC
contains 1 mg of iron. Common causes of chronic blood loss
include peptic ulcer disease, hemorrhoids, ingestion of GI irri-
tants, menstruation, multiple pregnancies, and multiple blood
donations.



86-4 � HEMATOPOIETIC DISORDERS

Defective Nuclear
Maturation with
Decreased Production

Pernicious Anemia

Folate Deficiency
Anemia

Acute Blood Loss

Hemolytic Anemia

Autoimmune Hemolysis

Anemia of Renal Failure 
or Chronic Disease

Iron Deficiency
Anemia

Hematocrit

Hemoglobin

Red Blood
Cell Count

Peripheral
Blood Smear

Indices

Red Cell
Morphology

Normocytic
Normochromic

Anemia

Macrocytic
Anemia

Hct ↓        MCV ↓
Hgb ↓        MCHC ↓
Fe ↓
TIBC ↑
Fe: TIBC ratio   <15%

Hct ↓       Retic Ct ↓
Hgb ↓

Haptoglobin ↓
Bilirubin (indirect) ↑
Hct ↓       Retic Ct ↑
Hgb ↓

Coombs +

Hct ↓       Retic Ct ↓
Hgb ↓

Hct ↓       MCV ↑
Hgb ↓       RBC ↓
Retic Ct       Normal
Fe       Normal
TIBC       Normal
Fe: TIBC ratio  25–30%

Serum B12 ↓ Schilling Test (+)

  or
Serum Folate ↓

Microcytic
Hypochromic

Anemia

Screening Procedures
Lab

Classification Consistent Lab Tests Diagnosis

FIGURE 86-1 Laboratory diagnosis of anemia.

Dietary reference intakes (DRI) for iron are listed in Table
86-5. The increased amounts of iron required by pregnant or
lactating women are difficult to obtain through diet alone; thus,
oral iron supplementation generally is necessary. Although ma-
ternal iron usually provides term infants with sufficient stored
iron for the first 6 months, infants 6 months to 3 years of
age experience rapid growth and a threefold increase in blood
volume, which can increase the risk of iron deficiency. Prema-
ture infants have reduced iron stores and thus require replace-
ment therapy. Supplementation of 10 to 15 mg/day of iron may
be required for up to the first year of life. Maintenance iron

Table 86-4 Iron Deficiency Anemia Causes

Blood Loss
Menstruation, gastrointestinal (e.g., peptic ulcer), trauma

Decreased Absorption
Medications, gastrectomy, regional enteritis

Increased Requirement
Infancy, pregnant/lactating women

Impaired Utilization
Hereditary, Iron use

therapy for healthy older infants and children is roughly 1 to
2 mg/kg/day (not to exceed 20 mg/day). If iron deficiency de-
velops in the pediatric patient, 3 to 6 mg/kg/day of elemental
iron should be administered in two to three divided doses.4

Predisposing Factors

1. D.G., a 35-year-old woman, is seen in the clinic. Her chief
complaints include weakness, dizziness, and epigastric pain. She
has a 5-year history of peptic ulcer disease, a 10-year history
of heavy menstrual bleeding, and a 20-year history of chronic
headaches. She has two children who are 1 and 3 years of age. D.G.
is currently taking tetracycline (250 mg BID) for acne, ibuprofen

Table 86-5 Dietary Reference Intake for Iron

mg per day

Healthy, non-menstruating adults 8
Menstruating women 18
Pregnant women 27
Lactating women 9
Vegetarians 16
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(400 mg PRN) headaches, and daily esomeprazole (40 mg). A re-
view of her systems is positive for decreased exercise tolerance.
Physical examination reveals a pale, lethargic, white woman ap-
pearing older than her stated age. Her vital signs are within nor-
mal limits; her heart rate is regular at 100 beats/min. Her exam-
ination is notable for pale nail beds and splenomegaly.

Significant laboratory results include the following: Hgb,
8 g/dL (normal, 14 to 18); Hct, 27% (normal, 40% to 44%);
platelet count, 800,000/mm3 (normal, 130,000 to 400,000); retic-
ulocyte count, 0.2% (normal, 0.5% to 1.5%); mean corpuscular
volume (MCV), 75 μm3 (normal, 80 to 94); mean corpuscular
hemoglobin (MCH), 23 pg (normal, 27 to 31); mean corpuscular
hemoglobin concentration (MCHC), 30% (normal, 33% to 37%);
serum iron, 40μg/dL (normal, 50 to 160); serum ferritin, 9 ng/mL
(normal, 15 to 200); total iron-binding capacity (TIBC), 450 g/dL
(normal, 250 to 400); and 4+ guaiac stools (normal, negative).

Iron deficiency is determined to be the cause of D.G.’s anemia.
An upper GI series with a small bowel follow-through are planned
to evaluate her persistent epigastric pain. What factors predispose
D.G. to iron deficiency anemia?
[SI units: Hgb, 80 g/L; Hct, 0.27; MCV, 75 fL;MCH, 23 pg; MCHC, 0.3;
iron, 7.16 mcmol/L; ferritin, 9mcg/L; TIBC, 80.87 mcmol/L; platelets, 800
×109/L;reticulocyte, 0.002]

Several factors predispose D.G. to iron deficiency anemia.
Her history of heavy menstrual bleeding and the 4+ stool gua-
iac indicate menstrual and GI sources of blood loss. The GI
blood loss may be secondary to D.G.’s chronic use of nons-
teroidal anti-inflammatory drugs, recurrent peptic ulcer dis-
ease, or both.

Many women of childbearing age have a borderline iron de-
ficiency that becomes more evident during pregnancy because
of the increased iron requirements.5 D.G. has given birth to
two children. Therefore, her iron stores have been repeatedly
taxed in recent years. In addition, absorption of dietary iron
may be compromised by her use of proton pump inhibitors
and tetracycline (see Question 6).

Signs, Symptoms, and Laboratory Tests

2. What subjective or objective signs, symptoms, and labora-
tory tests are typical of iron deficiency in D.G.?

D.G.’s constitutional symptoms of weakness and dizziness
could be a result of her severe anemia. Generally, until the ane-
mia is severe, such symptoms occur with equal frequency in the
nonanemic population. The most important signs and symp-
toms of iron deficiency anemia are related to the cardiovascular
system and are a reflection of the imbalance between the on-
going demands for oxygen against a diminishing oxygen sup-
ply. D.G.’s increased heart rate, decreased exercise tolerance,
and pale appearance are consistent with tissue anoxia and the
cardiovascular response that may be seen in iron deficiency
anemia.

D.G.’s iron deficiency has advanced to symptomatic ane-
mia. In patients who are not yet symptomatic, however, de-
pletion of iron stores can be detected by measuring ferritin,
the iron storage compound. Although ferritin is primarily an
intracellular protein, serum concentrations of ferritin correlate
closely with iron stores with only a few exceptions.6,7 Ferritin,
an acute-phase reactant, is generally found in higher levels
in patients with inflammatory disorders and liver disease.8 A

serum ferritin level <12 ng/mL is consistent with iron defi-
ciency. An increased TIBC also can reflect depletion of storage
iron, but it is less sensitive than serum ferritin. Thus, in iron
deficiency, the serum ferritin concentration is low, whereas
the TIBC is usually high; both of these parameters can be
detected before the clinical manifestations of anemia are ap-
parent. These abnormalities persist and worsen as the patient
progresses to anemia as illustrated by D.G.’s laboratory values.
If the TIBC is low or normal, rather than high, in association
with a low serum ferritin, other causes of anemia (e.g., malig-
nancy, infections, or inflammatory disorders) should be con-
sidered. In these situations, further documentation (e.g., bone
marrow examination) is necessary to determine the cause of the
anemia.9,10

D.G.’s low serum iron, low serum ferritin, and elevated
TIBC are typical of the laboratory findings associated with iron
deficiency anemia. Serum transferrin receptor levels, which
reflect the amount of RBC precursors available for active pro-
liferation, are increased in iron deficiency.11

After the iron in the storage compartment is depleted, heme
and hemoglobin synthesis are decreased. In severe iron de-
ficiency, the RBC become hypochromic (low MCHC) and
microcytic (low MCV). Usually, the RBC indices do not be-
come abnormal until the Hgb concentration falls to <12 g/dL
in male patients or <10 g/dL in female patients. D.G.’s cor-
puscular indices indicate that her anemia is hypochromic and
microcytic.

About 10% of patients who are iron deficient experience
neutropenia and either thrombocytopenia or thrombocytosis.
Thrombocytosis can occur in 50% to 75% of patients with
hypochromic anemia secondary to chronic blood loss. The
thrombocytosis (e.g., 800,000 platelets) in D.G. returns to nor-
mal after adequate treatment with iron. The reticulocyte count
provides an estimate of effective red cell production and is
usually normal or low in iron deficiency anemia. D.G. has a
reticulocyte count of 0.2% (normal, 0.5 to 1.5%), which also
is compatible with iron deficiency anemia.

In the workup of a microcytic, hypochromic anemia, the
stool should be examined for occult blood. D.G. has a 4+ stool
guaiac, which suggests blood loss via the GI tract. Further
diagnostic evaluations (e.g., endoscopy, GI films) are necessary
to determine the underlying problem.

In summary, D.G.’s signs, symptoms, and laboratory find-
ings all support the diagnosis of an iron deficiency anemia.

Iron Therapy
Oral Iron Dosing

3. How should D.G.’s iron deficiency be managed? What dose
of iron should be given to treat D.G.’s iron deficiency anemia and
for how long?

The primary treatment for D.G. should be directed toward
control of the underlying causes of anemia, which in this case
are many. D.G.’s iron stores are low because of GI blood loss,
multiple childbirths, heavy menstrual flow, decreased dietary
iron absorption, and perhaps, an inadequate diet. Therefore,
the cause of her GI blood loss should be corrected, her dietary
intake should be analyzed and modified, and supplemental iron
should be prescribed to replenish her stores and correct the
anemia.
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The usual adult dose of ferrous sulfate is 325 mg (one tablet)
administered three times daily, between meals. If no iron is be-
ing lost through bleeding, the required daily dose of elemen-
tal iron can be calculated using a formula that assumes that
0.25 g/dL/day is the maximal rate of hemoglobin regeneration.

Elemental iron (mg/day) = 0.25 g Hgb/100 mL blood/day
(5,000 mL blood)(3.4 mg Fe/1 g Hgb)

= 40 mg Fe/day/20% absorption (approximate absorption
rate in iron-deficient states)

= 200 mg Fe/day
= 1,000 mg ferrous sulfate/day (ferrous sulfate

contains 20% elemental iron)
= 325 mg TID ferrous sulfate

Product Selection

4. What are the differences between iron products? Which is
the product of choice?

The ferrous form of iron is absorbed three times more read-
ily than the ferric form. Although ferrous sulfate, ferrous glu-
conate, and ferrous fumarate are absorbed almost equally, each
contains a different amount of elemental iron.12 Table 86-6
compares the iron content of several oral iron preparations to
assist in making appropriate treatment choices for patients.

PRODUCT FORMULATION
Product formulation is of considerable importance in prod-

uct selection. Some believe that the more expensive, sustained-
release (SR) iron preparations are inherently better. SR prepa-
rations fall into three groups: (a) those claimed to increase GI
tolerance or decrease side effects, (b) those formulated to in-
crease bioavailability, and (c) those with adjuvants claimed to
enhance absorption. Because these products can be given once
daily, increased compliance is an additional claim.

Anecdotal claims that SR iron preparations cause fewer GI
side effects have not been substantiated by controlled stud-
ies. In fact, these products transport iron past the duode-
num and proximal jejunum, thereby reducing the absorption
of iron.13 Because poor absorption and poor hematologic re-
sponses might occur with ferrous sulfate SR capsules, they
should not be used for initial treatment.

Adjuvants are incorporated into many iron preparations in
an attempt to enhance absorption or decrease side effects. Sev-
eral products contain ascorbic acid (vitamin C), which main-
tains iron in the ferrous state. Doses up to 1 g increase iron
absorption by only 10%; however, smaller doses of vitamin
C (e.g., 100 mg) do not significantly alter iron absorption.14

Table 86-6 Comparisons of Iron Preparations

Preparation Dose (mg) Fe++ Content (mg) Fe (%)

Ferrous sulfate 325 65 20
Ferrous fumarate 324 106 33
Ferrous gluconate 300 34 11
Feosol tablets 200 65 33
Slow Fe (time released) 160 50 31

Table 86-7 Combination Iron Products

Drug DOSS (mg) Vitamin C (mg) Fe++ Content (mg)

Ferro-Grad 500 (Filmtabs) 0 500 105
Vitron C 0 125 66
Ferro DSS/Ferro-Sequel 100 0 50

DOSS, dioctyl sodium sulfosuccinate; docusate sodium; Fe, iron.

Table 86-7 lists a number of combination products that contain
a stool softener or vitamin C.

Stool softeners are added to iron preparations to decrease the
side effect of constipation. Generally, these combinations con-
tain suboptimal doses of stool softener and are unwarranted. If
constipation does develop, appropriate doses of stool softeners
should be taken.

In summary, D.G. should take the least expensive iron prepa-
ration containing ferrous sulfate, gluconate, or fumarate. In
general, generic preparations of iron salts without adjuvant
agents provide the best value.

Goals of Therapy

5. What are the goals of iron therapy? How should D.G. be
monitored?

The goals of iron therapy are to normalize the Hgb and Hct
concentrations and to replete iron stores. Initially, if the doses of
iron are adequate, the reticulocyte count will begin to increase
by the third to fourth day and peak by the seventh to tenth day
of therapy. By the end of the second week of iron therapy, the
reticulocyte count will fall back to normal. The Hgb response
is a convenient index to monitor in outpatients. Hematologic
response is usually seen in 2 to 3 weeks with a 1 g/dL increase
in hemoglobin and a 6% increase in the hematocrit. D.G.’s
anemia can be expected to resolve in 1 to 2 months; however,
iron therapy should be continued for 3 to 6 months after the
hemoglobin is normalized to replete iron stores.14,15 Therapy
duration is related to the absorption pattern of iron. During the
first month of therapy, as much as 35 mg of elemental iron is
absorbed from the daily dose. With time, the percentage of iron
absorbed from the dose decreases, and by the third month of
therapy, only 5 to 10 mg of elemental iron is absorbed.

Patient Information

6. What kind of information should be provided to D.G. when
dispensing oral iron? What can be done if she experiences intol-
erable GI symptoms (e.g., nausea, epigastric pain)?

Iron should be dispensed in a childproof container, and D.G.
should be told to store it in a safe place away from children. Ac-
cidental ingestion of even small amounts (three to four tablets)
of oral iron can cause serious consequences in small children16

(see Chapter 5, Managing Acute Drug Toxicity). D.G. should
be told that oral iron therapy produces dark stools. She should
try to take her iron on an empty stomach because food, es-
pecially dairy products, decreases the absorption by 40% to
50%.17,18

Gastric side effects, which occur in 5% to 20% of pa-
tients, include nausea, epigastric pain, constipation, abdominal
cramps, and diarrhea. Constipation does not appear to be dose
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related, but side effects (e.g., nausea and epigastric pain) occur
more frequently as the quantity of soluble elemental iron in
contact with the stomach and duodenum increases.4 To mini-
mize gastric intolerance, oral iron therapy can be initiated with
a single tablet of ferrous sulfate 325 mg/day; the dose is in-
creased by increments of one tablet per day every 2 to 3 days
until the full therapeutic dose of ferrous sulfate, 325 mg three
times daily, can be administered.2

D.G. also should be educated about potential drug interac-
tions that can occur with iron therapy. Currently, she is taking
a proton pump inhibitor, which is thought to inhibit serum iron
absorption by increasing the pH of the stomach and decreas-
ing the solubility of ferrous salts.19,20 In addition, antacids can
increase stomach pH and certain anions (carbonate and hy-
droxide) also are thought to form insoluble complexes when
combined with iron. Although it is unclear whether this has an
impact on therapy, one study showed a therapeutic dose of liq-
uid antacid (containing aluminum hydroxide and magnesium
hydroxide) does not significantly alter absorption of iron in
adults who are mildly deficient in iron.21 Although the clinical
significance of this is undetermined, D.G. should be advised to
take her iron at least 1 hour before or 3 hours after the proton
pump inhibitor dose.

D.G. also is taking tetracycline for the treatment of acne.
Because the absorptions of both iron and tetracycline are de-
creased when administered concomitantly, the iron should be
taken 3 hours before or 2 hours after the tetracycline dose as
well.22

Parenteral Iron Therapy
INDICATIONS

7. When would parenteral iron therapy be indicated for D.G.?

Several indications exist for parenteral iron administration.
Failure to respond to oral iron therapy would prompt a re-
evaluation of D.G. Causes of oral therapy failure can include
nonadherence, misdiagnosis (e.g., inflammation), malabsorp-
tion (e.g., sprue, radiation enteritis, duodenal or upper small in-
testine resection), and continuing blood loss equal to or greater
than the rate of RBC production. Malabsorption can be eval-
uated by measuring iron levels every 30 minutes for 2 hours
after the administration of 50 mg of ferrous sulfate. If her
plasma iron levels increase by >50%, absorption is adequate.
Besides failure to respond to oral therapy as one indication for
parenteral iron administration, other indications include intol-
erance to oral therapy, required antacid therapy, or significant
blood loss in patients refusing transfusion. All can warrant
injectable iron therapy.3 In D.G.’s case, if malabsorption is
documented, she would be a candidate for injectable iron.

PREFERRED ROUTE

8. What is the preferred route of parenteral iron administra-
tion?

Iron can be given parenterally in the form of ferric gluconate
(Ferrlecit), iron dextran (INFeD and Dexferrum), and iron su-
crose (Venofer). Iron dextran, the oldest of the parenteral iron
agents, is U.S. Food and Drug Administration (FDA)-approved
for the treatment of iron deficiency when oral supplementation
is impossible or ineffective. In this particular formulation, iron
is a complex of ferric hydroxide and dextran. Iron dextran can

be administered undiluted intramuscularly or by very slow in-
travenous (IV) injection. Although not included in the labeling
approved by the FDA, iron-dextran injection is commonly di-
luted in 250 to 1,000 mL 0.9% NaCl and administered by IV
infusion. IV administration is preferred to intramuscular (IM)
administration when muscle mass available for an IM injec-
tion is limited; when absorption from the muscle is impaired
(e.g., stasis, edema); when uncontrolled bleeding is a risk (e.g.,
secondary to hemophilia, thrombocytopenia, anticoagulation
therapy); and when large doses are indicated for therapy.

In a few instances, IM iron dextran is the preferred treatment
(e.g., patients with limited IV access). In these cases, undiluted
drug should be administered using a Z-track technique to avoid
staining the skin. (The skin should be pulled laterally before
injection; then the drug is injected and the skin is released to
avoid leakage of dextran into the subcutaneous tissue.) IM iron
dextran is absorbed in two phases. In the first 72 hours, 60% of
the dose is absorbed, whereas the remaining drug is absorbed
over weeks to months.23

Infusion rates of undiluted IV iron dextran should not ex-
ceed 50 mg (i.e., 1 mL) per minute. The upper limit of each
daily dose is based on the patient’s weight and should not be
>100 mg/day. Although the data are limited, total dose iron-
dextran infusion is given in clinical practice and has proved
to be effective and convenient.24 Infusions generally are given
over 1 to 6 hours to minimize local pain and phlebitis.4 The
total dose method of administration can be associated with a
higher prevalence of fever, malaise, flushing, and myalgias.

Ferric gluconate and iron sucrose are parenteral iron for-
mulations, which are FDA approved for the treatment of iron
deficiency anemia in patients undergoing chronic hemodial-
ysis and receiving supplemental EPO.4 Ferric gluconate can
be administered undiluted as a slow IV injection (rate not to
exceed 12.5 mg/minute) or as an IV infusion (125 mg ferric
gluconate in 100 mL 0.9% NaCl over 1 hour). Likewise, iron
sucrose can be administered undiluted as a slow IV injection
(rate not to exceed 20 mg/minute) or as an IV infusion (dilute
in a maximum of 100 mL 0.9% NaCl and infuse at a rate of
100 mg over 15 minute). Iron requirements in these patients
typically exceed 1 to 2 g and, therefore, multiple doses of ferric
gluconate and iron sucrose are needed to achieve the total dose
of iron.

DOSAGE CALCULATION

9. How is a total dose of iron dextran for IV infusion that
would be needed to achieve a normal hemoglobin value for D.G.
and to replenish her iron stores calculated? How quickly should
she respond?

The total dose of iron dextran to be administered can be
determined using the following equation:

Iron (mg) = [Weight (pounds) × 0.3]
[100 − {100(Hgb)/14.8}]

where Hgb is the patient’s measured hemoglobin (g/dL). The
equation uses the person’s weight (in pounds) and assumes that
an Hgb of 14.8 g/dL is l00% of normal. Children weighing
<30 lb should be given 80% of the calculated dose because
the normal mean Hgb in this population is lower.

For patients with anemia resulting from blood loss (e.g.,
hemorrhagic diatheses) or patients receiving chronic dialysis,
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the iron requirement is based on the estimate of iron contained
in the blood lost. In this case, the following equation should be
used:

Iron (mg) = Blood loss (mL) × Het (the patient’s measured
Het expressed as a decimal fraction)

This formula assumes that 1 mL of normochromic blood con-
tains 1 mg of iron.

After parenteral administration, iron dextran is cleared by
the reticuloendothelial cells and processed. The iron is then
released back into the plasma and bone marrow. Because the
rate of iron incorporation into hemoglobin does not exceed that
achieved by oral iron therapy, the response time is similar to that
of oral iron therapy, and the Hgb can be expected to increase at
a rate of 1.5 to 2.2 g/dL/week during the first 2 weeks and by 0.7
to 1.6 g/dL/week thereafter until normal values are attained.

SIDE EFFECTS

10. What side effects can be expected from parenteral iron ther-
apy?

Anaphylactoid reactions can occur in <1% of patients
treated with parenteral iron therapy.4,25,26 This reaction is more
commonly associated with iron dextran than with ferric glu-
conate and iron sucrose.25,26 As a result, a 25-mg test dose of
iron dextran should be given IM or by IV infusion over 5 to
10 minutes. If headache, chest pain, anxiety, or signs of hy-
potension are not experienced, the remainder of the dose can
be administered parenterally. Nevertheless, delayed reactions
(e.g., fever, urticaria, arthralgias, and lymphadenopathy) have
occurred 24 to 48 hours after large doses of IV iron dextran and
have lasted 3 to 7 days in 1% to 2% of patients.27 A test dose
is not indicated for ferric gluconate and iron sucrose because
of the lower incidence of serious anaphylactoid reactions with
these agents. Other side effects seen with parenteral iron agents
include hypotension, nausea and vomiting, cramps, and diar-
rhea. Parenteral iron medications should not be mixed with (or
added to) other medications or parenteral nutrition solutions
for IV infusion.

MEGALOBLASTIC ANEMIAS
Megaloblastic anemia is a common disorder that can have sev-
eral causes: (a) anemia associated with vitamin B12 deficiency;
(b) anemia associated with folic acid deficiency; or (c) anemia
caused by metabolic or inherited defects associated with de-
creased ability to utilize vitamin B12 or folic acid.28

Megaloblastosis results from impaired DNA synthesis in
replicating cells, which is signaled by a large immature nu-
cleus. RNA and protein synthesis remain unaffected, and the
cytoplasm matures normally. Megaloblastic changes can be ob-
served microscopically in RBC and in proliferating cells (e.g.,
in the cervix, skin, GI tract).29

Although the clinical effects of vitamin B12 and folic acid
deficiencies can differ in various organ systems, they are sim-
ilar in their effects on the hematopoietic system. Typically,
macrocytic anemia develops slowly and can be identified by
large, oval, well-hemoglobinized red cells; anisocytosis; and
nuclear remnants. The reticulocyte count is low and the biliru-
bin level is elevated. Thrombocytopenia is present and the
platelets are large. Leukopenia occurs with hypersegmenta-

tion of polymorphonuclear leukocyte nuclei. If biopsied, the
bone marrow is markedly hypercellular. Nuclear immaturity
is present, but the megaloblasts have normal maturation of the
cytoplasm. Iron stores in the marrow are increased as a result of
the intramedullary hemolysis. Symptoms include fatigue; ex-
aggeration of pre-existing cardiovascular or pulmonary prob-
lems; a sore, pale, smooth tongue; diarrhea or constipation;
and anorexia. Edema and urticaria also may be present.

Vitamin B12 Deficiency Anemia
Vitamin B12 Metabolism
Deficiency and poor utilization of vitamin B12 are two mech-
anisms for the development of megaloblastic anemia. Cobal-
amin (vitamin B12) is naturally synthesized by microorgan-
isms, but because humans are incapable of doing so, vitamin
B12 must be provided nutritionally. Animal protein, and roots
and legumes of plants provide dietary sources of vitamin B12.
Meats richest in vitamin B12 include oysters, clams, liver, and
kidney; moderate amounts of vitamin B12 are found in muscle
meats, milk products, and egg yolks.

The typical Western diet contains 5 to 15 mcg/day of vitamin
B12, an amount sufficient to replace the 1 mcg lost daily. The
total body stores of vitamin B12 range from 2,000 to 5,000
mcg, 50% to 90% of which is stored in the liver.30 Because
body stores are extensive, 3 to 4 years are required before
symptoms of vitamin B12 deficiency develop.

In the stomach, the vitamin B12 is released from protein
complexes and bound to intrinsic factor, which protects it from
degradation by GI microorganisms. Intrinsic factor is essential
for the absorption of vitamin B12. Specific mucosal receptors
in the distal small ileum allow for attachment of the intrinsic
factor: B12 complex. B12 is then transferred to the ileal cell and
finally to portal vein blood. The intrinsic factor mechanism is
saturated by 1.5 to 3 mcg of B12; however, passive diffusion
can occur when B12 is present in large quantities.

After vitamin B12 is absorbed, it is bound to specific
β−globulin transport proteins, transcobalamin I, II, and III.
Transcobalamin II is responsible for transporting B12 through
cell membranes and delivering it to the liver and other or-
gans. All three of the transport proteins prevent loss of B12 in
the urine, sweat, and other body secretions. In the liver, vita-
min B12 is converted to coenzyme B12, which is essential for
hematopoiesis, maintenance of myelin throughout the entire
nervous system, and production of epithelial cells.31,32

Pathogenesis and Evaluation of Vitamin B12 Deficiency
Vitamin B12 deficiency can result from (a) decreased intake,
absorption, transport, and utilization; or (b) increased require-
ments, metabolic consumption, destruction, and excretion.
Strict vegetarians most frequently present with signs and symp-
toms of vitamin B12 deficiency. This population also can be
iron deficient and the microcytosis of iron deficiency ane-
mia can mask the vitamin B12 deficiency–induced macro-
cytic appearance of RBC. Other causes of vitamin B12 defi-
ciency include inadequate proteolytic degradation of vitamin
B12 from protein, or congenital intrinsic factor deficiency. In
addition, the gastric mucosa may be unable to produce intrin-
sic factor under conditions such as partial gastrectomy, au-
toimmune destruction (e.g., addisonian or juvenile pernicious
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anemia), or destruction of the gastric mucosa from caustic
agents.

Pernicious anemia can result in vitamin B12 deficiency. It
can be caused by chronic atrophic gastritis accompanied by
reduced intrinsic factor and hydrochloric acid secretion or ac-
quired as a result of gastrectomy, pancreatic disease, or malnu-
trition. Pernicious anemia occurs commonly in patients with
thyrotoxicosis, Hashimoto’s thyroiditis, vitiligo, rheumatoid
arthritis, or gastric cancer. Anti-intrinsic factor antibodies have
been observed in the serum of some patients with pernicious
anemia.

The onset of the pernicious anemia is insidious. Patients
generally do not feel well for 6 to 12 months and often complain
of at least two of the following triad of symptoms: weakness,
sore tongue, and symmetric numbness or tingling in the ex-
tremities. The neurologic symptoms of vitamin B12 deficiency
are associated with a defect in myelin synthesis and often are
described as stocking-glove peripheral neuropathy or nonspe-
cific complaints (e.g., tinnitus, neuritis, vertigo, headaches).
Patients with neurologic symptoms have difficulty determining
position and vibration sense and have an increase in deep ten-
don reflexes. These symptoms may progress to spastic ataxia,
motor weakness, and paraparesis. Interestingly, no correlation
exists between the extent of neurologic manifestations and the
severity of anemia. Anorexia, pallor, and dyspnea on exertion
are bothersome symptoms that may overshadow the diagnostic
triad.

Laboratory Evaluation
In general, the serum vitamin B12 level reliably reflects vitamin
B12 tissue stores. False low vitamin B12 concentrations may be
observed in patients with folic acid deficiency, transcobalamin I
deficiency, multiple myeloma, pregnancy, or in those who take
very large doses of vitamin C. Falsely elevated vitamin B12
concentrations may be observed in patients with myeloprolif-
erative diseases, hepatomas, autoimmune diseases, monoblas-
tic leukemias, and histiocytic lymphomas.33 Measuring serum
methylmalonic acid and homocysteine levels may assist in
differentiating between folate and vitamin B12 deficiency.
Once vitamin B12 therapy has been instituted, serum levels
of these chemicals decrease if true vitamin B12 deficiency is
present.

The cause of vitamin B12 deficiency may be determined
by the use of antibody testing (antiparietal cells and anti-
intrinsic factor antibodies). Patients with pernicious anemia
are not able to absorb vitamin B12 because intrinsic factor is
not available for binding. Some patients produce intrinsic fac-
tor but are still unable to absorb dietary vitamin B12. Malab-
sorption can be caused by intestinal bacteria that usurp vitamin
B12, achlorhydria, pancreatic insufficiency, inadequate disas-
sociation of vitamin B12 from proteins, or lack of intrinsic
factor receptors secondary to ileal loops, bypass, or surgical
resection.34

Pernicious Anemia
SIGNS, SYMPTOMS, AND LABORATORY FINDINGS

11. C.L., a 60-year-old Scandinavian man, is seen by a private
physician. C.L. has a 1-year history of weakness and emotional
instability. He also complains of a painful tongue, alternating con-
stipation and diarrhea, and a tingling sensation in both feet. Perti-

nent findings on physical examination include pallor, red tongue,
vibratory sense loss in the lower extremities, disorientation, mus-
cle weakness, and ataxia.

Significant laboratory findings include the following: Hgb,
9 g/dL (normal, 14 to 18); Hct, 29% (normal, 42% to 52%); MCV,
110 μm3 (normal, 76 to 100); MCH, 38 pg (normal, 27 to 33);
MCHC, 34% (normal, 33% to 37%); reticulocytes, 0.4% (nor-
mal, 0.5% to 1.5%); poikilocytosis and anisocytosis on the blood
smear; white blood cell (WBC) count, 4,000/mm3 (normal, 3,200
to 9,800); platelets, 105,000/mm3 (normal, 130,000 to 400,000);
serum iron, 80 μg/dL (normal, 50 to 160); TIBC, 300 g/dL (nor-
mal, 200 to 1,000); ferritin, 150 ng/mL (normal, 15 to 200); RBC
folate, 300 ng/mL (normal, 140 to 460); serum vitamin B12, 100
pg/mL (normal, 200 to 1,000); and anti-intrinsic factor antibody,
positive. What signs, symptoms, and laboratory findings are typ-
ical of pernicious anemia in C.L.?

[SI units: Hgb, 90 g/L; Hct, 0.29; MCV, 110 fL; MCH, 38 pg;MCHC, 0.34;
reticulocytes, 0.004; WBC count, 4,000/mm3 ×109/L; platelets, 105,000/mm3

× 109/L(normal, 250 to 400); iron, 14.38 μmol/L; TIBC, 53.91 μmol/L;
ferritin, 150 μ/L; RBC folate,679.8 nmol/L; vitamin B12, 73.78 pmol/L]

C.L.’s signs and symptoms are classic for pernicious ane-
mia. This disease occurs equally in both sexes (primarily in
individuals of northern European descent), with an average
onset of 60 years. Pernicious anemia develops from a lack of
gastric intrinsic factor production, which causes vitamin B12
malabsorption and, ultimately, vitamin B12 deficiency. C.L.’s
signs and symptoms of vitamin B12 deficiency include painful
red tongue, loss of lower extremity vibratory sense, vertigo,
and emotional instability.

The elevated MCV suggests megaloblastic anemia. Folate
and iron are two other factors that can affect the MCV and
should be evaluated during the workup of a patient for ane-
mia. In this case, C.L.’s folate and iron levels are normal, but
his serum vitamin B12 level is low. The presence of poikilocy-
tosis and anisocytosis observed in the blood smear represent
ineffective erythropoiesis. Other cell lineages also may be af-
fected in the bone marrow. Erythroid hypercellularity, along
with a decrease in the myeloid cells (leukocytes and platelets),
increases the erythroid:myeloid ratio in C.L. The patient’s low
serum vitamin B12 levels and the low results obtained from the
Schilling test are compatible with the diagnosis of pernicious
anemia.

TREATMENT

12. How should C.L.’s pernicious anemia be treated? How soon
can a response be expected?

C.L. should receive parenteral vitamin B12 in a dose suf-
ficient to provide not only the daily requirement of approxi-
mately 2 mcg, but also the amount needed to replenish tissue
stores (about 2,000 to 5,000 mcg; average, 4,000 mcg). To re-
plete vitamin B12 stores, cyanocobalamin can be given IM in
accordance with various regimens. C.L. may receive 100 mcg
of cyanocobalamin daily for 1 week, then 100 mcg every other
day for 2 weeks, followed by 100 mcg every 3 to 4 days for 2
to 3 weeks. A monthly maintenance dose of cyanocobalamin
(100 mcg) would then be required for the remainder of C.L.’s
life. Another treatment option may be cyanocobalamin (1,000
mcg) once a week for 4 to 6 weeks followed by 1,000 mcg/mo
for lifetime maintenance therapy.29 IM or deep subcutaneous
administration provides sustained release of vitamin B12 with
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better utilization compared with rapid IV infusion. An oral
or intranasal cyanocobalamin gel is also available for main-
tenance therapy, after the patient has achieved hematologic
remission.

With adequate vitamin B12 therapy, the following response
can be expected: Neurologic symptoms should improve within
24 hours. However, with longstanding vitamin B12 deficiency,
several months may pass before some symptoms are relieved;
other symptoms may never resolve. Hematologic parameters
should begin to improve within the first few days. The bone
marrow becomes normoblastic within 48 hours, the reticulo-
cyte count should peak around day 5 of therapy, and the Hct
should return to normal in 1 to 2 months. Because the rapid
production of RBC can increase potassium demand, serum
potassium should be monitored and potassium supplementa-
tion provided as necessary. Peripheral blood counts should be
obtained every 3 to 6 months to evaluate the adequacy of ther-
apy. If maintenance therapy is discontinued, pernicious anemia
will recur within 5 years.

Oral Vitamin B12

13. What factors affect the oral absorption of vitamin B12?
When is oral vitamin B12 therapy an effective alternative to par-
enteral therapy?

The amount of vitamin B12 that can be absorbed orally from
a single dose or meal ranges from 1 to 5 mcg; approximately 5
mcg of vitamin B12 is absorbed daily from the average Amer-
ican diet. The percentage of vitamin B12 absorbed decreases
with increasing doses. About 50% of a 1 to 2 mcg dose of vita-
min B12 is absorbed, whereas only about 5% of a 20 mcg dose
is absorbed.35 Doses >100 mcg must be ingested to absorb 5
mcg of vitamin B12. Oral therapy for pernicious anemia using
high dosages of oral cyanocobalamin (1,000 to 2,000 mcg) may
be indicated in certain patients, especially those who refuse or
cannot receive parenteral therapy.36,37 Overall, oral vitamin
B12 therapy is considered safe and effective.38 Patients can be
given 1,000 to 2,000 mcg/day for 1 month, followed by 125 to
500 mcg/day as maintenance treatment.39 Issues of noncom-
pliance or lack of response with oral therapy places the patient
at substantial risk for significant neurologic damage. Patients
receiving oral vitamin B12 therapy should be monitored more
frequently to ensure compliance with therapy.

Anemias After Gastrectomy

14. F.M. has just undergone a total gastrectomy for recurrent
nonhealing ulcers. What form(s) of anemia would be expected
to develop in a patient after gastrectomy? Should F.M. receive
prophylactic vitamin B12?

Partial or total gastrectomy often results in anemia, particu-
larly pernicious anemia, because the source of intrinsic factor
is lost, and oral vitamin B12 absorption will be impaired. The
hematologic and neurologic abnormalities associated with B12
deficiency do not develop until existing vitamin B12 stores are
depleted (about 2 to 3 years). Nevertheless, prophylactic vi-
tamin B12 should be administered to this patient after total
gastrectomy. Because the vitamin B12 stores are not currently
depleted, maintenance therapy, as discussed in Question 12,
should be adequate for F.M.

Malabsorption of Vitamin B12

SIGNS AND SYMPTOMS

15. P.G., a 55-year-old woman, complained of progressive con-
fusion and lethargy 9 months ago. A CBC at that time revealed
only mild leukocytosis. Today, she comes to the emergency de-
partment with a 4-week history of frequent (three to five per day)
stools containing bright red blood. She reports continued lethargy,
dizziness, ataxia, and paresthesias in her hands and feet.

Laboratory findings of interest include the following: Hgb, 12.8
g/dL (normal, 12 to 16); MCV, 90 μm3 (normal, 76 to 100); iron,
150 mcg/dL (normal, 50 to 160); B12, 94 pg/mL (normal, 200 to
1,000); folate, 21 ng/mL (normal, 7 to 25); hypersegmented poly-
morphonuclear leukocytes (PMN); bilirubin, 3.0 mg/dL (normal,
0.1 to 1.0); and lactate dehydrogenase (LDH), 520 U/L (normal, 50
to 150). A subsequent bone marrow aspirate demonstrates mega-
loblastic erythropoiesis, giant metamyelocytes, and a low stain-
able iron. A barium swallow and follow-through show numerous
jejunal and duodenal diverticuli. Jejunal and duodenal aspirates
reveal aerobic and anaerobic bacterial overgrowth. What signs,
symptoms, and laboratory findings are typical for vitamin B12

deficiency in P.G.?

[SI units: Hgb, 120 g/L; MCV, 90 fL; iron, 25.87 mcmol/L; B12, 69.35 pmol/L;
folate, 47.59 nmol/L; bilirubin, 51.3 mcmol/L; LDH, 520 U/L]

The signs and symptoms in P.G. that are consistent with
B12 deficiency include confusion, dizziness, ataxia, and pares-
thesias. Other signs and symptoms may be caused by other
underlying conditions. For example, her lethargy may be the
result of prolonged blood loss secondary to diverticulitis.

Notably, P.G. initially presented with a mild leukocytosis.
Evaluation 9 months later shows a low Hgb, a low serum vi-
tamin B12 level, and hypersegmented PMN. The high LDH
and bilirubin levels reflect intramedullary hemolysis of mega-
loblastic RBC consistent with vitamin B12 deficiency, even
though the MCV is within normal limits. The presence of
megaloblastic erythropoiesis and giant metamyelocytes in the
bone marrow also is consistent with vitamin B12 deficiency.

P.G.’s history of bloody stools and diverticuli suggests sub-
stantial long-term blood loss, which increased demand for iron
and vitamin B12 to replace RBC. Concurrent iron deficiency
can mask megaloblastic changes in RBC, which explains the
suspiciously normal MCV (dimorphic anemia). The serum fo-
late concentration is also falsely normal. Although the RBC
folate level is likely to be low, serum folate concentrations are
normal because monoglutamated folates leak from cells into
the serum in vitamin B12 deficient states.

TREATMENT

16. How should P.G.’s vitamin B12 deficiency be treated?

The cause of vitamin B12 malabsorption must be corrected
before P.G. is given oral vitamin B12 therapy. The presence
of diverticuli is not the cause of vitamin B12 malabsorption
because diverticuli typically do not extend into the distal ileum.
Instead, given P.G.’s medical history, the most likely cause of
vitamin B12 malabsorption is bacterial usurpation of luminal
vitamin B12. P.G. should first be treated with a broad-spectrum
antibiotic (e.g., tetracycline) or a sulfonamide for 7 to 10 days,
then begin daily oral vitamin B12 supplementation to replenish
her body stores. In this case, normal levels of intrinsic factor
permit oral therapy. The recommended daily dose of vitamin
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B12 is 25 to 250 mcg. Following antibiotic therapy, P.G. also
should begin to absorb vitamin B12 in her diet.

Folic Acid Deficiency Anemia
Folic Acid Metabolism
Folate is abundant in virtually all food sources, especially fresh
green vegetables, fruits, yeast, and animal protein. As a result
of food fortification, the average American diet provides 50 to
2,000 mcg of folate per day; however, excessive or prolonged
cooking (>15 minutes) in large quantities of water destroys
a high percentage of the folate that is contained in food.40

Human requirements for folate vary with age and depend on
the rate of metabolism and cell turnover but are generally
3 mcg/kg/day.40 The minimal daily adult requirement of folate
is 50 mcg, but because absorption from food is incomplete, a
daily intake of 200 mcg is recommended. Folate requirements
are increased in conditions in which the metabolic rate and
rate of cellular division are increased (e.g., pregnancy, infancy,
infection, malignancies, hemolytic anemia). The following are
estimates of daily folate requirements based on age and growth
demands: children, 80 mcg; infants, 65 mcg; pregnant or lac-
tating women, 400 to 800 mcg.37,40,41

Dietary folic acid is in the polyglutamate form and must
be enzymatically deconjugated in the GI tract to the mono-
glutamate form before it is absorbed. Once absorbed, the
inactive dihydrofolate (FH2) must be converted to active
tetrahydrofolate (FH4, folinic acid) by dihydrofolate reductase
(DHFR).

In contrast to the large stores of vitamin B12, the body’s
folate stores are relatively small (about 5 to 10 mcg). There-
fore, deficiency and subsequent megaloblastic anemia can oc-
cur within 3 to 4 months of decreased folate intake.

Predisposing Factors
Folate deficiency is most commonly associated with alco-
holism, rapid cell turnover, and dietary deficiency. In alco-
holics, the daily intake of the folate contained in food may
be restricted or absent. In addition, enterohepatic recirculation
of folate can become impaired by the toxic effect of alcohol
on hepatic cells. Folate deficiency also can develop during the
third trimester of pregnancy as a result of a marginal diet and the
rapid metabolism of the fetus. Folate coenzymes are required
for most metabolic pathways (Fig. 86-2). Therefore, folate de-
ficiency will develop in any condition of rapid cellular turnover
(e.g., hemolytic anemias, hemoglobinopathies, sideroblastic
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FIGURE 86-2 Intracellular metabolic pathways. Vitamin B12 and folic acid are both necessary for nucleic
acid precursors used for DNA synthesis. DHF, dihydrofolate; MP, monophosphate; TCII, transcobalamin
II; THF, tetrahydrofolate.
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anemia, leukemias, lymphomas, multiple myeloma) or a diet
lacking in folate (e.g., food faddism or a weight-loss diet).
Folate deficiency also can occur with chronic hemodialy-
sis, diseases that impair absorption from the small intestine
(e.g., sprue, regional enteritis), extensive jejunal resections,
and drugs that alter folate metabolism (e.g., trimethoprim,
pyrimethamine, methotrexate, sulfasalazine, oral contracep-
tives, anticonvulsants).37,42−44 Few patients have inborn errors
of folate metabolism.45

The evaluation of megaloblastic anemia must be thorough
because indiscriminate use of “shotgun” hematinic therapy
can be dangerous. Large doses of folate can partially re-
verse hematologic abnormalities caused by vitamin B12 de-
ficiency; however, folate cannot correct neurologic damage
caused by vitamin B12 deficiency. Therefore, folate deficiency
absolutely must be differentiated from vitamin B12 deficiency
before folate therapy is initiated. Otherwise, the progression
of the neurologic sequelae of vitamin B12 deficiency can
occur.

17. T.J., a malnourished-appearing woman in her second
trimester of pregnancy, presents to the local health clinic for her
regular checkup. She is a multiparous, 22-year-old woman who
ran away from home when she was 16. T.J. has a 7-year history
of excessive alcohol intake and has been using cocaine frequently
for 3 years. She lives with her boyfriend and her 19-month-old
daughter. During both pregnancies, T.J. lost 8 to 10 lb during
the first trimester secondary to nausea, vomiting, and anorexia.
Her only complaints are dyspnea on exertion, palpitations, and
diarrhea.

Pertinent laboratory values include the following: Hct, 25.5%
(normal, 40% to 44%); MCV, 112μm3 (normal, 76 to 100); MCH,
34 pg (normal, 27 to 33); RBC, 1.1 ×106/mm3 (normal, 3.5 to 5.0);
folate, 30 ng/mL (normal, in RBC 140 to 960); serum vitamin B12,
250 pg/mL (normal, 200 to 1,000); reticulocytes, 1% (normal, 0.5
to 1.5); platelets, 75,000/mm3 (normal, 130,000 to 400,000); WBC
count, 2,000/mm3 (normal, 3,200 to 9,800) with hypersegmented
PMN; LDH, 450 U/L (normal, 50 to 150); and bilirubin, 1.5 mg/dL
(normal, 0.1 to 1). T.J. is not taking any prescription medications.
What factors make T.J. at risk for folate deficiency?

[SI units: Hct, 0.255; MCV, 112 fL (normal, 76 to 100); MCH, 34 pg (nor-
mal, 27 to 33); RBC count, 1.1 × 109/L (normal, 3.5 to 5); folate, 67.98
nmol/L (normal, 317 to 2175); vitamin B12, 184 pmol/L; folate, 184.45 pmol/
(normal, 150 to 750); reticulocytes, 0.01; platelets, 75 × 109/L (normal, 130
to 400); WBC count, 2 × 109/L; LDH, 450 U/L (normal, 50 to 150); bilirubin,
25.65 mmol/L (normal, 2 to 18)]

T.J. has had a history of risk factors for folate deficiency
since she was 16 years of age. The diagnosis of folate deficiency
is plausible, considering folate deficiency can develop in a
matter of weeks to months. As with most patients who are folate
deficient, T.J. has more than one risk factor for folate deficiency.
Cocaine and alcohol, together with multiparity complicated by
anorexia, nausea, and vomiting, could lead to poor nutrition.
Alcohol has toxic effects on the intestinal mucosa and interferes
with folate utilization by the bone marrow. T.J. should be asked
specifically about her dietary habits and recent weight history.
She may have a folate-poor diet for financial reasons or because
she is overcooking her food. Alternatively, cocaine may be
causing anorexia. The nutritional intake of people who abuse
alcohol and drugs is often poor.

Diagnosis and Management

18. Which laboratory values support the diagnosis of folate de-
ficiency? How should T.J. be treated and monitored?

T.J.’s laboratory values reflect macrocytic anemia (Hct,
25.5%; MCV, 112 μm3) with pancytopenia (reduced number of
RBC, WBC, and platelets). Serum vitamin B12 concentrations
reflect normal vitamin B12 stores, but folate stores are inad-
equate as exemplified by the low RBC folate concentration,
pancytopenia, and macrocytic anemia.

Serum folate concentrations generally reflect folate balance
over the past 3 weeks, although one balanced meal can raise
serum levels and falsely elevate body stores. Tissue folate
stores are more accurately reflected by the RBC polygluta-
mated folate content, which is approximately 10 to 30 times
the corresponding serum folate concentrations.46 Hemolysis
or vitamin B12 deficiency causes leakage of monoglutamated
folates from cells, thereby falsely elevating serum folate
levels.28,29,47

T.J. should be counseled regarding her nutritional and so-
cial habits. Because the estimated total body folate store is
only about 5 to 10 mcg, 1 mcg of folic acid given daily for 2 to
3 weeks should be more than adequate to replace her storage
pool of folate. Higher dosages (up to 5 mcg) may be needed,
however, if absorption is compromised by alcohol or other
factors.48 Once stores are replenished, T.J. should continue fo-
late supplements throughout her pregnancy and lactation pe-
riod. She should be reassessed after the course of therapy to
determine response to therapy and if the cause of the folate de-
ficiency has been corrected. Supplementation with folic acid
1 mcg/day may be required as long as risk factors are present.
T.J.’s fetus is unlikely to develop folate deficiency because ma-
ternal folate is preferentially delivered to the fetus (see Chapter
46).

T.J.’s response to therapy can be monitored by several dif-
ferent parameters. Although bone marrow aspirates are not ob-
tained routinely, the RBC morphology should begin to revert
back to normal within 24 to 48 hours after therapy is initi-
ated, and hypersegmented neutrophils should disappear in the
periphery in about 1 week. Serum chemistry and hemogram
studies should begin to normalize within 10 days. The retic-
ulocyte count should increase by day 2 to 3 and peak by
day 10. LDH and bilirubin values should normalize in 1 to
3 weeks. Finally, the anemia should be corrected in 1 to 2
months. Once anemia is corrected, 0.1 mcg of folate as a nutri-
tional supplement should be adequate for maintenance treat-
ment. If patients with underlying vitamin B12 deficiency are
inappropriately treated with folate, neurologic sequelae will
persist, and macrocytic anemia will abate but will not resolve
completely.

SICKLE CELL ANEMIA
Pathogenesis
Sickle cell anemia is an inherited hemoglobin disorder char-
acterized by a DNA substitution where the β-globin gene is
located. Hemoglobin is a quaternary structure composed of
two α-globin chains and two β-globin chains (α2β2) in adults.
The β-globin gene locus encodes several globin gene products
during the course of development. These products result from



ANEMIAS � 86-13

transcription of the embryonic globin gene (ε), duplicated fetal
genes (γ ), and adult genes (β and δ). During fetal development,
the γ -globin is the primary β-globin expressed, forming fetal
hemoglobin (HbF or α2γ 2). Normally, the period from birth
to approximately 3 to 6 months of age is marked by the re-
placement of γ -globin with β-globin, giving rise to the adult
form of hemoglobin (HbA, α2β2). Low levels of γ -globin per-
sist throughout life, and HbF, present in F cells, may account
for approximately 1% of the total hemoglobin content.49,50 βS

represents the inheritance of the sickle β-globin gene.51

Sickle cell anemia results from a DNA substitution of thymi-
dine for adenine in the glutamic acid codon, forming a B6
valine instead of glutamic acid.50 The hemoglobin produced
from such a substitution has a more negative charge than nor-
mal HbA, and the deoxygenated state favors hemoglobin ag-
gregation and polymerization, which forms sickled RBC.49,50

Sickled RBC are more rigid and may become “lodged” when
passing through microvasculature, resulting in vascular occlu-
sions.

In addition, the sickled RBC surface contains rearranged
aminophospholipids, which augments the ability of the RBC
to initiate coagulation, adhere to vascular endothelium, and ac-
tivate complement. Abnormal interactions with other cell types
produce several complications such as anemia, vaso-occlusive
episodes, and multiorgan damage.49 For these reasons, much
effort has been focused on neonatal diagnosis to reduce mor-
bidity and mortality in children <3 years of age.52

More than one inheritance pattern results in abnormal
hemoglobin polymerization. Patients with sickle cell anemia
are homozygous, inheriting a sickle gene from each parent
(α2β

S
2), whereas patients with sickle cell trait are heterozy-

gous and have inherited the sickle cell gene from one par-
ent and the HbA gene from the other parent (α2β

AβS). Other
inheritance patterns include patients with a sickle cell gene
and an HbC gene (where glutamic acid is substituted for ly-
sine B6 [α2β

SβC]). Finally, patients may inherit the sickle cell
gene and the β-thalassemic gene (α2β

SβSthal), in which case
the clinical course is less severe than with patients diagnosed
with sickle cell anemia.53 Hematologic abnormalities are more
commonly observed in patients with sickle cell anemia and less
often in those with sickle cell HbC disease or sickle cell BO-
thalassemia.49,50

Laboratory Evaluation
Patients who have inherited the sickle cell gene are diagnosed
by electrophoretic procedures that separate different forms of
Hgb. Fetal hemoglobin levels vary among patients. The WBC
and platelet counts often are elevated, but the WBC differential
is normal.49 The reticulocyte count can range from 5% to 15%,
and the MCV may be elevated. If MCV values are within the
normal range, iron deficiency or BO-thalassemia must be con-
sidered. Sickled cells may also be visually observed in poorly
oxygenated blood of a patient with sickle cell anemia. In con-
trast, a patient with the sickle cell trait should have normal
RBC morphology and WBC, reticulocyte, and platelet counts.
Sickled cells are rarely observed. In patients with sickle cell
BO-thalassemia, hematologic abnormalities vary, depending
on the amount of HbA present. This form may be difficult to
distinguish from sickle cell anemia; RBC microcytosis may be
the only differentiating parameter.49

Clinical Course and Management
Patients carrying the sickle cell trait experience milder symp-
toms than those with sickle cell anemia. The kidney is com-
monly affected by microinfarction, which occurs in the renal
medulla and impairs the kidney’s ability to concentrate urine.
During pregnancy, an increased frequency of urinary tract
infections and hematuria are seen. However, vaso-occlusive
events are uncommon. If they do occur, they usually are caused
by hypoxic conditions resulting from excessive exercise or high
altitudes.

Sickle cell HbC disease is usually associated with few clin-
ical complications. These patients may have normal physical
examination findings with only splenomegaly. Patients are at
risk for bacterial infections and, because of elevated Hgb lev-
els, they may suffer from ocular, orthopedic, and pulmonary
vaso-occlusive events.49,53

Treatment of sickle cell anemia is largely directed toward
prophylaxis against infections and supportive management of
vaso-occlusive crises. The clinical course among patients with
sickle cell disease is variable and difficult to predict. Some
patients suffer from a multitude of health problems. Organs
such as the kidneys, retina, spleen, and bones are frequent sites
of vaso-occlusive events because these sites have a relatively
low pH and oxygen tension. Complications (e.g., pain, ane-
mia, and infections) as well as cardiac, pulmonary, neurologic,
hepatobiliary, obstetric/gynecologic, ocular, dermatologic, or
orthopedic complications can occur. The management of these
complications is organ specific and aimed at supportive inter-
ventions.

Hemolytic Anemia
Hemolytic anemia is caused by splenic sequestration of ab-
normal RBC. Sequestration reduces the RBC life span from
120 days to 15 to 25 days and elevates the reticulocyte count.
Erythropoietin response is typically blunted for the degree of
anemia, which can be a result of concurrent kidney dysfunc-
tion. Some patients may even experience aplastic anemia (bone
marrow failure) when extensive hemolysis is accompanied by
inadequate bone marrow response. It is usually self-limiting,
however. Human parvovirus (HPV) B19 is a common cause
of transient red cell aplasia (TRCA) with up to 67% of infec-
tions resulting in a hematologic change typical of aplasia.54

Nearly 70% of all cases of homozygous sickle cell patients are
HPV B19 seropositive by 20 years of age.55 Hemolytic anemia
can also present in patients with glucose-6-phosphate dehydro-
genase deficiency. Cardiac manifestations include high-output
failure secondary to anemia. Management of the underlying
anemia may include splenectomy following the first splenic
sequestration event. Alternatively, patients can be treated with
transfusions and careful observation.49,56

Infections
Infections commonly occur in patients with sickle cell ane-
mia because the complement pathway, granulocyte func-
tion, and B-cell immunity may be altered. Also, im-
paired splenic function increases the risk for infection from
polysaccharide-encapsulated bacteria such as Streptococcus
pneumoniae, Haemophilus influenzae, Neisseria meningitidis,
and Salmonella typhimurium. Pneumonia caused by S. pneu-
moniae, mycoplasma, or viruses can worsen hypoxia, causing
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progression to vaso-occlusion and acute chest syndrome (chest
pain in the presence of a local infiltrate on chest radiograph).
Because of such complications, the prophylactic adminis-
tration of penicillin has significantly reduced morbidity and
mortality from pneumonia in children <3 years of age57, but
prophylaxis is recommended to be continued through age 5.51

Pulmonary complications from pneumonia or vascular occlu-
sion also can lead to right-sided heart failure. Other infectious
conditions such as osteomyelitis from S. aureus or S. ty-
phimurium or urinary tract infections caused by Escherichia
coli are common complications in patients with sickle cell
anemia.49,51 Because of their susceptibility to infections, an-
tibiotic therapy should be instituted at the earliest sign of in-
fection. Vaccines that are recommended for patients with ho-
mozygous sickle cell include all standard pediatric vaccines as
well as pneumococcal 23-valent polysaccharide vaccine at 2
and 5 years of age with a booster every 10 years.51 Because
patients with sickle cell typically respond poorly, only 50% of
patients will be protected by vaccination.58

Vascular Occlusion Episodes
Vascular occlusion episodes, or “sickle cell crises,” cause se-
vere pain and organ damage. The pain typically lasts 2 to 6 days
and should be managed with narcotic analgesics (morphine or
morphine derivatives). Narcotic addiction may occur over time
but can be prevented by providing the patient with only a few
days supply of analgesics following the crisis.49,51

Neurologic Complications
Neurologic complications are age dependent. Stroke most
commonly occurs in the first decade of life, whereas intrac-
erebral hemorrhage is a complication associated with adult-
hood. Primary prevention of stroke with RBC transfusions,
targeted to maintain HbS level <30%, reduce the incidence
of stroke in high risk patients by 92%.59 If a stroke occurs,
approximately 50% of patients experience recurrent strokes
within 3 years unless they are treated by chronic RBC transfu-
sion therapy.50 Preliminary evidence suggests that transition-
ing from RBC transfusions to chronic hydroxyurea might be an
alternative option to prevent secondary stroke, is being further
investigated.60,61

Renal and Genital Complications
Renal and genital complications are common in sickle cell
disease because the environment (hypoxic, acidotic, and hy-
pertonic) predisposes the renal medulla or corpus caver-
nosum to infarction. As a result, patients might experience
reduced potassium excretion, hyperuricemia, hematuria, hy-
posthenuria, and renal failure. Patients with renal disease gen-
erally have inappropriately low levels of EPO as well. Men
experiencing occlusion of the corpus cavernosum can expe-
rience acute or chronic priapism. Conservative management
includes IV fluid administration and pain control. Refractory
cases may require surgery.49,51

Microinfarctions
Microinfarctions often produce ophthalmic, hepatic, orthope-
dic, and obstetric/gynecologic complications as well. Other
references address these topics in more detail.49,56

Treatment for Frequent Vaso-occlusive Crises
Hemoglobin F (HbF) has a protective effect against
hemoglobin polymerization. Investigators have observed that
patients with HbF levels >20% experience a relatively mild or
benign course with fewer vaso-occlusive crises.46 Hydroxyurea
has been found to increase HbF synthesis, which, in turn, may
decrease sickling of RBC and the occurrence of disease-related
complications.48,62,63 Hydroxyurea is used prophylactically
in patients with recurrent moderate to severe vaso-occlusive
crises, but not in treatment of the crises. The use of hydrox-
yurea in the sickle cell population should be carefully weighed
for risk-versus-benefit, because this drug is a cytotoxic agent
associated with bone marrow suppression. Patients taking hy-
droxyurea should have bone marrow studies performed before
therapy and periodically during therapy.64 Other adverse effects
of hydroxyurea include GI effects (nausea, vomiting, diarrhea),
dermatologic effects (macular papular rash, pruritus), and po-
tential risk of developing a secondary neoplasm (leukemia)
with prolonged use. The treatment dose of hydroxyurea for
sickle cell anemia is 15 to 35 mg/kg/day. Following initiation of
hydroxyurea therapy, blood counts should be monitored closely
and the dose adjusted accordingly. Several clinical trials evalu-
ating hydroxyurea show improvement in the clinical course of
patients with sickle cell anemia.62,65 Other areas of potential
promise for the treatment of sickle cell anemia include bone
marrow transplantation and gene therapy.66,67

Clinical Assessment

19. J.T., an 18-year-old man with sickle cell anemia, presented
to the emergency department with the chief complaint of rapid
onset of abdominal pain and shortness of breath. Since infancy,
J.T. has been severely incapacitated by his disease.

During early childhood, he experienced several episodes of
acute pain, swelling of the hands and feet, and jaundice. Three
years before this admission, J.T. required a left hip replacement
secondary to bony infarctions. Recently, frequent blood transfu-
sions have reduced the frequency of sickling crises.

Physical examination reveals J.T. as a thin black man in
acute distress and with scleral icterus. He has a pulse of 110
beats/minute, a respiratory rate of 18 breaths/minute, and a tem-
perature of 98.6◦F. His lungs are clear, and cardiac auscultation
reveals a hyperdynamic pericardium and a systolic murmur at the
left sternal edge. Splenomegaly is noted, and a chest radiograph
reveals only cardiomegaly.

A CBC is obtained. Notable results include the following:
Hgb, 5.5 g/dL (normal, 14 to 18); Hct, 25% (normal, 42% to
52%); WBC count, 5,000/mm3 (normal, 3,200 to 9,800); platelets,
325,000/mm3 (normal, 130,000 to 400,000); reticulocyte count,
1% (normal, 0.5 to 1.5%); bilirubin, 5.8 mg/dL (normal, 0.1 to
1.0); serum creatinine (SrCr), 3.0 mg/dL (normal, 0.6 to 1.2); and
blood urea nitrogen (BUN), 52 mg/dL (normal, 1 to 18). The pe-
ripheral blood smear shows target cells with an occasional sickled
cell. What signs and symptoms are consistent with sickle cell ane-
mia? What is J.T.’s current complication?

[SI units: Hgb, 55 g/L; Hct, 0.25; WBC count, 5 × 109/L; platelets, 325 ×
109/L; bilirubin, 99.18 μmol/L; SrCr,265.2 μmol/L; BUN, 18.56 mmol/L
urea]

Based on the presence of splenomegaly and anemia with tar-
get and sickled cells, J.T. currently is presenting with an acute
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splenic sequestration crisis. Splenomegaly rapidly evolves over
several hours and is accompanied by progressive anemia. The
low reticulocyte count is consistent with acute sequestration
because a reticulocyte response would be expected if the ane-
mia had developed in recent days. J.T.’s inadequate reticulocyte
response may reflect rapid progression of the anemia, HPV B19
infection, or a blunted EPO response secondary to compro-
mised renal dysfunction. The hyperdynamic pericardium and
systolic murmur are consistent with the high cardiac output
required to deliver oxygen in an anemic state.

20. How should J.T. be treated?

J.T.’s signs and symptoms are sufficiently serious to jus-
tify transfusion therapy. In addition, J.T. should be adequately
hydrated, considering his elevated serum creatinine and BUN.
Because patients with sickle cell anemia often lose the ability to
concentrate urine, they may become dehydrated, which further
contributes to cell sickling. Pain control also should be aggres-
sively instituted for J.T.’s comfort and should be continued for
a few days after hospital discharge (also see Chapter 8, Pain
and its Management). Splenectomy may be indicated in in-
stances of severe splenomegaly, repeated infarction, or pain in
adults, and it is indicated when crises occur in children. Those
patients with sickle cell anemia who are bedridden should be
placed on chronic heparin therapy to prevent vascular occlu-
sions and deep vein thrombosis.

ANEMIA OF CHRONIC DISEASE
Anemia of chronic disease (ACD) refers to a mild to moderate
anemia associated with a number of disorders (e.g., rheumatoid
arthritis [RA], systemic lupus erythematosus, chronic infec-
tions, chronic renal failure, acquired immunodeficiency syn-
drome [AIDS], neoplastic disease).68 Because of the common
occurrence of such conditions, ACD is encountered frequently
and has been estimated to be the second most common anemia
behind iron deficiency. Most often, ACD is a normochromic,
normocytic anemia, although red cells may be hypochromic
and microcytic in some patients. Serum iron and total iron-
binding capacity are most often decreased, whereas iron stores
(as reflected by serum ferritin) are usually normal or increased.
Erythropoietin levels in the serum may be increased, although
not to an extent appropriate for the degree of anemia. This im-
plicates bone marrow failure, in the setting of increased EPO,
as the primary cause of the anemia associated with chronic
diseases.69

Although the pathogenesis of ACD is not well understood,
inflammatory cytokines are thought to play a major role in
its development through multiple mechanisms.68 Interferon-α
(IFN-α), -β (IFN-β), -γ (IFN-γ ), tumor necrosis factor-α
(TNF-α), and IL-1 inhibit burst BFUe and CFUe proliferation
and differentiation. Competition for EPO receptors by IFN-γ
and TNF-α may possibly lead to EPO resistance. IL-1 and
TNF-α also inhibit hepatic and renal expression of EPO mes-
senger RNA (mRNA), further contributing to the development
of ACD. Interleukin-6 (IL-6) promotes expression of hepcidin,
a 25-amino acid protein produced in hepatocytes.70 Hepcidin
alters iron hemostasis by decreasing duodenal iron absorp-
tion and inhibiting the release of reticuloendothelial iron stores
leading to hypoferremia and, therefore, blunted bone morrow
erythrocyte production.

Management of mild to moderate ACD usually focuses on
the underlying disease process. Anemia of chronic disease is
not usually progressive or life-threatening, although it gener-
ally affects a patient’s quality of life. Patients may require blood
transfusions for symptomatic anemia. Unless a concurrent de-
ficiency of vitamin B12, folate, or iron exists, administration
of vitamin supplements is not of value. Recombinant human
EPO (rhEPO) has been used successfully to treat ACD in pa-
tients with RA, AIDS, some neoplastic diseases, and chronic
kidney disease68; however, medication costs can be signifi-
cant and may outweigh benefits from the treatment of modest
anemia.71 Patients are less likely to respond to rhEPO if base-
line serum EPO and inflammatory cytokine levels are elevated.
Although serum iron often is decreased, reticuloendothelial
iron stores are usually adequate, and treatment with iron is not
warranted.68

Human Recombinant Erythropoietin Therapy
Human recombinant erythropoietin therapy is indicated for
use in anemia associated with end-stage renal disease, drug-
induced anemia (chemotherapy and zidovudine therapy),
AIDS; in patients with low endogenous EPO levels; and with
autologous blood transfusions for elective surgery. Previously,
blood transfusions temporarily deterred symptomatic anemia
of chronic disease; however, transfusion therapy is associated
with risks such as hepatitis, viral infections, iron overload,
treatment-related acute lung injury (TRALI), and immuno-
genic reactions. Studies with rhEPO show that response is
both dose dependent and dependent on the underlying cause
of anemia.72,73 Variables that may predict patient response
are both patient specific and disease specific and are not al-
ways reliable. For example, response to rhEPO in chronic re-
nal failure is dose related and can vary among patients with
chronic renal failure.74 Repeated dose escalations may oc-
cur during therapy until a desirable hemoglobin response is
achieved.75,76 Approximately 75% of patients with cancer re-
spond to rhEPO.77 Response in this population also is dose
related, and therapeutic doses are often higher in those patients
than in those with renal failure. Lower rhEPO response rates
are seen in patients who have received intensive chemotherapy
or radiotherapy.73 In evaluating response to rhEPO, param-
eters such as increased serum ferritin, decreased transferrin
saturation, increased corrected reticulocyte count, decreased
transfusion requirements, and increased Hgb and Hct values
have been used. Lack of response to rhEPO therapy in all
patient populations is most commonly associated with iron
deficiency.68,78 The ability of rhEPO to stimulate the produc-
tion of erythrocytes normal in both size and hemoglobin con-
centration is highly dependent on the availability of functional
iron.78

Darbepoetin alfa is an erythropoiesis-stimulating protein
that differs from rhEPO by the addition of two carbohydrate
chains. The significance of the additional carbohydrate chains
is an increased sialic acid content that results in decreased
clearance, and a serum half-life for darbepoetin alfa that is
three times longer than that of rhEPO. These kinetic differences
allow darbepoetin alfa to be administered less frequently than
rhEPO. Similar to rhEPO, hemoglobin response to darbepoetin
is dose related. Most patients with chronic kidney disease79,80

and cancer achieve the desired hemoglobin response with
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Table 86-8 Therapeutic Uses and Regimens for Recombinant Human Erythropoietin (rhEPO)a

Epoetin Alfa c Darbepoetin Alfa c Time to Overall
Respond Response

Anemia Pathogenesis b Dose (U/kg) Frequency Dose(mcg/kg) Frequency (wk) Rate (%)

Acquired immunodeficiency
syndrome (AIDS)

100 3× /wk 8–12 17–35

Chemotherapy-induced
malignancy

150 or 40,000 U
(total dose)

3× /wk or once a
week, respectively

2.25 or 500 mcg
(total dose)

Once a week or once every
3 weeks, respectively

2–8 32–61d

48–83e

Renal insufficiency 50–100 3× /wk 0.45 Once a week 2–8 90–97

aAdult dosing: twelve- to sixteen-week course of rhEPO therapy.
bPatients with AIDS with endogenous erythropoietin levels ≤500 U/L; zidovudine dose ≤4,200 mg/wk.
cModerate dose escalation is indicated if a partial response is observed after 4 to 8 weeks of therapy.
d Epoetin alfa.
eDarbepoetin alfa.

darbepoetin treatment.81 Table 86-8 illustrates current thera-
peutic uses of rhEPO and darbepoetin alfa.

Renal Insufficiency-Related Anemia

21. K.S., a 35-year-old man with a 25-year history of diabetes
mellitus, is diagnosed with renal failure and placed on hemodialy-
sis three times weekly. One year later, K.S. is noted to have become
increasingly transfusion dependent for correction of his anemia.
Significant laboratory values include the following: Hgb, 7 g/dL
(normal, 14 to 18); Hct, 26% (normal, 42% to 52%); ferritin, 360
ng/mL (normal, 15 to 200); and serum iron, 98 μg/dL (normal,
50 to 160). In addition, K.S. complains of constant fatigue, poor
appetite, and a low energy level. What treatments are available to
correct K.S.’s anemia?

[SI units: Hgb, 70 g/L;Hct, 0.26; ferritin, 1265.4 mmol/day; iron, 17.55
μmol/L]

Unlike the anemia associated with most chronic diseases,
the hematocrit of patients with chronic renal failure often is
markedly reduced. The cause of the anemia is complex but in-
volves reduced EPO production and a shortened RBC life span.
Previously, these patients were treated with transfusions and
androgens.82 Although effective, repeated transfusions cause
complications, such as iron overload, infections, reactions to
leukocyte antigens, or the development of cytotoxic antibodies.

Because EPO is secreted in the kidney in response to anoxia
and is responsible for normal differentiation of RBC from other
stem cells, rhEPO is used to treat anemia in patients with renal
failure who are undergoing hemodialysis, and K.S. is a candi-
date for this therapy. A dose-dependent rise in Hct is observed
in patients with end-stage renal disease at a usual dosage range
of epoetin alfa 50 to 100 U/kg three times weekly or darbe-
poetin alfa 0.45 mcg/kg. Patients such as K.S. who have renal
insufficiency appear to be predisposed to rhEPO-induced hy-
pertension. Adverse effects include functional iron deficiency
preceded by an elevated reticulocyte count and a change in the
rate of hematocrit rise.83 Seizures also have been reported in ap-
proximately 5% of patients with end-stage renal disease75 (also
see Chapter 32, Chronic Renal Disease). Targeting higher con-
centrations of Hgb (>12 g/dL) are associated with increased
mortality and adverse effects.84

Malignancy-Related Anemia

22. T.K. is a 45 year-old woman with non-Hodgkin’s lymphoma
diagnosed 2 months ago. She is being seen for her third of six
cycles of chemotherapy. She complains of shortness of breath and
fatigue when she walks up stairs. The only medication T.K. takes
is ibuprofen 200 mg PRN for occasional headaches. Her CBC
indicates the following: Hgb, 9.7 g/dL (normal, 12 to 16); Hct,
29% (normal, 40% to 44%); MCV, 90 μm3 (normal, 81 to 99);
MCHC, 30% (normal, 33% to 37%); serum erythropoietin, 29
U/L (normal, 4 to 26). The peripheral smear shows normochromic
and normocytic RBC. What is the most likely cause of T.K.’s
anemia? What is the appropriate treatment?

T.K. appears to have malignancy-related anemia, which
is often characterized as anemia of chronic disease or is
chemotherapy induced. This anemia is generally normocytic
and normochromic and develops when a disease has persisted
for >1 to 2 months. Generally, the anemia is mild or moderate,
with a limited number of distinguishing characteristics. As with
T.K., the anemia is often asymptomatic or mildly symptomatic
(weakness, decreased exercise tolerance). RBC hypochromia
may or may not be present, and RBC size is generally normal
unless the patient has an underlying iron deficiency anemia.
The reticulocyte count is usually low or within normal limits.
Both the serum iron and TIBC are decreased and transferrin
saturation is usually less than normal.85 Serum ferritin is a re-
liable measurement of iron stores in patients with chronic dis-
ease. Serum ferritin usually is increased, but may be normal; if
the anemia is caused by iron deficiency, ferritin values will be
decreased. A bone marrow aspirate would reveal an elevated
hemosiderin content. Factors that can influence the incidence
of chronic anemia in patients with cancer are the type of ma-
lignancy, the stage and duration of disease; the type, schedule
and intensity of treatment; and history of prior myelosuppres-
sive chemotherapy or radiation.73 Although the prevalence of
malignancy-related anemia is difficult to quantify, about 50%
to 60% of patients with non-Hodgkin’s lymphoma, multiple
myeloma, or treatment for ovarian and lung cancer develop ane-
mia that requires blood transfusions. The myelosuppressive and
anemia-inducing effects of platinum agents (e.g., cisplatin, car-
boplatin), are well known.86 These and other myelosuppressive
agents are widely used in the treatment of many malignancies,
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and patients receiving therapy should be appropriately moni-
tored for the development of anemia. Anemia of chronic dis-
ease does not respond to treatment with iron, vitamin B12,
or folic acid, unless there is an associated vitamin deficiency.
Therapy is directed at treatment of the underlying disease,
if possible. Large, randomized, multicenter trials have failed
to show a clinical benefit to using erythropoietic stimulating
agents (ESA) in anemia which is not chemotherapy-induced.87

Furthermore, mortality was either increased or trended in that
direction in recent trials of anemic patients with head, neck,
breast, and lung cancer receiving ESA.88 Because of these
findings, a black-box warning was added to epoetin alfa and
darbepoetin alfa product information to advise about increases
in serious adverse events or disease progression for these pa-
tient populations.89–91 ESA are not recommended for anemic
patients with cancer who are not receiving chemotherapy or
radiotherapy.89–91

In T.K.’s case, the clinician may choose from a number of
anemia management options. For example, the current course
of chemotherapy can be delayed to allow for hematologic re-
covery and resolution of anemia symptoms. Alternatively, an
RBC transfusion can be given to relieve her symptoms and
allow her to better tolerate chemotherapy. In addition, ery-
thropoietic therapy with epoetin alfa or darbepoetin alfa also
should be considered. Treatment with epoetin alfa or darbepo-
etin alfa increases Hct and Hgb, decreases the need for blood
transfusions, and improves quality of life. In clinical studies,
response rates are 70% to 80%. Therapy is very well tolerated,
with most adverse events being attributable to chemotherapy
or the underlying disease. Unlike in the chronic kidney dis-
ease population, hypertension is infrequently experienced in
patients with cancer.92–94

If treatment with epoetin alfa is desired for T.K., therapy
can be administered at an initial dose of 150 U/kg subcuta-
neously three times a week.95 Alternative dosing regimens,
such as 10,000 U three times a week or 40,000 U once a week,
have proved to be safe and effective in terms of hematopoietic,
quality of life, and transfusion effects.93,96 Response can be
assessed initially by monitoring the reticulocyte count, which
should peak by day 10 of treatment. A positive rhEPO response
also can be predicted by observation of an increased serum fer-
ritin and decreased transferrin saturation. Epoetin alfa usually
is administered for a minimum of 4 weeks, although an increase
in Hgb and Hct values should be noted after 2 to 4 weeks. If
no hematopoietic response (increase in Hgb by 1 to 2 g/dL) is
noted by the fourth to eighth weeks, an additional 4 to 8 weeks
of therapy should be considered at an increased dose.97 Com-
mon dose escalation schedules include 300 U/kg three times
a week if initially treated with 150 U/kg three times a week
dosing97,98 or 60,000 U once a week if initially on 40,000 U
once a week dosing.99 The most common cause of nonresponse
to erythropoietic therapy is iron deficiency. Functional iron de-
ficiency occurs when iron stores are unable to be mobilized at
a rate sufficient to satisfy the increased demand brought about
by amplified bone marrow activity, which occurs with ery-
thropoietic therapy.97 Nonresponders should be evaluated for
functional iron deficiency and given iron supplement, as ap-
propriate, at any point during erythropoietic therapy. For those
who do not respond despite appropriate dose modifications,
continuation of therapy for >6 to 8 weeks is not beneficial.100

Once hemoglobin and hematocrit parameters have increased

sufficiently to relieve symptoms, the epoetin alfa dose should
be reduced every 2 to 3 weeks until the lowest dose required
to maintain these levels has been reached. In addition to labo-
ratory monitoring, patients should be asked about their symp-
toms, such as fatigue, exercise tolerance, and quality of life at
frequent intervals while on therapy.

Darbepoetin alfa is also a treatment option for T.K. Initial
dosing of darbepoetin alfa is 2.25 mcg/kg subcutaneously once
a week.81 Also, clinical studies of darbepoetin 200 mcg admin-
istered every 2 weeks and 300 mcg or 500 mcg administered
every 3 weeks have reported beneficial hematopoietic effects
and decreased transfusion requirements.93,94,101 Therapy re-
sponse should be monitored in the same manner as epoetin
alfa, with dose escalation considered after 6 weeks of therapy
for nonresponders.76

AIDS-Related Anemia

23. J.M., a 37-year-old man, is currently calling his pri-
mary physician with complaints of acute worsening of short-
ness of breath and pounding in his chest. J.M. has a known
history of AIDS and has had recent episodes of Pneumocystis
carinii pneumonia (PCP) and cytomegalovirus (CMV) esophagi-
tis. J.M. also has complained of frequent diarrhea. Trimethoprim-
sulfamethoxazole was given intravenously for treatment of PCP;
however, J.M. complained of fever while on maintenance therapy.
J.M. is currently taking the following medications: dapsone 100
mg/day PO for PCP prophylaxis, ganciclovir 325 mg IV Monday
through Friday for CMV prophylaxis, indinavir 800 mg PO Q 8
hours, lamivudine 150 mg PO BID, zidovudine 300 mg PO BID,
fluconazole 100 mg/day PO PRN for thrush, and Imodium liquid
5 mL PRN for diarrhea.

The only remarkable findings on physical examination include
a respiratory rate of 24 breaths/min and a heart rate of 120
beats/minute. A chest examination reveals that J.M. is tachyp-
neic and has bilateral dry rales. The Hickman catheter in the left
subclavian vein appears dry and clean. Further workup of J.M.’s
illness includes an unremarkable chest radiograph and negative
cultures of the blood and sputum. The CBC includes normal WBC
and platelet counts. Abnormal values include the RBC count of
3,300/mm3 (normal, 4,500 to 6,200), Hgb of 9.1 mg/dL, Hct of 28%
(normal, 42% to 54%), and a CD4 of 387 cells/mm2 (normal, 440
to 1,600). The morphology of the RBC was moderately anisocytic,
normochromic, and normocytic. What factors can contribute to
J.M.’s anemia?

[SI units: RBC count, 3.3 × 109/L (normal, 4.5to 6.2); Hgb, 91 g/L; Hct, 0.28
(normal, 0.42 to 0.54)]

Anemia occurs in >70% of patients with AIDS and corre-
lates with the severity of the clinical syndrome.102 In this pa-
tient population, anemia is a risk factor for early death.102 Com-
mon symptoms such as fatigue, breathlessness, and difficulties
in mental concentration may contribute to this patient popula-
tion’s decreased quality of life.103 Antibody responses against
RBC have been documented in patients with AIDS,104 although
their role in the pathogenesis of AIDS has been challenged
(see Chapter 69, Pharmacotherapy of Human Immunodefi-
ciency Virus Infection, and Chapter 70, Opportunistic Infec-
tions in HIV-Infected Patients). Anemia occurs more often in
patients with opportunistic infections (Mycobacterium avium
intracellulare, Cryptococcus neoformans, and Histoplasma
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capsulatum), viruses (CMV, herpes simplex viruses type 1
and 2, and parvovirus B-19), or neoplasms.105 Approximately
1% of all AIDS-related anemias are related to parvovirus
and can be treated and reversed with IV gammaglobulin.106

Enhanced production of cytokines, such as TNF-α, also
may be correlated with hematologic abnormalities.69 Ane-
mia can be a consequence of various human immunodefi-
ciency virus (HIV) drugs (e.g., zidovudine, zalcitabine, di-
danosine, lamivudine)107–109 or other drugs often used to
treat AIDS-associated illnesses (e.g., bone marrow suppressive
chemotherapy, ganciclovir, trimethoprim-sulfamethoxazole,
dapsone).43 Kaposi’s sarcoma and lymphoma, which impair
normal bone marrow function, also can result in anemia in this
population.

Iron stores usually are adequate in patients with AIDS; yet,
the characteristics of anemia are similar to those present in
anemia of chronic disease: low serum iron and iron-binding
capacity or an elevated serum ferritin. Vitamin B12 defi-
ciency is a contributing cause to anemia in 15% to 30% of
these patients110–112 and is correlated with progression to
AIDS.113 Vitamin B12 malabsorption can result from HIV-
infected mononuclear cells within the lamina propia114 or ab-
normal binding of vitamin B12 to transport proteins. Alterations
in the utilization of vitamin B12 and folate110,115 can place a
patient at risk for hematologic toxicity of drugs such as zi-
dovudine and trimethoprim. Patients with AIDS generally do
not respond to vitamin B12 supplementation, however.116

As illustrated by J.M., HIV-associated anemia has a
characteristic RBC morphology, which is normochromic
and normocytic. Mild anisocytosis and poikilocytosis also
may be observed. Zidovudine-associated anemia is typically
macrocytic.117

Erythropoiesis is often defective in patients with AIDS, as
reflected by an inappropriately low reticulocyte count and an
increased or blunted erythropoietic response for the degree
of anemia.118,119 Treatment with rhEPO therapy increases the
quality of life and Hgb in HIV-infected adult patients regardless
of zidovudine use, CD4+ count, or viral load.120

J.M. has many risk factors for anemia of chronic dis-
ease, including AIDS and its accompanying predisposition

to malignancy and infection. He is also taking many medi-
cations (ganciclovir, zidovudine, and dapsone) that can induce
anemia.

24. J.M.’s physician determines that J.M.’s endogenous ery-
thropoietin level is 737 U/L (normal, 4 to 26). Is J.M. a candidate
for rhEPO? How can the best response to rhEPO be predicted?
What would an appropriate starting dosing regimen be?

Patients taking zidovudine (≤4,200 mg/week) who have
baseline EPO levels <500 IU/L experience a significantly
higher rate of increase in hematocrit compared with patients
with high baseline EPO levels.121 A patient who develops
macrocytic anemia with moderate EPO response (<500 IU/L)
may require moderate transfusion support in response to zi-
dovudine. A patient who develops normocytic anemia with a
high EPO response (>500 IU/L) may have substantial transfu-
sion requirements.122 A significant reduction in transfusion re-
quirements has been observed in those patients with macrocytic
anemia with moderate EPO response who are given rhEPO
40,000 U subcutaneously once weekly. Therefore, rhEPO may
be considered appropriate treatment for patients whose base-
line EPO level is <500 IU/L.

J.M.’s anemia is less likely to respond to rhEPO than patients
who have endogenous EPO levels <500 U/L. (Note: Although
this level far exceeds normal, high values are often seen in
anemias of chronic disease.) An rhEPO trial of therapy may
be initiated at 40,000 U once weekly. J.M. should be followed
by evaluating his RBC indices in another 6 to 8 weeks. If he
responds appropriately, the rhEPO dosage may be decreased
to the lowest dose necessary to prevent symptoms or RBC
transfusions. If J.M. has not responded after 4 weeks of therapy,
the dose should be increased to 60,000 U once weekly.123 If
J.M. does not respond to 60,000 U, it is unlikely that he will
benefit from further rhEPO therapy.
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OVERVIEW
Definitions
Drug-induced injuries of the blood are termed blood
dyscrasias. In this chapter, blood dyscrasias refer to adverse
effects that usually are not predictable or are not a direct ex-
tension of a drug’s pharmacologic action, and they occur in an
unknown, although usually small, number of persons exposed
to the agent in question. Thus, the decrease in white blood
cell (WBC) count that is seen in many patients receiving mar-
row suppressant cancer chemotherapy would not be considered
a blood dyscrasia. The same reaction in someone receiving
phenytoin for a seizure disorder would be considered a blood
dyscrasia. Exceptions exist and are addressed as necessary. The
five major types of drug-induced blood dyscrasias presented
are (a) hemolytic anemia, (b) thrombocytopenia, (c) agran-
ulocytosis or neutropenia, (d) aplastic anemia, and (e) pure
red cell aplasia. A consensus conference proposed standard-
ized definitions and general criteria for drug-induced blood
dyscrasias.1 These definitions are discussed in specific sec-
tions of the chapter. Older reports have used similar, although

not necessarily identical definitions and criteria, and not all
authors have adopted these standards.

Epidemiology
One study suggests that a substantial proportion of blood
dyscrasias could be attributable to drug treatment.2 Accurate
estimates of the incidence of drug-induced injuries, including
drug-induced blood dyscrasias, are generally not obtainable.
Controlled clinical trials provide incidence estimates of com-
mon adverse reactions; however, rare, serious events might not
be detected because of the relatively small number of subjects
exposed to drugs in clinical trials.

Adverse drug reaction reporting systems such as the U.S.
Food and Drug Administration’s (FDA) Medwatch program
rely on spontaneous reports by health professionals and pa-
tients, and do not capture all adverse events. Thus, spontaneous
reports cannot provide a reliable numerator for calculating the
incidence of adverse reactions. Likewise, prescription sales
data used to approximate a denominator in an incidence cal-
culation can only estimate the true number of persons exposed
to a drug.
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Under-reporting is a widely recognized problem in postmar-
keting adverse reaction reporting systems. Studies have docu-
mented that only 10% to 15% of serious adverse reactions are
reported.3,4

Spontaneous reporting systems by themselves do not give
an accurate insight into the incidence of adverse drug reac-
tions, and often spontaneous adverse event reporting rates are
misinterpreted as the incidence of adverse reactions.

The FDA has addressed the misinterpretation of event re-
porting rates in some drug safety labeling changes. For ex-
ample, thrombotic thrombocytopenic purpura (TTP) was not
seen during clinical trials with the antiplatelet drug ticlopidine
(Ticlid), but U.S. physicians reported approximately 100 cases
between 1992 and 1997. Based on an estimated patient expo-
sure of 2 to 4 million, and assuming an event reporting rate of
10% (the true rate is not known), the incidence of ticlopidine-
associated TTP could be as high as 1 case in every 2,000 to
4,000 patients exposed to the drug.5

Spontaneous reporting of suspected drug-induced blood
dyscrasias is of greatest value in hypothesis generation and for
the detection of new associations. Under specific conditions,
spontaneous reports analyzed with prescription sales data can
give a fairly accurate estimate of the relative and absolute risk.
Calculating the risk using exposure data expressed in patient
years might underestimate the risk for long-term treatment. For
example, if the risk is highest during the first 3 months of treat-
ment the denominator will include a long period of low risk.
On the other hand, risk could be overestimated for short-term
treatment when the number of prescriptions is probably a less
inaccurate denominator.

In addition to under-reporting, selective reporting is an-
other problem. As a result, spontaneous reports are particu-
larly vulnerable to bias when comparing risks with different
drugs within a class or between drug classes. Comparative risk
estimates, although vital, are complicated when old drugs are
compared with new drugs. In situations when the risk is higher
at the beginning of treatment, a population treated with a new
drug will always contain a higher proportion of vulnerable pa-
tients than those who have tolerated an older drug over time.
The best comparison in such cases is to include only first-time
users in both groups.6

For these reasons, spontaneous reporting data must be in-
terpreted with caution. Spontaneous reporting systems have
been developed for signal generation and, thus, must sacri-
fice specificity for sensitivity. This can lead to possible false
associations. Moreover, some well-known associations (e.g.,
heparin and thrombocytopenia) are not reported because the
association already has been established. Voluntary reporting
of suspected drug-induced blood dyscrasia and other adverse
drug events to the FDA is critical to the prompt identification
of drug-induced safety-related problems.

DRUG-INDUCED HEMOLYTIC ANEMIA
Drug-induced hemolysis refers to an increased rate of red cell
destruction, caused directly or indirectly by a drug. Destruction
can occur within the blood vessels (intravascular hemolysis) or
outside the vascular space (extravascular hemolysis). Anemia
develops when the rate of hemolysis exceeds the rate that bone
marrow is capable of replacing destroyed cells.

Drugs can induce red cell destruction by several mecha-
nisms. The first is by a direct toxic effect on cells as a result

of genetically determined enzymopathies or hemoglobino-
pathies. The red blood cells (RBC) of patients with these in-
herited abnormalities are predisposed to lysis when exposed
to drugs or chemicals that would otherwise not have any pre-
dictable toxic effect. Second, several drugs can elicit an im-
mune response that results in destruction of normal RBC.
This occurs idiosyncratically (i.e., patients cannot be identi-
fied prospectively as being predisposed).7

More than 70 drugs are known to cause either positive di-
rect antiglobulin tests (DAT) or immune hemolysis. Second-
and third-generation cephalosporins, diclofenac, fludarabine,
carboplatin, oxaliplatin, and β-lactamase inhibitors are among
the drugs associated with severe or fatal hemolysis.8,9

Intravascular Hemolysis
Many drug-induced hemolytic anemias related to genetically
determined red cell defects, as well as some classified as
immune-mediated, are caused by destruction of RBC within the
vessels. Free hemoglobin, a potentially nephrotoxic substance,
is released into the bloodstream. The amount of hemoglobin
released from erythrocytes during extensive hemolysis over-
whelms the mechanisms that usually are capable of efficiently
removing hemoglobin (Hgb) from the circulation. Free Hgb
initially binds tightly to haptoglobin, a circulating α-globulin.
The resulting hemoglobin–haptoglobin complex is too large
to be filtered at the glomerulus and is removed from the cir-
culation by the fixed macrophages of the reticuloendothelial
system. This occurs primarily in the liver, where the heme
portion of the hemoglobin molecule is converted to biliru-
bin, iron is conserved, and serum levels of haptoglobin fall.
Laboratory changes characteristic of hepatic hemoglobin and
bilirubin metabolism resulting from extravascular hemoly-
sis (e.g., hyperbilirubinemia, urobilinogenuria) also are ob-
served. If the hemoglobin-binding capacity of haptoglobin is
exceeded, either by an acute, severe, or ongoing hemolysis,
some hemoglobin will be renally filtered.

The cells of the proximal tubule reabsorb hemoglobin, but
as in the case of glucose, there is a threshold concentration
beyond which free hemoglobin will spill into the urine. The
reabsorbed hemoglobin is degraded to bilirubin and the iron is
converted to ferritin and hemosiderin. Bilirubin could appear
in the urine and, as the hemoglobin-injured tubular cells slough,
so will hemosiderin. Hemoglobin not bound to haptoglobin or
filtered at the glomerulus is metabolized to methemoglobin,
the hemin moiety of which can then dissociate and bind to the
circulating β-globulin, hemopexin. In severe hemolysis, the
hemin moiety of methemoglobin binds with circulating albu-
min to form methemalbumin; serum hemopexin levels will
decrease and methemalbumin will be detectable in the serum.
Hemin dissociates from albumin and binds to newly synthe-
sized hemopexin as depleted hemopexin supplies are replaced
(Fig. 87-1).

Extravascular Hemolysis
Most immune-mediated, drug-induced RBC destruction oc-
curs extravascularly. Reticuloendothelial cells phagocytize the
RBC. The heme portion of hemoglobin is metabolized to
unconjugated (indirect) bilirubin, which complexes loosely
with albumin in the bloodstream and is transported to the
liver where it is conjugated with glucuronic acid. When the
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FIGURE 87-1 Intravascular hemolysis. (See Figure 2-1 in Chapter 2, Interpretation of Clinical Laboratory
Tests, for bilirubin metabolism after secretion into the gut.)

increased rate of bilirubin formation exceeds the ability of the
liver to conjugate it, the serum concentration of indirect biliru-
bin increases and clinical jaundice can result. The conjugated
(direct) bilirubin is passed from the liver to the intestine where
it is metabolized to urobilinogen. Most urobilinogen is excreted
in the feces, but part is reabsorbed and enterohepatically recy-
cled with some urobilinogen appearing in the urine (also see
Fig. 2-1 in Chapter 2, Interpretation of Clinical Laboratory
Tests).

Glucose-6-Phosphate Dehydrogenase Deficiency
Etiology
Red blood cells deficient in glucose-6-phosphate dehydroge-
nase (G6PD) are susceptible to hemolysis when exposed to
oxidative stress. The hexose monophosphate shunt in RBC
is responsible for maintaining glutathione in the reduced
state. Glutathione is an antioxidant that prevents oxidation of
hemoglobin to methemoglobin. Nicotinamide adenine dinu-
cleotide phosphate-oxidase (NADPH) is required to keep glu-

tathione in the reduced state and G6PD is needed to reduce
NADP to NADPH (Fig. 87-2). When RBC are deficient in
G6PD, the amount of NADPH is inadequate to keep glu-
tathione in the reduced state, free radicals accumulate intra-
cellularly, and the oxidation of hemoglobin to methemoglobin
cannot be prevented. Heinz bodies (condensations of precip-
itated, denatured hemoglobin) appear in the RBC. The now
fragile cells are removed from the circulation (lysed) prema-
turely, primarily while passing through the splenic pulp. It is
unclear whether methemoglobin contributes to Heinz body for-
mation or is merely a concomitant occurrence. The degree of
hemolysis is related both to the oxidant potential of the drug
and the dose.10

Epidemiology
Deficiency of G6PD is the most common metabolic disorder
of RBC and it has been estimated to affect over 400 million
individuals worldwide.11 The disorder is sex linked with trans-
mission from mother to son. Although the defect will be
fully expressed in males, female heterozygotes have a mix
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FIGURE 87-2 Nicotinamide adenine dinucleotide phosphate-oxidase (NADPH) is required to keep glu-
tathione in the reduced state, and glucose-6-phosphate dehydrogenase (G6PD) is needed to reduce NADP
to NADPH.
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of both normal and deficient RBC and correspondingly less
severe manifestations of disease. Many variant forms of the
enzyme have been identified, but the two most common are the
A-type (African) and the Mediterranean type. The less severe
A-variant affects about 10% of American blacks. G6PD ac-
tivity in the A-type usually is 5% to 15% of normal. In this
situation, patients remain asymptomatic except for episodes of
hemolysis precipitated by oxidant stress. Mediterranean-type
deficiency is associated with low levels of G6PD enzyme activ-
ity (e.g., in some patients <1% of normal). The RBC are more
susceptible to lysis in those with Mediterranean deficiency than
those with A-type deficiency. The more severe forms of G6PD
deficiency are most prevalent in people of southern European
ancestry, particularly Sardinian Italians, Greeks, and Kurdish
Jews in whom the prevalence is approximately 50%.12 Other
groups affected by G6PD variants include Sephardic Jews,
American Indians, and those of Asian or Arabian ancestry.13

Cases have been reported rarely in western European and Scan-
dinavian populations.

Classification
Deficiency of G6PD is genetically heterogeneous and about
400 different enzymes mutations have been reported.12 The
World Health Organization (WHO) has established criteria to
categorize different variant enzymes into five classes. Class I
variants are associated with chronic nonspherocytic hemolytic
anemia (CNSHA); class II variants have a G6PD activity of
<10% of normal; class III variants have an activity of 10% to
60% of normal; class IV variants have near-normal activity and
no clinical manifestations; and class V variants have increased
activity.14 The degree of hemolysis in all classes is related
both to the degree of enzyme deficiency and the strength of the
precipitating stimulus.

In the case of drugs, both the oxidant potential of the drug
and the dose contribute to severity. Even topical adminis-
tration of 1% silver sulfadiazine in a patient with extensive
burns and 10% G6PD activity has resulted in significant RBC
destruction.15 Nondrug inducers of hemolysis include infec-
tion, diabetic ketoacidosis, unknown factors during the neona-
tal period, and ingestion of fava beans. Fava beans (Vicia faba),
also known as broad beans, are a common dietary staple in
some parts of the world and can cause severe hemolysis in
some G6PD-deficient patients.

Features

1. F.S., a 55-year-old, Italian-American man, noted suprapu-
bic pain and burning on urination. Laboratory data included the
following values: Hgb, 14.0 g/dL (normal, 12–16 g/dL); hemat-
ocrit (Hct), 43.6% (normal, 38%–48%); WBC count, 7,500/mm3

(normal, 4,000–11,000/mm3); reticulocyte count, 0.5% (normal,
0.2%–2.0%); and normal serum electrolytes, bilirubin, pro-
thrombin time (PT), and activated partial thromboplastin time
(aPPT). Urinalysis (UA) was notable for 20 to 50 WBC/per high-
power field (HPF) and moderate bacteria. A tentative diagnosis
of cystitis was attributed to prostatic hypertrophy. Urine was sent
for culture, and F.S. was given a prescription for co-trimoxazole
(Bactrim, Septra) one double-strength tablet twice daily (BID).

Four days later, F.S. returned to the clinic noting that, although
his original symptoms had resolved, he was experiencing tired-
ness and that his urine had become dark. Current laboratory

values are as follows: Hgb, 9.9 g/dL; Hct, 32.5%; WBC count,
9,100/mm3; corrected reticulocyte count, 11%; total bilirubin,
3.8 mg/dL (normal, <1.0 mg/dL); and direct bilirubin, 0.7 mg/dL
(normal, <1.0 mg/dL). UA now reveals 0 to 5 WBC/HPF, no bac-
teria, and 4% blood. The urine also is positive for bilirubin and
urobilinogen. Physical examination is unremarkable except for
scleral icterus and a mild tachycardia.

How is the clinical picture of F.S. compatible with drug-
induced hemolysis caused by G6PD deficiency?

[SI units: Hgb, 140 g/dL and 99 g/dL, respectively (normal, 120–160); Hct,

0.436 1 and 0.325 1, respectively (normal. 0.36–0.48); WBC, 7.5 × 109 L and

9.1 × 109 L, respectively (normal, 4.0–11.0); reticulocytes, 0.005 and 0.11,

respectively (normal, 0.001–0.024); bilirubin, 65 μmol/L (total), 12 (direct)]

This clinical picture in a man of Mediterranean descent
is strongly suggestive for sulfamethoxazole-induced hemoly-
sis caused by G6PD deficiency. F.S.’s asymptomatic hemoly-
sis began 1 to 4 days after the drug was begun. F.S.’s serum
hemoglobin concentration began to fall and his urine became
dark secondary to increased levels of urobilinogen. In severe
cases, weakness and abdominal or back pain may occur and the
urine may become nearly black (because of pyrolic substances
produced from degradation of Heinz bodies). As F.S.’s levels of
indirect bilirubin rise, the presence of scleral icterus is noted.
Reticulocytosis is evident and could be attributed to the body’s
attempt to increase RBC production. In patients with class III
deficiency, the hemoglobin will begin to rise toward normal in
about 1 week because the younger RBC with greater G6PD
activity begin replacing the older, hemolysed RBC. Even with
continued drug ingestion, symptoms, if any, resolve and the
appearance of the urine becomes normal. With class II defi-
ciency, even the younger RBC are destroyed and significant
hemolysis with anemia continues unless the drug is stopped.
A G6PD deficiency can be confirmed by assaying G6PD activ-
ity. In F.S.’s case, it is too early to determine with certainty the
outcome if the drug were to be continued; the prudent course
would be to discontinue the co-trimoxazole and substitute an
appropriate nonoxidant agent. A cephalosporin or quinolone
antibiotic is a possible alternative; at this point, culture results
should be available and can be used to guide therapy.

2. Why did F.S.’s urine test positive for blood when no RBC
were present?

The urine tests for blood are based on the ability to de-
tect hemoglobin even after some or all of the RBC have dis-
integrated and are no longer visible microscopically on HPF.
Therefore, hemoglobin in the urine will result in a positive urine
test for blood. In this case, a positive test for hemoglobin in the
absence of RBC helps differentiate hemoglobinuria caused by
hemolysis from true hematuria.

Drugs

3. F.S. expresses surprise when he is informed of this reaction
to co-trimoxazole, because he has taken sulfa drugs in the past
without difficulty. Do all sulfa drugs have the same potential for
inducing hemolysis in patients with G6PD deficiency?

Many oxidant drugs have been reported to cause hemol-
ysis in G6PD-deficient patients. In many cases, causality
has not been well established. Several drugs, particularly an-
tipyretic and antibiotic agents, have been implicated in causing
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Table 87-1 Drugs and Chemicals Associated With
Hemolysis in G6PD Deficiency

Acetanilid Phenazopyridine Sulfanilamide
Furazolidone Phenylhydrazine Thiazolsulfone
Isobutyl nitrate Primaquine Toluidine
Methylene blue Sulfapyridine Trinitrotoluene
Naphthalene Sulfacetamide
Nitrofurantoin Sulfamethoxazole

G6PD, glucose 6-phosphate dehydrogenase.
From reference 10, with permission.

hemolysis when, in fact, hemolysis may have been precipitated
by the infections for which the drugs were prescribed. Other
drugs have been implicated through the use of in vitro enzyme
stability tests. The response of RBC in this enzyme stabil-
ity test does not necessarily correlate with significant in vivo
hemolysis, and this test also fails to measure the effect of drug
metabolites. The most reliable method of testing for hemolytic
potency is to administer the drug in question to normal vol-
unteers who have been infused with Chromium (Cr)-labeled
G6PD-deficient RBC.11

Drug-induced hemolysis in G6PD-deficient patients can be
somewhat confusing. Sulfamethoxazole, alone or in combina-
tion as co-trimoxazole, causes hemolysis in class II deficiency,
but class III-deficient patients may be at low risk if the daily
dose is 3.2 g or less.16 Sulfisoxazole does not cause signifi-
cant hemolysis at usually prescribed doses. Therefore, F.S.’s
hemolytic response to sulfamethoxazole, but not to sulfisox-
azole, is consistent with existing data. Table 87-1 lists other
drugs associated with significant hemolysis.

Management

4. How should F.S.’s G6PD deficiency be treated?

Other than discontinuation and avoidance of drugs and sub-
stances known to cause hemolysis, no specific therapy exists
for G6PD deficiency. If hemolysis is severe, RBC transfusion
may be necessary. The patient should be well hydrated to main-
tain a good urine flow to prevent or attenuate renal toxicity
from hemoglobin. Vitamin E and oral selenium have been sug-
gested as possible treatments for G6PD deficiency; however,
neither has proved of value.12 F.S. should be cautioned regard-
ing his G6PD deficiency and the deleterious effects of certain
drugs.

Immune Hemolytic Anemia
Drug molecules are potentially antigenic, but they are gen-
erally too small to elicit antibody production by themselves.
They can, however, serve as haptens and be immunogenic when
combined with some larger molecules (e.g., cell membranes,
circulating proteins). Likewise, drug metabolites, particularly
highly reactive metabolites, can act as haptens (e.g., penicillin
and its penicilloyl by-product).17 Diclofenac has been associ-
ated with reports of immune hemolytic anemia and less fre-
quently with immune thrombocytopenia.18 A metabolite of di-
clofenac has also been identified as a cause of acute immune
hemolytic anemia.19,20

Coombs’ Test (Antiglobulin Test)

5. R.L., a 53-year-old man, is admitted with gas gangrene of the
left leg. His leg was amputated below the knee, and he was given
gentamicin 120 mg every 8 hours and penicillin G 4,000,000 units
every 4 hours along with aggressive local care. On the ninth hospi-
tal day, his Hct was 30%, decreased from 41% 4 days previously.
No signs of bleeding were found. Further evaluation revealed a
corrected reticulocyte count of 8% (no baseline drawn), elevated
indirect bilirubin, and a positive direct Coombs’ test. What is the
significance of a positive DAT or Coombs’ test in R.L.?

[SI units: Hct, 0.3 1 and 0.41 1, respectively; reticulocytes, 0.08 1]

The Coombs’, or antiglobulin, test can detect both anti-
body coating of RBC and circulating immunoglobulins di-
rected against RBC. A DAT is the most important labora-
tory test in establishing immune hemolysis. The result of this
test will direct further investigation. A positive DAT supports,
but does not prove, an immune-mediated hemolytic process.
The DAT detects IgG class immunoglobulin or complement,
or both, on RBC. As few as 100 to 200 molecules of IgG
per RBC can be detected by the laboratory. The DAT may
be negative even when the patient is hemolyzing, if there are
<150 IgG molecules per RBC. Polyspecific antiglobulin serum
must be used for the initial DAT to allow detection of both
IgG and complement. If the DAT is positive, subsequent test-
ing with monospecific anti-IgG and anti-C3 should be per-
formed. Positive anti-IgG or IgG + C3 indicates warm autoim-
mune hemolytic anemia. Positive anti-C3 only indicates either
drug-induced hemolytic anemia or cold autoimmune hemolytic
anemia.21

The DAT does not tell whether hemolysis is occurring and,
in fact, several drugs, including R.L.’s penicillin, are known to
cause a positive test without significant RBC destruction.

Mechanisms

6. How does penicillin cause hemolytic anemia? Why is R.L.’s
penicillin a likely cause of his anemia?

The three basic mechanisms by which drugs are thought
to cause immunologic hemolytic anemia are (a) a high-affinity
hapten-type reaction; (b) a reaction precipitated by low-affinity
binding to RBC, either via a low-affinity hapten-type reaction
or by circulating immune complex formation, also known as an
innocent bystander reaction; and (c) an autoimmune reaction
(Table 87-2). Because R.L. is receiving 24 million units of
penicillin per day, his hemolytic anemia is likely caused by
penicillin.

HIGH-AFFINITY HAPTEN-TYPE REACTION: PENICILLIN
Penicillin is the prototype for the high-affinity hapten-type

of immunologic drug-induced hemolytic anemia. Penicillin
and penicillin metabolites bind strongly to the RBC mem-
brane in a dose-related fashion and are detectable on the
cells of nearly all patients receiving >10 million units/day22

or when penicillin blood levels are high (e.g., presence of
diminished renal function). About 3% of patients receiving
high-dose penicillin will produce IgG directed against the
penicillin-membrane complex as detected by a positive
Coombs’ test.23 Antibody-coated RBC in a small number of
cases are then recognized and destroyed in significant numbers
extravascularly by the macrophages of the reticuloendothelial
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Table 87-2 Drug-Induced Immunologic Hemolytic Anemia

Mechanism Process Common Drugs Comment

High-affinity
hapten-type reaction

Drug binds tightly to RBC membrane
surface; immunoglobulins then form
against the drug-membrane complex

Cephalosporins, penicillin, tetracycline Penicillin is the classic prototype of
this dose-related reaction

Low-affinity
hapten-type reaction
or immune complex
formation

Drug binds to either (a) low-affinity
specific antigenic loci on the cell
membrane or (b) to circulating
proteins to form an immune complex
that adheres loosely to RBC. Lysis via
complement activation ensues

Acetaminophen, ASA, chlorpromazine,
chlorpropamide,
hydrochlorothiazide, INH, PAS,
phenacetin, probenecid, quinidine,
quinine, rifampin, sulfonamides

Subsequent to hemolysis, the drug
or immune complex dissociates
from RBC fragments, adheres to
another RBC, and repeats the
process. Small doses can cause
large-scale hemolysis. Quinidine
is the prototype drug

Autoimmune reaction Drug stimulates production of anti-RBC
antibodies. Autoantibodies coat RBC
and extravascular lysis occurs

Levodopa, mefenamic acid,
methyldopa, procainamide,
ceftriaxone, cefotetan

Methyldopa is the prototype drug
for autoimmune hemolysis

ASA, acetylsalicylic acid; INH, isoniazid; PAS, para-aminosalicylate sodium; RBC, red blood cell.

system, primarily in the spleen.24 Other drugs reported to pro-
duce high-affinity hapten-type hemolysis, although much less
frequently than penicillin, are tetracycline and tolbutamide.

First-generation cephalosporins (e.g., cephalothin) infre-
quently have been reported to cause immune hemolytic anemia.
Severe, sometimes fatal, immune hemolytic anemia has been
associated with second- and third-generation cephalosporins,25

especially cefotetan.26

Of 43 cases of drug-induced immune hemolytic anemia
that were referred to a single laboratory for investigation over
8 years, 38 were found to be caused by a cephalosporin (35 by
cefotetan, 3 by ceftriaxone). Of the 38 cases, 11 (29%) resulted
in fatal immune hemolytic anemia; 8 deaths were caused by
cefotetan and 3 by ceftriaxone. The fatal cases were sometimes
associated with either renal failure or disseminated intravascu-
lar coagulation, or both.26

The possibility of cefotetan-induced immune hemolytic
anemia should be investigated in any patients (particularly
healthy young women) who have received prophylactic ce-
fotetan and experienced unexpected anemia after gynecologic
or obstetric procedures.

7. Has R.L.’s clinical course been consistent with penicillin-
induced hemolytic anemia, and how quickly will the problem re-
solve once the drug is discontinued?

R.L.’s case is consistent with penicillin-induced hemolytic
anemia. Anemia is subacute in onset, usually developing af-
ter 7 to 10 days of high-dose therapy. R.L.’s anemia devel-
oped after 9 days of treatment. In most cases, no other signs
suggest an allergic reaction, and other cell lines rarely are in-
volved. R.L.’s laboratory values are typical of those seen in
extravascular hemolysis. The DAT is strongly positive, and the
indirect antiglobulin test (IAT) is positive only for penicillin.
Hemolysis of decreasing severity can continue for some time
after the drug is discontinued, probably because of cell-bound
penicillin.

LOW-AFFINITY BINDING: QUINIDINE
Mechanisms

8. H.J. is a 63-year-old woman whose physician prescribed
quinidine sulfate 200 mg QID for an “irregular heartbeat.” She

has taken quinidine for this problem in the past, but stopped
taking it 6 months ago. She comes to the emergency department
(ED) today with fever, chills, and shakes. H.J. is found to have an
Hct of 24%, and her urine tests positive for blood. What drug-
induced problem is compatible with this picture?

[SI unit: Hct, 0.24]

The second mechanism by which drugs cause immune
hemolysis is through a low-affinity binding process. The clas-
sic explanation for this type of hemolysis involves the binding
of the offending drug, or drug metabolite, to circulating serum
proteins to form a complete antigen. Antibodies, usually IgM,
are produced and combine with this antigen to create a circu-
lating immune complex. This immune complex, in turn, is ad-
sorbed onto the surface of an RBC, where it triggers activation
of complement. The RBC is lysed and the immune complex,
which has a low affinity for the cell membrane, dissociates
and goes on to a second RBC to repeat the process. It is this
“recycling” of the drug–antibody complex that explains why
only small doses of drug are needed to cause large scale hemol-
ysis in previously sensitized patients. Because antibodies are
not directed against the cell itself, the RBC is destroyed as an
innocent bystander, and thus this immune complex-mediated
cell destruction has been termed an innocent bystander reac-
tion. The direct Coombs’ test is positive only against com-
plement because washing will remove the immune complexes
from the cells.

H.J.’s quinidine is the prototype drug for the immune-
complex form of immunologic hemolytic anemia. The in-
nocence of the RBC in this reaction has been questioned,
however.27,28 An alternative explanation for findings in pa-
tients such as H.J. is the “low-affinity hapten.” According to
this hypothesis, the drug or a metabolite binds to a specific anti-
genic site on the cell membrane. It then forms a complete anti-
gen or causes a conformational change in the membrane that
reveals previously protected neoantigenic sites (sites that will
not be recognized as “self” by the immune system). Antibodies
directed against the new antigen are produced and bind to it,
complement is activated, and cell lysis ensues. Because the
drug has a relatively low affinity for its binding site, it is free
to go on to another cell and repeat the process. Only cells
with the particular drug-binding site would be able to form



DRUG-INDUCED BLOOD DISORDERS � 87-7

the drug-antigenic site-antibody complex needed to activate
complement. The high degree of antigenic specificity inherent
in this model applies to the immune destruction of WBC and
platelets as well as RBC (see the following discussion) and
helps explain why different drugs have a propensity to affect
one cell line more frequently than others.27

Quinidine is being promoted for use in combination with
dextromethorphan for emotional liability and diabetic periph-
eral neuropathy.29,30 As a result, practitioners should be aware
that patients might be receiving quinidine for off-label uses.

Features

9. Why are H.J.’s symptoms more severe than those of R.L.
with high-affinity hapten-type hemolysis?

The symptoms in hemolytic anemia are related to the de-
gree of anemia produced (relative to the baseline blood count)
and the severity or rapidity of hemolysis. Immune complex-
mediated hemolysis frequently results in more rapid RBC de-
struction and more acute symptoms. The hemolysis is largely
intravascular; therefore, large amounts of free hemoglobin can
be released, resulting in hemoglobinuria and possible acute
renal failure caused by the renal-toxic effect of hemoglobin.

Management

10. How should H.J.’s case be managed at this point?

The suspected causative agent, quinidine in this case, should
be discontinued and an alternative agent selected. A good urine
flow should be maintained, with or without urinary alkaliniza-
tion, to prevent or attenuate renal failure. RBC transfusion
might be needed in symptomatic patients or in patients such as
H.J. because of a significantly decreased Hct (e.g., H.J.’s hema-
tocrit is 24%). Immune-complex hemolysis resolves soon after
the drug is discontinued because the drug must be in the serum
to cause hemolysis. An acute, severe RBC destruction can re-
sult from even a single dose of drug in a sensitized patient;
therefore, this type of hemolysis should not be rechallenged.
The patient should be educated about the cause of this reac-
tion and instructed to strictly avoid future use of quinidine
or quinine. (See Question 15 and Table 87-2 for other drugs
associated with immune complex hemolysis.)

Temafloxacin (Omniflox), a fluoroquinolone, was removed
from the U.S. market in 1992 only 6 months after its approval
because of frequent reports of serious hemolysis. The hemoly-
sis, with or without organ system dysfunction, became known
as the temafloxacin syndrome. About 189,000 prescriptions
were written for temafloxacin during this brief period.31

The core structure of fluoroquinolones resembles that of
quinine and quinidine, both of which are known to cause im-
mune hemolytic anemia and thrombocytopenia. Other mar-
keted fluoroquinolones with the same core structure have
caused neither a comparable number nor a comparable spec-
trum of adverse reactions. Interestingly, the structure of
temafloxacin most closely resembles that of trovafloxacin
(Trovan), a fluoroquinolone that was withdrawn from European
markets in June 1999 and whose use was severely restricted in
the United States because of hepatotoxicity.31,32

In a review of 95 cases of hemolysis associated with
temafloxacin, renal dysfunction occurred in 57% of cases, 63%
of which required dialysis.33 The mean onset of symptoms
(fever, chills, jaundice) was 6.4 days. Patients who reacted to

the first dose of temafloxacin were significantly more likely to
have taken quinolone antibiotics in the past, thereby, suggest-
ing a typical anamnestic response and implying cross-reactivity
between temafloxacin and other quinolones.

The available data did not permit an accurate estimate of
the incidence rate for temafloxacin syndrome. Although an es-
timate of the number of prescriptions dispensed was available,
information about samples given from physicians’ offices was
not reliable, and thus the denominator (i.e., total number of
patients) exposed to temafloxacin could not be determined ac-
curately. More importantly, the actual number of temafloxacin-
associated hemolysis cases (i.e., the numerator) was unclear
because of probable under reporting.

Autoimmune Reaction: Methyldopa
The third mechanism by which drugs cause immune RBC
destruction is by an autoimmune process. Methyldopa (Al-
domet) was once the most common cause of hemolysis via this
mechanism; however, methyldopa now is seldom prescribed
in the United States because of the availability of better an-
tihypertensive agents. Procainamide (Pronestyl),34 as well as
the second- and third-generation cephalosporins, particularly
cefotetan (Cefotan) and ceftriaxone (Rocephin), also have been
associated with immune-mediated hemolytic anemia.35 In one
report, ceftriaxone was implicated in 19 cases of immune-
hemolytic anemia involving 9 children and 10 adults. Six of
the children and 3 of the adults died.36

Treatment of autoimmune-hemolytic anemia consists of
drug discontinuation and RBC transfusion if anemia is se-
vere. Hemolysis resolves gradually over the following several
weeks to months, but the antiglobulin test may remain positive
for years. Despite the similarity of drug-induced autoimmune-
hemolytic anemia with the idiopathic variety, for which
the role of corticosteroid therapy is well established, evidence
supporting the use of steroids in patients with severe or life-
threatening drug-induced autoimmune hemolysis is anecdotal
at best.37,38

DRUG-INDUCED THROMBOCYTOPENIA
Cases of suspected drug-induced thrombocytopenia are fre-
quently reported to spontaneous adverse drug reaction report-
ing systems.39,40 Thrombocytopenia is defined as a decrease in
platelet count to <100,000/mm3.1 Drugs can cause thrombo-
cytopenia by three primary mechanisms: (a) immune-mediated
suppression or destruction of platelets; (b) decreased produc-
tion of platelets through direct suppression of thrombopoiesis;
and (c), in the case of heparin, an apparently dose-related, non-
immune direct effect on circulating platelets. It appears that
immune platelet destruction occurs through reactions analo-
gous to immunologic RBC destruction.

Most drugs causing thrombocytopenia appear to do so
through immune mechanisms, although it has been difficult
to distinguish between immune and toxic effects on throm-
bopoiesis. Well over 100 drugs have been implicated as causes
of thrombocytopenia, most in the form of case reports. It is
often difficult to determine the cause of a low platelet count,
particularly in acutely ill patients undergoing numerous proce-
dures and receiving a large number of potentially platelet-toxic
drugs.41 Diagnostic errors also can result in over- or under re-
porting of drug-induced thrombocytopenia.42
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The class of antithrombotic drugs, the glycoprotein IIb/IIIa
(GPIIb-IIIa) receptor antagonists (GPRA), has been associ-
ated with episodes of thrombocytopenia that are sometimes
life threatening. Immune-mediated thrombocytopenia associ-
ated with GPRA resembles the classic syndrome of the qui-
nine type with respect to the severity of thrombocytopenia,
the risk of bleeding, and anaphylactoid reactions.43 Severe or
profound thrombocytopenia occurs in about 1% of patients
treated with abciximab (Reopro), and in about 0.2% to 1% of
patients treated with eptifibatide (Integrilin).44 The incidence
appears to be higher with subsequent exposure to the drug,
its use with clopidogrel, or in elderly patients. Treatment with
intravenous immunoglobulin G (IVIG) after severe thrombo-
cytopenia related to abciximab was of no clinical benefit.45

Although available data are limited, some reports suggest that
the oral ligand-mimetic inhibitors have higher incidents of
thrombocytopenia.46

Vancomycin-induced immune thrombocytopenia, con-
firmed by the presence of vancomycin-dependent antiplatelet
antibodies, occurred in 29 patients treated with vancomycin
based on data in 2007. The mean nadir platelet count in these
patients was 13,600/mm3, and severe bleeding occurred in 10
patients (34%).47

Thrombocytopenia and acute onset hemolytic anemia,
which were fatal in some cases, have been reported with oxali-
platin (Eloxatin), a new platinum derivative used in colorectal
cancer.9

In a rigorous 1998 review of 515 case reports of drug-
induced thrombocytopenia, a definite or probable causal role
for a drug was documented in 247 instances (48%).48 Among
the 98 drugs described in these reports, quinidine was men-
tioned in 38 reports, gold in 11, and trimethoprim-sulfameth-
oxazole in 10. Of the 247 patients described, 23 (9%) had
major bleeding and 2 (0.8%) died because of the bleeding.

Suppressed Production: Thiazides
Mechanisms

11. J.Y., a 56-year-old man with mild hypertension, started tak-
ing hydrochlorothiazide 25 mg/day. Routine blood work at this
time showed an adequate platelet estimate (>150,000/mm3). The
platelet estimate after 2 weeks of therapy was likewise normal. At
a 1-month follow-up visit, however, J.Y.’s complete blood count
(CBC) revealed a decreased platelet estimate, and a subsequent
platelet count was 78,000/mm3. He reported no unusual bleed-
ing, the physical examination was unremarkable, and the CBC
was otherwise unchanged. Why should the differential diagnosis
include hydrochlorothiazide as a possible cause of J.Y.’s throm-
bocytopenia?

[SI units: platelet counts, >1.5 × 1015/L and 0.78 × 1015/L, respectively]

Drugs should always be considered in evaluating blood
dyscrasias. Thiazide diuretics as well as furosemide are known
to be associated with thrombocytopenia. Drug-dependent an-
tiplatelet antibodies have been identified in the serum of
some patients with thrombocytopenia who also were taking
thiazides,49,50 suggesting an immune process. In most cases,
however, antibodies are not demonstrable and marrow ex-
amination typically reveals decreased megakaryocytes, find-
ings more consistent with suppression of platelet production.
Thrombocytopenia recurs with rechallenge only after 1 to 4

weeks of drug administration, further supporting a nonimmune
process. Although some cases of thiazide-induced thrombocy-
topenia might have an immunologic basis, the more common
mechanism probably is one of direct marrow suppression.

Features

12. A bone marrow examination reveals only decreased
megakaryocytes, and the initial workup fails to reveal other rea-
sons for a low platelet count. Why is J.Y.’s clinical picture com-
patible with thiazide-induced thrombocytopenia?

J.Y.’s course to this point has been typical of thrombocytope-
nia caused by decreased thrombopoiesis. The onset of throm-
bocytopenia was delayed and gradual (rather than sudden) and,
as usually the case, the thrombocytopenia in J.Y. was not asso-
ciated with fevers, rash, or other signs of immune reaction. The
degree of platelet reduction frequently is mild (J.Y.’s platelets
were 78,000/mm3) and, without other risk factors, bleeding is
relatively uncommon unless thrombocytopenia is severe.

Management

13. How should J.Y. be treated and monitored?

With discontinuation of hydrochlorothiazide, the platelet
count would be expected to return to normal within about 2
weeks in J.Y. The drug should be discontinued and the platelet
count should be monitored to verify resolution of the thrombo-
cytopenia. J.Y. also should be monitored for signs of bleeding
until recovery. For treatment of his hypertension, a suitable al-
ternative agent should be prescribed. As always, J.Y. should be
advised to avoid this drug in the future and to inform future
caregivers of this reaction.

Immune Destruction: Quinine/Quinidine,
Sulfamethoxazole/Sulfisoxazole, and Gemcitabine
Mechanisms and Features

15. K.B., a 65-year-old man, began taking quinine sulfate 300
mg at bedtime (HS) for nocturnal leg cramps. He stopped tak-
ing the drug after 2 weeks when he read that stretching exercises
might help. Three months later, with worsening cramps, he re-
sumed taking the drug. The next morning he noted small, pur-
ple splotches on his skin that had not been present the previous
evening. This problem became worse throughout the day, partic-
ularly on his lower legs, causing him to seek medical attention.
When questioned, he recalled experiencing a hot, flushed sensa-
tion shortly after taking the quinine dose but thought little of it.
Why might quinine be responsible for these events?

Quinine and quinidine are well-studied causes of drug-
induced immune thrombocytopenia. When patients have been
sensitized through previous exposure to the drug in ques-
tion, constitutional symptoms (e.g., warmth, flushing, chills,
headache) can occur soon after the first dose. The platelet count
falls precipitously, often to low levels, with bleeding (should
it occur) commencing within hours or days of ingestion. Pe-
techiae, purpura, and hemorrhagic oral bullae are common
early signs, but patients can present with overt bleeding as the
first indication of a drug reaction. Thrombocytopenia also can
occur during initial exposure to the drug, but this normally re-
quires 7 to 10 days of therapy during which time antibodies are
formed. Careful questioning of a patient with an acute reaction
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who denies having previously taken the drug often will reveal
previous drug use of which the patient was unaware. Exposure
to the small amounts of quinine in tonic beverages is a typical
example.

A number of quinine-induced hemolytic uremic syndrome
(HUS) have been reported. It is an important cause of acute,
often irreversible, renal failure. The clinical manifestations of
HUS are inappropriate endothelial cell (EC) activations with
secondary activation of both platelets and coagulation cascade
that lead to thrombocytopenia, microangiopathic anemia, and
leukocytosis.51

Quinine is still used, however, for the treatment of nocturnal
leg cramps. The FDA ordered firms to stop marketing unap-
proved quinine products in late 2006 because of serious safety
concerns including thrombocytopenia. At least 15 reports of
quinine-HUS appear in the medical literature.52 Gemcitabine
(Gemzar), although unrelated to this particular patient, also
has been associated with renal toxicity and at least 26 cases of
gemcitabine-associated HUS.53,54

K.B.’s clinical and laboratory features are compatible with
a low-affinity hapten-type reaction (see section on immune
hemolytic anemia above). In patients with thrombocytopenia,
quinine and quinidine-dependent antiplatelet antibodies react
with the GPIIb/IX or GPIIb/IIIa platelet membrane complex55

and, in some patients, more than one antibody may be present.
Similar findings with sulfamethoxazole and sulfisoxazole have
been reported.56 A high degree of antibody specificity is in-
dicated by the low cross-reactivity of quinine/quinidine and
sulfamethoxazole/sulfisoxazole antibodies, despite the struc-
tural similarities of the drugs.

Management

16. How should K.B.’s acute reaction be treated?

Treatment consists of drug discontinuation and support.
The platelet count usually begins to rise within 3 to 4 days
and returns to normal in 1 to 2 weeks as the drug and its
metabolites are cleared from the body and platelet destruction
stops. Platelet transfusions are reserved primarily to control ac-
tive bleeding because transfused platelets are destroyed rapidly
when given during the acute process. Although the use of corti-
costeroids has not been demonstrated to either reduce bleeding
or alter the course of the reaction, some recommend their use.57

Rechallenge with the suspected drug can result in a potentially
fatal reaction and should not be attempted for either diagnostic
or therapeutic reasons except under the most extreme condi-
tions. In the case of quinine/quinidine, sensitivity to one does
not absolutely preclude use of the other because the antibod-
ies are isomerically specific. Nevertheless, cross-reactivity has
been documented;58 thus, it would be prudent to avoid either
substance. The patient should be advised of his serious drug
“allergy” and warned to avoid future use of this drug. In this
case, K.B. also should be warned against consuming beverages
that contain quinine.

Heparin
Mechanisms

17. M.U., a 65-year-old woman with a painful, swollen left leg,
was admitted to the hospital to rule out deep vein thrombosis
(DVT). A heparin infusion was begun after an appropriate load-

ing dose. The diagnosis of DVT was confirmed by noninvasive ve-
nous testing and warfarin was started on the fourth day; the plan
was to discontinue heparin after several days of heparin/warfarin
overlap. Pain and swelling had resolved by the fourth day with
bed rest, leg elevation, and anticoagulation. In the evening of the
seventh day, M.U. experienced a recurrence of her symptoms de-
spite an aPPT within the desired range and an international nor-
malized ratio (INR) of 2.2. Her platelet count, which had been
225,000/mm3 on admission, was now 54,000/mm3. Why is M.U.’s
thrombocytopenia likely to be drug induced?

[SI units: platelet count, 2.25 and 0.54 × 1015/L, respectively]

Heparin is the most common cause of drug-induced throm-
bocytopenia. Heparin can affect platelet counts by two separate
mechanisms. Some patients experience a mild to moderate de-
crease in platelet count occurring early in therapy, which may
resolve despite continued drug administration.59 This appears
to be caused by a direct platelet-aggregating effect of heparin
leading to reversible platelet clumping and undercounting by
electronic counters, which cannot distinguish between single
platelets and platelet aggregates.60 Counts rarely drop below
50,000/mm3, the phenomenon is transient, and complications
are unlikely. This form of heparin-induced thrombocytopenia
(HIT) is classified as HIT type I.

The more threatening form of HIT, which is less common,
is classified as HIT type II. Heparin binds relatively weakly to
platelets and forms a heparin–platelet factor 4 complex,61,62

which either serves as a complete hapten or results in a con-
formational change that exposes membrane neoantigens that
normally are concealed.63,64 IgG directed against this complex
causes platelet activation via the platelet Fc receptors. This type
of HIT can lead to potentially devastating thromboembolic se-
quelae. Table 87-3 characterizes the two types of HIT.65

Heparin-dependent aggregation of donor platelets exposed
to M.U.’s serum would help confirm the diagnosis of HIT. Most
widely used is the platelet aggregation test, which measures
the aggregation of normal donor platelets by patient serum or
plasma with heparin. This test is simple, inexpensive, based on
a technique that is in use in most hemostatic laboratories, and
can provide a result within 2 to 3 hours. This test, when per-
formed properly (the concentration of heparin and the quality
of donor platelets used is important), is reportedly highly spe-
cific with a low incidence of false–positive results.66,67 The test
is not highly sensitive, however; that is, a negative test does not

Table 87-3 Characteristics of Type I and II Heparin-Induced
Thrombocytopenia

Type I Type II

Frequency 10%–20% 2%–30%
Timing of onset 1–4 days 5–10 days
Nadir platelet count 100,000/μL 30,000–55,000/μL
Antibody mediated No Yes
Thromboembolic sequelae None 30%–80%
Hemorrhagic None Rarely
Sequelae management Observe Cessation of heparin,

alternative
anticoagulation,
additional therapy

From reference 62, with permission.
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rule out HIT. A second test to detect heparin-dependent IgG
antibodies, the 14C-labeled serotonin-release assay, is more
sensitive but may not be as specific. One study used the test in
387 patients treated with unfractionated heparin or enoxaparin
(Lovenox) after orthopedic surgery, including 12 patients sus-
pected of having HIT.68 Of the 20 who tested positive, only 6
actually had thrombocytopenia defined as a platelet count of
<150,000/mm3 after >5 days of therapy.

Incidence
Although rates of heparin-induced thrombocytopenia as high
as 24% to 31% have been reported,69 reviews of subsequent
prospective studies using full doses of heparin and defining
thrombocytopenia as a platelet count of <100,000/mm3 noted
a 2.9% to 5.4% incidence of HIT with bovine source heparin
and 1.1% to 2.7% with porcine heparin.70 The reason for the
apparent difference between the two sources of heparin has not
been demonstrated clearly, but might be related to differences
in charge, degree of sulfation, or average molecular weights.

Heparin-induced thrombocytopenia appears to be more
common with full-dose heparin therapy, but it has occurred
with various doses. The incidence of thrombocytopenia with
prophylactic heparin (5,000 U every 8 to 12 hours subcuta-
neously) is lower than with full-dose heparin. Thrombocy-
topenia has even been reported in association with heparin
flushes (<500 U/day)71 and heparin-coated pulmonary artery
catheters.72 Saline flushes, when substituted for heparin flushes
whenever possible, minimize the potential for HIT.73 Female
patients might be at greater risk for HIT; therefore, the use
of low molecular weight heparin (LMWH) to minimize the
potential of HIT, theoretically should be of greatest value in
women having surgical thromboprophylaxis.74

Although not common, HIT in critically ill patients is one
potential etiology to be considered when the platelet count falls
to <150 × 109/L or by >50% from baseline. Thrombocytope-
nia purportedly occurs in 23% to 41% of patients in critical
care units and it is associated with mortality rates of 38% to
54%: the reported mortality rate associated with HIT is 10%
and 20%.75

The effectiveness of LMWH, when compared with unfrac-
tionated heparin for the prevention of postoperative throm-
bosis, could not be determined in a meta-analysis of stud-
ies because of the variable quality of the clinical trials in
the analysis.76 The LMWH are purported to be associated
with a lower incidence of HIT compared with unfractionated
heparin.77 Notable differences in the incidence of HIT between
the individual LMWH needs further study.

Practitioners involved in selecting a drug for inclusion into a
medication formulary should not only conduct a thorough, in-
dependent literature search, but also should review FDA drug-
approval documents. For example, the FDA safety review for
fondaparinux (Arixtra) noted that the prevalence of thrombo-
cytopenia with enoxaparin (3.1%) was similar to that with fon-
daparinux (2.9%) in preapproval clinical trials.

Features

18. How is the onset of M.U.’s thrombocytopenia typical of
thrombocytopenia induced by heparin?

M.U.’s platelet count of 54,000/mm3 was noted 7 days
after the initiation of heparin and consistent with the time

frame commonly associated with thrombocytopenia caused by
heparin. Heparin-induced thrombocytopenia typically occurs
within 6 to 12 days of therapy; however, thrombocytopenia
can occur much earlier, particularly in previously sensitized
patients.78 The thrombocytopenia can be profound, but the
platelet count can remain above 100,000/mm3 despite rela-
tively large decreases in total count.79 Once heparin is discon-
tinued, platelets usually return to normal over the course of 4
to 7 days, although recovery can be delayed.

Thrombotic/Embolic Complications

19. What is the relationship between M.U.’s thrombocytopenia
and the recurrence of her symptoms?

Heparin-induced thrombocytopenia can be complicated by
the occurrence of embolic and thrombotic episodes.79 Some
patients with heparin-induced thrombocytopenia develop an-
tibodies that deposit on vascular endothelial cells, creating a
nidus for thrombus formation.80 In others, the procoagulant
properties of heparin-activated platelets can accelerate coag-
ulation at sites of pre-existing thrombosis, resulting in exten-
sion of thrombi in the venous circulation (i.e., “red clots”).
Formation of large platelet aggregates (i.e., “white clots”) in
the arterial circulation can result in stroke or arterial occlusion
with or without secondary thrombus formation. The incidence
of thromboembolic events, as a complication of HIT, has been
reported as high as 75% to 88%.78 Thromboembolic phenom-
ena associated with heparin-induced thrombocytopenia can be
difficult to distinguish from treatment failure and disease recur-
rence, particularly if the platelet count has not been monitored.
Recognition of heparin-associated thrombosis or embolism is
important because either is associated with significant mor-
bidity and mortality. In addition, such a high degree of platelet
activity can sometimes result in heparin resistance, probably
caused by release of platelet factor 4 (antiheparin factor). In
M.U.’s case, heparin likely has induced thrombocytopenia and
a resultant recurrence of her left leg thrombosis.

Management

20. How should M.U. be treated at this point?

Warfarin therapy should not be postponed once the diag-
nosis of thrombosis has been established.81 The prompt ini-
tiation of warfarin would permit discontinuation of heparin
before the usual onset of heparin-induced thrombocytopenia.
Warfarin was delayed in M.U.’s case, but because she is almost
fully anticoagulated on warfarin after 4 days of overlap therapy
with heparin, the heparin can be discontinued. She should be
monitored carefully for signs of pulmonary embolism or fur-
ther extension of her DVT and observed for signs of bleeding.
Surprisingly, bleeding is uncommon in this setting.

Unlike M.U., patients with HIT often are not yet fully stabi-
lized with warfarin, and management decisions are not so eas-
ily made. The full benefits of oral anticoagulants are delayed
for several days; therefore, they are not immediately effective
for treatment of DVT. Antiplatelet agents and dextran-40 have
been used in this setting.78 Although antiplatelet drugs can
attenuate or stop further platelet aggregation, they are ineffec-
tive in treating either heparin-induced or underlying thrombotic
disease and could worsen the risk of bleeding. Corticosteroids
are not useful in this situation.
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The LMWH preparations to anticoagulate patients with
heparin-induced thrombocytopenia have been successful in
anecdotal reports; however, routine use of LMWH in patients
with heparin-dependent antiplatelet antibodies is potentially
hazardous because in vitro cross-reactivity and unfavorable
clinical outcomes after substitution have been reported. The
low-molecular-weight heparinoid, danaparoid, cross-reacts
with standard heparin-dependent antibodies 0% to 19.6% of
the time as compared with 25.5% to 94% cross-reactivity of
various LMWH (e.g., dalteparin and ardeparin).82,83

Ancrod (Viprinex), a defibrinogenating agent that reduces
blood coagulability by degrading fibrinogen, has been success-
ful in patients with heparin-induced thrombocytopenia when
given in doses sufficient to decrease fibrinogen levels to as low
as 50 to 100 mg/dL.84,85

Hirudin, a natural anticoagulant from the leech Hirudo
medicinalis, and its synthetic congeners, bivalirudin (An-
giomax) and lepirudin (Refludan), can inhibit coagulation in
patients with HIT by binding to sites of circulating and clot-
bound thrombin.86,87 These are approved for use in patients
with, or at risk of, HIT or heparin-induced thrombocytope-
nia and thrombosis syndrome (HITTS) undergoing percuta-
neous coronary intervention (PCI).88 Antihirudin antibodies
have been observed in about 40% of patients with HITTS
treated with lipirudin.89 The direct thrombin inhibitor, arga-
troban, also can be utilized for the prophylaxis or treatment of
thrombosis in patients with HIT and in patients with, or at risk
for, HIT undergoing PCI.90

Heparin-induced thrombocytopenia is a life-threatening
medical emergency. Awareness of the clinical presentation of
this condition and being able to differentiate HIT from other
causes of thrombocytopenia are critical in avoiding serious out-
comes. The immediate discontinuation of heparin is essential
and treatment with therapeutic doses of an alternative nonhep-
arin anticoagulant must be initiated without delay.91

Ticlopidine (Ticlid) and Clopidogrel (Plavix)-associated
Thrombotic Thrombocytopenic Purpura
Thrombotic thrombocytopenic purpura is a life-threatening,
multisystem disease characterized by thrombocytopenia, mi-
croangiopathic hemolytic anemia, neurologic changes, pro-
gressive renal failure, and fever, with about a 10% to 20%
mortality. The cause of TTP is unknown; however, drugs (e.g.,
penicillin, antineoplastic chemotherapy agents, oral contracep-
tives, ticlopidine) have been associated with the syndrome.

In a review of 60 cases of ticlopidine-associated TTP, ticlo-
pidine had been prescribed for <1 month in 80% of the cases,
and platelet counts had been normal within 2 weeks of the
onset of TTP in most patients. Mortality rates were higher
among patients who were not treated with plasmapheresis
(50% vs. 24%; p<0.05). In these cases, the onset of ticlopidine-
associated TTP was difficult to predict, despite close monitor-
ing of platelet counts.92

In a retrospective cohort study, 19 cases of ticlopidine-
associated TTP occurred in 43,322 patients treated with ticlo-
pidine who had a PCI and received a coronary stent during a
1-year period from 1996 to 1997. The mean time of ticlopidine
treatment before the diagnosis of TTP was 22 days (range, 5–
60 days). The case fatality rate was 21% (4 of 19), with all
4 deaths occurring in patients not treated with plasmaphere-

sis. No deaths occurred among the 13 patients who received
plasmapheresis.93

In one postmarketing surveillance, ticlopidine was associ-
ated with 259 fatalities, with TTP accounting for 40 of the
deaths. Ticlopidine’s manufacturer revised the drug’s profes-
sional product labeling in 1998 to include a black box warn-
ing describing an estimated incidence of ticlopidine-associated
TTP of 1 in 2,000 to 1 in 4,000 patients.94

Clopidogrel (Plavix), as ticlopidine, is a thienopyridine
derivative with a chemical structure identical to ticlopidine,
except for the addition of a carboxymethyl side group. Active
surveillance by blood bank medical directors, hematologists,
and the drug’s manufacturer has identified cases of clopidogrel-
associated TTP.95

DRUG-INDUCED NEUTROPENIA
Definitions
Several terms are used to refer to abnormally low numbers of
WBC. The broadest description, leukopenia, simply denotes
a total WBC count of <3,000/mm3. Granulocytopenia de-
scribes a granulocyte count of <1,500 granulocytes/mm3 (in-
cluding eosinophils and basophils), whereas neutropenia refers
to a neutrophil count (segmented polymorphonucleocytes and
band forms) of <1,500/mm3. Agranulocytosis is defined as
a severe form of neutropenia, with total granulocyte counts
<500/mm3.1 Authors, however, use variable definitions when
reporting drug-induced WBC dyscrasias. The term agranulo-
cytosis has been used to describe granulocyte counts ranging
from <100 to <1,000/mm3.

Epidemiology
Agranulocytosis is the most common fatal adverse drug reac-
tion, accounting for 26% of all drug-related deaths and 64% of
deaths caused by blood dyscrasias in one series.97 The mortal-
ity rate was about 30% in the 1960s and 1970s,98 and about 16%
at six hospitals from 1970 to 1989 based on data from a diag-
nosis by exclusion methodology.99 Mortality rates from more
recent reports would be expected to be lower because of ad-
vances in medical care. In the elderly, who are over-represented
in all published series of agranulocytosis, the estimated mor-
tality rate from idiosyncratic drug-induced agranulocytocis in
2004 was 5% to 10%.100

Mechanisms
Drugs cause neutropenia by two basic mechanisms. One is im-
munologically mediated, either through peripheral destruction
of circulating neutrophils or immune suppression of marrow
precursors. The second is through a direct, toxic effect on mar-
row precursors.101

Immune Versus Direct Mechanisms: Penicillins
MECHANISMS

21. S.T., a 54-year-old woman with a WBC count of 12,200/mm3

(82% neutrophils, 3% band forms, 7% monocytes, 8% lympho-
cytes) was treated for cellulitis with nafcillin 2 g every 4 hours
IV. On the 13th day of therapy, her WBC count was 2,200/mm3

with 28% neutrophils and 5% bands. At this time, S.T. was
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experiencing no new symptoms and remained afebrile. Why might
her neutropenia be attributable to nafcillin?

Administration of penicillins and, to a lesser extent,
cephalosporins, in large doses for prolonged periods purport-
edly results in neutropenia in up to 15% of cases.102 The prob-
lem seems to occur only rarely within the first week of therapy
and most often in patients receiving high doses of these β-
lactam antibiotics for >2 weeks.103 S.T. has been receiving
high-dose nafcillin (i.e., 12 g/day) for about 2 weeks. Despite
this apparent dose relationship, controversy exists whether
the neutropenia is immune mediated or caused by toxic sup-
pression of granulocyte development in the marrow. Drug-
or metabolite-dependent antigranulocyte antibodies have been
noted in patients receiving penicillin104,105 and cephalos-
porins.106 Furthermore, serum from a patient with ceftriaxone-
associated agranulocytosis could suppress in vitro proliferation
of an early WBC precursor, granulocyte-macrophage colony-
forming units (CFU-GM).107 These findings are consistent
with cases of drug-induced agranulocytosis that did not appear
to be dose related. In contrast, others have demonstrated dose-
dependent inhibition of granulocyte colony growth in vitro,
thereby supporting the premise that β-lactam–induced neu-
tropenia is caused by a direct toxic effect on granulopoiesis.108

Evidence indicates a potentially important role for reactive
metabolites. Reactive metabolites are short lived and produced
locally by cells such as neutrophils and neutrophil precursors in
the marrow. In predisposed persons, the suggestion is that cer-
tain drugs could be converted to reactive metabolites that can
then either directly damage precursor cells or cause formation
of neoantigens, which would subsequently initiate an immune
response directed against the now altered cell.109 The common
finding of apparent maturation arrest of granulocyte precur-
sors on marrow examination is compatible with either toxic
suppression or an immune effect on precursors. Fever, rash,
and eosinophilia in patients with penicillin-induced neutrope-
nia imply an immune process in many cases despite an appar-
ent dose relationship. Overall, despite significant advances in
knowledge, it can be concluded that the mechanisms by which
antibiotics cause neutropenia are heterogeneous, and that more
study is needed to understand these mechanisms. A few reports
implicating >100 drugs as having caused neutropenia provide
some insights into mechanisms.

MANAGEMENT

22. How should S.T. have been monitored while receiving high
doses of a drug known to be associated with neutropenia?

First, the need for high dosages of drug and long duration of
therapy should be reassessed in light of the subjective and ob-
jective data (e.g., well-being of the patient, temperature, WBC
count, tissue inflammation and pain, culture and sensitivity)
that are consistent with cellulitis in this patient. Depending on
the situation, some infections do not require maximal antibi-
otic dosage to achieve bacteriologic and clinical cure, and a
shorter course with a lower dose of nafcillin, if appropriate, is
considerably less likely to be associated with nafcillin-induced
neutropenia. Another consideration might be the selection of
a drug dose based on body size, as is the case in pediatric
patients, rather than following the common practice of using
standardized dosing for all adults.110 Of course, doses should
always be altered appropriately for impaired organ function

(e.g., renal insufficiency). The WBC count should be moni-
tored carefully, particularly after the second week of therapy,
and the patient should be observed for unexplained fevers and
rashes.

23. How should S.T. be treated at this point?

The suspected offending drug, nafcillin in this case, should
be discontinued and replaced by an effective antimicrobial with
a dissimilar chemical structure (e.g., a fluoroquinolone, van-
comycin) if continued therapy is needed for cellulitis. The se-
lection of a substitute antibacterial should be based on culture
and sensitivity testing or, if cultures are negative, empirically
for likely causative organisms (e.g., Staphylococcus aureus,
S. epidermidis). Vancomycin also has been implicated as a
possible cause of drug-induced neutropenia.111

S.T.’s WBC count would be expected to return to normal
within several days. Although the neutropenia potentially can
resolve after merely decreasing the drug dose, this approach is
not without risk and should be considered only if an alterna-
tive is unavailable. The patient should be monitored for fever or
other signs of new or recurrent infection until the neutropenia
has resolved. The precise course of action will be determined
by the clinical situation. In S.T.’s case, the nafcillin was dis-
continued with subsequent hematologic recovery and without
recurrence of the original infection.

Idiosyncratic Toxic Effect: Phenothiazines
MECHANISMS

24. J.K., a 34-year-old woman with schizophrenia, was found
on routine blood testing to be moderately neutropenic. She started
taking chlorpromazine (Thorazine) 8 weeks ago when she be-
gan hearing voices warning her that she was being followed by
the Central Intelligence Agency (CIA) and that her brain had
been bugged. Her chlorpromazine dose was quickly titrated up to
400 mg/day, which she has been taking for 6 weeks with a good clin-
ical response. J.K. has no medical problems and takes no other
medications. How likely is it that J.K.’s chlorpromazine is the
cause of her neutropenia?

Phenothiazines are one of the most common causes of
drug-induced neutropenia, chlorpromazine being the model
drug.112,113 These drugs induce neutropenia through toxic sup-
pression of granulocyte production in the marrow of sensitive
patients. In experiments using cultured bone marrow from nor-
mal subjects, and from patients who had become neutropenic
during chlorpromazine therapy, DNA synthesis resulting in
defective granulocyte proliferation occurred in at least half
of the patients taking chlorpromazine.114 The marrow of pa-
tients who do not become neutropenic apparently compensate
for this interference in DNA synthesis through proliferation
of drug-resistant clones of committed stem cells. Patients who
go on to develop neutropenia apparently do not have adequate
compensatory mechanisms.

FEATURES

25. Why is J.K.’s presentation typical of phenothiazine-induced
neutropenia?

As in J.K.’s case, the most common presentation of
phenothiazine-induced neutropenia would be that of decreased
numbers of neutrophils. Patients usually remain asymptomatic
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unless they become infected. Phenothiazine-induced neutrope-
nia rarely occurs in <2 weeks or later than 10 weeks into ther-
apy, although latent periods of 3 months have been reported.
J.K.’s 6 weeks of chlorpromazine therapy certainly falls within
this usual time frame, and her total dose of 10.8 g also is repre-
sentative of the doses usually associated with chlorpromazine-
induced neutropenia. A total cumulative dose of 10 to 20 g of
chlorpromazine usually is required; neutropenia occurs only
rarely in patients taking less than this amount of the drug.
Patients who have developed neutropenia while taking high
doses of chlorpromazine have subsequently been treated with
reduced dosages uneventfully. Rechallenge with high doses
again results in a delayed-onset fall in the neutrophil count.
In addition, approximately 10% of patients taking chlorpro-
mazine will experience a transient leukopenia, which resolves
despite continuation of the drug.115 Severe neutropenia is much
less common; elderly women appear to be at increased risk.
Most other phenothiazine derivatives, with the exception of
promethazine (Phenergan), also have been reported to cause
neutropenia, although none have been studied as extensively
as chlorpromazine.

MANAGEMENT

26. How should J.K. be treated at this point?

No specific therapy is indicated at this time because J.K.
is asymptomatic. Although it is possible that the neutrope-
nia might resolve with a simple dose reduction of chlorpro-
mazine, the most prudent course would be to withhold the
drug completely until the WBC count returns to normal. Subse-
quently, the patient could be restarted at a lower dose with close
hematologic monitoring, or an alternative neuroleptic agent
with less propensity for marrow suppression could be sub-
stituted. A more potent phenothiazine or a nonphenothiazine
neuroleptic would be preferable because the risk of agranulo-
cytosis appears related to the absolute amount of phenothiazine
taken.

27. How quickly should J.K.’s WBC count return to normal
once chlorpromazine has been discontinued?

A peripheral hematologic response following the discontin-
uation of chlorpromazine will be delayed by 4 to 6 days but will
then improve rapidly. In some cases, the increase in granulo-
cytes may be preceded or accompanied by a monocyte increase,
and myelocytes, metamyelocytes, and band forms may appear
in relatively large numbers during the early recovery phase.
The neutrophil numbers and total WBC count then rapidly re-
turn to normal, sometimes with a WBC count “overshoot” into
the 15,000 to 20,000/mm3 range. Recovery usually is complete
within about 2 weeks.

Colony-stimulating Factors

28. How can the rate of WBC recovery be hastened?

Patients with drug-induced agranulocytosis or drug-
induced neutropenia have been treated with the granulocyte
colony-stimulating factor (G-CSF, filgrastim, Neupogen) and
granulocyte-macrophage colony-stimulating factor (GM-CSF,
sargramostim, Leukine, Prokine); however, the overall impact
of CSF on clinical outcomes is difficult to assess when based
on anecdotal case reports. The expectation that granulocyte

recovery will be hastened by precursor stimulation cannot be
assumed. The time for granulocyte recovery is highly variable
and this variability could be sufficiently great to attribute an
increase in granulocyte count to either the administration of
CSF or to a coincidental increase that would have occurred
independent of any additional intervention. Likewise, it is dif-
ficult to determine whether patient outcomes would have been
different had CSF not been used.

In a review of 70 cases of drug-induced agranulocyto-
sis treated with G-CSF or GM-CSF, peripheral granulocyte
recovery time was 1.2 days with mild granulocytopenia,
2.6 days for moderate, and 5.8 days for those with severe
granulocytopenia.116 No difference was noted between G-CSF
(mean dose 4 g/kg/day) and GM-CSF (mean dose 7 g/kg/day).
The mortality rate was 5%. In a comparison to previous re-
ports in which CSF were not used, recovery time was faster
and mortality was lower, but these conclusions are limited by
the use of historical controls and the biases inherent in such
reviews. Clinicians are much more likely to report cases that
are successes rather than failures.

In two randomized, controlled trials, neutrophil recov-
ery time was shortened, but no differences were noted
in survival or duration of hospitalization in patients with
cancer chemotherapy-induced neutropenia when CSF were
administered.117,118 Although it would not be reasonable to
extrapolate these results to the treatment of drug-induced neu-
tropenia, it does appear that hastened white cell recovery does
not necessarily result in improved clinical outcomes.

At present, therapeutic trials of CSF are not appropriate as
first-line treatment to hasten WBC recovery in drug-induced
agranulocytosis or neutropenia. It should also be noted that
significant complications related to CSF use for drug-induced
agranulocytosis have been reported.119

Because J.K. currently is asymptomatic, use of CSF is not
indicated.

Idiosyncratic Toxic Effect: Clozapine (Clozaril), Olanzapine (Zyprexa)

29. Why would it be reasonable (or unreasonable) to administer
an atypical neuroleptic such as clozapine (Clozaril) to treat J.K.’s
schizophrenia subsequent to her recovery from chlorpromazine-
induced neutropenia?

Clozapine, a dibenzodiazepine neuroleptic, initially ap-
peared to have a favorable adverse effect profile; however,
cases of clozapine-induced neutropenia soon were reported.120

When discovery of the neutropenia was delayed and cloza-
pine was not promptly discontinued, eight fatalities resulted.
As a result, when clozapine was approved for use in the United
States for severely ill schizophrenic patients, who were refrac-
tory to standard antipsychotic drug treatment, it was available
only to patients through a privately contracted drug distribution
system, which incorporated mandatory weekly WBC counts
and specific criteria for intensified monitoring of patients. Al-
though this drug distribution system was discontinued in 1991,
a national registry has continued to collect patient and blood
count information; thereby, providing what probably is the
most complete postmarketing blood dyscrasia database for any
drug available for general use.

In the United States, leukopenia developed in 2.95% of
99,502 patients treated with clozapine through 1994; agran-
ulocytosis occurred in 0.38% of cases, and the death rate was
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0.012%.121 Similarly in the United Kingdom and Ireland, 2.9%
of the patients developed neutropenia, 0.8% developed agranu-
locytosis, and fatal agranulocytosis occurred in 0.03%.122 The
rate of agranulocytosis is lower than the originally estimated
1% to 2%, which could partly be owing to a 97% rate of compli-
ance with the registry protocol for screening for previous blood
dyscrasias, monitoring WBC counts weekly, and prompt dis-
continuation of therapy when neutropenia was noted. The 12
deaths reported represent a fatality rate of 3.2% of agranulocy-
tosis cases, a number that compares favorably with the overall
reported population-based rates. In an earlier report of the first
11,555 U.S. patients, the first 6 months of clozapine therapy
was the period of greatest risk; only one case of agranulocyto-
sis occurred after a year and a half of clozapine treatment.123

The risk of agranulocytosis increased with age and was higher
in women.

In most, but not all patients, agranulocytosis is preceded by
a steady decline in WBC over a period of at least 4 weeks.
Nevertheless, leukopenia was not present within 8 days of
development of agranulocytosis in 24% of cases. After the
discontinuation of clozapine, recovery from agranulocytosis
usually occurred within 2 weeks.

A history of clozapine-induced leukopenia might be a
risk factor for hematologic reactions to olanzapine (Zyprexa).
Eleven reports of olanzapine-induced hematologic reactions
(i.e., leukopenia, granulocytopenia, neutropenia, pancytope-
nia, anemia) were reported to Canadian regulatory authorities
through July 2000; in 5 of these cases, the patient had a history
of a hematologic reaction with clozapine.124

J.K. is not at increased risk for clozapine-induced hema-
tologic toxicity because there does not appear to be cross-
reactivity between clozapine and other psychotropic agents,
including chlorpromazine.125,126 Clozapine, however, is not in-
dicated for J.K. because she is not refractory to more typical
neuroleptic therapy.

Immune Peripheral Destruction: Metamizole or Dipyrone

30. What drugs have been most commonly associated with
acute onset agranulocytosis?

More than two-thirds of the cases of agranulocytosis have
been attributable to drugs. The most common drugs associated
with agranulocytosis are antithyroid medications and sulfon-
amides, but almost all classes of drugs have been implicated.127

According to British reports, neutrophil dyscrasia is the most
common life-threatening adverse event with the thionamides,
carbimazole and propylthiouracil.128 The nonsteroidal anti-
inflammatory drug (NSAID), metamizole, also known as dipy-
rone, was withdrawn from the market in the United States in
1979 because of its association with fatal agranulocytosis. Nev-
ertheless, metamizole is still available in other countries, and
travelers to these countries are exposed to this drug.129 Metami-
zole also is reportedly the most common drug sold to Mexican
immigrants by illegal pharmacies in California near the U.S.–
Mexican border. This drug also is promoted on the internet
by pharmacies specializing in veterinary compounding and it
is unknown whether these pharmacies compound metamizole
for human use. The risk of developing agranulocytosis from
metamizole varies widely and can be partly explained by geo-
graphic disparities and differences in use patterns.130

DRUG-INDUCED APLASTIC ANEMIA
Aplastic anemia is defined as bicytopenia or pancytopenia,
with bone marrow biopsy evidence of decreased cellularity
and absence of infiltration and significant fibrosis. The term
pancytopenia is applied when anemia (Hgb <10 g/dL), neu-
tropenia, and thrombocytopenia are present; and the term
bicytopenia is applied when two of these three abnormalities
are present.1 Diagnostic criteria also have been established for
cases of bicytopenia or pancytopenia with less definitive bone
marrow findings. Drugs and chemicals are implicated in 25%
to 50% of the cases of aplastic anemia, which is the rarest,
most poorly understood, and most serious of the drug-induced
blood dyscrasias.

The most serious complication of aplastic anemia is the
high risk of infection secondary to the absence of neutrophils.
In these patients, overwhelming bacterial sepsis and, especially,
fungal infections are the most frequent causes of death.132

Mortality rates are approximately 10% to 40%; however, pa-
tient age, severity of marrow suppression, availability of well-
matched marrow transplant donors, and improved treatments
influence survival rates.131 Prognosis is worst for severely af-
fected patients (i.e., severe bone marrow changes and two of
the following three criteria: [a] neutrophils <500/mm3, [b]
corrected reticulocytes <1%, or [c] platelets <20/mm3).

The underlying pathophysiology of aplastic anemia, includ-
ing drug-induced mechanisms, remains incomplete despite ad-
vances in the understanding of hematopoiesis. An autoimmune
process (possibly with genetic predisposition) probably is in-
volved in the pathogenesis of aplastic anemia, even in drug-
induced cases.133,134 Immunosuppressive therapy appears ef-
fective for both drug-induced and non–drug-related cases of
aplastic anemia. Aplastic anemia caused by direct damage to
the pluripotent stem cell (PSC) by toxic insult (e.g., drugs) and
true immune-mediated marrow failure might have a common
basis in the complex interactions between hematopoiesis and
the lymphocyte or monocyte-produced cytokines.

Chloramphenicol
Hundreds of cases of chloramphenicol-induced aplastic ane-
mia have been reported. The aplastic anemia from chlo-
ramphenicol is unpredictable; it occurs in about 1:20,000 to
1:30,000 persons and is not related to either dose or du-
ration of use. Chloramphenicol inhibits DNA synthesis and
studies from the cells of patients, who have recovered from
chloramphenicol-induced aplastic anemia, suggest that some
patients might be more sensitive to chloramphenicol’s abil-
ity to inhibit DNA synthesis.135,136 A reactive nitrosometabo-
lite of chloramphenicol can affect DNA synthesis irreversibly
at low concentrations,137 and two dehydrometabolites (pro-
duced by enterobacteria in the colon) also can be toxic to
lymphocytes.138 Some patients can be predisposed, perhaps
genetically, to chloramphenicol-induced aplasia mediated by
one or more of these metabolites. The role of enteric bacteria in
the pathogenesis of chloramphenicol-induced aplastic anemia
might prove to be the most important factor because this ad-
verse effect primarily has been associated with the oral route of
administration of this drug.139 Nevertheless, intravenous140,141

and ocular142,143 routes of chloramphenicol administration also
have been implicated in aplastic anemia.
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Chloramphenicol also can cause an anemia that is dose re-
lated, predictable, and reversible. This anemia results from
chloramphenicol-induced inhibition of iron utilization and
clinically appears with reticulocytopenia, maturation arrest of
committed precursors in all cell lines, increased serum con-
centration of iron, and increased total iron-binding capacity
(TIBC). Anemia resulting from inhibited iron utilization with
reticulocytopenia and increased serum iron concentrations is
common in patients receiving large doses of chloramphenicol.
Discontinuation of the drug results in complete recovery.

Importance of a Careful History

31. P.D., a 62-year-old man, notes gradually increasing tired-
ness and lack of energy over the past month. He seeks medical help
after unsuccessful self-medication with stress-formula vitamins.
His only other medical problem is osteoarthritis for which he has
been taking diclofenac (Voltaren) 50 mg three times daily (TID)
for the past 6 months, as well as aspirin 360 mg four to six times
daily on an as needed basis. Physical examination is unremarkable
except for pallor, several bruises on various parts of the body, and
findings typical of osteoarthritis. A blood count, however, reveals
an Hgb of 6.2 g/dL, a corrected reticulocyte count of 0.5%, a WBC
count of 1,800/mm3 with 50% neutrophils, and a platelet count
of 35,000/mm3. Diagnostic considerations include drug-induced
aplastic anemia. What additional information is needed before
P.D.’s anemia might be attributed to a drug-induced etiology?

[SI units: Hgb, 62 g/L; reticulocytes, 0.005 1; WBC 1.8 × 1012/L; platelets

0.35 × 1015/L]

Although drug-induced aplastic anemia is a possibility, a
more complete medical history is needed. Many drugs and
chemicals can cause marrow aplasia, which might not be ap-
parent until long after the last exposure. The family history
should be examined for family members who have experienced
“blood problems” or sensitivity to drugs or substances. Social
history also is important because occupations or military ser-
vice can provide important information about past or present
possible exposure to chemicals. For example, an employee in a
paint factory could be exposed to industrial chemicals known
to cause aplastic anemia, or a farmer might be exposed to
marrow-toxic insecticides. Finally, an exhaustive drug history
is mandatory. Use of all drugs past and present, prescription and
nonprescription, legal or illegal, regardless of route of admin-
istration, should be elicited and documented. This, of course,
is true whenever a drug-induced disease is suspected. The re-
lationship between exposure to a causative agent and the onset
of aplastic anemia often is not readily apparent and careful
scrutiny is needed to uncover a possible association.144 In one
case, a child developed aplastic anemia from use of an herbal
remedy 5 weeks before clinical presentation.145 The product
was analyzed with gas chromatography and mass spectrometry
and found to contain unlabeled diclofenac and phenylbutazone,
two drugs associated with aplastic anemia.

Features

32. A more complete history fails to reveal any additional per-
tinent information. Which of P.D.’s drugs is most likely to have
caused this problem?

A number of commonly used drugs (e.g., NSAID, sulfon-
amides, antithyroid drugs, antiepileptics, psychotropics, car-
diovascular drugs, gold, penicillamine, allopurinol) have been
associated with pancytopenia or aplastic anemia.146

One year after FDA approval of felbamate (Felbatol) for
partial seizures in adults and for Lennox-Gastaut syndrome
in children, prescribers were urged to discontinue felbamate
use, unless absolutely necessary, because of the potential for
aplastic anemia. In all cases, patients had been on the drug for
at least 2.5 months. Clinicians were cautioned that even close
monitoring cannot protect against the occurrence of aplastic
anemia with this drug.147

Three cases of dose-dependent, reversible pancytopenia
were observed after 2 weeks of linezolid (Zyvox) antibiotic
treatment. These cases have features similar to those of the re-
versible form of chloramphenicol toxicity.148 Warnings were
added to the drug’s professional product labeling, cautioning
that complete blood counts should be performed weekly in
patients who receive linezolid, particularly in those who re-
ceive the drug for longer than 2 weeks. Patients with pre-
existing myelosuppression receiving concomitant drugs that
produce bone marrow suppression, or those with a chronic
infection who have received previous or concomitant antibi-
otic therapy also are at higher risk for pancytopenia or aplas-
tic anemia. Discontinuation of linezolid should be considered
in patients who develop or have worsening myelosuppres-
sion.149

The aplastic anemia that has been reported in 57 patients
treated with ticlopidine (Ticlid) has been attributed to a direct
effect on the PSC. No effective monitoring exists to prevent
this adverse effect. Recombinant growth factors do not appear
to shorten the neutropenic period.150

The professional product labeling for interferon β-1α
(Avonex) warns of pancytopenia. Decreased peripheral blood
counts in all cell lines, including pancytopenia and thrombo-
cytopenia, have been reported. In some cases, platelets counts
were <10,000/mm3, and pancytopenia can reoccur on rechal-
lenge with this drug. Patients using interferon β-1α should be
monitored closely for these disorders.151

P.D.’s diclofenac has been associated with the development
of aplastic anemia. The risk of aplastic anemia with diclofenac
has been estimated to occur in about 1 in 150,000. Salicylates
have also been linked with aplastic anemia in some,152 but
not all,146 studies. Diclofenac is the most likely culprit among
P.D.’s drugs, but aspirin cannot be ruled out.

33. What subjective and objective data in P.D. are typical of an
initial presentation of aplastic anemia?

The symptoms of aplastic anemia at initial presentation usu-
ally are nonspecific and are directly related to deficiencies
within the suppressed cell lines. P.D.’s pallor, tiredness, and
lack of energy likely are caused by anemia. His easy bruisabil-
ity can be attributable to thrombocytopenia and exacerbated by
aspirin. Patients can experience more severe symptoms. For ex-
ample, when the anemia is severe, high-output congestive heart
failure, angina pectoris, and intermittent claudication can oc-
cur. When thrombocytopenia is significant, petechiae, purpura,
nose bleeds, oozing of blood from the gums, and hemorrhage
can be manifested. Symptoms such as oral lesions, fever, and
infection can be secondary to leukopenia.
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White blood cell counts typically are low at the initial pre-
sentation of aplastic anemia, however, the degree of leukope-
nia varies. The anemia generally is normochromic and either
normocytic or macrocytic; and the serum hemoglobin concen-
tration can be as low as 3 g/dL. The serum concentrations of
erythropoietin, iron, and transferrin saturation usually are high
because erythroid iron-consuming activity is low. Reticulocyte
counts generally are low. The WBC count can be low nor-
mal or low, but absolute neutropenia almost always is present.
P.D.’s WBC count of 1,800/mm3 with 50% neutrophils (ab-
solute neutrophil count = 1,800 mm3 × 50% = 900/mm3)
is compatible with this hematologic profile. Total lymphocyte
count is affected least and can remain within normal limits
until leukopenia becomes severe. Likewise, the platelet count
may be near normal or, more commonly, severely depressed.
The erythrocyte sedimentation rate (ESR) usually is elevated
and bone marrow usually is hypocellular with evidence of fatty
replacement.

Management

34. Further evaluation, including bone marrow biopsy, con-
firms the diagnosis of aplastic anemia. No causes other than drugs
are identified. What interventions would facilitate P.D.’s recov-
ery?

First and foremost, as is true in the treatment of most drug-
induced diseases, all suspected causative agents should be dis-
continued. In this case, both diclofenac and aspirin should be
stopped. In addition, supportive measures should be initiated
as needed.

The approach to treatment is based first on disease severity.
Patients with mild aplastic anemia have a relatively benign
short-term prognosis and can be treated conservatively. The
two basic approaches to treating severe aplastic anemia are
bone marrow transplant and immunosuppression.

Bone Marrow Transplantation
Bone marrow transplantation from an HLA antigen-identical
sibling donor, if available, achieved about a 72% to 90% long-
term survival rate in children and adults <40 to 45 years of
age by the mid-1990s.153–155 Acute and chronic graft-versus-
host disease (GVHD) has been a frequent complication of
transplant recipients.156 In one study, GVHD surprisingly was
experienced in 4 of 33 transplants from genetically identical
twins.157

Immunosuppression
Immunosuppression is the treatment of choice for older pa-
tients and for young patients without suitable bone marrow
donors, and it can appropriate for some patients who would
otherwise be transplant candidates.158 Antithymocyte globu-
lin (ATG) or antilymphocyte globulin (ALG) is administered
daily for 8 to 10 days along with a corticosteroid (methylpred-
nisolone 1 mg/kg/day or equivalent) to attenuate the adverse
effects of the globulin. Addition of 3 months or more of cy-
closporine to the regimen appears to be more effective than
ATG or ALG alone.159 It is postulated that the antilympho-
cyte activity of these agents results in immunosuppression and
inhibits release of PSC-suppressant cytokines responsible for
marrow failure. An intradermal skin test of 0.1 mL of a 1:1,000

dilution of ATG along with saline control is recommended be-
fore the first infusion.160

Androgens
Androgen treatment no longer has a first-line role in the treat-
ment of aplastic anemia and is generally reserved for patients
who have failed on immunosuppressants.161 The use of andro-
genic steroids as an adjunct to ATG is controversial. Although
most trials have failed to demonstrate clear benefit, numerous
questions regarding patient selection, timing and duration of
therapy, choice of agent, and dosing, any of which can affect
results, have been raised.162,163

Colony-stimulating Factors
Use of G-CSF and GM-CSF has increased neutrophil
counts164,165 and erythropoietin has increased red cell
counts166 in cases of aplastic anemia. It appears that response,
when it occurs, is limited primarily to a subset of patients with
nonsevere depression of the cell line in question, and that the
response lasts only as long as treatment continues. Interleukin-
3 (IL-3) was reported to improve responsiveness to G-CSF in
a patient who had not responded to G-CSF alone.167 The au-
thors speculate this may have been because of an IL-3–induced
increase in the number of progenitor cells or an increased re-
sponsiveness of those cells to the CSF. One author noted a
possible link between G-CSF use and subsequent development
of myelodysplasia and leukemia in three children treated with
G-CSF for severe aplastic anemia.168 At this time, therapeu-
tic trials of CSF are not appropriate as first-line treatment of
severe aplastic anemia.169

Because P.D.’s disease is not severe, discontinuing the drugs
and transfusing RBC are the only treatments indicated at this
time. It is not possible to predict whether his blood counts will
improve once the causative agents are discontinued.

DRUG-INDUCED AUTOIMMUNE PURE RED CELL APLASIA
Definitions
Pure red cell aplasia (PRCA) is a term used for a type of anemia
that affects the erythroid cell line. PRCA is a rare condition
that has been associated with autoimmune, viral, and neoplastic
diseases as well as drug treatment. Other terms (e.g., erythro-
blastic hypoplasia, erythroplasia, erythroblastopenia, erythroid
hypoplasia, red cell agenesis) have been used to describe this
particular marrow disorder. PRCA can be classified as an acute,
self-limited type; a chronic type; and, either constitutional or
acquired. PRCA was first described in 1922.170,171

Acquired PRCA might arise in association with thymoma,
lymphoid cancer, rheumatoid arthritis, and hepatitis B virus
or parvovirus infections. It has also been attributed to drugs,
particularly phenytoin, chlorpropamide, and isoniazid. PRCA
caused by neutralizing antibodies to erythropoietic proteins
also has been described.172,173

Exogenous Epoetin and Pure Red Cell Aplasia
Through September 2002, 155 world-wide reports were made
of PRCA in patients treated with epoetin alfa (Eprex) con-
firmed by bone marrow aspirations. Of these, 112 reports had
documented the presence of neutralizing antibodies with a high
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affinity and specificity against the protein moiety of epoetin.
All but one of these cases were reported in patients with chronic
renal failure.174

Eprex, which is marketed outside the United States, ac-
counts for most PRCA cases. Almost all of these cases involved
patients with chronic kidney dysfunction who had received
epoetin by subcutaneous injection.175

When an unexplained progressive drop in hemoglobin levels
in the presence of low reticulocyte counts is detected, PRCA is
suspected. Treatment with epoetin must be discontinued imme-
diately, and testing for erythropoietin antibodies and bone mar-
row aspiration should be performed. Patients with suspected
PRCA should not be switched to another epoetin treatment. Di-
agnosis of PRCA is usually confirmed when the bone marrow
evaluation shows a virtual absence of red blood cell precursors.
Patients diagnosed with epoetin-induced autoimmune PRCA
are lifelong transfusion-dependent.173,176

Patients who were diagnosed with PRCA before the intro-
duction of epoetin therapy were rarely found to have antibodies
against endogenous erythropoietin. One possibility is that a dif-
ference in the carbohydrate structure of exogenous epoetin and
endogenous erythropoietin creates an epitope on the epoetin
polypeptide to which an antibody binds, thereby inactivating

both epoetin and the endogenous hormone. The antierythropoi-
etin antibodies are not directed against the carbohydrate moi-
ety on erythropoietin. Removal of the carbohydrate structure
by enzymatic digestion had no effect on the antibody affinity
for the erythropoietin protein.173,176

The precise mechanism of epoetin-induced PRCA is un-
certain. Possibilities suggested as the cause of PRCA with
epoetin-α are the subcutaneous route of administration and
a change in the stabilizer used in the final product formula-
tion or both. Epoetin-α is reported to be sensitive to physical
stresses, such as elevated temperature, exposure to light, or ex-
treme shaking.177 The subcutaneous route is contraindicated
for epoetin-α use in patients with chronic renal failure.174

The estimated exposure-adjusted incidence of PRCA be-
tween 2001 and 2003 is 18 cases per 100,000 patient-years for
Eprex formulated with without human serum albumin and 6
cases per 100,000 patient years for a formulation with human
serum albumin. The incidence of PRCA peaked in 2001; since
then, interventions have resulted in a reduction of more than
80% in the incidence of this dyscrasia caused by Eprex.175

The increased incidence of PRCA with Eprex, compared with
epoetin-α produced in the United States, suggests fundamental
differences in the two products.178
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INTRODUCTION TO NEOPLASTIC DISORDERS
Cancer (neoplasm, tumor, or malignancy) is not a single dis-
ease; rather, it is a group of diseases characterized by uncon-
trolled growth and spread of abnormal cells. Cancer cells do
not respond to the normal processes that regulate cell growth,
proliferation, and survival, and they cannot carry out the phys-
iologic functions of their normal differentiated (mature) coun-
terparts. Often, cancer cells are described as poorly differenti-
ated or immature. Other characteristics of cancer cells include
their ability to invade adjacent normal tissues and break away
from the primary tumor (metastasize) and travel through the
blood or lymph to establish new tumors (metastases) at a dis-
tant site. Their ability to stimulate the formation of new blood
vessels (angiogenesis) and their endless replication potential

further contribute to their continued growth and survival.1 Can-
cers can arise in any tissue in the body and may be classified
as benign or malignant. If malignant cancer cells are allowed
to grow uncontrollably, they can eventually result in the death
of the patient, whereas benign cancer cells cannot spread by
tissue invasion or metastasize.

Cancer Statistics
Each year, the American Cancer Society (ACS) publishes the
estimated number of new cases and number of cancer-related
deaths. The National Cancer Institute (NCI) publishes cancer
statistics that also include cancer risk, prevalence, and survival
information.2 The ACS estimates that 1 of 2 American men
and 1 of 3 American women will eventually develop cancer
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Table 88-1 Leading Sites of New Cancer Cases and Deaths in the United States, 2007, Excluding Basal and Squamous Cell Skin
Cancers and In Situ Carcinomas Except Urinary Bladder

New Cancer Cases Cancer Deaths

Prostate 26% Breast 26% Lung and bronchus 31% Lung and bronchus 26%
Lung and bronchus 15% Lung and bronchus 15% Colon and rectum 9% Breast 15%
Colon and rectum 10% Uterine corpus 6% Prostate 9% Colon and rectum 10%
Urinary bladder 7% Melanoma of skin 4% Pancreas 6% Ovary 6%
Kidney 4% Non-Hodgkin lymphoma 4% Esophagus 4% Pancreas 6%
Non-Hodgkin lymphoma 4% Thyroid 4% Leukemia 4% Leukemia 4%
Oral cavity 3% Kidney 3% Liver or intrahepatic bile 4% Non-Hodgkin lymphoma 3%
Leukemia 3% Ovary 3% Kidney 3% Uterine corpus 3%
Pancreas 2% Pancreas 2% Non-Hodgkin lymphoma 3% Brain or central nervous system 2%
All other sites 19% All other sites 22% Urinary bladder 3% Liver or intrahepatic bile 2%

All other sites 24% All other sites 23%
Men 766,860 Women 678,060 Men 289,550 Women 270,100

From reference 3, with permission.

and that approximately 1,444,920 new cases of cancer will be
diagnosed in 2007.3 The most common cancers and causes
of cancer deaths in adult Americans are illustrated in Table
88-1. The incidence of cancer and cancer-related deaths can
be affected by both age and ethnic background with the in-
cidence greater in the elderly and black populations.4 Other
factors that can increase an individual’s risk for developing a
cancer include environmental and lifestyle factors, genetic pre-
disposition, immunosuppression, and exposure to one or more
potential carcinogens.5

Etiology
Cancers arise from the transformation of a single normal cell.
An initial “event” causes damage or mutation to the cell’s DNA.
These events may include lifestyle, environmental, or occupa-
tional factors, as well as some medical therapies (e.g., cytotoxic
chemotherapy, immunosuppressive therapy, or radiation ther-
apy) and hereditary factors (Table 88-2). Currently, cigarette
smoking is probably the most significant single factor that con-
tributes to the development of cancers. The ACS estimates that
tobacco use is responsible for approximately 180,000 cancer
deaths per year.3 In addition, approximately one-third of ex-
pected cancer deaths in 2007 are thought to result from pre-
ventable causes, such as physical inactivity, obesity, nutrition,
and other lifestyle factors.3,6

Progress in our understanding about the development of
cancer at the molecular level has led to the recognition that
cancer is a genetic disease. Two gene classes, oncogenes and
tumor-suppressor genes, play a major role in the pathogenesis
of cancer. Damage to cellular DNA can result in mutations that
lead to the development of oncogenes and loss or inactivation
of tumor suppressor genes. Oncogenes are genes whose overac-
tivity or presence in certain forms can lead to the development
of cancer. Oncogenes arise from normal genes called proto-
oncogenes through genetic alterations such as chromosomal
translocations, deletions, insertions, and point mutations.

Growth and proliferation of normal cells are influenced by
proteins, known as growth factors. When growth factors bind
to receptors on the cell surface, they activate a series of en-
zymes within the cell that stimulate cell signaling pathways
and gene transcription proteins in the nucleus, which encode

for proteins that regulate cell growth and proliferation. The co-
ordination and integration of cellular signaling processes are
referred to as signal transduction. Proto-oncogenes are respon-
sible for encoding several components of signal transduction
pathways, including growth factors, growth factor receptors,

Table 88-2 Carcinogens Associated With an Increased Risk
of Cancer

Carcinogenic Risk Factor Associated Cancer(s)

Environmental

Ionizing radiation (radon gas
emitted from soil
containing uranium
deposits)

Leukemia, breast, thyroid, lung

Ultraviolet radiation Skin melanoma
Viruses Leukemia, lymphoma, nasopharyngeal,

liver, cervix

Occupational

Asbestos Lung, mesothelioma
Chromium, nickel Lung
Vinyl chloride Liver
Aniline dye Bladder
Benzene Leukemia

Lifestyle

Alcohol Esophagus, liver, stomach, oropharynx,
larynx

Dietary factors Colon, breast, gallbladder, gastric
Tobacco Lung, oropharynx, pharynx, larynx,

esophagus, bladder

Medical Drugs

Diethylstilbestrol Vaginal in offspring, breast, testes, ovary
Alkylating agents Leukemia, bladder
Azathioprine Lymphoma
Phenacetin Bladder
Estrogens, tamoxifen Endometrial
Cyclophosphamide Bladder
Etoposide Leukemia
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signaling enzymes, and DNA transcription factors. Abnormal
forms or excessive quantities of these stimulatory proteins dis-
rupt normal cell growth-signaling pathways, leading to ex-
cessive growth and proliferation and, ultimately, a malignant
transformation. For example, the epidermal growth factor re-
ceptor (EGFR) is a member of a family of type I receptor
tyrosine kinases, which trigger cell signaling pathways that
influence cell growth, proliferation, survival, tissue invasion,
and metastases.7 The family includes four related receptors:
EGFR (also referred to as ErbB1 or HER1), ErbB2 (HER2,
HER2/neu), ErbB3 (HER3), and ErbB4 (HER4). These recep-
tor proteins are composed of an extracellular binding domain,
a transmembrane segment, and an intracellular protein tyro-
sine kinase domain. In cancer cells, the receptors can become
activated through receptor binding to the extracellular ligand,
resulting in heterodimerization (different members of the re-
ceptor family) or homodimerization (like members of the re-
ceptor family).8

Ligand-independent receptor dimerization can occur as well
and is the principal form of activation of HER2, because HER2
does not bind to any known ligands.9 The EGFR signaling
pathway is depicted in Figure 88-1. Activation of the receptor
protein tyrosine kinase leads to autophosphorylation of tyro-
sine and other intracellular substrates that initiate downstream
cellular signaling events.7 An important signaling route is the
Ras-Raf-MAP kinase pathway, which regulates transcription
of molecules that are associated with cell proliferation, sur-

vival, and malignant transformation.7 Other important routes
for signaling include the phosphatidylinositol 3-kinase (PI3K)-
protein-serine/threonine kinase Akt and the stress-activated
protein kinase pathways.7 EGFR is frequently overexpressed
in human tumors, including cancers of the lung, head and neck,
bladder, breast, ovary, prostate, colon, and glioblastoma.7 Am-
plification of the HER2/neu gene or overexpression of the pro-
tein is present in 10% to 34% of invasive breast cancers.10

Increased EGFR or HER2/neu expression in several cancers is
associated with a more aggressive cancer growth pattern and
poorer clinical outcome.7

Tumor-suppressor genes are normal genes that encode for
proteins that suppress inappropriate cell division or growth.
Gene losses or mutations of these genes can cause these pro-
teins to become inactivated, eliminating the normal inhibition
of cell division. Alterations in a third class of genes, DNA re-
pair genes, are also implicated in cancer. DNA repair genes
encode for proteins that correct errors that may arise during
DNA duplication. Mutations in these genes further contribute
to the accumulation of genetic changes that promote cancer
progression.

Table 88-3 lists examples of genes frequently associated
with human cancers. Multiple genetic mutations, including
activation of oncogenes and loss or inactivation of tumor-
suppressor genes within a cell, are necessary for malignant
transformation.11 Separate genetic changes are required for
tumor invasion of normal tissues and metastases.

Cell cycle
progression

Cell division

Survival

Invasion and
metastases

PI3K

Akt

mTOR

MEK

Raf

Ras

MAPK

P
P

P

111 2

Transcription

Growth factor ligands

FIGURE 88-1 Epidermal growth factor signaling. Members of the ErbB receptor family become activated
by dimerization. Ligand binding to the extracellular domain of epidermal growth factor receptor (EGFR)
leads to receptor activation through homodimerization or heterodimerization with other ErbB receptors.
Activation of the receptor tyrosine kinase results in tyrosine autophosphorylation and a series of phos-
phorylations of intracellular substrates that influence cell growth stimulatory signaling and other cellular
activities.
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Table 88-3 Some Genes Involved in Human Cancers11

Oncogenes

Genes for Growth Factors or Their Receptors
PDGF Codes for platelet-derived growth factor; involved in glioma

(a brain cancer)
erb-B Codes for the receptor for epidermal growth factor; involved

in glioblastoma (a brain cancer) and breast cancer
erb-B2 Also called Her-2 or neu; codes for a growth factor receptor;

involved in breast, salivary gland, and ovarian cancers
RET Codes for a growth factor receptor; involved in thyroid cancer
Genes for Cytoplasmic Relays in Stimulatory Signaling Pathways
K-Ras Involved in lung, ovarian, colon, and pancreatic cancers
N-Ras Involved in leukemias
Genes for Transcription Factors That Activate Growth-Promoting

Genes
c-Myc Involved in leukemias and breast, stomach, and lung cancers
N-Myc Involved in neuroblastoma (a nerve cell cancer) and

glioblastoma
L-Myc Involved in lung cancer
Genes for Other Kinds of Molecules
Bcl-2 Codes for a protein that normally blocks cell suicide; involved

in follicular B-cell lymphoma
Bcl-1 Also called PRAD1; codes for cyclin D1, a stimulatory

component of the cell-cycle clock; involved in breast, head,
and neck cancers

MDM2 Codes for an antagonist of the p53 tumor-suppressor protein;
involved in sarcomas (connective tissue cancers) and others
cancers

Tumor-Suppressor Genes

Genes for Proteins in the Cytoplasm
APC Involved in colon and stomach cancers
DPC-4 Codes for a relay molecule in a signaling pathway that

inhibits cell division; involved in pancreatic cancer
NF-1 Codes for a protein that inhibits a stimulatory (Ras) protein;

involved in neurofibroma and pheochromocytoma (cancers
of the peripheral nervous system) and myeloid leukemia

NF-2 Involved in meningioma and ependymoma (brain cancers)
and schwannoma (affecting the wrapping around peripheral
nerves)

Genes for Proteins in the Nucleus
MTS1 Codes for the p16 protein, a braking component of the

cell-cycle clock; involved in a wide range of cancers
RB Codes for the pRB protein, a master brake of the cell cycle;

involved in retinoblastoma and bone, bladder, and
small-cell lung and breast cancer

p53 Codes for the p53 protein, which can halt cell division and
induce abnormal cells to kill themselves; involved in a
wide range of cancers

WT1 Involved in Wilms tumor of the kidney
Genes for Proteins Whose Cellular Location Is Not Yet Clear
BRCA1 Involved in breast and ovarian cancers
BRCA2 Involved in breast cancer
VHL Involved in renal cell cancer

Prevention
Chemoprevention

1. M.S., a 37-year-old woman, asks about taking medications
to reduce her risk of cancer. Her mother died several years ago
of colon cancer, and she fears that she also will develop the dis-

ease. Does taking anti-inflammatory medications alter the risk of
cancer?

Cancer chemoprevention focuses on suppressing or revers-
ing carcinogenesis in the early phases and preventing the devel-
opment of invasive cancer. Also, much has been learned about
the differences that exist among people and the interindivid-
ual variability in their inherited susceptibility to carcinogenic
exposures.12 This type of information will be useful in the de-
sign of a chemoprevention program that can be personalized
for a specific individual. Chemoprevention strategies can be
categorized as primary prevention (i.e., preventing cancer in
a healthy individual at high risk), secondary prevention (i.e.,
preventing cancer in an individual with a premalignant lesion),
or tertiary prevention (i.e., preventing a second primary can-
cer in an individual already cured of a prior malignancy).13

Chemoprevention may involve treatment with nutrients or nat-
ural or synthetic chemicals that exert their protective effects by
reversing the abnormal differentiation, inhibiting proliferation,
or inducing apoptosis (programmed cell death) of premalignant
cells. Other agents can act to block the uptake of carcinogens
into cells, inhibit the activation of procarcinogens by various
enzymes, or directly detoxify activated carcinogens.14 Specific
phases of carcinogenesis that are current targets for chemopre-
vention include genes that direct tumorigenesis and metastasis,
cell signaling pathways, and genetic (i.e., chromosomal) insta-
bility common to malignancies.14,15

Chemoprevention studies are designed to detect changes in
the incidence of cancer, as well as the rate of regression, pro-
gression and recurrence of premalignant lesions. Because long-
term, perhaps even lifelong, therapy with an effective chemo-
protectant may be necessary, ideal chemoprotectants should be
safe and inexpensive. Once-daily dosing (or less) is desirable
to maximize adherence. Another important aspect of effective
chemoprevention is the ability to identify individuals at high
risk for specific cancers through genetic susceptibility assess-
ments, biomarkers of lifestyle or environmental exposures, or
detection of premalignant cellular changes or lesions. These
individuals are most likely to benefit from chemoprevention or
should be encouraged to participate in a clinical trial. Findings
from several large trials are described in Table 88-4.

Colon cancer is the second leading cause of cancer death;
therefore, the search for agents that can lower the risk for
this disease is warranted. In colorectal cancer cells and ade-
nomatous polyps, elevated levels of cyclooxygenase-2 (COX-
2) enzyme, messenger RNA, and protein can be found and
these are associated with increased proliferation and resis-
tance to apoptosis. The action of cyclooxygenase may enhance
the conversion of several procarcinogens into carcinogens, the
production of oxygen-free radicals, and otherwise stimulate
cell proliferation.14 One option, therefore, is to recommend
that M.S. discuss the use of aspirin or another nonsteroidal
anti-inflammatory drug (NSAID) with her primary health care
provider. These agents potentially reduce the risk of colon can-
cer, although their benefit in the general population has not been
established.16 In randomized, controlled clinical trials, aspirin,
sulindac, and celecoxib have reduced the development of new
or recurrent adenomas in high-risk patients.16−20 Although as-
pirin has been shown to prevent adenomatous polyp forma-
tion, its use was associated with increased risk for stroke and
serious bleeding. For patients with previous colorectal cancer,
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Table 88-4 Large, Randomized Chemoprevention Trials

Duration of
Trial Agent Population Intervention (yr) Endpoints Outcomes

Anti-inflammatory Agents

Sandler et al.17 Aspirin Patients with history of
colorectal cancer (N = 635)

1 Colorectal adenoma
recurrence

Positive: lower relative risk for recurrent
adenomas and time to detection of first
adenoma.

Baron et al.18 Aspirin Patients with a history of
colorectal adenomas
(N = 1,121)

1 Colorectal adenoma
recurrence

Positive: lower relative risk for advanced
neoplasms. Nonsignificant increases
for stroke and serious bleeding in the
aspirin group.

Chan et al.21 Aspirin Patients with colorectal
carcinoma (N = 130,274)

Colorectal carcinoma
recurrence

Positive: lower incidence for cancers that
overexpress cyclooxygenase 2 (COX-2)
but not for cancers with weak or absent
COX-2 expression.

APC19 Celecoxib Patients with colorectal
adenomas (N = 2,035)

3 Colorectal adenoma
recurrence

Positive: lower incidence for adenomas.
Increased risk for cardiovascular events.

PreSAP20 Celecoxib Patients with colorectal
adenomas (N = 1,561)

3 Colorectal adenoma
recurrence

Positive: lower incidence for adenomas.

Antiestrogens

BCPT22 Tamoxifen Women of higher-than-
average risk of breast
cancer (N = 13,000)

5.7 Newly diagnosed
breast cancer

Positive: reduced the risk of invasive and
noninvasive cancers and the occurrence
of estrogen receptor-positive tumors;
tamoxifen received an indication for
chemoprevention from the U.S. Food
and Drug Administration

MORE24 Raloxifene Postmenopausal women with
osteoporosis (N = 7,705)

3 Newly diagnosed
breast cancer

Positive: reduced the risk of invasive
cancers.

IBIS-I23 Tamoxifen Women of higher risk of
breast cancer

5 Newly diagnosed
breast cancer

Positive: risk-reducing effect persists for
at least 10 yrs; higher risk for deep-vein
thrombosis and pulmonary embolism,
but not after tamoxifen stopped.

STAR25 Tamoxifen versus
raloxifene

Postmenopausal women at
high risk for breast cancer
(N = 19,747)

5 Newly diagnosed
breast cancer

Positive: raloxifene as effective as
tamoxifen for reducing risk of invasive
breast cancer; lower risk of thrombo-
embolic events.

recent studies suggest that aspirin’s use for preventing further
tumorigenesis will be more beneficial for those with prior tu-
mors that overexpress COX-2 compared with those that do
not overexpress it.21 Celecoxib use also prevents adenomatous
polyp formation, but cardiovascular risk is also increased.19,20

Finally, M.S. should be encouraged to modify her lifestyle
in ways that reduce her overall risk of cancer. These include
maintaining a healthy body weight, following a healthy diet,
participating in a regular exercise program, avoiding tobacco
and other known carcinogens, and avoiding or limiting alcohol
consumption.

2. J.M., a 45-year-old woman, tells you that her twin sister
was recently treated for breast cancer. She heard on the news that
relatives of breast cancer patients are at higher risk for developing
the disease and that a drug is now available that can prevent breast
cancer. Should J.M. consider taking something to prevent breast
cancer?

The Breast Cancer Prevention Trial (BCPT) of the National
Surgical Adjuvant Breast Project (NSABP) enrolled 13,000
women who were at higher-than-average risk of developing

breast cancer.22 The trial demonstrated that the risk of inva-
sive breast cancer was reduced by 49% in subjects treated with
tamoxifen. During the 69-month follow-up period, 175 of the
6,599 women enrolled in the placebo arm developed invasive
breast cancer, compared with 89 of the 6,576 women enrolled in
the tamoxifen arm (p <0.00001). Women in this trial received
tamoxifen 20 mg/day orally for 5 years. It is important to note
that women in the tamoxifen arm had a higher incidence of
pulmonary embolism (relative risk [RR], 3.01) and endome-
trial cancer (RR, 2.53). These risks were greatest in women
>50 years of age. The results of this trial led the U.S. Food
and Drug Administration (FDA) to approve tamoxifen for the
prevention of breast cancer in high-risk women. Longer term,
some of the adverse effects associated with tamoxifen therapy
(deep vein thrombosis and pulmonary embolism) appear to de-
crease with time (i.e., 5 years after completion of therapy).23

Raloxifene, a selective estrogen receptor modulator approved
for prevention of osteoporosis, also has been shown to reduce
the risk of invasive breast cancer in women with osteoporo-
sis. Patients receiving raloxifene showed an increased risk of
thromboembolic disease, but they did not show an increased
risk of endometrial cancer in this single trial.24 Results from
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a randomized clinical trial comparing tamoxifen and raloxi-
fene (STAR P-2) demonstrated that raloxifene 60 mg/day for
5 years is as effective as tamoxifen 20 mg/day in reducing the
risk of invasive breast cancer, and has a lower risk for throm-
boembolic events.25 Raloxifene may not be as beneficial as
tamoxifen for noninvasive breast cancer because a nonstatisti-
cally higher risk for noninvasive breast cancer was found for
subjects in the raloxifene group.

Because her sister developed breast cancer before meno-
pause, J.M. may be at a higher-than-average risk for developing
breast cancer and she may benefit from preventive therapy. J.M.
should discuss the benefits and risks of chemoprevention with
her primary health care provider.

Vaccines

3. M.M., a 35-year-old woman, asks you about vaccines to pre-
vent cervical cancer. She heard that a vaccine is now available.
Should M.M. consider this vaccine for herself or her daughter?
Would this substitute for Pap smear screening?

Human papillomavirus (HPV) is primarily transmitted
through sexual contact, and serotypes 16 and 18 (HPV-16, -
18) cause approximately 70% of cervical cancers.26 It is dif-
ficult to show that an intervention prevents cancer, because
the time between exposure of the virus and tumorigenesis can
be protracted. This would require several years and possibly
decades to demonstrate efficacy; hence, key surrogate mark-
ers, such as cervical intraepithelial neoplasia, are used to assess
efficacy. The FUTURE I and FUTURE II trials prospectively
randomized 17,622 women between the ages of 15 and 26
years to receive either placebo or GARDASIL (Human Papil-
loma Virus Quadrivalent Vaccine).27,28 Subjects received three
injections over 6 months and were followed >3 years. The pri-
mary endpoint, occurrence of cervical intraepithelial neopla-
sia was reduced significantly in the vaccine group compared
with the placebo group. No effect was observed on previously
existing lesions, however, suggesting that the benefit for this
vaccine appears to be limited to those with no prior exposure
to the virus. The HPV serotypes present in the quadrivalent
vaccine include types 6, 11, 16, and 18. At least 15 oncogenic
HPV serotypes are not included in the vaccine, thus the vac-
cine does not prevent the possibility of contracting cervical
cancer caused by the less common serotypes. Other vaccines
that cover additional serotypes are under evaluation in clinical
trials. Efficacy has also not been established in women >26
years of age who might be expected to have had more lifetime
sexual partners, nor has it been tested for men. HPV screening
should continue for all vaccinated women, because the vaccine
does not cover all serotypes of HPV and the duration of vaccine
induced anti-HPV immunity is unknown.

Diet
Diet has been linked to the development of colon, prostate,
and breast cancers. Worldwide, colon cancer is the third most
common cancer in the Western world,29 but it is relatively un-
common in Africa and Asia, except Japan.30 Epidemiologic
studies show that the incidence of colon cancer in a population
increases as individuals migrate from a low-incidence region
to a high-incidence region, suggesting that diet or other envi-
ronmental factors have an important impact on the etiology of
colon cancer.30 Western diets tend to contain more fat and less

fiber compared with diets of low-incidence regions. Random-
ized trials, however, have been unable to show a benefit of high
dietary fiber intake in reducing the recurrence of colorectal
adenomas in people who have undergone resection of colorec-
tal polyps.12 Furthermore, the consequences of supplementing
fiber in the diet may produce confounding factors, such as de-
creased fat intake, decreased caloric intake, and even weight
loss. Nevertheless, the ACS advocates a healthy diet that con-
sists of vegetables, fruit, whole grains, and fiber and is low in
fat and limits red meats.

Similar to the incidence of colon cancer, migrant studies
suggest that diet, environmental, or social factors play a role
in the cause of prostate cancer, particularly in Asian men.31

An increasing incidence of prostate cancer has been observed
in Japan, which is thought to be associated with a shift to-
ward a more westernized diet.31 In women, the risk of breast
cancer is increased with obesity and physical inactivity, but
an association with high-fat diet is less clear.32 Furthermore,
environmental or lifestyle factors influence the risk of breast
cancer. For example, even moderate alcohol consumption has
been associated with an increased risk of breast cancer.33

Sun Exposure
Most risk factors associated with skin cancer are uncontrollable
variables, with the exception of sun exposure and other forms
of ultraviolet radiation. The interaction between ultraviolet ra-
diation and skin cancers is complex, because nonmelanomas
(e.g., basal cell and squamous cell carcinomas) are associated
with total cumulative ultraviolet radiation exposure, whereas
melanomas are associated with intermittent sun exposure.34

The risk of melanoma is further increased in people who have
a history of five or more severe sunburns in their lifetime, par-
ticularly during adolescence.34 A rising incidence of melanoma
skin cancers is thought to be caused by excessive, intermittent
sun exposures—particularly among individuals who travel to
sunny regions during the winter and to depletion of the ozone
layer in the stratosphere.34 Prevention is simply based on lim-
iting sun exposure. The ACS guidelines recommend avoiding
or limiting sun exposure from 10 am to 4 pm when the ultravi-
olet rays are the strongest. Protective clothing, including a hat,
sunglasses, and long-sleeved shirt and pants, and sunscreens
are also advised to minimize exposure. The protective effects
of sunscreens alone against melanoma, particularly for inten-
tional sun exposure, is controversial.35 To reduce the risk of
skin cancer, individuals should be cautioned to limit direct sun
exposure whenever possible.

Tumors
Growth

CELL CYCLE TRANSITION
Cancer cells, as with normal cells, proceed through a spe-

cific and orderly set of events during cellular replication re-
ferred to as the cell cycle (Fig. 88-2). The cell cycle contains
four phases (S, M, G1, and G2) of activity, each responsible
for a different task necessary for cell division. During the first
activity phase, the M phase, the cell undergoes mitosis, the
process of cell division. After mitosis, the cell enters the first
gap or resting phase (G1). During the G1 phase, the cell makes
the enzymes necessary for DNA synthesis. The synthesis of
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Antitumor Antibiotics
Dactinomycin, Daunorubicin,

Doxorubicin, Idarubicin, Mitomycin,
Mitoxantrone, Epirubicin

FIGURE 88-2 Cell cycle and effects of cytotoxic drugs on phases of the cell cycle.

DNA occurs during the next activity phase called the S phase.
After the S phase, the cell enters a second gap phase (G2).
RNA and other proteins are synthesized during this gap phase
to prepare for cell division during the M phase. The cells that
complete mitosis may (a) continue to proceed through the cell
cycle to divide again, (b) differentiate or mature into special-
ized cells and eventually die, or (c) enter a third resting phase
called G0.36

Proliferation of normal cells (or cell renewal) is under fine
control to balance the loss of mature functional cells with the
production of new cells. As mentioned, proto-oncogenes and
tumor-suppressor genes provide the stimulatory and inhibitory
signals, respectively, that regulate the cell cycle. The transition
of cells through the cell cycle is an ordered, tightly regulated
process, which involves a series of checkpoints that assess these
signals and the number and integrity of the cells.36 Cyclins, a
group of interacting proteins found in the nucleus, and cyclin-
dependent kinases (CDK), make up the molecular machinery
that regulates passage of cells through various phases of the cell
cycle. The cyclins combine with the CDK to form complexes
that act as molecular switches. A molecular switch allows the
cell to move through a critical restriction point that occurs late
in the G1 phase to the S phase. If insufficient amounts of cyclins
or CDK are present during the G1 phase, the cell will not enter
the S phase to start cell division. Cells that pass through this

point are irreversibly committed to the next phase of the cell
cycle.36 A decline in the level of the CDK complex signals the
end of the phase.

The levels of cyclins and CDK are influenced by several
factors, such as transcription of cyclin genes, degradation of
cyclins, activities of CDK inhibitors, and the transfer of phos-
phate groups to various proteins and enzymes. Cues from the
cell’s external environment are transmitted to the nucleus via
growth factor receptor signaling pathways, which influence
formation of cyclins and cyclin–CDK complexes. The com-
plexes generate phosphate groups from molecules of adeno-
sine triphosphate (ATP) and transfer them to a protein called
a retinoblastoma protein (pRB). If the pRB acquires enough
phosphate groups, it will release the transcription factors the
cell needs to make proteins essential for a cell division. Natu-
rally occurring CDK inhibitors block cell cycle progression in
response to inhibitory growth signals.

In cancer cells, the regulation and function of cyclins, CDK,
and inhibitory proteins may be disrupted by a malignant trans-
formation, or these proteins can undergo changes that cause a
malignant transformation. Defects in these processes that are
common in human cancers include deletion of the RB gene, a
tumor suppressor gene that encodes for pRB, and dysregulation
of the CDK through over-activation of CDK or loss of CDK
inhibitors.37 Without appropriate pRB regulation of cell cycle
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FIGURE 88-3 Normal stimulatory and inhibitory cell growth pathways and related effects of gene muta-
tions on cell proliferation. (From reference 127, with permission.)

transition from the G1 to the S phase, excessive cell prolifera-
tion can occur. Loss or mutation of a second tumor suppressor
gene, p53, is also common in human cancers, and is associated
with the resistance of cancer cells to undergo cell cycle arrest
or apoptosis (e.g., programmed cell death). In normal cells, the
p53 gene is responsible for temporarily arresting cell growth in
response to biochemical or molecular damage until the damage
can be repaired.38 If the damage cannot be repaired, apopto-
sis is a normal cell suicide process that is initiated to prevent
genetically damaged cells from growing uncontrollably. Fig-
ure 88-3 illustrates the normal stimulatory and inhibitory cell
growth pathways and related effects of gene mutations on cell
proliferation.

SURVIVAL
If the stimulatory and inhibitory growth signals do not pro-

gram the cell to stop dividing, mechanisms, such as apoptosis
and senescence (aging), can help control excessive cell divi-

sion. Because abnormalities in the proto-oncogenes and tumor
suppressor genes that regulate these processes are present in
cancer cells, the balance between cell renewal and loss of ma-
ture (senescent) cells is disrupted. Also, cancer cells are less de-
pendent on receiving stimulatory signals from external growth
factors.38 Furthermore, cancer cells possess unlimited replica-
tion potential, owing to their ability to activate telomerase.1,39

Telomerase is an enzyme that synthesizes sequences of telom-
eres, thereby enabling cells to proliferate endlessly. The ex-
pression of telomerase in most normal human cells is sup-
pressed but it is reactivated in most cancer cells.38,39 Telomeres
are repeats of DNA and DNA-binding proteins that form the
ends of eukaryotic chromosomes.39 Telomere loss occurs with
each successive cell replication and, after a critical length is
reached, the cell undergoes irreversible growth arrest (replica-
tive senescence).39 Unlike normal cells, in which a finite telom-
ere sequence regulates their life span, cancer cells are capable
of immortality through their ability to maintain their telomeres
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indefinitely. Strategies to inhibit telomerase activity in cancer
cells comprise one of many new molecular approaches that
are being studied. Efforts are underway to target key genes,
proteins, and receptors that facilitate cancer cell growth.

Spread

4. D.J., a 14-year-old boy, presented to the emergency depart-
ment with a painful, swollen right leg. X-ray examination con-
firmed a fracture that appeared to be caused by a tumor mass in
the bone. Biopsy confirmed osteogenic sarcoma. A routine chest
x-ray study showed three nodules that were also believed to be ma-
lignant tumors. Does D.J. also have lung cancer? Are the tumors
in D.J.’s lungs related to the sarcoma in his leg?

The tumor nodules in D.J.’s lung are most likely metastases
from the sarcoma in his leg. The ability of cancer cells to
disseminate and form metastases represents their most malig-
nant characteristic. Tumor metastases to distant sites generally
have a greater effect than the primary tumor on the frequency
of complications and the patient’s quality of life (see Compli-
cations of Malignancy). Metastases also have a greater effect
than the primary tumor on mortality, with metastases associ-
ated with most cancer-related deaths. Consequently, individu-
als diagnosed with metastases face a worse prognosis.

Cancer cells must develop new blood vessels to supply nu-
trients to the cells and to spread to distant sites (metastasize).
In response to low oxygen supply (hypoxia) and other factors,
the cancer cells and surrounding tissues secrete growth factors
that stimulate the growth of the new blood vessels (or angio-
genesis) from existing blood vessels in the surrounding normal
host tissue. Although many growth factors secreted by the tu-
mor can be considered angiogenic, vascular endothelial growth
factor (VEGF), platelet derived growth factor (PDGF), and ba-
sic fibroblast growth factor (bFGF) are considered those most
important for sustained endothelial cell growth. Once released
by the tumor cells, these growth factors bind to tyrosine kinase
receptors on the surface of endothelial cells of existing blood
vessels and activate a series of intracellular relay proteins that
transmit a signal to genes in the nucleus to produce factors
required for new endothelial cell growth.40 Once the older en-
dothelial cells become activated by the growth factors, they be-
gin making matrix metalloproteinase enzymes (MMP). These
enzymes destroy the extracellular matrix of the surrounding
cells, allowing the older endothelial cells to invade the ex-
tracellular matrix and begin cell division.40 This process of
invasion and proliferation is repeated several times until new
blood vessels are formed.

Tumor cells can utilize these newly formed blood vessels
to facilitate their spread to distant locations. They must break
away from the primary tumor and travel to other sites in the
body to form metastases. Normally, cells adhere to both other
cells and the extracellular matrix. The cell-to-cell adhesion
molecules are called cadherins, and the cell-to-extracellular
matrix molecules are called integrins. In cancer cells, these
molecules are often absent, allowing tumor cells to easily move
away from the primary tumor mass.

Once a tumor cell breaks off, it can move through the body
to form metastatic sites. Two primary pathways, the blood ves-
sels and the lymphatics, play a critical role in determining the
location of metastatic sites (Table 88-5). A tumor cell can travel
only to a distant site that receives blood or lymph from the pri-

Table 88-5 Common Cancers and Sites of Metastases

Cancer Most Common Sites of Metastases

Bladder Pelvis, lymph nodes
Breast
� Premenopausal
� Postmenopausal

Lymph nodes, skin, lung, liver, bone, brain
Lymph nodes, bone, soft tissue

Colon Lymph nodes, liver, lung, adrenals, ovary, bone
Lung
� Non–small-cell
� Small-cell

Lymph nodes, liver, bone, brain, adrenals
Lymph nodes, bone, liver, bone marrow, brain

Lymphomas
� Hodgkin disease

lymphoma
� Non-Hodgkin

Liver, spleen, stomach, bone marrow, lung

Gastrointestinal tract, bone marrow, liver, lung,
central nervous system

Ovary Peritoneum, lung
Prostate Lymph nodes, bone, liver

mary site. Usually, tumor cells spread to the first capillary bed
they encounter after their release from the primary tumor. If
the primary site drains its blood supply into the vena cava, the
cancer cells will reach the capillary bed in lung. Similarly, if the
primary site drains its blood supply into the portal circulation,
the cancer cells will reach the capillary bed in the liver. In addi-
tion, cancer cells can potentially pass through the first capillary
bed they encounter and enter the arterial circulation. If malig-
nant cells reach the arterial circulation, they can distribute to
other organs and tissues throughout the body. Growth condi-
tions (e.g., growth factors, physiologic conditions) within a
tissue or organ also can determine the location of a metastatic
site. After a cancer cell establishes a metastatic site, it must
again undergo angiogenesis to ensure continued growth. To-
gether, angiogenesis and hematogenous or lymphatic spread
help cancer cells invade healthy tissues and increase morbidity
and mortality associated with the disease.

Screening and Early Detection
Standardized screening tests can help identify disease in
asymptomatic individuals (screening) or help diagnose a dis-
ease in symptomatic individuals (early detection). Ideally, a
screening test should be quick and simple to maximize compli-
ance with screening recommendations. The cancer screening
tests recommended by the ACS meet four basic requirements:
(a) there must be good evidence that the test is effective in
reducing morbidity or mortality (e.g., effective treatment must
be available for the screened disease); (b) the benefits of the
test should outweigh its risks; (c) the costs of the test should be
in balance with its presumed benefits; and (d) the test should
be practical and feasible within the existing health care setting.
Various professional organizations, including the ACS, regu-
larly publish recommendations for cancer screening3,41 (Table
88-6).

Recommendations for cancer screening tests have been in
existence for decades. As advances are made in screening tech-
niques and the management of certain cancers, recommen-
dations for cancer screening are updated as new information
becomes available. Although the concepts of cancer screen-
ing and early cancer detection seem intuitively beneficial,



88-10 � NEOPLASTIC DISORDERS

Table 88-6 Guidelines for Screening Cancer

American Cancer Society† National Comprehensive Cancer Network

Self-Examination

Breast self-examination 20 yr: monthly 20 yr: encouraged
Testicular self-examination Not recommended Not recommended
Skin Not recommended Not recommended

Clinician Examination

Clinical breast examination 20–39 yr: every 3 yr
40 yr: annually

20–39 yr: every 1–3 yr
40 yr: annually
High risk: begin earlier and more frequently, depending on

risk
Digital rectal examination Colon: not recommended

Prostate: if life expectancy 10 yr, 50 yr (normal risk) or
40–45 yr (high risk): annually

Not recommended

Pelvic examination 18 yr: annually 18 yr or within 3 yr of onset of sexual activity: annually
Sigmoidoscopy Normal risk, 50 yr: every 5 yr, preferably with annual

FOBT, as alternative to colonoscopy every 10 yr or
double-contrast barium enema every 5 yr

Normal risk, 50 yr: every 5 yr with annual FOBT, as
alternative to colonoscopy every 10 yr or double-contrast
barium enema every 5 yr

High risk: begin earlier than age 50 yr and/or more
frequently

High risk: begin earlier than age 50 yr and more frequently,
depending on risk

Colonoscopy Normal risk, 50 yr: every 10 yr as alternative to annual
FOBT, sigmoidoscopy every 5 yr, or double-contrast
barium enema every 5 yr

Normal risk, 50 yr: every 10 yr with annual FOBT, as
alternative to sigmoidoscopy every 5 yr, or
double-contrast barium enema every 5 yr

High risk: begin earlier than age 50 yr and more
frequently

High risk: begin earlier than age 50 yr and more frequently,
depending on risk

Laboratory Tests

Stool guaiac 50 yr: annually
High risk: begin earlier than age 50 yr: annually

50 yr: annually

Prostate specific antigen If life expectancy 10 yr, 50 yr (normal risk), or
40–45 yr (high risk): annually

Normal risk, life expectancy 10 yr, 50 yr: annually
High risk, life expectancy 10 yr, 45 yr: annually

Pap smear 21 yr or within 3 yr of onset of sexually activity if
earlier: annually (regular Pap test) or every 2 yr
(liquid-based Pap test)

30 yr: every 2–3 yr if three normal prior consecutive
Pap test results

70 yr: optional if three or more normal prior consecutive
Pap test results and no abnormal Pap test results in
the last 10 yr

21 yr or within 3 yr of onset of sexually activity if earlier:
annually (regular Pap test) or every 2 yr (liquid-based
Pap test)

30 yr: every 2–3 yr if three normal prior consecutive Pap
test results

70 yr: optional if three or more normal prior consecutive
Pap test results and no abnormal Pap test results in the
last 10 yr

Mammogram 40 yr: annually
High risk: begin earlier than age 40 yr and/or have

additional tests or more frequent testing

40 yr: annually
High risk: begin earlier and more frequently, depending

on risk

†Listed year is age at which screening begins.
CBE, clinical breast examination; FOBT, fecal occult blood test.

particularly for cancers for which treatments are available, the
acceptance of various cancer screening recommendations re-
mains controversial. The question that still needs to be an-
swered is, “Will screening alter the natural history of the dis-
ease or simply detect the disease earlier without changing pa-
tient morbidity?” The NCI is following up more than 154,000
men and women who enrolled in the Prostate, Lung, Colorec-
tal and Ovary (PLCO) Cancer Screening Trial to determine
whether screening affects morbidity or mortality. One-half of
participants have specific screening tests; the other half re-
ceives routine health care. Because the testing and follow-up
occur over 16 years, the results will be unavailable for several
years. Interestingly, cancer screening may not alter the mortal-
ity or morbidity associated with various cancers. Recent can-

cer statistics show that patients are still being diagnosed with
potentially curable cancers late in the course of the disease, de-
spite the introduction of these recommendations two decades
ago.

As new information becomes available, the various profes-
sional organizations modestly change their cancer screening
recommendations. Only minor changes have been made to the
recommendations since the ACS first published its guidelines,
because a newly discovered tumor marker or diagnostic pro-
cedure must first be validated as a screening test. New tests
should fit the four basic requirements the ACS used to develop
the current guidelines, including cost:benefit ratio. Because
a new screening test could add substantial costs to an already
stressed health care system, its costs, benefits, and risks should
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be evaluated thoroughly before it is recommended for routine
use. Screening recommendations also accommodate patients
who are at higher than average risk for developing cancer owing
to genetic, environmental, and lifestyle factors.

Diagnosis and Staging
The histologic diagnosis of a tumor is the most important de-
terminant of how a malignancy will be treated. This is because
a tumor’s histologic classification influences its natural history,
pattern of progression, and responsiveness to treatment. A sur-
gical biopsy or excision of the primary tumor, followed by a
microscopic and a biochemical evaluation by a pathologist,
can provide the most accurate histologic diagnosis. Thereafter,
staging can begin.

5. J.S. is diagnosed with breast cancer after a large breast
mass was biopsied. Chemotherapy, radiation, and surgery all play
an important role in the treatment of breast cancer. How does a
clinician decide which treatment modalities are most appropriate
for J.S.?

The stage of the cancer, as well as the histologic diagno-
sis, significantly influences both the treatment and prognosis.
Staging is the process that determines the extent or spread of
the disease. For J.S., staging is crucial to guide therapy. If her
disease is limited to her breast, surgery followed by radiation,
chemotherapy, or both or hormonal therapy would be recom-
mended. If the cancer has spread beyond the breast, however,
surgery may not be recommended. J.S. should immediately
consider systemic therapy (chemotherapy or endocrine ther-
apy) if she has advanced disease.

Staging schemas have been developed for all major types of
cancers. For solid tumors, the most widely used and accepted
staging classification is the TNM system, which incorporates
the size of the primary tumor (T), the extent of regional lymph
node spread (N), and the presence or absence of metastatic
spread to distant organs (M). Within each TNM category, the
extent of cancer involvement is related to prognosis. Deter-
mining the stage of the cancer often requires tests that can
physically or radiographically measure the size of the primary
tumor (e.g., radiographs, computed tomography [CT] scans, or
magnetic resonance imaging [MRI] scans), dissect and patho-
logically examine regional lymph nodes, and assess the patient
for evidence of tumor spread. In addition, positron emission to-
mography [PET] scans are being used more frequently to help
determine whether tissues contain cancerous cells. To find ev-
idence of a metastatic site, clinicians perform tests that assess
the most likely sites of tumor metastases (Table 88-5) and they
evaluate symptoms (e.g., pain) or signs (e.g., swelling, abnor-
mal laboratory findings) that may indicate tumor involvement
at a distant site.

An example of the TNM classification for solid tumors is
shown in Table 88-7. Most solid tumor staging systems also in-
corporate the TNM classification into broader groups or stages
to facilitate comparison among patient populations. Whereas
the TNM system adequately stages solid tumors, this staging
system does not adequately stage hematologic malignancies,
including leukemias, lymphomas, and multiple myelomas. Be-
cause hematologic malignancies occur in the blood cells and
lymphatic tissues that are widely distributed throughout the
body, the TNM staging system cannot sufficiently describe

Table 88-7 Staging of Breast Carcinoma

TNM Classificationa

Primary Tumor (T)
T1 Tumor 2 cm in greatest dimension
T2 Tumor >2 cm but not >5 cm in greatest dimension
T3 Tumor >5 cm in greatest dimension
T4 Tumor of any size with direct extension to chest wall or skin
Regional Lymph Nodes (N)
N0 No regional lymph node metastasis
N1 Metastasis to movable ipsilateral axillary lymph node(s)
N2 Metastasis to ipsilateral axillary lymph node(s) fixed to one

another or other structures
N3 Metastasis to ipsilateral internal mammary lymph node(s)
Distant Metastasis (M)
M0 No distant metastasis
M1 Distant metastasis (includes metastasis to ipsilateral supra-

clavicular lymph nodes)

Stage Grouping

Stage I T1 N0 M0
Stage IIA T0 N1 M0

T1 N1 M0
T2 N0 M0

Stage IIB T2 N1 M0
T3 N0 M0

Stage IIIA T0 N2 M0
T1 N2 M0
T2 N2 M0
T3 N1, N2 M0

Stage IIIB T4 N0, N1, N2 M0
Stage IIIC Any T N3 M0
Stage IV Any T Any N M1

aSee text for full explanation of TNM system of classification.
TNM, tumor-node-metastasis.

these diseases. To define the extent of disease, guide treatment,
and provide prognostic information, specific staging systems
have been developed for various hematologic malignancies.
Examples of widely accepted staging systems for hematologic
malignancies include the Rai system for chronic lymphocytic
leukemia and the Ann Arbor system for lymphomas.

Staging systems for some tumors include other characteris-
tics to further determine the stage and prognosis of the disease.
These characteristics may include clinical signs or symptoms
or biochemical characteristics of the tumor. For example, the
staging system used for Hodgkin disease includes a notation for
constitutional symptoms (i.e., fever, night sweats, and weight
loss). Studies indicate that these symptoms confer a poorer
prognosis and could indicate the need for more intensive ther-
apy. A subscript “B” (e.g., stage IIB) next to the stage indi-
cates the patient has experienced these symptoms, whereas the
subscript “A” indicates the patient has not experienced these
symptoms.

Tumor staging is done at the time of initial diagnosis and
periodically during treatment to assess the patient’s response
to therapy. Staging should also be repeated when (a) evidence
shows that the cancer has either progressed during treatment
or recurred following therapy to establish the most appropriate
second-line therapy and (b) to enable measurement of response
to that therapy.
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Table 88-8 Signs and Symptoms Associated With Common Cancers

Cancer Local a Distant b

Bladder Hematuria; bladder irritability; urinary hesitancy, frequency or
urgency; dysuria; flank or pelvic pain

Edema of lower extremities and genitalia

Breast Breast lumps; nipple retraction, dimpling, discharge; skin
changes; axillary lymphadenopathy

Bone pain; elevated LFT; hypercalcemia

Colorectal Change in bowel habits; in stool caliber; occult bleeding;
constipation

Elevated LFT, CEA, and alkaline phosphatase; obstruction;
hepatomegaly; perforation

Lung New cough; hoarseness hemoptysis, dyspnea; unresolving
pneumonias; chest wall pain; pain; dysphagia; effusion;
tracheal obstruction

Anorexia; weight loss; elevated LFT; bone pain, hypercalcemia;
jaundice; lymphadenopathy; osteoarthropathy; neurologic
(brain metastases and neuromuscular disorders); SIADH

Lymphomas Painless lymphadenopathy Fever; night sweats; weight loss; bone or retroperitoneal pain;
hepatomegaly; splenomegaly; abnormal CBC

Melanoma Change in size, color, or shape of a pre-existing nevus Lymphadenopathy; elevated LFT
Ovarian Abdominal pain, discomfort, or enlargement; postprandial

flatulence; vaginal bleeding; abdominal mass; urinary
frequency; constipation, nausea; dyspepsia; early satiety

Peripheral neuropathies; pleural effusion; thrombophlebitis;
elevated LFT; abdominal distention or pain; Addison or
Cushing syndrome

Prostate Urinary hesitancy; nocturia; poor urine stream; dribbling;
terminal hematuria

Bone pain; elevated acid phosphatase, PSA, and alkaline
phosphatase

Testicular Painless enlargement; epididymitis; gynecomastia; back pain;
infertility or erectile dysfunction

Elevated βhCG, α-fetoprotein, LD

aLocal effects include those produced by the primary tumor.
bDistant effects include those associated with metastatic spread and paraneoplastic syndromes. Many cancers may not produce symptoms in the early stages, and diagnosis at that
time depends on early detection and screening efforts.
CBC, complete blood count; CEA, carcinoembryonic antigen; hCG, beta human chorionic gonadotropin; LD, lactate dehydrogenase; LFT, liver function tests; PSA, prostate-specific
antigen; SIADH, syndrome of inappropriate antidiuretic hormone secretion.

Clinical Presentation
The initial signs and symptoms of malignant disease are vari-
able and predominantly depend on the histologic diagnosis,
the location (including metastases), and the size of the tumor.
Pain secondary to compression, obstruction, and destruction
of adjacent tissues and organs is the most common presenting
symptom. Other common initial symptoms reported by pa-
tients with cancer include anorexia, weight loss, and fatigue.
Table 88-8 lists the common signs and symptoms associated
with specific cancers. Some symptoms, however, may be ob-
scured by a concomitant illness, such as chronic lung disease
in patients with lung cancer. Whereas most tumors cause signs
and symptoms early in the course of the disease, some cancers
do not cause symptoms until late in the course of the disease
and after significant tumor growth. In either of these circum-
stances, early diagnosis may be difficult. Thus, individuals at a
higher-than-average risk should be screened regularly to help
detect early disease.

6. P.N., a 59 year-old woman, presents with shortness of breath,
fatigue, anorexia, weight loss, and abdominal pain and disten-
tion that have worsened significantly over the previous 3 weeks.
An evaluation showed a large mass surrounding the head of her
pancreas with biopsy results that confirm pancreatic adenocar-
cinoma. The staging workup confirmed the presence of distant
metastases. Her husband states that she was previously an active
person, but that she most recently has been unable to dress herself
or participate in normal daily activities. He states that she spends
most of the day in bed. Will her activity level influence the type of
treatment that she can receive?

The description of P.N.’s daily activities indicates that she
has a relatively poor performance status. Performance status is
a measure of the functional capacity of the patient and reflects

a patient’s ability to ambulate, care for him- or herself, and
carry out normal activities. For several tumors, a poor pretreat-
ment performance status is associated with a decreased ability
to tolerate treatment, decreased tumor response to treatment,
and a worsened clinical outcome. In these cases, especially if
the cancer is not known to respond well to treatment, a less
aggressive treatment regimen may be recommended. For this
reason, the performance status of a patient is important to as-
sess at the time of staging evaluation and periodically during
treatment. Different scales (i.e., Karnofsky score, Eastern Co-
operative Oncology Group [ECOG]) can be used to determine
performance status. The World Health Organization (WHO)
performance scale is depicted in Table 88-9. Because P.N. has
a WHO performance status of 3, her oncologist may recom-
mend a less aggressive, less toxic treatment plan. Because other
conditions could be responsible for her symptoms, P.N. should
undergo a careful evaluation. Depression is a common prob-
lem in patients with cancer and, with treatment, can lead to
improved patient outcomes.

7. G.D., a 68-year-old man, presents with lethargy, weakness,
and nausea. His wife states that he does not take any medications

Table 88-9 World Health Organization (WHO) Performance
Status Classification in Cancer

0 Able to carry out all normal activity without restriction
1 Restricted in physically strenuous activity but ambulatory and able to

carry out light work
2 Ambulatory and capable of all self-care but unable to carry out work
3 Capable of only limited self-care; confined to bed or chair 50% or

more of waking hours
4 Completely disabled; not capable of any self-care; confined to bed or

chair
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and only occasionally consumes alcohol. He has smoked two packs
of cigarettes per day for the past 45 years. Routine laboratory tests
reveal a serum sodium (Na) of 129 mEq/L (normal, 135–147). His
chest radiograph shows a large mass in his right lung, which is
consistent with malignancy. Is the hyponatremia related to G.D.’s
lung cancer?

[SI unit: Na, 129 mmol/L (normal, 135–147)]

G.D.’s hyponatremia is likely caused by the syndrome of
inappropriate antidiuretic hormone (SIADH) secretion caused
by ectopic production of ADH (see Chapter 12, Fluid and Elec-
trolyte Disorders) by his lung carcinoma. Although most signs
and symptoms can be associated with the tumor, patients occa-
sionally report symptoms or show clinical signs that are distant
to the primary tumor site or metastases. These signs or symp-
toms, called paraneoplastic effects, are produced by substances
secreted by the tumor. Table 88-10 lists some of the common
paraneoplastic effects.

Complications of Malignancy
Cancer can have a profound effect on the patient’s quality of
life and his or her ability to tolerate appropriate therapy. For
example, patients with malnutrition secondary to anorexia, me-

Table 88-10 Paraneoplastic Syndromes Associated With
Cancers

Syndrome Cancer

Dermatologic

Sweet syndrome Hematologic malignancies and
various carcinomas

Endocrine

Addison syndrome Adrenal carcinoma, lymphomas,
and ovarian cancer

Cushing syndrome Lung, thyroid, testicular, adrenal,
and ovarian cancers

Hypercalcemia (not associated
with bone metastases)

Lung cancer

Syndrome of inappropriate
antidiuretic hormone secretion

Lung and head and neck cancers

Hematologic or Coagulation

Anemia Various cancers
Autoimmune hemolytic anemia Chronic lymphocytic leukemia,

lymphomas, ovarian cancer
Disseminated intravascular

coagulation
Acute progranulocytic leukemia,

lung and prostate cancers
Thrombophlebitis Lung, breast, ovarian, prostate,

and pancreatic cancers

Neuromuscular

Dermatomyositis and
polymyositis

Lung and breast cancers

Myasthenic syndrome
(Eaton-Lambert syndrome)

Small-cell lung, gastric, and
ovarian cancers

Sensory neuropathies Small-cell lung and ovarian
cancers

chanical obstruction, or pain may not tolerate some therapies
because of significant physical debility. Tumor involvement
of the liver, kidneys, or lungs also can complicate therapy by
causing significant organ dysfunction and metabolic distur-
bances. In addition, compression or obstruction could produce
a “mass effect” by impairing normal organ or tissue function
and causing pain or other uncomfortable physical effects. Life-
threatening physical effects that require immediate interven-
tion include obstruction of the superior vena cava, spinal cord
compression, and brain metastases.

TREATMENT

8. T.J., a 40-year-old man with no significant medical history,
presents to his physician with complaints of abdominal pain, nau-
sea and vomiting, weakness, and weight loss. On physical exam-
ination, he is noted to be slightly icteric, and the only signifi-
cant laboratory abnormality is mild anemia (hemoglobin [Hgb],
11 g/dL [normal, 14–18], hematocrit [Hct], 33% [normal, 39%–
49%]). A CT scan of the abdomen reveals a mass present in the
peripancreatic area that is suggestive of malignancy. T.J. is re-
ferred to a surgeon who explains that the first step in evaluating
the mass is to obtain a tissue biopsy. T.J. asks the surgeon why he
cannot remove all of the mass rather than take only part of it. He
also wants to know whether this malignancy will be treated with
surgery, radiation, chemotherapy, hormones, or immunotherapy.
What is the basis for determining which cancer treatment modal-
ity is best suited for T.J.?

[SI units: Hgb, 110 g/L (normal, 140–180); Hct, 0.33 (normal, 0.39–0.49)]

Because a tissue diagnosis of malignancy has not been
made, the appropriateness of more extensive surgery for T.J.
can not be determined at this time. The choice of specific ther-
apy depends not only on the histology and stage but also on
the patient’s predicted tolerance of the side effects and compli-
cations of the various treatment options. The goal of therapy
should always be to cure the patient when possible. No matter
what therapeutic options are under consideration, the likeli-
hood of curing the patient is greater when the tumor burden
is low. In most cases, either surgery or radiation therapy is the
initial choice of therapy for localized tumors.

Surgery
Surgery is the oldest modality available to treat patients with
cancer. With the recent advances in surgical techniques and an
improved understanding of the patterns of tumor growth and
spread, surgeons can now perform successful resections for an
increasing number of patients. Surgery can play a significant
role in preventing (e.g., removal of colonic polyps or cervi-
cal dysplasia), diagnosing, and staging various cancers (e.g.,
biopsy for histologic evaluation). Surgery can also be used to
manage cases of both localized and advanced tumors. When
surgery provides definitive (i.e., curative) therapy for a local-
ized tumor, the surgeon removes the tumor plus a margin of
normal tissue surrounding the tumor. For extensive, localized
tumors that cannot be completely removed, patients may un-
dergo surgery to resect the tumor partially in an attempt to im-
prove the likelihood that subsequent chemotherapy or radiation
therapy may successfully kill the tumor. Cytoreductive surgery
may be useful only if effective therapies are available to treat the
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residual disease. Patients with limited metastatic disease (e.g.,
one or a few metastases at a single site) also may benefit from
surgical resection of the metastases if the primary tumor can
be controlled with other treatments. Cytoreductive surgery for
limited metastatic disease includes resecting pulmonary metas-
tases for sarcomas, hepatic metastases for colorectal cancer,
and solitary brain metastases. Patients with metastatic disease
also can have surgery to relieve pain or improve functional ab-
normalities caused by the advanced tumor (e.g., gastrointesti-
nal obstruction). Patients can have palliative surgery to improve
their quality of life without prolonging survival. Thus, surgery
plays a critical role in cancer treatment.

Radiation Therapy
Radiation therapy can be used to eradicate localized tumor
masses. Not all cancers are sensitive to the lethal effects of
radiation, so this modality has limited application in the treat-
ment of some cancers (Table 88-11). For others, however, radia-
tion therapy provides potential advantages over surgery. For in-
stance, radiation therapy could encompass a wider area around
the tumor and remove the tumor from regions of the body
where surgery cannot safely reach. Radiation therapy also can
be used when surgery could result in considerable disability or
disfigurement. Radiation allows patients to receive treatment to
multiple sites simultaneously. The usefulness of radiation ther-
apy can be limited by its toxic effects on normal tissues that
surround the tumor, however, and these can be exacerbated if
patients receive chemotherapy concomitantly or shortly after
radiation therapy. Chemotherapy that follows completion of
radiation therapy can produce a “radiation recall” of local tox-
icity which manifests as skin redness, and swelling and peeling
at the radiation site. An established limit exists to the “dose”
of radiation that can be delivered, depending on the type of tis-
sue (e.g., bone, liver, brain) that is affected. Two methods are
used most often to administer radiation to tumors. External-
beam radiotherapy uses a radiation source (typically, a super-
voltage electrical machine) that is located a certain distance
from the site of intended treatment. Brachytherapy involves
placement of radioactive seeds, pellets, or needles within or
close to the site of the tumor. Newer radiation therapy tech-
niques, including intraoperative radiation, hyperfractionated

Table 88-11 Malignancies Frequently Treated With
Radiation Therapy

Acute lymphocytic leukemia (CNS radiation)
Brain tumors
Breast cancer
Head and neck cancers, squamous cell
Lung cancer

� Non–small-cell lung cancer
� Small-cell lung cancer (CNS radiation in limited stage disease)

Lymphomas
Neuroblastoma
Prostate cancer
Rectal cancer
Testicular, seminoma

CNS, central nervous system.

radiation, stereotactic radiosurgery, intensity modulated radi-
ation therapy (IMRT), computerized three-dimensional con-
formal treatment planning, and chemoradiosensitization (e.g.,
concomitant radiation-sensitizing chemotherapy), may reduce
associated toxicities, enhance tumor responsiveness, and im-
prove its clinical usefulness.42

Not all cancers can be cured by surgery or radiation ther-
apy. Some patients have tumors that have already metastasized
at the time of initial diagnosis, whereas others have tumors
that could not be completely eradicated with treatment or have
recurred some time after primary therapy with surgery or ra-
diation therapy. In these circumstances, the tumor cells have
been released from the primary tumor. Systemic treatments,
including chemotherapy, endocrine therapy, signal transduc-
tion pathway inhibitors, antiangiogenic agents, and biologic
response modifiers, generally offer the only hope of rendering
the patient free of disease. Although chemotherapy was devel-
oped to treat advanced cancers, these agents are now used to
treat many stages of malignant diseases.

Chemotherapy
Cytotoxic Chemotherapy
The era of cytotoxic chemotherapy can be traced to World
War II, when an explosion of mustard gas produced bone mar-
row and lymphoid hypoplasia in seamen exposed to the gas.43

This incident led to the use of alkylating agents (derivatives
of mustard gas) in the treatment of Hodgkin disease and other
lymphomas.44

MECHANISM OF ACTION
Classic cytotoxic chemotherapy kills cancer cells by dam-

aging DNA, interfering with DNA synthesis, or otherwise in-
hibiting cell division. Chemotherapy agents have been clas-
sified by their effect on the cell cycle or their mechanism of
action. Agents that affect the cell only during a specific phase
of the cell cycle often are referred to as phase-specific agents
or schedule-dependent agents. In contrast, agents that affect
the cell during any phase of the cell cycle are often referred
to as phase-nonspecific agents or dose-dependent agents (Fig.
88-2). As the understanding of cancer biology continues to
grow, other mechanisms of cytotoxicity have been identified
for many chemotherapy agents.

The specific mechanisms of action for several chemother-
apy agents are described in Table 88-12. Because most agents
affect the cell cycle, their lethal effects are not realized until
the cells proceed through the cycle. These drugs are most cy-
totoxic to tumor cells with a high growth fraction (see Tumors:
Growth) and least cytotoxic to tumor cells arrested in the G0
phase.

CELL KILL
Rodent studies done during the 1960s demonstrated that

the number of tumor cells killed by the chemotherapy is pro-
portional to the dose when the growth fraction is 100% (i.e.,
all cells are dividing) and the tumor cells are sensitive to the
agent.45,46 For example, if a dose of chemotherapy reduces
the tumor burden from 1010 to 108 cells, the same dose ad-
ministered when only 107 cells are present should reduce the
tumor burden to 105 cells. This theory has become known as
the cell-kill or log-kill hypothesis (Fig. 88-4).
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FIGURE 88-4 The growth rate of a tumor is initially very rapid and even-
tually slows as it approaches 1011 cells. Two trillion (2–1012) cells or
2 kg of tumor is lethal to humans. An effective chemotherapy treatment
given at point A will decrease the tumor number to point B. Regrowth of
the tumor will occur during the recovery period until further chemother-
apy is given at point C.

FACTORS THAT INFLUENCE RESPONSE TO CHEMOTHERAPY
In the clinical setting, tumor cells do not always decrease

predictably with each successive course of chemotherapy. This
is because the growth fraction of human tumors is not 100%
and because the cell population is heterogeneous and some are
resistant to chemotherapy. In patients with large tumors show-
ing a plateaulike growth curve, the fraction of cells killed with
each treatment is usually low. The ability of this model to pre-
dict cell kill adequately is also limited by the need to administer
chemotherapy in cycles (e.g., every 2, 3, or 4 weeks) to allow
normal cells to recover from the toxic effects of chemotherapy.
During the recovery period, tumor cells can start to replicate
again. Therefore, successful treatment requires administration
of the next course of therapy before the tumor has grown to
its previous size. The objective of successive chemotherapy
courses is a further decrease in size of tumor mass. Other fac-
tors that influence cell kill include dose intensity, schedule,
drug resistance, tumor site, and a patient’s performance status.

Dose Intensity
Dose intensity is defined as the chemotherapy dose per unit
time over which treatment is given (e.g., mg/m2/week). Drug
resistance might be overcome by escalating the dose inten-
sity of drugs. This can be increased by (a) increasing the dose
of chemotherapy per cycle, and (b) shortening the interval be-
tween cycles. Unnecessary lengthening of the interval between
successive courses of chemotherapy or decreasing the dose
can negatively affect treatment outcomes. Evidence suggests
that reducing a dose can cause treatment failure in patients
with chemotherapy-sensitive tumors who are having their first
chemotherapy treatment.47 Studies with animal models suggest
that lower doses may eradicate the bulk of the tumor mass, but
residual tumor cells left behind could ultimately be responsi-
ble for disease recurrence. A direct relationship between dose
intensity and response rate also has been reported in several

human tumors, including breast cancer, lymphomas, advanced
ovarian cancer, and small-cell lung cancer.48,49 Dose-dense
treatment schedules have been designed to decrease the time
period between chemotherapy administration, based on the the-
ory that this would be more effective in reducing the resid-
ual tumor burden between treatments than escalating doses.50

Dose-intensive therapy has not consistently improved the over-
all cure rate of most solid tumors, however.

The dose intensity for most chemotherapy regimens is lim-
ited by the major dose-related toxicity, bone marrow suppres-
sion. To minimize this toxicity and administer higher doses,
patients have received hematopoietic growth factors, autolo-
gous stem cell transplantations, and altered schedules of drug
delivery.51–53

Schedule Dependency
The schedule of chemotherapy administration is an important
determinant of response. It influences dose intensity largely
by affecting toxicity.47 In some circumstances, changing the
administration schedule can reduce the toxicity sufficiently to
allow patients to receive higher total doses or more frequent
courses of therapy, thereby increasing the dose intensity. The
optimal schedule is also influenced by the pharmacokinetics
of the agent. For example, phase-specific agents can exert their
cytotoxic effects only when the cell is in a particular phase
of the cell cycle. If a phase-specific agent with a short half-
life is administered by intravenous (IV) bolus, a significant
number of tumor cells will probably not cycle through the
vulnerable phase of the cell cycle during exposure to the agent.
Comparatively, the same agent administered by frequent IV
bolus or continuous infusion could expose more cells to the
agent during the vulnerable phase.54

Drug Resistance

9. B.C. is a 39-year-old man with an aggressive non-Hodgkin
lymphoma (NHL). At the time of diagnosis, B.C. had enlarged
cervical lymph nodes, dyspnea, and a large mediastinal mass
noted on chest x-ray examination. Chemotherapy was initiated
with the CHOP regimen, which consists of cyclophosphamide,
doxorubicin, vincristine, and prednisone. After the first course
of chemotherapy, B.C.’s lymphadenopathy was greatly reduced.
Chest x-ray examination repeated after the second course of ther-
apy showed marked improvement. When he returned for his
fourth cycle of chemotherapy, recurrent lymphadenopathy was
noted and the chest radiograph confirmed enlargement of the me-
diastinal mass. Why is B.C.’s cancer growing despite continued
chemotherapy, and how should his treatment be altered?

Most likely B.C.’s cancer is now growing because the tu-
mor has become resistant to the chemotherapy; therefore, it
would be wise to discontinue the CHOP regimen. Biochem-
ical resistance to chemotherapy is the major impediment to
successful treatment with most cancers.47 Resistance can oc-
cur de novo in cancer cells or develop during cell division as a
result of mutation.47 In 1979, a proposed mathematical model
predicted that tumor cells mutate to drug resistance at a rate
related to the genetic instability of the tumor.55 Thus, the prob-
ability that a tumor mass will contain resistant clones is related
to both the rate of mutation and the size of the tumor. Many
specific mechanisms now have been identified by which cancer
cells resist the activity of cytotoxic agents (Table 88-13).
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Table 88-13 Possible Mechanisms of Anticancer
Drug Resistance

Mechanism Chemotherapy Agents

� Proficiency in repair of
DNA

Cisplatin, cyclophosphamide, melphalan
mitomycin, mechlorethamine

� In drug activation Cytarabine, doxorubicin, fluorouracil,
mercaptopurine, methotrexate,
thioguanine

� In drug inactivation Cytarabine, mercaptopurine
� In cellular uptake of drug Methotrexate, melphalan
� In efflux of drug

(multidrug resistance)
Doxorubicin, daunorubicin, etoposide,

vincristine, vinblastine, teniposide,
docetaxel, paclitaxel, vinorelbine

� alternative biochemical
pathways

Cytarabine, fluorouracil, methotrexate

� alterations in target
enzymes (DHFR,
topoisomerase II)

Fluorouracil, hydroxyurea, mercapto-
purine, methotrexate, thioguanine,
etoposide, teniposide, doxorubicin,
daunorubicin, idarubicin

Some cell lines that become resistant to a single chemother-
apy agent may also be resistant to structurally unrelated cyto-
toxic compounds. This phenomenon is called pleiotropic drug
resistance or multidrug resistance (MDR).56 Cell lines that
display this type of resistance generally are resistant to natural
product cytotoxic agents such as the vinca alkaloids, antitumor
antibiotics, epipodophyllotoxins, camptothecins, and taxanes.
The primary mechanism believed to be responsible for MDR
is an increase in P-glycoprotein in the cell membrane. This
protein mediates efflux of the chemotherapy agent, causing
a decreased accumulation of drug within the cell (the site of
drug activity).56 Other transport proteins have been implicated
in resistance to chemotherapy, as well.57

Drugs known to inhibit P-glycoprotein (e.g., verapamil, cy-
closporine, quinidine) have been investigated as potential ad-
junctive therapies to reduce resistance. Dosages of the agents
required to inhibit P-glycoprotein have been associated with
significant morbidity. Enhanced efficacy is, as of yet, un-
proved with newer investigational agents that can inhibit P-
glycoprotein. A second type of MDR is mediated by al-
tered binding to topoisomerase II, an enzyme that promotes
DNA strand breaks in the presence of anthracyclines and
epipodophyllotoxins.58 Because of the likelihood of MDR,
B.C. should receive a chemotherapy regimen that does not
include chemotherapy agents inactivated by the MDR mecha-
nism. An alternative regimen, such as high-dose methotrexate
with leucovorin rescue, would be appropriate because this reg-
imen is effective against NHL and is not affected by the MDR
gene.

Tumor Site
The cytotoxic effects of chemotherapy agents are related to
the time the tumor is exposed to an effective concentration of
the agent (i.e., concentration × time [C × T]). The dosage
regimen, including the dose, infusion rate, route of adminis-
tration, lipophilicity, and protein binding, can influence the
concentration-time product. Other factors, such as tumor size
and location, can also critically affect an agent’s cytotoxic-
ity. As tumors grow larger, their degree of vascularity lessens,

making it more difficult for agents to penetrate the entire tu-
mor mass. Tumors located in sites of the body with poor drug
penetration (e.g., the brain) may not receive a sufficient con-
centration to provide effective kill.

Pharmacogenetics
Antitumor activity and adverse effects of chemotherapy agents
are associated with the presence of genetic polymorphisms that
can affect the metabolism and disposition of drug. For exam-
ple, irinotecan is a prodrug that is metabolized to the active
compound, SN-38. Individuals with the UGT1A1*28 allele
can have decreased activity of the glucuronidating enzyme
that removes SN-38 from the circulation. As a result, these
patients are at increased risk for experiencing grades 3 or 4
neutropenia.59 Tamoxifen is an example of a targeted agent
that is metabolically activated by cytochrome P450 2D6 en-
zyme to form endoxifen. Individuals who have the CYP2D6*4
allele are at greater risk for tumor recurrence than patients
with the common allele, presumably because less of the active
molecule is formed.60 The first example is a polymorphism in
an enzyme that affects the ability of the body to remove the
active drug and thereby increases unwanted toxicity, whereas
the second example is a polymorphism that affects activation
to a compound responsible for most of its antitumor activity. A
third example relates to the presence of the drug target at the
tumor site. Approximately 20% to 30% of patients with early
stage breast cancer have tumors that overexpress the HER2/neu
growth factor receptor. These patients have more aggressive
cancers and shorter survival than those who do not have the
overexpressed HER2 receptor. Trastuzumab is a humanized
anti-HER2 monoclonal antibody that is effective in treating
tumors that overexpress this growth factor receptor. Hence,
HER2 amplification status is an important component in the
workup of patients with breast cancer, and it represents an ex-
ample of altered genetic expression of drug target at the tumor
site.61

Combination Chemotherapy

10. K.K. has advanced Hodgkin disease and is to begin
chemotherapy today with the ABVD (doxorubicin [Adriamycin],
bleomycin, vinblastine, and dacarbazine) regimen. She is reluc-
tant because of her fear of side effects. She asks if, rather than
receiving all four drugs today, she could receive just one and if it
does not work then try another one?

CHOICE OF AGENTS
Although single-agent chemotherapy can cause signifi-

cant early regressions of Hodgkin disease, acute lymphocytic
leukemia, and adult NHL, most tumors show only a par-
tial, very short response to single-agent therapy. Recognition
that single-agent cytotoxic chemotherapy rarely produced pro-
longed remission led to the simultaneous use of multiple cyto-
toxic chemotherapy agents. The optimal activity of adding tar-
geted agents to cytotoxic chemotherapy is less easy to predict.
Bevacizumab and trastuzumab are most effective when given
in combination with cytotoxic chemotherapy (for colorectal
and breast cancers, respectively); agents such as tamoxifen
are less effective. Because knowledge about how to combine
targeted agents with cytotoxic chemotherapy is limited, this
discussion centers around combinations of cytotoxic agents for
which there is more long-term experience. In Hodgkin disease,
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the use of combination cytotoxic chemotherapy results in long-
term, disease-free survival for >60% of patients. If K.K. were
to receive single-agent therapy, her disease would not be cured.
Combination chemotherapy is absolutely recommended to pro-
vide her with the best chance for long-term, disease-free sur-
vival. She should be reassured that appropriate measures, in-
cluding prophylactic antiemetic therapy, will be taken to reduce
her chances of both acute and chronic toxicities.

Combination chemotherapy provides broader coverage
against resistant cell lines within the heterogeneous tu-
mor mass. Table 88-14 lists examples of commonly used
chemotherapy regimens. Several principles provide the basis
for selecting the agents to be included in a chemotherapy
regimen:

� Only agents with demonstrable single-agent activity against
the specific type of tumor should be used in combination
therapy.

� All agents in the regimen should have different mechanisms
of action.

� Agents should not have overlapping toxicities so that the
severity and duration of acute and chronic toxicities are min-
imized.

� All agents in the regimen should be used in their optimal dose
and schedule.

APPLICATIONS
Several treatment concepts are noteworthy of discussion.

These center around chemotherapy given for recurrent or re-
fractory tumors and the timing of administration, relative to
other treatment modalities such as surgery.

Primary Chemotherapy
Primary chemotherapy is defined as first-line treatment and, in
the case of leukemia, it is referred to as induction chemother-
apy. Choice of primary chemotherapy is governed by observa-
tions made from clinical trials that demonstrate that a given
regimen has the highest known activity against the tumor.
Second-line or salvage chemotherapy is administered after the
tumor has become refractory to primary therapy or if the patient
is unable to tolerate first-line therapy. Chemotherapy is the pri-
mary treatment modality used for hematologic malignancies,
as well as a number of solid tumors that have metastasized
at the time of diagnosis or have recurred at metastatic sites
after initial therapy. Chemotherapy is frequently used in dif-
ferent ways during the course of an individual’s malignancy
(Fig. 88-5). Primary chemotherapy can be either curative or
palliative, depending on the specific type of tumor. Follow-
ing induction therapy for leukemia, patients may receive addi-
tional chemotherapy in an attempt to further eradicate resid-
ual disease and improve their chances for long-term survival.
Postremission therapy (i.e., following induction therapy) can
include consolidation, intensification, and maintenance treat-
ment phases.

Adjuvant Chemotherapy

11. F.R., a 36-year-old woman with no other medical prob-
lems, recently underwent a lumpectomy and radiation therapy for
breast cancer. She has been told that the cancer no longer exists;
however, she also is told that she should now receive 6 months
of chemotherapy. She knows that chemotherapy will cause her

to vomit, lose her hair, gain weight, and place her at risk for
life-threatening infections. Why would chemotherapy be recom-
mended now when she is disease free?

Some patients may have unrecognized micrometastases or
residual disease after primary treatment. These patients have
a high probability of disease recurrence, even though the pri-
mary treatment may have successfully removed all visual ev-
idence of the primary tumor. To eradicate any undetectable
tumor, the patient could receive systemic therapy after initial
curative surgery (or radiation therapy). Systemic chemotherapy
administered after primary therapy is referred to as adjuvant
chemotherapy. Because the tumor burden is relatively low at
this time, adjuvant chemotherapy should immediately follow
primary therapy. For adjuvant therapy to provide any bene-
fit, the risk of recurrence must be high, and effective agents
must be available to eradicate the tumor. Adjuvant therapy is
considered standard treatment in the treatment of breast and
colorectal cancer, but it also has benefited selected patients
with ovarian cancer, Ewing sarcoma, Wilms tumor, and other
malignancies.47 (also see Chapter 91, Solid Tumors.) Because
it is impossible to predict which patients have unrecognized dis-
ease, it is difficult to determine which patients should receive
adjuvant therapy. To help with these decisions, clinicians fre-
quently consider histologic and cytogenetic characteristics of
the primary tumor that are associated with high risk of relapse.
Some patients who may never relapse will undergo adjuvant
chemotherapy, however.

Neoadjuvant Chemotherapy
Neoadjuvant chemotherapy is the therapy given before the pri-
mary treatment in patients who present with locally advanced
tumors (e.g., large tumors or those that are impinging on sur-
rounding vital structures) that are unlikely to be cured with
primary surgery or radiation therapy. The objective is to re-
duce the tumor mass with neoadjuvant therapy (chemother-
apy or hormonal therapy), thereby increasing the likelihood of
eradication by subsequent surgery or radiation therapy. Neoad-
juvant therapy also can lessen the amount of radical surgery
therapy that the patient needs, which can preserve cosmetic
appearances and function of the surrounding normal tissues.
The tumor can be resistant to the neoadjuvant therapy and
continue to grow, however, making surgery or radiation even
more difficult. Patients may also experience toxicities with the
neoadjuvant therapy that may delay surgery or impair postsur-
gical healing. Locally advanced tumors in which neoadjuvant
chemotherapy has been shown to improve survival rates in-
clude stage IIIA non–small-cell lung cancer, stage III breast
cancer, sarcomas, esophageal cancers, laryngeal cancer, blad-
der cancer, and osteogenic sarcoma.47

Administration
SYSTEMIC
Systemic chemotherapy is most commonly administered

by the IV route, either as a bolus injection (generally <15
minutes), a short infusion (15 minutes to several hours), or a
continuous infusion (lasting 24 hours to several weeks). Some
systemic chemotherapy agents can be administered by the oral
route, whereas other agents can be administered by the in-
tramuscular or subcutaneous route. No matter which route of
administration is selected for therapy, the individual adminis-
tering the chemotherapy should be proficient in administering
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Table 88-14 Representative Chemotherapy Regimensa

Acronym Agents Cycle Acronym Agents Cycle

Breast Cancer

CMF Cyclophosphamide106 Every 28 days
Methotrexate
Fluorouracil

Herceptin-tax Trastuzumab
(Herceptin)107

Every 21 days

Paclitaxel
CAF Cyclophosphamide108 Every 28 days

Doxorubicin
(Adriamycin)

Fluorouracil
AC + T Doxorubicin

(Adriamycin)109
Every 21 days

Cyclophosphamide
Paclitaxel Every 21 days

TAC137 Docetaxel Every 21 days
Doxorubicin
Cyclophosphamide

FEC138 Fluorouracil Every 28 days
Epirubicin
Cyclophosphamide

Colorectal Cancer

FOLFIRI +
bevacizumab

Irinotecan110 Every 2 wk
Leucovorin
Fluorouracil
Fluorouracil
Bevacizumab

FOLFOX4 +
bevacizumab

Oxaliplatin110 Every 2 wk
Leucovorin
Fluorouracil
Fluorouracil
Bevacizumab

CapOx +
bevacizumab

Oxaliplatin110 Every 21 days
Capecitabine
Bevacizumab

FU/leucovorin Flourouracil111 Every 28 days × 2
then every 35
days

Leucovorin
Or
Fluorouracil112 Every wk × 6 wk
Leucovorin
Or
Fluorouracil113 Every 4–5 wk
Leucovorin

Gastric Cancer

ECP Epirubicin114 Every 21 day
Cisplatin
Fluorouracil

FAM Fluorouracil115 Every 8 wk
Doxorubicin

(Adriamycin)
Mitomycin

EAP Etoposide116 Every 21–28 days
Doxorubicin

(Adriamycin)
Cisplatin

Ovarian Cancer

CP Cyclophosphamide117 Every 21 days
Cisplatin

CT Paclitaxel117 Every 21 days
Cisplatin

Carbo-tax Paclitaxel118 Every 21 days
Carboplatin

Testicular Cancer

BEP Bleomycin119 Every 21 days
Etoposide
Cisplatin

EP Etoposide120 Every 21 days
Cisplatin

Bladder Cancer

M-VAC Methotrexate121 Every 28 days
Vinblastine
Adriamycin

(Doxorubicin)
Cisplatin

Gemcitabine +
CDDP

Gemcitabine122 Every 28 days

Cisplatin

Small-Cell Lung Cancer

EP or PE Cisplatin123 Every 21–28 days
Etoposide

Non–Small-Cell Lung Cancer

EP or PE Cisplatin124 Every 21 days
Etoposide
Or
Cisplatin125 Every 21–28 days
Etoposide

Carbo-tax Paclitaxel126 Every 21 days
Carboplatin

EC Etoposide127 Every 21–28 days
Carboplatin

Gemcitabine-Cis Gemcitabine126 Every 28 days
Cisplatin

Docetaxel-
Cisplatin

Docetaxel126

Cisplatin
Every 21 days

PC139 Paclitaxel Every 21 days
Carboplatin

Head and Neck Cancer

CF Cisplatin128 Every 21–28 days
Fluorouracil

Lymphomas

Non-Hodgkin Lymphomas
CHOP Cyclophosphamide129 Every 21 days

Doxorubicin
(Hydroxyl
Daunorubicin)

Vincristine
(Oncovin)

Prednisone

(continued )
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Table 88-14 Representative Chemotherapy Regimensa (Continued)

Acronym Agents Cycle Acronym Agents Cycle

CHOP-Rituximab Cyclophosphamide130 Every 21 days
Doxorubicin
Vincristine (Oncovin)
Prednisone
Rituximab

MACOP-B Methotrexate131 Only one cycle
Leucovorin
Doxorubicin

(Adriamycin)
Cyclophosphamide
Vincristine

(Oncovin)
Prednisone
Bleomycin

ESHAP Etoposide132 Every 21–28 days
Methylprednisolone
Cisplatin
Cytarabine

Hodgkin Disease
MOPP Mechlorethamine133 Every 28 days

Vincristine
(Oncovin)

Prednisone
Procarbazine

ABVD Doxorubicin
(Adriamycin)134

Every 28 days

Bleomycin
Vinblastine
Dacarbazine

Multiple Myeloma
VAD Vincristine135 Every 28 days

Doxorubicin
(Adriamycin)

Dexamethasone
MP Melphalan136 Every 42 days

Prednisone

aOriginal citations should be consulted for dosage adjustments owing to toxicity or underlying organ dysfunction.

the agent by the chosen route and be aware of the most common
acute and chronic toxicities associated with the chemotherapy.
All aspects of drug administration should be discussed with
the patient before starting chemotherapy, including any ad-
verse events they may experience during or after the injection
and throughout therapy. Printed patient educational materials
are recommended to supplement oral instructions.

Currently, most patients receive chemotherapy through
a central venous catheter to reduce some of the potential
problems associated with recurrent IV administration. Some
chemotherapy agents are potent vesicants or irritants if they
are extravasated from the vein (see Chapter 89, Adverse Ef-

fects of Chemotherapy). Other agents can produce severe irri-
tation and pain to peripheral veins, which can lead to sclerosis
and thrombosis. Other potential problems associated with the
IV route include unsatisfactory venous access secondary to
obesity, prior IV therapy with irritant drugs, or advanced age.
Therefore, permanent central venous access devices, such as
tunneled central venous catheters (e.g., the Broviac, Hickman,
Groshong) or subcutaneous ports (e.g., Port-A-Cath or Infuse-
A-Port) are commonly used in patients receiving chemother-
apy. A peripherally inserted central catheter (PICC) line is non-
permanent but it can be maintained and used for venous access
for extended periods of time.
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Table 88-15 Local or Regional Routes of Administration of
Cancer Chemotherapy

Route of Administration Cancer Managed With Alternative Route

Intrathecal or intraventricular Leukemia, lymphoma
Intravesicular Bladder cancer
Intraperitoneal Ovarian cancer
Intrapleural Malignant pleural effusions
Intra-arterial Melanoma, sarcoma
Hepatic artery Liver metastases
Chemoembolization (intra-arterial

or intravenous)
Colon cancer, rectal cancer,

carcinoid, liver metastases

REGIONAL
Although chemotherapy was initially developed for sys-

temic use, techniques have been developed to locally admin-
ister agents to specific sites of the body affected by the tumor
(Table 88-15). Regional or local chemotherapy allows high
concentrations of agents to be achieved at the site of the tumor
while reducing systemic exposure and subsequent toxicity. On
the other hand, undetectable metastases at distant sites may not
be exposed to the chemotherapy, allowing continued growth of
the tumor mass.

Assessing Response to Therapy
A very important step in the process of treating a patient with
chemotherapy is to assess his or her response to treatment.
The assessment should evaluate the chemotherapy’s antitumor
and toxic effects, as well as its effect on the patient’s overall
quality of life and survival. Re-evaluation should occur at reg-
ularly scheduled intervals during treatment and should include
a physical examination, laboratory tests, and repeat diagnos-
tic tests (radiologic or other tests such as bone marrow biopsy,
bronchoscopy) used to stage the cancer. Usually, only tests that
previously were positive for the tumor are repeated unless new
signs or symptoms suggest additional metastases.

Several standard criteria are used to define the patient’s re-
sponse to treatment (Table 88-16). The use of standardized
criteria in clinical trials evaluating new therapies is especially
important because it helps define the potential use of new thera-
pies compared with standard treatments. Criteria used to assess
the antitumor effects include direct measures of the tumor size,
duration of response, and patient survival.62 Parameters used
to assess the toxic effects include the incidence and severity of
specific toxicities. Several standardized toxicity grading scales
are used to assess toxicity associated with chemotherapy; how-
ever, the NCI Common Toxicity Criteria (CTC) are the most
commonly used.63,64

Because the toxicities associated with many chemotherapy
agents are potentially severe, it is important to evaluate the
risk of the treatment in relation to the potential benefit. The
benefits of a treatment regimen should outweigh the negative
effects it has on the physical, mental, and social well-being of
the patient. To monitor a patient’s quality of life, several com-
prehensive assessment tools have been developed.65 In addi-
tion, other clinical benefits (e.g., reduced pain, decreased use
of analgesics, weight gain, improved performance status) have
been recognized by the FDA as acceptable criteria for measur-

Table 88-16 Response Criteria for Evaluating Effects
of Chemotherapy of Target Lesion

Complete Response (CR)

Disappearance of all target lesions

Partial Response (PR)

At least a 30% decrease in the sum of the longest diameter (LD) of
target lesions, taking as reference the baseline sum LD

Progressive Disease (PD)

At least a 20% increase in the sum of the LD of target lesions, taking as
reference the smallest sum LD recorded since the treatment started
or the appearance of one or more new lesions

Stable Disease (SD)

Neither sufficient shrinkage to qualify for PR nor sufficient increase to
qualify for PD, taking as reference the smallest sum LD since the
treatment started

Disease-Free Survival

Time from documentation of complete response until disease relapse or
death.

Overall Survival

Time from treatment until time of death.

ing a patient’s quality of life and for approving new chemother-
apy agents.

12. G.K. is a 67-year-old woman who was recently diag-
nosed with metastatic bladder cancer. Her symptoms include
widespread pain, anorexia, and fatigue. She began receiving a
combination chemotherapy regimen and has received three cycles
of treatment. A recent CT scan of her abdomen showed marked
shrinkage at several sites of tumor and her pain has decreased.
How long should she continue to receive chemotherapy?

Because G.K.’s tumor is responding well to treatment,
she should continue to receive therapy as long as her tu-
mor is responding and she does not experience intolerable or
life-threatening treatment-related toxicities. For some cancers
(e.g., non–small-cell lung cancer), continued administration
of chemotherapy after a certain number of treatment cycles is
not associated with further benefit to patients, because toxicity
becomes an overriding issue.

TUMOR MARKERS
Tumor markers are biochemical indicators commonly found

in abnormally high concentrations with a cancer. The ideal tu-
mor marker should be produced and released primarily by the
cancer cells (or by other tissues in response to the tumor) at
levels proportional to the tumor mass. Surgical removal of the
tumor or a therapeutic response to chemotherapy or radiation
therapy should cause the level of the marker to decline. In
addition, the ideal tumor marker should be detectable at very
low levels, so tumors may be detected at sizes smaller than
conventional diagnostic tests such as radiographs or CT scans
permit.66 Few tumor markers fulfill these criteria sufficiently
to be clinically useful as the sole screening or diagnostic test
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Table 88-17 Clinically Useful Tumor Markers

Cancers Commonly Associated
Tumor Marker With Increased Markers

CA-19-9 Pancreatic
CA-15-3 Breast
CA-27-29 Breast
Neuron-specific enolase Neuroblastoma, small-cell lung

cancer
α-Fetoprotein (AFP) Liver
CA-125 Ovarian, testicular—nonseminoma
Carcinoembryonic antigen (CEA) Colon, lung
Human chorionic gonadotropin

(hCG)
Trophoblastic, testicular

β2-Microglobulin Multiple myeloma
Prostate-specific antigen (PSA) Prostate

(Table 88-17). These markers are also used as confirmatory
tests and as part of follow-up care to detect recurrent disease.
In most cases, tumor markers lack specificity for the tumor, and
they could be elevated owing to other disease states. Patients
who have elevated levels of a tumor marker at initial diagno-
sis should have elevated levels with disease recurrence. Other
techniques used to detect very low levels of recurrent cancer

in leukemias and lymphomas (e.g., minimal residual disease)
include real-time quantitative PCR (RT-PCR) analysis of im-
munoglobin or gene arrangements or chromosome aberrations
in cells.67 By detecting cancer recurrence at its earliest state,
treatments may be more successful.

13. Describe other agents used to treat cancer beyond those that
are considered cell-cycle specific or non–cell-cycle specific.

Endocrine Therapy
Endocrine therapy can be used to treat several common can-
cers, including breast, prostate, and endometrial cancers, which
arise from hormone-sensitive tissues (Table 88-18). These tu-
mors grow in response to endogenous hormones that trigger
growth signals by binding to specific receptors located on a
cell membrane or within the cytoplasm of a cell. Current en-
docrine therapies inhibit tumor growth by blocking the recep-
tors or by eliminating the endogenous hormone feeding the
tumor. (Note: Interruption of hormonal secretion also can be
achieved through surgical removal of hormone-producing or-
gans). Not all tumors arising from hormone-sensitive tissues
respond to endocrine manipulation. Lack of response could be
associated with hormone-resistant tumor cells or inadequate
suppression of the endogenous feeding hormones.68

Table 88-18 Endocrine Therapy Used for Hormone-Sensitive Tumors

Class Drug Dosage Side Effects Indication

Antiestrogens Tamoxifen 10–20 mg PO BID Disease flare, hot flashes, nausea, vomiting,
edema, thromboembolism, endometrial
cancer

Breast

Toremifene 60 mg PO daily
Fulvestrant 250 mg IM every month

Aromatase inhibitors Anastrozole 1 mg PO daily Hot flashes, nausea, fatigue, insomnia,
increased risk of bone fractures

Breast

Letrozole 2.5 mg PO daily
Exemestane 25 mg PO daily
Aminoglutethimide 250 mg PO QID with

hydrocortisone 40 mg PO
daily

Lethargy, rash, postural dizziness, ataxia,
nystagmus, nausea

Breast, prostate

LHRH analogsa Leuprolide 7.5 mg SC every 28 days Amenorrhea, hot flashes, nausea Breast, prostate
Goserelin 3.6 mg SC every 28 days
Triptorelin 3.75 mg IM every 28 days

Antiandrogens Flutamide 250 mg PO TID Gynecomastia, hot flashes, breast
tenderness, hepatic dysfunction, diarrhea

Prostate

Bicalutamide 50 mg PO daily
Nilutamide 300 mg PO daily for 30 days,

then 150 mg PO daily
Progestins Medroxyprogesterone

acetate
400–1,000 mg IM every week Weight gain, hot flashes, vaginal bleeding,

edema, thromboembolism
Breast, prostate

Megestrol acetate 10–40 mg PO QID Anorexia
Estrogens Ethinylestradiol 1 mg PO TID Nausea, vomiting, fluid retention, hot

flashes, anorexia, thromboembolism,
hepatic dysfunction

Breast

Conjugated estrogens 2.5 mg PO TID
Androgens Fluoxymestrone 10 mg PO BID Deepening voice, alopecia, hirsutism, facial

or truncal acne, fluid retention, menstrual
irregularities, cholestatic jaundice

Breast

aLeuprolide and triptorelin also available in extended release and depot formulations.
BID, twice daily; IM, intramuscular; PO, orally; QID, four times daily; SC, subcutaneously; TID, three times daily.
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Signal Transduction Pathway Inhibitors
By understanding the mechanisms by which cancer cells ex-
hibit unregulated growth and immortality, and possess the abil-
ity to invade tissues and metastasize,1 it has been possible to de-
sign drugs that inhibit these processes. The EGFR, HER2/neu,
and VEGF signaling pathways can be blocked by monoclonal
antibodies that inhibit receptor tyrosine kinase activation by
binding to the extraceullar domain. Small molecules that di-
rectly inhibit tyrosine kinase activation by competing with ATP
for binding to the intracellular tyrosine kinase domain have
been developed, as well.7 A potential advantage of targeting
the tyrosine kinase activity of the receptor should be the abil-
ity to inhibit cells that do not overexpress the receptor on their
surface or have mutated forms of the receptor that result in its
activation. The first commercially available receptor tyrosine
kinase inhibitor was imatinib mesylate, also known as STI-
571. Imatinib mesylate specifically inhibits the Abl and c-KIT
kinases and platelet-derived growth factor receptors α and β.69

This agent is active against chronic myelogenous leukemia and
gastrointestinal stromal tumors and is under investigation for
other malignancies that are dependent on the activity of the
Bcr-Abl or c-KIT tyrosine kinases.

Inhibition of the 26S proteosome, which is responsible for
the intracellular degradation of ubiquinated proteins, can in-
duce apoptosis in a wide variety of cancer cell lines.70 VEGF,
bFGF, MMP, and receptor tyrosine kinases that are activated
in endothelial cells subsequent to endothelial cell activation
are also targets for antiangiogenic agents. Unlike most cyto-
toxic chemotherapeutic agents, bone marrow suppression is
not a frequent dose-limiting side effect of signal transduc-
tion pathway inhibitors. Because of their mechanism of ac-
tion, their effects are exerted primarily through inhibition of
cell growth rather than through direct cytotoxicity. Occasion-
ally, however, significant tumor regression is observed. Based
on current knowledge, treatment regimens that incorporate use
of these agents with cytotoxic drugs are most likely to have the
greatest impact on patient outcomes in cancer treatments.

Angiogenesis Inhibition
Angiogenesis, the main process for new blood vessel forma-
tion postnatally, occurs during wound healing and disease states
such as cancer. It occurs through remodeling, migration, and
proliferation of pre-existing blood vessels. As discussed in an
earlier section, endothelial cells receive stimuli such as VEGF
and PDGF from tumor cells.71,72 These factors trigger cell pro-
liferation and secretion of such factors as MMP, collagenase,
and tissue plasminogen activators. These proteases enable the
proliferating endothelial cells to invade tissue space and to
form new vessels. These tumor vessels often differ pheno-
typically from normal vessels. Hence, a strategy for inhibit-
ing tumor growth is possible, because agents can be designed
to target this process, and thereby starve tumors of nutrients
and oxygen. Two classes of molecules have been developed
to block angiogenesis: antibody molecules and small molecule
inhibitors. Bevacizumab is an example of an antibody molecule
that binds to VEGF and inhibits binding to the VEGF recep-
tor. It is approved for use in patients with colorectal cancer
and advanced non–small-cell lung carcinoma (NSCLC).73,74

Sunitinib and sorafenib, which are both small molecule in-

hibitors, act as antagonists at several locations along the sig-
naling pathways that promote angiogenesis.75,76 Both of these
orally administered agents are approved for use in patients with
renal cell carcinoma and are under evaluation for use in treat-
ing other solid tumors. Shown in Figure 88-6 is a summary
of the angiogenic process and key signaling pathways where
anti-angiogenic agents interact.

Biologic Response Modifiers
Biologic response modifiers used to treat cancers include pro-
teins (vaccines), antibodies (monoclonal and polyclonal), and
growth factors. These agents can be used to kill cancer cells
or to bolster the host’s defense mechanisms. An individual’s
immune system plays a crucial role in developing or eradi-
cating cancer. Normally, an intact immune system can pro-
tect the host against malignant cells and infectious pathogens,
but current evidence shows that individuals with “weakened”
immune systems face an increased risk of developing cancer.
For example, individuals with acquired immunodeficiency syn-
drome (AIDS) face an increased risk of developing lymphomas
compared with the normal population. Other individuals with
weakened immune systems, including neonates and the elderly,
also face an increased risk of developing cancer. Bolstering an
individual’s immune system could help prevent or treat a ma-
lignancy. Some evidence shows that malignancies can undergo
spontaneous regression, especially during periods of immune
activation (e.g., an acute bacterial infection).77 Current bio-
logic response modifiers aim to bolster an individual’s immune
response, as well as provide a direct cytotoxic effect.

Interferon-α
The first recombinant cytokine to become available for the
treatment of cancer was interferon-α. This interferon affects
tumor cells through several different mechanisms, including
(a) a direct antiproliferative effect; (b) an immunomodulatory
effect on natural killer cells, T cells, B cells, and macrophages;
(c) an induction of tumor cell antigens; and (d) a differentiating
effect on tumor cells. Interferons also possess antiangiogeneic
effects.40 Current studies show that interferon-α has antitumor
effects against several human malignancies.78 Interferon-α is
sometimes given in combination with radiation therapy, other
biologic response modifiers, or chemotherapy agents.

Interleukin-2
Interleukin (IL)-2 is a recombinantly produced lymphokine
that has numerous immunoregulatory functions. In normal
cells, IL-2 stimulates both T- and B-cell proliferation and
differentiation.79 The idea to use IL-2 to treat cancer arose
from the observation that lymphoid cells incubated with IL-
2 developed the capacity to lyse tumor cells (lymphokine-
activated killer [LAK] cells).80,81 This observation led to the
development of some adoptive immunotherapies. Initial stud-
ies showed that patients with advanced tumors, such as renal
cell carcinoma and melanoma, experienced tumor regression
after receiving IL-2. Subsequent studies using high dosages
of IL-2 also reported responses in similar patient populations
with advanced disease.81–83 High-dose IL-2 therapy is accom-
panied by significant, dose-related toxicity. The most serious
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FIGURE 88-6 Angiogenesis and antiangiogenic agents. Tumor cells signal new blood vessel formation
through secretion of growth factors such as vascular endothelial growth factor (VEGF) and platelet-derived
growth factor (PDGF), which interact and activate receptor tryrosine kinase signaling within the endothelial
cells. Subsequent cascade signaling downstream activates the cell nucleus and initiates angiogenesis
through endothelial cell proliferation, migration, differentiation, and tubule formation. Agents that block
this signaling process are shown as bevacizumab (monoclonal antibody blocks VEGF), and sorafenib
and sunitinib (small molecule inhibitors) that block several different targets associated with the angiogenic
process. RAF, MEK, ERK-Kinase enzymes.

toxicities (hypotension, pulmonary edema, oliguria, increased
bilirubin) occur secondary to a diffuse capillary leak that devel-
ops during IL-2 therapy. These signs usually resolve promptly
after discontinuing therapy.

HANDLING OF CYTOTOXIC DRUGS
Impact on the Pharmacy

14. The administrator of a health plan recently has announced
that two medical oncologists will be joining the professional staff.
Previously, patients were referred to outside oncologists, and no
cytotoxic drugs were prepared or administered at the clinics.
What implications will the addition of these physicians have on
the pharmacy department?

New approaches to cancer treatment will affect three areas
of the pharmacy department: the budget, the policies and
procedures for safe drug handling, and the staff education
program. The pharmacy department will need to increase its
budget to accommodate the additional personnel and to pur-
chase new equipment, supplies, supportive care medicines, and
chemotherapy agents. To estimate the projected increase in the
budget, a pharmacist should meet with oncologists to discuss

the anticipated volume of chemotherapy orders, the chemother-
apy agents they are likely to prescribe, and the supportive care
medicines they plan to use. All new chemotherapy agents and
supportive care medicines (e.g., antiemetic therapy, analgesics)
should be added to the health plan formulary. In addition, the
pharmacist should determine the projected use of investiga-
tional agents, clinical pharmacy services that will be needed,
and any plans to develop an ambulatory infusion program. The
department must create new policies and procedures to ensure
safe handling of chemotherapy agents by all personnel. These
should be conveyed to all personnel through a staff education
program, because safe handling of chemotherapy agents can
significantly decrease the risk of medication errors and injuries.

Medication Errors
In recent years, several chemotherapy-related medication er-
rors that resulted in death or permanent disability have been
highly publicized. These devastating events have brought sig-
nificant attention to the entire drug use process in oncology
and have identified several factors that appear to contribute to
the risk (Table 88-19). In particular, the use of abbreviations,
verbal orders, multiple-day regimens, poor-quality carbon
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Table 88-19 Factors That May Increase the Risk of Medication Errors Involving Chemotherapy

Contributing Factor Recommendation

Verbal orders Do not accept; accept only written signed orders. If not possible, have two health
professionals accept verbal orders, have written policy regarding verbal orders.

Multiple-day drug courses (e.g., etoposide 50 mg/m2 × 5) Use standardized order forms or format. Order should clearly state total dose to be
administered each day and actual dates of administration (e.g., etoposide 50 mg/m2/day =
100 mg/day on 3/1, 3/2, 3/3, 3/4, and 3/5/07). Orders should also explicitly state infusion
guidelines, other specific instructions (e.g., administer 30 min after antiemetic) and other
pertinent patient information such as body surface area, weight, height, and age.

Trailing zeros following decimal points (e.g., 50.0 mg) or
the decimal point may be lost or overlooked on carbon or
fax copies

Do not permit trailing zeros. Leading zeros before decimal points should be required
(e.g., 0.5 mg) so that the decimal point will not be overlooked.

Orders written by prescribers unfamiliar with chemotherapy Require orders to be written by appropriately credentialed practitioners.
Use of abbreviations Only approved generic names should be used when ordering chemotherapy or documenting

regimens in patient records
Wide variability in chemotherapy doses that may be

appropriate for different disease states or combinations
Educate all practitioners involved in the chemotherapy use process (physicians, nurses,

pharmacists) regarding commonly used regimens and make printed or electronic resources
to verify doses and regimens readily available. Institutional dosing guidelines are
recommended.

Inappropriate interpretation of orders Two pharmacists should verify orders at the point of entry and nurses should reverify before
administration. All practitioners should be instructed to resolve all questions before
dispensing or administration.

Labeling errors Labels should be double-checked and include all pertinent information including route of
administration. Syringe labels should be directly attached to the syringe.

Poor communication or confusion regarding chemotherapy Written institutional policies and procedures should address every aspect of the
chemotherapy use process, including ordering, preparing, dispensing, administering, and
documenting.

orders, poor facsimile medication orders, and incorrect ref-
erences have contributed to a number of reported medication
errors. Several groups have responded to the problem by issu-
ing policy recommendations to minimize such errors.84–87

Risks

15. What are the potential risks of handling cytotoxic drugs,
and what resources are available to assist the Pharmacy direc-
tor and the pharmacy staff in the development of policies and
procedures?

For almost two decades, the potential hazards of chemother-
apy agents have received considerable attention. Many of these
agents are carcinogenic, teratogenic, or mutagenic in animal
models and in humans at therapeutic doses.88−91 The danger to
health care personnel handling such agents results from both
the inherent toxicities of the agents and the extent to which
the workers are exposed during drug handling.92 Various stud-
ies have attempted to assess the effect of occupational expo-
sure to hazardous drugs by health care workers. These studies
included measurements of urine mutagenicity, chromosomal
damage, drug absorption, and, most recently, the level of con-
tamination that occurs in the work areas used for drug prepara-
tion and administration.92–102 Although somewhat controver-
sial, the documentation of urine mutagenicity or chromosomal
damage was thought to be a direct result of cytotoxic expo-
sure. Other reports correlate these observations of reproductive
and birth defect risks in pregnant workers handling cytotoxic
drugs.101,103 Results of these reports together with the toxicities
observed in patients receiving therapeutic doses led the Amer-
ican Society of Hospital Pharmacists to conclude that health

care workers both inside and outside the pharmacy exposed to
hazardous drugs whenever they are received, stored, prepared,
administered, or disposed may be absorbing these drugs and
may be at risk for adverse outcomes.92

In response to the concerns regarding occupational exposure
to hazardous drugs, several groups have published guidelines
for the safe handling of these agents in the workplace (i.e., stor-
age, preparation, administration, and disposal).92,104,105 These
documents can be helpful to the pharmacy department when
developing policies and procedures.

Policies and Procedures

16. What specific policies and procedures are necessary, and
what other departments should be consulted during the develop-
ment and implementation of the handling guidelines?

Policies must be developed that address the entire scope of
potential occupational exposures within the workplace. These
policies should include (a) a worker’s “right to know” of poten-
tial hazards; (b) an education and training program for workers
involved with hazardous drug handling; (c) a quality assurance
program to monitor adherence to safe handling procedures; and
(d) guidelines for workers attempting to conceive a child, who
become pregnant, or who are nursing.

Specific procedures that outline the appropriate handling of
hazardous agents during all aspects of institutional storage, use,
and disposal should be developed. These procedures should in-
clude guidelines that outline the appropriate (a) storage in the
receiving and storeroom areas, (b) preparation and adminis-
tration of parenteral formulations, (c) manipulation and dis-
pensing of oral and topical formulations, (d) the clean up of
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spills, (e) management of acute exposures, and (f) disposal of
hazardous agents and supplies used to prepare and dispense
chemotherapy. If the oncology program includes ambulatory
infusion or home care components, procedures should also be
developed for the appropriate handling and disposal of these
products in the home.

Other departments that may be affected by these guidelines
include the medical staff, nursing, housekeeping (in the clean
up of spills and equipment), maintenance (upkeep of equip-
ment), and the receiving area (where cytotoxic drugs may be
received from suppliers). The institutional safety office and le-
gal staff also should be consulted to help devise the policies
and procedures.

Necessary Equipment and Supplies

17. What equipment and supplies are necessary for handling
hazardous drugs?

Various equipment and supplies can minimize occupational
exposure in the health care workplace by protecting both the
worker and the environment. All handling guidelines recom-
mend that manipulations (e.g., reconstitution, admixing) of
hazardous drugs be done in a class II biologic safety cabinet
(BSC) to provide maximal protection for the worker and the
work environment. Reports of measurable levels of chemother-
apy agents found in work areas despite the use of BSC have
renewed concerns regarding worker safety.104 It is not clear
how the work areas became contaminated, although the very

low vapor pressure of cyclophosphamide at room temperature
may result in the release of particles too small to be retained
by the high-efficiency particulate air filters within the BSC.
Additional research will be required to assess whether other
chemotherapy agents vaporize under similar circumstances
and subsequently expose individuals in the work area. Workers
also should wear gloves (one or two pairs) and a disposable,
closed-front gown of lint-free, low-permeability fabric with a
solid front, long sleeves, and knit cuffs. In addition, only sy-
ringes and IV sets with Luer-Lok fittings should be used. Final
products (e.g., syringes, IV bags or bottles) should be placed
in sealable containers such as zipper-closure plastic bags and
clearly labeled as a hazardous drug. Other supplies that may
be necessary for the sterile product preparation area include
plastic-back paper liners for the bottom surface of the BSC
and 0.2-mm hydrophobic filters.

The disposal of hazardous waste also requires specific re-
ceptacles, which should be placed in all areas where workers
handle these drugs. Disposal of these agents should follow in-
stitutional and state and local regulations. Materials for the
clean up of spills (e.g., absorbent material, plastic bags or con-
tainers, protective garments) also must be kept in all areas
where hazardous drugs are stored, prepared, or administered.
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Chemotherapy agents are toxic to cancer cells and also to vari-
ous host tissues and organs. The adverse effects of chemother-
apy can be classified as common and acute toxicities, specific
organ toxicities, and long-term complications. Common and
acute toxicities generally include adverse effects that occur as
a result of inhibition of host cell division. Host tissues most
susceptible to chemotherapy include tissues with renewal cell
populations, such as lymphoid tissues, bone marrow, and ep-
ithelium of the gastrointestinal (GI) tract and skin. Some other
common and acute toxicities (e.g., nausea and vomiting, hy-
persensitivity reactions) frequently occur in patients shortly af-
ter chemotherapy. Specific organ toxicities often are attributed
to a unique uptake of the chemotherapy agent by the organ
or a selective toxicity of the agent to the organ. Long-term
complications are toxicities that occur months to years after

chemotherapy. These long-term toxicities occur secondary to
continued immunodeficiencies or from permanent damage to
the organ cells from the specific therapy. Acute and chronic
toxicities can overlap. For example, many specific organ tox-
icities are evident within days following treatment, whereas
other specific organ toxicities are not evident until months after
treatment. Despite the overlapping definitions, this classifica-
tion system provides some framework to discuss the adverse
effects associated with chemotherapy.

The toxicities associated with chemotherapy are the most
important factors limiting the use of potentially curative doses.
Therefore, all discussions regarding the benefits of chemother-
apy agents must include a discussion of toxicities associated
with their use. Concerns regarding the toxicities of chemo-
therapy include the incidence, predictability, severity, and
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reversibility of the adverse effects. Although the incidence and
predictability may be well defined in specific patient popula-
tions, the incidence often varies depending on individual sus-
ceptibility. In addition, the specific chemotherapy agent, dose
intensity, and treatment duration can influence the incidence
of several adverse effects. The specific adverse effects that
an individual patient will experience can be difficult to pre-
dict, however. Because several toxicities do have well-defined
characteristics, clinicians treating patients with chemotherapy
should be aware of the most common adverse effects.

Clinicians should also be aware of patient-specific factors,
such as the stage of disease, concomitant illnesses, and concur-
rent medications, which could cause signs or symptoms that
mimic the adverse effects associated with chemotherapy. Many
patients have significant disease involvement and impairment
of organ function because of the malignant cells. In addition,
most patients with cancer commonly receive many other medi-
cations, including antibiotics and analgesics that can cause ad-
ditional adverse effects or interact with chemotherapy. When
the patient reports a new symptom, it may be difficult to de-
termine whether it is secondary to chemotherapy, concurrent
medications, or disease progression. Therefore, the clinician
needs to be aware of the presentation, management, and pre-
vention of the most common toxicities that could affect patients
receiving chemotherapy.

COMMON AND ACUTE TOXICITIES
Hematologic Toxicities
Effects of Chemotherapy on Bone Marrow
The bone marrow contains a population of pluripotent stem
cells capable of self-renewal and differentiation into any ma-
ture blood cell. At some point, their progeny commit to either
the myeloid or the lymphoid cell line. The myeloid stem cell
further commits to developing into an erythrocyte, megakary-
ocyte, granulocyte, or monocyte. After committing to a partic-
ular cell line, bone marrow precursor cells undergo a series of
divisions (mitosis) to increase the number of cells. The cells
then undergo several developmental stages to mature and dif-
ferentiate into their final forms and leave the bone marrow
(postmitotic). The total time required for a cell to pass through
the mitotic and postmitotic pool under normal resting condi-
tions is ∼10 to 14 days. This process is regulated by several
cytokines; although many cytokines have been identified, only
a few are now produced through recombinant DNA technology.
These growth factors can expand the mitotic pool and acceler-
ate maturation and differentiation. Ultimately, these growth
factors decrease the total time spent in these stages ∼5 to
7 days.

The development and circulating life span of hematopoi-
etic cell lines determines the severity of the depression of
that cell line (nadir) and the time course of peripheral cytope-
nias. Because red blood cells (RBC) survive approximately
120 days in the peripheral blood, clinically significant ane-
mia is not likely to occur if RBC production is impaired for a
short period of time. Instead, anemia usually develops slowly
after several courses of chemotherapy. In contrast, platelets
survive ∼10 days and granulocytes survive approximately 6
to 8 hours. This is why granulocytopenia generally occurs be-
fore thrombocytopenia, but both granulocytopenia and throm-

bocytopenia may be observed after the first or subsequent
courses of chemotherapy. The depression of peripheral blood
cells following chemotherapy can help determine the dosage
and concurrent chemotherapy for subsequent courses. Life-
threatening granulocytopenia or thrombocytopenia often ne-
cessitates some action to minimize the risk of adverse effects
with additional chemotherapy. Previously, clinicians usually
reduced the dose of the myelosuppressive agent. The avail-
ability of colony-stimulating factors (CSFs) and interleukin-
11 (oprelvekin), however, provides an alternative approach to
preventing severe neutropenia or thrombocytopenia following
myelosuppressive chemotherapy.

MYELOSUPPRESSION

1. J.T., a 45-year-old, 59-kg man with no significant past med-
ical history, presents to the university hospital with complaints of
cough and shortness of breath (SOB). Chest radiograph reveals a
lesion in the right upper lobe; bronchoscopy washings and cyto-
logic examination are positive for small-cell lung cancer (SCLC).
A workup for metastases is negative. J.T. is diagnosed with lim-
ited SCLC. His physicians plan to initiate radiation therapy to the
right upper lobe with concurrent chemotherapy, to include car-
boplatin targeted to an area under the concentration-time curve
(AUC) of 5 mg/mL/minute on day 1, topotecan 0.5 mg/m2 daily
on days 1 through 3, and etoposide 100 mg/m2/day orally (PO)
on days 4 through 6. Discuss with J.T. the toxicities that might
be expected to occur with this regimen. What effects on the bone
marrow can be anticipated and how might they clinically appear
in J.T.? What factors can influence the incidence and severity of
these adverse effects? When can J.T. expect these effects to occur?

Although several toxicities are commonly associated with
carboplatin, topotecan, and etoposide, the most predictable
and dangerous toxicity associated with this regimen is myelo-
suppression. This chemotherapy regimen can significantly af-
fect any cell line, including RBC, neutrophils, and platelets,
and the cytopenias can cause significant morbidity or mortal-
ity. Decreased RBC can cause anemia, and patients usually
present with fatigue and decreased exercise tolerance. Having
low neutrophil counts significantly increases a patient’s risk
for bacterial infections. Moreover, reduced platelets can cause
thrombocytopenia, which can cause bleeding from the GI and
genitourinary tracts.

Both patient- and agent-related factors can significantly in-
fluence the degree of cytopenia a patient faces after chemother-
apy. Agent-related factors include the chemotherapy agent,
dose intensity, and dose density. Because most chemotherapy
treatments are not given as a single agent, the effects of concur-
rent chemotherapy may intensify the myelosuppressive effect
of an individual agent. Host factors that specifically may affect
the cellularity of the bone marrow compartment also influence
the degree of cytopenia. They include the following:

1. Patient age. Younger patients are generally better able to
tolerate chemotherapy than elderly patients because they
have a more cellular marrow with a decreased percentage
of marrow fat.

2. Bone marrow reserve. Certain diseases might present with
tumor cells in the bone marrow, such as leukemias and some
lymphomas, in which case the bone marrow does not have
a healthy reserve of normal hematopoietic cells to help in
the recovery process.
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3. The degree of compromise from previous chemotherapy,
radiation therapy, or both. Prior chemotherapy and radiation
therapy to fields involving marrow-producing bone reduce
bone marrow reserves.

4. The ability of the liver or kidney to metabolize and excrete
the compounds administered. If agents that depend on the
liver or the kidney for metabolism to inactive metabolites or
for excretion are administered to patients with specific organ
insufficiencies, they can cause greater toxicities, including
longer cytopenias secondary to lack of clearance.

These factors, along with the kinetics of the stem cells, can
help clinicians predict the severity and duration of cytopenia
observed following therapy.

With most myelosuppressive agents, the patient’s white
blood cell (WBC) and platelet counts begin to fall within
5 to 7 days of chemotherapy administration, reach a nadir
within 7 to 10 days, and recover within 14 to 26 days. Phase-
specific chemotherapy agents, such as the plant alkaloids and
antimetabolites, cause a fairly rapid onset of cytopenia that re-
covers faster than the cytopenias occurring after treatment with
phase-nonspecific agents, such as alkylating agents and anti-
tumor antibiotics. For poorly understood reasons, nitrosureas
typically produce severe, delayed neutropenia and thrombo-
cytopenia 4 to 6 weeks after therapy. Other agents that ex-
hibit this pattern include mitomycin and mechlorethamine. All
of these chemotherapy agents exert their cytotoxic effects dur-
ing the resting phase of the cell cycle. The nitrosureas as well as
mitomycin and mechlorethamine can, however, cause two neu-
tropenic nadirs; the first nadir occurs at the conventional time
expected for phase-nonspecific agents and the second nadir
occurs approximately 4 to 6 weeks after therapy. Many com-
bination regimens that use these agents recommend 6-week
cycles to avoid treatment before the second nadir. Most other
myelosuppressive regimens recommend dosing intervals of 3
to 4 weeks to allow the bone marrow time to recover. Many
of the targeted therapies do not exhibit bone marrow suppres-
sion, because their action is toward a specific molecular event
rather than an entire metabolic process. Because these novel
agents do not have overlapping myelosuppressive effects, they
may be ideal agents to add to regimens that are known to cause
cytopenias.

All the agents included in J.T.’s regimen have marked myelo-
suppressive activity. J.T. should be carefully counseled to con-
tact his physician or report to the emergency department (ED)
if he experiences signs or symptoms of an infection (including
fever) or bleeding. Typically, these symptoms occur 10 to 14
days after the first day of chemotherapy.

Prevention

2. About 9 days after the first course of chemotherapy, J.T.
developed a severe sore throat and fever. He was admitted to the
hospital and treated with intravenous (IV) antibiotics. At the time,
his WBC count was 300 cells/mm3. His fever resolved after 3 days,
and all cultures were negative for bacterial growth. It is now 3
weeks after chemotherapy, and he is scheduled to receive a second
course. Should he receive the same doses he was given initially?

Previously, the chemotherapy doses would have been re-
duced (usually by 25%) for all subsequent cycles for any patient
who experienced febrile neutropenia. Although a dose reduc-

tion can clearly cause less neutropenia, it can also compro-
mise the response and survival of patients with chemotherapy-
sensitive tumors. Because J.T.’s cancer (i.e., limited-stage small
cell lung cancer), is both chemosensitive and potentially cur-
able, a dosage reduction is undesirable. To minimize the risk
of neutropenia with future therapy, CSFs can be administered
to J.T. to prevent potential complications associated with neu-
tropenia.

The prophylactic administration of CSFs can be used to
protect against the myelosuppressive effects of chemotherapy.
Three CSFs, granulocyte colony-stimulating factor (G-CSF
[filgrastim]) and granulocyte-macrophage colony-stimulating
factor (GM-CSF [sargramostim]) and a pegylated long-acting
form of filgrastim, pegfilgrastim, are available in the United
States. These products were approved by the U.S. Food and
Drug Administration (FDA) to enhance neutrophil recovery af-
ter chemotherapy. Pegfilgrastim was developed with the aim of
providing the same pharmacologic benefit as filgrastim while
offering the advantage and convenience of fewer injections.
Evidence-based clinical practice guidelines for the use of CSFs
have been developed by the American Society of Clinical On-
cology (ASCO).1 These guidelines recommend primary pro-
phylaxis for all patients receiving chemotherapy regimens that
have been previously reported to cause an incidence of ∼20%
of febrile neutropenia. A CSF used in these patients can reduce
both the incidence of febrile neutropenia and need for hospi-
talizations and broad-spectrum antibiotics. Two randomized
phase III clinical trials have shown that the risk of neutropenic
fever is reduced when primary prophylaxis is used in regimens
with a known incidence of ∼20% neutropenia. In one trial, 928
patients with breast cancer receiving docetaxel 100 mg/m2 ev-
ery 21 days were randomized to receive placebo or pegfilras-
tim 6 mg subcutaneously (SQ) 24 hours after chemotherapy.
Patients who received pegfilgrastim had a lower incidence of
febrile neutropenia (1% vs. 17%, respectively) and hospital-
izations (1% vs. 14%, respectively).2 A trial in patients (N =
171) with SCLC receiving a dose-intense regimen contain-
ing cyclophosphamide 1,000 mg/m2 day 1, doxorubicin 45
mg/m2 day 1, and etoposide 100 mg/m2 days 1 to 3 every
21 days was conducted. Patients were randomized to receive
prophylactic antibiotics with or without G-CSF. The rate of
febrile neutropenia over all five cycles given was 32% with
prophylactic antibiotics alone versus 18% with antibiotics and
G-CSF.3 Because the regimen J.T. received does not typically
produce a 20% incidence of febrile neutropenia, a CSF was not
recommended for him after his first course of chemotherapy.
Because J.T. did experience febrile neutropenia and he has a
potentially curable malignancy, a CSF is indicated with sub-
sequent courses of chemotherapy to prevent additional febrile
episodes.

3. How are CSFs dosed to prevent chemotherapy-induced neu-
tropenia?

The recommended initial dose of filgrastim (G-CSF) is 5
mcg/kg/day as a single daily subcutaneous (SC) injection, and
the recommended initial dose of sargramostim (GM-CSF) is
250 mcg/m2/day as an SC injection. Pegfilgrastim is given at
a dose of 6 mg once per cycle as an SC injection regardless
of patient weight. The ASCO guidelines state that rounding
the dose of either agent to the nearest vial size may enhance
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patient convenience and reduce cost without clinical detriment.
Because commercially available vials contain either 300 or 480
mcg of G-CSF, adult patients <75 kg should receive 300 mcg
daily and adult patients >75 kg should receive 480 mcg daily.1

Because of differences in commercially available vial sizes, the
weight breakpoint for GM-CSF is slightly different; patients
who weigh >60 kg should receive 500 mcg daily and patients
who weigh <60 kg should receive 250 mcg daily.

The ASCO guidelines also recommend a shorter duration
of treatment than does the manufacturer. The manufacturer
recommends that therapy with filgrastim or sargramostim con-
tinue until the patient’s neutrophil count is >10,000 cells/mm3

after the expected chemotherapy nadir. This is based on the
observation that the neutrophil count falls roughly 50% af-
ter discontinuing a CSF. The risk of bacterial infection is
highest, however, in patients with neutrophil counts of <500
to 1,000 cells/mm3; patients with neutrophil counts >500 to
1,000 cells/mm3 are not thought to be at high risk for develop-
ing bacterial infections. Thus, many clinicians elect to discon-
tinue CSF when the neutrophil count reaches 2,000 to 4,000
cells/mm3 following the chemotherapy nadir. This reduces the
number of treatment days and the cost associated with therapy
without placing the patient at excessive risk for bacterial in-
fections. The ASCO guidelines support this recommendation
to discontinue CSF earlier.

To prevent chemotherapy-induced neutropenia, either peg-
filgrastim, filgrastim, or sargramostim is used. Many patients
find that a single injection of pegfilgrastim is more con-
venient with fewer injections to receive. Two pivotal, ran-
domized, blinded multicenter phase III trials have evaluated
the efficacy of single-dose pegfilgrastim in the prevention of
chemotherapy-induced neutropenia in patients with high-risk
stage II, stage III, and stage IV breast cancer.4,5 The patients
(N = 310)4 (N = 157)5 received four cycles of doxorubicin
60 mg/m2 and docetaxel 75 mg/m2 chemotherapy on day 1 of
each cycle and were randomized to either single-dose pegfil-
grastim on day 2 or filgrastim 5 mcg/kg/day from day 2 until
the absolute neutrophil count (ANC) was >10,000 cells/mm3

for a maximum of 14 doses. In one study, the pegfilgrastim
was a 6-mg fixed dose5 and in the other study the pegfilgrastim
dose was based on weight (100 mcg/kg).4 The primary end-
point was duration of severe grade IV neutropenia (ANC <500
cells/mm3 in cycle 1). Secondary endpoints included the de-
gree of ANC nadir, time to recovery, incidence of grade IV neu-
tropenia and incidence of febrile neutropenia. In these phase
III breast cancer trials, no significant difference in duration of
grade IV neutropenia was seen between the pegfilgrastim and
filgrastim groups (1.7 vs. 1.8 days, respectively,4 and 1.8 vs.
1.6 days, respectively5). The incidence of severe neutropenia
after chemotherapy was similar in the pegfilgrastim and filgras-
tim arms. In patients treated with pegfilgrastim, the incidence
of febrile neutropenia over four cycles of chemotherapy in the
two pivotal phase III trials4,5 was lower than in the patients
treated with filgrastim. In the larger of the trials, this differ-
ence was clinically significant (p = 0.029). The time to ANC
recovery was defined as the time from chemotherapy admin-
istration until the ANC increased to >2,000 cells/mm3. In the
larger phase III trial,4 the mean time to recovery was 9.3 days in
the pegfilgrastim group compared with 9.7 days in the filgras-
tim group. In all studies, pegfilgrastim has been well tolerated.
From these data, it appears that a single 6-mg dose of pegfil-

grastim is at least equivalent to daily SC injections of filgrastim
but offers advantages with respect to convenience and patient
comfort.

In summary, J.T. should be given either G-CSF 300 mcg/day
or GM-CSF 250 mcg/day SC beginning the day after his last
dose of chemotherapy. Treatment should continue until the
ANC is >2,000 to 4,000 cells/mm3. Alternatively, J.T. could
receive a single 6-mg injection of pegfilgrastim the day af-
ter chemotherapy administration. Patients should not require
more than one dose of pegfilgrastim for chemotherapy-induced
neutropenia. Self-regulation of pegfilgrastim serum levels, re-
lated to its pegylation, is almost entirely dependent on neu-
trophil receptor-mediated clearance. Serum levels of pegfil-
grastim will remain elevated during neutropenia induced by
chemotherapy, and decline on recovery of neutrophil counts.6

Aside from high cost and inconvenience, the only negative
effect of G-CSF therapy is mild transient bone pain. Bone
pain is most commonly experienced when patients begin to
recover peripheral blood cells following their nadir. The pro-
posed mechanism suggests the stimulatory effect of G-CSF
on granulopoiesis causes the pain. Most patients commonly
report pain in bone marrow-rich areas, such as the sternum
and pelvic regions. They should be advised that the bone pain
experienced during marrow recovery is normal and usually is
relieved with analgesic agents.

Treatment

4. If J.T. was not given G-CSF and presented with febrile neu-
tropenia, would G-CSF therapy be helpful?

Because the duration of neutropenia is the most signifi-
cant prognostic factor in patients with established febrile neu-
tropenia, the major benefit of CSFs is their ability to reduce
the duration of neutropenia. CSFs accelerate hematopoiesis
by expanding the mitotic pool of committed progenitor cells
and shortening the time spent in the postmitotic pool from 6
days to 1 day. If CSFs reduce the duration of neutropenia in
patients who present with febrile neutropenia, then morbidity,
mortality, and cost should be significantly reduced.

The ability of CSFs to reduce the duration of neutrope-
nia in patients with established febrile neutropenia has been
addressed in numerous randomized, double-blind, placebo-
controlled trials,7 and two meta-analyses of trials have also
been completed.1,8,9 The combined data for G-CSF and
GM-CSF reveal minimal to moderate benefit in reducing hos-
pital stays. Additionally, no differences in mortality were re-
ported with the use of CSFs in this setting. Furthermore,
questions have been raised as to whether all patients with
febrile neutropenia require hospitalization. Several studies
have shown equal efficacy and safety with increased cost ef-
fectiveness of outpatient treatment of febrile neutropenia.10−12

Although CSFs do appear to hasten neutrophil recovery, the
true cost-to-benefit ratio associated with the use of these prod-
ucts in established febrile neutropenia remains to be deter-
mined. The ASCO guidelines currently do not support routine
use of CSFs in patients with febrile neutropenia, although they
do recognize that certain patients with febrile neutropenia and
high risk features predictive of clinical deterioration (e.g., age
>65 years, pneumonia, fungal infection, hypotension, sepsis
syndrome, uncontrolled primary disease) may benefit from use
of CSFs.
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5. Fourteen days after his fourth course of chemotherapy,
J.T.’s platelet count is 7,000 cells/mm3. Although he has no evi-
dence of bleeding, the clinician decides to administer a prophylac-
tic platelet transfusion. Would oprelvekin be helpful in preventing
the need for further platelet transfusions?

Oprelvekin is indicated to prevent severe thrombocytopenia
and reduce the need for platelet transfusions following myelo-
suppressive chemotherapy in patients with nonmyeloid ma-
lignancies at high risk for developing severe thrombocytope-
nia. Because carboplatin has a cumulative myelosuppressive
effect on platelet precursors, J.T. is at risk for developing se-
vere thrombocytopenia with future courses of chemotherapy.
In a randomized, double-blind clinical trial, oprelvekin reduced
the need for platelet transfusions in about 20% of patients who
were similar to J.T.13 The recommended dose is 50 mcg/kg/day
SC until the postnadir platelet count is >50,000 cells/mm3 or
up to 21 days following chemotherapy.14 Side effects can be
mild to moderate and include peripheral edema, dyspnea, and
pleural effusions. Because only about 20% of patients respond
to oprelvekin, J.T. may still require additional platelet transfu-
sions. In addition, the cost:benefit ratio of oprelvekin compared
with platelet transfusions has not been demonstrated in clin-
ical trials. Based on current evidence, J.T. should not receive
oprelvekin at this time.

Anemia and Erythropoietin

6. Is erythropoietin useful in cancer patients with anemia?

Anemia usually is not a dose-limiting toxicity commonly
associated with chemotherapy, because RBCs survive ∼120
days. Chemotherapy predominantly affects RBCs by caus-
ing anisocytosis and macrocytosis. These effects are related
to inhibition of DNA synthesis, and they predominantly oc-
cur following treatment with antimetabolites, including folic
acid analogs, hydroxyurea, purine antagonists, and pyrimidine
antagonists. Anemia commonly does not accompany these
changes in RBC size. In addition, chemotherapy-induced ef-
fects on RBC are rarely the sole factor contributing to the low
hemoglobin (Hgb) levels that necessitate an RBC transfusion.

Nevertheless, anemia commonly occurs in cancer patients
secondary to the primary disease. The exact mechanism by
which this anemia occurs is not well understood. Impaired
erythrocyte response to erythropoietin, reduced hematopoietic
precursors caused by chemotherapy or radiation therapy, and
disrupted marrow architecture caused by invasion of malignant
cells may all play a role. Erythropoietin has been shown to
ameliorate anemia associated with cancer and chemotherapy,
reduce the need for transfusions, and enhance the patient’s
quality of life.15−17

Two erythropoiesis-stimulating agents (ESA) are currently
available for patient use. Recombinant human erythropoietin
(r-HUEPO, epoietin-α) is approved for use in cancer patients
receiving chemotherapy. Multiple dosing strategies have been
suggested and evaluated in clinical trials. One recommended
starting dose for r-HUEPO is 150 U/kg three times per week
rounded to a standard dose of 10,000 U, consistent with the
vial size, which is significantly higher than the recommended
dose for anemia of renal failure. Alternatively, 40,000 U once
weekly has also been shown to be effective and may be more
convenient for patients.18 These initial doses should be given
for 4 weeks. If the Hgb increases <1 g/dL, then the dose should

be increased to 300 U/kg three times weekly or 60,000 U once
weekly. Up to 8 weeks of treatment may be required to decrease
transfusion requirements significantly. Only about 50% of pa-
tients respond (i.e., reduce their requirement for transfusion
or report a significant decrease in symptoms) to erythropoi-
etin, so patients who do not respond positively within 6 to 8
weeks should discontinue therapy. Because pretreatment ery-
thropoietin levels do not consistently correlate with the rate
and likelihood of response, clinicians cannot predict which
patients will respond to therapy.19 Adverse effects, such as hy-
pertension, seizures, and angina, that can occur in patients with
renal failure following a rapid dose escalation or normaliza-
tion of hematocrit, have not been observed in patients with
cancer; however, reviews of clinical trials in cancer patients
have shown an increased risk for thromboembolic events.

Darbepoetin-α (Aranesp) is an ESA closely related to ery-
thropoietin that is produced in Chinese hamster ovary cells by
recombinant DNA technology. It stimulates erythropoiesis by
the same mechanism as erythropoietin. Darbepoetin, also ap-
proved for the treatment of chemotherapy-related anemia, is
distinguished from erythropoietin by its approximately three-
fold longer half-life and greater biologic potency. This al-
lows for an extended dosing interval relative to erythropoi-
etin. Two dose-finding studies in 429 patients found that
darbepoetin-α 1.5 mcg/kg, once per week, achieved the same
mean hemoglobin change from baseline as that of recombi-
nant human erythropoietin dosed at 150 U/kg, three times a
week. At a dose of 3 mg/kg weekly, darbopoetin-α elicited
a hematopoietic response after 2 weeks similar to that pro-
duced by r-HUEPO 40,000 to 60,000 U once per week.20,21

Additionally, in a multicenter open-label study of darbepo-
etin, 500 mcg every 3 weeks was effective in increasing and
maintaining hemoglobin levels and was well tolerated.22 The
FDA-approved starting doses of darbepoetin are 2.25 mcg/kg
weekly or 500 mcg SC every 3 weeks. Darbepoetin may be
increased to 4.5 mcg/kg weekly if no positive response is seen
within 6 weeks of the initial dose.22

Epoetin-α and darbepoetin-α have been studied in head-
to-head prospective comparison trials as well as evaluated
in multiple large meta-analyses and systematic literature
reviews, and have been shown to be equal in efficacy,
including hemoglobin responses and decreases in
transfusions.22−26 ESAs may provide a safe and effec-
tive treatment for chemotherapy-associated anemia. ESAs
are not recommended in the treatment of anemia in cancer
patients caused by underlying diseases when patients are not
receiving chemotherapy.

Epoetin-α and darbepoetin-α are indicated only for cancer
patients actively receiving chemotherapy to reach and main-
tain a target hemoglobin level of 11 g/dL. Data have been
reviewed by the FDA from four trials in cancer patients re-
ceiving ESAs. Collectively they show a higher risk of serious
side effects, including thromboembolism, and increased mor-
tality in patients with hemoglobin levels >12 g/dL and in those
patients not receiving chemotherapy.27 The use of erythropoi-
etin agents in patients with cancer is rapidly evolving. Clinical
practice guidelines from the American Society of Hematology
and American Society of Clinical Oncology have provided up-
dated recommendations and precautions regarding the use of
ESA. These guidelines serve as an excellent resource for in-
corporating the use of ESA into current clinical practice.22
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Chemotherapy and Coagulation

7. What effect does chemotherapy have on blood coagulation?

Patients with cancer might develop bleeding secondary
to chemotherapy-induced thrombocytopenia or thrombosis
after chemotherapy. Bleeding can occur after treatment
with l-asparaginase or the pegylated formulation PEG-l-
asparaginase, which can inhibit the synthesis of fibrinogen
and other specific coagulation factors produced by the liver
under the influence of vitamin K.28,29 l-Asparaginase has a
widespread effect on protein synthesis, and many plasma pro-
tein factors are depressed shortly after treatment with this
agent. A patient receiving l-asparaginase can often develop
a prolonged prothrombin time (PT) and partial thromboplastin
time (PTT). Bleeding or thrombosis occurring as a direct re-
sult of changes in coagulation factors has not been frequently
reported or conclusively documented, however. Coagulation
factors may return to normal levels with continued administra-
tion of the agent, which suggests that the impairment of protein
synthesis created by l-asparaginase is partially overcome by
the liver. Specific treatment of prolonged PT and PTT with
coagulation factors, fibrinogen, or vitamin K is not indicated.

THROMBOTIC EVENTS
Thrombotic events have been associated with the adminis-

tration of chemotherapy.30 Evidence of intravascular coagula-
tion from plasma fibrinopeptide A, a specific activation peptide
of fibrinogen, has been reported after starting chemotherapy.31

Conversely, a decrease in fibrinolytic activity reflected by a
decrease in functional plasminogen activator also has been
reported.31 Other protein abnormalities associated with throm-
bosis, including a decrease in the anticoagulant proteins C and
protein S (free and total),32,33 have occurred after chemother-
apy. Deficiencies of these proteins have been reported to result
in spontaneous thrombosis. Although chemotherapy can po-
tentially increase a patient’s risk of thrombosis, the underlying
disease can also affect risk.

Assessing the risk of thrombosis from administration of
chemotherapy is complicated because many cancers are asso-
ciated with an increased incidence of thrombosis. This is par-
ticularly true in tumors of the GI tract and acute promyelocytic
leukemia. Trousseau34 first reported an increased incidence of
venous thrombosis in patients with cancer, and many inves-
tigators have since confirmed the relationship of multiple or
migratory venous thrombosis in up to 15% of patients with
cancer.35 Up to one-third of apparently healthy adults who de-
velop otherwise unexplained deep vein thrombosis eventually
are proved to have a malignancy.36,37 Removal of the tumor
often causes thrombotic episodes to disappear. Although war-
farin or low-molecular-weight heparin therapy is indicated,
thrombosis associated with cancer is often resistant to anti-
coagulant therapy.

Initiating treatment for acute promyelocytic leukemia com-
monly is associated (i.e., up to 85%) with disseminated in-
travascular coagulation.38 The lysed tumor cells appear to re-
lease procoagulant materials following chemotherapy. Use of
heparin to minimize risk of coagulation is controversial. Some
investigators have reported excellent results in patients treated
almost entirely with blood product support (e.g., fibrinogen,
antithrombin III) without heparin.38

Several chemotherapy agents have been associated with
thrombosis risk, including antiangiogenic therapies such as
thalidomide, lenalidomide, and bevaciziumab. Thalidomide
and lenalidomide in combination with other chemotherapy
agents has been associated with venous thromboembolic events
when used in the treatment of multiple myeloma and other
diseases.39,40 Prophylaxis may be warranted, although optimal
strategies are not defined and have not been studied in random-
ized trials.

Bevaciziumab is associated with both arterial thrombosis
and bleeding events. A retrospective analysis of five trials
of patients receiving chemotherapy for colorectal, breast, or
non–small-cell lung cancers revealed a 3.8% incidence of ar-
terial thrombosis in patients receiving chemotherapy and beva-
ciziumb versus 1.7% in chemotherapy alone.41 Severe major
bleeding events have been reported in patients with metastatic
colorectal cancer and life-threatening pulmonary hemorrhage
and hemoptysis have been described in those with non–small-
cell lung cancer; however, most bleeding events associated with
bevacizumab use were minor.42

Other factors can cause patients to develop thrombosis.
Most patients receiving cancer chemotherapy often have other
illnesses that may predispose them to developing thrombosis.
In addition, surgical procedures and bedrest can increase the
risk of thrombosis. Clinicians should maintain a high index of
suspicion when a patient with cancer presents with signs or
symptoms of thrombosis.

Gastrointestinal Tract Toxicities
The GI tract may be second only to the bone marrow in its
susceptibility to toxic effects produced by chemotherapy. GI
toxicities include nausea and vomiting, oral complications,
esophagitis, and lower bowel disturbances.

Nausea and Vomiting
Nausea and vomiting are common and serious toxicities
associated with many chemotherapy agents. Chemotherapy
agents, their metabolites, or neurotransmitters may stimulate
dopamine or serotonin receptors in the GI tract, the chemore-
ceptor trigger zone, or the central nervous system (CNS), which
ultimately act on the vomiting center. Emesis most commonly
occurs on the first day of chemotherapy and often persists
for several days thereafter.43 Most patients who receive tra-
ditional chemotherapy agents require antiemetics before and
after chemotherapy for several days to control these symptoms.
The most appropriate antiemetic regimen is based on patient-
and agent-specific factors. Some of the novel targeted therapy
agents carry some risk of emetogenicity, although it is gen-
erally milder. Guidelines are beginning to incorporate some
of these targeted agents into their emetogenic classification
schema based on incidence of nausea and vomiting in clinical
trials (see Chapter 7, Nausea and Vomiting).

Complications of the Oral Cavity
Complications of the oral cavity include mucositis (or stomati-
tis), xerostomia (dry mouth), infection, and bleeding. Approxi-
mately 40% of patients treated with chemotherapy develop oral
complications, and virtually all patients who receive radiation
therapy to the head and neck develop oral complications.44

These toxicities occur because of the nonspecific effects of
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Table 89-1 Topical Medications for Oral Complications of Chemotherapy and Radiation Therapy

Problem Products Use

Xerostomia Pilocarpine 5-mg tablet plus 1–2 tablets TID to QID
Saliva substitutes and/or Rinse or spray PRN
Sugar-free hard candy; sugar-free gum; ice chips PRN

Mucositis Dyclonine hydrochloride (HCl) 0.5% or 1% solution Swish and expectorate 5–15 mL Q 2–3 hr PRN
Generalized or

Viscous lidocaine 2% solution Swish and expectorate 5–15 mL Q 2–3 hr PRN
or
Diphenhydramine capsules (125 mg) plus Swish and expectorate 5–15 mL Q 2–3 hr PRN
Dyclonine 1% 30 mL plus
Nystatin 1 mL and 120 mL Maalox
or
Diphenhydramine plus nystatin plus hydrocortisone (various

formulations)
Swish and expectorate 5–15 mL Q 2–3 hr PRN

or
Sucralfate suspension (8 tablets in 40 mL sterile water plus

40 mL 70% sorbitol; shake well and add water to 120 mL)
Swish and expectorate 5–15 mL Q 2–3 hr PRN

Localized Benzocaine in Orabase Apply to affected dried area Q 2–3 hr; not to be used in
the presence of an infection

Local bleeding (gingival) Topical thrombin solution Apply to affected area with gauze sponge and hold in
place with pressure for 30 min; do not remove formed
clots

Mucosal surface bleeding Aminocaproic acid Swish and expectorate 250 mg Q 4 hr for up to 12 hr
General infection Chlorhexidine gluconate 0.12% oral rinse Rinse BID after breakfast and at HS for 30 sec; do not

swallow
Prevention and treatment

of oral candidiasis
Nystatin oral suspension Rinse and swallow (if tolerated) 500,000–1,000,000

units TID to QID
or
Clotrimazole troche 10 mg Dissolve 1 tablet 5 times/day

Prevention of caries Acidulated fluoride rinse Rinse daily for 1 min with 5–10 mL; do not swallow;
switch to neutral fluoride if mucositis is present

or
Neutral fluoride rinse Rinse daily for 1 min with 5 mL; do not swallow; switch

back to acidulated fluoride rinse when mucositis
resolves

or
Stannous fluoride gel 0.4% Brush daily at HS; swish for 30 sec; expectorate and rinse
or
Sodium fluoride gel 1.1% Brush daily at HS; swish for 30 sec; expectorate and rinse

BID, twice daily; HS, at night; PRN, as needed; QID, four times daily; TID, three times daily.

chemotherapy on cells undergoing rapid division, including the
cells of the mouth that undergo rapid renewal with a turnover
time equal to 7 to 14 days. Chemotherapy reduces the renewal
rate of the basal epithelium and can cause mucosal atrophy,
as well as glandular and collagen degeneration.45 Radiation
therapy to the head and neck also causes mucosal atrophy by
decreasing cell renewal. Radiation can also cause fibrosis of
the salivary glands, muscles, ligaments, and blood vessels and
damage to the taste buds.46

The combined effects of chemotherapy and radiation ther-
apy on the oral mucosa can also cause infection and bleeding in
the oral cavity. Infection and bleeding occurs when treatment
causes bone marrow suppression, including thrombocytopenia
and neutropenia. Because the oral mucosa is highly vascular
and frequently traumatized, bleeding occurs commonly with
low platelet counts. In addition, chemotherapy and neutrope-
nia can alter the extensive microbial flora harbored in the oral
cavity, thus leading to oral infections. Oral complications often
compound one another, however. For example, xerostomia can

accelerate the development of mucositis as well as the forma-
tion of dental caries and local infection. Mucositis can clearly
predispose the oral cavity to local bleeding and infection, as
well as sepsis. These oral complications can also cause vary-
ing degrees of discomfort and adversely affect the patient’s
ability to eat, which potentially can lead to a compromised
nutritional status. Topical treatments of oral complications are
summarized in Table 89-1.

XEROSTOMIA

8. J.B. is a 55-year-old man with newly diagnosed, locally ad-
vanced head and neck cancer. Neoadjuvant chemotherapy with
cisplatin, methotrexate, and fluorouracil, followed by a 2-week
course of radiation therapy (200 rads/day for three cycles) and
surgical resection of persistent residual disease are planned. A
review of systems suggests that J.B. has poor oral hygiene, and
a decision is made to consult the dental department of the uni-
versity hospital before initiating radiation and chemotherapy. Is
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J.B. at risk for developing oral complications of chemotherapy?
Is there anything that should be done at this point to decrease his
risk?

J.B. is at high risk for several of the oral complications
previously described. Xerostomia, one of the most frequent
side effects of radiation therapy to the head and neck, oc-
curs secondary to radiation-induced changes to the salivary
glands. Evidence supports a direct relationship between the
dose of radiation to the salivary glands and the extent of glan-
dular changes.47 In most patients treated with <6,000 rads,
radiation-induced changes to the salivary glands are reversible
within 6 to 12 months after the end of therapy. J.B., however,
also will be receiving chemotherapy agents (i.e., methotrex-
ate, fluorouracil) that can cause xerostomia and enhance the
toxicity to the salivary glands. Clinically, xerostomia has been
caused by as little as two to three radiation doses of 200 rads.47

Damage to the salivary glands causes various effects, in-
cluding a loss of salivary buffering capacity, lower salivary
pH, no mechanical flushing, and decreased salivary IgA. In
addition, xerostomia can alter the sense of taste, causing some
patients to lose their ability to differentiate between sweet
and salty foods and others to report a bitter taste. Xerostomia
also commonly causes caries. Caries and decalcification may
become sufficiently severe to compromise tooth integrity and
cause fracture. Because saliva is no longer available to help
clear bacteria from the mouth, xerostomia also predisposes
patients to infection secondary to the increases in oral bacte-
ria. Administering a chemoprotectant before chemotherapy or
radiation therapy may help reduce these adverse effects.

Amifostine
Amifostine, an organic thiophosphate chemoprotectant agent,
is approved to reduce the incidence of moderate to severe xe-
rostomia in patients having postoperative radiation treatment
for head and neck cancer when the radiation port includes a
substantial portion of the parotid glands. A randomized, clin-
ical trial demonstrated that the incidence of xerostomia was
reduced by about 30% in patients receiving 200 mg/m2 as a
3-minute IV infusion 15 to 30 minutes before each fraction of
radiation.48 Guidelines published by ASCO support the use of
amifostine to reduce the incidence of acute and late toxicity
in patients receiving fractionated radiation therapy for head
and neck cancer.49 Amifostine cannot, however, prevent xe-
rostomia from occurring in all patients. Amifostine is not used
widely for the prevention of radiation-induced xerostomia sec-
ondary to its cost and adverse effect profile. Intravenous ami-
fostine can cause nausea and vomiting as well as hypotension.
Subcutaneous administration of the agent causes fewer GI ef-
fects and less hypotension, but increases the risk of injection
site reactions. Because of these toxicities, >20% of patients
discontinue amifostine before completing their radiation.50

Other Treatments and Prevention
If xerostomia occurs, treatment can stimulate existing salivary
flow and replace lost secretions. Relatively low doses of sys-
temically administered pilocarpine (5–10 mg orally three times
daily) may stimulate salivary flow and produce clinically sig-
nificant benefits in patients with postradiation xerostomia.51

Dose-related adverse effects include cholinergic effects, such
as sweating, rhinitis, headache, nausea, and abdominal cramps.
Sucrose-free hard candy and sugar-free chewing gum can also

stimulate salivation, but these treatments are typically con-
sidered oral comfort agents. Saliva substitutes can also pro-
vide oral comfort to patients with xerostomia. Commercially
available saliva substitutes generally are recommended for use
before meals and at bedtime. They are available in several
formulations, including sprays, rinses, and chewing gums. Pa-
tients who find one product or formulation unacceptable or
unsuccessful may benefit from experimenting with other for-
mulations or product lines. Studies have shown that salivary
substitutes containing carboxymethylcellulose or hydrox-
yethylcellulose are more effective in relieving dryness than
water- or glycerin-based solutions.52,53 Other treatment modal-
ities attempt to prevent the complications associated with xe-
rostomia.

Prevention of radiation-induced caries is best accomplished
by aggressively using fluorides.54 Generally, acidulated fluo-
rides are the most effective, although neutral fluorides may
be more acceptable to patients with mucositis. Patients are
instructed to rinse daily for 1 minute with 5 to 10 mL of a
fluoride rinse. Stannous fluoride gels 0.4% or sodium fluoride
gel 1.1% tooth brushing agents may be also be used by patients
to minimize their risk of caries. Meticulous attention to oral
hygiene with regular dental checkups and avoidance of sucrose
is essential to minimize the development of caries.

In general, a dentist should see patients who will be receiv-
ing radiation therapy to the head and neck or chemotherapy
agents with a high risk of oral complications before starting
therapy. This includes patients with hematologic malignancies
who will most likely experience severe myelosuppression for
prolonged periods. Oral evaluation before therapy, intervention
to eliminate potential sources of infection or irritation prior
to therapy, and preventive measures taken during therapy can
dramatically decrease the frequency of oral complications.55

Given J.B.’s risk factors, a dental examination is indicated be-
fore initiating therapy.

MUCOSITIS AND STOMATITIS

9. J.B. successfully completed his first 2-week course of com-
bined chemotherapy and radiation therapy; however, 3 days into
his second 2-week cycle, he complains of generalized burning, dis-
comfort, and pain on the ventral surface of his tongue. On clinical
observation, both the ventral surface of his tongue and the floor
of his mouth appear erythematous, and several discrete lesions
are present in both areas. What is the most likely explanation for
J.B.’s new onset of symptoms? What treatment is indicated at this
time?

J.B.’s symptoms are consistent with therapy-related mucosi-
tis. As discussed, this complication occurs as a nonspecific
effect of chemotherapy agents and radiation therapy on the
basal epithelium of the mouth. Nonkeratinized mucosa is af-
fected most often. Thus, the buccal, labial, and soft palate mu-
cosa; the ventral surface of the tongue; and the floor of the
mouth are the most common sites of involvement. Although
lesions are usually discrete initially, they often progress to pro-
duce large areas of ulceration. The lesions typically do not
progress outside the mouth, but they may extend to the esoph-
agus and involve the entire GI tract. Signs and symptoms gen-
erally occur about 5 to 7 days after chemotherapy or at almost
any point during radiation therapy. The antimetabolites (e.g.,
methotrexate, fluorouracil, and cytarabine) and the antitumor
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antibiotics are the chemotherapy agents that most commonly
produce direct stomatotoxicity. Lesions generally regress and
resolve completely in ∼1 to 3 weeks, depending on their
severity.

Patients with mucositis can present with various symptoms,
but they often complain of pain so severe that parenteral opi-
oid analgesics are required for relief. Other signs or symp-
toms include decreased ability to eat and speak, and local or
systemic infections. Bacterial, fungal, or viral infections can
occur. Although different microbial agents can cause a charac-
teristic lesion, the lesion’s appearance usually does not always
correlate with the infectious agent. This particularly occurs in
patients with neutropenia who cannot mount a full inflamma-
tory response. In these individuals, the clinical appearance of
an infected lesion may be muted relative to the presence or
number of pathogens. Under normal conditions, the mucosa
provides a natural barrier to the entry of normal oral flora, but
the broken mucosa allows pathogens access to the bloodstream.
The patient could develop life-threatening infection or sepsis
in addition to a local infection. After assessing the complica-
tions associated with mucositis, the patient should be treated
to minimize discomfort and morbidity.

Treatment
Treatment of mucositis is palliative. Topical anesthetics, in-
cluding viscous lidocaine or dyclonine hydrochloride 0.5 or
1%, often are recommended. Equal portions of kaolin, diphen-
hydramine, and magnesium- or aluminum-containing antacids
can be used for their anesthetic and astringent properties. Many
institutions may compound mouthwash products containing
these ingredients as well as antibiotics, nystatin, or cortico-
steroids. Corticosteroids provide anti-inflammatory properties,
and the antibiotics and antifungals provide antibacterial or an-
tifungal properties. Another topical agent, sucralfate, may pro-
vide some benefit by coating the lesion and reducing discom-
fort. All of these topically applied products are only used for
symptom control, and data supporting superior efficacy of one
product over another in relieving pain are lacking.

All the topical anesthetic-containing preparations are rec-
ommended for use as “swish-and-spit” preparations. Gener-
ally, 5 to 10 mL is used three to six times a day. The longer
the patient can hold the solution in the mouth, the longer the
contact, and, theoretically, the better the symptom relief. There-
fore, patients should be advised to hold and swish the solution
around the mouth for as long as possible before spitting it out.
Other treatment options include topical benzocaine in Orabase
and ice chips. For small localized lesions, ointments such as
benzocaine in Orabase may be applied after the affected area
has been dried with a sponge. Patients may also find ice chips
soothing. Most patients, however, require systemic analgesics
to alleviate the pain.

Gelclair is a bioadherent oral gel containing polyvinyl-
pyrrolidone and sodium hyaluronate (but no alcohol or anes-
thetic agent). It provides an adherent barrier over the mucosal
surfaces, thereby shielding oral lesions from the effect of food,
liquids, and saliva.56 Controlled clinical data are lacking. In
a study of 20 patients with head and neck cancer undergo-
ing radiation therapy presenting with mucositis, Gelclair was
compared with standards of care, including sucralfate and li-
docaine. No significant difference was found between the two
study populations in relieving general pain.57

Table 89-2 Guidelines for the Management of Stomatitis

1. Remove dentures to prevent further irritation and tissue damage.
2. Maintain gentle brushing of teeth with a soft toothbrush.
3. Avoid mouthwashes or rinses that contain alcohol because they may

be painful and cause drying of the mucosa. Consider normal saline or
sodium bicarbonate oral swishes.

4. Lubricants, such as artificial saliva, may loosen mucus and prevent
membranes from sticking together. Avoid mineral oil and petroleum
jelly because they can be aspirated.

5. Apply local anesthetics for localized pain control, especially before
meals (may add an antacid or an antihistamine). Systemic opioid
analgesics may be required to control pain associated with severe
mucositis.

6. Ensure that adequate hydration and nutrition are maintained:
� Eat a bland diet, avoiding spiced, acidic, and salted foods.
� Avoid rough food; process in a blender if necessary.
� Use sugar-free gum or sugar-free hard candy to stimulate salivation

and facilitate mastication.
� If necessary, provide intravenous nutritional support.
� Avoid extremely hot or cold foods.
� Use shakes with nutritional supplements or ice cream.

J.B. appears to have a mild case of stomatitis or mucositis
at this time; however, the lesions may progress over the next
several days. Appropriate treatment may include the use of
any of the topical products listed in Table 89-1. Table 89-2
lists additional guidelines for managing stomatitis.

Prevention

10. Could J.B.’s mucositis have been prevented?

Historically, treatment of chemotherapy- and radiation-
induced mucositis has been aimed at reducing symptoms once
they occur and avoiding further trauma to the oral mucosa.
Cryotherapy has been marginally effective in reducing the
severity of chemotherapy-induced mucositis.58 Ice chips are
placed in the mouth 5 minutes before chemotherapy begins
and retained for 30 minutes. Theoretically, this will reduce
blood flow to the mouth, thereby protecting the dividing cell
population from toxins.

Glutamine is an important substrate for rapidly proliferating
tissue. In two randomized trials, oral glutamine supplementa-
tion was associated with a reduction in the severity and duration
of oral pain after chemotherapy. In one trial of bone marrow
transplant (BMT) recipients, glutamine significantly reduced
the severity and duration of oropharyngeal mucositis in those
who had received autologous transplants, but not in those who
had received allogeneic transplants.59 In contrast, glutamine
failed to prevent mucositis in two trials of patients receiving
standard-dose fluorouracil-based chemotherapy.60

Chlorhexidine gluconate 0.12% also may reduce the fre-
quency and severity of mucositis infection,61,62 although not
all studies have shown a benefit. This solution should be used
twice daily as a rinse. Side effects include occasional burning
(thought to be caused by the product’s alcohol content, which
can be reduced by diluting it with water) and superficial brown
tooth staining, which polishes off easily. Chlorhexidine may
reduce the frequency and severity of mucositis by eliminating
microorganisms in the oral cavity.

Despite these prophylactic measures, none of these afore-
mentioned methods have a definitive benefit. To date, the only
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medication with proven efficacy is palifermin, a keratinocyte
growth factor, approved for patients with hematologic malig-
nancies having BMT to reduce the incidence and duration of
severe oral mucositis. Efficacy was established in a phase III
multicenter, randomized, placebo-controlled double-blind trial
(N = 212) comparing palifermin 60 mcg/kg/day IV start-
ing 3 days before the conditioning regimen and continu-
ing days 0, 1, and 2 of transplant with placebo. Palifermin
demonstrated a reduction in severe mucositis of 63% versus
98%, respectively, and duration of mucositis of 6 days versus
9 days, respectively.63 Palifermin’s use is limited thus far and
has not shown proven efficacy in other patient populations at
risk for mucositis. Other methods for decreasing the incidence
and severity of mucositis symptoms include reducing the dose
of radiation or chemotherapy, but doing so comes at the risk
of compromising treatment outcomes. Stomatitis remains the
dose-limiting toxicity for several chemotherapeutic regimens.

Esophagitis
Chemotherapy and radiation therapy can also damage the mu-
cosa lining the esophagus. Although dysphagia is a common
symptom reported by patients with esophagitis, other causes
of dysphagia should be ruled out. Because patients receiv-
ing myelosuppressive chemotherapy may develop infectious
esophagitis, bacterial, viral, and fungal cultures should be com-
pleted to rule this out before starting treatment for esophagi-
tis. Symptomatic management of esophagitis is similar to the
management of mucositis. Other treatment modalities, includ-
ing behavioral modifications and other medications (e.g., H2-
receptor antagonist, antacids, and proton pump inhibitors) may
help reduce esophageal irritation and improve comfort. Pa-
tients with severe esophagitis should be carefully monitored to
ensure adequate oral hydration and nutritional intake and in-
structed to avoid acidic or irritating foods. Symptoms should
resolve in 1 to 2 weeks as myelosuppression resolves.

Lower GI Tract Complications
Lower GI tract complications associated with chemotherapy
include malabsorption, diarrhea, and constipation. These com-
plications may be related to structural changes that occur to the
GI tract after chemotherapy or radiation therapy. Several inves-
tigators noted villus atrophy and cessation of mitosis within
GI crypts in patients and animals treated with combination
chemotherapy.64−66 Other investigators noted swelling and di-
lation of mitochondria and endoplasmic reticulum and short-
ening of the microvilli. These or other changes to the small and
large bowel can cause decreased absorption of medications that
are primarily absorbed in the upper portion of the small intes-
tine. Decreased absorption has been documented with several
drugs with narrow therapeutic indexes, including phenytoin,
verapamil, and digoxin following chemotherapy.67−69 Patients
receiving medications for concurrent illnesses should be care-
fully monitored for new signs or symptoms of adverse effects.

Chemotherapy-induced intestinal changes also may be re-
sponsible for diarrhea, which frequently occurs with regimens
containing irinotecan, high-dose cytarabine, or fluorouracil.
Unlike diarrhea, constipation is rare. The vinca alkaloids,
which produce colicky abdominal pain, constipation, and ady-
namic ileus caused by autonomic nerve dysfunction (see Neu-
rotoxicity section), can cause chemotherapy-induced consti-
pation. Additionally, constipation is a problematic side effect

of therapy with thalidomide. Constipation should be treated
prophylactically with stool softeners and mild stimulants. The
true incidence of diarrhea and constipation associated with
chemotherapy is difficult to discern, however, because many
medications (e.g., opioid analgesics, antiemetics, antacids) and
situations (e.g., immobility) commonly associated with cancer
and chemotherapy can cause these symptoms as well.

DIARRHEA

11. B.G., a 60-year-old woman with recurrent colorectal cancer
refractory to fluorouracil, is beginning her first course of irinote-
can 125 mg/m2 weekly for 4 weeks followed by a 2-week rest period.
What instructions should she receive regarding the management
of diarrhea should she experience this complication?

Irinotecan can cause severe diarrhea, both early and late,
in the course of chemotherapy. The early- and late-onset diar-
rhea appears to be mediated by different mechanisms. Early-
onset diarrhea (within 24 hours after treatment) may be me-
diated by parasympathetic stimulation. Patients often report
other cholinergic symptoms, such as rhinitis, increased sali-
vation, miosis, lacrimation, diaphoresis, flushing, and abdom-
inal cramping as well. These symptoms can be prevented or
managed with atropine IV or SC 0.25 to 1 mg. Late-onset
diarrhea (generally occurring >24 hours after treatment) can
be prolonged leading to dehydration, electrolyte imbalances,
and significant morbidity. Patients should promptly receive lo-
peramide 4 mg with the first episode of diarrhea and repeat
doses equal to 2 mg every 2 hours until 12 hours have passed
without a bowel movement.70 For patients who do not respond
to initial therapy, some clinicians recommend higher doses
equal to 4 mg every 2 hours. Fluid and electrolyte replacement
should also be administered, if necessary. With the potential
severe complications associated with irinotecan-associated di-
arrhea, prompt treatment cannot be overemphasized.

If a patient fails to respond to adequate doses of loperamide,
the somatostatin analog, octreotide, can be used to manage the
diarrhea. Randomized trials comparing loperamide with oc-
treotide in patients with acute leukemia or those undergoing
BMT found loperamide to be more effective.71,72 Nevertheless,
some evidence shows that octreotide may be used to success-
fully manage diarrhea associated with fluorouracil and other
high-dose chemotherapy regimens.73−75 Octreotide produces
antisecretory activity in the gut and promotes the absorption
of sodium, chloride, and water from luminal content. Patients
should receive doses ranging from 100 to 2,000 mcg SC three
times daily or 20 to 40 mg of long-acting octreotide.74,75 Al-
though responses seem to correlate with octreotide dose, more
studies are needed to determine the optimal dose. Based on
current evidence, octreotide should be limited to second-line
therapy for chemotherapy-associated diarrhea.

Dermatologic Toxicities
Dermatologic toxicities associated with chemotherapy include
alopecia, hypersensitivity reactions, extravasations, and hy-
perpigmentation. Toxicities, including alopecia, nail changes,
dry skin, and blistering, occur when chemotherapy agents
reduce or inhibit mitosis in the epidermis and nail matrix.
Other chemotherapy agents can cause various skin reactions
when they interact with ultraviolet (UV) light or radiation.
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Dermatologic toxicities also can occur when chemotherapy
agents with vesicant properties extravasate from the veins
into surrounding soft tissue. In addition, some agents pro-
duce specific skin eruptions, nonspecific eruptions, or “rashes”
by unknown mechanisms. Several reviews serve as excellent
references.76,77

Alopecia
PATHOGENESIS

12. C.W., is a 45-year-old woman with recently diagnosed breast
cancer, who underwent lumpectomy. She will receive 20 fractions
or courses of radiation therapy to the affected breast. She will also
receive chemotherapy to minimize her risk of recurrence. She is
in the clinic today to receive the first of six cycles of cyclophos-
phamide, doxorubicin, and fluorouracil (CAF regimen). Although
C.W. had minimal problems with surgery, she particularly fears
receiving combination chemotherapy. You start counseling C.W.
about the most common toxicities by reviewing the likelihood and
management of myelosuppression, nausea, and vomiting. C.W.
is appropriately attentive as you discuss these issues with her;
however, her overriding concern is whether or not she will lose
her hair. Is C.W.’s concern typical of most cancer patients? How
would you respond?

C.W.’s concern regarding hair loss is typical of cancer pa-
tients starting chemotherapy. In fact, several investigators have
reported that hair loss ranks second only to nausea and vom-
iting as a patient’s greatest fear. Because hair bulb cells repli-
cate every 12 to 24 hours, the cells are susceptible to various
chemotherapy agents. Normally, hair follicles independently
move cyclically through phases of growth (anagen), involu-
tion, or transition (catagen), and rest (telogen). Although most
persons normally lose about 100 scalp hairs a day, patients with
cancer can lose substantially more. Because ∼85% to 90% of
hair follicles are in the anagen phase, chemotherapy agents may
partially or completely inhibit mitosis or impair metabolic pro-
cesses in the hair matrix. These effects can cause a thinned or
weakened hair shaft or failure to form hair. Even mild trauma,
such as normal hair grooming or rubbing the head on a pillow,
can fracture the thinned hair shaft and cause hair loss. Hair loss
usually begins 7 to 10 days after one treatment, with promi-
nent hair loss noted within 1 or 2 months. Other terminal hairs,
such as beards, eyebrows, eyelashes, axillary, and pubic hair
can be affected; however, these effects are somewhat variable,
depending on the rate of mitosis and the percentage of hairs in
the anagen phase.78

C.W. should be informed about the expected onset of hair
loss, and she should be reassured that alopecia caused by
chemotherapy is reversible. She can expect her hair to begin
regenerating 1 to 2 months after therapy is completed. The
color and texture of her hair may be altered; the new hair may
be lighter, darker, or curlier as it regrows. Agents most com-
monly associated with severe alopecia are listed in Table 89-3.

PREVENTION
Several interventions have been proposed to prevent scalp

hair loss during chemotherapy. These procedures attempt to
prevent chemotherapy agents from circulating to the hair fol-
licles with either an occlusive scalp tourniquet or an ice cap
that produces a localized hypothermia and vasoconstriction.
Recognizing that such devices create a refuge for tumor cells,

Table 89-3 Single Agents Associated With Alopecia,
Pigmentation Changes, and Nail Disorders

Frequent Occasional

Alopeciaa Cyclophosphamide Mechlorethamine
Ifosfamide Thiotepa
Fluorouracil Methotrexate
Dactinomycin Vinblastine
Daunorubicin Vincristine
Doxorubicin Etoposide
Bleomycin Carmustine
Vindesine Hydroxyurea
Paclitaxel Cytarabine
Irinotecan Topotecan
Epirubicin Gemcitabine
Docetaxel Erlotinib
Etoposide Sorafenib
Mitoxantrone

Pigmentation Busulfan Cyclophosphamide
Fluorouracil Methotrexate
Doxorubicin Dactinomycin
Bleomycin Daunorubicin
Epirubicin Hydroxyurea
Capecitabine Ifosfamide

Thiotepa
Nail Cyclophosphamide

Fluorouracil
Daunorubicin
Doxorubicin
Bleomycin
Hydroxyurea
Epirubicin
Docetaxel
Paclitaxel
Capecitabine
Erlotinib
Gefitinib
Sorafenib
Sunitinib

aDegree and onset of alopecia depend on dose, administration schedule, delivery rate
and route, and various agent combinations.

these procedures are contraindicated in patients with hemato-
logic malignancies and in others at risk for scalp metastases.
Concerns regarding the efficacy and safety of these devices
have prevented them from availability in the U.S. market.78,79

C.W.’s concern is a legitimate one expressed by many pa-
tients with cancer, not just patients with breast cancer. C.W.
is likely to experience near or complete hair loss, depending
on the thickness of her hair and its growth rate. She should be
told how to minimize the effect of alopecia on her appearance
through the use of hair pieces or stylish head scarves, turbans,
or hats. She also should be referred to volunteer groups and
organizations that can help her through this difficult time. Hair
pieces are tax deductible as a medical expense and are covered
by some health insurance policies. If C.W. thinks she will use
a hair piece, she should be advised to select a wig before hair
loss begins.

Skin and Nail Changes

13. Besides alopecia, what other skin or nail changes should
C.W. anticipate?
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Several skin and nail changes have been associated with
chemotherapy, which C.W. may find disturbing. The major
consequences of these toxicities are cosmetic, however, and
they usually resolve within 6 to 12 months after discontinuing
chemotherapy.

NAIL CHANGES
The growth of fingernails and toenails is arrested in a man-

ner similar to hair growth. A reduction or a cessation of mi-
totic activity in the nail matrix causes a horizontal depression
of the nail plate. Within weeks, these pale horizontal lines
(“Beau’s lines”) begin to appear in the nail beds. They are
most commonly seen in patients receiving chemotherapy for
>6 months. These growth arrest lines move distally as the
nail grows and normally disappear from the fingernails in ∼6
months. Nail changes including hemorrhagic onycholysis, dis-
coloration, and acute exudative paronychia are seen in ∼40%
of patients receiving paclitaxel and docetaxel.76 Some other
nail pigmentation changes that can occur following therapy
with cyclophosphamide, fluorouracil, daunorubicin, doxoru-
bicin, and bleomycin are less well understood.81−83 Brown or
blue lines deposit as horizontal or vertical bands in the nails.
These lines are seen more commonly in dark-skinned patients.
As with Beau’s lines, these pigmentation lines generally grow
out with the nail.

DERMATOLOGIC PIGMENT CHANGES
Dermatologic pigment changes are among the most com-

mon and least well understood side effects of chemotherapy.
Hypopigmentation has been reported occasionally in patients
receiving chemotherapy, but hyperpigmentation is most fre-
quently reported. Usually, hyperpigmentation is not associated
with an identifiable cause or systemic toxicity. It usually oc-
curs following treatment with a wide variety of chemotherapy
agents, including antitumor antibiotics, alkylating agents, and
antimetabolites. Most agents cause a diffuse, generalized hy-
perpigmentation, but the pigmentation changes can also be
localized, involving only the mucous membrane, hair, or nails.
Busulfan, cyclophosphamide, fluorouracil, dactinomycin, and
hydroxyurea are examples of specific agents that can cause
widespread cutaneous hyperpigmentation.76,84−87

Various chemotherapy agents can cause significantly di-
verse patterns of hyperpigmentation. A peculiar serpiginous
hyperpigmentation can occur over veins used to administer
fluorouracil and bleomycin.88,89 Some investigators have at-
tributed this phenomenon to a subclinical phlebitis. Hyperpig-
mentation has also been noted over pressure points after the
use of bleomycin. Bleomycin can also cause peculiar linear
or flagellate streaks of hyperpigmentation. Because of their
characteristic location and appearance, these streaks may re-
sult from scratching during therapy; however, attempts to re-
produce these lesions iatrogenically have not been successful.
Thiotepa has been reported to cause hyperpigmentation in ar-
eas of skin occluded by bandages, which may be caused by
secretion of thiotepa in sweat.90 Interestingly, skin contact with
thiotepa has been reported to cause hypopigmentation.91 Top-
ical contact with mechlorethamine and carmustine also has
caused hyperpigmentation.92,93 Although hyperpigmentation
reactions commonly affect the skin, some rare reactions are
noted in hair. Methotrexate can cause hyperpigmented band-
ing of light-colored hair. This phenomenon has been described

in a patient receiving intermittent high-dose methotrexate and
has been referred to by some investigators as the “flag sign”
of chemotherapy.94 To minimize a patient’s concern regarding
these pigment changes, they should receive counseling before
treatment.

As previously stated, pigment changes that occur in patients
receiving chemotherapy are basically a cosmetic concern. It is
important to anticipate these distressing side effects and ed-
ucate patients in appropriate cases. At this time, C.W. should
receive counseling, explaining that these side effects may oc-
cur because she will be receiving several agents that have been
implicated in producing both diffuse, as well as localized, cu-
taneous nail hyperpigmentation. She should be reassured that
pigment changes usually resolve with time.

HAND–FOOT SYNDROME
Some patients receiving chemotherapy may develop ten-

der, erythematous skin on the palms of their hands and some-
times on the soles of their feet. Patients may also complain
of tingling, burning, or shooting sensations in their hands or
feet usually not described as painful. These signs and symp-
toms may resolve after several days, or they may progress to
bullous lesions that can desquamate. This reaction is referred
to as chemotherapy-associated acral erythema or the palmar-
plantar erythrodysesthesia syndrome. Agents reported to cause
this reaction include cytarabine, fluorouracil, doxorubicin, lip-
somal doxorubicin, methotrexate, capecitabine, and hydrox-
yurea. Additionally, both sunitinib and sorafenib-multiple re-
ceptor tyrosine kinase inhibitors- have been associated with
hand-foot syndrome.95,96 No specific therapy exists for hand-
foot syndrome. Typically, the offending agent is discontinued
at least until recovery occurs.

ACNEIFORM–ERYTHEMATOUS RASH
The most common toxicities reported with the new epider-

mal growth factor receptor inhibitors are skin related and are
probably due to inhibition of the tyrosine kinase pathways in
EGFR-dependent tissues, including keratinocytes in the skin.
Several EGFR inhibitors currently available include erlotinib
and lapatinib, which are small molecule tyrosine kinase in-
hibitors that target the intracellular domain of the EGFR. Ce-
tuximab and panitumumab are monoclonal antibodies that tar-
get the extracellular domain of EGFR. Skin effects occur in
>50% of patients who receive these treatments and are re-
ported to be dose dependent. A pustular or maculopapular
eruption appears on the upper body, face, and scalp in the first
1 to 2 weeks of treatment. The rashes are predominantly grade
1 or 2 in severity, may be associated with dry skin and itch-
ing, and completely resolve without sequelae when the drug
is discontinued.97 Evidence suggests that the severity of the
skin rash is associated with increased efficacy of this class of
agents. In a retrospective analysis of a phase III trial in patients
with NSCLC receiving erlotinib, those who developed a rash
had a significantly longer survival time than those who did
not. Survival was reported to be 1.5 months in patients with
no development of skin rash versus 8.5 months in those with
grade 1 rash, and 19.6 months in patients exhibiting a grade 2
or 3 rash.98 Evidence for correlation between skin rashes and
positive response rates has also been seen in patients receiving
cetuximab for colorectal cancer.99 No supportive therapy has,
however, been proven to reduce or prevent this bothersome
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side effect. No randomized, controlled studies have evaluated
therapeutic options for relief or treatment of the acneiform
rash. Moisturizing creams, steroid creams, sunscreen, antibi-
otics (e.g., topical clindamycin or systemic tetracyclines), and
topical calcineurin inhibitors (e.g., pimecrolimus cream) have
been used to manage the effects with varying results. Patients
are also advised to minimize sun exposure. All of these agents
have demonstrated activity in some patients, but none have
worked consistently in all. Therefore, if one agent is not suc-
cessful, alternative agents may be tried.97

DRY SKIN
Many chemotherapy agents (especially bleomycin, hydrox-

yurea, and fluorouracil) can cause dry skin with fine scaling
on the surface. Normally, sebaceous and sweat glands provide
lipids, lactates, and other products that contribute to the pliabil-
ity and moisture retention of the stratum corneum. In patients
receiving chemotherapy, the dry skin may be caused by the cy-
tostatic effect of chemotherapy agents on sebaceous and sweat
glands. Topical application of emollient creams may provide
some symptomatic relief of this dryness.

Interactions With Radiation Therapy

14. C.W. recently completed her course of total breast radiation
therapy. She also plans to leave for a 1-week vacation in Florida 3
days after this clinic visit. Are there any interactions between radi-
ation therapy and sunlight exposure with chemotherapy agents?
Are there any specific precautions C.W. should take, or signs and
symptoms of toxicity that she should know about?

The interactions between chemotherapy and radiation ther-
apy or UV light (from both external beam and natural sources)
can be divided into radiation enhancement or sensitization,
radiation recall, photosensitivity reactions, and sunburn reac-
tivation (Table 89-4). Several excellent reviews are available
that describe each of these interactions in detail. A discussion
of the important principles of the interaction between radiation
therapy and chemotherapy follows.100−102

Table 89-4 Chemotherapy and Radiation Reactions76,100,103

Radiation Enhancement Reactions

Bleomycin Doxorubicin Hydroxyurea
Dactinomycin Fluorouracil Methotrexate
Etoposide Gemcitabine

Radiation Recall Reactions

All of the above plus
Vinblastine Epirubicin Capecitabine
Etoposide Paclitaxel Oxaliplatin

Docetaxel

Reactions With Ultraviolet Light

Phototoxic reactions
Dacarbazine Thioguanine Methotrexate
Fluorouracil Vinblastine Mitomycin

Reactivation of sunburn
Methotrexate

A synergistic interaction between a small number of
chemotherapy agents and radiation therapy results in an en-
hanced radiation effect. This may be caused by an agent’s abil-
ity to interfere with radiation repair. Radiation therapy can al-
ter the molecular structure of DNA, but excision repair allows
cells to remove small, damaged portions of one strand of DNA
and insert new bases using the other strand as a template. This
repair mechanism requires several enzymes, including DNA
polymerase. Chemotherapy agents can interfere with some of
the enzymes and synthetic mechanisms needed to rejuvenate
damaged cells. Although the synergistic effects of radiation
therapy and chemotherapy are often exploited therapeutically
for the treatment of solid tumors, these reactions can inadver-
tently cause undesirable reactions in non-neoplastic tissues,
such as the skin, esophagus, lung, and GI tract. The skin is the
most common target of radiation reactions. These reactions
can produce severe tissue necrosis, which can compromise or-
gan function and delay or mandate discontinuation of future
treatment courses.

These reactions may be further classified as either radia-
tion sensitization or radiation recall reactions. The primary
distinction between radiation sensitization reactions and radi-
ation recall reactions lies in the temporal relationship between
radiation therapy and chemotherapy. Generally, sensitization
reactions occur when chemotherapy is given concurrently or
within 1 week of radiation therapy. In comparison, recall re-
actions occur several weeks to years after radiation therapy,
when a chemotherapy agent causes an inflammatory reaction
in tissues previously treated with radiation. Radiation recall is
independent of previous, clinically apparent radiation damage.
Not surprisingly, the chemotherapy agents that have been as-
sociated with radiation recall reactions are the same as those
that cause radiation sensitization reactions. Agents most com-
monly associated with these reactions include the antitumor an-
tibiotics dactinomycin, epirubicin, and doxorubicin; however,
other agents, such as bleomycin, fluorouracil, capecitabine, hy-
droxyurea, methotrexate, etoposide, vinblastine, gemcitabine,
oxaliplatin, and paclitaxel, also can cause radiation reactions.
Chemotherapy may also interact with UV light to cause similar
reactions.100–103

Because UV light has sufficient energy to cause photochem-
ical changes in biologic molecules, chemotherapy agents can
interact with it. The subsequent reactions are usually less se-
vere than reactions that occur with radiation therapy, and they
may be caused by a different mechanism. Photosensitivity re-
actions, defined as enhanced erythema responses to UV light,
have been reported with dacarbazine, fluorouracil, methotrex-
ate, and vinblastine. Methotrexate can also reactivate sunburns,
causing a similar, but less severe reaction compared with the
radiation recall reactions described previously. The reaction
can be more severe than the initial sunburn, resulting in se-
vere blisters, and it usually occurs only in patients who receive
large doses of methotrexate. Other agents cited infrequently
to cause photoreactivation include paclitaxel, docetaxel, and
gemcitabine. Although the precise incidences of photosensi-
tivity reactions caused by chemotherapy agents are unknown,
they may be more common than generally believed. For exam-
ple, photosensitivity may account for many of the erythematous
periodic rashes attributed to allergy.

C.W. received doxorubicin and fluorouracil, both of which
can interact with radiation therapy. Although not commonly
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reported, doxorubicin also can cause some increased erythema
in the specific area of skin treated with radiation. Because C.W.
may have an increased risk for a photosensitivity reaction, she
should be advised to avoid direct exposure to the sunlight for
several days to a week after chemotherapy. Although no data
exist regarding the efficacy of sunscreens in this patient pop-
ulation, C.W. should be advised to use a protective sunscreen
with a high sun protective factor (SPF) when she cannot avoid
sun exposure. Furthermore, she should periodically assess her
skin’s reaction to the sun with intermittent periods of rest and
observation throughout the day.

15. How will C.W. know if she has a radiation reaction? How
should she be treated if such a reaction occurs?

If C.W. has a radiation reaction, she will experience “easy
burning” and erythema or redness, followed by dry desquama-
tion. With a more severe reaction, small blisters (vesicles) and
oozing can develop. Necrosis with persistent painful ulceration
can also occur in more severe cases. Postinflammatory hyper-
pigmentation or depigmentation may follow. The severity of
the reaction can help determine the best treatment option.

Treatment options vary, depending on reaction severity.
Milder cases can be treated with topical steroids in an emol-
lient cream base and cool wet compresses. Necrosis and ul-
cers are notoriously difficult to treat, however, because radiated
skin does not heal well. Ulcers are often treated with surgical
débridement to keep the ulcer clean. Even when the ulcers are
clean, exudation and bacterial contamination can be persistent.
Radiation reactions that occur in tissues other than the skin
(e.g., the lungs, esophagus, GI tract) often are treated with oral
corticosteroids, although data regarding the efficacy of these
agents in ameliorating the symptoms or reducing the extent of
damage are lacking. If C.W. experiences any of these signs or
symptoms, she should immediately seek medical attention.

Irritant and Vesicant Reactions

16. C.W. complained of pain and burning at the injection site
immediately following the administration of her third course of
IV chemotherapy with cyclophosphamide, doxorubicin, and flu-
orouracil. She described the sensation as being distinctly differ-
ent from the mild discomfort she had experienced with previous
chemotherapy. Physical examination of the injection site revealed
mild erythema and slight induration. What types of local reac-
tions can occur after the administration of chemotherapy?

Several distinct types of local reactions (ranging from tran-
sient local irritation to severe tissue necrosis of the skin, sur-
rounding vasculature, and supporting structures) have been
reported following chemotherapy104,105 (Table 89-5). Some
of these reactions (particularly those associated with anthra-
cyclines) may be caused by local hypersensitivity reactions.
These reactions usually are characterized by immediate lo-
cal burning, itching, and erythema. Some patients may also
experience a “flare” reaction along the length of the vein
used for treatment. Hypersensitivity reactions usually are self-
limited and subside within a few hours. Administration of
the antihistamine, diphenhydramine, before the next course of
chemotherapy may reduce the severity or duration of hypersen-
sitivity reactions.106,107 More severe reactions, including irri-
tation of the vein (or phlebitis) caused by the irritant properties
of an agent or a diluent, can occur following chemotherapy.

Table 89-5 Chemotherapeutic Drugs Reported to Produce
Local Toxicities103–105

Potential Vesicants

Dactinomycin Epirubicin
Daunorubicin Streptozocin
Doxorubicin Vinblastine
Idarubicin Vincristine
Mechlorethamine Paclitaxel
Mitomycin Oxaliplatin

Potential Irritants

Carmustine Etoposide
Cisplatin Mitoxantrone
Dacarbazine Melphalan
Vinorelbine Vindesine
Cyclophosphamide Teniposide

Extravasation occurs when IV medications are accidentally
administered into the surrounding tissue, either by leakage
or by a needle puncturing the vein, causing direct exposure
to surrounding tissues. Local reactions resulting from the ex-
travasation of agents with vesicant or irritant properties may
be more severe. All agents with vesicant properties potentially
can produce these devastating reactions. Agents known to bind
to DNA (i.e., the anthracyclines) have the propensity to pro-
duce the most severe damage. Treatment with a chemotherapy
agent with these properties can produce phlebitis and pain, and
extravasations can cause local irritation or soft tissue ulcers,
depending on the agent, and the amount and concentration of
the extravasated drug. In addition, no clear agreement exists
regarding the vesicant potential of many chemotherapy agents,
and various references may categorize agents differently based
on their vesicant or irritant properties. Initially, it may be im-
possible to distinguish a local irritant reaction from a vesicant
extravasation; therefore, if an agent with vesicant or irritant
properties has been administered, the reaction should be treated
as a potential extravasation.

Patients who experience an extravasation can show a range
of different signs or symptoms. Infiltration of a vesicant into
tissue often produces a severe burning sensation that may per-
sist for hours. In some cases, however, no immediate symptoms
or signs are evident. In the days to weeks that follow, the skin
overlying the extravasation site may become reddened and firm.
The redness may gradually diminish or progress to ulceration
and necrosis.108,109

17. What factors increase the risk of extravasation, and what
administration techniques and precautions can minimize these
risks?

Several factors have been associated with an increased risk
of extravasation and subsequent tissue damage following ad-
ministration of chemotherapy. Risk factors include (a) gen-
eralized vascular disease commonly found in elderly and de-
bilitated patients or in patients who have undergone frequent
venipuncture and treatment with irritating chemotherapy (the
latter causes venous fragility and instability or decreased local
blood flow); (b) elevated venous pressure, which typically oc-
curs in patients with an obstructed superior vena cava or venous
drainage after axillary dissection; (c) prior radiation therapy to
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the injection site; (d) recent venipuncture in the same vein; and
(e) use of injection sites over joints, which increases the risk
of needle dislodgement.105 In addition, tissue damage may be
more severe if extravasation occurs in areas with only a small
amount of subcutaneous tissue (e.g., the back of the hand or
wrist) because wound healing is more difficult and exposure of
deeper structures, such as the tendons, is increased.107 These
risks have led to the increased use of central catheters in pa-
tients receiving vesicant chemotherapy.

Extravasations of agents with vesicant properties can pro-
duce devastating tissue damage that can potentially cause loss
of an extremity or death. To prevent significant morbidity or
mortality, major emphasis must be placed on prevention. All
caretakers who administer agents with vesicant or irritant prop-
erties should be skilled in IV drug administration and receive
special instruction before administering these agents. The pa-
tient also must be told how agent administration should feel
and to report immediately any change in sensation, including
pain, burning, or itching. Recommendations to reduce the risk
of local complications during cytotoxic agent administration
are outlined in Table 89-6.

18. The oncology nurse believes that the doxorubicin may have
extravasated during C.W.’s chemotherapy administration. How

Table 89-6 Guidelines for Administration of Cytotoxic
Agents103-105

Administration of chemotherapy should be performed only by persons
familiar with its toxic effects.

The site of infusion is selected with consideration of visualization of the
vessel, its size, and potential damage if extravasation occurs in the
following order of preference: forearm > dorsum of the hand > wrist
> antecubital fossa.
� Limbs with compromised circulation (e.g., invading neoplasm,

axillary dissection, severe bruising) should not be used.
� The lower extremities should not be used.
� Pre-existing IV lines should not be used because the site may

already have occult vein or tissue irritation or phlebitis.
A 23- or 25-gauge scalp vein (“butterfly”) needle is inserted into the vein.

Only one venipuncture should be performed on a vein to avoid leakage.
The wings of the needle should be lightly taped in place with care not to

obscure the injection site so that it can be visualized during injection.
Test the integrity of the IV line by injecting a small volume of saline

solution and withdrawing a small amount of blood. If extravasation of
the saline is obvious, select another vein or a site proximal on the same
vein to avoid upstream leakage.

Administer the drug at the recommended rate (preferably through the
tubing of an IV running by gravity to assess for back pressure).

During the administration, question the patient about discomfort, check
for blood return by aspirating the syringe gently, observe the
continuous flow of the running IV, and visualize the IV site frequently.
If line patency is in doubt at any time, the injection should be stopped
and an alternate site selected.

After administration, the IV line should be flushed with at least 10 mL of
saline or other IV fluid to flush the needle and tubing of all drug.

If multiple drugs are to be given, the IV should be flushed between each
drug.

Apply pressure with sterile gauze for 3–4 minutes after the needle is
removed. Inspect the site before applying a bandage.

IV, intravenous.

Table 89-7 Suggested Procedures for Management of
Suspected Extravasation of Vesicant Drugs103–105

1. Stop the injection immediately, but do not remove the needle. Any
drug remaining in the tubing or needle, as well as the infiltrated area,
should be aspirated.

2. Contact a physician as soon as possible.
3. If deemed appropriate, instill an antidote in the infiltrated areas (via

the extravasated intravenous needle if possible).
4. Remove the needle.
5. Apply ice to the site and elevate the extremity for the first 24–48 hr (if

vinca or podophyllotoxin, use warm compresses).
6. Document the drug, suspected volume extravasated, and the treatment

in the patient’s medical record.
7. Check the site frequently for 5–7 days.
8. Consult a surgeon familiar with extravasations early so that the

surgeon can periodically review the site, and if ulceration begins, the
surgeon can rapidly assess if surgical débridement or excision is
necessary.

should this be managed? Do management guidelines differ for
other vesicant agents?

Immediate management of a potential vesicant extravasa-
tion should include stopping the injection if the entire agent has
not been administered. Various other recommended measures
may minimize vesicant exposure and subsequent tissue dam-
age (Table 89-7). These include application of cold compresses
to the extravasation site and elevation of the extremity. Cold
compresses have been shown to cause vasoconstriction, which
can help to localize the extravasation and allow time for local
vessels to displace the extravasated agent, whereas warm com-
presses are thought to induce vasodilation, increase drug dis-
tribution and absorption, and therefore decrease localized drug
concentrations. Warm compresses are recommended for vinca
alkaloids and epipodophyllotoxins.104,105 With the exception of
these two classes of agents, cooling has been shown more ef-
fective than warm compresses. Specific antidotes thought to in-
activate the extravasated agent have been suggested; however,
many of these antidotes are based on observations in few pa-
tients or animal models, and their effectiveness, in many cases,
is unsubstantiated. Antidotes recommended in some guidelines
may actually worsen tissue damage (e.g., sodium bicarbonate
for doxorubicin). Recommended treatments for suspected ex-
travasation of vesicant agents are outlined in Table 89-8.104,105

Because doxorubicin skin damage may be related to the
formation of toxic free oxygen radicals, a free radical scavenger
may prevent ulceration. Dimethylsulfoxide (DMSO) is a potent
free radical scavenger that penetrates all tissue planes. In pig
and rat models, topical DMSO has decreased doxorubicin-
induced skin ulcers.110 Several series of case reports and a
single-arm clinical study have reported that topical application
of DMSO can safely and effectively manage an extravasation
with an anthracycline.111−116 DMSO also has been reported to
be beneficial in patients with mitomycin extravasations.115

Hypersensitivity Reactions
All cancer chemotherapy agents except altretamine, the nitro-
sureas, and dactinomycin, have produced at least an isolated
instance of a hypersensitivity reaction.117 All types of hy-
persensitivity reactions can occur with chemotherapy agents,
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Table 89-8 Recommended Extravasation Antidotes103–105

Class/Specific Agents Local Antidote Recommended Specific Procedure

Alkylating Agents
Cisplatina

Oxaliplatin
Mechlorethamine

1/6 M solution sodium thiosulfate Mix 4 mL 10% sodium thiosulfate USP with 6 mL of sterile water for injection, USP for
a 1/6-M solution. Into site, inject 2 mL for each mg of mechlorethamine or 100 mg of
cisplatin extravasated.

Mitomycin-C Dimethylsulfoxide 99% (w/v) Apply 1–2 mL to the site Q 6 hr for 14 days. Allow to air dry; do not cover.
Anthracylines Cold compresses Apply immediately for 30–60 min for 1 day.
Doxorubicin Dimethylsulfoxide 99% (w/v) Apply 1–2 mL to the site Q 6 hr for 14 days. Allow to air dry; do not cover.
Daunorubicin Dimethylsulfoxide 99% (w/v) Apply 1–2 mL to the site Q 6 hr for 14 days. Allow to air dry; do not cover.
Vinca alkaloids Warm compresses Apply immediately for 30–60 min, then alternate off/on every 15 min for 1 day.
Vinblastine Hyaluronidase Inject 150 U into site.
Vincristine Hyaluronidase Inject 150 U into site.
Epipodophyllotoxinsa Warm compresses Apply immediately for 30–60 min, then alternate off/on every 15 min for 1 day.
Etoposide Hyaluronidase Inject 150 U into site.
Teniposide Hyaluronidase Inject 150 U into site.
Taxanes Cold compresses Apply immediately for 30–60 min Q 6 hr for 1 day.
Docetaxel Hyaluronidase Inject 150 U into site.
Paclitaxel Hyaluronidase Inject 150 U into site.

aTreatment indicated only for large extravasations (e.g., doses one-half or more of the planned total dose for the course of therapy).
w/v, weight per volume.

although type I is the most common reaction documented fol-
lowing chemotherapy. Type I hypersensitivity reactions are
immediate reactions that are most often immunologically
mediated, although there are other possible mechanisms for
type I hypersensitivities. Anaphylactic or IgE-mediated re-
actions occur when an antigen interacts with IgE bound to
a mast cell membrane, causing degranulation of mast cells.
Major signs and symptoms of type I reactions include ur-
ticaria, angioedema, rash, bronchospasm, abdominal cramp-
ing, and hypotension. Although many reactions associated with
chemotherapy agents probably are immunologically mediated,
other mechanisms may cause type 1 reactions. Other mecha-
nisms include the degranulation of mast cells and basophils
through a direct effect on the cell surface that releases his-
tamine and other vasoactive substances. Activation of the al-
ternative complement pathway also can release vasoactive sub-
stances from mast cells. When non–IgE-mediated mechanisms
account for the symptoms of a type 1 reaction, it is called an
anaphylactoid reaction.

Many of the type 1 hypersensitivity reactions produced by
chemotherapy agents appear to be mediated by non-IgE mech-
anisms. Although little research has been conducted on the
mechanism of these reactions, two features suggest that they
are not mediated by IgE. First, many reactions occur during
or immediately after administration of the first dose. This is in
contrast to immunologic reactions that require prior exposure
(i.e., one must be sensitized before becoming hypersensitized).
In addition, certain symptoms or symptom complexes are
more diagnostic of immunologically mediated disorders. These
symptoms include urticaria, angioedema, bronchospasm, la-
ryngeal spasm, cytopenias, arthritis, mucositis, vasculitic syn-
dromes, and vesicular dermatitis. If not experiencing any of
these symptoms after the first dose, the patient most likely did
not experience an immunologically mediated hypersensitivity
reaction.

Although the spectrum of symptoms and their severity vary
widely in the case reports, most hypersensitivity reactions that
occur with chemotherapy agents are classified as grade 1 (tran-

sient rash, mild) or grade 2 (mild bronchospasm, moderate)
by the National Cancer Institute (NCI) Common Terminology
Criteria for Adverse Events.118 Furthermore, a patient who has
had a reaction to an agent that is not immunologically mediated
safely can receive future courses of chemotherapy if he or she
receives appropriate premedication. For example, appropriate
premedication allows many (>60%) patients who have pre-
viously experienced a hypersensitivity reaction secondary to
paclitaxel to continue therapy; this also reduces the incidence
of hypersensitivity reactions associated with short duration in-
fusions (i.e., 3 hours). (See Table 89-9 for NCI common toxicity
criteria.)118 Other chemotherapy agents can commonly cause
hypersensitivity reactions after the first and subsequent doses
of chemotherapy.

The other types of hypersensitivity reactions are less com-
monly documented with chemotherapy administration. Type
II is hemolytic anemia. Type III results from deposition of
antigen–antibody complexes that form intravascularly and in
tissues that can result in tissue injury. Sensitized T lympho-
cytes that react with antigens causing a release of lymphokines
are responsible for type IV reactions.117 Chemotherapy agents
most frequently reported to produce hypersensitivity reactions
and their characteristic reactions are listed in Table 89-10.
Most valuable information stems from patient series and case
reports. However, they often providing conflicting and con-
tradictory information, particularly with respect to incidence,
severity, characteristic symptoms, time course, and the success
of rechallenge. If a patient experiences a hypersensitivity re-
action and the clinician decides to continue therapy with this
regimen, a full review of all of the relevant literature as well as
manufacturer’s data is advised. Several excellent reviews are
available to assist in this effort.103,117

MONOCLONAL ANTIBODIES

19. S.R, a 58-year-old man with metastatic colorectal can-
cer, has progressed through four cycles of FOLFOX (oxaliplatin
85 mg/m2 IV on day 1, leucovorin 100 mg/m2 IV on days 1, 2, and
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Table 89-9 National Cancer Institute Common Terminology Criteria for Adverse Events (CTCAE)118

Toxicity a Grade 1 Grade 2 Grade 3 Grade 4

Hematologic

WBC 3.0–3.9 2.0–2.9 1.0–1.9 <1.0
Platelets 75.0–normal 50.0–74.9 25.0–49.9 <25.0
Hgb g/100 mL 10.0–<LLN 8.0–10.0 6.5–7.9 <6.5
Hgb g/L 100–<LLN 80–100 65–79 <65
Hgb mmol/L 6.2–<LLN 4.9–6.2 4.0–4.9 <4.0
Granulocytes/bands

cells/mm3
1.5–<LLN 1.0–1.5 0.5–1.0 <0.5

Lymphocytes 0.8 –<LLN 0.5–0.8 0.2–0.5 <0.2
Hematologic (other) Mild Moderate Severe Life-threatening
Hemorrhage Mild without

transfusion
transfusion indicated catastrophic bleeding,

requiring nonelective
intervention

Gastrointestinal

Nausea Loss of appetite without
alteration in eating
habits

Oral intake decreased without
significant weight loss,
dehydration, or malnutrition; IV
fluids indicated <24 hr

Inadequate oral caloric or fluid
intake; IV fluids, tube feedings or
TPN indicated >24 hr

Life-threatening
consequence

Vomiting 1 episode in 24 hr 2–5 episodes in 24 hr; IV fluids
indicated

>6 episodes in 24 hr; IV fluids, or
TPN indicated

Life-threatening
consequences

Diarrhea Increase of <4
stools/day over
baseline; mild
increase in ostomy
compared with
baseline

Increase of 4–6 stools/day over
baseline; IV fluids indicated <24
hr; moderate increase in ostomy
output compared with baseline;
not interfering with ADL

Increase >7 stools/day over
baseline; incontinence; IV fluids
>24 hr; hospitalization; severe
increase in ostomy output
compared with baseline;
interfering with ADL

Life-threatening
consequences (e.g.,
hemodynamic
collapse)

ADL, activities of daily living; IV, intravenous; LLN, lower limit of normal; PO, orally; TPN, total parenteral nutrition; WBC, white blood cell count.

fluorouracil 400 mg/m2 IV bolus, followed by 600 mg/m2 IV over
22 hours on days 1, 2) plus bevacizumab 10 mg/kg. He also pro-
gressed through two cycles of FOLFIRI (irinotecan 180 mg/m2 on
day 1, leucovorin 100 mg/m2 IV on days 1, 2, and fluorouracil 400
mg/m2 IV bolus, followed by 600 mg/m2 IV over 22 hours on days
1, 2). S.R. now presents to the clinic for his first weekly dose of ce-
tuximab (400 mg/m2 IV load, followed by 250 mg/m2 IV weekly).
Discuss the toxicities that S.R may expect and when they might
appear. How should these side effects be managed? S.R. asks how
these side effects can be prevented.

The most common toxicities observed in patients receiving
cetuximab include rash, diarrhea, hypomagnesemia, headache,
nausea, and hypersensitivity reactions. Infusion-related reac-
tions occur in 15% to 20% of patients receiving their first infu-
sion with severe hypersensitivity reactions (including allergic
and anaphylactic reactions) occurring in 1% to 3% of patients.
The reactions are related to the infusion of cetuximab and gen-
erally occur during or within 1 hour of completing the first
dose. Patients should be premedicated with diphenhydramine
before the infusion. The infusion can be stopped or the rate
decreased if S.R. begins experiencing these effects. The skin
rash and dry skin presenting after cetuximab administration is
related to its mechanism of inhibiting EGFR and was the most
common side effect seen in clinical trials. The rash occurred
in ∼80% of patients and appeared in the first 1 to 3 weeks of
therapy. Grade 3 or 4 skin rashes occurred in 5% to 10% of
patients.119

Several of the monoclonal antibodies (e.g., rituximab,
trastuzumab, and cetuximab) can cause more hypersensitivity
reactions than traditional chemotherapy agents. These agents
are genetically engineered humanized monoclonal antibodies
containing foreign proteins that can trigger the reaction. Dur-
ing the first infusion with trastuzumab, ∼40% of patients ex-
perience a symptom complex, mild to moderate in severity,
which consists of chills, fever, or both. These symptoms usu-
ally do not recur with subsequent injections.120 In compari-
son, ∼80% of patients receiving rituximab may experience an
infusion-related reaction ranging from fever, chills, and rigors
to severe reactions (7%) characterized by hypoxia, pulmonary
infiltrates, adult respiratory distress syndrome, myocardial in-
farction, ventricular fibrillation, or cardiogenic shock with the
first dose. Approximately 40% of patients receiving rituximab
develop infusion-related reactions with subsequent infusions
(5%–10% severe).120 Treatment of these reactions follows the
recommendations for treatment of hypersensitivity reactions
that occur with more traditional agents.

Treatment
Recommended treatment of hypersensitivity reactions is re-
viewed in Table 89-11. If a patient develops a severe type I
hypersensitivity reaction to any chemotherapy agent, the treat-
ment should be stopped. If a structural analog or another agent
in the same chemical class is an effective treatment for the
same cancer, subsequent therapy should use the analog or
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Table 89-11 Prophylaxis and Treatment of Hypersensitivity
Reactions From Antitumor Drugs

Prophylaxis

IV access must be established.
BP monitoring must be available.
Premedication
Dexamethasone 20 mg PO and diphenhydramine 50 mg PO 12 and 6 hr

before treatment, then the same dose IV immediately before treatment
Consider addition of H2-antagonist with similar schedule
Have epinephrine and diphenhydramine readily available for use in case

of a reaction.
Observe the patient up to 2 hr after discontinuing treatment.

Treatment

Discontinue the drug (immediately if being administered IV).
Administer epinephrine 0.35–0.5 mL IV Q 15–20 min until reaction

subsides or a total of 6 doses are administered.
Administer diphenhydramine 50 mg IV.
If hypotension is present that does not respond to epinephrine, administer

IV fluids.
If wheezing is present that does not respond to epinephrine, administer

nebulized albuterol solution 0.35 mL.
Although corticosteroids have no effect on the initial reaction, they can

block late allergic symptoms. Thus, administer methylprednisolone
125 mg (or its equivalent) IV to prevent recurrent allergic
manifestations.

BP, blood pressure; IV, intravenous; PO, orally.

other agent to minimize the risk of future reactions. If the
reaction is mild or moderate, the patient may continue with
the same chemotherapy if treatment is preceded by methods to
prevent or minimize hypersensitivity reactions. General recom-
mendations for preventing anaphylactoid reactions are found
in Table 89-10. Pretreatment with prednisone and diphenhy-
dramine significantly decreases the frequency and severity of
anaphylactoid reactions; however, the effect of H2-receptor an-
tagonists and epinephrine remains controversial. Because the
success of these preventive measures depends on the cause of
the reaction (immunologic or anaphylactoid), the aforemen-
tioned characteristics of type I reactions should be used to
assess the underlying pathogenesis. In addition, other chem-
icals present in the formulation or other agents administered
concomitantly with the chemotherapy can cause the hypersen-
sitivity reaction. Potential allergens included in the diluent or
formulation of chemotherapy agents include Cremophor EL
(present in paclitaxel and teniposide), polysorbate 80 (present
in docetaxel), and benzyl alcohol (present in the parenteral
form of methotrexate and cytarabine). Recognizing potential
allergens can significantly affect treatment of the current reac-
tion and minimize the risk of future reactions.

PACLITAXEL PROTEIN-BOUND PARTICLES
To reduce the hypersensitivity reactions observed with

paclitaxel, a new formulation has been produced, paclitaxel
protein-bound particles (Abraxane), which is an albumin-
bound form of paclitaxel. Because paclitaxel protein-bound
particles formulation is Cremophor EL-free and less likely
to cause hypersensitivity than traditional paclitaxel, it is not
necessary to premedicate patients with steroids and antihis-

tamines. The albumin-bound formulation is approved for pa-
tients with metastatic breast cancer after failure of a previous
regimen containing an anthracycline. Doses between the two
agents are not comparable; the recommended dose of pacli-
taxel protein-bound particles is 260 mg/m2 every 21 days for
six cycles. Although fewer hypersensitivity reactions are as-
sociated with this formulation, myelosuppression remains a
dose-limiting toxicity.121

SPECIFIC ORGAN TOXICITIES
Neurotoxicity
Cytarabine and L-Asparaginase

20. A.L., a 39-year-old woman with acute lymphoblastic
leukemia, has been admitted to the hospital for induction
chemotherapy. Cytarabine 5 g IV Q 12 hr for eight doses,
vincristine 2 mg IV push weekly, prednisone 100 mg/day, L-
asparaginase 15,000 U/day for 14 days, and allopurinol 300
mg/day are ordered. Laboratory data obtained on admission in-
clude a WBC count of 120,000 cells/mm3 (normal, 3,200–9,800),
with 9% neutrophils (normal, 54%–62%), 11% lymphocytes
(normal, 25%–33%), and 80% blasts and a uric acid of 7.5 mg/dL
(normal, 2–7). On day 3, A.L. is confused and she has diffi-
culty performing a finger-to-nose neurologic examination. After
3 weeks, she complains of numbness in her hands and feet. In
addition, the clinician notes an eyelid lag and ataxia. A.L. also
complains of severe constipation. What is the possible cause of
A.L.’s mental status? Should chemotherapy be continued?

[SI unit: uric acid, 446 mmol/L]

High dosages of cytarabine (>1 g/m2 in multiple doses) are
associated with CNS toxicity in 15% to 37% of patients.122,123

These neurotoxicities are dose and schedule related. Doses
>18 g/m2 per course increase the frequency of neurotoxic-
ity. Older patients are more susceptible than younger patients,
and the prevalence seems higher in subsequent versus initial
courses of therapy. As illustrated by A.L., neurotoxicity may
become evident within a few days after treatment with cytara-
bine and, most commonly, the neurotoxicity is manifested by
a generalized encephalopathy with symptoms such as confu-
sion, obtundation, seizures, and coma. Cerebellar dysfunction,
presenting as ataxia, gait and coordination difficulties, dys-
metria (inability to arrest muscular movement when desired
and lack of harmonious action between muscles when exe-
cuting voluntary movement), also is commonly observed in
patients receiving high-dose cytarabine therapy. These neuro-
logic symptoms may partially resolve over days to weeks after
discontinuation of therapy. Other neurologic toxicities reported
with cytarabine include progressive leukoencephalopathy and
chemical meningitis. Leukoencephalopathy typically presents
with progressive personality and intellectual decline; demen-
tia; hemiparesis; and, sometimes, seizures. Chemical meningi-
tis can occur with intrathecal administration of cytarabine (see
Chapter 90, Hematologic Malignancies). These neurotoxicities
also can occur following treatment with other chemotherapy
agents, including l-asparaginase.

l-Asparaginase often causes encephalopathy, which pre-
sents most commonly as lethargy and confusion.124 Severe
cerebral dysfunction occurs occasionally, and patients may
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Table 89-12 Neurotoxicity of Selected Chemotherapeutic Agents125,126,133,138

Acute Chronic Cerebellar Peripheral Cranial Autonomic Arachnoiditis
Encephalopathy Encephalopathy Syndrome Neuropathy Neuropathy Neuropathy (IT Dose) Syndrome Strokelike SIADH

Alkylating Agents

Cyclophosphamide +
Ifosfamide + + + +
Thiotepa + +
Cisplatin + + + + +
Oxaliplatin + +
Altretamine + + + +
Procarbazine + + + +

Antimetabolites

Fluorouracil + + + +
Fludarabine + +
Cytarabine + + + + +
Nelarabine + + + + +
Methotrexate + + + + +

Plant Alkaloids

Vinca alkaloids
Vincristine + + + + +
Vinblastine + + + + +
Vinorelbine + + + + +

Taxanes
Paclitaxel + +
Docetaxel + +

Miscellaneous

Asparaginase + + +
Bortezomib + +
Thalidomide + +
Lenalidomide + +
+, reported but appears rare; + +, common in some cases and may present a clinical problem.
IT, intrathecal; SIADH, syndrome of inappropriate secretion of antidiuretic hormone.

present with stupor, coma, excessive somnolence, disorienta-
tion, hallucination, or severe depression. Symptoms can occur
early (within days of administration of l-asparaginase) or late,
depending on the treatment schedule.125 The acute syndrome
usually clears rapidly, but the delayed syndrome can last several
weeks.

A.L.’s symptoms most likely are the result of CNS toxic-
ity caused by both cytarabine and l-asparaginase. A decision
regarding further treatment with these agents is complicated
because decreasing the dose of cytarabine or l-asparaginase
could compromise the likelihood of a complete remission. Al-
though l-asparaginase–induced CNS neurotoxicities are usu-
ally reversible, high-dose cytarabine cerebellar toxicity may
not be. Therefore, the clinician may decide to continue treat-
ing A.L. with modified doses.

Other Agents

21. What other chemotherapy agents produce CNS toxicity?

Other agents that produce CNS toxicities include metho-
trexate, fluorouracil, interferon-α, interleukin-2, fludarabine,
altretamine, carmustine, procarbazine, ifosfamide, oxaliplatin,

and nelarabine (Table 89-12). Recognition of neurotoxicity re-
sulting from chemotherapy is often difficult because of comor-
bid conditions such as metastatic disease and other paraneo-
plastic syndromes, but it is important in assessing the need
for potential dose modifications or even discontinuation of
the agent. Several reviews provide detailed explanations of
signs and symptoms, mechanisms, and potential treatments
for chemotherapy-induced neurotoxicities.125,126

METHOTREXATE
Methotrexate causes little or no neurotoxicity when admin-

istered orally or intravenously in the usual doses; however,
high-dose IV methotrexate (usually >1 g/m2) can occasion-
ally cause acute encephalopathy. Similar to that caused by
other agents, the encephalopathy that occurs following therapy
with methotrexate is usually transient and reversible. Other pa-
tients may develop a progressive leukoencephalopathy follow-
ing high-dose IV methotrexate. The risk of leukoencephalopa-
thy increases with higher cumulative doses of methotrexate and
concomitant cranial radiation therapy.127−129 As with intrathe-
cal cytarabine, intrathecal methotrexate can cause a chemical
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meningitis and, less commonly, myelopathy or paraplegia.
Patients receiving intrathecal therapy or high-dose methotrex-
ate should be carefully monitored for signs and symptoms as-
sociated with neurotoxicity.

FLUOROURACIL
Fluorouracil can cause acute cerebellar dysfunction char-

acterized by the rapid onset of gait ataxia, limb incoordina-
tion, dysarthria, and nystagmus.130,131 Cerebellar dysfunction
occurs in approximately 5% to 10% of patients receiving flu-
orouracil at all treatment schedules in common use and can
present weeks to months after beginning therapy. A more dif-
fuse encephalopathy presenting as headache, confusion, dis-
orientation, lethargy, and seizures can also occur. These symp-
toms can be reversed if fluorouracil is discontinued or the dose
is reduced. Other neurotoxicities observed with fluorouracil
include rare reports of optic neuropathy and decreased vision.
As with methotrexate, patients should be carefully monitored
for signs and symptoms associated with neurotoxicity.

INTERFERON-α
Interferon-α can cause a neurologic complex character-

ized by headache and encephalopathy (weakness, confusion,
lethargy). The symptoms occur in one-third of patients receiv-
ing interferon and can cause severe reactions in 10%. Severe
reactions include coma, obtundation, major depression, and
suicidal behavior. Elderly patients receiving high dosages may
be more susceptible to these effects. Symptoms typically be-
gin after several weeks of therapy and usually resolve within 3
weeks after dose attenuation or discontinuation of therapy. If
further treatment is warranted, lower doses should be used.132

FLUDARABINE AND OTHER PURINE ANALOGS
Fludarabine can cause severe neurotoxicity when used at

doses >90 mg/m2 for 5 to 7 days.133−135 Symptoms include
altered mental status, photophobia, amaurosis (blindness that
usually is temporary without change in the eye itself), gen-
eralized seizures, spastic or flaccid paralysis, quadriparesis,
and coma. Some patients die even when therapy is discon-
tinued. This neurotoxicity, however, is not usual with the
current recommended dosage of 25 mg/m2/day for 5 days.
Mild neurologic symptoms are typically reported, but se-
vere neurotoxicity135,136 and optic demyelination can occur
occasionally.137 Patients with signs or symptoms suggestive
of significant neurotoxicity should receive a neurologic ex-
amination and, if warranted, therapy should be discontinued.
Nelarabine has dose-limiting neurotoxicity reported in ∼64%
of patients treated in phase I and II clinical trials. Clinical
presentation includes severe somnolence, convulsions, and pe-
ripheral neuropathy ranging from paresthesias to motor weak-
ness. Several cases of ascending peripheral neuropathies and
demyelination have been reported. Therapy should be stopped
if grade 2 toxicity is present because some cases have been
irreversible.138

CARMUSTINE AND OTHER AGENTS
Carmustine and other alkylating agents cause little or no

neurotoxicity in the usual IV doses, but higher dosages can in-
crease the incidence of these adverse effects. Carmustine pro-
duces encephalopathy associated with confusion or seizures
with a dose >600 to 800 mg/m2.139 Concurrent cranial radio-

therapy and intracarotid administration may increase the risk of
neurotoxicity.140,141 Other agents reported to produce CNS tox-
icity include ifosfamide,142,143 procarbazine,144 altretamine,145

and cisplatin.146−149 These agents have been associated with
encephalopathy that manifests as confusion, lethargy and, in
some instances, psychosis and depression. When a patient
presents with any signs or symptoms of neurotoxicity, that
patient should receive a neurologic examination followed by a
dose reduction or discontinuation of therapy. Ifosfamide is as-
sociated with an encephalopathy thought to result from one of
its metabolites, chloracetaldehyde. The incidence ranges from
10% to 20%; it presents hours to days after initiation of treat-
ment with confusion and disorientation and is generally self-
limiting. Methylene blue has been used for both prevention and
treatment. Risk factors for this complication include a history
of ifosfamide-induced encephalopathy, renal dysfunction, low
serum albumin, and abdominal disease.150,151

Peripheral Nerve Toxicity

22. What is causing A.L.’s numbness?

Paresthesia (numbness and tingling) involving the feet and
hands (or both) is an early subjective symptom of vincristine
neurotoxicity, which often appears within the first few weeks
of therapy. This peripheral nerve toxicity commonly is bilateral
and symmetric and is often referred to as a “stocking-glove”
neuropathy. Symptoms initially consist of paresthesias, loss of
ankle jerks, and depression of deep tendon reflexes. Areflexia
(absent reflexes) typically occurs in about 50% to 70% of pa-
tients treated with a cumulative dose >6 to 8 mg. Although
older patients appear to be more susceptible to paresthesias
than younger ones, almost all complain of paresthesias follow-
ing combination chemotherapy that incorporates vincristine or
vinblastine. Pain and temperature sensory loss is usually more
pronounced than vibration and proprioception sensory loss.
Patients also may display motor weakness with a foot drop or
muscle atrophy. Motor weakness, which can become the most
disabling symptom associated with vincristine neurotoxicity,
can occasionally cause muscle wasting. Although some pa-
tients develop muscle atrophy, true muscle weakness seldom
occurs after treatment with vincristine. Stumbling and falling
that can occur with this peripheral neuropathy is not usually
caused by muscle weakness; instead, it occurs in the dark when
patients lose proprioception because they lack visual orienta-
tion. These complications are either partially or completely
reversible, but recovery often takes several months.152,153

23. What other agents may cause similar complaints of numb-
ness?

Other agents that often share the peripheral nerve toxicity
of vincristine include vinblastine, vinorelbine, cisplatin, etopo-
side, oxaliplatin, paclitaxel, docetaxel, bortezomib, thalido-
mide, and lenalidomide. Other agents causing peripheral nerve
toxicity include those commonly associated with CNS toxicity.
Unlike the vinca alkaloids, most of these agents cause numb-
ness only and not a loss of reflexes, paresthesias, or weakness.
These side effects generally are not dose limiting and are usu-
ally reversible. Several reviews provide detailed references for
this information.154,155

Oxaliplatin causes peripheral neuropathies that differ from
those associated with the use of cisplatin. Oxaliplatin-induced
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neurotoxicity manifests as an acute neurosensory complex as
well as a cumulative sensory neuropathy. Hyperexcitability of
peripheral nerves causes an 85% to 95% incidence of paresthe-
sia and dysthesias of the hands, feet, and the perioral region.
Laryngeal dysthesias have been described as well. These ef-
fects are precipitated by exposure to cold. The cumulative dose-
limiting chronic neuropathy is described as a sensory neuropa-
thy that is reversible several months after completion of therapy.
Dose modifications for patients with persistent neurotoxicities
have been developed and include delaying therapy until their
condition improves.156,157 Prevention of these reactions with
infusions of magnesium and calcium were evaluated in a retro-
spective study of patients (N = 161) with advanced colorectal
cancer receiving regimens of oxaliplatin, fluorouracil, and leu-
covorin. Calcium gluconate 1 g IV and magnesium sulfate 1
g IV 15 minutes before and immediately after completion of
the oxaliplatin administration led to fewer patient withdrawals
because of toxicity (4% vs. 31%, respectively). Relative to the
control group, fewer treated patients developed distal pares-
thesias (7% vs. 26%, respectively) and less acute distal and
lingual paresthesias. Additionally, no patients in the calcium–
magnesium group demonstrated pseudolaryngospasm. Those
in the calcium–magnesium group were less likely to develop
chronic grade 2 and 3 neuropathy at the end of treatment (20%
vs. 45%, respectively). Importantly, calcium and magnesium
infusions have not been shown to decrease efficacy.158 Conse-
quently, calcium and magnesium infusions are given routinely
with oxaliplatin administration.

Cranial Nerve Toxicity

24. What is the significance of A.L.’s lid lag?

Cranial nerve toxicity occurs in 1% to 10% of patients re-
ceiving vinca alkaloids, and most patients present with ptosis
or ophthalmoplegia,153,159 probably related to damage to the
third cranial nerve. Toxicity to other cranial nerves can cause
trigeminal neuralgia, facial palsy, depressed corneal reflexes,
and vocal cord paralysis.160 Other nerve toxicities associated
with the vinca alkaloids include jaw pain, which can occur after
the first or second injection160; the pain usually resolves spon-
taneously and does not recur with subsequent doses. Several of
the cranial nerve toxicities, especially with vincristine, may be
dose limiting because evidence shows an increased prevalence
with increasing doses. A.L.’s eyelid lag probably is caused by
vincristine.

25. Do other chemotherapy agents produce cranial nerve toxi-
city?

Ifosfamide, vinblastine, and cisplatin have been reported
to cause cranial neuropathies. Intra-arterial administration of
chemotherapy agents such as carmustine may increase the risk
of encephalopathy and cranial neuropathies.

Ototoxicity, characterized by a progressive, high-fre-
quency, sensorineural hearing loss, commonly occurs with
cisplatin,161,162 most likely as a result of a direct toxic effect
on the cochlea. Ototoxicity occurs more frequently at higher
dosages, worsens with concurrent cranial radiation therapy, and
appears to be more pronounced in children. The reversibility
of cisplatin ototoxicity is questionable. At some centers, rou-
tine audiometric tests are performed in patients receiving cis-
platin; as a result, these centers have a greater percentage of

patients with documented decreases in audio acuity than oth-
ers. Early cessation of cisplatin may result in greater hearing
improvement. Although ototoxicity appears to be a major tox-
icity associated with cisplatin, it is not commonly caused by
other platinum analogs. For example, only 8 of 710 (1.1%)
patients who received carboplatin experienced clinical hear-
ing deficits, mainly tinnitus.163 If ototoxicity is suspected, a
hearing test should be performed and therapy discontinued if
alternate treatments are available.

Autonomic Neuropathy

26. What is the cause of A.L.’s constipation, and how might this
problem have been prevented?

Vincristine, as well as vinblastine, commonly causes an au-
tonomic neuropathy. The earliest symptoms (colicky abdomi-
nal pain with or without constipation) are reported by one-third
to one-half of patients receiving these agents.153,159 Because
severe constipation can progress to or include adynamic ileus,
prophylactic laxatives are recommended on a regular basis for
patients receiving vincristine and vinblastine. Stimulant laxa-
tives such as the senna derivatives or bisacodyl are believed
to be the most effective agents, and stool softeners also may
be used concurrently. No compelling evidence suggests, how-
ever, that laxatives prevent constipation. Other less-frequent
manifestations of autonomic dysfunction associated with vinca
alkaloids include bladder atony with urinary retention, impo-
tence, and orthostatic hypotension.164,165 Patients should be
monitored carefully for these signs or symptoms and receive
appropriate management following diagnosis.

Cardiac Toxicities
Doxorubicin

27. D.A., a 35-year-old man with stage IV Hodgkin’s disease, is
receiving CHOP (cyclophosphamide 750 mg/m2 IV day 1, doxoru-
bicin 50 mg/m2 IV day 1, vincristine 2 mg IV day 1, and prednisone
100 mg PO days 1– 5) and concurrent radiation therapy to a large
mediastinal mass. He comes to the clinic to receive his fifth cy-
cle of CHOP and complains of tachycardia, shortness of breath
(SOB), and a nonproductive cough. Physical examination reveals
neck vein distention, pulmonary rales, and ankle edema. What is
the most likely cause of D.A.’s current symptoms?

D.A. is experiencing symptoms of congestive heart failure
(CHF) most likely caused by doxorubicin therapy. Doxoru-
bicin, an anthracycline antibiotic, can cause a dose-dependent
cardiomyopathy that generally occurs with repeated adminis-
tration. Doxorubicin causes myocyte damage by a mechanism
that differs from its cytotoxic effect on tumor cells. Because
myocytes stop dividing in infancy, they presumably would not
be affected by an agent whose cytotoxicity relies on actively
cycling cells. Many mechanisms have been proposed to ex-
plain the cardiac toxicity associated with doxorubicin.166,167

The association of anthracycline-induced cardiotoxicity with
other agents administered concomitantly, monitoring tech-
niques, and therapies to prevent and treat this condition have
been reviewed.168

D.A.’s presentation is fairly typical of doxorubicin-induced
cardiomyopathy, although he has no significant risk factors
usually associated with CHF. The total cumulative dose of
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doxorubicin is the most clearly established risk factor for the
CHF.166,167,169 Patients, such as D.A., who are receiving bolus
doses of doxorubicin at the standard 3-week interval face little
risk of CHF until a total dose of 450 mg/m2 to 550 mg/m2 has
been reached. After a patient has received a total dose >550
mg/m2, the risk of CHF rises rapidly. Patients receiving <550
mg/m2 of doxorubicin face a 0.1% to 1.2% risk of develop-
ing CHF. Comparatively, patients receiving >550 mg/m2 face
a risk that rises more or less linearly; the probability of CHF
in patients receiving a total dose of 1,000/m2 may be nearly
50%.169

Other factors that could increase D.A.’s risk of develop-
ing doxorubicin cardiomyopathy include mediastinal radiation
therapy, pre-existing cardiac disease, hypertension, and age.
Young children, as well as older patients, are likely to experi-
ence CHF at a lower cumulative dose. Concurrent chemother-
apy agents (e.g., cyclophosphamide, etoposide, mitomycin,
melphalan, trastuzumab, paclitaxel, vincristine, bleomycin)
may also potentiate doxorubicin cardiac toxicity.168 When pa-
tients receive paclitaxel and doxorubicin, the risk of cardiac
toxicity appears to be related to the sequence and proximity
of the infusions. In a pharmacokinetic study, paclitaxel in-
creased the AUC of doxorubicin and its active metabolite, dox-
orubicinol, when paclitaxel administration immediately pre-
ceded doxorubicin. Therefore, doxorubicin should be given at
least 30 minutes before paclitaxel. The relationship between
risk factors and the total cumulative dose of doxorubicin is
sufficiently strong to warrant guidelines restricting the total
cumulative dose of doxorubicin to 450 mg/m2 in patients with
one or more identified risk factors (high-risk patients) and to
550 mg/m2 in patients without risk factors (low-risk patients).

It is unusual that D.A., a 35-year-old man who has received
a cumulative dose of only 200 mg/m2 of doxorubicin, would be
presenting with symptoms of CHF. Mediastinal radiation ther-
apy, cyclophosphamide, or undiagnosed cardiac disease may,
however, have contributed to this event. In addition, Hodgkin’s
disease involving the myocardium may be responsible for this
presentation.

28. Is routine cardiac monitoring recommended in patients re-
ceiving doxorubicin?

Prevention of cardiomyopathy is achieved primarily by lim-
iting the total cumulative dose. Limiting the total dose, how-
ever, cannot entirely prevent the cardiomyopathy for two rea-
sons. First, individual tolerance to doxorubicin varies such that
cardiotoxicity may occur before the arbitrary dose limit; sec-
ond, some clinical situations warrant exceeding the dose limit
to achieve positive chemotherapeutic outcomes.

Early efforts to prevent cardiomyopathy focused on moni-
toring systolic time intervals, QRS voltage loss, or ST-T seg-
ment changes on an electrocardiogram (ECG). These changes
were too nonspecific or occurred too late to be useful, however;
serial echocardiography has some usefulness in children.170,171

Other current state-of-the-art monitoring for anthracycline car-
diomyopathy includes radionuclide ventriculography (RNV)
and endomyocardial biopsy. The use of radionuclide ventricu-
lography (also referred to as radionuclide cardiac angiogra-
phy; gated blood pool imaging; multiple gated acquisition
[MUGA]) for early detection of doxorubicin-induced cardiac
dysfunction has been investigated extensively.172 RNV can ac-

curately detect functional cardiac status, but it is not partic-
ularly sensitive in detecting patients who have early myocyte
damage. Augmenting the RNV with exercise appears to give
a more accurate picture of functional cardiac reserve. Because
myocyte damage usually occurs days to weeks after treatment
with doxorubicin, the RNV should be obtained just before,
rather than just after, a course of the agent. Although guidelines
vary, most institutions recommend obtaining an RNV before
starting therapy with doxorubicin. Additional RNV should be
obtained when a patient shows signs or symptoms of CHF or
when low-risk patients receives cumulative doses >450 mg/m2

or high-risk patients receive >350 mg/m2, if additional doses
are planned. Most guidelines recommend stopping doxoru-
bicin or obtaining an endomyocardial biopsy when there is
an absolute decrease in the RNV >10% to 20%, the RNV is
<40%, or the RNV fails to increase >5% with exercise. The
ASCO currently recommends frequent cardiac monitoring af-
ter doses >400 mg/m2.49 The study should be repeated after
patients receive >500 mg/m2 and with every additional dose
of 50 mg/m2. The guidelines published by ASCO support the
recommendations to discontinue therapy when patients show
clinical signs or symptoms of CHF or if the left ventricular
ejection fraction decreases below institutional normal limits.49

Endomyocardial biopsies, along with a quantitative as-
sessment of morphologic changes, provide the most specific
evaluation of myocardial damage induced by anthracyclines.
Progressive myocardial pathology is graded on a scale (the
Billingham Score) of 0 (no change from normal) to 3 (diffuse
cell damage in >35% of total number of cells with marked
change in cardiac ultrastructure).173 The prevalence of abnor-
mal RNV and the appearance of signs and symptoms of CHF
correlate with biopsy scores. Usually, a significant change in
cardiac function is not seen with scores <2 to 2.5. Several
investigators have evaluated the predictive value of this tech-
nique. With a score of 2, a patient has less than a 10% chance
of developing heart failure if 100 mg more of doxorubicin is
given.174−176 There are occasional false–negative biopsy find-
ings, and fatal CHF has been encountered in at least one patient
with a relatively normal (1.0) biopsy score.177 The most signifi-
cant risk associated with endomyocardial biopsy is perforation
of the right ventricle with associated tamponade; this occurs
rarely and depends largely on the experience of the operator.

In summary, RNV and endomyocardial biopsy are com-
plementary procedures that when used together with clinical
evaluation can provide a degree of confidence in predicting
tolerance to additional doxorubicin dosing. The endomyocar-
dial biopsy provides a distinct advantage by allowing early
myocyte damage to be appreciated before the RNV changes or
the patient shows signs or symptoms of CHF.

Other Agents

29. How do the other members of the anthracycline class com-
pare with doxorubicin in terms of cardiotoxicity and clinical use-
fulness?

DAUNORUBICIN
Daunorubicin differs structurally from doxorubicin only by

hydroxylation of the fourteenth carbon. Unlike doxorubicin,
daunorubicin is primarily used to treat hematologic malignan-
cies, such as acute myeloid leukemia. During its initial clinical
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evaluations, clinicians lacked a good understanding of this
drug’s dose-schedule–relationship to toxicity, and it became
known on some hospital wards as “the red death.” Doxoru-
bicin became favored to treat solid tumors because daunoru-
bicin caused excessive mucositis and myelosuppression when
patients received antileukemic dosages to treat these tumors.
Since then, clinical trials have given clinicians a better un-
derstanding of daunorubicin’s side effects and how to provide
better supportive care. Daunorubicin safely produces clinical
responses in patients with Hodgkin’s disease, non-Hodgkin’s
lymphomas (NHL), melanoma, sarcomas, lung carcinomas,
breast carcinomas, and GI tract carcinomas.178 In randomized
trials comparing daunorubicin and doxorubicin, daunorubicin
caused less mucositis and a lower incidence of colonic dam-
age and perforation.179 Cardiac toxicities are similar for both
drugs, however, although somewhat higher cumulative doses
of daunomycin are typically tolerated.180 Risk factors for CHF
appear to be the same, and similar assessments should be un-
dertaken to monitor for cardiotoxicity.

IDARUBICIN
Idarubicin is an anthracycline that is approved for the treat-

ment of acute leukemias. Although idarubicin appears less car-
diotoxic than doxorubicin in animal models181 and daunoru-
bicin in some early clinical trials,182−184 other studies show
equivalent myelosuppressive doses can cause cardiotoxicity
comparable to that of doxorubicin and daunorubicin.185,186

Until additional studies adequately define the cumulative dose
associated with cardiotoxicity, patients receiving idarubicin
should be routinely monitored for signs and symptoms of CHF.

EPIRUBICIN
Epirubicin is another anthracycline approved by the FDA

for adjuvant therapy of breast cancer after surgical resection.
As with the other anthracyclines, epirubicin can cause a dose-
dependent, potentially fatal CHF. CHF occurs in 1.6% of pa-
tients receiving 700 mg/m2 and in 3.3% of patients receiving
900 mg/m2. Risk factors for cardiotoxicity include a history
of cardiovascular disease, prior or concomitant radiation ther-
apy to the mediastinum or pericardium, previous therapy with
other anthracyclines or mitoxantrone, or concomitant use of
other cardiotoxic medications. Cumulative doses should not
exceed 900 mg/m2, which may result in toxicity.187 Patients
receiving epirubicin should receive cardiac monitoring with
continued therapy to minimize the risk of severe CHF.

MITOXANTRONE
Mitoxantrone is an anthracenedione that is structurally sim-

ilar to the anthracyclines. Mitoxantrone is typically one-fifth
the dose of doxorubicin or 12 to 14 mg/m2 every 3 weeks. The
important risk factors for mitoxantrone cardiotoxicity include
a history of mediastinal radiation, cardiovascular disease, and
anthracycline exposure. Predicting mitoxantrone cardiotoxi-
city is similar to that of doxorubicin and daunorubicin. In
patients without risk factors, the risk for cardiotoxicity does
not begin to rise significantly until patients receive about 160
mg/m2. This dose is equivalent to about 800 mg/m2 of doxoru-
bicin. For patients who previously received doxorubicin (mean
cumulative dose, 239 mg/m2), the risk starts to rise when the cu-
mulative mitoxantrone dose reaches about 100 mg/m2.188−190

The guidelines suggested for monitoring doxorubicin-induced

cardiotoxicity should be followed with mitoxantrone therapy
to minimize the risk for CHF.

Prevention

30. Can CHF be prevented by the use of a different dose or
dosing schedule or by agents that protect the myocardium?

Altering the dose schedule of doxorubicin to more frequent,
smaller doses while maintaining dose intensity has consistently
resulted in reduction of cardiotoxicity without obvious com-
promise of antitumor effects.191−196 Several reports suggest
that peak plasma levels, as well as cumulative dose, have an im-
portant relationship to doxorubicin cardiotoxicity. Low doses
of doxorubicin administered weekly or prolonged continuous
IV infusions (48–96 hours) can be relatively cardiac sparing,
allowing higher cumulative doses to be administered. In a retro-
spective, uncontrolled study of 1,000 patients receiving weekly
doxorubicin, a total dose of 900 to 1,200 mg/m2 of doxorubicin
given in weekly fractions had the equivalent cardiotoxicity
of 550 mg/m2 given in every-3-week fractions.192 Although
well-designed studies comparing cardiac toxicity following
bolus doses with fractionated therapy or continuous infusion
are lacking, treatment that incorporates these alternative sched-
ules should be considered in patients with pre-existing risk fac-
tors or patients who will be receiving total doses of >450 to
550 mg/m2. The concurrent use of drugs that might minimize
the risk of cardiotoxicity without compromising efficacy can
be considered as well.

Dexrazoxane is a chemoprotectant that reduces the inci-
dence and severity of cardiomyopathy. It is indicated in women
with metastatic breast cancer who have received a cumulative
doxorubicin dose of 300 mg/m2. The recommended dosing
ratio of dexrazoxane:doxorubicin is 10:1 slow IV push 30 min-
utes before starting doxorubicin. Currently, the ASCO guide-
lines do not support the routine use of dexrazoxane in patients
unless a plan exists to continue doxorubicin beyond a total
cumulative dose >300 mg/m2. Clinical trials are evaluating
the benefits of dexrazoxane in children and patients receiv-
ing other anthracyclines. Some evidence supports the use of
dexrazoxane in patients receiving epirubicin.197

Another approach to protecting against doxorubicin car-
diotoxicity focuses on delivering anthracycline encapsulated
in liposomes. A phase III trial of women (N = 509) with
metastatic breast cancer showed that efficacy with liposomal
pegylated doxorubicin may be similar to conventional doxoru-
bicin with decreased cardiotoxicity.198 More data are needed
in adjuvant settings. Additionally, the equivalent dose of li-
posomal preparations to conventional doxorubicin is not con-
firmed.

Management

31. How should doxorubicin- or other anthracycline-induced
CHF be managed clinically?

Anthracycline-induced CHF presents similarly to other
forms of biventricular CHF and occurs between 0 to 231
days after the last dose of doxorubicin (mean, 33 days).
Anthracycline-induced CHF should be treated with diuret-
ics, activity restriction, inotropic agents, and vasodilators, but
these measures often are ineffective. The clinical course varies,
with some patients showing stable disease and others showing
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improvement. Before cardiotoxicity was a widely recognized
toxicity, the course of anthracycline-induced CHF was charac-
terized by a rapid progression that generally led to death in a
few weeks. The clinical outcome is better now, perhaps because
anthracycline therapy is promptly discontinued after initial pre-
sentation and there are better treatments for CHF. These in-
clude the use of spironolactone, beta blockers, and angiotensin-
converting enzyme (ACE) inhibitors, which have decreased
morbidity and mortality in non–anthracycline-induced CHF.
Enalapril was evaluated to determine if it would prevent car-
diac function decline in a randomized, double-blind, placebo-
controlled study of pediatric cancer patients who were at least
2 years out from treatment with anthracyclines and had evi-
dence of CHF. Patients received enalapril at 0.05 mg/kg/day
and this dose was progressively escalated to 0.10 mg/kg/day,
and finally 0.15 mg/kg/day if there were no side effects. Al-
though enalapril did not increase exercise intolerance, it did
increase left ventricular end-systolic wall stress (LVESWS)
in the first year of treatment. Side effects included dizzi-
ness, hypotension, and fatigue. The follow-up to the study
was ∼3 years, so the long-term benefits of enalapril are not
known.199

Other Cardiac Toxicities

32. What other chemotherapy agents have been associated with
cardiac toxicities?

Electrocardiographic changes have been observed dur-
ing or after treatment with doxorubicin, other anthracy-
clines, cisplatin, etoposide, paclitaxel, cyclophosphamide,
mechlorethamine, and arsenic. Most commonly, ECG changes
involve ST-T segment changes, decreases in voltage, T-wave
flattening, and atrial and ventricular ectopy. Other ECG ab-
normalities may be seen as well. Most studies suggest that
arrhythmias occur in 6% to 40% of patients receiving bolus
doxorubicin.200 Paclitaxel also caused significant arrhythmias
and conduction defects in phase I and II trials201; most patients
developed sinus bradycardia. Arsenic, used in the treatment
of relapsed acute promyelocytic leukemia, can cause QT in-
terval prolongation and complete atrioventricular block. QT
prolongation can lead to a torsade de pointes-type ventricu-
lar arrhythmia. Before initiating therapy, an ECG should be
performed and serum electrolytes, including potassium and
magnesium, should be assessed and corrected. Additionally,
all drugs that are known to prolong the QT interval should
be discontinued.202 All other chemotherapy agents occasion-
ally cause a rhythm disturbance, but these are limited to a few
scattered reports and should not be considered clinically sig-
nificant. Therapy should not be discontinued unless the patient
develops a serious cardiac arrhythmia.

FLUOROURACIL
Fluorouracil has been associated with angina pectoris

and myocardial infarction. Angina may occur in 1.6% to
18%203−205 of patients receiving fluorouracil and appears to
occur with an increased incidence in patients with a history of
ischemic cardiomyopathy or in patients receiving 5-day infu-
sions. Angina has been associated with both initial and sub-
sequent courses. Although ischemia occurs most frequently
during continuous infusion, it occasionally is delayed 3 to 18
hours after fluorouracil administration and has been reported

after an oral dose. The cause of fluorouracil cardiotoxicity
is uncertain. Direct myocyte damage is suggested from an-
imal studies; however, human studies suggest that coronary
artery spasm is the most likely cause of angina. Because the
chest pain associated with fluorouracil responds to nitrates,
this problem, theoretically, could be managed prophylactically
or therapeutically with long-acting nitrates or calcium channel
blockers.203 Other agents (including vincristine, vinblastine,
etoposide, paclitaxel, and bleomycin) can cause chest pain or
infarction based on case reports in the literature.168

ALKYLATING AGENTS
Myocardial necrosis rarely has been reported with alkylat-

ing agents, including cyclophosphamide, ifosfamide, busul-
fan, and mechlorethamine. Typically, cardiotoxicity occurs
when patients receive high doses, such as the doses used
for hematopoietic cell transplantation. Pericarditis and hem-
orrhagic myocardial necrosis also have been reported in these
cases. Risk factors are similar to those associated with doxoru-
bicin and daunorubicin; however, a clear relationship between
dose and cardiac dysfunction has not been demonstrated con-
sistently in all case reports.168

TRASTUZUMAB
Signs and symptoms of CHF (e.g., dyspnea, increased

cough, peripheral edema, S3 gallop, and reduced ejection frac-
tion) have been reported in 3% to 7% of patients receiving
trastuzumab single-agent therapy. Of these patients, 5% had
New York Heart Association (NYHA) class III or IV heart fail-
ure. The use of trastuzumab in combination with chemotherapy
in patients (N = 469) with metastatic breast cancer showed a
27% incidence of cardiotoxicity compared with an overall 8%
incidence in the anthracycline alone arm. In these same pa-
tients, the incidence of NYHA class III or IV heart failure
was 16% in the trastuzumab and chemotherapy arm versus 3%
in patients receiving anthracyclines alone. Additionally, heart
failure occurred in the combination paclitaxel and trastuzumab
arm with an overall incidence of 13% and 2%, class III and
IV, respectively, versus a 1% incidence in the paclitaxel alone
arm.206 The toxicity seems to be direct and not dependent on cu-
mulative dose or treatment duration. Trastuzumab-associated
cardiac toxicity usually responds to standard medical treat-
ment or discontinuation of the drug.207 Before and periodically
during treatment with trastuzumab, patients should undergo
cardiac evaluation to assess left ventricular ejection fraction.
Therapy should be discontinued if patients develop a clinically
significant decrease in left ventricular function.

MULTITARGETED TYROSINE KINASE INHIBITORS AND
MONOCLONAL ANTIBODIES
The multitargeted tyrosine kinase inhibitors exhibit a range

of cardiovascular toxicities. Because these new agents are
dosed chronically, more long-term toxicities may occur with
longer follow-up. Imatinib has been associated with the de-
velopment of CHF. A case series described 10 patients who
presented with NYHA class III and IV heart failure, a mean
of 7.2 ± 5.4 months (range 1–14 months) from initiation
of therapy. The mean ejection fraction was 25% ± 8%. Pa-
tients receiving imatinib should be monitored for symptoms
and signs of heart failure.208 Imatinib and dasatinib have also
been associated with heart failure, ventricular dysfunction,
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chest pain, and pericardial effusions.209 Sunitinib has been as-
sociated with a decline in cardiac ejection fraction in 4.7%
to 6% of patients in phase II studies in metastatic renal can-
cer, although most patients were asymptomatic.210,211 An in-
creased risk of myocardial ischemia and infarction has been
observed with the use of sorafenib in patients with metastatic
renal cell cancer in a phase III study.212 Additionally, hyper-
tension has been associated with sorafenib, sunitinib, and be-
vacizumab. Bevacizumab-related hypertension may be dose-
related; it can occur at any time during therapy and is reported
to have a 22% to 32% incidence. Hypertension is usually grade
3 or less and can be controlled with standard antihypertensive
medications.213 Patients receiving these agents should be rou-
tinely monitored for CHF and hypertension.

Nephrotoxicity
Cisplatin

33. T.J., a 58-year-old man with nonresectable head and neck
cancer, is being treated with cisplatin 100 mg/m2 IV on day 1 and
fluorouracil 1 g/m2/day IV for 5 days. He presents today for the
third cycle of this regimen. A 24-hour urine analysis for crea-
tinine collected by T.J. at home revealed a creatinine clearance
of 75 mL/minute, down from 110 mL/minute at baseline. Other
abnormalities include serum magnesium (Mg) of 1.2 mEq/L (nor-
mal, 1.6–2.2 mg/dL); all other electrolyte values are within normal
range. Is cisplatin responsible for T.J.’s decreased glomerular fil-
tration rate (GFR) and serum magnesium levels?

[SI units: ClCr, 1.25 mL/sec; Mg, 0.6 mmol/L]

Cisplatin, a heavy-metal complex, is widely used clinically
because it has activity against various solid tumors. The major
dose-limiting toxicity of cisplatin is nephrotoxicity, and various
renal and electrolyte disorders, both acute and chronic, have
been associated with cisplatin. In the early 1970s, before the
need for vigorous hydration was recognized, cisplatin often
caused acute renal failure. Today, with the use of vigorous
hydration, acute renal failure is uncommon; however, tubular
dysfunction and decreased GFR remain problematic.

Morphologic damage is greatest in the straight segment
of the proximal renal tubules where the highest concentra-
tion of platinum occurs. Acute and cumulative renal tubular
damage have been demonstrated by increased urinary excre-
tion of proximal tubular enzymes, such as β2-microglobulin,
alanine aminopeptidase, and N-acetyl glucosamine. Increases
in proximal tubular enzymes correlate well with urinary ex-
cretion of protein and magnesium as well as decreased reab-
sorption of salt and water in the proximal tubules. T.J. has
hypomagnesemia, which is the most common electrolyte ab-
normality caused by cisplatin. Hypomagnesemia appears to be
dose related and may occur after a single treatment. Despite
replacement with oral magnesium, renal losses of magnesium
and decreased serum magnesium levels can persist for months
or even years after completion of cisplatin therapy. Hypocal-
cemia and hyponatremia occur less frequently. The cause of
these electrolyte abnormalities is thought to be similar to that
of hypomagnesemia in that a proximal tubular defect occurs
that interferes with reabsorption of these electrolytes.214−216

Chronic renal toxicity associated with cisplatin presents as
a decrease in the GFR. Published reports suggest that the GFR

decreases by 12% to 25% in most patients receiving multiple
courses.214,215 The decrease appears to be persistent and only
partially reversible. An increase in serum creatinine or a de-
crease in creatinine clearance does not necessarily reflect the
decline in GFR. The renal function of patients receiving cis-
platin therapy should be evaluated because dosage reductions
may be necessary if the creatinine clearance decreases. Meth-
ods that estimate creatinine clearance based on serum creati-
nine should be avoided, especially in patients with borderline
renal function, because poor correlation has been demonstrated
in some cancer patient populations. In addition, changes in cre-
atinine clearance are not always reflected by changes in serum
creatinine in these patients. Creatinine clearance should be de-
termined using a 12- to 24-hour urine collection for creatinine.

T.J.’s decreased GFR and low serum magnesium likely are
caused by cisplatin therapy. Although a dose reduction of cis-
platin generally is not recommended for creatinine clearances
in this range, the clinician should provide T.J. with adequate
and aggressive hydration to prevent cisplatin nephrotoxicity. In
addition, T.J. should receive an oral magnesium supplement,
although diarrhea usually limits the use of the oral route when
large doses are necessary. IV administration should be used
if higher magnesium doses are required. Patients should un-
dergo frequent measurements of their electrolytes, including
magnesium, to minimize potential complications.

PREVENTION

34. What measures should be taken to prevent cisplatin nephro-
toxicity in T.J.?

Several measures have been used to minimize or prevent
cisplatin-induced nephrotoxicity, including hydration with
saline, mannitol, and prophylactic magnesium. The patient
should be vigorously hydrated with 2 to 3 L of normal
saline over 8 to 12 hours to maintain a urine output of 100
to 200 mL/hour for at least 6 hours after treatment with
cisplatin.217−219 A loop diuretic (e.g., furosemide) may be re-
quired in elderly patients to eliminate excess sodium or in pa-
tients with compromised cardiac reserve, but these diuretics
should not be used routinely to prevent nephrotoxicity. Man-
nitol (25–50 g) may be administered just before chemother-
apy to prevent cisplatin-induced renal artery vasoconstriction,
which can increase the concentration of platinum in the renal
tubules.219,220 Most patients may also benefit from prophylac-
tic magnesium supplementation. Patients who received pro-
phylactic magnesium 16 mEq IV daily during a 5-day course
of cisplatin followed by 60 mEq orally (20 mEq three times
daily) between courses experienced less nephrotoxicity com-
pared with those who received no supplements in a prospective
trial of 16 patients with testicular carcinoma.221

Although most of these preventive measures can adequately
minimize the risk of nephrotoxicity, amifostine, an organic
thiophosphate that is a chemoprotectant, is also available. It
is indicated for reducing the cumulative renal toxicity associ-
ated with repeated administration of cisplatin in patients with
advanced ovarian cancer. Amifostine’s mechanism is based on
the assumption that oxygen-free radicals generated by cisplatin
and radiation therapy are toxic to normal cells. It preferentially
enters normal cells where it generates an active thiol metabo-
lite, which scavenges the free radicals. A pivotal clinical trial
demonstrated that pretreatment with amifostine significantly
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reduced grade 4 neutropenia, nephrotoxicity, and neurotox-
icity. No evidence indicated that amifostine interfered with
the antitumor activity of cisplatin or cyclophosphamide.222

This trial, along with several others, suggests that amifostine
may prevent other toxicities associated with chemotherapy, in-
cluding neurotoxicity, neutropenia, and ototoxicity. The ASCO
guidelines currently support the use of amifostine for the pre-
vention of nephrotoxicity and neutropenia; its use to prevent
ototoxicity or neurotoxicity is not supported.49

The recommended dosage of amifostine is 910 mg/m2 ad-
ministered once daily as a 15-minute IV infusion starting 30
minutes before chemotherapy. Because amifostine can cause
significant hypotension, all antihypertensives should be dis-
continued 24 hours before treatment. In addition, patients
should receive IV saline and remain in the Trendelenburg
position during the infusion. If a patient experiences signifi-
cant decreases in systolic blood pressure or signs or symptoms
of hypotension during the infusion, treatment with amifostine
should be stopped temporarily. In most cases, the systolic blood
pressure returns to near normal 5 minutes after interruption of
the infusion. Any patient who appears hypotensive or dehy-
drated should not receive amifostine. Additional adverse reac-
tions include infusion-related flushing, fever or chills, dizzi-
ness, hiccups, sneezing, and severe nausea and vomiting.49

Using amifostine in combination with traditional preventive
measures may significantly reduce the incidence of cisplatin-
induced nephrotoxicity.

35. At what point would cisplatin therapy be discontinued in a
patient with a diminished GFR?

Guidelines to modify the dosage of cisplatin in patients
with decreased renal function are available. Most suggest
a 50% dosage reduction when the GFR decreases to 30 to
60 mL/minute and discontinuation when the GFR falls to
<10 to 30 mL/minute.214 Percentage dose reductions gener-
ally refer to the recommended dose for a specific cancer in
a given combination chemotherapy regimen. Because the cis-
platin dose ranges from 50 mg/m2 to 150 mg/m2, the precise
dose for a patient with a GFR of <60 mL/minute must be
individualized to the situation. If the tumor responds to car-
boplatin, substitution should be considered because it does
not cause nephrotoxicity. The dose of carboplatin when cal-
culated by the Calvert equation223 adjusts for with decreased
GFR. Carboplatin it is primarily excreted by the kidneys. Other

Table 89-13 Chemotherapeutics and Targeted Agents
Requiring Dosage Modifications or Dosage Omissions in Renal
Insufficiency320–322

Bleomycin
Capecitabine
Carboplatin
Carmustine
Cisplatin
Cytarabine
Dacarbazine
Fludarabine

Ifosfamide
Lomustine
Melphalan
Methotrexate
Mitomycin
Pemetrexed
Pentostatin
Topotecan

agents requiring dose adjustments or omission are given in
Table 89-13.

Other Nephrotoxic Agents

36. What other chemotherapy agents can cause nephrotoxicity?
What are the clinical consequences of nephrotoxicity produced by
these agents?

PROXIMAL TUBULE DYSFUNCTION
Other agents reported to cause renal tubular defects in-

clude streptozocin, lomustine, carmustine, ifosfamide, and
azacytidine.224 Nephrotoxicity appears to be related to the total
cumulative dose for streptozocin, carmustine, and lomustine.
Comparatively, a clear relationship between dosage and renal
tubular toxicity with ifosfamide has not been established; how-
ever, the renal abnormality associated with high doses of bolus
ifosfamide did lead to the use of fractionated doses.224 Most
patients show signs and symptoms consistent with proximal
tubular dysfunction.

The primary renal lesion associated with each of these
agents occurs in the proximal renal tubule, and patients show
several electrolyte imbalances, such as loss of protein, glu-
cose, bicarbonate, and potassium. Serum creatinine, bicarbon-
ate, potassium, urinary pH, protein, and glucose should be
monitored closely in patients receiving these agents. Because
the reversibility of the lesions varies among clinical reports
and a significant number of patients who develop renal toxicity
with these agents require dialysis,224 patients should discon-
tinue treatment with these agents if they show any changes in
serum creatinine or electrolytes.

METHOTREXATE

37. J.R., a 15-year-old boy with osteogenic sarcoma of the right
knee, was treated with amputation of his right leg. His leg is
now healed and chemotherapy consisting of high-dose methotrex-
ate, leucovorin rescue, doxorubicin, dactinomycin, bleomycin, cis-
platin, and ifosfamide is planned. The dose of methotrexate is 15
g/m2 administered over 3 hours. What precautions are necessary
to prevent the renal and other toxicities associated with high-dose
methotrexate therapy in J.R.?

Methotrexate normally is not nephrotoxic, although 90% of
the agent is excreted unchanged in the urine; however, acute
tubular obstruction can occur with high-dose methotrexate if
appropriate precautions are not taken. Acute tubular obstruc-
tion is caused by tubular precipitation of methotrexate, which
is poorly soluble at a pH <7.0. To prevent this occurrence,
preventive measures should be planned for J.R., including hy-
dration and brisk diuresis to produce urine output in the range
of 100 to 200 mL/hour for at least 24 hours after the admin-
istration of high-dose methotrexate. A urine pH >7.0 usually
can be ensured by administration of 25 to 50 mEq/L sodium
bicarbonate within the hydration fluid. Acetazolamide, a car-
bonic anhydrase inhibitor, promotes urinary bicarbonate ex-
cretion and is used by some clinicians at doses of 500 mg
two to four times daily to assist in maintaining a urinary pH
>7.0. J.R.’s urine output and pH must be monitored closely
to prevent acute tubular obstruction associated with high-dose
methotrexate therapy.214

If J.R. has any existing renal insufficiency, methotrexate ex-
cretion will be decreased significantly, and he may experience
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greater bone marrow suppression and GI side effects because
of prolonged exposure to high serum methotrexate levels. Leu-
covorin or folinic acid is a reduced form of folic acid. Leucov-
orin is given after methotrexate administration to selectively
rescue normal cells from the adverse effects of methotrexate
caused by inhibiting production of reduced folates. Because
leucovorin does not require the action of dihydrofolate reduc-
tase for its conversion, it is unaffected by methotrexate’s in-
hibition of this enzyme. Therefore, it is important to ensure
that appropriate leucovorin rescue is initiated within 48 hours
after the high-dose methotrexate infusion. In addition, intra-
patient and interpatient variability in methotrexate clearance
is considerable, particularly with high doses of methotrexate
therapy. Renal excretion of methotrexate is a complex pro-
cess involving glomerular filtration, tubular reabsorption, and
secretion. Concentrations of methotrexate obtained within 24
hours after the infusion often are not predictive of concen-
trations at 48 hours. Therefore, methotrexate concentrations
between 24 and 48 hours must be monitored in J.R. and in all
patients receiving high-dose therapy. Methotrexate levels are
necessary to optimize leucovorin rescue (see Chapter 91, Solid
Tumors). Leucovorin rescue does not affect the renal toxicity
of methotrexate, however. Acute tubular obstruction associated
with high-dose methotrexate therapy can be prevented only by
appropriate attention to optimal urinary output before and for
at least 24 hours after high-dose methotrexate administration
and urinary alkalization.225

IFOSFAMIDE

38. J.R. also is receiving ifosfamide. What unique bladder tox-
icity occurs with ifosfamide that requires attention before its ad-
ministration?

Pathogenesis
Ifosfamide is a structural analog of cyclophosphamide be-
longing to the oxazaphosphorine class of antitumor alkylat-
ing agents, which must be hydroxylated and activated by the
cytochrome 3A4/5 and 2B6 in the liver. The 4-hydroxy metabo-
lite spontaneously liberates acrolein, which is excreted in high
concentrations in the urine. Acrolein is responsible for urotox-
icity causing a direct irritation of the bladder mucosa. Both
ifosfamide and cyclophosphamide can produce cystitis, which
ranges from mild to severe bladder damage and hemorrhage.
Cystitis is characterized by tissue edema and ulceration fol-
lowed by sloughing of mucosal epithelial cells, necrosis of
smooth muscle fibers and arteries, and culminating in focal
hemorrhage. Because the metabolic activation of ifosfamide
proceeds more slowly than the metabolic activation of cy-
clophosphamide, the dosages of ifosfamide are three to four
times higher than the dosages of cyclophosphamide. This may
explain the higher incidence of urotoxicity associated with ifos-
famide.

Clinical Presentation
Patients with oxazaphosphorine-induced hemorrhagic cystitis
initially go through an asymptomatic stage characterized by
complaints of brief episodes of painful urination, frequency,
and hematuria. The symptoms may subside over a period of
several days or weeks after discontinuing the agent. The course
of oxazaphosphorine-induced hemorrhagic cystitis usually is

relatively benign, although death from massive refractory hem-
orrhage has occurred. Factors that may predispose J.R. to hem-
orrhagic cystitis include IV administration and the high doses
he is receiving.

Prevention
Historically, forced hydration was the primary method used
to prevent hemorrhagic cystitis in patients treated with cy-
clophosphamide therapy. Theoretically, hydration flushes the
toxic metabolites out of the bladder so that insufficient contact
time is available to set up the tissue reaction. The more urotoxic
agent ifosfamide was introduced to the market with a uropro-
tective agent, mesna. Mesna liberates free thiol groups in the
bladder, which can neutralize the oxazaphosphorine metabo-
lite. When administered in an appropriate dosing schedule,
mesna can prevent the bladder toxicity completely.

The manufacturer and ASCO currently recommend a par-
enteral mesna dose of 20% of the ifosfamide dose (<2.5 g/m2)
given IV at zero, 4, and 8 hours after ifosfamide (for a total
mesna dose of 60% of the ifosfamide dose).49 The goal is to
maintain mesna levels within the urinary tract for some time
after treatment with ifosfamide to provide adequate uroprotec-
tion. Repeated administration is required because mesna has a
short elimination half-life (<1 hour), especially compared with
the relatively long half-life of ifosfamide. If patients receive a
continuous infusion of ifosfamide, clinicians fear that patients
may not receive adequate uroprotection with this divided dose
regimen. Therefore, for patients receiving a continuous infu-
sion of ifosfamide, ASCO guidelines recommend an IV bolus
mesna dose of 20% of the ifosphamide followed by a 40%
mesna dose by continuous infusion given over 12 to 24 hours
after the end of the ifosfamide infusion.49 This regimen ensures
that mesna remains in the bladder for an extensive amount of
time following the end of the ifosfamide infusion.

Various other mesna dosing schedules are clinically used,
but no trials have compared the different regimens. One author
suggests that a total mesna dose equivalent to 17% w/w of the
ifosfamide dose was just as effective in preventing urotoxicity
as the 60% w/w dose.226 Many investigators use a 1:1 w/w
dose of mesna to ifosfamide when administered by continu-
ous infusion. The dosing guidelines become less well defined,
however, when patients receive higher dosages of ifosfamide
(>2.5 g/m2).

The lack of data and the unique pharmacokinetic proper-
ties of ifosfamide have caused some concerns about the cur-
rent dosing guidelines. The pharmacokinetics of ifosfamide
is dose dependent. The elimination half-life associated with
doses of 2.5 g/m2 is 6 to 8 hours, whereas the elimination half-
life associated with doses of 3.5 to 5 g/m2 is 14 to 16 hours.
The current recommendations for mesna administration pro-
vide protection for ∼12 hours after an IV bolus; thus, with
higher dosages of ifosfamide, mesna should be infused beyond
the recommended 8 hours after ifosfamide to maintain blad-
der protection. Based on pharmacokinetics of ifosfamide and
mesna and the observation that hematuria can develop 1 to 2
days after combined ifosfamide and mesna infusions have been
discontinued, mesna infusions should be continued for some
time following discontinuation of ifosfamide.227 Also, con-
cern exists that the 4-hour dosing interval may be inadequate
to maintain sufficient mesna levels within the bladder.
Although most of the mesna dose after IV administration is
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eliminated within 4 to 6 hours, data demonstrate that elimi-
nation rates (mg/kg/hour) are highest in the first 2 hours after
IV administration.228,229 To ensure maximal protection against
urotoxicity, ASCO currently recommends more frequent or
prolonged mesna dosage regimens.49 Indeed, some centers ad-
minister mesna by continuous infusion to avoid the need for
frequent bolus dosing. Because ifosfamide and mesna are com-
patible in solution, combining the ifosfamide and mesna in one
IV bag and administering by continuous infusion allows pa-
tients to conveniently receive uroprotection.

Another question concerns the influence of urination on
the efficacy of mesna uroprotection. Several authors have
suggested that the frequency of mesna doses be adjusted
based on frequency and amount of urination.230,231 Although
forced hydration has been the mainstay for prevention of
cyclophosphamide-induced hemorrhagic cystitis, it is unnec-
essary and potentially disadvantageous when mesna is used.
This is because forced hydration can increase urination and
increase the evacuation of mesna from the bladder.

Mesna is often given IV, but an oral formulation is available.
The oral bioavailability of mesna is approximately one-half that
of IV mesna. Therefore, patients should receive two times the
standard IV dose if they receive mesna orally (e.g., oral mesna
40% of the ifosfamide dose) 2 hours before and 4 and 8 hours
after ifosfamide.232 Others have recommended that an oral dose
also be given with the ifosfamide dose. Several centers admin-
ister the first dose of mesna IV followed by oral doses at 4 and
8 hours, particularly in the outpatient clinic setting.49 All pa-
tients receiving cyclophosphamide should receive saline diure-
sis or forced saline diuresis to protect urothelial tissue. When
patients receive cyclophosphamide for a BMT, they may re-
ceive mesna in conjunction with saline diuresis because the
higher cyclophosphamide dosages produce more of the uro-
toxic metabolites than conventional dosing. Other practices to
prevent this complication include hyperhydration and the use
of continuous bladder irrigation. Data comparing these meth-
ods are controversial and report varying rates of hematuria
and severe hemorrhagic cystitis. These recommendations are
currently supported by the ASCO consensus guidelines49 (see
Chapter 92, Hematopoietic Cell Transplantation).

39. If J.R. develops hemorrhagic cystitis, how should it be
treated?

Once hemorrhagic cystitis develops, the chemotherapy
agent causing the disorder must be discontinued and vigor-
ous hydration started. If gross hematuria occurs, a large-bore
urinary catheter should be inserted to avoid obstruction of the
urethra by clots. Some clinicians also use continuous silver
nitrate irrigation, local instillation of formalin, or electrocau-
terization of bladder blood vessels to control bleeding. If these
measures fail, surgical intervention may be necessary to divert
urine flow away from the bladder.

Pulmonary Toxicities

40. J.A., a 67-year-old man with an 8-year history of chronic
lymphocytic leukemia (CLL), was treated intermittently for 7
years with chlorambucil and prednisone. About 1 year ago, in-
creasing lymphadenopathy was noted, and a biopsy revealed
that his CLL had transformed to large-cell lymphoreticular lym-

phoma. (This transformation is called Richter’s syndrome.) At
that time, he was started on a chemotherapy regimen of cyclophos-
phamide, doxorubicin, vincristine, prednisone, and bleomycin
(CHOP-Bleo), and his disease stabilized. Three weeks after his
ninth course, he developed dyspnea, a nonproductive cough, and
fever. Chest radiograph showed diffuse bilateral infiltrates; his
respiratory rate (RR) was 36 breaths/minute; and his arterial
blood gases (ABG) were pH, 7.50 (normal, 7.35–7.45); PO2, 62
(normal, 80–100 mmHg); PCO2, 28 (normal, 35–45 mmHg); and
an O2 saturation of 92% (normal, 95%–98%). What are the pos-
sible causes of his new pulmonary findings?

J.A. is at risk for several processes that could produce dif-
fuse pulmonary infiltrates and dyspnea. He undoubtedly is
immunosuppressed secondary to both his lymphoma and the
chemotherapy; therefore, J.A. has an increased risk for infec-
tion (e.g., Pneumocystis carinii or cytomegalovirus [CMV]).
In addition, his lymphoma now may be resistant to the therapy,
and the infiltrates may represent progression of the disease. Pul-
monary infiltrates also may represent toxicity resulting from
one or more of the chemotherapy agents he has received. Fur-
ther diagnostic workup is necessary to establish the cause.

41. A bronchoscopy with bronchoalveolar lavage and a biopsy
with pathologic and microbiologic evaluations were performed.
Bacterial, fungal, and viral cultures were negative, and the biopsy
revealed inflammation and fibrosis with no evidence of lymphoma.
These results are highly suggestive of chemotherapy-induced pul-
monary damage. (Note: If the results of the bronchoscopy had
not been helpful in establishing a diagnosis, an open-lung biopsy
would have been recommended.) Which of the agents that J.A.
received are associated with pulmonary toxicity, and what other
factors may have increased his risk of pulmonary toxicity?

Many chemotherapy agents have been associated with pul-
monary toxicity and the varying types of mechanisms and clini-
cal presentations have been reviewed233 (Table 89-14). J.A. has
received three agents with potential pulmonary toxicity, includ-
ing chlorambucil, cyclophosphamide, and bleomycin. Because
J.A. has received three potentially pulmonary toxic agents and
because of his advanced age, he is at increased risk for pul-
monary toxicity.

Among the chemotherapy agents, bleomycin most com-
monly causes pulmonary toxicity. Although several forms have
been reported, the most frequent is interstitial pneumonitis fol-
lowed by pulmonary fibrosis.233−235 Patients generally present
with a nonproductive cough and dyspnea. Clinicians may de-
tect only fine crackling bibasilar rales that often progress to
coarse rales. The chest radiograph may be normal in the early
stages, but patients can develop bilateral alveolar and intersti-
tial infiltrates. ABG show hypoxia, and pulmonary function
tests generally show a progressive fall in the diffusing capacity
without a significant decrease in the forced vital capacity.234

The most significant factor associated with the development of
pulmonary toxicity is the cumulative dose of bleomycin. At to-
tal doses <400 mg, <10% of patients may develop pulmonary
toxicity. When the cumulative dose reaches 450 to 500 mg,
the incidence is higher. The incidence may be lower when pa-
tients receive bleomycin by a continuous infusion.236 A rarer,
hypersensitivity reaction produces fever, eosinophilia, and dif-
fuse infiltrates, and this pulmonary toxicity is not dose related.
The mortality associated with bleomycin pulmonary toxicity
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Table 89-14 Chemotherapy-Induced Pulmonary Toxicity

Drug Histopathology Clinical Features Treatment/Outcome

Aldesleukin323 Capillary leak, pulmonary
edema

Clinical presentation: ↓ BP, fever, SOB,
anorexia, rash, mucositis

Stop infusion; provide supportive care to
cause a quick resolution of symptoms.

Bleomycin236,237,324,325 Interstitial edema and hyaline
membrane formation;
mononuclear cell infiltration
pneumonitis with
progression to fibrosis;
eosinophilic infiltrations
seen in patients with
suspected
hypersensitivity-type
reactions

Cumulative dose-related toxicity with
risk increasing substantially with
total dose >450 mg or 200 mg/m2;
may occur during or after treatment

Clinical presentation: cough, fever,
dyspnea, tachypnea, rales,
hypoxemia, bilateral infiltrates,
dose-related ↓ in diffusing capacity

Recovery if bleomycin is discontinued while
symptoms and radiologic changes still
minimal; progressive and usually fatal if
symptoms severe. Avoid cumulative
doses >200 mg/m2; monitor serial
pulmonary function tests. Discontinue
therapy if diffusing capacity ≤40% of
baseline, FVC <25% of baseline, or if
any signs or symptoms suggestive of
pulmonary toxicity occur. Steroids may
be helpful if toxicity is result of
hypersensitivity.

Busulfan235 Pneumocyte dysplasia;
mononuclear cell
infiltrations; fibrosis

Does not appear to be dose-related, but
no cases reported with total doses
<500 mg

Clinical presentation: insidious onset of
dyspnea, dry cough, fever, tachypnea,
rales, hypoxemia diffuse linear
infiltrate, ↓ in diffusing capacity

Fatal in most patients; progressive despite
discontinuation of busulfan. High-dose
steroids (50–100 mg prednisone daily)
have been helpful in a few cases.

Carmustine326−330 Dose-related; usually occurs with doses
>1,400 mg/m2

Clinical presentation: dyspnea,
tachypnea, dry hacking cough,
bibasilar rales, hypoxemia, interstitial
infiltrates; spontaneous
pneumothorax has been reported

May continue to progress after carmustine
discontinued. No evidence that steroids
improve or alter incidence. High
mortality rate if symptoms severe. Serial
pulmonary function studies
recommended. Total cumulative dose
should not exceed 1,400 mg/m2.

Chlorambucil234 Pneumocyte dysplasia; fibrosis Usually occurs after at least 6 months of
treatment with total cumulative doses
of >2 g

Clinical presentation: dyspnea, dry
cough, anorexia, fatigue, fever,
hypoxemia, bibasilar rales, localized
infiltrates progressing to diffusing
involvement of both lung fields

Fatal in most cases despite discontinuation
of chlorambucil and treatment with
high-dose steroids.

Cyclophosphamide234,329 Endothelial swelling,
pneumocyte dysplasia,
lymphocyte infiltration
fibrosis

Does not appear to be schedule- or
dose-related and may occur after
discontinuation

Clinical presentation: progressive
dyspnea, fever, dry cough, tachypnea,
fine rales, ↓ diffusing capacity and
restrictive ventilatory defect, bilateral
interstitial infiltrates

Clinical recovery reported in about 50% of
patients within 1–8 wk if therapy stopped.
Some of these patients received steroid
therapy; however, others have died despite
steroid therapy. Occasionally, therapy has
been restarted without recurrence.

Cytarabine331 Pulmonary edema, capillary
leak

Clinical presentation: tachypnea,
hypoxemia, interstitial or alveolar
infiltrates

Not always fatal.

Gemcitabine332 Pulmonary edema, rare
interstitial pneumonitis

Dyspnea was reported in 23% of
patients; severe dyspnea in 3%;
dyspnea occasionally accompanied
by bronchospasm (<2% of patients);
rare reports of parenchymal lung
toxicity consistent with drug-induced
pneumonitis

Treatment is supportive care measures.
Symptoms resolve and are usually not
seen with rechallenge.

Fludarabine333 Interstitial infiltrates, alveolitis,
centrilobular emphysema

Clinical presentation: fever, dyspnea,
cough, hypoxia; onset 3–28 days
after third or fourth course; bilateral
infiltrates and effusions

Resolves spontaneously over several weeks
with or without corticosteroids.

Melphalan234 Pneumocyte dysplasia Not dose-related
Clinical presentation: dyspnea, dry

cough, fever, tachypnea, rales,
pleuritic chest pain, hypoxemia

Most patients die because of progressive
pulmonary disease. Most reported cases
occurred while patients were receiving
concomitant prednisone therapy.

Usually progresses rapidly.
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Table 89-14 Chemotherapy-Induced Pulmonary Toxicity (Continued)

Drug Histopathology Clinical Features Treatment/Outcome

Methotrexate334−337

Delayed
Nonspecific changes;

occasional fibrosis
No evidence that dose-related; daily or

weekly schedules more likely to
cause toxicity than monthly dosing

Clinical presentation: headache,
malaise prodrome, dyspnea, dry
cough, fever, hypoxemia, tachypnea,
rales, eosinophilia, cyanosis in up to
50% of patients, interstitial
infiltrates, ↓ diffusing capacity,
restrictive ventilatory defect

Most patients recover within 1–6 wks (some
may have persistent infiltrates or ↓
pulmonary function parameters). Steroids
may produce more rapid resolution. May
resolve despite continuation of
methotrexate, but discontinuation may
speed resolution. Rarely fatal.

Noncardiac pulmonary
edema

Acute pulmonary edema Occurs very rarely 6–12 hr after PO or
IT methotrexate

May be fatal.

Pleuritic chest pain Not related to other methotrexate
toxicities or serum levels; may not
occur with each course of therapy

Clinical presentation: right-sided chest
pain, occasional pleural effusion or
collapse of lung, thickened pleural
densities

Usually resolves within 3–5 days.

Mitomycin234 Similar to bleomycin Clinical presentation: dyspnea, dry
cough, basilar rales, hypoxemia,
bilateral interstitial or finely nodular
infiltrates, ↓ diffusing capacity

Fatal in ≈50% of cases. Complete resolution
reported in some patients, including some
who received steroid therapy.

Procarbazine338,339 Hypersensitivity pneumonitis
with eosinophilia and
interstitial fibrosis

Clinical presentation: nausea, fever, dry
cough, dyspnea within a few hours of
ingestion, bilateral interstitial
infiltrates, and pleural effusion

Rapid resolution after discontinuation.

Vinblastine235 Hyperplasia, dysplasia,
interstitial edema, and
fibrosis

Associated with concomitant treatment
with mitomycin

Clinical presentation: acute respiratory
distress, bilateral infiltrates

Initial improvement with subsequent
progression.

BP, blood pressure; FVC, forced vital capacity; IT, intrathecal; SOB, shortness of breath.

is about 50%.233−235 If bleomycin is discontinued while symp-
toms are minimal and before pulmonary function has de-
compensated significantly, the damage may not progress. In
contrast, patients with prominent physical and radiographic
findings generally die because of pulmonary complications.
Other chemotherapy agents can potentially exacerbate the pul-
monary toxicity associated with bleomycin.

Less commonly, chlorambucil and cyclophosphamide in-
duce pulmonary toxicities similar to bleomycin. Chlorambucil-
induced lung damage appears to be dose related because most
cases have occurred in patients who received a total dose >2 g
over >6 months.234 In most instances, patients died of severe
interstitial pulmonary fibrosis. Cyclophosphamide pulmonary
toxicity does not appear to be related to the dosage regimen.
Approximately 50% to 65% of patients improve clinically after
discontinuing cyclophosphamide therapy. If a patient presents
with signs or symptoms consistent with pulmonary toxicity, the
patient should undergo a diagnostic workup after discontinuing
therapy.

42. Why are routine pulmonary evaluations indicated in pa-
tients such as J.A. who receive bleomycin or other pulmonary
toxic agents?

Because a dose-related decrease in diffusing capacity has
been observed in patients receiving bleomycin before the on-

set of clinical symptoms, routine baseline and serial pul-
monary function studies are recommended.237 Bleomycin ther-
apy should be withheld if the diffusing capacity falls below
40% of the baseline value, if the forced vital capacity falls be-
low 75% of the baseline value, or if patients develop any signs
or symptoms of pulmonary damage.234 Some practitioners also
recommend limiting the total cumulative dose to ≤450 mg.
Specific screening is not routinely recommended for patients
receiving other pulmonary toxic agents; however, if patients
develop any symptoms or clinical findings, therapy should be
withheld until the cause can be determined.

Management

43. How should J.A.’s agent-induced pulmonary toxicity be
managed?

The most effective way to manage pulmonary toxicity is
to prevent it. If pulmonary toxicity becomes evident, how-
ever, all responsible agents (in J.A.’s case: bleomycin, chlo-
rambucil, and cyclophosphamide) should be discontinued and
the patient should receive symptomatic support based on their
physical condition (e.g., oxygen). As illustrated by J.A., other
treatable causes of pulmonary infiltrates (e.g., infection) also
should be ruled out. In many cases, however, pulmonary toxi-
city is irreversible and progressive, and effective treatments
are unavailable. Corticosteroids often are administered but
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probably are effective only in cases in which hypersensitivity
caused the pulmonary damage. Nevertheless, because other
effective treatments are lacking, a trial of steroids generally
is indicated for all patients; if steroids are discontinued, they
must be tapered carefully to avoid clinical deterioration.

Hepatotoxicity

44. J.D. has received two courses of chemotherapy with cytara-
bine and daunorubicin. Before chemotherapy was started, his
liver function tests (LFT) and coagulation studies were within
normal limits. His current laboratory values include the follow-
ing: aspartate aminotransferase (AST), 204 U/L (normal, 8–46);
alanine aminotransferase (ALT), 197 U/L (normal, 7–46); lactate
dehydrogenase (LDH), 795 U/L (normal, 100–190); alkaline phos-
phatase, 285 U/L (normal, 25–100); bilirubin, 1.2 mg/dL (normal,
<1.5); and PT, 13.1 seconds (normal, 11–16). Why could J.D.’s
chemotherapy be responsible for these laboratory abnormalities?

[SI units: AST, 3.4 μkat/L; ALT, 22.98 μkat/L; LDH, 13.25 μkat/L; alkaline

phosphatase, 4.75 μkat/L; bilirubin, 20.52 mmol/L]

Elevated LFT occur frequently in cancer patients and their
causes are listed in Table 89-15. Other signs and symptoms in-
clude jaundice, nausea, vomiting, abdominal pain, and, rarely,
encephalopathy. Patients should receive an extensive workup to
determine whether they require any immediate attention for tu-
mor involvement of the liver or possible infection. In addition,
patients should discontinue any nonessential medications that
can potentially cause hepatotoxicity. The clinician may also
need to consider discontinuing chemotherapy because some
agents may cause the hepatotoxicity observed.

Several chemotherapy agents, including cytarabine given
to J.D., have been associated with hepatocellular damage and
are reviewed in detail238 (Table 89-16). The agents most com-
monly associated with hepatotoxicity include asparaginase,
carmustine, cytarabine, mercaptopurine, streptozocin, clofara-
bine, and gemtuzumab ozogamicin. Methotrexate has caused
hepatotoxicity when given on a daily schedule; however, if
it is given on an intermittent basis, the incidence of toxic-
ity decreases significantly.239−240 All of these drugs come in
contact with the liver by entering the liver’s blood supply; the
liver uniquely receives a dual blood supply from the portal
and superior mesenteric veins. The liver can detoxify or inac-
tivate noxious substances and metabolizes many chemother-
apeutic agents as well. When chemotherapy agents undergo
metabolism, they can damage the metabolic processes in the

Table 89-15 Common Causes of Elevated LFT in Patients
With Cancer

Primary or metastatic tumor involvement of the liver
Hepatotoxic drugs (e.g., cytotoxics, hormones [estrogens, androgens],

antimicrobials [trimethoprim-sulfamethoxazole, voriconazole])
Infections (e.g., hepatic candidiasis, viral hepatitis)
Parenteral nutrition
Portal vein thrombosis
Paraneoplastic syndrome
History of liver disease (including hepatitis B and C)

LFT, liver function tests.

Table 89-16 Hepatotoxicity From Select Antineoplastic
Drugs

Drug/Schedule Prevalence Type

Asparaginase340−342

Daily Frequent Hepatocellular fatty
metamorphosisBusulfan343

High dose Infrequent Veno-occlusive disease
Carmustine344,345

Weekly bolus Common Hepatocellular
Daily × 3 Common
Bolus Infrequent

Clofarabine346 Common Hepatocellular
Cytarabine347

Daily Common Cholestatic
Dacarbazine348,349

Daily × 5 Infrequent Hepatocellular
Bolus

Etoposide350

High dose Common with
high dose

Hepatocellular

Gemtuzumab
ozogamicin351

Common Hepatocellular,
veno-occlusive disease

Imatinib352 Frequent Hepatocellular
Lomustine Infrequent
Mercaptopurine353,354

Daily Common Cholestatic
High dose Hepatocellular

Methotrexate239,240

Daily Common Hepatocellular
Weekly bolus Rare Hepatocellular
High dose Uncommon Hepatocellular

Mitomycin355

High dose Infrequent Veno-occlusive disease
Streptozocin356

Bolus Common Hepatocellular
Thioguanine357

Daily Rare Veno-occlusive disease
Epirubicin Infrequent Hepatocellular

liver. The exact mechanisms by which chemotherapy agents
cause hepatotoxicity are unknown, but most agents probably
cause hepatic damage by (a) interfering with the mitochondrial
function of the hepatocyte, (b) depleting hepatic glutathione
stores, (c) eliciting hypersensitivity reactions, (d) decreasing
bile flow, or (e) causing phlebitis of the central hepatic vein to
produce veno-occlusive disease.238

Several laboratory tests can provide markers of liver struc-
ture and function. Serum transaminases, alkaline phosphatase,
and bilirubin levels should be monitored routinely in patients
receiving hepatotoxic chemotherapy. Although these labora-
tory indices are sensitive indicators of liver injury, they are
nonspecific for the type of liver disease and do not necessar-
ily correlate with hepatic function. Serum levels of proteins
produced by the liver (e.g., ferritin, albumin, prealbumin, or
retinol-binding protein) also may be helpful in assessing liver
function. The decision to continue or discontinue chemother-
apy in patients with apparent hepatic dysfunction can be diffi-
cult. If the chemotherapy is the suspected cause, therapy should
be withheld until LFT are within normal ranges. The clinician
should also consider alternative (nonhepatotoxic) chemother-
apy for future treatment. In addition, agents that are cleared
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Table 89-17 Chemotherapeutics Requiring Dose Modification in Hepatic Dysfunction358,359

Vincristine
Aspartate Doxorubicin Vinblastine,

Bilirubin Aminotransferase (AST) Epirubicin Daunorubicin Etoposide Methotrexate Fluorouracil

<1.2 <60 100% 100% 100% 100% 100%
1.2–3.0 60–80 50% 75% 50% 100% 100%
3.1–5.0 >180 25% 50% Omit 75% 100%
5.0 Omit Omit Omit Omit Omit
Note: % written as the percentage of the full dose that should be given.

Paclitaxel Dosing in Patients With Liver Dysfunction

AST >2 ULN and 135 mg/m2

Bilirubin ≤1.5
Bilirubin = 1.6–3.0 75 mg/m2

Bilirubin ≥3.1 50 mg/m2

Docetaxel Dosing in Patients with Liver Dysfunction

Bilirubin > ULN or Omit
AST/ALT >1.5 × ULN Omit

ALT, alanine aminotransferase; AST, aspartate aminotransferase; ULN, upper limit of normal.

predominantly via the liver may require dosage adjustments
and should be administered cautiously (Table 89-17).

J.A.’s therapy is likely responsible for his elevated liver en-
zymes. Therefore, costly workup should be deferred to allow
recovery of liver function. Recovery should occur within 2
weeks of chemotherapy. If full recovery does not occur, further
therapy (agents, doses, or both) may require modifications.

LONG-TERM COMPLICATIONS OF CHEMOTHERAPY
Second Malignancies After Chemotherapy
Acute Myeloid Leukemia (AML)

45. T.D., a 55-year-old woman, was diagnosed with an early
stage breast cancer and successfully treated with radical mas-
tectomy followed by four cycles of adjuvant AC (doxorubicin 60
mg/m2 IV on day 1, cyclophosphamide 600 mg/m2 IV on day 1).
Eighteen months after her breast cancer therapy was completed,
T.D. presents to her primary care physician with complaints of fa-
tigue, SOB, easy bruising, and sinusitis. A peripheral blood smear
shows a WBC count of 120,000/mm3 with a differential of >90%
leukemic blasts and a bone marrow biopsy confirms acute myeloid
leukemia (AML). Subsequent cytogenetic analysis revealed ab-
normalities involving chromosome 11q23. What factors support
the diagnosis of chemotherapy-associated acute leukemia in T.D.?

Acute leukemia has been associated with chemotherapy
used to treat hematologic malignancies, solid tumors, and non-
malignant diseases.241 AML also has been reported after com-
bination chemotherapy that involves topoisomerase inhibitors,
including teniposide, etoposide, and anthracyclines.242 These
leukemias usually occur 1 to 3 years after the completion of
chemotherapy and myelodysplasia does not usually occur be-
fore the leukemia. Other characteristics include FAB M4 or M5
classification and chromosomal abnormalities involving chro-
mosome 11q23. This is an important area for research given
the widespread use of these agents for many curable diseases.

Acute myeloid leukemia has also been reported in patients
who have had previous exposure to alkylating agents. It usually
occurs 5 to 7 years after the patient finishes chemotherapy.243

Myelodysplastic syndrome (preleukemia changes) commonly
occurs in 50% of patients before overt acute leukemia.244,245

Although all alkylating agents can cause acute leukemia, mel-
phalan appears to be the most potent leukemogenic agent in
this class; other classes of chemotherapy agents do not appear
to carry as significant a risk. Large doses, continuous daily
dosing, prolonged treatment periods, age >40 years, and con-
comitant radiation therapy may increase the risk of developing
acute leukemia. Several additional factors may increase a pa-
tient’s risk of developing acute leukemia.241,246−248

Evidence that chemotherapy can cause secondary lymphoid
malignancies, particularly non-Hodgkin’s lymphoma, is also
strong. Immunosuppression from the disease and its treatment
rather than the particular chemotherapy agent may be the pri-
mary cause of NHL. Other secondary malignancies can occur
after chemotherapy as well. Solid tumors have been associated
with superficial bladder cancer in patients treated with daily
oral cyclophosphamide, and bone sarcoma has occurred after
treatment with alkylating agents.249 The secondary solid tu-
mors in patients treated with other chemotherapy agents are
considered coincidental.249−251

T.D.’s AML probably occurred secondary to her previous
anthracycline therapy. The chemotherapy agent, as well as
the time course for her acute leukemia, is consistent with
topoisomerase-II agent-induced malignancies. In addition, cy-
togenetic abnormalities occur in >90% of those patients who
have received chemotherapy or radiation therapy and have
subsequently developed therapy-related myelodysplastic syn-
drome or AML.245 Abnormalities in chromosome 11q23 are
involved in many of the cases with cytogenetic abnormali-
ties from topoisomerase inhibitors.252 The chromosomal ab-
normalities of 11q23 in T.D. strongly support the diagnosis of
chemotherapy-associated acute leukemia rather than de novo
leukemia.
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46. Are the therapy and prognosis of T.D. with treatment-
associated AML similar to those of patients with de novo AML?

Therapy for patients with treatment-associated AML com-
pares poorly with that of patients with de novo leukemia.
Complete remissions with standard cytarabine and daunoru-
bicin regimens are obtained in less than half of patients with
treatment-associated AML compared with a complete remis-
sion rate of 70% to 80% in patients with de novo leukemia253,254

(see Chapter 90 Hematologic Malignancies). High-dose cy-
tarabine produced remissions in 10 of 11 patients with AML
secondary to chemotherapy in one series.255 Most series, how-
ever, reported a lower response rate, with responses of short
duration and a median survival of only 3 to 4 months. Iso-
lated case reports suggest that BMT may benefit younger pa-
tients and those with human leukocyte antigen (HLA) identical
donors.256−258

The best “treatment” of therapy-associated AML is preven-
tion. In patients such as T.D. receiving adjuvant chemother-
apy for curable malignancies, avoiding the use of agents that
cause treatment-related AML should be discussed in conjunc-
tion with other risks and benefits of therapy.

Fertility and Teratogenicity
Effects on Oogenesis

47. C.L., a 32-year-old woman with recently diagnosed stage II
breast cancer, underwent a lumpectomy and external-beam radi-
ation therapy and is scheduled to begin adjuvant chemotherapy
with cyclophosphamide, doxorubicin, and fluorouracil (CAF).
C.L. was married 12 months before her diagnosis and wishes
to have children. What are C.L.’s prospects for fertility following
adjuvant chemotherapy?

Chemotherapy is potentially gonadotoxic in humans. Ovar-
ian biopsies taken from women treated for cancer demonstrate
loss of ova and follicular elements.259,260 This injury is evi-
dent even in prepubertal female patients treated for cancer.261

Ova die or become nonfunctional by direct injury to the ova or
by indirect injury resulting from loss of supporting follicular
cells. If the damage to the follicular elements is extensive and
irreversible, fertility is impaired even if the ova are spared.

Agent-induced injury to ova and follicular elements reduces
ovarian estrogen and progesterone secretion in menstruating
women. This causes the hypothalamus and pituitary to secrete
more follicle-stimulating hormone (FSH) and luteinizing hor-
mone (LH), which in turn increase follicular recruitment and
the number of follicles vulnerable to chemotherapy agents. If
the gonadal toxicity is severe or prolonged, permanent ovarian
failure can occur secondary to depletion of ova and follicles.
Recovery of some of the affected follicles often occurs, how-
ever, and this may be manifested by irregular menses or delayed
recovery of menses. If the ova are spared and follicular cells
recover sufficiently, ovulation and pregnancy might occur, but
premature ovarian failure is inevitable in most women treated
with large doses of gonadotoxic agents given over long periods.

Prepubertal girls have a greater reserve of primary follicles
and because their ovaries are not producing estrogen and pro-
gesterone, increases in FSH and LH with resultant recruitment
of follicular elements do not occur. For this reason, prepubertal
girls can tolerate large doses without apparent effects even if

the pathology previously described occurs. The gonadal effects
of chemotherapy in women and girls have been described in
several reviews.261,262

C.L. is going to receive one of the alkylating agents, which
are the most potent gonadotoxic agents. Cyclophosphamide
is well known for producing infertility in men and women
and gonadal failure even in children. The effect is influenced
strongly by the total dose of cyclophosphamide and the patient’s
age at the onset of chemotherapy. Nearly 100% of women over
20 years of age develop amenorrhea when the mean total dose
is 20 to 50 g. The same consequence can be expected in women
>35 years of age who receive >6 to 10 g and in women 40
years of age and older who receive more than 5 g.263 Depending
on the exact dose of cyclophosphamide in the CAF regimen
planned, C.L. may or may not fall into a dose range that would
be expected to produce permanent amenorrhea.

The clinician also must consider that a synergistic gonado-
toxic effect has been reported when doxorubicin is combined
with cyclophosphamide. The onset of amenorrhea may occur at
half the total dose of cyclophosphamide after therapy with dox-
orubicin and cyclophosphamide than after treatment with cy-
clophosphamide, methotrexate, and fluorouracil. Fluorouracil
is unlikely to play any role in producing ovarian failure. Aside
from the alkylating agents, the only chemotherapy agents with
strong evidence of gonadal toxicity include vinblastine, etopo-
side, and cisplatin. Several excellent reviews discuss the doses
of chemotherapy agents, used both alone and in combination,
and specific incidences of associated gonadotoxicity, as well as
the prevalence of temporary and permanent amenorrhea.264,265

C.L. most likely will experience amenorrhea along with
the signs and symptoms of menopause as both estrogen and
progesterone production diminish during chemotherapy. C.L.
may recover from chemotherapy-induced amenorrhea months
to years after completion of her therapy. Recovery may be man-
ifested as amenorrhea interspersed with normal menstrual peri-
ods. Pregnancy is possible during periods of normal menstrua-
tion because ovulation does occur in most instances. Premature
menopause is inevitable, however. Because the greatest risk of
pregnancy exists early in the course of chemotherapy, C.L.
should be counseled to practice birth control while receiving
chemotherapy. Because oral contraceptives are contraindicated
in patients with breast cancer, barrier methods (i.e., diaphragm,
condoms, spermicide) should be advised.

Effects on Spermatogenesis

48. J.K., a 25-year-old man with recently diagnosed stage IV
Hodgkin’s lymphoma, will receive systemic chemotherapy. What
effect does systemic chemotherapy have on male gonadal func-
tion?

The primary gonadal toxic effect of chemotherapy agents in
male patients is a progressive dose-related depletion of the ger-
minal epithelium lining the seminiferous tubule.266 The clin-
ical manifestations of germinal depletion include a marked
reduction in testicular volume and azoospermia. The Leydig
cells responsible for testosterone production remain morpho-
logically intact, although mild functional impairment occurs
rarely. The major toxicity of chemotherapy in men is loss
of reproductive capacity. During treatment, libido and sexual
activity may decline, but most men report a return to pretreat-
ment sexual function after chemotherapy.266
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Of the chemotherapy agents, alkylating agents most
commonly are associated with azoospermia. Progressive dose-
related oligospermia occurs in men receiving chlorambu-
cil,267,268 cyclophosphamide,269,270 nitrogen mustard, busul-
fan, procarbazine, and nitrosureas; procarbazine appears to be
the most gonadotoxic alkylating agent in men. Doxorubicin,
vinblastine, cytarabine, and cisplatin also have been associated
with azoospermia,271 and doxorubicin appears to have a syner-
gistic toxic effect in men when given with cyclophosphamide
similar to that previously described in women. Phase-specific
agents, such as antimetabolites and plant alkaloids, seem un-
likely to produce azoospermia when used alone but may play
a minor role in combination chemotherapy regimens.

In contrast to oogenesis, in which women are born with
a full complement of ova, spermatogenesis occurs in a con-
tinuous cycle of regeneration, differentiation, and maturation
beginning in the second month of embryogenesis and continu-
ing through old age. Although different chemotherapy agents
appear to exert more damage to germ cells in specific phases
of spermatogenesis in animal models, in humans, gonadotoxic
agents generally are used in sufficiently large doses to affect
varying proportions of maturing sperm cells in any stage of
development. This has two realistic implications. The first is
that because spermatogenesis must start at the beginning after
agent-induced azoospermia occurs, the length of recovery is
prolonged, usually lasting at least 2 to 3 years. The second is
that the relationship of age to the development of azoospermia
is far less clear than the relationship of age to ovarian suppres-
sion. Although conventional wisdom holds that prepubertal
boys are less likely to be affected by chemotherapy agents than
adult men, the reserve of primitive sperm cells in male children
is far less than it is in adults. Therefore, the spermatogenesis po-
tential in prepubertal testes may make them more vulnerable to
cytotoxic damage than those of adults. A review of the literature
regarding the effects of chemotherapy administered to male
children concluded that agents and regimens known to be toxic
in men should be considered toxic in young boys.264 Short of a
testicular biopsy, the damage cannot be detected until puberty.

The two diseases most likely to affect young men who are
concerned with their fertility are Hodgkin’s disease and testicu-
lar cancer. The standard treatment for advanced Hodgkin’s dis-
ease is doxorubicin, bleomycin, vinblastine, and dacarbazine
(ABVD) (see Chapter 88, Neoplastic Disorders and Their
Treatment). Azospermia has been observed in 35% of patients
receiving ABVD and spermatogenesis nearly always recov-
ered in these patients.271 A similar scenario exists in patients
about to start on chemotherapy for testicular cancer. Evidence
to date suggests that chemotherapy-induced azoospermia that
follows treatment with vinblastine, bleomycin, and cisplatin
for nonseminomatous testicular carcinoma is reversible within
2 to 3 years in approximately 50% of patients treated and that
those who recover spermatogenesis are capable of impregnat-
ing their partners.272,273 In this particular patient population, it
is important to recognize that retroperitoneal lymph node dis-
section, which results in retrograde ejaculation, as well as cryp-
torchidism, which predisposes to infertility, may contribute to
the lack of full recovery of fertility potential.

49. Aside from the use of chemotherapy agents with less gonadal
toxicity, are there means of circumventing infertility in young pa-
tients receiving chemotherapy?

Sperm or gamete cryopreservation should be considered in
males. A major limitation of this approach has been the finding
of diminished sperm counts, sperm volume, and sperm motil-
ity in young men affected with Hodgkin’s disease and testicular
cancer before combination chemotherapy is initiated.274,275 Al-
though published studies suggest that the quantity and motil-
ity of sperm are important determinants of successful artifi-
cial insemination, pregnancies have been reported.276,277 Thus,
sperm banking should be considered even in oligospermic men.

Oocyte and embryo cryopreservation now are feasible op-
tions for young women about to undergo cytotoxic chemother-
apy. Even in the face of chemotherapy-induced ovarian fail-
ure, in vitro fertilization of an ovum, and implantation into the
endometrium with proper hormonal support can successfully
accommodate a term pregnancy.278,279 This may be an option
for C.L. described in Question 47.

In both genders, it has been hypothesized that gonadal
toxicity from chemotherapy could be decreased by inhibiting
spermatogenesis or follicular development during chemother-
apy. Methods used to suppress gonadal function have included
administration of testosterone in men, oral contraceptives in
women, and gonadotropin-releasing hormone analogs (LHRH
analogs) in both men and women. A review describes ap-
proaches in detail280 and the ASCO provides recommendations
on preserving fertility in cancer patients.281

Teratogenicity

50. If C.L. or J.K. regain fertility after their planned combi-
nation chemotherapy regimens, are they at risk for producing
offspring with congenital abnormalities or an excess risk of can-
cer?

Most of the agents used to treat cancer are designed specifi-
cally to interfere with DNA synthesis, cellular metabolism, and
cell division. Thus, reason exists to suspect that they may cause
mutation of ova or spermatocytes exposed to these effects. The
actual outcomes of pregnancies in survivors of cancer are pub-
lished as case reports, small series, and retrospective case se-
ries. Nearly 1,600 children have been born to 1,078 patients
previously treated for malignancy in childhood or as adults. A
review of the published information suggests no evidence that
spontaneous abortion, genetic disease, or congenital anoma-
lies occurs more frequently in the progeny of cancer survivors.
Similarly, there does not appear to be an increased risk of ma-
lignancy in the offspring of patients treated for cancer.264 The
likely explanation for this is that ova and sperm cells affected
by chemotherapy usually are killed. The risk of producing an
abnormal offspring thus would be highest at the time of ongo-
ing germ cell exposure. Men and women should be explicitly
discouraged from conception during chemotherapy. In general,
adults surviving cancer should be advised to wait at least 2 years
after completion of therapy before attempting to parent a child;
this theoretically allows time for elimination of damaged germ
cells. This also provides time to assess the likelihood of the
necessity for further treatment that would have grave conse-
quences on the fetus, particularly in the case of female patients.
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HEMATOLOGIC MALIGNANCIES: ADULT
DEFINITIONS AND CLASSIFICATION
Cancers arising from hematopoietic cells and lymphoid tis-
sue are termed “hematologic malignancies,” and include
leukemias, lymphomas, plasma cell disorders, and myelopro-
liferative disorders. Compared with other cancers, they are rel-
atively uncommon (<10% of all newly diagnosed cancers) and
will account for approximately 52,300 deaths in the United
States in 2007.1 Chemotherapy is the primary treatment for
most cases of hematologic malignancies because they are usu-
ally disseminated at the time of diagnosis. Focal treatment
with surgery and/or radiation therapy is not commonly used
to manage these cancers. Compared with solid malignancies,
the growth rate of most hematologic malignancies is rapid,
and aggressive combination chemotherapy regimens can pro-
vide high response rates and cures. Complex supportive care
regimens are often needed in conjunction with chemotherapy
because of multiple disease symptoms and toxicities associated
with chemotherapy. The hematologic malignancies also serve
as the most common experimental laboratory models of cancer
growth, biology, and treatment effects. In addition, advances in
delineating molecular targets and improved disease detection
continue to lead to changes in therapeutic approaches.

Leukemias
Leukemias are hematologic malignancies that are derived
from cytogenetic alterations in hematopoietic cells. Biologi-
cally, they originate in the bone marrow before disseminat-
ing to systemic tissues. Leukemias are classified based on the
cell of origin (myeloid or nonlymphocytic and lymphocytic)
and clinical course. Myeloid leukemias include disorders of
granulocytes, monocytes, erythrocytes, and platelets. Lympho-
cytic leukemias include disorders of B and T lymphocytes.
Leukemias are further classified as acute or chronic.

Acute leukemia is characterized by the expansion and differ-
entiation arrest of immature hematopoietic cells. This expan-
sion causes large numbers of early progenitor cells (blasts) to
appear in the bone marrow. Leukemic blasts develop a growth
advantage that leads to failure of the bone marrow to pro-
duce adequate numbers of functional mature blood cells. The
immature blast cells generally retain some features that indi-
cate their origin from the hematopoietic lineage. If the blasts
have lymphoid features, the leukemia is classified as acute lym-
phocytic leukemia (ALL). If the blasts have myeloid features,
the leukemia is classified as acute myeloid leukemia (AML).
Clinical and laboratory distinction of AML from ALL is il-
lustrated in Table 90-1. AML and ALL can be distinguished
based on morphologic examination of the bone marrow and pe-
ripheral blood, along with special cytochemical stains, surface
membrane phenotyping, and chromosomal analysis. Acute
leukemias appear suddenly and progress very rapidly. Death
due to infection or bleeding occurs within weeks to months if
the patient is not effectively treated.

Chronic leukemias follow a more insidious onset and course
than acute leukemias and are associated with proliferation
of more mature hematopoietic cells. Chronic lymphocytic
leukemia (CLL) is characterized by overproduction of ma-
ture lymphocytes. Chronic myeloid (or granulocytic) leukemia
(CML or CGL) is associated with overproduction of mature

Table 90-1 Distinction of Acute Myeloid Leukemia From
Acute Lymphocytic Leukemia

AML ALL

Clinical Features

Age Commonly adults Commonly children
Lymphadenopathy Rare Common
CNS involvement Unusual 5%

Cytochemical Stains

Myeloperoxidase Positive Negative
Periodic acid

(Schiff)
Negative (except

M6)
Positive

Other Studies

Surface markers Myeloid Lymphoid
CALLA No In early pre-B lineage ALL
Tdt Absent Present

Gene Arrangement Studies

T-cell receptor Absent Present in T-cell ALL
Immunoglobulin Absent Present in B-cell ALL

Common Cytogenic Abnormalities

t(9;22) t(9;22)
t(8;21) t(4;11) null cell ALL
t(15;17) in

AML-M3

t(8;14) B-cell Burkitt’s
type

5q-, 7q- t(1;14) B cell
Inv 16 in

AML-M4Eo
t(1;19) B cell

AML, acute myelogenous leukemia; ALL, acute lymphocytic leukemia; CNS, central
nervous system; CALLA, common acute lymphocytic leukemia antigen.

neutrophils or granulocytes. Deposition of these cells in vari-
ous organs, as well as high numbers in vascular spaces, have
profound and unique consequences that are discussed in sub-
sequent cases. Other less common chronic leukemias include
hairy cell leukemia and chronic myelomonocytic leukemia.
Patients with chronic leukemias also often have decreased
production of red blood cells (RBCs) and platelets. Although
patients with chronic leukemias may survive for years with
suppressive therapies, these disorders are curable in only a
fraction of patients who are candidates for immune-based ap-
proaches using chemotherapy and progenitor cell replacement
(see Chapter 92).

Lymphomas
The lymphomas are a heterogeneous group of hematologic ma-
lignancies that originate in lymphoid tissues. A lymphoma may
arise within single or multiple lymph nodes or in extranodal
sites commonly involving the lymphoid tissue of the gastroin-
testinal (GI) tract, central nervous system (CNS), or numerous
other sites. The two major types of lymphomas are Hodgkin
disease (HD) and non–Hodgkin lymphoma (NHL) (Table
90-2). It is estimated that these hematologic malignancies ac-
count for >60,000 new cases annually, with seven times as
many patients affected by NHL compared with HD.1 NHLs
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Table 90-2 Comparison of Hodgkin Disease and Non-Hodgkin Lymphoma

Non-Hodgkin Lymphomas

Characteristic Hodgkin Disease Low Grade Intermediate-High Grade

Site(s) of origin Nodal Extranodal (10%) Extranodal (35%)
Nodal distribution Axial (centripetal) Centrifugal Centrifugal
Nodal spread Contiguous Noncontiguous Noncontiguous
Central nervous system involvement Rare (<1%) Rare (<1%) Uncommon (<10%)
Hepatic involvement Uncommon Common (>50%) Uncommon
Bone marrow involvement Uncommon (<10%) Common (>50%) Uncommon (<20%)
Marrow involvement adversely affects prognosis Yes No Yes
Curable by chemotherapy Yes No Yes

represent a spectrum of diseases marked by different patholog-
ical features, natural history, response to treatment, and prog-
nosis. NHLs have been divided into categories based on cell of
origin (B or T), histology (low, intermediate, or high grade),
immunophenotypic characteristics, cytogenetic abnormalities,
and natural history. The main classification systems used for
NHLs are the Working Formulation (WF) classification and
the Revised European-American Lymphoma (REAL) classi-
fication. The WF classification is based on the morphology
and clinical behavior of the disease; the REAL classification
has been advocated because it also incorporates immunophe-
notypic and molecular characteristics. Further classification of
all neoplastic diseases of myeloid and lymphoid tissues by the
World Health Organization (WHO) beyond the 1994 REAL
system is currently ongoing, with the goal of removing arbi-
trary clinical groupings of lymphoid neoplasms from clinical
practice and relying on more complete information (includ-
ing morphology, immunophenotype, cytogenetic features, and
clinical features) to guide prognosis and therapy.2 The addi-
tional information included with further classification will ide-
ally provide insight into the biological diversity of each type
of lymphoma and assist with therapeutic decisions.3,4

Plasma Cell Disorders
Plasma cell disorders include a group of neoplasms that arise
from antibody-secreting B cells that overproduce excessive
amounts of a monoclonal immunoglobulin or part of a mono-
clonal immunoglobulin (light chains). If the monoclonal pro-
tein is in the IgM subclass, the disease is called “Waldenström
macroglobulinemia,” and the malignant cells are called “plas-
macytoid lymphocytes.” If the monoclonal protein is in the
IgG (70% of cases) or IgA (20% of cases) subclass or if only
monoclonal light chains are present in blood, the disease is
called “multiple myeloma,” and the malignant cells are called
“plasma cells.”5 High monoclonal immunoglobulin concentra-
tions can be found in conditions other than multiple myeloma
or Waldenström macroglobulinemia, such as monoclonal gam-
mopathy of undetermined significance or amyloidosis. How-
ever, the amount of immunoglobulin produced with multiple
myeloma or Waldenström macroglobulinemia generally ex-
ceeds the amount produced with other conditions. Excessive
amounts of protein cause a number of clinical manifestations,
including hyperviscosity and renal dysfunction. If plasma cells
infiltrate the bone marrow, a decreased production of RBCs
and platelets occurs. Multiple myeloma is the most common

plasma cell disorder, accounting for 14% of all hematologic
malignancies.1

ACUTE MYELOID LEUKEMIA
Signs and Symptoms

1. D.M., a 35-year-old woman, presented to the emergency de-
partment with increasing fatigue and fever. This past week, a
peripheral blood smear (complete blood count [CBC]) revealed
a white blood cell (WBC) count of 80,000/mm3 (normal, 4,000–
11,000) with a differential of>90% leukemic blasts (normal, 0%),
a hematocrit (Hct) of 31% (normal, 40%–44%), and a platelet
count of 46,000/mm3 (normal, 150,000–400,000). A bone marrow
aspirate and biopsy confirmed the diagnosis of AML (FAB-M2,
myeloid with maturation; 60% blasts, myeloperoxidase positive;
CD13 and CD33 positive). All serum chemistry values were within
normal limits, with the exception of potassium (K), 3.2 mEq/L
(normal, 3.5–5.5); phosphorus, 5.5 mg/dL (normal, 2.5–4.5); and
lactate dehydrogenase (LDH), 3,000 mU/mL (normal, 30–120).
Physical examination was unremarkable except for a perirectal
cellulitis. Which signs and symptoms exhibited by D.M. are con-
sistent with AML?

[SI units: WBC count, 80 × 106/L (normal, 4–11) with differential >0.9

leukemic blasts (normal, 0); Hct, 0.31 (normal, 0.40–0.44); platelets 46 ×
109/L (normal, >150); K, 3.2 mmol/L (normal, 3.5–5.5); phosphorus, 5.5

mmol/L (normal, 2.5–4.5); LDH, 3,000 (normal, 30–120)]

D.M.’s symptoms of increasing fatigue and fever of 1 week’s
duration are consistent with a rapid reduction in RBCs lead-
ing to anemia (Hct, 31%) and a low neutrophil count leading
to infection (perirectal cellulitis). Although her WBC count
is high, the differential reveals that >90% are “blasts,” which
are immature, nonfunctional cells of myeloid or lymphoid ori-
gin. Circulating blast cells are typically not present in chronic
leukemias or mild-to-moderate infection. However, blasts may
also be observed on the peripheral smear in patients with
anemia associated with primary bone marrow dysfunction
(myelodysplastic syndromes). They are also present in patients
with severe infection, stress, or trauma and in those with CML
in “transformation” to acute leukemia. D.M.’s platelet count is
also low, which may lead to bleeding or bruising. Collectively,
these are often the presenting signs and symptoms of acute
leukemia.

D.M.’s symptoms are consistent with either AML or ALL.
However, patients with ALL also commonly present with
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Table 90-3 Classification of Acute Myeloid Leukemiaa

Designation Name Predominant Cell Type Cytogenetics Frequency (%) Morphology

M0 Undifferentiated myeloblastic No maturation of myeloblasts
M1 Undifferentiated myelocytic Myeloblasts t(9;22) + 8 del(5), del(7) 2–3 Minimal maturation of

myeloblasts
M2 Myelocytic Myeloblasts, promyelocytes,

myelocytes
t(8;21) + 8 del(5), del(7) 20 Prominent maturation of

myeloblasts
M3

M3 variant
Promyelocytic Hypergranular

promyelocytes
t(15;17) 25–30 Promyelocytic

Promyelocytic in marrow;
atypical monocytes in blood

M4

M4Eo

Myelomonocytic Promyelocytes, myelocytes,
promonocytes, monocytes

t(4;11), t(9;11) + 8
del(5), del(7)

inv(16)

8–15 Myelomonocytic

With atypical eosinophils
M5a Monoblastic Monoblasts t(9;11) + 8 del(5), del(7) Monoblastic
M5b Differentiated monocytic Monoblasts, promonocytes,

monocytes
20–25 Promonocytic

M6 Erythroleukemia Erythroblasts + 8 del(5), del(7) 5 Erythroblastic
M7 Megakaryocytic Megakaryocytes 1–2 Megakaryoblastic

aFrench-American-British (FAB) classification system.

lymphadenopathy and hepatosplenomegaly. It is important to
distinguish between these two disorders because treatment reg-
imens differ significantly. AML is far more common in adults
than in children. (For a complete discussion of ALL, see Acute
Lymphoblastic Leukemia of Childhood section.)

Classification and Diagnosis
For a definitive diagnosis of AML to be made, the bone mar-
row aspirate must contain more than 20% leukemic blast cells.
A normal bone marrow aspirate would typically contain less
than 5% blasts. Eight major variants of AML are defined by the
French-American-British (FAB) classification system based on
morphologic characteristics (Table 90-3). More recently, the
World Health Organization (WHO) has developed a classifi-
cation system that expands the number of AML subtypes and
better incorporates genotypic information, which is important
in determining prognosis.2 Cells of myeloid origin commonly
contain myeloperoxidase enzymes and express surface mark-
ers CD13, CD33, CD14, and CD15. Specific clonal chromoso-
mal abnormalities are associated with several AML subtypes.
These aberrations include gains or losses of whole chromo-
somes on the long (q) or short (p) arms of chromosomes, as
well as a variety of structural rearrangements (e.g., translo-
cations, inversions, insertions). A number of cytogenetic ab-
normalities in AML have suggested molecular-clinical syn-
dromes, which are now being analyzed at the genetic level. The
translocation t(15;17)(q22;q12) is the cytogenetic hallmark of
acute promyelocytic leukemia (AML-M3). This translocation
splits the retinoic acid receptor gene on chromosome 17 and
blocks expression of retinoic acid–controlled genes required
for cell differentiation. Treating patients with acute promyelo-
cytic leukemia with all-trans retinoic acid (ATRA, tretinoin)
has caused complete morphologic responses. This example
shows how defining cytogenetic or chromosomal abnormali-
ties in acute leukemia can be critical to understanding its patho-
physiology and identifying optimal treatments. Currently, three
chromosomal abnormalities are recognized as being associated
with a good prognosis6,7: t(8;21), t(15;17), and inv 16. In con-

trast, several chromosomal abnormalities have been associated
with a relatively poor prognosis, including inv 3, del 5, del 5q,
del 7, and del 7q; trisomy 8; and complex (three or more unre-
lated cytogenetic abnormalities) cytogenetics. These chromo-
somal findings are increasingly being used to guide treatment
decisions. For example, patients with cytogenetic findings as-
sociated with a poor prognosis may be considered for more ag-
gressive postremission therapy such as high-dose chemother-
apy with stem cell support (i.e., transplantation). Other poor
prognostic signs in AML include age older than 60 years at the
time of diagnosis, a pre-existing hematologic disorder (e.g.,
myelodysplastic syndrome), prior exposure to a chemotherapy
agent (e.g., a secondary leukemia), and poor baseline perfor-
mance status.

D.M. has FAB-M2 (myelomonocytic) AML. Approxi-
mately 10% to 20% of patients with FAB-M2 acute leukemia
have a translocation of t(8;21)(q22;q22).6 This translocation is
usually seen in young patients such as D.M. and is associated
with a favorable response to therapy. D.M.’s bone marrow has
been sent for cytogenetic analysis; however, results will not be
available for several days. Although the cytogenetic analysis
will not alter recommendations for induction therapy for D.M.,
these findings, in combination with other prognostic features,
do influence postremission therapy recommendations.

Treatment
Goal of Therapy

2. What is the goal of treatment, and what type of therapy is
indicated for D.M. at this time?

The leukemic cells populating D.M.’s blood are abnormal
and incapable of fighting infection. Their rapid proliferation
is also suppressing RBC and megakaryocyte production in
the bone marrow. D.M. is at substantial risk for both life-
threatening infections and bleeding complications. The goal
of the initial chemotherapy is to clear the bone marrow and
peripheral blood of all blast cells in the hope that normal blood
cell components can regenerate.
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Induction Therapy
Standard induction chemotherapy for AML includes an anthra-
cycline (either daunorubicin or idarubicin) and cytarabine, an
antimetabolite. One commonly used regimen includes idaru-
bicin 12 mg/m2/day on days 1 to 3 as an intravenous (IV)
bolus injection, plus cytarabine 100 mg/m2/day as a contin-
uous IV infusion on days 1 to 7. This combination (7 + 3)
is one of the most successful chemotherapy regimens used
to treat AML, with complete response (CR) rates of 60% to
80%.6 Continuous infusions of cytarabine are preferred be-
cause these regimens produce higher response rates than bolus
injections during induction therapy.8,9 Using higher doses of
cytarabine by increasing the number of days of therapy to 10,
doubling the daily dose to 200 mg/m2, and using high dose cy-
tarabine (HiDAC) (0.5–6.0 g/m2/day) has not shown consistent
improvement in complete remission rates or survival.10 Adding
etoposide for 7 days may increase the CR rate, response dura-
tion, and survival in patients younger than 55 years.11 However,
other investigators have not shown a benefit with the addition
of etoposide to the standard 7 + 3 induction regimen.12

If a patient presents with a very high WBC count, he or she
may experience complications associated with hyperviscosity
of the blood (e.g., ringing ears, stroke, blindness, or headache
as a result of impaired oxygen delivery to the CNS, pulmonary
infarction). Because it may take several days for cytarabine
and idarubicin to substantially decrease the WBC count, the
patient may receive hydroxyurea 2 to 4 g orally (PO) or undergo
leukapheresis to quickly reduce the WBC count.

TRETINOIN AND ARSENIC TRIOXIDE FOR ACUTE PROMYELOCYTIC LEUKEMIA

3. Would induction therapy for other subtypes of AML differ
from that described previously?

Induction therapy is standard for all types of AML, with one
exception: acute promyelocytic leukemia (APL) or FAB-M3.
APL is uniquely characterized by the t(15;17) translocation
that fuses the PML gene on chromosome 15 to the retinoic
acid receptor-alpha (RAR-α) gene on chromosome 17. Severe
coagulopathy is also common in patients with APL at the
time of diagnosis or during induction therapy. Myeloperoxi-
dase and procoagulant substances released from granules con-
tained within the leukemia cells cause these complications. As
discussed previously, tretinoin or ATRA induces promyelocyte
differentiation and maturation.13 In clinical trials, ATRA has
induced complete remissions in approximately 90% of patients
with APL.14 Serial bone marrow aspirations after initiation of
ATRA therapy demonstrate progressive differentiation with-
out hypoplasia.14,15 Unfortunately, ATRA typically induces
brief remissions. A number of trials have investigated com-
bination treatment with chemotherapy and ATRA.16,17 Cur-
rent evidence supports the use of concurrent ATRA plus con-
ventional chemotherapy for induction, with ATRA starting 2
days before chemotherapy. In addition, postremission therapy
should include at least two cycles of an anthracycline-based
regimen.17,18 Maintenance therapy with intermittent ATRA has
been shown to decrease the relapse rate.16,19

ATRA therapy, although avoiding life-threatening myelo-
suppression, can produce significant toxicities, including the
retinoic acid syndrome (RAS), which manifests as fever,
weight gain, respiratory distress, lung infiltrates, pleural or
pericardial effusion, hypotension, and acute renal failure.20 If

RAS develops, corticosteroid therapy (dexamethasone 10 mg
BID for at least 3 days) should be initiated.21 In patients re-
ceiving concurrent ATRA and chemotherapy, ATRA may be
stopped if the patient has received ATRA for at least 20 days
or if symptoms of RAS are life threatening or not improving
with dexamethasone. Patients with leukocytosis seem to be
more likely to experience RAS. Concurrent use of chemother-
apy and ATRA has been reported to reduce the likelihood of
RAS.21 ATRA also causes dryness of the lining of the mouth,
rectum, and skin; hair loss; skin rash; blepharon conjunctivitis;
corneal erosions; muscle weakness; nail changes; depression;
elevated liver enzymes; and high cholesterol. Despite the risk
of serious complications and death during induction therapy,
the long-term diseasefree survival (DFS) rate of patients with
APL is superior compared with other AML subtypes. Approx-
imately 75% of patients who receive ATRA-based induction
and maintenance therapy are alive 3 to 5 years after diagnosis.19

Arsenic trioxide (ATO) has also been evaluated in the treat-
ment of patients with APL. Clinical trials have confirmed that
ATO is highly effective for the treatment of patients with re-
lapsed APL, with complete remission rates up to 85%.22 Pre-
liminary results suggest no benefit to adding ATRA to ATO
in this setting; however, future studies will determine whether
ATO in combination with other strategies will yield superior
outcomes.23 There are several clinically significant adverse ef-
fects associated with ATO use. QT interval prolongation and
torsades de pointes have been reported in a small number of pa-
tients, and warrant careful monitoring and management. Signs
and symptoms of RAS were also reported, suggesting that this
syndrome is not specific to therapy with ATRA and may be
more appropriately referred to as APL syndrome. The moni-
toring and management of APL syndrome with ATO are the
same as with ATRA. Coagulopathy, leukocytosis, neuropathy,
nausea and vomiting, cough, headache, rash, hypokalemia, and
hyperglycemia have also been frequently reported with ATO
therapy and should be monitored appropriately.

COMPLICATIONS OF INDUCTION THERAPY
Tumor Lysis Syndrome

4. Twenty-four hours after D.M.’s induction chemotherapy
was initiated, the following laboratory values were obtained: WBC
count, 28,000/mm3 (normal, 4–11); K, 5.3 mEq/L (normal, 3.5–
5.5); phosphorus, 6.0 mg/dL (normal, 2.5–5.5); uric acid, 9.8
mg/dL (normal, 2.5–8); calcium, 6.0 mg/dL (normal, 9.0–11.5);
and creatinine, 1.6 mg/dL (normal, 0.8–1.2). Why have these lab-
oratory values changed so suddenly? Could they have been mini-
mized or prevented? How should these metabolic disturbances be
managed?

[SI units: WBC count, 58 × 106/L; K, 5.3 mmol/L; phosphorus, 1.94 mmol/L;

uric acid, 582.9 mmol/L (normal, 148.7–475.84); calcium, 1.5 mmol/L

(normal, 2.25–2.875); creatinine, 141.44 mol/L (normal, 88.4–176.8)]

D.M. presented with a very high number of peripheral blasts.
Consequently, chemotherapy resulted in rapid lysis of the blast
cells and the release of their cellular contents into the blood.
A hypercellular bone marrow with a very high number of
blast cells can also lead to rapid lysis of the blast cells and
the release of cellular contents. Typical metabolic abnormali-
ties associated with tumor lysis syndrome (TLS) are hyperuri-
cemia, hyperphosphatemia, hypocalcemia, and uremia. These
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Table 90-4 Complications Associated With Acute Tumor
Lysis Syndrome

Hypocalcemia Renal failure
Hyperkalemia Electrocardiogram changes
Hyperphosphatemia Metabolic acidosis
Hyperuricemia

disturbances may lead to arrhythmias and acute renal failure
(Table 90-4). Patients can present with TLS, but, most com-
monly, TLS occurs 12 to 24 hours after chemotherapy is ini-
tiated. TLS may occur after therapy for other malignancies,
particularly in those with a high tumor burden, such as high-
grade lymphomas and ALL. TLS rarely occurs after therapy
for solid tumors.

Before chemotherapy is initiated, leukapheresis to reduce
D.M.’s peripheral WBC count may minimize TLS. Leuka-
pheresis is not routinely done unless the patient is experiencing
symptoms of hyperviscosity. Patients should receive IV hydra-
tion (2–3 L/day) beginning 24 to 48 hours before chemotherapy
to (a) maintain renal perfusion, (b) optimize the solubility of
tumor lysis products, and (c) compensate for fluid losses due to
fever or vomiting. Alkalinization of the urine may also reduce
or prevent uric acid from precipitating in the renal tubules and
collection ducts by maintaining the urate in its ionized state.
However, increased pH may increase the risk of precipitating
calcium phosphate in both soft tissue and kidney tubules, and
it may aggravate hypocalcemia.24

Allopurinol (a xanthine oxidase inhibitor that blocks the
metabolism of uric acid) should be started before chemother-
apy to minimize the complications of TLS. The recommended
adult dosage is 300 to 600 mg/day. D.M.’s serum uric acid and
electrolytes should be monitored at least two to three times a
day for 24 to 48 hours after initiating chemotherapy. If severe
abnormalities occur, more aggressive measures should be ini-
tiated. Allopurinol may be discontinued if the serum uric acid
is within normal limits and the WBC count is low. Rasburic-
ase, a recombinant urate oxidase product, can also be used as
prophylaxis in patients who are at high risk of developing TLS
or for the treatment of patients who present with or develop
TLS. Rasburicase acts as a catalyst in the enzymatic oxidation
of uric acid to allantoin, which is five to ten times more soluble
than uric acid and undergoes rapid renal excretion. The recom-
mended dose of rasburicase for both prevention and treatment
of TLS is 0.2 mg/kg/dose. Rasburicase results in a rapid re-
duction in serum uric acid (within 4 hours of administration)
and is generally well tolerated.25 Most of the clinical data for
rasburicase is in the pediatric population; however, data from
compassionate use trials suggest that rasburicase is equally ef-
fective in adults.26,27 Although rasburicase has demonstrated
excellent efficacy and tolerability, its optimal role in the pre-
vention and management of hyperuricemia in adults remains
to be defined because of its high cost and lack of a randomized
trial comparing its effect with other interventions.

Although D.M.’s serum potassium was low on admission, it
has increased significantly as a result of tumor cell lysis. For this
reason, replacement potassium therapy is not recommended
before chemotherapy in patients in whom TLS is highly likely.
In extreme circumstances, dialysis may be required to correct

severe metabolic and electrolyte disturbances associated with
TLS.

Myelosuppression

5. D.M. received allopurinol therapy and aggressive hydra-
tion throughout her induction chemotherapy. The metabolic ab-
normalities gradually resolved as her WBC count declined and
tumor lysis diminished. What other complications may occur dur-
ing induction therapy. Can they be treated?

Patients receiving cytarabine and idarubicin induction
therapy develop profound anemia, granulocytopenia (e.g.,
WBC count <100/mm3) and thrombocytopenia (<20,000
platelets/mm3) shortly after therapy is initiated that persists for
21 to 28 days. All infectious complications must be considered
life threatening in severely immunocompromised patients such
as D.M. (see Chapter 68).

Filgrastim (granulocyte colony-stimulating factor [G-
CSF]) and sargramostim (granulocyte-macrophage colony-
stimulating factor) stimulate leukemic cells as well as normal
granulocyte precursors in vitro; however, several studies have
demonstrated that these agents, when used as an adjunct to
AML chemotherapy, are safe and do not adversely affect dis-
ease outcome.28,29 Most studies have demonstrated that CSFs
can modestly decrease the length of profound neutropenia, and
sometimes reduce the incidence of infection-related morbidity,
the duration of systemic antibiotic and antifungal therapy, and
the number of hospitalization days. Guidelines published by
the American Society of Clinical Oncology recommend that
patients older than 55 years are most likely to benefit from CSF
administration after completion of induction chemotherapy.30

Despite the reduction in short-term complications, adminis-
tration of CSFs after induction chemotherapy does not appear
to have an impact on the rate of complete remissions or the
long-term outcomes of the disease.

Severe thrombocytopenia may result in bleeding episodes
that range in severity from oozing gums to massive GI hemor-
rhage. Serious bleeding complications can usually be avoided if
patients receive platelet transfusions when their platelet counts
decrease to <10,000/mm3 or when patients experience bleed-
ing. Currently, there are no data to support the use of inter-
leukin (IL)-11 (oprelvekin) or investigational thrombopoietic
agents in this setting. Because D.M. is premenopausal, she has
a significant risk of excessive vaginal bleeding if she begins
menstruating while she is thrombocytopenic. The menstrual
cycle can be suppressed with daily, uninterrupted oral con-
traceptives or progesterone (e.g., medroxyprogesterone 10–20
mg/day PO). If spotting occurs, dosages should be increased
until bleeding stops. After D.M.’s platelet count returns to nor-
mal, suppressive therapy can be discontinued.

Other common drug-induced complications that may occur
during induction therapy include nausea and vomiting, mu-
cositis, fever, and skin rash (see Chapters 7 and 89).

Postremission Therapy
Rationale

6. After completion of her induction chemotherapy, D.M.’s
WBC count fell to <100/mm3, and her platelet count fell to
5,000/mm3. She received platelet transfusions approximately
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every 2 to 3 days to prevent bleeding complications. On day 9,
she developed a fever of 38.8◦C. She was started immediately on
empiric, broad-spectrum antibiotic therapy, which resolved her
fever. On day 29, her WBC count was 5,600/mm3 with a normal
differential, and her platelet count was 168,000/mm3. She received
packed RBC transfusions on two separate occasions when her Hct
fell to <30%. A repeat bone marrow aspirate showed no evidence
of persistent leukemia, and D.M. was told that her leukemia was in
remission. Nevertheless, her oncologist recommended additional
chemotherapy, and D.M. questions why this is necessary. Is postre-
mission therapy necessary, and if so, what therapeutic options are
available to D.M.?

Although >60% of patients treated for AML achieve com-
plete remission after induction therapy, the median duration of
the remission is only about 12 to 18 months, and only 20%
to 40% of patients have a DFS exceeding 5 years.10 Short
remissions have been attributed to proliferation of clinically
undetectable leukemic cells. Thus, the rationale for administer-
ing chemotherapy after remission is to eradicate these residual
cells.

In AML, postremission therapy (also referred to as “consol-
idation therapy”) includes two to four cycles of chemotherapy.
Clinical trials have shown that high-dose postremission ther-
apy results in a higher percentage (30%–40%) of long-term
(>2–5 years) diseasefree survivors than either no or low-dose
postremission chemotherapy.31,32 Postremission therapy reg-
imens usually include HiDAC alone or in combination with
one or more agents such as mitoxantrone, idarubicin, or etopo-
side. Patients 60 years of age and older or those with comorbid
disease may not be able to tolerate this intensive postremis-
sion therapy. In these circumstances, the risk of life-threatening
toxicity may outweigh the potential benefits of postremission
chemotherapy. Allogeneic hematopoietic cell transplantation
(HCT) has also been studied in the postremission treatment of
AML and is addressed in Chapter 92.

Administration of chemotherapy (thioguanine, methotrex-
ate) and biologicals (IL-2) for a prolonged period has been
investigated to see if it can prolong survival. This is often re-
ferred to as maintenance therapy. With the exception of APL,
maintenance chemotherapy has not been shown to improve
survival in patients with AML.

High-Dose Cytarabine

7. D.M. does not have any siblings that would be a compat-
ible donor for an allogeneic hematopoietic cell transplant. Con-
sequently, her oncologist recommends three courses of high-dose
cytarabine (HiDAC) as postremission therapy while an unrelated
compatible donor is sought. One week after she was declared to be
in remission, D.M. is readmitted to the hospital to receive cytara-
bine 3 g/m2 Q 12 hr, over 3 hours, on days 1, 3, and 5. What are
the potential acute and delayed toxicities associated with HiDAC,
and how can these effects be prevented?

At conventional dosages of 100 to 200 mg/m2/day, adverse
effects associated with cytarabine include myelosuppression,
fever, and skin rashes. Occasionally, liver enzymes rise tran-
siently. The side effect profile for HiDAC (>1 g/m2/day), how-
ever, is very different and can produce major cerebellar, ocular,
and skin toxicities.33,34

CEREBELLAR TOXICITY
Cerebellar toxicity is a significant problem in patients re-

ceiving HiDAC therapy. See Chapter 89 for details regarding
cytarabine-induced cerebellar toxicity.

OCULAR TOXICITY
Ocular toxicity results from damage to corneal epithelium,

when cytarabine penetrates the epithelium through the anterior
chamber of the eye or tears. Symptoms include conjunctivi-
tis, excessive lacrimation, “burning” ocular pain, photopho-
bia, and blurred vision. Artificial tears (two drops every 4–6
hours) administered concurrently with HiDAC generally pre-
vents these symptoms. Corticosteroid eyedrops should be used
if symptoms of conjunctivitis occur.35

DERMATOLOGIC TOXICITY
Dermatologic toxicity may be manifested as a rash covering

most of the body (similar to that seen with conventional doses)
or plantar-palmar erythema. Desquamation of the palms and
soles can occur with plantar-palmar erythema, causing signif-
icant pain and allowing for pathogenic organisms to enter the
body.

ACUTE LEUKEMIA IN THE ELDERLY

8. Would recommendations for induction and postremission
therapy differ if D.M. were elderly (60 years of age or older)?

The incidence of AML gradually increases with age, with
the median age of affected patients between 65 and 70 years.
Several clinical trials have shown lower complete remission
rates, as well as reduced DFS and overall survival (OS) in pa-
tients older than 55 years. The reason for this is most likely
multifactorial, including a decreased tolerance to chemother-
apy, comorbidities, and compromised organ function, as well
as inherent biological differences between AML in the el-
derly and in younger patients.36 Poor prognostic factors more
common in the elderly include a history of preleukemic
syndrome (myelodysplastic syndrome), poor cytogenetic ab-
normalities, high expression of multidrug-resistant glycopro-
tein MDR1, and prior radiation therapy or chemotherapy.37

Whether the elderly should receive aggressive chemotherapy
is often debated.38 Two studies have evaluated a standard in-
duction regimen versus alternatives of low-dose or palliative
chemotherapy.39,40 Both studies demonstrated superior pro-
longed survival in the standard therapy arms at the cost of
increased treatment-related mortality. It must be taken into
consideration, though, that these studies were performed ap-
proximately 20 years ago and that improvements in supportive
care may significantly improve the treatment-related mortality
observed in these studies. Nevertheless, many oncologists be-
lieve aggressive therapy is warranted in most elderly patients
given the rapid progression of the disease and certain death
within weeks if the disease is not treated.

The decision of postremission therapy is a difficult decision
in elderly patients because they have a higher risk of morbid-
ity and mortality, and, more important, no clinical trials have
demonstrated the benefit of postremission therapy specifically
in the elderly. The intensity of the regimens must often be
attenuated because there is risk of serious toxicities. This is
particularly true with HiDAC therapy due to the increased risk
of cerebellar toxicity in the elderly. Studies have shown that



90-8 � NEOPLASTIC DISORDERS

postremission therapy with low-dose cytarabine (100 mg/m2

by continuous infusion for 5 days) is as effective as HiDAC
and better tolerated in elderly patients.31

Refractory or Resistant Acute Myeloid Leukemia

9. A.W., a 65-year-old man, is 30 days post induction therapy
with 7 + 3. His neutrophil count has been<200/mm3 since day 12.
Bone marrow biopsy reveals 60% blasts, confirming the diagnosis
of refractory AML. What are treatment options for A.W. at this
time?

Given the decreased efficacy and tolerability of myelosup-
pressive chemotherapy in the elderly, novel immunotherapeutic
approaches are being developed. Gemtuzumab ozogamicin, a
humanized anti-CD33 antibody coupled to calicheamicin, an
anthracycline-like toxin, is approved for relapsed or refractory
AML in patients 60 years and older who are not considered
candidates for further cytotoxic chemotherapy.41 CD33 is a
cluster differentiation antigen present on the majority of blast
cells, but not on hematopoietic stem cells. The conjugation of
an anthracycline to the anti-CD33 antibody targets the delivery
of the toxin to the CD33-positive blast cells. A total of 142 pa-
tients participating in open-label trials were treated with gem-
tuzumab 9 mg/m2 on days 1 and 15.41 Gemtuzumab provided
an overall response (OR) rate of 30%. Myelosuppression and
thrombocytopenia appear to be of longer duration compared to
conventional chemotherapy regimens in this setting; however,
it is associated with less nonhematologic side effects such as
mucositis, nausea and vomiting, and alopecia. Infusion-related
adverse events such as rigors, chills, and fever are common and
are severe in approximately 30% of patients. This drug may be
a reasonable alternative to additional chemotherapy for A.W.

CHRONIC MYELOID LEUKEMIA
Signs and Symptoms

10. S.E., a 66-year-old white female, recently had a routine CBC
drawn during her annual checkup. Her CBC showed a WBC count
of 60,000/mm3 with 90% neutrophils, Hct of 32%, and a platelet
count of 300,000/mm3. The only pertinent physical finding was
splenomegaly. A bone marrow aspirate revealed a hypercellular
marrow with less than 10% blasts. Cytogenetic analysis confirmed
a diagnosis of Philadelphia chromosome-positive CML. Explain
S.E.’s high WBC counts. What are the possible clinical conse-
quences of these abnormal values?

[SI units: WBC count, 60 × 106/L with 0.9 neutrophils; Hct, 0.32, platelets

900 × 106/L]

CML is a myeloproliferative disorder characterized by un-
regulated stem cell proliferation in the bone marrow and
an increase in mature granulocytes in the peripheral blood.
Common clinical symptoms on presentation include fatigue,
fever, anorexia, and weight loss. Approximately 50% to 70%
of patients present with a leukocyte count >100,000/mm3.
Symptoms of hyperleukocytosis and hyperviscosity include
priapism, headaches, tinnitus, and cerebrovascular accidents.
On physical examination, the most common abnormal find-
ing is splenomegaly, which results from increased activity of
the reticuloendothelial system to remove increased numbers of

WBCs. Although these symptoms are common, approximately
30% to 40% of patients are asymptomatic at presentation, and
the initial suspicion for CML is based solely on an abnormal
CBC.42

Clinical Course and Prognosis

11. What is the expected disease progression for S.E. and others
with newly diagnosed CML?

The natural history of CML can be divided into three distinct
phases: chronic phase, accelerated phase, and blastic phase.
Early in the disease (chronic phase), patients exhibit leukocy-
tosis and associated symptoms as described previously. Bone
marrow examination and peripheral blood smear reveal <10%
immature blast cells.43 The duration of the chronic phase may
range from a few months to many years. Because symptoms
may be nonspecific and relatively minor, CML may remain un-
diagnosed until patients progress into more advanced stages.
The annual transition rate from chronic phase to accelerated
phase is 5% to 10% in the first 2 years and 20% in subse-
quent years. Common signs and symptoms suggestive of this
transition include increased leukocytosis, anemia, increased
splenomegaly, fever, and bone pain.

During the second phase of the disease, the accelerated
phase, leukocytosis progresses (despite therapy), and an in-
creased number of immature leukocytes (blasts) appear in the
peripheral blood. Patients often report significant symptoms.
The accelerated phase generally lasts <6 weeks. The final
phase of the disease (blastic phase or blast crisis) is charac-
terized by a predominance of immature cells. Bone marrow
examination of the peripheral blood at this time reveals >20%
blasts.43 During this phase, CML is indistinguishable from
AML with the exception of cytogenetics. In blast crisis, pa-
tients often experience bone pain, fatigue, worsening anemia,
infections, and bleeding complications. The blast phase is often
refractory to conventional induction regimens for AML, and
median survival is approximately 5 months.42 Because less
than 10% blast cells are present in S.E.’s bone marrow, she is
in the chronic phase of the disease.

12. What is the significance of the finding of the Philadelphia
chromosome?

The cytogenetic hallmark of CML is the Philadelphia chro-
mosome, which is present in more than 90% of cases. Cy-
togenetic analysis reveals a translocation of chromosomes 9
and 22 t(9;22)(q34;q11).44 This translocation creates a new
protein (BCR-ABL) that has unregulated tyrosine kinase ac-
tivity. The three major mechanisms that have been implicated
in the malignant transformation by unregulated tyrosine kinase
include abnormal cell cycling, inhibition of apoptosis, and in-
creased proliferation of cells.44 Identifying the Philadelphia
chromosome helps confirm the diagnosis of CML and helps
with monitoring the efficacy of treatment.

Treatment

13. What therapy is appropriate for S.E.?

In newly diagnosed patients who present with very high
leukocyte counts (>100,000/mm3), the initial goal of therapy
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is to reduce leukocytosis and its related symptoms.43 Hydrox-
yurea is still the most common agent used for initial leuko-
cyte reduction. Treatment is initiated with 2 g/day PO, and the
dosage is titrated to a WBC count of <20,000/mm3. A small
dosage decrease often permits a considerable rise in leuko-
cyte count in 1 or 2 days. Hydroxyurea is well tolerated and is
relatively free of nonhematologic side effects. Although effec-
tive for initial control of high leukocyte counts, hydroxyurea
is inferior to other treatments for long-term control of CML.

The ultimate goal of therapy for CML is to cure patients of
their disease. The only curative therapy for CML to date is allo-
geneic HCT. The best results are achieved with HLA-matched
related donors; however, HLA-matched unrelated donor trans-
plants in select patients can also yield favorable long-term DFS
rates.45 When patients are transplanted during the blast phase,
only 10% to 20% survive >5 years. If patients are transplanted
during the chronic phase, 50% to 60% are disease free at 5
years.46 The highest rate of prolonged DFS occurs in younger
patients who undergo transplantation within 1 year of initial
diagnosis during the chronic phase.47

Because most patients newly diagnosed with CML are not
transplant candidates because of their age and lack of a suit-
able donor, alternative therapies must be considered. When
cure is not an option, the primary goals of therapy are to
prolong survival, prevent progression of disease, and attain a
complete hematologic and/or cytogenetic remission. The def-
inition of a complete hematologic response is a reduction in
the leukocyte count to <10,000/mm3 and the platelet count to
<450,000/mm3. A cytogenetic response is defined by the per-
centage of cells in metaphase that are positive for the Philadel-
phia chromosome in the bone marrow (Table 90-5).

Imatinib
In May 2001, the U.S. Food and Drug Administration (FDA)
approved imatinib mesylate (Gleevec) for the treatment of pa-
tients with CML. Imatinib is a tyrosine kinase inhibitor that
occupies the adenosine triphosphate binding site of several ty-
rosine kinase molecules and prevents phosphorylation of sub-
strates that are involved in regulating the cell cycle. Imatinib
was initially tested in patients with chronic phase CML who
were refractory to or intolerant of interferon (IFN)-based ther-
apy. Ninety-eight percent of patients receiving 300 mg or more
per day of imatinib achieved a complete hematologic response,
whereas 31% of patients at the same dose achieved a major cy-
togenetic response.48 Imatinib has also shown efficacy in ac-
celerated and blastic phase CML.49,50 These impressive results
set the stage for the pivotal International Randomized Study of
Interferon and STI571 (IRIS) trial, which compared imatinib

Table 90-5 Definition of Cytogenetic Response in Chronic
Myeloid Leukemia

Cytogenetic Responsea Philadelphia (Ph) Chromosome-Positive Cells (%)

Complete 0
Partial 1–35
Minor 36–65
Absent >65

aMajor response is defined as complete or partial responses.

Table 90-6 Response Rates in International Randomized
Study of Interferon and STI571 Trial

% Imatinib % Interferon Plus
Response (N = 553) Cytarabine (N = 553)

Complete hematologic 95.3 (93.2–96.9) 55.5 (51.3–59.7)
Major cytogenetic 85.2 (81.9–88.0) 22.1 (18.7–25.8)
Complete cytogenetic 73.8 (69.9–77.4) 8.5 (6.3–11.1)
Partial cytogenetic 11.4 (8.9–14.3) 13.6 (10.8–16.7)

with the combination of IFN-α plus low-dose cytarabine in
patients with newly diagnosed CML in the chronic phase. A
total of 1,106 patients were randomly assigned to either ima-
tinib (400 mg PO daily) or IFN plus cytarabine.51 For patients
on imatinib, the dose could be escalated to 400 mg BID if no
hematologic response was seen within 3 months or if no cyto-
genetic response was seen within 12 months. All primary and
secondary end points of the trial, including rates of complete
hematologic remission, major and complete cytogenetic re-
sponse, and freedom from progression to the accelerated phase
or blast crisis, demonstrated superiority of imatinib over IFN
plus cytarabine (Table 90-6). Estimated survival rates at 18
months between the two arms were not significantly different
(97.2% vs. 95.1% for imatinib and IFN plus cytarabine, respec-
tively; p = 0.16). The lack of survival difference is most likely
due to a large percentage of patients (89%) in the IFN plus cy-
tarabine arm who crossed over to the imatinib arm due to lack
of efficacy or intolerance to therapy. In addition to superior
efficacy, imatinib was very well tolerated. The most common
toxicities reported with imatinib are superficial edema, nausea,
muscle cramps, and rashes. Only 12% of patients in the ima-
tinib arm discontinued therapy due to adverse events compared
with 33% in the IFN plus cytarabine arm. More mature data
from this trial, with a median follow-up of 60 months, demon-
strated an 89% OS of patients who received imatinib as initial
therapy.52 This landmark trial clearly showed the superiority of
imatinib over IFN plus cytarabine in the treatment of patients
with newly diagnosed CML in chronic phase. Based on these
results, imatinib is now considered the front-line standard of
care for patients with newly diagnosed CML in chronic phase.
Practical management strategies for dosing, treatment and pre-
vention of toxicities, and possible drug interactions have been
reviewed extensively elsewhere.53 The excellent results seen
with imatinib challenge the role of allogeneic stem cell trans-
plantation as front-line therapy. Clinicians and patients must
carefully evaluate the potential risks and benefits of each treat-
ment modality in order to make the best therapeutic decision
for each individual situation.

Relapsed and Refractory Disease

14. On routine follow-up, cytogenetics analysis of S.E.’s bone
marrow demonstrates a rising percentage of Philadelphia
chromosome-positive cells. S.E. has her imatinib dose increased to
400 mg BID. After 3 months at the higher dose, S.E. continues to
demonstrate cytogenetic relapse. A bone marrow biopsy results in
less than 10% leukemic blast cells, demonstrating chronic phase
CML. What available options are there for S.E.?
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Based on the most recent update of the IRIS trial, approxi-
mately 30% of patients initially treated with imatinib will have
to discontinue therapy either due to lack of therapeutic benefit
or intolerable side effects. Dasatinib, an orally available, mul-
titargeted kinase inhibitor that is active against BCR-ABL and
SRC family kinase, has recently been approved for the treat-
ment of CML patients who are refractory to or intolerant of
imatinib. Dasatinib 70 mg BID has demonstrated activity in all
phases of CML.54,55 For patients in chronic phase after failure
to imatinib, complete hematologic and cytogenetics responses
were seen in 90% and 52% of patients, respectively.56 Non-
hematologic toxicities were mild to moderate, and cytopenias
could effectively be managed with dosage reductions.

CHRONIC LYMPHOCYTIC LEUKEMIA
Signs and Symptoms

15. B.R., a 66-year-old male, presents to his physician with a
persistent semiproductive cough and increased fatigue. A rou-
tine CBC revealed an Hgb of 13.0 g/dL, a WBC count of 34,000
mm3 (80% lymphocytes), and a platelet count of 175 × 106/L.
Blood pressure was 120/70 mmHg, heart rate 64 beats/minute,
and respiratory rate 23 breaths/minute. He was afebrile. Physical
examination was unremarkable. He was prescribed azithromycin
for possible community-acquired pneumonia and scheduled for
a return visit in 3 weeks. At that time, his CBC results were
Hgb 13.2 g/dL, WBC count 32,000 mm3 (82% lymphocytes), and
platelets 168 × 106/L. Physical examination was unchanged, the
chest radiograph was clear, and his cough had resolved. B.R. was
referred to a hematologist for evaluation of his persistent lympho-
cytosis. What is the most likely cause of persistent lymphocytosis
in B.R.?

[SI units: Hgb 130 g/L (normal, 135–175); WBC count, 34 × 109/L with 0.8

lymphocytes and 32 × 109/L with 0.82 lymphocytes, respectively (normal,

WBC 4.5–10 with 0.15–0.5 lymphocytes); platelets, 175 × 109/L and 168 ×
109/L (normal, >150)]

CLL is a chronic lymphoproliferative disorder character-
ized by an excess of functionally incompetent B-cell lympho-
cytes derived from a single stem cell clone. CLL should be
included in the differential diagnosis of any adult with persis-
tent lymphocytosis (>5,000 lymphocytes/mm3 in peripheral
blood). Additional causes of lymphocytosis include transient
reactions to acute infections and viruses such as influenza or
mononucleosis, as well as other hematologic malignancies, in-
cluding lymphoma and ALL.

To differentiate between benign and malignant lymphocyto-
sis, examination of the peripheral blood or bone marrow mor-
phology by a hematologist or pathologist may be required.
Patients with CLL commonly have lymphocytosis in both the
peripheral blood and bone marrow, whereas patients with other
disorders have a high percentage of atypical lymphocytes in
the peripheral blood alone. The absence of fever or additional
signs of infection without significant diagnostic or physical
exam findings, together with the presence of mature periph-
eral blood lymphocytes, make CLL the most likely diagnosis
for B.R. Cell surface marker staining (immunophenotyping) is
required, and bone marrow biopsy with aspirate may be useful
to determine the definitive diagnosis.57

Staging and Prognosis

16. Bone marrow examination reveals normal cellularity with
>30% of nucleated cells lymphocytes. The immunophenotype in-
dicates that peripheral blood lymphocytes are predominately B
cells and are positive for CD5, CD19, and CD20. A diagnosis of
CLL is confirmed. What is the usual presentation and prognosis
of CLL? What treatment is indicated at this time? B.R.’s cells
were sent for routine cytogenetic analysis, which revealed a chro-
mosome abnormality (Deletion 11q-). How does this impact his
management?

CLL is the most common type of leukemia in adults, with
more than 15,000 estimated new cases annually.58 CLL is char-
acterized as a disease of the older population. Median age at
diagnosis is 65 years with 90% of patients older than age 50
at diagnosis.59,60 Approximately 40% of patients are asymp-
tomatic at presentation and are diagnosed by routine CBC.59

Predicting the clinical course of CLL remains a challenge as
some patients experience an indolent course with a maintained
quality of life, whereas others experience more aggressive dis-
ease and debilitation. Therefore, survival is variable and de-
pends on the stage of disease at diagnosis. CLL is staged based
on peripheral lymphocyte counts; enlargement of lymph nodes,
liver, and spleen; and the presence of anemia and/or thrombo-
cytopenia. The two most commonly used staging systems in
clinical practice are included in Tables 90-7 and 90-8. B.R.
would be classified as having early stage disease, with a his-
torical median survival of ≥10 years.59,61

An accepted treatment modality for early stage disease in-
cludes a conservative watchful waiting approach. No clear ad-
vantage has been demonstrated in treating asymptomatic pa-
tients in early stage disease with alkylator-based chemotherapy

Table 90-7 Binet Classification

Lymphocytosisa Anemiab Thrombocytopeniac Number of Involved Nodes (Max 5) d Median Survival (Years)

A + – – <3 12
B + – – ≥3 7
C + ± ± Any 2–4

aLymphocytes >5 × 109/L in peripheral blood and >30% of total cells in the bone marrow.
bHemoglobin <11 g/dL in men and <10 g/dL in women excluding immune-mediated etiology.
cPlatelets <100,000 × 109/L.
d Maximum of five—cervical, axillary, inguinal, spleen, and liver–are counted as one area.
Adapted from reference 61.
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Table 90-8 Modified Rai Classification

Risk Stage Lymphocytosisa Anemiab Thrombocytopeniac Lymphadenopathy Hepatomegaly or Splenomegaly Median Survival (Years)

Low 0 + – – – – 10
Intermediate I + – – + – 7

II + – – ± +
High III + + – ± ± 1.5–4

IV + ± + ± ±
aLymphocytes >5 × 109/L in peripheral blood and >30% of total cells in the bone marrow.
bHemoglobin <11 g/dL excluding immune-mediated etiology.
cPlatelets <100,000 × 109/L.
From reference 409.

as compared to deferred treatment.62 The survival of patients
with smoldering CLL is similar to an age- and gender-matched
normal population.63,64 B.R. decides to delay treatment until
he becomes symptomatic.

Biological explanations for the heterogeneity in the clin-
ical course of CLL are under investigation. Recent advances
have led to the discovery of chromosomal abnormalities (Dele-
tions 17p-, 11q-), gene mutations (unmutated immunoglobulin
variable region and p53), and serum or cell surface markers (in-
creased B2-microglobulin, zeta-associated protein-70, and CD
38 expression) that may confer poor prognosis and resistance
to treatment.65–68 Because the clinical practice of risk-adapted
therapy is still evolving, survival estimation or treatment ini-
tiation based on prognostic markers alone cannot be recom-
mended outside a clinical trial.

Treatment

17. B.R. returns to the hematologist every 3 months and does
well for about 2 years. At that time, physical examination re-
veals enlargement of cervical, inguinal, and axillary lymph nodes;
hepatomegaly; and splenomegaly. His lymphocyte count has in-
creased from 32,000/mm3 6 months ago to 68,000/mm3 today. His
Hgb is 11.7 g/dL, and his platelet count is 140 × 106/L. Is treat-
ment now indicated?

[SI units: lymphocyte count, 32 × 109/L and 68 × 109/L, respectively; Hgb,

117 g/L; platelets, 140 × 109/L]

Indications for treatment initiation in CLL include
significant anemia and/or thrombocytopenia, progressive
disease demonstrated by lymphadenopathy, hepatomegaly,
splenomegaly, a lymphocyte doubling time <6 months, persis-
tent B symptoms (fever, night sweats, and weight loss), and re-
current infection. Patient performance status, comorbid condi-
tions, pharmacoecomonic variables, and social support should
all be taken into consideration when selecting treatment. B.R.
should initiate treatment at this time to prevent further deteri-
oration of his hematologic and immune function.

Initial Therapy
CHLORAMBUCIL
Historical therapy for CLL included use of an alkylating

agent, most often oral chlorambucil or cyclophosphamide, with
or without prednisone. A variety of daily and intermittent dos-
ing schedules have been reported. The OR rate to chloram-
bucil was approximately 40% to 60%, but only 3% to 5%

achieved CR.59 Chlorambucil therapy requires dose titration
and frequent monitoring of blood counts and physical findings
to maximize its efficacy and prevent toxicity. Chlorambucil use
has diminished, and the use of purine analogs, including flu-
darabine and cladribine, is more common in clinical practice;
however, chlorambucil remains an option for elderly patients
or those with contraindications to other therapies.

FLUDARABINE
Fludarabine is now considered the single most active agent

in the treatment of CLL. Fludarabine monotherapy at a dose
range of 25 to 30 mg/m2/dose IV × 5 days has shown a 70%
to 80% OR rate, and CR rates of 20% to 30% with increased
progressionfree survival (PFS).69–71 The impact of fludarabine
on OS has yet to be demonstrated. Toxicities associated with
fludarabine are typically mild and include fever, myelosuppres-
sion, and immunosuppression. Increased incidence of infection
and autoimmune hemolytic anemia is also associated with flu-
darabine therapy. Infectious prophylaxis should be considered
in elderly patients and patients with advanced disease or renal
dysfunction.

Fludarabine has been combined with chemotherapy and
monoclonal antibodies, including cyclophosphamide, epiru-
bicin, and rituximab, in an effort to prevent multidrug re-
sistance (MDR) and increase response. Although combina-
tion regimens including fludarabine have demonstrated higher
response rates and PFS, no difference in OS has been consis-
tently demonstrated.72–74 Additional toxicities of the combina-
tion regimen include higher rates of leucopenia, thrombocy-
topenia, nausea, vomiting, and alopecia.

A Cancer and Leukemia Group B trial compared single-
agent fludarabine, single-agent chlorambucil, and the com-
bination of fludarabine and chlorambucil.70 Fludarabine
monotherapy achieved higher CR rates than single-agent chlo-
rambucil (20% vs. 4%, p = 0.001). Patients in the combina-
tion arm experienced more life-threatening toxicities, includ-
ing infectious complication warranting early termination of
this study arm. Patients receiving single-agent fludarabine had
a 29% major infection rate versus 17% in patients treated with
chlorambucil.75

CLADRIBINE
The response to cladribine, a synthetic purine nucleoside,

is superior to chlorambucil with OR and CR rates comparable
to single-agent fludarabine.76 A typical dose and schedule is
10 mg/m2/dose PO on days 1 to 5 monthly or on days 1 to
3 at Q 3 weeks. The toxicity profile is similar to fludarabine.
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Although cladribine in combination with cyclophosphamide
with or without mitoxantrone achieved higher CR rates and
less MDR clones, no significant improvement in OR, PFS, or
OS has been demonstrated.77 A higher percentage of grade 3/4
neutropenia was seen with the combination regimens.

RITUXIMAB
Rituximab is a chimeric human-murine anti-CD20 mono-

clonal antibody. The CD20 surface antigen is expressed on
a high percentage of CLL cells. Rituximab monotherapy as
initial therapy for untreated patients at a dose of 375 mg/m2

yielded OR and CR rates lower than those seen with cytotoxic
therapy with a disappointing duration of response.78 There-
fore, rituximab therapy is reserved for combination therapy
with cytotoxic agents and/or monotherapy maintenance after
a CR has been achieved. The optimal dose and schedule for
maintenance rituximab therapy is yet to be determined. All
patients should be pretreated with acetaminophen and diphen-
hydramine to prevent a cytokine release reaction associated
with rituximab infusion. Rituximab should be omitted from the
first cycle of therapy or administered in a split dosing schedule
when the absolute lymphocyte count is >25,000.79 The rate of
infusion should be titrated as tolerated to a maximum of 400
mL/hour. In addition, allopurinol may be required to prevent
TLS.

A regimen of particular interest for initial treatment is the
combination of fludarabine, cyclophosphamide, and rituximab
(FCR). In a study of 224 patients with various stage CLL, pa-
tients were treated with fludarabine 25 mg/m2 IV × days 1
to 3, cyclophosphamide 250 mg/m2 IV × days 1 to 3, and ri-
tuximab 375 mg/m2 IV × day 1 of cycle 1 escalated to 500
mg/m2 in subsequent cycles. All patients received prophylaxis
against Pneumocystis (carinii) jiroveci pneumonia (PCP), her-
pes simplex, and herpes zoster. CR was attained by 70% of
patients.73 Toxicity of this regimen included infusion, related
reactions, nausea, vomiting, and myelosuppression. Grade 3/4
neutropenia was noted in 52% of treatment courses, with a
major infection rate of 2.6%.

ALEMTUZUMAB
Alemtuzumab is another humanized conjugated anti-CD52

monoclonal antibody that has been used in CLL. Initial doses
of 3 mg, titrated to 10 mg, and, ultimately, 30 mg were ad-
ministered either subcutaneously or intravenously three times
weekly. Although the role of alemtuzumab in first-line ther-
apy is still under investigation, CR rates of approximately 20%
and OR rates of 80% to 87% have been reported.80,81 Tox-
icities associated with alemtuzumab include infusion-related
reactions (rigors, fever, dyspnea), neutropenia, and infectious
complications.82,83 The role of alemtuzumab maintenance fol-
lowing cytotoxic therapy is also under investigation.84

18. B.R. receives FCR as initial CLL therapy. After the third
cycle, he has complete regression of his lymphadenopathy and
hepatosplenomegaly, and his lymphocyte count decreases to
8,000/mm3. B.R. comes to clinic 2 years after completion of ther-
apy. A CBC is obtained that reveals WBC count 55,000 mm3

with 70% lymphocytes, Hgb of 10 g/dL, and platelet count of
90 × 109/L. On physical examination, B.R. is found to have some
cervical, inguinal, and axillary lymphadenopathy with no palpa-
ble splenomegaly. He complains of excessive fatigue and fever.

A 2-month trial of oral chlorambucil is tried with no change
in WBC count, lymphadenopathy, or symptoms. What therapies
may be helpful to B.R. at this point?

[SI units: WBC count, 55 × 109/L; Hgb 100 g/L; platelets, 90 × 109/L]

Salvage Therapy
Second-line therapy should be selected based on criteria similar
to those used for initial management. Relapsed patients are
classified as fludarabine naive, fludarabine sensitive (relapse
more than 6 months post treatment), or fludarabine refractory.

Fludarabine Naive and Fludarabine Sensitive
In a follow-up of 91 patients receiving salvage therapy af-
ter relapse, approximately 20% of patients achieved CR with
either fludarabine monotherapy or a fludarabine combination
regimen. Four of the five CRs reported with a fludarabine com-
bination regimen used the combination of fludarabine and cy-
clophosphamide. In contrast, only 1 of the 28 patients receiving
nonfludarabine regimens achieved CR.69 Patients who failed
to respond to initial fludarabine treatment did not respond to
salvage treatment with a fludarabine-based regimen. In a sub-
sequent study, the combination of FCR achieved a CR in 25%
(45/177) of patients who had received at least one prior reg-
imen. The majority of patients, 82% (145/177), had received
prior fludarabine therapy. The estimated median OS was longer
than historical data, although this remains to be confirmed.85

Fludarabine Refractory
Alemtuzumab has been FDA approved for the treatment of
refractory CLL. The OR rate is approximately 30%, with a 0%
to 2% CR rate and an OS of 16 to 27.5 months.86,87 Activity
has been demonstrated in patients who relapsed after or were
refractory to alkylator or purine analog therapy, including those
with the 17p- cytogenetic mutation, which is associated with
resistance to most cytotoxic agents.88 Alemtuzumab is least
effective in patients with bulky (>5 cm) disease.89

Major toxicities of alemtuzumab include infusion-related
events, infections, and cytopenias. The occurrence of oppor-
tunistic infections, including PCP and cytomegalovirus (CMV)
in as many as 15% to 25% of patients treated with alem-
tuzumab, warrants the use of prophylactic therapy. An in-
creased risk of infection occurs 3 to 8 weeks post treatment,
which corresponds to the T cell nadir. Viral prophylaxis should
be continued for at least 2 months after completion of therapy
and bacterial prophylaxis until the CD4 count is at least ≥200
cells/μL.90,91

Younger patients (age younger than 55 years) with re-
lapsed disease or high-risk features may benefit from autol-
ogous or allogeneic HCT. Both clinical and molecular remis-
sions have been reported following autologous HCT, although
no plateau in the OS curves has been demonstrated.92 No
prospective randomized trial comparing autologous HCT ver-
sus chemotherapy for poor prognosis patients has been con-
ducted. Allogeneic HCT is the only curative treatment for
CLL to date. However, the high risk of treatment-related mor-
bidity and mortality must be considered. Patients with re-
lapsed CLL after fludarabine therapy or with high-risk fea-
tures should be referred for an HCT consultation to determine
candidacy.
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Infectious Complications

19. Six weeks after the initiation of alemtuzumab, B.R. com-
plains of progressive shortness of breath and fever. On ques-
tioning, he reveals that he quit taking his trimethoprim/
sulfamethoxazole and valacyclovir because “I felt fine.” X-ray
of the chest reveals bilateral infiltrates. B.R. is admitted to the
hospital for further evaluation and treatment. A CBC reveals a
WBC count of 22,000/mm3 with 80% lymphocytes and an abso-
lute neutrophil count of 800/mm3, Hgb of 11 g/dL, and platelet
count of 70 × 109/L. Quantification of serum immunoglobulins
reveals profound hypogammaglobulinemia. What are the possible
causes of B.R.’s pneumonia, and what treatment is indicated?

[SI units: WBC count, 22 × 109/L; Hgb 110 g/L; platelets, 70 × 109/L]

Infections contribute significantly to morbidity and mortal-
ity in CLL. Immunoglobulin deficiency, abnormal T-cell func-
tion, and neutropenia contribute to the increased rate of both
common and opportunistic infections.93 Opportunistic infec-
tions (OIs) associated with alemtuzumab therapy include PCP,
invasive fungal infections, viral infections, and listeria. The
most commonly reported OI associated with alemtuzumab
is CMV reactivation. The use of supplemental intravenous
immune globulin (IVIg) is controversial, particularly in the
setting of acute infection due, in part, to high cost.94 How-
ever, in patients with low immunoglobulin levels and recurrent
infections requiring hospitalization, supplementation can be
recommended.93 Hospitalization for broad-spectrum antimi-
crobials for neutropenic fever and a thorough workup for op-
portunistic etiologies is warranted for B.R. Because B.R. has a
significant pulmonary infection requiring hospitalization with
a documented hypogammaglobulinemia, IVIg therapy may be
considered if his condition worsens.

NON–HODGKIN LYMPHOMA
Clinical Presentation

20. R.G., a 39-year-old female, presents with complaints of
swollen lymph nodes and occasional fevers and night sweats over
the past month. Physical examination reveals marked cervical,
supraclavicular, and inguinal lymphadenopathy >2 cm. Labora-
tory values are normal with the exception of a mild anemia (Hgb,
11 g/dL) and a slightly elevated LDH. HIV and hepatitis B sur-
face antibody and antigen are negative. Excisional biopsy of a
supraclavicular lymph node and immunophenotyping confirms a
diagnosis of diffuse large B-cell (DLBC) lymphoma. Flow cytome-
try is positive for CD20, CD22, CD38, and CD45 surface markers.
How does this type of lymphoma differ from other types of NHL?

Lymphomas are a heterogeneous group of disorders that
arise from malignant transformation of lymphocytes (B cells,
T cells, or natural killer [NK] cells) in the lymphoid system.
Approximately 63,000 new cases of NHL are diagnosed annu-
ally, making it the fifth most common new cancer in both men
and women in the United States.58 More than 80% of NHL are
B-cell neoplasms, with follicular lymphoma and DLBC as the
most common subtypes.3

Hundreds of lymph nodes designed to process antigens
present in the lymphatic fluid can be found throughout the
body. Lymph nodes consist of a capsule, cortex, medulla, and
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FIGURE 90-1 Sites of origin of malignant lymphomas in a lymph node
according to anatomical and functional compartments of the immune
system. CLL, chronic lymphocytic leukemia; F, follicles, or germinal cen-
ters; MC, medullary cords; PC, paracortex, or interfollicular areas; S,
sinuses.

sinuses with anatomical and functional compartments, such
as follicular (germinal) centers, follicular mantle, and inter-
follicular and medullary areas (Fig. 90-1). The growth pattern
of lymphoma is described as follicular when malignant B cells
take over normal germinal centers of lymph follicles. When the
normal architecture of the lymph node is totally replaced by a
uniform population of neoplastic lymphocytes, the growth pat-
tern is described as diffuse. Other morphologic features, such
as cell type, size, and appearance are determined to establish
the specific subtype of NHL and are helpful in determining the
best treatment.95

Patients with slow-growing indolent lymphomas such as
follicular or marginal zone lymphoma typically present with
painless generalized lymphadenopathy that can be either tran-
sient or persistent. Presentation of fast-growing aggressive
lymphomas, such as DLBC, is variable; most patients present
with lymphadenopathy and extranodal involvement. The most
common extranodal sites include the GI tract, skin, bone mar-
row, sinus, or central nervous system. Fever (>38◦C), night
sweats, and weight loss (>10% of body weight over 6 months)
are defined as B symptoms and may be associated with more
advanced or aggressive disease. Approximately one-third of
patients with aggressive lymphomas will report B symptoms.96

Numerous classification systems have been used to cate-
gorize this diverse group of malignancies. One of the early
classification systems was the WF, which classified NHLs into
three broad groups (low, intermediate, and high grade) based
on their morphology and clinical behavior. The REAL classifi-
cation includes morphology, immunophenotype, cytogenetics,
and clinical information. Clinical groupings—indolent, ag-
gressive, and highly aggressive lymphomas—were added as
part of the REAL classification (Table 90-9).97,98 The WHO
updated the REAL classification, including additional disease
categories and removing clinical groupings (Table 90-10).98

For the purpose of this text, the grouping of indolent, aggres-
sive, and highly aggressive will be used. R.G. has DLBC lym-
phoma, which can be classified as an intermediate-grade lym-
phoma (WF), aggressive (REAL), and mature B-cell neoplasm
(WHO).



90-14 � NEOPLASTIC DISORDERS

Table 90-9 Clinical Groupings Based on REAL Classification

B-Cell Neoplasm T-Cell and NK Cell Neoplasm

Indolent Lymphomas (Untreated survival is years)

Indolent Disseminated Lymphomas/Leukemias
� B-cell CLL/SLL/PLL
� Lymphoplasmacytic lymphoma
� Splenic marginal zone lymphoma
� Hairy cell leukemia
� Plasmacytoma/myeloma

� T-cell CLL/PLL
� Large granular lymphocyte leukemia

Indolent Extranodal Lymphomas
� Extranodal marginal zone
� Mucosa-associated lymphoid tissue (MALT)

� Mycosis fungoides

Indolent Nodal Lymphomas
� Marginal zone
� Follicular center
� Mantle cell

Aggressive Lymphomas (Untreated survival is months)

� Diffuse large B cell � Anaplastic large cell
� Peripheral T cell

Highly Aggressive Lymphomas/Leukemias (Untreated survival is weeks)

� Precursor B lymphoblastic
� Burkitt lymphoma

� Precursor T lymphoblastic blastic NK cell lymphoma
� Adult T-cell lymphoma
� Human T-cell leukemia virus type I

CLL, chronic lymphocytic leukemia; SLL, small lymphocytic lymphoma; PLL, prolymphocytic leukemia.
Adapted from reference 97.

Staging and Prognosis
Lymphoma is staged based on its distribution and the number
of involved sites; presence or absence of extranodal involve-
ment and constitutional symptoms using the Ann Arbor Stag-
ing Classification (Table 90-11).99 In general, stage I or II is
referred to as limited disease, whereas stage III or IV is con-
sidered advanced disease. The majority of patients with NHL
present with advanced-stage disease. Due to the wide range of
outcomes in patients with lymphoma, even within histologic
subtypes, factors that predict both response to treatment and
outcomes are used to determine overall prognosis and need for
aggressive therapy. The International Prognostic Index (IPI)
was designed to determine predictors of survival for aggres-
sive lymphomas (Table 90-12). An age-adjusted model for pa-
tients younger than 60 years has also been developed (Table
90-13).100 R.G. has advanced stage IIIB disease, an aggressive
lymphoma with a high/intermediate IPI; therefore, she will re-
quire treatment with systemic chemotherapy. Patients with a
high-intermediate IPI have a 50% chance of being cured with
standard therapy.96

Treatment
Aggressive Lymphomas

21. R.G. had a consultation with a hematologist, and several
treatment options were discussed. R.G. elected to receive combi-
nation chemotherapy consisting of cyclophosphamide, doxoru-
bicin, vincristine, and prednisone with rituximab (R-CHOP)

every 21 days for six to eight cycles. She will then be referred to a
radiation oncologist to determine whether she will receive addi-
tional benefit from radiation therapy. Is this considered standard
therapy? What information should be included in her medication
counseling?

Aggressive and highly aggressive lymphomas are poten-
tially curable. Patients with nonbulky (<10 cm) localized stage
I/II disease without B symptoms were typically treated with
cyclophosphamide, doxorubicin, vincristine, and prednisone
(CHOP) for three to eight cycles with or without radiother-
apy. For patients with advanced disease; defined as bulky
stage II or stage III/IV disease, CHOP for six to eight cy-
cles had been established as the standard of care with a CR
rate of 58%.101 Phase II trials comparing CHOP versus other
regimens (m-BACOD, MACOP-B, ProMACE-CytaBOM) ap-
peared promising; however, phase III data showed no difference
in CR rate or 3-year survival. Increased toxicities, including fa-
tal toxicity, was described in the non-CHOP arms.102,103

The effect of dose intensity (reduction of treatment interval
from 3 weeks to 2 weeks) on response was investigated in a
study of patients ages 61 to 75 years comparing CHOP every
14 days with traditional CHOP every 21 days. A significant
(p <0.05) increase in CR, 5-year eventfree survival (EFS) and
5-year OS was observed in the every 14-day CHOP arm.104

Growth factor support with G-CSF was required in the every
14-day arm to prevent treatment delay. These results were not
reproducible in patients ages 18 to 60 years.105

More recently, the Groups d’Étude des Lymphomas de
l’Adult compared the 5-year follow-up of CHOP to R-CHOP in
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Table 90-10 Proposed World Health Organization
Classification of Lymphoid Neoplasms

B-cell neoplasms
Precursor B-cell neoplasm

Precursor B-lymphoblastic leukemia/lymphoma (precursor
B-cell acute lymphoblastic leukemia)

Mature (peripheral) B-cell neoplasmsa

B-cell chronic lymphocytic leukemia/small lymphocytic
lymphoma

B-cell prolymphocytic leukemia
Lymphoplasmacytic lymphoma
Splenic marginal zone B-cell lymphoma ( ± villous lymphocytes)
Hairy cell leukemia
Plasma cell myeloma/plasmacytoma
Extranodal marginal zone B-cell lymphoma of MALT type
Nodal marginal zone B-cell lymphoma ( ± monocytoid B cells)
Follicular lymphoma
Mantle cell lymphoma
Diffuse large B-cell lymphoma

Mediastinal large B-cell lymphoma
Primary effusion lymphoma

Burkitt lymphoma/Burkitt cell leukemia
T-cell and NK cell neoplasms

Precursor T-cell neoplasm
Precursor T lymphoblastic lymphoma/leukemia (precursor

T-cell acute lymphoblastic leukemia)
Mature (peripheral) T-cell neoplasmsa

T-cell prolymphocytic leukemia
T-cell granular lymphocytic leukemia
Aggressive NK cell leukemia
Adult T-cell lymphoma/leukemia (HTLV1+)
Extranodal NK/T-cell lymphoma, nasal type
Enteropathy-type T-cell lymphoma
Hepatosplenic gamma-delta T-cell lymphoma
Subcutaneous panniculitislike T-cell/lymphoma
Mycosis fungoides/Sézary syndrome
Anaplastic large cell lymphoma, T-/null cell, primary cutaneous type
Peripheral T-cell lymphoma, not otherwise characterized
Angioimmunoblastic T-cell lymphoma
Anaplastic large cell lymphoma, T-/null cell, primary systemic

type
Hodgkin lymphoma (Hodgkin disease)

Nodular lymphocyte-predominant Hodgkin lymphoma
Classical Hodgkin lymphoma

Nodular sclerosis Hodgkin lymphoma (grades 1 and 2)
Lymphocyte-rich classical Hodgkin lymphoma
Mixed cellularity Hodgkin lymphoma
Lymphocyte depleted Hodgkin lymphoma

Note. Only major categories are included. Subtypes and variants are discussed in the
WHO book.410 Common entities are shown in boldface type.
aB- and T-/NK cell neoplasms are grouped according to major clinical presentations
(predominantly disseminated/leukemic, primary extranodal, predominantly nodal).
MALT, mucosa-associated lymphoid tissue; NK, natural killer; HTLV1+, human
T-cell leukemia virus.
From reference 98.

Table 90-11 Ann Arbor Staging Classification of Lymphoma

Same Side of Extranodal
Stage Number of Lymph Nodes Diaphragm Disease

I Single N/A –
II Multiple + –
III Multiple – –
IV Multiple ± +
Additional Nomenclature

A Absence of B symptoms
B Presence B symptoms
E Extranodal disease
X Bulky disease (>10 cm)

N/A, not applicable.
From reference 411.

Table 90-12 International Prognostic Index

Number of 5-Year Survival
Risk Factors Risk Group Risk Factors Rate (%)

All patients
Age ≥60 years
LDH >normal
Performance

status ≥2
Ann Arbor

stage III/IV
Extranodal

involvement
>1 site

Low 0–1 73

Low-intermediate 2 51
High-intermediate 3 43
High 4–5 26

Adapted from reference 100.

Table 90-13 Age-Adjusted International Prognostic Index

Number of 5-Year Survival
Risk Factors Risk Group Risk Factors Rate (%)

Age ≤60 years
LDH >normal
Performance

status ≥2
Ann Arbor

stage III/IV

Low 0 83

Low-intermediate 1 69
High-intermediate 2 46
High 3 32

From reference 100.
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newly diagnosed DLBC patients ages 60 to 80 years. Rituximab
is a chimeric human monoclonal antibody to the B-cell surface
antigen CD20. Although the exact mechanism is unknown,
rituximab is believed to induce lysis through complement-
mediated destruction, antibody-dependent cytotoxicity, and in-
duction of apoptosis working in synergy with chemotherapy.106

EFS, progressionfree survival (PFS), DFS, and OS was higher
in the R-CHOP arm. No additional significant long-term toxic-
ity was apparent.107 Because these results have been confirmed
in both young and elderly patients, R-CHOP has become the
standard of care in the United States.108,109

The standard dose of rituximab is 375 mg/m2 given intra-
venously in a variety of dosing schedules. The first infusion
should be administered at a rate of 50 mg/hour and can be
increased every 30 minutes to a maximum of 400 mg/hour.
Subsequent infusions can be initiated at a rate of 100 mg/hour
and increased to 400 mg/hour as tolerated. An infusion-related
complex consisting of fever, chills, and rigors may occur dur-
ing rituximab infusion, necessitating premedication. Other less
common infusion-related symptoms include nausea, urticaria,
pruritus, bronchospasm, angioedema, and hypotension. These
reactions generally occur within 30 minutes to 2 hours from
the start of the infusion (typically, the first dose) and resolve if
the infusion is slowed or interrupted. Another less common side
effect associated with rituximab is TLS, which occurs mostly
in patients with a high number of circulating CD20-positive
cells.110

Safety precautions prior to administration of the CHOP
regimen include documentation of a normal cardiac ejec-
tion fraction (EF) and a baseline peripheral neuropathy as-
sessment. Antiemetics should be given prior to administra-
tion to prevent nausea or vomiting, and a bowel regimen
should be initiated to prevent constipation. Prophylaxis against
febrile neutropenia with G-CSF post chemotherapy should be
considered.

22. R.G. has a CR to R-CHOP therapy demonstrated by restag-
ing studies performed after her third and sixth cycle of treatment.
Every 3 months, she has a follow-up examination for disease re-
currence. At her 15-month follow-up visit, she has radiographic
evidence of disease recurrence in her abdomen. What treatment
options are available to R.G. at this time?

High-dose chemotherapy immediately followed by autolo-
gous HCT should be considered for patients who relapse af-
ter conventional chemotherapy. Salvage chemotherapy regi-
mens are administered prior to transplant to assure the dis-
ease is sensitive to additional cytotoxic therapy. Regimens
use non cross-resistant agents such as ICE (ifosfamide, car-
boplatin, etoposide) ± rituximab, DHAP (dexamethasone,
cytarabine, cisplatin) ± rituximab, and ESHAP (etoposide,
methylprednisolone, cytarabine, cisplatin) ± rituximab. Pa-
tients who have responded to conventional therapy and demon-
strated chemosensitive disease at relapse have the best outcome
from HCT. Transplant is not recommended as initial therapy or
for those with chemorefractory disease.111 Allogeneic trans-
plant should be reserved for those who have relapsed after
autologous SCT, and the risk–benefit profile should be consid-
ered. R.G. received three cycles of R-ICE chemotherapy, and
then her stem cells were collected for autologous HCT.

23. How does treatment differ for highly aggressive NHL?

Highly aggressive NHL, such as lymphoblastic or Burkitt
lymphoma, progresses very rapidly and commonly metasta-
sizes to the CNS.95 The majority of adult patients can be
cured with aggressive combination therapy. Regimens such
as R-CHOP may not be intensive enough to prevent progres-
sion between cycles of therapy. Therefore, regimens similar
to those for ALL are used because they provide more contin-
uous exposure to more intensive chemotherapy. The hyper-
CVAD regimen (hyperfractionated cyclophosphamide, vin-
cristine, doxorubicin, and dexamethasone, alternating with
high-dose methotrexate and cytarabine) has a CR rate of
91%.112 These regimens must include CNS prophylaxis with
intrathecal methotrexate or cytarabine.95 These patients are at
increased risk for TLS and should be treated with allopurinol,
vigorous IV hydration, and electrolytes.

Indolent Lymphoma
CLINICAL PRESENTATION

24. D.J. is a 64-year-old male who presents to his physician com-
plaining of low-grade fevers and a constant “bloated feeling,” de-
spite taking over-the-counter aluminum hydroxide and famoti-
dine. He was otherwise asymptomatic, denying recent weight loss
or night sweats. On physical examination, axillary adenopathy
was found. An excisional biopsy and pathological examination
revealed CD20-positive follicular B-cell lymphoma. CT scans of
the chest, abdomen, and pelvis showed axillary and mediastinal
lymphadenopathy. What are appropriate treatment options at this
time?

The goal of therapy for indolent lymphomas is typically
palliative because few patients will be cured of disease. How-
ever, the progression of the disease is typically very slow, and
median survival is 8 to 12 years after diagnosis.96 Treatment
of localized disease, defined as nonbulky stage I or II, includes
radiation with or without systemic therapy. Approximately half
of the patients with localized disease will remain lymphoma
free at 10 years with radiation therapy alone.96 The addition of
chemotherapy has not been shown to improve OS.88

Treatment for advanced disease (bulky stage II, stage III,
or IV) is individualized based on age, performance status, co-
morbid disease states, disease progression, and future trans-
plant possibility. The choice for initial therapy is controversial
because observation alone has been associated with a 5-year
survival of more than 75%.113 Most experts advocate treat-
ing these patients only after they become symptomatic. Cal-
culation of the Follicular Lymphoma International Prognostic
Index (FLIPI) score may also guide treatment decisions (Ta-
ble 90-14). D.J.’s disease is stage II with a low-intermediate
FLIPI score for which he decides to pursue localized radia-
tion therapy and to delay systemic therapy until he becomes
symptomatic.

TREATMENT

25. D.J. remains asymptomatic for 3 years. At this time, he
develops abdominal and splenic lymphadenopathy, night sweats,
and weight loss over a 2-month period. What treatment options
are available for D.J.?
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Table 90-14 Follicular Lymphoma International Prognostic
Index (FLIPI criteria)

Number of 10-Year Overall
Risk Factors Risk Group Risk Factors Survival (%)

All patients
Age >60 years

Low 0–1 70

LDH >normal
Hemoglobin

<12 g/dL

Low-intermediate 2 50

Ann Arbor stage
III or IV

Extranodal
involvement
>5 sitesa

High >3 35

aNodal sights include cervical, axillary, mesenteric, inguinal, mediastinal, and
para-aortic.
Adapted from references 412 and 413.

Chemotherapy options include single-agent rituximab with
a CR rate of 15% and OR rate of 64%, which may be ex-
tended by maintenance rituximab.114 No improvement in OS
has been reported. Rituximab, in combination with chemother-
apy regimens such as CHOP or cyclophosphamide, vincristine,
and prednisone (CVP), achieve higher CR rates and ex-
tend the duration of response.115,116 Other options include
purine analogs alone or in combination, such as FND (flu-
darabine, mitoxantrone, dexamethasone) with or without ri-
tuximab, or oral alkylating agents such as chlorambucil or
cyclophosphamide.88,117 The National Comprehensive Can-
cer Network practice guideline recommends treatment with
a rituximab-containing regimen unless contraindicated, al-
though definitive evidence supporting a survival advantage is
lacking.88 A cardiac echocardiogram reports D.J.’s EF as 40%.
Therefore, a nonanthracycline-containing regimen (R-CVP)
was selected.

26. D.J. is 6 years out from his initial diagnosis. His disease was
stable for 2 years after treatment with R-CVP. However, his most
recent CT scan shows progression of his disease. The decision is
made to administer single-agent rituximab to D.J. His daughter
read on a lymphoma website that rituximab has been combined
with radiation (radioimmunotherapy) and transplantation. She
asks if these options would be appropriate for D.J.

Relapsed disease is treated with the same modalities as first-
line treatment. Retreatment with rituximab has been found to
be efficacious without additional toxicities.118 Radioimmuno-
conjugates are monoclonal antibodies (rituximab) linked to ra-
dioisotopes that target CD20-positive lymphoma cells, which
deliver local radiation therapy. Although radioimmunotherapy
may be used first line, it is most often used in the setting of re-
lapsed disease.119,120 Both iodine-131 (131I) tositumomab and
yttrium-90 (90Y) ibritumomab tiuxetan have been developed to
treat follicular lymphomas. Both contain anti-CD20 antibod-
ies with β-emitting radioisotopes. 131I tositumomab also emits
gamma irradiation.

Patients are candidates if they have <25% bone marrow
involvement and >100 × 109/L platelets due to the significant
hematologic toxicity associated with radioimmunotherapy. Re-
sponse rates are higher than those seen with rituximab therapy
alone. However, due to the complicated administration and
high cost, this treatment has not been widely used clinically.
131I tositumomab patients should receive saturated solution of
potassium iodide (two drops PO TID) at least 24 hours before
the first dose is administered. This should be continued for 14
days after therapy to protect the thyroid gland. Because there
are low-level radiation exposure is a concern, patients receiving
either agent should be counseled to properly dispose of body
fluids, carefully attend to personal hygiene, and limit their so-
cial contact for up to 7 days after administration. Hematologic
toxicity can occur 7 to 9 weeks after administration, with a
median duration of neutropenia and thrombocytopenia of ap-
proximately 3 weeks.119

High-dose chemotherapy followed by autologous HCT has a
higher PFS and OS than standard therapy (RCHOP or other).121

Patients in second remission should be referred for trans-
plant evaluation. Use of radioimmunoconjugates as part of the
preparative regimen prior to autologous HCT has also been
explored.122 Allogeneic or reduced intensity allogeneic HCT
are additional options but require careful patient selection due
to high risk of morbidity and mortality.123 D.J. is not a trans-
plant candidate because of his advanced age and EF.

HODGKIN LYMPHOMA
Clinical Presentation and Prognosis

27. J.R. is a 55-year-old man with complaints of painless
swelling around his collarbone, fever, night sweats, cough, and
an unintentional 20-lb weight loss over the past 6 months. X-
ray of the chest revealed a mediastinal mass, and a CT scan of
the neck, chest, abdomen, and pelvis confirmed cervical and me-
diastinal lymph node enlargement, as well as multiple enlarged
lymph nodes in the perisplenic and inguinal areas. A bone mar-
row biopsy was positive for lymphoma cells. Excisional biopsy of
the cervical lymph node revealed nodular sclerosis Hodgkin lym-
phoma with Reed-Sternberg cells. Is this a typical presentation
for Hodgkin lymphoma? What is J.R.’s prognosis?

Hodgkin lymphoma (or HD) can occur at any age and repre-
sents <1% of all cancers in the United States. Presentation can
be limited to a single lymph node or to an extralymphatic organ
or site, or it can involve multiple lymph nodes and extralym-
phatic organs. The WHO classification of Hodgkin lymphoma
is shown in Table 90-10. Nodular sclerosis Hodgkin lymphoma
is the most common subtype and represents about two-thirds of
cases. The Ann Arbor staging system for lymphomas is shown
in Table 90-11.99 J.R. has lymphadenopathy above and below
the diaphragm and bone marrow involvement; therefore, he has
stage IV disease. He has also been experiencing constitutional
B symptoms (i.e., fever, night sweats, weight loss), which are
designated by the letter B in the staging system. Hodgkin lym-
phoma is one of the few malignancies that is typically curable,
even in the advanced stages. An analysis of patients with up
to seven prognostic factors showed 5-year diseasefree progres-
sion of 42% to 82%.124
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Treatment

28. J.R. is scheduled to begin chemotherapy with the ABVD
(doxorubicin [Adriamycin], bleomycin, vinblastine, and dacar-
bazine) regimen. Is this the optimal initial treatment?

Multiple combination chemotherapy regimens have been
developed; however, none have demonstrated superiority
to ABVD in patients with advanced Hodgkin lymphoma.
Other regimens evaluated include MOPP (mechlorethamine,
vincristine, procarbazine, and prednisone), BEACOPP
(bleomycin, etoposide, doxorubicin, cyclophosphamide, vin-
cristine, procarbazine, and prednisone), and the Stanford V reg-
imen (mechlorethamine, doxorubicin, etoposide, vincristine,
vinblastine, bleomycin, and prednisone). In direct compari-
son with MOPP, ABVD has been shown to have an improved
OS and a lower risk of both short- and long-term toxici-
ties, including myelosuppression, infertility, and secondary
leukemias.125–127 Although promising results have been ob-
tained with BEACOPP and Stanford V, they have not been com-
pared with ABVD in well-designed, long-term studies evalu-
ating survival and toxicity.

Hodgkin lymphoma is a chemotherapy-sensitive disease,
and administration of full doses given on schedule is criti-
cal. Cycles of ABVD are given every 28 days, and all pa-
tients should continue treatment for two cycles beyond doc-
umentation of complete remission for a total of six to eight
cycles. A significant toxicity associated with ABVD use is
bleomycin-induced lung injury. Patients should be monitored
for pulmonary symptoms and/or abnormal pulmonary function
tests or x-rays of the chest. If any of these occur, bleomycin
should be discontinued from further treatment. The deletion of
bleomycin from ABVD in patients who have pulmonary com-
plications does not appear to reduce long-term survival.128

Traditionally, all histologic subtypes of Hodgkin lymphoma
have been treated in a similar fashion, and this remains
the standard of care. One exception is nodular lymphocyte-
predominant Hodgkin lymphoma (LPHL), which overex-
presses CD20. Selected patients who are not candidates for
standard chemotherapy may benefit from rituximab.129 The
future role of rituximab in combination treatment of LPHL re-
mains to be determined, and these patients should be referred
to ongoing clinical trials.

Relapsed Disease

29. J.R. achieved a complete remission and received a total of
six courses of full-dose ABVD. Two years after completion of
chemotherapy, a routine follow-up x-ray of the chest revealed en-
larged lymph nodes, which were subsequently biopsied and found
to be recurrent disease. What treatment should J.R. receive?

Patients with relapsed Hodgkin lymphoma have two main
treatment options: salvage chemotherapy with or without ra-
diation therapy, or high-dose chemotherapy with autologous
stem cell support. Prognostic and patient-specific factors de-
termine which avenue is optimal. Patients whose recurrence
occurs in less than 1 year following initial therapy and have
stage III or IV disease at relapse need more aggressive therapy
if age and performance status permit.130 Because it has been
more than 1 year since he completed initial chemotherapy and

he does not have stage III or IV disease, J.R. should be offered
salvage chemotherapy. Regimens such as ESHAP, DHAP, or
ICE could be considered, along with others. DFS for patients
who relapse 1 year or later after initial therapy and are treated
with salvage chemotherapy is 45% at 20 years.131

MULTIPLE MYELOMA
Clinical Presentation

30. Z.C. is a 59-year-old man who presents with low back pain
that has increased over the past month and fatigue. He has been
self-medicating his back pain with over-the-counter nonsteroidal
anti-inflammatory drugs (NSAIDs), but has achieved little relief.
Plain films of the spine show a compression fracture at the L1
level. Further workup reveals hemoglobin (Hgb) of 9 g/dL, serum
calcium of 11.5 mg/dL, and serum creatinine of 2.1 mg/dL. Serum
and urine protein electrophoreses reveal a monoclonal protein
typed as IgG lambda of 8.8 g/dL, IgA of 0.008 g/dL, and IgM of
0.025 g/dL. A 24-hour urine collection showed 5.2 g total protein,
with 77% Bence Jones proteins. A serum β-2-microglobulin was
5.7 mg/L. Bone marrow biopsy reveals 47% plasma cells with
normal cytogenetics. Skeletal survey shows additional lesions in
the skull and ribs. A diagnosis of multiple myeloma (MM) stage
III is made. Is this presentation consistent with the diagnosis of
MM?

[SI units: Hgb, 90 g/L (normal, 135–165); calcium, 2.5 mmol/L (normal,

2.13–2.55); creatinine, 212.2 μmol/L (normal, 70.7–123.8); IgG, 0.088

g/L (normal, 0.005–0.016); IgA, 0.00008 g/L (normal, 0.0004–0.004);

IgM, 0.00025 g/L (normal, 0.0003–0.002); β-2-microglobulin, 0.0045 g/L

(normal, 0.0011–0.0025)]

MM is a malignancy of fully differentiated B lympho-
cytes called “plasma cells.” Proliferation and accumulation
of plasma cells leads to excessive antibody (immunoglobulin)
production, typically IgG or IgA. A variety of clinical manifes-
tations can be seen and are related to excessive immunoglobu-
lin production, plasma cell infiltration, and immune deficiency.
Of patients who develop MM, 55% are male, and 98% are 40
years or older.132,133 The disease occurs twice as often in blacks
compared with whites and has increased in each decade since
the 1970s.132 Z.C. presents with a number of the classic features
of MM. Bone pain and skeletal disease are common and oc-
cur when plasma cells infiltrate the bone marrow and secrete
osteoclast-activating factors (e.g., IL-6, tumor necrosis fac-
tor, parathyroid hormone–related peptide). Plain radiographic
films will reveal osteopenia and/or multiple osteolytic bone le-
sions (punched-out areas on radiographs). Hypercalcemia and
pathological fractures often accompany the osteolytic lesions
associated with this disease. When plasma cells infiltrate the
bone marrow, they can also lead to a normocytic normochromic
anemia in up to 70% of patients. Comparatively, neutropenia
and thrombocytopenia are rarely present at the time of diag-
nosis. Renal dysfunction is generally attributable to deposi-
tion of kappa or lambda light chains of immunoglobulin in
the distal tubule, and up to 50% of patients have or will de-
velop renal insufficiency with the disease.134 In most patients
with MM, only light chains are found in the urine. Myelo-
mas that overproduce light chains are most commonly associ-
ated with renal dysfunction. Renal dysfunction can be further
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complicated by dehydration secondary to hypercalcemia, the
use of NSAIDs for pain relief, and the use of contrast dyes
in radiographic evaluation. Z.C. should receive hydration with
a sodium chloride–containing solution to restore euvolemia
and reduce his calcium; he should avoid NSAIDs and other
nephrotoxic therapies. Another feature that may accompany
MM is hyperviscosity syndrome, more commonly seen with
IgA subtype. Hyperviscosity causes CNS, renal, cardiac, and
pulmonary symptoms and complications. Plasmapheresis may
be used emergently to alleviate life-threatening cases. Patients
may develop recurrent infections as a result of depressed pro-
duction of other immunoglobulin classes, leading to an inabil-
ity to opsonize bacteria.

Staging and Prognosis
Plasma cell disorders comprise a spectrum of disorders that
range from monoclonal gammopathy of undetermined signif-
icance to MM.135 Differential diagnoses for all plasma cell
disorders are shown in Table 90-15. Z.C. clearly meets the
criteria for MM. The prognosis for patients diagnosed with
MM has traditionally been based on tumor mass and end-organ
damage (hypercalcemia, renal dysfunction, anemia, and bone
lesions), but recently a large international study demonstrated
that staging and prognosis can be predicted reliably from serum
β-2-microglobulin (a light chain protein expressed on all nu-
cleated cells) and albumin (Table 90-16).136 Median survival
is 62 months for patients with stage I disease and 29 months

Table 90-15 Diagnostic Criteria for Plasma Cell Disordersa

Multiple Myeloma

1. Presence of a serum or urinary monoclonal immunoglobulin
protein

2. Presence of clonal plasma cells in the bone marrow or a
plasmacytoma

3. Presence of end-organ damage related to plasma cell proliferation,
including:

Elevated calcium (1 mg/dL above the upper limit of the normal
range, or >11 mg/dL)

Renal insufficiency (creatinine >1.9 mg/dL)
Anemia (2 g/dL below the lower limit of the normal range, or

<10 g/dL)
Bone lesions (lytic lesions or osteoporosis with compression

fractures)

Asymptomatic (Smoldering) Multiple Myeloma

1. Serum monoclonal immunoglobulin >3 g/dL and/or bone marrow
plasma cells >10%

2. No end-organ damage related to plasma cell proliferation

Monoclonal Gammopathy of Undetermined
Significance

1. Serum monoclonal immunoglobulin <3 g/dL
2. Bone marrow plasma cells <10%
3. No end-organ damage related to plasma cell proliferation

aAll criteria must be met.
Adapted from reference 135.

Table 90-16 International Staging System for Multiple
Myeloma

Stage I—β-2-microglobulin <3.5 mg/L and serum albumin ≥3.5 g/dL
Stage II—neither stage I nor stage III
Stage III—β-2-microglobulin ≥5.5 mg/L

Adapted from reference 136.

for patients with stage III disease.136 Evaluation of bone mar-
row cytogenetics also helps determine prognosis. Patients who
have deletions of chromosome 13 or 17 and those with a 4;14
or 14;16 translocation have lower responses to initial ther-
apy and shorter times to progression than those without the
abnormalities.137 Based on his serum β-2-microglobulin, Z.C.
has stage III disease.

Treatment
Initial Therapy

31. The decision is made to begin Z.C. on thalidomide plus
dexamethasone. What advantages and disadvantages does this
regimen have compared with others?

Patients who meet the diagnostic criteria for MM and
who are symptomatic are candidates for systemic chemother-
apy (Table 90-17). Prior to treatment initiation, all patients
should be evaluated for high-dose chemotherapy with autol-
ogous HCT. Those who are eligible for HCT should not be
treated with alkylating agents (e.g., melphalan) before the stem
cell collection because use of this class of agents may com-
promise the ability to collect a sufficient number of cells to
perform the procedure. Agents such as thalidomide, dexam-
ethasone, doxorubicin, and vincristine have been shown to be
effective in induction regimens and do not reduce stem cell
yield.

Thalidomide is an immunomodulatory agent with antian-
giogenic properties, which are effective in patients with MM.
Doses of thalidomide have ranged from 200 to 800 mg daily in
the evening. Common adverse effects include sedation, con-
stipation, thrombotic events, and neuropathies. Because of ter-
atogenic effects, thalidomide is available only through a re-
stricted distribution program, and patients must be thoroughly
counseled about contraception. Dexamethasone is moderately
effective as induction therapy alone and in combination, but
has significant adverse effects, including hyperglycemia, in-
somnia, and increased infection risk.138 The combination of
thalidomide and dexamethasone was compared to dexametha-
sone alone in 207 previously untreated patients.139 Response to
the combination was 63% compared to 41% with single-agent
dexamethasone; however, significant adverse events were also
more common with the combination (34% vs. 18%, respec-
tively). Combination therapy with vincristine, doxorubicin, and
dexamethasone is another option for patients eligible for autol-
ogous HCT. The conventional VAD (vincristine, doxorubicin
[Adriamycin], dexamethasone) regimen is a 4-day infusional
treatment that was historically preferred over melphalan-based
regimens because the response was more rapid and caused
less myelosuppression. However, the requirement of a central
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Table 90-17 Multiple Myeloma Treatment Regimens

Regimen Agents Comments

Induction Therapy

Eligible for High-Dose Chemotherapy With Autologous Stem Cell Support

Thalidomide +
dexamethasone

Thalidomide 200 mg PO daily
Dexamethasone 40 mg PO daily, days 1–4, 9–12, 17–20
Repeat cycle Q 28 days

Thalidomide should be given in the evening to minimize
sedation. Antithrombotic prophylaxis is recommended.

Thalidomide ± dexamethasone may also be used as
salvage therapy.

DVD Pegylated liposomal doxorubicin (Doxil) 40 mg/m2 mg IV once, day 1
Vincristine 1.4 mg/m2 (max 2 mg) IV once, day 1
Dexamethasone 40 mg PO daily, days 1–4
Repeat cycle Q 28 days

VAD Vincristine 0.4 mg/day CIV, days 1–4
Doxorubicin 9 mg/m2/day CIV, days 1–4
Dexamethasone 40 mg PO daily, days 1–4, 9–12, 17–20
Repeat cycle Q 28 days

Should be administered through an indwelling central
venous catheter to reduce extravasation risk. May also
be used as salvage therapy.

Dexamethasone Dexamethasone 40 mg PO daily, days 1–4, 9–12, 17–20
Repeat cycle Q 35 days

Ineligible for High-Dose Chemotherapy With Autologous Stem Cell Support

MPT Melphalan 4 mg/m2 PO daily, days 1–7
Prednisone 40 mg/m2 PO daily, days 1–7
Thalidomide 100 mg PO daily
Repeat cycle Q 28 days

Melphalan should be given on an empty stomach due to
variable absorption when administered with food.

MP Melphalan 8–10 mg/m2 PO daily, days 1–4
Prednisone 60 mg/m2 PO daily, days 1–4
Repeat cycle Q 28–42 days

Salvage Therapy

Bortezomib Bortezomib 1.3 mg/m2 IV once, days 1, 4, 8, 11
Repeat cycle Q 21 days

Dose reduction to 1 mg/m2 may be necessary in patients
with neuropathy and/or thrombocytopenia.

Addition of dexamethasone may be required in patients
who do not respond.

Lenalidomide +
dexamethasone

Lenalidomide 25 mg PO daily, days 1–21
Dexamethasone 40 mg PO daily, days 1–4, 9–12, 17–20 for the first

four cycles, then days 1–4 only in subsequent cycles

Consider prophylactic antithrombotics.

DT-PACE Dexamethasone 40 mg PO daily, days 1–4
Thalidomide 400 mg PO daily at night
Cisplatin 10 mg/m2/day CIV days 1–4
Doxorubicin 10 mg/m2/day CIV days 1–4
Cyclophosphamide 400 mg/m2/day CIV days 1–4
Etoposide 40 mg/m2/day CIV days 1–4

Thromboembolic events with thalidomide are increased
in combination with doxorubicin and require
prophylactic antithrombotics.

CIV, continuous intravenous infusion.

venous access device and the length of IV therapy make this
a more cumbersome treatment. The substitution of pegylated
liposomal doxorubicin (Doxil) for conventional doxorubicin
and administration of vincristine on day 1 only with standard
dexamethasone (DVD) makes this combination more conve-
nient. A noninferiority comparison of VAD and DVD was con-
ducted in 192 patients with untreated MM. The response was
equivalent, and neutropenia, growth factor use, and alopecia
were significantly lower in the DVD group, whereas hand-foot
syndrome was more common.140 To date, no comparison of
induction with IV therapy and oral therapy has been made in
patients eligible for autologous HCT.

In patients ineligible for autologous HCT, melphalan-based
regimens are appropriate for induction therapy. Melphalan and

prednisone (MP) was the first regimen to show significant ac-
tivity in myeloma, but it rarely produces a complete remission.
The addition of thalidomide to MP (MPT) was compared to
MP in patients ages 60 to 85 years.141 OR and CR rates were
significantly improved with MPT (76%, 16%) compared to MP
(48%, 2%). In addition, 2-year EFS was superior in patients
receiving MPT compared to MP (54% vs. 27%). Thromboem-
bolic events seen in the early part of the trial in patients re-
ceiving MPT led to the use of enoxaparin 40 mg SC daily,
which reduced thromboembolism from 20% to 3%. Other tox-
icities seen more commonly with MPT included peripheral
neuropathy, constipation, and infection, necessitating discon-
tinuation of thalidomide in 33% of patients prior to completion
of 2 months of therapy. Despite these toxicities, MPT is now
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considered the optimal induction therapy in patients ineligible
for HCT.

Because Z.C. is eligible for autologous HCT and oral ther-
apy is more convenient than IV therapy, the combination
of thalidomide and dexamethasone is appropriate induction
therapy.

Hematopoietic Cell Transplantation
Efforts to improve the outcome of MM treatment have led
to the investigation of high-dose chemotherapy (e.g., melpha-
lan 200 mg/m2) with autologous stem cell support and non-
myeloablative regimens with allogeneic stem cell support. Ran-
domized comparisons of autologous HCT and conventional
chemotherapy in previously untreated patients younger than
65 years have been conducted.142–145 All patients received two
to six cycles of conventional chemotherapy before randomiza-
tion to autologous HCT or standard chemotherapy. Most tri-
als have reported higher response rates and improved survival
in patients randomized to receive autologous HCT. Younger
age, chemosensitive disease, and fewer pretransplant thera-
pies have emerged as important predictive factors for response
to autologous HCT. Despite flaws in study design, autolo-
gous HCT is regarded as the current treatment of choice for
eligible patients with MM who achieve CRs following in-
duction therapy.146 The use of allogeneic HCT transplanta-
tion in MM is a potentially curative option, but has been
associated with excessive mortality. Nonmyeloablative allo-
geneic regimens are generally associated with fewer regimen-
related toxicities than full allogeneic transplants, but allow
for a graft-versus-tumor effect that eradicates residual disease
(see Chapter 92). Initial trials have been encouraging, particu-
larly in patients who are not heavily pretreated and those with
chemotherapy-sensitive disease.147–149 Z.C. will receive four
cycles of thalidomide and dexamethasone and will be evaluated
for HCT.

Supportive Care
Bisphosphonates

32. Zoledronic acid 4 mg IV over 15 minutes every 28 days is
ordered for Z.C. What is the rationale for bisphosphonate therapy
in the presence of normal serum calcium? What benefits and
toxicities are associated with bisphosphonate therapy?

The efficacy of IV pamidronate and zoledronic acid for the
prevention of skeletal fractures in myeloma patients with os-
teolytic bone lesions or osteopenia has been established and
guidelines for their use developed.150 Equivalent efficacy with
monthly infusion has been shown with pamidronate 90 mg and
zoledronic acid 4 mg. Zoledronic acid can be given over 15
minutes, whereas pamidronate is given over 2 hours. Because
bisphosphonates can negatively affect kidney function, serum
creatinine should be monitored monthly and urine albumin
measured every 3 months. Higher doses and shorter infusion
times have been associated with renal damage; patients with
creatinine clearances between 30 and 60 mL/minute should re-
ceive reduced doses of zoledronic acid. In patients with base-
line creatinine values of >3 mg/dL, pamidronate 90 mg over
4 to 6 hours is recommended. Bisphosphonate therapy should
be held in patients who have creatinine elevations above the
normal baseline of 0.5 mg/dL or more until renal function re-

turns to baseline. Osteonecrosis of the jaw (ONJ) is a rare but
serious complication of bisphosphonate therapy that appears to
increase in likelihood with prolonged treatment. Baseline den-
tal examinations and avoidance of invasive dental procedures
during therapy are recommended. The use of zoledronic acid
has been associated with a 9.5-fold increased risk of ONJ com-
pared to pamidronate.151 All patients with responsive or stable
disease should be strongly considered for bisphosphonate dis-
continuation after 2 years of treatment. Z.C. is a candidate for
bisphosphonate therapy because he has lytic disease in the skull
and ribs.

Relapsed and Refractory Disease

33. Z.C. receives four cycles of thalidomide and dexametha-
sone, followed by autologous HCT. Three years after HCT, he is
found to have relapsed disease. What other therapies may offer
benefit for his myeloma?

Treatment options for relapsed and refractory MM (salvage
therapy) may include agents and regimens patients were not
given in induction or other combinations (Table 90-17). Two
newer agents for MM therapy are bortezomib and lenalido-
mide. Bortezomib acts by inhibiting the proteosome, a mul-
tienzyme complex responsible for regulation of proteins that
promote cell survival, stimulate growth, and reduce suscepti-
bility to programmed cell death. It is given for 2 weeks ev-
ery 21 days for up to eight cycles. Dexamethasone 20 mg
on the day of and after bortezomib may be added in pa-
tients who do not respond after two cycles. Common toxic-
ities include sensory neuropathy, thrombocytopenia, and di-
arrhea; and dose reductions or omissions may be necessary
for neuropathy and thrombocytopenia. In a comparison with
dexamethasone, patients receiving bortezomib had a longer
time to disease progression (6.2 months vs. 3.5 months) and
better OS, leading to a recommendation to halt the dexametha-
sone arm and allow those patients to receive bortezomib.152

Lenalidomide is an analog of thalidomide that is more po-
tent with a more favorable toxicity profile. Unlike thalido-
mide, sedation, constipation, and neuropathy are not seen,
but dose-related side effects do include thrombocytopenia and
neutropenia. Lenalidomide also causes thromboembolic events
and is only available through a restricted access program. The
combination of lenalidomide and dexamethasone was com-
pared with dexamethasone alone in 353 patients with relapsed
or refractory MM.153 OR was greater with the combination
(61.0% vs. 19.9%); neutropenia was the most common toxicity
(41.2% vs. 4.6%).

Results with single-agent thalidomide and few overlapping
toxicities led to interest in combination therapy with conven-
tional chemotherapy earlier in the course of disease. A regi-
men of two cycles of high-dose dexamethasone, thalidomide,
and a 4-day continuous infusion of cisplatin, doxorubicin, cy-
clophosphamide, and etoposide (DT-PACE) given 4 to 6 weeks
apart was evaluated in relapsed patients treated with two prior
regimens who also remained candidates for HCT.154 Treatment
was delayed or reduced for neutrophil counts <1,000/mm3 or
platelet counts <100,000/mm3. An OR rate of 48% was seen
in patients able to receive full doses of therapy for both cycles.
Significant differences were seen in both complete and par-
tial response rates for patients receiving <100% of scheduled
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doses. Thromboembolic events necessitated anticoagulant pro-
phylaxis during the study and neutropenia, thrombocytopenia,
nausea, and sensory neuropathies were seen in 65%, 37%, 21%,
and 13% of patients, respectively. DT-PACE represents an ef-
fective regimen in patients who can tolerate significant cytope-
nias and remain eligible for transplantation.

HEMATOLOGIC MALIGNANCIES: PEDIATRIC
ACUTE LYMPHOBLASTIC LEUKEMIA OF CHILDHOOD
The two most common types of childhood leukemia are
acute lymphoblastic leukemia (ALL) and acute myelogenous
leukemia (AML), with the former accounting for 75% of cases
and the latter for approximately 19%. ALL is the most common
childhood cancer, accounting for approximately 30% of all ma-
lignancies in children.155 Approximately 2,400 new cases of
childhood ALL occur each year in the United States, with an
estimated incidence of 34 cases per million in children younger
than 15 years.155

A distinct peak incidence occurs at ages 2 to 3 years for ALL
(>80 cases/million), and then decreases substantially for 8 to
10 year olds (20 cases/million). A higher incidence of ALL is
seen in white children than in black children. This racial differ-
ence is most apparent in the 2- to 3-year-old age group, with a
nearly threefold greater incidence rate for white children. Over
the past 20 years, the incidence rate of ALL in U.S. children
has increased by approximately 0.9% per year. These incidence
figures are derived from the Surveillance, Epidemiology and
End Results Program (SEER), which collects data from nine
tumor registries throughout the United States.155 The nine reg-
istries account for approximately 13% of the U.S. population.
Total U.S. incidence is then estimated by applying the SEER
data to the total population size. It is unknown how reflective
the SEER data are of the true U.S. incidence and/or if certain
unmonitored regions may have significantly different rates of
disease.

Before the early 1970s, ALL was a fatal illness; most chil-
dren did not survive >2 to 3 months after diagnosis. Today,
>80% of children will achieve prolonged survival with an-
tileukemic therapy.155,156 New innovations in therapy for ALL
are now focusing on additional refinements in therapy to fur-
ther improve on survival and to decrease the long-term mor-
bidity associated with the therapeutic components of current
treatment regimens.

Etiology
The etiology of ALL is unknown; however, several interest-
ing associations have been discovered. A high incidence of
leukemia was found among survivors of the atom bomb ex-
plosion in Japan during World War II, and those closest to the
epicenter of the blast were at greatest risk.157,158 Leukemia also
occurs in children exposed to radiation in utero.159 Other un-
proven factors that have been suggested to cause ALL include
exposure to electromagnetic fields, pesticides, maternal use of
alcohol, contraceptives, and cigarette smoking.160–163 Viruses
have not been proved to cause childhood ALL.164 Evidence
supporting an association between ALL and electromagnetic
field exposure is currently inadequate.155,165 In particular, the
incidence of childhood ALL has not increased markedly over
the past 40 years during a time when electricity use has seen

a large increase.166 Clusters of leukemia cases that occur over
certain time frames and around certain places may represent
merely instances of statistic coincidence.167Also of interest,
there is a significant correlation between the incidence of child-
hood ALL and type 1 diabetes around the world. This was found
to be related to socioeconomic variables, such as national pros-
perity, with an apparent relationship to an affluent lifestyle. It
is hypothesized that affluence may lower infectious disease
prevalence and the childhood exposure pattern to pathogens.
This suggests that the prevention of infection in infancy may
increase vulnerability to later disease by inappropriate modula-
tion of a naı̈ve infant immune system.168 Because the incidence
of childhood ALL in the United States has increased moder-
ately over the past 20 years and because the SEER program
samples data only from a small portion of the U.S. population
and excludes several geographic regions, it is unclear whether
significant variations in childhood ALL incidences across the
nation may be related to certain environmental factors. Recent
examination of the relationship between childhood leukemia
and environmental benzene exposure demonstrated an associ-
ation between dwellings close to sources of benzene and the
risk of childhood leukemia, particularly for AML.169

Pathophysiology
The pathophysiology of ALL involves the replacement of nor-
mal bone marrow elements with a clone of immature lymphoid
cells. The essential lesion in ALL is a stabilization of a ma-
lignant cell in the lymphocyte differentiation process. Many
factors are involved in the control of normal cellular prolif-
eration. Leukemia may represent a disruption in one or more
of the normal relationships within the cell proliferation path-
way, such as an abnormal response to lymphoid cell growth
factors.170

With the availability of classification systems of lym-
phoblasts based on morphology, immunology, and cytogenet-
ics, it has become clear that ALL is a heterogeneous disease.
This is especially true with regard to cytogenetic abnormalities.
The immunologic heterogeneity results from leukemic trans-
formation at various stages of lymphocyte differentiation. In
addition, an emerging classification involving gene expression
profiling may allow for further classification of ALL cytoge-
netic subtypes, potentially allowing for prediction of response
and adverse events.171 As discussed later in this section, these
classifications have important prognostic value.

Clinical Presentation
The signs and symptoms of ALL are nonspecific, and many are
shared with other childhood diseases such as juvenile rheuma-
toid arthritis (JRA). This occasionally leads to a child with
ALL being mistakenly treated with corticosteroids for JRA.
As a general rule, children should not be treated with chronic
corticosteroids without first performing a CBC and/or a bone
marrow aspirate. These signs and symptoms reflect the un-
controlled growth and differentiation of the leukemic clone
and the resulting deficiency in normal bone marrow elements,
namely, neutrophils, RBCs, and platelets. Frequent clinical
findings include fever (61%), bleeding (48%), and bone pain
(23%).172 Bone pain is believed to be the result of hypercel-
lular bone marrow and infiltration of leukemic lymphoblasts
into pain-sensitive structures such as the periosteum. Although
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bone pain may be severe, it quickly resolves once chemother-
apy is initiated. On physical examination, many patients have
lymphadenopathy (50%), splenomegaly (63%), and/or hep-
atosplenomegaly (68%).172

A CBC will demonstrate that at least 59% of patients have
a normal or low WBC count; the remainder have elevated
counts.172 The WBC differential reveals a low percentage of
neutrophils and bands and a marked lymphocytosis. Lym-
phoblasts may be present in the peripheral blood even with
a low WBC count (e.g., 2,000–4,000/mm3), but they are more
likely when the WBC count is elevated.174 A normochromic,
normocytic anemia, along with thrombocytopenia, is present
in most patients.172

A bone marrow aspirate and biopsy are usually necessary to
confirm the diagnosis of ALL. Occasionally, in patients with
elevated WBC counts, the diagnosis can be confirmed by stud-
ies of lymphoblasts in the peripheral blood. The diagnosis of
ALL is made when at least 25% of lymphoid cells in the bone
marrow are blasts.173 Most ALL patients have far greater than
25% blasts, and many have complete replacement of bone mar-
row with lymphoblasts. Once a child is diagnosed with ALL,
it is important to determine the various characteristics that in-
fluence treatment decisions and the prognosis.

Prognostic Variables
Clinical Variables
Certain clinical and laboratory findings that are present at diag-
nosis are important to predict a child’s prognosis and to classify
his or her risk stratification. Children with ALL are classified

by their risk of relapse into one of the following categories:
low, intermediate, high, or very high risk. It is important to
stress that much debate continues over which variables most
strongly influence patient outcome. One agreed that the most
important risk-defining features of childhood ALL are age and
initial WBC count.174 However, several ongoing investigations
are likely to further refine what constitutes different ALL risk
populations.

WHITE BLOOD CELL COUNT
The initial WBC count is considered to be among the most

important predictors of outcome in childhood ALL. Its impor-
tance as a prognostic feature is often retained after the adjust-
ment for other important prognostic criteria.173 Children with
the highest WBC counts at presentation have the shortest dura-
tion of complete remissions.175–177 There appears to be a linear
relationship between the duration of remission and the WBC
count at presentation (Fig. 90-2). Although exactly where the
demarcation line is for predicting a good or a poor prognosis
is unknown, an initial WBC count >50,000/mm3 is generally
associated with a poor prognosis.174

AGE
Patients younger than 1 year or older than 9.99 years of

age at diagnosis tend to have worse prognoses.174 At least one
trial has demonstrated that more intensive therapy may over-
come the adverse prognostic factor of adolescent age.178 These
investigators reported that young adults (16–21 years of age)
with ALL have an EFS of approximately 60% at 6 years, which
is similar to that of patients 10 to 15 years of age and supe-
rior to that achieved in most trials of older adults.178 Age is
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the strongest predictor of prognosis with regard to infants, a
group in which survival is exceedingly poor compared with
other age groups.179–181 For this group, even with intensified
chemotherapy regimens, long-term, DFS is usually <50%, es-
pecially when associated with cytogenetic aberrations involv-
ing the mixed lineage leukemia (MLL) locus.182

GENDER
Patient gender also has been shown to be an important prog-

nostic factor in several studies.183,184 Testicular relapse is re-
sponsible for a somewhat worse prognosis in males, but it is
not believed to completely account for the better prognosis of
females. However, occult testicular disease is usually not ruled
out when males experience relapse. Another factor that may be
of importance is the inherent ability of males to tolerate higher
doses of chemotherapy.185 Greater therapy tolerance in males
suggests the need to use the maximum tolerated dose intensity
to produce the same therapeutic effect achieved in females at
lower doses. This finding may be due to a gender difference
in the metabolism of certain chemotherapy agents.186 Whether
current improvements in the treatment of childhood ALL have
nullified the adverse prognostic association of male gender has
recently been re-evaluated. A large series examined the out-
come in >2,000 patients treated over >30 years. Females had
significantly better outcomes than males in the early era, and
although prognosis improved for both genders, an approximate
10% EFS advantage in females remained during the modern
era (73.4% vs. 63.5%). After accounting for differences in im-
munophenotype and DNA index between genders, these dif-
ferences were no longer present. It was noted that males were
significantly more likely to have T-cell ALL, and there was a
trend for them to have a less favorable DNA index, indicating
that these factors may be responsible for the adverse prognostic
factor of male gender.187

RACE
Although blacks have a lower incidence of ALL, several

studies have shown that black children appear to have a higher
relapse rate than white children.155,188–190 Data from the SEER
program demonstrate a 5-year survival rate of 64% versus 78%
for black and white children, respectively. The differences in
outcome for blacks appear to be the result of a more severe form
of ALL in this patient population.189 A trial with more intensive
therapy failed to show a worse outcome in black children.191 It
has also been demonstrated in a recent SEER update that the in-
cidence rate for Hispanics was greater than for non-Hispanics
and was the highest of all racial subgroups.192 A more recent
analysis of racial and ethnic differences in outcome with con-
temporary therapy also demonstrated a difference in survival
among groups, with the greatest survival for Asian children
and lowest for blacks and Hispanics.193

Immunologic Variables
ALL is classified into different immunologic subsets based on
cell surface markers and/or antigens present on the leukemic
lymphoblasts at diagnosis. These can be categorized as cells of
B-cell and T-cell origin. The B-cell lineage is further classified
into various subtypes through the use of monoclonal antibod-
ies. These subtypes reflect the various stages of differentiation
at which leukemia may develop. Approximately 15% to 20% of
children with ALL have leukemia with a T-cell lineage,194,195

and 1% to 2% of patients have leukemia with a mature B-cell
origin.195,196 Using more sophisticated diagnostic techniques,
the majority of patients who were previously classified as non–
T-, non–B-cell ALL (null cell ALL) are now known to have
leukemia of a more immature B-cell lineage.197,198,199 Most
patients with B-cell lineage ALL (80%) have cells that are
positive for the common ALL antigen (CALLA, designated
CD10) on their surface200,201; this is referred to as common
ALL. Additional markers, including CD19 and cytoplasmic
immunoglobulin, have been used to further determine the level
of differentiation of leukemic cells of the B-cell lineage. In-
termediate cells of the B-cell lineage (pre–B cells) possess
these markers, but more immature cells (early pre–B cells)
do not.198,202 More than 60% of children with ALL have a
leukemia of the early pre–B subtype, and approximately 20%
have a leukemia of pre–B cells.

Mature B-cell ALL (or Burkitt ALL) has traditionally been
associated with a poor prognosis,198,203,204 but prognosis has
improved greatly with the advent of short-term, very intensive
chemotherapy.205,206 Although differences in outcome have
been noted among the B-cell subtypes,198 when other prognos-
tic factors are considered and when effective therapy is used,
these differences may no longer be evident.183 At present, im-
munologic features that differentiate B-cell precursor, T-cell,
and mature B-cell ALL are believed to be clinically impor-
tant because different types of chemotherapeutic strategies are
employed for these three immunophenotypes.156,206

Patients with T-cell ALL have several distinguishing fea-
tures, including a greater likelihood of being older males with
high initial WBC counts and the presence of a mediastinal
mass and/or initial leukemic involvement of the CNS.207,208

Patients with T-cell ALL historically have had a decreased sur-
vival, although more intensive treatment is improving their
outcomes.209,210 Studies with more intensified therapy also
demonstrate no difference in relapse between T-cell and B-
cell lineage ALL, although T-cell ALL patients tend to re-
lapse much earlier.211,212 T-cell lymphoblasts are less efficient
at polyglutamation methotrexate because these cells have lower
concentrations of the methotrexate polyglutamate synthesizing
enzyme, folylpolyglutamate synthetase.213 This has been pro-
posed as a possible explanation for the relative chemotherapy
resistance and the need for increased methotrexate dose inten-
sity in patients with T-cell ALL.156

Patients with ALL may present with a mixed-cell lineage
disease, containing lymphoblasts that also express myeloid
antigens. Expression of myeloid antigens is not believed to
be an important prognostic factor in predicting the risk of
relapse.156

Cytogenetic Variables
Advances in chromosomal analysis have improved the under-
standing of ALL biology. Abnormalities in either chromosome
number (ploidy) or structure of the leukemic clone have been
found in 60% to 75% of ALL cases.156 Many of these abnor-
malities appear to have prognostic importance.156,214 Ploidy is
represented by the DNA index. A value of 1.0 indicates a nor-
mal number of chromosomes, and a value >1.0 indicates an
increased number of chromosomes by a multiplication factor
of the normal chromosome number. Children with leukemia
blasts containing >52 chromosomes (DNA index >1.16, hyper-
diploid) appear to have an increased probability of continuous
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complete remission versus patients with leukemia blasts con-
taining a diploid chromosome complement or with a DNA in-
dex <1.16.214 Approximately 30% of ALL cases have a DNA
index >1.16. Patients whose ALL cells are hyperdiploid also
tend to have other favorable prognostic features.214 For exam-
ple, children with hyperdiploid ALL may have a more favorable
prognosis owing to their increased sensitivity to chemother-
apy. An in vitro study of hyperdiploid versus nonhyperdiploid
ALL revealed that those cells with a higher DNA index were
more sensitive to antimetabolites (e.g., mercaptopurine) and
asparaginase.215 Also, B-precursor hyperdiploid ALL cells
contain more reduced folate carriers than diploid B-precursor
blasts. Hyperdiploid cells have elevated levels of gene expres-
sion for these carriers, which may account for the higher levels
of methotrexate polyglutamates noted in these cells as com-
pared to patients with B-precursor diploid ALL.216,217 In con-
trast, patients with hypodiploidy (<45 chromosomes and, in
particular, those with 24–28 chromosomes) have a significantly
worse outcome than nonhypodiploid patients.218

Translocations are the most common structural abnormali-
ties occurring in leukemic cells219 and occur in approximately
75% of childhood ALL cases.220 Certain translocations are as-
sociated with treatment failure and relapse.156 The transloca-
tions most commonly associated with treatment failure are the
MLL rearrangements—t(4;11), t(11;19), and t(1;11)—and the
BCR-ABL fusion transcript—t9;22, Philadelphia chromosome.
In particular, children with the Philadelphia chromosome ap-
pear to represent a population at very high risk of relapse. This
translocation occurs in approximately 2% to 5% of childhood
ALL cases. A published review compared the outcome of 30
patients with this translocation from a group of 1,322 children
enrolled on ALL studies. This study demonstrated a 4-year
EFS estimate of only 20% for children with the Philadelphia
translocation versus 76% in those without it. This difference
remained regardless of patient age, initial WBC count, or rapid-
ity of response to therapy. Most patients with this translocation
who were event-free survivors underwent bone marrow trans-
plantation during their first remission.221 A second case series
of 61 children with Philadelphia chromosome-positive ALL
identified early treatment response as a strong independent
predictor of outcome. In this latter trial, 65% of these patients
had a good initial response and a lower risk of treatment failure
with either intensive chemotherapy or bone marrow transplan-
tation when compared with the poor initial responders (EFS =
55% vs. 10%, respectively).222

Using more sensitive (polymerase chain reaction [PCR]-
based) methods than available with classic cytogenetic tech-
niques, the previously unrecognized TEL/AML1 rearrange-
ment—t(12;21), ETV6-CBFA2 fusion transcript—has now
been identified as the most commonly occurring (approxi-
mately 18% of patients) translocation in childhood ALL. This
translocation is associated with patients ages 1 to 10 years,
and most are precursor B-cell type and nonhyperdiploid. The
TEL/AML1 translocation is an independent predictor of good
prognosis; however, relapses tend to occur later in these pa-
tients, necessitating a long follow-up to determine the ultimate
impact of this translocation.220 At present, reducing the inten-
sity of chemotherapy for children with this translocation is not
recommended.220 Also, a recent analysis has shown that this
fusion transcript was not an independent predictor of outcome
in multivariate analysis.223

The prognostic value of the main clinical variables can often
be explained by cytogenetic abnormalities. For instance, most
infants have rearrangements of the MLL gene. This abnormal-
ity, as well as the Philadelphia chromosome, occurs more often
in adolescents and adults.156 In addition, two cytogenetic ab-
normalities associated with improved outcome (hyperdiploidy
and the TEL-AML translocation) are found mainly in the 1- to
9-year age group. In addition to the prognostic significance of
the acquired genetic mutations, germ-line mutations may also
predict outcomes. There are several polymorphisms that en-
code for proteins that can affect the pharmacodynamics of cer-
tain drugs used to treat ALL. Patients with high-risk ALL who
had genotypes expressing greater glutathione S-transferase and
thymidylate synthetase activity had a greater risk for relapse.
These polymorphisms may be future targets for tailoring an-
tileukemic therapy.224

Once a patient achieves complete remission, abnormalities
of both ploidy and structure are not evident in the patient’s
recovered bone marrow by morphologic assessment, although
a leukemic cell burden as large as 109 may remain.225 However,
new techniques based on PCR assays can detect minimum
residual disease (MRD) in many patients.225 If relapse does
occur, the leukemic cell cytogenetic characteristics are usually
identical to those observed at diagnosis.219

Early Response
An additional factor of prognostic importance in childhood
ALL is that of early response to therapy. Several investigations
have noted that early response, as measured by either clear-
ance of blasts from the peripheral blood or morphologic bone
marrow remission (e.g., <5% bone marrow blasts) on day 7
or 14 of therapy, is predictive of long-term DFS. In a review
of 15 trials, early response was an independent prognostic fac-
tor in each study.226 Response was most commonly measured
based on morphologic evaluation of day 14 bone marrow re-
sults, and it appeared that assessment of early response was
more sensitive with bone marrow studies. Children who were
slow early responders were 2.7 times more likely to have an
adverse event than those with more rapid clearance of blasts.
Interestingly, the rapidity of response maintained its prognos-
tic significance within different strata delineated by the ini-
tial WBC count, providing further evidence that this variable
is an important independent marker of prognosis. The rapid-
ity of response is an intuitive marker of treatment sensitivity.
However, the use of morphologic criteria to assign responder
status will still include many patients with a significant dis-
ease burden. It is important to note that such tests of bone
marrow burden may represent a dilute sample or a decrease
in marrow cellularity and may not reflect the total leukemia
burden in the body. It is estimated that these measures of early
response may detect up to 25% of children at risk for early
relapse.226 At present, rapid early response is defined as clear-
ance of bone marrow blasts by day 15 of induction, whereas
slow early response refers to the converse. Whether patients
are rapid or slow early responders is now being used to deter-
mine the type and intensity of further chemotherapy because
slow earlier responders benefit from more intensive postinduc-
tion chemotherapy.227 Other groups have examined response
to initial treatment with a 7-day course of prednisone (initiated
prior to the start of systemic induction chemotherapy) in chil-
dren with high-risk ALL. Prednisone-poor response, defined
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as patients with >1,000 blast cells/μL in peripheral blood af-
ter 7 days, was a predictor of poor outcome and was used to
intensify induction therapy, with a consequent improvement in
EFS.228

Minimum Residual Disease
Several investigators have examined the prognostic value of
detecting MRD in bone marrow samples through the use of
sophisticated PCR and flow cytometric–based assays. A vari-
ety of lymphoblast characteristics, including gene fusion tran-
scripts, immunophenotype, and antigen receptor gene rear-
rangements, may be relied on for minimal disease detection
in children with ALL. Although specific fusion transcripts can
be relied on as PCR targets in only one-third of childhood
ALL cases, clonal antigen receptor gene rearrangements oc-
cur in virtually all cases.225 Using various techniques, approx-
imately 50% of children with ALL are MRD positive at the
completion of induction therapy, and roughly 45% of these pa-
tients will experience a relapse. The association for a negative
test for MRD at the completion of induction therapy appears
stronger because it has a negative predictive value of 92.5%
and a positive predictive value of 44.5% at this time point. In
patients positive for MRD, there is a continuous decrease in
MRD during the months of chemotherapy treatment. Persis-
tence of MRD beyond 4 to 6 months or re-emergence of MRD
is almost always predictive of future relapse.229 It is now es-
tablished that the presence of MRD is an important prognostic
factor, regardless of the patient’s initial WBC count or age at
presentation.225 At the time of this writing, monitoring of MRD
has become important in the management of childhood ALL
and is being used to risk stratify treatment in current front-line
leukemia studies.

Additional Variables
Several additional variables may determine the prognosis of
children with ALL. A complete discussion of these factors
is beyond the scope of this text, but a few of these deserve
brief mention. In addition to having an increased risk for de-
veloping ALL, children with Down syndrome are at a slightly
greater risk for treatment failure. Their adverse outcome has
been ascribed to an excess of therapy-related toxicities, espe-
cially associated with high-dose methotrexate.230 One variable
that has not been traditionally listed as a prognostic factor is
that of nutritional status. Although this is usually not an impor-
tant variable in the United States and in developed nations, it
may be a significant factor in Third World countries, which are
home to the majority of the world’s children. In several trials,
the outcome in childhood ALL was significantly worse for mal-
nourished patients, and in at least one trial, the most important
predictor of relapse was malnutrition.231 This may be related
to a decrease in patient tolerance to chemotherapy. A malnu-
trition prevalence rate of up to 50% for children with ALL
in Third World countries has been reported. When compared
with socioeconomic status, malnutrition was more closely re-
lated to prognosis than was poverty. It appears that height for
age is a more reliable predictor of prognosis than weight for
age, suggesting that chronic stunting is more important than
acute wasting in malnourished patients.231

These prognostic variables can be used to assign patients
to various categories based on their risk of relapse. These
categories are important in determining the therapy that pa-

tients should receive. Although there is considerable agree-
ment regarding the importance of certain variables in assign-
ing patients to a defined risk group (e.g., age, initial WBC,
DNA index, translocations), institutions that treat ALL differ
in their definitions of what constitutes high-, intermediate-, and
low-risk patients. This makes it difficult to compare treatment
results from different institutions or treatment groups. Last,
newer prognostic variables, especially rapidly evolving cytoge-
netic prognosticators, complicate the comparisons of treatment
regimens over time.

Treatment
Remission Induction Therapy

ALLOPURINOL INTERACTION

34. J.B. is a 4-year-old Hispanic boy presenting with a 2-week
history of an upper respiratory tract infection and a 1-week his-
tory of otitis media. His symptoms have worsened, and he now
presents with a nosebleed and fatigue. Physical examination re-
veals appreciable pallor and hepatosplenomegaly. A CBC with
differential reveals a normochromic, normocytic anemia with
Hct of 15.7% (normal, 39%–49%), Hgb of 5.7 g/dL (normal,
14–18), WBC count of 4,300/mm3 (normal, 3,200–9,800), and
platelet count of 13,000/mm3 (normal, 150,000–400,000). A dif-
ferential on the WBC count reveals 82% lymphocytes (normal,
30%–40%), 7% neutrophils (normal, 50%–60%), and 11% lym-
phoblasts (normal, 0%). Based on these findings, a bone marrow
biopsy is performed, which reveals 95% lymphoblasts. A diag-
nosis of ALL is made. The immunologic class is early pre–B cell
based on CD10 and CD19 positivity. Analysis of the chromosomes
reveals the TEL-AML1 translocation and a DNA index of 1.0. X-
ray of the chest does not reveal a mediastinal mass, and a lumbar
puncture shows that there are no leukemic lymphoblasts in the
cerebrospinal fluid. J.B. is hydrated, alkalinized, and treated with
oral allopurinol 200 mg/m2/day, with a plan to institute induction
therapy the next day. (For a discussion of the use of allopurinol
in induction chemotherapy for the prevention of TLS, see Com-
plications of Induction Therapy section.) Within a few days, J.B.
will be treated with several drugs for his leukemia. Do any of the
agents that are likely to be used in J.B. exhibit significant drug
interactions with allopurinol?

[SI units: Hct, 0.157 (normal, 0.39–0.49); Hgb, 57 g/L (normal, 140–180);

WBC count, 4.3 × 106/L (normal, 3.2–9.8) with 0.82 lymphocytes (normal,

0.3–0.4), 0.07 neutrophils (normal, 0.5–0.6), and 0.11 lymphoblasts (normal,

0); and platelets, 13 × 106/L (normal, 150–400)]

Xanthine oxidase, the enzyme inhibited by allopurinol, also
converts mercaptopurine to 6-thiouric acid.232 Thus, allopuri-
nol may markedly increase the plasma concentrations of oral
mercaptopurine by inhibiting first-pass metabolism, and this
may lead to toxicity.233 This potentially serious drug interac-
tion is usually irrelevant for most patients with ALL because
these agents are rarely used together. Allopurinol is usually
employed early in the first week of induction therapy, and
patients do not receive mercaptopurine until they finish in-
duction therapy in most contemporary childhood ALL proto-
cols.

35. What is the goal of the induction therapy that J.B. will re-
ceive? Which agents should be used to achieve this goal?
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Table 90-18 Systemic Induction Regimens for Childhood
Acute Lymphocytic Leukemia

Agent Route Dose/Schedule

Three-Drug Induction Schema

Prednisone PO 40 mg/m2/day × 28 days
or
Dexamethasonea PO 6 mg/m2/day × 28 days
with
Vincristine IV 1.5 mg/m2/week (max 2 mg) × 4
and
Asparaginase IM 10,000 U/m2 3 times weekly × 9 doses
or
Pegaspargase IM 2,500 U/m2 × 1 dose

And (if Four-Drug Induction)

Daunorubicin IV 25 mg/m2 on days 2, 8, 15

aDenotes that this agent is only employed in three-drug induction regimens (see text).
PO, orally; IV, intravenously; IM, intramuscularly.
Adapted from references 239–242 and 246–248, 252.

GOAL OF INDUCTION
The goal of induction therapy is complete remission (i.e.,

the inability to detect leukemic cells in the peripheral blood
or the bone marrow by morphologic microscopic evaluation).
J.B.’s peripheral blood values must be within the normal range,
and the bone marrow must reveal <5% lymphoblasts. This
definition also assumes the absence of lymphoblasts in the
CSF. Although these findings indicate an adequate response
to chemotherapy, they do not indicate a cure. Most patients
have a total of 1012 cells at diagnosis, and successful induction
regimens reduce this cell load by 99% to 109.234,235 Therefore,
continuation of therapy will be required for J.B. to further re-
duce the leukemic cell population and to increase his chances
of long-term survival. Without continuation of therapy, the ma-
jority of patients with ALL will relapse within 1 to 2 months.236

INDUCTION COMBINATION CHEMOTHERAPY
The agents most commonly used in remission induction

therapy are vincristine (Oncovin), prednisone (Deltasone),
dexamethasone (Decadron), asparaginase (Elspar), pegaspar-
gase (Oncaspar), and daunorubicin (Cerubidine) (Table 90-
18). The prednisone or dexamethasone dose is not routinely
tapered at the end of induction treatment.237–240 More recently,
dexamethasone has begun to supplant prednisone as the corti-
costeroid employed during induction therapy and/or through-
out therapy. This is based on earlier work showing that dex-
amethasone has greater CSF penetration.241 In patients with
standard-risk ALL, a randomized comparison of dexametha-
sone to prednisone for induction therapy showed a lower CNS
relapse rate in the dexamethasone group.239 However, the use
of a 28-day course of dexamethasone during induction for pa-
tients with high-risk ALL was also associated with an increased
risk of infectious complications, in particular, sepsis and toxic
deaths.242 This has led to removal or alteration of dexametha-
sone use during induction therapy in high-risk patients. It is
plausible that the addition of dexamethasone to a more inten-
sive chemotherapy backbone that is employed for induction

therapy of high-risk ALL may significantly increase the risk
of infection in this more myelosuppressive milieu. In addition
to the choice of corticosteroids, the efficacy of the long-acting
polyethylene glycol (PEG) asparaginase has been compared
with the short-acting native Escherichia coli asparaginase. One
study demonstrated a comparable degree and duration of sys-
temic asparagine depletion with PEG as compared to native
asparaginase. However, unlike native asparaginase, PEG did
not result in asparagines depletion within the CNS. It is un-
clear if this could have an impact on CNS relapse in children
receiving contemporary chemotherapy regimens.238 With re-
gard to immunogenicity, PEG asparaginase is less likely to
induce high antiasparaginase antibody titers, which are in turn
associated with lower asparaginase activity. This resulted in
an almost complete avoidance of the silent inactivation noted
to occur in approximately 30% of patients receiving native
asparaginase.243

No chemotherapy drug meets the criteria of an ideal agent
(i.e., toxic to leukemic cells only and active in all phases of the
cell cycle). Corticosteroids, vincristine, and various asparag-
inase products come closest to this ideal in terms of activity,
primarily against lymphocytic leukemia, because none of these
agents is myelosuppressive to normal marrow elements. To im-
prove the success in attaining complete remission, additional
agents have been added to vincristine, prednisone, and asparag-
inase (Table 90-18). The most frequently used additional agent
is an anthracycline, such as daunorubicin or doxorubicin. Use
of at least a three-drug induction regimen is the current stan-
dard of care for children at low or intermediate risk of relapse
and results in improvements in both remission rate and dura-
tion versus less intensive therapy.244–246 Currently, a four-drug
regimen, or an even more intensive induction regimen consist-
ing of more than four drugs, and often for a duration of >4
weeks, is used for children at high risk of relapse and adult
ALL patients.237,247–250

If complete remission is not achieved with three agents
by the end of induction, patients are treated with additional
agents (e.g., an additional 2–4 weeks of daunorubicin and pred-
nisone; initiation of cytarabine with additional asparaginase;
vincristine and prednisone for 1–2 weeks). Because this occurs
rarely, there is no consensus about the most effective agents or
schedules to use in this situation. Most of these patients have
a decreased survival and a higher relapse rate.

Intensive induction treatment has benefits for the majority
of children with ALL. This treatment strategy supports the
hypothesis of Goldie and Coldman,251 that intensification of
early treatment may decrease the chance that drug resistance
will develop and may therefore potentially increase the pro-
portion of long-term relapse-free survivors. Although J.B. has
a DNA index of 1.0, based on his age, initial WBC count, and
translocation, he is a patient with a low to intermediate risk
of relapse. A three-drug induction regimen consisting of vin-
cristine, dexamethasone, and pegaspargase is recommended to
optimize his chances for long-term DFS.238,239,243

Vincristine Toxicity

36. J.B. is discharged from the hospital during the second week
of induction chemotherapy. Results of his CBC and differential
indicate that he is responding well to his chemotherapy (i.e., WBC
count 2,600/mm3, neutrophils 69%, lymphocytes 22%, platelets
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229,000/m3, Hct 28.6%, blasts 0). However, during the third week
of induction chemotherapy, J.B. develops severe abdominal pain.
It is discovered that he has not had a bowel movement in 6 days.
J.B. has also been exhibiting “acting out” behaviors in recent days.
How might these symptoms be explained?

[SI units: WBC count, 2.6 × 106/L; neutrophils, 0.69; lymphocytes, 0.22;

platelets, 229 × 106/L; Hct, 0.286; blasts, 0]

The use of vincristine is associated with an autonomic neu-
ropathy, which may substantially reduce GI motility252; in se-
vere cases, paralytic ileus may result. Constipation is often
accompanied by colicky abdominal pain, which may be quite
distressing.253 These symptoms usually become apparent 3 to
10 days after drug administration and resolve over several days.
Prophylactic use of a stool softener (docusate [Colace]) and/or
laxative (polyethylene glycol [Miralax]) may lessen the sever-
ity of J.B.’s constipation and facilitate defecation. This regi-
men should have been instituted soon after the first dose of
vincristine.

J.B.’s emotional changes are likely the result of the dexa-
methasone he is receiving. Emotional lability, sleep distur-
bances, depressed mood, and listlessness have occurred during
corticosteroid therapy in children with ALL.254 These behav-
ioral changes can be quite disruptive, and parents should be pre-
pared for them in advance. Behavioral disturbances typically
resolve within 2 weeks after corticosteroid discontinuation.254

Central Nervous System Preventive Therapy

37. In addition to the aforementioned drugs, J.B. also re-
ceives intrathecal (IT) chemotherapy for CNS prophylaxis with
methotrexate at the beginning (week 1) and end (week 4) of in-
duction therapy. What is the purpose of IT chemotherapy? What
are the various treatments available for CNS preventive therapy?
What determines which one is chosen for J.B.?

PURPOSE
IT or CNS preventive therapy decreases the chance of re-

lapse within the CNS and increase J.B.’s chance of long-term
survival. Before CNS preventive therapy was routine, the CNS
was the most common site of leukemic relapse and thus pre-
dicted bone marrow relapse.255,256 Patients at greatest risk for
CNS relapse include those with very high initial WBC counts,
T-cell ALL, and infants.257,258 However, because all patients
with ALL are at risk for CNS relapse, one of the largest in-
cremental improvements in DFS has been the routine use of
CNS preventive therapy.156 Because many antileukemic agents
do not distribute well into the CSF, this area becomes a sanc-
tuary site for leukemic lymphoblasts. The aim is to eradicate
any CNS leukemic lymphoblasts present at diagnosis and to
prevent the emergence of a relapse within the CNS.

CENTRAL NERVOUS SYSTEM PREVENTIVE THERAPY OPTIONS
All treatment protocols for childhood ALL use some form of

CNS preventive therapy, although different regimens are used.
The first successful CNS prophylaxis treatments were 2,400
cGy of craniospinal radiation with or without IT methotrex-
ate, which markedly reduced the CNS relapse rate.260 To avoid
the myelosuppression and reductions in spinal growth due to
craniospinal irradiation, the standard CNS preventive therapy
was modified to 2,400 cGy of cranial irradiation, along with
IT methotrexate. However, the adverse effects of cranial irra-

diation remained problematic. These included decreased in-
tellectual function, dysfunctions of the neuroendocrine sys-
tem, and poorer psychosocial functioning.261–263 As a result,
clinicians sought alternative, potentially safer forms of CNS
preventive therapy. For example, lower doses (1,800 cGy) of
cranial irradiation were combined with IT methotrexate to re-
duce the CNS effects, and this has proved to be equivalent to
2,400 cGy in preventing CNS relapse.258,264 The results of a
long-term follow-up study indicate mild, but diffuse deficits
in information processing in patients receiving 2,400 cGy of
cranial irradiation but not in patients treated with 1,800 cGy,
suggesting that the lower radiation dose reduces neuropsycho-
logical morbidity. Nevertheless, because concerns regarding
the long-term toxicity of cranial radiation remain, especially
for younger children, it is currently reserved for patients with
detectable CNS disease on presentation, some patients with
T-cell ALL and patients with CNS relapse. Currently, CNS
preventative therapy includes IT methotrexate alone, triple IT
chemotherapy (methotrexate, cytarabine, and hydrocortisone),
or IT methotrexate combined with systemic dose–intensified
methotrexate.265–268

Because patients differ in their risk for developing CNS
leukemia, CNS preventive therapy should be tailored accord-
ingly. Children with low- and intermediate-risk ALL have
equivalent CNS protection rates with either cranial radia-
tion or IT chemotherapy, as long as adequate intensive sys-
temic therapy is provided.266,269,270 Patients at low or inter-
mediate risk of relapse may be treated with either triple IT
chemotherapy or IT methotrexate, depending on the institu-
tional protocol.266,269 Some high-risk children who are early
responders to chemotherapy and who do not have CNS disease
on presentation may also obtain adequate CNS protection with
IT methotrexate alone.271 Currently, most patients with T-cell
disease still receive cranial radiation therapy as a component
of their CNS preventive therapy, although with current inten-
sive systemic therapy a radiation dose of 1,200 cGy appears to
provide adequate CNS protection.156

INTRATHECAL CHEMOTHERAPY: CHRONIC ADVERSE EFFECTS
The chronic toxicities of IT chemotherapy are now being

determined. When examined for effects on growth, triple
IT chemotherapy demonstrated no effect on the final height
achieved by children in contrast to a reduced final height in
patients receiving cranial irradiation.272 Limited evidence sug-
gests that IT chemotherapy may be associated with some neuro-
psychological deficits. At least one study of patients receiving
IT chemotherapy without cranial irradiation has demonstrated
deficits in higher-order cognitive function tasks and learning
disabilities in mathematics.273 Another study has demon-
strated that children who were treated with IT chemotherapy
before age 5 years had deficits in the cerebellar-frontal brain
subsystem and in neuropsychological performance.274 It is
unclear whether these deficits will translate into significant
long-term consequences for these children.

Dosage

38. J.B. is at a low risk for CNS relapse, and the decision is made
to treat him with IT methotrexate. What dose of IT methotrexate
should J.B. receive?
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FIGURE 90-3 Relationship between body surface area and central ner-
vous system (CNS) volume as a function of age. CNS volume increases
at a more rapid rate than body surface area, reaching adult volume by 3
years of age. From Bleyer WA et al. Reduction in central nervous system
leukemia with a pharmacokinetically derived intrathecal methotrexate
dosage regimen. J Clin Oncol 1:1983:289. Reprinted with permission
c© 2008 American Society of Clinical Oncology. All rights reserved.

High chemotherapy concentrations can be attained within
the CSF with relatively low doses because the CSF volume
of distribution is small in contrast to the peripheral plasma
volume (140 vs. 3,500 mL).275,276 Drug exposure is also max-
imized by the longer half-life of most drugs in the CSF.277

The approach used for IT dosing differs from systemic ad-
ministration, the latter of which is based on body weight or
body surface area. CSF methotrexate concentrations appear to
correlate better with patient age than size.278 As seen in Fig-
ure 90-3, the CSF volume in children approaches that of an
adult by the age of 3 years. Because CSF volume does not
correlate with body surface area, IT doses based on body size
result in subtherapeutic concentrations in young children and
potentially toxic concentrations in older children and adults.
The age-based dosing regimens shown in Table 90-19 are less
neurotoxic and are associated with a lower rate of CNS relapse
than doses based on size.279 Using this dosing regimen, J.B.’s
dose of IT methotrexate should be 12 mg. If triple intrathecal
therapy were employed, the doses of IT cytarabine and hydro-
cortisone would be 24 and 12 mg, respectively. These latter
doses are also based on age, but no literature exists to sup-
port how they were derived. Nevertheless, empiric evidence
supports their efficacy.266

Table 90-19 Dosage Regimen for Intrathecal Chemotherapy
Based on Patient Age

Patient Age Methotrexate Hydrocortisone Cytarabine
(years) (mg) (mg) (mg)

<1 6 6 12
1 8 8 16
2 10 10 20
3 12 12 24

≥9 15 15 30

Adapted from reference 280.

PRECAUTIONS

39. J.B.’s triple IT methotrexate is to be administered on the
same day as his vincristine dose. Are there any special precautions
that should be taken when these medications are administered in
close proximity?

Inadvertent IT administration of vincristine is almost uni-
formly fatal,280–282 although there is at least one report of a
patient in whom death was prevented.283 Despite widespread
educational efforts and numerous precautionary measures used
by the pharmaceutical industry in recent years, deaths from
the inadvertent IT administration of vincristine continue to be
reported.284 The clinical course in patients mistakenly given
IT vincristine has typically progressed from backache and
headache on day 1, muscle weakness (generalized) on day 2,
apnea on day 5, loss of evidence of electroencephalographic
activity by days 7 to 9, and death on day 12.280 To avoid the
tragedy of IT vincristine administration, vincristine should be
admixed separately from IT medications, specially labeled, and
preferably delivered to the patient area for IV infusion after the
administration of IT medications.

Acute Adverse Effects

40. J.B. develops severe nausea and vomiting following his IT
methotrexate treatment. Is this common following IT chemother-
apy? What can be done to decrease this toxicity for future IT
chemotherapy treatments?

Several acute toxicities have been reported following IT
chemotherapy. Acute arachnoiditis may occur 12 to 24 hours
after injection, resulting in headaches, nausea, vomiting, and
various other signs of increased intracranial pressure.285 Severe
symptoms occurred in 4 of 91 children receiving combination
IT chemotherapy.286 IT methotrexate alone produces these side
effects in 38% of cases.287 Fortunately, these reactions are usu-
ally self-limiting and can be reduced by use of doses based on
patient age.279

Nausea and vomiting due to IT chemotherapy is usually
mild to moderate in severity.288 The emetogenic effect of IT
chemotherapy is likely the result of direct contact between
the chemotherapy and the chemoreceptor trigger zone. IV on-
dansetron (a 5-HT3 antagonist) at a dose of 0.15 mg/kg be-
fore and 3 to 4 hours after IT chemotherapy or 0.3 mg IV
× 1 dose prior to IT chemotherapy can significantly reduce
the incidence and severity of nausea and vomiting secondary
to triple IT chemotherapy.288 Without antiemetic protection,
only 22% of children receiving IT chemotherapy had no vom-
iting. With the addition of ondansetron, complete protection
from vomiting rose to 69%.288 The efficacy of ondansetron
IV when chemotherapy is administered IT is consistent with
animal data demonstrating that 5-HT3 antagonists adminis-
tered directly into the brainstem can block the emetic response
of systemically administered chemotherapy.289 (Also see
Chapter 7.)

Rarely, a form of methotrexate neurotoxicity resulting in
either paraplegia or necrotizing leukoencephalopathy may
occur.290–292 Leukoencephalopathy is associated with cra-
nial irradiation given before or during IT therapy.292 The
preservatives in the chemotherapy diluents (methylhydroxyl-
benzoate and benzyl alcohol) rather than the chemotherapy
agents are believed to be responsible for the paraplegia. This
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emphasizes the importance of diluting IT chemotherapy with a
preservative-free diluent.290 In addition, acute seizures associ-
ated with IT methotrexate have been reported. It also has been
shown that methotrexate can increase the CSF concentration
of homocysteine, as a consequence of decreased CSF folate. It
is known that homocysteine can be metabolized to excitatory
neurotransmitters that are agonists of the N-methyl-d-aspartate
(NMDA) receptor, leading to seizures.293,294 It is possible that
known NMDA receptor antagonists (e.g., dextromethorphan)
may decrease the risk of seizures in patients who develop this
toxicity.294

Consolidation Therapy

41. J.B. had bone marrow aspirations performed at day 8 and
at the completion of induction treatment on day 29; both indi-
cated a complete morphologic remission, indicative of a rapid
early response. After completion of the induction phase, J.B. was
scheduled to receive an intensified phase of chemotherapy known
as consolidation therapy. What is the purpose of consolidation
treatment, and what are some examples of effective regimens for
this phase of treatment?

Consolidation or intensification is a period of dose-intensive
chemotherapy following induction therapy. This phase of treat-
ment has proved to be an important strategy for the prevention
of relapse in children with ALL and has helped produce EFS
of greater than 80% in low-risk childhood ALL.156,295 To date,
the optimum consolidation/intensification regimens have yet
to be determined. However, a few interesting findings from
investigations of consolidation therapy are briefly mentioned.
A comparison between methotrexate 1 g/m2 IV (intermediate-
dose methotrexate) and low-dose (180 mg/m2 divided into six
doses) oral methotrexate revealed an approximate 4.4% in-
crease in continuous complete remission with the higher-dose
regimen.295 This study is considered to be one of the pivotal tri-
als demonstrating the superiority of higher-dose methotrexate
in childhood ALL.156 Although this difference was statisti-
cally significant, it may not have been clinically significant be-
cause leukoencephalopathy also occurred in 4.5% of children
treated with the higher-dose regimen, compared with 0.6% of
those treated with low-dose methotrexate. Although this study
was not designed to examine differences in gender, female pa-
tients failed to benefit from the higher-dose regimen. This study
has also been criticized for using the same leucovorin dosage
with both methotrexate regimens because it is known that a
lower-dose oral regimen without leucovorin may produce sim-
ilar RBC concentrations to that achievable with higher-dose
methotrexate with leucovorin.296

It is not uncommon for newer consolidation regimens to
lead to complications, given the baseline treatment intensity
of many contemporary ALL treatments. For example, a trial
evaluating the addition of either intensified asparaginase or
cytarabine to intermediate-dose methotrexate in standard-risk
ALL patients failed to show any incremental benefit in EFS
over that achievable with methotrexate alone, although the
cytarabine regimen did result in an increase in both infec-
tious morbidity and hospitalizations.297 Some examples of
state-of-the-art consolidation regimens are provided in Table
90-20.239,247,295,297,298

Table 90-20 Consolidation/Intensification Regimen
Components

Week Reference

Week 1

Methotrexate 1 g/m2 IV over 24 hours
Mercaptopurine 1 g/m2 IV over 6 hours

Week 2

Methotrexate 20 mg/m2 IM × one dose
Mercaptopurine 50 mg/m2 PO daily × 7 days
Triple intrathecal therapy on weeks 1, 2, 3, 7, 12, 19, and 25

Repeat 2-week cycles for a total of 12 courses

297

Cyclophosphamide 1 g/m2 IV on days 0 and 14
Cytarabine 75 mg/m2 SC or IV on days 1–4, 8–11, 15–18,

and 22–25
Mercaptopurine 60 mg/m2 PO daily × 28 days
Methotrexate IT weekly × 4 weeks

300

Mercaptopurine 25 mg/m2 PO daily on days 1–56
Methotrexate 5 g/m2 IV over 24 hours on days 8, 22, 36,

and 50
Methotrexate IT on days 8, 22, 36, and 50

249

Methotrexate 1 g/m2 IV over 24 hours, every 3 weeks × 6
doses

Vincristine 1.5 mg/m2 IV on weeks 8, 9, 17, and 18
Prednisone 40 mg/m2 PO daily × 7 days on weeks 8 and 17

299

Dexamethasone 10 mg/m2 PO daily × 21 days + 7-day
taper

Vincristine 1.5 mg/m2 IV on days 0, 7, and 14
L-asparaginase 6,000 U/m2 IM × 6 doses on days 3–17
Doxorubicin 25 mg/m2 IV on days 0, 7, and 14

241

IV, intravenously; IM, intramuscularly; PO, orally; SC, subcutaneously; IT,
intrathecally.

METHOTREXATE CONCENTRATION MONITORING

42. J.B. receives consolidation therapy with intermediate-dose
methotrexate. His methotrexate serum concentrations are moni-
tored after the administration of each dose of methotrexate during
this phase of therapy. Why is monitoring of serum concentrations
important when giving this dose of methotrexate? Are methotrex-
ate concentrations important in predicting the outcome of ALL
therapy?

After dose-intensive methotrexate therapy, concentration
monitoring is crucial to establish the dose of leucovorin and
the duration of hydration and alkalinization needed to prevent
systemic methotrexate toxicity.299 Before serum methotrex-
ate concentrations were routinely monitored after high-dose
methotrexate, severe GI desquamation and myelosuppression
led to fatalities in as many as 6% of patients.300 Methotrex-
ate concentrations are measured approximately 24 hours after
completion of the methotrexate infusion and repeated daily
until the concentration falls below the toxic threshold of
0.05 μmol/L. Patients who have unexpectedly high concentra-
tions after high-dose methotrexate may require higher doses
of leucovorin and prolonged hydration and alkalinization to
circumvent methotrexate toxicity.299 (See Pediatric Tumors:
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Osteosarcoma section of Chapter 91 for details on monitoring
methotrexate concentrations and dosing leucovorin.)

Investigators have evaluated the influence of serum concen-
trations of methotrexate on the outcome of ALL patients.300,301

These studies have determined that children with higher
methotrexate clearance values appear to be at higher risk of re-
lapse and suggest that concentration monitoring may also play
a role in enhancing the long-term survival of these patients.301

However, when follow-up was extended, the survival advan-
tage reported in one of these studies was lost.301,302 A sub-
sequent investigation of individualized chemotherapy versus
standard dosing based on body surface area also demonstrated
that concentration monitoring and subsequent dose adjustment
of methotrexate during consolidation was associated with a
significant 10% improvement in continuous complete remis-
sion for children with B-cell lineage ALL.248 It also remains
to be seen whether this difference will be lost with further pa-
tient follow-up. Given the somewhat conflicting data at present,
dose adjustment of methotrexate for efficacy purposes based
on serum concentrations should be considered investigational
and should not be used for dose adjustments in J.B. Currently,
dosage adjustment of intermediate- and high-dose methotrex-
ate should be used only for patients experiencing excess toxi-
city.

Maintenance Therapy

43. After completion of his induction and consolida-
tion/intensification treatments, J.B. is scheduled to receive mainte-
nance (continuation) treatment for a total therapy duration of 2.5
years from the start of his induction therapy. His parents question
why treatment will be of such a long duration and ask whether this
is necessary because J.B. is already in remission. What is the pur-
pose of J.B.’s maintenance or continuation treatment for ALL?
Which agents should be used in J.B. for this phase of therapy?

PURPOSE
Maintenance or continuation treatment sustains the com-

plete remission achieved from induction chemotherapy. Early
trials have shown that without maintenance treatment, the ma-
jority of ALL patients will relapse.236 It must be stressed
that patients who have successfully responded to induction
and consolidation/intensification therapy may still have a high
leukemic cell burden (although undetectable), which must be
eradicated by additional treatment. This is supported by the
results of bone marrow biopsies from patients who have expe-
rienced relapse after several months to years of treatment. The
cytogenetic characteristics of the leukemic cells in relapsed
patients are identical to those at the time of diagnosis.303,304

Maintenance therapy is also supported by the results of MRD
studies, which demonstrate that some amount of measurable
leukemic cells are still present months after the completion of
induction therapy.225

CHEMOTHERAPY REGIMENS
Drugs that are effective during induction therapy cannot, by

themselves, prolong remission during maintenance therapy.173

However, other agents are effective in sustaining a complete
remission. Two of the most effective drugs are mercaptopurine
(Purinethol) and methotrexate.244,305,306 Methotrexate is most
effective and least toxic when administered intermittently, usu-
ally on a weekly basis in oral doses of 20 mg/m2/week. Mer-

captopurine is effective and well tolerated orally when dosed
daily, usually at a dose of 50 to 75 mg/m2/day.

Other agents have been added to standard maintenance ther-
apy with mercaptopurine and methotrexate to improve remis-
sion duration and to increase a patient’s chances for long-term
survival. There is evidence that monthly pulses of vincristine
and prednisone offer advantages (lower bone marrow and tes-
ticular relapse rates) in standard-risk patients as well.307 At
present, most contemporary treatment regimens for childhood
ALL have intensified induction and consolidation phases, and
sometimes include a reinduction and/or a delayed intensifica-
tion phase within the first 6 months.247,249,295,297,298 Follow-
ing this early intensive treatment schema, these newer pro-
tocols use a less intensive maintenance therapy consisting of
methotrexate and mercaptopurine in combination with periodic
IT chemotherapy treatments, either with or without intermit-
tent vincristine/prednisone pulses.247,249,295,297,298 It is unclear
which of these regimens is best because risk criteria used to
assign patients to various maintenance treatment arms within
these protocols have varied among investigators.

The available evidence suggests that a patient like J.B. with
standard-risk ALL will benefit from use of daily mercaptop-
urine 50 to 75 mg/m2 PO and weekly methotrexate 20 mg/m2

PO, IM, or IV, along with periodic pulse therapy with vin-
cristine 1.5 mg/m2 for 1 day and either prednisone 40 mg/m2

or dexamethasone 6 mg/m2 PO for 7 days every 4 weeks. In
addition, IT methotrexate should be repeated every 8 to 12
weeks.

Potential Problems

44. After 6 weeks of maintenance therapy with the aforemen-
tioned regimen, J.B. has an absolute neutrophil count (ANC)
that has ranged between 2,000 and 3,500 cells/mm3 for >6
weeks. Other CBC findings are also within normal limits. Should
any changes in his maintenance therapy be considered at this
time? Are there any potential problems with mercaptopurine and
methotrexate that could explain his ANC values and that might
increase his risk of treatment failure?

Diurnal variation of methotrexate concentration and marked
interpatient variability in absorption and metabolism of mer-
captopurine have been described, which may explain the var-
ied response among patients to standard doses.308–310 Most
patients are able to tolerate full doses of mercaptopurine,
which is inactivated by the enzyme thiopurine methyltrans-
ferase (TPMT). It is known that approximately 89% to 94% of
patients have high TPMT activity, whereas 6% to 11% have in-
termediate activity, and 0.3% have deficient activity. Patients
with deficient TPMT activity develop severe and even fatal
toxicity with standard mercaptopurine doses and require very
low doses (approximately 10 mg/m2 three times per week) for
avoidance of profound myelosuppression.311,312

Patients receiving half doses of these agents have shorter
remission durations313; however, those who tolerate maximal
protocol dosages may also be at greater risk of relapse.185 Pa-
tients who are able to tolerate maximal doses without signif-
icant myelosuppression may require even higher doses than
are recommended in some protocols. Investigations, includ-
ing studies of intracellular concentrations of active metabo-
lites, have not found the pharmacokinetics of mercaptopurine
or methotrexate to be predictive of outcome in children with
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ALL.314–316 However, one of these trials did demonstrate that
dose intensity of mercaptopurine was a significant predictor of
EFS.314 Because bioavailability is a concern for both agents
and because some patients, particularly males, may be able to
tolerate high dosages without toxicity, doses are often adjusted
upward based on the degree of leukopenia. Some protocols
allow for dosage increases of methotrexate or mercaptopurine
every 4 to 6 weeks to maintain a target ANC in the range of
300 to 2,000/mm3.314,315 This is usually accomplished by alter-
nately increasing the doses of mercaptopurine and methotrex-
ate by 25%.

For J.B., this means an increase in mercaptopurine from
50 mg/day to a daily schedule alternating 50 mg with 75 mg,
or an increased methotrexate dose from 20 to 25 mg/week.
Although parenteral administration of methotrexate is logical,
it does not consistently improve the results of therapy.316,317

To assess whether J.B. is receiving an adequate dose, weekly
WBC counts are essential. This allows one to accurately ap-
praise the adequacy of his dose and to follow his disease status
to ensure that remission is continuing. If an inadequate de-
gree of myelosuppression is demonstrated, J.B.’s compliance
should be investigated because decreased compliance is a fre-
quent problem in the therapy of childhood ALL.318–320 At least
one investigation has found improved compliance with evening
administration of mercaptopurine.318

Duration of Therapy

45. How long should J.B.’s maintenance therapy be continued?

Most centers treat children with ALL until a total therapy
duration of approximately 2.5 years is reached.321,322 Extend-
ing maintenance treatment to 5 or 6 years adds no benefit.321,322

Other data suggest that a shorter duration of 18 months may
be adequate for girls, but not for boys.323 Most patients who
experience relapse do so during therapy or within the first year
of completing therapy. After the second year of therapy and for
every year thereafter, relapses become much less common, but
are occasionally observed. Some centers are exploring whether
more intensive treatment protocols could decrease the duration
of maintenance treatment because the optimal duration is based
on less aggressive protocols. Until there is more conclusive ev-
idence regarding the duration of ALL maintenance therapy, pa-
tients with J.B.’s characteristics should receive chemotherapy
for approximately 2.5 years.

High-Risk Acute Lymphoblastic Leukemia
LONG-TERM SEQUELAE

46. N.B. is a 12-year-old Hispanic boy with a 4- to 5-week history
of an enlarging right-sided neck mass. On physical examination,
he is found to have a 6 × 3-cm right neck mass with extension to
the nape of the neck. X-ray of the chest indicates an anterior medi-
astinal mass. The CBC reveals a WBC count of 62,000/mm2 (43%
lymphoblasts, 27% neutrophils, and 27% lymphocytes), Hct of
41.5%, and platelet count of 83,000/mm3. Other pertinent lab-
oratory results are urate of 15.1 mg/dL and LDH of 1,636 U/L
(normal, 280–540). A bone marrow biopsy confirms the diagnosis
of ALL and shows that 85% of the bone marrow is replaced by
leukemic lymphoblasts. The leukemic cells are T lymphoblasts,
and their DNA index is 1.0. A lumbar puncture reveals a few cells

within the CSF that are terminal deoxynucleotidal transferase
(TdT) negative, but are rather suspicious.

N.B. is started on rasburicase 0.2 mg/kg/day for 1 to 3 days,
instead of allopurinol and hydration and alkalinization. Because
N.B. in known to have T-cell ALL, he is begun on an intensive pro-
tocol. The induction regimen consists of six drugs, including pred-
nisone 40 mg/m2/day PO on days 1 to 29; vincristine 1.5 mg/m2 IV
weekly for 5 weeks; cyclophosphamide (Cytoxan) 1 g/m2 on day
1 and 600 mg/m2 on day 22; doxorubicin (Adriamycin) 50 mg/m2

on day 1; cytarabine 100 mg/m2/day via continuous infusion for 5
days starting on day 22; and asparaginase 10,000 U/m2 IM on days
27, 29, and 31. Triple IT therapy consists of methotrexate 15 mg,
cytarabine 30 mg, and hydrocortisone 15 mg administered weekly
for 6 weeks. Why was rasburicase used instead of standard tumor
lysis syndrome (TLS) preventive strategies?

Despite the standard prophylactic regimen for TLS, some
high-risk patients may develop urate nephropathy. Patients with
a significant elevation in uric acid and/or renal dysfunction may
not derive significant early benefit from the standard regimen,
which is designed to prevent the formation of additional uric
acid and to aid in its excretion. Significant elevations in uric
acid and/or renal dysfunction may even delay the initiation of
chemotherapy. Rasburicase is a recombinant form of urate ox-
idase, the enzyme that catalyzes the conversion of uric acid
to the more water-soluble allantoin. Rasburicase produces a
dramatic reduction in uric acid within 4 hours of administra-
tion. Uric acid is often reduced below the normal range, and
additional daily doses are not necessary if uric acid normal-
izes and remains within normal limits. Given N.B.’s signifi-
cantly elevated uric acid, he is at significant risk for TLS and
is a good candidate for initial management with rasburicase.
Rasburicase obviates the need for allopurinol, hydration, and
alkalinization.324

47. N.B. achieves a complete remission based on the results of
a bone marrow specimen on day 29. His parents are concerned
about the doxorubicin because they have heard about heart prob-
lems with this drug. His protocol includes significant doses of this
agent throughout his treatment plan. They ask about the likeli-
hood for cardiac toxicity, what might be done to screen for it, and
whether any preventive strategies exist that might be of value.
They also ask about other potential long-term sequelae from his
treatment. What are the recommended screening tools and pre-
ventive strategies for anthracycline cardiotoxicity in children?
What is the evidence for the relationship between osteonecrosis
and corticosteroid used in the treatment of childhood ALL?

The relationship between cumulative anthracycline dose
and cardiotoxicity is well established; a dramatic increase in
congestive heart failure (CHF) is observed at cumulative doses
>450 mg/m2.156,325 However, because this is a median dose
for cardiotoxicity, limiting the total dose to this threshold will
not protect all patients. At least one study has demonstrated
that both biochemical and echocardiographic abnormalities
can be seen in childhood cancer survivors following low cu-
mulative anthracycline doses.326 Although some early reports
suggested reversibility in children, subsequent follow-up data
confirm a worsening of CHF over time.327–330 Late-occurring
cardiotoxicity (i.e., years following completion of chemother-
apy) has been reported in children.330,331 One of these stud-
ies used a very sensitive echocardiography technique and
reported that the majority of patients had either abnormal
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contractility or afterload.331 The other study used a less sensi-
tive echocardiography technique and reported a lower preva-
lence of cardiotoxicity, although the rate of abnormalities was
shown to increase substantially with longer patient follow-
up.330 Recent prospective studies of long-term cardiac func-
tion following anthracycline therapy in children show a contin-
ual decrement in left ventricular function years after chemo-
therapy.332 It is currently unclear what the long-term risk of
CHF is in children. Close patient follow-up is important for
early detection, although currently used screening tools such
as echocardiography detect only functional damage and have
not demonstrated value in preventing CHF. Newer nuclear
medicine probes are showing some promise in the early de-
tection of anthracycline-induced cardiotoxicity and may be
used in the future for identifying children before the devel-
opment of functional deficits.259 Dexrazoxane (Zinecard), an
intracellular iron chelator, has been studied for its effective-
ness in preventing anthracycline-induced CHF in adults.333,334

However, because there was a decreased antitumor response
in dexrazoxane-treated patients in one of these trials, it was
subsequently studied at a reduced dose. It has been approved
for use only in women with breast cancer who have received
a cumulative anthracycline dose of 300 mg/m2. In one small
trial in children with sarcoma, dexrazoxane decreased the risk
of cardiotoxicity and improved tolerance of higher cumula-
tive anthracycline doses.335 However, the left ventricular EF
declined in both groups receiving higher cumulative anthracy-
cline doses. A more recent study employing serum troponin T
elevations as a surrogate marker for cardiac damage demon-
strated that children with ALL randomized to receive dexra-
zoxane with each dose of doxorubicin were less likely to have
elevations of troponin T levels, but EFS was not different be-
tween the group receiving dexrazoxane versus those receiving
doxorubicin alone. Also, it is unclear whether these differ-
ences in serum troponin T will translate into differences in
cardiotoxicity because the study did not report the results of
echocardiography.336 In summary, whether dexrazoxane cir-
cumvents the long-term risk of anthracycline-induced CHF in
children is unclear. Some degree of long-term cardiotoxicity
or CHF risk in children may be unavoidable when an anthracy-
cline is used, even if it is combined with dexrazoxane. Because
anthracyclines are an important component of many ALL treat-
ment protocols and have figured significantly into the improved
survival rates achieved in high-risk patients in recent years, the
benefits seem to outweigh the risks in these patients at present.
Although N.B. will be monitored closely for the occurrence of
cardiac deterioration, there is currently no proven way to com-
pletely eliminate the risk of cardiotoxicity, although restricting
children to a cumulative dose of <300 mg/m2 has resulted in
a low frequency of late occurring cardiotoxicity.337

Many survivors of childhood ALL therapy are found to have
decreased bone mineral density.338–342 This has been attributed
to both corticosteroids and cranial radiation therapy. Studies of
osteonecrosis in childhood ALL demonstrate an overall inci-
dence of 1.1% to 1.8%.339,340 However, patient age at the time
of treatment is an important risk factor with an incidence of
0.2% in children younger than 10 years, but 8.9% in patients
10 years and 16.7% in those 15 years. Most patients developed
osteonecrosis in two or more joints. There is a fairly clear
relationship between the cumulative dose of corticosteroid re-
ceived and the incidence of osteonecrosis. An increased risk of

fractures during chemotherapy has also been reported in chil-
dren with ALL.342 These risks of bone pathology in survivors
of childhood ALL argue in favor of close monitoring as well
as optimization of mineral supplementation.

48. After completing induction therapy, N.B. is scheduled to
receive a 25-week consolidation therapy consisting of vincristine/
prednisone pulses, along with doxorubicin 30 mg/m2 Q 3 weeks, in
addition to oral mercaptopurine and three IV doses of methotrex-
ate 5 g/m2 on weeks 7, 10, and 13. Weekly asparaginase at a dose
of 25,000 U/m2 IM will also be given weekly for the first 20 weeks.
Is this the usual dose of asparaginase? What is the value of as-
paraginase in patients with T-cell leukemia?

This dosage of asparaginase is higher than that usually used
in the treatment of ALL (6,000–10,000 U/m2). This is based
on a study of T-cell ALL, in which patients were randomized
to receive asparaginase 25,000 U/m2 IM every week or not for
20 doses. There was a significant improvement in continuous
complete remission at 4 years for those who had received the
additional high-dose asparaginase therapy (68% vs. 55%). This
provided evidence that patients with T-cell ALL may achieve
long-term remission rates similar to those of other ALL im-
munologic subtypes.210 Furthermore, the addition of high-dose
methotrexate has increased relapse-free survival rates to ap-
proximately 80% in patients with T-cell ALL.

49. Two weeks following his vincristine/doxorubicin/predni-
sone/mercaptopurine regimen and 5 days following his fifth dose
of asparaginase, N.B. develops severe epigastric abdominal pain
and hyperglycemia. N.B. has been having normal bowel move-
ments and does not have abdominal distention. The serum amy-
lase is markedly elevated to 450 IU/L (normal, 111–296). Which
agent is likely responsible for N.B.’s abdominal pain? What other
complications are associated with asparaginase?

Pancreatitis
Pancreatitis has been noted in children following the admin-
istration of asparaginase.343 As illustrated by N.B., this of-
ten presents as abdominal pain accompanied by an elevated
serum amylase and hyperglycemia. Insulin may be required to
control the hyperosmotic, nonketotic hyperglycemia that may
result.344,345 The pancreatitis is occasionally severe, and fa-
talities have been reported.346 Unfortunately, the serum amy-
lase may not predict whether patients will develop acute fatal
pancreatitis.346 N.B.’s pancreatitis secondary to asparaginase
makes further treatment with this agent inadvisable. Because
this reaction is not a hypersensitivity reaction, further ther-
apy with the Erwinia form of asparaginase is also not recom-
mended. N.B. may be treated with supportive care and insulin
therapy. He should recover fully and be able to receive further
chemotherapy.

Hypersensitivity Reactions
Hypersensitivity reactions are common, occurring in 20% to
35% of patients, but they are usually mild, generally pre-
senting as urticarial eruptions.344 Premedication does not ap-
pear to prevent subsequent reactions in most patients.347 Se-
vere anaphylactoid reactions may occur and can be fatal.348

Clinical reactions correlate better with asparaginase-specific
IgG rather than IgE antibodies, and severe hypersensitivity
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reactions can be explained in most instances by complement
activation.349,350

Anaphylactoid reactions appear to be less common when
asparaginase is administered intramuscularly.351,352 This is be-
cause the slow absorption of asparaginase after IM adminis-
tration results in delayed, less severe acute reactions. Because
these reactions can be delayed, prolonged monitoring is rec-
ommended after IM asparaginase.353 Most serious hypersen-
sitivity reactions tend to occur after the patient has received
several doses.

A significant number of patients receiving asparaginase
as a component of ALL treatment test positive for antias-
paraginase antibodies, and antibody concentrations are sig-
nificantly higher in patients who experience a hypersensitivity
reaction.347 Patients who are receiving asparaginase may also
develop “silent” immune clearance, resulting in rapid clear-
ance of asparaginase from the plasma (similar to patients with
hypersensitivity) but without an allergic reaction.354–356 These
patients may not obtain benefit from asparaginase and may be
at greater risk for treatment failure.357 More recently, the preva-
lence of antibodies to asparaginase has been investigated. It was
demonstrated that asparaginase antibody titers were present in
61% of patients receiving native E. coli asparaginase during in-
duction therapy (including 29% with silent hypersensitivity). It
was also shown that the majority (73%) of these patients did not
have measurable asparaginase activity in their serum. Prelimi-
nary analysis from this study also demonstrated a relationship
between antibody titers and outcomes, with patients with silent
hypersensitivity more likely to have an adverse outcome.358 Be-
cause premedication usually does not prevent future reactions
and because of the possibility that patients who exhibit hyper-
sensitivity may derive no benefit from asparaginase, it appears
that the best course of action is to switch patients from the
E. coli preparation to an alternate asparaginase preparation.

Preparations
Asparaginase is available from two natural sources, E. coli and
Erwinia. These two preparations are not 100% cross-reactive,
so the Erwinia product may be substituted for the E. coli prod-
uct when hypersensitivity reactions occur.359 However, one
should be aware that cross-reactions occur in 17% to 26%
of patients.240,360 Because of the shorter half-life of the Er-
winia product, a dosage increase of Erwinia asparaginase is
necessary to mimic the activity of the E. coli product.361 Of
note, patients receiving equivalent doses of Erwinia asparagi-
nase have a poorer remission rate and survival than those pa-
tients receiving the E. coli asparaginase.362 In contemporary
protocols, the dose of Erwinia asparaginase is typically about
2.5 times greater than the E. coli asparaginase dose. The in-
cidences of hypersensitivity reactions are equivalent for these
two preparations.359

Asparaginase is also available as an altered form known as
pegaspargase (Oncaspar). This agent is formed by covalently
linking monomethoxy PEG to E. coli asparaginase. Pegaspar-
gase has a prolonged half-life of 5.8 days compared with 1.2
days for E. coli asparaginase and appears to be safe and ef-
fective, even in patients with prior reactions to E. coli and Er-
winia asparaginase.363 The prolonged half-life allows for less
frequent (i.e., every 2 week) dosing of PEG asparaginase than
for the natural source asparaginase products (i.e., three times a
week).355 Asparaginase compounds derived from different E.

coli strains may differ in both enzyme activity and half-life. At
least one study has reported an unexpected mortality rate in
childhood ALL associated with an assumption of equivalence
among different E. coli asparaginase preparations.364

Asparaginase-Induced Coagulation Disorders
Asparaginase is known to cause decreases in albumin, fibrino-
gen, and α and β globulins, owing to its effects on general
protein synthesis, which can result in inhibition of the synthe-
sis of various clotting factors.365,366 Asparaginase may also
produce abnormalities in the coagulation-inhibiting and fi-
brinolytic system, along with deficiencies in antithrombin III
and plasminogen.365,366 This complex series of events can re-
sult in coagulopathies, occasionally leading to cerebral hem-
orrhage or infarction.240,365–367 Some have suggested moni-
toring markers of the coagulation-inhibiting and fibrinolytic
system to identify patients at risk for severe coagulation
disturbances,365 but no prospective studies have documented
this practice. A higher risk of thrombotic events has been ob-
served among children with central venous catheters and/or
a genetic predisposition.368,369 There is also a greater risk of
thromboembolism in children receiving native asparaginase in
combination with prednisone versus dexamethasone, perhaps
due to greater inhibition of prostaglandin and thromboxane
synthesis by the latter agent.370

Relapsed Acute Lymphoblastic Leukemia

50. After 1 year of continuation therapy, N.B. undergoes a rou-
tine lumbar puncture. Analysis of the CSF indicates the presence
of numerous lymphoblasts. A CBC reveals Hct of 29.5%, platelet
count of 120,000/mm3, and WBC count of 5,300/mm3, with 45%
lymphocytes, 50% neutrophils, and 5% bands. A bone marrow
biopsy confirms relapsed ALL, with 53% lymphoblasts. Would
routine bone marrow biopsies of N.B. have allowed for early de-
tection of N.B.’s relapse and an increased chance for long-term
survival? What are N.B.’s chances of achieving a second remis-
sion and long-term survival? Which treatments could be used in
N.B. in an attempt to attain a complete remission and improve his
chances of long-term survival?

[SI units: Hct, 0.295; platelets, 120 × 106/L; WBC count, 5.3 × 106/L with

0.45 lymphocytes, 0.50 neutrophils, and 0.05 bands]

N.B. is asymptomatic at the time of relapse, as are most
patients experiencing a relapse of ALL. Most of these patients
are diagnosed by routine CBCs and/or lumbar punctures.371

Routine bone marrow biopsies identify some bone marrow re-
lapses before they become evident on a CBC, but it has not
been demonstrated that earlier identification of bone marrow
relapse by morphologic criteria makes an impact on long-term
survival. In the future, recognition of MRD with molecular
probes may change the prognostic value of routine bone mar-
row examination.

N.B.’s chances of achieving a second remission with sal-
vage chemotherapy are good. Approximately 80% to 85% of
relapsed patients attain a second complete remission with fur-
ther chemotherapy.371–374 Unfortunately, however, bone mar-
row relapse in childhood ALL is associated with poor long-
term survival.371–377 Only 6% to 29% of patients with bone
marrow relapse may be rendered disease free for 2 years after
relapse.375–377 Allogeneic HCT for ALL in relapse results in
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a 10% to 20% long-term leukemia-free survival.378 However,
better results with HCT are possible after a second remission
has been achieved. Studies of children with ALL receiving
allogeneic HCT in second remission report 5-year DFS rates
of 40% and 64%.379–381 These results are superior to those of
chemotherapy in patients such as N.B.381–383 However, no ran-
domized trials have established that bone marrow transplan-
tation is superior to chemotherapy for children with ALL in
second remission, and some of the reported advantages with
transplantation may be due to selection bias.381 Autologous
HCT does not appear to be superior to chemotherapy for chil-
dren with ALL in second remission.381,384 N.B.’s family should
be offered the option of an HCT if testing determines that he
has an acceptable bone marrow donor match.

Agents used in salvage regimens are similar to those used in
high-risk ALL regimens. In general, treatment usually consists
of an intensive three- or four-agent induction regimen of vin-
cristine, prednisone, and daunorubicin with or without aspara-
ginase. This is accompanied by radiation therapy to sites of
local relapse (e.g., testis, CNS) and IT chemotherapy.374,376,377

After this regimen has been completed, the patient may con-
tinue with courses of intensification therapy, continuation ther-
apy, and IT therapy.376,377 N.B. already has been treated with
many different chemotherapeutic agents. Therefore, the reg-
imen selected should include agents to which N.B. has had
little or no exposure. This theoretically increases his chances
of maintaining a second remission. For example, a regimen that
includes doxorubicin, asparaginase, and cyclophosphamide
appears most appropriate for N.B. If N.B. fails to respond to
the initial reinduction attempt, HiDAC (3 g/m2 Q 12 hr for four
doses) in conjunction with standard-dose asparaginase may be
used to induce a remission. This approach has been success-
ful in approximately 40% of patients. However, the median
duration of second remission was only 3 months.385

PEDIATRIC NON–HODGKIN LYMPHOMA
Lymphomas account for approximately 10% of all childhood
malignancies, and they are less common in children than in
adults. Children younger than 16 years account for only 3%
of all lymphoma cases. The malignancy can occur in any lym-
phoid cell at any level of differentiation and appears to be
a consequence of a genetic alteration. Considerable progress
has been made in the treatment of children with NHL, and
currently, approximately 80% are cured.386

Classification
Numerous classification systems for NHL exist, and there
is considerable variation in terminology among these sys-
tems.387–390 Pediatric NHLs are best classified using histo-
pathology, which divides them into three different categories:
B-cell lymphomas, lymphoblastic lymphomas, and anaplastic
large cell lymphomas.386 This is a narrower range of histologic
types than in adults.

Lymphoblastic lymphomas account for approximately 30%
of childhood NHLs, B cell for about 50%, and large cell for
the remainder.386 The lymphoblastic lymphomas are usually
immature T cells that are histologically identical to the cells
of ALL. The distinction between lymphoblastic lymphoma and
ALL is made on the basis of bone marrow involvement, with

ALL being diagnosed if there is >25% bone marrow infiltra-
tion. This distinction is made by the amount of bone marrow
infiltration that is present at the time of diagnosis. B-cell lym-
phomas may be further divided into Burkitt, Burkitt-like, and
large B-cell lymphomas. Anaplastic large cell lymphomas may
be T cell or null cell in origin.

Clinical Presentation
Pediatric patients with NHL may present with a number of
different symptoms, many of which are related to the cell
type of NHL. In general, these symptoms differ from those in
adults because of the propensity of pediatric NHLs to be extra-
nodal in origin in contrast to the common nodal presentation
of adult NHL.386 Patients with lymphoblastic lymphoma com-
monly present with a mediastinal mass or pleural effusions.386

They also may have pain, dyspnea, or swelling of the face
and upper arms if superior vena cava obstruction is present.
Lymphoblastic lymphoma also has a predilection for the bone
marrow and the CNS.391,392 Lymphadenopathy in patients with
lymphoblastic lymphoma tends to be supradiaphragmatic. Pa-
tients with B-cell NHL typically present with an abdominal
tumor, abdominal pain, an alteration in bowel function, and
possibly nausea and vomiting.393 In addition, many patients
with B-cell NHL present with bone marrow involvement.378

Lymphadenopathy in these patients typically occurs below the
diaphragm in the inguinal or iliac area. Anaplastic large cell
lymphomas may involve the gut or unusual sites such as the
lung, skin, face, or CNS.386

Staging
Several staging systems for pediatric NHLs are used.393 Today
the most commonly used staging system for pediatric NHL is
the St. Jude Staging system.386 This staging system includes
four stages, with stage I being a single tumor or a single nodal
area, and higher stages including cases with regional involve-
ment or more than one anatomical site involved. The highest
stage (stage IV) refers to patients with bone marrow or CNS in-
volvement. The main predictor of outcome in pediatric patients
with NHL has historically been determined by tumor burden
at presentation.394 However, with modern chemotherapy reg-
imens that are tailored to the extent of disease, patients with
higher-stage disease may achieve a similar EFS to that achieved
in patients with lower-stage disease.386,395 Serum concentra-
tions of several different molecules, particularly serum LDH,
help clinicians estimate tumor burden. It has also been demon-
strated that serum LDH ≥500 to 1,000 U/L was a significant
predictor of adverse outcome.386

Treatment
Lymphoblastic (T Cell)
The primary treatment for all stages and histologic types of
pediatric NHL is combination chemotherapy because it is a
generalized disease at the time of diagnosis.386 A wide vari-
ety of chemotherapy agents have activity in childhood NHL. At
present, the best results to date are reported by the BFM group,
with an estimated 5-year EFS of approximately 92%395 (Table
90-21). This regimen employs an intensive scheme of multia-
gent chemotherapy administered for a treatment duration of
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Table 90-21 BFM Group Treatment Protocol for T-Cell Lymphoblastic Lymphoma

Drug Dose Days of Administration

Induction Protocol I (All Stages)

Prednisone (PO) 60 mg/m2 1–28, then taper
Vincristine (IV) 1.5 mg/m2 (max 2 mg) 8, 15, 22, 29
Daunorubicin (IV over 1 hour) 30 mg/m2 8, 15, 22, 29
L-asparaginase (IVa over 1 hour) 10,000 IU/m2 12, 15, 18, 21, 24, 27, 30, 33
Cyclophosphamideb (IV over 1 hour) 1,000 mg/m2 36, 64
Cytarabine (IV) 75 mg/m2 38–41, 45–48, 52–55, 59–62
6-Mercaptopurine (PO) 60 mg/m2 36–63
Methotrexate (IT) 12 mg 1, 15, 29, 45, 59

Protocol M

Mercaptopurine (PO) 25 mg/m2 1–56
Methotrexate (IV) 5 g/m2 8, 22, 36, 50
Methotrexate (IT) 12 mg 8, 22, 36, 50

Reinduction Protocol II (Stages III and IV Only)

Dexamethasone (PO) 10 mg/m2 1–21, then taper
Vincristine (IV) 1.5 mg/m2 (max 2 mg) 8, 15, 22, 29
Doxorubicin (IV over 1 hour) 30 mg/m2 8, 15, 22, 29
L-asparaginase (IVa over 1 hour) 10,000 IU/m2 8, 11, 15, 18
Cyclophosphamideb (IV over 1 hour) 1,000 mg/m2 36
Cytarabine (IV) 75 mg/m2 38–41, 45–48
Thioguanine (PO) 60 mg/m2 36–49
Methotrexate (IT) 12 mg 38, 45

Maintenance (All Stages)

Mercaptopurine (PO) 50 mg/m2 Daily until month 24 of therapy
Methotrexate (PO) 20 mg/m2 Weekly until month 24 of therapy

aThis agent is typically administered intramuscularly in most treatment protocols in the United States.
bWith mesna.
Note. Doses were adjusted for children younger than 3 years. Ten percent of the dose was given over 30 minutes, and 90% was given as a 23.5-hour continuous IV infusion.
Leucovorin rescue: 30 mg/m2 IV at hour 42; 15 mg/m2 IV at hours 48 and 54.
Additional doses are given on days 8 and 22 for CNS-positive patients.
IV, intravenously; IT, intrathecally.
Adapted from reference 395.

24 months. Patients with lymphoblastic lymphoma require
longer treatment duration than patients with B-cell or anaplas-
tic large cell lymphoma. This chemotherapy plan is similar
to that employed in the treatment of ALL and is designed to
deliver continuous or weekly therapy. All patients with lym-
phoblastic lymphoma are given CNS preventive therapy, re-
gardless of stage. Few patients with lymphoblastic lymphoma
present with limited disease (stages I and II), thus making it
difficult to conduct adequate studies in this patient population.
Attempts to shorten the duration of therapy for patients with
limited-stage disease have been unsuccessful, although less
intensive therapy is administered to patients with early-stage
disease on some protocols.386

B Cell
The main differences between the treatment of lymphoblastic
and B-cell lymphoma are the use of more agents and a longer
treatment duration in the former. The trend in the treatment
of B-cell lymphomas has been toward using short duration,
intensive therapy with alkylating agents in conjunction with
high-dose antimetabolite therapy (e.g., methotrexate, cytara-
bine). Chemotherapy is administered in rapid succession with
limited recovery from neutropenia (i.e., ANC 500) between

cycles. Patients with localized B-cell lymphomas respond as
adequately to a four-drug regimen (consisting of cyclophos-
phamide, vincristine, methotrexate, and prednisone) as they
do to more aggressive regimens.386

Evidence suggests that a 6-month course is as efficacious as
the previously used 18-month course for patients with localized
B-cell lymphomas.386 Studies indicate that even 6 months of
chemotherapy may be unnecessary for patients with limited-
stage disease because it has been demonstrated that mainte-
nance treatment offered no additional benefit after 9 weeks
of combination chemotherapy.386 Contemporary chemother-
apy regimens include varying degrees of treatment intensity
from three to seven cycles, depending on whether the tumor is
completely resected, and on bone marrow and CNS involve-
ment, and the serum LDH.396

With the addition of high-dose methotrexate, ifosfamide,
etoposide, and HiDAC to the standard regimen, patients with
stage III disease are now achieving survival rates comparable
to those of patients with limited-stage disease.396 Patients with
bone marrow disease also benefit from these intensive thera-
peutic strategies and have achieved impressive survival rates
of approximately 80%.386 Currently, patients with advanced-
stage disease are treated with a total of six to eight cycles of
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chemotherapy, and these treatment protocols achieve superior
results to those of a much longer duration (e.g., 1–2 years)
used previously.386,396,397 Although rituximab is now a stan-
dard therapy component for B-cell lymphomas in adults, it has
yet to be routinely employed in front-line treatment in the pe-
diatric arena. Case reports demonstrate the utility of this agent
when added onto a standard chemotherapy backbone for chil-
dren with relapsed disease.398,399

Large Cell
Large cell lymphomas have responded well to both types of
regimens.386,400,401 Thus, the use of shorter, less complicated,
B-cell protocols is appropriate. Patients who fail to respond
may be treated with additional courses of their prescribed pro-
tocol in hopes of eventually inducing a response. Patients who
relapse may be reinduced with intensive chemotherapy, but
their prognosis for long-term survival is unfavorable.

Lymphoblastic Lymphoma
Treatment

ACUTE TREATMENT

51. D.B., a 16-year-old girl, presents with a history of shortness
of breath and chest pain for 3 weeks before admission. A mediasti-
nal mass is found, and a biopsy confirms a lymphoblastic (T-cell)
lymphoma. X-ray of the chest reveals a right pleural effusion.
Laboratory values show erythrocyte sedimentation rate, 35 (nor-
mal, 0–20); WBC count, 22,000/mm3 (normal, 4,500–11,000); uric
acid, 7 mg/dL; and LDH, 1,259 U/L (normal, 280–540). The bone
marrow, CNS, and abdomen are negative for lymphoma. How
should D.B. be managed acutely? Besides chemotherapy, what
types of adjunctive therapies should be initiated to minimize the
acute effects of treatment?

Given D.B.’s shortness of breath and chest pain, it is likely
that her mediastinal mass may be obstructing the superior vena
cava. To alleviate this obstruction, the most appropriate course
of action is to decrease the tumor mass by initiating chemother-
apy as soon as possible. Radiation therapy offers no additional
benefit in patients such as D.B., with a tumor such as NHL,
which is highly responsive to chemotherapy.386,402 Because of
the high cell kill that will result from the initial chemotherapy
treatment, uric acid nephropathy is also possible. However,
the risk of this complication is probably greater in patients
with B-cell NHL in whom the fraction of cells in S phase is
higher.403,404

Alkaline diuresis and allopurinol should be instituted before
chemotherapy to prevent this complication (see question 4).
Because D.B. has a pleural effusion, fluids may collect in this
third space, resulting in weight gain and decreased urine out-
put. Thus, in addition to placement of a chest tube with suction,
D.B. should be given diuretics to maintain an adequate urine
output. To minimize intravascular volume depletion and main-
tain electrolyte balances, fluid input and output, body weight,
and electrolyte panels should be monitored daily. These val-
ues should be used to make appropriate adjustments in D.B.’s
electrolyte and fluid balance.

ADVERSE EFFECTS

52. D.B. is treated with the BFM combination chemotherapy
regimen. Due to her intrathoracic mass, her disease is character-

ized as stage III. She is to receive induction therapy for 8 weeks, as
outlined in Table 90-21. Which acute adverse effects is D.B. likely
to experience with these agents? How can they be monitored, min-
imized, and treated?

Several toxicities are expected with these chemotherapy
agents. For vincristine, both constipation and neuropathy are
likely to appear during or following the 4 weeks of therapy.252

Constipation can be prevented or minimized by use of stool
softeners with or without a laxative.405 Neuropathy may be
painful (especially when jaw pain occurs) but can be managed
with mild analgesic regimens consisting of NSAIDs and/or
acetaminophen with codeine. Both toxicities are self-limiting
and are not reasons to discontinue or decrease the dosage of
vincristine unless neuromuscular toxicity, as evidenced by mo-
tor weakness, develops. As outlined previously, asparaginase
can cause several types of toxicities, most of which cannot be
prevented.

Prednisone is likely to increase D.B.’s appetite and may
cause gastritis, although divided doses will help decrease stom-
ach upset. In addition, prednisone-induced behavioral distur-
bances are not uncommon.254

Unlike prednisone and vincristine, daunorubicin, cy-
clophosphamide, cytarabine, and mercaptopurine produce sig-
nificant myelosuppression. Leukopenia is the primary sign,
with the nadir occurring in approximately 8 to 14 days and
recovery occurring by approximately day 21 after administra-
tion. Because the goal of induction therapy is achievement of
remission, doses of daunorubicin will not be held for uncom-
plicated myelosuppression during the first 4 weeks of induction
therapy, although during the latter 4 weeks, the combination of
cyclophosphamide, cytarabine, and mercaptopurine are typi-
cally held until hematologic recovery occurs.

Hemorrhagic cystitis may occur with cyclophosphamide,
but it is usually associated with high-dose therapy or with
prolonged administration, which D.B. is not receiving. Vig-
orous IV hydration to maintain urine output of approximately
50 to 100 mL/m2/hour should reduce the risk of this toxic-
ity at this dose. In addition, this chemotherapy protocol also
includes mesna, which will bind to urotoxic metabolites of
cyclophosphamide and also reduce the risk of hemorrhagic
cystitis. Because most of the induction regimen will be admin-
istered on an outpatient basis, patients and/or parents should
be instructed to report signs or symptoms of infection (e.g.,
febrile episodes) immediately so that proper treatment may
be instituted as soon as possible. To decrease the risk of
hemorrhagic cystitis, parents should be instructed to report
whether patients are urinating regularly after cyclophospha-
mide.

Nausea and vomiting are likely to be induced by both
daunorubicin and cyclophosphamide/cytarabine.406 D.B.’s
chemotherapy regimen includes a corticosteroid (prednisone),
which may provide some antiemetic activity during the initial 4
weeks.407 However, to maximize tolerance to her chemother-
apy, D.B. should receive a 5-HT3 serotonin antagonist. On-
dansetron may be used in this setting and is more effective
than metoclopramide when either is combined with a corti-
costeroid.408 D.B. is unlikely to require corticosteroids dur-
ing the first 4 weeks of induction therapy. However, during
the second portion of induction, D.B. will benefit from a few
doses of dexamethasone at 10 mg/m2 PO or IV at the time of
cyclophosphamide administration.406
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Central Nervous System Prophylaxis

53. What is the importance of CNS prophylaxis for D.B., and
what type of treatment regimen is typically used?

All pediatric patients with lymphoblastic lymphoma should
receive some form of CNS prophylaxis. Although lymphoblas-
tic lymphoma rarely presents with CNS involvement, as illus-
trated by D.B., it was a common site of relapse before CNS
prophylaxis was included as a routine part of the chemother-
apy regimen.391,392 Recurrence of NHL within the CNS is rare
when intrathecal methotrexate and/or cytarabine are given.386

D.B. will be treated with intrathecal methotrexate periodically,
as outlined in Table 90-21.

Myelosuppression and Hematopoietic Recovery

54. After completion of initial therapy, the chemotherapy plan
for D.B. consists of protocol M and reinduction protocol II, as
outlined in Table 90-21. How should D.B.’s hematopoietic recov-
ery be managed, and what guidelines may be used to determine
when it is appropriate for her to receive the next sequence of the
treatment cycle? Would D.B. benefit from a colony-stimulating
factor (CSF) to aid with hematopoietic recovery?

Protocol M will likely not produce significant myelosup-
pression because leucovorin rescue will tend to minimize the
myelosuppression from the high-dose methotrexate. The most

challenging problems with this phase of treatment will be to
confirm that the methotrexate has been properly eliminated
and to continue aggressive hydration, alkalinization, and leu-
covorin dosing until the methotrexate level is nontoxic. Due
to D.B.’s pleural effusion at the time of diagnosis, it should be
confirmed that this has resolved prior to administration of high-
dose methotrexate in order to avoid significantly delayed clear-
ance because the pleural effusion could allow for third spacing
of high doses of methotrexate. Pleural effusions are a rela-
tive contraindication to high-dose methotrexate. Methotrexate
elimination has high inter- and intrapatient variability, and ne-
cessitates close monitoring of methotrexate concentrations and
renal function after each dose.

Protocol II will result in significant myelosuppression. How-
ever, as with protocol I, dosing of doxorubicin will not be
held for uncomplicated myelosuppression. Similarly, during
the second phase of this protocol, dosing of cytarabine and
thioguanine will also not be held for uncomplicated myelosup-
pression. However, prior to the start of this second phase on
cycle day 36, clinicians will assure adequate hematologic re-
covery, typically defined as an ANC >750/mm3 and platelets
>100,000/mm3. It is unlikely that D.B. will benefit from a
CSF during these phases of therapy. When myelosuppressive
chemotherapy is given fairly continuously, as is the case with
protocol II, there is little room for inserting doses of CSFs
on days where myelosuppressive chemotherapy is not being
administered.
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Solid tumors include the malignancies that initially present as
discrete masses. They arise from malignant transformations of
cells within virtually any organ system except the hematopoi-
etic system. Solid tumors are far more common than hemato-
logic malignancies and represent the major causes of cancer-
related morbidity and mortality. Depending on the specific type

of cancer and its stage, surgery, radiation, chemotherapy, bio-
logic therapy, immunotherapy, and hormonal manipulation all
play important roles in patient treatment. The types of solid
tumors that occur in adult versus pediatric populations are dis-
tinctively different. Specific tumors commonly treated with
drug therapy are included in this chapter.

91-1
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ADULT TUMORS
BREAST CANCER
Risk Factors

1. B.W., a 41-year-old woman, is found to have a 2.2-cm mass
in the upper, outer quadrant of her left breast during routine
screening mammography. Biopsy of the mass reveals infiltrating
ductal carcinoma. Physical examination is unremarkable, and she
has no complaints. All laboratory values, including the complete
blood count (CBC) and liver function tests (LFT), are within nor-
mal limits and a chest radiograph is negative. Her family history
is significant in that her mother died of breast cancer at age 42,
and her 44-year-old sister had a breast tumor removed about 5
years ago. B.W. reports that she had her first menstrual cycle at
age 10 and has had regular periods since that time. She is mar-
ried but has never been pregnant. What is the incidence of breast
cancer in premenopausal women? Did any factors place B.W. at
an increased risk of developing breast cancer?

Overall, breast cancer is the most common cancer in women
in the United States and accounts for 26% of their cancer occur-
rences and 15% of their cancer deaths; however, the incidence
rates as well as the death rates have been declining since 1990.1

The lifetime risk of developing breast cancer is approximately
one in eight women with the greatest risk occurring after age
65.1 For women 39 years of age or younger, the chance of
developing breast cancer is <1%; however, a strong family
history of breast cancer increases the relative risk.1

Some cases of familial breast cancer, especially those oc-
curring in premenopausal women, have been linked to specific
breast cancer susceptibility genes, BRCA-1 and BRCA-2. Car-
riers of these genes have an increased risk of breast and ovarian
cancer in women, and prostate cancers in men. Women such as
B.W. who have a positive family history and who are carriers of
the gene have an 85% chance of developing breast cancer and
a 60% chance of developing ovarian cancer by age 70.2 The
risk is not as significant in women who are carriers and who do
not have a positive family history. Genetic testing is available;
however, if a woman chooses to have such testing, appropriate
genetic counseling and psychological support should be made
available.

Despite the strong relationship with breast cancer develop-
ment, it is also important to realize that BRCA gene mutations
account for only 5% to 10% of all cases. Several additional
factors have been associated with an increased risk of devel-
oping breast cancer (Table 91-1). Nulliparous women such as
B.W. have a higher incidence of breast cancer than women who
have had one or more pregnancies, but age at first pregnancy
appears to be an even more important determinant. One study
indicated that the risk of developing breast cancer was substan-
tially higher in women whose first pregnancy was after age 30,
compared with those whose first pregnancy was before age 18.
Early menarche also has been associated with an increased risk
of breast cancer.3

Screening

2. Is routine screening mammography recommended for B.W.
because of her increased risk of breast cancer? Is it recommended
for all women?

Table 91-1 Risk Factors Associated With Development of
Breast Cancer

Strong Risk Factors
History of breast cancer in the contralateral breast
Family history of breast cancer, especially in first-degree relatives
Benign breast “cancer” (i.e., atypical hyperplasia)
Early menarche, late menopause
Late first pregnancy greater than no pregnancy
Advancing age

Possible Risk Factors
Obesity
High-fat diet
Long-term use of exogenous estrogens
Alcohol

Women with a positive family history often are instructed
to begin screening at an early age. Several different guidelines
for breast cancer screening are available. Although strong ev-
idence of benefit is lacking, it generally is agreed that women
should perform monthly breast self-examinations. Annual ex-
amination for breast cancer performed by a health care provider
is recommended for all women >40 years of age.

Nearly 75% of breast cancers occur in women >50 years
of age. Currently, all screening guidelines recommend that
women in this age group have annual mammography but dis-
agree over the value of mammography screening in women
age 40 to 49 years; therefore, the guidelines differ for this
group of patients. Meta-analyses reveal the risk reduction from
mammography screening does not differ substantially by age,
although absolute benefits are lower in women <50 years com-
pared with women aged 50 years and older.4 More recently, data
have supported the role of magnetic resonance imaging (MRI)
in women at higher risk, defined as those with a lifetime risk of
approximately 20% to 25%, which includes women with a fam-
ily history (especially early onset), genetic mutations including
BRCA, and certain clinical factors that increase risk. For this
reason, the American Cancer Society (ACS) updated their rec-
ommendations to include MRI, depending on the presence of
risk factors, as an adjunct to annual mammography screening,
which should be initiated at age 40.5

It is not clear how long screening should be continued.
Women >70 years of age are at increased risk for developing
breast cancer; however, no randomized trials have evaluated
the merits of annual mammography in this group. The ACS
states there is no chronologic age at which screening should
stop, emphasizing that as long as a woman is in good health
she is likely to benefit from annual mammography.

Surgery

3. After receiving the results of the biopsy, B.W. has a partial
mastectomy and full axillary lymph node dissection because of a
positive sentinel lymph node biopsy. The tumor is estrogen- and
progesterone-receptor negative; human epidermal growth factor
receptor-2 (erB-2 or HER-2) positive; and 4 of 20 lymph nodes are
positive for tumor involvement. Is partial mastectomy as effective
as more extensive surgical procedures such as modified radical
mastectomy? Is radiation indicated following surgery?
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Historically, radical mastectomy (removal of the breast, ax-
illary lymph nodes, and pectoralis muscles) and modified rad-
ical mastectomy (radical mastectomy with preservation of the
pectoralis muscles) have been the standard surgical procedures
used for primary breast cancer. The psychological and cos-
metic effects of breast loss can be substantial, however. This
has led to the use of more conservative surgical procedures,
such as lumpectomy, partial mastectomy, and evaluation of ax-
illary lymph nodes using lymph node mapping with sentinel
lymph node biopsy. Lumpectomy consists of gross removal of
the tumor without attention to margins; a partial mastectomy
includes excision of the tumor with clean surgical margins.
It is now standard to evaluate the axilla through the use of
the sentinel lymph node by the injection of radioactive colloid
or blue dye into the breast to identify the lymph nodes that
first receive drainage for the tumor. Use of the sentinel lymph
node to assess spread of disease has reduced the number of
patients who require axillary lymph node dissection.6 Early
trials evaluating conservative procedures without treatment of
the remaining breast tissue or axillary lymph nodes reported
high failure rates. Failures presented primarily as cancer re-
currences in the remaining breast tissue or axilla.7 Therefore,
postoperative radiation therapy is indicated after conservative
breast surgery because it reduces the risk of local recurrence.
Additionally, no difference in survival is seen between patients
having conservative surgery (e.g., lumpectomy or partial mas-
tectomy) followed by local radiation therapy and those treated
with a radical mastectomy.7,8

Adjuvant Therapy

4. B.W. recalls that her sister received chemotherapy after her
surgery for breast cancer. She now questions whether she should
receive any additional therapy and wonders what her chances
are that her cancer has been cured. What factors determine the
need for adjuvant systemic therapy following surgery, and what
are the indications for administering adjuvant chemotherapy, bi-
ologic therapy, or hormonal therapy?

A significant portion of women who have early-stage dis-
ease experience relapse at distant sites and ultimately die of
recurrence-related complications. Distant treatment failures
indicate that some women have clinically undetectable mi-
crometastatic disease at the time of diagnosis, therefore locore-
gional (surgery and radiation) therapy is insufficient. Adjuvant
therapy is given to kill any cells that may have spread from
the primary site and that are not detectable by radiographic
measures. Adjuvant systemic therapy can include chemother-
apy, hormonal approaches, biologic therapy, or experimental
agents.

Recommendations regarding adjuvant chemotherapy are
generally made by estimating the risk of recurrence and the
expected benefit of therapy balanced with the anticipated toxi-
city. The benefit of systemic adjuvant therapy is directly related
to the likelihood of disease recurrence. A number of factors
determine the likelihood of recurrence and the role of adjuvant
therapy for early stage breast cancer. Size of the primary tu-
mor, presence and number of involved axillary lymph nodes,
HER-2 oncogene amplification, nuclear or histologic grade of
the tumor, and the presence of hormone receptors on the tu-
mor (estrogen, progesterone, or both) appear to be the most

important factors that predict prognosis.9,10 More recently, the
enhanced use of molecular markers has improved prognostic
profiling to determine risk of recurrence.

Currently, the single most important factor that predicts re-
currence of breast cancer in patients such as B.W., whose tumor
is initially small and localized, is the presence and extent of
lymph nodes positive for cancer. Women with positive lymph
nodes (stage II disease) have a 40% to 60% chance of cure with
surgery alone. Women with negative lymph nodes (stage I dis-
ease) have a 70% to 90% chance of cure with surgery alone.
Because B.W., who has four positive nodes, negative hormone
receptors, and positive HER-2, is at high risk for recurrence,
she should receive adjuvant therapy.

Patients with node-negative, estrogen-receptor positive
(ER+) breast cancers have a better prognosis. They may not
require adjuvant chemotherapy, and many only need 5 years of
hormonal therapy. Genomic tools evaluating the tumor speci-
men from tissue blocks, utilizing oncotype DX®11, and from
fresh tissue, utilizing Mammaprint,12 are being tested in clini-
cal trials to identify patients with node-negative, ER+ tumors
at high risk of recurrence that would benefit from adjuvant
chemotherapy. The oncotype DX®, commercially available in
the United States, utilizes a 21-gene recurrence score, based on
monitoring of messenger RNA (mRNA) levels of 16 cancer-
related genes in relation to five reference genes.11 These recur-
rence scores have identified patients at low-, intermediate-, or
high-risk of recurrence in a retrospective analysis. This anal-
ysis revealed that women in the low-risk group (recurrence
score <18) need only hormonal therapy, whereas the high-
risk group (recurrence score ≥31) require both chemotherapy
and hormonal therapy.11 It is not clear from the retrospective
analysis which patients in the intermediate-risk group require
adjuvant chemotherapy in addition to hormonal therapy. Al-
though oncotype DX® is not widely used in clinical practice,
the prospective study TAILORx (Trial Assigning Individual-
ized Options for Treatment), which is accruing 10,000 women
in North America, will further define whether chemotherapy is
required in addition to hormonal therapy for the intermediate-
risk group defined by the recurrence score of 12 to 25.

Trials of systemic adjuvant therapy in women with breast
cancer began in the 1960s. These trials originally focused on
patients with stage II disease; however, recognizing the signif-
icant rate of disease recurrence in patients with stage I disease,
later trials included patients with stage I disease as well. Many
trials evaluating the effects of systemic adjuvant chemother-
apy, endocrine therapy, and combined chemoendocrine therapy
have been conducted over the past 45 years. Because many of
the individual trials have included relatively small numbers
of patients, multiple patient subsets, or different therapeutic
strategies, a series of meta-analyses have been performed by
the Early Breast Cancer Trialists’ Collaborative Group. The
most recent meta-analysis reviewed data from 194 randomized
clinical trials conducted worldwide, which included 110,000
women with stages I and II breast cancer. The overview con-
cluded that appropriate use of adjuvant cytotoxic chemotherapy
can reduce the rate of death by as much as 10% in women <50
years of age and by 3% for those age 50 to 69 years.13 Irre-
spective of age or chemotherapy, for ER+ disease, adjuvant ta-
moxifen reduces the annual breast cancer death rate by 31%.13

Anthracycline-containing regimens were associated with a
38% decrease in the annual death rate in women <50 years
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of age and by 20% in women 50 to 69 years of age.13 Addi-
tionally, the use of anthracycline-based adjuvant regimens led,
on average, to improved treatment results compared with non–
anthracycline-based regimens in node-positive breast cancer.
The proportional reduction in risk of death in stages I and II is
approximately equivalent; however, the absolute survival dif-
ference is greater in patients with stage II disease who have a
higher risk of recurrence. Because B.W.’s risk of recurrence is
high and her age is <50 years, systemic adjuvant chemotherapy
would be recommended. Common regimens for the adjuvant
setting (outlined in Chapter 88, Neoplastic Disorders and Their
Treatment) include FAC (fluorouracil, doxorubicin, cyclophos-
phamide), FEC (fluorouracil, epirubicin, cyclosphosphamide),
AC (doxorubicin, cyclophosphamide), EC (epirubicin, cyclo-
phosphamide), TAC (docetaxel, doxorubicin, cyclophospha-
mide), and CMF (cyclophosphamide, methotrexate, fluoro-
uracil), among others.

Biologic therapy targeting HER-2 has become a standard
in the adjuvant setting in patients whose tumors overexpress
HER-2. A number of trials evaluating trastuzumab in the ad-
juvant setting with various combination chemotherapies have
shown that adjuvant trastuzumab significantly reduces the risk
of recurrence and may prolong overall survival with accept-
able toxicity.14,15 Additionally, concurrent administration of
trastuzumab with chemotherapy appears to be superior to se-
quential administration.

Treatment recommendations for patients with stages I and
II breast cancer continue to evolve.16,17 Early guidelines were
based on menopausal status (if unknown, based on age older
than or younger than 50 years) and the presence of involved
axillary lymph nodes at the time of the initial surgery. The
results of these early studies demonstrated conclusively that
premenopausal women, particularly those with four or more
positive lymph nodes who received chemotherapy, had signif-
icant prolongation in disease-free and overall survival com-
pared with untreated controls. These trials also demonstrated
that postmenopausal women treated with adjuvant endocrine
therapy, such as tamoxifen or an aromatase inhibitor, had sig-
nificant improvement in disease-free and overall survival com-
pared with untreated controls. Thus, chemotherapy was rec-
ommended for premenopausal women and endocrine therapy
for postmenopausal women.

The significance of menopausal status for adjuvant therapy
is related to hormone receptors in the primary tumor. Whereas
most premenopausal women are hormone receptor negative,
most postmenopausal women are hormone receptor positive.
Endocrine therapy is most likely to benefit women with pos-
itive hormone receptors. In early studies, hormone receptor
assays were not available and menopausal status served as
a surrogate marker of hormone receptor positivity. Although
current adjuvant treatment guidelines retain the categories of
premenopause and postmenopause, they also incorporate hor-
mone receptor status.

RECOMMENDED REGIMENS

5. Based on current guidelines and the estrogen receptor status
of her tumor, B.W.’s physician recommends that she receive adju-
vant chemotherapy. What regimens are currently recommended?

B.W. has several poor prognostic characteristics associated
with her disease, including the presence of positive lymph

nodes, negative hormone receptors, and HER-2 overexpres-
sion. The HER-2 oncogene has undergone extensive study as
both a prognostic and a predictive factor in early stage breast
cancer.10,18,19 The gene encodes for a growth factor receptor,
and its overexpression correlates with a poor prognosis and
predicts a stronger likelihood of response to an anthracycline-
containing regimen. For this reason, B.W. could receive a
doxorubicin-containing regimen with trastuzumab.

It was hypothesized that owing to the importance of dox-
orubicin in the treatment of breast cancer, increasing the dose
would be beneficial. Although trials reveal that increasing the
dose of doxorubicin does not appear to influence treatment out-
comes, the addition of a taxane results in a significant reduction
of the rate of both recurrence and death.20,21 Dose density has
also been shown to be important in the adjuvant setting.22 Dose
density refers to the administration of drugs with a shortened
intertreatment interval (e.g., every 2 weeks). Therefore, it is
recommend that B.W. receive four cycles of dose-dense dox-
orubicin and cyclophosphamide followed by 12 weekly doses
of paclitaxel with concurrent weekly trastuzumab, which is
continued for a total of 52 weeks.

ENDOCRINE THERAPY

6. Should B.W. receive adjuvant endocrine therapy in addition
to chemotherapy?

Because B.W.’s tumor was negative for hormone receptors,
endocrine therapy is not indicated as it is ineffective against
ER− tumors in the adjuvant setting. In premenopausal women
with ER+ tumors, however, combined chemoendocrine ther-
apy may be beneficial. Results of the meta-analysis found that
ovarian ablation, by surgery or radiation or ovarian suppres-
sion by treatment with luteinizing hormone-releasing hormone
(LHRH) analogs, in patients <50 years of age was as effective
as chemotherapy in reducing recurrence and mortality.23 This,
however, is an indirect comparison of results of trials employ-
ing ovarian ablation with those using combination chemother-
apy. The report of this meta-analysis has stimulated renewed
interest in the value of endocrine therapy (ovarian ablation, ta-
moxifen, or LHRH analogs) in premenopausal women. Com-
bination chemotherapy often produces permanent ovarian fail-
ure in premenopausal women and evidence exists that this is
associated with a favorable prognosis.

If B.W.’s tumor had been ER+, both chemotherapy and en-
docrine therapy would have been indicated. Typically, radiation
and adjuvant chemotherapy are completed before the initiation
of hormonal therapy. In the meta-analysis, chemoendocrine
therapy was associated with the greatest reduction in risk of
death in women ages 50 to 69 years.13 Consequently, chemoen-
docrine therapy is now recommended for patients with ER+
tumors.

For the last 20 years, interest in adjuvant endocrine therapy
for pre- and postmenopausal women with ER+ tumors has
concentrated on the optimal use of tamoxifen.13 Although it
is clear from these studies that adjuvant tamoxifen therapy in
patients with ER+ tumors for 5 years is superior to 2 years,
no evidence indicates that extending tamoxifen beyond 5 years
provides any advantage, and benefits are seen independent of
age and menopausal status.24 Whereas adjuvant tamoxifen was
considered the classic standard care for the endocrine therapy
of ER+ breast cancer, successful trials involving aromatase
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inhibitors (anastrazole, letrozole, and exemestane) for post-
menopausal women in the adjuvant setting have challenged
the gold standard, tamoxifen.

Trials of the aromatase inhibitors, used only in post-
menopausal women with ER+ tumors, have revealed that both
anastrozole and letrozole reduce the recurrence risk when com-
pared with tamoxifen.24,25 Additionally, use of exemestane for
2 to 3 years following 2 to 3 years of tamoxifen (for a total
of 5 years of therapy) was associated with an improvement
in relapse-free survival.24 Although each of the studies in-
volving aromatase inhibitors compared with tamoxifen used
different study designs (head-to-head, sequential, extended),
aromatase inhibitors are now the standard in the adjuvant set-
ting for postmenopausal women. Finally, letrozole for 5 years
after completion of first-line tamoxifen therapy has also been
shown to be effective. Currently, no comparative trials exist to
document enhanced efficacy of one aromatase inhibitor over
another. Concerns with the use of aromatase inhibitors are
the reported increased cardiovascular complications versus ta-
moxifen, which did not reach statistical significance. Increased
bone fractures were also observed; a number of studies with
new data to be presented over the next few years should clarify
this association.

For premenopausal women such as B.W., combining dif-
ferent endocrine modalities such as tamoxifen with ovarian
ablation has been investigated. The rationale for these studies
is based on data from patients with metastatic disease in whom
an improvement in outcomes was noted in those receiving an
LHRH agonist in combination with tamoxifen compared with
either therapy alone.24 Ongoing studies evaluating the role of
LHRH agonists in combination with tamoxifen or an aromatase
inhibitor will better define the role of estrogen suppression in
premenopausal women.

Metastatic Disease
Prognosis

7. Approximately 2 years after completing adjuvant chemo-
and trastuzumab therapy, B.W. begins experiencing back pain
that is partially relieved by ibuprofen 400 mg as needed (PRN).
Because the pain was temporally related to moving some furni-
ture in her living room, she did not seek medical attention. Five
days after the onset of the back pain, her husband noted that she
was mildly confused. He contacted her physician who suggested
she come to the clinic immediately. Physical examination was neg-
ative for lymphadenopathy or breast masses, and chest and ab-
dominal examinations were unremarkable. Pertinent laboratory
values were as follows: calcium (Ca), 15 mg/dL (normal, 9.0–
11.5 mg/dL); phosphorus, 4.2 mg/dL (normal, 2.5–4.5 mg/dL);
sodium (Na), 138 mEq/L (normal, 136–145 mEq/L); potassium
(K), 4.3 mEq/L (normal, 3.5–5.5 mEq/L); albumin, 3.0 g/dL (nor-
mal, 3.5–5.5 g/dL); alkaline phosphatase, 580 mU/mL (normal,
15–70 mU/mL); aspartate aminotransferase (AST), 258 mU/mL
(normal, 5–20 mU/mL); and alanine aminotransferase (ALT), 96
mU/mL (normal, 5–24 mU/mL). The CBC was within normal
limits. Spinal cord radiographs revealed several lytic vertebral le-
sions consistent with metastatic carcinoma, but a myelogram did
not show any evidence of spinal cord compression.

B.W. is admitted to the hospital for acute management of hy-
percalcemia and restaging of her breast cancer to determine the

extent of tumor spread. A bone scan shows positive uptake in the
spine and right scapula and a liver scan reveals two small nodules
consistent with metastatic disease. A computed tomography (CT)
scan of the brain is positive. Is any further assessment of the dis-
ease stage necessary at this time? What is the prognosis now that
B.W.’s disease has metastasized?

[SI units: Ca, 3.75 mmol/L (normal, 2.25–2.88); phosphorus, 1.36 mmol/L

(normal, 0.81–1.45); Na, 138 mmol/L (normal, 136–145); K, 4.3 mmol/L

(normal, 3.5–5.5); albumin, 30 g/L (normal, 35–55); alkaline phosphatase,

580 U/L (normal, 15–70); AST, 258 U/L (normal, 5–20); ALT, 96 U/L

(normal, 5–24)]

The purpose of documenting all sites of disease involve-
ment is to provide a means by which treatment efficacy can
be assessed and to identify any disease sites that may re-
quire immediate therapy to avoid life-threatening complica-
tions (e.g., brain metastases). B.W. has documented disease
in the liver, bones, and brain. Other common sites of dis-
ease are the remaining breast tissue, bone marrow, and the
lungs. Because her CBC is normal, further examination of the
bone marrow is not necessary at this time; however, a chest
radiograph should be ordered to rule out involvement of the
lungs.

Metastatic breast cancer is rarely curable. After metastatic
disease is documented, survival may range from a few months
to several years, depending on the site(s) and number of metas-
tases as well as the rate of tumor growth (which may be assessed
by the disease-free interval). The median duration of survival
after recurrence is approximately 2 years. Multiple sites of
metastatic disease, a relatively short disease-free interval (<1
year), liver involvement, negative estrogen and progesterone
receptors at the time of diagnosis, and premenopausal status
all confer a poor prognosis for B.W.

Chemotherapy and Targeted Therapy

8. What treatment options are available for B.W. at this time?

The goals of therapy for metastatic disease are to prolong
survival, alleviate or prevent tumor-related symptoms or com-
plications, and maintain or improve quality of life. Currently,
patients such as B.W. with metastatic disease have a 5-year sur-
vival rate of 26%.1 B.W. has tumor in both the liver and bones,
and systemic therapy is necessary to treat both disease sites
simultaneously. Bone and soft tissue metastases tend to have
a better prognosis and are more likely to respond to endocrine
therapy. B.W. is unlikely to respond to endocrine manipulations
such as hormonal therapy or oophorectomy, however, because
her tumor is ER− and she is premenopausal. Liver metastases
do not respond well to hormonal therapy. Patients such as B.W.
who are symptomatic and unlikely to benefit from hormonal
therapy should receive chemotherapy.

Cytotoxic chemotherapy is the mainstay of treatment for
advanced breast cancer in patients whose tumors are refrac-
tory to endocrine therapy or not sensitive to hormone therapy.
With the increased use of adjuvant chemotherapy, however,
the choice of first-line treatment for metastatic breast can-
cer is increasingly complicated and is determined by a com-
plex interaction of tumor, patient tolerability, and oncologist
preferences. Many antitumor agents have some degree of ac-
tivity against breast cancer (Table 91-2).26 Several combina-
tion regimens that have been widely used in advanced breast
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Table 91-2 Single-agent Response Rates of Chemotherapy Used as First-line Therapy in the Treatment of Metastatic Breast Cancer26

Agent Dose/Frequency Response Rates (%)

Doxorubicin 60–75 mg/m2 every 3 wk 36–41
Pegylated liposomal doxorubicin 40–50 mg/m2 every 28 days 36–41a

Epirubicin 75–90 mg/m2 every 3 wk 36–41a

20–30 mg/m2 every wk
Paclitaxel 135–175 mg/m2 every 3 wk 22–29b

80–100 mg/m2 weekly 50–55c

Docetaxel 100 mg/m2 every 3 wk 48
Capecitabine 1,250 mg/m2 twice a day for 14 days of a 21-day cycle 30–37
Nanoparticle albumin bound paclitaxel 260 mg/m2 every 3 wk 33
Vinorelbine 25 mg/m2 every wk 25–40
Gemcitabine 1,200–1,500 mg/m2 every wk for 3 of 4 wk 15–37

aStudies report equivalence to doxorubicin in response rate and time to progression.
bResponse rates include those patients that were anthracycline pretreated.
cBoth first- and second-line response rates.

cancer are listed in Chapter 88, Neoplastic Disorders and Their
Treatment. Currently, sequential therapy with one agent at a
time over concurrent therapy with combination therapy is more
common; however, this concept is changing with the targeted
therapies. Chemotherapy is commonly continued as long as the
patient is achieving a response or has stable disease and is tol-
erating treatment. Because adjuvant chemotherapy is increas-
ingly common, many patients in the metastatic setting have
received many of the active agents utilized in the metastatic
setting. Response rates to combination chemotherapy regimens
in metastatic disease in patients who have not received prior
chemotherapy are high. The response rates to chemotherapy
in patients who have had prior exposure to chemotherapy are
low, however.

One of the most important factors in determining the choice
of first-line metastatic chemotherapy is the type of treatment
given in the adjuvant setting. Anthracyclines are considered
the most active agents against breast cancer; however, overall
response rates in patients who have had prior anthracyclines
are only 20% to 30%. In patients who have not received adju-
vant anthracyclines, first-line anthracycline therapy should be
considered, particularly in patients who have had disease-free
intervals >12 months and in whom the maximal lifetime dose
of anthracycline has not been achieved; however, data conclu-
sively supporting this approach are lacking. Consideration of
a different dose, a different anthracycline, or altered schedule
should be given. Taxane-based therapy is considered the stan-
dard of care after anthracycline therapy. In patients who have
received adjuvant taxane therapy and have had a long disease-
free interval, treatment with a different taxane is a reasonable
option. Finally, the recent approval of ixabepilone as monother-
apy or in combination with capecitabine has been shown to be
effective in patients who have previously been treated with an
anthracycline and a taxane.

In patients with HER-2 positive tumors, trastuzumab in
combination with chemotherapy has been shown to improve
response rates and survival. In the largest trial of trastuzumab
in patients with HER-2 positive, untreated metastatic breast
cancer, trastuzumab plus chemotherapy prolonged the median
time to disease progression and median response duration, in-
creased the overall response rate, and improved overall sur-
vival time.27 The greatest improvement was seen in patients re-

ceiving the combination of trastuzumab and paclitaxel. Other
regimens consisting of other active agents with trastuzumab
have been investigated. Weekly trastuzumab and vinorelbine
resulted in an 84% response rate in patients receiving this reg-
imen as first-line therapy for metastatic disease.28 In patients
who had previously received paclitaxel, the use of docetaxel
in combination with trastuzumab reported a response rate of
20%. As with B.W., however, the use of trastuzumab in a pa-
tient who has already been treated with the drug in the adju-
vant setting is unclear because the recurrent cancer is likely to
be HER-2 positive, further targeting may provide some bene-
fit. B.W.’s cancer recurred 2 years following chemotherapy, so
other chemotherapy alternatives should be investigated. Im-
portantly, she has central nervous system (CNS) involvement.
Trastuzumab, a large protein, would not be expected to cross
the blood–brain barrier to treat the metastases. The oral dual
tyrosine kinase inhibitor lapatinib, with specificity for both the
epidermal growth factor receptor (EGFR) and HER-2 would
be an option for the management of B.W.’s disease at this time.
One of the advantages of lapatinib over trastuzumab is that
lapatinib does cross the blood–brain barrier. Additionally, lap-
atinib in combination with capecitabine is active in women with
HER-2 positive advanced breast cancer that has progressed af-
ter treatment with regimens that include an anthracycline, a
taxane, and trastuzumab.29

Another novel biologic agent used to treat metastatic breast
cancer, bevacizumab, targets tumor angiogenesis through tar-
geting the vascular endothelial growth factor (VEGF). Two ran-
domized phase III trials evaluating single-agent chemotherapy
with or without bevacizumab have been reported. The first trial
enrolled patients with anthracycline- and taxane-resistant dis-
ease who had received one prior therapy for metastatic disease
and evaluated bevacizumab in combination with capecitabine.
The other trial evaluated bevacizumab with paclitaxel as first-
line therapy for locally recurrent or metastatic breast cancer.30

The bevacizumab and capecitabine therapy in the second-line
trial resulted in improved response rates with no significant dif-
ferences in survival, whereas the first-line treatment resulted
in significant improvements in response rates and progression
free survival, but no improvement in overall survival. This
data, however, are still immature. Recently, bevacizumab was
approved for treatment of HER-2 negative metastatic breast
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cancer as first-line therapy in combination with paclitaxel, but
follow-up data from these trials and ongoing studies will better
define its role in patients with metastatic breast cancer.

B.W. had received an anthracycline-containing regimen fol-
lowed by paclitaxel and trastuzumab in the adjuvant setting. In
patients treated with anthracyclines, taxanes, or both in the
adjuvant setting, first-line treatment options for metastatic dis-
ease include re-exposure to the same agent or introduction
of a different treatment. Studies evaluating retreatment with
anthracyclines and taxanes after prior exposure in the adju-
vant setting have yielded conflicting results. B.W.’s oncologist
decides to use capecitabine in combination with lapatinib be-
cause she now has metastatic disease in multiple locations,
including the CNS, and has previously received paclitaxel and
trastuzumab.

Hormonal Therapy
ESTROGEN AND PROGESTERONE RECEPTORS

9. M.L., a 68-year-old woman with a history of breast cancer,
had a lumpectomy followed by radiation therapy 7 years ago. At
the time of initial diagnosis, she had been postmenopausal for
approximately 10 years, and her tumor was documented to have
high concentrations of both estrogen and progesterone receptors.
She received 5 years of tamoxifen, which she completed approxi-
mately 2 years ago. She remained disease-free until recently, when
she was found to have bone metastases in her left scapula and sev-
eral ribs. No other sites of disease involvement were identified. Her
only symptom is shoulder pain. What would be the appropriate
treatment for M.L. at this time?

Breast cancer is one of the few human tumors that can be
very sensitive to hormonal manipulations; however, it is also
well recognized that only a subset of patients with breast can-
cer respond to the various endocrine therapies. Patients with
tumors that are potentially endocrine-sensitive can be identi-
fied by measuring estrogen and progesterone receptors in the
tumor tissue. Patients whose tumors are both ER+ and proges-
terone receptor positive (PR+) have a much higher response
rate to endocrine therapy than patients without either recep-
tor (∼70% vs. 10%). Patients with ER+, PR– tumors have an
intermediate response rate (30%).31 Patients with endocrine-
responsive tumors also are reported to have longer disease-free
intervals after initial surgery, such as M.L. experienced.31,32 In
addition, they may have a longer survival after the documen-
tation of metastatic disease. M.L.’s tumor was strongly ER+
and PR+ and she had a long disease-free interval (7 years);
therefore, she is likely to respond to endocrine therapy.

Bisphosphonates

10. M.L. starts oral letrozole 2.5 mg every day and intravenous
(IV) zoledronic acid 4 mg monthly. Is this a reasonable approach?

Hormonal agents, including antiestrogen (e.g., tamoxifen)
and aromatase inhibitors (anastrozole, letrozole, exemestane),
are equally effective for the initial treatment of endocrine-
responsive breast cancer. As reviewed above, the aromatase
inhibitors have dramatically changed the treatment of women
with ER+ breast cancer. Because M.L. received adjuvant ta-
moxifen for 5 years and has ER+ disease, the use of an aro-
matase inhibitor would be appropriate. Multiple studies with
anastrazole, letrozole, and exemestane have shown that they

produce equivalent or superior response rates or time to disease
progression compared with tamoxifen when used as first-line
treatment for advanced disease.33 Therefore, the use of letro-
zole is reasonable. Other treatment options for patients with
ER+ disease include fulvestrant, an ER antagonist without
agonist effects, which has also been shown to be equivalent to
tamoxifen with respect to time to disease progression, overall
response rate, and median duration of response.

Following the initiation of endocrine therapy, it usually takes
3 months before the therapeutic response can be assessed. In
patients such as M.L. with only bone metastases, assessment
may be difficult because it may take 4 to 6 months to reossify
the involved bones. In such cases, the decision to continue
therapy may be based on the lessening of bone pain and disease
stabilization (i.e., no new metastatic sites).

Bone metastases occur in approximately 70% of patients
with metastatic breast cancer and are associated with a median
survival of 24 months with 20% of patients alive at 5 years.34

Skeletal-related complications caused by the bone metastases
are common, including significant bone pain, spinal cord com-
plications, hypercalcemia, and pathologic fractures. An inte-
grated approach to treating these patients includes pain medica-
tions, antineoplastic therapy or endocrine therapy (depending
on the ER status), radiation therapy for palliation, and bis-
phosphonates. The bisphosphonates have been shown to de-
crease the risk for skeletal-related events by approximately one-
third.34 Current guidelines support the use of bisphosphonates
in women with radiographic evidence of bony metastases.35

More recently, zoledronic acid 4 mg was shown to be as effec-
tive and as well tolerated as pamidronate 90 mg in the treatment
of osteolytic and mixed bony metastases in patients with ad-
vanced breast cancer.36 The advantage of zoledronic acid over
pamidronate is that therapy can be administered as a 15-minute
infusion versus a 2-hour infusion. Therefore, M.L. should be-
gin zoledronic acid therapy.35

11. Over the next 18 months, M.L. continues letrozole therapy
and has a complete resolution of her shoulder pain with consider-
able improvement of the radiographs and no appearance of new
lesions. She is now experiencing left hip pain and a bone scan
has documented new metastatic disease. What therapy should be
considered at this time?

M.L. had a good initial response to letrozole, so she is likely
to respond again to another type of endocrine therapy. Exemes-
tane is an irreversible, nonsteroidal aromatase inhibitor that
has been shown to be effective as second-line therapy, as has
fulvestrant.33,37 Megestrol also can be considered as a third-
line hormonal therapy. Radiation therapy may provide M.L.
with palliative relief of pain. If M.L. had rapidly worsening
disease involving a visceral organ, such as the liver, or if she
had not responded well to prior endocrine therapy, cytotoxic
chemotherapy may have been more appropriate.

COLON CANCER
Screening

12. E.R., a 55-year-old man, is having his first physical exami-
nation in >10 years because he has noted a change in his bowel
habits recently. His father died of colorectal cancer 2 years ago.
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E.R. questions whether his risk is increased and if there is any-
thing that he can do to prevent colon cancer or decrease his risk
of dying from it.

Colorectal cancer is the third leading cause of cancer deaths
in the U.S. adult population.1 Approximately 70% of these can-
cers will arise in the colon, whereas 30% will occur in the rec-
tum. Multiple risk factors are well recognized: family history;
age >50 years; high-fat, low-fiber diet; obesity; chronic in-
flammatory bowel disease; and a personal history of colorectal
polyps or cancer. Several hereditary syndromes are recognized
that place persons at an extremely high risk, such as hereditary
nonpolyposis colorectal cancer (HNPCC or Lynch syndrome)
and familial adenomatous polyposis (FAP).38 The American
Society of Clinical Oncology currently recommends genetic
testing for HNPCC or Lynch syndrome for those at high risk.39

Evidence suggests that continuous aspirin or other non-
steroidal anti-inflammatory drug (NSAID) use may prevent
the development of colorectal cancer by inhibiting cyclooxy-
genase (COX-2) expression.38 Presumably, COX-2 acts as a
tumor promoter in the intestine. In fact, celecoxib, a COX-2
inhibitor, is approved as an oral adjunct to usual care in patients
with FAP because it was shown to reduce the number and size
of colorectal polyps in these patients. Large-scale, prospective
clinical trials evaluating aspirin and classic NSAIDs have re-
vealed promising results, and trials with the newer selective
COX-2 inhibitors are ongoing.38 Other potential preventive
measures include calcium supplementation and a high-fiber
diet.38 Chemoprevention trials for colorectal cancer are dis-
cussed in Chapter 88, Neoplastic Disorders and Their Treat-
ment.

Because E.R. is >50 years of age and has a family history
of colorectal cancer, he should undergo screening. He also has
symptoms (i.e., change in bowel habits) that heighten suspi-
cion. Current screening recommendations for colorectal cancer
include fecal occult blood testing and, depending on age and
risk, sigmoidoscopy or total colonic examination.40

Fecal Occult Blood Testing (FOBT)

13. What methods to detect FOBT are available, and are there
any advantages of one method over another?

A FOBT increases the chance of diagnosing colorectal can-
cer at an early stage of disease and is associated with a 30%
reduction in colorectal cancer mortality.40 Of the three FOBT
methods used, the guaiac test is the most common, simple, and
inexpensive, although newer methods may be more sensitive
and specific. The guaiac test is a colorimetric test in which
guaiac dye is oxidized to a bluish quinone compound in the
presence of a peroxidase (e.g., hemoglobin). Foods, other sub-
stances, and medical conditions that contain or produce perox-
idase activity may yield false–positive readings (Table 91-3).
Conversely, large amounts of ascorbic acid can produce false–
negative guaiac test results. A second method is a quantitative
test based on fluorometry of heme-derived porphyrin. During
intestinal transit, hemoglobin is broken down to porphyrin.
The third method is an immunochemical test (e.g., Heme-
Select) that uses antiserum to human hemoglobin to detect
blood in the feces. This test is very sensitive and specific; how-
ever, it loses sensitivity if the bleeding is from the proximal
colon because bacteria alter the globin. The immunochemical
test eliminates the need for dietary restrictions; however, there

Table 91-3 Causes of Positive Fecal Guaiac Test

Foods With Peroxidase Activity
Broccoli
Cauliflower
Turnips
Horseradish
Cabbage
Potatoes
Cucumbers
Mushrooms
Artichokes

Medications That Interfere With Fecal Blood Testing
Steroids
Nonsteroidal anti-inflammatory drugs (NSAID)
Reserpine

Common Causes of Blood in the Stool
Colorectal cancer
Colorectal polyps
Diverticulitis
Hemorrhoids
Fissures
Proctitis
Inflammatory bowel disease

is a 24-hour delay in reading the results because an extract
needs to be prepared from the stool sample. Red meat should
be eliminated from the diet for 3 days before occult blood is
tested using the guaiac methods and for 4 days before testing
using methods based on heme-derived porphyrins.41 Approx-
imately 2% of persons >50 years of age will have a positive
FOBT. Of these, 10% will be diagnosed with cancer, 30% with
polyps, and the remaining 60% will have false–positive results.

Staging and Prognosis

14. E.R.’s fecal occult blood tests are positive on specimens ob-
tained on two consecutive days. Colonoscopy revealed a 2.5-cm
mass, and a biopsy of the lesion is interpreted as adenocarcinoma
of the colon. Surgical resection of the mass and regional lymph
nodes is performed. The tumor is confined to the bowel wall, al-
though four regional lymph nodes show evidence of tumor in-
volvement. Distant metastases of the tumor are not evident at this
time, and his colon cancer is stage III. E.R.’s physical examination
is otherwise unremarkable and all laboratory values are within
normal limits except for an elevated lactate dehydrogenase (LDH)
and a carcinoembryonic antigen (CEA) level of 647 ng/mL (nor-
mal, <5 ng/mL). What is the prognosis for stage III colon cancer?
Could earlier detection have improved the prognosis?

When colorectal cancer is diagnosed in the early stages,
it is curable with surgical intervention and >90% of patients
survive 5 years. The 5-year survival rate declines to 55% to
60% in patients such as E.R. with stage III disease. Overall 5-
year survival rates have increased during the past two decades
from 50% to 63%.42 The tumor node mestasis (TNM) stag-
ing system is most commonly used for colon cancer. Stage
I indicates penetration into (but not through) the bowel wall.
Stage II generally indicates penetration through the bowel wall;
stage III indicates lymph node involvement; and stage IV indi-
cates metastatic disease. Optimal node sampling at the time of
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surgery is critical to staging and should include the evaluation
of 12 to 17 lymph nodes. Patients with early-stage colorectal
cancer often are asymptomatic; therefore, intensive screening
programs as just described are advocated to reduce the mor-
tality of this disease. Of patients with metastatic and recurrent
colorectal cancer, 60% to 90% have elevated CEA or CA-19–9
levels. Levels are elevated in relation to the stage and extent
of disease, the degree of tumor differentiation, and the site of
metastases. If the CEA level is elevated at the time of initial di-
agnosis, as in E.R., it can be monitored after surgical resection
of the tumor for evidence of recurrent disease.43

Treatment
Adjuvant Therapy

15. All evidence of tumor is removed, and E.R.’s CEA level
declines. Therefore, the surgery may be considered potentially
curable. Should E.R. receive any additional therapy at this time?

Tumor recurrence is a significant problem associated with
stage III colon and rectal cancers, with up to 60% of all surgi-
cally treated patients eventually developing local recurrences.
Causes of these relapses may include peritoneal seeding caused
by exfoliation of tumor cells in the colonic lumen and spillage
during surgery. Most tumor recurrences are secondary to ei-
ther disease spread to the regional lymph nodes or extension
of the tumor into the bowel wall, with subsequent hematoge-
nous dissemination. Metastasis to the liver via hematogenous
spread (through the portal circulation) is the most common
site of disease spread beyond the regional lymph nodes and
occurs in 50% of patients with invasive disease.44 Lung metas-
tases (without liver metastases) occur rarely and generally are
associated with lesions in the lower rectum.

Because of the significant relapse rate in patients with stage
III and high-risk stage II colon cancer, adjuvant chemother-
apy has been extensively studied. Chemotherapy improves
disease-free survival (DFS) and overall survival in patients,
such as E.R., who have had “potentially curative surgery.”45

The first definitive adjuvant chemotherapy regimens contained
fluorouracil and leucovorin. Currently, agents used in combina-
tion chemotherapy for the adjuvant treatment of colorectal can-
cer (Chapter 88) include fluorouracil, leucovorin, oxaliplatin,
and capecitabine in various combinations and doses. Patients
such as E.R. who have stage III disease should receive adju-
vant therapy consisting of 6 months of FOLFOX (fluorouracil,
leucovorin, oxaliplatin). Three clinical trials support the use
of FOLFOX or XELOX (capecitabine and oxaliplatin) in the
adjuvant setting.46−48 These trials have shown improved DFS
compared with adjuvant fluorouracil and leucovorin, but an
overall survival benefit has not been observed.46,48 The trade-
off for this improved DFS has been increased toxicity caused by
the oxaliplatin, including neutropenia and neurotoxicity, which
interferes with the activities of daily living. In the X-ACT trial,
capecitabine was equivalent to the combination of fluorouracil
and leucovorin in the adjuvant setting.49

Ongoing trials are evaluating the role of the monoclonal
antibodies bevacizumab (targeting VEGF) and cetuximab (tar-
geting EGFR) in combination with FOLFOX in the adjuvant
setting. Until the results of these trials are available, the use
of monoclonal antibodies in the adjuvant setting is limited to
participation in a clinical trial.

Follow-Up Care

16. Within 6 months after surgery, E.R.’s CEA level has fallen
to <2.5 ng/mL and he completes the adjuvant therapy without
serious sequelae. What follow-up care is recommended at this
time?

E.R. continues to be at significant risk for developing re-
current disease. If recurrences are detected early, it is possible
to cure them with additional surgery. In most cases, patients
with early recurrences are asymptomatic; therefore, an active
follow-up program is necessary to detect them, including a
medical history, physical examination, and CEA levels every
3 months for the first 3 years, then every 6 months for the next
2 years, and then annually.43 Colonoscopy is repeated annually
for several years and then every 3 to 5 years. He should receive
a chest radiograph annually or when prompted by an elevated
CEA or symptoms. Additional tests, such as abdominal and
pelvic CT scans and liver function chemistries, should be done
if routine test findings are abnormal or if symptoms suggest
recurrent disease.43

Recurrent Disease
Rising Carcinoembryonic Antigen Level

17. Eighteen months after completing adjuvant chemotherapy,
E.R. returns for routine follow-up; his CEA levels are elevated.
What is the significance of a rising CEA level?

Although widespread serum CEA level monitoring is not
an efficient way to screen for colorectal cancer in the general
population, a rising CEA level in a patient with a history of col-
orectal cancer may be the first indication of recurrent disease if
the patient had an elevated CEA level at the time of original di-
agnosis. Generally, the CEA level is measured every 3 months
for 3 years and then every 6 months for 2 years.43 More than
50% of patients who have recurrent disease also have elevated
CEA levels.

Chemotherapy for Metastatic Disease

18. On a routine follow-up visit several months later, a CT scan
of E.R.’s abdomen shows that the disease in his colon has recurred
and the liver CT shows two discrete nodules along with a nodule in
the left lung that are consistent with metastatic disease; however,
E.R. is feeling well and has no symptoms suggestive of metas-
tases. What is the role of further chemotherapy now that E.R. has
recurrent disease?

Of those patients such as E.R. who present initially with
localized, resectable disease, 30% will subsequently develop
metastatic disease. Among patients with newly diagnosed col-
orectal cancer, 25% will present with metastatic disease. Sig-
nificant treatment advances have been made in the last 5
years to manage cases of advanced colorectal cancer such
that the median survival is now up to 2 years in treated
patients.50 These include single-agent therapy (irinotecan, ox-
aliplatin, capecitabine), combination chemotherapy, and the
use of monoclonal antibodies (bevacizumab, cetuximab, and
panitumumab). Comparisons of irinotecan, fluorouracil, and
leucovorin regimens (IFL, FOLFIRI) with oxaliplatin, flu-
orouracil, and leucovorin (FOLFOX) combinations for the
initial treatment of metastatic colorectal cancer have been
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reported. Patients treated with FOLFOX had a response rate,
time to disease progression, and overall survival rate that
were superior to those observed with IFL or IROX (irinote-
can, oxaliplatin). The overall survival results did not account,
however, for second-line therapy, which was not controlled
for and could affect survival.51 Nevertheless, this established
FOLFOX as the first-line chemotherapy choice for pa-
tients with metastatic disease. Other regimens used first-
line therapy for metastatic disease (outlined in Chapter
88) include FOLFIRI (fluorouracil, irinotecan, leucovorin),
CAPOX (capecitabine, oxaliplatin), XELOX (capecitabine,
oxaliplatin), and XELIRI (capecitabine, irinotecan); however,
the optimal sequence of any of these regimens and the effect of
sequence on survival are unclear. Often, the decision regard-
ing the choice of combination therapy for first- or second-line
therapy is based on prior therapy, quality of life, pre-existing
toxicities, and comorbid conditions.

Biologic therapies targeting VEGF (bevacizumab) and
EGFR (cetuximab and panitumumab), play a significant role in
the metastatic setting. The addition of bevacizumab to IFL sig-
nificantly improved response and overall survival.52 As second-
line therapy, the combination of FOLFOX and bevacizumab
has also demonstrated significant improvement both in re-
sponse and overall survival.53 Cetuximab, a chimeric mono-
clonal antibody against the extracellular domain of EGFR, has
shown efficacy, but has not improved survival as a single agent
or in combination with irinotecan in patients with irinotecan-
refractory malignancies in the metastatic setting.54 Despite the
lack of improvement in survival, cetuximab is approved for
second- and subsequent-line therapy in patients with EGFR-
positive, irinotecan-refractory metastatic colorectal cancer. A
recent trial evaluated the combination of cetuximab plus beva-
cizumab with or without irinotecan in previously treated pa-
tients with advanced colorectal cancer and reported a response
rate for the three-drug combination of 37% and a time to dis-
ease progression of 7.9 months.55 These response rates are im-
pressive for an otherwise chemotherapy-refractory population.
Finally, panitumumab, a fully human monoclonal antibody also
targeting the extracellular domain of EGFR, has shown activ-
ity as monotherapy in the treatment of refractory metastatic
disease when compared with best supportive care. Ongoing
trials are evaluating the efficacy and safety of panitumumab in
combination with chemotherapy.

Now that E.R. has metastatic disease in both the liver and
the lung, he should receive combination chemotherapy. The
choice of regimen depends on prior therapy, and because E.R.
has received adjuvant FOLFOX, the use of FOLFIRI in com-
bination with bevacizumab would be a reasonable approach.

Hepatic Metastases
Colorectal-related metastases mainly affect the liver. In one-
third of the cases, the metastases are synchronous and in
two-thirds, metachronous. Surgical resection, if possible, is
the most effective treatment modality for potential long-term
survival in colorectal patients with isolated liver metastases.
Many patients, however, could potentially benefit from regional
therapy. Because liver tumors derive most of their blood sup-
ply from the hepatic artery, direct administration of effective
anticancer drugs into the artery provides high drug concentra-
tions to the area of tumor involvement.56 Hepatic intra-arterial
administration of fluorouracil, floxuridine, or other chemother-

apeutic agents has been extensively studied in patients with
metastases confined to the liver. More recently, the intra-arterial
use of oxaliplatin- and irinotecan-based chemotherapies has
yielded encouraging results. Because E.R. has disease that also
involves the lung, he should receive systemic chemotherapy for
his disease.

Genomic Markers

19. What is the role of genomic markers in the treatment of
colon cancer?

The identification of appropriate patients for treatment
could be improved in both the metastatic and adjuvant set-
ting by molecular profiling. This would allow the clinician to
individualize therapy based on risk of toxicity and potential for
response. Although not standard in today’s practice, a number
of predictive markers have been identified, including the eval-
uation of microsatellite instability, protooncogenes such as K-
ras, and DNA microarray profiling.57 Microsatellite instability
is found in almost two-thirds of colon cancers and these tumors
exhibit improved survival from recurrence. Mutations in K-ras
occur in approximately 30% of colon cancer cases and in early
stage disease. These tumors are associated with recurrence and
poorer long-term survival, so patients should receive adjuvant
chemotherapy. Finally, DNA microarray profiling may allow
identification of patients who respond to specific chemothera-
pies, such as fluorouracil, irinotecan, or oxaliplatin. Although
all these markers are currently under investigation in clinical
trials, they will allow clinicians to tailor therapy according to
an individual patient and tumor profile.

A genetic diagnostic test (Invader UGT1A1 Molecular As-
say), which assesses the status of an individual’s UGT1A1 en-
zyme, is available for clinical use. The test allows clinicians to
individualize irinotecan therapy by identifying patients at risk
for toxicity. Irinotecan is metabolized by enzymes exhibiting
polymorphic activity, specifically uridine 5′ diphosphate glu-
curonosyltransferase (UGT). UGT1A1 is responsible for glu-
curonidating SN38, an irinotecan metabolite that produces se-
vere toxicity. Individuals with the UGT1A1*28 variant have
reduced activity of UGT1A1 and may suffer severe neutrope-
nia. Despite the tremendous advance in using UGT1A1*28 to
predict neutropenia risk, more research is needed to identify
patients at risk for irinotecan-induced diarrhea. The commer-
cially available test is designed to predict which patients are at
risk for enhanced toxicity. In clinical practice, however, geno-
typing is performed once the patient has severe neutropenia to
determine if the patient has reduced enzyme activity.

LUNG CANCER
Clinical Presentation

20. H.H., a 57-year-old, white woman with a 6-month history
of weight loss and increasing fatigue, recently noted shortness of
breath (SOB) and fever. She also complains of joint pain in her
knees and elbows and has noted a change in her fingers and nails
over the past several months. Physical examination is significant
for swelling and tenderness over her knees and elbows as well
as hypertrophy and clubbing of the distal joints of both hands.
A chest radiograph and CT scan reveals a central mass causing
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obstruction of the middle right lobe as well as mediastinal lym-
phadenopathy. Bronchoscopy washings and cytology were posi-
tive for small-cell lung carcinoma. H.H. denied exposure to any
environmental or occupational carcinogens but did admit to a
40-pack/year history of cigarette smoking. Are H.H.’s symptoms
typical of those associated with lung cancer?

Signs and symptoms associated with lung cancer depend
on the size and location of the tumor and degree of spread
outside of the lungs. The most common symptoms at presen-
tation are those associated with the primary tumor and include
cough, wheezing, chest pain, hemoptysis, and dyspnea.58 Be-
cause many patients have other medical problems, such as
chronic obstructive airway disease related to cigarette smok-
ing, the worsening of these symptoms may go unnoticed for a
period or may be attributed to other smoking-related illnesses.
A large tumor can result in obstruction, leading to fever and
other evidence of pneumonia.

Regional spread to lymph nodes and other structures within
the thorax can result in dysphagia, superior vena cava obstruc-
tion, pleural effusion, and hoarseness. Patients with distant
metastatic spread may have findings associated with the site of
disease involvement. For example, if the tumor has spread to
the liver, patients are likely to have elevated LFT, or if they have
brain metastases, severe headache, neurologic impairment, or
seizures may be present.

Almost one-third of patients with lung cancer present with
nonspecific symptoms such as anorexia and weight loss.58 In
addition, a few patients will present with paraneoplastic syn-
dromes. Hypertrophic osteoarthropathy, with inflammation of
the outer covering of bones and clubbing, can cause pain, ten-
derness, and swelling over the affected bones such as that ex-
perienced by H.H. This often mimics bone metastases (bone
scans also may be positive); however, further studies will re-
veal no evidence of direct tumor involvement of the bones.
Other paraneoplastic syndromes commonly seen in patients
with lung cancer include ectopic Cushing’s syndrome and
the syndrome of inappropriate antidiuretic hormone secretion
(SIADH). Characteristically, successful treatment of the tumor
will reduce the effects of paraneoplastic syndromes.

Prevalence and Risk Factors

21. How common is lung cancer and what factors place H.H. at
risk?

Over 160,390 deaths will occur from lung cancer in 2007.
Although the World Health Organization recognizes that there
are >10 types of primary pleuropulmonary malignancies, four
major types of carcinomas account for up to 95% of all lung
cancers.58 The four major types are adenocarcinoma, squa-
mous cell, small-cell, and large-cell carcinoma (Table 91-4).58

Adenocarcinoma, squamous cell, and large-cell carcinoma are
grouped together and referred to as non–small-cell lung can-
cers (NSCLC) because they are similar in prognosis and re-
sponse to therapy.

Cigarette smoking is the predominant cause of lung cancer
worldwide, and the risk appears to increase with the number of
cigarettes smoked each day.59 Approximately 75% to 80% of
lung cancer cases are attributable to smoking.59 Second-hand
smoke exposure is also a risk factor, with approximately 3,000
deaths attributable to this factor. Although the risk of develop-

Table 91-4 Histologic Classification of Lung Cancer58

Classification Prevalence (%)

Adenocarcinoma 40
Squamous cell carcinoma 25
Small-cell carcinoma 20
Large-cell carcinoma 10
Adenosquamous carcinoma, carcinoid, bronchial

gland carcinoma
<5

ing any type of lung cancer increases with cigarette smoking,
the relative risk of small-cell lung cancer (SCLC) is among the
highest. Therefore, patients such as H.H. who have a long his-
tory of cigarette smoking have the highest risk of developing
lung cancer relative to any other population. Other risk factors
for lung cancer include exposure to passive smoke (i.e., non-
smokers who live with smokers); pipe and cigar smoking; and
exposure to asbestos, radon, or other occupational carcinogens
such as heavy metals, chloromethyl ether, and arsenic.59

Prevention and Screening

22. What are the current recommendations for prevention and
screening for early detection of lung cancer in patients like H.H.?

By far, the most important intervention for preventing lung
cancer is to avoid or cease smoking and to avoid secondary
smoke whenever possible. Antioxidants and β-carotene have
no protective effect and, in at least two large trials, an increase
in lung cancer was found in persons receiving β-carotene.60,61

Secondary analysis in a trial of selenium for the prevention of
skin cancer revealed a significant reduction in the occurrence
of lung cancer,62 but definitive trials are still in progress.

Lung cancer screening has not affected overall mortality. In
the early 1970s, the National Cancer Institute (NCI) launched
three studies evaluating sputum cytology and chest radiography
as lung cancer screening tests. Although cancers were detected
earlier, the overall mortality rates in the two groups did not dif-
fer significantly.63,64 Since the time of these studies, the qual-
ity of diagnostic testing has been substantially enhanced and
many new tests have become available; therefore, new screen-
ing studies, especially for high-risk populations are underway.
Presently, no medical or scientific organization recommends
testing for early lung cancer detection in asymptomatic indi-
viduals. Growing evidence suggests spiral CT may be effective
for detecting early lung cancer, but prospective trials confirm-
ing a benefit have not been completed.65 Ongoing trials will
better determine its role in the evaluation of patients at high-
risk for lung cancer.

Small-Cell Lung Cancer Versus Non–Small-Cell
Lung Cancer

23. How do treatment and prognoses for SCLC and NSCLC
differ?

The natural history and response to treatment of patients
with SCLC and NSCLC differ significantly. Therefore, it is
extremely important to establish a histologic diagnosis before
contemplating treatment (Table 91-4). In general, the NSCLC
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are less likely to metastasize early in the course of the disease
and are less sensitive to chemotherapy than SCLC. In contrast,
SCLC progresses rapidly, but is sensitive to many chemother-
apeutic agents.

Surgery is curative only in early stages of NSCLC and is
the treatment of choice for patients with stage I through IIIA
NSCLC.58,66 Radiation therapy may be considered an alter-
native for patients who are poor surgical risks. Radiotherapy
also is used as an adjuvant therapy to surgery to treat NSCLC
characterized by large tumors or extensive lymph node in-
volvement; however, no survival advantage has been observed
with the addition of radiation therapy.67 In advanced stages
of NSCLC, overall response rates to combination chemother-
apy are 20% to 40%, with fewer than 5% of patients achiev-
ing a complete response.68,69 The highest response rates for
chemotherapy in NSCLC have been achieved with regimens
using cisplatin or carboplatin combined with etoposide, pacli-
taxel, docetaxel, vinorelbine, and gemcitabine. Even with the
best therapy, median survival is approximately 12 months.

Small-cell lung cancer is staged as “limited” or “extensive.”
Limited-stage disease is confined to one hemithorax and the
regional lymph nodes and can be encompassed within one ra-
diation port. Extensive disease is that which extends beyond
the thorax. Because SCLC disseminates early in the disease,
surgery is almost never indicated. The only exception is the
rare patient who presents with very early stage disease. Such
patients may benefit by resection of the tumor followed by
combination chemotherapy. Overall, the use of combination
chemotherapy regimens for SCLC has increased median sur-
vival by four- to fivefold. In disease limited to the thoracic cav-
ity, optimal chemotherapy regimens produce response rates of
85% to 95%, with 50% to 60% of patients achieving a com-
plete response. Although many patients initially respond to
therapy, most eventually relapse and die from their SCLC. The
median duration of survival is 12 to 16 months and the 2-
year DFS rate is usually 15% to 20% for patients with limited
disease. Response rates are somewhat lower for patients with
disease outside the thoracic cavity, and the median survival
is only 7 to 11 months. The 2-year DFS for these patients
is <2%.

Small-Cell Lung Cancer
Staging

24. What information, in addition to the histologic type, is nec-
essary before H.H.’s treatment can be initiated?

Before initiating therapy, the stage of H.H.’s disease should
be evaluated. This will help establish a prognosis and identify
tumor lesions that can be monitored to evaluate the response
to therapy. Staging also will assist in determining if H.H. will
benefit from radiation therapy in addition to chemotherapy. Be-
cause the TNM staging factors do not appear to correlate with
survival, a simple two-stage system is used for SCLC. Stag-
ing procedures should include a thorough workup of any areas
that are suspicious for tumor involvement, a chest radiograph
and CT scans, a CBC, LFT, physical examination of the liver,
and a neurologic examination. In addition, H.H.’s physiologic
and performance status should be assessed to determine her
ability to tolerate the aggressive chemotherapy and possible
radiation therapy. This includes evaluation of her nutritional,

cardiac, and pulmonary status, as well as her renal and hepatic
function.

Combination Chemotherapy

25. H.H. is to start a chemotherapeutic regimen of cisplatin 100
mg/m2 IV on day 1 and etoposide 100 mg/m2 IV on days 1 through
3. The chemotherapy is to be repeated every 28 days. She also will
receive radiation therapy to the area of tumor involvement. Is
H.H. likely to benefit from the addition of prophylactic radiation
or other cytotoxic agents to her regimen?

Although combination chemotherapy is clearly superior
to single-agent therapy in the treatment of SCLC, no major
differences exist between several combination chemotherapy
regimens that have been widely studied when compared for
response rate or survival. Most current first-line regimens in-
clude cisplatin or carboplatin in combination with etoposide.
Other active agents for SCLC include topotecan, paclitaxel,
docetaxel, ifosfamide, cyclophosphamide, teniposide, doxoru-
bicin, vincristine, and methotrexate.

26. How should H.H. be monitored during therapy?

Approximately 80% of patients respond to initial
chemotherapy for SCLC. Because this is a chemosensitive
disease, patients typically show evidence of response within
days. Follow-up care of a patient receiving chemotherapy
should include the following: (a) assessment of chemotherapy-
associated toxicities (e.g., mucositis, myelosuppression, renal
dysfunction, electrolyte disorders) so that appropriate interven-
tions can be initiated; (b) regular re-evaluation of renal, hepatic,
and bone marrow function to assess the patient’s ability to tol-
erate further treatment; and (c) assessment of the antitumor
effects of the treatment.

Myelosuppression (i.e., granulocytopenia, thrombocytope-
nia) is generally only moderate with cisplatin-etoposide reg-
imens; however, the addition of radiation therapy is likely to
increase its severity. Therefore, H.H. should have her CBC
monitored weekly once therapy begins. Because nephrotoxic-
ity is the usual dose-limiting toxicity of cisplatin, renal function
must be evaluated.

Chest radiographs and CT scans should be repeated after
every two to three courses of therapy to assess antitumor ef-
fects. Therapy should be continued if the tumor is responding
to treatment and discontinued or changed with evidence of
tumor progression.

Duration of Therapy and Prophylactic Irradiation

27. After six courses of this regimen, repeat chest radiographs
and CT scans reveal no evidence of residual tumor in H.H. A
repeat bronchoscopy is also negative. Is additional treatment in-
dicated?

Despite the high recurrence rate for patients with SCLC
who achieve a complete response, no current evidence sup-
ports prolonged administration of chemotherapy after com-
plete response is achieved. Long-term survival rates appear to
be similar for patients who receive 4 to 6 months of treatment
and those who receive 12 to 24 months. In addition, patients
who receive a shorter duration of chemotherapy exposure are
less likely to suffer major toxicities. After disease recurrence,
however, response rates to second-line therapy are only 20% to
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40% with few complete responses; the median survival is only
a few months. Today, the topoisomerase inhibitors (topotecan
or irinotecan), taxanes, paclitaxel or docetaxel, gemcitabine or
vinorelbine are the most widely used second-line agents.

At least 20% to 25% of patients with SCLC eventually
develop brain metastases, which produce significant morbid-
ity. Clinical trials have demonstrated that prophylactic cra-
nial irradiation significantly reduces the incidence of symp-
tomatic brain metastases and prolongs disease-free and overall
survival.70 Therefore, prophylactic cranial irradiation is rec-
ommended for patients such as H.H. who attain a response to
chemotherapy.

Non–Small-Cell Lung Cancer
Metastatic Disease

28. M.D., a 62-year-old man, was recently diagnosed with stage
IV adenocarcinoma of the lung. His medical history is not signif-
icant, and he is otherwise in good health. What are the current
treatment recommendations?

Although NSCLC is less chemosensitive than SCLC, evi-
dence gathered over the past decade substantiates that combi-
nation chemotherapy therapy improves median survival from
16 to 26 weeks and enhances 1-year survival rates by 10% over
the best supportive care. The American Society of Clinical
Oncology now recommends two to eight cycles of platinum-
based combination chemotherapy for patients with stage IV
disease and good performance status (Eastern Cooperative On-
cology Group [ECOG] 0, 1, and possibly, 2).69 The most widely
used first-line regimens include carboplatin or cisplatin plus ei-
ther paclitaxel, docetaxel, vinorelbine, or gemcitabine. Some
newer regimens also incorporate three of these agents. Re-
sponse is generally re-evaluated after two cycles of chemother-
apy and, if a response or stable disease is noted, treatment
is continued for up to eight cycles. If disease progression is
evident, second-line therapy with agents not previously re-
ceived or palliative radiation therapy is recommended. One-
year survival rates range from 25% to 40% using these newer
regimens.

The role of targeted therapies, specifically the antivascular
endothelial growth factor agent bevacizumab, has been evalu-
ated in patients with advanced (stage IIIB and IV) NSCLC and
it is now U.S. Food and Drug Administration (FDA)-approved
for use as first-line treatment of advanced or metastatic NSCLC
in combination with standard chemotherapy. The pivotal study
utilized paclitaxel 200 mg/m2 and carboplatin area-under-the-
curve (AUC) of 6 (mg/mL × minute) every 3 weeks for six

cycles with or without bevacizumab 15 mg/kg continued until
disease progression. The regimen containing bevacizumab re-
sulted in significant improvements in median survival (12.5 vs.
10.5 months, respectively) as well as significantly improved re-
sponse rates and progression-free survival.71 Women, however,
did not experience a survival benefit (13.3 vs. 13.1 months, re-
spectively).

The novel tyrosine kinase inhibitors that act on EGFR, gefi-
tinib and erlotinib, were fast-tracked to the market pending
phase III confirmatory trials as single-agent treatment for pa-
tients with NSCLC who failed platinum and docetaxel regi-
mens. Use of gefitinib is now limited, however, to those cancer
patients who, in the opinion of their treating physician, are cur-
rently benefiting, or have previously benefited, from gefitinib
treatment because it did not significantly improve overall sur-
vival in the randomized phase III setting.72 The response rates
to these agents were highly variable in certain subgroups, with
women, those with adenocarcinoma, and nonsmokers having
higher response rates. Importantly, clinical trials adding these
agents to platinum-based chemotherapy have shown no advan-
tage except in the subset of patients who have never smoked. In
them, erlotinib in combination with chemotherapy significantly
improved overall survival.72 Currently, the use of erlotinib is
limited to single-agent therapy in the metastatic setting, al-
though ongoing trials are evaluating its use sequentially with
chemotherapy.

For patients with unresectable stage III disease, there have
now been at least 10 major multi-institutional trials in which
patients were randomized to treatment with thoracic radia-
tion with or without platinum-based chemotherapy. A statisti-
cally significant survival advantage was seen for the combined
modality therapy.73

Adjuvant Chemotherapy

29. If M.D. had been diagnosed with stage II disease, what
would be the role of chemotherapy after surgical resection?

Surgical resection is the cornerstone of therapy for early
stage disease, but relapse is high with 30% to 60% of patients
with resected NSCLC still dying of their disease. Until recently,
no additional treatment beyond surgery was known to be ben-
eficial. Three randomized trials, however, validated the role of
adjuvant chemotherapy for completely resected NSCLC with
survival advantages at 5 years ranging from 5% to 15% (Table
91-5).74−76 The role of surgery in stage IB remains contro-
versial, however, but beneficial trends exist, especially when
tumors are large (at least 4 cm in size).74 Recently, absence of
the ERCC1 (excision repair cross-complementation group 1)

Table 91-5 Adjuvant Lung Cancer Trials

5-yr Survival (%)

Study/Reference Patients (N) Stage Control Chemotherapy Arm p-Value

IALT/75 1,867 I-IIIA 40 45 <0.03
NCICTG/76 482 IB-II 54 69 0.03
ANITA/74 840 IB-IIIA 43 51 0.013

ANITA, Adjuvant Navelbine International Trialists Association; IALT, International Adjuvant Lung Trial; NCICTG, National Cancer Institute of Canada Trials Group.
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protein in operative tumor specimens of patients with NSCLC
has been used to identify tumors that appear to benefit most
from adjuvant cisplatin-based chemotherapy.77 Each of the
positive adjuvant trials utilized cisplatin-based chemotherapy
regimens in combination with etoposide or a vinca alkaloid,
with two of the trials utilizing cisplatin and vinorelbine. There-
fore, if M.D. was diagnosed with stage II disease, he should
receive six cycles of a cisplatin-based regimen.

OVARIAN CANCER
Risk Factors and Clinical Presentation

30. C.R., a 50-year-old woman, presents to her family physician
complaining of vague abdominal pain over the last several weeks.
A detailed history revealed that she had experienced increasing
abdominal girth without significant weight gain and a change
in her usual bowel habits. The abdominal and pelvic ultrasound
studies reveal a 6- to 10-cm mass, and her serum CA-125 antigen
is significantly elevated. C.R. is referred to a gynecologic oncolo-
gist who performs a total abdominal hysterectomy and bilateral
salpingo-oophorectomy. Pathologic examination of the mass de-
termined it to be epithelial carcinoma of the ovary. The large
intra-abdominal mass and numerous peritoneal tumor implants
were resected during surgery; however, several small (<0.5 cm)
tumor implants were not resectable. What factors are associated
with an increased risk of ovarian cancer? Are C.R.’s symptoms
consistent with ovarian cancer?

Ovarian cancer is the fifth most common cause of cancer
and cancer deaths in women.1 The three categories of ovarian
cancer are named for their cell of origin. Greater than 90%
are epithelial cancers, arising from the epithelial layer that
covers the surface of the ovaries, whereas the remainder are
either germ cell or stromal tumors. Postmenopausal women
(median age, 63 years) are most likely to develop epithelial
ovarian cancer. Factors that appear to increase the risk of ovar-
ian cancer include positive family history, nulliparity or a low
number of pregnancies, first child after age 35, prolonged use
of ovulation-inducing drugs, and increasing age.78 A genetic
predisposition may also exist to ovarian cancer, which can be
related to hereditary breast cancer. Genetic mutations in the
BRCA1 and BRCA2 genes may play a role in the development
of ovarian cancer.39

Ovarian cancer is known as the silent killer because 70%
of patients present with advanced disease. As in C.R.’s case,
patients with early stages of ovarian cancer may be relatively
asymptomatic. The patient’s only complaint may be vague ab-
dominal symptoms, and she may not seek medical attention un-
til symptoms become significantly worse. Ovarian carcinoma,
however, usually has extended beyond the pelvis at the time
of diagnosis. Pain, abdominal distention, and vaginal bleed-
ing are the most common symptoms in patients with advanced
disease.78 Other symptoms may include weight loss, nausea,
or a change in bowel or bladder habits if the tumor mass is
compressing adjacent structures.

Screening and CA-125

31. C.R. is surprised by the diagnosis and questions why the can-
cer was not diagnosed earlier. She has always had routine annual

physical and gynecologic examinations that included the Papani-
colaou (Pap) test.

The diagnosis of ovarian cancer typically does not occur
early in the disease. This is because the ovaries are suspended
by ligaments in a large spacious pelvic cavity where masses
are not easily detectable until they become large. At the time of
diagnosis, 75% of women with ovarian cancer have evidence of
spread beyond the ovaries and, in 60%, the cancer has spread
beyond the pelvis. Although the Pap test is the single most
successful screening test used in gynecology, it is not useful
for detecting ovarian cancer. The dramatic decrease in invasive
cervical cancers along with a 70% reduction in mortality, how-
ever, confirms the efficacy of the Pap test as a screening tool for
uterine cervical cancer.79 The pelvic examination is the most
common method of screening for ovarian cancer, but it has a
low sensitivity; for every 10,000 examinations, approximately
one tumor is detected.80 The presence of a pelvic mass at phys-
ical examination is the most important sign of ovarian cancer.
Abdominal ultrasounds have been investigated, but produce
a high number of false–positive findings, even in high-risk
populations.78 Transvaginal ultrasonography produces clearer
images than abdominal scanning and more accurately identi-
fies intrapelvic disease. A CT of the abdominal–pelvic area
may aid in the evaluation of a pelvic mass. Currently, none of
these tests are recommended for screening women in the gen-
eral population. The serum CA-125 level has been evaluated
as a screening tool for ovarian cancer, but there is a high false–
positive rate because a number of gynecologic and nongyneco-
logic conditions can also elevate CA-125 levels. Currently, the
primary role of CA-125 is to monitor disease status in patients
diagnosed with ovarian cancer. Other candidate biomarkers are
under investigation for the early detection of ovarian cancer.78

Although no data indicate their value as screening tests, an-
nual rectovaginal pelvic examinations, CA-125 levels, and
transvaginal ultrasonography are often performed in high-risk
women.

Chemotherapy

32. Following surgery, C.R. is advised that she should receive
chemotherapy to eradicate the remaining tumor cells. Which an-
tineoplastic drugs are effective in advanced ovarian carcinoma?

The first goal in the treatment of patients with epithelial
ovarian cancer is optimal surgical cytoreduction of metastatic
disease. Optimal debulking is defined as removal of all disease
1 cm or larger in diameter. The amount of residual disease
after primary surgery is generally considered the most impor-
tant modifiable prognostic factor that influences survival of
patients with advanced disease.81 After surgery, postoperative
chemotherapy is administered to patients such as C.R. with a
significant risk of recurrence. Single agents that have exhibited
activity in the treatment of advanced ovarian cancer include
cisplatin, paclitaxel, docetaxel, topotecan, gemcitabine, and
altretamine. Several studies have shown that carboplatin and
cisplatin have equivalent benefits when used with paclitaxel.78

Currently, the standard first-line chemotherapy for epithelial
ovarian cancer is the combination of carboplatin plus pacli-
taxel resulting in a 75% complete response rate; however, the
relapse rate is 50% within 2 years.
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Recurrent Disease

33. After six courses of paclitaxel and carboplatin, C.R. has no
remaining evidence of ovarian cancer. Planned follow-up includes
repeat serum CA-125 levels and CT scans at 3-month intervals.
Six months after completing chemotherapy, the CA-125 level was
increased and a CT scan of the abdomen revealed several new
masses. Should C.R. receive more paclitaxel and carboplatin ther-
apy at this time?

Although ovarian cancer is initially sensitive to chemother-
apy, most women will experience a relapse of their disease. At
the time of recurrence, the median survival is 2 years; therefore,
the primary goal of therapy is management of symptoms. The
relapse-free interval after completion of platinum-based ther-
apy (the platinum-free interval) has been recognized as a pre-
dictor of the likelihood of subsequent response to chemother-
apy. Patients with disease that recurs within 6 months after
treatment are unlikely to benefit from additional therapy with
the first-line agents. Therefore, it is most appropriate to treat
C.R.’s cancer with a drug that has a different mechanism of
action and, it is hoped, a different pattern of resistance. Several
agents have shown activity in the second-line setting, including
topotecan, liposomal doxorubicin, taxanes, gemcitabine, oral
etoposide, altretamine, and ifosfamide. Response rates range
from 16% to 30% when these agents are administered as single
agents; combination therapy has not been shown to be more
effective than any single agent evaluated to date.78 A number
of trials are evaluating the role of novel agents in the setting of
recurrent ovarian cancer and, owing to the low response rates
from currently available agents, patients should be encouraged
to participate in these trials. Bevacizumab has shown promising
activity, but its use has been limited by the occurrence of bowel
perforation.82 Ongoing trials will better define the occurrence
of this serious adverse effect and the role of bevacizumab in
recurrent ovarian cancer.

Intraperitoneal Chemotherapy

34. What is the role of intraperitoneal chemotherapy in ovarian
cancer?

Ovarian carcinoma is usually limited to the peritoneal cav-
ity. Commonly, tumor plaques are attached to the underside
of the diaphragm as well as to the exterior of other organs
within the abdominal cavity. Even following meticulous surgi-
cal removal of the tumor, some residual disease nearly always
remains. Thus, intraperitoneal (IP) instillation of chemother-
apeutic agents allows drug delivery directly to the site of the
tumor and produces higher concentrations of drug at the tumor
than could be attained by systemic administration. The ideal
agent for IP administration is water soluble with a high molecu-
lar weight, which will slow its removal from the peritoneal cav-
ity. Although drug delivery to the tumor is primarily by surface
diffusion, agents that are then absorbed systemically from the
peritoneum also reach the tumor via capillary flow. Intraperi-
toneal cisplatin has been the most widely studied IP drug in
both the adjuvant and metastatic setting. A randomized trial in
previously untreated stage III ovarian cancer with minimal dis-
ease following surgery compared cisplatin 100 mg/m2 IV with
the same IP dose in conjunction with IP cyclophosphamide
600 mg/m2.83 Median survival was significantly longer (41

vs. 49 months) and moderate to severe toxicities were fewer
in the IP treatment group. A similar trial compared standard
IV cisplatin and paclitaxel with IV carboplatin followed by
IV paclitaxel and IP cisplatin; again, the IP arm was associ-
ated with significantly improved overall survival.84 Although
these studies were associated with improved outcomes, it was
not considered the standard of care until an NCI clinical an-
nouncement was made based on results of a recent study.85 In
the most recent study, IV paclitaxel and cisplatin were com-
pared with IV paclitaxel followed by IP cisplatin and IP pa-
clitaxel in patients with stage III disease who had undergone
optimal surgical cytoreduction. Although <50% of the patients
in the IP arm completed therapy, similar to earlier studies, the
progression-free survival and overall survival again favored IP
administration.85 Neutropenia, gastrointestinal (GI) toxicity,
fatigue, pain, and metabolic events were more common in the
IP group and quality of life was significantly worse. The NCI,
however, now recommends a regimen containing IP cisplatin
and a taxane administered IV or IV and IP for women with opti-
mally debulked stage III ovarian cancer.86 Ongoing studies are
evaluating the optimal dose and schedule of IP chemotherapy
administration.

BLADDER CANCER
Risk Factors and Clinical Presentation

35. B.B., a 65-year-old man, presented with complaints consis-
tent with cystitis, including burning and pain on urination. Uri-
nalysis reveals no white blood cells (WBC) or bacteria and 10 red
blood cells (RBC)/high-power field (HPF). B.B. is a textile worker
who smokes cigarettes but does not drink alcohol. He is referred
to a urologist for cystoscopy, and the biopsy is consistent with mul-
tifocal, transitional cell carcinoma of the bladder, grade 3. What
factors placed B.B. at risk for bladder cancer?

Risk factors for bladder cancer include age >60 years,
male gender, occupational exposure to chemical carcinogens
(aryl amines, including organic chemical, aniline dye, rub-
ber, and paint industries), cigarette smoking, drugs (oral cy-
clophosphamide and phenacetin), and chronic urinary tract
infections.87 Because the whole uroepithelium is chronically
exposed to carcinogens excreted in the urine, these cancers tend
to recur in multiple sites even after surgical resection. B.B.’s
male gender, long career as a textile worker, coupled with his
significant history of cigarette smoking, place him at increased
risk of bladder cancer.

The only symptom many patients experience before diag-
nosis is bladder irritation; in women, this may be mistaken
for interstitial cystitis. Microscopic or gross hematuria is often
the finding that prompts the patient to seek medical interven-
tion. Patients with more extensive tumors may experience flank
pain, constipation, or lower extremity edema.

Treatment
Intravesical Therapy

36. Further workup establishes that B.B. has superficial
disease. He undergoes transurethral resection (TUR) and
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fulguration (tumor is charred and then scraped with a curet).
Is further therapy indicated at this time?

Approximately 70% of the newly diagnosed cases of blad-
der cancer will present with superficial disease. Optimal man-
agement of these cases can range from TUR alone to adju-
vant intravesical (instillation directly into the urinary bladder)
therapy to very aggressive approaches utilizing radical cys-
tectomy. Although resection is highly effective in eradicating
existing lesions, 30% to 85% of patients eventually develop
new lesions.88 B.B.’s tumor is grade 3 (poorly differentiated)
and multifocal, which further increases his risk for recurrence.
Adjuvant intravesical therapy is recommended for high-risk pa-
tients to reduce the risk of recurrence. This route places high
concentrations of the drug into direct contact with the blad-
der mucosa and can delay or prevent progression of disease
(which could require cystectomy or systemic chemotherapy).
The limited systemic absorption of intravesicular therapy also
minimizes the risk of serious systemic toxicities.

Drugs that have been used intravesicularly include thiotepa,
doxorubicin, valrubicin, mitomycin, and bacillus Calmette-
Guerin (BCG).89 The choice of intravesical therapy is individ-
ualized; however, BCG is accepted as the standard therapeutic
intervention for carcinoma inside of the bladder and for pro-
phylaxis of tumor recurrence in superficial bladder cancer.90

Specifically, evidence shows that patients who receive BCG
for both the induction and maintenance regimen, have better
outcomes than those receiving intravesical chemotherapy. A
number of novel agents are currently under investigation, with
considerable interest in intravesicular gemcitabine and early
trials of intravesicular docetaxel.

Neoadjuvant and Adjuvant Chemotherapy

37. What role does chemotherapy play in the treatment of B.B.’s
cancer?

Combining radical cystectomy with chemotherapy is an at-
tractive approach to managing bladder cancer. Whether all pa-
tients or only high-risk patients should be treated this way and
optimal timing of this approach is an ongoing debate. A small,
but significant improvement is seen in survival in patients who
receive neoadjuvant MVAC (methotrexate, vinblastine, dox-
orubicin, cisplatin).91 The small benefit must be balanced with
the potential toxicities associated with this regimen. Alterna-
tively, adjuvant chemotherapy following cystectomy may be
offered to patients at high-risk. Currently, no data confirm a sur-
vival benefit from adjuvant chemotherapy, although the avail-
able trials have had significant flaws in their design.92 Recent
meta-analyses have concluded that adjuvant therapy modestly,
but significantly, improved survival over surgery alone.93,94 An
ongoing European trial will better define the impact of adju-
vant chemotherapy on overall survival. Because B.B. has high-
grade disease, he should receive neoadjuvant chemotherapy
with MVAC.

Metastatic Disease

38. Six months after receiving neoadjuvant chemotherapy and
surgery, B.B. is found to have recurrent, metastatic disease (stage
IV) involving his lungs and liver. What is the incidence of disease
dissemination and what type of treatment should B.B. receive?

Approximately 40% of patients with bladder cancer de-
velop metastatic disease during their clinical course. The most
common sites of disease spread are the lymph nodes, liver,
lung, and bone. Follow-up histories, physical examinations,
and assessments should focus on these areas. Once the disease
disseminates to a distant site, the prognosis is poor and the
objective of treatment is to reduce symptoms and prolong sur-
vival. The standard therapy for metastatic disease is systemic
chemotherapy with multidrug regimens that contain cisplatin.
The classic regimen is MVAC, but more recently the commonly
used doublet of gemcitabine and cisplatin has been utilized. In
chemotherapy naı̈ve patients, the combination of gemcitabine
and cisplatin was associated with a higher response rate and
less toxicity, including significantly less neutropenic sepsis and
grade III/IV mucositis, compared with MVAC.95 The taxanes
are active agents for bladder cancer, along with pemetrexed in
combination with gemcitabine.92 Because bladder cancer with
distant metastases is considered an incurable disease, patients
should be encouraged to participate in clinical trials whenever
feasible. B.B.’s cancer has recurred within 6 months of treat-
ment with MVAC; therefore, a single-agent taxane could be
useful. If he responds, he could be offered treatment with the
doublet of gemcitabine and cisplatin, if and when the cancer
progresses.

MELANOMA
Risk Factors and Clinical Presentation

39. B.C., a 35-year-old white man, has worked for the past 12
years as a landscaper in south Florida. Two years before this recent
admission he had undergone surgical resection of a stage IB ma-
lignant melanoma. What risk factors placed B.C. at an increased
risk for melanoma?

Melanoma can occur in adults of all age groups and pre-
dominantly affects whites. The precise cause of melanoma is
unknown; however, epidemiologic studies suggest that sun-
light, especially exposure to ultraviolet (UV) rays, is the most
important factor in its pathogenesis.96,97 Individuals with light
complexions, an inability to tan, blond or red hair, or blue
eyes have a higher risk of melanoma than the general popu-
lation. Sunburns, especially during childhood, along with sun
exposure, and use of tanning beds at an early age have been
associated with an increased risk of melanoma.96,97 Finally, the
total number of benign nevi on the body has been directly cor-
related to the risk of melanoma.97 For B.C., constant exposure
to sun is the most important risk factor for melanoma.

Screening high-risk individuals is extremely important be-
cause the initial presentation is often a melanoma lesion. Early
recognition involves the ABCD evaluation of lesions (A, asym-
metric; B, irregular borders; C, color variegation; D, diameter
>6 mm). Commonly, these lesions are located on the back
and trunk of men and the lower extremities of women. Cuta-
neous melanoma can arise on any surface of the skin and is
perhaps the most visible of malignancies; therefore, it can be
detected in asymptomatic persons. Early detection and recogni-
tion of melanoma are essential for possible cure. Occasionally,
melanomas develop in noncutaneous tissues (e.g., the retina).
The most critical factor in determining the prognosis following
surgical removal of a melanoma is the vertical extension of the
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lesion into the skin and subcutaneous tissue; those that extend
into the subcutaneous fat have a high rate of tumor recurrence
and a grave prognosis.

Treatment
Adjuvant Therapy

40. At the time of diagnosis, B.C. underwent a wide excision
of the area, but because he did not have lymphadenopathy, the
regional lymph nodes were not dissected. Should B.C. receive ad-
juvant therapy?

A number of agents have been evaluated in the adju-
vant setting in high-risk patients with cutaneous melanoma.
Chemotherapy has been largely unsuccessful, and the signif-
icance of adjuvant interferon-alfa-2b treatment is difficult to
evaluate because different doses and schedules were utilized.
A meta-analysis of high and low dose adjuvant interferon-
alfa-2b, however, showed a trend toward a reduction in the
risk of melanoma recurrence and melanoma-related deaths.98

Although no clear differences in high-dose versus low-dose
regimens for responses were seen, the high-dose regimen was
associated with more severe toxicity. Because of the lack of
consistent benefit, the use of interferon-alfa-2b has not been
widely adopted. The effectiveness of tumor-specific vaccines
in the adjuvant setting is being evaluated for patients with high-
risk melanoma.

Accurate staging is necessary to identify patients whose risk
of recurrence is high and who may benefit from systemic adju-
vant treatment. Staging involves the assessment of lymph node
status at the time of surgical removal of the primary lesion. The
need to understand lymph node status has led to the emergence
of lymph node dissection and sentinel-lymph-node biopsy at
the time of surgery. Because B.C. did not have lymph node dis-
section, information is insufficient to assign an accurate stage
to his melanoma.

Metastatic Disease

41. B.C. now presents with complaints of enlarged, painful
lymph nodes in his groin; physical examination reveals several
enlarged inguinal nodes and hepatomegaly as well. A lymph
node biopsy confirms recurrence of malignant melanoma and
his LFTs as follows: AST, 190 IU/L (normal, 5–35 IU/L); ALT,
165 IU/L (5–45 IU/L); and bilirubin, 2.2 mg/dL (2–18 mg/dL). Is
chemotherapy indicated for B.C., who has metastatic malignant
melanoma?

[SI units: AST, 190 U/L; ALT, 165 U/L; bilirubin, 37.62 mmol/L]

To date, the prognosis of patients with stage IV disease is
poor because the results of chemotherapy in the treatment of
melanoma have been disappointing. Only two agents, dacar-
bazine and interleukin-2 (IL-2), are FDA approved for the
treatment of metastatic melanoma. Other agents that have
demonstrated modest activity include carboplatin, carmustine,
temozolomide, and cisplatin. Most responses are only par-
tial, however, and the duration of response is generally only
3 to 6 months. Over the past 30 years numerous combination
chemotherapy regimens utilizing dacarbazine as the primary
active agent have been used but have not consistently demon-
strated differences in response or survival. No combination

regimen has yet been proved to be superior to dacarbazine
alone.96

For several reasons, melanoma has been one of the most
widely studied tumors in the area of immunotherapy. Com-
monly, melanoma cells express surface antigens that can be tar-
geted by specific immunotherapy (e.g., monoclonal antibodies)
and these surface antigens enhance recognition by the host’s
own immune system. The latter is supported by the lympho-
cytic infiltrates commonly observed in tumor biopsies. In ad-
dition, melanoma and its normal precursor cells, melanocytes,
require growth factors for proliferation. Although melanocytes
require exogenous growth factors, melanoma cells (at least
sometimes) produce their own. This may explain, in part,
the progressive nature of malignant melanomas. The interfer-
ons, IL-2, and vaccines are biologic therapies that have been
most widely studied in the treatment of melanoma. Other bi-
ologic therapies that have been added to IL-2, but have not
improved response rates or durable remissions, include mon-
oclonal antibodies, active immunotherapy by vaccination, and
adoptive immunotherapy using tumor-infiltrating lymphocytes
or lymphokine-activated killer (LAK) cells. Initial studies us-
ing high-dose IL-2, either alone or in combination with LAK
cells, produced overall response rates of only 10% to 20%.
Importantly, about 5% of patients responded completely, most
of whom have maintained responses without therapy for many
years. Pooled analyses of patients treated with high-dose IL-
2 supported the benefit of therapy, with overall objective re-
sponse rates of 16% and a 6% complete response.99

Several different preparations of IL-2 have been used in
clinical trials. Variations in dose determination (on a per me-
ter squared or per kilogram of body weight basis) as well as
the use of different unit standards has caused dosing confu-
sion. The World Health Organization (WHO) has defined in-
ternational units (IU).100 In the case of the commercially avail-
able aldesleukin (Proleukin, Chiron Therapeutics, Inc.), a mil-
ligram, which had previously been defined as equivalent to 3
million Cetus units, is now defined as equivalent to 18 million
IU. Attention to the formulation and units is crucial to ensure
the use of appropriate dosages.

Regimens using high doses of IL-2 (e.g., 600,000 IU/kg
every 8 hours for 15 days) have been associated with con-
siderable dose-related toxicities.101 Most of these can be in-
cluded in a “diffuse capillary leak syndrome” characterized
by intravascular volume depletion, oliguria, and edema of all
major organs resulting in multiorgan dysfunction. Once ther-
apy is discontinued, the capillary leak and related toxicities
resolve quickly. During therapy, fluid balance must be care-
fully and frequently evaluated and IV hydration administered
cautiously. Early administration of vasopressors is usually nec-
essary when patients receive high-dose therapy to maintain
systemic perfusion and enhance urinary output. Patients also
require H2-receptor antagonists to prevent gastritis, and pre-
medication with acetaminophen and an NSAID (e.g., in-
domethacin) to prevent fever and chills associated with
IL-2 administration. Meperidine is usually effective in at-
tenuating chills when they occur. Concurrent with resolution
of widespread edema, desquamation and intense pruritus of-
ten are observed, which can be managed with emollients.
Corticosteroids should not be given because they may atten-
uate the immunomodulatory effects of IL-2. Although pa-
tients receiving single-agent IL-2 do not become neutropenic,
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a high incidence of staphylococcal bacteremia has been
observed.

Recent approaches have focused on combining chemother-
apy with immunotherapy, a concept labelled “biochemother-
apy.” Early trials were promising; however, recent phase
III studies reveal no survival benefit with biochemotherapy
when compared with either chemotherapy or immunotherapy
alone.96

Active specific immunotherapy (vaccination) uses tumor-
associated antigens to induce an immune response against
melanoma. Both autologous and allogeneic vaccines have
been studied.99 Therapeutic cancer vaccines, angiogenesis in-
hibitors, and novel cytotoxic agents are under investigation for
the treatment of metastatic melanoma. Because no standard
therapy exists, B.C. should be encouraged to participate in a
clinical trial.

PROSTATE CANCER
Etiology and Risk Factors

42. J.D., a 65-year-old black man, was diagnosed with prostate
carcinoma 18 months ago. At that time, he underwent a radical
prostatectomy and was found to have stage II disease (confined
to the prostate) with a Gleason score of 7. What are J.D.’s risk
factors for prostate cancer?

Although adenocarcinoma of the prostate is the most com-
mon malignancy in adult males in the United States, specific
risk factors (other than male gender and increasing age) have
not been identified. The median age at diagnosis is 66 years
and the disease is rare before the age of 40 years. Ethnicity is a
well known risk factor, with the highest incidence worldwide
in black men. Asian men have the lowest risk.1 The mortal-
ity rate in black men is 2.4 times that of white men. Family
history is a risk, most notably if it occurs in a first-degree
relative.

The cause of prostate cancer is unknown. Regional varia-
tion in incidence worldwide suggests that environmental fac-
tors may have a role. Nationalized males have incidence rates
that are intermediate between those born in the United States
and those who have remained in their native country, which
also suggests that environmental factors contribute. Increased
risk also has been linked to high-fat diets. High levels of testos-
terone also have been implicated in prostate cancer develop-
ment. Support for a hormonal etiology includes the hormone
dependence of prostate cancer, the absence of prostate cancer
in eunuchs, and the increased incidence in male populations
with higher testosterone levels. An increased risk of prostate
cancer in patients with benign prostatic hyperplasia has been
suggested, although others have not observed this association.
Conclusive evidence that widespread screening and early de-
tection of prostate cancer improves survival is lacking. Before
the advent of prostate specific antigen (PSA) screening, most
prostate cancers were detected by digital rectal examination.
Screening leads to earlier diagnosis and most agree that screen-
ing for prostate cancer has led to the recent declines in prostate
cancer mortality. Because PSA is specific to the prostate and
not specific for cancer, it is not a sensitive screening tool when
used alone. Furthermore, several situations can falsely elevate
PSA. Finasteride reportedly doubles the PSA, and prostate ma-

nipulation, biopsy, and the digital rectal examination increase
the PSA as well. Nevertheless, the routine evaluation of PSA
in men >50 years of age has become the standard of care.

Staging

43. Before surgery, J.D.’s PSA was 25 ng/mL (normal, <4.0
ng/mL). At a regular follow-up examination, his only complaint
is mild backache, which he attributes to strain. Now, his PSA
is 100 ng/mL and a CT scan of the pelvis shows several enlarged
lymph nodes consistent with metastatic prostate cancer. Bone scan
reveals blastic lesions in the lumbar region of the spine. J.D. is
otherwise asymptomatic. His only other medical problems are a
20-year history of essential hypertension and evidence of early
congestive heart failure. Is J.D.’s disease still considered stage II?

Following radical prostatectomy, serum PSA should be un-
detectable. Lifelong follow-up should occur in these patients.
Stage I disease is typically found incidentally when prostate
tissue is removed for other reasons, such as benign prostatic
hypertrophy. The cells closely resemble normal cells and the
gland feels normal to the examining finger. In stage II, which
was J.D.’s initial diagnosis, more of the prostate is involved
and a lump can be felt within the gland. In stage III, the tumor
has spread through the prostatic capsule and the lump can be
felt on the surface of the gland. In stage IV disease, the tumor
has invaded nearby structures, or has spread to lymph nodes or
other organs. Grading is based on cellular content and tissue
architecture from biopsies (Gleason), which provides an esti-
mate of the destructive potential and ultimate prognosis of the
disease. From the CT scan, J.D. now has obvious spread to the
pelvic lymph nodes and bone, indicating stage IV disease. The
stage of the disease determines the most appropriate therapy.

Treatment

44. Does J.D.’s disease require therapy at this time? Is there a
role for intermittent androgen blockade?

J.D. has advanced disease and is experiencing symptoms
that could progress, causing him considerable pain and loss of
neurologic function if left untreated. Hormonal manipulation
that reduces testosterone to levels consistent with castration is
the mainstay of pharmacotherapy for advanced symptomatic
prostate cancer. Testosterone deprivation is effective against
prostate cancer cells because the growth of both normal and
malignant prostate tissue depends on it. Multiple hormonal ma-
nipulations can be employed alone or in combination, including
(a) ablation of androgen sources, (b) inhibition of testosterone
production, and (c) interference of testosterone binding at its
receptor site.

Testosterone is produced by the testicles in response to pitu-
itary follicle-stimulating hormone (FSH) and luteinizing hor-
mone (LH) and also by metabolic conversion of androgens
produced by the adrenal glands. Testosterone is converted by
α-reductase enzymes to dihydrotestosterone, the major intra-
cellular androgen, which then binds to a specific cytoplasmic
receptor protein. The receptor–dihydrotestosterone complex
is then translocated into the prostatic nucleus where it binds
to and activates DNA to induce the production of mRNA.
Messenger RNA then codes for proteins essential for the
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metabolic functions of the prostate cells, including prostate
cancer cells.

Therapeutic options for J.D. at this time include (a) orchiec-
tomy; (b) LHRH agonists (e.g., leuprolide, goserelin), which
decrease FSH and LH synthesis and production, which in turn
decrease testosterone production; (c) a nonsteroidal antian-
drogen (e.g., flutamide, bicalutamide, nilutamide), which in-
hibits dihydrotestosterone binding to its receptor; or (d) com-
bined androgen blockade, using both an LHRH agonist and an
antiandrogen.102

Bilateral Orchiectomy
Bilateral orchiectomy is considered by many to be the ther-
apy of choice because it permanently removes the primary
source of testosterone production (95%) with few surgical
complications.102 Orchiectomy does cause impotence (as do
all forms of testosterone ablation) and patients may suffer from
hot flashes; however, the need for regular long-term adminis-
tration of drugs that have potential side effects is avoided.103

Nevertheless, some patients find this procedure unacceptable.

LHRH Agonists
Medical castration with an LHRH agonist, or bilateral orchiec-
tomy, is recommended as an initial treatment for metastatic
prostate cancer.102 Leuprolide (Lupron) and goserelin (Zo-
ladex) are LHRH agonists. The efficacy of leuprolide and
goserelin appears to be similar, although large-scale compar-
ative trials have not been completed. As with LHRH itself,
these drugs stimulate the release of FSH and LH by the pi-
tuitary, which increases the production of testosterone. Thus,
when therapy is initiated, an initial testosterone surge occurs
(during the first 10–14 days), which can transiently worsen
symptoms such as pain (i.e., flare reactions). Some clinicians
choose to initiate short-term antiandrogen therapy before or
together with the LHRH agonist and to continue the antian-
drogen for about a month. This method is intended to reduce
the possibility for the flare reaction. Over several weeks, the
LHRH receptors in the pituitary are downregulated by the con-
tinuous onslaught of synthetic LHRH, followed by a decline
in the release of LH. Ultimately, the levels of FSH, LH, and
testosterone become profoundly suppressed.

Long-term use of LHRH agonists is associated with ane-
mia, fatigue, and osteoporosis. Therapy is continued until the
disease progresses (i.e., new metastatic sites). Many experts
advocate continuing androgen deprivation with these agents
for the duration of the patient’s life, even after disease progres-
sion and the addition of chemotherapy.

Antiandrogens
Monotherapy with antiandrogens such as flutamide, bicalu-
tamide, and nilutamide has been evaluated in previously un-
treated patients in a small number of trials.104 The most stud-
ied antiandrogen for monotherapy in the metastatic setting is
bicalutamide.104 Although monotherapy with an antiandrogen
may be discussed as an alternative, it should not be offered.102

When compared with castration, bicalutamide was associated
with a decreased time to treatment failure, time to objective
progression, and increased risk for death, but no statistical dif-
ference in survival.105 The most common antiandrogen-related
adverse effects include gynecomastia, hot flashes, GI distur-
bances, breast tenderness, and liver function abnormalities.

Because antiandrogens do not directly reduce testosterone lev-
els, patients often can maintain sexual potency.

Combined Hormonal Blockade
The rationale for combination hormonal therapy is to interfere
with multiple hormonal pathways to completely eliminate an-
drogen action. In clinical trials, combination hormonal therapy,
sometimes also referred to as maximal androgen deprivation
or total androgen blockade, has been used. The combination of
LHRH agonists or orchiectomy with antiandrogens is the most
extensively studied combined androgen deprivation approach.
Combined hormonal blockade with conventional medical or
surgical castration and the addition of a nonsteroidal antiandro-
gen improves overall survival but increases adverse effects.102

Combined androgen blockade (e.g., LHRH agonist or orchiec-
tomy plus nonsteroidal antiandrogen) would be an appropri-
ate choice given J.D.’s minimal disease and good performance
status.

Intermittent Androgen Blockade
The efficacy of intermittent versus total continuous complete
androgen blockade in patients who have never received phar-
macologic treatment whose prostate cancer has relapsed has
been evaluated in a few studies. This approach involves hor-
monal therapy (LHRH agonists) for 6 to 9 months until the PSA
level is <4 ng/mL followed by a break in therapy until the PSA
reaches a predetermined level, such as 10 ng/mL or half of the
PSA level when the treatment was initiated.106 The value of
such an approach is to allow periods during which testosterone
production resumes and adverse effects are abated. Unknown
are the effects on prostate cancer when testosterone levels are
allowed to rebound. This approach remains investigational.

Immediate versus Delayed Androgen Ablation
Deferring androgen ablation therapy with active surveillance
may be an option in men who have an increasing PSA level, who
are asymptomatic or have no clinical or radiographic evidence
of metastatic disease after local therapy.106 Early initiation of
androgen ablation for an increasing PSA level only exposes
patients to risks of adverse events and provides only tempo-
rary benefit. Early therapy is associated with higher costs and
greater frequency of treatment-related adverse effects, whereas
deferred treatment may increase the risk for the development
of hormone independence in the tumor. Patients who opt for
active surveillance require close follow-up and ongoing dis-
cussions regarding the risks and benefits of deferred therapy.
Because J.D. has evidence of metastatic disease, he requires
immediate therapy.

Monitoring Therapy

45. J.D. started intramuscular (IM) leuprolide 22.5 mg every 3
months and flutamide 250 mg three times daily (TID). How should
his response to therapy be monitored?

Blastic bone lesions heal slowly and have been shown to per-
sist even when biopsy documents absence of disease. There-
fore, a repeat bone scan would not be a useful indicator of
response; however, it may be used to rule out new lesions or
progressive disease. If bony lesions improve, it may take up to
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6 months for resolution on the bone scan because of the slow
rate of bone remodeling in elderly men.

Measurement of PSA is the most useful tool to follow re-
sponse to therapy. Because the serum half-life of PSA is only
2 to 4 days, serial measurements provide a rapid indication of
tumor status. It also is less expensive and more sensitive than
imaging techniques (e.g., CT scans, bone scans). Control of
symptoms, such as pain, and maintenance of quality of life
are important outcome indicators in this disease and should be
monitored frequently.

Androgen-Independent Disease

46. Following initiation of treatment, J.D.’s PSA level fell to 8
ng/mL and remained stable for the next 18 months. During this
time, he had no clinical evidence of disease progression. His most
recent clinic visit, however, revealed an increase in his PSA level
to 75 ng/mL and a repeat bone scan and pelvic CT showed some
disease progression. Is a change in therapy warranted at this time?

Various second-line hormonal therapies have been studied.
If J.D. had been receiving an LHRH agonist alone, a testos-
terone level could be checked to ensure castrate levels have
been achieved. If castrate testosterone levels (<20 ng/dL) are
not achieved, then an orchiectomy or the addition of an antian-
drogen is an option.107 Because J.D. was receiving combined
androgen blockade, a trial of antiandrogen withdrawal should
be initiated. This approach produces symptomatic improve-
ment and objective signs of tumor regression or a decrease in
PSA in up to 35% of patients.108 This is likely because of a mu-
tation in the androgen receptor and a change in the selectivity
or activation of the receptor that allows antagonists to act as ag-
onists. Therefore, J.D.’s flutamide should be discontinued. The
addition of an aromatase inhibitor, such as aminoglutethimide,
or ketoconazole, is also a reasonable choice. Because J.D. is
not experiencing progressive symptoms at this time, the ben-
efits of additional therapy with either aminoglutethimide or
ketoconazole probably do not outweigh the potential risks and
complications of treatment and its associated costs.

Chemotherapy

47. J.D.’s metastatic disease continues to progress. Would cyto-
toxic chemotherapy be beneficial at this time?

Almost all patients with metastatic prostate cancer initially
treated with androgen deprivation will develop progressive
disease within 2 to 3 years. The term androgen independent
prostate cancer describes the situation in which a patient has a
documented castrate testosterone level and progressive dis-
ease. These patients typically have a median survival of 6
months.

Chemotherapy is now a standard for men with androgen-
independent disease who have metastatic disease. Mitox-
antrone with prednisone was the standard of care for a number
of years, with approval based on clinically meaningful bene-
fits, such as PSA reduction, pain relief, and a delay in bone
scan evidence of disease progression.106 Docetaxel is now the
standard of care for the management of cases of metastatic
androgen-independent prostate cancer after a small, but sig-
nificant, survival benefit was observed in two separate trials

when compared with the combination of mitoxantrone and
prednisone.109,110 Therefore, J.D. should receive single agent
docetaxel for the management of his disease.

TESTICULAR CANCER
Clinical Presentation

48. M.W., a 26-year-old man, noted painless swelling of his left
testicle approximately 2 or 3 weeks before seeing his family physi-
cian. Physical examination reveals an indurated mass located in
the lower pole of the left testicle. Epididymitis is ruled out be-
cause of the location. Laboratory evaluation reveals the following:
α-fetoprotein (AFP) is 300 ng/mL (normal,<40),β-human chori-
onic gonadotropin (β-hCG) (<5 IU/L) is negative, and LDH is
43 U/L. He is referred to a urologist who performs a radical in-
guinal orchiectomy and a nerve-sparing retroperitoneal lymph
node dissection. M.W. has two positive nodes and the pathology
report reveals embryonal carcinoma. Following orchiectomy, the
AFP declines exponentially; a metastatic workup, including chest
radiograph and CT scan of the abdomen and pelvis, reveals no
evidence of disease. Is this a typical presentation of testicular
cancer?

[SI units: AFP, 300, respectively (normal, <40); LDH, 43 U/L]

Testicular cancer is the most common malignancy in men
between ages 15 and 35 years. M.W.’s presentation is typical in
that the cancer presents as a painless swelling in one gonad. The
cause of testicular cancer is unknown, but approximately 10%
of patients have a history of cryptorchidism.111 Other possible
risk factors include race (the incidence is much lower among
black male patients) and family history.112

Histologic Classification

49. Does histologic classification provide a clinical basis for ther-
apeutic decisions?

Germinal neoplasms are divided into seminomas and vari-
ous other types known collectively as nonseminomatous germ
cell tumors (Table 91-6). Seminomas arise from malignant
transformations of spermatocytes, whereas nonseminomas
arise from transformation of germ cells of placental origin.
Although treatment of advanced disease is similar, seminoma
is exquisitely sensitive to radiation and, therefore, early stages
of the disease are more frequently treated with radiotherapy.112

Table 91-6 Histologic Classification of Primary Tumors of
the Testes

Germinal Neoplasms
Seminoma
Embryonal carcinoma
Teratoma
Choriocarcinoma
Yolk sac tumor

Nongerminal Neoplasms
Specialized gonadal stromal neoplasms (e.g., Leydig cell tumor)
Gonadoblastoma
Miscellaneous (e.g., adenocarcinoma, carcinoid, mesenchymal)
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Determining the most appropriate therapy depends on both the
histology and stage of the disease. Because M.W. has a non-
seminoma (i.e., embryonal carcinoma), initial radiation is not
indicated.

Staging

50. What is the stage of M.W.’s disease?

Stage I disease is limited to the testes; stage II dis-
ease involves the testes and lymph nodes; and stage III dis-
ease includes all metastatic tumors. Following orchiectomy,
a metastatic workup was completed to rule out spread of the
disease. Such a workup should include chest radiograph, CT
evaluation of retroperitoneal lymph nodes, and assessment of
decline in the tumor markers following orchiectomy. Because
M.W. has two positive lymph nodes, his disease is classified as
stage II.

Treatment
Adjuvant Chemotherapy

51. M.W. is diagnosed with stage II disease. Following surgery,
the AFP declined exponentially. Is adjuvant chemotherapy indi-
cated at this time?

Approximately 30% of patients such as M.W. (less than
six positive nodes) whose disease is apparently completely re-
sected (AFP declined following lymph node dissection) ulti-
mately experience relapse, and adjuvant chemotherapy (two
cycles of a platinum-based regimen) dramatically reduces this
risk.113 If patients do not receive adjuvant chemotherapy and
are monitored closely for early detection of relapse, the chance
of cure following aggressive induction of chemotherapy re-
mains high (>80%).113

Metastatic Disease

52. The decision is that M.W. will not receive adjuvant therapy
at this time. Instead, he will be followed by a monthly history,
physical examination, and AFP for the first year, every 2 months
during the second year, and every 6 months thereafter. After 4
months, M.W. is lost to follow-up. He returns to his urologist 1
year later with complaints of abdominal discomfort and shortness
of breath. A chest radiograph reveals multiple nodules in the lung,
and an abdominal CT reveals a 6- to 10-cm mass. His AFP is 360
ng/mL and the β-hCG is 290 ng/mL. Is chemotherapy indicated
at this time?

[SI unit: AFP, 360 mg/L]

M.W. now has metastatic testicular cancer and should re-
ceive systemic chemotherapy. For many years the combina-
tions of either (a) cisplatin, vinblastine, and bleomycin or (b)
cisplatin, etoposide, and bleomycin have produced responses
in almost all men and complete responses in 60% to 80% of
patients.114−116 A randomized trial demonstrated a higher long-
term survival rate for patients who had received the regimen
containing etoposide in a subset of patients at high risk; there-
fore, this combination is most widely used today.116

Before initiating chemotherapy, pulmonary function tests,
an audiogram, and a 24-hour urinary creatinine clearance are

obtained. M.W. is hydrated with IV D5/0.45% sodium chloride
and chemotherapy is initiated with cisplatin 20 mg/m2/day for
5 days; etoposide 100 mg/m2 on days 1 to 5; and bleomycin 30
units on days 2, 9, and 16. Courses are repeated every 21 days.
Because M.W. disease places him at high risk (i.e., nonsemi-
nomatous, extragonadal disease) he should receive a minimum
of four courses of chemotherapy.

Monitoring Therapy

53. How should M.W. be monitored for therapeutic and toxic
responses to chemotherapy?

Response to chemotherapy would be demonstrated by a
reduction in the size of the abdominal mass, a reduction in
the size and number of pulmonary nodules, and a steady de-
crease in the AFP and β-hCG without any other evidence of
disease progression. CT scans, chest radiographs, and tumor
markers are typically re-evaluated after every second course of
therapy.

The most significant toxicities associated with this reg-
imen include myelosuppression and the nephrotoxicity and
neurotoxicity associated with cisplatin. A CBC with differ-
ential and platelet count should be performed once weekly
until the myelosuppression has resolved and just before the
next course. Serum creatinine, blood urea nitrogen (BUN),
and electrolytes (including potassium and magnesium) should
be monitored daily during chemotherapy and weekly there-
after. If evidence of toxicity appears, more intense monitoring
may be recommended. Weekly symptom analysis and physical
examination should include assessment for cisplatin neuro-
toxicity and other chemotherapy-associated toxicities. To as-
sess bleomycin lung toxicity, baseline pulmonary function tests
should be performed before the first course and after every sec-
ond or third course.

54. M.W.’s AFP and β-hCG drop dramatically after his first
course of chemotherapy and less so after his second course; how-
ever, they appear to plateau at an AFP of 170 ng/mL and β-hCG
of 200 ng/mL after the third course. No evidence is found of tumor
on the abdominal CT scan or chest radiograph. Should the fourth
and fifth cycles of chemotherapy be administered?

[SI unit: AFP, 170 mg/L]

The plateau of the tumor markers confirms that M.W.’s dis-
ease is not continuing to regress after chemotherapy. First-line,
cisplatin-based combination chemotherapy cures 70% of pa-
tients with disseminated germ cell tumors.111 The remaining
30% of patients are candidates for salvage chemotherapy at
the time of relapse or disease progression. Additional cycles
of chemotherapy with the same regimen are unlikely to produce
further tumor regression and normalization of the tumor mark-
ers. Because he had an initial good response to cisplatin ther-
apy, it is reasonable to continue cisplatin in this circumstance.
M.W. could receive salvage chemotherapy with cisplatin 20
mg/m2/day for 5 days, vinblastine 0.11 mg/kg on days 1 and
2, and ifosfamide 1.2 g/m2/day for 5 days. More recently, pa-
clitaxel has replaced the vinblastine in this regimen.117 As a
single agent, ifosfamide produces responses in approximately
22% of patients with refractory germ cell tumors.118 In patients
such as M.W., the combination of ifosfamide with cisplatin and
vinblastine has produced a 36% complete response rate with a
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median duration of remission of 34 months. Mesna should be
administered concurrently with ifosfamide to prevent hemor-
rhagic cystitis.

The response and long-term survival rates reported with
both first-line and salvage chemotherapy for testicular cancer
are considerably higher than for most solid tumors. Because of
the likelihood of long-term survival, efforts are now focused
on minimizing the long-term sequelae of chemotherapy (e.g.,
secondary malignancies, sterility).

Alternatively, at the time it was recognized that M.W.’s AFP
and β-hCG plateaued, high-dose chemotherapy and autologous
stem cell support could have been considered. Testicular can-
cer is potentially curable by means of high-dose chemother-
apy plus hematopoietic stem-cell rescue, even in the third-line
setting.119

PEDIATRIC SOLID TUMORS
Statistics
In the United States, more children between 1 and 14 years of
age die of cancer than any other disease.120 Yet, many com-
mon pediatric cancers that had low cure rates before the ad-
vent of chemotherapy now have 5-year survivals >70%. Acute
leukemias are the most common malignancies of childhood
(Table 91-7), whereas the solid tumors discussed in this chapter
each represent 2.7% to 6.5% of all childhood malignancies.120

Many common pediatric solid tumors are uncommon in adults.
Likewise, many tumors common in adults occur infrequently
in children. In general, sarcomas and embryonal tumors are
common in children, whereas carcinomas predominate in
adults.

Small Round Cell Tumors
Several pediatric malignancies present as small round cell tu-
mors, making morphologic diagnosis by traditional light mi-
croscopy more difficult. The most challenging diagnostic prob-
lems are the less typical forms of these diseases. The list
commonly includes peripheral primitive neuroectodermal tu-
mors, extraosseous Ewing’s sarcoma, extranodal lymphoma,

Table 91-7 Relative Incidence of Malignancies in Children
0 to 14 Years of Age

Malignancy Relative Incidence (%)

Acute lymphoblastic leukemia 25.7
Central nervous system 24.8
Neuroblastoma 6.5
Non-Hodgkin’s lymphoma 5.6
Wilms’ tumor 4.7
Hodgkin’s lymphoma 3.5
Acute myeloid leukemia 5.2
Rhabdomyosarcoma 3.5
Retinoblastoma 2.7
Osteosarcoma 2.7
Ewing’s sarcoma 1.4
Other histologic types 13.7

Adapted from reference 120, with permission.

rhabdomyosarcoma, metastatic neuroblastoma, and some bone
sarcomas.121 Problems involved with diagnosing these tumors
have stimulated the development of newer techniques aimed at
detecting tumor-specific antigens or chromosomal aberrations.
This information may prove useful in identifying prognostic
subgroups as well as tumor types in children and adults with
cancer. Identification of the t(11;22) chromosomal transloca-
tion in both peripheral primitive neuroectodermal tumors and
Ewing’s sarcomas has resulted in the classification of both into
the Ewing’s sarcoma family of tumors.122

Genetics
Similar to adult cancers, the association of many pediatric can-
cers with chromosomal aberrations or genetic defects is well
confirmed. Examples include the association of Wilms’ tumor
with congenital malformations, acute lymphoblastic leukemia
with Down syndrome, and the association of some pediatric
cancers with loss of the p53 or retinoblastoma tumor suppres-
sor genes121,123.

Carcinogens
The role of carcinogens in pediatric cancer is probably less
prominent than in adults because of the long latency periods
required. Carcinogens, however, are implicated in the etiology
of some childhood cancers.124 Postnatal exposure to ionizing
radiation is associated with acute leukemias, chronic myel-
ogenous leukemia, and solid tumors, such as brain, thyroid,
bone, and other sarcomas.124 Treatment of pediatric malig-
nancies with alkylators is associated with an increased risk of
leukemias.125 Etoposide and teniposide are associated with an
increased risk of secondary acute myelogenous leukemia.126

Treatment of childhood acute lymphoblastic leukemia, espe-
cially in those <5 years of age who received irradiation, results
in an increased risk of CNS neoplasms, leukemia, lymphoma,
and other neoplasms later in life.127 The only well-documented
prenatal carcinogen is diethylstilbestrol (DES), which is asso-
ciated with an increased risk of vaginal or cervical cancer in
offspring.128

Patient Age
Patient age can be a factor in pediatric cancers and their treat-
ment. Neuroblastoma is the most common malignancy in in-
fants; however, an infant’s prognosis is typically better than
a child’s, which is attributed to the biology of the disease in
this age group.129 In contrast, infants with acute lymphoblastic
leukemia tend to have a worse prognosis than older children.130

The biology and location of rhabdomyosarcoma are often dif-
ferent in younger and older children, with younger children
having the better overall survival.131

Similarly, age may be a consideration with regard to the
toxicity of treatments. Children may have increased suscep-
tibility to toxicity from irradiation relative to adults. Nor-
mal organ development may be disrupted; the skeletal system
and, in children <4 years of age, the brain are particularly
susceptible.124,129 Prepubertal girls may have a decreased risk
of fertility problems from chemotherapy, and conversely, chil-
dren appear to have a greater risk for anthracycline cardiovas-
cular toxicity than adults.132



SOLID TUMORS � 91-23

Multi-Institutional Research Groups
With the exception of a few pediatric oncology centers, most
treatment centers do not have sufficient patients with specific
diagnoses to scientifically establish the efficacy of therapeutic
regimens within a reasonable time frame. Thus, most centers
join the Children’s Oncology Group (COG), the largest pedi-
atric multi-institutional research group in the United States,
Canada, Australia, and New Zealand. Through this mecha-
nism, clinical trials often can be finished in 3 to 4 years, al-
lowing for more rapid progress in the treatment of pediatric
cancers. With the number of childhood cancer survivors in-
creasing, research is focusing on reducing the long-term risks
and complications of treatment modalities. It is important to
determine which patients are at greatest risk from their can-
cer and to stratify treatments such that the minimal treatment
needed to produce cure is given when the prognoses are good,
and maximal treatment is given when the potential benefits
outweigh the risks. Progress is already being made in this di-
rection, and the future holds promise, especially with rapid
gains in our understanding of the biology of cancers.

NEUROBLASTOMA
Neuroblastoma develops in immature cells of sympathetic ner-
vous system origin.133 It is the most common extracranial tu-
mor of childhood, representing 6.5% of all childhood cancers.
The median age at diagnosis is 19 months; 36% occur in chil-
dren <1 year of age, and 89% before 5 years of age.133 Of
neuroblastomas, 65% are abdominal (half of these adrenal)
and 20% are thoracic.133 Neuroblastoma often presents as a
fixed, hard, abdominal mass noted on physical examination by
the family or physician without any other signs or symptoms,
although other findings may be present depending on the lo-
cation of the primary tumor and metastases. For example, GI
fullness, discomfort, or dysfunction can occur. Other less com-
mon but characteristic signs include proptosis with periorbital
ecchymoses, increased-renin hypertension, secretory diarrhea
with increased vasoactive intestinal peptide, respiratory dis-
tress, nerve root compression, opsomyoclonus, and unilateral
ptosis.134 The most common sites of metastases are the bone
marrow, bone, liver, and skin.133

The catecholamine metabolites vanillylmandelic acid
(VMA) and homovanillic acid (HVA) are elevated in the urine
of 90% of patients with neuroblastoma.135 Because infants
have a better prognosis than older children with neuroblas-
toma, efforts have been made to screen infants using urinary
concentrations of VMA and HVA.136,137 To date, these efforts
have resulted in the diagnosis of more infants with good-risk
disease, but have not reduced the number of older children
diagnosed with poor-risk disease.

A simplified description of the international staging system
is shown in Table 91-8. Twenty percent of infants (<1 yr), and
59% of children have stage IV disease at the time of diagnosis.
A large number of prognostic factors have been identified and
are discussed elsewhere.133,138 Patients are stratified for treat-
ment based on age, stage, N-myc amplification, histology, and
diploidy. The COG guidelines divide patients into three risk
levels (Table 91-9).138 Three-year, DFS for patients at high
risk is approximately 30% and for those at low risk it is 90%.
Infants have better outcomes for the same stage of disease and

Table 91-8 International Neuroblastoma Staging System
(Abbreviated)

Stage I Local tumor with complete gross excision
Stage IIA Unilateral localized tumor with incomplete gross

excision
Stage IIB Unilateral localized tumor, complete or incomplete

excision, with ipsilateral nonadherent lymph node
spread

Stage III Involves both sides of the midline
Stage IV Distant lymph node or organ involvement
Stage IVS Infants <1 yr of age with localized primary tumor

(stage I or II) with dissemination limited to liver, skin,
or <10% of bone marrow

Adapted from reference 138, with permission.

stage IVS has a significant incidence of spontaneous regression
or regression with minimal treatment.134,139

In current U.S. clinical trials, patients with low-risk dis-
ease are typically treated with surgery. Progression or recur-
rence may be treated with surgery again, unless disease is un-
resectable, in which case chemotherapy is used. Two to four
courses of chemotherapy may be used with initial surgery if
organ or life-threatening symptoms are present. Intermediate-
risk disease is treated with surgery and four or eight courses
of chemotherapy (Table 91-10) for favorable or unfavorable
histology disease.139 Chemotherapy for patients with low- or
intermediate-risk disease avoids cisplatin to reduce nephro-
toxicity and ototoxicity, limits the total doxorubicin dose to
avoid cardiac toxicity, limits the total etoposide dose to re-
duce the risk of secondary acute myelogenous leukemia, and
avoids ifosfamide to eliminate Fanconi renal syndrome. Radi-
ation therapy is used only for poor responders.

Table 91-9 Children’s Oncology Group Neuroblastoma
Risk Groups

Low Risk
All stage 1 patients
Patients >1 year of age with stages IIA or IIB, and N-myc not

amplified, or amplified but with favorable histology
Infants <1 year of age with stages IIA, IIB, or IVS with N-myc not

amplified, favorable histology and hyperdiploidy

Intermediate Risk
Patients >1 year of age at diagnosis with stage III, N-myc not

amplified, and favorable histology
Infants with stages IVS and N-myc not amplified, and either diploidy

or unfavorable histology
Infants with stage III or IV and N-myc not amplified

High Risk
Infants with stage III, or stage IV <18 months of age, and N-myc

amplified
Patients >1 year of age with stage IIA or IIB, N-myc amplified, and

unfavorable histology
Patients >18 months of age with stage IV, or >1 year of age with

stage III and N-myc amplified, or stage III and N-myc not
amplified but unfavorable histology

Adapted from reference 138, with permission.
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Table 91-10 Typical Cycles of Chemotherapy Used in U.S.
Intergroup Low- and Intermediate-Risk
Neuroblastomaa

Carboplatin, etoposide
Carboplatin, cyclophosphamide, doxorubicin
Cyclophosphamide, etoposide
Carboplatin, doxorubicin, etoposide
Cyclophosphamide, etoposide
Carboplatin, cyclophosphamide, doxorubicin
Carboplatin, etoposide
Cyclophosphamide, doxorubicin

aEach line represents a single course of therapy. Generally the first four cycles are
used in patients at intermediate risk with favorable histology disease, and all eight for
patients with unfavorable histology. Patients at low risk whose disease is potentially
organ- or life-threatening may receive the first two to four cycles of these drugs plus
their surgery, rather than surgery alone.

Therapy for high-risk disease generally involves a first
surgery for biopsy, aggressive chemotherapy (Table 91-11),
second-look surgery for residual tumor resection, either ad-
ditional aggressive chemotherapy or high-dose chemother-
apy with autologous progenitor cell rescue, and then ra-
diation to the tumor bed.138 An alternative regimen of
chemotherapy with equivalent short-term results would be four
courses of cyclophosphamide, doxorubicin, and vincristine
with two courses of cisplatin and etoposide, followed by the
transplant.140 High-dose chemotherapy with progenitor cell
rescue has raised 2-year, disease progression-free survival to
49% from historic values of 10% to 20%; however, relapses
can occur later, with 7-year disease progression-free survival of
only 26%.141 Evidence suggests that survival can be improved
(46% vs. 29% 3-year postchemotherapy disease-free survival)
for patients with higher-risk disease if standard-dose or high-
dose chemotherapy is followed by six cycles of isotretinoin
80 mg/m2 given orally twice daily for 14 days of each 28-
day cycle.142 Typical conditioning regimens preceding progen-
itor cell rescue include carboplatin and etoposide with either
cyclophosphamide or melphalan, or thiotepa and cyclophos-
phamide. Total body irradiation may also be used.

Table 91-11 Typical Cycles of Chemotherapy Used in U.S.
Intergroup Trials for High-Risk Neuroblastomaa

Cisplatin, etoposide
Vincristine, doxorubicin, cyclophosphamide
Ifosfamide, etoposide
Carboplatin, etoposide
Cisplatin, etoposide
Ifosfamide, etoposide
Vincristine, doxorubicin, cyclophosphamide
Cisplatin, etoposide
Vincristine, doxorubicin, cyclophosphamide
Carboplatin, etoposide

aThe second five cycles may be skipped if the patient is ready to proceed to high-dose
chemotherapy with progenitor cell rescue after the first five combinations. Patients
who are not candidates for autologous progenitor cell rescue receive all ten cycles of
chemotherapy. Primary tumor removal or debulking is performed before progenitor
cell rescue. Radiation to the site of the primary tumor occurs after all chemotherapy
and progenitor cell rescue. Patients who are in complete response after this therapy
will receive six cycles of isotretinoin (14 of every 28 days).

Clinical Presentation and Diagnosis

55. H.K. is a 2-year-old girl with a 3-month history of constipa-
tion and progressive abdominal distention. She has a decreased
appetite, 1-week history of vomiting, and is pale and tired. She
has a large retroperitoneal mass and multiple bilateral enlarged
inguinal lymph nodes. Her hemoglobin is 5.1 g/dL (normal, 11–
14 g/dL); the WBC count, differential, and platelets are within
normal limits. Serum sodium, potassium, chloride, creatinine,
and glucose are within normal limits. LDH is 6,144 U/L (normal,
322–644 U/L), and albumin is 2.3 g/dL (normal, 3.5–5.0 g/dL).
Urine HVA is 570 g/mg creatinine (normal, <26 g/mg); VMA, 31
g/mg creatinine (normal, <11 g/mg). Biopsies of the abdominal
mass and bone marrow are positive for neuroblastoma. The lymph
nodes are negative for neuroblastoma. Scans are negative for other
sites of disease. Which of these signs, symptoms, and laboratory
results are consistent with a diagnosis of neuroblastoma?

[SI units: hemoglobin (Hgb), 51 g/L (normal, 110–140); LDH, 6,144 U/L

(normal, 322–644)]

Virtually all of H.K.’s findings are consistent with neuro-
blastoma. The low hemoglobin and albumin and high LDH,
however, are not specific for this cancer. In addition to the
biopsy, the elevated urine VMA and HVA (catecholamine
metabolites) are most helpful in confirming the diagnosis of
neuroblastoma. Neuroblastomas can contain malignant (neu-
roblastoma) and benign (ganglioneuroma) cells within the
same tumor, which is referred to as ganglioneuroblastoma.133

In H.K., biopsies of the bone marrow, lymph nodes, and pri-
mary tumor are necessary to demonstrate the presence or ab-
sence of neuroblastoma at more than one site for staging pur-
poses.

Treatment

56. What stage of disease does H.K. have? What treatment will
she receive?

H.K.’s abdominal disease with distant bone marrow involve-
ment indicates stage IV disease. Considering her age and dis-
ease stage, H.K. has a high risk of dying from her disease.
Therefore, she is started on chemotherapy consisting of cis-
platin (40 mg/m2/day on days 1 through 5) and etoposide (100
mg/m2/dose every 12 hours on days 1 through 3). Subsequent
courses will contain vincristine, cyclophosphamide, and dox-
orubicin; ifosfamide and etoposide; carboplatin and etoposide;
and a repeat of the cisplatin and etoposide.

57. H.K. is 81.5 cm tall, weighs 11.65 kg, and has a body sur-
face area of 0.5 m2. She starts cisplatin and etoposide with hy-
dration fluids of 5% dextrose with 0.45% sodium chloride at
62.5 mL/hour. Urine output is 4 mL/kg/hour. How does moni-
toring of H.K.’s chemotherapy differ from that of an adult?

Monitoring Vital Signs for Etoposide
Although prevention and monitoring of toxicities from
chemotherapy agents in children follow the same basic rules
as in adults, there are some differences. When monitoring vi-
tal signs for hypotensive reactions to etoposide, normal blood
pressure will be lower (90th percentile 104/60 mmHg for a 2-
year-old girl) and the pulse higher (mean, 119 beats/minute for
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a 2-year-old) than in adults.143 It is important to have baseline
vital signs so that hypotension or tachycardia will be recog-
nized.

Monitoring Hydration for Cisplatin
In adults receiving cisplatin, hydration is often standardized
with 1 to 2 L of IV fluids given before the drug, 1 to 2 L
with the drug, and then continuous hydration for at least 24
hours after the dose.144 In children, hydration volumes should
be calculated based on the child’s size. To decrease the risk
of cisplatin nephrotoxicity, most pediatric protocols recom-
mend IV fluids at twice maintenance rates to maintain urine
outputs of at least 2 mL/kg/hour. The COG calculates mainte-
nance fluids as 1,500 mL/m2/24 hours, so H.K. should receive
3,000 mL/0.5 m2 = 1,500 mL over 24 hours (62.5 mL/hour).
H.K.’s measured urine output is 4 mL/kg/hour, which should
be adequate to prevent nephrotoxicity. Weight should also be
monitored throughout cisplatin administration to assure fluid
balance. Acute weight gain may require diuretics to prevent
overhydration, and weight loss may indicate dehydration with
impending reduction of urine output that could lead to acute
nephrotoxicity. Increased IV fluids would help prevent the
latter.

Adjustment of Creatinine Clearance to Adult Size

58. H.K.’s measured creatinine clearance (ClCr) is 39 mL/
minute. Should her cisplatin be withheld or the dose adjusted
because of low creatinine clearance?

[SI unit: ClCr, 0.65 mL/second]

Cisplatin is either not administered or administered at a re-
duced dosage when the creatinine clearance is <50 to 60 mL/
minute/1.73 m2.145 Although H.K.’s creatinine clearance of
39 mL/minute appears to be low, it is not relative to the pa-
tient’s size (i.e., 39 mL/minute/0.5 m2). Guidelines for dosing
drugs cleared by glomerular filtration are based on creatinine
clearance for normal adult body size, 1.73 m2. Therefore, it is
important to correct H.K.’s creatinine clearance to adult body
size.146 Multiplying by 1.73/0.5, her creatinine clearance is
135 mL/minute/1.73 m2, so this is not a reason to withhold
cisplatin. One precaution is that the accuracy of serum creati-
nine and creatinine clearance in assessing renal function during
cisplatin therapy in children has been questioned.147

Partial Response

59. H.K. obtains a partial response to the aforementioned ini-
tial chemotherapy regimen with reduction of urine VMA and HVA
concentrations and a 50% decrease in the size of the primary tu-
mor in the abdomen. Second-look surgery is performed to debulk
the tumor, and pathology results indicate that the residual tumor
contains 95% mature (benign) ganglioneuroma cells, but neuro-
blastoma cells are still present. What further treatment has the
most potential benefit for H.K.?

Stem Cell Transplant
The best chance for prolonged DFS for H.K. is dose-intensive
chemotherapy combined with autologous peripheral blood pro-
genitor cell rescue. Although improvement in long-term DFS
has not been shown in all trials, the 2- to 3-year DFS is better
with intensive chemotherapy followed by autologous progen-

itor cell rescue.133,138,140−142 The plan for H.K. is to proceed
to high-dose chemotherapy with an autologous progenitor cell
rescue. If a complete response is achieved, she would then
receive 6 months of isotretinoin (cis-retinoic acid) therapy fol-
lowing cell rescue.

Treatments Based on Disease Biology
With rapid advances in neuroblastoma biology being made,
future alternatives may include biologic treatments. One
agent in clinical trials is iodine-131-metaiodobenzylguanidine
(I-MIBG), a compound that delivers radiation directly to
catecholamine-secreting cells such as neuroblastoma. Pilot
studies have used I-MIBG as part of the conditioning regimen
before progenitor cell rescue in patients with neuroblastoma.148

A published trial has demonstrated improved survival for high-
risk patients in complete response who are postchemotherapy
and receive isotretinoin.142

WILMS’ TUMOR
Wilms’ tumor, also known as nephroblastoma, is a kidney tu-
mor composed of various kidney cell types at different stages
of maturation.149 Approximately 5% of all childhood cancers
are Wilms’ tumor, making it the most common intra-abdominal
tumor of childhood.120 The peak incidence occurs at 3 years
of age.150 Wilms’ tumor frequently presents as an asymp-
tomatic abdominal mass, although malaise and pain may be
reported.149 Hematuria and high renin hypertension each occur
in approximately 25% of patients. Metastases, when present at
diagnosis, most commonly involve the lung (80%) or the liver
(15%).

The relationship of genetic factors to Wilms’ tumor is
demonstrated by the approximately 1.5% of patients with
Wilms’ who have family members with the disease, and the ap-
proximately 10% who have aniridia, hemihypertrophy, or gen-
itourinary anomalies.149 Chromosomal aberrations at 11p13
and 11p15, known respectively as WT1 and WT2, are thought
to be losses of tumor suppressor genes that occur in nonfamil-
ial Wilms’ tumor. The familial syndrome is probably related
to unidentified genes.149

Overall, Wilms’ tumor has an excellent prognosis. Treat-
ment is based on disease stage following surgical resection
or debulking, and favorable histology versus focal or diffuse
anaplasia. A simplified description of the staging is as fol-
lows: stage I is limited to the kidney and can be completely
removed surgically; stage II is extended beyond the kidney
but can be completely excised; stage III is characterized by
residual tumor confined to the abdomen; stage IV is distant
metastases; and stage V is bilateral disease.151 Metastases are
present in only 15% of patients at diagnosis, and even these pa-
tients have relatively good prognoses. Four-year, relapse-free
survival rates from the fourth National Wilms’ Tumor Study
(NWTS-4) range from 79% for stage IV with favorable his-
tology to as low as 17% for patients with stage IV and diffuse
anaplasia.151 Survival is approximately 90% for patients with
stage I regardless of histology.

Clinical Presentation and Treatment

60. B.N. is a 34-month-old boy who is pale and irritable. He has
had abdominal complaints with decreased bowel movements and
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reduced oral intake for 2 weeks. He has played less than normal
for the last 4 weeks. B.N.’s blood pressure has intermittently been
as high as 146/87 mmHg (normal, 90th percentile, 106/69). His
Hgb is 7.9 g/dL (normal, 11.5–13.5) and his erythrocyte sedimen-
tation rate is 139 mm/hour (normal, <10). B.N. has a history of
hypospadias and left hydronephrosis. Scans show a right kidney
mass extending through the capsule plus two distant metastases in
the peritoneum. Chest radiography shows one nodule in the lung
as well. Pathology from a biopsy sample shows favorable histology
Wilms’ tumor. What is the current treatment for Wilms’ tumor?

The series of five National Wilms’ Tumor studies have
sought to progressively minimize toxicities from radiation and
chemotherapy while maintaining the excellent cure rate. The
fourth National Wilms’ Tumor Study Group (NWTS-4) study
demonstrated that intermittent, higher doses of dactinomycin
allowed higher dose intensity with less myelosuppression than
lower doses given daily for 5 days. Using greater dose intensity
and dose density, 6 months of therapy was shown to be as effec-
tive as 15 months of therapy given the traditional way.152 Also,
fewer clinic visits were made and estimated costs were reduced
by 50%.152,153 The fifth NWTS study used surgery followed
by 18 to 24 weeks of chemotherapy. The drugs were deter-
mined by the stage and histology (Table 91-12). Abdominal
radiation therapy is used for stage II disease with unfavorable
histology (focal or diffuse anaplasia) or stages III or IV with
any histology; pulmonary radiation is used for stage IV disease
if the chest radiograph is positive for metastases. For patients
with stage V, or those with inoperable tumors, surgery can be
delayed until chemotherapy reduces the tumor size.

Table 91-12 National Wilms’ Tumor Study V Treatment
Regimens by Stage and Histology

Stages I and II, Favorable Histology; Stage I, Focal or Diffuse
Unfavorable Histology:
Surgery followed by 18 wk of vincristine and dactinomycin

Stage III, Favorable Histology; Stages II and III, Focal Anaplasia:
Surgery followed by 24 wk of vincristine, dactinomycin, and

doxorubicin, with abdominal radiation. Stage IV, Favorable
Histology or Focal Anaplasia: add pulmonary radiation if chest
radiograph shows metastases

Stage II or III, Diffuse Anaplasia; Stages I to III Clear Cell
Sarcoma of the Kidney (Unfavorable Histology):
Surgery followed by 24 wk of vincristine, doxorubicin, etoposide,

and cyclophosphamide with mesna, abdominal radiation. Stage IV,
Diffuse Anaplasia or Clear Cell Sarcoma of the Kidney: add
pulmonary radiation if chest radiograph is positive for metastases

Stage V:
Biopsy followed by neoadjuvant vincristine, dactinomycin, and

doxorubicin, then complete resection or debulking followed by
more chemotherapy and, if a poor response, radiation therapy;
more aggressive treatment if unfavorable histology (10%)

Stages I–IV, Rhabdoid Tumor (Unfavorable Histology):
Surgery followed by 24 wk of carboplatin, etoposide, and

cyclophosphamide with mesna, abdominal radiation

Adapted from reference 151, with permission. http://www.cancer.gov/cancertopics/
pdq/treatment/wilms/healthprofessional/.

Dosing Chemotherapy in Infants

61. Are there any special precautions for dosing chemotherapy
in B.N.?

The NWTS-2 noted an excessive number of toxic deaths
in infants with good prognosis, and this resulted in a dos-
ing change.154 After chemotherapy doses were decreased by
50%, severe hematologic toxicity, toxic deaths, and pulmonary
and hepatic complications were reduced.155 Importantly, no de-
crease in therapeutic effect was noted. Reduction of chemother-
apy doses in infants may be a consideration for other pediatric
cancers as well.156−158 Reasons for increased toxicity may in-
clude altered pharmacokinetics or organ sensitivity as well as
the larger body surface area per kilogram relative to older
children and adults.154 In NWTS-5, dosages of chemother-
apy agents for children <30 kg were converted from mg/m2 to
mg/kg. By assuming the average 1-m2 child weighs 30 kg, the
dose/m2 can be divided by 30 to arrive at a dose per kilogram,
which can be used in dosing calculations. This adjustment low-
ers the dose by 20% to 50% in children who weigh <15 kg. In
NWTS-5, infants <12 months of age received doses that were
further reduced by halving the milligram per kilogram dose.

Interaction of Chemotherapy With Radiation

62. Are there any dosing precautions required because of po-
tential interactions between B.N.’s treatments?

Another drug-related problem that may arise in B.N. is the
interaction of dactinomycin and doxorubicin with radiation
therapy.159−163 Two effects have been reported. One is acute
enhancement of radiation effects, and the other is recurrence
(recall) of radiation effects up to several weeks later, espe-
cially to skin and mucous membranes. Because B.N. is to re-
ceive abdominal and lung irradiation during his chemotherapy
treatment, concurrent doses of dactinomycin and doxorubicin
will need to be reduced by 50% or held if wet desquama-
tion of the skin occurs. In many of the Ewing’s sarcoma and
rhabdomyosarcoma protocols, dactinomycin or doxorubicin is
stopped during concurrent radiation treatments.

Doxorubicin Cardiotoxicity in Pediatrics

63. When B.N. receives lung irradiation for his metastases, how
will it affect the doxorubicin he is scheduled to receive?

Although it is well known that mediastinal irradiation can
increase the risk of anthracycline-induced cardiac toxicity,164

the only adjustment for B.N. would be temporary reduction
of doxorubicin doses as described in Question 62. The total
doxorubicin dose should be limited to no more than 5 mg/kg
(150 mg/m2 in larger children). In earlier Wilms’ tumor stud-
ies, the risk of congestive heart failure was 4.4% at 20 years,
or up to 17.4% in patients who relapsed and received more
doxorubicin.165 Thus, cardiovascular toxicity can develop as
long as 20 years after therapy is completed, with an apparent
decrease in left ventricular wall thickness and increased ven-
tricular afterload, probably related to inadequate numbers of
myocytes.166 These reports emphasize the need to minimize
chemotherapy in patients with good prognosis, as the Wilms’
tumor studies are doing. New recommendations include bet-
ter standardization of cardiac monitoring and continuation of
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monitoring for life in survivors of childhood cancer who re-
ceive cardiotoxic agents.

Dactinomycin Hepatotoxicity

64. B.N. is to receive vincristine 0.05 mg/kg weekly for 10 weeks;
doxorubicin 1.5 mg/kg on weeks 3 and 9; 1 mg/kg on weeks 15 and
21; and dactinomycin 0.045 mg/kg on weeks 0, 6, 12, 18, and 24.
During the third week of treatment, his ALT is elevated to 78 U/dL
(normal, 7–56). Is this related to his drug therapy?

Early in the NWTS-4, an increased incidence (14.3%) of se-
vere hepatotoxicity (elevation of AST or ALT 10 times normal
with or without ascites) was reported with the pulse-intensive
dactinomycin doses (0.060 mg/kg per single dose) in patients
receiving no abdominal radiation.167 Subsequently, dactino-
mycin doses were reduced. Still, the incidence of hepatotoxi-
city in patients receiving the newer 0.045-mg/kg pulse doses
(3.7%), as well as those receiving the standard 0.015 mg/kg/day
for 5 days (2.8%), remained elevated relative to the NWTS-3
results (0.4%), which used 0.015 mg/kg/day for 5 days.168 The
reasons for the increased hepatotoxicity are not known. Liver
function usually returns to baseline within 1 to 2 weeks after
discontinuation of chemotherapy, although more severe prob-
lems with veno-occlusive disease (hepatopathy) have also been
reported.151 Chemotherapy was restarted in some patients, al-
though frequently at lower doses or without dactinomycin. B.N.
should be monitored closely in case his liver enzymes continue
to rise, especially because he will receive abdominal radiation
treatments. If his ALT rises to two to five times normal, or his
total bilirubin is 3 to 5 mg/dL, doses of all three of his drugs
should be reduced by 50%. If his ALT or bilirubin rises above
two to five times normal, the drugs should be withheld until
laboratory values return to the aforementioned range.

OSTEOSARCOMA
Osteosarcoma is a malignant bone tumor that occurs most com-
monly in adolescents or young adults in the second or third
decade of life.169 It occurs most frequently in the metaphyseal
ends of the distal femur, proximal tibia, or proximal humerus,
but it can occur in the flat bones as well.170 The age range
and bones involved suggest a malignant response associated
with the normal childhood growth spurts.169 The most com-
mon manifestation at diagnosis is pain at the site, which can
sometimes be present for several weeks to months.169 Clini-
cally detectable metastases are present in 15% to 20% of pa-
tients, usually in the lungs but occasionally in bone.

If surgery alone is used for treatment, 80% of patients will
die within 5 years of recurrent metastatic disease, indicat-
ing the presence of subclinical micrometastases at the time
of diagnosis.170,171 Although surgery is the main treatment
of the primary tumor, chemotherapy is used to prevent de-
velopment of metastases. Drugs frequently used for osteosar-
coma include high-dose methotrexate, cisplatin, doxorubicin,
and ifosfamide.169 Regimens have changed minimally in the
last 25 years, with the current standard treatment in the COG
being cisplatin and doxorubicin alternating with two courses
of high-dose methotrexate. The tumor is relatively resistant
to radiation therapy, which is usually reserved for cases in
which local control cannot be achieved surgically.169,172 When

chemotherapy is used with surgery, long-term (2–5 years) DFS
estimates typically range from 50% to 75%.169−171,173,174

65. G.C. is an 18-year-old man with a 2- to 3-month history of
left shoulder pain. A tumor is found on radiograph, and biopsy
confirms a high-grade conventional osteosarcoma of the left prox-
imal humerus. No apparent metastases are found with CT and
bone scans. G.C. begins neoadjuvant chemotherapy consisting
of high-dose methotrexate alternating with cisplatin and doxoru-
bicin. Two cycles of this chemotherapy will be given before his
surgery, after which he will receive two additional cycles with all
three drugs and two more without the cisplatin. What is the goal
of chemotherapy? What is the role of presurgical (neoadjuvant)
chemotherapy in G.C.?

Because G.C.’s osteosarcoma is in his proximal humerus,
the surgeon can remove the primary tumor using one of the var-
ious operations that have been described elsewhere.169 Limb
salvages typically work well in the upper extremities, with
fewer complications than when they are used for lower ex-
tremities. Because patients with osteosarcoma usually die from
metastases, the goal of the chemotherapy is to eradicate mi-
crometastases. Neoadjuvant chemotherapy of osteosarcoma
was developed to treat micrometastases while waiting for
limb salvage surgeries to be arranged, performed, and healed.
Neoadjuvant therapy may also facilitate limb-sparing surgery
by shrinking the tumor; it also allows histologic grading of
the response to initial chemotherapy at surgery, a prognos-
tic factor for risk of relapse. No convincing evidence to date
indicates that DFS is better for patients who receive neoadju-
vant chemotherapy relative to those who receive only adjuvant
therapy.172,174

Prognostic Factors

66. At surgery, G.C.’s tumor shows excellent histologic re-
sponse, with 99% necrosis. At diagnosis, his LDH was 684 U/L
(normal, 322–644 U/L). Both of these factors indicate that G.C. is
a good-risk patient. How do prognostic factors affect the choice
of therapy in osteosarcoma?

Conventional staging systems do not correlate well with
prognosis for most bone cancers. Clinically apparent metas-
tases or a location that does not allow complete surgical
removal of the primary tumor are associated with a poor
prognosis.172 Newer surgical techniques and treatments have
improved the outlook, with 20% to 30% of these patients cured
using neoadjuvant chemotherapy and surgery of the primary
tumor and metastases.175 Patients with poor prognostic fac-
tors continue to be less likely to benefit from conventional
surgery and chemotherapy. Other potential prognostic factors
have been identified; however, few of these factors have been
used to stratify patients to different treatment regimens.172 One
exception is the histologic grade of the tumor at surgery. In
current studies, patients with >90% tumor necrosis after two
cycles of neoadjuvant chemotherapy are considered good risk
and are treated with standard chemotherapy such as G.C. is
receiving. Patients whose tumors have less necrosis at surgery
are considered to be standard risk, and efforts are being made
to increase their response rates by adding courses of ifosfamide
and extending the duration of the standard regimen.
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Delayed Clearance After High-Dose Methotrexate

67. After reconstructive surgery using a vascularized fibula
graft, G.C. restarts his chemotherapy. During his fourth cycle
of chemotherapy, after high-dose methotrexate is given, G.C.’s
peak methotrexate concentration is 1,300 micromolar/L and the
72-hour concentration is 0.22 micromolar/L (normal, <0.1 mi-
cromolar/L at 72 hours). Recorded urine-specific gravities are
<1.015, urine pHs are >6.5, and urine output is >2 mL/kg/hour,
all meeting the guidelines to reduce the risk of methotrexate-
induced nephrotoxicity. His creatinine has increased from 0.9–1.1
mg/dL (normal, 0.5–1.2 mg/dL), however. Leucovorin rescue (15
mg IV every 6 hours) is continued. What potential problems could
be causing his retention of methotrexate?

Accumulations of protein-containing “third-space” fluids,
such as pleural effusion and ascites, or GI obstruction, may
retain methotrexate and cause slow terminal excretion.176−178

Slow terminal excretion of methotrexate allows more prolifer-
ating cells to be exposed to methotrexate during the S phase
of the cell cycle, increasing the cytotoxicity and resulting in
more mucositis and myelosuppression. Many drugs interact
with methotrexate, which can also slow its terminal excre-
tion. Cisplatin reportedly reduces the excretion of methotrex-
ate, especially at cumulative doses >300 mg/m2.179 G.C. has
received four doses of 120 mg/m2 of cisplatin, which may have
contributed to the reduced methotrexate excretion. He has not
received concomitant nephrotoxins, such as aminoglycosides
or amphotericin B. Weak organic acids, such as salicylates, ke-
toprofen, or trimethoprim-sulfamethoxazole (TMP-SMX), can
compete with methotrexate for renal tubular secretion.180,181

Although G.C.’s serum creatinine appears to be the same
that it was at diagnosis (1.1 mg/dL), serum creatinine is not
always a good indicator of renal function, so it is possible
that G.C. has had some renal damage that is not apparent
from his serum creatinine concentrations.147 A measured crea-
tinine clearance was 176 mL/minute/1.73 m2 at diagnosis, and
a repeat at this point is 106 mL/minute/1.73 m2. Even mea-
sured creatinine clearance may not always be accurate when
compared with Cr-EDTA measurement of glomerular filtration
rate.147 Although the reduced renal clearance may be contribut-
ing, it is not clear why G.C. is retaining methotrexate; future
courses of methotrexate will need close monitoring.

Leucovorin Rescue

68. How long should leucovorin be administered to G.C.?

Cytotoxic effects of methotrexate depend on concentration
and duration of exposure.182 Many high-dose methotrexate
protocols continue leucovorin rescue until serum methotrexate
concentrations are 0.1 micromolar/L, which would be expected
to occur approximately 72 hours after a 12-g/m2 dose infused
over 4 hours. Because G.C. has delayed clearance with persis-
tence of low methotrexate levels past 72 hours, prevention of
GI and bone marrow cytotoxicity may require continuation of
leucovorin rescue until methotrexate concentrations are <0.01
to 0.05 micromolar/L.178 For G.C., methotrexate concentra-
tions did not fall below 0.1 micromolar/L until 108 hours after
his dose; thus, leucovorin was continued 24 hours past that
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FIGURE 91-1 Composite semilogarithmic plot of serum
methotrexate (MTX) concentrations that have been pro-
posed to identify patients at “high risk” to develop toxicity
from high-dose MTX if conventional low-dose leucovorin is
administered. From Petros WP, Evans WE. Anticancer agents. In: Bur-
ton ME, et al., eds. Applied Pharmacokinetics & Pharmacodynamics. 4th
ed. Philadelphia: Lippincott Williams & Wilkins; 2006:617.177 Data for
the figure were obtained from reports of: (�) Evans,183 (�) Tattersal,184

( �) Isacoff,185 ( �) Isacoff,186 (�) Nirenberg,187 (�) Stoller,188 and
(�) Rechnitzer.189

time. Other considerations may also be important in patients
receiving leucovorin rescue. Because of the competitive nature
of leucovorin rescue, higher leucovorin doses may be needed
for patients with excessively high methotrexate concentrations.

Petros and Evans177 have published a figure that helps iden-
tify patients who are at high risk for methotrexate toxicity if
given the usual low doses of leucovorin rescue 177,183−189 (Fig.
91-1). Using their guidelines, if G.C.’s methotrexate concen-
trations had remained between 1 and 5 micromolar/L 42 hours
after the beginning of the infusion, recommendations would in-
clude increasing the dose of the leucovorin to 30 mg/m2 every
6 hours until methotrexate concentrations fall below 1 micro-
molar/L. A rough guideline for normal methotrexate concen-
trations after a 12-g/m2 dose is infused over 4 hours would be
as follows: 1,000 micromolar/L for the peak, 10 micromolar/L
at 24 hours, 1 micromolar/L at 48 hours, and 0.1 micromolar/L
at 72 hours. If concentrations exceed 1 micromolar/L 42 hours
or more after the methotrexate dose, higher doses of leucovorin
may be needed. Oral leucovorin administration should not be
used when the patient has emesis or requires larger doses (>50
mg), which are often poorly absorbed.177

RHABDOMYOSARCOMA
Rhabdomyosarcoma is the most common soft tissue sarcoma
of childhood, occurring in 3.5% of all children with cancer.120

The two most common histologic types are embryonal
and alveolar. Embryonal rhabdomyosarcoma cells resemble
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striated muscle and occur most frequently in young children
with involvement in the head and neck or genitourinary tract.
Alveolar rhabdomyosarcoma cells resemble lung parenchymal
cells and occur more frequently in older children or adoles-
cents with involvement of the trunk or extremities. Generally,
patients with alveolar rhabdomyosarcoma have a poorer prog-
nosis than patients with the embryonal type. The clinical pre-
sentation of rhabdomyosarcoma varies with its location.

Treatment combines surgery, radiation, and chemotherapy.
Complete surgical removal is often difficult, given the loca-
tions and infiltrative characteristics of rhabdomyosarcoma. Be-
cause good local control improves the prognosis,131 radiation
is generally added to the surgery to achieve this. Combination
chemotherapy is necessary because the 5-year survival with
local control alone is 10% to 30%. Vincristine, dactinomycin,
and cyclophosphamide (VAC regimen) have been used exten-
sively to treat rhabdomyosarcoma.131 Other agents producing
responses include combinations of vincristine, doxorubicin,
and cyclophosphamide; ifosfamide and etoposide; and vin-
cristine and irinotecan.190−192 Results of the fourth Intergroup
Rhabdomyosarcoma Study (IRS) indicate a 76% failure-free
survival for patients with nonmetastatic disease.193

Clinical Presentation and Prognostic Factors

69. F.J. is a 2-year-old girl with a rapidly enlarging mass on the
lateral head of the gastrocnemius muscle in the right calf. F.J.
has no other complaints. Bone marrow and scans are negative for
metastatic disease. The diagnosis is embryonal rhabdomyosar-
coma, stage III (unfavorable site and >5 cm mass). Initial ex-
pectations were that gross residual tumor would remain after the
surgery, making it clinical group III. Chemotherapy consists of
3-week cycles of vincristine 0.05 mg/kg (days 1, 8, and 15 of some
cycles, but day 1 only of some cycles); dactinomycin 0.045 mg/kg
on day 1 of each cycle; and cyclophosphamide 73 mg/kg on day 1 of
each cycle with mesna to reduce the risk of hemorrhagic cystitis.
Because of reports of hepatotoxicity during a prior study, espe-
cially in patients <3 years of age, the protocol recommends all
three drugs be dosed in milligram per kilogram for children <3
years of age. TMP-SMX is begun at 150 mg/m2/day (TMP) divided
twice daily for 3 consecutive days per week. After each course of
chemotherapy, F.J. is to receive filgrastim 5 mcg/kg/day subcuta-
neously for 14 days or until the absolute neutrophil count (ANC) is
>1,000. What factors in F.J. are associated with a good prognosis?
What are the chemotherapy treatment options for rhabdomyosar-
coma?

The embryonal histopathologic classification has a bet-
ter prognosis than the alveolar one, although evidence indi-
cates that the primary tumor site is more important than the
histology.131,194,195 The primary site affects resectability, route
of spread, and how early the diagnosis is made. Additionally,
age between 1 and 9 years is associated with a better prognosis.
The Intergroup Rhabdomyosarcoma Studies (IRS) have used
a clinical grouping system (groups I to IV), which is based on
spread of the disease and extent of resection. This system has
been useful because of its correlation with prognosis where
complete surgical removal and lack of metastases both corre-
late with good prognosis.131 The fourth and fifth IRS studies
compared the clinical grouping system with a TNM staging

system similar to that used in adult cancers. Although the two
systems may result in different disease stages for a specific
patient, both are considered valuable and current protocols use
both systems.

In rhabdomyosarcoma, the tumor site is one important part
of the T rating in the staging system. F.J.’s tumor involves an
unfavorable site, and is >5 cm, making it stage III. Although
her tumor was expected to be clinical group III, after a good re-
sponse to neoadjuvant chemotherapy, a complete resection was
performed, making it clinical group I. This suggests that she has
an 80% to 90% chance of 3-year survival based on the IRS-II,
IRS-III, and IRS-IV results.131,193,196 The IRS-V classified pa-
tients as having low-, intermediate-, or high-risk disease. Low-
risk includes patients with embryonal rhabdomyosarcoma at
favorable sites, or at unfavorable sites with no more than mi-
croscopic residual tumor.192 Patients at intermediate risk have
the embryonal subtype with gross residual tumor or the alve-
olar subtype without metastatic disease. Patients at high risk
include those with metastatic alveolar or embryonal disease.

Chemotherapy for many patients at low risk is limited to
vincristine and dactinomycin.192 Most at intermediate risk are
treated with vincristine, dactinomycin, and cyclophosphamide.
New studies are adding courses of vincristine and irinotecan
(COG ARST0531). Patients at high risk have not responded
well in the past and are candidates for trials with newer drugs
added to the vincristine, dactinomycin, and cyclophosphamide.
A current study adds courses of vincristine and irinotecan, ifos-
famide and etoposide and vincristine, doxorubicin, and cy-
clophosphamide (COG ARST0431).192 F.J. would be in the
low-risk group; however, her large tumor justifies adding cy-
clophosphamide to the vincristine and dactinomycin as in the
intermediate-risk regimen. Because radiation to her leg would
stop bone growth, and her surgical margins were tumor-free,
no radiation is being administered.

TMP-SMX Prophylaxis and Filgrastim for
Myelosuppression

70. What are the reasons for treating F.J. with TMP-SMX and
filgrastim?

F.J.’s VAC regimen (vincristine, dactinomycin, and cy-
clophosphamide) was associated with a high incidence of neu-
tropenic fevers even during the pilot studies. Because of the fre-
quency of severe myelosuppression, TMP-SMX is used until
6 months after chemotherapy for prophylaxis against Pneumo-
cystis jiroveci (carinii), an opportunistic pathogen. Filgrastim
is used to minimize neutropenia so that the chemotherapy dose
intensity can be maintained.

Renal Fanconi Syndrome With Ifosfamide

71. F.J.’s mother read on the internet about a patient with
rhabdomyosarcoma who had received vincristine, ifosfamide, and
etoposide and was cured. She wants to know why that regimen is
not being used for her daughter.

The IRS-IV results for local or regional disease (inter-
mediate risk) demonstrated no advantages of vincristine,
ifosfamide, and etoposide or vincristine, dactinomycin, and
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ifosfamide over the standard vincristine, dactinomycin, and
cyclophosphamide treatment.193 Additionally, the ifosfamide-
containing regimens caused more toxicity. Ifosfamide has been
associated with renal Fanconi syndrome, a proximal tubular de-
fect that is characterized by wasting of electrolytes, glucose,
and amino acids, as well as renal tubular acidosis and an in-
creased serum creatinine. Data suggest that the risk of Fan-
coni syndrome is increased in children <3 years of age; have

received total ifosphamide doses >72 to 100 g/m2; have hy-
dronephrosis, a single kidney, or an elevated serum creatinine;
or have received previous platinum therapy.197−200 During each
course of her chemotherapy, F.J. develops ketonuria; however,
this is not a toxicity of her chemotherapy. Ketonuria is caused
by her mesna therapy, which has been reported to routinely
cause false–positive ketone tests.201
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OVERVIEW
Worldwide, more than 30,000 autologous and 15,000 allo-
geneic hematopoietic stem cell transplantations (HCTs) are
performed annually.1 HCT is a medical procedure involv-
ing the infusion of hematopoietic stem cells into a patient,
or the HCT recipient, to treat disease and/or restore nor-
mal hematopoiesis and lymphopoiesis. Originally, HCT devel-
oped from allogeneic bone marrow transplantation (BMT).1

These early allogeneic BMTs involved administration of a
myeloablative preparative regimen, which was followed by
true “transplantation” of bone marrow from one individual
to another. Bone marrow contains pluripotent stem cells and
postthymic lymphocytes, which are responsible, respectively,
for long-term hematopoietic reconstitution, immune recov-
ery, and graft-versus-host disease (GVHD).1 Subsequently, the
“dose intensity” concept for cancer treatment was expanded
to using myeloablative preparative regimens followed by au-

tologous HCT. Autologous HCT, or infusion of a patient’s
own hematopoietic stem cells, allows for the administration
of higher doses of chemotherapy, radiation, or both to treat
cancer.1,2 In the setting of autologous HCT, the hematopoietic
stem cells “rescue” the patient from otherwise dose-limiting
hematopoietic toxicity. During the 1990s, there was an im-
proved understanding of the graft-versus-tumor (GVT) effect,
where the donor’s cytotoxic T lymphocytes suppress the re-
cipient’s malignancy. This led to investigations with reduced
intensity or nonmyeloablative preparative regimens. These less
toxic preparative regimens are used with the hope of expanding
the availability of HCT to those patients whose pre-existing
medical condition(s) or age prohibits use of myeloablative
regimens.3−5

HCT is the only treatment available to many patients; how-
ever, it is associated with considerable morbidity and mor-
tality with approximately 40% of advanced cancer patients
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FIGURE 92-1 Basic schema for hematopoietic stem cell transplantation. Day 0 = bone marrow, peripheral
blood progenitor cell, or umbilical cord blood infusion. Postgraft immunosuppression or graft-versus-host
disease prophylaxis for allogeneic grafts only.

who undergo an HCT dying from complications due to this
procedure.1 The basic schema for HCT is illustrated in Fig-
ure 92-1. The combination of chemotherapy and/or radiation
administered before infusion of hematopoietic stem cells is re-
ferred to as the preparative or conditioning regimen.1 Its pur-
pose is to eradicate the residual malignancy and, in the setting
of an allogeneic HCT, to suppress the recipient’s immunity.1

Only myeloablative preparative regimens are used for autolo-
gous HCT, whereas myeloablative, reduced intensity, or non-
myeloablative preparative regimen may be used with allogeneic
HCT. Myeloablative preparative regimens involve administra-
tion of near-lethal doses of chemotherapy and/or radiation,
which are generally followed by a 1- to 2-day rest and then in-
fusion of hematopoietic stem cells. Myeloablative preparative
regimens have significant regimen-related toxicity and mor-
bidity, and thus, are usually limited to healthy, younger (i.e.,
usually younger than 55 years) patients.6 Alternatively, reduced
intensity or nonmyeloablative transplantations (Fig. 92-2) are
being performed with the hope of curing more cancer patients
with less preparative regimen-related toxicity and by using the
GVT effect. For most chemotherapy-based preparative regi-

mens, the rest period is necessary to allow for elimination of
toxic metabolites from the chemotherapy that could damage in-
fused cells. After chemotherapy and radiation, a period of pan-
cytopenia lasts until the infused hematopoietic stem cells re-
establish functional hematopoiesis. This process is called en-
graftment and is commonly defined as the point at which a pa-
tient can maintain a sustained absolute neutrophil count (ANC)
of >500 cells/mm3 and a sustained platelet count of at least
20,000/mm3 lasting 3 consecutive days without transfusions.7

Graft rejection occurs when the patient cannot maintain func-
tional hematopoiesis. Graft rejection can occur after either au-
tologous or allogeneic HCT.

There are various sources of hematopoietic stem cells that
can be used for HCT. The key properties of the hematopoietic
stem cells are their ability to engraft, the speed of engraftment,
and the durability of engraftment.8 Peripheral blood progenitor
cell transplant (PBPCT) has essentially replaced BMT for au-
tologous HCT and is being increasingly used in the allogeneic
setting.9 Cord blood transplant (CBT) has increased the avail-
ability of allogeneic HCT to those in need of an urgent HCT or
to those for whom suitable donors are not found.1 Umbilical

Increasing
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                                                                     BU+CY+TBI*
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FIGURE 92-2 Partial spectrum of preparative regimens of various intensities, their impact
on toxicity, and their dependance on graft-versus-tumor effects for success of hematopoi-
etic stem cell transplantation. BU, busulfan; CY, cyclophosphamide; TBI, total body irradia-
tion, FLU, fludarabine, AraC, cytarabine; THY, Thymoglobulin; CD52, anti-CD52 antibody
(alemtuzumab). ∗TBI >1,200 cGy; †200 cGy; ‡3.2–16 mg/kg; §90–250 mg/m2. Source:
Reprinted from reference 70, with permission.
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Table 92-1 Comparison of Hematopoietic Stem Cell Transplantation (HCT)

Myeloablative Nonmyeloablative

Riska Autologous Allogeneic Allogeneic

Relapse after HCT + + + + +
Rejection – + + +
Delayed engraftment + + + +
Graft-versus-host disease (GVHD) – + + +
Infection + + + to + + +b + + to + + +b

Transplant-related morbidity + + + + + +
Transplant-related mortality + + + +
Cost of procedure + + + + + + + to + + +
aRisk varies depending on underlying disease, patient characteristics, and previous medical history.
bRisk of infection increases with prolonged immunosuppression and/or chronic GVHD.

cord blood is rich in hematopoietic stem cells but has a limited
volume; thus, both hematologic and immunologic reconstitu-
tion is delayed in CBT.1

The type of HCT performed depends on a number of factors,
including type and status of disease, availability of a compati-
ble donor, patient age, performance status, and organ function.
Characteristics of autologous and allogeneic transplantation,
with either myeloablative or nonmyeloablative preparative reg-
imens, are compared in Table 92-1.1 Many diseases are treated
with autologous or allogeneic HCT and are listed in Table 92-
2.1 Modifications to the basic schema for HCT are necessary
based on the immunologic source (i.e., allogeneic or autolo-
gous) and the anatomical source (i.e., bone marrow, periph-
eral blood progenitor cells [PBPCs], or umbilical cord blood)
of the hematopoietic stem cells infused. The number of allo-
geneic HCTs has plateaued, most likely because of the limited
availability of suitable donors, the limited success to date with
HLA-disparate donors, and the increasing availability of tar-
geted therapies for diseases that were traditionally treated with
HCT (e.g., the replacement of HCT with imatinib as first-line
therapy for chronic phase chronic myeloid leukemia [CML]).10

AUTOLOGOUS HEMATOPOIETIC STEM CELL
TRANSPLANTATION
The defining characteristic of autologous HCT is that the donor
and the recipient are the same individual. Consequently, pre-
transplantation and posttransplantation immunosuppression is
unnecessary. Autologous hematopoietic stem cells must be ob-
tained (i.e., harvested) before the myeloablative preparative
regimen is administered and subsequently stored for ad-
ministration after the preparative regimen. Essentially, these
hematopoietic stem cells are administered as a rescue inter-
vention to re-establish bone marrow function and avoid long-
lasting, life-threatening marrow aplasia that results from the
myeloablative preparative regimen.11

Indications for Autologous Hematopoietic Stem
Cell Transplantation

1. P.J., a 46-year-old man, has diffuse large-cell B-cell non-
Hodgkin lymphoma (NHL) in first relapse after a complete
remission of 1 year duration. An 80% reduction in measurable

disease is noted after two cycles of dexamethasone, high-dose cy-
tarabine, and cisplatin [DHAP] salvage chemotherapy. P.J.’s bone
marrow biopsy and lumbar puncture are negative for malignant
cells. Is a myeloablative preparative regimen with autologous HCT
indicated for P.J.?

Autologous HCT is used to treat a variety of malignan-
cies (Table 92-2). NHL and multiple myeloma are the most
common indications for this procedure and represent more
than two-thirds of all autologous HCT.1 Patients with NHL
are more frequently treated with an autologous HCT than with

Table 92-2 Diseases Commonly Treated With Hematopoietic
Stem Cell Transplantationa

Allogeneic

Nonmalignant Aplastic anemia
Thalassemia major
Severe combined immunodeficiency disease
Wiskott-Aldrich syndrome
Fanconi anemia
Inborn errors of metabolism

Malignant Acute myelogenous leukemia (AML)
Acute lymphoblastic leukemia
Chronic myeloid leukemia
Myelodysplastic syndrome
Myeloproliferative disorders
Non-Hodgkin lymphoma (NHL)
Hodgkin disease
Chronic lymphocytic leukemia
Multiple myeloma

Autologous

Malignant NHL
Multiple myeloma
AML
Hodgkin disease
Neuroblastoma
Ovarian cancer
Germ-cell tumors

Other diseases Autoimmune disorders
Amyloidosis

aTiming relative to diagnosis and other therapies may vary.
From reference 1.
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an allogeneic HCT because autologous HCT has equivalent
or superior survival to allogeneic HCT.12,13 The usefulness of
reduced intensity preparative regimens with allogeneic HCT is
currently being evaluated for the treatment of NHL because of
the potential advantages of a graft-versus-lymphoma effect and
of using hematopoietic stem cells unexposed to prior cytotoxic
chemotherapy.3–5

The most appropriate patient population and timing for au-
tologous HCT in the treatment of NHL are being defined. A sig-
nificant percentage of patients with aggressive NHL are cured
with conventional chemotherapy alone. Adding autologous
HCT to initial combination chemotherapy does not improve
outcomes in patients with aggressive NHL.14−16 The primary
eligibility criterion for autologous HCT is relapsed disease that
is chemotherapy sensitive or refractory.17 In a randomized, con-
trolled trial,18 autologous BMT, compared with conventional
chemotherapy with DHAP, resulted in a 5-year event-free sur-
vival of 46% and 12%, respectively (p = 0.001). Overall 5-year
survival was 53% in the BMT group and 32% in the conven-
tional chemotherapy patients (p=0.038).18 Prospective studies
comparing preparative regimens, stem cell mobilization tech-
niques, and stem cell source (i.e., BMT vs. PBPCT) are not
available; however, autologous PBPCT has become the stan-
dard of care, most likely owing to the improved outcomes with
PBPCT in other disease settings.14

P.J. has minimal residual disease that has demonstrated
chemotherapy sensitivity (i.e., he had a partial response
to chemotherapy). Long-term prognosis will be improved
with autologous PBPCT rather than further conventional
chemotherapy, as described previously.18 Thus, autologous
PBPCT is indicated.

Harvesting Autologous Hematopoietic Stem Cells

2. What is the best way to harvest and preserve harvested
hematopoietic stem cells?

Autologous PBPCs have essentially replaced bone marrow
at many HCT centers because PBPCs result in earlier engraft-
ment than bone marrow.9 Because the harvest occurs before ad-
ministering the preparative regimen, autologous hematopoietic
stem cells must be cryopreserved.1 Hematopoietic stem cells
are usually frozen below –120◦C and used within a few weeks,
although, when frozen, they are viable for years.1 Dimethyl-
sulfoxide (DMSO) is the cryopreservative commonly used to
protect hematopoietic stem cells from damage during freez-
ing and thawing. Infusion of hematopoietic stem cells stored
in DMSO can be associated with toxicities due to the DMSO
itself. During infusion, DMSO is associated with skin flush-
ing, nausea, diarrhea, dyspnea, hypotension, arrhythmias, and,
rarely, anaphylactic reactions.19 Although contamination of
grafts with tumor cells contributes to relapse of hematologic
cancers, purging the grafts of tumor cells does not appear to
improve survival.1

Relative to a bone marrow graft, a PBPC graft results in a
higher number of hematopoietic stem cells that are harvested
and thus infused. This results in a PBPC graft having more
rapid neutrophil and platelet recovery (i.e., a shorter duration
of neutropenia or thrombocytopenia), fewer platelet transfu-
sions, fewer days of intravenous (IV) antibiotics, and a shorter
duration of hospitalization compared to a bone marrow graft.

Thus, the shift to the use of PBPCs over bone marrow for autol-
ogous HCT is primarily because of the more rapid engraftment
and less invasive collection methods.9

Mobilization and Collection of Autologous Peripheral
Blood Progenitor Cells

3. For PBPC mobilization, P.J. received one dose of cy-
clophosphamide 4 g/m2 IV on day 1, followed by filgrastim 10
mcg/kg/day subcutaneously (SC) beginning on day 2 and contin-
uing through completion of pheresis. Twelve days after receiving
cyclophosphamide, P.J.’s white blood cell (WBC) count recovered
to 3,000/mm3 and pheresis was begun. An adequate number of
PBPCs is collected after two pheresis sessions are processed and
then stored. What was the rationale for administering filgras-
tim and cyclophosphamide? What determines the duration of
pheresis?

[SI units WBC 3,000 × 106 cells/L]

There is a low frequency of PBPCs in the peripheral circu-
lation. Thus, mobilizing PBPC from the marrow compartment
and increasing their numbers in the peripheral circulation is
necessary to collect sufficient numbers of PBPCs for clinical
use. Mobilization will lead to collection of sufficient numbers
of autologous PBPCs in most patients, although a significant
minority of patients has poor mobilization.9

PBPCs are obtained by administering a mobilizing agent(s)
followed by leukapheresis, which is an outpatient pro-
cedure similar to dialysis.9 Hematopoietic growth fac-
tors (HGFs) alone or in combination with myelosuppres-
sive chemotherapy are used to mobilize of PBPCs.9 The
HGF granulocyte-macrophage colony-stimulating factor (sar-
gramostim, Leukine) and granulocyte colony-stimulating fac-
tor (filgrastim, Neupogen) are used as mobilizing agents for
PBPC collection.9,20 Both HGFs reliably mobilize PBPCs,
with filgrastim providing a higher PBPC yield.9 The most
frequently used filgrastim doses for autologous PBPC mo-
bilization are in the range of 10 to 24 mcg/kg/day SC.9,20

PBPC yield is higher when pheresis is started at day 5 (vs.
day 6), with the optimal yield being 3 to 7 hours after filgras-
tim administration.9

Myelosuppressive chemotherapy stimulates stem cell and
progenitor cell proliferation. The combination of chemother-
apy with filgrastim enhances PBPC mobilization relative to
filgrastim alone.9 The chemotherapy also treats the underlying
malignancy, but increases the risk of neutropenia.9 No mo-
bilization chemotherapy regimen is clearly superior, which
has led to incorporating PBPC mobilization into a cycle
of disease-specific chemotherapy. Examples of PBPC mobi-
lization chemotherapy regimens are single-agent cyclophos-
phamide or ifosfamide, carboplatin, and etoposide.9 Stem cell
toxic agents, such as melphalan and carmustine, should be
avoided because they lower the quantity and quality of PBPCs.9

The HGF is initiated 24 hours after completion of chemother-
apy. Pheresis begins when the peripheral WBC count begins
to recover to >1 to 3 × 109 cells/L.9

Pheresis is continued daily until the target number of
PBPCs per kilogram of the recipients’ weight is obtained.9

For adult recipients, the number of cells infused that expresses
the CD34 antigen (i.e., CD34+ cells) is the most reliable
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Table 92-3 Representative Myeloablative Preparative Regimens Used in Hematopoietic Stem Cell Transplantation (HCT)

Type of HCT Disease State Regimen Dose/Schedule

Allogeneic102 Hematologic malignanciesa Cyclophosphamide (CY)/total
body irradiation (TBI)

CY 60 mg/kg/day IV on 2 consecutive days before TBI
1,000–1,575 rads fractionated over 1–7 days

Allogeneic
Autologous62,81,84

Acute and chronic leukemias Busulfan (BU)/CY BU adult 1 mg/kg/dose PO or 0.8 mg/kg/dose IV Q 6 hr for
16 doses

Children <12 kg 1.1 mg/kg/dose IV Q 6 hr for 16 doses
CY 50 mg/kg/day IV QD for 4 days after BU or 60

mg/kg/day IV QD for 2 days after BU
Autologous18 Non-Hodgkin lymphoma BEAC (carmustine/etoposide/

cytarabine/cyclophosphamide)
Carmustine 300 mg/m2/day IV, day –6
Etoposide 200 mg/m2/day BID IV for 4 days, days –5 to –2
Cytarabine 200 mg/m2/day IV BID for 4 days, days –5 to –2
CY 35 mg/kg/day IV for 4 days, days –5 to –2
Mesna 50 mg/kg/day IV for 4 days, days –5 to –2

a Includes acute myelogenous leukemia, acute lymphocytic leukemia, chronic myelogenous leukemia, non-Hodgkin lymphoma, and Hodgkin disease.

indicator of an adequate PBPC population and predictor of
durable engraftment.9 The CD34 antigen is expressed on 1%
to 4% of human marrow cells. It is expressed on virtually all
unipotent and multipotent colony-forming cells and on pre-
cursors of colony-forming cells, but not on mature peripheral
blood cells.21 A variety of different thresholds have been iden-
tified regarding the minimal number of CD34+ cells needed
for an autologous PBPCT to produce rapid and complete (i.e.,
WBC, red blood cell [RBC], platelet) engraftment in adults.
The threshold range has varied from 1 to 3 × 106 CD34+
cells/kg of recipient weight, with more rapid platelet and neu-
trophil engraftment occurring with ≥5 to 8 × 106 CD34+
cells/kg of recipient weight.

More intensive prior chemotherapy or radiation therapy is
associated with a lower yield of CD34+ cells. There is a paucity
of information regarding the parameters associated with en-
graftment in children undergoing an autologous PBPCT.22 Af-
ter pheresis, the cells are cryopreserved, stored, thawed, and
infused into the patient as described in the “Harvesting Autol-
ogous Hematopoietic Stem Cells” section.

Myeloablative Preparative Regimens

4. What are the goals and characteristics of agents used for
myeloablative preparative regimens in patients like P.J.?

The primary goal of P.J.’s high-dose, myeloablative prepar-
ative regimen is to eradicate residual malignancy. With autol-
ogous HCT, there is no need to induce immunosuppression
because the donor and recipient are genetically identical.1

Combination chemotherapy with multiple alkylating agents
comprises the most common high-dose regimen before autol-
ogous HCT. Alkylating agents are used because they exhibit
a steep dose–response curve for various malignancies and are
characterized by dose-limiting bone marrow suppression.2 Ide-
ally, if combinations of antineoplastics are used, they should
have nonhematologic toxicities that do not overlap and are
not life threatening. Examples of common myeloablative regi-
mens used with hematopoietic stem cell support are illustrated
in Table 92-3. The early and late toxicities to myeloablative
conditioning are listed in Table 92-4.

Complications of Autologous Hematopoietic Stem
Cell Transplantation

5. What complications must be anticipated as a consequence
of autologous HCT? How can these be minimized? How can treat-
ment be provided in an outpatient setting?

The most common cause of death after autologous HCT
is the primary disease. The more concerning toxicities of the
preparative regimen are infection and organ failure, each occur-
ring in less than 5% of the patients. Because autologous HCT is
not complicated by profound immunosuppression or GVHD,
supportive care strategies vary from allogeneic HCT in the
early and later recovery periods. Isolation and use of laminar air
flow rooms are unnecessary, although many centers continue to
provide care for patients undergoing autologous HCT in high-
efficiency particulate air (HEPA)-filtered rooms. The use of
autologous PBPCT is associated with shorter periods of neu-
tropenia and less need for clinical resources. Thus, some HCT
centers have developed programs that incorporate outpatient
care into the initial recovery; these programs also offer cost
savings to the payer for health services.23,24 Successful outpa-
tient care during administration of a myeloablative preparative
regimen and the neutropenic period requires careful develop-
ment and implementation of the necessary supportive care

Table 92-4 Common Toxicities Associated With
Myeloablative Allogeneic Hematopoietic Stem Cell
Transplantation

Early Late

Febrile neutropenia
Nausea, vomiting, diarrhea
Mucositis
Veno-occlusive disease
Renal dysfunction
Cardiotoxicity
Pneumonitis
Graft rejection
Acute graft-versus-host

disease (GVHD)

Increased susceptibility to infections
Endocrine disorders (hypothyroidism,

hemorrhagic cystitis, infertility,
growth retardation)

Neurocognitive changes
Secondary malignant neoplasms
Chronic GVHD
Cataracts
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strategies to prevent or minimize infection, chemotherapy-
induced nausea and vomiting (CINV), pain, and bleeding,
along with admission criteria for more severe complications.
Use of prophylactic oral antibiotics and once-daily IV antibi-
otics to prevent or treat uncomplicated febrile neutropenia have
facilitated outpatient care and prevented many patients from
being hospitalized.25 In addition, outpatient care during au-
tologous HCT demands that HCT centers have appropriate
resources, facilities, and staff to provide 24-hour patient care
coverage. Patients undergoing outpatient care must meet eligi-
bility criteria, including the availability of caregivers 24 hours
a day and housing within close proximity to the HCT center.

Hematopoietic Growth Factors After Autologous
Peripheral Blood Progenitor Cell Infusion

6. After 10 days of rest, P.J. is admitted for his autologous
BMT. He receives a myeloablative preparative regimen with cy-
clophosphamide, carmustine, and etoposide with an autologous
PBPC graft. An order is written to begin filgrastim 5 mcg/kg/day
SC, beginning on day 0 and continuing until the ANC has recov-
ered to 500/mm3 for 2 consecutive days. What is the rationale for
filgrastim in P.J. following the transplant procedure?

[SI units: ANC 500 × 106 cells/L]

Autologous HCTs, regardless of the stem cell source, are as-
sociated with profound aplasia due to the myeloablative prepar-
ative regimen. Aplasia typically lasts 20 to 30 days after an au-
tologous BMT and 7 to 14 days after an autologous PBPCT.9

During this period of aplasia, patients are at high risk for com-
plications such as bleeding and infection. Filgrastim and sar-
gramostim exert their effects by stimulating the proliferation
of committed progenitor cells, and, once engraftment occurs,
hematopoietic recovery may be accelerated.

Several factors need to be considered when discussing the
role of HGF in accelerating engraftment after HCT. First, the
anatomical source of hematopoietic stem cells predicts the de-
gree of benefit. The greatest benefit is enhanced neutrophil
recovery and decreased use of associated resources in the set-
ting of autologous BMT. The benefits of the HGF have been
shown in several large multicenter, randomized, double-blind,
placebo-controlled trials.26−28 The majority of the trials sug-
gest HGF administration is associated with a shorter time to
neutrophil engraftment (by 4–7 days), less infectious complica-
tions, and shorter hospitalization after autologous BMT.26,27,29

Survival is equivalent in those who received an HGF or a
placebo.26,28

Although some studies in the autologous PBPCT setting
note more rapid neutrophil recovery after HGF use, oth-
ers report no difference in infection rates and minimal de-
creases in associated resource use such as the duration of
hospitalization.27,29−31 In addition, sargramostim administra-
tion had no benefit (i.e., neutrophil and platelet engraftment)
over placebo after autologous PBPCT in one trial.32 Although
clinical practice guidelines for HGF support their use after
both autologous BMT and PBPCT, pharmacoeconomic anal-
yses are needed to further evaluate the true benefit of HGFs
after autologous PBPCT.

Filgrastim is preferred for this indication in clinical practice.
The reason most commonly cited, is the desire to avoid febrile
reactions associated with sargramostim, which complicate in-
terpretation of febrile neutropenia. Although sargramostim or
filgrastim theoretically may stimulate proliferation of leukemia
myeloblasts, no evidence to date suggests that the incidence of
leukemia relapse is higher in patients who receive these HGFs
after autologous or allogeneic HCT.32,33 This may be due to
the fact that patients with leukemia are usually in remission
at the time of HCT. Thus, the population of residual leukemia
cells is probably minimal.

Although both filgrastim and sargramostim successfully
hasten neutrophil recovery, neither agent stimulates platelet
production or augments platelet recovery.26,27 This is an impor-
tant consideration because thrombocytopenia is often a cause
of prolonged hospitalization in the HCT patient. Successful
engraftment of all hematopoietic stem cell lines will likely
require combinations of growth factors that work in concert
to augment hematopoiesis. However, erythropoietin (Epogen,
Procrit) and interleukin (IL)-11 (Neumega) have only been
used experimentally in the HCT patient. At this time, there
is no established role for either agent in the care of these
patients.

In summary, P.J. is undergoing autologous PBPCT for
the treatment of a lymphoid malignancy. Thus, either sar-
gramostim or filgrastim is an acceptable option for accelerating
engraftment. Whether the addition of either agent will reduce
infection and improve other clinically relevant outcomes is
debatable.20 A complete blood cell (CBC) count with differen-
tial should be obtained daily. Filgrastim should be continued
until neutrophil recovery is achieved.

ALLOGENEIC HEMATOPOIETIC STEM CELL
TRANSPLANTATION
Allogeneic HCT involves the transplantation of hematopoietic
stem cells obtained from a donor’s bone marrow, PBPCs, or
umbilical cord blood to a patient. Thus, to understand the ap-
plication of and complications after allogeneic HCT, a working
knowledge of immunology and the MHC and HLA in humans
is necessary.34

Eligibility criteria for allogeneic HCT vary between insti-
tutions. Having a matched sibling donor is no longer a require-
ment for allogeneic HCT, because improved immunosuppres-
sive regimens and the National Marrow Donor Program have
allowed an increase in the use of unrelated or related matched or
mismatched HCT.35 Potential donors also include haploidenti-
cal donors, who are a parent, sibling, or child of a parent with
only one identical HLA haplotype. HCT with a haploidentical
donor was initially associated with high rates of graft failure
and GVHD, but recent technological advances have improved
outcomes. Haploidentical HCT involves another alloreactive
mechanism involving NK cells, which may be associated with
reduced relapse rates in acute myelogenous leukemia (AML)
patients.1

Normal renal, hepatic, pulmonary, and cardiac functions
are necessary for eligibility at most centers. Historically, pa-
tients older than 55 years were excluded from allogeneic HCT
because they were more likely to succumb to transplantation-
related complications. However, many centers are now
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considering patients up to 65 years old and basing their se-
lection criteria on physiological rather than biological age.

Indications for Allogeneic Hematopoietic Stem
Cell Transplantation

7. B.S., a 22-year-old man, has AML in first remission after
induction chemotherapy with standard doses of cytarabine and
daunorubicin and consolidation with high-dose cytarabine. B.S.
has poor risk cytogenetics, with abnormalities of 11q23 and inver-
sion 3. Thus he will receive an allogeneic HCT as part of postre-
mission therapy. HLA typing performed on family members has
identified a fully HLA-matched sibling donor. B.S. returns to clinic
today for a pretransplantation workup. At this time, his physical
examination is noncontributory. All laboratory values are within
normal limits. A bone marrow biopsy reveals <5% blasts. B.S.
has a normal electrocardiogram and cardiac wall motion study.
His renal and hepatic, and pulmonary function tests are normal.
Is an allogeneic HCT indicated for B.S.?

B.S. has a diagnosis of AML, which is one of the most com-
mon indications for allogeneic HCT.1 The primary indications
for allogeneic HCT include treatment of otherwise fatal dis-
eases of the bone marrow or immune system (Table 92-2). The
optimal role and timing of allogeneic HCT, in contrast to other
therapies, remains controversial,36 especially because treat-
ment options for AML have increased. The National Compre-
hensive Cancer Network Guidelines for AML patients include
the use of allogeneic HCT. A matching sibling or alternative
donor (e.g., matched unrelated donor) HCT is recommended as
part of postremission therapy in patients with preceding hema-
tologic disease (e.g., myelodysplasia, secondary AML) or poor
risk cytogenetics, such as B.S.37 Current research efforts focus
on the use of reduced intensity preparative regimens and the
utility of HCT relative to novel targeted agents in the hope of
improving the outcome of allogeneic HCT.37 B.S. is eligible
for allogeneic HCT by virtue of his cytogenetics and the avail-
ability of a histocompatible donor. In addition, he meets age
and organ function eligibility requirements and is in complete
remission with minimal residual disease. The decision regard-
ing timing of allogeneic HCT compared with other therapies
must be made, weighing the aforementioned risks and bene-
fits. B.S. can either undergo allogeneic HCT now or receive
consolidation chemotherapy and delay HCT until early in his
first relapse.

Histocompatibility

8. How does histocompatibility influence the risks for graft
rejection and graft-versus-host reactions in patients like B.S. who
undergo an allogeneic HCT?

Because the tissue transplanted in allogeneic HCT is im-
munologically active, there is potential for bidirectional graft
rejection.1 In the first scenario, cytotoxic T cells and NK cells
belonging to the host (recipient) recognize MHC antigens of
the graft (donor hematopoietic stem cells) and elicit a rejec-
tion response. In the second scenario, immunologically active
cells in the graft recognize host MHC antigens and elicit an
immune response. The former is referred to as host-versus-

graft disease and the latter as GVHD. Host-versus-graft effects
are more common in solid organ transplantation. When host-
versus-graft effects occur in allogeneic HCT, they are referred
to as graft rejection, which results in ineffective hematopoiesis
(i.e., adequate ANC and/or platelet counts were not obtained).
Therefore, an essential first step for patients eligible for HCT
is finding an HLA-compatible graft with an acceptable risk of
rejection and GVHD.

Graft rejection is least likely to occur with a syngeneic
donor, meaning that the recipient and host are identical
(monozygotic) twins. Identical twins occur spontaneously in
nature in approximately 1 in 100 births; thus, it is unlikely
that a patient would have a syngeneic donor. In those patients
without a syngeneic donor, initial HLA typing is conducted
on family members because the likelihood of complete histo-
compatibility between unrelated individuals is remote. Siblings
are the most likely individuals to be histocompatible within a
family. However, <30% of potential HCT recipients have an
HLA-identical sibling.1

Determination of histocompatibility between potential
donors and the patient is completed before allogeneic HCT.34

Initially, HLA typing performed using blood samples and com-
patibility for class I MHC antigens (HLA-A, HLA-B, and
HLA-C) is determined through serologic and DNA-based test-
ing methods.38 In vitro reactivity between donor and recipient
can also be assessed in mixed lymphocyte culture, a test used to
measure compatibility of the MHC class II antigens (HLA-DR,
HLA-DP, HLA-DQ).38 Currently, most clinical and research
laboratories are also performing molecular DNA typing using
polymerase chain reaction (PCR) methodology to determine
the HLA allele sequence.38 A donor–recipient pair with dif-
ferent HLA antigens (i.e., “antigen mismatched”) always has
different alleles, whereas pairs with the same allele always have
the same antigen and are termed “matched.” However, some
pairs have the same HLA antigen but different alleles and are
thus “allele mismatched.”39 (See Chapter 34 for full discussion
of histocompatibility.)

Lack of an HLA-matched sibling donor can be a barrier to
allogeneic HCT. The use of alternative sources of allogeneic
hematopoietic stem cells, such as related donors mismatched
at one or more HLA loci, or phenotypically (i.e., serologically)
matched unrelated donors has been evaluated.35 Establishment
of the National Marrow Donor Program has helped increase
the pool of potential donors for allogeneic HCT.35 Through this
program, an HLA-matched unrelated volunteer donor might be
identified. Recipients of an unrelated graft are more likely to
experience graft failure and acute GVHD relative to recipients
of a matched-sibling donor.40 Thus, work is ongoing to identify
factors that predict graft failure or GVHD to improve the avail-
ability and safety of unrelated donor transplants41 (see “Graft
Rejection” section).

The preparative regimen or GVHD prophylaxis may be al-
tered based on the mismatch between the donor and the recip-
ient. The risk of graft failure decreases with better matches,
such that those with a class I (i.e., HLA-A, -B, or -C) anti-
gen mismatch have the highest risk of rejection compared
with those with just one class I allele mismatch who have
a minimal risk. Graft failure does not appear to be associ-
ated with mismatch at a single class II antigen or allele.38

GVHD, both acute and chronic, and survival have also been
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associated with disparity for class I and II antigens and
alleles.42,43

Harvesting, Preparing, and Transplanting Allogeneic
Hematopoietic Stem Cells

9. What methods can be used to harvest hematopoietic stem
cells from B.S.’s histocompatible sibling and prepare them for
transplant? Are there any advantages to the use of bone marrow,
PBPCs, or umbilical cord blood as a source for hematopoietic
stem cells?

The method of harvesting allogeneic hematopoietic stem
cells varies according to the site of harvest (i.e., bone marrow,
peripheral blood, or umbilical cord blood).

ABO incompatibility increases the complexity of HCT, but
is not an obstacle to HCT. The hematopoietic stem cells may
need additional processing if the donor and recipient are ABO
incompatible, which occurs in 30% to 40% of sibling donor
HCTs and is higher in unrelated donor HCT.44 Various strate-
gies used to manage blood support for ABO-incompatible
HCT recipients include removing RBC from the HCT prod-
uct, as well as transfusing type O RBCs to minimize the risk of
immune-mediated hemolytic anemia and thrombotic microan-
giopathic syndromes.44

Bone Marrow
Harvesting bone marrow entails a surgical procedure in which
marrow is obtained from the iliac crests. Allogeneic bone mar-
row is obtained from the donor under local or general anes-
thesia on day 0 of BMT.1 Multiple aspirations of marrow are
obtained from the posterior iliac crests until a volume with
a sufficient number of hematopoietic stem cells is collected
(e.g., 600–1,200 mL of bone marrow). The bone marrow is
then processed to remove fat or marrow emboli and is usually
immediately infused intravenously into the patient like a blood
transfusion. Bone marrow is the primary graft source for al-
logenic transplant in children, accounting for 60% of HCT in
this population with PBPCs and cord blood accounting for the
remainder.45

Peripheral Blood Progenitor Cells
Peripheral blood has replaced marrow for allogeneic HCT in
adults.1,45 Marrow stem cells continuously detach, enter the
circulation, and return to the marrow; thus, the peripheral blood
is a convenient source of hematopoietic stem cells. The num-
ber of PBPCs is estimated by using the cell surface molecule
CD34 as a surrogate marker. The number of circulating CD34+
cells in blood is increased by mobilizing them from the mar-
row. The most commonly used regimen to mobilize allogeneic
(healthy) donors is a 4- to 5-day course of filgrastim, 10 to
16 mcg/kg/day SC, followed by leukapheresis on the fourth or
fifth day when peripheral blood levels of CD34+ cells peak.46

An adequate number of hematopoietic stem cells is usually
obtained with one to two pheresis collections, with the optimal
number of CD34+ collected being 5 to 8 × 106 cells/kg of
recipient body weight.47,48 Higher cell doses have been asso-
ciated with not only more rapid engraftment, but also fewer
fungal infections and improved overall survival.49 Hematopoi-
etic stem cells obtained from the peripheral blood are processed
like bone marrow–derived stem cells and may be infused im-

mediately into the recipient or frozen for future use. Allogeneic
donation of PBPC has a similar level of physical discomfort
to bone marrow donation; however, PBPC donation leads to
quicker recovery.48 The donor may experience musculoskele-
tal pain, headache, mild increases in hepatic enzyme or lac-
tate dehydrogenase levels due to filgrastim administration, and
hypocalcemia due to citrate accumulation, which decreases
ionized calcium concentrations during pheresis.50

Compared to bone marrow, PBPC infusions are associated
with quicker neutrophil and platelet engraftment.1 In patients
with a hematologic malignancy and a matched sibling donor,
PBPCT is also associated with lower relapse rates and in-
creased disease-free survival rates.51 However, PBPC grafts
contain more T cells than bone marrow grafts.1 PBPCT has
a similar incidence of acute GVHD, but an approximately
20% higher incidence of extensive stage and overall chronic
GVHD.51

Umbilical Cord Blood
Blood from the umbilical cord and the placenta is rich in
hematopoietic stem cells but limited in volume.1 Thus, CBT
offers an alternative stem cell source to those patients who
do not have an acceptable matched related or unrelated donor.
After consent is obtained, the cord blood cells are obtained in
the delivery room after birth and delivery of the placenta.52

The cord blood is then processed, and a sample is sent for
HLA typing and frozen for future use. At least 2,000 HCTs
with cord blood donors have been performed, with more than
70,000 cord blood units banked for future HCT.52 It is unclear
how long cord blood can be viably cryopreserved.52

HCT with an unrelated cord blood donor has several po-
tential advantages over unrelated marrow or PBPC donors.52

Specifically, cord blood is readily available, which leads to a
more rapid time to HCT and the ability to tolerate greater de-
grees of HLA disparity.52 CBT has less stringent HLA match-
ing requirements than bone marrow or PBPC grafts, because
mismatched cord blood cells are less likely to cause GVHD
while still maintaining GVT activity.1 The less stringent HLA
requirements increase the likelihood of identifying a suitable
allogeneic donor, which is particularly beneficial for minor-
ity populations who are underrepresented in adult registries
and often lack matched stem cell sources.1 Outcomes in um-
bilical cord blood recipients are improved, with fewer HLA
mismatches and greater numbers of CD34+ cells.1 However,
the limited number and quality of hematopoietic stem cells in
cord blood are potential disadvantages. To improve engraft-
ment, research is ongoing with two cord blood grafts each
from different donors, with a cord blood and HLA-matched
haploidentical PBPC grafts, and ex vivo expansion of cord
blood cells.1

Most CBT clinical data are derived from retrospective case
series. These data have shown that CBT from a related or unre-
lated donor is effective in children with cancer and nonmalig-
nant conditions.52 Platelet and neutrophil engraftment is slower
in CBT, with a lower risk of acute and chronic GVHD and sim-
ilar survival rates relative to a BMT.52 In children, engraftment
is related to the dose of nucleated cells with an optimal dose
of approximately 2 × 107 nucleated cells per kilogram of re-
cipient body weight.53 This raises the question as to whether a
CBT can provide enough nucleated cells to adequately engraft
within an adult. In adults who do not have a related or unrelated
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donor for bone marrow or PBPC donation, a CBT is feasible
when at least 1 × 107 nucleated cells per kilogram of recipient
body weight are administered.54

In summary, it is most reasonable to harvest PBPCs from
B.S.’s sibling to use for his myeloablative HCT.

Graft-versus-Tumor Effect

10. What is the GVT effect? Which tumors are most responsive
to this effect?

Initial clinical evidence of a GVT effect came from the
observation that patients with GVHD had lower relapse rates
compared with those who did not.55,56 This suggests a GVT
effect due to the donor lymphocytes. Further support for a
GVT effect is the higher rate of leukemia relapse after T-cell–
depleted BMT, in part due to the reduction in GVHD and con-
comitant loss of GVT effect.57,58 The effectiveness of donor
lymphocyte infusions in patients who experienced relapse after
allogeneic HCT also suggests a GVT effect. Lymphocytes are
collected from the peripheral blood of the donor and adminis-
tered to the recipient. Eradication of the recurrent malignancy
is due to either specific targeting of the tumor antigens or to
GVHD, which may affect cancer cells preferentially. Different
illnesses vary in their responsiveness to donor lymphocyte in-
fusions, with CML and acute leukemias being the most and
least responsive, respectively.59 Patients with certain solid tu-
mors (e.g., renal cell carcinoma) also appear to benefit from a
GVT effect.60 These data gave rise to the use of reduced inten-
sity and nonmyeloablative preparative regimens, which rely on
the GVT effect.

Preparative Regimens for Allogeneic Hematopoietic
Stem Cell Transplantation
Myeloablative Preparative Regimens

11. What is the rationale for using myeloablative preparative
regimens for patients like B.S. who are to receive an allogeneic
HCT? What types of regimens are used, and what is recommended
for B.S.?

The combination of chemotherapy and/or radiation used
in allogeneic HCT is referred to as the preparative or con-
ditioning regimen. The rationale for high-dose myeloablative
preparative regimens was similar to that discussed in the “Au-
tologous Hematopoietic Stem Cell Transplantation” section of
this chapter. Specifically, infusion of hematopoietic stem cells
circumvents dose-limiting myelosuppression, maximizing the
potential value of the steep dose−response curve to alkylating
agents and radiation,2 and suppressing the host immune sys-
tem. The preparative regimen is designed to eradicate immuno-
logically active host tissues (lymphoid tissue and macrophages)
and to prevent or minimize the development of host-versus-
graft reactions. In contrast, a myeloablative preparative regi-
men may not be necessary if a histocompatible allogeneic HCT
is performed on a patient with a poorly functioning immune
system (e.g., severe combined immunodeficiency disease).61

In the absence of a functioning immune system, the likeli-
hood of a host-versus-graft reaction to histocompatible donor
hematopoietic stem cells is small. Similarly, patients undergo-
ing syngeneic transplantation do not require immunosuppres-

sive preparative regimens before HCT because the donor and
the patient are genetically identical. Thus, the preparative regi-
men is tailored to the primary disease and to HLA compatibility
between the recipient–donor pair.

Examples of common preparative regimens for allogeneic
HCT are shown in Table 92-3.18,62,63 Table 92-4 lists the
common toxicities associated with myeloablative allogeneic
HCT. Most allogeneic preparative regimens for the treatment
of hematologic malignancies contain cyclophosphamide, ra-
diation, or both. The combination of cyclophosphamide and
total body irradiation (TBI) was one of the first preparative
regimens used, and it is still used widely today. This regi-
men is immunosuppressive and has inherent activity against
hematologic malignancies (e.g., leukemias, lymphomas). TBI
is myeloablative and immunosuppressive, does not have cross-
resistance to chemotherapy, and also reaches sites not affected
by chemotherapy (e.g., the central nervous system).1 Toxicity
to TBI is considerable and although fractionating its dose re-
duces toxicity, research is ongoing to identify newer methods
of selective radiation with increased specificity.1 The toxicity
of TBI and the scarcity of facilities for its delivery have led to
the development of radiation-free preparative regimens. Mod-
ifications of the cyclophosphamide-TBI preparative regimen
include replacing TBI with other agents (e.g., busulfan) and
adding other chemotherapeutic or monoclonal agents to the ex-
isting regimen. These measures are designed to minimize the
long-term toxicities associated with TBI (e.g., growth retarda-
tion in children, cataracts) or to provide additional antitumor
activity, respectively. In the case of a mismatched allogeneic
HCT with a substantially increased chance of graft rejection,
antithymocyte globulin (ATG) may also be added to the prepar-
ative regimen to further immunosuppress the recipient.

The optimal myeloablative preparative regimen for allo-
geneic HCT is challenging to study because several indications
for HCT (e.g., thalassemia) are rare enough that it is not feasible
or is too cost-prohibitive to conduct clinical trials adequately
powered to detect clinically relevant differences. However, the
long-term outcomes of busulfan/cyclophosphamide (BU/CY)
and CY/TBI in patients with AML and CML have been com-
pared in a meta-analysis of four clinical trials.64 Equivalent
rates of long-term complications were present between the two
preparative regimens, except for a greater risk of cataracts with
CY/TBI and alopecia with BU/CY. Overall and disease-free
survival rates were similar in patients with CML, whereas there
was a trend for improved disease-free survival with CY/TBI in
AML patients. Thus, the preparative regimen can be tailored
to the primary disease and HLA compatibility.

Based on these data, the CY/TBI preparative regimen is
preferred for B.S. because he has AML in first remission.

Reduced Intensity or Nonmyeloablative Preparative Regimens

12. Describe the rationale for nonmyeloablative preparative
regimens. Is B.S. a candidate for such a regimen?

The regimen-related toxicity of a myeloablative prepara-
tive regimen (Table 92-4) limits the use of allogeneic HCT
to younger patients who have minimal comorbidities. Since
most cancer patients are elderly myeloablative HCT cannot
be offered to a substantial portion of these patients.65 An im-
proved understanding of the GVT effect led to the development
of a strongly immunosuppressive but not myeloablative (i.e.,
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a reduced intensity) preparative regimens.1 Now reduced in-
tensity preparative regimens account for 30% of allogeneic
transplants.45 More than 60% of patients receiving reduced
intensity preparative regimens are older than 50 years.45

There is a wide spectrum of reduced intensity prepara-
tive regimens (Fig. 92-2), with the nonmyeloablative regimens
causing the least amount of myelosuppression. More inten-
sive myeloablation is required for engraftment in the setting of
unrelated donor or HLA-mismatched related HCT.66 Reduced
intensity regimens do not completely eliminate the host’s nor-
mal and malignant cells and depend on the graft to eradicate
remaining cancer. Thus, these preparative regimens may be
preferable in those malignancies in which immunologic elim-
ination of the malignant stem cells is possible.1 The donor
cells eradicate residual host hematopoiesis, and the GVT ef-
fects generally occur after the development of full donor T-cell
chimerism.60 After engraftment, mixed chimerism should be
present as evidenced by the ability to detect both donor- and
recipient-derived cells. Thus, if the graft is rejected, autolo-
gous recovery should promptly occur. Following a reduced
intensity preparative regimen, mixed chimerism (defined as
5%–95% peripheral donor T cells) between the host and recip-
ient develops, which allows for a GVT effect as the primary
form of therapy. Chimerism is evaluated to monitor disease re-
sponse and engraftment at varying time points. Chimerism is
assessed within peripheral blood T cells and granulocytes and
bone marrow using conventional (e.g., using sex chromosomes
for opposite sex donors) and molecular (e.g., variable number
of tandem repeats for same sex donors) methods. The meth-
ods used to characterize chimerism after HCT are reviewed
elsewhere.67−69 A few months after HCT, donor lymphocytes
can be infused (called a “donor lymphocyte infusion”) to aug-
ment the GVT activity.1 The challenge is to maximize the GVT
effect while minimizing the risk of GVHD. Therefore, GVHD
prophylaxis, although different from that used with myeloab-
lative regimens, is still necessary as is follow-up for infectious
complications.

The safety and efficacy of these regimens have led to their
wider application to nonmalignant conditions.1 Reduced inten-
sity preparative regimens lead to lower treatment-related mor-
tality rates, but, they may be offset by higher relapse rates.70

They are most effective in treating slow-growing cancers (e.g.,
chronic lymphocytic leukemia).1 Because most of the data for
reduced intensity preparative regimens are derived from older
patients or those with comorbid conditions, they cannot be
compared with data for myeloablative preparative regimens.70

It is unclear if reduced intensity preparative regimens improve
long-term survival of patients with malignant or nonmalig-
nant diseases who are younger or without comorbid condi-
tions. Prospective controlled trials are needed with stratifica-
tion based on comorbidities, disease characteristics, pretrans-
plant therapy, and hematopoietic stem cell source.70

There are a paucity of data regarding the optimal source of
hematopoietic stem cells following reduced intensity prepar-
ative regimens. Most case series have combined data from
PBPC and marrow grafts. But some data suggest that, com-
pared to bone marrow grafts, PBPC is associated with quicker
engraftment, earlier T-cell chimerism, longer progression-free
survival, and a lower risk of graft rejection.71,72

B.S. is young and healthy enough to receive a myeloablative
allogeneic HCT. Presently, reduced intensity HCT is not indi-

cated as first-line therapy for any malignant or nonmalignant
conditions. It is not an option for B.S.

Posttransplantation Immunosuppressive Therapy

13. What is the rationale for immunosuppressive therapy after
an allogeneic HCT? What is recommended for B.S.?

After infusion of hematopoietic stem cells, immunosup-
pressive therapy is administered to prevent or minimize GVHD.
Patients receiving syngeneic transplants or a T-cell–depleted
histocompatible allogeneic transplant generally do not receive
posttransplantation immunosuppressive therapy. In syngeneic
transplantation, the donor and the patient are genetically iden-
tical, and GVHD should not be elicited. In T-cell depleted
transplantation, the volume of donor T cells infused into the
patient is usually insufficient to elicit a significant graft-versus-
host reaction.57,73 Numerous immunosuppressive agents given
alone or in combination have been evaluated for the prevention
of GVHD. Commonly used regimens after myeloablative HCT
include cyclosporine or tacrolimus administered with a short
course of low-dose methotrexate.74 GVHD prophylaxis varies
between a myeloablative and reduced intensity HCT (Table
92-5). Corticosteroids may also be used to prevent GVHD, but
they are more commonly used to treat GVHD. In allogeneic
HCT recipients without GVHD, immunosuppressive therapy
is slowly tapered and discontinued over 6 months to 1 year
because of immunologic tolerance. Over time, the immuno-
logically active tissue between host and recipient become tol-
erant of one another and cease recognizing the other as foreign.
In contrast, solid organ transplant recipients usually continue
immunosuppressive therapy for the duration of the recipient’s
life.

Thus, B.S. should receive cyclosporine or tacrolimus ad-
ministered with a short course of methotrexate for posttrans-
plantation immunotherapy. This combination regimen will
lower the risk of GVHD after his allogeneic HCT with a
myeloablative preparative regimen.

Table 92-5 Common Reduced Intensity Preparative
Regimens and Post Grafting Immunosuppresion230

Preparative Regimens Postgrafting Immunosuppression

Fludarabine 30 mg/m2/day IV
on 3 consecutive days (–4,
–3, –2), TBI 2 Gy as single
fraction on day 0

Cyclosporine 6.25 mg/kg PO BID,
days –3 to day + 100 with taper
from day + 100 to + 180

Mycophenolate mofetil 15 mg/kg PO
BID or TID, day + 0 to + 40 with
taper from day + 40 to + 90

Fludarabine 25 mg/m2/day IV
for 5 days and melphalan 90
mg/m2/day IV for 2 days

Tacrolimus to maintain trough blood
concentration of 5–10 ng/mL with
methotrexate 5 mg/m2/day IV days
+ 1, + 3, + 6, + 11

Fludarabine 25–30 mg/m2/day
IV for 3–5 days, busulfan
≤9 mg/kg/total
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COMPARISON OF SUPPORTIVE CARE STRATEGIES
BETWEEN AUTOLOGOUS AND ALLOGENEIC
MYELOABLATIVE HEMATOPOIETIC STEM CELL
TRANSPLANTATION

14. How do supportive care strategies used for myeloablative
preparative regimens with an autologous graft differ from those
described for an allogeneic graft?

Supportive care strategies common to patients receiving a
myeloablative preparative regimen, regardless of whether they
have received an autologous or allogeneic HCT, include use of
indwelling central venous catheters; blood product support;
and pharmacologic management of chemotherapy-induced
nausea and vomiting (CINV), mucositis, and pain. These sim-
ilarities are a function of the side effects of a myeloablative
preparative regimen.

Because of the different needs for immunosuppression with
an autologous and allogeneic HCT the supportive care differs.
Allogeneic HCT patients experience an initial period of pan-
cytopenia followed by a more prolonged period of immuno-
suppression, which substantially increases the risk of bacterial
infections, but more importantly, fungal, viral, and other oppor-
tunistic infections.7 The risk of infection increases as additional
immunosuppressive therapy is incorporated to prevent or treat
GVHD. Supportive strategies designed to minimize infection
during immunosuppression are essential after allogeneic HCT
(see “Infectious Complications” section).

COMPARISON OF SUPPORTIVE CARE STRATEGIES
BETWEEN ALLOGENEIC MYELOABLATIVE AND
NONMYELOABLATIVE HEMATOPOIETIC STEM CELL
TRANSPLANTATION

15. How do supportive care strategies used for myeloablative
and nonmyeloablative preparative regimens with an allogeneic
graft differ?

Nonmyeloablative HCT is the least myelosuppressive re-
duced intensity regimen (Fig. 92-2). A direct comparison of the
toxicities with a myeloablative and nonmyeloablative prepar-
ative regimen is difficult because the latter is offered only to
patients who are not candidates for myeloablative allogeneic
HCT. These preparative regimens differ substantially in terms
of the chemotherapy agents used (Tables 92-3 and 92-5) and
the degree of myelosuppression. Nonmyeloablative HCT may
have a different time pattern for infectious complications but
there is a similar incidence and severity of acute GVHD. Nev-
ertheless, comparisons between the preparative regimens are
challenging because of the differences in the pre-HCT health
of the recipients.66 Clinical research is focusing on designing
optimal preparative regimens with acceptable efficacy and toxi-
city (i.e., mixed chimerism, disease response). Thus, relative to
myeloablative HCT, the preparative regimens and immunosup-
pression used after graft infusion are more variable for reduced
intensity or nonmyeloablative HCT (Table 92-5).

DOSE CALCULATIONS IN OBESITY

16. K.M. is a 36-year-old woman with CML in accelerated
phase. After her initial diagnosis, a successful search for an unre-

lated 6/6 HLA-matched allogeneic donor was conducted. K.M. is
being admitted for myeloablative allogeneic PBPCT. Orders for
K.M.’s preparative regimen are written as follows: height, 162 cm;
actual body weight (ABW), 80 kg; ideal body weight (IBW), 54 kg;
body surface area (BSA), 1.85 m2; body mass index (BMI), 30.5
kg/m2; and busulfan, 16 mg/kg total dose to be administered over
4 days (1 mg/kg per dose PO Q 6 hr for 16 doses, days –7, –6, –5,
and –4). Cyclophosphamide 60 mg/kg/day IV to be administered
on days –3 and –2. Day –1 is a “rest” day, followed by infusion of
PBPC on day 0. Which weight should be used to calculate doses
for K.M.’s preparative regimen?

K.M.’s ABW is 48% over her IBW. She is considered obese
because her ABW is 30% greater than her IBW and her BMI
is between 27 and 35 kg/m2. Obesity has numerous effects on
the pharmacokinetic disposition of medications; unfortunately,
there is a paucity of data regarding the effects of obesity on
the clinical outcomes of anticancer agents. The risk associ-
ated with inaccurate dosing of the preparative regimen for a
myeloablative HCT is particularly challenging, because using
a weight that is too high can cause lethal toxicity, while one
that is too low could result in inadequate marrow ablation or
disease eradication.

Few studies have evaluated the association of body weight
and outcome to preparative regimens for myeloablative
HCT.75−77 Routine dosing of oral or IV busulfan based on
adjusted IBW or BSA does not require a specific dose adjust-
ment for obesity.77,78 K.M.’s busulfan dose should not be based
on her ABW because it does not accurately correct for her obe-
sity and may predispose her to hepatic veno-occlusive disease
(VOD). Her initial busulfan doses should be based on adjusted
IBW.

COMPLICATIONS ASSOCIATED WITH HEMATOPOIETIC
STEM CELL TRANSPLANTATION

17. What toxicities associated with myeloablative prepar-
ative regimen should be anticipated in K.M.? Are they
similar to those anticipated after standard-dose chemo-
therapy?

Myelosuppression is a frequent dose-limiting toxicity for
antineoplastics when administered in conventional doses
used to treat cancer. However, because myelosuppression is
circumvented with hematopoietic rescue in the case of pa-
tients receiving HCT, the dose-limiting toxicities of these
myeloablative preparative regimens are nonhematologic (i.e.,
extramedullary) in nature. The toxicities vary with the prepara-
tive regimen used. Most patients undergoing HCT experience
toxicities commonly associated with chemotherapy, such as
alopecia, mucositis, CINV, infertility, and pulmonary toxicity
(see Chapter 89). However, these toxicities are magnified in
the HCT population.

Table 92-4 depicts a range of toxicities that can occur after
myeloablative preparative regimen for HCT, and Figure 92-3
depicts the time course for complications after HCT. Selected
toxicities are discussed in the following sections.

Busulfan Seizures

18. In addition to her preparative regimen, the following sup-
portive care agents and monitoring parameters are prescribed
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for K.M.: on the day of admission (day –8), administer a pheny-
toin loading dose (10–15 mg/kg) orally in divided doses (300, 300,
and 400 mg Q 3 hr). Continue 300 mg PO daily from days –8 to
–3. Busulfan pharmacokinetic blood sampling is to occur after
dose 1 to a target busulfan concentration at steady state (CSS)
>900 ng/mL. Begin normal saline hydration 3,000 mL/m2/day 4
hours before cyclophosphamide and continue for 24 hours after
the last cyclophosphamide dose. Mesna is to be given concur-
rently with cyclophosphamide as 10% of the cyclophosphamide
dose administered intravenously 30 minutes before starting the
cyclophosphamide dose, then as 100% of cyclophosphamide dose
administered as a continuous IV infusion over 24 hours after each
dose of cyclophosphamide. Beginning on day –5, weigh patient
twice daily, check fluid input and urinary output every 4 hours,
and monitor urine for RBCs daily until 24 hours after the last
cyclophosphamide dose. If urine output drops below 300 mL over
2 hours, administer an IV bolus of 250 mL normal saline and
give furosemide 10 mg/m2, not to exceed 20 mg IV. What is the
rationale for these supportive care therapies and monitoring pa-
rameters prescribed for K.M. as they relate to busulfan therapy?

Seizures occur in approximately 10% of patients receiving
high-dose busulfan for HCT preparative regimens. Busulfan
is highly lipophilic and readily crosses the blood–brain barrier
with an average CSF: plasma ratio of 1 or higher. Seizures are
probably a direct neurotoxic effect,79 so, seizure prophylaxis
is used. Many HCT centers use phenytoin for seizure pro-
phylaxis, although benzodiazepines (e.g., lorazepam or clon-
azepam) also have been used.80 Seizure prophylaxis is started
at least 24 hours before the first busulfan dose and is usually dis-
continued 24 to 48 hours after administering the last busulfan
dose. Seizures can occur despite the use of seizure prophylaxis,
but they usually do not result in permanent neurologic deficits.

Adaptive Dosing of Busulfan

19. What dosing strategies can be used to minimize busulfan
toxicities?

Wide interpatient variability in the clearance of both oral
and IV busulfan, along with the identified concentration–effect
relationships, has led to adaptive dosing of busulfan. The clear-
ance of Busulfex (IV busulfan) adjusted for weight exhibited
interpatient variability with a coefficient of variation (CV, stan-
dard deviation/mean) of 25% in 59 patients.81 Oral busulfan
exhibited a similar CV of 21% in 279 adult patients.77 Weight,
disease, and age are factors that may influence the clearance
of oral busulfan.77

In patients receiving BU/CY, adaptive dosing of busulfan to
achieve a target plasma level minimizes veno-occlusive disease
(VOD), while improving engraftment and relapse rates.82−84

The pharmacodynamic relationships are briefly reviewed here;
however, more complete reviews of these relationships af-
ter oral busulfan administration are available elsewhere.85,86

When reviewing pharmacodynamic data for busulfan, close
attention should be paid to their interpretation because of the
potential changes in the concentration–effect relationships be-
tween busulfan CSS and outcome in each patient population and
for each preparative regimen. Most studies have shown a phar-
macodynamic relationship in patients receiving the BU/CY
preparative regimens. One must also pay close attention to the
units used in these studies. Data are also represented as area un-

der the plasma concentration time curve (AUC) or CSS. AUC
data are easily converted to CSS (CSS = AUC/dosing inter-
val). Results are expressed as μM-minute or ng/mL; an AUC
of 1,500 μM-minute is roughly equivalent to a CSS of 1,025
ng/mL based on busulfan’s molecular weight of 246.

Hepatic VOD was observed more frequently in patients re-
ceiving BU/CY with a busulfan CSS >925 to 1,025 ng/mL.
In BU/CY regimens, busulfan CSS >600 ng/mL favors en-
graftment, although contradictory data exist. Higher busulfan
concentrations (CSS >900 ng/mL) were associated with lower
relapse rates in adult CML patients receiving BU/CY before
HLA-matched grafts, with acceptable rates of VOD. Thus, a
busulfan CSS >900 ng/mL is targeted for K.M. because she
has CML.

IV busulfan (Busulfex) was approved by the U.S. Food and
Drug Administration (FDA) for use in combination with cy-
clophosphamide as a preparative regimen before allogeneic
HCT for CML. The FDA-approved dose is 0.8 mg/kg IV Q 6
hr for 16 doses, which is similar to the oral busulfan dose of 1
mg/kg with a mean fraction absorbed (F) of 90%.87 Busulfex,
at 0.8 mg/kg of ABW or 29 mg/m2 of BSA produces an av-
erage AUC of 1,200 μM-minute, within a wide range of 900
to 1,500 μM-minute in 80% of patients.78 The product label-
ing states “high busulfan AUC values (>1,500 μM-minute)
may be associated with an increased risk of developing hep-
atic VOD,” which has caused many HCT centers to institute
adaptive dosing of IV busulfan. See Questions 23–25.

Hemorrhagic Cystitis

20. What is the rationale for these supportive care therapies
and monitoring parameters prescribed for K.M. as they relate to
cyclophosphamide therapy?

In HCT patients receiving cyclophosphamide, moderate
to severe hemorrhagic cystitis occurs in 4% to 20% of pa-
tients receiving hydration alone.88 The putative bladder toxin is
acrolein, a metabolite of cyclophosphamide.89 Mesna donates
free thiol groups to bind acrolein. American Society of Clini-
cal Oncology (ASCO) Guidelines for the Use of Chemotherapy
and Radiotherapy Protectants recommends the use of mesna
plus saline diuresis or forced saline diuresis to lower the inci-
dence of urothelial toxicity with high-dose cyclophosphamide
in the setting of HCT.90 It is important to note that hematuria or
hemorrhagic cystitis can occur despite the use of any of these
methods.

The optimal mesna dose with high-dose cyclophosphamide
in preparation for myeloablative HCT is unknown. A variety
of different regimens have been used, including intermittent
bolus dosing (mesna dose 20%–40% of cyclophosphamide
dose, administered for three or four doses) or continuous infu-
sion regimens (mesna dose 80%–160% of cyclophosphamide
dose).88,91,92 Mesna should be continued for 24 to 48 hours af-
ter the last cyclophosphamide dose, such that mesna is present
within the bladder to donate free thiol groups at the same time
as the urotoxic metabolite acrolein. After IV administration
of mesna, most of it (i.e., 60%−100%) is excreted within the
urine over 4 hours.93 Cyclophosphamide has an average half-
life of 7 hours after administration of 60 mg/kg,94 and acrolein
may be present within the urine for 24 to 48 hours after cy-
clophosphamide administration.95
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Thus, K.M. is receiving hydration with normal saline and
mesna, administered as a continuous infusion, to minimize her
risk of hemorrhagic cystitis due to cyclophosphamide. K.M.
should also be monitored for any RBCs present in the urine,
along with her urinary output, to allow for rapid intervention
if hemorrhagic cystitis occurs.

Chemotherapy-Induced Gastrointestinal Effects

21. What other end-organ toxicities must be watched for?
Should any medications be ordered for K.M. to prevent and
treat the gastrointestinal (GI) effects associated with myeloab-
lative therapy?

Preparative regimens for myeloablative HCT result in other
end-organ toxicities, such as renal failure96 and idiopathic
pneumonia syndrome.97 Lung injury post HCT has a mortality
rate greater than 60%. Risk factors include total body irradia-
tion (TBI), allogeneic HCT, and acute GVHD, which suggest
that donor lymphocytes target the lung.98 Tumor necrosis fac-
tor, induced by GVHD and damage to the intestinal mucosa,
contributes to lung injury. Lung injury may be decreased by
prompt treatment with etanercept, which inhibits tumor necro-
sis factor, and corticosteroids.1

The preparative regimen causes most patients to be nause-
ated and anorexic until day +10 to +15. CINV in HCT recip-
ients can be due to highly emetogenic chemotherapy agents,
TBI administration, and poor control of CINV prior to HCT.
Thus, patients such as K.M. who are undergoing a myeloab-
lative HCT should be treated with a serotonin antagonist plus
a corticosteroid.99 ASCO guidelines state that the use of the
neurokinin receptor 1 antagonist, aprepitant, should be con-
sidered, although evidence to support its use in HCT patients
is lacking.99 Because aprepitant is a moderate inhibitor of
cytochrome P450 3A4, it can theoretically interact with the
preparative regimen; thus, well-controlled studies evaluating
its efficacy, along with its potential for causing drug interac-
tions, are needed.99 The serotonin antagonist ondansetron may
increase cyclophosphamide clearance in breast cancer patients
undergoing a myeloablative HCT100,101; however, further work
is needed to identify the clinical implications of this finding
because, to date, cyclophosphamide concentrations have not
been consistently associated with clinical outcomes in patients
undergoing a myeloablative HCT.87,102

Most patients receiving a myeloablative preparative regi-
men experience mucositis due to its effects on rapidly divid-
ing cells of the oral epithelium. The use of methotrexate, as
GVHD prophylaxis, also contribute to mucositis.103 Oral mu-
cositis causes nausea and anorexia. In severe cases, parenteral
opioid analgesics for pain relief104 and total parenteral nutri-
tion to prevent the development of nutritional deficits may be
needed. Because mucositis can be worsened by superinfec-
tion, good oral hygiene should be practiced. Soft toothbrushes
should be used and replaced often105 The FDA recently ap-
proved recombinant human keratinocyte growth factor palifer-
min (Kepivance). The Multinational Association of Support-
ive Care in Cancer (MASCC) and International Society for
Oral Oncology (ISOO) Guidelines recommend palifermin to
prevent mucositis for patients with hematologic malignancies
receiving myeloablative chemotherapy and TBI with autolo-
gous HCT. Palifermin 60 mcg/kg/day should be given for 3

days immediately prior to administering the preparative regi-
men and for 3 days after infusion of the hematopoietic stem
cell graft (i.e., days 0, +1, +2).105 In these patients, palif-
ermin lowered the incidence and average duration of clini-
cally meaningful oral mucositis. The incidence of bloodborne
infections and the use of parenteral opioids also diminished
outcomes.106

Myelosuppression and Growth Factor Use

22. An order is written to begin filgrastim on day 0 and to con-
tinue administration until the ANC has recovered to 500/mm3 for
2 consecutive days. Is this therapy appropriate for K.M.?

[SI units: ANC 500 × 106 cells/L]

The use of hematopoietic growth factors (HGFs) after in-
fusion of allogeneic PBPC is controversial and is not recom-
mended by ASCO Guidelines.20 Administration of HGFs after
allogeneic graft infusion decreases the duration of neutropenia,
but does not decrease cost, length of hospitalization, or antibi-
otic use. HGF administration increases the incidence of severe
GVHD and lowers survival. K.M. is receiving an allogeneic
PBPC graft and, thus, should not receive filgrastim starting on
day 0.

Veno-Occlusive Disease of the Liver

23. K.M.’s pretransplantation admission laboratory values are
within normal limits. Her weight on admission is 80 kg. During
the first 5 days after marrow infusion, K.M.’s weight begins to
increase by approximately 0.5 kg/day, her inputs exceed her out-
puts by about 500 to 1,000 mL/day, and she is mildly febrile with
an axillary temperature of 38◦C. Blood and urine cultures are
all negative. On day +6, her weight is 85 kg. Laboratory val-
ues drawn on day +7 are significant for a total bilirubin of 1.5
mg/dL, an aspartate aminotransferase (AST) of 40 U/L (normal,
0–45), and an alkaline phosphatase of 120 U/L (normal, 30–120).
By day +10, K.M. is complaining of midepigastric, right upper
quadrant pain, and a liver that is tender to palpation. Over the
next few days, K.M. begins to look icteric. Her liver function tests
continue to rise slowly, until day +18 when they reach the follow-
ing peak values: total bilirubin 5.0 mg/dL (normal, 0.1–1), AST
150 U/L, and alkaline phosphatase 180 U/L. On day +18, K.M.’s
weight is 90 kg. “Rule out VOD of the liver” is included on her
problem list in the medical record. What is VOD?

[SI units: total bilirubin 25.6 and 85.5 μmol/L respectively; AST, alkaline

phosphatase, same as previously]

Hepatic VOD is a life-threatening complication of HCT.103

The incidence of VOD varies considerably, ranging from
5.3% to 54%, mainly due to differences in the preparative
regimens.103 Preparative regimens including busulfan, cy-
clophosphamide, and/or TBI >13.2 Gy have been associated
with higher VOD rates.102,107 Although the pathogenesis is
not understood completely, the key event is toxic injury to
the sinusoidal endothelial cells. Involvement of the hepatic
venules is not essential to developing the clinical signs and
symptoms; thus, the term “sinusoidal obstruction syndrome”
has been proposed in place of VOD.108 The endothelial dam-
age initiates the coagulation cascade, induces thrombosis of
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the hepatic venules, and eventually leads to fibrous obliter-
ation of the affected venules.103 The cardinal histologic fea-
tures are marked sinusoidal fibrosis, necrosis of pericentral
hepatocytes, and narrowing and eventual fibrosis of central
veins.108 In patients with VOD, early microscopic changes in-
clude subendothelial swelling, leading to several physiological
changes, including narrowing of hepatic venules and necrosis
of centrizonal hepatocytes.103

Clinical Presentation

24. What signs and symptoms in K.M. are consistent with a
diagnosis of VOD?

The signs and symptoms associated with VOD are hyper-
bilirubinemia (≥2 mg/dL), weight gain (>5% above baseline),
hepatomegaly, azotemia, elevated alkaline phosphatase, as-
cites, elevated AST, and encephalopathy.109 Insidious weight
gain exceeding 5% of baseline is usually the first manifes-
tation of impending VOD, occurring in more than 90% of
patients within 3 to 6 days after marrow infusion.110 Weight
gain is caused by sodium and water retention, as evidenced
by decreased renal sodium excretion. This is usually distin-
guished from cyclophosphamide-induced syndrome of inap-
propriate secretion of antidiuretic hormone by the time course
relative to administration of the preparative regimen. Hyper-
bilirubinemia, which also occurs in virtually all patients, fol-
lows the onset of weight gain and usually appears within 10
days after hematopoietic stem cell infusion. In more than
half of the patients, the peak bilirubin concentration is >6
mg/dL. Other liver function test abnormalities usually occur
after hyperbilirubinemia and include elevations in AST and
alkaline phosphatase. Ascites, right upper quadrant pain, and
encephalopathy lag behind changes in liver function tests and
develop within 10 to 15 days after infusion of hematopoietic
stem cells.110

A clinical diagnosis of VOD is made when two of the fol-
lowing features occur within the first 20 days of HCT: (a);
hyperbilirubinemia (total serum bilirubin >2 mg/dL), (b) he-
patomegaly or right upper quadrant pain, and (c) sudden weight
gain.110 To make a clinical diagnosis of VOD, the features listed
previously must occur without other causes of post-HCT liver
damage, including GVHD, viral hepatitis, fungal abscesses,
and drug reactions. A clinical diagnosis can be confirmed his-
tologically via liver biopsy.

In summary, the signs and symptoms consistent with VOD
in K.M. include insidious weight gain, hyperbilirubinemia, and
right upper quadrant pain. The onset and timing of these signs
and symptoms are consistent with VOD and occurred without
other causes of hepatic toxicity.

Prevention and Treatment

25. What is the likelihood that K.M. will recover from her VOD?
How should she be treated?

The overall mortality for patients who develop VOD varies
considerably (i.e., 0%–67%) due to the variable definitions of
VOD and fatal VOD.103 Patients with greater weight gain and
elevations in total bilirubin are more likely to die of VOD
when compared to patients with less severe weight gain and
elevations in total bilirubin.103 Severe VOD is usually accom-
panied by multiorgan system failure, and these patients rarely

die from liver failure itself but from renal and cardiopulmonary
failure.103

Risk factors for severe and/or fatal VOD have been identi-
fied in the hope of preventing this condition or its progression
through early treatment. Although various risk factors have
been identified, their association is variable, and conflicting
reports of their association can be found. The most important
risk factors are the preparative regimen, TBI dose, the phar-
macokinetics of busulfan and/or cyclophosphamide, and liver
inflammation and fibrosis pre-HCT.103 In patients with AML,
gemtuzumab ozogamicin (Mylotarg) has been associated with
VOD when used prior to and after HCT.103

Various pharmacologic methods to prevent VOD have been
evaluated. One such method is altering the preparative reg-
imen. The substitution of fludarabine for cyclophosphamide
in combination with busulfan (i.e., BU/FLU) and the use of
reduced intensity regimens that contain no liver toxins ap-
pear to lower VOD risk.1,103,111,112 When busulfan is dosed
based on body weight, VOD rates are lower with IV busulfan
compared to oral busulfan.113,114 Individualizing chemother-
apy doses for busulfan or cyclophosphamide may also lower
VOD rates. There is interpatient variability in their metabolism
and clearance, along with pharmacodynamic relationships, al-
though the relationships vary within the various preparative
regimens.85,115 The association of VOD with busulfan con-
centrations is discussed in the “Adaptive Dosing of Busul-
fan” section. Although the data from clinical trials are mixed,
some HCT centers routinely use heparin infusions or low-
molecular-weight heparin subcutaneously. Single-agent urso-
diol (600 mg/day PO) has been associated with a lower in-
cidence of VOD116,117 or with a lower frequency of total
serum bilirubin >3 mg/dL.118 Ursodiol, which is a bile acid,
most likely lowers cholestasis but not toxic liver injury.103

Prostaglandin E1 and anticytokine strategies, specifically pen-
toxifylline, have been ineffective in preventing VOD in clinical
trials.103

Most patients with VOD (70%–85%) spontaneously re-
cover; thus, the mainstay of treatment is managing sodium
and water balance and repeated paracentesis for ascites that
is associated with pain for pulmonary compromise.103 Vol-
ume expanders such as albumin and colloids may be used to
maintain intravascular volume, spironolactone may be used
to minimize extravascular fluid accumulation, and protein
restriction and lactulose may be used if encephalopathy de-
velops. Unfortunately, improved outcomes with these mea-
sures have not been confirmed. In patients with severe VOD
and multiorgan failure, available treatment options are lim-
ited. Thrombolytic therapy with recombinant human tissue
plasminogen activator (rh-TPA) and heparin have had mixed
results in terms of efficacy, and can cause fatal intracere-
bral or pulmonary bleeding.103 Defibrotide, an investigational
new drug, has shown promising results in the treatment of
VOD.119−121 Defibrotide, a ribonucleotide, has antithrombotic,
anti-ischemic, and thrombolytic activity without producing
significant systemic anticoagulation. In a compassionate use
trial of 88 patients with severe VOD and associated organ dys-
function, 36% of patients had complete resolution of VOD and
35% survived past day 100 after HCT.121

Because K.M. does not meet the criteria for severe VOD,
she should be managed conservatively with fluid restriction
and spironolactone. Her signs and symptoms should resolve
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over the next 2 weeks. Because she has mild VOD, she is likely
to recover completely without sequelae.

Graft Rejection

26. E.R. is a 65-year-old woman diagnosed with myelodysplas-
tic syndrome. Past medical history is significant for type I dia-
betes and renal dysfunction. After her initial diagnosis, a suc-
cessful search for a completely HLA-matched unrelated donor
was conducted. E.R. will receive a nonmyeloablative allogeneic
HCT using bone marrow. E.R.’s preparative regimen orders are
written as follows: fludarabine, 30 mg/m2/day on days –4, –3 and
–2 and 2 Gy TBI on the day of marrow infusion with postgraft-
ing cyclosporine and mycophenolate mofetil. It now is day +28,
and E.R.’s CBC reveals the following: WBC count, 500 cells/mm3

(normal, 3,200–9,800); no granulocytes or monocytes detected on
differential; platelets, 100,000/mm3 (normal, 130,000–400,000);
and hematocrit (Hct), 30% (normal, 33%–43%). Donor T-cell
chimerism is <5%. What is E.R. experiencing, and how should
she be treated?

[SI units: WBC, <0.1 cells/L platelets, 100 × 109 cells/L Hct, 0.22]

Reduced intensity regimens typically consist of fludara-
bine in combination with an alkylating agent or low-dose
TBI (Fig. 92-2). With the nonmyeloablative fludarabine/TBI
regimen, there is minimal neutropenia, thrombocytopenia,
and nonhematologic toxicity, thus making HCT an outpatient
procedure.1 Engraftment is usually evident within the first 30
days in patients receiving a nonmyeloablative preparative reg-
imen; however, rejection can occur after initial engraftment.4

Because E.R. has low donor T-cell chimerism on day +28, she
is at higher risk of experiencing graft rejection.

In myeloablative allogeneic HCT, graft rejection is less com-
mon because the donor PBPC or marrow is unmanipulated and
free from the toxic effects of prior chemotherapy. A delicate
balance between host and donor effector cells is necessary
since residual host-versus-graft effects may lead to graft re-
jection. The incidence of graft rejection is higher in patients
with aplastic anemia and in patients undergoing HCT with his-
toincompatible marrow or T-cell–depleted marrow. Graft rejec-
tion is uncommon in leukemia patients receiving myeloablative
preparative regimen with a histocompatible allogeneic donor.
After myeloablative HCT, there are limited therapeutic options
for the treatment of graft rejection. A second HCT is the most
definitive therapy, although the toxicities are formidable.122 In
patients receiving myeloablative allogeneic HCT, graft rejec-
tion is best managed with immunosuppressants such as an-
tithymocyte globulin.

E.R. received nonmyeloablative conditioning, and thus, she
should have mixed chimerism posttransplant. However, be-
cause she is <5% donor she will not benefit from the GVT
effect due to the lack of the donor’s cytotoxic T lymphocytes
that suppress the recipient’s malignancy. Current research is
focusing on quantitative chimerism monitoring, specifically
evaluating the percent donor chimerism, which may be a tool
on which to base clinical interventions.68 Donor chimerism
is evaluated in different cell types (e.g., T cells, NK cells,
granulocytes). The longitudinal changes in the percent donor
chimerism, termed “engraftment kinetics,” are influenced by
several factors such as, type of HCT conditioning, stem cell

source, intensity of postgrafting immunosuppression.68,123 A
balance between the recipient and donor’s cells is needed
to maximize the GVT effect, which lowers the risk of re-
lapse while minimizing the risk of GVHD. Some HCT centers
are evaluating the benefit of clinical interventions to tip this
balance.68,123

E.R. is at high risk of graft rejection. A trial of discon-
tinuing cyclosporine and mycophenolate mofetil is an option.
E.R.’s T-cell chimerism should be monitored periodically, and
hematopoietic function should be monitored with daily CBCs
and a bone marrow biopsy every 2 weeks.

GRAFT-VERSUS-HOST DISEASE
GVHD is caused by activation of donor lymphocytes lead-
ing to immune damage to the recipient. Histocompatibility
differences between donor and recipient necessitate posttrans-
plantation immunosuppression after allogeneic HCT because
considerable morbidity and mortality are associated with graft
rejection and GVHD. Therefore, postgrafting immunosuppres-
sion or GVHD prophylaxis is used after allogeneic HCT. How-
ever, because allogeneic transplantation offers the potential for
a GVT effect in which immune effector cells from the donor
recognize and eliminate residual tumor in the recipient, re-
search is focusing on being able to improve GVT effects while
lowering the risk of graft rejection and GVHD.3

GVHD is the most important complication of allogeneic
HCT.1 GVHD can occur after allogeneic HCT, regardless of
the preparative regimen used. The pathophysiology of GVHD
is not completely understood, but the current view of its devel-
opment is described by a three-step process. The pathophysiol-
ogy for acute GVHD is a multistep phenomenon, including (a)
the preparative regimen results in tissue damage and release of
inflammatory cytokines into the circulation; (b) both recipient
and donor antigen presenting cells and inflammatory cytokines
trigger activation of donor-derived T cells; and (c) the activated
donor T cells mediate cytotoxicity through a variety of mech-
anisms, which leads to tissue damage characteristic of acute
GVHD.124

GVHD is divided into two forms (i.e., acute or chronic)
based on clinical manifestations. Acute GVHD damages the
skin, GI tract, and liver and usually occurs in the first 100 days
after allogeneic HCT.1 In contrast, chronic GVHD can affect
almost any organ system, closely resembles several autoim-
mune diseases, and usually occurs after day 100.

The vast majority of the data regarding the prevention and
treatment of GVHD have been obtained after myeloablative
preparative regimens. Therefore, this section refers only to tri-
als conducted in recipients of a myeloablative allogeneic HCT.

Acute Graft-versus-Host Disease
Risk Factors

27. M.P., a 22-year-old, 70-kg man, undergoes a one-antigen
mismatched allogeneic HCT from his sister for the diagnosis of
Philadelphia chromosome-positive AML. After a preparative reg-
imen of CY/TBI, the following immunosuppressive regimen is or-
dered: tacrolimus 0.3 mg/kg/day as a continuous infusion from
days –1 until tolerating oral medications, then switch to tacrolimus
1.2 mg/kg PO Q 12 hr until day +50. Methotrexate 15 mg/m2 IV
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Table 92-6 Clinical Staging of Acute Graft-versus-Host Disease (GVHD) According to Organ System

Stage Skina Liver Intestinal Tract b

+ Maculopapular rash <25% of body surface Bilirubin 2–3 mg/dL 500–1,000 mL/day diarrhea or persistent nauseac

+ + Maculopapular rash 25%–50% body surface Bilirubin 3.1–6 mg/dL 1,000–1,500 mL/day diarrhea
+ + + Generalized erythroderma Bilirubin 6.1–15 mg/dL >1,500 mL/day diarrhea
+ + + + Generalized erythroderma with bullous formation

and desquamation
Bilirubin >15 mg/dL Severe abdominal pain with or without ileus

aExtent of rash determined by burn chart or “rule of nines.”
bDiarrhea volume applies to adults.
cPersistent nausea requires endoscopic biopsy to show evidence of GVHD histology in stomach or duodenum.
Adapted from Sullivan KM. Graft-versus-host disease. In: Blume KG et al, eds. Thomas’ Hematopoietic Cell Transplantation. 3rd ed. Malden, MA: Blackwell; 2004:635.

on day +1, then 10 mg/m2 day +3, +6, and +11. What factors
are associated with an increased risk of acute GVHD?

The single most important factor associated with the de-
velopment of GVHD is the degree of histocompatibility be-
tween donor and recipient.1 Clinically relevant grade II–IV
acute GVHD occurs in 20% to 50% of HLA-matched sib-
ling grafts and 50% to 80% of HLA-mismatched sibling or
HLA-identical unrelated donors.125 The onset of acute GVHD
is earlier and severity is increased in mismatched grafts rela-
tive to matched grafts, and also in matched unrelated donors
relative to matched sibling donors.40,126 Other factors that in-
crease the risk of developing acute GVHD include increas-
ing recipient (and possibly donor) age, greater intensity of the
preparative regimen, use of PBPC rather than bone marrow,
and donor/recipient sex mismatch.124 CBT have a lower risk
of acute GVHD.127−129

M.P. is receiving allogeneic bone marrow from a female
sibling donor that is mismatched at one HLA antigen. These
two factors increase his risk of developing acute GVHD.

Clinical Presentation

28. On day +14, the time at which engraftment occurred, M.P.
is noted to have a diffuse macular papular rash on his arms, hands,
and front trunk. He does not have diarrhea, and his liver func-
tion tests are within normal limits. At the onset of his rash, M.P.’s
empiric antibiotics are changed from cefepime to imipenem. De-
spite the change in antibiotics, M.P.’s rash persists. How is M.P.’s
presentation consistent with acute GVHD?

The primary targets of immune-mediated destruction of
host tissue by donor lymphocytes in acute GVHD are the skin,
liver, and GI tract.125 Acute GVHD of the skin usually mani-
fests as a diffuse maculopapular rash that starts on the palms
of the hands or soles of the feet or face. In more severe cases,
skin GVHD can progress to a generalized total body erythro-
derma, bullous formation, and skin desquamation. The earliest
symptoms of acute GVHD of the GI tract are usually loss of
appetite followed by nausea and vomiting.103 Abdominal pain
and watery or bloody diarrhea also occur, which can result in
electrolyte abnormalities, dehydration, or ileus in severe cases.
Liver GVHD usually follows skin and/or GI GVHD. Clinical
symptoms of liver GVHD include a gradual rise in total biliru-
bin, alkaline phosphatase, and hepatic transaminases.103 Acute
GVHD is usually not evident until the time of engraftment,
when donor lymphoid elements begin to proliferate. The skin
is usually the first organ to be involved. The onset of liver or
GI GVHD usually lags behind the onset of skin GVHD by

approximately 1 week and infrequently occurs without skin
GVHD.

Acute GVHD must be distinguished accurately from other
causes of skin, liver, or GI toxicity in the HCT patient. For
example, a maculopapular rash, which may occur as a mani-
festation of an allergic reaction to antibiotics, usually begins
on the trunk or upper extremities and rarely presents on the
palms of the hands or soles of the feet. Diarrhea can be caused
by chemotherapy, radiation, infection, or antibiotic therapy.103

However, diarrhea caused by the preparative regimen is rarely
bloody and usually resolves within 3 to 7 days after discon-
tinuation of drugs and radiation. Diarrhea caused by infec-
tious agents such as Clostridium difficile or cytomegalovirus
(CMV) should be distinguished from GVHD. Liver GVHD
must be distinguished primarily from VOD and, to a lesser
extent, hepatitis induced by drugs, blood products, or par-
enteral nutrition.103 Although liver function test abnormalities
between these syndromes are similar, liver GVHD is rarely
associated with insidious weight gain or right upper quadrant
pain.103 A tissue biopsy of the affected organ in conjunction
with clinical evidence is the only way to definitively diagnose
acute GVHD. Acute GVHD is associated with characteristic
histologic changes to affected organs. A staging system based
on clinical criteria is used to grade acute GVHD. The severity
of organ involvement is determined first (Table 92-6), and then
an overall grade is established based on number and extent of
involved organs (Table 92-7).

Table 92-7 Overall Clinical Grading of Severity of Acute
Graft-versus-Host Disease

Grade Degree of Organ Involvement

I—Mild + to + + skin rash; no liver involvement; no
gastrointestinal (GI) involvement; no functional
impairment

II—Moderate + to + + + skin rash; + liver involvement; + GI
involvement; mild functional impairment

III—Severe + + to + + + skin rash; + + to + + + liver
involvement, + + to + + + + GI involvement (or
both); moderate functional impairment

IV—Life
threatening

Any skin involvement, + + to + + + + liver
involvement, + + to + + + + GI involvement
and extreme functional impairment

Adapted from Sullivan KM. Graft-versus-host disease. In: Blume KG et al, eds.
Thomas’ Hematopoietic Cell Transplantation. 3rd ed. Malden, MA: Blackwell;
2004:635.



92-18 � NEOPLASTIC DISORDERS

M.P. developed a rash at the time of engraftment that could
have been consistent with either an antibiotic-induced rash or
acute GVHD. Although it was appropriate to change antibi-
otics, the fact that M.P.’s rash did not improve is suggestive of
acute GVHD. M.P.’s rash is present on 36% of his body, but
because there are no signs of GI or liver involvement at this
time, M.P. is likely to have grade I GVHD (Tables 92-6 and
Table 92-7).

Immunosuppressive Prophylaxis

29. Why did M.P. receive prophylactic immunosuppressive ther-
apy with tacrolimus and methotrexate?

GVHD is a leading cause of morbidity and mortality af-
ter allogeneic HCT. Without post-HCT immunosuppression,
serious acute GVHD would occur in almost every allogeneic
HCT recipient.1 The most common method used to minimize
GHVD risk is to administer postgrafting immunosuppression.
However, these immunosuppressive regimens are associated
with significant toxicity and a higher risk of relapse in patients
with acute leukemia who are at high risk of relapse.130 The
latter is most likely due to the GVT effect mediated in con-
junction with acute GVHD because an inverse relationship be-
tween acute GVHD and leukemic relapse has been observed.3

Patients with acute leukemias at high risk for relapse may re-
ceive single-agent prophylaxis for acute GVHD because the
development of some acute GVHD may facilitate a GVT ef-
fect.

Initially, acute GVHD was prevented with single-drug ther-
apy using ATG, cyclophosphamide, methotrexate, or cyclo-
sporine.131−133 ATG binds nonspecifically to mononuclear
cells and depletes hematopoietic progenitor cells in addition
to lymphocytes. Consequently, ATG is rarely used for fear of a
high incidence of graft failure.131 The risk of GVHD is greatly
reduced by two-drug combination immunosuppression (Table
92-8). Methotrexate, cyclosporine or tacrolimus, and corti-
costeroids are the agents most commonly incorporated into
combination immunosuppressive regimens. Although the most
widely published regimen is short-course methotrexate plus cy-
closporine (Seattle regimen),133 there is no national consensus
with regard to the most effective regimen. Methotrexate is ad-
ministered up to day +11. Several randomized clinical trials
have compared tacrolimus and short-course methotrexate with
cyclosporine plus short-course methotrexate in patients un-
dergoing allogeneic HCT using HLA-matched siblings134,135

and unrelated donors.74 Recipients of matched-sibling grafts
treated with tacrolimus had a lower incidence of grade II to
IV acute GVHD, but a similar incidence of chronic GVHD.134

Overall survival was lower in the tacrolimus group as a result
of more toxic deaths in patients with advanced stage disease;
however, a higher number of advanced stage disease patients
in the tacrolimus/methotrexate group make the results of this
trial somewhat difficult to determine.134

Subsequently, the IBMTR conducted a matched control
study, which suggested that the survival difference between the
two arms was in fact due to the imbalance in the underlying risk
factors.135 In patients receiving HLA-matched or slightly mis-
matched unrelated grafts, those given tacrolimus had a lower
incidence of grade II to IV acute GVHD, a similar incidence
of chronic GVHD and similar disease-free and overall survival
rates.74 Patients with advanced hematologic malignancies were
excluded from this study. Both regimens are currently used in
allogeneic HCT after myeloablative preparative regimens.

Several studies have compared triple-drug with two-drug
immunosuppression. The incidence of acute GVHD has been
similar or lower with triple-drug regimens, but infectious com-
plications are higher, and overall survival is similar to two-drug
regimens.136,137 Three-drug immunosuppression regimens are
still being evaluated and are used mainly in mismatched or
unrelated allogeneic HCT, where the risk of acute GVHD is
increased.

M.P. received acute GVHD prophylaxis with a two-drug
regimen of short-course methotrexate and tacrolimus.

30. What principles are used in dosing medications used for
acute GVHD prophylaxis?

Although the various combination immunosuppressive reg-
imens vary slightly by drug, dose, and combination, several
guidelines are consistent throughout all regimens. First, cy-
totoxic agents used in combination for prophylaxis of acute
GVHD (e.g., methotrexate) are withheld or given in re-
duced doses if mucositis or myelosuppression is severe.133,136

Methotrexate for GVHD prophylaxis can delay engraftment,
increase the incidence and severity of mucositis and cause liver
function test elevations. The methotrexate dose is reduced in
the setting of renal or liver impairment.138

The calcineurin inhibitors (i.e., cyclosporine, tacrolimus)
should be initiated before or immediately after donor cell in-
fusion (day –1 or 0) when used for GVHD prophylaxis. This
schedule is recommended because of the known mechanism of

Table 92-8 Combination Regimens of Prophylaxis of Acute Graft-versus-Host Disease

Drug Dosing Examples

Cyclosporine/short-term
methotrexate133

1.5 mg/kg IV or 6.25 mg/kg (Sandimmune) PO Q 12 hr, days –1 to + 50, then taper 5% per week and discontinue by
day + 180

Methotrexate 10 mg/m2 IV, days + 3, + 6, + 11
Tacrolimus/short-term

methotrexate74
Tacrolimus 0.03 mg/kg/day continuous IV infusion or 0.12 mg/kg/day PO BID
Methotrexate 15 mg/m2 IV day + 1, 10 mg/m2 IV, days + 3, + 6, + 11

Cyclosporine/methotrexate/
prednisone136

Cyclosporine 5 mg/kg/day IV continuous infusion, day –2 to + 3, then 3–3.75 mg/kg IV until day + 35; then 10
mg/kg/day (Sandimmune) PO, dose adjusted to cyclosporine concentrations (via radioimmunoassay) of 200–600
ng/mL. Taper by 20% Q 2 wk; then discontinue by day + 180

Methotrexate 15 mg/m2 IV day + 1, 10 mg/m2 IV day + 3, + 6
Methylprednisolone 0.5 mg/kg/day IV, day + 7 until day + 14, then 1 mg/kg/day IV until day + 28, then prednisone

0.8 mg/kg/day PO until day + 42, then taper slowly and discontinue by day + 180
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action of cyclosporine, which entails blocking the proliferation
of cytotoxic T cells by inhibiting production of helper T-cell–
derived IL-2. Administering cyclosporine before the donor cell
infusion allows inhibition of IL-2 secretion to occur before a
rejection response has been initiated.

Cyclosporine is usually administered intravenously until the
GI toxicity from a myeloablative preparative regimen has re-
solved (e.g., for 7–21 days).133 This is because GI effects of
the preparative regimen (e.g., CINV, diarrhea) and GVHD af-
fect the oral absorption of microemulsion cyclosporine and
may result in inconsistent blood concentrations.139 Most cen-
ters use the microemulsion oral formulation (Neoral) or other
new generic microemulsion formulations that have improved
bioavailability. With the Neoral formulation, a ratio of 1:2 or
1:3 is used. The most common ratio used when converting
tacrolimus from IV to oral is 1:4. Different conversion ratios
for IV to oral regimens may be used when patients are re-
ceiving concomitant medications that affect cytochrome P450
3A or P-glycoprotein, which are involved in the metabolism
and transport of the calcineurin inhibitors (e.g., itraconazole).
Thus, careful monitoring for drug interactions with the cal-
cineurin inhibitors is warranted.140

The dose of cyclosporine or tacrolimus is adjusted based
on serum drug levels and the serum creatinine (SrCr) concen-
tration. Doses are usually reduced by 50% if the SrCr con-
centration doubles above baseline and is withheld for SrCr
concentrations >2 mg/dL.133,141 Although the calcineurin in-
hibitors do not contribute to myelosuppression, common ad-
verse effects to these agents include neurotoxicity, hyperten-
sion, and/or nephrotoxicity (which may lead to an impaired
clearance of methotrexate).79

When corticosteroids are added to combination immuno-
suppressive regimens, they are usually withheld until engraft-
ment is expected (7–14 days after marrow infusion). Admin-
istering corticosteroids earlier in the posttransplantation pe-
riod (e.g., day 0) paradoxically increases the incidence of
GVHD when used in combination with methotrexate and
cyclosporine.142 Corticosteroids are associated with several
adverse effects, including infectious complications, hyper-
glycemia, and an increased incidence of hypertension when
used in combination with a calcineurin inhibitor.

Tapering schedules for cyclosporine or tacrolimus and cor-
ticosteroids vary widely among institutions. The general goal is
to keep calcineurin inhibitor doses stable to day +50, and then
slowly taper with the intent of discontinuing all immunosup-
pressive agents by 6 months after HCT. By this time, immuno-
logic tolerance has developed, and patients no longer require
immunosuppressive therapy.

Adaptive Dosing of Calcineurin Inhibitors

31. On day +18, a tacrolimus level is drawn right before the
morning dose and is reported to be 15 ng/mL. Why are tacrolimus
levels being obtained for M.P.?

The role of pharmacokinetic monitoring of the calcineurin
inhibitors in HCT patients is not well defined but is commonly
performed because of the established pharmacodynamic as-
sociations within solid organ transplant recipients. In general,
desired tacrolimus trough concentrations are 5 to 15 ng/mL.
Tacrolimus concentrations >20 ng/mL have been associated
with increased risk of toxicity, primarily nephrotoxicity.143,144

Adjustments in tacrolimus dosing for increased SrCr should be
made in a manner similar to that described for cyclosporine.

It is standard practice for HCT centers to adjust cyclosporine
or tacrolimus doses based on trough blood concentrations.144

An association between cyclosporine concentrations and acute
GVHD was not found in early studies; however, other stud-
ies have suggested that cyclosporine trough concentrations
less than 200 ng/mL are associated with an increased risk of
acute GVHD.145,146 Pharmacokinetic monitoring may play a
more important role in minimizing the risk of cyclosporine-
induced nephrotoxicity. Cyclosporine trough concentrations
>400 ng/mL (via radioimmunoassay and high-pressure liquid
chromatography assay) are associated with a higher incidence
of nephrotoxicity in some series.147 However, it is important
to note that cyclosporine-induced nephrotoxicity can occur de-
spite low or normal concentrations of cyclosporine and may be
a consequence of other drug- or disease-related factors known
to influence the development of nephrotoxicity (e.g., concur-
rent use of other nephrotoxic agents, sepsis).

It is reasonable to adjust doses to maintain tacrolimus
trough concentrations between 5 to 15 ng/mL in patients
undergoing allogeneic HCT with a myeloablative prepara-
tive regimen. Recommendations for dose adjustments should
be based on tacrolimus concentrations and SrCr concentra-
tion. Dosage adjustments should be made for SrCr, regardless
of tacrolimus concentration, as recommended previously. No
standard dosage adjustment schedule exists, but most centers
adopt their own standardized approach. M.P. has a normal SrCr,
and his tacrolimus level is 15 ng/mL. Therefore, his tacrolimus
dose should be maintained.

Treatment of Established Acute Graft-versus-Host Disease

32. On day +19, the suspicion of acute skin GVHD is confirmed
by biopsy. On the same day, M.P. experiences 1,000 mL of diarrhea
over the next 24 hours and is noted to have a bilirubin of 2.8 mg/dL.
He is started on methylprednisolone 35 mg IV Q 6 hr. What is the
rationale for methylprednisolone therapy in M.P.?

[SI units: total bilirubin = 48 μmol/L]

Preventing the development of GVHD is the most effective
way to treat this HCT complication. Corticosteroids, often in
combination with calcineurin inhibitors, are first-line treatment
for GVHD. For this reason GVHD and its treatment cause
profound immunodeficiency.1,148 The combination of GVHD
and infectious complications are leading causes of mortality
for allogeneic HCT patients.

Corticosteroids are the first-line treatment for established
GVHD.124 A complete response occurs in 25% to 40% of
patients, with a lower likelihood of response in more se-
vere cases of acute GVHD.124 Patients with mild to moder-
ate (grades I–III) acute GVHD who respond to initial ther-
apy have a significantly better survival advantage than pa-
tients with severe acute GVHD who do not respond to ini-
tial therapy. Patients who do not respond to therapy or have
ongoing severe GVHD usually die from a combination of
GVHD and infectious complications.149

When treating acute GVHD, corticosteroids are generally
tapered based on response. There is no consensus on the opti-
mal method for tapering the corticosteroids148 and the tapering
rate depends on the patient. Patients who develop acute GVHD
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or who experience flares of existing GVHD during a tapering
trial will have their dosages increased or tapered more slowly
as tolerated.

Because M.P. had objective evidence of established acute
GVHD, he was given systemic corticosteroids at the first sign
of progressive disease. This was appropriate because single-
agent corticosteroids are considered the therapy of choice for
established acute GVHD.150 Corticosteroids indirectly halt the
progression of immune-mediated destruction of host tissues by
blocking macrophage-derived IL-1 secretion. IL-1 is a primary
stimulus for helper T-cell–induced secretion of IL-2, which
in turn is responsible for stimulating proliferation of cyto-
toxic T lymphocytes. The recommended dosage of methylpred-
nisolone for the treatment of established acute GVHD is 1 to 2
mg/kg/day, given intravenously or orally in four divided doses
for a minimum of 14 days, followed by a tapering schedule
that is determined by response.149 The dosage of methylpred-
nisolone in M.P., approximately 2 mg/kg/day, is consistent with
these recommendations. Trials that compared higher doses of
corticosteroids (i.e., 10 mg/kg/day) to 2 mg/kg/day as initial
treatment of acute GVHD showed no advantage.151 Monitoring
for acute GHVD response should occur every 3 to 5 days.124

A significant portion of patients do not respond to corticos-
teroids, and they are said to have steroid-refractory GVHD.124

The timing of treatment response varies among the organs af-
fected by GVHD and patients. If GVHD symptoms worsen
over 3 days of treatment and if the skin does not improve by 5
days, it is unlikely that a response will be achieved in a timely
manner, and secondary therapy should be considered.124 Pa-
tients with steroid-refractory acute GVHD have a poor prog-
nosis. A variety of medications are being studied for “salvage”
or secondary therapy. The salvage therapy depends on the or-
gans affected. For example, phototherapy is used as salvage
therapy for skin GVHD and nonabsorbable corticosteroids are
used for GI GHVD. Other options for salvage therapy include
ATG, denileukin diftitox, TNF-α blockers (e.g., infliximab,
etanercept).124 The most effective dose, timing, or combina-
tion of these salvage therapies is still unknown.

M.P. should be evaluated for response to methylpred-
nisolone after 4 to 7 days. If his acute GVHD has improved
or stabilized, he should be continued on therapy at this dose
for a total of 14 days. If M.P. responds to therapy, his methyl-
prednisolone dose should be tapered slowly over a minimum
of 1 month, and he should be monitored for any evidence of
recurrent GVHD. If the GVHD flares during his steroid taper
as evidenced by worsening skin reactions, increased bilirubin,
or increased diarrhea volume, the dose should be increased
again until his disease is stable; the subsequent taper should
be initiated at a slower rate. If M.P. fails to respond to first-line
therapy with methylprednisolone, he should receive salvage
therapy.

Chronic Graft-versus-Host Disease
Clinical Presentation

33. M.P. was successfully treated for his acute GVHD, is no
longer taking corticosteroids, and is currently tapering his cy-
closporine. On day +200, M.P. comes to clinic for follow up after
a 2-week vacation in Florida. On examination, M.P. is found to
have a mild skin rash on his arms and legs, hyperpigmentation of
the tissue surrounding the eyes, and white plaquelike lesions in

his mouth. He is also complaining of dry eyes. Laboratory tests
reveal an increased alkaline phosphatase and total bilirubin con-
centration. What is the most likely cause of M.P.’s findings?

Chronic GVHD, the most common late complication of al-
logeneic HCT, occurs in 20% to 70% of patients surviving
more than 100 days.152 Chronic GVHD is a major cause of
nonrelapse morbidity and mortality.1 Risk factors for chronic
GVHD include recipient, donor, and transplant factors. Non-
modifiable recipient risk factors include older age, certain di-
agnoses (e.g., CML), and lack of an HLA-matched donor.
Modifiable factors that may lower the risk of chronic GVHD
include selecting a younger donor, avoiding a multiparous
female donor, using umbilical cord blood or a bone marrow
graft rather than PBPC, and limiting the CD34+ and T-cell
dose infused.152 Development of acute GVHD is a major pre-
dictor of chronic GVHD; 70% to 80% of those with grade II
to IV acute GVHD develop chronic GVHD.152

Chronic GVHD is not a continuation of acute GVHD.152

Traditionally, the boundary between the two was based on
time, but now they are classified based on different clinical
symptoms.152 Signs and symptoms of chronic GVHD in vari-
ous organ systems are listed in Table 92-9. A consensus guide-
line for the diagnosis and scoring of chronic GVHD has been
published.153 The diagnosis of chronic GVHD requires (a) be-
ing distinct from acute GVHD, (b) having at least one diagnos-
tic clinical sign of chronic GVHD or at least one distinctive
manifestation confirmed by pertinent biopsy or other relevant
tests, and (c) exclusion of other possible diagnoses. The clini-
cal scoring system uses a numerical value of 0 to 3, with more
severe symptoms having a higher, number. A global score is
calculated by including the number of organs involved and the
severity within each affected organ. The global score reflects
the effect of chronic GVHD on the patient’s performance status
and can be used to evaluate whether treatment with systemic
immunosuppression is required.

The signs and symptoms of chronic GVHD in M.P. include
a rash in sun-exposed areas of the skin, hyperpigmentation of
tissues surrounding his eyes, white plaque-like lesions in the
mouth, dry mucous membranes, and increased alkaline phos-
phatase and total bilirubin levels. These symptoms appeared
after a period of complete resolution of acute GVHD. Thus,
M.P. has limited involvement, quiescent chronic GVHD.

Pharmacologic Management

34. M.P. is started on prednisone 1 mg/kg PO daily for the treat-
ment of his chronic GVHD. His cyclosporine taper is stopped, and
the dosage is raised to therapeutic concentrations. Is this therapy
rational? What other agents are available to treat chronic GVHD?

There is no specific prophylactic therapy for chronic GVHD.
The mainstay of therapy for chronic GVHD is long-term im-
munosuppressive therapy. Survival for patients with chronic
GVHD is improved by extended corticosteroid therapy, al-
though there are multiple long-term adverse effects associ-
ated with the corticosteroids.152,154 The prednisone dose is
1 mg/kg/day, administered orally in divided doses for 14 days
and then converted slowly to alternate-day therapy by increas-
ing the “on-day” and decreasing the “off-day” dose until a total
of 1 mg/kg/day on alternate days is administered.154 Alternate-
day therapy is preferred to minimize adrenocortical suppres-
sion. Once therapy is initiated, 1 to 2 months may pass be-
fore an improvement in clinical symptoms is noted. Therapy is
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Table 92-9 Abbreviated Table of Signs and Symptoms of Chronic Graft-versus-Host Disease (GVHD)a

Seen With Both Acute
Affected Organ Diagnostic Distinctive Other Featuresb and Chronic GVHD

Eyes New-onset drug, gritty or painful eyesc

Cicatricial conjunctivitis
Keratoconjunctivitis siccac

Confluent areas of punctuate
keratopathy, tear formation, dry
eyes, burning, photophobia

Photophobia
Periorbital

hyperpigmentation
Erythema of the eyelids

with edema

Gastrointestinal
tract

Esophageal web
Stricture or stenosis in the

upper to mid third of the
esophagusd

Pancreatic insufficiency Anorexia
Nausea
Vomiting
Diarrhea
Weight loss
Failure to thrive (infants

and children)
Liver Total bilirubin, alkaline

phosphatase >2 ×
upper limit of normald

Lung Bronchiolitis obliterans
diagnosis with lung biopsy

Bronchiolitis obliterans diagnosed
with pulmonary function tests and
radiologyc

Bronchiolitis obliterans
organizing pneumonia

Skin Poikiloderma
Lichen planuslike features
Sclerotic features
Morphealike features
Lichen sclerosuslike features

Depigmentation Seat impairment
ichthyosis

Keratosis pilaris
Hypopigmentation
Hyperpigmentation

Erythema
Maculopapular rash
Pruritus

aSigns and symptoms for nails; scalp and body hair; mouth; genitalia; muscles, fascia, and joints; hematopoietic and immune; and other organs are also described by
Filipovich et al.153

bCan be acknowledged as part of chronic GVHD symptomatology if the diagnosis is confirmed.
cDiagnosis of chronic GVHD requires biopsy or radiology confirmation (or Schirmer’s test for eyes).
d Infection, drug effects, malignancy, or other causes must be excluded.

usually continued for 9 to 12 months and then slowly tapered
after signs and symptoms of chronic GVHD have resolved. If
chronic GVHD worsens during the tapering or after discontin-
uation of prednisone, immunosuppressive therapy is restarted.
Other potential approaches for patients with refractory chronic
GVHD include mycophenolate mofetil, daclizumab, sirolimus,
pentostatin, and extracorporeal photochemotherapy.154

When immunosuppressive therapy is administered for long
periods, the patient must be monitored closely for chronic tox-
icity. Cushingoid effects, aseptic necrosis of the joints, and
diabetes can develop with long-term corticosteroid use. Other
severe complications include a high incidence of infection with
encapsulated organisms and atypical pathogens such as Pneu-
mocystis jiroveci (P. Jiroveci ) pneumonia, CMV, and herpes
zoster.

Thus, it is reasonable to start M.P. on single-agent pred-
nisone for chronic GVHD treatment.

Adjuvant Therapies

35. Suggest some adjuvant therapies that should be instituted
in a patient like M.P. with chronic GVHD.

Patients who are being treated for chronic GVHD should
receive trimethoprim-sulfamethoxazole for prophylaxis of P.
jiroveci and encapsulated organisms, such as Streptococ-
cus pneumoniae and Haemophilus influenzae. Ensuring op-
timal prophylactic antibiotics in chronic GVHD patients is
critical because infection is the primary cause of death
during treatment.155 Artificial tears and saliva may im-

prove lubrication and decrease the occurrence of cracking
and fissures in mucous membranes. If nutritional intake is
poor, consultation with a clinical nutritionist and use of
oral nutritional supplementation may be advisable. Patients
should be instructed to apply sunscreens to exposed ar-
eas whenever prolonged sun exposure is anticipated. Liver
function abnormalities have been improved by up to 30% with
the use of ursodiol as bile acid displacement therapy.116−118

Calcium supplements, estrogen replacement, or other antios-
teoporosis agents should be considered in women or other pa-
tients at risk for fracture or bone loss while receiving prolonged
regimens with immunosuppressant therapy.156 Patient educa-
tion regarding the delay in improvement of symptoms, antici-
pated duration of therapy, and importance of compliance with
oral immunosuppressive therapy is essential.

INFECTIOUS COMPLICATIONS
Opportunistic infections are a major cause of morbidity and
mortality after myeloablative and nonmyeloablative HCT.
There are three general periods of infectious risk (Fig. 92-3).
During the early period pre-engraftment, particularly for pa-
tients undergoing myeloablative HCT, the primary pathogens
are aerobic bacteria, Candida spp., and herpes simplex virus
(HSV). Chemotherapy-induced mucosal damage creates a
portal of entry into the bloodstream for many organisms, such
as viridans group Streptococcus, Candida, and aerobic gram-
negative bacteria. Staphylococcus is also common because pa-
tients undergoing HCT have indwelling IV central catheters.
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The routine use of antiviral prophylaxis has decreased the in-
cidence of HSV. Respiratory viruses such as respiratory syn-
cytial virus (RSV), influenza, adenovirus, and parainfluenza
are increasingly recognized as pathogens causing pneumonia,
particularly during community outbreaks of infection.157 To re-
duce potential exposure of HCT recipients to these pathogens,
visitors and staff members with signs and symptoms of a
viral respiratory illness may not be allowed direct contact with
patients.

A potential advantage of reduced intensity or non-
myeloablative preparative regimens is reduced toxicity of
the preparative regimen compared to myeloablative HCT.
Reduced intensity or nonmyeloablative preparative regimens
frequently do not result in true neutropenia,4 and the incidence
of mucositis during the early period is reduced.158 In a matched
controlled study comparing the incidence of infection follow-
ing nonmyeloablative and myeloablative HCT, the incidence of
bacteremia during the first 30 days post-HCT in the non-
myeloablative group was significantly reduced.158 Moreover,
nonmyeloablative HCT recipients experienced significantly
fewer infections attributable to mucositis during the early
period.

The second or middle period of infectious risk includes
the time from engraftment to posttransplantation day +100.
Pathogens such as CMV, adenovirus, and Aspergillus are com-
mon. CMV, adenovirus, Aspergillus, and P. jiroveci frequently
cause interstitial pneumonitis. Patients undergoing reduced in-
tensity or nonmyeloablative preparative regimens that experi-
ence acute GVHD and are treated with corticosteroids have a
similar risk of infection during this time period as those under-
going myeloablative HCT.158

During the late period (after day +100), the predominant
pathogens are the encapsulated bacteria (e.g. S. pneumoniae,
H. influenzae, Neisseria meningitidis), fungi, and varicella-
zoster virus (VZV). The encapsulated bacteria commonly
cause sinopulmonary infections. The risk of infection during
this late period is increased in patients with chronic GVHD as
a result of prolonged immunosuppression.

Because of the morbidity associated with opportunistic in-
fection in HCT recipients, optimal pharmacotherapy for pre-
vention and treatment is critical. In 2000, the Centers for Dis-
ease Control and Prevention (CDC) published guidelines for
prevention of opportunistic infection in HCT recipients.7 These
guidelines were constructed from available data by an expert
panel from CDC, the Infectious Disease Society of America
(IDSA), and the American Society for Blood and Marrow
Transplantation. The following discussion incorporates rec-
ommendations from the CDC guidelines and also provides in-
formation on the pharmacotherapy of opportunistic infections
in all types of HCT.

Prevention and Treatment of Bacterial and
Fungal Infections

36. S.D. is a 26-year-old woman with Ph+ acute lymphocytic
leukemia (ALL) in first complete remission who is admitted for
allogeneic myeloablative HCT. The following orders are written:
admit to a room with a positive-pressure HEPA filter. Flush
double-lumen Hickman catheter per protocol. Immunosup-
pressed patient diet as tolerated. Begin fluconazole 400 mg PO
Q 24 hr on admission. Begin ceftazidime 2 g IV Q 8 hr with

first fever when ANC <500/mm3. Transfuse 2 units of packed
RBCs for hematocrit <25% and 1 unit of single-donor platelets
for platelet count <20,000/mm3. What is the rationale for these
supportive measures?

As a result of disease-related immunosuppression, inten-
sive preparative regimens, and posttransplantation immuno-
suppressive therapy, patients undergoing allogeneic HCT
require careful vigilance for regimen-related toxicities and in-
tensive supportive care directed at maintaining adequate blood
counts, preventing or treating infection, and providing opti-
mum nutrition.

Placement of a double-lumen or triple-lumen central ve-
nous catheter (e.g., Hickman, Groshong, Broviac, Neostar) is
mandatory in all patients. The need for prolonged administra-
tion of chemotherapy, blood products, antibiotics, parenteral
nutrition, and adjunctive medications precludes the use of pe-
ripheral access sites. The use of a central venous catheter allows
delivery of maximum concentrations of all medications into a
high-flow blood vessel. Administration time is reduced and
daily fluid infusion is minimized.

After administration of the preparative regimen and be-
fore successful engraftment, allogeneic myeloablative HCT
patients undergo a period of pancytopenia lasting from 2 to
6 weeks. During this time, patients may require multiple RBC
and platelet transfusions. Packed RBCs and platelets are usu-
ally given for a hematocrit <25% and a platelet count less
than 10,000/mm3 or 20,000/mm3. Transfusions with multi-
ple blood products put patients at risk for blood product–
derived infection (e.g., CMV, hepatitis). In addition, sensiti-
zation to foreign leukocyte HLA antigens (alloimmunization)
may cause immune-mediated thrombocytopenia. Thus, blood
product support in the myeloablative allogeneic HCT patient
must incorporate strategies that reduce the risk of viral infec-
tion and alloimmunization. Effective methods include mini-
mizing the number of pretransplant infusions, use of single-
donor rather than pooled-donor blood products, irradiating
blood products, and filtering blood products with leukocyte
reduction filters.

Patients receiving reduced intensity or nonmyeloablative
preparative regimens may or may not experience neutropenia
and generally have reduced requirements for blood products. In
fact, many centers perform reduced intensity or nonmyeloabla-
tive HCT in the outpatient setting and admit patients to the hos-
pital only for complications requiring more aggressive man-
agement.

Several measures are recommended to minimize the risk of
infection in autologous and allogeneic myeloablative HCT pa-
tients. Private reverse isolation rooms equipped with positive-
pressure HEPA filters and adherence to strict handwash-
ing techniques reduce the incidence of bacterial and fungal
infections.7 To reduce exposure to exogenous sources of bac-
teria in immunosuppressed patients, low microbial diets are
instituted on hospital admission, and visitors are prohibited
from bringing plants or flowers into the patient’s room. Pa-
tients are encouraged to maintain good oral hygiene because
the mouth can be a source of bacterial or fungal infection. Fre-
quent (four to six times daily) mouth rinses with sterile water,
normal saline, or sodium bicarbonate are effective.7 Brushing
or flossing teeth is avoided during periods of thrombocytopenia
and neutropenia.
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Aggressive use of antibacterial, antifungal, and antiviral
therapy, both prophylactically and for documented infection, is
an important aspect of patient management. Antibiotics with
a broad gram-negative spectrum may be instituted prophylac-
tically once the patient becomes neutropenic, or empirically
after the patient is neutropenic and experiences fever. S.D. will
receive ceftazidime empirically. Some transplant centers ad-
minister a prophylactic fluoroquinolone such as levofloxacin
on admission for HCT and then switch to a broad-spectrum IV
antibiotic such as ceftazidime, cefepime, or imipenem when the
patient becomes neutropenic and febrile. Fluoroquinolone pro-
phylaxis significantly reduces the incidence of gram-negative
bacteremia but generally does not affect mortality.7 Concerns
regarding prophylactic fluoroquinolone use include the emer-
gence of resistant organisms and an increased risk of strepto-
coccal infection.7,159 The incidence of infection during HCT
due primarily to members of the viridans group of strep-
tococci is increasing, and prompt, aggressive treatment is
warranted.7,160 Prophylactic antibiotics (e.g., penicillin, van-
comycin) are not recommended due to their lack of proven
efficacy in preventing streptococcal infections and the con-
cern about antibiotic-resistant bacteria.7 At a minimum, broad-
spectrum IV antibiotics should be initiated or added at the time
of the first neutropenic fever according to treatment guidelines
endorsed by the IDSA.7,161

S.D. is prescribed fluconazole 400 mg/day because prophy-
lactic use of this agent until day +75 posttransplantation de-
creases the incidence of systemic fungal infection and fungal
death in patients undergoing transplantation.162,163 The use
of prophylactic fluconazole by most HCT centers has been
linked to reports of breakthrough infections with resistant fungi
such as C. glabrata and Aspergillus.164,165 Itraconazole has im-
proved activity in vitro against fluconazole-resistant fungi. In
a randomized clinical trial, allogeneic HCT patients treated
with prophylactic itraconazole (200 mg IV Q 24 hr or oral
solution 200 mg BID) developed significantly fewer invasive
fungal infections than those treated with fluconazole (400 mg Q
24 hr). Although there was a trend toward fewer fungal deaths
in the itraconazole-treated patients, overall mortality was sim-
ilar. Itraconazole was associated with more frequent GI side
effects (e.g., nausea, vomiting).166

Published data supporting the use of newer mold-active
agents for antifungal prophylaxis are limited. Van Burik
et al. compared micafungin (50 mg IV Q 24 hr) to flucona-
zole (400 mg IV Q 24 hr) in a randomized, double-blind study
of patients undergoing HCT. Overall success was defined as the
absence of suspected, proven, or probable systemic fungal in-
fection through the end of therapy and as the absence of proven
or probable systemic fungal infection through the end of the
4-week posttreatment period. The overall efficacy was greater
in the patients who received micafungin (80.0% vs. 73.5% in
patients treated with fluconazole, p = 0.03). Fewer episodes
of aspergillosis occurred in patients treated with micafungin.
Patient tolerability of the regimens was similar.167

Prevention of Herpes Simplex Virus and
Varicella-Zoster Virus

37. On routine screening before transplantation, S.D. is found
to be HSV and VZV seropositive. How will this affect her man-
agement?

Forty-three to 70% of HSV-seropositive patients undergo-
ing myeloablative allogeneic HCT experience reactivation of
HSV.168,169 Prophylactic acyclovir is commonly used in HSV-
seropositive patients undergoing allogeneic or autologous HCT
to prevent viral reactivation.7 Dosing regimens for prophylac-
tic acyclovir vary widely; the dose of IV acyclovir is typically
250 mg/m2 IV Q 12 hr, whereas oral doses of acyclovir range
from 600 mg/day to 1,600 mg/day.7 The recommended dura-
tion of acyclovir prophylaxis for HSV varies from day +30
to day +365 posttransplantation or longer, depending on the
specific type of HCT and other factors. Valacyclovir, a prodrug
of acyclovir with improved bioavailability, may allow for ad-
equate serum concentrations to prevent HSV in patients with
mucositis or GI GVHD.170 Prophylactic valacyclovir is com-
monly used at a dose of 500 mg PO Q 12 hr.171,172

VZV-seropositive patients are at risk for developing herpes
zoster, particularly after day +100 posttransplanation.170 Pro-
phylactic acyclovir reduces the risk of VZV reactivation.173 As
with prophylaxis for HSV reactivation, the optimum duration
of VZV prophylaxis is controversial, often extending to day
+365 posttransplantation or longer.

Patients who are HSV or VZV seronegative rarely develop
primary HSV or VZV infection and are therefore not adminis-
tered prophylactic acyclovir. If HSV does occur, lesions usually
appear on the oral mucosa, nasolabial mucous membranes, or
genital mucocutaneous area and can be managed with acyclovir
at appropriate treatment doses.

Because S.D. is HSV and VZV seropositive, she is at risk
for viral reactivation and should receive prophylactic acyclovir.

Prevention of Cytomegalovirus Disease

38. S.D. is also CMV seropositive. What is the significance of
this finding, and what measures can be taken to prevent reactiva-
tion of CMV?

CMV has the ability to establish lifelong latent infection
following primary exposure. In immunocompromised patients,
the virus may reactivate, resulting in asymptomatic shedding
or the development of CMV disease. The incidence of CMV
infection (defined as isolation of the virus or detection of viral
proteins or nucleic acid in any body fluid) and CMV disease
in HCT recipients is 15% to 60% and 20% to 35%, respec-
tively. The most common manifestations of CMV disease after
allogeneic HCT are pneumonitis, fever, and GI infection.174

In the CMV-seronegative HCT recipient, primary CMV
can be prevented by transplanting PBPCs or bone marrow
from CMV-seronegative donors and using only blood products
from CMV-seronegative donors. In patients who are CMV-
seropositive or who have received a CMV-seropositive graft,
antiviral drugs are essential to minimize morbidity associated
with CMV reactivation or secondary infection. Two general
strategies are possible. Universal prophylaxis involves the ad-
ministration of ganciclovir from the time of engraftment until
approximately day +100 posttransplantation. This strategy sig-
nificantly decreases the incidence of CMV infection and dis-
ease compared with placebo.175 However, prophylactic ganci-
clovir therapy is associated with neutropenia in 30% of patients,
which contributes to an increased risk of invasive bacterial and
fungal infections.175,176 Neutropenia secondary to ganciclovir
may lead to interruptions in antiviral therapy or necessitate
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administration of filgrastim daily or several times per week to
maintain adequate neutrophil counts.

Pre-emptive therapy, or risk-adjusted therapy, is the most
commonly used strategy for preventing CMV disease after al-
logeneic HCT.170,177 This strategy, based on detection of early
reactivation of CMV using shell vial cultures, assay of blood
for CMV antigens (e.g., pp65), or viral nucleic acid using the
PCR results in the selective administration of ganciclovir to
those HCT patients at greatest risk for development of CMV
disease.178–180 Antigenemia-based pre-emptive therapy is as
effective as universal ganciclovir prophylaxis for prevention
of CMV disease and has also been associated with reduced
CMV mortality.176,181−184 The induction dose of ganciclovir
is typically 5 mg/kg IV Q 12 hr for 7 to 14 days, followed by
a maintenance dose of 5 mg/kg IV daily until 2 to 3 weeks
after the last occurrence of antigenemia or until day +100
posttransplantation.7 Pre-emptive therapy limits patient expo-
sure to the potential toxicity of ganciclovir and thus reduces
overall cost.173 Recent data suggest that oral valganciclovir is
a safe and effective alternative to ganciclovir for pre-emptive
therapy.185,186 Foscarnet may be administered in lieu of ganci-
clovir, but its use is complicated by nephrotoxicity and elec-
trolyte wasting.184,187

Autologous HCT recipients who are CMV-seropositive pre-
transplant should receive antiviral treatment pre-emptively as
described previously.7,188 Because host T cells may persist in
the peripheral blood for up to 6 months following reduced in-
tensity or nonmyeloablative preparative regimens, their pres-
ence may provide protection against early CMV disease. A
matched controlled study comparing the incidence and out-
come of CMV infection in myeloablative and nonmyeloab-
lative HCT demonstrated that although the time to onset of
CMV antigenemia was similar in the two groups, fewer non-
myeloablative HCT recipients developed CMV disease in the
early period.189 The overall 1-year incidence of CMV disease
was also similar, suggesting that nonmyeloablative HCT re-
cipients are at increased risk for developing late CMV disease
(>100 days after transplantation) compared to their myeloab-
lative counterparts.189 It is therefore recommended that non-
myeloablative HCT patients receive pre-emptive antiviral ther-
apy and be monitored for development of CMV antigenemia
for 1 year after HCT.189,190

S.D.’s absolute neutrophil count recovers to >1,000
cells/μL on day +20, and on day +32, her weekly surveil-
lance blood sample is positive for CMV by PCR. Pre-emptive
ganciclovir therapy is initiated at 5 mg/kg IV Q 12 hr. After 3
weeks of therapy, S.D.’s surveillance samples are negative and
ganciclovir is discontinued. Weekly surveillance sampling con-
tinues until day +100. If surveillance samples again become
positive for CMV, ganciclovir therapy should be reinstituted.

Diagnosis and Treatment of Aspergillus Infection
Risk Factors

39. A.W., a 60-kg, 165-cm, 15-year-old boy, is day +79 after a
matched, unrelated, nonmyeloablative PBPC transplant for ALL
in third complete remission. He presents to the clinic for eval-
uation of a temperature of 102.3◦F and a 3-day history of non-
productive cough. Significant medical history includes skin and
GI GVHD (stable on his current regimen of cyclosporine, my-

cophenolate mofetil, and prednisone) and congestive heart fail-
ure believed to be secondary to anthracycline exposure. A.W.
has chronic low-grade nausea and hypomagnesemia necessitat-
ing daily IV hydration with magnesium supplementation. Rele-
vant laboratory values are as follows: Na, 138 mEq/L (normal,
135–147); K, 4.2 mEq/L (normal, 3.5–5.0); Cl, 100 mEq/L (nor-
mal, 95–105); CO2, 23 mEq/L (normal, 22–28); blood urea ni-
trogen (BUN), 18 mg/dL (normal, 8–18); SrCr, 0.8 mg/dL (nor-
mal, 0.6–1.2); total bilirubin, 0.6 mg/dL (normal, 0.1–1); Mg,
1.5 mg/dL (normal, 1.6–2.4); WBC count, 3,500/mm3 (normal,
3,200–9,800); platelets, 78,000/mm3 (normal, 130,000–400,000);
ANC, 1,810 cells/L (normal, >1,700); and Hgb, 10.8 g/dL (nor-
mal, 12–15). He was CMV and HSV seropositive before HCT. Oral
medications include cyclosporine 275 mg Q 12 hr, mycophenolate
mofetil 900 mg Q 12 hr, prednisone 60 mg Q am and 12.5 mg
Q pm (tapering), trimethoprim-sulfamethoxazole (TMP/SMX)
160 mg/800 mg BID on Monday and Tuesday, fluconazole 400
mg Q am, valacyclovir 500 mg BID. digoxin 0.125 mg Q 12
hr, enalapril 10 mg Q 12 hr, and One-a-Day Plus vitamin
Q am.

On physical examination, A.W. is a chronically ill–appearing
child with moon facies, dry skin with thickened areas, a pleural
friction rub, and thinning hair. Blood cultures, urinalysis, and
chest x-ray are obtained. Chest x-ray reveals several small cavi-
tary lesions worrisome for fungal disease. A.W. is admitted for
further workup and management of presumed Aspergillus infec-
tion. What risk factors does A.W. have for developing infection
with Aspergillus?

[SI units: Na, 138 mmol/L; K, 4.2 mmol/L; Cl, 100 mmol/L; CO2, 23

mmol/L; BUN, 6.43 mmol/L; SrCr, 71 μmol/L; total bilirubin, 10.26 μmol/L;

Mg, 0.61 mmol/L; WBC count, 3,500 × 106 cells/L; platelets, 78 × 109

cells/L; ANC, 1,810 × 106 cells/L; Hgb, 108 g/L]

Invasive molds (most commonly Aspergillus spp., but also
Fusarium spp., Scedosporium, and Zygomycetes) are an in-
creasing cause of morbidity and mortality after allogeneic
and autologous HCT.164 Factors contributing to this trend
include (a) more effective prevention of bacterial and viral
infection, as described previously; and (b) the use of flu-
conazole prophylaxis, which has reduced the incidence of
candidemia and Candida-related mortality.162−164,191,192 As-
pergillus infection is reported in up to 26% of HCT recipients,
and the mortality rate of invasive aspergillosis (IA) is 74% to
92%.193

Several risk factors for development of invasive fungal in-
fection have been identified.191,192 Given that neutrophils are
critical for host defense, prolonged neutropenia is considered
the single most important predictor of infection at all time
points after HCT.165,191 GVHD (acute and chronic) and treat-
ment with corticosteroids are also important risk factors, par-
ticularly for aspergillosis occurring between day +40 and day
+100 posttransplantation, presumably as a result of neutrophil
dysfunction.191,192,194 In addition, the widespread use of flu-
conazole prophylaxis (400 mg/day) for prevention of invasive
candidiasis in transplant patients since the early 1990s has
led to a substantial increase in the incidence of IA and also
fluconazole-resistant Candida species such as Candida krusei
and Candida glabrata.191,194,195

A.W. is receiving corticosteroid treatment for GVHD and
fluconazole prophylaxis. These therapies increase his risk for
developing IA.
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Treatment

40. A.W. undergoes bronchoalveolar lavage in an attempt to
identify the organism responsible for his infection. Pathological
examination of the fluid obtained reveals septate, branching hy-
phae, and culture results confirm the diagnosis of Aspergillus
fumigatus infection. CT scans are negative for extrapulmonary
involvement. A.W. is started on amphotericin B lipid complex
(ABLC) at a dose of 300 mg IV daily. How is aspergillosis usually
diagnosed, and what are the acceptable alternatives for treating
this infection?

Early diagnosis and treatment of IA, which rely on tissue
or fluid obtained from the infected site followed by aggressive
antifungal therapy, may improve patient survival.196 Although
the lower respiratory tract is frequently the primary focus of
infection, Aspergillus may invade blood vessels and spread
hematogenously to other organs, including the brain, liver, kid-
neys, spleen, and skin.197 Head, chest, abdomen, and pelvic
CT scans assist in assessing the extent of disease, treatment
options, and overall prognosis. Cultures of respiratory tract
secretions lack sensitivity for detecting Aspergillus, and the
medical condition of the patient may preclude invasive diag-
nostic procedures altogether. Many clinicians have adopted the
European Organization for Research and Treatment of Cancer
criteria for diagnosis of proven, probable, and possible IA.198

Newer diagnostic tests based on the detection of fungal anti-
gens or metabolites, such as galactomannan, 1,3-β-D-glucan,
and fungal DNA detection by PCR, are being developed. Galac-
tomannan is a polysaccharide component of the Aspergillus
cell wall that is released during fungal cell growth. Galac-
tomannan detection by enzyme-linked immunoassay (GM-
EIA) has proved to be a sensitive and specific tool for early
detection of Aspergillus infection. The test is useful not only
for serum samples, but also for bronchoalveolar lavage and
cerebrospinal fluid. Concomitant antifungal therapy may cause
false-negative GM-EIA results, whereas antibiotics of fungal
origin (e.g., piperacillin/tazobactam) have been associated with
false positives.193,199

Antifungals
Outcomes for patients with IA after HCT are often poor, with
approximately 20% of patients alive after 1 year.191 Treatment
success depends not only on the use of intensive antifungal
agents, but also on recovery of the host immune system and/or
reduction of immunosuppression.196,200 Conventional ampho-
tericin B (c-AmB) at a dose of at least 1 mg/kg/day has tra-
ditionally been the gold standard antifungal therapy for IA.
Response rates with c-AmB monotherapy range from 28% to
51%, depending on the severity of the underlying immunosup-
pression; however, 65% of responders eventually die of their
infection.196 Moreover, toxicity associated with c-AmB fre-
quently limits the dose and duration of therapy. Fortunately, the
lipid derivatives of amphotericin B, broad-spectrum triazoles,
and echinocandins are available as alternatives to c-AmB.

Three lipid formulations of amphotericin B have been mar-
keted: ABLC (Abelcet), liposomal amphotericin B (L-AmB;
AmBisome) and amphotericin B colloidal dispersion (ABCD;
Amphotec). Practice guidelines delineating use of these agents
for fungal infections in HCT patients have been published.201

Studies of lipid amphotericin B formulations as monotherapy
for patients with IA who have failed or are intolerant to c-AmB

therapy demonstrate response rates of 23% to 71%, regardless
of which formulation is used. No randomized trials show supe-
riority of lipid amphotericin B products over c-Amb for IA.200

Doses most commonly used in the studies are 5 mg/kg/day
for ABLC and L-AmB and 4 to 6 mg/kg/day for ABCD. The
lipid formulations of amphotericin B are clearly less toxic than
c-AmB, with L-AmB being the least toxic.202

The cost of the amphotericin B lipid formulations, which is
15- to 30-fold higher than c-AmB, is a limiting factor. Drug ac-
quisition cost should be balanced against the potential expense
of managing c-AmB nephrotoxicity. A recent pharmacoeco-
nomic evaluation comparing hospital costs for neutropenic
patients with persistent fever treated with L-AmB or c-AmB
demonstrated significantly higher overall costs for patients re-
ceiving L-Amb, principally due to higher acquisition cost.203

Thus, establishing cost-effective strategies for the appropri-
ate use of the lipid amphotericin b formulations is imperative.
Most HCT centers have developed criteria for appropriate use
based on risk for nephrotoxicity and severity of the infection
being treated.

Three broad-spectrum triazole agents are available for pa-
tients who are refractory to or intolerant of amphotericin B
therapy. Oral itraconazole capsules (Sporanox) were approved
in 1992, followed later by the oral solution and an IV formu-
lation. In an early compassionate use trial of IA unresponsive
to amphotericin B, 27% of patients had a complete response
to itraconazole, and another 35% experienced improvement
in their infection.204 Patients who had undergone HCT had re-
sponse rates similar to patients who were less immunocompro-
mised. Unfortunately, oral itraconazole capsules exhibit erratic
absorption, and the IV form is complicated by the risk of drug
precipitation in the IV line.200 In addition, itraconazole is a po-
tent inhibitor of common CYP isoforms and also has negative
inotropic properties.205,206

Voriconazole (Vfend) was approved in 2002. An advan-
tage of voriconazole is excellent (96%) oral bioavailability;
however, like itraconazole, the drug is a potent inhibitor of
cytochrome P450 enzymes. Voriconazole has been compared
to c-AmB in a randomized, unblinded trial as primary therapy
for established IA in an immunocompromised host.207 The pri-
mary study objective was to demonstrate the noninferiority of
voriconazole compared with c-AmB after 12 weeks of ther-
apy in patients with definite or probable IA. Patients received
voriconazole 6 mg/kg IV Q 12 hr × two doses followed by
4 mg/kg IV Q 12 hr for at least 7 days, followed by oral
voriconazole 200 mg Q 12 hr or c-AmB at a dose of 1 to
1.5 mg/kg/day. Patients refractory to or intolerant of initial
therapy could receive other antifungal drugs. Of 144 evalu-
able patients who received voriconazole, 76 (52.8%) had a
partial or complete response compared to 42 of 133 (31.6%)
patients treated with c-Amb. The median duration of therapy
for patients treated with voriconazole was 77 days, and 52
of 144 patients switched to an alternative agent. In contrast,
the median duration of therapy for patients receiving c-AmB
was 10 days, and 107 of 133 patients switched to another
agent (most commonly, a lipid formulation of amphotericin
B). The survival rate at 12 weeks in the voriconazole group
was 70.8% compared to 57.9% in the c-Amb group (p = 0.02).
These results of initial therapy with voriconazole indicate su-
perior response and improved survival compared to c-AmB
in immunocompromised patients, such as allogeneic HCT
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recipients, with IA. Voriconazole-treated patients also expe-
rienced fewer drug-related adverse effects.

Posaconazole (Noxafil) was approved in 2006. This broad-
spectrum triazole is available only as a variably absorbed oral
suspension, and like itraconazole and voriconazole, it is a
cytochrome P4503A4 inhibitor. Posaconazole has the lowest
MICs of any available triazole against Aspergillus spp., includ-
ing Aspergillus terreus, and it is the only triazole with useful
activity against the Zygomycetes. Published clinical experience
with posaconazole is limited; however, in an open-label exter-
nally controlled trial in patients with IA refractory to or intol-
erant of other therapies, the overall success rate was 42% in
posaconazole-treated patients compared to 26% for controls
(p = 0.006).208

Echinocandin antifungal agents (caspofungin, micafungin,
and anidulafungin) inhibit the synthesis of β-(1,3)-glucan, an
important component of the fungal cell wall. No prospective
randomized trials document the efficacy of any echinocandin
for primary therapy of IA, and only caspofungin is approved
for salvage therapy. An open-label, noncomparative trial eval-
uated the efficacy of caspofungin in 69 patients with IA who
had failed or were intolerant of at least 7 days of standard an-
tifungal therapy.209 Patients received 70 mg IV of caspofungin
on day 1 followed by 50 mg IV daily. Of the 63 evaluable pa-
tients, 26 (43%) responded favorably to treatment. Twenty-six
of 52 patients (50%) who had received at least 7 days of therapy
had a favorable response. In another open-label, noncompar-
ative trial, Denning et al. evaluated the safety and efficacy of
micafungin (alone or in combination) in patients with proven
or probable IA. Eighty of 225 patients (35.6%) had a favor-
able response. Most patients received combination therapy; the
34 patients treated with monotherapy had a similar response
rate.210

In summary, the number of agents available to manage IA
has expanded greatly in the past few years. Although some
experts believe that voriconazole is the drug of first choice,
considerable controversy still exists. Therapy should be tai-
lored to the individual patient based on response, tolerability,
and cost.

Antifungal Toxicities

41. Despite premedication with acetaminophen and diphenhy-
dramine, A.W. experiences significant chills and rigors with his
ABLC infusions. In addition, he is having daily temperatures ex-
ceeding 39◦C. On day 5 of therapy, morning laboratory tests reveal
a SrCr of 1.4 mg/dL, K of 2.7 mEq/L, and Mg of 1.4 mg/dL. What
expected adverse reactions of conventional amphotericin B–based
therapy does A.W. demonstrate?

[SI units: SrCr, 123.8 μmol/L; K, 2.7 mmol/L; Mg, 0.57 mmol/L]

The most troublesome side effect of c-AmB therapy is
nephrotoxicity. Up to 80% of patients treated with c-AmB will
experience an episode of altered renal function.211 The mecha-
nism of amphotericin B nephrotoxicity is complex and poorly
understood. It most likely results from afferent vasoconstric-
tion leading to cortical ischemia and a subsequent decrease in
glomerular filtration rate, as well as defective acid secretion
by the renal tubule. Risk factors for nephrotoxicity include
concomitant administration of other nephrotoxic drugs such
as aminoglycosides, cyclosporine, cisplatin, and radiocontrast

dye; prolonged duration of therapy; history of chronic renal
disease; male gender; and a mean daily dose ≥35 mg.212

The lipid derivatives of amphotericin B were developed with
the goal of reducing nephrotoxicity, and each is significantly
less nephrotoxic compared to c-AmB.201,213−216 Furthermore,
patients treated with c-AmB who experience nephrotoxicity
and are then switched to a lipid formulation frequently show
improvement in renal function. It is difficult to determine the
true incidence of nephrotoxicity associated with the lipid prod-
ucts because most trials evaluate their use in patients who have
received prior c-AmB therapy. In addition, many trials do not
control for other factors known to reduce the risk of nephrotox-
icity, including sodium loading and IV fluid boluses adminis-
tered before c-AmB infusion. Nonetheless, clinical experience
confirms the reduced incidence of nephrotoxicity with these
products, and they are recommended as first-line therapy for
patients at high risk for nephrotoxicity or in whom baseline
renal function is impaired.

Other toxicities of c-AmB include infusion-related reac-
tions (fever, chills, rigors, hypotension, hypoxia), hypokalemia,
hypomagnesemia, nausea, and anemia. Premedications such as
acetaminophen, diphenhydramine, meperidine, and/or hydro-
cortisone are typically administered before each dose to lessen
or prevent the infusion-related reactions, with mixed results.
Patients may also develop tolerance. Fortunately, there appears
to be a reduced incidence of infusion-related reactions when
the lipid products are used. Significant hypokalemia and hy-
pomagnesemia may persist well beyond discontinuation of c-
AmB. Most patients require daily potassium and magnesium
supplementation, particularly if they require prolonged anti-
fungal treatment.

Length of Antifungal Therapy and Combination Antifungal Therapy

42. In response to A.W.’s rise in SrCr, his physician elects to
discontinue ABLC and begin voriconazole 6 mg/kg IV Q 12 hr ×
two doses, followed by 4 mg/kg IV Q 12 hr plus caspofungin 70 mg
IV on day 1 and 50 mg IV QD thereafter. What is the rationale for
combination therapy, and how should the patient be monitored?
How long should A.W. receive antifungal therapy for his IA?

Common toxicities reported with voriconazole include re-
versible visual disturbances (blurred vision, altered color
perception, photophobia, visual hallucinations), skin reac-
tions (rash, pruritus, photosensitivity), elevations in hepatic
transaminase enzymes and alkaline phosphatase, nausea, and
headache.207,217,218 Caspofungin has fewer adverse effects.
Vein irritation and headache are most common; dermato-
logic reactions related to histamine release (flushing, erythema,
wheals) have also been reported. Increased hepatic transami-
nase enzymes occur in approximately 6% of patients treated
with caspofungin.209 A.W. should be monitored for changes in
liver function and counseled regarding the potential visual side
effects of voriconazole.

Data supporting improved outcomes with two-drug combi-
nations of triazoles, echinocandins, and polyenes in patients
with IA are sparse. However, in vitro and animal data sug-
gest that an echinocandin plus voriconazole or a polyene may
be synergistic.219−222 Given the overall poor prognosis of IA
in severely immunocompromised patients, many practitioners
are choosing to treat patients with two-drug combination ther-
apy. Voriconazole in combination with caspofungin is thus a
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reasonable alternative for A.W., particularly in view of the
ABLC toxicity he is experiencing.

The optimum duration of antifungal therapy for treatment
of IA is unestablished.200 Important considerations include the
status of the patient’s immune system and the extent of response
to treatment. Many clinicians continue aggressive antifungal
therapy until the infection has stabilized radiographically and
then proceed with less aggressive “maintenance” therapy (e.g.,
single-agent oral voriconazole) until restoration of the immune
system has taken place. It is not uncommon for a patient to re-
quire several months of antifungal therapy for effective man-
agement of IA.

Prevention of Pneumocystis jiroveci pneumonia

43. A.W. is receiving TMP/SMX, one double-strength tablet PO
BID on Monday and Tuesday. What is the rationale for its use?

P. jiroveci (formerly Pneumocystis carinii) is a common
pathogen in patients who have undergone allogeneic HCT.
Pneumocystis pneumonia (PCP) is a potentially lethal infec-
tion, and therefore, prophylaxis is routinely administered. The
optimum prophylactic regimen is unestablished, but most cen-
ters administer TMP/SMX for PCP prophylaxis.7 Dapsone or
aerosolized pentamidine are alternatives for patients who are
allergic to sulfonamides or do not tolerate TMP/SMX for other
reasons.

PCP prophylaxis is usually begun following neutrophil re-
covery because (a) PCP most commonly occurs after engraft-
ment, and (b) TMP/SMX is potentially myelosuppressing.
Patients should be closely monitored for unexplained neu-
tropenia or thrombocytopenia. Rash secondary to the sulfon-
amide component of TMP/SMX may force its discontinuation.
TMP/SMX is usually avoided on days of methotrexate admin-
istration because of increased systemic methotrexate exposure
resulting from increased methotrexate free fraction and de-
creased renal clearance of free methotrexate.223 Prophylaxis is
typically continued for 6 to 12 months posttransplantation.

The risk of PCP is lower in autologous HCT patients be-
cause posttransplant immunosuppression is not used. However,
TMP/SMX prophylaxis may be administered after autologous
HCT for non-Hodgkin lymphoma, Hodgkin disease, multiple
myeloma, and lymphocytic leukemia because of the immuno-
suppressive nature of the underlying disease.

ISSUES OF SURVIVORSHIP AFTER HEMATOPOIETIC
STEM CELL TRANSPLANTATION

44. H.O. is a 32-year-old woman who received a BU/CY prepar-
ative regimen and an HLA-matched sibling BMT for treatment
of chronic phase CML at age 21. H.O. received her BMT more
than 10 years ago, is disease free, and has not had chronic GVHD
for 9 years. Her only medication is one multivitamin tablet PO
QD. What issues of cancer survivorship are of concern to H.O.?

A greater proportion of HCT recipients are surviving their
cancer diagnosis without evidence of their primary malig-
nancy, but they are at risk for long-term physical and emo-
tional sequelae of their cancer treatments.1 Since most long-
term HCT survivors are no longer under the care of an HCT
center, their health care providers may be unfamiliar with the

complications of HCT. To facilitate the clinical care of long-
term HCT recipients, recommendations for screening and pre-
ventative practices have been created for adult and pediatric
HCT survivors.224,225 These guidelines should facilitate the
provision of health care to HCT recipients. The following para-
graphs describe various concerns associated with the morbidity
of long-term HCT survivors.224−226 Long-term HCT survivors
should be regularly screened, or take preventative steps regard-
ing immunity, secondary malignant neoplasm, oral complica-
tions, and liver, respiratory, endocrine, ocular, skeletal, nervous
system, kidney, vascular, and psychosocial function.

Immune function can take more than 2 years to recover,
even without immunosuppressants.227 Treatment of GVHD ex-
acerbates immune system defects, necessitating prophylaxis
and vigilant monitoring for infectious complications. Fevers
should be rapidly assessed and treated to prevent a fatal in-
fection. Recipients of HCT also lose protective antibodies to
vaccine-preventable diseases. Therefore, HCT survivors need
to be revaccinated for selected infectious diseases with due
consideration for the risk of vaccination.

HCT survivors have a greater risk of secondary malignant
neoplasms.1 An increased incidence of cancer of the skin,
oral mucosa, brain, thyroid, and bone is observed after allo-
geneic HCT, while an increased incidence of myelodysplasia
and acute leukemia can occur after autologous HCT for NHL.1

HCT survivors should avoid carcinogens (e.g., tobacco) and
be screened for secondary malignant neoplasms indefinitely.1

Long-term impairment of end-organ function may be due to
the preparative regimen, infectious complications (either autol-
ogous or allogeneic grafts), and posttransplantation immuno-
suppression (allogeneic grafts only).224,225 Endocrine dysfunc-
tion, specifically of the thyroid, gonads, and growth velocity,
is common.224,225 Adrenal insufficiency can result from long-
term corticosteroids therapy used to treat GVHD. Infertility
is commonly observed after myeloablative HCT secondary to
the high doses of alkylating agents and radiation administered.
Frequently, men become azoospermic, and chemically induced
menopause develops in women.1 However, pregnancies have
occurred after HCT.1 Up to 60% of HCT recipients have os-
teopenia, most likely resulting from gonadal dysfunction and
corticosteroid administration; avascular necrosis due to corti-
costeroids can also occur.228 A significant portion (15%–40%)
of HCT survivors develop pulmonary dysfunction with vari-
able symptoms (e.g., restrictive, chronic obstructive lung dis-
ease) from multiple causes.228 Hepatitic infections can occur
in HCT recipients, with the prevalence of chronic hepatitis
C ranging from 5% to 70% in long-term HCT survivors.229

Because of this, cirrhosis and its complications may become
an important late complication of HCT.229 Hepatic dysfunc-
tion can also result from iron overload, which may occur sec-
ondary to multiple PRBC transfusions administered during
aplasia after myeloablative preparative regimens and before
HCT. Alopecia is a common late effect with BU/CY, as are
cataracts with CY/TBI.64

H.O. should be routinely monitored for signs of relapse
and chronic GVHD. To lower the risk of infectious complica-
tions, she should be counseled to obtain prompt medical care
for fevers or signs of an infection, and she should be revac-
cinated if she has not done so since receiving her myeloab-
lative HCT. Thorough evaluation of end-organ function, in-
cluding renal, hepatic, thyroid, and ovarian function, should
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be assessed at regular intervals. In addition, her bone min-
eral density should be determined, and H.O. should be coun-
seled on preventive measures for osteopenia (e.g., calcium sup-

plementation). In addition to standard cancer screening tests,
H.O. should be closely monitored for secondary malignant
neoplasms.1
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MEDICATION ADMINISTRATION ISSUES IN CHILDREN
Children represent more than 25% of the population and re-
ceive an average of three prescription medications before 5
years of age. The safe and effective use of medications in
children, nevertheless, is challenging because of the lack of
U.S. Food and Drug Administration (FDA)-approved indica-
tions and dosing guidelines for children, limited evidence-
based medicine, and paucity of appropriate dosage formula-
tions. About 60% of drugs have not been approved by the FDA
for use in children, and even fewer have been approved for use

in infants. Most current laws governing FDA approval of drugs
are the result of pediatric tragedies (e.g., thalidomide, sulfanil-
amide), but legislation to encourage research in pediatrics did
not occur until the 1990s. The FDA Modernization Act of
1997, Best Pharmaceuticals for Children Act (BPCA), and the
Pediatric Research Equity Act are attempts to encourage man-
ufacturers to focus on pediatric indications for medications. As
a result, knowledge of pediatric drug therapy has grown signif-
icantly; however, information on which to base drug therapy
decisions remains inadequate. This chapter focuses on general
principles guiding pediatric pharmacotherapy, and reviews the
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pharmacotherapy of common pediatric disorders by integrating
best-evidence medicine and the practical considerations unique
to pediatric patients.

Medication Error Prevention
Children are at threefold greater risk for medication errors than
adults, and up to 19% of these errors are deemed preventable.1

The lack of appropriate information or guidelines for use
of medications in children, the miscalculation of doses, and
the need to either compound oral dosage forms or to dilute
commercially available formulations contribute to this dispro-
portionate rate of medication errors in children. In the last
decade, efforts have increased to improve medication order-
ing processes, to standardize medication concentrations, and
to educate practitioners about medication error prevention. The
Pediatric Pharmacy Advocacy Group and other pediatric orga-
nizations have developed guidelines to reduce the potential for
medication errors in children and these guidelines and strate-
gies are becoming the focus for many health care systems and
health care accrediting organizations.2

Drug Administration
Oral Medications
The administration of oral medications to a young child or in-
fant often requires two adults: one to gently restrain the child
while the other rapidly and accurately administers the medica-
tion. If only one adult is available, one can restrain the arms
and legs of the child in a swaddling blanket or large towel as
depicted in Figure 93-1.

The administration device (cup, syringe, or dropper) that
generally accompanies a liquid medication product provides
the most accurate measurement of the desired dose. For in-
fants, liquid medications are most easily administered to the

FIGURE 93-1 Administration of oral liquid medication to a young child.
(1) Premeasure the medication and have it within reach. (2) Hold the
child in your lap, placing one of the child’s arms behind your back
and both of the child’s legs between your legs. Restrain the child’s other
arm securely with your nondominant arm. (3) Tilt the child’s head back
slightly, pressing gently on the child’s cheeks to open the mouth. Using
your dominant hand, aim the dropper or syringe between the rear gum
and cheek. Administer small amounts of medication (1–2 mL) at a time,
making sure the baby swallows.

back cheek in 1- to 2-mL amounts with an oral syringe. House-
hold teaspoons should not be used to measure medications be-
cause teaspoons are of variable sizes and hold 3 to 8 mL of
a liquid. Crushed tablets or capsule contents mixed in small
amounts (1–2 teaspoons) of food (e.g., chocolate pudding, ap-
plesauce, ice cream, jelly, chocolate syrup) offer an alternative
to liquid formulations. The taste of liquid dosage formulations
generally is improved by refrigeration and flavoring agents,
and “chasers” (i.e., popsicle or flavored drink after a dose) also
are helpful. Although medications can be delivered in small
amounts (10–15 mL) of liquid in a bottle (juice, milk, for-
mula), doses should not be diluted into an entire scheduled
feeding or prepared ahead of time in batches in anticipation
of future administration. Limiting the volume more likely fa-
cilitates delivery of the entire dose and adding the medication
to a feeding bottle immediately before delivery minimizes the
potential of drug instability. Drug interactions with foods also
should be considered before drugs are added to feeding for-
mulas. Most children are able to swallow tablets at 5 to 8 years
of age. Duplicate supplies of medication should be provided
to the caregiver when mid-day doses are required for children
who attend school or childcare in the event a dose is dropped.
Children of all ages should be encouraged and praised for their
cooperation in taking their medicine. Rewards, gold stars, or
stickers can be useful to gain cooperation in an older child.

Ear, Nose, and Eye Drops
Otic, ophthalmic, and nasal medications usually need to be ad-
ministered to infants and young children in a different manner
than adults. Otic medications should be instilled by pulling the
auricle down and out in infants and young children, whereas
older children should have the auricle of the ear held up and
back to straighten the ear canal. During the instillation of
nose and eye drops, position infants and toddlers with their
head lower than the rest of the body because gravity assists
in dispersing the medication. This can be achieved by laying
the infant across a bed with the shoulders projecting over the
edge of the bed. Restraining the infant often is required during
the administration of ophthalmic formulations. When admin-
istering the eye medication (Fig. 93-2), the caregiver must be

FIGURE 93-2 Administering eye drops to a young child. (1) Place the
child on a flat surface. Enlist the help of a second adult to restrain the child
or swaddle the child as described in Figure 93-1. (2) Holding the child’s
head steady, gently pull the eyelids apart. The hand that is holding the
medication dropper can rest on the child’s head while administering the
medication to minimize the potential for injury to the eye if the child’s
head moves abruptly. Administer the medication as directed.
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cautious to avoid injury to the eye caused by sudden move-
ments of the infant. The technique of placing the hand, which
holds the eye medication, on the forehead of the infant during
administration can help to minimize eye injury because the
hand holding the eye dropper will move when the infant’s head
moves.

To minimize fear and improve cooperation during instilla-
tion of eye, nose, or ear drops, the procedure should be ex-
plained to the child as simply as possible. It is best to warm the
medication in your hand for a few minutes before administra-
tion because medications can feel very cold inside the ears or
nose even when stored at room temperature.

INFANT CARE
Teething
The growth and development of teeth begin as early as the sixth
week of embryonic life. Calcification of the enamel and dentin
begins at 4 months of gestation. Normal eruption of primary or
deciduous teeth rarely begins before 4 to 5 months of age and
usually is completed by 36 months of age.3 Although premature
infants usually experience delayed eruption of their deciduous
teeth, their first tooth appears (based on postconceptual age)
at about the same time as term infants.4 In many full-term
infants, however, teeth do not erupt until the end of the first year:
delayed eruption of all teeth can reflect systemic or nutritional
disturbances (e.g., hypothyroidism, hypopituitarism, rickets).3

Early eruption is less common and also can be associated with
medical conditions (e.g., hyperthyroidism, precocious puberty,
long-term steroid therapy).

Normal Eruption of Primary Teeth

Signs and Symptoms

1. C.J., a 6-month old, has become increasingly irritable and
has been waking up four to five times a night. She is drooling
excessively and biting on hard objects constantly. A brief exami-
nation of C.J.’s mouth shows red and tender gums. No teeth are
present, and C.J. is afebrile. Her mother is concerned that C.J.’s
teething has caused a secondary illness. What would be a likely
explanation for these symptoms?

C.J.’s regular sleeping pattern has been disturbed by symp-
tomatic teething. As the teeth penetrate the gums, the site can
become tender: this process generally is associated with in-
creased salivation. Bacterial invasion through a break in the
tissue or under a gingival flap covering the teeth can cause
inflammation and edema, but “teething” does not cause sys-
temic disturbances.5 Restlessness, increased salivation, thumb-
sucking, gum-rubbing, and decreased appetite commonly ac-
company teething.

Treatment

2. What course of treatment can be suggested for C.J.?

GENERAL MANAGEMENT
Gentle irrigation with water often relieves the inflammation

around a gum flap. A topical anesthetic can be rubbed gently
on the mucous membranes overlying the erupting tooth with
a cotton-tipped applicator. Local anesthetics, however, should
not be used long-term, and topical products containing lido-
caine should not be used for symptomatic relief of teething

because absorption of lidocaine can lead to systemic toxicity.
Alcohol-free products containing 7.5% benzocaine (e.g., Ora-
jel Baby Gel, Orabase Baby Analgesic Teething Gel) can be
used for infants more than 4 months of age.6 Giving the child a
blunt, firm object to chew is helpful; and wrapping cracked ice
in a soft cloth also can hasten tooth eruption and relieve pain.
Rubber teething rings of various shapes can be beneficial, but
trauma from the teething ring might lead to angular cheilitis.7

Water-containing rings can become contaminated with bacte-
ria and should be avoided.

Ibuprofen and acetaminophen are commonly prescribed for
younger children to relieve pain associated with the eruption
of primary dentition. Ibuprofen’s anti-inflammatory effects last
for about 6 to 8 hours and might be especially helpful at bed-
time. Pediatric dosage recommendations must be strictly fol-
lowed. Topical aspirin should never be used because it can
cause oral chemical burns. Oral aspirin is not used because of
its association with Reye’s syndrome, a condition consisting
of encephalopathy and fatty degeneration of the liver.

Diaper Rash
Etiology
Diaper dermatitis is commonly encountered in pediatric prac-
tice, occurring in up to 35% of infants at any given time. Al-
though the pathogenesis of diaper dermatitis is not well de-
fined, a number of factors (e.g., chemical irritants, friction,
bacteria) have been associated with skin inflammation in the
diaper area. In particular, skin wetness and pH have been impli-
cated in diaper dermatitis, and wetness appears to have greater
influence than that of pH. Overhydration of the skin increases
the permeability of low molecular weight compounds and ex-
acerbates the effects of friction.8 Cloth diapers covered with
plastic pants or disposable diapers with plastic outer linings de-
crease air circulation and increase moisture in the diaper area.9

Residual chemicals or laundry detergents in the diaper (cloth
or disposable), as well as soaps, medications, or lotions that
have been applied directly to the infant’s skin also have roles in
the development of diaper rash. A persistent diaper rash could
represent a localized fungal or bacterial infection.9

Clinical Presentation
Four clinical presentations of dermatitis are associated with
diaper wear:

1. A mild, scaling rash in the perianal area
2. A sharply demarcated confluent erythema
3. Ulceration distributed through the diaper area
4. A beefy red confluent erythema with satellite lesions,

vesiculopustular lesions, and diffuse involvement of the
genitalia

Treatment

3. K.G., a 3-month-old infant, has had a severe “diaper rash”
for the past 4 days. The very inflamed and tender area is confined
to the diaper area, and vesicular satellite lesions are present on the
periphery of the erythematous area. K.G.’s mother uses only cloth
diapers and has not changed soap or her normal pattern of diaper
care since K.G. was born. Based on the clinical appearance of the
rash and its duration, the clinician prescribed clotrimazole 1%
cream and gave K.G.’s mother instructions for treatment. Why
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was clotrimazole prescribed? What are some general measures
for the prevention and treatment of diaper rash?

K.G.’s rash is consistent with a candidal infection, which
typically is beefy red and associated with vesicular satellite le-
sions. Presence of a rash for >3 days and diffuse involvement
of the genitalia and inguinal folds also are characteristic of this
form of diaper rash. K.G.’s rash can be treated with clotrima-
zole or miconazole cream applied to the inflamed area four
times daily until it has resolved. Nystatin ointment can be ap-
plied, but often is not as effective as the imidazole antifungals
because of increasing resistance of candida species to nystatin.

Removal of stool and urine from the diaper area by gentle
rinsing with plain water and more frequent diaper changes
often help to alleviate diaper rashes. Wiping the baby with
diaper wipes that contain alcohol can sting, further irritate the
involved area, and should be avoided until the rash has resolved.
A good protective agent containing zinc oxide or petrolatum
(e.g., Desitin) can be applied with each diaper change to create
a barrier to irritants and seal out moisture. Powdered protective
agents (e.g., cornstarch, talc) can minimize friction caused by
diapers, but should be used cautiously because the infant can
aspirate powder particles and develop a chemical pneumonia.10

When used, powders should be shaken into the diaper or applied
close to the body, away from the baby’s face. The concern
that cornstarch might serve as a culture medium for Candida
albicans has not been substantiated.11

Other prevention and treatment measures should include the
following:

1. Change the diaper as soon as it is wet or at least every 2 to
4 hours during the day.

2. Keep the diaper area clean (e.g., nightly baths until re-
solved).

3. Use super absorbent disposable diapers at night.
4. Expose the diaper area to air as often as possible.
5. Dry the diaper area completely before a new diaper is put

on.
6. For cotton diapers, use a bacteriostatic agent in the diaper

pail and rinse water or employ a diaper service to ensure
that diapers are sterile.

7. Apply a low-potency topical corticosteroid, such as 0.5%
to 1% hydrocortisone, twice daily for up to 1 week when
severe inflammation is present.12

Fever
Normal body temperature varies throughout the day, peaking
in late afternoon or early evening. Body temperature can be
measured rectally, orally, axillary (under the arm), and tym-
panically. Rectal temperatures are most reliable in infants <3
months of age. Oral measurements of temperature are not ap-
propriate in children <3 years of age because it is difficult for
young children to maintain a tight seal around the thermometer.

Fever is defined as an oral temperature >37.8◦C (100◦F), an
axillary temperature >37.2◦C (99.0◦F), or in children <5 years
of age, a rectal temperature >38◦C (100.4◦F). (Fahrenheit tem-
peratures can be converted to or from centigrade temperatures
by the formula: ◦F = 1.8◦C + 32.)

Children with fevers might not have other signs or symp-
toms of an illness. Any child <2 months of age who de-
velops a fever (e.g., rectal temperature >100◦F) requires a

complete evaluation (e.g., blood culture, urinalysis) because
clinical manifestations of a serious infection often are subtle,
nonspecific, and not predictive of the extent or severity of ill-
ness. In this situation, antibiotic therapy usually is initiated
while awaiting laboratory results. Children 6 to 24 months of
age with a temperature >38.9◦C (102◦F) and white blood cell
(WBC) counts <5,000/mm3 or >15,000/mm3 are at increased
risk for bacteremia. Children of any age with fever >41◦C
should be evaluated not only for bacteremia, but also for pos-
sible meningitis. Blood cultures, lumbar puncture, urinalysis,
and chest radiograph should be considered on an individual ba-
sis to help determine the etiology of infection. Febrile immuno-
compromised children and febrile children with functional or
anatomic asplenia are at increased risk for sepsis or fulmi-
nant infections (e.g., Streptococcus pneumoniae, Salmonella
species, Escherichia coli) and should receive prompt antibi-
otic therapy.13

4. R.B., a 12-month-old, 10-kg baby boy was well yesterday
until his mother noticed that he felt warm to her touch later in
the afternoon. For the past 24 hours, he has remained warm, is
fussy and less active. A rectal temperature 15 minutes ago was
39◦C. His mother is concerned R.B.’s temperature will continue
to rise. When do fevers progress into febrile seizures? How should
R.B.’s febrile illness be treated?

Risk of Febrile Seizures
Febrile seizures occur in approximately 2% to 4% of children
6 months to 5 years of age who have temperature elevations
>38◦C.14 The etiology and pathogenesis are unknown, but the
temperature and the rate of temperature increase appear to be
important factors.15 Genetic predisposition also appears to be
a factor because febrile seizures occur with greater frequency
among family members.14 Febrile seizures are of two types:
simple and complex. Simple febrile seizures last <15 minutes
and do not have significant focal features. Complex febrile
seizures have a longer duration, occur in series, and are as-
sociated with focal changes. Typically, febrile seizures occur
within the first 24 hours of a febrile episode.14 Although R.B.
is in the age group at greatest risk for having a febrile seizure,
he has been febrile for more than 24 hours and a seizure is
unlikely during this illness.

Treatment
ANTIPYRETIC THERAPY
Acetaminophen is the most common antipyretic agent

used in children. The usual dose, oral or rectal, is 10 to 15
mg/kg/dose administered every 4 to 6 hours as needed to a
maximum of 65 mg/kg/day.

Ibuprofen is administered as 5 to 10 mg/kg/dose orally ev-
ery 6 to 8 hours as needed to a maximum of 40 mg/kg/day.
Ibuprofen is as effective as acetaminophen as an antipyretic
and is associated with a low incidence of adverse effects.16,17

Although renal failure has been reported after ibuprofen use in
children,18,19 the risk of renal impairment is small with short-
term use and not greater than that with acetaminophen.17,19

Acetaminophen or ibuprofen should be effective in low-
ering R.B.’s fever. Acetaminophen typically is considered to
be a first-line drug in children. Dosing errors have occurred
when teaspoonful quantities of acetaminophen infant drops
(80 mg/0.8 mL) were given instead of the liquid formulation
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(160 mg/5 mL) or when regular strength tablets (325 mg)
have been substituted for chewable children’s tablets (160 mg).
Caretakers should be questioned about the dosage form of ac-
etaminophen they have at home, concurrent use of any other
products containing acetaminophen, and whether cumulative
doses are within the recommended range. Ibuprofen, an alter-
native to acetaminophen for R.B., is available in two liquid for-
mulations (infant drops, 50 mg/1.25 mL; children’s suspension,
100 mg/5 mL) and two chewable tablet dosage formulations
(50 mg, 100 mg). Adverse effects are limited when ibupro-
fen is used in recommended doses for short-term antipyre-
sis. Although some practitioners may alternate acetaminophen
and ibuprofen during the day, no data are available to support
the efficacy or safety of combination therapy. Aspirin ther-
apy is not recommended for treatment of fever in children
or adolescents with chickenpox, gastroenteritis, or respiratory
viral infections because of its association with Reye’s syn-
drome.20

Cough and Cold
Another common diagnosis in children is viral upper respira-
tory infection or the common cold.21 Preschool children have
between three and nine colds each year.21 Children with a cold
often present with sore throat, nasal congestion, rhinorrhea,
sneezing, cough, and irritability.

Clinical Presentation and Treatment

5. J.K. is a 3-month-old infant who began having nasal conges-
tion, rhinorrhea, and cough yesterday. She has had no fever and
is eating well, but did not sleep well last evening. J.K.’s mother
called her pediatrician and was told that J.K. most likely has a
cold caused by a virus. How can J.K.’s symptoms be treated?

A cool mist humidifier can increase the amount of moisture
in room air and decrease irritation in the upper airway when
humidity is low. Saline nose drops followed by bulb suctioning
can help to clear the nasal passages in J.K. who is <6 months of
age.21 It is especially important to do this before feedings. If a
topical nasal decongestant is needed, phenylephrine would be
preferred over oxymetazoline and xylometazoline, because of
its lesser association with toxicity (e.g., sedation, convulsions,
insomnia, coma) in children <6 years of age.22,23 A deconges-
tant, however, should not be prescribed for J.K. because of her
age and the potential for adverse effects.

Several hundred over-the-counter medications for upper
respiratory symptoms are available and about 95 million units
of these products are sold each year in the United States. Nev-
ertheless, the safety and effectiveness of these cough and cold
medications in children have yet to be proved.24a The Centers
for Disease Control and Prevention (CDC) reported that 1,519
children <2 years of age were admitted to Emergency Depart-
ments in 2004 to 2005 because of overdoses and other problems
associated with cough and cold medicines. Furthermore, ac-
cording to the FDA, 54 deaths in children were linked to the
use of decongestants (e.g., pseudoephedrine, phenylephrine,
ephedrine) and 69 deaths to antihistamines (e.g., diphenhy-
dramine, brompheniramine, chlorpheniramine) from 1969 to
September 13, 2006. Most of these deaths occurred in chil-
dren <2 years of age, and some of the fatalities occurred in
children who received overdoses that might have been the re-

sult of inadvertent administration of multiple medications con-
taining the same ingredient. Antihistamines are not effective
for rhinorrhea caused by the common cold and should not
be recommended. Antitussives also should not be used if the
child’s cough is productive, but might be helpful if a cough
is dry and interferes with activities or sleep.21 Nevertheless,
cough suppressant formulations for children, including dex-
tromethorphan or diphenhydramine, have not been proven to
be beneficial when compared with placebo. An FDA advisory
committee in 2007 voted 13 to 9 to recommend that over-the-
counter cold and cough medications not be used in children
<6 years of age.24a Expectorants, such as guaifenesin, also are
not effective and evidence is insufficient to support the use
of vitamin C, zinc, or echinacea in children for treatment or
prevention of the common cold.

Owing to reports of toxicity and death related to over-the-
counter cough and cold products, the CDC has recommended
that caregivers avoid giving these products to children <2 years
of age unless advised by a clinician.24 In 2007, pharmaceutical
manufacturers already had begun preemptively to stop sell-
ing versions of these medications (i.e., over-the-counter de-
congestants, antihistamines, and cough suppressants) aimed at
infants <2 years of age. If deemed necessary by a physician
for older children, nonprescription cough and cold medications
containing single ingredients should be selected to minimize
the potential for adverse effects and administration of multiple
products with similar ingredients.

Constipation
Constipation, accounting for approximately 3% of general pe-
diatric office visits,25 can be defined as a stool frequency of less
than 3 per week or occurrence of pain on defecation (signify-
ing hard stools).25 Beyond the neonatal period, constipation is
most commonly idiopathic or functional and may be due to a
diet low in fiber, lack of time or routine for toileting, or pas-
sage of a painful stool resulting in a fear of defecating. Stool
retention over time may result in soiling or encopresis.

Clinical Presentation and Treatment

6. R.J., a 2-year-old boy, has had abdominal pain for several
weeks. On average he has one stool weekly and he cries each time
because of pain. After obtaining a thorough history and perform-
ing a physical examination, the physician determines that R.J.
has functional constipation. What treatment measures should be
taken to relieve and prevent R.J’s constipation?

Before maintenance therapy can be initiated, disimpaction
of the patient is necessary first. Although no controlled stud-
ies compare efficacy of the oral and rectal routes, oral therapy
(mineral oil, polyethylene glycol, bisacodyl) is preferred be-
cause it is less invasive and might achieve better adherence
than rectal therapy (phosphate soda enemas, mineral oil en-
emas, glycerin suppositories in infants, bisacodyl supposito-
ries in older children).26 After disimpaction, a combination of
behavioral, dietary, and medication therapies should be ini-
tiated to promote regular stool production and prevent reim-
paction. Dietary interventions include adequate fluid and fiber
intake. Medications (e.g., polyethylene glycol 3350, mineral
oil, lactulose, sorbitol) should be titrated to produce one to
two soft stools daily; and stimulant laxatives might be needed
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Table 93-1 Medications for the Treatment of Constipation25,26

Medication Initial Dosage Comments

Osmotic Agents
Lactulose 1–3 mL/kg/day QD-BID
Sorbitol 1–3 mL/kg/day QD-BID Less expensive than lactulose
Barley malt extract 2–10 mL/240 mL of milk or juice daily Useful for infants drinking from a bottle
Magnesium hydroxide 1–3 mL/kg/day using 400 mg/5 mL Infants are at risk for hypermagnesemia.
Phosphate enema ≥2 yr of age: 6 mL/kg up to 135 mL Electrolyte abnormalities more common in children with renal failure or

Hirschprung disease. Avoid in children <2 yr.

Lubricant
Mineral oil >1 yr of age:

Disimpaction: 15–30 mL/yr of age up to
240 mL daily

Maintenance: 1–3 mL/kg/day

Better tolerated if chilled. Avoid in children <1 yr. Lipoid pneumonia
may occur if aspirated.

Stimulants
Senna 2–6 yr of age: 2.5–7.5 mL/day

6–12 yr of age: 5–15 mL/day
Not recommended for chronic use

Bisacodyl ≥2 yr old: 0.5–1 suppository or 1–3 tablets
per dose

Not recommended for chronic use

Glycerin suppositories 1 suppository per dose Preferred stimulant for children <2 yr of age

BID, twice daily; QD, every day.

intermittently. The recommended dosing of medications for
treatment of constipation is listed in Table 93-1.

Vomiting and Diarrhea
Vomiting and diarrhea, two commonly encountered com-
plaints in pediatric practice, usually are self-limiting, but severe
cases can result in serious complications (e.g., dehydration,
metabolic disturbances, and even death). Infants and young
children are particularly susceptible to more severe complica-
tions.

Pathogenesis and Presentation of Vomiting
Vomiting or emesis is defined as forceful expulsion of gas-
trointestinal (GI) contents through the mouth or nose; non-
forceful expulsion of GI contents is considered regurgitation.
In newborns, regurgitation of small amounts of breast milk or
formula after feeding, especially when burping, is common. In
most cases, regurgitation usually resolves by 1 year of age and
rarely causes a problem.27 Extensive evaluation of regurgita-
tion is not needed in a child who is growing well. Other causes
of vomiting during the newborn period include pyloric steno-
sis, gastroesophageal reflux, overfeeding, food intolerance, and
GI obstruction. Beyond the neonatal period, the most common
cause of vomiting is infection. Vomiting in infants and children
also can be caused by central nervous system (CNS) disease
(e.g., intracranial tumors), metabolic disease (e.g., urea cycle
disorder), inflammatory bowel disease, and ulcers. Conditions
causing emesis in older infants and children range from viral
gastroenteritis to more severe illnesses, such as bowel obstruc-
tion or head injury, that require immediate medical attention
(Table 93-2). 27 Acute vomiting also can result from medication
or toxic ingestions. In teenagers, migraine, pregnancy, and psy-
chological disorders (e.g., bulimia) have been associated with
vomiting.

Pathogenesis and Presentation of Diarrhea
Diarrhea refers to an increase in frequency, volume, or liquid-
ity of stool when compared with normal bowel movements.
In developing countries, diarrhea is a common cause of death.
In the United States, approximately 38 million cases of di-
arrhea will occur annually, resulting in approximately 2 to
4 million physician visits, 220,000 hospitalizations, and about
400 deaths.28

Acute diarrhea in infants and children generally is abrupt
in onset, lasts a few days, and usually is caused by viruses.
(See Chapter 62, Infectious Diarrhea for infectious diarrhea of
other etiologies.) Diarrhea is considered chronic if it is longer
than 2 weeks in duration and can be caused by malabsorp-
tion, inflammatory disease, alteration of intestinal flora, milk
or protein intolerance, and drugs.29

Infants and children are at high risk for morbidity and mor-
tality secondary to diarrhea for several reasons. Dehydration
can occur easily as acute net intestinal fluid losses are rela-
tively much greater in young children than in adults. This may
result from inefficient transport systems in the developing in-
testine. In addition, the percent of total body water in children
is higher than in adults; thus, they are more susceptible to body
fluid shifts. Total body water changes from 80% of total body
weight in premature infants to 70% in term infants and 60% in
adults. Finally, the renal capacity to compensate for fluid and
electrolyte imbalances in the infant is limited compared with
an adult’s.30

VIRAL GASTROENTERITIS

7. J.R., a 15-month-old male infant, had one loose stool and
began vomiting this morning but has not had a fever. On ques-
tioning, you discover that many children attending day care with
J.R. are experiencing vomiting, diarrhea, and low-grade temper-
atures. How should J.R.’s vomiting be treated?
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Table 93-2 Causes of Vomiting in Infants and Children27

Causes Other Signs and Symptoms

Drug Induced
Cancer chemotherapy Nausea
Narcotics
Theophylline/Aminophylline
Antibiotics
Alcohol
Anesthetics

Metabolic or Endocrine Alteration in behavior
Disorders

Infectious Diseases Fever
Otitis media Symptoms of otitis media
Meningitis Stiff neck, toxic appearance
Appendicitis Abdominal pain
Urinary tract infection or

pyelonephritis
Dysuria, frequency and urgency in older

children
Viral or bacterial

gastroenteritis
Diarrhea

Mechanical Obstruction
Bowel obstruction Abdominal distention, green emesis
Pyloric stenosis Projectile nonbilious vomiting

Abdominal pain

Inflammatory
Pancreatitis
Inflammatory bowel Diarrhea
Peptic ulcer disease Black or red vomitus

Psychologic
Chemotherapy
Bulimia

Miscellaneous
Gastroesophageal reflux Usually self-limited; indications for

evaluation include recurrent
pneumonia, poor growth,
gastrointestinal blood loss, dysphagia,
or heartburn

Increased intracranial
pressure

Mental status alternation

Head injury or trauma History of trauma, mental status changes
Food or milk intolerance Irritability, loose stool, blood in stool or

allergy

Routine use of antiemetics for acute vomiting in children
is not recommended because masking of symptoms may de-
lay diagnosis of a treatable illness. In addition, the safety
and efficacy of the antiemetics, metoclopramide, prometh-
azine, trimethobenzamide, and dimenhydrinate have not been
demonstrated.31,32 Ondansetron does decrease vomiting, and it
increases oral intake and decreases the need for intravenous re-
hydration; however, the cost effectiveness of ondansetron for
use in gastroenteritis needs consideration because this drug
does not significantly decrease hospital admission.32,33

Parents should be taught the signs and symptoms of gas-
troenteritis and vomiting that are sufficiently serious to warrant
medical attention. A pediatrician should be contacted if a child
is toxic appearing, exhibits unusual behavior or signs of an ear
infection, experiences abdominal pain or distention, or has red
or black vomitus or stool. In addition, a pediatrician should be

called if there is a history or suspicion of toxic ingestion or
head trauma. Medical evaluation also is necessary for infants
<6 months of age; when persistent vomiting or high volume
diarrhea is present; or when chronic medical conditions or pre-
maturity are involved. Because fever can accompany vomiting
in viral gastroenteritis, any fever occurring in a neonate war-
rants medical attention, as well as in older infants and children
when fever becomes prolonged or changes in pattern.

When communicating with a health care provider about a
vomiting child, it is helpful if the parents have knowledge of the
child’s fluid intake, and the frequency and volume of vomiting
and urination. The amount of vomitus can be estimated by the
following rule of thumb: one tablespoon makes a spot four
inches wide and a quarter-cup makes a spot approximately 8
inches wide.

Vomiting associated with gastroenteritis usually resolves
in 24 to 48 hours. Infants are particularly susceptible to the
development of fluid and electrolyte abnormalities; therefore,
fluid and electrolyte replacements are critically important (see
Question 9).

J.R, who is early in the course of gastroenteritis, must re-
ceive sufficient fluids to prevent dehydration. Oral hydration
therapy can be successful when given in small volumes, even
if J.R. is still vomiting. For example, 5 to 10 mL can be admin-
istered every 5–10 minutes, and the volume can be gradually
increased as tolerated. Volumes equal to estimated fluid deficit
(usually 50–100 mL/kg) should be given over 2 to 4 hours.
For each diarrheal stool, an additional 10 mL/kg of oral elec-
trolyte solution should be given. If diarrhea or vomiting recurs,
10 mL/kg and 2 mL/kg of an oral rehydration solution (ORS)
can be administered for each stool or emesis, respectively.31

J.R.’s clinical condition should continue to be monitored by his
caregiver. If stool output exceeds 10 mL/kg/hour, ORS might
not be sufficient, and the health care provider should again be
contacted. ORS should only be abandoned in children with in-
tractable vomiting, loss of consciousness, bowel obstruction,
or if the child is in shock. Most infants will tolerate oral hydra-
tion when small amounts are given frequently. Using a spoon
or oral syringe to administer the fluid may be more effective
than using a nipple or cup. As dehydration is corrected, the fre-
quency of vomiting typically decreases. Once rehydration has
been achieved, fluids other than ORS and a diet appropriate for
age may be started.31 Breast milk or formula should be given
as tolerated.

Assessment of Dehydration

8. On the second day of illness, J.R. develops a mild fever and
diarrhea that has increased in frequency and water content. How
can the severity of J.R.’s diarrhea be assessed? Should he be hospi-
talized for intravenous (IV) fluid replacement, or can he be treated
on an outpatient basis?

To determine whether IV fluid replacement is needed, con-
sider the following questions:

1. Does the child have any of the following signs and symp-
toms of severe dehydration? Deeply sunken eyes, parched
mucous membranes, significantly prolonged capillary refill;
cool, mottled extremities; crying without tears; oliguria or
anuria; weak or thready pulses; lethargy; poor oral intake;
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deep respirations; history of seizures or convulsions; a fever
without perspiration, or thirst?

2. Are a large number of copious stools still being produced
(>10 mL/kg/hour)? Is bowel obstruction a possibility?

3. Is there a risk of dehydration from inadequate monitoring, or
is the parent unable to care for the child? Specific inquiries
should be made about the number and consistency of stools
in children with diarrhea.

Estimating the degree of dehydration is particularly valu-
able in assessing the patient with diarrhea: weight loss is a
good criterion. A 3% to 9% weight loss is considered mild
to moderate dehydration, whereas >9% is considered severe
dehydration.31 (See Chapter 97, Pediatric Nutrition, for infor-
mation about IV replacement therapy in children with 10% or
more dehydration.)

Oral Replacement Therapy

9. On questioning, J.R. was not considered to be sufficiently
dehydrated to warrant hospitalization. How might J.R.’s fluids
and electrolytes be managed on an outpatient basis?

The goal of J.R.’s treatment should be focused on the pre-
vention of dehydration and the restoration and maintenance
of adequate fluid and electrolyte balance. Mild to moderate
diarrhea without dehydration generally is managed at home
by continued age-appropriate feeding. Fluid losses in stools
can be replaced with a glucose-containing ORS. Glucose pro-
vides calories and enhances salt and water absorption in the
small intestine through mechanisms that usually are unim-
paired in many toxin-induced diarrheas. Parents formerly were
instructed to prepare salt and sugar solutions at home; however,
frequent errors in the preparation of these solutions resulted
in exacerbation of problems with fluid and electrolyte bal-
ance. Oral glucose–electrolyte formulations (e.g., Pedialyte),
designed to enhance glucose and sodium absorption, are com-
mercially available and should be used in infants and young
children. Gatorade is an alternative for older children, but car-
bonated beverages and fruit juices do not contain sufficient
sodium to replace diarrheal losses. Rehydration and mainte-
nance solutions can be made more palatable with sugar-free
flavorings (e.g., Kool-Aid, Crystal Lite).

The World Health Organization (WHO) formerly promoted
use of an oral replacement solution (WHO formula) contain-
ing sodium (90 mEq/L), potassium (20 mEq/L), bicarbonate
(30 mEq/L), chloride (80 mEq/L), and 2% glucose for the
widespread management of acute diarrhea in third-world coun-
tries. The WHO formula, which had a 90% successful re-
hydration rate for the management of diarrhea, contained a
high concentration of sodium because secretory diarrhea (e.g.,
cholera) is associated with substantial loss of sodium. Malab-
sorptive diarrheas, such as those associated with rotavirus in-
fections, are associated with much lower loss of sodium (<40
mEq/L). Although commercially available ORS contain less
sodium than the WHO formulation, these preparations were
equally effective as the WHO formula, even when used to treat
the high-sodium losses associated with cholera. Furthermore,
these lower sodium-containing formulations were associated
with less vomiting, lower stool output, and reduced need for
IV infusions in non–cholera-associated gastroenteritis. As a

Table 93-3 Oral Electrolyte Solutions31

Compositions

Sodium Potassium Carbohydrate
Solution (mmol/L) (mmol/L) (mmol/L) Osmolarity

Rehydration
Rehydralyte 75 20 140 305
WHO formula (1975) 90 20 111 311
WHO formula (2002) 75 20 75 245

Maintenance
Enfalyte 50 25 167 200
Pedialyte 45 20 139 250

Home Remedies
Apple juice 0.4 44 667 730
Gatorade 20 3 255 330
Ginger ale 3 1 500 540
Chicken broth 250 8 500
Cola 1.6 622 730

WHO, World Health Organization.

result, the WHO, in 2002, promoted a new formulation that
consists of 75 mEq/L sodium and a total osmolarity of 245
mOsm/L.31 Glucose is added to oral electrolyte solutions to en-
hance glucose-coupled sodium transport; however, concentra-
tions >3% can impair sodium absorption because the glucose-
coupled sodium transport system becomes saturated at this
concentration and any additional glucose acts as an osmoti-
cally active solute in the bowel lumen. The electrolyte content
of commonly used ORS is provided in Table 93-3.

Reinstitution of Oral Feedings
Previously, feeding during an episode of viral gastroenteritis
has been delayed because of the malabsorption that typically
occurs during and after these bouts. The malabsorption, how-
ever, is self-limiting and substantial amounts of carbohydrate,
protein, and fat can still be absorbed. The reinstitution of a
regular diet, therefore, should not adversely affect mild diar-
rhea and can be beneficial.34 Parents are encouraged to con-
tinue feeding their children using age-appropriate diet while
avoiding simple sugars, which can increase osmotic load and
worsen diarrhea. Continuation of oral feeding, despite diar-
rheal episodes, minimizes the development of protein and en-
ergy deficits; facilitates the maintenance and repair of intestinal
mucosa; promotes recovery of brush border membrane dis-
accharidases; decreases the duration of illness; and improves
nutritional status.31,34 Although lactose intolerance can occur
with viral gastroenteritis, most children with mild diarrhea can
tolerate full-strength animal milk, animal milk-based formula,
and breast milk. If the child becomes lactose intolerant dur-
ing this illness, a lactose-free formula may be substituted for 2
to 6 weeks until GI lactase production returns to normal. Spe-
cific diets are often recommended during diarrhea (e.g., BRAT
[bananas, rice, applesauce, toast]). Although these diets occa-
sionally can be useful, the nutritional value of these foods is
relatively low, and they do not provide optimal nutrition com-
pared with complete diets with fats and proteins.31
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Drug Therapy

10. What medications can be recommended for the treatment
of diarrhea in children?

Medications play a minor role in the treatment of acute
infantile diarrhea because most episodes are self-limiting. An-
tibiotics should be used only when systemic bacteremia is sus-
pected; when immune defenses are compromised; or when a
persistent enteric infection is sensitive to antibiotics.35 In gen-
eral, antidiarrheal preparations are not recommended for in-
fants or children because they have little effect on acute di-
arrhea, are associated with side effects, and direct attention
away from the use of oral hydration therapy.31,34 Drugs that
alter GI motility should be avoided, especially in children with
high fever, toxemia, or bloody mucoid stools, because they
may worsen the clinical course of the bacterial infection. Ad-
sorbents, such as Kaopectate, adsorb bacterial toxins and wa-
ter and lessen the symptoms of diarrhea by producing more
formed stools, but they do not decrease the duration of diar-
rhea or fluid and electrolyte losses. Kaopectate also can adsorb
nutrients, enzymes, and antibiotics (especially with prolonged
use).34

Probiotics, live microbial foods containing species of lacto-
bacillus, bifidobacterium, saccharomyces, and streptococcus,
can improve the balance of intestinal flora and diminish the
effect of enteric pathogens. These microbes are thought to ex-
ert their beneficial effects through various mechanisms (e.g.,
producing antibacterial chemicals, competing with enteric
pathogens, inhibiting the adhesive capabilities of pathogens,
altering toxins or toxin receptors).36 Probiotics are most useful
in infectious viral gastroenteritis (but not in bacterial infec-
tions) when used early in the course of disease. Lactobacillus
GG, in doses of at least 106 to 109 colony-forming units per
day, has been the most consistently beneficial in clinical tri-
als. The manufacture of probiotics is not regulated; therefore,
the organism count per dose might be based on the number
present at the time of production and not at time of expira-
tion, and the labeling might incorrectly identify the species of
organism. As a result, the efficacy of probiotics is difficult to
ascertain reliably. Probiotics are not recommended for use in
immunocompromised individuals because systemic infections
after use have been reported.31,36 Zinc supplementation hold
promise for the treatment and prevention of diarrheal disease;
however, its mechanism of action, best method of administra-
tion, and its efficacy in different populations are unclear.31

GASTROESOPHAGEAL REFLUX
Gastroesophageal reflux (GER) is a common disorder, with
50% to 67% of infants experiencing recurrent vomiting and
regurgitation during the first 4 months of life.37 Most reflux
in infants is believed to be caused by transient relaxations of
the lower esophageal sphincter (LES). Infants also might be
predisposed to reflux because of their body positioning (e.g.,
slumped over in a car seat or lying supine); their consump-
tion of a liquid feeding that exceeds the volume capacity of
the stomach; and in premature infants, a decrease in peristaltic
activity.38 Infants and young children also might have undi-
agnosed underlying conditions that predisposes them to reflux
(e.g., neurologic disorders, hiatal hernia, hypertrophic pyloric

stenosis, cow’s milk protein allergy).40 Of cases of reflux in
infants, 80% are benign and resolve by 18 months of age,39

and reflux in older children resolves in a timeframe similar to
that of adults. If untreated, GER can result in esophageal stric-
tures; GI hemorrhage; or chronic respiratory disease from the
aspiration of GI contents. Children with asthma are noted to
have an increased incidence of GER. 41

Clinical Presentation
In infants, the vomiting and regurgitation of GER occur fre-
quently and other symptoms often are nonspecific (e.g., fail-
ure to thrive [FTT], recurrent pneumonia, apnea, dyspha-
gia, reactive airway disease, apparent life-threatening events
[ALTE], hematemesis, anemia).40–42 A thorough diagnostic
workup generally is not necessary in a healthy infant with func-
tional GER presenting as recurrent vomiting: empiric drug
therapy can be initiated after the diagnosis is made based
on clinical findings and after other causes of vomiting have
been eliminated.40,43 Further diagnostic evaluations, however,
are indicated for infants and children presenting with ad-
ditional symptoms (e.g., FTT, irritability, ALTE, respiratory
difficulties).43 Currently, esophageal pH monitoring is consid-
ered the standard of practice for diagnosis of GER and en-
doscopic biopsy when mucosal abnormalities are noted.41,43

Multichannel intraluminal impedence measurements could re-
place these techniques.44 Further evaluations (e.g., barium con-
trast radiography) might be necessary if anatomic abnormali-
ties (e.g., strictures, pyloric stenosis) are suspected.43

Treatment
Because uncomplicated GER usually resolves spontaneously
in infants, therapy should focus on providing symptom relief
and maintaining normal growth.43 The goals of therapy are to
heal esophagitis and prevent complications in infants and chil-
dren with pathologic GER so that surgery can be avoided.43

Infants and young children with underlying neurologic prob-
lems (e.g., cerebral palsy) are unlikely to have spontaneous
resolutions of GER and frequently require aggressive antire-
flux therapies and surgical intervention.

Positional and Dietary Measures

11. S.B., a 3-month-old, 6-kg, 60-cm male infant, has a 2-week
history of regurgitation after each feeding. The pediatrician noted
that S.B. had not gained weight since his last visit 1 month earlier.
The presumptive diagnosis is FTT secondary to GER, and S.B.
was referred to a pediatric gastroenterologist. The gastroenterol-
ogist admitted S.B. to the hospital and confirmed the diagnosis
using 24-hour pH monitoring. How should S.B. be treated ini-
tially?

S.B. can be treated conservatively because he does not
present with life-threatening complications.43 First, caregiver
feedings should be observed to rule out regurgitation caused
either by overfeeding or by inappropriate feeding techniques.
Sometimes infants with milk protein allergies can have a sim-
ilar clinical presentation; therefore, a change to a soy protein
formula or hypoallergenic formula should be tried.41 Interven-
tions to modify an infant’s body positioning or to modify infant
feedings with milk thickeners are not proved to be effective,
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Table 93-4 Oral Drugs Used to Treat GER in Infants42,43,46,49,52–57,60,134,135–137,138,139–141

Agent Mode of Action Oral Dosage

Acid Suppressing Agents
Antacids (aluminum or

magnesium hydroxide)
Neutralizes acid; 0.5–1.0 mL/kg/dose before and after feeding (maximum,

15 mL/dose)

Proton Pump Inhibitors
Omeprazole
Esomperazole
Lansoprazole
Pantoprazole

↓ acid secretion via inhibition of gastric
hydrogen-potassium adenosine triphosphatase

1 mg/kg/day divided daily–BID
5–10 mg daily (1–5 yr)
10–20 mg daily (6–11 yr)
15 mg daily (weight <30 kg)
30 mg daily (weight > 30 kg)
20 mg daily (0.5–1 mg/kg/day)

H2 Receptor Antagonists Blocks H2-receptors; ↓ acid secretion
Cimetidine 40 mg/kg/day divided QID
Famotidine 0.5–1 mg/kg/day div daily-BID
Nizatidine 5–10 mg/kg/day divided BID
Ranitidine 5–10 mg/kg/day divided TID–QID

Prokinetic Agents
Bethanechol Cholinergic agent; stimulates peristalsis ↑

↑ LES pressure; ↑ gastric emptying; ↑ colonic motility
0.1–0.2 mg/kg/dose QID given 30–60 min before feeding

and HS
↑ gastric emptying; ↑ LES pressure; augments

esophageal clearance
Cisapride 0.8 mg/kg/day divided QID
Metoclopramide 0.1–0.2 mg/kg/dose QID given 30 min before feeding

and HS
Erythromycin Motilin agonist stimulates smooth muscle contraction 1–3 mg/kg/dose QID

Surface Active Agents
Sucralfate Forms paste and adheres to damaged esophageal

mucosa
40–80 mg/kg/day divided QID

BID, twice daily; GER, gastroesophageal reflux; HS, at bedtime; LES, lower esophageal sphincter; QID, four times daily; TID, three times daily.

but are reasonable to undertake.40–45 Maintaining S.B. at a 60-
degree angle during the day while sitting and at a 30-degree
position at night should be implemented in an effort to pro-
mote clearance of acid from the esophagus and to minimize
reflux after meals. Milk thickeners (most commonly rice cereal
in the United States) and more frequent, smaller feedings also
are worthwhile interventions. Mild cases of GER often can be
treated successfully by dietary measures alone, as well as by
propping infants in an upright position during, and 1 hour af-
ter, feedings. Although the placement of infants in a face-down
prone position during sleep can reduce reflux, the greater risk
of sudden infant death syndrome (SIDS) in infants <12 months
of age outweighs the benefits of such positioning.41 Older chil-
dren and adolescents should follow the recommended dietary
guidelines (i.e., avoidance of caffeine, chocolate, spicy foods)
for adults.

Drug Therapy
The efficacy of pharmacologic therapy in altering the course of
uncomplicated GER in infants has not been proved43; however,
a therapeutic trial of a prokinetic agent to manage recurrent
vomiting in an infant with uncomplicated GER seems rea-
sonable. In infants or children who present with nonspecific
symptoms or complications, such as S.B., acid suppression
therapy or prokinetic therapy is warranted even in the absence
of documented esophagitis.43 When esophagitis is present, acid
suppression is always recommended to aid in the healing pro-
cess; however, these agents alone do not rectify the causes of

the GER.43 The various agents to treat infant GER are listed
in Table 93-4.

ACID-SUPPRESSANT AGENTS
Antacids
Antacid therapy is not recommended for the treatment of GER
in infants and young children because infants treated with
aluminum-containing antacids can accumulate sufficient alu-
minum to cause osteopenia and neurotoxicity.41–43,46,47 In ad-
dition, information on other antacids in infants is limited; nev-
ertheless, antacids can provide short-term relief of symptoms
in older children and adults.

Proton-Pump Inhibitors
Proton-pump inhibitors (PPI) are superior to histamine2-
receptor antagonists (H2RA) in relieving symptoms and in pro-
moting healing of significant esophagitis from GER in infants,
young children, and adults.43,48,49 PPI control both basal and
meal-stimulated acid secretion, which may in part explain their
superior efficacy. The incidence of adverse effects in children
from PPI is similar to that reported in adults.49 Despite con-
cerns about the long-term use of PPI, untoward effects have not
been observed from their use for up to 11 years.50 In children,
increased metabolism and decreased bioavailability necessi-
tate larger milligram per kilogram doses to maintain acid sup-
pression than adults; thus, titration of dose to response is nec-
essary, particularly for treatment of esophageal erosions.44,51

Although most clinicians dose PPI once a day, multiple,
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divided daily doses can prevent acid breakthrough and better
promote healing.48 Omeprazole and lansoprazole are available
in extended-release capsules, which can be separated, opened,
and sprinkled on soft foods. Lansoprazole also is available as
granules for an oral suspension. Suspension formulations for
both omeprazole and lansoprazole have been extemporane-
ously compounded and evaluated for stability.

Histamine2-Receptor Antagonists
Histamine2-receptor antagonists (H2RA) reduce histamine-
stimulated acid secretion, but have limited effects on acid
secretion by other chemical mediators and other stimuli. In
randomized, controlled trials, H2RA in infants and children
relieved symptoms and facilitated the healing of esophageal
tissue.52,53 Tolerance to the acid suppressant activity of H2RA
over a relatively short time (<30 days), however,54,55 can limit
their use for long-term treatment of esophagitis. Oral liquid
formulations are available for most H2RA. Ranitidine also is
available in an effervescent tablet to facilitate compliance.

PROKINETIC AGENTS
Metoclopramide, a dopamine antagonist with cholinergic

and serotonergic effects, accelerates gastric emptying, in-
creases LES pressure, enhances esophageal clearance, and ac-
celerates transit time in the small bowel; however, its effects
on vomiting and esophageal pH in children with GER has
been equivocal.56,57 Additionally, metoclopramide has been
associated with significant CNS (i.e., restlessness, drowsiness,
extrapyramidal) effects and rare reports of gynecomastia and
galactorrhea. The prokinetic drug, cisapride, is not available
in the United States; however, it can be obtained via a limited
access protocol for children in whom conventional therapy has
failed.43 Domperidone, another prokinetic agent, also has been
associated with limited benefits for the treatment of GER in
infants.58 Erythromycin increases GI motility by increasing
smooth muscle contractions through its motilin agonistic ac-
tivity, and has been used as a prokinetic agent for GER in chil-
dren when acid suppression therapy alone was ineffective.59

Erythromycin-induced development of infantile hypertrophic
pyloric stenosis, arrhythmias, and potential changes in bacte-
rial resistance patterns, however, limit its use for GER. The
cholinergic agonist, bethanecol, reportedly reduces vomiting
episodes in infants with GER;43,60 however, its role in treating
GER in infants is limited because of its potential to induce bron-
chospasm and to stimulate gastric acid secretion. The lack of a
suitable commercially available formulation of bethanechol for
young infants necessitates its extemporaneous compounding.
Baclofen, which decreases transient LES relaxations through
its γ-aminobutyric acid (GABA) agonist actions, could be a
future therapeutic option for GER, pending further study.61

Generally, prokinetic agents only are marginally effective in
the management of GER.

SURFACE ACTIVE AGENTS
Sucralfate (Chapter 26, Upper Gastrointestinal Disorders)

was equally effective as cimetidine for use in esophagitis62;
however, its use for GER is more limiting because of concern
about the adverse effects of aluminum-containing products in
infants.

12. Four weeks after instituting positional and dietary mea-
sures, S.B. continues to vomit and still has not been gaining weight.

On physical examination, the gastroenterologist notes bilateral
wheezes; endoscopy rules out esophagitis. What would be the next
step of therapy?

The treatment of S.B. can include acid suppression therapy
and a prokinetic agent. Acid suppression therapy in children
who have complications from GER can be implemented by a
“step up” approach in which treatment is initiated with a H2RA
followed by a PPI if no improvement is noted, or through a “step
down” approach involving a PPI followed by an H2RA for
maintenance therapy.43 No evidence supports the preferential
use of one H2RA or PPI versus another; however, most pediatric
gastroenterologists prefer to use PPI.

The effectiveness of acid suppression for managing symp-
toms of GER in children is not as well documented as it is for
healing esophagitis; however, acid suppression is believed to
play a useful role for symptom control, particularly for manag-
ing the respiratory symptoms.43 If additional symptom control
is desired, metoclopramide 0.6 mg (0.1 mg/kg/dose) four times
daily, 30 minutes before meals and at bedtime can be initiated
for S.B. This dose can be adjusted based on his response, with
close observation for adverse effects. Treatment should be con-
tinued for at least 3 to 4 months, although the optimal duration
of therapy is unknown. If S.B. requires additional drug therapy
to control symptoms of GER beyond 18 months to 2 years of
age, surgery should be considered because GER is unlikely
to resolve spontaneously after this age.39 Surgery might be
considered earlier if S.B. fails medical therapy or if he de-
velops an esophageal stricture, apnea, or recurrent respiratory
disease.39,43

SEDATION AND ANALGESIA
Sedation
Conscious Sedation
Sedation often is needed for children who must undergo diag-
nostic or therapeutic procedures or when placed in an intensive
care setting. Table 93-5 lists characteristics of drugs commonly
used to produce conscious sedation. In general, the IV admin-
istration of drugs provides the most rapid onset of action. The
absorption of intramuscularly (IM), rectally, or orally adminis-
tered sedatives can be variable, especially in infants and young
children.63

13. A.J., a 3-year-old, 15-kg girl, is admitted for evaluation of
abdominal mass. A computed tomography scan is ordered. What
regimen should be used to sedate A.J.?

The ideal sedative should be easy to administer, and have
(a) a rapid and predictable onset, (b) minimal adverse effects,
and (c) a duration of action that approximates the duration of
many common medical procedures. Chloral hydrate, barbitu-
rates (e.g., pentobarbital), narcotic analgesics (e.g., morphine,
fentanyl), benzodiazepines (e.g., midazolam, lorazepam), and
anesthetic agents (e.g., propofol, ketamine) can be used in pe-
diatric patients for short-duration diagnostic procedures.

Although chloral hydrate had been used for sedation for
many years without evidence of problems, it has not been tested
extensively for toxicity or efficacy.64 Several years ago, the po-
tential carcinogenicity and genotoxicity of chloral hydrate be-
came of concern because it is a metabolite of trichloroethylene,
an industrial solvent and cleaning fluid, which has induced can-
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Table 93-5 Drugs Commonly Used for Conscious Sedation67,71

Drug Dosagea Onset of Action Duration Comments

Chloral hydrate 25–75 mg/kg (maximum, 1 g/dose to a
total of 2 g)

Route: PO, PR

20–30 min Unpredictable Rapidly metabolized to active metabolite
trichloroethanol; paradoxical excitation
may occur; hyperbilirubinemia has been
associated with chloral hydrate
(repeated doses) in premature infants
and neonates; absorption erratic when
given PR

Diazepam
(Valium)

IV: 0.04–0.3 mg/kg (maximum: 10 mg)
PO: 0.2–0.3 (maximum: 10 mg)

IV: 2–3 min
PO: 30–45 min

2–6 hr May burn when given IV (lipid soluble);
do not use small veins; infuse IV over 3
min and at most 5 mg/min; potentiates
the effect of narcotics and barbiturates

Fentanyl
(Sublimaze)

IV: 1–2 mcg/kg (up to 100 mcg/dose)
PO: 5–15 mcg/kg (maximum: 400 mcg)

IV: 1–1.5 min
IM: 7–8 min
PO: 5–15 min

IV: 30–60 min
IM: 1–2 hr
PO: 1–2 hr

Infuse IV over 3–5 min; effects potentiated
by benzodiazepines; Oralet available in
200-, 300-, and 400-mcg doses

Maximal dose is 400 mcg. Only about 25%
of dose of Actiq is absorbed from the
oral mucosa

Lorazepam
(Ativan)

IV: 0.05 mg/kg
PO: 0.02–0.1 mg/kg

IV: 2–5 min
IM: 15–30 min
PO: 30–60 min

6–24 hr Infuse IV over 2–3 min, not to exceed
2 mg/min; potentiates the effect of
narcotics and barbiturates

Meperidine
(Demerol)

IV: 0.5–1.5 mg/kg
SC/IM: 1–2 mg/kg (maximum,

100 mg/dose)
See combination drugs below for

Demerol/Phenergan/Thorazine dosage

IV: 1–5 min
SC/IM: 10 min

IV: 1–2
SC/IM: 2–4 hr

Metabolite (normeperidine) has neurotoxic
effect; accumulation of normeperidine
may result in central nervous system
manifestation; caution in patients with
renal impairment after high or repeated
doses; infuse IV dose over 3–5 min

Midazolam
(Versed)

IV: 0.05–0.1 mg/kg
Intranasal: 0.2–0.3 mg/kg
PO: 0.25–0.5 (maximum: 20 mg)

IV: 1–3 min
IM: 10–15 min
Intranasal: 5 min
PO: 5–10 min

IV: 30–60 min
IM: 2–6 hr
Intranasal: 40–75 min
PO: 30–90 min

3–4 times potency of diazepam; potentiates
the effect of narcotics; infuse IV dose
over 1–2 min

Morphine IV: 0.05–0.1 mg/kg IV: 1.0–2.5 min 1–2 hr Maximal respiratory depression occurs
within 7 min; effect potentiated by
benzodiazepines; infuse IV dose over
3–5 min

Pentobarbital
(Nembutal)

PO/PR/IM: 2–6 mg/kg (maximum,
100 mg/dose)

IV: 1–3 mg/kg in increments of 1 mg/kg
(maximum: 100 mg/dose)

PO/PR: 15–60
min

IM: 10–25 min
IV: 1–2 min

PO/PR: 1–4 hr
IM: 30–60 min
IV: 15–20 min

IV administration over at least 1 min or not
to exceed 50 mg/min

Propofol
(Diprivan)

IV: ≥2.5 mg/kg × 1
7.5–15 mg/kg/hr

IV: 30 sec after
bolus

3–10 min, longer with
prolonged use

Titrate to desired effect; lower dosages
required when used with narcotics;
metabolic acidosis with fatal cardiac
failure has been reported in children

Combination
drugs
Demerol/
Phenergan/

IM: Demerol: 2 mg/kg (up to 50 mg)
Phenergan: 1 mg/kg (up to 12.5 mg)

IM: 10–15 min
IV: 5–10 min

2–5 hr Infuse IV dose over 5 min; hypotension
can occur with rapid IV infusion; may
be mixed in the same syringe

Thorazine Thorazine: 1 mg/kg (up to 12.5 mg)
IV: 1/2 of IM dose

Ketamine IV: 0.5–2 mg/kg
IM: 3–7 mg/kg
PO: 6–10 mg/kg

IV: 30 sec
IM: 10–15 min
PO: 30 min

IV: 1–2 hr
IM: 3–4 hr

Can result in hallucinogenic emergence
reactions; less common in younger
patients, can be managed in part with
benzodiazepines; can cause bronchial
secretions

Etomidate IV: 0.1–0.3 mg/kg IV: 30–60 sec IV: 2–10 min; dose
dependent

Blocks cortisol production; avoid in
critically ill patients and prolonged
infusions; myoclonus seen in up to 33%
of patients; no analgesic activity, use
with opioid

Dexmedetomidine IV: 0.5–1 mcg/kg loading dose, then
0.2–0.7 mcg/kg/hr infusion

IV: analgesia,
∼30 min

IV: 2–3 hr Sedative and analgesic properties;
hypotension common

aUse low end of the dose if combined with another agent(s).
IM, intramuscular; IV, intravenous; PO, orally; PR, as needed; SC, subcutaneously.
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cer in rodents.65 Because the extrapolation of animal data to
humans is only theoretical, the American Academy of Pedi-
atrics (AAP) continues to support chloral hydrate use because
many practitioners are familiar with the use of this drug and
because it is associated with a low incidence of toxicity. A
sudden switch by practitioners from chloral hydrate to a less
familiar agent might pose a greater risk than a theoretic risk of
carcinogenesis.66 Practitioners, nevertheless, should become
increasingly familiar with sedating agents other than chloral
hydrate, especially for situations when chloral hydrate fails to
produce the desired effect. The risks of chloral hydrate in pe-
diatric patients needs further study. Chloral hydrate 25 to 75
mg/kg can be repeated in 30 minutes if needed to a maximal
total dose of 120 mg/kg, or 1 g for infants and 2 g for older
children.67 Most children respond to 50 to 75 mg/kg; however,
dose requirements can vary.66,68–70 Repetitive dosing of chloral
hydrate to maintain prolonged sedation in infants and children
during mechanical ventilation is not recommended because
its pharmacologically active metabolites can accumulate and
cause excessive CNS depression and other complications.64,66

Chloral hydrate can be particularly useful for sedating infants
and children in preparation for electroencephalogram and pul-
monary function tests.71

Pentobarbital induces sedation in children more rapidly
than chloral hydrate and has shorter duration of action. A lower
milligram per kilogram dose of pentobarbital is needed in older
patients than younger infants and children. Intravenous pento-
barbital should be given in 1 mg/kg increments to minimize
risk of respiratory depression. In clinical trials, pentobarbi-
tal has compared favorably with chloral hydrate for sedation
before imaging studies.72,73 Paradoxical reactions (e.g., exci-
tation and hyperactivity) can occur with barbiturates; however,
the administration of a narcotic (e.g., morphine) to the excited
child can convert the reaction to a peaceful sedation.

Morphine and fentanyl can provide both sedation and anal-
gesia in patients undergoing painful procedures (e.g., bone
marrow biopsy). Narcotics, however, rarely are used alone for
sedation because analgesia occurs at lower doses than those re-
quired for sedation. Fentanyl oral lozenge (Actiq) is available
in 200, 400, 600, 800, 1200, and 1600 mcg strengths for the
child to suck on the flavored lozenge until he or she falls asleep.
Some clinicians, however, are uncomfortable with the psycho-
logical association of candylike preparations with drugs. Com-
parisons of oral transmucosal fentanyl with oral midazolam as
premedication sedatives have shown mixed results.74,75 Nar-
cotic analgesics can induce respiratory depression (especially
when combined with benzodiazepines), however, the respira-
tory depression can be reversed by naloxone.76 Fentanyl is
usually the preferred agent because of its shorter duration of
action, shorter recovery time, and relative lack of tendency to
cause histamine-release related side effects.71

Benzodiazepines (i.e., lorazepam, diazepam, and midazo-
lam) can induce sedation, hypnosis, muscle relaxation, and
amnesia, and can decrease anxiety in patients undergoing
procedures.76 These benzodiazepines usually are administered
IV before the procedure, although midazolam also has suc-
cessfully induced sedation when administered orally, rectally,
or intranasally.71 Flumazenil, a specific benzodiazepine antag-
onist, can reverse the sedative effects of benzodiazepines.77

Propofol, an anesthetic agent, appears safe as a sedative
for elective pediatric procedures. It is as effective as other

sedatives, and is associated with shorter recovery times and
hospital stays.71,78,80 Transient hypotension and severe respi-
ratory depression can occur, however, and the patient should
be closely monitored.71 Because propofol administration gen-
erally requires anesthesiology support and because opioid–
benzodiazepine combinations often result in prolonged se-
dation, the dissociative anesthetic, ketamine has been used
as an adjunct to benzodiazepines for procedures in chil-
dren and compares favorably with opioid–benzodiazepine
combinations.79,81,82 Adverse effects associated with ketamine
include increased bronchial secretions, hypertension, and in-
creased muscle tone; older children have experienced hal-
lucinations or vivid and disturbing dreams. Etomidate, an
ultrashort-acting hypnotic is effective for procedural sedation
in children, however, it has been associated with respiratory de-
pression, clonus, and adrenal suppression.71 As a result, propo-
fol remains as the ultrashort-acting agent of choice in most
situations.71 Dexmedetomidine, a centrally acting α2-receptor
agonist, has compared favorably with other agents used for
conscious sedation in noninvasive procedures, but it might
not be as effective as propofol or other agents for invasive
procedures.83 Dexmedetomidine does not affect respiratory or
circulatory function to the same extent as propofol,71 but un-
like propofol, a maintenance infusion is needed to supplement
the bolus dose.

Any one particular sedative combination has not been
shown to be superior to any another. The medication(s) of
choice for conscious sedation in children, therefore, usually
depend on the type of procedure, degree of sedation required,
age of the patient, clinical status of the patient, anatomic lo-
cation of the procedure, and the expertise of the staff admin-
istering the agents. For A.J., any of the above regimens could
be appropriate. If anesthesiology support is available, propofol
would be a good choice given its safety profile during short-
term procedures and the rapid recovery time associated with its
use. Nevertheless, chloral hydrate, pentobarbital, an opioid–
benzodiazepine combination (e.g., fentanyl–midazolam),
ketamine alone or in combination with benzodiazepines, and
possibly etomidate and dexmedetomidine, would be appropri-
ate choices as well. Serious adverse events do not appear to be
related to medication class or route of administration, although
an association exists with adverse outcome when three or more
medications are used.84 Any previous history of successful se-
dation also can be helpful in the selection of sedation for a
patient. The patient should be monitored closely during and
after the procedure, and adequate personnel and resuscitation
equipment should be readily available.85

Intensive Care Unit Sedation

14. M.P., a 5-year-old boy, is admitted to the pediatric intensive
care unit (ICU) for sepsis. He currently is intubated and receiv-
ing a neuromuscular blocking agent. What are the considerations
when sedating critically ill patients such as M.P.?

Children who require mechanical ventilation commonly
receive medication to induce sedation to obviate resistance
from the patient during ventilator manipulations. Children
who receive drugs to induce paralysis also generally need
adequate sedation to minimize the fear associated with be-
ing aware but unable to move. Critically ill children often
require constant sedation; therefore, medication should be
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administered on a set schedule or as a continuous IV infusion
rather than on an as needed (PRN) basis. Intermittent adminis-
tration results in peak and trough effects, whereas continuous
infusions provide a more constant serum concentration and
more constant sedation. Incompatibility with other IV medi-
cations, however, often can be a problem with continuous IV
infusions. IM administration of sedation medications should
be avoided because of injection pain and erratic absorption in
critically ill patients. The oral administration of medications
to induce sedation usually is impractical. Clinicians must be
diligent in ensuring that sedation for critically ill children is
adequate. In one study, 66% of children receiving morphine
and midazolam remembered the pediatric intensive care unit
(PICU), many recalled pain, and some stated that they were
scared and could not sleep.86

Propofol, with its a rapid onset of action and quick recovery
from sedation on discontinuation, is commonly utilized in the
ICU. This drug does not provide analgesia and should be com-
bined with a narcotic when used after a painful procedure. Ad-
equate sedation is usually achieved with a bolus dose followed
by a continuous infusion titrated to effect.87 Adverse effects
of propofol include hypotension, dose-dependent respiratory
depression, myoclonus, and seizure activity. Prolonged propo-
fol infusions have been associated with a “propofol-related
infusion syndrome” characterized by persistent and worsening
metabolic acidosis, cardiovascular instability, arrhythmias of-
ten resistant to aggressive management, and fatalities.88–92 If
propofol is to be used as a continuous infusion in the PICU,
the acid base and overall clinical status of the patient needs to
be carefully monitored. If prolonged mechanical ventilation is
required, agents, such as opioids and benzodiazepines, might
be more appropriate.

Children who receive repeated doses of agents for sedation
may develop tolerance and require larger doses to achieve the
desired effect. In addition, pediatric patients who receive nar-
cotics or benzodiazepines for several days to weeks are at risk
for developing symptoms of drug withdrawal.93,94

15. S.C., a 7-year-old boy, is admitted to the hospital after being
hit by a car while riding his bicycle. He sustained multiple frac-
tures and has just returned from surgery after an open reduction
and internal fixation of his left femur and left humerus. He is
tearful and states that he is in a lot of pain. What classes of pain
medication are available for use in children? What problems can
be anticipated after the use of analgesics in children?

Analgesia
Inadequate pain control in children usually is the result of in-
accurate pain assessment or misconceptions about pain. The
pain experienced by infants and children often has been treated
less aggressively than pain in adults95; however, as the ef-
fects of pain on psychological, physiologic, and endocrine
systems have become better understood, there has been an in-
creased emphasis on ensuring adequate pain control in pedi-
atric patients.96

NARCOTIC ANALGESICS
Morphine is one of the most commonly used agents to treat

moderate and severe pain in children and the pharmacokinetic
parameters of this drug are well established. The elimination

and clearance of morphine in children >5 months of age is sim-
ilar to that in adults. Neonates demonstrate decreased clearance
of morphine and a longer elimination half-life when compared
with older infants and children.96 In neonates, the prolonged
half-life may allow for adequate pain control when using in-
termittent bolus doses. When morphine is administered inter-
mittently, however, older infants and children will require a
shorter dosing interval (e.g., every 2–3 hours). This frequent
dosing schedule has led to an increased use of continuous IV
morphine infusion, patient-controlled analgesia (PCA), and
epidural infusion.

Fentanyl, a popular analgesic because of its rapid onset and
short duration of action, is most often administered as a contin-
uous or epidural infusion for the management of postoperative
pain. It also is administered as an intermittent bolus for short
procedures. Fentanyl is highly lipophilic and rapidly penetrates
the blood–brain barrier. Because it has a larger volume of dis-
tribution in neonates, infants, and toddlers, higher dosages may
be needed to achieve a desired effect. Repeated fentanyl dos-
ing or continuous infusion can lead to the accumulation of this
drug.96

Codeine often is administered orally in combination with
acetaminophen to treat mild to moderate pain. It should not,
however, be administered parenterally because parenteral ad-
ministration offers no advantage over the IM administration of
morphine or meperidine and is potentially dangerous. Serious
adverse events after IV or IM administration of codeine have
occurred in both children and adults.

Adverse Effects of Narcotic Analgesics. At equipotent doses,
all narcotic analgesic agents cause a similar degree of respi-
ratory depression and constipation. The side effects of nausea
and vomiting from these analgesics often occur secondary to
stimulation of the chemoreceptor trigger zone in the brain. Fen-
tanyl produces less sedation than meperidine and morphine.
Morphine can produce peripheral vasodilation, which can lead
to significant hypotension in hypovolemic patients. Meperi-
dine should be avoided in patients with renal failure because
accumulation of its metabolite, normeperidine, has been as-
sociated with seizures. The most serious adverse effect after
administration of opioid analgesics is respiratory depression.
Infants <3 months of age are particularly susceptible because
of their immature blood–brain barrier and decreased clearance
of narcotics.96 Patients receiving concomitant therapy with
benzodiazepines or barbiturates may be at increased risk for
cardiorespiratory side effects.

Adverse effects associated with epidural administration of
morphine include nausea, pruritus, urinary retention, and late
respiratory depression. Although late respiratory depression
appears to be less common in children than adults, respiratory
status should still be monitored carefully for up to 12 hours
after administration of morphine.

NON-NARCOTIC ANALGESICS
Acetaminophen, salicylates, or nonsteroidal anti-inflam-

matory drugs (NSAID) commonly are used for treatment of
mild to moderate pain (Table 93-6.) Salicylates and NSAID
can have an opioid-sparing effect and are useful in the man-
agement of bone pain and pain associated with inflammation.
Aspirin is not used routinely in children because of its asso-
ciation with Reye’s syndrome. Ketorolac (Toradol) is the only
NSAID available parenterally.96,97 Side effects associated with
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Table 93-6 Analgesic Agents Used in Children67

Product Initial Dose Comments

Nonopioid
Acetaminophen 10–15 mg/kg/dose Q 4–6 hr No anti-inflammatory effect
Salicylates 10–15 mg/kg/dose Q 4–6 hr Associated with Reye’s syndrome; has anti-inflammatory

effect

NSAIDs
Ibuprofen 5–10 mg/kg/dose Q 6–8 hr Gastritis with prolonged use
Naprosyn 5–7 mg/kg/dose Q 8–12 hr
Ketorolac Adults: 15–30 mg IM/IV Q 6 hr Increased risk of bleeding if high doses are used for >5 day

Children: Not well established; 0.4–1 mg/kg IM/IV Q 6 hr; do
not exceed adult dose

Opioids
Codeine 0.5–1.0 mg/kg/dose Q 4–6 hr (Adults: 30–60 mg/dose) Frequently combined with acetaminophen
Fentanyl 1–2 mcg/kg/dose IV/IM (Adults: 50–100 mg/dose) Chest wall rigidity, especially after rapid IV administration

Infusion: 3–10 mcg/kg/hr
Meperidine IV/IM: 1.0–1.5 mg/kg Q 2–4 hr Active metabolite has neurotoxic effect; avoid in renal failure

PO: 1–2 mg/kg Q 3–4 hr (Adults: 50–100 mg/dose)
Morphine IV: 0.05–0.1 mg/kg/dose Q 2–4 hr When changing to sustained release formulation, give daily

dose as two to three divided doses
IM: 0.1–0.2 mg/kg Q 2–4 hr
PO: 0.2–0.5mg/kg Q 4–6 hr
IV infusion: 0.05–0.1 mg/kg/hr

IM, intramuscular; IV, intravenous; NSAID, nonsteroidal anti-inflammatory drug; PO, oral.

salicylates and NSAID are minimal, although gastritis may
occur, especially after prolonged use. NSAID also have been
associated with renal toxicity.

TOLERANCE AND DRUG WITHDRAWAL
Tolerance can occur in some children receiving several days

of narcotic therapy resulting in the need for an increased dose
to produce the same pain relief. If the patient continues to
have reason for pain, doses should be adjusted accordingly.
If narcotics are being used for sedation, an alternative agent
should be considered.

Administration Schedules
The choice of drug, dose, frequency, and route of administra-
tion must be individualized. As-needed (PRN) dosing sched-
ules are less desirable than scheduled dosing times (around the
clock) because patients must endure or complain about pain be-
fore receiving analgesia. Generally, less medication is needed
to prevent the return of pain than to control it. Continuous
IV infusion and scheduled administration of pain medication
maintain more constant blood levels and minimizes peak (se-
dation) and trough (return of pain) effects.

Patient-controlled analgesia (PCA) is an alternative to con-
tinuous IV infusion and scheduled administration regimens.
PCA allows the patient to administer small bolus doses of
analgesia, eliminates the time between pain perception and re-
lief, and gives the patient control over pain therapy. PCA, even
in children and adolescents, is safe and effective.96 Children
as young as 6 years of age can be taught to use PCA devices,
although the age of children capable of understanding the
concept of PCA will vary. In some instances, nurses or parents
(especially when providing palliative care) are allowed to acti-
vate analgesia for the patients who are too young or unable to

activate the pump themselves.97 If parents are to be allowed to
participate, however, education on the appropriate and safe ac-
tivation of the PCA pump should be provided to them and their
actions should be closely supervised by nursing personnel.
A low-dose, continuous infusion of a narcotic drug, when
combined with PCA, has the benefit of providing baseline pain
relief, especially while the patient is sleeping. This combined
use, however, can contribute to increased side effects (e.g.,
hypoxia).96

Routes of Administration
Typically, pain medication is administered IV, IM, or orally. The
IV route provides the most rapid onset of action. When med-
ication is administered IM, children may deny pain to avoid
injections. When changing from parenteral to oral routes of
administration, bioavailability and absorption need to be con-
sidered. Sustained-release oral formulations may be useful in
children with chronic pain, but use of such products often is
limited by the ability of the patient to swallow whole tablets
and because of “fixed” tablet strengths.

Epidural administration of analgesics can provide pain re-
lief for long periods of time with minimal sedation in chil-
dren of all ages.96 The transdermal fentanyl patch also offers a
unique approach to pain control, and may be useful in children
with severe cancer pain.96 Patches have limited use in young
patients because they cannot be cut to deliver smaller doses.
Anesthesia also can be achieved through the administration
of local anesthetics (e.g., bupivacaine, lidocaine) or narcotics
(e.g., morphine, fentanyl).

16. Z.Z., a 15-month-old, 10-kg boy, has been receiving fen-
tanyl continuous infusion for 3 weeks for pain and sedation dur-
ing mechanical ventilation. The infusion has been decreased from
10 mcg/kg/hour to 1 mcg/kg/hour over the past 5 days. Because
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Z.Z. has been successfully extubated and will be transferred to
the ward in the morning, the fentanyl drip must be discontin-
ued. Why is Z.Z. at risk for narcotic withdrawal? If Z.Z. develops
signs and symptoms of withdrawal, how should these symptoms
be managed?

The risk of fentanyl withdrawal is associated with the total
dose and duration of the infusion. When the total fentanyl dose
is >1.5 mg/kg or the duration of infusion has >5 days, approx-
imately 50% of patients could experience opioid withdrawal
symptoms. When the total fentanyl dose is >2.5 mg/kg or the
duration of infusion is >9 days, almost all patients will ex-
perience withdrawal.94 Z.Z. has been receiving fentanyl for 3
weeks; therefore, his risk of withdrawal symptoms is very high.

The fentanyl infusion for Z.Z. should be decreased by 10%
every 6 hours, and then converted to an oral narcotic. Once Z.Z.
is established on an oral regimen, it can be decreased by 10% to
20% a day. Z.Z. should be monitored for withdrawal symptoms,
which usually occur within 24 hours of abrupt discontinuation
or dosage reduction. Symptoms of opioid withdrawal include
neurologic excitation (irritability, insomnia, tremors, seizures),
GI dysfunction (nausea, vomiting, diarrhea), and autonomic
dysfunction (sweating, fever, chills, tachypnea, nasal conges-
tion, and rhinitis).94 If Z.Z. develops withdrawal symptoms,
the narcotic agent should be increased to the previously toler-
ated dose. Clonidine may be a useful adjunct to help prevent
symptoms of withdrawal.95

UNIQUE PEDIATRIC DISORDERS
Hemolytic Uremic Syndrome
Hemolytic uremic syndrome (HUS) is the most common cause
of renal failure in children. It is characterized by microangio-
pathic hemolytic anemia, thrombocytopenia, and acute renal
failure. HUS typically occurs several days to 2 weeks after an
episode of gastroenteritis, upper respiratory tract infection, or
acute flulike illness. HUS is classified into diarrhea-associated
(D+) and non–diarrhea-associated (atypical or D−) illness.
Diarrhea-associated HUS is more frequent, has seasonal vari-
ation, and occurs primarily between 6 months and 4 years of
age. It most often is associated with E. coli (usually subtype
O157:H7) that produces a vero-cytotoxin similar to the shiga-
toxin produced by Shigella species. Pathologically, WBC ac-
tivation and endothelial cell injury in the kidney lead to fibrin
deposition and platelet adherence to vessel walls. Glomeru-
lar lumens are swollen and occluded resulting in renal insuffi-
ciency. Red blood cells (RBC) and platelets are damaged by the
fibrin strands as they pass through the narrowed vessels. Abnor-
malities in coagulation involving prostacyclin-thromboxane
axis and von Willebrand factor have been implicated in the
pathogenesis of thrombocytopenia.98,99

The shiga-toxin–producing E. coli (STEC) can be spread
by contaminated or undercooked food and through person-
to-person contact. In 1993, a single outbreak of STEC (sub-
type O157:H7) associated with hamburgers from a fast food
chain caused over 600 cases of diarrhea, 151 hospitalization, 45
cases of HUS, most in children, and 3 deaths.100 As a result,
all ground beef should be well cooked until juices run clear
and are no longer pink. E. coli O157:H7 outbreaks also have
been associated with unpasteurized milk and juices, fresh pro-
duce, alfalfa sprouts, home made beer, venison, lettuce, and

contaminated swimming and drinking water.98,101 Although
E. coli O157:H7 is by far the most common etiology, other
bacteria and viruses have been implicated in D+ HUS, includ-
ing Shigella dysenteriae type 1, Salmonella, Campylobacter,
Yersinia, Pseudomonas, Bacteroides, Aeromonas, Coxsackie,
influenza, and Epstein-Barr.101 Atypical HUS can be inherited,
caused by drugs (e.g., oral contraceptives, cyclosporine, cancer
chemotherapeutic agents), or associated with other conditions
(e.g., pneumococcal infections, Kawasaki’s disease, postpreg-
nancy, bone-marrow transplant). The estimated prevalence of
D+ HUS in the United States ranges from 0.2 to 7 per 100,000
children.99,102 Children with D− HUS appear to have a worse
prognosis.102

17. How can STEC infection be prevented?

The risk of STEC infection can be minimized by using the
following guidelines.

1. Wash all fresh food thoroughly.
2. Remove the outer leaves of lettuce and greens.
3. Cook chicken and ground meats until all pink is gone and

juices run clear.
4. Cook fish until it is opaque and flakes easily.
5. Do not drink unpasteurized milk, milk products, or juices.
6. Do not eat raw eggs.
7. Wash hands with soap and water after using the bathroom,

changing diapers, before eating, and after handling raw
meat, poultry, or seafood.

Clinical Presentation

18. R.H., a 14-month-old, 9.4-kg girl, has been increasingly irri-
table and lethargic over the past 24 hours. The sudden appearance
of dark urine 24 hours ago and significantly decreased urine out-
put in the past 12 hours caused her mother to bring her in for
evaluation. Her recent medical history is significant for 3 days of
gastroenteritis with blood, which resolved 2 days before the onset
of her present symptoms. R.H.’s diet includes breast milk and ta-
ble food; her mother states that she fed R.H. hamburger earlier
in the week.

On physical examination, R.H. is pale, somnolent, and has
small purple bruises over her arms and legs. Significant labo-
ratory results reveal the following: partial thromboplastin time
(PTT) 26 seconds (normal, 25–35 seconds); hemoglobin (Hgb) 7.6
g/dL (normal, 11.8 g/dL); hematocrit (Hct) 22.5% (normal, 36%);
WBC 15,100 cells/mm3 (normal, 6,000–17,500 cells/mm3); platelet
count 44,000 cells/mm3 (normal, 150,000–400,000 cells/mm3);
reticulocytes 4.7% (normal, 0.5%–1.5%); blood urea nitrogen
(BUN) 60 mg/dL (normal, 5–18 mg/dL); serum creatinine (SrCr)
3.9 mg/dL (normal, 0.3–0.7 mg/dL); potassium (K) 5.4 mEq/L
(normal, 3.5–5.5 mEq/L); urinalysis 3+ protein and 3+ blood;
blood smear, schistocytes (fragmented RBC); factor V and VIII
within normal limits; fibrinogen within normal limits; and fibrin
split within normal limits. R.H. is admitted to the hospital with a
diagnosis of HUS. Which signs, symptoms, and laboratory tests
are consistent with HUS in R.H.?

[SI units: Hgb 1.178 mmol/L (normal, 1.829); Hct, 0.225 (normal, 0.36);

platelet count, 44 × 1010/L (normal, 150–400); WBC, 15.1 × 1010/L (nor-

mal, 6–17.5); reticulocytes, 0.047 (normal, 0.005–0.015); BUN, 21.42 mmol/L

(normal, 1.8–6.4); SrCr, 344.8, mcgmol/L (normal, 26.5–61.9); K, 5.4 mmol/L

(normal, 3.5–5.5)]
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R.H. exhibits many signs and symptoms associated with
HUS. Her lethargy, irritability, change in mental status, and
pale color are symptoms of anemia. The dark color of her
urine is indicative of hemolysis and renal damage; other signs
of renal damage include anuria and hypertension. The purpura
(i.e., bruises) on her arms and legs are evidence for thrombo-
cytopenia.

R.H.’s laboratory abnormalities also help confirm a diag-
nosis of HUS. The low hemoglobin and hematocrit are con-
sistent with anemia, whereas the high reticulocyte count and
presence of schistocytes indicate hemolysis. Nephropathy in
R.H. is manifested by proteinuria and elevations in BUN and
creatinine. The hyperkalemia is a sign of both nephropathy
and hemolysis. Finally, normal coagulation studies, absence
of fibrin split products, and normal levels of clotting factors
and fibrinogen indicate that R.H., as with many children with
HUS, does not have active disseminated intravascular coagu-
lation (DIC) at initial presentation.

Treatment

19. On admission, R.H. is given IV fluids without potassium at
half maintenance and oral nifedipine 2 mg (0.2 mg/kg) Q 4 to 6 hr
PRN for hypertension. Her urine output decreased significantly
and peritoneal dialysis was initiated within 24 hours. How should
R.H. be treated? What is the role of antibiotic therapy?

Therapeutic approaches aimed at modifying the acute phase
of HUS have been unsuccessful, and supportive care is the only
widely accepted form of treatment. Therapy for R.H. should
be directed at managing the complications (e.g., fluid and elec-
trolyte imbalance, anemia, thrombocytopenia, renal failure,
hypertension, seizures) that are associated with HUS. Anti-
motility agents should be avoided because, in addition to hav-
ing little if any clinical benefit, they may increase morbidity.98

The value of using antibiotics to treat E. coli O157:H7 infec-
tions is questionable and may increase the rate of progression
to HUS. The rate of HUS was increased in children with diar-
rhea caused by E. coli O157:H7 who were treated with either
trimethoprim–sulfamethoxazole or β-lactam antibiotics.103 As
a result, until conclusive data indicate otherwise, antibiotics
should be avoided.98

Correction of Hemostatic and Electrolyte Imbalances
R.H.’s hemostatic and electrolyte imbalances need to be cor-
rected first. Packed RBC are needed when anemia is significant
(Hct <15%) or when the patient is symptomatic from the ane-
mia. Infusion of platelets should be limited to those patients
with active bleeding and those requiring surgery or central
line placement because platelets can exacerbate platelet ag-
gregation and thrombus formation. R.H. should not receive
potassium in IV fluids, and her electrolytes should be mon-
itored frequently. If peritoneal dialysis is not initiated, R.H.
might require potassium-lowering therapy. Blood pressure el-
evations should be treated with nifedipine, and seizures should
be treated initially with benzodiazepines, followed by pheno-
barbital or phenytoin if they cannot be controlled.98,102

20. What other modes of therapy have been used to treat HUS
in children?

Many treatments (e.g., aspirin, dipyridamole, heparin, strep-
tokinase, urokinase, corticosteroids) have been evaluated in
cases of HUS, but few have improved outcomes.98,99 Plasma-
pheresis and plasma infusion, exchange transfusions, and fresh
frozen plasma administration also have been ineffective. Al-
though a vaccine for E. coli O157:H7 has been studied, it is not
yet approved for clinical use: a toxin binding agent has been
clinically evaluated and found ineffective.104,105

IDIOPATHIC THROMBOCYTOPENIC PURPURA
Idiopathic thrombocytopenic purpura (ITP) in children gener-
ally is an acute, self-limited, benign disease with spontaneous
remission occurring in approximately 80% of cases within 6
months of diagnosis whether treated or not.106 Chronic ITP
evolves from the acute form in approximately 25% of cases,
although <10% of these are clinically significant.107,108 Mor-
tality rates are low, and most deaths can be attributed to in-
tracranial hemorrhage, which occurs in <1% of children with
platelet counts <10,000/mm3.106,109 The social and psycho-
logical effects that occur secondarily to restriction of normal
childhood physical activity is the primary morbidity.

The etiology of ITP in children is unknown. ITP is thought
to primarily be triggered by a viral infection that induces forma-
tion of antigen–antibody complexes. These complexes adhere
to platelets resulting in increased platelet consumption by the
reticuloendothelial system (RES). The chronic form, which is
similar to adult ITP, may be caused by production of autoanti-
bodies to platelet antigens.106,110

Clinical Presentation

21. J.T., a 3-year-old, 15-kg, previously healthy girl, presents
with a 3-week history of increased bruising and repeated nose-
bleeds after an episode of gastroenteritis. Physical examination is
remarkable for generalized petechiae and scattered bruising. Her
Hgb, Hct, WBC count and differential, and peripheral smear are
within normal limits, but the platelet count is 10,000/mm3 (nor-
mal, 250,000–350,000/mm3). She is admitted to the hospital with
a diagnosis of acute ITP. Which signs, symptoms, and laboratory
tests in J.T. are consistent with ITP?

[SI unit: platelet count, 10 × 1010/L (normal, 250–350)]

Diagnosis of ITP is based on clinical presentation, complete
blood count (CBC), and examination of peripheral smear.107 As
illustrated by J.T., children with acute ITP classically present
with a sudden appearance of purpura or petechiae within 6
weeks of the onset of a viral infection. Approximately 25% of
children with acute ITP have epistaxis (nosebleeds), 5% have
hematuria, and <4% have massive purpura or retinal hemor-
rhages. Diagnosis of ITP is confirmed by the presence of throm-
bocytopenia with no apparent cause. The marked decrease in
J.T.’s platelet count to <25,000 cells/mm3 with a normal CBC
is indicative of ITP.

Treatment

22. How should J.T. be treated initially?

Hospitalization is indicated for children with life-
threatening bleeding, regardless of the platelet count. J.T. can
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be treated conservatively because she is not massively hem-
orrhaging. Medical treatment is indicated in the two groups
of children thought to be at highest risk for intracranial hem-
orrhage: (a) children with platelet counts <20,000 cells/mm3

who have moderate mucous membrane bleeding and (b) chil-
dren with platelet counts <10,000 cells/mm3 with minor
purpura.107 If J.T.’s platelet count were higher, some clinicians
would delay treatment because the risk of spontaneous, severe
bleeding is low if platelet counts remain >30,000/mm3. Also,
clinicians may not treat children such as J.T. who are not mas-
sively hemorrhaging or bleeding internally, regardless of the
platelet count, because the incidence of catastrophic hemor-
rhage is very low.109

Splenectomy
The treatment of choice is controversial because the mortality
rate is low, the rate of spontaneous remission is high, and data
for different therapies are inconsistent.107 The only therapeutic
modality with undisputed efficacy is splenectomy because the
major site of platelet phagocytosis and antibody formation is
removed. Because splenectomy is a major surgical procedure
leaving a child at risk for serious infection and treatment with
IV γ -globulin (IVIG) therapy or high-dose steroids is associ-
ated with good results, many clinicians reserve splenectomy
for children with resistant cases of ITP.107,108

23. What treatments are available for acute ITP?

Observation, splenectomy, glucocorticoids, IVIG, and anti-
D immune globulin have been used to treat acute ITP. Platelet
transfusions are ineffective because infused platelets are re-
moved rapidly by the reticuloendothelial system.

Glucocorticoids
Glucocorticoids have been used as treatment for acute
ITP for many years, but their benefits and indications are
controversial.106 Glucocorticoids might decrease the duration
of thrombocytopenia by inhibiting platelet phagocytosis and
they also might lower the risk of hemorrhage by increasing cap-
illary integrity. Further study is needed to determine whether
steroids induce a more rapid rise in platelet levels than would
occur spontaneously and whether steroids increase capillary
integrity. The indications for the use of steroids vary; how-
ever, most clinicians would consider steroids when the pa-
tient’s platelet count is <50,000/mm3 in the presence of severe
bleeding, <20,000/mm3 with mucous membrane bleeding, or
<10,000/mm3 with minor purpura.107

Prednisone 4 mg/kg for 7 days followed by decreasing ta-
pered doses until day 21, and methylprednisolone 30 to 50
mg/kg/day for 7 days, reportedly facilitate platelet recovery
similar to IVIG. A short course of prednisone 4 mg/kg/day for 4
days also was able to increase platelet counts >20,000/mm3.110

In a meta-analysis, however, steroids were less likely than IVIG
to increase platelet counts to >20,000/mm3 after 48 hours.111

Although the optimal steroid regimen for acute ITP has not
been determined, the risks of steroids are relatively low be-
cause they are used for a short period. Modest adverse effects
(e.g., behavioral abnormalities, weight gain, acne, GI upset),
however, have been reported in children receiving high-dose
glucocorticoid therapy.

Intravenous γ-Globulin and Anti-D Immune Globulin
IVIG has been commonly used for management of acute ITP
to induce a rapid rise in platelet counts to minimize the risk
of hemorrhaging. IVIG purportedly blocks phagocytosis of
antibody-coated platelets by the reticuloendothelial system
or eliminates circulating immune complexes and microbial
antigens.106 Adverse reactions (e.g., flushing, chills, fever,
headache, dizziness, diaphoresis, nausea) to IVIG usually are
mild and related to the rate of administration. These can be min-
imized by stopping the infusion or decreasing the infusion rate.
Anaphylactic reactions have been reported in patients with IgA
deficiency, as have other serious adverse effects (e.g., hypoten-
sion, dyspnea, myalgias, joint pain, abdominal pain). Another
consideration is the relatively high cost of IVIG therapy.

Anti-D immune globulin (anti-D), a polyclonal antiserum
against the Rh(D) antigen of RBC that was first licensed to
prevent hemolytic disease of newborns caused by Rh isoim-
munization, is a treatment option for ITP because it has a lower
cost and shorter infusion time (15 minutes) compared with
IVIG. It has the greatest efficacy in patients who are D anti-
gen positive and is thought to increase platelet counts in ITP
by binding to Rh-positive erythrocytes. This leads to removal
of the sensitized RBC by the spleen, allowing the antibody-
coated platelets to survive.110 Most patients experience a mild,
transient hemolysis.

Both IVIG and anti-D immune globulin appear to be equally
effective, particularly when the anti-D is dosed at 50 mcg/kg.110

Little exists to guide the clinician in choosing IVIG or anti-D
for ITP treatment. Survey data suggest a slight preference for
anti-D over IVIG.110 In a randomized trial in Rh+ children,
IVIG at 0.8 g/kg and anti-D at 75 mcg/kg (compared with
anti-D at 50 mcg/kg) were equally effective, and adverse effect
profiles were acceptable in both groups.112

Either IVIG, anti-D, or high-dose glucocorticoids are rea-
sonable treatments for J.T. because she is at high risk for bleed-
ing. On the other hand, some clinicians might elect to withhold
therapy and monitor J.T. closely.

Goals of Therapy

24. What are the goals of therapy?

The ultimate goal of therapy for ITP is induction of remis-
sion. If remission does not occur, therapy is aimed at main-
tenance of hemostatic platelet levels and prevention of catas-
trophic hemorrhage. Severe internal bleeding has occurred in
patients, however, despite treatment with steroids or IVIG. An-
other goal of therapy is to avoid performing a splenectomy,
which would put the child at an increased risk for infections.107

Prognosis

25. What is J.T.’s prognosis?

J.T.’s prognosis is good, much better than the prognosis of
adults with ITP. Only 10% to 20% of children will fail to
achieve remission within 6 months of diagnosis.113 Children
with chronic ITP will enter remission slowly over a period
of years or after a splenectomy. Although early institution of
nonsurgical treatments for acute ITP can decrease morbidity
and mortality, they probably cannot prevent the development
of chronic ITP.107
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Chronic Idiopathic Thrombocytopenic Purpura

26. J.T.’s platelet count rose to 260,000/mm3 after she received
the IVIG, and her counts have remained within normal limits for
the past year. J.T. appears to be in remission. If she had developed
chronic ITP, how would she have been treated?

[SI unit: platelet count, 260 × 1010/L]

Chronic ITP is defined as thrombocytopenia lasting >6
months. Different approaches exist for the treatment of chronic
ITP, but all agree that splenectomy should be delayed to allow
for spontaneous remission as long as hemostatic platelet counts
are maintained and the child remains asymptomatic.107

To maintain adequate platelet counts or to control symp-
toms before splenectomy is needed, IVIG, anti-D, or gluco-
corticoids have been prescribed.107 IVIG sometimes is cited
as the treatment of choice for chronic ITP because it has rela-
tively few side effects. Doses of IVIG (0.8–1 g/kg) or anti-
D (50–75 mcg/kg) might need to be repeated to maintain
hemostatic platelet counts.108 Long-term steroid use is dis-
couraged because steroids have not been consistently effective,
and because of adverse events (e.g., exacerbation of throm-
bocytopenia, delayed bone growth). Other modalities (e.g.,
plasmapheresis, danazol, α-interferon, azathioprine [Imuran],
cyclophosphamide [Cytoxan], vincristine [Oncovin], vinblas-
tine [Velban], 6-mercaptopurine) have been attempted for chil-
dren with steroid or IVIG-resistant chronic ITP, but data are
insufficient to support their routine use.107 Splenectomy is ef-
fective in 70% of children with chronic ITP and is indicated in
symptomatic children with platelet counts that have remained
<30,000/mm3 for 12 months.107,108 A good response to IVIG
could be predictive of good response to splenectomy.114,115

Steroids or IVIG can be given before splenectomy to obtain
platelet counts that will maintain hemostasis during surgery.107

Children should be immunized with Haemophilus influenzae
type b (Hib), pneumococcal, and meningococcal vaccines at
least 2 weeks before an elective splenectomy. Therefore, if
J.T. develops chronic ITP, she could receive a repeat course
of IVIG with booster doses to maintain hemostasis; a second
line of therapy would be steroids or anti-D. Splenectomy and
immunosuppressive drugs would be considered last resorts.

Finally, parents should be educated to avoid medications
with antiplatelet effects (e.g., aspirin, dipyridamole, NSAID) in
children with ITP. Parents also should be instructed to monitor
their child’s physical activity in an effort to minimize trauma
that could precipitate life-threatening hemorrhage.

NEPHROTIC SYNDROME
Nephrotic syndrome in children typically is characterized
by proteinuria, hypoalbuminemia, edema, and hypercho-
lesterolemia.116,117 Overall, it is a relatively rare pediatric dis-
order with an incidence of 2 to 7 cases per 100,000 children
under 18 years of age.116,117 This idiopathic nephrotic state
can present as minimal change nephrotic syndrome or fo-
cal segmental glomerular sclerosis. Minimal change disease
is in part characterized by normal glomeruli on microscopic
analysis.118,119 It is by far the more common manifestation in
children, with >75% of those <12 years of age having this
type of nephritic syndrome.117,119

In minimal change disease, a loss occurs in charge selec-
tivity of the glomerular membrane barrier, which allows large
plasma proteins such as albumin and immunoglobulins to be
filtered into the urine that would otherwise be reabsorbed.119

The etiology is complex, and has not been fully characterized,
but T-lymphocyte dysfunction may play a role in the pathogen-
esis of nephrotic syndrome.120

Clinical Presentation

27. GG, a previously healthy 4-year-old, 21-kg boy, has been
noted by his mother to have swelling in his face, (especially of his
eyes) the past several mornings. The facial swelling disappears
during the day, but at night his feet and lower legs are swollen.
Physical examination reveals normal vital signs, mild facial puffi-
ness, 2+ to 3+ pitting edema of the lower extremities. Urinalysis
shows 4+ protein (normal, negative or trace) and a specific grav-
ity of 1.029 (normal, 1.002–1.030). His serum albumin is 1.6 g/dL
(normal, 3.9–5 g/dL), serum cholesterol is 296 mg/dL (normal,
109–189 mg/dL), and the other chemistry results are within nor-
mal limits. What subjective and objective data in this patient are
consistent with nephrotic syndrome?

[SI units: albumin, 16 g/L (normal, 39–50), serum cholesterol, 7.7 mmol/L

(normal, 2.8–4.8)]

G.G. presents with typical findings of nephrotic syndrome.
Edema of the face early in the day, and lower extremities at
night is a result of the loss of oncotic pressure caused by hy-
poalbuminemia. Other manifestations of this complication can
include swelling of the scrotum, which can lead to testicular tor-
sion. Decreased oncotic pressure can also result in abdominal
pain owing to decreased perfusion to the splanchnic capillary
bed.

The main laboratory finding in nephrotic syndrome is pro-
teinuria. Levels of proteinuria associated with nephrotic syn-
dromes generally are >50 mg/kg/24 hours or >3.5 g/1.73
m2/day. Sometimes, the proteinuria merely is described as
“heavy proteinuria” or proteinuria that is sufficiently signif-
icant to result in the four major clinical findings in nephrotic
syndrome.116,117,119 G.G. has 4+ protein in his “dipstick” uri-
nalysis. If the dipstick protein is persistently elevated (>1+),
the first morning urine should be “spot tested” to assess the
protein:creatinine ratio (Pr:Cr). If the Pr:Cr is abnormal (nor-
mal for children <2 years of age is <0.2 mg Pr/1 mg Cr), a
complete workup is warranted.116

Serum albumin levels of <2 g/dL will likely result in visi-
ble edema. Serum cholesterol and triglyceride concentrations
often are increased, perhaps attributable to decreased catabolic
capacity of the liver or increased production.117 Other labora-
tory abnormalities can include hypocalcemia, hyperkalemia,
and hyponatremia. Patients with idiopathic minimal change
disease do not usually present with gross hematuria, hyperten-
sion, or renal dysfunction.

Treatment

28. G.G. is eventually diagnosed with nephrotic syndrome. How
should he be treated initially? What nonpharmacologic interven-
tions can be considered?
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Patients with nephrotic syndrome have an increased to-
tal body sodium owing to increased retention, even in the
presence of low serum levels and decreased intravascular
volume.116,117,119 Therefore, sodium restriction is important.
Although it is not practical to set a sodium limit in children,
a “no-added salt” diet is usually recommended in which fam-
ily support and participation is crucial. Many institutions will
provide patients with examples of foods that are low in sodium
(e.g., fresh beef or chicken, fresh vegetables). Patients may eat
the normal recommended daily allowance of protein, because
protein restriction does not consistently decrease proteinuria
or have an impact on the progression of renal disease.116,117

A regimen of prednisone 2 mg/kg/day or 60 mg/m2/day
(80 mg/day maximum) for 4 weeks, followed by 2 mg/kg/day
or 40 mg/m2/day every other day, and subsequently tapered
over another 4 weeks generally constitutes the first line of ther-
apy. Single daily dosing is as effective as daily divided dos-
ing. Some data support a longer regimen of 6 weeks of every
day therapy followed by 6 weeks of every other day therapy.
Longer treatment courses (i.e., 5–7 months, including daily
therapy for 4 to 8 weeks followed by every other day ther-
apy) might prove to be more effective in preventing relapse.
Adverse effects are not significantly different with the longer
regimens.121

29. How is G.G.’s response to steroid therapy determined?

Most children with minimal change disease respond within
weeks of initiating corticosteroids.120 Remission is defined as
negative or trace protein for at least 3 consecutive days on
dipstick urinalysis.116 Of patients who respond, 60% to 80%
will have multiple relapses, defined as 2+ proteinuria for 3
consecutive days or 3+ to 4+ proteinuria with edema. Relapses
are treated with high-dose prednisone until the urine is protein
free for 3 days. Prednisone is then tapered over 4 to 6 weeks
using alternate day therapy.116

30. What options are available for patients with frequent re-
lapses or for those who are steroid dependent or resistant?

Many children with nephrotic syndrome will experience
frequent relapses (i.e., ≥2 relapses in the first 6 months after
initial response or ≥4 relapses in any 1-year period). A patient
is deemed to be “steroid dependent” when experiencing two
consecutive relapses either during steroid tapering or within
14 days of steroid discontinuation. Steroid resistance is de-
scribed as a failure to achieve remission after 4 weeks of every
day high-dose therapy followed by 4 weeks of alternate day
therapy.116 Several studies have investigated patient character-
istics that predict relapses in those with nephrotic syndrome. In
one study, patients who responded within 1 week of therapy and
did not present with hematuria were less likely to have frequent
relapses in the first year.122 In another, children who relapsed
within 1 year or who had short remissions before relapse were
more likely to have subsequent relapses.123 An initial remis-
sion time of 9 or more days and concurrent upper respiratory
tract infections were predictive of steroid dependency.124 Age
at onset of disease, gender, and race were not associated with
risk in any of the studies.

In difficult to manage cases, high-dose alternate day reg-
imens are tapered to monthly IV pulse doses of methylpred-
nisolone at 30 mg/kg (maximum, 1 g).116,117,120 Such patients

should be under the care of a pediatric nephrologist and should
be monitored for infusion reactions (e.g., hypertension). Cyto-
toxics (e.g., cyclophosphamide, chlorambucil), are reserved
for patients who do not respond to steroids after multiple
courses or for those in whom side effects have become in-
tolerable. Anytime cytotoxic agents are utilized, patients must
be monitored for bone marrow suppression. Other potential
problems that must be discussed with the family before ini-
tiation of these agents include the possibility of malignancy,
infertility, alopecia, increased infection risk, and hemorrhagic
cystitis with cyclophosphamide. Cyclosporine has become the
most popular second-line agent in many institutions.120

31. What other complications are possible in children with
nephrotic syndrome?

Nephrotic syndrome can lead to a hypercoagulable state,
which has been attributable to increased factor V and VIII,
increased fibrinogen, decreased coagulation inhibitors (e.g.,
antithrombin III), and increased platelet activity.119 This al-
teration in hemostasis can lead to life-threatening events in
children.125,126 Antiplatelet or anticoagulant agents are recom-
mended for patients who have a history of a thromboembolic
event.116 In addition, diuretics must be used more cautiously
in patients with a history of hypercoagulability.

Children with nephrotic syndrome have an increased risk
of infection secondary to alterations in circulating immune
globulins, cellular immunity, and chemotaxis. Cellulitis and
spontaneous bacterial peritonitis occur at higher rates in this
population; children with albumin <1.5 g/dL are thought to
be at greatest risk.127 Encapsulated organisms such as Strep-
tococcus pneumoniae and gram-negative rods, such as E. coli,
are the most frequent causes of bacterial infection. Prophylactic
antibiotics have been used during active relapse, but no consen-
sus exists among pediatric nephrologists on the management of
infection risks in these patients.116,128 Patients should receive
standard vaccination using the childhood immunization sched-
ule. The pneumococcal conjugate vaccine (Prevnar) or the
pneumococcal polysaccharide vaccine (Pneumovax) should be
administered to children with nephrotic syndrome if they were
not immunized as infants.116,129 Live viral vaccines are appro-
priate for these patients, but must not be given while receiving
high-dose corticosteroids or other immunosuppressive ther-
apy. Varicella vaccine has been studied in cases of nephrotic
syndrome and is safe and effective.116,130

Hyperlipidemia is a common complication of nephrotic
syndrome, but it usually resolves spontaneously in steroid-
responsive patients. Lipid levels may remain elevated in
steroid-resistant patients and, if diet intervention is insufficient,
bile acid sequestrants are FDA approved for use in pediatric
patients.131,132 Therapy with statins appears to significantly re-
duce total cholesterol and low-density lipoprotein (LDL) and
triglycerides, but has no documented impact on disease pro-
gression. Statin therapy might have beneficial effects on arterial
endothelium.133

Renal protein excretion may be decreased by angiotensin-
converting enzyme inhibitors (ACE-I). Long-term benefit in
children with nephrotic syndrome is not known. ACE-I should
be given with caution, especially during initial steroid therapy
because of the risk of hypotension, resulting in an increased
risk of thrombosis.116
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32. What is the prognosis of children with nephrotic syndrome?

In minimal change disease, mortality is approximately 2%,
mostly caused by peritonitis or thrombotic complications. Most
patients will be steroid responsive, but will likely have multi-
ple relapses over several years. Considering all categories of

nephrotic syndrome in children, 20% will sustain remission,
50% will have relapses in any 5-year follow-up period, and the
remaining 30% will develop nephrosis. Half of this last group
can attain remission with combination therapy of prednisone
and cytotoxic drugs if they have minimal change disease.117
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The rational use of medications in neonates depends on an
appreciation of both the physiological immaturity and the de-
velopmental maturation that influence neonatal drug disposi-
tion and pharmacologic effects. Much progress has been made
to decrease neonatal mortality and improve survival of more
premature and lower-birth-weight newborns. Neonates, par-
ticularly those of extremely low birth-weights, pose a phar-
macotherapeutic challenge to the clinician. The alterations of
body composition, weight, size, as well as physiological and
pharmacokinetic parameters that occur with normal growth
and maturation during the first few months of life are greater
than at any other time. Although the amount of neonatal drug
information is increasing, the overall lack of well-designed
pharmacokinetic and pharmacodynamic studies still hinders
the clinical use of many drugs in this population. This is especi-
ally true for newborns of the lowest birth-weights (<750 g).

The term therapeutic orphans,1 which was coined more than
30 years ago to describe the lack of medications labeled for use
in children, unfortunately still is applicable today.2 Although
the number of medications under development for children has
significantly increased over recent years, 71% of new molecu-
lar entities approved by the U.S. Food and Drug Administration
(FDA) do not have pediatric drug labeling.3 In addition, prac-
tical issues (e.g., technical problems of drug delivery, a lack
of suitable dosage formulations) further complicate neonatal
pharmacotherapeutics.

This pediatric dilemma led to the passage of the FDA Mod-
ernization Act of 1997.4 This federal legislation offered in-
centives (in the form of a 6-month drug patent extension) to
pharmaceutical companies to conduct pediatric research. The
Best Pharmaceuticals for Children Act of 2002 reauthorizes the
use of these incentives and provides a process to increase pe-
diatric studies for medications that are no longer “on patent.”5

In addition, this law specifically includes neonates as a pop-
ulation that should be studied. These and other regulations,
plus the establishment of the Pediatric Pharmacology Research
Unit Network by the National Institutes of Child Health and
Human Development,3 will increase pediatric drug studies, en-
hance the neonatal labeling of medications, and lead to more
rationale use of medications in neonates. Until that time, the
clinical use of drugs in neonates presents unique therapeutic
challenges for the clinician.

Terminology
An understanding of common neonatal terminology is im-
portant because every newborn is evaluated and classified at
birth according to birth-weight, gestational age, and intrauter-
ine growth status. These factors influence patient outcome and
long-term prognosis.6 Common neonatal terminology is listed
in Table 94-1. Pharmacokinetic parameters, pharmacodynam-
ics, and dosing recommendations often are specified according
to these terms.

Neonatal Monitoring Parameters
Many pharmacotherapeutic monitoring parameters used in
adults also are used in neonates; however, normal values for
neonates may differ from those in adults. The monitoring of
pharmacotherapy in neonates must take into account these dif-
ferences. For example, neonates have higher heart rates (HR)

Table 94-1 Common Neonatal Terminology6,8

Term Definition

Gestational age By dates: The number of weeks from the onset
of the mother’s last menstrual period until
birth

By examination: Assessment of gestational
maturity by physical and neuromuscular
examination; gestational age estimates the
time from conception until birth

Postnatal age Chronologic age after birth
Postconceptional age Gestational age plus postnatal age
Corrected age Postconceptional age in weeks minus 40;

represents postnatal age if neonate had been
born at term (40 weeks’ gestational age)

Preterm <38 weeks’ gestational age at birth
Term 38–42 weeks’ gestational age at birth
Post-term ≥43 weeks’ gestational age at birth
Extremely

low-birth-weight
Birth-weight <1 kg

Very low-birth-weight Birth-weight <1.5 kg
Low birth-weight Birth-weight <2.5 kg
Small for gestational

age
Birth-weight <10th percentile for gestational

age
Appropriate for

gestational age
Birth-weight between 10th and 90th

percentiles for gestational age
Large for gestational

age
Birth-weight >90th percentile for gestational

age

and respiratory rates (RR) and lower blood pressures (BP) com-
pared with adults. Appropriate texts should be consulted for
neonatal normal values when providing comprehensive phar-
macy care.7,8

The physiological transitions from intrauterine to extrauter-
ine life can influence disease states and drug disposition. For
example, the change from fetal to adult circulation results in
an increase in perfusion of organs that are responsible for the
elimination of drugs. The developmental changes in absorp-
tion, distribution, metabolism, and excretion affect drug dis-
position and, ultimately, neonatal drug dosing. This chapter
focuses on applied therapeutics for common neonatal disease
states and the safe and effective use of drugs in the neonate.

NEONATAL PHARMACOKINETICS
Drug Absorption
Gastrointestinal Absorption
Numerous developmental factors (e.g., gastric acidity, gastric
emptying time, intestinal integrity and motility, bacterial colo-
nization) can influence the absorption of enterally administered
drugs during the neonatal period. Neonates, especially preterm
newborns, have a decreased capacity to secrete gastric acid
compared with adults.9 This relative lack of gastric acid out-
put may be referred to as relative achlorhydria or hypochlorhy-
dria. Although the exact maturational pattern of gastric acid
secretion needs more clarity, a biphasic pattern in term infants
usually is described. At birth, the pH of gastric contents is neu-
tral owing to the presence of residual amniotic fluid. (Amniotic
fluid is swallowed regularly during intrauterine life.) In term in-
fants, acid output begins within minutes after birth and gastric
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pH decreases to 1.5 to 3 within a few hours. Gastric acidity
then decreases (pH increases) over the next 10 days; subse-
quently, basal acid output gradually rises. The maturational
pattern of acid secretion in term infants is different in preterm
neonates. Gastric acid rarely is present in the fetal stomach
before 32 weeks’ gestation, and the early decrease in gastric
pH usually is not seen or may be delayed in preterm neonates.
Hypochlorhydria with a basal pH above 4.0 is present in ap-
proximately 20% of preterm neonates 1 to 2 weeks of age. After
6 weeks of life, gastric pH falls to below 4.10 Although gastric
acid production correlates with postnatal age, extrauterine fac-
tors (e.g., initiation of enteral feedings) seem to be responsible
for the stimulation of gastric acid output.10 In general, gastric
acidity is lower during the neonatal period, and adult values for
maximal acid output are not reached until 2 years of age.9,11

Gastric and duodenal pH affect drug ionization and
absorption.11,12 Generally, an acidic environment favors ab-
sorption of acidic drugs because these drugs will be un-ionized
and, therefore, more lipid soluble. Basic drugs, however, are
mostly ionized in an acid environment. As a result, basic drugs
in an acidic environment are hydrophilic and less well ab-
sorbed. Likewise, an acidic drug in an alkaline environment
is also primarily in the ionized form and less well absorbed.
Therefore, the hypochlorhydria (relatively alkaline gastric pH)
in neonates can result in decreased bioavailability of acidic
drugs (e.g., phenobarbital, phenytoin), as well as increased
bioavailability of weakly basic drugs or acid-labile drugs (e.g.,
penicillin, ampicillin, erythromycin) compared with that in
adults.11,13

Gastric emptying time plays an important role in both the
rate and the degree of drug absorption because most drugs
are absorbed in the small intestine. During the neonatal pe-
riod, gastric emptying time can be prolonged by up to 6 to 8
hours and may not attain adult values until 6 to 8 months of
age.11 The rate of gastric emptying is affected by gestational
age, disease states, and dietary intake. Prematurity, respiratory
distress syndrome (RDS), congenital heart disease, and inges-
tion of long-chain fatty acids prolong gastric emptying time.
The rate of gastric emptying is increased with consumption
of human milk and hypocaloric feedings, but is unaffected by
osmolality and posture. A prolonged gastric emptying time
can delay drug absorption, resulting in a longer time to reach
maximal serum drug concentrations and a decrease in the peak
concentration.

Small intestine motility is irregular in both neonates and
young infants,13 making it difficult to predict the time for peak
absorption or the extent of absorption of enterally adminis-
tered drugs. In addition, the immature or altered permeability
of the intestinal mucosa, which can result in increased drug
absorption, actually may be more important than both gas-
tric emptying time and intestinal motility.14 Osmolality also
can influence gastrointestinal (GI) tract integrity and absorp-
tion, particularly in preterm infants.13 Enteral administration
of drugs or solutions with high osmolalities can destroy GI
tract integrity and increase the risk of necrotizing enterocolitis
(NEC) in neonates.

Drug absorption in the neonate also can be affected by other
factors. For example, the reduced rate of bile acid synthesis
and pancreatic secretions in preterm neonates may decrease
the absorption of fat-soluble vitamins D and E.12,13,15 Absorp-
tion of these vitamins may be reduced further by cholestasis,

and water-soluble forms of these vitamins may be necessary.
Short-bowel syndrome (which may occur as a result of NEC)
may decrease the intestinal surface area available for drug ab-
sorption and result in decreased drug bioavailability. Changes
in bacterial colonization of the GI tract during the neonatal
period can influence the fate of conjugated forms of drugs
excreted in bile. The high activity of β-glucuronidase in the
neonatal intestinal lumen results in hydrolysis of drug glu-
curonide conjugates and potentially alters the disposition of
the parent drug or its metabolite.11,13

During the neonatal period, drugs such as phenobarbital,
digoxin, and sulfonamides are absorbed at a slower, rate but
the total amount absorbed is similar to that of older children.14

In contrast, the total absorption of drugs such as phenytoin,
acetaminophen, carbamazepine, and rifampin is decreased in
neonates.11,13,15

Rectal Absorption
The routine use of the rectum for administration of drugs
(e.g., aminophylline) has been discouraged because of erratic
drug absorption and toxicities.13 With the proper drug and
dosage formulation, however, the rectum can be an important
alternative route for drug administration, with rapid and effi-
cient absorption.11,13 For example, rectal administration of di-
azepam solution for injection produces serum concentrations
similar to those from intravenous (IV) administration.16 This
route is therapeutically important in the neonate with seizure
activity in whom rapid IV access is not available.

Intramuscular Absorption
Many physiological factors, as well as physicochemical
characteristics of drugs, influence intramuscular (IM)
absorption.11–13 During the first few days of life, both the rate
and the amount of IM absorption may be reduced owing to
the relatively decreased muscle blood flow, higher percentage
of water in muscle mass, and diminished strength of muscular
contractions.11 The amount of both muscle and subcutaneous
tissue in the newborn is directly proportional to gestational age.
The low muscle mass to total body mass ratio in neonates can
result in decreased absorption of a drug administered IM be-
cause absorption is influenced by the surface area of the muscle
that comes into contact with the injected medication. In addi-
tion, the degree of muscle activity, which directly affects the
rate of drug absorption from both IM and subcutaneous injec-
tions, can be greatly decreased in the severely ill, immobile, or
paralyzed neonate.11–13 Adequate perfusion of the injection site
also is required for systemic absorption to occur. Blood supply
to muscles can be compromised in the critically ill neonate with
low cardiac output or hypotensive states such as patent ductus
arteriosus (PDA), sepsis, or RDS.12,17 Drugs that more com-
monly may be administered IM to neonates include vitamin K,
aminoglycosides, phenobarbital, and penicillins.8,12

Percutaneous Absorption
Percutaneous absorption is increased in neonates (especially
in preterm newborns) because of decreased thickness of the
stratum corneum, increased skin hydration, and increased ra-
tio of surface area per kilogram body weight.11–13 Because the
epidermis is barely present before 34 weeks’ gestational age,
preterm newborns (especially those <2 weeks’ postnatal age)
are at greatest risk for percutaneous drug absorption. After 2 to
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Table 94-2 Pharmacokinetics of Selected Drugs in Neonates and Adults8,12,21,22

Plasma t1/2
(hr) Vd (L/kg) % Protein Bound

Drug Neonates Adults Neonates Adults Neonates Adults

Caffeine 40–230 3–7 1.0 0.5–0.6 N/A 30–40
Diazepam 25–100 20–30 1.8–2.1 1.6–3.2 84–86 94–98
Digoxin 20–80 25–50 4–10 7 14–26 23–40
Gentamicin 3–12 1.5–3 0.4–0.7 0.2–0.3 <10 < 10
Indomethacin 15–30 4–10 0.35–0.53 0.15–0.26 95–98 90–95
Morphine 5–14 2–4 1.7–4.5 2.4–4.2 18–22 33–37
Phenobarbital 40–400 50–180 1.0 0.6–0.7 28–43 45–50
Phenytoin 15–105 15–30 1.0 0.6–0.7 70–90 89–93
Theophylline 20–60 6–12 1.0 0.45 36–50 50–65
Vancomycin 6–12 5–8 0.48–0.97 0.3–0.7 N/A 30–55

N/A, not available; t1/2 , half-life; Vd, volume of distribution.

3 weeks’ postnatal age, the epidermis of the preterm newborn
histologically matures to that seen at term.18 Although the epi-
dermis of a term neonate is functionally intact, the epidermis
continues to develop through 4 months of age. The newborn’s
ratio of skin surface area to body weight is approximately three
times that of an adult. Therefore, for the same percutaneous
dose, a neonate absorbs three times more drug per kilogram
than an adult. In addition, occlusive dressings or an interrup-
tion in the integrity of the skin (e.g., abrasion) increases the
amount of drug absorbed percutaneously. Various toxicities
have been described in neonates after topical administration
of iodine, hexachlorophene, boric acid, salicylic acid, alcohol,
epinephrine, corticosteroids, and triple antibiotic (Bacitracin,
neomycin, polymyxin B) spray.18

The increased percutaneous absorption of drugs in preterm
newborns has potential therapeutic implications.18 For exam-
ple, transdermal theophylline, administered as a gel with an
occlusive dressing, produces therapeutic serum concentrations
in preterm newborns who are 30 weeks or less gestational age
and 20 days or less postnatal age. Clinical application of trans-
dermal drug delivery in preterm newborns seems promising
and may avoid problems associated with other routes of ad-
ministration. However, transdermal drug delivery is limited by
the normal maturation of the epidermis, and drug absorption
decreases with increasing postnatal age and in newborns older
than 32 weeks’ gestational age.18

Drug Distribution
Drug distribution—the process of drug partition among vari-
ous body organs, fluids, and tissues—depends on pH, compo-
sition and size of body compartments (e.g., total body water,
intracellular and extracellular water, and adipose tissue mass),
protein binding, membrane permeability, and hemodynamic
factors such as cardiac output and regional blood flow.19

Water Compartments
Total body water, as a percentage of body weight, is increased
in the newborn (especially the preterm neonate) and decreases
with increasing age. The total body water of a preterm, 1-kg
newborn is 80% and that of a term newborn is 75%. These
values are much higher than those of a 3-month old (60%) or
an adult (55%).20 Newborns also have an increase in extracel-

lular water as a percentage of body weight, and an increase in
the extracellular water to intracellular water ratio. Extracellular
water decreases from approximately 40% at term to approxi-
mately 20% at 3 months of age.20 The higher total body water
and extracellular water in newborns typically result in larger
volumes of distribution (Vd) for water-soluble drugs (Table
94-2).8,12,21,22 In addition, the Vd for water-soluble drugs that
distribute to the extracellular water compartment (e.g., gen-
tamicin) roughly parallels extracellular water as a percentage
of body weight. Because the Vd in newborns usually is larger
for water-soluble drugs, larger mg/kg loading doses of these
agents are needed in neonates, particularly preterm newborns,
to achieve initial drug concentrations similar to that of an adult.
As the neonate grows and matures, total body water and extra-
cellular water decrease, causing the Vd for water-soluble drugs
and therefore mg/kg loading doses to decrease with increasing
age.

Adipose Tissue
Compared with the adult, the neonate has much less adipose
tissue. A preterm newborn is composed of only 1% to 2% fat,
whereas a term neonate is approximately 15% fat.20 Neona-
tal adipose tissue also contains more water. The decreased
amount of adipose tissue and the higher water content in the
newborn may decrease the Vd for fat-soluble drugs (e.g., di-
azepam). Because of the smaller Vd for fat-soluble or lipophilic
drugs, smaller mg/kg loading doses should be administered in
neonates.

Protein Binding
In general, neonatal protein binding of drugs is decreased com-
pared with adults (Table 94-2). The decrease in plasma pro-
tein binding is a result of several factors, including a lower
concentration of binding proteins (e.g., albumin, lipoproteins,
α1-acid glycoprotein, and β-globulins); the presence of fe-
tal albumin, which has decreased affinity for drugs; a lower
plasma pH, which can decrease protein binding of acidic drugs;
and the presence of endogenous substances (e.g., bilirubin and
free fatty acids) or transplacentally acquired interfering sub-
stances (e.g., hormones and pharmacologic agents) that can
compete for protein-binding sites.11,23 Decreased protein bind-
ing (increased free fraction) has been described in neonates
for many drugs (e.g., ampicillin, carbamazepine, diazepam,
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lidocaine, penicillin, phenobarbital, phenytoin, propranolol,
salicylic acid, sulfonamides, theophylline).11,12,23 Total plasma
protein concentration, as well as the affinity of albumin for
acidic drugs, increases with age and approaches adult values
at 10 to 12 months of age.12 Therefore, as the newborn grows
and matures, protein binding also increases.

A decrease in protein binding may result in an increased
Vd, increased free (unbound) fraction, or increased free con-
centration of a drug. Drugs that have an increased Vd may
require larger mg/kg loading doses in neonates to attain the
same total serum concentration as that of an adult. However,
for a given total serum concentration, the increased free frac-
tion results in a higher free concentration. The increased free
concentration may result in increased therapeutic or toxic ef-
fects. For example, protein binding of theophylline in term
newborns (36%) is decreased compared with adults (56%).24

The commonly accepted total theophylline serum concentra-
tion of 10 to 20 mcg/mL in adults produces free theophylline
serum concentrations of 4.4 to 8.8 mcg/mL in adults but 6.4
to 12.8 mcg/mL in newborns (i.e., approximately 1.5 times the
adult free concentrations). Pharmacologic and toxic effects of
drugs are related to the free concentration (i.e., the amount
of drug that can pass through membranes and reach the re-
ceptor). Therefore, the total theophylline serum concentration
range used in adults (10–20 mcg/mL) could result in toxicities
if applied to the neonatal population. In neonates, a total theo-
phylline serum concentration of approximately 7 to 14 mcg/mL
would produce free concentrations comparable with those seen
with total concentrations of 10 to 20 mcg/mL in adults.24 Like-
wise, the decreased protein binding of phenytoin in neonates
and resultant increased free fraction suggests that total pheny-
toin therapeutic serum concentrations in newborns should be
8 to 15 mcg/mL rather than the 10 to 20 mcg/mL as accepted
in adults.

Decreased protein binding also may be a result of endoge-
nous or exogenous substances displacing highly protein-bound
drugs from protein-binding sites. Higher concentrations of free
fatty acids in neonates may be responsible for the decreased
protein binding of diazepam, propranolol, salicylates, and val-
proic acid.23 In addition, bilirubin can displace acidic drugs
(e.g., phenytoin) from albumin-binding sites. A positive cor-
relation between total bilirubin concentrations and free fraction
of phenytoin has been described. Unbound phenytoin was re-
ported as 11% in normal newborns, but approximately 20% in
neonates when bilirubin concentrations were 20 mg/dL.25

Some drugs (e.g., sulfonamides) or free fatty acids can
displace bilirubin from albumin-binding sites, facilitating the
deposition of unconjugated bilirubin in the brain. This con-
dition, known as kernicterus or bilirubin encephalopathy,
may produce neurologic injury and cell death and is fre-
quently fatal. Survivors experience central hearing loss, ataxia,
and choreoathetosis.26 The displacement of bilirubin from
albumin-binding sites depends on several factors, including
pH, the affinity of albumin for the drug and bilirubin, and
the individual molar concentrations of the drug, bilirubin,
and albumin. Preterm newborns may be at an increased risk
for bilirubin displacement because of lower albumin concen-
trations, decreased albumin affinity for bilirubin, lower pH,
and higher bilirubin concentrations (secondary to overproduc-
tion or decreased hepatic glucuronide conjugation). To dis-
place bilirubin, a specific molar concentration of a drug is

necessary to occupy a critical portion of the reserve albu-
min. Generally, if the molar concentration of a drug is much
lower than the molar concentration of albumin, displacement
of bilirubin from albumin-binding sites is unlikely.12,27 For
example, highly protein-bound drugs such as furosemide, in-
domethacin, and cardiac glycosides can be administered to
neonates without fear of displacing bilirubin from albumin
(even though some of them are potent displacers of bilirubin)
because they achieve low plasma concentrations.12 In contrast,
ceftriaxone can significantly displace bilirubin off albumin-
binding sites and therefore should be avoided in the presence
of hyperbilirubinemia.28,29 Sulfonamides are associated with
the development of kernicterus, and therefore generally are
avoided in infants younger than 2 months of age. However, not
all sulfonamides have the same ability to displace bilirubin.
Therapeutic concentrations of trimethoprim-sulfamethoxazole
do not alter albumin’s capacity to bind bilirubin, and this drug
occasionally is used in neonates if no reasonable alternative
antibiotic exists.30

Other Factors
Decreased skeletal muscle mass and alterations in tissue affin-
ity, membrane permeability, and hemodynamics also can influ-
ence drug distribution in neonates. The increased permeability
of the central nervous system (CNS) to certain lipophilic drugs,
such as phenytoin, may be due to the composition of the imma-
ture brain (lower myelin content) and the higher cerebral blood
flow as compared with adults.11 The increased permeability
of drugs into neonatal tissues, such as the CNS or red blood
cells (e.g., digoxin, theophylline), also may contribute to the
increased Vd observed in newborns.19

Metabolism
Most drugs are lipophilic and require biotransformation into
more water-soluble substances before they can become in-
activated and eliminated from the body. Biotransformation
(metabolism) of drugs is catalyzed by specific enzymes. Drug-
metabolizing enzyme activity is ultimately determined by an
individual’s underlying genetic makeup (pharmacogenetics);
however, it is also greatly influenced by developmental and
environmental factors. Thus, the clinically observed rate of en-
zyme activity and metabolism of a specific drug depends on a
patient’s genetic constitution, age, development, race, and gen-
der; environmental and nutritional influences; and concomitant
drug exposure and disease states.31 Although biotransforma-
tion may take place at various sites (e.g., plasma, skin, GI tract,
lungs, and kidney), it typically occurs in the liver with subse-
quent elimination of metabolites via the kidneys, lungs, or bil-
iary tract. Hepatic biotransformation may include phase I (ox-
idation, reduction, hydrolysis, and demethylation) and phase
II reactions (conjugation with sulfate, glucuronide, glycine,
glutathione, and hippurate; acetylation; and methylation).32 In
general, hepatic metabolism is reduced in the neonate because
of decreases in hepatic blood flow, cellular uptake of drugs,
hepatic enzyme capacity, and biliary excretion. Hepatocellular
uptake and intrahepatic transport of drugs may be decreased at
birth because of reduced concentrations of the hepatocyte ac-
ceptor proteins Y and Z. This may result in decreased hepatic
clearance for capacity-limited drugs (i.e., drugs with low ex-
traction ratios and low intrinsic clearance).11,12 Concentrations
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of acceptor proteins significantly increase during the first 10
days of life.12,32

Phase I Biotransformation Reactions
Phase I biotransformation reactions are significantly reduced
in the newborn, but increase with both gestational and post-
natal age.11 Maturation of enzyme activity (phases I and II)
occurs at different ages for different metabolic pathways, may
be regulated by endogenous hormones (e.g., growth hormone
or corticosteroids), and may be substrate specific. The devel-
opment of isoenzymes, presence of endogenous competitive
substrates, and in utero or postnatal induction of hepatic en-
zymes may alter the maturation of drug metabolism.

The major group of enzymes responsible for phase I bio-
transformation reactions are the cytochromes P450.33 Cy-
tochrome P450 enzymes catalyze the biotransformation of
many lipophilic drugs and endogenous substances. These en-
zymes are actually a “superfamily” of heme-containing pro-
teins that exist as many different isoforms (i.e., isoenzymes).
Cytochrome P450 isoenzyme nomenclature uses the root sym-
bol CYP, followed in order by (a) an Arabic number to denote
the gene family, (b) an upper case letter to designate a subfam-
ily of highly related genes, and (c) another Arabic number to
identify the individual isoenzyme within the subfamily. Seven-
teen human CYP gene families have been described. The most
important gene families involved in human drug metabolism
include CYP1, CYP2, and CYP3.34 Table 94-3 lists impor-
tant drug-metabolizing enzymes, their known developmen-
tal pattern, and important neonatal substrates.33 Isoenzymes
can catalyze more than one type of biotransformation reac-
tion, and the metabolism of certain drugs may be catalyzed by
more than one isoenzyme. For example, CYP1A2 catalyzes the
3-demethylation and 8-hydroxylation of theophylline. How-
ever, theophylline 8-hydroxylation may also be catalyzed by
CYP2E1 and CYP3A4. In preterm and newborn infants with
low CYP1A2 activity, the contribution to 8-hydroxylation by
CYP2E1 and CYP3A4 may become important. However, in

general, decreased isoenzyme activity results in decreased drug
clearance. Clinical examples of decreased drug metabolism in
neonates according to specific phase I biotransformation reac-
tions are described in the following sections.

Oxidation
In term newborns, activity of cytochrome P450 enzymes and
NADPH-cytochrome-C-reductase is approximately 50% of the
adult value.35 This decreased oxidative capacity results in a
reduced clearance of some drugs (e.g., diazepam, phenobarbi-
tal, phenytoin, valproic acid, theophylline, indomethacin, and
metronidazole), particularly in the first few weeks of life.11,32

Compared with other enzyme systems, maturation of oxidative
reactions occurs rapidly after birth. For example, in term new-
borns hydroxylation of phenytoin and phenobarbital matures as
early as 2 to 4 weeks’ postnatal age.32 In preterm infants, how-
ever, the rapid postnatal maturation of hydroxylation is delayed.
Hydroxylation of theophylline is related primarily to postcon-
ceptional age (PCA) and approaches adult values by 40 weeks’
PCA.36 In general, oxidative biotransformation pathways have
one-third to one-half the adult activity at birth but increase to
two to five times that of an adult by 1 year postnatal age.

Hydrolysis
Hepatic and plasma esterase activity is reduced in neonates,
especially preterm newborns, and reaches adult values within
10 to 12 months.11 The decreased esterase activity results in
reduced elimination of ester anesthetics such as procaine, tetra-
caine, and cocaine. This may explain the increased effects and
cardiorespiratory depression seen in newborns exposed to local
anesthetics.

Demethylation
The dealkylation pathway for some drugs (e.g., diazepam
and lidocaine) may be less impaired than the hydroxylation
pathway at birth.11 In contrast, the N-demethylation path-
ways of theophylline are greatly reduced in comparison with

Table 94-3 Important Neonatal Phase I Drug-Metabolizing Enzymes, Substrates, and Known Developmental Patterns

Enzyme Neonatal Substrates Known Developmental Pattern

CYP1A2 Acetaminophen, caffeine, theophylline,
warfarin

Not present to an appreciable extent in human fetal liver. Adult levels reached by
4 months of age and may be exceeded in children 1–2 years of age. Activity
slowly declines to adult levels, which are attained at the conclusion of puberty.
Gender differences in activity are possible during puberty.

CYP2C9
CYP2C19

Phenytoin, S-warfarin;
Diazepam, phenytoin, propranolol

Not apparent in fetal liver. Inferential data using phenytoin disposition as a
nonspecific pharmacologic probe suggest low activity in first week of life, with
adult activity reached by 6 months of age. Peak activity (as reflected by average
values for Vmax, which are 1.5- to 1.8-fold adult values) may be reached at 3–4
years of age and declines to adult values at the conclusion of puberty.

CYP2D6 Captopril, codeine, propranolol Low to absent in fetal liver but uniformly present at 1 week of postnatal age. Poor
activity (approximately 20% of that in adults) at 1 month of postnatal age.
Adult competence attained by approximately 3–5 years of age.

CYP3A4 Acetaminophen, alfentanil,
carbamazepine, cisapride, diazepam,
erythromycin, lidocaine, midazolam,
theophylline, verapamil, R-warfarin

Low activity in the first month of life, with approach toward adult levels by 6–12
months of postnatal age. Pharmacokinetic data for CYP3A4 substrates suggest
that adult activity may be exceeded between 1 and 4 years of age. Activity then
progressively declines, reaching adult levels at the conclusion of puberty.

CYP3A7 Dehydroepiandrosterone sulfate,
ethinylestradiol, triazolam

Functional activity in fetus is approximately 30%–75% of adult levels of
CYP3A7.

Modified with permission from reference 33.
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Table 94-4 Important Neonatal Phase II Drug-Metabolizing Enzymes, Substrates, and Known Developmental Patterns

Enzyme Neonatal Substrates Known Developmental Pattern

N-acetyltransferase-2 (NAT2) Caffeine, clonazepam, hydralazine,
procainamide, sulfamethoxazole

Some fetal activity present by 16 weeks. Virtually 100% of infants between
birth and 2 months of age exhibit the slow metabolizer phenotype. Adult
phenotype distribution reached by 4–6 months of postnatal age, with adult
activity present by approximately 1–3 years of age.

Thiopurine methyltransferase Azathioprine, mercaptopurine,
thioguanine

Levels in fetal liver are approximately 30% of those in adult liver. In
newborn infants, activity is approximately 50% higher than in adults, with
a phenotype distribution that parallels that in adults. In Korean children,
adult activity appears at approximately 7–9 years of age.

Glucuronosyltransferase (UGT) Acetaminophen, chloramphenicol,
morphine, valproic acid

Ontogeny is isoform specific as reflected by pharmacokinetic data for certain
pharmacologic substrates (e.g., acetaminophen or chloramphenicol). In
general, adult activity as reflected from pharmacokinetic data seems to be
achieved by 6–18 months of age.

Sulfotransferase Acetaminophen, bile acids,
chloramphenicol, cholesterol,
dopamine, polyethylene glycols

Ontogeny (based on pharmacokinetic studies) seems to be more rapid than
that for UGT; however, it is substrate specific. Activity for some isoforms
(e.g., that are responsible for acetaminophen metabolism) may exceed
adult levels during infancy and early childhood.

Modified with permission from reference 33.

hydroxylation.36 Maturation of theophylline N-demethylation
occurs at 55 weeks’ PCA and lags behind the maturation of the
oxidation pathways seen at 40 weeks’ PCA. Despite the earlier
maturation of theophylline hydroxylation, theophylline clear-
ance is not increased significantly until the N-demethylation
pathway matures.36 Clearances of other drugs such as di-
azepam, morphine, and meperidine also are affected by low
N-demethylation activity.

Phase II Reactions
Most phase II reactions are decreased in the newborn (Table
94-4).33 Sulfation, however, is more developed than other con-
jugation reactions because sulfotransferase activity may ap-
proximate adult values at birth (e.g., estrogen sulfotrans-
ferase).32 Methylation also is functional at birth, as demon-
strated by the ability of both term and preterm newborns to
methylate theophylline to caffeine. Methyltransferase activity
is known to be present even in the fetus because methyla-
tion is required for synthesis of pulmonary surfactant. In con-
trast, acetylation of sulfonamides via N-acetyl-transferase 2 is
decreased in neonates, especially preterm newborns.32 Other
drugs such as hydralazine that are eliminated via acetylation
have decreased hepatic clearance in the neonate. In fact, almost
all infants younger than 2 months of age are phenotypically
slow acetylators. This is in contrast to 50% of 4- to 7.5-month-
old infants and 62% of 7.5- to 11-month-old infants being
phenotypically fast acetylators.33

Glucuronide Conjugation
Uridine diphosphate–glucuronosyltransferase (UGT) activity
is significantly reduced at birth and generally reaches adult lev-
els by 6 to 18 months of age.33 However, at least ten different
UGT isoforms exist, and adult levels of UGT metabolism may
be reached at different ages for different substrates (drugs).37

As a result of the decreased UGT activity, metabolism is sig-
nificantly decreased in the neonate for compounds that un-
dergo glucuronidation (e.g., chloramphenicol, morphine, lo-
razepam, corticosteroids, bilirubin, and trichloroethanol [the
active metabolite of chloral hydrate]). Toxic effects of these

agents may be seen unless doses are decreased appropriately.
Reduced glucuronidation with resultant accumulation of chlo-
ramphenicol was responsible for the toxic symptoms of the
“gray baby syndrome” (cardiovascular collapse and shock).

The effects of decreased glucuronidation may not be as dra-
matic for drugs that have alternate metabolic pathways because
a shift to a more mature pathway may occur. For example, in
neonates, the decreased glucuronidation of acetaminophen is
partially offset by an increase in acetaminophen-sulfate conju-
gation. This change to sulfation only partially compensates for
decreased glucuronidation because acetaminophen half-life is
still prolonged in the newborn.12

Glycine Conjugation
Glycine conjugation is decreased in newborns, but increases
to adult levels by approximately 8 weeks of age. In adults, ben-
zyl alcohol (a preservative) is converted to benzoic acid (ben-
zoate), which then is detoxified in the liver through conjugation
with glycine to form hippuric acid. Because neonates have a de-
creased capacity to conjugate p-amino benzoate and benzoate
with glycine, benzoic acid can accumulate in newborns given
excess benzyl alcohol or benzoic acid.38 Accumulation of ben-
zoic acid results in the “gasping syndrome,” which consists of
multiple organ system failure, severe metabolic acidosis, and
gasping respirations. This potentially fatal syndrome is asso-
ciated with cumulative benzyl alcohol doses of 99 mg/kg or
higher in preterm neonates.39 As recommended by the FDA,
drugs containing the preservatives benzyl alcohol or benzoic
acid should not be used in neonates.40 The use of preservative-
free IV solutions, diluents, and medications is advised.

Induction of Enzymes
Maturation of hepatic enzymes can be influenced by in utero
or postnatal exposure to enzyme-inducing agents.32 Neona-
tal enzymes may have a faster and greater response to in-
ducing agents compared with adults. Hydroxylation and glu-
curonidation pathways are especially affected.11 For example,
the plasma half-life of diazepam is 40 to 100 hours in preterm
neonates and 20 to 45 hours in term neonates, but only 11 to
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18 hours in neonates briefly exposed to the enzyme-inducing
drug, phenobarbital.41,42 This shortened diazepam half-life is a
result of an increase in the hydroxylation and conjugation path-
ways. Because phenobarbital can induce uridine diphosphate–
UGT (and therefore glucuronide conjugation), it sometimes is
used to treat neonatal unconjugated hyperbilirubinemia. Ante-
natal corticosteroid administration, which commonly is used
to promote fetal lung maturation, also can induce postnatal
metabolism of both theophylline and metronidazole.11

Other Effects
Decreased cardiac output, respiratory distress, decreased liver
perfusion, or hypoxia may further decrease neonatal hepatic
enzymatic activity.11 Decreased phenobarbital clearance has
been demonstrated in asphyxiated neonates.43

Renal Elimination
Glomerular filtration, tubular secretion, and tubular reabsorp-
tion are decreased in preterm and term newborns compared
with adults. Because most drugs and metabolites are elimi-
nated renally, clearance generally is decreased in neonates. As
a result, maintenance doses of drugs that are eliminated renally
must be decreased. Although overall renal function increases
with age, the maturational rates of individual physiological
functions vary. For example, glomerular filtration matures sev-
eral months before tubular secretion, and factors increasing
tubular reabsorption mature after tubular secretion. Because
renal elimination depends on the balance of filtration, secre-
tion, and reabsorption, predictions of renal clearance of drugs
eliminated by more than one of these mechanisms may be dif-
ficult in the maturing neonate.

Glomerular Filtration
At birth, the glomerular filtration rate (GFR) is significantly
decreased. The GFR for term newborns is 2 to 4 mL/minute,
or approximately 10 to 20 mL/minute/1.73 m2. For preterm
newborns, GFR is only 0.7 to 0.8 mL/minute or approximately
0.5% of an adult.44 In term newborns, GFR increases markedly
after birth, doubling by 1 to 2 weeks’ postnatal age. Despite
the continued increase postnatally, GFR is only 50 mL/minute/
1.73 m2 at 2.5 weeks’ postnatal age45 and does not reach adult
values until 3 to 5 months’ postnatal age.

In preterm neonates, postnatal development of GFR is de-
layed and a lower GFR persists beyond the first few months
of life, especially in very low-birth-weight (VLBW) newborns
≤30 weeks’ gestational age. Even at a corrected postnatal age
of 9 months (i.e., 18 months’ PCA), GFR is significantly de-
creased in VLBW infants compared with term infants of the
same PCA.45 Although the exact age at which GFR matures in
VLBW infants is not known, a normal GFR should not be as-
sumed in older preterm infants even up to 1 to 2 years postnatal
age.

Serum creatinine (SrCr) concentrations in all neonates are
elevated at birth, reflecting maternal concentrations. In healthy
newborns more than 30 weeks’ gestational age, SrCr steadily
decreases throughout the first week of life to approximately
0.4 mg/dL. SrCr concentrations in VLBW infants born at
30 weeks’ or less gestational age are significantly higher than
their term counterparts, even at a corrected postnatal age of
9 months.45

Table 94-5 Gentamicin Dosing Guidelines for Neonates and
Infantsa8

Age Weight Dosing Regimen

GA <38 wk <1000 g 3.5 mg/kg/dose Q 24 hr
PNA 0–4 wk <1200 g 2.5 mg/kg/dose Q 18–24 hr
PNA ≤7 days ≥1200 g 2.5 mg/kg/dose Q 12 hr
PNA >7 days 1200–2000 g 2.5 mg/kg/dose Q 8–12 hr
PNA >7 days >2000 g 2.5 mg/kg/dose Q 8 hr

aTraditional dosing; see Question 33, Dosage and Route of Administration section
for discussion of extended-interval aminoglycoside dosing
GA, gestational age; PNA, postnatal age

Clearance of drugs primarily eliminated by glomerular fil-
tration (e.g., digoxin, vancomycin, and the aminoglycosides) is
well correlated with GFR. Therefore, maturation of GFR must
be considered when developing dosing guidelines for these
medications. For example, both vancomycin clearance and
gentamicin clearance correlate with postnatal age, weight, and
creatinine clearance, as well as PCA.46–50 Therefore, guide-
lines that incorporate these patient factors are more likely
to result in therapeutic serum concentrations in the develop-
ing neonate.8,51,52 An example of neonatal gentamicin dosing
guidelines8 that are used commonly is given in Table 94-5.

Other conditions such as asphyxia, decreased cardiac out-
put, renal disease, or indomethacin therapy may further de-
crease GFR and drug clearance during the perinatal period.53–55

The hypoxia, hypercarbia, hypotension, and decreased cardiac
output that occur during asphyxia cause significant decreases
in GFR. In addition, compensatory mechanisms such as an in-
creased formation of renovascular constricting prostaglandins
may aggravate this condition further.44 Therefore, dosage reg-
imens of renally eliminated drugs should be empirically de-
creased in severely asphyxiated neonates. Dosage reduction
before the initiation of indomethacin therapy also is nec-
essary because significant elevations of aminoglycoside and
digoxin serum concentrations have resulted with concomitant
indomethacin therapy.54,55 For example, a 50% dosage reduc-
tion of digoxin is recommended in preterm infants receiving
indomethacin.55

In contrast, an increase in dosage may be required for drugs
(e.g., thiazide and loop diuretics) that depend on GFR for
sufficient intraluminal concentrations and pharmacologic ef-
fect. A diminished diuretic response may be seen in preterm
neonates, particularly during the first month of life. Because
furosemide is less dependent on GFR, it is the preferred di-
uretic in neonates.

Tubular Secretion
Tubular secretion is approximately 20% to 30% of adult values
at birth and matures more slowly than GFR. Despite a doubling
over the first 7 days of life, tubular secretion does not reach
adult values until 30 to 40 weeks’ postnatal age. By 1 year
of age, tubular secretion is 10 times higher than at birth.11,12

Therefore, in neonates, a decreased clearance is seen for drugs
that are eliminated by proximal tubular secretion (e.g., furose-
mide, penicillins, thiazides, atropine, and morphine). Tubular
secretion, however, can be enhanced in the immature kidney
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after continued exposure to certain drugs. Substrate stimula-
tion of tubular secretory pathways and subsequent increases
in elimination (and therefore dosing requirements) have been
reported for penicillin, ampicillin, and dicloxacillin.12,56

Tubular Reabsorption
Tubular reabsorption, a passive process that is concentration
dependent, is decreased in the neonate owing to the decreased
GFR and reduced filtrate load.11 The low urinary pH seen in
neonates results in an increase in reabsorption of weak acids
(decreased clearance) and a decrease in reabsorption of weak
bases. In addition, the normal diurnal variation in urine pH is
not present until 2 years postnatal age.11

Clinical Relevance to Dosing
Decreased enzyme activity and renal function in neonates
result in a decreased clearance and prolonged half-life for
many drugs (Table 94-2). Because drug clearance determines
the maintenance dose, mg/kg/day dosages must be reduced
in neonates, particularly preterm neonates, to avoid toxici-
ties. As biotransformation reactions and renal function ma-
ture, daily dosages subsequently must be increased with age
to prevent subtherapeutic concentrations. Because of these dy-
namic changes, periodic clinical assessment and therapeutic
drug monitoring are extremely important in neonates.

RESPIRATORY DISTRESS SYNDROME
RDS is a major cause of morbidity and mortality in preterm
neonates, affecting approximately 50,000 infants in the United
States each year.57 This clinical syndrome is characterized by
respiratory failure with atelectasis, hypoxemia, decreased lung
compliance, small airway epithelial damage, and pulmonary
edema. The principle cause of RDS is pulmonary surfactant
deficiency. Pulmonary surfactant decreases the surface tension
at the air/fluid interface in the alveoli and prevents alveolar
collapse. Surfactant also facilitates the clearance of pulmonary
fluid, prevents pulmonary edema, and stabilizes alveoli during
aeration. At birth, the clearance of residual fetal lung fluid is
accompanied by an increase in pulmonary blood flow, which
facilitates the transition from fetal to adult circulation.58,59

In the fetus, endogenous cortisol stimulates the synthesis
and secretion of pulmonary surfactant at 30 to 32 weeks’ ges-
tational age.60 However, sufficient amounts of pulmonary sur-
factant for normal lung function are not present before 34 to
36 weeks’ gestation.61 Therefore, the incidence and severity
of RDS increase as gestational age decreases. RDS occurs in
<20% to 30% of neonates born at 30 to 31 weeks’ gestational
age, but in 50% of neonates born at 26 to 28 weeks’ gestational
age.58

Without adequate amounts of surfactant, the surface tension
within the alveoli is so great that the alveoli collapse (atelec-
tasis), resulting in poor gas exchange (e.g., hypoxemia, hyper-
capnia). Low lung compliance also results and large inspiratory
pressures are needed to aerate the lungs. Unfortunately, the ex-
tremely compliant neonatal chest wall makes it difficult to cre-
ate the large negative inspiratory pressures necessary to open
the alveoli. This results in an increased work of breathing and
alterations of ventilation and perfusion (V/Q mismatch).58,59

Aeration of the surfactant-deficient lung also results in
the cyclic collapse and distention of bronchioles with resul-
tant bronchiolar epithelial injury and necrosis. This epithelial

damage causes pulmonary edema by allowing fluid and pro-
teins to leak from the intravascular space into the air spaces and
interstitium of the lung. The necrotic epithelial debris and pro-
teins then form fibrous hyaline membranes.59 Hyaline mem-
branes and pulmonary edema further impair gas exchange. The
term hyaline membrane disease has been used to describe the
presence of these fibrous membranes. However, because hya-
line membrane disease is not specific to surfactant deficiency,
the term respiratory distress syndrome (RDS) is preferred.

The inadequate oxygenation and ventilation and increased
work of breathing caused by RDS may result in the need
for assisted positive-pressure ventilation. Complications of
RDS may be related to mechanical ventilation and include
pulmonary barotrauma (e.g., pneumothorax, pulmonary inter-
stitial emphysema [PIE]), intraventricular hemorrhage (IVH),
PDA, retinopathy of prematurity (ROP), and chronic lung dis-
ease or bronchopulmonary dysplasia (BPD).59 (Also see Bron-
chopulmonary Dysplasia.)

Clinical Presentation

1. L.D., an 800-g male, was precipitously born at 27 weeks’
gestational age to a 38-year-old gravida 6 para 5 female. Apgar
scores were 5 at 1 minute, and 7 at 5 minutes. One hour after
birth, L.D. seems cyanotic and has retracting respirations with
grunting and nasal flaring. HR is 160 beats/minute and RR is 65
breaths/minute. An arterial blood gas (ABG) on 100% oxygen
by nasal cannula is as follows: pH, 7.26; PCO2, 50 mmHg; PO2,
53 mmHg; and base deficit, 7. Arterial to alveolar oxygen ten-
sion ratio (a/A) is <0.2. L.D. is intubated immediately and placed
on positive-pressure–assisted ventilation. A catheter is inserted in
his umbilical artery for frequent ABG monitoring, and an um-
bilical vein catheter is inserted for central venous access. L.D.’s
chest radiographic shows moderate hyaline membrane disease.
Ampicillin 50 mg/kg Q 12 hours and gentamicin 3.5 mg/kg Q 24
hours are ordered IV to rule out sepsis. What risk factors does
L.D. have for RDS? What signs and laboratory data are consistent
with RDS?

[SI units: Pco2, 6.67 kPa; Po2, 7.1 kPa]

L.D.’s risk factors for RDS are prematurity and male gen-
der. Other risk factors include gestational diabetes, cesarean
section with no labor, second-born twins, perinatal asphyxia,
and maternofetal hemorrhage.58,59,62 Clinical signs and lab-
oratory data consistent with RDS in L.D. include tachyp-
nea (RR, 65 breaths/minute); cyanosis, retracting respira-
tions, grunting, nasal flaring, hypoxemia (PO2, 53 mmHg);
hypercapnia (Pco2, 50 mmHg); and a mixed respiratory and
metabolic acidosis.58,59,62 Clinical manifestations classically
present within the first 6 hours of life.62

Tachypnea, the first sign of respiratory distress, is an attempt
to compensate for the inadequate ventilation, hypercapnia, and
acidosis. L.D.’s retracting respirations (the use of intercostal,
subcostal, suprasternal, or sternal accessory muscles) reflect
the increased work of breathing necessary to maintain venti-
lation. His nasal flaring decreases resistance during inspira-
tion and increases oxygenation. Grunting is the result of force-
ful exhalation against a partially closed glottis in an effort to
prolong expiration and maximize oxygenation. Grunting also
increases intrathoracic pressure during expiration in an attempt
to stabilize the alveoli and prevent atelectasis. L.D.’s cyanosis,
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hypoxemia, hypercapnia, and mixed respiratory and metabolic
acidosis are consequences of inadequate oxygenation and poor
ventilation and are consistent with RDS.58,59

Prevention

2. What maternal treatment might have prevented RDS in
L.D.?

RDS may be prevented if pregnancy can be prolonged long
enough for fetal lungs to mature, or if production of pulmonary
surfactant can be accelerated in utero. Premature labor can
be suppressed pharmacologically with drugs that inhibit uter-
ine contractions (tocolytic agents), such as the β-adrenergic
agonists (e.g., ritodrine, terbutaline), prostaglandin inhibitors
(e.g., indomethacin), calcium channel blockers (e.g., nifedi-
pine), and magnesium sulfate.63,64 (See Chapter 46.)

Maternal administration of glucocorticoids can accelerate
fetal lung maturation and decrease the incidence and severity
of RDS. L.D.’s mother should have been considered a candi-
date for antenatal corticosteroids, unless immediate delivery
was anticipated. In a meta-analysis of 15 antenatal maternal
corticosteroid trials with more than 3,400 participants, corti-
costeroids significantly reduced RDS, NEC, IVH, and neonatal
death, regardless of the infant’s gender and race. Furthermore,
there was no evidence of an increased incidence of fetal, neona-
tal, or maternal infection, or fetal death associated with the use
of antenatal steroids. The incidence of BPD, however, was not
affected, and the decrease in RDS was not significant for new-
borns greater than 34 weeks’ gestational age.65

A consensus panel formed by the National Institutes of
Health (NIH) evaluated the use of antenatal corticosteroids
for fetal lung maturation.64 This panel recommended admin-
istration of antenatal steroids in all pregnant women at high
risk for premature delivery. Many centers repeated the course
of steroids every 7 days until 34 weeks’ gestation because the
effects of antenatal steroids had not been shown to last beyond
7 days. Although the potential benefits and risks of repeated
courses were unknown at the time, multiple-course antenatal
steroids became widespread, with usage ranging from 85% to
98%.66 Subsequently, a decrease in birth-weight and head cir-
cumference, and an increase in neonatal sepsis and death have
been associated with multiple-course antenatal steroids.67,68

Investigation by a second NIH consensus panel resulted in
a recommendation that a single course of antenatal cortico-
steroids be considered for all pregnant women between 24 and
34 weeks gestation who are at risk of preterm delivery within
7 days; repeat courses of antenatal steroids are not routinely
recommended and should be reserved for patients enrolled in
randomized controlled trials.69

Since the second NIH consensus panel in 2000, three large
randomized controlled trials of single versus repeat courses of
antenatal corticosteroids reported conflicting results.70–72 The
issue of repeat courses of antenatal steroids remains controver-
sial. Not all trials found significant decreases in the incidence
of RDS and chronic lung disease with repeat courses. A signif-
icant decrease in other neonatal morbidities (e.g., PDA, pneu-
mothorax, surfactant use, and the need for oxygen therapy,
continuous positive airway pressure, mechanical ventilation,
and pressor or volume support) was found in at least one, but
not all trials. However, birth-weight and head circumference
were significantly decreased and severe IVH was significantly

increased with repeat steroid courses in at least one trial. Sepsis
and death were not increased with repeat courses.

Despite numerous clinical trials, the appropriate number
and timing of repeat courses of antenatal corticosteroids and
the risk to benefit ratio are still unknown. Repeat courses might
benefit neonates of extreme prematurity because a significant
decrease in composite neonatal morbidity was noted in one
clinical trial for neonates born less than 28 weeks’ gestational
age.70 A randomized clinical trial known as the “Multiple
courses of antenatal corticosteroids for preterm birth (MACS)”
is currently underway to investigate if a longer interval be-
tween repeat courses will maintain efficacy while decreasing
composite neonatal morbidity.

Betamethasone injection 12 mg IM Q 24 hours for two doses
or dexamethasone injection 6 mg IM Q 12 hours for four doses
are the only two NIH-recommended regimens to accelerate
lung maturation.64,69 Fetal lung maturity can be assessed by
measuring certain components (e.g., lecithin, sphingomyelin)
of lung surfactant in amniotic fluid. A ratio of lecithin to
sphingomyelin greater than 2 indicates functionally mature
fetal lungs and a decreased risk for RDS.59 Although both
betamethasone and dexamethasone decrease the incidence of
RDS, only betamethasone decreases neonatal mortality and
the risk for periventricular leukomalacia (PVL).73,74 Multi-
ple courses of dexamethasone (compared with betamethasone)
have been associated with an increased risk for PVL, IVH,
ROP, and neurodevelopmental abnormalities.75 Therefore, be-
tamethasone seems to be the preferred agent.

Maternal administration of glucocorticoids increases the
production of fibroblast-pneumocyte factor, which stimulates
the biosynthesis of surfactant in type II pneumocytes. This
mimics the physiological response of fetal lungs to the in-
creased cortisol production that normally begins at 30 to 32
weeks’ gestation.60 Certain obstetric conditions can stress the
fetus and stimulate adrenal activity and corticosteroid release
in utero, thereby enhancing fetal lung maturity. For example,
an unusually low incidence of RDS occurs in neonates born
prematurely to mothers with hypertension, infection, cardio-
vascular disease, hemoglobinopathies, heroin addiction, pre-
mature rupture of membranes >48 hours, and decreased pla-
cental function.59,61 Antenatal steroids also improve postnatal
responsiveness to exogenous surfactant administration.62,64,76

Administration of thyrotropin-releasing hormone (TRH) in
combination with antenatal steroids was initially thought to
enhance fetal lung maturation, decrease the incidence of RDS,
and decrease the incidence of BPD. Unfortunately, in a meta-
analysis, prenatal TRH increased neonatal ventilation usage,
lowered 5-minute Apgar scores, and was associated with poorer
12-month outcomes.64,77 Therefore, antenatal use of TRH can-
not be recommended.

Treatment
Surfactant Therapy

3. What treatments should be initiated for L.D.?

Before L.D. is treated for RDS, other causes of respiratory
distress must be ruled out. For example, infections, (particu-
larly group B streptococcal sepsis or pneumonia), often present
with respiratory distress. Because it is difficult to distinguish
between RDS and infection, all infants with severe RDS should
receive antibiotics. L.D. was started empirically on antibiotics,
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and a complete evaluation of possible sepsis should be per-
formed.

Exogenous surfactant should be administered intratra-
cheally to L.D. as soon as possible. Until the late 1980s, oxygen
supplementation, mechanical ventilation, fluid restriction, and
supportive care were the general treatment measures for RDS.
Presently, RDS primarily is considered a consequence of sur-
factant deficiency; therefore, the administration of exogenous
surfactant should decrease the severity of RDS and the risk of
death.78

Human surfactant is synthesized and secreted by type II
alveolar epithelial cells of the lung. It contains 80% phos-
pholipids, 8% neutral lipids, and 12% proteins.79 The major
surface-active component is dipalmitoylphosphatidylcholine
(DPPC), also known as colfosceril or lecithin. However,
this phospholipid slowly adsorbs to the air/fluid interface in
the alveoli. Other phospholipids (e.g., phosphatidylcholine,
phosphatidylglycerol), and four surfactant apoproteins (SP-
A, SP-B, SP-C, and SP-D) enhance spreadability and sur-
face adsorption.61,76,80 Adsorption and surface spreading of
the surfactant in the alveoli are important determinants of
surface-tension activity. SP-A and SP-D both play a role in
immune regulation and providing host defense. SP-A may also
help to regulate alveolar surfactant reuptake and metabolism.61

SP-B and SP-C are the two most important apoproteins re-
sponsible for promoting adsorption and surface spreading of
the surfactant in the alveoli to form a phospholipid mono-
layer.79

Natural surfactants are derived from bovine or porcine lung-
lipid or lavage extracts, or from human amniotic fluid. Modified
natural surfactants are lung-lipid extracts supplemented with
phospholipids or other components.76 Currently, three surfac-
tant products are commercially available for clinical use in the
United States: beractant (Survanta) is a modified natural sur-
factant, and both calfactant (Infasurf) and poractant alfa (Curo-
surf) are natural surfactants. Colfosceril palmitate (Exosurf),
a synthetic surfactant without a protein analog, is no longer
available for clinical use. Beractant and calfactant are FDA-
approved for the prevention (i.e., prophylaxis) of RDS, and
all three products are approved for the treatment (i.e., rescue
therapy) of RDS.81–83 Lucinactant (Surfaxin), a new synthetic
surfactant that contains a protein analogue, is awaiting FDA
approval for the treatment and prevention of RDS.79

Beractant is prepared by mincing bovine lung, which con-
tains lung surfactant and phospholipids from lung cells. Dur-
ing the extraction process, cholesterol is removed and synthetic
DPPC is added to improve surface activity. Surfactant apopro-
tein B (SP-B), which is thought to be the most critical protein
for surfactant activity, is removed with cholesterol. As a result,
beractant contains only trace amounts of SP-B (<0.5% of to-
tal protein). Ninety-nine percent of the protein in beractant is
SP-C.84,85

In contrast, calfactant is extracted from washings of new-
born calves’ lungs; therefore it contains fewer contaminating
lung cell components. Forty percent of the protein in calfac-
tant is SP-B and 60% is SP-C. Poractant alfa is extracted from
washings of pigs’ lungs and is purified by liquid gel chromatog-
raphy to remove neutralized lipids such as cholesterol. As with
calfactant, no synthetic DPPC is added to poractant alfa.86 It
is composed of 99% lipids and 1% apoproteins (SP-B [30%]
and SP-C [70%]). Neither beractant, calfactant, nor poractant
alfa contain SP-A (refer to Table 94-6 for comparisons).81–83

PHARMACOLOGIC AND LONG-TERM EFFECTS

4. What are the effects of exogenously administered surfactant
in RDS?

Oxygenation and lung compliance rapidly and markedly im-
prove after the administration of surfactant. Supplemental oxy-
gen and mechanical ventilation can be reduced significantly.
The increased lung compliance and decreased need for high
inspiratory pressures result in a dramatic decrease in the in-
cidence of pneumothorax and PIE. Survival in treated infants
increases by approximately 40% regardless of birth-weight or
gestational age, and neonatal mortality from RDS is decreased
to approximately 20%.78 Other complications of RDS such as
severe BPD, IVH, and PDA have not been decreased consis-
tently with surfactant therapy. Although the severity of ROP
was decreased with the use of exogenous surfactants, overall
incidence is unchanged.78

NUMBER OF DOSES

5. At 2 hours of age, 4 mL/kg of beractant was administered
to L.D. intratracheally. Within 1 hour, oxygenation improved and
the FiO2 was weaned from 100% to 80%. Six hours later, the
ABGs revealed the following: pH, 7.36; PCO2, 45 mmHg; PO2, 80
mmHg; base deficit, 2; and O2 saturation of 94% on the following
ventilator settings: FiO2, 0.73; intermittent mechanical ventilation
(IMV), 40; peak inspiratory pressure (PIP), 18; and positive end-
expiratory pressure (PEEP), +3. The a/A ratio is <0.2. Should
another dose of beractant be administered?

[SI units: Pco2, 6.0 kPa; Po2, 10.7 kPa]

The response to a single dose of surfactant usually is tran-
sient; thus, more than one dose is needed. Response to sur-
factant therapy can be variable, especially in preterm new-
borns weighing less than 750 g.76 Reasons for nonresponse
include surfactant inhibition by proteins that have leaked into
the alveolar spaces, inactivation of surfactant by inflamma-
tory mediators (free oxygen radicals, proteases), presence of
conditions that can decrease surfactant effectiveness (e.g., pul-
monary edema), or poor delivery of surfactant to the alveoli
(owing to atelectasis). The degree of responsiveness to surfac-
tant also decreases with increasing postnatal age.76,85

Although the indications for subsequent doses of surfactant
have varied in investigational studies, persistence of respira-
tory failure is the major clinical indicator for retreatment. A
second dose of beractant should be given to L.D. because he
still requires mechanical ventilation with relatively high in-
spiratory pressures and supplemental oxygen (Fio2 ≥0.3) to
maintain an arterial PO2 ≥50 mmHg and oxygen saturation
of 90%. Furthermore, an a/A ratio of <0.2 is an indication
for repeat dosing.78 In meta-analyses, the incidence of neona-
tal death and pneumothorax is reduced by multiple surfactant
doses; however, other large trials have not reported additional
benefits with more than two doses of calfactant.87,88 In prac-
tice, despite these conflicting findings, most infants receive an
average of two surfactant doses.

PROPHYLACTIC ADMINISTRATION AND TREATMENT OF RESPIRATORY
DISTRESS SYNDROME

6. Could prophylactic administration of surfactant have pre-
vented RDS in L.D.?

Prophylactic administration (i.e., at the time of delivery
within 30 minutes after birth) of surfactant may reduce the
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Table 94-6 Comparison of Currently Marketed Surfactant Products81–83

Variable Calfactant (Infasurf) Poractant α (Curosurf) Beractant (Survanta)

Type and source Natural surfactant, calf lung wash Natural surfactant, porcine lung
mince extract

Modified natural surfactant, bovine
lung mince extract

Phospholipids Natural DPPC with mixed phospholipids Natural DPPC with mixed
phospholipids

Natural and supplemented DPPC
with mixed phospholipids

Proteins Calf proteins SP-B and SP-C Porcine proteins SP-B and SP-C Bovine proteins SP-B and SP-C
Dispersing and

adsorption agents
Proteins SP-B and SP-C Proteins SP-B and SP-C Proteins SP-B and SP-C

Recommended dose 3 mL/kg (phospholipids 105 mg/kg) Initial dose: 2.5 mL/kg
(phospholipids 200 mg/kg);

Repeat dose: 1.25 mL/kg
(phospholipids 100 mg/kg)

4 mL/kg (phospholipids 100 mg/kg)

Indications Prophylaxis and rescue therapy Rescue therapy Prophylaxis and rescue therapy
Criteria for

prophylaxis
Premature infants <29 weeks’ gestational

age at high risk for RDS
Not approved Birth-weight <1,250 g or evidence of

surfactant deficiency
Recommended

regimen for
prophylaxis

Give first dose ASAP after birth, preferably
within 30 min; repeat Q 12 hr up to a
total of 3 doses if infant remains
intubated or repeat as early as 6 hr up to
a total of 4 doses if infant remains
intubated and requires Fio2 ≥0.3 with
Pao2 ≤80 mmHg

Not approved Give first dose ASAP after birth,
preferably within 15 min; repeat as
early as 6 hours up to a total of 4
doses if infant remains intubated
and requires Fio2 ≥0.3 with Pao2

≤80 mmHg

Criterion for rescue
therapy

Infants ≤72 hr of age with confirmed RDS
who require endotracheal intubation

Infants with confirmed RDS who
require endotracheal intubation

Infants with confirmed RDS who
require endotracheal intubation

Recommended
regimen for rescue
therapy

Give first dose ASAP after RDS diagnosed,
repeat Q 12 hr up to a total of 3 doses if
infant still remains intubated or repeat as
early as 6 hours up to a total of 4doses if
infant still remains intubated and requires
Fio2 ≥0.3 with Pao2 ≤80 mmHg

Give first dose ASAP after RDS
diagnosed, repeat Q 12 hr up to a
total of 3 doses if infant remains
intubated and requires mechanical
ventilation with supplemental
oxygen

Give first dose ASAP after RDS
diagnosed, preferably by 8 hours
postnatal age; repeat as early as 6
hours up to a total of 4 doses if
infant remains intubated and
requires Fio2 ≥0.3 with Pao2≤80
mmHg

Recommended
administration
technique

Administer through side-port of ETT
adapter via ventilator, divide dose into 2
aliquots with position change or through
disconnect ETT via 5-F catheter, divide
dose into 4 aliquots with position change

Administer through disconnected
ETT via 5-F catheter, divide dose
into 2 aliquots with position
change

Administer through disconnected
ETT via 5-F catheter, divide dose
into 4 aliquots with position
change

Formulation Suspension Suspension Suspension
Storage Refrigerate 2–8◦C; protect from light Refrigerate 2–8◦C; protect from light Refrigerate 2–8◦C; protect from light
Volume/vial 3 mL, 6 mL 1.5 mL, 3 mL 4 mL, 8 mL
Special instructions Gentle swirling of the vial may be

necessary for redispersion; warming to
room temperature is not necessary; do
not shake

Warm to room temperature before
use, do not shake

Warm to room temperature before
use; do not shake

Stability If warmed to room temperature for <24 hr,
unopened, unused vials may be returned
once to refrigerator; single-use vial
contains no preservative, discard unused
portion

If warmed to room temperature for
<24 hr, unopened, unused vials
may be returned only once to
refrigerator; single-use vial
contains no preservative, discard
unused portion

If warmed to room temperature for
<24 hr, unopened, unused vials
may be returned only once to
refrigerator; single-use vial
contains no preservative, discard
unused portion

Cost per vial $413.64 (3 mL), $732.12 (6 mL)a $340.70 (1.5 mL), $667 (3 mL)a $459.60 (4 mL), $813.46 (8 mL)a

aAverage wholesale price 2007 Red Book.
ASAP, as soon as possible; DPPC, dipalmitoylphosphatidylcholine; ETT, endotracheal tube; F, French; Fio2, fractional inspired oxygen; Pao2, partial pressure of oxygen; RDS,
respiratory distress syndrome.

incidence and severity of RDS, but does not always prevent
the disease.78 Theoretically, the first dose of surfactant should
be given before the newborn’s first breath or before positive-
pressure ventilation.78,85 This would avoid the early lung injury
in RDS that can interfere with surfactant distribution, bioavail-
ability, and effectiveness.76 This strategy, however, increases
the cost of care because newborns who might never develop
RDS would be intubated and treated unnecessarily.62,76,87 In

addition, delivery room treatment may interfere with resusci-
tation and stabilization of the neonate.85

In a Cochrane meta-analysis, prophylactic administration
of surfactant to infants at high risk for developing RDS was
associated with significant decreases in the risk of pneumoth-
orax, PIE, death and the combined variable of BPD or death,
compared to rescue treatment.89 Although these results are
promising, the exact criteria to clinically determine “high-risk”
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newborns who should receive prophylactic surfactant therapy
is still unclear. Additionally, a clinical study has not compared
prophylactic use of surfactant to early therapy.

Exogenous surfactant also can be administered “early” (i.e.,
at 2 hours of age) to treat RDS, or immediately upon diagno-
sis of RDS as “rescue” therapy. In another Cochrane meta-
analysis, mortality, pneumothorax, PIE, and BPD were sig-
nificantly reduced among neonates receiving early therapy
compared with rescue therapy.90

In summary, surfactant treatment should be administered as
soon as clinical signs of RDS appear.90 Early therapy avoids
progression of the disease and the potential for decreased sur-
factant effectiveness. Prophylactic administration in the deliv-
ery room should be reserved for extremely premature neonates
who are at the highest risk for RDS.78,85

COMPLICATIONS

7. What complications of surfactant treatment is L.D. at risk
of developing?

The most common adverse effects of surfactant therapy are
related to the method of administration.85 Surfactant is ad-
ministered directly into the lungs via the endotracheal tube
(ETT) by using a catheter or a side-port adapter connected
to the ETT. During administration, bradycardia and oxygen
desaturation may develop secondary to vagal stimulation and
airway obstruction.81–83,85 These adverse events might require
temporary discontinuation of surfactant administration and in-
creased ventilator support. Mucous plugging with obstruction,
BP changes, and altered electroencephalogram (EEG) tracings
also can occur.85 Airway obstruction can be decreased by de-
livering surfactant as a continuous intratracheal infusion over
10 to 20 minutes via an infusion pump.91

Surfactant therapy may increase the risk of pulmonary hem-
orrhage. Although the exact mechanism is unknown, surfac-
tant may increase pulmonary blood flow through the ductus
arteriosus, increase pulmonary microvascular pressures, and
cause hemorrhagic pulmonary edema.78 The benefits of sur-
factant therapy, however, far outweigh the increased risk of
pulmonary hemorrhage.

Neonates who are given surfactant can be at greater risk
for apnea that requires methylxanthine treatment. Surfactant-
treated neonates can be weaned from ventilator support sooner
and, therefore, might display apnea more easily.78 Individual
trials with natural surfactants have suggested an increased in-
cidence of sepsis and NEC, but most studies have not validated
these findings.78 No difference in the incidence of NEC or ap-
nea treated with methylxanthines was noted between calfactant
and beractant.84

PRODUCT SELECTION

8. Are there any advantages of one surfactant product over the
other?

Not enough data exist to label one commercially available
product superior to the other. Although several studies have
compared two products, no study has compared all three com-
mercially available surfactant products. Currently, three com-
parative trials of commercially available natural and modified
natural surfactants exist.84,86,92 In the first randomized, double-
blind trial of calfactant and beractant, calfactant-treated infants
required significantly less supplemental oxygen and mean air-

way pressures (MAP) during the acute phase of respiratory
distress.84 However, the duration of mechanical ventilation and
the use of supplemental oxygen for the rest of the hospital stay
were not significantly different between the two groups. The
number of infants requiring four doses of surfactant was sig-
nificantly less in the calfactant-treated group. In addition, the
calfactant group also had a longer dosing interval, indicat-
ing that calfactant may have a longer duration of effect. The
incidence of death, BPD, and secondary outcomes, including
pneumothorax, were not significantly different between the two
groups.84

The second clinical trial of calfactant versus beractant com-
pared the immediate changes in lung compliance after treat-
ment in infants <37 weeks gestational age with RDS.92 There
was no difference in pulmonary compliance at 1 hour after sur-
factant administration between the two treated groups. How-
ever, calfactant-treated infants had a significant decrease in
Fio2 and MAP at 1 hr after treatment and required fewer doses
compared to the beractant-treated infants (2 versus 4, respec-
tively). No significant differences in the incidence of death,
BPD, PIE, pneumothorax, PDA, sepsis, or pneumonia were
found between the two groups.

In the third randomized trial of poractant alfa and beractant,
poractant alfa-treated infants required significantly less supple-
mental oxygen and mechanical ventilation than infants treated
with beractant during the acute phase of RDS.86 These im-
provements were significant for up to 24 hours after treatment.
Pneumothorax tended to be higher in the beractant-treated in-
fants (5 of 40 versus 2 of 33); however, a significant differ-
ence was not detected because of the small sample size. The
overall duration of mechanical ventilation and total time of
oxygen therapy, mortality, the incidence of BPD, and other
secondary outcomes were not significantly different between
the two groups.

Based on these three comparative trials, the natural sur-
factants (calfactant and poractant alfa) seem to have a longer
duration of effect and require less supplemental oxygen and
MAP than the modified natural surfactant, Survanta, (Berac-
tant). The incidence of BPD, death, and other secondary out-
comes are not different between natural and modified natural
surfactants. A new synthetic surfactant, lucinactant, contains
both phospholipids and a high concentration of recombinant
proteins designed to mimic human SP-B and has approvable
status from the FDA for the prevention of RDS. A recent Phase
III, multicenter, randomized, controlled trial compared the effi-
cacy and safety of poractant alfa and lucinactant in the preven-
tion of RDS in very premature infants at high risk for RDS.93

There were no significant differences in the incidence of BPD,
overall mortality, and the number of doses required per infant.
Further comparative trials are needed to better determine if
other clinical advantages of surfactant products exist.

Surfactant should be administered by qualified physi-
cians with the presence of nursing and respiratory therapy
personnel.94 Neonates receiving beractant or poractant alfa
need to be disconnected from the ventilator before surfac-
tant administration.81,83 As a result, clinicians transiently
increase both Fio2 and peak inspiratory pressures before
disconnecting the ventilator. These higher settings and inter-
ruption from the ventilator may be avoided, however, if berac-
tant is given through a neonatal suction valve. This method is
equally effective, simpler, and possibly safer than methods with
ventilator disconnection.95 Calfactant, on the other hand, has
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the advantage of flexible administration techniques. It can be
administered intratracheally via a catheter passed through the
ETT with brief interruptions in ventilation (as with beractant
and poractant alfa) or via a side-port adapter into the ETT
without disconnecting the ventilator.82

Because beractant, calfactant, and poractant alfa are all
derived from natural sources, they contain proteins that are
potentially antigenic. Thus, theoretically, they may cause an
immunologic response. However, there are no reports of
beractant-, calfactant-, or poractant alfa-induced hypersensi-
tivity reactions.78 Surfactant products are expensive and are
commercially available only in single-use vials; two vial sizes
are available for each product (Table 94-6). The current avail-
ability of a second size vial may make these products more
cost effective.96

Diuretics

9. What is the role of diuretics in the management of RDS?

The therapeutic role of diuretics in RDS is controversial.
In the natural course of RDS, an abrupt diuresis (urine output
>80% of fluid intake) occurs within the first 48 to 72 hours of
life. This diuresis is followed by an improvement in pulmonary
function, which is thought to be due to a decrease of alveolar
or interstitial pulmonary fluid. Before surfactant was commer-
cially available, neonates who did not have this diuresis (or had
it after 72 hours) were more likely to develop BPD.

ROUTINE USE
Routine early administration of furosemide to pharmaco-

logically mimic the natural course of RDS may facilitate
diuresis and weaning from mechanical ventilation. Although
diuretics do not decrease the incidence of BPD or mortality, in-
fants receiving early (prophylactic) therapy of furosemide had
a greater increase in urine output, decrease in ventilator MAPs,
and improvement in oxygenation compared with infants not re-
ceiving furosemide.62 However, infants receiving prophylactic
furosemide had hemodynamic instability and a greater postna-
tal weight loss. Furthermore, long-term use of furosemide can
result in hypercalciuria, renal calcifications, and other elec-
trolyte imbalances (e.g., hyponatremia, hypochloremia, and
hypokalemia).62 Finally, treatment with furosemide may pro-
mote patency of the ductus arteriosus, which may further
worsen pulmonary edema.97 Therefore, routine administration
of diuretics in RDS is not indicated.62

SELECTIVE USE
Because pulmonary edema is present in RDS, furosemide

occasionally is administered to enhance lung fluid elimination
and decrease pulmonary edema. If L.D. had signs of pulmonary
edema with compromised pulmonary function (e.g., hypox-
emia and hypercapnia), furosemide 1 mg/kg IV push could be
given.

BRONCHOPULMONARY DYSPLASIA
Definition and Incidence

10. J.T. is an 80-day-old, 2-kg, female ex-preemie born at
25 weeks’ gestation. Her medical history includes RDS, episodes
of sepsis and pneumonia, and chronic parenteral hyperalimenta-
tion. J.T. has also failed extubation numerous times and is cur-

rently requiring mechanical ventilation with an FiO2 of 0.5. Cur-
rent vital signs are as follows: RR, 60 breaths/minute; HR, 150
beats/minute; BP, 80/55 mmHg; O2 saturation, 90%. On phys-
ical examination, J.T. has intercostal and subcostal retractions,
shallow breathing, and an expiratory wheeze. Bilateral diffuse
haziness with lung hyperinflation, focal emphysema (with bleb
formation), atelectasis, and irregular fibrous streaks are seen on
chest radiograph. J.T. is currently receiving enteral feedings with
a standard preterm 20-cal/oz formula at 40 mL Q 3 hr. Based on
these findings, the diagnosis of BPD is made. What risk factors
for BPD does J.T. have? What is the pathogenesis of BPD? What
clinical signs and laboratory evidence of BPD are apparent in J.T?

BPD (also known as chronic lung disease) is the most com-
mon form of chronic pulmonary disease in infants. The disease
develops in newborns who require supplemental oxygen and
positive-pressure ventilation for RDS or other primary lung
disorders. A severity-based definition of BPD has been de-
veloped by the National Institute of Child Health and Human
Development.98 For infants born <32 weeks’ gestational age,
assessment of BPD is performed at 36 weeks’ PCA or at the
time of discharge. Mild BPD is defined as a need for supple-
mental O2 >21% for ≥28 days but not at 36 weeks’ PCA or
discharge; moderate BPD as a need for supplemental O2 ≥28
days plus treatment with <30% O2 at 36 weeks’ PCA or dis-
charge; and severe BPD as a need for supplemental O2 ≥28
days plus treatment with ≥30% O2 and/or positive pressure
at 36 weeks’ PCA or discharge. For infants born ≥32 weeks
gestational age, the above definitions are different only in that
assessments are conducted at 56 days of life rather than 36
weeks’ PCA.98 BPD is a significant cause of infant morbidity
and mortality. Approximately 7,500 new cases of BPD occur
in the United States each year.99 The incidence of BPD is in-
versely related to gestational age and birth-weight. Infants with
birth-weights ≤1,000 g have as high as a 77% risk of develop-
ing BPD compared with a 7% risk in infants with birth-weights
>1,250 g.100 J.T. has two of the most important risk factors for
BPD, low birth-weight and decreased gestational age. She is
also at risk for BPD owing to mechanical ventilation, oxygen
toxicity, and fluid excess (160 mL/kg/day). Other risk factors
include male gender, white ethnicity, and persistent PDA.101

Pathogenesis and Clinical Manifestations
The cause of BPD seems to be multifactorial. Lung immaturity,
surfactant deficiency, oxygen toxicity, barotrauma/volutrauma,
and inflammation all play important roles. Premature infants,
especially those <26 weeks’ gestation, are at a higher risk
for BPD owing to lung immaturity.102 Surfactant deficiency
(which causes severe RDS) and the immature parenchymal
structure of the lung and chest wall contribute to the develop-
ment of BPD. Oxygen therapy, which causes a release of free
oxygen radicals, is directly associated with the pathogenesis of
BPD. Prolonged exposure to high oxygen concentrations and
free oxygen radicals causes tissue damage, alveolar-capillary
leaks, and atelectasis with resultant impaired gas exchange and
pulmonary edema.102 This may lead to the chronic pulmonary
fibrotic changes seen in infants with BPD. In term infants,
the lungs contain antioxidant enzymes that help to protect the
lung from damage produced by free oxygen radicals. However,
in preterm infants, the concentration of antioxidant enzymes
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may be low or absent. Therefore, premature infants are more
susceptible to develop BPD than term infants.

Barotrauma secondary to positive-pressure ventilation is
also a major factor in the pathogenesis of BPD, independent
of oxygen toxicity.102 Barotrauma is caused by repetitive dis-
tention of the terminal airways during mechanical ventilation.
This results in disruption of the epithelium and an increase in
capillary permeability to proteinaceous fluid. The severity of
lung injury is related to the amount of positive peak pressure
used. Volutrauma is also involved in the pathogenesis of BPD
and is caused by high tidal volume ventilation and overdisten-
tion. Volutrauma may be due to unusually high peak inflation
pressures compared with lung compliance. The combined ia-
trogenic insults of oxygen toxicity and barotrauma/volutrauma,
both inflicted on an immature lung over a period of time, can
worsen lung damage.

The inflammatory process in the lung is activated by oxygen
toxicity, barotrauma/volutrauma, or other injury. This results
in the attraction and activation of leukocytes (e.g., neutrophils,
macrophages), which may cause further release of inflamma-
tory mediators, elastase, and collagenase.99 Elevated levels of
elastase and collagenase can destroy the elastin and collagen
framework of the lung. α1-Proteinase inhibitor, a major defense
against elastase activity, may be inactivated by free oxygen rad-
icals. Therefore, the combined elevated levels of elastase and
the decreased activity of α1-proteinase inhibitor may enhance
lung injury and lead to the development of BPD. Infants who
are going to develop BPD also have elevated levels of cytokines
such as platelet-activating factor, leukotrienes, tumor necrosis
factor, and fibronectin.102 These agents, combined with the ac-
tivated leukocytes, cause significant lung damage with break-
down of capillary endothelial integrity and capillary leakage.
Furthermore, the increased fibronectin levels found in tracheal
aspirate samples of infants with early BPD may predispose
them to develop pulmonary fibrosis.102

Infection and nutrient deficiency may also play a role in the
pathogenesis of BPD. Pathogens such as Ureaplasma, Chlamy-
dia, or cytomegalovirus (CMV) may cause chronic infection
and contribute to the development of BPD. Studies have shown
direct correlations between Ureaplasma colonization and the
presence of BPD.102 Deficiencies in nutrients such as vitamin
A (retinol) or trace elements such as zinc, copper, and selenium
(which are integral components of the antioxidant enzyme
structure), may also play a role in the pathogenesis of BPD.

BPD is characterized by tachypnea with shallow breathing,
intercostal and subcostal retractions, and expiratory wheezing
as demonstrated in J.T. Other signs and symptoms include rales,
rhonchi, cough, airflow obstruction, airway hyperreactivity,
increased mucus production, hypoxemia, and hypercarbia.99

J.T.’s chest radiograph shows evidence of BPD, including focal
emphysema (with bleb formation), atelectasis, bilateral dif-
fuse haziness (interstitial thickening) with increased expan-
sion of the lungs (hyperinflation), and irregular fibrous streaks.
Mucous plugging, sepsis, and pneumonia can also develop in
BPD infants on chronic mechanical ventilation. Infants with
severe BPD eventually develop cardiovascular complications
such as pulmonary hypertension, cor pulmonale, systemic hy-
pertension, and left ventricular hypertrophy. In addition to
chronic respiratory and cardiovascular complications, infants
with BPD have significant growth, nutritional, and neurode-
velopmental problems.

Management

11. What nonpharmacologic and therapeutic agents should be
used to manage BPD in J.T.?

The medical management of infants with BPD includes
supplemental oxygen therapy, mechanical ventilation, fluid re-
striction, nutritional management, and various pharmacologic
interventions. Supplemental oxygen administered via mechan-
ical ventilation, continuous positive airway pressure, or nasal
cannula should be provided to maintain an oxygen satura-
tion of 88% to 92% and prevent hypoxemia.103 Fluids should
be restricted to 120 to 130 mL/kg/day to prevent congestive
heart disease and pulmonary edema. Because infants with BPD
have a 25% increase in caloric expenditure (owing to the in-
creased work of breathing), hypercaloric formulas (e.g., 24 or
27 cal/oz) may be used to optimize calories while restricting
fluid intake.99 If this increased energy is not provided, infants
are at risk for developing a catabolic state that places them at
higher risk for developing BPD (inadequate nutrition may po-
tentiate the toxic effects of oxygen toxicity and barotrauma).
The goal of nutritional therapy is to produce weight gains of
10 to 30 g/day, which can usually be accomplished by pro-
viding 140 to 160 kcal/kg/day.99,102 If infants do not tolerate
enteral feedings, parenteral alimentation should be substituted
until the GI tract becomes more functional. Because J.T. is on
a 20-cal/oz formula, switching her to a hypercaloric formula
(i.e., 24 or 27 cal/oz) would help to optimize her weight gain.
Her fluids should be restricted to 240 to 260 mL/day (120–130
mL/kg/day).

Pharmacologic Therapy
The treatment of BPD consists of multiple-drug therapy, which
includes diuretics, bronchodilators, and corticosteroids. De-
spite the advancement of drug therapy, none of these drugs
has been shown to reverse pulmonary damage in infants with
BPD. Instead, they are used primarily to reduce clinical symp-
toms and to improve lung function. Pharmacologic therapy
and dosage regimens for the management of BPD are shown
in Table 94-7.8,99,101,103–105

Diuretics
Infants with BPD are particularly prone to pulmonary edema
from cardiogenic and noncardiogenic factors. Left ventricular
failure may superimpose the already existing right ventricular
failure. Pulmonary vascular permeability is increased because
of the disruption of the alveolar-capillary unit and causes an
increased amount of fluid in the interstitium. Although the
precise mechanism in the treatment of BPD is unknown, di-
uretics help to reduce interstitial lung water. In addition, di-
uretics lower pulmonary vascular resistance and improve gas
exchange, thereby, reducing oxygen requirements. Among the
diuretics available, furosemide is the drug of choice because
of its potent diuretic effect. It acts by blocking the reabsorp-
tion of chloride in the ascending loop of Henle. In addition,
it increases lymphatic flow and plasma oncotic pressure and
decreases pulmonary interstitial edema. In several studies, the
use of furosemide in infants with BPD was associated with
short-term improvement in lung compliance and oxygenation,
decreased total pulmonary resistance, and facilitation in venti-
lator weaning.99,106 However, a more recent meta-analysis did
not support all of these findings. The chronic use of furosemide
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Table 94-7 Pharmacologic Management of Bronchopulmonary Dysplasia8,99,101,103–105

Drug Therapy Dosage Regimen

Diuretics

Chlorothiazide Neonates and infants <6 months:
PO: 20–40 mg/kg/day in two divided doses; maximum dose: 375 mg/day
Infants >6 months:
PO: 20 mg/kg/day in two divided doses; maximum dose: 1 g/day

Furosemide PO: 1–4 mg/kg/dose 1–2 times/day
IV: 1–2 mg/kg/dose Q 12–24 hr
Nebulized: 1 mg/kg/dose diluted to a final volume of 2 mL with NS (use IV form)

Hydrochlorothiazide/Spironolactone PO: 1–2 mg/kg/dose Q 12 hr (dose based on hydrochlorothiazide)

Systemic Bronchodilators

Caffeine citrate Loading dose: 20 mg/kg (10 mg/kg as caffeine base) IV over 30 min
Maintenance dose: 5 mg/kg/dose (2.5 mg/kg/dose as caffeine base) Q 24 hr; start 24 hr after loading

dose; may administer IV (over 10 min) or PO
Theophylline Loading dose: 5 mg/kg IV or PO

Maintenance dose: 2–3 mg/kg/dose Q 8–12 hr IV or PO

Inhaled Bronchodilators

Albuterol 0.03–0.06 mL/kg/dose of 0.5% solution (0.15–0.3 mg/kg/dose) diluted to 1–2 mL NS; give via
nebulization Q 2–6 hr or PRN; minimum dose: 0.25 mL (1.25 mg); maximum dose: 1 mL (5 mg)

Cromolyn sodium 20 mg (2 mL) via nebulization Q 6–8 hr; may need up to 2–4 weeks for response to occur
Ipratropium bromide Neonates: 0.125 mL/kg/dose of 0.02% solution (25 mcg/kg/dose) diluted to 2–2.5 mL NS; give via

nebulization Q 8 hr
Infants: 0.625–1.25 mL of 0.02% solution (125–250 mcg/dose) diluted to 2–2.5 mL NS; give via

nebulization Q 8 hr
Metaproterenol 0.01–0.02 mL/kg/dose of 5% solution (0.5–1 mg/kg) diluted to 1.5–2 mL NS; give via nebulization Q

4–6 hr or PRN; minimum dose: 0.1 mL (5 mg); maximum dose: 0.3 mL (15 mg)

IV, intravenous; NS, normal saline; PO, oral; PRN, as needed.

in infants >3 weeks old with BPD was associated with sig-
nificant improvements in oxygenation and lung compliance
only.107 The effects of furosemide on the duration of oxy-
gen requirement and mechanical ventilation, length of hos-
pital stay, mortality, and the incidence of BPD could not be
assessed owing to limited data. In addition to questionable
clinical outcome, furosemide can have significant adverse ef-
fects. Chronic furosemide use can result in increased urinary
losses of chloride, potassium, and sodium, and may result
in hypochloremia, hypokalemia, and hyponatremia. Further-
more, volume depletion, hypercalciuria, nephrocalcinosis, os-
teopenia, and ototoxicity may also occur.99 Excessive fluid loss
or hypochloremia may result in metabolic alkalosis and worsen
respiratory acidosis. Some of these adverse effects may be re-
duced by using alternate-day furosemide therapy or nebulized
furosemide.106,108 Both of these regimens were not associated
with electrolyte imbalances and were shown to significantly in-
crease lung compliance and decrease pulmonary resistance.106

In summary, because of the limited efficacy data and potential
adverse effects, the use of furosemide for the management of
BPD cannot be routinely recommended.

Thiazide diuretics (e.g., hydrochlorothiazide) in combi-
nation with a potassium-sparing diuretic (e.g., spironolac-
tone) can improve lung function and decrease oxygen require-
ments with increased diuresis.99,106 Although less potent than
furosemide, the combination of these two diuretics can reduce
the incidence of hypokalemia commonly associated with loop

or thiazide diuretics. Adverse effects commonly seen with a
combination of a thiazide and spironolactone include hypona-
tremia, hyperkalemia or hypokalemia, hypercalciuria, hyper-
uricemia, hyperglycemia, azotemia, and hypomagnesia.99 Var-
ious diuretics and dosage regimens are listed in Table 94-7.

Generally, infants with BPD who are treated with diuretics
are started on furosemide, but are changed to a combination di-
uretic (spironolactone/hydrochlorothiazide) if long-term treat-
ment is needed to avoid adverse effects. Suggested indications
for initiating furosemide therapy include (a) 1-week-old in-
fants with early BPD and ventilator dependency, (b) infants
with stable BPD who significantly worsen owing to fluid over-
load, (c) infants with chronic BPD who do not improve, and
(d) infants requiring an increased fluid intake to provide ade-
quate calories.102

Because J.T. has chronic BPD and is not improving (i.e., she
has not been able to be weaned off the ventilator), furosemide
1 mg/kg Q 12 hours should be initiated. J.T. should be moni-
tored for electrolyte disturbances while on furosemide. Elec-
trolyte supplements such as potassium chloride or sodium chlo-
ride may be required to prevent hypokalemia, hyponatremia,
and hypochloremia.

12. J.T. is started on furosemide 2 mg Q 12 hours. One week
later, she still requires high ventilatory settings and is unable to be
weaned from the ventilator. What other therapeutic agents may
be considered to treat J.T.’s BPD?
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Systemic Bronchodilators
Methylxanthines (theophylline, caffeine) have been used ex-
tensively in infants with BPD because of a direct bronchodi-
lating effect. Methylxanthines can also improve diaphragmatic
and skeletal muscle contractility and act as mild diuretics (see
the Apnea of Prematurity section). Improvement in skeletal
muscle contractility may improve functional residual capac-
ity, which can help to facilitate ventilator weaning. Both theo-
phylline and caffeine reduce pulmonary resistance and increase
lung compliance.99 Unfortunately, most studies in infants with
BPD have only evaluated the short-term benefits of methylxan-
thines in improving lung function; long-term outcome studies
are needed. The early use of caffeine to treat apnea of prematu-
rity has recently been shown to decrease the incidence of BPD
compared with placebo.109

If J.T. is started on theophylline, a loading dose of 5 mg/kg
followed by a maintenance dose of 2 mg/kg every 8 hours is
recommended (Table 94-7). J.T. should be monitored for ad-
verse effects, including tachycardia, gastroesophageal reflux,
vomiting, diarrhea, agitation, and seizures. Caffeine may be
preferred because it has fewer side effects and a wider thera-
peutic index. However, caution should be taken to ensure that
the dosing reflects the salt form of the caffeine prescribed (e.g.,
caffeine base or caffeine citrate).105 Therapeutic serum concen-
trations for theophylline and caffeine are not well defined for
BPD. However, most clinicians target the upper range cited for
apnea of prematurity (see the Apnea of Prematurity section).

Inhaled Bronchodilators
Infants in the early stages of BPD generally have airway hy-
peractivity and smooth muscle hypertrophy. They are also at
higher risk for bronchoconstriction owing to increased airway
resistance secondary to hypoxia. Therefore, the use of bron-
chodilators may be helpful in these infants.β2-Agonists such as
albuterol or metaproterenol have been shown to provide short-
term improvements (duration, 4 hours) in lung compliance
and pulmonary resistance owing to bronchial smooth muscle
relaxation.99,110 However, inhaled bronchodilators are not ef-
fective in all infants with BPD. Infants in the late stages of BPD
may have severe pulmonary damage and fibrotic changes. Only
half of these infants demonstrate a decrease in pulmonary resis-
tance after albuterol therapy.111 Although β2-agonists are more
potent bronchodilators than theophylline or caffeine, their ad-
verse effect profile, which includes cardiovascular side effects
(e.g., tachycardia, hypertension), limit their use. In addition,
tolerance may develop with prolonged administration.99 There-
fore, inhaled bronchodilators should be reserved for infants
who clearly demonstrate improvements during therapy. Cur-
rently, there are no well-designed studies evaluating the chronic
use of inhaled bronchodilators for the treatment of BPD. Fur-
ther studies evaluating the efficacy and safety of long-term
inhaled bronchodilator therapy are needed.

Inhaled anticholinergics such as ipratropium bromide have
produced short-term benefits (duration, ∼4 hours) in infants
with BPD by improving pulmonary function.112 These drugs
work by preventing the action of acetylcholine at the mus-
carinic cholinergic receptor site, thereby interfering with va-
gally mediated bronchoconstriction. Anticholinergics relax
bronchial smooth muscle and decrease mucus secretion. In-
haled anticholinergics are generally reserved for infants who
fail or are intolerant to albuterol, or as an adjunct to albuterol

if clinical improvement is not seen.99 The combined therapy
of albuterol and ipratropium may be more effective than either
drug alone.99,112 The adverse effect profile of ipratropium is
minimal because the drug is poorly absorbed.

Cromolyn prevents the release of inflammatory mediators
from mast cells. In randomized trials, cromolyn has not been
shown to prevent BPD or to decrease mortality.113 Because of
the lack of evidence supporting the role of cromolyn for the
prevention of BPD, its use is not recommended. Further studies
evaluating different dosage regimens and mode of delivery of
cromolyn are required.

A major problem with inhaled bronchodilators is their
method of administration and drug delivery. Inhaled bron-
chodilators can be given by jet or ultrasonic nebulization or
via a metered-dose inhaler.106 For ventilator-dependent infants
receiving metered-dose inhalers, the metered-dose inhaler is
connected to an adapter that is attached to the ventilator circuit
and ETT. Metered-dose inhalers can also be given through bag
ventilation via the ETT. For nonventilated infants, the metered-
dose inhaler can be given using a spacer/AeroChamber and a
face mask.

Compared with metered-dose inhalers, nebulization of in-
haled bronchodilators has several disadvantages. Loss or inef-
ficient delivery of drug and cooling of the inspired oxygen
mixture may occur with nebulization. In several studies in
neonates, metered-dose inhalers with a spacer provided more
efficient delivery of inhaled bronchodilators and greater im-
provements in oxygenation and ventilation; smaller doses and
a shorter treatment time were also used.114,115 In addition,
metered-dose inhalers are less expensive than nebulization.
Therefore, the use of metered-dose inhalers with an appro-
priate spacing device is preferred for most infants. Various
products and dosage regimens can be found in Table 94-7.

Corticosteroids
Corticosteroids, particularly dexamethasone, have been used
extensively for the prevention and treatment of BPD. Mech-
anisms of action of corticosteroids include (a) reduction of
polymorphonuclear leukocyte migration to the lung, (b) re-
duction of lung inflammation, (c) inhibition of prostaglandin,
leukotriene, tumor necrosis factor, and interleukin synthesis,
(d) reduction of elastase production, (e) stimulation of sur-
factant synthesis, (f ) reduction of vascular permeability and
pulmonary edema, (g) enhancement of β-adrenergic receptor
activity, (h) reduction of pulmonary fibronectin (which can
reduce the risk of interstitial fibrosis), and (i) stimulation of
serum retinol concentrations.99,106,116 Treatment with dexa-
methasone (initiated ∼7 days of life) in infants with docu-
mented BPD or with clinical signs and chest radiograph find-
ings consistent with BPD reduces the release of inflammatory
mediators, improves pulmonary mechanics and clinical status,
facilitates weaning from mechanical ventilation, and decreases
the duration of oxygen therapy.99,102,106,116–118 In most stud-
ies, dexamethasone therapy did not significantly reduce the
duration of hospitalization or improve survival in infants with
BPD.99,106,116,118,119

Systemic dexamethasone is associated with many serious
short-term adverse effects, including hyperglycemia, increased
BP, hypertrophic cardiomyopathy, GI bleeding, intestinal per-
foration, pituitary-adrenal suppression, bone demineralization,
poor weight gain, and increased risk of infection.99,102,106,116
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Serious long-term adverse effects have also been identified in
preterm infants who receive systemic corticosteroids. Two re-
views (which assessed infants at ∼1 year) reported an increase
in the incidence of cerebral palsy, neurodevelopmental delay,
and motor dysfunction in preterm infants who received sys-
temic steroids for the prevention and treatment of BPD.120,121

The American Academy of Pediatrics does not recom-
mend the use of steroids for the prevention and treatment of
BPD in preterm infants because of short- and long-term ad-
verse effects.122 Systemic corticosteroids should be reserved
for preterm neonates enrolled in randomized, double-blind,
controlled trials; long-term neurodevelopmental assessment
is highly encouraged. In general, the clinical use of systemic
steroids should be limited to exceptional circumstances (e.g.,
an infant on maximal ventilatory and oxygen support) where
the benefits may outweigh the risks. The American Academy
of Pediatrics advises that parents should be fully informed
about the short- and long-term adverse effects of systemic
corticosteroids.122

Subsequent to the last American Academy of Pediatrics rec-
ommendation, several randomized trials have evaluated differ-
ent corticosteroids and dosing regimens for the prevention and
treatment of BPD, in an attempt to minimize adverse effects
while maintaining efficacy. A recent placebo-controlled trial of
low-dose dexamethasone administered to ventilator-dependent
very preterm (gestational age <28 weeks) or extremely low-
birth-weight infants (birth-weight <1,000 g) after 1 week of
life (median age, 4 weeks) reported a decrease in ventilator
settings, improvement in oxygenation, and higher percentage
of extubation in the dexamethasone-treated infants.123 How-
ever, the incidence of BPD and mortality were not different
between groups. Short-term adverse effects such as hyperten-
sion, hyperglycemia, and intestinal perforation were not found.
A 2-year follow-up to this study reported no significant differ-
ences in the incidence of cerebral palsy, blindness, deafness,
developmental delay, and mortality between the two groups.124

However, the number of patients followed was too small to pro-
vide definitive evidence.

Hydrocortisone has also been used for the prevention and
treatment of BPD in several clinical trials.125–128 In a ret-
rospective study, hydrocortisone was as effective as dexa-
methasone in decreasing supplemental oxygen requirements
but produced fewer adverse effects.125 However, a prospective
placebo-controlled trial found no effect of hydrocortisone on
survival without BPD or mortality. In addition, an increase in
spontaneous GI perforation was found in the hydrocortisone-
treated group resulting in an early termination of the study.126

Long-term adverse effects (e.g., cerebral palsy, neurodevelop-
mental impairment) have been reported to be similar between
hydrocortisone and placebo or nontreated groups.125,127,128

Based on these clinical findings, a lower dose and a shorter
duration of therapy using either dexamethasone or hydrocor-
tisone for the prevention and treatment of BPD may be con-
sidered in extremely high-risk ventilated infants. A delay of
treatment until >7 days postnatal age may decrease the risk
of adverse neurologic outcomes such as cerebral palsy. Some
centers have delayed treatment until the infant reaches a post-
natal age of >14 days. One currently recommended dosing
regimen is dexamethasone 0.2 mg/kg/day in two divided doses
for 3 days followed by 0.1 mg/kg/day for 3 days and then
0.05 mg/kg/day for 3 days.129

Inhaled steroids such as beclomethasone dipropionate, flu-
nisolide, fluticasone, and budesonide have also been used for
the treatment and prevention of BPD.102,106 Infants receiving
inhaled steroids for the treatment of BPD may have reduced
oxygen requirements and duration of mechanical ventilation,
and improvement in lung mechanics.102,106,122 However, the
onset of clinical improvements may be delayed compared with
systemic steroids. In contrast, the preventative use of inhaled
steroids has not been shown to decrease the incidence of BPD
or the duration of mechanical ventilation and oxygen therapy;
however, the use of systemic steroid may be decreased.110,130

Two meta-analyses assessing comparative trials of inhaled ver-
sus systemic steroids found no significant differences in mor-
tality or the incidence of BPD.131,132 The use of early inhaled
steroids (for prevention of BPD) was associated with increased
duration of mechanical ventilation and oxygenation. Adverse
effects of inhaled steroids reported in BPD infants are less com-
mon than with systemic steroids.129,131,132 These include mild
adrenal suppression, bronchospasm, tongue hypertrophy, and
oral candidiasis.133 High-dose inhaled fluticasone (500 mcg Q
12 hours for 2 weeks) has also been associated with moder-
ately severe pituitary-adrenal suppression in VLBW infants.134

The infant’s mouth should be cleaned after each use of inhaled
steroid to minimize complications such as oral thrush. As with
inhaled bronchodilators, administration is a therapeutic prob-
lem with these medications. The amount of drug delivered to
the infant can vary from 0.02% (by jet nebulizer) to 14.2% (by
metered-dose inhaler with an aerochamber).116 Further studies
evaluating the optimal dose, duration of therapy, route of ad-
ministration, time of initiation, most appropriate preparation,
and long-term adverse effects of corticosteroids are needed
before inhaled steroids can be routinely recommended.

Long-Term Sequelae

13. Six months have passed, and J.T. is now 6 months old (cor-
rected age), weighs 5 kg, and ready for discharge. Over the past
several months, ventilation requirements slowly decreased and
J.T. was eventually extubated. However, she still requires supple-
mental oxygen at an FiO2 of 30%, 1/8 L/minute via nasal can-
nula to maintain an oxygen saturation of 88% to 92%. Discharge
medications include multivitamins with iron 0.5 mL Q 12 hours;
spironolactone/hydrochlorothiazide suspension, 5 mg Q 12 hours;
sodium chloride solution, 2 mEq Q 8 hours; nebulized albuterol
(0.5% solution), 0.25 mL Q 6 hours; and fluticasone metered-dose
inhaler (44 mcg per actuation), 2 puffs Q 12 hours. What are the
long-term complications of BPD that can be expected in J.T.?

Infants with BPD have little pulmonary reserve and, there-
fore, are at higher risk for developing frequent respiratory
exacerbations. BPD places J.T. at risk for recurrent infec-
tions of the lower respiratory tract and she may require fre-
quent hospitalizations during the first year for bronchiolitis and
pneumonia.103 Approximately 50% of all children with severe
BPD require hospitalization for respiratory exacerbations dur-
ing the first year of life.103 Respiratory syncytial virus is a com-
mon cause of respiratory distress (airway obstruction, mucus
plugging, and airway edema) and recurrent atelectasis. With
time, most preterm survivors with BPD have an improvement
in pulmonary function owing to lung growth; however, many
continue to have airway hyperreactivity. Infants with severe
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BPD can also develop pulmonary hypertension, cor pulmonale,
systemic hypertension, and left ventricular hypertrophy.

In addition to pulmonary and cardiovascular complications,
J.T. may be at risk for developing bone demineralization and
rickets. VLBW infants are born with inadequate stores of vi-
tamin D. In general, these premature infants may not receive
an adequate intake of vitamin D, either parenterally or through
their diet. Most VLBW infants require prolonged parenteral
nutrition, which may cause cholestasis or hepatic failure. Pro-
longed cholestasis or chronic hepatic congestion owing to heart
failure may cause malabsorption of calcium and vitamin D. In
addition, furosemide may exacerbate calcium deficiencies by
causing hypercalciuria. These combined factors may result in
bone demineralization and rickets. Infants with BPD usually
have a high catabolism and increased oxygen consumption due
to an increased work of breathing and chronic hypoxia. Inad-
equate nutritional support may negatively affect weight gain,
growth, and long-term outcome of BPD.

Neurologic and developmental abnormalities such as learn-
ing disabilities, speech delays, vision and hearing impairment,
and poor attention span can also occur in infants with BPD.100

BPD itself is not an independent risk factor for neurologic ab-
normality; related factors include birth-weight, gestational age,
and socioeconomic status.99,102 Long-term follow-up evalua-
tions at 1 to 8 years of age in infants previously treated with
dexamethasone revealed an increase in neurodevelopmental
abnormalities such as cerebral palsy and decreased school
performance.102,120,125,135 However, it is not known if these
abnormalities were due to an adverse effect of dexamethasone
on brain development or to an improved survival of infants
who may already be at risk for developing these abnormalities.
Recent studies assessing the long-term follow-up of infants
treated with low-dose or delayed use of dexamethasone (i.e.,
initiated at >7 days of age), did not find an increase risk of de-
velopmental delay or cerebral palsy.124,129 Hydrocortisone may
offer an advantage over dexamethasone, because increases in
neurodevelopmental abnormalities were not observed in in-
fants followed up at 2 to 8 years of age.127,128

Mortality rates for infants with severe BPD range from
30% to 40%.104 Approximately 80% of deaths associated with
BPD occur during initial hospitalization and are from respira-
tory failure, sepsis, pneumonia, cor pulmonale, and congestive
heart failure.104

Prevention

14. What preventive measures could have been used to decrease
the incidence of BPD in J.T.?

Prevention of prematurity and other etiologic factors of RDS
is the most effective means of preventing BPD. The administra-
tion of antenatal steroids to mothers before delivery decreases
the incidence of RDS and, potentially, BPD. Exogenous sur-
factant therapy also reduces the incidence of RDS, but not the
incidence of BPD. Early administration of dexamethasone (ini-
tiated <96 hours of life) in preterm infants reduces pulmonary
inflammation and lung injury, decreases the incidence of BPD
and oxygen requirements, improves lung function, and facili-
tates weaning from the ventilator.99,116,119 However, early dex-
amethasone therapy has also been associated with an increased
risk of infection, GI bleeding, intestinal perforation, hyper-

trophic cardiomyopathy, growth failure, and, of greatest con-
cern, neurologic impairment and cerebral palsy.119 A follow-
up study at school age reported significant decreases in motor
skills and coordination, lower IQ scores, and clinically sig-
nificant disabilities in the dexamethasone-treated children.135

Early dexamethasone therapy is not recommended for routine
use because of the inconsistent improvements in outcome and
mortality, and the lack of long-term follow-up data.122 Clin-
icians should weigh the potential benefits versus the risks of
early dexamethasone therapy for the prevention of BPD.

One of the causes of BPD can be vitamin A deficiency,
which can predispose infants to BPD owing to impaired lung
healing, increased susceptibility to infection and loss of cilia,
and decreased number of alveoli.136,137 Premature infants, es-
pecially VLBW infants, are at greatest risk owing to low body
stores, inadequate intake during feedings, and decreased en-
teral absorption of vitamin A. In a meta-analysis evaluating
various dosing regimens of IM vitamin A, mortality or oxygen
requirement was reduced significantly at 1 month of life.137

In addition, a significant reduction in oxygen requirements at
36 weeks PCA was observed in infants with a birth-weight
<1,000 g. Administration of oral vitamin A 5,000 IU/day did
not decrease the incidence of BPD, perhaps because of inad-
equate dose or poor oral absorption.138 Vitamin A seems to
be a relatively safe drug; the incidence of adverse effects was
similar between treated and control groups.137 Despite the ben-
eficial findings of IM vitamin A, further studies evaluating the
efficacy, safety, and optimal dosage regimen of vitamin A for
the prevention of BPD are needed before routine use can be
recommended.

Optimization of nutritional support may also help to pre-
vent the development of BPD because proper nutrition helps
to promote lung maturation, growth, and repair. Excessive
fluid administration should be avoided because it may lead
to BPD. Fluid restriction decreases both the incidence of BPD
and mortality.106 In addition, the early use of high-frequency
ventilation in infants may decrease the severity and incidence
of BPD.99

PATENT DUCTUS ARTERIOSUS
Pathogenesis
Several major differences between adult and fetal circulation
exist. To understand the pathophysiology and clinical manifes-
tations of PDA, fetal circulation and the cardiovascular changes
that occur at birth are reviewed.

Fetal Circulatory Anatomy
The fetus has three unique circulatory structures that differ
from the adult: (a) the ductus venosus, which permits blood
to bypass the liver; (b) the foramen ovale, which allows blood
to pass from the right atrium into the left atrium; and (c) the
ductus arteriosus, the structure that connects the pulmonary
artery to the descending aorta and allows blood to bypass the
lungs (Fig. 94-1).139

In addition to these structural differences, vascular resis-
tance and pressure play important roles in determining the path-
way of fetal circulation. For example, the relative hypoxia that
occurs in utero causes pulmonary vasoconstriction. Pulmonary
vasoconstriction, along with compression of pulmonary blood
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FIGURE 94-1 Fetal circulation. (Modified with permission from Bernstein D. The fetal to neonatal circulatory
transition: the fetal circulation. In: Kliegman RM et al., eds. Nelson Textbook of Pediatrics, 18th Ed.
Philadelphia: Saunders Elsevier; 2007;1855.)

vessels by unexpanded fetal lung mass, results in a high pul-
monary vascular resistance and decreased pulmonary blood
flow. This decreased pulmonary blood flow is acceptable in
utero because the lungs essentially are nonfunctional. Large
amounts of blood, however, must be pumped through the pla-
centa where gas exchange occurs.

Fetal Circulation
Maximally oxygenated blood (Po2, 30–35 mmHg) flows from
the placenta to the fetus through the umbilical vein (Fig. 94-1).
Approximately 50% of the umbilical venous blood is shunted
away from the liver through the ductus venosus and directed
into the inferior vena cava. Blood from the inferior vena cava
and superior vena cava then enters the right atrium. Most of the

blood from the inferior vena cava, which is well oxygenated, is
directed in a straight pathway across the right atrium through
the foramen ovale directly into the left atrium. It then enters the
left ventricle through the mitral valve and is pumped into the
vessels of the head and forelimbs. Thus, the fetal brain is pref-
erentially perfused with blood containing a higher amount of
oxygen. Deoxygenated blood returning from the head region
via the superior vena cava enters the right atrium and is directed
through the tricuspid valve into the right ventricle, where it then
is pumped into the pulmonary artery. Most of this blood is di-
verted through the ductus arteriosus into the descending aorta
and then through the two umbilical arteries to the placenta. A
small percentage of the blood flows to the lower extremities
and then is returned to the heart via the inferior vena cava.139
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Changes at Birth
At birth, major circulatory changes result from umbilical cord
clamping, aeration and expansion of the lungs, and an increase
in arterial Po2. These changes are important in the transition
from fetal to adult circulation. When the umbilical cord is
clamped, blood flow decreases through the ductus venosus,
which closes within 3 to 7 days. Clamping of the umbilical
cord also results in a twofold increase in systemic vascular
resistance. This increase in systemic vascular resistance in-
creases aortic, left ventricular and atrial pressures and cardiac
output. Pulmonary pressures and blood flow also change. After
the neonate’s first breath, the lungs expand, oxygenation im-
proves, and pulmonary vascular resistance immediately drops.
This increases pulmonary blood flow, causing a decrease in pul-
monary artery, right ventricle, and right atrium pressures.139

If hypoxia occurs after delivery, pulmonary vasoconstric-
tion results and the neonate may develop pulmonary hyper-
tension with a persistence of fetal circulation. This is termed
persistent pulmonary hypertension of the newborn or persistent
fetal circulation. Oxygenation of these neonates is extremely
difficult because of the pulmonary vasoconstriction and resul-
tant decreased pulmonary blood flow. Systemic alkalization
(through hyperventilation and the use of sodium bicarbonate)
and inotropic support often are necessary.139 Severe cases may
require extracorporeal membrane oxygenation.

Closure of the Foramen Ovale
Because of the decreased right atrium pressure and increased
left atrium pressure that occur after birth, blood attempts to
flow down the pressure gradient from the left atrium through
the foramen ovale into the right atrium. This is in the opposite
direction from what occurs in fetal life. The small, valvelike
flap that lies over the foramen ovale on the left side of the atrial
septum closes over the foramen ovale opening when the pres-
sure in the left atrium exceeds the pressure in the right atrium.
Closure of this flap prevents further flow through the foramen
ovale. As long as the pressure in the left atrium is higher than
the right atrium, the foramen ovale remains functionally closed,
until it closes anatomically.

Closure of the Ductus Arteriosus
Closure of the ductus arteriosus is more complex and depends
on many factors. In utero, patency of the ductus arteriosus
is maintained through the combined vasodilatory effects of
a low Po2 and high concentrations of prostaglandins, par-
ticularly prostaglandin E2 (PGE2).140 Prostacyclin also plays
a role in maintaining ductal patency.140,141 After birth, the
smooth muscles of the ductus arteriosus constrict as arterial
oxygenation increases and concentrations of placentally de-
rived prostaglandins, particularly PGE2, decrease.141 In utero,
the Po2 of the ductal blood is 18 to 28 mmHg, whereas af-
ter birth in a term neonate, it is approximately 100 mmHg.
Normally, the ductus arteriosus of a term neonate functionally
closes within the first few days of life (i.e., in 82% of infants
within 48 hours of life and in 100% of infants within 96 hours
of life).140 Anatomical closure of the ductus occurs within 2 to
3 weeks of life.141 When the ductus arteriosus fails to close, it
is called patent ductus arteriosus (PDA). In a term neonate, a
PDA beyond the first few days of life generally is permanent. It
usually is secondary to an anatomical defect in the wall of the
ductus arteriosus and requires surgical ligation. In contrast, a

PDA in a preterm neonate may persist for weeks and still close
spontaneously.

When a PDA is present, the direction and amount of shunt-
ing through this opening are determined by the pressure be-
tween the systemic and pulmonary circulation. Usually, blood
flows from the aorta into the pulmonary circulation. Because
systemic vascular resistance and aortic pressure are increased,
and pulmonary vascular resistance and pulmonary artery pres-
sure are decreased after birth, blood pumped from the left
ventricle into the aorta flows from the aorta (a high-pressure
area) through the PDA and into the pulmonary artery (a lower-
pressure area). This flow is called left-to-right shunting and is
in contrast to the right-to-left shunting that occurs through the
PDA during fetal life.

Although the persistence of a PDA is pathological, it is
necessary for the survival of patients with cyanotic congeni-
tal heart disease while awaiting corrective or palliative cardiac
surgery. These patients have congenital cardiac defects that
depend on the ductus arteriosus to maintain cardiac output
and systemic perfusion (e.g., coarctation of the aorta, aortic
stenosis, and hypoplastic left heart syndrome) or to provide
pulmonary blood flow and maintain systemic oxygenation
(e.g., pulmonary artery atresia or severe stenosis and tricus-
pid atresia). Patency of the ductus arteriosus can be main-
tained pharmacologically with a continuous infusion of al-
prostadil (PGE1). The initial starting dose of PGE1 is 0.05
to 0.1 mcg/kg/minute and may be increased every 15 to 30
minutes up to 0.2 mcg/kg/minute until achievement of clin-
ical response. Infusion doses up to 0.4 mcg/kg/minute have
also been used by several centers. PGE1 infusion should be
reduced to the lowest effective dose once patency of the ductus
arteriosus is achieved.8,142

Clinical Presentation

15. T.S. is a 750-g female who was born at 25 weeks’ gesta-
tional age to a 22-year-old gravida 2 para 1 female. One hour after
birth, T.S. developed symptoms of RDS and two doses of berac-
tant were given within the first 24 hours of life. After the second
dose of beractant, T.S.’s respiratory function greatly improved
and no further doses of beractant were required. On the third
day of life, the nurse noticed that T.S. had tachycardia, a systolic
murmur, a hyperactive precordium, and a widened pulse pres-
sure. Her lungs sounded “wet.” In addition, the nurse noted that
T.S.’s combined IV fluid rates total 160 mL/kg/day instead of the
desired fluid intake of 120 mL/kg/day. Current vital signs are as
follows: HR, 190 beats/minute; RR, 65 breaths/minute; BP, 55/23
mmHg; and O2 saturation, 89%. ABGs include pH, 7.22; PCO2, 55
mmHg; PO2, 77 mmHg; and base deficit, 10. Ventilator support is
increased to compensate for T.S.’s deteriorating respiratory sta-
tus. Echocardiography is performed and shows a moderate-size
PDA with significant left-to-right shunting. The chest radiograph
shows pulmonary edema and an enlarged heart. What risk factors
for PDA does T.S. have?

[SI units: Pco2, 7.33 kPa; Po2, 10.3 kPa]

T.S. has two major risk factors for developing a symptomatic
PDA: prematurity and RDS. The occurrence of a PDA is in-
versely proportional to gestational age and birth-weight. The
incidence of PDA is approximately 45% in premature infants
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with a birth-weight of <1,750 g but can be as high as 80% in
premature infants with a birth-weight of <1,200 g.141 In con-
trast, the incidence of PDA in term infants is only 0.04%.140

Preterm neonates are at a higher risk for PDA than term new-
borns because the smooth muscle of the immature ductus is
more sensitive to the dilatory effects of prostaglandins and less
sensitive to the constrictive effects of increased oxygen tension.
In addition, circulating concentrations of PGE2 are often ele-
vated in premature infants owing to the decreased pulmonary
metabolism of prostaglandins.140 These factors contribute to
the delayed closure of the ductus arteriosus in premature in-
fants. With advanced gestation, the ductus is less responsive to
the relaxant effects of prostaglandins and is more sensitive to
the constricting effects of oxygen.140,143

RDS also increases the risk for PDA. Exogenous surfactant,
especially prophylactic use, also may increase the risk of symp-
tomatic PDA.143,144 PDA can further complicate the course of
RDS.143,145 T.S.’s course is typical of a preterm neonate with re-
solving RDS. T.S.’s pulmonary function improved after surfac-
tant administration. Consequently, pulmonary vascular resis-
tance decreased and the degree of left-to-right shunting across
the ductus arteriosus increased, causing a deterioration in res-
piratory status. In addition, the excess fluid that T.S. received is
an iatrogenic factor that may have increased the shunting across
the PDA, aggravating the degree of pulmonary congestion.143

16. How is T.S.’s presentation consistent with that of PDA?

T.S.’s clinical presentation is due to the increased pulmonary
blood flow, decreased systemic perfusion, and left ventricular
volume overload that resulted from the shunting of left ventric-
ular cardiac output through the PDA into the lungs. To com-
pensate for the inadequate peripheral perfusion, HR increases.
This results in an increase in cardiac output and a greater left-
to-right shunt through the PDA, creating a vicious cycle. The
widened pulse pressure (the difference between systolic and
diastolic pressures, 32 mmHg) is a result of diversion of aortic
blood flow through the PDA, which is causing the bounding
pulses. The systolic murmur, which is not always present, is
the result of turbulent blood flow through the ductus arterio-
sus occurring as the pulmonary vascular resistance decreases.
Tachycardia, hyperactive precordium, and a continuous mur-
mur are results of the left-to-right shunting through the ductus
arteriosus during systole.141

17. What are the potential complications of this hemodynami-
cally significant PDA in T.S.?

The increased pulmonary blood flow and resultant pul-
monary edema will worsen T.S.’s respiratory disease and in-
crease the need for ventilatory support. The higher ventilatory
settings (increase in MAP and Fio2) place T.S. at risk for de-
veloping BPD. If the PDA is left untreated, T.S. may develop
congestive heart failure secondary to an increased left ven-
tricular end-diastolic volume. A hemodynamically significant
PDA also places T.S. at risk for IVH and NEC.143

Treatment

18. How should PDA be managed in T.S.?

The initial medical management for T.S.’s symptomatic
PDA is supportive care, which includes fluid management (e.g.,

fluid restriction and diuretic therapy), correction of anemia,
and treatment of hypoxia and acidosis. Although excessive
fluid administration may increase the risk of PDA, fluid re-
striction alone is unlikely to result in ductal closure. T.S.’s fluid
intake should be restricted to 100 to 120 mL/kg/day (approxi-
mately 80% of total fluid maintenance requirements) to avoid
worsening of her pulmonary edema and to prevent congestive
heart failure.141,143 Furosemide 1 mg/kg IV push should also be
given to T.S. immediately to treat her pulmonary edema (see
Question 9). In addition to fluid management, correction of
anemia is important. Low concentrations of hemoglobin result
in an increased cardiac output, which may worsen the infant’s
cardiac function. Anemia not only increases the demand of
left ventricular output to ensure adequate oxygen delivery to
the tissues, but may also increase the magnitude of the left-to-
right shunt by decreasing the resistance of blood flow through
the pulmonary vascular bed.143 Maintaining a hematocrit level
of >40% to 45% is often recommended.141 Because of T.S.’s
gestational age, birth-weight, and size of PDA, it is unlikely
that she will respond to these general measures alone. There-
fore, T.S. requires treatment with indomethacin. Indomethacin
nonspecifically inhibits prostaglandin synthesis, thereby elim-
inating the vasodilator effects of the PGE series on the ductus
arteriosus. Unfortunately, not every infant who is treated with
indomethacin responds with constriction of the ductus arterio-
sus; therefore, surgical ligation of the PDA may be required for
T.S. Ligation generally is reserved for neonates who do not re-
spond to indomethacin therapy or those in whom indomethacin
therapy is contraindicated (see Question 20).143

Indomethacin

19. What is the dose of indomethacin and what route should be
used for its administration?

The treatment of choice for T.S. is pharmacologic therapy
with IV indomethacin; enteral indomethacin is less effective.
This reduced effectiveness may be due to the formulation of
the suspension and decreased, erratic, enteral absorption.146

A large interpatient variability of indomethacin pharma-
cokinetics occurs in preterm neonates. Serum concentrations
do not correlate consistently with therapeutic or adverse
effects.146 Furthermore, the optimal therapeutic serum con-
centration is not yet defined. Although many dosage regimens
have been reported, dosing guidelines from the National Col-
laborative Study are commonly used.145 Three indomethacin
doses are given in 12- to 24-hour intervals, with the first dose
equal to 0.2 mg/kg IV in all neonates. Because indomethacin
clearance is directly proportional to postnatal age, the second
and third doses are determined by postnatal age at initiation of
indomethacin therapy.141 If onset of treatment was at less than
2 days postnatal age, neonates receive 0.1 mg/kg/dose; if initi-
ation of therapy occurred at 2 to 7 days postnatal age, neonates
receive 0.2 mg/kg/dose; and if therapy began more than 7 days
postnatal age, neonates receive 0.25 mg/kg/dose. Second and
third doses are administered at 12- to 24-hour intervals. No spe-
cific guidelines exist regarding which patients receive every-
12-hour versus every-24-hour dosing; however, the individual
dosing interval generally is determined by the neonate’s urine
output.141 If urine output remains >1 mL/kg/hour after an in-
domethacin dose, then the next dose may be given in 12 hours.
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If urine output is <1 mL/kg/hour but >0.6 mL/kg/hour, then
the dosing interval may be extended to 24 hours.

Other indomethacin dosing regimens have been evaluated
more recently for the treatment of PDA in preterm infants.
An initial dose of 0.2 mg/kg followed by either 0.1 or 0.2
mg/kg for two doses at 12- to 24-hour intervals has been used.
In a study measuring serum concentrations, higher doses of
indomethacin were required in older neonates (>10 days post-
natal age).147 This may be due to an increased indomethacin
clearance in these infants. Because rapid IV administration of
indomethacin can vasoconstrict the mesenteric arteries and re-
nal vascular beds, longer infusion rates of 20 to 30 minutes are
recommended. Continuous infusion of indomethacin seems to
further decrease the adverse effects, but additional studies are
needed.143

Response to indomethacin therapy can be determined by as-
sessing the clinical signs of PDA such as tachycardia, widened
pulse pressure, bounding pulses, heart murmur, and the ability
to wean ventilator support. In certain cases, echocardiography
may be performed to confirm closure of a PDA.

MONITORING THERAPY

20. What clinical and laboratory data should be monitored dur-
ing T.S.’s indomethacin therapy?

Before initiating indomethacin therapy, T.S. should receive
an echocardiogram to rule out ductal-dependent congenital
heart disease and to confirm the presence of a PDA. In addi-
tion, a SrCr and blood urea nitrogen (BUN) should be obtained
from T.S. before indomethacin therapy because nephrotoxic-
ity is the most common adverse effect. Infants receiving in-
domethacin can develop transient oliguria with increased SrCr.
This occurs as a result of indomethacin-induced decreases in
renal blood flow and GFR.145 Dilutional hyponatremia may
occur secondary to either decreased urine output or decreased
free water diuresis owing to increased antidiuretic hormone
activity.142 Treatment of hyponatremia should be aimed at de-
creasing free water intake through fluid restriction rather than
by sodium supplementation. Typically, renal function normal-
izes within 72 hours after the last dose of indomethacin.142 In
general, indomethacin therapy is contraindicated in neonates
with renal failure, urine output <0.6 mL/kg/hour, or SrCr ≥1.8
mg/dL.145 Although furosemide has been reported to decrease
indomethacin-induced nephrotoxicity without affecting PDA,
more studies are needed to confirm these findings.148 In addi-
tion, serum concentrations of aminoglycosides, digoxin, and
other renally eliminated drugs should be monitored carefully.
Indomethacin therapy may decrease renal drug clearance and
cause accumulation of these agents.149

A platelet count should also be obtained from T.S. before
therapy because indomethacin may decrease platelet aggre-
gation. Thrombocytopenia (platelet count, <50,000/mm3) is
a contraindication to indomethacin therapy.142,145 In cases of
thrombocytopenia, indomethacin may be withheld temporarily
until platelets can be transfused. Other potential contraindica-
tions to indomethacin therapy include active bleeding and clin-
ical evidence of NEC because GI bleeding, perforation, and
NEC have been reported with indomethacin use.143 These GI
effects may be related to decreases in intestinal blood flow usu-
ally seen with rapid IV infusions. Grades II to IV IVH also are
frequently quoted as contraindications to indomethacin ther-

apy; however, indomethacin treatment probably is not associ-
ated with progression of IVH. In fact, prophylactic treatment
with indomethacin may be associated with a decrease in the
incidence of severe IVH (grades III and IV).143,144

Ibuprofen
Because of the adverse effects of indomethacin, other
prostaglandin inhibitors such as ibuprofen have been stud-
ied for the closure of the ductus arteriosus. Results indicate
that ibuprofen is as effective as indomethacin and causes sig-
nificantly less of a decrease in renal, mesenteric, and cerebral
blood flow.150 In studies comparing ibuprofen to indomethacin,
ibuprofen was less likely to cause adverse effects on renal
function (e.g., oliguria). The incidence of NEC or IVH were
similar for both of these drugs.151,152 However, one recent
meta-analysis found that ibuprofen may increase the risk of
developing chronic lung disease (BPD).153 Thus, until fur-
ther studies are conducted, many clinicians still consider in-
domethacin the drug of choice. Ibuprofen may be preferred in
select patients who have or are at increased risk for decreased
renal function. IV ibuprofen lysine is commercially available
in the United States. The initial dose is 10 mg/kg followed by
two doses of 5 mg/kg given at 24-hour intervals. If urinary out-
put decreases to <0.6 mL/kg/hour, the second or third doses
should be held.8

21. When is the best time to initiate indomethacin for symp-
tomatic treatment of PDA?

Conflicting data exist on when to initiate indomethacin ther-
apy for the treatment of symptomatic PDA. Some centers may
opt to treat within the first 2 to 3 days of life (early symptomatic
PDA) when infants initially present with clinical signs of PDA
(i.e., murmur, widened pulse pressures, tachycardia). Others
may not treat until clinical signs of congestive heart failure are
present (late symptomatic PDA; 7–10 days of life).144 Both
indomethacin treatment strategies (early and late) significantly
decrease the incidence of PDA, but both cause significant tran-
sient reduction of urine output and SrCr elevation. In some
studies, infants receiving early treatment of indomethacin had
significant reductions in the incidence of BPD and NEC and the
need for surgical ligation.144 In contrast, one study found that
final PDA closure rates and the need for surgical ligation were
comparable in early versus late indomethacin-treated neonates.
In fact, spontaneous closure was observed in 43% of the late
treatment group, which may indicate unnecessary treatment in
the early group. In addition, renal adverse effects and ventila-
tory requirements were higher in the infants treated early.154

Thus, early administration of indomethacin should not be used
routinely.

RECURRENCE

22. T.S. completes a course of indomethacin 0.16 mg IV Q 12
hours × 3 doses. The physicians were able to decrease T.S.’s
ventilator support within the first 12 to 24 hours after starting
indomethacin treatment. After 3 to 4 days of gradual and con-
sistent ventilator weaning, the ventilator settings could not be de-
creased further. Over the next 2 to 3 days, T.S.’s respiratory status
deteriorates and she requires increased ventilator support. T.S.
now has tachycardia, a widened pulse pressure, bounding pulses,
and a hyperactive precordium. Repeat echocardiogram shows
a small-to-moderate PDA. Current data include the following:
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BUN, 10 mg/dL; SrCr, 1.1 mg/dL; sodium (Na), 134 mEq/L;
potassium (K), 4.9 mEq/L; chloride (Cl), 97 mEq/L; urine out-
put, 2.3 mL/kg/hour; fluid intake, 130 mL/kg/day; and platelets,
180,000/mm3. Why did PDA recur in T.S.?

[SI units: BUN, 3.6 mmol/L of urea; SrCr, 97.2 mmol/L; Na, 134 mmol/L;

K, 4.9 mmol/L; Cl, 97 mmol/L; platelets, 180 × 109/L]

Successful closure of the PDA with indomethacin occurs
in 70% to 90% of infants; however, ductal reopening or recur-
rence can occur in 20% to 35% of infants who initially respond
to indomethacin.140,155 Recurrence of PDA occurs especially
in lower birth-weight infants.155 Several reasons might explain
T.S.’s transient response to indomethacin. Recurrence of PDA
is inversely proportional to gestational age; the incidence of
ductal reopening is significantly higher in infants ≤26 weeks’
gestational age compared with infants born ≥27 weeks’ gesta-
tion (37% versus 11%, respectively).156 The higher recurrence
in younger gestational age neonates may be due to resump-
tion of PGE2 production after indomethacin serum concen-
trations decline and heightened sensitivity of the immature
ductus arteriosus to the dilating effects of PGE.143,155 This is
particularly important in ventilator-dependent patients such as
T.S. because mechanical ventilation increases circulating va-
sodilating prostaglandins.140 Furthermore, the rate of ductal
reopening is independent of indomethacin serum concentra-
tions, but seems to be related to the timing of indomethacin
therapy, postnatal age, and the amount of fluid intake 24 hours
before indomethacin treatment.156 The rate of recurrence is
lower in infants who were treated with indomethacin within
the first 48 hours of life compared with those receiving treat-
ment after 7 days of life.143 Because anatomical closure of a
PDA may be delayed for a couple of weeks, it is not surpris-
ing that the ductus arteriosus reopened in T.S. after her initial
response to indomethacin.143

Although controversial, prolonged indomethacin therapy
may prevent recurrences and allow for permanent closure of
the ductus arteriosus. Several prolonged treatment regimens
have been successful in preventing ductal reopening.143,155 One
such regimen (indomethacin 0.2 mg/kg/dose IV Q 12 hours ×
3 doses, followed by 0.2 mg/kg/dose Q 24 hours × 5 doses) was
able to significantly decrease the recurrence of PDA in neonates
<1,500 g from 47% to 10% without increasing toxicity. The
need for surgical ligation also was decreased significantly.155

However, some studies report an increased mortality in in-
fants receiving prolonged therapy (seven doses) compared with
those receiving the short course (three doses).143 Furthermore,
other investigators found a significantly higher PDA closure
rate in the short-course group (initial, 0.2 mg/kg then 0.1 mg/kg
for two doses, each given at 12-hour intervals). The prolonged
course (0.1 mg/kg/dose Q 24 hours × 7 doses) had a higher
incidence of NEC and urea retention, and a longer duration
of oxygen therapy.157 Therefore, the optimal duration of in-
domethacin therapy and dosing regimen need to be identified.

23. Should indomethacin be given to T.S. again? Can future
recurrences be prevented?

T.S. remains ventilator dependent and is at increased risk
for developing BPD. Because she has no contraindications to
indomethacin therapy, a second course should be given. To
prevent further recurrences, an additional five doses of in-
domethacin (0.1–0.2 mg/kg/dose Q 24 hours) may be given to

T.S. after she completes the standard three-dose regimen.155,157

If the PDA fails to respond to this prolonged regimen or if it
recurs again after an initial response, and T.S. remains venti-
lator dependent, surgical ligation most likely will be required
to permanently close the PDA.

PROPHYLACTIC ADMINISTRATION

24. Could prophylactic indomethacin have prevented the devel-
opment of a symptomatic PDA?

Prophylactic indomethacin therapy is defined as the ad-
ministration of indomethacin to infants who have echocardio-
graphic evidence but no clinical signs of PDA. Only 40% of in-
fants with severe RDS and echocardiographic evidence of PDA
during the first day of life go on to develop a hemodynamically
significant PDA. Therefore, 60% of infants would be treated
unnecessarily if prophylactic indomethacin was given on day 1
of life.143 Prophylactic use of indomethacin for the prevention
of PDA significantly decreases the incidence of PDA and IVH
(grades III and IV)144,158 and the need for surgical ligation.144

Unfortunately, most studies have not been able to show that
prophylactic ductal closure with indomethacin decreases the
incidence of death, BPD, or NEC.144,158 In fact, infants receiv-
ing prophylactic therapy had a higher incidence of NEC (when
studies were evaluated individually),158 oliguria, and elevated
SrCr.144,158 Therefore, routine prophylactic administration is
not warranted. Preterm neonates, particularly those at high risk
for developing a large PDA (e.g., extremely low-birth-weight
neonates), should be treated as soon as clinical signs appear.

Prophylactic ibuprofen therapy (administered at <24 hours
of life) can significantly increase ductal closure rate with-
out increasing IVH, NEC, or mortality or decreasing renal
function.159,160 However, one study that utilized IV ibupro-
fen buffered with tris-hydroxymethyl-aminomethane (THAM)
was terminated early because of three cases of severe hypox-
emia and pulmonary hypertension that occurred in ibuprofen-
treated infants.159 Early administration of ibuprofen (i.e., <6
hours of life in this study versus <24 hours of life in other stud-
ies) may have prevented the decrease in pulmonary vascular
resistance that normally occurs shortly after birth. However,
other studies that administered ibuprofen early have not re-
ported this adverse effect.161 Another explanation is that the
THAM–buffered solution allowed the ibuprofen to precipi-
tate, causing microembolization of the lungs with resultant
pulmonary hypertension. Although this is a plausible explana-
tion, a case of pulmonary hypertension was reported in Europe
after administration of l-lysine ibuprofen.162 Additional stud-
ies are needed before routine use of prophylactic ibuprofen
therapy can be recommended.

NECROTIZING ENTEROCOLITIS
Pathogenesis and Classification

25. C.D., an 11-day-old female neonate, was born at 28 weeks’
gestational age with a birth-weight of 908 g. Her postnatal course
has been complicated by RDS, sepsis, and PDA for which she re-
quired intubation and mechanical ventilation, two doses of be-
ractant, a 7-day course of ampicillin and gentamicin, and in-
domethacin. Enteral feedings with a standard preterm 24-cal/oz
formula were started on day 7 of life at 5 mL Q 3 hours (44 mL/kg/
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day). Feedings were increased by 5 mL/feed on days 8 through 10
to 20 mL/feed Q 3 hours on day 10 of life (176 mL/kg/day). This
morning, C.D. developed a distended abdomen, bloody stools,
multiple episodes of apnea that required reintubation and as-
sisted ventilation, and metabolic acidosis. ABG results revealed
the following: pH, 7.20; PCO2, 47 mmHg; and PO2, 55 mmHg.
An abdominal radiograph revealed pneumatosis intestinalis (the
presence of gas in the intestinal submucosa). C.D. is to take noth-
ing by mouth (NPO), and gentamicin 3.5 mg/kg IV infusion Q 24
hours and ampicillin 50 mg/kg IV push Q 12 hours are restarted.
What clinical signs of NEC does C.D. have? What is the patho-
genesis of NEC and what risk factors for NEC does C.D. have?

NEC, a type of acute intestinal necrosis, is the most com-
mon life-threatening nonrespiratory condition, affecting 1,200
to 9,600 newborns in the United States each year.163 The rate
of hospitalization associated with NEC is 1.1 per 1,000 live
births.164 Approximately 62% to 94% of NEC occurs in pre-
mature infants; however, NEC can infrequently occur in full-
term neonates.163,165 NEC occurs in 3% to 15% of neonatal
intensive care unit (ICU) admissions and has a mortality rate
of 25% to 30%; approximately 25% of survivors develop long-
term complications.165,166 The age of onset of NEC is inversely
related to gestational age and birth-weight; the greater the ges-
tational age of the infant at birth, the sooner the onset of NEC.
Although NEC is less common in term infants, it usually de-
velops within 3 to 4 days of age. In contrast, infants born at
∼30 weeks’ gestation develop NEC at a mean postnatal age of
20 days. Thus, preterm infants are at a risk for NEC for a longer
period of time.163,166 Although C.D. is extremely premature,
she developed NEC early (at 11 days of age), most likely due
to the aggressive advancement of feedings (see following dis-
cussion).

C.D. has several clinical signs of NEC, including abdom-
inal distention, bloody stools, apnea, metabolic acidosis, and
pneumatosis intestinalis on abdominal radiograph. Gastric re-
tention of feedings, respiratory distress, occult blood in stools,
lethargy, temperature instability, thrombocytopenia, and neu-
tropenia also may occur. NEC may progress to bowel perfo-
ration, peritonitis, sepsis, disseminated intravascular coagu-
lopathy (DIC), and shock. On an abdominal radiograph, the
presence of gas in the intestinal mucosa or in the portal venous
system is diagnostic of NEC, and free air in the abdomen is
observed with bowel perforation. Although these radiographic
findings confirm the diagnosis of NEC, a lag time may oc-
cur between the initial clinical signs of NEC and radiologic
confirmation.165

NEC can evolve slowly over a period of 24 to 48 hours, from
a clinically benign course to an advanced stage of shock, peri-
tonitis, and widespread intestinal necrosis. Although NEC can
affect any part of the GI tract, most of the disease is confined
to the ileum and colon.167 A staging system, which catego-
rizes severity according to systemic, intestinal, and radiologic
signs, has been developed to permit a more consistent eval-
uation and treatment of patients.168 Stages IA and IB NEC
include neonates and infants with suspected disease or “rule
out” NEC. These patients may have mild GI problems such
as emesis and increased gastric residuals, temperature insta-
bility, apnea, bright red blood from rectum, or a mild ileus.
Infants with stages IIA and IIB have definite NEC and usually
present with abdominal distention, bloody stools, and the pres-

ence of pneumatosis intestinalis on radiograph. Infants in stage
IIB NEC may also develop metabolic acidosis and thrombocy-
topenia. C.D.’s presentation is most consistent with stage IIB
NEC. Infants with stages IIIA and IIIB (advanced disease) are
severely ill with clinical signs, including peritonitis, ascites,
shock, severe metabolic and respiratory acidosis, and DIC.
Those with stage IIIB have intestinal perforation.

The exact pathogenesis of NEC is unknown, but seems to
be multifactorial. Most likely, NEC results from the effects
of intestinal bacteria and other factors on injured intestinal
mucosa (Fig. 94-2). Inflammatory mediators such as platelet-
activating factor, tumor necrosis factor-α, interleukin-1β, and
interleukin-8 may also contribute to mucosal damage.169 The
neonatal intestinal mucosa is prone to injury for the following
reasons: (a) increased permeability to potentially harmful sub-
stances, such as bacteria and proteins; (b) decreased immuno-
logic host defenses, including low concentrations of IgA in in-
testinal mucosa; and (c) decreased nonimmunologic defenses,
such as decreased concentrations of proteases and gastric acid.
In addition, numerous factors (both prenatal and postnatal)
can cause injury to the neonatal intestinal mucosa and increase
the risk for NEC.167 Prenatal maternal factors include eclamp-
sia, prolonged rupture of membranes, fetal distress, maternal
cocaine use, and cesarean section. Postnatal factors include
prematurity, low birth-weight, ischemia/hypoxemia, asphyxia,
hypotension, respiratory distress, apnea, malnutrition, infec-
tion, hemodynamically significant PDA, congenital GI anoma-
lies, cyanotic heart disease, toxins, hyperosmolar substances
(e.g., feedings, medications), rapid advancement of enteral
feedings, exchange transfusions, and the presence of umbil-
ical catheters.166–168,170 Medications such as corticosteroids,
indomethacin, and H2-blockers significantly increase the in-
cidence of NEC in VLBW infants.171,172 However, the most
significant clinical risk factor for NEC is prematurity.163,168

C.D. has several risks for developing NEC, which include
prematurity (gestational age of 28 weeks), extremely low birth-
weight (908 g), history of infection, and RDS requiring me-
chanical ventilation. Furthermore, C.D. not only was given a
hyperosmolar formula (24 cal/oz instead of 20 cal/oz), but her
feedings were advanced aggressively. These two factors may
also contribute to the development of NEC. Approximately
90% to 95% of infants with NEC have received enteral feed-
ings, although NEC also occurs in infants who have never
been fed.173 Enteral feedings (breast-milk or formulas) serve
as substrates for bacterial proliferation in the gut. As a result,
reducing substances, organic acids, and hydrogen gas are pro-
duced by bacterial fermentation of these nutrients. Although
studies have shown that rapid advancements in the volume of
feeds (30 mL/kg/day versus 15–20 mL/kg/day) were associ-
ated with an increased risk of NEC, more recent studies report
that infants advanced at rate of 30 mL/kg/day reach full enteral
intake and regain birth-weight significantly earlier than infants
advanced at 15 or 20 mL/kg/day without increasing the risk of
NEC.174,175 Similarly, older studies reported that early initia-
tion of feeds might increase the risk of NEC; however, more
recent studies have failed to confirm these findings.176 Thus,
feedings should be increased by 10 to 20 mL/kg/day; however,
advancement >20 mL/kg/day (up to 30 mL/kg/day) may en-
able infants to reach full feeds and regain birth-weight faster
without increasing the risk of NEC. C.D. was started at a much
higher initial feeding volume (44 mL/kg/day) and aggressively
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FIGURE 94-2 Necrotizing enterocolitis (NEC). This schematic is a composite of the theories about factors
believed to be involved in the pathogenesis of NEC. The progression of this disease is denoted in large
type. The factors believed to initiate or propagate the disease process are in smaller type. (Reproduced with
permission from Crouse DT. Necrotizing enterocolitis. In: Pomerance JJ, Richardson CJ, eds. Neonatology
for the Clinician. Norwalk, CT: Appleton & Lange; 1993:364.)

increased by 44 mL/kg/day. If C.D. were appropriately fed, she
would have reached full feedings in 7 to 14 days instead of
4 days. Last, the presence of PDA and the use of indomethacin
for the treatment of PDA may also have contributed to NEC in
C.D. Her PDA or the use of indomethacin may have decreased
mesenteric blood flow with resultant ischemia and intestinal
mucosal injury.166

Treatment
General Management

26. How should C.D. be managed?

Significant abdominal distention may compromise respira-
tory function and blood flow to the intestines. Therefore, as
soon as NEC is suspected, feedings should be stopped imme-
diately and an orogastric tube with low intermittent suction

placed to decompress the abdomen. C.D.’s vital signs and ab-
dominal circumference should be closely monitored for disease
progression. A complete blood count (CBC) and platelet count
should be obtained frequently to monitor for neutropenia and
thrombocytopenia. Blood, urine, and stool cultures should be
obtained, and parenteral antibiotics should be started as soon as
possible; 20% to 30% of infants with NEC have associated bac-
teremia. In infants with stage I NEC, antibiotic therapy is usu-
ally given for 3 days pending culture results and clinical signs.
Once the diagnosis of NEC is ruled out, antibiotics may be
discontinued.168 Enteral feedings can then be initiated slowly.
However, if the diagnosis of NEC is made, antibiotics are con-
tinued and parenteral nutrition is initiated at that time. Infants
require 7 to 14 days of bowel rest (NPO). The length of antibi-
otic therapy and bowel rest in infants with documented NEC
(stages II or III) is determined by the severity of systemic illness
(e.g., metabolic acidosis, thrombocytopenia). C.D. has stage
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IIB disease and needs to be NPO for at least 10 to 14 days; she
requires total parenteral nutrition during that time. Infants with
stage III disease may also require fluid resuscitation, adminis-
tration of inotropic agents such as dopamine and dobutamine,
and surgical intervention, especially for those with perforated
NEC.166 In a recent, randomized, controlled trial, significant
differences were not noted in survival rate, duration of hos-
pitalization, and dependence on parenteral nutrition (assessed
90 days postoperatively) between primary peritoneal drainage
versus laparotomy with bowel resection in preterm infants with
perforated NEC.177

Antibiotics

27. C.D. just completed a 7-day course of ampicillin and gen-
tamicin. Is it appropriate to restart these antibiotics?

The selection of antibiotics for NEC depends on the com-
mon micro-organisms observed in an individual neonatal unit
and their sensitivities. Many organisms have been implicated
in NEC, including Enterobacteriaceae (e.g., Escherichia coli,
Klebsiella species), Pseudomonas, Staphylococcus aureus (in
rare cases, methicillin resistant), Staphylococcus epidermidis,
Clostridium, enteroviruses, and rotaviruses.165,168,170 For most
cases of NEC, treatment with a broad-spectrum penicillin, such
as ampicillin, and an aminoglycoside (e.g., gentamicin) is ap-
propriate.

However, in some nurseries, S. epidermidis is the most com-
mon cause of neonatal nosocomial infections. Increases in
S. epidermidis–associated NEC also have been reported.
Therefore, vancomycin and an aminoglycoside may be used
as routine treatment in some nurseries or in specific patients at
risk for Staphylococcus infections (e.g., neonates with central
catheters or prolonged ICU stays). Vancomycin may be more
appropriate than ampicillin because vancomycin has coverage
against methicillin-resistant S. epidermidis, as well as entero-
coccal and streptococcal species. Because C.D. has been hos-
pitalized for longer than 1 week, vancomycin and gentamicin
may be more appropriate, especially if her neonatal ICU has a
high incidence of staphylococcal nosocomial infections. C.D.
should be treated with parenteral antibiotics for 10 to 14 days.

Other antibiotic combinations used to treat NEC include ce-
fotaxime and vancomycin, and cefotaxime and ampicillin. The
combination of cefotaxime and vancomycin has been shown to
prevent severe peritonitis and death in <2,200-g birth-weight
neonates with NEC, whereas gentamicin and ampicillin have
not. Suppression of aerobic fecal flora by the combination of
cefotaxime and vancomycin, but not by ampicillin and gen-
tamicin, may explain these findings.178

28. The neonatologist would like to give gentamicin 2.5 mg/kg
via the orogastric tube Q 12 hours in addition to parenteral an-
tibiotics. Is there any added benefit to adding enteral gentamicin
to the current parenteral antibiotic regimen?

Enteral administration of aminoglycosides does not prevent
or change the course of NEC or prevent GI perforation in in-
fants with NEC. In addition, enteral aminoglycosides can be
absorbed systemically in neonates with NEC, via the inflamed
intestinal mucosa.168 Systemic absorption may significantly
increase the serum concentrations of concomitantly adminis-
tered parenteral aminoglycosides. Therefore, routine enteral
administration of antibiotics such as gentamicin is not war-

ranted for C.D. In select patients and during NEC epidemics,
however, prophylactic administration of enteral aminoglyco-
side antibiotics or vancomycin decreases the incidence of NEC.
Unfortunately, prophylactic use of these antibiotics has been
associated with the emergence of resistant organisms, which
limits their systemic use.179 Systemic absorption of enterally
administered vancomycin also can occur through inflamed in-
testinal mucosa.

ADDITIONAL ANTIBIOTICS

29. Two days later, C.D. develops peritonitis with ascites, hy-
potension, metabolic acidosis, neutropenia, and DIC. IV fluids
and dopamine are administered for the hypotension, fresh frozen
plasma and whole blood are given to treat the coagulopathy, and
morphine 0.05 mg/kg IV push Q 4 hours PRN is started for
pain control. Free air in the abdomen is observed on abdomi-
nal radiograph. Blood and urine cultures have had no growth
for 48 hours. What additional antimicrobial coverage should be
provided?

Peritonitis secondary to intestinal perforation may be
polymicrobial, involving both aerobes and anaerobes. There-
fore, an antimicrobial agent with anaerobic activity should
be added to C.D.’s current regimen.166 The two most com-
monly used agents are clindamycin and metronidazole. Em-
piric anaerobic coverage in the treatment of NEC without per-
foration is controversial.165 Routine use of clindamycin in the
treatment of NEC has not decreased the incidence of intesti-
nal gangrene or perforation. In addition, it has been associated
with an increased incidence of abdominal strictures.180

Complications/Prognosis

30. C.D. is taken urgently to the operating room and 10 cm of
necrotic ileum is removed along with the ileocecal valve. What
long-term nutritional problems is C.D. likely to develop?

The most common postoperative complications of NEC
are intestinal strictures (14%–32%) and short-bowel syndrome
(∼10%).181 C.D. is at risk of developing short-bowel syn-
drome, a condition of malabsorption and malnutrition that re-
sults from surgical removal of a significant portion of the small
intestine. The most important factors that determine short-
bowel syndrome are the length of the remaining small intestine
and the presence of the ileocecal valve. Because C.D. has had
a majority of her ileum and her ileocecal valve removed, she
most likely will suffer from short-bowel syndrome.

Because the terminal ileum is an important site for absorp-
tion of vitamins, trace minerals, and nutrients, C.D. will be at
risk for decreased absorption of these substances. C.D. also
will have a faster GI transit time and diarrhea because her
ileocecal valve was removed. (The ileocecal valve plays a ma-
jor role in controlling intestinal transit time.) Absorption of
enterally administered medications also may be decreased in
patients with short-bowel syndrome. As C.D. starts to receive
most of her nutrition enterally, she should be monitored for
fat malabsorption and other nutritional deficiencies (e.g., de-
ficiencies in vitamins A, B12, D, E, and K), and supplemented
accordingly.182

Owing to advances in earlier diagnosis and aggressive
treatment, 56% of VLBW infants and 72% of infants with
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birth-weight ≥1,000 g with NEC survive.183 However, infants
with NEC are significantly more likely to have neurodevelop-
mental impairment (e.g., cerebral palsy); those requiring sur-
gical management are at higher risk.184

Prevention

31. What could have been done to prevent NEC in C.D.?

Several interventions may decrease the incidence of NEC.
Enteral feedings in preterm infants can be withheld for several
weeks and parenteral nutrition initiated. Intestinal priming or
trophic feeding (i.e., using a small amount of full-strength for-
mula or breast-milk to stimulate GI mucosal development) in
addition to parenteral nutrition can improve feeding tolerance
and increase GI motility.185,186 Because breast-milk provides
antibodies, growth factors, and cellular immune factors, it may
reduce the incidence of NEC. In fact, NEC was six to ten times
less common among infants fed human milk exclusively than
in those fed formula alone and three times less common in
those fed a combination of human milk and formula than in
those fed formula alone.187 In contrast, the use of hyperosmo-
lar formulas or medications can cause osmotic injury to the
bowel and may result in NEC. Maternal steroids (commonly
used to accelerate fetal lung maturation) can decrease the inci-
dence of NEC due to a maturational effect on the microvillous
membranes. Strict infection control measures, such as prevent-
ing fecal and oral spread of bacterial pathogens after epidemic
outbreaks, also decrease the incidence of NEC.170

Probiotics
Probiotics are live, nonpathogenic microbial preparations that
colonize the intestine and have a beneficial effect on the health
of the host.188 Probiotic micro-organisms commonly used are
strains of lactobacillus and bifidobacterium. Enteral adminis-
tration of probiotics has been shown to significantly decrease
the risk of NEC and death and shorten the time to full feed-
ings in VLBW infants.189 One major concern is that exposing
immunologically immature VLBW infants to probiotics may
potentially increase the risk for infections. However, in a re-
cent meta-analysis, no significant risk of sepsis was noted in
infants treated with probiotics.189 Currently, there is no strong
evidence to recommend a specific type of probiotic (species,
strains, single or combined, live or killed), the timing, dosage,
or duration of therapy. In addition, the long-term effects of
probiotics for the prevention of NEC in VLBW infants are
unknown. Further clinical studies addressing these issues are
needed.

NEONATAL SEPSIS AND MENINGITIS
Pathogenesis and Clinical Presentation

32. J.E., a 28-week gestation, 850-g male, was born to a mother
with prolonged rupture of membranes (>72 hours). The new-
born’s mother is febrile with a white blood cell (WBC) count of
20 × 103/mm3 and differential of 70% segmented neutrophils,
20% bands, 7% lymphocytes, and 3% monocytes. J.E. had Ap-
gar scores of 4 at 1 minute and 3 at 5 minutes after birth. Me-
chanical ventilation was instituted and J.E. was admitted to the
neonatal ICU. Vital signs upon admission were as follows: HR,

190 beats/minute; temperature, 35.8◦C; and BP, 56/33 mmHg.
Blood and urine cultures are pending. Significant laboratory data
include the following: WBC 2,400 cells/mm3 with a differential
of 25% segmented neutrophils, 15% bands, 45% lymphocytes,
10% monocytes, 4% eosinophils, and 1% basophils; platelets,
45,000/mm3; and C-reactive protein (CRP), 5 mg/dL. What is the
etiology and pathogenesis of neonatal sepsis? What risk factors
for sepsis does J.E. have? What clinical signs and laboratory evi-
dence of sepsis are apparent in J.E.?

[SI units: WBC, 2,400 × 106 cells/L with 0.25 neutrophils, 0.15 bands, 0.45

lymphocytes, and 0.1 monocytes; platelets, 45 × 109/L]

Bacterial sepsis significantly contributes to neonatal mor-
bidity and mortality. Neonates, especially preterm newborns,
are at increased risk for infections and should be considered
immunocompromised. The neonate’s decreased immune func-
tion (e.g., immature function of neutrophils, lower amounts
of immunoglobulin) also results in a reduced ability to local-
ize infections. Once a tissue site becomes infected, bacteria
can spread easily, resulting in disseminated disease. In addi-
tion, the lack of opsonic antibodies in preterm infants such as
J.E. increases the susceptibility to infections caused by bacte-
ria with polysaccharide capsules (e.g., group B streptococcus,
E. coli, Hemophilus influenzae type B).190

The incidence of neonatal sepsis varies from 6 to 9 cases
per 1,000 live births, but is higher among low-birth-weight
neonates.191 In VLBW infants with prolonged hospitalization,
the incidence increases to 110 to 320 per 1,000.192 Risk factors
(as demonstrated in J.E.) include prematurity, low birth-weight,
male gender, and predisposing maternal conditions (e.g., pro-
longed rupture of membranes, maternal fever, elevated ma-
ternal WBC or left shift, chorioamnionitis, and urinary tract
infection).193,194 Despite treatment, mortality rates for neona-
tal sepsis can be as high as 30% to 50%, with the highest
mortality observed in newborns <1,500 g.195,196 Meningitis
occurs as a complication of bacterial sepsis in 10% to 30% of
septic neonates195,196 and has a mortality rate of 20% to 50%
depending on the pathogen.193

Common Pathogens
The fetal environment within the amniotic membranes is nor-
mally sterile until the onset of labor and delivery. Once the
membranes are ruptured, the infant may be at risk for colo-
nization of micro-organisms from the maternal genital tract.
Many of these organisms do not cause infection in the mother,
but may be detrimental to the infant. Early onset neonatal sep-
sis (sepsis that presents during the first 5–7 days of life) usu-
ally is caused by organisms acquired from the maternal gen-
ital tract. The most common pathogens found in early-onset
neonatal sepsis are group B streptococcus (50%) and E. coli
(20%). Other primary pathogens include Listeria monocyto-
genes, Enterococcus, and other Gram-negative bacilli (e.g.,
H. influenzae, Klebsiella pneumoniae). Late-onset sepsis (sep-
sis presenting after 5–7 days postnatal age) usually is caused
by these primary organisms or by nosocomial pathogens, such
as coagulase-negative staphylococci (CONS), particularly
S. epidermidis, S. aureus, Pseudomonas species, anaerobes,
and Candida species.195,197 The major risk factor for noso-
comial septicemia is the presence of IV catheters (umbil-
ical and central).198 Other risk factors include low birth-
weight, prolonged hospital stay, prior antibiotic use, parenteral
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hyperalimentation, lipid emulsion, invasive procedures, and
the presence of other indwelling devices (e.g., ETTs, ventricu-
loperitoneal shunts).192,193

Over the past two decades, CONS such as S. epider-
midis, have emerged as the most common pathogen for late-
onset neonatal nosocomial septicemia, causing 55% to 58% of
cases.198,199 This emergence is most likely due to the increased
survival of extremely premature neonates with a resultant pro-
longed hospital stay and an increase in the associated risks
of infection (i.e., placement of umbilical and central venous
catheters and arterial lines, use of hyperalimentation and in-
tralipid). More disturbing, however, is the reported persistence
of coagulase-negative staphylococcal bacteremia, despite ap-
propriate treatment in low-birth-weight neonates without cen-
tral venous catheters.200

Neonatal sepsis may present with nonspecific or subtle
signs, especially in VLBW infants.193 The most common
signs are poor feeding, temperature instability, lethargy, or
apnea.193,196 Other signs of neonatal sepsis include glucose
instability (hypoglycemia or hyperglycemia), tachycardia, dys-
pnea or cyanosis, tachypnea, diarrhea, vomiting, feeding
intolerance, abdominal distension, metabolic acidosis, and
abnormal WBC.193 Clinical signs and laboratory evidence of
neonatal sepsis observed in J.E. include tachycardia (HR, 190
beats/minute), hypothermia (temperature 35.8◦C), leukope-
nia (WBC, 2.4 × 103/mm3), neutropenia (absolute neutrophil
count of 960/mm3), a left shift in the differential (i.e., an
immature-to-total neutrophil ratio [I/T] of 0.38), thrombo-
cytopenia (platelets, 45,000/mm3), and an elevated CRP (5
mg/dL). Hypothermia is more common than fever in neonatal
sepsis, especially in preterm newborns. However, if fever is
present, it is strongly associated with bacterial infection. Neu-
tropenia, especially with a left shift (as seen in J.E.) can be a sign
of WBC depletion from bone marrow owing to overwhelming
sepsis. An elevated WBC also can indicate a neonatal infec-
tion, but may be less specific.194 The I/T ratio, defined as band
forms plus any earlier cells divided by the total neutrophil
count (including early cells), has been shown to be useful in
diagnosing neonatal sepsis. An I/T ratio of <0.3 is normal.194

CRP, an acute phase reactant protein associated with tissue
injury in response to an inflammatory process, may also be
included as part of a sepsis workup. A CRP level >1 mg/dL
indicates inflammation and possible infection.194 Late signs
of neonatal infection include jaundice, hepatosplenomegaly,
and petechiae.193 A bulging fontanel, posturing, or seizures
indicate meningitis, although these CNS signs are not always
present when meningitis exists.

Bacterial meningitis should always be considered in infants
with neonatal sepsis. The definitive diagnostic method for bac-
terial meningitis is lumbar puncture. Lumbar puncture should
be performed in infants with a positive blood culture, abnormal
neurologic signs, an elevated WBC or left shift, or the pres-
ence of bacterial antigen in the urine.201 The cerebrospinal
fluid (CSF) should be tested with a Gram stain, cell counts
with differential, glucose and protein levels, and bacterial cul-
ture. Neonatal CSF cell counts are difficult to interpret because
values may overlap with normal neonatal values. The diagno-
sis of neonatal sepsis is confirmed by isolation of the pathogen
from blood, urine, CSF, or other body sites. Latex agglutination
tests that detect antigens (e.g., bacterial cell wall fragments) of
group B streptococcus, E. coli, S. pneumonia, N. meningitidis,

and H. influenzae type B in body fluids can facilitate a prompt
diagnosis, especially in patients who previously were treated
with antibiotics.202

Treatment of Sepsis
Antibiotic Selection

33. What antibiotic regimen should be prescribed for J.E.?

Empiric treatment with appropriate IV antibiotics must be
initiated immediately in J.E. Significant morbidity or fatality
would occur if antibiotics were withheld until a diagnosis was
confirmed by culture results (in 24–72 hours). This is especially
true in patients in whom meningitis is suspected. The initial
empiric antibiotic treatment of choice for early onset neona-
tal sepsis and meningitis is ampicillin plus an aminoglycoside.
These antibiotics are used because they (a) are bactericidal
against the common neonatal pathogens; (b) penetrate into the
CNS; (c) are relatively safe; and (d) have proven clinical effi-
cacy. If group B streptococcus is suspected, antibiotic therapy
should be switched to high-dose penicillin G. Penicillin is pre-
ferred over ampicillin because of its higher activity against
group B streptococcus.197

Therefore, ampicillin 45 mg Q 12 hours IV plus an amino-
glycoside (e.g., gentamicin 3 mg Q 24 hours IV) should be
started in J.E. for suspected neonatal sepsis and possible menin-
gitis. Meningitic doses of ampicillin should be used in J.E.
until meningitis can be ruled out. Ampicillin is active against
group B streptococci, group D streptococci, Listeria, and most
strains of E. coli. Aminoglycoside antibiotics (e.g., gentamicin
or tobramycin) usually are active against gram-negative bacilli.
In addition, aminoglycosides may provide synergy with ampi-
cillin against Listeria and group B streptococci.194 Selection
of the specific aminoglycoside should be determined by an-
tibiotic resistance patterns within the neonatal ICU. Amikacin
should be reserved for gram-negative organisms resistant to
gentamicin and tobramycin. Aminoglycoside regimens need to
be designed to achieve safe and therapeutic serum concentra-
tions (gentamicin and tobramycin peak 6–8 mcg/mL, trough
<2 mcg/mL; amikacin peaks 20–30 mcg/mL, troughs <10
mcg/mL).8,49

In some nurseries, a third-generation cephalosporin (e.g.,
cefotaxime [Claforan] or ceftriaxone [Rocephin]), instead of
an aminoglycoside, is added to ampicillin for initial empiric
treatment of early-onset neonatal sepsis and meningitis.197 The
spectrum of activity of these third-generation cephalosporins
includes many gram-negative organisms and group B strepto-
cocci. However, third-generation cephalosporins do not have
sufficient activity against Listeria or group D streptococci.
Therefore, these agents must be used in combination with
ampicillin for empiric neonatal therapy. As mentioned, cef-
triaxone should be avoided in neonates with hyperbilirubine-
mia owing to bilirubin displacement from albumin-binding
sites. Ceftriaxone has also been associated with sludging in the
gallbladder and cholestasis.8 In addition, calcium-ceftriaxone
precipitates have been found in the lungs and kidneys of
neonates when ceftriaxone was administered with calcium-
containing solutions. Several fatalities have been reported;
ceftriaxone should not be administered within 48 hours of
calcium-containing solutions or products.8 Hence, cefotaxime
is the preferred cephalosporin for neonatal use.
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The third-generation cephalosporins have advantages over
the aminoglycosides, including better CNS penetration, the
elimination of serum concentration measurements, and less
nephrotoxicity. However, these cephalosporins do not signifi-
cantly improve clinical or microbiological endpoints compared
with the standard ampicillin and gentamicin regimen. Further-
more, extensive use of the third-generation cephalosporins in
neonatal ICUs may lead to rapid emergence of resistant gram-
negative bacilli (e.g., Enterobacter cloacae, Pseudomonas
aeruginosa, and Serratia species) and vancomycin resistance
in enterococci. In contrast, gentamicin has not been associ-
ated with rapid development of these resistant strains.197 Thus,
combinations such as ampicillin and cefotaxime should be re-
served for the following situations: (a) neonatal ICUs where
aminoglycoside resistance to Gram-negative enteric bacilli is
of concern, (b) neonatal ICUs where serum concentrations of
aminoglycosides cannot be measured, and (c) specific neonates
in whom aminoglycoside therapy could be of concern (e.g.,
neonates with known renal failure).197

Therapy for late-onset sepsis or meningitis is directed to-
ward nosocomial pathogens plus the primary pathogens of
early-onset infection (see Question 32). Selection of initial
antibiotic therapy should consider the specific neonatal ICU’s
nosocomial pathogen and antibiotic resistance patterns, as well
as the neonate’s risk factors, clinical condition, and previous an-
tibiotic therapy.203 CONS is now the most common pathogen of
late-onset neonatal nosocomial septicemia. Because of the high
incidence of methicillin-resistant CONS (as high as 80% in
some neonatal ICUs),203 vancomycin has been used as the drug
of choice for empiric therapy for suspected late-onset neona-
tal sepsis. However, widespread use of vancomycin has led
to the emergence of vancomycin-resistant enterococci. There-
fore, the routine use of vancomycin as empiric therapy for
nosocomial neonatal sepsis should be discouraged. In two
retrospective studies, the highly selective use of vancomycin
for neonatal CONS septicemia results in low morbidity and
mortality, while significantly reducing vancomycin use.199,204

Guidelines for the selective use of vancomycin should be
tailored according to individual neonatal ICU’s nosocomial
pathogens, susceptibility patterns, and patient risk factors, clin-
ical condition, and antibiotic history. Therefore, if J.E. had a
central venous catheter and presented with a late-onset sep-
sis, initial antibiotic therapy should include an aminoglycoside
(for gram-negative coverage) plus either an antistaphylococ-
cal penicillin (e.g., nafcillin, methicillin) or vancomycin (for
activity against S. aureus and S. epidermidis). Vancomycin is
used in place of the antistaphylococcal penicillin in neonatal
units with methicillin-resistant S. aureus and for selective use
to cover S. epidermidis (a CONS) as outlined.197,203

Linezolid, a new oxazolidinone, has activity against staphy-
lococci, streptococci, and enterococci. This drug has been
approved by the FDA for treatment of gram-positive infec-
tions in neonatal and pediatric patients and is available as
IV and oral formulations. A study comparing linezolid with
vancomycin for the treatment of resistant gram-positive infec-
tions in neonates reported no significant difference in over-
all clinical cure rate between the linezolid-treated (84%) and
the vancomycin-treated groups (77%). About 60% of these
infections were due to CONS with similar eradication rates
between groups (linezolid 88% versus vancomycin 100%).
Linezolid was well-tolerated and had fewer drug-related ad-

verse events than vancomycin.205 Because of limited studies
in term and preterm neonates, linezolid should be reserved
for those infants who failed or are intolerant to vancomycin
therapy for the treatment of staphylococcal infections. If Pseu-
domonas infection is suspected, an antipseudomonal penicillin
(e.g., piperacillin, ticarcillin, mezlocillin) combined with an
aminoglycoside should be used for their synergistic bacterial
activity.

For systemic fungal infections, amphotericin B (with or
without flucytosine) is considered the initial treatment of
choice.196 Because of the high incidence of Candida species
colonization (up to 60%) with up to 20% progressing to inva-
sive fungal infections in VLBW infants, prophylactic antifun-
gal agents may be used to prevent candida colonization and
infection in these infants. In a multicenter randomized trial,
prophylactic fluconazole in preterm neonates significantly de-
creased the incidence of fungal colonization and invasive fun-
gal disease in the fluconazole-treated infants compared to
placebo.206 Overall mortality, adverse events and emergence of
resistant candida species were similar in both groups. Despite
these findings, routine use of prophylactic antifungal therapy
is not recommended and should be reserved for those units
with high incidence of fungal infections. Because uncommon
organisms are not suspected in J.E., the regimen of ampicillin
45 mg IV Q 12 hours plus gentamicin 3 mg IV Q 24 hours is
appropriate.

Dosage and Route of Administration
Dosage regimens for the antimicrobial agents commonly used
in neonates8,51,52,207,208 are listed in Tables 94-5 and 94-8. Dos-
ing guidelines for tobramycin and netilmicin are the same as
gentamicin (Table 94-5). The IV route is preferred for treat-
ment of all septic neonates. If the IV route is not available,
the IM route can be used in neonates with sufficient muscle
mass, adequate peripheral perfusion, and a normal, stable co-
agulation status. Oral administration almost never is used in
serious neonatal infections because GI drug absorption is ex-
tremely variable at this age. Meningitic doses of antibiotics
should be used for the treatment of any seriously ill neonate
until meningitis is excluded by negative CSF cultures.

Extended-interval aminoglycoside dosing (also known as
once-daily dosing or single-daily dosing) has been widely
used in the adult population. Aminoglycoside antibiotics dis-
play concentration-dependent killing of bacteria. Rationale for
the use of extended-interval aminoglycoside dosing include:
(a) enhancement of bacterial killing by providing a higher peak
serum concentration to minimal inhibitory concentration ratio,
(b) provision of a prolonged postantibiotic effect, and (c) min-
imization of adaptive postexposure microbial resistance.209 In
meta-analyses of clinical studies in adults, extended-interval
aminoglycoside dosing seems to have similar efficacy, without
increased toxicity, compared with traditional multiple daily
dosing.210 In addition, extended-interval aminoglycoside dos-
ing can reduce costs associated with drug wastage, adminis-
tration time, and therapeutic monitoring.211

Because of these beneficial effects, the use of extended-
interval aminoglycoside dosing has been studied in the pedia-
tric population. Most studies have included term or near-term
newborns (i.e., gestational age ≥34 weeks).209 As expected,
the use of extended-interval aminoglycoside dosing resulted
in higher peak and lower trough serum concentrations in
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Table 94-8 Antimicrobial Dosage Regimens for Neonates: Dosages and Intervals of Administration

Weight <1,200 g52 Weight 1,200–2,000 g Weight >2,000 g

Drug 0–4 Weeksa (mg/kg) 0–7 Daysa (mg/kg) >7 Daysa (mg/kg) 0–7 Daysa (mg/kg) >7 Daysa (mg/kg)

Amphotericin B
Deoxycholate
Lipid complex/Liposomal

Ampicillin

1 Q 24 hr
5 Q 24 hr

1 Q 24 hr
5 Q 24 hr

1 Q 24 hr
5 Q 24 hr

1 Q 24 hr
5 Q 24 hr

1 Q 24 hr
5 Q 24 hr

Meningitis 50 Q 12 hr 50 Q 12 hr 50 Q 8 hr 50 Q 8 hr 50 Q 6 hr
Other diseases 25 Q 12 hr 25 Q 12 hr 25 Q 8 hr 25 Q 8 hr 25 Q 6 hr

Cefazolin
Cefepime

25 Q 12 hr
30 Q 12 hr

25 Q 12 hr
30 Q 12 hr

25 Q 12 hr
30 Q 12 hrc

25 Q 12 hr
30 Q 12 hr

25 Q 8 hr
30 Q 12 hrc

Cefotaximed 50 Q 12 hr 50 Q 12 hr 50 Q 8 hr 50 Q 12 hr 50 Q 8 hr
Ceftazidimed 50 Q 12 hr 50 Q 12 hr 50 Q 8 hr 50 Q 12 hr 50 Q 8 hr
Ceftriaxoned 25 Q 24 hr 25 Q 24 hr 50 Q 24 hr 25 Q 24 hr 50 Q 24 hr
Chloramphenicol 22 Q 24 hr 25 Q 24 hr 25 Q 24 hr 25 Q 24 hr 25 Q 12 hr
Clindamycin 5 Q 12 hr 5 Q 12 hr 5 Q 8 hr 5 Q 8 hr 5 Q 6 hr
Erythromycin
Fluconazole
Linezolid

10 Q 12 hr
6 Q 72 hr
10 Q 12 hr

10 Q 12 hr
6 Q 72 hr
10 Q 12 hr

10 Q 8 hr
6 Q 48 hr
10 Q 8 hr

10 Q 12 hr
6 Q 24 hr
10 Q 8 hr

13.3 Q 8 hr
6 Q 24 hr
10 Q 8 hr

Meropenemd 20 Q 12 hr 20 Q 12 hr 20 Q 8 hr 20 Q 12 hr 20 Q 8 hr
Metronidazole 7.5 Q 48 hr 7.5 Q 24 hr 7.5 Q 12 hr 7.5 Q 12 hr 15 Q 12 hr
Oxacillin 25 Q 12 hr 25 Q 12 hr 25 Q 8 hr 25 Q 8 hr 37.5 Q 6 hr
Nafcillin 25 Q 12 hr 25 Q 12 hr 25 Q 8 hr 25 Q 8 hr 37.5 Q 6 hr
Penicillin G

Meningitis 50,000 U Q 12 hr 50,000 U Q 12 hr 75,000 U Q 8 hr 50,000 U Q 8 hr 50,000 U Q 6 hr
Other diseases 25,000 U Q 12 hr 25,000 U Q 12 hr 25,000 U Q 8 hr 25,000 U Q 8 hr 25,000 U Q 6 hr

Piperacillin/tazobactam 50 Q 12 hr 50 Q 12 hr 100 Q 8 hr 100 Q 12 hr 100 Q 8 hr
Ticarcillin or Ticarcillin/clavulanate 75 Q 12 hr 75 Q 12 hr 75 Q 8 hr 75 Q 8 hr 75 Q 6 hr
Vancomycin 15 Q 24 hrb 20 Q 24 hr 15 Q 12 hr 15 Q 12 hr 15 Q 8 hr

aPostnatal age.
bIf weight <750 g and postnatal age <14 days, use 10–12.5 mg/kg Q 24 hr.
cCefepime should be given at 30 mg/kg/dose Q 12 hr for the first 2 weeks of life then increase to 50 mg/kg/dose Q 12 hr (or 50 mg/kg/dose Q 8 hr for Pseudomonas infections or
meningitis.
d Higher dosage may be needed for meningitis.
Adapted with permission from Bradley JS, Nelson JD. Nelson’s pocket book of pediatric antimicrobial therapy, 16th ed. Buenos Aires, Argentina: Alliance for World Wide Editing,
2006:23; incorporating references 8, 208.

these neonates compared with traditional multiple-daily dos-
ing. However, neonatal studies have not established optimal
regimens to achieve the best peak serum concentration to mini-
mal inhibitory concentration ratio. A meta-analysis in neonates
>32 weeks’ gestation confirmed these findings and reported no
nephrotoxicity or ototoxicity in either group.212 Several clinical
trials have evaluated the use of once-daily dosing of gentam-
icin in preterm infants <32 weeks’ gestation; however, these
studies evaluated serum gentamicin concentrations and poten-
tial adverse effects and not clinical efficacy or cure rates.213–215

Furthermore, most studies in neonates used extended-interval
aminoglycoside dosing for short periods of time, for example,
during the workup to rule out neonatal sepsis (i.e., 72-hour
duration). Studies included only a few neonates, who received
extended-interval aminoglycoside dosing to actually treat doc-
umented neonatal infections. Other neonatal-specific factors,
such as the neonate’s immature immune function and a poten-
tial decreased postantibiotic effect, have not been adequately
addressed. Therefore, large, well-designed studies evaluating
the clinical efficacy and safety of extended-interval aminogly-
coside dosing for the treatment of gram-negative infections in
neonates are required before routine use can be recommended.

Once a pathogen is isolated, the antimicrobial susceptibili-
ties should be evaluated and the drug therapy modified appro-

priately. Blood, CSF, or urine cultures should be repeated to
document bacterial sterilization after 24 to 48 hours of appro-
priate therapy. J.E. should be evaluated carefully for the devel-
opment of serious bacterial complications such as meningitis,
osteomyelitis, abscess formation, or endocarditis.

Duration of Therapy
As long as there is no evidence of meningitis or other focal
infection (e.g., abscess formation), the duration of therapy for
most systemic bacterial infections is 7 to 10 days (or approx-
imately 5–7 days after significant clinical improvement). An-
tibiotic therapy may need to be continued for 14 to 21 days
if the neonate’s clinical response is slow or if multiple organ
systems are involved.196 If cultures are negative at 72 hours
and the infant does not have any clinical or laboratory signs of
sepsis, antibiotics can be discontinued. In neonates presenting
with signs of severe infection followed by improvement af-
ter initiation of antibiotics, therapy may be continued despite
negative cultures.

Treatment of Meningitis

34. How should J.E. be treated if meningitis is suspected?
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Antibiotic Selection
The major pathogens causing neonatal sepsis also are the pri-
mary pathogens that cause neonatal meningitis. Seventy-five
percent of neonatal meningitis is caused by group B strepto-
coccus and E. coli; L. monocytogenes is the third most common
organism.196 Initial empiric antibiotic therapy of choice con-
sists of ampicillin plus an aminoglycoside.193 Ampicillin plus
a third-generation cephalosporin (cefotaxime or ceftriaxone)
may be used empirically for early-onset neonatal meningitis in
situations as outlined previously for early-onset neonatal sep-
sis (see Question 33). In addition, because of their greater CSF
penetration compared with the aminoglycosides, the combina-
tion of a third-generation cephalosporin with ampicillin may
be preferred when the CSF Gram’s stain indicates a gram-
negative infection. Initial empiric antibiotic treatment of late-
onset meningitis should follow guidelines similar to those for
late-onset sepsis with consideration of nosocomial as well as
primary pathogens (see Question 33). As with neonatal sepsis,
once an organism is recovered from the CSF, the most appro-
priate antibiotic is selected based on susceptibility.

Duration of Therapy
If CSF cultures are positive, repeat CSF cultures should be ob-
tained daily or every other day in J.E. to document when the
CSF becomes sterilized. The duration of therapy for neona-
tal meningitis depends on the clinical response and duration of
positive CSF cultures after therapy is initiated. Appropriate an-
tibiotics should be continued for a minimum of 14 days after the
CSF is sterilized. This is equivalent to a duration of antibiotic
therapy for a minimum of 21 days for gram-negative organisms
and at least 14 days for gram-positive pathogens.193,196,216 As
a general rule, it takes longer to sterilize the CSF of neonates
infected by gram-negative enteric bacilli (72 hours) than those
infected by gram-positive bacteria (36–48 hours).193 Although
surgical placement of a ventricular reservoir for intraventricu-
lar administration of an antibiotic (usually an aminoglycoside)
has been used to treat meningitis not responding to IV antimi-
crobial therapy, the Neonatal Meningitis Cooperative Study
group reported no beneficial effect of this method of admin-
istration in infants with gram-negative meningitis. In fact, in-
fants treated with intraventricular gentamicin had a threefold
increase in mortality rate compared with infants treated solely
on IV antibiotics196,217 (see Chapter 58).

Intravenous Immune Globulin

35. On day 2 of life, J.E.’s blood culture is reported as positive
for group B streptococcus. His current vital signs are as follows:
HR, 135 beats/minute; temperature, 37◦C; and BP, 59/40 mmHg.
Laboratory data include the following: WBC, 7,000 cells/mm3

with a differential of 53% segmented neutrophils, 15% bands,
25% lymphocytes, and 7% monocytes; platelets, 100,000/mm3.
J.E.’s ventilatory settings are slightly improved. What is the role
of IV immune globulin (IVIG) in a patient like J.E.?

[SI units: WBC, 7,000 × 106 cells/L with 0.53 neutrophils, 0.15 bands, 0.25

lymphocytes, and 0.07 monocytes; platelets, 100 × 109/L]

Rationale
Neonatal humoral immunity is provided primarily by transpla-
cental transport of maternal immunoglobulin (Ig)G to the fetus.
Active transfer starts at 17 weeks’ gestation and increases with

gestational age. By 33 weeks’ gestation, fetal IgG levels are
equal to maternal IgG.218 Neonates born before 33 weeks’ ges-
tation have very low IgG concentrations. In addition, because
of the neonate’s poor antibody response to antigenic stimuli,
these low concentrations of IgG can decrease further during
the first few weeks of life.219 Low IgG concentrations, as well
as a lack of micro-organism–specific antibodies, and opsonic
antibody activity against the polysaccharide capsules of certain
bacteria (i.e., group B streptococcus, E. coli, and H. influenzae)
significantly contribute to the neonate’s increased susceptibil-
ity to infections.219 Exogenous administration of IVIG may
correct low IgG serum concentrations and improve neonatal
host defenses. Therefore, administration of IVIG has been pro-
posed for the prevention and treatment of neonatal infections.

Efficacy
The efficacy of IVIG as an adjunct to antimicrobial therapy
for the prevention and treatment of neonatal sepsis has been
assessed in numerous studies. However, comparisons between
studies are difficult because of differences in study design, sam-
ple size, dosage regimens (dose and duration of therapy), spe-
cific product used, pathogen-specific antibodies, lot-to-lot vari-
ability, inclusion criteria, and outcome measures. In addition,
studies assessing IVIG for treatment of neonatal sepsis differ
in the specific infecting organism and the rates and severity of
infection.190 Despite these differences, several meta-analyses
have been conducted to try to summarize the data evaluat-
ing the effectiveness of IVIG for prophylaxis and treatment of
neonatal sepsis.

An early evaluation of published articles assessing prophy-
laxis of IVIG concluded that its effectiveness depended on the
pathogen-specific antibody activity of the individual product
used. Other evaluations have found encouraging results or no
clear evidence of benefit for preterm infants.190 In a recent sys-
tematic review of 19 studies (representing approximately 5,000
preterm infants) prophylactic IVIG was associated with a sig-
nificant, but very small reduction in sepsis (3%) and serious
infections (4%). However, NEC, IVH, length of hospital stay,
and mortality were not significantly affected.220 Therefore, the
use of prophylactic IVIG is of marginal clinical benefit and
thus cannot be routinely recommended.

Few studies have evaluated IVIG as adjunctive treatment
with antibiotics for treatment of neonatal sepsis. In a Cochrane
review of 13 studies of suspected or proven infections in >500
neonates, IVIG treatment was associated with reductions in
length of hospitalization (for term infants) and mortality. How-
ever, the reduction in mortality for clinically suspected infec-
tions was of borderline significance.221 Owing to the lack of
power of this meta-analysis, further studies are needed to deter-
mine the effectiveness of IVIG for the treatment of suspected or
proven neonatal infections. Clinically, the routine use of IVIG
for suspected or proven infections cannot be recommended.
IVIG can be considered for select patients with proven infec-
tions.

Large, well-designed, prospective studies are required to de-
termine the optimal IVIG dosage regimen, including dose per
kilogram, number of doses, and timing of treatment. Studies of
the cost-effectiveness of IVIG are also needed. Unlabeled or
low concentrations of antibodies against the primary pathogens
of neonatal sepsis may limit the use of commercial IVIG
preparations. However, the use of preselected lots of IVIG that
possess antibodies against specific neonatal pathogens may be
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of benefit. Other immunologic agents, such as monoclonal an-
tibodies and hyperimmune immunoglobulin preparations, may
be more effective and currently are being investigated.

Initiation of Therapy
At this time, routine use of IVIG for all newborns to prevent or
treat neonatal sepsis is not indicated.190,219 However, treatment
with IVIG should be considered in septic neonates who are
not responding to standard antibiotic treatment and supportive
care.190 Because J.E. has responded to antibiotic therapy, as
evidenced by his improvement in vital signs, WBC, differen-
tial, platelet count, and ventilatory settings, IVIG would not be
indicated.

Dosing, Administration, and Adverse Effects

36. IVIG 500 mg/kg IV push weekly for four doses has been
ordered for J.E. because of prescriber preference. How should
IVIG be administered and what should be monitored for adverse
effects?

The optimal dose of IVIG has not been established. The
National Institute of Child Health and Human Development
study used prophylactic doses of 900 mg/kg for neonates 501
to 1,000 g and 700 mg/kg for neonates 1,001 to 1,500 g to
attain IgG serum concentrations of 700 mg/dL.222 Doses were
repeated every 2 weeks. Trough concentrations after the first
dose were ≥700 mg/dL in approximately 50% of the neonates.
Only 13% of neonates had all trough concentrations at or above
the target concentration during the study period.222 These find-
ings suggest that the clinical use of these doses or even slightly
higher doses would be adequate. However, the optimal total
IgG serum concentration for treatment or prophylaxis of neona-
tal sepsis has not been established. In addition, the amount of
specific immunoglobulins directed against the primary neona-
tal pathogens may be more important. Although many dosing
regimens have been studied,190,219,222 doses of 500 to 1,000
mg/kg are commonly used. Some institutions repeat treatment
every 2 weeks.190 Doses >1,000 mg/kg may not be more effec-
tive and may have toxic effects. Suppression of opsonophago-
cytosis and decreased bacterial clearance have been reported
with high-dose IVIG in neonatal animal models.223

Although the dose of IVIG prescribed for J.E. is reasonable,
IVIG should never be administered via IV push. Rapid IV ad-
ministration may result in significant adverse effects. Admin-
istration rates for IVIG are product specific and most neonatal
doses should be infused IV over 2 to 6 hours. Because anaphy-
laxis can occur, slower initial infusion rates are recommended.
In this case, the specific IVIG product used in J.E.’s neona-
tal ICU should be identified, and an appropriate text8 or the
package insert should be consulted for proper administration
rates. Neonates receiving IVIG should be monitored routinely
for adverse effects such as tachycardia, dyspnea, hypotension,
hypertension, fever, flushing, irritability, tremors, restlessness,
and emesis.222 These reactions may be related to the rate of in-
fusion and generally resolve when the infusion rate is decreased
or when the infusion is discontinued temporarily. In the Na-
tional Institute of Child Health and Human Development study,
the overall rate of NEC in the IVIG group (12%) was not sta-
tistically higher than in the control group (9.5%). However,
a significantly greater number of NEC cases occurred during
Phase 2 of the study in the IVIG group (12%) compared with
placebo (8.3%).222 Therefore, because of the potential associ-

ation with NEC, indiscriminate use of IVIG is not warranted.
Other adverse effects may be identified as neonatal investiga-
tions continue with IVIG use.

CONGENITAL INFECTIONS
TORCH Titers

37. S.Y., a 2,000-g girl, was born at 34 weeks’ gestational age by
vaginal delivery. She was born at another institution and trans-
ferred to your hospital on day 3 of life. S.Y.’s birth was complicated
by prolonged rupture of membranes (>72 hours), a difficult labor
and delivery, and fetal distress requiring a fetal scalp monitor. On
physical examination, S.Y. is an extremely irritable newborn with
RR of 60 breaths/minute. Several vesicular skin lesions located
on the scalp and around the eyes are noted. Conjunctivitis also
is present. S.Y. is placed on supplemental oxygen and ABGs are
obtained. Blood, CSF, and urine were cultured for bacteria and
fungus and S.Y. was started on ampicillin 100 mg IV Q 12 hours
and gentamicin 5 mg IV Q 12 hours to rule out sepsis. Antimicro-
bial therapy will not be altered until culture results are available.
What other tests and/or information are needed for S.Y. at this
time?

Certain bacteria, viruses, and protozoa can cause fetal infec-
tions that may result in fetal death, congenital anomalies, seri-
ous CNS sequelae, intrauterine growth retardation, or preterm
birth.224 The primary organisms that cause these infections
can be remembered by the acronym, TORCH: toxoplasmosis;
other (i.e., syphilis, gonorrhea, hepatitis B, listeria); rubella;
cytomegalovirus; herpes simplex. Because of the potential
severity of these diseases, newborns who display any signs
of infection (e.g., irritability, fever, thrombocytopenia, hep-
atosplenomegaly) need to be evaluated for these intrauterine
and perinatally acquired infections. The diagnosis of each of
these infections should be considered separately. A complete
infectious disease workup should include specific antibody titer
measurements to the suspected organisms rather than sending
a single serum sample for TORCH titer measurement.224

Primary clinical manifestations and treatment8,224–228 for
selected congenital infections are listed in Table 94-9. The clin-
ical signs of these infections may overlap, and concurrent in-
fection with two or more micro-organisms is possible. The de-
tection of congenital infections often is difficult because many
neonates are asymptomatic at birth. Therefore, prenatal mater-
nal screening and accurate evaluation of maternal history for
risk factors are very important. Other organisms that can cause
congenitally acquired infections include human immunodefi-
ciency virus (HIV), human parvovirus, varicella-zoster virus,
and measles virus.224

When congenital infections are suspected, appropriate diag-
nostic tests for each suspected organism should be performed.
Viral cultures of the urine, oropharynx, nasopharynx, stool,
and conjunctiva and a complete maternal history along with
the results of recent maternal vaginal cultures also should be
obtained.224 Measurements of IgM levels specific for each
possible organism under consideration are also recommended.
S.Y. has signs of a congenital infection (respiratory distress,
skin rash, and conjunctivitis). Because of the nature of S.Y.’s
skin rash (i.e., vesicular), infection with the herpes simplex
virus (HSV) should be highly suspected. Skin vesicles, con-
junctiva, oropharynx, nasopharynx, rectum, urine, and CSF
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Table 94-9 Selected Congenital and Perinatal Infections in the Neonate8,224–228

Organism Primary Clinical Manifestations Treatment of Proven or Highly Probable Disease

Herpes simplexa,b Cutaneous vesicles, keratoconjunctivitis, microcephaly,
CNS infection, hepatitis, pneumonitis, prematurity,
respiratory distress, sepsis, convulsion, chorioretinitis

Acyclovir: 20 mg/kg Q 8 hr IV ×14–21 days
Ocular Involvement: Acyclovir IV plus topical therapy: 1–2%

trifluridine, 1% iododeoxyuridine, or 3% vidarabine
Toxoplasmosis Chorioretinitis, ventriculomegaly, microcephaly,

hydrocephaly, intracranial calcifications, ascites,
hepatosplenomegaly, lymphadenopathy, jaundice,
anemia, mental retardation

Sulfadiazine 100 mg/kg/day in two divided doses PO for 1 year
and pyrimethamine 2 mg/kg/day ×2 days then 1 mg/kg/day for
2–6 months then 1 mg/kg QOD to complete 1 year of therapy
and folinic acid (leucovorin) 5–10 mg 3 times/week ×1 year

Treponema palliduma Early: Osteochondritis, periostitis, hepatosplenomegaly,
skin rash (maculopapular or vesiculobullous), rhinitis,
meningitis, IUGR, jaundice, hepatitis, anemia,
thrombocytopenia, chorioretinitis

Late: Hutchinson’s triad (interstitial keratitis, VIIIth-nerve
deafness, Hutchinson’s teeth), mental retardation,
hydrocephalus, saddle nose, mulberry molars

Aqueous crystalline penicillin G ×10–14 days IV (preferred) or
IM:

≤7 days postnatal age: 50,000 U/kg Q 12 hr
>7 days postnatal age: 50,000 U/kg Q 8 hr OR
Procaine penicillin G 50,000 U/kg/day IM Q 24 hr ×10–14 days

Hepatitis Bc Prematurity; usually asymptomatic; long-term effects
include chronic hepatitis, cirrhosis, liver failure,
hepatocellular carcinoma

Perinatal exposure (maternal HbsAg-positive): HBIG 0.5 mL IM
and hepatitis B vaccine IM (different IM sites) within 12 hours
after birth; repeat hepatitis B vaccine at 1 and 6 months

Rubella Early: IUGR, retinopathy, hypotonia, hepatosplenomegaly,
thrombocytopenic purpura, bone lesions, cardiac effects

Late: Hearing loss, mental retardation, diabetes
Rare: Myocarditis, glaucoma, microcephaly, hepatitis,

anemia

Supportive care

Cytomegalovirus Petechiae, hepatosplenomegaly, jaundice, prematurity,
IUGR, increased liver enzymes, hyperbilirubinemia,
anemia, thrombocytopenia, interstitial pneumonitis,
microcephaly, chorioretinitis, intracranial calcifications

Late: Hearing loss, mental retardation, learning and motor
abnormalities, visual disturbances

IV ganciclovir (optimal dose and duration not established;
preliminary data suggests doses of 15 mg/kg/day divided
Q 12 hr)

Neisseria gonorrhoeaea Ophthalmia neonatorum, scalp abscess, sepsis, arthritis,
meningitis, endocarditis

Nondisseminated (including ophthalmia neonatorum):
Ceftriaxone 25–50 mg/kg IV or IM ×1 (maximum dose:
125 mg); alternative for ophthalmic neonatorum: cefotaxime
100 mg/kg IM or IV ×1; use saline eye irrigations for
ophthalmia neonatorum

Disseminated: Ceftriaxone 25–50 mg/kg IV or IM Q 24 hr;
cefotaxime 25–50 mg/kg IV or IM Q 12 hr

Duration of therapy:
� Arthritis or septicemia: 7 days
� Meningitis: 10–14 days

Use cefotaxime if hyperbilirubinemic

aSee Chapter 65.
bSee Chapter 72.
cSee Chapter 73.
CNS, central nervous system; HBIG, hepatitis B immune globulin; HbsAg, hepatitis B surface antigen; IM, intramuscular; IUGR, intrauterine growth retardation; IV, intravenous;
QOD, every other day.

should be cultured for HSV and other organisms known to
cause congenital infections. Rapid diagnostic testing using tis-
sue scrapings from vesicles and fluorescein-conjugated mon-
oclonal HSV antibody can also be performed. Other appropri-
ate tests for the diagnosis and workup of suspected congeni-
tal infections also should be performed (e.g., liver enzymes,
prothrombin time, partial thromboplastin time, EEG, com-
puted tomography scan [CT], or magnetic resonance imaging
[MRI]).224

Congenital Herpes

38. Upon investigation, it is discovered that S.Y.’s mother has
genital herpes. This infection is her first known genital HSV

episode and was accompanied by fever and headache. S.Y.’s
mother had herpes genital lesions present during the vaginal de-
livery of S.Y. What are risk factors for HSV infection in S.Y.?
What interventions could have lowered S.Y.’s risk for HSV?

The incidence of neonatal HSV infection is approximately 1
in 3,200 live births (i.e., ∼1,500 estimated new cases each year)
in the United States.229,230 Neonatal HSV may be acquired in
utero by either transplacental or ascending vaginal and cer-
vical infections, perinatally via passage through a birth canal
with active herpes lesions, or postnatally.230 Most congenital
HSV infections (85%) are acquired during passage through
the birth canal in the intrapartum period; 5% are acquired in
utero and 10% postnatally through close contact.230 Ascend-
ing infections are more likely to occur with prolonged rupture
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of membranes. Factors that increased the risk of HSV in S.Y.
include primary maternal infection during delivery, prolonged
rupture of membranes, presence of active lesions at vaginal
birth, and use of a fetal scalp monitor during active herpes
infection.229,231 The most important of these risk factors is pri-
mary maternal genital HSV infection at the time of delivery.
Neonates born vaginally to these women are ten times more
likely to develop HSV infections than neonates born vaginally
to women with recurrent HSV infection (33%–50% risk of
HSV versus 3%–5%).228 Identification of newborns at high
risk for HSV is difficult, however, because most women who
give birth to HSV-infected neonates have asymptomatic or un-
recognized HSV infection at the time of delivery. These women
also have negative histories for HSV genital infection.

In women with active genital herpes lesions, delivery by
cesarean section can reduce the newborn’s exposure to HSV
lesions by sevenfold and thereby decrease the risk of perinatal
transmission.229 Prolonged rupture of membranes, however,
can lessen the protective effect of cesarean delivery by in-
creasing the risk of an ascending HSV infection. Therefore,
cesarean section cannot prevent all cases of neonatal HSV. In
fact, as many as 33% of infants with congenital HSV infection
are delivered by cesarean section.231 In S.Y.’s case, delivery
by cesarean section may have decreased S.Y.’s risk for HSV
infection, especially if performed before or shortly (within 4–6
hours) after rupture of the membranes.231

Treatment

39. Cultures for HSV and other organisms have been obtained
from S.Y. as described in Question 37. Why should therapy be
initiated before culture results are available?

Neonatal HSV infections can result in significant morbid-
ity and mortality. Given S.Y.’s signs of infection and risk fac-
tors, she should be treated as a case of probable HSV infec-
tion until culture results confirm the diagnosis. Three patterns
of neonatal HSV infection can occur: (a) disseminated infec-
tion (multiple organ involvement) with or without encephalitis;
(b) localized CNS infection; and (c) localized infection of the
skin, eyes, or mouth (SEM). Approximately 25% to 30% of
newborns are symptomatic on the first day of life. Most infants
present with SEM disease; however, 60% progress to dissem-
inated disease or CNS infection.230 S.Y. has several signs of
disseminated infection, including irritability, respiratory dis-
tress, and skin vesicles. Other signs of disseminated disease
include seizures, coagulopathy, jaundice, and shock. Symp-
toms of CNS infection include temperature instability, irri-
tability, lethargy, poor feeding, bulging fontanel, tremors, and
seizures. The onset of illness in neonates with disseminated or
SEM disease is at 10 to 12 days of life, whereas those with
CNS disease usually present at 16 to 19 days.230 Morbidity
and mortality for neonatal HSV infections are extremely high
if left untreated, but can be decreased with appropriate treat-
ment. Even with treatment, disseminated infections have the
worst prognosis with a mortality rate of 29%.230 The mortality
rate for CNS disease with treatment is 4% and approximately
two-thirds of these infants will have neurologic abnormalities.
Mortality from SEM disease is essentially zero; less than 2%
have developmental delays. Early treatment also is important
because it can halt the progression of less severe SEM infec-
tions to more severe forms (i.e., encephalitis and disseminated

disease). However, early diagnosis of infection is difficult and
treatment is often delayed because the initial symptoms of the
disease are often nonspecific.

IV acyclovir, the antiviral of choice for the treatment of
neonatal HSV infection, can improve the outcome of neonatal
herpes.228 The recommended acyclovir dose is 60 mg/kg/day
in three divided doses, given intravenously for 14 days for those
with SEM disease and 21 days for CNS or disseminated HSV
disease.228 Because acyclovir is primarily excreted via the kid-
neys, the dose must be reduced in neonates with renal dysfunc-
tion (e.g., SrCr >0.8 mg/dL). These neonates should receive
20 mg/kg/dose administered every 12 to 24 hours, depending
on SrCr.232 S.Y. should receive acyclovir 40 mg IV Q 8 hours
(60 mg/kg/day) for 21 days plus topical antiviral ophthalmic
therapy (Table 94-9). Some experts recommend repeating lum-
bar puncture at the completion of IV acyclovir therapy in all
patients with CNS involvement to document virologic clear-
ance from the CSF.230 Treatment should be continued for those
who remain HSV polymerase chain reaction positive (PCR)
until their PCR becomes negative. Liver enzymes, SrCr, BUN,
and CBC should be monitored for adverse effects of acyclovir.
Phlebitis at the injection site also may occur.8

Recurrence of mucocutaneous HSV is common and is as-
sociated with neurologic sequelae if it occurs more than three
times during the first 6 months of life.228 In a small, Phase
I/II trial, oral acyclovir suppressive therapy (300 mg/m2/dose
TID for 6 months), initiated after completion of 10 days of
acyclovir treatment for neonatal SEM disease, prevented cuta-
neous recurrences of HSV.233 However, approximately 50% of
the infants developed neutropenia while receiving suppressive
acyclovir therapy. Furthermore, HSV encephalitis has been re-
ported in a preterm infant who was receiving suppressive oral
acyclovir therapy.234 The benefits and risk associated with sup-
pressive therapy are unclear and therefore, routine use of oral
acyclovir suppressive therapy is not recommended. A larger
study comparing different acyclovir suppressive dosage reg-
imens and the effects on neurologic outcome of infants is
needed.

Other Congenital Infections
Toxoplasmosis
Congenital toxoplasmosis, an infection caused by the proto-
zoan organism, Toxoplasma gondii, usually results from mater-
nal ingestion of uncooked meat or contact with infected cats. In
the United States, 400 to 4,000 cases of congenital toxoplasma
infection are reported yearly.235 The only mode of human-to-
human transmission is transplacental. The rate of transmis-
sion to the infant is highest (60%) if the disease is acquired
during the third trimester of pregnancy. However, if infection
occurs earlier in gestation, the infant develops a more severe
form of infection. Most newborns infected with T. gondii are
asymptomatic. The most common manifestation of T. gondii
infection in neonates is chorioretinitis. These infants may de-
velop permanent visual loss.235 Other clinical symptoms are
listed in Table 94-9. Maternal treatment with spiramycin (cur-
rently investigational in the United States) or pyrimethamine
with sulfadiazine can be administered to the infected mother to
help reduce vertical transmission of T. gondii. If the diagnosis
of an in utero toxoplasmosis infection is made, treatment of
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both the mother and the fetus reduces the sequelae in the in-
fant. Because pyrimethamine is teratogenic, it cannot be used
during the first trimester. Treatment of neonatal toxoplasmosis
includes pyrimethamine, sulfadiazine, and folinic acid (leucov-
orin). Folinic acid is given to decrease potential hematologic
toxic effects of pyrimethamine.235

Syphilis
Syphilis is caused by a spirochete, Treponema pallidum, and
can be acquired by direct contact with ulcerative, denuded le-
sions of the mucous membranes or skin of the infected person.
Vertical transmission of congenital syphilis can either occur
transplacentally or during delivery by contact of the newborn
with genital lesions. In fact, the rate of transmission can be as
high as 100% during the secondary stage of the disease.228 The
incidence of congenital syphilis in the United States has de-
creased from 107 per 100,000 live births in 1991 to 11.2 cases
per 100,000 live births in 2002.236 Forty percent of pregnancies
in women with untreated early syphilis result in spontaneous
abortion, stillbirth, nonimmune hydrops, premature delivery,
and perinatal death.228 Clinical manifestations of congenital
syphilis are divided into two syndromes, early (occurring be-
fore 2 years of life) and late (occurring after 2 years). The most
classic presentations of congenital syphilis are bone lesions,
hepatosplenomegaly, erythematous maculopapular rash (pri-
marily on the hands and feet), and rhinitis (“snuffles”). Other
clinical manifestations are listed in Table 94-9. Parenteral peni-
cillin G is the preferred treatment and is the only drug that has
documented efficacy for the treatment of congenital syphilis.
IV penicillin G is preferred over IM penicillin G procaine ow-
ing to higher CSF concentrations; however, both are considered
adequate treatment for congenital syphilis. If more than 1 day
of therapy is missed, the entire course must be restarted.228

Hepatitis B Virus
Unlike other congenital infections (e.g., toxoplasmosis,
syphilis), hepatitis B virus (HBV) infection is rarely transmit-
ted transplacentally, especially if infection occurs during the
first or second trimesters. However, the rate of transmission can
be as high as 60% if infection occurs in the third trimester.227

Most infants with HBV are infected around the time of birth
as a consequence of exposure to maternal HBV-positive gen-
ital tract secretions and blood.227,237 Newborns with HBV in-
fection are usually asymptomatic initially, but the majority
(90%) can become chronic carriers of hepatitis B surface anti-
gen. Many of these infants develop long-term sequelae such
as chronic hepatitis, cirrhosis, and hepatocellular carcinoma.
Neonatal chronic carrier rates of HBV can be significantly de-
creased to 0% to 14% with the combined use of hepatitis B vac-
cination and hepatitis B immune globulin.227 Owing to these
beneficial effects, the Centers for Disease Control and Preven-
tion recommends that all newborn infants should be immu-
nized with hepatitis B vaccination regardless of the mothers’
hepatitis status (see Chapter 95).

Rubella
Rubella was a common viral illness affecting humans; how-
ever, with the advent of vaccines, the prevalence of rubella
has significantly decreased. The virus crosses the placenta
and infects the fetus, resulting in spontaneous abortion, still-
birth, or birth defects known as congenital rubella syndrome

(CRS). The rate of congenital infection is highest during the
first trimester (80%), but transmission can also occur at any
time of pregnancy.225 CRS is characterized by hearing loss,
cataracts, and congenital heart disease (primarily PDA and pul-
monary artery stenosis); intrauterine growth retardation also
commonly occurs. Other clinical findings of CRS are listed
in Table 94-9. In a 20-year follow-up study, ocular disease
(i.e., cataracts, retinopathy, glaucoma) was found to affect ap-
proximately 80% of infants with CRS.225 Currently, there are
no effective antiviral medications for the treatment of CRS;
therefore, it is important to provide universal immunization
with rubella vaccination to all children.228

Cytomegalovirus Infection
CMV is the most common cause of congenital infection, affect-
ing approximately 40,000 infants each year.238 Transmission
of CMV can occur transplacentally at any stage of pregnancy
or during delivery. The rate of transmission from the mother
to the fetus is much higher in mothers with primary CMV
infection (50%) than in those with recurrent infection (0.5%–
2%).239 CMV infection can also be transmitted through breast-
milk or close contact.239 Approximately 10% of infants with
CMV infection are symptomatic at birth (i.e., 90% are asymp-
tomatic). The most common manifestations of CMV infection
in symptomatic infants <2 weeks of age are petechiae, hep-
atosplenomegaly, jaundice, and prematurity.239 Mortality rates
in severely affected infants can be as high as 20%, and most
infants surviving the infection have permanent damage, such
as visual deficits, hearing loss, seizure disorders, and learn-
ing and motor disabilities.238,239 Currently, there is no proven
effective antiviral therapy for congenital CMV infection. Gan-
ciclovir has been used to treat infants with symptomatic CMV
infection239; however, it must be administered intravenously
and has been associated with severe adverse effects (e.g., neu-
tropenia, anemia, thrombocytopenia).8 In addition, the optimal
dose and duration of ganciclovir treatment remains unknown.
Therefore, routine use of ganciclovir is not recommended.228

In preliminary findings, oral valganciclovir may be a promising
alternative; however, further studies are needed.240

APNEA
Pathogenesis
Apnea in neonates is a life-threatening condition that occurs
more frequently in premature newborns and newborns of lower
birth-weights. Only 7% of infants 34 to 35 weeks’ gestational
age have apnea.241 In contrast, the incidence of apnea has been
reported to be 78% in infants 26 to 27 weeks’ gestational age
and 84% in infants with birth-weights <1,000 g.241 Although
several definitions exist,242,243 clinically significant apnea may
be defined as cessation of breathing for ≥15 seconds, or less if
accompanied by bradycardia (HR <100 beats/minute), signif-
icant hypoxemia, or cyanosis.244–246 Pallor or hypotonia also
may occur.

In neonates, apnea may be caused by a severe underlying
illness, drugs, or prematurity itself (Fig. 94-3). Appropriate pa-
tient history, physical examination, and laboratory tests must
be evaluated to rule out other causes of apnea before the di-
agnosis of apnea of prematurity can be made.244,245 It is espe-
cially important to rule out sepsis before apnea of prematurity
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FIGURE 94-3 Causes of apnea in the neonate. (Reproduced with permission from Martin RJ et al. Pathogenesis of
apnea in preterm infants. J Pediatr 1986;109:738.)

is presumed. If an etiology other than prematurity is identified,
therapy would be directed toward that specific cause. For exam-
ple, antibiotics are used to treat neonatal sepsis with secondary
apnea.

Apnea of prematurity is classified into three types: cen-
tral, obstructive, and mixed. Approximately 40% of apneic
episodes are of central origin (i.e., no respiratory effort), 10%
are due to obstruction, and 50% are due to both (i.e., mixed
events).247 Although these terms imply separate mechanisms,
obstruction/airway closure may be important in all three types
(even “central”).241 Treatment of apnea of prematurity in-
cludes the use of supplemental oxygen, gentle tactile stim-
ulation, environmental temperature control, oscillation water
beds, methylxanthines, nasal continuous positive airway pres-
sure, and positive-pressure ventilation.244,245

Treatment
Methylxanthines

40. S.M., a premature male newborn of 29 weeks’ gestational
age, had a birth-weight of 995 g. On day 2 of life, he develops
seven episodes of apnea followed by bradycardia with HR as low
as 85 beats/minute. These episodes last 20 to 30 seconds and re-
quire administration of oxygen and tactile stimulation. Three pro-
longed episodes required bag-and-mask ventilation. Between ap-
neic spells, the newborn seems well; physical examination and
laboratory tests are normal for gestational age. Appropriate cul-
tures are drawn for a septic workup and ampicillin and gentami-
cin are initiated. The decision is made to begin aminophylline.
What is the rationale for the use of methylxanthines in apnea of
prematurity and what dosing considerations must be addressed?

RATIONALE
Methylxanthine therapy generally is initiated for apnea of

prematurity when apneic episodes are frequent (e.g., more than
three episodes), prolonged (e.g., duration >20–30 seconds),

or severe in nature (e.g., accompanied by significant brady-
cardia or cyanosis) or are not controlled by nonpharmacologic
means (e.g., gentle tactile stimulation, environmental temper-
ature control, or oscillation water beds). This infant’s apneic
episodes are frequent, prolonged, and severe, and therefore re-
quire pharmacologic intervention.

Methylxanthines, specifically theophylline and caffeine, are
widely accepted as the initial pharmacologic approach for the
treatment of idiopathic apnea of prematurity.245 These agents
decrease apneic episodes via both central and peripheral ef-
fects. Methylxanthines stimulate the medullary respiratory
center and increase receptor responsiveness to carbon diox-
ide. This results in an increase in respiratory drive and minute
ventilation.245 Central stimulatory effects may be mediated by
adenosine receptor blockade. Adenosine is a known inhibitor
of respiration, and both theophylline and caffeine competi-
tively inhibit adenosine at the receptor level.248 Other cen-
tral effects, such as alteration of sleep–awake patterns, also
may be important.249 Peripherally, methylxanthines increase
diaphragmatic contractility, decrease diaphragmatic fatigue,
and improve respiratory muscle contraction.250,251 In addition,
methylxanthines increase catecholamine release and metabolic
rate. This may improve cardiac output and oxygenation, lessen
hypoxic episodes, and decrease apneic spells.

DOSING CONSIDERATIONS
Several developmental pharmacokinetic and pharmacody-

namic factors need to be considered when dosing theophylline
in neonates. Protein binding of theophylline is decreased in
term newborns (36%) compared with adults (65%).24 The de-
creased protein binding along with an increased tissue distri-
bution results in a larger Vd of theophylline in neonates (Table
94-2). This larger Vd results in larger loading-dose require-
ments to attain similar serum concentrations.

Theophylline clearance in preterm newborns (17.6 mL/
hour/kg) is much slower than that observed in young children
1 to 4 years of age (100 mL/hour/kg).24 As a result, smaller
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theophylline maintenance doses are required in neonates.
Theophylline clearance increases dramatically during the first
year of life, approaching adult values at 55 weeks’ PCA.36

Theophylline clearance and therefore maintenance doses in-
crease with increasing PCA. Adjustment of maintenance doses
is especially important in infants 40 to 50 weeks’ PCA when
the greatest maturational changes in theophylline clearance
occur.36

In adults, theophylline is eliminated primarily via hepatic
metabolism by C-8 oxidation to 1,3-methyluric acid (39% of a
dose) and by N-demethylation to 3-methylxanthine (16%) and
1-methyluric acid (20%).252 Small amounts of theophylline are
eliminated unchanged in the urine (13%) and 6% of the dose is
N-methylated to caffeine.252,253 In contrast, the primary route
of theophylline elimination in neonates is renal excretion of
unchanged drug (55%).36 Hepatic metabolism of theophylline
(especially N-demethylation) is decreased in the neonate.
Lower amounts of theophylline are eliminated by C-8 oxida-
tion to 1,3-methyluric acid (24%) and by N-demethylation to
3-methylxanthine (1.4%) and 1-methyluric acid (8.2%).36 As
in adults, theophylline is methylated to caffeine in the neonate.
The neonate’s decreased demethylation pathway, however, re-
sults in a decrease in caffeine elimination and significant serum
caffeine accumulation. On average, serum caffeine concentra-
tions can be 40% of the serum theophylline concentration.36

The theophylline-derived caffeine may contribute to the phar-
macologic and toxic effects seen in neonates receiving theo-
phylline. After 50 weeks’ PCA, the theophylline-derived serum
caffeine concentrations become insignificant.

The generally accepted therapeutic range of theophylline
for apnea of prematurity is 6 to 12 mcg/mL. This range is
lower than that which is normally accepted for the treatment of
asthma (10–20 mcg/mL) for several reasons: (a) the higher free
fraction of theophylline found in neonates results in a higher
free concentration at any given total concentration; (b) there is
a significant accumulation of the unmeasured active metabo-
lite, caffeine; and (c) a different mechanism of action for theo-
phylline is being exploited for apnea (i.e., central stimulation
versus bronchodilation for asthma). Although some neonates
may respond to theophylline serum concentrations as low as
2.8 mcg/mL,249 most require concentrations in the generally
accepted therapeutic range.254

DOSING AND ADMINISTRATION
Although oral aminophylline and theophylline are consid-

ered to be well absorbed in the neonate, many neonates ini-
tially have feeding problems when apnea and bradycardia are
present. Therefore, S.M. should initially receive IV therapy,
and an oral nonalcoholic solution can be used when S.M. is
stable and tolerating oral feedings. It should be remembered
that, depending on the specific product used, aminophylline is
80% to 85% theophylline.

An aminophylline IV loading dose of 6 to 7 mg/kg (4.8–
5.6 mg/kg of theophylline) produces theophylline levels of
approximately 6.4 to 7.5 mcg/mL. Most centers use initial
maintenance doses of aminophylline in the range of 1 to 2
mg/kg/dose given Q 8 to 12 hours, with the lower doses in
this range used in younger, more premature infants. For IV ad-
ministration in neonates, aminophylline should be diluted to 1
mg/mL and infused over 20 to 30 minutes.8 An aminophylline
maintenance dose for S.M. of 1.5 mg/kg/dose Q 8 hours should

produce steady-state theophylline serum concentrations in the
midtherapeutic range. Lower doses for S.M., as recommended
by the FDA guidelines (theophylline 1 mg/kg Q 12 hours for
preterm neonates <24 days postnatal age),255 result in serum
concentrations below 5 mcg/mL in most infants less than
40 weeks’ PCA.256 Concomitant drug therapy and disease
states (e.g., hepatic or renal dysfunction) also should be taken
into consideration when selecting initial theophylline doses.

41. S.M. was given aminophylline 6 mg (6 mg/kg of amino-
phylline, 4.8 mg/kg theophylline) as an IV loading dose over
20 minutes. Maintenance doses of 1.5 mg Q 8 hours have been or-
dered. Describe your pharmacotherapeutic monitoring plan for
S.M. Include monitoring parameters for efficacy and toxicity and
duration of therapy.

The goal of methylxanthine therapy in the treatment of ap-
nea of prematurity is to decrease the number of episodes of ap-
nea and bradycardia. Continuous monitoring of HR and RR is
required for proper evaluation. The time, duration, and severity
of episodes, activity of the infant, and any necessary interven-
tion performed should be documented. Relationships between
the apneic episodes and the feeding schedule and volume of
feeds, as well as the dosing schedule of theophylline (e.g.,
trough), should be examined.

Apnea of prematurity usually resolves by 37 weeks’ PCA;
however, it may persist in some infants up to or beyond 40
weeks’ PCA.257 In general, the younger the gestational age of
the infant at birth, the older the PCA at cessation of apnea.
Apnea of prematurity frequently persists beyond 36 weeks’
PCA in infants born at 28 weeks’ gestational age or less, and
persists beyond 40 weeks’ PCA in 22% of infants born at
24 weeks’ gestational age.257 Therefore, methylxanthine ther-
apy usually is discontinued at 35 to 37 weeks’ PCA provided
that the infant has not been having apneic spells.245 Infants re-
quiring therapy for longer periods of time may be discharged
home on methylxanthines with apnea monitors.

Toxicities noted in neonates include tachycardia, agita-
tion, irritability, hyperglycemia, feeding intolerance, gastroe-
sophageal reflux, and emesis or occasional spitting up of food.
Tachycardia is the most common toxicity and usually responds
to a downward adjustment of the theophylline dose. Tachycar-
dia may persist for 1 to 3 days after dosage reductions owing
to the decreased elimination of theophylline-derived caffeine.
Seizures also have been reported with accidental overdoses.
Methylxanthine toxicity can be minimized with careful dosing
and appropriate monitoring of serum concentrations. Serum
theophylline concentrations should be monitored 72 hours after
initiation of therapy or after a change in dosage. Serum concen-
trations of theophylline also should be measured if the infant
experiences an increase in the number of apneic episodes, signs
or symptoms of toxicity, or a significant increase in weight. In
asymptomatic neonates, once steady-state levels are obtained,
theophylline concentrations may be monitored every 2 weeks.

42. S.M. now is 3 weeks old (32 weeks’ PCA) and weighs 1,100 g.
His septic workup was negative. Currently, S.M. has several ap-
neic spells per day, which respond to tactile stimulation; his apneic
episodes have not required ventilatory assistance. S.M. receives
1 mg aminophylline IV Q 8 hours, and his trough theophylline
level this morning was 5.7 mcg/mL. The medical team is consid-
ering switching S.M.’s theophylline therapy to caffeine because
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of possible improved benefits. How does caffeine compare with
theophylline with regard to its pharmacokinetics, efficacy, and
toxicity? What treatment should be selected?

PHARMACOKINETICS
The plasma clearance of caffeine is considerably lower and

the half-life is extremely prolonged in the premature new-
born (Table 94-2). The low clearance is a reflection of the
decreased neonatal hepatic metabolism and a resultant de-
pendence of elimination on the slow urinary excretion. In the
preterm neonate, the amount of caffeine excreted unchanged
in the urine is 85%, compared with <2% in adults. Adult uri-
nary metabolite patterns are seen by 7 to 9 months of age.258

The half-life of caffeine decreases with increasing PCA259 and
plasma clearance reaches adult levels after 3 to 4.5 months of
life.260 As a result of the maturational changes, doses usually
need to be adjusted after 38 weeks’ PCA and dosing intervals
need to be shortened to 8 hours after 50 weeks’ PCA.259

EFFICACY, TOXICITY, AND DOSING
Comparative studies have found similar efficacy for theo-

phylline and caffeine in the control of apnea of prematurity.261

Caffeine, however, may have some advantages over theo-
phylline, including a wider therapeutic index. Adverse effects
such as tachycardia, CNS excitation, and feeding intolerance
are reported more frequently with theophylline than with caf-
feine. The prolonged half-life of caffeine in premature neonates
results in less fluctuation in plasma concentrations and permits
the use of a 24-hour dosing interval. Because the half-life is
prolonged and dosing requirements do not change quickly over
time, caffeine serum concentrations can be monitored less fre-
quently. Loading doses of 10 mg/kg of caffeine base (20 mg/kg
of caffeine citrate), followed 24 hours later by maintenance
doses of 2.5 mg/kg (5 mg/kg caffeine citrate) given daily main-
tain plasma caffeine concentrations in the therapeutic range
(5–20 mcg/mL). Loading doses of caffeine citrate are recom-
mended to be given IV over 30 minutes using a syringe infu-
sion pump. Maintenance doses can be administered IV over 10
minutes or given orally.105 Because of the longer half-life, in-
fants receiving caffeine must be monitored for a longer period
of time (e.g., for 7–10 days) for adverse effects if toxicities
occur and for efficacy once the medication is discontinued.
Another disadvantage of caffeine is its high cost. Although
infants who are unresponsive to theophylline may respond to
caffeine,262 S.M.’s theophylline therapy presently is not opti-
mized; his serum concentration is <6 mcg/mL. S.M. seems to
have partially responded to theophylline and may benefit from
an increase in the dose with resultant therapeutic serum con-
centrations. S.M.’s aminophylline dose should be increased to
1.5 mg every 8 hours to achieve serum concentrations of ap-
proximately 8 mcg/mL. Caffeine may have several advantages
over theophylline. Now that a preservative-free caffeine citrate
product is available in the United States,105 its use is increas-
ing. It is important to remember that another IV caffeine prod-
uct is marketed in the United States as the sodium benzoate
salt. Benzoic acid has been associated with the gasping syn-
drome and also may displace bilirubin from albumin-binding
sites.39,40 Because of these toxicities, the caffeine sodium ben-
zoate product should not be used in neonates.

The short- and long-term safety and efficacy of caffeine to
treat apnea of prematurity in VLBW infants was studied in

a large, randomized, placebo-controlled trial.109,263 Caffeine
significantly decreased the frequency of BPD.109 Infants who
received caffeine were able to have positive airway pressure
discontinued 1 week sooner than those receiving placebo. Al-
though caffeine reduced weight gain, the effect was only tem-
porary (during the first 3 weeks of therapy). No significant
short-term effects of caffeine on death rates, ultrasonographic
signs of brain injury, or NEC were identified. In a follow-
up study at 18 to 21 months’ corrected age, caffeine signif-
icantly improved the rates of survival without neurodevelop-
mental disability; no difference in death rates were observed
between caffeine and placebo, but the incidence of cerebral
palsy and cognitive delay were both decreased in infants re-
ceiving caffeine.263

Other Agents

43. S.M.’s dose of theophylline has been optimized and theo-
phylline serum concentrations now are 12.4 mcg/mL. S.M. con-
tinues to have apneic episodes. What other pharmacologic agents
can be used?

Doxapram, an analeptic agent, has been shown to be
as effective as theophylline for the treatment of apnea of
prematurity.264,265 Because of the limited number of investi-
gations and uncertain side effects, however, doxapram should
be restricted to patients who are refractory to methylxanthine
therapy. In addition, the IV preparation commercially avail-
able in the United States contains 0.9% benzyl alcohol and
should be used with caution. Although doses are not well
defined, a loading dose of 2.5 to 3 mg/kg given IV over 15
to 30 minutes followed by a 1 mg/kg/hr continuous infusion
has been recommended. Doses may be increased by 0.5 mg/
kg/hour increments to a maximum dose of 2.5 mg/kg/hour.
Lower doses have been used in infants receiving concomitant
methylxanthine therapy with approximately 50% responding
to IV doxapram doses of 0.5 mg/kg/hour.266 A few studies
have administered doxapram enterally; however, bioavailabil-
ity in preterm newborns is not well defined267 and routine use
of oral doxapram cannot be recommended.268 Side effects as-
sociated with doxapram include cardiovascular problems such
as increased BP (usually with doses >1.5 mg/kg/hour)266 and
second-degree atrioventricular heart block with prolonged QT
interval269; GI disturbances such as abdominal distention, re-
gurgitation, increased gastric residuals, and vomiting; and CNS
adverse effects such as increased agitation, excessive crying,
jitteriness, irritability, disturbed sleep, and seizures. Further
studies of doxapram are needed to better delineate its adverse
effects and to help define its safety and efficacy for the treat-
ment of apnea of prematurity.

PERIVENTRICULAR–INTRAVENTRICULAR HEMORRHAGE
Pathogenesis

44. M.C., a 3-day-old male infant, was born at 28 weeks’ ges-
tation with a birth-weight of 980 g. He was intubated shortly
after birth for respiratory distress and last night developed a
pneumothorax. This morning, M.C. required a blood transfu-
sion because of a significant drop in hematocrit. Hypotension,
hypotonia, and decreased responsiveness now are noted on phys-
ical examination. An ultrasound of the infant’s head was ordered
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to confirm the suspicion of an intraventricular bleed. What fac-
tors are associated with an increased risk for the development of
periventricular–intraventricular hemorrhage (PV-IVH)?

PV-IVH is a significant cause of death among premature
newborns and is one of the most common serious neurologic
injuries that occurs during the neonatal period. The incidence
and severity of PV-IVH is inversely related to gestational age,
with the highest frequency occurring in the most immature
neonates.270 PV-IVH occurs in approximately 3% of healthy,
term newborns, in >20% of premature newborns <1,500 g
birth-weight, and in >60% of preterm infants <700 g birth-
weight.271,272

The most common site of origin of the hemorrhage is the
periventricular germinal matrix, a highly vascularized cellu-
lar region that contains neuronal precursor cells. This vascular
network, which is prominent at 26 to 34 weeks’ gestational
age, contains poorly supported blood vessels that are fragile
and vulnerable to injury.270 Most factors associated with an in-
creased risk of PV-IVH alter cerebral blood flow or arterial BP,
which results in damage to these vessels. M.C. has two risk fac-
tors that are strongly associated with PV-IVH: prematurity and
acute respiratory failure requiring mechanical ventilation.270

Other associated risk factors include pneumothorax (which
M.C. also has), hypotension, hypertension, hypoxia, hyper-
capnia, asphyxia, acidosis, rapid volume expansion, coag-
ulation defects, infusion of hyperosmolar substances (e.g.,
sodium bicarbonate), hypernatremia, hyperglycemia, seizures,
PDA, heparin use, tracheal suctioning, and inadvertent nox-
ious stimulation.270–273 The use of low-dose heparin in umbil-
ical catheter infusions (1 unit/mL) may not increase the risk of
PV-IVH, but larger studies are required.274

Common signs and symptoms of PV-IVH include hypoten-
sion, hypotonia, a drop in hematocrit, and a decrease in re-
sponsiveness as illustrated by M.C. Apnea, oculomotor dis-
turbances, areflexia, tonic posturing, flaccid quadriparesis,
seizures, and death also may occur.275 Prognosis for normal
neurologic development in survivors depends on location and
severity of the bleed. Mild hemorrhages (grade I, isolated ger-
minal matrix hemorrhage; grade II, hemorrhage extending into
normal-size ventricles) have a better prognosis, but may result
in cognitive deficits such as reading disabilities or other learn-
ing problems. Approximately 10% of infants with mild hem-
orrhages develop a major disability, such as spastic diplegia.
Infants with moderate (grade III, hemorrhage extending into
enlarged ventricles) or severe hemorrhages (grade IV, intra-
parenchymal hemorrhage) do worse with an increase in major
motor (e.g., spastic hemiparesis, quadriplegia) and intellectual
deficits. Infants with moderate and severe bleeds also are more
likely to develop posthemorrhagic hydrocephalus and seizure
activity. Those with severe hemorrhage have a higher mortality
rate.270

Treatment

45. How is PV-IVH managed and what therapies have been in-
vestigated to prevent PV-IVH?

Management and prevention of PV-IVH include the reduc-
tion or elimination of known risk factors. Because prematu-
rity is a major risk factor, prevention of premature birth is
the most effective way to eliminate PV-IVH. However, ante-
natal tocolytic agents such as maternal β-sympathomimetics
and indomethacin have been shown to increase the incidence

of IVH in infants.272,273 Other antenatal pharmacologic agents
(magnesium sulfate, phenobarbital, vitamin K, and cortico-
steroids) have been investigated to reduce PV-IVH, but only an-
tenatal corticosteroids are currently recommended.64,270,272,273

Antenatal maternal corticosteroids significantly reduce the in-
cidence and severity of PV-IVH (as well as the incidence of
RDS and infant mortality).64,272 Corticosteroids may prevent
PV-IVH by stabilizing or promoting maturation of the endothe-
lium of the fragile blood vessels of the germinal matrix.270,273

Because even partial courses of maternal corticosteroids are
beneficial, M.C may have benefited from prompt treatment of
his mother with corticosteroids as soon as the risk for preterm
delivery was identified (see Respiratory Distress Syndrome
section).64,271,273

To prevent PV-IVH after birth, wide variations in BP and
cerebral blood flow, abnormalities in serum osmolality and
blood gases, and noxious stimulations should be avoided. Sev-
eral postnatal pharmacologic agents, including phenobarbital,
indomethacin, ibuprofen, ethamsylate, vitamin E, and pan-
curonium have been investigated for the prevention of PV-
IVH.270 At present, none are widely accepted for routine use in
newborn infants. Of the agents studied, low-dose indomethacin
offers the best potential for PV-IVH prophylaxis.272,276 A
multicenter, randomized, placebo-controlled trial using in-
domethacin (0.1 mg/kg/dose IV at 6–12 hours after birth and
every 24 hours for two additional doses) significantly lowered
the incidence and severity of IVH in neonates of weighing 600
to 1,250 g at birth.276 Postnatal low-dose indomethacin ther-
apy also significantly lowered the incidence of IVH in infants
whose mothers received antenatal corticosteroid therapy.277

Indomethacin, a cyclo-oxygenase inhibitor, may prevent
IVH by reducing the synthesis of vasodilating prostanoids and
prostaglandins. This results in a decrease in baseline cerebral
blood flow and changes in cerebral blood flow modulation. In-
hibition of cyclo-oxygenase also may decrease formation of
harmful free radicals. Because indomethacin lowers cerebral
blood flow, concerns about increased risks of cerebral ischemic
injury and neurodevelopmental handicaps exist. One follow-
up study conducted at 36 months of corrected age showed that
low-dose indomethacin did not result in any adverse cognitive
or motor outcomes.277 Although this seems promising, further
long-term follow-up investigations are needed before the use
of low-dose indomethacin in premature infants can be recom-
mended universally.271,273

In animal studies, ibuprofen enhances cerebral blood flow
autoregulation and may offer neuroprotection after oxidative
stress.152 However, in clinical trials, IV ibuprofen did not pre-
vent IVH. In two placebo-controlled double-blind, randomized
studies of early administration of ibuprofen (within 6 hours
after birth), ibuprofen did not reduce the frequency of IVH
(grades II–IV).161,278 In addition, comparative trials of ibupro-
fen and indomethacin for the treatment of PDA did not find sig-
nificant differences in the incidence IVH.153 Thus, ibuprofen
has no proven effect on IVH risk and cannot be recommended.

NEONATAL SEIZURES
Pathogenesis and Diagnosis

46. F.H., a term female newborn (weight 3.5 kg), has a history of
perinatal asphyxia. Apgar scores were 2 and 4 at 1 and 5 minutes,
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respectively. Forty-eight hours after birth, F.H. begins to have
rhythmic clonic twitching of the right hand, repetitive chewing
movements, fluttering of the eyelids, and occasional pendular
movements of the extremities that resemble swimming motions.
What interventions should be initiated immediately for F.H.?

Seizure activity may be difficult to recognize in the term or
premature neonate. Because of the immaturity of the cortex,
neonatal seizures rarely are generalized tonic–clonic events,
but can be clonic (focal or multifocal), tonic (focal or gener-
alized), myoclonic (focal, multifocal, or generalized), or sub-
tle in nature.279 Subtle seizures include activities such as ab-
normal oral–buccal–lingual movements; ocular movements;
swimming, pedaling, or stepping movements; and occasion-
ally apnea.275 In addition, autonomic nervous system signs
such as changes in HR, BP, respirations, skin color, oxygena-
tion, salivation, or pupil size may occur.280 Clinical neonatal
seizures may or may not be associated with EEG changes.280

Neonatal seizure activity is a common manifestation of a
life-threatening underlying neurologic process (Table 94-10);

therefore, initial efforts may not include antiepileptic drug ther-
apy. Definitive treatment is directed toward specific identified
etiologies. The acute evaluation of neonatal seizures includes
assessment of the infant’s airway, breathing, and circulation and
a review of the infant’s history, physical examination, and labo-
ratory studies. Every neonate with seizure activity should have
a bedside determination of glucose; laboratory determinations
of serum electrolytes, including sodium, BUN, glucose, cal-
cium (Ca), and magnesium (Mg); blood gases; bilirubin; and
an infectious disease workup, including CBC with platelets,
blood culture, urine culture, lumbar puncture with CSF analy-
sis (cell count, protein, glucose), and CSF culture.275,279 Treat-
ment with antiepileptic drugs is indicated after correction of
known electrolyte abnormalities. Antiepileptic drug therapy
can be initiated (after correction of hypoglycemia) while lab-
oratory test results are pending.

If these tests do not reveal any abnormalities, an EEG,
metabolic disease workup (e.g., serum ammonia, lactate, pyru-
vate; serum and urine amino and organic acids), and screen-
ing of blood and urine for drugs can be performed.275,279,280

Table 94-10 Causes of Neonatal Seizures

Metabolic

Hypoxic—ischemia (i.e., asphyxia)
Hypoxia
Hypoglycemia
Hypocalcemia

Hypoglycemia
Intrauterine growth retardation
Infant of a diabetic mother
Glycogen storage disease
Galactosemia
Idiopathic

Hypocalcemia
Hypomagnesemia
Infant of a diabetic mother
Neonatal hypoparathyroidism
Maternal hyperparathyroidism
High phosphate load

Other electrolyte imbalances
Hypernatremia
Hyponatremia

Cerebrovascular Lesions (other than trauma)

Cerebral infarction (thrombotic versus embolic) ischemic versus
hemorrhagic

Cortical vein thrombosis

Trauma

Subarachnoid hemorrhage
Intracranial hemorrhage
Subdural/epidural hematoma
Intraventricular hemorrhage

Infections

Bacterial meningitis
Viral-induced encephalitis
Congenital infections

Herpes

Cytomegalovirus
Toxoplasmosis
Syphilis
Coxsackie meningoencephalitis
AIDS

Brain abscess

Brain Anomalies (cerebral dysgenesis from either
congenital or acquired courses)

Drug Withdrawal or Toxins

Prenatal substance: methadone, heroin, barbiturate, cocaine, etc.
Prescribed medications: propoxyphene, isoniazid
Local anesthetics
Bilirubin

Hypertensive Encephalopathy

Amino Acid Metabolism

Branched-chain amino acidopathies
Urea-cycle abnormalities
Nonketotic hyperglycinemia
Ketotic hyperglycinemia

Pyridoxine Dependency

Familial Seizures

Neurocutaneous syndromes
Tuberous sclerosis
Incontinentia pigmenti
Autosomal-dominant neonatal seizures

Selected Genetic Syndrome

Zellweger syndrome
Neonatal adrenal leukodystrophy
Smith-Lemli-Opitz syndrome

Adapted with permission from reference 280.
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Intrauterine infections associated with congenital neurologic
abnormalities and seizures can be identified by obtainment
of TORCH titers (see Question 37). Cranial ultrasounds, CT
scans, and MRIs may be obtained to identify infarcts, hem-
orrhages, calcifications, or cerebral malformations that may
cause seizure activity.275,281

47. The physician assesses F.H. as having adequate ventilation
and circulation. She establishes an IV line and sends blood sam-
ples for electrolytes, Ca, and Mg. A Chemstrip reveals a blood
glucose of 20 mg/dL. What is your assessment and recommenda-
tion at this time?

Hypoglycemia seems to be the cause of F.H.’s seizure ac-
tivity. Hypoxic ischemic encephalopathy (secondary to as-
phyxia), however, is the most common cause of neonatal
seizures. Hypoxic ischemic encephalopathy can be associated
with metabolic abnormalities such as hypoglycemia, hypocal-
cemia, and hyponatremia (owing to inappropriate secretion of
antidiuretic hormone). Hypocalcemia may also be accompa-
nied by hypomagnesemia.280 Hypoglycemia is defined as a
whole blood glucose <20 mg/dL for premature infants and
<30 mg/dL for term infants during the first 72 hours of life
and <40 mg/dL for any neonate after 72 hours of age. In clin-
ical practice, however, a glucose <40 mg/dL in a neonate of
any age would be treated.282

F.H. should receive an IV bolus dose of 7 to 14 mL (2–4
mL/kg) of dextrose 10% (200–400 mg/kg) given over 2 to 3
minutes, followed by a continuous infusion of dextrose 10%
at an initial dose of 12.6 to 16.8 mL/hour (6–8 mg/kg/minute
or 3.6–4.8 mL/kg/hour).281 Serum glucose levels should be
monitored, and the dextrose infusion should be titrated as
needed. If hypoglycemia persists, possible causes such as islet
tumor of the pancreas, adrenal insufficiency, and inborn er-
rors of metabolism should be investigated. Corticosteroids,
glucagon, and diazoxide have been used to treat persistent
hypoglycemia.282

Treatment of Hypocalcemia and Hypomagnesemia

48. The physician administers 10 mL (1 g) of 10% dextrose
solution IV and starts an IV infusion of glucose at 8 mg/kg/min.
A repeat Chemstrip reveals a blood glucose of 80 mg/dL, but F.H.
continues to have seizure activity. F.H.’s laboratory results come
back with the following results: Na, 137 mEq/L; K, 4.3 mEq/L;
CO2, 22 mEq/L; Cl, 104 mEq/L; BUN, 7 mg/dL; SrCr, 0.7 mg/dL;
glucose, 25 mg/dL; Mg, 1.0 mEq/L; and Ca, 5 mg/dL. What should
be done next to control F.H.’s seizures?

[SI units: Na, 137 mmol/L; K, 4.3 mmol/L; CO2, 22 mmol/L; Cl, 104

mmol/L; BUN, 2.5 mmol/L of urea; SrCr, 61.9 μmol/L; glucose, 1.4 mmol/L;

Mg, 0.5 mmol/L; Ca, 1.25 mmol/L]

F.H. also has hypocalcemia and hypomagnesemia, both of
which may cause seizure activity. Neonatal hypocalcemia is de-
fined as a serum calcium <7.5 mg/dL in preterm and <8 mg/dL
in term infants280 or an ionized serum calcium <3 mg/dL.281

Hypomagnesemia (defined as a serum magnesium <1.5
mEq/L) is rare but may coexist with hypocalcemia. Hypomag-
nesemia should be suspected when hypocalcemia cannot be
corrected despite large doses of calcium.283

F.H. should receive calcium gluconate 700 mg (200 mg/kg)
given slowly intravenously as a 10% solution280 and magne-
sium sulfate 25 to 50 mg/kg/dose (0.2–0.4 mEq/kg/dose) IM as
a 50% solution or intravenously as a dilute solution (maximum
concentration, 100 mg/mL) administered over 2 to 4 hours.8

Doses of calcium gluconate and magnesium sulfate may be
repeated based on serum determinations. If IV calcium is ad-
ministered too quickly, vasodilation, hypotension, bradycardia,
and cardiac arrhythmias may occur. Calcium gluconate may be
administered intravenously at a maximum rate of 50 mg/min
while monitoring HR, BP, and electrocardiogram (ECG).8 To
avoid IV extravasation with resultant severe dermal necrosis,
calcium salts should be administered through a properly work-
ing IV line, and the IV site should be monitored for signs of
infiltration.

Treatment With Antiepileptic Drugs

49. Despite normalization of her laboratory tests, F.H. contin-
ues to have seizure activity. Phenobarbital 35 mg IV push over
1 minute is administered. Ten minutes later, F.H. continues to
have intermittent seizure activity. Describe a pharmacotherapeu-
tic plan to control F.H.’s seizure activity.

Phenobarbital is the initial antiepileptic drug of choice for
neonatal seizures; phenytoin and lorazepam usually are con-
sidered the second and third drugs of choice.284 Because of the
large Vd of phenobarbital in neonates (approximately 1 L/kg),
large initial loading doses of 20 mg/kg are required to pro-
duce therapeutic serum concentrations (Table 94-11). Because
F.H. received only a 10-mg/kg dose (35 mg) of phenobarbital,
an additional 10 mg/kg should be given now. Phenobarbital
should be administered IV at a rate of ≤1 mg/kg/minute,8 so a
35-mg dose should be given over at least 10 minutes, not over 1
minute. Rapid administration of phenobarbital may cause res-
piratory depression, apnea, or hypotension. If F.H. continues
to have seizure activity after a total phenobarbital loading dose
of 20 mg/kg, additional 5- to 10-mg/kg loading doses may be
given every 15 to 20 minutes as needed up to a total loading
dose of 40 mg/kg. Ventilatory support may be required when
using these higher doses, and serum phenobarbital concentra-
tions should be monitored. Phenobarbital’s therapeutic effect
of controlling neonatal seizures plateaus at serum concentra-
tions of 40 mcg/mL; adverse effects increase at higher serum
concentrations.285

If seizure activity is not controlled in F.H. (despite opti-
mal phenobarbital loading doses), a phenytoin loading dose
of 70 mg (20 mg/kg) should be administered IV at a rate
≤0.5 mg/kg/minute.8,279 Rapid IV administration of pheny-
toin may cause cardiac arrhythmias, bradycardia, or hypoten-
sion. Phenytoin also may cause severe damage to tissues if
extravasation occurs. Therefore, BP, HR, ECG, and the IV site
of infusion should be monitored. Recently, fosphenytoin, the
diphosphate ester salt of phenytoin, became available in the
United States for IV and IM use in adults.8 Fosphenytoin is
a water-soluble prodrug of phenytoin that undergoes conver-
sion by plasma and tissue esterases to phenytoin, phosphate,
and formaldehyde. Fosphenytoin has several advantages over
phenytoin. Because of its greater water solubility, the IV prepa-
ration does not contain propylene glycol, and thus fospheny-
toin may have fewer cardiovascular adverse effects associated
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Table 94-11 Pharmacotherapy of Neonatal Seizuresa8

Drug Loading Dose Maintenance Dose Therapeutic Concentration

Phenobarbital IV: Initial: 20 mg/kg then 5–10 mg/kg Q 15–20 min
if needed until total load of 40 mg/kg

IV PO: Initial: Premature: 3 mg/kg/day
Term: 4 mg/kg/day
May need to ↑ to 4–5 mg/kg/day by 2–4 weeks of

therapy

20–40 mcg/mL

Phenytoin IV: 15–20 mg/kg IV: Initial: 5 mg/kg/day
May need to ↑ to ≥10 mg/kg/day by 2–4 weeks of

therapy

8–15 mcg/mL

Lorazepam IV: 0.05–0.1 mg/kg May repeat doses if needed Q 10–15 min
Diazepam IV: 0.1–0.3 mg/kg May repeat doses if needed Q 10–15 min
Midazolam IV: Initial bolus dose of 0.15 mg/kg has been used

in some studies; however, for safety reasons, this
bolus dose should not be given if the neonate has
received an IV dose of a benzodiazepine

IV continuous infusion: Initial: 0.05 mg/kg/hr; ↑ by
0.025 mg/kg/hr increments; usual maximum 0.4
mg/kg/hr; some studies reported neonates who
required doses up to 1 mg/kg/hr

Pyridoxine IV: 50–100 mg IV PO: 20–50 mg/day; ↑ dose PRN with age
Valproic acid PO: 20 mg/kg PO: 10 mg/kg/dose Q 12 hr 40–50 mcg/mL

aSee text for comments on appropriate IV administration and monitoring.
IV, intravenous; PO, oral.

with IV administration. Unlike phenytoin, fosphenytoin’s more
neutral pH also allows for IM administration. Unfortunately,
appropriate clinical studies of fosphenytoin in neonates have
not yet been conducted. Unanswered concerns about the neona-
tal handling of formaldehyde also exist. Currently, routine use
of fosphenytoin in neonates cannot be recommended. Studies
assessing the safety, efficacy, and optimal dosing are needed.

Lorazepam or diazepam may be used to treat F.H.’s seizures
if they are unresponsive to phenobarbital and phenytoin.286,287

Although lorazepam offers the advantage of a longer duration
of effect than diazepam, the use of either agent (especially in
combination with phenobarbital) may cause respiratory and
CNS depression. RR, BP, and HR should be monitored. Both
IV preparations contain propylene glycol and benzyl alcohol.
Although these substances have been reported to cause toxic-
ities in newborns, the actual amount administered when using
appropriate benzodiazepine doses is minimal and should not
pose a significant risk.286 Doses of lorazepam should be di-
luted with an equal volume of D5W, normal saline, or sterile
water for injection before IV use and administered slowly over
2 to 5 minutes. The relatively high concentration of diazepam
injection (which results in <0.1-mL doses) and its physical
incompatibility with most diluents, make it impractical to use
in small neonates. As a result, lorazepam has become the pre-
ferred benzodiazepine in many neonatal ICUs.

If seizure activity continues in F.H., continuous IV
infusion of midazolam, or oral levetiracetam should be
considered.280,288–290 An IV formulation of levetiracetam is
commercially available in the United States. Although not ap-
proved for use in neonates, some neonatal centers use the oral
dosing recommendations for the IV formulation because the
two forms are bioequivalent.8 However, the optimal neonatal
dose of levetiracetam has not been established. Neonatal case
reports have used doses from studies in pediatric patients.290

Given that levetiracetam is primarily excreted via the kidney
(66% of a dose is excreted as unchanged drug in the urine)
and that the renal function of neonates is decreased compared
with older infants, prudence dictates using conservative dose
titration and close monitoring of adverse effects. Oral carba-

mazepine, primidone, lamotrigine, or valproic acid (IV, oral)
have also been used to treat neonatal seizures in limited num-
bers of patients.279,291,292 Because the risk of valproic acid-
associated hepatotoxicity is higher for patients <2 years of
age, this drug is not a preferred agent for use in neonates.8

IV pyridoxine should be considered when seizure activity per-
sists. Pyridoxine is a cofactor required for the synthesis of
the inhibitory neurotransmitter γ -aminobutyric acid (GABA).
Patients with pyridoxine dependency require higher amounts
of pyridoxine for proper GABA synthesis. Pyridoxine depen-
dency is a rare disorder, but should be considered in neonates
with seizure activity unresponsive to antiepileptic drug therapy.
Lifelong supplementation of pyridoxine is required in these
patients.280

Antiepileptic Drug Maintenance Doses

50. F.H.’s seizure activity stopped after receiving a total load-
ing dose of 105 mg of phenobarbital and 70 mg of phenytoin. A
serum phenobarbital concentration of 35 mcg/mL and a pheny-
toin concentration of 17 mcg/mL were measured 1 hour after the
phenytoin loading dose (2 hours after the last phenobarbital load-
ing dose). How should maintenance doses of antiepileptic drugs
be instituted in F.H.?

It is not surprising that F.H. required both phenobarbital
and phenytoin to control her seizures. Although phenobarbi-
tal and phenytoin are equally effective, neonatal seizures are
controlled in fewer than 50% of neonates with either agent
alone. When both agents are used together, neonatal seizures
are controlled in approximately 60% of neonates.293

F.H. should be placed on maintenance doses of both phe-
nobarbital and phenytoin because both drugs were needed to
control her seizure activity. Because the half-life of phenobar-
bital is prolonged in neonates (about 100–150 hours), mainte-
nance doses can be instituted 24 hours after the loading dose
at 3 to 4 mg/kg/day280,294 as a single daily dose (Table 94-11).
Although this newborn is term, she should receive a lower dose
of phenobarbital (2.5–3 mg/kg/day) because of her history of
asphyxia. Asphyxiated neonates have impaired phenobarbital
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clearance and therefore require lower maintenance doses than
nonasphyxiated neonates to achieve similar phenobarbital
serum concentrations.43 Maintenance doses of phenytoin (3–4
mg/kg/day given in divided doses Q 12 hours) may be initi-
ated 12 to 24 hours after the loading dose. Serum concentra-
tions of these agents should be monitored periodically because
maintenance dose requirements increase over time (usually by
week 2–4 of therapy).294 This may be due to a normal matura-
tion of hepatic enzyme systems with age or induction of P450
enzymes. In neonates, oral phenytoin is poorly absorbed and
should be avoided in the acute setting. A routine 25% increase
in the dose is needed when converting IV phenytoin to oral
to attain similar serum concentrations. In addition, after 2 to 4
weeks of age, dosing intervals of every 8 hours may be needed.

The optimal duration of anticonvulsant treatment of neona-
tal seizures has not been clearly established. Typically, anticon-
vulsants are continued for approximately 6 months in neonates
with persistently abnormal neurologic examinations. Because
of the potential long-term toxicities of these medications and
the low risk of seizure recurrence, anticonvulsants are gener-
ally discontinued before discharge if the neonate’s neurologic
examination and EEG are normal.295 However, the duration of
anticonvulsant medications should be individualized.

NEONATAL ABSTINENCE SYNDROME
A disturbing incidence of maternal substance abuse and asso-
ciated obstetric and neonatal complications exists.296,297 Drugs
such as alcohol, opiates, barbiturates, and benzodiazepines
readily cross the placenta and may induce fetal dependency.
In addition to the neonatal abstinence syndrome (NAS), other
problems seen in infants of addicted mothers must be recog-
nized to optimize patient care. In utero exposure to drugs of
abuse may have serious short- and long-term consequences on
fetal growth, physiological functions, and neurologic develop-
ment. The use of cocaine during pregnancy may cause com-
plications such as fetal distress, preterm labor, spontaneous
abortion, abruptio placentae, stillbirths, or congenital malfor-
mations and may place the infant at a higher risk for IVH and
NEC.296,298 Intrauterine growth retardation and sudden infant
death syndrome have been associated with heroin, methadone,
and cocaine abuse during pregnancy.296,297 Neonatal systolic
hypertension, abnormal thyroid function, hyperbilirubinemia,
thrombocytosis, and increased platelet aggregation have been
reported with maternal methadone use.296 The increase of
polydrug abuse during pregnancy also may complicate treat-
ment.

Although environmental, familial, and neonatal coexisting
factors (such as prematurity and low birth-weight) need to
be considered, investigations assessing neurobehavioral de-
velopment suggest that drug-exposed infants may be at a
greater risk for certain learning, developmental, and behavioral
problems.296 For example, infants born to narcotic-dependent
mothers may have later difficulties with short-term memory,
attention, concentration, and general processing of perception.
Delayed language development has been noted for methadone-
and cocaine-exposed infants. Hyperactivity, aggressiveness,
impulsiveness, uncontrollable temper, and other behavioral
problems have been reported in follow-up studies of infants
of drug-dependent mothers.296 Investigations that control for
confounding factors are needed to fully assess the long-term

neurobehavioral outcomes of drug-exposed infants and the
long-term effects of currently recommended therapies.299

Adverse neonatal effects from the maternal use of selec-
tive serotonin reuptake inhibitors (SSRIs) during pregnancy
have been reported. First trimester exposure to SSRIs may in-
crease the risk of congenital cardiovascular malformations;
antenatal exposure to paroxetine has been associated with an
increased risk of cardiac defects (e.g., ventricular or atrial sep-
tal defects).300,301 Late pregnancy SSRI exposure is associated
with an increased risk for persistent pulmonary hypertension of
the newborn and the neonatal behavioral syndrome.302,303 This
syndrome includes respiratory distress, tremors, jitteriness, in-
creased muscle tone, feeding difficulties, seizures, and temper-
ature instability. However, it is unknown whether these symp-
toms are due to toxic effects of SSRIs or drug withdrawal.302

To help reduce the incidence of neonatal behavioral syn-
drome, physicians should try to taper maternal SSRIs in late
pregnancy. Unfortunately, it is unknown whether tapering of
SSRIs in high-risk patients could complicate labor and deliv-
ery. Therefore, it is important to assess the risks and benefits
and use SSRIs with caution during pregnancy.

Clinical Presentation

51. A.K., a 38-week gestation, 2,000-g, small-for-gestational-age
female, was born to a gravida 3 para 2 mother with a history of
frequent heroin use during pregnancy. A.K.’s mother was enrolled
in a methadone maintenance program 1 month ago, and her last
dose of methadone was 12 hours before delivery. On further ques-
tioning, A.K.’s mother admits to the continued use of heroin and
occasional use of crack cocaine. Her last “fix” was 3 hours before
delivery. On the first day of life, A.K. became restless, irritable,
and tachypneic, and displayed spontaneous tremors and a high-
pitched cry. A.K. developed vomiting and diarrhea on day 2 of life
after starting feedings with a standard formula. Although A.K.
frequently suckled on her fist, she was not able to suckle properly
while feeding. A.K.’s drug screen was positive for cocaine, opi-
ates, and methadone. What clinical symptoms of NAS does A.K.
demonstrate? How do the onset, severity, and duration of NAS
vary with various commonly abused substances?

Symptoms of drug withdrawal occur in 30% of infants
exposed to SSRIs in utero and 50% to 90% of infants
born to narcotic-dependent mothers, with a higher incidence
for methadone (70%–90%) compared with heroin (50%–
75%).296,304 NAS is a generalized disorder characterized by
CNS hyperirritability (e.g., hyperactivity, irritability, high-
pitched or prolonged cry, hyperreflexia, fist sucking, abnormal
sleep pattern, tremor, myoclonic jerks, and rarely, seizures),
respiratory difficulties (e.g., stuffy nose, rhinorrhea, respi-
ratory distress, tachypnea, respiratory alkalosis, and apnea),
GI dysfunction (e.g., regurgitation, drooling, vomiting, diar-
rhea, hyperphagia, uncoordinated suck and swallow reflex, and
poor feeding), and vague autonomic symptoms (e.g., sneezing,
yawning, hiccups, sweating, lacrimation, hyperthermia or hy-
pothermia, and skin mottling).296,297,299

The onset, severity, and duration of NAS may be influenced
by many factors, including the specific drug(s) abused, dura-
tion of drug exposure, timing and amount of the mother’s last
dose before delivery, elimination of the drug by the infant,
and the gestational age of the infant at birth.297–299,305 Preterm
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infants display a less severe abstinence syndrome compared
with term infants, possibly because of their CNS immatu-
rity or a decreased total in utero drug exposure.306 Neonatal
methadone withdrawal may be more severe than heroin with-
drawal and is associated with a higher incidence of seizures
(10%–20%).296 Withdrawal from non-narcotic drugs usually
is less severe, but can also be associated with seizures.307 Typ-
ically, the cocaine-exposed newborn is hypertonic when alert,
irritable, and tremulous. Infants may display decreased interac-
tive behavior, disorganized sleeping and feeding patterns, ab-
normal cry patterns, seizures, and may be intermittently lethar-
gic. These symptoms are considered to be signs of cocaine
toxicity rather than withdrawal.297,307

The onset of narcotic drug withdrawal ranges from minutes
after delivery to 2 weeks of age, with most symptoms appearing
within 72 hours.297–299 Withdrawal from methadone, however,
may be delayed in some infants, with symptoms presenting as
late as 2 to 4 weeks of age.296,298 Similarly, symptoms of barbi-
turate withdrawal can appear as late as 10 to 14 days.298,299,305

The long elimination half-life of these abused substances con-
tributes to the delayed onset of drug withdrawal (and possibly
a greater duration of symptoms). Major symptoms of opiate
withdrawal usually continue for 2 to 3 weeks, but subacute
signs may persist for 2 to 6 months.297–299,307 In mild cases,
significant symptoms may subside within a week. The onset
of SSRI withdrawal ranges from birth to 3 weeks of life with
duration ranging from 2 days to 2 weeks.302 Maternal poly-
drug abuse, as seen in A.K., may result in biphasic patterns or
recurrence of abstinence syndrome.299

A.K.’s presentation is consistent with neonatal narcotic ab-
stinence syndrome. However, clinical manifestations of NAS
are similar to other serious neonatal diseases. Disorders such as
infection (sepsis, meningitis), metabolic abnormalities (hypo-
glycemia, hypocalcemia, hypomagnesemia, hypothermia), en-
docrine dysfunction (adrenal insufficiency, hyperthyroidism),
and CNS abnormalities (hemorrhage and anoxia) must be ruled
out before specific neonatal abstinence therapy is begun.297,307

Failure to recognize and treat these diseases would have dire
consequences for A.K. A.K. also may be at risk for hepatitis
and sexually transmitted diseases, including the HIV. There-
fore, an accurate maternal history or testing also should be
performed.

Treatment

52. What initial therapy is recommended for A.K.’s narcotic
withdrawal symptoms?

Supportive Care
Because pharmacologic therapy may prolong A.K.’s hospital
stay or expose her to unnecessary adverse effects, initial treat-
ment should include nonpharmacologic measures directed at
decreasing sensory stimulation. Provision of a quiet, dark,
warm environment, gentle handling, and swaddling can be
beneficial. Use of a pacifier for non-nutritive, excessive suck-
ing also may help. Hypercaloric formulas (24 cal/oz) should
be given as frequent small feedings to supply the additional
calories that these infants require (150–250 cal/kg/day).307

Changes in severity of symptoms, vital signs, sleeping and
feeding patterns, and weight loss or gain should be monitored.

Successful management of 40% to 50% of symptomatic infants
can be accomplished with supportive care alone.297 In addition,
most infants who are exposed to cocaine as the primary drug
of abuse can be managed successfully without pharmacologic
intervention.297 Although most infants exposed to SSRIs re-
quire no pharmacologic treatment, some infants may benefit
from supportive care measures that are commonly used to treat
infants with neonatal opioid withdrawal. However, this inter-
vention has not been evaluated in a controlled trials. Infants
who have severe signs of SSRI-related withdrawal/toxicity may
require pharmacologic therapy including anticonvulsants, fluid
replacement, and respiratory support.306

Monitoring and Indications for Pharmacologic Treatment
An abstinence scoring system (e.g., Finnegan) should be used
to more objectively assess symptoms of withdrawal and the
need for pharmacologic treatment or dosage adjustment. The
abstinence scoring sheet lists common signs and symptoms of
neonatal opiate withdrawal. The infant is monitored and a num-
ber score that indicates severity is assigned to each observed
symptom. A “total score” is calculated for each 2- or 4-hour
observation period and is used to initiate, increase, decrease,
or discontinue pharmacologic therapy.297 Standardized scoring
systems currently are used for all neonates regardless of gesta-
tional age; however, studies suggest the need for development
of specific scoring systems for preterm newborns.306 In addi-
tion, the scoring systems have not been validated for nonopioid
drug exposure. Also, a potential for bias and subjectivity may
affect the scores and thresholds for treatment. In general, indi-
cations for pharmacologic treatment include seizures; exces-
sive weight loss or dehydration owing to diarrhea, vomiting,
or poor feeding; severe hyperactivity, irritability, tremors, or
tachypnea that interferes with feeding; inability to sleep; and
significant hypothermia or hyperthermia.296,307 If the Finnegan
scoring system is used, pharmacologic treatment is generally
initiated when the average of three scores is higher than 7.298

A.K. should be monitored closely and, if her symptoms are
not controlled with supportive care, pharmacologic therapy is
indicated. Pharmacologic therapy is needed in approximately
30% to 91% of infants with NAS.306 The most common agents
used to treat neonatal narcotic or CNS depressant withdrawal
are phenobarbital, paregoric (camphorated tincture of opium),
diluted tincture of opium, and diazepam. The choice of agent
depends on the specific nursery, the predominant symptoms
displayed, and the substance of abuse. For example, diazepam
is the preferred agent in neonatal withdrawal from maternal
benzodiazepine abuse. Doses of these agents should be initi-
ated at lower amounts and titrated upward to a dose that con-
trols withdrawal symptoms but does not produce toxicity. Once
A.K. is symptom free for 3 to 5 days, the dose should be de-
creased gradually by 10% to 20% of the dose every 2 to 3 days
with close patient monitoring.298 The goals of pharmacologic
therapy are to control the symptoms of withdrawal and wean
the patient completely off therapy.

53. A.K.’s laboratory tests were within normal limits and other
diseases have been ruled out. Her symptoms have worsened de-
spite supportive care and pharmacologic therapy for NAS is initi-
ated. Phenobarbital was started on day 3 of life with an IV dose of
10 mg Q 12 hours for four doses, followed by 3 mg Q 8 hours. This
morning’s phenobarbital serum concentration was 27 mcg/mL.
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A.K. is less irritable today (day 6 of life) and no longer tachyp-
neic. Her tremors have decreased significantly and she no longer
has a high-pitched cry. She continues to have significant diarrhea
and is feeding poorly. A.K. has not gained weight in the past 4 days.
Evaluate A.K.’s therapy. What are your recommendations?

Phenobarbital
Phenobarbital is the drug of choice for NAS due to non-narcotic
(e.g., barbiturate, alcohol) and polydrug abuse297,298,305 and be-
cause it is a second-line agent for treatment of seizures due to
withdrawal. Phenobarbital is effective in approximately 50%
of neonates exposed to methadone in utero, but it is effective
in approximately 90% of infants exposed to multiple drugs in
utero.307 Phenobarbital is especially useful (as demonstrated in
A.K.) for controlling symptoms of CNS hyperirritability.297 GI
symptoms of withdrawal, however, do not respond well to phe-
nobarbital. A.K. received the proper phenobarbital total load-
ing dose (20 mg/kg) and maintenance therapy (4.5 mg/kg/day).
Although generally reserved for more symptomatic patients,
a loading dose of phenobarbital may decrease the duration of
treatment when phenobarbital is used as a single agent.298 The
recommended loading dose is 15 to 20 mg/kg and can be given
as a single dose or in divided doses.305 A single IV, IM, or oral
loading dose may be given when rapid control of symptoms
is desired. However, single loading doses may be associated
with CNS and respiratory depression (e.g., sedation, apnea, or
an increase in periodic breathing). Maintenance doses range
from 2 to 6 mg/kg/day.297 Doses should be adjusted according
to symptoms, and serum concentrations should be monitored
to avoid toxicity. High dosages of phenobarbital may result in
oversedation and impairment of the suck reflex. Other disad-
vantages of phenobarbital include development of tolerance to
the sedative effects, induction of drug metabolism, and oral
availability as an elixir containing 14% to 25% alcohol.305,307

The therapeutic serum concentration for control of withdrawal
symptoms has not been clearly identified; however, 20 to
30 mcg/mL has been suggested.299,305 Although A.K.’s serum
phenobarbital concentration is within the normal range, she
continues to have diarrhea and has not gained weight. Because
GI symptoms do not respond well to phenobarbital, an alter-
native agent (preferably a narcotic) should be selected.

Narcotic Agents
Because paregoric (0.4 mg/mL anhydrous morphine), tincture
of opium (10 mg/mL morphine), morphine, and methadone
are narcotics, they may have a physiological advantage over
non-narcotics in the treatment of neonatal opiate withdrawal
syndrome.298,299,306 In addition, the constipating side effects
of narcotics may be advantageous when diarrhea is part of
the withdrawal symptoms. Although any narcotic theoretically
could be used, most studies assessing opioid treatment have
used paregoric. Paregoric is easy to administer and controls
withdrawal symptoms in 90% of infants. In comparative stud-
ies, paregoric improved sucking coordination, nutrient inges-
tion, and weight gain better than diazepam or phenobarbital.
Infants treated with paregoric also may have a lower incidence
of seizure episodes than those treated with phenobarbital or
diazepam. Unfortunately, large doses of paregoric often are
needed and the duration of treatment usually is longer than
with other agents.297,307 In addition to opium alkaloids, pare-
goric contains unwarranted compounds such as antispasmod-

ics (noscapine, papaverine), camphor (a CNS stimulant that
is eliminated slowly), high concentrations of alcohol (44%–
46%), anise oil, benzoic acid, and glycerine. Because some of
these substances may have adverse effects on the newborn, a
25-fold dilution of tincture of opium with water (final concen-
tration 0.4 mg/mL morphine) now is preferred.307 The dilution
of tincture of opium is free of unnecessary ingredients and has
a lower alcohol concentration. It is stable for 2 weeks after
dilution.305 For term infants, the dose of paregoric (or a 25-
fold dilution of tincture of opium) is 0.1 mL/kg or 2 drops/kg
(0.04 mg/kg morphine)307 given orally with feedings every 3
to 4 hours until control of withdrawal symptoms. A.K.’s dose
may be initiated at 0.2 mL/dose (or 4 drops/dose) and titrated
upward as needed by 0.1 mL/kg/dose every 3 to 4 hours un-
til withdrawal symptoms are controlled. Once symptoms are
controlled for 3 to 5 days, the dosage can be tapered gradu-
ally (keeping the same dosing interval).307 A.K. also should
be monitored for signs of overtreatment such as hypotonia,
lethargy, irregular respirations, and bradycardia.297

Oral morphine (in concentrations of 2 and 4 mg/mL) may
be a preferred agent when treating NAS due to opioid with-
drawal. Oral morphine preparations contain less alcohol than
paregoric and do not contain unwanted additives. In addition,
medication errors may occur during the dilution and dosing of
tincture of opium. Parenteral morphine has been used in infants
to treat narcotic withdrawal seizures298 and vasomotor collapse
secondary to heroin withdrawal.307 Parenteral morphine, how-
ever, may contain sodium bisulfite and phenol, substances that
have been associated with adverse effects in newborns when
given at higher doses.307 Parenteral morphine may be used if
A.K. is unable to take oral medications and a narcotic agent
is desired. Methadone also may be used, but the prolonged
elimination half-life (26 hours) makes tapering the dosage dif-
ficult. Initial methadone doses of 0.05 to 0.1 mg/kg given ev-
ery 6 hours are recommended. Doses may be increased by 0.05
mg/kg/dose until control of withdrawal symptoms. Methadone
can be administered every 12 to 24 hours once signs of with-
drawal are controlled and can be discontinued once doses are
weaned down to 0.05 mg/kg/day.307

Diazepam, Chlorpromazine, and Clonidine
Diazepam (0.3–0.5 mg/kg Q 8 hours) has been used to control
the CNS hyperactivity associated with neonatal narcotic with-
drawal symptoms.296 However, diazepam may be less effective
than paregoric or phenobarbital in treating symptoms of NAS.
Adverse effects, which may be related to prolonged elimina-
tion and accumulation of diazepam and metabolites, can limit
the drug’s usefulness (e.g., depression of the suck reflex, seda-
tion, late-onset seizures, and bradycardia).298,299 In addition,
the parenteral formulation contains substances (benzyl alcohol,
sodium benzoate, ethanol, propylene glycol) known to cause
problems in the newborn (see Question 49).307

Chlorpromazine (0.5–0.7 mg/kg Q 6 hours) controls the
CNS and GI symptoms of neonatal withdrawal.299 Disadvan-
tages of chlorpromazine include a wide spectrum of phar-
macologic effects such as cerebellar dysfunction, decreased
seizure threshold, prolonged elimination in the neonate (half-
life, 3 days), hypothermia, hematologic problems such as
eosinophilia, and lack of long-term studies on behavioral
outcomes.299,307 As a result, chlorpromazine rarely is used to
treat NAS.
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Clonidine is commonly used in adults to treat narcotic with-
drawal symptoms. One pilot study in neonates (n = 7) used oral
clonidine at an initial single dose of 0.5 to 1 mcg/kg. Doses
were then increased slowly over 1 to 2 days to 3 to 5 mcg/kg/day
divided every 4 to 6 hours.308 Clonidine controlled most neona-
tal methadone withdrawal symptoms except for poor sleeping.
Hypotension and other cardiac adverse effects did not occur.
Transient mild metabolic acidosis, however, was reported in
two patients. Mean duration of clonidine treatment (13 days)
was shorter than phenobarbital treatment (27 days) in a retro-
spective comparative group. Further clinical trials are needed
before clonidine can be routinely recommended for treatment
of NAS.

A.K. should receive long-term follow-up to monitor for po-
tential developmental problems. Because A.K. is at risk for
recurrence of drug withdrawal, her parents should receive in-
formation on recognition of symptoms. Her parents need in-
structions on how to care for this drug-exposed infant as well
as counseling for drug addiction.

SEDATION AND PARALYSIS DURING VENTILATION
Pharmacology and Monitoring Parameters

54. M.M., a 42-week-gestation (post-term), 3,500-g male, is
born with a history of meconium-stained amniotic fluid. At birth,
meconium was removed by suction from M.M.’s nose and mouth.
M.M. was tachypneic (RR, 80 breaths/minute) and cyanotic and
had decreased peripheral perfusion. His Apgar score at 1 minute
was 5. M.M. was intubated shortly after delivery and his trachea
was suctioned to remove meconium. Immediate ABGs, obtained
while M.M. was intubated and ventilated with an Ambu bag at
60 breaths/minute and 100% oxygen, revealed the following: pH,
7.18; PCO2, 55 mmHg; and PO2, 50 mmHg. M.M.’s clinical con-
dition and ABG results (acidosis, increased PCO2, and hypoxia)
were consistent with persistent pulmonary hypertension of the
newborn and appropriate tests confirmed the diagnosis. He cur-
rently is receiving mechanical ventilation using hyperoxia and
hyperventilation to achieve a target PCO2 of 30 mmHg and pH of
7.5. M.M. had been “fighting the ventilator” and pancuronium
bromide 0.35 mg IV every 30 to 60 minutes as needed for spon-
taneous movement was initiated. M.M.’s other medications are
ampicillin and gentamicin to rule out sepsis, and dopamine, dobu-
tamine, and sodium bicarbonate for his persistent pulmonary
hypertension of the newborn. After evaluating M.M.’s paraly-
sis therapy, what medications should be started immediately for
him?

[SI units: Pco2, 7.33 kPa, 4.0 kPa, respectively; Po2, 6.7 kPa]

Neonates with severe lung disease (e.g., RDS, persistent
pulmonary hypertension of the newborn, pneumonia) may re-
quire mechanical ventilation with high ventilatory settings
(high rates or pressures). Ineffective mechanical ventilation
results when neonates fight the ventilator (i.e., spontaneously
breathe asynchronously or out of phase with mechanical venti-
lation). Advancements in ventilator technology (e.g., synchro-
nized ventilation or patient-triggered ventilation) may help to
decrease asynchronized breathing. However, sedation gener-
ally is indicated when high ventilator settings are used or when
patients fight the ventilator after ventilator adjustments. Paral-
ysis usually is reserved for cases when sedation alone does

not improve the effectiveness of mechanical ventilation. Typ-
ically, paralysis is required in severely ill, hypoxic neonates
such as M.M. Paralysis increases chest wall compliance and al-
lows for adequate oxygenation and ventilation.309,310 It also de-
creases oxygen consumption, improves blood gases, and may
decrease the risk for pneumothorax.309,311 In addition, paraly-
sis of neonates with persistent pulmonary hypertension of the
newborn (like M.M.) indirectly decreases right-to-left shunt-
ing through the ductus arteriosus and foramen ovale and results
in increased oxygenation.312

Pancuronium bromide causes skeletal muscle paralysis by
competitively blocking acetylcholine at postsynaptic nicotinic
cholinergic receptors located on the muscle fiber (motor end-
plate) of the neuromuscular junction.311,313 At normal clinical
doses, pancuronium has minimal ganglionic blocking effects
and possesses little histamine-releasing activity.311,313 Onset
of effect occurs within minutes and duration, which typically
lasts 30 to 60 minutes after a single dose, increases with incre-
mental dosing. Like pancuronium, vecuronium is also a non-
depolarizing neuromuscular blocking agent commonly used in
neonates.8 Each agent may offer certain advantages in specific
neonatal patients. Pancuronium is primarily eliminated via the
kidneys (60%). Thus, without a dosage adjustment, patients
with decreased renal function have a prolongation of pancuro-
nium’s neuromuscular blocking effect. Vecuronium, however,
is excreted primarily via biliary elimination (50%) and, there-
fore, dosage reduction in hepatic (but not renal) dysfunction is
required. Many neonatal centers prefer vecuronium because a
dosage adjustment is not needed in patients with renal dysfunc-
tion. M.M.’s dose of pancuronium is appropriate. Pancuronium
and vecuronium can be dosed at 0.05 to 0.1 mg/kg every 30
to 60 minutes IV as needed for spontaneous movement. Some
neonates require a continuous infusion, using doses of either
agent of 0.02 to 0.05 mg/kg/hour. Many factors (e.g., serum
electrolytes, acid–base balance, concomitant medications) can
affect the duration of action of neuromuscular blocking agents
and dosage needs to be individualized.8

The greatest danger of using any neuromuscular block-
ing agent is inadvertent disconnection from the ventilator
with resultant apnea. When paralytic agents are initiated, ad-
justments in ventilator settings usually are required to avoid
hypoventilation. Clinically important adverse effects include
tachycardia and fluid retention with significant edema.311,314

Although pancuronium usually does not have a significant
effect on BP,314 hypertension315 and occasional reports of
hypotension316 (usually in marginally hypovolemic neonates)
have been reported. Ventilatory settings, blood gases, spon-
taneous movements, daily weights, fluid intake and output,
HR, and BP should be monitored. If tachycardia becomes se-
rious, another nondepolarizing neuromuscular blocking agent
with fewer cardiovascular effects, such as vecuronium, can be
used.

Paralysis, as well as intubation and mechanical ventila-
tion, may be extremely stressful to the neonate. Neuromus-
cular blocking agents do not possess any analgesic, sedative,
or amnestic effects.311,313 Therefore, sedation therapy should
be instituted as soon as possible in M.M. Neonates and even
premature newborns have the anatomical structures and phys-
iological capacity to sense pain.317,318 Because clinical symp-
toms of pain may go undetected in paralyzed neonates, a
sedative/analgesic such as morphine may be preferred for
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sedation. In fact, preliminary data suggest that poor neuro-
logic outcomes may occur less frequently in mechanically ven-
tilated neonates who receive continuous low-dose morphine
infusions compared with those who receive infusions of mi-
dazolam or placebo.319 In addition, administration of anal-
gesics for painful procedures may be easily forgotten when
neonates are sedated with nonanalgesics such as phenobar-
bital, benzodiazepines, or chloral hydrate. Because paraly-
sis masks the clinical symptoms of seizures,311 M.M. should
be monitored carefully for rhythmic fluctuations in HR, BP,
ECG, and oxygenation. These rhythmic changes may indicate
seizure activity in a paralyzed neonate and, if observed, EEG
testing is indicated.320 The EEG also may be monitored in
paralyzed newborns who are at high risk for seizure activ-
ity (e.g., asphyxiated neonates). Alternatively, some clinicians
advocate routine sedation with phenobarbital (rather than mor-
phine), which also would treat any clinically inapparent seizure
activity.

Morphine usually is administered by slow IV push over 1
to 2 minutes at initial doses of 0.05 to 0.1 mg/kg every 2 to 4
hours.321 The dose is then titrated according to clinical symp-
toms. A continuous morphine infusion may be preferred for
patients with persistent pulmonary hypertension or in infants
requiring intermittent morphine doses every 2 hours or less.
Clinically, a bolus infusion of 0.05 mg/kg can be given, fol-
lowed by a continuous infusion at an initial dose of 0.02 mg/kg/
hour (20 mcg/kg/hour). The infusion should be carefully
titrated. Morphine clearance in neonates, especially prema-
ture neonates, is greatly reduced but increases with PCA.322

Adverse effects of morphine include hypotension, decreased
GI motility, respiratory depression, tolerance, and physiolog-
ical dependence with prolonged use. The use of morphine in
neonates may be limited by histamine release and the develop-
ment of hypotension.

Fentanyl, a synthetic opiate with less histamine-releasing
activity and fewer cardiovascular effects, may be used as an
alternative agent. Fentanyl is 50 to 100 times more potent
than morphine, but has a shorter duration of action and there-
fore usually is administered by continuous IV infusion (0.5–
2 mcg/kg/hour).8,323 Continuous infusion of fentanyl, how-
ever, may be associated with a greater development of tol-
erance and physical dependence compared with intermittent
morphine administration.324,325 Continuous fentanyl infusions
of 5 and 9 or more days have been associated with a >50%
and a 100% chance, respectively, of developing withdrawal
symptoms,326 and withdrawal has been reported after as few as
3 days.327

At this time, recommendations for M.M. should include
the addition of morphine as a sedative agent (initial bolus in-
fusion of 0.18 mg, followed by a continuous infusion starting
at 0.07 mg/hr [70 mcg/hour]) and an ocular lubricant to pre-
vent corneal abrasions. Neuromuscular blocking agents pre-
vent blinking, and corneal abrasions may occur. Because tol-
erance to opiates develops, the morphine dose needs to be
increased with continued use. Determination of adequate seda-
tion is difficult in paralyzed infants, but increases in HR and BP
or decreases in oxygenation may indicate inadequate sedation.
M.M. may also require additional sedation/anxiolytic therapy
with benzodiazepines such as lorazepam or midazolam. Di-
azepam is not a preferred agent for sedation in neonates owing
to its long half-life and accumulation of its active metabolite
(N-desmethyldiazepam).

Drug/Disease Interactions

55. Morphine and an ocular lubricant (as an ophthalmic oint-
ment applied to both eyes Q 6 hours PRN) were added to M.M.’s
therapy. On day 2 of life, M.M. continues on mechanical venti-
lation with hyperoxia and hyperventilation. His ABG is pH, 7.5;
PCO2, 30 mmHg; and PO2, 55 mmHg. M.M. continues to receive
IV ampicillin, gentamicin, dopamine, dobutamine, sodium bicar-
bonate, and pancuronium. What factors may influence the neu-
romuscular blocking effect of pancuronium in M.M.? What ad-
justments to his dosing schedule should be made?

[SI units: Pco2, 4.0 kPa; Po2, 7.33 kPa]

Both alkalosis and gentamicin may potentiate the neuro-
muscular blocking effects of pancuronium in M.M.311 Al-
though alkalosis may potentiate and acidosis may antagonize
the effects of pancuronium, the opposite effects have been
reported with vecuronium.311 Pancuronium already is being
dosed in M.M. on an “as-needed” basis. Monitoring for sponta-
neous movement should continue, and a longer required dosing
interval may be noted. If gentamicin then is discontinued or pH
is normalized, the duration of effect may shorten. Other factors
such as electrolyte status, disease states, and other medications
may influence the pharmacodynamics of neuromuscular block-
ing agents.311 For instance, renal or hepatic impairment (such
as cholestasis) may result in accumulation of drug or active
metabolite (3-hydroxypancuronium) and a prolonged effect.

Toxicity

56. Sodium bicarbonate, dobutamine, and dopamine were dis-
continued on day 3 of life. On day 4 of life, M.M.’s antibiotics
were discontinued after culture results ruled out infection. On
Friday (day 5 of life), pancuronium was discontinued and M.M.
remained intubated. Concerns about morphine “addiction” re-
sulted in the discontinuation of morphine and the initiation of
chloral hydrate 250 mg NG Q 4 hours for sedation. On Monday
morning, M.M. was noted to have severe lethargy, decreased deep
tendon reflexes, and respiratory depression requiring an increase
in ventilator settings. Bowel sounds were absent and M.M. had
marked abdominal distention. Is M.M. experiencing prolonged
paralysis from pancuronium? What is your assessment of this
situation?

Administration of opiates for sedation or analgesia does
not cause addiction.328 The term “addiction” should be used
only to describe complex behavioral patterns characterized by
a preoccupation with obtainment of a drug (drug-seeking be-
havior) and compulsive drug use. Prolonged administration
of opiates may cause tolerance (i.e., a decreased effect after
repeated administration of the original dosage or an increas-
ing dosage requirement to attain the original effect) or phys-
ical dependence. Physical dependence requires the continued
administration of a medication to prevent symptoms of with-
drawal. Although symptoms of withdrawal may occur when
opiates are discontinued, careful weaning of the opiate and ap-
propriate monitoring of symptoms using an abstinence scoring
method lessen withdrawal severity. Opioids may be weaned in
<72 hours when low to moderate doses have been used for
<1 week. Typically, the dose is decreased by 25% to 50% ini-
tially (and by 20% subsequently) every 6 to 8 hours. If opioids
are used for >1 week, smaller decreases in doses, a longer
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total weaning time, and conversion to an oral agent usually
are required.328 In M.M.’s case, IV morphine could have been
continued for sedation or an appropriate oral agent could have
been used if normal bowel function was apparent.

Disuse atrophy, muscle weakness, joint contractures, and
prolonged paralysis have been reported after discontinuing
neuromuscular blocking agents.311 Prolonged neuromuscular
blockade may be more common in patients with renal or hep-
atic dysfunction or with the use of continuous infusion, pro-
longed therapy, or certain concomitant medications. In par-
ticular, prolonged paralysis may be seen after discontinuation
of steroidally based neuromuscular blocking agents (e.g., pan-
curonium, vecuronium) when these agents have been admin-
istered with corticosteroids.329 In this case, M.M. did not have
any apparent renal or hepatic disease, was treated with inter-
mittent “as-needed” doses, received short-term paralysis, and
did not receive corticosteroids. Therefore, M.M. would be at a
low risk for developing prolonged paralysis after discontinua-
tion of pancuronium.

The most likely cause of M.M.’s current symptoms is chloral
hydrate intoxication. The recommended initial dose of chloral
hydrate for prolonged sedation in neonates is 10 to 30 mg/kg/
dose given every 6 to 8 hours on an as-needed basis.330 Al-
though some clinicians recommend 20 to 40 mg/kg/dose ev-
ery 4 to 6 hours as needed (80–240 mg/kg/day),321 toxicity has
been reported in a term infant with persistent pulmonary hy-
pertension of the newborn receiving doses of 44 to 50 mg/kg
every 6 hours (176–200 mg/kg/day).330 M.M. received approx-
imately 70 mg/kg/dose every 4 hours around the clock for 3
days.

Chloral hydrate is metabolized quickly in erythrocytes and
the liver by alcohol dehydrogenase to trichloroethanol, an ac-
tive metabolite. Trichloroethanol is metabolized to trichloroac-
etate and to trichloroethanol glucuronide in the liver and
renally eliminated. The conversion of chloral hydrate to
trichloroethanol may not be as rapid in neonates,331 and both
chloral hydrate and trichloroethanol may be responsible for
the sedative effects seen in neonates.332 The parent drug (chlo-
ral hydrate) may be responsible for the immediate short-term
sedative effects, whereas trichloroethanol may be responsible
for long-term effects. The short duration of sedation (2 hours)
necessitates frequent repeated dosing that unfortunately results
in accumulation of the active metabolite, trichloroethanol, and
toxic effects. The half-life of trichloroethanol is prolonged in
preterm (40 hours) and term neonates (28 hours).331 Because
trichloroethanol may accumulate, chloral hydrate should be
used only on an as-needed basis for long-term sedation in
neonates. The lower end of the recommended dosage range
should be used for preterm newborns, and all neonates, espe-
cially those who require frequent repeated doses, should be
monitored for toxic effects.

Toxicities of chloral hydrate include CNS, respiratory,
and myocardial depression; gastric irritation; adynamic ileus;
cardiac arrhythmias; hypotension; renal impairment; bladder
atony; and direct hyperbilirubinemia.330 Although M.M. is
showing signs of CNS depression (lethargy, decreased deep
tendon reflexes), respiratory depression (increased ventilator
settings), and GI effects (absent bowel sounds, abdominal dis-
tention), a physical examination and appropriate laboratory
tests should be performed to identify other known toxicities
(e.g., serum BUN and SrCr to detect renal impairment). In ad-
dition, other causes of M.M.’s current condition also should

be ruled out (e.g., sepsis, meningitis, intracranial hemorrhage,
metabolic disorder). Chloral hydrate should be discontinued
and trichloroethanol serum concentrations determined, if avail-
able. Supportive care should be given and severe toxicities may
require exchange transfusions.330

USE AND ADMINISTRATION OF MEDICATIONS
Drug Formulation Problems

57. What problems are encountered with the use of commer-
cially available medications in the neonate?

The lack of appropriate enteral and parenteral formulations
results in many unique problems of drug use and administration
in the neonatal population.

Lack of Nonsolid Enteral Dosage Formulations
Many drugs used in neonates and infants are not commer-
cially available in an enteral liquid dosage form, including
acetazolamide, captopril, enalapril, rifampin, spironolactone/
hydrochlorothiazide, and ursodiol. For some medications, such
as sodium chloride, the liquid injectable form can be given
enterally. Otherwise, extemporaneous powder formulations
or liquid preparations must be made from the solid dosage
forms.8,333

Little information exists regarding the preparation and sta-
bility of extemporaneous formulations.334 Formulations in-
tended for neonates should limit the use of pharmaceutical
adjuvants, unnecessary ingredients (e.g., flavoring agents for
drugs administered via nasogastric tubes), and other substances
that would increase osmolality.

Inappropriate Concentrations
Most drugs are formulated for use in the adult population. As
a result, the available concentrations of liquid formulations
result in appropriate volumes for adult doses, but extremely
small volumes for the doses required by neonates. Frequently,
these volumes are too small to accurately measure (i.e., <0.1
mL). Therefore, dilutions of commercially available injections
(e.g., aminophylline, digoxin, morphine, phenobarbital) are
necessary to accurately measure the small doses required by
neonates. Proper diluents and dilutional techniques must be
ensured because inappropriate dilutions are a common source
of potentially fatal medication errors (Table 94-12).321,335 In
addition, the sterility and stability of these diluted injections
need to be documented before being used in neonates.334

Hypertonicity
In the neonate, parenteral and enteral administration of hyper-
tonic medications may result in severe adverse effects.336,337

NEC and IVH have been associated with IV administration
of hyperosmolar drugs, such as radiographic contrast media
or sodium bicarbonate. Infusions of hypertonic medications
directly into the umbilical or portal vein have resulted in se-
vere hepatic injury. In addition, enteral administration of hy-
perosmolar medications and feedings have been associated
with NEC.336,337 Therefore, appropriate dilutions of hypertonic
medications should be made before administration to neonates.

Pharmaceutical Adjuvants
Ingredients used for the enhancement of bioavailability, sta-
bility, taste, or appearance of medications can cause adverse
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Table 94-12 Potential Errors in Drug Administration
Techniques

Factors Involving Drug (Dose) Preparation

Inappropriate dilutions
Similarity in appearance of dose units
Loss of potentially large amounts of drug dose in the dead space of a

syringe or infusion Y site
Unsuitable drug formulations for administration
Unlabeled or undesirable ingredients in dosage forms
Undesirable drug concentrations and/or osmolalities
Errors in interpreting drug orders and/or dose calculations

Factors Involving IV Drug Administration

Loss of drug consequent to routine changing of IV sets
Reduction in serum concentrations for drugs with rapid plasma

clearance that are infused slowly
Extreme ↑in plasma concentrations consequent to rapid infusion of

drugs with small central compartment Vd
Delayed infusion of total dose when IV line is not flushed
Inadvertent admixture of drugs by the manual IV retrograde method
Large distance between the site of drug infusion into an IV line and

the insertion of the line into the patient
Potential loss of large-volume doses in the overflow syringe with the

IV retrograde technique
Possible loss of drug because of binding to IV tubing
Use of large intraluminal diameter tubing for small patients
Infiltrations not detected by pump alarms
Infusion of multiple medications/fluids at different rates by means of

a common “hub”
Oscillations in fluid/dose rate of potent medications infused with

piston-type pumps

Factors Involving Other Routes of Drug Administration

Loss of delivery (NG tube dead space) or from oral cavity
Leakage of drug from IM or SC injection site
Expulsion of drug from the rectum
Misapplication to external sites (i.e., ophthalmic ointment in young

infants)

IM, intramuscular; IV, intravenous; NG, nasogastric; SC, subcutaneous; Vd, volume
of distribution.
Reproduced with permission from Blumer JL, Reed MD. Principles of neonatal phar-
macology. In: Yaffe SJ, Aranda JV, eds. Neonatal and Pediatric Pharmacology: Ther-
apeutic Principles in Practice, 3rd ed. Philadelphia: Lippincott Williams & Wilkins;
2005:152. 1992;168.

effects in neonates.338 Preservatives such as benzyl alcohol or
methylparaben may displace bilirubin from albumin-binding
sites.23 Benzyl alcohol also may cause the potentially fa-
tal “gasping syndrome” (see the Neonatal Pharmacokinetics,
Metabolism section). Propylene glycol, a solubilizing agent,
may cause several toxicities in neonates, including hyperosmo-
lality, lactic acidosis, seizures, CNS and respiratory depression,
hypotension, and arrhythmias.338 Emulsifiers, such as Polysor-
bate 20 and Polysorbate 80, have been associated with hypoten-
sion, renal dysfunction, hepatotoxicity, and death in low-birth-
weight infants.339 Sorbitol, a poorly absorbed sweetener, may
cause osmotic diarrhea, intestinal gas, bloating, and abdomi-
nal pain when administered enterally in large doses. A report
of sorbitol-induced pneumatosis intestinalis in a child under-
scores the serious consequence of receiving multiple liquid
medications containing sorbitol.340 Unfortunately, these unde-

sired substances are currently not required by law to be listed in
the package insert of oral medications.338 The safety of phar-
maceutical adjuvants should be examined thoroughly before
these substances are used in the neonatal population. In addi-
tion, further studies are required to identify other pharmaceu-
tical ingredients that may be potentially toxic to the neonate.

Drug Administration

58. D.S., a 4-day-old female neonate born at 30 weeks’ gesta-
tional age with a current weight of 1,200 g, has a birth history of
prolonged rupture of membranes and a difficult delivery. Her cur-
rent problems include rule out sepsis and apnea of prematurity.
D.S. receives the following: ampicillin, 60 mg IV Buretrol Q 12
hours at 2 am and 2 pm (100 mg/kg/day); gentamicin, 3.6 mg IV
Buretrol Q 24 hours at 7 am (3 mg/kg/day); aminophylline, 1.2 mg
IV Buretrol Q 12 hours at 10 am and 10 pm (2 mg/kg/day); and
dextrose, 5% NaCl 0.2% with KCl 1.8 mEq/day and calcium glu-
conate 250 mg/day at 6 mL/hr. Gentamicin serum concentrations
were obtained today (day 4 of antibiotic therapy) and reported as
a trough of 1.2 mcg/mL at 6:50 am and a peak of 2.8 mcg/mL at
8 am. Using standard pharmacokinetic equations you calculate a
Kd of 0.037 hr−1, half-life of 18.7 hours, and Vd of 1.8 L/kg. What
should be done next for D.S.?

Serum concentrations of aminoglycosides and other drugs
can be affected significantly by the IV drug delivery
system.341,342 The low IV infusion rates required by neonates
significantly delay drug delivery, especially if medications are
administered via volumetric chamber devices (e.g., Buretrol
or Metriset) or via the Y-site injection port distal to the pa-
tient. Even when factors such as injection site, infusion rate,
drug volume, and tubing diameter are considered, actual drug
delivery may be delayed up to 2 hours using volumetric cham-
ber devices.341 If aminoglycosides are administered by Y-site
injection, peak concentrations can be decreased by a mean of
2.5 mcg/mL and delayed by 1.5 hours compared with IV sy-
ringe pump administration.343 Trough concentrations, how-
ever, are not significantly affected. As a result of inappropriate
administration methods, a larger Vd and prolonged half-life
would be calculated, as demonstrated in D.S.

D.S.’s unbelievably large Vd should lead to suspicion of
the method of drug administration. At this time, no dosage
change can be recommended for D.S. Serum aminoglycoside
concentrations should be repeated after an appropriate IV ad-
ministration method is instituted. This method should include
the use of a neonatal syringe pump, low-volume IV tubing, and
drug injection into the port most proximal to the neonate.341,342

Other potential neonatal IV drug administration errors are
listed in Table 94-12. Additional problems include significant
overdoses resulting from the unintended delivery of residual
drug from the hub or needle of syringes (i.e., dead spaces), and
underdosages due to trapping of medications in IV filters.321,335

In addition, the neonate’s limited ability to tolerate excess fluid
prohibits drug delivery via IV riders or “piggybacks,” which
significantly increase fluid administration. Neonates also re-
quire special IV rates of drug infusion (i.e., mg/kg/minute)
to avoid significant adverse effects. Appropriate references
should be consulted for drug-specific methods and rates of
infusion, appropriate final concentrations, and other special
neonatal considerations.8
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The use of immunizations to control common childhood in-
fectious diseases has been one of the most important medical
developments to date. Children are now routinely immunized
against 13 infectious diseases.1 Immunization rates are at an
all-time high in the United States with >80% of children 3
years of age receiving all the recommended vaccines. As a
result, cases of diphtheria, tetanus, mumps, measles, rubella,
polio, and Haemophilus influenzae type b are at record-low lev-
els. Despite the overall high rates of immunization coverage,
however, only 9% of infants 24 months of age have received all
the vaccines at the recommended ages,2 thus putting infants at
risk for disease. The need for timely immunization administra-
tion is key to preventing disease resurgences.2 As the incidence
of vaccine-preventable disease continues to decrease, however,
parents are becoming less aware of the significance and sever-
ity of the diseases that could be prevented. This, along with the
parental concerns regarding vaccine safety, may jeopardize the
vaccination coverage achievements. Health care providers play
a vital role in clarifying misconceptions and educating parents
and health care practitioners about the importance of proper
and complete immunizations. Any contact with a pediatric pa-
tient represents an opportunity to promote immunization. Ev-
ery medication history should include a complete immuniza-
tion history, and the child’s vaccination card should be used to
detect any deficiency in immunization status.3,4–6

GUIDELINES
Schedule for Immunizations

1. K.C., a 2-month-old baby girl, is brought to the clinic for
a scheduled well-baby visit. K.C.’s mother inquires about immu-
nizations for her daughter. What are the current recommenda-
tions for immunizing pediatric patients? When should these im-
munizations be given to K.C.?

The goal of pediatric immunization is to prevent specific
infectious diseases and their sequelae. For maximal effective-

ness, a vaccine must be administered to the susceptible pop-
ulation before anyone has been exposed to the pathogen. The
age at which immunizations are administered to specific indi-
viduals depends, however, on several factors (e.g., age-specific
risks of the disease, risks of complications, presence of mater-
nal antibodies transferred through the placenta, maturity of the
immune system). Usually, immunizations are administered at
the youngest age that the child is able to develop an adequate
antibody response.

The recommended childhood and adolescent immunization
schedules (Fig. 95-1)7 are reviewed annually in Morbidity and
Mortality Weekly Reports by the Centers for Disease Control
and Prevention (CDC) and are available on-line through their
website. The minimal immunization requirements for entry
into public schools and daycare centers, however, vary with
each state and the departments of health of individual states
need to be consulted for these guidelines.

Immunization schedules can be adjusted to meet individ-
ual needs and may begin at any time of the year. Vaccines
should not be administered at time intervals shorter than those
recommended to allow for maximal immune responses before
the administration of subsequent doses.3 A CDC administra-
tion schedule for immunizations of children and adolescents
who begin their immunizations late or who are >1 month be-
hind schedule in their immunizations, and recommendations
for minimal intervals between doses for the administration of
various vaccines are depicted in Figure 95-2.7 An interruption
or delay in the recommended schedule does not interfere with
the final immunity gained.

Contraindications

2. K.C. was exposed to a viral upper respiratory tract infection
a few days before her scheduled well-baby visit. What immuniza-
tions should K.C. receive at this visit, or should her immunizations
be delayed?

95-1
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A

B

FIGURE 95-1 2007 Recommended Immunization Schedules (A) 0–6 years of age (B) 7–18
years of age. The reader should refer to the links above or go to www.cdc.gov/mmwr and follow the
appropriate links to obtain further information on immunization guidelines which are updated annually
and to view the detailed footnotes indicated in these tables.
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FIGURE 95-2 Catch-Up Immunization Schedule. The reader should refer to the links above or go
to www.cdc.gov/mmwr and follow the appropriate links to obtain further information on immunization
guidelines which are updated annually and to view the detailed footnotes indicated in these tables.

Misconceptions about contraindications and precautions for
immunization often result in missed opportunities to provide
needed immunizations. Acute, severe febrile illness; history of
anaphylaxis to the vaccine or vaccine components; and history
of a severe reaction to an immunization are clear contraindica-
tions to immunizations. Immunizations, however, should not be
delayed in a child who has a minor illness (e.g., upper respira-
tory tract infection, otitis media, diarrhea) even in the presence
of a low-grade fever. A family history of seizures, allergies, and
sudden infant death syndrome are not contraindications for im-
munizations. Immunization of a child with a history of ana-
phylaxis to a vaccine or vaccine component should be withheld
until the child has undergone desensitization.3 Preterm infants
should begin to receive routine immunizations based on their
chronological age for all vaccines, although initiation of the
hepatitis B series should begin at 1 month of age.8

Allergic reaction to previous exposure to vaccine com-
ponents, immunosuppression (e.g., immunosuppressive ther-
apy, immunodeficiencies), encephalopathy, recent administra-

tion of blood products, and pregnancy (although the risk in
pregnancy is largely theoretic) are contraindications to live-
attenuated virus or live-bacterial vaccines. Pooled blood prod-
ucts (e.g., immunoglobulins, packed red blood cells, platelet
transfusions) can impair the immune response to a live vaccine
because these products contain antibodies, which can prevent
an infant’s immune system from mounting an adequate re-
sponse. The impairment of an immune response to an immu-
nization varies, depending on the type and amount of blood
product administered and immunizations may need to be de-
layed for up to 12 months if pooled blood products have been
administered recently.3 With any question about immune re-
sponse, antibody titers can be obtained to determine if a patient
needs to be reimmunized.3

Because K.C. does not have any contraindications, she can
continue her active immunization series at this visit. She should
receive her first doses of diphtheria, tetanus, acellular pertus-
sis (DTaP), H. influenzae type b (Hib), inactived polio (IPV),
hepatitis B, conjugated pneumococcal, and rotavirus vaccines.
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Adverse Effects

3. K.C.’s mother is very concerned about the potential adverse
effects of vaccines. How should parents evaluate the balance be-
tween the benefits and the risks of immunizations?

Immunizations have had a dramatic impact on several once
common childhood infections. For example, smallpox has been
eradicated from the world, polio is moving toward global erad-
ication, and invasive H. influenzae type b disease among chil-
dren has declined 95%.9 Vaccines, however, have potential side
effects that often cause concern for parents.

Adverse reactions to inactivated vaccines include pain at
the injection site (also see Question 4) and fever within 48 to
72 hours of administration. In contrast, adverse effects from
live-attenuated vaccines occur 7 to 10 days after immunization,
after the virus has replicated and the immune system has re-
sponded. Adverse reactions to live-attenuated vaccines mimic
the symptoms of disease. Transient rash occurs in 5% of pa-
tients receiving measles, mumps, rubella (MMR) immuniza-
tions, and a mild varicella-like rash (median of five lesions)
occurs in fewer than 5% of patients receiving the varicella vac-
cine. Syncope, usually occurring within 30 minutes of immu-
nization, has been reported.10 Although anaphylactic reactions
to vaccines are rare, an allergic reaction may occur as a result
of specific allergy to the vaccine itself or to trace components
in the vaccine (e.g., preservatives, antibiotics). Children with
egg allergy can receive vaccines produced in chick-embryo-
fibroblast tissue culture (e.g., MMR) because the risk for seri-
ous reaction to these vaccines in egg-allergic children is very
low.11–13 MMR should be used cautiously in individuals with
a history of a severe reaction to gelatin, which is a stabilizer in
the MMR vaccine. Trace amounts of streptomycin, bacitracin,
and neomycin are present in oral polio virus vaccine (OPV),
IPV, and MMR; therefore, these vaccines should not be admin-
istered to individuals with a history of an anaphylactic reaction
to these antibiotics.14

Overall, vaccinations are safe, especially when compared
with the risks of the diseases that these vaccines prevent, and
the safety of immunizations are scrutinized continually. In re-
sponse to concerns about vaccine safety, the National Vaccine
Injury Compensation Act mandated an ongoing review of evi-
dence regarding the possible adverse effects of vaccines and es-
tablished a no-fault injury compensation program for selected
vaccines.9,14,15

COMMON PARENT CONCERNS

4. K.C.’s mother is very concerned about the pain associated
with immunization and the number of injections K.C. is to receive
at each office visit. How can the pain associated with immunization
injections be minimized? Can immunizations be given together in
the same syringe to lessen the number of injections?

The pain associated with injection of immunizations is typ-
ically brief and often more upsetting for the parent than the
child. The need for multiple injections can result, however, in
an unhappy baby, especially by the third or fourth injection.
Administration of an oral sucrose solution during the injec-
tion may help alleviate pain.16,17 Topical anesthetics containing
prilocaine and lidocaine can reduce pain and crying associated

with immunization; however, high cost and the time required
between application and injection have limited the use of these
agents. More importantly, the use of topical anesthetics does
not seem to modify the fear of injection or post-immunization
discomfort.18

Ideally, pediatricians and parents would like to be able to
deliver all needed vaccines with the fewest number of injec-
tions; however, admixing various vaccines in the same syringe
is strongly discouraged. Commercially prepared combinations
of immunizations (e.g., DTaP with Hib; DTaP with hepatitis B
[HepB] and IPV; HepB with Hib) are available to reduce the
number of injections and can be used after 6 weeks of age.19 It
is preferred that the same manufacturer of acellular pertussis
vaccines be used for the first three doses to ensure adequate
immune responses. The recommended number of injections
of a specific antigen is acceptable if a commercially available
combination vaccine will reduce the number of injections.19

If combination products are not used, the vaccines should be
administered at different sites. If more than one injection must
be administered in the same limb, the thigh is the preferred
location because of the greater muscle mass.3

5. Some opponents to immunizations have raised the questions
of whether immunizations can cause autism or weaken a child’s
immune system. What is the basis for these concerns?

Some parents are concerned that the MMR vaccine, in par-
ticular, might cause autism. Because of a rise in the prevalence
of autism and the development of autistic symptoms around
the time of vaccination, some suggested that MMR vaccina-
tion might cause autism.20,21 Multiple epidemiologic studies,
however, have shown no correlation between vaccination and
the development of autism.22–25

In a National Network for Immunization Information Steer-
ing Committee survey, 25% of parents believe that adminis-
tering “too many” immunizations at one time can weaken a
child’s immune system.24 While children now receive at least
20 immunizations by 2 years of age, the number of antigens to
which they are exposed is far less than children received in the
1980s. Only an estimated 0.1% of the immune system would
be affected if 11 immunizations are given simultaneously.24

Current studies do not support the hypothesis that multiple
immunizations weaken the immune system.25

HEPATITIS B

6. K.C.’s mother was hepatitis B-surface antigen (HBsAg) neg-
ative before delivery, and her baby received Engerix-B shortly af-
ter birth. When should K.C. receive her next immunization for
hepatitis B?

Hepatitis B virus (HBV) can be transmitted via exposure
to contaminated blood (e.g., blood products, on medical in-
struments, on nonsterilized needles used in intravenous drug
abuse or tattooing), exposure to body fluids (e.g., sexual inter-
course), and transplacentally from an HBsAg-positive mother.
The prevention of HBV maternal transmission to an infant is
essential because acute disease can progress to a chronic car-
rier state, which can lead to chronic liver disease and primary
hepatocellular carcinoma. Children acquiring HBV infection
before 5 years of age are at an especially high risk of developing
chronic infection.26 All pregnant women should be tested for
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HBsAg and infants born to HBsAg-positive mothers should
receive their first vaccine dose within 12 hours of birth.27 The
vaccination of infants born to HBsAG-negative mothers may
be delayed only in rare circumstances and in accordance with
appropriate documentation. Subsequent vaccine doses should
be administered at age 1 to 2 months if the mother is HBsAg
negative and again at age 6 months. Hepatitis B immunoglob-
ulin (HBIG) should be administered as soon as possible for in-
fants born to HBsAg-positive mothers. If the mother’s HBsAg
status is unknown, the infant should be also immunized within
12 hours of birth. Infants born to HBsAg-negative mothers
should begin their immunization series before hospital dis-
charge. All unimmunized children should receive HBV vac-
cine as soon as they are identified.27

Two hepatitis B (HepB) vaccines are currently available
for use in the United States. Recombivax-HBTM and Engerix-
BTM are yeast-derived recombinant vaccines administered as
a three-dose series. Adolescents and adults also should fol-
low a three-dose schedule at 0, 1, and 6 months apart. As an
option, adolescents may receive a two-dose schedule of the
adult formulation of Recombivax-HB.7 Patients on dialysis
and other immunocompromised patients may require a fourth
dose if the anti-HBs level is <10 mIU/mL 2 months after the
third dose.28 Antibody screening following immunization is
only recommended in high-risk groups. HBV vaccine is com-
bined with Haemophilus influenzae type b vaccine in Comvax.
PEDIARIX is a combination of DTaP, hepatitis B, and IPV.
Monovalent vaccines are preferred for the initial vaccination;
however, combination vaccines can be used to complete the
series after 6 weeks of age.7,19

K.C.’s immunization against hepatitis B at birth was appro-
priate based on current national guidelines, and HBIG was not
needed because her mother is HBsAg negative. K.C. can re-
ceive her subsequent doses of HBV vaccine according to the
schedule in Table 95-1. Either formulation can be used because
the immune response from an immunization series using dif-
ferent vaccines is comparable to that of a full series using a
single vaccine.3,19

ROTAVIRUS

7. J.M., a 24-year-old mother, presents her 2-month-old infant
to receive immunizations. She is concerned about the administra-
tion of the RotaTeq vaccine because the infant’s grandmother is
undergoing chemotherapy for breast cancer and she is concerned
that the vaccine may put her mother at risk for infection as well
as “bowel problems” for her baby.

Rotavirus is a major cause of gastroenteritis and subse-
quent dehydration in the United States. Almost all children in
the United States will develop rotavirus gastroenteritis within
the first 5 years of their lives and up to 50% of hospitaliza-
tions secondary to gastroenteritis in children are caused by
rotavirus infection.29,30 The American Academy of Pediatrics
and CDC currently recommend the routine immunization of
infants with RotaTeq, a live-attenuated, pentavalent oral vac-
cine against rotavirus.7 This immunization regimen calls for a
three-dose series at 2, 4, and 6 months, with the initial vaccina-
tion at 6 to 12 weeks of age and repeat doses at 4- to 10-week
intervals. Rotavirus immunization should not be initiated for
infants >12 weeks of age and should not be administered af-

ter age 32 weeks. Although immunization against rotavirus
does not prevent all future episodes of rotavirus infection, it
can reduce significantly the severity of infections and reduce
hospitalization rates.

Because the rotavirus vaccine is a live-attenuated vaccine
and infants can shed the virus for up to 1 week after admin-
istration, the immunocompromised person (the grandmother)
should avoid contact with the infant’s feces and adhere to good
handwashing procedures, particularly during the first week af-
ter vaccine administration.29 Although an immunized infant
can spread the rotavirus to an immunocompromised person,
the risk is believed to be small relative to the benefits and
risks to the immunocompromised individual. Rotavirus im-
munization of infants under this circumstance still is strongly
encouraged.29 The immunization of infants, who themselves
are immunocompromised, is more controversial: rotavirus im-
munization in this circumstance remains with the medical prac-
titioner to discuss risks and benefits with the infant’s parents.

The routine implementation of a rotavirus immunization
policy was halted a few months after implementation because
of an increased rate of intussusception. Intussusception, a form
of bowel obstruction, can occur either spontaneously or af-
ter natural rotavirus infections in an infant. In postmarketing
studies, an increased incidence of intussusception was noted
with the RotaShield vaccine, which was subsequently with-
drawn from the market. Studies with the new RotaTeq vaccine
did not find an increased risk of intussusception; however, re-
ports of intussusception around the time of immunization have
been documented.29,30 At present, the number of cases of intus-
susception in rotavirus-immunized children is not more than
is expected to occur naturally; therefore, the CDC continues
to support routine immunizaiton.31 After rotavirus immuniza-
tion, infants should be observed for signs and symptoms of
intussusception (constipation, diarrhea, bloody stools, abdom-
inal pain).

PERTUSSIS
Pertussis (“whooping cough”), an infectious disease caused by
Bordetella pertussis, is characterized by a paroxysmal cough
with a whooplike, high-pitched inspiratory noise, vomiting,
and lymphocytosis. It is a highly communicable infection,
which can affect 90% of infants and young children in non-
immunized households, and it can be associated with serious
sequelae, particularly in young infants. An estimated 0.3%
to 14% of patients with pertussis experience encephalopathy,
0.6% to 2% have permanent neurologic damage, and about
0.1 to 4% die.32 This serious childhood infection has been
mitigated with the availability of a pertussis vaccine, which
commonly is administered in combination with diphtheria and
tetanus vaccines (i.e., DTP). The efficacy of the DTP vaccines
against pertussis after primary immunization (three doses) is
greater than 80%.33 Protection increases to 90% after the last
booster (age 4–6 years) and then decreases over the next 12
years, after which protection is minimal.34

Despite the availability of an effective vaccine and a high
rate of vaccine coverage, reports of pertussis continue to rise.35

Decreased immunity in adolescents and adults is believed to
contribute to this problem. About 12% of adult patients with a
cough lasting >2 weeks have pertussis.36 Although the illness
is typically mild in adults and adolescents, they serve as a
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source of transmission to unprotected infants. This has led
to the development and recommendation of pertussis booster
vaccines for adolescents and adults.37

The association of serious adverse events with whole-
cell pertussis vaccine generated considerable controversy on
whether the risk-to-benefit ratio was sufficient to warrant rou-
tine immunization. As a result, vaccines containing whole-cell
pertussis have been withdrawn and replaced with acellular per-
tussis. Despite a much more favorable adverse effect profile,
the DTaP vaccine is contraindicated in any child experiencing
an anaphylactic reaction or encephalopathy within 7 days of
immunization with DTaP when these symptoms cannot be at-
tributed to another cause.33 In addition, careful consideration
of subsequent doses should be given to infants experiencing a
temperature of 105◦F (not resulting from another cause) or per-
sistent, inconsolable crying lasting >3 hours within 48 hours
after the administration of a pertussis-containing vaccine.33

The pertussis component of the DTaP vaccine should be elim-
inated (i.e., continue vaccination with DT) in any child experi-
encing collapse or a hypotonic-hyporesponsive episode. If an
evolving neurologic disorder is present, pertussis immuniza-
tion should be deferred until the neurologic problem has been
fully evaluated. Pre-existing, stable neurologic conditions (e.g.,
well-controlled seizures) are not contraindications because the
benefits of pertussis immunization outweigh the risks. A fam-
ily history of seizures or other central nervous system (CNS)
disorder is not a contraindication.

The recommended schedule for DTaP immunization is
shown in Figure 95-1. Acetaminophen or ibuprofen should
be administered at regular intervals for 24 hours after immu-
nization to minimize the possibility of postvaccination fever
and pain associated with the local reaction.

Three DTaP vaccines (Infanrix, Tripedia, and Daptacel) are
approved for the primary vaccination series. The combination
product of DTaP-HepB-IPV (PEDIARIX) is also approved
for the primary vaccination series, whereas the combination
vaccine DTaP-HIB (TriHIBit) is approved for the 15- to 18-
month vaccination. If possible, the same DTaP product should
be used for all five doses because the immunity, safety, and
efficacy associated with the interchanging of different DTaP
vaccines are unknown.3,19 If the product information is un-
known or unavailable from prior vaccinations, however, any
licensed DTaP vaccine can be used to complete the vaccina-
tion series.3,10,19 Two pertussis vaccine (Tdap) formulations
(BOOSTRIX and ADACEL) have been U.S. Food and Drug
Administration (FDA) approved for use as a booster dose for
children 11 to 18 years of age. This dose should be given at
least 5 years from a previous DTaP or Td dose.37

POLIO
Polio, an infectious disease caused by a highly contagious en-
terovirus, can strike at any age, but primarily affects children
younger than 3 years of age (>50% of cases). The three iden-
tified serotypes of poliovirus are transmitted person to person
by direct fecal–oral contact or indirect exposure to infectious
saliva, feces, or contaminated water. After household exposure,
90% of susceptible contacts become infected. The poliovirus
enters through the mouth and then multiplies in the throat and
intestines. Once established in the intestines, poliovirus can

enter the bloodstream and invade the CNS. As it multiplies,
the virus destroys nerve cells, which cannot be regenerated.
As a result, muscles no longer function because of the lack
of electrical stimuli from affected nerve cells and paralysis is
permanent. The muscles of the legs are affected more often
than arm muscles; however, when trunk muscles and muscles
of the thorax and abdomen are affected, quadriplegia can be
the result. The polio virus also can attack the motor neurons of
the brainstem and, thereby, cause difficulty in speaking, swal-
lowing, and breathing.

Immunity to polio can be achieved following natural in-
fection with poliovirus; however, infection by one serotype of
the poliovirus does not protect an individual against infection
from the other two serotypes. Immunity also can be achieved
through immunization, and the development of effective vac-
cines to prevent paralytic polio was one of the major medical
breakthroughs of the 20th century. Since the advent of the
trivalent OPV and IPV, the incidence of paralytic poliomyelitis
has been reduced dramatically. Inspired by the success of the
smallpox initiative, a global poliomyelitis eradication initia-
tive has been inaugurated by the World Health Assembly. As
a result of exclusive use of OPV, the Americas, Europe, and
the western Pacific regions have been certified free of indige-
nous wild poliomyelitis. The resurgence of polio, however, can
be affected by religious, economic, or political factors (e.g.,
Africa, Middle East), and the possibility for importation of
wild virus still exists unless worldwide eradication is achieved.
To prevent a polio epidemic in the United States, high levels
of immunization for children during the first year of life are
essential.

8. K.C.’s mother is surprised when the nurse brings in a polio
injection because her son received an oral form of the vaccine
when he was a baby. Why is KC receiving a different form of
polio vaccine than her older brother received?

Until recently, the OPV or Sabin vaccine has been the vac-
cine of choice in the United States. Its advantages include low
cost and ease of administration. OPV induces lifelong immunity
similar to that observed after natural infection. In addition,
OPV provides a high level of gut immunity, thus preventing the
carrier state. Finally, the fecal shedding of vaccine virus after
Sabin vaccine administration is an effective way to immunize
or boost the pre-existing immunity in close contacts.38 Despite
these benefits, OPV carries the risk of vaccine-associated para-
lytic polio (VAPP), especially after the first dose. In the United
States, 8 to 10 cases of VAPP occur each year. The current
overall rate of paralytic disease is approximately 1 case per 2.4
million doses distributed, or 1 case per 1.4 million doses for
immunologically normal children receiving OPV for the first
dose.39 The risk of VAPP is greater for immunocompromised
patients, especially those with B-lymphocyte disorders (e.g.,
agammaglobulinemia, hypogammaglobulinemia).40

In contrast to OPV, the Salk vaccine (IPV) has not been
associated with VAPP or other reactions. Enhanced-potency
IPV (IPOL, POLIOVAX), with an improved immunogenic re-
sponse, has been available in the United States since 1987.41

IPV provides the same systemic immunity as OPV. IPV also
induces some immunity of the gastrointestinal tract mucosa,
however, less than OPV.42 Intestinal immunity improves when
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two doses of OPV follow the first two doses of IPV.43 IPV is
administered only by injection, however.

Considerable debate has raged over which immunization,
OPV or IVP, should be used in the United States. OPV is nec-
essary for global eradication and should be used in countries
endemic for poliovirus. Because of the reduced threat of wild
poliovirus, however, the risks associated with OPV have be-
come less acceptable. In 1997, the Advisory Committee on
Immunization Practices (ACIP) provided three options for po-
liovirus vaccination: sequential use of IPV and OPV, OPV
alone, and IPV alone.44 In 1999, as the global polio initia-
tive progressed and the likelihood of importing wild polio into
the United States greatly decreased, the ACIP modified the po-
lio vaccination recommendations to include only an all-IPV
schedule. Based on these revised recommendations, all chil-
dren will receive four doses of IPV (ages 2 months, 4 months, 6
to 18 months, and 4 to 6 years).45 Currently, OPV may be used
only in special circumstances, such as vaccination to control
outbreaks of paralytic polio, unvaccinated children traveling in
<4 weeks to areas endemic for polio, and children of parents
who reject the number of vaccine injections (these children
should receive IPV for the first two doses followed by OPV for
doses three and four).45 This revised strategy provides protec-
tion against poliomyelitis while minimizing the possibility of
VAPP among OPV recipients as well as household and com-
munity contacts. IPV is the only poliovirus vaccine that should
be used in patients with an immunodeficiency disorder, those
receiving immunosuppressive chemotherapy, or children liv-
ing with a person who is known or suspected to have these
conditions.

9. A 28-year-old patient is planning extensive travels through
the African continent and is concerned about polio because she
had not been immunized as a child. What would be a prudent
immunization schedule for her if her trip includes travel to a
polio-endemic area?

Routine poliovirus vaccination of persons older than 18
years of age is not necessary in the United States because
U.S. residents are at minimal risk of exposure. Vaccination,
however, should be considered for adults at high risk of polio
exposure (e.g., travel to an area endemic for polio, close con-
tact with children who will be receiving OPV, close contact
with patients who may be excreting wild polioviruses, work
that requires handling poliovirus specimens). IPV is the vac-
cine of choice because it has not been associated with VAPP
and adults have a higher incidence of VAPP than do children.
Ideally, nonimmunized persons anticipating exposure should
receive two doses of IPV, administered 4 to 8 weeks apart fol-
lowed by a third dose 6 to 12 months later. If exposure is likely
in <8 weeks, two doses of IPV should be administered at least
4 weeks apart.45 If this patient’s travel must be undertaken on
short notice, the patient and physician must weigh the risk of
OPV use against the risk of infection abroad. Adults who have
completed a primary series of OPV or IPV can receive another
dose of OPV or IPV before travel.39,45 In domestic outbreaks
of polio, OPV is routinely given to adult contacts because the
risk of natural disease is much greater than the risk of paralysis
from OPV. Pregnancy is not a contraindication to OPV immu-
nization when protection is needed (i.e., during an epidemic).

HAEMOPHILUS INFLUENZAE TYPE b
Haemophilus influenzae type b (Hib) was the most common
cause of bacterial meningitis and a leading cause of serious,
systemic bacterial diseases in children <5 years of age un-
til an effective vaccine was added to the routine immunization
schedule.46–48 The mortality rate associated with Hib meningi-
tis was approximately 5%, with neurologic sequelae observed
in 25% to 35% of survivors.49,50 Epiglottitis, cellulitis, septic
arthritis, osteomyelitis, pericarditis, and pneumonia also were
commonly caused by H. influenzae. Although H. influenzae is
commonly associated with otitis media and respiratory tract
infections, type b strains account for only 5% to 10%.51

10. K.C. will be attending day care. Which of the available Hib
immunizations should be administered to K.C.?

The first Hib polysaccharide vaccine could elicit an ade-
quate immune response in children >2 years of age; however,
in children 18 to 23 months of age, the immune response was
only partial and a booster dose was required at 24 months of
age.52,53 The polysaccharide vaccine was replaced by conju-
gate Hib vaccines to improve the immune response in younger
children. It has led to a 95% reduction in the incidence of
Hib disease in children <5 years of age.9 The four currently
available Hib polysaccharide conjugate vaccines (HbCV) are
as follows: Hib diphtheria toxoid conjugate vaccine or PRP-D
(ProHIBiT), Hib meningococcal protein conjugate vaccine or
PRP-OMP (PedvaxHIB), Hib tetanus toxoid conjugate vaccine
or PRP-T (ActHIB, OmniHIB), and Hib diphtheria CRM197
protein conjugate vaccine or HbOC (HibTITER).9 As with the
original polysaccharide vaccine, immunogenicity of the con-
jugate vaccines are age dependent (i.e., older children have
an improved immune response).49,54 These four conjugated
vaccines have been approved for use in infants, the group at
greatest risk for H. influenzae infection.55,56 The HbCV immu-
nization series requires a priming series followed by a booster
dose at 12 to 18 months. PRP-OMP (PedvaxHIB) follows a
slightly different priming series schedule compared with the
other HbCV; the primary series is administered at 2 and 4
months of age in contrast to the schedule of 2, 4, and 6 months’
primary series for the other vaccines. Ideally, the primary
series should be completed with the same HbCV; however, data
support the interchangeability of the products for the priming
and booster doses.57 If PRP-OMP (PedVaxHIB) is used in a
priming series with another HbCV, the number of doses nec-
essary to complete the series for the other product should be
administered.57 K.C. could be immunized with any of these
four Hib immunizations.

The number of doses of HbCV vaccine needed in older in-
fants and children depends on their age at presentation. Chil-
dren who begin HbCV at 7 to 11 months of age should receive
a primary series of two doses of an HbOC-, PRP-T-, or PRP-
OMP-containing vaccine followed by a booster dose at 12 to
18 months of age administered at least 2 months after the pre-
vious dose. Children ages 12 to 15 months should receive a pri-
mary series of one dose followed by a booster dose 2 months
later. If a child reaches 15 months of age without receiving
HbCV, only one dose is necessary. HbCV is not indicated in
children >5 years of age unless special circumstances place a
child at an increased risk of infection.55,58 The ACIP suggests
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considering immunization of children >5 years of age who
have functional asplenia, sickle cell anemia, or human immun-
odeficiency virus (HIV) infection. Although the combination
vaccine TETRAMUNE (DTwP-Hib) is available to reduce the
number of injections, it is preferred to utilize an accellular from
of pertussis for childhood immunization.

Availability of HbCV for infants and children has dramat-
ically reduced the incidence of invasive Hib infections. K.C.
should start her primary series with an HbCV approved for
young infants.

VARICELLA VACCINE

11. A working mother of two children has learned of a case of
chickenpox at their elementary school. Her children are 7 and 10
years of age, respectively, and have both been previously immu-
nized with the varicella vaccine. Will her children be protected
from a breakthrough infection or would additional immunization
be indicated?

Varivax, a live attenuated vaccine against varicella-zoster
(chickenpox), is the first herpesvirus vaccine to be widely
tested in healthy and high-risk children and adults.59–61 Chick-
enpox is a highly contagious, mild childhood disease in
healthy children, but it can be severe and even fatal, especially
in the immunocompromised patient. Unusual complications
(e.g., severe bacterial superinfections, Reye’s syndrome, en-
cephalopathies) are worth preventing with an immunization
program. Before the vaccine was available, approximately 4
million cases of chickenpox were reported annually, with 4,000
to 9,000 hospitalizations and 100 deaths. Historically, 55% of
varicella-related deaths occur in adults, many of whom are in-
fected by exposure to unvaccinated preschool-aged children
with typical cases of varicella.62 Although most children with
chickenpox have a self-limited disease lasting 4 to 5 days, many
direct and indirect costs are involved. Direct costs include non-
prescription and prescription (e.g., acyclovir) medications used
to treat the illness, whereas indirect costs are those associated
with missed work to be home to care for an ill child.63

Previously, a single dose of the vaccine was recommended
for children 12 months to 12 years of age who lacked a reliable
history of varicella infection: two injections 4 to 8 weeks apart
were recommended for children >13 years of age.64 Although
the vaccine was effective in preventing severe cases of chicken-
pox, the single-dose immunization of children resulted in only
85% efficacy in preventing disease overall.65 Despite high vac-
cine coverage rates, outbreaks of breakthrough varicella con-
tinued to occur. As a result, current guidelines recommend a
two-dose series for all children.7,65 The current immunization
schedule recommends administration of the first varicella vac-
cine dose at 12 to 15 months of age, followed by the second dose
at 4 to 6 years of age. For persons 7 to 13 years of age who have
not received varicella vaccine, two doses of varicella vaccine
should be administered at least 3 months apart. For persons
>13 years of age, administer two doses of varicella vaccine
at least 4 weeks apart. The varicella vaccine may be given to
healthy varicella-susceptible children, such as those described
in this case who already have been exposed. Chickenpox can
be prevented if varicella vaccine is administered within 3 days
of exposure, and might be prevented if administered within 5
days.66 If the exposure does not cause infection, the vaccination

will provide protection for future exposures. In this case, this
parent’s 7- and 10-year-old children should receive a second
dose of varicella vaccine, and if administered within 5 days of
exposure, it can prevent a break-through infection. If her chil-
dren also are in need of their second dose of MMR vaccine,
the quadrivalent combination vaccine ProQuad (MMRV) con-
taining measles, mumps, rubella, and varicella antigens, can
be used because it can be interchanged with the single entity
vaccines.65

The most common adverse effect associated with varicella
vaccine administration is rash. Transmission of the virus from
the vaccine has been documented in only 3 of 15 million doses
administered, all of which occurred in the presence of a vesicu-
lar rash after vaccination.64 Salicylates should not be used for 6
weeks after administration of the varicella vaccine because of
its association with Reye’s syndrome: nonsalicylate analgesics
can be used.

Although varicella vaccine might not entirely prevent the
occurrence of chickenpox in the immunocompromised patient,
it can modify the disease. In the National Institutes of Health’s
Collaborative Varicella Vaccine Study, a seroconversion rate
of only 85% was observed after a single dose in adults, com-
pared with 95% in healthy children and 90% in children with
leukemia.67 Varicella vaccine is generally not recommended
in children who have cellular immunodeficiencies, but it can
be used in those with impaired humoral immunity.64 The vac-
cine should be avoided in children with symptomatic HIV, but
may be considered in asymptomatic or mildly symptomatic
patients.64 Although the vaccine is not licensed for routine use
in children with acute lymphocytic leukemia, immunization is
available for patients enrolled in specific research protocols.

12. What is the recommended dosage and role of varicella zoster
immune globulin (VZIG) in children who have been exposed to
chickenpox?

Prepared from plasma of healthy volunteer donors with high
varicella-zoster virus (VZV) titers, VZIG can decrease the in-
cidence of varicella in selected individuals. It is not useful
for treatment of varicella or herpes zoster. VZIG, distributed
by the American Red Cross, can prevent clinical varicella if
administered within 72 to 96 hours of exposure. Direct con-
tact with an infected person or continuous household exposure
carries the greatest risk of infection.

Varicella zoster immune globulin is recommended for indi-
viduals at high risk for serious complications following expo-
sure to varicella. Those at risk include immunocompromised
children or adults (e.g., acquired or congenital immunode-
ficiency, immunosuppressive therapy, cancer) and premature
infants <28 weeks’ gestation or <1,000 g at birth. Pregnant
women, who have not had chickenpox, are at high risk of severe
varicella complications (e.g., disseminated infection, pneumo-
nia, death) and should receive VZIG within 72 hours of expo-
sure of varicella. Neonates born to women with symptoms of
varicella within 5 days before, or 2 days after, delivery should
receive VZIG regardless of whether the mother received VZIG.

Varicella zoster immune globulin is administered intramus-
cularly at a dose of 125 U/10 kg of body weight up to a max-
imum of 625 U. The minimal dose is 125 U, and fractional
doses are not recommended. Protection is thought to last ap-
proximately 3 weeks. To limit the need for VZIG in the hospital
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setting, all susceptible personnel (including health profession
students) should be immunized with varicella virus vaccine.68

MEASLES/MUMPS/RUBELLA

13. At 15 months, K.C. (Question 1) is scheduled to receive her
MMR (a combination vaccine containing live attenuated measles,
mumps, and rubella viruses). K.C.’s mother, who has never re-
ceived MMR, is pregnant with her third child. Should K.C.’s
immunization be delayed because of her mother’s pregnancy?
Should K.C.’s mother be immunized?

Measles, a highly contagious and common disease of child-
hood historically, often is associated with symptoms, such as
high fever, rash, cough, rhinitis, and conjunctivitis. Compli-
cations, although uncommon, can include pneumonia and en-
cephalitis. Live-attenuated measles virus vaccine produces a
benign infection that is thought to produce lifelong immu-
nity. Despite the availability of the vaccine, measles is respon-
sible for approximately 10% of deaths among children <5
years of age in developing countries. The United States is cur-
rently in its third attempt to eliminate measles infection. The
most significant decrease in the incidence of measles occurred
when U.S. children were required to receive the vaccine be-
fore entering school.69 During the 1985–1988 epidemic, most
measles transmission occurred in areas with 95% immuniza-
tion rates, thereby, indicating that some children fail to respond
adequately to the initial vaccine dose.70 In addition, up to 47%
of reported cases of measles in the United States result from
international importation; the remaining cases result from out-
breaks in school-age children who did not receive a second
dose of the vaccine.71

The first dose of the MMR vaccine should be administered
in children 12 to 15 months of age, and followed by a sec-
ond dose of MMR at entrance to grade school (age 4 to 6
years).7,72 The combination vaccine MMRV (ProQuad) should
be administered when both MMR and varicella vaccinations
are required.7,72 During an epidemic outbreak, infants can be
immunized at 6 to 9 months of age with single-antigen measles,
followed by a dose of MMR at 12 months of age, and a dose of
MMR at 4 to 6 years of age; older children should receive an
additional vaccine dose.69,73 Adults should receive a second
dose of MMR if they were born between 1963 and 1967, pre-
viously vaccinated with killed measles vaccine, are students
in postsecondary institutions, work in health care facilities,
travel internationally, or were recently exposed to a measles
outbreak.74 Persons born after 1968 should receive one dose
of a measles-containing vaccine.75,76

Mumps immunization remains controversial in childhood
because mumps illness in children rarely produces compli-
cations. Meningoencephalitis generally is a benign meningi-
tis, and postinfectious encephalitis, a serious complication, is
extremely rare (1 of 6,000). Deafness, commonly considered
a risk of mumps, occurs rarely (1 of 15,000) and usually is
unilateral. Orchitis, another complication, affects adult men.
Mumps vaccination at 12 to 15 months of age may not protect
male children into their adult years. Although administration
of a second dose of MMR at age 4 to 6 years may provide
longer protection, current immunization practices are aimed at
eliminating the mumps virus from the pool of young children,
thereby, minimizing the exposure of nonimmunized adults.72,76

Tuberculin-skin testing, when necessary, should be performed
before, simultaneously with, or 6 weeks after administration of
mumps vaccine because the vaccine can temporarily suppress
the skin reaction to the tuberculin.

Rubella, another historically common childhood infection,
often is misdiagnosed because its signs and symptoms (e.g.,
postauricular and suboccipital lymphadenopathy, arthralgia,
transient erythematous rash, low-grade fever) vary widely. The
most significant consequences of rubella occur in pregnant
women (e.g., abortions, miscarriages, still births, fetal anoma-
lies), especially when rubella infection occurs during the first
trimester. Preventing congenital rubella through elimination
of the viral pool is the primary objective of rubella immu-
nization programs because about 10% to 20% of women of
child-bearing age have not acquired natural immunity.

Live-rubella virus vaccination is recommended for all chil-
dren at 12 to 15 months of age.72 Immunization or rubella
antibody titer screening of women at premarital examinations
and postpartum also is recommended. Women of childbearing
age receiving the rubella vaccine should use contraception for
at least 28 days after immunization.77 Antibody titers should
be measured 3 months after immunization to evaluate antibody
response in individuals who have received blood products or
immunoglobulin within 8 weeks of immunization because the
latter may inhibit antibody stimulation.78,79

Before reformulation of the rubella vaccine in 1979, rubella
immunization in women who were unknowingly pregnant,
resulted in congenital rubella infection in about 10% of fe-
tuses. The current RA27/3 vaccine has reduced dramatically
the risk of fetal infection.73,80 Data from the U.S. Rubella Vac-
cine in Pregnancy Registry and the UK National Congenital
Rubella Surveillance Programme found no evidence of con-
genital rubella syndrome in 680 women who were inadver-
tently administered rubella vaccine 3 months before or during
pregnancy.77 Current recommendations are to avoid pregnancy
for 28 days following vaccination with a rubella-containing
vaccine because of the theoretic risk of contracting disease
from the vaccine.77

K.C.’s mother should have rubella antibody titers measured.
If she does not have natural immunity to rubella, she should
receive MMR postpartum. Because the vaccine presents no risk
to nonimmunized close contacts, K.C. should receive MMR
vaccination at this visit.

TETANUS TOXOID AND RABIES VACCINE

14. A.R., a 9-year-old boy, presents to the emergency depart-
ment 3 hours after being bitten by a neighbor’s dog. He has two
deep lacerations and one puncture wound on his right hand. The
wounds are cleaned and he is given amoxicillin-clavulanic acid.
The neighbor claims that the dog has been vaccinated against ra-
bies but has no proof. The county health department is notified,
and the dog is placed in quarantine. A.R.’s immunizations are up
to date (verified by card) and his last tetanus shot (DTP) was 4
years ago. Should A.R. receive tetanus immunoglobulin (TIG) or
tetanus toxoid (Td)? What is the role of rabies immunoglobulin
(RIG) and rabies vaccine in animal bites?

Tetanus (lockjaw) is a highly fatal, noncommunicable
disease that is most notably manifested by generalized, board-
like muscular rigidity. It results from wounds (including animal
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bites) infected by Clostridium tetani, an anaerobic, gram-
positive rod that exists in nature as an extremely resistant spore.
Prophylaxis can be achieved by actively stimulating antibody
formation against the toxin by immunization with Td. Pas-
sive immunity can be achieved by administrating TIG. Be-
cause A.R.’s immunizations are up to date and <5 years have
elapsed since his last dose of Td, he does not need to receive
Td or TIG.81,82

Rabies is an important concern in any patient presenting
with an animal bite. Wild animals serve as reservoirs for rabies
and may infect domestic animals. All wild animals should be
considered rabid until such is proved otherwise. In the United
States, domestic dogs and cats have a low incidence of rabies,
but must be quarantined for 7 to 10 days and monitored for
signs and symptoms of rabies unless proof of vaccination is
available.

Infection with rabies virus produces an acute illness with
rapid, progressive encephalitis. Once the onset of symptoms
occurs, the prognosis is extremely poor; therefore, emphasis
is placed on prevention. Following exposure, rabies prophy-
laxis includes passive immunization with RIG (20 U/kg) as
soon as possible and active immunization with rabies vaccine
on days 0, 3, 7, 14, and 28.83,84 Because the dog that attacked
A.R. was a family pet and in good health, A.R. does not need to
receive rabies prophylaxis at this time. Postexposure prophy-
laxis will need to be initiated immediately if the dog develops
any sign of rabies.82–87

PNEUMOCOCCUS

15. The pneumococcal, influenza, and hepatitis A vaccines have
been added to the pediatric immunization schedule. What is the
role of the pneumococcal and influenza vaccines in children?
Should all children receive these vaccines?

Streptococcus pneumoniae (pneumococcus) is responsible
for meningitis, pneumonia, and otitis media.88 Children <2
years of age and adults >65 years are at highest risk for de-
veloping pneumococcal infections. The risk for disseminated
pneumococcal infections is increased by some underlying med-
ical conditions (heart failure, chronic obstructive pulmonary
diseases), chronic liver disease (e.g., cirrhosis), functional
or anatomic asplenia (e.g., sickle cell disease, splenectomy),
and acquired or inherited immunosuppressive conditions (e.g.,
HIV, cancer, immunosuppressive therapy). S. pneumoniae is a
common pathogen in children with HIV, often presenting as
one of the first manifestations of HIV infection.

Two pneumococcal vaccines are available: the original
polysaccharide vaccine (Pneumovax) and the conjugate-
pneumococcal vaccine (Prevnar). Pneumovax contains 23 puri-
fied capsular-polysaccharide antigens of S. pneumoniae. Anti-
body response to the Pneumovax is inconsistent in children <2
years of age, and the antigens included in Pneumovax protect
against strains that typically cause adult disease. The conju-
gate pneumococcal vaccine (Prevnar) improves immunogenic-
ity and efficacy in infants and toddlers. This vaccine protects
against the seven strains of pneumococcus that cause 80% of
all pneumococcal invasive disease in children <6 years of age.
The ACIP recommends giving the conjugate vaccine to all
children <24 months of age to prevent invasive pneumococ-
cal disease (e.g., meningitis, pneumonia); and to any child <5
years of age who is at high risk of pneumococcal disease.88 The

polysaccharide vaccine is recommended as a supplement to the
conjugate vaccine for some high-risk children (e.g., sickle cell
anemia).88

Immunocompromised patients typically have an unreliable
response to vaccines, but because of the potential benefits, the
pneumococcal vaccines should be administered. Some stud-
ies have found transient elevation of plasma HIV levels after
pneumococcal vaccination, although this has not been associ-
ated with decreased patient survival.89,90 To maintain immu-
nity, revaccination with the 23-valent polysaccharide vaccine
is recommended after 3 years in high-risk children <10 years
of age and after 5 years in older patients.

HEPATITIS A
Viral hepatitis can be caused by at least six hepatotrophic
viruses (identified by letters A through G) and can present
as either an acute or chronic illness (see Chapter 73, Viral
Hepatitis). Typically, the course of hepatitis A includes an in-
cubation phase, an acute hepatitis phase, and a convalescent
phase. Symptoms often include fever, malaise, anorexia, nau-
sea, abdominal discomfort, and jaundice. Clinical illness typ-
ically lasts 1 to 2 months. More than 70% of older children
and adults have symptomatic infection, but just as many chil-
dren <6 years of age are asymptomatic. Asymptomatic chil-
dren serve as a source of infection, especially for household or
other close contacts.

About one-third of hepatitis A cases occur in children <5
years of age.91 Among all reported cases, the most common
source of infection is household or sexual contact, followed by
day care attendance or employment, international travel, and
food or waterborne outbreak.

The ACIP had previously (1987–1997) recommended rou-
tine vaccination of children 2 years of age and older in com-
munities with an average incidence of >20 cases per 100,000
population.92 Rates of disease in these areas has dramatically
decreased to at or below rates in areas where vaccination was
not recommended; therefore, the ACIP now recommends rou-
tine vaccination for all persons >1 year of age.93 Vaccination
programs targeting toddlers and young children are important
because children are often asymptomatic and unwittingly
transmit the virus to adolescents and adults. In addition,
data suggest a “herd effect” when vaccination of children is
widespread.94 A program aimed exclusively at toddlers in an
endemic area reduced the prevalence of hepatitis A by >90%,
not only in the 2- to 4-year-old vaccine recipients, but in all
age groups.

Havrix and Vaqta, two hepatitis A vaccines with adult and
pediatric formulations, are indicated for adults and children 1
year of age or older. Two doses are recommended, the second
dose should be administered 6 to 18 months after the initial
dose, depending on the formulation (see Chapter 73: Viral
Hepatitis). The pediatric formulations of each product are in-
dicated for those 1 to 18 years of age and contain half the
antigen of adult formulations. Twinrix, a combination hepati-
tis A and B vaccine, is indicated in individuals >18 years of
age on a three-dose schedule.

INFLUENZA
The influenza vaccine is currently recommended for any-
one older than 6 months of age who is at increased risk for
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complications secondary to influenza. The American Academy
of Pediatrics and the CDC also recommend that healthy chil-
dren 6 to 59 months of age receive the influenza vaccine. This
age recommendation was recently expanded from children 6
to 23 months of age because although children <24 months
of age have increased hospitalization rates, healthy children
from 24 to 59 months of age also experience significant mor-
bidity resulting in increased use of health care resources.95

Additional target groups for the influenza vaccine include the
following96:

� Any household contact or caregiver of high-risk individuals
or children <5 year of age

� People 50 or more years of age
� Residents of chronic care facilities
� Adults and children with chronic pulmonary or cardio-
vascular disorders, diabetes mellitus, renal dysfunction,
hemoglobinopathies, or immunosuppression

� Children <18 years of age receiving aspirin therapy (because
of an increased risk of Reye’s syndrome after influenza)

� Adults and children who have any condition predisposing to
respiratory complications, such as aspiration

� Women who will be pregnant during the influenza season
� Household members and care providers in close contact with
high-risk patients

Each year, the influenza vaccine includes three inactivated
influenza-18 virus strains (usually, two type A and one type
B) thought to be circulating in the United States during the
upcoming winter. The vaccine is available as both a split-
and whole-virus preparation. The split-virus vaccine is used
in children <12 years of age to decrease the likelihood of a
febrile reaction. Immunocompetent children and young adults
typically develop high postvaccination antibody titers. Elderly
patients and some people with chronic disorders have lower an-
tibody titers and may remain susceptible to influenza despite
vaccination.96

Influenza vaccine should be administered annually for ad-
equate protection. Children <9 years of age require two doses
of the vaccine administered 1 month apart to achieve adequate
antibody response. If these children received influenza vacci-
nation in a previous season, however, only one dose is required.
One dose of the vaccine is indicated for individuals >9 years
of age. Influenza vaccine contains a small amount of egg pro-
tein and historically has been contraindicated in patients with a
severe egg allergy. Evidence indicates, however, that even pa-
tients with severe egg allergies can safely receive the influenza
vaccine.97,98

A live, attenuated trivalent intranasal influenza vaccine
(FluMist) is available for use in healthy, nonpregnant patients
5 to 49 years of age. After administration, recipients become
infected with attenuated virus strains, which stimulate both lo-
cal IgA and circulating IgG antibodies.99–102 Live vaccine may
be especially useful for healthy individuals, including health
care workers, during periods when supply of inactivated vac-
cine may be low, potentially increasing availability of the in-
activated product for those unable to receive the live vaccine.
Individuals should not receive the live vaccine if any of the
following apply95:

� Age <5 years
� Moderate to severe illness
� Received another live vaccine within 4 weeks

� Severe allergy to eggs
� Currently taking salicylates
� Known or suspected immunodeficiency
� History of Guillain-Barré syndrome
� Asthma or reactive airway disease or other condition confer-
ring high risk of severe influenza

Although the health and economic benefits of protecting tar-
geted groups of adults from influenza are well documented, the
cost-effectiveness of routine immunization for children is not
known at this time.

ADOLESCENT IMMUNIZATIONS
Meningococcus

16. J.C. is a 12-year-old girl who presents for a check-up with
her pediatrician. In discussion, it is found that her cousin attends
a university where an outbreak of meningococcal disease recently
occurred. What are current recommendations for children and
adolescents regarding administration of meningococcal vaccine?

Until recently, the ACIP has recommended meningococ-
cal vaccination for special populations, such as travelers to
endemic areas, those with certain immunodeficiencies (i.e.,
terminal complement deficiency), those with functional or
anatomic asplenia, and laboratory personnel who may come
in contact with aerosolized meningococus.103 With the use of
the H. influenzae type b and pneumococcal conjugate vaccines,
however, Neisseria meningitidis has become a more prominent
cause of bacterial meningitis.

The two available meningococcal vaccines, a polysaccha-
ride preparation and a conjugated vaccine, cover the serotypes
A, C, Y, and W-135 of N. meningitidis. The polysaccharide
preparation (Menomune), or MPS4, is indicated for persons
2 to 10 years of age with the risk factors mentioned above. It
is important to note that polysaccharide vaccines such as this
only stimulate B-lymphocytes, not T-lymphocytes, and thus do
not produce a memory response. As a result, the effectiveness
wanes over time. In addition, nasopharyngeal colonization of
meningococcus is not reduced, so person-to-person transmis-
sion continues, blocking the development of herd immunity.103

The conjugate vaccine (Menactra), or MCV4, is indicated
for individuals 11 to 55 years of age. ACIP recommends admin-
istration of this vaccine to all persons at 11 to 12 years of age
(or at high school entry if there is no history of vaccination) and
to unvaccinated college freshmen residing in dormitories.103

Adverse effects (e.g., fever, headache, chills, malaise, and
arthralgias) from both vaccines are similar and relatively rare;
however, in October 2006, the CDC and FDA issued a warn-
ing regarding the potential for increased risk of Guillain Barré
syndrome in patients receiving the conjugate vaccine. Over a
16-month period beginning in June of 2005, 15 cases were re-
ported in the 11- to 19-year age group, and 2 cases in those
>20 years of age. All patients recovered. Despite this appar-
ent small increased risk of Guillain Barré syndrome, current
recommendations remain the same, but monitoring of this de-
velopment will continue.104 At this time, J.C. should receive
the MCV4 vaccine.

Human papilloma Virus (HPV)

17. What is the role of the HPV vaccine and who should be
targeted for immunization?
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The human papilloma virus (HPV), a virus that commonly
infects the genital tract, is primarily transmitted by sexual con-
tact. Infection with HPV has been associated with cervical
cancer as well as other anogenital cancers, anogenital warts,
and recurrent respiratory papillomatosis.105,106 Acute infec-
tions with HPV typically resolve without clinical complica-
tions within 1 year; however, 10% to 15% of infections remain
persistent and pose a risk of invasive cervical carcinoma and
other anogential carcinomas.106 Although not all HPV infec-
tions cause cervical cancer, almost all (99%) of cervical cancer
in women is associated with a previous HPV infection.105,106

Two strains of HPV, HPV 16 and 18, have been associated
with 70% to 80% of what are referred to as “high grade”
or precancerous cervical lesions105,106 and are the targets of
the currently marketed HPV vaccine (Gardisil). The vaccine
also protects against HPV strains 6 and 11, which have been
associated with >90% of all genital warts and 10% of “low
grade” or low risk cervical lesions. Infection with one strain
of HPV does not prevent infection from other strains; thus,
repeated infections can occur through one’s lifetime106 and
those with prior HPV infections benefit from immunization as
well.

Routine vaccination with the HPV vaccine is recommended
for female patients at 11 to 12 years of age.105 Vaccination at
this age attempts to achieve an immune response before the
sexual debut105 and involves a three-dose series administered
at intervals of 0, 2, and 6 months.105,107 The vaccine can also
be administered from 9 to 26 years of age.105 Immunization
against HPV is 90% effective in reducing persistent HPV infec-
tions and 100% effective in preventing HPV-related diseases,
such as genital warts or lesions.105–107

The mandatory requirement for immunization against HPV
is controversial and debated in many state legislatures because
of ethical and social concerns. The CDC and AAP recom-
mend immunization for adolescent females, regardless of cur-
rent sexual activity, to decrease the lifetime risk of cervical
cancer and to protect against infection when the time comes
that an individual chooses to become sexual active.

PEDIATRIC IMMUNIZATIONS FOR
IMMUNOCOMPROMISED PATIENTS

18. B.R., a 15-month-old boy who is HIV positive, lives with
foster parents taking care of two other immunocompromised
children. He is taking zidovudine 180 mg/m2 PO QID, didano-
sine 120 mg/m2 PO BID, trimethoprim-sulfamethoxazole (TMP-
SMX) 75 mg/m2 PO BID three times weekly, and intravenous im-
munoglobulin (IVIG) 400 mg/kg once monthly. His recent CD4
T-lymphocyte counts were 976 g/L (23%). Currently, he is asymp-

tomatic and has not received any immunizations. What immu-
nizations are recommended for immunocompromised children
and their close contacts?

Immunocompromised children (e.g., those with acquired or
congenital immunodeficiencies, leukemia, lymphoma, gener-
alized malignancies, and those receiving cancer chemotherapy
or other immunosuppressive agents) should be immunized with
all of the regularly scheduled inactivated vaccines, although
an adequate immune response cannot be guaranteed. Previ-
ously, vaccination of these children with live-attenuated virus
vaccines was deemed to be contraindicated because of pos-
sible infection from uncontrolled viral replication; however,
the risk of disease often outweighs the risk of vaccination. Pa-
tients receiving high-dose corticosteroids (>2 mg/kg/day of
prednisone or its equivalent) for >2 weeks; however, should
not receive live-attenuated vaccines for at least 3 months after
the discontinuation of the corticosteroid.3 In patients infected
with HIV, transient increased viremia from immune activation
is of concern and has been reported in adults so infected af-
ter a booster dose of Td, although the clinical significance is
unclear.3,108

The MMR vaccine, a live-virus vaccine, should not be
administered to severely immunocompromised patients.3,109

Because the risk of developing illness from the vaccine is
low, MMR can be administered to patients with HIV who
are not severely immunocompromised (as determined by age-
appropriate CD4 lymphocyte counts and percentage).3,75,110

Response to the vaccine declines as HIV progresses; there-
fore, susceptible individuals should be vaccinated as soon af-
ter diagnosis as possible.75 Infants infected with HIV should
be vaccinated at 12 months of age with a second dose admin-
istered 1 month later rather than waiting to give the booster
dose at 5 years of age. Immunization of children who are
asymptomatic and mildly symptomatic HIV infected against
varicella should be considered64; however, varicella vac-
cine continues to be contraindicated in patients with cellular
immunodeficiencies.3

Although B.R.’s ability to mount an antibody response can-
not be determined, he should receive all inactivated vaccines
as scheduled, including pneumococcal and influenza vaccina-
tions. Because he is asymptomatic and has an adequate CD4
lymphocyte count for his age, varicella and MMR vaccines also
should be considered. His monthly administration of IVIG,
however, may compromise his ability to respond to the MMR
and varicella vaccines.75,111 If B.R. is exposed to chickenpox or
measles, passive prophylaxis with VZIG and IG, respectively,
should be instituted if it has been >3 weeks since his last dose
of IVIG. Specific recommendations for immunization of chil-
dren with varying degrees of immunodeficiency are available
from the CDC.3,111
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OVERVIEW
Infectious diseases account for the vast majority of annual vis-
its to the pediatrician. Acute febrile illnesses, either viral or
bacterial, occur in children on average six to eight times a
year. For this reason, the management of pediatric infectious
diseases remains a significant component of care.

Several host and microbial factors contribute to the rela-
tively high incidence of infectious diseases in pediatric pa-
tients. Deficiencies in both cellular and humoral immunity have
been described in the immediate newborn period as well as in
the first several years of life. Concentrations of all the im-
munoglobulins (IgG, IgM, IgD, IgE, and IgA) are diminished
at birth, particularly in the premature neonate. Although some
IgG is transferred to the newborn from the mother via the pla-
centa, this is generally a short-lived effect that dissipates dur-
ing the first year of life. Deficits in complement and C-reactive
protein (CRP) decrease opsonization, and the phagocytic and
intracellular killing functions of neutrophils and macrophages
are depressed. The microbial naivety of children also has a
significant impact on their ability to fight infection. Potential
pathogens are able to colonize and cause clinical infection more
readily in newborns and infants because the full complement
of normal flora bacteria has not been fully developed. Children
begin acquiring their own immunity to organisms by becom-
ing exposed to antigens, developing an immune response, and
generating lasting memory immunity cells.

Children are increasingly exposed to potential pathogens
at an earlier age, placing them at greater risk of infection.
Societal and family reliance upon formal or informal child

care arrangements is more prevalent often exceeding 20 to 30
hours per week of outside care in groupings of children larger
than six.4 As a result, more children are attending day care and
school environments, where they are more likely to come in
contact with an infected child or caregiver.1

The age of the child and the site of infection, implicate dif-
ferent potential pathogens; however, there is significant over-
lap. Streptococcus pneumoniae, Moraxella catarrhalis, and
Hemophilus influenzae are the most common pathogens. An-
timicrobial therapy in pediatric patients almost always includes
an agent that is active against these organisms, especially when
the organism is unknown. Many different viruses cause respira-
tory infections in children, but these are not cultured clinically
because treatments are not readily available.

OTITIS MEDIA
Otitis media, an inflammation of the middle ear, is one of the
most common childhood illnesses. Acute otitis often has been
treated with an antibiotic, despite controversial evidence in
support of the routine use of antibiotics for this condition.2

About a decade ago, about half of all prescriptions written for
children in the United States were for the treatment of oti-
tis media; however, more recent data from the Centers for
the Disease Control and Prevention note a 42% reduction
in the number of ambulatory visits and antibiotic prescrip-
tions for acute otitis media (AOM) in children younger than
2 years over a 7-year period.3 These decreases probably can
be attributed to increased immunizations with the seven-valent
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pneumocococcal conjugate vaccine and more appropriate use
of antibiotics.

The middle ear is the anatomical location of the hearing ap-
paratus. It is separated from the outer ear canal by the tympanic
membrane (eardrum) and drains into the nasopharynx via the
Eustachian tubes. The presence of a dull, red, bulging, tym-
panic membrane that shows no movement during insufflation
(application of slight changes in air pressure in the ear canal)
on otoscopic examination is diagnostic of AOM. Otitis media
peaks between 6 months and 3 years of age and is thought to be
most likely due to Eustachian tube obstruction and secondar-
ily to the decreased immunocompetence present in young chil-
dren. Eustachian tube dysfunction has been associated with up-
per respiratory tract infections (URIs) and allergies.4−6 Some
children may have three or four infections per year, whereas
others suffer from continuous chronic otitis media for pro-
longed periods (>3 months). Viruses cause many otitis media
infections alone or together with bacteria7; however, it is dif-
ficult to distinguish viral from bacterial etiology based solely
on clinical presentation and otoscopic examination.

Clinical Presentation

1. T.T., a 20-month-old male, is seen in the urgent care clinic
with a fever that began about a day and a half ago. He is pulling on
his right earlobe, has purulent nasal drainage, and a moderately
wet cough. His temperature currently is 101.2◦F. He has had a
runny nose and cough for 4 days and the daycare center director
called to bring this to the attention of T.T.’s mother. He has had
several episodes of wheezing over the last 5 months, which now
is considered to be asthma by his pediatrician. He now uses a
nebulizer (PulmoAide) at home when needed. As a result of this
diagnosis, T.T.’s father has discontinued his smoking of cigars
in the house. T.T.’s immunizations are up to date. According to
his mother, T.T. had experienced one case of otitis media when
he was 8 months old, which responded to amoxicillin; another
one at 15 months of age after a bout of the flu; and has had two
URIs. What is the relationship between T.T.s URI and a potential
bacterial infection? Why should (or should not) he be treated with
medications?

The need for restraint in managing URIs with medications in
pediatric patients is increasingly advocated, especially because
of recent scientific panel evaluations. Although cold symp-
tom control medications (e.g., decongestants, antihistamines)
have been widely used, the U.S. Food and Drug Administra-
tion (FDA) recommends avoidance of their usage in children
younger than 6 years of age because of the potential for signifi-
cant adverse effects (see Chapter 93). In addition, the treatment
of URIs with antimicrobials should be individualized for spe-
cific situations and should be prescribed judiciously.

Avoidance of antibiotic management of viral URIs is crit-
ical in efforts to limit the clonal expansion and spread of
antibacterial-resistant organisms. Parents (or guardians) often
have expectations of antibiotic treatments when their child is
brought to a clinician for evaluation, and clinicians often pre-
sume such expectations.8 In videotaped encounters with 38 pe-
diatricians, 64% of parents of children who were experiencing
cold symptoms expected an antibiotic to be prescribed. In ad-
dition, 22% of the physicians perceived that the child’s parents
wanted antibiotics, resulting in more than a 32% increase in

the likelihood of inappropriate prescribing. When information
about bacterial resistance, antibiotic use, and nonantibiotic al-
ternatives to treatment were offered by the physician, parental
demands for antibiotic treatment from the physician were de-
creased. In contrast, perceived school or daycare pressures for
antibiotic therapy increased parental demands for antimicro-
bial treatment from the physician. Low socioeconomic status
of the parents also contributed to a greater likelihood of inap-
propriate prescribing.9

The relationship between antibiotic utilization and subse-
quent development of microbial resistance is complex; how-
ever, this relationship has been supported by large multina-
tional data as well as by data from individual patient cohorts.10

The temporal onset, and offset, of antibiotic-resistance selec-
tion pressure for S. pneumoniae and H. influenzae have been
noted in cohorts of children exposed to β-lactam antibiotics.11

Increases in the mean inhibitory concentrations (MICs) as-
sociated with enhancement of resistance mechanisms that are
chromosomally mediated, or mediated via mobile-exchange el-
ements (and temporally correlated to antibacterial usage) have
been demonstrated for both of these pathogens. Clonal dissem-
ination of resistant organisms is more likely in close contact or
overcrowded environments (e.g., daycare centers, homes with
multiple siblings). Although the diagnostic distinction between
viral and bacterial URI can be difficult, clinicians, neverthe-
less, need to utilize appropriate diagnostic criteria to minimize
the indiscriminant use of antibiotics.

Some success already has been achieved in reducing the
burden of antibiotic use in pediatric patients in outpatient and
emergency room settings.12 More specifically, the use of an-
tibiotics for URIs in emergency rooms decreased from 55%
in 1993 to 35% in 2004,13 and a greater percentage of de-
crease in antibiotic use was noted in patients who are white,
from the southern states in the United States, or who were
dwelling in nonurban areas.14 Ongoing applied vigilance has
been advocated and standards have been developed to min-
imize the misuse of antibiotics for viral URIs. In 2004, the
National Committee for Quality Assurance initiated Health
Plan Employer Data and Information Set (HEDIS) measures
to be used as benchmarks for a variety of chronic and acute
disease states, including appropriate testing and treatment of
pharyngitis and URIs in children and adolescents. These newly
instituted benchmarks are significant because individual states
and large health plans use HEDIS measures to optimize diag-
nosis, treatment, and resource utilization, and as a component
of pay-for-performance incentives. The need for HEDIS mea-
sures was supported by data that antibiotics were prescribed
for 51.2% of office visits for URIs out of 69,936 Pennsylva-
nia Medicaid recipients, and for 44.9% of the 20,213 children
younger than 5 years.13 Moreover, 77.3% of these patients re-
ceived the antibiotic on the same day as the index URI. The URI
diagnosis of acute bronchitis drove prescribing of antibiotics
about threefold more than that for the common cold. Amox-
icillin and advanced-generation macrolides were most often
prescribed.

The concern for inappropriate use of antibiotics for viral
URIs, however, is juxtaposed with the well-recognized rela-
tionship between viral infections, either concurrent with, or as
a prelude to, bacterial infection. In an evaluation of 709 URI
episodes over a 1-year period in 198 children 6 to 35 months of
age, 35% of episodes were complicated by AOM. The adjusted
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odds ratio of AOM was 1.8, 2.2, and 1.9 for S. pneumoniae,
H. influenza, and M. catarrhalis isolates, respectively, com-
pared with no bacteria isolated at the time of the URI (after
controlling for breast-feeding, daycare center attendance, and
cigarette smoke exposure).15 The odds ratio was 2.6 if two or
more of these pathogens were found. Similarly, an AOM com-
plication rate of 33% was noted in a longitudinal study that
followed a cohort of families through a winter season using
weekly pneumatic otoscopy.7 In this latter study, intrafamil-
ial transmission of coldlike illnesses was an associated risk
factor.9

T.T. has had an URI for several days and has a clinical
indication of an AOM with new onset of fever and ear pulling.
This child’s physical examination should be directed toward
the proper middle ear examination, and possible initiation of
antimicrobial therapy that depends on the nature of the otitis
media.

Diagnostic Findings

2. Further examination, including pneumatic otoscopy, re-
veals bulging and red tympanic membranes in both ears (right
greater than left). Upon injecting air, the child cries more in-
tensely; the left tympanic membrane is somewhat mobile, but
the right is not. T.T. is sent home with a provisional diagnosis of
AOM. Antibiotics were not prescribed, and the patient’s parent
was instructed to observe the patient for the next 48-hours. What
diagnostic findings of otitis media are evident in T.T.?

The diagnostic distinction between AOM and otitis media
with effusion (OME) is one of the first steps in the determi-
nation of whether antibiotic use is appropriate. The judicious
use of antibiotics in children initially was recommended by
the American Academy of Pediatrics (AAP) in 1996, with an
emphasis on reducing antibiotic use both for the treatment
of OME and for the prophylaxis of recurrent otitis. AOM fea-
tures rapid onset of acute illness (i.e., fever, irritability, otalgia)
along with signs of middle ear inflammation and effusion. In
contrast, OME features signs of middle ear inflammation and
effusion in the absence of acute illness. T.T.’s fever, irritability,
otalgia, and red, bulging tympanic membranes (Table 96-1) are
consistent with a diagnosis of AOM.

Otoscopic findings of middle ear disease use the color,
anatomical position and mobility of the tympanic membrane
to establish the presence of AOM. Meta-analysis suggests that
tympanic membrane findings of distinct redness (likelihood
ratio [LR] = 8.4), bulging (LR = 51), and distinctly impaired
mobility (LR = 31) are the most important diagnostic indica-
tors of AOM.8 In addition, criteria for the otologic diagnosis
of AOM utilizing pneumatic otoscopy have been established
(Table 96-1). Yet, despite these clinical and otoscopic hall-
marks (similar to those reemphasized by the AAP and Amer-
ican Academy of Family Practitioners (AAFP) in their joint
2004 guidelines), the application of these diagnostic criteria
in clinical trials has been inconsistent. Only 17 and 20 of 88
studies from 1994 through 2005 utilized all three AAP and
Hoberman criteria (i.e., rapid onset, middle ear effusion, ery-
thema, otalgia), respectively.16 The prime concern is that lack
of diagnostic stringency, in combination with a high sponta-
neous resolution rate, can contribute to the conclusion of a good
cure rate, even though a relatively microbiologically ineffec-

Table 96-1 Diagnostic Criteria for Acute Otitis Media16

American Academy of Pediatrics and the American Academy of Family
Practitioners (AP/AAFP) Subcommittee on Management of Acute

Otitis Media
A diagnosis of AOM requires a history of recent, usually acute, onset

of signs and symptoms of middle ear inflammation and effusion in
the presence of either distinct erythema of the tympanic membrane
or distinct otalgia (discomfort clearly referable to the ear that results
in interference with, or precludes, normal activity or sleep). The
presence of middle ear effusion can be present as bulging of the
tympanic membrane, limited or absent mobility of the tympanic
membrane, air–fluid level behind the tympanic membrane, or
otorrhea.

Consensus Recommendations
A diagnosis of otitis media can be established if purulent otorrhea of

<24 hours (not otitis externa), or if two of four tympanic membrane
abnormalities (i.e., middle ear effusion) are present as: (a) Marked
decrease or absent mobility; (b) Yellow/white discoloration; (c)
Opacification (other than from scarring); (d) Air–fluid interfaces

WITH
One indicator of inflammation as: (a) New ear pain ( ± unaccustomed

ear pulling); (b) Marked tympanic membrane redness; or (c) bulging
tympanic membrane

tive antibiotic was used.17 These factors create difficulty in
evaluating and comparing antibiotics within and between ther-
apeutic trials. Despite apparently large numbers of patients,
the clinical trials using endpoints without culture evidence of-
ten lack sufficient statistical discriminating power. Studies in
which tympanocentesis is used to screen patients with bacterial
AOM, and trials where tympanocentesis is done on entry and
at 3 to 5 days of antibiotic therapy (i.e., double tympanocente-
sis), require fewer patients to statistically discriminate between
superior and inferior antibiotics.

Viral infection of the middle ear can occur in 30% to 40%
of cases in the absence of bacteria, and cannot easily be dis-
criminated from bacterial disease. Moreover, the spontaneous
resolution rate for AOM is suggested to be high (somewhat
organism dependent; lower with pneumococcus). Therefore,
a concern for indiscriminant antibiotic prescribing is logical,
as the number needed to treat to cure one case of AOM or to
prevent complications is high.

Immediate versus Delayed Treatment

3. Why is the recommendation of a short period of observation
for T.T. more appropriate (or less appropriate) than the initiation
of antibiotics when the diagnosis already has been established?

The wait-and-see or safety-net prescription approach to
treatment has been utilized in several respiratory tract infec-
tions. The underlying assumption of this strategy is based on
the expectation that the likelihood of a spontaneous resolution
of an infection is deemed to be highly likely. In these situations,
an antibiotic prescription is issued, but the parent is instructed
not to fill the prescription unless the respiratory infection per-
sists or worsens over the ensuing 2 to 3 days. This practice has
been applied to AOM with favorable acceptance by parents and
clinicians, and about two-thirds of the time the prescription has
not been filled.18 This strategy, however, may not be applicable
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Table 96-2 Nonqualifiers for Delayed Prescription for Acute
Otitis Media

� Symptoms suggestive of AOM for >48 hours.
� Antibiotic therapy within past 7 days for any reason.
� Infant ≤6 months of age.
� Toxic-appearing child.
� Tympanic membrane perforation or impending perforation.
� Tympanostomy tubes.
� Hearing impairment.
� Chronic condition that may impede the child’s immunity or ability to

clear the infection.
� Another episode of AOM within the past 3 months.
� Coexisting bacterial infection.
� Family unable to access prompt medical follow-up if child deteriorates.
� The child’s parent/guardian cannot gain an acceptable understanding

of the protocol (according to the parent/guardian or the clinician).

to the majority of patients with otitis media. In a randomized
study of 776 children who presented to an emergency room
with AOM, 64% of the children were excluded from partici-
pating because of clinical or other discretionary reasons. The
remaining children included for randomization were older (i.e.,
3.2 vs. 2.3 years of age for the exclusions) and predominantly
(84%) had unilateral disease, thereby, suggesting milder infec-
tion in a less vulnerable age group. The 38% of the wait-and-see
group who eventually filled the antibiotic prescription at the
parents’ discretion had statistically longer periods of pain and
fever, requiring more symptom-relieving medications, and ex-
perienced more episodes of vomiting.18a Therefore, although
the delayed treatment strategy, with caregiver acceptance, can
successfully reduce antibiotic use in children with AOM, care
must be taken in appropriate patient selection, diagnosis, and
follow-up. Criteria for the exclusion of children who could
participate in a delayed treatment plan are listed in Table 96-2.

More precision in defining demographic and clinical pre-
dictors of patients with AOM who would most benefit from
antibiotic therapy is a continuing focus of clinical studies. In
recent studies, children younger than 2 years or those with bi-
lateral disease generally experience longer periods of fever and
pain, and generally do not experience spontaneous resolution of
AOM if antibiotic therapy is delayed or not given. In one study
of 824 untreated children with AOM, approximately 70% of
children younger than 2 years with bilateral disease, and 60%
of those with unilateral disease, would continue to experience
ear pain and/or fever for 2 days after diagnosis. In comparison,
only 40% of those older than 2 years with unilateral or bilateral
disease, in this same study, would have these symptoms still
present at 2 days.18a Given that children over than 2 years of
age with AOM account for 60% of all visits to an emergency
department, and because more than 50% of these patients are
prescribed antibiotics,19 these age-specific criteria and clini-
cal findings help to identify patients who would benefit from
prompt antibiotic treatment and those who would benefit from
a strategy involving delayed treatment. The successful appli-
cation of these criteria (i.e., age specificity, clinical findings)
can help to reduce inappropriate antibiotic use and decrease
the development of microbial resistance to antibiotics.

Laterality (i.e., unilateral or bilateral ear involvement) is an
additional variable in the selection of patients to receive prompt
treatment, rather than delayed treatment, because patients with

bilateral ear involvement experience more severe disease.20,21

Bilateral disease also correlates with younger age21 and the
presence of H. influenzae as the primary pathogen20,21; there-
fore, the selection of an antibiotic that is effective against this
organism would be an important consideration for treating chil-
dren younger than 2 years, and those with bilateral disease. In
addition, otitis-prone children, children enrolled in a daycare
facility, and children with more severe signs and symptoms
are candidates for early antimicrobial therapy. In T.T.’s case,
age, recurrent fever, bilateral middle ear inflammation, and
4 days of URI symptoms preclude watchful waiting, and
prompt antibiotic therapy would have been more appropriate.

Risk Factors

4. What are risk factors for the development of AOM in T.T.?

T.T.’s gender puts him at greater risk for the development of
otitis because infections of the middle ear occur with greater
prevalence in boys.22 His attendance in a daycare facility also
is a risk factor because it subjects him to greater risk of
viral and bacterial-communicable infections (e.g., AOM), and
especially to the acquisition and dissemination of antibiotic-
resistant organisms. T.T.’s atopy (asthma), can contribute to
altered local immunity, especially in the handling of non-
typeable H. influenzae. Another risk factor is that T.T., at
15 months of age, experienced a previous episode of AOM
after a bout of influenza. The association of the flu with AOM
does decrease subsequent to influenza vaccination in infants.23

T.T.’s father has discontinued his cigar smoking in the house.
Nevertheless, passive exposure to cigarettes has been related
to increases in URIs, AOM, and OME in children. The use of
a pacifier, being fed in a horizontal position or by bottle prop-
ping, or being breast-fed for fewer than 6 months are other
risk factors for otitis; however, information about these de-
tails were not solicited during the taking of the medical his-
tory. Anatomical factors such as craniofacial malformation,
adenoids, and horizontal Eustachian tube–middle ear dispo-
sition (infants and American Indian and Eskimo ethnicities)
can increase risk. Winter or early spring season, siblings with
URIs, household overcrowding, and exposure to pollutants are
additional risk factors for AOM.9 Recurrence has also been
associated with recent antibiotic use (≤3 months), and this
temporal relationship convenes added risk of reinfection or
relapse with resistant pathogens. Lack of influenza and con-
jugate pneumococcal vaccine inoculations can be considered
risk factors in light of the reductions of AOM incidence when
the vaccinations are provided. In addition to clinical and demo-
graphic risk factors, genetic susceptibility via overrepresenta-
tion of polymorphisms in genes coding for proinflammatory
cytokines (e.g., interleukin [IL]-6, IL-10, and tumor necrosis
factor-α)24,25 have been associated with an otitis-prone state,
and may contribute to lower capsular-antibody response after
antipneumococcal vaccination. In summary, T.T. has a number
of risk factors for AOM (gender, age, attendance at daycare,
asthma, history of AOM).

Pathogens
The majority of cases of AOM are caused by S. pneumo-
niae, H. influenza, and M. catarrhalis. Regional, seasonal, and
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clinical variances of the pathogen and its resistance pattern are
recognized, but a priori determination of the organism without
benefit of a tympanocentesis and culture is difficult. A proposed
clinical scoring system based on severity of symptoms (tem-
perature, irritability, ear tugging) and otoscopic signs (redness,
bulging) can statistically differentiate tympanocentesis-proven
bacterial AOM from culture-negative disease.26 This clinical
scoring system can associate the benefits of antibiotics in re-
ducing severity scores, but it cannot identify the responsible
bacterial pathogen. In a study of 929 tympanocentesis-proven
cases of AOM caused by the three major pathogens, a higher
percentage of children with high fever correlated with infec-
tion by S. pneumoniae; however, more than half of the patients
did not experience any fever. There was no difference in other
signs and symptoms within the three groups, except for the
known relationship of the conjunctivitis–otitis syndrome and
H. influenzae.27

5. T.T. returns to the pediatrician’s office with a temperature
of 103◦F and severe conjunctival injection. He has continued to
pull on his right ear and cries when trying to be put to sleep.
What is the likely organism in addressing the empiric treatment
T.T. should receive?

The likely organism for T.T. is H. influenzae for several
reasons. As mentioned, bilateral disease has been associated
with H. influenzae more than with the other pathogens,20,21

and the conjunctivitis is indicative of AOM with H. influen-
zae. Additionally, because T.T. most likely already would have
been immunized with all four doses of conjugate pneumococ-
cal vaccine (Prevnar), infection with H. influenzae is more
likely than with pneumococcus. Since the addition of the
conjugate pneumococcal vaccine to the childhood immuniza-
tion schedule, H. influenzae has been more commonly asso-
ciated with AOM, with 57% of these middle ear isolates ex-
pressing β-lactamase.28 Finally, the presence of asthma could
loosely reflect the relationship of atopy and OME,29 and that
could, in turn, influence the development of persistent and re-
current bacterial AOM. H. influenzae was the most isolated
pathogen in a large study of patients who underwent tympanos-
tomy tube placement.30 In other patients, recent treatment with
amoxicillin could select for early relapse or reinfection with
H. influenzae.31

Although H. influenzae is the most likely causative or-
ganism, the pathogen could still be pneumococcus, which
likely would be amoxicillin resistant. Although the pneumo-
coccal vaccine has reduced the prevalence of S. pneumoniae–
associated AOM by a third, non–vaccine-susceptible serotypes
of pneumococci have been observed to be increased in AOM.
Serotype 19A in particular, which is not handled well by the
conjugate pneumococcal vaccine, might become more preva-
lent in AOM, and the inherent penicillin resistance of this
serotype can be troubling.32 M. catarrhalis, which accounts
for 5% to 20% of AOM episodes, is another pathogen that
may not have been eradicated by prior treatment with amoxi-
cillin because 90% to 100% of these isolates are β-lactamase
producers. Fortunately, high spontaneous resolution rates are
associated with M. catarrhalis AOM. Group A streptococci are
less of a concern in T.T. because of the absence of concomitant
sore throat symptoms. Nevertheless, group A streptococci are
implicated in 3% to 5% of all AOM cases, and are associated

with older age and a higher risk of mastoiditis.33 Staphylococci
can be the pathogenic organism in recurrent infections, and
methicillin-resistant strains have been identified in recurrent
and chronic infection, as well as in patients with otorrhea from
tympanostomy tubes.34 Additionally, trends toward greater iso-
lation of staphylococcus in the postpneumococcal vaccine era
have been associated with the development of mastoiditis and
sinusitis.35,36

6. When would tympanocentesis have a role in establishing the
microbiologic etiology of T.T.’s AOM?

Tympanocentesis can be useful, but seldom is indicated for
first-time or infrequent middle ear infections. In the absence
of an organism to be obtained in another way, direct access to
the infected body fluid is important, particularly in the face of
repeated or relapsing infection. Results from culture and sen-
sitivity testing could be especially useful, for example, when a
clinician is faced with the consideration of using an antibiotic
such as clindamycin for highly penicillin-resistant pneumo-
coccus (given its absence of coverage for H. influenzae and
M. catarrhalis), or whether a macrolide might be more accept-
able. Tympanocentesis would be more urgent in a young infant
with otitis, particularly in the presence of concurrent signs of
sepsis; other organisms (including enteric gram-negative rods)
could be the otitis-producing pathogens. Tympanocentesis can
be of benefit not only for diagnostic purposes, but also for
the benefits associated with drainage of infected middle-ear
fluid.

Treatment
Empiric Antibiotic Selection

7. What empiric antibiotic therapy should be initiated for
T.T.? What are some of the selection/dosing issues involved in
treatment selection?

As with other infectious diseases, therapy without the bene-
fit of culture and sensitivity tests must be based on clinical and
demographic variables that point the clinician toward the most
likely pathogen(s). If H. influenzae is the organism in T.T.’s
case for the reasons enumerated previously, then the choice of
a β-lactamase–stable cephalosporin (e.g., cefpodoxime, cef-
dinir, cefuroxime) or a β-lactam/β-lactamase inhibitor combi-
nation (e.g., amoxicillin-clavulanate) are effective choices. In
contrast, the AAP/AAFP empirically recommends high-dose
amoxicillin if the patient has no fever and mild pain, and high-
dose amoxicillin-clavulanate if high temperature (≥39◦C) or
severe pain is present. Cephalosporins or macrolides are rec-
ommended by AAP/AAFP if penicillin hypersensitivity is
present (non–type 1 and type 1, respectively). As discussed,
fever and pain may not reliably indicate the pathogen, and
high fever might be more reflective either of infection with
S. pneumoniae27 or from a coexisting viral infection. There-
fore, more information on the patient’s history of recent an-
tibiotic usage and vaccination, additional clinical/demographic
variables, as well as regional and patient-specific expectations
for bacterial resistance must be assessed. Although regular or
high-dose amoxicillin should be among the first choices for
a first-time infection, modifying factors might encourage a
broader range of choices if organisms other than S. pneumoniae
are potentially involved because amoxicillin probably would
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Table 96-3 Modifying Factors for Consideration of Alternatives to Amoxicillin in Treating Acute Otitis Media

First Infection, No Modifying Factors Modifying Factors Present (See Table 96-4)

First-line therapy Amoxicillin (40–45 mg/kg/day) or high-dose
amoxicillin (80–90 mg/kg/day) (**dose selection
depends on patient experience and regional resistance
prevalence)

High-dose amoxicillin (80–90 mg/kg/day); high-dose
amoxicillin/clavulanate (80–90/6.4 mg/kg/day),
cefuroxime, cefpodoxime, cefdinir

Treatment failure at day 3 High-dose amoxicillin-clavulanate, cefuroxime,
cefpodoxime, cefdinir; ceftriaxone IM (if compliance
problems or seriously ill)

Ceftriaxone IM, levofloxacin, clindamycin;
(tympanocentesis for culture)

Treatment failure at day
10–28

High-dose amoxicillin/clavulanate, cefuroxime,
cefpodoxime, cefdinir IM ceftriaxone, levofloxacin

High-dose amoxicillin/clavulanate, cefuroxime,
cefpodoxime, cefdinir, IM ceftriaxone, levofloxacin;
tympanocentesis for culture

not be effective against β-lactamase–producing pathogens.37

The recommendations for alternatives to amoxicillin (Tables
96-3, 96-4, and 96-5) are consistent with the modified Centers
for the Disease Control and Prevention guidelines for AOM
treatment in 1999.38 Ten days of antibiotic treatment is recom-
mended for patients who are younger than 2, otitis prone, or in
a daycare facility.

The specific antibiotic choice is affected by multiple vari-
ables (e.g., past history of antibiotic use by the patient; past
patient history of success with antibiotics and consideration of
microbial resistance; previous history of adherence to therapy;
interactions of patient with multiple siblings or in a daycare
facility). T.T. has previously been treated with antibiotics for
two previous episodes of otitis, has been on prophylaxis, and
has been successfully treated instead of selection of resistant
strains. Although T.T. also had two more recent cases of URI
(presuming that they were viral), they are spaced apart suf-
ficiently in time for the label of recurrent or otitis prone not
to apply. However, other factors (e.g., bilateral disease, con-
junctivitis, conjugate pneumococcal vaccination) in the case
suggest that T.T. may have β-lactamase producing pathogens

Table 96-4 Modifying Factors and Useful Antibiotics

Useful Antibiotics When Modifying
Modifying Factors Factors Present

� Daycare center attendance
� Recent antibiotic use (within

30–60 days)
� Resistance suspected/documented
� Bilateral disease
� Conjunctivitis-otitis syndrome
� Recurrent AOM/otitis prone
� Past/current amoxicillin failure
� AOM in patient with chronic OME
� TM perforation/tympanostomy

tubes
� Immunosuppression
� Infant <6 months old

Cefpodoxime 10 mg/kg/day PO
BID

Cefdinir 14 mg/kg/day QD
Cefuroxime 30 mg/kg/day PO

BID
Amoxicillin/clavulanate 90/6.4

mg/kg/day PO BID
Ceftriaxone 50 mg/kg/dose IM

×3 days
Levofloxacin 10 mg/kg/day PO

BID (not FDA-approved for
AOM)180

Clindamycin 30 mg/kg/day
PO TID (lacks activity
against H. influenzae and
M. catarrhalis)

AOM, acute otitis media; BID, twice a day; IM, intramuscularly; OME, otitis media
with effusion; PO, orally; QD, daily; TID, three times a day; TM, tympanic membrane.
Adapted from reference 180.

or penicillin-nonsusceptible S. pneumoniae for which alterna-
tives to amoxicillin should be sought.

The dosing regimens for the antibiotic treatment of AOM
are based on the doses that have been associated with the most
positive outcomes in clinical studies. For example, ceftriaxone
has been evaluated in single-dose regimens; however, the three-
dose regimen showed greater efficacy in young children with
recurrent disease.39 High-dose regimens of amoxicillin and
amoxicillin-clavulanate are recommended to enhance efficacy
against nonsusceptible strains of S. pneumoniae. In another ex-
ample, once-daily dosing of cefdinir 14 mg/kg/day was associ-
ated with 80% middle-ear fluid eradication of pneumococcus
and statistically better clinical resolution in children younger
than 2 years versus 55% for the twice-daily dosing regimen.40

Similarly, twice daily dosing of cefdinir was less effective in a
comparison with high-dose amoxicillin-clavulanate in a sub-
group of patients younger than 2 years, but equivalent in older
patients.41 A non–FDA-approved dose of cefdinir 25 mg/kg
once daily in patients with recurrent AOM eradicated less sus-
ceptible middle ear pathogens in North and Central Ameri-
can children. The magnitude of the dose in the presence of
bacterial infection might have assisted the penetration of the

Table 96-5 Drugs With Less Reliability in the Management
of Acute Otitis Media

� Cefixime and Ceftibuten: Good for once daily dosing against
β-lactamase–producing H. influenzae and M. catarrhalis, but low
activity against nonsusceptible S. pneumoniae

� Loracarbef and Cefaclor: Achieves high concentrations in the middle
ear, but MICs prohibitively high; substantial failure data, serum
sickness-like syndrome.

� Cefprozil: High H. influenzae MICs compared to other second- and
third-generation cephalosporins.176

� Trimethoprim-Sulfamethoxazole: BID dosing and inexpensive, but
high resistance rates for susceptibility S. pneumoniae, H. influenzae,
GABHS; lacks clinical success in culture-positive AOM.177

� Azithromycin: Intracellular drug disposition for mostly extracellular
bugs, failures in younger children; unacceptably poor eradication of H.
influenzae and nonsusceptible S. pneumoniae178; may be useful when
coexistent atypical pneumonia (clarithromycin likely better for AOM).
However, good activity on biofilm-producing organisms in
chronic/recurrent otitis.179

AOM, acute otitis media; BID, twice a day; GABHS, group A β-hemolytic strepto-
coccus; MIC, minimum inhibitory concentration.
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β-lactams,42 and could have disproportionately increased mid-
dle ear fluid levels than lower doses.43 Additionally, middle ear
fluid half-lives for β-lactams are more prolonged than serum
half-life in pharmacokinetic studies using the of chinchilla
model of otitis.44

The adverse effect profiles of antibiotics also must be con-
sidered in the choice of an antibiotic for treatment of AOM.
High-dose amoxicillin-clavulanate has not caused more diar-
rhea than a more modest dose, but it is associated with more
diarrhea than with most cephalosporins.41 Products contain-
ing probiotics (e.g., lactobacillus, saccharomyces) can lessen
antibiotic-associated diarrhea.45 The pain from ceftriaxone in-
tramuscular injections can be lessened with lidocaine, but large
doses might need to be divided and injected into more than one
anatomical site in older or larger-sized patients. Clindamycin
has not been formally evaluated in the management of AOM, is
poor tasting, and has a greater potential for inducing antibiotic-
associated diarrhea than other antibiotics. Poor taste also re-
duces the ease of use of cefuroxime and cefpodoxime in com-
parison with cefdinir.

Failed Treatment Sequelae
Failed or inadequately treated otitis can result in hearing im-
pairment and subsequent learning difficulties,22 or possibly
more serious sequelae (e.g., mastoiditis, labyrinthitis, ossicle
sclerosis, sinus thrombosis, meningitis, brain abscess). Mas-
toiditis can present with postauricular swelling and protrusion
of the pinna with redness over the mastoid prominence. Ex-
tension of disease results in opacification and coalescence of
the mastoid air cells and subperiosteal abscess. S. pneumo-
niae, S. aureus, and P. aeruginosa are the common pathogens
in cases of acute mastoiditis, whereas P. aeruginosa is the
primary pathogen in cases of chronic mastoiditis (≥3 weeks
of symptoms).35 Pediatric mastoiditis in the pneumococcal
conjugate vaccine era has not changed from the prevaccina-
tion period, but ceftriaxone nonsusceptibility significantly in-
creased from 7% to 30% (all but one isolate being highly
resistant).35 Although methicillin-resistant Staphylococcus au-
reus (MRSA) was not frequently isolated, vancomycin, clin-
damycin, or linezolid might be needed to treat some cases of
acute mastoiditis. Intravenous antibiotics should be sufficient
for treatment of milder cases of acute mastoiditis; however,
they might need to be supplemented with tympanostomy tube
insertions, abscess drainage, and mastoidectomy for progres-
sively severe mastoiditis.46

OME can develop in 40% of the cases of AOM at
1 month after appropriate treatment, 20% by 2 months, and
10% by 3 months. Patients with continued otitis for longer than
3 months are deemed to have chronic OME. A 10-day trial of a
β-lactamase–resistant antibiotic and prednisone 1 mg/kg/day
can be helpful in the treatment of chronic OME, and might be
sufficient to delay or avoid the need for tympanostomy tube
insertion.

Preventive Treatment
When three distinct AOM episodes occur within 6 months
(or four within 1 year), prophylactic treatment with sulfisox-
azole (50 mg/kg/day) might be effective. Influenza vaccine
can prevent the development of AOM cases subsequent to an
episode of influenza, and oseltamivir treatment of influenza
also can reduce secondary AOM.47 Adherence to pediatric im-

munization schedules (see Chapter 95) is essential in mini-
mizing the potential of chronic OME and minimizing other
risk factors (see Question 4) also can be useful. Oral xylitol
solution has had some benefit in trials. If the patient has tym-
panostomy tubes already inserted and if these tubes appear
to have increased purulent drainage, antibiotic eardrops (e.g.,
ciprofloxacin/hydrocortisone 3 drops BID or ofloxacin 5 drops
BID) can be initiated.

PHARYNGITIS AND GROUP A β-HEMOLYTIC
STREPTOCOCCAL INFECTION
Standard of Practice
In an effort to limit the overuse of antibiotics within health
care organizations, HEDIS measures were developed to as-
sess children 2 to 18 years of age who received an antibiotic
prescription for the management of pharyngitis and who also
were tested for group A β-hemolytic streptococcus (GABHS).
Although the probability of bacterial infection only is about
15% to 36% in children seen as outpatients for a sore throat,
the antibacterial prescription rates in the United States varied
from 47% to 54% from 1998 to 2003.48 Testing to identify a
bacterial cause for pharyngitis was performed in 57%, with a
higher percentage of testing in private plans as compared to
Medicaid plans. These numbers are similar to the 43% antibi-
otic prescription rate among more than 125,000 pharyngitis
visits from five health plans, where 75% of children under-
went testing.49 The national HEDIS data for 2006 was 70.7%
appropriate diagnostic testing and antibiotic prescribing for
pharyngitis.

Practice perspective contributes to the misuse of antibi-
otics for pharyngitis. Of 948 family medicine and pediatric
practitioners responding to a survey, 401 (42%) would initiate
antibiotics before knowing the results of diagnostic tests and
continue them despite negative results. About 27% of practi-
tioners prescribed antibiotics in this manner often or almost
always. Family practice physicians were significantly more
likely than pediatricians to initiate antibiotics before learning
the test results (76% vs. 57%; p <.01), less likely than pedi-
atricians to perform in-office throat cultures (13% vs. 32%;
p <.01), and more likely than pediatricians to admit that
parent expectations might have an effect on their decision
to provide antimicrobial treatment (90% vs. 58%; p <.01).
Overall, the stated reasons for prescribing antibiotics were to
prevent acute rheumatic fever (95%), prevent local suppurative
complications (71%), shorten clinical course (70%), decrease
contagiousness (70%), and prevent acute glomerulonephritis
(57%).50 The incidence of acute rheumatic fever, poststrepto-
coccal glomerulonephritis and other nonsuppurative compli-
cations actually have been decreasing in children in the United
States, whereas suppurative complications (e.g., retropharyn-
geal abscess) have increased.51,52

Throat culture is the standard for determining the presence
of GABHS pharyngitis, as many other viral and bacterial eti-
ologies exist for pharyngitis. Nevertheless, the rapid-antigen-
determination test (RADT) is commonly used within office,
urgent care, and emergency room practice in determining the
need for antibiotics. These RADT have acceptable although
not high sensitivity (70%–90%).53,54 However, 6.8% (range,
3.5%–9.8%) of patients with negative RADT have a positive
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throat culture for GABHS; therefore, culture confirmation has
been advocated.54

Testing and Initial Treatment

8. M.G., a 14-year-old female, comes to the urgent care cen-
ter complaining of fatigue, a sore throat, and tender cervical
adenopathy for the past 2 days. She reports that she had been
studying with two classmates who had complained of similar
symptoms. On physical examination, her temperature is 101◦F
and her other vital signs are normal. Her pharynx is beefy red,
with petechiae on the palate and pus on the tonsils. She denies
sexual activity or tampon use. She has been self-administering
ibuprofen every 6 hours for pain relief for the past 2 days. What
testing should be undertaken for this patient?

This sore throat case scenario describing M.G. is often
met with an unnecessary antibiotic prescription. She could be
treated with antibiotics justifiably in the following four situa-
tions: (a) Initiate an antibiotic if the RADT is positive. If the
RADT is negative, obtain a throat culture and start antibiotics,
but discontinue the antibiotic if the culture is negative. (b) As in
the first situation, initiate an antibiotic if the RADT is positive.
If the RADT is negative, obtain a throat culture and, unlike the
first situation, start antibiotics only if culture is positive. (c)
Initiate an antibiotic without undertaking a RADT, but obtain
a throat culture and discontinue the antibiotic if the culture re-
sult is negative. (d) Initiate an antibiotic only if a throat culture
is positive. Although these guidelines are well-supported in
the literature, only two-thirds of physician respondents agreed
with these management options; 36% of family practitioners
would start and continue antibiotics either without testing or
regardless of the test results.50 Appropriate clinical and diag-
nostic assessment is crucial to appropriate antibiotic use in
pharyngitis.

Adolescents, who had recent close physical contact with
individuals with pharyngitis, also should be tested with a
monospot for infectious mononucleosis (an Epstein-Barr virus
infection) because the latter can present with similar symptoms
(fever, exudative pharyngitis, lymphadenopathy). A culture for
N. gonorrhoeae also might be considered for M.G.; however, it
would be unnecessary because other hallmarks of gonococcal
disease (e.g., tenosynovitis, vulvovaginitis, sexual history) are
absent.

9. On the assumption that M.G. had been tested appropriately
and an antibiotic should be initiated, what would be a reasonable
treatment initiative?

Because GABHS resistance to penicillin is minimal, a
10-day course of penicillin or ampicillin is the option of
choice. A 5-day course of therapy with a β-lactamase stable
cephalosporin is equally effective, possibly superior, and sup-
ported by studies and meta-analyses.55 M.G. does not have a
history of a penicillin allergy; however, patients with a non–
type 1 penicillin allergy can be treated with a cephalosporin
(e.g., cephalexin). A macrolide should be prescribed if a type
1 allergy exists. The dosing regimen for azithromycin in chil-
dren with streptococcal pharyngitis is different than for other
indications. The azithromycin should be dosed at 12 mg/kg PO
once daily for 5 days for a total course of 60 mg/kg, based on

a meta-analysis that supports the superiority of this regimen
over a 3-day course of 10 mg/kg/day.56

Recurrent and Systemic Group A β-Hemolytic
Streptococcus Infection

10. M.G. completes a 10-day course of ampicillin after testing
positive for GABHS, and returns to her usual state of good health
for several weeks. About 4 days ago, she again developed a sore
throat, fever, nonproductive cough, and rhinorrhea. Two days ago,
she felt dizzy when she walked, and her symptoms worsened the
next day. She developed left upper quadrant, sharp abdominal and
epigastric pain, especially prominent at the lower left costal mar-
gin, which she rated as an 8 (on a 10-point scale) and worse with
inspiration and movement. Her temperature is 103.8◦F, and she is
unable to swallow liquids. She has no neck stiffness, headache, or
dysuria, but feels dizzy. On presentation to the pediatric ED, she
had a heart rate of 124 beats/minute; blood pressure of 90/50 mm
Hg, and respiratory rate of 38 breaths/minute. Her O2 saturation
was 93%. Her breath excursions are asymmetric and she splints
her inspirations on the left. On auscultation, she has egophony
at the left lower base, and occasional crackles on the right. She
has a sandpaperlike rash on her anterior neck, chest, and arms,
but no areas of cellulitis or abscess. Her white blood cell (WBC)
count is 4,700/mm3 with, 88% polymorphonuclear neutrophilic
leukocytes, and>50% band forms. Her CRP is 32.5 mg/dL, blood
urea nitrogen is 14 mg/dL, creatinine 0.8 mg/dL. Her antistrepto-
lysin-O titer is mildly elevated. Coagulation parameters were
within normal limits, except for a slightly elevated fibrinogen level.
Her weight is 49.5 kg. She had a lactate level of 4.5 mmol/L. She
received normal saline boluses of 20 mL/kg × 3, and her blood
pressure increased to 110/66 mm Hg, and her heart rate decreased
to 96 beats/minute. Treatment with pressor drugs were not be-
gun. Her urine is nitrite and leukocyte negative, blood culture is
pending. Her chest x-ray (anteroposterior and lateral view) shows
a left lower lobe consolidation and a large pleural effusion. Her
brother had strep throat after M.G. finished her initial treatment.
The throat culture is positive for a pathogen. Why could this be a
recurrence of GABHS infection?

M.G. presents now with a clinical picture consistent with
toxic shock syndrome. Although many organisms can cause
systemic inflammatory response syndrome, which then can
progress to septic shock, the slow onset of M.G.’s symptoms
is more suggestive of infection with a gram-positive organism.
The nonpetechial rash and presence of a pleural effusion make
meningococcus less likely. The elevated antistreptolysin O titer
is suggestive of recent infection and will peak in another 2 to 3
weeks.51 The high CRP level supports the presence of an encap-
sulated organism and potential for producing a superantigen re-
sponse. The superantigens activate large populations of T cells
without the typical antigen presentation through histocompati-
bility complex molecules. This leads to a massive overproduc-
tion of proinflammatory cytokines (e.g., tumor necrosis factor,
IL-6) producing the systemic inflammatory response syn-
drome (vasodilatation, capillary leak, and hypoperfusion).57

The hemodynamic abnormalities and lactate level in M.G.
also is compatible with systemic inflammatory response syn-
drome. Although no history is provided regarding a recent vari-
cella infection in M.G., varicella is a recognized risk for inva-
sive GABHS infection. A relationship between nonsteroidal
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anti-inflammatory use and invasive GABHS infection has
some weak epidemiologic support57; however, support is some-
what stronger for non-necrotizing invasive disease in patients
taking ibuprofen combined with acetaminophen.57−59

Pneumococcus is certainly a consideration for M.G., par-
ticularly given the greater number of cases of empyema
in children despite the routine use of 7-valent conjugate-
pneumococcal vaccine, which does not protect against
serotypes 1, 3, and 19A. The likelihood of bacteremia and
dissemination with this organism shortly after a full course of
ampicillin is unlikely, but infection with a penicillin-resistant
strain of S. pneumoniae is a possibility.60 Staphylococcal toxic
shock is possible, but absence of tampon use, influenza, recent
surgery, and premorbid cutaneous lesions or burns reduce the
likelihood of infection with this pathogen. More common in
children is streptococcal toxic shock syndrome (STSS) and in-
vasive GABHS infection, which can be associated with necro-
tizing fasciitis, myositis, and septic arthritis, but mostly with
infections of sterile sites, including the lung and pleural space.
The described rash is very consistent with STSS and production
of pyrogenic exotoxins from M1 and M3 strains of GABHS,61

as is the presence of a large pleural effusion. These strains are
also common in asymptomatic carriers of Streptococcus pyo-
genes. Genetically low levels of protective antibodies to the
M proteins and family of superantigens places the patient at
risk for STSS, and a variety of other invasive disease manifes-
tation (including the more benign scarlet fever).61 M.G.’s low
WBC and profound left shift indicate peripheral consumption
of neutrophils, most likely from chemotaxis, sequestration, and
destruction within the pleural empyema.

11. What additional empiric treatment should be initiated in
M.G.?

Ampicillin can eradicate S. pyogenes pharyngitis, but fail-
ures do occur on a number of pharmacologic grounds. The
carrier state and spread from close contacts may cause for re-
peated cases. Importantly, other pathogens and commensals
in the nasopharynx have a protective/enhancing effect on lo-
cal GABHS, and ampicillin/penicillin may select for these.
Among 548 cases of GABHS tonsillophayngitis, β-lactamase
producing organisms (e.g., H. influenzae, M. catarrhalis, S.
aureus) were cocultured in 39%, 22%, and 17% cases, respec-
tively. These pathogens, therefore, can inactivate the penicillins
in situ and cause clinical failures. This is reflected in the widen-
ing efficacy differences observed between cephalosporins and
penicillin over a 30-year period,62 and in the greater num-
ber of symptomatic relapses seen in patients treated for
GABHS pharyngitis with penicillin and amoxicillin com-
pared with treatment with β-lactamase stable cephalosporins
and amoxicillin-clavulanate.63 Additionally, under the con-
cept of bacterial interference, penicillins eradicate commen-
sal α-hemolytic streptococci, which are natural competitors
of GABHS occupancy in the mucosa; cephalosporins spare
this organism. This contributes to increased GABHS car-
riage in patients treated with penicillin. Differences in cultures
of protective α-hemolytic streptococcus, β-lactamase produc-
ing penicillin-inactivating copathogens and GABHS from tis-
sue obtained at the time of tonsillectomy in patients pre-
treated with cefdinir or penicillin have been demonstrated.64

Cephalosporins have also been more effective in prophylaxis

of intrafamilial transmission of GABHS.65 Therefore, oral ce-
furoxime or cefdinir should be considered if relapse or past
failure to eradicate occurs (particularly if copathogens are iso-
lated), or if a higher rate of microbiologic failures and clinical
relapses are recognized within a family or local community.66

Beside the fluid boluses for hemodynamic support for M.G.,
with the necessary monitoring for response for further inter-
vention, antibiotic management must be promptly begun. With
concerns for pneumococcus, staphylococcus, and GABHS in-
fection, cell wall active agents and protein synthesis agents are
needed. Although penicillins, cephalosporins, and vancomycin
can be used depending on the risk assessed for penicillin-
resistant S. pneumoniae and MRSA, use of protein-synthesis
inhibitors is critical for the treatment of invasive GABHS in-
fection. Clindamycin, a ribosome-bound agent, can decrease
exotoxin, superantigen, and cytokine production, and, thereby,
the clinical effects of toxic shock syndrome, while eliminat-
ing this pathogen. Clindamycin added to a β-lactam enhances
the clinical outcome of invasive S. pyogenes.67 Therefore, IV
clindamycin (40 mg/kg/day divided into three to four doses)
should be added to empiric coverage with a cephalosporin ef-
fective against GABHS, nonsusceptible S. pneumoniae, and β-
lactamase–producing pathogens (e.g., cefotaxime at 200 mg/
kg/day divided into four doses). Clindamycin will addition-
ally cover community-acquired MRSA if this pathogen is
considered as an etiology for the pleural effusion, and cover
cephalosporin-resistant S. pneumoniae. Vancomycin (40–
60 mg/kg/day divided into three to four doses) alternatively
can be used to cover MRSA, resistant pneumococcus, and
GABHS. Vancomycin, however, is a cell wall active agent
and will not confer protection against GABHS toxin produc-
tion, and may act like a β-lactam in disseminating preformed
toxin. Intravenous immunoglobulin is often added to bind cir-
culating exotoxin and superantigens, and has improved clinical
outcomes,57 although different brands have varying efficacy in
these neutralizing properties.68

Pleural Empyema

12. Three days after admission to the pediatric intensive care
unit, M.G.s throat culture grew S. pyogenes. Vancomycin, clin-
damycin, and cefotaxime were started upon her admission to the
pediatric intensive care unit. The rash is fading, but pleuritic chest
pain remains, and the patient is placed on patient-controlled anal-
gesia with morphine. The lactate level is now normal, but the CRP
is still 30.5 mg/dL. Thoracentesis of the pleural effusion yields 300
mL of exudate, which shows gram-positive cocci, but the culture
is negative. The fluid reaccumulated after 24 hours, but the pa-
tient is breathing more comfortably, and she is weaned to room air
with O2 saturation remaining above 95%. Her CRP is still 27 the
next day, and her temperature remains at 101.8◦F. What further
interventions in M.G.’s care should be implemented?

The throat culture, the pleural fluid Gram stain, and clin-
ical course denote the most likely pathologic entity is STSS,
with recurrence of GABHS from an earlier pharyngitis or fa-
milial reacquisition. The vancomycin can be discontinued, but
treatment should continue with both the clindamycin and the
cefotaxime. The sustained CRP elevation is concerning, and
the reaccumulated pleural fluid remains a pyrogenic source,
although the pleural fluid culture being negative in the face of
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a positive Gram’s stain may represent dead organisms. Pleural
fluid often reaccumulates after thoracentesis.69 Ultrasound or
computed tomography can help to determine whether the loc-
ulated areas of pus exist that must be drained. Thick pleural
fluid and loculation in the presence of unremitting fever, pain,
and respiratory difficulty may require surgical decortication of
the pleura.69 More conservative management can be attempted
with placement of a chest tube, with injection into the pleural
space of tissue plasminogen activator (2 mg in 20 mL normal
saline) if drainage is inadequate. Antibacterials should be con-
tinued for 2 to 4 weeks depending on M.G.s clinical progress
and whether surgical intervention is employed. Management
with early decortication for pediatric empyema has been advo-
cated for more rapid and definitive resolution, and shortening
of length of stay (LOS) and overall cost of care.70 Monitoring
lung function recovery for M.G. to rule out restrictive disease
should be long-term.

CROUP
Clinical Presentation

13. Y.M., a 3-year-old male who attends daycare, developed a
cold at the end of the school week. According to his mother, his
cold was accompanied by coughing and post-tussive emesis of
whitish, thick phlegm. Overnight on Saturday, his cough, which
had become harsher through the day, now sounded like a seal,
and he continued to have emesis in an attempt to clear his airway.
He did not turn blue, but his mother became concerned when
he became inconsolable and seemed not to be able to catch his
breath. When brought to the emergency department at his local
hospital, he was not toxic appearing, but had audible inspiratory
stridor and a barking cough. His temperature was 104◦F, his res-
piratory rate was 38 breaths/minute and shallow, his heart rate
was 142 beats/minute. He exhibited perioral cyanosis, retractions,
and seemed tired and somewhat listless. His oxygen saturation
was 97%. He was placed on 30% oxygen by mask with nebulized
medication, and was able to take sips of fluid after his respira-
tions became deeper and slower, although he still had stridor and
harsh coughing. Direct fluorescence antibody test for influenza
was negative. Why is this clinical picture consistent with croup?

Croup, or acute laryngotracheitis, is a viral upper airway in-
fection that can affect the structures that the anatomical name
suggests. It has an annual prevalence of about 3% and occurs
predominantly between 6 months and 3 years of age, primarily
during the cold weather months.71 Males have 1.5 times the
prevalence over females. Symptoms include hoarseness, bark-
ing cough and a high-pitched audible inspiratory stridor, that
are caused by subglottic inflammation, edema, and narrowing.
In-drawing of the chest wall and respiratory muscle retrac-
tions can be seen. Greater work of breathing from increased
inspiratory airway resistance coupled with lower lung volumes
generated for the effort made creates perceived air hunger.72

The rapid respiratory rate and increased intrathoracic pressure
attempt to maintain the necessary minute inspiratory volume,
but with steadily increasing fatigue of the child and poten-
tially altered sensorium. Parainfluenza virus and respiratory
syncytial virus (RSV) are the usual viral etiologic agents, but
rhinovirus, adenovirus, and mycoplasma can also cause croup;
influenza can cause the most severity.71 High fever, toxic ap-

pearance, and concurrent bronchitis are more indicative of sec-
ondary bacterial tracheitis (e.g., S. aureus, streptococci), and
often requires intensive care admission.73 Spasmodic croup is
distinguished from acute laryngotracheitis by the suddenness
of onset, but with noninflammatory subglottic edema and the
lack of fever and coryza; this can occur more in atopic chil-
dren. Recurrent croup also can have some of the components
of allergy or gastroesophageal reflux.74

About 85% of croup cases in the emergency department are
mild.75 A validated croup scoring system based on the degree
of stridor, intercostal respiratory muscle retractions, air entry,
level of consciousness, and cyanosis in room air, has been
used in clinical studies of severity and response to therapy, but
seldom is utilized in routine clinical practice.71 Anteroposterior
view on x-ray of the neck shows a steeple sign with the column
of air narrowing proximally.

Initial Treatment
Bronchodilators
The great majority of cases of croup are managed at home
(<5% need hospitalization). Caregivers generally are in-
structed to provide warm ambient humidification, despite the
absence of sound evidence as to its efficacy, with the hope of a
possible marginal benefit from a rather risk-free intervention.76

Enhanced humidification might serve to relax the child and,
thereby, lessen the risk of respiratory muscle fatigue. Mu-
colytics have essentially no role and the ability to administer
aerosolized bronchodilators in a home situation to a child with
upper airway inflammation and stridor is difficult and might de-
lay more beneficial therapy. In moderate to severe disease, the
patient should be administered nebulized racemic epinephrine
2.25% (0.25–0.5 mL diluted with normal saline to a 3 mL
volume), which decreases capillary hydrostatic pressure via
precapillary arteriolar vasoconstriction leading to diminished
laryngeal edema.71,75 The β-agonist effect can relax bronchial
smooth muscle, but this is secondary to the larger airway ef-
fects. Doses of racemic epinephrine can be repeated every 2
to 3 hours if needed. l-Epinephrine (1:1,000 diluted in 5 mL
of saline) can alternatively be used, and repeated doses can
diminish the potential need for intubation.77

Corticosteroids
Because edema and inflammation are the main pathophysi-
ological factors in the development of symptoms of croup,
corticosteroids have long been utilized in the management
of moderate-to-severe disease. In addition, meta-analysis of
clinical trials has supported the benefit of steroids in croup.78

Corticosteroids also have been used increasingly for the treat-
ment of mild croup. Even a single oral dose of dexamethasone
0.6 mg/kg can significantly hasten symptom resolution, and
reduce sleep disturbance, parental stress, and revisits for med-
ical care.79 Smaller oral doses have also been very successful,
and intramuscular administration has been especially useful for
use in children with emesis.80,81 Prednisone 1 mg/kg can be
used with similar effect,82 but the longer half-life and greater
potency of dexamethasone may be advantageous. Although
budesonide in 2 to 4 mg doses can be administered via nebu-
lizer, it is doubtful whether it provides additive effects to the
systemic dexamethasone.83 Budesonide also can be nebulized
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together with epinephrine for severe cases. Repeated doses of
steroids are not advocated because of the risk of bacterial and
fungal complications.71 Influenza vaccination should help to
prevent the most severe cases of croup. If testing for influenza
is positive in the presence of severe croup, neuraminidase in-
hibitors should be considered along with the above specified
treatments. The patient should be observed and monitored for
2 to 4 hours, and hospitalization should be considered if the
steroids and repeated epinephrine doses are not resolving stri-
dor at rest or chest wall in-drawing. Secondary bacterial in-
fection and empiric antibiotic therapy with vancomycin and
cefotaxime should be considered at that point.

14. What pharmacologic treatment should be initiated for
Y.M.?

This child should be treated with a single oral dose of dex-
amethasone of 0.6 mg/kg (presuming oral tolerance continues
after being able to take small volumes of liquid), and supported
with oxygen by mask. The treating clinician can administer
an additional dose of racemic epinephrine for the continued
stridor, but consideration should be given to not administer-
ing additional doses if the normal oxygen saturation is main-
tained because the already rapid heart rate is likely to increase
more with continued catecholamine use. The dose of racemic
epinephrine should be repeated if the stridor or oxygen satu-
ration worsens (or cannot be maintained once off oxygen), or
if the response to the dose of dexamethasone is lacking after
four hours of monitoring. Acetaminophen (15 mg/kg) should
be given for fever and any intercostal or upper airway pain due
to the vigorous cough.

BRONCHIOLITIS
Etiology
Bronchiolitis is a common illness of the small airways (bron-
chioles) caused by an infection, usually from a virus, result-
ing in inflammation of the bronchioles and subsequent mu-
cus production. It is the most common lower respiratory tract
infection in infants, and is the top primary diagnosis among
hospitalized infants younger than 1 year.84 It most commonly
occurs in the winter months and usually is caused by RSV,
which can be isolated in 75% of children younger than 2 years
who are hospitalized with this airway disease.85 Rhinoviruses
have also been implicated.86 It is estimated that 22.8 per 1,000
emergency department visits by children during RSV season
can be attributable to bronchiolitis. Reinfections within or dur-
ing subsequent seasons are not unusual given the lack of last-
ing immunity and the high communicability of this infection.
As with other respiratory viruses, dissemination of this in-
fection is through aerosolization and touch. Hand washing is
mandatory for caregivers to minimize the spread of this dis-
ease. Specific genetic susceptibility may also play because four
single-nucleotide polymorphisms in innate immune genes are
strongly associated with RSV bronchiolitis susceptibility.87

The infection causes edema, inflammation, mucus produc-
tion, necrosis, and cell sloughing within small airway ep-
ithelium, resulting in bronchospasm. Infants younger than 6
months are at highest risk of hospitalization, which occurs in
0.5% to 2.0% of all RSV infections. Premature neonates, in-
fants with chronic lung disease, and children with congenital

heart disease and heart failure are at added risk for morbid-
ity and mortality from bronchiolitis.88 Hypoxia can develop
from ventilation/perfusion mismatching. Gas exchange is fur-
ther compromised by the mucus plugging, airway obstruction,
and subsequent air trapping distal to the narrow airways.

Clinical Presentation

15. M.V., a 3-month-old male born at 31 weeks of gestation, is
admitted for poor feeding and respiratory distress. M.V.’s mother
relates that the infant had been fussy for the past 2 days, had
a runny nose, and was stopping feeds prematurely and tiring.
His respirations had gone from panting to grunting over the last
12 hours, and he was turning blue around the mouth. His tem-
perature was 101◦F, with a respiratory rate of 82 breaths/minute
and a heart rate of 180 beats/minute. On physical examination,
nasal congestion was seen in one nare and he had crackles and
occasional wheezing bilaterally on chest auscultation. His tym-
panic membranes are clear. His oxygen saturation was 88% on
the pulse oximeter and his venous blood gas showed a pH of 7.35,
PCO2 of 56 mm Hg, and a PO2 of 50 mm Hg. He received a dose
of nebulized albuterol and more wheezing was heard bilaterally.
Continuous albuterol was applied, but the oxygen saturation went
only to 90%. M.V. has a WBC of 8,700/mm3, with 42% neutrophils
(<10% band forms), 50% lymphocytes, 6% monocytes, and 2%
eosinophils; few atypical lymphocytes were seen on the smear. His
CRP was 1.3 mg/dL. A chest x-ray was obtained and a diagno-
sis of bronchiolitis was made. The patient was transferred to the
pediatric intensive care unit for close monitoring.

M.V.’s coryza and rhinorrhea are common clinical findings,
and can occur with or without fever. Normal respiratory rates
are age dependent; M.V.’s high respiratory rate is within the
expected range for young infants with bronchiolitis (can ex-
ceed 70–90 breaths/minute), and his respirations that sound
like panting is common with this illness. His difficulties with
feeding and sleeping result from the rapid respiratory rate that
is required for adequate minute ventilation. At this point, se-
dating medications must be avoided because these can slow the
respiratory rate and potentially compromise his minute venti-
lation. As his condition worsens, his respirations progressed
from panting to grunting because he closes his glottis against
exhaling pressure as a means of keeping his alveoli open for
gas exchange, a process known as “auto–peak end-expiratory
pressure.” Nasal congestion is important to identify and treat
because young infants tend to be obligate nose breathers, and
nasal obstruction can cause respiratory impairment. Wheez-
ing, nasal flaring, increased intercostal muscle retractions, and
cyanosis can result if treatment is not promptly instituted or if
treatment fails. When apnea is present, immediate attention is
paramount, and increases the need for mechanical ventilation,
especially in infants younger than 8 weeks old and in prema-
ture infants. Pulse oximetry should be used to assess the degree
of oxygen saturation. Blood gases also should be obtained to
monitor oxygen content for deteriorating or mechanically ven-
tilated patients. Both the low oxygen saturation and elevated
Pco2 reflect M.V.’s significant respiratory distress. Peribron-
chiolar infiltration of lymphocytes can be appreciated on the
chest x-ray as peribronchial cuffing. Lobar atelectasis can oc-
cur due to the cell sloughing, and hyperinflation on the chest
x-ray results from air trapping. WBC count and CRP are most
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often normal,89 as they are in M.V., and bacterial cultures gen-
erally can be avoided because the development of concurrent
bacterial infection is very low in bronchiolitis.90 Nevertheless,
bacterial colonization of endotracheal tube aspirates is com-
mon in ventilated patients.91

Laboratory Testing

16. What testing should be done on M.V. to identify the
causative agent?

Rapid RSV-antigen testing using direct immunofluorescent
antibody staining or enzyme-linked immunosorbent assay of
a nasal aspirate or wash, or a deep nasopharyngeal swab sam-
ple, reliably detect active viral shedding with sensitivity and
specificity of nearly 90%. A simple nasal mucus swab does
not obtain sufficient epithelial cells, and leads to increased
false-negative results. During the season when influenza is en-
demic, the obtained specimen should be tested for both viruses.
The availability of effective testing for RSV and influenza
with rapid turnaround times has enhanced the ability to dis-
tinguish serious bacterial infections from viral infections in
young infants; thereby, decreasing extensive laboratory testing,
time in the emergency department, and needless antibiotic ex-
posure.92

Treatment

17. What available treatments should be used to M.V.?

As with croup, the treatment of bronchiolitis is controver-
sial when evidence-based benefit is balanced against risk, and
recommendations for treatment often fly against practice tra-
ditions. More than 50% of bronchiolitis episodes are treated
with bronchodilators, corticosteroids, or antivirals despite only
limited supportive evidence for such treatments.93

Bronchodilators
The use of bronchodilators has been declining because the
literature does not support their routine use, and they do not
seem to decrease LOS in hospitals or prevent the need for hos-
pitalization. Some individual infants, however, seem to expe-
rience early benefit based on scores of clinical improvement.94

Aerosolized administration of bronchodilators by mask or
hood to infants with bronchiolitis also results in similar out-
comes. The hood generally is the preferred aerosolized method
of administration because the mask or nasal prongs often be-
come displaced with the head movements of young infants.95

Additionally, nebulized epinephrine, in contrast with placebo
or albuterol, has been beneficial in some outpatients; however,
epinephrine can promote adverse increases in heart rate.96 Sev-
eral international studies have demonstrated decreased hospital
LOS for infants with moderate viral bronchiolitis when treated
with nebulized 3% saline. Nevertheless, formal recommenda-
tions for the use of nebulized saline are lacking.97 Therefore, an
aerosolized bronchodilator should not be used in treating M.V.
because he already has an increased heart rate and it would
unnecessarily expose him to potential adverse effects from a
treatment with unproven efficacy.

Corticosteroids
A variety of corticosteroid have been studied in the treatment of
RSV bronchiolitis; however, the routine use of these drugs has
not been endorsed by the AAP.85 Corticosteroids might prove
to have a role in early or later disease course. In a random-
ized, placebo-controlled trial of 174 children (<2 years old),
a single dexamethasone 0.6 mg/kg dose decreased duration
of symptoms, decreased the need for oxygen, and decreased
hospital LOS.98 In a larger, multicenter trial, 600 infants (2–
12 months old) randomly received 1 mg/kg of oral dexametha-
sone or placebo in the emergency department to treat moderate
to severe bronchiolitis; outcome measures of hospitalization
and clinical score were evaluated over a 4-hour observation
period. The mean improvement of symptom scores and in the
LOS for those hospitalized were not different, and the hospi-
tal admission rates also did not differ for the steroid (39.7%)
and placebo (41%) groups.99 These results do not exclude the
possibility that corticosteroids, used later in the course of the
disease, might decrease residual inflammation, wheezing, and
bronchial remodeling. The prevention of the development of
pulmonary dysfunction with corticosteroids has been studied
with mixed results.100 Therefore, unlike for croup where the
benefit of corticosteroids is seen within 4 hours, the use of a
corticosteroid in M.V. must be predicated on his clinical course.
M.V.’s worsening wheezing provides justification for early use
of methylprednisolone (2 mg/kg loading dose, and 0.5 mg/kg
Q 6 hr for maintenance).

Supportive Care
The mucolytic recombinant human deoxyribonuclease (e.g.,
Dornase) had no effect on LOS, supplemental oxygen needs,
or symptom scores.101 Intravenous fluids should be given as
needed because infants may not be feeding adequately and
insensible losses may be increased with the higher respira-
tory rates. Nasal suctioning and 0.0625% to 0.125% phenyle-
phrine every 4 to 6 hours should be applied to keep M.V.’s
nasal passage patent. Higher concentrations or more frequent
administration of phenylephrine should be avoided because
catecholamine-induced hypertension has been observed ow-
ing to the nasal vascular (mainly arterial) uptake. Supplemental
oxygen should be continued for M.V. if an oxygen saturation
of <90% is sustained.

Antivirals
The antiviral, ribavirin, generally is delivered by mist tent as
6 g over 12 hours for 3 consecutive days when used for treat-
ment of bronchiolitis. The airborne spread of ribavirin is of
concern during administration of ribavirin, and safety policies
need to be established to minimize healthcare worker exposure
because of potential adverse effects. Although initial studies of
ribavirin efficacy were positive, other larger cooperative clin-
ical trial results have been mixed and its use has decreased,
even among patients at significant clinical risk.102 Out of 11
heterogeneously designed trials, 7 were associated with patient
benefits, and 4 noted no benefit. Ribavirin might be of value
in immunocompromised or cardiovascular-impaired patients
with severe disease,85 but should be deferred in M.V.

Antibacterials
The empiric use of antibacterials is not at all common because
concurrent bacterial pneumonia is not an expectation, despite
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the occasional appearance of pulmonary infiltrates and atelec-
tasis on chest x-ray. Acute otitis media can certainly be caused
by RSV, but it can difficult to differentiate viral from bacte-
rial etiologies. Although some evidence suggest that more than
50% of hospitalized children with bronchiolitis develop AOM,
antibacterials should not be administered to M.V. empirically
in the absence of a specific diagnosis.85 Macrolide antibiotics
might have benefit in RSV-associated bronchiolitis that some
speculate might be attributable to their immunomodulatory ef-
fects; however, the needed 3-week course of therapy cannot be
supported based on present data.103

18. Is M.V. a candidate to receive RSV prophylaxis?

Palivizumab
A polyclonal RSV immunoglobulin was utilized for the pre-
vention of RSV infection, but interest waned because increased
mortality was noted in patients with congenital heart disease.
A humanized monoclonal anti-RSV antibody, palivizumab
(Synagis) is available for clinical use. When monthly pali-
vizumab intramuscular injections of 15 mg/kg were adminis-
tered during the RSV seasonal months to high-risk infants and
children with hemodynamically significant congenital heart
disease, RSV hospitalizations were decreased.104 Table 96-6
identifies patients who could benefit from palivizumab admin-
istration. M.V. is eligible for palivizumab, despite his current
infection, because there is a lack of durable immunity against
RSV. M.V. should have received his first dose of palivizumab
before discharge from the hospital after birth. This medication
is costly and cost-effectiveness strategies should be considered.
Opportunities for greater use of palivizumab are notable; only
half of the children presenting to an ED with bronchiolitis who
met AAP criteria for palivizumab prophylaxis received it.105

In 2-year follow-up studies, the incidence of recurrent wheez-
ing decreased in infants who received this drug compared
to those who did not.106 A more potent second-generation

Table 96-6 Indications for Palivizumab

� Infants and children <24 months old with chronic lung disease of
prematurity who have required medical therapy within 6 months of
RSV season (including diuretics or corticosteroids or supplemental
oxygen)

� Infants born at ≤32 weeks gestation, with or without chronic lung
disease:

≤28 weeks gestation during the first 12 months of life
29–32 weeks gestation during the first 6 months of life (if
overlapping with the start of RSV season

� Infants 32–35 weeks of gestation with ≥2 of the following risk factors:
child care attendance, school-aged siblings
exposure to environmental air pollutants
congenital abnormalities of the airways
severe neuromuscular disease

� Children ≤24 months old with hemodynamically significant cyanotic
and acyanotic congenital heart disease

Infants who are receiving medication to control congestive heart
failure
Infants with moderate to severe pulmonary hypertension
Infants with cyanotic heart disease

RSV, respiratory syncytial virus.

monoclonal antibody, motavizumab, is currently undergoing
phase III clinical trials.107 Although palivizumab is FDA
approved for prophylaxis against RSV, it also has been used
intravenously for the treatment of severe upper and lower res-
piratory RSV infection in high-risk patients, including those
with malignancy.108,109 Efforts to develop an appropriately
attenuated and immunogenic live RSV vaccine are ongoing.110

KAWASAKI DISEASE
Kawasaki disease (KD), also known as mucocutaneous lymph
node syndrome, is an inflammatory vasculitis with multiple
clinical features. Although it is one cause of fever of unknown
origin in children, Kawasaki syndrome or KD is unique. It
occurs in children younger than 5 years, has a slight male
predominance, and occurs more frequently in children of Asian
descent.111

Diagnosis
The diagnosis of KD is based on a constellation of symptoms,
including a fever of at least 5 days’ duration in the absence of
an alternative diagnosis and with at least four of the following
five features:111

a. bilateral bulbar conjunctival injection;
b. oral mucous membrane changes (e.g., injected or fis-

sured lips, injected pharynx, strawberry tongue, periun-
gual desquamation during the subacute and convalescent
phases);

c. peripheral extremity changes (e.g., painful erythema of
palms or soles, edema of hands or feet) especially during
the acute phase;

d. polymorphous rash; and
e. cervical lymphadenopathy (at least one lymph node >1.5

cm in diameter).

Atypical or incomplete KD refers to cases in which fever is
accompanied by three or fewer of these features. These cases
occur more in infants and in chemically induced KD (e.g., car-
bamazepine, griseofulvin, mesalamine, carpet shampoo expo-
sure). Additional clinical findings of KD may include hepatic
dysfunction, gallbladder hydrops, pseudo-obstruction, urethri-
tis, aseptic meningitis, arthralgia, and arthritis.

Etiology
The etiology of KD is not well defined, but it has been linked
to viral (coronavirus), bacterial, and rickettsial exposures. KD
mimics a number of infectious diseases, including toxic shock
syndrome, Rocky Mountain spotted fever, scarlet fever, bac-
terial cervical adenitis, and staphylococcal scalded skin syn-
drome. It also has been linked to a superantigen hypothesis,
in which proinflammatory cytokines advance vascular inflam-
mation in the acute phase (first 10 days). In this hypothesis,
vascular endothelial factors are released and stimulate myoin-
timal proliferation and medial thinning, leading to local dilata-
tion, ectasia, and aneurysm formation. This occurrence in the
coronary arteries of the affected child represents the most con-
cerning, and potentially life-threatening, complication of this
disease. Myocarditis and pericarditis can also present during
this period as early complications.
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19. J.H., a 4-year-old Korean male, is in a kindergarten class
where several children have come down with the flu. J.H. has been
febrile with respiratory symptoms, but his fever has lasted for
9 days and had been as high as 104.6◦F. On physical examination,
J.H.’s hands and feet are swollen and red, his tongue is red and
pimply, and his lips show small fissures. His conjunctiva are red
bilaterally without discharge, and there is a maculopapular rash
with irregular borders on the chest. He has a 2-cm mobile cervical
node on the left side of his neck and a few shoddy inguinal nodes.
He has an I/VI systolic ejection murmur, and the point of max-
imal impulse is normally located. His abdominal examination is
benign. He complains of burning on urination. He has quadriceps
muscle and knee pain, and his parents suspected that this was the
influenza that had spread among his classmates. His parents have
not given him antibiotics and deny any other drug use except for
ibuprofen for the fever. The laboratory results show a WBC count
of 27,500 cell/mm3 with 12% band forms, and 50% lymphocytes
with atypical lymphocytes and toxic granulation seen on smear.
His platelet count is 325,000 cells/mm3, and his hemoglobin is
10.7 gm/dL, with a mean corpuscular volume of 89μm3. He has
a CRP of 12.7 mg/dL, an erythrocyte sedimentation rate (ESR)
of 88 mm/hr, an albumin of 2.9 g/dL, and an alanine aminotrans-
ferase of 102 IU/mL with normal ammonia. Urinalysis shows 5
to 10 WBC per high-power field (hpf), but nitrite negative. Blood
and urine cultures are negative. Antibiotics are not started. What
diagnostic findings and considerations in J.H. are consistent with
KD?

J.H. has a fever of unknown origin for more than a week, and
his age (<5 years) and nationality (Korean) fit the typical pro-
file of a patient with KD. More important, J.H. has some signs
and symptoms referable to influenza, but the presence of the
prominent swelling of the hands and feet (criterion C); a macu-
lopapular versus an urticarial rash (criterion D); and the unilat-
eral cervical adenopathy (criterion E) and the high fever for 9
days differentiates this illness from the usual flu symptom pat-
tern. In addition, J.H.’s conjunctiva are red bilaterally (criterion
A); his tongue is red and pimply in appearance (criterion B).

The laboratory test results of J.H. also are consistent with
those commonly noted in patients with KD. Leukocytosis
(J.H.’s is 27,500 cells/mm3), anemia (J.H.’s hemoglobin is 10.7
and normocytic), elevations in CRP (J.H.’s CRP is 12.7 mg/dL)
and ESR (88 mm/hour in J.H.), transaminasesemia (alanine
aminotransferase in J.H. is 102 IU/mL), and sterile pyuria (5–
10 WBC/hpf in J.H.) are present. J.H.’s platelet count is normal,
but the platelet count can rise to more than 1 million/mm3 dur-
ing the subacute phase (days 11–21) of KD, when fever often
dissipates and toes and fingers desquamate. During the con-
valescent phase (days 21–60), the development and presence
of coronary artery aneurysms are prominent concerns. J.H.’s
ESR and CRP are increased and in the ranges (>50 and 10,
respectively) where coronary aneurysms are observed more
frequently.112

Treatment

20. What treatment should be offered to J.H. during the acute
phase?

Medications to provide a measure of comfort for the patient
(e.g., analgesics and antipyretics) are essential, but the need for

treatment to minimize the potential for coronary aneurysms,
as detected by echocardiography, is paramount. The risk of
coronary artery ectasia and aneurysm is higher if treatment is
delayed beyond 10 days from initial symptoms. In one study,
7% of patients with complete KD had an aneurysm on the initial
echocardiogram versus 30% of those with incomplete KD.113

KD patients treated by day 7 of illness had 6% occurrence of
aneurysm versus 27% among those treated at days 8 to 10. A
delay in diagnosis of KD, whether due to the lack of access
to health care or to the lack of health insurance, or more than
one visit to a health care provider before establishment of the
diagnosis, increases the risk of the development of coronary
aneurysms. Patients younger than 6 months, and those with
atypical KD, who have diagnosis and treatment delay of 10 days
or more after fever onset, also are at higher risk of developing
aneurysms.114,115

Intravenous immunoglobulin has become the mainstay of
treatment to minimize the risk of aneurysm in patients with
KD. The recommended doses of IV immunoglobulin has been
modified over time from 400 mg/kg/day for 5 days to 1 g/kg
for 2 days to the current regimen of a single dose of 2 g/kg,
delivered as a 12-hour infusion.111 An additional dose of IV
immunoglobulin at the same dose is warranted if deferves-
cence of fever and clinical indications of improvement have
not occurred by 36 to 48 hours after the first dose of IV im-
munoglobulin. A third dose can be given if necessary with
the addition of 1 to 3 days of pulse methylprednisolone at
30 mg/kg/dose.116

Corticosteroids are appropriate if refractory fever contin-
ues after two doses of IV immunoglobulin, but the effect on
coronary artery dilatation and aneurysm is uncertain.117 The
use of methylprednisolone combined with first-dose IV im-
munoglobulin does not add to the cardiac efficacy of prompt
IV immunoglobulin treatment given alone, although greater
reductions were observed with ESR, CRP, and febrile days
with the combination.118 In contrast, a meta-analysis of eight
KD studies showed improved coronary protective efficacy in
regimens that included corticosteroids, which were the main-
stays of therapy with aspirin before the emergence of IV im-
munoglobulin.

An antiplatelet drug such as aspirin is still used during the
febrile phase at doses of 80 to 100 mg/kg/day divided every
4 or 6 hours. Once the patient’s fever diminishes, the dose
of aspirin is reduced to 3 to 5 mg/kg/day (especially impor-
tant if the platelet count is very high in the subacute phase)
and continued for 6 to 8 weeks until evidence of no develop-
ment of coronary aneurysms; treatment length is indefinite if
coronary aneurysms form, because these can rupture during
adulthood. J.H., still with the potential for influenza to have
been a trigger for KD, should have an enzyme immunoassay
for influenza to assess the risk of Reye syndrome because of
the intent to prescribe aspirin. Clopidogrel can be used as an
alternative to aspirin, or for persistent platelet counts higher
than 1 million/mm3, with doses of 0.2 mg/kg/day for chil-
dren younger than 2 years and 1 mg/kg/day for older chil-
dren being well-tolerated and effective.119 The rare occurrence
of coronary thrombosis in patients with KD could be treated
with medications (e.g., thrombolytics, heparin, warfarin), sim-
ilar to treatment algorithms in adults. Revascularization and
coronary bypass surgery have been performed in severe
cases.
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PEDIATRIC URINARY TRACT INFECTION
Urinary tract infections (UTIs) in children are common causes
of febrile illness in infants, children and adolescents.120 Up to
7% of girls and 2% of boys will have a symptomatic, culture-
confirmed UTI by 6 years of age; and more so with younger
age (7% of febrile newborns). The yearly prevalence of UTIs
in children is estimated to be 2.4% to 2.8%. In a large cohort
of febrile children younger than 2 years, 2.1% were diagnosed
with UTI; and in 13% of Caucasian girls younger than 6 months
of age.121 The prevalence in that age group presenting to the
pediatric emergency room was 3.3%.122 Among 1,025 febrile
infants evaluated during seasons where bronchiolitis is preva-
lent, 9% were diagnosed with a UTI.123

The importance of UTIs in children is not limited to the need
for prompt diagnosis and treatment, but also concern for the po-
tential ramifications of prolonged untreated, poorly treated, and
repeated infection. The relationship of UTI to loss of nephron
mass with consequent decrease in glomerular function, child-
hood hypertension, reflux nephropathy, and renal scarring is
well-established; the needs for treatment and prophylaxis are
important pediatric issues.

Clinical Features and Risk Factors

21. K.P., a 2-month-old male, presents to the emergency depart-
ment with fever and a small amount of blood in his diaper. The
mother claims to be changing the infant’s diaper with the usual
frequency, but noticed over the last 2 days the urine was malodor-
ous. Although somewhat irritable, the infant has been behaving
otherwise normally. Birth history was unremarkable, although
the mother had a case of acute pyelonephritis during the second
trimester, and had two more such cases in the past. On exami-
nation, the child is flushed in appearance, but otherwise normal
appearing and responsive. His temperature is 103.8◦F and his
heart rate is 180 beats/minute; other vital signs are normal for
age. He is uncircumcised, but no outward anomalies (e.g., abnor-
mal urethral opening, spina bifida) are noted. Crying is elicited on
abdominal palpation, but no organomegaly is appreciated, nor is
pain elicited on palpation of the flank area. A urinalysis and urine
culture was obtained via a collection bag (the infant is noted to
cry while urinating). A blood culture is obtained, but a lumbar
puncture is deferred due to the lack of significant mental status
change. Stool was also obtained for microscopy and culture. What
demographic and clinical features of childhood UTI are relevant
to this patient’s UTI?

This patient demonstrates some salient demographic and
clinical features of pediatric UTIs, which differ from the UTIs
experienced by adolescents and adults. Serious bacterial infec-
tion can be identified in 7% to 12% of febrile infants younger
than 3 months old, and 67% to 85% of these can be attributed
to UTIs.121,124,125 The incidence of UTIs in males is much
higher during early infancy than in later childhood and ado-
lescence. The incidence of UTI during the first year of life is
2.7% in males versus 0.7% in females. This gender difference
for UTI reverses to 0.1 to 0.2% in males and 0.9 to 1.4% in
females 1 to 5 years old, and 0.04 to 0.2% in males and 0.7 to
2.3% in females 6 to 16 years old.120 UTIs in adults most com-
monly result from ascending infection from the lower urinary
tract, whereas in young infants the UTI often results from a

hematogenous spread to the urinary tract. As a result, concern
for the possibility of sepsis in young infants is important, and a
blood culture is essential in the face of K.P.’s clinical findings.

Family history also might be of relevance because the chil-
dren of mother’s with a history of pyelonephritis have a higher
incidence of acute pyelonephritis, although pyelonephritis dur-
ing pregnancy has no inheritability impact. Of interest, K.P.’s
mother had experienced a bout of pyelonephritis during her
second trimester. Lower human IL-8 CXCR1 receptor expres-
sion has been noted in both of these family patient groups
compared with children without UTIs.126 Adolescents who
self-catheterize because of spina bifida or severe bladder dys-
function are at higher risk for recurrent UTIs, particularly if
poor catheterization routines are employed.127

An anatomical urologic anomaly, or the presence of renal
stones, is commonly associated with UTIs in male infants;
therefore, a thorough clinical and radiologic search for these
etiologies is prudent. The gross hematuria in the case of K.P.
more predominantly occurs in males with UTI, and is often
observed in concert with vesicoureteral reflux (VUR), or with
other urinary tract anomalies found more often in boys (e.g.,
posterior urethral valves, ureteropelvic junction obstruction,
hypospadias, ureterocele).128 The hematuria in K.P. also can be
indicative of hypercalciuria, which can increase the potential
for nephrocalcinosis and urolithiasis (seen more typically in
low-birth-weight premature infants). Medical trauma, particu-
larly if this patient had multiple prior urethral catheterization
attempts, could also cause hematuria, and heighten the risk of
subsequent UTI. The lack of organomegaly in K.P. tends to
exclude polycystic kidney disease as causative or associated
with UTI.

The clinical risk factors associated with UTIs in young
children are summarized in Table 96-7. Uncircumcised boys
harbor significantly higher concentration of uropathogens that
may ascend into the urinary tract than in circumcised infants;
bacteriuria is 10- to 12-fold more common during the first
6 months of life among uncircumcised males than in those
circumcised. Lack of circumcision was the highest multivari-
ate predictor of UTI in 1,025 febrile infants who were more
than 60 days old.123 In this same study, a temperature exceed-
ing 39◦C (102.2◦F) also provides high predictive value. K.P.’s
heart rate is appropriately elevated in the presence of a high
fever and potential serious bacterial infection. His crying on
abdominal palpation is common but nonspecific, and elicit-
ing true flank pain in infants with pyelonephritis is more elu-
sive than in adults. K.P.’s dysuria needs to be observed at the
time of his urination because discomfort in the infant during

Table 96-7 Urinary Tract Infection Risk Factors for
Young Children

� Known urinary tract abnormalities
� Uncircumcised boys
� History of urinary tract infection
� Temperature >39◦C
� Fever >24 hr
� No apparent source for fever
� Ill appearance
� Suprapubic tenderness
� Nonblack race
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urination might be attributable to other causes. K.P.’s decreased
feeding, along his vomiting, diarrhea, and signs of dehydration
often are noted in infants with pyelonephritis. Systemic signs
and symptoms of hesitancy, dysuria, frequency, anorexia, and
abdominal or flank pain are most easily noted in older verbal
children. Because K.P. is uncircumcised, a baseline probability
of UTI would about 6%, but the addition of one or more of the
factors in Table 96-7 increases the probability to 10 to 25%
before any urine testing.129

Urinalysis

22. The dipstick of K.P.’s urine is positive for nitrites and leuko-
cyte esterases. Microscopy of his urine shows 10 WBCs/hpf, and
the initial urine culture has grown 104 gram-negative rods/mL.
The patients CRP is 5.5 mg/dL, and the WBC count is 15,500/mm3

with a differential showing 82% neutrophils (20% band forms).
What is the diagnostic value of these tests for UTI? Can cystitis
and pyelonephritis be clinically discriminated in a similar fashion
as in adults?

Individually, these urine tests contribute varying amounts
of information to the diagnosis of UTI in children. Overall for
children, a positive urinalysis for leukocyte esterases, nitrites,
or pyuria has a sensitivity of 82%, and a specificity of 92%.130

The positive LR of a nitrites and leukocyte esterases present
on urinalysis in a young child suspected of a UTI is 28, and
the probability of UTI in K.P. with his test results is about 75
to 90%.129

K.P. does have pyuria (i.e., ≥5 WBCs/hpf). In one study,
infants 3 months old or younger seen in the emergency room
with fever and pyuria had a positive yield on urine culture
of 81%.131 The combination of pyuria and bacteriuria has a
positive predictive value as high as 85%,132 yet 10% of infants
can have a negative urinalysis in presence of a culture- and
nuclear scan-proven UTI.

As with adults, the validity of any of these tests depends
on the method of urine collection. Urine can be collected for
study in infants or children by clean-void catch, suprapubic
aspiration, bag specimen, and urethral catheterization. Supra-
pubic aspiration is utilized more commonly in septic neonates
and occasionally in infants when contamination using other
collection methods is suspect; however, suprapubic aspira-
tion is invasive and is more painful than catheterization.133

The threshold of organisms needed for a positive urine cul-
ture (≥100 CFU/mL) is much lower when urine is obtained
by suprapubic aspiration than other methods of urine collec-
tion because sterility of the bladder urine is assumed. The more
common methods of bag collection, catheterization, and clean-
void catch have been compared. In over 1,500 young infants
(0–3 months old), leukocyte esterases tested from bag speci-
mens showed somewhat lower sensitivity (76% vs. 86%) and
statistically lower specificity (higher false-positive rate) than
urine from catheterization (84% vs. 94%), although these were
not from matched specimens.134 Specificity using nitrites test-
ing was nearly 100% by either collection method, but the sensi-
tivity was unacceptably low for both collection methods (25%
and 43%, respectively). Diagnostic yield was also lower for
bag specimens at various cutoff points for white cell counts
in urine microscopy relative to the presence of infection. No

statistical differences were detected in infection rates by urine
culture (8.5% vs. 10.8%, respectively),134 although it is usually
accepted that bag specimens will have a higher false-positive
rate and more multiorganism and contaminated urine cultures
than catheterization specimens.

These differences in technique probably are smaller in males
than females. In a study using matched specimens in 303 chil-
dren at risk for UTI, dipstick testing from bag specimens had
higher sensitivity in girls but lower specificity than catheter-
obtained specimens.135 Only in the subset of boys 90 days old
or younger were both sensitivity and specificity statistically
similar between urine sampling methods. Therefore, bag urine
testing for leukocyte esterases and white cells can be used a
screening method toward more selective catheterization strat-
egy in young infant boys, but this would not be applicable for
girls or older children, in whom urinary catheterization is the
preferred collection method for urine testing. Urine for uri-
nalysis and culture of a catheterized urine specimen should
generally be collected from non–toilet trained children with
symptoms of UTI.129 In toilet-trained children, the collection
of a midstream urine sample after thorough cleaning of the
perineum with soap reduces the culture contamination rate by
two-thirds.136

As with other serious bacterial infections, K.P. demonstrates
an elevated peripheral WBC count, with a left shift; the CRP is
also elevated. Although these tests have significantly higher
values in infants with pyelonephritis than cystitis, their di-
agnostic accuracy (around 50%) in localizing the infection
suffers from poor specificity.137 Procalcitonin, although not
routinely measured, has been shown to have the highest accu-
racy among blood measurements in differentiating upper from
lower UTI. The most accurate method in children to distin-
guish pyelonephritis from cystitis is using technetium-labeled
dimercaptosuccinic acid renal scan, which shows irregularly
patterned and incomplete uptake into the kidney cortex in the
presence of pyelonephritis, and detects pyelonephritis in 60%
to 70% of infants with UTI.138,139

Urinary Pathogens and Susceptibility

23. What could be anticipated from K.P.’s urine culture and
sensitivity tests? Are there pathogen susceptibility differences be-
tween children and adults?

As always, the urine collection technique is important in the
proper interpretation of the urine cultures. The magnitude of
bacteriuria in K.P.’s case is significant, particularly in boys, if
the urine was obtained via a clean catch method or obtained
from a urine bag or pad; however, a urine collection bag that has
been attached for a prolonged period can cause false-positive
results from colonizing skin organisms in the introitus. A sin-
gle organism, excluding typical skin commensals, can be noted
to be potentially pathogenic. Escherichia coli is the expected
pathogen in 60% to 90% of cases of childhood UTI, although
strain differences exist in toxins, uroepithelial receptor binding
and adhesions, fimbriation, and antibiotic resistance.120 Spe-
cific urovirulence gene expression in E. coli is associated with
lobar nephronia (focal abscess) in children.140

Antimicrobial susceptibility data for urinary isolates from
children differ somewhat from adults, and can be age, acuity,
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and gender dependent. When compared to adults, tested out-
patient isolates were overall less susceptible to ampicillin,
trimethoprim-sulfamethoxazole, and nitrofurantoin in children
younger than 14 with UTI; antimicrobial resistance increased
through the years of study.141,142 Comparative data specific for
E. coli showed similar child–adult differences.143 Susceptibil-
ity was comparatively higher for ciprofloxacin and levofloxacin
in children.141 Regional differences in gram-negative rod sus-
ceptibility among children are also observed.141

The susceptibility of E. coli to ampicillin and amoxicillin
continues to decrease throughout the world, and the resistance
of this organism to these aminopenicillins is estimated to be
about 50% to 70%. These penicillins should not be selected for
the initial management of pediatric UTI.141,143,144 In one study,
the susceptibility of 11,341 urinary E. coli isolates collected
in children with UTI demonstrated pansusceptibility to tested
antibiotics in only 41.8% to 59.4% within four different age
groupings, with the lowest susceptibility noted in children 1 to
24 months of age.145 Similar data on resistance to at least one
tested antibiotic (48%) have been observed by others.144 Resis-
tance to two or more antibiotics ranged from 15.9% to 27.3%
among the groups, with the most common co-resistance being
observed with ampicillin and trimethoprim-sulfamethoxazole
(10.5%–18.3%).145 Resistance to three or more antibiotics was
low in all age groups (3.1%–5.2%). The range of intermediate
and full resistance combined for cefazolin and amoxicillin-
clavulanate was 5.7% to 11.8% and 13.3% to 22.5%, respec-
tively. Although improved activity over ampicillin is observed
with the inclusion of a β-lactamase inhibitor (e.g., clavulanate),
the inhibitor does not fully prevent resistance. In a study of 77
gram-negative rods from children with UTI (72 of which were
E. coli), resistance to ampicillin was 46% and to ampicillin-
sulbactam was 28%.144 The first-generation cephalosporin,
cephalexin, was associated with more bacterial resistance than
second or third-generation oral cephalosporins.142

Non–E. coli gram-negative rods (e.g., Klebsiella pneumo-
niae, Pseudomonas aeruginosa, Enterobacter spp., and entero-
cocci), are encountered more often in males, neonates, children
with reflux and underlying renal or urinary abnormalities, and
children who have received antibiotics in the month before the
UTI.146−148 Additionally, a greater proportion of these organ-
isms are found in UTIs with lower colony counts (≤50,000
CFU/mL).149 These gram-negative organisms also tend to be
more resistant to the antibiotics typically recommended for
initial treatment (e.g., aminoglycosides, cephalosporins). This
led to inappropriate initial therapy for these non–E. coli infec-
tions (19% vs. 2% for E. coli; p = .0001), resulting in longer
hospitalizations.146,150 Higher rates of resistance to multiple
antibiotics have been noted by other investigators, with chil-
dren younger than 4 years having a greater incidence of antibi-
otic resistance. P. aeruginosa often is the pathogenic organism
in children with chronic pyelonephritis.

Among 361 pediatric patients hospitalized for UTI over a
5-year period, statistically lower susceptibility was observed
for parenteral penicillins, cephalosporins, and trimethoprim-
sulfamethoxazole in patients with a history of UTIs, and lower
still in patients receiving antibiotic prophylaxis.150 This pat-
tern was consistent with the finding of more non–E. coli UTI
in these patients, and the greater likelihood of those organisms
being more resistant. The sensitivity to the aminoglycosides

and aztreonam, however, did not vary among these groups and
was at least 95% (carbapenems were not tested). Pseudomonas
resistance patterns resemble those of adults, except that less
resistance is seen for the fluoroquinolones.143,151 This is un-
derstood as being a function of much lower volume of usage
of this class of antibiotics in children, and therefore, less se-
lective pressure toward enzyme target and efflux expression
of resistance. Pediatric urinary bacterial isolates have lower
susceptibility to trimethoprim-sulfamethoxazole, with E. coli
susceptibility of 70% to 75%.152,153 High susceptibility is still
maintained for E. coli for nitrofurantoin (<3% resistance), but
its use is limited in infants to prophylaxis, given the high per-
centage of cases of pyelonephritis among UTIs in infants, the
lack of localizing signs and symptoms distinguishing upper
tract infection in this age group, and the absence of effective
serum and tissue concentrations of this drug.

Treatment Selection

24. K.P. has been febrile for 48 hours and the culture and sen-
sitivity are pending. What should be the therapeutic approach,
anticipated response and follow-up monitoring?

K.P.’s treatment should begin promptly because delays in
initiation of the antibiotic management enhance the risk of re-
nal scarring or abscess formation. The use of a cephalosporin
as initial therapy in an outpatient setting is reasonable, provided
follow-up of the culture and sensitivity report is ensured. Ampi-
cillin/amoxicillin or trimethoprim-sulfamethoxazole cannot be
relied upon empirically, given the baseline resistance rates
that now exist. A variety of treatment regimens and ap-
proaches have been evaluated in managing pediatric UTIs.
A 10-day course of an appropriate oral antibiotic can be as
effective as parenteral antibiotics, even in the management of
pyelonephritis.154 However, use of parenteral antibiotics is rec-
ommended if patients are toxic in appearance, dehydrated, or
have decreased oral intake. Cefixime, cefpodoxime, and cef-
dinir are potent single daily-dose oral agents for E. coli and
non–E. coli UTIs, although cefdinir does not have an FDA
indication for UTI.155 Multiple daily doses of amoxicillin-
clavulanate, cephalexin, cefprozil, and cefuroxime are alter-
native choices pending culture and sensitivity reporting. Ex-
perience with fluoroquinolones has been limited; however,
these can be used to treat complicated UTIs in children with
multi-resistant urinary isolates, despite the relative contraindi-
cations to the use of fluoroquinolones in children (see Ques-
tion 21).156

K.P. would likely require hospitalization and therapy should
be initiated with either a parenteral cephalosporin (e.g., cefo-
taxime 100–200 mg/kg/day or ceftriaxone 50–100 mg/kg/day)
or an aminoglycoside, with dosage adjustments to achieve tar-
geted serum levels, depending on severity of infection and/or
simultaneous infection at other sites. Alternatively, the less
ill infant could be treated in an outpatient health care facil-
ity with daily intravenous injections of an aminoglycoside.157

Intravenous therapy should be continued for at least 3 to 7
days, and should be followed by a course of therapy with an
appropriate oral antibiotic (assuming an uncomplicated clini-
cal course). The AAP has recommended a 7- to 14-day course
of antibiotic therapy for all children 2 months to 2 years of
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age with UTI based on comparative data, which showed better
efficacy with this 1- to 2-week course of treatment than with
shorter treatment courses. This treatment regimen can utilize
a combination of parenteral and oral therapy. Meta-analysis
supports this recommendation for longer treatment lengths for
pediatric UTIs, with lower failure rates observed even in the
absence of evidence of pyelonephritis.158 A good treatment re-
sponse for K.P. would be anticipated with the correct antibiotic
selection. Generally, fever resolves within 48 hours in approx-
imately 90% of infants. Few failures are reported, and the need
for follow-up cultures for proof of effect may be dubious.159 For
lobar nephronia, 3 weeks of therapy (IV and oral) has proven
better than shorter courses.160

Recommended follow-up testing and treatment traditionally
includes a renal ultrasound or renal scan of the UTI diagnosis to
detect anomalies, structural lesions, calculi or obstruction, and
a voiding cystourethrogram or renal scan within 3 months to
evaluate for VUR, with antibiotic prophylaxis until the voiding
cystourethrogram is performed.161

Complications of Urinary Tract Infections in Children
and Prophylaxis

25. K.P. is discharged from the hospital after responding well
to 6 days of intravenous cefotaxime for K. pneumoniae (105

CFU/mL). He also has completed 14 days of therapy with oral
cefixime (8 mg/kg once daily), which was continued until the void-
ing cystourethrogram performed a month later revealed grade III
reflux of the left collecting system. What therapeutic initiatives
should be considered?

VUR is the most common urologic abnormality in children,
with a 1% to 2% incidence, and is discovered in 30% to 50%
of children with one or more episodes of UTI.139,162 Higher
prevalence exists in offspring of those previously affected
(via autosomal-dominant inheritance). VUR occurs when the
high pressure in the bladder produces a breakdown of normal
ureterovesicular junction barriers to retrograde urinary flow.
This creates an increased risk of ascending travel of contam-
inated urine and repeated upper tract infections, delaying res-
olution of VUR and furthering the risk of renal scarring and
damage.

VUR (grades I–V) is classified by the extent of dilata-
tion and tortuosity of the ureters, ascending toward defor-
mity of the kidney calyces and papillary structures.162 VUR
should be treated either medically or surgically to prevent fur-
ther damage to the kidney parenchyma (primarily scarring)
and avoid progression to hypertension and renal insufficiency.
Spontaneous resolution of VUR is affected by age, severity
grade, and whether it is unilateral or bilateral. Children re-
ceiving long-term antimicrobial prophylaxis who are younger
than 2 years, who have a lower severity grade, and who have
only unilateral reflux have higher rates of spontaneous resolu-
tion.162,163

Although some investigations suggest that antibiotic pro-
phylaxis may not be necessary for the prevention of reinfec-
tion and scarring when managing patients with lower grades
of reflux,164 long-term antimicrobial prophylaxis has been the
standard approach endorsed by several medical societies.165

Longitudinal studies with 10-year follow-up suggest that an-
timicrobial prophylaxis is as effective as surgical approaches

in patients with grades III and IV VUR in preventing new
scarring, although more febrile UTIs can occur in the prophy-
laxis group.163,164 Boys with grade III VUR given prophylaxis
with trimethoprim-sulfamethoxazole showed reduction in fur-
ther UTIs.166

Antibiotic doses for prophylaxis usually are to the usual
daily treatment doses. Nitrofurantoin, trimethoprim, trimetho-
prim-sulfamethoxazole, cephalexin, cefixime, and amoxicillin
are the most commonly utilized antibiotics for this indication.
Although prophylaxis with antibiotics is considered to be safer
in children than in adults, long-term prophylaxis can result in
adverse effects. Even with these lower doses, antibiotic use was
modified in nearly 10% of children. Severe or life-threatening
complications from low-dose antibiotic prophylaxis have been
rare.167,168 When antibiotics for prophylaxis in children were
compared, fewer adverse reactions were associated with ni-
trofurantoin than for cefixime. Although nitrofurantoin was
associated with more adverse effects than trimethoprim, it was
more effective than trimethoprim.169

All of these antibiotics can facilitate the growth of resis-
tant bacteria over time, especially for non–E. coli isolates,
which pose a greater risk for children with urologic abnormali-
ties.165,170 In K.P., reinfection with Klebsiella may occur
with the development of an expressed extended-spectrum β-
lactamase if a low-dose cephalosporin is utilized chronically.
An organized strategy for continuing with the same antibiotic,
changing to a different one, or otherwise modifying prophy-
lactic regimens based on other parameters, requires study.

Table 96-8 Selected Uses of Fluoroquinolones in Children

� Urinary tract infections caused by P. aeruginosa or other
multidrug-resistant, gram-negative bacteria (FDA licensed for
complicated E. coli urinary tract infections and pyelonephritis
attributable to E. coli in patients 1–17 years of age)

� Complicated acute otitis media failing to respond to initial antibiotic
treatment180

� Chronic suppurative otitis media or malignant otitis externa caused by
P. aeruginosa

� Exacerbation of pulmonary disease in patients with cystic fibrosis who
have colonization with P. aeruginosa and can be treated in an
ambulatory setting

� Gastrointestinal tract infection caused by multidrug resistant Shigella
species, Salmonella species, Vibrio cholerae, or Campylobacter jejuni

� Gram-negative bacterial infections in immunocompromised hosts in
whom oral therapy is desired or resistance to alternative agents is
present

� Serious infections attributable to fluoroquinolone-susceptible
pathogen(s) in children with life-threatening allergy to alternative
agents

� Documented bacterial septicemia or meningitis attributable to
organisms with in vitro resistance to approved agents or in
immunocompromised infants and children in whom parenteral therapy
with other appropriate antimicrobial agents has failed

� Chronic or acute osteomyelitis or osteochondritis caused by P.
aeruginosa (not for prophylaxis of nail puncture wounds to the foot)

� Mycobacterial infections caused by isolates known to be susceptible to
fluoroquinolones

� Treatment exposure to aerosolized Bacillus anthracis to decrease the
incidence or progression of disease (FDA licensed)

Adapted from reference 156.
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Fluoroquinolone Usage in Pediatrics
26. K.P., now 14 months old, is continued on prophylactic doses

of nitrofurantoin, but has his third infection over the past 6
months. The last urine culture showed 105 CFU/mL P. aerugi-
nosa, which is resistant to cephalosporins and penicillins. K.P.
has had a number of courses of aminoglycosides to treat acute in-
fection, and the MICs of the organism have risen. Because there is
concern for aminoglycoside-induced nephrotoxicity, ciprofloxacin
15 mg/kg/day divided into two doses a day is prescribed be-
cause the organism on sensitivity testing is sensitive to the flu-
oroquinolones. Why do the benefits of fluoroquinolone therapy
to K.P. outweigh the well-publicized contraindication to use this
class of agents in children?

The contraindications for the use of fluoroquinolones in
pediatric patients have been based largely on juvenile animal
cartilage toxicity studies (species- and dose-dependent toxic-
ity). When benefits of therapy outweigh concerns for the mus-
culoskeletal adverse effect of fluoroquinolones, these drugs
should be prescribed. In one study, myalgias and arthralgias of
large joints occurred in 3.8% of patients treated with a fluoro-
quinolone versus 0.4% of controls who received other antibi-
otics (odds ratio = 3.7). The musculoskeletal adverse effect

was evident during the first week of therapy, but was transient.
The risk of this adverse effect was greatest with pefloxacin,
a quinolone not available in the United States.171 In a review
of database-assessed claims, <1% of 6,000 fluoroquinolone-
treated children experienced tendon or joint disorders.172 The
fluoroquinolone-induced arthropathy was judged not a perma-
nent adverse effect based on the absence of MRI changes in
children who received fluoroquinolones for a prolonged period
for the treatment of cystic fibrosis.173,174 K.P. has a complicated
UTI with a multiresistant organism. The use of ciprofloxacin
for K.P. in this situation is reasonable, despite the potential for
toxicity to cartilage. Table 96-8 lists clinical situations when
fluoroquinolones can be considered on the basis of clinical and
literature support. Nevertheless, the use of fluoroquinolones
in children should not be encouraged for common childhood
infections because of this adverse effect and because of the
need to discourage the development of bacterial resistance to
these drugs, particularly when first- and second-line alterna-
tives are available. Although nalidixic acid was not associ-
ated with arthropathy in one study when used for the treat-
ment of recurrent UTIs, this drug has not been as effective as
others for the treatment of UTIs (Chapter 64: Urinary Tract
Infections).175
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Adequate nutrition is an essential component of the health
maintenance of children, and, in part, has been responsible for
the dramatic reduction of infant mortality seen in the United
States during the 20th century. Clinical experience has con-
firmed the value of optimal nutrition in resisting the effects of
disease and trauma and in improving the response to med-
ical and surgical therapy. The metabolic demands of rapid
growth and maturation, in addition to the low nutritional re-
serves present during infancy, make the potential benefit of
good nutrition to critically ill pediatric patients even greater.

Breast-feeding is the ideal method of feeding an infant up
to 1 year of age. When this is not feasible, a wide variety of
infant formulas are available that provide appropriate nutri-
ents for infants using the oral route. A pediatric patient who
has a functioning intestinal tract, but is unable to achieve ade-
quate oral intake, can be fed enterally using a tube inserted into
the stomach or small intestine. Indications for providing spe-
cialized enteral nutrition include malnutrition, malabsorption,
hypermetabolism, failure to thrive, prematurity, and disorders
of absorption, digestion, excretion, or utilization of nutrients.

Despite the many formulas and feeding techniques avail-
able, several medical and gastrointestinal (GI) dilemmas arise
in infants and children that limit the use of the GI tract for
nutritional support. Premature infants with severe respiratory

disease, congenital abnormalities of the GI tract, or necrotizing
enterocolitis are typical candidates for support with parenteral
nutrition (PN). Older children with short bowel syndrome, se-
vere malnutrition, intractable diarrhea, or inflammatory bowel
disease have been treated successfully with PN therapy. Pe-
diatric patients receiving chemotherapy for the treatment of
malignancies or bone marrow transplant, and children with se-
vere cardiac failure, also have been successfully rehabilitated
with PN.

Many disorders that adversely affect nutrient intake or ab-
sorption also have an adverse impact on fluid and electrolyte
status. Consequently, fluid, electrolyte, and nutrient manage-
ment should be approached in an integrated manner. This chap-
ter reviews selected aspects of fluid and electrolyte manage-
ment and nutrition therapy for the pediatric population.

FLUID AND ELECTROLYTE MAINTENANCE
Management of fluid and electrolyte disturbances involves pro-
viding normal daily maintenance requirements, and replacing
deficits and ongoing losses. To design rational fluid therapy, it is
necessary to know the normal composition of body water, and
to understand the routes through which water and solutes are
lost from the body and the effects of disease and medications

97-1
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on water and electrolytes. Sodium-containing fluids are often
referred to as fractions of normal saline (NS) (0.9% NaCl).
Normal saline contains 154 mEq/L of sodium chloride.

Requirements
The general recommendations for calculating maintenance
fluid, electrolyte, and nutrient requirements on the basis of
weight are provided in Table 97-1. These requirements can be
altered when fluid and electrolyte losses are increased or when
excretion is impaired.

When abnormal fluid losses are present from any of the
sources listed in Table 97-2, they must be added to the pa-
tient’s daily fluid and electrolyte formula. Replacement fluid is
generally 1 mL for every 1 mL lost, but can be replaced as 0.5
mL for every 1 mL lost. In general, a solution of one-half NS
with 20 mEq of KCl/L is used to replace upper GI tract losses;
however, the electrolyte content of GI secretions varies widely.
The composition of a replacement fluid can be estimated based
on knowledge of the usual electrolyte distribution of the fluid
type being lost. Estimates are listed in Table 97-3. If serum
electrolyte concentrations are abnormal, indicating that the re-
placement fluid is not appropriate, a sample of the fluid lost
from the patient can be analyzed for electrolyte content, and
electrolyte replacement fluid can be individualized.

The requirements for fluid and calories normalized to body
weight are much greater in very small children than in older
children and adults as can be seen in Table 97-1. This is be-
cause infants have a much larger body surface area relative
to weight, lose more fluid through evaporation, and dissipate
more heat per kilogram than their older counterparts. Further-
more, very low-birth-weight (VLBW) infants cannot concen-
trate urine and are at increased risk for dehydration if inade-
quate fluids are provided.

Calculation of Maintenance Fluid and Electrolyte Requirements

1. P.J., a 2-day-old, 3.5-kg term female infant has developed
abdominal distention, and her oral feedings have been stopped.
Calculate a maintenance fluid and electrolyte prescription for her.
Her admission serum electrolytes include the following: sodium
(Na), 137 mEq/L (normal, 135–145 mEq/L); potassium (K), 4.2
mEq/L (normal, 3.5–5 mEq/L); chloride (Cl), 105 mEq/L (nor-
mal, 102–109 mEq/L); and bicarbonate (HCO3

–), 23 mEq/L (nor-
mal, 22–29 mEq/L). While P.J. receives nothing by mouth (NPO),
her fluid and electrolyte needs must be met intravenously. Esti-
mate her requirements.

[SI units: Na, 137 mmol/L (normal, 135–145); K, 4.2 mmol/L (normal,

3.5–5.0); Cl, 105 mmol/L (normal, 102–109); HCO3
–, 23 mmol/L (normal,

22–29)]

Although a commercially available intravenous (IV) solu-
tion will be used, each component of the solution can be cal-
culated separately. Using the guidelines in Table 97-1, P.J.’s
maintenance requirements can be estimated as follows:

Fluid 100 mL/kg × 3.5 kg = 350 mL/day
or 15 mL/hour

Sodium 2–4 mEq/kg/day × 3.5 kg
= 7–14 mEq/day

Potassium 2–3 mEq/kg/day × 3.5 kg
= 7–10.5 mEq/day

(97-A)

Fluid and electrolyte requirements can be met by infusing a
solution of 5% dextrose with one-quarter NS (38 mEq/L) and
20 mEq/L of KCl at 15 mL/hour. This provides 12 mEq (3.4
mEq/kg/day) of NaCl and 7 mEq (2 mEq/kg/day) of KCl in
360 mL (103 mL/kg/day) of fluid per day.

Adjustment for Ultraviolet Light Therapy

2. On the third day of life, P.J.’s indirect bilirubin is 15.2 mg/dL
(normal, 0.6–1.05 mg/dL). It is decided to use phototherapy lights
to treat her hyperbilirubinemia. How will this modify her main-
tenance fluid needs?

[SI unit: bilirubin, 259.92 μmol/L (normal, 10.3–179.5)]

Table 97-2 details situations that alter maintenance fluid
needs. Phototherapy lights will increase P.J.’s insensible losses
and will increase her maintenance fluid needs by 10% to 20%.
This can be met by increasing her IV fluid rate to 17 mL/hour
(116 mL/kg/day). Although her increased fluid loss will be
free from solutes and the solution she is receiving contains
sodium and potassium, the electrolytes she receives still will
be within the range of normal, and her kidneys should be able
to compensate for the small increase.

Dehydration
Clinical Presentation: Vomiting

ACUTE MANAGEMENT

3. H.S., a 2-year-old lethargic girl, is seen in her pediatrician’s
office with a 2-day history of vomiting and minimal oral intake.
Yesterday, she required only three diaper changes instead of her
usual eight and has needed only one change today. Her vital signs
are as follows: temperature, 39◦C; pulse, 140 beats/minute (nor-
mal, 80–130 beats/minute); respiratory rate, 30 breaths/minute
(normal, 30–35 breaths/minute); and blood pressure (BP), 80/45
mmHg (normal, 80–115 mmHg systolic and 50–80 mmHg dias-
tolic). On physical examination, her eyes appear sunken, her mu-
cous membranes are dry, and her skin is dry and cool to touch.
Although she is crying, there are no tears and the skin over her
sternum tents when pinched. Her weight today is 11.4 kg; 3 weeks
ago, it was 12.9 kg. What do these findings represent? What im-
mediate treatment should be provided?

H.S.’s lethargy, decreased urine output, tearless crying, dry
mucous membranes, dry skin with fever, sunken eyes, mild
tachycardia with low normal blood pressure, and poor skin
turgor are all signs of dehydration. This is consistent with her 2-
day history of vomiting and poor intake. Her weight loss of 1.5
kg gives a further clue to the extent of dehydration. Dehydration
or fluid loss is determined most accurately by weight loss.
Because 1 g of body weight is approximately equal to 1 mL,
her fluid deficit is estimated to be 1,500 mL. The percentage
dehydration is estimated using the following formula:

% Dehydration = Normal body weight −
Actual body weight

Normal body weight
× 100 (97-1)

If recent weights are unavailable, the extent of dehydration
can be approximated from physical findings as described in
Table 97-4. Tachycardia and marginal blood pressure dictate
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Table 97-1 Daily Parenteral Nutrient Requirements in Children

Nutrient Weight/Age Requirement

Macronutrients
Fluid <1.5 kg 150 mL/kg

1.5–2.5 kg 120 mL/kg
2.5–10 kg 100 mL/kg
10–20 kg 1,000 mL + 50 mL/kg for each kg >10 kg
>20 kg 1,500 mL + 20 mL/kg for each kg >20 kg

Calories Up to 10 kg 100 kcal/kg
20 kg 1,000 kcal + 50 kcal/kg for each kg >10 kg
>20 kg 1,500 kcal + 20 kcal/kg for each kg >20 kg

Proteina Infants 2–3 g/kg
Older children 1.5–2.0 g/kg
Adolescents and older 1.0–1.5 g/kg

Fatb Infants and children Initially: 0.5–1 g/kg then increase by 0.5–1 g/kg (maximum of 3 g/kg in preterm
neonates, 4 g/kg older infants and children) (≥4% of calories as linoleic acid)

>50 kg One 500 mL bottle (100 g fat)

Electrolytes and Mineralsc

Sodium Infants and children 2–4 mEq/kg
Potassium Infants and children 2–3 mEq/kg
Chloride Infants and children 2–4 mEq/kg
Magnesium Preterm and term infants 0.25–0.5 mEq/kg

Children >1 yr (or >12 kg) 4–12 mEq
Calcium Preterm and term infants 2–3 mEq/kg

Children >1 yr (or >12 kg) 10–20 mEq
Phosphorus Preterm and term infants 1.0–1.5 mmol/kg

Children >1 yr (or >12 kg) 10–20 mmol

Trace Elements
Zinc Preterm Infants 400 mcg/kg

Term Infants
<3 mos 250 mcg/kg
>3 mos 100 mcg/kg
Children 50 mcg/kg (up to 5 mg)

Copper Infants and children 20 mcg/kg (up to 300 mcg)
Manganese Infants and children 1 mcg/kg (up to 50 mcg)
Chromium Infants and children 0.2 mcg/kg (up to 5 mcg)
Selenium Infants and children 2 mcg/kg (up to 80 mcg)

Preterm Infants <2.5 kg Term Infants/Children <11 yrs Children >11 yrs
Vitamins (2 mL/kg MVIe Pediatric) (5 mL MVI Pediatric) (10 mL MVI-12)

Vitamin A 280 mcg/kg 700 mcg 1 mg
Vitamin D 160 IU/kg 400 IU 200 IU
Vitamin E 2.8 mg/kg 7 mg 10 mg
Vitamin Kd 80 mcg/kg 200 mcg None
Thiamine 0.48 mg/kg 1.2 mg 3 mg
Niacin 6.8 mg/kg 17 mg 40 mg
Riboflavin 0.56 mg/kg 1.4 mg 3.6 mg
Pyridoxine 0.4 mg/kg 1 mg 4 mg
Vitamin B12 0.4 mcg/kg 1 mcg 5 mcg
Biotin 8 mcg/kg 20 mcg 60 mcg
Vitamin C 32 mg/kg 80 mg 100 mg
Folic acid 56 mcg/kg 140 mcg 400 mcg

a“Infant” amino acids contain histidine, taurine, tyrosine, and cysteine, which are essential in infants but not older patients.
bBecause linoleic acid represents 54% of the fatty acid in soy bean oil and 77% in safflower oil, 7% to 10% of calories must be provided as fat emulsion. This can be given daily
over 24 hours (preferred in patients predisposed to sepsis and preterm infants) or two to three times weekly.
cThese doses are guidelines and all patients should be evaluated individually for appropriateness of dosing. For example, patients with short bowel syndrome may require large
doses of magnesium and patients with renal insufficiency may require none to low amounts of potassium, calcium, phosphorous, and magnesium.
d For patients receiving MVI-12, it may be desirable to add vitamin K.
eMVI, multivitamin.
Adapted from references 1, 41, 87.
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Table 97-2 Situations That Alter Maintenance Fluid
Requirements

Situation Mechanism Extent of Change (%)

Extreme prematurity ↑Skin losses Varies
Radiant warmer use ↑Insensible water loss 20–40
Croup tent ↓Evaporative water loss 20–50
Diarrhea or vomiting ↑GI loss Varies
Fever ↑Insensible water loss 10–15/◦C
Renal dysfunction ↑Or ↓renal loss Varies
Hyperventilation ↑Pulmonary evaporative

loss
Varies

Phototherapy for
hyperbilirubinemia

↑Insensible water loss 10–20

GI tract suction or
ostomy

↑GI loss Varies

Mechanical ventilation ↓Insensible water loss 20–30

GI, gastrointestinal.

the need for immediate IV rehydration. Normal serum sodium
concentration ranges from 135 to 145 mEq/L of sodium;
thus, normal saline approximates the sodium concentration of
plasma and is often used as a volume expander. In this patient,
10–20 mL/kg of normal saline (12.9 kg × 10–20 mL/kg =
129–258 mL) should be infused as rapidly as possible to es-
tablish normal blood pressure. For symptomatic patients, in-
cluding those with seizures, the serum sodium concentration
should be increased acutely only to the degree necessary to
abate symptoms.

CALCULATION OF REQUIREMENTS

4. Calculate H.S.’s fluid and electrolyte needs. Her serum elec-
trolyte results were as follows: Na, 128 mEq/L (normal, 135–145
mEq/L); K, 3.1 mEq/L (normal, 3.5–5 mEq/L); Cl, 88 mEq/L
(normal, 102–109 mEq/L); and HCO3

–, 30 mEq/L (normal, 22–
29 mEq/L).

[SI units: Na, 128 mmol/L (normal, 135–145); K, 3.1 mmol/L (normal,

3.5–5); Cl, 88 mmol/L (normal, 102–109); HCO3
–, 30 mmol/L (normal,

22–29)]

In addition to normal maintenance fluids, H.S. must be pro-
vided with fluids and electrolytes to replace her deficit sec-
ondary to dehydration and compensate for increased insensible
water loss because of fever. Each component of the fluid can
be calculated separately, using Equations 97-2 to 97-4.

Fluid deficit = Weight loss (kg) × 1,000 mL/kg (97-2)

Fever adjustment = 10% × Maintenance for each ◦C >30◦C

(97-3)

(CD − CO) × Fd × Weight = mEq required (97-4)

where CD is the concentration of sodium desired (mEq/L), CO
is the concentration observed (mEq/L), Fd is the apparent dis-
tribution factor as a fraction of body weight (Table 97-5), and
weight is the baseline weight before illness (kg). In consid-
eration of both maintenance needs and current deficits, fluid
and electrolyte requirements for H.S. would be estimated as
follows.

Fluid
Maintenance 1,000 mL + (50 × 2.9) = 1,145 mL
Fever 2◦C × 0.1 (1,145) = 229 mL
Deficit 1.5 kg × 1,000 mL/kg = 1,500 mL

Total fluid = 2,874 mL

(97-B)

Sodium
Maintenance 3 mEq/kg × 12.9 kg = 38.7
Deficit (135 − 128 mEq/L) ×

0.6 L/kg × 12.9 kg = 54.2
Total sodium ∼ 93 mEq

(97-C)

Chloride
H.S. has a mild metabolic alkalosis as evidenced by her serum
chloride of 88 mEq/L and her serum bicarbonate of 30 mEq/L.
This is most likely because of the loss of hydrogen and chloride
in her vomitus. Thus, both the sodium and potassium replace-
ments should be administered as chloride salts.

Potassium
Potassium is primarily an intracellular ion. It moves in and
out of cells in exchange for hydrogen ions to maintain a nor-
mal blood pH. Therefore, in metabolic alkalosis, the intra-
cellular shift of potassium will decrease the serum potassium
concentration. When the pH normalizes, as will occur with re-
hydration, the hydrogen ions will move intracellularly and the
potassium will move extracellularly, thus causing the serum
potassium concentration to increase. Additionally, potassium
is also excreted by the kidney in exchange for hydrogen ion con-
servation. These factors make the serum potassium concentra-
tion difficult to interpret. Intravascular volume depletion causes
hypoperfusion of the kidney and can result in acute renal fail-
ure; therefore, the prudent approach is to give no potassium un-
til urine output is clearly established. Then, only maintenance
doses of potassium should be administered until a normal acid

Table 97-3 Body Fluid Volumes and Electrolyte Content

Source Volume (L/day) Na+ (mEq/L) K+ (mEq/L) Cl− (mEq/L) HCO3
− (mEq/L)

Salivary glands 1.5 (0.5–2) 10 (2–10) 26 (20–30) 10 (8–18) 30
Stomach 1.5 (0.1–4) 60 (9–116) 10 (0–32) 130 (8–154) —
Duodenum (0.1–2) 140 5 80 —
Ileum 3 (0.1–9) 140 (80–150) 5 (2–8) 104 (43–137) 30
Colon — 60 30 40 —
Pancreas (0.1–0.8) 140 (113–185) 5 (3–7) 75 (54–95) 115
Bile (0.05–0.8) 145 (131–164) 5 (3–12) 100 (89–180) 35
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Table 97-4 Clinical Signs of Dehydration

Severity Dehydration (%) Psyche Thirst Mucous Membranes Tears Anterior Fontanel Skin Urine-Specific Gravity

Mild <5 Normal Slight Normal to dry Present Flat Normal Slight change
Moderate 6–10 Irritable Moderate Dry ± ± ± Increased
Severe 10–15 Hyperirritable

to lethargic
Intense Parched Absent Sunken Tenting Greatly increased

base and fluid status are established and the serum potas-
sium can be assessed more accurately. Hence, H.S. should re-
ceive approximately 26 to 39 mEq of potassium (2–3 mEq/kg
12.9 kg) once urine flow is established.

ADMINISTRATION OF FLUID REQUIREMENTS

5. How should these calculated needs be given?

Requirements for the first 24 hours of parenteral fluid ther-
apy should provide approximately 2,875 mL of fluid (main-
tenance fluid, fever replacement, and deficit replacement). In
addition to fluid, at least 93 mEq of sodium (maintenance needs
and deficit replacement) should be provided in the first 24
hours. It is important to provide sufficient amounts of sodium
and water.

Rehydration fluids are usually dispensed in volumes less
than the 24-hour requirement. This is to prevent wasting IV
fluids caused by changes in electrolyte needs during replace-
ment therapy. Because this patient requires approximately 3 L
of fluid, only 1 L would be prepared initially, and this would
likely consist of dextrose 5% and 0.2% NS (or greater). Ap-
proximately 15 mEq/L of potassium would be added to the next
liter of IV solution if the patient had a reasonable urine output.

The infusion rate should be calculated to provide one-third
of the daily maintenance fluid plus one-half of the deficit
replacement during the first 8 hours. The remainder of the
maintenance fluid (adjusted for fever) and deficit replacement
should be administered over the next 16 hours. Usually, serum
electrolytes are monitored every 6 to 8 hours during rehydration
therapy to ensure that appropriate electrolytes are being pro-
vided. Usually, the concentration of serum electrolytes is moni-
tored frequently during fluid replacement therapy of deficits. In
general, the serum sodium concentration should not be in-
creased >10 to 12 mEq/L/day. After the initial fluid deficits are
replaced, the infusion rate of the IV fluid would be decreased
to 48 mL/hour (1,152 mL or approximately maintenance fluid
rate).

Clinical Presentation: Diarrhea

6. S.B., a 4-month-old, 5.9-kg boy, is seen in his pediatrician’s
office because of a 4-day history of diarrhea (five to eight large, liq-

Table 97-5 Electrolytes and Apparent Distribution

Electrolyte Fd (L/kg)

Sodium 0.6–0.7
Bicarbonate 0.4–0.5
Chloride 0.2–0.3

Fd, apparent distribution factor as a fraction of body weight.

uid stools each day). On a well-child visit 4 weeks ago, his weight
was 6 kg. Since the onset of diarrhea, he has only been receiv-
ing oral rehydration fluids. Physical examination reveals the fol-
lowing: temperature, 39.8◦C; pulse, 110 beats/minute (normal,
80–160 beats/minute); respirations, 45 breaths/minute (normal,
20–40 breaths/minute); and BP, 100/58 mmHg (normal, 75–105
mmHg systolic and 40–65 mmHg diastolic). His skin is pale, warm,
and dry. He is very irritable, and his mucous membranes are dry.
S.B.’s serum electrolytes are as follows: Na, 159 mEq/L (normal,
135 to 145 mEq/L); K, 3.3 mEq/L (normal, 3.5–5.0 mEq/L); Cl,
114 mEq/L (normal, 102–109 mEq/L); and HCO3

–, 12 mEq/L
(normal, 22–29 mEq/L). Correlate S.B.’s history and physical
findings with the reported laboratory values.

[SI units: Na, 159 mmol/L (normal, 135–145); K, 3.3 mmol/L (normal,

3.5–5.0); Cl, 114 mmol/L (normal, 102–109); HCO3
–, 12 mmol/L (normal,

22–29)]

Diarrheal fluid losses commonly contain high concentra-
tions of bicarbonate, accounting for S.B.’s metabolic acidosis.
This, in turn, has resulted in a rapid respiratory rate as the
body attempts to compensate for the acidosis by eliminating
carbon dioxide. The increased insensible water losses of fever
and tachypnea have resulted in the loss of water in excess of
sodium, producing hypernatremia.

ACUTE MANAGEMENT

7. How will S.B.’s management differ from that of H.S. (see
Questions 3–5)?

Unlike H.S., S.B. has relatively normal vital signs and will
not require rapid fluid replacement to correct hypotension. Hy-
pernatremia in S.B. indicates fluid losses in excess of sodium
and this should be corrected. With hypernatremia, the central
nervous system (CNS) increases intracellular osmolarity load
to prevent intracellular dehydration of cells in the CNS. Rapid
correction of hypernatremia can cause excessive movement of
water into the cells of the CNS and has been associated with
seizures. Therefore, S.B.’s fluid and electrolyte deficits should
be corrected over 2 to 3 days at a consistent rate, rather than
rapidly. In general, serum sodium should not be decreased >2
mEq/hour (maximum, 15 mEq/L/day).

CALCULATION OF REQUIREMENTS

8. Estimate S.B.’s fluid and electrolyte requirements to correct
his deficits.

S.B.’s requirements are estimated using the same methods
described in Question 4. First, the approximate extent of dehy-
dration must be estimated. S.B.’s weight of 6 kg at the time of
his well-child visit at 3 months of age was at the 50th percentile.
If his growth has continued at this rate, his current pre-illness
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weight should be approximately 6.5 kg. This weight should
be used to calculate his maintenance requirements. Thus, his
water deficit is approximately 0.6 L, or 9%. Using this approxi-
mation, his fluid and electrolyte requirements can be estimated
as follows.

Fluid
Maintenance 6.5 × 100 mL/kg = 650 mL/24 hour
Fever 2.8◦C × 0.1 (650 mL) = 182 mL/24 hour
Deficit 600 mL/3 days = 200 mL/24 hour

Total daily needs = 1,032 mL or 43 mL/hour

(97-D)

Sodium
Maintenance 3 mEq/kg × 6.5 kg = 19.5 mEq/24 hr
Deficit This is calculated at total body deficit (normal – actual)
Normal 145 mEq/L × 0.6 L/kg × 6.5 kg = 566 mEq
Actual 159 mEq/L × 0.6 L/kg × 5.9 = 563 mEq
Deficit = 3 mEq

or 1 mEq/day

(97-E)

Potassium
As noted in Question 4, the serum potassium value of 3.3
mEq/L may not be indicative of S.B.’s total body potassium
status. A metabolic acidosis in S.B. should have facilitated the
movement of hydrogen ions into the cells and the movement
of potassium from the intracellular to the extracellular space.
Thus, the serum potassium of 3.3 mEq/L probably indicates a
total body deficit. Therefore, a maintenance potassium dosage
of 13 to 20 mEq/day (∼2 to 3 mEq/kg) of potassium should
be given. Serum electrolytes should be measured every 8 to
12 hours and the intake of all electrolytes should be readjusted
based on the results.

Bicarbonate
With metabolic acidosis, bicarbonate should be administered
as well. No maintenance amount is customarily given, but
deficit replacement is calculated in a manner similar to that
used for sodium (Table 97-5). The volume of distribution of
bicarbonate is 0.5 L/kg. For S.B. the bicarbonate deficit is as
follows:

Calculated Deficit Requirment = (Normal − Actual) × Vd × Wt
= (23 − 12) mEq/L × 0.5 L/kg × 65 kg
= 36 mEq (97-F)

Initially, about half this amount should be replaced over
the first 8 to 12 hours. His serum electrolytes then should be
reassessed, and the dosages adjusted accordingly. The entire
bicarbonate deficit need not be replaced at once because other
compensatory mechanisms will contribute to endogenous bi-
carbonate sparing.

REPLACEMENT FLUID COMPOSITION

9. Recommend an appropriate replacement fluid for S.B.’s
therapy.

S.B.’s fluid and electrolyte maintenance requirements and
deficits should be corrected with dextrose 5% and approx-
imately 0.2% NS with half as the chloride salt and half as
NaHCO3. An infusion of this solution at 43 mL/hour should
correct approximately half the calculated fluid and bicarbonate

deficits within 24 hours in addition to his normal daily doses.
After he urinates, 15 mEq/L KCl can be added to the next
liter of solution to provide approximately 2.6 mEq/kg/day to
this patient. The concentration of serum electrolytes should be
measured often and the concentration of electrolytes in the re-
placement fluid should be adjusted every 8 to 12 hours based on
laboratory results. The amount of fluid replacement should be
modified based on whether this patient’s diarrhea has resolved
and fever has subsided.

ADMINISTRATION OF REQUIREMENTS

10. By what route should the fluid calculated above be admin-
istered?

Rehydration of the dehydrated patient may be achieved by
either the oral or intravenous route. In some patients, vomiting
may preclude effective oral rehydration. If the losses are diar-
rheal and no problem with vomiting exists, the oral route may
be a cost-effective alternative to the parenteral route. Various
solutions have been used to rehydrate children orally. In an
asymptomatic dehydrated child, the sodium concentration of
an oral rehydration fluid should contain at least 70 mEq/L of
sodium.2–4

The composition of several products is shown in Table 97-6.
A glucose concentration of 2% optimizes water and electrolyte
absorption from the GI tract5; more concentrated glucose so-
lutions can worsen rather than ameliorate diarrhea. Use of the
oral route and the more concentrated sodium solutions may al-
low safe rehydration of hypernatremic dehydration in a shorter
time frame than the 2 to 3 days previously noted.5,6

S.B.’s output must be measured to account for ongoing fluid
loss. This often is accomplished by weighing the baby’s diapers
when they are dry and again when they are full. Composition
of additional replacement fluids can be determined by using
the average composition of the patient’s losses (Table 97-3).
As an alternative, the composition of the losses can be deter-
mined by actual laboratory measurement. If prolonged therapy
is necessary, specific analyses are recommended because of the
wide range of normal values for diarrheal stool and other GI
tract fluids. Because frequent adjustments may be necessary,
replacement fluid should be administered separately if PN is
being used as a maintenance solution.

INFANT NUTRITION
Growth assessment is an important focus of pediatric health
care during the first year of life. With the exception of the
intrauterine period, the most rapid growth occurs during the

Table 97-6 Composition of Oral Rehydration Products

Na+ K+ Cl Bicarbonate Carbohydrate
Product (mEq/L) (mEq/L) (mEq/L) Source (mEq/L) (%)

Gastrolyte 90 20 80 30 citrate 2
Rehydrate 75 20 65 30 citrate 2.5
Lytren 50 25 45 30 citrate 2
Pedialyte 45 20 35 30 citrate 2.5
WHO salts 90 20 80 30 bicarbonate 2

WHO, World Health Organization.
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first year. On average, a normally growing infant gains ap-
proximately 30 g/day. Typically, healthy infants weigh approx-
imately three times their birth weight by their first birthday.
Caloric requirements can be estimated using the formula pro-
vided in Table 97-1.

The American Academy of Pediatrics (AAP) has suggested
that infant feeding be divided into three stages.7 In the nurs-
ing period, only liquids are provided. During the transitional
period, solid foods are introduced, but human milk, or commer-
cially prepared infant formula, still provides the major source
of the infant’s caloric and nutrient supply. In the modified adult
period, most nutrition is derived from the solid foods consumed
by other household members.

At birth, the human GI tract is adapted for the consump-
tion of a human milk-based diet. Intestinal lactase is present
from 36 weeks’ gestation and exhibits its maximal activity dur-
ing infancy. Pancreatic amylase secretion is low, and the bile
salt pool is decreased relative to older persons, resulting in
decreased fat absorption.8 Human milk provides nutrients in
their most usable form for the developing GI tract.

Human Milk Feeding

11. M.E.’s mother will breast-feed her infant. What are the nu-
tritional implications of this decision for M.E.?

Human milk is the ideal food for a human infant. There
are three phases to human milk production. During the first 5
days of lactation, a viscous, yellow liquid known as colostrum
is produced. Colostrum is rich in protein, minerals, and
other substances (e.g., immunoglobulins). During the next 5
days, transitional milk is produced; in the last phase, ma-
ture human milk is produced. The exact nutritional content of
human milk varies from mother to mother; however, mature
human milk provides sufficient protein, minerals, and calories
regardless of the mother’s nutritional status.9 Mature human
milk generally provides 70 kcal/100 mL and fat accounts for
>50% of the caloric content.10 The fat in human milk is highly
digestible and absorbable.11 An additional 40% of calories is
provided as carbohydrates, primarily in the form of lactose, and
the remaining 10% is provided as protein. Whey and casein
are the two primary proteins in mature human milk, with whey
being the major protein component (whey-to-casein ratio of
55:45).8 Human milk is of such biologic quality and bioavail-
ability that adequate growth can be attained with a lower over-
all intake of protein than is provided by commercially pre-
pared infant formulas, which contain lower whey-to-casein
ratios.9,11

The iron content of human milk is inadequate for term in-
fants; however, supplementation generally is unnecessary in
the breast-fed infant.12 Regardless of maternal status, the vi-
tamin D and fluoride contents of human milk are inadequate.
Thus, M.E. will require 400 IU of vitamin D and 0.25 mg/day
of fluoride while she is exclusively breast-fed.9,13

12. Aside from nutrients, what other benefits are associated
with human milk and breast-feeding?

Human milk provides the infant with protection against a
wide variety of infectious diseases, including otitis media, di-
arrhea, pneumonia, and bronchiolitis. Evidence further sug-
gests that human milk provides protection against noninfec-

tious disorders, such as allergies, inflammatory bowel disease,
insulin-dependent diabetes mellitus, and sudden infant death
syndrome.14 Human milk contains immunologically active cel-
lular components and antibodies. These include secretory IgA,
both T- and B-lymphocytes, macrophages, and neutrophils.9,11

The lipases and amylase present in human milk may facili-
tate digestion of fat and carbohydrates in the still developing
GI tract. Proteins present in human milk serve as carriers for
trace minerals and facilitate their absorption.9 Oligosaccha-
rides and glycopeptides may promote the colonization of the
GI tract by Lactobacilli and decrease colonization by Bac-
teroides, Clostridia, enterococci, and gram-negative rods, all
of which may be pathogenic.11

13. What potential complications are associated with breast-
feeding? What instructions should be given to M.E.’s mother?

Complications associated with breast-feeding are few; how-
ever, there are some potential problems. “Breast milk jaundice”
associated with an indirect (unconjugated) hyperbilirubinemia
can occur in the breast-fed infant during the first week of life,
and generally resolves by the fourth week of life. Although the
infant’s skin, sclera, and palate become yellow, this is generally
not a dangerous condition. Nevertheless, if the bilirubin level
becomes too high, the infant could develop an encephalopathy
known as kernicterus. Therefore, the mother should temporar-
ily stop breast-feeding and feed the infant formula until the
jaundice starts to resolve.

Some maternal infections have the potential to be trans-
mitted to the infant during breast-feeding. Human immun-
odeficiency virus (HIV) and human T-lymphotropic virus 1
(HTLV-1) can be transmitted via breast milk and, therefore,
maternal infections with these viruses are contraindications
to breast-feeding.15 Other viruses, such as herpes simplex
virus, can be transmitted if contact with active lesions oc-
curs during breast-feeding. Similarly, some medications taken
by the mother are detectable in her breast milk. Only a few
agents (e.g., antineoplastics, radiopharmaceuticals, ergot alka-
loids, iodides, atropine, lithium, cyclosporine, chlorampheni-
col, bromocriptine), however, are absolute contraindications to
breast-feeding.15 (See Chapter 46, Obstetric Drug Therapy for
additional information concerning the transfer of medications
and chemicals into breast milk.)

14. E.R.’s mother decides not to breast-feed her infant. She
received a sample package of infant formula at the time of her
discharge from the hospital. How are these products prepared
and how do they differ from human milk?

Examples of infant formulas and their individual compo-
nents are provided in Table 97-7. According to AAP guidelines
for commercially prepared infant formula composition, for-
mula should provide 20 kcal/oz; osmolality should be between
300 and 400 mOsm/L; protein quantity should be a minimum
of 1.8 g/100 kcal and should not exceed 4.5 g/100 kcal; and
fat quantity should be between 3.3 and 6 g/100 kcal, supplying
between 30% and 54% of calories. Infant formulas generally
begin with a cow’s milk base; however, intolerance to pure
cow’s milk has resulted in several modifications. The predomi-
nant protein in cow’s milk is casein, which is more difficult for
infants to digest than the human milk protein, whey. Conse-
quently, infant formulas generally have less casein than cow’s
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Table 97-7 Infant Formulas and Their Individual Components

Calories Carbohydrate Carbohydrate Protein Protein Fat
Product per 100 mL (g/100 mL) Source (g/100 mL) Source (g/100 mL) Fat Source

Human milk 70 7.2 Lactose 1 Whey 55%, casein 45% 4 Human milk fat

Cow’s Milk-Based Formulas
Enfamil with irona 67 7.5 Lactose 1.4 Whey 50%, casein 50% 3.6 Palm, soy, coconut,

safflower oil
Similac with irona,b 68 7.2 Lactose 1.5 Nonfat milk, whey 3.6 Soy, coconut oil
Carnation Good

Start
67 7.5 Lactose 1.5 Whey 100% 3.4 Palm, soy, safflower

Soy-Based, Lactose-free Formulas
Isomil 67 6.8 Corn syrup, sucrose 1.7 Soy, L-methionine 3.7 Soy, coconut, safflower

oil
Nursoy 68 6.9 Sucrose 2.1 Soy, L-methionine 3.6 Soy, coconut, safflower

oil
ProSoBee 67 7.2 Corn syrup 1.8 Soy, L-methionine 3.7 Palm, soy, coconut,

safflower oil
Alsoy 67 7.5 Maltodextrin,

sucrose
1.9 Soy, L-methionine 3.3 Palm, soy, coconut,

safflower oil
Carnation Follow

Up
67 8.8 Corn syrup 1.7 Nonfat milk 2.8 Palm, soy, coconut,

safflower oil
Similac Lactose

Free
68 7.2 Maltodextrin,

sucrose
1.5 Milk protein isolates 3.6 Soy, coconut oil

Enfamil LactoFree 67 7.3 Corn syrup 1.4 Milk protein isolates 3.5 Palm, soy, coconut,
safflower oil

Elemental, Premature Infant Formulas
Alimentum 68 6.7 Sucrose, modified

tapioca starch
1.9 Hydrolyzed casein 3.7 MCT, safflower, soy oil

Nutramigen 67 9.1 Corn syrup,
modified corn
starch

1.9 Hydrolyzed casein 2.6 Corn oil

Pregestimilb 67 9.1 Corn syrup,
modified corn
starch

2.4 Hydrolyzed casein 2.7 MCT, corn, soy oil

NeoCate 67 7.1 Corn syrup 1.9 Free amino acids 2.8 Soy, safflower, coconut
oil

Neosure Advance 75 7.7 Maltodextrin,
lactose

1.9 Nonfat milk, whey 4.1 MCT, soy, coconut oil

Enfamil Premature
with Lipilb

67 7.3 Corn syrup, lactose 2 Nonfat milk, whey 3.4 MCT, soy, sunflower,
safflower,
crypthecodinium,
mortierella alpina oil

Similac Special
Carea,b

68 7.2 Corn syrup, lactose 1.8 Nonfat milk, whey 3.7 MCT, soy,
crypthecodinium,
mortierella alpina oil

Osmolality Sodium Potassium Chlorid Calcium Phosphorus Iron
Product (mOsm/L) (mEq/100 mL) (mEq/100 mL) (mEq/100 mL) (mg/100 mL) (mg/100 mL) (mg/100 mL)

Human milk 300 0.7 1.3 1.2 32 14 0.03

Cow’s Milk-Based Formulas
Enfamil with irona 300 0.8 1.9 1.2 53 36 1.3
Similac with irona,b 290 1 2.1 1.5 57 37 1.2
Carnation Good

Start
265 0.3 0.9 1.1 43 24 1

Soy-Based, Lactose-free Formulas
Isomil 180 1.3 1.9 1.1 71 51 1.2
Nursoy 296 0.9 1.8 1.1 60 42 1.2
ProSoBee 200 1 2.1 1.5 71 56 1.2
Alsoy 2 200 0.9 2 1.3 71 41 1.2

Continued
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Table 97-7 Infant Formulas and Their Individual Components (Continued)

Osmolality Sodium Potassium Chlorid Calcium Phosphorus Iron
Product (mOsm/L) (mEq/100 mL) (mEq/100 mL) (mEq/100 mL) (mg/100 mL) (mg/100 mL) (mg/100 mL)

Carnation Follow
Up

326 0.4 1.2 1.6 80 54 1.2

Similac Lactose
Free

180 0.9 1.8 1.2 57 38 1.2

Enfamil LactoFree 200 0.3 1 1.9 54 37 1.2

Elemental, Premature Infant Formulas
Alimentum 333 1.3 2 1.6 71 50 1.2
Nutramigen 320 1.4 1.9 1.6 62 42 1.2
Pregestimilb 350 1.4 1.9 1.6 62 50 1.2
NeoCate 342 0.9 2.4 1.4 83 62 1.2
Neosure Advance 250 1 2.7 1.6 78 46 1.2
Enfamil Premature

with Lipilb
260 0.6 0.9 1.7 110 55 1.8

Similac Special
Carea,b

211 1.3 2.2 1.6 122 68 1.8

aAlso available as a low iron formula.
bAlso available as a 24 kcal/oz formula.
MCT, medium-chain triglyceride.

milk, although not to the level of human milk. Casein-to-whey
ratios of infant formulas and human milk are compared in Table
97-7. The casein present in cow’s milk formulas also may be
heat denatured to improve its digestibility. In addition, the fat
source in cow’s milk is replaced by one of several vegetable oils
allowing for easier digestion. Last, the carbohydrate source in
cow’s milk-based formula is supplemented with lactose or su-
crose because the lactose content of cow’s milk is only 50% to
70% of that in human milk. Soy-based and protein hydrolysate
formulas are available for infants who are intolerant of cow’s
milk-based formulas.

Soy-based formulas use soybean as the protein source. The
soy is heat treated to enhance protein digestibility and improve
the bioavailability of some nutrients. Although nutrients, such
as methionine, zinc, and carnitine, are still present, their con-
centrations are relatively low. Therefore, methionine is rou-
tinely added to all soy-based formulas by the manufacturer.
Zinc and carnitine may not be added and exogenous supple-
mentation may be necessary. Soy-based formulas substitute
sucrose, corn syrup, or a combination of the two for lactose
as the carbohydrate source. Additionally, soy protein formulas
are more expensive than cow’s milk-based formulas. The AAP
recommends that the use of soy-based formula be limited to pa-
tients with primary lactase deficiency (galactosemia); patients
with secondary lactose intolerance from enteric infections or
other causes; vegetarian families in which animal protein for-
mulas are not desired; and infants who are potentially cow
milk protein allergic, but who have not demonstrated clinical
manifestations of allergy. Long-term use of soy-based formu-
las in premature and low birth weight infants should not be
recommended. Soy-based formulas have aluminum contami-
nation, and have been associated with the development of rick-
ets. Soy-based formulas are also not recommended for infants
with documented allergic reactions to cow’s milk protein be-
cause of the potential for cross-antigenicity between the two
proteins. Soy protein formulas are not recommended for the
routine management of colic.16

Elemental formulas, made with hydrolysate formulas, are
another option for infants who are intolerant of cow’s milk-
based formulas. The milk proteins (i.e., casein and whey)
are heat treated and enzymatically hydrolyzed to enhance di-
gestibility of protein hydrolysate formulas, which are fortified
with additional amino acids that are lost during processing.
As with soy protein formulas, protein hydrolysates substitute
sucrose, tapioca, or corn syrup for lactose as the carbohydrate
source. Protein hydrolysate formulas often include significant
amounts of medium-chain triglycerides (MCT) because they
are easily absorbed. Because the proteins are extensively hy-
drolyzed, these formulas probably are the least allergenic of
the infant formulas and, therefore, may be appropriate for in-
fants with true allergy to cow’s milk protein. Nevertheless,
prospective studies on the safety of such a substitution in hu-
man infants have not been undertaken because it would be
unethical to intentionally expose infants with documented al-
lergies to a potential allergen. Protein hydrolysate formulas are
the least palatable of the available pediatric formulas, and are
more costly than other formulas.17

Infant formula is available from the manufacturer in three
forms: ready-to-feed form, reconstitutable powder, and con-
centrated liquid. The ready-to-feed form is the most convenient
but also the most expensive. The powder and the concentrated
liquid are less expensive; however, both require that predeter-
mined amounts of boiled water be added before use. To save
money, some parents will dilute infant formula to a greater ex-
tent than is recommended to make the formula last longer. This
practice should be discouraged because excessive free water
intake by infants <1 year of age may result in hyponatremia
and, ultimately, seizures. Similarly, supplementing an infant’s
diet with free water, for whatever reason, may also result in hy-
ponatremia and seizures and should be discouraged. Recently,
use of dry powder formula in the neonatal intensive care unit
has been associated with severe bacterial infection. Because
of this, dry powder formula in neonatal intensive care patients
should be used cautiously.18
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Introduction of Pure Cow’s Milk

15. At her 2-month-old, well-child checkup, E.R. is found to
have a hematocrit (Hct) of 33% (normal, 35%–45%). After ques-
tioning her mother, the pediatrician learns that E.R. was taken
off infant formula 1 month ago and changed to whole cow’s milk
to decrease food costs. How are these two findings related? What
should be added to E.R.’s diet?

[SI unit: hematocrit, 0.35 (normal, 0.35–0.45)]

Pure cow’s milk, straight from the dairy counter in the gro-
cery store, is not recommended for infants <1 year of age.
Unlike human milk, the iron in cow’s milk is present in inade-
quate concentrations and absorbed poorly from the human GI
tract. For this reason, most infant formulas are fortified with
iron. Cow’s milk has been associated with GI blood loss in in-
fants <140 days of age.19 When the milk is heated to a higher
temperature than the usual pasteurization temperature, as it
is in formula preparation, the association of cow’s milk with
GI bleeding is no longer present; therefore, the component re-
sponsible for the blood loss appears to be a heat-labile protein.
Furthermore, cow’s milk contains excessive amounts of solute
that cannot be eliminated by the immature kidney. Also, cow’s
milk does not contain taurine, an amino acid that is important
in retinal development.

To treat E.R.’s anemia, iron should be added to her diet.
This can be done by changing back to an iron-fortified infant
formula, feeding her an iron-fortified cereal, or giving a thera-
peutic ferrous sulfate liquid medication. The appropriate iron
replacement dose for severe anemia is 4–6 mg/kg/day of el-
emental iron in divided doses with follow-up of the infant’s
hemoglobin and hematocrit.

Introduction of Solid Foods

16. At her 4-month-old, well-child checkup, M.E.’s mother asks
her pediatrician about the introduction of “baby foods” into
M.E.’s diet. When and how should solids be introduced?

Human milk or commercially prepared infant formula pro-
vides adequate nutrition for an infant for the first 12 months of
life. Introduction of solid foods before the age of 4 months, al-
though common in the past, is discouraged because the younger
infant is unprepared to swallow foods other than liquids. Solids
(first cereals, then fruits and vegetables) should be introduced
when the child has good control of the head and neck move-
ments (i.e., usually at the age of 4–6 months).7 Preferably, one
new food should be introduced at a time, at 1-week intervals,
to allow assessment of food allergy.

Therapeutic Formulas
Phenylketonuria

17. L.B. is a 2-week-old infant whose newborn screen is positive
for phenylketonuria (PKU). Discuss the concepts behind the pro-
duction of therapeutic formulas and the dietary management of
patients with inborn errors of metabolism. How must L.B.’s diet
be modified?

Inborn errors of metabolism are disorders in which an en-
zyme or its cofactor is absent or insufficient to meet metabolic

demands. As a result, one or more precursor compounds in a
metabolic pathway can accumulate before the defective step.
Correspondingly, one or more metabolic products that nor-
mally would have been generated after the defective step in the
metabolic pathway are not sufficiently available.

The dietary management of metabolic errors is based on the
following strategies:

� Reduce the intake of a precursor compound that cannot be
metabolized.

� Supplement the deficient compounds that would have been
produced if the normal metabolic pathway had not been
blocked.

� Add a substrate that provides an alternative pathway for elim-
ination of an accumulated toxin.

Therapeutic formulas are designed to reduce the intake of pre-
cursor compounds or to provide the deficient metabolic end
product.

When hydroxylation of phenylalanine to tyrosine does not
take place, phenylalanine accumulates in the blood and results
in mental retardation. Because PKU has been diagnosed in
L.B., his diet should be modified using a formula containing
little or no phenylalanine (e.g., Lofenalac, Phenex-1, Phenyl-
Free). The tyrosine deficiency of PKU also can be managed
by the addition of tyrosine to the phenylalanine-free therapeu-
tic formulas that are available for patients with PKU. When
L.B. progresses to solid foods, protein must be provided from
predominately phenylalanine-free sources; therefore, patients
with PKU should take in only minimal protein from table
foods.20

Other Metabolic Errors

18. What other metabolic errors present in infancy require a
specialized diet?

Other metabolic errors present in infancy include galac-
tosemia (galactose cannot be metabolized to glucose), homo-
cystinuria (methionine is not converted to cysteine), urea cy-
cle disorders (ammonia detoxification is impaired), and maple
syrup urine disease (metabolism of the branched chain amino
acids, leucine, isoleucine, and valine is blocked).

These metabolic errors are managed by manipulating the
diet.21 In galactosemia, the carbohydrate source should not
contain galactose or lactose. In homocystinuria, methionine
should be present only in quantities sufficient to meet basic
requirements, and cysteine should be supplemented. In the
urea cycle disorders, protein often is provided only as essential
amino acids, and a high-energy diet is provided to maximize
the formation of nonessential amino acids from nitrogen and
to minimize ammonia production. In maple syrup urine dis-
ease, natural protein is fed in small quantities to provide the
minimal requirement of branched chain amino acids, and a
branched chain-free supplement is added to provide adequate
protein intake.

Route of Administration
Nutritional support using the GI tract is the preferred approach
when possible. Enteral nutrition provides several advantages.
First, interposition of the GI mucosa between the nutrient sup-
ply and the circulation allows absorptive function to provide
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a homeostatic control. Second, the flow of nutrients from the
GI tract to the liver via the portal circulation before reach-
ing the systemic circulation also assists homeostatic control.
Third, the lack of enteral nutrition allows normal GI tract flora
to overgrow and translocate into the blood, ultimately result-
ing in bacteremia. Finally, the intestinal mucosa depends on
intraluminal absorption for much of its energy supply. Hence,
provision of at least a small amount of enteral feeding, referred
to as trophic feeds, helps to ensure a healthy GI tract and may
facilitate advancement to full enteral feedings at the appropri-
ate time.22,23

Normal oral feeding is the most basic method for patients
who are willing and able to eat or drink. Patients whose GI
motility, structure, and function are normal but whose oral
feeding is prevented by an altered state of consciousness, in-
coordination of sucking and swallowing, or other conditions
that prevent adequate oral ingestion can be fed by a GI tube in
intermittent boluses or by continuous infusion.

Bolus tube feedings more closely mimic the normal state.
They periodically distend the stomach, which aids in gastric
secretion and emptying. When bolus tube feeding is under-
taken, the volume of formula required to provide sufficient
calories for a 24-hour period is administered through the tube
in equal aliquots every 2, 3, 4, or 6 hours. The frequency of
administration depends on the patient’s age, gastric capacity,
and the infant’s ability to maintain a normal serum glucose
concentration between feedings. In general, younger and more
premature infants require more frequent feedings. Intolerance
to bolus tube feedings can be manifested as diarrhea, gastroe-
sophageal reflux with emesis, or poor motility. Poor motility
usually is apparent when large volumes of feeding, referred to
as residuals, remain in the stomach when the next feeding is
due.

Continuous tube feedings can be given at a constant rate of
infusion by pump into the stomach or duodenum when bolus
feedings have failed. This approach may be better tolerated by
premature infants and children with diarrhea.24

Patients with intrinsic GI disease (Table 97-8) or malabsorp-
tion may require total or supplemental PN. Concurrent admin-
istration of low-volume, trophic enteral feedings may provide
important nutrients to the gut mucosa even when the parenteral
route supplies all of the necessary systemic nutrients.22,23 Ad-
ministration of PN into a peripheral vein is limited to those
patients expected to require parenteral feeding only for a short
time (i.e., 2 weeks) because the amount of nutrients that can be
safely infused peripherally is limited. In patients who require
long-term PN, the IV solution is more concentrated and must
be administered into a central vein.

Nutritional Assessment
The patient’s nutritional status should be assessed before be-
ginning a nutritional support regimen and reassessed at regular
intervals during the course of treatment. If the patient previ-
ously was well nourished, the goal is to maintain that status until
a normal diet can be resumed. In a child who was previously
malnourished, an effort should be made to promote “catch-up”
growth and to normalize the biochemical nutritional measures.
About one-third of children admitted to the hospital are mal-
nourished at the time of their admission.25 Malnutrition in chil-

Table 97-8 Indications for Parenteral Nutrition Support

Extreme prematurity
Respiratory distress
Congenital GI anomalies

Duodenal atresia
Jejunal atresia
Esophageal atresia
Tracheoesophageal fistula
Pyloric stenosis
Congenital webs
Hirschsprung’s disease
Malrotation
Volvulus

Abdominal wall defects
Omphalocele (herniation of viscera into the umbilical cord base)
Gastroschisis (defect of abdominal wall, any location except umbilical

cord)
Congenital diaphragmatic hernia

Necrotizing enterocolitis
Chronic diarrhea
Inflammatory bowel disease
Chylothorax
Pseudoobstruction
Megacystic microcolon
Abdominal trauma involving viscera
Adverse effects of treating neoplastic disease

Radiation enteritis
Nausea and vomiting
Stomatitis, glossitis, and esophagitis

Anorexia nervosa
Cystic fibrosis
Chronic renal failure
Hepatic failure
Metabolic errors

GI, gastrointestinal.

dren is a risk factor for decreased social skills and impaired
intellectual development.26–28

Factors used to determine nutritional status in children in-
clude dietary history, weight, height, and visceral protein mea-
surements (e.g., albumin, prealbumin, retinol binding protein,
transferrin). Other measurements used in adults, such as 24-
hour creatinine excretion, 24-hour nitrogen excretion, and ni-
trogen balance, are reserved for older children because com-
plete collections of urine are difficult to obtain and because the
percentage of nonurea nitrogen present in urine is variable in
infants.

Anthropometric Measurements
Height, weight, and head circumference are used to deter-
mine nutritional status in infants and children. Standards for
these measurements have been derived from pediatric patients
in the United States and compiled into graphs referred to as
growth curves (http://www.cdc.gov/growthcharts).29 An indi-
vidual patient’s measurements are compared with the graph
of normal values for that specific age group. As prematurely
born infants age, a standard growth curve adjusted for prema-
turity can be used. Using these measurements, comparisons
with standards are possible: weight for age, height for age, and
weight for height.29 A weight that is below the fifth percentile
for the patient’s height is considered an indication of acute
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malnutrition. Similarly, a height and weight that are below the
fifth percentile for the patient’s age indicates chronic malnu-
trition. It is important to consider the height and weight of the
child’s parents because genetics are important determinants
of the height and weight that a child may ultimately achieve.
Additionally, the revised growth charts include the body mass
index (BMI) for age for children >2 years. The BMI helps
identify children at risk for obesity and type 2 diabetes, two
problems that have recently become a concern in children.29

Biochemical Measurements
Numerous biochemical indices are used in the assessment of
nutritional status. Several, such as the quantitative excretion of
compounds such as 3-methyl-histidine and creatinine, are dif-
ficult to use in children because they require cumbersome 24-
hour urine collections. Also, reliable standards for very young
children are unavailable.

Of the biochemical markers of nutritional status, the most
readily available and widely used is the serum albumin con-
centration. Although a low serum albumin can be a specific
indicator of protein-calorie malnutrition, albumin’s long half-
life (20 days)30 makes it an insensitive indicator for developing
and resolving malnutrition.

Prealbumin, fibronectin, transferrin, and retinol-binding
protein are plasma transport proteins that also can function as
biochemical markers of nutritional status.30–33 They have the
advantage of being more sensitive than albumin to acute nutri-
tional changes because their half-lives are shorter, and they are
useful when exogenous albumin infusions are given.34 Never-
theless, transferrin, fibronectin, and retinol-binding protein are
influenced by factors other than nutrition (e.g., stress), and are
less specific indicators of nutritional status.35,36

Laboratory and Clinical Assessments
The nutritional status of a patient receiving PN should be eval-
uated at regular intervals (e.g., weekly). The adverse effects of
enteral and PN should include evaluations of the patient for
signs and symptoms of fluid overload, GI losses (e.g., stool,
emesis, ostomy output), and metabolic imbalances. The pa-
tient should be weighed and the fluid intake, urine output, and
GI losses assessed daily.

Blood and urine glucose concentrations initially should be
monitored daily until the patient is stable on a formulation; sub-
sequently, the frequency of monitoring can be reduced. Several
laboratory tests also should be monitored routinely in those
receiving PN (Table 97-9). The frequency of monitoring the
subjective and objective data of a patient should be modified
based on the clinical condition of the patient.

Clinical Presentation: Nutritional Assessment

19. T.C., a 4-month-old, lethargic boy, is seen in his pediatri-
cian’s office for routine well-baby care. At examination, he has a
moderately distended abdomen and dry mucous membranes. No
other remarkable abnormalities are noted. His weight is 6.5 kg
(50th–75th percentile for age). At a previous well-baby visit when
he was 2 months old, T.C. weighed 5.6 kg (75th percentile for age),
and his length was 57 cm (50th percentile for age). His mother re-
ports that for the past 5 to 7 days, he has had five to eight large,
liquid stools per day. His diet has not been changed and consists

Table 97-9 Routine Laboratory Monitoring of Pediatric and
Neonatal Parenteral Nutritiona

Test Frequency

Electrolytes, glucose, BUN, SrCr Daily until stable, then 2–3 times/wk
Calcium 1–2 times/wk
Phosphorus 1–2 times/wk
Magnesium 1–2 times/wk
Triglycerides QOD until stable on maximal fat

dose, then weekly
PA or RBP Weekly
Total protein, albumin Weekly if PA, RBP not available
Alkaline phosphatase Weekly
Bilirubin (total, direct)a Weekly
Hgb, WBC count Weekly
AST, ALT, GGT Monthly

aBilirubin (indirect) daily in the newborn, until normal.
ALT, alanine aminotransferase; AST, aspartate aminotransferase; BUN, blood urea
nitrogen; GGT, γ -glutamyl transpeptidase; Hgb, hemoglobin; PA, prealbumin; RBP,
retinol binding protein; SrCr, serum creatinine; WBC, white blood cell.

of 5 to 6 oz of a commercial, infant formula every 4 hours around
the clock. He is to be hospitalized for evaluation of his diarrhea
and weight loss and for fluid and nutritional management.

After correction of his initial fluid and electrolyte deficits, an
assessment of his nutritional status shows the following: weight,
6.5 kg (50th–75th percentile); length, 62 cm (50th percentile);
albumin, 3.8 g/dL (normal, 4–5.3 g/dL); and prealbumin, 7 mg/dL
(normal, 20–50 mg/dL). What do these data suggest about the
nature of T.C.’s malnutrition?

[SI units: albumin, 38 g/L (normal, 40–53); prealbumin, 70 mg/L (normal,

200–500 mg/L)]

If T.C. had continued to gain weight at his previous rate, his
weight, extrapolated from the appropriate growth chart, should
be approximately 7.2 kg. His growth in length has continued to
progress at the same rate. Thus, the decrease in weight for age
with a normal progression in length for age indicates malnutri-
tion of a relatively short duration. This is further validated by a
near-normal serum concentration of albumin with a decrease
in prealbumin.

Role of Enteral Nutrition in Chronic Diarrhea

20. After initial IV rehydration and receiving nothing by mouth
(NPO) for 48 hours, T.C.’s stool output has decreased dramat-
ically. Is this characteristic of infants with chronic diarrhea?
Should enteral intake be initiated?

A prompt decrease in stool output when enteral intake is
stopped is typical of infants with chronic diarrhea. Nonethe-
less, evaluation of bowel function and adaptation has shown
that enteral nutrition is superior to PN with regard to histo-
logic recovery, improvement of D-xylose absorption,37 protein
absorption, and disaccharidase activity.38–40 In fact, improve-
ment in histology or absorptive function might not occur until
enteral nutrients are given.38,39 Thus, for T.C., every effort
should be made to provide some nutrition enterally, whether
this route is used exclusively38 or in combination with supple-
mental PN.40
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Choice of Formula

21. What type of enteral formula should be chosen for T.C.?

The enteral regimen should be initiated with a lactose-free
formula, such as an elemental formula or a soy-based formula.
Although any soy-based formula would be appropriate, Isomil
DF is a soy-based formula with added fiber that is indicated
for infants with diarrhea. Infants with chronic diarrhea can
have small bowel mucosal damage and decreased disacchari-
dase activity.39,40 Carbohydrate absorption depends on diges-
tion of disaccharides and polysaccharides to monosaccharides
through disaccharidase activity in the intestinal lumen. Sub-
stitution of free glucose orally may overcome the problem of
carbohydrate digestion and absorption. Administration of large
amounts of oral glucose should be limited, however, because
of its osmotic effect and potential to worsen diarrhea. Fur-
thermore, incompletely absorbed carbohydrate is available to
colonic bacteria for fermentation, the end products of which
can produce diarrhea through colonic irritation.

Unlike carbohydrate, protein rarely causes diarrhea, but the
mucosal damage present in patients with chronic diarrhea, such
as T.C., can reduce the absorptive surface area so that protein
malabsorption may occur. This can be minimized through the
administration of a formula containing protein in the form of
dipeptides and tripeptides, which are absorbed more efficiently
than free amino acids.41

Dilution of hypertonic formulas to half strength may im-
prove formula tolerance.38 The concentration is increased in
a step-wise fashion to full strength if there is no carbohydrate
malabsorption and if stool output is not excessive (defined
by Orenstein as ≥40% of enteral intake).38 Tolerance may be
improved by continuous infusion of the enteral product.24 If
enteral refeeding results in the return of diarrhea, fluid and
electrolytes must be replaced with an equal volume of an IV
solution of similar electrolyte composition to the stool loss.38

Monitoring

22. How can T.C.’s tolerance to the formula and his recovery of
intestinal function be assessed?

Malabsorption or formula intolerance can be assessed by
stool studies, which would include assessing for the presence
of reducing substances and stool pH. Lactose is a reducing
sugar and its presence in stool is an assessment of carbohy-
drate absorption. The bacterial fermentation products of mal-
absorbed carbohydrates can result in a decreased stool pH,
which suggests malabsorption. To further evaluate carbohy-
drate absorption D-xylose may be given orally; a blood sample
is drawn 4 to 5 hours later to determine the amount absorbed.
This test may be of initial prognostic value in predicting which
patients will require prolonged courses of treatment.37 More
than 5% of ingested fat in a stool collection (usually 3 days) is
indicative of fat malabsorption. All these tests can be followed
serially during treatment to help guide the refeeding process.

Reinstitution of Standard Formula

23. Once the diarrhea has resolved and the enteral diet is well
tolerated, how should standard infant formula be reinstituted for
T.C.?

Standard formula feedings are restarted somewhat arbitrar-
ily in patients such as T.C., although the D-xylose absorp-

tion test may be a useful guide.37,38 The diarrhea should have
resolved completely, and full maintenance fluid and caloric
intake should be established using an enteral elemental or
soy-based formula. Regardless of the time chosen, a gradual
step-wise conversion is suggested. A small volume of stan-
dard formula is substituted for an equal volume of elemental
or soy-based formula and the substitution volume is increased
daily until the elemental or soy-based formula is eliminated
completely from the regimen.

If a specific nutrient intolerance has been identified, a
standard formula that does not contain that nutrient must be
selected. For example, a patient with cow’s milk protein in-
tolerance may require a soy protein formula or an elemental
formula.

Pediatric Parenteral Nutrition
Nutrient Requirements
The basic requirements for a parenteral nutrient regimen are
listed in Table 97-1. These guidelines for the initiation of a
nutrient regimen should be individualized to specific patient
needs because requirements can vary from patient to patient.
The correct regimen for any specific patient is that which sup-
plies sufficient nutrients to promote a normal rate of growth
without toxicity. In particular, patients with ongoing, abnor-
mal nutrient losses may require much larger doses of certain
nutrients. Individualization of the nutrient prescription cannot
be overemphasized.

Many of the requirements listed in Table 97-1 apply to nu-
trients administered by the enteral route as well. In some in-
stances, the absorption of a particular nutrient from the GI
mucosa is incomplete and enteral requirements are substan-
tially higher. This is particularly true of the major minerals
(calcium, magnesium, and iron) and trace elements.42 In some
cases, parenteral doses may be greater than enteral doses to
achieve the same blood concentration.41

Indications
Parenteral nutrition is indicated for any patient unable to take
in sufficient nourishment to maintain normal growth. Some
specific indications are listed in Table 97-8.

Very Low-Birth-Weight Infants
Extremely premature infants require specialized nutritional
support for two distinct reasons. First, the third trimester in
utero is a time of rapid growth and accumulation of protein,
glycogen, fat, and minerals.43 The infant born in the very early
stages of the third trimester does not accumulate these stores
and, therefore, must receive nutrients earlier than a more mature
infant. Second, extreme prematurity is associated with poor co-
ordination of the suck and swallow reflex, poor GI motility, and
incomplete absorption.44 Therefore, enteral nutrients may need
to be administered via an orogastric or nasogastric tube, and
PN supplementation probably will be needed. PN, especially
amino acids, should be initiated soon after birth to duplicate
intrauterine growth and prevent a catabolic state in the first few
days of life. The fetus in utero has a continuous supply of amino
acids that is immediately stopped after preterm birth.45,46 On
the first day of life, a type of PN called “vanilla” PN may be
started. “Vanilla” PN does not actually contain vanilla, but the
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name relates to the colorless solution. Most PN formulations
have multivitamins added that give the solution a yellow col-
oring, whereas “vanilla” PN does not contain multivitamins. It
is prepared as a standardized solution containing amino acids
and dextrose and is used for infants weighing <1 kg in the first
24 hours of life. There has been some reluctance to adminis-
ter amino acids this soon after birth because of increased risk
of hyperammonemia, uremia, and metabolic acidosis. Several
studies, however, have shown early introduction of amino acids
is safe, provides a positive nitrogen balance, and promotes bet-
ter health outcomes.47,48

Respiratory Distress
Respiratory distress may preclude the ability to consume suffi-
cient nutrients enterally because high respiratory rates prevent
coordinated breathing and swallowing. In infants who are hy-
poxic, or at high risk for hypoxia, aggressive enteral feedings
during the acute phase of their illness can increase the likeli-
hood of bowel ischemia. Often, these situations are resolved in
3 to 5 days, but this can rarely be predicted at the outset. Trophic
feedings (1–5 mL/hour) are often implemented to maintain GI
tract integrity. Nutritional support in such cases is initiated by
giving parenteral fluids, which provide dextrose as a caloric
source. This allows the infant to conserve endogenous energy
substrates, an important consideration for the VLBW infant
whose entire body composition may contain a 3- to 4-day en-
ergy supply.43 PN should be initiated as soon as it becomes
clear the enteral feeding will be impossible for 3 to 5 days
or when several days have elapsed and no clear time frame
can be determined for the establishment of enteral feeding.
Although a short course (5 days) of PN may be used, the quan-
tity of nutrients supplied during the process of initiation and
gradual increase to full requirements is so low that extremely
short courses may be difficult to justify. Peripheral PN using fat
emulsion as a significant source of calories, however, can pro-
vide up to 70 kcal/kg and, with appropriate types and amounts
of protein, can result in modest weight gain and nitrogen equi-
librium.

Gastrointestinal Anomalies
Infants with GI anomalies often require PN because the im-
plementation of enteral feedings may be delayed. For example,
GI tract atresias or stenosis can obstruct, or partially obstruct,
the lumen of the GI tract. This prevents or slows the passage of
fluids and nutrients and can result in vomiting, depending on
the location of the obstruction. Similarly, infants with necro-
tizing enterocolitis have zones of ischemic bowel and are at
risk for bowel perforation if fed enterally.49 Infants with these
disorders need PN until the viability of the entire GI tract can
be assured.

Chronic Renal Failure and Hepatic Disease
Chronic renal or hepatic disease requires modification of a
normal diet to account for the impaired elimination of nitroge-
nous waste or impaired protein metabolism. Careful caloric
supplementation with a reduced amount of protein may permit
normal growth while minimizing excess urea production in an
infant with renal failure.

24. Approximately 48 hours after discharge from the hospital,
T.C. returns to the emergency department (ED) with abdominal
distention and bloody diarrhea. He is diagnosed with postgas-

troenteritis syndrome. T.C. cannot receive nutrients enterally, and
PN is to be initiated because he is nutritionally depleted. Describe
how a regimen of PN should be instituted in T.C. What aspects of
his disease may alter specific nutrient needs?

When initiating PN, the protein (amino acids), glucose (dex-
trose), fat (lipids or fat emulsion), fluid and electrolyte, min-
eral, and vitamin components of the regimen are managed as
separate entities. In addition, the route of PN delivery is im-
portant to consider because the amount of glucose, potassium,
and calcium must be limited if the infusion is given periph-
erally. In general, 12.5% dextrose, 40 mEq/L potassium, and
10 mEq/L calcium are the maximal amounts that should be
provided by infusion into a peripheral vein. These nutrients
can be increased if a central venous line is placed. The fluids,
electrolytes, minerals, and vitamins are initiated at full daily
maintenance doses after correction of any pre-existing abnor-
malities. Protein should be initiated at full daily doses in term
infants and children with normal renal and hepatic function.
Glucose and fat are started at lower doses and increased daily
until requirements are reached. Forgetting to increase doses in
T.C. will lead to underfeeding.

Protein should be started in T.C. at full daily requirements of
2 to 3 g/kg/day. Azotemia and acidosis have occurred in infants
receiving >4 g/kg/day of protein; however, these complications
are rare at the recommended dosage.

Parenteral glucose administration is initiated at 5 to 8
mg/kg/minute (7.2–11.5 g/kg/day). This closely approximates
normal endogenous glucose production50 and should be toler-
ated. At normal maintenance fluid rates, 10% glucose repre-
sents a generally well-tolerated starting solution for patients of
virtually any age or size, except the VLBW infant. In T.C.’s
case, the glucose concentration will begin and continue at 10%
because of the peripheral line limitations. This concentration
of glucose will provide 7.3 mg/kg/minute. If a central line
later becomes necessary, the concentration of glucose can be
increased by 5% each day until the caloric requirement is met.
This glucose increment should be accompanied by blood and
urine glucose monitoring. If the blood glucose is ≥150 mg/dL
or if the urine glucose exceeds “trace” amounts, the PN infusion
rate should be decreased by at least 25% and a second IV solu-
tion should be added to provide needed fluids and electrolytes.
Alternatively, the dextrose concentration can be decreased or
insulin can be infused concomitantly and titrated to a desired
serum glucose concentration of 120 to 140 mg/dL.

Fat should be initiated at 1 g/kg/day and increased daily by
0.5 to 1 g/kg/day until the maximal dosage of 3 g/kg/day is
reached. The daily fat dose should be infused at a constant rate
because fats are better tolerated when infused over 24 hours.51

Serum triglycerides should be monitored every other day while
the dose of fat is being increased. Patients with a fasting triglyc-
eride concentration of 150 mg/dL or less may have their fat dose
increased. In patients who are receiving inadequate calories,
triglycerides may be elevated because endogenous fats are be-
ing mobilized. If the triglyceride concentration is >150 mg/dL,
the serum sample must be examined visually. A clear sample
with a mildly elevated triglyceride concentration probably in-
dicates the use of endogenous fat stores for energy. Conversely,
a turbid or lipemic sample indicates the patient’s inability to use
the amount of intravenous fat administered. In this case, further
increases in the fat dose should be delayed until triglyceride
concentrations decrease.52
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25. T.C. has a single peripheral IV line. Can the glucose–amino
acid solution and the IV fat emulsion be infused through the same
IV line?

Not only can they be infused through the same periph-
eral IV line, but doing so may prolong the patency of the IV
site and reduce the likelihood of local complications, such as
phlebitis.53,54 Lipids dilute the hypertonic glucose–amino acid
solution. The fat, however, has two more important effects. It
acts as a mechanical barrier to the vascular endothelium and
has a local modulating effect on prostaglandin and leukotriene
mediators of inflammation.54

Special Considerations and Complications

26. J.H., a 4-day-old boy, was born at 31 weeks’ gestation. His
birth weight was 1,950 g, and he now weighs 2,000 g. On the first
day of life, he was given a commercial preterm infant formula by
orogastric tube in gradually increasing quantity with supplemen-
tal IV fluids. Now, on the fourth day of life, he has developed a
distended abdomen and his stools contain bright red blood. An
abdominal radiograph shows pneumatosis intestinalis (gas within
the intestinal wall). All enteral feedings are stopped (NPO). What
do these findings represent? What are the implications for J.H.’s
nutritional management?

Abdominal distention, bloody stools, and pneumatosis in-
testinalis are characteristic of necrotizing enterocolitis.49 The
causes of this disorder are unclear, but it occurs more often
in premature than in term infants; it can occur in clusters of
cases, rarely is seen before enteral feeding is instituted, and can
be associated with rapid increases in enteral intake.55 Because
J.H. will receive antibiotics for 10 to 14 days and remain NPO,
he requires PN. The planned duration of the regimen makes
central venous access a necessity.

Parenteral Nutrition
Goals of Long-Term Support

27. The following day, intestinal perforation requires the resec-
tion of two-thirds of J.H.’s distal jejunum and one-third of his
ileum, with creation of a jejunostomy. The ileocecal valve and the
entire colon are left intact. During the operation, a central venous
catheter is placed. What is the goal of PN for J.H.?

J.H. will be NPO for a prolonged time. Therefore, the goals
of his PN must be to promote normal growth as well as healing
of his diseased gut and surgical wounds.

Because J.H. is a premature infant, it will be difficult to
predict how well he will tolerate PN. VLBW infants tolerate
normal doses of pediatric amino acids without difficulty; how-
ever, some clinicians initiate protein at a lower daily dose (e.g.,
1.0 g/kg/day) and advance by 0.5 g/kg/day each day until a goal
of 2 to 3 g/kg/day is achieved. The problem with this approach
is that it is easy to forget to advance the protein, which leads
to underfeeding. Fat should be started at 0.5 to 1 g/kg/day and
increased by 0.5 g/kg/day up to 3 g/kg/day. Glucose should
be initiated at 5 to 10 g/kg/day and increased by 2 to 3 g/kg
until the desired caloric intake is achieved. Appropriate doses
of electrolytes and minerals may be started immediately using
the guidelines listed in Table 97-1.

Fat Emulsions: Complications

28. What must be considered in making decisions regarding fat
administration in J.H.?

Although J.H. can receive adequate calories using only glu-
cose and crystalline amino acids, he will require fat to provide
a more physiologic diet and to prevent essential fatty acid de-
ficiency (EFAD), which develops quickly in low birth weight
infants who have little fat reserve.56 J.H. should receive a min-
imum of 5% of his total caloric requirement as fat emulsion
to minimize the risk of EFAD.52 Ideally, his nutrition regimen
will provide approximately 40% of calories from fat, which is
similar to what is provided by human milk.

Infusions of fat emulsions have been associated with im-
paired oxygen transport and pulmonary ventilation-perfusion
mismatch. This adverse effect generally occurred when the
dose of fat was ≥4 g/kg and infused over a relatively short
(4 hours) period. Current practice is to increase gradually the
doses of fat from 0.5 to 1 g/kg/day up to a maximum of 4
g/kg/day and to infuse the fat emulsion over 24 hours to min-
imize the likelihood of pulmonary problems and to promote
clearance.

It is unclear if IV fat administration is detrimental to pa-
tients with sepsis. Rapid IV infusion of fat and in vitro in-
cubation of leukocytes with fat emulsion has resulted in im-
paired leukocyte chemotaxis and phagocytosis.57 On the other
hand, the linoleic acid in IV fat is the precursor to arachidonic
acid, prostaglandins, thromboxane, interleukins, and immune-
mediating cells. Theoretically, this may minimize bacteremia.
Necrotizing enterocolitis, intestinal perforation, and surgery
predispose J.H. to sepsis. Therefore, he should have his IV
fat infused at an appropriate dose over 24 hours. Because fat
clearance can be impaired during infection, it is also prudent
to monitor his triglyceride concentrations.

Free fatty acids can displace bilirubin from its albumin bind-
ing sites, thereby placing the infant at risk for kernicterus.58

Therefore, before advancing the fat dose, the total bilirubin and
direct bilirubin should be measured. Patients with an indirect
bilirubin (total bilirubin−direct bilirubin) ≤10 mg/dL whose
albumin levels are normal are at low risk for kernicterus. In-
direct bilirubin usually peaks before 1 week of age. After the
risk for indirect hyperbilirubinemia has passed, the fat dose
can be increased as recommended in Table 97-1. The infusion
of 1 g/kg over 24 hours is associated with minimal risk for
decreased bilirubin binding;58 however, rapid infusion of this
same dose can displace bilirubin from albumin binding sites.
Given the low level of indirect bilirubin found on routine mon-
itoring (see Question 36) and the planned fat infusion rate, J.H.
should not be at risk for kernicterus.

Egg phospholipids are used to emulsify fats; therefore, pa-
tients with a known allergy to eggs (e.g., fever, chills, urticaria,
dyspnea, bronchospasm, chest pain) should not receive fat
emulsion.52

Glucose Intolerance

29. Because J.H is a premature infant, PN should be initiated
using 5% glucose, 2.5 g/kg/day of amino acids, and 0.5 g/kg/day
of fat emulsion. The volume of PN should be 240 mL based on a
maintenance fluid requirement of 120 mL/kg (Table 97-1). On the
second day, he receives 10% glucose and 2.5 g/kg/day of amino
acids and 1 g/kg/day of fat. On the third day, glucose is increased
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to 15%, amino acids remain at 2.5 g/kg, and fat emulsion is in-
creased to 1.5 g/kg/day. On the fourth day, glucose is increased to
20%, amino acids remain at 2.5 g/kg, and fats are increased to
2 g/kg/day. After this solution has infused for 8 hours, his urine
tests 1% for glucose (normal, no glucose) and his blood glucose
level is 210 mg/dL (normal, 120 mg/dL). Explain this new find-
ing and the problems it may cause. How should hyperglycemia be
managed?

[SI unit: blood glucose, 11.7 mmol/L (normal, 6.66)]

Maximal glucose oxidation rates in milligrams per kilo-
grams per minute are inversely related to age, and decrease
from 15 to 18 mg/kg/minute in neonates and young infants to
4 to 5 mg/kg/minute in adults. In full-term neonates and infants
receiving maintenance fluids (100 mL/kg), glucose concentra-
tions can be started at 10 g/kg/day (equivalent to dextrose 10%)
and advanced by 5 g/kg (equivalent to dextrose 5%) every 24
hours up to approximately 25 g/kg/day (equivalent to dextrose
25%).

In preterm neonates, such as J.H., dextrose is started at a
lower dose and advanced at smaller increments, usually 2 to 3
g/kg/day. Glucose tolerance varies significantly, so each patient
should be considered individually.

At J.H.’s prescribed fluid rate of 10 mL/hour, 20% glucose
represents 16.7 mg/kg/minute of glucose. The hyperglycemia
and glycosuria probably have occurred because the increases
in the infusion rate have exceeded J.H.’s ability to adapt to
the glucose dose. Patients who have been euglycemic on their
glucose dose and then become glucose intolerant should be
evaluated, however, for other causes, such as infection.59

Hyperglycemia and glycosuria can result in serum hyper-
osmolarity, osmotic diuresis, and dehydration. Regardless of
the cause, the hyperglycemia should be treated by reducing the
glucose administration rate. The rate of the PN infusion can
be decreased further if hyperglycemia continues or increased
if the hyperglycemia resolves.

When the PN order is written for the subsequent days, the
glucose increases should be made in smaller amounts up to the
maintenance calorie requirements per day. Frequent blood and
urine glucose monitoring must be continued. Severe glucose
intolerance in patients who require PN can be managed with in-
sulin to normalize serum glucose. Although insulin is compat-
ible with PN solutions, it does adsorb to glass, polyvinyl chlo-
ride, and filters, resulting in decreased delivery of insulin.60

The addition of albumin can decrease the binding of insulin
to solution containers.61 Frequently, pediatric patients have
changing insulin requirements that prevent the addition of in-
sulin to PN solutions. A separate continuous infusion of regular
insulin (initial dose: 0.05 to 0.1 units/kg/hour) titrated to con-
trol serum glucose concentrations offers a practical solution to
minimize waste of the PN solution.62 It is essential to discon-
tinue the insulin infusion if the PN solution is discontinued to
avoid hypoglycemia.

Effects of Bronchopulmonary Dysplasia and Mechanical Ventilation

30. J.H. remains dependent on a ventilator because of his im-
mature lungs. How could J.H.’s respiratory disease influence his
nutritional regimen?

At older than 28 days of age, J.H.’s ventilator dependence
defines him as having bronchopulmonary dysplasia (BPD),

a chronic lung disease of infancy. BPD is characterized by
an increase in resting energy expenditure, increased work of
breathing, and growth failure.63,64 Therefore, J.H.’s caloric re-
quirement may be higher than expected. Additionally, J.H.’s
ventilator may also alter the approach to his caloric supply.
Very high carbohydrate loads have been associated with an
increase in carbon dioxide production.65 This, in turn, may
make it difficult to wean J.H. from the mechanical ventilator.
As discussed, rapid infusions of fat emulsion can also have a
detrimental effect on pulmonary function. Fat emulsion should
not be omitted from J.H.’s PN regimen; rather, a slower infusion
rate, with gradual dose increases, while monitoring pulmonary
function is appropriate.

Pediatric Amino Acid Formulations

31. Why would a specialized pediatric amino acid solution be
preferable to a standard adult formulation for J.H.?

Patients 1 year of age or older tolerate standard adult amino
acid preparations (e.g., Aminosyn [Abbott Laboratories] and
Travasol [Baxter Healthcare]) well. For infants <1 year of age,
two specifically designed pediatric amino acid formulations
(PAAF)–TrophAmine (B. Braun) and Aminosyn PF (Abbott
Laboratories)–are available. PAAF were developed in response
to the abnormal plasma amino acid patterns noted in infants
receiving adult amino acid formulations. The products were de-
signed with the goal of producing plasma amino acid patterns
closely matching those of 2-hour postprandial, human-milk–
fed infants. Theoretically, normal plasma amino acid patterns
will promote normal protein synthesis in growing infants.

Pediatric amino acid formulation differ from conventional
amino acid formulations in several ways. First, they con-
tain a higher content of branch chain amino acids (leucine,
isoleucine, and valine), and a lower content of glycine, me-
thionine, and phenylalanine (Table 97-10). In addition, PAAF
have a higher percentage of essential amino acids with a wider
distribution of the nonessential amino acids. Finally, PAAF
are unique in that they contain three essential amino acids for
neonates: taurine, tyrosine (as N-acetyl-L-tyrosine), and cys-
teine (added as L-cysteine HCl). Adult solutions contain little
if any of these amino acids. Neonates have immature liver
functions. This results in decreased levels of both hepatic cys-
tathionase and phenylalanine hydroxylase enzymes. Without
these enzymes, neonates cannot adequately convert methion-
ine to cysteine or phenylalanine to tyrosine or synthesize tau-
rine from cysteine. Deficiencies in these amino acids can have
a significant impact on the health of the neonate. For example,
taurine has a role in retinal development, protection and sta-
bilization of cell membranes, neurotransmission, regulation of
cell volume, and bile acid conjugation. Taurine also may be
important in decreasing or preventing cholestasis associated
with long-term PN.

Several investigators have studied the clinical, nutritional,
and biochemical effects of TrophAmine in term and preterm
infants.66,67 The use of TrophAmine was found to result in
nearly normal amino acid patterns. In addition, patients re-
ceiving TrophAmine had greater weight gain and significantly
better nitrogen utilization than similar groups using the adult
formulations. TrophAmine and Aminosyn-PF, given over a
7-day period, produced comparable weight gain and nitro-
gen retention.68 In one study, some of the VLBW infants
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Table 97-10 Pediatric Amino Acid Solutions

TrophAmine 6% Aminosyn-PF 7%

Essential Amino Acids (EEA) (mg/1 g Total Amino Acids)
Isoleucine 81.7 76.3
Leucine 140.0 118.7
Lysine 81.7 67.9
Methionine 33.3 17.9
Phenylalanine 48.3 42.9
Threonine 41.7 51.4
Tryptophan 20.0 17.9
Valine 78.3 64.6
Cysteine HCla 3.3 0
Histidine 48.3 31.4
Tyrosine 23.3 6.3
Taurine 2.5 7.1

Nonessential Amino Acids (mg/1 g Total Amino Acids)
Alanine 53.3 70.0
Arginine 121.7 123.0
Proline 68.3 81.4
Serine 38.3 49.6
Glycine 36.7 38.6
L-aspartic acid 31.7 52.9
L-glutamic acid 50.0 82.3
Sodium (mEq/L) 5.0 0
Acetate (mEq/L) 56.0 32.5
Chloride (mEq/L) <3 0
% essential amino acid 60.1 50.2
% branched chain amino acid

(g amino acid/1 g nitrogen)
30.0 26.0

a40 g of cysteine syringe available.

experienced metabolic acidosis.66 L-cysteine, an HCl salt, pro-
vides an additional 5.7 mEq Cl/100 mg and may have con-
tributed to the acidosis. Whereas the manufacturer’s recom-
mended dose of 40 mg L-cysteine per gram of amino acid
may be too much for the VLBW infant; the most appropriate
dose of L-cysteine for the VLBW infant has not been deter-
mined.

To date, PAAF have been effective in producing a posi-
tive weight gain, positive nitrogen balance, and normalizing
amino acid patterns in preterm neonates. They also allow for
the provision of larger doses of calcium and phosphorus be-
cause PAAF lower the pH of the final PN solution. Providing
greater amounts of calcium and phosphorus, in appropriate ra-
tios, should minimize metabolic bone disease. Further evalua-
tion of these products is needed to determine the magnitude of
the proposed benefits (i.e., improved nitrogen retention, better
weight gain, enhanced bone growth, and decreased cholesta-
sis) and the most appropriate L-cysteine dose to use in VLBW
infants. In any event, these potential benefits, and clinical ex-
perience with these products, have resulted in the use of PAAF
as the standard of care in infants requiring PN.

Carnitine

32. Why would carnitine supplementation be warranted in
J.H.?

Carnitine has many functions within the body, but it primar-
ily serves to transport long-chain fatty acids (LCFA) across the

mitochondrial membrane where they undergo β-oxidation to
produce energy. Deficiency in carnitine lessens LCFA avail-
ability for oxidation, resulting in the accumulation of LCFA
and a decrease in ketone and adenosine triphosphate (ATP)
production. This can adversely affect the CNS and skeletal
and cardiac muscles. Carnitine deficiency in premature infants
also has been linked to disorders such as GI reflux, apnea, and
bradycardia.69

Whereas carnitine is a nonessential nutrient in adults and
is readily available from a diet that includes meat and dairy
products, it appears to be an essential nutrient in neonates and
infants. This population has low body stores of carnitine and
a decreased ability to synthesize it on their own. The prema-
ture infant has even lower stores of carnitine because carnitine
accumulation occurs during the third trimester. Human milk
and most cow’s milk-based infant formulas contain carnitine.
Some soy-based formulas have additional carnitine added dur-
ing manufacturing. PN, however, is not routinely supplemented
with carnitine. Therefore, infants who are exclusively fed by
PN are at risk for developing complications associated with
carnitine deficiency.69

Because J.H. has two risk factors for the development of car-
nitine deficiency (prematurity and exclusive use of PN), and
because carnitine has little or no adverse effects associated with
its use, it is appropriate to provide J.H. with a carnitine supple-
ment. Carnitine is available as both an oral and IV formulation.
The recommended dose in J.H. is 10 to 20 mg/kg/day. The ad-
dition of carnitine directly to PN improves carnitine plasma
concentrations and nutritional status.

Septicemia

33. J.H. was diagnosed with necrotizing enterocolitis and re-
ceived 14 days of antibiotics. On his sixth day off antibiotics,
he begins having 15 to 20 episodes of bradycardia per day. His
physical examination is remarkable for cold extremities and slow
capillary refill, but his chest radiographs show no acute change.
Laboratory evaluation at this time includes electrolytes, blood
glucose, complete blood count, and blood cultures, which are re-
ported as follows: Na, 139 mEq/L (normal, 135–145 mEq/L); K,
4.7 mEq/L (normal, 3.5–5.0 mEq/L); Cl, 112 mEq/L (normal, 102–
109 mEq/L); HCO3

–, 17 mEq/L (normal, 22–29 mEq/L); glucose,
164 mg/dL (normal, 70–105 mg/dL); platelet count, 36,000/mm3

(normal, 150,000–450,000/mm3); and white blood cell (WBC)
count, 24,300/mm3 (normal, 5,500–18,000/mm3). WBC differen-
tial includes 52% segmented neutrophils (normal, 20%–50%)
and 27% immature neutrophils (normal, 3%–5%). Blood cultures
are drawn; results will be unavailable for at least 24 hours. What
is the likely cause of these findings? How might J.H.’s nutrition
regimen affect the diagnostic evaluation and treatment selected?

[SI units: Na, 139 mmol/L (normal, 135–145); K, 4.7 mmol/L (normal, 3.5–

5.0); Cl, 112 mmol/L (normal, 102–109); HCO3
–, 17 mmol/L (normal, 22–

29); glucose, 9.1 mmol/L (normal, 3.9–5.8); platelet count, 36 × 105/L

(normal, 150–450); WBC count, 24.3 × 102 cells/L (normal, 5.5–18.0)]

This constellation of findings (metabolic acidosis, hyper-
glycemia, thrombocytopenia, leukocytosis, bradycardia, and
poor perfusion) is nonspecific but could represent septicemia.

The presence of a central venous catheter predisposes J.H.
to infection with gram-negative bacteria and bacteria normally
found on the skin (e.g., coagulase-negative staphylococci).70
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Cultures growing coagulase-negative staphylococci must not
be presumed to be the result of contamination in symptomatic
patients. The typical antimicrobial sensitivities of this organ-
ism dictate that vancomycin be among the empiric antibiotics.
A third-generation cephalosporin to cover gram-negative or-
ganisms should be added empirically as well.

The central venous catheter and the use of broad-spectrum
antibiotics also predisposes J.H. to fungal infection.71 Candidal
infection can occur and, when fat emulsions are used, as in J.H.,
systemic infection with Malassezia furfur must be considered.
M. furfur is a normal skin fungus that requires an exogenous
source of fatty acids. The empiric use of antifungal drugs is
not indicated in patients with M. furfur; however, the clinician
should screen specifically for this fungus by culture.

Metabolic Bone Disease (Rickets)

34. On the chest radiograph taken to evaluate the septic episode
just described, the radiologist notes that J.H. has two rib fractures
and that the bones appear undermineralized. The most recent lab-
oratory values show a serum calcium (Ca) of 9.3 mg/dL (normal,
8.5–10.5 mg/dL), a serum phosphorus of 3.6 mg/dL (normal, 4.0–
8.5 mg/dL), and an alkaline phosphatase of 674 U/L (normal, 350
U/L). What diagnosis is suggested by these findings? How and why
has J.H.’s nutrition regimen placed him at risk for this disease?

[SI units: Ca, 2.3 mmol/L (normal, 2.1–2.6); phosphorus, 1.16 mmol/L

(normal, 1.3–2.7); phosphatase, 674 U/L (normal, 350)]

During the last trimester of pregnancy, bone accretion is
accelerated reaching its peak at about 36 weeks. Premature
infants, therefore, require larger calcium and phosphorous
doses. Limitations to venous access, however, may preclude
the infusion of concentrated calcium solutions peripherally,
and the patient’s end-organs may be resistant to vitamin D.
Thus, metabolic bone disease is not unexpected in a premature
infant such as J.H.

Aluminum, a contaminant in some parenteral salt products
(particularly calcium), also may play a role in impaired bone
mineraliziation.72 Low serum phosphorus with high alkaline
phosphatase, undermineralized bones, and fractures resulting
from routine handling are consistent with a diagnosis of rickets.

Parenteral nutrition solutions provide calcium and phospho-
rus in much smaller amounts than the infant would accumulate
in utero.73 Solution pH, temperature, calcium salt, and final cal-
cium and phosphorus concentrations influence their solubility
in PN solutions. An acidic PN solution favors the solubility
of these salts. The pH of commercially available amino acid
preparations ranges from 5.4 (in the PAAF) to 7 (in adult amino
acid formulations). The addition of L-cysteine, with a pH of
1.5, also makes the solution more acidic. Because dextrose
also is acidic, solutions with higher dextrose concentrations
are more acidic. Of note, colder storage temperatures promote
calcium and phosphorus solubility. Therefore, refrigerated PN
solutions may appear to be free of precipitate on visual inspec-
tion. Calcium and phosphate can precipitate, however, when
warmed to room temperature, or when infused into patients
with fever or in incubators. Calcium salt selection is another
important consideration because the chloride salt dissociates
rapidly and favors precipitation, whereas the gluconate and
gluceptate salts dissociate less quickly.

Serum phosphorus concentrations should be monitored sev-
eral times per week and phosphorus intake adjusted to prevent
symptomatic hypophosphatemia. Serum calcium is not useful
as an indicator of disease activity because it will remain normal
at the expense of bone mineralization. This is demonstrated by
J.H.’s serum calcium at the time of diagnosis (see Question 33).

Liver Disease Associated With Parenteral Nutrition

35. On the 56th day of life, J.H. is noted to be mildly jaundiced.
A review of his laboratory tests reveals the following:

Age (days)

Test 22 29 36 43 50

Aspartate aminotransferse
(AST) (U/L) (normal, <40)

14 17 15 20 25

Alanine aminotransferse
(ALT) (U/L) (normal, <28)

6 7 10 10 11

Alkaline phosphatase (IU/L)
(normal, <350)

103 158 345 506 695

Bilirubin – – – – –
Indirect (normal, <1 mg/dL) 0.9 0.9 0.8 0.8 0.9
Direct (normal, <0.2) 0.1 0.1 0.8 1.6 3

Could this be related to his PN?
In past decades, hepatic damage has been reported in up to

one-third of infants receiving PN,74 with a higher prevalence
(up to 50%) in VLBW infants such as J.H.75 Although it is still
a concern today, hepatic damage is less prevalent because of
current better understanding of how to treat infants requiring
long-term PN. The laboratory abnormalities reported in J.H.
are typical of this complication. The first change observed is
usually an elevated direct (conjugated) bilirubin, which can oc-
cur as early as 2 weeks after beginning PN.76 Increases in the
serum concentrations of the hepatic enzymes, AST and ALT,
lag 2 weeks or more behind the rise in direct bilirubin.76 Alka-
line phosphatase also can rise, but it is a nonspecific indicator
of liver disease. Alkaline phosphatase is produced by the liver,
GI tract, and bones.76 Although the laboratory results observed
in J.H. are consistent with the pattern associated with liver dis-
ease induced by PN, PN-associated cholestasis is a diagnosis
of exclusion; therefore, other causes, such as viral hepatitis,
must be ruled out.

RISK FACTORS

36. What clinical factors placed J.H. at high risk for developing
cholestatic liver disease secondary to PN?

Although components of PN solutions are commonly
blamed for the development of cholestasis, many potential
causes exist.77 J.H. has several other risk factors for develop-
ing cholestasis, and prolonged enteral fasting may be the most
significant.78 Stimulation of bile flow and gallbladder contrac-
tion depend on GI hormones, which depend on enteral feeding
for their release.79 Absence of these secretogogues, therefore,
can promote cholestasis.80–82 Immature hepatic function sec-
ondary to prematurity also places J.H. at risk, as does the du-
ration of PN therapy. As the duration of PN use increases, so
does the prevalence of hepatic disease in premature infants;
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25% of infants nourished in this manner for ≥30 days show
evidence of cholestasis.75 Surgical patients have a greater like-
lihood of developing hyperbilirubinemia than medical patients,
especially those requiring GI surgery.83,84 Many surgical pro-
cedures are associated with a higher risk of jaundice.78 Finally,
J.H.’s infection increases his risk for cholestasis.85

The use of adult amino acid preparations in infants increases
the risk of cholestasis. In one study, the incidence of cholestasis
in VLBW infants receiving TrophAmine was reduced to 23%
relative to historical controls of 30% to 50%.86 In another study
comparing the two PAAF mentioned above, no difference in
the incidence of cholestasis was found in infants 1 year of
age, and the overall incidence of cholestasis was 27%.87 These
investigators did not assess whether or not the patients were
provided with L-cysteine, which may be important because L-
cysteine is a precursor for taurine and taurine forms the water-
soluble nontoxic bile acid, taurocholate.

An additional risk factor for cholestasis not present in J.H.
is the administration of large amounts of protein or dextrose.
Because amino acids are actively transported in hepatocytes,
it is important to provide appropriate types and amounts of
amino acids to minimize the development of cholestasis. In
one study, a high-protein regimen (3.6 g/kg/day) was associ-
ated with an earlier onset and greater degree of cholestasis
than a low-protein regimen (2.3 g/kg/day).88 Similarly, dex-
trose overload is a known cause of hepatic steatosis and has
been shown to decrease bile flow.89 Therefore, overly aggres-
sive feeding of J.H. with PN should be avoided.

In addition to the hepatic damage, gallstones have been
reported in infants and children receiving PN.90,91 The ileal
resection performed during the acute phase of his necrotizing
enterocolitis may put J.H. at increased risk for this hepatobil-
iary complication as well.90

37. What modifications can be made in J.H.’s regimen in the
presence of cholestasis?

First, the institution of enteral feeding must be considered.
Even low-volume trophic feeding may help alleviate the condi-
tion and should be attempted in cholestatic patients. Next, the
protein and glucose dose provided by the PN should be evalu-
ated. During cholestasis, calories should be provided using an
appropriate mix of protein, carbohydrate, and fat.

Although the effect of cycling a patient off PN has not been
evaluated in clinical trials, this should be considered. Cycling
PN, when the infusion rate is gradually decreased to off for a
period and then restarted and gradually increased to the desired
rate, will decrease the length of time the liver is exposed to PN.
VLBW infants, however, may become hypoglycemic even with
very gradual decreases in infusion rate, so this option should
be used with care. In any event, a short time off PN (e.g., 2
hours) should be attempted.

The trace elements provided by the formulation should be
examined. Both copper and manganese are enterohepatically

recycled and may accumulate in liver disease. Manganese can
also contribute to hepatotoxicity and should be removed from
J.H.’s PN solutions. Studies have not established when re-
moval of copper and manganese is warranted. The inappro-
priate removal of copper could lead to anemia, osteopenia, and
neutropenia.92 Therefore, decreasing the copper dose and mon-
itoring serum concentrations of both copper and manganese
should guide therapy.

Pharmacologic interventions have had limited success in
the management of PN-associated cholestasis. Neither phe-
nobarbital nor bile acid binding agents, such as cholestyra-
mine, are effective in reducing or reversing PN-associated
cholestasis.93,94 Ursodiol 10 to 20 mg/kg/day has been used
successfully in the treatment of other cholestatic liver dis-
eases, and preliminary reports indicate that it may also improve
PN-associated cholestasis in children.95 Ursodiol, a naturally
occurring nontoxic bile acid, presumably works by displacing
and replacing the endogenously produced, potentially toxic bile
salts that accumulate with cholestasis.

Sincalide, is part of the endogenous hormone cholecys-
tokinin (CCK), and may improve signs of PN-associated
cholestasis. CCK is secreted in the small intestine in response
to meals and stimulates gallbladder contraction and increases
intestinal motility. In PN-dependent patients, such J.H., en-
dogenous CCK secretion is diminished. For J.H., the dose of
sincalide would be 0.12 mcg/kg/day.96

The antibiotic, metronidazole, also appears promising in
the prevention of PN-associated cholestasis in adults. Metron-
idazole inhibits the bacterial overgrowth in the GI tract that
occurs with intestinal stasis. The bacteria are responsible for
increased formation of hepatotoxic bile acids such as litho-
cholate; 15 mg/kg/day of metronidazole has been shown to
prevent lithocholate accumulation.97

PROGNOSIS

38. Project the course of J.H.’s liver disease if PN is discontinued
and enteral feedings are instituted within 2 weeks. What may
occur if enteral feedings cannot be instituted?

If PN can be discontinued soon after the onset of cholesta-
sis, the prospects for J.H. to recover normal hepatic function
are good. Jaundice usually resolves within 2 weeks after PN
is discontinued, and the biochemical abnormalities normalize
soon thereafter.98 The pathologic changes observed on biopsy
resolve even more slowly. Biopsy evidence of cholestasis has
been observed for up to 40 weeks after resolution of clinical
and serologic evidence of hepatic disease.98,99

If enteral feedings cannot be instituted successfully, the
prognosis for J.H.’s liver function is not as good. Studies
have demonstrated that infants receiving PN for ≥90 days had
biopsy evidence of irreversible liver damage.81 Thus, it clearly
is advantageous to convert J.H.’s nutrition to the enteral route
as soon as he tolerates such a change.
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Cystic fibrosis (CF) is a severe, complex, hereditary disease
that affects 1 of every 3,200 live births, or approximately
30,000 children and adults in the United States. One in 31
Americans carry the autosomal recessive gene for CF, which
arises from a mutation in coding for the cystic fibrosis trans-
membrane regulator protein (CFTR). This genetic mutational
error results in the complex, multisystem disease of CF, which
is characterized by malabsorption and a state of chronic lung
inflammation and infection.

The course and severity of cystic fibrosis are variable and
unpredictable. The median life expectancy (i.e., about 40 years)
for a child born with CF in 1990 was about double what would
have been expected for a child diagnosed with CF 20 years ear-
lier because of advances in the management of this disorder.1

Although therapy continues to rely on treatment of symptoms
rather than the underlying pathologic causes, continuing im-
proved understanding of CF is likely to result in better control
and perhaps a cure. CF is still a lethal disease, but aggressive
therapy can decrease the morbidity of this disease and increase
the life expectancy of the patient.2

HISTORY
In early history (∼3,000 BC), the forehead of a newborn was
licked crosswise for cleaning, and if a salty taste was perceived,

the baby was considered “bewitched” and expected to soon die.3

This early observation is consistent with the later discovery that
patients with CF lose excess chloride “salt” in their sweat and
with the subsequent establishment of the “sweat chloride test”
for the diagnosis of CF.4 The term “cystic fibrosis” was first
used in 1938 to describe “cystic fibrosis of the pancreas” from
postmortem pancreatic lesions.5 Cystic fibrosis, therefore, is a
relatively newly described disease. As a result, most patients
cannot relate a long family history of this disease.6

GENETIC BASIS
Cystic fibrosis is caused by mutations in the CFTR, which is
a member of the ATP binding cassette (ABC) family. CFTR
is dependent on cyclic adenosine monophosphate (cAMP) for
chloride transport: defective coding for CFTR inhibits the nor-
mal regulation of ion transport in and out of the cell on the api-
cal surface of secretory epithelial cells.7 CFTR also regulates
the transport of bicarbonate and sodium ions, mucous rheology,
pulmonary inflammation, and bacterial adherence.8–12

Approximately 5% of Caucasians are asymptomatic car-
riers of the CF mutation. The high frequency of this muta-
tion has been attributed to a heterozygote-selective advantage
that presumably protected the carrier against dehydration from
cholera, cancer, and other disease.13–21

98-1
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FIGURE 98-1 Classification of mutations: Class I mutations include those in which the production of the
cystic fibrosis transmembrane regulator (CFTR) protein is blocked. These are called stop mutations. Defec-
tive protein processing is responsible for the class II mutations. In this class, the protein is made, but it is
unable to make its way from the point of origin on the endoplasmic reticulum to the apical membrane,
where it is needed for proper operation. This includes the most common, �F508, mutation, which is
caused by improper folding of the protein. Class III mutations cause the disruption of the channel to open
properly. Class IV mutations are unable to achieve proper ion conduction. Class V is a milder form of
class I mutations and includes mutations that cause reduced production of functional CFTR. (From ref. 25,
with permission.)

Almost two decades have passed since the identification
and cloning of the gene responsible for CF, and >1,000 new
CFTR mutations have been discovered.22–24 These mutations
have been grouped into five major classes according to the
functional consequence of the defect (Fig. 98-1).25,26 The most
common variant is �F508, representing 66% of all mutations.
Approximately 90% of all patients with CF have at least one
copy of this mutation.27 Interestingly, even among individuals
with identical genotypes, a broad spectrum of disease severity
is seen.28,29 The contribution of genetic factors other than the
misfunctioning CFTR can have a great influence on disease
severity.30–37 For example, an increased expression of trans-
forming growth factor β1 is associated with a poorer clinical
outcome.38 Another potentially important modifier may be an
anti-inflammatory mediator, macrophage inhibitory factor.39

As genetic modifiers are better understood, more effective ther-
apies can be developed.40,41

CLINICAL MANIFESTATIONS
Genotype, environmental factors, and modifier gene status all
contribute to the highly variable clinical course of CF. The
linking of the loss of CFTR function to clinical manifestations
of the disease, however, has been central to gaining an under-
standing of the disease and in the discovery of new therapies.
Normally, CFTR is highly expressed on the membranes of ep-
ithelial cells of the lungs, sweat glands, salivary glands, and
male genital ducts as well as the pancreas, kidney tubules, and
digestive tract. The CFTR performs different functions in spe-
cific tissues; therefore, a dysfunctional or absent CFTR has
different effects on different organs resulting in the multiorgan
clinical manifestations of CF (Table 98-1).

Sweat Glands
Fluid secreted by the sweat glands in patients with CF is nor-
mal, but a defect in the reabsorption of electrolytes leads to

sweat with a high salt content. CFTR, in the apical membrane
of the resorptive area of the sweat gland, functions as an ion
channel for chloride transport and also activates an associated
epithelial sodium channel (ENaC).42 Normally, these channels
efficiently reabsorb sodium chloride from sweat. In patients
with CF, loss of these functioning channels blocks the ability
of the sweat ducts to reabsorb salt, leading to sweat sodium
chloride (NaCl) concentrations of >100 mM (Fig. 98-2). The
loss of these sodium and chloride ion channels serves as the
basis for the diagnostic sweat chloride test and as the scientific
basis for the “infant who tastes of salt” in folklore.

Sinus Involvement
Nasal polyps, which are outgrowths of normal sinus epidermis,
can be found in up to 20% of older patients with CF and may
become sufficiently large to block nasal passages. The patho-
genesis of these polyps is unknown, but the obstruction of
nasal passages can lead to infection. The faulty ionic transport
of chloride across the apical membrane of epithelial cells lining
exocrine glands leads to dehydration of extracellular fluids and
the development of thickened inspissated mucus in nasal and
sinus passages. Most patients with CF develop sinus disease
with pan-opacification of the sinuses in 90% to 100% of pa-
tients >8 months of age. On radiographic examination, >90%
of adult-age patients have pansinusitis, which can contribute to
pulmonary exacerbations.43,44 The impact of sinusitis on the
CF population is significant.

Pancreatic Involvement
The exocrine and ultimately the endocrine function of the pan-
creas are affected in CF. Pancreatic enzymes normally are se-
creted into bicarbonate-rich fluid from the pancreatic duct, and
CFTR is needed to secrete the bicarbonate into the lumen.
The loss of CFTR function inhibits secretion of digestive en-
zymes and bicarbonate into the duodenum, and the enzymes are
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Table 98-1 Clinical Manifestations of Cystic Fibrosis234

Approximate Incidence (%)

Manifestation Infants Children Adults

Pancreatic

Insufficiency 80–85 85 90
Pancreatitis 1–2 2–4
Abnormal glucose tolerance 5/yra 30
Diabetes mellitus 2–4 8–15

Hepatobiliary

Biliary cirrhosis 10–20 >20
Cholelithiasis 5 5–10
Biliary obstruction 1–2 5

Intestinal

Meconium ileus 10–15
Meconium ileus equivalent 1–5 10–20
Rectal prolapse 10–15 1–2
Intussusception 1–5 1–2
Gastroesophageal reflux 1–5 >10
Appendiceal abscess 0–1 1–2

Respiratory

Upper
Nasal polyps <1 4–10 15–20
Pansinusitis 90–100

Lower
Bronchiectasis 30–50 >90
Pneumothorax 1–2 10–15
Hemoptysisb 5–15 50–60

Genitourinary

Delayed puberty 85
Infertility

Males 98
Females 70–80

a↑ in glucose intolerance of approximately 5% per year.
bPercentage includes both major and minor hemoptysis.

trapped in the pancreas by ductal obstruction. Over time, these
enzymes (lipase, protease, amylase) accumulate and eventually
begin to digest the pancreatic tissue.12,45 The term cystic fibro-
sis arises from the fibrotic scar tissue that replaces the destroyed
pancreas. Without these enzymes, there is poor digestion of fats
and, to a lesser extent, proteins and carbohydrates are absorbed
poorly. As a result, 90% of patients with CF experience pan-
creatic insufficiency characterized by steatorrhea (fatty stools),
decreased absorption of the fat-soluble vitamins (A, D, E, and
K), malnutrition, and failure to thrive. Early in life, serum con-
centrations of amylase and lipase are increased secondary to
pancreatic autodigestion. This destructive process can result in
either painful or asymptomatic chronic pancreatitis.

Eventually, the progressive destruction of the pancreas af-
fects its endocrine function, leading to glucose intolerance
in about 17% of children and 75% of adults.46,47 Diabetes
mellitus occurs in approximately 40% of adult patients with
CF.48 The additional diagnosis of diabetes in CF is associated
with significantly increased morbidity and mortality,49,50 and

APICAL

Na� H2O Cl�

ENaC CFTR

BASOLATERAL

FIGURE 98-2 Normal salt (NaCl) absorption in the sweat duct with work-
ing epithelial sodium channel (ENaC) and cystic fibrosis transmembrane
regulator (CFTR).

a decrease in insulin sensitivity is associated with pulmonary
exacerbations.51 Early aggressive insulin therapy can result in
improved clinical outcomes.52

Intestinal Involvement
Meconium ileus, an intestinal obstruction at birth, occurring
in 20% of newborns with CF, is an inheritable trait of this
disease.53 Outside the neonatal period, distal intestinal obstruc-
tion syndrome (DIOS, also called meconium ileus equivalent)
can occur at any age and results from the complete or partial ob-
struction of the intestine. Intestinal obstruction occurs in 10%
to 20% of patients and results from the inspissation of intesti-
nal secretions and incompletely digested intestinal contents.
A right lower quadrant mass, abdominal distention, failure to
pass stools, and vomiting can accompany DIOS.

Gastrointestinal reflux disease (GERD) is common in both
children and adults with CF.54–56 Children with CF should be
screened for GERD and treated, if diagnosed. Other intestinal
complications include rectal prolapse, intussusception, and ap-
pendiceal abscesses.

Hepatic Involvement
Located on the apical surfaces of the cells lining the intra-
hepatic and extrahepatic bile ducts and the gallbladder, CFTR
functions to facilitate ion transport.57 In patients with CF, the
abnormal chloride efflux across the cells results in the reduc-
tion in water and sodium movement into the bile. The resulting
decrease in the volume and flow of bile leads to stasis and ob-
struction of the biliary tree. With chronic obstruction, there is
inflammation, giving rise to the characteristic lesion of focal
biliary cirrhosis.58

Liver disease develops in the first decade of life. Signif-
icant liver disease is seen in 13% to 25% of children with
CF.59–61 Prevalence rates may be underestimated. Progres-
sive cirrhosis is associated with portal hypertension, hyper-
splenism, esophageal varices, ascites, and, in a small number
of patients, complete hepatic failure requiring transplantation.
Approximately 30% of adult patients with CF have abnormal
gallbladder function and size (absent or small gallbladder) with
5% to 10% of patients developing gallstones.62
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Genitourinary Involvement
Approximately 98% of males with CF are infertile secondary
to in utero obstruction of the vas deferens or related structures.
Hormonal secretion and secondary sexual characteristics are
normal. In a small number of patients, infertility can be the only
manifestation of disease, and CF may go undiagnosed until
fertility testing is performed. The prevalence of infertility is
higher in women with CF and hypothesized to be related to the
production of thick and tenacious cervical mucus. Hundreds of
pregnancies have been carried successfully to term, but these
are not without risk, especially for patients with moderate to
severe pulmonary disease.63

Bone and Joint Involvement
Patients with CF have low bone mineral density, slower rate
of bone formation, high rate of bone loss, accelerated rate of
bone loss, and arthritis.64,65 Osteoclastic precursors are ele-
vated during acute pulmonary exacerbation.66 Although early,
aggressive treatment of pulmonary exacerbations can improve
bone health, sufficient intake and absorption of the fat-soluble
vitamins, D and K, are important, and oral bisphosphonates
may also be indicated.65,67–73

Patients with CF often suffer from intermittent arthritis
symptoms, but only about 2% of patients have persistent
symptoms. The three types of intermittent CF arthritis are
(a) hypertrophic osteoarthropathy, (b) immunoreactive, and
(c) CF arthropathy. The first two types are associated with pul-
monary disease flare-up. The third type, CF arthropathy, affects
large joints and may be accompanied by fever and erythema
nodosum.74–78

Pulmonary Involvement
The relationship of ion-channel disruption (resulting from
CFTR dysfunction) to lung tissue destruction has yet to be
firmly established. Presently, the CF gene mutation is be-
lieved to cause CFTR dysfunction, which in turn causes ion
transporter defects, and subsequent changes in the air-
way secretions. The changes in airway secretions promote
the infection-inflammation-tissue damage cycle (Fig. 98-3).
Chronic infection combined with inflammation has been the
hallmark of lung disease in CF. The cycle of unchecked in-
flammation and infection has been the focus of much inves-
tigation and ongoing debate to “Which came first—infection
or inflammation.”79 Although the inflammatory response ap-
pears to set up bacterial colonization in the airways, infection
also can stimulate an inflammatory response. In either case, the
cycle of inflammation and infection eventually leads to lung
tissue damage and bronchiectasis.80

This pattern of inflammation and infection has not been
observed in any other tissue where CFTR is expressed. Dif-
ferences in the airway surface liquid, mucus, and other protec-
tive mechanisms in the lung of the patient with CF are being
studied, and some of these differences may help explain the
inflammation–infection cycle (Table 98-2).

Infection
Despite repeated courses of aggressive antibiotic therapy, pa-
tients with CF eventually develop endobronchial bacterial col-

CF Gene Mutation

CFTR Dysfunction

Ion Transport Defects

Altered Airway Secretions

Inflammation

Tissue Damage

Infection

FIGURE 98-3 Pathologic cycle in lung disease. CFTR, cystic fibrosis trans-
membrane regulator. (From ref. 235, with permission.)

onization and infection. Understanding why bacteria seldom
are eradicated is important to treating this disease.

The lower airways of a normal lung are always maintained
free of pathogens through various lung defense mechanisms.
For example, a thin film of liquid on the airway surfaces
called the airway surface layer (ASL) contains antimicro-
bials, antioxidants, proteases, and other substances that work
to eliminate pathogens. The ASL also signals molecules to turn
on the cellular immune system by recruiting neutrophils and
macrophages to the site of microbe invasion. In addition, the
ASL can remove invading microbes from the lung by mov-
ing a mucous gel toward the mouth through ciliary motion.
Mucociliary clearance of microbes and debris is aided by the
cough reflex to keep the airways clean. Because coughing is
an important defense mechanism necessary for patients with
CF, cough suppressants should not be prescribed or taken by
them.

Local antibacterial peptides in the ASL are inactivated by
high concentrations of salt similar to the concentrations found
in CF ASL.81,82 The ion channel dysfunction associated with
CF can dehydrate and thicken mucus as well as deplete peri-
ciliary fluid and collapse cilia.83,84 Thick mucus, which is
not easily cleared, serves as a nidus for bacterial growth and,
when combined with impaired mucociliary clearance, pro-
motes chronic bacterial infection.85

Cystic fibrosis epithelial tracheal cells express high num-
bers of surface receptors for Pseudomonas aeruginosa and
Staphylococcus aureus.86 S. aureus is frequently responsible
for the initial bacterial colonization, whereas P. aeruginosa is
the most common pathogen isolated in chronically colonized
patients.

The oxygen radicals produced by the inflammatory response
in infected CF airways induce bacterial mutations of P. aerug-
inosa that lead to production of alginate, a biofilm that al-
lows the organism to become more resistant to antibiotics. Mu-
coid P. aeruginosa bacteria also produce exotoxin A, protease,
and elastase, which damage lung tissue and decrease the ef-
fectiveness of the neutrophils (polymorphonuclear leukocytes
[PMN]) and macrophages.87,88 Burkholderia cepacia, another
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Table 98-2 Host Abnormalities That Predispose to Chronic Lung Infection

Abnormality Proposed Impact Proposed Intervention(s)

Abnormal cystic fibrosis
transmembrane regulator
(CFTR)

Altered secretions (low volume of airway surface
fluid and hypertonicity) lead to thick
dehydrated mucus, impairment of mucociliary
escalator, and impaired defensin-mediated
antimicrobial activity

� Chest physiotherapy
� Inhaled deoxyribonuclease (DNase)
� Gene therapya

� Alter electrolyte and water balance by aerosolized
hypertonic saline, amiloride (block Na+ uptake)a uridine
triphosphate (UTP) (increase Cl efflux),a or provide
novel peptidesb

Increased expression of
asialoganglioside (aGMI)

Increased P. aeruginosa and St. aureus binding to
respiratory epithelial cells

� Anti-aGMI blocking antibodyb

Defective CFTR-mediated uptake
of P. aeruginosa by respiratory
epithelial cells

Decreased clearance of internalized P. aeruginosa
with sloughed epithelial cells

� Gene therapya

Abnormal regulation of
proinflammatory cytokines

� Hyperexuberant neutrophil recruitment and
release of neutrophil oxidants

� Anti-inflammatory therapy (e.g., steroids or ibuprofen)
beneficial, but associated with side effects such as
cataracts, poor growth, or gastrointestinal bleeding

Increased IL-8 expression and
tumor necorosis factor (TNF)-α

� Upregulation of human mucin genes � More selective anti-inflammatory agentsb

Variant mannose-binding lectin
(MBL)

Polymorphisms may differentially bind bacterial
surface carbohydrates

� MBL replacementb

a Investigational intervention.
bTheoretic intervention.
Adapted from Saiman L, Siegel J. Infection control recommendations for patients with cystic fibrosis: microbiology, important pathogens and infection control practices to prevent
patient-to-patient transmission. Am J Infect Control 2003;31(3 Suppl):S1, with permission.

opportunistic pathogen found in patients with CF, is highly
resistant to virtually all antibiotics. Patients may be asymp-
tomatic or may have a fulminant infection leading to death.
Such patients infected with mucoid strains of P. aeruginosa and
B. cepacia experience increased morbidity and mortality.89–91

Viruses, fungi, and mycobacteria are also potential
pathogens. Viruses can predispose patients to subsequent bac-
terial infection and may be responsible for activating the in-
flammation cycle. Aspergillus fumigatus, a fungus, has been as-
sociated with allergic bronchopulmonary aspergillosis (ABPA)
in 5% to 25% of patients with CF. ABPA is an immuno-
logic reaction to Aspergillus, which can lead to progressive
pulmonary fibrosis if left undiagnosed and untreated. Nontu-
berculous mycobacteria have emerged as pathogens in the CF
population.92,93 The clinical course associated with nontuber-
culous mycobacteria infection is variable and it complicates
the diagnosis and treatment of the patient with CF.

Inflammation
Inflammation is the lung’s response to chronic infection.86,94

Neutrophils (PMN) are “called” to the site of an infection by
interleukin-1 (IL-1), interleukin-8 (IL-8), leukotriene (LTB4),
endotoxin, and tumor necrosis factor (TNF-α).95 IL-8 is a
major chemoattractant, and when bound to heparan sulfate-
containing proteoglycans, its activity is prolonged.95 When
neutrophils arrive at the site, they release proteases, oxi-
dants, elastases, and cytokines. Antiproteases and interleukin-
10 (IL-10), an anti-inflammatory cytokine, subsequently are
released in an effort to counterbalance the inflammatory sys-
tem. Platelets also are dysfunctional and can contribute to in-
flammation through nitric oxide pathway.96 Anti-inflammatory
compounds are relatively low in patients with CF, and levels
of neutrophils, proteases, elastases, oxidants, and cytokines all

are increased.97–99 These abnormalities lead to a sustained and
destructive cycle of unchecked inflammation that begins at a
very early age.94

Arachidonic acid (AA), an agonist in the inflammation path-
way, is increased, and docosahexaenoic acid (DHA), a down-
regulator of AA, is decreased in the bronchial lavage fluid in
patients with CF. This imbalance of fatty acids favors the in-
flammatory and mucus-producing AA, and, therefore, provides
an explanation for the role of CFTR in causing inflammation
and increased mucus production in the airways.100

DIAGNOSIS
Diagnostic Criteria
Most children with CF are diagnosed in the first year of life
(median age at diagnosis, 6 months), but 8% are not diagnosed
until later (>18 years of age).101 A positive diagnosis of CF is
contingent on having one or more of the characteristics listed
in Table 98-3, a history of CF in a sibling, or a positive newborn
screening test result. These must then be accompanied by two
positive sweat chloride tests, two positive nasal potential differ-
ences (NPD) tests, or identification of two CF mutations.102,103

The classic triad of clinical signs and symptoms for the diag-
nosis of CF are a positive sweat chloride test, gastrointestinal
(GI) malabsorption, and chronic pulmonary disease. With the
discovery of the CF gene, DNA typing is now available for
95% of the CF mutations.

When the pilocarpine iontophoresis test (i.e., sweat chlo-
ride test) is conducted at a certified CF center and is positive
(>60 mEq/L) on two different days, the diagnosis of CF can be
applied.104 Sweat collection amounts may be inadequate in a
preterm or neonate <1 week of age. Currently, a sweat chloride
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Table 98-3 Phenotypic Features Consistent With Diagnosis
of Cystic Fibrosis (CF)

1. Chronic sinopulmonary disease manifested by:
� Persistent colonization or infection with typical CF pathogens

(e.g., St. aureus, nontypeable H. influenzae, mucoid and
nonmucoid P. aeruginosa, and B. cepacia

� Chronic cough and sputum production
� Persistent chest radiograph abnormalities (e.g., bronchiectasis,

atelectasis, infiltrates, hyperinflation)
� Airway obstruction manifested by wheezing and air trapping
� Nasal polyps; radiographic or computed tomographic

abnormalities of paranasal sinuses
� Digital clubbing

2. Gastrointestinal and nutritional abnormalities including:
� Intestinal: meconium ileus, distal intestinal obstruction

syndrome, rectal prolapse
� Pancreatic: pancreatic insufficiency, recurrent pancreatitis
� Hepatic: chronic hepatic disease manifested by clinical or

histologic evidence of focal biliary cirrhosis or multilobular
cirrhosis

� Nutritional: failure to thrive (protein–calorie malnutrition),
hypoproteinemia and edema, complications secondary to
fat-soluble vitamin deficiency

3. Salt loss syndromes: acute salt depletion, chronic metabolic
alkalosis

4. Male urogenital abnormalities resulting in obstructive azoospermia
(CBAVD)

CBAVD, congenital bilateral absence of the vas deferens.
From ref. 103, with permission.

value of >40 mmol/L is required for the diagnosis of CF in
the newborn period; infants with values >30 mmol/L, require
follow-up. In programs that perform mutation analysis, confir-
matory sweat testing should be obtained even in infants who
test positive for two mutations. A false–positive sweat chlo-
ride test finding for CF can result from glucose-6-phosphate
dehydrogenase deficiency, hypothyroidism, glycogen storage
disease, untreated adrenal insufficiency, and malnutrition.105

A second diagnostic test for CF evaluates the pattern of in-
creased NPD. Abnormalities of ion transport in respiratory
epithelia results in patients with CF having a higher basal
NPD, which reflects enhanced Na+ transport across a rela-
tively Cl− impermeable barrier. This test can be effective in
diagnosing CF in infants in the first few hours of life. Older
children may need mild sedation before initiating the test for
NPD. Inflamed mucosa or nasal polyps can generate a false–
negative NPD finding. The NPD test should be repeated on a
separate day at a reputable CF center if the first test is positive
for CF.106

Genetic Testing
Prenatal Screening
If both parents are known to be carriers of CF, the American
College of Medical Genetics (ACMG) and the American Col-
lege of Obstetrics and Gynecology (ACOG) recommend pre-
natal screening.107 Amniocentesis, chorionic villus sampling
(CVS) and pancreatitis-associated protein (PAP) all have been
used to diagnose CF in utero. Genetic testing for CF should

be conducted at a center that has knowledgeable genetic coun-
selors who understand the validity and reliability of the tests
as well as the sociomedical implications for a child diagnosed
with CF.

Neonatal Screening
Growing consensus is that early aggressive therapy improves
the quality of life and extends the life-span of patients with
CF.108,109 CF is included on the 2006 newborn screening list re-
leased by the American Academy of Pediatrics and is advocated
by many clinicians.105,110–115 Early diagnosis is associated with
improved height and weight, likely owing to early introduction
of nutritional interventions, and improved survival.116,117 Im-
munoreactive trypsinogen (IRT) concentration is high in the
blood of infants with CF. If elevated in a blood-spot screen, the
IRT may be repeated or a mutation analysis for genotype can
be performed. Newborns who present with meconium ileus
are always suspected of having CF; however, in this subset of
patients, for reasons not understood, IRT has a high prevalence
of false–negative results.118 If neonatal screening is to be ef-
fective, an infrastructure must be in place to provide education
and counseling for families.119,120

Clinical Presentation

1. L.T., a 9-month-old male, is brought to the pediatric pri-
mary care clinic. His mother states, “He can’t seem to eat enough
food and cries constantly.” She says that he has 8 to 10 stools per
day, but she thought this was because he ate so much. On further
questioning, she says that the stools are large, greasy, and foul
smelling. He has never been hospitalized, but has had three ear
infections and three chest colds, which were treated with antibi-
otics. When plotted on a standard growth curve, L.T. is found to
be in the fifth percentile for both weight and height (7.5 kg and
68 cm). The pregnancy and delivery were uncomplicated, and
L.T.’s medical history is otherwise unremarkable. Physical ex-
amination shows a poorly nourished, small-for-age infant in no
apparent distress. Family history is unremarkable. Review of sys-
tems reveals diffuse crackles in the lower lung fields; all other sys-
tems are within normal limits. A sweat chloride test is ordered and
the results are a chloride concentration of 110 mEq/L (normal,
<60 mEq/L). L.T.’s chest x-ray study shows mild peribronchial
thickening of both upper lobes. What subjective and objective
data for L.T. are suggestive of the diagnosis of CF?

L.T. fulfills the classic triad for the diagnosis of CF: ele-
vated sweat chloride, chronic recurrent pulmonary infections,
and apparent pancreatic insufficiency. Although not showing
symptoms of pulmonary infection at present, the baby has had
several chest colds, and chest x-ray study indicates chronic in-
flammation. As illustrated by L.T., the earliest chest x-ray study
shows peribronchial thickening in the upper lung fields. As the
lung disease progresses, hyperinflation, as evidenced by in-
creased anteroposterior diameter of the chest (barrel chest) and
flattening of the diaphragm, is evident. Eventually, areas of col-
lapse, consolidation, and abscess formation and bronchiectasis
develop, indicating severe pulmonary tissue destruction. L.T.’s
pancreatic insufficiency is suggested by his multiple daily fatty
stools and failure to thrive despite a voracious appetite. In sum-
mary, a positive sweat test, evidence of GI malabsorption, and
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pulmonary involvement support the probable diagnosis of CF
in L.T.

Laboratory Testing

2. What further testing can be done to confirm the diagnosis
of CF in L.T.?

The sweat chloride test should be repeated on another day to
affirm laboratory testing reliability and to rule out other condi-
tions that can cause an elevated sweat chloride level (see Diag-
nostic Criteria above). Genetic testing can be done to identify
CFTR mutations. Because genetic testing cannot identify all
the possible mutations that can cause CF, it is not the diagnostic
test of choice. A diagnosis of CF is likely if the second sweat
chloride test is positive, especially in light of L.T.’s clinical
presentation.

Pulmonary Testing

3. What testing and follow-up should be completed to define
L.T.’s pulmonary involvement?

Baseline pulmonary function tests, chest x-ray studies, oxy-
gen saturation, and sputum cultures are a part of the nor-
mal workup. Spirometry should be performed at least every
6 months, and complete pulmonary function tests should be
performed once a year. The percent of the predicted forced ex-
piratory volume in 1 second (FEV1) stratifies the level of lung
disease. Greater than 90% is considered normal; between 70%
and 89% is mildly impaired, 40% to 69% is moderate impair-
ment and <40% is severely impaired. Arterial blood gases or
pulse oximetry need to be completed on patients with severe
disease. Children such as L.T., who are younger than 5 years
of age, are unable to perform the tasks associated with pul-
monary function testing adequately. Chest x-ray studies should
be obtained annually, whenever the patient has a pulmonary-
related hospital admission, and before any surgery. Respiratory
tract cultures and sensitivities should be completed annually
and before initiation of antibiotic therapy. Because obtaining a
voluntary sputum sample from an infant is difficult, an oropha-
ryngeal swab can be used to initiate a gag reflex and cough,
and then a sputum sample is collected. The sputum sample
obtained actually may contain only normal upper airway flora
rather than bacteria colonizing the lower airway; therefore, it is
important to interpret persistently normal flora from a sputum
culture of an infant with caution.108 The need for a smoke-free
environment for L.T. should be emphasized to the family.121

Gastrointestinal Testing

4. What testing and follow-up should be completed in L.T. to
define GI and nutritional involvement?

L.T.’s head circumference, height, and weight should be
plotted on standard growth charts every 3 months for the
first year. An experienced, knowledgeable registered dietician
should meet with the family to help them understand the impor-
tance of appropriate nutrition and help develop a plan for L.T.
Nutritional assessments should be completed annually, or more
often if L.T. shows evidence of weight loss or poor weight gain.
Serum lipase and amylase, fasting blood glucose, liver function
tests, albumin, prealbumin, serum electrolytes, iron, and vita-
mins A, D, and E levels should be determined at least annually.
An abdominal examination should be done to determine liver

and spleen size and consistency at each office visit. Although
quantification of fecal fat content may assist in the titration of
pancreatic enzyme doses, an accurate dietary fat intake history
is needed for accurate quantification. Many CF centers under-
take this assessment only in patients who have demonstrated
excessive pancreatic enzyme dose requirements.

THERAPY
The management of a case of CF is costly and complex. In
addition, the emotional, physical, and social effects of caring
for a chronically ill child can be overwhelming. Family socio-
economic status also seems to be a predictor of the health of
a child with CF. The risk of death in the lowest income group
(<$20,000/year) increased by 44%, and patients in this group
had consistently lower pulmonary functions and body weights
than those with higher income.122,123

In a review of more than 18,000 patients with CF, those who
were monitored frequently and treated aggressively had better
lung health as measured by FEV1.124 Aggressive preventive
therapies, therefore, apparently result in better outcomes than
treating problems as they arise.108,125–127 Although a cure for
CF is still the ultimate goal, new therapies to target malabsorp-
tion and the infection–inflammation cycle are being vigorously
studied.

Control of Malabsorption
Patients with untreated CF have pancreatic insufficiency and
are malnourished. Early diagnosis and treatment of malabsorp-
tion (i.e., meeting caloric needs, providing vitamin, mineral,
and digestive enzymes) are beneficial to the patient.

Caloric Needs
Poor nutrition correlates with negative prognosis; therefore,
maximizing the nutritional status of the patient with CF is
important. CF patients are hypermetabolic and do not absorb
fats and proteins normally. Therefore, the CF diet must be high
in calories, fat, and protein. An infant at diagnosis may need
a total daily caloric goal of 120 to 150 kcal/kg to make up
for lost time. Weight gain, fat stores, and growth then drive
the daily caloric goal. When a patient has a significant weight
loss or falls below the tenth percentile for weight or height
for age, it is indicative of nutritional failure, which requires
therapeutic intervention.128 Supplementation does not seem to
be of benefit.129 Some patients at nutritional risk benefit from
night-time enteral feedings.130,131

Vitamin and Mineral Supplementation
The malabsorption of fats in patients with CF with pancre-
atic insufficiency also results in decreased GI absorption of
the fat-soluble vitamins (A, D, E, and K). Approximately 45%
of the CF population is deficient in one of these vitamins,
even when pancreatic enzymes are being used appropriately.132

The current recommendations for replacement therapy are
listed in Table 98-4.128 Concerns about inadequate supple-
mentation of vitamins D and K resulting in poor bone health
have arisen.67,68,133–135 Calcium, sodium, and iron supplements
might also be needed. A new vitamin supplement AquADEK
has been formulated for patients with CF as a soft gel, rather
than a chewtab, with added antioxidants, selenium, and more
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Table 98-4 Daily Recommended Doses of Fat-Soluble Vitamins for Patients with Cystic Fibrosis (CF) and Vitamin Content in ADEK and
AquADEK Formulations

Age Vitamin A (IU) Vitamin E (IU) Vitamin D (IU) Vitamin K (mg)

0–12 mon 1,500 40–50 400 0.3–0.5
1–3 yr 5,000 80–150 400–800 0.3–0.5
4–8 yr 5,000–10,000 100–200 400–800 0.3–0.5
>8 yr 10,000 200–400 400–800 0.3–0.5

Vitamin Content

ADEK Chew Tab 9,000 (60% as β carotene) 150 400 0.15
ADEK drops 3,170 40 400 0.1
AquADEK liquid 1 mL 5751 (87% as β carotene) 50 400 0.4
AquADEK softgels 18,167 (92% as β carotene) 150 800 0.7

Adapted from ref. 128, with permission.

zinc, vitamin D and K.128,136,137 Some patients purportedly
have experienced a “niacin flush”-like reaction to AquADEK.

Enzyme Supplementation
The mainstay of treatment for pancreatic insufficiency is ex-
ogenous replacement of pancreatic digestive enzymes. The
goals of pancreatic enzyme supplementation are to (a) im-
prove weight gain, (b) minimize steatorrhea, and (c) eliminate
abdominal cramping and bloating. Supplementation with cur-
rently available therapies does not fully restore fat absorption
and the absorption of sufficient fat-soluble vitamins contin-
ues to be problematic.138 The digestive enzymes (lipase, pro-
tease, amylase) are available in a mixture of approximately
one part amylase to three parts protease and three parts amy-
lase in capsules that contain enteric-coated microspheres of
these enzymes (Table 98-5). The enteric coating protects these
enzymes from gastric acid. Because the breakdown of fat is the
most important function of these enzymes, dosing is based on
the lipase content, and the dose varies according to weight, age,
dietary fat intake, and symptom severity. The initial dose for

Table 98-5 Selected Pancreatic Enzymes

Microencapsulated Enzymes

Product a Lipase Protease Amylase

Creon 5 5,000 18,750 16,600
Creon 10 10,000 37,500 33,200
Creon 20 20,000 75,000 66,400
Pancrease 4,500 25,000 20,000
Pancrease MT 4 4,000 12,000 12,000
Pancrease MT 10 10,000 30,000 30,000
Pancrease MT 16 16,000 48,000 48,000
Pancrease MT 20 20,000 44,000 56,000
Ultrase 4,500 25,000 20,000
Ultrase MT 12 12,000 39,000 39,000
Ultrase MT 18 18,000 58,500 58,500
Ultrase MT 20 20,000 65,000 65,000

aDosing and comparison of products based on lipase content.
Adapted from Drug Facts and Comparisons, Inc., 2007, with permission.

infants is 2,000 to 2,500 units of lipase/kg per breast-feeding
or per 120 mL of bottle-feeding: the dose is decreased to 1,000
units/kg/meal when infants begin to eat solid food. For chil-
dren >4 years of age, 500 units of lipase/kg/meal is the empiric
dose for enzyme supplementation.139 A full dose is taken with
meals, and half the prescribed dose is taken with snacks. Sub-
sequent dosing adjustments are titrated to response.

Although enzyme dose is not correlated with growth or GI
symptoms, lack of weight gain; smelly, greasy stools; and ab-
dominal pain or bloating might be indicative of insufficient
enzyme supplementation.140,141 Generic substitutions of pan-
creatic enzymes have resulted in therapeutic failure and are not
recommended.142

High-strength pancreatic enzymes have been associated
with colonic strictures, which are accompanied by symptoms
similar to that of DIOS and which must be differentiated from
DIOS by ultrasound or x-ray study.143 Although cause and
effect have not been firmly established, doses >6,500 units
lipase/kg/meal have been associated with stricture formation.
As a result, most recommend that the daily dose of lipase not
exceed 10,000 units of lipase/kg.144

When patients require unusually high doses of enzyme sup-
plements, it sometimes can be attributable to high gastric acid-
ity. The enteric coating on the pancreatic enzyme microspheres
dissolves at a pH of 5.8, and the enzymes are destroyed at a
pH of 4.0. Patients with CF have longer postprandial periods
of time when the pH is <4.0 in the bowel and also have signif-
icantly less time when the pH is >5.8. Because enzymes may
be less effective when the bowel pH is very low,145,146 adding
an H2-antagonist or a proton-pump inhibitor to increase gastric
pH might help lower the enzyme dosing requirement.147–149

5. Significant laboratory findings for L.T. include the follow-
ing: serum vitamin E, 2.5 mg/L (normal, 3–15.8 mg/L); vitamin A,
26 mcg/dL (normal, 30–90 mcg/dL); lipase, 47 U/L (normal, 0.1–
208 U/L); amylase, <30 U/L (normal, 0–110); albumin, 2.7 g/dL
(normal, 3.4–5.1 g/dL); all other laboratory values are within nor-
mal limits. Pancreatic enzymes are to be started in L.T. What
would be a reasonable dosing and monitoring plan for his pan-
creatic enzyme therapy?

The dosing of pancreatic enzymes is empirically started at
1,000 U/kg based on the lipase component. The initial dose for
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L.T., who weighs 7.5 kg, would be 7,500 U, with a full dose for
meals and a half-dose for snacks. To simplify drug therapy, it
is best to select a single capsule strength that can be used for
both meals and snacks. Therefore, a product with close to the
desired amount (e.g., Creon 10) should be selected and dosed
as one capsule with meals, and half a capsule with light meals
or snacks. For the best result, the supplements should be given
at the beginning of the meal or snack.150 This is challenging,
especially for an infant. Capsules can be opened and the mi-
crospheres put on the nipple of a mother nursing her infant
or on the nipple of a bottle. Alternatively, the capsules can be
opened and added to a spoonful of cereal or applesauce and
given just before nursing or giving a bottle. The microspheres
should not be chewed or put on hot food or liquid because the
coating can be destroyed. The dose of the pancreatic enzymes
should be adjusted to minimize steatorrhea, and the dose in-
creased as needed. L.T.’s family should also be taught the signs
of constipation or stomach pain in an infant.

L.T.’s weight gain and growth should be assessed every 3
months for the first year. As L.T. grows, his enzyme require-
ments will change and eventually he will need to become re-
sponsible for taking them on his own before eating. Neighbors,
friends, and teachers should store a few supplements for L.T.
to accommodate spontaneous eating of snacks.

6. In addition to enzyme replacement, what fat-soluble vita-
min supplementation is appropriate for L.T.?

L.T.’s laboratory evaluation reveals vitamin A and E defi-
ciencies, which are relatively common in patients with malab-
sorption. The long-term effects of inadequate fat-soluble vi-
tamin intake are unclear. Vitamins A, D, E, and K, however,
should be prescribed for L.T. because of the theoretic bene-
fits, low cost, and low risk. L.T. should be started on 1 mL of
AquADEK or ADEK drops daily (Table 98-4). Vitamins A, D,
and E should be monitored yearly: his vitamin K need not be
monitored unless risk factors are present or clotting difficulties
are suspected.128

Control of Infection
Mucocilliary Clearance
Sputum in patients with CF is difficult to mobilize because
pulmonary secretions are thick as a result of both the CFTR
defect and the large amounts of viscous DNA from the break-
down of white blood cells and the bacterial debris left over from
chronic infections. Mechanical clearance methods and inhaled
mucolytics can be helpful in mobilizing pulmonary secretions.

MECHANICAL METHODS
Methods used to mechanically break up and mobilize mucus

in the pulmonary tree include traditional hand percussion and
postural drainage (P&PD); oscillating positive-end pressure
(OPEP) with the flutter valve; high-frequency chest-wall oscil-
lation (HFCWO) with the ThAIRapy vest; intrapulmonary per-
cussive ventilation (IPV); and autogenic drainage (a technique
of deep breathing exercises). These mechanical approaches for
mobilizing mucus are about equal in efficacy, and the selec-
tion of the most appropriate one for a patient depends on the
ability, motivation, preference, and resources of the patient.151

When the traditional P&PD was compared with HFCWO and

OPEP, clinical efficacy and safety were comparable, but 50%
of patients preferred the HFCWO, 37% preferred OPEP, and
13% preferred P&PD.152

DORNASE ALFA
Dornase alfa (Pulmozyme) is an inhaled recombinant form

of human deoxyribonuclease I, which breaks up the DNA
formed by the PMN that block airways in the patient with
CF. It has a beneficial effect on neutrophilic airway inflamma-
tion when compared with controls and reduces exacerbation
frequency in patients.153–157 It is safe for use in infants, but
does not seem to be of benefit in an acute exacerbation.158

Dornase alfa is very expensive, with costs averaging about
$1,200/month; and the cost:benefit ratio for its use continues
to be debated.159,160 Nevertheless, this medication improves
lung function, reduces exacerbations of patients >6 years of
age, and is recommended.161 More than 50% of patients with
CF use dornase alfa.101

HYPERTONIC SALINE
Inhalation of hypertonic saline (IHS) also improves mu-

cocilliary clearance. When twice-daily inhaled normal saline
was compared with 7% (hypertonic) sodium chloride, the IHS-
treated patients experienced better overall lung function and
fewer exacerbations.162,163 In another study, IHS also improved
lung function and mucociliary clearance.164 Although not com-
pared in a head-to-head trial with IHS, dornase alpha seems
to increase lung function more, but at a much higher finan-
cial cost than IHS. A short-acting β2-agonist should be given
before IHS treatment because IHS has been associated with
bronchospasm.165 IHS is available commercially and is rec-
ommended to improve lung function and reduce exacerbations
in all patients >6 year of age.161

BRONCHODILATION
The chronic use of inhaled β2-agonists improves lung func-

tion in patients with bronchial hyperresponsiveness or a posi-
tive bronchodilator response, and is recommended for use.161

No clear consensus exists for the use of other bronchodilators.
Although leukotriene modifiers have improved lung function
in small studies, the overall data are insufficient to support a
recommendation.166 Studies in support of inhaled anticholin-
ergic medications for the treatment of CF also are limited, and
the results have been mixed.167 Cromolyn use also is not rou-
tinely recommended because of limited evidence of positive
outcomes with this drug.161

7. What mucus clearance methods would be appropriate for
L.T.’s therapy?

Methods of mechanical assistance to remove pulmonary
secretions are all equally effective, but hand P&PD would be
the method of choice for L.T. because he is only 9 months
of age. His parents should be taught the method of using a
cupped hand or a vibrator device to shake loose the secretions
that have accumulated in L.T.’s lungs. The other methods of
chest physiotherapy can be used when L.T. is older and better
able to participate.

Dornase alfa improves sputum viscosity in patients with
CF and they are able to benefit from this drug early in the
course of their lung disease.153 In the Pulmozyme Early Inter-
vention Trial (PEIT), the risk of pulmonary exacerbations was
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reduced by 34% in young patients with mild lung function ab-
normalities, and pulmonary function tests also were improved
in patients with close to normal pulmonary function. The ad-
dition of dornase alfa is a viable consideration if the cost and
scheduling of regular treatments are not issues for L.T.

Patient counseling is important if dornase alfa is prescribed
for L.T. Dornase alfa should not be mixed with other drugs
because it is an enzyme that can be denatured. Only approved
nebulizers can be used because of the variability of delivery
of aerosolized medications from different nebulizers. Baseline
pulmonary function tests should be obtained, and L.T. should
be re-evaluated in 6 weeks. Evidence of improvement should
include the following: diminished dyspnea and cough, increase
in sputum production, increased appetite, improved subjective
measures (e.g., perception of energy, ability to sleep), and im-
provement in pulmonary function tests. Dornase alfa should
be discontinued if the patient does not appear to be benefiting
from therapy.160

Immunizations

8. A Gram’s stain of L.T.’s sputum reveals normal respira-
tory flora, and the throat culture is pending. What immunizations
should be considered for L.T. at this time?

L.T. has no evidence of a pulmonary infection at this time.
He should receive all childhood immunizations at the usual rec-
ommended times (see Chapter 95: Pediatric Immunizations)
and an annual flu vaccine as well. Prevention of influenza may
help avoid the onset of a bacterial infection. When an immu-
nization for P. aeruginosa is available, it will be essential for
patients with CF.168

Antibiotic Therapy
Antibiotics are commonly used for the patient with CF to im-
prove or delay the decline of pulmonary function. The indi-
cations for antimicrobial use include (a) treatment for an ex-
acerbation, (b) prevention of colonization with P. aeruginosa,
and (c) maintenance therapy for chronic P. aeruginosa. Bacte-
rial resistance to antibiotics commonly develops in the patient
with CF because pathogens often are not eradicated from the
patient’s airway. As a result, such patients probably need to
receive broad-spectrum antibiotics more often than might be
indicated in other populations.169–172

DIFFERENCES IN KINETICS
The physiologic changes in the patient with CF affects how

the body absorbs, distributes, and clears drugs. Lack of bicar-
bonate secretion in the GI tract and prolonged GI transit times
can affect the rate and extent of absorption of some drugs
(e.g., oral ciprofloxacin). In addition, the apparent volume of
distribution of drugs that are distributed in total body water
can be increased because patients with CF have alterations in
their body water:mass ratio.173,174 For example, the volume
of distribution is typically increased for aminoglycosides and
β-lactams.

Both hepatic and renal clearances are increased for many
drugs in patients with CF. N-acetyltransferase activity is
increased,173 but the P450 system does not seem to be greatly
affected and remains isoenzyme dependent (i.e., CYP1A2,
CYP2A6, CYP2C9, and CYP3A4 enzyme activity is not
changed in these patients).174–176 CYP2C8 activity and biliary

secretion, however, may be enhanced.177 The malfunctioning
CFTR is hypothesized to increase the renal tubular clearance
of organic anion drugs in these patients (e.g., penicillins and
trimethoprim).173,178–180

These increases in clearance and volume of distributions
make it necessary to adjust doses of some antibiotics for pa-
tients with CF. Increased clearance requires larger daily doses
and possibly shorter dosing intervals. Table 98-6 contains an
abbreviated list of suggested dosage regimens.

MONITORING AND ADVERSE EFFECTS
The prolonged, repeated use of aminoglycosides in patients

with CF increases the risk for drug-related toxicity; however,
the nephrotoxicity, ototoxicity, and vestibular damage associ-
ated with aminoglycosides seem to be less common in these
patients than in the rest of the population.181 Nevertheless, dili-
gence in monitoring for these adverse effects are essential. The
Cystic Fibrosis Center recommends urinalysis and assessment
of the blood urea nitrogen (BUN) and creatinine serum concen-
trations after each course of aminoglycosides. Some clinicians
suggest audiometric assessments for patients who have had 10
or more courses of intravenous (IV) aminoglycosides.181 The
adverse effects most often encountered with β-lactams are el-
evated liver enzymes, diarrhea, hypersensitivity reactions, and
fungal overgrowth.

Broad-spectrum antibiotics can cause overgrowth of
Clostridium difficile in the gut lumen or fungus in the oropha-
ryngeal cavity. Patients should be instructed to report any
episodes of diarrhea, difficulty in swallowing, or white plaques
in their mouth.

INHALED ANTIBIOTICS
Patients with CF frequently receive large doses of systemic

antibiotics to treat lung infections. The site of infection in
CF is the airway lumen, not the lung parenchyma, however.
Aerosolized administration of an antibiotic delivers the drug
directly to the site of infection and, theoretically, should im-
prove drug concentrations in the airway lumen and decrease
the risk of systemic toxicity. Aerosolized tobramycin and col-
istin have been the most studied antibiotics for inhalation in
patients with CF, but other antibiotics are also administered via
this route.182,183 Chronic inhalation of tobramycin reduces ex-
acerbations, improves lung function, and is recommended for
use in patients with persistently positive P. aeruginosa cultures
and mild or moderate-to-severe lung disease.162 Other inhaled
antibiotics (e.g., colistin, gentamicin) do not have sufficient
evidence to support a recommendation for use in patients with
CF with positive cultures for pseudomonas.161,184 More than
40% of all such patients in the United States are prescribed
inhaled tobramycin.101

ANTIBIOTIC PROPHYLAXIS

9. When is it appropriate to give L.T. antibiotics to prevent
lung infection and colonization?

Some clinicians prescribe prophylactic antibiotics in an ef-
fort to prevent S. aureus infections in young children and sub-
sequent pseudomonas infections. In one randomized study,
cephalexin significantly decreased colonization with S. aureus,
but it also increased P. aeruginosa infections.186 Thus, routine
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Table 98-6 Antibiotic Doses For Cystic Fibrosis

Systemic Antibiotics

Drug Daily Dosage (mg/kg) Frequency Maximal Individual Dose (mg)

Amikacin 30 Divided Q 8, 12, 24 hr TDM
Ceftazidime 150–225 Divided Q 8 hr 2,000
Cefuroxime 150–225 Divided Q 8 hr 1,500
Ciprofloxacin IV 30 Divided Q 8 hr 400
Ciprofloxacin PO 40 Divided Q 12 hr 1,000
Gentamicin 10–15 Divided Q 8, 12, 24 hr TDM
Imipenem 40–80 Divided Q 6 hr 1,000
Oxacillin 200 Divided Q 6 hr 2,000
Piperacillin 200–400 Divided Q 6 hr 4,000
Ticarcillin/clavulanate 200–400 Divided Q 6 hr 3,100
Tobramycin 10–15 Divided Q 8, 12, 24 hr TDM

Inhaled Antibiotics

Drug Dosage Interval

Amikacin 7.5 mg/kg/dose BID–TID
Gentamicin 2.5 mg/kg/dose BID–TID
TOBI 300 mg BID 30 days on, 30 days off
Colistin 37.5–75 mg BID–QID

BID, twice daily; Q, every; TID, three times daily; TDM, therapeutic drug monitoring (gentamicin/tobramycin desired Cmax 12–15 mg/L multiple daily dosing, Cmax >20 mg/L
once daily dosing); TOBI, tobramycin for inhalation.
Adapted from ref. 210, with permission.

antistaphylococcal prophylaxis is not recommended for young
children with CF and would not be recommended for L.T.161

ACUTE PULMONARY EXACERBATION
Diagnosis

10. B.W., a 19-year-old woman, was diagnosed with CF at 3
years of age after a history of chronic pneumonias. She presents
to the pulmonary clinic with increasing cough and sputum pro-
duction over the past 2 weeks, with a change in sputum color from
white to green. She currently weighs 45.2 kg and states she has lost
4 pounds. B.W. is a slightly thin adult woman whose breathing is
labored. Pulmonary function tests reveal an FEV1 of 65% of pre-
dicted normal and a forced vital capacity (FVC) of 60% (her usual
baselines are FEV1, 85%, and FVC, 80%). P. aeruginosa grew out
of her sputum sample taken at the clinic 4 weeks ago for the first
time. Other pertinent laboratory findings: white blood cell (WBC)
count, 17,000/mm3 (normal, 4,500–11,000/mm3) with 4% bands
(normal, 0%–11%), 35% segmented neutrophils (normal, 36%–
66%), 50% lymphocytes (normal, 24%–44%), 11% eosinophils
(normal, 1%–4%); BUN, 7 mg/dL (normal, 5–18 mg/dL); and
creatinine, 0.5 mg/dL (normal, 0.6–1.3 mg/dL). All other blood
work, liver function tests, and electrolytes are within normal lim-
its. Heart rate and blood pressure are normal. Temperature is
99.2◦F, respiratory rate is 25 breaths/minute (normal, 12–16) with
an oxygen saturation of 95% (normal, 97%–100%). A number of
new pulmonary infiltrates are seen on chest radiograph. Her cur-
rent medications include the following: one multiple vitamin ev-
ery day (QD), two microencapsulated pancreatic enzyme capsules
(16,000 U lipase/capsule) with meals, and one or two capsules with
snacks as needed.

What subjective and objective findings does B.W. exhibit that
would lead to the diagnosis of a pulmonary exacerbation?

The onset of a pulmonary exacerbation of CF usually is
marked by an increase in symptoms, such as an increase in
sputum production (usually purulent), increased cough, dys-
pnea, weight loss, and a 15% to 20% decline in pulmonary
function tests over baseline. All these findings are present
in B.W. An increase in WBC count, fever, or appearance
of a new infiltrate on chest radiograph may or may not be
present. Traditional management for an acute CF exacerbation
includes nutritional repletion, antibiotics, and chest physio-
therapy.171

Early Treatment of Pseudomonas aeruginosa

11. B.W. is admitted to the hospital for a “cleanout,” consisting
of aggressive chest physiotherapy, aggressive nutritional reple-
tion, and antipseudomonal antibiotics. Because P. aeruginosa was
found in her sputum 4 weeks ago, the following sensitivities to
antibiotics were tested and noted: P. aeruginosa strain resistant
to all antibiotics except tobramycin and ceftazidime. What is the
value in giving antibiotics at this time?

If given in the early phase of colonization, antibiotics can
prevent the switch to a chronic mucoid infection. A combina-
tion of inhaled tobramycin with oral ciprofloxacin (see Ques-
tion 14 on restricted use of quinolones), or inhaled antibiotics
alone, are used to treat early pseudomonas infection.186,187 In
14 of 15 patients treated with inhaled tobramycin for 1 year,
colonization was not only prevented, but pseudomonas was
eradicated.188 Because pulmonary tissue damage probably is
related to bacterial load because of the infection–inflammation
cycle, decreasing bacterial burden might slow the progression
of lung disease. Therefore, it would be beneficial to treat B.W.
aggressively with antipseudomonal therapy.
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Aminoglycoside Dosing

12. B.W. is admitted to the hospital for a course of antibiotic
treated because of her clinical presentation. What would be a
good antimicrobial treatment plan for B.W. based on her current
laboratory data? Why might an extended-interval dosing regimen
for aminoglycoside therapy be of potential advantage for B.W.?

In patients with CF, P. aeruginosa infection should be treated
with a combination of two antibiotics (e.g., an aminoglycoside
with a β-lactam) to lessen the risk of bacterial resistance to an-
timicrobials. Given the aforementioned sensitivities for B.W.,
ceftazidime plus tobramycin would be a good initial choice of
antibiotics for this exacerbation. B.W.’s renal and liver func-
tions are normal, therefore, standard CF dosing can be pre-
scribed.

Ceftazidime 2 g IV every 8 hours could be administered to
B.W. by continuous infusion because the β-lactams are time-
dependent bactericidal antibiotics and the administration of
ceftazidime, as a constant infusion, in a patient with CF is
likely to be safe and effective.189

Extended-interval dosing of aminoglycosides (i.e., Q 12 hr
or Q 24 hr compared with Q 8 hr) is easier and less costly to
administer, and potentially it limits toxicity. The efficacy of
extended-interval dosing of aminoglycosides, however, needs
to be studied further in the CF population because of the al-
tered pharmacokinetics in patients with CF. Nevertheless, sev-
eral studies with small sample sizes suggest that the use of
extended-interval dosing of aminoglycosides is safe and ef-
fective for both children and adults with CF.190–196 A large,
multicenter trial investigating this issue more fully is currently
underway.

In B.W., the initial dosing regimen of IV tobramycin would
be 225 mg (5 mg/kg) every 12 hours. Target peak concentra-
tions of 12 to 15 mg/L should be verified on the third dose.
Target trough concentrations should be <2 mg/L. A serum
trough tobramycin level should be measured at least every 7
days while B.W. is on therapy, along with serum concentrations
of BUN and creatinine.

The antibiotics should be administered for 2 weeks, and
extended for an additional 7 days if B.W. fails to reach spec-
ified endpoints at day 14. After the initiation of antibiotics
in this hospitalization, IV home-antibiotic therapy should be
a consideration for B.W.197 The duration of B.W.’s antibiotic
therapy should be based on her clinical response. Ideally, her
pulmonary function (e.g., FEV1) should improve by 10% to
20% and should be evaluated weekly. The purulent nature and
volume of the sputum should decrease and a gradual overall
improvement in subjective feeling should be noted. Improved
appetite and increased weight gain should be assessed daily
with the goal of reaching baseline weight.

Inhaled Tobramycin

13. Why should (or should not) inhaled aminoglycosides be
added to the parenteral regimen of B.W.?

Tobramycin for inhalation (TOBI) is a special formula-
tion of tobramycin for inhalation. Aerosolized antibiotics have
been used in combination with IV antibiotics for treatment
of acute exacerbations. Although eradication of P. aeruginosa
from the sputum might be enhanced with these combined
routes of therapy, the response could be only temporary.198

The evidence for the addition of inhaled antibiotics to par-

enteral therapy is not strong, but the evidence for using in-
haled tobramycin prophylactically to reduce bacterial load and
avoid future exacerbations is getting stronger. Improved pul-
monary function, along with a decrease in exacerbations or
hospitalizations, has been demonstrated with TOBI prophylac-
tic regimens.170,198–201 TOBI can be prescribed as twice-daily
inhalations (300 mg) administered as a 30-day on and 30-day
off schedule. Although this is a time-consuming and expensive
therapy, it has been deemed cost-effective.202,203 B.W. should
be discharged on TOBI 300 mg twice daily (BID) prophylactic
cycle schedule.

ORAL ANTIBIOTICS

14. B.W. reaches her clinical endpoints and is sent home on
TOBI therapy. Six months later, she calls the clinic from her col-
lege dorm. She has signs of an exacerbation, but refuses IV an-
tibiotics or hospitalization, because she is in the middle of final
exams. What alternative to IV therapy is available to treat B.W.?
She now weighs 53 kg.

The quinolone family of antibiotics is currently the only op-
tion for oral coverage of P. aeruginosa. Emergence of resistant
strains of staphylococcal and pseudomonas species have led
the CF medical community to restrict the use of quinolones
to the treatment of acute CF exacerbations.204,205 Oral fluo-
roquinolones (e.g., ciprofloxacin) have become widely used
in patients with CF, because they are less expensive, easy
to administer, and as effective as IV therapy in an acute
exacerbation.206,207

Quinolones are not approved for use in patients <18 years
of age because of the risk of arthropathy. One study of 634
children failed, however, to demonstrate any arthropathy in the
patients, although reversible arthralgias were noted.208 This
risk is further complicated by the underlying problems with
bone metabolism seen in CF. Although this issue has not been
fully resolved, quinolones are used with caution in certain pe-
diatric populations. In addition, B.W. is of childbearing age and
quinolones are relatively contraindicated because of possible
effects on cartilage development in the fetus. If a quinolone is
used, B.W. should be counseled to use appropriate birth-control
techniques.

Because of the past sensitivities of B.W.’s organisms and her
refusal to be admitted to the hospital, ciprofloxacin 1,000 mg
orally twice daily for 1 week can be initiated in addition to
the aerosolized tobramycin.209 After 1 week of the combined
aerosol and oral therapies, B.W. should be re-evaluated for
hospital admission if her condition worsens, or her therapy can
be continued if her condition improves.

Control of Inflammation
The inflammatory response in CF airways can be treated
with drugs that block PMN chemotaxis, proinflammatory cy-
tokines, or any other step in the inflammatory cascade. Cor-
ticosteroids, nonsteroidal anti-inflammatory agents (NSAID),
and macrolides all have been used to control the inflammation
seen in CF lung disease.

Corticosteroids

15. J.J., an 18-year-old young man with CF, returns to the clinic
for a routine 6-month visit. He now has severe pulmonary disease
as reflected by his pulmonary function tests (FEV1 is 39% of
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predicted normal and FVC is 37%) and marked chest radio-
graphic changes that include areas of bronchiectasis and hyper-
inflation. He is chronically colonized with a resistant strain of P.
aeruginosa and has a chronic productive cough, which currently
is at baseline. Because the lung damage in CF is from inflamma-
tion secondary to the bacterial infection, what anti-inflammatory
therapies might be considered for use in J.J.?

Oral corticosteroids are not recommended in the treatment
of CF. Although prednisone 1 to 2 mg/kg every other day can
reduce the decline of lung function and decrease pulmonary ex-
acerbations in patients with pseudomonas infections, it also can
result in cataracts, glucose intolerance, and persistent growth
retardation.210–212 Inhaled steroids do not show an improve-
ment in pulmonary function in patients with CF when used
alone.213 Many such patients with concurrent reactive airway
disease, asthma, or ABPA in addition to CF respond to corti-
costeroids.

Nonsteroidal Anti-Inflammatory Agents
Nonsteroidal anti-inflammatory drugs have been used to slow
lung function decline. High-dose ibuprofen (20–30 mg/kg BID
with doses titrated to a therapeutic range of 50–100 mg/L) can
significantly slow the annual rate of FEV1 decline in children
between 6 and 13 years of age.214 Ibuprofen serum concentra-
tions must be measured and monitored closely to stay in the
therapeutic window because lower concentrations can increase
PMN infiltration. Because these doses are much higher than
the recommended doses to treat pain or fever, concerns about
long-term side effects, including GI bleeding and renal toxicity,
together with the need for frequent blood draws have not made
this method of treatment common. For patients ≥6 years of
age with an FEV1 >60% of predicted, chronic oral ibuprofen
is recommended to reduce the loss of lung function.161 Less
than 5% of the CF population is using ibuprofen.101,215

16. Is J.J. a candidate for high-dose ibuprofen? He has refused
routine blood draws in the past and worries about the side effects
of medication.

For maximal benefit, ibuprofen therapy must be started
early, before the disease is as advanced as J.J.’s. Because J.J.
does not like having to come in for blood draws or the having
possible side effects of GI distress or renal impairment, and
his lung disease is too advanced, high-dose ibuprofen should
not be recommended.

Macrolide Antibiotics

17. When and why would azithromycin be indicated for J.J.?

Macrolide antibiotics, which have both immunomodula-
tory properties and antimicrobial activity, have been shown
to improve pulmonary function tests, reduce exacerbations,
and improve quality of life in children and adults with end-
stage disease.216,217–220 In a 3-month prospective, randomized,
double-blind, placebo-controlled study of azithromycin (250
mg/day) in 60 adults with CF, FEV1 improved, C-reactive pro-
tein decreased, and fewer IV antibiotics were needed in the
azithromycin group.219 In a 15-month, randomized, double-
blind, placebo-controlled, crossover trial, 41 children with CF
received azithromycin. FEV1 improved by 5.4% in the treat-
ment group, and most patients required fewer courses of an-
tibiotics while on azithromycin. No changes in sputum bac-
terial density, inflammation markers, exercise tolerance, or

quality of life were detected.218 Patients improve on long-
term azithromycin therapy regardless of whether they had a
positive pseudomonas culture.221 The development of bacte-
rial resistance with long-term use of azithromycin is of gen-
uine concern, and patients should be followed up closely if
azithromycin is initiated on this basis.223,224 Recommendation
is that patients with persistent P. aeruginosa sputum cultures
receive chronic azithromycin to improve lung function and re-
duce exacerbations.161

In recent long-term studies, azithromycin had a definite role
for use in a patient with P. aeruginosa and possibly also a role in
patients before pseudomonas is cultured. J.J. should be started
on 500 mg azithromycin thrice weekly and monitored for im-
provement of his lung function and a decrease in exacerbations.

Other Strategies

18. What other approaches may be tried to modify the course
of CF in B.W. and J.J.?

J.J. and B.W. are both colonized with pseudomonas in their
lungs. J.J. should be started on a trial of azithromycin, TOBI,
and both patients may be candidates for hypertonic saline and
dornase alfa inhalation therapy. Re-evaluation of the type of
mechanical clearance method, nutritional status, exercise reg-
imen, and enzyme dose should be considered. J.J. and B.W.
should also be tested for liver disease, bone disease, and in-
sulin resistance. J.J. and B.W.’s disease course and weight his-
tory should be carefully evaluated along with a fasting blood
glucose, HbA1c, and oral glucose tolerance test.

FUTURE THERAPIES

19. What kind of treatments might be available to help patients
with CF in the future?

Many drugs are being evaluated to intercede at various lev-
els of the pathologic cascade (Fig. 98-3) seen in CF. Fixing the
inactive or malfunctioning CFTR by repairing the mutant gene
would be a cure for CF. Much research is focused on developing
new therapies for CF, as can be seen in Figure 98-4.

Correcting the Gene
Gene therapy to correct the CFTR in the lungs is being actively
pursued. CFTR is expressed in low levels in the lungs so that
only 6% to 10% of the cells need active CFTR to correct the
chloride channel deficiency. Several vectors are being devel-
oped to deliver the good gene and allow it to be incorporated
into these cells, including several viruses, a new compacted
DNA and lipid DNA complex.222–225 Viral vectors in general
are problematic because they do not allow for repeated admin-
istration. Two nonviral vectors that have found some success
are DNA nanoparticles and lipid DNA complexes. Nanotech-
nology has been used to “compact” or tightly bind strands of
DNA, making it sufficiently tiny to pass through a cell mem-
brane and into the nucleus. Four of the 12 patients receiving
the nanoparticles via the nose exhibited some normal chloride
response during the 2-week period studied.226 Although each
of these vectors needs work, real hope exists for a gene transfer
to the lung in the not too distant future.
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FIGURE 98-4 Drug pipeline for cystic fibrosis. (Reprinted with permission from the Cystic Fibrosis Founda-
tion.)

Restoring Salt Transport
Several therapies are directed at restoring CFTR function
from a mutation-specific standpoint. The most common mu-
tation, �F508, is caused by a misfolding of the responsible
protein. Several “chemical chaperones,” such as cellular os-
molytes and low-molecular-weight compounds, when added
to cells, rescue the folding of mutated proteins such as �F508
CFTR.227,228 Gentamicin has been shown to restore a class I
mutation in vitro, and genistein has been shown to correct the
G551D mutation.229 Restoring normal ion transport (Na chan-
nel blockers, Cl channel activators) would also be an effective

cure for CF. At this point, short-acting sodium channel blockers
are of no benefit.228,230–232 Alternative molecules are in phase
II clinical trials and research stages.

Other
Drugs to combat the inflammation–infection cycle of CF, drugs
to improve the outcome from lung transplants, new therapies,
and rapidly improving scientific understandings of CF provide
much hope for more effective treatment of this disease, and
even perhaps a cure.
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Demographic and Economic Considerations
Demographic changes and U.S. medical progress in the last
half of the 20th century have created imperatives to improve
our knowledge about the health care and drug therapy of
older adults. The Federal Interagency Forum on Aging-Related
Statistics recently published an updated chart book, which pro-
vides the most current information on the health and well-being
of older Americans in the United States (Table 99-1).1

The oldest-old category (i.e., those older than 85 years of
age) is going to have the greatest impact on the health care sys-
tem because the number of people in this group has increased
faster than any other age category, and many are physically and
medically frail. This group will triple its size by 2040, which is
more than double the growth rate of the next fastest-growing
category.2 By 2050, at least half of Americans will live to age
85; they will number almost 21 million and comprise 5% of
the total U.S. population.3 Because the frail elderly are often
dependent and in ill health, they require the highest level of
health services. They have the highest health care expendi-
tures, hospitalization rates, and home health visits.1

Approximately 4% of the 35 million U.S. residents 65 years
of age or older in 1999 resided in long-term care facilities

(LTCFs).4 Elderly LTCF residents are predominantly women,
75 years and older, white non-Hispanic, and widowed. Al-
though the prevalence of functional disability in the elderly
is expected to be reduced,5 the national expenditure for long-
term care services for the elderly is expected to grow through
the year 2040.4 Of older adults who live at home, about 10% in
the 65- to 74-year-old age group and up to 50% in the over 85
age group require assistance with everyday activities.2 Up to
64% of those who receive care rely on informal care from chil-
dren and other relatives.1 Thus, it is important to include the
caregiver in the counseling and monitoring of activities when
feasible.

Health care for the elderly is increasingly based on a
prospective reimbursement system in institutional settings.
Managed care practices aim to minimize high-cost hospitaliza-
tions by shifting care to lower-cost alternatives, such as home
health care, assisted living, and hospice care. The escalating
costs and affordability of medications is a national concern,
especially in the Medicare population. As reforms are put in
place to enhance access to drugs, it is especially important
to keep in mind that this population is particularly vulnerable
to drug-related morbidity and mortality, which costs the U.S.
health care system at least $30.1 billion annually.6

99-1
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Table 99-1 Profile of Older Americans

Current Status of the Older Population
� The older population, persons age 65 years and older, numbered 35

million in 2000, representing 13% of the U.S. population. This means
that since 1900, the percentage of Americans age 65 years and older
tripled (4.1% in 1900 to 13% in 2000), and their numbers have
increased 10-fold (from 3.1 million to 35 million in 2000).

� There are more women than men in the older population. Among
persons 65 years old in 2000, 58% were women. In the oldest old
group, 70% of persons age 85 years and older were women.

� The older population is getting older. In 2000, the 85 and older age
group (4 million) was 31 times larger than in 1900.

� The expected number of years of life increased by approximately 60%
since 1900. In 2003, life expectancy was 79.8 years for women and
76.8 years for men.

� In 2003, the most common and costly health conditions among all per-
sons age 65 and older were heart disease, diabetes, stroke, and cancer.

� Among all persons age 65 and older, the five leading causes of death
are heart disease, cancer, stroke, chronic obstructive pulmonary
diseases, and pneumonia and influenza.

Future Growth of the Older Population
� Although the rate of growth slowed during the 1990s because of the

relatively small number of births during the Great Depression of the
1930s, the most rapid increase is expected between the years 2010 and
2030, when the baby boom generation reaches age 65.

� By 2030, there will be about 70 million older persons, 2.7 times their
number in 1980. If current fertility and immigration levels remain
stable, the only age groups to grow significantly will be those older
than 55 years of age.

� By 2030, persons age 65 and older are expected to represent 20% of
the population; the population age 85 years and older will more than
double to approximately 9.6 million persons.

From reference 1.

Age-Related Physiological, Pharmacokinetic, and
Pharmacodynamic Changes
An important determinant of drug-related problems in the el-
derly is an increased physiological vulnerability to medication
adverse effects and an impaired ability to recover from drug-
induced insults. The progressive decrease in the ability of each
organ system to maintain homeostasis in the face of challenge
is a definition of physiological aging.7 Disruption of homeo-
static “balance” predisposes an older adult to disease or medi-
cation side effects. Homeostatic mechanisms in the cardiovas-
cular and nervous systems are less efficient, drug metabolism
and excretion decrease, body tissue composition and drug vol-
ume of distribution change, and drug receptor sensitivity may
be altered. Age-associated changes are progressive, occurring
gradually over a lifetime, rather than abruptly at any given age
(e.g., 65 years of age). The physiological processes of aging
often result in an increased susceptibility to many diseases.
However, older people remain a heterogeneous group, with
chronologic age not always reflecting “functional age” (Table
99-2). Distinct separation of these interrelated factors is diffi-
cult because all may contribute to variability in drug response.
In particular, pharmacodynamic changes in the aging popula-
tion is a research topic fraught with many methodological and
logistic constraints, as evidenced by the scarcity of information
on aging and pharmacologic effects. Resnick and Marcanto-

Table 99-2 Factors That May Influence Functional Age

Poor vs. good or adequate nutrition
Smoking vs. quit smoking vs. never a smoker
Acute or chronic diseases vs. good health
Acute or chronic drug therapy vs. no drug use
“Couch potato” vs. lifelong habit of exercise
Institutionalized vs. living independently at home

nio summarized six geriatric clinical care principles in Table
99-3.7

Absorption
Changes in the gastrointestinal (GI) tract with age may influ-
ence drug absorption. Gastric pH increases, intestinal blood
flow diminishes, and some impairment of both active and pas-
sive transport mechanisms occurs.8 However, the significance
of these changes is not clear. One study found nearly 90% of
healthy, independently living elders were able to acidify gastric
contents (pH 3.5), even in the basal unstimulated state (ages,
65–96 years).9 However, these volunteers were “functionally”
young (Table 99-2), with an average of only 2.1 self-reported
disease states and 1.6 over-the-counter (OTC) and prescription
medications. Assessment of age-associated changes in absorp-
tion requires careful attention to methodology. For example,
samples must be collected for four to six half-lives in older
subjects to obtain a complete area under the time-concentration
curve (AUC). Also, intravenous (IV) and oral (PO) data must
be compared in the same subject to validate the assumption
that clearance is constant:

AUC = (S)(F)(Dose)

Cl
(99-1)

where (S)(F) is the fraction of dose administered that will reach
systemic circulation and Cl is clearance.

Transdermal administration is becoming increasingly com-
mon and is used for several medications taken by older adults.
Alterations in the stratum corneum, lipid composition of the
skin, changes in sebaceous gland activity, and changes in the
dermis and epidermis may affect drug absorption.10 Lipophilic
drugs (e.g., estradiol) appear to be less affected by aging than
do hydrophilic compounds (e.g., acetylsalicylic acid).11

The following generalizations can be concluded: the extent
of absorption via the oral route is similar in older patients and
in young adults, the rate of absorption is reduced or unaltered
in older patients, and drugs that undergo first-pass metabolism
are absorbed more completely in the older patient. Changes
in transdermal absorption of drugs have not been sufficiently
studied; thus, close monitoring is warranted.

1. I.W., a 75-year-old woman, 5′4′′, 120 lb, serum creatinine
(SrCr) of 1.9 mg/dL, has an acute exacerbation of heart failure
(HF). She is given furosemide 40 mg orally, but this produces
little increase in urine output or resolution of her symptoms. What
might be an explanation for I.W.’s lack of response to furosemide?
How might the desired response to furosemide be achieved?

The extent of furosemide (Lasix) absorption is not changed
in older patients, but the rate of absorption is slowed. This
results in a diminished efficacy of the drug because active se-
cretion into the urine (rate of entry) must reach the steep portion
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Table 99-3 Geriatric Clinical Care Principles

Care Principle Outcome/Example

Because of impaired physiological reserve in older patients, disease
often presents at an earlier stage.

� Mild disease may tip the “balance.”
� Drug side effects may occur with agents and doses unlikely to be toxic in

younger people.
� Stoic elderly may be less likely to seek help for dysfunction until symptoms

are advanced.
Presentation of a new disease depends on the organ system made most

vulnerable by previous changes, and this “weak link” often differs
from the organ newly diseased.

� Presentation is often atypical, with the “weakest link” being the brain
(confusion), lower urinary tract (incontinence), musculoskeletal system
(falling), or cardiovascular system (fainting).

Clinical findings abnormal in younger patients are common in older
people and may not be responsible for a particular symptom.

� An elderly patient with syncope due to medications and dehydration, but with
ventricular ectopy on a cardiac monitor, may be harmed by misdirected
antiarrhythmic therapy.

Because comorbid disease and drug use are common, symptoms are
often due to multiple causes.

� Incontinence may involve a combination of fecal impaction, drugs inducing
confusion, and impaired mobility due to arthritis.

Because many homeostatic mechanisms may be compromised
concurrently, multiple abnormalities can be amenable to treatment,
and small improvements in several areas may yield dramatic benefits
to overall function.

� Falls associated with diabetic polyneuropathy are exacerbated by concomitant
drug use, arthritis, and orthostatic hypotension, which are more easily treated
than the underlying disease.

Because older patients are more likely to suffer adverse consequences of
disease, treatment and prevention may be equally or more effective.

� Thrombolytics for AMI.
� β-Blockers after MI.
� Hypertension treatment.
� Immunization (influenza, pneumococcal pneumonia).
� Fall prevention (modify drugs that induce orthostasis or confusion, remove

environmental hazards, address balance, peripheral edema, nocturia).

AMI, acute myocardial infarction; MI, myocardial infarction.

of the sigmoid dose–response curve for maximal effect of the
drug.12 I.W. should be given a 40-mg dose of furosemide in-
travenously to bypass the problem of decreased rate of absorp-
tion. High sodium intake or concurrent use of nonsteroidal
anti-inflammatory drugs (NSAIDs) can also decrease the ef-
fectiveness of furosemide. Further increases in the dose of
furosemide may be necessary, with consideration of a continu-
ous infusion in patients with severe chronic renal insufficiency
(see Chapter 19).12

Distribution
A number of changes that can affect the distribution of drugs
in the body may occur with aging. Cardiac output decreases
about 1% per year from ages 19 to 86.13 In many older patients,
this decline in cardiac output is accompanied by an increase
in peripheral vascular resistance and a proportional decrease
in hepatic and renal blood flow. However, noninstitutionalized
older adults who are free of coronary artery disease or other
debilitating health problems exhibit little age-related declines
in cardiac output (functionally young).14 Body composition
undergoes changes during normal aging. Total body water and
lean body mass both decline with age, and total fat content
increases between ages 18 and 85 years from 18% to 36% in
men and from 33% to 48% in women.15,16 Thus, the volume
of distribution (Vd) of drugs that are distributed primarily in
body water or lean body mass (e.g., lithium, digoxin) is de-
creased in older adults; unadjusted dosing can result in higher
blood levels. Conversely, the Vd of highly lipid-soluble drugs,
such as long-acting benzodiazepines (e.g., diazepam), may be
increased, thereby delaying maximal effects or leading to ac-
cumulation with continued use.17 Factors with special applica-
bility in older patients that may affect binding include protein
concentration, disease states, coadministration of other drugs,

and nutritional status. Serum albumin concentrations fall pro-
gressively for each decade beyond 40 years of age, reaching
a mean of 3.58 g/dL (normal, 4 g/dL) in those older than 80
years of age.18 Decreased albumin concentrations are impor-
tant because albumin is a major site of drug binding. Increases
in α1-acid glycoprotein in older patients19 affect the binding of
weak bases such as lidocaine and propranolol. Data are lack-
ing concerning age-related changes in tissue protein binding of
drugs. However, the Vd of digoxin decreases in subjects with
impaired renal function, as does the myocardial-to-serum con-
centration ratio.20 Finally, an important factor in determining
the significance of changes in protein binding status is whether
a drug is restrictively or nonrestrictively cleared.21

Altered Protein Binding

2. O.T., a 90-year-old woman, 5′8′′, 132 lb, is brought to the
emergency department (ED) for evaluation of a “shaking spell.”
In the ED, another “spell” is observed, starting with shaking of the
left arm and progressing into a generalized tonic-clonic seizure. A
loading dose of phenytoin (Dilantin) 1,000 mg is given IV over 30
minutes. O.T. is admitted to the neurology unit for further evalu-
ation and given phenytoin 300 mg QHS. What is your assessment
of O.T.’s phenytoin therapy given her age? What laboratory tests
should be ordered, and how often should these be monitored?

O.T. received an average phenytoin loading dose of 17
mg/kg (normal, 15–20 mg/kg) and is receiving the average
daily maintenance dose. A sodium serum concentration should
be obtained to rule out a hyponatremia-induced seizure, and
an albumin serum concentration should be obtained because
of phenytoin’s high (90%) protein binding. A phenytoin serum
concentration should be measured before O.T. is discharged
from the hospital to document that the desired therapeutic
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serum concentration has been achieved. The serum phenytoin
concentration should be obtained whenever an adverse drug
reaction or seizure occurs. A follow-up, steady-state phenyt-
oin serum concentration should be obtained in 10 to 14 days
to determine if the current dose is appropriate.

3. The serum albumin concentration is 2.2 g/dL (normal, 3.2–
5.2 g/dL), Na is 140 mEq/L (normal, 138–145 mEq/L), and the
phenytoin serum concentration is 15 mcg/mL (normal, 10–20
mcg/mL). O.T. complains of drowsiness and has a wide-based,
unsteady gait. What is the likely cause of her symptoms?

[SI units: albumin, 22 g/L (normal, 32–52); phenytoin, 59.5 mmol/L (normal,

40–80)]

O.T. could have a phenytoin free-fraction percentage of up
to 18%, compared with the normal value of 10%, because of
her low albumin serum concentration.21 This would produce
a free phenytoin concentration of 27 mcg/mL (normal, 10–20
mcg/mL), explaining O.T.’s symptoms (assuming O.T.’s serum
phenytoin concentration is at steady state). In O.T.’s case, free
phenytoin concentration monitoring would be appropriate, if
available, and her dosage should be adjusted accordingly. A
dietary consultation to examine the reason for her low albumin
may contribute to her overall health.

Metabolism
O.T.’s phenytoin metabolism may be affected due to factors
shown to influence hepatic drug metabolism, which include
disease states, concurrent drug use, nutritional status, environ-
mental compounds, genetic differences, gender, liver mass,
and blood flow. Hepatic microsomal enzyme activity is re-
duced with increasing age in animals, but the clinical signifi-
cance of this is controversial in humans. Large interindividual
variation in liver metabolism exists for any given drug and,
in most cases, may be more important than the changes as-
sociated with aging.8,22–25 Also, liver mass declines and he-
patic blood flow decreases 45% between the ages of 25 and
65.26 Unfortunately, clinical tools for the assessment of he-
patic metabolism are not readily available. Age-related changes
in the liver metabolism of warfarin and long-acting benzo-
diazepines have been reported in humans.27–29 Compounds
undergoing phase I metabolism (reduction, oxidation, hydrox-
ylation, demethylation) have a decreased or unchanged clear-
ance, whereas compounds metabolized by phase II processes
(conjugation, acetylation, sulfonation, glucuronidation) have
no change in clearance with age. Drugs with high hepatic-
extraction ratios, such as the nitrates, barbiturates, lidocaine,
and propranolol, may have reduced hepatic metabolism in older
adults.30

Reduction in Hepatic Reserve

4. D.A., an independently living 65-year-old man, 5′10′′ tall
and weighing 260 lb, has a chief complaint of severe shortness
of breath (SOB; respirations, 26 breaths/minute), palpitations
(heart rate [HR], 120 beats/minute), and nausea. He has a history
of chronic obstructive pulmonary disease (COPD) and HF. D.A.’s
current medications are theophylline-SR (Theo-Dur) 450 mg
Q 8 h, captopril (Capoten) 12.5 mg TID, and furosemide (Lasix)
20 mg QD. At his last visit to his physician 2 months ago, his
theophylline serum concentration was 15 mcg/mL (therapeutic

range, 8–12 mcg/mL). After a long history of heavy smoking, D.A.
finally took his physician’s advice and abruptly quit. The diagno-
sis of acute HF is made on the basis of the chest radiograph, 2%
pitting edema, and “junky” sounding lungs. Based on the infor-
mation given, what potential problems should be added to the list
of differential diagnoses to be considered?

Theophylline toxicity should be suspected for two reasons:
(a) lack of hepatic microsome/enzyme stimulation from his
recent smoking cessation, and (b) the known reduction of
theophylline hepatic metabolism secondary to acute HF.21 The
theophylline dose should be held until the serum theophylline
concentration is within the desired therapeutic range. In pa-
tients who are at high risk of developing theophylline toxicity,
other treatment options such as an inhaled anticholinergic agent
(e.g., tiotropium) with or without an inhaled β2-agonist should
be considered in place of theophylline (see Chapter 24).

Although the potential for theophylline toxicity can be pre-
dicted reasonably in D.A., the sudden onset of clinical deteri-
oration or an adverse effect often arises unexpectedly in many
older patients. Patients often do well while medically stable
only to abruptly experience a “cascade of disasters” when hos-
pitalized or when they begin taking additional medications. As
presented in the answer to question 3, the process of aging
can be associated with declining liver mass, decreased hepatic
blood flow, altered nutritional status, and a host of other phys-
iological changes. These alterations result in a loss of “hepatic
reserve,” making the patient susceptible to adverse effects be-
cause new drugs compete for the same metabolic enzymes. The
concept of a lost “reserve” in the elderly applies to other organ
systems as well. Therefore, D.A.’s response to renally excreted
drugs (e.g., captopril, furosemide) should also be considered
during this episode of acute HF.

Excretion
Age-related changes in renal function result in more adverse
drug events (ADEs) than any other age-related physiological
alterations. Compounding these changes in the kidney are the
arteriosclerotic changes and a declining cardiac output that
decrease renal perfusion by 40% to 50% between the ages
of 25 and 65. This is accompanied by a corresponding de-
crease in glomerular filtration and urea clearance.31 Urine
concentrating ability declines with age, as does renal sodium
conservation.32,33 Tubular secretory capacity and creatinine
clearance (ClCr) may also be reduced.34,35 The kidney loses
functioning cells with age, and histologic studies reveal a de-
cline in the absolute number of nephrons.36 All these measures
of kidney function decline uniformly, leading to the concept
of the “intact nephron.” Significant variability can occur in
the rate of decline in renal function in a minority of elderly
patients37 (Table 99-2).

The plasma half-life is prolonged for a number of renally
excreted drugs in “healthy” older adults. The highest-risk drugs
are those that depend entirely on the kidney for elimination.
Examples of these are listed in Table 99-4.

Age-related changes in renal function are evaluated us-
ing the ClCr, an estimate of glomerular filtration rate. The
Cockcroft-Gault equation is used most commonly to estimate
ClCr.38 Many controversies exist with regard to the use of this
equation. One relates to whether the actual or lean body weight
(LBW) should be used.39,40 The use of LBW may reflect SCr
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Table 99-4 Drugs Highly Dependent on Renal Function
for Eliminationa

Acetazolamide
Acyclovir
Allopurinol
Amantadine
Amiloride
Aminoglycosides
Amphotericin B
Atenolol
Aztreonam
Bleomycin
Bretylium
Captopril
Cephalosporins

(most)
Chlorpropamide
Cisplatin
Clonidine
Colistimethate

Diflunisal
Digoxin
Enalapril
Ethambutol
Fluconazole
Flucytosine
Fluoroquinolones

(most)
Furosemide
Gallamine
Gold sodium

thiomalate
H2 blockers (most)
Imipenem
Lisinopril
Lithium
Methenamine
Methotrexate

Metoclopramide
Nadolol
Nitrosourea
Penicillamine
Pentamidine
Phenazopyridine
Plicamycin
Probenecid
Procainamide
Pyridostigmine
Spironolactone
Sulfamethoxazole
Sulfinpyrazone
Thiazides
Ticarcillin
Trimethoprim
Vancomycin

This list is not comprehensive; see references 156 and 157 for additional details.

production more accurately because creatinine is produced in
muscle mass, which is decreased in older patients. There is
also a question of whether one should use the actual creatinine
value when it is <1.0 mg/dL or whether it should be rounded
to 1.0. Finally, for certain subpopulations of older patients (i.e.,
ambulatory and healthy vs. hospitalized, malnourished, and/or
critically ill), other methods may produce more accurate esti-
mates of renal function.

Table 99-5 provides a composite picture of the age-related
physiological changes, disease states, and pharmacologic fac-
tors that affect pharmacokinetic processes in older adults.

Pharmacodynamic Changes
Homeostasis and Postural Hypotension
D.A. is susceptible not only to decreased clearance (i.e., he-
patic metabolism, renal elimination), but also to pharmacody-
namic changes. Pharmacodynamic changes are defined loosely
in this chapter as alterations in concentration–response re-
lationships or receptor sensitivity. Drug side effects that are
mild or nonexistent in younger patients may be significant in
older adults due to inefficient homeostatic adjustments. For
example, the higher rate of orthostatic hypotension observed
in older patients is often the result of impaired baroreceptor
function and a failure of cerebral blood flow autoregulation.
Orthostatic hypotension occurs in 20% of ambulatory patients
older than 65 years of age and in 30% of those older than 75,41

and it is often aggravated by drugs with sympatholytic activity
(e.g., α-adrenergic blocking agents, phenothiazines, tricyclic
antidepressants [TCAs]), volume-depleting drugs (e.g., diuret-
ics), and vasodilating agents (e.g., nitrates, alcohol).42 In one
study of 100 geriatric psychiatric outpatients, almost 40% com-
plained of dizziness and falling, which were attributed to psy-
chiatric medications.43 Patients with impaired cardiac output
and patients taking concurrent diuretic therapy (e.g., patient
D.A.) are especially vulnerable. Also, aging impairs balance
and posture maintenance, and drug effects on posture control
may contribute to drug-induced falls in older adults.44 Table
99-6 reviews the therapeutic agents commonly associated with
adverse drug reactions that may affect the mobility of older pa-
tients.

Receptor Sensitivity
An exaggerated response to some drugs (e.g., nitrazepam,
heparin [in females], warfarin) may reflect an intrinsic, age-
related change in receptor sensitivity.45,46 The aging central
nervous system (CNS) is particularly vulnerable to qualitative

Table 99-5 Changes Affecting Pharmacokinetic Parameters

Parameter Physiological Changes Disease States Pharmacologic Factors

Absorption
(bioavailability,
first-pass metabolism)

Gastric pH
Absorptive surface
Splanchnic blood flow
GI motility
Gastric emptying rate

Achlorhydria, diarrhea, gastrectomy,
malabsorptive syndromes, pancreatitis

Drug interactions, antacids,
anticholinergics, cholestyramine, food

Distribution Cardiac output
TBW
Lean body mass
Serum albumin
α1-Acid glycoprotein
Body fat
Altered relative tissue perfusion

CHF; dehydration; edema, ascites; hepatic
failure; malnutrition; renal failure

Drug interactions, protein binding
displacement

Metabolism Hepatic mass
Enzyme activity
Hepatic blood flow

CHF, fever, hepatic failure, malignancy,
malnutrition, thyroid disease, viral
infection or immunization

Dietary makeup, drug interactions,
insecticides, alcohol, smoking, induction
of metabolism, inhibition of metabolism

Excretion Renal blood flow
GFR
Tubular secretion
Renal mass

Hypovolemia, renal insufficiency Drug interactions

GI, gastrointestinal; TBW, total body water; CHF, congestive heart failure; GFR, glomerular filtration rate.
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Table 99-6 Adverse Drug Reactions That May Affect
Mobility of the Older Patient

Medication Class Adverse Drug Reaction

TCAs Orthostatic hypotension, tremor, cardiac
arrhythmias, sedation

Benzodiazepines and
sedative hypnotics

Sedation, weakness, coordination, confusion

Narcotic analgesics Sedation, coordination, confusion
Antipsychotics Orthostatic hypotension, sedation,

extrapyramidal effects
Antihypertensives Orthostatic hypotension
β-Adrenergic blockers Ability to respond to work load

TCAs, tricyclic antidepressants.

and quantitative alterations in drug response. The aging brain,
like the aging kidney, loses a significant number of active cells
during later life, and some brain atrophy is a common, although
not necessarily pathological, finding in older adults. Normal
aging also involves a reduction in cerebral blood flow and oxy-
gen consumption, and increased cerebrovascular resistance.47

Older adults often have cerebral blood flow rates that are as
much as 20% lower than those of younger persons.13 In addi-
tion, inhibitory and excitatory pathways in the CNS are del-
icately balanced to modulate cognitive functions and behav-
ior. With aging, there is a selective decline in some pathways
and the preservation of others. For example, cholinergic neu-
rons in the neocortex and hippocampal areas of the brain nor-
mally decrease with age. Pathological cholinergic deficits are
associated with memory loss, confusion, and other cognitive
impairments.48 Drugs with anticholinergic properties are par-
ticularly notorious for inducing mental fuzziness and confusion
in older patients. Several examples of therapeutic classes with
anticholinergic properties are listed in Table 99-7.

Table 99-7 Categories of Anticholinergic Drugs That Can
Induce Confusion in Older Patients

Therapeutic Class Examples (Brand Name)

Antispasmodic Belladonna (Generic)
Dicyclomine (Bentyl)
Propantheline (Pro-Banthine)

Antiparkinson Benztropine (Cogentin)
Trihexyphenidyl (Artane)

Antihistamine Diphenhydramine (Benadryl)
Chlorpheniramine (Chlor-Trimeton)

Antidepressant Amitriptyline (Elavil)
Imipramine (Tofranil)

Antiarrhythmic Quinidine
Disopyramide (Norpace)

Neuroleptic Thioridazine (Mellaril)
Chlorpromazine (Thorazine)

Hypnotic Hydroxyzine (Vistaril)

OTC agents Antidiarrheals
Doxylamine
Cold remedies

OTC, over the counter.

Both central and peripheral responsiveness of adrenergic
receptors decline with aging.49 Monoamine-oxidase activity
increases with normal aging, and this is reflected by a de-
cline in norepinephrine and dopamine levels in aging brains.50

The decline in CNS dopamine synthesis is associated with
increased sensitivity to dopamine blocking agents (e.g., neu-
roleptics, metoclopramide). However, β-receptor sensitivity to
both β-agonists and β-antagonists decreases, even if the num-
ber of β-receptors does not decrease in older patients.51,52 Be-
cause these neurologic and biochemical reserves are reduced
as a normal consequence of aging, iatrogenic behavioral dis-
orders are relatively common in older adults, and drugs are
one of the most common causes of sudden, unexplained men-
tal impairment in the older adult. For example, in one study,
11% of 300 patients older than 65 years of age experienced
cognitive impairment as a result of an adverse drug reaction,
and the risk increased ninefold when patients were taking four
or more prescription drugs.53

In conclusion, D.A. is susceptible to significant variations
in response to his medications and needs to be monitored care-
fully because of both pharmacokinetic and pharmacodynamic
alterations attributable to aging. His theophylline therapy, in
particular, should be evaluated.

Problems Associated With Drug Use in Older Adults
Polymedicine
Multiple medication use is the primary cause of drug-related
adverse events in the older population according to the Centers
for Disease Control and Prevention.54 Polydrug therapy thrives
under conditions in which multiple chronic diseases exist in
patients with communication problems, especially when the
physician is under pressure to be time efficient. These factors
can lead to misdiagnoses and unclear drug indications. For
these reasons, monitoring drug therapy in these patients is not
only challenging but imperative. Busy health care providers
often assign a low priority to nursing home patients in terms of
individual attention, and much of the prescribing of medica-
tions and follow-up is done by telephone. Duplicative prescrib-
ing within the same drug class often occurs, and unrecognized
drug side effects are treated with more drugs. With minimal
actual patient contact, prescribers may continue drugs in pa-
tients long after the original problem has resolved to avoid the
inconvenience of meticulous dosage adjustments and follow-
up monitoring. Careful drug regimen review is essential to
identify potentially unnecessary or inappropriate medications
and to systematically taper and discontinue these agents, with
attentive monitoring of the older person.55–57

Adverse Drug Events
An ADE includes preventable and nonpreventable events and
accounts for errors related to prescribing and administration.
The combining of several medications can also increase the
risk of clinically significant drug interactions and subsequent
ADEs in the elderly. Age per se is not an independent risk
factor for ADEs, but rather, increased risk is derived from age-
related factors (e.g., physiological changes), chronic disease
states, use of different health care providers, and inappropriate
prescribing.58

Twenty-eight percent of hospitalizations of older persons
are a result of ADEs and poor medication adherence.59
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Table 99-8 Predictors of Adverse Drug Events
� More than four prescription medications
� Length of stay in hospital longer than 14 days
� More than four active medical problems
� Admission to a general medical unit vs. a specialized geriatric ward
� History of alcohol use
� Lower mean Mini-Mental Status Examination score (confusion,

dementia)
� Twenty-four new medications added to medication regimen during

hospitalization

Adapted from references 61 and 63.

Adverse drug reactions in older patients cared for in the com-
munity may be as high as 35%.60 An estimated 32,000 hip frac-
tures, 163,000 cases of drug-induced cognitive impairment,
and 61,000 cases of neuroleptic-induced Parkinsonism occur
annually.59

ADEs can be difficult to detect in older patients because
they often present atypically and with nonspecific symptoms,
such as lethargy, confusion, lightheadedness, or falls. Never-
theless, most adverse reactions represent extensions of a drug’s
pharmacologic effect, have identifiable predictors, and are pre-
ventable (Table 99-8).61–63 Adverse drug reactions remain a
significant problem, with some experts placing the direct health
care costs for adverse drug reactions at $3.6 billion annually.64

ADVERSE DRUG REACTIONS IN OLDER PATIENTS

5. S.E., an 85-year-old woman, 5′2′′ and 102 lb, with a SrCr of
1.6 mg/dL, is admitted for chest pain, SOB, and to rule out my-
ocardial infarction (MI). Her physician is concerned about overse-
dation with narcotics and prescribes ketorolac (Toradol) 30 mg Q
6 h IV. She has a history of severe HF and angina for which she
takes lisinopril 10 mg QD, furosemide 40 mg QD, aspirin 81 mg
QD, and nitroglycerin SR 6 mg BID. The lisinopril dosage is in-
creased to 20 mg QD, and the furosemide dosage is also increased
to 40 mg BID. Her BP is 110/66 mm Hg, and her urine output
has been 20 to 30 mL/hour for 4 hours since ketorolac was initi-
ated. What risk factors are present in S.E. for drug-induced renal
problems?

[SI unit: SrCr, 141.4 mol/L]

S.E. has a number of risk factors for the development
of drug-induced acute renal failure (ARF). Angiotensin-
converting enzyme (ACE) inhibitors are indicated for HF man-
agement and improve renal function by increasing cardiac out-
put. However, they can diminish efferent arteriole glomerular
capillary filtration pressure and precipitate ARF in predisposed
patients. A 13% incidence of azotemia has been reported in
LTCF residents started on a short course of NSAID treatment.65

A low serum sodium concentration, high-dose diuretics, dia-
betes, severe HF (i.e., New York Heart Association [NYHA]
class IV), use of a long-acting ACE inhibitor, and concurrent
NSAID use are all risk factors for drug-induced ARF (see
Chapter 31). Patients with these risk factors should be moni-
tored closely when an ACE inhibitor is initiated and when the
dosage of an ACE inhibitor is increased (see Chapter 19). Renal
prostaglandins (PGE2, PGI2) increase or help maintain renal
blood flow when renal function is compromised by intrinsic

renal disease, HF, liver disease with ascites, or hypertension;
therefore, the use of a prostaglandin inhibitor such as ketorolac
places S.E. at an increased risk for ARF. Furthermore, the ke-
torolac dose is excessive for S.E. based on the recommended
maximum dose of 15 mg every 6 hours for elderly patients.66

Disease-Specific Geriatric Drug Therapy
Cardiovascular Disease in the Ambulatory Older Patient

6. T.M. is a 78-year-old woman who presents to a “brown bag”
session being sponsored by the local senior center and school of
pharmacy. She reports that recently she has begun to feel “slug-
gish” and fainted a few times. She lives at home alone on a modest,
fixed retirement income. She has a number of chronic medical
problems, including coronary artery disease (CAD), congestive
heart failure (CHF), hypertension, diabetes, and hyperlipidemia.
She visits different specialists on a sporadic basis for management
of her various disease states and takes “a lot of medications,” the
names of which she does not know. She admits to skipping her
medications periodically. T.M. usually maintains a fairly active
social life, hosting and visiting her elderly friends regularly and
attending the local seniors’ lunch social three times a week. She
is highly interested in matters relating to her health, and she of-
ten self-medicates with nonprescription medications and herbal
remedies she hears about through her peers. Because of the recent
weakness, however, she is now afraid to attend social gatherings.
Review of her “brown bag” reveals the following items: glyburide
2.5 mg BID, HCTZ 25 mg QD, propranolol 20 mg QID, niacin
500 mg TID, ASA 325 mg PRN, digoxin 0.25 mg QD, isosorbide
dinitrate (ISDN) 20 mg QID, NTG 0.4 mg SL PRN, captopril
25 mg TID, furosemide 40 mg BID, acetaminophen 500 mg PRN,
verapamil 60 mg QID, multivitamins with minerals, calcium car-
bonate 500 mg TID, hawthorn tincture 20 drops BID, ibuprofen
200 mg PRN, rosiglitazone 2 mg BID, and dandelion 10 mL BID.
She also drinks a glass of red wine with dinner and several cups of
licorice tea with breakfast and lunch. What initial steps are nec-
essary for safe and effective management of T.M.’s drug therapy?

Like many ambulatory older patients who are being treated
for multiple chronic medical conditions, T.M. is at high risk
for drug-induced problems secondary to nonadherence, med-
ication errors, inappropriate prescribing, self-medicating, and
polymedicine. She is representative of more than 9 million
older adults who live at home alone. The isolated community-
dwelling older patient is typically female, 75 years of age
or older, has multiple medical issues, and takes multiple
medications.67 Many of these individuals lack close support
and a daily routine, and may not be fully aware of the time
of day or the day of the week. Limited time awareness makes
adherence to complex medication regimens more difficult in
this population. In addition to older people like T.M., a second
high-risk group of older persons consists of those individuals
who were recently discharged from the hospital. The postdis-
charge period can be a time of confusion for these patients, who
often must cope with new drugs or replacement drugs added to
an already complex prehospitalization regimen. A summary of
the various factors contributing to nonadherence in the older
patient is presented in Table 99-9.68

T.M. needs a primary care provider to coordinate her med-
ical care and to follow-up on her new-onset “sluggishness and
fainting.” She should also be advised to establish a relation-
ship at one pharmacy that can monitor all her medications.
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Table 99-9 Factors Influencing the Inability to Comply With a
Medication Regimen

Three chronic conditions
More than five prescription medications
Twelve medication dosages per day
Medication regimen changed four times during the past 12 months
Three prescribers involved
Significant cognitive or physical impairments (e.g., memory, hearing,

vision, color discrimination, child-resistant containers)
Living alone in the community
Recently discharged from the hospital
Reliance on a caregiver
Low literacy
Medication cost
Demonstrated poor compliance history

Adapted from references 68 and 68.

Furthermore, T.M. should be counseled to discontinue alco-
hol, which can interact with several of her current medications
and worsen her conditions. Finally, assessment of the risk for
medication-related problems (MRPs) is highly recommended
by doing a drug regimen review such as with the brown bag
event, medication therapy management,69 and/or using vali-
dated tools such as a self-administered questionnaire to iden-
tify potential for MRPs.70

7. T.M. presents to the multidisciplinary geriatric care team
on the advice of pharmacists and students at the “brown bag”
session. During the pharmacy intake interview, she admits to se-
lective adherence with many medications based on how they make
her feel and their cost. Her “glass” of wine with dinner is 32 oz,
four times a week. She also reveals that she has not been taking her
furosemide and potassium supplement because she feels that they
were contributing to her “sluggishness” and fainting. She is using
hawthorne and dandelion instead. The geriatrician’s summary
of T.M.’s history and physical examination reads as follows: 78-
year-old white female, 5′6′′, 189 lb. Vital signs: BP, 168/82 mm Hg;
HR, 54 beats/minute; temperature, 98.7◦F; and respiratory rate,
18/minute. Pertinent laboratory values: SCr, 1.5 mg/dL (nl 0.6–
1.2 mg/dL); BUN, 35 mg/dL (nl 8–18 mg/dL); Na, 153 mEq/L (nl
138–145 mEq/L); K, 3.1 mEq/L (nl 3.5–5 mEq/L); Mg, 1.5 mEq/L
(nl 1.6–2.4 mEq/L); glucose, 250 mg/dL (nl 70–110 mg/dL); A1c,
9.5%, cholesterol, 259 mg/dL; low-density lipoprotein (LDL),
140 mg/dL; high-density lipoprotein (HDL), 40 mg/dL; triglyc-
erides (TG), 200 mg/dL; proteinuria; and digoxin level, 1.5 ng/mL.
Electrocardiogram showed sinus bradycardia with an old ante-
rior MI. Echo: EF 25%. Problem list: new-onset sluggishness and
fainting, chest pain/SOB on exertion, 3(+) pitting edema bilater-
ally, NYHA class II–III HF, hypertension, type 2 diabetes, obe-
sity, excessive alcohol intake, CAD, and hyperlipidemia. What
factors may be contributing to T.M.’s feeling of sluggishness and
fainting?

T.M’s sluggishness and fainting are most likely due to her
low heart rate, somewhat dehydrated state, and multiple medi-
cations that have the potential for producing weakness. Specif-
ically, digoxin 0.25 mg daily is considered a high dose for
an elderly patient who has moderate kidney compromise. A
level of 1.5 ng/mL is excessive for the CHF condition (ther-

apeutic range 0.5–1.2 ng/mL for HF); therefore, one or two
doses should be held, and then the dose should be lowered
to 0.125 mg daily. Her condition on the new dose should
be re-evaluated after about 2 weeks.71 After stabilization of
the current exacerbation, one can try discontinuing digoxin to
evaluate whether T.M. is actually benefiting from this agent.
Dizziness can result from T.M.’s use of supplements. Although
hawthorn has been approved for use by the German Commis-
sion E in NYHA class II HF, it may increase digoxin’s toxicity
and should be discontinued.72,73 Dandelion can also produce
mild diuretic, hypokalemic, and hypoglycemic effects. There-
fore, its use needs to be monitored closely.74 In addition, the
licorice tea T.M. drinks has mineral corticoid properties and
may cause blood pressure elevation, salt and water retention, as
well as low potassium levels, all of which are already present
in T.M.75 In general, elderly patients should be advised not to
self-medicate with supplements without clear indication and
cautioned against potential drug interactions with their pre-
scription medications. Furthermore, T.M. is also taking pro-
pranolol and verapamil, which may lower the heart rate and
contribute to the sluggishness. Switching propranolol to an
extended-release β-blocker should help, and verapamil can be
discontinued at this point because it may not have benefits to-
ward T.M.’s other medical problems.

HEART FAILURE

8. What is appropriate management for T.M.’s stage of HF?

HF is a common cause of morbidity and mortality in older
patients. The standard therapy for HF typically consists of
three or more medications (diuretics, β-blockers, and ACE in-
hibitors, with or without digoxin and spironolactone). Standard
use of multiple medications in the treatment of HF makes close
monitoring of drug therapy essential. T.M. has stage II–III HF.
Based on her history of an old MI and low EF, she is also in stage
B of the American College of Cardiology/American Heart
Association classification scheme. Although such a patient
is symptomatically relieved with diuretics, the recommended
therapy for stage B includes an ACE inhibitor or ARB, and
a β-blocker. Concurrent behavioral modification with weight
loss and salt restriction will also allow this medical therapy to
be more effective.76

9. What factors should be considered for the selection of a
diuretic in HF?

Two diuretics were prescribed for T.M., although she is tak-
ing only the HCTZ. Loop diuretics are generally more effec-
tive than thiazides; furosemide is also preferred in her case
because HCTZ is generally ineffective in moderate to severe
renal compromise (CrCl <30 mL/minute).77 It should be ex-
plained to T.M. that the HCTZ is duplicative in its action and
needs to be replaced with furosemide, which is the more ef-
fective diuretic in her case. It will help resolve her current HF
exacerbation and bilateral edema. Potassium supplementation
will depend on current potassium level and the potential of hy-
perkalemia with a concurrent ACE inhibitor, which T.M. will
be maintained on. Regular monitoring of SCr and potassium
is essential, and K+ supplementation should be given if nec-
essary. Elderly patients often dislike taking diuretics due to
the frequent need to urinate. In the case of T.M., she may be
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advised to take the furosemide later on during the day after her
outings when she is home.

ACE INHIBITORS AND ANGIOTENSIN RECEPTOR BLOCKERS

10. T.M. has been taking captopril 25 mg TID. Why is this an
inappropriate choice of ACE inhibitor for T.M.?

ACE inhibition is essential in the management of HF due
to its benefits in ventricular remodeling.78,79 The current ACE
inhibitor in T.M.’s regimen is captopril 25 mg TID, which is
inconvenient and may contribute to poor adherence. A more
suitable ACE inhibitor may be ramipril, initiated at 1.25 to 2.5
mg daily. Alternatively, fosinopril 5–10 mg QD may also be
desirable based on its 50% hepatic and 50% renal elimination
profile.80 So far, T.M. has not complained of any cough, so
she may tolerate a long-acting ACE inhibitor such as ramipril
or fosinopril. However, if an intolerable cough develops or if
she does not respond to an ACE inhibitor, then an ARB such
as candesartan can be substituted and initiated at 4 mg daily
and titrated up as needed. Recent studies have also supported
the addition of an ARB to ACE inhibitor therapy based on a
lower mortality and hospitalization rate compared to an ACE
inhibitor alone.81

β-BLOCKERS

11. T.M. is being treated with propranolol 20 mg QID. Why is
this an inappropriate choice of β-blocker for T.M.?

The β-blockers carvedilol, metoprolol, and bisoprolol have
been proven to reduce morbidity and mortality in patients with
HF.82–84 One of these agents should be considered in patients
with HF, unless the patient is in stage IV CHF, where there
is no evidence of benefits. In T.M.’s case, propranolol should
be discontinued for several reasons. It is probably contribut-
ing to her feeling of sluggishness because it is a nonselective
β-blocker; she may also be taking it inconsistently due to the
four-times-daily regimen. Extended-release forms of metopro-
lol (Toprol XL 25 mg daily)85 and carvedilol (Coreg CR 10 mg
daily) that require only one daily dose are available.86 An ap-
propriate β-blocker should be substituted for propranolol and
initiated when her current exacerbation of HF has resolved.

CORONARY HEART DISEASE/HYPERLIPIDEMIA

12. T.M. does not take her niacin because she experienced un-
bearable facial flushing. Despite her history of MI, she does not
believe that cholesterol and “heart disease” are major health con-
cerns for her because she is a woman. Is it important to man-
age cholesterol in an elderly woman with coronary heart disease
(CHD)? Are women older than age 65 at greater, lower, or equal
risk of death due to CHD compared with their male counterparts?

Elevated cholesterol levels have been shown to increase the
risk for CHD in older adults.87 This increased risk is statisti-
cally significant, even after adjusting for indicators of frailty
and poor health.80 Furthermore, CHD is the number one cause
of death in women older than age 65.88 Serum total cholesterol
levels >240 mg/dL are present in 42% of women older than
65 years of age compared with just 25% of men older than
65 years of age.89 After age 65, the mortality from CHD is
equal in men and women.90 T.M. has a history of MI with
multiple CHD risks and risk equivalents; therefore, her LDL
goal should be <100 mg/dL with a more aggressive option of

<70 mg/dL. The American Diabetes Association (ADA) has
also recommended that the TG goal for a patient with diabetes
be <150 mg/dL.91 Therefore, T.M. needs to be aggressively
treated to lower her LDL and TG levels in light of her risk
category, which confers a 10-year CHD risk of >20%.87,91

13. What is an optimal therapeutic plan for management of
T.M.’s hyperlipidemia?

T.M.’s treatment plan should begin with lifestyle and di-
etary modifications. However, her history of MI places her at
extremely high risk, so she should be started with aggressive
lipid-lowering therapy. Statins are the drugs of choice for low-
ering LDL and should also be considered in the elderly popula-
tion as they are effective and well tolerated. An adequate dose
of a statin is able to lower the LDL up to 60% and the TG up
to 35%.89 Monotherapy with statins, therefore, should be ade-
quate to bring her LDL and TG to target levels. Clinicians will
need to titrate up to effective dosages with effective education
and monitoring of liver function. Elderly patients are likely to
be nonadherent due to the fear of myopathy and rhabdomyoly-
sis, and counseling needs to be done to validate the fear, as well
as the relatively low risk, of these adverse effects.90 If combina-
tion therapy is indicated, then addition of niacin is reasonable
because it may also raise the HDL level. The strategy of taking
an aspirin (indicated for her CAD and diabetes mellitus [DM])
half an hour before taking the niacin may prevent the flushing
syndrome. Fibrates or the cholesterol absorption inhibitor eze-
timibe can also be combined with statins to further reduce the
levels of LDL and TG, if necessary. Discontinuation of alcohol
would be beneficial because it can increase triglycerides by as
much as 50%.92

14. What other interventions should be implemented to opti-
mize management of T.M.’s CAD?

Any strategy to optimize her CAD management should take
into consideration her functional status, comorbidities, and
risks versus benefits. T.M. is still experiencing anginal pain
on her current regimen, possibly due to her inability to adhere
to the four-times-daily regimen of ISDN. A once daily long-
acting nitrate preparation (ISMN) may be better suited for her,
with sublingual NTG available as needed. Calcium channel
blockers such as verapamil, like nitrates, may relieve angi-
nal symptoms but have not been shown to improve survival.93

Therefore, verapamil may be discontinued. However, the other
mainstays of angina therapy, aspirin and β-blockers, have
proven to increase survival in patients with CHD and should
be considered because aspirin is also indicated for MI pre-
vention and β-blockers may be beneficial for CHF. To prevent
further endothelial injury from the atherosclerosis that leads to
plaque rupture, statins are indicated as described previously.
Interestingly, ACE inhibitors (ramipril) have also been shown
to reduce mortality and improve secondary prevention of CAD,
particularly in the age group 65 years or older.94

HYPERTENSION

15. T.M. has uncontrolled hypertension. How should this be
managed in light of her advanced age?

T.M.’s blood pressure is well above the goal of <130/
80 mm Hg for diabetic patients as set forth by the ADA
and the Seventh Report of the Joint National Committee on
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Prevention, Detection, Evaluation, and Treatment of High
Blood Pressure (JNC VII).91,95 Hypertension is present in more
than two-thirds of individuals older than 65 years of age. De-
spite having the highest prevalence of hypertension, this popu-
lation is the least likely to have their blood pressures adequately
treated and controlled.96 Treatment of elderly patients, such as
T.M., should be based on the same guidelines published for
the general care of hypertension. Standard doses of antihy-
pertensive drugs and multiple-drug therapy are needed in the
majority of older patients. However, in many of these patients,
lower initial doses are needed to minimize the risk of adverse
effects such as postural hypotension. T.M. is taking furosemide,
propranolol, isosorbide dinitrate, captopril, and verapamil, all
of which have hypotensive effects. T.M. is also a patient with
compelling indications as defined by JNC VII, such as DM,
HF, and CAD. In such a patient, the use of a diuretic, ACE
inhibitor or ARB, and/or β-blocker in appropriate combina-
tion may improve morbidity and mortality outcomes. Although
adequate dosing and combination therapy are essential in
achieving blood pressure control in the elderly population,
close monitoring is also necessary. With moderate doses of
diuretics, potential of hypokalemia and insulin resistance re-
quire frequent monitoring of potassium and glucose status. The
use of ACE inhibitors or ARBs, however, raises the risk of hy-
perkalemia and renal failure. β-blockers, although indicated
for earlier stages of CHF and high coronary risk associated
with DM and HTN, are not generally desired due to multiple
undesired effects, such as reduced insulin sensitivity, erectile
dysfunction, depression, and lack of energy, all of which are
more likely in an elderly patient. Therefore, it is recommended
for T.M. that adequate doses of furosemide, benazepril, or can-
desartan with close monitoring be the main therapeutic ap-
proaches for her hypertension. Extended- or controlled-release
formulations of metoprolol and carvedilol may be considered if
deemed beneficial for CHF and if tolerated. Verapamil should
be reserved as second-line treatment in this patient due to a
lack of benefit in CHF.95

Diabetes in the Elderly

16. T.M. reports that she frequently feels light headed and
shaky after she takes the glyburide. She admits to not taking gly-
buride regularly because it also causes fast heartbeats. What is an
optimal therapeutic plan for the management of T.M.’s diabetes?

Comprehensive diabetes education needs to be initiated,
stressing the importance of weight loss, self-monitoring of
blood glucose, alcohol abstinence, and medication adherence.
A 5% to 10% weight loss will improve her glucose control
and cardiovascular status.91 T.M.’s alcohol consumption and
self-reported erratic meal schedule may be contributing to the
hypoglycemia (in addition to the glyburide), as well as to the
worsening of her HTN and CHF. The daily allowance of alcohol
recommended is 1.5 oz of distilled alcohol for men and women,
respectively. In T.M.’s case, this would be one small glass of
wine (3–4 oz).92 Glyburide is also a long-acting sulfonylurea
and is associated with severe hypoglycemia more commonly
than other sulfonylureas due to its active metabolites. In gen-
eral, the elderly are more susceptible, even at low doses, to hy-
poglycemia. The incidence of hypoglycemia in the elderly pop-
ulation is high, and symptoms may be unrecognized.97 Among
the second-generation sulfonylureas, glipizide or glimepiride

are better choices. Alternatively, T.M. could be treated with a
meglitinide, such as repaglinide, which does not require dose
adjustment in elderly patients. Use of a meglitinide also allows
for a more flexible meal pattern because it is taken with each
meal and can be skipped if a meal is skipped. Any new dia-
betes medication should be initiated in low doses and gradually
titrated upward to avoid hypoglycemic episodes and to achieve
glycemic goals in accordance with ADA guidelines.91 Current
treatment algorithm states that metformin with lifestyle mod-
ification is the initial management approach. However, met-
formin is contraindicated in T.M. due to SCr >1.4 mg/dL.
When metformin is contraindicated, glitazones, sulfonylureas,
and/or basal insulin can be used to achieve a hemoglobin A1c
goal of <7%. Because the glitazones are also contraindicated
in T.M. due to CHF, a combination of repaglinide plus basal in-
sulin is reasonable to bring her diabetes under control. Recent
new incretin mimetics may work to prevent progressive β-cell
exhaustion and insulin deficiency, and should be considered
early on during the disease state. Both exenatide (glucagon like
peptide analog) and sitagliptin (dipeptidyl peptidase inhibitor)
do not promote hypoglycemia: exenatide has the advantage of
inducing weight loss, and the dosage of sitagliptin may have
to be adjusted when CrCl <50 mL/minute.98,99 In general,
the priority of diabetes management in the elderly population
should be on reduction of cardiovascular risks with strict con-
trol of blood pressure and lipids in addition to avoidance of
hypoglycemia events. Therefore, an A1c goal of <8% may
be acceptable in some elderly patients who are prone to have
hypoglycemia.100 Comprehensive screening of diabetic com-
plications should be done routinely to decrease morbidity and
mortablity.91

Depression and the Older Patient
Significant depression is the most common mental illness
among older adults, occurring in about 15%; it is a source
of significant morbidity and mortality in this population.101

Unfortunately, depression remains underrecognized and un-
dertreated, even though it is a major risk factor for suicide in
the elderly, who have a suicide rate that is more than five times
the national average.102,103 Older patients may be at increased
risk of depression due to the high prevalence of comorbid med-
ical conditions (i.e., stroke, cancer, MI, rheumatoid arthritis,
dementia, Parkinson disease, DM).104 Refer to Chapter 79 for
further discussion of risk factors for depression and potential
drug-induced causes. Most patients are treated in the primary
care setting.103

17. J.W. is a married, 5′8′′, 110-lb, 79-year-old woman who
presents for a psychiatric evaluation. Her husband says she just
has not been herself lately. The changes in J.W. began on a family
vacation 6 months earlier when she got lost on the cruise ship.
Since that incident, she has become increasingly anxious and
has developed insomnia. Although she does not feel sad or “de-
pressed,” she generally does not feel well. J.W.’s normally positive
attitude toward life has become pessimistic. Her husband con-
firms that she has become more forgetful and no longer enjoys
eating. In fact, she has lost 18 lb over the past 2 months. J.W.
no longer does her volunteer work at the local children’s center.
She says she wants to die because she is no longer the person she
used to be, but she denies having any specific suicidal thoughts.
Her medical history is significant for diabetes and hypertension,
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which are both well controlled on glipizide 5 mg QAM and HCTZ
25 mg QD. Her medical evaluation and physical examination are
unremarkable. Laboratory results and head CT scan are within
normal limits. J.W. is diagnosed as having a major depressive
episode. What symptoms of depression are present in J.W.?

J.W.’s presenting symptoms are quite typical of major de-
pression in an older patient, which is commonly quite different
than that of younger depressed patients. Criteria set forth in
the Diagnostic and Statistical Manual of Mental Disorders,
Fourth Edition, for diagnosing depression were developed us-
ing younger subjects and may not be applicable to the older
depressed patient.105,106 Older patients are less likely to report
suicidal thoughts, but are more likely to experience weight loss
as a symptom of depression. Anxiety, irritability, somatic com-
plains, or a change in functional ability may be more significant
features in late-life depression than depressed mood. Memory
problems, such as J.W.’s forgetfulness, may be due to a lack
of concentration or effort stemming from her depression. This
is distinct from dementia, which manifests itself prominently
with impairment in short- and long-term memory (see Chapter
100). Therefore, depressed mood cannot be relied on for deter-
mining whether an older patient has a depressive disorder.102

Table 99-10 lists atypical depressive symptoms that may be
found in older adults. The presence of any one of these symp-
toms should be considered a red flag and should prompt further
evaluation for major depression.

18. J.W.’s physician decides to prescribe antidepressive medica-
tion. Which antidepressants are preferred for use in older adults?

Selection of an antidepressant drug for elderly patients must
take into consideration age-related changes in pharmacoki-
netic, pharmacodynamic, and physiological parameters that
make this population more vulnerable to adverse effects. Al-
though the available antidepressants are about equally effec-
tive, selective serotonin reuptake inhibitors (SSRIs) are better
tolerated than older agents, such as the tricyclic antidepres-
sants. Therefore, low-dose SSRIs should be considered first-
line therapy for most older patients. Of course, this does not
preclude the use of sound clinical judgment that incorporates
the patient’s history of response, comorbidities, and the drug’s
side effect profile. J.W. should start taking a low-dose SSRI
with gradual dose titration to achieve control of her depressive

Table 99-10 Atypical Depressive Symptoms in the
Older Adult

Agitation/anxiety/worrying
Reduced initiative and problem-solving capacities
Alcohol or substance abuse
Paranoia
Obsessions and compulsions
Irritability
Somatic complaints
Excessive guilt
Marital discord
Social withdrawal
Cognitive impairment
Deterioration in self-care

Adapted from reference 102.

Table 99-11 Antidepressant Dosing in Older Adults

Initial Dosage Maximum Dosage

Citalopram HBr 10 mg QD 40 mg QD
Escitalopram Oxalate 5 mg QD 20 mg QD
Fluoxetine HCL 5 mg QD 40 mg QD
Fluvoxamine 25 mg QHS 200 mg QHS
Paroxetine HCL 10 mg QD 40 mg QD
Sertraline HCL 25 mg QD 150 mg QD
Mirtazapine 7.5 mg QD 45 mg QD
Bupropion 37.5 mg BID 75 mg BID
Duloxetine 20 mg QD 40 mg QD
Venlafaxine 25 mg BID N/A

symptoms. Table 99-11 lists recommended starting doses for
antidepressants in older patients. Full antidepressant response
may take twice as long in older patients compared with younger
patients; it may take 8 to 12 weeks before assessment of J.W.’s
full response can be made.107

Asthma and Chronic Obstructive Pulmonary Disease in the Elderly
Epidemiologic studies estimate the prevalence of asthma in
the elderly to be between 6.5% and 17% and even higher for
COPD.108,109 Although many patients have a history of child-
hood asthma that persists into adulthood, a significant propor-
tion (up to 48%) are diagnosed with asthma after age 65.110

Rates of hospitalization for asthma are highest in the older pop-
ulation, and asthma-related mortality for adults age 65 to 74
years is higher compared with younger adults, possibly due to
underdiagnosis and undertreatment of the disease.111 Symp-
toms of asthma, including wheezing, cough, chest tightness,
and dyspnea are similar in both older and younger patients
(see Chapter 23). However, because the elderly are more likely
to have coexisting medical conditions (e.g., HF, angina, COPD,
gastroesophageal reflux disease [GERD]) with symptoms that
mimic asthma, accurate diagnosis and assessment of severity
is often more difficult.113

COPD is a lung disease caused by chronic bronchitis and/or
emphysema seen largely in those older than 65 years. This
chronic condition is a major cause of morbidity and mortality
in the older population,112,113 but it is often undiagnosed be-
cause patients tend to accept worsening pulmonary function
as part of the “normal” aging process or may be less aware of
the symptoms of airflow obstruction.114,115 Drug therapy for
COPD in the elderly does not differ significantly from stan-
dard management regimens (see Chapter 24). However, older
patients with pulmonary disease and coexisting medical prob-
lems may be more sensitive to the adverse effects of pharma-
cologic agents.

19. J.C., a 67-year-old woman, 5′6′′, 145 lb, presents to the ED
with complaints of SOB for the past 2 days. She was in her usual
state of health until 4 days ago when she developed flulike symp-
toms consisting of fever, cough, and mild wheezing. J.C. has a his-
tory of asthma, diabetes, hypertension, headache, and GERD. Her
current medications include glipizide 5 mg QD, lisinopril 10 mg
QD, metoprolol 50 mg BID, lansoprazole 30 mg QD, ibuprofen
200 mg Q 6 h PRN for headache, albuterol metered-dose inhaler
(MDI) 2 puffs QID PRN for SOB, and fluticasone (44 g) MDI
2 puffs BID. Her drug regimen has been unchanged for the past
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2 years, and she reports taking all medications as prescribed. The
only recent change has been the need for albuterol every 3 to 4
hours for coughing and wheezing over the past few days. What
factors (including medications) may have contributed to her acute
asthma exacerbation?

Management of acute asthma exacerbations in previously
stable elderly asthmatics should begin with a review of the
medication history for asthma-inducing agents. Aspirin and
other NSAIDs are known to induce acute bronchoconstric-
tion in approximately 3% to 5% of adult asthmatics.116 J.C.
should be queried about her previous (especially recent) use of
ibuprofen in relation to her asthma symptoms. If she reports
worsening of her asthma following ingestion of ibuprofen, fur-
ther use of aspirin and NSAIDs should be avoided. Alterna-
tive agents for pain control include acetaminophen or selective
cyclo-oxygenase (COX)-2 inhibitors (e.g., celecoxib). Non-
selective β-blockers, including topical ophthalmic formula-
tions, can precipitate acute bronchoconstriction and should be
avoided in patients with reactive airway disease. Although car-
dioselective β-blockers are generally considered safe for use in
patients with asthma, it is important to recognize that cardiose-
lectivity may be lost with higher dosages. Because J.C. has been
taking low-dose metoprolol (a cardioselective agent) for years
without problem, this medication is unlikely to be contributing
to her current asthma exacerbation. One of the most impor-
tant triggers for asthma exacerbations is respiratory infection
(particularly viral). J.C. reports the recent onset of symptoms
consistent with influenza, and this is likely precipitating her
current pulmonary symptoms. As a future prophylactic mea-
sure, J.C. should be counseled to receive the influenza vaccine
annually. In addition, because she is older than 65 years, she
should receive a one-time pneumococcal vaccine to reduce the
risk of developing pneumococcal pneumonia.

20. Are the medication regimens used to treat asthma in elderly
patients different from those used in children and younger adults?
Should J.C.’s asthma regimen be changed?

Medications used in the management of persistent form of
asthma in the elderly are similar to those used in younger pa-
tients and consist of bronchodilators in combination with anti-
inflammatory agents (see Chapter 23). The primary difference
relates to drug selection and monitoring, which may be more
complicated in the elderly because of the greater likelihood
of coexisting medical conditions and increased potential for
drug–disease and drug–drug interactions.

Inhaled β2-agonists are an important class of drugs used
to treat asthma in all age groups. The low incidence of drug
interactions and reduced side effect profile make inhaled β2-
agonists ideal for use in the older asthmatics. However, both
inhaled and oral β2-agonists can cause dose-dependent sys-
temic side effects, such as tremor, tachycardia, hypokalemia,
and arrhythmias, which are of particular concern in patients
with cardiac conditions.117 Inhaled corticosteroids are the pre-
ferred treatment for all forms of persistent asthma and, in gen-
eral, are well tolerated by older patients. However, elderly pa-
tients receiving high dose therapy are at an increased risk for
osteoporosis, cataracts, skin thinning, and bruising.118 In addi-
tion to the well-known complications associated with systemic
corticosteroid use (see Chapter 44), these agents can acutely
cause confusion, agitation, and hyperglycemia. Theophylline

should be used with caution in the elderly because of the po-
tential for CNS stimulation, nausea, vomiting, and, in higher
doses, arrhythmias and seizures.

J.C. is currently maintained on low doses of an inhaled
corticosteroid (fluticasone) in combination with a short-acting
β2-agonist (albuterol), and this is an appropriate regimen for
a patient with mild-persistent asthma. J.C.’s asthma control
should be re-evaluated within the next 3 months. If her asthma
symptoms are not well controlled, she may benefit from an in-
crease in her fluticasone dose or the addition of a long-acting
inhaled β2-agonist (salmeterol or formoterol). Because J.C. is
postmenopausal, she is at risk for osteoporosis; calcium and
vitamin D supplementation should be initiated.

21. J.C. was admitted to the hospital and given intravenous
methylprednisolone for 4 days. She is discharged home with glip-
izide 5 mg QD, lisinopril 20 mg QD, fluticasone HFA (44 g) 2 puffs
BID, albuterol 2 to 4 puffs Q 4 hours PRN, and prednisone 40 mg
QD 7 days. What are some of the important counseling points for
J.C. regarding her discharge medications?

Appropriate use of MDIs is difficult for most patients, but
may be particularly problematic in the elderly population be-
cause of decreased hand strength or arthritis, difficulty timing
actuation to inhalation, or impaired mental function. The use
of spacer/holding chamber devices can alleviate this problem
by minimizing the coordination necessary for proper use of
an MDI, resulting in improved pulmonary drug delivery. In
addition, spacers may reduce the incidence of systemic and
local (cough, hoarseness, thrush) side effects associated with
inhaled corticosteroids. J.C. should be discharged with a spacer
device to use with her albuterol and fluticasone MDIs. Even
though J.C. previously used an MDI, she should be asked to
demonstrate her MDI technique and reinstructed, if necessary,
to ensure she is using the inhaler and spacer correctly. If J.C. is
unable to correctly use her MDIs with a spacer, use of nebulized
solutions, breath-activated inhalers, or dry-powdered delivery
devices should be considered. Although J.C. is prescribed pred-
nisone for a short course, counseling for J.C. should also in-
clude more frequent monitoring of blood glucose while she is
taking systemic corticosteroid therapy because of her diabetes.

Infectious Diseases in the Elderly
Infections are among the most common problems in the el-
derly and are a significant cause of morbidity and mortality.
Infections are also one of the most frequent reasons for hospi-
talization of older ambulatory persons.119 Antibiotic therapy
for an infection in the elderly is often delayed because they
present with atypical signs and symptoms. The older popula-
tion is also more likely to have polymicrobial infections than
younger people, and treatment duration is usually longer be-
cause of other comorbidities present in this population.120

PNEUMONIA

22. Three days after J.C. is discharged from the hospital, she
presents again to the ED. This time, she is accompanied by a
neighbor who noted that J.C. suddenly became forgetful and con-
fused and continued to have difficulty breathing. Her neighbor
reports that J.C. has been staying in bed the past 2 days and has
not eaten much. J.C. has a low-grade fever, and chest examina-
tion reveals faint breath sounds with light crackling rales over
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her right lung base. A chest radiograph confirms the diagnosis
of pneumonia. How is J.C.’s clinical presentation consistent with
community-acquired pneumonia in the elderly? How should she
be treated for her respiratory infection?

Pneumonia is the leading infectious cause of mortality in the
elderly, who have a 5- to 10-fold increased risk of developing
pneumonia compared with younger adults.121 Most patients
admitted to hospital for the treatment of community-acquired
pneumonia (CAP) are elderly.122 Risk factors for CAP in the
elderly include alcoholism and asthma, but other medical con-
ditions common in older population, such as dementia, CHF,
cerebrovascular disease, and chronic obstructive lung disease,
can also increase the risk of pneumonia in this population.123

Streptococcus pneumoniae, the most common cause of CAP
in the elderly, is responsible for up to 50% of cases.124–126

Viral pneumonia is the second most common cause of lower
respiratory infection in older ambulatory patients. Respiratory
symptoms and fever are often subtle or absent in older pa-
tients with pneumonia; instead, like J.C. they may present only
with altered mental status (delirium, acute confusion, mem-
ory problems) or a decline in functional status. Delirium or
acute confusion is a common presentation in elderly patients
who may have new-onset lower respiratory infection. In many
cases, management of pneumonia in the elderly requires hos-
pitalization because they are at greater risk for mortality and
complications. Early empiric antibacterial therapy is particu-
larly important for older patients with pneumonia (see Chapter
60). J.C. should be hospitalized again and treated aggressively
for pneumonia with broad-spectrum IV antibiotics.

PREVENTION

23. After 7 days of hospitalization, J.C. is discharged home with
an oral antibiotic to finish the 14-day course of therapy. What
preventive measures are available to J.C. after she is discharged?

Both influenza and pneumococcal vaccinations are bene-
ficial in the prevention of pneumonia in the older popula-
tion.127,128 Among the elderly residents of nursing homes,
influenza vaccine was found to be up to 60% effective in pre-
venting pneumonia and hospitalization, and it was up to 70%
effective in preventing hospitalization of ambulatory older
adults. Among the respiratory viruses, influenza virus causes
the greatest morbidity and mortality.129 Influenza virus dam-
ages respiratory epithelial cells, decreases cell-mediated im-
munity, and exacerbates or worsens many chronic underlying
medical conditions common to the older population. A yearly
influenza vaccine is therefore recommended for all persons age
65 years and older. Amantadine, rimantadine, or oseltamivir
are effective for the early treatment of influenza and for pro-
phylaxis against influenza. Unlike oseltamivir, which is active
versus both influenza A and B, amantadine and rimantadine are
only active versus influenza A. If amantadine or rimantadine
are selected, they should be given at a reduced dose of 100
mg orally per day in older patients; the dose of amantadine
should be further reduced in patients with renal impairment
to avoid CNS adverse effects. Although the previous agents
are effective in the prevention of influenza, vaccination should
be the primary prophylactic intervention. The pneumococcal
vaccine has been shown to be up to 80% effective in prevent-
ing pneumococcal bacteremia in those older than 65 years of
age,130 although the reduction in the risk of pneumonia with

pneumococcal vaccine is questionable.131 Pneumococcal vac-
cine is nonetheless recommended in all adults age 65 and older
to prevent bacteremia. Pneumococcal vaccination is generally
given one time; if the vaccination was administered before the
age of 65, however, another pneumococcal vaccine should be
given. J.C. should be offered both influenza and pneumococcal
vaccines after she is discharged from the hospital.

URINARY TRACT INFECTION

24. A.H. is a 72-year-old Hispanic woman who is currently
wheelchair-bound because of pain in her right hip. Her grand-
daughter brings A.H. to the geriatric clinic because she has re-
cently developed urinary incontinence. Her granddaughter re-
ports that A.H. has been feeling weak the past 2 days and fell while
getting out of the wheelchair. A urinalysis indicates the presence
of a urinary tract infection (UTI), and A.H. is prescribed a 7-day
course of ciprofloxacin 500 mg PO BID. Is this therapy appropri-
ate?

UTI is the most common bacterial infection in the elderly.132

The frequency of bacteriuria in ambulatory older adults is 10%
to 30% in women and 5% to 10% in men. These figures are even
higher in elderly people residing in LTCFs. Impaired voiding
with residual urine in older women and obstructive uropathy
from prostatic disease in older men predispose them to bac-
teriuria. The severity of UTI in the older population ranges
from mild cystitis to life-threatening urosepsis; both are more
difficult to treat because of resistant organisms and age-related
decreases in host defenses. The majority of UTIs in the older
population do not present typically, but there are often nonspe-
cific manifestations such as decline in functional status, cogni-
tive impairment, weakness, falls, and urinary incontinence.133

A.H.’s presentation (weakness, urinary incontinence, and a re-
cent fall) is consistent with this pattern. As with most UTIs,
those in the elderly are caused primarily by Escherichia coli.
However, other species of bacteria such as Klebsiella sp., Pro-
teus sp., and Enterococcus sp. are also frequently involved (see
Chapter 64).134

Oral antibiotics are appropriate for most elderly patients
with symptomatic UTI.135 One study suggests that fluoro-
quinolones are significantly better tolerated than trimethoprim-
sulfamethoxazole for the treatment of UTI in elderly
women.136 There was better clinical resolution at the end of the
therapy, and the incidence of drug-related adverse events was
significantly lower in women treated with a fluoroquinolone.
This study suggests that a fluoroquinolone may be the preferred
agent for a broad range of UTIs in the elderly and should be
considered as initial therapy in the majority of the older pop-
ulation. Ciprofloxacin is a reasonable choice for A.H. because
E. coli is the most likely causative agent and fluoroquinolones
are well tolerated in the elderly.

The most important effect of age on antibiotic therapy for
UTI is impaired renal function. Many older patients have lim-
ited renal function reserve due to prostatic disease or chronic
UTIs.137 Nitrofurantoin should not be used in those patients
with significantly impaired renal function due to increased risk
of peripheral neuropathy and acute pneumonitis, which may
occur more frequently in geriatric patients. For those patients
requiring IV therapy for UTI, aminoglycosides pose a distinct
disadvantage in older patients due to their drug-related nephro-
toxicity and the need for serum drug–level monitoring.137
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Osteoarthritis Pain
Arthritis is the most common cause of disability in people
older than 75 years of age, with prevalence rates up to 30%.138

It is also the most common cause of immobility in the older
population, resulting in confinement in bed or to the house. Os-
teoarthritis, also called degenerative joint disease, is the most
common type of joint disease in the older population. Its preva-
lence increases with age. Nonpharmacologic management of
osteoarthritis, such as physical therapy and occupational ther-
apy, have been shown to decrease pain and improve function in
patients with osteoarthritis, both alone or in combination with
appropriate analgesics.139

25. C.W., a 71-year-old retired school teacher, has been suf-
fering from osteoarthritis of his hands for 5 years. He is an ac-
tive older adult who enjoys volunteer work at the local hospital.
He presents to the geriatric clinic with increased arthritis pain,
which is uncontrolled by his current pain medication. He also
complains of increased heartburn and gastric reflux symptoms.
He also takes several other medications for his diabetes, hyper-
tension, hypercholesterolemia, and GERD. C.W.’s current medi-
cations include glipizide 10 mg QD, verapamil sustained-released
240 mg QD, atorvastatin 10 mg QD, famotidine 20 mg BID, do-
cusate sodium 100 mg BID, and ibuprofen 200 mg QID PRN.
What modifications can be made to his drug regimen to better con-
trol his arthritis pain and minimize side effects from his pain medi-
cation?

Acetaminophen is the drug of choice for mild to moderate
arthritis pain (see Chapter 43). For elderly patients with re-
duced hepatic function or for those who drink more than two
alcoholic beverages a day, the recommended maximum daily
dose is 2.5 g/day.139 Acetaminophen is preferred over NSAIDs
in the elderly because of its low renal and GI toxicity. C.W.’s
past medication history should be reviewed. If he has not tried
acetaminophen in the past for his arthritis pain, acetaminophen
1 g TID should be initiated. Older patients suffering from os-
teoarthritis pain often find relief from NSAIDs, which should
be used with caution because of their potential GI side ef-
fects and renal toxicity. In a group of UK population age 65
or older, for example, the risk of GI complications was found
to be 4.03 per 1,000 patient-years, compared to 1.36 for all
individuals 25 or older.140 Up to 2% of older persons main-
tained on NSAID therapy are hospitalized due to serious GI
complications, and up to 30% of all peptic ulcer–related hos-
pital admissions and mortality in those older than 65 years are
associated with chronic NSAID use. NSAID-associated renal
toxicity is not as common as GI toxicity, but advanced age is
one of the major risk factors.140 Renal toxicities of NSAIDs in
the elderly include sodium and water retention and increased
risk for hypertension.141 Thus, ibuprofen may be contributing
to C.W.’s increased GERD symptoms and to his hypertension.
Nonacetylated salicylates, such as salsalate, can be used if ac-
etaminophen does not provide adequate pain relief. Compared
to NSAIDs, nonacetylated salicylates have fewer renal and GI
side effects. Currently available selective COX-2 inhibitor cele-
coxib is preferred in older patients because it is less likely to
cause GI side effects than nonselective agents; however, the risk
of adverse renal events is equivalent.141 A COX-2 inhibitor or
an addition of more potent gastroprotective agent such as a
proton pump inhibitor to ibuprofen are options for C.W., who

may experience reduced GI symptoms with equally effective
pain relief.

26. C.W. reveals that he has tried acetaminophen without much
relief of his pain. He is prescribed celecoxib and tries it for several
months, but his pain continues and he is still experiencing GI
distress. What other pain medication options does C.W. have?

For moderate to severe chronic pain due to osteoarthritis,
the topical analgesic, capsaicin, has been shown to provide
temporary pain relief. However, capsaicin requires multiple
daily applications for effective management of pain, and opti-
mal efficacy takes 4 to 6 weeks of continued use. Glucosamine
and chondroitin have also been shown to decrease osteoarthri-
tis pain and delay progression of the disease.142 Glucosamine
1,500 mg combined with 1,200 mg chondroitin daily is recom-
mended and is well tolerated by most elderly patients. However,
glucosamine might increase the insulin resistance in diabetic
patients, and C.W. should be counseled to monitor his blood
glucose more closely when initiating this agent.

Another option for C.W. is a long-acting opioid medica-
tion combined with acetaminophen, which can provide relief
from pain with minimal side effects (see Chapter 9). Codeine
and tramadol are “weak” opioids that have ceiling effects
and generally do not provide adequate analgesia. The use of
propoxyphene should be avoided in the elderly because of its
limited efficacy and the risk for neural and cardiac toxicity.143

Meperidine should also be avoided in older adults because
of its high potential for CNS side effects, especially in those
with reduced renal function. C.W. is a candidate for opioid
therapy. He should be started on the lowest dose of a short-
acting formulation on a scheduled regimen and counseled on
the side effects. Constipation may be a particular problem be-
cause he is also taking verapamil, which can also cause sig-
nificant constipation. The elderly are also at increased risk
for constipation due to age-related reduced bowel motility. To
prevent opioid-associated constipation in C.W., prophylactic
laxatives and stool softeners should be started at the initiation
of opioid therapy. Bulk laxatives are ineffective and should be
avoided. He should be counseled to drink adequate fluids as
well.143

Rehabilitative Geriatric Medicine
The geriatric population forms a major part of rehabilitative
medicine. Relative to persons younger than 65 years of age,
people 65 and older have more than twice as much disabil-
ity, four times the activity limitation, and about twice as many
hospital stays lasting about 50% longer.144 The goal of all reha-
bilitation programs is to develop a person to the fullest physical,
psychological, social, vocational, avocational, and educational
potential consistent with his or her physiological, anatomi-
cal, and environmental limitations. Realistic goals based on
functional activities that are essential to the independence and
well-being of the individual should be established. The patient,
family, and interdisciplinary rehabilitation team should work
together to establish these goals. In the older person, rehabili-
tation often means working to obtain optimal function, despite
residual disability caused by an irreversible medical condition.
Rehabilitation can take place in the home, hospital, or nursing
home setting.
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Functional Assessment
Meticulous clinical evaluation of the patient’s medical and
functional status is the first step in a rehabilitation program.145

The functional status evaluation should include an assessment
of age, gender, and environment-appropriate activities of daily
living (ADLs). According to the National Center for Health
Statistics, more than 25% of noninstitutionalized persons at
least 65 years of age are unable to perform one or more ADLs
due to chronic health condition.146 ADLs include dressing,
eating, bathing, grooming, using the toilet, and moving around
within the home. Instrumental activities of daily living (IADLs)
are other activities that determine an individual’s functional in-
dependence. IADLs include food preparation, laundry, house-
keeping, shopping, the ability to use the telephone, use of trans-
portation, medication use, financial management, and child
care, if appropriate. Leisure and recreational activities impor-
tant to a person’s physical and psychological well-being can
also be considered IADLs. A disability or dysfunction is de-
fined as any deviation from the normal or characteristic ability
of a person to perform tasks of living. Impairments are de-
fined as abnormalities in organs or body systems that can lead
to dysfunction. When the inability to perform tasks results in
social disadvantage, the condition is viewed as a handicap.147

Pharmacists’ Role in Geriatric Rehabilitation

27. B.L., a 5′10′′, 180-lb, 78 year-old man, experienced an em-
bolic stroke 7 days before transfer to the rehabilitation unit. His
medical history is significant for atrial fibrillation and GERD.
Medications at the time of transfer are digoxin 0.25 mg QD, war-
farin 5 mg QD except 2.5 mg on Monday/Thursday, ranitidine
150 mg BID, metoclopramide 10 mg QID, metoprolol 50 mg BID,
and milk of magnesia PRN for constipation. His laboratory values
are as follows: Na, 135 mEq/L; K, 4.2 mEq/L; SCr, 1.5 mg/dL;
BUN, 23 mg/dL; and digoxin level, 1.2 ng/mL. His vital signs
are BP, 110/70 mm Hg; HR, 60 beats/minute; and temperature,
98.4◦F. What is the pharmacist’s role in the initial evaluation of
B.L.?

[SI units: Na 135 mmol/L; K 4.2 mmol/L; SrCr 132.6 mmol/L; BUN 8.2

mmol/L]

An interdisciplinary “geriatric assessment” team is essen-
tial to accomplishing a comprehensive functional evaluation
of the rehabilitation patient. These teams, including a pharma-
cist member as the pharmacotherapy specialist, significantly
reduce length of stay, readmissions, drug costs, and patient
mortality.148,149 A physician trained and certified in rehabilita-
tion medicine (i.e., a physiatrist) usually leads the team. Other
disciplines represented on the team are physical therapy, occu-
pational therapy, speech therapy, recreational therapy, behav-
ioral medicine (psychologist, social worker), and nursing. The
pharmacist’s role in the initial assessment is to obtain a com-
plete medication history so that an accurate assessment of drug
therapy can be made. Adverse reactions to medications can be
detrimental to the functional capacity of the geriatric patient
by worsening cognition, psychological state, vascular reflexes,
balance, bowel and bladder control, muscle tone, and coordi-
nation, any of which may already be impaired by the present
illness or injury. It is the responsibility of the team pharmacist
to alert the rest of the team to drug-induced problems, facilitate
medication adherence, provide medication education, advocate

Table 99-12 Indicators of the Inability to Self-Medicate

Cognitive impairments
More than five prescription medications
Inability to read prescription and auxiliary labels
Difficulty opening nonchildproof containers
Problems removing small tablets from containers
Inability to discriminate between medication colors and shapes

Adapted from references 158 and 159.

to discontinue unnecessary medications, screen for drug inter-
actions, and recommend appropriate changes in therapy based
on the physiological effects of aging. The team pharmacist
should also make some assessment of the individual’s ability
to self-medicate. Table 99-12 lists conditions and skills that
have been identified as possible indicators of an older person’s
ability to self-medicate.

Drug Effects on Functional Ability

28. During the initial team meeting to discuss B.L., the physical
therapist mentions that the patient walks with a stooped posture
and has a shuffling gait and poor balance. The speech therapist
reports that B.L. has difficulty in swallowing, noting that the prob-
lem is out of proportion for the location of his stroke. A flat affect,
crying episodes, fatigue, and drowsiness are reported by the occu-
pational therapist. The psychologist notes confusion and possible
dementia on neuropsychological testing. Can any of B.L.’s prob-
lems be attributed to his current medication regimen?

Functional impairments in older adults can be medication
induced.150 Table 99-13 lists several examples of drugs that
can interfere with the functional, physical, social, and psycho-
logical assessment of the older patient. Dopamine-depleting
drugs may produce extrapyramidal side effects and interfere
with physical and occupational therapy goals. Neuroleptics,
tricyclic antidepressants, and excessive doses of antihyperten-
sives can increase the risk of falls by causing orthostatic hy-
potension. Problems with balance and/or tinnitus may be pre-
cipitated by drugs that affect the vestibular system and cause
damage to the eighth cranial nerve (e.g., aminoglycosides, loop
diuretics, high serum concentrations of aspirin). Long-term
corticosteroid use may lead to proximal muscle wasting and
slow the recovery of strength, even when patients are undergo-
ing aggressive rehabilitative therapy.

CNS medications may lead to oversedation and decrease
the capability to learn, ambulate, eat, or use the toilet, as well
as increase the risk of falls. Drugs such as benzodiazepines,
antihypertensives, neuroleptics, H2 blockers, and analgesics
have been reported to cause reversible cognitive impairment.
Digoxin toxicity in the elderly may initially manifest as confu-
sion, delirium, nightmares, or hallucinations. Medications that
cause a relative dominance of dopamine over acetylcholine in
the brain may produce psychosis, hallucinations, or delirium.

Depression is an important adverse reaction to look for
in patients undergoing rehabilitation because it may mimic
dementia on neuropsychological testing. Depression may be
worsened or induced by some antihypertensives (e.g., cen-
tral agonists, highly lipophilic β-blockers). Metoclopramide
is an important yet often overlooked potential contributor to
depression.
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Table 99-13 Drug Effects on Other Assessments

Assessments Drug Effects Drug Examples

Functional Movement disorders (extrapyramidal, tardive
dyskinesia)

Neuroleptics, metoclopramide, amoxapine, methyldopa

Balance (neuritis, neuropathies, tinnitus, dizziness,
hypotension)

Metronidazole, phenytoin, aspirin, aminoglycosides, furosemide, ethacrynic
acid, β-blockers, calcium channel blockers, neuroleptics, antidepressants,
diuretics, vasodilators, benzodiazepines, levodopa, metoclopramide

Physical Supporting structures (arthralgias, myopathies,
osteoporosis, osteomalacia)

Corticosteroids, lithium, phenytoin, heparin

Incontinence (urinary retention, secondary
oversedation)

Anticholinergic agents, TCAs, neuroleptics, antihistamines, smooth muscle
relaxants, nifedipine, phenylpropanolamine, prazosin; benzodiazepines,
sedatives, hypnotics

Sexual dysfunction Hypotensive agents, CNS depressants, SSRI antidepressants

Social Malnutrition Drugs affecting appetite
Poor dental health Anticholinergic agents, glucose-containing oral liquid/chewable dosage forms

Psychological Cognitive impairment (metabolic alterations;
memory loss, dementia)

β-Blockers, corticosteroids, diuretics, sulfonylureas, methyldopa, propranolol,
hydrochlorothiazide, reserpine, neuroleptics, opiates, cimetidine,
amantadine, benzodiazepines, anticonvulsants

Behavioral toxicity (insomnia, nightmares, sedation,
agitation, delirium, psychosis, hallucinations)

Anticholinergics, cimetidine, ranitidine, famotidine, digoxin, bromocriptine,
amantadine, baclofen, levodopa, opiates, sympathomimetics, corticosteroids

Depression Reserpine, methyldopa, β-blockers, metoclopramide, corticosteroids, CNS
depressants

TCA, tricyclic antidepressant; CNS, central nervous system; SSRI, selective serotonin reuptake inhibitors.
Adapted from reference 150.

B.L. is receiving several medications that may be contribut-
ing to the functional impairments found during the initial
assessment. Metoclopramide has dopamine-blocking activity
and can produce pseudo-Parkinson symptoms like those re-
ported by the physical therapist. Dopamine blockers can cause
swallowing difficulties. Metoclopramide has also been known
to produce mental depression in some patients that may or may
not recur when the drug is reinstituted at lower dosages. B.L.
is at even greater risk for these adverse effects from metoclo-
pramide because it is primarily renally excreted and B.L. has re-
duced renal function, with an estimated ClCr of 42 mL/minute.
H2 blockers, such as ranitidine, can cause confusion and ag-
itation in older patients with decreased renal function. Meto-
clopramide and ranitidine should be discontinued at this time.
B.L.’s GERD should be reassessed, and if chronic therapy is
needed, a proton pump inhibitor (e.g., rabeprazole, others) is
an appropriate choice because there is a low likelihood that it
will cause functional impairment.

B.L.’s problem of depressive symptoms reported by the oc-
cupational therapist and potential dementia reported by his
psychologist are compatible with CNS effects of metoprolol,
a highly lipophilic β-blocker. Metoclopramide may also be a
contributor to these findings. If B.L. must continue taking a
β-blocker for additional rate control, he should be switched to
an agent with low-lipid solubility, such as atenolol, which has a
lower likelihood of producing CNS side effects. Otherwise, the
dose of metoprolol should be reduced immediately and then
tapered.

B.L.’s digoxin level is currently within normal limits, and
he does not have any clinical signs of digoxin toxicity. How-
ever, the pharmacist team member should monitor B.L. for
signs and symptoms of digoxin toxicity and make appro-

priate dose adjustments as necessary. Finally, B.L. should
have an INR drawn to ensure that the dose of warfarin is
correct.

The contribution of medication to functional deficits must
not be overlooked when assessing patients undergoing rehabil-
itation. Defined criteria for determining medications that are
potentially inappropriate in the elderly has been published by
Beers and recently updated.151 When using these criteria, it is
important to keep in mind that these are “potentially” inappro-
priate medications. The pharmacotherapy specialist trained in
geriatric care is responsible for applying patient-specific crite-
ria, such as history of use and response, when evaluating the
appropriateness of a drug in a particular patient.

Long-Term Care Facility
The LTCF environment is governed in part by the Omnibus
Budget Reconciliation Act (OBRA), as well as by numer-
ous other laws and regulations. Table 99-14 summarizes the
mandated responsibilities of the “supervising pharmacist” in
a LTCF. The completion of these responsibilities must include
monthly review of each resident’s medication profile to deter-
mine the following:

1. Is each drug clearly indicated?
2. If indicated, is it being dosed and administered appropri-

ately?
3. Are the laboratory results and vital signs being done appro-

priately, and are they available for adequate evaluation of
therapy?

4. Are any real or potential problems with drug side effects or
interactions present?
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Table 99-14 Basic Requirements of OBRA 1990 Legislation

Prospective DUR
Retrospective DUR
Education and intervention programs
Patient counseling and provision of information to patients/caregivers
Documentation of DUR and educational activities

OBRA, Omnibus Budget Reconciliation Act; DUR, drug utilization review.
From reference 160.

5. What specific recommendations can be made to optimize
this resident’s drug therapy?

6. If neuroleptic agents are being prescribed, has their use been
justified and is the therapy being monitored?

7. Have therapeutic goals been established for chronic drug
therapies?

8. Are any unnecessary drugs present?

OBRA regulations require inclusion of a pharmacist on the
pharmaceutical and infection control committees. The pharma-
cist is also required to participate in drug use evaluations. All
medication errors and adverse drug reactions must be reported
to the patient’s physician and documented by the pharmacist
or the nurse. The American Society of Consultant Pharma-
cists publishes detailed information concerning standards of
practice in the LTCF environment.152

29. As a new consulting pharmacist to a 60-bed, skilled nurs-
ing facility, several multiple drug use problems become apparent
during initial chart reviews. A typical case is D.M., an 82-year-
old man who has resided there for the past month. D.M.’s past
medical history is significant for hypertension, depression, con-
stipation, long-standing mild cognitive impairment that is now
worsening, and dizziness. In the nurses’ notes, it is documented
that D.M. had a fall when getting out of bed last week.

At admission, D.M.’s weight was 165 lb; BP, 100/60 mm Hg;
pulse, 85 beats/minute; and temperature, 98.6◦F. Subsequent vi-
tal signs are not recorded systematically into his medical record.
Sporadic documentation in the nurses’ notes indicate little change
from admission values. No laboratory information is available at
this time. D.M. has no known allergies.

Current medications include felodipine 10 mg QD, diltiazem
CD 240 mg QD, HCTZ 25 mg QD, nortriptyline 150 mg QHS,
thioridazine 25 mg TID, haloperidol 0.5 mg BID, benztropine
1 mg BID, docusate sodium 100 mg BID, milk of magnesia
30 mL QD, flurazepam 15 mg QHS, and acetaminophen one to
two 325-mg tablets Q 4 to 6 h PRN pain. D.M. follows a 2-g sodium
diet.

D.M. is ambulatory and takes his meals in the facility’s cafete-
ria. He is not in any acute distress, but the nurses’ notes indicate
that D.M. is often confused and complains of dizziness when am-
bulating. His weight has decreased 4 lb since being admitted. What
should be expected of this LTCF with respect to medication mon-
itoring, and what OBRA deficiencies can be found in the review
of D.M.’s case?

Under OBRA, the establishment of goals of antihyperten-
sive therapy and monitoring for these goals are required. D.M.’s
blood pressure should be measured and documented in his
medical record with a signature and date on a regular basis.
D.M.’s dizziness, a symptom of orthostatic hypotension, may

be due to overtreatment of his hypertension as evidenced by
his low admission blood pressure. Orthostatic hypotension oc-
curs in more than half of frail, elderly LTCF residents and is
most common when patients first arise, indicating that this may
have been the cause of D.M.’s recent fall. D.M. is currently be-
ing inappropriately treated with two calcium channel blockers.
Discontinuation of one of them should reduce this patient’s
dizziness and help prevent future falls. Preferably, felodipine
should be discontinued because dihydropyridine calcium chan-
nel blockers are known to cause orthostasis. The use of antipsy-
chotic and anti-Parkinson agents have also been associated with
orthostatic hypotension. Because D.M. is being treated with a
diuretic, he should have a chemistry panel drawn to check for
electrolyte abnormalities.

In the admission workup, D.M. was described as having a
long-standing history of mild cognitive impairment, but sub-
sequent nursing notes suggest that his symptoms of disorienta-
tion and confusion worsened quickly after admission. Chronic
dementia is not normally characterized by rapid deterioration
of mental acuity (see Chapter 100). This should raise the sus-
picion that a reversible factor could be responsible for D.M.’s
mental decline. Overprescribing of psychotropic drugs in in-
stitutionalized elderly patients is well documented.153,154 The
cognitive impairment of chronic degenerative dementia can
be greatly exaggerated by D.M.’s treatment with flurazepam,
nortriptyline, thioridazine, haloperidol, and benztropine.

Neuroleptics are some of the most commonly prescribed
drugs in nursing home residents. It is only appropriate to use
these drugs in elderly patients with documented psychotic be-
havioral disturbances or in those with impulsivity and agitation
associated with functional or organic disorders, such as degen-
erative dementia. Unfortunately, neuroleptics are often unnec-
essarily prescribed for anxiety, insomnia, confusion, “senility,”
and failure to conform to the institution’s standards for behav-
ior. OBRA regulations require that these drugs be used for a
specified condition, at the lowest possible dosage, and for the
shortest possible time. The regulations also mandate tapering
of the dose and careful documentation of all clinical assess-
ments that justify the ongoing need for neuroleptics. Even when
a neuroleptic agent is indicated, the use of two or more, as in
D.M., is irrational. Unless extrapyramidal symptoms have been
clearly documented, D.M.’s treatment with benztropine is not
indicated.

Antidepressant treatment may not be indicated for D.M., but
if it is, nortriptyline is a poor choice because it has significant
anticholinergic and sedating side effects (see prior discussion
of depression in this chapter). D.M. is being treated with sev-
eral sedating medications (flurazepam, haloperidol, and thior-
idazine). These agents may induce pseudodepression, which
should resolve by reducing the number of sedating drugs. Flu-
razepam, a long-acting benzodiazepine, may increase the risk
of falls and bone fractures in the geriatric population. Contin-
uous nightly use of long-acting benzodiazepines increases the
relative risk of hip fractures by 50% compared with shorter-
acting benzodiazepines.155 Elderly patients naturally sleep for
shorter periods with a shallower sleep that is subject to fre-
quent awakenings. Thus, the need for scheduled bedtime sleep
agents must always be evaluated critically (see Chapter 77).

In light of the atypical deterioration of D.M.’s cognitive
function, the doses of all psychotropic medications should
be gradually tapered down and then discontinued. A baseline
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assessment of D.M.’s cognitive function and psychiatric status
should be performed by a geriatrician, psychiatrist, or clinical
psychologist to establish the presence or absence of psychotic
behavioral disturbances or depression. If any of these disorders
are present, then each should be managed with a single drug,

titrated to the appropriate therapeutic dose. In accordance with
established immunization practices, D.M., other LTCF resi-
dents, and staff members should receive an annual influenza
vaccine. A pneumococcal vaccination should also be adminis-
tered to D.M. if he has not previously received one.
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With the continuing growth in the elderly population, the in-
cidence and prevalence of cognitive disorders continues to
rise.1,2 Alzheimer disease (AD) is the most common cause of
dementia, accounting for approximately half of all diagnosed
cases.3 Vascular dementias (VaDs), dementia with Lewy bod-
ies (DLB), and Parkinson disease with dementia (PDD) are the
next most common dementias, with frontotemporal dementia,
pseudodementia, and other forms occurring less often.3,4 De-
mentia is currently the fifth leading cause of death in the United
States.5

Incidence and Prevalence
The exact incidence and prevalence of dementia are difficult
to determine for several reasons, including a lack of univer-
sally accepted diagnostic criteria, demographic variables, and
well-designed epidemiologic studies.6−9 Prevalence estimates
have ranged from 2.5% in Great Britain to 24.6% in the for-
mer Soviet Union.7 Studies in the United States have estimated
the prevalence of dementias to be from 3.5% to 16.1% for the
population age 65 years and older.10,11 The worldwide preva-
lence of AD appears to be about 1% of the elderly population,
with an exponential age-related increase.9,12 AD currently af-
fects approximately 2.3 million Americans.2 The prevalence
in the United States may be more than 10% of those age 65
and older, increasing sharply with age, from 3% among those
65 to 74 years of age to as much as 47.2% of those older
than 85 years.13,14 The incidence of dementia for people age
50 and older in the United States has been estimated at 527

new cases/100,000 population per year, with 437/100,000 di-
agnosed as AD.15 The incidence increases with age, and women
may be at a slightly higher risk than men.1,16

Life expectancy following a diagnosis of AD is reduced by
as much as 69% for those diagnosed before age 70 years and
by 39% for those diagnosed after age 90 years.17

The cost of dementia is staggering. The annual direct and
total costs of treating a dementia patient are estimated to be
almost $48,000 and $174,000, respectively.18 Managed care
organizations spend 1.5 times more on patients with demen-
tia than on nondemented enrollees.19 The cost to society in
the United States of treating dementia is approximately $148
billion annually.20

Clinical Diagnosis
Dementia is a syndrome that exhibits impaired short- and long-
term memory as its most prominent feature. Multiple cognitive
deficits that compromise normal social or occupational func-
tion must be present before dementia can be diagnosed (Table
100-1).21 Commonly, forgetfulness is the primary complaint
of patients or the first symptom noted by the family.21 Fam-
ily members or others may note several symptoms that should
prompt a medical evaluation (Table 100-2).22 Memory loss
often accompanies several diseases or disorders in elderly in-
dividuals. Therefore, a medical history, physical examination,
and medication history are essential in excluding systemic ill-
ness or medication toxicity as causes of the dementia (Table
100-3).23 Laboratory and other tests to assist in differentiating

100-1
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Table 100-1 Diagnostic Criteria for Alzheimer-Type
Dementia

1. The presence of multiple cognitive deficits manifested by both
� Impaired memory (ability to learn new information or to retrieve

information previously learned), and
� At least one of the following:

Aphasia (language difficulties)
Apraxia (diminished ability to perform motor activities in the presence

of intact motor function)
Agnosia (inability to recognize or name objects despite intact sensory

function)
Disruption of executive function (diminished ability to plan, organize)

2. The previous deficits significantly interfere with normal work or social
activities and represent a decline from previous ability to function

3. The previous deficits cannot be attributed to any of the following:
� Central nervous system conditions that cause progressive cognitive

or memory impairment (e.g., cerebrovascular disease)
� Systemic conditions known to cause dementia (e.g., hypothyroidism,

neurosyphilis, HIV infection)
� Substance-induced conditions (e.g., drug toxicity)

4. The deficits do not occur exclusively during the course of a delirium
5. The disturbance is not better accounted for by another Axis I disorder

(schizophrenia, major depressive disorder)

Adapted from reference 21, with permission.

dementia from other disorders are listed in Table 100-4. In pa-
tients with primary degenerative dementia, or AD, test results
will generally be normal; evidence of cerebrovascular disease
is present in patients with VaDs.

Brain imaging, such as a computed tomography (CT) scan
or magnetic resonance imaging (MRI), can be useful in estab-
lishing the presence of a dementia, but neither is diagnostic.
A CT scan is useful when a space-occupying lesion, such as a
tumor, is suspected as a possible cause. An MRI scan is capable
of identifying small infarcts, such as those found in some VaDs,
and atrophy of subcortical structures such as the brainstem.23

The initial test in mental status screening is generally
the Folstein Mini-Mental Status Exam (MMSE).24 This test
rapidly assesses orientation, registration, attention and calcu-
lation, recall, and language. Patients with dementia exhibit

Table 100-2 Symptoms Suggesting Dementia

Symptom Evidence

Difficulty learning or
retaining new
information

Repeats questions; difficulty remembering
recent conversations, events, etc.; loses
items

Unable to handle complex
tasks

Cannot complete tasks that require
multiple steps (e.g., difficulty following
a shopping list)

Impaired reasoning Difficulty solving everyday problems;
inappropriate social behavior

Impaired spatial
orientation and abilities

Gets lost in familiar places; difficulty with
driving

Language deficits Problems finding appropriate words (e.g.,
difficulty with naming common objects)

Behavior changes Changes in personality; suspiciousness

Adapted from reference 22.

Table 100-3 Causes of Dementia Symptoms

Central Nervous
System Disorders Systemic Illness Medications

Adjustment
disorder (e.g.,
inability to adjust
to retirement)

Amnestic syndrome
(e.g., isolated
memory
impairment)

Delirium
Depression
Intracranial causes
Brain abscess
Normal pressure
Hydrocephalus
Stroke
Subdural hematoma
Tumor

Cardiovascular
disease
Arrhythmia
Heart failure
Vascular occlusion

Deficiency states
Vitamin B12
Folate
Iron

Infections
Metabolic disorders

Adrenal
Glucose
Renal failure
Thyroid

Anticholinergic agents
Anticonvulsants
Antidepressants
Antihistamines
Anti-infectives
Antineoplastic agents
Antipsychotic agents
Cardiovascular agents
Antiarrhythmics
Antihypertensives
Corticosteroids
H2-receptor antagonists
Immunosuppressants
Narcotic analgesics
Nonsteroidal anti-

inflammatory agents
Sedative hypnotics and

Anxiolytics
Skeletal muscle relaxants

deficits in multiple areas. Those who score below the normal
range on the MMSE or who exhibit symptoms characteristic
of dementia receive further testing (Tables 100-1 and 100-2).
The Blessed Dementia Scale evaluates daily functional capac-
ity (e.g., shopping, performing household tasks), activities of
daily living (e.g., eating, dressing, toileting), and personality.
The Blessed Information-Memory-Concentration Test evalu-
ates orientation, memory, and concentration.25 All screening
tests are subject to limitations. Therefore, additional psycho-
metric testing is often ordered to further establish the presence
and type of dementia.22

Dementias may be classified as cortical or subcortical, ac-
cording to the areas of the brain preferentially affected by the

Table 100-4 Dementia Screening Tests

Test Rationale for Testing

Complete blood count
with sedimentation
rate

Anemic anoxia, infection, neoplasms

Metabolic screen
Serum electrolytes Hypernatremia, hyponatremia; renal function
Blood urea nitrogen,

creatinine
Renal function

Bilirubin Hepatic dysfunction (e.g., portal systemic en-
cephalopathy, hepatocerebral degeneration)

Thyroid function Hypothyroidism, hyperthyroidism
Iron, B12, folate Deficiency states (B12, folate neuropathies),

anemias
Stool occult blood Blood loss, anemia
Syphilis serology Neurosyphilis
Urinalysis Infection, proteinuria
Chest roentgenogram Neoplasms, infection, airway disease (anoxia)
Electrocardiogram Cardiac disease (stagnant anoxia)
Brain scan Cerebral tumors, cerebrovascular disease
Mental status testing General cognitive screen
Depression testing Depression, pseudodementia
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disorder. AD, a typical cortical dementia, disrupts the cerebral
cortex. Patients with cortical dementias display impaired lan-
guage rather than impaired speech, a learning deficit (amnesia),
reduced higher cortical functions (e.g., inability to perform cal-
culations, poor judgment), and an unconcerned or disinhibited
affect. Subcortical dementias such as PDD primarily affect the
basal ganglia, thalamus, and brainstem. Deficits include ab-
normal motor function, disrupted speech patterns rather than
language difficulties, forgetfulness (impaired recall), slowed
cognitive function, and an apathetic or depressed affect.26

ALZHEIMER DISEASE
Etiology
A definitive cause for AD has yet to be determined. Al-
though elevated aluminum concentration has been noted in
patients with Alzheimer-type dementia, this finding has not
been consistent.27−29 For example, patients with aluminum
toxicity, as seen in dialysis dementia, do not exhibit AD-type
lesions.30 Increased concentrations of cerebral aluminum may
be a secondary process resulting from an underlying patho-
logical condition.31 Other reported risk factors for AD include
young (15−19 years) or old (older than 40 years) maternal
age,32−34 head trauma,34,35 small head circumference and brain
size,36,37 and low intelligence.38

Genetics play a significant role in the development of
Alzheimer-type dementia. The high familial occurrence of
Alzheimer dementia has been linked to autosomal-dominant
traits on chromosomes 21, 14, and 1.39 The risk to first-degree
relatives of patients with AD is 24% to 48% and may be as high
as 64% for offspring.40−43 Familial dementia of the Alzheimer
type is associated with an early onset, faster progression, fam-
ily history of psychiatric problems, and more prominent lan-
guage difficulties.40,44−46 However, there is some association
between changes on chromosome 14 and late-onset AD.47,48

In families with a history of Down syndrome or other de-
fects on chromosome 21, the prevalence of Alzheimer-type de-
mentia is increased significantly. AD affects virtually all Down
syndrome patients who survive into old age.45,49,50 Mutations
on chromosome 14 are responsible for most cases of familial
early-onset AD, whereas chromosome 1–associated mutations
account for cases in only a small cohort of families.51,52 How-
ever, differences in risk based on age at onset and discordance
for the disease among monozygotic twins indicate some het-
erogeneity in the genetic etiology.43,45,53 Clinically, patients
with familial dementia of the Alzheimer type are indistinguish-
able from those with nonfamilial, or sporadic, forms of the
disease, suggesting a combination of genetic and environmen-
tal causes.32,46 Despite the familial patterns, these mutations
account for only approximately 5% of all cases of AD.54

Abnormalities in serum protein and alterations in immune
function are often found among patients with AD. Amyloid
precursor protein (APP), a normal protein found throughout
the body (e.g., platelets and peripheral lymphocytes),55 maps
on chromosome 21 and is produced in excess in patients with
Down syndrome.49 Because of overproduction or transcription
errors, an abnormal subunit (i.e., β-amyloid) is produced.49,56

This finding is consistent in families with a high incidence
of Alzheimer-type dementia, especially those with early-onset
(before age 65) forms.45,49,56

Mutations on chromosome 14 occur in the presenilin-1
gene, and mutations on chromosome 1 occur in the presenilin-
2 gene.51,52,57 These mutations also code for alterations in the
processing of APP. The abnormal cleavage of APP produces a
42–amino acid form of β-amyloid that demonstrates a higher
toxicity than other amyloid forms.39

Apolipoprotein E (ApoE), a protein that is involved in
cholesterol and phospholipid metabolism, plays a role in the
development of sporadic, late-onset AD.58 The ApoE gene re-
sides on chromosome 19 and possesses three alleles: ε2, ε3,
and ε4. The ε3 allele is most common, the ε2 allele appears to
be protective against AD, and the ε4 allele increases the risk
for AD.59,60 The presence of ApoE-4, the protein coded for by
the ε4 allele, appears to increase the deposition of β-amyloid
and promote its change to a more pathological configuration.39

Measurable memory decline in people with either one or two
copies of the ε4 allele occurs much earlier than in those with
no copies and well in advance of the first clinical symptoms of
AD.61,62 The risk for developing AD by age 80 years has been
estimated at 47% for people with one copy of ApoE-ε4 and
at 91% for those who carry two copies. In contrast, the risk is
approximately 20% for those with no ApoE-ε4 copies.59

Amyloid protein can commonly be found in the neuritic
plaques, which occur in Alzheimer-type dementia; and cerebral
amyloid angiopathy occurs in 50% to 90% of patients with pro-
gressive dementia and neurofibrillary degeneration.63,64 Amy-
loid protein is also noted in blood vessel walls of patients with
AD.55 β-Amyloid protein deposits occur early in the course of
Alzheimer dementia and are distinct from the amyloid proteins
found in other amyloid disorders, such as primary amyloidosis
or multiple myeloma.31,55

Neuropathology
Although brain atrophy is the most obvious finding among pa-
tients with Alzheimer-type dementia, it is not diagnostic for
AD or other dementias because some degree of atrophy ac-
companies normal aging.65 Atrophic changes induced by AD
are found primarily in the temporal, parietal, and frontal areas
of the brain; the occipital region, primary motor cortex, and
somatosensory areas are generally unaffected (Fig. 100-1).

Neuronal changes in the cerebral cortex associated with
AD include neurofibrillary tangles, neuritic plaques, amyloid
angiopathy, and granulovacuolar degeneration. These changes
lead to loss of neurons and synapses (Fig. 100-2).39 Neurofi-
brillary tangles (NFTs) are found primarily in the pyramidal
regions of the neocortex, hippocampus, and amygdala, but they
are also noted in areas of the brainstem and locus ceruleus.39,66

Tangles are a prominent feature of Alzheimer-type dementia,
but can be found in several other brain disorders (e.g., Down
syndrome, postencephalitic Parkinson disease) and even in nor-
mally aging brains, although they are generally less numerous
and histologically different.39,67 Conversely, Alzheimer-type
dementia may also occur in the absence of NFTs.67

NFTs are composed of paired helical filaments, combina-
tions of fibrils with a characteristic width and contour, con-
taining a tau protein with an abnormal pattern of phosphate
deposition.39,68,69 They are highly immunoreactive and are
most likely to form in large pyramidal neurons. NFTs typically
begin in the transentorhinal cortex and spread to the limbic cor-
tex and the neocortex.39 Although the nerve structures (axons,
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FIGURE 100-1 Alzheimer disease: MRI scan. Ventricles are enlarged,
and there is generalized atrophy, with greater atrophy present near the
temporal areas.

dendrites, and nerve terminals) found within NFTs contain
amyloid deposits, abnormal axons may occur independently
of amyloid deposition. Thus, the presence of amyloid protein
is not required for the development of tangles.70 The pres-
ence of NFTs in the neocortical areas is associated with the
presence of Alzheimer-type dementia, and their number in the
nucleus basalis is correlated with the severity and duration of
the disease.71,72

Neuritic plaques are spherical bodies of tissue composed of
granular deposits and remnants of neuronal processes.3 Dif-
fuse plaques, considered to represent the early stage of plaque
formation, contain no amyloid core. They have been found in
areas in the cerebellum and throughout cerebral hemispheres
that are not related to AD symptoms.39 The typical neuritic
plaques of AD may develop from preamyloid deposits with
subsequent deposition of amyloid protein and accumulation

FIGURE 100-2 Numerous plaques (large, round bodies) and tangles
(tear-shaped bodies) are found throughout the cortex in Alzheimer-type
dementia.

of oligosaccharide, aggregation of amyloid subunits, and β-
pleating of the protein.73,74 They are spherical structures be-
tween 50 and 200 μm wide and exhibit a three-tiered structure:
a central amyloid core, a middle region of swollen axons and
dendrites, and an outer zone containing degenerating neuritic
processes.39 The plaques are concentrated in the cerebral cor-
tex and hippocampus, but they are also found in the corpus
striatum, amygdala, and hypothalamus.75 Rare plaques have
also been found in nondemented elderly patients.71

Plaques contain APP, which can be cleaved by a defective
metabolic process to form β-amyloid.76−78 In addition to β-
amyloid, plaques also contain protein, apolipoprotein E, and
acute phase inflammatory proteins such as α1-chymotrypsin
and α2-macroglobulin.39,79 Although β-amyloid is found in
both normal and AD subjects, NFTs occurring in the plaques
of nondemented subjects do not contain the abnormal pro-
tein seen in individuals with dementia.71 The deposition of
amyloid in neuritic plaques correlates with the severity of
AD, and the density of cortical plaques is associated with de-
creased choline acetyltransferase and the severity of cognitive
impairment.76,80 β-Amyloid has been identified in plaques as-
sociated with Down syndrome and in both familial and spo-
radic forms of dementia of the Alzheimer type.76,81 The process
of development from the time of amyloid deposition to plaque
formation may take as long as 30 years.76,82

In addition to neuritic plaques, APP and β-amyloid produce
an amyloid angiopathy outside brain tissue. APP has been lo-
cated in the adenohypophysis, adrenal gland, cardiac muscle,
and peripheral nervous system.77 Amyloid deposits, identical
to those found in neuritic plaques, have been found in cerebral
blood vessels as well as in the vasculature of skin, subcutaneous
tissue, and intestine.39,76,83

Granulovacuolar degeneration is the other major histologic
finding in AD. It consists of clusters of intracytoplasmic vac-
uoles that contain tiny granules. The vacuoles appear to be
specifically located in the pyramidal neurons of the hippocam-
pus. Granulovacuolar degeneration can also occur, albeit rarely,
in individuals without dementia.39

The loss of cortical neurons that originate in the nucleus
basalis and project into the cerebral cortex is the most sig-
nificant histopathological consequence of AD.39,80,84,85 Cell
loss, granulovacuolar degeneration, and neurons with NFTs
are concentrated in this area.39

Accompanying these changes are decreased concentrations
of several neurotransmitters and enzymes. Choline acetyltrans-
ferase levels are reduced 60% to 90% in the cortical and hip-
pocampal regions.39,80 Acetylcholine and acetylcholinesterase
(AChE) are also decreased, whereas muscarinic receptors
in the cortex and hippocampus remain at normal levels or
are moderately decreased.80,86 Nicotinic receptor proteins are
also reduced in patients with Alzheimer-type dementia when
compared with age-matched controls.87,88 Decreased choline
acetyltransferase activity has been correlated with plaque den-
sity and disease severity.80 Cortical synapse loss, especially in
the midfrontal region, is associated with disease severity.89

Changes affecting AChE have significant implications for
the management of AD symptoms. Many isoforms of AChE
have been identified; they possess identical amino acid se-
quences, but display different posttranslational modifications,
predominate at diverse anatomical and microanatomical loca-
tions, and function in different ways.90 The predominant form
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of AChE in the cortical and hippocampal regions of humans is
G4, a tetrameric form that is membrane bound. The monomeric
form, G1, is found in a much lower concentration. There is a
selective loss of the G4 form in patients with AD, allowing the
G1 form to assume greater importance.

Although cholinergic activity is most significantly affected
by Alzheimer-type dementia, other neurochemical systems are
also altered. Norepinephrine, serotonin, and γ -aminobutyric
acid levels may be normal or moderately decreased.39 Somato-
statin and corticotropin-releasing factor are also reduced in
patients with Alzheimer-type dementia.80,91

Clinical Presentation and Diagnosis

1. C.L., a 63-year-old woman, complains of increasing mem-
ory problems over the past 2 years. She states that she began
writing reminder notes to herself, but she often forgot to look
at them. Eventually, she began to lose items around her house,
forget appointments, and fail to pay some important bills. Dur-
ing the past 2 to 3 months, she has had difficulty following a
shopping list and has become disoriented in the store. One week
ago, she became agitated when she heard the low-battery alarm
in her smoke detector. C.L. admits to becoming increasingly de-
pressed over her memory problems but denies appetite or sleep
changes or suicidal ideation. She also denies hallucinations, delu-
sional thoughts, or symptoms of anxiety. C.L.’s medical history is
significant for type 2 diabetes mellitus, which is diet controlled,
and bilateral open-angle glaucoma, treated with dipivefrin 0.1%,
one drop twice daily. Her family history is negative for stroke and
positive for diabetes mellitus and hypertension. She reports that
two or three of her maternal relatives had “memory problems”
and that one aunt was diagnosed with AD 5 years ago.

Physical examination reveals a moderately obese woman who
is well dressed and groomed. Her blood pressure (BP) is 140/86
mmHg supine and 132/82 mmHg standing, with pulse rates of 74
beats/minute and 78 beats/minute, respectively. She is awake and
oriented to place and person. During the interview, she is reserved
but becomes easily irritated with the physician.

The Folstein MMSE score was 23/30, with errors in orientation,
attention, and calculation (inability to spell “world” backward),
recall, and language (difficulty with word finding). Her score on
the Blessed Dementia Scale was 25/33, with deficits in personality,
memory, concentration, and habits. Neurologic examination re-
vealed no deficits. The rest of the physical examination was within
normal limits.

Laboratory tests performed include renal and liver chemis-
tries, thyroid function tests, glycosylated hemoglobin, vitamin
B12 and folate levels, syphilis and HIV tests, complete blood
count (CBC) with sedimentation rate, and urinalysis. All results
were normal with the exception of a fasting glucose level of 150
mg/dL (normal, <126 mg/dL) and a glycosylated hemoglobin
of 8.4% (normal, 4%−6%). Chest radiograph and electrocar-
diogram (ECG) were normal. Depression testing revealed a sad,
mildly anxious individual who was not depressed. What is the
most probable diagnosis for C.L.?

[SI units: fasting glucose, 8.3 mmol/L; glycosylated hemoglobin, 0.084%]

C.L. is in the early stages of AD. She displays several trig-
ger symptoms associated with dementia, including problems
learning new information, difficulty with complex tasks (shop-

ping), impaired reasoning (recognizing the smoke alarm bat-
tery warning), and increased irritability.22 Her score of 23/30
on the Folstein MMSE indicates a mild stage of the demen-
tia as evidenced by errors in orientation, calculation, recall,
and language.24 Personality and habit changes and deficits in
memory and concentration are revealed in C.L.’s score on the
Blessed Dementia Scale.25 Secondary medical causes of cog-
nitive impairment can be eliminated by C.L.’s generally nor-
mal physical examination and laboratory test results. C.L.’s
fasting glucose and glycosylated hemoglobin levels are mildly
elevated, but cannot account for her significant cognitive de-
cline. MRI or CT scanning may be useful in many cases to
help eliminate brain pathology, such as stroke, but the lack
of any abnormal neurologic findings renders imaging in C.L.
unnecessary.

Secondary psychiatric causes for C.L.’s decline can also be
discounted. Although she is sad and anxious, the absence of
alterations in appetite or sleep patterns, absence of suicidal
thoughts, and the results of psychologic testing indicate C.L.
is not depressed. She is fully conscious, alert, and oriented to
place and person. She exhibits no psychotic behavior and no
evidence of delirium.

C.L.’s slowly progressive decline, its impact on her social
and occupational function (forgetting appointments, failing to
pay bills), normal physical examination and laboratory find-
ings, and family history meet the Diagnostic and Statistical
Manual of Mental Disorders, Fourth Edition (DSM-IV) cri-
teria for AD (Table 100-1). Because she is younger than 65
years, she also may be classified as early-onset type.21 Her his-
tory and course to date satisfy the criteria for Alzheimer-type
dementia and do not indicate a likely alternative explanation
for her condition. Thus, C.L. can be classified as probable AD
according to the criteria established by the National Institute
of Neurological and Communicative Disorders-Alzheimer’s
Disease and Related Disorders Association Task Force (Table
100-5).92

2. C.L.’s children are very concerned about the family history
for dementia. They ask if there are any tests they should receive
at this time to determine their risk. What should they be told?

Although there is a strong genetic association with AD,
such instances account for a small minority of cases.54 There
is no apparent family history of Down syndrome. Mutations in
the presenilin-1 and presenilin-2 genes have been documented
in only a few families worldwide.93 The test that would most
likely be performed is ApoE-4 genotyping, but this is not rec-
ommended because the sensitivity and specificity of the test is
not yet known.93,94

Prognosis

3. What is the likely prognosis for C.L.?

AD follows a predictable course that may progress over 10
years or more.17,95 Two common rating scales for dementia
are the Global Deterioration Scale and the Clinical Demen-
tia Rating Scale. According to the Global Deterioration Scale
(Table 100-6), C.L.’s impaired social functioning, anxiety, and
objective cognitive decline as well as her continued ability to
concentrate and perform some complex skills, combined with
her preserved affect and social interaction, are consistent with
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Table 100-5 National Institute of Neurological and
Communicative Disorders-Alzheimer’s Disease and Related
Disorders Association Criteria for Dementia of the Alzheimer
Type (DAT)

Definite DAT
Clinical criteria for probable DAT
Histopathological evidence for DAT (autopsy or biopsy confirmed)

Probable DAT
Dementia established by clinical examination and documented by

mental status testing (e.g., history and physical examination,
Folstein Mini-Mental Status Exam)

Confirmation of dementia by neuropsychologic tests (e.g., Blessed
Dementia Scale and other tests)

Deficits in at least two areas of cognitive function (e.g., language,
memory)

Progressive deterioration of memory and other cognitive function
Undisturbed consciousness
Onset between the ages of 40 and 90 yrs
Absence of systemic or other brain disease capable of producing

dementia

Possible DAT
Atypical onset, presentation, or progression of dementia with an

unknown etiology
Presence of a systemic or other brain disease capable of producing

dementia, but not believed to be the cause of the dementia
Gradually progressive decline in one intellectual function in the

absence of another identifiable cause

Unlikely DAT
Sudden onset
Focal neurologic findings (e.g., deep tendon reflexes, hemiparesis)

Adapted from reference 92.

the features of stage three dementia of the Alzheimer type.
This stage of AD is generally associated with a period of mild
cognitive decline.96 The more general Clinical Dementia Rat-
ing Scale also places C.L. in the category of mild dementia.97

Clinical diagnoses of AD using clinical criteria for probable

Table 100-6 Stages of Dementia of the Alzheimer Type

Stage of Cognitive Decline Features

No cognitive decline Normal cognitive state
Very mild cognitive

decline
Forgetfulness, subjective complaints only; no

objective decline
Mild cognitive decline Objective decline through psychiatric testing;

work and social impairment; mild anxiety
and denial

Moderate cognitive
decline

Concentration, complex skills decline; flat
affect and withdrawal

Moderately severe
cognitive decline

Early dementia; difficulty in interactions;
unable to recall or recognize people or
places

Severe cognitive decline Requires assistance with bathing, toileting;
behavioral symptoms present (agitation,
delusions, aggressive behavior)

Very severe cognitive
decline

Loss of psychomotor skills and verbal
abilities; incontinence; total dependence

Adapted from reference 96.

AD have a sensitivity of approximately 85% when compared
with autopsy-confirmed cases.93,98

Because of technologic advances, it is possible to diagnose
dementia earlier and to keep patients alive into the final stages
of the disease. The early diagnosis of AD in C.L. will allow her
condition to be followed closely. Although it is less expensive
to maintain a patient at home, caregiver burden can become
a significant consideration.99,100 Eventually, C.L. should be
moved into a sheltered environment (e.g., a relative’s home,
residential care facility, or nursing home) before suffering an
injury caused by her poor judgment (e.g., failing to dress prop-
erly for the weather, falling). In the later stages, interventions
ranging from tube feedings to life support may prolong life, yet
prove to be controversial.101 Death in the late stage of AD is
commonly associated with the development of infections such
as pneumonia, urinary tract infections, or decubitus ulcers.

Treatment

4. What is an appropriate initial treatment strategy for C.L.?

Maintaining independence as long as possible is an impor-
tant goal in treating a patient with dementia. Keeping patients
in familiar surroundings allows them to function without the
added burden of having to attempt to adapt to a strange en-
vironment. C.L. appears to be functioning reasonably well at
home, although her forgetfulness is causing some problems
for her. She is still eating well (her laboratory testing indi-
cated no deficiencies in total protein or albumin, vitamin B12,
or folic acid) and performing normal daily activities such as
dressing, grooming, bathing, and toileting. Some regular su-
pervision from family members, neighbors, or household help
will ensure that C.L. remains safe in her own home.

C.L.’s diabetes mellitus and general medical condition
should also be monitored closely. Because both hyperglycemia
and hypoglycemia can impair cognitive processes, either com-
plication can exacerbate her memory problems. Concurrent
diseases and many medications can reduce function and in-
crease cognitive impairment in demented patients, so any new
findings in C.L. must be evaluated carefully to distinguish new
problems from a worsening of her dementia.

C.L.’s family needs to be educated about what to expect
as her dementia progresses. They should be referred to the
Alzheimer’s Association Website. Results of trials investigat-
ing precursor loading and agonists have been disappointing.
Moderate success has been demonstrated with cholinesterase
inhibitors102 (Fig. 100-3). However, the long-term value of this
strategy is limited by the fact that the disease process is unal-
tered and neuronal degeneration continues.103

TACRINE
Tacrine, the first agent approved for the symptomatic treat-

ment of mild to moderate AD, is an aminoacridine derivative
that reversibly inhibits both AChE and butyrylcholinesterase
(BChE).104 It has a relatively low bioavailability, which is fur-
ther decreased when the drug is taken with meals. Multiple
daily doses are required because tacrine’s half-life is short
(Table 100-7).104 Significant cholinergic adverse effects,
primarily nausea, vomiting, diarrhea, and abdominal pain,
and a high risk of hepatotoxicity have rendered this agent
obsolete.105,106
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FIGURE 100-3 Potential strategies for cholinergic manipulation.

DONEPEZIL
Donepezil represents the first of what has been termed the

“second-generation” cholinesterase inhibitors.102 It is a piperi-
dine derivative that is more selective for AChE than BChE
and, like tacrine, it reversibly inhibits cholinesterase activity.
Donepezil is completely bioavailable and exhibits a long half-
life, allowing it to be given as a single daily dose.107 It is highly
protein bound, primarily to albumin (Table 100-7).108

Donepezil may improve cognition, global function, and be-
havioral symptoms across all stages (mild, moderate, and se-
vere) of AD. In a multicenter, double-blind, placebo-controlled
trial, subjects with mild to moderately severe AD improved
over a 12-week treatment period.109 Subjects taking 10 mg of
donepezil at bedtime improved their cognitive function as mea-
sured by the Alzheimer’s Disease Assessment Scale-Cognitive
Subscale (ADAS-Cog), and their overall function as mea-
sured by the Clinician’s Interview-Based Impression of Change
with caregiver input (CIBIC-Plus).110,111 A 24-week multicen-
ter, placebo-controlled trial using dosages of 5 mg/day and
10 mg/day demonstrated similar results. Both 5 and 10 mg
doses were superior to placebo; adverse effects were less com-
mon with the 5 mg dose.112 A long-term, open-label follow-up
study to these trials demonstrated that donepezil effects may
persist for almost 3 years.113 Interruption or discontinuation of
donepezil treatment was followed by a return of cognition and
function to baseline or below.

Donepezil is the only cholinesterase inhibitor currently in-
dicated for the severe stage of AD. A 6-month, double-blind,
parallel group, placebo-controlled study in patients with severe
AD (MMSE 1–10) showed at 6 months an improvement in the
severe impairment battery (SIB) and Modified Alzheimer’s
Disease Cooperative Study activities of daily living inven-
tory for severe AD (ADCS-ADL-severe).114 The domains that
showed a significant improvement over placebo were language,
praxis, visuospatial, bowel/bladder function, and ability to get
dressed. There were no differences noted in the neuropsychi-
atric inventory for behavioral issues associated with dementia.

The most common adverse effects of donepezil are associ-
ated with cholinergic activity. They tend to be mild to moder-

ate in nature and resolve with stabilization of the dose.109,112

In a 144-week extension trial of donepezil, the most fre-
quently encountered adverse effects were nausea, diarrhea, and
headache.113

RIVASTIGMINE
Rivastigmine is a carbamate derivative that inhibits both

AChE and BChE activity. BChE provides an alternate path-
way for acetylcholine metabolism. Rivastigmine inhibits the
activity of both cholinesterases, primarily in the central ner-
vous system (CNS).115 Its AChE inhibition is greater for the
G1 as compared to the G4 form.116 The drug binds to the
esteratic site of the AChE and BChE molecule and slowly dis-
sociates. Because of this, it is often referred to as a “pseudoir-
reversible” inhibitor.117 Rivastigmine’s biological half-life is
approximately 1 hour, but because its slow dissociation extends
its activity for at least 10 hours, it can be dosed twice daily.
Rivastigmine is bound approximately 40% to serum proteins
and is metabolized via hydrolysis to renally excreted inactive
compounds.116 Rivastigmine absorption is nearly complete,
but because it undergoes a significant first-pass effect, the re-
sultant bioavailability is approximately 36% (Table 100-7).

In two large clinical trials conducted in patients with mild
to moderately severe AD, rivastigmine improved cognition,
the ability to perform daily activities, and global function over
24 weeks.118,119 In each multicenter, double-blind, placebo-
controlled trial, subjects were randomized to receive placebo
or low-dose (1−4 mg/day) or high-dose (6−12 mg/day) ri-
vastigmine in two divided doses during a 26-week period. In
one study, subjects in both dosage groups demonstrated statis-
tically significant improvement after 26 weeks on the ADAS-
Cog and CIBIC-Plus scales.118 In the other trial, only those
subjects taking 6 to 12 mg/day improved on the same scales.119

An open-label extension study that included subjects from both
previous studies found that subjects taking 6 to 12 mg/day of
rivastigmine had significantly better cognitive function after
1 year than did subjects who had originally received placebo.120

Adverse effects typically included nausea, vomiting, diar-
rhea, and other cholinergically mediated gastrointestinal (GI)
effects.121 They are most common when rivastigmine is taken
on an empty stomach or when the dose escalation is too rapid.
Headache, dizziness, and fatigue are also common adverse ef-
fects. Increasing the dose by 1.5 mg twice daily at 4-week
intervals increases drug tolerability and reduces the frequency
and severity of GI side effects.

GALANTAMINE
Like other agents used to treat AD, galantamine enhances

cholinergic activity by inhibiting AChE. However, it also stim-
ulates nicotinic receptors at a site distinct from that stimulated
by acetylcholine, an action that does not rely on the presence of
acetylcholine.122 This action is referred to as allosteric modula-
tion. Galantamine is rapidly and completely absorbed, reaches
peak serum levels in <2 hours, and has a half-life of approxi-
mately 5 hours. It exhibits low protein binding and has a large
volume of distribution. Galantamine is metabolized primar-
ily by CYP2D6 and CYP3A4, and is eliminated in the urine
(Table 100-7).123,124

Clinical trials have shown galantamine to be effective for the
symptomatic treatment of mild to moderate AD. Doses of 16
and 24 mg/day produced clinically meaningful improvement
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Table 100-7 U.S. Food and Drug Administration–Approved Drugs for Alzheimer Disease (AD)

Generic Drug (Brand Name) and
Mechanism Dosage Form and Dosage Indication and Effect Adverse Effects Other

Donepezil HCl (Aricept)
Reversibly inhibits

acetylcholinesterase (AChE),
primarily in central nervous
system (CNS)

5-, 10-mg tablets
5, 10 mg ODT 1 mg/mL

oral solution
5 mg daily, usually at

bedtime
Dose may be increased to

10 mg after 4–6 weeks

Symptomatic treatment
of mild to severe AD

Small improvements in
cognition and
function occur
within 12–24 weeks;
benefits may last for
at least 2 years

Cholinergic effects,
particularly affecting
the gastrointestinal (GI)
tract (nausea, anorexia,
diarrhea); headache;
bradycardia may occur

Completely bioavailable
and may be given as a
single daily dose due to
long half-life (70 hours)

Metabolized by CYP3A4
isoenzymes

Galantamine HBr (Razadyne
and Razadyne ER)

Reversibly inhibits AChE,
primarily in CNS; also
stimulates nicotinic receptors
at a site distinct from that of
acetylcholine

4-, 8-, 12-mg tablets
4 mg/mL oral solution

8, 16, 24 mg extended
release capsule

4 mg BID, with food
Dose may be increased

every 4–6 weeks in
4 mg BID increments,
to a maximum dose of
1 mg BID

Extended-release (ER)
formulation can be
given once daily
starting at 8 mg daily
and increasing as noted
previously

Symptomatic treatment
of mild to moderate
AD

Small improvements in
cognition and
function occur
within 12−24 weeks.
Benefits may last for
more than 1 year

Cholinergic effects,
particularly affecting
the GI tract (nausea,
anorexia, diarrhea);
headache; bradycardia
may occur

Highly bioavailable Initial
dose is not therapeutic;
slow titration increases
tolerability

Metabolized by CYP2D6
and CYP3A4 isoenzymes

Rivastigmine tartrate (Exelon)
Reversibly inhibits AChE and

butyrylcholinesterase
(BChE), primarily in CNS

1.5-, 3-, 4.5-, 6-mg tablets
4.6, 9.5 mg/24 hr extended

release patch 2 mg/mL
solution

1.5 mg BID, with food
Dose may be increased

every 4–6 weeks in
1.5 mg BID increments,
to a maximum dose of
6 mg BID

Symptomatic treatment
of mild to moderate
AD

Small improvements in
cognition and
function occur
within 12–24 weeks.
Benefits may last for
more than 1 year

Cholinergic effects,
particularly affecting
the GI tract (nausea,
anorexia, vomiting,
diarrhea); headache;
bradycardia may occur

Highly bioavailable
Therapeutic effect greatly

exceeds biological
half-life (1 hour),
allowing for twice daily
dosing

Metabolized by hydrolysis
Initial dose is not
therapeutic;
administration with food
and slow titration are
necessary to increase
tolerability

Tacrine (Cognex)
Reversibly inhibits AChE and

BChE, in CNS and periphery

10-, 20-, 30-, 40-mg
tablets

Initially 10 mg QID, with
increases of 10 mg QID
every 4 weeks;
maximum dose is
40 mg QID

Symptomatic treatment
of mild to moderate
AD

Small improvements in
cognition and
function occur
within 12–24 weeks

Cholinergic effects,
particularly affecting
the GI tract (nausea,
anorexia, vomiting,
diarrhea); abdominal
pain; headache;
bradycardia may occur.
Increases in ALT levels
require frequent
monitoring

Poor bioavailability, further
reduced by giving with
food

Adverse effects limit patient
tolerability

Multiple daily doses require
frequent dosing

Metabolized by CYP1A2,
CYP2D6

Initial dose is not
therapeutic

Memantine (Namenda)
Uncompetitive antagonist of the

N-methyl-D-aspartate type of
glutamate receptors

5- and 10-mg tablets and
solution, oral: 5 mg/day
for 1 week; 5 mg BID
for 1 week; 15 mg/day
given in 5 mg and 10
mg separated doses for
1 week; then 10 mg BID

Severe impairment:
Creatinine clearance 5−29

mL/min): 5 mg BID

Symptomatic treatment
of moderate to severe
AD

Small improvements in
cognition and
function as well as
less burden on
caregivers

Well tolerated, yet can
cause headaches and
dizziness

Can be used as
monotherapy or in
conjunction with
cholinesterase inhibitors

Adapted from references 104, 105, 107, 109, 113, 115, 116, 120–123, 127, and 245–248.
BID, twice daily; QID, four times daily; ODT, orally disintegrating tablets.
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in ADAS-Cog and CIBIC-Plus scores during a 5-month, ran-
domized, placebo-controlled trial.125 A similar trial conducted
in Europe and Canada that evaluated patients over 6 months
used doses of 24 and 32 mg/day. Both doses were more effec-
tive than placebo, but patients in the 32 mg/day group exhibited
more adverse effects.126 A 6-month, open-label extension trial
showed that patients treated with galantamine 24 mg/day main-
tained ADAS-Cog scores throughout the entire 12 months of
the study.127

As with the other cholinesterase inhibitors, cholinergic ef-
fects in the GI tract are the most commonly encountered ad-
verse effects. Nausea, diarrhea, vomiting, and anorexia were
the most frequent events encountered during clinical trials.124

They were typically present during the dose escalation phases
of the studies. A dose titration interval of 4 weeks reduces the
severity of adverse effects and increases tolerability.

C.L. is in the mild stage of the disease, so a cholinesterase
inhibitor would be the first choice. It is unlikely that a
cholinesterase inhibitor will produce a dramatic or long-lasting
improvement in C.L.’s cognitive abilities. Systematic reviews
of cholinesterase inhibitor therapy have consistently concluded
that these agents provide modest benefits, at best, in the major-
ity of patients.128,129 Treatment, however, may slow her cog-
nitive decline, help maintain her ability to care for herself for
1 year or more, and reduce the risk for nursing facility place-
ment for as much as 2 years.130 The choice of drug is based
on the agent most likely to produce a positive response with
the fewest adverse effects. Ease of adherence must also be
considered. All agents exhibit similar adverse effect profiles.
Rivastigmine may be less prone to drug interactions because
of its metabolic pathway. It is also available as a patch that
is applied daily. Donepezil and galantamine can be given as a
single daily dose. They can be given at bedtime, which may
make cholinergic side effects less troublesome. We decide to
start C.L. on donepezil.

6. How should treatment with donepezil be instituted in C.L.,
and how should therapy be monitored?

C.L. should receive donepezil 5 mg at bedtime. She should
be monitored for cholinergic side effects (particularly nausea
and diarrhea), insomnia, headache, and dizziness, the adverse
effects most commonly reported in clinical trials.109,112 Her
family and physician should look for improvements in her
memory, orientation, and ability to concentrate on complex
tasks, such as shopping. She may also become less irritable. If
she has not improved noticeably after 4 to 6 weeks, the dose of
donepezil may be increased to 10 mg at bedtime.

If her condition does not respond to donepezil after a trial of
3 to 6 months or she is unable to tolerate the donepezil, it is rea-
sonable to switch C.L. to another cholinesterase inhibitor. Both
rivastigmine and galantamine have additional mechanisms of
action that might prove beneficial. Rivastigmine is started at
a dose of 1.5 mg twice daily with meals to slow absorption
and improve tolerability. The dose may be increased at 4-week
intervals by 1.5 mg twice daily, up to the maximum dose of
6 mg twice daily. Galantamine can be started at 4 mg twice
daily or 8 mg daily and increased every 4 weeks by 8 mg, up
to a maximum dose of 24 mg daily. Taking galantamine with
meals may improve tolerability of GI effects. If a trial of a sec-

ond agent does not improve or stabilize a patient’s condition,
there is no value in attempting a third agent.

MEMANTINE

7. C.L. tolerated donepezil well, with the exception of some
mild nausea and occasional loose stools. She was once again able
to engage in normal activities with the help of reminder notes and
became much less irritable, according to her family.

One year later, C.L. is exhibiting some decline in her cognition
and is becoming more disoriented, particularly in the afternoon
and evening. Her physician considers her to now be in the mod-
erate stage of AD. What other drug therapy strategies may be
appropriate for C.L.’s worsening AD?

Evidence that release of glutamate in the CNS can lead to
excitotoxic reactions and cell death has led to research into the
use of N-methyl-D-aspartate (NMDA) antagonists to treat AD
and other neurodegenerative disorders.131 Memantine is an un-
competitive NMDA receptor antagonist with moderate affinity
and voltage-dependent binding. It is completely absorbed after
oral administration, reaches peak serum concentrations in 3 to
8 hours, and is moderately protein bound (Table 100-7).130

Two large clinical trials have evaluated memantine in sub-
jects with moderate to severe AD. A dose of 10 mg/day for
12 weeks increased functional ability (e.g., dressing, toilet-
ing, participating in group activities) and reduced care depen-
dence compared with placebo.132 A 28-week trial using a dose
of 20 mg/day improved CIBIC-Plus scores, activities of daily
living, and global function compared with placebo.133 Over-
all, the benefits of memantine are modest.134 Common ad-
verse effects include diarrhea, insomnia, dizziness, headache,
and hallucinations.131 The combined use of memantine and
a cholinesterase inhibitor has been shown to be superior to a
cholinesterase inhibitor alone in individuals with moderate to
severe dementia.135,136 C.L. should be started on memantine
5 mg daily, with the dosage increased in weekly intervals by
5 mg/day, up to a dose of 10 mg twice daily.137

Investigational Agents
Several medications are being studied for the management of
dementia at various stages. Some are medications already ap-
proved for other uses, and others are new and investigational
agents. The Alzheimer’s Association and clinicaltrials.gov are
great resources to find and gather additional information on
investigational treatments.

ESTROGEN
Estrogen has several beneficial effects on the brain, includ-

ing improved cerebral blood flow, increased glucose transport
and metabolism, and facilitated repair of damaged neurons.138

Retrospective studies have demonstrated a link between post-
menopausal estrogen replacement and improved performance
on memory testing in older women.139 A reduced risk for de-
mentia has been found among postmenopausal estrogen users
in some studies but not in others.140 The Women’s Health Ini-
tiative Study found that women taking combined estrogen and
progestin were more likely to develop dementia than those
who had not taken these hormones. The hazard ratio for devel-
oping dementia was 2.05.140 One recent study found no link
between estrogen and AD among nonsmokers, but an elevated
risk among smokers.141



100-10 � GERIATRIC THERAPY

NONSTEROIDAL ANTI-INFLAMMATORY DRUGS
The recognition that acute phase inflammatory proteins

are present in neuritic plaques has led to the investigation of
nonsteroidal anti-inflammatory drugs (NSAIDs) for the treat-
ment or prevention of AD.79 In retrospective studies, peo-
ple who took NSAIDs had a lower prevalence of AD when
compared with nonusers.142−145 Acetaminophen did not ap-
pear to have any protective effects.145 Prospective pilot stud-
ies using indomethacin and diclofenac/misoprostol in patients
with mild to moderate AD produced promising but inconclu-
sive results.146,147 Although an epidemiologic study demon-
strated reduced risk for AD with NSAID use,148 clinical trials
of naproxen, rofecoxib, and celecoxib showed no effect on cog-
nition when compared with placebo.149,150

MONOAMINE OXIDASE INHIBITORS
Findings of decreased central norepinephrine and increased

monoamine oxidase type B (MAO-B) among patients with
Alzheimer-type dementia led to the investigation of the MAO-
B inhibitor, selegiline (Eldepryl), as a potential treatment.66,151

Improvement in memory, attention, and social interaction, as
well as reductions in anxiety, depression, and tension, were
demonstrated in some clinical trials, although others found
no significant benefit.151−154 An investigation that evaluated
selegiline and vitamin E (2,000 IU/day), alone and in combi-
nation, found that each agent independently delayed the pro-
gression of AD longer than did the combination.155 However,
concerns with vitamin E in doses >400 IU/day in individuals
with cardiovascular disease has been associated with increased
mortality.156

ALTERNATIVE MEDICINES
Extract of ginkgo biloba has been used for many years in

Europe to improve memory performance. Although its mech-
anism is not well understood, it may function as an antioxidant
and may increase cholinergic activity.157−159 Increasing inter-
est in alternative medicines in the United States has led many
people to use the crude extract. Three published trials have
evaluated EGb 761, a specific combination of constituents,
as a treatment for AD. Two trials found modest improvement
in memory without significant adverse effects,158,159 whereas
the third found no benefit after 24 weeks of treatment (see
Chapter 3).160

Two factors must be considered when referring C.L. for
investigational treatments. The first is the appropriateness of
individual therapies for her, and the second is the likelihood
that she will be able to comply with a research protocol. The
most recent evidence regarding hormone replacement therapy
suggests that the benefits may not outweigh the potential risks.
Likewise, NSAID therapy poses significant GI, renal, and car-
diovascular risks; therefore, neither should be used solely for
the treatment of AD (see Chapter 43). Any decision to pursue
investigational therapy should be discussed fully by C.L., her
family, and her physician.

LEWY BODY DEMENTIAS
Etiology
Lewy bodies are hyaline-containing inclusion bodies typically
found in people with Parkinson disease. Recently, attention

has been given to distinguish DLB and PDD to help further
research.161 It is known that up to 25% of patients with demen-
tia have Lewy bodies in the brainstem and cortex.162 Many of
these patients display extrapyramidal signs without the classic
presentation of Parkinson disease.163 The role of α-synuclein
is a common biological theme in both DLB and PDD, with
α-synuclein aggregates found in Lewy bodies and neurites.

Clinical Presentation

8. J.F. is a 72-year-old woman who was diagnosed with mild
cognitive impairment 6 months ago. She had been increasingly
forgetful and confused for about 1 year before the diagnosis. Ap-
proximately 3 months ago, J.F. and her family decided that J.F.
should move in with them so she would not be left alone. Since mov-
ing in with the family, her son has noted that she seems “spaced
out” at times. Some days, she appears to be very clear and not con-
fused; other days she is very forgetful and requires assistance with
daily tasks. Her daughter-in-law reported that J.F. has been un-
steady on her feet at times and has fallen twice. She notes at times
she moves very slowly and has difficulty initiating movement. Re-
cently, J.F. reported seeing people coming out of the painting on
the wall (a European street scene), stating that “they were walking
all through the house trying to steal anything that can be hidden
in a coat pocket.”

At the physician visit, J.F. was found to be medically stable.
Vital signs, serum chemistries, and CBC were within normal lim-
its. Her MMSE score was 21/30. During the review of systems,
J.F.’s daughter-in-law had to answer some questions because J.F.
appeared either not to not hear them or to ignore them. On phys-
ical examination, she demonstrated mild cog-wheeling rigidity
bilaterally, bradykinesia, and masked facies; she did not display
a resting tremor. What is the most likely explanation for J.F.’s
presentation?

Given her physical health, inability to live by herself because
of impaired cognition, and MMSE score, J.F. meets the crite-
ria for dementia. Her rigidity, bradykinesia, and masked facies
may be consistent with early Parkinson disease (see Chapter
53). There have been revised criteria for the clinical diagnosis
of DLB164 (Table 100-8). J.F. exhibits all the central features,
two core features, and the supportive feature of repeated falls.
Her presentation is consistent with probable DLB versus PDD
due to her temporal sequence and lack of well-established di-
agnosis of Parkinson disease.

Treatment

9. What is an appropriate treatment for J.F.?

To date, cholinesterase inhibitors are the only treatment
strategy for the cognitive symptoms of both PDD and DLB.
The largest randomized, placebo-controlled trials have used ri-
vastigmine (up to 12 mg/day) in subjects with mild to moderate
disease, and this medication has received U.S. Food and Drug
Administration indication for PDD. Rivastigmine was reported
to worsen tremor in 10% of the patients with PDD, yet over-
all there was not a statistically significant difference between
groups.161

Levodopa/carbidopa therapy should be started to help the
symptoms of Parkinsonism, yet it is important to monitor for
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Table 100-8 Revised Diagnostic Criteria for Dementia with
Lewy Bodies (DLB)

1. Central features (essential for a diagnosis of possible or probable
DLB): Dementia is defined as a progressive cognitive decline that
interferes with normal social or occupational function. There is
prominent or persistent memory impairment usually evident with
progression but not necessarily present in the early stages. Deficits on
tests of attention, executive function, and visuospatial ability may be
especially prominent.

2. Core features (two core features are sufficient for diagnosis of
probable DLB, one for possible DLB): (a) Fluctuating cognition with
pronounced variations in attention and alertness, (b) recurrent visual
hallucinations that are typically well formed and detailed, and (c)
spontaneous features of parkinsonism.

3. Suggestive features (if one or more is present in the presence of one or
more core features, a diagnosis of probable DLB can be made. In the
absence of core features, one or more suggestive features are sufficient
for possible DLB. Probable DLB should NOT be diagnosed on the
basis of suggestive features alone): (a) Rapid eye movement sleep
behavior disorder, (b) severe neuroleptic sensitivity, and (c) low
dopamine transporter uptake in basal ganglia demonstrated by
single-photon emission computed tomography (SPECT) or positron
emission tomography imaging (PET).

4. Supportive features (commonly present but not proven to have
diagnostic specific): (a) Repeated falls and syncope; (b) transient,
unexplained loss of consciousness; (c) severe autonomic dysfunction;
(d) hallucinations in other modalities; (e) systematized delusions; (f)
depression; (g) relative preservation of medial temporal lobe
structures with reduced occipital activity; (h) generalized low uptake
on SPECT/PET perfusion scan with reduced occipital activity; and (i)
abnormal (low uptake) MIBG myocardial scintigraphy.

5. A diagnosis of DLB is less likely in the presence of cerebrovascular
disease, presence of any other physical illness or brain disorder, or if
Parkinsonism only appears for the first time at stage of severe
dementia.

6. Need to evaluate the temporal sequence of symptoms to differentiate
between DLB and Parkinson disease dementia (PDD). DLB should be
diagnosed when dementia occurs before or concurrently with
Parkinsonism. PDD should be used to describe dementia that occurs
in the context of well-established Parkinson disease (generally the 1
year rule between the onset of dementia and Parkinsonism should be
followed in the diagnosis).

Adapted from reference 164.

adverse effects such as worsening psychosis and cognition.
Typical antipsychotics, such as haloperidol, may worsen her
extrapyramidal symptoms (EPS) and should be avoided. Novel
atypicals, namely, quetiapine and clozapine, may be less likely
to exacerbate the Parkinsonism but should be instituted after
a trial of a cholinesterase inhibitor or if more acute symptom
control of behaviors are required.161,164

VASCULAR DEMENTIAS
Etiology
VaD is a broad classification of cognitive disorders caused
by vascular disease. The most common cause of VaD is oc-
clusion of cerebral blood vessels by a thrombus or embolus,
leading to ischemic brain injury.165 The term multi-infarct de-
mentia (MID) refers specifically to the cognitive decline that

follows multiple small or large cerebrovascular occlusions.166

A number of diseases, including atherosclerosis, arteriosclero-
sis, and vasculitis, lead to the production of emboli and thrombi
that potentially occlude brain vessels. Hemorrhagic phenom-
ena and disorders such as hypertension or cardiac disease can
produce episodes of cerebral ischemia or hypoxia and are re-
sponsible for some cases of VaD.23,165 Specific risk factors for
VaDs include advancing age, diabetes mellitus, small vessel
cerebrovascular disease, hypertension, heart disease, hyper-
lipidemia, cigarette smoking, and alcohol use.167−170

Neuropathology
VaDs are typically subcortical. Most patients with MID have
blockage of multiple blood vessels and infarction of the cere-
bral tissue supplied by those vessels. When the distribution of
a large artery or medium-size arteriole is blocked, focal neu-
rologic deficits can result (see Chapter 55). Depending on the
area affected, there may be significant cognitive impairment.
More often, however, a patient may have suffered transient
ischemic attacks (TIAs) or multiple microinfarcts that have
remained unrecognized.171,172 Patients with subcortical VaDs
often exhibit small, deep ischemic infarcts in arterioles of the
basal ganglia, thalamus, and internal capsule.6,173 A history
of atherosclerosis, diabetes mellitus, or hypertension is often
present without a history of stroke.171,174,175 MRI scans can be
very useful in diagnosing VaDs because areas of cerebral in-
farction are easier to visualize than they are with CT scanning
(Fig. 100-4). Lesions in white matter may occur in as many as
85% of patients with VaD.176 Deep white matter lesions known
as leukoaraiosis often include demyelination and may repre-
sent early changes in dementia.175,177,178 Although patients
with Alzheimer-type dementia may also exhibit leukoaraiosis,
it is much more prevalent in those with MIDs.6,179 Blood flow
in patients with leukoaraiosis is reduced in all brain regions
except parietal white matter, especially in the putamen and

FIGURE 100-4 A large stroke is visible to the right of the ventricles. There
is evidence of atrophy in the right temporal area.
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thalamus.180 Patients with long-standing uncontrolled hyper-
tension often develop multiple leukoaraiosis lesions, leading to
ischemic periventricular encephalopathy.175 The lesions are too
small to be visualized grossly but are evident on MRI scans.165

Known as Binswanger disease, this disorder is characterized by
focal neurologic deficits, emotional lability, gait disturbances,
and urinary incontinence.175,181 Patients with Binswanger dis-
ease exhibit activation of the coagulation-fibrinolysis path-
way, which may lead to microthrombi and microcirculatory
disturbances.182

VaDs typically have an earlier onset than dementia of the
Alzheimer type.95 Unlike AD, males are affected more often
than females, and survival is shorter for VaD patients.95,183

Clinical Presentation

10. D.V., a 73-year-old man, is accompanied by his daughter
for evaluation of “fuzzy thinking.” Although his chief complaint
is impaired memory, he denies significant impact on his daily rou-
tine. D.V. states his memory problem began 2 years ago after a
dizzy spell and subsequent fall. However, his daughter states that
the impairment began approximately 1 year before that episode.
The memory loss has been slowly progressive. D.V. states that he
feels useless because of his memory problems and his “boring”
daily routine. Although D.V. is generally independent, he relies
on his daughter for assistance with most financial matters. He
has voluntarily quit driving because of a lack of confidence in his
abilities. D.V.’s daughter reports that according to her mother,
D.V. is sometimes disoriented at night when he awakens to uri-
nate. He has no history of urinary incontinence. D.V. has a ques-
tionable history of TIAs, but no focal neurologic deficits. He has
a long history of mild hypertension, which is treated with a di-
uretic. He drinks alcohol occasionally and smokes about half a
pack of cigarettes per day. His medical history is unremarkable
except for the possible TIAs, hypertension, and a mildly enlarged
prostate. His family history is positive for diabetes and heart
disease.

On physical examination, D.V. is found to be a mildly obese man
who is well dressed and groomed, alert, and oriented to person. His
BP is 160/92 mmHg sitting and 168/95 mmHg standing. Cardiac
examination is normal. Neurologic findings include somewhat di-
minished extraocular movements laterally and slightly asymmet-
ric reflexes, with right greater than left. Muscle tone is normal in
the lower extremities. He has a mild shuffling gait. Vibratory sen-
sation is diminished but within normal limits for his age. His score
on the Folstein MMSE was 22/30, including errors in orientation
and recall. His score on the Blessed Dementia Scale was 16/33,
with errors in memory and orientation. Psychologic evaluation
found him to be mildly depressed.

A full laboratory analysis was generally within normal limits.
D.V.’s serum potassium (3.8 mEq/dL) and sodium (138 mEq/dL)
were in the low normal range, and his blood urea nitrogen (BUN)
(18 mg/dL) was in the upper normal range. Serum total choles-
terol was 246 mg/dL, and fasting triglycerides were 230 mg/dL.
A chest radiograph revealed a mildly enlarged heart; his ECG
was normal. An MRI scan indicated generalized atrophy with en-
larged ventricles, periventricular white matter ischemic changes,
bilateral basal ganglion lacunar infarcts, and small cortical in-
farcts in the right parietal lobe. What subjective and objective
evidence exists for a diagnosis of dementia in D.V.?

[SI units: BUN, 6.4 mmol/L of urea; total cholesterol, 6.36 mmol/L;

triglycerides, 2.60 mmol/L]

D.V.’s major complaint is “fuzzy thinking” and impaired
memory that he attributes to his dizzy spell and fall. How-
ever, his family began to note problems a full year before that
episode, with progression over time. Although D.V. denies that
his impairment significantly affects his daily routine, he has
voluntarily stopped driving and relies on his daughter for as-
sistance with financial matters. His memory difficulties appear
to have affected his mood and made him feel useless. D.V. is
disoriented at night when he awakens to urinate. These fac-
tors satisfy the DSM-IV criteria for interference with normal
activities.21

Multiple deficits are present on both the Folstein MMSE24

(orientation, recall) and on the Blessed Dementia Scale25

(memory, orientation), indicating impaired short- and long-
term memory. D.V.’s inability to drive reflects poor judgment
behind the wheel of a car; a disturbance of higher cortical
function is indicated by his need for assistance with financial
matters. There is no evidence of a delirium being present. Ev-
idence of an organic cause is provided by the MRI scan.

Diagnosis

11. What type of dementia does D.V. have?

There is sufficient evidence to indicate that D.V. suffers
from a VaD. Although DSM-IV provides diagnostic criteria
for VaD (Table 100-9), it is not clear that D.V. satisfies the
requirements.21 VaDs commonly present suddenly after a cere-
brovascular insult. This is followed by a period of stability and
further declines after additional episodes, in a stepwise pattern.
Cognitive impairments are variable and depend on the area of
the brain affected by the insult.21

With the exception of the dizzy spell and fall, D.V.’s de-
terioration has had a pattern that resembles a downhill slide
rather than stepwise decline. Although his cognitive deficits

Table 100-9 Diagnostic and Statistical Manual of Mental
Disorders, Fourth Edition, Criteria for Vascular Dementia

1. The presence of multiple cognitive deficits manifested by both
� Impaired memory (ability to learn new information or to retrieve

information previously learned)
� At least one of the following:

Aphasia (language difficulties)
Apraxia (diminished ability to perform motor activities in the

presence of intact motor function)
Agnosia (inability to recognize or name objects despite intact

sensory function)
Disruption of executive function (diminished ability to plan,

organize)

2. The previous deficits significantly interfere with normal work or social
activities and represent a decline from previous ability to function

3. Focal neurologic deficits (e.g., hyperactive deep tendon reflexes, gait
disturbances, weak extremities) or laboratory evidence indicating
cerebrovascular disease (e.g., multiple infarctions of the cortex or
white matter) judged to be etiologically linked to the disorder

4. The deficits do not occur exclusively during the course of a delirium

Adapted from reference 21.
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are “patchy” (e.g., he appears to have no language difficulty),
they are not particularly prominent. D.V. displays some neu-
rologic signs and symptoms, including diminished extraocular
movements, asymmetric reflexes, and a mild shuffling gait, but
they are subtle and might be easily missed by an untrained ob-
server as being related to a dementia. Reliance solely on the
clear presence of diagnostic criteria may often lead to a missed
diagnosis.184 The Hachinski Ischemic Scale ranks signs and
symptoms associated with cognitive impairment of cerebrovas-
cular origin and is used to help differentiate between AD and
MID.185 According to this scale, D.V.’s nocturnal confusion,
depression, hypertension history, and focal neurologic signs
and symptoms are sufficient to indicate VaD.

D.V.’s history and clinical presentation do not suggest de-
mentia caused by a single large stroke or several small strokes.
Large strokes produce significant motor damage, typically on
one side of the body (the side contralateral to the stroke). Mul-
tiple smaller strokes cause prominent motor deficits in discrete
areas controlled by the affected areas. Neither of these patterns
describes D.V.’s condition. However, he is clearly exhibiting
signs of dementia and has significant cerebrovascular disease.
He possesses several risk factors for a VaD, including hyper-
tension, smoking, and hyperlipidemia. His MRI indicates a
lacunar state, with multiple small infarcts in the deep penetrat-
ing arterioles at the base of the brain, particularly in the basal
ganglia, internal capsule, thalamus, and pons (see Chapter 55).
These MRI findings are consistent with D.V.’s long-standing
hypertension and neurologic presentation. The absence of a
significant gait disturbance and urinary incontinence argues
against Binswanger disease.

Because diagnostic criteria for VaDs are vague, arriving at
a specific diagnosis is difficult. Therefore, diagnostic criteria
(Table 100-10) have been proposed for ischemic VaD, provid-
ing a structure for the most common type of these disorders.165

Table 100-10 Proposed Diagnostic Criteria for Ischemic
Vascular Dementia (IVD)

Definite IVD (Requires Histopathological Examination of the Brain)
Clinical evidence of dementia
Pathological confirmation of multiple infarcts, some extracerebellar

Probable IVD
Dementia
Evidence of at least two ischemic strokes by history, neurologic signs,

or neuroimaging, or a single stroke with clearly documented
temporal relationship to the dementia onset

Supporting evidence of multiple infarcts in regions affecting
cognition, history of transient ischemic attacks or vascular risk
factors, elevated Hachinski score

Possible IVD
Dementia, plus one or more of the following:
� History or evidence of a single stroke (but not multiple strokes)

without clearly documented temporal relationship to dementia onset
� Binswanger disease (without multiple strokes), including all of the

following:

– Early-onset urinary incontinence unexplained by urologic disease,
or gait disturbance not explained by peripheral cause

– Vascular risk factors
– Extensive white matter change on neuroimaging

Adapted from reference 165.

According to this diagnostic scheme, D.V. suffers from proba-
ble ischemic VaD.

Treatment

12. How should D.V. be managed?

Several treatment options that modify risk factors for VaDs
are available.

Smoking Cessation
D.V. should be counseled to stop smoking because cigarette
smoking reduces cerebral blood flow and increases the risk for
stroke.186 Among smokers with MID, cessation of cigarette
use improves cognitive performance.187

Antihypertensive Therapy
Hypertension and hyperlipidemia, both present in D.V., are
additional risk factors for stroke and MID. Control of sys-
tolic hypertension reduces the risk of stroke by 36% in elderly
patients,188 and maintaining the systolic BP between 135 and
150 mmHg is associated with improved cognition among MID
patients. A systolic BP that exceeds 150 mmHg indicates in-
adequate control, whereas a systolic BP below 135 mmHg
may lead to inadequate cerebral perfusion.187 As in nonde-
mented individuals, nonpharmacologic treatment (e.g., diet,
weight loss, exercise) is an essential component. The antihy-
pertensive agent must be chosen carefully in this population to
maximize compliance and minimize adverse reactions.189 Both
thiazide diuretics and β-adrenergic blockers may increase lipid
levels, a potential complication in D.V. α-Adrenergic block-
ers and sympatholytic agents may cause depression or impair
cognitive activity. Calcium channel blockers or angiotensin-
converting enzyme (ACE) inhibitors are acceptable because
they are well tolerated by elderly patients and may help preserve
renal function in patients with diabetes mellitus (see Chap-
ter 13). Dihydropyridine calcium channel blockers have been
shown to improve cognition in patients with dementia190 and
reduce the risk of dementia in elderly patients with isolated
systolic hypertension.191 Because D.V. has benign prostatic
hyperplasia, he may benefit from the use of an α-adrenergic
blocking agent, such as doxazosin (Cardura) 1 mg at bedtime
or terazosin (Hytrin) 1 mg at bedtime (see Chapter 101). Ev-
idence indicating an increased risk for negative cardiac out-
comes, however, makes the α-adrenergic blocking agents less
attractive choices.192 The use of a vasodilating calcium chan-
nel blocker, such as amlodipine 5 mg/day, is an appropriate
first choice. An ACE inhibitor such as benazepril (Lotensin)
10 mg/day is an appropriate alternative. Both agents exhibit
the advantage of once-daily dosing over some other agents
within their respective classes. This feature is important for
maximizing adherence in patients with declining memory.

Antiplatelet Therapy
Prophylaxis against future cerebrovascular events is indicated
in MID, but few studies that have looked specifically at indi-
viduals with dementia are available. Cerebral perfusion and
cognitive performance were improved in MID patients receiv-
ing aspirin 325 mg/day for 1 year when compared with a control
population.193 Aspirin dosages as low as 30 mg/day reduce the
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incidence of TIAs and are associated with fewer adverse effects
than higher dosages.194

Other agents that affect the coagulation process include
clopidogrel (Plavix), ticlopidine (Ticlid), aspirin/dipyridamole
(Aggrenox), and warfarin (Coumadin). None of these agents
has been evaluated specifically in people with VaDs. Guide-
lines from the American College of Chest Physicians recom-
mend the use of antiplatelet therapy in patients with a history
of TIA or atherothrombotic stroke that is not of cardiogenic
origin. Warfarin is recommended after cardioembolic cere-
bral ischemic events. According to those guidelines, aspirin
25 mg/dipyridamole extended-release 200 mg twice daily is
recommended as the first-line agent.195

Cholinesterase Inhibitors
Deficits in cholinergic transmission and nicotinic receptor
binding abnormalities have been noted in VaD.196 Early clinical
trials with donepezil,197 galantamine,198 and rivastigmine199

have demonstrated improvement in cognition and daily func-
tion among patients with VaD. As of yet, however, the use of
these agents remains investigational and controversial.

BEHAVIORAL DISTURBANCES IN DEMENTIA
Several types of behavioral disturbances may develop during
the course of a dementia, particularly during the later stages
(Table 100-11).96 The disturbances can be classified into two
broad categories: psychologic behavior and nonpsychologic
behavior. Psychologic behavior includes agitation and anxiety,
depression, withdrawal, psychotic behaviors, and aggression.
Agitation and anxiety are often managed best with nonpharma-
cologic treatment. Pharmacologic interventions are appropri-
ate when nondrug therapies are unsuccessful or the behavior is
severe. Nonpsychologic behaviors such as wandering, inappro-
priate motor activity, shouting, and incontinence respond better
to environmental modification than to drug therapy.200,201 The
first step in evaluating altered behavior in patients with demen-
tia is to ensure that the problem is not the result of an unrecog-
nized medical problem or to an adverse effect of a medication
(see Chapter 99).

Agitation

13. T.G., a 62-year-old man, has recently been diagnosed with
AD, for which he takes donepezil 10 mg at bedtime. He also has hy-
pertension that is treated with hydrochlorothiazide 12.5 mg daily
and amlodipine 5 mg daily. He no longer takes his daily walks
around the neighborhood because he is afraid he will get lost;
instead, he follows his wife around the house as she does her daily
chores. Other times, he paces throughout the house. He also ex-
presses worry about the burden he will place on his family as his
condition worsens. Recently, he has had episodes of incontinence
and awakens four to five times during the night to urinate. His con-
cerns contribute to his nighttime awakenings, making him quite
tired during the day. How should T.G.’s agitation and anxiety be
managed?

Agitation and anxiety are common problems in the early
stages of dementia. Patients are aware of their progressive
cognitive decline and have sufficient insight to understand the
consequences. T.G.’s shadowing of his wife and pacing through
the house are examples of agitated behavior. T.G. is exhibiting
anxiety, as evidenced by his worry about placing a burden on
his family. His poor sleep is due both to nocturia and anxiety.

His behaviors should first be addressed with nonpharmaco-
logic treatments. Although T.G. has been taking hydrochloroth-
iazide without difficulty, he may no longer be recognizing the
cues to urinate. The drug should be discontinued; if his blood
pressure rises, the amlodipine dose can be increased. Shadow-
ing and pacing are demonstrations of unfocused energy. T.G.’s
wife can give him simple tasks to perform, such as drying
dishes, folding laundry, or simple gardening, to help channel
his energy. She also could accompany him on walks to alleviate
his fear of getting lost. Appropriate strategies to manage agi-
tated behaviors without medication are listed in Table 100-12.

When nonpharmacologic interventions are not successful
in reducing problem behaviors, medications can be consid-
ered. Benzodiazepines are the most commonly used anxiolyt-
ics and will address T.G.’s insomnia and anxiety. However,
they are associated with several negative outcomes in the el-
derly, including confusion, amnestic syndromes, ataxia, and
falls.202 Long-acting benzodiazepines are generally considered

Table 100-11 Behavior Disturbances in Dementia

Behavior Typical Presentation Treatment

Anxiety Excessive worrying, sleep disturbances, rumination Trazodone
Buspirone (if no insomnia)
Short-acting benzodiazepine
Selective serotonin reuptake inhibitor (SSRI) antidepressant

Depression Withdrawal, loss of appetite, irritability, restlessness,
sleep disturbances

Trazodone
SSRI antidepressant

General agitation Repeated questions, wandering, pacing Often unresponsive to medications; redirecting activity may be
effective; safety-proofing the residence reduces wandering

Psychotic
behaviors

Delusions (often of theft), hallucinations,
misperceptions

Atypical antipsychotic, if associated with paranoid features
SSRI antidepressant, if associated with withdrawal,

tearfulness, themes of loss
Aggressive

behaviors
Physical or verbal aggressiveness toward others,

excessive yelling and screaming, manic features
Anticonvulsant, such as divalproex or carbamazepine, possibly

in combination with an atypical antipsychotic

Adapted from references 200, 201, 202, 249, and 212.
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Table 100-12 Nonpharmacologic Behavior Management
Strategies

General strategies Safety-proof living areas.
Issue one-step commands for directions.
Maintain a daily routine of activities.
Avoid arguing incorrect statements.
Avoid startling the patient.
Limit unusual or overly stimulating environments.

Anxiety Listen to and acknowledge frustrations.
Provide reassurance.
Engage the patient in enjoyable activities.
Limit noise and distractions.

Aggression Identify the precipitating cause or situation.
Focus on the patient’s feelings and concerns.
Avoid getting angry or upset.
Maintain a simple, pleasant, and familiar

environment.
Employ music, exercise, etc., as a calming activity.
Shift the focus to another activity.

Adapted from references 200, 201, and 250–252.

inappropriate for geriatric patients because age-associated ac-
cumulation increases the risk of acute toxicity.203 Benzodi-
azepines with short half-lives, such as lorazepam (Ativan) or
oxazepam (Serax), may be used, if necessary, but only for a
short term and with caution.

Trazodone is a sedative antidepressant that is effective for
insomnia and agitated behaviors in patients with AD.202,204

Treatment is started at 25 mg at bedtime (HS) and may be
increased to a dose of 250 mg/day in divided doses. Another
alternative treatment is buspirone, which does not cause the
cognitive impairments associated with the benzodiazepines.
Dosage begins at 5 mg three times daily and may be increased
up to 15 mg three times daily. However, buspirone requires
3 to 4 weeks to become fully effective and will not concurrently
manage T.G.’s insomnia because it has no sedative effect.205

Citalopram has been shown to reduce agitated behaviors in
people with dementia and could be used.205

If the nondrug strategies are ineffective in reducing T.G.’s
insomnia and agitation, trazodone should be initiated at a dose
of 25 mg HS. It may be increased by 25 mg/day at 5- to 7-day
intervals, up to 100 mg. Doses above 100 mg/day should be
split into two daily doses.

Psychosis

14. T.G.’s mental status continues to decline to the point that
he requires help with bathing and dressing. During a physician
visit, he accuses his wife and children of stealing from him. He
also cannot locate his coin collection, which he placed in a “safe”
location when his memory began to decline; during the night, he
rummages through the house looking for it. He believes his family
has been plotting to steal his assets and then turn him out onto
the street. T.G.’s son reports that T.G. has been verbally abusive
and has threatened several members of the family recently. How
should T.G.’s psychotic behavior be managed?

Delusions and hallucinations are common among demented
individuals. Paranoid ideation or delusions have been reported

in up to half of dementia patients.206−208 Delusions typically
involve suspicion of theft by family members, which may be
secondary to the patient’s inability to remember where valuable
items were placed and incorrectly concluding that they were
stolen.207 Another common delusion is the misidentification of
people or objects. Capgras syndrome, the belief that a person
has been “replaced” by an identical-looking impostor or the be-
lief that photographs or television pictures are real individuals,
may occur in almost half of demented individuals.207,209,210

Psychotic symptoms respond best to antipsychotic agents,
although these are not highly effective, and no single antipsy-
chotic is more effective than any other. Delusions, hallucina-
tions, aggression, and uncooperativeness symptoms respond
best, but overall improvement occurs in only about 18% of
patients.210,211

The choice of an antipsychotic agent is determined by the
symptoms displayed by the patient as well as the potential
for adverse effects. First, it is important to evaluate the target
symptoms to determine whether they will respond to pharma-
cotherapy. Then, an appropriate agent that has a relatively low
risk for adverse effects can be chosen.212 The atypical antipsy-
chotic agents are better tolerated by older adults than are the
conventional neuroleptics (see Chapter 78).202,212,213

T.G. is experiencing a delusion of theft, suspiciousness, and
aggressive behavior. It is possible that the verbal abuse and
threats are consequences of fear brought on by the false belief
that his family is stealing from him and plans to abandon him.
The delusions and suspiciousness may respond to the use of an
antipsychotic agent, which may then diminish his aggression
as well.

T.G. has no major contraindications to the use of any an-
tipsychotic agent, and his target symptoms will probably re-
spond to any of the available agents. Therefore, the choice
can be made according to which antipsychotic agent is least
likely to cause intolerable adverse effects. Risperidone has been
evaluated in a case series and in a large double-blind, placebo-
controlled trial.214,215 In the case study series, symptoms im-
proved in half of the patients taking dosages ranging from 0.5
mg every other day to 3 mg twice daily. However, 50% also
experienced EPS, even at the lowest dosage used.214 Subjects
in the double-blind trial received either placebo or risperidone
at dosages of 0.5 mg/day, 1 mg/day, or 2 mg/day for 12 weeks.
Daily doses of 1 or 2 mg reduced psychosis and improved be-
havior, but extrapyramidal symptoms (EPS) and somnolence
were common adverse effects.215 Low doses of olanzapine, 5 to
15 mg/day, were superior to placebo for reducing agitation, ag-
gression, and psychosis during a 6-week study among nursing
facility residents.216 Somnolence and gait disturbances were
the most common adverse effects. Quetiapine has been shown
to reduce agitated and psychotic behaviors at doses of 100
to 200 mg/day.217 Clozapine poses significant toxicity risks
and requires careful monitoring.212 Significant concerns ex-
ist regarding marginal benefit with an increased risk for seri-
ous adverse effects, including stroke and mortality among pa-
tients with dementia who take either conventional or atypical
antipsychotics.218−220 Because T.G. does not have cardiovascu-
lar or cerebrovascular risk factors and does not have gait or bal-
ance problems, either risperidone 0.25 mg HS or quetiapine 25
mg HS can be initiated. Doses of risperidone may be increased
by 0.25 mg/day in weekly intervals, up to 2 mg/day; quetiap-
ine doses can be increased by 25 mg/day, up to 200 mg/day
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in divided doses. Once his behavior has stabilized, the medi-
cation should be continued for about 3 months. At that time,
the dose should be decreased in weekly intervals to determine
whether the medication is still required. T.G. should be mon-
itored closely for adverse effects, including EPS, which can
occur with the atypical antipsychotics.212,221

Aggressive Behaviors

15. After 3 months, T.G.’s delusions have subsided, but he con-
tinues to be verbally abusive and often displays angry, emotional
outbursts, especially when he requires help with bathing or toi-
leting. At other times, he is withdrawn and apathetic. He has also
been found wandering in the neighborhood on three occasions.
These behaviors persist despite treatment with quetiapine 100 mg
twice daily. What alternative treatments can be attempted?

Although psychotic symptoms respond to antipsychotic
agents, many other behaviors do not. More than 80% of pa-
tients with dementia exhibit at least one disruptive behavior
such as angry outbursts, screaming, and abusive language, and
more than 50% display multiple aggressive behaviors.206,222,223

About 21% display assaultive or violent behavior.206 Such be-
haviors are typically directed at caregivers, precipitated by
receipt of assistance with activities of daily living such as
bathing and toileting, and increase in frequency with dementia
severity.206,222,224 Several of these behaviors may be merely de-
fensive responses to perceived threats in cognitively impaired
individuals.224 Behavioral disturbances must be addressed be-
cause they can have a negative effect on the patient’s ability to
perform activities of daily living.225

Some behaviors exhibited by T.G. are not likely to respond
to medications. Wandering is typically unaltered by the use of
medications unless the patient is oversedated. Nonpharmaco-
logic treatments, such as periods of physical exercise and rest,
or environmental modification are much more effective.201,226

T.G.’s reactions to assistance with bathing and toileting may
be caused by confusion and fear. Breaking the tasks down
to step-by-step procedures, accomplished individually, often
helps modify aggressive behaviors.226

Verbal abuse and aggressiveness place both the patient and
the caregiver at risk for injury. Anticonvulsant agents have been
shown to reduce rage and aggressive behaviors in patients re-
sistant to treatment with antipsychotics.227 Carbamazepine and
valproic acid (including divalproex) are the most well-studied
agents.228,229 Carbamazepine (Tegretol) 200 to 1,000 mg/day,
titrated to a serum level of 5 to 8 mcg/mL, reduces severe ag-
itation in dementia patients.228−230 Significant adverse effects
include dizziness, drowsiness, ataxia, and agranulocytosis. Pa-
tients should be monitored for CNS effects (e.g., increased
confusion, daytime drowsiness) and require baseline and pe-
riodic CBCs with differentials. Carbamazepine also induces
hepatic microsomal enzymes, causing more rapid metabolism
of several drugs.

Valproic acid and divalproex, alone and in combination
with an antipsychotic, are also effective in managing acute
aggressive behaviors.231−233 Common adverse effects are nau-
sea, vomiting, and dizziness. They do not produce blood
dyscrasias and are subject to fewer drug interactions than
carbamazepine.201 This makes these agents a better choice for
the treatment of T.G.’s symptoms, and they may be added to his

quetiapine treatment unless his symptoms are determined to be
caused by depression (see the following). The initial dosage of
divalproex should be 125 mg/day; it may be increased by 125
mg/day every 3 to 6 days until the behavior improves or un-
til a maximum therapeutic serum level is reached.227 When
his behavior has stabilized, the quetiapine dose should be re-
duced, and if T.G.’s psychotic symptoms do not recur, the drug
may be discontinued. Likewise, divalproex treatment should
be re-evaluated after 2 to 3 months.

Depression

16. How should T.G.’s social withdrawal and apathy be treated?

Depression often accompanies dementia and may signifi-
cantly impair a patient’s functional capacity, cognitive abilities,
and communication.234,235 T.G. is withdrawn and apathetic,
symptoms suggestive of depression. Screaming and irritabil-
ity are also believed to be a symptom of depression in individ-
uals with dementia, perhaps reflecting feelings of loneliness,
boredom, or the need for attention.222,236 Because a definite
diagnosis of depression relies heavily on a patient interview
and response to questions, a formal diagnosis in patients with
dementia is difficult, if not impossible. Therefore, one must
rely on patient observation to make a clinical evaluation.

The selective serotonin reuptake inhibitors have not been
well studied in patients with dementia, but are effective an-
tidepressants with adverse effects that are better tolerated than
those of the tricyclic antidepressants. Sertraline, in doses of 50
to 150 mg/day, was superior to placebo in reducing depression
in AD patients during a 12-week trial.237 Citalopram has also
demonstrated effectiveness in small trials; in contrast, fluoxe-
tine and fluvoxamine have not demonstrated benefit.202

Trazodone (Desyrel) reduces disruptive and aggressive be-
haviors in cognitively impaired patients and thus is a reasonable
choice for treatment of depression in T.G.201,238,239 This drug
is sedating, may help with sleep disorders, and is free of an-
ticholinergic effects. It does, however, possess α-adrenergic
blocking activity, which may cause orthostasis. If it is deter-
mined that T.G. is depressed, trazodone may be initiated at 50
mg HS and increased to 100 mg HS after several days. If nec-
essary, dosages for T.G. can be increased by 50 mg/day every
5 to 7 days. If further dosage increases are needed, the total
daily dose should be divided into two or three doses up to a
maximum daily dose of 300 mg.201 The trazodone should in-
duce a restful sleep at night, increase T.G.’s sociability, and
decrease his abusive behaviors. If he does not respond to tra-
zodone, either sertraline 50 mg/day or citalopram 10 mg/day
may be tried. Dosages may be increased weekly up to a maxi-
mum of 150 mg/day or 40 mg/day, respectively.

Social Support

17. T.G.’s family indicates that caring for him at home has be-
come so burdensome that they are considering placing him in an
institution. What social support services are available to families
facing this decision?

Institutionalization is a typical outcome for patients in the
late stages of dementia. The total care required to manage
a dementia patient usually becomes unmanageable for most
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families as the disease progresses. Caregiver stress is often
exacerbated by the patient’s declining memory, inability to
communicate, physical decline, and incontinence, as well as
the caregiver’s loss of freedom and depression.240 Caregivers
commonly experience anger, helplessness, guilt, and worry,
and suffer from physical stressors such as fatigue and illness.226

Outside assistance is essential to families caring for a patient
with dementia. Families should be referred to the Alzheimer’s
Association as soon as a diagnosis of dementia is received. The
association has local affiliates in most major cities. The book
The 36-Hour Day is a valuable resource for families as well.226

It describes the symptoms, behaviors, and problems that can
be encountered when caring for a patient with dementia.

Support groups, individual and family counseling, and other
sources of support are useful and may help families cope for
a longer period.241 However, the key intervention to reduce
caregiver stress is respite care, which allows a family time away
from the responsibilities of taking care of a frail individual.242

Respite care brings a person into the home or allows the patient
to go to a day care center or similar environment on a regular
schedule. Such programs may delay the need to institutionalize
a patient.

PSEUDODEMENTIA
Clinical Presentation and Diagnosis

18. G.Y., an 86-year-old woman, lives alone in a low-income
housing unit. Over the past 6 weeks, she has become disoriented
and confused. A neighbor brought her to the hospital after finding
her wandering through the neighborhood in her nightclothes. She
eats only one meal a day—a frozen pot pie—because she generally
forgets to eat her other meals. Several bills remain unpaid. She has
difficulty sleeping and expresses little desire to live because “all
my friends are gone.” Her score on the Folstein MMSE is 18/30
with multiple deficits. Most errors are attributable to answers of
“I don’t know” or “I can’t.” She currently takes propranolol 40
mg three times daily for high BP, cimetidine 400 mg twice daily
for gastroesophageal reflux disease, and temazepam 15 mg HS
PRN for insomnia. What subjective and objective data support a
diagnosis of pseudodementia in G.Y.?

Depression
G.Y. clearly exhibits cognitive impairment as evidenced by her
symptoms of confusion and disorientation, forgetting to eat,
wandering, and a low score on the Folstein MMSE.24 However,
the rapid course of her decline, her lack of effort on mental
status testing, and the medications she is taking suggest that
her impairment might be secondary to causes other than true
dementia.243

Depression is the most common cause of pseudodementia,
accounting for at least 50% of cases. Depressive symptoms in
G.Y. include self-neglect, insomnia, loss of desire to live, and
lack of effort on mental status testing. When given a mental
status screening test, depressed patients tend to give “I don’t
know” answers, which reflect dysphoria or an inability to co-
operate, whereas demented patients typically provide incorrect
answers.243

Medications
Medications are often responsible for cognitive impairment
in older adults, accounting for dementia symptoms in ap-
proximately 12% of patients with cognitive impairment. Psy-
chotropic medications, analgesics, antihypertensives, corti-
costeroids, and cimetidine are often implicated (see Chapter
79).23,203,244

Treatment

19. What is the proper treatment for G.Y.’s pseudodementia?

Initial therapy should consist of the discontinuation of her
medications, all of which may be contributing to her cognitive
decline. Because the medications are relatively short acting, her
mental status should improve significantly within 48 hours. At
that time, her hypertension and gastroesophageal reflux disease
can be re-evaluated and more appropriate therapy instituted, if
warranted.

G.Y. should be evaluated for depression, and psychotherapy
should be initiated if she is in fact depressed. She should also be
referred to a social services agency or senior center to provide
her with assistance and to offer her opportunities for social
interaction.
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SEXUAL DYSFUNCTION
Sexual dysfunction has been described as a public health con-
cern by a National Institutes of Health Consensus Panel.1,2

Sexual dysfunctions are highly prevalent in both sexes, ranging
from 10% to 52% in men and from 25% to 63% in women.3,4 In
addition, advancing age is accompanied by a decrease in sex-
ual function. Intercourse decreases from an average of once a
week at the age of 65 to once every 10 weeks at the age of 80.5

The frequency of sexual intercourse among the elderly actually
has increased over the past 40 years, but still is substantially
less than in younger individuals.5−8 Although individual vari-
ations in frequency are large, most studies show that sexual
activity among the elderly depends on the life pattern and past
experiences of good or poor sexual function in each patient.
Elderly patients may experience physiologic changes and en-
counter additional interference with sexual activity because of

disability, disease, and medications. Furthermore, interest in
sexual activity declines with aging.9

Poor health often is cited by elderly women as a reason
for not participating in sexual activity, and among men, erec-
tile dysfunction is the leading cause of decline in activity.5,10

The major factors that correlate with reduced sexual activ-
ity include an older spouse, poor mental or physical health,
marital difficulties, previous negative sexual experiences, and
negative attitudes toward sexuality in the aged.11 During the
postmenopausal years, women undergo substantial physiologic
change. The major physiologic event of natural menopause is
a decrease in estrogen production. Little doubt exists that a
decline in estrogen production is associated with many of the
physiologic changes causing elderly women to report a low in-
terest in sexual activity. The medical literature is replete with
research and data on elderly male sexual dysfunction, but little,
if any, data exist on female sexual dysfunction.

101-1
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Male Sexual Dysfunction

Aging men may experience andropause, a syndrome consisting
of weakness, fatigue, reduced muscle and bone mass, impaired
hematopoiesis, oligospermia, sexual dysfunction, and psychi-
atric symptoms.12 The relationship between declining testos-
terone and andropause is not firmly established. Free testos-
terone levels begin to decline at the rate of 1% per year after
age 40 years. By the age of 60 years, 20% of men have levels
below the lower limit of normal.13 The physiologic and psy-
chological effects of declining hormone levels in men are less
dramatic than those experienced by women.

Sexual function is considered an interaction among moti-
vation, drive, desires, thoughts, fantasies, pleasures, experi-
ences (referred to as the libido), penile vasocongestion, erec-
tion, orgasmic contractions, and ejaculations (referred to as
potency).14,15 Testosterone plays an important role in male li-
bido and sexual behavior, and may play some role in penile
erection. Elderly men show a strong correlation between ad-
vancing age and diminishing bioavailable serum testosterone
levels.16,17 Testosterone progressively declines after the sev-
enth decade, partly because of testicular and hypothalamic-
pituitary dysfunction.18

Male sexual dysfunction, denoting the inability to achieve
a satisfactory sexual relationship, may involve inadequacy of
erection or problems with emission, ejaculation, or orgasm.
Erectile dysfunction is the inability to achieve and maintain a
firm erection sufficient for satisfactory sexual performance.19

Premature ejaculation refers to uncontrolled ejaculation be-
fore or shortly after entering the vagina. Retarded ejaculation
usually is synonymous with delayed ejaculation. Retrograde
ejaculation denotes backflow of semen into the bladder during
ejaculation caused by an incompetent bladder neck mecha-
nism.

The neurologic structures in the brain most closely asso-
ciated with sexual function and arousal are the limbic system
and the hypothalamus. The psychogenic sexual arousal mech-
anism involving sensory organs (e.g., vision, auditory, olfac-
tory, tactile) and imaginative stimuli participate in sexual func-
tion through the hypothalamus and limbic systems. Subsequent
nerve transmission down the spinal cord to the autonomic ner-
vous system and sacral and thoracolumbar centers mediates
the penile erection. Furthermore, the reflexogenic mechanism
of penile erection (stimulation of the genital area) also involves
nerve transmission by the pudendal nerve to the sacral erection
center. Neurotransmission in the peripheral nervous system is
mediated by adrenergic and cholinergic stimulation and may
be diminished in advanced age.20 Neurochemical mediators
also are involved with sexual function. For example, dopamine
is associated with sexual arousal (stimulation), whereas sero-
tonin has an inhibitory effect.21,22 In the elderly, reduced onset
of sexual arousal may be attributed to global cerebrovascular
disease and diminished sensory input to the central nervous
system (CNS). Peripheral mechanisms of sexual arousal also
may be affected by aging.

Erectile dysfunction (ED), once regarded as a psychosocial
disorder, today is regarded as caused by a variety of medical,
psychological, and lifestyle factors. According to data from
the Massachusetts Male Aging Study (MMAS), the combined
prevalence of minimal, moderate, and complete erectile dys-
function among all elderly men is 52%.23,24 According to the

Baltimore Longitudinal Study of Aging, ED was a problem in
8% of all healthy men by age 55, and its prevalence increased
to 25%, 55%, and 75% for men 65, 75, and 80 years of age,
respectively.25 Erectile dysfunction is estimated to affect as
many as 30 million men in the United States. Of males aged
45 years or older in the United States, 5% seek prescription
drug therapy for ED, on an annual basis.26

Approximately 80% of all cases of ED now are thought
to be related to organic disease and subject to numerous
influences.14,27−29 In one study,17 neurologic and vascular dis-
orders were the primary causes of ED among elderly men, and
psychogenic factors were the cause in <10%. The single most
common etiology for erectile failure in the elderly is severe
atherosclerosis (e.g., vascular disease and diabetes mellitus).17

Cardiovascular disease, hypertension, diabetes mellitus,
elevated low-density lipoprotein cholesterol, and cigarette
smoking are associated with a greater probability of complete
erectile dysfunction in men.23 Therefore, prevention of cardio-
vascular disorders by interventions such as low-fat and low-
cholesterol diets and abstinence from tobacco should minimize
the development of geriatric sexual erectile dysfunction.

Different physiologic mechanisms are involved in erection,
emission, ejaculation, and orgasm. Except for nocturnal emis-
sions, ejaculation requires stimulation of the external genitalia.
Ejaculation occurs in three phases. The first phase is termed
emission. Efferent signals traveling in the hypogastric nerve
activate secretions and transport sperm from the distal epi-
didymis, vas deferens, seminal vesicles, and prostate to the pro-
static urethra (Fig. 101-1). The second phase is the coordinated
closing of the internal urethral sphincter and the relaxation of
the external sphincter to direct the semen into the bulbous
urethra. The coordinated closing of the internal sphincter and
relaxation of the external sphincter is mediated by α- and β-
adrenergic stimulation. The third phase, external ejaculation,

Ejaculatory duct Seminal
vesicle
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gland

Cowper’s
gland

Urethra
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Epididymis

Vas
deferens

FIGURE 101-1 A diagram showing the sources and direction of seminal
flow. (From reference 321, with permission.)
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FIGURE 101-2 A diagram showing the relations of the bladder, prostate,
seminal vesicles, penis, urethra, and scrotal contents. (From reference
321, with permission.)

involves the somatomotor efferent segment of the pudendal
nerve to contract the bulbocavernosus muscle, which forces
the semen through a pressurized conduit, the much-narrowed
urethral lumen compressed by the engorged corpora cavernosa
and corpus spongiosum (Fig. 101-2), to produce 2 to 5 mL of
ejaculate.28 In the elderly male, ejaculation is less vigorous and
the total ejaculate is likely to be reduced.30

The hemodynamics of penile erection involve the pudendal
artery (the major blood supply to the penis), of which the ter-
minal portion divides into three branches: (a) the bulbourethral
artery, (b) the dorsal artery, and (c) the cavernous artery. The
cavernous artery supplies the corpora cavernosa; the dorsal
artery, the glans penis; and the bulbourethral artery, the cor-
pus spongiosum. The corpora cavernosa and the corpus spon-
giosum (also referred to as corporal smooth muscle) are the
erectile muscle tissues, which appear to be under β-adrenergic
control.14,28 Thoracolumbar or sacral erection-center stimula-
tion shunts the blood to these structures and an erection ensues.
The sympathetic nervous system also is involved in the con-
striction of veins in the erectile tissue that diminishes venous
outflow. The resultant high intracavernous (IC) pressure con-
verts a soft, flaccid organ to a blood-distended erect penis.
Distention of the erectile tissue further results in compres-
sion of the venules, reducing the venous capacity to minimum,
which allows full erection of the penis. These actions maintain
erection in the corpora cavernosa without diverting too much
cardiac output for penile erection.31

The biochemical basis of erection is simply an extension of
the neuronal physiologic mechanisms. The erectile system in-
volves neural initiation, cellular translation, and vascular trans-
duction. Central initiation of an erection involves erectogenic
stimuli (tactile), erotic imagery at the cerebral cortex, or both.
The nuclei that integrate erectile signaling are highly specific.32

The medial preoptic area (MPOA) of the hypothalamus may
be the integration for the central control of erection. It receives
sensory impulses from the amygdala that have inputs from
cortical association areas.33 The signals generated follow the
spinal pathways and create an erection through receptor inter-
action and cellular mechanisms in the vasculature in the pe-
riphery. As a result of erectogenic or erotic activity, dopamine,

acting via the D2-receptor, is the initiating neurotransmitter.
Inhibitory stimuli such as anxiety can dampen the response of
the dopaminergic system.

The cellular mechanisms that control the vascular response
necessary for penile erection are similar to equivalent mecha-
nisms elsewhere in the vasculature. Cellular mechanisms are
designed to induce vascular relaxation and thus cause an erec-
tion. Essentially, two cellular factors are believed to induce vas-
cular relaxation. The first factor, prostaglandin E1, is released
at the local level as a result of the spinal pathway message;
it causes adenyl cyclase to accelerate the production of cyclic
adenosine monophosphate (cAMP) and results in intracellu-
lar release of potassium, a known vasodilator. A second factor
involves the release of nitric oxide from local neuronal tis-
sue. Nitric oxide is the main neurotransmitter mediating erec-
tion. Once called endothelium-derived relaxing factor, nitric
oxide has been shown to induce relaxation of vascular smooth
muscle.6 Nitric oxide induces the formation of cyclic guano-
sine monophosphate (cGMP) in the vascular system; cGMP
is postulated to activate protein G, leading to the phosphory-
lation of proteins regulating corporal smooth muscle through
ion channel changes.34 This results in the opening of potas-
sium channels and hyperpolarization of the muscle cell mem-
brane, sequestration of intracellular calcium by the endoplas-
mic reticulum, and blocking of calcium influx by calcium chan-
nel inhibition.35 Nitric oxide is released by endothelial cells and
efferent neuronal cells in response to erectogenic stimuli.

The major arteries needed for an erection are the feeder
pelvic vessels and the penile vessels themselves. In all of these
components, multiple competing systems exist in a state of bal-
ance. The final vascular consequence of these actions depends
on the intracellular response and the interaction of the vascu-
lar wall complex (smooth muscle, endothelium, nerves plus
the effects of stromal and luminal blood pressure). The vascu-
lar wall complex is the interplay of vasodilators (prostaglandin
E1, nitric oxide, potassium), the inhibition of the vasoconstric-
tor mechanisms, and the resultant relaxation of the vascular
wall.36

The process of orgasm is the least understood sexual pro-
cess. Simultaneous with emission and ejaculation are invol-
untary rhythmic contractions of the anal sphincter, hyperven-
tilation, tachycardia, and blood pressure elevation. Because
erectile dysfunction is more likely in male patients with coro-
nary artery disease, the understanding of the cardiovascular
stresses involved with sexual intercourse can aid in patient
management. Cardiac and metabolic expenditures during sex-
ual intercourse vary depending on the type of sexual activ-
ity. Healthy males with their usual female partners generally
achieve a peak heart rate of 110 beats/minute with woman-on-
top coitus and an average peak heart rate of 127 beats/minute
with man-on-top coitus.37 There is significant individual vari-
ation in cardiovascular response, when measured as oxygen
uptake and metabolic expenditures, for male-on-top coitus.

In a study of medication-free patients with coronary artery
disease who were in the New York Heart Association functional
class I or II, sexual activity was compared with near-maximal
exercise treadmill test.38 Electrocardiographic changes repre-
senting ischemia during intercourse were found in one-third
of the patients; however, two-thirds of these patients remained
asymptomatic. All patients with ischemia during coitus also
demonstrated ischemia during exercise treadmill testing. The
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average heart rate during coitus was 118 beats/minute, with
some patients attaining a heart rate of 185 beats/minute at or-
gasm. Intercourse in patients with coronary artery disease may
provoke increased ventricular ectopic activity that is not nec-
essarily elicited by other stimuli.39 These electrocardiographic
changes and associated symptoms can be abolished with the
use of β-blockers.40 Sexual activity is a likely contributor to the
onset of myocardial infarction only 0.9% of the time.41 Coital
death is rare, accounting for 0.6% of sudden death cases.42 The
hemodynamic changes associated with sexual activity may be
far greater with an unfamiliar partner, in unfamiliar settings,
and after excessive eating and alcohol consumption.

Erectile Dysfunction
Pathogenesis
Erection involves the neurologic, psychological, hormonal, ar-
terial, and venous systems. In a study of 1,500 elderly men over
a period of 10 years, organic erectile dysfunction was diag-
nosed in >1,050 subjects.43 As a result of research in vascular
physiology, neurophysiology, and neuropharmacology of the
penis, most urologists today believe that up to 80% of elderly
erectile dysfunction cases are organic in origin and that the
remainder are owing to psychological factors44 (Table 101-1).
In most elderly male sexual dysfunction studies, 50% involve
vascular problems, and 30% relate to diabetes mellitus.45

NEUROGENIC DISORDERS
Erectile dysfunction can be caused by damage to the brain,

spinal cord, cavernous or pudendal nerves, terminal nerve end-
ings, and the receptors. Neurogenic erectile dysfunction can be
caused by diabetes, spinal cord injury, cauda equina lesions,
polyneuropathy, myelopathy, multiple sclerosis, dorsal nerve
dysfunction from alcohol abuse or parkinsonism, and radical
pelvic surgery.44 Erectile dysfunction was the presenting symp-
tom in 12% of males with unrecognized diabetes mellitus.46

Similarly, erectile dysfunction can be the presenting symptom
of temporal lobe epilepsy.47

Approximately 95% of patients with upper motor neuron
lesions resulting from spinal injury are capable of erection

Table 101-1 Causes of Erectile Disfunction

Vascular

Atherosclerosis
Penile Raynaud’s phenomenon

Neurologic

Cerebrovascular accident
Spinal cord damage
Autonomic neuropathy
Peripheral neuropathy

Endocrine

Diabetes mellitus
Hypogonadism
Prolactinomas
Hyperthyroidism
Hypothyroidism

Iatrogenic

Pelvic radiation
Lumbar sympathectomy
Prostatectomy
Renal transplantation
Spinal cord resection

Psychogenic

Performance anxiety
Depression
Widower’s syndrome

Adapted from reference 79, with permission.

through the reflexogenic mechanism,48 whereas only 25% of
patients with complete lower motor neuron lesions can have
erections through the psychogenic mechanism.48 With incom-
plete lesions, up to 90% of patients in both groups retain erectile
ability. Patients who have a cerebrovascular accident, demen-
tia, epilepsy, Parkinson disease, or a brain tumor most likely
experience erectile failure through loss of sexual interest or
overinhibition of the spinal erection centers.44

HORMONAL DISORDERS
The incidence of erectile dysfunction with a hormonal cause

has been estimated to be 5% to 35%, depending on which med-
ical specialty is reporting the finding.49 The most common hor-
monal disorder associated with ED in the elderly is diabetes
mellitus. Approximately 75% of elderly male diabetics expe-
rience ED owing to a combination of vascular, neurologic, and
psychological factors.50 Insulin dosage, duration, and glycemic
control are unrelated to sexual dysfunction.

Other hormonal disorders, such as hypothyroidism, hyper-
thyroidism, Addison’s disease, and Cushing’s syndrome, are as-
sociated with erectile dysfunction. Patients with hypogonadism
due to pituitary or hypothalamic tumors, antiandrogen therapy,
or orchiectomy experience ED. These patients can have a nor-
mal erection from visual stimulation, however, indicating that
the erectile mechanism is intact.51

VASCULAR DISORDERS
Atherosclerosis is the leading vascular disease associated

with male erectile dysfunction. The age of onset of coronary
artery disease parallels the onset of ED, indicating a gener-
alized atherosclerotic etiology for the erectile dysfunction.52

The degree of arteriolar narrowing and clinical presentation,
however differ from patient to patient. Some patients can have
severe coronary artery disease but retain the capability of a full
erection. As long as the arterial flow into the penis exceeds the
venous outflow, the patient can be potent. Narrowing of the
arterial lumen lowers pressure in the cavernous arteries, and
poor arterial flow can only partially fill the sinusoidal system.
Overall, the partial filling of the sinusoidal system causes in-
adequate expansion of the sinusoidal wall, resulting in partial
compression of the venules. The net effect is a partial erec-
tion, difficulty in maintaining an erection, or the most common
complaint, early detumescence. Intrapenile arterial disease re-
sulting from diabetes mellitus, atherosclerosis, or aging does
not respond to present surgical techniques.

Signs and Symptoms

1. F.M., a 66-year-old man, was referred to a urologist be-
cause he was experiencing a loss of interest in sexual activity. He
describes the inability to maintain a firm erection for the past
6 months in >75% of sexual attempts with his sexual partner.
Physical examination was unremarkable except for an enlarged
prostate gland and evidence of pubic and axillary hair loss. Vital
signs were as follows: blood pressure (BP), 160/95 mmHg; pulse,
88 beats/minute; respirations, 14 breaths/minute; and tempera-
ture, 98.7◦F. Current medications include ramipril 5 mg/day and
glyburide 5 mg/day. F.M.’s medical history is positive for cigarette
smoking, hypertension, and diabetes mellitus. Significant labora-
tory results include the following: random blood sugar, 200 mg/dL
(normal, 70–110); serum creatinine (SrCr), 1.5 mg/dL (normal,
0.6–1.2); blood urea nitrogen (BUN), 22 mg/dL (normal, 8–18);
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free testosterone level, 30 pg/mL (normal, 52–280); luteinizing
hormone (LH), 4 mU/mL (normal, 1–8); follicle-stimulating hor-
mone (FSH) level, 40 mIU/mL (normal, 4–25); and serum pro-
lactin level, 28 ng/mL (normal, <20). What signs and symptoms
does F.M. have that would suggest the need for a complete medical
workup for erectile dysfunction?

[SI units: glucose, 11.1 mmol/L (normal, 3.9–6.1); SrCr, 132.6 μmol/L (nor-

mal, 50–110); BUN, 7.9 mmol/L urea (normal, 3.0–6.5); LH, 4 IU/L (normal,

1–8); FSH, 40 IU/L (normal, 4–25); serum prolactin, 28 mg/L (normal,

<20)]

F.M. presents with the complaint of loss of interest in sex-
ual activity and the inability to maintain a full erection dur-
ing >75% of sexual encounters with his partner. On physical
examination, F.M. is found to have a noticeable loss of pubic
and axillary body hair. With longstanding androgen deficiency,
there may be loss of hair in the androgen-dependent areas of
the body, fine wrinkling of the skin around the mouth and eyes,
noticeable loss of muscle mass and strength, altered body-fat
distribution, and osteoporosis. In contrast, overt hypogonadism
results in a change in the pattern of pubic hair from the male
diamond shape to the female inverted triangle appearance. At
this point, it appears that F.M.’s loss of pubic and axillary hair
is the result of androgen deficiency, with the cause yet to be
determined. The laboratory results for gonadal function co-
incide with what is expected in an elderly male with erectile
dysfunction (see Question 4).

Urologic Workup

2. What clinical evaluations and laboratory tests should be
included in the medical workup of F.M. to determine the cause of
his erectile dysfunction?

A detailed medical and sexual history and thorough phys-
ical examination are essential in the evaluation of sexual
dysfunction. General medical history and physical examina-
tion should consider drug-induced erectile dysfunction (Table
101-2); cigarette smoking (cigar and pipe tobacco have not
been associated with sexual dysfunction); prior surgery (e.g.,
transurethral resection of prostate [TURP], aortoiliac bypass,
prostatectomy); prior physical trauma (e.g., herniated disc, tes-
ticular trauma); voiding dysfunction; visual field defects (vi-
sual field changes may be one of the first presenting symptoms
of diabetes mellitus, the most common endocrine abnormality
associated with male sexual dysfunction and may be associ-
ated with pituitary tumor pressure on the optic nerve); femoral
artery bruits; testicular atrophy; Peyronie’s plaques (a fibrous
palpable plaque along the shaft of the penis, causing penile
curvature and poor erection distal to the plaque, thought to be
caused by atherosclerosis or severe vasculitis); pedal pulses;
and neurologic examination. Hormonal and metabolic screen-
ing should be included with the history and physical examina-
tion.

Although laboratory-based diagnostic procedures are avail-
able, it is proposed that sexual function is best assessed in a nat-
uralistic setting with patient self-report techniques. One such
self-reporting tool, the International Index of Erectile Function
(IIEF), has been demonstrated to address the relevant domains
of male sexual function (erectile function, orgasmic function,
sexual desire, intercourse satisfaction, and overall satisfaction),

is psychometrically sound, and has been linguistically validated
in 10 languages.53

F.M.’s endocrine status should include assessment of his
diabetes, thyroid function tests, and a serum lipid profile. Neu-
ropathy and atherosclerosis are common findings among male
patients with diabetes mellitus, and both are potential causes of
ED. Patients experiencing hypothyroidism may have decreased
libido, and hypothyroidism is associated with hyperprolactine-
mia, which can result in an inhibition in the release of testos-
terone. Elevated serum lipids (e.g., total cholesterol, triglyc-
erides) may be associated with significant vascular damage
that could contribute to erectile dysfunction. Diabetes mellitus
is best evaluated with a hemoglobin-A1c and a fasting blood
glucose tests.54

The serum concentrations of free testosterone, prolactin,
and LH should be evaluated. Testosterone, as with all other
hormones secreted into the plasma, is available to tissues only
in the free form (i.e., unbound to serum proteins, particularly
the sex hormone-binding globulin). Only 1% to 2% of testos-
terone is free and physiologically active; therefore, measure-
ment of the unbound serum testosterone provides the best es-
timate of biologically available testosterone. Low testosterone
serum concentrations are associated with primary and sec-
ondary hypogonadism. Primary hypogonadism is associated
with testicular disease (e.g., Leydig cell tumors), whereas sec-
ondary hypogonadism is the result of pituitary or hypothalamic
disease.

The serum prolactin concentration should be determined,
because a high serum concentration of prolactin inhibits release
of testosterone from the testes. Therefore, a low serum testos-
terone concentration may be caused by hyperprolactinemia.
Hyperprolactinemia may be caused by prolactin adenomas,
diabetes mellitus, or drug therapy (e.g., neuroleptics, metoclo-
pramide).

LH stimulates testicular steroidogenesis and secretion of
testosterone. LH increases the conversion of cholesterol to
pregnenolone, a precursor of testosterone. FSH is required for
spermatogenesis in early puberty, but is not a required go-
nadotropin for the maintenance of spermatogenesis in adult
men. Normal testicular function depends on stimulation by the
gonadotropin LH, which is secreted by the anterior pituitary
gland. Consequently, a low normal serum concentration of LH
is associated with secondary hypogonadism.

In patients with symptoms of prostatic disease, expressed
prostatic secretions (EPS) should be examined because
prostate inflammation has been associated with ejaculatory
dysfunction. During prostatic inflammation, the EPS contains
leukocytes and macrophages, and microscopic examination
of the EPS can determine the degree of prostate inflamma-
tion. The presence of >20 white blood cells (WBC) per high-
powered field (HPF) in the EPS is abnormal, and indicative of
prostatitis. Only about 5% of prostatitis can be attributed to a
bacterial infection; the remaining 95% is owing to unknown
etiologies.

Ideally, assessment of erectile dysfunction should include
urologic, endocrinologic, psychiatric, and neurologic evalua-
tions as close together as possible. The chief complaint of ED
must be identified carefully and described, because medical
intervention is indicated if it occurs over a 6-month period and
in >50% of attempts.28 A detailed history should determine
whether ED varies with partners, sexual settings, position, and
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Table 101-2 Common Drug-Induced Alterations in Sexual Response

Drug Categories Clinical Considerations

Antihypertensives

Diuretic
Thiazides Temporal association with sexual dysfunction. Reported incidence varies between 0 and 32% 307−311; however, impotence

generally is not considered common. Mechanism believed to be a “steal syndrome” whereby blood is routed from erectile
tissues to skeletal muscle.89

Spironolactone Associated with ↓ libido, impotence, and gynecomastia. Mechanism may be hormone related. Incidence is dose related and
reported to be 5%–67% 89,312,313 and much more commonly encountered than with the thiazides. May be owing to
antiandrogen effects of drug.

Sympatholytics

Methyldopa Central action mediated causing vasodilation resulting in erectile dysfunction. Reported incidence: 10%.89,92 Also ↓ libido.
Clonidine Induces erectile dysfunction. Mechanism similar to methyldopa and other central α2-agonists. Incidence reported to be

4%–70% and dose related.314−316 Also ↓ libido.
Guanabenz, guanfacine Incidence and mechanism believed to be similar to other central α2-agonists.

Nonselective β-Blockers

Propranolol Associated with erectile dysfunction and ↓ libido. Mechanism believed to be caused by ↓ vascular resistance and central
effects. Erectile dysfunction reported to begin at doses of 120 mg/day. Incidence may be as high as 100% at higher
dosages.86,92,317

Selective β-Blockers

Atenolol, metoprolol,
pindolol, timolol (drops)

Incidence of erectile dysfunction is significantly less than nonselective β-blockers.318

α-Blockers

Doxazosin, prazosin,
terazosin

Associated with erectile dysfunction and priapism.92,315 Reported incidence: 0.6%–4%.320 Mechanism is local α1-blockade
resulting in vasodilation. Erectile dysfunction and priapism appears to be unique to the nonspecific α1-antagonists.

Phenoxybenzamine Associated with priapism, retrograde ejaculation, and inhibited emissions during erection. Effects are dose related.321,322

Direct Vasodilators

Hydralazine Associated with erectile dysfunction. Mechanism is vascular smooth muscle relaxation. Incidence not reported.321

Calcium Channel Blockers

Nifedipine Associated with erectile dysfunction. Mechanism believed to be vasodilation and possibly muscle relaxation. Reported
incidence: <2%.79

Diltiazem, verapamil Similar to nifedipine. Reported incidence: <1%.

Antiarrhythmics

Class 1A
Disopyramide Associated with erectile dysfunction in patients treated for ventricular arrhythmias. Incidence not reported. Mechanism

believed to be caused by strong anticholinergic effect.89,321

Anticonvulsants

Carbamazepine, phenytoin May be associated with sexual dysfunction through decreasing DHEA, which is a precursor to testosterone, estrogen, and
pheromones.267

Antidepressants

Selective serotonin
reuptake inhibitors

Drugs with prominent serotonin agonist effects commonly cause delayed ejaculation and anorgasmia. The reported incidence
for delayed ejaculation among men is 2% to 12%; for anorgasmia among women users, the incidence appears to be <3%.
This adverse effect is directly dose related.267

Tricyclic antidepressants
(TCA), monoamine
oxidase inhibitors

Associated with impairment of sexual performance in both male and female: ↓ libido, anorgasmia, retrograde ejaculation,
erectile dysfunction. Mechanism believed to be caused by anticholinergic and serotonergic effects. Incidence not reported;
several case studies in the literature.20

Trazodone Associated with priapism in men and ↑ libido in women. Mechanism similar to TCA. Incidence not reported but believed to
be dose related.20 (Note: The literature reports that overall there is less sexual dysfunction with desipramine than with
other antidepressants.)

Antipsychotics

Phenothiazines Frequently associated with sexual dysfunction. Commonly, ↓ libido is reported. Mechanism is due to hyperprolactinemia
secondary to central dopamine antagonism. Thioridazine is the most often reported offender. Erectile and ejaculatory pain
are very common with this drug class; the α-antagonism and anticholinergic effects are responsible. Priapism is common
with this drug group, owing to the peripheral α-blockade property. Incidence for all sexual dysfunction with this drug
class: approximately 50% of users.20
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Table 101-2 Common Drug-Induced Alterations in Sexual Response (Continued )

Drug Categories Clinical Considerations

Anxiolytics

Short-acting barbiturates Biphasic effect. At low doses, libido ↑, similar to ethanol, and at higher doses, CNS depression causes ↓ libido and
performance.20

Benzodiazepines Biphasic effect. At low doses, ↑ libido, whereas at higher dosages, CNS depression causes performance failure. Some reports
of anorgasmia (men and women) and ejaculatory failure.20

Substances of Abuse

Alcohol Alcohol is thought to impair sexual function through its chronic effects on the nervous system. Short-term use of alcohol can
induce erectile dysfunction through its sedative effects. More than 600 mL/wk of alcohol increases the probability of
erectile dysfunction.222

Cocaine Biphasic effect. At low doses, there is enhanced sexual desire (similar to amphetamines) and possibly performance. At higher
dosages, there may be arousal dysfunction, ejaculatory dysfunction, anorgasmia. Freebasing has been associated with
spontaneous orgasm. Continued use (“on a run”) causes significant loss of sexual interest and performance ability. Chronic
use associated with hyperprolactinemia resulting in ↓ libido.20

Ethanol At low doses actually may enhance libido. Sexual dysfunction is dose related and caused by CNS depressant effects.89,92,319

Hallucinogens Biphasic effect for most drugs in this category. At low doses, libido is enhanced; at higher doses, libido is severely ↓. No
reports on chronic use.20

Marijuana Biphasic effect similar to ethanol. With chronic use there is a ↓ in libido. Mechanism may be due to ↓ testosterone. Incidence
not reported. 20

Opioids Associated with sexual dysfunction: erection lubrication, orgasm, and ejaculation. Chronic use associated with ↓ libido.
Mechanism may be owing to α-antagonism, alterations in testosterone, and the intoxicating effects. Incidence not
reported.88,92,319,323

Miscellaneous

Amyl nitrate Associated with intense and prolonged orgasms in both male and female. Impotence has been reported in some cases owing
to vasodilation.20

Cimetidine, ranitidine Associated with ↓ libido and erectile dysfunction. Mechanism due to antiandrogen qualities and drug-induced elevation of
prolactin. May be dose related.92,324

Metoclopramide Associated with ↓ libido and erectile dysfunction. Mechanism is through CNS dopamine antagonism, resulting in
hyperprolactinemia. Incidence not reported.92

CNS, central nervous system; DHEA, dehydroepiandrosterone; SSRI, selective serotonin reuptake inhibitors; TCA, tricyclic antidepressants.

masturbation, and if morning and nocturnal erections are im-
paired.

Clinicians should ask the patient to estimate the degree of
penile rigidity, especially with regard to the ability for vagi-
nal penetration, and ask about nocturnal penile tumescence to
differentiate psychogenic from organic causes of ED. The ex-
aminer should ascertain the presence of associated problems
(e.g., atherosclerosis, diabetes mellitus) and attempt to corre-
late these problems to identified concerns with libido, orgasm,
and ejaculation. Ideally, the sexual partner should be present
during history taking. A pattern of progressive erectile dys-
function often indicates organic cause, whereas a pattern of
intermittent episodes of ED with an abrupt onset suggests a
psychogenic cause.

Relationship of Medical History and Erectile Dysfunction

3. What is the relationship among hypertension, cigarette
smoking, diabetes mellitus, and F.M.’s erectile dysfunction?

HYPERTENSION
Among elderly men, erectile dysfunction most often is

caused by neurovascular diseases.17 The high degree of arte-
riosclerosis among elderly American men is the leading cause
of ED.17,55,56 In the MMAS, heart disease with hypertension
and low serum high-density lipoprotein correlated with erec-

tile dysfunction.14 The hemodynamics of erection can be im-
paired in patients with myocardial infarction, coronary by-
pass surgery, cerebrovascular accidents, and peripheral vas-
cular disease.57−60 In several studies of impotent men, the
number of abnormal penile vascular findings significantly in-
creased when the history included hypertension and cigarette
smoking.61−63 In one report, 8% to 10% of all untreated hyper-
tensive elderly males were impotent at the time of diagnosis of
hypertension.64 Control of blood pressure among hypertensive
male patients does not necessarily improve erectile function,
and antihypertensive medications can have a significant ef-
fect on erectile dysfunction and sexual performances (Table
101-2).65−67

CIGARETTE SMOKING
The prevalence of cigarette smoking among men with erec-

tile dysfunction is higher than in the general population.62,68,69

When the relation between cigarette smoking and erectile phys-
iology was studied in 314 men with ED,70 smoking was noted to
further compromise penile physiology in men experiencing dif-
ficulty maintaining erections long enough for satisfactory inter-
course. Several investigators report lower penile blood pressure
indices, penile arterial insufficiency, and abnormal blood per-
fusion associated with cigarette smoking.62,71 Clearly, cigarette
smoking is counterproductive in men with existing ED.
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DIABETES MELLITUS
Diabetes mellitus has been associated with erectile dys-

function. In the MMAS, male patients with diabetes mellitus
were three times more likely to have ED than patients with-
out diabetes.14 Other investigators using exclusively diabetic
populations have found a prevalence of ED as high as 75%
among subjects.72,73 The onset of ED in the diabetic patient
occurs at an earlier age when compared with the general pop-
ulation. In a few cases, it may be the presenting symptom
of diabetes mellitus and, in most cases, ED follows within
10 years of the diagnosis, regardless of insulin-dependence
status.74,75 Researchers disagree as to the exact contribution
of diabetes mellitus to erectile dysfunction, but most of the
literature supports an atherosclerotic etiology.76,77 Other pos-
sible causes also include autonomic neuropathy and gonadal
dysfunction.74

Gonadal Function in Erectile Dysfunction

4. What is the significance of the gonadal function results for
F.M.?

GONADOTROPINS
Abnormalities of primary or secondary hypogonadism must

be ruled out, particularly in patients with a decreased li-
bido with or without erectile dysfunction. The results of
F.M.’s gonadal function tests are relatively normal for an aged
male. Testosterone serum levels decline with aging as a re-
sult of hypothalamic-pituitary changes or Leydig cell dys-
function. The understanding of changes that take place in
the hypothalamic-pituitary level with advancing age is in a
state of flux. For some time, most investigators focused on
the increased serum concentration of male gonadotropins (LH,
FSH), believing that all elderly males had some degree of pri-
mary hypogonadism.78 Other studies have shown, however,
that LH levels in elderly males are lower than the median
of that in younger patients.79 These findings show that LH
levels do not increase in response to the decrease in testos-
terone serum concentrations in the aged male, indicating a de-
fect in the hypothalamic-pituitary axis, leading to secondary
hypogonadism.80 Secondary hypogonadism results when there
is a dysregulation of pituitary LH release, resulting in low
serum testosterone levels.44

TESTICULAR SIZE AND AGING
Testicular size decreases with age; however, the testicular

degeneration is sporadic, thereby allowing most elderly men
to maintain a normal or slightly decreased sperm output.78

Overall, spermatogenesis decreases and is accompanied by an
increase in serum concentration of FSH. FSH elevation cor-
relates well with a decline in the number of Sertoli cells that
secrete inhibin. Inhibin normally decreases FSH.81

TESTOSTERONE
As a result of primary or secondary hypogonadism in

the elderly male, available testosterone declines. Approxi-
mately 60% to 75% of circulating serum testosterone is bound
to a β-globulin known as sex hormone-binding globulin or
testosterone-binding globulin. Approximately 20% to 40% of
testosterone is bound to serum albumin, and 1% to 2% is un-
bound, or free. The unbound portion of testosterone is the

only active portion of the total serum testosterone concentra-
tion. Testosterone serum concentrations are 20% higher in the
morning than in the evening, and this should be taken into con-
sideration when evaluating laboratory results. In virtually all
cases of male erectile dysfunction, the serum concentration of
testosterone should be measured in the morning.

Testosterone production is regulated by feedback with
the hypothalamus and pituitary. The hypothalamus produces
gonadotropin-releasing hormone (Gn-RH) in response to low
testosterone levels. Gn-RH induces the pituitary to secrete LH
and FSH, which in turn stimulate the Leydig cells of the testes
to secrete testosterone. Less than 10% of cases of erectile dys-
function studied are caused strictly by hypogonadism.17,82 The
role of testosterone in ED is complex. After testosterone pro-
duction decreases, libido eventually declines and precedes the
decrease in frequency of erections.83 Men given antiandrogens
maintain their erectile capacity but have a decreased libido.84

On the other hand, high dosages of androgens given to hy-
pogonadal men increase both the frequency of erections and
libido.85 It would seem reasonable to postulate that at physi-
ologic levels, testosterone modulates the cognitive processes
associated with sexual arousal more than it contributes to erec-
tile capability.

ENDOCRINE DISORDERS
Many endocrine disorders can result in erectile dysfunction.

Patients with prolactinomas commonly have ED, but prolacti-
nomas account for <1% of erectile dysfunction cases.86 Pro-
lactin inhibits the release of testosterone, resulting in secondary
hypogonadism. Hyperprolactinemia may be more prevalent in
diabetic patients.87 In the elderly, however, hyperprolactine-
mia often is secondary to the use of medications. F.M.’s serum
prolactin level is elevated, most likely because of his diabetes
mellitus.

In summary, aged males have a decrease in testosterone be-
cause of defects in testicular and hypothalamic-pituitary func-
tion. Secondary hypogonadism in elderly males is common,
and the point at which this becomes pathologic has not yet
been established. Correspondingly, the use of hormonal ther-
apy to treat physiologic secondary hypogonadism is extremely
controversial. Therefore, the gonadal function tests for F.M.
are normal for his age and do not provide an explanation for
his ED.

Medications That Cause Erectile Dysfunction

5. What medications are known to contribute to male erectile
dysfunction? Is it likely that a medication is causing F.M.’s erectile
dysfunction?

Several general statements can be made regarding sexual
function and medications. Drugs that affect libido generally
have a central mode of action. For example, medications that
block central dopamine transmission can decrease libido, and
opiates have an antiandrogen effect.88 Drugs that alter hemo-
dynamics may interfere with erection. Excessive sympathetic
tone is thought to cause the “steal syndrome,” which increases
blood flow to muscles, drawing blood away from the erec-
tile tissue.89 Drugs that block the peripheral sympathetic sys-
tem can cause retrograde ejaculation, or no ejaculation at all.
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Numerous drugs have been associated with altered sexual
function90 (Table 101-2).

Few studies exist in the literature solely devoted to drug-
induced erectile dysfunction or sexual dysfunction.66,67 A few
studies and review articles, however, list medications as one of
many potential causes for ED.14,21,25,44,91

Most studies documenting drug-induced erectile dysfunc-
tion have been subjective and based on case reports, uncon-
trolled studies, and clinical impressions. In a study (MMAS)
from the New England Research Institute at Boston University
Medical Center, complete erectile dysfunction was most sig-
nificant for smokers being treated with cardiac drugs.14 In this
study, erectile dysfunction was statistically correlated with an-
tihypertensive, vasodilator, cardiac, and hypoglycemic drugs.
The probability of moderate as well as complete ED was par-
ticularly high for vasodilator drugs.14 Although the MMAS
is one of the most well-designed studies to date, the medi-
cations reported are not considered to be the universe of all
medications associated with ED. Diagnosis of drug-induced
sexual dysfunction should be restricted to a reproducible dose-
related effect that disappears on discontinuation of the drug.92

A much larger survey of a controlled study in a clinical pop-
ulation would be required to establish any suspect medication
as causative, rather than temporal.

F.M.’s sexual dysfunction (e.g., loss of interest in sexual
activity and erectile dysfunction) is not caused by his current
drug regimen, ramipril and glyburide. Although the MMAS14

reported a correlation between the use of antihypertensives
and hypoglycemic drugs with erectile dysfunction, clinicians
must look at the individual drugs themselves and the condi-
tions for which they are prescribed. Sexual dysfunction has
not been reported for ramipril, or any of the other angiotensin-
converting enzyme (ACE) inhibitors, or for the hypoglycemic
agent, glyburide. Although ramipril is an antihypertensive, its
pharmacologic effects do not contribute to a decline in libido
or cause ED (an advantage that ACE inhibitors have over other
antihypertensive medications). Similarly, the pharmacologic
action of glyburide does not contribute to F.M.’s decreased li-
bido or ED. In most sexual dysfunction cases, it is less likely
that the medication is the direct cause of the problem; rather, it
is the medical condition for which the drugs were prescribed.
The ability of a drug to induce sexual dysfunction simply is
an extension of its pharmacologic actions. As a general rule,
drugs that manipulate the sympathetic or the parasympathetic
system, both centrally and peripherally, are associated with
sexual dysfunction.

F.M. is a patient with hypertension and diabetes who smokes
cigarettes. Those three factors are more likely to be the cause
of F.M.’s sexual dysfunction than are his medications. Again,
in the MMAS14 study, cigarette smoking combined with hy-
pertension was determined to be the most significant cause of
ED. Diabetes mellitus is the most common hormonal disorder
associated with ED in the elderly population.50 The continued
loss of interest in sexual activity experienced by F.M. most
likely is the result of having experienced ED during past and
present sexual events.

F.M.’s subjective and objective findings are common among
elderly men. His sexual dysfunction is caused by atheroscle-
rosis and possible neuropathy secondary to diabetes mellitus.
Because cigarette smoking is no doubt contributing to F.M.’s

ED, cessation should be encouraged; some improvement can
be expected.20 There is no need to alter F.M.’s drug regimen.

Management
Essentially, there are three levels to the management of erec-
tile dysfunction. Level I mandates lifestyle and drug therapy
modifications. Specifically, the patient should be instructed to
modify smoking and alcohol use. The patient’s drug regimen
should be checked periodically to ensure that drugs associated
with ED are not being prescribed. If necessary, psychosocial
counseling should be provided. After careful consideration,
oral medications for management of ED should be instituted. If
level I therapies have failed or are not acceptable to the patient,
then level II therapy is instituted. These interventions include
a vacuum construction device to elicit an erection, intracaver-
nosal injections, or transurethral inserts. Level III management
involves placement of a penile prosthesis.

Pharmacotherapy
Any therapy directed at male sexual dysfunction must in-
clude the elimination of drugs causing adverse sexual effects.
Drug therapy is directed primarily toward treatment of erec-
tile dysfunction and includes hormonal therapy, bromocriptine,
yohimbine, prostaglandin E1, sildenafil, tadalafil, vardenafil,
and apomorphine.

TESTOSTERONE

6. Should F.M. be treated with testosterone?

Primary hypogonadism with severely deficient serum lev-
els of bioavailable testosterone is the only appropriate indi-
cation for the use of androgen hormone therapy.93 The goal
of androgen replacement therapy is to restore potency and li-
bido by maintaining normal serum levels of testosterone.94

Testosterone has no benefit in the treatment of eugonadal or
mildly hypogonadal elderly men and actually may enhance
the growth of undiagnosed adenocarcinoma of the prostate or
cause further erectile dysfunction.27 In eugonadal men, testos-
terone enhances the rigidity of the erection, but does not change
the penile circumference.95 F.M. would not be a candidate for
testosterone therapy.

7. Which type of patient would benefit from testosterone ther-
apy?

Unless testosterone deficiency is severe, for example, if
free testosterone serum levels are <7 to 8 pg/mL, testos-
terone replacement therapy will not improve the success rate
of intercourse.96 Testosterone replacement in patients with pri-
mary hypogonadism generally restores libido and potency. In
some patients with secondary hypogonadism caused by dis-
orders of the hypothalamus or pituitary, Gn-RH analogs can
be administered to differentiate between hypothalamic and pi-
tuitary abnormalities and to correct testosterone deficiency.94

Libido and potency then are restored.

8. How should testosterone be used as a treatment for erectile
dysfunction?

Testosterone replacement therapy is available in several for-
mulations, including gels, topical body or scrotal patches,
and intramuscular injection. In a study by Monga et al.,97
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transdermal testosterone system (Testoderm-TTS) nonscro-
tal application was determined to provide improved erec-
tions and intercourse when compared with Testoderm scrotal
patches. In this study, intramuscular testosterone or trans-
dermal testosterone was favorably accepted by the study
patients.

Because of poor drug bioavailability, oral testosterone re-
placement therapy is less effective than parenteral testosterone
in achieving normal serum testosterone levels. Oral admin-
istration also is associated with a higher incidence of hepa-
totoxicity and adverse serum lipid effects.27,98 A long-acting
testosterone intramuscular formulation, such as the enanthate
or the cypionate ester, is still considered the regimen of choice
for the treatment of primary hypogonadism. A dose of 50 to
400 mg should be administered intramuscularly every 2 to 4
weeks. Side effects of testosterone therapy include early gy-
necomastia, increases in hematocrit (sometimes to the point of
polycythemia), and fluid retention that may worsen hyperten-
sion or congestive heart failure (CHF).

Results of several studies have demonstrated that serum
testosterone levels are normalized while using transdermal
testosterone applications.99−102 The system normalizes dihy-
drotestosterone:testosterone ratios and reduces LH levels to-
ward the normal range. The testosterone transdermal system
(TTS) is well tolerated, with application site reactions such as
pruritus, burnlike blisters, and erythema being the most com-
monly reported events. Nightly applications of the TTS patch
in men with hypogonadism results in a 24-hour serum testos-
terone concentration profile that mimics the circadian pattern
observed in healthy young men.83 The adhesive side of the TTS
patch should be applied to a clean, dry area of the skin on the
back, abdomen, upper arms, or thighs. The patient should be
instructed to avoid application over bony prominences or on
a part of the body that may be subject to prolonged pressure
during sleep or sitting (e.g., the deltoid region of the upper arm,
the greater trochanter of the femur, and the ischial tuberosity);
do not apply to the scrotum. The sites of application should be
rotated, with an interval of 7 days between applications to the
same site. The area selected should not be oily, damaged, or
irritated.

Topical testosterone gel should be applied once daily in the
morning to clean, dry skin on the upper arms, shoulders, or
abdomen. Topical testosterone gel is available as a 1% gel in
unit-dose packets containing a 25- or 50-mg dose. The dose
can be as high as 100 mg/24 hours. After the gel has dried on
the site of application, it should be protected with clothing to
prevent transfer to a nonuser. The patient’s hands should be
washed.

Commonly reported adverse effects in chronic users in-
clude acne, edema, gynecomastia, and dermatologic reactions
to injections or transdermal applications of testosterone. The
most serious risk of prolonged testosterone use is prostate
carcinoma, although the association between high concen-
trations of testosterone and the risk of prostate carcinoma is
controversial.103,104 Three studies suggest that testosterone re-
placement therapy is relatively safe in hypogonadism.105−107

Baseline assessment of the prostate should be done before
starting testosterone replacement therapy. This should consist
of a transrectal ultrasound, digital palpation of the prostate
gland, and analysis of the total and free prostate-specific anti-
gen (PSA) levels. Fine-needle biopsy of the prostate gland may

be necessary in some hypogonadal men, because the PSA anal-
ysis may not be completely reliable.108

BROMOCRIPTINE

9. Because F.M.’s prolactin serum concentration is 28 ng/mL,
should bromocriptine (Parlodel) be prescribed to decrease his
hyperprolactinemia and treat his erectile dysfunction?

[SI unit: prolactin, 28 mcg/L]

Hyperprolactinemia may be treated with the ergot alkaloid,
bromocriptine. Normalization of the serum prolactin level is
mandatory if potency is to be restored. Even with normaliza-
tion of prolactin levels, approximately 50% of elderly male
patients are unable to achieve erectile function and desire.94,98

Bromocriptine therapy may be initiated with twice-daily
1.25-mg doses taken with meals to minimize gastrointestinal
upset. Thereafter, doses may be increased weekly, at a rate of
no more than 2.5 mg/day. Because bromocriptine is associated
with dizziness, drowsiness, hypotension, and cerebrovascular
accidents, the patient should be forewarned.27,94

F.M. is not a candidate for treatment with bromocriptine
because he does not have secondary hypogonadism, and his
ED probably is secondary to atherosclerosis associated with
his hypertension, diabetes, and cigarette smoking. Normaliz-
ing the prolactin serum level in F.M. would not correct his
problem. Furthermore, the elevation of F.M.’s serum prolactin
concentration is not significant to warrant drug therapy. With
only a 50% (or less) response rate to bromocriptine in elderly
men, the risk of adverse reactions (e.g., dyskinesia, dizziness,
hallucinations, dystonia, confusion, cerebrovascular accidents)
outweighs the benefit of this drug therapy.

SILDENAFIL

10. Would sildenafil citrate (Viagra) be appropriate for F.M.?
What are its side effects and contraindications? Does it interact
with other drugs?

F.M. has diabetes mellitus and atherosclerosis and there-
fore is a candidate for sildenafil. In a multicenter, random-
ized, double-blind, placebo-controlled, flexible dose-escalation
study, sildenafil was shown to be effective and well tolerated
for erectile dysfunction in men with diabetes.109 Sildenafil cit-
rate is an orally active and selective inhibitor of cGMP-specific
phosphodiesterase type 5, the predominant phosphodiesterase
isoenzyme metabolizing cGMP in the corpus cavernosum.
Sildenafil facilitates an erection in response to sexual stim-
ulation by enhancing the nitric oxide-induced relaxation of
corpus cavernosal smooth muscle. The results of double-blind,
placebo-controlled clinical trials in men with ED of various
causes have demonstrated that sildenafil significantly improves
erectile function and the rate of successful sexual intercourse,
with therapeutic outcomes approaching those of normal men
of the same age.110

The typical dose of sildenafil is 50 mg orally, taken 1 hour
before sexual activity. Sildenafil citrate may be taken anywhere
from 4 hours to 0.5 hour before sexual activity, however. The
maximal recommended dosing frequency is once per day. The
following factors are associated with increased plasma levels of
sildenafil: age >65 years (40% increase in area under the curve
[AUC]), hepatic impairment (e.g., cirrhosis, 80% increase), se-
vere renal impairment (creatinine clearance <30 mL/minute,
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100% increase), and concomitant use of potent cytochrome
P450 (CYP) 3A4 inhibitors (erythromycin, ketoconazole, itra-
conazole, 200% increase). Because higher plasma levels may
increase both the efficacy and the incidence of adverse events,
a starting dose of 25 mg should be considered in these patients.
The dose may be increased to 100 mg or reduced to 25 mg.
Because F.M. is >65 years of age, he should be started on 25-
mg tablets of sildenafil. The dose may be increased under strict
supervision.

F.M. should be counseled on the adverse effects of sildenafil.
The vasodilating action of sildenafil affects both the arteries
and the veins, so the most common side effects are headache
and facial flushing.111 Sildenafil causes small decreases in both
systolic and diastolic blood pressures, but clinically significant
hypotension is rare. Studies of sildenafil and nitrates taken to-
gether show much greater drops in blood pressure. For that rea-
son, sildenafil is contraindicated in patients taking long-acting
nitrates or short-acting, nitrate-containing medications.27 In
phase II/III studies before U.S. Food and Drug Administration
(FDA) approval, >3,700 patients received sildenafil and almost
2,000 received placebo in double-blind and open-label studies.
Approximately 25% of patients had hypertension and were tak-
ing antihypertensive medications, and 17% were diabetic. In
these studies, the incidence of serious cardiovascular adverse
effects was similar to the double-blind sildenafil group, the
double-blind placebo group, and the open-label group. Twenty-
eight patients had experienced a myocardial infarction. When
adjusted for patient-years of exposure, no significant differ-
ences were seen in the myocardial infarction rates between
the sildenafil and the placebo group, and no deaths were at-
tributed to sildenafil.112,113 Nevertheless, several deaths caused
by myocardial infarction or arrhythmia have been associated
with the use of sildenafil.114 Deaths associated with silde-
nafil (and presumably other PDE5 inhibitors) are most likely
caused by increased cardiac workload in patients with unstable
angina.115

Transient visual anomalies (mostly blue-green color-tinged
objects, increased perception of light, and blurred vision) have
been reported in patients taking sildenafil, especially at higher
dosages (>100 mg). These visual effects appear to be related
to the weaker inhibiting action of sildenafil on the enzyme,
phosphodiesterase-6 (PDE-6), which regulates signal trans-
duction pathways in the retinal photoreceptors. Sildenafil is
10-fold selective for PDE-5 over PDE-6. In patients with in-
herited disorders of retinal PDE-6, such as retinitis pigmentosa,
sildenafil should be administered with extreme caution.

The vasodilator actions of nitrates are profoundly amplified
with concomitant use of sildenafil. This interaction likely ap-
plies to all nitrates and nitric oxide donors, regardless of their
predominant hemodynamic site of action. Sildenafil also may
potentiate the inhaled form of nitrate, such as amyl nitrite, and
therefore is contraindicated in patients using this product. Di-
etary sources of nitrates, nitrites, and l-arginine (the substrate
from which nitric oxide is synthesized) do not contribute to
the circulating levels of nitric oxide in humans and therefore
are unlikely to interact with sildenafil. The anesthetic agent, ni-
trous oxide, is eliminated unchanged from the body, mostly via
the lungs, within minutes of inhalation. It does not form nitric
oxide in the human body and does not itself activate guany-
late cyclase. As such, no contraindication exists to its use after
administration of sildenafil.

It is unknown how much time must elapse from the time a
patient takes sildenafil before a nitrate-containing medication
might be given without the marked hypotensive effect being
produced. On the basis of the pharmacokinetic profile of sil-
denafil, it can be assumed that the coadministration of a nitrate
within 24 hours is likely to produce an exaggerated hypoten-
sive response and therefore is contraindicated. After 24 hours,
the administration of nitrates can once again be considered.
In patients in whom sildenafil may have a prolonged half-life,
the nitrate-free period must be extended. All patients taking
nitrates must be warned of the contraindications and the po-
tential consequences of taking sildenafil in the 24-hour interval
after taking a nitrate preparation, including sublingual nitro-
glycerin. Although sublingual nitroglycerin is short-acting, its
use within a 24-hour time period before sexual relations does
suggest that it may be needed again after sildenafil-enhanced
sexual activity.

Sildenafil is metabolized by both the CYP 2C9 pathway
and the CYP 3A4 pathway. Thus, inhibitors of the CYP 3A4
isoenzyme, such as erythromycin or cimetidine, may lead to
competitive inhibition of its metabolism; however, CYP 3A4 is
a high-capacity pathway. The effects of erythromycin or cime-
tidine on the half-life and physiologic effects of sildenafil are
not known, but clinicians should be warned about the potential
interaction.

Inadequate physical sexual stimulation while using any of
the PDE-5 inhibitors can lead to treatment failure. Adequate
sexual stimulation is needed to trigger the events leading to
erection.116 PDE-5-inhibitors cannot initiate an erection, they
can only assist in the process. Some patients may need several
attempts at sexual stimulation before they are successful with
intercourse.

11. Is F.M. a candidate for tadalafil or vardenafil?

TADALAFIL
Similar to sildenafil, tadalafil (Cialis) is a selective inhibitor

of phosphodiesterase-5 (PDE-5). Tadalafil has several times
more affinity for PDE-5 than sildenafil.117 The clinical sig-
nificance of this increased affinity for PDE-5 is unknown be-
cause comparative clinical trials between the PDE-5-inhibitors
(sildenafil, tadalafil, and vardenafil) have not been conducted.
Tadalafil and vardenafil, however, have minimal or no effect on
visual disturbance (impairment of blue-green color discrimi-
nation), which is a well recognized side effect of sildenafil.118

Tadalafil’s extended half-life of 17.5 hours relative to silde-
nafil most likely precludes its use in patients with angina or
hypertension. Tadalafil is metabolized by the hepatic CYP 3A4
isozyme. Food has no effect on the oral absorption of tadalafil
in contrast to sildenafil (bioavailability decreased by 29%).
Tadalafil may be advantageous in a subset of patients, based
on its shorter onset of action (16 minutes) and 24-hour du-
ration of action.119 Specifically, patients with psychogenic or
neurogenic ED and those with stable cardiovascular systems
may prefer tadalafil because it offers the potential for multi-
ple sessions of intercourse encounters with a single daily dose.
F.M. has hypertension that most likely would be affected by
tadalafil; therefore, extreme caution is advised. Perhaps the
shorter-acting sildenafil would be the PDE-5-inhibitor drug
of choice for F.M. The warnings regarding the use of nitrates
while taking tadalafil are similar to the warnings for sildenafil.
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VARDENAFIL
Vardenafil (Levitra) is the third FDA-approved oral PDE-5

inhibitor for treatment of erectile dysfunction. Vardenafil, as
with the other PDE-5-inhibitors, has an affinity for PDE-6 and
will therefore cause ocular adverse effects. The warnings re-
garding the use of nitrates while taking vardenafil are similar
to the warnings for sildenafil. Patients using vardenafil may ex-
perience headache, flushing, or rhinitis; the incidence of these
side effects are dose related.120 Vardenafil is metabolized by
the hepatic CYP 3A4 isozyme and has a reported half-life of
5 hours.121 Thus, drugs known to inhibit the CYP 3A4 isozyme
have the potential to prolong its half-life. Vardenafil 10 mg does
not impair the ability of patients with stable coronary artery
disease to exercise at levels equivalent to or greater than that
attained during sexual intercourse.122

12. What other drug therapy is available for F.M.?

YOHIMBINE
Yohimbine, an indole alkaloid derived from the bark of the

West African yohimbine tree, has been classified as an aphro-
disiac in many pharmacopoeias. Yohimbine hydrochloride is an
α2-adrenergic antagonist that decreases the outward blood flow
from the penile corporal tissue. The effectiveness of yohimbine
relies on an adequate penile blood supply. It has been used in
treating ED among diabetics with some degree of success.123 In
a trial of men with psychogenic ED, yohimbine produced a 47%
response rate versus 28% among placebo users.124 This finding
was affirmed in a subsequent study.125 Men with psychogenic
or neurogenic ED have some response.123−125 Despite its mod-
est efficacy, yohimbine is used in patients who do not accept
more invasive methods because it is safe, available, and easy to
use. Because F.M. is experiencing vasculogenic, neurogenic,
and psychogenic ED, his response to yohimbine may be none
to slight, at best, owing to his atherosclerosis and resultant low
penile blood supply. Again, the risk of side effects compared
with the slight benefit that F.M. may experience suggests that
other therapies be considered.

In some patients, yohimbine has been associated with nau-
sea, tachycardia, a slight elevation in blood pressure, anxiety,
and panic attacks.98 The drug regimen used in clinical trials
is 6 mg orally three times a day, and beneficial effects usually
become apparent within 2 to 3 weeks.21,123,124 In some of the
trials, the point was made that the dose of 18 mg/day may be too
low; however, dose-response trials would be necessary before
higher doses could be recommended.

INTRACAVERNOUS INJECTIONS
In 1982, inadvertent injection of papaverine into the penis

was found to produce an erection.126 This landmark observa-
tion ushered in a new methodology for the diagnosis and ther-
apy of erectile dysfunction. By 1986, papaverine injection into
the penis had gained worldwide popularity for the treatment
of ED.127 In 1983, the α-blocker, phenoxybenzamine, also was
noted to be effective.128 Shortly thereafter, the combination of
papaverine with another vasodilator, phentolamine, reportedly
enhanced and prolonged erection duration.129 These vasoac-
tive drugs, when injected into the cavernosa, cause prolonged
penile arterial vasodilation and venous compression, thus al-
lowing the patient to achieve and maintain an erection. Erectile
dysfunction responds favorably to the self-injection of vasoac-

Table 101-3 Agents Used to Treat Vasculogenic Erectile
Dysfunction

Drugs Route Mechanism

Papaverine ICI Phosphodiesterase inhibitor; penile
arteriolar vasodilator

Phentolamine ICI α-Adrenergic blockade; direct vasodilator
Prostaglandin E1 ICI α-Blockade; vasodilator
Atropine ICI Antimuscarinic; smooth muscle relaxant

ICI, intracavernous injection.

tive drugs into the penis.127,130,131 Originally, the IC regimen
of papaverine with phentolamine was prescribed as a short-
term measure taken while patients were awaiting the results of
counseling or a penile implant. Currently, self-injection of va-
soactive drugs has become accepted as a nonsurgical method
of treating ED (Table 101-3).

Papaverine–Phentolamine Combination
Papaverine, a nonspecific phosphodiesterase inhibitor, in-
creases the serum concentration of cAMP, resulting in penile
arteriolar and corporal sinusoidal smooth muscle relaxation.
In laboratory studies, papaverine blocks voltage-operated cal-
cium channels, inhibits the release and storage of intracellu-
lar calcium, increases calcium efflux, and inhibits calcium-
activated chloride and potassium currents in vascular smooth
muscle.132−134 Papaverine also may relax an elastic venous
valve mechanism that is kept open by an α-adrenergically me-
diated smooth muscle contraction.135−137

Phentolamine exerts its relaxant effects by α-adrenergic re-
ceptor blockade of both α1- and α2-adrenoceptors. In addition,
phentolamine also may have a direct, nonspecific relaxant ef-
fect on vessels.138 The combined use of papaverine with phen-
tolamine exerts a greater effect than would be experienced with
either drug alone.139 The use of alprostadil (prostaglandin E1)
by IC injection is addressed in Question 19.

Candidates for Intracavernous Injection Therapy

13. What objective data must be obtained to ensure that F.M.
can receive IC injections safely?

Patients who have failed to obtain a satisfactory erection
while on oral drug therapy, such as sildenafil, tadalafil, yohim-
bine, or sublingual apomorphine (available in Europe), are can-
didates for the IC injections of vasoactive drugs. The patient
must have a complete medical workup to include assessment
of the penile arterial system. Doppler sonography of the pe-
nis identifies penile architecture, defines the thickness of any
plaques, measures the diameter of cavernous arteries (before
and after vasodilation), and allows visualization of the penile
arteries. This noninvasive assessment of the individual penile
arteries is much more accurate than the penile brachial pressure
index (PBI). The PBI is the ratio of the penile systolic blood
pressure (measured by continuous-wave Doppler analysis) to
the brachial artery systolic pressure. This method of assess-
ment measures all the penile arteries rather than signals from
a single penile artery. PBI ratios that are normal (i.e., >0.6)
do not always indicate normal penile blood flow, because the
PBI is obtained while the penis is flaccid. F.M. should have
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sonography combined with Doppler analysis to assess the ad-
equacy of his penile arterial blood flow.

In some urologic practices, the functional evaluation of pe-
nile arteries is obtained by IC injection of vasoactive drugs at
the office. If the patient develops a fully rigid erection within 12
minutes of injection of papaverine hydrochloride 30 to 60 mg
or prostaglandin E1 10 to 20 mg and maintains a rigid erec-
tion for 30 minutes, adequate arterial flow and an intact venous
mechanism can be assumed.28 The patient then is a candidate
for at-home IC injection of vasoactive drugs.

14. The Doppler sonography analysis of F.M.’s penile arteries
showed severe atherosclerosis, indicating a vasculogenic etiology
for his erectile dysfunction. Is F.M. still a candidate for IC injec-
tion therapy?

Patients with psychogenic or neurogenic erectile dysfunc-
tion who respond to test doses of IC injections of a vasoactive
drug are optimal candidates for IC injection therapy.140 Patients
with vasculogenic ED are less responsive to the IC injections
of vasoactive drugs, and corporeal veno-occlusive dysfunction
is the primary potential obstacle to this treatment.141,142

An abnormal veno-occlusive mechanism can result in penile
venous incompetence, causing rapid detumescence or partial
erection (referred to as venogenic erectile dysfunction). The
veno-occlusive mechanism of the corpora cavernosa can be
assessed through an elaborate and quite painful invasive pro-
cess, using angiocatheters and iodinated contrast media. In a
study to determine the effectiveness and safety of IC therapy
in vasculogenic impotent men, 40% of the participants had ar-
teriovenogenic ED, and 32% had venogenic ED (i.e., they had
a dysfunctional veno-occlusive mechanism), with only 28%
of participants having pure arteriogenic ED.143 Only 4% of
the participants failed to achieve a sustained rigid erection,
however; massive veno-occlusive mechanism dysfunction was
cited as the reason. At a mean follow-up of 20 months, the
remaining 96% of patients (including those with some degree
of veno-occlusive mechanism dysfunction) still were using the
IC injection therapy. Given these findings, F.M. has a good
chance of responding to IC injection therapy, even if it is deter-
mined that he has some veno-occlusive disease. Absolute con-
traindications to IC injection therapy are anticoagulant therapy,
Peyronie’s disease, and idiopathic priapism.

Dosing

15. What is the protocol for starting a patient on an IC injection
therapy program for home use?

The initial dose of the papaverine–phentolamine combina-
tion should take into consideration the underlying etiology for
the erectile dysfunction, the findings of the Doppler sonogra-
phy, and the patient’s response to a test dose of the IC injec-
tion. Generally, patients with neurogenic ED are started on the
lowest doses (usually 0.5 mL), whereas patients with severely
compromised penile arterial blood flow would receive larger
doses (e.g., 1.0 mL). It should be kept in mind that there may be
excessive sympathetic stimulation in an anxious patient while
at the physician’s office, and more drug may be required to
overcome the vasoconstriction.144 This implies that at-home
use may require a lower dose. The standard mixture for the
most common vasoactive IC injection solution is 30 mg/mL
of papaverine and 1 mg/mL of phentolamine, for a total vol-

ume of 10 mL. The initial test dose administered in the physi-
cian’s office generally is 0.5 mL (but may be as low as 0.25
mL) of the 30:1 mixture, using a tuberculin syringe with a
26-gauge needle. The patient is observed for both therapeutic
and adverse effects, such as bradycardia, hypertension, dizzi-
ness, or flushing. If any of these adverse effects are observed,
atropine should be injected IC.145 In the event that the pa-
tient’s erection becomes prolonged beyond 30 to 60 minutes,
the subsequent dose of papaverine–phentolamine should be re-
duced. Prolonged erection, which may progress to a pulsatile
priapism, is the most significant complication of IC injections
of vasoactive drugs. Treatment should be instituted immedi-
ately with epinephrine 1 mg/mL, 10 to 20 mL injected IC as
an irrigant, and then aspirated.140 Prolonged erections can lead
to intracorporeal hypoxia, resulting in corporeal fibrosis.145 In
some cases, the physician may choose single-drug IC injection
with papaverine 25 to 60 mg, or prostaglandin E1 10 or 20 mg/
dose.

Extemporaneous Compounding

16. What procedures should be taken when extemporaneously
compounding a papaverine–phentolamine injectable solution,
and what expiration date is acceptable?

The method used to extemporaneously compound the
papaverine–phentolamine mixture was developed in the early
1980s without consideration of pharmaceutical product sta-
bility. Nevertheless, the compounding of the papaverine–
phentolamine solution has not changed much from those early
days. The final product usually consists of a 10-mL vial of
papaverine and phentolamine in a ratio of 30:1 mg/mL. Pa-
paverine hydrochloride is available in a 30-mg/mL, 10-mL
multidose vial that also contains 0.5% chlorbutanol as a preser-
vative. Phentolamine mesylate (Regitine) is available in vials
containing 5 mg of active drug and 25 mg of mannitol, in a
sterile lyophilized form. Extemporaneous compounding of this
product requires sterile technique. One vial of papaverine and
two vials of phentolamine are needed to make the final product.
Using a small-gauge needle and 3-mL syringe, remove 2 mL
(i.e., 60 mg) from the papaverine vial and use 1 mL to reconsti-
tute the first vial of phentolamine. With the remaining 1 mL of
papaverine solution in the syringe, reconstitute the second vial
of phentolamine. Using the empty syringe, remove the solution
from both phentolamine vials and instill this volume into the
10-mL papaverine multidose vial. Each milliliter of the final
concentration in the papaverine vial should contain 30 mg of
papaverine hydrochloride with 1 mg of phentolamine mesylate
(plus 0.5% chlorbutanol and 5 mg of mannitol).

Currently, the FDA has not approved either papaverine or
phentolamine alone or in combination as a treatment modality
for erectile dysfunction. The addition of phentolamine mesy-
late to a multidose vial of papaverine hydrochloride for at-home
patient use is not mentioned in the respective manufacturers’
package inserts.146,147 In a product-stability study, the combi-
nation of papaverine and phentolamine was stable for at least
40 days when stored at room temperature.148 In this study, the
concentration of papaverine hydrochloride was 25 mg/mL and
phentolamine mesylate was 0.83 mg/mL. Thus, the common
practice of using a 30-day expiration date on extemporaneously
prepared papaverine–phentolamine multidose preparations is
justified.
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Patient Instructions

17. What instructions should be provided to the patient for IC
injection therapy?

Once the dose of IC injection vasoactive drug is determined
for the patient at the physician’s office, the patient then is taught
self-injection using a 26-gauge needle, 1-mL syringe.

Patients should be instructed to inject into the right side of
the penis (lateral aspect), approximately 4 cm from the glans
after the area has been cleaned with an alcohol swab. The tip of
the needle should be placed into the center of the right corpus
cavernosum with a quick jab. The injection is administered
within a 1- to 2-minute period. If pain is felt in the glans penis,
the rate of injection should be slowed (next time) to perhaps
3 or 4 minutes. On withdrawal of the needle, the puncture
site is compressed and the penis should be massaged gently
by squeezing intermittently for approximately 3 minutes to
distribute the drug throughout the shaft. A tourniquet at the
base of the penis is not necessary. Sterile technique should be
stressed when discussing this procedure with patients.

The number of injections per month is limited by a 10-mL
supply to prevent long-term complications. The 10-mL volume
allows patients to have intercourse 10 to 20 times per month if
doses of 0.5 to 1 mL are used.

Adverse Effects

18. F.M. has been using papaverine–phentolamine 30:1 mixture
at a dose of 1.0 mL per sexual episode over the past 6 months. He
has injected himself 32 times. For the past month, he has noticed
a lateral deviation of his penis when rigid, and now he feels a
“hard spot” (induration) below the surface of the skin on the
shaft. What are the adverse effects associated with repeated use
of papaverine–phentolamine IC injections?

Penile induration and corporeal fibrosis are complications
of IC injections, particularly when papaverine hydrochloride
is used. The appearance of induration or fibrosis significantly
correlates to the number of injections administered.149 Men
with penile induration or fibrosis injected the papaverine–
phentolamine mixture two and one-half times more often than
those who did not experience this side effect. Similarly, men
who administered higher doses also were more likely to de-
velop penile induration or fibrosis (p <0.01). Hence, a 10-mL
solution of the papaverine–phentolamine combination should
be dispensed on a monthly basis to manage both the frequency
of use and the total dose. The patient should be educated about
the complications and side effects of penile injection with va-
soactive drugs (Table 101-4).

Corporeal fibrosis, which can result in Peyronie disease, is
the limiting factor with any combination of papaverine, be-
cause the relative acidity of the drug (pH, 3–4) is associated

Table 101-4 Side Effects of Papaverine-Phentolamine ICI
for Vasculogenic Impotence

Prolonged erection Penile induration
Priapism Pain at injection site
Painless penile nodules Bruising or bleeding at injection site
Peyronie’s disease Abnormal LFT

ICI, intracavernous injection; LFT, liver function tests.

with sclerosis.150−153 The frequency of IC papaverine injec-
tions should be limited. At least 94% of patients using IC self-
injection experience at least one complication, with 70% of
users reporting at least two to three complications.154 Injec-
tion site pain is related more to the injection of the drugs than
to the insertion of the needle.155 The pain is described as a burn-
ing sensation in the glans penis occurring 30 seconds after the
injection begins and lasting for 1 to 2 minutes after the injec-
tion is stopped. The most devastating complication, priapism,
is experienced by approximately 4% of patients and requires
treatment. Of interest, none of the patients who experienced pri-
apism had vasculogenic impotence. Self-administration side
effects, such as pain, bruising, and swelling, usually do not
occur when physicians inject the vasoactive drugs into the
penis.149

Systemic effects of papaverine–phentolamine initially were
believed to be insignificant. The use of this mixture has
been associated, however, with abnormal liver function tests
(LFT) in 40% of recipients, mostly involving mild to moder-
ate elevations of serum alkaline phosphatase and serum lactic
dehydrogenase.149 Hepatotoxicity, which may have an immune
mechanism, has been associated with papaverine injection in-
frequently. A patient may be advised to discontinue the use
of this medication if the LFT are indicative of hepatocellular
injury.

The adverse effects from the use of papaverine–phentol-
amine generally do not prevent continued use of this therapy.
After an episode of priapism, patients are instructed not to use
the injection for at least 1 month.154 Most patients who have
experienced one or more adverse effects (e.g., bruising, pain,
fibrosis, priapism) from the papaverine–phentolamine injec-
tions generally still resist penile implantation for as long as
possible and continue the injection therapy.154

Several studies have reported various degrees of satisfaction
among users of IC self-injection.130,131,154 Eventually, most
users discontinue the use of IC injection and consider a penile
implant. Complications resulting from IC injection of vasoac-
tive drugs do not prevent successful prosthetic implantation.154

Alprostadil

19. What other drugs can be used by IC injection in patients
who are unresponsive to the papaverine–phentolamine mixture?
How is alprostadil used to treat erectile dysfunction?

Patients with vasculogenic erectile dysfunction are less
likely to respond to papaverine–phentolamine by IC injection.
These patients generally require larger doses of papaverine–
phentolamine and thus are more likely to develop penile in-
duration. However, 96% of patients with vasculogenic ED
responded to a four-drug vasoactive mixture of papaverine
hydrochloride 12.1 mg/mL, prostaglandin E1 10.1 mg/mL,
phentolamine mesylate 1.01 mg/mL, and atropine sulfate
0.15 mg/mL. The solution was obtained by mixing 250 mg
papaverine hydrochloride (14.4 mL), 200 mg of prostaglandin
E1 (0.4 mL), 20 mg of phentolamine mesylate (2 mL), and
3 mg of atropine sulfate (3 mL), for a total of 19.8 mL.143

Doses administered were from 0.1 to 1.0 mL via a 27-gauge
self-injection device.

Prostaglandin E1 (alprostadil) is available for IC injection,
as a urethral insert (referred to as medicated urethral system
for erection [MUSE]) and as a topical cream. All of these
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pharmaceutical preparations have been shown to be effica-
cious for men with ED,19,156,157 with users reporting success-
ful intercourse 65% of the time. The efficacy of alprostadil
was similar, regardless of the patient’s age or the cause of
ED, which included vascular disease, diabetes, surgery, and
trauma. Prostaglandin E1 has α-blocking properties mediated
through a membrane receptor. It relaxes the cavernous and
arteriolar smooth muscle while restricting venous outflow.140

The addition of an oral α-blocker may have a beneficial ef-
fect in patients with ED for whom IC injection therapy alone
fails. The synergistic effects of vascular dilation and block-
ade of sympathetic inhibition may explain this response.158

Prostaglandin E1 is an acceptable alternative to papaverine
and patients experience few side effects.159,160 The use of IC
papaverine with prostaglandin E1 has proved, however, to be
superior to prostaglandin E1 alone.161 Prostaglandin is metab-
olized in the local tissue and is unlikely to cause any systemic
effects.162 The most common side effects of urethral alprostadil
inserts are penile pain, which occurs in 29% to 49%163 of users,
and hypotension within 1 hour of use, which occurs in 3.3%
of users. Urethral bleeding has been reported in 5% of users.
Patients should be advised about hypotension, particularly if
they also are using nitrates or antihypertensive medications.
Less than 2% of users have reported swelling of leg veins, leg
pain, perineal pain, and rapid pulse. Penile induration has not
yet been reported with use of prostaglandin E1.

BENIGN PROSTATIC HYPERPLASIA
Benign prostatic hyperplasia (BPH), a common cause of uri-
nary dysfunction symptoms in elderly men, results from pro-
liferation of the stromal and epithelial cells of the prostate
gland.164,165 There is both a static and a dynamic component
to prostate enlargement. The static component increases the
prostate size by smooth muscle cell proliferation in the prostate
stroma, whereas the dynamic component contributes to an en-
larged prostate through an increase in smooth muscle tone in
the prostate and bladder neck. The term benign prostatic hy-
pertrophy often is used inappropriately because the prostate
gland pathology results from hyperplasia rather than hypertro-
phy. BPH rarely is detected in men <40 years of age. After age
40, the prevalence of BPH is age dependent.166 Approximately
75% of men who live to the age of 70 develop clinical symp-
toms of BPH that are sufficiently severe to necessitate medical
attention, and approximately 90% of octogenarians have evi-
dence of BPH. Essentially, all men will develop BPH if they live
long enough. The microscopic incidence of BPH is fairly con-
stant among several Western and developing countries,167 sug-
gesting that the initiation of BPH may not be environmentally
or genetically influenced. Although BPH and prostatic can-
cer often coexist, no compelling evidence indicates that BPH
predisposes patients to the development of prostate cancer.168

The appearance of atypical prostatic hyperplasia correlates,
however, with the presence of latent prostatic carcinoma.169

The cause of BPH is unclear; however, most hypotheses
are based on hormonal and aging processes. This is because
intact, normally functioning testes are essential for BPH to
develop,170 and castration before puberty prevents the develop-
ment of BPH. The prostate is dependent on androgens both for
embryologic development and maintenance of size and func-
tion in the mature male.171 Testosterone, the major circulating

androgen, is metabolized to dihydrotestosterone (DHT) by 5
α-reductase. The two isoenzymes of 5 α-reductase are desig-
nated type I and type II. Type II is found predominantly in
the prostate and other genital tissues, whereas type I is found
throughout the body, as well as in the prostate.172 For testos-
terone to be active in the prostate, it must be converted to
DHT; therefore, DHT is the obligate androgen responsible for
normal and hyperplastic prostate growth. Within the prostate,
DHT initiates RNA synthesis, protein synthesis, and cell repli-
cation. The exact role of testosterone may be only to initiate
fibroadenomatous hyperplasia, eventually resulting in glandu-
lar enlargement.

Stromal hyperplasia in the prostate periurethral glands is
one of the earliest microscopic findings in men with BPH.167

As men increase in age, testosterone serum concentrations
decrease and the peripheral conversion of testosterone to es-
trogen increases. At one time, estrogens were thought to ini-
tiate stromal hyperplasia, which in turn induces epithelial hy-
perplasia. It is now known, however, that estrogens do not
have a direct effect on the development of BPH and prostatic
carcinoma, but progesterone does play a role in their patho-
genesis. Progesterone receptors have been shown to exist in
prostate stromal cells, whereas estrogen receptors were essen-
tially nonexistent.173

Pathophysiology and Clinical Presentation

20. G.M., a 72-year-old man, presents to the emergency depart-
ment with severe lower abdominal discomfort of 4 days’ duration.
His history consists of having increasing difficulty initiating uri-
nation, a significant decrease in the force of his urinary stream,
occasional midstream stoppage, and postvoid dribbling. Physi-
cal examination is unremarkable except for the abdominal and
rectal examination. Abdominal examination reveals distention,
tenderness, and increased dullness in the hypogastrium with a
large mass, believed to be the bladder. On rectal examination,
the prostate is found to be severely enlarged, firm, and rubbery
without nodules or undue hardness. G.M. gives a history of noc-
turia (approximately four to five times a night) and daytime uri-
nary frequency (eight to ten times a day). G.M. indicates that
when he is able to urinate he does not feel relieved. Laboratory
findings are as follows: BUN, 45 mg/dL (normal, 8–18); SrCr,
3.2 mg/dL (normal, 0.6–1.2); serum prostatic acid phosphatase,
3 U/L; and serum PSA, 7.1 ng/mL (normal, 0.1–4.0). A urethral
catheter was inserted, and 900 mL of urine was obtained. G.M.
subsequently was scheduled for a urologic workup. What is the
pathophysiologic basis for G.M.’s symptoms?

[SI units: BUN, 16.1 mmol/L urea; SrCr, 282.9 μmol/L; serum prostatic acid

phosphatase, 3 U/L (normal, 2.5–11)]

Symptoms of BPH can be both obstructive and irritative,
and descriptions of the symptoms need a frame of reference
for standardization. The Boyarsky index, a questionnaire con-
sisting of nine questions to quantify the severity of BPH,174

has been developed. Five questions are designed to assess ob-
structive symptoms and four to assess irritative symptoms. Al-
though some limitations to the use of this questionnaire (Table
101-5) may exist, it is one of the most common measures used
to quantify symptoms in BPH studies167 and it correlates well
with the pathophysiology of BPH. The format of the Boyarsky
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Table 101-5 BPH Symptom Scoring System
(Boyarsky Index)a

Nocturia

0 Absence of symptoms
1 Urinates 1 time/night
2 Urinates 2–3 times/night
3 Urinates ≥4 times/night

Daytime Frequency

0 Urinates 1–4 times/day
1 Urinates 5–7 times/day
2 Urinates 8–12 times/day
3 Urinates ≥13 times/day

Hesitance (lasts ≥1 min)

0 Occasional (≤20% of the time)
1 Moderate (20%–50% of the time)
2 Frequent (≥50% of the time)
3 Always present

Intermittency (lasts ≥min)

0 Occasional (≤20% of the time)
1 Moderate (20%–50% of the time)
2 Frequent (≥50% of the time)
3 Always present

Terminal Dribbling (at end of voiding)

0 Occasional (≤20% of the time)
1 Moderate (20%–50% of the time)
2 Frequent (≥50% of the time)
3 Always present (may wet clothes)

Urgency

0 Absence
1 Occasionally difficult to postpone urination
2 Frequently difficult to postpone urination
3 Always difficult to postpone urination

Impairment of Size and Force of Urinary Stream

0 Absence
1 Impaired trajectory
2 Most of the time size and force are restricted
3 Urinates with great effort and stream is interrupted

Dysuria

0 Absence
1 Occasional burning sensation during urination
2 Frequent (>50% of the time) burning sensation
3 Frequent and painful burning sensation during urination

Sensation of Incomplete Voiding

0 Absence
1 Occasional sensation
2 Frequent (>50% of the time) sensation
3 Constant and urgent sensation, no relief on voiding

aSymptom scoring provides the clinician with a tool to measure the relative need
for, and efficacy of, different interventions. No specific score is associated with the
need for a specific intervention. A low symptom score in the absence of significant
urine retention generally indicates that medical management can be attempted before
considering surgical intervention.174 BPH, benign prostatic hyperplasia.

index is designed to help the clinician educate the patient about
the obstructive and irritative symptoms of BPH. The Boyarsky
index was the first of three patient questionnaires developed
to quantitatively assess BPH and the effectiveness of individ-
ual treatment.171 As such, this questionnaire has been used in
numerous clinical trials to measure the outcome of interven-
tions. The Boyarsky index is not useful in comparing different
treatment therapies among BPH patients, because it has not
been sufficiently validated for this purpose; rather, it is useful
in evaluating an individual’s response to therapy.

The Multidisciplinary Measurements Committee of the
American Urologic Association (AUA) also has published a
Urinary Symptom Index for Prostatism175 (Table 101-6). The
AUA recognized the importance of a validated symptom index
for assessing the baseline severity of prostatism, disease pro-
gression, and the effectiveness of different therapies. The AUA
symptom index allows comparison between therapies and is the
preferred questionnaire for BPH research. It has been validated
through internal consistency reliability, constructive reliability,
test-retest reliability, and criterion reliability.171 The AUA in-
dex, however, may not be BPH specific.176 When 101 men
and 96 women between the ages of 55 and 79 used the AUA
index, urinary symptoms and severity of urinary symptoms
were similar in both groups. Therefore, symptoms associated
with prostatism can be associated with aging as well as BPH.
The National Institutes of Health (NIH) convened a chronic
prostatitis workshop to come to consensus on a new classifica-
tion system for the diagnosis and management of prostatitis.177

This group developed a symptom index that provides a valid
outcome measure for men with prostatitis. This index attempts
to quantify the pain and discomfort associated with prostatism,
and should help differentiate prostatism from prostatic hyper-
plasia. The symptom index is self-administered.

G.M. presents with obstructive symptoms consistent with
BPH as follows: (a) a history of difficulty in initiating urina-
tion (hesitancy), (b) a decrease in urinary force, (c) occasional
midstream stoppage, (d) postvoiding dribbling, and (e) a feel-
ing of incomplete bladder emptying. The common obstruc-
tive symptom of decreased force and size of urine stream is
caused by urethral compression from prostate gland hyperpla-
sia. Hesitancy, another obstructive symptom, is the result of
the bladder detrusor muscle taking a longer time to generate
the initial increased pressure to overcome urethral resistance.
Urinary stream intermittency is caused by the inability of the
bladder detrusor muscle to sustain the increased pressure until
the end of voiding. Terminal dribbling and incomplete emp-
tying occur for the same reason, but also may be caused by
obstructive prostatic tissue at the bladder neck, causing a “ball
valve” effect.

G.M. also has a history of classic irritative symptoms that
are consistent with BPH as follows: (a) nocturia approximately
four to five times a night and (b) daytime urinary frequency of
8 to 10 times a day. Incomplete emptying of the bladder results
in shorter intervals between voiding, explaining the complaint
of frequency. Also, a large prostate gland provokes the bladder
to trigger a voiding response more frequently. This response
is more pronounced if the prostate is growing intravesically
and compromising the bladder volume. Bladder detrusor mus-
cle becomes hypertrophied as a result of the greater bladder
residual urine volume, which can result in increased detru-
sor muscle excitability. Clinically, this excitability may result
in bladder instability. The symptoms of urinary frequency are
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Table 101-6 American Urological Association (AUA) Urinary Symptom Index for Prostatism

Score

Not at <1 in <1/2 =1/2 >1/2 Almost
Symptom All 5 Times the Time Time the Time Always

1. Over the past month or so, how often have you had a
sensation of not emptying your bladder completely after you
finished urinating?

0 1 2 3 4 5

2. Over the past month or so, how often have you had to
urinate again <2 hr after you finished urinating?

0 1 2 3 4 5

3. Over the past month or so, how often have you found you
stopped and started several times when you urinated?

0 1 2 3 4 5

4. Over the past month or so, how often have you found it
difficult to postpone urination?

0 1 2 3 4 5

5. Over the past month or so, how often have you had a weak
urinary stream?

0 1 2 3 4 5

6. Over the past month or so, how often have you had to push
or strain to begin urination?

0 1 2 3 4 5

7. Over the past month or so, how many times did you most
times typically get up to urinate from the time you went to
bed at night until the time you got up in the morning?

0 times 1 time 2 times 3 times 4 times 5 times

Interpretation of AUA Symptom Index

AUA Symptom Score = Sum of questions 1−7 =
Mild prostatism ≤7
Moderate prostatism 8–18
Severe prostatism >18
Highest possible score 35

Reprinted from reference 325, with permission.

more pronounced at night because cortical inhibitions are less-
ened and bladder sphincter tone is more relaxed during sleep.
Obstructive symptoms are associated more with an enlarged
prostate, and the predominance of irritative symptoms could
suggest voiding dysfunctions in addition to those of BPH.

Urinary incontinence is not a common symptom of BPH.
With advanced BPH, a large residual volume of urine in the
bladder weakens the bladder sphincter and allows the escape of
small amounts of urine when the bladder is full. As the residual
bladder volume increases, the ureters will dilate, resulting in
stasis of urine in the ureters. The end result may be ascending
hydronephrosis caused by the transmission of high pressure
to nephrons, which produces renal damage (Fig. 101-3). This
can account for abdominal discomfort and flank pain during
voiding and ascending urinary tract infections.

Acute urinary retention in BPH can occur as a result of in-
creasing size of the prostate gland. Independent of gland size,
drugs may precipitate acute urinary retention. Drugs, such as
alcohol, anticholinergic agents, α-adrenergic agents, and neu-
roleptics, all have been associated with acute urinary retention
in men with BPH. Commonly, when advanced BPH is present,
acute urinary retention is exacerbated if the patient does not
void at the first sign of urgency. G.M. is not taking any drugs
commonly associated with urinary retention.

Clinical Findings

21. What objective findings in G.M. are associated with BPH?

G.M. presents with classic symptoms of BPH. The increas-
ingly severe symptoms culminated in an episode of acute uri-

nary retention as evidenced by inability to void and lower
abdominal discomfort. Objective symptoms associated with
G.M.’s BPH include: (a) abdominal tenderness with increased
dullness in the hypogastrium; (b) the finding of an enlarged
bladder; (c) an enlarged, firm, and rubbery prostate gland; and
(d) a return of 900 mL of urine via urinary catheter. The normal
serum acid phosphatase, slightly elevated PSA, and digital rec-
tal examination of the prostate suggest that G.M. does not have
prostatic carcinoma at this time (see following section). The el-
evated BUN and serum creatinine may suggest hydronephrosis
as a result of his BPH.

Urinalysis
Because patients with BPH also may have a urinary tract in-
fection, a urinalysis with microscopic examination is essential.
It is mandatory that G.M. give a urine specimen for urinalysis
before the digital rectal examination of the prostate gland, be-
cause examination of the prostate causes prostatic secretions to
be expelled into the urethra, which may contaminate the urine
specimen and make it difficult to determine the source of an
infection. The presence of WBC and bacteria in the urine ne-
cessitates a workup for infection. Similarly, hematuria requires
a workup for urinary tract pathology other than BPH. Because
BPH also can cause hydronephrosis, renal function and serum
electrolytes should be evaluated.

Digital Rectal Examination
A serum PSA followed by a digital rectal examination of the
prostate remains a fundamental part of evaluating a man with
prostatism. The prostate examination should determine the
size, shape, consistency, and nodularity of this gland. Prostatic
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FIGURE 101-3 Flow of urine is interrupted by compression from a
prostate that has enlarged from normal size. In this diagram, the ureters
and bladder are dilated by backed-up urine.

hyperplasia results in a large, palpable prostate with a smooth
mucosal surface rectally. The discernment of the right and left
prostate lobes is lost in BPH. The digital rectal examination of
a patient with BPH commonly finds asymmetry of the prostate,
with one side being larger than the other. Prostatic enlargement
can be in both an anteroposterior and a superoinferior direction.
As a result, on digital rectal examination, the upper extent of
prostate hyperplasia is not palpable. Occasionally, the degree
of enlargement felt by digital rectal examination may be mis-
leading, because a substantial portion of enlargement may be
intravesical. The consistency of the gland may be soft or firm,
depending on the predominance of glandular or fibromuscular
elements.178 The presence of firm-to-hard nodules; irregular-
ities; induration; or a stony, hard prostate suggests possible
prostate cancer. In those cases in which the prostate gland size
or shape may be questioned, the patient should have a transrec-
tal ultrasound (TRUS) to determine the gland volume.

Prostate-Specific Antigen
Prostate-specific antigen is a glycoprotein enzyme (molecu-
lar weight, 33,000) that is secreted in the cytoplasm of the
prostatic cells; it aids in the liquefaction of semen. Some
claim that this enzyme is specific for prostate origin, although
a few isolated instances of elevation in nonprostate tumors
have been reported. PSA correlates reasonably well, on aver-
age, with prostate weight owing to benign prostate glandular

Table 101-7 Age-Adjusted PSA Values

Age Range (yr) PSA Upper Limit (ng/mL) PSA Density

40–49 2.5 0.08
50–59 3.5 0.10
60–69 4.5 0.11
70–79 6.5 0.13

PSA, prostate-specific antigen.

hyperplasia.179 Prostate cancer, however, produces approxi-
mately 10 times the amount of PSA on a tissue volume ba-
sis than does BPH.180 For the past decade, men 50 years of
age or older have been encouraged to have an annual mea-
surement of serum PSA and a digital rectal examination, as
a basic screen for prostate cancer and to monitor the growth
of the prostate gland. Several investigators have proposed age-
adjusted PSA reference ranges, which reflect the size of the
prostate gland181−183 (Table 101-7). Studies have resulted in
several formulas that try to adjust the PSA for the effect of
BPH. The best-known formula for predicting the PSA level
(PSA serum density) is as follows184:

PSA (in ng/mL or mcg/mL) = 0.12 × gland volume (in cubic

centimeters [cc] by transrectal ultrasound [TRUS])

TRUS gland volume = prostate height × width × length × 0.523

The PSA result for G.M. is slightly above the upper limit
for his age. As such, he should have a TRUS to determine the
prostate gland volume and hence, the PSA density. Once the
prostate gland volume is determined, the significance of his
PSA level of 7.1 can be determined.

Radiologic and Imaging Studies

22. Why should G.M. have his urinary tract evaluated with ra-
diologic and imaging studies?

Visualization of the kidneys, ureters, and bladder (KUB)
with intravenous pyelography (IVP) is commonly used to eval-
uate BPH in some institutions. The routine use of IVP is being
questioned, however, because this procedure does not visu-
alize the bladder outlet during voiding and therefore cannot
be used to detect obstruction directly. As noted, G.M. is sus-
pected of having hydronephrosis because his BUN and serum
creatinine are elevated. Thus, the nephrotoxic risk of IVP may
outweigh its potential benefit.185−187 Furthermore, when hy-
dronephrosis is a concern, ultrasound is the preferred diagnos-
tic maneuver, because it spares the patient exposure to radi-
ation and possible adverse reactions to the contrast agent.188

Presently, the consensus is that IVP is warranted only if hema-
turia is present.178 Computed tomographic (CT) scanning and
magnetic resonance imaging (MRI) have little value in BPH
assessment.

Urodynamic Evaluation and Cystoscopy

23. Why should G.M. have urodynamic evaluation and cys-
toscopy for his BPH?

Because G.M. may be scheduled for a surgical proce-
dure, it is important to determine the extent of urinary flow
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obstruction and the urinary flow rate. An accurate determi-
nation of the urinary peak flow rate and the voided volume
correlated with G.M.’s history will be useful in determining
the degree of his urinary obstruction. Urodynamic evaluation
involves assessing the urinary flow rate, bladder volume, de-
trusor pressure, and visualization of voiding. Peak urinary flow
rate to assess prostatism is a useful method because it is non-
invasive and requires only simple and inexpensive equipment.

The urinary flow rate depends on bladder volume,189 and
a nomogram that corrects for age has been developed.190,191

Flow rate represents the contributions of bladder contraction
and outlet opening during voiding. A low flow rate may reflect
diminished bladder contractility (e.g., owing to aging, disease,
medications) or outlet obstruction. Thus, a low flow rate is
not specific and cannot differentiate bladder outlet obstruction
from an underactive detrusor muscle, nor does it discriminate
well between those who will and those who will not benefit
from surgery.190−192 The use of urinary flow rates as predictors
of surgery outcomes is controversial. Kadow et al.193 found no
significant difference in symptomatic outcomes from surgery
when comparing pre-surgery urinary flow rates. In addition,
although flow rates tend to improve after surgery, wide indi-
vidual variation is seen, and an increased postoperative peak
flow does not always correlate with symptom relief.194

Voiding cystourethrography involves retrograde filling of
the bladder with a contrast agent, followed by visualization
of the bladder and urethra during the resting, voiding, and
postvoiding phases. Although this procedure has the same
problems as the IVP, it does have the advantage of providing a
dynamic evaluation of the urethral outlet during micturition.178

Voiding cystourethrography often is performed by technicians
and read by radiologists who might not be well trained in lower
urinary tract physiology and who therefore do not provide sen-
sitive analyses.

Despite its utility, pressure–flow analysis is not widely used
in the evaluation of prostatism because the patient must be
able to forestall voiding during bladder filling, and then void
on command. As a result, interpretable data are obtained in only
60% to 86% of cases analyzed in optimal laboratory settings.195

Cystoscopy is used in prostatism to rule out intravesical
pathology such as tumors or stones that also cause void-
ing symptoms and to evaluate bladder trabeculation, prostatic
length and size, the presence of an enlarged median lobe, and
the degree of obstruction. As with an IVP, cystoscopy is re-
quired if hematuria is present and also should be considered
whenever there is pelvic pain with voiding.

In making treatment decisions, the roles of intravenous
urography, the visual appearance of the prostate via cystoscopy,
urodynamic studies, urine flow measurements, and the degree
of obstructive and irritative voiding symptoms, collectively, re-
main controversial and do not provide data sufficient to dictate
the best treatment for the patient.196,197 Therefore, these tests
are not necessary for G.M.

Nonpharmacologic Treatment
Transurethral Resection of the Prostate

24. What nonpharmacologic treatment is best for G.M.? When
should prostate surgery be undertaken in general?

G.M.’s subjective and objective findings, particularly the
acute urinary retention and hydronephrosis, collectively indi-
cate the need for a transurethral resection of the prostate gland.
G.M. has been advised by his urologist that a TURP is the treat-
ment of choice given the severity of his presentation (e.g., large
prostate gland with acute urinary retention) and that the proce-
dure will relieve his symptoms, allow him to lead a relatively
normal life, and avoid sequelae of prolonged obstruction.

Transurethral resection of prostate provides significant re-
lief of BPH symptoms in 86%, 83%, 75%, and 75% of pa-
tients at 3 months, 1 year, 3 years, and 7 years, respectively.197

Of patients with severe BPH, 93% report reduced symptoms
1 year after a TURP.196 The TURP is considered the “gold stan-
dard” for the treatment of BPH and is used in 90% of patients
with symptoms of residual urine or acute urinary retention.167

As a result, surgical alternatives are always compared with the
outcome studies of TURP.

The need for a TURP in G.M.’s situation is fairly clear. In
most cases, however, the need for a TURP is less clear because
the symptoms do not inevitably worsen and men often are will-
ing to live with their symptoms. Therefore, clinicians need to
be able to talk with patients and help them answer the ques-
tion of whether the discomfort, risk, and problems during the
postsurgical recovery period are outweighed by the high prob-
ability that surgery will relieve symptoms. After conditions
that clearly require surgery have been ruled out, the severity
of a patient’s symptoms and the degree to which they interfere
with living a normal life are the dominant factors in any de-
cision to proceed with prostate surgery. Because surgery for
prostate enlargement most often is performed to improve the
patient’s quality of life, clinicians must counsel patients and
help them make the decision. For a comparison of common
surgical treatments please refer to Table 101-8.

Drug Therapy
α1-Adrenergic Receptor Antagonists

25. What drug therapy should be prescribed to treat G.M.’s
prostatic hyperplasia?

G.M. most likely will be scheduled for a TURP, because
he presents with acute urinary retention and hydronephrosis
owing to a moderately enlarged prostate gland (i.e., >40 g
and <80 g). He should be started and maintained on an α1-
adrenergic receptor antagonist to reduce the tension of the
bladder neck, the prostate adenoma, and the prostatic capsule.
Similarly, he should receive finasteride to induce atrophy of
the prostate gland and halt progression of the disease.

The prostatic capsule and BPH adenoma have plentiful
α1A-adrenergic receptors. The three known subtypes of the
α1-adrenergic receptor are α1A, α1B, and α1D. Inhibiting the
α1A-adrenergic receptors can reduce the smooth muscle tone
of the prostatic urethra, thereby reducing the functional com-
ponent of urethral constriction and obstruction.

Phenoxybenzamine (Dibenzyline), a nonselective α-
antagonist, has been 80% effective in increasing urinary flow
rates, but its use is hampered by a 30% incidence of side effects
(fatigue, dizziness, hypotension), which are exacerbated by its
long half-life.198,199 The dose of phenoxybenzamine is 5 to
20 mg/day orally. Prazosin (Minipress) 2 to 4 mg/day is more
α1A-selective and is less likely to cause side effects compared
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Table 101-8 Common Procedures

Therapy Brief Description Comments

Transurethral resection of
the prostate (TURP)

A resectoscope is inserted into the urethra
and obstructing tissue is removed a piece
at a time.

Post-TURP syndrome: potentially life threatening, caused by the
absorption of irrigating fluid. Cerebral edema and seizures may
result from hypervolemia and hyponatermia.

Late complications: erectile dysfunction (up to 30%), urinary
incontinence, and bladder neck contractures, retrograde ejaculation.

Transurethral incision of the
prostate (TUIP)

Shallow incisions in the prostatic urethra area
relieve bladder outflow obstruction.

Advantageous in high-risk patients such as the elderly because it can
be performed under local anesthesia.

Transurethral dilation of the
prostate (TUDP)

Balloon catheter is positioned in the prostatic
urethra and inflated.

Appropriate for men with smaller prostates who wish to avoid
potential side effects of other procedures.

Visual laser ablation of the
prostate gland (VLAP)

Laser is used to partially remove obstructing
prostate.

Used in men with smaller prostates.

Transurethral microwave
hyperthermia

Local microwave hyperthermia, delivered
transurethrally or transrectally.

Not as effective as surgical therapy but can be completed as an
outpatient in 1 hour.

with phenoxybenzamine. The clinical efficacy of prazosin in
improving urinary flow rates is somewhat less impressive.199

Prazosin should be avoided in elderly patients because of its
side effect profile, including high risk for first-dose syncope,
and need for multiple daily doses.

TERAZOSIN
Terazosin (Hytrin), a long-acting α1A-adrenergic receptor

antagonist, has significantly reduced obstructive symptoms and
improved urinary flow rates at doses of 1 to 5 mg/day (Ta-
ble 101-9).171,200 The α1A-blockade alone does not account
for the long-term clinical responses exerted by this drug in
the treatment of benign prostatic hyperplasia. Terazosin has
been shown to induce prostate smooth muscle cell apoptosis
resulting in reducing urinary symptoms. Terazosin (and doxa-
zosin) has a quinazoline nucleus, which may account for this
effect. Tamsulosin, which is not a quinazoline, does not induce
prostate smooth muscle cell apoptosis.203

In most patients, the dose of terazosin will need to be in-
creased to 5 to 10 mg/day to obtain desired results. Orthostatic
hypotension, however, may occur in the beginning days of ther-

Table 101-9 Drug Therapy of Persistent Urinary
Incontinence

Type Treatment With Initial Doses

Urge Oxybutynin 2.5 mg QD–TID; 5–30 mg XL
Tolterodine 1–2 mg QD; 2–4 LA QD
Trospium 20 mg BID
Darifenacin 7.5 mg QD
Solifenacin 5 mg QD

Stress Pseudoephedrine 15–30 mg BID–TID
Imipramine 25 mg QD
Vaginal estrogen cream 0.5–1.0 g two times/wk

Overflow Terazosin 1–5 mg QD (usually at HS)
Doxazosin 1–8 mg QD
Tamsulosin 0.4–0.8 mg QD
Alfuzosin 10 mg QD
Bethanechol 10 mg TID

Functional None

BID, twice daily; HS, at bedtime; LA, long acting; QD, every day; TID, three times
daily; XL, extended release.

apy or during dosage adjustment periods. In patients who, for
whatever reason, stop their terazosin therapy for 2 or more
days, therapy should be reinstituted cautiously to avoid the
“first-dose” adverse effect of syncope.

Terazosin maintained the level of improvement in BPH
symptom scores over a 30-month period. Only 10% of the pa-
tients experienced treatment failure.171 In this long-term study,
the systolic blood pressure in normotensive and hypertensive
patients was decreased by 4 and 18 mmHg, respectively. Ap-
parently, terazosin typically only lowered the blood pressure
significantly in the hypertensive patients.

Terazosin commonly is prescribed with finasteride to con-
trol the progression and symptoms of BPH despite the lack of
adequate clinical studies.204 The mechanisms of action for both
of these drugs are different, and the combined use of both pro-
duces a synergistic effect. When combined with finasteride, a
smaller terazosin maintenance dose (1–5 mg/day) can be used,
resulting in fewer dose-related side effects (e.g., orthostatic
hypotension and dizziness).

DOXAZOSIN
Doxazosin (Cardura), another quinazoline derivative, is a

long-acting selective α1a-adrenergic receptor antagonist struc-
turally related to prazosin and terazosin (Table 101-9). Dox-
azosin originally was prescribed primarily for hypertension
and currently is not considered a first-line antihypertensive
agent. (For a discussion of the current use of α-blocker in
hypertension, see Chapter 13 Essential Hypertension.) Hyper-
tension and BPH are linked by the sympathetic nervous sys-
tem. As with terazosin, doxazosin improves urinary flow rates
and symptoms in patients with BPH. These effects have been
demonstrated in controlled clinical studies, within weeks, and
over the long term. Doxazosin should be started at 1 mg/day.
After 1 to 2 weeks, the dose can be increased over several
weeks to 8 mg/day. As with other long-acting α1-adrenergic
receptor antagonists, the first dose should be taken at bed-
time to minimize lightheadedness and syncope (the first-dose
effect), and the blood pressure of the patient should be mon-
itored periodically during therapy. Most patients require be-
tween 4 and 8 mg/day for effective control of the urinary
symptoms of BPH. Dosages >4 mg/day are associated with
a greater frequency of dizziness, orthostatic hypotension, and
syncope.200,201
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TAMSULOSIN
Tamsulosin, a nonquinazoline, is a long-acting α1A-

adrenergic receptor antagonist similar to doxazosin, terazosin,
and prazosin. Tamsulosin and its metabolites are more spe-
cific for the prostatic α1A-adrenergic receptors than any of the
other α1A-adrenergic receptor antagonists.205 Apparently, tam-
sulosin and its metabolites are less specific for the vascular
α1A-adrenergic receptors, and therefore cause less orthostatic
hypotension than the other agents in the class. Consequently,
no need exists to titrate tamsulosin to the recommended daily
dose range of 0.4 to 0.8 mg. Coadministration of tamsulosin
with antihypertensives does not require dosage adjustment of
the antihypertensives. Tamsulosin is very effective in treating
bladder outlet obstruction associated with BPH.206,207

More than 90% of tamsulosin is absorbed following oral
administration of a 0.4-mg dose under fasting conditions. Ad-
ministration with food decreases the bioavailability by 30%
and increases time to peak plasma concentration. Tamsulosin
is hepatically metabolized by CYP isozymes, CYP 3A4 and
CYP 2D6.208 Impaired renal function increases total tamsu-
losin plasma concentration by approximately 100% during
steady-state administration. Because active, unbound drug lev-
els are not affected, no dose modification is required in renally
impaired patients with symptomatic BPH.209 As with all α1A-
adrenergic receptor antagonists, tamsulosin does not affect the
PSA and must be taken indefinitely to maintain its therapeutic
effect.210

ALFUZOSIN
Alfuzosin is a quinazoline α1-adrenergeric receptor antago-

nist that is selective the for the α1A receptor in the lower urinary
tract. Because of alfuzosin’s uroselectivity, it has a lower rate
of hypotensive effects than doxazosin and terazosin. A lack of
penetration of alfuzosin into the brain has been hypothesized
to contribute to the decreased CNS effects such as somno-
lence. Unlike tamsulosin, alfuzosin will not cause ejaculatory
dysfunction; the incidence is comparable to placebo.210

Androgen Suppression
Considerable information has accrued concerning the en-
docrine basis for control of BPH (Fig. 101-4), the effect of
age on hormone dynamics in men, and the hormonal changes
in the hyperplastic human prostate. Maintenance of morphol-
ogy and functional activity of the adult human prostate is con-
trolled by, and dependent on, androgens. Prostatic regression
after androgen deprivation is an active process that requires
the synthesis of macromolecules.211 As a result of androgen
deprivation,212 the loss of stromal and epithelial prostate cells
is disproportionate, with four times greater loss of epithelial
cells. Testosterone serves as the pro-hormone for the two active
metabolites, DHT and 17-β-estradiol. Testosterone is metab-
olized to DHT by the enzyme 5α-reductase (type I and type
II). Thus, conversion of testosterone to DHT precludes its con-
version to estrogen by the enzyme, aromatase, and the relative
activity of these two enzymes is of paramount importance in
prostate homeostasis.213

Although the mean plasma testosterone level in men falls
after the age of 60, the level of testosterone in subjects with
BPH and age-matched controls is not different.214 Moreover,
the onset of BPH starts some 10 to 20 years before the plasma
testosterone levels decrease. The serum concentration of DHT
is increased, however, in men with BPH.211,215,216 The mech-

5

ry

T

s
T

)

e
h

DHT

α-reductase

Gn-RH (LHRH)

Pituita

LH + FSH

estosterone

Adrenal

Prostatic Cells

estes
(Leydig Cells

Prostat
Cell Growt

Hypothalamus

ACTH

FIGURE 101-4 Pituitary-gonadal axis: endocrine basis for control of be-
nign prostatic hyperplasia (BPH). The pituitary-gonadal axis plays an
important role in prostatic growth. Neurons in the preoptic area of the
hypothalamus secrete gonadotropin-releasing hormone (Gn-RH), also
known as luteinizing hormone-releasing hormone (LHRH). LHRH is a
small peptide that interacts with surface receptor sites on the plasma
membrane of the pituitary cells. LHRH stimulates the pituitary to release
both luteinizing hormone (LH) and follicle-stimulating hormone (FSH). LH
secretion causes the Leydig cells of the testicle to produce testosterone.
Testosterone appears to inhibit LHRH at the hypothalamic level and LH
at the pituitary level. The adrenals only contribute approximately 1%
of circulating testosterone. Testosterone diffuses into the prostatic cells,
where it is converted to dihydrotestosterone (DHT) by 5—reductase. DHT
binds to steroid receptor complexes in the nucleus of the prostate, which
causes cell growth. ACTH, corticotropin; DHT, dihydrotestosterone; FSH,
follicle-stimulating hormone; Gn-RH, gonadotropin-releasing hormone;
LH, luteinizing hormone. (From reference 166, with permission.)

anism responsible for accumulation of DHT has not been es-
tablished, but a significant increase in 5α-reductase activity
occurs, which is known to produce DHT.217,218

One other major hormonal change associated with ag-
ing is the increased formation of estrogen from circulating
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androgens in both the testes and the peripheral adipose tissue.
Androgen conversion to estrogen via aromatase begins in men
at approximately the third decade of life and increases with
age,219 but the plasma estrogen concentration is the same in
men with BPH and age-matched controls without BPH.215 Es-
trogen receptors are abundant in stroma cells,220,221 more so in
patients with prostatic carcinoma than in patients with BPH.222

Estrogen stimulation of stromal tissue was once believed to ex-
plain the prostatic growth that continued with age despite the
decline in testosterone secretion by the testes. Progesterone
receptors, however, appear to be more abundant than estro-
gen receptors in the stromal and epithelial cells of prostate
tissue of patients with BPH. Thus, progesterone may play a
more important role in the pathogenesis of BPH than estro-
gen. The known effect of DHT in initiating the BPH process
is believed to be augmented by estrogen.223 The number of
prostate androgen receptors can be increased by estrogens and
can be reversed by the administration of antiestrogens.214 The
increase in androgen receptors induced by estrogens may allow
for continued androgen-mediated growth despite the declining
amount of testosterone produced with old age.

5α-Reductase Inhibitors
FINASTERIDE
Finasteride (Proscar), a competitive inhibitor of 5α-

reductase (type II), decreases the conversion of testosterone
to DHT, the principal androgen responsible for stimulation of
prostatic growth. After 7 days of treatment with all doses of
finasteride, prostatic tissue DHT declined to ≤15% of control
levels, and the testosterone concentration increased in a re-
ciprocal manner.224 When finasteride was administered in 1-
and 5-mg doses to men with BPH for a total of 12 months,
the symptom score and urinary flow improved significantly.
Finasteride 5 mg daily decreased the median prostate volume
by 24% and improved the maximal urinary flow rate by 2.9
mL/s.225 Adverse effects in the finasteride groups occurred
in <5%, and side effects, such as decreased libido and ejac-
ulatory dysfunction, were dose related.226 The effectiveness
of daily finasteride 5 mg was evaluated in 298 men over 24
months.227 A slight improvement over the results reported
at the end of the 12-month period was noted. The median
DHT levels had declined by 74.5% compared with 69.3%
at 12 months, and prostate volume declined by 25.2% com-
pared with 21.2% at 12 months. Patient symptom scores in-
dicated slightly more improvement at 24 months, compared
with 12 months. Obstructive symptom scores were responsi-
ble for most of the improved symptoms reported. The preva-
lence of sexual adverse experiences at 24 months was similar to
that at 12 months. In those men who experienced finasteride-
induced sexual dysfunction, 50% will experience resolution
after discontinuing the medication.228 Inhibition of DHT by
5α-reductase inhibitors does not affect testosterone-mediated
functions on muscle mass, libido, or spermatogenesis. Thus,
finasteride has an acceptable safety profile, halts disease pro-
gression, and improves the quality of life in patients with mod-
erate BPH disease (i.e., enlarged prostate with symptoms of
urinary obstruction, but not acute urinary retention). Finas-
teride improves objective pressure flow parameters after 1 year
of therapy, and efficacy appears to be greatest in patients with
large prostates (>40 g).229 For those who do respond, the drug
must be continued indefinitely because DHT serum concen-
trations return to pretreatment levels within 14 days of discon-

tinuing finasteride, and prostate size returns to pretreatment
levels within 4 months.230,231

Unlike leuprolide, finasteride does not affect the histo-
logic features of BPH and prostate cancer.232 Morphologic
evaluation of patients treated with finasteride with symp-
tomatic BPH having adenectomy showed a reduction in the
size of the prostate and an increase in the stroma:epithilial and
stroma:lumen ratios.233

DUTASTERIDE
Dutasteride (Avodart) is a competitive and specific inhibitor

of both type I and type II 5α-reductase isoenzymes. An advan-
tage of dutasteride over finasteride is the additional inhibition
of 5α-reductase (type I) in the peripheral tissues, which pro-
duces a further decline in serum DHT. In a prospective study of
2,951 men with moderate to severe BPH, dutasteride 0.5 mg/
day decreased DHT serum levels by 90% at 1 month in 58%
of patients. At 24 months, 85% of those treated with dutas-
teride were noted to have a 90% reduction of serum DHT.234

Correspondingly, the patients noted reduction in urinary symp-
toms as early as 3 months after treatment and a significant
(p <0.001) reduction in symptoms by the sixth month when
compared with those treated with placebo. Common side ef-
fects of dutasteride are similar to those of finasteride: impo-
tence (4.7%), decreased libido (3.0%), ejaculation disorder
(1.4%) and gynecomastia (1.0%).

Antiandrogens: Flutamide
Flutamide (Eulexin) is an orally administered nonsteroidal an-
tiandrogen that inhibits the binding of androgen to its recep-
tor. The safety and efficacy of flutamide were evaluated in
a double-blind, placebo-controlled study of 31 male patients
with symptomatic BPH.235 Patients received a daily dose of
375 mg of flutamide for 12 weeks. No significant differences
were noted in the treatment and placebo groups with regard
to any symptoms of prostatism (force of stream, frequency,
nocturia). Based on the digital rectal examination, patients re-
ceiving flutamide had a significant reduction of prostate size.
Of 15 patients treated with flutamide, 7 developed nipple ten-
derness and decreased libido. In another study, no significant
difference was seen between flutamide and placebo.236 In this
same study, which used flutamide 250 mg three times daily,
53% of the patients experienced breast tenderness and 11%
experienced diarrhea. Because flutamide is a potent hepato-
toxin in certain patients, serial blood aminotransferase levels
should be monitored during the first few months of therapy.237

Flutamide also is associated with a 50% reduction in the serum
concentration of PSA.204,236 In summary, flutamide results in
toxicity with limited effectiveness; however, its use may be
justified in patients who are unable to tolerate a 5α-reductase
inhibitor with or without an α1-adrenergic blocker.

Gonadotropin-Releasing Hormone: Leuprolide
Analogs of Gn-RH can cause regression of BPH. Leupro-
lide acetate (Lupron) is a synthetic nonpeptide analog of
natural-occurring Gn-RH. It desensitizes LH-releasing hor-
mone receptors (when given continuously and in therapeu-
tic doses), thereby preventing the release of gonadotropin.
Chronic leuprolide acetate therapy will suppress testicular
testosterone production, causing a “chemical-like” castration.
Because it reversibly binds to Gn-RH receptors, testosterone
production resumes when it is discontinued. In a double-blind,
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placebo-controlled study, patients with BPH received leupro-
lide 3.75 mg intramuscularly monthly for 24 weeks.238 No
statistically or clinically significant differences were noted in
the percentage change in total, obstructive, or irritative symp-
toms at 24 weeks between the placebo and leuprolide groups.
Detrusor muscle pressure at maximal urine flow was improved
at 24 weeks, and prostate volume was reduced. Of those pa-
tients receiving leuprolide acetate, 92% developed hot flashes,
and of the sexually active patients, 95% experienced a loss of
potency.

Leuprolide should be reserved for patients with prostate
cancer. Its high cost, questionable effectiveness, and castra-
tionlike adverse effects make it an undesirable choice for treat-
ment of BPH.

Effect of Androgen Suppression on
Prostate-Specific Antigen

26. What effect does androgen suppression have on PSA?

The possibility that antiandrogen treatment of BPH could
adversely affect the interpretation of the PSA screening test
for prostate cancer is of concern. For example, androgen sup-
pression with leuprolide acetate reduces prostate volume pri-
marily by inducing involution of the epithelial elements of
the prostate.239 Because PSA primarily is produced by the ep-
ithelial cells of the prostate, these drugs can alter serum and
prostate concentrations of PSA.240 Finasteride 5 mg/day also
can reduce the serum PSA level by 50%.241 Dutasteride re-
duces total serum PSA by ∼40% after 3 months of treatment
and by ∼50% after 24 months.234 The serum PSA level re-
duction is predictable, however, and serum PSA levels can be
recalculated during hormonal treatment for BPH. Neverthe-
less, patients receiving a 5α-reductase inhibitor should have
(a) a digital rectal examination of their prostate periodically,
(b) a PSA level measured, and (c) any suspicious findings in-
vestigated immediately.227 Androgen suppression therapy is
not contraindicated in BPH solely on the basis of its effect on
serum PSA levels.242

27. What over-the-counter medications are available for
prostate disorders?

Two agents, saw palmetto and pygeum, have been promoted
for the treatment of BPH. Saw palmetto is an herbal product
obtained from the fruit of the Serenoa repens tree. The active
ingredients are phytosterols; β-sitosterol and β-sitosterol-3-
O-glucosides are the most abundant. Saw palmetto has antian-
drogen activity. Several trials have shown that it significantly
improves benign prostatic hyperplasia symptoms,243−246 to a
degree similar to finasteride.247 Pygeum (P. africanum bark ex-
tract) has been observed to moderately reduce urinary symp-
toms associated with enlargement of the prostate gland.248

Pygeum has been well tolerated in most studies; however, the
safety has not been extensively or systematically studied.

URINARY INCONTINENCE
Urinary incontinence, both acute and chronic, is a common
disorder among elderly individuals, affecting ∼50% of the in-
stitutionalized elderly and 20% of the community-dwelling
elderly.249,250 Neurologic impairment, immobility, female gen-
der, and history of hysterectomy are independent risk factors

Table 101-10 Causes of Incontinence

Resnick’s Mnemonic: DIAPPERS

D Delirium and dementia
I Infections
A Atrophic vaginitis, atrophic urethritis, atonic bladder
P Psychological causes, depression
P Pharmacologic agents
E Endocrine (diabetes, hypercalcemia, hypothyroidism)
R Restricted mobility
S Stool impaction

Adapted from reference 262, with permission.

for incontinence, but neither advanced age nor chronic bacteri-
uria seem to be. Incontinence has economic costs, and medical
(e.g., cystitis, urosepsis, pressure sores, perineal rashes, falls)
and psychosocial (e.g., embarrassment, isolation, depression,
predisposition to institutionalization) consequences. Neverthe-
less, incontinence often is a neglected condition. Only a few
patients whose lives are seriously disrupted seek medical at-
tention; when they do, their incontinence often is attributed to
aging and not evaluated further.249,251 Incontinence is not an
inevitable consequence of aging. It is a pathologic condition
that, when rationally approached, usually can be ameliorated
or cured, often without invasive tests or surgery and almost in-
variably without an indwelling catheter (Table 101-10).252,253

Neurophysiologic Considerations
The bladder can be thought of as a “balloon” with a narrow
outlet, wrapped with a muscular layer, the detrusor muscle.
The detrusor and the bladder outlet functions are coordinated
neurologically to allow for storage and expulsion of urine.254

The detrusor muscle is innervated by the parasympathetic ner-
vous system, and the bladder neck is innervated by the sympa-
thetic nervous system (α-adrenergic) (Fig. 101-5). The prox-
imal smooth muscle (internal) sphincter in the bladder neck
also is innervated through the sympathetic nervous system (α-
adrenergic). The distal striated muscle (external) sphincter of
the urethra is supplied by the somatic nervous system.

Urine storage is the result of detrusor muscle relaxation and
closure of both the internal and external sphincters. Detrusor
relaxation is accomplished by CNS inhibition of the parasym-
pathetic tone; sphincter closure is mediated by a reflex increase
in α-adrenergic and somatic activity. Voiding occurs when de-
trusor contraction is coordinated with sphincter relaxation. De-
trusor contraction is mediated by the parasympathetic nervous
system, and relaxation requires inhibition of somatic and sym-
pathetic nerve impulses to the outlet. The bladder capacity is
∼300 mL in the elderly and ∼400 mL in young adults. The re-
lationship between the detrusor and the outlet is coordinated by
a micturition center located in the CNS, perhaps the pons.255

The cortex and diencephalon also permit inhibition of what
would otherwise be a reflex contraction of the detrusor muscle
in response to bladder distention.

Age-Related Changes
Aging affects the lower urinary tract in several ways (Table 101-
11). Structural and functional changes have been observed.
Bladder capacity, the ability to postpone voiding, urethral and
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FIGURE 101-5 Neurologic bladder control. Three major components are
involved in urine storage and release. (1) Central nervous system: Inhi-
bition from the frontal lobe (cortical) micturition center permits bladder
relaxation and filling, and sphincter closure to prevent leakage of urine.
When cortical inhibition ceases (i.e., the patient wants to urinate), the
brainstem (pontine) micturition center sends impulses down the spinal
cord to the detrusor muscle, resulting in muscle contraction. (2) Bladder:
Increase in bladder volume stimulates proprioception receptors in the
bladder wall and sensory impulses are transmitted through the sacral
nerves (S2−S4 roots) to trigger bladder contraction. This stimulus for
bladder contraction is under inhibitory control by the central nervous
system frontal lobe as described previously. Cholinergic stimulation re-
sults in bladder contraction. (3) Bladder outlet: The two major factors in
maintaining urethral pressure are the internal and external sphincters.
Internal sphincter: α-Adrenergic stimulation causes muscle contraction,
preventing flow of urine. External sphincter: It consists of striated mus-
cle under voluntary control. Contraction prevents flow of urine. Estrogen
deficiency in women can result in decreased competence of the internal
and external sphincters. (From reference 326, with permission.)

bladder compliance, maximal urethral closure pressure, and
urinary flow rate all are reduced with normal aging.255,256 For
women, these changes are correlated with the postmenopausal
decline of estrogen production. Estrogen has trophic effects
on the epithelium and on tissues lining and surrounding the
urethra, bladder outlet, and vagina. Atrophy of these tissues
can result in friability, inflammation, susceptibility to infec-

Table 101-11 Age-Related Changes in Urologic Function

↓ Bladder capacity
↑ Residual urine
↑ Uninhibited bladder contractions
↑ Nocturnal sodium and fluid excretion
↓ Urethral resistance in women
↑ Urethral resistance in men
Weakness of pelvic floor muscles in women

tion, diminished periurethral blood flow, and prolapse of pelvic
structures. All of these effects can precipitate symptoms of
urinary incontinence. For men, the age-related changes in the
prostate gland are responsible for many of the changes in uri-
nation. The most common age-related change, in both women
and men, is involuntary bladder contractions (detrusor motor
instability). These involuntary bladder contractions occur in
up to 20% of asymptomatic, neurologically normal, continent
elderly patients.257−260

In many elderly persons, nocturia is a common complaint
and may stem from age-related increases in nocturnal urine
production.261 Each of these changes predisposes people to in-
continence, but none alone precipitates it. This predisposition
to incontinence, together with the increased likelihood that an
older person will be subjected to additional pathologic, physio-
logic, or pharmacologic insults, underlies the higher incidence
of incontinence in the elderly. The onset or exacerbation of
incontinence in an older person is likely to be caused by a pre-
cipitating factor outside the lower urinary tract.262 Correspond-
ingly, reversal of the precipitating factor may be sufficient to
restore continence without correction of the underlying uro-
logic abnormality.

Drug-Induced Urinary Incontinence
Occasionally, reports of female stress incontinence from α1-
adrenergic receptor antagonists, which have a relaxant ef-
fect on urethral smooth muscle, have appeared in the med-
ical literature.263−265 In one study, the incidence of genuine
stress incontinence was significantly higher in women tak-
ing prazosin (86.2%) than in the nonprazosin group (65.7%)
(p <0.01). In 55% of the women contacted in the prazosin
group, urinary incontinence was reduced or cured by prazosin
withdrawal.266 There was a significant increase in functional
urethral length, maximal urethral closure pressure, and ab-
dominal pressure transmission to the urethra after prazosin
withdrawal. In one case report, switching from doxazosin to
enalapril briefly reduced the female patient’s stress inconti-
nence; however, she developed a persistent dry cough (from
the enalapril) that continued to cause episodic stress inconti-
nence. Her cough and stress incontinence resolved when she
was switched to amlodipine.267

Classification
Urinary incontinence can be classified several different ways.
The two most basic types of urinary incontinence are acute (or
transient) and reversible or chronic and persistent. Persistent
urinary incontinence (PUI), which refers to incontinence that
is not acute and occurs over a long period of time, can be
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classified further into four subgroups: (a) urge, (b) stress, (c)
overflow, and (d) functional.

Acute Incontinence
Urinary incontinence that is of relatively recent onset or asso-
ciated with an acute medical problem should prompt a review
for reversible factors. These include the following: (a) cystitis,
atrophic vaginitis, and urethritis; (b) CHF; (c) polyuria from di-
abetes; (d) delirium and acute confusional states; (e) immobil-
ity; and (f) medication side effects. The following medications
are associated with acute onset urinary incontinence: diuretics;
α-adrenergic agonists (e.g., pseudoephedrine); α-adrenergic
antagonists (e.g., terazosin); anticholinergics; and neurolep-
tics. The management of acute forms of urinary incontinence
depends on the identification and elimination of the reversible
factor.

For women with urethritis and atrophic vaginitis with ir-
ritative voiding symptoms, estrogen replacement can be very
helpful. An intravaginal estrogen cream is administered nightly
for 7 days, followed by at least once-a-week application.268 For
women with an intact uterus, the conjugated estrogen should be
given in a cyclic manner with a progestational agent. In keeping
with the Women’s Health Initiative Trial, serious risks, includ-
ing breast cancer and cardiovascular disease, appear, however,
to outweigh long-term benefits of this combination of hormone
therapy.269

Persistent Urinary Incontinence
URGE INCONTINENCE
Urge incontinence, the most common form of incontinence

affecting the elderly, occurs when involuntary voiding is pre-
ceded by a warning of a few seconds to a few minutes. Urge PUI
is characterized by precipitous urine leakage, most often after
the urge to void is perceived. Urge PUI can be caused by a va-
riety of genitourinary and neurologic disorders. It most often,
but not always, is associated with detrusor motor instability (in-
voluntary contraction of the bladder) or detrusor hyperreflexia
(detrusor motor instability caused by a neurologic disorder).
The most common causes are local genitourinary conditions,
such as cystitis, urethritis, tumors, stones, bladder diverticula,
and outflow obstruction. Neurologic disorders, such as stroke,
dementia, parkinsonism, and spinal cord injury, can be associ-
ated with urge PUI.270

STRESS INCONTINENCE
Stress incontinence, the involuntary leakage that occurs

only during stress, is common in elderly women but uncom-
mon in men (unless the sphincter has been damaged during
a TURP or prostatectomy). Stress incontinence occurs when
an abrupt increase in intra-abdominal pressure (e.g., cough-
ing, sneezing, laughing, lifting) overcomes urethral resistance.
Typical stress PUI is characterized by daytime loss of small to
moderate amounts of urine, infrequent nocturnal incontinence,
and a low postvoiding residual volume in the absence of a large
cystocele. The usual cause of stress PUI is urethral hypermo-
bility owing to weakness and laxity of pelvic floor musculature,
but other conditions, such as sphincter incompetence, urethral
instability, or stress-induced detrusor instability, occasionally
are responsible.255 Obesity or TURP in men also can predis-
pose individuals to stress incontinence. Many factors have been
suggested to contribute to the development of urinary stress

incontinence in women, including estrogen deficiency and a
genetic defect in the connective tissue in such patients. The
prevalence of urinary stress incontinence among first-degree
relatives of patients with urinary incontinence is three times
(p <0.005) that of matched control groups of women without
micturition disorders.271

OVERFLOW INCONTINENCE
Overflow incontinence occurs when the weight of urine in

a distended bladder overcomes outlet resistance. Leakage of
small amounts of urine is common throughout the day and
night. The patient may complain of hesitancy, diminished and
interrupted flow, a need to strain to void, and a sense of in-
complete emptying. The bladder usually is palpable, and the
residual urine volume is large. If the cause is neurologically
mediated, control of the perianal sphincter may be impaired.272

Overflow incontinence results from an anatomic outlet ob-
struction or an acontractile bladder.270 Common causes are
BPH, urethral stricture, bladder-sphincter dyssynergia, dia-
betic neuropathy, fecal impaction, and anticholinergic medi-
cation use.

FUNCTIONAL INCONTINENCE
Functional incontinence occurs when a continent individ-

ual is unable or unwilling to reach the toilet to urinate. Com-
mon causes are musculoskeletal disorders, muscle weakness,
impaired mental status, use of physical restraints, psychologi-
cal impairment, environmental barriers, and medications (e.g.,
sedatives, neuroleptics).

Clinical Presentation and Evaluation

28. H.K., an 83-year-old female resident of a nursing facility, de-
veloped urinary incontinence 3 years before admission. She has
been managed with adult diapers and bladder training. What
objective and subjective data are needed to determine the patho-
physiology (and hence the classification) of H.K.’s urinary incon-
tinence?

The rationale for the clinical evaluation of H.K. is to classify
the imbalance between bladder pressure and bladder sphinc-
ter resistance and, as a result, institute appropriate medical or
surgical management of her urinary incontinence.

Documentation of H.K.’s urinary incontinence is accom-
plished most easily by having her or one of her nurses keep an
incontinence record. Observations should be recorded every 2
hours regarding whether the patient is wet or dry, as well as
associated symptoms or circumstances. A record maintained
over 3 to 4 days will facilitate assessment of the voiding pat-
tern. Knowledge of the voiding pattern can be used to design
bladder training programs and to detect iatrogenic causes (e.g.,
diuretic ingestion, use of restraints). Successful bladder train-
ing relies on estimating when the bladder is full.

Physical examination of H.K. is paramount in determining
the cause and classification of her urinary incontinence. A com-
plete neurologic examination is mandatory. Clinical findings
may identify specific pathophysiologic abnormalities. H.K.
should have a thorough pelvic examination to determine the
contribution of atrophic vaginitis, uterine prolapse, and blad-
der anatomy. Funneling of the bladder neck suggests stress
incontinence, and palpation of the bladder suggests overflow
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incontinence. The presence of physical restraints or muscu-
loskeletal disability would suggest functional incontinence.

H.K.’s bladder should be catheterized immediately after uri-
nation to determine residual urine volume. Volumes >50 mL
are abnormal and may indicate obstruction or an adynamic
detrusor muscle. Although urodynamic studies are widely rec-
ommended and used, little evidence suggests that these produce
clinically useful data for institutionalized geriatric patients. A
urinalysis, blood chemistries, renal function, and glucose tol-
erance test should be performed. An abnormal urinalysis may
suggest pathology (e.g., infection) that can be managed med-
ically. Urinary tract infection is common in the incontinent
patient.

Treatment options exist for each type of urinary inconti-
nence (Table 101-9). Proper evaluation should guide the clin-
ician in choosing the optimal course of drug therapy. Drug
therapy should be based on sound principles of neurophysiol-
ogy, urology, and pharmacology. Basically, drug therapy is di-
rected at decreasing bladder contractility (detrusor instability)
and increasing outlet obstruction (bladder neck and proximal
urethra).

29. The incontinence record maintained by the nursing staff
indicates that H.K. has urinary urges quite frequently, resulting
in urine leakage. Throughout the day and night, H.K. urinates
four to five times. Physical examination reveals atrophic vaginitis,
no funneling of the bladder neck, and no bladder distention. H.K.
does have a history of stroke. The urinalysis is normal, as are the
blood chemistries. Postvoiding bladder catheterization produced
a residual urine volume of 30 mL. What is the pathophysiology
and classification of H.K.’s incontinence?

Most neuropathic disease processes can change bladder
function. As illustrated by H.K., a cerebrovascular accident
is commonly associated with bladder dysfunction and incon-
tinence in the elderly. Neurologic injury above the level of the
micturition center in the spinal cord, in most cases, results in
bladder spasticity. Sacral reflexes are intact, but loss of inhibi-
tion from higher CNS centers results in spastic bladder and in-
appropriate sphincter behavior. The degree of spasticity varies
between the bladder and sphincter, as well as from patient to
patient with the same CNS lesions. H.K. has a spastic detru-
sor muscle resulting from an unchecked sacral reflex. H.K.’s
bladder dysfunction is classified as urge urinary incontinence
of the persistent type.

Drug Therapy
Anticholinergic Agents

30. What drug therapy should be prescribed for H.K.?

H.K. has detrusor instability and requires anticholinergic
drug therapy. Detrusor muscle stabilization through pharmaco-
logic intervention and behavioral modification is the treatment
of choice for urge PUI. The major neurohormonal stimulus
for physiologic bladder muscle contraction is acetylcholine-
induced stimulation of postganglionic parasympathetic cholin-
ergic receptor sites on bladder smooth muscle.273 Atropine and
atropinelike substances depress true involuntary bladder con-
tractions of any etiology.274 Other drugs with anticholinergic

properties also have local anesthetic and smooth muscle relax-
ant effects. These include tolterodine, flavoxate, oxybutynin,
and dicyclomine. These drugs act directly on smooth muscle
at a site that is metabolically distal to the cholinergic recep-
tor. Because their effectiveness in treating urge incontinence is
owing to their muscle relaxant property, rather than their an-
ticholinergic effects, they are classified as antispasmodics.274

All agents in this group should be prescribed for a 2-week trial
period. If no improvement has been observed with one drug,
trial with another may be appropriate.

OXYBUTYNIN CHLORIDE
Oxybutynin (Ditropan, Generic) is available as an oral

immediate-release tablet, an extended-release tablet, or a trans-
dermal system. Oxybutynin is commonly used to produce an
anticholinergic effect in the lower urinary tract. The trans-
dermal system contains 36 mg of active drug and delivers
3.9 mg of oxybutynin per day when dosed twice a week.275

The transdermal system should be protected from moisture
and humidity. Common side effects from the transdermal sys-
tem at the application site are pruritus (14%) and site redness
(8.3%). A comparison study of immediate-release oxybutynin
and the transdermal system indicated that patients using the
transdermal system experienced fewer side effects. Dry mouth
was reported in 38% of the oxybutynin transdermal system
users in contrast to 94% of those who used immediate-release
tablets.276

Oxybutynin has been described as a strong independent
smooth muscle relaxant with local anesthetic activity that has
minor anticholinergic effects.274,277 This agent has been used
successfully to depress uninhibited detrusor contractions in pa-
tients with and without neurogenic bladder dysfunction. Oxy-
butynin improves total bladder capacity, neuropathic voiding
dysfunction, and bladder filling pressure.278,279 The dosage of
oxybutynin chloride suggested for the elderly is 2.5 mg up to
three times a day; in some cases, the dosage may need to be
increased to 5 mg three times a day. Because oxybutynin is
a tertiary-amine anticholinergic compound, the potential for
CNS toxicity increases as the dose is increased. Compared
with oral propantheline bromide 15 mg three times a day, a
full dose of oral oxybutynin (5 mg three times a day) in one
study produced a good response more frequently.280 Once-
daily, controlled-release oxybutynin at doses of 5 to 30 mg
reduced the number of incontinence episodes.16,281 Maximal
benefit was demonstrated by maintenance week 4 and was sus-
tained as long as the patient continued therapy.282

TOLTERODINE TARTRATE
Tolterodine (Detrol, generic Detrol LA) is a competitive

muscarinic receptor antagonist (anticholinergic) indicated for
the treatment of overactive bladder symptoms of urinary fre-
quency or urge incontinence. At doses of 1 to 2 mg twice a
day, compared with a placebo, the number of urinary voids
per 24 hours decreased (p = 0.0045), the volume of urine per
void increased (p <0.001), and the mean number of inconti-
nence episodes decreased by 50% (p <0.19).283 No clinical or
electrocardiographic evidence was seen of significant cardiac
adverse events in the group studied. Tolterodine has greater se-
lectivity for the bladder than the salivary glands in vivo, which
is not attributable to muscarinic receptor subtype selectivity.284
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Thus, tolterodine is much less potent in inhibiting salivation,
suggesting that it may have less propensity to cause dry mouth
in clinical use. The onset of pharmacologic action of toltero-
dine is <1 hour, and therapeutic efficacy is maintained during
long-term treatment. In comparative trials, tolterodine and oxy-
butynin are equivalent in terms of efficacy, but tolterodine is
better tolerated.

Despite short terminal half-lives of 2 to 3 and 3 to 4 hours
for tolterodine and its active 5-hydroxy metabolite, respec-
tively, twice-daily dosing is effective because of the drug’s
long pharmacodynamic effects.285 Dosage adjustment is rec-
ommended in the presence of hepatic impairment and during
concurrent therapy with drugs that inhibit CYP 2D6 and CYP
3A4 isozymes.

TROSPIUM CHLORIDE
Trospium (Sanctura) is a quaternary ammonium antimus-

carinic agent used for the management of overactive bladder
and urge incontinence. The hydrophilic properties of trospium
minimize the passage of the drug through the blood−brain
barrier, thereby causing fewer CNS and cognitive adverse
events.286 The long-term efficacy of trospium has been com-
pared with oxybutynin in a 52-week study.287 No significant
differences were found in urodynamic outcomes. In addition,
the reduction in 24-hour micturition frequency and urgency
episodes at 26 and 52 weeks of treatment was not significant.
The incidence of dry mouth and gastrointestinal adverse events
was significantly lower in the trospium group. The medication
should be administered at a dose of 20 mg twice daily and for
those patients with severe renal insufficiency (creatinine clear-
ance <30 mL/minute), the dose should be reduced to 20 mg
daily.

DARIFENACIN
Darifenacin (Enablex) is a selective M3 muscarinic recep-

tor antagonist indicated for the treatment of overactive blad-
der with symptoms of urinary incontinence, urgency, and fre-
quency. A pooled analysis of three 12-week, double-blind,
placebo-controlled trials (N = 1,059) demonstrated that dar-
ifenacin reduced the median number of incontinence episodes
per week (p <0.01) versus placebo.289 Dry mouth and con-
stipation were the most common reasons for discontinuation.
The recommended starting dose is 7.5 mg once daily. Based
on the individual response, the dose may be increased to
15 mg daily after 2 weeks.

SOLIFENACIN
Solifenacin (Vesicare) is a competitive muscarinic recep-

tor antagonist used for the treatment of overactive bladder
with symptoms of urinary incontinence. In clinical trials so-
lifenacin showed significant reduction in the symptoms of uri-
nary frequency, urgency, and urge incontinence compared with
placebo.290,291 Safety concerns with solifenacin include an in-
creased risk of QT interval prolongation in patients with a
known history of QT interval prolongation or patients who are
taking medications known to prolong the QT interval. The rec-
ommended dose of solifenacin is 5 mg once daily. If the 5-mg
dose is well tolerated, it may be increased to 10 mg once daily.

PROPANTHELINE BROMIDE
Propantheline bromide (Pro-Banthine, generics) is an oral

agent prescribed to produce an anticholinergic effect in the
lower urinary tract. The adult dose is 15 to 30 mg every 4 to
6 hours. Higher doses sometimes are necessary and are well
tolerated. Propantheline bromide is a quaternary ammonium
anticholinergic compound that does not cross the blood–brain
barrier.274 As such, CNS side effects are insignificant. Oral ad-
ministration of propantheline in the fasting state is preferred to
improve bioavailability. The anticholinergic effects of propan-
theline on the detrusor muscle when compared with other anti-
cholinergic agents are similar.277 These anticholinergic agents
differ primarily in their frequency of dosing and their side ef-
fect profiles. No other oral drug, however, is available whose
direct anticholinergic binding potential approximates that of
atropine.292

DICYCLOMINE HYDROCHLORIDE
Dicyclomine hydrochloride (Bentyl) is a tertiary-amine and

has dose-related CNS effects.274 An oral dose of 20 mg three
times a day will increase bladder capacity in patients with de-
trusor hyperreflexia. The dose for elderly patients is listed as
10 to 20 mg three times a day, but it may need to be increased
to 30 mg three times a day.277,288 As the dose is increased,
anticholinergic side effects become prominent.

FLAVOXATE HYDROCHLORIDE
Evidence for the efficacy of flavoxate hydrochloride

(Urispas) is weak. The recommended adult dose is 100 to 200
mg three to four times a day.

β-Adrenergic Agents: Terbutaline
Terbutaline (Brethine) 5 mg orally three times a day report-
edly benefits select patients with urge PUI and does not have
significant effects on the bladders of healthy persons.293 The
human bladder muscle has β-adrenergic receptors that, when
stimulated, will increase the capacity of the bladder. The effect
of β-adrenergic stimulation in patients with detrusor hyperac-
tivity is inadequately studied, however.

Although any of the aforementioned drugs would be use-
ful for H.K., oxybutynin is considered the drug of choice for
the elderly. Oxybutynin has fewer anticholinergic effects and
a more prominent detrusor relaxation effect than any of the
other drugs except tolterodine. Tolterodine is a much more
expensive agent when compared with oxybutynin and is best
reserved for patients who are intolerant of, or fail, oxybutynin.
Oxybutynin can be dosed once a day in some cases and, in most
cases, twice a day. Flavoxate, dicyclomine, and propantheline
require at least three doses a day. The systemic anticholinergic
side effects from oxybutynin, tolterodine, flavoxate, and dicy-
clomine are relatively mild compared with propantheline. A
beginning dose of oxybutynin for H.K. would be 2.5 mg/day;
the dose can be increased by increments of 2.5 mg/day, not to
exceed 5 mg three times a day.

Monitoring H.K. necessitates evaluating her urinary fre-
quency through patient (and where possible, nurse or caregiver)
interviews. Specifically, a reduction in the urinary urgency sen-
sation is the desired outcome. Too much anticholinergic ther-
apy can result in urinary hesitancy and possibly urinary reten-
tion. If the patient has to concentrate on the act of micturition,
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the anticholinergic drug dose should be reduced. CNS and sys-
temic side effects should be assessed as often as possible. As
with all patients with urge incontinent, urinary tract infection is
common. If symptoms of dysuria appear, or if urinary urgency
reappears, a urinalysis should be obtained.

Increasing Bladder Outlet Resistance

31. M.K., a 68-year-old woman, has been diagnosed with uri-
nary stress incontinence. What drug therapy would be appropri-
ate for this classification of PUI?

IMIPRAMINE HYDROCHLORIDE
Imipramine hydrochloride (Tofranil, generics) is useful

for increasing bladder capacity and increasing bladder out-
let resistance.294 The pharmacologic mechanism of tricyclic
antidepressants (TCA) in treating PUI has been studied
extensively.295 The results and conclusions of the data reported
demonstrate that, at best, the mechanism of action on the lower
urinary tract is speculative. All the TCA have some degree
of anticholinergic effect, both centrally and peripherally, but
not at all sites. These drugs block the active transport sys-
tem in the presynaptic nerve ending and prevent the uptake of
norepinephrine and serotonin; they produce varying degrees
of CNS sedation. All the TCA antagonize histamine receptors,
both H1 and H2, to some degree, and they desensitize some
α2-adrenergic receptors.295,296 Imipramine has significant sys-
temic anticholinergic effects, but it has weak anticholinergic
effects at the detrusor muscle.297 Imipramine has a signifi-
cant inhibitory effect on the detrusor muscle, however, which
is neither anticholinergically nor adrenergically mediated. Its
detrusor inhibitory effect may be the result of peripheral block-
ade of norepinephrine reuptake. The ability of imipramine to
increase bladder outlet resistance is believed to be owing to en-
hanced α-adrenergic effects in the smooth muscle of the blad-
der base and proximal urethra, where α-receptors outnumber
β-receptors. Imipramine 75 mg/day produced continence in
68% of women with stress PUI within 4 weeks.298

The initial dose for imipramine is 25 mg orally at bedtime.
The dose can be increased every third day by 25 mg until the
patient is continent, side effects occur, or a dose of 150 mg/day
is reached.294 Most patients become continent within 7 to 10
days, and some patients may become continent in as few as
3 to 5 days. The usual adult dose for voiding dysfunction is
25 mg four times a day, and for geriatric patients the dose is
25 mg twice a day, because the serum half-life is prolonged in
the elderly.299 Weakness, fatigue, and postural hypotension are
significant problems associated with imipramine. A threefold

increase in hip fractures was reported among elderly patients
taking imipramine.300

α-Adrenergic receptor stimulation at the detrusor mus-
cle and proximal urethra will increase the maximal urethral
pressure (MUP) and the maximal urethral closure pressure
(MUCP).301 Oral α-adrenergic agonist agents should be used
cautiously in the elderly because of side effects, which include
anxiety, insomnia, blood pressure elevation, headache, tremor,
weakness, palpitations, cardiac arrhythmias, and respiratory
difficulties.302

ESTROGENS
Estrogens affect many aspects of uterine smooth mus-

cle, including excitability, receptor density, and transmitter
metabolism, especially adrenergic nerves.303 The detrusor and
urethra are embryologically related to the uterus, and signifi-
cant work has been done on estrogenic hormone effects on the
lower urinary tract. α-Adrenergic stimulation of the urethra is
estrogen dependent,304 and several studies have demonstrated
the relationship of estrogen to α-adrenergic receptor density
in the lower urinary tract.305 Estrogen therapy, in the form of
vaginal suppositories (1 mg/day), facilitates urinary storage in
some postmenopausal patients by increasing urethral outlet re-
sistance and it has an additive effect with α-adrenergic therapy
(pseudoephedrine 20 mg three times daily).263 The use of es-
trogen in the treatment of stress PUI requires further study. The
use of long-term estrogen treatment must be considered care-
fully in light of the controversy over whether estrogen therapy
predisposes to the development of endometrial carcinoma. If
estrogen is combined with α-adrenergic agonist therapy, the
lowest effective maintenance dose should be prescribed.

Decreasing Bladder Outlet Resistance
Overflow incontinence in female patients resulting from out-
let obstruction or weak detrusor muscle is now being treated
with α1A-blockers by many urologists. Traditional treatments
include cholinergic agents (e.g., bethanechol), Foley catheter,
surgical procedures, or urethral caps. α1A–Blockers, such as
prazosin, terazosin, or doxazosin, are certainly not the drugs
of choice, but they can decrease outflow resistance by decreas-
ing sphincter tone.305 Most α1A-receptors are found in prostate
tissue; however, these same receptors are also located in the
spinal cord, bladder neck, urethra, and periurethral tissue in
women.306 The urinary symptoms suggestive of prostatism are
not gender specific. Well-controlled, randomized, cross-over
studies are needed to determine the efficacy of α1A-blockers
in overflow incontinence.
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OSTEOPOROSIS
The term osteoporosis is derived from the Greek words osteon
(bone) and poros (pore).1 Although osteoporosis has many def-
initions, the World Health Organization (WHO) defines it as
a disease “characterized by low bone mass and microarchitec-
tural deterioration of bone tissue, leading to enhanced bone
fragility and a consequent increase in fracture risk.”2 Other
definitions have been developed to help clinicians diagnose
osteoporosis. For example, a WHO working group defined os-
teoporosis as “the presence of bone mineral density (BMD) or
a T score that is 2.5 standard deviations (SD) or more below
the mean peak value in young, healthy adults.”3,4 Osteopenia,
a lesser degree of bone loss, is defined as a T score that is
between 1 and 2.5 SD below the mean peak value in young,
healthy adults. A Z score (mean value for BMD in normal
subjects of the same age and sex) can aid in the diagnosis of
osteoporosis. For example, a Z score <–1 at the lumbar spine
or proximal femur indicates “a value in the lowest 25% of the
reference range, a value at which the risk of fracture is ap-
proximately double. A Z score <–2 indicates a value in the
lowest 2.5% of the reference range, a level associated with a
considerably greater increase in the risk of fracture.”4

Incidence and Fracture Sites
Osteoporosis is a major health problem that affects approxi-
mately 10 million people in the United States, with 80% of the
affected population being women 50 years of age and older.
Another estimated 34 million Americans, 50 years and older,
are at increased risk for osteoporosis, according to the National
Osteoporosis Foundation.5 Estimates suggest that by 2010, 52
million Americans will have low bone mass and by 2020 the
number may exceed 60 million.6 The incidence for osteoporo-
sis increases with age; 30% of women 80 years of age or older
develop osteoporosis without medical intervention.7

Annually, more than 1.5 million osteoporosis-related frac-
tures occur in elderly Americans.5,8 Osteoporosis-related frac-
ture sites predominantly include the vertebrae, distal radius
(Colles’ fracture), and hips. Approximately 50% of women
age 50 years and older will sustain an osteoporosis-related
fracture (i.e., fractures of spine, distal forearm, or hip) in their
lifetime.5 Worldwide disability from hip fracture is projected
to exceed 2.5 million people by the year 2025, with a projected
700,000 deaths. Patients who suffer hip fractures have a 12%
to 20% higher mortality rate relative to persons of the same sex
and similar age without fractures.9 In addition, hip fractures
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result in a multitude of complications for the elderly, including
prolonged hospitalization, decreased independent living, de-
pression, fear of future falls, and lifelong disability. Vertebral
fractures may be painless or result in pain that usually lasts <3
months. The initiating injury may be as minor as a cough or
turning over in bed. Vertebral collapse or deformity can result
in loss of height, kyphosis (dowager’s hump), abdominal protu-
berance, decreased pulmonary function, and chronic back pain.

The annual direct cost for treating osteoporosis and
osteoporosis-related fractures in the United States is estimated
at $14 billion per year, compared with $7.5 billion for heart
failure and $6.2 billion for asthma. This figure will continue
to rise in the next 20 years if prevention and early intervention
measures do not reduce the incidence of osteoporosis.6,10,11

Thus, the impact of osteoporosis on the health care system
as the baby-boom generation ages and lifespan increases is
potentially staggering.

Physiology
Structurally, bone is either cortical or cancellous (trabecular),
with the adult skeleton containing 80% cortical and 20% can-
cellous bone. Dense cortical bone forms the outer shell of the
skeleton, whereas porous cancellous bone forms the interior
structures in a honeycombed fashion. The proportions of cor-
tical and cancellous bone vary at different sites in the skeleton,
with cortical bone predominating in long bones (∼90%) ex-
cept at their ends, which are predominantly cancellous. This
type of bone is also found in the vertebrae and distal forearms.
A balance between osteoblast and osteoclast activity results
in a continuous remodeling process; osteoclasts resorb bone,
whereas osteoblasts help reform bony surfaces and fill bony
cavities.

Bone remodeling normally is a continuous process that oc-
curs in discrete skeletal foci called bone-remodeling units. This
process begins with bone resorption that is initiated by osteo-
clasts excavating lacuna found on the surface of cancellous
bone, or it occurs when cavities are formed in cortical bone
(Fig. 102-1). Enzymes produced in this process dissolve bone
mineral and proteins. Thereafter, bone formation occurs as os-

Normal
Bone Balance

Osteoclast-Mediated 
Bone Loss

Old Bone
New Bone

Osteoblast-Mediated 
Bone Loss

FIGURE 102-1 The bone remodeling cycle at the cellular level. In normal
young adults (top panels), the bone removed by the osteoclasts (left)
is replaced completely by the osteoblasts (right). In high-turnover bone
loss (middle panels), such as that which occurs in women soon after
menopause, the osteoclasts create a deeper resorption cavity that is not
refilled completely. In low-turnover bone loss (bottom panels), such as
that which occurs with aging, the osteoclasts create a resorption cavity
of normal or decreased depth, but the osteoblasts fail to refill it. (From the
New England Journal of Medicine 1992;372:621, with permission.)

teoblasts gradually refill spaces created during the resorption
process. This occurs as collagen fills in bone cavities, which
then are calcified.

Calcium and vitamin D are important nutrients required for
bone growth. Parathyroid hormone, glucocorticoid hormones,
calcitonin, estrogen, and testosterone are all factors involved
in bone remodeling.12 Parathyroid hormone (PTH) and gluco-
corticoid hormones have been associated with bone resorption,
whereas calcitonin, estrogen, and testosterone have been asso-
ciated with bone formation.13 The small intestine is the site
for the absorption of dietary calcium; the kidneys reabsorb
calcium in the tubular system; and the skeletal system serves
as a reservoir for calcium. Calcium is primarily regulated by
the actions of PTH, vitamin D, and calcitonin. The parathy-
roid gland releases PTH in response to low serum calcium
levels, which in turn facilitates the mobilization of calcium
and phosphate from bone and stimulates reabsorption of cal-
cium through the tubular system in the kidneys.14 Vitamin D
aids in intestinal absorption of calcium as well as phospho-
rous and magnesium. Increases in vitamin D levels decreases
PTH levels. Vitamin D also increases bone resorption to pre-
vent symptomatic hypocalcemia.15 Calcitonin is released in
response to high serum calcium levels. Calcitonin decreases
intestinal absorption of calcium and phosphorous, inhibits cal-
cium excretion in the kidneys, and prevents bone resorption
(Fig. 102-2).16

Changes in Bone Mass
Bone mass peaks during the third decade of life. At about 35
years of age, cortical bone gradually begins to decrease 0.3%
to 0.5% yearly in both women and men.17 With menopause,
the decline in 17β-estradiol concentrations further accelerates
cortical bone loss by 2% to 3% per year that is superimposed
on age-related bone loss. This loss gradually decreases over
the next 8 to 10 years.17 This hormone-related, accelerated
bone loss can also occur after surgical oophorectomy. Longi-
tudinal data suggest that estrogen may play an important role
in the development of osteoporosis in men as well.18 Serum
testosterone concentration has been evaluated in many stud-
ies that have failed to connect a strong association between
testosterone levels and bone density.19,20

Cancellous bone loss begins between the ages of 30 and 35
with yearly decreases in women of 0.6% to 0.8% (linear de-
crease) or 2.4% (curvilinear decrease).17,21 Age-related cancel-
lous losses in women appear to begin up to a decade earlier than
cortical bone loss. The effect of menopause on cancellous bone
loss is controversial; some studies indicate an increased rate
of loss, whereas others do not.21 Thus, early cancellous bone
loss in conjunction with postmenopausal decreases in cortical
and possibly cancellous bone may lead to increased vertebral
and distal forearm fractures, which predominate early after
menopause.17 Men begin to lose bone mass after 30 years of
age. Cortical bone in the proximal radius, as well as cortical and
trabecular bone in the distal radius, lose content at a rate of ap-
proximately 1% annually.22 Spine and hip density also decline
with increasing age.23,24 Women may lose as much as 50%
of cancellous and 30% of cortical bone over their lifetimes,
whereas men may lose only 30% and 20%, respectively.8,25 In
addition, women may have an increased risk for osteoporosis
because throughout life they have 30% less bone mass than
men of a similar age.26
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FIGURE 102-2 Pathway for calcium homeostasis with involvement from parathyroid hormone, vitamin D,
and calcitonin.

Classification
Osteoporosis can be defined as primary or secondary. Some-
times primary osteoporosis is further classified as type I or
II. Type I, postmenopausal osteoporosis, is associated with
increased cortical and cancellous bone loss resulting from in-
creased bone resorption. It typically occurs in women during
the first 3 to 6 years after menopause. Postmenopausal osteo-
porosis is manifested by vertebral fractures, distal radius frac-
tures, hip fractures, and even an increased tooth loss secondary
to osteoporosis of the mandible. Postmenopausal osteoporosis
can occur earlier in women who have had an oophorectomy.
Type II, senile osteoporosis, occurs in both women and men 75
years of age and older with a female:male ratio of 2:1.21 Corti-
cal and cancellous bone losses are proportional. These persons
are at greatest risk for hip, pelvic, and vertebral fractures.

Secondary osteoporosis results from the use of various med-
ications or the presence of particular disease states (Table
102-1). This type of osteoporosis can occur at any age and is
equally common in men and women.

Risk Factors

1. T.J., a 28-year-old, thin white woman, is worried about de-
veloping osteoporosis. Her 75-year-old maternal grandmother has
osteoporosis and recently her postmenopausal mother (age 53)
was told that she was at increased risk for osteoporosis. T.J. is

5 ft 2 in, weighs 108 lbs, and is in good health. She jogs and occa-
sionally does aerobic exercise. Her diet typically consists of cereal
for breakfast, a sandwich for lunch, and meat with vegetables for
dinner. Her only milk consumption consists of 1 cup of skim milk
on her cereal. She occasionally has a dairy product for lunch or

Table 102-1 Risk Factors Associated with the Development
of Osteoporosis

↑Age
Female gender
Caucasian or Asian
Family history
Small stature
Low weight

Predisposing medical problems (e.g., chronic
liver disease, chronic renal failure,
hyperthyroidism, primary
hyperparathyroidism, Cushing’s syndrome,
insulin dependent diabetes, gastrointestinal
resection, malabsorption, irritable bowel
disease, chronic obstructive pulmonary disease,
and acquired immune deficiency syndrome or
human immunodeficiency virus)

Early menopause or
oophorectomy

Sedentary lifestyle
↓Mobility
Low calcium intake
Excessive alcohol

problems
Cigarette smoking

Drugs (e.g., corticosteroids, long-term
anticonvulsant therapy [e.g., phenytoin or
phenobarbital], excessive use of
aluminum-containing antacids, long-term
high-dose heparin, furosemide, excessive
levothyroxine therapy)
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dinner. T.J. takes no medications, vitamins, or calcium supple-
ment routinely. She occasionally takes a medication for headache
or menstrual cramps. She does not smoke cigarettes and occa-
sionally drinks alcohol socially. Does T.J. have an increased risk
for developing osteoporosis?

Table 102-1 lists risk factors associated with the develop-
ment of osteoporosis. T.J. has several risk factors that could
increase her risk for osteoporosis. She is a white woman of
small stature and low weight, has a positive family history, and
has a low calcium intake.

Gender, Race, Heredity, and Body Build
Recent studies suggest that the prevalence of osteoporosis in
the United States varies with ethnicity. White and Hispanic
Americans (after adjusting for weight, BMD, and other co-
variates) are at greater risk for osteoporosis than other ethnic
or racial groups, especially those who are of small stature,
such as T.J., and those who are proportionally underweight
for their height.27 The significance of heredity as a risk fac-
tor for osteoporosis is being studied. It has been proposed
that approximately 75% of the genetic effect on a person’s
chance to develop osteoporosis is owing to a particular allelic
variant in the gene that is responsible for encoding the 1,25-
dihydroxyvitamin D receptor.26 Data from a meta-analysis of
16 studies revealed conflicting results on the association of
polymorphisms and fracture risk.28 Women with a first-degree
relative with osteoporosis typically have low bone mass.29

In addition, black women of African ancestry typically have
higher BMD than do white women.27

Mobility and Physical Activity
Immobility owing to prolonged bedrest (especially in the el-
derly) has been associated with decreased bone mass. Con-
versely, weight-bearing exercise (e.g., walking, running, step
aerobics, lifting weights) helps prevent bone loss. Exercise
throughout life helps maintain skeletal mass and may help re-
duce bone loss in postmenopausal women. Exercise appears to
stimulate osteoblastic activity to help maintain bone mass.30

Thirty minutes of weight-bearing exercise three times weekly
has been associated with improvements in bone density and a
reduced hip fracture risk in older women.31

Cigarette Smoking and Alcohol Ingestion
Although T.J. does not smoke and only occasionally ingests al-
cohol, it is important to include questions concerning cigarette
and alcohol use when obtaining a medication history from
a person at risk for osteoporosis. Women who smoke, espe-
cially those who are thin, have an increased risk for fractures
compared with nonsmokers.32 Cigarette smokers may have
impaired calcium absorption and lower 17β-estradiol levels,
however, the mechanisms are unknown for affects on bone
mass.27

Excessive alcohol use by both women and men may pre-
dispose them to low BMD, but it is unclear whether moderate
alcohol consumption has an effect on bone mass. Consuming
as few as two alcoholic drinks daily significantly increases the
fracture risk.33 The proposed mechanism may be a direct effect
of alcohol on osteoblasts, or it may be secondary to nutritional
compromise that could result in impaired calcium and vita-
min D intakes with subsequent decreased in bone formation.34

Alcoholics also may be at risk for increased falls.

Table 102-2 Calcium Content of Selected Foods

Food Serving Size Calcium (mg)

Dairy Products

Milk, dry nonfat 1 cup 350–450
Yogurt, low fat 1 cup 345
Milk, skim 1 cup 300
Milk, whole 1 cup 250–350
Cheese, cheddar 1 oz 211
Cheese, cottage 1 cup 211
Cheese, American 1 oz 195
Cheese, Swiss 1 oz 270
Ice cream or ice milk 1/2 cup 50–150

Fish

Sardines, in oil 8 med 354
Salmon, canned (pink) 3 oz 167

Fruits and Vegetables

Calcium fortified juices 1 cup 100–350
Spinach, fresh cooked 1/2 cup 245
Broccoli, cooked 1 cup 100
Collards, turnip greens 1/2 cup 175
Soy beans, cooked 1 cup 131
Tofu 1 oz 75
Kale 1/2 cup 50–150

Dietary Intake
Calcium, in conjunction with vitamin D, is needed to strengthen
bones, increase bone mass, and decrease fracture rates. Girls
and women such as T.J. need an adequate calcium intake to
achieve and help maintain optimal bone mass, but the typi-
cal American diet is low in calcium. The National Academy
of Sciences published recommendations for calcium intakes
based on age. For example, they recommended 1,000 mg/day
of elemental calcium for women <51 years of age.35 The Na-
tional Institutes of Health (NIH) recommend the same amount
of calcium for women in this age group.36 Calcium is best in-
gested from the diet (Table 102-2 lists the calcium content of
various foods), but if the diet is low in calcium, supplements
can be used (Table 102-3; see Questions 2 and 3). A diet high in
caffeine, protein, phosphorous and sodium has been associated
with an increased risk of fractures by adversely effecting cal-
cium balance.37 Many studies have, however, found conflicting
results. Patients with adequate calcium intake may negate the
effects of these dietary risks.37–42

Table 102-3 Percentage of Calcium in Various Salts

Salt % Calcium

Calcium carbonate 40
Tricalcium phosphate (calcium phosphate, tribasic) 39
Calcium chloride 27
Dibasic calcium phosphate dihydrate 23
Calcium citrate 21
Calcium lactate 13
Calcium gluconate 9
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Other Potential Risks
DRUGS
Various medications that may be associated with the devel-

opment of secondary osteoporosis are listed in Table 102-1.

DISEASES
Patients with various diseases may be at higher risk than

the general population for secondary osteoporosis (see Table
102-1 for specific diseases). In addition, women who have un-
dergone oophorectomy before menopause have a high risk for
developing osteoporosis at a younger age.

Prevention
Premenopausal Women

2. Although T.J. is premenopausal, what recommendations
could be made to decrease her future risk of developing osteo-
porosis?

T.J.’s course of action should be to maximize her peak bone
mass and prevent or decrease bone loss. This may be accom-
plished by ingesting a nutritious diet with adequate calcium and
vitamin D intake and developing a lifelong exercise program.

EXERCISE
T.J. should be encouraged to participate regularly in weight-

bearing exercises such as jogging, walking, running, biking,
tennis, or weight lifting and to continue exercise appropriate for
her age throughout life. Weight-bearing exercise is important
for the maximization and maintenance of bone. Aerobic train-
ing is important in controlling weight, increasing cardiorespi-
ratory endurance, and decreasing the risk for cardiovascular
disease (CVD).

Young women such as T.J. should be informed that excessive
exercise can cause amenorrhea. Women with exercise-induced
amenorrhea have been reported to have decreased bone min-
eralization and an increased risk for fractures.43

VITAMIN D INTAKE
Vitamin D helps regulate calcium by a complex interac-

tion that involves PTH (also see Chapter 32 Chronic Kidney
Disease) and by having a direct effect on bone. Studies have
shown noted improvement in muscle strength and balance as
well as reduced risk of falls with vitamin D supplementation.27

Adult requirements for vitamin D range from 200 to 600 IU
daily (200 IU daily for nonpregnant women ages 19–50 years).
The North American Menopause Society (NAMS) recom-
mends vitamin D doses of 700 to 800 IU daily in women at
high risk of deficiency.27 T.J should be able to obtain adequate
vitamin D intake from her diet and exposure to sunlight. Other
sources of vitamin D include liver and fatty fish. She could
also take a multivitamin daily that contains at least vitamin
D 200 IU. Studies have found that when vitamin D is used
in conjunction with calcium supplementation, bone loss can
be reduced; however, the effectiveness of vitamin D alone for
fracture prevention is unclear.27,44 Higher-than-recommended
doses could lead to increased risks, including hypercalciuria
and hypercalcemia.27

CALCIUM INTAKE
T.J.’s diet should be calcium-enriched to ensure that she

receives 1,000 mg/day of elemental calcium. Optimally, cal-
cium should be from dietary sources. Because dairy products
are the major source of dietary calcium in the United States,
T.J. should select low- or non-fat dairy products to decrease
her caloric intake and minimize her fat intake when possible.
If T.J. were lactose intolerant, she could select dairy products
containing lactase. Although nondairy sources may contain
lower amounts of calcium, they may be included in a diet plan
to increase calcium content, especially when a woman cannot
or will not use dairy products (see Table 102-2 for the cal-
cium content of selected foods). The ingestion of foods rich in
phytates (i.e., cereal grains, legumes, and nuts) may decrease
calcium absorption.

If T.J. cannot meet her daily calcium requirement from di-
etary sources, she can use a calcium supplement. Table 102-3
lists the percentage of elemental calcium available from se-
lected calcium salts. (See Question 50 for further information
on calcium supplements.)

MAGNESIUM
Currently, no evidence exists that magnesium supplemen-

tation is needed to prevent osteoporosis. People who might
need extra magnesium beyond that found in their diets most
likely are elderly women or individuals with gastrointestinal
(GI) disease.27

ISOFLAVONES
Isoflavones are a class of phytoestrogens found in soybeans,

soy products, and red clover. Although some promote their use
for the prevention or treatment of osteoporosis, the current data,
mostly from small studies of short duration, are insufficient to
support the use of isoflavones for this purpose.27

SMOKING CESSATION
A woman who smokes should be encouraged to stop be-

cause cigarette smoking is associated with lowered BMD and
increased fracture risk as well as other health problems.27

3. If T.J. needs a calcium supplement, which calcium salt
should be recommended?

Calcium carbonate is usually the calcium salt recommended
for women such as T.J. because it is reasonably priced and
contains the highest percentage of elemental calcium (40%);
this allows fewer tablets per day to meet daily calcium re-
quirements. If T.J. needs a calcium supplement, she should be
advised to take it in divided doses (e.g., 500–600 mg/dose)
to maximize absorption. In addition, calcium should be taken
with fluids during or after meals that are low in fiber to increase
absorption. Because their absorption may be decreased, med-
ications such as tetracyclines, iron, quinolones, and atenolol
should not be taken concomitantly with calcium. T.J. should
be informed that the most common adverse effects associated
with calcium are constipation, GI irritation, and flatulence.
Doses exceeding 2,500 mg/day of elemental calcium can re-
sult in hypercalcemia, hypercalciuria, and, possibly, urinary
stones. If T.J. or any family member has a history of urinary
stones, she should be under medical supervision while taking
calcium.
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Table 102-4 Techniques for Measuring Bone Mineral Density

Technique Abbreviation Measurement Sites

Dual-energy x-ray absorptiometry DXA Hip, spine, total body bone mineral density
Peripheral dual-energy x-ray absorptiometry PDXA Forearm, fingers, heel
Peripheral quantitative computed tomography PQTC Forearm
Quantitative ultrasound QUS Heel, shin
Quantitative computed tomography QCT Spine
Single-energy x-ray absorptiometry SXA Heel

Postmenopausal Women

4. T.J.’s mother, M.J., age 53, also is a woman of small stature
and low weight. She occasionally walks in the evenings, but other-
wise exercises little. She currently is taking a calcium supplement
to maintain her total calcium intake (dietary plus supplementa-
tion) of about 1 g/day. She takes no medications except omeprazole
(OTC) for her gastroesophageal reflux disease (GERD) and occa-
sional acetaminophen for headaches. M.J. was a cigarette smoker
but stopped in her late twenties; she rarely drinks alcohol. She is in
good health and has had no gynecologic surgery or major diseases.
M.J. does admit to having a strong family history of breast cancer.
Her last menstrual period was approximately 6 months ago, but
she began experiencing menstrual irregularity 2 years ago. M.J.
has been experiencing some menopausal symptoms, such as hot
flushes, but states that these are mild and occur only at night. M.J.,
worried about developing osteoporosis, decided to make an ap-
pointment with her gynecologist to discuss preventive measures. A
dual-energy x-ray absorptiometry (DXA), formerly DEXA, mea-
surement of her spine was administered, which noted her T score
to be a –2 and a Z score of –1. In addition to the DXA, what other
information should be obtained to determine whether she is at
risk for developing osteoporosis or already has osteoporosis?

A medical history (including a medication history) and
physical examination are needed in addition to a risk factor
analysis. Other diagnostic tests should be obtained if needed.

From her history and risk factor analysis, it is determined
that M.J. shares similar risk factors for osteoporosis with her
daughter. In addition, she is early in the postmenopausal phase,
has GERD and was a previous smoker. M.J. has no loss of
height, does not complain of back pain, and does not have signs
of kyphosis (abnormal curvature of the spine in the thoracic
region), all of which may be signs of osteoporosis. (Women
can lose 1 to 1.5 inches in height as part of the normal aging
process, secondary to shrinking of intervertebral disks.27) Bio-
chemical markers of bone turnover are not needed for M.J. at
this time (i.e., alkaline phosphatase, calcium and phosphorous
levels).

The NAMS recommends a BMD measurement in women
such as M.J., who are <65 years of age if risk factors for osteo-
porosis are present (e.g., body weight <127 lbs, fracture [other
than skull, facial bone, ankle, finger or toe] after menopause,
first-degree relative with a history of a vertebral or hip frac-
ture), and smoking.27 The National Osteoporosis Foundation
(NOF) recommends BMD testing for women <65 years of age
when risk factors for osteoporosis are present and for women
>65 years of age, in the absence of risk factors for osteoporo-
sis, and postmenopausal women who present with fractures
to confirm diagnosis and severity of disease.5 Medicare has

specific guidelines for covering BMD testing and physicians
should refer to the most recent guidelines.

Differential absorption of x-rays from two different ener-
gies determines the amount of mineral in a given region with a
DXA. One x-ray energy source is blocked by the patient with
the other x-ray energy source passing completely through the
patient, with higher density bone blocking both x-rays. Lower
density bone or soft tissue allows x-rays to be transmitted.
X-ray energies completely transmitted are sent to a computer
which then translates compiled data into an image with den-
sity measurements in grams per centimeter squared (g/cm2),
with pencil beam and fan beam DXA machines being the most
commonly used.45 Central DXA of hip or spine remain the
preferred measurement for definitive diagnosis.5

Although DXA is the gold standard for determining BMD,
other methods can be used for screening but should not be
used for diagnosis or to follow a patient’s response to therapy27

(Table 102-4). For postmenopausal women who are not receiv-
ing medications for osteoporosis prevention, a DXA may be
useful no more frequently than every 3 years because it takes
approximately 3 to 5 years for a 0.5 change in SD from the
mean in either T or Z scores to occur.27 T-score values are sup-
ported by both the NOF and NAMS for diagnosis. The Z score
can be useful when looking for secondary causes of osteoporo-
sis, with a Z score of <−1.5 suggesting secondary causes for
osteoporosis.5,27,45 In addition, it has been estimated that for
every one point decrease in SD from the mean T score, a 10% to
12% change can occur in BMD. The magnitude of this change
can be translated into a 1.5-fold change in risk for fractures.27

As a result, a BMD determination should be obtained no more
frequently than every 2 years to assess the effectiveness of
pharmacologic interventions for the prevention or treatment of
osteoporosis in a postmenopausal woman.27

5. What preventive measures would help decrease M.J.’s like-
lihood of developing osteoporosis?

EXERCISE
Although M.J. goes for walks occasionally, she should

begin an aerobic and weight-bearing exercise program ap-
propriate for her age and physical condition because exer-
cise (particularly weight-bearing exercise) in conjunction with
appropriate calcium and vitamin D intake is important for
maintaining healthy bones. Weight-bearing exercise improves
muscular function and agility, whereas aerobic exercise helps
improve cardiovascular health (also see Question 2).

VITAMIN D INTAKE
As with T.J., it is important for M.J. to have an adequate

vitamin D intake for her diet and from exposure to sunlight.
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The recommended daily allowance (RDA) for vitamin D for
women between 51 and 70 years of age is 400 IU/day, and
those >70 years of age an intake of 700 to 800 IU/day may
be needed.27 This may be achieved from ingesting foods that
contain vitamin D (e.g., vitamin D fortified milk, fatty fish)
or from ingesting a daily multiple vitamin containing vitamin
D. For elderly persons who have limited exposure to sunlight
because of minimal outdoor activities or because they live in
areas where winters are long, vitamin D supplementation may
be needed. Patients with renal or hepatic disease may need
supplementation with active vitamin D metabolites, which are
available by prescription only. (For further information about
vitamin D, see Question 2.)

CALCIUM INTAKE
Because of her postmenopausal status and other risk factors,

M.J. should increase her current intake of elemental calcium
to at least 1,200 mg/day to prevent bone loss.35 The NIH Con-
sensus Development Panel on Optimal Calcium Intake recom-
mended that postmenopausal women who do not receive EPT
(estrogen-progestin therapy–formerly called hormone replace-
ment therapy or HRT) or ET (estrogen therapy) should have a
daily elemental calcium intake of 1,500 mg. Although calcium
has antiresorptive activity, its use alone by postmenopausal
women is not an alternative to ET, EPT, bisphosphonates, or a
selective estrogen receptor modulator (SERM) for osteoporo-
sis prevention. Calcium supplementation, however, helps delay
BMD loss in postmenopausal women, and its use reduces the
risk of hip fractures by 25% to 70%.46 (Also see Questions 2
and 3.)

Estrogen-Progestin Therapy
Previously, EPT would have been considered first-line preven-
tion for osteoporosis in a postmenopausal woman such as M.J.,
who has an intact uterus and is at risk for osteoporosis (Table
102-1) based on her risk factors and T score. Approved indi-
cations for use of these products include prevention of post-
menopausal osteoporosis; however, not for the treatment of
postmenopausal osteoporosis, with the recommendation that
the agents are used for the shortest possible time (i.e., duration
of menopausal symptoms).47 Studies have not been conducted
to evaluate fracture rate reduction in lower than standard doses
of ET or EPT27 (also see Chapter 48 Gynecologic and Other
Disorders of Women). Since the publication of the Heart and
Estrogen/Progestin Replacement Study (HERS) I48 and HERS
II49 and the NIH Women’s Health Initiative (WHI),50 health
care providers are less likely to prescribe ET or EPT for the
sole purpose of osteoporosis prevention or to continue its use
after a woman no longer needs ET or EPT for postmenopausal
symptoms such as hot flushes. Table 102-5 lists oral and trans-
dermal estrogens approved for the prevention of osteoporosis.

ESTROGEN EFFECTS ON BMD AND FRACTURE RATE

6. M.J. is considering hormone therapy. What effect does es-
trogen have on BMD in a postmenopausal woman such as M.J.?
Can EPT or ET decrease fracture rates?

The primary effect of estrogen on BMD is related to its
antiresorptive activity, which decreases bone loss and lowers
fracture rates. Estrogen receptors (ER) are proteins that bind
estrogens with high affinity and specificity.51 Researchers have

identified different ER, including α, β , and γ .52 ER act on the
reproductive organs, however, α and β also have a role on car-
diovascular organs and bone.53 Although not fully understood,
the interplay between estrogens and their receptors may stimu-
late osteoblast activity and the secretion of insulinlike growth
factor 1 and transforming growth factor-β. In addition, estro-
gens possibly inhibit interleukin-1 (IL-1), IL-6, and the release
of tumor necrosis factor. Both ER-α and ER-β have been iso-
lated from primary osteoblastic cells of neonatal rats, which if
it can be translated to humans, shows that both ER may have
beneficial effects on BMD.54 Estrogen may also affect calcium
absorption and vitamin D receptors in osteoblasts.

An estimated 10% to 15% of a woman’s bone mass is es-
trogen dependent55; therefore, estrogen (oral or transdermal)
appears to effectively delay or prevent osteoporosis in post-
menopausal women.27 The addition of a progestin to ET for
women with a uterus does not appear to decrease estrogen
efficacy as an osteoporosis preventative. More than 50 ran-
domized, placebo-controlled clinical trials have shown that ET
or EPT can increase BMD by 4% to 6% in the spine and 2%
to 3% in hips.27 These levels of BMD also have been noted to
be maintained after 3 years of therapy.27

In the Postmenopausal Estrogen/Progestin Interventions
(PEPI) trial, a randomized, placebo-controlled, multicenter 3-
year study of 875 postmenopausal women averaging 56 years
of age, BMD increased in the spine 3.5% to 5% and in the
hips at an average of 1.7% in all groups who received oral
conjugated equine estrogens (CEE) 0.625 mg with or without
a progestin (MPA or micronized progesterone [MP]).56

In observational studies, ET or EPT appears to reduce frac-
ture rates in postmenopausal women. In one meta-analysis, hip
fracture risk was reduced by 25% for postmenopausal women
who had used ET or EPT.57 A second meta-analysis found that
the use of ET or EPT for at least 1 year significantly reduced
nonvertebral fracture risk (relative risk [RR] 0.73, 95%; con-
fidence interval [CI] 0.56 to 0.94). This effect on fracture rate
was somewhat reduced in women who began ET or EPT after
age 60 years.58

The Study of Osteoporotic Fractures, a large prospective
cohort study, showed decreased risks for wrist and nonspinal
fractures in estrogen users who were >65 years of age and de-
creased risks in the incidence of hip fractures in those >75.59

The relative risk for nonspinal fractures in postmenopausal
women who were current estrogen users versus those not re-
ceiving ET or EPT was 0.66 and 95% CI was 0.24 to 0.64.
Vertebral bone mass increases in women with known osteo-
porosis who receive ET or EPT, which can then decrease frac-
ture rates.60

In a randomized, placebo-controlled trial that enrolled 2,763
postmenopausal women (HERS), a different outcome was
noted. No reduction in fracture risk was observed, even af-
ter 4 years of EPT (CEE 0.625 mg/day and MPA 2.5 mg/day).
Women enrolled in HERS had histories of cardiac disease,
but many were at low risk for fractures because they did not
have osteoporosis. Women were enrolled in HERS to deter-
mine whether EPT use would decrease the incidence of CVD
whereas fracture risk was a secondary observation.48

The National Osteoporosis Risk Assessment Study and the
Million Women Study, both large observational studies by de-
sign, found that ET or EPT provided significant relative risk
reductions in fracture.61,62 These results were confirmed by the
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WHI with both the ET and EPT arms, showing significant risk
reductions in hip, vertebral, and total fractures compared with
placebo.50,63

CONTRAINDICATIONS TO ESTROGEN USE

7. What are contraindications to the use of ET or EPT in a
postmenopausal woman?

Contraindications to ET or EPT include pregnancy; ac-
tive deep vein thrombosis, pulmonary embolism, or a history
thereof; active or recent (e.g., within the past year) arterial
thromboembolic disease (e.g., stroke, myocardial infarction);
undiagnosed abnormal genital bleeding; known, suspected,
or a history of breast cancer; known or suspected estrogen-
dependent neoplasia; liver dysfunction or disease; or known
hypersensitivity to the product or any of its ingredients.64 In
addition, women with a history of asthma, diabetes mellitus,
migraine, epilepsy, systemic lupus erythematous, porphyria,
and hepatic hemangiomas may have their disease exacerbated
by the use of ET or EPT. Thus, women with any of the pre-
viously mentioned diseases who receive ET or EPT should be
monitored closely by their physicians for potential problems.64

ET or EPT therapy is associated with risks. Patients on ET or
EPT are at increased risk for cancer, including endometrial
(if not on EPT), breast (for EPT), and ovarian cancer as well
as increased cardiovascular events, thromboembolic disease,
stroke, gallbladder disease, and dementia (also see Chapter
48 Gynecologic and Other Disorders of Women). M.J. has a
strong family history of breast cancer and starting her on EPT
therapy may not be the treatment of choice for her to prevent
osteoporosis.

ADVERSE EFFECTS

8. What are the potential adverse effects of estrogens and pro-
gestins administered to a postmenopausal woman such as M.J.?

Such a postmenopausal woman should be made aware of
estrogen-related adverse effects, such as nausea, vomiting,
dizziness, weight gain, breast tenderness, and breast enlarge-
ment. She must also be educated about the possible return of
uterine bleeding if she begins using ET or EPT. Used alone, es-
trogens produce dose-dependent uterine bleeding; women who
received 0.625 mg/day of CEE had a 1% to 4% incidence.64

The addition of a progestin cyclically increases the incidence
of uterine bleeding, normalizes the bleeding pattern, and re-
duces breakthrough bleeding. The continuous administration
of both hormones decreases the incidence of bleeding, but
breakthrough bleeding may continue for 6 months to 1 year
until the endometrium becomes atrophic.

Adverse effects associated with progestin use may depend
on the type of progestin prescribed, but typically these ef-
fects include edema, increased breast size, mastalgia, rash,
acne, hirsutism, alopecia, headaches, and psychological effects
(e.g., irritability, fatigue, mood swings, depression).64 Edema
and mastalgia may be more commonly noted with MPA or
gestodene use. Alopecia, acne, and hirsutism may be more
commonly noted with the use of the more androgenic agents,
norethindrone and levonorgestrel.

Other Prevention Modalities
Selective Estrogen Receptor Modulators

9. Should a selective estrogen receptor modulator (SERM),
such as raloxifene, be considered for the prevention of osteoporosis
in M.J.?

RALOXIFENE
Raloxifene (Evista), a SERM, may be an alternate therapeu-

tic choice for M.J. SERM are pharmaceutical agents that are
“hormone-related” or “designer estrogens” that have estrogen
agonist, antagonist, or both activity in various tissues where es-
trogen receptors are present. These compounds are also struc-
turally diverse. For example, benzothiophene analogs, such
as raloxifene, have agonistic (estrogenic) effects on bone and
serum lipid profiles and antagonistic (antiestrogenic) effects
on endometrial and breast tissues. Triphenylethylene analogs,
such as tamoxifen (Nolvadex), have agonistic effects on bone,
serum lipid profiles, and endometrial tissue, and antagonistic
effects on breast tissue.

Raloxifene at a dose of 60 mg/day is the only SERM cur-
rently approved by the U.S. Food and Drug Administration
(FDA) for the prevention and treatment of postmenopausal
osteoporosis.65 SERM are used for various health problems
and disease states. For example, tamoxifen is used as an adju-
vant for axillary node-negative or node-positive breast cancer
in women, for metastatic breast cancer in women and men,
and for the prevention of breast cancer in high-risk women.
Clomiphene (Clomid) is used for ovulatory dysfunction and
toremifene (Fareston) is used to treat metastatic breast cancer
in postmenopausal women.

Raloxifene’s agonist activity on bone tissue is believed to
occur through a reduction in bone resorption and a decreased
rate of bone turnover, which then results in increased BMD.
The effects appear to be mediated through action as an estro-
gen agonist at ER in bone. Raloxifene activity may be me-
diated through transforming growth factor-β3 (TGF-β3) and
suppression of cytokinase IL-6.66

Data supporting raloxifene’s effect on BMD were collected
in three clinical osteoporosis prevention trials that were con-
ducted in North America (544 women), Europe (601 women),
and internationally (619 women, all of whom had undergone
hysterectomy).65,66 The trials were all randomized, double-
blind, placebo-controlled studies that lasted 2 years. Partici-
pants were postmenopausal women 45 to 60 years of age. All
received calcium supplementation, and women in the treat-
ment groups received raloxifene 60 mg/day; in the interna-
tional study also had a CEE arm (0.625 mg/daily). The results
of these studies showed loss of approximately 1% BMD in
the women in the placebo groups. In contrast, those in the
raloxifene groups had an increase in BMD of 1.3% to 2.4%
in the hips, 1.6% to 2.5% in femoral neck, 1.3% to 2.7% in
the trochanter, 1.3% to 2.4% in the intertrochanter, and 1.8%
to 2.4% in the lumbar spine. The increase in BMD in the hips
of women in the CEE arm of the international study was two
times that noted for raloxifene.

The Multiple Outcomes of Raloxifene Evaluation (MORE)
trial enrolled 7,705 postmenopausal women 31 to 80 years
of age. Of these women, 5,129 were randomized to either a
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60 mg/day or 120 mg/day raloxifene group and the remainder
were in the placebo group.67 MORE trial outcomes after 3 years
were as follows for BMD: increases in femoral neck BMD
were 2.1% (60 mg/day group) and 2.4% (120 mg/day group)
compared with placebo, with spinal BMD increases of 2.6%
and 2.7% in the raloxifene groups, respectively, compared with
placebo. The RR for vertebral fractures was 0.7, 95% CI 0.5
to 0.8 for those in the 60 mg/day group, whereas those in the
120 mg/day group had an RR of 0.5, 95% CI 0.4 to 0.7. This
translates into a 38% and 41% reduction in vertebral fracture
rate for the 60 mg/day and 120 mg/day groups, respectively.68

No significant difference in nonvertebral fractures was noted
among groups.

Differences in BMD, bone architecture, and bone turnover
were determined in a 6-month study in which raloxifene 60
mg/day was compared with CEE 0.625 mg/day in 51 white
women ages 55 to 85 years.69 During this short, randomized,
double-blind study, most of the markers of bone resorption or
formation were decreased in both groups, but to a greater extent
in those receiving CEE. Total body and lumbar spine BMD
increased in both groups with a greater increase in women
receiving CEE. Hip BMD was similar for both groups. Overall,
CEE had a greater effect on BMD, but effects were positive for
raloxifene users. It should be remembered that study results
were determined after only 6 months and that the number of
women enrolled was small.

Sambrook, et al.70 conducted the EFFECT (EFficacy of
FOSAMAX versus EVITSA Comparison Trial), a random-
ized, double-blind, double dummy multicenter international
study including 487 postmenopausal women with low bone
density of the spine or hip (T score ≤2) to determine effi-
cacy and tolerability of alendronate and raloxifene. Patients
were randomized to either alendronate or raloxifene. After 1
year, BMD increased in both the alendronate and raloxifene
groups in the lumbar spine (4.8% vs. 2.2%, respectively) and
total hip (2.3% vs. 0.8%, respectively). Tolerability and GI
effects were similar in both groups; however, significantly
higher reports of vasomotor symptoms came from the ra-
loxifene group.70

The CORE Study assessed the effects of raloxifene on breast
cancer for an additional 4 years beyond the 4-year MORE trial.
A substudy assessed lumbar spine and femoral neck BMD at
7 years, including 386 women (127 placebo, 259 raloxifene)
who did not take other bone-active agents from the fourth year
of MORE and who were ≥80% compliant with the study medi-
cation in CORE. When comparing MORE baseline BMD, after
7 years, raloxifene significantly increased lumbar spine (4.3%
from baseline, >2.2% than placebo) and femoral neck (1.9%
from baseline, >3% than placebo) BMD, with BMD signif-
icantly above MORE baseline at all time-frames observed at
both sites with raloxifene.71

A paradox exists about how raloxifene can decrease ver-
tebral fractures by up to 41% while increasing BMD by only
2% to 3%, rates that are lower than those noted for ET, EPT,
or alendronate. In addition, raloxifene has not been observed
to have a positive effect on hip fractures. It has been postu-
lated that the antifracture effect of raloxifene on vertebral frac-
tures occurs secondary to its normalization of the high turnover
rate of cancellous bone, which then prevents further disruption
of bone microarchitecture.72,73 This probably occurs through

raloxifene binding at estrogen β-receptor sites that are pre-
dominant in cancellous bone.72,73 In addition, a less potent
antiresorptive agent, such as raloxifene, may help prevent ver-
tebral fractures but not hip fractures because the threshold for
preventing osteoclastic activity in cancellous bone, which is
predominant in vertebrae, may be lower than in cortical bone,
which predominates in hips. It should also be noted that ER in
cortical bone are predominantly α, whereas those in cancellous
bone are typically β. Thus, bone type and estrogen receptors
are different in the hips compared with vertebrae. For these
reasons, it may require a more potent antiresorptive agent to
increase BMD in the hips.

Raloxifene might be considered for osteoporosis prevention
in a woman such as M.J., even with her strong family history of
breast cancer. This latter recommendation is based on results
from the MORE trial. A 76% decrease was noted in risk for
invasive breast cancer in postmenopausal women with osteo-
porosis (mean age, 66.5 years) who received raloxifene for 3
years.74 A total of 7,705 women were assigned to raloxifene
groups (60 mg twice daily or 60 mg daily) or a placebo group.
Of those enrolled in either raloxifene group (n = 5,129), only
13 cases of breast cancer were reported versus 27 that occurred
in the 2,576 women in the placebo group.

M.J would be a candidate for raloxifene for prevention of
osteoporosis, because her T score of <2 indicates that she is
currently osteopenic.5,22 M.J. should speak with her physician
before stopping raloxifene if her vasomotor symptoms worsen.
Studies have shown that discontinuing raloxifene therapy re-
sumes bone loss.71,75

Dosing and Pharmacokinetics
If M.J. is to use raloxifene, she should take 60 mg once
daily without regard for food.65 Raloxifene is approximately
60% absorbed after oral ingestion and then undergoes ex-
tensive glucuronide conjugation, resulting in a 2% absolute
bioavailability. Some circulating raloxifene glucuronide conju-
gates are converted back to the parent compound.65 Raloxifene
and its monoglucuronide conjugates are highly protein bound.
Raloxifene is primarily excreted in feces, with <0.2% ex-
creted unchanged and <6% eliminated in urine as glucuronide
conjugates.65 There appear to be no differences in pharmacoki-
netics based on age or gender. Raloxifene has a mean half-life
of 27.7 hours after a single dose and 32.5 hours after multiple
doses.65

Contraindications and Potential Drug Interactions
Raloxifene is contraindicated for administration to women who
are pregnant or who may become pregnant. It is also con-
traindicated for women with an active or previous history of
venous thromboembolic events.65 Hypersensitivity to ralox-
ifene or any constituent in Evista tablets is also a contraindi-
cation to its use. Patients with hepatic dysfunction may need
dosage adjustments, although more information is needed to
clarify doses needed.65 Cholestyramine, when coadministered
with raloxifene, may decrease raloxifene absorption by 60%
because of its effects on enterohepatic cycling.65 Women who
may be receiving warfarin as well as raloxifene should be mon-
itored closely.65 This may also be true for some other highly
protein-bound medications. It does not appear that M.J. has
any contraindication to the use of raloxifene.
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Adverse Effects
M.J. should be counseled about adverse effects of raloxifene
that might pertain to her if she begins the medication. Adverse
effects include an increased risk for venous thromboembolic
disease and an increase in hot flushes (25% in postmenopausal
raloxifene users versus 18% in those receiving placebo).65 The
greatest risk for thromboembolic events is during the first 4
months of therapy.65 To decrease the risk of thrombosis asso-
ciated with immobilization, raloxifene should be discontinued
for at least 72 hours before immobilization such as that associ-
ated with surgery. M.J. is still experiencing hot flushes which
could be exacerbated by raloxifene, so she should be counseled
extensively on this potential side effect.

Other Potential Effects of Raloxifene

10. What are other effects of raloxifene?

In addition to antagonist effects on breast tissue, raloxifene
is an antagonist in the uterus. Therefore, vaginal bleeding is
not likely to occur nor is endometrial hyperplasia and the risk
for endometrial cancer.65,66 A decreased incidence of breast
pain, flatulence, and abdominal pain have also been reported in
women with an intact uterus who were administered raloxifene
versus those receiving continuous EPT.65

Raloxifene was thought to have benefits in the preven-
tion of CVD. Most studies that have evaluated the effects
of raloxifene on CVD have reported surrogate markers such
as lipid serum concentrations rather than cardiovascular out-
comes. For example, in the MORE study, postmenopausal
women who received raloxifene had significantly fewer reports
of hypercholesterolemia.74 Total cholesterol and low-density
lipoprotein cholesterol (LDL-C) concentrations in women who
were using raloxifene were reduced significantly compared
with those receiving placebo.74 When compared with EPT,
raloxifene showed similar reductions in LDL-C. Only EPT
significantly increased high-density lipoprotein cholesterol
(HDL-C), but it also elevated triglyceride concentrations.76 It
is currently unknown whether or not these effects translate into
a reduction in mortality from CVD.

The RUTH trial was conducted to determine the effects of
raloxifene on coronary heart disease (CHD) and breast cancer.
The study included 10,101 postmenopausal women with CHD
or multiple risk factors for CHD and had a mean follow up of
5.6 years. Raloxifene was found to have no significant effect
on the risk of primary coronary events when compared with
placebo. Invasive breast cancer risk was reduced with ralox-
ifene versus placebo (absolute risk reduction of 1.2 cases per
1,000 women treated for 1 year). No significant death from
any cause or total stroke was found; however, raloxifene was
associated with an increased risk of fatal stroke (HR 1.49) and
thromboembolism (HR 1.44).77

Vogel, et al.78 conducted the STAR trial to evaluate the rela-
tive effects and safety of raloxifene and tamoxifen on the risk of
developing invasive breast cancer and other disease outcomes.
They conducted a prospective, double-blind, randomized trial
in 19,747 postmenopausal women of mean age 58.5 years with
an increased 5-year breast cancer risk. No statistically signif-
icant difference was noted between tamoxifen and raloxifene
(163 vs. 168 cases respectively, RR 1.02) and fewer cases of
noninvasive breast cancer in the tamoxifen group (57) versus
the raloxifene group (80) with a RR of 1.4. No differences

were found in other cancer sites, with the exception of uterine
cancer, which was found to be more prevalent in the tamoxifen
group (36 cases) versus the raloxifene group (23 cases) with a
RR 0.62. No differences were found for ischemic heart disease,
stroke, or death, with fewer cases of thromboembolic events
and cataracts occurring in the raloxifene group.78

Bisphosphonates
ALENDRONATE, RISEDRONATE, AND IBANDRONATE

11. Why should bisphosphonates be considered for the preven-
tion of osteoporosis in a woman such as M.J.?

Another alternative treatment option for M.J. would be
a bisphosphonate, such as alendronate sodium (Fosamax),
risedronate sodium (Actonel), or the newest agent on the
market, ibandronate (Boniva). Alendronate, risedronate, and
ibandronate are approved for both the prevention and treat-
ment of osteoporosis in postmenopausal women. Alendronate
and risedronate are also approved for osteoporosis in men,
glucocorticoid-induced osteoporosis prevention and treatment,
and in Paget’s disease.79–81 Alendronate, an aminobisphospho-
nate, decreases bone resorption, resulting in decreased fracture
rates in postmenopausal women who are at risk for osteoporo-
sis. The amino group on alendronate appears to increase se-
lectivity for the antiresorptive surfaces of bone. Alendronate
and risedronate have high affinities for bone hydroxyapatite
and can be incorporated into bone; in doing this, they can
then interfere with osteoclast-mediated bone resorption. Be-
cause of their incorporation into bone, bisphosphonates have
long half-lives, estimated to be 1 to 10 years. Unlike etidronate
(another bisphosphonate), alendronate, risedronate, and iban-
dronate do not inhibit bone mineralization, which could lead
to osteomalacia.79–81

Effects on Bone Mineral Density
A study of the efficacy and safety of oral alendronate
(5 mg/day) for osteoporosis prevention in early post-
menopausal women82 showed BMD increases in the spine
of 2.9% (range 2.3%–3.5%) at 5 years for women receiving
alendronate, whereas total body density was increased only
0.3%. In a 2-year prevention study in postmenopausal women
<60 years,83 placebo, 2.5 mg/day alendronate, 5 mg/day alen-
dronate, and EPT were compared. An increased BMD in the
spine, total hip, and total body were observed in the alendronate
groups versus the placebo group. Results from the 5-mg group
were as follows: lumbar spine, 3.5% (range 3.3%–3.7%); hip,
1.9% (range 1.8%–2.0%); and total body, 0.7% (range 0.6%–
0.8%). These results were better than for those in the 2.5-mg
group but lower than those who received estrogen; BMD for
the HRT group was 1% to 2% greater than for the alendronate
5-mg group.

Another study found that women (ages 55–81 years) di-
agnosed with postmenopausal osteoporosis who were in an
alendronate study group (alendronate 5 mg/day for 2 years
followed by 10 mg/day for 1 year) had reduced risk for frac-
tures at various anatomic sites compared with those in the
placebo group.84 For new vertebral fractures, the RR was 0.53
(95% CI 0.41–0.68); hip, 0.49 (95% CI 0.23–0.99); and wrist,
0.52 (95% CI 0.31–0.87). The Fracture Intervention Trial (FIT)
was a multicenter, placebo-controlled trial that enrolled 2,027
women between the ages of 55 and 81 years who had vertebral
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fractures and reduced BMD.85 These women received placebo
or alendronate 5 mg/day for 2 years and 10 mg/day during the
third year. Relative to the placebo group, BMD increased by
6.2% in the spine and 4.7% in the total hip region after 3 years.
Over 3 years, 18.2% of the placebo group and 13.6% of the
alendronate group had fractures.

In 2000, Black, et al.86 combined the data from the pre-
vious two studies to give overall information from the FIT.
These investigators believed this was appropriate because frac-
ture reduction rates in both studies with the use of alendronate
were similar. The pooled information from 3 to 4 years of
alendronate versus placebo use resulted in the following frac-
ture risk data: hip RR 0.47 (95% CI 0.26–0.79); radiographic
vertebral RR 0.52 (95% CI 0.42–0.66); clinical vertebral RR
0.55 (95% CI 0.36–0.82); and all clinical fractures RR 0.70
(95% CI 0.59–0.82). The investigators concluded from these
data that women with osteoporosis (T score <–2.5), with or
without previous vertebral fractures who took alendronate, had
reduced risk for fractures.

A meta-analysis was used to determine the nonvertebral
fracture rate in postmenopausal women with osteoporosis who
had been treated for at least 3 years with placebo or alendronate
(doses used in the five trials ranged from 1–20 mg/day).87 The
overall results showed a 12.6% incidence of nonvertebral frac-
ture in the placebo groups and a 9.0% incidence in the alen-
dronate groups. This resulted in a RR of 0.71 (95% CI 0.502–
0.997) for those receiving alendronate.

Several studies have addressed the effects of risedronate on
BMD. In a study of women 40 to 60 years of age (early post-
menopausal) who had normal BMD for age, those receiving
risedronate 5 mg/day for 2 years had BMD increases of 5.7%
in lumbar spine and 5.4% in the hip compared with women tak-
ing placebo.88 In another study, postmenopausal women (mean
age 69 years) who were older than those mentioned in the pre-
vious study had increases in BMD of 4.3% in the spine and
2.8% in the femoral neck when risedronate use was compared
with placebo over 3 years.89

Ibandronate has been shown to have beneficial effects on
BMD. McClung, et al.90 evaluated the effects of ibandronate
in early postmenopausal women resulting in a significantly
increased BMD in the lumbar spine (1.9%) versus placebo
(−1.9%) and total hip (1.2%) versus placebo (−0.6%) after
2 years. Follow-up from the Mobile Study revealed that the
monthly ibandronate dose of 150 mg significantly improved
BMD over the 2.5-mg daily dose in the lumbar spine (6.6% vs.
5%) after 2 years of treatment.91 Ibandronate is also available
as an IV formulation of 3 mg administered every 3 months.
One-year results from the Dosing Intravenous Administration
(DIVA) study improved BMD in the lumbar spine (4.5% vs.
3.5%) and the total hip (2.1% vs. 1.5%) to a similar if not
greater degree than daily oral tablets.92

Many studies show the benefits of bisphosphonates in not
only the prevention of osteoporosis-related fractures by in-
creasing BMD, but also for the treatment of osteoporosis. Many
of these studies have been conducted for 3 years with at least
one of 7 years,93 with a 3-year extension.94 This latter study
extension noted that during years 8 through 10, a total of 247
women receiving either alendronate 5 mg/day or 10 mg/day
had similar safety and tolerance profiles as women in placebo
groups. They noted that spinal BMD increased by 2.3% for
those in the 10 mg/day group and 1.20% for the 5 mg/day

group; hip and total body BMD was maintained, if not slightly
improved, at levels that were noted at 7 years; and forearm
BMD was maintained in the 10 mg/day group but decreased
slightly in the 5 mg/day group. Women who took alendronate
for 5 years, but thereafter were in a placebo group, maintained
their spinal and total body BMD over 5 years. Ten-year cumu-
lative spinal BMD was 13.7% for the 10 mg/day group and
9.8% for the 5 mg/day group. Rates for nonvertebral fractures
between years 8 and 10 were 8.1% for the 10 mg/day group,
11.5% for the 5 mg/day group, and 12.0% for the group who
had been on alendronate for 5 years and off alendronate for
5 years. In addition, most bisphosphonate studies have been
randomized, double-blind, and placebo-controlled with large
sample sizes.

No consensus is currently available on how long to con-
tinue with bisphosphonate therapy. In the Fracture Intervention
Trial Long-term Extension (FLEX) trial, 1,099 of the original
FIT trial participants, did not have extremely low T scores
(<−3.5) or BMD lower than their FIT baseline levels. Sta-
tistically significant bone loss occurred (2%–3% more than
those who took alendronate for 10 years) when women were
switched to placebo after 5 years of alendronate therapy; how-
ever, BMD remained well above FIT baseline. A gradual rise
was seen in biochemical markers of bone turnover as well as
a slightly higher risk of clinically detected vertebral fractures,
suggesting that women at high risk for vertebral fracture or
have T scores <−3.5 may benefit from continued bisphospho-
nate therapy. The FLEX study results suggest that women with
good response to bisphosphonate therapy who are not at high
risk for fracture may be able to take a “drug holiday” after 5
years of treatment.95,96

Contraindications and Precautions
Although no dosage change is recommended for a pa-
tient with mild to moderate renal failure, alendronate, rise-
dronate, and ibandronate use are not recommended for patients
with significant renal insufficiency (e.g., creatinine clearance
<35 mL/minute for alendronate and <30 mL/minute for rise-
dronate and ibandronate). Hypocalcemia, if it exists, should
be corrected before beginning therapy. Caution is warranted in
patients who have any upper GI problem, such as esophageal
disease, dysphasia, duodenitis, or ulcers. Sitting upright after
ingesting alendronate is necessary to decrease the possibility of
reflux into the esophagus and to decrease esophageal irritation
as well as to ensure the absorption of oral bisphosphonates,
which have low bioavailability. A patient who cannot sit up-
right for at least 30 minutes (60 minutes for ibandronate) after
ingesting the drug should not use oral bisphosphonates.79–81

M.J.’s diagnosis of GERD (on omeprazole) may preclude her
use of bisphosphonate therapy for prevention of osteoporosis.

Adverse Effects
Common adverse effects associated with the use of bisphos-
phonates include GI symptoms, such as acid regurgitation, dys-
phagia, abdominal distention, gastritis, nausea, dyspepsia, flat-
ulence, diarrhea, and constipation. Although rare, esophageal
adverse effects, such as esophagitis, esophageal ulcers, and
erosions, have occurred and have been followed by esophageal
stricture.79–81 The latter adverse effect is one of the reasons a
patient should sit upright for 30 to 60 minutes after ingestion. In
addition, musculoskeletal pain, headaches, and rash have been
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noted. Increasing concern over osteonecrosis of the jaw (ONJ)
or “death of tissue” or “dead jaw” can occur if blood loss in
bone tissue is temporarily or permanently impaired, resulting
the eventual collapse of the bone. Patients taking oral bisphos-
phonates are at risk for the development of ONJ; however, most
patients with ONJ are cancer patients receiving chemotherapy
and concurrent IV bisphosphonate therapy. A fewer number of
cases have been reported in patients on oral bisphosphonate
therapy with active dental disease and recent dental proce-
dures.

Dosing
For prevention of osteoporosis, alendronate and risedronate
can be prescribed 5 mg daily or 35 mg once weekly or iban-
dronate 2.5 mg daily or 150 mg once monthly. It might be
more convenient to take the medication once weekly or once
monthly, and this might also increase adherence to therapy.
Patients should be instructed to take their medication with 6
to 8 ounces of water early in the morning on arising and at
least 30 minutes (60 minutes for ibandronate) before ingest-
ing food, beverage, or other medications. Patients should not
lie down, but should stay fully upright for at least 30 minutes
(60 minutes for ibandronate) after ingesting an oral bisphos-
phonate to prevent esophageal irritation or ulceration and to
ensure appropriate bioavailability. Patients should ingest ade-
quate calcium and vitamin D, but should not take the calcium
or vitamin D at the same time as the alendronate. Alendronate
is available in a formulation with vitamin D (Fosamax Plus
D) and risedronate is available in a formulation with calcium
(Actonel with Calcium).79–81

Treatment

12. T.J.’s 75-year-old grandmother, M.B., was diagnosed with
osteoporosis 5 years ago when she broke her distal forearm. In
addition, she has lost 2 inches in height (current height 5 ft and
weight 100 lb) and has mild kyphosis. M.B. denies severe back pain
but occasionally uses acetaminophen or ibuprofen for mild back
pain. A recent bone scan revealed significantly decreased verte-
bral and forearm bone mass. M.B. had her last menstrual period
before her hysterectomy approximately 25 years ago. Her only
major medical problem is mild congestive heart failure (CHF) for
which she receives hydrochlorothiazide 25 mg daily and enalapril
10 mg daily. In addition, M.B. takes CEE 0.625 mg daily and cal-
cium carbonate 1,200 mg/day in divided doses with meals. Does
M.B. have any clinical signs of osteoporosis? What changes, if any,
should be made in her treatment plan? What other medications
might be considered for the treatment of osteoporosis?

Clinical signs of osteoporosis exhibited by M.B. include a
loss of 2 inches in height and the presence of mild kypho-
sis. She also has mild back pain that may be associated with
osteoporosis. (See Question 4 for further information about
osteoporosis clinical signs and symptoms.)

A treatment plan for M.B. should be aimed at preventing
further bone loss and minimizing falls, which could lead to
fractures.

Calcium and Vitamin D Intake
Calcium supplementation can slow or prevent further bone
loss. M.B.’s calcium intake, which should be at least 1,200
mg/day of elemental calcium, is adequate according to Na-

tional Academy of Sciences,35 but information from the NIH
recommends 1,500 mg/day of elemental calcium for women
such as M.B. who are age 65 and older.36 Calcium absorption
may be decreased in older people because of lower gastric acid
secretion, decreased 1,25-dihydroxyvitamin D3 serum concen-
tration, and decreased endogenous estrogen serum concentra-
tion. To overcome this problem, M.B. should continue taking
her calcium in divided doses with meals or use a more soluble
calcium product such as calcium citrate. (Questions 2, 3, and
5 further discuss calcium requirements, supplementation, and
product selection and the use of vitamin D for postmenopausal
women.)

Estrogens
In light of the results from the WHI for both the ET and EPT
arms and the previously published HERS, estrogen use is in
question, especially if used long term.48,50 As discussed in
Question 6, ET or EPT has positive effects on BMD and frac-
ture rates but does not appear to prevent CHD50 nor prevent
further cardiovascular events in individuals with a history of
heart disease.48 Thus, M.B. and her physician should discuss
whether she should continue ET or be switched to another drug
for treatment of her osteoporosis.

Exercise and Prevention of Falls
M.B. should continue an exercise routine (particularly a
weight-bearing exercise) that is appropriate for her age and
physical condition. Exercise helps maintain bone mass, func-
tion, and agility. The prevention of falls, which often result in
fractures, also should be considered part of M.B.’s therapy.

Fall prevention measures should be adopted in the elderly
because nearly 90% of fractures are precipitated by falling.97

These measures should include intrinsic (e.g., balance and
gait problems, visual impairments, impaired cognition), ex-
trinsic (inappropriate footwear, polypharmacy, sedatives, and
so forth), and environmental factors (e.g., bad lighting in home,
loose rugs, uneven pavement, lack of safety equipment). Fall
risks should be evaluated at least annually and should be con-
ducted to determine if underlying factors or medical condi-
tions are associated with the falls.98 Removal of contributing
factors and treating underlying medical conditions with the
fewest medications possible can reduce the risk of falling. The
Assessing Care of Vulnerable Elders (ACOVE) project to im-
prove patient outcomes suggests documentation and evaluation
for falls and osteoporosis and the need for proper workup to
improve quality of life and survival.99

Thiazides
M.B. currently is receiving hydrochlorothiazide for mild heart
failure, but thiazides may also increase calcium retention.
Whether this effect has a long-term benefit on calcium bal-
ance is debatable. Data from a meta-analysis of 11 studies
(none were prospective) established an RR of 0.82 (95% CI
0.73–0.91) for hip fractures and 0.88 (0.77–1.02) for all frac-
tures related to osteoporosis in people taking thiazides.100 In
most of these studies, patients were age 65 years or older. It
also appears that longer use of thiazides had a greater effect on
the prevention of fractures. Thus, M.B.’s thiazide therapy may
have a positive effect on her BMD; however, no randomized
clinical trials are available that have evaluated thiazides’ ef-
fects on BMD. NAMS does not believe that thiazides prevent
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bone loss or fracture risk, although in the elderly there may be
some benefit.27

Because M.B. has a history of fractures, she should
continue calcium supplementation (possibly increasing it to
1,500 mg/day), hydrochlorothiazide (as long as it is needed for
another health problem), and an adequate vitamin D intake. A
decision needs to be made about her ET. If it is decided that
she should not continue ET, then a decision should be made
whether a bisphosphonate or raloxifene might be an alterna-
tive. If ET is discontinued, it would most likely be best to taper
her off estrogen and not stop it abruptly. No guidelines show
to how to taper estrogen, but NAMS recommends one of the
following two ways: either skip progressively more days be-
tween doses or lower the dose of estrogen every 4 to 6 weeks
until the hormone has been successfully tapered.101

Selective Estrogen Receptor Modulators
Raloxifene might be considered for M.B. because of her
need for osteoporosis treatment and her history of CVD (see
Question 10). Raloxifene is FDA approved for the preven-
tion and treatment of postmenopausal osteoporosis. Ettinger,
et al.67 noted that at 3 years, women (ages 31–80) with post-
menopausal osteoporosis who received raloxifene (60 mg or
120 mg daily) had increased BMD in the femoral neck (2.1%
and 2.4%, respectively) compared with placebo. Subjects also
had increased BMD in their spines of 2.6% and 2.7%, respec-
tively, compared with placebo, but they also had an RR of 3.1
(95% CI 1.5–6.2) for venous thromboembolism versus those in
the placebo group. In another study that compared raloxifene
60 and 120 mg/day with placebo,102 increases in BMD were
noted in the total hip and ultradistal radius in the 60 mg/day
group. Nonsignificant trends over placebo were noted for the
lumbar spine, total body, and total hip in the 120 mg/day group.
In addition, results showed a lower increase in BMD when
compared with estrogen studies. (See Questions 9 and 10 for
additional information about raloxifene.)

Another study was undertaken to ascertain whether ra-
loxifene prescribed with alendronate would have an additive ef-
fect on biochemical markers for bone remodeling and BMD in
postmenopausal women with osteoporosis.103 Postmenopausal
women (N = 331) who were 75 years of age or younger were
divided into four groups: placebo; raloxifene 60 mg/day only;
alendronate 10 mg/day only; or raloxifene plus alendronate
(combination group) at 30 study sites worldwide. Markers of
bone turnover (serum osteocalcin, bone-specific alkaline phos-
phatase, and urinary N- and C-telopeptide) were measured, as
was BMD at baseline, at 6 months, and then 12 months later.
In the final time period, markers of bone turnover were de-
creased in all groups except the placebo group. These markers
were reduced 1.6-fold in the alendronate-only group compared
with the raloxifene-only group. No differences were noted
in marker reduction at 12 months between the alendronate-
only and the combination groups, but lumbar spine BMD in-
creased by 2.1%, 4.3%, and 5.3% from baseline for raloxifene-
only, alendronate-only, and combination therapy, respectively.
The increase in femoral neck BMD in the combination group
was 3.7% above baseline compared with the alendronate-only
(2.7%) and raloxifene-only (1.7%) groups. Total hip BMD and
total body BMD were not determined. Overall, combination
therapy was better at increasing BMD at some sites than either
raloxifene or alendronate alone. Thus, combination therapy
could be considered for individuals who do not respond to

either therapy alone. In addition, markers of bone turnover
and BMD appear to respond better to alendronate alone
than to raloxifene alone. The study did not address fracture
rates.

Bisphosphonates
ALENDRONATE, RISEDRONATE, AND IBANDRONATE
A bisphosphonate, such as alendronate, risedronate, or iban-

dronate, can be an alternative to ET if another benefit of HRT
(e.g., genitourinary) is not needed or can be provided by an-
other medication.

In addition to the alendronate, risedronate, and ibandronate
clinical studies described in Question 11, the following studies
address the use of alendronate, risedronate, and ibandronate
in the treatment of postmenopausal osteoporosis. In 1995,
Liberman, et al.104 performed a multicenter, double-blind,
placebo-controlled study in which 994 postmenopausal
women, ages 45 to 80 years with osteoporosis were enrolled.
Alendronate 5 or 10 mg or placebo was administered daily
for 3 years followed by 20 mg daily for 2 years, and then
5 mg/day for 1 year. All study participants received calcium
500 mg/day. Increases in BMD of 8.8 ± 0.4% were noted in
lumbar spine, 5.9 ± 0.5% in the femoral neck, and 7.8 ±
0.6% at the trochanter in the alendronate 10 mg daily group.
Vertebral fractures occurred in 6.2% of those receiving placebo
and in 3.2% of those receiving alendronate (48% reduction
in fracture rate). In another study, increases in lumbar spine
BMD of 0.65%, 3.5%, and 5.7% were noted in elderly women
who received 1, 2.5, or 5 mg of alendronate daily over 2 years
with calcium supplements versus those receiving placebo.105

A meta-analysis that compared the results of five studies per-
formed in postmenopausal women between the ages of 42 and
85 years documented that alendronate, when given in doses
of 10 mg/day for 3 years, increased BMD over placebo ad-
ministration as follows: spine 8.8%, femoral neck 5.9%, and
trochanter 7.8%.79

In two clinical trials,89,106 the use of risedronate 5 mg daily
for 3 years reduced vertebral fractures in postmenopausal
women with osteoporosis by 41% and 49%, respectively.
The incidence of nonvertebral fractures was reduced by 39%
over the same time period.89 McClung, et al.107 studied two
groups of women (5,445 women ages 70–79 with confirmed
osteoporosis and 3,886 women age 80 years or older who had
risk factors for osteoporosis or low BMD at the femoral neck)
to determine whether risedronate could decrease the risk for
hip fractures. All women were randomly assigned to receive
risedronate 2.5 mg/day, 5 mg/day, or placebo for 3 years. In
the osteoporosis group (i.e., women 70–79 years of age), the
overall incidence of hip fracture in the risedronate groups was
1.9% with a rate of 3.2% among those in the placebo group
(RR 0.6, 9% CI 0.4–0.9). Among the women age 80 years
and older, the incidence of hip fractures was 4.2% among
risedronate users and 5.1% in those in the placebo group.
Thus, risedronate significantly reduced the risk of hip fracture
in women diagnosed with osteoporosis but not in the women
over age 80 who had risk factors for osteoporosis and low
BMD but not osteoporosis.

A study to investigate the use of alendronate 70 mg once
weekly for the treatment of osteoporosis showed that its
effects on BMD in the lumbar spine and total hip were similar
to that produced by alendronate 10 mg daily after 1 year.108

The study addressed convenience of therapy while making
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sure that efficacy was not diminished. Alendronate is approved
for the treatment of postmenopausal osteoporosis in doses of
10 mg daily or 70 mg once weekly. Risedronate is approved for
the treatment of osteoporosis in doses of 5 mg daily or 35 mg
once weekly. Alendronate and risedronate are discussed in de-
tail in Question 11. Risedronate has been shown to be effective
and well tolerated in postmenopausal women with osteoporosis
after 7 years of treatment.109

In a study looking at older women, mean age 69 years,
oral ibandronate significantly increased BMD in the spine and
femoral neck when compared with placebo after 3 years of
treatment.110 Daily oral ibandronate therapy has been associ-
ated with a decrease in morphometric vertebral fracture by over
52% over 3 years; however, no significant effect on decreasing
nonvertebral fractures has been shown.110 Current studies do
not show that ibandronate decreases nonvertebral fractures and,
with significant data supporting use of alendronate and rise-
dronate, careful consideration should be taken for ibandronate
use in patients at high risk.

Combination therapy of ET and bisphonates has not been
evaluated specifically for the treatment of osteoporosis. M.B.
has been diagnosed with osteoporosis despite receiving ET.
Further disease progression in M.B. may be prevented by
switching to a bisphosphonate, because bisphosphonates have
shown to have a greater effect on BMD then does raloxifene.

ZOLEDRONIC ACID
Zoledronic acid (Reclast) is the first IV bisphosphonate

FDA approved for the treatment of postmenopausal osteoporo-
sis. Zoledronic acid is approved as a single 5-mg infusion given
once yearly over no <15 minutes through a separate vented in-
fusion line.111

In a randomized, double-blind, placebo-controlled trial,
zoledronic acid was administered for 1 year to 351 post-
menopausal women who had low BMD.112 The study popu-
lation was divided into five treatment groups and a placebo
group. Doses of zoledronic acid 0.25 mg, 0.5 mg, 1 mg, or
placebo were administered at 3-month intervals, whereas 4 mg
of the drug was administered as a single dose or as two doses
of 2 mg at 6-month intervals. Increases in BMD were as fol-
lows: spine BMD for treatment patients ranged from 4.3% to
5.1% above placebo; femoral neck BMD was 3.1% to 3.5%
greater than placebo. When looking at nonvertebral BMD, re-
sults were not as good as those noted for vertebral BMD. In the
distal radius, BMD was only slightly greater for the treatment
groups than for the placebo group at l year (range 0.8%–1.6%
compared with placebo, which decreased about 0.8%). Dif-
ferences between treatment groups and the placebo group in
terms of total body BMD were 0.9% to 1.3% higher for the
treatment groups (significant for all except the 0.5 mg every-
3-month group). No vertebral fractures were noted during the
study period. Two nonvertebral fractures were noted in the
group receiving four doses of 1 mg and one fracture was noted
in each of the other groups, except the group receiving four
doses of 0.25 mg of zoledronic acid. Dropout rates were simi-
lar for treatment and placebo groups. Because the duration of
the study did not extend beyond 1 year, data from longer term
studies are needed.

Black, et al.,113 in their report on the Health Outcomes
and Reduced Incidence with Zoledronic Acid Once Yearly
(HORIZON) Pivotal Fracture Trial, conducted as double-blind,
placebo-controlled trial including 7,765 women, of which

3,889 patients were randomized to receive a single 15-minute
infusion of 5 mg zoledronic acid and 3,876 patients were ran-
domized to placebo. Patients received doses at baseline, and
at 12 and 24 months and were followed until 36 months. Zole-
dronic acid decreased the risk of vertebral fractures by 70%
(RR 0.3; 95% CI 0.24–0.38). Hip fractures were reduced by
41% (RR 0.59; 95% CI 0.42–0.83). BMD significantly in-
creased in the lumbar spine by 6.71% (95% CI 5.69–7.74),
total hip 6.02% (95% CI 5.77–6.28) and femoral neck 5.06%
(95% CI 4.76–5.36).113

Adverse event reported have been similar to that of oral bis-
phosphonates, with decreased incidence of GI adverse events.
Acute phase reactions including fevers, flulike symptoms,
headache, and arthralgias primarily occur within the first 3 days
following the infusion and the incidence decreases with subse-
quent doses. Increased incidence of atrial fibrillation was noted
to be greater than placebo in clinical trials. ONJ has been re-
ported once during clinical trials. Patients with creatinine clear-
ance <30 mL/minute should not receive zoledronic acid.111

ETIDRONATE
Etidronate (Didronel), another bisphosphonate available in

the United States, inhibits bone resorption mediated by os-
teoclasts. It is not FDA approved for the treatment (nor for
the prevention) of postmenopausal osteoporosis, but it is ap-
proved for the treatment of Paget’s disease in the United States
and for the treatment of osteoporosis in Canada. Studies have
shown that, although etidronate has positive effects on fracture
prevention, concern exists about the development of osteoma-
lacia. To overcome this potential problem, alternating regimens
of etidronate 400 mg/day for 2 weeks followed by a 13-week (3
months) course of calcium and vitamin D have been used.114

The cyclical regimen was chosen owing to daily high dose use
possibly interacting with bone mineralization.115

A meta-analysis was used to evaluate 13 clinical trials of
etidronate administration in an intermittent, cyclical fashion as
therapy for postmenopausal osteoporosis (administered daily
for 2 weeks, every 3 months).116 Results showed that, relative to
controls, with 1 to 2 years of etidronate therapy at 400 mg/day,
BMD was increased by 4.1% in the lumbar spine and 2.3%
in the femoral neck. It was suggested that use of etidronate
could reduce vertebral fractures by 37%, but not the risk for
nonvertebral fractures.

Calcitonin
Calcitonin acts directly on osteoclasts to inhibit bone resorp-
tion primarily from vertebral and femoral sites. Both the injec-
tion and the intranasal spray are approved for the treatment, but
not the prevention, of postmenopausal osteoporosis for those
who have been diagnosed for at least 5 years.117 It also is ef-
fective in reducing corticosteroid-induced osteoporosis.

Calcitonin may increase BMD in the lumbar spine (can-
cellous bone) by 1% to 3%, but its use has little effect on
cortical bone. In one study, new fractures were reduced. This
resulted in an RR of 0.23 (CI 0.7–0.77).118 Various intermittent
regimens of calcitonin are being used investigationally to see
whether they can help prevent a decrease in effectiveness that
occurs after 1 to 2 years. Calcitonin is used in some patients
because of its analgesic effects on bone pain, especially for
those who suffer from vertebral compression fractures.27 Al-
though the mechanism of pain relief is unclear, a small study
of 56 osteoporotic women who sustained atraumatic vertebral
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fractures reported decreased pain scores and analgesic use in
the calcitonin group versus placebo.119

A large, randomized, double-blind, placebo-controlled
study (Prevent Recurrence of Osteoporotic Fracture [PROOF])
explored the effectiveness of intranasal calcitonin at a dose of
200 IU/day for 5 years versus other doses.120 Calcitonin de-
creased the risk of developing new vertebral fractures in women
with osteoporosis by 33%. Doses of 100 and 400 IU/day admin-
istrated in this same trial did not result in positive results. No
significant effect on hip BMD occurred at any dose.101 When
compared with alendronate therapy, intranasal calcitonin 200
IU daily was inferior to alendronate 10 mg daily, only increas-
ing BMD in the lumbar spine (1.18% vs. 5.16%), trochanter
(0.47% vs. 4.73%), and the femoral neck (0.58% vs. 2.78%)
after 12 months of therapy. Fracture data were not evaluated in
this study.121

When used intranasally, calcitonin (Miacalcin) is dosed at
200 IU daily in alternating nares; given subcutaneously or in-
tramuscularly (Calcimar) the dose is 100 IU/day.117 A patient
using calcitonin should have adequate intake of calcium and
vitamin D.

Adverse effects associated with intranasal calcitonin in-
clude nasal symptoms, such as rhinitis and epistaxis. Other
adverse effects include arthralgia, headache, and back pain.
When calcitonin therapy is administered by injection, adverse
effects, such as flushing, nausea, and vomiting, as well as local
irritation at the injection site (10%) can occur.117,122 Flush-
ing typically occurs on the hands and face and is noted in
approximately 2% to 5% of patients. Nausea and vomiting
occur in about 10%. These latter reactions most commonly
occur when therapy is initiated and usually subside with time.
Injectable calcitonin should be refrigerated when not in use.
The intranasal preparation should be refrigerated until it is
opened for use; thereafter, it is stable for 30 days at room
temperature.122

Other Therapies

13. What other agents (both FDA approved and investigational)
are possible alternative or additive therapies for the treatment of
postmenopausal osteoporosis?

PARATHYROID HORMONE
Parathyroid hormone works differently from other medica-

tions discussed thus far because it stimulates new bone for-
mation and activates remodeling, which then results in in-
creased BMD and connectivity in trabecular bone more than
cortical bone. This can be accomplished by administration
of recombinant human PTH in women with postmenopausal
osteoporosis.27,123,124 Despite an incomplete understanding
of the mechanisms for PTH, it is known that PTH stimu-
lates the interaction of preosteoblasts to osteoblasts within the
first month of treatment, peaking 6 to 9 months after daily
administration.125 For example, in one study of 1,637 post-
menopausal women who had previously sustained vertebral
fractures, therapy (19 months of PTH 20 or 40 mcg daily sub-
cutaneously) resulted in a reduction of new vertebral fractures
by 65% and 69%, respectively, and a reduction of new nonver-
tebral fractures by 53% and 54%, respectively.126

The FDA has approved the PTH derivative teriparatide (For-
teo) for use by women and men with osteoporosis who do not
adequately respond to other therapies. In addition, those diag-

nosed as having severe osteoporosis and who are at an increased
risk for fracture may be considered for therapy. Teriparatide
20 mcg should be given once daily subcutaneously in the thigh
or abdomen. Initial administration should be given when the
patient can sit or lie down. Teriparatide pens are stable for up
to 28 days, including the first injection from the pen. The re-
maining medication after 28 days should be discarded and teri-
paratide should never be shared. Teriparatide should be stored
under refrigeration 2◦C to 8◦C (36◦F–46◦F) and injected im-
mediately on removal from refrigeration. After use, the pen
should be recapped and protected from light. Safety and effi-
cacy with teriparatide have not been studied beyond 2 years
and therapy is not recommended after 2 years.127

Because osteosarcomas were noted in study animals that
received teriparatide, the FDA has required a black box warn-
ing for this medication even though no osteosarcomas have
been observed in patients.127 This information may also be
found in a medication guide that should be given to all patients
receiving teriparatide. Children, adolescents, and individuals
with Paget’s disease are not candidates for teriparatide because
those with growing bones are at increased risk for developing
osteosarcomas. Studies have confirmed that BMD gains noted
in the hip and spine decline after discontinuation with an ap-
proximate 2% loss in spinal BMD and 17% loss in trabecular
BMD.125,128 Women who were randomized to the alendronate
group of the Black, et al. study,128 had a further increase of
approximately 6% during the first year of therapy with alen-
dronate. Similar effects were noted when estrogen therapy was
started after discontinuing PTH,129 suggesting that antiresorp-
tive therapy should be started after discontinuation of PTH to
preserve BMD.

Adverse effects that have been noted to be associated with
teriparatide use include hypercalcemia, leg cramps, nausea,
and dizziness. Orthostatic hypotension may occur within 4
hours of administration and spontaneously resolves after a few
minutes to hours for the first several doses. Patients should
immediately sit or lie down if symptoms occur.127

Glucocorticoid-Induced Osteoporosis

14. T.J.’s father, D.J, age 56, was diagnosed with rheumatoid
arthritis (RA) 10 years ago. The RA has progressed over the past
2 years, with increased swelling and tenderness in his hands and
feet. D.J. made an appointment with his physician who noted that
D.J.’s laboratory finding and imaging were suggestive of further
progression of his RA. D.J. has been maintained on methotrexate,
sulfasalazine, and hydroxychloroquine for the past 5 years. D.J.
is not interested in starting injectable therapy at this time and
would like to try an alternative treatment that will help alleviate
his pain quickly. D.J.’s physician would like to have BMD testing
performed on D.J. before initiating prednisone 10 mg daily. D.J.
is curious about why he will need a DXA test. What should D.J.’s
physician tell him?

Prednisone is classified as a glucocorticoid steroid. Gluco-
corticoids have several possible mechanisms that contribute to
bone loss resulting in osteoporosis. Glucocorticoids have been
linked to decreases in serum estrogen and testosterone and
increases in bone urine calcium excretion and decreased cal-
cium absorption, which are proposed to increase bone resorp-
tion. Glucocorticoids have direct action on bone cells, decrease
serum testosterone, and decrease muscle, which results in
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decreased bone formation. Both the increase in bone resorption
and decrease in bone formation lead to decreased bone volume,
resulting in a more rapid bone loss than other medications that
have been associated with bone loss.130,131 Glucocorticoids are
not thought to affect bone-resorbing activity of mature osteo-
clasts, because they do not have functioning glucocorticoid
receptors.132 Decreases in BMD can be seen as soon as 3 to
6 months after glucocorticoid initiation; however, fracture risk
appears to be contributed to by glucocorticoid duration and
dose, but is independent of BMD.133,134 After discontinuation
of glucocorticoid therapy, BMD begins to increase.135

15. Are any medications available to prevent osteoporosis
in D.J.?

Bisphosphonates
Alendronate and risedronate are FDA approved for the pre-
vention and treatment of glucocorticoid-induced osteoporosis.
They are thought to prevent glucocorticoid-induced osteoclast
apoptosis, however, this theory has been challenged suggest-
ing that glucocorticoids may overcome the proapoptotic effects
of bisphosphonates. Another thought is that bisphosphonates
may prolong the life of osteoblasts.136,137

Saag, et al.138 looked at alendronate 5- and 10-mg doses ver-
sus placebo and found that BMD in the lumbar spine increased
in both alendronate groups and BMD declined in the placebo
group 2.1%, 2.9% and −0.4%, respectively, over 48 weeks.
Total body, trochanter, and femoral neck bone mass also in-
creased in the alendronate groups. Vertebral fractures were
lower in the alendronate groups versus placebo (2.3 vs.
3.7%),138 with benefits of alendronate seen after 2 years.139

Risedronate is also effective in the prevention and treatment of
glucocorticoid-induced osteoporosis. Reid, et al.140 conducted
a 1-year study with risedronate versus placebo in patients tak-
ing >7.5 mg of prednisone daily for 6 or more months. They
found increases in both lumbar spine and femoral neck (2.7%
and 1.8%, respectively), with no change in BMD in patients
taking placebo.140 A study with IV pamidronate 30 mg every
3 months with oral calcium versus calcium alone also had
promising results in patients taking glucocorticoids long-term.
Spine and hip BMD increased in the pamidronate–calcium
group (2.3% and 2.6%, respectively) and decreased in the cal-
cium alone group (−4.6% and −2.2%, respectively).141

Calcitonin
Calcitonin has been studied for the prevention of gluco-
corticoid-induced osteoporosis as well. Luengo, et al.142

conducted a 2-year study in patients with asthma who had
become glucocorticoid dependent. Patients were randomized
to calcitonin nasal spray plus calcium or calcium alone. BMD
increase was seen in the calcitonin–calcium group (2.7%) in
year 1 versus a decrease in BMD seen in the calcium alone
group (−2.8%). BMD preservation was also noted after the
second year of the study.142

Other Therapies
Researchers have conducted small studies to evaluate the
prevention of glucocorticoid-induced osteoporosis. Thiazide
diuretics with salt restrictions, estrogen and testosterone re-
placement, as well as PTH are agents undergoing investigation.

16. What recommendations should D.J.’s physician inform him
of to prevent osteoporosis?

The American College of Rheumatology (ACR) recom-
mends preventative therapy in patients taking prednisone 5 mg
daily or higher (including therapeutic equivalents) for more
than 3 months. The ACR recommends the following:

� Calcium 1,500 mg daily
� Vitamin D 800 IU daily
� Bisphosphonate therapy
� Replacement of gonadal steroids in men (if deficient)
� Exercise program (appropriate for individual patient)
� BMD screen if >3 months of glucocorticoid therapy will be
needed

� Smoking cessation

Calcitonin can be considered for patients who have con-
traindications to bisphosphonates. ACR recommends 24-hour
urine collections for all patients because glucocorticoids can
cause hypercalciuria. The recommendation of a thiazide di-
uretic plus salt restriction may be implemented if significant
hypercalciuria is present.143

D.J. does not currently have any contraindications to bispho-
sphonate therapy. Alendronate 70 mg weekly or risedronate 35
mg weekly plus adequate calcium (1,500 mg daily) and vita-
min D (800 IU daily) in divided doses could be used to prevent
glucocorticoid-induced osteoporosis if he is to take prednisone
10 mg daily for an extended period. D.J should be counseled
on the proper administration and adverse effects of bisphos-
phonates (see Questions 11 and 12). D.J. should be encouraged
to incorporate 30 minutes of weight-bearing exercise into his
daily routine.

Osteoporosis in Men

17. D.J presents to his physician 1 year later and finds himself
in good health. D.J. is concerned about the development of osteo-
porosis in his wife’s father. J.B., age 77, has become more frail
and is falling occasionally. His wife, M.J., is osteopenic and his
wife’s mother, M.B., has osteoporosis. D.J. knows that osteoporo-
sis occurs often in women, but was not aware that osteoporosis
(excluding drug-induced) can occur in men. Should D.J. be con-
cerned about osteoporosis in J.B.?

Osteoporosis is less common in men than in women; how-
ever, about 1.5 million men in the United States have osteo-
porosis with another 3.5 million at risk.144 Projections sug-
gest that 17% of men who reach 90 years of age will develop
osteoporosis.145 Although reasons are still unknown, mortality
rates after hip fracture are higher in men than in women, with
patient having a previous distal radius fracture correlating with
a high absolute risk for hip fractures in men.146

18. D.J. knows that BMD loss in both his wife and her mother
has been attributed to a decrease in hormones. Is hormone loss
the same cause of osteoporosis in men?

Bone loss for men may begin in their 30s with an estimated
1% loss of BMD occurring at the distal radius, with spinal con-
tent decreasing more quickly.22,23 Many risk factors contribute
to osteoporosis in men (Table 102-1), however, androgen and
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estrogen production are the primary hormonal contributors to
the development of osteoporosis in this population.

Androgens and Estrogens
Androgen production, more specifically serum testosterone
concentrations, is known to decrease with age. These decreased
concentrations are thought to decrease bone formation and in-
crease resorption. Testosterone has been linked to decreases
in BMD versus dihydrotestosterone.147 Despite testosterone’s
importance for skeletal health in men, research is now suggest-
ing that estrogen may play a more important role in skeletal
biology.148 Khosla, et al.149 found two genes required for es-
trogen effects; estrogen receptor α and aromatase. ER-α are
found on osteoblasts, osteoclasts, and stem cells in bone. Aro-
matase is present in osteoblasts and stem cells in bone.150 The
absence of these genes results in an inability to convert an-
drogen into estrogen.151,152 Replacement of estrogen in aro-
matase deficiency showed significant increases in bone mass
and markers of bone turnover normalized.152 Further research
is still needed to delineate the role of estrogen in hypogonadal
osteoporosis.

19. Should J.B. be given supplementation for hypogonadism if
his testosterone levels are low?

Hypogonadism may be a major contributor of bone loss in
men with low serum estradiol being the main contributor.18

It would be appropriate for J.B.’s physician to order serum
testosterone levels. Snyder et al.153 found that replacing testos-
terone (then converted to estrogen), increased bone density by
5.9% when pretreatment serum testosterone levels were below
200 ng/dL (normal 300–1,000 ng/dL).

20. How is osteoporosis diagnosed in men?

The WHO criteria were established for diagnosing post-
menopausal women with osteoporosis.2 To date, no specific
diagnostic criteria have been established for men. Currently,
diagnosis of osteoporosis in men can be made when a T score is
<−2.5 until further definitions of osteoporosis are established
by the National Osteoporosis Foundation and the International
Osteoporosis Foundation.

Investigational Agents
In the next few years, new agents should be approved for the
prevention and treatment of diseases such as osteoporosis that
affect postmenopausal women; an example of these new agents
is the SERM bazedoxifene (Viviant).

In a randomized, double-blind, placebo-controlled trial,
zoledronic acid was administered for 1 year to 351 post-
menopausal women who had low BMD.112 The study popu-
lation was divided into five treatment groups and a placebo
group. Doses of zoledronic acid 0.25 mg, 0.5 mg, 1 mg, or
placebo were administered at 3-month intervals, whereas 4 mg

of the drug was administered as a single dose or as two doses of
2 mg at 6-month intervals. Increases in BMD were as follows:
spine BMD for treatment patients ranged from 4.3% to 5.1%
above placebo; femoral neck BMD was 3.1% to 3.5% greater
than placebo. When looking at nonvertebral BMD, results were
not as good as those noted for vertebral BMD. In the distal ra-
dius, BMD was only slightly greater for the treatment groups
than for the placebo group at l year (range 0.8%–1.6% com-
pared with placebo, which decreased about 0.8%). Differences
between treatment groups and the placebo group in terms of
total body BMD were 0.9% to 1.3% higher for the treatment
groups (significant for all except the 0.5 mg every-3-month
group). No vertebral fractures were noted during the study pe-
riod. Two nonvertebral fractures were noted in the group who
received four doses of 1 mg and one fracture was noted in
each of the other groups except the group who received four
doses of 0.25 mg of zoledronic acid. Dropout rates were simi-
lar for treatment and placebo groups. Because the duration of
the study did not extend beyond 1 year, data from longer term
studies are needed.

STRONTIUM RANELATE
Strontium ranelate has antiresorptive and mild anabolic ef-

fects. The exact mechanism of action remains unknown. Stron-
tium has been shown to decrease the risk of spine and non-
spine fractures (35%–49%), as well as increase BMD in the
spine and femoral neck (14% and 8%, respectively). Studies
have been conducted for up to 3 years. Nausea and vomit-
ing have been associated with oral dissolved strontium, which
abated after 3 months of therapy.154,155

DENOSUMAB
Denosumab is a human monoclonal antibody that targets

the receptor activator of nuclear factor κB ligand (RANKL),
which has been shown to be a necessary part of bone-resorbing
osteoclasts. Initial studies show statistically significant in-
creases in BMD when compared with both placebo and al-
endronate. Denosumab, being a monoclonal antibody, does
function with the immune system, increasing the potential in-
fectious complication.156

STATINS
When it was discovered that bisphosphonates might sup-

press osteoclastic activity by inhibiting a step in the cholesterol
synthesis pathway, speculation followed to whether agents,
such as hydroxymethylglutaryl-coenzyme A (HMG CoA)-
reductase inhibitors (i.e., statins) might display similar ef-
fects. In laboratory studies, statins inhibit osteoclastic-related
bone resorption. It is unknown whether lipid-reducing doses of
statins, which are used clinically, can have an effect on bone.
Study results thus far have not presented consistent results and
prospective clinical trials are needed.157,158

REFERENCES
1. Health Evidence Network (HEN). What evidence

is there for prevention and screening of osteo-
porosis. 2006; http://www.euro.who.int/HEN/
Synthesis/osteoporosis/20060504 1.

2. World Health Organization. Assessment of Frac-
ture Risk and Its Application to Screening for

Postmenopausal Osteoporosis: report of a WHO
Study Group. Geneva, Switzerland: World Health
Organization; 1994:2. Technical Report Series
843.

3. Kanis JA et al. The diagnosis of osteoporosis.
J Bone Miner Res 1994;9:1137.

4. Eastell R. Treatment of postmenopausal osteoporo-
sis. N Engl J Med 1998:338;736.

5. National Osteoporosis Foundation 2007. www.nof.
org/osteoporosis/diseasefacts.htm.

6. National Osteoporosis Foundation. 8 Common
Myths About Osteoporosis. 2002. www.nof.org.



102-18 � GERIATRIC THERAPY

7. Prestwood KM et al. Osteoporosis: up-to-date
strategies for prevention and treatment. Geriatrics
1997;52:92.

8. Riggs BL et al. The prevention and treatment of
osteoporosis. N Engl J Med 1992;327:620.

9. Cummings SR et al. Epidemiology of osteo-
porosis and osteoporotic fractures. Epidemiol Rev
1985;7:178.

10. Gold DT et al., eds. Working with Patients to Pre-
vent, Treat and Manage Osteoporosis: A Current
Guide for the Health Professions. 3rd ed. Durham,
NC: Center for the Study of Aging and Human De-
velopment, Duke University Medical Center; 2001.

11. Majumdar SR et al. Persistence, reproducibility and
cost effectiveness of an intervention to improve the
quality of osteoporosis care after a fracture of the
wrist: results of a controlled trial. Osteoporosis Int
2007;18:261.

12. The North American Menopause Society (NAMS).
The role of calcium in peri- and postmenopausal
women. 2006 position statement. Menopause 2006;
13:862.

13. Seeman E et al. Differential effects of endocrine
dysfunction on the axial and the appendicular skele-
ton. J Clin Invest 1982;69:1302.

14. Brown EM. PTH secretion in vivo and in vitro. Reg-
ulation by calcium and other secretagogues. Miner
Electrolyte Metab 1982;8:130.

15. Reichel H et al. The role of vitamin D endocrine
system in health and disease. N Engl J Med
1989;320:980.

16. Austin LA et al. Calcitonin: physiology and patho-
physiology. N Engl J Med 1981;304:269.

17. Riggs BL et al. Involutional osteoporosis. N Engl J
Med 1986;314:1676.

18. Khosla S et al. Relationship of serum sex steroid
levels to longitudinal changes in bone density in
young versus elderly men. J Clin Endocrinol Metab
2001;86:3555.

19. Center JR et al. Hormonal and biochemical param-
eters on the determination of osteoporosis in elderly
men. J Clin Endocrinol Metab 1999;84:3626.

20. Amin S et al. Association of hypogonadism and
estradiol level with bone mineral density in elderly
men from the Framingham Study. Ann Intern Med
2000;133:951.

21. Willhite L. Osteoporosis in women: prevention and
treatment. JAPhA 1998;38:614.

22. Orwoll ES et al. The rate of bone mineral loss
in normal men and the effects of calcium and
cholecalciferol supplementation. Ann Intern Med
1990;112:29.

23. Meier DE et al. Marked disparity between trabecu-
lar and cortical bone loss with age in healthy men.
Measurement by vertebral computed tomography
and radial photon absorptiometry. Ann Intern Med
1984;101:605.

24. Jones G et al. Progressive loss of bone in the femoral
neck in elderly people: longitudinal findings from
the Dubbo Osteoporosis Epidemiology Study. BMJ
1994;309:691.

25. Gallagher JC. Pathophysiology of osteoporosis.
Semin Nephrol 1992;12:109.

26. Morrison NA et al. Prediction of bone density from
vitamin D receptor alleles. Nature 1994;367:284.

27. The North American Menopause Society (NAMS).
Management of Postmenopausal Osteoporosis:
2006 position statement of the North American
Menopause Society. Menopause, 2006;13:340.

28. Cooper GS et al. Are vitamin D receptor polymor-
phisms associated with bone mineral density? A
meta-analysis. J Bone Miner Res 1996;11:1841.

29. Kanis JA et al. A meta-analysis of previous fracture
and fracture risk. Bone 2004;35:375.

30. Gutin B et al. Can vigorous exercise play a role in
osteoporosis prevention? A review. Osteoporos Int
1992;2:55.

31. Feskanick D et al. Walking and leisure-time activity
and risk of hip fracture in postmenopausal women.
JAMA 2002;288:2300.

32. Baron JA et al. Cigarette smoking, alcohol con-
sumption, and risk for hip fracture in women. Arch
Intern Med 2001;161:983.

33. Kanis JA et al. Alcohol intake as a risk factor for
fracture. Osteoporos Int 2005;16:737.

34. Moniz C. Alcohol and bone. Br Med Bull 1994;
50:67.

35. Institute of Medicine, National Research Council.
Summary statement on calcium and related nu-
trients. 1997:S1. Available from http://www.nas.
edu/new.

36. NIH Consensus Development Panel on Optimal
Calcium Intake. Optimal calcium intake. JAMA
1994;272:1942.

37. NIH Consensus Development Panel on Osteo-
porosis Prevention, Diagnosis and Therapy. Osteo-
porosis prevention, diagnosis and therapy. JAMA
2001;285:785.

38. Cummings SR et al. Risk Factors for hip fracture in
white women. N Engl J Med 1995;332:767.

39. Barrett-Conner E et al. Coffee-associated osteo-
porosis offset by daily milk consumption. The Ran-
cho Bernardo Study. JAMA 1994;271:280.

40. Tucker KL et al. Colas, but not other carbonated
beverages, are associated with low bone mineral
density in older women: The Framingham Osteo-
porosis Study. Am J Clin Nutr 2006;84:936.

41. Wengreen HJ et al. Dietary protein intake and risk
of osteoporotic hip fracture in elderly residents of
Utah. J Bone Miner Res 2004;19:537.

42. Kerstetter JE et al. Changes in bone turnover in
young women consuming different levels of dietary
protein. J Clin Endocrinol Metab 1999;84:1052.

43. Cummings DC. Exercise induced amenorrhea, low
bone density and estrogen replacement therapy.
Arch Intern Med 1996;156:2193.

44. The Cochrane Collaborative Group in Vitamin D
and Vitamin D analogues for preventing fractures
associated with involutional and post-menopausal
osteoporosis. 2007(2), www.thecochranelibrary.
com.

45. Trent J et al. Bone mineral density testing: an up-
date. Federal Practitioner 2006;23:42.

46. Cummings RG et al. Calcium for prevention of
osteoporotic fractures in postmenopausal women.
J Bone Miner Res 1997;12:1321.

47. Kusiak V. FDA approves prescribing informa-
tion for postmenopausal hormone therapies. Wyeth
Pharmaceuticals: Philadelphia; January 6, 2003
(letter to health care professionals).

48. Grady D et al. Heart and estrogen/progestin re-
placement study (HERS): design, methods and
baseline characteristics. Control Clin Trials 1998;
19:314.

49. Grady D et al. Cardiovascular disease outcomes
during 6.8 years of hormone therapy: heart and
estrogen/progestin replacement study follow-up
(HERS II). JAMA 2002;288:49.

50. Cauley JA et al. For the Women’s Health Initia-
tive Investigators. Effects of estrogen plus pro-
gestin on risk of fracture and bone mineral density:
The Women’s Health Initiative Randomized Trial.
JAMA 2003;290L1729.

51. McEwan IJ. Sex, drugs, and gene expression: sig-
naling by members of the nuclear receptor super-
family. Essays Biochem 2004;40:1.

52. Gao M et al. Expression of estrogen receptor-related
receptor isoforms and clinical significance in en-
dometrial adenocarcinoma. Int J Gynecol Cancer
2006;16:827.

53. Deroo BJ et al. Estrogen receptors and human dis-
ease. J Clin Invest 2006;111:561.

54. Kuiper GGJM et al. The estrogen receptor beta
subtype: a novel mediator of estrogen action in
neuroendocrine systems. Front Neuroendocrinol
1998;19:253.

55. Ettinger B et al. The waning effect of post-
menopausal estrogen therapy on osteoporosis. N
Engl J Med 1993;329:1192.

56. The Writing Group for the PEPI. Effects of hor-
mone therapy on bone mineral density: results from
the Postmenopausal Estrogen/Progestin Interven-
tions (PEPI) Trial. JAMA 1996;276:1389.

57. Grady D et al. Hormone therapy to prevent disease
and prolong life in postmenopausal women. Ann
Intern Med 1992;117:1016.

58. Torgerson DJ et al. Hormone replacement ther-
apy and prevention of nonvertebral fractures: a
meta-analysis of randomized trials. JAMA 2001;
285:2891.

59. Cauley JA et al. Estrogen replacement therapy
and fractures in older women: Study of Osteo-
porotic Fracture Research Group. Ann Intern Med
1995;122:9.

60. Lufkin EG et al. Treatment of postmenopausal os-
teoporosis with transdermal estrogen. Ann Intern
Med 1992;117:1.

61. Sirus ES et al. Identification and fracture out-
comes of undiagnosed low bone mineral den-
sity in postmenopausal women: results from the
National Osteoporosis Risk Assessment. JAMA
2001;286:2815.

62. Banks E, et al. For the Million Women Study Col-
laborators. Fracture incidence in relation to the pat-
tern of use of hormone therapy in postmenopausal
women. JAMA 2004;291:2212.

63. Anderson GL et al. For the Women’s Health Ini-
tiative Steering Committee. Effects of conjugated
equine estrogen in postmenopausal women with
hysterectomy: the Women’s Health Initiative ran-
domized controlled trial. JAMA 2004;291:1701.

64. PremproTM and Premphase-package insert. Wyeth
Pharmaceuticals: Philadelphia; May 23, 2003.

65. Evista package insert. Eli Lilly and Company. In-
dianapolis; 1997 (revised 2007).

66. Delmas PD et al. Effects of raloxifene on bone min-
eral density, serum cholesterol concentrations, and
uterine endometrium in postmenopausal women. N
Engl J Med 1997;337:1641.

67. Ettinger B et al. Reduction of vertebral fracture
risk in postmenopausal women with osteoporosis
treated with raloxifene: results from a 3-year ran-
domized clinical trial. JAMA 1999;282:637.

68. Sarkar S et al. Relationships between bone mineral
density and incident of vertebral fracture risk with
raloxifene therapy. J Bone Miner Res 2002;17:1.

69. Prestwood KM et al. A comparison of the effects of
raloxifene and estrogen on bone in postmenopausal
women. J Clin Endocrinol Metab. 2000;85:2197.

70. Sambrook PN et al. Alendronate produces greater
effects than raloxifene on bone density and bone
turnover in postmenopausal women with low bone
density: results of the EFFECT (EFficacy of
FOSAMAX vs. EVITSA Comparison Trial) Inter-
national. J Intern Med 2004:255:503.

71. Siris ES et al. Skeletal effects of Raloxifene after 8
years: results from the Continuing Outcomes Rel-
evant to Evista (CORE) study. J Bone Miner Res
2005;20:1514.

72. Riggs L et al. Selective estrogen-receptor modu-
lators-mechanisms of action and application to clin-
ical practice. N Engl J Med 2003;348:618.

73. Riggs BL et al. Bone turnover matters: the ralox-
ifene treatment paradox of dramatic decreases in
vertebral fractures without commensurate increases
in bone density. J Bone Miner Res. 2002;17:11.

74. Cummings SR et al. The effect of raloxifene on
risk of breast cancer in postmenopausal women:
results from the MORE Randomized Trial. JAMA
1999;281:2189.

75. Nale SJ et al. Effect of 1 year discontinuation of
raloxifene or estrogen therapy on bone mineral
density after 5 years of treatment in healthy post-
menopausal women. Bone 2003;30:599.

76. Walsh BW et al. Effects of raloxifene on serum
lipids and coagulation factors in healthy post-
menopausal women. JAMA 1998;279:1445.

77. Barnett-Conner E et al. Effects of raloxifene on
cardiovascular events and breast cancer in post-
menopausal women. N Engl J Med 2006;355:125.

78. Vogel VG et al. Effects of tamoxifen versus ralox-
ifene on the risk of developing invasive breast can-
cer and other disease outcomes: the NSABP Study
of Tamoxifen and Raloxifene (STAR) P-2 trial.
JAMA 2006;295:2727.

79. Fosamax Package Insert. Merck and Co. Inc. White-
house Station, NJ; 2006 (revised).

80. Actonel Package Insert. Proctor and Gamble Phar-
maceuticals, Inc. Cincinnati, OH; 2007 (revised).



OSTEOPOROSIS � 102-19

81. Ibandronate Package Insert. Roche Pharmaceuti-
cals. Nutley, NJ; 2006.

82. Weiss et al. Five-year efficacy and safety of oral
alendronate for prevention of osteoporosis in early
postmenopausal women [Abstract]. J Bone Min Res
1997;12 (Suppl 1):165.

83. Hosking MD et al. Prevention of bone loss
with alendronate in postmenopausal women under
60 years of age. N Engl J Med 1998;338:485.

84. Black DM et al. Randomised trial of effect of alen-
dronate on risk of fracture in women with existing
vertebral fractures. Lancet 1996;348:1535.

85. Cummings S et al. Effect of alendronate on risk
of fracture in women with low bone density but
without vertebral fractures: results from the Frac-
ture Intervention Trial. JAMA 1998;280:2077.

86. Black DM et al. Fracture risk reduction with al-
endronate in women with osteoporosis: the frac-
ture intervention trial. J Clin Endocrinol Metab
2000;85:4118.

87. Karpf DB et al. Prevention of nonvertebral frac-
tures by alendronate: a meta-analysis. JAMA
1997;277:1159.

88. Mortensen L et al. Risedronate increases bone mass
in an early postmenopausal population: two years
of treatment plus one year of follow-up. J Clin En-
docrinol Metab 1998;83:396.

89. Harris ST et al. Effects of risedronate treatment on
vertebral and nonvertebral fractures in women with
postmenopausal osteoporosis: a randomized con-
trolled trial. JAMA 1999;282:1344.

90. McClung MR et al. For the Oral Ibandronate Study
Group. Oral daily ibandronate prevents bone loss in
early postmenopausal women without osteoporosis.
J Bone Miner Res 2004;19:120.

91. Reginster JY et al. Efficacy and tolerability of once-
monthly oral ibandronate in postmenopausal osteo-
porosis: 2 year results from the MOBILE study. Ann
Rheum Dis 2006;65:654.

92. Delmas PD et al. Intravenous ibandronate injection
in postmenopausal women with osteoporosis: one-
year results from the dosing intravenous admin-
istration (DIVA) study. Arthritis Rheum 2006;54:
1838.

93. Tonino RP et al. Skeletal benefits of alen-
dronate: 7-year treatment of postmenopausal osteo-
porotic women. J Clin Endocrinol Metab 2000;85:
3109.

94. Bone HG et al. Ten year’s experience with al-
endronate for osteoporosis in postmenopausal
women. N Engl J Med 2004;350:1189.

95. Black DM et al. Effects of continuing or stopping
alendronate after 5 years of treatment: the Fracture
Intervention Trial Long-Term Extension (FLEX): a
randomized trial. JAMA 2006;296:2927.

96. Colon-Eneric CS. Ten vs. five years of bisphos-
phonate treatment for postmenopausal osteoporo-
sis: enough of a good thing. JAMA 2006;296(24):
2968.

97. Cummings SR et al. Epidemiology and outcomes
of osteoporotic fractures. Lancet 2002;359:1761.

98. Woolf AD et al. Preventing fractures in elderly peo-
ple. BMJ 2003;327:89.

99. Higashi T et al. Quality of care is associated with
survival in vulnerable older patients. Ann Intern
Med 2005;143:274.

100. Jones G et al. Thiazide diuretics and fractures: can
meta-analysis help? J Bone Miner Res 1995;10:
106.

101. The North American Menopause Society.
Amended report from the NAMS Advisory Panel
on Postmenopausal Hormone Therapy. Menopause
2003;12:10.

102. Lufkin EG et al. Treatment of established post-
menopausal osteoporosis with raloxifene: a ran-
domized trial. J Bone Miner Res 1998;13:
1747.

103. Johnell O et al. Additive effects of raloxifene
and alendronate on bone density and biochemi-
cal markers of bone remodeling in postmenopausal
women with osteoporosis. J Clin Endocrinol Metab
2002;87:985.

104. Liberman UA et al. Effect of oral alendronate on

bone mineral density and the incidence of frac-
tures in postmenopausal osteoporosis. N Engl J Med
1995;333:1437.

105. Bone HG et al. Dose-response relationships for al-
endronate in osteoporotic elderly women. J Clin
Endocrinol Metab 1997;82:265.

106. Reginster J et al. Randomized trial of the effects of
risedronate on vertebral fractures in women with es-
tablished postmenopausal osteoporosis. Vertebral
Efficacy with Risedronate Therapy (VERT) Study
Group. Osteoporos Int 2000;11:83.

107. McClung MR et al. Effect of risedronate on the risk
of hip fracture in elderly women. N Engl J Med
2001;344:333.

108. Schnitzer T et al. Therapeutic equivalence of alen-
dronate 70 mg once weekly and alendronate 10 mg
daily in the treatment of osteoporosis. Aging Clin
Exp Res 2000;12:1.

109. Mellstrom DD et al. Seven years of treatment with
risedronate in women with postmenopausal osteo-
porosis. Calcif Tissue Int 2004;75:462.

110. Chestnut CH III et al. Effects of oral ibandronate
administered daily or intermittently on fracture risk
in postmenopausal osteoporosis. J Bone Miner Res
2004;19:1241.

111. Reclast package insert. Novartis Pharmaceuticals
Corporation. East Hanover, NJ; 2007.

112. Reid IR et al. Intravenous zoledronic acid in post-
menopausal women with low bone mineral density.
N Engl J Med 2002;346:653.

113. Black DM et al. Once-yearly zoledronic acid for the
treatment of postmenopausal osteoporosis. N Engl
J Med 2007;356:1809.

114. Storm T et al. Five years of clinical experience with
intermittent cyclical etidronate for postmenopausal
osteoporosis. J Rheumatol 1996;23:1560.

115. Hodsman A et al. Use of bisphosphonates in the
treatment of osteoporosis: prevention and man-
agement of osteoporosis: consensus statements
from the scientific advisory board of the Osteo-
porosis Society of Canada. Can Med Assoc J
1996;155(Suppl):S945.

116. Cranney A et al. A meta-analysis of etidronate for
the treatment of postmenopausal osteoporosis. Os-
teoporosis Research Advisory Group. Osteoporos
Int 2001;12:140.

117. Miacalcin Package Insert. Novartis Pharmaceuti-
cals Corp., East Hanover, NJ; 2006 (revised).

118. Silverman SL. Calcitonin. Am J Med Sci 1997;313:
13.

119. Lyritis GP et al. Analgesic effect of salmon calci-
tonin in osteoporotic vertebral fractures: a double
blind, placebo-controlled clinical study. Calcif Tis-
sue Int 1991;49:369.

120. Chesnut CH III et al. A randomized trial of nasal
spray salmon calcitonin in postmenopausal women
with established osteoporosis: the Prevent Recur-
rence of Osteoporotic Fractures Study. PROOF
study group. Am J Med 2000;109:267.

121. Downs RW et al. Comparison of alendronate and in-
tranasal calcitonin for treatment of osteoporosis in
postmenopausal women. J Clin Endocrinol Metab
2000;85:1783.

122. Miacalcin Injection Package Insert. Novartis Phar-
maceuticals. East Hanover, NJ; 2000 (revised).

123. Jerome CP et al. Treatment with human parathyroid
hormone (1–34) for 18 months increases cancellous
bone volume and improves trabecular architecture
in ovariectomized cynomolgus monkeys (Macaca
faseicandaris). Bone 2001;28:150.

124. Rosen CJ. The cellular and clinical parameters of
anabolic therapy for osteoporosis. Crit Rev Euk-
eryot Gene Expr 2003;13:25.

125. Black DM et al. The effects of parathyroid hor-
mone and alendronate alone or in combination
in postmenopausal osteoporosis. N Engl J Med
2003;349:1207.

126. Neer RM et al. Effect of parathyroid hormone (1–
34) on fractures and bone mineral density in post-
menopausal women with osteoporosis. N Engl J
Med 2001;344:1434.

127. Forteo Package Insert. Eli Lilly Company. Indi-
anapolis, IN; 2004 (revised).

128. Black DM, et al. One year of alendronate after one
year of parathyroid hormone (1–84) for osteoporo-
sis. N Engl J Med 2005;353:555.

129. Lane NE et al. Bone mass continues to increase at
the hip after parathyroid hormone treatment is dis-
continued in glucocorticoid-induced osteoporosis:
results of a randomized controlled clinical trial.
J Bone Min Res 2000;15:944.

130. Libanati CR et al. Prevention and treatment of
glucocorticoid-induced osteoporosis. A pathogenic
perspective. Chest 1992;102:1426.

131. Reid IR et al. Determinants of vertebral mineral
density in patients receiving long-term glucocorti-
coid therapy. Ann Intern Med 1990;150:2545.

132. Zelissen PM et al. Effect of glucocorticoid replace-
ment therapy on bone mineral density in patients
with Addison’s disease. Ann Int Med 1994;120:207.

133. Kanis JA et al. A meta-analysis of prior cortico-
steroids and risk of fracture risk. J Bone Miner Res
2004;19:893.

134. Van Staa TP et al. The epidemiology of cortico-
steroid-induced osteoporosis: a meta-analysis. Os-
teoporosis Int 2002;13:777.

135. Pocock NA et al. Recovery from steroid-induced
osteoporosis. Ann Intern Med 1987;107:319.

136. Plotkin LI et al. Prevention of osteocyte and os-
teoblast apoptosis by bisphosphonate and calci-
tonin. J Clin Invest 1999;104:1363.

137. Weinstein RS et al. Promotion of osteoclast sur-
vival and antagonism of bisphosphonate-induced
osteoclast apoptosis by glucocorticoids. J Clin In-
vest 2002;109:1041.

138. Saag KG et al. Alendronate for the prevention and
treatment of glucocorticoid-induced osteoporosis.
N Engl J Med 1998;339:292.

139. Adachi JD et al. Two-year effects of alendronate
on bone mineral density and vertebral fracture in
patients receiving glucocorticoids: a randomized,
double-blind, placebo-controlled extension trial.
Arthritis Rheum 2001;44:202.

140. Reid DM et al. Efficacy and safety of daily rise-
dronate in the treatment of corticosteroid-induced
osteoporosis in men and women: a randomized
trial. European Corticosteroid-Induced Osteoporo-
sis Treatment Study. J Bone Miner Res 2000;15:
1006.

141. Bousten Y et al. Primary prevention of gluco-
corticoid-induced osteoporosis with intravenous
pamidronate and calcium: a prospective controlled
1-year study comparing a single infusion, an infu-
sion given every 3 months, and calcium. J Bone
Miner Res 2001;16:104.

142. Luengo M et al. Prevention of further bone mass
loss by nasal calcitonin in patients on long term glu-
cocorticoid therapy for asthma: a two year follow-
up study. Thorax 1994;49:1099.

143. Recommendations for the prevention and treatment
of glucocorticoid-induced osteoporosis: 2001 up-
date. American College of Rheumatology Ad Hoc
Committee on Glucocorticoid-Induced Osteoporo-
sis. Arthritis 2001;44:1496.

144. Sidoligui NA et al. Osteoporosis in older men:
discovering when and how to treat it. Geriatrics
1999;54:20.

145. Melton LJ III et al. How many women have osteo-
porosis. J Bone Miner Res 1992;7:1005.

146. Haentjens P et al. Evidence from data searches and
lifetable analyses for gender-related differences in
absolute risk of hip fracture after Colles’ or spine
fracture: Colles’ fracture as an early and sensitive
marker of skeletal fragility in white men. J Bone
Miner Res 2004;19:1993.

147. Matzkin H et al. Prolonged treatment with finas-
teride (a 5 alpha-reductase inhibitor) does not affect
bone density and metabolism. Clin Endocrin (Oxf)
1992;37:432.

148. Orwoll ES. Men, bone and estrogen: unresolved is-
sues. Osteoporosis Int 2003;14:93.

149. Khosla S et al. Estrogen and the male skeleton.
J Clin Endocrinol Metab 2002;87:1443.

150. Marcus R et al. Osteoporosis. 2nd ed. San Diego:
Academic Press; 2001.

151. Smith EP et al. Estrogen resistance caused by a



102-20 � GERIATRIC THERAPY

mutation in the estrogen receptor in a man. N Engl
J Med 1994;331:1056.

152. Bilezikian JP et al. Increased bone mass as a
result of estrogen therapy in a man with aromatase
deficiency. N Engl J Med 1998;339:599.

153. Snyder PJ. Effect of testosterone treatment on bone
mineral density in men over 65 years of age. J Clin
Endocrinol Metab 1999;84:1966.

154. Meunier PJ et al. The effects of strontium ranelate
on the risk of vertebral fracture in women with

postmenopausal osteoporosis. N Engl J Med
2004;350:459.

155. Reginster JY et al. Strontium ranelate reduces the
risk of nonvertebral fractures in postmenopausal
women with osteoporosis: treatment of peripheral
osteoporosis (TROPOS) study. J Clin Endocrinol
Metab 2005;90:2816.

156. McClung MR et al. Denosumab in postmenopausal
women with low bone mineral density. N Engl J
Med 2006;354:821.

157. LaCroix AZ et al. Statin use, clinical fracture and
bone density in postmenopausal women: results
from the Women’s Health Initiative Observational
Study. Ann Intern Med 2003;139:97.

158. Rejnmark L et al. Effects on simvastatin on
bone turnover and bone mineral density: a 1-
year randomized controlled trial in postmenopausal
osteopenic women. J Bone Miner Res 2004;19:
737.



DRUG INDEX

Page numbers followed by f denotes figure and page numbers followed by t denotes table.

AAD. (see Aromatic L-amino acid
decarboxylase)

AAP. (see Atypical antipsychotics)
Abacavir, 69-4

for HIV, 69-9t
resistance to, 69-23t

Abacavir/lamivudine, for HIV, 69-14t
Abatacept (Orencia)

dosing of, 43-10t, 43-31–43-32
for RA, 43-5–43-6, 43-8,

43-30–43-31
ABCD. (see Amphotericin B colloidal

dispersion)
Abciximab (Reopro)

for MI, 17-15
as adjunct therapy, 17-16

PCI and, 16-27, 17-23
thrombocytopenia from, 87-8
trial of, 17-14t

Abelcet. (see ABLC)
Abilify. (see Aripiprazole)
ABLC (Abelcet), 92-25
Abraxane. (see Paclitaxel)
Abreva. (see Docosanol)
ABVD, 90-18
AC. (see Doxorubicin, cyclophosphamide)
Acamprosate (Campral), 84-16–84-17

for alcoholism, 84-14t
Acarbose (Precose), 50-48t, 50-49t,

50-56–50-57, 50-65
drug interactions with, 50-57
for type 2 diabetes, 50-65t
weight loss from, 82-6

Accupril. (see Quinapril)
Accutane. (see Isotretinoin)
Acebutolol

for hypertension, 31-21
pulmonary disorders from, 25-2t,

25-7t
ACEI. (see Angiotensin-converting

enzyme inhibitors)
Aceon. (see Perindopril)
Acetaminophen, 93-14, 93-15t

alcohol interaction with, 84-21t
analgesic syndrome from, 31-3
for burns, 41-20
CH from, 29-15
for croup, 96-11
DILI from, 29-2, 29-3t
for DPN, 50-79
for dysmenorrhea, 47-12
for end-of-life care, 6-4
for fever, in children, 93-4–93-5
hepatitis and, 73-7
heptatoxicity with, 8-13
IL-2 and, 91-17
liver failure from, 73-14t
neonates and, 94-3, 94-6t, 94-7t
for osteoarthritis, 99-14
for postoperative pain, 9-33t
pregnancy and, 5-19, 46-32t
propoxyphene with, 8-10

for teething, 93-3
toxicity with, 5-10, 5-19–5-22,

10-6
NAC for, 5-5, 5-20–5-22

Acetate, for RTA, 10-6
Acetazolamide, 10-10, 11-13–11-14

for glaucoma, 51-13t
hypokalemia from, 11-16t
lithium and, 80-11t
metabolic acidosis from, 11-14

Acetic acid, 38-3t
Acetohexamide (Dymelor), 50-49t,

50-67
Acitretin (Soriatane), 40-3t, 40-6
Aconite, hazards of, 3-6t
ActHIB. (see PRP-T)
Activase. (see Alteplase)
Activated charcoal, 5-17, 31-29

for alcohol intoxication, 84-6
for drug poisoning, 5-5

Activella, 48-4t
Actonel. (see Risedronate sodium)
ActoPlus Met. (see

Pioglitazone/metformin)
Actos. (see Pioglitazone)
Acular. (see Ketorolac)
ACV. (see Acyclovir)
Acyclovir (ACV, Zovirax)

adverse effects of, 56-17t, 72-6t,
72-10

AIDS and, 72-2–72-3
for CMV, 34-34
for CRRT and HD, 56-21t
desensitization to, 4-21
dialysis and, 33-17
dosing of, 56-19t, 56-21t
for herpes encephalitis, 72-5t
for herpes zoster, 72-5t, 72-9
for HSV, 51-22, 65-26–65-28,

65-27t, 72-2–72-3, 92-23
in neonates, 72-5t, 94-34t,

94-35
for neutropenia, 68-6, 68-18
for oral-facial herpes, 72-7–72-8
pharmacokinetics of, 72-4t
pregnancy and, 65-29
properties of, 72-3t
for PTLD, 35-11
renal failure and, 33-6t
for varicella, 72-5t
for VZV, 72-8, 92-23

ADACEL, 95-6
Adalate. (see Nifedipine)
Adalimumab (Humira)

for CD, 27-6
dosing of, 43-10t
for psoriasis, 40-7
for RA, 43-7, 43-29–43-30

Adapalene. (see Transretinoic acid)
Adderall. (see Mixed amphetamine)
Adefovir (Hepsera, Gilead)

dosing of, 73-28t

for HBV, 73-23t, 73-26–73-27,
73-34t

renal failure and, 33-6t
for transplantation, 34-31

Adenosine
with cardioplegia solution, 9-20
with dipyridamole, 19-15
dyspnea from, 25-3t
for paroxysmal supraventricular

tachycardia, 19-15
pulmonary disorders from, 25-2t

α1-adrenergic agonists, for PTSD, 76-30
α2-adrenergic agonists

for alcohol withdrawal, 84-11
for pediatric insomnia, 77-20
for POAG, 51-10t
for PTSD, 76-30

α-adrenergic agonists
GERD and, 26-23t
hyperkalemia from, 11-18

β2-adrenergic agonists, 51-5–51-6
for hyperkalemia, 11-19
hypokalemia from, 11-16t

β-adrenergic agonists, for preterm labor,
46-26

Adrenergic antagonists
for hypertension, 13-10
for POAG, 51-7

α-adrenergic blockers
for dementia, 100-13
sleep disorders from, 77-10t

β-adrenergic blockers, 18-4, 18-9,
18-13, 19-5, 49-32

for angina, 16-9
for GAD, 76-10
hyperkalemia from, 11-18
for POAG, 51-4–51-5
SLE from, 4-12
for urinary incontinence,

101-27–101-28
α1A-adrenergic receptor antagonists

for BPH, 101-19–101-22
stress incontinence from, 101-24

Adrenocorticotropic hormone, 38-15
Adriamycin. (see Doxorubicin)
AED. (see Antiepileptic drugs)
Aerosolized antibiotics, 60-26–60-29

adverse effects of, 60-27
AERx, 50-18
Agenerase. (see Amprenavir)
Aggrenox. (see Aspirin/dipyridamole)
α2-agonists

as preoperative agent, 9-3t
volatile inhalation agents and, 9-11

α-agonists, 8-26
β2-agonists

for CF, 98-9
for COPD, 23-13
for EAR, 22-3
heart transplantation and, 35-2
for respiratory failure, 22-19

AIR, 50-18

Alamast. (see Pemirolast)
Albendazole (Albenza), 74-3t, 74-5t,

75-12
Albenza. (see Albendazole)
Albuferon. (see IFN-α fusion protein)
Albumin, 28-7–28-8

for HRS, 29-21
Albuterol, 22-15, 99-12

for anaphylaxis, 4-9t
anxiety from, 76-6t
for asthma, long-term, 22-29t
atenolol and, 4-8
for BPD, 94-16t, 94-17
for COPD, 23-13
dosing of, 22-17t
ET from, 53-26
with ipratropium

for end-of-life care, 6-4–6-5
torsades de pointes and, 19-26t

Alcohol, 84-1–84-22
abuse of, criteria for, 84-2t
acetaldehyde and, 84-4
addiction to

aspiration pneumonia and, 60-18t
burns and, 41-18
CAP and, 60-13t
hypophosphatemia and, 11-26
pneumonia and, 60-5
Vibrio spp. and, 62-8

adenosine and, 84-4
anorexia nervosa and, 82-2
benefits of, 84-3
benzodiazepines and, 76-14,

76-16t
breath measurements of, 84-3
bulimia nervosa and, 82-3
CHD and, 84-3
cluster headaches and, 52-20
CNS and, 84-4
dependence on, 84-2–84-3

management of, 84-11–84-13
neurobiological basis of,

84-4–84-5
DILI and, 29-2
dopamine and, 84-4–84-5
drug interactions with,

84-20–84-21, 84-21t
ED and, 101-4
GABA and, 84-4–84-5
GAD and, 76-6
GERD and, 26-25t
GI tract and, 84-3
gout and, 42-2, 42-3
headache and, 52-2t
hypertension and, 13-8
hypertriglyceridemia and,

12-34–12-35
hypoglycemia and, 84-6
hypoglycemia from, 50-81
hypotension and, 84-6
hypothermia and, 84-6
for insomnia, 77-5
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Alcohol (continued)
intoxication from

arrhythmias and, 84-5
HD for, 84-6–84-7
management of, 84-5–84-7
metabolic acidosis and, 84-6
nausea and, 7-1
symptoms of, 84-7t

ischemic stroke and, 55-3t, 55-5t
LD for, 84-6
liver and, 84-4
metformin and, 50-48
MI and, 84-3
in MNT, 50-11
NAS from, 94-44
NE and, 84-4
OSA and, 77-17
osteoporosis and, 102-4
panic disorder and, 76-21
plasma osmolity and, 11-2
“proof ” in, 84-1
respiratory depression and, 84-6
risks of, 84-3
seizures withdrawal and, 84-7
serotonin and, 84-4–84-5
sexual dysfunction from, 101-7t
sleep disorders from, 77-10t
social anxiety disorder and, 76-27
sulfonylureas and, 50-81
teratogenic effects of, 46-31t
VaDs and, 100-11
warfarin and, 15-21
weight loss from, 82-6
Wernicke-Korsakoff complex and,

84-11
Wernicke’s encephalopathy and,

84-6
withdrawal from, 84-2, 84-5

anxiety and, 84-7
with elderly, 84-9–84-10
management of, 84-7–84-11
nausea and, 84-7

Aldactone. (see Spironolactone)
Aldapalene. (See Transretinoic acid)
Aldesleukin, 7-4t

pulmonary toxicity from, 89-30t
Aldomet. (see Methyldopa)
Aldosterone antagonists, 18-9, 18-12

adverse effects of, 13-22t
for hypertension, 13-10, 13-37
for MI, 17-4, 17-8t, 17-23–17-24

Aldosterone blockers, for diabetic
nephropathy, 31-12

Alefacept, for psoriasis, 40-3t, 40-7
Alemtuzumab (Campath), 34-6t,

88-12t
for CLL, 90-12
for HSCT, 92-2t
hypersensitivity from, 89-18t
for kidney transplantation, 34-2,

34-12
Alendronate sodium (Fosamax),

102-10–102-12, 102-13–102-14
adverse effects of, 51-17t
for end-of-life care, 6-4
glucocorticoids and, 102-16

Alesse. (see Aviane)
Alfentanil, neonates and, 94-6t
Alfuzosin

for BPH, 101-21
saw palmetto and, 3-19

ALG. (see Antilymphocyte globulin)
Alginic acid, 26-3–26-4
Alimta. (see Pemetrexed)

Aliskiren, 13-38, 31-8
for hypertension, 13-10

Alka-Seltzer, for RA, 43-15
Alkylating agents

pulmonary disorders from, 25-8t
for RA, 43-8

Allantoin, for burns, 41-20
Allegra. (see Fexofenadine)
Allopurinol (Zoloprim), 19-5

adverse effects of, 51-18t
for ALL, 90-26–90-27
allergic reactions to, 4-2
azathioprine and, 42-10
cataracts from, 42-10
drug interactions with, 42-11t
EM from, 38-16
hypersensitivity from, 42-10
for hyperuricemia, 42-9
for lymphoblastic lymphoma,

90-37
maculopapular eruptions from,

38-17
pulmonary disorders from, 25-2t,

25-8t
renal failure and, 33-6t
SJS from, 38-16
for TLS, 90-6

Allylamines, 71-4
Almotriptan (Axert), 54-8t

for migraine, 53-4
Alocril. (see Nedocromil)
Alomide. (see Lodoxamide)
Alosetron, for DP-IBS, 27-20
Aloxi. (see Palonosetron)
Alphagan P. (see Brimonidine)
Alprazolam (Xanax, Niravam), 12-29,

76-8t, 76-12–76-13, 76-12t
abuse of, 83-11
benzodiazepines and, 76-16t
for ET, 53-27t
mania from, 80-5t
nasal symptoms from, 24-23t
for panic disorder, 76-23
for PMS, 47-24

Alprostadil. (see Prostaglandin E1)
Alrex. (see Loteprednol)
Altace. (see Ramipril)
Alteplase (tPA, Activase), 17-5t

bleeding with, 17-17
for ischemic stroke, 55-4
for MI, 17-4

dosage of, 17-13
for second infarction, 17-17
stroke and, 17-17, 55-15–55-16,

55-15t
trial of, 17-14

Altretamine, 7-4t
neurotoxicity of, 89-20t, 89-21

Aluminum hydroxide, 31-23t
for GERD, 93-10t
pregnancy and, 46-32t

Alvimopan, 27-21
Amantadine (Symmetrel)

adverse effects of, 51-16t,
53-19–53-20, 72-6t

dosing of, 53-19
for influenza, 60-14, 72-5t, 72-12
mania from, 80-5t
for PD, 53-3t, 53-19–53-20
pharmacokinetics of, 72-4t
properties of, 72-3t
for SSRI-induced sexual

dysfunction, 79-17t
torsades de pointes and, 19-26t

Amaryl. (see Glimepiride)
Ambien. (see Zolpidem)
Amcinonide, 38-8t
Amerge. (see Naratriptan)
Amidate. (see Etomidate)
Amides, 9-16t

properties of, 9-18t
Amifostine, 7-4t, 89-27

for xerostomia, 89-8
Amikacin (Amikin), 56-8t

adverse effects of, 56-15t
for aspiration pneumonia, 60-21t
for CF, 98-11t
for CNS infections, 58-9t
for HAP, 60-24t
for MAC, 70-34t
for MDRTB, 70-27
for neutropenia, 68-9, 68-11
penetration characteristics of, 58-7t
for peritonitis, 32-14
renal failure and, 33-6t
for TB, 61-11t, 61-13
for UTIs, 64-10t

Amikin. (see Amikacin)
Amiloride (Midamor), 13-13, 18-12,

18-23, 31-13
for ascites, 28-6
dofetilide and, 19-11
hyperchloremic metabolic acidosis

from, 11-14
hyperkalemia from, 11-18
for hypomagnesemia, 11-29
nasal symptoms from, 24-23t

Amino acid substrates, 9-21t, 9-22
Aminobenzoic acid, 41-8t
Aminocaproic acid, 89-7t

for DIC, 15-34
Aminoglutethimide, for hormone-sensitive

tumors, 88-25t
Aminoglycosides, 33-5, 33-13–33-15,

56-8t, 62-4
adverse effects of, 56-15t, 98-10
aging and, 99-13
ARF from, 30-3t
for aspiration pneumonia, 60-21t
ATN from, 30-14–30-15
for CAP, 60-11t, 60-12t
ceftriaxone with, 59-4–59-5
for CF, 98-10, 98-12
for CNS infections, 58-9t
desensitization to, 4-21
dosing of, 56-22–56-23
for gram-negative bacillary

endocarditis, 59-23
for HAP, 60-24t, 60-25–60-26
for Lyme disease, 75-5–75-6
for MDRTB, 70-27
for meningitis, 58-17
for MRSE, 59-11
for MSSA, 59-13
for neonates, 94-3
for neutropenia, 68-11
with penicillin, 59-4–59-5
for peritonitis, 32-14
pregnancy and, 64-17
for UTIs, 64-5t, 64-10t

Aminopenicillins, for diarrhea, 62-5
Aminophylline

for anaphylaxis, 4-9t
anxiety from, 76-6t
for apnea, in neonates,

94-37–94-39
Aminopterin, teratogenic effects of,

46-31t

Aminosalicylates, for IBD, 27-3–27-5
Amiodarone (Cordarone), 19-6t

adverse effects of, 19-22, 51-13,
51-15t

for atrial fibrillation, 19-12
after bypass surgery, 19-13–19-14
for cardiac arrest, 19-27t
before cardioversion, 19-10
digitalis and, 18-48–18-49
DILI from, 29-6t
dofetilide and, 19-11
hyperthyroidism from, 19-22
hypothyroidism from, 19-22
vs. implantable defibrillators, 19-23
intravenous, 19-29
for MI, 17-7, 17-21–17-22, 19-20
psoriasis from, 40-9t
pulmonary disorders from, 25-2t,

25-6t, 25-7t, 25-10–25-11
for sustained ventricular

tachycardia, 19-22–19-23
thyroid and, 49-33–49-34
warfarin and, 15-29–15-30
for Wolff-Parkinson-White

syndrome, 19-16
Amitriptyline (Elavil), 31-29, 79-13t,

99-6t
for DPN, 50-79
for migraine, 52-15t, 52-16–52-17
nasal symptoms from, 24-23t
for sleep disorders, 77-14
for tension-type headaches,

52-23–52-24
Amlodipine (Norvasc), 16-15, 18-16,

18-63, 20-3
for angina, 16-16t
for hypertension, with heart

transplantation, 35-6
Ammonium, 10-10
Amoxicillin (Amoxil, Polymox), 56-8t,

95-9–95-10
for AOM, 96-5–96-6, 96-6
for CAP, 60-12t
for COPD, 23-12, 23-15
drug-induced skin reactions from,

4-14
for endocarditis prophylaxis,

59-24t
for Helicobacter pylori, 26-14t,

26-16
for Lyme disease, 75-4t, 75-5–75-6
maculopapular eruptions from,

38-17
for neutropenia, 68-9
for osteomyelitis, 66-4, 66-5t
for pneumonia, 60-10f
pregnancy and, 64-17
psoriasis from, 40-9t
for Streptococcus pneumoniae,

56-11
for UTIs, 64-5, 64-6t, 96-18

Amoxicillin/clavulanate (Augmentin),
56-8t

adverse effects of, 96-7
for AECB, 60-4t
for AOM, 96-5, 96-6t
for CAP, 60-12t
DILI from, 29-2, 29-6t, 29-14
for gram-negative aerobes, 56-10t
for pneumonia, 60-10f
for UTIs, 64-5, 96-17

Amoxil. (see Amoxicillin)
Amphetamine

abuse of, 83-14–83-15
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anxiety from, 76-6t
ET from, 53-26
during lactation, 46-39t
mania from, 80-5t
for obesity, 82-19
overdose from, benzodiazepine for,

5-5
psychosis from, 78-4, 78-4t
pulmonary disorders from, 25-2t,

25-5t
schizophrenia and, 78-3

Amphotec. (see Amphotericin B colloidal
dispersion)

Amphotericin
ATN and, 33-20
drug fever from, 4-11
hemodialysis and, 33-20
hypokalemia from, 11-16t

Amphotericin B, 71-3, 74-4t
adverse effects of, 56-16t
ARF from, 30-3t
for aspergillosis, 71-24
for blastomycosis, 71-19
for Candida, 71-10
for CAP, 60-12t
for coccidioidomycosis, 71-22
for cryptococcosis, 70-24–70-25,

71-25
dosing of, 56-19t, 71-12
dyspnea from, 25-3t
formulations of, 71-17t
for fungal endocarditis, 59-22
for gram-negative bacillary

endocarditis, 59-23
for histoplasmosis, 71-10
for IA, 92-25
for neonates, 94-31t
for neutropenia, 68-5–68-6, 68-17
in pregnancy, 71-19
protocol for, 71-13t
pulmonary disorders from, 25-2t,

25-7t
renal failure and, 33-6t
toxicity with, 92-26

Amphotericin B colloidal dispersion
(ABCD, Amphotec), 92-25

Ampicillin (Omnipen), 56-8t
for aspiration pneumonia, 60-21t
for CDAD, 62-19t
cefotaxime with, for NEC, 94-27
for CNS infections, 58-9t
for CRRT and HD, 56-21t
dosing of, 56-19t
drug-induced skin reactions from,

4-14
EBV and, 4-2
for endocarditis, 59-18, 59-24t
for Enterococcus faecalis, 56-11
for GBS, 46-29
for gram-negative aerobes, 56-10t
for gram-positive cocci, 56-9t
for Haemophilus influenzae, 58-11t
for Listeria monocytogenes, 56-11
maculopapular rash from, 4-2,

4-4–4-5, 38-17
for meningitis, 58-17
for Neisseria meningitidis, 58-11t
for neonates, 94-3, 94-31t
OC and, 45-12t
penetration characteristics of, 58-7t
pregnancy and, 46-29, 64-17
protein binding with, 94-4
psoriasis from, 40-9t
renal failure and, 33-6t

for Salmonella spp., 62-11
for sepsis, in neonates, 94-29
for Shigella spp., 62-9
with sulbactam, 62-4
for typhoid fever, 62-12–62-13
for UTIs, 64-5, 64-5t, 64-6t, 64-10t

Ampicillin/amoxicillin, for UTIs, 96-17
Ampicillin/sulbactam (Unasyn), 34-30,

56-8t
for CAP, 60-11t
for CRRT and HD, 56-21t
for gram-negative aerobes, 56-10t
for gram-positive cocci, 56-9t
for HAP, 60-24t
for PID, 65-9t

Amprenavir (Agenerase), 61-21, 69-4
for HIV, 69-10t
OC and, 45-12t

Amrinone (Inocor), 18-57–18-58
Amyl nitrate, sexual dysfunction from,

101-7t
Amylinomimetics, 50-47, 50-51t,

50-59–50-60
adverse effects of, 50-59
contraindications for, 50-60
dosing of, 50-60
drug interactions with, 50-60
efficacy of, 50-60
pharmacokinetics of, 50-59
precautions with, 50-60

Anabolic steroids, 38-15
Anakinra (Kineret)

dosing of, 43-10t
for RA, 43-30

Analgesics. (see also Patient controlled
analgesia)

adverse drug reactions with, 99-6t
adverse effects of, 51-15t
alcohol interaction with, 84-21t
CKD and, 31-3
cognitive impairment from, 99-15
combinations of, 8-13
for DPN, 50-79
in drug poisoning, 5-2t
for epidural infusion, 9-31t
epidurals, 9-29–9-30
erythema nodosum from, 38-17
failures with, 8-7t
goals of, 8-12–8-13
headache from, 52-18
for MI, 17-7
nephrotoxicity with, 8-15
overuse of, 52-18–52-19
renal failure and, 33-22
selection of, 8-9
sleep disorders from, 77-10t

Anaprox. (see Naproxen sodium)
Anastrozole

for breast cancer, 91-7
for hormone-sensitive tumors,

88-25t
Ancef. (see Cefazolin)
Ancrod, 55-14–55-15
Andidulafungin, adverse effects of,

56-16t
Androcur. (see Cyproterone)
Androgen, 48-6, 87-16

for BPH, 101-21
estrogen with, 48-4t
for hormone-sensitive tumors,

88-25t
mania from, 80-5t

Androgen hormone therapy, for sexual
dysfunction, 101-9–101-10

Androgen receptor antagonists, 39-7
Anectine. (see Succinylcholine)
Anesthetics, 9-6–9-9, 9-6t, 9-7t

adverse effects of, 9-7, 9-7t, 51-15t
drug fever from, 4-11
fast-track, 9-33–9-34
local, 9-16–9-18
for mucositis, 89-9
as preoperative agent, 9-3t
psoriasis from, 40-9t
for SE, 54-33

Angiomax. (see Bivalirudin)
Angiotensin II-receptor antagonists

ARF from, 30-3t
hyperkalemia from, 11-18

Angiotensin receptor blockers (ARBs),
13-17t, 18-7, 18-12–18-13,
18-33, 31-7–31-8, 31-21, 99-9

adverse effects of, 13-22t
angioedema from, 4-17
ARF from, 30-9
for atrial fibrillation, 19-12
with β-blockers, 13-25
CAD and, 13-30
with CCB, 13-19
CKD and, 13-30
diabetes and, 13-30

with hypertension, 50-76
drug-induced hyperlipidemia from,

12-17t
HF and, 18-34t
for hyperkalemia, 31-13
for hypertension, 13-8, 13-9,

13-18, 13-29–13-30, 31-12
with heart transplantation, 35-6

left ventricular dysfunction and,
13-30

for MI, 17-4
pregnancy and, 46-16t
Raynaud’s disease and, 14-12
for stroke, 13-30, 55-5
teratogenic effects of, 46-31t
thiazides with, 13-25

Angiotensin-converting enzyme inhibitors
(ACEI), 13-17t, 16-20–16-21,
18-7, 18-9, 18-12–18-13, 18-26,
18-29–18-40, 31-4, 31-7, 99-9

adverse effects of, 13-22t,
18-36–18-39

for angina, 16-9
angioneurotic edema from, 4-1,

4-16–4-17, 38-17
ARF from, 30-3t, 30-8–30-9
for atrial fibrillation, 19-12
with β-blockers, 13-25
CAD and, 13-28
with CCB, 13-19
CKD and, 13-28
CNI with, 34-29
cough from, 18-32–18-33, 25-3t
for dementia, 100-13
for diabetes, 13-28

with hypertension, 50-76
dialysis and, 32-9
diltiazem with, 31-12
for dyslipidemia, 31-21
ED and, 101-9
for HF, 99-7
for hyperkalemia, 31-13
for hypertension, 12-27t, 13-8,

13-9, 13-18, 13-26–13-29,
20-7, 31-12, 31-21

with heart transplantation, 35-6
hypokinesis and, 17-20

left ventricular dysfunction and,
13-28, 18-61

lithium and, 80-11t
for LVH, 31-21
for MI, 17-4, 17-8t, 17-23

after discharge, 17-25
nasal symptoms from, 24-23t
for nephrotic syndrome, 93-20
for PAD, 14-7
pregnancy and, 46-16t
psoriasis from, 40-9t
pulmonary disorders from, 25-2t
race and, 18-60–18-61
Raynaud’s disease and, 14-12
sleep disorders from, 77-10t
stroke and, 13-28, 55-5, 55-7
for systemic sclerosis, 44-4
systolic dysfunction and, 18-30t
teratogenic effects of, 46-31t
thiazides with, 13-25
verapamil with, 31-12
weight loss from, 82-6

Anidulafungin, 71-4, 92-26
for neutropenia, 68-17

Anistreplase (Eminase), 17-5t
for MI, 17-4

dosage of, 17-13
Antacids, 26-3–26-4, 49-16

for aspiration pneumonitis, 9-5
benzodiazepines and, 76-16t
diarrhea from, 62-2
drug interactions with, 26-3–26-4
for GERD, 26-28, 93-10, 93-10t
iron and, 31-17
for mucositis, 89-9
pregnancy and, 46-32t
as preoperative agent, 9-3t
quinolones and, 70-32t
for SRMB, 26-34, 26-35t

Antazoline + naphazoline (Vasocon-A),
24-15t

Anthracycline, 91-3–91-4, 91-6
adverse effects of, 90-32–90-33
CHF from, 89-24–89-25
hypersensitivity from, 89-18t

Anthralin, for psoriasis, 40-3t, 40-4,
40-10

Anthranilates, 41-8t, 41-11, 41-12
Antiandrogens

for acne, 47-7
for hirsutism, 47-7
for hormone-sensitive tumors,

88-25t
for PCOS, 47-6t
for prostate cancer, 91-19

Antiarrhythmics, 8-27, 17-21–17-22
adverse effects of, 51-15t
arrhythmias from, 19-18
classes of, 19-5, 19-6t
digitalis and, 18-52
for DPN, 50-79
HF from, 18-19t
for MI, 17-7
for pain, 8-5
sexual dysfunction from, 101-2t

Antibiotics
for AB, 60-2
for acne, 39-5–39-7, 39-8–39-9,

39-9–39-10
for acute osteomyelitis, 66-4t
administration routes of,

56-14–56-18
adverse effects of, 56-14,

56-15–56-16t, 98-10
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Antibiotics (continued)
for AECB, 60-4t
aerosolized, 60-26–60-29
AIN from, 30-15
amylinomimetics and, 50-60
for animal bites, 67-8–67-9
for AOM, 96-4, 96-5–96-7
for aspiration pneumonia,

60-20–60-21
bone and, 66-4, 66-8
for brain abscess, 58-33–58-34
bronchial penetration of, 60-26
for Campylobacter jejuni, 62-16
for CAP, 60-9–60-13
for CAPD-associated peritonitis,

63-7
for CF, 98-10–98-12, 98-11t
for cholangitis, 63-4
for cholecystitis, 63-4
for cholera, 62-7
classification of, 56-8t
COC and, 45-11–45-12
for COPD, 23-12
with corticosteroids, 38-9
for CRRT, 56-21–56-22t
for diabetic soft tissue infections,

67-5–67-6
for diarrhea, 62-5
diarrhea from, 62-2
dosing of, 56-18–56-23,

56-19–56-22t
for endocarditis, 59-25–59-26
for erysipelas, 67-7
exenatide and, 50-58
failure with, 56-23–56-24
fixed drug eruptions from, 38-17
for GBS, 46-29
gonorrhea resistance to, 65-6
for gram-negative aerobes, 56-10t
for gram-positive cocci, 56-9t
for HAP, 60-24t
for HD, 56-21–56-22t
in heart valves, 59-11
for Helicobacter pylori, 26-16
hemolytic anemia from, 87-4–87-5
for HSCT, 92-23
for HUS, 62-15
for IBD, 27-6
for Lyme disease, 75-5–75-6
mania from, 80-5t
for NEC, 94-27
for neutropenia, 68-9
for penetrating trauma, 63-11
for peritonitis, 32-14
photosensitive eruptions from,

38-15
pramlintide and, 50-60
for preterm labor, 46-28–46-30
psoriasis from, 40-9t
pulmonary disorders from, 25-8t
for PVE, 59-10
for Raynaud’s disease, 14-11
for RDS, 94-10–94-11
resistance to, 39-6–39-7
for respiratory acidosis, 10-11
for Salmonella spp., 62-11
for SARS, 72-17–72-18
for secondary peritonitis,

63-8–63-10
for sepsis, in neonates,

94-29–94-32
for septic shock, 21-28
synergy with, 68-11
therapy costs of, 56-14

for travelers’ diarrhea,
62-17–62-18

for UTIs, 96-17–96-18, 99-13
for variceal hemorrhage, 28-14
for ventriculitis, 55-19

Anti-CD52 antibody. (see Alemtuzumab)
Anticholinergics

adverse effects of, 51-15t,
78-19

for allergic rhinitis, 24-9t
for asthma, 22-29–22-30
for BPD, 94-17
for CF, 98-9
for COPD, 23-13
elderly and, 9-2
for end-of-life care, 6-7
GERD and, 26-23t
levodopa and, 53-14t
for motion sickness, 7-3
for PD, 53-19
for POAG, 51-7
as preoperative agent, 9-3t
psychosis from, 78-4t
for rhinitis, 24-8–24-9
toxicity from, 5-3, 5-14

Anticoagulants. (see also Heparin;
Warfarin)

for AF, 15-8t, 55-6
alcohol interaction with, 84-21t
for dental procedures, 15-28
with dialysis, 32-5–32-7
for DVT, 15-8t
with epidural infusion, 9-32
for LV dysfunction, 15-8t
for MI, 15-8t
OC and, 45-12t
for PE, 15-8t
pulmonary disorders from, 25-2t,

25-8t
for stroke, 15-8t, 55-6, 55-11,

55-15
for thrombosis, 17-6
for valve replacement, 15-8t-9t
for valvular disease, 15-8t

Anticonvulsants, 8-27, 31-29
adverse effects of, 51-15t
for alcohol withdrawal,

84-10–84-11
for bipolar disorder, 80-16–80-17
for brain abscess, 58-34
for DPN, 50-79
drug hypersensitivity syndrome

from, 38-17
in drug poisoning, 5-2t
for ET, 53-27t
hypersensitivity to, 4-2
L-thyroxine and, 49-16
for mania, 80-12–80-14
mania from, 80-5t
for pain, 8-5
for panic disorder, 76-23
pulmonary disorders from, 25-8t
rifampin and, 70-30
for RLS, 53-24–53-25, 77-19
for schizophrenia, 78-9
sexual dysfunction from, 101-2t
SLE from, 4-12, 44-3
sleep disorders from, 77-10t

Anti-D. (see Anti-D immune globulin)
Anti-D immune globulin (anti-D),

93-18
Antidepressants. (see also Tricyclic

antidepressants)
adverse effects of, 51-16t, 79-14t

aging and, 99-11t
alcohol interaction with, 84-21t
augmentation with, 79-24–79-25,

79-24t
for bipolar disorder, 80-4

depression with, 80-15–80-16
for bulimia nervosa, 82-17
cardiac disease and, 79-27
for cluster headaches, 52-22
discontinuation of, 79-18
dosage for, 79-15t
drug interactions with,

79-20–79-22, 79-21t
in drug poisoning, 5-2t
for GAD, 76-8–76-10
for hot flushes, 48-6
during lactation, 79-18–79-20
mania from, 80-5t
for migraine, 53-4
for narcolepsy, 77-5
for obesity, 82-20
for pain, 8-5
for PD, 53-22
photosensitive eruptions from,

38-15
for PMS, 47-24
pregnancy and, 46-44, 79-18–79-20
for PTSD, 76-30
sexual dysfunction from, 101-2t
for sleep disorders, 77-14
for tension-type headaches,

52-23–52-24
thyroid and, 49-32–49-33
toxicity from, 5-3, 5-17
treatment duration with, 79-18
weight gain from, 79-12, 82-6
weight loss from, 82-6

Antidiabetics, 50-45–50-60
cardiovascular effects of, 50-71
combination therapy with,

50-68–50-69
for elderly, 50-74–50-75
hepatic dysfunction from, 50-73
hypoglycemia from, 50-72
with insulin, 50-69–50-70
lactic acidosis from, 50-71–50-72
monotherapy with, failure of,

50-67–50-68
renal dysfunction from,

50-72–50-73
weight gain from, 82-6
weight loss from, 82-6

Antidiarrheals, for DP-IBS, 27-20
Antidotes, 5-5
Antiemetics, 93-7

for gastroparesis, 50-77
for migraine, 52-11–52-12
for NVP, 46-8

Antiepileptic drugs (AED), 54-1, 54-3t
adverse effects of, 54-25–54-28
bone density and, 54-18
breastfeeding and, 54-30
DILI from, 29-1, 29-14
for elderly, 54-18–54-19
interactions with, 54-25–54-28
for neonates, 94-42–94-44
OC and, 54-29–54-30
pharmacokinetic properties of,

54-6t
pregnancy and, 46-41–46-43
for seizures, 54-5t
skin rash from, 54-27–54-28
weight gain from, 82-6
weight loss from, 82-6

Antiestrogens
for hormone-sensitive tumors,

88-25t
for PCOS, 47-6t

Antifibrinolytic agents
for DIC, 15-34
pregnancy and, 46-32t

Antifungals, 71-3t
adverse effects of, 56-16t
for diaper rash, 93-4
drug interactions with, 71-14t
for HSCT, 92-23
for IA, 92-25–92-26
for lung transplantation, 35-10
for neutropenia, 68-5–68-6,

68-15–68-17
in pregnancy, 71-19
properties of, 71-9t
rifampin and, 61-17, 70-32t
toxicity with, 92-26–92-27

Antihistamines, 24-12t, 31-29
adverse effects of, 51-16t
allergen skin tests and, 24-21t
for allergic conjunctivitis, 24-9,

24-14, 24-15t
for allergic rhinitis, 24-9t,

24-10–24-11
for anaphylaxis, 4-9t
in drug poisoning, 5-2t
hangover effect of, 77-5
for insomnia, 77-5
for motion sickness, 7-3
for NVP, 46-8
for otitis media, 90-2
for panic disorder, 76-23
proarrhythmic effects of, 19-25
for pruritus, 38-10
for rhinitis, 24-6–24-7
for sleep disorders, 77-4
sleep disorders from, 77-10t
weight gain from, 82-6, 82-8

Antihyperlipidemic agents, 31-9
Antihypertensives, 31-4, 31-7–31-8,

99-10
adverse drug reactions with,

99-6t
adverse effects of, 13-22t, 51-16t
coenzyme Q and, 3-37–3-38
cognitive impairment from,

99-15
combinations of, 13-25t
for dementia, 100-13
dementia from, 100-17
for diabetes, 31-11–31-12
with dialysis, 31-20–31-21
ED from, 101-7, 101-9
HF from, 18-19t
for hot flushes, 48-6
photosensitive eruptions from,

38-15
pregnancy and, 46-15
SLE from, 44-3
sleep disorders from, 77-10t
for stroke, 55-7
weight loss from, 82-6

Anti-inflammatory agents, SLE from,
44-3

Antilymphocyte globulin (ALG), 87-16
for heart transplantation, 35-4
for kidney transplantation, 34-2

Antimalarials
drug hypersensitivity syndrome

from, 38-17
for RA, 43-20–43-21
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Antimicrobials
for neonates, 94-31t
SLE from, 44-3

Antiminth. (see Pyrantel pamoate)
Antimotility drugs, for HUS, 62-15
Antimuscarinics, for PONV, 9-24t,

9-25–9-26
Antineoplastics

adverse effects of, 51-17t
breast-feeding and, 97-7
chronic steatosis from, 29-16
during lactation, 46-39t

Antiolytics, sexual dysfunction from,
101-7t

Antioxidants
with dialysis, 32-4
for hyperlipidemia, 12-39
for PD, 53-21
as sunscreens, 41-12

Antiplatelet drugs, 16-21–16-22
for angina, 16-9
for dementia, 100-13–100-14
for ischemic stroke, 55-4
for KD, 96-14
for MI, 17-15
for stroke, 55-11–55-12
for thrombosis, 17-6

Antipsychotics (Neuroleptics),
78-10–78-12, 100-15

for acute agitation, 80-14
adverse drug reactions with, 99-6t
akathisia from, 78-19
for alcohol withdrawal, 84-9t,

84-11
for anorexia nervosa, 82-14
anxiety from, 76-6t
cardiovascular effects of,

78-21–78-22
cimetidine and, 78-16
classification of, 78-10
cognitive impairment from, 99-15
dementia from, 100-17
dosing of, 78-13
drug interactions with,

78-15–78-16
drug mechanism of, 78-10–78-12
in drug poisoning, 5-2t
efficacy of, 78-13
erythromycin and, 78-15
fluoxetine and, 78-16
fluvoxamine and, 78-15
hepatic dysfunction from, 78-24
hyperprolactinemia from, 78-22
ketoconazole and, 78-15
levodopa and, 53-14t
lithium and, 80-11t
for OCD, 76-34–76-35
for panic disorder, 76-23
paroxetine and, 78-16
pharmacokinetics of, 78-15–78-16
photosensitive eruptions from,

38-15
proarrhythmic effects of, 19-25
quinidine and, 78-16
risperidone and, 78-16
ritonavir and, 78-15
seizures from, 78-25
sexual dysfunction from, 78-25,

101-2t
sleep disorders from, 77-10t
tardive dyskinesia from,

78-19–78-21
temperature dysregulation from,

78-24–78-25

weight gain from, 78-22–78-23,
82-6, 82-8

Antipyretics, hemolytic anemia from,
87-4–87-5

Antiretrovirals, hyperuricemia from,
42-8t

Antisense phosphodiester
oligodeoxynucleotides, 73-28

Antithrombotic agents, for MI,
17-24–17-25

Antithymocyte globulin (ATG, Atgam,
Thymoglobulin), 34-6t, 87-16

adverse effects of, 34-13
basiliximab and, 34-13
CMV from, 34-16
daclizumab and, 34-13
dosing of, 34-13
for GVHD, 92-20
for HSCT, 92-9
for kidney transplantation,

34-12
for lung transplantation, 35-8
phlebitis from, 34-13
for transplantation, 34-9

Antithyroid drugs
SLE from, 44-3
teratogenic effects of, 46-31t

Anti-tumor necrosis factor medications,
for RA, 43-2

Antivert. (see Meclizine)
Antivirals. (see also Highly active

antiretroviral therapy)
adverse effects of, 56-17t
for bronchiolitis, 96-12
complications with, 69-27–69-29
for HIV, 69-11–69-22
for HSCT, 92-23
for neutropenia, 68-6, 68-17–68-18

Antizol. (see Fomepizole)
Anturane. (see Sulfinpyrazone)
Anxiolytics

for acute anxiety, 76-6
mania from, 80-5t
for PMS, 47-24

Anzemet. (see Dolasetron)
Apidra. (see Insulin glulisine)
Apligraf, 41-19
Apokyn. (see Apomorphine)
Apomorphine (Apokyn)

for PD, 53-3t, 53-7, 53-15
for sexual dysfunction, 101-9

Appetite suppressants, sleep disorders
from, 77-10t

Apraclonidine (Lopidine), for POAG, 51-5,
51-10t

Aprepitant (Emend), 7-5, 7-6t
for PONV, 7-10t, 9-24t

Apresoline. (see Hydralazine)
Apri (Ortho-Cept), 45-5t
AquADEK, 98-8–98-9, 98-8t
Aquaretic agents, 11-12
Aranesp. (see Darbepoetin-α)
Arava. (see Leflunomide)
ARBs. (see Angiotensin receptor blockers)
ARDS, 24-13
Arfonad. (see Trimethaphan)
Argatroban, 15-5

with dialysis, 32-6
for heparin-induced

thrombocytopenia, 33-24
renal failure and, 33-6t

Arginine, hyperkalemia from, 11-18
Arginine hydrochloride, 10-10
Aricept. (see Donepezil)

Aripiprazole (Abilify), 78-10
for acute agitation, 78-14t, 80-14
adverse effects of, 78-12t
for alcoholism, 84-14t
for autism, 78-30
for bipolar disorder, 80-12t
dosing of, 78-17t
for mania, 80-12
mania from, 80-5t
NMS from, 78-24
pharmacokinetics of, 78-16t
receptor-binding affinities of,

78-12t
weight gain from, 78-22

Aristocort. (see Triamcinolone)
Aristolochia fangchi, 3-5
Aristolochic acid, hazards of, 3-6t
Arixtra. (see Fondaparinux)
Aromatase inhibitors

for endometriosis, 47-16–47-17
for hormone-sensitive tumors,

88-25t
for PCOS, 47-8

Aromatic L-amino acid decarboxylase
(AAD) inhibitors, 53-2

Arsenic trioxide (ATO), 7-4t
for APL, 90-5

Artane. (see Trihexyphenidyl)
Asacol. (see Mesalamine)
Ascorbic acid, 42-10

alcohol interaction with, 84-21t
Ascriptin, for RA, 43-15
Asmanex. (see Mometasone)
Asparaginase (Elspar)

for ALL, 90-27
anaphylaxis from, 90-33–90-34
heptatoxicity from, 89-32t
neurotoxicity of, 89-20t
pancreatitis from, 90-33
pulmonary disorders from, 25-2t,

25-3t
for T-cell lymphoblastic

lymphoma, 90-36t
Aspirin, 15-7, 43-17t, 55-14

for acute coronary syndromes,
17-22

allergic reaction to, 4-15–4-16
for AMI, 21-24
analgesic syndrome from, 31-3
anaphylaxis from, 4-16
for angina, 16-21–16-22
for atrial fibrillation, 19-12–19-13
bleeding from, 9-2, 43-16
for CAD, 16-21–16-22
for cancer prevention, 88-5t
clopidogrel and, 16-22
for colon cancer prevention, 88-4
for CVD, 50-80
for dementia, 100-13–100-14
DILI from, 29-3t, 29-6t
with dipyridamole, for ischemic

stroke, 55-4
dosing of, 55-10
for dysmenorrhea, 47-11t
for end-of-life care, 6-5
fenoprofen and, 43-15
GERD and, 26-23t
ginkgo and, 3-11–3-12
for heart transplantation, 35-5
hepatitis and, 73-7
for hyperlipidemia, 99-9
hypersensitivity to, 43-15
for hypertension, 13-15
hyperuricemia from, 42-8t

ibuprofen and, 16-23, 43-15
indomethacin and, 43-15
for ischemic stroke, 55-4
for KD, 96-14
for MI, 14-7, 16-31, 17-8t

as adjunct therapy, 17-13
after discharge, 17-24–17-25,

17-25
naproxen and, 43-15
nasal symptoms from, 24-23t
NSAIDs and, 16-23
for PAD, 14-7
with PCI, 16-27
for postinfarction arrhythmias,

17-21
for prevention, 16-23
PUD from, 26-10–26-11
pulmonary disorders from, 25-2t,

25-4t, 25-8t
for RA, 43-3, 43-6, 43-14–43-15
Reye’s syndrome and, 43-35, 93-3
for silent myocardial ischemia,

16-26
for stroke, 14-7, 55-5t, 55-6,

55-8–55-10
for stroke prevention, 19-12–19-13
for sunburn, 41-15
for thrombosis, 17-6
toxicity with, 5-6–5-9
trial of, 17-14t
urticaria from, 38-17, 43-16
warfarin and, 15-19

Aspirin/dipyridamole (Aggrenox), for
dementia, 100-14

Astelin. (see Azelastine)
Astemizole, drug interactions with, 19-25
Atabrine. (see Quinacrine)
Atarax. (see Hydroxyzine)
Atazanavir (ATV), 69-4

for HIV, 69-10t, 69-14t
NNRTIs and, 69-21t
resistance to, 69-24t
with ritonavir, 69-16

for HIV, 69-14t
Atenolol (Tenormin), 15-7, 16-14

albuterol and, 4-8
for alcohol withdrawal, 84-9t,

84-11
anaphylaxis from, 4-8
diabetes and, 17-19
dosing of, 16-15
for ET, 53-27t
for hypertension, 31-21
melatonin and, 3-33t
for MI, 17-18, 17-19t
psoriasis from, 40-9t
pulmonary disorders from, 25-2t
renal failure and, 33-6t
sexual dysfunction from, 101-2t
for social anxiety disorder, 76-28
weight gain from, 82-6

ATG. (see Antithymocyte globulin)
Atgam. (see Antithymocyte globulin)
Ativan. (see Lorazepam)
ATO. (see Arsenic trioxide)
Atomoxetine

for ADHD, 81-3, 81-5–81-6
weight loss from, 82-6

Atorvastatin (Lipitor), 12-12, 12-12t,
12-24t, 12-25t, 12-28, 50-77

for atherogenic dyslipidemia, 12-37
for metabolic syndrome, 12-26
OC and, 45-12t
for stroke, 55-5, 55-7
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Atovaquone (Mepron), 74-5t, 77-16
for lung transplantation, 35-10
for PCP, 70-9t, 70-10, 70-11t
rifampin and, 70-32t
for toxoplasmosis, 70-15

ATRA. (see Transretinoic acid)
Atracurium (Tracrium), 9-13t

action parameters for, 9-14t
adverse effects of, 9-13t
elimination of, 9-15t

Atropine
adverse effects of, 51-15t, 51-21
breast-feeding and, 97-7
for cardiac arrest, 19-27t
for conduction blocks, 19-17
drug fever from, 4-11
for ED, 101-12t
for nerve gas exposure, 54-25
as preoperative agent, 9-3t
via endotracheal administration,

19-28–19-29
ATV. (see Atazanavir)
Atypical antagonists, 78-10

for bipolar disorder maintenance,
80-17–80-18

Atypical antipsychotics (AAP), 80-3
for bipolar disorder depression,

80-15
for mania, 80-12
mania from, 80-5t

Augmentin. (see Amoxicillin/clavulanate)
AUR. (see Gold)
Auranofin. (see Gold)
Aurothioglucose (Solganal), 43-22
Avanadryl. (see

Rosiglitazone/glimepiride)
Avandamet. (see

Rosiglitazone/metformin)
Avandia. (see Rosiglitazone)
Avastin. (see Bevacizumab)
Avelox. (see Moxifloxacin)
Aviane (Allese), 45-5t
Avobenzone. (see Butyl

methoxydibenzoylmethane)
Avodart. (see Dutasteride)
Avonex. (see Interferon β-1α)
Axert. (see Almotriptan)
Axid. (see Nizatidine)
AZA. (see Azathioprine)
Azactam. (see Aztreonam)
Azacytidine, 89-27
Azathioprine (AZA, Imuran)

acneiform eruptions from, 38-15
adverse effects of, 34-7
allopurinol and, 42-10
bone marrow toxicity from, 35-11
for CD, 27-13, 27-15
DILI from, 29-3t, 29-6t
drug interactions with, 34-30t
for focal segmental

glomerulosclerosis, 31-34
for GCA, 44-5
for HDV, 73-32
for heart transplantation, 35-3–35-4
for IBD, 27-4t, 27-5
for ITP, 93-19
for kidney transplantation, 34-2,

34-12
for lupus nephritis, 31-31–31-32
neonates and, 94-7t
pancreatitis from, 34-7
for RA, 43-5, 43-26
for transplantation, 34-7
VOD from, 29-16

for Wegener’s granulomatosis,
31-32–31-33

Azelaic acid (Azelex), 39-4–39-5
Azelastine (Optivar, Astelin), 24-11,

24-15t, 24-16t
Azelex. (see Azelaic acid)
Azilect. (see Rasagiline)
Azithromycin (Zithromax), 56-8t

adverse effects of, 56-15t
for AOM, 96-6t
for BOS, 35-9
for Campybacter spp., 62-3t
for Campylobacter jejuni, 62-16
for CAP, 60-11t, 60-12t
for CDAD, 62-19t
for CF, 98-13
for chancroid, 65-18
for Chlamydia trachomatis, 65-11
for cholera, 62-7
for diarrhea, 62-5
for endocarditis prophylaxis,

59-24t
for gonorrhea, 65-7
for HIV, 70-5t
for LGV, 65-12
for Lyme disease, 75-5–75-6
for MAC, 70-34t
penetration characteristics of, 58-7t
for pneumonia, 60-10f
for Salmonella spp., 62-12
for septic arthritis, 66-12
for Shigella spp., 62-9
for toxoplasmosis, 70-15
for travelers’ diarrhea, 62-17
for typhoid fever, 62-12–62-13

Azoles, 71-4
adverse effects of, 65-22, 71-21
dofetilide and, 19-11
drug interactions with,

71-14–71-15t, 71-21–71-22
rifampin and, 61-17
for VVC, 65-22

Azopt. (see Brinzolamide)
AZT. (see Zidovudine)
Aztreonam (Azactam), 56-8t, 59-23

for aspiration pneumonia, 60-21t
for CAP, 60-11t
for CAPD-associated peritonitis,

63-7
for gram-negative aerobes, 56-10t
for gram-positive cocci, 56-9t
for neutropenia, 68-10
penetration characteristics of, 58-7t
renal failure and, 33-6t
for UTIs, 64-10t

Azulfidine. (see Sulfasalazine)

BAC. (see Benzalkonium chloride)
Bacampicillin (Spectrobid), 56-8t
Bacillus Calmette-Guerin (BDG), for

bladder cancer, 91-16
Bacitracin, 38-9t, 67-3

for CDAD, 62-20–62-21
Baclofen

anxiety from, 76-6t
for GERD, 93-11

Bactrim. (see
Trimethoprim-sulfamethoxazole)

Balsalazide, for IBD, 27-4t
Balsalazide (Colazal), 27-9t
Baraclude. (see Entecavir)
Barbiturate

adverse effects of, 51-17t
alcohol interaction with, 84-21t

anxiety from, 76-6t
benzodiazepines and, 76-16t
for DC cardioversion, 19-10
EM from, 38-16
fixed drug eruptions from, 38-17
GERD and, 26-23t
hepatic encephalopathy from,

28-18
NAS from, 94-44
respiratory acidosis from, 10-11
sexual dysfunction from, 101-7t
withdrawal from, 83-10

Barley malt extract, 93-6t
Basiliximab (Simulect), 34-6t

ATG and, 34-13
for kidney transplantation, 34-2,

34-10, 34-12
for lung transplantation, 35-8

BCG. (see Bacillus Calmette-Guerin)
BEAC. (see Carmustine/etoposide/

cytarabine/cyclophosphamide)
BEACOPP. (see Bleomycin, etoposide,

doxorubicin, cyclophosphamide,
vincristine, procarbazine, and
prednisone)

Beclomethasone (Beconase AQ), 24-16t
for asthma, long-term, 22-27t
for BPD, 94-18
dosing of, 22-23t
for end-of-life care, 6-5

Beconase AQ. (see Beclomethasone)
Belatacept, for transplantation, 34-10
Belladonna, 99-6t

for opiate withdrawal, 83-10t
Benadryl. (see Diphenhydramine)
Benazamides, 7-8

for PONV, 9-24t, 9-25
Benazepril (Lotensin), 3-7–3-8, 18-12

for dementia, 100-13
Benemid. (see Probenecid)
Bentyl. (see Dicyclomine)
Benzalkonium chloride (BAC), pulmonary

disorders from, 25-2t, 25-4t
Benzbromarone, 42-10
Benzoate-4-methylbenzylidene camphor,

41-8t
Benzocaine

allergic contact dermatitis from,
38-16

for mucositis, 89-9
for sunburn, 41-15

Benzodiazepines, 12-29, 93-17
abuse of, 76-14–76-15
for acute agitation, 80-14
adverse effects of, 76-13–76-14,

99-6t
alcohol and, 76-14, 84-21t

intoxication from, 84-6
withdrawal from, 84-8–84-10,

84-8t
for amphetamine overdose, 5-5
for anorexia nervosa, 82-14
anxiety from, 76-6t
for CINV, 7-8
for cocaine overdose, 5-5,

20-16–20-17
cognitive impairment from,

99-15
comparison of, 76-8t, 76-12t
for DC cardioversion, 19-10
dependence on, 76-14–76-15,

77-11–77-12
depression from, 76-14
distribution of, 99-3

drug interactions with,
76-16–76-17, 76-16t

elderly and, 9-2
for epilepsy, 54-3t
for ET, 53-27t
falls and, 76-14
for GAD, 76-7–76-8, 76-11
GERD and, 26-23t
hepatic encephalopathy from,

28-18
for insomnia, 77-5
during lactation, 76-17
levodopa and, 53-14t
metabolic pathways of, 76-13f
NAS from, 94-44
OC and, 45-12t
for OCD, 76-35
opioids and, 9-4
overdose of, 76-17–76-18
for panic disorder, 76-23
physiological factors with,

76-18–76-19, 76-19t
pregnancy and, 76-17
as preoperative agent, 9-3t
respiratory acidosis from, 10-11
for RLS, 53-24–53-25, 77-19
for schizophrenia, 78-9
for sedation, 93-13
sexual dysfunction from, 101-7t
for sleep disorders, 77-2, 77-4
sleep disorders from, 77-10t
smoking and, 85-5t
for social anxiety disorder,

76-27–76-28
with SSRIs, 76-11–76-12,

76-24–76-25
toxicity with, flumazenil for, 5-5,

5-14
treatment duration with, 76-15
volatile inhalation agents and, 9-11
withdrawal from, 76-15–76-16,

76-15t, 83-10
Benzoic acid, 71-5
Benzophenone-3 (Oxybenzone), 41-8t,

41-11, 41-12
Benzoyl peroxide

for acne, 39-4, 39-6, 39-8
during pregnancy, 46-32t

sunscreen and, 39-8
Benztropine (Cogentin), 78-18, 99-6t

for PD, 53-3t
Bepridil, torsades de pointes and, 19-26t
Beractant (Survanta), 94-12t, 94-13
Betagan. (see Levobunolol)
Betamethasone, 38-8t, 44-7t

administration routes of, 44-9t
for preterm labor, 46-28

Betapace. (see Sotalol)
Betaxolol (Betoptic), for POAG,

51-4–51-5, 51-10t
Betaxon. (see Levobetaxolol)
Bethanechol

for GERD, 26-29, 93-10t, 93-11
for urinary incontinence, 101-20t

Bevacizumab (Avastin), 88-12t, 88-26
for breast cancer, 91-6
for colon cancer, 91-9
for colorectal cancer, 88-22t
hypertension from, 89-26
for neovascular ocular disorders,

51-23
thrombosis from, 89-6

Bexarotene, L-thyroxine and, 49-16
Bextra. (see Valdecoxib)
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Bexxar. (see Tositumomab)
Bezafibrate, 12-14, 12-14t, 12-15
Biaxin. (see Clarithromycin)
Bicalutamide, for hormone-sensitive

tumors, 88-25t
Bicarbonate (Sodium bicarbonate), 10-2,

11-1
acid-base and, 2-6
for acidosis, 5-8
for aspirin toxicity, 5-8
carbonic acid and, 10-3–10-4
with cardioplegia solution, 9-21t
children and, 97-5t, 97-6
diarrhea and, 97-5
DKA and, 50-44t, 50-45
for hyperkalemia, 11-19
for metabolic acidosis, 10-8, 31-14,

97-6
metabolic acidosis and, 97-6
renal control and, 10-3
for RTA, 10-6
for TCA toxicity, 5-5, 5-17–5-18

Bicitra. (see Sodium citrate/citric acid)
Biguanides, 50-46–50-52, 50-48t,

50-49t
adverse effects of, 50-46
contraindications for, 50-52
GI tract and, 50-46
lactic acidosis from, 50-46
pharmakinetics of, 50-46
precautions with, 50-46, 50-52

Bile acid resins (Colestipol, Cosevelam),
12-24, 12-24T, 12-24t, 12-25t,
49-16

adverse effects of, 13-25
for CDAD, 62-21
for hyperlipidemia, with heart

transplantation, 35-7
for metabolic syndrome, 12-26

Biltricide. (see Praziquantel)
Bimatoprost (Lumigan), for POAG, 51-5,

51-11t
Bisacodyl, 93-6t

for end-of-life care, 6-5
Bismuth subsalicylate, 62-5

for Helicobacter pylori, 26-14t
for travelers’ diarrhea, 62-18
for upper GI disorders, 26-7

Bisoprolol, 18-13, 18-41–18-42
Bisphosphonates, 102-10–102-12

adverse effects of, 51-17t
GERD and, 26-23t
for hypercalcemia, 11-22t, 11-23
for MM, 90-20
for osteoporosis, 34-25, 44-13

Bitolterol, dosing of, 22-17t
Bivalirudin (Angiomax), 15-5

dosing of, 16-28t
with PCI, 16-27–16-28

Black cohosh, 48-7
Black tea, for asthma, 22-38
Bleomycin

alopecia from, 89-11t
dosing of, 89-27t
drug fever from, 4-11
for Hodgkin disease, 88-23t,

89-35
hypersensitivity from, 89-18t
nail changes from, 89-11t
oxygen and, 25-1
pulmonary disorders from, 25-2t,

25-6t, 25-7t, 25-8t
pulmonary toxicity from, 89-29,

89-30t

radiation enhancement reactions
with, 89-13t

skin pigment changes from, 89-11t
for testicular cancer, 88-22t, 91-21

Bleomycin, etoposide, doxorubicin,
cyclophosphamide, vincristine,
procarbazine, and prednisone
(BEACOPP), 90-18

Blocadren. (see Timolol)
α-blockers, 13-37–13-38

adverse effects of, 51-19t
with β-blockers, 13-38
sexual dysfunction from, 101-2t
weight gain from, 82-6

α-β blockers
diabetes and, 17-19
for hypertension, 12-25

β-blockers, 18-7, 49-18, 99-9
absorption of, 12-25
ACEI with, 13-25
for alcohol withdrawal, 84-9t,

84-11
for AMI, 21-24
for angina, 16-10
ARBs with, 13-25
for arrhythmia suppression,

19-19–19-20
asthma from, 22-36–22-37
for atherosclerosis, 16-14
α-blockers with, 13-38
after bypass surgery, 19-13–19-14
CAD and, 13-35
for cluster headaches, 52-22
contraindication for, 16-14–16-15
for diabetes, 13-35, 17-19

with hypertension, 50-76
for diabetic nephropathy, 31-8
drug-induced hyperlipidemia from,

12-17t
for ET, 53-27t
for heart failure, 17-19
for heart rate control, 19-9
HF from, 18-19t
hyperchylomicronemia and, 12-39
for hyperlipidemia, 17-19
for hypertension, 12-25, 13-10,

13-18, 13-34–13-36, 31-21
with heart transplantation, 35-6

for hyperthyroidism, 49-23t
hypokinesis and, 17-20
for IC, 14-7
for left ventricular dysfunction,

13-35–13-36, 18-62
for MI, 16-31, 17-6, 17-8t, 17-18,

17-19t
after discharge, 17-24, 17-25

for migraine, 53-4
nasal symptoms from, 24-23t
for nonsustained ventricular

tachycardia, 19-20–19-21
photosensitive eruptions from,

38-15
for POAG, 51-10t
for postinfarction arrhythmias,

17-21
pregnancy and, 46-16t
psoriasis from, 40-9t
for pulmonary disease, 17-20
pulmonary disorders from, 25-3t
race and, 18-61
risks with, 19-14
sexual dysfunction from, 101-2t
for silent myocardial ischemia,

16-26

sleep disorders from, 77-10t
smoking and, 85-5t
for social anxiety disorder, 76-28
systolic heart failure and, 18-40
teratogenic effects of, 46-31t
thiazides with, 13-25
for variceal hemorrhage,

28-14–28-15
withdrawal from, 16-15, 19-14

Bonine. (see Meclizine)
Boniva. (see Ibandronate)
BOOSTRIX, 95-6
Borates, 71-5
Boric acid, 38-3
Bortezomib

for MM, 90-20–90-21, 90-21t
neurotoxicity of, 89-20t

Bosentan (Tracleer), 18-6–18-7
for Raynaud’s disease, 14-12

Botulinum toxin A, for ET, 53-27t
Brequinar, for transplantation, 34-10
Brethine. (see Terbutaline)
Bretylium (Bretylol), 19-6t
Bretylol. (see Bretylium)
Brevibloc. (see Esmolol)
Brevicon (Modicon), 45-5t
Brevital. (see Methohexital)
Bridge therapy, 15-27–15-28
Brimonidine (Alphagan P), for POAG,

51-5–51-6, 51-10t
Brinzolamide (Azopt), 51-6

for POAG, 51-10t
Brofaromine, for social anxiety disorder,

76-27
Bromfenac (Xibrom), for eyes, 51-21,

51-22t
Bromides, acneiform eruptions from,

38-15
Bromocriptine (Parlodel)

alcohol interaction with, 84-21t
anxiety from, 76-6t
breast-feeding and, 97-7
for hyperprolactinemia, 11-10
mania from, 80-5t
for PD, 53-3t, 53-7
pulmonary disorders from, 25-2t,

25-6t, 25-7t
for sexual dysfunction, 101-9

Brompheniramine (Dimetane), 24-12t
allergen skin tests and, 24-21t
for allergic rhinitis, 24-10

Bronchodilators
for BPD, 94-16t
for bronchiolitis, 96-11
for CF, 98-9
for COPD, 23-9–23-10
for croup, 96-10
for LAR, 22-3
for POAG, 51-7
SABA as, 22-13–22-15

BU/CY. (see Busulfan/cyclophosphamide)
Budesonide (Rhinocort Aqua), 22-22,

24-16t
for asthma, long-term, 22-27t
for BPD, 94-18
for croup, 96-10–96-11
dosing of, 22-23t, 22-24t
for IBD, 27-4t, 27-5

Bufferin, for RA, 43-15
Bumetanide (Bumex), 13-13, 18-11

for hypertension, 20-9
Bumex. (see Bumetanide)
Bupivacaine (Marcaine, Sensorcaine),

9-16t

fentanyl with, for epidural infusion,
9-31t

hydromorphone with, for epidural
infusion, 9-31t

morphine with, for epidural
infusion, 9-31t

properties of, 9-18t
Buprenex. (see Buprenorphine)
Buprenorphine (Buprenex), 8-28, 8-29

for opioid withdrawal, 83-6–83-7
Bupropion (Zyban), 14-5, 79-23–79-24

for ADHD, 81-3, 81-5
adverse effects of, 85-19
aging and, 99-11t
for anorexia nervosa, 82-14
anxiety from, 76-6t
for bipolar disorder, 80-4
for depression, during pregnancy,

46-32t
DILI from, 29-6t
dosing of, 85-19
mania from, 80-5t
NRT and, 85-21–85-22
for obesity, 82-20
for panic disorder, 76-23
for PD, 53-22
for PTSD, 76-30
seizures and, 79-12
for sleep disorders, 77-12–77-14
sleep disorders from, 77-10t
for smokeless tobacco treatment,

85-26
for smoking treatment, 85-7t,

85-13, 85-18–85-19
for SSRI-induced sexual

dysfunction, 79-17t
weight loss from, 82-6

Burow’s solution, 38-3
BuSpar. (see Buspirone)
Buspirone (BuSpar), 3-10

anxiety from, 76-6t
drug interactions with, 76-20t
for GAD, 76-10, 76-11,

76-19–76-21
mania from, 80-5t
for PMS, 47-24
for SSRI-induced sexual

dysfunction, 79-17t
St. John’s wort and, 3-13

Busulfan (Myleran, Busulfex), 88-12t
adverse effects of, 51-17t
cardiotoxicity with, 89-25
DILI from, 29-3t
heptatoxicity from, 89-32t
for HSCT, 92-2t, 92-5t
pulmonary disorders from, 25-2t
pulmonary toxicity from, 89-30t
seizures from, 92-12
skin pigment changes from, 89-11t
VOD and, 29-16, 92-14

Busulfan/cyclophosphamide (BU/CY), for
HSCT, 92-9–92-10

Busulfex. (see Busulfan)
Butabarbital, OC and, 45-12t
Butazolidin. (see Phenylbutazone)
Butoconazole (Femstat, Gynazole), for

VVC, 65-21t
Butorphanol (Stadol), 8-19, 8-20, 8-27,

8-28, 8-29, 83-7
histamine and, 4-17–4-18
for migraine, 52-12–52-13

Butyl methoxydibenzoylmethane
(Avobenzone, Parsol 1789),
41-8t, 41-10, 41-11
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γ-Butyrolactone (GBL), 83-11
Butyrophenones, 7-8

for PONV, 9-23–9-25, 9-24t
Byetta. (see Exenatide)

Cabergoline
for PD, 53-7
pulmonary disorders from, 25-2t,

25-6t, 25-7t
Cafergot. (see Ergotamine)
Caffeine

alcohol interaction with, 84-21t
analgesic syndrome from, 31-3
anxiety from, 76-6t
for apnea, in neonates,

94-37–94-39
for BPD, 94-16t, 94-17
with ergotamine, 52-10
glaucoma and, 51-8
lithium and, 80-11t
mania from, 80-5t
for migraine, 52-10
neonates and, 94-6t, 94-7t
pharmacokinetics of, 94-3t
smoking and, 85-5t

CAIs. (see Carbonic anhydrase inhibitors)
Calamine

for burns, 41-20
for pruritis, during pregnancy,

46-32t
Calan. (see Verapamil)
Calcijex. (see Calcitriol)
Calcimimetics, 31-22, 31-27
Calcineurin inhibitors (CNI), 35-3

with ACE inhibitors, 34-29
adverse effects of, 34-14,

34-20–34-21
dosing of, 92-19
drug interactions with, 34-30t
for GVHD, 92-18–92-19
for kidney transplantation, 34-12,

34-20–34-21
mycophenolate sodium and, 34-7
for transplantation, 34-8–34-9
withdrawal from, 34-21

Calcipotriene (Dovonex), 40-3t, 40-4
for psoriasis, 40-4, 40-10

Calcitonin, 102-14–102-15
glucocorticoids and, 102-16
for hypercalcemia, 11-22t, 11-23
for osteoporosis, 44-13

Calcitriol (Rocaltrol, Calcijex),
31-25–31-26

Calcium. (see also Calcium in Subject
Index)

for anorexia nervosa, 82-14
with cardioplegia solution, 9-21t
with corticosteroids, 43-33
for hyperkalemia, 11-18
for hypermagnesemia, 11-29
for nocturnal leg cramps, 14-14
for osteoporosis, 34-25
for PMS, 47-21
for pregnancy, 46-7

Calcium acetate, 31-23, 31-23t
Calcium carbonate, 31-23, 31-23t,

49-16
feeding tubes and, 36-20
hypercalcemia from, 26-3
pregnancy and, 46-32t

Calcium channel blockers (CCB), 12-29,
13-17t, 16-15–16-21, 18-4,
18-16

with ACEI, 13-19, 31-12

adverse effects of, 13-22t, 16-17t,
51-18t

alcohol interaction with, 84-21t
for angina, 16-9, 16-10
ARBs with, 13-19
CAD and, 13-33
for cocaine overdose, 20-16–20-17
for controlling ventricular rate,

19-9
for delayed cerebral ischemia,

55-19
for dementia, 100-13
for diabetes, 13-32

with hypertension, 50-76
DILI from, 29-6t
drug-induced hyperlipidemia from,

12-17t
for dyslipidemia, 31-21
edema from, 13-33
GERD and, 26-23t
for heart rate control, 19-9
HF from, 18-19t
for hypertension, 12-25, 13-8,

13-9, 13-30–13-34, 13-31t,
20-5–20-7, 31-21

with heart transplantation, 35-6
for hyperthyroidism, 49-23t
intravenous, 20-14–20-15
for kidney disease, 31-8
left ventricular dysfunction and,

13-34
lithium and, 80-11t
for MI, 17-6–17-7, 17-8t

after discharge, 17-25
for migraine, 52-17, 53-4
nitrates with, 16-25
for panic disorder, 76-23
for paroxysmal supraventricular

tachycardia, 19-15–19-16
for preterm labor, 46-27
psoriasis from, 40-9t
for Raynaud’s disease,

14-11–14-12
sexual dysfunction from, 101-2t
for silent myocardial ischemia,

16-26
SLE from, 44-3
sleep disorders from, 77-9, 77-10t
for stroke, 55-17
sustained-release, 13-32, 16-18
for systemic sclerosis, 44-4

Calcium sensitizers, 18-7–18-8
Calfactant (Infasurf), 94-12t, 94-13
Camila (Nor-QD), 45-5t
Campath. (see Alemtuzumab)
Camphor, 41-8t, 71-5
Campral. (see Acamprosate)
Camptosar. (see Irinotecan)
c-ANCa. (see Cytoplasmic-staining,

antineutrophil cytoplasmic
antibody)

Candesartan, 31-7
Candicidin, 71-5
Cannabinoids, 7-8
Capecitabine (Xeloda), 88-12t

for breast cancer, 91-6t
dosing of, 89-27t
hand-foot syndrome from, 89-12
nail changes from, 89-11t
radiation recall reactions from,

89-13t
skin pigment changes from,

89-11t
Capoten. (see Captopril)

Capreomycin
for MDRTB, 70-27
for TB, 61-11t, 61-13

Caprylic acid, 71-5
Capsaicin (Zostrix)

for DPN, 50-79
for herpes zoster, 72-10

Captopril (Capoten), 18-12, 18-30, 20-3,
31-7, 99-10

anxiety from, 76-6t
DILI from, 29-7t
dosing, 18-31
vs. enalapril, 18-31
hyperkalemia from, 11-18
for hypertension, 20-3, 20-5, 20-6,

20-7
for MI, 17-23
neonates and, 94-6t
nephrotic syndrome from, 11-5
psoriasis from, 40-9t
renal failure and, 33-6t
systolic dysfunction and, 18-30t

Carbacephem, 56-8t
Carbachol (Isopto-Carbachol), 51-7

for POAG, 51-11t
Carbamazepine (CBZ, Tegretol, Carbatrol,

Equetro), 12-29, 54-9–54-11
adverse effects of, 51-15t
agranulocytosis from, 84-10
for alcohol withdrawal, 84-9t,

84-10–84-11
aplastic anemia from, 84-10
benzodiazepines and, 76-16t

withdrawal from, 76-15
for bipolar disorder, 80-3, 80-12t,

80-17
for brain abscess, 58-34
chronic intrahepatic cholestasis

from, 29-16
for cluster headaches, 52-22
COC and, 45-12
DILI from, 29-7t, 29-14
for DPN, 50-79
for epilepsy, 54-3t
erythromycin and, 54-25–54-26
GGT and, 2-14
hepatitis and, 73-7
hypersensitivity to, 4-2
INH and, 61-16
lithium and, 80-3, 80-11t
for mania, 80-12–80-14
neonates and, 94-3, 94-6t, 94-43
for nocturnal leg cramps, 14-14
OC and, 45-12t, 54-29–54-30
for panic disorder, 76-23
pharmacokinetic properties of,

54-6t
pregnancy and, 46-42
protein binding with, 94-4
pulmonary disorders from, 25-2t,

25-7t, 25-8t
for schizophrenia, 78-9–78-10
for seizures, 54-5t, 54-12t
sexual dysfunction from, 101-2t
SJS from, 38-16
skin rash from, 54-27–54-28
teratogenic effects of, 46-31t
thyroid and, 49-9
for tonic-clonic seizures, 54-21
valproate and, 54-26
weight gain from, 82-6

Carbapenems
for aspiration pneumonia, 60-20
for CAP, 60-12t

for HAP, 60-24t
for neutropenia, 68-10, 68-11
for UTIs, 64-5t, 64-10t

Carbatrol. (see Carbamazepine)
Carbenicillin (Geocillin), 56-8t, 60-26
Carbidopa-Levodopa (Stalevo, Sinemet,

Parcopa)
adverse effects of, 53-12–53-13
controlled-release, 53-14
for DLB, 100-10–100-11
hypersexuality with, 53-13
for PD, 53-3t, 53-11–53-12
for RLS, 53-25
tardive dyskinesia from, 78-20

Carbocaine. (see Mepivacaine)
Carbomost tromethamine. (see 15-methyl

prostaglandin F2α-tromethamine)
Carbonic anhydrase inhibitors (CAIs)

adverse effects of, 51-18t
for glaucoma, 51-13t
for POAG, 51-6, 51-10t

Carboplatin (Paraplatin), 7-4t, 88-12t
dosing of, 89-27t
for non-small-cell lung cancer,

88-22t
for ovarian cancer, 88-22t, 91-14
toxicity with, 89-2

Cardene. (see Nicardipine)
Cardioplegia solution, 9-18–9-26

additives to, 9-21t
adenosine with, 9-20
L-arginine with, 9-20–9-21
oxygenfree radicals with, 9-20

Cardiovascular drugs, in drug poisoning,
5-2t

Cardizem. (see Diltiazem)
Cardizem CD. (see Diltiazem CD)
Cardura. (see Doxazosin)
Carisoprodol, 83-10
Carmustine, 89-27

adverse effects of, 51-17t
alopecia from, 89-11t
dosing of, 89-27t
heptatoxicity from, 89-32t
neurotoxicity of, 89-21
pulmonary disorders from, 25-2t,

25-6t, 25-8t
pulmonary toxicity from, 89-30t

Carmustine/etoposide/cytarabine/
cyclophosphamide (BEAC), 92-5t

β-carotene
for atherosclerosis, 16-10
for hyperlipidemia, 12-39

Carteolol (Ocupress), for POAG, 51-4,
51-10t

Carvedilol (Coreg), 18-13, 18-42–18-43,
99-9

diabetes and, 17-19
vs. metoprolol, 18-43
for MI, 17-19t

after discharge, 17-24
Caspofungin, 71-4, 92-26

adverse effects of, 56-16t
dosing of, 56-19t
for fungal endocarditis, 59-22
for neutropenia, 68-6, 68-17
toxicity with, 92-27

Cataflam. (see Diclofenac potassium)
Catapres. (see Clonidine)
Catechol-O-methyltransferase (COMT)

inhibitors, 53-2, 53-4t
for PD, 53-15–53-17

Cathartics, for drug poisoning, 5-5
Cathelicidins, 71-5
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CBZ. (see Carbamazepine)
CCB. (see Calcium channel blockers)
CCR5. (see Chemokine receptor

antagonists)
Ceclor. (see Cefaclor)
Cedax. (see Ceftibuten)
CEE. (see conjugated equine estrogens)
Cefaclor (Ceclor), 56-8t

for AOM, 96-6t
for osteomyelitis, 66-5t

Cefadroxil (Duricef), 56-8t
for UTIs, 64-6t

Cefamandole (Mandol), 56-8t
for aspiration pneumonia, 60-21t

Cefazolin (Ancef), 56-8t
for acute osteomyelitis, 66-4t
for aspiration pneumonia, 60-21t
for CAP, 60-12t
for CRRT and HD, 56-21t
dosing of, 56-19t
for endocarditis prophylaxis,

59-24t
for gram-negative aerobes,

56-10t
for gram-positive cocci, 56-9t
for heart transplantation, 34-30
for meningitis, 58-18
for neonates, 94-31t
for osteomyelitis, 66-4
for peritonitis, 32-14
renal failure and, 33-6t
for staphylococcal endocarditis,

59-12t
for surgery, 57-2t
for UTIs, 64-10t

Cefdinir (Omnicef), 56-8t
for AOM, 96-5, 96-6t
for CAP, 60-12t
for UTIs, 96-17

Cefditoren (Spectracef), 56-8t
for CAP, 60-12t

Cefepime, 62-34
for CAP, 60-11t
for CNS infections, 58-9t
for CRRT and HD, 56-21t
dosing of, 56-19t
for gram-negative aerobes, 56-10t,

66-6
for gram-positive cocci, 56-9t
for HAP, 60-24t
for meningitis, 58-17
for neonates, 94-31t
for neutropenia, 68-9
penetration characteristics of, 58-7t
penicillin resistance and, 60-13t
renal failure and, 33-7t
for UTIs, 64-10t

Cefixime (Suprax), 56-8t
for DGI, 65-10t
for diarrhea, 62-5
for gonorrhea, 65-3t, 65-4, 65-5,

65-7
for Neisseria gonorrhoeae,

56-13t
for neutropenia, 68-9
renal failure and, 33-7t
for septic arthritis, 66-12
for Shigella spp., 62-10
for typhoid fever, 62-12–62-13
for UTIs, 96-17, 96-18

Cefizox. (see Ceftizoxime)
Cefonicid (Monocid), 56-8t
Ceforanide (Precef), 56-8t
Cefotan. (see Cefotetan)

Cefotaxime (Claforan), 56-8t, 63-4,
75-4t

for acute osteomyelitis, 66-4t
with ampicillin, for NEC, 94-27
for aspiration pneumonia, 60-21t
for CAP, 60-11t, 60-12t
for cellulitis, 67-3
for CNS infections, 58-9t
for croup, 96-11
for gram-negative coverage, 66-6
for Haemophilus influenzae, 58-11t
for neonates, 94-31t
penetration characteristics of, 58-7t
penicillin resistance and, 60-13t
renal failure and, 33-7t
for Salmonella spp., 62-12
for sepsis, in neonates, 94-29
for UTIs, 64-10t
with vancomycin, for NEC, 94-27

Cefotetan (Cefotan), 56-8t
for aspiration pneumonia, 60-21t
for CRRT and HD, 56-21t
hemolytic anemia from, 87-6, 87-7
for PID, 65-9t
renal failure and, 33-7t
for UTIs, 64-10t

Cefoxitin (Mefoxin), 56-8t
for aspiration pneumonia, 60-21t
for cellulitis, 67-3
for gram-positive cocci, 56-9t
for penetrating trauma, 63-11
for PID, 65-8
renal failure and, 33-7t
for surgery, 57-2t
for UTIs, 64-10t

Cefpodoxime (Claforan), 56-8t
adverse effects of, 96-7
for AOM, 96-5, 96-6t
for CAP, 60-12t
penicillin resistance and, 60-13t
for septic arthritis, 66-12
for UTIs, 96-17

Cefpodoxime proxetil (Vantin), 56-8t
Cefprozil (Cefzil), 56-8t

for AOM, 96-6t
for CAP, 60-12t
for UTIs, 96-17

Ceftazidime (Fortaz), 56-8t, 75-10
for aspiration pneumonia, 60-21t
for CAP, 60-12t
for CF, 98-11t, 98-12
for CNS infections, 58-9t
for CRRT and HD, 56-21t
for culture-negative endocarditis,

59-24
dosing of, 56-19t
for gram-negative aerobes, 56-10t,

66-6
for gram-negative bacillary

endocarditis, 59-23
for HAP, 60-24t
hemodialysis and, 33-16
for HSCT, 92-23
for neonates, 94-31t
for neutropenia, 68-9, 68-11
for osteomyelitis, 66-7
penetration characteristics of,

58-7t
for Pseudomonas spp., 33-5, 66-6,

66-10
renal failure and, 33-5, 33-7t
for UTIs, 64-10t

Ceftibuten (Cedax), 56-8t
Ceftin. (see Cefuroxime axetil)

Ceftizoxime (Cefizox), 56-8t
for aspiration pneumonia, 60-21t
for CNS infections, 58-9t
for DGI, 65-10t
penetration characteristics of, 58-7t
renal failure and, 33-7t
for UTIs, 64-10t

Ceftriaxone (Rocephin), 56-8t, 63-4,
67-2, 75-4t, 75-10

with aminoglycosides, 59-4–59-5
for AOM, 96-6t
for aspiration pneumonia, 60-21t
biliary pseudolithiasis from, 58-12
for brain abscess, 58-33–58-34
for CAP, 60-11t, 60-12t
for cellulitis, 67-3
for CNS infections, 58-9t
for culture-negative endocarditis,

59-24
for DGI, 65-10t
for diarrhea, 62-5
dosing of, 56-19t
for endocarditis, 59-7–59-8, 59-8t,

59-25–59-26
for gonococcal endocarditis,

65-9–65-10
for gonococcal meningitis,

65-9–65-10
for gonorrhea, 65-3t, 65-4, 65-5,

65-7
for gram-negative coverage, 66-6
for Haemophilus influenzae, 58-11t
for HAP, 60-24t
hemolytic anemia from, 87-6, 87-7
for Neisseria gonorrhoeae, in

neonates, 94-34t
for osteomyelitis, 66-4, 66-7
penetration characteristics of, 58-7t
for PID, 65-8, 65-9t
for RMSF, 75-13
for Salmonella spp., 62-12
for sepsis, in neonates, 94-29
for Shigella spp., 62-9
for typhoid fever, 62-12–62-13
for UTIs, 64-10t
for variceal hemorrhage, 28-14

Cefuroxime (Zinacef), 56-8t, 58-7
adverse effects of, 96-7
for AOM, 96-5, 96-6t
for aspiration pneumonia, 60-21t
for CAP, 60-12t
for cellulitis, 67-3
for CF, 98-11t
dosing of, 56-19t
for gram-negative aerobes, 56-10t
for gram-positive cocci, 56-9t
for heart transplantation, 34-30
penetration characteristics of, 58-7t
for UTIs, 64-10t, 96-17

Cefuroxime axetil (Ceftin), 56-8t, 75-4t
for Lyme disease, 75-5–75-6
penicillin resistance and, 60-13t

Cefzil. (see Cefprozil)
Celecoxib (Celebrex), 4-16, 42-5, 43-17t

for cancer prevention, 88-5
cardiovascular toxicity from,

26-19–26-21
for colon cancer, 91-9
for dysmenorrhea, 47-11t
for GI tract disorders, 44-13
for preterm labor, 46-27
PUD from, 26-10–26-11
for RA, 43-6
SLE from, 44-4

Celexa. (see Citalopram)
CellCept. (see Mycophenolate mofetil)
Cenestin. (see Synthetic conjugated

estrogens (Cenestin, Enjuvia))
Central α2-agoniss, 13-38–13-39
Cephalexin (Keflex), 56-8t, 67-2, 67-5

for endocarditis prophylaxis,
59-24t

for osteomyelitis, 66-5t
for UTIs, 64-6t, 96-17, 96-18

Cephalosporins, 56-8t, 62-9, 75-10
adverse effects of, 56-15t, 96-7
for AECB, 60-4t
AIN from, 30-15
alcohol interaction with, 84-21t
allergy to, 66-11
for AOM, 96-5–96-7
for aspiration pneumonia, 60-21t
for brain abscess, 58-33
for CAP, 60-12t
for CDAD, 62-19t
for cellulitis, 67-3
for CNS infections, 58-9t
for COPD, 23-15
for diarrhea, 62-5
for Escherichia coli, 56-13t
for gonorrhea, 65-3t, 65-5
for Haemophilus influenzae,

56-13t
for heart transplantation, 34-30
hemolytic anemia from, 87-6
imipenem and, 4-6
for Klebsiella pneumoniae, 56-13t
for Lyme disease, 75-5–75-6
for neutropenia, 68-9
neutropenia from, 87-12
OC and, 45-12t
for osteomyelitis, 66-7
penetration characteristics of,

58-7t
penicillin resistance and, 60-13
for peritonitis, 32-14
for pneumonia, 60-10f
pregnancy and, 46-32t, 64-17
for Pseudomonas spp., 33-5
pulmonary disorders from, 25-2t,

25-3t, 25-7t
for PVE, 59-10
renal failure and, 33-5
for Salmonella spp., 62-3t, 62-12
for sepsis, in neonates, 94-30
skin testing for, 4-6
for UTIs, 64-5t, 64-10t, 96-17

Cephalothin
hemolytic anemia from, 87-6
for peritonitis, 32-14

Cephradine
renal failure and, 33-7t
for UTIs, 64-6t

Cerebyx. (see Fosphenytoin)
Cerubidine. (see Daunorubicin)
Cervidil. (see Prostaglandin E2)
Cesamet. (see Nabilone)
Cetirizine (Zyrtec), 24-12t

allergen skin tests and, 24-21t
for allergic rhinitis, 24-10

Cetuximab (Erbitux), 88-12t
hypersensitivity from, 89-18t
pulmonary disorders from, 25-5t

Chantix. (see Varenicline)
Chasteberry, for PMS, 47-22
Chastetree, for PMS, 47-22
Chemokine receptor antagonists (CCR5),

69-11t
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Chemotherapy
acneiform and, 89-12–89-13
for acute lymphocytic leukemia,

88-20
adjuvant, 88-21
adverse effects of, 89-1–89-35
for ALL, 90-27
alopecia and, 89-11
for AML, 89-33–89-34, 90-5–90-8
anaphylactoid reactions and,

89-16
anemia and, 87-16–87-17, 89-5
bone marrow and, 89-2
for breast cancer, 91-3–91-4,

91-5–91-7, 91-6t
burns and, 41-18
for cancer, 88-14–88-25
cardiomyopathy and, 89-22–89-23
CHF and, 89-22
coagulation and, 89-5
combination, 88-20–88-21
conception and, 89-35
constipation and, 89-22
cranial nerves and, 89-22
cytopenias and, 89-2–89-3
cytotoxic, 88-14–88-20
diarrhea and, 89-10
dose intensity of, 88-19
dry skin and, 89-13
echinacea and, 3-17
encephalopathy and, 89-19
esophagitis and, 89-10
fertility and, 89-34–89-35
GI tract and, 89-6–89-7, 92-14
HBV and, 73-13
for HD, 88-20
hemolytic anemia and, 89-16
hypersensitivity and, 89-15–89-19
for indolent lymphoma, 90-17
induction, 88-21
infectious diarrhea and, 62-4
kidneys and, 89-26–89-29
leukoencephalopathy and, 89-19
liver and, 89-32–89-33, 89-32t
lungs and, 89-29–89-32,

89-30–89-31t
during malignancy, 88-23f
mucositis and, 89-6–89-7, 89-7t,

89-8–89-9
nails and, 89-11–89-12
nausea and, 89-6
neoadjuvant, 88-21
neutropenia and, 68-2t, 89-3
neutrophils and, 89-2
for NHL, 88-20
oogenesis and, 89-34
for ovarian cancer, 91-14–91-15
ovaries and, 89-34
paresthesia and, 89-21–89-22
photosensitivity and, 89-14
platelets and, 89-2
primary, 88-21
for prostate cancer, 91-20
radiation therapy and,

89-13–89-14, 89-14t
RBC and, 89-2
schedule dependency of, 88-19
skin and, 89-10–89-15
spermatogenesis and, 89-34–89-35
ST segment and, 89-25
stomatitis and, 89-8–89-9
sunscreen and, 89-15
thrombocytopenia and, 89-2
thrombosis and, 89-5

toxicity with, CNS and, 89-19
tumors and, site of, 88-20
VOD from, 29-16
vomiting and, 89-6
xerostomia and, 89-6–89-8, 89-7t

Chemotherapy-induced nausea and
vomiting (CINV), 7-3–7-9

Chirocaine. (see Levobupivacaine)
Chloral hydrate, 5-11, 77-21,

93-11–93-13, 94-49
alcohol interaction with, 84-21t
hepatic encephalopathy from,

28-18
for opiate withdrawal, 83-10t
for pediatric insomnia, 77-20
for sedation, 93-12t
sleep disorders from, 77-10t

Chlorambucil
for CLL, 90-11
for focal segmental

glomerulosclerosis, 31-34
pulmonary disorders from, 25-2t
pulmonary toxicity from, 89-30t
for RA, 43-8

Chloramphenicol (Chloromycetin), 56-8t
adverse effects of, 51-16t, 56-16t
aplastic anemia from, 87-14–87-15
for aspiration pneumonia, 60-21t
breast-feeding and, 97-7
for CNS infections, 58-9t
hepatitis and, 73-7
for Lyme disease, 75-5–75-6
neonates and, 94-7t, 94-31t
OC and, 45-12t
penetration characteristics of, 58-7t
penicillin resistance and, 60-13
for RMSF, 75-11, 75-13
for Salmonella spp., 62-11
for typhoid fever, 62-12–62-13,

62-14
Chlordiazepoxide (Librium, Limbitrol,

Librax), 76-8t, 76-12t, 76-13
for alcohol withdrawal,

84-8–84-10, 84-8t, 84-9t
hepatitis and, 73-7
nasal symptoms from, 24-23t
smoking and, 85-5t

Chlorhexidine gluconate, 89-7t
for mucositis, 89-9

Chloride (Cl), 2-6–2-7, 11-1
absorption of, 11-3, 11-3f
acid-base and, 2-6
blood chemistry reference values

for, 2-3t
with cardioplegia solution, 9-21t
children and, 97-4, 97-5t

Chloroform, alcohol interaction with,
84-21t

Chloromycetin. (see Chloramphenicol)
Chloroprocaine (Nesacaine), 9-16t

properties of, 9-18t
Chloroquine, 74-4t, 75-6–75-7

adverse effects of, 51-16t
malaria and, 74-2
psoriasis from, 40-9t

Chlorothiazide
for BPD, 94-16t
nasal symptoms from, 24-23t

Chlorpheniramine (Chlor-Trimeton),
24-12t, 99-6t

adverse effects of, 51-14, 51-16t
allergen skin tests and, 24-21t
for allergic rhinitis, 24-10
for panic disorder, 76-23

Chlorpromazine (Thorazine), 78-3, 99-6t
adverse effects of, 51-19t, 78-12t
for anorexia nervosa, 82-14
chronic intrahepatic cholestasis

from, 29-16
DILI from, 29-7t, 29-14
dosing of, 78-17t
hepatic dysfunction from, 78-24
for migraine, 52-12, 52-13t
for NAS, 94-46–94-47
neutropenia from, 87-12–87-13
ocular effects from, 78-24
for PD, 53-22
pharmacokinetics of, 78-16t
pregnancy and, 46-32t
receptor-binding affinities of,

78-12t
for sedation, 93-12t
SLE from, 4-12, 44-3
smoking and, 85-5t
temperature dysregulation from,

78-25
Chlorpropamide (Diabinese), 3-16,

50-49t, 50-53, 50-67
DILI from, 29-7t
glaucoma and, 51-8
SIADH from, 50-54

Chlorthalidone, 13-13
Chlor-Trimeton. (see Chlorpheniramine)
Cholesterol absorption inhibitors, 12-25

for hyperlipidemia, with heart
transplantation, 35-7

Cholestyramine (Questran), 12-25t,
31-29, 49-16

adverse effects of, 13-25
for CDAD, 62-21
for DP-IBS, 27-20
with LEF, 43-26
raloxifene and, 102-9

Cholinergic agonists, for gastroparesis,
50-77

Cholinesterase inhibitors, 100-6
for DLB, 100-10–100-11
for POAG, 51-6–51-7

Chondroitin, 3-24–3-28
adverse effects of, 2-27–2-28
dosing of, 2-27
for OA, 3-24, 43-39–43-40

CHOP. (see Cyclophosphamide,
doxorubicin, vincristine, and
prednisone)

Cialis. (see Tadalafil)
Cidofovir (Vistide)

adverse effects of, 72-6t
for BK polyomavirus, 34-23
for CMV retinitis, 70-16–70-18t,

70-19, 72-5t
dosing of, 70-20t
for neutropenia, 68-18

Cilansetron, 27-20–27-21
Cilastatin

imipenem with, 62-9, 63-4
for neutropenia, 68-10, 68-11

Cilomast, for COPD, 23-10
Cilostazol, 14-8

verapamil and, 14-9
Cimetidine (Tagamet), 26-4–26-5

antipsychotics and, 78-16
for aspiration pneumonitis, 9-5
benzodiazepines and, 76-16t
dementia from, 100-17
dofetilide and, 19-11
for GERD, 93-10t
interstitial nephritis from, 4-14

mania from, 80-5t
metformin and, 50-52
methadone and, 8-31–8-32
as preoperative agent, 9-3t
psoriasis from, 40-9t
for reflux esophagitis, 46-9
renal failure and, 33-7t
sexual dysfunction from, 101-7t
sildenafil and, 101-11
for SRMB, 26-35t
theophylline and, 22-26
for upper GI disorders, 26-4t

Cinacalcet, 31-27
Cinnamates, 41-8t, 41-11–41-12
Cinoxate. (see Diethanolamine

p-methoxycinnamate)
CINV. (see Chemotherapy-induced nausea

and vomiting)
Cipro. (see Ciprofloxacin)
Ciprofloxacin (Cipro), 56-8t, 62-9, 63-4,

75-10
anaphylactoid reactions from, 4-14
for aspiration pneumonia, 60-20,

60-21t
for CAP, 60-11t, 60-12t
for CF, 98-11t
for chancroid, 65-18
for Chlamydia trachomatis, 65-11
for cholera, 62-7
for COPD, 23-15–23-16
for CRRT and HD, 56-21t
digoxin and, 70-32t
dosing of, 56-19t
for endocarditis, 59-14
for gonorrhea, 65-4, 65-5
for gram-negative coverage, 59-23,

66-6
for gram-positive cocci, 56-9t
for HAP, 60-24t
for MAC, 70-34t
for MDRTB, 70-27
for neutropenia, 68-4–68-5, 68-9,

68-10
for osteomyelitis, 66-7, 66-8
penetration characteristics of, 58-7t
for prosthesis infection, 66-9
for Pseudomonas spp., 66-6, 98-11
renal failure and, 33-8t
resistance to, 65-5f
for Salmonella spp., 62-12
for SBP, 63-5
for septic arthritis, 66-11, 66-12
for Shigella spp., 62-9
for surgery, 57-2t
theophylline and, 64-9, 70-32t
for travelers’ diarrhea, 62-17,

62-18
for UTIs, 64-5, 64-6t, 64-8–64-9,

64-10t, 99-13
for variceal hemorrhage, 28-14
warfarin and, 70-32t

Cisapride, 12-29
drug interactions with, 19-25
for gastroparesis, 50-77
for GERD, 93-10t, 93-11
neonates and, 94-6t

Cisatracurium (Nimbex), 9-13t
action parameters for, 9-14t
adverse effects of, 9-13t
elimination of, 9-15t

Cisplatin (Platinol), 7-4t, 88-12t,
91-24–91-25

for bladder cancer, 88-22t
cranial nerve toxicity with, 89-22
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dosing of, 89-27t
for gastric cancer, 88-22t
for head and neck cancer, 88-22t
hypersensitivity from, 89-18t
nephrotoxicity from, 89-26
neurotoxicity of, 89-20t, 89-21
for non-small-cell lung cancer,

88-22t
for ovarian cancer, 88-22t, 91-14
paresthesia from, 89-21
for small-cell lung cancer, 88-22t
for testicular cancer, 88-22t

Citalopram (Celexa), 79-13t
aging and, 99-11t
for bulimia nervosa, 82-17
for depression, 100-16
for GAD, 76-10
for hot flushes, 48-6t
for panic disorder, 76-22–76-23
for PMS, 47-24
for PTSD, 76-30
for social anxiety disorder, 76-27

Citrate salts, for RTA, 10-6
Cladribine, 90-11–90-12
Claforan. (see Cefotaxime; Cefpodoxime)
Clarinex. (see Desloratadine)
Clarithromycin (Biaxin), 12-29, 56-8t

adverse effects of, 56-15t
benzodiazepines and, 76-16t
for Campylobacter jejuni, 62-16
for CDAD, 62-19t
for endocarditis prophylaxis,

59-24t
for Helicobacter pylori, 26-14t,

26-16
indinavir and, 70-32t
for Lyme disease, 75-5–75-6
for MAC, 70-34t
mania from, 80-5t
nevirapine and, 70-32t
penetration characteristics of, 58-7t
penicillin resistance and, 60-13t
for pneumonia, 60-10f
rifabutin and, 70-32t
rifampin and, 70-32t
ritonavir and, 70-32t
theophylline and, 22-26
for toxoplasmosis, 70-15

Claritin. (see Loratadine)
Clavulanate, 95-9–95-10

for neutropenia, 68-9
penetration characteristics of,

58-7t
Clemastine (Tavist), 24-12t

allergen skin tests and, 24-21t
for allergic rhinitis, 24-10
proarrhythmic effects of, 19-25

Cleocin. (see Clindamycin)
Clevudine, 73-28
Climara Pro, 48-4t
Clindamycin (Cleocin), 56-8t, 67-2

for acne, 39-5, 39-6
during pregnancy, 46-32t

for acute osteomyelitis, 66-4t
adverse effects of, 56-15t, 96-7
for AOM, 96-6t
for aspiration pneumonia, 60-20,

60-21t
for babesiosis, 75-15
for brain abscess, 58-33
for CAP, 60-12t
for CDAD, 62-19t
DILI from, 29-7t
dosing of, 56-19t

for endocarditis prophylaxis,
59-24t

for GABHS, 96-7
with gentamicin, 62-9
for gram-positive cocci, 56-9t
leucovorin with, for toxoplasmosis,

70-14
for NEC, 94-27
for neonates, 94-31t
for osteomyelitis, 66-4, 66-5t
penetration characteristics of,

58-7t
penicillin resistance and, 60-13,

60-13t
for PID, 65-8, 65-9t
for pneumonia, 60-10f
pregnancy and, 46-32t
preterm delivery from, 65-19
renal failure and, 33-8t
resistance to, 39-6–39-7
for septic shock, 21-28
for surgery, 57-2t
for toxoplasmosis, 70-15

Clindamycin/primaquine, for PCP, 70-9t,
70-10

Clinoril. (see Sulindac)
Clobetasol propionate, 38-8t
Clofarabine, heptatoxicity from, 89-32t
Clofibrate, hepatitis and, 73-7
Clomid. (see Clomiphene)
Clomiphene (Clomid), 12-8

adverse effects of, 51-18t
for PCOS, 47-6t, 47-8

Clomipramine
for cataplexy, 77-17
fluoxetine and, 76-39
fluvoxamine and, 76-39
for OCD, 76-34, 76-35,

76-37–76-39
for panic disorder, 76-23
paroxetine and, 76-39

Clonazepam (Klonopin), 76-8t, 76-12,
76-12t

for absence seizures, 54-19
for ET, 53-27t
for GAD, 76-8
neonates and, 94-7t
for OCD, 76-35
for panic disorder, 76-23
pregnancy and, 46-42
for RLS, 77-19
for seizures, 54-5t
for sleep disorders, 77-5
for social anxiety disorder, 76-27
for tardive dyskinesia, 78-20

Clonidine (Catapres), 8-26, 13-38–13-39
for ADHD, 81-3
adverse effects of, 20-7, 51-16t
for alcohol withdrawal, 84-9t,

84-11
for anorexia nervosa, 82-14
for DPN, 50-79
for dyslipidemia, 31-21
for hot flushes, 48-6t
for hypertension, 13-10, 20-3,

20-5, 20-6, 20-7, 31-21
melatonin and, 3-33t
for migraine, 52-18t
for NAS, 94-46–94-47
nasal symptoms from, 24-23t
for opioid withdrawal, 8-19, 83-6,

83-9–83-10
for panic disorder, 76-23
for pediatric insomnia, 77-20

as preoperative agent, 9-3t
psoriasis from, 40-9t
for PTSD, 76-30
Raynaud’s disease and, 14-11
for refractory ascites, 28-9
sexual dysfunction from, 101-2t
sleep disorders from, 77-10t
for smoking treatment, 85-7t,

85-13, 85-22–85-23
for tardive dyskinesia, 78-20
weight loss from, 82-6

Clopidogrel (Plavix), 16-22–16-23
for acute coronary syndromes,

17-22
aspirin and, 16-22
bleeding from, 9-2
for dementia, 100-14
DILI from, 29-7t
for ischemic stroke, 55-4
for MI, 16-31, 17-8t, 17-13–17-15,

17-24-17-25
after discharge, 17-24–17-25
trial of, 17-15

for PAD, 14-8
with PCI, 16-27
for stroke, 55-8, 55-11
thrombotic thrombocytopenic

purpura from, 87-11
Clorazepate (Tranxene), 76-8t, 76-12,

76-12t
Clotrimazole (Gyne-Lotrimin, Mycelex),

89-7t
for diaper rash, 93-3–93-4
for neutropenia, 68-5–68-6
for VVC, 65-21t, 65-22

Cloxacillin (Tegopen, Cloxapen), 56-8t,
67-2

bioavailability of, 33-2
dosing of, 67-2–67-3

Cloxapen. (see Cloxacillin)
Clozapine (Clozaril), 78-10,

78-27–78-29
adverse effects of, 78-12t
benzodiazepines and, 76-16t
dosing of, 78-17t
neutropenia from, 87-13–87-14
NMS from, 78-24
for PD, 53-22
pharmacokinetics of, 78-16t
for psychosis, 100-15
for PTSD, 76-30
receptor-binding affinities of,

78-12t
seizures from, 78-25
WBC abnormalities with, 78-28t
weight gain from, 78-22, 82-6

Clozaril. (see Clozapine)
CMF. (see Cyclophosphamide,

methotrexate, fluorouracil)
CMV hyperimmune globulin, for CMV,

34-34
CNI. (see Calcineurin inhibitors)
Coal tar, 71-5

for psoriasis, 40-3t, 40-4, 40-10
COC. (see Combined oral contraceptive)
Cocaine, 9-16t, 83-12–83-14

anxiety from, 76-6t
for cluster headaches, 52-21
during lactation, 46-39t
mania from, 80-5t
properties of, 9-18t
psychosis from, 78-4, 78-4t
pulmonary disorders from, 25-2t,

25-5t, 25-7t, 25-8t

sexual dysfunction from, 101-7t
teratogenic effects of, 46-31t

Codeine, 8-9, 8-32, 93-15t
analgesic syndrome from, 31-3
hepatic encephalopathy from,

28-18
histamine and, 4-17–4-18
for migraine, during pregnancy,

46-32t
neonates and, 94-6t
for pain, 93-14
renal failure and, 33-22

Coenzyme Q, 3-3t, 3-36–3-38,
18-66–18-67

for AD, 3-36
adverse effects of, 3-37
antihypertensives and, 3-37–3-38
as antioxidant, 3-38
for breast cancer, 3-36
dosing of, 3-37
drug interactions with, 3-37–3-38
for HF, 3-37
for hypertension, 3-36–3-37
for Parkinson disease, 3-36
for PD, 53-21
warfarin and, 3-37

Coffee, for asthma, 22-38
Cogentin. (see Benztropine)
Cognex. (see Tacrine)
Colazal. (see Balsalazide)
Colchicine, for gout, 42-6
Colesevelam (Welchol), 12-25, 12-25t,

50-77
Colestipol. (see Bile acid resins)
Colistin

adverse effects of, 98-10
for CAP, 60-12t
for CF, 98-11t

Colyte, 5-5
Combination insulins, 50-17t, 50-19
Combined oral contraceptive (COC),

45-5–45-18
antibiotics and, 45-11–45-12
biphasic, 45-5
carbamazepine and, 45-12
monophasic, 45-5
multiphasic, 45-9
for PCOS, 47-6–47-7, 47-6t
phenobarbital and, 45-12
phenytoin and, 45-12
for PMDD, 47-24
primidone and, 45-12
triphasic, 45-5

CombiPatch, 48-4t
Comfeel, 41-19
Comfrey

hazards with, 3-6t
toxicity of, 29-17, 29-19t

Compazine. (see Prochlorperazine)
COMT. (see

Catechol-O-methyltransferase)
Comtan. (see Entacapone)
Comvax, 95-5
Conceptrol, 45-25t
Concerta. (see Methylphenidate)
Conivaptan, for SIADH, 11-7t
Conjugate pneumococcal vaccine

(Prevnar), 95-10, 96-5
Conjugated equine estrogens (CEE,

Premarin), 48-4t, 48-5,
102-7

Contraceptive patch (Ortho Evra),
45-18–45-19

Contraceptive ring (NuvaRing), 45-19
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Contrast media
ARF from, 30-3t
pulmonary disorders from, 25-2t,

25-3t
Copper sulfate, peliosis hepatitis from,

29-17
Cordarone. (see Amiodarone)
Coreg. (see Carvedilol)
Corlopam. (see Fenoldopam)
Corn starch, 38-3
Corticosteroids, 8-24

for acne, 38-11, 39-7
adverse effects of, 22-21, 27-9,

38-9, 38-11t, 43-8,
44-12–44-14, 44-12t, 51-18t,
51-20–51-21

for allergic conjunctivitis, 24-15t
for allergic rhinitis, 24-9t
for anaphylaxis, 4-9t
antibiotics with, 38-9
for ARDS, 25-1
aseptic necrosis from, 92-21
Aspergillus spp. and, 92-25
for asthma, 22-10f, 22-11t, 22-12t,

22-23–22-25
long-term, 22-27t

for BPD, 94-17–94-18
for brain abscess, 58-34
for bronchiolitis, 96-11
calcium with, 43-33
for CD, 27-13, 27-14–27-15
for CF, 98-12–98-13
for croup, 96-10–96-11
for CTDs, 44-1–44-14
Cushingoid effects from, 92-21
dementia from, 100-17
for dermatomyositis, 44-6
diabetes from, 92-21
discontinuation of, 44-12
dosing of, 22-23t, 22-24t,

44-9–44-12
ecchymosis from, 44-14
ET from, 53-26
for eyes, 51-20t
for focal segmental

glomerulosclerosis, 31-34
for fungal infections, 71-6
for GCA, 44-5
GI tract disorders from, 44-13
glaucoma and, 51-8
for gout, 42-6
for GVHD, 92-19–92-20
for heart transplantation, 35-4
for herpes zoster, 72-9
for HPA suppression, 44-10
for hypercalcemia, 11-22t, 11-24
hyperglycemia from, 44-13–44-14,

50-80–50-81
for hyperthyroidism, 49-23t
hypokalemia from, 11-16t
for IBD, 27-5
IL-2 and, 91-17
infections with, 92-21
for JIA, 43-36
for KD, 96-14
LABA with, 22-24–22-25
for lupus nephritis, 31-31
mania from, 80-5t
for meningitis, 58-9–58-10,

58-16
for migraine, 52-13
for nausea, 7-6–7-7
for OA, 43-39
OC and, 45-12t

osteoporosis from, 34-24,
43-32–43-33, 44-12–44-13

for pain, 8-5
for PCP, 70-11
pharmacologic effects with,

44-6–44-7
for PMR, 44-5
for polymyositis, 44-6
for psoriasis, 40-2–40-4, 40-3t,

40-9
psoriasis from, 40-9t
pulmonary disorders from, 25-2t,

25-4t
for RA, 43-6–43-7, 43-8,

43-32–43-33
for respiratory acidosis, 10-11
rifampin and, 61-17, 70-30
for SARS, 72-17–72-18
for seasonal asthma, 22-23
for septic shock, 21-32
for skin, 38-7–38-15
for SLE, 44-3, 44-8–44-10, 44-9t
sleep disorders from, 77-10t
for stroke, 55-16–55-17
for sunburn, 41-15
teratogenic effects of, 46-31t
for transplantation, 34-8
for transplantation rejection, 35-9
for tuberculous meningitis, 61-23
for UC, 27-8–27-9
vitamin D with, 43-33
for Wegener’s granulomatosis,

31-32–31-33
Cortisol. (see Hydrocortisone)
Cortisone, 44-7t

administration routes of, 44-9t
sodium and, 44-7

Corvert. (see Ibutilide)
Cosevelam. (see Bile acid resins)
Cotrimoxazole. (see

Trimethoprim-sulfamethoxazole)
Coumadin. (see Warfarin)
COX-1. (see Cyclooxygenase-1)
COX-2. (see Selective cyclooxygenase 2

inhibitors)
Creatine, for PD, 53-21
Crestor. (see Rosuvastatin)
Crinone. (see Progesterone vaginal gel)
Crixivan. (see Indinavir)
CRM197, 95-7
Crolom. (see Cromolyn)
Cromolyn (Crolom, Nasalcrom), 24-8,

24-16t
for allergic conjunctivitis, 24-15t
for allergic rhinitis, 24-14

during pregnancy, 46-32t
for asthma, 22-11t, 22-12t,

22-25–22-26
long-term, 22-27t

for BPD, 94-16t, 94-17
for CF, 98-9
for EAR, 22-3
pulmonary disorders from, 25-2t,

25-4t
Crotamiton, 75-17
Cryselle (Lo-Ovral, Low-Ogestrel), 45-5t
Crystalloids, 21-11–21-13

composition of, 21-11t
CSA. (see Cyclosporine)
Cubicin. (see Daptomycin)
Curosurf. (see Poractant)
CVP. (see Cyclosporine, vincristine, and

prednisone)
Cyanocobalamin, 86-9–86-10

CYC. (see Cyclophosphamide)
Cyclandelate, 14-9
Cyclessa, 45-5t
Cyclizine (Marezine), 7-3t
Cyclogyl. (see Cyclopentolate)
Cyclooxygenase-1 (COX-1), 4-16

vs. COX-2, 43-18t
GI tract disorders from, 44-13
PUD from, 26-10–26-11
for RA, 43-6

Cyclopentolate (Cyclogyl), adverse effects
of, 51-21

Cyclophilin inhibitors, 73-44
Cyclophosphamide (CYC, Cytoxan), 7-4t,

88-12t, 93-19
adverse effects of, 90-37
alopecia from, 89-11t
for breast cancer, 88-22t
cardiotoxicity with, 89-25
for chemotherapy reactions,

89-3–89-4
dosing of, 92-14
with FLU, 90-11
for focal segmental

glomerulosclerosis, 31-34
for head and neck cancer, 88-22t
for heart transplantation, 35-6
for HSCT, 92-2t, 92-5t
hyponatremia and, 11-10
for lung cancer, 91-12
for lupus nephritis, 31-31–31-32
nail changes from, 89-11t
neurotoxicity of, 89-20t
for ovarian cancer, 88-22t, 91-14
pulmonary disorders from, 25-2t,

25-6t
pulmonary toxicity from, 89-30t
for RA, 43-8
for rhabdomyosarcoma, 91-29
skin pigment changes from, 89-11t
with TBI, 92-9
for T-cell lymphoblastic

lymphoma, 90-36t
teratogenic effects of, 46-31t
VOD and, 29-16, 92-14
for Wegener’s granulomatosis,

31-32–31-33
Cyclophosphamide, doxorubicin,

vincristine, and prednisone
(CHOP), 90-14–90-16

for indolent lymphoma, 90-17
Cyclophosphamide, methotrexate,

fluorouracil (CMF), 91-4
Cycloserine

anxiety from, 76-6t
for TB, 61-10t, 61-13

Cyclosporine (CSA, Sandimmune, Neoral,
Gengraf, SangCya), 12-29, 34-6t

adverse effects of, 34-18–34-19,
43-7

ARF from, 30-3t
breast-feeding and, 97-7
DILI from, 29-8t, 29-14
dosing of, 34-18, 92-19
drug interactions with, 34-30t
drug-induced hyperlipidemia from,

12-17t
for focal segmental

glomerulosclerosis, 31-34
for GVHD, 92-18–92-19
for HSCT, 92-11t
hyperkalemia from, 11-18
hyperuricemia from, 42-8t
for IBD, 27-5–27-6

for kidney transplantation, 34-12
for lung transplantation, 35-10
for lupus nephritis, 31-32
for NODAT, 23-24
OC and, 45-12t
P-glycoprotein and, 88-20
pioglitazone and, 50-56
for psoriasis, 40-3t, 40-7
for psoriatic arthritis, 40-12–40-13
for RA, 43-6–43-7, 43-9
renal failure and, 33-8t
tacrolimus and, 34-26–34-27
for transplantation, 34-8, 92-10
for UC, 27-11

Cyclosporine, vincristine, and prednisone
(CVP), 90-17

Cymbalta. (see Duloxetine)
Cypionate, for HIV wasting syndrome,

70-39t
Cyproheptadine, 79-17

allergen skin tests and, 24-21t
for anorexia nervosa, 82-14
for HIV wasting syndrome,

70-39t
for migraine, 52-18t
for pruritus, 38-10
for SSRI-induced sexual

dysfunction, 79-17t
weight gain from, 82-6

Cyproterone (Androcur), 39-7, 47-7
Cytarabine, 7-4t

adverse effects of, 51-17t, 90-6,
90-37

alopecia from, 89-11t
for AML, 90-5
CNS toxicity from, 89-19
diarrhea from, 89-10
dosing of, 89-27t
hand-foot syndrome from, 89-12
heptatoxicity from, 89-32t
HiDAC, 90-7–90-8
for HSCT, 92-2t
neurotoxicity of, 89-20t
pulmonary disorders from, 25-2t,

25-4t
pulmonary toxicity from, 89-30t
for T-cell lymphoblastic

lymphoma, 90-36t
Cytomel, 49-18
Cytoplasmic-staining, antineutrophil

cytoplasmic antibody (c-ANCA), for
Wegener’s granulomatosis,
31-32–31-33

Cytosine/arabinoside, pulmonary
disorders from, 25-2t

Cytotec. (see Misoprostol)
Cytotoxic agents

for focal segmental
glomerulosclerosis, 31-34

pulmonary disorders from, 25-7t
Cytovene. (see Ganciclovir)
Cytoxan. (see Cyclophosphamide)

Dacarbazine, 7-4t
dosing of, 89-27t
heptatoxicity from, 89-32t
for Hodgkin disease, 88-23t, 89-35
for melanoma, 91-17
UV reactions from, 89-13t

Daclizumab (Zenapax), 34-6t
ATG and, 34-13
for kidney transplantation, 34-2,

34-10, 34-12
for lung transplantation, 35-8
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Dactinomycin, 7-4t
alopecia from, 89-11t
doxorubicin and, 91-26
heptatoxicity with, 91-27
radiation enhancement reactions

with, 89-13t
for rhabdomyosarcoma, 91-29
skin pigment changes from, 89-11t
VOD from, 29-16

Dai-saiko-to, toxicity of, 29-17
Dalfopristin/quinupristin (Synercid),

56-8t
adverse effects of, 56-15t

Dalmane. (see Flurazepam)
Dalteparin, with dialysis, 32-6
Danaparoid, 3-28

for stroke, 55-14
Danazol

acneiform eruptions from, 38-15
adverse effects of, 47-19t
for endometriosis, 47-17
heptatcocelluarl adenoma from,

29-17
for ITP, 93-19
peliosis hepatitis from,

29-16–29-17
for PMS, 47-24
teratogenic effects of, 46-31t

Dantrolene
CH from, 29-15
pulmonary disorders from, 25-2t,

25-7t
Daparinux, thrombocytopenia from,

87-10
Dapsone

anemia from, 86-18
anxiety from, 76-6t
DILI from, 29-3t
OC and, 45-12t
for PCP, 70-11t

Daptomycin (Cubicin), 56-8t
adverse effects of, 56-16t
for endocarditis, 59-16, 59-21
for gram-positive cocci, 56-9t
penetration characteristics of, 58-7t
renal failure and, 33-8t

Darbepoetin-α (Aranesp), 31-18–31-19,
31-18t, 87-16–87-17

for anemia, 89-5
Darifenacin (Enablex), for urinary

incontinence, 101-20t, 101-27
Darunavir (DRV), 69-4

for HIV, 69-10t
NNRTIs and, 69-21t
PI and, 69-19t
resistance to, 69-24t
with ritonavir, 69-16

Dasatinib, HF from, 89-25–89-26
Daunomycin, 18-19
Daunorubicin (Cerubidine, Daunoxome),

7-4t, 88-12t, 88-13t,
89-23–89-24

adverse effects of, 90-37
for ALL, 90-27
alopecia from, 89-11t
nail changes from, 89-11t
skin pigment changes from, 89-11t
for T-cell lymphoblastic

lymphoma, 90-36t
Daunoxome. (see Daunorubicin)
Daypro. (see Oxaproxin)
DDP-4. (see Dipeptidyl peptidase-4

inhibitors)
Decadron. (see Dexamethasone)

Declomethasone, dosing of, 22-24t
Decoctions, 3-4
Decongestants

for allergic conjunctivitis, 24-9,
24-15t

for allergic rhinitis, 24-9t,
24-11–24-13

during pregnancy, 46-32t
death from, in children, 93-5
for otitis media, 90-2
for rhinitis, 24-8–24-9, 24-13t
sleep disorders from, 77-10t

Deferoxamine, 32-10
histamine and, 4-15
for iron toxicity, 5-12–5-13

Defibrotide, 92-16
Dehydroemetine, 74-3t
Dehydroepiandrosterone sulfate,

neonates and, 94-6t
Delavirdine (Rescriptor), 61-21

for HIV, 69-9t
resistance to, 69-23t

Delfen, 45-25t
Deltasone. (see Prednisone)
Demeclocycline, for SIADH, 11-7t, 11-11
Demerol. (see Meperidine)
Demulen. (see Zovia 1/35)
Denavir. (see Penciclovir)
Denileukin diftitox, for GVHD, 92-20
Denosumab, 102-17
Deoxyspergualin, for transplantation,

34-10
Depakene. (see Valproate)
Depakote. (see Valproate)
Depo-Provera, 45-20–45-21
Depot medroxyprogesterone acetate

(DMPA), 47-18
Deprivan. (see Propofol)
Dermagraft, 41-19
Desflurane

chemical stability of, 9-10t
for general anesthesia, 9-12
properties of, 9-10t
pulmonary disorders from, 25-4t

Desiccated thyroid, 49-11
Desipramine (Norpramin), 79-13t, 81-8

for cataplexy, 77-17
melatonin and, 3-33t

Desloratadine (Clarinex), 24-12t
allergen skin tests and, 24-21t
for allergic rhinitis, 24-10, 24-11

Desonide, 38-8t
Desoximetasone, 38-8t
Desyrel. (see Trazodone)
Dexadrine. (see Dextroamphetamine)
Dexamethasone (Decadron), 7-5, 7-6t,

8-24, 38-8t, 44-7t
administration routes of, 44-9t
adverse effects of, 51-20–51-21
for ALL, 90-27
with clomiphen, 47-8
for croup, 96-11
for eyes, 51-20t
for Hodgkin disease, 88-23t
for meningitis, 58-9–58-10
for MM, 90-19–90-20,

90-20–90-21, 90-21t
for pain, 8-5
for PONV, 7-10t, 9-25, 9-25t
for preterm labor, 46-28
for stroke, 55-16–55-17
for T-cell lymphoblastic

lymphoma, 90-36t
for typhoid fever, 62-14

Dexamethasone, cytarabine, cisplatin
(DHAP), 90-16, 90-18

Dexamethasone, thalidomide, cisplatin,
doxorubicin, cyclophosphamide,
etoposide (DT-PACE),
90-20–90-21, 90-21t

Dexedrine. (see Dextroamphetamine)
Dexfenfluramine, 18-3
DexFerrum. (see Iron-dextran)
Dexmedetomidine, for sedation, 93-12t,

93-13
Dexrazoxane (Zinecard), 89-24, 90-33
Dextran, 28-8

pulmonary disorders from, 25-2t,
25-8t

Dextroamphetamine (Dexedrine), 7-3t,
8-31

for ADHD, 81-3
for depression, 55-17
for narcolepsy, 77-17

Dextromethorphan, 8-5
abuse of, 83-15–83-16
for cough, during pregnancy,

46-32t
Dezocine, 8-20
DHAP. (see Dexamethasone, cytarabine,

cisplatin)
DHE. (see Dihydroergotamine)
DiaBeta. (see Glyburide)
Diabinese. (see Chlorpropamide)
Dialysate

with CAPD, 32-11–32-12
composition of, 32-4–32-5
flow of, 32-4

Diazepam (Valium), 54-31, 76-8t,
76-12t, 76-13

for alcohol withdrawal,
84-8–84-10, 84-8t, 84-9t,
84-11

for cluster seizures, 54-23–54-24
distribution of, 99-3
for eclampsia, 46-19
hepatitis and, 73-7
herbs and, 3-5
INH and, 61-16
for NAS, 94-46–94-47
neonates and, 94-6t, 94-43, 94-43t
pharmacokinetics of, 94-3t
as preoperative agent, 9-3t
protein binding with, 94-4, 94-5
rifampin and, 61-17
for sedation, 93-12t
smoking and, 85-5t
for tardive dyskinesia, 78-20
withdrawal from, 76-15

Diazoxide (Hyperstat), 20-11–20-12
adverse effects of, 20-13, 51-16t
for hypertension, 20-3, 20-4t-5t

Dibenzoylmethanes, 41-8t, 41-11, 41-12
Dibenzyline. (see Phenoxybenzamine)
Dichlorphenamide, for glaucoma, 51-13t
Diclofenac (Voltaren), 8-9–8-10, 43-17t

ARF from, 30-7–30-8
CH from, 29-15
DILI from, 29-3t
for dysmenorrhea, 47-11t
for eyes, 51-21, 51-22t
hemolytic anemia from, 87-5
for migraine, 52-12
nateglinide and, 50-52

Diclofenac potassium (Cataflam),
8-9–8-10

Dicloxacillin (Dynapen), 56-8t, 67-2
dosing of, 67-2–67-3

for osteomyelitis, 66-5t
for prosthesis infection, 66-9

Dicyclomine (Bentyl), 99-6t
adverse effects of, 51-15t
for opiate withdrawal, 83-10t
for urinary incontinence, 101-27

Didanosine, 69-4, 69-15
anemia from, 86-18
with emtricitabine, for HIV, 69-14t
for HIV, 69-8t
with lamivudine, for HIV, 69-14t
resistance to, 69-23t

Didronel. (see Etidronate)
Dietary supplements. (see Nutritional

supplements)
Diethanolamine p-methoxycinnamate

(Cinoxate), 41-8t, 41-11
Diethylcarbamazine, 74-4t
Diethylpropion

anxiety from, 76-6t
for obesity, 82-19

Diethylstilbestrol, teratogenic effects of,
46-31t

Differin. (see Transretinoic acid)
Diflorasone diacetate, 38-8t
Diflucan. (see Fluconazole)
Diflunisal (Dolobid), 8-9–8-10, 43-17t
Digitalis (Digoxin, Lanoxin), 18-4, 18-9,

18-13–18-15, 18-26,
18-44–18-54, 19-14

adverse effects of, 51-18t
amiodarone and, 18-48–18-49
antiarrhythmics and, 18-52
anxiety from, 76-6t
arrhythmias from, 19-18
ciprofloxacin and, 70-32t
dialysis and, 32-3
diltiazem and, 18-63
distribution of, 99-3
drug interactions with, 18-49t
feeding tubes and, 36-16
for heart rate control, 19-9
herbs and, 3-5
hyperkalemia from, 11-18
hyperthyroidism and, 49-20–49-21
mortality and, 18-28
nateglinide and, 50-52
nifedipine and, 18-63
pediatric dosing of, 18-53–18-54
pharmacokinetics of, 94-3t
propafenone and, 18-48–18-49
protein binding with, 33-2
psoriasis from, 40-9t
quinidine and, 18-47–18-48
renal failure and, 33-8t
rifampin and, 70-30, 70-32t
sitagliptin and, 50-59
for supraventricular tachycardias,

controlling ventricular rate in,
19-8t

toxicity with, 18-49–18-53
vs. vasodilators, 18-28–18-29
weight loss from, 82-6
withdrawal from, 18-27–18-28

Digoxin. (see Digitalis)
Dihydrocodeine, bioavailability of, 33-2
Dihydroergotamine (DHE), for migraine,

52-11, 52-12, 53-4
Dihydropyridines, 13-17t, 13-31, 16-15

for angina, 16-16t
for hypertension, 13-18
psoriasis from, 40-9t

Dilantin. (see Phenytoin)
Dilapan, for labor induction, 46-20
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Diloxanide furoate, 74-3t
Diltiazem (Cardizem), 12-29, 13-31,

16-15
with ACEI, 31-12
for angina, 16-10, 16-16t
for asthmatics, 19-9
for atrial fibrillation, 13-33
benzodiazepines and, 76-16t
buspirone and, 76-20t
for controlling ventricular rate,

19-9
digitalis and, 18-63
for heart transplantation, 35-5
HF and, 16-16
for hypertension, with heart

transplantation, 35-6
for hyperthyroidism, 49-23t
intravenous, 20-14-20-15
lithium and, 80-11t
for MI, 17-7

after discharge, 17-25
for migraine, 52-17–52-18
for nocturnal leg cramps, 14-14
for paroxysmal supraventricular

tachycardia, 19-15–19-16
for proteinuria, 31-8
psoriasis from, 40-9t
risks with, 19-9
sexual dysfunction from, 101-2t
for supraventricular tachycardias,

controlling ventricular rate in,
19-8t

sustained release, 16-18
Diltiazem CD (Cardizem CD), 15-7
Dimenhydrinate (Dramamine), 7-3t

for migraine, during pregnancy,
46-32t

safety of, 93-7
Dimetane. (see Brompheniramine)
Dimethylsulfoxide (DMSO), 89-15
Dinoprostone. (see Prostaglandin E2)
Dioxybenzone, 41-8t, 41-11
Dipentum. (see Olsalazine)
Dipeptidyl peptidase-4 inhibitors

(DDP-4), 50-58–50-59
Diphenhydramine (Benadryl), 24-12t,

89-7t, 93-5, 99-6t
allergen skin tests and, 24-21t
for allergic rhinitis, 24-10
for cough, during pregnancy,

46-32t
for GAD, 76-10
hangover effect of, 77-5
for nocturnal leg cramps, 14-14
for NVP, 46-8t
for pediatric insomnia, 77-20
for PONV, 9-24t
proarrhythmic effects of, 19-25
urinary complications with,

24-18–24-19
weight gain from, 82-6

Diphenoxylate/atropine, 62-5
for DP-IBS, 27-20

Diphtheria and tetanus vaccine (DTP),
95-5–95-6, 95-9

Diphtheria, tetanus, acelular pertussis
(DTaP), 95-3, 95-6

Dipivefrin (Propine), for POAG, 51-12t
Dipyridamole

adenosine with, 19-15
aspirin with, for ischemic stroke,

55-4
for stroke, 55-8, 55-10

Dipyrone, agranulocytosis from, 87-14

Direct renin inhibitors, 13-38
Direct thrombin inhibitors

with dialysis, 32-6
for heparin-induced

thrombocytopenia, 33-24
Dirithromycin (Dynabac), 56-8t
Disalcid. (see Salsalate)
Disease-modifying antirheumatic drugs

(DMARDS)
combinations of, 43-27–43-28
for JIA, 43-35
for RA, 43-5, 43-6–43-7,

43-9–43-10
Disease-modifying antirheumatic drugs

(DMARDs), for CTDs, 44-2
Disopyramide (Norpace), 19-6t, 99-6t

anxiety from, 76-6t
HF from, 18-19
sexual dysfunction from, 101-2t

Dissociative drugs, 83-15–83-16
Disulfiram, 84-13–84-16
Ditropan. (see Oxybutynin)
Diuretics, 11-13–11-14, 13-17t, 18-7,

18-9, 18-11–18-12, 18-20,
18-63. (see also Loop diuretics;
Thiazide diuretics)

absorption of, 12-25
adverse effects of, 51-18t
anorexia nervosa and, 82-2
for ascites, 28-5–28-6
for ATN, 30-11–30-12
for BPD, 94-15–94-16, 94-16t
for calcium stones, 30-17
complications with, 28-6–28-7
diabetes and, 13-23
for diabetic nephropathy, 31-12
dyslipidemia from, 13-23–13-24
hyperkalemia from, 13-23,

28-6–28-7
hyperlipidemia from, 12-17t
for hypertension, 12-25, 13-8,

13-10, 13-18, 13-20–13-26,
13-20t, 20-9, 31-20

with heart transplantation, 35-6
hyperuricemia from, 42-7–42-9,

42-8t
hypokalemia from, 28-6–28-7
hyponatremia from, 11-9,

28-6–28-7
lithium and, 80-11t
metabolic alkalosis from, 11-14,

28-6–28-7
osmotic, 11-14
for PMS, 47-22–47-23
potassium-sparing, 11-13, 13-21
pregnancy and, 46-16t
for RDS, 94-13
for stroke, 55-7
weight loss from, 82-6

Divalproex
for aggressive behavior, 100-16
for schizophrenia, 78-9–78-10

DMARDS. (see Disease-modifying
antirheumatic drugs)

DMPA. (see Depot medroxyprogesterone
acetate)

DMSO. (see Dimethylsulfoxide)
Dobutamine, 18-16, 18-57

adverse effects of, 21-20
for AMI, 21-26
for cardiogenic shock, 21-19,

21-20
with heart transplantation, 35-2
heart transplantation and, 35-2

for HF, 21-22–21-23
for septic shock, 21-31

Docetaxel (Taxotere), 88-13t
alopecia from, 89-11t
for breast cancer, 88-22t, 91-6t
hypersensitivity from, 89-18t
for lung cancer, 91-12
nail changes from, 89-11t
neurotoxicity of, 89-20t
for non-small-cell lung cancer,

88-22t
paresthesia from, 89-21
pulmonary disorders from, 25-2t
radiation recall reactions from,

89-13t
Docetaxel, doxorubicin, cyclophosphamide

(TAC), 91-4
Docosanol (Abreva), 72-7
Docusate sodium, for constipation, during

pregnancy, 46-32t
Dofetilide (Tikosyn), 19-6t

amiloride and, 19-11
amiodarone and, 19-11
for atrial fibrillation, 19-12
azole antifungals and, 19-11
for chemical cardioversion,

19-10–19-11
cimetidine and, 19-11
diltiazem, 19-11
ketoconazole and, 19-11
megestrol and, 19-11
metformin and, 19-11
nefazodone and, 19-11
prochlorperazine and, 19-11
quinine and, 19-11
sulfamethoxazole and, 19-11
triamterene and, 19-11
trimethoprim and, 19-11
zafirlukast and, 19-11

Dolasetron (Anzemet), 7-6t
for PONV, 7-10t, 9-24t
torsades de pointes and, 19-26t

Dolobid. (see Diflunisal)
Domperidone

for anorexia nervosa, 82-14
for gastroparesis, 50-77
for GERD, 93-11

Donepezil (Aricept), 53-21
for AD, 100-7, 100-8t

Dong quai, for hot flushes, 48-7
Dopamine, 18-16, 18-57. (see also

Dopamine in Subject Index)
for AMI, 21-26
for ATN, 30-11–30-12
for cardiogenic shock,

21-18–21-19, 21-20
GERD and, 26-23t
neonates and, 94-7t
for septic shock, 21-31

Dopamine agonists
for PD, 53-6–53-7, 53-14–53-15
for RLS, 53-24–53-25
schizophrenia and, 78-3
for sleep disorders, 77-6
sleep disorders from, 77-10t

Doral. (see Quazepam)
Doribax. (see Doripenem)
Doripenem (Doribax), 56-8t

for UTIs, 64-10t
Dornase alfa (Pulmonzyme), 98-9
Dorzolamide (Trusopt), 51-6

adverse effects of, 51-12
for POAG, 51-10t

Dovonex. (see Calcipotriene)

Doxapram, for apnea, in neonates, 94-39
Doxazosin (Cardura)

for BPH, 101-20
for dementia, 100-13
for hypertension, 13-10, 31-21
nasal symptoms from, 24-23t
sexual dysfunction from, 101-2t

Doxepin (Sinequan), 8-22, 79-13t
for opiate withdrawal, 83-10t
for sleep disorders, 77-14
for tension-type headaches, 52-24

Doxercalciferol (Hectorol), 31-26
Doxil. (see Doxorubicin)
Doxorubicin (Adriamycin, Doxil, Rubex),

7-4t, 18-19, 88-13t
adverse effects of, 51-17t
alopecia from, 89-11t
for bladder cancer, 88-22t, 91-16
for breast cancer, 88-22t, 91-6t
CHF from, 89-23
dactinomycin and, 91-26
for gastric cancer, 88-22t
hand-foot syndrome from, 89-12
for head and neck cancer, 88-22t
for Hodgkin disease, 88-23t, 89-35
hypersensitivity from, 89-18t
for lung cancer, 91-12
for MM, 90-19–90-20
nail changes from, 89-11t
pulmonary disorders from, 25-2t,

25-7t
radiation enhancement reactions

with, 89-13t
skin pigment changes from, 89-11t
skin ulcers from, 89-15
for T-cell lymphoblastic

lymphoma, 90-36t
Doxorubicin, cyclophosphamide (AC),

91-4
Doxorubicin, vincristine, dexamethasone

(DVD), 90-21t
Doxycycline (Vibramycin), 39-6t, 56-8t,

75-9
for acne, 39-5, 39-9–39-10
for AECB, 60-4t
alcohol interaction with, 84-21t
for anaerobes, 56-13t
for aspiration pneumonia, 60-21t
for CAP, 60-11t, 60-12t
for Chlamydia trachomatis, 65-11
for cholera, 62-7
for COPD, 23-12, 23-15
for gonorrhea, 65-7
for LGV, 65-12
for Lyme disease, 75-4t
for PID, 65-8, 65-9t
for pneumonia, 60-10f
pregnancy and, 66-12
for RMSF, 75-11, 75-13
for surgery, 57-2t
for syphilis, 65-15
for toxoplasmosis, 70-15

Doxylamine, 99-6t
for NVP, 46-8, 46-8t
pregnancy and, 46-32t

DPEN. (see D-penicillamine)
D-penicillamine (DPEN)

Goodpasture syndrome from, 43-7
myasthenia gravis from, 43-7
for RA, 43-5
SLE from, 43-7
for systemic sclerosis, 44-4

DPP-4 inhibitors, 50-51t
Dramamine. (see Dimenhydrinate)
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Dronabinol (Marinol), 7-6t
anxiety from, 76-6t
for HIV wasting syndrome, 70-39t

Droperidol (Inapsine), 7-6t, 7-8
for acute agitation, 78-14t
for NVP, 46-8t
for PONV, 7-10t, 9-23–9-25, 9-24t

Drotrecogin. (see Protein C)
Drotrecogin alfa, for septic shock,

21-32–21-33
DRV. (see Darunavir)
DTaP. (see Diphtheria, tetanus, acelular

pertussis)
DTP. (see Diphtheria and tetanus vaccine)
DT-PACE. (see Dexamethasone,

thalidomide, cisplatin, doxorubicin,
cyclophosphamide, etoposide)

Duetact. (see Pioglitazone/glimepiride)
Duloxetine (Cymbalta), 8-27, 79-13t,

79-23
aging and, 99-11t
for anorexia nervosa, 82-14
for DPN, 50-79
for GAD, 76-9–76-10, 76-11

Duoderm, 41-19
Duranest. (see Etidocaine)
Duricef. (see Cefadroxil)
Dutasteride (Avodart), for BPH, 101-22
DVD. (see Doxorubicin, vincristine,

dexamethasone)
Dyazide, 18-24
Dyclonine hydrochloride, 89-7t

for mucositis, 89-9
Dymelor. (see Acetohexamide)
Dynabac. (see Dirithromycin)
DynaCirc. (see Isradipine)
Dynapen. (see Dicloxacillin)
Dynorphin, 82-8
Dyrenium. (see Triamterene)

EC. (see Emergency contraception)
Ecamsule. (see Terephthalylidene

dicamphor sulfonic acid)
Echinacea, 3-3t, 3-15–3-17

adverse drug reactions with, 3-16
for candidiasis, 3-17
chemotherapy and, 3-17
for common cold, 3-15, 72-18
dosing of, 3-16
for HIV, 3-17
metronidazole and, 3-16
for UTIs, 3-17
for wound healing, 3-17

Echinocandins, 71-4
for Candida, 71-10

Echothiophate iodide (Phospholine
iodide), 51-7

for POAG, 51-11t
Ecstasy, 83-11–83-12, 83-17–83-19
EDTA. (see Ethylenediamine tetra-acetic

acid)
Efalizumab, for psoriasis, 40-3t, 40-7
Efavirenz (Sustiva), 61-21

anxiety from, 76-6t
for HIV, 69-9t, 69-14t
mania from, 80-5t
for Pseudomonas spp., 66-10
resistance to, 69-23t

Effexor. (see Venlafaxine)
Eflornithine hydrochloride, 47-7
Elavil. (see Amitriptyline)
Eldepryl. (see Selegiline)
Electrolytes, 93-8, 93-8t. (see also

Electrolytes in Subject Index)

for alcohol withdrawal, 84-11
for hyponatremia, 11-8

Elestrin. (see Estradiol topical emulsion)
Eletriptan, for migraine, 53-4
Eletriptan (Relpax), 54-8t
Elidel. (see Pimecrolimus)
Elimite. (see Permethrin)
Elitek. (see Rasburicase)
Ellence. (see Epirubicin)
Eloxatin. (see Oxaliplatin)
Elspar. (see Asparaginase)
Emadine. (see Emedastine)
EMB. (see Ethambutol)
Emedastine (Emadine), 24-15t
Emend. (see Aprepitant)
Emergency contraception (EC),

45-24–45-26
OC for, 45-25t

Eminase. (see Anistreplase)
EMLA. (see Lidocaine-prilocaine cream)
Emollients, for psoriasis, 40-3t
Emtricitabine (FTC, Emtriva), 69-4

didanosine with, for HIV, 69-14t
for HBV, 73-28
for HIV, 69-8t
lamivudine with, 69-15
renal failure and, 33-8t
resistance to, 69-23t

Emtriva. (see Emtricitabine)
E-Mycin. (see Erythromycin)
Enablex. (see Darifenacin)
Enalapril, 18-12, 18-27, 18-30, 31-7

anxiety from, 76-6t
cough from, 101-24
for diabetes, 31-12
for MI, 17-6
for mixed hyperlipidemia,

12-32–12-33
psoriasis from, 40-9t
renal failure and, 33-8t
rifampin and, 61-17
systolic dysfunction and, 18-30t

Enalaprilat (Vasotec)
for hypertension, 20-3, 20-4t-5t
intravenous, 20-14

Enbrel. (see Etanercept)
Encainide

for arrhythmia suppression, 19-19
bioavailability of, 33-2
for MI, 17-7

Encare, 45-25t
Enflurane

chemical stability of, 9-10t
DILI from, 29-3t
properties of, 9-10t

Enfurvirtide. (see Fuzeon)
Engerix-B, 73-16–73-18
Enjuvia. (see Synthetic conjugated

estrogens (Cenestin, Enjuvia))
Enoxaparin, 15-15, 16-31

as adjunct therapy, for myocardial
infarction, 17-15

as antithrombotic, 17-22–17-23
with dialysis, 32-6
dosing of, 16-28t
with epidural infusion, 9-32
for MI, 17-15
renal failure and, 33-23
thrombocytopenia from, 87-10

Enpresse (Tri-Norinyl, Triphasil), 45-5t
Ensulizole. (see Phenylbenzimidazole

sulfonic acid)
Entacapone (Comtan), 53-4t

for PD, 53-15–53-17

Entecavir (Baraclude)
dosing of, 73-28t
for HBV, 73-23t, 73-27, 73-34t

Entry inhibitors, for HIV, 69-10t
Ephedra

for asthma, 22-38
hazards of, 3-6t
torsades de pointes and, 19-26t

Ephedrine, 3-5
anxiety from, 76-6t
mania from, 80-5t

Epicel, 41-19
Epidermal growth factor receptor

antagonists, pulmonary disorders
from, 25-8t

Epidurals, 8-18–8-20
for analgesia, 9-29–9-30

Epinephrine (Glaucon, Eppy/N, Epitrate)
for anaphylaxis, 4-8, 4-9t
anxiety and, 76-2
for bronchiolitis, 96-11
for cardiac arrest, 19-27t, 19-28
for cardiogenic shock, 21-19
dosing of, 22-17t
for POAG, 51-6, 51-12t
for pulsatile priapism, 101-13
torsades de pointes and, 19-26t
via endotracheal administration,

19-28–19-29
Epirubicin (Ellence), 7-4t, 88-13t, 89-24

alopecia from, 89-11t
for breast cancer, 88-22t, 91-6t
with FLU, 90-11
for gastric cancer, 88-22t
heptatoxicity from, 89-32t
nail changes from, 89-11t
radiation recall reactions from,

89-13t
skin pigment changes from,

89-11t
Epitrate. (see Epinephrine)
Epivir, for HIV, 69-8t
Eplerenone, 18-25

for diabetic nephropathy, 31-12
for HF, 28-6
for hypertension, 13-10, 28-6
for MI, 17-23–17-24
for renal disease, 28-6

Epoetin-α (Eprex), 31-17–31-18,
87-16–87-17

for anemia, 89-5
Epogen. (see Erythropoietin)
Epoprostenol. (see Prostacyclin)
Eppy/N. (see Epinephrine)
Eprex. (see Epoetin-α)
EPT. (see Estrogen-progestin therapy)
Eptifibatide (Integrilin)

with PCI, 16-27
thrombocytopenia from, 87-8

Equetro. (see Carbamazepine)
Equine estrogen, 12-31
Erbitux. (see Cetuximab)
Ergonovine maleate (Ergotrate), 46-23

for migraine, 52-18t
Ergostat. (see Ergotamine)
Ergot alkaloids

breast-feeding and, 97-7
for migraine, 53-4
for postpartum hemorrhage, 46-23
pulmonary disorders from, 25-2t,

25-6t, 25-7t
Ergotamine (Cafergot, Ergostat)

adverse effects of, 52-11
caffeine with, 52-10

for cluster headaches,
52-21–52-22, 52-21t, 52-22t

contraindications for, 52-11
during lactation, 46-39t
for migraine, 52-10–52-11, 52-13t,

53-4
Ergotrate. (see Ergonovine maleate)
Erlotinib (Tarceva), 88-13t

alopecia from, 89-11t
nail changes from, 89-11t
pulmonary disorders from, 25-2t,

25-5t, 25-9–25-10
Errin (Micronor), 45-5t
Ertapenem (Invanz), 56-8t, 66-8

for gram-negative aerobes, 56-10t
for HAP, 60-24t
renal failure and, 33-8t
for UTIs, 64-10t

Erythrocin. (see Erythromycin)
Erythromycin (E-Mycin, Erythrocin),

12-29, 39-6t, 56-8t, 67-2, 67-3
for acne, 39-6

during pregnancy, 46-32t
adverse effects of, 56-15t
alcohol interaction with, 84-21t
antipsychotics and, 78-15
for aspiration pneumonia, 60-21t
benzodiazepines and, 76-16t
buspirone and, 76-20t
for Campybacter spp., 62-3t
for Campylobacter jejuni, 62-16
carbamazepine and, 54-25–54-26
for CDAD, 62-19t
for chancroid, 65-18
for cholera, 62-7
for DGI, 65-10t
DILI from, 29-3t, 29-8t
for dyspepsia, 26-9
for erysipelas, 67-7
for gastroparesis, 50-77
for GERD, 93-10t, 93-11
for gram-positive cocci, 56-9t
for LGV, 65-12
for Lyme disease, 75-5–75-6
mania from, 80-5t
neonates and, 94-3, 94-6t, 94-31t
OC and, 45-12t
penetration characteristics of, 58-7t
penicillin resistance and, 60-13t
pregnancy and, 46-32t
proarrhythmic effects of, 19-25
renal failure and, 33-8t
resistance to, 39-6–39-7
for RMSF, 75-13
sildenafil and, 101-11
for surgery, 57-2t
for syphilis, 65-15
for systemic sclerosis, 44-4
torsades de pointes and, 19-26t

Erythropoiesis stimulating agent (ESA),
31-15, 31-17–31-19

for anemia, 89-5
with dialysis, 32-2

Erythropoietin (Epogen, Procrit), for
HSCT, 92-6

ESA. (see Erythropoiesis stimulating
agent)

Escitalopram (Lexapro), 79-13t
aging and, 99-11t
for bulimia nervosa, 82-17
for GAD, 76-10
for panic disorder, 76-22–76-23
for PMS, 47-24
for social anxiety disorder, 76-27
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ESHAP. (see Etoposide,
methylprednisolone, cytarabine,
cisplatin)

Esmolol (Brevibloc), 49-32
for aortic dissection, 20-6t
for hypertension, 20-3, 20-4t-5t
intravenous, 20-14
for MI, 20-6t
for pulmonary disease, 17-20
for supraventricular tachycardias,

controlling ventricular rate in,
19-8t

Esomeprazole, 26-5–26-6
for aspiration pneumonitis, 9-5
for end-of-life care, 6-5
for GERD, 93-10t
for SRMB, 26-35t
for upper GI disorders, 26-4t

Estazolam (ProSom), 76-8t, 76-12t
Esterified estrogen (Estratab, Menest),

48-4t
Esters, 9-16t

properties of, 9-18t
Estrace. (see Micronized estradiol)
Estradiol, 12-29, 48-2t
Estradiol acetate (Femtrace), 48-4t
Estradiol hemihydrate (Vagifem), 48-4t
Estradiol topical emulsion (Elestrin,

Estrogel, Estrasorb), 48-4t
Estradiol transdermal system, 48-4t
Estrasorb. (see Estradiol topical emulsion)
Estratab. (see Esterified estrogen)
Estratest. (see Ethinylestradiol and

methyltestosterone)
Estrogel. (see Estradiol topical emulsion)
Estrogen. (see also Estrogen in Subject

Index)
adverse effects of, 51-18t
with androgen, 48-4t
for anorexia nervosa, 82-14
dementia and, 100-9
for EPT, 48-4t
for ET, 48-4t
GERD and, 26-23t
for hormone-sensitive tumors,

88-25t
pioglitazone and, 50-56
with progestin, 48-4t
smoking and, 85-23
for urinary incontinence, 101-28
UTIs and, 48-8
for vaginal epithelial thinning, 48-7

Estrogen therapy (ET), 102-7–102-8
AMI from, 48-2t
breast cancer from, 48-2t, 48-3
cardiovascular disease from,

48-3–48-4
colorectal cancer from, 48-2t
contraindications for, 48-3t
DVT from, 48-2t
endometrial cancer from, 48-3
for hot flushes, 48-2
osteoporosis from, 48-2t, 48-3
ovarian cancer from, 48-3
PE from, 48-2t
stroke from, 48-2t
thromboembolic disease from, 48-3

Estrogen-progestin therapy (EPT),
12-7–12-8, 48-2

AMI from, 48-2t
breast cancer from, 48-2t, 48-3
cardiovascular disease from,

48-3–48-4
colorectal cancer from, 48-2t

DVT from, 48-2t
endometrial cancer from, 48-3
osteoporosis from, 48-2t, 48-3
ovarian cancer from, 48-3
PE from, 48-2t
stroke from, 48-2t
thromboembolic disease from, 48-3

Estropipate. (see Piperazine estrone
sulfate)

Estrostep, 39-7, 45-5t
Eszopiclone (Lunesta), 77-21

for GAD, 76-8
for insomnia, 77-8–77-9
properties of, 77-7t
for sleep disorders, 77-2

ET. (see Estrogen therapy)
Etanercept (Enbrel)

dosing of, 43-10t
for GVHD, 92-20
for JIA, 43-36
for psoriasis, 40-3t, 40-7
for RA, 43-7, 43-28–43-29

Ethacrynic acid, 13-13
Ethambutol (EMB)

adverse effects of, 51-16t,
61-17–61-18

for CAP, 60-12t
dosing of, 56-19t
hyperuricemia from, 42-8t
for MAC, 70-34t
for MDRTB, 70-27
renal failure and, 33-8t
for TB, 61-8, 61-9t, 61-10t, 61-13
for tuberculous meningitis, 61-23

Ethanol, 10-7
anxiety from, 76-6t
drug-induced hyperlipidemia from,

12-17t
sexual dysfunction from, 101-7t

Ethaverine, 14-9
Ethchlorvynol, pulmonary disorders from,

25-2t
Ethinylestradiol, neonates and, 94-6t
Ethinylestradiol and methyltestosterone

(Estratest, Syntest), 48-4t
Ethionamide, for TB, 61-10t, 61-13
Ethmozine. (see Moricizine)
Ethosuximide (Zarontin)

for absence seizures, 54-19, 54-20t
for epilepsy, 54-3t
OC and, 45-12t
pharmacokinetic properties of,

54-6t
pregnancy and, 46-42
for seizures, 54-5t

Ethyl alcohol, for glaucoma, 51-13t
Ethyl pyruvate, for septic shock,

21-32–21-33
Ethylenediamine tetra-acetic acid (EDTA),

pulmonary disorders from, 25-2t,
25-4t

Ethylestradiol, for hormone-sensitive
tumors, 88-25t

Etidocaine (Duranest), 9-16t
properties of, 9-18t

Etidronate (Didronel), 102-14
adverse effects of, 51-17t
for hypercalcemia, 11-22t,

11-23–11-24
Etodolac (Lodine), 43-17t
Etomidate (Amidate), 9-6, 9-7t

adverse effects of, 9-7t
for cardiovascular disease, 9-8
for sedation, 93-12t, 93-13

Etoposide (VePesid), 88-13t, 90-7,
91-24

alopecia from, 89-11t
for AML, 90-5
for B-cell lymphoma, 90-36
for chemotherapy reactions, 89-3
for gastric cancer, 88-22t
heptatoxicity from, 89-32t
for non-small-cell lung cancer,

88-22t
pulmonary disorders from, 25-2t
radiation enhancement reactions

with, 89-13t
radiation recall reactions from,

89-13t
for small-cell lung cancer, 88-22t
for testicular cancer, 88-22t
toxicity with, 89-2
VOD from, 29-16

Etoposide, methylprednisolone,
cytarabine, cisplatin (ESHAP),
90-16, 90-18

Etretinate
CH from, 29-15
teratogenic effects of, 46-31t

Eulexin. (see Flutamide)
Eusolex 4360. (see Sulisobenzone)
Everolimus

for heart transplantation, 35-5
for transplantation, 34-10

Evista. (see Raloxifene)
Exelon. (see Rivastigmine)
Exemestane

for breast cancer, 91-7
for hormone-sensitive tumors,

88-25t
Exenatide (Byetta), 50-47t, 50-51t,

50-57–50-58, 99-10
adverse effects of, 50-58
contraindications for, 50-58
dosing of, 50-58
drug interactions with, 50-58
precautions with, 50-58
for type 2 diabetes, 50-65t
weight loss from, 82-6

Extracts, 3-4
Extraneal. (see Icodextrin)
Exubera, 50-18
Ezetimibe, 12-24t, 12-25

adverse effects of, 12-26
cholesterol and, 12-28t, 12-37
mechanism of, 12-26
for metabolic syndrome, 12-26
triglycerides and, 12-28t

Factive. (see Gemifloxacin)
Factor Xa inhibitor, for MI, 17-9t, 17-15
Famciclovir (FCV)

adverse effects of, 72-6t
for HSV, 65-26–65-28, 65-27t
for neutropenia, 68-6, 68-18
pharmacokinetics of, 72-4t
pregnancy and, 65-29
properties of, 72-3t

Famotidine (Pepcid), 26-4–26-5
for GERD, 93-10t
as preoperative agent, 9-3t
for reflux esophagitis, 46-9
for SRMB, 26-35, 26-35t
for upper GI disorders, 26-4t

Fansidar. (see
Pyrimethamine-sulfadoxine;
Sulfadoxine)

fAPV. (see Fosamprenavir)

Fast-track anesthesia, 9-33–9-34
FCR. (see Fludarabine, cyclophosphamide,

and rituximab)
FCV. (see Famciclovir)
Febuxostat, for hyperuricemia, 42-9
FEC. (see Fluorouracil, doxorubicin,

cyclophosphamide)
Felbamate (Felbatol), 54-9,

54-13–54-14
aplastic anemia from, 87-15
DILI from, 29-8t
for epilepsy, 54-3t
OC and, 54-29–54-30
pregnancy and, 46-43
for seizures, 54-5t
weight loss from, 82-6

Feldene. (see Piroxicam)
Felodipine (Plendil), 12-29, 16-15,

18-16, 18-63
for angina, 16-16t
for Raynaud’s disease, 14-12
sleep disorders from, 77-9

Femhrt, 48-4t
Femizol. (see Miconazole)
Femring. (see Vaginal ring)
Femstat. (see Butoconazole)
Femtrace. (see Estradiol acetate)
Fenfluramine, 18-3

glaucoma and, 51-8
pulmonary disorders from, 25-2t,

25-5t
Fenofibrate (TriCor), 12-14, 12-14t,

12-15, 12-25t, 12-26, 50-77
adverse effects of, 12-37
for atherogenic dyslipidemia,

12-37–12-38
CH from, 29-15
for hyperchylomicronemia, 12-39
for hyperlipidemia, with heart

transplantation, 35-7
Fenoldopam (Corlopam)

for acute pulmonary edema, 20-6t
for acute renal failure, 20-6t
adverse effects of, 20-11
for aortic dissection, 20-6t
for cocaine overdose, 20-6t
dosing of, 20-11
hemodynamic effects of, 20-11
for hemorrhage, 20-6tg
for hypertension, 20-3, 20-4t-20-5t,

20-8-20-9
for pheochromocytoma, 20-6t

Fenoprofen (Nalfon), 43-17t
aspirin and, 43-15
for gout, 42-5
nephrotic syndrome from, 8-15

Fentanyl (Sublimaze), 8-19, 8-28,
93-15t, 94-48

with bupivacaine, for epidural
infusion, 9-31t

cough from, 25-3t
histamine and, 4-17–4-18
for pain, 93-14
patches, 8-21
PCA and, 8-16, 9-28, 9-29t
as preoperative agent, 9-3t
pulmonary disorders from, 25-2t
for sedation, 93-12t, 93-13

Feosol, 86-6t
Ferrlecit. (see Sodium ferric gluconate)
Ferrous fumarate, 86-6, 86-6t
Ferrous sulfate, 86-6, 86-6t
Ferumoxytol, 31-17
Feverfew, for migraine, 52-18t
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Fexofenadine (Allegra), 24-12t
allergen skin tests and, 24-21t
for allergic rhinitis, 24-10, 24-11,

24-19
FGA. (see First generation antihistamines)
Fiber, 12-30
Fibrates

adverse effects of, 12-37
cholesterol and, 12-28t
clinical use of, 12-36–12-37
for dyslipidemia, 31-9
mechanism of, 12-37
for metabolic syndrome, 12-26
triglycerides and, 12-28t

Filgastim. (see Granulocyte
colony-stimulating factor)

Finasteride (Proscar), 3-19
for BPH, 101-22
for PCOS, 47-8

First generation antihistamines (FGA),
24-6–24-7

for allergic rhinitis, 24-10
5-ASA

adverse effects of, 27-10
for CD, 27-13
for IBD, 27-3–27-5
for UC, 27-9

5-FC. (see 5-Flucytosine)
5-HT3. (see 5-hydroxytryptamine 3)
Flagyl. (see Metronidazole)
Flavoxate hydrochloride (Urispas), for

urinary incontinence, 101-27
Flecainide (Tonocard), 19-6t

for arrhythmia suppression, 19-19
for atrial fibrillation, 19-11–19-12
for chemical cardioversion, 19-10
for MI, 17-7
smoking and, 85-5t
for Wolff-Parkinson-White

syndrome, 19-16
Flonase. (see Fluticasone)
Flosequinan, 18-16
Floxapen. (see Flucloxacillin)
Floxin. (see Ofloxacin)
FLU. (see Fludarabine)
Flucloxacillin (Floxapen), 67-2

DILI from, 29-3t
Fluconazole (Diflucan), 71-4

adverse effects of, 56-16t
for Aspergillus spp., 92-25
Candida spp. and, 92-25
for coccidioidomycosis, 71-22
for CRRT and HD, 56-21t
for cryptococcosis, 70-25, 71-25
dosing of, 56-19t
drug interactions with,

34-29–34-30
with flucytosine, 70-26
for fungal endocarditis, 59-22
for HIV, 70-6t
for HSCT, 92-23
for lung transplantation, 35-10
for neonates, 94-31t
for neutropenia, 68-5–68-6, 68-17
renal failure and, 33-9t
rifabutin and, 70-32t
rifampin and, 70-30
for VVC, 65-21t, 65-22

Flucytosine
adverse effects of, 56-16t
for cryptococcosis, 71-25
dosing of, 56-19t
fluconazole with, 70-26
HIV and, 70-4

5-Flucytosine (5-FC), 71-4
for fungal endocarditis, 59-22
for gram-negative bacillary

endocarditis, 59-23
Fludarabine (FLU)

for CLL, 90-11
cyclophosphamide with, 90-11
dosing of, 89-27t
epirubicin with, 90-11
for HSCT, 92-2t, 92-11t
neurotoxicity of, 89-20t, 89-21
pulmonary disorders from, 25-2t
pulmonary toxicity from, 89-30t
refractory, 90-12
rituximab with, 90-11
sensitive, 90-12

Fludarabine, cyclophosphamide, and
rituximab (FCR), 90-12

Fludarabine, mitoxantrone,
dexamethasone (FND), 90-17

Flumadine. (see Rimantadine)
Flumazenil, 28-19

for benzodiazepine toxicity, 5-5,
5-14, 76-17–76-18

FluMist, 95-11
Flunisolide (Nasalide, Nasarel), 24-16t

for asthma, long-term, 22-27t
for BPD, 94-18
dosing of, 22-23t, 22-24t

Fluocinonide, 38-8t
Fluoride, 89-7t

for osteoporosis, 44-13
Fluorometholone, adverse effects of,

51-20–51-21
Fluoroquinolones, 63-4, 75-10

for AECB, 60-4t
anxiety from, 76-6t
for aspiration pneumonia, 60-20
for Campylobacter jejuni, 62-16
for CAP, 60-11t, 60-12t
for CDAD, 62-19t
children and, 96-18t, 96-19
for diarrhea, 62-5
DILI from, 29-8t
drug interactions with, 64-8–64-9
for gonorrhea, 65-4
hemolytic anemia from, 87-7
for HSCT, 92-23
for Leonella spp., 56-12t
for Lyme disease, 75-5–75-6
for MDRTB, 70-27
for neutropenia, 68-4–68-5, 68-10
penetration characteristics of, 58-7t
penicillin resistance and, 60-13
photosensitive eruptions from,

38-15
for pneumonia, 60-10f
proarrhythmic effects of, 19-25
for Salmonella spp., 62-3t,

62-11–62-12
for SBP, 62-5
for Shigella spp., 62-3t, 62-9
SJS from, 38-16
for TB, 61-9–61-11
for typhoid fever, 62-12–62-13
for UTIs, 64-5t, 64-8–64-9, 99-13

Fluorouracil, 88-13t
adverse effects of, 51-17t
alopecia from, 89-11t
angina pectoris from, 89-25
for breast cancer, 88-22t
for colorectal cancer, 88-22t
for gastric cancer, 88-22t
hand-foot syndrome from, 89-12

for head and neck cancer, 88-22t
nail changes from, 89-11t
neurotoxicity of, 89-20t, 89-21
radiation enhancement reactions

with, 89-13t
skin pigment changes from, 89-11t
UV reactions from, 89-13t

Fluorouracil, doxorubicin,
cyclophosphamide (FEC), 91-4

Fluoxetine (Prozac), 79-13t
adverse effects of, 51-16t
aging and, 99-11t
for anorexia nervosa, 82-14
antipsychotics and, 78-16
benzodiazepines and, 76-16t
for bulimia nervosa, 82-16–82-17
buspirone and, 76-20t
for cataplexy, 77-17
clomipramine and, 76-39
for depression, 100-16
DILI from, 29-8t
for GAD, 76-10
for hot flushes, 48-6t
lithium and, 80-11t
melatonin and, 3-33t
for OCD, 76-34, 76-35
for OSA, 77-17
for panic disorder, 76-22–76-23
for PD, 53-22
for PMS, 47-24
psoriasis from, 40-9t
for PTSD, 76-30
for sleep disorders, 77-12–77-14
sleep disorders from, 77-10t
for social anxiety disorder, 76-27
toxicity from, 5-17

Fluoxymestrone, for hormone-sensitive
tumors, 88-25t

Fluphenazine (Prolixin), 78-14, 78-26
adverse effects of, 78-12t
dosing of, 78-17t
long-acting, 78-15
pharmacokinetics of, 78-16t
receptor-binding affinities of,

78-12t
Flurandrenolide, 38-14
Flurazepam (Dalmane), 76-8t, 76-12t,

77-11, 77-21
dosing of, 77-10t
for opiate withdrawal, 83-10t
properties of, 77-7t
for sleep disorders, 77-2

Flurbiprofen (Ansaid), 8-9–8-10, 42-5,
43-17t

for eyes, 51-21, 51-22t
Flutamide (Eulexin)

for BPH, 101-22
for hormone-sensitive tumors,

88-25t
Fluticasone (Flonase), 24-16t, 99-12

for asthma, long-term, 22-27t
for BPD, 94-18
dosing of, 22-23t, 22-24t

Fluvastatin (Lescol), 12-24t, 12-25t,
12-28, 50-77

Fluvoxamine (Luvox)
aging and, 99-11t
antipsychotics and, 78-15
benzodiazepines and, 76-16t
for bulimia nervosa, 82-16, 82-17
buspirone and, 76-20t
clomipramine and, 76-39
for depression, 100-16
lithium and, 80-11t

melatonin and, 3-33t
for OCD, 76-34, 76-35
for panic disorder, 76-22–76-23
for PMS, 47-24
for PTSD, 76-30
smoking and, 85-5t
for social anxiety disorder, 76-27

FND. (see Fludarabine, mitoxantrone,
dexamethasone)

Folate inhibitors, 56-8t
FOLFIRI, 91-9–91-10
FOLFOX, 91-9–91-10
Folic acid. (see also Folic acid in Subject

Index)
for atherosclerosis, 16-10
homocysteine and, 2-12
with MTX, 43-25
pregnancy and, 46-7, 46-43
pyrimethamine with, for

toxoplasmosis, 70-15
Fomepizole (Antizol), 10-7

for methanol toxicity, 5-5
Fomoterol, for asthma, long-term, 22-29t
Fondaparinux (Arixtra), 15-5, 16-31

dosing of, 16-28t
for MI, 17-15–17-16
for PE, 15-17
thrombocytopenia from, 87-10
UFH and, LMWH and, 15-4t

Formoterol, for EIA, 22-32
Fortaz. (see Ceftazidime)
Fortovase. (see Saquinavir)
Fosamax. (see Alendronate sodium)
Fosamprenavir (fAPV)

for HIV, 69-14t
NNRTIs and, 69-21t
PI and, 69-19t
resistance to, 69-24t
with ritonavir, 69-16

for HIV, 69-14t
Foscarnet (Foscavir)

adverse effects of, 56-17t, 70-21,
72-6t

for CMV, 34-33
retinitis, 70-16–70-18t,

70-19–70-21, 72-5t
dosing of, 70-20t, 70-21
with ganciclovir, 70-21
renal failure and, 33-9t
toxicity with, 70-21

Foscavir. (see Foscarnet)
Fosinopril (Monopril), 18-12, 18-30

systolic dysfunction and, 18-30t
Fosphenytoin (Cerebyx), 54-31–54-32

for neonates, 94-42–94-44
Fosrenol. (see Lanthanum carbonate)
Free hydroxyl radical, 9-20
Fresh-pressed juice, 3-4–3-5
Frova. (see Frovatriptan)
Frovatriptan (Frova), 54-8t

for migraine, 53-4
FTC. (see Emtricitabine)
Fulvestrant, for hormone-sensitive

tumors, 88-25t
Fulvicin. (see Griseofulvin)
Furazolidone (Furoxone), 75-11

alcohol interaction with, 84-21t
Furosemide (Lasix), 13-13, 18-11,

18-20–18-21, 18-25,
99-2–99-3, 99-10

for ARF, 30-18
for ascites, 28-5–28-6
for BPD, 94-16t
for HRS, 29-21
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Furosemide (Lasix) (continued)
for hypercalcemia, 11-22t
for hypertension, 20-9, 31-20,

31-21
NSAIDs and, 99-3
for RDS, 94-13
for SIADH, 11-11
thrombocytopenia from, 87-8

Furoxone. (see Furazolidone)
Fusion inhibitors, 69-4–69-5
Fuzeon (Enfuvirtide, T-20), for HIV,

69-10t
Fuzeon (T-20), 69-4–69-5

Gabapentin (Neurontin), 8-27, 31-29,
54-9

adverse effects of, 54-11
for alcohol withdrawal, 84-9t,

84-10–84-11
for alcoholism, 84-14t
for DPN, 50-79
for epilepsy, 54-3t
for ET, 53-27t
for hot flushes, 48-6t
for mania, 80-13
mania from, 80-5t
for migraine, 52-18t
nasal symptoms from, 24-23t
OC and, 54-29–54-30
pregnancy and, 46-43
for seizures, 54-5t, 54-12t
for sleep disorders, 77-5
weight gain from, 82-6

Gabitril. (see Tiagabine)
Galantamine (Razadyne), for AD,

100-7–100-9, 100-8t
Gallium nitrate, for hypercalcemia,

11-22t, 11-24
Galvus. (see Vildagliptin)
Ganciclovir (Cytovene)

adverse effects of, 56-17t, 72-6t
anemia from, 86-18
for CMV, 34-32–34-33, 34-34,

92-24
in neonates, 94-34t, 94-36

for CMV retinitis, 70-16–70-18t,
70-19, 70-23, 72-5t

for CRRT and HD, 56-21t
dosing of, 56-19t, 70-20t
for HIV, 70-6t
for HSV, 51-22
for PTLD, 35-11
renal failure and, 33-9t

Ganglionic blocking agents, glaucoma and,
51-8

Garamycin. (see Gentamicin)
Garlic, 3-3t, 3-7–3-10

adverse drug reactions with, 3-9
for atherosclerosis, 3-8
for CAD, 3-8
for cancer, 3-9
contact dermatitis from, 3-9
for diabetes, 3-9
dosing of, 3-9–3-10
for hyperlipidemia, 3-7–3-8
for hypertension, 3-8
for hypoglycemia, 3-9
ritonavir and, 3-9
saquinavir and, 3-9

Gastric motility stimulants, for aspiration
pneumonitis, 9-5

Gatifloxacin
for TB, 61-9, 61-11t
torsades de pointes and, 19-26t

GBL. (see γ-Butyrolactone)
G-CSF. (see Granulocyte

colony-stimulating factor)
Gefitinib

nail changes from, 89-11t
pulmonary disorders from, 25-2t,

25-5t, 25-9–25-10
Gelclair, for mucositis, 89-9
Gemcitabine (Gemzar), 88-13t

alopecia from, 89-11t
for bladder cancer, 88-22t
for breast cancer, 91-6t
for non-small-cell lung cancer,

88-22t
pulmonary disorders from, 25-2t,

25-4t, 25-5t, 25-8t,
25-11–25-12

pulmonary toxicity from, 89-30t
radiation enhancement reactions

with, 89-13t
thrombocytopenia from, 87-8–87-9

Gemfibrozil (Lopid), 12-14, 12-14t,
12-15, 12-25t, 12-26, 50-77

adverse effects of, 12-37
for dyslipidemia, 31-9
for hyperchylomicronemia, 12-39
for hyperlipidemia, with heart

transplantation, 35-7
pioglitazone and, 50-56
psoriasis from, 40-9t
repaglinide and, 50-52
rosiglitazone and, 50-56
with statins, 12-29
for stroke, 55-7

Gemifloxacin (Factive), 56-8t
for CAP, 60-11t

Gemtuzumab ozogamicin (Mylotarg),
88-13t

heptatoxicity from, 89-32t
VOD from, 92-14

Gemzar. (see Gemcitabine)
GenGraf. (see Cyclosporine)
Genora. (see Ortho-Novum)
Gentamicin (Garamycin), 38-9t, 56-8t,

94-48
for acute osteomyelitis, 66-4t
adverse effects of, 51-16t, 56-15t,

98-10
as aerosol, 60-29
allergic contact dermatitis from,

38-16
for aspiration pneumonia, 60-21t
for CAP, 60-12t
for CF, 98-11t, 98-14
clindamycin with, 62-9
for CNS infections, 58-9t
continuous ambulatory peritoneal

dialysis and, 33-16–33-17
continuous venovenous

hemofiltration and, 33-16
for CRRT and HD, 56-21t
with dialysis, 32-10
dosing of, 56-19t, 59-17–59-18
for endocarditis, 59-8t, 59-18
for Enterococcus faecium, 56-11
for gram-negative aerobes, 56-10t
for gram-negative bacillary

endocarditis, 59-23
for HAP, 60-24t, 60-25
hemodialysis and, 33-15–33-16
for Listeria monocytogenes, 56-11
for meningitis, 58-18
for MRSE, 59-11
for MSSA, 59-14

for NEC, 94-27
for neonates, 94-8t
for neutropenia, 68-11
penetration characteristics of, 58-7t
for peritonitis, 32-14
pharmacokinetics of, 94-3t
protein binding with, 33-2
for Pseudomonas spp., 66-10
renal failure and, 33-9t
resistance to, 59-17
for RMSF, 75-13
for staphylococcal endocarditis,

59-12t
for surgery, 57-2t
for UTIs, 64-10t
for ventriculitis, 55-19

Gentamicin-impregnated
polymethylmethacrylate (PMMA),
66-7–66-8

for bone infections, 66-8
Gentian, 71-5

toxicity of, 29-17
Geocillin. (see Carbenicillin)
Geodon. (see Ziprasidone)
Germander

hazards with, 3-6t
toxicity of, 29-17, 29-19t

GHB. (see γ-Hydroxybutyric acid)
Gilead. (see Adefovir)
Ginger root, for NVP, 46-8
Ginkgo, 3-3t, 3-10–3-12

for AD, 100-10
adverse drug reactions with,

3-11–3-12
for anxiety, 3-11
aspirin and, 3-11–3-12
for dementia, 3-10
dosing of, 3-11
for IC, 14-9
memory and, 3-12
for SSRI-induced sexual

dysfunction, 79-17t
for stress, 3-11
warfarin and, 3-11–3-12

Ginseng, 3-20–3-24
adverse drug reactions with, 3-24
for AIDS, 3-23
for cancer, 3-23
for colds, 3-23
for diabetes, 3-22
dosing of, 3-24
for ED, 3-23–3-24
for hot flushes, 48-7
for hyperlipidemia, 3-22
for hypertension, 3-22
lithium and, 3-24
for MS, 3-23

Glaucon. (see Epinephrine)
Gleevec. (see Imatinib)
Glimepiride (Amaryl), 50-50t,

50-53–50-54, 50-67
for type 2 diabetes, 50-65t

Glinides. (see Nonsulfonylurea
secretagogues)

Glipizide, 50-67
DILI from, 29-14
for type 2 diabetes, 50-65t

Glipizide (Glucotrol), 50-50t, 50-53
Glipizide/metformin (Metaglip), 50-51t
GLP-1. (see Glucagonlike peptide-1

receptor agonists)
Glucagon

for ALF, 73-15
for anaphylaxis, 4-9t

Glucagonlike peptide-1 receptor agonists
(GLP-1), 50-57–50-58

Glucocorticoids
acneiform eruptions from, 38-15
alendronate sodium and, 102-16
for allergic rhinitis, during

pregnancy, 46-32t
calcitonin and, 102-16
chronic steatosis from, 29-16
for COPD, 23-10–23-11
hyperlipidemia from, 12-17t
hypertension from, 44-6
for ITP, 93-18
osteoporosis from, 102-15–102-16
for preterm labor, 46-28
for pruritis, during pregnancy,

46-32t
risedronate sodium and, 102-16
for SLE, 44-8
weight gain from, 82-6

Glucophage. (see Metformin)
Glucosamine, 3-3t, 3-24–3-28

adverse drug effects of, 2-27–2-28
diabetes and, 2-28
dosing of, 2-27
heparin and, 3-28
ibuprofen and, 3-26
NSAIDs with, 3-26
for OA, 3-24, 43-39–43-40
for psoriasis, 40-8

Glucose, 5-13. (see also Glucose in
Subject Index)

for alcohol intoxication, 84-6
with cardioplegia solution, 9-21t
for hypoglycemia, 50-41
for hyponatremia, 11-8

Glucosidase inhibitors, 50-56–50-57
dosing of, 50-57
drug interactions with, 50-57

α-glucosidase inhibitors, 50-48t,
50-49t

Glucotrol. (see Glipizide)
Glucovance. (see Glyburide/metformin)
Glutamine, 10-1, 36-9

for mucositis, 89-9
Glyburide (DiaBeta, Glynase, Micronase),

19-5, 50-50t, 50-53, 50-67
acarbose and, 50-57
DILI from, 29-14
ED and, 101-9
miglitol and, 50-57
nateglinide and, 50-52
sexual dysfunction and, 101-9

Glyburide/metformin (Glucovance),
50-51t

Glycerin, 93-6t
for constipation, during pregnancy,

46-32t
for glaucoma, 51-13t

Glyceryl PABA (Lisadimate), 41-8t
Glycoprotein (GP), for thrombosis,

17-6
Glycoprotein IIb/IIIa inhibitors,

16-26–16-27, 55-14
for MI, 17-15
for NSTE-ASC, 17-23
for NSTEMI, 17-23
before PCI, 17-23

Glycoprotein IIb/IIIa receptor antagonists
(GPRA), thrombocytopenia from,
87-8

Glycopyrrolate (Robinul)
adverse effects of, 51-15t
as preoperative agent, 9-3t
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Glycosidase inhibitors, 73-28
Glycyrrhizin (licorice root), for HCV,

73-44
Glynase. (see Glyburide)
Glypressin. (see Terlipressin)
Glyset. (see Miglitol)
GM-CSF. (see Granulocyte-macrophage

colony-stimulating factor)
Gn-Rh. (see Gonadotropin-releasing

hormone)
Gn-Rh agonists, 47-17t

adverse effects of, 47-18–47-19,
47-19t

dosing of, 47-18
Gold (AUR, Auranofin)

adverse effects of, 43-22, 51-17t
DILI from, 29-14
dosing of, 43-23
nephrotic syndrome from, 11-5
pulmonary disorders from, 25-2t,

25-7t
for RA, 43-5, 43-7, 43-22

Gold sodium thiomalate (Myochrysine),
43-22

GoLYTELY, 5-5
Gonadotropin-releasing hormone

(Gn-RH), for BPH,
101-22–101-23

Gonadotropin-releasing hormone (Gn-RH)
agonists, for endometriosis,
47-16

Gordolobo yerba, 29-19t
Goserelin (Zoladex), 47-17t, 91-19

adverse effects of, 47-19t
dosing of, 47-18
for hormone-sensitive tumors,

88-25t
GPRA. (see Glycoprotein IIb/IIIa receptor

antagonists)
Gramicidin, 38-9t
Granisetron (Kytril), 7-6t

for PONV, 7-10t, 9-24t
Granulocyte colony-stimulating factor

(G-CSF, Filgastim), 90-6
for chemotherapy reactions,

89-3–89-4
for CMV, 92-24
for HSCT, 92-6
hyperuricemia from, 42-8t
for neutropenia, 68-6, 87-13

Granulocyte-macrophage
colony-stimulating factor (GM-CSF,
Sargramostim), 90-6

for chemotherapy reactions,
89-3–89-4

for HSCT, 92-6
for neutropenia, 68-6, 87-13

Grepafloxacin, torsades de pointes and,
19-26t

Griseofulvin (Fulvicin), 3-16, 71-3
OC and, 45-12t

Growth hormone
cluster headaches and, 52-19
for obesity, 82-8
sleep and, 77-3

Guaifenesin, for cough, during pregnancy,
46-32t

Guanabenz, sexual dysfunction from,
101-2t

Guanadrel, for hypertension, 13-10
Guanethidine, 14-9

adverse effects of, 51-16t
for hypertension, 13-10
nasal symptoms from, 24-23t

Guanfacine, sexual dysfunction from,
101-2t

Gynazole. (see Butoconazole)
Gyne-Lotrimin. (see Clotrimazole)
Gynodiol. (see Micronized estradiol)
Gynol II, 45-25t

H2 receptor antagonists (H2RAs),
26-4–26-5, 26-4t

alcohol interaction with, 84-21t
for ALF, 73-15
for aspiration pneumonitis, 9-5
for GERD, 26-28, 93-10t, 93-11
for Helicobacter pylori, 26-13,

26-14t
with PPI, for GERD, 26-29
as preoperative agent, 9-3t
for reflux esophagitis, 46-9
for SRMB, 26-35
for systemic sclerosis, 44-5
for upper GI bleeding, 26-32

H2RAs. (see H2 receptor antagonists)
HAART. (see Highly active antiretroviral

therapy)
Halcinonide, 38-8t
Halcion. (see Triazolam)
Haldol. (see Haloperidol)
Hallucinogens, 83-16–83-19

sexual dysfunction from, 101-7t
Halobetasol propionate, 38-8t
Halogens, acneiform eruptions from,

38-15
Haloperidol (Haldol), 7-6t, 7-8, 78-19,

78-26
for acute agitation, 78-14t
adverse effects of, 78-12t
for alcohol withdrawal, 84-9t,

84-11
buspirone and, 76-20t
chronic intrahepatic cholestasis

from, 29-16
dosing of, 78-17t
drug fever from, 4-11
drug interactions with, 19-25
for end-of-life care, 6-7
long-acting, 78-15
lorazepam and, for acute agitation,

80-14
myxedema coma and, 49-16
for OCD, 76-34–76-35
for PD, 53-22
pharmacokinetics of, 78-16t
pregnancy and, 46-32t
receptor-binding affinities of,

78-12t
seizures from, 78-25
smoking and, 85-5t

Halothane
DILI from, 29-3t, 29-9t
for SE, 54-33

Hammerhead ribozymes, 73-28
HAT. (see Heparin-associated

thrombocytopenia)
Havrix, 95-10

dosing of, 73-7–73-8, 73-7t
for hepatitis A, 73-7

Hawthorn, 18-66
HbCV. (see Hib polysaccharide conjugate

vaccine)
HBIG. (see Hepatitis B immunoglobulin)
HbOC, 95-7
HbOC (HibTITER), 58-14, 95-7
HBsAg. (see Hepatitis B-surface

antigen)

HCl. (see Hydrochloric acid)
HCQ. (see Hydroxychloroquine)
HCTZ. (see Hydrochlorothiazide)
Hectorol. (see Doxercalciferol)
Hemabate. (see 15-methyl prostaglandin

F2α-tromethamine)
Hematide, 31-19
Hematopoietic growth factors (HGF),

92-6, 92-14
for neutropenia, 68-6

Heparin, 15-3–15-4
adverse effects of, 15-11–15-12
aging and, 99-5
for ALF, 73-15
with dialysis, 32-5–32-7
for DIC, 15-34
dosing of, 15-8t, 15-10
duration of, 15-11
glucosamine and, 3-28
hemorrhage from, 15-12
hyperkalemia from, 11-18,

15-12
hypersensitivity from, 15-12
for KD, 96-14
for MI, 17-9t
monitoring of, 15-10–15-11
osteoporosis from, 15-12
for peritonitis, 32-14
pregnancy and, 46-32t,

46-39–46-40
protamine and, 15-13
sensitivity to, 99-5
smoking and, 85-5t
for stroke, 55-14
thrombocytopenia from,

87-9–87-11
for thrombosis, 89-6
trial of, 17-14t
for valve repair, 15-26–15-27

Heparin-associated thrombocytopenia
(HAT), 15-11

Heparin-induced thrombocytopenia (HIT),
15-11, 32-6

Heparinoids, for stroke, 55-14
Hepatitis B immunoglobulin (HBIG),

73-18–73-19, 73-21, 95-5
administration of, 73-30
adverse effects of, 73-30
dosing of, 73-30
for HBV, 34-31
for transplantation, 34-31

Hepatitis B-surface antigen (HBsAg),
95-4–95-5

HepB, 95-4
Hepsera. (see Adefovir)
Herbs, 3-1–3-38

diazepam and, 3-5
digitalis and, 3-5
DILI and, 29-17–29-18
hazards of, 3-5–3-6, 3-5–3-7
HCTZ and, 3-5
for HCV, 73-44
heavy metals in, 3-5
mania from, 80-5t
NSAIDs and, 3-5
steroids and, 3-5

Herceptin. (see Trastuzumab)
Heroin, 83-3

HCV and, 83-6
HIV and, 83-6
during lactation, 46-39t
overdose of, 83-5
pulmonary disorders from, 25-2t,

25-5t

HES. (see Hydroxyethyl starch)
Hetastarch, 21-16
HGF. (see Hematopoietic growth factors)
Hib polysaccharide conjugate vaccine

(HbCV), 95-4, 95-7
HibTITER. (see HbOC)
HiDAC. (see High-dose cytarabine)
HIF. (see Hypoxia-inducible factor

stabilizers)
High-ceiling diuretics. (see Loop diuretics)
High-dose cytarabine (HiDAC),

90-7–90-8
for B-cell lymphoma, 90-36

Highly active antiretroviral therapy
(HAART), 69-1, 70-1

AMI from, 69-27
CAD from, 69-27
combination therapy with, 69-15
diabetes from, 69-27
DILI from, 29-11t
failures with, 69-17–69-18
HDL and, 69-27
hypercholesteremia from, 69-27
hyperlipidemia from, 69-28
hypertriglyceridemia from, 69-27
lactic acidosis from, 69-28
LDL and, 69-27
osteonecrosis from, 69-28
osteopenia from, 69-28

Histrelin (Supprelin), 47-17t
HMG-CoA. (see

Hydroxymethylglutaryl-coenzyme
A reductase inhibitors)

Homosalate, 41-8t, 41-10, 41-11
Hormone replacement therapy (HRT)

for anorexia nervosa, 82-14
for CAD, 16-23–16-24
for sexual dysfunction, 101-9
stroke and, 55-6

Hormones
for acne, 39-7
SLE from, 44-3

HPH. (see Neutral protamine hagedorn
insulin)

HRT. (see Hormone replacement therapy)
HS. (see Hypertonic saline)
HSD. (see hypertonic saline-dextran)
Humalog. (see Insulin lispro)
Humalog Mix, 50-17t, 50-19
Human erythropoietin, 31-17–31-18
Humira. (see Adalimumab)
Humulin, 50-19
Hyaluronans, for OA, 43-39
Hydantoin, SJS from, 38-16
Hydralazine (Apresoline), 13-39–13-40,

18-7, 18-59
ANA from, 4-2
anxiety from, 76-6t
dosing of, 20-14
for hypertension, 13-10, 20-3,

20-4t-5t, 31-21
with heart transplantation,

35-6
with isosorbide dinitrate, 18-27,

18-60
nasal symptoms from, 24-23t
neonates and, 94-7t
pregnancy and, 46-18
pulmonary disorders from, 25-2t,

25-8t
race and, 18-60–18-61
sexual dysfunction from,

101-2t
SLE from, 4-2, 4-12, 44-3
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Hydrochloric acid (HCl), 10-10
Hydrochlorothiazide (HCTZ), 13-10,

13-21, 17-25, 19-5, 20-3, 55-5
for BPD, 94-16t
herbs and, 3-5
nasal symptoms from, 24-23t
photosensitive eruptions from,

38-15
pulmonary disorders from, 25-2t,

25-5t, 25-8t
SLE from, 44-3
for stroke, 55-7

Hydrocodone, 8-32
for postoperative pain, 9-33t

Hydrocortisone (Cortisol), 38-8t, 44-7t
administration routes of, 44-9t
for BPD, 94-18
sodium and, 44-7
for sunburn, 41-15

Hydrogen peroxide, 9-20
Hydrolyzed starch (Linit), 38-3
Hydromorphone

with bupivacaine, for epidural
infusion, 9-31t

histamine and, 4-17–4-18
PCA and, 8-16, 9-28, 9-29t
renal failure and, 33-22

Hydroxocobalamin, for cyanide toxicity,
20-10

γ-Hydroxybutyric acid (GHB),
83-11–83-12

Hydroxychloroquine (HCQ)
for Lyme disease, 75-5
psoriasis from, 40-9t
for RA, 43-5, 43-6–43-7,

43-20–43-21
Hydroxyethyl starch (HES), 21-16
Hydroxymethylglutaryl-coenzyme A

(HMG-CoA) reductase inhibitors,
102-17

for dyslipidemia, 14-6, 31-9
for HCV, 73-44
for hypercholesterolemia, 69-28
pioglitazone and, 50-56
pulmonary disorders from, 25-2t,

25-7t
for stroke, 55-5, 55-7–55-8

Hydroxypyridones, 71-5
5-hydroxytryptamine 3 (5-HT3) receptor

antagonists, 7-3, 7-5–7-6
Hydroxyurea

alopecia from, 89-11t
hand-foot syndrome from, 89-12
nail changes from, 89-11t
radiation enhancement reactions

with, 89-13t
skin pigment changes from, 89-11t

Hydroxyzine (Atarax, Vistaril), 8-24,
24-12t, 31-29, 99-6t

allergen skin tests and, 24-21t
for GAD, 76-10
for NVP, 46-8t
for pruritus, 38-10
for sleep disorders, 77-15–77-16

Hypericum. (see St. John’s wort)
Hyperosmotic agents, 51-13, 51-13t
Hyperstat. (see Diazoxide)
Hypertonic saline (HS), 24-13, 98-9

hyperkalemia from, 11-18
Hypertonic saline-dextran (HSD), 10-13
Hypnotics, 83-10–83-12

adverse drug reactions with, 99-6t
in drug poisoning, 5-2t
mania from, 80-5t

OSA and, 77-17
properties of, 77-7t
toxicity from, 5-3

Hypoglycemics
alcohol interaction with, 84-21t
DILI from, 29-14
ED from, 101-9
photosensitive eruptions from,

38-15
pregnancy and, 46-13

Hypouricemics, adverse effects of, 51-18t
Hypoxia-inducible factor (HIF) stabilizers,

31-19
Hytrin. (see Terazosin)

Ibandronate (Boniva), 102-10–102-12,
102-13–102-14

Ibritumomab tiuxetan (Zevalin), 88-14t
Ibuprofen (Motrin), 8-9–8-10, 8-15,

43-17t, 93-15t
adverse effects of, 51-15t
ARF from, 30-7–30-8
aspirin and, 16-23, 43-15
for CF, 98-13
DILI from, 29-3t
for dysmenorrhea, 47-11t
for fever, in children, 93-4–93-5
glucosamine and, 3-26
for gout, 42-5
hyperkalemia from, 11-18
for IVH, 94-40
for migraine, 52-13t
nephrotic syndrome from, 8-15
for opiate withdrawal, 83-10t
for osteoarthritis, 99-14
for PDA, 94-23–94-24
proarrhythmic effects of, 19-25
renal failure and, 33-9t
for sunburn, 41-15
for teething, 93-3

Ibutilide (Corvert), 19-6t
cardioversion and, 19-9, 19-10

ICE. (see Ifosfamide, carboplatin,
etoposide)

Icodextrin (Extraneal), 32-13
Idamycin. (see Idarubicin)
Idarubicin (Idamycin), 7-4t, 88-14t,

89-24, 90-7
adverse effects of, 90-6

Idenix. (see Telbivudine)
IDV. (see Indinavir)
Ifex. (see Isofamide)
IFN-α fusion protein (Albuferon), 73-44
Ifosfamide, 7-4t, 89-27

alopecia from, 89-11t
for B-cell lymphoma, 90-36
cardiotoxicity with, 89-25
cranial nerve toxicity with, 89-22
dosing of, 89-27t
for lung cancer, 91-12
nephrotoxicity with, 89-28–89-29
neurotoxicity of, 89-20t, 89-21
renal Fanconi syndrome with,

91-29–91-30
skin pigment changes from, 89-11t

Ifosfamide, carboplatin, etoposide (ICE),
90-16, 90-18

IHS. (see Inhalation of hypertonic saline)
IL-2. (see Interleukin-2)
IL-2 receptor antagonists, for heart

transplantation, 35-4
IL-3. (see Interleukin-3)
IL-10. (see Interleukin-10)
IL-11. (see Interleukin-11)

Iloprost, 14-12
Imatinib (Gleevec), 7-4t, 88-14t

for CML, 90-9
heptatoxicity from, 89-32t
HF from, 89-25–89-26
L-thyroxine and, 49-16
pulmonary disorders from, 25-2t,

25-5t
Imdur. (see Isosorbide mononitrate;

Mononitrate)
Imipenem (Primaxin), 56-8t, 59-23

for aspiration pneumonia, 60-21t
for CAP, 60-11t
cephalosporins and, 4-6
for CF, 98-11t
with cilastatin, 62-9, 63-4
for CRRT and HD, 56-21t
dosing of, 56-20t
for gram-negative aerobes, 56-10t
for gram-positive cocci, 56-9t
for HAP, 60-24t
for neutropenia, 68-10, 68-11
penetration characteristics of, 58-7t
renal failure and, 33-9t
for Salmonella spp., 62-12
for septic shock, 21-28
for UTIs, 64-10t

Imipramine (Tofranil), 8-22, 79-13t,
99-6t

for cataplexy, 77-17
chronic intrahepatic cholestasis

from, 29-16
for DPN, 50-79
for narcolepsy, 77-18
for social anxiety disorder, 76-27
for tension-type headaches, 52-24
for urinary incontinence, 101-20t,

101-28
Imiquimod

for genital warts, 65-29–65-30
psoriasis from, 40-9t

Imitrex. (see Sumatriptan)
Immunization

for adolescents, 95-11–95-12
allergy and, 95-3
for BCG, 70-26, 70-29
for cervical cancer, 88-6
CF and, 98-10
for children, 95-1–95-12

adverse effects of, 95-4
contraindications for, 95-1–95-3
immunocompromise and, 95-12
schedule for, 95-1, 95-2f, 95-3f

with COPD, 23-9, 23-12
for Haemophilus influenzae type b,

95-3
for HAV, 73-7–73-9, 95-10

for HIV, 70-6t
for HAV and HBV, 73-8
for HBV, 73-15–73-18,

73-16–73-17, 73-28–73-29,
95-3, 95-4–95-5

for HIV, 70-6t
in neonates, 94-34t, 94-36

for HDV, 73-32
for Hib, 95-7–95-8
for HPV, 95-11–95-12
for influenza, 60-14, 60-15–60-17,

72-12–72-13
for croup, 96-11
for HIV, 70-6t

after liver transplantation,
34-31–34-32

for malaria, 75-7

for meningococcus, 95-11
for MMR, 95-9

adverse effects of, 95-4
for pertussis, 95-5–95-6
for pneumococcus, 95-3, 95-10
for polio, 95-3, 95-6–95-7
pregnancy and, 95-3
for RA, 43-9
for rabies, 95-10
for rotavirus, 95-3, 95-5
seizures and, 95-3
for STDs, 65-30
sudden infant death syndrome and,

95-3
teratogenic effects of, 46-31t
for tetanus, 95-9–95-10
transplantation and, 34-31
for typhoid fever, 62-5
for varicella, 95-8–95-9

Immunoglobulin. (see also Intravenous
immunoglobulins)

for CMV, 34-33
for HCV, 73-38
for hepatitis A, 73-7

Immunoglobulin A (IgA)
giardiasis and, 74-10
in nose, 24-2

Immunoglobulin E (IgE)
allergic rhinitis and, 24-4
anaphylaxis and, 4-3, 4-7
asthma and, 22-2

Immunoglobulin G (IgG), 49-8
drug allergies and, 4-3

Immunoglobulin M (IgM), drug allergies
and, 4-3

Immunomodulators
for IBD, 27-5–27-6
for psoriasis, 40-3t, 40-7

Immunosuppressants
for GCA, 44-5
during lactation, 46-39t
for Reiter’s syndrome, 44-6
for SLE, 44-9t
SLE from, 44-3

Impila, toxicity of, 29-17
Imuran. (see Azathioprine)
Inapsine. (see Droperidol)
Incretins, 50-57
Indapamide, 13-13

drug-induced hyperlipidemia from,
12-17t

Inderal. (see Propranolol)
Indinavir (IDV, Crixivan), 61-21, 69-4

benzodiazepines and, 76-16t
clarithromycin and, 70-32t
for HIV, 69-9t
NNRTIs and, 69-21t
PI and, 69-19t
resistance to, 69-24t
with ritonavir, 69-16
weight gain from, 82-6

Indocin. (see Indomethacin)
Indomethacin (Indocin), 8-15, 43-17t,

91-17
adverse effects of, 51-17t
ARF from, 30-7–30-8
aspirin and, 43-15
for cluster headaches, 52-22t
for gout, 42-5
for hypercalcemia, 11-22t, 11-24
for IVH, 94-40
nephrotic syndrome from, 8-15
for PDA, 94-22–94-24
pharmacokinetics of, 94-3t
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for preterm labor, 46-26–46-27
renal failure and, 33-9t

Induction therapy, for kidney
transplantation, 34-12

INF-α. (see Interferon-α)
Infasurf. (see Calfactant)
In-FeD. (see Iron-dextran)
Infliximab (Remicade)

for CD, 27-6, 27-16
dosing of, 43-10t
for GVHD, 92-20
for IBD, 27-4t
for psoriasis, 40-3t, 40-7
for RA, 43-7, 43-29–43-30
for UC, 27-11

Infusions, 3-4
INH. (see Isoniazid)
Inhalants

abuse of, 83-20–83-22
pulmonary disorders from, 25-2t,

25-4t
Inhalation of hypertonic saline (IHS), 98-9
Inocor. (see Amrinone)
Inodilators. (see Phosphodiesterase

inhibitors)
Inositol, for panic disorder, 76-24
Inotropes, for septic shock, 21-31
INR. (see International normalized ratio)
Insulin, 50-15–50-19, 50-47t. (see also

Insulin in Subject Index)
absorption of, 50-15–50-16
adverse effects of, 50-39–50-42
agitation of, 50-25
for ALF, 73-15
antidiabetics with, 50-69–50-70
basal-bolus, 50-9t, 50-20–50-23

indications for, 50-22t
precautions with, 50-22t

for children, 50-33–50-34
distribution of, 50-15–50-16
for DKA, 50-44–50-45, 50-44t
dosing of, 50-22t, 50-27
effect of, 50-21f
elimination of, 50-15–50-16
excessive use of, 50-40–50-41
exercise and, 50-36t
for GDM, 46-14
for hyperkalemia, 11-18
hypokalemia from, 3-6, 11-16t
inhaled, 50-18, 50-39
initiating therapy with,

50-23–50-24
injection of, 50-20–50-21, 50-25

sites for, 50-25, 50-25f
measurement of, 50-24, 50-25
mixing of, 50-30–50-31
monotherapy with, 50-70–50-71
OC and, 45-12t
pen devices for, 50-39
perioperative management of,

50-38
pharmacodynamics of, 50-17t
pharmacokinetics of, 50-15–50-16
for prediabetes, 50-9
pregnancy and, 46-12–46-13,

46-32t
pumps for, 50-20, 50-39
renal failure and, 50-36–50-37
smoking and, 85-5t
stability of, 50-34
syringes for, 50-24

prefilled, 50-39
temperature and, 50-34–50-35
traveling and, 50-37–50-38

for type 1 diabetes, 50-12,
50-19–50-42

for type 2 diabetes, 50-12, 50-65t
types of, 50-17t
weight gain from, 82-6

Insulin aspart (NovoLog), 50-17–50-18,
50-17t, 50-23

Insulin detemir (Levemir), 50-17t, 50-19
basal-bolus regimen for, 50-23
precaution with, 50-31

Insulin glargine (Lantus), 50-17t,
50-18–50-19, 50-23

basal-bolus regimen for, 50-23
precaution with, 50-31
rapid-acting insulin with, 50-31

Insulin glulisine (Apidra), 50-17t,
50-18

Insulin lispro (Humalog), 50-17,
50-17t

Insulin sensitizers, 47-7
Integrase inhibitors, for HIV, 69-11t
Integrilin. (see Eptifibatide)
Interferon, for hepatitis, 73-22t
Interferon β-1α (Avonex)

pancytopenia from, 87-15
pulmonary disorders from, 25-6t,

25-7t, 25-8t
Interferon-α (IFN-α), 88-26

adverse effects of, 73-25, 73-25t
anxiety from, 76-6t
for CH, 73-25t
for CIN, 70-42
dosing of, 73-25–73-26
for HBV, 73-21
for HDV, 73-32–73-33, 73-33t
for hepatitis, 73-21–73-26
hyperuricemia from, 42-8t
for ITP, 93-19
neurotoxicity of, 89-21
pulmonary disorders from, 25-2t,

25-6t, 25-7t, 25-8t
ribavirin with

adverse effects of, 73-42–73-43
for HCV, 73-40
for liver transplantation, 73-45

for SARS, 72-17–72-18
thyroid and, 49-34

Interleukin-2 (IL-2), 88-26–88-27
acetaminophen and, 91-17
adverse effects of, 51-18t
corticosteroids and, 91-17
for melanoma, 91-17
NSAIDs and, 91-17
pulmonary disorders from, 25-2t,

25-4t, 25-8t
Interleukin-2 receptor antagonists, for

kidney transplantation, 34-10
Interleukin-3 (IL-3), 87-16
Interleukin-10 (IL-10, Tenovil), for HCV,

73-44
Interleukin-11 (IL-11, Neumega), 92-6
Intermediate acting insulin, 50-17t,

50-18
Intermittent positive-pressure breathing

(IPPB), 22-14
International normalized ratio (INR), for

warfarin, 15-7
Intravenous immunoglobulins (IVIG),

93-18
for GABHS, 96-7
for KD, 96-14
for kidney transplantation, 34-2
for neonates, 94-32–94-33

Invanz. (see Ertapenem)

Invega. (see Paliperidone)
Invirase. (see Saquinavir)
Iodides, 49-21–49-22, 49-23t,

49-33–49-34
acneiform eruptions from,

38-15
breast-feeding and, 97-7

Iodines, 71-5
Iodoquinol, 74-3t
IOP and, 51-20t
Iopanoic acid, 49-24
Iopidine. (see Apraclonidine)
Ipecac, emesis from, 5-3–5-4
Ipodate, 49-24
IPOL, 95-6
IPPB. (see Intermittent positive-pressure

breathing)
Ipratropium (Atrovent), 22-13, 24-16t

albuterol with
for end-of-life care, 6-4–6-5

for BPD, 94-16t, 94-17
for COPD, 23-13
dosing of, 22-17t

Ipratropium bromide, 24-8–24-9
Irbesartan, 31-7
Irbesartan/losartan, DILI from, 29-9t
Irinotecan (Camptosar), 7-4t, 88-14t

alopecia from, 89-11t
for colorectal cancer, 88-22t
diarrhea from, 89-10
pulmonary disorders from, 25-2t,

25-8t
Iron

anemia and, 2-18, 31-15,
31-16–31-17, 86-3–86-8

laboratory tests for, 86-4f,
86-5

symptoms of, 86-5
therapy with, 86-5–86-8

antacids and, 31-17
blood chemistry reference values

for, 2-5t
with dialysis, 32-2
DRI of, 86-4
GERD and, 26-23t
pregnancy and, 46-7
preparations of, 31-16t
quinolone and, 31-17
toxicity with, 5-9–5-13

stages of, 5-12
whole bowel irrigation (WBI)

for, 5-11
Iron saccharate (Venofer), 4-18
Iron sucrose (Venofer), 31-17, 86-7
Iron sulfate, 49-16
Iron-dextran (In-FeD, DexFerrum),

31-17, 86-7
adverse reactions from, 4-18

Isentress, for HIV, 69-11t
ISMO. (see Isosorbide mononitrate)
Isoetharine, for anaphylaxis, 4-9t
Isofamide (Ifex), 88-14t
Isoflavones, 48-7
Isoflurane

chemical stability of, 9-10t
properties of, 9-10t
for SE, 54-33

Isometheptene (Midrin), for migraine,
52-12, 52-13t

Isoniazid (INH)
acneiform eruptions from, 38-15
adverse effects of, 51-16t,

61-15–61-16
alcohol interaction with, 84-21t

anxiety from, 76-6t
CH from, 29-15
desensitization to, 4-21
DILI from, 29-2, 29-3t, 29-9t
dosing of, 56-20t
drug interactions with, 61-16
for HIV, 70-4
mania from, 80-5t
OC and, 45-12t
protein binding with, 33-2
resistance to, 70-27–70-28
rifampin with, 61-17
SLE from, 4-12, 44-3
subacute hepatic necrosis from,

29-16
for TB, 61-8, 61-9t, 61-10t
for tuberculous meningitis, 61-23

Isoproterenol, 22-15
anxiety from, 76-6t
GERD and, 26-23t
heart transplantation and, 35-2
melatonin and, 3-33t
for torsades de pointes, 19-26

Isoptin. (see Verapamil)
Isopto-Carbachol. (see Carbachol)
IsoptoCarpine. (see Pilocarpine)
Isosorbide, for glaucoma, 51-13t
Isosorbide dinitrate, 14-4, 18-15, 18-59,

99-10
hydralazine with, 18-27, 18-60
race and, 18-60–18-61

Isosorbide mononitrate (ISMO, Monoket,
Imdur), 16-13, 18-15

for variceal hemorrhage, 28-15
Isotretinoin (Accutane)

for acne, 39-4, 39-4t, 39-10–39-11
adverse effects of, 39-11
drug-induced hyperlipidemia from,

12-17t
hyperuricemia from, 42-8t
pregnancy and, 46-43–46-44
pulmonary disorders from, 25-2t,

25-7t
teratogenic effects of, 46-31t

Isoxsuprine, 14-9
pulmonary disorders from, 25-2t,

25-4t
Isradipine (DynaCirc), 16-15, 18-16

for Raynaud’s disease, 14-12
Itraconazole (Sporanox), 12-29, 71-4,

92-25
adverse effects of, 56-16t
for aspergillosis, 71-24
benzodiazepines and, 76-16t
buspirone and, 76-20t
for CAP, 60-12t
for cryptococcosis, 70-25–70-26
dosing of, 71-7–71-8
for histoplasmosis, 71-10
for HIV, 70-6t
for HSCT, 92-23
for lung transplantation, 35-10
proarrhythmic effects of, 19-25
for sporotrichosis, 71-6–71-7
for tenea unguium, 71-6

Ivermectin, 74-5t, 74-16
IVIG. (see Intravenous immunoglobulins)
Ivy leaf extract, for asthma, 22-38

Janumet. (see Sitagliptin/metformin)
Januvia. (see Sitagliptin)
Jin bu huan

hazards of, 3-6t
toxicity of, 29-17, 29-19t
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Kaletra. (see Lopinavir/ritonavir)
Kanamycin

for MDRTB, 70-27
teratogenic effects of, 46-31t

Kaopectate, 93-9
Kariva (Mircette), 45-5t
Kava

hazards of, 3-6t
toxicity of, 29-17

Keflex. (see Cephalexin)
Kepivance. (see Palifermin)
Keppra. (see Levetiracetam)
Keratolytics, for psoriasis, 40-3t
Ketalar. (see Ketamine)
Ketamine (Ketalar), 8-5, 9-6, 9-6t, 9-7t

abuse of, 83-15–83-16
adverse effects of, 9-7t
for children, 9-8–9-9
glaucoma and, 51-8
as preoperative agent, 9-3t
psychosis from, 78-4
for sedation, 93-12t, 93-13

Ketek. (see Telithromycin)
Ketoconazole, 12-29, 71-4

adverse effects of, 56-16t
alcohol interaction with, 84-21t
antipsychotics and, 78-15
benzodiazepines and, 76-16t
for blastomycosis, 71-19
buspirone and, 76-20t
for coccidioidomycosis, 71-22
DILI from, 29-9t
dofetilide and, 19-11
proarrhythmic effects of, 19-25
renal failure and, 33-9t
rifampin and, 70-30

Ketolides, for AECB, 60-4t
Ketoprofen (Orudis), 8-9–8-10, 43-17t

for dysmenorrhea, 47-11t
for gout, 42-5
for migraine, 52-12

Ketorolac (Acular, Toradol), 8-9–8-10,
8-14, 8-24, 24-15t, 43-17t,
93-15t

with epidural infusion, 9-32
for eyes, 51-21, 51-22t
for pain, 93-14
for postoperative pain, 9-33t

Ketotifen (Zaditor), 24-15t
Kineret. (see Anakinra)
Klonopin. (see Clonazepam)
KOH. (see Potassium hydroxide)
Koromex, 45-25t
Kwell. (see Lindane)
Kytril. (see Granisetron)

LABA. (see Long-acting β2-agonist)
Labetalol (Normodyne, Trandate), 20-11,

20-12–20-13
for aortic dissection, 20-6t
for hemorrhage, 20-6tg
for hypertension, 12-25, 20-3,

20-4t-5t, 20-5, 20-6, 20-7–20-8
for MI, 20-6t
for pheochromocytoma, 20-6t
pregnancy and, 46-16t, 46-18
pulmonary disorders from, 25-2t
renal failure and, 33-9t

β-lactam, 56-8t, 63-4
adverse effects of, 56-15t, 98-10
for appendectomy, 63-12
for aspiration pneumonia, 60-20
for CAP, 60-11t, 60-12t
for CF, 98-10

for gram-negative coverage,
66-6

for HAP, 60-24t, 60-25
for neutropenia, 68-10
for osteomyelitis, 66-3–66-4
for respiratory acidosis, 10-11
for septic arthritis, 66-11
sodium and, 2-2

β-lactamase inhibitor, 62-4
for appendectomy, 63-12

Lactated ringers, 10-13
Lactobacillus, for VVC, 65-22
Lactulose, 28-18–28-19, 93-6t

for constipation, during pregnancy,
46-32t

neomycin and, 28-19
LAIV. (see Live, attenuated influenza

vaccine)
LAK. (see Lymphokine-activated killer

cells)
L-AmB. (see Liposomal amphotericin B)
Lamictal. (see Lamotrigine)
Lamisil, for labor induction, 46-20
Lamivudine (3TC), 69-4

anemia from, 86-18
didanosine with, for HIV, 69-14t
dosing of, 73-28t
with FTC, 69-15
for HBV, 73-23t, 73-34t
for HDV, 73-33
for HIV, 69-8t
renal failure and, 33-9t
resistance to, 69-23t, 73-26
for transplantation, 34-31

Lamotrigine (Lamictal), 54-9, 54-14,
79-24

for absence seizures, 54-20t
adverse effects of, 54-14–54-15
for alcohol withdrawal, 84-11
for bipolar disorder, 80-4, 80-12t,

80-16–80-17
for bipolar disorder depression,

80-15
for DPN, 50-79
for epilepsy, 54-3t
for mania, 80-13
mania from, 80-5t
for neonates, 94-43
OC and, 54-29–54-30
pharmacokinetic properties of,

54-6t
pregnancy and, 46-43
for seizures, 54-5t, 54-12t
skin rash from, 54-27–54-28

Lanoxicaps, 18-14
Lanoxin. (see Digitalis)
Lansoprazole, 26-5–26-6

for aspiration pneumonitis, 9-5
feeding tubes and, 36-15
for GERD, 93-10t
for SRMB, 26-35t
for upper GI disorders, 26-4t
for ZES, 26-21–26-22

Lanthanum carbonate (Fosrenol),
31-24–31-25

Lantus. (see Insulin glargine)
L-arginine, with cardioplegia solution,

9-20–9-21
Lasix. (see Furosemide)
L-Asparaginase

encephalopathy from, 89-19–89-20
hypersensitivity from, 89-18t

Latanoprost (Xalatan), for POAG, 51-5,
51-11t

Laxatives, 31-14, 93-5–93-6
anorexia nervosa and, 82-2
fixed drug eruptions from,

38-17
L-Carnitine, 14-9, 32-10–32-11
L-dopa, for RLS, 77-19
LEF. (see Leflunomide)
Leflunomide (LEF, Arava)

cholestyramine with, 43-26
R(Leflunomide), for

transplantation, 34-10
for RA, 43-5, 43-6–43-7,

43-25–43-26
Lenalidomide

neurotoxicity of, 89-20t
paresthesia from, 89-21
thrombosis from, 89-6

Lenalidomide/dexamethasone, for MM,
90-21t

L-Epinephrine, for croup, 96-10
Lepirudin (Refludan), 15-5

with dialysis, 32-6
for heparin-induced

thrombocytopenia, 33-24
renal failure and, 33-10t

Lescol. (see Fluvastatin)
Lessina (Levlite), 45-5t
Letrozole

for breast cancer, 91-7
for hormone-sensitive tumors,

88-25t
Leucovorin

with clindamycin, for
toxoplasmosis, 70-14

for colorectal cancer, 88-22t
for osteosarcoma, 91-28
for toxoplasmosis, in neonates,

94-36
Leukotriene modifiers, 24-8

for allergic rhinitis, 24-9t,
24-18–24-19

for asthma, 22-25
Leukotriene receptor antagonist (LTRA)

for asthma, 22-11t
long-term, 22-28t

for dysmenorrhea, 47-12–47-13
for EIA, 22-32

Leuprolide (Lupron), 47-17t, 91-19
adverse effects of, 47-19t
for BPH, 101-22–101-23
dosing of, 47-18
for hormone-sensitive tumors,

88-25t
Levalbuterol (R-albuterol), 22-15

dosing of, 22-17t
Levemir. (see Insulin detemir)
Levetiracetam (Keppra), 54-9, 54-14,

54-15
adverse effects of, 54-11
for epilepsy, 54-3t
for mania, 80-13
OC and, 54-29–54-30
pharmacokinetic properties of,

54-6t
pregnancy and, 46-43
renal failure and, 33-10t
for seizures, 54-5t, 54-13t

Levitra. (see Vardenafil)
Levlen. (see Levora; Portia)
Levlite. (see Lessina)
Levobetaxolol (Betaxon), for POAG,

51-4–51-5
Levobunolol (Betagan), for POAG, 51-4,

51-10t

Levobupivacaine (Chirocaine), 9-16t
properties of, 9-18t

Levocabastine (Livostin), 24-15t
Levocetirizine (Xyzal), 24-12t

for allergic rhinitis, 24-10, 24-11
Levodopa

anticholinergics and, 53-14t
anxiety from, 76-6t
benzodiazepines and, 53-14t
for DLB, 100-10–100-11
drug interactions with, 53-14t
hyperuricemia from, 42-8t
mania from, 80-5t
methyldopa and, 53-14t
metoclopramide and, 53-14t
neuroleptics and, 53-14t
for PD, 53-6, 53-10–53-11
phenytoin and, 53-14t
pyridoxine and, 53-14t
for RLS, 53-25
schizophrenia and, 78-3
TCAs and, 53-14t

Levofloxacin (Levoquin), 56-8t, 63-4
for AOM, 96-6t
for CAP, 60-11t, 60-12t
for CRRT and HD, 56-21t
dosing of, 56-20t
for gonorrhea, 65-4
for gram-positive cocci, 56-9t
for HAP, 60-24t
for Helicobacter pylori, 26-14t
for HSCT, 92-23
for MDRTB, 70-27
for neutropenia, 68-4–68-5
for osteomyelitis, 66-7
penicillin resistance and, 60-13t
for PID, 65-8
renal failure and, 33-10t
for septic arthritis, 66-12
for TB, 61-11t
for travelers’ diarrhea, 62-17
for UTIs, 64-6t, 64-8–64-9, 64-10t

Levonorgestrel-releasing system (IUS,
Mirena, Norplant), 45-21, 48-4t

for dysmenorrhea, 47-12
Levoquin. (see Levofloxacin)
Levora (Levlen, Nordette), 45-5t
Levorphanol, histamine and, 4-17–4-18
Levosimendan (Simdax), 18-7–18-8
Levothyroxine. (see L-thyroxine)
Levovorin, 73-44
Lexapro. (see Escitalopram)
LHRH. (see Luteinizing hormone-releasing

hormone)
LHRH agonists, 91-19

for prostate cancer, 91-19
LHRH analogs, for hormone-sensitive

tumors, 88-25t
Librax. (see Chlordiazepoxide)
Librium. (see Chlordiazepoxide)
Licorice root, for HCV, 73-44
Lidocaine (Xylocaine), 8-33, 9-16t, 19-6t

anaphylaxis from, 4-7
anxiety from, 76-6t
for cluster headaches, 52-21
for DPN, 50-79
hepatitis and, 73-7
for herpes zoster, 72-10
intravenous, 19-29
for MI, 17-7, 17-9t
neonates and, 94-6t
properties of, 9-18t
protein binding with, 94-5
renal failure and, 33-10t
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risks with, 17-18
for SE, 54-33
for sunburn, 41-15
for sustained ventricular

tachycardia, 19-21
for teething, 93-3
for torsades de pointes, 19-26
ventricular fibrillation and, 17-18
via endotracheal administration,

19-28–19-29
Lidocaine-prilocaine cream (EMLA), 8-33
Life root, hazards of, 3-6t
Lignans, 48-7
Limbitrol. (see Chlordiazepoxide)
Lindane (Kwell), 74-5t, 74-16, 75-17
Linezolid (Zyvox), 56-8t, 59-20–59-21

adverse effects of, 56-16t
for CAP, 60-12t
for endocarditis, 59-16
for gram-positive cocci, 56-9t
for HAP, 60-24t
for neonates, 94-31t
for osteomyelitis, 66-4, 66-7
pancytopenia from, 87-15
penetration characteristics of, 58-7t
for prosthesis infection, 66-9
renal failure and, 33-10t
for sepsis, in neonates, 94-30
for septic arthritis, 66-11

Linit. (see Hydrolyzed starch)
Liotrix (Thyrolar), 49-12
Lipase inhibitors, 82-19, 82-21
Lipid-lowering agents, for MI, 17-24
Lipitor. (see Atorvastatin)
Lipopeptides, 71-4
Liposomal amphotericin B (L-AmB), 92-25
5-Lipoxygenase inhibitors, for asthma,

long-term, 22-28t
Lisadimate. (see Glyceryl PABA)
Lisinopril (Prinivil, Zestril), 18-12,

18-30, 31-7
CH from, 29-15
systolic dysfunction and, 18-30t

Lithium, 79-24
acneiform eruptions from, 38-15
adverse effects of, 80-8t
for bipolar disorder, 80-12t

with depression, 80-14
maintenance for, 80-16

breast-feeding and, 97-7
with carbamazepine, 80-3
CKD and, 31-3
distribution of, 99-3
dosing of, 80-8
drug interactions with, 80-10,

80-11t
ginseng and, 3-24
hyperkalemia from, 11-18
hypothyroidism from, 80-10
during lactation, 46-39t
for mania, 80-7–80-12
monitoring of, 80-7t
with oxcarbazepine, 80-3
pregnancy and, 46-32t, 80-10
refractoriness of, 80-16
renal failure and, 33-10t
for schizophrenia, 78-9
for SIADH, 11-11
sumatriptan and, 54-9
teratogenic effects of, 46-31t
thyroid and, 49-32–49-33
toxicity with, 80-9–80-10
with valproate, 80-3
weight gain from, 82-6

Lithium carbonate
for cluster headaches, 52-22,

52-22t
psoriasis from, 40-9t

Live, attenuated influenza vaccine (LAIV),
60-16

Livostin. (see Levocabastine)
Lixivaptan, 11-12
LMWH. (see Low-molecular-weight

heparin)
Local anesthetics, 9-16–9-18

allergic reaction to, 9-17
for postoperative pain, 9-33t
properties of, 9-18t
toxicity with, 9-17

Lodine. (see Etodolac)
Lodoxamide (Alomide), 24-15t
Logestrin. (see Microgestin)
Lomefloxacin, torsades de pointes and,

19-26t
Lomustine, 89-27

dosing of, 89-27t
heptatoxicity from, 89-32t

Long acting insulin, 50-17t,
50-18–50-19

Long-acting β2-agonist (LABA)
adverse effects of, 22-25
for asthma, 22-10f, 22-11t, 22-12t

long-term, 22-29t
with corticosteroids, 22-24–22-25
for EIA, 22-32
for seasonal asthma, 22-22

Loniten. (see Minoxidil)
Loop diuretics, 11-13, 13-21, 18-11,

18-20–18-21
adverse effects of, 13-22t
for ARF, 30-18
drug-induced hyperlipidemia from,

12-17t
for hypertension, 13-10, 31-20
hypokalemia from, 11-16t
for neonates, 94-8
for SIADH, 11-11

Loperamide, 62-5
for diarrhea, 62-10, 89-10
for DP-IBS, 27-20
for travelers’ diarrhea, 62-17

Lopid. (see Gemfibrozil)
Lopidine. (see Apraclonidine)
Lopinavir, 69-4

resistance to, 69-24t
with ritonavir, 69-16
for SARS, 72-17–72-18

Lopinavir/ritonavir (LPV/r, Kaletra),
61-21

for HIV, 69-10t
NNRTIs and, 69-21t
PI and, 69-19t

Lopressor. (see Metoprolol)
Lorabid. (see Loracarbef)
Loracarbef (Lorabid), 56-8t

for AOM, 96-6t
Loratadine (Claritin), 12-29, 24-12t

allergen skin tests and, 24-21t
for allergic rhinitis, 24-10

Lorazepam (Ativan), 7-6t, 7-8, 54-31,
76-8t, 76-12–76-13, 76-12t,
76-13, 78-14–78-15

for acute agitation, 78-14t
for alcohol intoxication, 84-6
for alcohol withdrawal,

84-8–84-10, 84-8t, 84-9t
for anorexia nervosa, 82-14
for end-of-life care, 6-7

haloperidol and, for acute agitation,
80-14

hepatitis and, 73-7
for neonates, 94-43, 94-43t
for panic disorder, 76-23
as preoperative agent, 9-3t
for sedation, 93-12t
for sleep disorders, 77-15–77-16

Losartan, 31-7
for diabetes, 31-8
for systemic sclerosis, 44-4

Lotensin. (see Benazepril)
Loteprednol (Alrex), 24-15t

adverse effects of, 51-21
Lovastatin (Mevacor), 12-12t, 12-24t,

12-25t, 12-28, 49-16, 50-77
adverse effects of, 51-17t
DILI from, 29-9t
for end-of-life care, 6-5

Low-molecular-weight heparin (LMWH),
15-5, 15-13–15-15

for ACS, 16-31
as antithrombotic, 17-22–17-23
for bridge therapy, 15-27–15-28
with dialysis, 32-6
dosing, 15-14t
for DVT, 15-14
with epidural infusion, 9-32
for MI, 17-9-t, 17-15
with PCI, 16-27
for PE, 15-17
pregnancy and, 15-25, 46-32t,

46-40
renal failure and, 33-23
renal impairment and, 15-14t
for stroke, 55-14
thrombocytopenia and, 87-10
for thrombosis, 17-6
UFH and, Fondaparinux and, 15-4t

Low-Ogestrel. (see Cryselle)
Low-Ovral. (see Cryselle)
Loxapine (Loxitane)

adverse effects of, 78-12t
dosing of, 78-17t
pharmacokinetics of, 78-16t

Loxitane. (see Loxapine)
LPV/r. (see Lopinavir/ritonavir)
LSD. (see Lysergic acid diethylamide)
L-thyroxine (Levothyroxine), 49-4,

49-12, 49-15–49-16
anticonvulsants and, 49-16
bexarotene and, 49-16
for end-of-life care, 6-5
imatinib and, 49-16
for myxedema coma, 49-17
rifampin and, 49-16
sleep disorders from, 77-9
for thyroid cancer, 49-36

LTRA. (see Leukotriene receptor
antagonist)

L-tryptophan, eosinophilic myalgia
syndrome from, 3-5

Ludiomil. (see Maprotiline)
Lugol’s solution, 49-23t
Lumigan. (see Bimatoprost)
Lunelle, 45-21
Lunesta. (see Eszopiclone)
Lupron. (see Leuprolide)
Luteinizing hormone-releasing hormone

(LHRH), 91-4
Luvox. (see Fluvoxamine)
Lymphokine-activated killer cells (LAK),

for melanoma, 91-17
Lyrica. (see Pregabalin)

Lysergic acid diethylamide (LSD),
83-16–83-17

during lactation, 46-39t
mania from, 80-5t
psychosis from, 78-4, 78-4t

Lytic peptides, 71-5

Macerations, 3-4–3-5
Macrolide-resistant Streptococcus

pneumoniae, 60-14
Macrolides

adverse effects of, 56-15t
for AECB, 60-4t
for CAP, 60-11t, 60-12t
for CF, 98-13
penicillin resistance and, 60-13
rifampin and, 61-17

Mafenide acetate (Sulfamylon), 41-20
Magnesium (Mg), 2-10, 11-1,

11-27–11-29, 19-26
blood chemistry reference values

for, 2-3t
with cardioplegia solution, 9-21t
CKD and, 31-14
homeostasis of, 11-27
liver transplantation and, 34-26
for MI, 17-18
for nocturnal leg cramps, 14-14
for PMS, 47-21–47-22

Magnesium carbonate, 31-23t, 31-25
Magnesium choline salicylate (Trilisate),

43-17t
Magnesium hydroxide, 31-23t, 31-25,

93-6t
for GERD, 93-10t
pregnancy and, 46-32t

Magnesium oxide, for hypomagnesemia,
11-28

Magnesium sulfate
for eclampsia, 46-19
for preterm labor, 46-25–46-26
pulmonary disorders from, 25-2t,

25-4t
Mag-Tab SR, for hypomagnesemia, 11-28
Ma-huang, 83-14

mania from, 80-5t
Major tranquilizers. (see antipsychotics)
Malathion, 74-16
Mandol. (see Cefamandole)
Mannitol, 11-14, 51-13t
MAOIs. (see Monoamine oxidase

inhibitors)
Maprotiline (Ludiomil)

for tension-type headaches, 52-24
torsades de pointes and, 19-26t

Maraviroc, for HIV, 69-11t
Marcaine. (see Bupivacaine)
Marezine. (see Cyclizine)
Margosa oil, toxicity of, 29-19t
Marijuana, 83-19–83-20

for asthma, 22-38
during lactation, 46-39t
mania from, 80-5t
psychosis from, 78-4, 78-4t
sexual dysfunction from, 101-7t

Marinol. (see Dronabinol)
Mast cell stabilizers

for allergic conjunctivitis, 24-9,
24-14, 24-15t

for allergic rhinitis, 24-9t
Mavik. (see Trandolapril)
Maxalt. (see Rizatriptan)
Maxzide, 18-24
Mazindol, for obesity, 82-19
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MCV4. (see Menactra)
MDI. (see Metered-dose inhaler)
MDMA, 83-17–83-19
Measles, mumps, rubella (MMR), 95-4,

95-9
adverse effects of, 95-4
immunocompromise and, 95-12

Measles, mumps, rubella, varicella
(MMRV), 95-8, 95-9

Measurin, for RA, 43-15
Mebendazole (Vermox), 74-3t, 74-4,

75-12
Mechlorethamine, 7-4t

alopecia from, 89-11t
cardiotoxicity with, 89-25
for Hodgkin disease, 88-23t
toxicity from, 89-3

Mechlorethamine, doxorubicin, etoposide,
vincristine, vinblastine, bleomycin,
and prednisone (Stanford V
regimen), 90-18

Mechlorethamine, vincristine,
procarbazine, and prednisone
(MOPP), 90-18

Meclizine (Antivert, Bonine), 7-3t
for NVP, 46-8t

Meclofenamate (Meclomen), 43-17t
for dysmenorrhea, 47-11t
for gout, 42-5

Meclomen. (see Meclofenamate)
Medphalan, pulmonary disorders from,

25-2t
Medroxyprogesterone, 12-31

for hormone-sensitive tumors,
88-25t

weight gain from, 82-6
Medroxyprogesterone acetate (MPA,

Provera), 48-4t, 48-5
Medrysone, for eyes, 51-20t
Mefenamic acid (Ponstel), 43-15

for dysmenorrhea, 47-11t
Mefloquine, 74-4t, 74-5t

anxiety from, 76-6t
torsades de pointes and, 19-26t

Mefoxin. (see Cefoxitin)
Megestrol

dofetilide and, 19-11
for end-of-life care, 6-5
for HIV wasting syndrome,

70-39t
for hormone-sensitive tumors,

88-25t
Melatonin, 3-3t, 3-33–3-36

for cancer, 3-35–3-36
for cluster headaches, 52-22t
cluster headaches and, 52-19
drug effects on, 3-33t
for insomnia, 3-35, 77-7
for jet lag, 3-34
for pediatric insomnia, 77-20

Mellaril. (see Thioridazine)
Meloxicam, 43-17t
Melphalan

dosing of, 89-27t
for Hodgkin disease, 88-23t
for MM, 90-19–90-20
pulmonary toxicity from, 89-30t

Melphalan, prednisone (MP), 90-21t
Melphalan, prednisone, thalidomide

(MPT), 90-21t
Memantine (Namenda)

for AD, 100-8t, 100-9
for end-of-life care, 6-5

Menactra (MCV4), 58-14, 95-11

Menest. (see Esterified estrogen)
Menomune (MPS4), 58-14, 95-11
Menthol, 71-5
Menthylanthranilate (Meradimate),

41-8t, 41-11
Meperidine (Demerol), 8-19, 8-27, 8-28,

93-15t
bradycardia and, 17-21
hepatic encephalopathy from,

28-18
hepatitis and, 73-7
for MI, 17-7, 17-21
for migraine, 52-13t
PCA and, 8-16–8-17, 9-28
renal failure and, 33-10t,

33-21–33-22
for sedation, 93-12t

Mepivacaine (Carbocaine, Polocaine),
9-16t

properties of, 9-18t
Meprobamate

alcohol interaction with, 84-21t
withdrawal from, 83-10

Mepron. (see Atovaquone)
MER 29, 12-2
Meradimate. (see Menthylanthranilate)
6-mercaptopurine (6-MP), for CD,

27-15
Mercaptopurine (Purinethol), 88-14t,

90-31–90-32
adverse effects of, 90-37
heptatoxicity from, 89-32t
neonates and, 94-7t
for T-cell lymphoblastic

lymphoma, 90-36t
Merem. (see Meropenem)
Meridia. (see Sibutramine)
Meropenem (Merem), 56-8t, 62-9

for CNS infections, 58-9t
for CRRT and HD, 56-21t
dosing of, 56-20t
for HAP, 60-24t
for neonates, 94-31t
for neutropenia, 68-10, 68-11
penetration characteristics of, 58-7t
renal failure and, 33-10t
for UTIs, 64-10t

Mesalamine (Asacol, Pentasa, Rowasa),
27-9t

adverse effects of, 27-10
for IBD, 27-4t
pulmonary disorders from, 25-2t,

25-7t
Metadate. (see Methylphenidate)
Metaglip. (see Glipizide/metformin)
Metamizole, agranulocytosis from, 87-14
Metamucil. (see Psyllium)
Metaproterenol

for anaphylaxis, 4-9t
for BPD, 94-16t, 94-17
torsades de pointes and, 19-26t

Metered-dose inhaler (MDI), 22-14
dosing of, 22-17t

Metformin (Glucophage), 50-46, 50-48t,
50-49t

alcohol and, 50-48
cimetidine and, 50-52
for diabetes, 50-10
dofetilide and, 19-11
dosage of, 50-52
efficacy of, 50-52
nateglinide and, 50-52
for PCOS, 47-6t, 47-7, 47-8
toxicity of, 10-6

for type 2 diabetes, 50-62–50-63,
50-65t

weight loss from, 82-6
Methadone, 8-23

breast-feeding and, 83-8
cimetidine and, 8-31–8-32
hepatic encephalopathy from,

28-18
histamine and, 4-17–4-18
maintenance of, 83-7
for NAS, 94-46
neonatal addiction to, 83-8
for opioid withdrawal, 83-5–83-6
phenytoin and, 8-31
pregnancy and, 83-8
pulmonary disorders from, 25-2t,

25-5t
torsades de pointes and, 19-26t
withdrawal from, 83-4

Methamphetamine, 83-14
Methazolamide, for glaucoma, 51-13t
Methergine. (see Methylergonovine

maleate)
Methicillin, interstitial nephritis from,

4-14
Methicillin-resistant Staphylococcus

aureus (MRSA), 32-14, 33-19
Methicillin-resistant Staphylococcus

epidermidis (MRSE), 32-14
Methimazole (Tapazole), 49-23t,

49-24–49-28
DILI from, 29-14
for hyperthyroidism, 49-5

Methocarbamol
for nocturnal leg cramps, 14-14
for opiate withdrawal, 83-10t

Methohexital (Brevital), 9-6t, 9-7t
adverse effects of, 9-7t
for ECT, 9-8

Methotrexate (MTX), 7-4t, 88-14t,
90-31–90-32

adverse effects of, 43-24
alopecia from, 89-11t
for AML, 90-7
for B-cell lymphoma, 90-36
for bladder cancer, 88-22t
for breast cancer, 88-22t
for CD, 27-13
DILI from, 29-3t, 29-9t
dosing of, 89-27t
folic acid with, 43-25
for GVHD, 92-18
hand-foot syndrome from, 89-12
for heart transplantation, 35-6
heptatoxicity from, 89-32t
for IBD, 27-4t, 27-5
for JIA, 43-35
for lung cancer, 91-12
monitoring of, 90-30
nephrotoxicity with, 89-27–89-28
neurotoxicity of, 89-20–89-21,

89-20t
for osteosarcoma, 91-28
for psoriasis, 40-3t, 40-6–40-7
for psoriatic arthritis, 40-12
pulmonary disorders from, 25-2t,

25-5t
pulmonary toxicity from, 89-31t
for RA, 43-3, 43-5, 43-6–43-7,

43-23–43-25
radiation enhancement reactions

with, 89-13t
renal failure and, 33-11t
skin pigment changes from, 89-11t

for T-cell lymphoblastic
lymphoma, 90-36t

teratogenic effects of, 46-31t
TMP-SMX and, 92-27
for transplantation, 92-10
for transplantation rejection, 35-9
UV reactions from, 89-13t
VOD from, 29-16
for Wegener’s granulomatosis,

31-32–31-33
Methoxyflurane, for cluster headaches,

52-21
15-methyl prostaglandin

F2α-tromethamine (Hemabate),
46-23–46-24

Methyldopa (Aldomet), 13-39, 14-9,
87-7

CH from, 29-15
DILI from, 29-3t
for hypertension, 13-10, 31-21
levodopa and, 53-14t
lithium and, 80-11t
nasal symptoms from, 24-23t
pregnancy and, 46-16t
sexual dysfunction from, 101-2t
SLE from, 4-12, 44-4
subacute hepatic necrosis from,

29-16
Methylergonovine maleate (Methergine),

46-23
for cluster headaches, 52-22t

Methylin. (see Methylphenidate)
Methylphenidate (Ritalin, Methylin,

Metadate, Concerta), 18-3
for ADHD, 81-3–81-4
anxiety from, 76-6t
for depression, 55-17
mania from, 80-5t
for narcolepsy, 77-17, 77-18
opioids and, 8-31
schizophrenia and, 78-3
for SSRI-induced sexual

dysfunction, 79-17t
Methylprednisolone (Solu-Medrol),

34-6t, 44-7t
administration routes of, 44-9t
for asthma, long-term, 22-27t
for bronchiolitis, 96-11
dosing of, 22-18t
for GVHD, 92-20
for heart transplantation, 35-6
for KD, 96-14
for kidney transplantation, 34-16
for lung transplantation, 35-8
for lupus nephritis, 31-31
for respiratory acidosis, 10-11
for SLE, 44-9t
for transplantation, 34-8
for UC, 27-8–27-9

Methylxanthines
for apnea, in neonates,

94-37–94-39
for asthma, long-term, 22-29t
for BPD, 94-17

Methysergide (Sansert)
for cluster headaches, 52-22,

52-22t
for migraine, 52-15–52-16, 52-15t
pulmonary disorders from, 25-6t,

25-7t
Metipranolol (Optipranolol), for POAG,

51-4, 51-10t
Metoclopramide (Reglan), 7-6t, 7-8

alcohol interaction with, 84-21t
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for anorexia nervosa, 82-14
anxiety from, 76-6t
for aspiration pneumonitis, 9-5
for depression, 99-15
for dyspepsia, 26-9
ET from, 53-26
for gastroparesis, 50-77
for GERD, 26-29, 93-10t, 93-11
levodopa and, 53-14t
for migraine, 52-13t
MMF and, 34-29
for NVP, 46-8, 46-8t
for PONV, 7-10t, 9-24t, 9-25
safety of, 93-7
sexual dysfunction from, 101-7t
for systemic sclerosis, 44-4
tardive dyskinesia from, 78-20

Metolazone, 13-13, 18-11, 18-25
drug-induced hyperlipidemia from,

12-17t
Metoprolol (Lopressor, Toprol), 18-13,

18-41–18-42, 99-9
for aortic dissection, 20-6t
for arrhythmia suppression,

19-19–19-20
after bypass surgery, 19-14
cardiogenic shock and, 17-19
vs. carvedilol, 18-43
diabetes and, 17-19
dosing of, 16-15
for hypertension, 31-21
for MI, 17-18, 17-19t, 20-6t

after discharge, 17-24
trial of, 17-15

for pulmonary disease, 17-20
renal failure and, 33-11t
sexual dysfunction from, 101-2t
for supraventricular tachycardias,

controlling ventricular rate in,
19-8t

Metronidazole (Flagyl), 56-8t, 63-4,
66-7, 74-5t

adverse effects of, 65-24
alcohol and, 65-19, 84-21t
for aspiration pneumonia, 60-20,

60-21t
for Bacteroides spp., 56-13t, 66-8
for brain abscess, 58-33
for BV, 65-19
for CD, 27-15–27-16
for CDAD, 62-20
for Clostridium difficile, 56-13t
for CNS infections, 58-9t
dosing of, 56-20t
echinacea and, 3-16
fixed drug eruptions from, 38-17
for giardiasis, 74-4t, 75-11
for Helicobacter pylori, 26-14t,

26-16
for IBD, 27-6
during lactation, 46-39t
mania from, 80-5t
for NEC, 94-27
for neonates, 94-31t
for parasitic infection, 74-3t
penetration characteristics of, 58-7t
for PID, 65-8
pregnancy and, 65-19, 65-24
for trichomoniasis, 65-23–65-24

Mevacor. (see Lovastatin)
Mexiletine (Mexitil), 19-6t

for DPN, 50-79
smoking and, 85-5t
for torsades de pointes, 19-26

Mexitil. (see Mexiletine)
Mexoryl. (see Terephthalylidene

dicamphor sulfonic acid)
Mezlocillin, 60-26

renal failure and, 33-11t
Micafungin, 71-4, 92-26

adverse effects of, 56-16t
for HSCT, 92-23
for neutropenia, 68-6, 68-17

Miconazole (Monistat), 12-29, 71-4
for diaper rash, 93-4
for VVC, 65-21t

Microgestin (Logestrin), 45-5t
Micronase. (see Glyburide)
Micronized estradiol (Estrace, Gynodiol),

48-4t
Micronor. (see Errin)
Midamor. (see Amiloride)
Midazolam (Versed), 9-4, 9-7t, 12-29,

76-12t, 76-13
adverse effects of, 9-7t
dosing of, 77-10t
for GAD, 76-8
neonates and, 94-6t, 94-43t
for pediatric insomnia, 77-20
as preoperative agent, 9-3t
for SE, 54-33
for sedation, 93-12

Midodrine, for HRS, 29-21
Midrin. (see Isometheptene)
Miglitol (Glyset), 50-48t, 50-49t,

50-56–50-57
drug interactions with, 50-57
for type 2 diabetes, 50-65t

Milk of magnesia
for constipation, during pregnancy,

46-32t
for end-of-life care, 6-5
for hypomagnesemia, 11-28

Milrinone (Primacor), 18-57–18-58,
21-23–21-24

with heart transplantation, 35-2
Mineral oil, 93-6t
Minipill. (see Progesterone)
Minipress. (see Prazosin)
Minocycline, 39-6t, 56-8t

for acne, 39-6
adverse effects of, 39-6t
CH from, 29-15
hypersensitivity vasculitis and,

4-12
for PD, 53-21
pulmonary disorders from, 25-2t,

25-7t
for RA, 43-8
SLE from, 44-3
for toxoplasmosis, 70-15

Minoxidil (Loniten), 13-40
for hypertension, 13-10, 20-3,

20-5, 20-6, 20-7–20-8, 31-21
with heart transplantation, 35-6

Mircette. (see Kariva)
Mirena. (see Levonorgestrel-releasing

system)
Mirtazapine (Remeron), 79-12, 79-13t,

79-24, 79-26
aging and, 99-11t
for GAD, 76-10
for hot flushes, 48-6t
mania from, 80-5t
for obesity, 82-20
for panic disorder, 76-23
for PTSD, 76-30
for sleep disorders, 77-14

for SSRI-induced sexual
dysfunction, 79-17t

weight gain from, 82-6
Misoprostol (Cytotec), 26-4t, 26-6–26-7

during lactation, 46-39t
for NSAID-induced peptic ulcer

disease, 46-21–46-22
for postpartum hemorrhage, 46-23
teratogenic effects of, 46-31t
for upper GI disorders, 26-4t

Mithramycin. (see Plicamycin)
Mitomycin

for bladder cancer, 91-16
dosing of, 89-27t
for gastric cancer, 88-22t
heptatoxicity from, 89-32t
pulmonary disorders from, 25-2t,

25-4t, 25-6t, 25-8t
pulmonary toxicity from, 89-31t
toxicity from, 89-3
UV reactions from, 89-13t
VOD from, 29-16

Mitoxantrone, 89-24, 90-7
alopecia from, 89-11t

Mixed amphetamine (Adderall), 81-4
Mizoribine, for transplantation, 34-10
MMF. (see Mycophenolate mofetil)
MMR. (see Measles, mumps, rubella)
MMRV. (see Measles, mumps, rubella,

varicella)
Moban. (see Molindone)
Moclobemide, for social anxiety disorder,

76-27
Modafinil, 79-25

for ADHL, 81-6
for narcolepsy, 77-5, 77-18
for OSA, 77-17
weight loss from, 82-6

Modicon. (see Brevicon; Nortel;
Ortho-Novum)

Moexipril (Univasc), 18-12
Molindone (Moban)

adverse effects of, 78-12t
dosing of, 78-17t
pharmacokinetics of, 78-16t

Mometasone (Nasonex, Asmanex),
22-23–22-25, 24-16t

for asthma, long-term, 22-27t
dosing of, 22-23t, 22-24t

Mometasone furoate, 38-8t
Monistat. (see Miconazole)
Monoamine oxidase inhibitors (MAOIs),

76-35, 79-12, 79-30–79-32
for AD, 100-10
alcohol interaction with, 84-21t
for anorexia nervosa, 82-14
for bipolar disorder, 80-4
for bulimia nervosa, 82-16
buspirone and, 76-20t
for GAD, 76-8–76-9
glaucoma and, 51-8
mania from, 80-5t
for panic disorder, 76-22, 76-23
for PD, 53-4t, 53-17–53-19
for PTSD, 76-30
rizatriptan and, 54-9
sexual dysfunction from, 101-2t
for sleep disorders, 77-12–77-14
sleep disorders from, 77-10t
for social anxiety disorder,

76-27
SSRIs and, 79-32
sumatriptan and, 54-9
zolmitriptan and, 54-9

Monobactams, 56-8t
adverse effects of, 56-15t
for neutropenia, 68-10
for UTIs, 64-10t

Monocid. (see Cefonicid)
Monoclonal antibodies, for kidney

transplantation, 34-2, 34-12
Monoket. (see Isosorbide mononitrate)
MonoNessa (Ortho Cyclen), 45-5t
Mononitrate (Imdur), 15-7
Monopril. (see Fosinopril)
Monosodium glutamate, anxiety from,

76-6t
Montelukast (Singulair), 24-16t

for asthma, 22-10f
long-term, 22-28t

MOPP. (see Mechlorethamine, vincristine,
procarbazine, and prednisone)

Moricizine (Ethmozine), 19-6t
for arrhythmia suppression, 19-19
for MI, 17-7

Morphine, 8-9, 8-21–8-22, 8-28,
93-15t, 94-48

adverse effects of, 93-14
amylase and, 2-15
bradycardia and, 17-21
with bupivacaine, for epidural

infusion, 9-31t
dialysis and, 32-3
for end-of-life care, 6-6–6-7
for epidural infusion, 9-31t
hepatic encephalopathy from,

28-18
lipase and, 2-15
for MI, 17-7, 17-9-t, 17-21
for migraine, 52-13t
myxedema coma and, 49-16
for NAS, 83-8, 94-46
nausea and vomiting from, 8-31
neonates and, 94-7t
for pain, 8-5, 93-14
for PCA, 9-28, 9-29t
PCA and, 8-16, 83-7
pharmacokinetics of, 94-3t
for postoperative pain, 9-33t
as preoperative agent, 9-3t
psoriasis from, 40-9t
pulmonary disorders from, 25-2t,

25-5t
renal failure and, 33-22
for sedation, 93-12, 93-13
sustained-release, 8-22

Motavizumab, 96-13
Motrin. (see Ibuprofen)
Moxifloxacin (Avelox), 56-8t

for CAP, 60-11t
for HAP, 60-24t
renal failure and, 33-11t
for TB, 61-9, 61-11t
torsades de pointes and, 19-26t

MP. (see Melphalan, prednisone)
6-MP. (see 6-mercaptopurine)
MPA. (see Medroxyprogesterone acetate)
MPS4. (see Menomune)
MPT. (see Melphalan, prednisone,

thalidomide)
MRSA. (see Methicillin-resistant

Staphylococcus aureus)
MRSE. (see Methicillin-resistant

Staphylococcus epidermidis)
MTX. (see Methotrexate)
Multitargeted tyrosine kinase inhibitors,

89-25–89-26
Mupirocin, 38-9t, 67-3
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Muromonab, pulmonary disorders from,
25-2t

Muromonab-CD3 (OKT3, Orthoclone),
34-6t

adverse effects of, 34-17
CMV from, 34-16
for heart transplantation, 35-4
for kidney transplantation, 34-2,

34-12
for transplantation, 34-9–34-10

Mycelex. (see Clotrimazole)
Mycifradin. (see Neomycin)
Mycophenolate mofetil (MMF, CellCept),

34-6t
adverse effects of, 34-29
dosing of, 34-29
drug interactions with, 34-30t
for focal segmental

glomerulosclerosis, 31-34
for heart transplantation, 35-3–35-4
for HSCT, 92-11t
for kidney transplantation, 34-2,

34-12
for liver transplantation,

34-28–34-29
for lung transplantation, 35-8
for lupus nephritis, 31-31–31-32
metoclopramide and, 34-29
for transplantation, 34-7–34-8
for transplantation rejection, 35-9

Mycophenolate sodium (Myfortic), 34-6t
CNI and, 34-7
drug interactions with, 34-30t
for kidney transplantation, 34-2
for transplantation, 34-7–34-8

Mycostatin. (see Nystatin)
Myfortic. (see Mycophenolate sodium)
Myleran. (see Busulfan)
Mylotarg. (see Gemtuzumab ozogamicin)
Myochrysine. (see Gold sodium

thiomalate)

Nabilone (Cesamet), 7-6t
Nabumetone (Relafen), 8-9–8-10, 8-15,

43-17t
NAC. (see N-acetylcysteine)
N-acetylcysteine (NAC)

for acetaminophen toxicity, 5-5,
5-20–5-22

renal-sparing effects of, 30-13
NaCMC. (see Sodium

carboxymethylcellulose)
Nadolol, 49-32

for ET, 53-27t
for hypertension, 31-21
renal failure and, 33-11t
for variceal hemorrhage,

28-14–28-15
Nadroparin, for stroke, 55-14
Nafarelin (Synarel), 47-17t

adverse effects of, 47-19t
dosing of, 47-18

Nafcillin (Unipen), 56-8t
for aspiration pneumonia, 60-21t
for cellulitis, 67-3
for CNS infections, 58-9t
for culture-negative endocarditis,

59-24
dosing of, 56-20t
for gram-positive cocci, 56-9t
for meningitis, 58-11t
for MSSA, 59-14
for neonates, 94-31t
neutropenia from, 87-12

for osteomyelitis, 66-3, 66-4
penetration characteristics of, 58-7t
for PVE, 59-11
renal failure and, 33-11t
for staphylococcal endocarditis,

59-12t
for Staphylococcus aureus, 56-11
for Staphylococcus epidermis,

56-11
Naftifine, 71-4
Nalbuphine (Nubain), 8-20, 8-29
Nalfon. (see Fenoprofen)
Nalidixic acid

adverse effects of, 51-16t
for diarrhea, 62-5
for Shigella spp., 62-9
for typhoid fever, 62-12–62-13

Nalmefene (Revex), 8-26
Naloxone (Narcan), 8-19, 83-9

for alcohol intoxication, 84-6
for opioid toxicity, 5-5, 5-13–5-14,

8-26
pulmonary disorders from, 25-2t,

25-5t
via endotracheal administration,

19-28–19-29
Naltrexone (Trexan), 83-9, 84-17–84-19

for alcoholism, 84-14t
with CBT, 84-18

Namenda. (see Memantine)
Nandrolone, for HIV wasting syndrome,

70-39t
Naphazoline (Privine), 24-13

for allergic rhinitis, during
pregnancy, 46-32t

Naphcon-A. (see Pheniramine +
naphazoline)

Naprosyn. (see Naproxen)
Naproxen (Naprosyn), 8-9–8-10,

43-17t, 93-15t
ARF from, 30-7–30-8
aspirin and, 43-15
for dysmenorrhea, 47-11t
for gout, 42-5
for migraine, 52-12, 52-15t
nephrotic syndrome from, 8-15
PUD from, 26-18–26-21

Naproxen sodium (Anaprox), 8-9–8-10
Naratriptan (Amerge), 54-8t

for migraine, 53-4
Narcan. (see Naloxone)
Narcotics

for migraine, 52-12–52-13
for NAS, 94-46

Nardil. (see Phenelzine)
Naropin. (see Ropivacaine)
Nasacart AQ. (see Triamcinolone)
Nasal corticosteroids, 24-7–24-8,

24-14–24-18
Nasalcrom. (see Cromolyn)
Nasalide. (see Flunisolide)
Nasarel. (see Flunisolide)
Nasonex. (see Mometasone)
Natalizumab, for CD, 27-6
Nateglinide, 50-52

dosage of, 50-53
efficacy of, 50-52–50-53
for type 2 diabetes, 50-65t

Natrecor. (see Nesiritide)
Navane. (see Thiothixene)
Navelbine. (see Vinorelbine)
NE. (see Norepinephrine)
Nebcin. (see Tobramycin)
Necon. (see Ortho-Novum)

Nedocromil (Alocril), 24-15t
for asthma, 22-11t, 22-12t,

22-25–22-26
long-term, 22-27t

Nefazodone (Serzone)
benzodiazepines and, 76-16t
buspirone and, 76-20t
dofetilide and, 19-11
for GAD, 76-10
mania from, 80-5t
for panic disorder, 76-23
for PMS, 47-24
for PTSD, 76-30

Nelarabine, neurotoxicity of, 89-20t
Nelfinavir (NFV, Viracept), 61-21, 69-4

benzodiazepines and, 76-16t
for HIV, 69-9t
NNRTIs and, 69-21t
OC and, 45-12t
PI and, 69-20t
resistance to, 69-24t

Nembutal. (see Pentobarbital)
Neomycin (Mycifradin), 38-9t, 56-8t,

67-3
allergic contact dermatitis from,

38-16
lactulose and, 28-19
for surgery, 57-2t

Neomycin-polymyxin-B-gramicidin
(Neosporin), 51-14

Neoral. (see Cyclosporine)
Neosporin. (see

Neomycin-polymyxin-B-gramicidin)
Neo-Synephrine. (see Phenylephrine)
Nepafenac, for eyes, 51-21
Nepavanac (Nevanac), for eyes, 51-22t
Nephrocaps, 31-15
Nesacaine. (see Chloroprocaine)
Nesiritide (Natrecor), 18-7,

18-56–18-57, 21-24
for BNP, 2-12

Netaglinide (Starlix), 50-47t, 50-49t
Netilmicin (Netromycin), 56-8t

adverse effects of, 56-15t
for peritonitis, 32-14

Netromycin. (see Netilmicin)
Neumega. (see Interleukin-11)
Neupogen, for neutropenia, 87-13
Neupro. (see Rotigotine)
Neurokinin-1 (NK-1) receptor

antagonists, 7-7–7-8
for PONV, 9-24t, 9-25–9-26

Neuroleptics. (see Antipsychotics)
Neuromuscular blocking agents,

9-12–9-16
action parameters for, 9-14t
adverse effects of, 9-13t
classification of, 9-13t
elimination of, 9-15t
volatile inhalation agents and, 9-11

Neurontin. (see Gabapentin)
Neutral protamine hagedorn insulin

(NPH), 14-4, 50-17t, 50-18
flocculation of, 50-34
with rapid-acting insulin, 50-30

Neutrexin. (see Trimetrexate)
Nevanac. (see Nepavanac)
Nevirapine (NVP, Viramune), 61-21

clarithromycin and, 70-32t
for HIV, 69-9t, 69-14t
NNRTIs and, 69-21t
resistance to, 69-23t

Nexavar. (see Sorafenib)
NFV. (see Nelfinavir)

Niacin, 12-14t, 12-15, 12-24t, 12-25t,
12-26t, 12-27f, 50-77

adverse effects of, 12-27–12-28
for atherogenic dyslipidemia, 12-37
cholesterol and, 12-28t, 12-37
clinical use of, 12-26–12-27
for dyslipidemia, 12-24t
for hyperchylomicronemia, 12-39
for hyperlipidemia, with heart

transplantation, 35-7
hyperuricemia from, 42-8t
liver and, 12-37
mechanism of, 12-27
for metabolic syndrome, 12-26
for MI, 17-24
simvastatin with, 12-15
for stroke, 55-5t, 55-7
triglycerides and, 12-28t

Niaspan, 12-24t, 12-25t, 12-27
cholesterol and, 12-37

Nicardipine (Cardene), 16-15, 18-16
for acute pulmonary edema, 20-6t
for acute renal failure, 20-6t
for angina, 16-16t
for aortic dissection, 20-6t
for cocaine overdose, 20-6t,

20-16-20-17
for hemorrhage, 20-6t
for hypertension, 20-3, 20-4t-20-5t
intravenous, 20-14–20-15
for pheochromocytoma, 20-6t

Nicotinamide, 12-26–12-27
for acne, 39-5
for prediabetes, 50-9

Nicotine
anxiety from, 76-6t
bulimia nervosa and, 83-5
panic disorder and, 76-24
pharmacology of, 85-3
weight loss from, 82-6

Nicotine replacement therapy (NRT)
bupropion and, 85-21–85-22
high-dose, for smoking treatment,

85-23
for smoking treatment, 85-7t,

85-10–85-23
Nicotinic acid, anxiety from, 76-6t
Nifedipine (Adalate, Procardia),

13-31–13-32, 14-9, 16-15,
16-16, 18-16, 93-17

for angina, 16-16t
digitalis and, 18-63
GITS and, 16-18
HF and, 16-16
for migraine, 52-17–52-18
pregnancy and, 46-16t, 46-18
for Raynaud’s disease,

14-11–14-12
renal failure and, 33-11t
rifampin and, 61-17
sexual dysfunction from, 101-2t
sustained release, 16-18
for systemic sclerosis, 44-4

Nikkomycins, 71-5
Nilutamide, for hormone-sensitive

tumors, 88-25t
Nimbex. (see Cisatracurium)
Nimodipine (Nimotop)

for delayed cerebral ischemia,
55-19

for migraine, 52-17–52-18
for stroke, 55-17

Nimotop. (see Nimodipine)
Nipride. (see Nitroprusside)
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Niravam. (see Alprazolam)
Nisoldipine (Sular)

for angina, 16-16t
for Raynaud’s disease, 14-12

Nitazoxanide
for CDAD, 62-21
for Cryptosporidium parvum,

62-23
for giardiasis, 74-4t

Nitrates, 18-7, 18-15, 18-59, 18-63
for angina, 16-9, 16-10
with CCB, 16-25
GERD and, 26-23t
for MI, 17-9t
sildenafil and, 101-11
for silent myocardial ischemia,

16-26
tadalafil and, 101-11

Nitrazepam, 99-5
Nitrendipine, hepatitis and, 73-7
Nitric oxide

with heart transplantation, 35-2
NSAIDs, 43-9

Nitro-Bid. (see Nitroglycerin)
Nitrofurantoin

adverse effects of, 64-20–64-21
CH from, 29-15
children and, 64-21
DILI from, 29-3t, 29-10t
pneumonitis from, 64-20
pregnancy and, 46-32t, 64-17
pulmonary disorders from, 25-2t,

25-5t, 25-6t, 25-7t, 25-8t
subacute hepatic necrosis from,

29-16
for UTIs, 64-5, 64-6t, 96-18

Nitroglycerin (NTG, Tridil, Nitro-Bid,
Nitro-Stat), 16-11–16-13,
16-11t, 18-15, 18-56,
18-59–18-60, 20-13

for acute pulmonary edema,
20-6t

for acute renal failure, 20-6t
analgesic use of, 17-21
for angina, 16-1, 16-9
for cocaine overdose, 20-6t,

20-16–20-17
for dysmenorrhea, 47-13
for ergonovine, 16-24
feeding tubes and, 36-16
GI bleeding and, 17-20–17-21
glaucoma and, 51-7–51-8
with heart transplantation, 35-2
for HF, 21-22
for hypertension, 20-3, 20-4t-5t,

20-8–20-9
for MI, 17-6, 20-6t
for pulmonary disease,

17-20–17-21
for Raynaud’s disease, 14-12
sildenafil and, 101-11
transdermal, 16-13
vasopressin and, 28-12–28-13

Nitropress. (see Nitroprusside)
Nitroprusside (Nipride, Nitropress),

18-55–18-56
for acute pulmonary edema, 20-6t
for aortic dissection, 20-6t
cyanide toxicity from, 20-9–20-10
dosing of, 20-9
with heart transplantation, 35-2
for HF, 21-22
for hypertension, 20-3, 20-4t-5t,

20-8–20-9

for pulmnary disease, 17-21
ST segment and, elevation of,

17-21
thiocyanate toxicity from,

20-10–20-11
Nitrosoureas, pulmonary disorders from,

25-2t, 25-6t, 25-8t
Nitro-Stat. (see Nitroglycerin)
NIX. (see Permethrin)
Nizatidine (Axid), 26-4–26-5

for GERD, 93-10t
as preoperative agent, 9-3t
for reflux esophagitis, 46-9
for upper GI disorders, 26-4t

NK-1. (see Neurokinin-1 receptor
antagonists)

NMDA. (see N-methyl-D-aspartate)
N-methyl-D-aspartate (NMDA), 100-9
N-nitrosamines, 26-6
NNRTI. (see Non-nucleoside reverse

transcriptase inhibitors)
Nomodyne. (see Labetalol)
Nondihydropyridines, 13-31
Non-nucleoside reverse transcriptase

inhibitors (NNRTI), 69-4,
69-13

combination therapy with,
69-15

drug effects with, 69-21t
for HIV, 69-9t, 70-29–70-30
rifabutin with, 70-31t
rifampin and, 61-17, 70-31t

Nonsteroidal anti-inflammatory drugs
(NSAIDs), 8-9–8-10, 8-24,
43-17t, 93-15t

for AD, 100-10
adverse effects of, 47-12
for allergic conjunctivitis, 24-9,

24-14, 24-15t
allergic reaction to, 4-15–4-16
analgesic syndrome from, 31-3
anaphylaxis from, 4-16
anxiety from, 76-6t
ARF from, 30-3t, 30-7–30-8,

30-10–30-11
aspirin and, 16-23
asthma from, 22-36–22-37
bleeding from, 9-2
for CF, 98-13
for colon cancer, 91-8

prevention of, 88-4
contraindications for, 47-12
for CTDs, 44-2
DILI from, 29-1, 29-10t
for DPN, 50-79
for dysmenorrhea, 47-10, 47-11t
for endometriosis, 47-16
for eyes, 51-21, 51-22t
fixed drug eruptions from, 38-17
furosemide and, 99-3
gastritis from, 93-15
GERD and, 26-23t
with glucosamine, 3-26
for gout, 42-5–42-6
for HCV, 73-44
for headache, 8-32–8-33
heptatoxicity with, 8-13
herbs and, 3-5
HF from, 18-19t
IL-2 and, 91-17
for JIA, 43-34–43-35
kidney disease from, 43-19–43-20
lithium and, 80-11t
melatonin and, 3-33t

for migraine, 52-11, 52-12, 52-13t,
52-17, 53-4

nasal symptoms from, 24-23t
nephrotic syndrome from, 11-5,

43-19–43-20
nitric oxide, 43-9
for OA, 43-38–43-39
with opioids, for pain, 9-32
for osteoarthritis, 99-14
for pain, 8-4–8-5, 93-14–93-15
photosensitive eruptions from,

38-15
for PMR, 44-5
for PMS, 47-22–47-23
for postoperative pain, 9-33t
pregnancy and, 43-16
for primary dysmenorrhea, 8-32
psoriasis from, 40-9t
for psoriatic arthritis, 40-12
PUD from, 26-9–26-11,

26-18–26-21
pulmonary disorders from, 25-2t,

25-4t, 25-7t
for RA, 43-3, 43-5, 43-6,

43-14–43-15
renal failure and, 33-23
rifampin and, 61-17
selection of, 8-14–8-15
for SLE, 44-3
for sunburn, 41-15
teratogenic effects of, 46-31t
warfarin and, 15-19, 15-30–15-31

Nonsulfonylurea secretagogues
(Glinides), 50-47t, 50-49t,
50-52–50-53

adverse effects of, 50-52
contraindications for, 50-52
dosage of, 50-53
drug interactions with, 50-52
efficacy of, 50-52–50-53
exenatide and, 50-58
pharmacokinetics of, 50-52
precautions with, 50-52
for type 2 diabetes, 50-65t

Nora-BE (Nor-QD), 45-5t
Norcuron. (see Vecuronium)
Nordette. (see Levora; Portia)
Norepinephrine (NE). (see also

Norepinephrine in Subject Index)
for AMI, 21-26–21-27
for anaphylaxis, 4-9t
with heart transplantation, 35-2
for HRS, 29-21
for septic shock, 21-30

Norepinephrine reuptake inhibitors
(NRIs), 79-12

for bipolar disorder, 80-4
for depression, during pregnancy,

46-32t
for GAD, 76-9
mania from, 80-5t
for obesity, 82-20

Norethindrone acetate, 48-4t
Norfloxacin (Noroxin), 56-8t

hepatitis and, 73-7
for neutropenia, 68-4–68-5
for SBP, 28-10
for Shigella spp., 62-9
theophylline and, 64-9
for travelers’ diarrhea, 62-18
for UTIs, 64-6t, 64-8–64-9
for variceal hemorrhage, 28-14

Norinyl. (see Ortho-Novum)
Noroxin. (see Norfloxacin)

Norpace. (see Disopyramide)
Norplant. (see Levonorgestrel-releasing

system (IUS, Mirena, Norplant))
Norpramin. (see Desipramine)
Nor-QD. (see Camila; Nora-BE)
Nortel (Modicon), 45-5t
Nortrel. (see Ortho-Novum)
Nortriptyline (Pamelor), 79-13t, 79-23

for smoking treatment, 85-7t, 85-13
Norvasc. (see Amlodipine)
Norvir. (see Ritonavir)
Novartis. (see Vildagliptin)
Novocain. (see Procaine)
Novolin, 50-19
NovoLog. (see Insulin aspart)
Novolog Mix, 50-17t, 50-19
NovoNorm. (see Repaglinide)
NovoSeven. (see Recombinant activated

factor VII)
Noxafil. (see Posaconazole)
NPH. (see Neutral protamine hagedorn

insulin)
NRIs. (see Norepinephrine reuptake

inhibitors)
NRT. (See Nicotine replacement therapy)
NRTI. (see Nucleotide analogue reverse

transcriptase inhibitors)
NSAIDs. (see Nonsteroidal

anti-inflammatory drugs)
Nubain. (see Nalbuphine)
Nucleoside, 73-21, 73-26
Nucleotide analogue reverse transcriptase

inhibitors (NRTI), 69-4
for HBV, 73-21
for HIV, 69-8–69-9t

Numalog Mix, 50-17t
Nutritional supplements, 3-1–3-38

hazards of, 3-6t
labeling of, 3-2–3-4
structure function claims for, 3-4

NuvaRing. (see Contraceptive ring)
NVP. (see Nevirapine)
Nystatin (Mycostatin), 71-3, 89-7t

fixed drug eruptions from, 38-17
for neutropenia, 68-5–68-6
for VVC, 65-21t

OC. (see Oral contraceptives)
Octinoxate. (see Octyl

methoxycinnamate)
Octisalate. (see Octyl salicylate)
Octocrylene, 41-8t, 41-10, 41-11
Octreotide (Sandostatin), 28-11–28-12

for diarrhea, 89-10
for HRS, 29-21
for upper GI bleeding, 26-33

Octyl dimethyl PABA (Padimate O),
41-8t, 41-11

Octyl methoxycinnamate (Octinoxate),
41-8t, 41-10, 41-11

Octyl salicylate (Octisalate), 41-8t,
41-10, 41-11

Ocupress. (see Carteolol)
OFC. (see Olanzapine/fluoxetine)
Ofloxacin (Floxin), 56-8t, 67-2

for gonorrhea, 65-4, 65-5
mania from, 80-5t
for MDRTB, 70-27
for neutropenia, 68-4–68-5
for PID, 65-8
for SBP, 63-5
for travelers’ diarrhea, 62-17

Ogen. (see Piperazine estrone sulfate)
OKT3. (see Muromonab-CD3)
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Olanzapine (Zyprexa), 7-6t, 78-10,
78-15, 79-33

for acute agitation, 78-14t, 80-14
adverse effects of, 78-12t
for anorexia nervosa, 82-14
for autism, 78-30
for bipolar disorder, 80-12t

depression with, 80-15
for CINV, 7-8
dosing of, 78-17t
drug interactions with, 19-25
for end-of-life care, 6-5
for mania, 80-12
mania from, 80-5t
neutropenia from, 87-13–87-14
NMS from, 78-24
for OCD, 76-35
for panic disorder, 76-23
for PD, 53-22
pharmacokinetics of, 78-16t
for psychosis, 100-15
for PTSD, 76-30
receptor-binding affinities of,

78-12t
for schizophrenia, 78-9–78-10
smoking and, 85-5t
weight gain from, 78-22, 82-6

Olanzapine/fluoxetine (OFC), 80-4
for bipolar disorder, 80-12t
for bipolar disorder depression,

80-15
Olopatadine (Patanol), 24-15t
Olsalazine (Dipentum), 27-9t

for IBD, 27-4t
Omalizumab

for allergic rhinitis, 24-9
for asthma, 22-12t

long-term, 22-28t
Omega-3 fatty acids

for atherosclerosis, 16-10
for HCV, 73-44
mania from, 80-5t

Omeprazole, 26-5–26-6, 49-16
for aspiration pneumonitis,

9-5
benzodiazepines and, 76-16t
feeding tubes and, 36-15
gastritis from, 26-6
for GERD, 93-10t
for SRMB, 26-35t
for upper GI bleeding, 26-33
for upper GI disorders, 26-4t
for ZES, 26-21–26-22

Omnicef. (see Cefdinir)
OmniHIB, 95-7
Omnipen. (see Ampicillin)
Oncaspar. (see Pegaspargase)
Oncovin. (see Vincristine)
Ondansetron (Zofran), 7-6t

for alcoholism, 84-14t
for NVP, 46-8t
for panic disorder, 76-24
for PONV, 7-10t, 9-24t, 9-25

Opiates
anxiety from, 76-6t
for CDAD, 62-21
for children, 8-30–8-31
dependence on, 8-25
for elderly, 8-29–8-30
for gout, 42-6
histamine and, 4-15, 4-17–4-18
NAS from, 94-44
for pain, 8-5
pruritus from, 4-17–4-18

pulmonary disorders from, 25-2t,
25-5t

for RLS, 53-25
tolerance to, 8-25
UROD and, 83-9

Opioids, 8-10–8-12
abuse of, 83-3–83-10
addiction to, 8-12, 8-18
adverse effects of, 8-13–8-14,

51-15t
benzodiazepines and, 9-4, 76-16t
constipation from, 8-14
for COPD, 8-28–8-29
dosing of, 8-16t
elderly and, 9-2
head injury and, 8-27
for herpes zoster, 72-10
for labor, 8-19–8-20
liver disease and, 8-28
methylphenidate and, 8-31
NSAIDs with, for pain, 9-32
for OA, 43-39
overdose of, 8-25–8-26
PCA and, 8-15–8-16, 9-28
physical dependence on, 8-11–8-12
for postoperative pain, 9-27, 9-33t
as preoperative agent, 9-3t
properties of, 8-11t
pruritus from, 9-31
pseudoaddiction to, 8-11
respiratory acidosis from, 10-11
for RLS, 77-19
sexual dysfunction from, 101-7t
sleep apnea and, 8-29
for sleep disorders, 77-5
sleep disorders from, 77-10t
smoking and, 85-5t
tapering of, 8-17–8-18, 8-25
tolerance of, 8-11
toxicity from, 5-3

naloxone for, 5-5
uremia and, 8-18
volatile inhalation agents and, 9-11
withdrawal from

buprenorphine (Buprenex) for,
83-6–83-7

clonidine (Catapres) for, 83-6
methadone for, 83-5–83-6

OpSite, 41-19
Optipranolol. (see Metipranolol)
Optivar. (see Azelastine)
OPV. (see Oral polio virus vaccine)
Orabase, for mucositis, 89-9
Oral contraceptives (OC), 54-29–54-30.

(see also Combined oral
contraceptive)

for acne, 39-7
acneiform eruptions from, 38-15
adverse effects of, 45-12–45-16,

51-18t
AED and, 54-29–54-30
amylinomimetics and, 50-60
benefits of, 45-16–45-17
benzodiazepines and, 76-16t
DILI from, 29-7–29-8t
drug interactions with, 45-12t
drug-induced hyperlipidemia from,

12-17t
for dysmenorrhea, 47-10, 47-12
for EC, 45-25t
for endometriosis, 47-16
erythema nodosum from, 38-17
exenatide and, 50-58
fixed drug eruptions from, 38-17

glaucoma and, 51-8
headache from, 53-4–53-5
heptacocelluar carcinoma from,

29-17
nasal symptoms from, 24-23t
peliosis hepatitis from,

29-16–29-17
phenobarbital and, 54-29–54-30
photosensitive eruptions from,

38-15
pramlintide and, 50-60
rifampin and, 61-17
smoking and, 85-5t, 85-23–85-24
UTIs and, 64-3, 64-13
vascular lesions from, 29-16

Oral polio virus vaccine (OPV), 95-4,
95-6–95-7

adverse effects of, 95-4
Oral rehydration solution (ORS), 93-7
Orap. (see Pimozide)
Orencia. (see Abatacept)
Orinase. (see Tolbutamide)
Orlistat (Xenical), 82-21
ORS. (see Oral rehydration solution)
Ortho Cyclen. (see MonoNessa)
Ortho Evra. (see Contraceptive patch)
Ortho-Cept. (see Apri)
Orthoclone

see Muromonab-CD3
Ortho-Est. (see Piperazine estrone

sulfate)
Ortho-Novum (Modicon, Norinyl, Nortel,

Necon, Genora), 45-5t
Orudis. (see Ketoprofen)
Oseltamivir (Tamiflu)

adverse effects of, 56-17t, 72-6t
for avian flu, 72-13
for influenza, 60-14–60-15, 60-17,

72-5t, 72-12
pharmacokinetics of, 72-4t
properties of, 72-3t

Osmotic diuretics, 11-14
Otrivin. (see Xylometazoline)
Ovrette, 45-5t
Oxacillin, 56-8t

for acute osteomyelitis, 66-4t
for CF, 98-11t
DILI from, 29-3t, 29-10t
for gram-negative coverage, 66-6
for neonates, 94-31t
for osteomyelitis, 66-3, 66-4
for prosthesis infection, 66-9
for PVE, 59-11
for septic arthritis, 66-11
for staphylococcal endocarditis,

59-12t
Oxaliplatin (Eloxatin), 7-4t, 88-14t

for colorectal cancer, 88-22t
neurotoxicity of, 89-20t
paresthesia from, 89-21–89-22
radiation recall reactions from,

89-13t
thrombocytopenia from, 87-8

Oxandrolone
for HIV wasting syndrome, 70-39t
psoriasis from, 40-9t

Oxaproxin (Daypro), 43-17t
Oxazepam (Serax), 76-8t, 76-12t

for alcohol withdrawal,
84-8–84-10, 84-8t

for anorexia nervosa, 82-14
hepatitis and, 73-7

Oxazolidinone, 59-20–59-21
Oxcarbazepine (Trileptal), 54-9, 54-14

adverse effects of, 54-11
for bipolar disorder, 80-13
for epilepsy, 54-3t
lithium with, 80-3
OC and, 54-29–54-30
for panic disorder, 76-23
pharmacokinetic properties of,

54-6t
pregnancy and, 46-43
for seizures, 54-5t, 54-13t

Oxybenzone. (see Benzophenone-3)
Oxybutynin (Ditropan), for urinary

incontinence, 101-20t, 101-26
Oxycodone, 8-28, 8-32

for burns, 41-20
histamine and, 4-17–4-18

Oxygen, 21-7
for AMI, 21-24
for anaphylaxis, 4-9t
bleomycin and, 25-1
for BPD, 94-15
for cluster headaches,

52-20–52-21, 52-21t
for COPD, 23-16–23-17
for Hantavirus, 72-16
for MI, 17-7
myocardial, 16-2–16-4
for septic shock, 21-29

Oxygenfree radicals, with cardioplegia
solution, 9-20

Oxymetazoline, for allergic rhinitis,
during pregnancy, 46-32t

Oxymetholone, for HIV wasting
syndrome, 70-39t

Oxymorphone, histamine and, 4-17–4-18
Oxyquinolones, 71-5
Oxytocin (Pitocin)

hyponatremia and, 11-10
for labor induction, 46-20, 46-22,

46-22t

PABA. (see Para-aminobenzoic acid)
Paclitaxel (PES, Taxol, Abraxane), 16-28,

88-14t
alopecia from, 89-11t
for breast cancer, 88-22t, 91-6t
for hypersensitivity, 89-19
hypersensitivity from, 89-18t
for lung cancer, 91-12
nail changes from, 89-11t
neurotoxicity of, 89-20t
for non-small-cell lung cancer,

88-22t
for ovarian cancer, 88-22t, 91-14
pulmonary disorders from, 25-2t
radiation recall reactions from,

89-13t
Padimate O. (see Octyl dimethyl PABA)
Palifermin (Kepivance), 92-14
Paliperidone (Invega), 78-10

adverse effects of, 78-12t
dosing of, 78-17t
pharmacokinetics of, 78-16t
receptor-binding affinities of,

78-12t
Palivizumab (Synagis), 72-15, 96-13

indications for, 96-13t
Palonosetron (Aloxi), 7-5–7-6, 7-6t
Pamelor. (see Nortriptyline)
Pamidronate

adverse effects of, 51-17t
for hypercalcemia, 11-22t, 11-23,

11-24
for MM, 90-20
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Pancreatic digestive enzymes, for CF,
98-8–98-9, 98-8t

Pancuronium (Pavulon), 9-13t, 94-48
action parameters for, 9-14t
adverse effects of, 9-13t
elimination of, 9-15t

Pantoprazole, 26-5–26-6
for aspiration pneumonitis, 9-5
for GERD, 93-10t
for SRMB, 26-35t
for upper GI disorders, 26-4t
for ZES, 26-21–26-22

Papaverine, 14-9
for ED, 101-12, 101-12t
with phentolamine, 101-12, 101-13

Papaverine/phentolamine
adverse effects of, 101-14, 101-14t
corporeal fibrosis from, 101-14
Peyronie’s disease from, 101-14
phentolamine with, 101-14t

Para-aminobenzoic acid (PABA), 41-8t,
41-11

photosensitive eruptions from,
38-15

Para-aminosalicylic acid (PAS), for TB,
61-11t, 61-13

Paraldehyde
alcohol interaction with, 84-21t
toxicity of, 10-6

Paramethadione, teratogenic effects of,
46-31t

Paraplatin. (see Carboplatin)
Parathyroid hormone (PTH), 102-15
Parcopa. (see Carbidopa-Levodopa)
Paregoric, for NAS, 94-46
Paricalcitol (Zemplar), 31-26
Paromomycin, 74-3t
Paroxetine (Paxil), 79-13t

aging and, 99-11t
antipsychotics and, 78-16
for bulimia nervosa, 82-17
for cataplexy, 77-17
clomipramine and, 76-39
for GAD, 76-9, 76-11
for hot flushes, 48-6t
for OCD, 76-34
for OSA, 77-17
for panic disorder, 76-22–76-23
for PMS, 47-24
pregnancy and, 46-44
for sleep disorders, 77-14
for social anxiety disorder, 76-27
with tramadol, 8-32
weight gain from, 82-6

Parsol 1789. (see Butyl
methoxydibenzoylmethane)

Parsol MCX. (see Octyl
methoxycinnamate)

PAS. (see Para-aminosalicylic acid)
Patanol. (see Olopatadine)
Patient controlled analgesia (PCA),

8-15–8-18
adverse effects of, 9-29
dosing of, 9-28–9-29
fentanyl for, 9-28, 9-29t
hydromorphone for, 9-28, 9-29t
meperidine for, 9-28
morphine for, 9-28, 9-29t, 83-7
opioids for, 9-28
for postoperative pain, 9-27–9-28

Pavulon. (see Pancuronium)
Paxil. (see Paroxetine)
PCA. (see Patient controlled analgesia)
PCP. (see Phencyclidine)

PDE. (see Phosphodiesterase inhibitors)
PEDIARIX, 95-5, 95-6
PedVaxHIB, 95-7
PedvaxHIB, 95-7. (see PRP-OMP)
Pegaptanib, 51-23
Pegaspargase (Oncaspar), 90-27, 90-34
Pegfilgrastim. (see Granulocyte

colony-stimulating factor)
PegIFN-α. (see Pegylated interferon)
Pegylated interferon (PegIFN-α), 73-22

for HBV, 73-23t, 73-34t
for HCV, 73-39t, 73-41–73-42
for HDV, 73-33
with lamivudine, for HBV, 73-23t,

73-34t
Pemetrexed (Alimta), 88-15t

dosing of, 89-27t
Pemirolast (Alamast), 24-15t
Pemoline, for ADHD, 81-3
Penciclovir (Denavir), 72-7
Penems, 56-8t

adverse effects of, 56-15t
Penicillamine

allergic reactions to, 4-2
nephrotic syndrome from, 11-5
pulmonary disorders from, 25-2t,

25-7t, 25-8t
for RA, 43-26
SLE from, 4-12, 44-4

Penicillin, 56-8t, 67-2
adverse effects of, 56-15t
AIN from, 30-15
allergy to, 59-14, 66-3, 66-11,

67-3–67-4
for aspiration pneumonia, 60-21t
for brain abscess, 58-33
for CNS infections, 58-9t
desensitization for, 4-20–4-21
drug hypersensitivity syndrome

from, 38-17
for endocarditis, 59-7, 59-8t

prophylaxis, 59-24t
for erysipelas, 67-7
for gonorrhea, 65-5
for gram-negative bacillary

endocarditis, 59-23
for gram-positive cocci, 56-9t
Helicobacter pylori and, 26-17
hemolytic anemia from, 4-3,

87-5–87-6
hypokalemia from, 11-16t
interstitial nephritis from, 4-14
for Lyme disease, 75-5–75-6
for MSSA, 59-13
for NEC, 94-27
for Neisseria gonorrhoeae, 56-13t
for neonates, 94-3
neurotoxicity with, 33-18
neutropenia from, 87-12
OC and, 45-12t
for osteomyelitis, 66-5t
penetration characteristics of, 58-7t
pregnancy and, 46-32t, 64-17
protein binding with, 94-5
psoriasis from, 40-9t
pulmonary disorders from, 25-2t,

25-3t, 25-8t
resistance to, 60-13
skin testing for, 4-5–4-6, 4-5t
for Streptococcus pneumoniae,

56-11
for Streptococcus pyogenes, 56-11
urticaria from, 38-17
for UTIs, 64-5t

Penicillin G (Pfizerpen), 56-8t, 58-15,
75-4t

for aspiration pneumonia, 60-21t
for brain abscess, 58-33–58-34
for CAP, 60-12t
for CNS infections, 58-9t
for CRRT and HD, 56-21t
dosing of, 56-20t
for endocarditis, 59-18
for GBS, 46-29
for Lyme disease, 75-5–75-6
for Neisseria meningitidis, 58-11t
for neonates, 94-31t
for neurosyphilis, 65-15–65-16
penetration characteristics of, 58-7t
for pneumonia, 60-18
pregnancy and, 46-29
renal failure and, 33-11t
for surgery, 57-2t
for syphilis, 65-15, 65-16t

in neonates, 94-36
for Treponema pallidum, in

neonates, 94-34t
Penicillin V (Veetids), 56-8t, 76-5

for pneumonia, 60-18
with sickle cell anemia, 60-18

Penicilloyl, 4-5
Pennyroyal oil

hazards of, 3-6t
toxicity of, 29-17, 29-19t

Pentamidine
histamine and, 4-15
hyperkalemia from, 11-18
for lung transplantation, 35-10
pulmonary disorders from, 25-4t

Pentamidine isethionate
for PCP, 70-9, 70-9t, 70-11t
renal failure and, 33-11t
torsades de pointes and, 19-26t

Pentasa. (see Mesalamine)
Pentasaccharide fondaparinux, 16-31
Pentazocine (Talwin), 8-20, 8-24, 8-28,

83-7
adverse effects of, 51-15t
smoking and, 85-5t

Pentobarbital (Nembutal), for sedation,
93-12, 93-13

Pentostatin, dosing of, 89-27t
Pentothal. (see Thiopental)
Pentoxifylline

feeding tubes and, 36-15
for HCV, 73-44
for IC, 14-8–14-9

Pepcid. (see Famotidine)
Pergolide, 18-3

anxiety from, 76-6t
for PD, 53-7
pulmonary disorders from, 25-2t,

25-6t, 25-7t
Perindopril (Aceon), 18-12

for CAD, 16-21
for PAD, 14-7
systolic dysfunction and, 18-30t

Permethrin (Elimite, NIX), 74-4t, 74-5t,
75-17

Perphenazine (Trilafon)
dosing of, 78-17t
nasal symptoms from, 24-23t
for PD, 53-22
pharmacokinetics of, 78-16t
receptor-binding affinities of,

78-12t
PES. (see Paclitaxel)
Petrolatum, 74-16

Pfizerpen. (see Penicillin G)
Phenacetin, analgesic syndrome from,

31-3
Phenazopyridine, 64-12
Phencyclidine (PCP), 83-15–83-16

anxiety from, 76-6t
during lactation, 46-39t
mania from, 80-5t
psychosis from, 78-3, 78-4, 78-4t

Phendimetrazine, for obesity, 82-19
Phenelzine (Nardil), 3-24, 76-35

for migraine, 52-18t
for panic disorder, 76-23
for PTSD, 76-30
for social anxiety disorder, 76-27
weight gain from, 82-6

Phenergan. (see Promethazine)
Phenindione, during lactation, 46-39t
Pheniramine + naphazoline (Naphcon-A),

24-15t
Phenobarbital, 93-17

benzodiazepines and, 76-16t
COC and, 45-12
for febrile seizures, 54-24
GGT and, 2-14
hepatitis and, 73-7
hypersensitivity to, 4-2
for NAS, 83-8, 94-46
for neonates, 94-3, 94-42–94-44,

94-43t
OC and, 45-12t, 54-29–54-30
pharmacokinetic properties of,

54-6t
pharmacokinetics of, 94-3t
pregnancy and, 46-42
protein binding with, 94-5
renal failure and, 33-11t
for SE, 54-33
for sedative withdrawal, 83-11
for seizures, 54-5t
skin rash from, 54-27–54-28
thyroid and, 49-9
vitamin D and, 2-9

Phenolates, 71-5
Phenolphthalein, fixed drug eruptions

from, 38-17
Phenothiazine, 5-11, 8-24

adverse effects of, 51-19t
alcohol interaction with, 84-21t
chronic intrahepatic cholestasis

from, 29-16
drug fever from, 4-11
EM from, 38-16
hepatic dysfunction from, 78-24
hepatic encephalopathy from,

28-18
for migraine, 52-11
neutropenia from, 87-12–87-13
photosensitive eruptions from,

38-15
for PONV, 9-24t, 9-25
sexual dysfunction from, 101-2t

Phenoxybenzamine (Dibenzyline)
for BPH, 101-19–101-20
for ED, 101-12
sexual dysfunction from, 101-2t

Phentermine, for obesity, 82-19
Phentolamine (Regitine)

for ED, 101-12t
for hypertension, 20-4t-5t
intravenous, 20-15
nasal symptoms from, 24-23t
papaverine with, 101-12, 101-13
for pheochromocytoma, 20-6t
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Phenylbenzimidazole sulfonic acid
(Ensulizole), 41-8t, 41-11

Phenylbutazone (Butazolidin)
adverse effects of, 51-17t
nephrotic syndrome from, 8-15
SJS from, 38-16

Phenylephrine (Sudafed PE,
Neo-Synephrine), 24-13, 24-13t

anxiety from, 76-6t
for bronchiolitis, 96-11
mania from, 80-5t
for septic shock, 21-30

Phenylpropanolamine (PPA)
mania from, 80-5t
for obesity, 82-19

Phenytek. (see Phenytoin)
Phenytoin (Dilantin, Phenytek), 31-29,

54-15–54-16, 54-31–54-32,
93-17, 99-3–99-4

adverse effects of, 51-15t,
54-17–54-18

benzodiazepines and, 76-16t
for brain abscess, 58-34
in breast milk, 46-43
COC and, 45-12
DILI from, 29-3t, 29-10t, 29-14
for eclampsia, 46-19
for epilepsy, 54-3t
feeding tubes and, 36-15, 36-16
GGT and, 2-14
hepatitis and, 73-7
hypersensitivity to, 4-2
INH and, 61-16
levodopa and, 53-14t
methadone and, 8-31
for migraine, 52-18t
neonates and, 94-3, 94-6t,

94-42–94-44, 94-43t
for nocturnal leg cramps, 14-14
OC and, 45-12t, 54-29–54-30
pharmacokinetics of, 54-6t, 94-3t
pregnancy and, 46-41
protein binding with, 33-2, 94-5
pulmonary disorders from, 25-2t,

25-8t
renal failure and, 33-11t
rifampin and, 61-17, 70-32t
for seizures, 54-5t, 54-12t, 55-19
sexual dysfunction from, 101-2t
skin rash from, 54-27–54-28
teratogenic effects of, 46-31t
thyroid and, 49-9
vitamin D and, 2-9

Phosphate (PO4), 2-10, 11-1
blood chemistry reference values

for, 2-3t
for DKA, 50-44, 50-44t
DKA and, 50-44
for hypercalcemia, 11-22t, 11-24
liver transplantation and, 34-26
neonatal seizures and, 94-41t

Phosphate enema, 93-6t
Phosphate-binding agents, 31-22,

31-23t
Phosphodiesterase (PDE) inhibitors,

18-57–18-58, 21-23–21-24
for AMI, 21-26
for COPD, 23-10

Phospholine iodide. (see Echothiophate
iodide)

Phytoestrogens, 48-7
Phytonadione. (see Vitamin K)
PI. (see Protease inhibitors)
Picotin. (see Oxytocin)

Pilocarpine (IsoptoCarpine), 51-6, 89-7t
for POAG, 51-11t
for xerostomia, 89-8

Pimecrolimus (Elidel), 38-14
Pimozide (Orap)

for anorexia nervosa, 82-14
dosing of, 78-17t
for OCD, 76-34–76-35, 76-35

Pindolol
for nonsustained ventricular

tachycardia, 19-21
for OCD, 76-35
sexual dysfunction from, 101-2t

Pioglitazone (Actos), 50-48t, 50-50t,
50-65

drug interactions with, 50-56
for PCOS, 47-6t, 47-7
weight gain with, 50-55

Pioglitazone/glimepiride (Duetact),
50-51t

Pioglitazone/metformin (ActoPlus Met),
50-51t

Piperacillin
for CAP, 60-11t
for CF, 98-11t
for gram-negative bacillary

endocarditis, 59-23
for gram-negative coverage, 66-6
hypokalemia from, 11-16t
for meningitis, 58-17
penetration characteristics of, 58-7t
for Pseudomonas spp., 33-19, 66-6
renal failure and, 33-11t
with tazobactam, 63-4
for UTIs, 64-10t

Piperacillin/tazobactam (Zosyn), 56-8t,
66-8

for aspiration pneumonia, 60-20
for CRRT and HD, 56-21t
dosing of, 56-20t
for gram-negative aerobes, 56-10t
for gram-positive cocci, 56-9t
for HAP, 60-24t
for neonates, 94-31t

Piperazine estrone sulfate (Estropipate,
Ogen, Ortho-Est), 48-4t

Pirbuterol, dosing of, 22-17t
Piroxicam (Feldene), 43-17t

ARF from, 30-7–30-8
for gout, 42-5
SJS from, 38-16

Platelet aggregation inhibitors,
pulmonary disorders from, 25-2t,
25-8t

Platelet glycoprotein Ib/IIb inhibitors,
pulmonary disorders from, 25-2t,
25-8t

Platinol. (see Cisplatin)
Plavix. (see Clopidogrel)
Plendil. (see Felodipine)
Plicamycin (Mithramycin), for

hypercalcemia, 11-22t, 11-23
PMMA. (see Gentamicin-impregnated

polymethylmethacrylate)
Pneumococcal polysaccharid vaccine,

60-17–60-18
Pneumovax, 95-10

for COPD, 23-12
PO4. (see Phosphate)
Podophyllin, for genital warts,

65-29–65-30
Podophyllotoxins, pulmonary disorders

from, 25-8t
POLIOVAX, 95-6

Polocaine. (see Mepivacaine)
Polyacrylonitrile, 31-21
Polycitra, for metabolic acidosis, 31-14
Polyclonal antibody, for kidney

transplantation, 34-2, 34-12
Polyethylene glycol, 5-11

neonates and, 94-7t
Polymox. (see Amoxicillin)
Polymyxin B, 38-9t, 67-3
Polysorbate, 94-50
Pontocaine. (see Tetracaine)
Poractant (Curosurf), 94-12t, 94-13
Portia (Levlen, Nordette), 45-5t
Posaconazole (Noxafil), 92-26

adverse effects of, 56-16t
for lung transplantation, 35-10
for neutropenia, 68-6

Potassium, 18-22–18-23. (see also
Potassium in Subject Index)

with cardioplegia solution,
9-21–9-22, 9-21t

diuresis and, 5-9
for DKA, 50-44t
feeding tubes and, 36-20
GERD and, 26-23t
for metabolic acidosis, 97-6
for nocturnal leg cramps, 14-14

Potassium channel blockers, 19-5
Potassium chloride, 10-9–10-10

feeding tubes and, 36-15
for hypokalemia, 11-17

Potassium citrate, for metabolic acidosis,
31-14

Potassium hydroxide (KOH), 71-10
Potassium iodide, 71-3
Potassium permanganate, 38-3t
Potassium-sparing diuretics, 13-13
PPA. (see Phenylpropanolamine)
PPI. (see Proton pump inhibitors)
Pralidoxime (Protopam), 54-25
Pramipexole (Mirapex), 53-22

adverse effects of, 53-9–53-10
dosing of, 53-9
for PD, 53-3t, 53-7, 53-8,

53-14–53-15
for RLS, 53-25, 77-19
tardive dyskinesia from, 78-20

Pramlintide (Symlin), 50-47, 50-51t,
50-59–50-60

contraindications for, 50-60
drug interactions with, 50-60
precautions with, 50-60
weight loss from, 82-6

Prandin. (see Repaglinide)
Pravachol. (see Pravastatin)
Pravastatin (Pravachol), 12-12, 12-12t,

12-24t, 12-25t, 12-28, 50-77
for heart transplantation, 35-5
for stroke, 55-7

Praziquantel (Biltricide), 74-4t, 74-5t,
74-14

adverse effects of, 74-15
Prazosin (Minipress)

for BPH, 101-19–101-20
for dyslipidemia, 31-21
for hypertension, 13-10, 20-3,

20-5, 20-7–20-8, 31-21
nasal symptoms from, 24-23t
for PTSD, 76-30
for Raynaud’s disease, 14-12
saw palmetto and, 3-19
sexual dysfunction from, 101-2t

Precef. (see Ceforanide)
Precose. (see Acarbose)

Prednicarbate, 38-8t
Prednisolone, 44-7t

administration routes of, 44-9t
for asthma, long-term, 22-27t
dosing of, 22-18t
for herpes zoster, 72-9
for SLE, 44-9t
for transplantation, 34-8

Prednisone (Deltasone), 34-6t, 44-7t
for acne, 39-7
administration routes of, 44-9t
adverse effects of, 90-37
for ALL, 90-27
for asthma, long-term, 22-27t
for cluster headaches, 52-21,

52-22t
for COPD, 23-15
for croup, 96-10–96-11
for dermatomyositis, 44-6
dosing of, 22-18t
for GVHD, 92-21
for HDV, 73-32
for head and neck cancer, 88-22t
for heart transplantation,

35-3–35-4, 35-6
for herpes zoster, 72-9
for Hodgkin disease, 88-23t
for hyperthyroidism, 49-23t
for ITP, 93-18
for kidney transplantation, 34-2,

34-12, 34-16
leukocytosis from, 44-11
for migraine, 52-13
for nephrotic syndrome, 93-20
for NODAT, 24
osteoporosis from, 102-15–102-16
for PCP, 70-9t
for polymyositis, 44-6
for SLE, 44-8, 44-9t
for sunburn, 41-15
for T-cell lymphoblastic

lymphoma, 90-36t
for transplantation, 34-8
weight gain from, 82-6

Prefest, 48-4t
Pregabalin (Lyrica), 8-27, 54-9,

54-14
adverse effects of, 54-11
for DPN, 50-79
for epilepsy, 54-3t
for herpes zoster, 72-10
OC and, 54-29–54-30
pharmacokinetic properties of,

54-6t
for seizures, 54-5t, 54-12t
weight gain from, 82-6

Premarin. (see Conjugated equine
estrogens)

Premphase, 48-4t
Prempro, 48-4t
Prepidil. (see Prostaglandin E2)
Prevnar. (see Conjugate pneumococcal

vaccine)
Prezista, for HIV, 69-10t
Primacor. (see Milrinone)
Primaquine phosphate, 75-6–75-7
Primaxin. (see Imipenem)
Primidone

COC and, 45-12
for ET, 53-27t
for neonates, 94-43
OC and, 45-12t
for seizures, 54-5t

Primrose oil, for hot flushes, 48-7
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Prinivil. (see Lisinopril)
Privine. (see Naphazoline)
Pro-Banthine. (see Propantheline)
Probenecid (Benemid), 42-9

for hyperuricemia, 42-9–42-10
Probiotics

for CDAD, 62-21
for diarrhea, 93-9
for NEC, 94-28

Procainamide (Pronestyl, Pronestyl SR,
Procan SR), 19-6

ANA from, 4-2
anxiety from, 76-6t
hemolytic anemia from, 87-7
for MI, 17-7
neonates and, 94-7t
renal failure and, 33-12t, 33-22
SLE from, 4-2, 44-3
for sustained ventricular

tachycardia, 19-21
for Wolff-Parkinson-White

syndrome, 19-16
Procaine (Novocain), 9-16t

allergic contact dermatitis from,
38-16

for aspiration pneumonia, 60-21t
properties of, 9-18t
psoriasis from, 40-9t

Procan SR. (see Procainamide)
Procarbazine, 7-4t

for Hodgkin disease, 88-23t
hypersensitivity from, 89-18t
neurotoxicity of, 89-20t, 89-21
pulmonary toxicity from, 89-31t

Procardia. (see Nifedipine)
Prochieve. (see Progesterone vaginal gel)
Prochlorperazine (Compazine), 7-5, 7-6t,

7-8
chronic intrahepatic cholestasis

from, 29-16
dofetilide and, 19-11
for end-of-life care, 6-7
for migraine, 52-12, 52-13t
for NVP, 46-8t
for opiate withdrawal, 83-10t
for PONV, 7-10t, 9-24t

Procrit. (see Erythropoietin)
Proferrin-ES, 31-17
Progesterone (Minipill, Prometrium),

45-19–45-20, 48-4t
GERD and, 26-23t
psoriasis from, 40-9t

Progesterone vaginal gel (Prochieve,
Crinone), 48-4t

Progestin, 48-6. (see also
Estrogen-progestin therapy)

dementia and, 100-9
for endometriosis, 47-16
for EPT, 48-4t
estrogen with, 48-4t
for ET, 48-4t
for hormone-sensitive tumors,

88-25t
for PCOS, 47-6t

Prograf. (see Tacrolimus)
Proguanil, 74-5t
ProHIBiT, 95-7
Prokinetics

for dyspepsia, 26-9
for GERD, 26-29, 93-10t, 93-11

Prolixin. (see Fluphenazine)
Promethazine (Phenergan), 7-3t, 7-6t,

7-8
allergen skin tests and, 24-21t

for cough, during pregnancy,
46-32t

for NVP, 46-8t
for PONV, 7-10t, 9-24t
safety of, 93-7

Prometrium. (see Progesterone)
Pronestyl. (see Procainamide)
Pronestyl SR. (see Procainamide)
Propafenone (Rythmol), 19-6t

anxiety from, 76-6t
for atrial fibrillation, 19-11–19-12
for chemical cardioversion, 19-10
digitalis and, 18-48–18-49
for Wolff-Parkinson-White

syndrome, 19-16
Propantheline (Pro-Banthine), 99-6t

adverse effects of, 51-15t
for urinary incontinence, 101-27

Propine. (see Dipivefrin)
Propionic acid, 71-5
Propofol (Deprivan), 9-6, 9-7t

adverse effects of, 9-7t, 51-15t
for ambulatory surgery, 9-8
for DC cardioversion, 19-10
for SE, 54-33
for sedation, 93-12, 93-13

Propoxyphene
with acetaminophen, 8-10
bioavailability of, 33-2
pulmonary disorders from, 25-2t,

25-5t
renal failure and, 33-22
smoking and, 85-5t

Propranolol (Inderal), 99-9, 99-10
for alcohol withdrawal, 84-11
for benzodiazepine withdrawal,

76-16
dosing of, 52-14–52-15
for ET, 53-27–53-28, 53-27t
half-life of, 16-14
for hypertension, 12-25
for hyperthyroidism, 49-23t
melatonin and, 3-33t
for MI, 17-18, 17-19t

after discharge, 17-24
miglitol and, 50-57
for migraine, 52-14–52-15, 52-15t,

53-4
for mixed hyperlipidemia,

12-32–12-33
neonates and, 94-6t
for panic disorder, 76-23
protein binding with, 94-5
psoriasis from, 40-9t
pulmonary disorders from, 25-2t
renal failure and, 33-12t
for schizophrenia, 78-9
sexual dysfunction from, 101-2t
smoking and, 85-5t
for social anxiety disorder,

76-28
for supraventricular tachycardias,

controlling ventricular rate in,
19-8t

for tardive dyskinesia, 78-20
triptans and, 54-9
for variceal hemorrhage,

28-14–28-15
weight gain from, 82-6

Propylthiouracil (PTU), 49-23t,
49-24–49-28

DILI from, 29-10t
for hyperthyroidism, 49-5

during pregnancy, 46-32t

pulmonary disorders from, 25-2t,
25-8t

subacute hepatic necrosis from,
29-16

ProQuad, 95-8, 95-9
Proscar. (see Finasteride)
ProSom. (see Estazolam)
Prosorba, for RA, 43-8–43-9
Prostacyclin (Epoprostenol), 18-8

for IC, 14-9
for RA, 43-6

Prostaglandin
for ALF, 73-15
for eyes, 51-21
GERD and, 26-23t
for labor induction, 46-20
for POAG, 51-5

Prostaglandin E1 (Alprostadil),
14-12

for ED, 11-14–11-15, 101-12t
for sexual dysfunction, 101-9

Prostaglandin E2 (Dinoprostone, Prepidil,
Cervidil), 46-21

Prostaglandin inhibitors, for
hypercalcemia, 11-24

Protamine
adverse reaction from, 4-18
heparin and, 15-13
histamine and, 4-15

Protease inhibitors (PI), 69-4
DILI from, 29-2
drug effects with, 69-19–69-20t
drug interactions with, 61-21
for HIV, 69-9–69-10t
resistance to, 69-24t
rifampin and, 61-17
weight gain from, 82-6

Protein C (Drotrecogin), 15-34
Protein synthesis inhibitors, 56-8t
Proton pump inhibitors (PPI), 26-5–26-6,

49-16
alternative administration options

for, 26-36t
for aspiration pneumonitis, 9-5
for Barrett’s metaplasia, 26-28
diarrhea from, 62-2
for dyspepsia, 26-8–26-9
for GERD, 26-28, 93-10–93-11,

93-10t
H2 receptor antagonists with, for

GERD, 26-29
for Helicobacter pylori, 26-6,

26-13, 26-14t
for NCCP, 26-30
for NERD, 26-29–26-30
pregnancy and, 46-9
for SRMB, 26-35
for systemic sclerosis, 44-4–44-5
for upper GI bleeding,

26-32–26-33
for upper GI disorders, 26-4t
vitamin B12 and, 26-6
for ZES, 26-21–26-22

Protopam. (see Pralidoxime)
Protopic. (see Tacrolimus)
Protriptyline, for cataplexy, 77-17
Protriptyline (Vivactil), for tension-type

headaches, 52-24
Provera. (see Medroxyprogesterone

acetate)
Prozac. (see Fluoxetine)
PRP-D, 95-7
PRP-OMP (PedvaxHIB), 58-14, 95-7
PRP-T (ActHIB), 58-14, 95-7

Pseudoephedrine (Sudafed), 24-13t
anxiety from, 76-6t
ET from, 53-26
mania from, 80-5t
for urinary incontinence, 101-20t

Psilocin, 83-16–83-17
Psilocybin, 83-16–83-17
Psychotropic agents, SLE from, 44-3
Psyllium (Metamucil), 12-30

for constipation, during pregnancy,
46-32t

PTH. (see Parathyroid hormone)
PTU. (see Propylthiouracil)
Pulmonzyme. (see Dornase alfa)
Purinethol. (see Mercaptopurine)
Pygeum, for BPH, 101-23
Pyrantel pamoate (Antiminth), 74-3t,

75-12
Pyrazinamide (PZA)

for CAP, 60-12t
dosing of, 56-20t
hyperuricemia from, 42-8t
for TB, 61-8, 61-9t, 61-10t, 61-13
for tuberculous meningitis, 61-23

Pyrethrin, 74-16
Pyridoxine, 31-15

levodopa and, 53-14t
melatonin and, 3-33t
for neonates, 94-43t
for NVP, 46-8, 46-8t
for tuberculous meningitis, 61-23

Pyrimethamine
with folinic acid, for

toxoplasmosis, 70-15
HIV and, 70-4
toxicity with, 70-14
for toxoplasmosis, 70-14

in neonates, 94-36
Pyrimethamine/leucovorin, for PCP,

70-11t
Pyrimethamine-sulfadoxine (Fansidar),

74-5t
Pyrrolizidine alkaloids, 3-5
PZA. (see Pyrazinamide)

Quazepam (Doral), 76-8t, 76-12, 76-12t
Quelicin. (see Succinylcholine)
Questran. (see Cholestyramine)
Quetiapine (Seroquel), 78-10

adverse effects of, 78-12t
for anorexia nervosa, 82-14
for autism, 78-30
for bipolar disorder, 80-12t

depression with, 80-15
dosing of, 78-17t
drug interactions with, 19-25
for mania, 80-12
mania from, 80-5t
NMS from, 78-24
for OCD, 76-35
ocular effects from, 78-24
for PD, 53-22
pharmacokinetics of, 78-16t
for psychosis, 100-15
receptor-binding affinities of,

78-12t
weight gain from, 78-22, 82-6

Quinacrine (Atabrine), 75-11
alcohol interaction with, 84-21t
anxiety from, 76-6t

Quinaglute. (see Quinidine)
Quinapril (Accupril), 18-12, 18-30

systolic dysfunction and, 18-30t
Quinidex. (see Quinidine)
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Quinidine (Quinidex, Quinaglute), 12-29,
19-11, 99-6t

antipsychotics and, 78-16
for chemical cardioversion, 19-10
digitalis and, 18-47–18-48
DILI from, 29-10t
GERD and, 26-23t
hemolytic anemia from, 87-6–87-7
HF from, 18-19
for malaria, 74-2–74-3
P-glycoprotein and, 88-20
psoriasis from, 40-9t
rifampin and, 61-17
SLE from, 4-12, 44-4
thrombocytopenia from, 87-8

Quinine
dofetilide and, 19-11
hepatitis and, 73-7
for malaria, 74-2–74-3
for nocturnal leg cramps,

14-13–14-14
thrombocytopenia from, 87-8–87-9
torsades de pointes and, 19-26t

Quinolone, 32-15, 56-8t
adverse effects of, 56-16t
for AECB, 60-4t
AIN from, 30-15
antacids and, 70-32t
ARF from, 30-3t
for CF, 98-12
for COPD, 23-15
for gram-negative aerobes, 56-10t
for gram-negative coverage, 66-6
for HAP, 60-24t
iron and, 31-17
for Neisseria gonorrhoeae, 56-13t
for osteomyelitis, 66-7
for PID, 65-8
for Salmonella typhi, 56-12t
for Shigella spp., 56-12t
theophylline and, 22-26
for UTIs, 64-10t

Quinupristin-dalfopristin (Synercid),
59-20–59-21, 68-13

for gram-positive cocci, 56-9t

R(Leflunomide), for transplantation,
34-10

Rabeprazole, 26-5–26-6
for aspiration pneumonitis, 9-5
for upper GI disorders, 26-4t
for ZES, 26-21–26-22

Rabies immunoglobulin (RIG), 95-10
Radioactive iodine (RAI), 49-5, 49-23t,

49-24, 49-30
allergic contact dermatitis from,

38-16
for thyroid cancer, 49-36

Radiocontrast media
adverse reactions to, 4-17
anaphylaxis from, 4-7
ATN from, 30-12–30-14
histamine and, 4-15

Radiopharmaceuticals
breast-feeding and, 97-7
during lactation, 46-39t

RAI. (see Radioactive iodine)
R-albuterol. (see Levalbuterol)
Raloxifene (Evista), 49-16, 102-13

for cancer prevention, 88-5t
cholestyramine and, 102-9
for osteoporosis, 44-13,

102-8–102-10
for osteoporosis prevention, 88-5t

Raltegravir, for HIV, 69-11t
Ramelteon, 77-21

for insomnia, 77-7–77-8
Ramipril (Altace), 18-12

for CAD, 16-21
ED and, 101-9
for PAD, 14-7
systolic dysfunction and, 18-30t

Ramoplanin, for CDAD, 62-21
Ranibizumab, 51-23
Ranitidine (Zantac), 26-4–26-5

for aspiration pneumonitis, 9-5
benzodiazepines and, 76-16t
for GERD, 93-10t
miglitol and, 50-57
pregnancy and, 46-32t
psoriasis from, 40-9t
for reflux esophagitis, 46-9
sexual dysfunction from, 101-7t
for SRMB, 26-35, 26-35t
for upper GI disorders, 26-4t

Ranolazine
for angina, 16-9, 16-18–16-20
for chronic stable angina, 16-20t
proarrhythmic effects of, 19-25
torsades de pointes and, 19-26t

Rapamune. (see Sirolimus)
Rapamycin. (see Sirolimus)
Rapid-acting insulin, 50-17–50-18,

50-17t
with insulin glargine, 50-31
NPH with, 50-30
for preprandial hypoglycemia,

50-31
Rasagiline (Azilect), 53-4t

for PD, 53-18–53-19
Rasburicase (Elitek)

for hyperuricemia, 42-9
for TLS, 90-6

Razadyne. (see Galantamine)
Reclast. (see Zoledronic acid)
Recombinant activated factor VII

(NovoSeven), 15-34
Recombinant cytokines, SLE from, 44-3
Recombinant human erythropoietin

(rhEPO), 86-15–86-16
for anemia, 89-5

Recombivax HB, 73-15, 73-16–73-18
Red petrolatum, 41-8t
5α-reductase inhibitors, for BPH, 101-22
Refludan. (see Lepirudin)
Regitine. (see Phentolamine)
Reglan. (see Metoclopramide)
Relafen. (see Nabumetone)
Relenza. (see Zanamivir)
Relpax. (see Eletriptan)
Remeron. (see Mirtazapine)
Remicade. (see Infliximab)
Renzapride, 27-20–27-21
Reopro. (see Abciximab)
Repaglinide (Prandin, NovoNorm),

50-47t, 50-49t
dosage of, 50-53
efficacy of, 50-52–50-53
gemfibrozil and, 50-52
for type 2 diabetes, 50-65t

Replens, for vaginal epithelial thinning,
48-7

Requip. (see Ropinirole)
Rescriptor. (see Delavirdine)
Resin, 12-26t

cholesterol and, 12-37
Resorcinol, 71-5

for acne, 39-5

Resperine, 13-39, 14-9
adverse effects of, 51-16t
anxiety from, 76-6t
for hypertension, 13-10
nasal symptoms from, 24-23t

Restoril. (see Temazepam)
Reteplase (r-TA), 17-5t

for MI, 17-4–17-5, 17-15
dosage of, 17-13

for second infarction, 17-17
Retin-A. (see Transretinoic acid)
Retinoic acid. (see Transretinoic acid)
Retrovir, for HIV, 69-8t
Reverse transcriptase inhibitors,

resistance to, 69-23t
Revex. (see Nalmefene)
Reyataz, for HIV, 69-10t
rhEPO. (see Recombinant human

erythropoietin)
Rhinocort Aqua. (see Budesonide)
Rho(D) immune globulin, 46-9–46-10
Ribavirin (Virazole)

adverse effects of, 72-6t
for avian flu, 72-17
for bronchiolitis, 96-12
dosing of, 73-42
for HCV, 73-39, 73-39t
hyperuricemia from, 42-8t
with IFN-α

adverse effects of, 73-42–73-43
for HCV, 73-40
for liver transplantation, 73-45

properties of, 72-3t
for RSV, 72-5t, 72-14–72-15
for SARS, 72-17–72-18

Riboflavin
for migraine, 52-18t
for nocturnal leg cramps, 14-14

RIF. (see Rifampin)
Rifabutin

clarithromycin and, 70-32t
drug interactions with, 70-30
fluconazole and, 70-32t
for MAC, 70-34t
with NNRTI, 70-31t
OC and, 45-12t
for TB, 61-10t

Rifampin (RIF, Rimactane), 32-15
adverse effects of, 61-16–61-17
AIN from, 30-15
anticonvulsants and, 70-30
antifungals and, 70-32t
atovaquone and, 70-32t
benzodiazepines and, 76-16t
buspirone and, 76-20t
for CAP, 60-12t
clarithromycin and, 70-32t
corticosteroids and, 70-30
desensitization to, 4-21
digoxin and, 70-30, 70-32t
DILI from, 29-10t
dosing of, 56-20t
drug interactions with, 61-17
fluconazole and, 70-30
hepatitis and, 73-7
for HIV, 70-5t

with TB, 70-28t
with INH, 61-17
ketoconazole and, 70-30
L-thyroxine and, 49-16
for Lyme disease, 75-5–75-6
for meningitis, 58-11t
for MRSE, 59-11
for neonates, 94-3

with NNRTI, 70-31t
NSAIDs and, 61-17
OC and, 45-12t
penetration characteristics of, 58-7t
penicillin resistance and, 60-13
phenytoin and, 70-32t
pioglitazone and, 50-56
for prosthesis infection, 66-9
for Pseudomonas spp., 66-10
resistance to, 70-27–70-28
rosiglitazone and, 50-56
sulfonylureas and, 70-30
for TB, 61-8, 61-9t, 61-10t
theophylline and, 70-30, 70-32t
thyroid and, 49-9, 49-34
vitamin D and, 2-9
warfarin and, 70-32t

Rifapentine, for TB, 61-10t
Rifaximin, 28-19

for diarrhea, 62-5
for IBS, 27-21
for travelers’ diarrhea, 62-17,

62-18
RIG. (see Rabies immunoglobulin)
Rimactane. (see Rifampin)
Rimantadine (Flumadine)

adverse effects of, 72-6t
for influenza, 60-14, 72-5t
pharmacokinetics of, 72-4t
properties of, 72-3t

Rimexolone, adverse effects of, 51-21
Riopan, 49-16
Risedronate sodium (Actonel),

102-10–102-12,
102-13–102-14

adverse effects of, 51-17t
glucocorticoids and, 102-16

Risperdal. (see Risperidone)
Risperidone (Risperdal), 78-10, 78-26,

79-33
for acute agitation, 78-14t
adverse effects of, 51-14, 78-12t
for anorexia nervosa, 82-14
antipsychotics and, 78-16
for autism, 78-30
for bipolar disorder, 80-12t
DILI from, 29-10t
dosing of, 78-17t
drug interactions with, 19-25
long-acting, 78-15
for mania, 80-12
mania from, 80-5t
nasal symptoms from, 24-23t
NMS from, 78-24
for OCD, 76-35
pharmacokinetics of, 78-16t
for psychosis, 100-15
for PTSD, 76-30
receptor-binding affinities of,

78-12t
for schizophrenia, 78-9–78-10
weight gain from, 78-22, 82-6

Ritalin. (see Methylphenidate)
Ritodrine, pulmonary disorders from,

25-2t, 25-4t
Ritonavir (RTV, Norvir), 12-29, 61-21,

69-4
antipsychotics and, 78-15
atazanavir with, 69-16

for HIV, 69-14t
benzodiazepines and, 76-16t
buspirone and, 76-20t
clarithromycin and, 70-32t
darunavir with, 69-16
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fosamprenavir with, 69-16
for HIV, 69-14t

garlic and, 3-9
for HIV, 69-9t
indinavir with, 69-16
lopinavir with, 69-16
NNRTIs and, 69-21t
OC and, 45-12t
PI and, 69-20t
with saquinavir, 69-16

for HIV, 69-14t
for SARS, 72-17–72-18
tripanavir with, 69-16
weight gain from, 82-6

Rituxan. (see Rituximab)
Rituximab (Rituxan), 31-32, 88-15t

for CLL, 90-12
dosing of, 43-10t, 43-31–43-32
with FLU, 90-11
hypersensitivity from, 89-18t
for indolent lymphoma, 90-17
for kidney transplantation, 34-2
for PTLD, 35-11
for RA, 43-5–43-6, 43-8, 43-31

Rivastigmine (Exelon), 53-21
for AD, 100-7, 100-8t

Rizatriptan (Maxalt), 54-8t
MAOIs and, 54-9
for migraine, 53-4

Robinul. (see Glycopyrrolate)
Rocaltrol. (see Calcitriol)
Rocephin. (see Ceftriaxone)
Rocuronium (Zemuron), 9-13t

action parameters for, 9-14t
adverse effects of, 9-13t
elimination of, 9-15t

Rofecoxib (Vioxx), 4-16
for GI tract disorders, 44-13
PUD from, 26-10–26-11
for RA, 43-6

Ropinirole (Requip)
adverse effects of, 53-9–53-10
dosing of, 53-9
for PD, 53-3t, 53-7, 53-8–53-9
for RLS, 53-25

Ropivacaine (Naropin), 9-16t
properties of, 9-18t

Rosiglitazone (Avandia), 50-48t, 50-50t,
50-65

for PCOS, 47-6t, 47-7
weight gain with, 50-55

Rosiglitazone/glimepiride (Avanadryl),
50-51t

Rosiglitazone/metformin (Avandamet),
50-51t

Rosuvastatin (Crestor), 12-24t, 12-25t,
12-28, 50-77

for atherogenic dyslipidemia, 12-37
for metabolic syndrome, 12-26

RotaShield, 95-5
RotaTeq, 95-5
Rotigotine (Neupro), 53-3t

for PD, 53-7, 53-10
Rowasa. (see Mesalamine)
Roxadimate, 41-8t
Royal jelly, hazards of, 3-6t
r-TA. (see Reteplase)
RTV. (see Ritonavir)
Rubex. (see Doxorubicin)
Rythmol. (see Propafenone)

SABA. (see Short-acting β2-agonist)
Salicylates, 41-12, 71-5, 93-15t. (see

also Aspirin)

for acne, 39-5
alcohol interaction with, 84-21t
for CTDs, 44-2
DILI from, 29-2, 29-3t, 29-6t
diuresis and, 5-9
for dysmenorrhea, 47-11t
fixed drug eruptions from, 38-17
glaucoma and, 51-8
hyperthermia from, 5-9
hypoprothrombinemia from, 43-16
for hypothyroidism, 49-9
for osteoarthritis, 99-14
protein binding with, 94-5
pulmonary disorders from, 25-2t,

25-5t
seizures from, 5-9
for SLE, 44-3
as sunscreens, 41-8t
toxicity of, 5-10, 10-6
uric acid and, 2-10

Saline, 10-13
for DKA, 50-43, 50-44t
for hypercalcemia, 11-22t

Salmeterol, 22-15
for asthma, long-term, 22-29t
torsades de pointes and, 19-26t

Salsalate (Disalcid), 43-17t
for hypothyroidism, 49-9
for osteoarthritis, 99-14

Sanctura. (see Trospium)
Sandimmune. (see Cyclosporine)
Sandostatin. (see Octreotide)
SangCya. (see Cyclosporine)
Sansert. (see Methysergide)
Saquinavir (SQV, Invirase, Fortovase),

61-21, 69-4
benzodiazepines and, 76-16t
garlic and, 3-9
for HIV, 69-10t
NNRTIs and, 69-21t
PI and, 69-20t

Saquinavir/ritonavir, 69-16
for HIV, 69-14t
resistance to, 69-24t

Sargramostim. (see
Granulocyte-macrophage
colony-stimulating factor)

Satavaptan, 11-12
Saw palmetto, 3-3t, 3-17–3-20

adverse drug reactions with,
3-19–3-20

alfuzosin and, 3-19
for BPH, 101-23
prazosin and, 3-19

SCAT. (see Short-contact anthralin
therapy)

Scopolamine (Transderm-Scop), 7-3t
adverse effects of, 51-15t
melatonin and, 3-33t
for PONV, 7-10t, 9-24t, 9-25–9-26
as preoperative agent, 9-3t

Second generation antihistamines (SGA),
24-7

for allergic rhinitis, 24-10, 24-19
Second generation antipsychotics (SGAs),

78-10, 79-25, 79-33
Sedatives, 83-10–83-12

adverse drug reactions with, 99-6t
in drug poisoning, 5-2t
hepatic encephalopathy from,

28-18
toxicity from, 5-3
weight loss from, 82-6
withdrawal from, 83-11

Selective cyclooxygenase 2 inhibitors
(COX-2), 4-16, 31-3

adverse effects of, 51-17t
cardiovascular toxicity from,

26-19–26-21
for colon cancer, 91-8
vs. COX-1, 43-18t
for GI tract disorders, 44-13
for gout, 42-5
for OA, 43-38–43-39
for osteoarthritis, 99-14
for preterm labor, 46-27
for PUD, 26-12–26-13
for RA, 43-6

Selective serotonin reuptake inhibitors
(SSRIs), 8-32, 79-13–79-22,
79-13t

adverse effects of, 76-37
for anorexia nervosa, 82-14
anxiety from, 76-6t
benzodiazepines with,

76-11–76-12, 76-24–76-25
for bipolar disorder, 80-4
for bulimia nervosa, 82-17
for cataplexy, 77-17
for dementia, 100-16
for depression, 55-17, 79-12,

100-16
during pregnancy, 46-32t

ET from, 53-26
for GAD, 76-9–76-10
lithium and, 80-11t
mania from, 80-5t
MAOIs and, 79-32
neonates and, 94-44
for obesity, 82-20
for OCD, 76-34, 76-36–76-37
for panic disorder, 76-22–76-23
for PMDD, 47-23–47-24
for PMS, 47-24
pregnancy and, 46-44
for PTSD, 76-30
pulmonary disorders from, 25-2t,

25-5t
sexual dysfunction from,

79-17–79-18, 79-17t, 101-2t
for sleep disorders, 77-12–77-14
for social anxiety disorder, 76-27
St. John’s wort and, 3-12
sumatriptan and, 54-9
for tension-type headaches, 52-24

Selegiline (Eldepryl, Zelapar), 53-4t
for PD, 53-17–53-18

Selzentry, for HIV, 69-11t
Senna, 93-6t
Sensorcaine. (see Bupivacaine)
Septra. (see

Trimethoprim-sulfamethoxazole)
Serax. (see Oxazepam)
Seroquel. (see Quetiapine)
Serotonin antagonists

for bipolar disorder, 80-4
for PONV, 9-24t, 9-25

Serotonin norepinephrine reuptake
inhibitors (SNRIs), 79-12, 79-13t

for anorexia nervosa, 82-14
anxiety from, 76-6t
for PTSD, 76-30
for social anxiety disorder, 76-27

Serotonin-dopamine antagonists, 78-10
Serotonin-noradrenaline reuptake

inhibitors, 8-27
Sertraline (Zoloft), 79-13t

aging and, 99-11t

for alcoholism, 84-14t
for bulimia nervosa, 82-17
for cataplexy, 77-17
for depression, 100-16
DILI from, 29-10t
for GAD, 76-10
for hot flushes, 48-6t
lithium and, 80-11t
for OCD, 76-35
for panic disorder, 76-22–76-23
for PMS, 47-24
sleep disorders from, 77-10t
for social anxiety disorder, 76-27
toxicity with, 5-17

Serzone. (see Nefazodone)
SES. (see Sirolimus)
Sevelamer hydrochloride, 31-23t, 31-24
Sevoflurane

chemical stability of, 9-10t
properties of, 9-10t

SFUs. (see Sulfonylureas)
SGA. (see Second generation

antihistamines)
SGAs. (see Second generation

antipsychotics)
Shark cartilage, 3-3t, 3-28–3-29

adverse effects of, 3-29
for arthritis, 3-28
for cancer, 3-28
constipation from, 3-29
for diabetic retinopathy, 3-28
diarrhea from, 3-29
dosing of, 3-29
for glaucoma, 3-28
hepatitis from, 3-29
for Kaposi sarcoma, 3-28
for psoriasis, 3-28

Shohl’s solution
for metabolic acidosis, 31-14
for RTA, 10-6

Short acting insulin, 50-17t, 50-18
Short-acting β2-agonist (SABA),

22-12–22-21
adverse effects of, 22-15–22-20
for asthma, 22-10f, 22-11t, 22-12t
with corticosteroids, 22-19–22-20
dosing of, 22-15
for EIA, 22-32
overdose of, 22-21
with theophylline, 22-19

Short-contact anthralin therapy (SCAT),
40-4

Sho-saiko-to, for HCV, 73-44
Sibutramine (Meridia), 82-20–82-21

anxiety from, 76-6t
mania from, 80-5t

Sildenafil (Viagra), 101-10–101-11
adverse effects of, 51-14, 51-19t
cimetidine and, 101-11
erythromycin and, 101-11
with heart transplantation, 35-2
nasal symptoms from, 24-23t
nitrates and, 101-11
nitroglycerin and, 101-11
for Raynaud’s disease, 14-12
for sexual dysfunction, 101-9
for SSRI-induced sexual

dysfunction, 79-17t
Silvadene. (see Silver sulfadiazine)
Silver nitrate, 38-3t, 41-20
Silver sulfadiazine (Silvadene), 41-20
Silymarin, for HCV, 73-44
Simdax. (see Levosimendan)
Simulect. (see Basiliximab)
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Simvastatin (Zocor), 12-12t, 12-24t,
12-25t, 12-28, 15-7, 50-77

for atherogenic dyslipidemia, 12-37
for heart transplantation, 35-5
for MI, 17-24
for mixed hyperlipidemia,

12-32–12-33
with niacin, 12-15
pulmonary disorders from, 25-2t,

25-8t
rifampin and, 61-17
for stroke, 55-5

Sinemet. (see Carbidopa-Levodopa)
Sinequan. (see Doxepin)
Singulair. (see Montelukast)
Sirolimus (SES, Rapamune), 16-28, 34-6t

adverse effects of, 34-20
dosing of, 34-20
drug interactions with, 34-30t
for heart transplantation, 35-5, 35-6
for hyperlipidemia, with heart

transplantation, 35-7
with islet cell transplantation,

50-12
for kidney transplantation, 34-2,

34-9, 34-12, 34-19–34-20
for NODAT, 24
pulmonary disorders from, 25-2t,

25-5t, 25-8t
Sisomicin, 60-26
Sitagliptin (Januvia), 50-47, 50-51t,

50-58–50-59, 50-66, 99-10
digoxin and, 50-59
for type 2 diabetes, 50-65t

Sitagliptin/metformin (Janumet), 50-51t
Slow Fe, 86-6t
Slow Mag, for hypomagnesemia, 11-28
SMX. (see Sulfamethoxazole)
SNRIs. (see Serotonin norepinephrine

reuptake inhibitors)
Sodium. (see also Sodium in Subject

Index)
with cardioplegia solution, 9-21t
for DKA, 50-44
lithium and, 80-11t
nephrotic syndrome and, 93-20
for nocturnal leg cramps, 14-14

Sodium bicarbonate. (see Bicarbonate)
Sodium carboxymethylcellulose (NaCMC),

41-19
Sodium channel blockers, 19-5

for CF, 98-14
TCAs as, 5-17

Sodium chloride, for hyponatremia, 11-8
Sodium citrate, for metabolic acidosis,

31-14
Sodium citrate/citric acid (Bicitra)

for aspiration pneumonitis, 9-5
for metabolic acidosis, 31-14
as preoperative agent, 9-3t

Sodium ferric gluconate (Ferrlecit), 4-18,
31-17, 86-6, 86-6t

Sodium fluoride, 89-7t
Sodium oxybate (Xyrem), 77-18

for narcolepsy, 77-5
Sodium polystyrene sulfonate (SPS), for

hyperkalemia, 11-19
Sodium stibogluconate, 74-4t
Sodium tyropanoate, 49-24
Solifenacin (Vesicare), for urinary

incontinence, 101-20t, 101-27
Solu-Medrol. (see Methylprednisolone)
Somatostatin, 26-3

for cluster headaches, 52-21

sleep and, 77-3
for upper GI bleeding, 26-33

Somatropin, for HIV wasting syndrome,
70-39t

Sonata. (see Zaleplon)
Sorafenib (Nexavar), 88-15t

alopecia from, 89-11t
hand-foot syndrome from, 89-12
nail changes from, 89-11t

Sorbitol, 93-6t, 94-50
for constipation, during pregnancy,

46-32t
for drug poisoning, 5-5
for hyperkalemia, 11-19

Sordarins, 71-5
Soriatane. (see Acitretin)
Sotalol (Betapace), 19-6t

for arrhythmia suppression, 19-20
for atrial fibrillation, 19-12
after bypass surgery, 19-13–19-14
vs. implantable defibrillators,

19-23
QTc from, 19-24
for sustained ventricular

tachycardia, 19-22
Sparfloxacin, torsades de pointes and,

19-26t
Specifically targeted antiviral therapy

(STAT-C), 73-44
Spectinomycin

for DGI, 65-10t
for gonorrhea, 65-4, 65-5, 65-7

Spectracef. (see Cefditoren)
Spectrobid. (see Bacampicillin)
Spermicides, 45-25t, 64-3
Spironolactone (Aldactone), 13-13, 18-9,

18-25–18-26, 31-13
for ascites, 28-5–28-6
for BPD, 94-16t
for diabetic nephropathy, 31-12
hyperchloremic metabolic acidosis

from, 11-14
hyperkalemia from, 11-18
for hypertension, 13-10
for MI, 17-23–17-24
for PCOS, 47-6t, 47-7–47-8
sexual dysfunction from, 101-2t

Sporanox. (see Itraconazole)
Sprintec. (see MonoNessa)
Sprintec (Ortho Cyclen), 45-5t
SPS. (see Sodium polystyrene sulfonate)
SQV. (see Saquinavir)
SSRIs. (see Selective serotonin reuptake

inhibitors)
SSZ. (see Sulfasalazine)
St. John’s wort, 3-3t, 3-12–3-15

adverse drug reactions with,
3-13–3-14

buspirone and, 3-13
for depression, 3-12–3-15
dosing of, 3-14
hypertension from, 3-13
mania from, 80-5t
OC and, 45-12t
photosensitization from, 3-13–3-14
serotonin syndrome from, 3-14
SSRIs and, 3-12
TCAs and, 3-12

Stadol. (see Butorphanol)
Stalevo. (see Carbidopa-Levodopa)
Stanford V regimen. (see

Mechlorethamine, doxorubicin,
etoposide, vincristine, vinblastine,
bleomycin, and prednisone)

Starlix. (see Netaglinide)
STAT-C. (see Specifically targeted

antiviral therapy)
Statins, 12-26t

adverse effects of, 12-28–12-30
anxiety from, 76-6t
for atrial fibrillation, 19-12
cholesterol and, 12-28t, 12-37
clinical use of, 12-28
for dyslipidemia, 12-24t
gemfibrozil with, 12-29
for hyperchylomicronemia, 12-39
for hyperlipidemia, with heart

transplantation, 35-7
mechanism of, 12-28
for metabolic syndrome, 12-26
for MI, 17-6
for osteoporosis, 44-13, 102-17
for septic shock, 21-32
triglycerides and, 12-28t

Stavudine, 69-4
for HIV, 69-8t
resistance to, 69-23t

Stelazine. (see Trifluoperazine)
Stephania tetrandra, 3-5
Steroids

anxiety from, 76-6t
for BPD, 94-18
DILI from, 29-6t
herbs and, 3-5
IOP and, 51-20t
kidney transplantation and,

34-21–34-22
for SLE, 44-8

STI. (see Structured treatment
interruptions)

Stool softeners, 89-10
for MI, 17-7

Streptase. (see Streptokinase)
Streptogramin, 59-20–59-21
Streptokinase (Streptase), 17-5t

bleeding with, 17-17
for elderly, 17-17
for MI, 17-4, 17-16

dosage of, 17-13
pregnancy and, 46-32t
repeat dose avoidance of, 17-17
stroke and, 17-17
trial of, 17-14t

Streptomycin, 56-8t
allergic contact dermatitis from,

38-16
for CAP, 60-12t
for endocarditis, 59-18
for HIV, with TB, 70-28t
for MDRTB, 70-27
resistance to, 59-17
for TB, 61-11t, 61-13
teratogenic effects of, 46-31t
for tuberculous meningitis, 61-23
for Tularemia, 75-10

Streptozocin, 89-27
heptatoxicity from, 89-32t

Strontium ranelate, 102-17
Structured treatment interruptions (STI),

69-29
Sublimaze. (see Fentanyl)
Succinylcholine (Anectine, Quelicin), 9-13t

action parameters for, 9-14t
adverse effects of, 9-13t
contraindications for, 9-15
elimination of, 9-15t
glaucoma and, 51-8
hyperkalemia from, 11-18

Sucralfate, 26-6, 31-25, 49-16, 89-7t
feeding tubes and, 36-15
for GERD, 26-29, 93-10t, 93-11
for Helicobacter pylori, 26-13
for SRMB, 26-34–26-35, 26-35t
for upper GI disorders, 26-4t

Sudafed. (see Pseudoephedrine)
Sudafed PE. (see Phenylephrine)
Sufentanil, histamine and, 4-17–4-18
Sular. (see Nisoldipine)
Sulbactam

ampicillin with, 63-4
penetration characteristics of, 58-7t

Sulfa drugs, ARF from, 30-3t
Sulfadiazine, 56-8t

SLE from, 44-3
for toxoplasmosis, 70-14

in neonates, 94-34t, 94-36
Sulfadoxine (Fansidar), 56-8t
Sulfamethoxazole (SMX). (see also

Trimethoprim-sulfamethoxazole)
dofetilide and, 19-11
hemolytic anemia from, 87-5
neonates and, 94-7t
renal failure and, 33-12t
thrombocytopenia from, 87-8–87-9
for UTIs, 64-6t

Sulfamylon. (see Mafenide acetate)
Sulfasalazine (SSZ, Azulfidine), 27-9t

for CD, 27-15
desensitization to, 4-21
for IBD, 27-4t
pulmonary disorders from, 25-2t,

25-7t
for RA, 43-5, 43-6–43-7, 43-21
SLE from, 4-12, 44-4
for UC, 27-9

Sulfinpyrazone (Anturane), 42-9–42-10
for stroke, 55-8

Sulfisoxazole, thrombocytopenia from,
87-8–87-9

Sulfites, pulmonary disorders from,
25-2t, 25-4t

Sulfonamides
adverse effects of, 51-16t, 56-16t
agranulocytosis from, 87-14
AIN from, 30-15
CH from, 29-15
for chancroid, 65-18
DILI from, 29-3t, 29-11t, 29-14
drug hypersensitivity syndrome

from, 38-17
EM from, 38-16
erythema nodosum from, 38-17
fixed drug eruptions from, 38-17
interstitial nephritis from, 4-14
OC and, 45-12t
for prostatitis, 64-16
protein binding with, 94-5
psoriasis from, 40-9t
pulmonary disorders from, 25-2t,

25-3t, 25-8t
SJS from, 38-16
sulfonylureas and, 50-54
vitamin B12 and, 86-10

Sulfonylureas (SFUs), 50-47t, 50-49t,
50-53–50-54, 50-66–50-67

adverse effects of, 50-54
alcohol and, 50-81
contraindications for, 50-54
dosing of, 50-54
drug interactions with, 50-54
efficacy of, 50-54
for elderly, 50-74–50-75
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pharmacokinetics of, 50-53–50-54
photosensitive eruptions from,

38-15
precautions with, 50-54
rifampin and, 70-30
sulfonamides and, 50-54
for type 2 diabetes, 50-65t
weight gain from, 82-6

Sulindac (Clinoril), 8-15, 43-17t
ARF from, 30-7–30-8
for gout, 42-5
nephrotic syndrome from, 8-15

Sulisobenzone (Eusolex 4360), 41-8t,
41-11

Sumatriptan (Imitrex), 54-8t
adverse effects of, 54-8
for cluster headaches, 52-20,

52-21t
dosing of, 54-9
drug interactions with, 54-9
headache recurrence with,

54-8–54-9
for migraine, 52-7–52-9, 52-12,

52-13t, 53-4
Sunitinib (Sutent), 88-15t

cardiotoxicity with, 89-26
hand-foot syndrome from, 89-12
nail changes from, 89-11t

Sunscreen, 41-8–41-14
application of, 41-13
chemical, 41-11
chemotherapy and, 89-15
commercially available, 41-10t
cross-sensitivity of, 41-13
photosensitive eruptions from,

38-15
physical, 41-12–41-13
SPF of, 41-9, 41-14
substantivity of, 41-9–41-10
UVR and, 41-8t

Superoxide anion, 9-20
Supprelin. (see Histrelin)
Suprax. (see Cefixime)
Surface active agents, for GERD, 93-10t,

93-11
Surfactants

complications with, 94-13
for RDS, 94-11–94-14

Survanta. (see Beractant)
Sustiva. (see Efavirenz)
Sutent. (see Sunitinib)
Symlin. (see Pramlintide)
Symmetrel. (see Amantadine)
Sympathomimetics, 50-81

mania from, 80-5t
for obesity, 82-19
sexual dysfunction from, 101-2t
toxicity from, 5-3

Synagis. (see Palivizumab)
Synarel. (see Nafarelin)
Synercid. (see Dalfopristin/quinupristin;

Quinupristin-dalfopristin)
Syntest. (see Ethinylestradiol and

methyltestosterone)
Synthetic conjugated estrogens (Cenestin,

Enjuvia), 48-4t

T4. (see Thyroxine)
T-20. (see Fuzeon)
TAC. (see Docetaxel, doxorubicin,

cyclophosphamide)
Tacrine (Cognex), 100-6

for AD, 100-8t
smoking and, 85-5t

Tacrolimus (Protopic, Prograf), 34-6t,
38-14

adverse effects of, 34-27
cyclosporine and, 34-26–34-27
dosing of, 34-26, 92-19
drug interactions with, 34-30t
for GVHD, 92-18–92-19
for heart transplantation, 35-3–35-4
for HSCT, 92-11t
hyperkalemia from, 11-18
hyperuricemia from, 42-8t
with islet cell transplantation,

50-12
for kidney transplantation, 34-2,

34-12
for liver transplantation, 34-26
for lung transplantation, 35-8
for NODAT, 24
OC and, 45-12t
pioglitazone and, 50-56
rifampin and, 61-17
for transplantation, 34-8–34-9,

92-10
for transplantation rejection, 35-9

Tadalafil (Cialis), 101-11
adverse effects of, 51-19t
nasal symptoms from, 24-23t
nitrates and, 101-11
for sexual dysfunction, 101-9

Tagamet. (see Cimetidine)
Talc, pulmonary disorders from, 25-2t,

25-6t
Talwin. (see Pentazocine)
Tamiflu. (see Oseltamivir)
Tamoxifen, 88-20

adverse effects of, 51-17t
for breast cancer, 91-7
for cancer prevention, 88-5t
for hormone-sensitive tumors,

88-25t
Tamsulosin

adverse effects of, 51-19t
for BPH, 101-20–101-21

Tannic acid, 71-5
Tapazole. (see Methimazole)
Tarceva. (see Erlotinib)
Tasmar. (see Tolcapone)
Tavist. (see Clemastine)
Taxobactam, for gram-negative coverage,

66-6
Taxol. (see Paclitaxel)
Taxotere. (see Docetaxel)
Tazarotene. (see Transretinoic acid)
Tazobactam, piperacillin with, 63-4
TCAs. (see Tricyclic antidepressants)
TDM. (see Therapeutic drug monitoring)
Teas, 3-4
Tegaderm, 41-19
Tegaserod, for CP-IBS, 27-16
Tegopen. (see Cloxacillin)
Tegretol. (see Carbamazepine)
Telbivudine (Tyzela, Idenix)

dosing of, 73-28t
for HBV, 73-23t, 73-27–73-28,

73-34t
Telithromycin (Ketek), 56-8t
Telmisartan, for diabetes, 31-12
Temafloxacin (Omniflox), hemolytic

anemia from, 87-7
Temazepam (Restoril), 76-8t, 76-12t,

77-11, 77-21
adverse effects of, 77-11
dosing of, 77-10t
properties of, 77-7t

for RLS, 77-19
for sleep disorders, 77-2

Temozolamide, 7-4t
Tenecteplase (TNK), 17-5t

bleeding with, 17-17
for MI, 17-4–17-5

dosage of, 17-13
for second infarction, 17-17
stroke and, 17-17
trial of, 17-14t

Teniposide
hypersensitivity from, 89-18t
for lung cancer, 91-12

Tenofovir (Viread), 69-4, 69-15
for HBV, 73-28
for HIV, 69-8t
renal failure and, 33-12t
resistance to, 69-23t

Tenofovir/emtricitabine, for HIV,
69-14t

Tenormin. (see Atenolol)
Tenovil. (see Interleukin-10)
Terazol. (see Terconazole)
Terazosin (Hytrin)

for BPH, 101-20
for dementia, 100-13
for hypertension, 13-10, 31-21
sexual dysfunction from, 101-2t
for urinary incontinence, 101-20t
weight gain from, 82-6

Terbinafine, 71-4
in pregnancy, 71-19
psoriasis from, 40-9t
SLE from, 44-4

Terbutaline (Brethine)
dosing of, 22-17t
for preterm labor, 46-26
pulmonary disorders from, 25-2t,

25-4t
torsades de pointes and, 19-26t
for urinary incontinence, 101-27

Terconazole (Terazol), for VVC, 65-21t
Terephthalylidene dicamphor sulfonic acid

(Ecamsule, Mexoryl), 41-8t,
41-10, 41-11

Terfenadine, 12-29
drug interactions with, 19-25
proarrhythmic effects of, 19-25

Teriparatide, hyperuricemia from, 42-8t
Terlipressin (Glypressin), 28-13
Testosterone. (see also Testosterone in

Subject Index)
CHF and, 11-10
for HIV wasting syndrome, 70-39t
for sexual dysfunction,

101-9–101-10
teratogenic effects of, 46-31t

Tetanus immunoglobulin (TIG),
95-9–95-10

Tetracaine (Pontocaine), 9-16t
properties of, 9-18t

Tetrachloroethylene, alcohol interaction
with, 84-21t

Tetracycline, 39-6t, 56-8t
for acne, 39-5, 39-6
adverse effects of, 51-17t, 56-15t
for CAP, 60-12t
for diarrhea, 62-5
DILI from, 29-3t, 29-11t
fixed drug eruptions from, 38-17
GERD and, 26-23t
for gonorrhea, 65-5
for Helicobacter pylori, 26-14t,

26-16

hemolytic anemia from, 87-6
for Lyme disease, 75-5–75-6
OC and, 45-12t
penicillin resistance and, 60-13,

60-13t
photosensitive eruptions from,

38-15
for PID, 65-8
psoriasis from, 40-9t
resistance to, 39-6–39-7
for RMSF, 75-11
for syphilis, 65-15
teratogenic effects of, 46-31t
for toxoplasmosis, 70-15
for travelers’ diarrhea, 62-17
vitamin B12 and, 86-10

TETRAMUNE, 95-8
Tezosentan, 18-6
TGA. (see Third generation agents)
Thalidomide

constipation from, 89-10
for HIV wasting syndrome,

70-39t
for MM, 90-19–90-20
neurotoxicity of, 89-20t
paresthesia from, 89-21
for RA, 43-9
teratogenic effects of, 46-31t
thrombosis from, 89-6

Thalidomide/dexamethasone, for MM,
90-21t

THAM. (see Tromethamine acetate)
Theophylline

anxiety from, 76-6t
for apnea, in neonates,

94-37–94-39
for asthma, 22-11t, 22-12t, 22-26

long-term, 22-29t
for BPD, 94-16t, 94-17
cimetidine and, 22-26
ciprofloxacin and, 64-9, 70-32t
clarithromycin and, 22-26
for COPD, 23-9–23-10
dosing of, 22-30t
drug interactions with, 22-26
for EAR, 22-3
ET from, 53-26
GERD and, 26-23t
with heart transplantation, 35-3
hepatitis and, 73-7
hyperuricemia from, 42-8t
lithium and, 80-11t
neonates and, 94-6t
norfloxacin and, 64-9
OC and, 45-12t
pharmacokinetics of, 94-3t
protein binding with, 94-5
quinolone and, 22-26
for respiratory failure, 22-19
rifampin and, 61-17, 70-30, 70-32t
SABA with, 22-19
sleep disorders from, 77-10t
toxicity with, 22-26, 99-4
weight loss from, 82-6

Theopy, smoking and, 85-5t
Theradigm-HBV, 73-28
Therapeutic drug monitoring (TDM),

69-26–69-27
Thiabendazole, 4-1

chronic intrahepatic cholestasis
from, 29-16

Thiamine, 5-13
for alcohol intoxication, 84-6
for alcohol withdrawal, 84-11
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Thiazide diuretics, 13-13, 13-17t, 18-11
absorption of, 12-25
with ACEI, 13-25
adverse effects of, 13-22t, 51-18t
with ARBs, 13-25
with β-blockers, 13-25
for calcium stones, 30-17
for diabetic nephropathy, 31-12
drug-induced hyperlipidemia from,

12-17t
hypercalcemia from, 2-9
for hypertension, 12-25, 13-8,

13-10, 13-18, 31-20
hypokalemia from, 11-16t
hyponatremia from, 11-14
lithium and, 80-11t
for neonates, 94-8
for osteoporosis, 102-12–102-13
sexual dysfunction from, 101-2t
thrombocytopenia from, 87-8

Thiazolidinediones (TZDs), 50-48t,
50-50t, 50-54–50-56, 50-66

adverse effects of, 50-55
CHF and, 50-55
contraindications for, 50-56
dosing of, 50-56
drug interactions with, 50-56
efficacy of, 50-56
hypersensitivity with, 50-55
for PCOS, 47-6t, 47-7
pharmacokinetics of, 50-55
precautions with, 50-56
for type 2 diabetes, 50-65t
weight gain from, 82-6

Thioamides, 49-22, 49-24–49-28
for hyperthyroidism, 49-5, 49-20

Thioguanine
for AML, 90-7
heptatoxicity from, 89-32t
neonates and, 94-7t
for T-cell lymphoblastic

lymphoma, 90-36t
UV reactions from, 89-13t
VOD from, 29-16

Thiopental (Pentothal), 9-7t
adverse effects of, 9-7t

Thioridazine (Mellaril), 99-6t
adverse effects of, 51-19t, 78-12t
dosing of, 78-17t
drug interactions with, 19-25
nasal symptoms from, 24-23t
pharmacokinetics of, 78-16t
receptor-binding affinities of,

78-12t
sexual dysfunction from, 78-25

Thiotepa
alopecia from, 89-11t
for bladder cancer, 91-16
neurotoxicity of, 89-20t
skin pigment changes from, 89-11t

Thiothixene (Navane)
adverse effects of, 78-12t
dosing of, 78-17t
pharmacokinetics of, 78-16t

Third generation agents (TGA), for
allergic rhinitis, 24-11

Thorazine. (see Chlorpromazine)
3TC. (see Lamivudine)
Thrombolytics

for AMI, 21-24, 21-25
bleeding risks of, 17-5t
for elderly, 17-17
for KD, 96-14
for MI, 17-4–17-5, 17-16

pulmonary disorders from, 25-2t,
25-8t

readministration of, 17-17
for stroke, 17-17, 55-15–55-16
ventricular fibrillation and,

17-17–17-18
THY. (see Thymoglobulin)
Thymoglobulin (THY), 34-13

CMV from, 34-16
for HSCT, 92-2t
for kidney transplantation, 34-16

Thymol, 71-5
Thymosin, 73-44
Thymyyglobulin. (see Antithymocyte

globulin)
Thyrolar. (see Liotrix)
Thyrotropin-α (Thyrogen), 49-36
Thyroxine (T4), 49-12, 49-15

absorption of, 12-25
Tiagabine (Gabitril), 54-9, 54-13

for epilepsy, 54-3t
for mania, 80-13
OC and, 54-29–54-30
for panic disorder, 76-23
pharmacokinetic properties of,

54-6t
pregnancy and, 46-43
for seizures, 54-13t

Ticar. (see Ticarcillin)
Ticarcillin (Ticar), 56-8t

for aspiration pneumonia, 60-21t
for CF, 98-11t
for gram-negative aerobes, 56-10t
for gram-negative bacillary

endocarditis, 59-23
for gram-positive cocci, 56-9t
hypokalemia from, 11-16t
for neonates, 94-31t
penetration characteristics of, 58-7t
sodium and, 2-2

Ticarcillin/clavulanate (Timentin), 56-8t
for aspiration pneumonia, 60-20
for CRRT and HD, 56-21t
dosing of, 56-20t
for gram-negative aerobes, 56-10t
for gram-positive cocci, 56-9t
for neonates, 94-31t

Ticlid. (see Ticlopidine)
Ticlopidine (Ticlid), 16-22

for acute coronary syndromes,
17-22

aplastic anemia from, 87-15
for dementia, 100-14
for PAD, 14-8
pulmonary disorders from, 25-2t,

25-7t
for stroke, 55-8, 55-10–55-11
thrombotic thrombocytopenic

purpura from, 87-11
TIG. (see Tetanus immunoglobulin)
Tigecycline

adverse effects of, 56-15t
for gram-negative aerobes, 56-10t
for gram-positive cocci, 56-9t

Tikosyn. (see Dofetilide)
Timentin. (see Ticarcillin/clavulanate)
Timolol (Blocadren, Timoptic)

for MI, 17-18, 17-19t
for POAG, 51-4, 51-10t
psoriasis from, 40-9t
pulmonary disorders from, 25-2t
sexual dysfunction from, 101-2t

Timoptic. (see Timolol)
Tindamax. (see Tinidazole)

Tinidazole (Tindamax), 74-3t, 75-11
for trichomoniasis, 65-23–65-24

Tioconazole (Vagistat), for VVC, 65-21t
Tiotropium, 23-16
Tipranavir, 69-4

NNRTIs and, 69-21t
Tirofiban, with PCI, 16-27
Titanium dioxide, 41-8t, 41-10, 41-11
TIV. (see Trivalent inactivated influenza

vaccine)
Tizanidine, OC and, 45-12t
TMP. (see Trimethoprim)
TMP/dapsone, for PCP, 70-9t, 70-10
TMP-SMX. (see

Trimethoprim-sulfamethoxazole)
TNF-α blockers, for GVHD, 92-20
TNK. (see Tenecteplase)
Tobramycin (Nebcin), 56-8t

adverse effects of, 56-15t, 98-10
as aerosol, 60-29
for aspiration pneumonia, 60-21t
for CF, 98-11t, 98-12
for CNS infections, 58-9t
for CRRT and HD, 56-21t
dosing of, 56-20t
for gram-negative aerobes, 56-10t
for HAP, 60-24t, 60-25
for MSSA, 59-13
for neutropenia, 68-11
penetration characteristics of, 58-7t
for peritonitis, 32-14
for pneumonia, with CF, 60-28
for Pseudomonas aeruginosa,

98-11
for Tularemia, 75-10
for UTIs, 64-10t

Tocainide (Tonocard), 19-6t
for torsades de pointes, 19-26

Tofranil. (see Imipramine)
Tolazamide (Tolinase), 50-50t, 50-67

DILI from, 29-14
Tolazoline, 14-9
Tolbutamide (Orinase), 50-50t, 50-67

chronic intrahepatic cholestasis
from, 29-16

DILI from, 29-14
hemolytic anemia from, 87-6
hepatitis and, 73-7
SIADH from, 50-54

Tolcapone (Tasmar), 53-4t
Tolectin. (see Tolmetin)
Tolevamer, for CDAD, 62-21
Tolinase. (see Tolazamide)
Tolindate, 71-5
Tolmetin (Tolectin), 43-17t

for gout, 42-5
nephrotic syndrome from, 8-15

Tolterodine (Detrol), for urinary
incontinence, 101-20t,
101-26–101-27

Tolvaptan, 11-12
Tonocard. (see Flecainide; Tocainide)
Topamax. (see Topiramate)
Topiramate (Topamax), 54-9, 54-13

adverse effects of, 51-15t
for alcohol withdrawal, 84-11
for alcoholism, 84-14t,

84-19–84-20
for bulimia nervosa, 82-17
dopamine and, 84-19
for epilepsy, 54-3t
for ET, 53-27t
for mania, 80-13
mania from, 80-5t

for migraine, 52-18t
for obesity, 82-21
OC and, 45-12t, 54-29–54-30
pharmacokinetic properties of,

54-6t
for seizures, 54-5t, 54-13t
weight loss from, 82-6

Topotecan
alopecia from, 89-11t
dosing of, 89-27t
for lung cancer, 91-12
toxicity with, 89-2

Toprol. (see Metoprolol)
Toradol. (see Ketorolac)
Toremifene, for hormone-sensitive

tumors, 88-25t
Torsemide, 13-13, 18-11

for ARF, 30-18
Tositumomab (Bexxar), 88-15t
tPA. (see Alteplase)
Tracleer. (see Bosentan)
Tracrium. (see Atracurium)
Tramadol (Ultram), 8-9, 8-20, 8-32

for DPN, 50-79
mania from, 80-5t
for OA, 43-39
paroxetine with, 8-32
for RLS, 77-19–77-20

Trandate. (see Labetalol)
Trandolapril (Mavik), 18-12

for MI, 17-23
systolic dysfunction and, 18-30t

Tranexamic acid, for DIC, 15-34
Transderm-Scop. (see Scopolamine)
Transretinoic acid (ATRA, Retinoic acid,

Retin-A, Aldapalene, Differin,
Tazarotene, Tretinoin), 39-3,
40-3t, 40-4–40-5, 41-5–41-6

for acne, 39-3–39-4
adverse effects of, 39-5t
for APL, 90-5
hyperpigmentation and, 39-10
pregnancy and, 46-44
for psoriasis, 40-10
teratogenic effects of, 46-31t

Tranxene. (see Clorazepate)
Tranylcypromine, for social anxiety

disorder, 76-27
Trastuzumab (Herceptin), 88-15t

for breast cancer, 88-22t
CHF from, 89-25
hypersensitivity from, 89-18t

Travatan. (see Travoprost)
Travoprost (Travatan)

adverse effects of, 51-12
for POAG, 51-5, 51-11t

Trazodone (Desyrel), 79-12
CH from, 29-15
for depression, 100-16
mania from, 80-5t
for opiate withdrawal, 83-10t
for panic disorder, 76-23
sexual dysfunction from, 101-2t
for sleep disorders, 77-2
toxicity from, 5-17
weight gain from, 82-6

Tretinoin. (see Transretinoic acid)
Trexan. (see Naltrexone)
Triacetin, 71-5
Triamcinolone (Aristocort, Nasocart AQ,

Tri-Nasal), 24-16t, 38-7, 38-8t,
44-7t

for acne, 39-7
administration routes of, 44-9t
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for asthma, long-term, 22-27t
for cluster headaches, 52-22t
dosing of, 22-23t, 22-24t

Triamterene (Dyrenium), 8-15, 13-13,
18-12, 18-23, 31-13

for ascites, 28-6
dofetilide and, 19-11
hyperchloremic metabolic acidosis

from, 11-14
hyperkalemia from, 11-18

Triazolam (Halcion), 12-29, 76-8t,
76-12t, 77-11

dosing of, 77-10t
mania from, 80-5t
neonates and, 94-6t
properties of, 77-7t
for sleep disorders, 77-2, 77-7

Triazole
for Candida, 71-10
for lung transplantation, 35-10

Trichloroethylene, alcohol interaction
with, 84-21t

TriCor. (see Fenofibrate)
Tri-Cyclen, 39-7
Tricyclic antidepressants (TCAs),

8-22–8-23, 8-26–8-27, 31-29,
79-13t, 79-26

for ADHD, 81-3, 81-5–81-8
adverse drug reactions with, 99-6t
adverse effects of, 51-16t,

79-26–79-27
for anorexia nervosa, 82-14
anxiety from, 76-6t
for bipolar disorder, 80-4
for bulimia nervosa, 82-16
for cataplexy, 77-17
for depression, 79-12
DILI from, 29-11t
for DPN, 50-79
drug fever from, 4-11
ET from, 53-26
for GAD, 76-8–76-9
GERD and, 26-23t
for herpes zoster, 72-10
levodopa and, 53-14t
mania from, 80-5t
for obesity, 82-20
for panic disorder, 76-22, 76-23
photosensitive eruptions from,

38-15
for PP-IBS, 27-20
pregnancy and, 46-32t
sexual dysfunction from, 101-2t
for sleep disorders, 77-14
sleep disorders from, 77-10t
as sodium channel blockers, 5-17
St. John’s wort and, 3-12
toxicity from, 5-10, 5-14

sodium bicarbonate for, 5-5,
5-17–5-18

weight gain from, 82-6, 82-8
Tridil. (see Nitroglycerin)
Triethanolamine salicylate, 41-8t
Trifluoperazine (Stelazine)

adverse effects of, 78-12t
dosing of, 78-17t

Trifluridine
adverse effects of, 72-6t
for HSV, 51-22

Trihexyphenidyl (Artane), 99-6t
adverse effects of, 51-15t
for PD, 53-3t

TriHIBit, 95-6
Triiodothyronine, 49-12, 49-13

Trilafon. (see Perphenazine)
Trileptal. (see Oxcarbazepine)
Tri-Levlen. (see Trivora)
Trilisate. (see Magnesium choline

salicylate)
Trimethadione

adverse effects of, 51-15t
for seizures, 54-5t
teratogenic effects of, 46-31t

Trimethaphan (Arfonad)
for aortic dissection, 20-6t, 20-16
for hypertension, 20-3, 20-4t-5t,

20-8–20-9
Trimethobenzamide

for NVP, 46-8
for opiate withdrawal, 83-10t
safety of, 93-7

Trimethoprim (TMX, Trimpex), 56-8t
dofetilide and, 19-11
hyperkalemia from, 11-18
renal failure and, 33-12t
teratogenic effects of, 46-31t
torsades de pointes and, 19-26t
for UTIs, 64-6t, 64-14, 96-18

Trimethoprim-sulfamethoxazole
(TMP-SMX, Bactrim,
Cotrimoxazole, Septra), 32-15,
39-6t, 56-8t, 67-2, 93-17, 95-12

adverse effects of, 64-19
anemia from, 86-18
for AOM, 96-6t
for aspiration pneumonia, 60-21t
for brain abscess, 58-33
for CAP, 60-12t
for CDAD, 62-19t
for cholera, 62-7
chronic intrahepatic cholestasis

from, 29-16
for CNS infections, 58-9t
for COPD, 23-12, 23-15
for CRRT and HD, 56-21t
desensitization to, 4-21, 70-10t
for diarrhea, 62-5
DILI from, 29-3t, 29-11t
dosing of, 56-20t
drug fever from, 64-19
drug-induced skin reactions from,

4-14
for endocarditis, 59-15–59-16
folate deficiency and, 64-19–64-20
for gram-negative aerobes, 56-10t
for gram-positive cocci, 56-9t
for GVHD, 92-21–92-22
hemolytic anemia from, 64-19
HIV and, 4-2, 70-4, 70-5t
for HUS, 62-15
hypersensitivity with, 69-25–69-26
for lung transplantation, 35-10
for Lyme disease, 75-5–75-6
mania from, 80-5t
for meningitis, 58-11t,

58-18–58-19
methotrexate and, 92-27
for Moraxella catarrhalis, 56-13t
for neutropenia, 68-4
for Nocardia spp., 56-13t
OC and, 45-12t
for osteomyelitis, 66-7
for PCP, 70-8, 70-9t, 70-11t
penetration characteristics of, 58-7t
penicillin resistance and, 60-13,

60-13t
rash from, 64-19
for rhabdomyosarcoma, 91-29

for RMSF, 75-13
for Salmonella spp., 62-11
for SBP, 28-10
for Shigella spp., 62-9
thrombocytopenia from, 87-8
for transplantation, 34-31
for travelers’ diarrhea, 62-17
for typhoid fever, 62-12–62-13
for UTIs, 64-4–64-5, 64-5t, 64-6t,

64-7, 64-13–64-14, 96-17,
96-18, 99-13

warfarin and, 15-28–15-29
for Wegener’s granulomatosis,

31-32–31-33
Trimetrexate (Neutrexin)

for PCP, 70-9–70-10
for toxoplasmosis, 70-15

Trimetrexate/leucovorin, for PCP, 70-9t
Trimpex. (see Trimethoprim)
Tri-Nasal. (see Triamcinolone)
Tri-Norinyl. (see Enpresse)
Tripanavir

for HIV, 69-10t
with ritonavir, 69-16

Tripanavir/ritonavir, resistance to,
69-24t

Triphasil. (see Enpresse; Trivora)
Triptans

anxiety from, 76-6t
drug interactions with, 54-9
for migraine, 52-7–52-10
propranolol and, 54-9

Triptorelin, for hormone-sensitive tumors,
88-25t

Trisodium citrate, 32-7
Trivalent inactivated influenza vaccine

(TIV), 60-16
Trivora (Tri-Levlen, Triphasil), 45-5t
Troglitazone

adverse effects of, 50-55
DILI from, 29-11t, 29-14
weight gain with, 50-55

Trolamine salicylate, 41-8t, 41-11
Tromethamine acetate (THAM), 10-8
Trospium (Sanctura), for urinary

incontinence, 101-20t, 101-27
Trovafloxcine (Trovan), 87-7
Trovan. (see Trovafloxcine)
Trusopt. (see Dorzolamide)
Tryptophan

mania from, 80-5t
melatonin and, 3-33t

Twinrix, for HAV and HBV, 73-8
Tyrosine kinase inhibitor, pulmonary

disorders from, 25-9–25-10
Tyzela. (see Telbivudine)
TZDs. (see Thiazolidinediones)

Ubiquinone. (see Coenzyme Q)
UFH. (see Unfractionated heparin)
Ultram. (see Tramadol)
Unasyn. (see Ampicillin/sulbactam)
Unfractionated heparin (UFH), 15-3–15-4

for ACS, 16-31
as antithrombotic, 17-22–17-23
for bridge therapy, 15-27–15-28
dosing of, 16-28t
for DVT, 15-14
LMWH and, Fondaparinux and,

15-4t
for MI, 17-15
with PCI, 16-27
for PE, 15-17
pregnancy and, 15-25

stroke and, 17-17
for thrombosis, 17-6

Unipen. (see Nafcillin)
Univasc. (see Moexipril)
Urea, 11-14
Urispas. (see Flavoxate hydrochloride)
Urokinase, for MI, 17-5

VAC. (see Vincristine, dactinomycin, and
cyclophosphamide)

Vaccination. (see Immunization)
Vaccine-associated paralytic polio

(VAPP), 95-6–95-7
VAD. (see Vincristine, doxorubicin,

dexamethasone)
Vagifem. (see Estradiol hemihydrate)
Vaginal ring (Femring), 48-4t
Vagistat. (see Tioconazole)
Valacyclovir (VCV)

adverse effects of, 72-6t
for CMV, 34-34–34-35
for HSV, 65-26–65-28, 65-27t
for neutropenia, 68-18
pharmacokinetics of, 72-4t
pregnancy and, 65-29
properties of, 72-3t

Valcyte. (see Valganciclovir)
Valdecoxib, 4-16

PUD from, 26-10–26-11
Valdecoxib (Bextra), for RA, 43-6
Valerian, toxicity of, 29-17, 29-19t
Valganciclovir (Valcyte)

adverse effects of, 72-6t
for CMV, 34-34

retinitis, 70-19, 72-5t
dosing of, 70-20t
for neutropenia, 68-6
pharmacokinetics of, 72-4t
renal failure and, 33-12t
for transplantation, 34-31

Valganciclovir (VCV), for CMV retinitis,
70-16–70-18t

Valium. (see Diazepam)
Valproate (Depakene, Depakote), 54-31

for absence seizures, 54-19, 54-20t
for aggressive behavior, 100-16
for alcohol withdrawal, 84-10
for bipolar disorder, 80-12t,

80-16–80-17
carbamazepine and, 54-26
chronic steatosis from, 29-16
for cluster headaches, 52-22,

52-22t
DILI from, 29-3t, 29-11t
for epilepsy, 54-3t
ET from, 53-26
for febrile seizures, 54-24
lithium with, 80-3
liver damage from, 54-23
for mania, 80-5–80-7
melatonin and, 3-33t
for migraine, 52-15t, 52-17, 53-4
neonates and, 94-7t, 94-43, 94-43t
OC and, 54-29–54-30
for panic disorder, 76-23
pharmacokinetic properties of,

54-6t
pregnancy and, 46-42
protein binding with, 94-5
psoriasis from, 40-9t
for schizophrenia, 78-9–78-10
for SE, 54-33
for seizures, 54-5t, 54-12t
for tardive dyskinesia, 78-20
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Valproate (Depakene, Depakote)
(continued)

teratogenic effects of, 46-31t
thrombocytopenia from,

54-26–54-27
thyroid and, 49-9
for tonic-clonic seizures, 54-21
weight gain from, 82-6

Valproic acid. (see Valproate)
Valrubicin, for bladder cancer, 91-16
Vancocin. (see Vancomycin)
Vancomycin (Vancocin), 56-8t,

58-20–58-21
for acute osteomyelitis, 66-4t
adverse effects of, 4-14–4-15,

56-15t
for aspiration pneumonia, 60-20,

60-21t
for CAP, 60-12t
for CAPD-associated peritonitis,

63-7
for CDAD, 62-20
cefotaxime with, for NEC, 94-27
for CNS infections, 58-9t
for Corynebacterium jeikeium,

56-11
for croup, 96-11
for CRRT and HD, 56-22t
desensitization to, 4-21
dialysis and, 32-3, 33-3
dosing of, 56-20t
for endocarditis, 59-8t, 59-18
for Enterococcus faecium, 56-11
for GABHS, 96-7
for gram-negative bacillary

endocarditis, 59-23
for gram-negative coverage, 66-6
for gram-positive cocci, 56-9t
for HAP, 60-24t
for heart transplantation, 34-30
hemodialysis and, 33-20
with high-flux dialysis, 32-10
histamine and, 4-15
for meningitis, 58-11t
for MRSA, 33-19, 59-14–59-15
for MRSE, 59-11
for MSSA, 59-13
for NEC, 94-27
for neonates, 94-31t
for neutropenia, 68-9, 68-12–68-13
neutropenia from, 87-12
for osteomyelitis, 66-3, 66-7
penetration characteristics of, 58-7t
penicillin resistance and, 60-13
pharmacokinetics of, 94-3t
psoriasis from, 40-9t
for PVE, 59-10–59-11, 59-11
renal failure and, 33-12t
resistance to, 94-30
for S. aureus, 66-6
for septic arthritis, 66-11
for septic shock, 21-28
for staphylococcal endocarditis,

59-12t
for Staphylococcus aureus, 56-11
for Staphylococcus epidermis,

56-11
for surgery, 57-2t
thrombocytopenia from, 87-8
for UTIs, 64-5t
for ventriculitis, 55-19

Vancomycin-resistant enterococci (VRE),
33-19, 68-3

Vanlefaxine (Effexor), for PMS, 47-24

Vantin. (see Cefpodoxime proxetil)
VAPP. (see Vaccine-associated paralytic

polio)
Vaptans, 11-12
Vaqta, 95-10

dosing of, 73-7–73-8, 73-7t
for hepatitis A, 73-7

Vardenafil (Levitra), 101-12
adverse effects of, 51-19t
nasal symptoms from, 24-23t
for Raynaud’s disease, 14-12
for sexual dysfunction, 101-9

Varenicline (Chantix), 14-5
adverse effects of, 85-20
dosing of, 85-20
for smoking treatment, 85-7t,

85-13, 85-19–85-20
Varicella immune globulin (VZIG), 95-8,

95-12
for HIV, 70-5t

Varivax, 95-8
Vasocon-A. (see Antazoline +

naphazoline)
Vasoconstrictors

for allergic conjunctivitis, 24-14
for AMI, 21-25
for POAG, 51-7

Vasodilators, 13-39–13-40, 16-16,
18-26–18-27

for cardiogenic shock, 21-16
vs. digitalis, 18-28–18-29
ED from, 101-9
for HF, 21-21–21-22
for hypertension, 13-10, 31-21
for IC, 14-9
for MI, 17-6–17-7
sexual dysfunction from, 101-2t
for systemic sclerosis, 44-4

Vasopressin
adverse effects from, 28-12
for cardiac arrest, 19-28
nitroglycerin and, 28-12–28-13
for septic shock, 21-30–21-31

Vasopressin receptor antagonists (VRA),
11-12

Vasopressors
for Hantavirus, 72-16
for septic shock, 21-30–21-32

Vasotec. (see Enalapril; Enalaprilat)
VCF, 45-25t
VCV. (see Valacyclovir)
Vecuronium (Norcuron), 9-13t

action parameters for, 9-14t
adverse effects of, 9-13t
elimination of, 9-15t

Veetids. (see Penicillin V)
Velban. (see Vinblastine)
Venlafaxine (Effexor), 8-27, 79-13t,

79-23
aging and, 99-11t
for bulimia nervosa, 82-17
for GAD, 76-9–76-10, 76-11
for hot flushes, 48-6t
hypertension and, 79-12
for OCD, 76-34
for panic disorder, 76-23
for PTSD, 76-30
for social anxiety disorder, 76-27

Venofer. (see Iron saccharate; Iron
sucrose)

VePesid. (see Etoposide)
Verapamil (Isoptin, Calan), 13-31,

16-15, 19-14, 99-10
with ACEI, 31-12

for angina, 16-10, 16-16t
for asthmatics, 19-9
for atrial fibrillation, 13-33
benzodiazepines and, 76-16t
buspirone and, 76-20t
cilostazol and, 14-9
for cluster headaches, 52-21,

52-22t
for cocaine overdose, 20-6t,

20-16–20-17
for controlling ventricular rate,

19-9
HF and, 16-16, 18-19
for hypertension, with heart

transplantation, 35-6
intravenous, 20-14–20-15
for MI, 17-7
for migraine, 13-33, 52-15t, 52-17,

53-4
neonates and, 94-6t
for nocturnal leg cramps, 14-14
for panic disorder, 76-23
for paroxysmal supraventricular

tachycardia, 19-15–19-16
P-glycoprotein and, 88-20
for pheochromocytoma, 20-6t
for proteinuria, 31-8
psoriasis from, 40-9t
risks with, 19-9
for supraventricular tachycardias,

controlling ventricular rate in,
19-8t

sustained release, 16-18
for Wolff-Parkinson-White

syndrome, 19-16
Vermox. (see Mebendazole)
Versed. (see Midazolam)
Vesicare. (see Solifenacin)
Vfend. (see Voriconazole)
Viagra. (see Sildenafil)
Vibramycin. (see Doxycycline)
Vidarabine, 72-2
Videx, for HIV, 69-8t
Vigabatrin, adverse effects of, 51-15t
Vildagliptin (Galvus, Novartis),

50-58–50-59
Vinblastine (Velban), 93-19

alopecia from, 89-11t
anxiety from, 76-6t
autonomic neuropathy from,

89-22
for bladder cancer, 88-22t
cranial nerve toxicity with, 89-22
for Hodgkin disease, 88-23t, 89-35
neurotoxicity of, 89-20t
paresthesia from, 89-21
pulmonary toxicity from, 89-31t
radiation recall reactions from,

89-13t
UV reactions from, 89-13t
VOD from, 29-16

Vinca alkaloids
adverse effects of, 51-17t
pulmonary disorders from, 25-4t,

25-8t
Vincristine (Oncovin), 88-15t, 93-19

adverse effects of, 51-17t, 90-37
for ALL, 90-27
alopecia from, 89-11t
autonomic neuropathy from,

89-22
cranial nerve toxicity with, 89-22
for head and neck cancer, 88-22t
for Hodgkin disease, 88-23t

for lung cancer, 91-12
for MM, 90-19–90-20
neurotoxicity of, 89-20t
paresthesia from, 89-21
for rhabdomyosarcoma, 91-29
for T-cell lymphoblastic

lymphoma, 90-36t
toxicity of, 90-27–90-28
VOD from, 29-16

Vincristine, dactinomycin, and
cyclophosphamide (VAC), 91-29

Vincristine, doxorubicin, dexamethasone
(VAD), 90-21t

Vindesine, alopecia from, 89-11t
Vinorelbine (Navelbine), 88-15t

for breast cancer, 91-6t
neurotoxicity of, 89-20t
paresthesia from, 89-21

Vioxx. (see Rofecoxib)
Viracept. (see Nelfinavir)
Viramune. (see Nevirapine)
Viread. (see Tenofovir)
Viscosupplements, for OA, 43-39
Vistaril. (see Hydroxyzine)
Vistide. (see Cidofovir)
Vitamin(s). (see also Vitamins in Subject

Index)
for end-of-life care, 6-5
for kidney disease, 31-15

Vitamin A
for acne, 39-3–39-4
for CF, 98-8t
DILI from, 29-3t
peliosis hepatitis from, 29-17
teratogenic effects of, 46-31t

Vitamin B1, for dysmenorrhea, 47-13
Vitamin B6

homocysteine and, 2-12
for NVP, 46-8
for PMS, 47-22
pregnancy and, 46-32t

Vitamin B12

homocysteine and, 2-12
PPI and, 26-6
sulfonamides and, 86-10
tetracyclines and, 86-10

Vitamin C
for atherosclerosis, 16-10
for hyperlipidemia, 12-39
for hyperuricemia, 42-10
as sunscreens, 41-12

Vitamin D, 31-22, 31-25–31-26,
31-26–31-27

for anorexia nervosa, 82-14
for CF, 98-7, 98-8t
with corticosteroids, 43-33
with dialysis, 32-2
hypercalcemia from, 2-9
for osteoporosis, 34-25
phenobarbital and, 2-9
phenytoin and, 2-9
rifampin and, 2-9

Vitamin E
for atherosclerosis, 16-10
for CF, 98-8t
dialysis and, 32-4
for HCV, 73-44
for hyperlipidemia, 12-39
for IC, 14-9
as sunscreens, 41-12
for tardive dyskinesia, 78-20

Vitamin K (Phytonadione),
15-22–15-24, 54-30

for CF, 98-7, 98-8t
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for epilepsy, 54-30
feeding tubes and, 36-16
histamine and, 4-15
for neonates, 94-3
thyroid and, 49-20
warfarin and, 15-5, 15-21

Vivactil. (see Protriptyline)
Volatile inhalation agents, 9-9–9-12,

9-11
α2-agonists and, 9-11
benzodiazepines and, 9-11
costs of, 9-11–9-12
neuromuscular blocking agents

and, 9-11
opioids and, 9-11
properties of, 9-10t

Voltaren. (see Diclofenac)
Voriconazole (Vfend), 71-4,

92-25–92-26
adverse effects of, 51-17t, 56-16t
for aspergillosis, 71-24
for CRRT and HD, 56-22t
dosing of, 56-20t
for lung transplantation, 35-10
for neutropenia, 68-6, 68-17
toxicity with, 92-27

VRA. (see Vasopressin receptor
antagonists)

VRE. (see Vancomycin-resistant
enterococci)

VZIG. (see Varicella immune globulin)

Warfarin (Coumadin)
absorption of, 12-25
adverse effects of, 15-19–15-20
AF and, 15-26, 55-5t
aging and, 99-5
alcohol and, 15-21
alopecia from, 38-15
amiodarone and, 15-29–15-30
aspirin and, 15-19
for atrial fibrillation, 19-12–19-13
bleeding from, 9-2
after cardioversion, 15-26
before cardioversion, 19-9
ciprofloxacin and, 70-32t
coenzyme Q10 and, 3-37
for dementia, 100-14
dietary supplements and,

15-31–15-32, 15-31t
dosing of, 15-21, 19-13

algorithm for, 15-18f
drug interactions with,

15-28–15-31, 15-30t
exenatide and, 50-58
feeding tubes and, 36-16
ginkgo and, 3-11–3-12
hemorrhage from, 15-19–15-20
hepatitis and, 73-7
hypokinesis and, 17-20

INR of, 15-7, 15-22
for KD, 96-14
for MI, 17-9t

after discharge, 17-24–17-25,
17-25

nateglinide and, 50-52
neonates and, 94-6t
NSAIDs and, 15-19, 15-30–15-31
patient education on, 15-20–15-21
for PE, 15-17
pregnancy and, 15-24–15-25,

46-38–46-39
prothrombin time and, 15-7
purple toe syndrome from, 15-20
renal failure and, 033-5
rifampin and, 61-17, 70-32t
sensitivity from, 15-17t, 99-5
skin necrosis from, 15-20
for stroke, 55-11

prevention of, 19-12–19-13
teratogenic effects of, 46-31t
thyroid and, 49-20
TMP-SMX and, 15-28–15-29
vitamin K and, 15-5, 15-21

Welchol. (see Colesevelam)
Wild yam, 48-7

Xalatan. (see Latanoprost)
Xanax. (see Alprazolam)
Xeloda. (see Capecitabine)
Xenical. (see Orlistat)
Xibrom. (see Bromfenac)
Xolair. (see Omalizumab)
Xylocaine. (see Lidocaine)
Xylometazoline (Otrivin), 24-13t

for allergic rhinitis, during
pregnancy, 46-32t

Xyrem. (see Sodium oxybate)
Xyzal. (see Levocetirizine)

Yasmin, 45-5t
Yogurt, for VVC, 65-22
Yohimbine, 101-12

anxiety from, 76-6t
melatonin and, 3-33t
for sexual dysfunction, 101-9
for SSRI-induced sexual

dysfunction, 79-17t

Zaditor. (see Ketotifen)
Zafirlukast

for asthma, long-term, 22-28t
dofetilide and, 19-11
pulmonary disorders from, 25-2t,

25-7t
Zalcitabine, anemia from, 86-18
Zaleplon (Sonata)

dosing of, 77-10t
for GAD, 76-8
for insomnia, 77-8–77-9

for pediatric insomnia,
77-20–77-21

properties of, 77-7t
for sleep disorders, 77-2

Zanamivir (Relenza)
adverse effects of, 72-6t
for avian flu, 72-13
for influenza, 60-14–60-15, 60-17,

72-5t, 72-12
pharmacokinetics of, 72-4t
properties of, 72-3t

Zantac. (see Ranitidine)
Zarontin. (see Ethosuximide)
ZDV. (see Zidovudine)
Zelapar. (see Selegiline)
Zemplar. (see Paricalcitol)
Zemuron. (see Rocuronium)
Zenapax. (see Daclizumab)
Zerit, for HIV, 69-8t
Zestril. (see Lisinopril)
Zevalin. (see Ibritumomab tiuxetan)
Z-hypnotics

for insomnia, 77-5, 77-8–77-9
for pediatric insomnia,

77-20–77-21
for sleep disorders, 77-2

Ziagen, for HIV, 69-9t
Zidovudine (AZT, ZDV), 69-4, 95-12

anemia from, 86-15, 86-18
bioavailability of, 33-2
DILI from, 29-11t
GERD and, 26-23t
hemodialysis and, 33-17
for HIV, 69-8t
mania from, 80-5t
renal failure and, 33-12t
resistance to, 69-23t

Zidovudine/lamivudine, for HIV, 69-14t
Zileuton

for asthma, 22-12t
long-term, 22-28t

pulmonary disorders from, 25-2t,
25-7t

Zinacef. (see Cefuroxime)
Zinc, 3-3t, 3-29–3-33

adverse effects of, 3-31–3-32
for allergic rhinitis, 3-33
for children, 3-32
for common cold, 3-30–3-31, 72-18
deficiency of, 3-32
for diarrhea, 93-9
dosing of, 3-31
lactation and, 3-32
pregnancy and, 3-32

Zinc oxide, 41-8t, 41-11, 41-12–41-13
for burns, 41-20
for diaper rash, 93-4
for pruritis, during pregnancy,

46-32t
Zinecard. (see Dexrazoxane)

Ziprasidone (Geodon), 78-10
for acute agitation, 78-14t,

80-14
adverse effects of, 78-12t
for autism, 78-30
for bipolar disorder, 80-12t
dosing of, 78-17t
for mania, 80-12
mania from, 80-5t
NMS from, 78-24
pharmacokinetics of, 78-16t
proarrhythmic effects of, 19-25
receptor-binding affinities of,

78-12t
weight gain from, 78-22

Zithromax. (see Azithromycin)
Zocor. (see Simvastatin)
Zofran. (see Ondansetron)
Zoladex. (see Goserelin)
Zoledronic acid (Reclast), 102-14

for hypercalcemia, 11-22t, 11-23,
11-24

for MM, 90-20
Zolmitriptan (Zomig), 54-8t

MAOIs and, 54-9
for migraine, 53-4

Zoloft. (see Sertraline)
Zoloprim. (see Allopurinol)
Zolpidem (Ambien), 77-21

dosing of, 77-10t
for GAD, 76-8
for insomnia, 77-8–77-9
melatonin and, 3-33t
for pediatric insomnia,

77-20–77-21
properties of, 77-7t

Zomig. (see Zolmitriptan)
Zonegran. (see Zonisamide)
Zonisamide (Zonegran), 54-9, 54-14

adverse effects of, 54-11
for epilepsy, 54-3t
for mania, 80-13
for obesity, 82-21
OC and, 54-29–54-30
pharmacokinetic properties of,

54-6t
pregnancy and, 46-43
for seizures, 54-5t, 54-13t
weight loss from, 82-6

ZORprin, 43-15
for RA, 43-15

Zostavax, 72-9
Zostrix. (see Capsaicin)
Zosyn. (see Piperacillin/tazobactam)
Zovia 1/35 (Demulen 1/35), 45-5t
Zovirax. (see Acyclovir)
Zyban. (see Bupropion)
Zyprexa. (see Olanzapine)
Zyrtec. (see Cetirizine)
Zyvox. (see Linezolid)
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AA. (see Arachidonic acid)
AAA. (see Aromatic amino acids)
AAPCC. (see American Association of

Poison Control Centers)
AASK. (see African American Study of

Kidney Disease and Hypertension)
AB. (see Acute bronchitis)
ABC. (see ATP binding cassette)
ABCA-1. (see Adenosine triphosphate

binding cassette transporter A-1)
ABCG-1. (see Adenosine triphosphate

binding cassette transporter G-1)
ABG. (see Arterial blood gas)
ABI. (see Ankle:brachial index)
Abnormal Involuntary Movement Scale

(AIMS), 78-18t
ABO blood typing, 34-5

allogenic HCT and, 92-8
ABPA. (see Allergic bronchopulmonary

aspergillosis)
ABPM. (see Ambulatory blood pressure

monitoring)
Abscess

in brain, 58-21–58-25
dementia and, 100-2t
neonatal seizures and, 94-41t
pruritus and, 38-13t

from drug needles, 83-4–83-5
hepatic, 74-8

with amebiasis, 74-9–74-10
intra-abdominal, 63-11

Absence seizures, 54-2, 54-19–54-20
Absolute neutrophil count (ANC), 2-18,

68-2, 92-2
blood chemistry reference values

for, 2-5t
ABV. (see Alcohol by volume)
ACAT. (see Acetyl CoA acetyl transferase)
Accelerated hypertension, 20-2–20-3

retinal hemorrhage with, 20-2–20-3
ACD. (see Anemia of chronic disease)
ACE. (see Angiotensin-converting

enzyme)
Acetaldehyde, alcohol and, 84-4
Acetyl CoA acetyl transferase (ACAT),

12-2
Acetylator phenotype, 4-1
Acetylcholine, 100-4

nicotine and, 85-3
sleep and, 77-4

Acetylcholinesterase (AChE),
100-4–100-5

AChE. (see Acetylcholinesterase)
ACHES. (see Pill early danger signs)
Acid suppression empiric test,

26-26–26-27
Acid-base

balance of, 10-3–10-4
Cl and, 2-6
dialysis and, 32-12
disorders of, 10-1–10-13

mixed, 10-12–10-13

drugs and, 33-2
phosphorus and, 11-25
UA and, 2-20

Acidosis, 10-2. (see also Diabetic
ketoacidosis; Metabolic acidosis;
Respiratory acidosis)

CSF and, 10-3
infants and, 97-14
lactic, 11-7, 50-46

causes of, 10-6t
RTA, 10-5–10-6
from salicylate toxicity, 5-8

Acinetobacter spp., UTIs from, 64-2
Acne, 38-7t, 39-1–39-11

classification of, 39-2t
diet and, 39-2
etiology of, 39-2
interleukins and, 39-2
pathogenesis of, 39-2
PCOS and, 47-2
pregnancy and, 46-32
risk factors for, 39-2
stress and, 39-2
sunlight and, 39-2
testosterone and, 39-2
treatment for, 39-2–39-7
UVR and, 39-2
washing for, 39-3

Acne cosmetica, 39-1
Acne mechanica, 39-1
Acneiform, 38-15

chemotherapy and, 89-12–89-13
Acquired immunodeficiency syndrome

(AIDS)
anemia with, 86-15, 86-17–86-18
depression and, 79-29–79-30
fungal infections and, 70-35, 71-1,

71-2
HBV and, 73-15
HIV and, 69-3
HME and, 75-13
infectious diarrhea and, 62-4
KS and, 70-2
lymphoma and, 70-2, 88-26
mortality with, 70-1
neonatal seizures and, 94-41t
neoplastic disease and, 70-2
PCP and, 70-7
weight and, 82-6t
Wernicke-Korsakoff complex and,

84-11
ACS. (see Acute coronary syndromes)
ACT. (see Activated clotting time)
ACTH. (see Adrenocotropic hormone)
Action potential, 19-1
Action potential duration, 19-2
Activated clotting time (ACT), 32-6
Activated partial thromboplastin time

(aPTT), 2-19–2-20, 56-4
Active disease, TB and, 61-3–61-4

treatment for, 61-8–61-14
Activities of daily living (ADLs), 99-15

Acuminate (Venereal warts), 38-7t
Acupuncture

for smoking cessation, 85-22
for tension-type headaches, 52-23

Acute asthma, 22-9–22-21
Acute bronchitis (AB), 60-1–60-2
Acute coronary syndromes (ACS), 16-4,

16-30–16-31
MI and, 17-22–17-23

Acute decompensated heart failure
(ADHF), 18-7

Acute drug-induced liver disease,
29-12–29-14

features of, 29-13t
Acute dystonia, drug-induced,

78-16–78-17
Acute exacerbations of chronic bronchitis

(AECB), 60-2
pathogens associated with, 60-3t

Acute GVHD, 92-16–92-22
severity of, 92-18t
stages of, 92-17t

Acute headache, 52-3
Acute incontinence, 101-25
Acute interstitial nephritis (AIN),

drug-induced, 30-15–30-16
Acute laryngotracheitis. (see Croup)
Acute liver failure (ALF)

ARDS with, 73-14
aspiration with, 73-14
ATN with, 73-14
causes of, 73-14t
cerebral edema with, 73-13–73-14
HBV and, 73-13–73-14
HRS with, 73-14
ICP with, 73-14
liver transplantation and, 73-14t
prognosis for, 73-14
pulmonary edema with, 73-14
sepsis with, 73-14

Acute lymphoblastic leukemia (ALL), 90-2
AML and, 90-2t
in children, 90-22–90-35
clinical presentation of, in children,

90-22–90-23
diet and, 90-26
etiology of, in children, 90-22
gender and, 90-24
HCT and, 92-3t
pathophysiology of, in children,

90-22
prognosis for, in children,

90-22–90-23
race and, 90-24
relapse of, 90-34–90-35
treatment for, in children,

90-26–90-34
Acute lymphocytic leukemia,

chemotherapy for, 88-20
Acute malaria, 74-2–74-7

symptoms of, 74-2
treatment for, 74-2–74-7

Acute myeloid leukemia (AML), 90-2
ALL and, 90-2t
allogenic HCT and, 92-7
chemotherapy for, 89-33–89-34,

90-5–90-8
classification of, 90-4, 90-4t
diagnosis of, 90-4
in elderly, 90-7–90-8
HCT and, 92-3t
symptoms of, 90-3–90-4
treatment for, 90-4–90-8

Acute myocardial infarction (AMI). (see
Myocardial infarction)

Acute osteomyelitis, 66-2–66-3
Acute otitis media (AOM), 96-1–96-3

diagnosis of, 96-3, 96-3t
pathogens and, 96-4–96-5
prevention of, 96-7
risk factors for, 96-4
treatment of, 96-3–96-4, 96-5–96-7

Acute pain, 8-5–8-6
Acute promyelocytic leukemia (APL), 90-5
Acute pulmonary edema, drug-induced,

25-4t
Acute renal failure (ARF), 30-1–30-20,

56-2f
ATN and, 30-2
CHF and, 30-2, 30-7–30-8
community-acquired, 30-2
hematuria and, 30-6
with hypertension, 20-6t
intrinsic, 30-2–30-3, 30-9
phases of, 30-2
postrenal, 30-16
proteinuria and, 30-6
SRMB and, 26-34t

Acute respiratory distress syndrome
(ARDS), 21-6, 25-1, 36-10,
56-2f, 72-15

with ALF, 73-14
aspiration pneumonitis and, 9-4
burns and, 41-17
drug-induced, 25-4t
PEEP for, 56-4
sepsis and, 56-3–56-4

Acute retroviral syndrome, 69-2
Acute sinusitis, 56-6t
Acute stress disorder, 76-29–76-32
Acute tubular necrosis (ATN),

30-11–30-12, 33-20, 56-3
with ALF, 73-14
from aminoglycoside, 30-14
ARF and, 30-2
kidney transplantation and, 34-14
from radiocontrast media, 30-12

Acute urethral syndrome, 64-11, 65-10t
AD. (see Alzheimer disease)
ADA. (see American Diabetic Association)
ADAA. (see Anxiety Disorders

Association of America)
ADAS-cog. (see Alzheimer’s Disease

Assessment Scale for cognition)

I-1
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Addison disease, 88-13t
depression and, 79-3t
ED and, 101-4
weight and, 82-6t

Adenosine
alcohol and, 84-4
sleep and, 77-4

Adenosine triphosphatase (ATPase), 11-2
Adenosine triphosphate (ATP), shock and,

21-2
Adenosine triphosphate binding cassette

transporter A-1 (ABCA-1), 12-3
Adenosine triphosphate binding cassette

transporter G-1 (ABCG-1), 12-4
Adenovirus, CAP and, 60-8
ADEs. (see Adverse drug events)
ADH. (see Alcohol dehydrogenase;

Antidiuretic hormone)
ADHD. (see Attention deficit

hyperactivity disorder)
Adhesion molecules, 34-3
ADHF. (see Acute decompensated heart

failure)
Adipose, in neonates, 94-4
Adjustment disorder, dementia and,

100-2t
Adjustment disorder with anxious mood

(ADWAM), 3-11, 76-6
Adjuvant chemotherapy, 88-21
ADLs. (see Activities of daily living)
Adrenal function testing, 44-10–44-11
Adrenocotropic hormone (ACTH),

76-2–76-3
Adulteration, 3-5
Adult-onset diabetes mellitus, 50-3t
Advanced glycosylation end products

(AGE), 31-11
Adverse drug events (ADEs)

aging and, 99-6–99-7
ICHs and, 55-4
kidneys and, 99-4

Adverse drug reactions, 4-1. (see also
Specific drugs in Drug Index)

ADWAM. (see Adjustment disorder with
anxious mood)

AECB. (see Acute exacerbations of chronic
bronchitis)

AF. (see Atrial fibrillation)
Affect, 78-5t
A-fibers, 8-2
African American Study of Kidney Disease

and Hypertension (AASK), 31-7
African Americans

diabetes and, 50-9
hypertension and, 13-16

Afterload, 18-4, 18-29, 21-17
definition of, 21-33–21-34

AG. (see Anion gap)
AGE. (see Advanced glycosylation end

products)
Aging. (see also Elderly)

ADEs and, 99-6–99-7
asthma and, 99-11–99-12
cardiovascular disease and,

99-7–99-8
CO and, 99-3
COPD and, 99-11–99-12
depression and, 99-10–99-11,

99-11t
diabetes and, 99-10
estrogen and, 101-1
functional ability and, 99-15–99-16
GI tract and, 99-2–99-3
lymphoma and, 90-16t

macular degeneration and,
51-22–51-23

nutritional supplements for, 3-3t
OA and, 99-14
obesity and, 82-17t
pneumonia and, 99-12–99-13
PSA and, 101-18t
skin lesions and, 38-7
sleep and, 77-15
testosterone and, 101-2
urinary incontinence and,

101-23–101-24, 101-24t
UTIs and, 99-13–99-14

Agoraphobia, 76-21
Agranulocytosis, 2-18, 49-26–49-27,

87-11
AIDS. (see Acquired immunodeficiency

syndrome)
AIH. (see Autoimmune hepatitis)
AIMS. (see Abnormal Involuntary

Movement Scale)
AIN. (see Acute interstitial nephritis)
Airway surface layer (ASL), 98-4
Akathisia, 78-5t

drug-induced, 78-19
Akinesia, 78-5t
Alanine aminotransferase (ALT), 2-9,

2-13, 12-16, 56-3, 97-18
blood chemistry reference values

for, 2-4t
HBV and, 73-20
HCV and, 73-36
as liver test, 28-3

Albumin, 2-11, 21-16, 37-3
blood chemistry reference values

for, 2-3t
in neonates, 94-4

Albuminuria, 31-2, 31-6
diabetic nephropathy and,

31-10–31-12
diagnosis of, 31-6t

Alcohol, 84-1–84-22
abuse of, criteria for, 84-2t
acetaldehyde and, 84-4
addiction to

aspiration pneumonia and, 60-18t
burns and, 41-18
CAP and, 60-13t
hypophosphatemia and, 11-26
pneumonia and, 60-5
Vibrio spp. and, 62-8

adenosine and, 84-4
anorexia nervosa and, 82-2
benefits of, 84-3
benzodiazepines and, 76-16t
breath measurements of, 84-3
bulimia nervosa and, 82-3
CHD and, 84-3
cluster headaches and, 52-20
CNS and, 84-4
dependence on, 84-2–84-3

management of, 84-11–84-13
neurobiological basis of,

84-4–84-5
DILI and, 29-2
dopamine and, 84-4–84-5
drug interactions with,

84-20–84-21, 84-21t
ED and, 101-4
GABA and, 84-4–84-5
GAD and, 76-6
GERD and, 26-25t
GI tract and, 84-3
gout and, 42-2, 42-3

headache and, 52-2t
hypertension and, 13-8
hypertriglyceridemia and,

12-34–12-35
hypoglycemia and, 50-81, 84-6
hypotension and, 84-6
hypothermia and, 84-6
for insomnia, 77-5
intoxication from

arrhythmias and, 84-5
HD for, 84-6–84-7
management of, 84-5–84-7
metabolic acidosis and, 84-6
nausea and, 7-1
symptoms of, 84-7t

ischemic stroke and, 55-3t, 55-5t
LD for, 84-6
liver and, 84-4
metformin and, 50-48
MI and, 84-3
in MNT, 50-11
NAS from, 94-44
NE and, 84-4
OSA and, 77-17
osteoporosis and, 102-4
panic disorder and, 76-21
plasma osmolity and, 11-2
“proof ” in, 84-1
respiratory depression and, 84-6
risks of, 84-3
seizures withdrawal and, 84-7
serotonin and, 84-4–84-5
sexual dysfunction from, 101-7t
sleep disorders from, 77-10t
social anxiety disorder and, 76-27
sulfonylureas and, 50-81
teratogenic effects of, 46-31t
VaDs and, 100-11
warfarin and, 15-21
weight loss from, 82-6
Wernicke-Korsakoff complex and,

84-11
Wernicke’s encephalopathy and,

84-6
withdrawal from, 84-2, 84-5

anxiety and, 84-7
with elderly, 84-9–84-10
management of, 84-7–84-11
nausea and, 84-7

Alcohol by volume (ABV), 84-1
Alcohol dehydrogenase (ADH), 84-3
Alcohol use disorders (AUD), 84-2

BBCET for, 85-12t
CBT for, 84-12t
medical management for, 85-12t
MET for, 85-12t

Alcohol Use Disorders Identification Test
(AUDIT), 84-12

Alcohol withdrawal delirium (AWD), 84-7
Alcohol withdrawal syndrome (AWS),

84-7
Alcoholic cirrhosis, 28-1–28-22
Alcoholics Anonymous, 84-2
Aldosterone, 13-2

hyperchloremic metabolic acidosis
and, 11-18

hyperkalemia and, 11-18
liver disease and, 28-5
sodium and, 11-4

ALF. (see Acute liver failure)
Alkaline phosphatase (ALPs), 2-13

blood chemistry reference values
for, 2-4t

as liver test, 28-3

Alkalosis, 10-2
metabolic, 10-8–10-10
respiratory, 10-11–10-12

ALL. (see Acute lymphoblastic leukemia)
Allergic bronchopulmonary aspergillosis,

IL-1 and, 98-5
Allergic bronchopulmonary aspergillosis

(ABPA), 98-5
Allergic conjunctivitis, 51-19
Allergic contact dermatitis, 4-19, 38-16,

38-18–38-19
Allergic ocular disease, 24-13–24-14
Allergic rhinitis

hyperreactivity and, 22-2
IgE and, 24-4
irradiation for, 24-9
management of, 24-6–24-9
nutritional supplements for, 3-3t
pathophysiology of, 24-4, 24-5f
pregnancy and, 46-32
sensitization and, 24-4
treatment algorithm for, 24-8f

Allergic Rhinitis and Its Impact on Asthma
(ARIA), 24-1

Allergy
to drugs, 4-1–4-21
immunization and, 95-3

ALLHAT study, 12-13
Allodermal grafts, for burns, 41-19
Allogenic HCT, 92-6–92-11

ABO blood typing and, 92-8
AML and, 92-7
bone marrow and, 92-8
GVHD and, 92-7
GVT and, 92-9
harvesting cells for, 92-8
histocompatibility and, 92-7–92-8
indications for, 92-7
myeloablative preparative regimens

for, 92-9–92-10
PBPCs and, 92-8
umbilical cord blood and,

92-8–92-9
Allografts, for burns, 41-19
Allomap, 35-5
Alogia, 78-5t
Alopecia, 38-15

chemotherapy and, 89-11
PCOS and, 47-2
SLE and, 44-1, 44-2t
with syphilis, 65-14

ALPs. (see Alkaline phosphatase)
ALT. (see Alanine aminotransferase)
ALTE. (see Apparent life-threatening

events)
Aluminum toxicity, with HD, 32-10
Alzheimer disease (AD),

100-3–100-10
brain atrophy with, 100-3
cholesterol and, 100-3
as cortical dementia, 100-3
dementia and, 100-1
depression and, 79-3t
diabetes mellitus and, 100-6
diagnosis of, 100-2t, 100-5
Down syndrome and, 100-3
etiology of, 100-3
genetics and, 100-3
hospice care and, 6-3
hyperglycemia and, 100-6
hypoglycemia and, 100-6
MRI of, 100-4f
neuropathology of, 100-3–100-5
prognosis for, 100-5–100-6
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Alzheimer’s Disease Assessment Scale for
cognition (ADAS-cog), 3-10

Amaurosis fugax, 51-14
Ambulatory blood pressure monitoring

(ABPM), 13-3–13-4
Amebiasis, 74-8

cyst passers with, 74-9–74-10
hepatic abscess with, 74-9–74-10
leukocytosis with, 74-10

Amebic dysentery, 74-8–74-10
drugs for, 74-9

Amenorrhea, anorexia nervosa and,
82-2, 82-12

American Association of Poison Control
Centers (AAPCC), 5-2

American Burn Association, 41-17–41-18
American Diabetic Association (ADA),

12-13
American Pharmacists Association

(APhA), 1-13
AMI. (see Myocardial infarction)
Amino acids, in PN, 37-6
α-amino-3-hydroxy-5-methylisoxazole-

4-propionic acid (AMPA), 8-2,
8-4

γ-aminobutyric acid (GABA), alcohol and,
84-4–84-5

AML. (see Acute myeloid leukemia)
Ammonia, hepatic encephalopathy and,

28-17
Amnestic syndrome, dementia and,

100-2t
AMPA. (see α-amino-3-hydroxy-5-

methylisoxazole-4-propionic
acid)

Amputation
infection and, 67-6
osteomyelitis and, 66-7

AMSIT. (see Mental Status Exam)
Amygdala

anxiety and, 76-2
PTSD and, 76-30

Amylase, 2-15
blood chemistry reference values

for, 2-4t
ectopic pregnancy and, 2-15
mumps and, 2-15
PUD and, 2-15

β-amyloid, 100-4
Amyloid precursor protein (APP), 100-3
Amyloidosis

CD and, 27-3t
HCT and, 92-3t
with HD, 32-10
nephrotic syndrome and, 11-5
UC and, 27-3t

ANA. (see Antinuclear antibodies)
Anaerobes, osteomyelitis and, 66-6
Analgesic syndrome, 31-3
Anaphylactoid reactions, 4-3

chemotherapy and, 89-16
Anaphylaxis, 4-1–4-21

hypotension and, 4-7
IgE and, 4-3, 4-7
Rho(D) immune globulin and,

46-10
Anaplasmosis, 75-11–75-12
ANC. (see Absolute neutrophil count)
Androgen, PCOS and, 47-2, 47-3,

47-3f
Androgen independent prostate cancer,

91-20
Andropause, 101-2
Androstenedione, 48-2t

Anemia, 86-1–86-18. (see also Aplastic
anemia; Hemolytic anemia; Sickle
cell anemia)

AIDS and, 86-15, 86-17–86-18
chemotherapy and, 87-16–87-17,

89-5
of CKD, 31-14–31-19

treatment for, 31-16–31-19
classification of, 86-2t
folic acid and, 2-18, 86-11–86-12,

86-11f
gastrectomy and, 86-10
Hct and, 86-2
Hgb and, 86-2
iron and, 2-18, 31-16, 86-3–86-8

laboratory tests for, 86-4f, 86-5
symptoms of, 86-5
therapy with, 86-5–86-8

with neoplastic disease, 86-15
NHL and, 86-16–86-17
pruritus and, 38-13t
with RA, 86-15
RBC and, 86-1
with renal failure, 86-15
renal insufficiency and, 86-16
SLE and, 44-2t, 44-3, 86-15
symptoms of, 86-2
vitamin B12 and, 2-18, 86-8–86-11,

86-11f
Anemia of chronic disease (ACD),

86-15–86-18
interleukins and, 86-15

Anergy, 78-5t
Anesthesia

aspiration pneumonia and, 60-18t
pneumonia and, 60-5

Aneurysms
ICHs and, 55-4
KD and, 96-14

Angina, 14-4, 16-1–16-31
crescendo, 16-30
exertional, 16-1
with hypertension, 20-6t
preinfarction, 16-30
at rest, 16-30
unstable, 16-30
variant, 16-24–16-25

Angina pectoris, 16-7t
anxiety and, 76-4

Angioedema, 18-37
Angiogenesis, 88-1

inhibition of, 88-26
Angiography, CHD and, 12-11
Angioneurotic edema, 38-17
Angiotensin II, 18-6

sodium and, 11-4
Angiotensin-converting enzyme (ACE),

13-2–13-3
Angiotensinogen, 18-6
Angle-closure glaucoma, 51-3, 51-13
Anhedonia, 78-5t
Animal bites, 67-8
Animal phobias, 76-26
Anion gap (AG), 2-7, 10-4
Ankle:brachial index (ABI), 14-5, 14-5t
Ankylosing spondylitis

CD and, 27-3t
UC and, 27-3t

Anorectal gonorrhea, 65-6–65-7
Anorexia, depression and, 79-2
Anorexia nervosa, 82-1, 82-2, 82-2t,

82-11–82-14
amenorrhea and, 82-2, 82-12
anxiety and, 83-4

bipolar disorder and, 83-4
brain and, 82-8
CBT for, 82-13
course of, 82-11–82-12
depression and, 83-4
diagnosis of, 82-3t
diet and, 82-13
drug abuse and, 82-2
epidemiology of, 82-4
exercise and, 82-2
FSH and, 82-12
genetics and, 82-6–82-7
hypoalbuminemia and, 82-12
hypokalemia and, 82-12
LH and, 82-12
OCD and, 76-33, 83-4
osteoporosis and, 82-12
prognosis for, 82-11–82-12
refeeding syndrome and, 82-13
sex and, 82-2
social anxiety disorder and, 83-4
substance abuse and, 83-4
testosterone and, 82-12
treatment of, 82-12–82-14
vomiting and, 82-2
weight and, 82-13

Antepartum, depression and, 79-3t
Anthropometrics, 37-3
Antibiotic-refractory Lyme arthritis, 75-6
Antibody-mediated rejection,

34-15–34-16
Anticipatory nausea and vomiting, 7-4
Anticonvulsant hypersensitivity

syndrome, 4-2
Antidiuretic hormone (ADH), 18-6, 30-6.

(see also Syndrome of
inappropriate antidiuretic
hormone)

hyponatremia and, 11-6
water and, 11-3f, 11-4

Antigen-presenting cells (APC), 34-3
RA and, 43-3

Anti-HCV. (see Hepatitis C virus antibody)
Antinuclear antibodies (ANA), 4-2, 43-11

JIA and, 43-34
Antireflux surgery, 26-31
Antithrombin, 15-3t
Antithymocyte globulin (ATG), 92-9
α1-antitrypsin, 23-6

CH and, 73-4t
lung transplantation and, 35-8

Anuria, 34-14
Anxiety, 7-2, 76-1–76-39. (see also

Generalized anxiety disorder)
ADHD and, 81-2
alcohol withdrawal and, 84-7
amygdala and, 76-2
angina pectoris and, 76-4
anorexia nervosa and, 83-4
bipolar disorder and, 76-4
bulimia nervosa and, 82-3, 83-5
cardiomyopathy and, 76-4
CCK and, 76-2
cirrhosis and, 76-4
classification of, 76-2
clinical assessment of, 76-3–76-6
clinical significance of, 76-3
COPD and, 76-4
dementia and, 100-14–100-15,

100-14t
depression and, 76-4
diagnostic decision tree for, 76-5f
differential diagnosis of, 76-3–76-6
dysthymic disorder and, 76-4

eating disorders and, 76-4
electrolytes and, 76-4
epidemiology of, 76-3
epinephrine and, 76-2
GABA and, 76-2
Graves’ disease and, 76-4
HPA and, 76-2
hyperthyroidism and, 76-4
hypoglycemia and, 76-4
limbic system and, 76-2
major depressive episodes and,

76-4
MI and, 76-4
nausea and, 7-1
NE and, 76-2
neurobiology of, 76-2
NPY and, 76-2
nutritional supplements for, 3-3t
pain and, 8-9
with Parkinson disease, 53-5,

76-4
psychotherapy for, 76-4
resource organizations for, 76-4t
schizophrenia and, 76-4
secondary causes of, 76-4–76-6,

76-6t
serotonin and, 76-2
sleep and, 77-5t
substance P and, 76-2

Anxiety Coach, 76-4t
Anxiety Disorders Association of America

(ADAA), 76-4t
AOM. (see Acute otitis media)
Aortic dissection, 20-15–20-16

with hypertension, 20-6t
Aortic insufficiency, with syphilis,

65-14
Aortitis, with syphilis, 65-14
AP. (see Arterial pressure)
APC. (see Antigen-presenting cells)
APD. (see Automated peritoneal dialysis)
APhA. (see American Pharmacists

Association)
APL. (see Acute promyelocytic leukemia)
Aplastic anemia

drug-induced, 87-14–87-16
with HAV, 73-4
HCT and, 92-3t

Apnea. (see also Obstructive sleep apnea)
in neonates, 94-36–94-39

ApoE. (see Apolipoprotein E)
Apolipoprotein, 12-5–12-6
Apolipoprotein B

CHD and, 12-22
eGFR and, 31-4–31-5

Apolipoprotein E (ApoE), 100-3
Apoplexy, 55-2
APP. (see Amyloid precursor protein)
Apparent life-threatening events (ALTE),

93-9
Appendectomy, 63-12
Appendix, CF and, 98-3t
Appropriate for gestational age, 94-2t
aPTT. (see Activated partial

thromboplastin time)
Aqueous humor, 51-2
Arachidonic acid (AA), 21-9, 56-2f, 98-5
ARDS. (see Acute respiratory distress

syndrome)
Area under the time-concentration (AUC),

99-2
ARF. (see Acute renal failure)
Argasidae spp., 75-1
Arginine, nitric oxide and, 36-7
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Arginine vasopressin (AVP),
11-12

anxiety and, 76-2
hyponatremia and, 11-10

Argyll Robertson pupil, 65-14
ARIA. (see Allergic Rhinitis and Its Impact

on Asthma)
Aromatic amino acids (AAA), 37-17
Arrhythmias, 19-1–19-31. (see also

Supraventricular arrhythmias;
Ventricular arrhythmias)

alcohol intoxication and, 84-5
cardiopulmonary arrest,

19-27–19-31
classification of, 19-5
conduction blocks, 19-17
electrophysiology and, 19-1–19-3
heart transplantation and, 35-5
after MI, 17-22
naturopathic therapy for,

19-25–19-26
panic disorder and, 76-24
pathophysiology of, 19-3–19-5

Arterial blood gas (ABG), 10-2
norms for, 10-3t
shock and, 21-3–21-4

Arterial pressure (AP), 21-34
Arteriosclerosis

depression and, 79-3t
VaDs and, 100-11

Arteriovenous malformation (AVM), 55-2
ICHs and, 55-4

Arthritis, 43-1. (see also Osteoarthritis;
Rheumatoid arthritis; Septic
arthritis)

CF and, 98-4
gonococcal, 66-11–66-12
with HAV, 73-4
JRA, 90-22
psoriatic, 40-2, 40-11–40-12
Reiter syndrome and, 44-6
SLE and, 44-2t

Artificial sweetener, in MNT, 50-11
Asafetida, toxicity of, 29-17
Ascites, 28-4–28-5

electrolytes and, 28-4
fluids and, 28-4
refractory, 28-7–28-8
sodium and, 28-4

ASCOT study, 12-13
ASL. (see Airway surface layer)
Aspartate aminotransferase (AST),

1-12–1-13, 2-9, 12-16, 56-3,
97-18

blood chemistry reference values
for, 2-4t

HBV and, 73-20
as liver test, 28-3

Aspergillosis, 71-23–71-25
Aspergillus spp., 56-5t, 71-1

HCT and, 92-24–92-27
Aspiration

with ALF, 73-14
CAP and, 60-13t

Aspiration pneumonia, 60-18–60-21
pulmonary edema with, 60-19

Aspiration pneumonitis, 5-15, 9-4–9-6
ARDS and, 9-4
hiatal hernia and, 9-4
obesity and, 9-4
pregnancy and, 9-4

Associated epithelial sodium channel
(ENaC), 98-2

AST. (see Aspartate aminotransferase)

Asterixis, 28-16
Asthma, 22-1–22-38

aging and, 99-11–99-12
blood gases and, 22-8–22-9
children and, 22-2, 22-5t, 22-6t
COPD and, 23-5–23-6, 23-6t
diagnosis of, 22-4–22-9
drug-induced, 22-36–22-37
education on, 22-32–22-34
EIA, 22-31–22-32
eosinophils and, 22-2
etiology of, 22-2
GERD and, 26-30
hyperreactivity and, 22-2
IgE and, 22-2
monitoring of, 22-4–22-9
nitric oxide and, 22-2
nocturnal, 22-36
pathophysiology of, 22-2–22-3
PFTs for, 22-5, 22-13
respiratory failure and,

22-20–22-23
rhinitis and, 24-4
seasonal, 22-22–22-23
self-management of, 22-34–22-36
severity of, 22-4t
spirometry for, 22-5–22-7
symptoms of, 22-4

Asymptomatic bacteriuria, 64-1213
Asystole, 19-27, 19-31
ATG. (see Antithymocyte globulin)
Atherogenic dyslipidemia

characteristics of, 12-7t
diabetes and, 12-6
obesity and, 12-6, 12-33–12-34

Atherosclerosis, 12-1–12-25, 16-4–16-5
CHD and, 12-8
cholesterol and, 12-8, 16-4f
common sites of, 14-2f
ED and, 101-4
epidemiologic studies on, 12-10
folic acid for, 16-5
metabolic syndrome in, 14-4f
nitric oxide and, 16-5
obesity and, 82-17t
omega-3 fatty acids for, 16-5
pathogenesis of, 12-8–12-19
PCOS and, 47-5
plaque and, 12-9f
risk factors for, 12-8
UTIs and, 64-2
VaDs and, 100-11
vitamin C for, 16-5
vitamin E for, 16-5

Atkins diet, 12-19
ATN. (see Acute tubular necrosis)
Atopic dermatitis, 38-7t, 38-9–38-10

herpes simplex and, 38-14
Atopy, 22-2
ATP. (see Adenosine triphosphate)
ATP binding cassette (ABC), 98-1
ATPase. (see Adenosine triphosphatase)
Atrial fibrillation (AF), 19-5–19-14

after CABG, 19-13–19-14
cardioversion and, 19-9–19-10
causes of, 19-8t
consequences of, 19-7
ischemic stroke and, 55-3t, 55-5t
stroke and, 19-12–19-13, 55-6t
thrombosis and, 15-25–15-26
treatment for, 19-7–19-12

Atrial flutter, 19-5–19-14
causes of, 19-8t
treatment for, 19-7–19-12

Atrioventricular (AV) nodes, 16-2, 19-2
automaticity in, 19-2

Attention deficit hyperactivity disorder
(ADHD), 81-1–81-8

anxiety and, 81-2
combined, 81-2
conduct disorder and, 81-2
depression and, 81-2
diagnosis of, 81-1–81-2
hyperactive-impulse, 81-2
hyperthyroidism and, 81-2
inattentive, 81-2
Iowa Connors Teacher’s Scale for,

81-4
NE and, 81-3
neurobiology of, 81-3
seizures and, 81-2

Atypical depression, 79-30–79-32
melancholia and, 79-30t

AUC. (see area under the
time-concentration)

AUD. (see Alcohol use disorders)
AUDIT. (see Alcohol Use Disorders

Identification Test)
Aura, 52-2, 52-5–52-6
Auspitz sign, 40-2
Autism, OCD and, 76-33
Autoimmune drug reactions, 4-10t,

4-12–4-13
Autoimmune hepatitis (AIH), 29-15
Autologous HCT, 92-1, 92-3–92-6

complications with, 92-6
harvesting cells for, 92-4
indications for, 92-4
PBPCs for, 92-4–92-5

Automated peritoneal dialysis (APD),
32-1

Automaticity, 19-2
Autosomal-dominant neonatal seizures,

94-41t
AV. (see Atrioventricular nodes)
AVERT, 12-11–12-12
Avian flu, 72-13–72-14
AVM. (see Arteriovenous malformation)
Avolition, 78-5t
AWD. (see Alcohol withdrawal delirium)
AWS. (see Alcohol withdrawal

syndrome)
Azeotrope, 84-2
Azoospermia, 89-35
Azotemia, 18-21, 30-1, 31-2

infants and, 97-14
prerenal, 28-7

B lymphocytes, 23-3t
Babesiosis, 75-2t, 75-14–75-16

Lyme disease with, 75-17
BAC. (see Blood alcohol concentration)
Bacillus Calmette-Guerin (BCG)

immunization for, 70-29
tuberculin skin test and, 61-5,

61-7–61-8
Bacillus cereus, 62-2, 62-8
Bacteremia

definition of, 21-10t
osteomyelitis and, 66-3

Bacterial cervical adenitis, 96-13
Bacterial infections

with HCT, 92-22–92-23
HIV and, 70-35–70-37

Bacterial meningitis
from Hib, 95-7
neonatal seizures and, 94-41t
neonatal sepsis and, 94-29

Bacterial vaginosis (BV), 65-1,
65-18–65-19

preterm labor and, 46-28
Bacteroides spp., 56-5t, 67-8

aspiration pneumonia and, 60-20t
osteomyelitis and, 66-6

BAL. (see Blood alcohol level)
Balanced anesthesia, 9-9
Balloon tamponade, 28-13
Balneology, 40-7–40-8
Bands, blood chemistry reference values

for, 2-5t
BAO. (see Basal acid output)
Bar codes, 1-4
Bare metal stents (BMS), 16-26
Bariatric surgery, 82-22
Barium esophagram, 26-27–26-28
Barnes Akathisia Scale, 78-18t
Barotrauma, 94-15
Barrett’s metaplasia, 25-22
Bartholinitis, 65-10t
Basal acid output (BAO), 26-12
Basal cell carcinoma (BCC), UVR and,

41-1, 41-4
Basal energy expenditure (BEE), 37-4,

37-4t
Basal metabolic rate (BMR), 37-4
Basic fibroblast growth factor (bFGF),

88-9
Basophils, 2-19

blood chemistry reference values
for, 2-5t

BBCET. (see Brief behavioral compliance
enhancement therapy)

BCAA. (see Branched-chain amino acids)
BCC. (see Basal cell carcinoma)
BCEC. (see Biological closed electric

circuit)
B-cell lymphoma, 90-36–90-37
BCG. (see Bacillus Calmette-Guerin)
BEAC. (see Carmustine/etoposide/

cytarabine/cyclophosphamide)
BEE. (see Basal energy expenditure)
Bee stings, 4-7
Beef tapeworms. (see Cestodiasis)
Benign breast disease, 45-16
Benign prostatic hyperplasia (BPH),

3-17–3-20, 101-15–101-23
hyperthermia for, 101-20t
nutritional supplements for, 3-3t
pituitary-gonadal axis and, 101-21f
scoring system for, 101-16t
TURP for, 101-19
UA for, 101-17

Best Pharmaceuticals for Children Act
(BPCA), 93-1

bFGF. (see Basic fibroblast growth factor)
BFUe. (see Burst-forming unit, erythroid)
Bicarbonate (Sodium bicarbonate), 10-2,

11-1
acid-base and, 2-6
for acidosis, 5-8
for aspirin toxicity, 5-8
carbonic acid and, 10-3–10-4
children and, 97-5t, 97-6
diarrhea and, 97-5
DKA and, 50-44t, 50-45
for hyperkalemia, 11-19
metabolic acidosis and, 10-8,

31-14, 97-6
renal control and, 10-3
for RTA, 10-6
for TCA toxicity, 5-5, 5-17–5-18

Bicytopenia, 87-14
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Bidis, 85-27
Bilateral lung transplantation (BLT), 35-8
Bile duct obstruction, 63-4
Biliary cirrhosis

CF and, 98-3t
drug-induced cholestasis and,

29-14t
Biliary obstruction, CF and, 98-3t
Biliary pseudolithiasis, 58-12–58-13
Biliary sclerosis, 29-16
Bilirubin, 2-14

blood chemistry reference values
for, 2-4t

encephalopathy, 94-5
neonatal seizures and, 94-41t

Binge-eating disorders, 82-1, 82-2t,
82-4, 83-6

OCD and, 76-33
Biofeedback, 76-4
Biologic response modifiers, 88-26
Biological closed electric circuit (BCEC),

3-30
Biopsy

for GERD, 26-27
HCV and, 73-36

Bioterrorism, 60-7
CAP and, 60-13t

Biotransformation reactions, in neonates,
94-6

Bipolar disorder, 80-1–80-18
anorexia nervosa and, 83-4
anxiety and, 76-4
bulimia nervosa and, 83-5
clinical assessment of, 80-4–80-5
complications with, 80-3
cost burden of, 80-2
course of, 80-2–80-3
depression in, 80-14–80-16
diagnosis of, 80-1–80-2
drug abuse and, 80-3
ECT for, 80-3, 80-18
epidemiology of, 80-2
mania in, 80-5–80-14
OCD and, 76-33
panic disorder and, 76-21
precipitating factors for, 80-5
pregnancy and, 46-32
psychotherapy for, 80-17
schizophrenia and, 78-4t
suicide and, 80-3
symptoms of, 80-2

Bipolar disorder, not otherwise specified
(NOS), 80-1

Bipolar I disorder, 80-1
Bipolar II disorder, 80-1
Birds, CAP and, 60-13t
Bites, 67-8–67-10
BK polyomavirus, 34-22–34-23
Bladder cancer, 91-15–91-16

clinical presentation of, 91-15
metastatic disease and, 91-16
risk factors for, 91-15
symptoms of, 88-2t, 88-12t
treatment for, 91-15–91-16

Blastomycosis, 71-18–71-19
Bleeding. (see also Hemorrhage;

Stress-related mucosal bleeding)
contraception and, 45-13
in esophagus, 26-24
hypovolemic shock and, 21-15
with PUD, 26-31–26-33
in upper GI, 26-2, 26-31
with ZES, 25-21

Blessed Dementia Scale, 100-2, 100-12

Blessed Information-Memory-
Concentration Test,
100-2

Blindness, diabetes and, 50-8,
50-77–50-78

Blood alcohol concentration (BAC), 84-3
degrees of, 84-6

Blood alcohol level (BAL), 84-3
Blood chemistries, laboratory tests for,

2-2–2-9
Blood dyscrasias, 87-1
Blood gases, asthma and, 22-8–22-9
Blood phobias, 76-26
Blood pressure (BP), 13-2

CAD and, 16-8
CHD and, 12-15
measuring, 13-3–13-4
in neonates, 94-2
nitric oxide and, 13-3
normal values for, 21-5t
sodium and, 13-3

Blood urea nitrogen (BUN), 2-7, 12-16,
31-2

blood chemistry reference values
for, 2-3t

dialysis and, 32-3
hypertension and, 19-2

Blood-brain barrier, 58-2–58-3
BLT. (see Bilateral lung transplantation)
BMD. (see Bone mineral density)
BMI. (see Body mass index)
BMR. (see Basal metabolic rate)
BMS. (see bare metal stents)
BMT. (see Bone marrow transplantation)
BNP. (see Brain natriuretic peptide)
BODE. (see Body-mass index, obstruction

of airflow, dyspnea, and exercise
capacity)

Body dysmorphic disorder
OCD and, 76-33
social anxiety disorder and, 76-27

Body mass index (BMI), 12-22
computation of, 23-8t
diabetes and, 32-2
infants and, 97-12
weight class guidelines and, 82-2t

Body surface area (BSA), 21-7
burns and, 41-16
definition of, 21-34
fungal infections and, 71-5

Body temperature, drug poisoning and,
5-15

Body-mass index, obstruction of airflow,
dyspnea, and exercise capacity
(BODE), 23-8t

Bone
anatomy of, 66-1, 66-2f
calcitonin and, 102-2, 102-3f
calcium and, 102-2, 102-3f
CF and, 98-4
physiology of, 66-1, 102-2
PTH and, 102-2, 102-3f
remodeling, 102-2
vitamin D and, 102-2, 102-3f

Bone marrow
allogenic HCT and, 92-8
chemotherapy and, 89-2

Bone marrow transplantation (BMT),
92-1

Bone mineral density (BMD), 102-1
estrogen and, 102-7–102-8
measurement of, 102-6t

BOOP. (see Bronchiolitis obliterans
organizing pneumonia)

Bordetella pertussis, 95-5
Borrelia burgdorferi, 56-5t, 75-1
BOS. (see Bronchiolitis obliterans

syndrome)
Bouchard’s nodes, 43-37
Boutonneuse fever, 75-2t
Bowel obstruction, nausea from, 7-1
BP. (see Blood pressure)
BPCA. (see Best Pharmaceuticals for

Children Act)
BPD. (see Bronchopulmonary dysplasia)
BPH. (see Benign prostatic hyperplasia)
Bradyarrhythmia, 19-5
Bradykinin, 18-29
Brain

anorexia nervosa and, 82-8
hyponatremia and, 11-10

Brain abscess, 58-21–58-25
dementia and, 100-2t
neonatal seizures and, 94-41t
pruritus and, 38-13t

Brain natriuretic peptide (BNP), 2-12,
18-7, 18-22

blood chemistry reference values
for, 2-4t

Branched-chain amino acids (BCAA),
36-6–36-7

neonatal seizures and, 94-41t
with PN, 37-17

Breakthrough bleeding (BTB), 45-12
Breast cancer, 91-2–91-7

chemotherapy for, 91-3–91-4,
91-5–91-7, 91-6t

contraception and, 45-17
endocrine therapy for, 91-4–91-5
menopause and, 48-3
metastatic disease with, 91-5
in postmenopausal women, 91-7
pruritus and, 38-13t
risk factors for, 91-2t
screening for, 91-2
staging of, 88-11t
surgery for, 91-2–91-3
symptoms of, 88-12t

Breast-feeding, 97-1
contraception during, 45-18
HBV and, 73-11
HIV and, 97-7
HTLV-1 and, 97-7
methadone and, 83-8

Breath measurements, of alcohol, 84-3
Bridge therapy, 15-17–15-28
Brief behavioral compliance enhancement

therapy (BBCET), 84-19
for AUD, 85-12t

Brief Psychiatric Rating Scale (BPRS),
78-18t

Bronchial infections, 60-1–60-5
Bronchiectasis

CAP and, 60-13t
CF and, 98-3t

Bronchiolitis, 96-11–96-13
Bronchiolitis obliterans (OB), 35-9
Bronchiolitis obliterans organizing

pneumonia (BOOP), 25-5t,
25-6–25-7t

Bronchiolitis obliterans syndrome (BOS),
35-9

Bronchitis, 23-2, 56-6t
AB, 60-1–60-2
CB, 23-2, 60-2–60-5

COPD and, 60-2
hyperreactivity and, 22-2
smoking and, 60-2

Bronchopulmonary dysplasia (BPD),
97-16

Chlamydia spp. and, 94-15
clinical manifestations of,

94-14–94-15
CMV and, 94-15
fluids and, 94-19
management of, 94-15–94-18
mortality rate for, 94-19
in neonates, 94-14–94-19
oxygen for, 94-15
pathogenesis of, 94-14–94-15
prevention of, 94-19
pulmonary edema and, 94-15
rickets and, 94-19
from RSV, 94-18
vitamin A for, 94-19
vitamin D and, 94-19

Bronchospasm, drug-induced, 25-3–25-4t
Bronzers, 41-10
Broth dilution, 56-7–56-14
BSA. (see Body surface area)
BTB. (see Breakthrough bleeding)
BU. (see Busulfan)
Bulimia nervosa, 82-1, 82-2–82-3,

82-2t, 82-14–82-17
alcohol and, 82-3
anxiety and, 82-3, 83-5
bipolar disorder and, 83-5
CBT for, 82-16
clinical features of, 82-14
complications with, 82-15–82-16
course of, 82-15
depression and, 82-3
diabetes mellitus and, 82-3
diagnosis of, 82-3t
dysthymic disorder and, 83-5
electrolytes and, 82-15
epidemiology of, 82-4–82-5
hypokalemia and, 82-15
hyponatremia and, 82-15
nicotine and, 83-5
obesity and, 83-5
OCD and, 76-33, 83-5
panic disorder and, 83-5
personality disorders and, 83-5
prognosis for, 82-15
treatment of, 82-15–82-16
vomiting and, 82-15

Bullous eruptions, 38-15–38-16
BUN. (see Blood urea nitrogen)
Burkholderia cepacia, 98-4
Burkitt ALL, 90-24
Burns, 41-15–41-21

alcoholism and, 41-18
allodermal grafts for, 41-19
allografts for, 41-19
ARDS and, 41-17
BSA and, 41-16
chemical, 51-14
chemotherapy and, 41-18
children and, 41-18
classification of, 41-16
complications with, 41-17
diabetes mellitus and, 41-18
epidemiology of, 41-15–41-16
etiology of, 41-18
HIV and, 41-18
human cadaver skin for,

41-18–41-19
hypertension with, 20-1
hypophosphatemia and, 11-26
inhalation injury with, 41-17
obesity and, 41-18
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Burns (continued)
pig skin for, 41-19
pruritus with, 41-20
rule of nines for, 41-16
skin substitutes for, 41-18–41-20
SRMB and, 26-34t
synthetic dressings for,

41-18–41-20
tissue-engineered biological

dressings for, 41-19–41-20
treatment of, 41-18–41-21
triage for, 41-17–41-18
xenografts for, 41-19

Burst-forming unit, erythroid (BFUe),
86-1–86-2

Busulfan (BU), 92-5t
BV. (see Bacterial vaginosis)

CA. (see Carbonic anhydrase)
CABG. (see Coronary artery bypass graft)
CAD. (see Coronary artery disease)
Cadherins, 88-9
Caffeine

headache and, 52-2t
panic disorder and, 76-22, 76-24

C-A-G-E, 84-12
Calcinosis, with dermatomyositis, 44-1
Calcitonin

bone and, 102-2, 102-3f
calcium and, 11-20

Calcitonin gene-related peptide (CGRP),
8-2

headache and, 52-3
Calcium, 2-9–2-10, 11-20–11-24, 19-1.

(see also Calcium in Drug Index;
Hypercalcemia; Hypocalcemia)

blood chemistry reference values
for, 2-3t

bone and, 102-2, 102-3f
calcitonin and, 11-20
children and, 97-4–97-5
GI tract and, 11-21
homeostasis of, 11-20
liver transplantation and, 34-26
myocardial ischemia and, 16-4
osteoporosis and, 102-5
phosphorus and, 11-25
pregnancy and, 46-7
PTH and, 11-20
in selected foods, 102-4t
in various salts, 102-4t
vitamin D and, 11-20

Calcium stones, 30-16
Calcium-sensing receptors (CaSR), 31-27
Caloric density, 36-5
cAMP. (see Cyclic adenosine

monophosphate)
cAMP-response element binding protein

(CREB), 84-5
Campylobacter spp., 56-5t
Campylobacter jejuni, 62-16
CA-MRSA. (see Community-acquired

Staphylococcus aureus)
Canalicular cholestasis, 29-13–29-14
Cancer. (see also Malignancy; Solid

tumors; Tumors; Specific organs)
carcinogens and, 88-2t
chemotherapy for, 88-14–88-25
depression and, 88-12
diet and, 88-6
endocrine therapy for, 88-25,

88-25t
genes and, 88-4t
nutritional supplements for, 3-3t

paraneoplastic syndromes and,
88-13t

PE and, 15-16t
prevention of, 88-4–88-6
radiation therapy for, 88-14, 88-14t
screening for, 88-9–88-11, 88-10t
sites for, 88-2t, 88-9t
from smokeless tobacco, 85-25
smoking and, 85-6t
statistics on, 88-1–88-2
sun exposure and, 88-6
surgery for, 88-13–88-14
symptoms of, 6-6t, 88-12t
UVR and, 88-6
weight and, 82-6t

Candida spp., 56-5t, 63-10, 71-1, 71-2,
71-8–71-16

neonatal sepsis and, 94-28
Candida albicans

endocarditis from, 59-21–59-22
UTIs from, 64-2

Candiduria, 71-16–71-18
Cannabinoid receptor 1 (CB1), 84-5
CAP. (see Community-acquired

pneumonia)
CAPD. (see Continuous ambulatory

peritoneal dialysis)
Carbohydrate

diabetes and, 50-4
metabolism of, 10-1–10-2
in MNT, 50-11
in PN, 37-5–37-6

Carbon dioxide (CO2), 2-6, 10-1–10-2
blood chemistry reference values

for, 2-3t
panic disorder and, 76-22
tension of, 10-3–10-4

Carbon dioxide absorber, 9-9
Carbonic acid, 10-1–10-2, 10-3

bicarbonate and, 10-3–10-4
Carbonic anhydrase (CA), 10-3
Carcinogens, 91-22

cancer and, 88-2t
Cardiac allograft vasculopathy (CAV),

35-5
Cardiac arrest, 19-27–19-31

asystole and, 19-31
external defibrillation for, 19-28
PEA, 19-29–19-31
treatment algorithm for, 19-30

Cardiac arrhythmias. (see Arrhythmias)
Cardiac denervation, 35-3
Cardiac dilation, 18-8
Cardiac hypertrophy, 18-9
Cardiac index (CI), 21-7, 21-34
Cardiac output (CO), 18-3, 21-2, 21-4,

21-6
aging and, 99-3
definition of, 21-34
in neonates, 94-8
normal values for, 21-5t

Cardiac remodeling, 18-8, 18-8f
Cardiac valve replacement, thrombosis

and, 15-26–15-27
Cardia-resynchronization therapy (CRT),

18-65–18-66
Cardiogenic pulmonary edema,

drug-induced, 25-4t
Cardiogenic shock, 21-1, 21-2t,

21-16–21-27
CVP and, 21-17
hemodynamic monitoring and,

21-7t
HF and, 21-8, 21-21–21-24

MI and, 21-8, 21-24–21-27
PCWP and, 21-17
typical findings of, 21-9t

Cardiomyopathy
anxiety and, 76-4
chemotherapy and, 89-22–89-23

Cardiopulmonary resuscitation (CPR),
19-27, 19-30

Cardiovascular disease (CVD), 16-2
aging and, 99-7–99-8
contraception and, 45-13–45-14
diabetes mellitus and, 50-8
gout and, 42-2
menopause and, 48-3–48-4
PCOS and, 47-4–47-5
smoking and, 85-6t, 85-17
type 2 diabetes and, 50-76–50-77

Cardiovascular function, drug poisoning
and, 5-15

Cardioversion
AF and, 19-9–19-10
hyperthyroidism and, 49-21

Carmustine/etoposide/cytarabine/
cyclophosphamide (BEAC), 92-5t

Carnitine, 36-10, 97-17
Carotid artery angioplasty and stenting

(CAS), 55-8
Carotid endarterectomy (CEA), 55-8
Carotid intimal-medial thickness (IMT),

for CHD, 12-18t
CAS. (see Carotid artery angioplasty and

stenting)
Casein, 97-7
CaSR. (see Calcium-sensing receptors)
Cataplexy, 77-17–77-18
Cataracts, 51-21

smoking and, 85-6t
from sunlight, 41-14–41-15

Catheters
CAD and, 16-8
central venus, 21-3–21-4, 32-5
neonatal sepsis and, 94-28
with peritoneal dialysis,

32-12–32-13
PICC, 66-5, 88-23
pulmonary artery, 21-4, 21-4f
Tenckhoff, 32-12
urinary, 64-18–64-19

Cats, CAP and, 60-13t
CAV. (see Cardiac allograft vasculopathy)
CB. (see Chronic bronchitis)
CB1. (see Cannabinoid receptor 1)
CBAVD. (see Congenital bilateral absence

of vas deferens)
CBC. (see Complete blood count)
CBG. (see Cortisol-binding globulin)
CBT. (see Cognitive behavioral therapy;

Cord blood transplant)
CCK. (see Cholecystokinin)
CCPD. (see Continuous cycling peritoneal

dialysis)
CD. (see Crohn disease)
CDAD. (see Clostridium

difficile-associated diarrhea)
CDAI. (see Clinical Disease Activity Index)
CDK. (see Cyclin-dependent kinases)
CEA. (see Carotid endarterectomy)
Cell cycles, 88-6–88-8
Cell kill, 88-14
Cell-mediated (delayed) reactions,

4-3–4-4
β-cells

insulin and, 50-15
type 1 diabetes and, 50-4

Cellulitis, 56-6t, 67-1–67-5
from drug needles, 83-5
from Hib, 95-7

Central nervous system (CNS)
alcohol and, 84-4
cerebrovascular disorders of,

55-19
chemotherapy toxicity and,

89-19
drug poisoning and, 5-4, 5-15–5-16
hypertensive emergencies and,

20-1, 20-2
infections of, 58-1–58-25
renal failure and, 33-3
sepsis and, 56-4
stimulants for, 83-12–83-15

Central sensitization, 8-4
Central venous catheter, 21-3–21-4,

32-5
Central venous pressure (CVP), 18-17,

21-5, 21-34
cardiogenic shock and, 21-17
normal values for, 21-5t

Centrilobular emphysema, 23-4
Cerebral edema, with ALF, 73-13–73-14
Cerebral hemorrhage, 55-1–55-2
Cerebral infarction, 55-1, 55-12–55-18
Cerebral overhydration, 11-10
Cerebrospinal fluid (CSF), 58-2

acidosis and, 10-3
stroke and, 55-12

Cerebrovascular disorders, 55-1–55-19
aspiration pneumonia and, 60-18t
epidemiology of, 55-2
pathophysiology of, 55-2–55-4

Cervical cancer
contraception and, 45-14
HPV and, 88-6
vaccination for, 88-6

Cervical cap, 45-24
Cervical dysplasia, contraception and,

45-14
Cervical intraepithelial neoplasia (CIN),

65-29
HIV and, 70-42

Cervical ripening, 46-20
Cervicitis, 65-10t
Cestodiasis, 74-12–74-13
CETP. (see Cholesterol ester transfer

protein)
CF. (see Cystic fibrosis)
CFC. (see Chlorofluorocarbons)
C-fibers, 8-2
CFTR. (see Cystic fibrosis transmembrane

regulator protein)
CFUe. (see Colony-forming unit,

erythroid)
CGL. (see Chronic granulocytic leukemia)
CGM. (see Continuous glucose monitoring)
CGRP. (see Calcitonin gene-related

peptide)
CH. (see Chronic hepatitis)
Chancroid, 65-17–65-18
Chaparral leaf, toxicity of, 29-17, 29-19t
CHD. (see Coronary heart disease)
Chem Profile-20, 2-9
Chemical burns, in eyes, 51-14
Chemical chaperones, 98-14
Chemokines, COPD and, 23-2
Chemoprevention, 88-4–88-6

trials of, 88-5t
Chemoprophylaxis, malaria and, 74-6
Chemoreceptor trigger zone (CTZ), 7-1,

9-22
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Chemotherapy
acneiform and, 89-12–89-13
for acute lymphocytic leukemia,

88-20
adjuvant, 88-21
adverse effects of, 89-1–89-35
for ALL, 90-27
alopecia and, 89-11
for AML, 89-33–89-34, 90-5–90-8
anaphylactoid reactions and, 89-16
anemia and, 87-16–87-17, 89-5
bone marrow and, 89-2
for breast cancer, 91-3–91-4,

91-5–91-7, 91-6t
burns and, 41-18
for cancer, 88-14–88-25
cardiomyopathy and, 89-22–89-23
CHF and, 89-22
coagulation and, 89-5
combination, 88-20–88-21
conception and, 89-35
constipation and, 89-22
cranial nerves and, 89-22
cytopenias and, 89-2–89-3
cytotoxic, 88-14–88-20
diarrhea and, 89-10
dose intensity of, 88-19
dry skin and, 89-13
echinacea and, 3-17
encephalopathy and, 89-19
esophagitis and, 89-10
fertility and, 89-34–89-35
GI tract and, 89-6–89-7, 92-14
HBV and, 73-13
for HD, 88-20
hemolytic anemia and, 89-16
hypersensitivity and, 89-15–89-19
for indolent lymphoma, 90-17
induction, 88-21
infectious diarrhea and, 62-4
kidneys and, 89-26–89-29
leukoencephalopathy and, 89-19
liver and, 89-32–89-33, 89-32t
lungs and, 89-29–89-32,

89-30–89-31t
during malignancy, 88-23f
mucositis and, 89-6–89-7, 89-7t,

89-8–89-9
nails and, 89-11–89-12
nausea and, 89-6
neoadjuvant, 88-21
neutropenia and, 68-2t, 89-3
neutrophils and, 89-2
for NHL, 88-20
oogenesis and, 89-34
for ovarian cancer, 91-14–91-15
ovaries and, 89-34
paresthesia and, 89-21–89-22
photosensitivity and, 89-14
platelets and, 89-2
primary, 88-21
for prostate cancer, 91-20
radiation therapy and,

89-13–89-14, 89-14t
RBC and, 89-2
schedule dependency of, 88-19
skin and, 89-10–89-15
spermatogenesis and, 89-34–89-35
ST segment and, 89-25
stomatitis and, 89-8–89-9
sunscreen and, 89-15
thrombocytopenia and, 89-2
thrombosis and, 89-5
toxicity with, CNS and, 89-19

tumors and, site of, 88-20
VOD from, 29-16
vomiting and, 89-6
xerostomia and, 89-6–89-8, 89-7t

Chemotherapy-associated acral
erythema, 89-12

Chemotherapy-induced nausea and
vomiting (CINV), 7-3–7-9, 92-6

Chest pain, 17-16
CHF. (see Congestive heart failure)
Chicken pox. (see Varicella)
Childhood absence epilepsy, 54-3t
Children, 3-32, 93-1–93-21. (see also

Infants; Neonates)
ALL in, 90-22–90-35
analgesia for, 93-11–93-16
asthma and, 22-2, 22-5t, 22-6t
bicarbonate and, 97-5t, 97-6
burns and, 41-18
calcium and, 97-4–97-5
Cl and, 97-4, 97-5t
colds in, 93-5
constipation in, 93-5–93-6
cough in, 93-5
dehydration and, 93-7–93-8,

97-2–97-6
diarrhea in, 93-6
electrolytes and, 97-1–97-6, 97-4t
fever in, 93-4–93-5
fluids and, 97-1–97-6
GERD in, 25-22, 93-9–93-11
HUS in, 93-16–93-17
hypoglycemia in, 50-32–50-33,

50-34
immunization for, 95-1–95-12

adverse effects of, 95-4
contraindications for, 95-1–95-3
immunocompromise and, 95-12
schedule for, 95-1, 95-2f, 95-3f

infection in, 96-1–96-19
insomnia with, 77-20–77-21
ITP in, 93-17–93-19
JIA in, 43-33–43-36
medication errors with, 93-2
nephrotic syndrome in,

93-19–93-21
NHL in, 90-35–90-38
nutrition and, 97-1–97-19
pain and, 8-30–8-31
PCP and, 70-7
photoprotection for, 41-14
PN and, 97-13–97-18
potassium and, 97-4–97-5, 97-6
psychiatric disorders in, 81-1–81-8
pyelonephritis in, 96-15
schizophrenia and, 78-30
sedation for, 93-11–93-16
seizures in, with fever, 93-4
SMBG for, 50-33
sodium and, 97-4, 97-5t
solid tumors in, 91-22–91-23
TB in, 61-22–61-23
type 1 diabetes in, 50-32–50-34
UA for, 96-16
UTIs in, 64-12, 96-15–96-19

risk factors for, 96-15t
viral gastroenteritis in, 93-6–93-7
vomiting in, 93-6, 93-7t

Child-Turcotte-Pugh classification, 28-3,
28-3t

Chlamydia spp., BPD and, 94-15
Chlamydia pneumoniae

CAP and, 60-7t
Reiter syndrome from, 44-5

Chlamydia trachomatis, 65-10–65-12
gonorrhea with, 65-3
preterm labor and, 46-25

Chloride (Cl), 2-6–2-7, 11-1
absorption of, 11-3, 11-3f
acid-base and, 2-6
blood chemistry reference values

for, 2-3t
children and, 97-4, 97-5t

Chlorofluorocarbons (CFC), UVR and,
41-2

Cholangitis, 63-1–63-5
Cholecystitis, 63-1–63-5
Cholecystokinin (CCK), 97-19

anxiety and, 76-2
GAD and, 76-7
panic disorder and, 76-22

Choledocholithiasis, 27-3t
Cholelithiasis, CF and, 98-3t
Cholera. (see Vibrio spp.)
Cholestasis, 28-3
Cholesterol, 2-15, 12-2. (see also

High-density lipoproteins;
Low-density lipoproteins)

AD and, 100-3
atherosclerosis and, 12-8, 16-4f
biosynthetic pathway of, 12-3f
CHD and, 12-8, 12-10, 12-15
CKD and, 31-4
clinical trials on, 12-11–12-12,

12-12t
diet and, 12-19–12-22
eGFR and, 31-4–31-5
fiber and, 12-22
LDL and, 12-4
MI and, 17-11
risk factors with, 12-20t
secondary causes of, 12-16–12-17
smoking and, 12-22
therapy for, 12-19–12-22
TIA and, 55-7–55-8
transport of, 12-5f
weight and, 12-22

Cholesterol ester transfer protein (CETP),
12-3

Choline acetyltransferase, 100-4
Chondylomata lata, 65-14
Chorionic veins and arteries, 46-3
Choroid, 51-2
Chromosomally mediated resistant

N. gonorrhoeae (CMRNG), 65-5
Chronic allograft nephropathy (CAN),

35-16
Chronic asthma, 22-21–22-30
Chronic benign pain, 8-6
Chronic bronchitis (CB), 23-2,

60-2–60-5
COPD and, 60-2
hyperreactivity and, 22-2
smoking and, 60-2

Chronic drug-induced liver disease,
29-15–29-17

features of, 29-15t
Chronic fatigue syndrome, depression

and, 79-3t
Chronic gastritis, Helicobacter pylori and,

26-9
Chronic granulocytic leukemia (CGL),

90-2
Chronic GVHD, 92-20–92-22

CMV and, 92-21
herpes zoster and, 92-21
PJP and, 92-21
symptoms of, 92-21t

Chronic hepatitis (CH), 29-15–29-16,
73-20–73-30

α1-antitrypsin and, 73-4t
etiologies of, 73-4t
evaluation of, 73-20–73-30, 73-20t
from HBV, 73-2
from HCV, 73-2
management of, 73-20–73-30
Wilson’s disease and, 73-4t

Chronic intrahepatic cholestasis, 29-16
Chronic kidney disease (CKD),

31-1–31-34. (see also End-stage
renal disease)

anemia of, 31-14–31-19
treatment for, 31-16–31-19

cardiovascular system and,
31-19–31-21

cholesterol and, 31-4
dermatologic complications with,

31-29
drug-induced causes of, 31-3
dyslipidemias with, 31-4
eGFR and, 31-6–31-7
electrolytes and, 31-12–31-14
epidemiology of, 31-2–31-3
etiology of, 31-2–31-3
fluids and, 31-12–31-14
gastrointestinal complications

with, 31-28
glucose and, 31-28
hyperkalemia with, 31-13–31-14
hyperparathyroidism and,

31-21–31-27
hypertension and, 13-18, 13-28,

13-30, 31-19–31-20
hypothyroidism and, 31-27–31-28
insulin metabolism and, 31-28
magnesium and, 31-14
metabolic acidosis with, 31-14
metabolic effects of, 31-9t
neurologic complications with,

31-29
phosphorus and, 31-8, 31-14
prevention of, 31-7–31-9
protein and, 31-8
staging of, 31-2t, 31-6–31-7
treatment for, 31-3–31-4

Chronic lymphocytic leukemia (CLL), 90-2,
90-10–90-13

CMV and, 90-13
fungal infections with, 90-13
HCT and, 92-3t
viral infections with, 90-13

Chronic malignant pain, 8-6
Chronic myeloid leukemia (CML), 90-2,

90-8–90-10
cyogenic response in, 90-9t
HCT and, 92-3t

Chronic nonmalignant pain, 8-6–8-7
Chronic obstructive airways disease

(COAD), 56-7
Chronic obstructive pulmonary disease

(COPD), 18-3, 23-1–23-17
aging and, 99-11–99-12
anxiety and, 76-4
asthma and, 23-5–23-6, 23-6t
CAP and, 60-13t
CB and, 60-2
chemokines and, 23-2
cytokines and, 23-2, 23-3t
emphysema and, 60-2
EN and, 36-11
exacerbations of, 23-11–23-17
growth factors and, 23-3t
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Chronic obstructive pulmonary disease
(COPD) (continued)

HIV and, 23-2
hypophosphatemia and, 11-26
immunization with, 23-9, 23-12
inflammatory cells and, 23-3t
Legionella spp. and, 60-8
lung transplantation and, 35-8
proteases and, 23-4t
pulmonary rehabilitation for,

23-14–23-15
respiratory acidosis and, 10-10
risk factors for, 23-1–23-2
smoking and, 23-2, 23-3f, 23-12
stages of, 23-11t

Chronic osteomyelitis, 66-1, 66-7–66-8
Chronic pain syndrome, 8-6–8-7

depression and, 79-3t
panic disorder and, 76-24
tension-type headaches and, 52-23

Chronic regional pain syndrome (CRPS),
8-26

Chronic renal allograft dysfunction
(CRAD), 35-16

Chronic renal insufficiency, 31-6
Chronic sinusitis, 56-6t
Chronic stable angina, 16-1
Chronic steatosis, 29-16
Chronotherapy, 77-7
Church of Scientology, 81-1
Chylomicrons, 12-5
CI. (see Cardiac index)
Cigars, 85-26–85-27
Ciliary body, 51-2
CIN. (see Cervical intraepithelial

neoplasia; Contrast-induced
nephropathy)

CINV. (see Chemotherapy-induced nausea
and vomiting)

Circumstantiality, 78-5t
Cirrhosis

anxiety and, 76-4
DILI and, 29-16
HCV and, 28-2
hyponatremia and, 11-9
panic disorder and, 76-24
peritonitis and, 63-5–63-6

CIS. (see Clinical information system)
CIWA. (see Clinical Institute Withdrawal

Assessment)
CK. (see Creatine kinase)
CKD. (see Chronic kidney disease)
Cl. (see Chloride)
CLA. (see Cutaneous leukocytoclastic

angiitis; Cutaneous
lymphocyte-associated antigen)

ClCr. (see Creatinine clearance)
Climacteric. (see Perimenopause)
Climatotherapy, 40-8
Clinical Dementia Rating Scale, 100-5
Clinical Disease Activity Index (CDAI),

43-11
Clinical information system (CIS), 1-4
Clinical Institute Withdrawal Assessment

(CIWA), 84-7–84-8
CLL. (see Chronic lymphocytic leukemia)
Clostridial myonecrosis, 67-6
Clostridium difficile, 56-5t
Clostridium difficile-associated diarrhea

(CDAD), 62-19–62-23
CAP and, 60-8

Clostridium perfringens, 62-2, 62-8, 67-6
Clotting, 15-2–15-3, 55-2–55-3

cascade, 15-2–15-3

diarrhea and, 15-21
hypothyroidism and, 15-21
inhibitors of, 15-3t

Clotting factor V, 45-15
Clove cigarettes, 85-27
Cloves, toxicity of, 29-19t
Clue cells, 65-18
Cluster headaches, 52-2–52-3, 52-2t,

52-19–52-22
alcohol and, 52-20
conjunctiva and, 52-20
growth hormone and, 52-19
Horner’s syndrome and, 52-20
melatonin and, 52-19
pathophysiology of, 52-19–52-20
prolactin and, 52-19
sleep and, 52-20
symptoms of, 52-20
testosterone and, 52-19
trigeminocervical complex and,

52-19
Cluster seizures, 54-23–54-24
CML. (see Chronic myeloid leukemia)
CMM. (see Cutaneous malignant

melanoma)
CMRNG. (see Chromosomally mediated

resistant N. gonorrhoeae)
CMV. (see Cytomegalovirus)
CNP. (see Type-C natriuretic peptide)
CNS. (see Central nervous system)
CO. (see Cardiac output)
CO2. (see Carbon dioxide)
COAD. (see Chronic obstructive airways

disease)
Coagulase-negative staphylococci

(CONS), 94-28–94-29
Coagulation

chemotherapy and, 89-5
HD and, 32-5–32-7
studies on, 2-19–2-20

Cocaine-induced hypertension, 20-1,
20-16–20-17

Coccidioides spp., 56-5t
Coccidioidomycosis, 71-22–71-23
Cockcroft-Gault equation, 2-8, 31-5,

99-4
Coelomic epithelium, 47-15
Cognitive behavioral therapy (CBT)

for anorexia nervosa, 82-13
for AUD, 84-12t
for bulimia nervosa, 82-16
for GAD, 76-7
for insomnia, 77-2
for phobic disorders, 76-26
for PMS, 47-22
for PTSD, 76-30
for schizophrenia, 78-8
smoking and, 85-9t

Cold nodules, 49-35–49-36
Colds, 72-18

in children, 93-5
nutritional supplements for,

3-3t
zinc for, 3-30–3-31, 72-18

Colloid oncotic pressure (COP), 21-11
Colon cancer, 91-7–91-10

COX-2 and, 88-4
diet and, 88-6
genetic markers for, 91-10
prognosis with, 91-8–91-9
recurrence of, 91-9–91-10
screening for, 91-7–91-8
staging of, 91-8–91-9
treatment for, 91-9

Colonization, 68-3
Colony-forming unit, erythroid (CFUe),

86-2
Colony-stimulating factors (CSF), 89-2
Colorado tick fever (CTF), 75-2t,

75-16–75-17
Colorectal cancer, symptoms of, 88-12t
Colostrum, 97-7
Combination chemotherapy,

88-20–88-21
Comedones, 39-1
Comfrey, toxicity of, 29-17, 29-19t
Common colds. (see Colds)
Common Toxicity Criteria (CTC), 88-24
Communication, 1-4–1-8
Community-acquired ARF, 30-2
Community-acquired pneumonia (CAP),

60-5
adenovirus and, 60-8
causes of, 60-13t
CDAD and, 60-8
criteria for, 60-11t
influenza A and, 60-8
influenza B and, 60-8
mortality with, 60-5t
parainfluenza virus and, 60-8
pathogens associated with, 60-7t

Community-acquired Staphylococcus
aureus (CA-MRSA), 60-8

Compelling indications, 13-17
Complement activation, 4-15
Complete blood count (CBC), 2-17
Complex partial seizures, 54-2,

54-8–54-19
Compliance, 21-34
Compulsion, 76-32
Compulsive buying, 76-33
Computed tomography (CT)

for dementia, 100-2
for stroke, 55-12

Conception, chemotherapy and, 89-35
Condoms, 45-24
Conduct disorder, ADHD and, 81-2
Conduction, 19-2–19-3

re-entry and, 19-3–19-4
velocity of, 19-2

Conduction blocks, 19-4–19-5, 19-17.
(see also Left bundle branch
blocks; Right bundle branch blocks)

second-degree atrioventricular
block, 19-17

Condyloma, 38-7t
Congenital adrenal hyperplasia, 47-2
Congenital anomalies, teratogenicity and,

46-30–46-36
Congenital bilateral absence of vas

deferens (CBAVD), 98-6t
Congenital rubella syndrome (CRS),

94-36
Congenital syphilis (CS), 65-13f
Congestive heart failure (CHF), 18-2

ARF and, 30-2, 30-7–30-8
BNP and, 2-12
chemotherapy and, 89-22
depression and, 79-3t
heart transplantation and, 35-5
hyponatremia and, 11-9
with hypothyroidism, 49-17–49-18

Conjunctiva, 51-1
cluster headaches and, 52-20

Conjunctivitis, 65-10t
allergic, 51-19
gonococcal, 51-14
Haemophilus aegyptius and, 51-14

Reiter syndrome and, 44-6
Staphylococcus aureus and, 51-14

Conjunctivitis-otitis syndrome, 96-5
Connective tissue disorders (CTDs),

44-1–44-16
symptoms of, 44-1–44-2

CONS. (see Coagulase-negative
staphylococci)

Conservative surgery, for endometriosis,
47-15

Constipation
chemotherapy and, 89-22
in children, 93-5–93-6
IBS and, 27-19–27-20
pregnancy and, 46-32

Constipation-predominant irritable
bowel syndrome (CP-IBS),
27-19–27-20

Contact dermatitis, 4-19, 38-7t
Continuous ambulatory peritoneal dialysis

(CAPD), 31-28, 32-1, 32-11f,
33-4, 33-16–33-17

dialysate with, 32-11–32-12
electrolytes and, 32-5t
peritonitis and, 63-5–63-8
prescription for, 32-13–32-14

Continuous cycling peritoneal dialysis
(CCPD), 32-11

Continuous glucose monitoring (CGM),
50-13, 50-14

Continuous positive airway pressure
(CPAP), 77-6

for OSA, 77-17
Continuous renal replacement therapy

(CRRT), 33-4
Continuous venovenous hemofiltration

(CVVH), 33-4, 33-16
Contraception, 45-1–45-26

bleeding and, 45-13
breast cancer and, 45-17
during breast-feeding, 45-18
cervical cancer and, 45-14
cervical dysplasia and, 45-14
CVD and, 45-13–45-14
depression and, 45-17
diabetes and, 45-17–45-18
dysmenorrhea and, 45-16
ectopic pregnancy and, 45-17
endometrial cancer and, 45-16
failure rates of, 45-2
gallbladder disease and, 45-18
headache and, 45-14
hypertension and, 45-14–45-15
liver and, 45-15
medical eligibility for, 45-7–45-9t
ovarian cancer and, 45-17
PID and, 45-17
PMS and, 45-16
during pregnancy, 45-18
thromboembolic disease and,

45-15–45-16
UTIs and, 64-3
VTE and, 45-15

Contractility, 18-4–18-5, 21-34
Contrast-induced nephropathy (CIN),

30-12
Coomb’s test, 87-5
COP. (see Colloid oncotic pressure)
COPD. (see Chronic obstructive

pulmonary disease)
Cord blood transplant (CBT), 92-2
Cornea, 51-1

drug-induced changes to, 78-24
Pseudomonas aeruginosa in, 51-14
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ulcers of, 51-19–51-20
HCV and, 73-38

Coronary artery bypass graft (CABG),
16-29–16-30

AF after, 19-13–19-14
MI after, 16-6

Coronary artery disease (CAD),
16-1–16-2

BP and, 16-8
catheter and, 16-8
ED and, 101-3
homocysteine and, 31-20
hypertension and, 13-18, 13-28,

13-30
prevention of, 16-9t
risk factors for, 16-8–16-9
smoking and, 16-9t, 16-10

Coronary heart disease (CHD),
12-1–12-25, 16-1–16-2, 99-9

alcohol and, 84-3
angiography and, 12-11
apolipoprotein B and, 12-22
atherosclerosis and, 12-8
blood pressure and, 12-15
cholesterol and, 12-8, 12-10, 12-15
diabetes and, 12-13
EBCT for, 12-18t
exercise ECG for, 12-18t
IMT for, 12-18t
ischemic stroke and, 55-3t
LDL and, 12-11, 12-13f
menopause and, 48-3–48-4
myocardial perfusion imaging for,

12-18t
obesity and, 82-17t
plaque and, 12-10
primary prevention of, 12-13
risk and

equivalents for, 12-17–12-19,
12-18t

factors for, 12-13–12-14, 12-14t,
12-18t, 12-19

reduction for, 12-15
secondary prevention of,

12-11–12-12
smoking and, 12-22
TG and, 12-33
type 2 diabetes and, 50-76–50-77

Coronavirus, SARS and, 72-17
Corporal smooth muscle, 101-3
Corpulmonale, 18-3
Corrected age, 94-2t
Corticotrophin-releasing hormone (CRH),

76-2
Corticotropin-releasing factor (CRF), 79-4

wakefulness and, 77-4
Cortisol, eating disorders and, 82-5
Cortisol-binding globulin (CBG), 44-7
Corynebacterium spp., 56-5t

neutropenia and, 68-3
Cost containment strategies, 1-17t
Costimulatory molecules, 34-3
Cough

CAP and, 60-13t
in children, 93-5
pregnancy and, 46-32

Cow’s milk, 97-8–97-9
infants and, 97-10

Coxsackie meningoencephalitis, neonatal
seizures and, 94-41t

CPAP. (see Continuous positive airway
pressure)

CP-IBS. (see Constipation-predominant
irritable bowel syndrome)

CPK. (see Creatine phosphokinase)
CPR. (see Cardiopulmonary resuscitation)
CPT. (see Current procedural technology)
CRAD. (see Chronic renal allograft

dysfunction)
Cranial nerves, chemotherapy and, 89-22
C-reactive protein (CRP)

blood chemistry reference values
for, 2-4t

EDS and, 77-16
ESR and, 1-12
neonatal sepsis and, 94-29
OSA and, 77-16
osteomyelitis and, 66-3

Creatine kinase (CK), 2-11, 17-11
blood chemistry reference values

for, 2-3t
MI and, 16-30, 17-3–17-4
reperfusion and, 17-16

Creatine phosphokinase (CPK), 12-17
Creatinine, 2-7, 12-16

blood chemistry reference values
for, 2-3t

pregnancy and, 46-6
SLE and, 44-2t, 44-3

Creatinine clearance (ClCr), 2-7–2-8,
99-4

CREB. (see cAMP-response element
binding protein)

Crepitus, 43-37
Crescendo angina, 16-30
CREST syndrome, 44-4
CRF. (see Corticotropin-releasing factor)
CRH. (see Corticotrophin-releasing

hormone)
Crohn disease (CD), 27-1, 27-13–27-16

amyloidosis and, 27-3t
ankylosing spondylitis and, 27-3t
complications with, 27-3t
erythema nodosum and, 27-3t
psoriasis and, 40-2
UC and, 27-3t
uveitis and, 27-3t
weight and, 82-6t

Cross reactivity, 4-6
Croup, 96-10–96-11

from parainfluenza virus, 96-10
from RSV, 96-10

CRP. (see C-reactive protein)
CRPS. (see Chronic regional pain

syndrome)
CRRT. (see Continuous renal replacement

therapy)
CRS. (see Congenital rubella syndrome)
CRT. (see Cardia-resynchronization

therapy)
Cryoglobulinemia

with HAV, 73-4
HCV and, 73-38

Cryotherapy, for genital warts, 65-30
Cryptococcosis, 71-25–71-26

HIV and, 70-23–70-26
Cryptococcus spp., 71-1
Cryptogenic cirrhosis, 29-15
Cryptosporidium parvum, 62-2, 62-23
Crystalline lens, 51-2
CS. (see Congenital syphilis)
CSF. (see Cerebrospinal fluid;

Colony-stimulating factors)
CT. (see Computed tomography)
CTC. (see Common Toxicity Criteria)
CTDs. (see Connective tissue disorders)
CTF. (see Colorado tick fever)
CTZ. (see Chemoreceptor trigger zone)

Culture-negative endocarditis,
59-23–59-24

Current procedural technology (CPT), 1-2,
1-15

Cushing’s syndrome, 88-13t
ED and, 101-4
weight and, 82-6t

Cutaneous leukocytoclastic angiitis (CLA),
4-11–4-12

Cutaneous lymphocyte-associated antigen
(CLA), 40-1

Cutaneous malignant melanoma (CMM),
41-4

CVD. (see Cardiovascular disease)
CVP. (see Central venous pressure)
CVVH. (see Continuous venovenous

hemofiltration)
CY. (see Cyclophosphamide)
Cyclic adenosine monophosphate (cAMP),

26-2
CF and, 98-1

Cyclin-dependent kinases (CDK), 88-7
Cycling therapy, with PN, 37-16
Cyclins, 88-7
Cyclophosphamide (CY), 92-5t
Cycloplegia, 51-3
Cyclothymic disorder, 80-1
Cyogenic response, in CML, 90-9t
Cystic fibrosis (CF), 98-1–98-14

arthritis and, 98-4
bone and, 98-4
cAMP and, 98-1
clinical manifestation of, 98-3t
cytokines and, 98-5
diagnosis of, 98-5–98-7, 98-6t
enzymes and, 98-8–98-9
erythema nodosum and, 98-4
fat and, 98-7, 98-8t
genetics and, 98-1–98-2, 98-6,

98-13
genitourinary system and, 98-4
GERD and, 98-3
hyperreactivity and, 22-2
IL-8 and, 98-5
IL-10 and, 98-5
immunization and, 98-10
joints and, 98-4
leukotrienes and, 98-5
liver and, 98-3
lung transplantation and, 35-8
lungs and, 98-5
meconium ileus and, 98-3
mucous and, 98-9
nasal polyps and, 98-2
neonatal screening for, 98-6
nutrition and, 98-7–98-9
pancreas and, 98-2–98-3
pneumonia in, 60-27–60-29
Pseudomonas aeruginosa and,

98-4, 98-11
Staphylococcus aureus and, 98-4
sweat glands and, 98-2
TNF-α and, 98-5
vitamins and, 98-7, 98-8t

Cystic fibrosis transmembrane regulator
protein (CFTR), 98-1

Cysticercosis, 74-12–74-13,
74-14–74-15

Cystine Stones, 30-16–30-17
Cystinuria, 30-16–30-17
Cytogenic response, in CML, 90-9t
Cytokine release syndrome, 35-4
Cytokines, 18-8. (see also Interleukin;

Tumor necrosis factor-α)

CF and, 98-5
COPD and, 23-2, 23-3t
RA and, 43-3

Cytomegalovirus (CMV), 56-5t
BPD and, 94-15
chronic GVHD and, 92-21
CLL and, 90-13
GVHD and, 92-17
HCT and, 92-23–92-24
heart transplantation and, 35-5
HIV and, 69-3, 69-5t, 70-2,

70-15–70-23
in infants, 46-33
ischemic stroke and, 55-3t
liver transplantation and,

34-32–34-35
in neonates, 94-36

seizures and, 94-41t
retinitis and, 70-4

Cytopenias
chemotherapy and, 89-2–89-3
drug-induced, 4-14–4-15

Cytoscopy, 101-18–101-19
Cytotoxic chemotherapy, 88-14–88-20
Cytotoxic reactions, 4-3

Dactylitis, 43-34
DAD. (see Diffuse alveolar damage)
DADs. (see Delayed

after-depolarizations)
DAH. (see Diffuse alveolar hemorrhage)
Dandruff, 38-7t
Danger hypothesis, 4-3
Dark-field examination, 65-14
DASH. (see Dietary Approaches to Stop

Hypertension)
DASs. (see Diallysulfides)
DAT. (see Dementia of the Alzheimer

type; Direct antiglobulin tests)
Data-rich environment, 1-2
Daughter cells, 74-1
DAWN. (see Drug Abuse Warning

Network)
DBP. (see Diastolic blood pressure)
DBS. (see Deep brain stimulation)
DC. (see Direct current cardioversion)
DCCT. (see Diabetes Control and

Complications Trial)
Deadly quadrangle. (see Metabolic

syndrome)
Decidua basalis, 46-2
Decidua capsularis, 46-2
Decidua vera, 46-2
Decontamination, 5-4

of GI tract, 5-11, 5-17
Deep brain stimulation (DBS), 53-21
Deep venous thrombosis (DVT), 15-1,

55-15
clinical presentation, 15-7–15-9
diagnosis of, 15-9
duplex scanning for, 15-9
impedance plethysmography for,

15-9
pregnancy and, 46-32
risk factors for, 15-9
venography for, 15-9

DEET, 75-7
Defibrillation, external, 19-28
Defibrillation threshold (DFT), 19-23
Definitive surgery, for endometriosis,

47-15
Degenerative joint disease. (see

Osteoarthritis)
DEHP. (see Diethylhexylphthalate)
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Dehydration
in children, 93-7–93-8
children and, 97-2–97-6
clinical signs of, 97-5t
rehydration and, 97-6, 97-6t

Delayed after-depolarizations (DADs),
19-3, 19-4

Delayed cerebral ischemia, 55-18–55-19
Delayed graft function (DGF), 34-12,

34-13–34-14
Delayed puberty, CF and, 98-3t
Delayed sleep phase syndrome, 77-5t
Delirium

dementia and, 100-2t
depression and, 100-2t

Delirium tremens, 84-7
Delta sleep, 77-3
Delusional depression, 79-32–79-33
Delusions, 78-5t
Dementia. (see also Alzheimer disease;

Vascular dementias)
AD and, 100-1
adjustment disorder and, 100-2t
amnestic syndrome and, 100-2t
anxiety and, 100-14–100-15,

100-14t
behavioral disturbances with,

100-14–100-15, 100-14t
brain abscess and, 100-2t
cortical, 100-2–100-3
delirium and, 100-2t
depression and, 100-14t, 100-16
diagnosis of, 100-1–100-3
ED and, 101-4
hydrocephalus and, 100-2t
IVD, 100-13t
life expectancy with, 100-1
MID, 100-11, 100-13
nutritional supplements for,

3-3t
with Parkinson disease, 53-5,

53-21–53-22
PDD, 100-1, 100-3
prevalence of, 100-1
pseudodementia, 100-17
psychosis and, 100-14t,

100-15–100-16
screening tests for, 100-2t
sleep and, 77-5t
stroke and, 100-2t
subcortical, 100-2–100-3
subdural hematoma and, 100-2t
symptoms of, 100-2t
tumors and, 100-2t

Dementia of the Alzheimer type (DAT)
criteria for, 100-6t
stages of, 100-6t

Dementia pracox, 78-3
Dementia with Lewy bodies (DLB), 100-1

diagnosis of, 100-11t
etiology of, 100-10
extrapyramidal syndromes and,

100-11
Dendritic cells, 34-3
Dental hygiene, pneumonia and, 60-8
Dependent pitting edema, 18-17
Depolarization, 19-2
Depression, 3-12–3-15, 79-1–79-33.

(see also Bipolar disorder)
ADHD and, 81-2
aging and, 99-10–99-11,

99-11t
AIDS and, 79-29–79-30
anorexia and, 79-2

anorexia nervosa and, 83-4
anxiety and, 76-4
atypical, 79-30–79-32

melancholia and, 79-30t
in bipolar disorder, 80-14–80-16
bulimia nervosa and, 82-3
cancer and, 88-12
classification of, 79-2
clinical presentation of, 79-3
contraception and, 45-17
delirium and, 100-2t
delusional, 79-32–79-33
dementia and, 100-14t, 100-16
diabetes and, 79-28
diagnosis of, 79-2, 79-3t
differential diagnosis of, 79-2–79-3
dopamine and, 79-4
in elderly, 79-25–79-27
with endometriosis, 47-14
epilepsy and, 79-29
exercise for, 79-10
mimicked conditions for, 79-3t
NE and, 79-4
nutritional supplements for, 3-3t
panic disorder and, 76-21
with Parkinson disease, 53-5,

53-22
pathophysiology of, 79-4
PMDD and, 79-3t
pregnancy and, 46-32
pseudodementia and, 100-17
psoriasis and, 40-2
psychotherapy for, 79-8
with psychotic features,

79-32–79-33
with RA, 43-14
rating scales for, 79-6, 79-10t
refractory, 79-22–79-24
serotonin and, 79-4
sleep and, 77-12
social anxiety disorder and, 76-27
suicide and, 79-11–79-12
weight and, 82-6t

Dermatology. (see Skin)
Dermatomyositis, 44-6, 88-13t

calcinosis with, 44-1
Dermis, 38-2
DES. (see drug-eluting stent)
Detrusor muscle, 101-23
Dexamethasone suppression test (DST),

79-6
Dextrose, 37-5
DFT. (see Defibrillation threshold)
DFT 10-J rule, 19-23
DGF. (see Delayed graft function)
DGI. (see Disseminated gonococcal

infection)
DHA. (see Docosahexanoic acid)
DHS. (see Drug hypersensitivity

syndrome)
DHT. (see Dihydrotestosterone)
Diabetes, 17-19, 55-5. (see also

Gestational diabetes mellitus; Type
1 diabetes; Type 2 diabetes)

African Americans and, 50-9
aging and, 99-10
atherogenic dyslipidemia and, 12-6
blindness and, 50-8, 50-77–50-78
BMI and, 32-2
carbohydrate and, 50-4
CHD and, 12-13
classification of, 50-3–50-4
contraception and, 45-17–45-18
definition of, 50-3–50-4

depression and, 79-28
diet for, 46-12, 50-10–50-12
DILI and, 29-2
dyslipidemia and, 50-77
in elderly, 50-73–50-75
enteral formulas for, 36-11
epidemiology of, 50-3–50-4
ESRD from, 31-4
exercise and, 50-11–50-12, 50-36t
gastroparesis and, 50-78
HDL and, 12-38t
with HIV, 62-2
hypertension and, 13-18, 13-28,

13-30, 50-75–50-76
ischemic stroke and, 55-3t
jet lag and, 50-38
long-term complications of,

50-8–50-9
neonatal seizures and, 94-41t
NODAT and, 35-23–35-25
nutritional supplements for, 3-3t
obesity and, 50-2–50-3
PCOS and, 47-4
perioperative care for, 50-38
PN and, 37-19–37-20
pregnancy and, 46-32
renal failure and, 50-8
stroke and, 55-5
traveling with, 50-37–50-38
VVC and, 65-22–65-23
weight and, 12-22

Diabetes Control and Complications Trial
(DCCT), 31-11

Diabetes mellitus, 50-1–50-81
AD and, 100-6
bulimia nervosa and, 82-3
burns and, 41-18
CF and, 98-3t
CVD and, 50-8
depression and, 79-3t
ED and, 101-4, 101-8
goals for, 50-9t
hyperglycemia and, 2-8
IC and, 14-7t
management of, 14-7
nephrotic syndrome and, 11-5,

50-76
PAD and, 14-2
pregnancy and, 46-10–46-14

White’s classification of, 46-11t
pruritus and, 38-13t
psoriasis and, 40-2
soft tissue infections and,

67-5–67-6
stroke and, 50-8
UTIs and, 64-3
VaDs and, 100-11

Diabetic ketoacidosis (DKA),
50-42–50-45

bicarbonate and, 50-45
fluids and, 50-43–50-44
hypophosphatemia and, 11-26
laboratory abnormalities in, 50-43t
metabolism of, 10-2
patient education for, 50-43t
phosphate and, 50-44
potassium and, 50-44
sodium and, 50-44
with type 1 diabetes, 50-32–50-34

Diabetic nephropathy, 31-10–31-12
protein and, 31-12

Diabetic peripheral neuropathy (DPN),
50-78–50-79

Diallysulfides (DASs), 3-7

Dialysate
with CAPD, 32-11–32-12
composition of, 32-4–32-5
flow of, 32-4

Dialysis, 32-1–32-15. (see also
Hemodialysis; Peritoneal dialysis)

acid-base and, 32-12
BUN and, 32-3
disequilibrium, with HD, 32-9
drug removal by, 33-3–33-4
ESRD and, 31-3, 31-9–31-10,

32-1–32-2
folic acid and, 31-15
for hyperkalemia, 11-19, 11-19t
prescription for, 32-7–32-8
PTFE for, 32-5
rebound and, 32-3
vitamin B12 and, 32-3

Dialysis Outcomes and Practice Patterns
Study (DOPPS), 32-8

Dialysis Outcomes Quality Initiative
(DOQI), 32-2

Diaper rash, 93-3–93-4
Diaphragm, 45-23–45-24
Diaphysis, 66-1, 66-2f
Diarrhea. (see also Infectious diarrhea)

bicarbonate and, 97-5
chemotherapy and, 89-10
in children, 93-6
clotting and, 15-21
EN and, 36-13, 97-12–97-13
with giardiasis, 74-10
IBS and, 27-20–27-21
infant formulas and, 97-12–97-13
with ZES, 25-21

Diarrhea-predominant irritable bowel
syndrome (DP-IBS), 27-20

Diastolic blood pressure (DBP), 13-2
Diastolic dysfunction, 18-3–18-4
DIC. (see Disseminated intravascular

coagulation)
Diet. (see Nutrition)
Dietary Approaches to Stop Hypertension

(DASH), 13-7
Dietary reference intake (DRI), 3-4

of iron, 86-4
Dietary Supplement and Non-Prescription

Drug Consumer Protection Act, 3-5
Dietary Supplement Health and Education

Act (DSHEA), 3-2
Dietary Supplement Verification Program

(DSVP), 3-5
Dietary supplements. (see Nutritional

supplements)
Diethylhexylphthalate (DEHP), 37-11
Diffuse alveolar damage (DAD), 25-5t,

25-8t
Diffuse alveolar hemorrhage (DAH),

25-8t
Diffusing capacity of the lung for carbon

monoxide (DLCO), 23-7
Diffusion, in HD, 32-2–32-5
Digital rectal examination,

101-17–101-18
Dihydrotestosterone (DHT), 39-2, 47-7,

101-15
DILI. (see Drug-induced liver injury)
Dimethylsulfoxide (DMSO), 92-4
DIOS. (see Distal intestinal obstruction

syndrome)
DIP. (see Distal interphalangeal joint)
Diphtheria, 95-1
Diphyllobothrium latum, 74-12, 74-14,

74-14f
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Diplopia, 51-14
Direct antiglobulin tests (DAT), 87-2
Direct current (DC) cardioversion,

19-9–19-10
Direct drug-induced histamine release,

4-15
Directly observed therapy (DOT), 61-8,

61-12
Discoid lupus erythematosus, 44-2
Discordant surrogate marker data, 69-25
DISCUS. (see Dyskinesia Identification

System Condensed User Scale)
Disk diffusion technique, 56-7
Disseminated gonococcal infection (DGI),

65-8–65-10, 65-10t
with neonates, 65-10

Disseminated intravascular coagulation
(DIC), 15-32–15-34, 56-2f

clinical conditions with, 15-33t
scoring system for, 15-33t
sepsis and, 56-4

Distal interphalangeal joint (DIP)
OA in, 43-37
RA in, 43-12

Distal intestinal obstruction syndrome
(DIOS), 98-3

Distal splenorenal shunts (DSRS), 28-13
Distal tubule, 10-1
Distributive shock, 21-1, 21-2t,

21-8–21-9
hemodynamic monitoring and,

21-7t
Diuresis, for salicylate toxicity, 5-9
DKA. (see Diabetic ketoacidosis)
DLB. (see Dementia with Lewy bodies)
DLCO. (see Diffusing capacity of the lung

for carbon monoxide)
DMSO. (see Dimethylsulfoxide)
Docosahexanoic acid (DHA), 36-10, 98-5
DOE. (see Dyspnea on exertion)
Done-nomogram, 5-8
Donor lymphocyte infusion, 92-10
Dopamine. (see also Dopamine in Drug

Index)
alcohol and, 84-4–84-5
depression and, 79-4
eating disorders and, 82-5, 82-7
neuronal pathways of, 78-11f
nicotine and, 85-3
Parkinson disease and, 53-2
schizophrenia and, 78-3
social anxiety disorder and, 76-27
tract functions of, 78-11t

DOPPS. (see Dialysis Outcomes and
Practice Patterns Study)

DOQI. (see Dialysis Outcomes Quality
Initiative)

Dose density, 92-1
Dose-dependent agents, 88-14
DOT. (see Directly observed therapy)
Double depression, 79-2
Down syndrome, AD and, 100-3
DP-IBS. (see Diarrhea-predominant

irritable bowel syndrome)
DPN. (see Diabetic peripheral neuropathy)
DRESS. (see Drug reaction with

eosinophilia and systemic
symptoms)

DRI. (see Dietary reference intake)
Drug(s). (see also Drug Index)

abuse of, 83-1–83-22
anorexia nervosa and, 82-2
aspiration pneumonia and, 60-18t
bipolar disorder and, 80-3

ischemic stroke and, 55-3t
law enforcement and, 83-2
urine screening for, 83-2–83-3

allergies to, 4-1–4-21
clinical features of, 4-4t
diagnosis of, 4-4–4-6
IgG and, 4-3
IgM and, 4-3
prevention of, 4-19–4-21
skin testing for, 4-5–4-6

overdose of, 5-1–5-22
pregnancy and, 5-19

poisoning by, 5-1–5-22
activated charcoal for, 5-5
body temperature and, 5-15
cardiovascular function and, 5-15
CNS and, 5-4, 5-15–5-16
GI tract and, 5-15
hemodialysis for, 5-5
hemoperfusion for, 5-5
laboratory tests for, 5-15–5-16
pulmonary function and, 5-15
radiographs for, 5-10–5-11
severity of, 5-10
skin and, 5-15
substance identification in, 5-10

screening for, 5-4
withdrawal from, hypertension

from, 20-1
Drug Abuse Warning Network (DAWN),

5-2
Drug fever, 4-9–4-11, 4-10t

hypersensitivity and, 4-11t
Drug hypersensitivity syndrome (DHS),

4-2, 25-8t, 38-17
Drug reaction with eosinophilia and

systemic symptoms (DRESS),
38-17

Epstein-Barr virus and, 4-2
Drug susceptibility testing, 61-11
Drug therapy assessment, 1-13
Drug-eluting stent (DES), 16-26
Drug-induced asthma, 22-36–22-37
Drug-induced blood disorders,

87-1–87-17
Drug-induced cholestasis, 29-13–29-14

biliary cirrhosis and, 29-14t
Drug-induced cytopenias, 4-14–4-15
Drug-induced hepatitis, 29-13
Drug-induced liver injury (DILI),

29-1–29-21
alcohol and, 29-2
cirrhosis and, 29-16
classification of, 29-4–29-5, 29-12
diabetes and, 29-2
diagnosis of, 29-18–29-19
etiology of, 29-19
fibrosis and, 29-16
forms of, 29-12
HBV and, 29-2
HCV and, 29-2
herbs and, 29-17–29-18
HIV and, 29-2
hyperthyroidism and, 29-2
necrosis and, 29-13
neoplastic disease and, 29-17
obesity and, 29-2
pathophysiology of, 29-2–29-4
pregnancy and, 29-2
RA and, 29-2
risk factors for, 29-3t
steatosis and, 29-13

Drug-induced vasculitis, 4-10t, 4-12
Dry skin, chemotherapy and, 89-13

DSHEA. (see Dietary Supplement Health
and Education Act)

DSRS. (see Distal splenorenal shunts)
DST. (see Dexamethasone suppression

test)
DSVP. (see Dietary Supplement

Verification Program)
Dual-energy x-ray absorptiometry

(DXA), 102-6
Ductopenic rejection, 34-28
Ductus arteriosus, 94-21
Due date, pregnancy and, 46-5
Duodenum, 26-2
Duplex scanning, for DVT, 15-9
DVT. (see Deep venous thrombosis)
Dysbetalipoproteinemia, 12-7–12-8

characteristics of, 12-7t
Dysgammaglobulinemia, giardiasis and,

74-10
Dyskinesia Identification System

Condensed User Scale (DISCUS),
78-18t

Dyslipidemia, 12-1–12-25
with CKD, 31-4
diabetes and, 50-77
gout and, 42-11–42-12
ischemic stroke and, 55-3t, 55-5t
management of, 14-6
PAD and, 14-2
PCOS and, 47-5
treatment of, 12-8–12-13, 31-9,

31-21
Dysmenorrhea, 47-9–47-13

contraception and, 45-16
endometriosis and, 47-13–47-14
primary vs. secondary, 47-14t
prostaglandins and, 47-9

Dyspepsia, 26-2, 26-7–26-9
GERD and, 26-8
Helicobacter pylori and, 26-8–26-9
PUD and, 26-8

Dyspnea
at end-of-life, 6-6t

Dyspnea on exertion (DOE), 18-17
Dysregulation hypothesis, 79-4
Dyssomnias, 77-5t
Dysthymic disorder, 79-2

anxiety and, 76-4
bulimia nervosa and, 83-5

EADs. (see Early after-depolarizations)
EAR. (see Early asthmatic response)
Early after-depolarizations (EADs), 19-3,

19-4
Early asthmatic response (EAR), 22-3
Easy Rheumatoid Activity Measure

(ERAM), 43-11
Eating disorder not otherwise specified

(ED-NOS), 82-3
Eating disorders, 82-1–82-22

anxiety and, 76-4
assessment of, 82-8–82-9, 82-9t
comparison of, 82-2t
complications with, 82-10t
cortisol and, 82-5
dopamine and, 82-5, 82-7
epidemiology of, 82-4–82-5
etiology of, 83-6–83-8
genetics and, 82-6–82-7
histamine and, 82-8
hypothalamus and, 82-7
laboratory assessment of, 82-11t
leptin and, 82-5, 82-8
NE and, 82-5, 82-7–82-8

NPY and, 82-5, 82-8
obesity as, 82-4
OCD and, 76-33, 82-7
pathophysiology of, 83-6–83-8
serotonin and, 82-5, 82-7
treatment for, 82-9–82-11
with vegetarian diet, 82-3

Eaton-Lambert syndrome, 88-13t
EBCT. (see Electron beam computed

tomography)
Ebstein anomaly, 80-10
ECF. (see Extracellular fluid)
Echocardiography, for endocarditis,

59-5–59-6
ECL. (see Enterochromaffinlike cells)
Eclampsia, 46-14, 46-19–46-20

hypertension with, 20-1
ECT. (see Electroconvulsive therapy)
Ectopic pregnancy

amylase and, 2-15
contraception and, 45-17

ED. (see Erectile dysfunction)
Edmonton Protocol, 50-12
ED-NOS. (see Eating disorder not

otherwise specified)
EDRF. (see Endothelium-derived relaxing

factor)
EDS. (see Excessive daytime sleepiness)
EF. (see Ejection fraction)
EFAD. (see Essential fatty acid deficiency)
EGFR. (see Epidural growth factor

receptor)
eGFR. (see Estimated glomerular

filtration rates)
Ehrlichiosis, 75-11–75-12
EIA. (see Exercise-induced asthma)
Eicosapentaenoic acid (EPA), 36-10
Ejaculation, 101-2

stages of, 101-2–101-3
Ejection fraction (EF), 16-2
Elderly

alcohol withdrawal with,
84-9–84-10

AML in, 90-7–90-8
dementia in, 100-1–100-17
depression in, 79-25–79-27
diabetes in, 50-73–50-75
drug use by, 99-1–99-18
hypertension and, 13-16–13-17
insomnia in, 3-35
pneumonia and, 60-6
seizures with, 54-18–54-19
sexual dysfunction and,

101-1–101-15
TB and, 61-18–61-19
type 2 diabetes in

diet for, 50-74
exercise for, 50-74

urology and, 101-1–101-28
UTIs in, 64-12–64-13

Electrocardiogram (ECG)
of Q waves, 17-3
reading of, 19-3
recording paper for, 19-4
of ST segment elevation, 17-2

Electroconvulsive therapy (ECT), 9-8,
79-4, 79-8–79-10

for bipolar disorder, 80-3, 80-18
Electrolytes, 93-8, 93-8t

for alcohol withdrawal, 84-11
anxiety and, 76-4
ascites and, 28-4
bulimia nervosa and, 82-15
children and, 97-1–97-6, 97-4t
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Electrolytes (continued)
CKD and, 31-12–31-14
disorders with, 11-1–11-29
EN and, 36-13, 36-20–36-21
for hyponatremia, 11-8
infectious diarrhea and, 62-4
kidney transplantation and, 34-14
kidneys and, 11-2–11-4
laboratory tests for, 2-2–2-9
pregnancy and, 46-8

Electron beam computed tomography
(EBCT), for CHD, 12-18t

Electronic medical record (EMR), 1-2–1-3
Electronic medication administration

record (eMAR), 1-4, 1-18
Electrophysiology, 19-1–19-3

automaticity, 19-2
conduction, 19-2–19-3
normal levels of, 19-1t

eMAR. (see Electronic medication
administration record)

EMB. (see Endomyocardial biopsy)
Embolus, 15-1, 55-4

from drug needles, 83-4
Emergence agitation, 9-12
Emesis, 5-4–5-5
Emphysema, 23-2–23-3, 23-4

COPD and, 60-2
sepsis and, 56-3–56-4
transplantation with, 23-17

EMR. (see Electronic medical record)
EN. (see Enteral nutrition)
ENaC. (see Associated epithelial sodium

channel)
Encephalitis, neonatal seizures and,

94-41t
Encephalopathy, chemotherapy and,

89-19
End tidal carbon dioxide (EtCO2),

21-3–21-4
Endocarditis, 56-6t, 59-1–59-26

from Candida albicans,
59-21–59-22

culture-negative, 59-23–59-24
from drug needles, 83-4
echocardiography for, 59-5–59-6
enterococcal, 59-16–59-20
fever with, 59-4
from Pseudomonas aeruginosa,

59-22–59-23
from Staphylococcus aureus,

59-11–59-16
from Staphylococcus epidermidis,

59-10–59-11
from Streptococcus viridans,

59-3–59-10
Endocrine therapy, for cancer, 88-25,

88-25t
End-of-life care, 6-1–6-10

dyspnea at, 6-6t
Endometrial cancer, 48-3

contraception and, 45-16
PCOS and, 47-5

Endometriosis, 47-13–47-20
conservative surgery for, 47-15
definitive surgery for, 47-15
depression with, 47-14
diagnosis of, 47-13
dysmenorrhea and, 47-13–47-14
infertility with, 47-14
locations of, 47-14t
pathophysiology of, 47-15

Endomyocardial biopsy (EMB), 35-3
Endorphins, 82-8

Endoscopic retrograde
cholangiopancreatography (ERCP),
63-3–63-4

Endoscopic sphincterotomy (ES), 63-4
Endoscopic variceal ligation (EVL), 28-13
Endoscopy

for esophagitis, 26-27
for GERD, 26-27

Endoscopy-negative reflux disease
(ENRD), 25-22

Endosteum, 66-1, 66-2f
Endothelial nitric oxide synthase (eNOS),

28-4
Endothelin, 18-6–18-7
Endothelin-1 (ET-1), 18-6
Endothelium-derived relaxing factor

(EDRF), 16-5
sepsis and, 56-3

Endotracheal tube, aspiration pneumonia
and, 60-18t

End-stage heart disease (ESHD),
35-1–35-11

End-stage renal disease (ESRD), 31-1
cost of, 31-4
from diabetes, 31-4
dialysis and, 31-3, 31-9–31-10,

32-1–32-2
from hypertension, 31-2–31-3,

31-4
Medicare and, 32-2
mortality with, 31-3
pathophysiology of, 31-4–31-5
proteinuria and, 31-8
symptoms of, 31-9
transplantation and, 31-3,

31-9–31-10, 34-1
Wegener’s granulomatosis and,

31-33
eNOS. (see Endothelial nitric oxide

synthase)
ENRD. (see Endoscopy-negative reflux

disease)
Entamoeba histolytica, 74-8, 74-8f
Enteral nutrition (EN)

administration regimen for,
36-12–36-13

for adults, 36-1–36-26
complications with, 36-14t
COPD and, 36-11
for diabetes, 36-11
diarrhea and, 36-13, 97-12–97-13
electrolytes and, 36-13,

36-20–36-21
fat in, 36-9–36-10
fluids and, 36-13
formulas for, 36-3–36-12, 36-4t
glucose and, 36-11
for hepatic failure, 36-6–36-7
hyperglycemia with, 36-13
intolerance to, 36-25
Medicare and, 36-20–36-21
protein in, 36-8t
for renal failure, 36-6
SRMB and, 26-34t
for stress, 36-7–36-11
for UC, 27-7

Enterobacter spp., 62-3
aspiration pneumonia and, 60-20t
UTIs from, 96-16–96-17

Enterobiasis, 74-11–74-12
symptoms of, 74-12
treatment of, 74-12

Enterobius vermicularis, 74-11, 74-12f
Enterochromaffinlike cells (ECL), 26-2

Enterococcal endocarditis, 59-16–59-20
Enterococcus spp., 56-5t, 62-3, 63-10

neonatal sepsis and, 94-28
UTIs from, 64-2, 99-13

Enterocutaneous fistulas, 37-15–37-16
Entero-Test, 74-11
Enthesitis-related JIA, 43-34
Enzymatic activity (U/L), CK and, 17-3
Enzyme-linked immunoelectrotransfer

blot (ETIB), 74-15
Enzymes, 2-11–2-12

CF and, 98-8–98-9
neonates and, 94-6, 94-6t

Eosinophilic myalgia syndrome, from
herbs, 3-5

Eosinophils, 2-19, 23-3t
asthma and, 22-2
blood chemistry reference values

for, 2-5t
EPA. (see Eicosapentaenoic acid)
Epidermal necrolysis, 38-16
Epidermis, 38-1–38-2
Epididymitis, 65-10t

Escherichia coli and, 65-11
Epidural growth factor receptor (EGFR),

88-3
signaling of, 88-3f

Epiglottitis, 56-6t
from Hib, 95-7

Epilepsy
childhood absence, 54-3t
classification of, 54-1–54-2
depression and, 79-3t, 79-29
ED and, 101-4
gender and, 54-28–54-30
juvenile myoclonic, 54-3t
pneumonia and, 60-5
reflex, 54-3t
syndromes of, 54-2, 54-3t
temporal lobe, 54-3t, 101-4

Epinephrine. (see Epinephrine in Drug
Index)

Epiphyseal growth plate, 66-1, 66-2f
Epiphysis, 66-1, 66-2f
Episclera, 51-1
Epithelial cells, 23-3t
EPO. (see Erythropoietin)
EPS. (see Expressed prostatic secretions;

Extrapyramidal syndromes)
Epstein-Barr virus, DRESS and, 4-2
EPT. (see Estrogen-progestin therapy)
ERAM. (see Easy Rheumatoid Activity

Measure)
ERCP. (see Endoscopic retrograde

cholangiopancreatography)
Erectile dysfunction (ED), 101-2

Addison disease and, 101-4
alcohol and, 101-4
atherosclerosis and, 101-4
CAD and, 101-3
causes of, 101-4t
Cushing’s syndrome and, 101-4
dementia and, 101-4
diabetes mellitus and, 101-4, 101-8
epilepsy and, 101-4
HDL and, 101-7
hyperprolactinemia and, 101-8
hypertension and, 101-7
hyperthyroidism and, 101-4
hypothyroidism and, 101-4
ischemic heart disease and,

101-3–101-4
multiple sclerosis and, 101-4
nutritional supplements for, 3-3t

Parkinson disease and, 101-4
prolactinomas and, 101-8
smoking and, 101-7
spinal cord injuries and, 101-4
temporal lobe epilepsy and, 101-4
testosterone and, 101-5, 101-8

Erection. (see Penile erection)
Ergonovine stimulation test, 16-24
Erysipelas, 67-7
Erythema, 41-3
Erythema migrans, 75-4–75-5
Erythema multiforme (EM), 38-16
Erythema nodosum, 38-16–38-17

CD and, 27-3t
CF and, 98-4
UC and, 27-3t

Erythrocyte sedimentation rate (ESR),
2-18

blood chemistry reference values
for, 2-5t

CRP and, 1-12
with OA, 43-37
osteomyelitis and, 66-2–66-3
serum sickness and, 4-8
UC and, 27-2

Erythrodermic psoriasis, 40-2
Erythropoietin (EPO), 31-15

RBC and, 86-1
ES. (see Endoscopic sphincterotomy)
Escherichia coli, 62-3

aspiration pneumonia and, 60-20t
epididymitis and, 65-11
IBD from, 27-2
infectious diarrhea and,

62-14–62-16
neonatal sepsis and, 94-28
neutropenia and, 68-3
osteomyelitis and, 66-2, 66-6
UTIs from, 64-2, 96-16–96-17,

99-13
ESHD. (see End-stage heart disease)
Esophageal dysfunction, aspiration

pneumonia and, 60-18t
Esophageal varices, 28-10–28-11
Esophagitis

chemotherapy and, 89-10
endoscopy for, 26-27
GERD and, 25-22
HIV and, 70-38
pregnancy and, 46-9

Esophagus, 26-2
bleeding in, 26-24

ESR. (see Erythrocyte sedimentation rate)
ESRD. (see End-stage renal disease)
Essential fatty acid deficiency (EFAD),

37-10, 97-15
Essential hypertension, 13-1–13-40
Essential tremor (ET), 53-26–53-28

diagnosis of, 53-26t
vs. Parkinson disease, 53-27t

Estimated glomerular filtration rates
(eGFR), 31-1

apolipoprotein B and, 31-4–31-5
cholesterol and, 31-4–31-5
CKD and, 31-6–31-7
TG and, 31-4–31-5

Estrogen, 45-2. (see also Estrogen in
Drug Index)

aging and, 101-1
BMD and, 102-7–102-8
contraindications for, 102-8
fractures and, 102-7–102-8
menopause and, 48-1
urinary incontinence and, 101-24
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Estrogen-progestin therapy (EPT),
102-7

Estrone, 48-2t
ET. (see Essential tremor)
ET-1. (see Endothelin-1)
EtCO2. (see End tidal carbon dioxide)
ETIB. (see Enzyme-linked

immunoelectrotransfer blot)
EVL. (see Endoscopic variceal ligation)
Excessive daytime sleepiness (EDS), 77-4

CRP and, 77-16
IL-6 and, 77-16
TNF-α and, 77-16

Executive function, 78-5t
Exercise

anorexia nervosa and, 82-2
for depression, 79-10
diabetes and, 50-11–50-12, 50-36t
glucose and, 50-28t
for intermittent claudication,

14-6t
ischemic stroke and, 55-3t, 55-5t
osteoporosis and, 102-5, 102-12
PCOS and, 47-6
for RA, 43-13–43-14
for type 2 diabetes, in elderly,

50-74
Exercise ECG, for CHD, 12-18t
Exercise tolerance test, 16-8
Exercise-induced asthma (EIA),

22-31–22-32
Exertional angina, 16-1
Exoerythrocytic schizogony, 74-1
Expressed prostatic secretions (EPS),

101-5
Extensively drug-resistant TB (XDR-TB),

61-1
External defibrillation, 19-28
Extracellular fluid (ECF), 2-, 10-1
Extracts, 3-4
Extraesophageal manifestations, of

GERD, 26-30–26-31
Extrapulmonary tuberculosis, 61-23
Extrapyramidal syndromes (EPS), 8-22,

78-16–78-25
DLB and, 100-11

Extrapyramidal system, 53-2
Extremely low-birth-weight, 94-2t
Extrinsic asthma, 22-2
Eyelashes, 51-2
Eyelids, 51-2
Eyes

anatomy of, 51-1–51-3, 51-2f
blindness, diabetes and, 50-8,

50-77–50-78
chemical burns in, 51-14
disorders with, 51-1–51-23
emergencies with, 51-14
HSV of, 51-21–51-23
physiology of, 51-1–51-3
UVR and, 41-14–41-15

Failure to thrive (FTT), 93-9
Falls

osteoporosis and, 102-12
Parkinson disease and,

53-22–53-23
Familial combined hyperlipidemia (FCHL),

12-8
characteristics of, 12-7t

Familial defective apolipoprotein B-100
(FDB), 12-7

Familial dysbetalipoproteinemia. (see
Dysbetalipoproteinemia)

Familial hyperapobetalipoproteinemia,
12-8

characteristics of, 12-7t
Familial hypercholesterolemia (FH), 12-7,

12-17, 12-31–12-32
characteristics of, 12-7t
MI and, 12-7

Familial hypoalphalipoproteinemia, HDL
and, 12-38t

Family therapy, for schizophrenia, 78-8
Fanconi anemia, HCT and, 92-3t
Fasting glucose metabolism, 50-4, 50-13
Fasting plasma glucose (FPG), 50-7
Fat

CF and, 98-7, 98-8t
in enteral formulas, 36-9–36-10
metabolism of, 10-1–10-2
in MNT, 50-11
in PN, 37-6

Fatty liver hepatitis, 29-13
Fatty streak, 12-9

development of, 12-8f
FCHL. (see Familial combined

hyperlipidemia)
FDA Modernization Act of 1997, 94-2
FDB. (see Familial defective

apolipoprotein B-100)
Febrile seizures, 54-24–54-25
Fecal antigen test, 26-5
Fecal occult blood testing (FOBT), 91-8
Felty syndrome, 43-12
Fertility. (see also Infertility)

chemotherapy and, 89-34–89-35
IBD and, 27-10–27-11
smoking and, 85-6t

Fetal circulation, 94-19–94-20, 94-20f
Fetal hydantoin syndrome (FHS), 46-41
Fetal membranes, 46-4
Fetal rubella syndrome, 46-33
Fetal valproate syndrome (FVS), 46-42
Fetal warfarin syndrome, 46-38–46-39
Fetor hepaticus, 28-16
FEV1. (see First second of expiration;

Forced expiratory volume in 1
second)

Fever
in children, 93-4–93-5
with endocarditis, 59-4
infection and, 56-4–56-5
seizures and, in children, 93-4
SLE and, 44-2t

Fever of unknown origin (FUO), 56-4
FH. (see Familial hypercholesterolemia)
FHF. (see Fulminant hepatic failure)
FHS. (see Fetal hydantoin syndrome)
Fiber

cholesterol and, 12-22
in polymeric formulas, 36-4–36-5

Fibromyalgia, depression and, 79-3t
Fibronectin, 37-3, 97-12
Fibrosis

DILI and, 29-16
sepsis and, 56-3–56-4

Fine-needle aspiration (FNA), thyroid and,
49-6

Finger deformities, in RA, 43-12f
FIO2. (see Fraction of inspired oxygen)
First second of expiration (FEV1), 23-2,

23-2f
First-degree burns, 41-16
Fistulizing disease, 27-3
5-HT. (see Serotonin)
Fixed drug eruptions, 38-17
Flashbacks, 83-17

Flaviviridae spp., 72-16
HGV and, 73-46

Flesh-eating disease, 67-7
Flexural psoriasis, 40-2
Flora, in GI tract, 62-2f, 63-1
Flow meters, 9-9
Fluids. (see also Water)

ascites and, 28-4
BPD and, 94-19
children and, 97-1–97-6
CKD and, 31-12–31-14
disorders with, 11-1–11-29
DKA and, 50-43–50-44
EN and, 36-13
hypernatremia and, 2-2
ultraviolet light therapy and, 97-2

Flulike syndrome, 61-16–61-17
Fluorescent treponemal antibody

absorption (FTA-Abs), 65-13
false-negatives with, 65-14t,

65-15t
FNA. (see Fine-needle aspiration)
Foam cells, 12-9
FOBT. (see Fecal occult blood testing)
Focal lymphocytic sialadenitis, 73-38
Focal segmental glomerulosclerosis

(FSGS), 31-30, 31-33–31-34
Folic acid. (see also Folic acid in Drug

Index)
anemia and, 2-18, 86-11–86-12,

86-11f
for atherosclerosis, 16-5
dialysis and, 31-15
homocysteine and, 2-12
MCV and, 2-17
pregnancy and, 46-7

Follicle-stimulating hormone (FSH), 45-2,
89-34, 101-5, 101-8

anorexia nervosa and, 82-12
PCOS and, 47-2
perimenopause and, 48-1

Folstein Mini-Mental Status Exam. (see
Mini-Mental Status Exam)

Foramen ovale, 94-21
Forced expiratory volume in 1 second

(FEV1), 98-7
Forced vital capacity (FVC), 22-6
Formulas. (see also Infant formulas)

for EN, 36-3–36-12, 36-4t
oligomeric, 36-6–36-12
polymeric, 36-3–36-5

FOS. (see Fructo-oligosaccharides)
Fourth-degree burns, 41-17
FPG. (see Fasting plasma glucose)
Fraction of inspired oxygen (FIO2), 25-1
Fractures

estrogen and, 102-7–102-8
osteomyelitis and, 66-5–66-6
osteoporosis and, 102-1–102-2

Framingham risk scoring, 13-6–13-7
Frank-Starling curve, 18-8–18-9, 18-9f
FRC. (see Functional residual capacity)
Freedom from Fear, 76-4t
Fresenius dialyzer, 32-4
Fresh-pressed juice, 3-4–3-5
Fructo-oligosaccharides (FOS), 36-5
Fructosamine, 50-15
FSGS. (see Focal segmental

glomerulosclerosis)
FSH. (see Follicle-stimulating hormone)
FTA-Abs. (see Fluorescent treponemal

antibody absorption)
FTT. (see Failure to thrive)
Fulminant hepatic failure (FHF), 73-4

HBV and, 73-13
HGV and, 73-46

Functional ability, aging and,
99-15–99-16

Functional asplenia, Hib immunization
and, 95-8

Functional incontinence, 101-25
Functional residual capacity (FRC), 22-5
Fungal endocarditis, 59-21–59-22
Fungal infections, 71-1–71-26

AIDS and, 70-35, 71-1, 71-2
BSA and, 71-5
classification of, 71-2t
with CLL, 90-13
cutaneous, 71-5–71-6
with HCT, 92-22–92-23
host defenses and, 71-2–71-3
with lung transplantation, 35-10
subcutaneous, 71-6–71-8
systemic, 71-8–71-26
TPN and, 71-2–71-3

FUO. (see Fever of unknown origin)
Furuncle, 56-6t
Fusobacterium spp., 56-5t, 67-8

aspiration pneumonia and, 60-20t
FVC. (see Forced vital capacity)
FVS. (see Fetal valproate syndrome)

G6PD. (see Glucose -6-phosphate
dehydrogenase)

GABA. (see Gamma-aminobutyric acid)
GABHS. (see Group A β-hemolytic

streptococcus)
GAD. (see Generalized anxiety disorder)
Galactosemia, 97-9, 97-10

neonatal seizures and, 94-41t
Gallbladder disease

contraception and, 45-18
menopause and, 48-4

Gallstones, obesity and, 82-17t
Gambling, OCD and, 76-33
Gamma-aminobutyric acid (GABA), 28-17

anxiety and, 76-2
GAD and, 76-7
nicotine and, 85-3
panic disorder and, 76-22
PMDD and, 47-21
PMS and, 47-21
schizophrenia and, 78-3
sleep and, 77-4

Gamma-glutamyl transferase (GGT),
2-13–2-14

blood chemistry reference values
for, 2-4t

Gangrene, 67-6
Gardnerella vaginalis, 46-25
GAS. (see Global Arthritis Scale)
Gas gangrene, 67-6
Gastrectomy, anemia and, 86-10
Gastric acid

GERD and, 26-24
in neonates, 94-2–94-3
saliva and, 26-23
SRMB and, 26-33

Gastric bypass, 82-22
Gastric emptying, 26-23–26-24

in neonates, 94-3
Gastric lavage, 5-4–5-5
Gastrin, 26-2
Gastroenteritis, 56-6t

hypernatremia and, 2-2
Salmonella spp. and, 62-11–62-12
viral, 62-6

in children, 93-6–93-7
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Gastroesophageal reflux disease (GERD),
25-22–25-31, 26-2, 99-11

alcohol and, 26-25t
asthma and, 26-30
biopsy for, 26-27
CF and, 98-3, 98-3t
in children, 25-22, 93-9–93-11
diagnosis of, 26-26–26-29
diet and, 26-25t
dyspepsia and, 26-8
endoscopy for, 26-27
epidemiology of, 26-22
esophagitis and, 25-22
etiology of, 26-22–26-23
extraesophageal manifestations of,

26-30–26-31
gastric acid and, 26-24
Helicobacter pylori and, 26-24
hiatal hernia and, 26-23
LES and, 26-23
NCCP and, 26-30
otolaryngological symptoms and,

26-30–26-31
pathophysiology of, 26-23–26-24
pepsin and, 26-24
with pregnancy, 25-22
risk factors for, 26-22–26-23,

26-23t
Sjögren’s syndrome and, 26-23
sleep and, 26-25t
smoking and, 26-25t
symptoms of, 26-24
treatment for, 26-24–26-26
xerostomia and, 26-23
ZES and, 25-21

Gastrointestinal (GI) tract
aging and, 99-2–99-3
alcohol and, 84-3
calcium and, 11-21
chemotherapy and, 89-6–89-7,

92-14
decontamination of, 5-4–5-5, 5-11,

5-17
drug poisoning and, 5-15
flora in, 62-2f, 63-1
functional units of, 36-2t
GVHD and, 92-17
HIV and, 70-35–70-38
lower disorders in, 27-1–27-21
MI and, 17-2
potassium and, 11-15
water and, 11-4

Gastroparesis
diabetes and, 50-78
glucose and, 50-28t
nausea from, 7-1

Gastroplasty, 82-22
Gastrostomy, 36-2
GB virus (GBV), 73-46
GBS. (see Guillain Barré syndrome)
GBV. (see GB virus)
GCA. (see Giant cell arteritis)
GDM. (see Gestational diabetes mellitus)
Gender

ALL and, 90-24
epilepsy and, 54-28–54-30
OCD and, 76-32
osteoporosis and, 102-3t, 102-4
skin lesions and, 38-7

Generalized anxiety disorder (GAD),
3-11, 76-2, 76-6–76-21

alcohol and, 76-6
assessment of, 76-11
CBT for, 76-7

CCK and, 76-7
clinical course of, 76-6
clinical presentation of, 76-11
diagnosis of, 76-6–76-7, 76-7t
epidemiology of, 76-6
etiology of, 76-7
GABA and, 76-7
meditation for, 76-7
OCD and, 76-33
pathophysiology of, 76-7
psychotherapy for, 76-7
social anxiety disorder and, 76-27

Genetics
AD and, 100-3
anorexia nervosa and, 82-6–82-7
cancer and, 88-4t
CF and, 98-1–98-2, 98-6, 98-13
eating disorders and, 82-6–82-7
migraine and, 52-5
obesity and, 82-6
OCD and, 76-34
panic disorder and, 76-22
POAG and, 51-7
PTSD and, 76-30
schizophrenia and, 78-2

Genital herpes. (see Herpes simplex
virus)

Genital ulcers
with Reiter syndrome, 44-1
with SLE, 44-1

Genital warts, 65-29–65-30
Genitourinary system

CF and, 98-4
menopause and, 48-7

GERD. (see Gastroesophageal reflux
disease)

Geriatrics. (see Elderly)
German Commission E, 3-2
Germander, toxicity of, 29-17, 29-19t
Gestational age, 94-2t
Gestational diabetes mellitus (GDM),

46-10, 46-13–46-14, 50-3, 50-7
Gestational hypertension, 46-14
GFR. (see Glomerular filtration rate)
GGT. (see Gamma-glutamyl transferase)
GI. (see Gastrointestinal tract)
Giant cell arteritis (GCA), 44-5
Giardia lamblia, 74-10, 74-11f

infectious diarrhea from, 62-2
Giardiasis

diagnosis of, 74-10–74-11
diarrhea with, 74-10
dysgammaglobulinemia and, 74-10
IgA and, 74-10
transmission of, 74-10
treatment of, 74-11

Gingival hyperplasia, 54-17–54-18
GIP. (see Glucose-dependent

insulinotropic polypeptide)
Glaucoma, 51-3

angle-closure, 51-3
open-angle, 51-3–51-12

Global Arthritis Scale (GAS), 43-11
Global Deterioration Scale, 100-5
Globulin, 2-11

blood chemistry reference values
for, 2-3t

β-globulins, in neonates, 94-4
Globus pallidus interna (GPi), 53-21
Glomerular disease, 31-29–31-34
Glomerular filtration rate (GFR), 10-1,

11-6, 18-6
for neonates, 94-8
pregnancy and, 46-6

Glomerulonephritis, 31-30
with HAV, 73-4
HCV and, 73-38
hypertension with, 20-1

GLP-1. (see Glucagonlike peptide-1)
Glucagonlike peptide-1 (GLP-1), 50-57
Glucocorticoids. (see also Glucocorticoids

in Drug Index)
HPA and, 76-3

Glucose, 2-8. (see also Glucose in Drug
Index)

blood chemistry reference values
for, 2-3t

CKD and, 31-28
diet and, 50-28t
EN and, 36-11
exercise and, 50-28t
gastroparesis and, 50-28t
metabolism of, 50-4
monitoring of, 50-13
obesity and, 82-17t
phosphorus and, 11-25
sodium and, 11-8
stress and, 50-28t
stroke and, 55-13–55-14

Glucose -6-phosphate dehydrogenase
(G6PD), 87-3–87-5

Glucose tolerance, 50-3, 97-15–97-16
CF and, 98-3t
PCOS and, 47-4

Glucose-dependent insulinotropic
polypeptide (GIP), 50-57

β-glucuronidase, 94-3
Glutamate, 84-5

schizophrenia and, 78-3
Glutamine, 10-1, 36-9, 89-9
Glycated serum albumin, 50-15
Glycated serum protein, 50-15
Glycerol, 37-5–37-6
Glycine conjugation, in neonates, 94-7
Glycogen storage disease, neonatal

seizures and, 94-41t
Glycopeptides, 97-7
Glycoprotein I (GPI), 15-2

in neonates, 94-4
Glycosylated hemoglobin (HbA1c), 2-8,

50-14–50-15
blood chemistry reference values

for, 2-3t
factors affecting, 50-15t
vitamin C and, 50-14
vitamin E and, 50-14

GM-CSF, 56-2f
GMPs. (see Good manufacturing

practices)
Gn-RH. (see Gonadotropin-releasing

hormone)
Goiter

multinodular, 49-36
nodular, 49-6

Goldfrank’s Toxicologic Emergencies, 5-3
Gonadotropin-releasing hormone

(Gn-RH), 45-2
Gonadotropins, 101-8

PCOS and, 47-2–47-3, 47-3f
Gonococcal arthritis, 66-11–66-12
Gonococcal conjunctivitis, 51-14
Gonococcal endocarditis, 65-9–65-10
Gonococcal meningitis, 65-9–65-10
Gonorrhea, 65-2–65-7

anorectal, 65-6–65-7
with Chlamydia trachomatis, 65-3
DGI, 65-8–65-10
diagnosis of, 65-3

pharyngeal, 65-6–65-7
transmission of, 65-2
with Trichomonas vaginalis, 65-3

Good manufacturing practices (GMPs),
3-5

Gordolobo yerba, 29-19t
Gottron’s papule, 44-1
Gout, 42-1–42-12

alcohol and, 42-2, 42-3
CVD and, 42-2
diagnosis of, 42-3–42-5, 42-4t
dyslipidemia and, 42-11–42-12
hypertension and, 42-2, 42-12
hyperuricemia and, 42-3,

42-7–42-12
lead and, 42-3
metabolic syndrome and, 42-2,

42-3
pain with, 42-2
pruritus and, 38-13t
risk factors for, 42-3

GPI. (see Glycoprotein I)
GPi. (see Globus pallidus interna)
Graft arteriosclerosis, 35-5
Graft endothelial cells, 34-3
Graft rejection, 92-3, 92-16
Graft-versus-host disease (GVHD), 68-3,

92-1, 92-16–92-22
acute, 92-16–92-20
allogenic HCT and, 92-7
chronic, 92-20–92-22

CMV and, 92-21
herpes zoster and, 92-21
PJP and, 92-21
symptoms of, 92-21t

CMV and, 92-17
GI tract and, 92-17
histocompatibility and, 92-3
liver and, 92-17
PBPCT and, 92-8
skin and, 92-17
transplants and, 87-16

Graft-versus-tumor (GVT), 92-1
allogenic HCT and, 92-9

Gram-negative bacillary endocarditis,
59-22–59-23

Gram-negative bacillary meningitis,
58-17–58-21

Gram-negative bacilli
CAP and, 60-7t
pneumonia and, 60-6

Grand mal seizures, 54-2
Granulocytopenia. (see Neutropenia)
Granulomatous hepatitis, 29-17
Granulovacuolar degeneration, 100-4
Graves’ disease, 49-3, 50-4–50-5

anxiety and, 76-4
Gravida, 46-4
Greater celandine, toxicity of, 29-17
Green zone, of PEF, 22-34
Group A β-hemolytic streptococcus

(GABHS), 96-7–96-10
Group therapy, for schizophrenia,

78-8
Growth factors, 88-2

COPD and, 23-3t
Growth hormone

cluster headaches and, 52-19
for obesity, 82-8
sleep and, 77-3

Guillain Barré syndrome (GBS), 95-11
pregnancy and, 46-29

Gull, William, 82-2
Gummas, 65-14
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Guttate psoriasis, 40-2
GVHD. (see Graft-versus-host disease)
GVT. (see Graft-versus-tumor)

HACA. (see Human antichimeric antibody)
HACEK. (see Haemophilus-Actinobacillus-

Cardiobacterium-Eikenella-
Kingella)

Hachinski Ischemic Scale, 100-13
Haemophilus spp., 56-5t
Haemophilus aegyptius, conjunctivitis

and, 51-14
Haemophilus influenzae, 68-3

AB and, 60-2
AECB and, 60-3t
AOM from, 96-4–96-5
CAP and, 60-7t
prevention of, 58-13–58-14
sickle cell anemia and,

86-13–86-14
Haemophilus influenzae type b (Hib),

95-1
bacterial meningitis from, 95-7
cellulitis from, 95-7
epiglottitis from, 95-7
immunization for, 95-3, 95-7–95-8

functional asplenia and, 95-8
HIV and, 95-8
sickle cell anemia and, 95-8

pericarditis from, 95-7
pneumonia from, 95-7
septic arthritis from, 95-7

Haemophilus parainfluenzae, AECB and,
60-3t

Haemophilus-Actinobacillus-
Cardiobacterium-Eikenella-Kingella
(HACEK), 59-23

Hallucination, 78-5t
Hallucinogen persisting perceptual

disorder (HPPD), 83-17
HAM-D 17. (see Hamilton Depression

Scale)
Hamilton Depression Scale (HAM-D 17),

79-7–79-8t
Hand-foot syndrome, 89-12
Hantavirus, 72-15–72-16
Hantavirus pulmonary syndrome (HPS),

72-15
HAP. (see Hospital-acquired pneumonia)
Haptenization, 4-2
Haptoglobin, 87-2
Hashimoto’s thyroiditis, 49-2–49-3
HAT. (see Heparin-associated

thrombocytopenia)
HAV. (see Hepatitis A virus)
HbA1c. (see Glycosylated hemoglobin)
HbF. (see Hemoglobin F)
HBV. (see Hepatitis B virus)
HCAP. (see Health care-associated

pneumonia)
HCC. (see Hepatocellular carcinoma)
hCG. (see Human chorionic gonadotropin)
HCl. (see Hydrochloric acid)
HCO3. (see Bicarbonate)
HCT. (see Hematopoietic stem cell

transplant)
Hct. (see Hematocrit)
HCV. (see Hepatitis C virus)
HCV RNA. (see Hepatitis C virus

ribonucleic acid)
HD. (see Hemodialysis; Hodgkin disease)
HDL. (see High-density lipoproteins)
HDN. (see Hemolytic disease of the fetus

and newborn)

HDV. (see Hepatitis D virus)
Head injuries

aspiration pneumonia and, 60-18t
headache and, 52-2t
hypertension with, 20-1
pneumonia and, 60-5
SRMB and, 26-34t

Headache, 52-1–52-24. (see also Cluster
headaches; Migraine; Tension-type
headache)

alcohol and, 52-2t
caffeine and, 52-2t
CGRP and, 52-3
classification of, 52-2–52-3, 52-2t
contraception and, 45-14
head trauma and, 52-2t
infection and, 52-2t
neurokinin A and, 52-3
pain and, 52-3
pathophysiology of, 52-3
pregnancy and, 46-32
stroke and, 52-2t
substance P and, 52-3

Health care-associated pneumonia
(HCAP), 60-21–60-27

Health Insurance Portability and
Accountability Act (HIPAA), 1-8

Health literacy, 1-8
lack of, 1-8t

Heart failure (HF), 16-1, 17-19,
18-1–18-67, 99-8–99-9. (see
also Congestive heart failure)

ADHF, 18-7
cardiogenic shock and, 21-8,

21-21–21-24
PCWP and, 21-21

classification of, 18-9, 18-9t
critical care management of,

18-54–18-57
diet and, 18-18
high-output, 18-2–18-3
with hypertension, 20-2
ischemic, 18-3–18-4
ischemic stroke and, 55-3t
low-output, 18-2–18-3
MI and, 17-4
nonischemic, 18-3–18-4
nutritional supplements for,

3-3t
predisposing factors, 18-18
race and, 18-60–18-61
stages of, 18-18
supraventricular arrhythmias and,

18-48–18-49
Heart Protection Study (HPS), 12-11
Heart rate (HR), 18-4, 18-5, 21-2,

21-34
of neonates, 94-2
normal values for, 21-5t

Heart transplantation, 35-1–35-7
arrhythmias and, 35-5
CHF and, 35-5
CMV and, 35-5
hyperlipidemia and, 35-5, 35-7
hypertension and, 35-5
obesity and, 35-5
rejection with, 35-4–35-6
smoking and, 35-5

Heartburn. (see Reflux esophagitis)
Heavy metals, in herbs, 3-5
Heberden’s nodes, 43-37
HEE. (see Human ehrlichial ewingii)
Heinz bodies, 87-3
Helicobacter spp., 56-5t

Helicobacter pylori, 26-8t
chronic gastritis and, 26-9
dyspepsia and, 26-8–26-9
GERD and, 26-24
PUD and, 25-13–25-18,

26-31–26-32
stomach cancer and, 26-9
testing for, 26-11–26-12

Heliotherapy, 40-8
HELLP. (see Hemolysis, elevated liver

enzymes, and low platelet count)
Hemagglutinin, 72-10
Hematocrit (Hct), 2-17, 31-14–31-16,

36-1
anemia and, 86-3
myocardial oxygen and, 16-3
PV-IVH and, 94-40

Hematogenous osteomyelitis, 66-1–66-2
Hematologic malignancies, 90-1–90-38
Hematology, 2-15–2-20
Hematopoietic growth factors (HGFs),

92-4, 92-6
Hematopoietic stem cell transplant (HCT),

68-3, 92-1–92-28. (see also
Allogenic HCT; Autologous HCT)

Aspergillus spp. and, 92-24–92-27
CMV and, 92-23–92-24
complications with, 92-11–92-16
diseases treated with, 92-3t
hemorrhagic cystitis with,

92-12–92-14
HSV and, 92-23
infection with, 92-22–92-27
for multiple myeloma, 90-20
myeloablative preparative regimens

for, 92-5t
NK and, 92-3
obesity and, 92-11
PJP and, 92-27
survivorship after, 92-27–92-28
synergic, 92-2
toxicities with, 92-5t
VZV and, 92-23

Hematopoietic stem cells, 2-16f
Hematuria

ARF and, 30-6
with hypertension, 19-2
with sickle cell anemia, 86-14
SLE and, 44-2t
Wegener’s granulomatosis and,

31-33
Hemodialysis (HD), 31-4, 32-1,

32-2–32-11, 32-3f
for alcohol intoxication, 84-6–84-7
aluminum toxicity with, 32-10
amyloidosis with, 32-10
coagulation and, 32-5–32-7
complications with, 32-8–32-11
dialysis disequilibrium with, 32-9
diffusion in, 32-2–32-5
for drug poisoning, 5-5
drug removal by, 33-15–33-16,

33-18, 33-20
electrolytes and, 32-5t
fluid removal with, 32-8
HBV and, 73-13
hypersensitivity with, 32-9
hypotension with, 32-8–32-9
malnutrition with, 32-10
muscle cramps with, 32-9
PMMA in, 32-2–32-5
principles of, 32-2–32-5
for salicylate toxicity, 5-9
seizures with, 32-9

Staphylococcus aureus and, 32-10
thrombosis with, 32-9–32-10
vascular access for, 32-5–32-7

Hemodynamic monitoring
cardiogenic shock and, 21-7t
distributive shock and, 21-7t
hypovolemic shock and, 21-7t
normal values with, 21-5t
for shock, 21-3–21-4

Hemoglobin (Hgb), 2-17, 21-7,
31-14–31-16, 36-1

anemia and, 86-3
blood chemistry reference values

for, 2-5t
hemolytic anemia and, 87-2
myocardial oxygen and, 16-3

Hemoglobin F (HbF), 86-14
Hemolysis, with HAV, 73-4
Hemolysis, elevated liver enzymes, and

low platelet count (HELLP),
46-14

Hemolytic anemia, 86-13
chemotherapy and, 89-16
drug-induced, 87-2–87-7
Hgb and, 87-2
high-affinity hapten-type,

87-5–87-6
immune, 87-5
low-affinity binding, 87-6–87-7

Hemolytic disease of the fetus and
newborn (HDN), 46-9, 46-41

Hemolytic uremic syndrome (HUS), 62-15
in children, 93-16–93-17

Hemoperfusion, 33-4
for drug poisoning, 5-5
for salicylate toxicity, 5-9

Hemoptysis
CF and, 98-3t
PE and, 15-16t

Hemorrhage
from heparin, 15-11
postpartum, 46-23–46-24
from warfarin, 15-19–15-20

Hemorrhagic cystitis, with HCT,
92-12–92-14

Hemorrhagic fever, with renal syndrome,
72-15

Henle’s loop, 11-3, 11-3f, 11-6
HEPA. (see High-efficiency particulate

air)
Heparin-associated thrombocytopenia

(HAT), 15-11–15-12
Heparin-induced thrombocytopenia (HIT),

15-11–15-12
Hepatic abscess, 74-8

with amebiasis, 74-9–74-10
Hepatic encephalopathy, 28-16–28-19

ammonia and, 28-17
stages of, 28-17t

Hepatic failure
enteral formulas for, 36-6–36-7
PN and, 37-17
SRMB and, 26-34t

Hepatic venous pressure gradient
(HVPG), 28-2

Hepatitis, 73-1–73-47. (see also Chronic
hepatitis)

drug-induced, 29-13
fatty liver, 29-13
forms of, 73-3t
granulomatous, 29-17
HBV and, 73-32
HDV and, 73-32
peliosis, 29-16–29-17
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Hepatitis A virus (HAV), 73-2,
73-3–73-9, 73-3t

aplastic anemia with, 73-4
arthritis with, 73-4
clinical manifestations of, 73-4
course of, 73-5f
cryoglobulinemia with, 73-4
diagnosis of, 73-5
glomerulonephritis with, 73-4
hemolysis with, 73-4
HIV and, 70-4
immunization for, 73-7–73-9,

95-10
LFT for, 73-4
MMR and, 73-9
natural history of, 73-4–73-5
pathogenesis of, 73-4
prevention of, 73-6–73-9
pruritus with, 73-4
risk factors for, 73-4
thrombocytopenia with, 73-4

Hepatitis B virus (HBV), 73-2, 73-3t,
73-9–73-30

AIDS and, 73-15
ALF and, 73-13–73-14
ALT and, 73-20
AST and, 73-20
breast-feeding and, 73-11
CH from, 73-2
chemotherapy and, 73-13
clinical manifestations of,

73-13–73-15
course of, 73-31f
diagnosis of, 73-11
DILI and, 29-2
epidemiology of, 73-9–73-10
FHF and, 73-13
HCC and, 73-13–73-14
HCV and, 73-38
HD and, 73-13
HDV and, 73-31–73-32, 73-31f
hepatitis and, 73-32
HIV and, 70-4, 73-13, 73-15
immunization for, 73-15–73-18,

95-3, 95-4–95-5
life cycle of, 73-10f
liver transplantation and, 34-31,

73-30
natural history of, 73-13
in neonates, 94-36
nephrotic syndrome and, 11-5
pathogenesis of, 73-11
pregnancy and, 73-11, 73-19
Rho(D) immune globulin and,

46-10
serology of, 73-11–73-13, 73-11t
as STD, 72-10
transfusions and, 21-14,

72-10–72-11
transmission of, 73-10–73-11
transplantation and, 73-13
virology of, 73-9

Hepatitis C virus (HCV), 70-4, 73-2,
73-3t, 73-33–73-45

acute, 73-38–73-39
ALT and, 73-36
biopsy and, 73-36
CH from, 73-2
chronic, 73-39–73-45
cirrhosis and, 28-2
corneal ulcers and, 73-38
cryoglobulinemia and, 73-38
diagnosis of, 73-35–73-37
diagnostic tests for, 73-37t

DILI and, 29-2
epidemiology of, 73-34–73-35
glomerulonephritis and, 73-38
HBV and, 73-38
HIV and, 73-38
IPF and, 73-38
kidney transplantation and, 73-37
liver transplantation and, 34-31,

73-45
natural history of, 73-37
pathogenesis of, 73-35
pregnancy and, 73-38
prevention of, 73-38
RA and, 73-38
Rho(D) immune globulin and,

46-10
transfusions and, 21-14, 73-33
transmission of, 73-34–73-35
treatment algorithm for, 73-43f
virology of, 73-33–73-34

Hepatitis C virus antibody (Anti-HCV),
73-37t

Hepatitis C virus ribonucleic acid (HCV
RNA), 73-37t

Hepatitis D virus (HDV), 73-2, 73-3t,
73-30–73-33, 73-32

course of, 73-31f
diagnosis of, 73-31–73-32
epidemiology of, 73-30–73-31
HBV and, 73-31–73-32, 73-31f
immunization for, 73-32
pathogenesis of, 73-31
prevention of, 73-32
serology of, 73-31–73-32
virology of, 73-30–73-31

Hepatitis E virus (HEV), 73-2, 73-3t,
73-45–73-46

Hepatitis F virus (HFV), 73-2, 73-3t
Hepatitis G virus (HGV), 73-2, 73-3t,

73-46–73-47
FHF and, 73-46
Flaviviridae spp. and, 73-46
as STD, 73-46
transfusions and, 73-46
viremia and, 73-46

Hepatocanalicular cholestasis,
29-13–29-14

Hepatocellular carcinoma (HCC), HBV and,
73-13–73-14

Hepatomegaly, 18-17
Hepatorenal syndrome (HRS),

28-19–28-22
with ALF, 73-14

Hepatoxicity, 29-1–29-21
Herbs. (see Drug Index)
Herpes encephalitis, 72-1–72-3
Herpes simplex virus (HSV), 38-7t, 65-1,

65-24–65-29, 72-1–72-8
atopic dermatitis and, 38-14
of eyes, 51-21–51-23
HCT and, 92-23
in neonates, 65-29, 72-3–72-6,

72-4–72-6
seizures and, 94-41t

recurrence of, 65-25
symptoms of, 65-24–65-25
transmission of, 65-25–65-26

Herpes zoster, 38-7t, 72-9–72-10
chronic GVHD and, 92-21
HIV and, 69-5t

HES. (see Hydroxyethyl starch)
Hetastarch, 21-16
HEV. (see Hepatitis E virus)
HF. (see Heart failure)

HFCWO. (see High-frequency chest-wall
oscillation)

HFV. (see Hepatitis F virus)
HGA. (see Human granulocytic

anaplasmosis)
Hgb. (see Hemoglobin)
HGFs. (see Hematopoietic growth

factors)
HGV. (see Hepatitis G virus)
HHS. (see Hyperosmolar hyperglycemic

state)
Hiatal hernia

aspiration pneumonitis and, 9-4
GERD and, 26-23

Hib. (see Haemophilus influenzae type b)
High-affinity hapten-type, hemolytic

anemia, 87-5–87-6
High-density lipoproteins (HDL), 2-15,

3-7–3-8, 12-3
blood chemistry reference values

for, 2-4t
diabetes and, 12-38t
ED and, 101-7
familial hypoalphalipoproteinemia

and, 12-38t
hypertriglyceridemia and, 12-38t
metabolic syndrome and, 12-38t
obesity and, 12-38t
PCOS and, 47-4–47-5
smoking and, 12-38t
Tangier disease and, 12-38t

High-efficiency particulate air (HEPA),
68-4, 92-6

High-flux hemodialysis, 32-3–32-4,
33-4, 33-16

High-frequency chest-wall oscillation
(HFCWO), 98-9

High-power field (HPF), 2-21
High-sensitivity C-reactive protein

(hs-CRP), 12-15
Hip fractures, 102-1–102-2
HIPAA. (see Health Insurance Portability

and Accountability Act)
Hirsutism, 47-1–47-2
His-Purkinje fibers, 19-1
His-Purkinje system, automaticity in,

19-2
Histamine, 4-7

eating disorders and, 82-8
sleep and, 77-4

Histamine receptors, 24-5
Histocompatibility

allogenic HCT and, 92-7–92-8
GVHD and, 92-3

Histoplasma spp., 56-5t
Histoplasmosis, 71-19–71-22
HIT. (see Heparin-induced

thrombocytopenia)
HIV. (see Human immunodeficiency

virus)
HLA. (see Human leukocyte antigen)
HME. (see Human monocytotropic

ehrlichiosis)
HMG-CoA. (see Hydroxymethylglutaryl-

coenzyme A)
Hodgkin disease (HD), 90-2–90-3,

90-17–90-18
chemotherapy for, 88-20
HCT and, 92-3t
nephrotic syndrome and, 11-5
NHL and, 90-3t
pruritus and, 38-13t

Hoffmann, Heinrich, 81-1
Holter monitoring, 12-15

Homocysteine, 2-12
blood chemistry reference values

for, 2-4t
CAD and, 31-20
folic acid and, 2-12
vitamin B6 and, 2-12
vitamin B12 and, 2-12

Homocystinuria, 97-10
Homovanillic acid (HVA), 91-23

social anxiety disorder and, 76-27
Honeymoon period, with type 1 diabetes,

50-5, 50-33–50-34
Hordeolum. (see Stye)
Horner’s syndrome, cluster headaches

and, 52-20
Hospice care, 6-1

AD and, 6-3
drug costs during, 6-2, 6-3t
pain and, 6-7–6-10
referral to, 6-3
symptom management in, 6-5–6-7

Hospital-acquired pneumonia (HAP),
60-21–60-27

Host defenses, fungal infections and,
71-2–71-3

Host-versus-graft effects, 92-7
Hot flushes, 48-2
Hot nodules, 49-35
HPA. (see Hypothalamic-pituitary-adrenal

axis)
HPF. (see High-power field)
HPPD. (see Hallucinogen persisting

perceptual disorder)
HPS. (see Hantavirus pulmonary

syndrome; Heart Protection Study)
HPV. (see Human papilloma virus)
HR. (see Heart rate)
hs-CRP. (see High-sensitivity C-reactive

protein)
HSV. (see Herpes simplex virus)
HTLV-1. (see Human T-lymphotropic

virus 1)
HTLV-II. (see Human T-lymphotropic

virus II)
Human antichimeric antibody (HACA),

43-7
Human bites, 67-9–67-10
Human cadaver skin, for burns,

41-18–41-19
Human chorionic gonadotropin (hCG),

46-2, 46-4
Human ehrlichial ewingii (HEE), 75-2t,

75-12
Human granulocytic anaplasmosis (HGA),

75-2t, 75-12
Lyme disease with, 75-17

Human immunodeficiency virus (HIV),
65-1, 66-12. (see also Acquired
immunodeficiency syndrome)

AIDS and, 69-3
bacterial infections and,

70-35–70-37
breast-feeding and, 97-7
burns and, 41-18
CAP and, 60-13t
CIN and, 70-42
classification of, 69-5t
CMV and, 69-3, 69-5t, 70-2,

70-15–70-23
COPD and, 23-2
cryptococcosis and, 70-23–70-26
diabetes with, 62-2
diagnosis of, 69-5–69-7
DILI and, 29-2
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disease course of, 69-4f
esophagitis and, 70-38
GI tract and, 70-35–70-38
HAV and, 70-4
HBV and, 70-4, 73-13, 73-15
HCV and, 73-38
herpes zoster and, 69-5t
Hib immunization and, 95-8
infections with, 69-5t
influenza and, 70-4
internet resources on, 69-30t
KS and, 70-40–70-41
lymphoma and, 56-4–56-5
MAC and, 70-30–70-34
malignancy and, 70-40–70-42
Mycobacterium tuberculosis and,

70-26–70-30
nephrotic syndrome and, 11-5
NHL and, 70-41–70-42
OIs with, 70-1–70-42
pathophysiology of, 69-2–69-4
pharmacotherapy of, 69-1–69-30
PJP and, 70-1–70-2, 70-7–70-12
Pneumocystis carinii and, 69-3,

69-5t
prognosis for, 69-7f
protozoal infections and,

70-37–70-38
Rho(D) immune globulin and,

46-10
surrogate marker data for,

69-7–69-11
TB and, 61-6–61-7, 61-20, 69-5t
Toxoplasma gondii encephalitis

and, 70-12–70-15
transfusions and, 21-14
viral infections and, 70-35
viremia and, 69-2–69-3
VZV and, 70-4
wasting syndrome, 70-38–70-40
weight and, 82-6t

Human leukocyte antigen (HLA), 35-5,
92-2

classification of, 34-2–34-3
transplantation and, 34-2–34-5
type 1 diabetes and, 50-4
typing of, 34-3–34-4

Human milk. (see also Breast-feeding)
drug excretion in, 46-36–46-38
phases of, 97-7

Human monocytotropic ehrlichiosis
(HME), 75-2t, 75-12–75-13

AIDS and, 75-13
Human papilloma virus (HPV), 65-1

cervical cancer and, 88-6
genital warts, 65-29–65-30
immunization for, 95-11–95-12

Human T-lymphotropic virus 1 (HTLV-1),
65-1–65-2

breast-feeding and, 97-7
Human T-lymphotropic virus II (HTLV-II),

65-1–65-2
Humoral rejection, 34-15–34-16
Huntington’s disease, sleep and,

77-5t
HUS. (see Hemolytic uremic syndrome)
HVA. (see Homovanillic acid)
HVPG. (see Hepatic venous pressure

gradient)
Hydrocephalus

dementia and, 100-2t
SAH and, 55-18–55-19

Hydrochloric acid (HCl), 26-2
Hydrolysate, in infant formulas, 97-9

Hydronephrosis, 101-18
Hydrops fetalis, 46-9
γ-hydroxybutyric acid, 10-2
Hydroxyethyl starch (HES), 21-16
Hydroxymethylglutaryl-coenzyme A

(HMG-CoA), 12-2
Hydroxyurea, 86-14
Hygiene hypothesis, 22-2
Hymenolepis nana, 74-12, 74-14,

74-14f
Hymenoptera, 4-7
Hyperandrogenemia, 47-1–47-2
Hyperandrogenism, 47-1–47-2
Hyperbilirubinemia, 2-14

from drugs, 94-44
Hypercalcemia, 11-20–11-24, 88-13t

hyperparathyroidism and, 2-10,
11-21

malignancy and, 11-21
milk-alkali syndrome and, 2-10
nausea from, 7-1
Paget disease and, 2-10
transfusions and, 21-14

Hyperchloremic metabolic acidosis,
10-5–10-6

aldosterone and, 11-18
renin and, 11-18
vomiting and, 11-5

Hypercholesterolemia, 12-16
Hypercoagulability, 55-3t
Hyperemesis gravidarum, 46-7–46-8
Hyperglycemia, 2-8–2-9

AD and, 100-6
diabetes mellitus and, 2-8
drug-induced, 50-80–50-81
with EN, 36-13
liver transplantation and, 34-26
MI and, 17-11
nausea from, 7-1
neonatal seizures and, 94-41t
with PN, 37-13

Hyperhomocysteinemia, 55-3t
Hyperinsulinemia

hypertension and, 13-3
PCOS and, 47-2

Hyperkalemia, 2-6, 11-17–11-20
aldosterone and, 11-18
with CKD, 31-13–31-14
dialysis for, 11-19, 11-19t
from heparin, 15-11
renin and, 11-18
tumor lysis syndrome and, 90-6t

Hyperlipidemia, 17-19, 99-9
drug-induced, 12-17
heart transplantation and, 35-5,

35-7
nephrotic syndrome and, 31-30,

93-20
nutritional supplements for, 3-3t
psoriasis and, 40-2
VaDs and, 100-11

Hypermagnesemia, 11-29, 31-14
Hypernatremia, 2-2, 11-12–11-13

fluids and, 2-2
gastroenteritis and, 2-2

Hyperosmolar hyperglycemic state (HHS),
50-73–50-74

Hyperparathyroidism
CKD and, 31-21–31-27
hypercalcemia and, 2-10, 11-21
neonatal seizures and, 94-41t
panic disorder and, 76-24

Hyperphosphatemia, 2-10, 31-14
tumor lysis syndrome and, 90-6t

Hyperprolactinemia, 101-5
drug-induced, 78-22
ED and, 101-8
PCOS and, 47-2

Hyperreactivity
allergic rhinitis and, 22-2
asthma and, 22-2
CF and, 22-2
chronic bronchitis and, 22-2

Hypersensitivity. (see also Anaphylactoid
reactions)

chemotherapy and, 89-15–89-19
drug fever and, 4-11t
with HD, 32-9
from heparin, 15-11
kidneys and, 4-14
liver and, 4-14
lungs and, 4-14
Rho(D) immune globulin and,

46-10
serum sickness and, 4-10t
skin and, 4-14

Hypersensitivity vasculitis, 4-11–4-12
Hypersomnia, 79-2
Hypertension, 20-1–20-17,

99-9–99-10. (see also Accelerated
hypertension; Cocaine-induced
hypertension; Malignant
hypertension)

acute renal failure with, 20-6t
African Americans and, 13-16
alcohol and, 13-8
angina with, 20-6t
aortic dissection with, 20-6t
BUN and, 19-2
with burns, 20-1
CAD and, 13-18, 13-28, 13-30
CKD and, 13-18, 13-28, 13-30,

31-19–31-20
complications with, 13-6t
contraception and, 45-14–45-15
crisis with, 19-1
diabetes and, 13-18, 13-28, 13-30,

50-75–50-76
from drug withdrawal, 20-1
with eclampsia, 20-1
ED and, 101-7
elderly and, 13-16–13-17
emergency with, 19-1, 20-8–20-17

aortic dissection, 20-15–20-16
CNS and, 20-1, 20-2
vs. urgency with, 20-2t

ESRD from, 31-2–31-3, 31-4
essential, 13-1–13-40
gestational, 46-14
with glomerulonephritis, 20-1
gout and, 42-2, 42-12
with head injuries, 20-1
heart transplantation and, 35-5
hematuria with, 19-2
HF with, 20-2
hyperinsulinemia and, 13-3
hypertensive encephalopathy with,

20-6t
ICHs and, 55-4
insulin and, 13-3
intracranial hemorrhage with, 20-6t
ischemic stroke and, 55-3t
ISH, 13-16
left ventricular dysfunction and,

13-18–13-19, 13-28, 13-30
LVH and, 31-20
malignant, 20-2–20-3

papilledema with, 20-2

management of, 13-5–13-11,
13-14–13-20, 14-6–14-7

metabolic syndrome and, 12-35
MI and, 20-2, 20-6t
nutritional supplements for, 3-3t
obesity and, 82-17t
ocular, 51-3
PAD and, 14-2
panic disorder and, 76-24
PCOS and, 47-5
pheochromocytoma with, 20-6t
potassium and, 13-8
pregnancy and, 46-14–46-16
proteinuria with, 19-2
pruritus and, 38-13t
pyelonephritis with, 19-2
risk assessment for, 13-11–13-13
SAH with, 20-6t
SLE and, 44-3
sleep and, 77-16
smoking and, 13-15
sodium and, 13-7–13-8
stroke and, 13-18, 13-28, 13-30,

20-6t
transplantation and, 35-6
treatment for, 20-2–20-3
urgency with, 19-1, 20-3–20-8

vs. emergency with, 20-2t
VaDs and, 100-11
weight and, 12-22, 13-7
white-coat, 13-4–13-5

Hypertensive crises, 13-5
Hyperthermia

for BPH, 101-20t
from salicylate toxicity, 5-9

Hyperthyroidism, 49-3, 49-4–49-5,
49-19–49-31

ADHD and, 81-2
anxiety and, 76-4
cardioversion and, 49-21
causes of, 49-4t
clinical findings of, 49-5t
DILI and, 29-2
ED and, 101-4
panic disorder and, 76-24
pregnancy and, 46-32, 49-29
pruritus and, 38-13t
treatment for, 49-22–49-28
weight and, 82-6t

Hypertriglyceridemia
alcohol and, 12-34–12-35
HDL and, 12-38t
obesity and, 12-34
secondary causes of, 12-34–12-35
TSH and, 12-34

Hyperuricemia, 18-22, 42-1–42-12
gout and, 42-3, 42-7–42-12
with sickle cell anemia, 86-14
tumor lysis syndrome and, 90-6t

Hypervolemic hypotonic hyponatremia,
11-9

Hypnosis, for smoking cessation, 85-22
Hypoalbuminemia

anorexia nervosa and, 82-12
SLE and, 44-3

Hypoalphalipoproteinemia, 12-8
characteristics of, 12-7t

Hypocalcemia
neonatal seizures and, 94-41t,

94-42
QTc and, 19-24
tumor lysis syndrome and, 90-6t

Hypocomplementemia, SLE and, 44-3
Hypocretin, wakefulness and, 77-4
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Hypoglycemia, 2-8–2-9, 31-11
AD and, 100-6
alcohol and, 84-6
anxiety and, 76-4
in children, 50-32–50-33, 50-34
definition of, 50-23t
drug-induced, 50-81
neonatal seizures and, 94-41t,

94-42
nutritional supplements for, 3-3t
SE and, 54-31
symptoms of, 50-23t
treatment of, 50-23t

Hypogonadism, 101-4, 101-8
Hypokalemia, 2-6, 10-6, 11-15–11-17,

18-22
anorexia nervosa and, 82-12
bulimia nervosa and, 82-15
clinical manifestations of,

11-16–11-17
leukemia and, 11-16
with PN, 37-12–37-13
QTc and, 19-24
treatment of, 11-17

Hypomagnesemia, 11-27–11-29, 18-22
neonatal seizures and, 94-41t,

94-42
with PN, 37-13
QTc and, 19-24

Hypomanic episodes, 80-1
Hyponatremia, 2-2, 11-6–11-8, 18-21

antidiuretic hormone and, 11-6
brain and, 11-10
bulimia nervosa and, 82-15
CHF and, 11-9
cirrhosis and, 11-9
clinical presentation of, 11-7t
hypervolemic hypotonic, 11-9
hypothyroidism and, 11-9
hypotonic, 11-8–11-9
nausea from, 7-1
neonatal seizures and, 94-42
normovolemic hypotonic,

11-9–11-10
seizures and, 11-10, 55-12
SIADH and, 11-9–11-10, 88-13t
treatment of, 11-7t

Hypoperfusion, 21-7, 21-17
Hypophosphatemia, 2-10, 11-25–11-27

alcoholism and, 11-26
burns and, 11-26
COPD and, 11-26
DKA and, 11-26
with PN, 37-13

Hypopituitarism, 49-19
Hypopnea, 77-16
Hypoprothrombinemia, 49-20
Hyposthenuria, with sickle cell anemia,

86-14
Hypotension

alcohol and, 84-6
anaphylaxis and, 4-7
definition of, 21-10t
with HD, 32-8–32-9
with PV-IVH, 94-40
SRMB and, 26-34t

Hypothalamic-pituitary-adrenal axis
(HPA), 44-2, 79-4

anxiety and, 76-2
glucocorticoids and, 76-3
insomnia and, 77-1
PTSD and, 76-30
regulation of, 44-10f
suppression of, 44-10

Hypothalamus, eating disorders and,
82-7

Hypothermia
alcohol and, 84-6
hypovolemic shock and, 21-15
stroke and, 55-12–55-14

Hypothyroidism, 49-2, 50-10–50-19
causes of, 49-3t
CHF with, 49-17–49-18
CKD and, 31-27–31-28
clinical findings of, 49-3t
clotting and, 15-21
congenital, 49-14–49-15
depression and, 79-3t
drug-induced, 80-10
ED and, 101-4
hyponatremia and, 11-9
myxedema coma and, 49-16–49-17
pregnancy and, 49-14
pruritus and, 38-13t
rhinitis and, 24-3
treatment for, 49-4t

Hypotonic fluid loss, 11-12
Hypotonic hyponatremia, 11-8–11-9
Hypovolemic shock, 21-1, 21-2t,

21-7–21-8, 21-10–21-16
bleeding and, 21-15
hypothermia and, 21-15
PCWP and, 21-15–21-16
postoperative, 21-15–21-16

Hypoxia
neonatal seizures and, 94-41t
in neonates, 94-8, 94-21
VaDs and, 100-11

Hy’s law, 29-12

IABP. (see Intraaortic balloon
counterpulsation pump)

IAT. (see Indirect antiglobulin test)
IBD. (see Inflammatory bowel disease)
IBS. (see Irritable bowel syndrome)
IC. (see Intermittent claudication;

Intracavernous pressure)
ICAM. (see Intercellular adhesion

molecule)
ICD. (see Implantable

cardioverter-defibrillator)
ICF. (see Intracellular fluid)
ICHs. (see Intracerebral hemorrhages)
ICP. (see Increased intracranial pressure)
IDDM. (see Insulin-dependent diabetes

mellitus)
IDG. (see Interdisciplinary group)
IDH. (see Intradialytic hypotension)
Idiopathic pulmonary fibrosis (IPF), 35-8

HCV and, 73-38
Idiopathic recurrent anaphylaxis, 4-7
Idiopathic rhinitis, 24-3, 24-24–24-25
Idiopathic thrombocytopenic purpura

(ITP), in children, 93-17–93-19
Idiosyncrasy, 29-5, 29-12

characteristics of, 29-5t
IDM. (see Infants of diabetic mothers)
IDNT. (see Irbesartan Diabetic

Nephropathy Trial)
IE. (see Infective endocarditis)
IFG. (see Impaired fasting glucose)
IFI. (see Infectionfree interval)
IFN. (see Interferon)
IgA. (see Immunoglobulin A)
IgE. (see Immunoglobulin E)
IgG. (see Immunoglobulin G)
IgM. (see Immunoglobulin M)
IGT. (see Impaired glucose tolerance)

IIEF. (see International Index of Erectile
Function)

IL-1. (see Interleukin-1)
IL-4. (see Interleukin-4)
IL-6. (see Interleukin-6)
IL-8. (see Interleukin-8)
IL-10. (see Interleukin-10)
IL-13. (see Interleukin-13)
ILD. (see Interstitial lung disease)
Immediate hypersensitivity, 4-19
Immune complex-mediated reactions, 4-3
Immune reconstitution syndrome, 69-25
Immune-modulating pulmonary formula

(IMP), 36-11
Immunization

for adolescents, 95-11–95-12
allergy and, 95-3
for BCG, 70-26, 70-29
for cervical cancer, 88-6
CF and, 98-10
for children, 95-1–95-12

adverse effects of, 95-4
contraindications for, 95-1–95-3
immunocompromise and, 95-12
schedule for, 95-1, 95-2f,

95-3f
with COPD, 23-9, 23-12
for Haemophilus influenzae type b,

95-3
for HAV, 73-7–73-9, 95-10

for HIV, 70-6t
for HAV and HBV, 73-8
for HBV, 73-15–73-18,

73-28–73-29, 95-3, 95-4–95-5
for HIV, 70-6t
in neonates, 94-34t, 94-36

for HDV, 73-32
for Hib, 95-7–95-8
for HPV, 95-11–95-12
for influenza, 60-14, 60-15–60-17,

72-12–72-13
for croup, 96-11
for HIV, 70-6t

after liver transplantation,
34-31–34-32

for malaria, 75-7
for meningococcus, 95-11
for MMR, 95-9

adverse effects of, 95-4
for pertussis, 95-5–95-6
for pneumococcus, 95-3, 95-10
for polio, 95-3, 95-6–95-7
pregnancy and, 95-3
for RA, 43-9
for rabies, 95-10
for rotavirus, 95-3, 95-5
seizures and, 95-3
for STDs, 65-30
sudden infant death syndrome and,

95-3
teratogenic effects of, 46-31t
for tetanus, 95-9–95-10
transplantation and, 34-31
for typhoid fever, 62-5
for varicella, 95-8–95-9

Immunoglobulin A (IgA)
giardiasis and, 74-10
in nose, 24-2

Immunoglobulin E (IgE)
allergic rhinitis and, 24-4
anaphylaxis and, 4-3, 4-7
asthma and, 22-2

Immunoglobulin G (IgG), 49-8
drug allergies and, 4-3

Immunoglobulin M (IgM), drug allergies
and, 4-3

Immunoreactive trypsinogen (IRT), 98-6
IMP. (see Immune-modulating pulmonary

formula)
Impaired fasting glucose (IFG), 50-3
Impaired glucose tolerance (IGT), 50-3
IMPDH. (see Inosine monophosphate

dehydrogenase)
Impedance plethysmography, for DVT,

15-9
Impetigo, 38-7t
Implantable cardioverter-defibrillator

(ICD), 18-65
ventricular arrhythmias and,

19-23–19-24
Improving infarction, 55-1
IMT. (see Carotid intimal-medial

thickness)
Inactivated polio vaccine (IPV), 95-3,

95-6
Inborn errors of metabolism, HCT and,

92-3t
Incontinence

functional, 101-25
overflow, 101-25
PUI, 101-24–101-25
stress, 82-17t, 101-25
urge, 101-25
urinary, 101-23–101-28

aging and, 101-23–101-24,
101-24t

classification of, 101-24–101-25
estrogen and, 101-24
menopause and, 48-8

Incontinentia pigmenti, neonatal seizures
and, 94-41t

Increased intracranial pressure (ICP),
with ALF, 73-14

Increased intraocular pressure (IOP),
51-3

Indirect antiglobulin test (IAT), 87-6
Indoleamine, 76-2
Indolent lymphoma, 90-16–90-17
Induction chemotherapy, 88-21
Induction therapy, 34-12
Infant formulas

components of, 97-8–97-9t
diarrhea and, 97-12–97-13
hydrolysate in, 97-9
PAAF, 97-16–97-17
soy in, 97-9
therapeutic, 97-10

Infants. (see also Neonates)
acidosis and, 97-14
azotemia and, 97-14
BMI and, 97-12
cow’s milk and, 97-10
height and, 97-11–97-12
nutrition and, 97-6–97-19
solid foods and, 97-10
weight and, 97-11–97-12

Infants of diabetic mothers (IDM), 46-11
Infection. (see also Bacterial infections;

Fungal infections; Opportunistic
infections; Urinary tract infections;
Viral infections)

amputation and, 67-6
in children, 96-1–96-19
diagnosis of, 56-4–56-5
fever and, 56-4–56-5
with HCT, 92-22–92-27
headache and, 52-2t
ischemic stroke and, 55-3t
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with lung transplantation,
35-9–35-10

in neonates, 94-33–94-36
pathogens of, 56-5–56-7, 56-5t
principles of, 56-1–56-24
of respiratory system, 56-6t
severity of, 56-2–56-4
site of, 56-5, 56-6t
of skin, 56-6t
of soft tissue, 56-6t

Infectionfree interval (IFI), 60-4
Infectious diarrhea, 62-1–62-23,

62-16–62-19
AIDS and, 62-4
chemotherapy and, 62-4
clinical presentation of, 62-2–62-4
Clostridium difficile and,

62-19–62-23
electrolytes and, 62-4
Escherichia coli and, 62-14–62-16
etiology of, 62-2
from Giardia lamblia, 62-2
laboratory tests for, 62-4–62-5
norovirus and, 62-2
pathogenesis of, 62-2
predisposing factors for, 62-2,

62-3t
prevention of, 62-5
rehydration for, 62-4
rotavirus and, 62-2
Salmonella spp. and, 62-10–62-14
Staphylococcus aureus and, 62-2,

62-8
symptoms of, 62-3t
transplantation and, 62-4
travelers’, 62-16–62-19
treatment for, 62-3t, 62-4–62-5

Infective endocarditis (IE), 59-1
definition of, 59-6t
from Staphylococcus aureus, 59-3

Infertility, 89-34–89-35
CF and, 98-3t
with endometriosis, 47-14
nutritional supplements for, 3-3t

Inflammatory airway syndrome, 24-1
Inflammatory bowel disease (IBD), 27-1.

(see also Crohn disease; Ulcerative
colitis)

from Escherichia coli, 27-2
etiology of, 27-1–27-2
fertility and, 27-10–27-11
from Mycobacterium

paratuberculosis, 27-2
pathogenesis of, 27-2
risk factors for, 27-2t
weight and, 82-6t

Inflammatory muscle disease, 44-1
Influenza, 60-7, 72-10–72-13

clinical presentation, 72-11–72-12
HIV and, 70-4
immunization for, 72-12–72-13,

95-10–95-11
Influenza A, CAP and, 60-8
Influenza B, CAP and, 60-8
Inhalation injury, with burns, 41-17
Innocent bystander reaction, 85-5
Inosine monophosphate dehydrogenase

(IMPDH), 34-7
Inotropic state, 18-4–18-5
INR. (see International normalized ratio)
Insomnia, 3-35

alcohol for, 77-5
CBT for, 77-2
with children, 77-20–77-21

in elderly, 3-35
HPA and, 77-1
IL-6 and, 77-1
nutritional supplements for, 3-3t
serotonin and, 77-1
TNF-α and, 77-1

Insulin, 50-15–50-19. (see also Insulin in
Drug Index)

β-cells and, 50-15
hypertension and, 13-3
metabolism of, CKD and, 31-28
needles for, 50-15

reusing, 50-2–50-3
PCOS and, 47-3–47-4, 47-3f
renal failure and, 50-36–50-37
resistance to, metabolic syndrome

and, 12-35
Insulin resistance syndrome. (see

Metabolic syndrome)
Insulin-dependent diabetes mellitus

(IDDM), 50-3t
Integrins, 88-9
Intercellular adhesion molecule (ICAM),

34-3
Interdisciplinary group (IDG), 6-4
Interferon (IFN), 86-15
Interleukin(s), 18-8. (see also Interleukin

in Drug Index)
ACD and, 86-15
acne and, 39-2

Interleukin-1 (IL-1), 21-9, 21-10, 21-33,
56-2f

allergic bronchopulmonary
aspergillosis and, 98-5

RA and, 43-7
sepsis and, 56-3
T cells and, 34-3

Interleukin-4 (IL-4), 34-3
Interleukin-6 (IL-6), 21-10, 21-33, 34-3,

56-2f
EDS and, 77-16
insomnia and, 77-1
OSA and, 77-16
RA and, 43-7
sepsis and, 56-3

Interleukin-8 (IL-8), 21-10, 21-33
CF and, 98-5

Interleukin-10 (IL-10), 34-3
CF and, 98-5

Interleukin-13 (IL-13), 34-3
Intermittent claudication (IC), 14-1

diabetes mellitus and, 14-7t
exercise for, 14-6t
outcomes with, 14-2t
smoking and, 14-1, 14-5, 14-5t

Intermittent pneumatic compression
(IPC), 15-5

Intermittent positive-pressure breathing
(IPPB), 22-14

Internal mammary artery (IMA), 16-29
International Index of Erectile Function

(IIEF), 101-5
International normalized ratio (INR),

2-19, 2-20
International System of Units (SI), 2-2
INTERSEPT study, 21-33
Interstitial cystitis, 64-11
Interstitial fibrosis, RA and, 43-12
Interstitial infiltrates, 25-5t
Interstitial lung disease (ILD),

25-9–25-10
Interstitial nephritis, 4-14
Interstitial pulmonary fibrosis (IPF),

35-10

Intra-abdominal abscess, 63-11
Intra-abdominal infections, 63-1–63-12
Intraaortic balloon counterpulsation pump

(IABP), 21-25, 21-27
Intracavernous pressure (IC), 101-3
Intracellular fluid (ICF), 2-2
Intracerebral hemorrhages (ICHs), 55-2

ADEs and, 55-4
aneurysms and, 55-4
AVM and, 55-4
hypertension and, 55-4

Intracranial hemorrhage
with hypertension, 20-6t
neonatal seizures and, 94-41t

Intracranial pressure, nausea and, 7-1
Intradialytic hypotension (IDH),

32-8–32-9
Intrapulmonary percussive ventilation

(IPV), 98-9
Intrauterine device (IUD), 45-21–45-23,

47-9, 65-7
Intravenous pyelography (IVP), 101-18
Intrinsic ARF, 30-2–30-3, 30-9
Intrinsic asthma, 22-2
Intrinsic hepatoxicity, 29-5

characteristics of, 29-5t
Intussusception, CF and, 98-3t
Inverse psoriasis, 40-2
IOP. (see Increased intraocular pressure)
Iowa Connors Teacher’s Scale, for ADHD,

81-4
IPC. (see Intermittent pneumatic

compression)
IPF. (see Idiopathic pulmonary fibrosis;

Interstitial pulmonary fibrosis)
IPPB. (see Intermittent positive-pressure

breathing)
IPV. (see Inactivated polio vaccine;

Intrapulmonary percussive
ventilation)

Irbesartan Diabetic Nephropathy Trial
(IDNT), 31-8

Iridocyclitis, 43-34
Iris, 51-2
Iritis, 27-3t
Iron

anemia and, 2-18, 31-15,
31-16–31-17, 86-3–86-8

laboratory tests for, 86-4f, 86-5
symptoms of, 86-5
therapy with, 86-5–86-8

antacids and, 31-17
blood chemistry reference values

for, 2-5t
with dialysis, 32-2
DRI of, 86-4
GERD and, 26-23t
pregnancy and, 46-7
preparations of, 31-16t
quinolone and, 31-17
toxicity with, 5-9–5-13

stages of, 5-12
WBI for, 5-11

Irradiation, for allergic rhinitis, 24-9
Irritable bowel syndrome (IBS),

27-16–27-21
constipation and, 27-19–27-20
depression and, 79-3t
diarrhea and, 27-20–27-21
diet and, 27-19
pain and, 27-20
panic disorder and, 76-24

Irritant contact dermatitis, 4-19
IRT. (see Immunoreactive trypsinogen)

Ischemic heart disease, 16-1–16-31
ED and, 101-3–101-4
sodium and, 16-4
VaDs and, 100-11

Ischemic penumbra, 55-3
Ischemic stroke, 55-12–55-18

AF and, 55-3t, 55-5t
alcohol and, 55-3t, 55-5t
CHD and, 55-3t
CMV and, 55-3t
diabetes and, 55-3t
diet and, 55-3t
drug abuse and, 55-3t
dyslipidemia and, 55-3t, 55-5t
exercise and, 55-3t, 55-5t
HF and, 55-3t
hypertension and, 55-3t
infection and, 55-3t
migraine and, 55-3t
obesity and, 55-3t
PAD and, 55-3t
risk factors for, 55-3t
smoking and, 55-3t, 55-5t

Ischemic vascular dementia (IVD),
100-13t

ISH. (see Isolated systolic hypertension)
Islet cell transplantation, 50-12
Isoflavones, 102-5
Isolated systolic hypertension (ISH),

13-16
ITP. (see Idiopathic thrombocytopenic

purpura)
IUD. (see Intrauterine device)
IVD. (see Ischemic vascular dementia)
IVP. (see Intravenous pyelography)
Ixodidae spp., 75-1

Janeway lesions, 59-3f
Jarisch-Herxheimer reaction (JHR), 65-17
J-curve, 13-17
Jelliffe formula, 2-8
Jet lag, 3-34, 77-5t

diabetes and, 50-38
nutritional supplements for, 3-3t

JHR. (see Jarisch-Herxheimer reaction)
JIA. (see Juvenile idiopathic arthritis)
Jin bu huan, 29-17, 29-19t
Joints, CF and, 98-4
JRA. (see Juvenile rheumatoid arthritis)
Jugular venous distention (JVP), 18-17
Juvenile idiopathic arthritis (JIA),

43-33–43-36
ANA and, 43-34
enthesitis-related, 43-34
oligoarthritic, 43-34
pauciarticular, 43-34
psoriatic, 43-34
systemic-onset, 43-34

Juvenile myoclonic epilepsy, 54-3t
Juvenile rheumatoid arthritis (JRA),

90-22
Juvenile-onset diabetes mellitus, 50-3t
JVP. (see Jugular venous distention)

K. (see Potassium)
Kallikrein-kinin system, 18-29f
Kaposi sarcoma (KS)

AIDS and, 70-2
HIV and, 70-40–70-41

Kawasaki disease (KD), 96-13–96-14
aneurysms and, 96-14
myocarditis and, 96-13
pericarditis and, 96-13
RMSF and, 96-13
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Kawasaki disease (KD) (continued)
scarlet fever and, 96-13
toxic shock syndrome and, 96-13

KD. (see Kawasaki disease)
Kent bundle, 19-16
Keratoderma blenorrhagica, with Reiter

syndrome, 44-1
Kernicterus, 94-5
Ketogenic diet, 54-4
Ketonuria, 46-8
Kidney. (see also Renal)

ADEs and, 99-4
chemotherapy and, 89-26–89-29
electrolytes and, 11-2–11-4
hypersensitivity and, 4-14
stones, 30-16
transplantation of, 34-11–34-25

ATN and, 34-14
donor matching with,

34-11–34-12
electrolytes and, 34-14
HCV and, 73-37
rejection of, 34-14–34-16

water and, 11-2–11-4
Kirby-Bauer disk testing, 56-7, 59-7
Klebsiella spp., 60-8

AECB and, 60-3t
aspiration pneumonia and, 60-20t
neonatal sepsis and, 94-28
neutropenia and, 68-3
osteomyelitis and, 66-2, 66-6
UTIs from, 96-16–96-17, 99-13

Kleptomania, 76-33
Koch, Robert, 61-1
Koebner phenomenon, 40-2
KOH. (see Potassium hydroxide)
Korotkoff sounds, 13-5f
Korsakoff’s psychosis, 5-13
KS. (see Kaposi sarcoma)
Kwashiorkor malnutrition, 37-4
Kyphosis, 102-2

Labeling, of nutritional supplements,
3-2–3-4

Labor
induction of, 46-20–46-23
preterm, 46-24–46-30

Laboratory tests
for anemia, 86-4f, 86-5
for anorexia nervosa, 82-13
for blood chemistries, 2-2–2-9
for drug poisoning, 5-15–5-16
for electrolytes, 2-2–2-9
errors with, 2-2
interpretation of, 2-1–2-22
normal values and, 2-1
patient-directed, 2-21t, 2-22
units of measure for, 2-2

Lactate dehydrogenase (LDH), 2-9, 2-12,
17-4

blood chemistry reference values
for, 2-4t

Lactation, 3-32, 46-35–46-36
TB and, 61-22

Lactational amenorrhea method (LAM),
45-4t

Lactic acidosis, 11-7, 50-46
causes of, 10-6t

LAD. (see Left anterior descending
coronary artery)

LAK. (see Lymphokine-activated killer
cells)

LAM. (see Lactational amenorrhea
method)

LAR. (see Late asthmatic response)
Large cell lymphoma, 90-37
Large for gestational age, 94-2t
LAS. (see Lung allocation score)
Last menstrual period (LMP), 46-2
Late asthmatic response (LAR), 22-3
Latent infection, TB and, 61-3–61-4

treatment for, 61-14–61-15
Latex allergy, 4-18–4-19
Law enforcement, drug abuse and,

83-2
LBBB. (see Left bundle branch blocks)
LBW. (see Lean body weight)
LC. (see Locus ceruleus)
LCAT. (see Lecithin-cholesterol acyl

transferase)
LCDs. (see Local coverage determinations)
LCFA. (see Long-chain fatty acids)
LD. (see Lethal dose)
LDH. (see Lactate dehydrogenase)
LDL. (see Low-density lipoproteins)
LDL receptors, 12-6
Lead, 10-6

gout and, 42-3
Lean body weight (LBW), 99-4–99-5

water and, 11-1
Lecithin-cholesterol acyl transferase

(LCAT), 12-4
Left anterior descending coronary artery

(LAD), 16-2, 16-3f
Left bundle branch blocks (LBBB),

19-4–19-5, 19-17
Left shift, 2-18
Left ventricular dysfunction, 18-3, 18-3t,

18-17, 18-61–18-64
hypertension and, 13-18–13-19,

13-28, 13-30
Left ventricular ejection fraction (LVEF),

18-3, 18-17–18-18
Left ventricular end-diastolic pressure

(LVEDP), 18-4, 21-4, 21-6f
Left ventricular end-diastolic volume

(LVEDV), 18-4, 21-4
Left ventricular hypertrophy (LVH),

18-17, 31-15
hypertension and, 31-20

Left ventricular stroke work index
(LVSWI), 21-7

definition of, 21-34
normal values for, 21-5t

Left-to-right shunting, 94-21
Legionella spp., 56-5t

CAP and, 60-7t
COPD and, 60-8

Legionnaire’s disease, 60-7
Lennox-Gastaut syndrome, 54-3t
Lens, 51-2
Lens changes, drug-induced, 78-24
Leptin, eating disorders and, 82-5,

82-8
LES. (see Lower esophageal sphincter)
Leshner, Alan, 85-2
Lethal dose (LD), for alcohol, 84-6
Leucopenia, SLE and, 44-2t
Leukemia, 90-2. (see also Acute

lymphoblastic leukemia; Acute
myeloid leukemia; Chronic
lymphocytic leukemia; Chronic
myeloid leukemia)

APL, 90-5
CGL, 90-2
hypokalemia and, 11-16
RBCs and, 90-2

Leukoaraiosis, 100-11

Leukocytosis, 44-11
with amebiasis, 74-10
osteomyelitis and, 66-3

Leukoencephalopathy, chemotherapy and,
89-19

Leukopenia, 87-11
Leukotrienes, 4-7

CF and, 98-5
Lewy bodies. (see Dementia with Lewy

bodies)
Leydig cell dysfunction, 101-8
LFT. (see Liver function tests)
LGV. (see Lymphogranuloma venereum)
LH. (see Luteinizing hormone)
Libido, 101-2
Lice. (see Pediculosis)
Lichen planus-like eruptions, 38-15
Ligament of Trietz, 26-2
Light therapy, 79-10
Limbic system, anxiety and, 76-2
Lipase, 2-15

blood chemistry reference values
for, 2-4t

Lipid. (see Fat)
Lipid Research Clinics Coronary Primary

Prevention Trial, 12-11
Lipoprotein. (see also High-density

lipoproteins; Low-density
lipoproteins)

classification of, 12-4t, 12-16
in neonates, 94-4
structure of, 12-4f
VLDL, 12-2, 12-33–12-34

Listeria spp., 56-5t, 68-3
neonatal sepsis and, 94-28
neutropenia and, 68-3

Livedo reticularis, 53-20
Liver. (see also Acute liver failure)

alcohol and, 84-4
CF and, 98-3
chemotherapy and, 89-32–89-33,

89-32t
contraception and, 45-15
disease

aldosterone and, 28-5
PN and, 97-18–97-19

GVHD and, 92-17
hypersensitivity and, 4-14
PN and, 37-16–37-17
tests

ALPs as, 28-3
ALT as, 28-3
AST as, 28-3

transplantation of, 34-25–34-35
ALF and, 73-14t
calcium and, 34-26
HBV and, 34-31, 73-30
HCV and, 34-31, 73-45
hyperglycemia and, 34-26
immunization after, 34-31–34-32
magnesium and, 34-26
phosphate and, 34-26
rejection of, 34-27–34-28

Liver function tests (LFT), 1-12–1-14,
70-4, 84-15, 89-32, 89-32t

for HAV, 73-4
LN. (see Lupus nephritis)
Local coverage determinations (LCDs),

6-2
Localized extravascular coagulation,

15-32
Lockjaw. (see Tetanus)
Locus ceruleus (LC), 76-2

panic disorder and, 76-22

Long-chain fatty acids (LCFA), 97-17
Long-term care facilities (LTCFs), 99-1,

99-16–99-18
Loop of Henle, 10-1
Loose associations, 78-5t
Los Angeles classification system, 26-27t
Low birth-weight, 94-2t. (see also Very

low-birth-weight)
Low-affinity binding, hemolytic anemia,

86-6–86-7
Low-density lipoproteins (LDL), 2-15,

3-7–3-8, 12-4
blood chemistry reference values

for, 2-4t
CHD and, 12-11, 12-13f
cholesterol and, 12-4
MI and, 12-11
obesity and, 82-17t
polygenic hypercholesterolemia

and, 12-6
revascularization and, 12-11
stroke and, 12-11

Lower esophageal sphincter (LES), 26-2
GERD and, 26-23

Lower gastrointestinal disorders,
27-1–27-21

LTCFs. (see Long-term care facilities)
Lung(s)

abscess of, CAP and, 60-13t
cancer of, 91-10–91-14

clinical presentation of,
91-10–91-11

pruritus and, 38-13t
risk factors for, 91-11
screening for, 91-11
symptoms of, 88-12t

CF and, 98-4–98-5, 98-5
chemotherapy and, 89-29–89-32,

89-30–89-31t
hypersensitivity and, 4-14
transplantation of, 35-7–35-11

α1-antitrypsin and, 35-8
CF and, 35-8
COPD and, 35-8
fungal infections with, 35-10
infection with, 35-9–35-10
rejection of, 35-8–35-9

Lung allocation score (LAS), 35-8
Lung volume reduction surgery, 23-17,

23-17t
Lupus nephritis (LN), 31-30–31-32

classification of, 31-31, 31-31t
Luteal, 48-2t
Luteinizing hormone (LH), 45-2, 89-34,

101-8
anorexia nervosa and, 82-12
PCOS and, 47-2

LVEDP. (see Left ventricular end-diastolic
pressure)

LVEDV. (see Left ventricular end-diastolic
volume)

LVEF. (see Left ventricular ejection
fraction)

LVH. (see Left ventricular hypertrophy)
LVSWI. (see Left ventricular stroke work

index)
Lyme disease, 44-1, 56-5t, 75-1–75-8

with babesiosis, 75-17
with HGA, 75-17

Lymphoblastic lymphoma, 90-35,
90-37–90-38

Lymphocytes, 2-18, 34-3
blood chemistry reference values

for, 2-5t
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Lymphogranuloma venereum (LGV),
56-5t, 65-12

Lymphokine-activated killer cells (LAK),
88-26

Lymphokines, 34-3
Lymphoma, 90-2–90-3. (see also

Hodgkin disease; Non-Hodgkin
lymphoma)

aging and, 90-16t
AIDS and, 70-2, 88-26
B-cell, 90-36–90-37
HIV and, 56-4–56-5
indolent, 90-16–90-17
large cell, 90-37
lymphoblastic, 90-35, 90-37–90-8
prognosis for, 90-15t
pruritus and, 38-13t
staging of, 90-15t
symptoms of, 88-12t
T-cell, 90-35

MAC. (see Mycobacterium avium complex
disease)

Macrophages, 23-3t
pulmonary, 60-5

Macular degeneration, aging and,
51-22–51-23

Maculopapular eruptions, 38-17
Magnesium (Mg), 2-10, 11-1,

11-27–11-29, 19-26. (see also
Hypermagnesemia;
Hypomagnesemia)

blood chemistry reference values
for, 2-3t

with cardioplegia solution, 9-21t
CKD and, 31-14
homeostasis of, 11-27
liver transplantation and, 34-26
for MI, 17-18
for nocturnal leg cramps, 14-14
for PMS, 47-21–47-22

Magnetic resonance imaging (MRI)
of AD, 100-4f
for dementia, 100-2
for stroke, 55-12

Major depressive episodes, 80-1
anxiety and, 76-4

Major determinant, 4-5
Major histocompatibility complex (MHC),

4-2
NK and, 92-3
RA and, 43-2
transplantation and, 34-2–34-3

Malaria, 74-1–74-8
chemoprophylaxis and, 74-6
drug resistance with, 74-2, 74-7
epidemiology of, 74-2
mosquitoes and, 74-1
nephrotic syndrome and, 11-5
pregnancy and, 74-6
RBC and, 74-1
vaccine for, 74-7

Malignancy, 88-13
chemotherapy during, 88-23f
HIV and, 70-40–70-42
hypercalcemia and, 11-21

Malignant hypertension, 20-2–20-3
papilledema with, 20-2

Mallory-Weiss tear, 26-31
Malnutrition, 37-1–37-2

classification of, 37-4
with HD, 32-10
Wernicke-Korsakoff complex and,

84-11

MALT. (see Mucosa-associated lymphoid
tissue)

Mania, 80-1
in bipolar disorder, 80-5–80-14
criteria for, 80-2t
pregnancy and, 46-32
schizophrenia and, 78-4t
weight and, 82-6t

Manic-depression. (see Bipolar disorder)
Mantoux skin test, 61-5–61-6
MAO. (see Maximal acid output;

Monoamine oxidase)
MAP. (see Mean arterial pressure;

Medication action plan)
Maple syrup urine disease, 97-10
MAR. (see Medication administration

record)
Marasmus malnutrition, 37-4
Margosa oil, toxicity of, 29-19t
Matrix metalloproteinases (MMP), 23-4t
Mature B-cell ALL, 90-24
Maturity-onset diabetes of the young

(MODY), 50-6, 50-75
Maximal acid output (MAO), 26-12
MBC. (see Minimum bactericidal

concentration)
MCH. (see Mean corpuscular hemoglobin)
MCHC. (see Mean corpuscular hemoglobin

concentration)
MCP. (see Metacarpophalangeal joint)
MCP-1. (see Monocyte chemoattractant

protein-1)
MCT. (see Medium-chain triglycerides)
MCTD. (see Mixed connective tissue

disease)
MCV. (see Mean corpuscular volume)
MDI. (see Metered-dose inhaler)
MDR. (see Multidrug resistance)
MDRD. (see Modification of Diet in Renal

Disease)
MDRTB. (see Multidrug-resistant M.

tuberculosis)
MDR-TB. (see Multidrug-resistant TB)
Mean arterial pressure (MAP), 13-2,

21-2
normal values for, 21-5t

Mean corpuscular hemoglobin (MCH),
2-17, 86-5

blood chemistry reference values
for, 2-5t

Mean corpuscular hemoglobin
concentration (MCHC), 2-17, 86-5

blood chemistry reference values
for, 2-5t

Mean corpuscular volume (MCV), 2-17,
86-5

blood chemistry reference values
for, 2-5t

folic acid and, 2-17
sickle cell anemia and, 86-13
vitamin B12 and, 2-17

Mean pulmonary artery pressure
(MPAP), normal values for, 21-5t

Measles, 95-1
Measles, mumps, rubella (MMR)

HAV and, 73-9
immunization for, 95-9

adverse effects of, 95-4
Measured energy expenditure (MEE),

37-4
Meconium ileus, CF and, 98-3, 98-3t
Meconium ileus equivalent. (see Distal

intestinal obstruction syndrome)
Medial preoptic area (MPOA), 101-3

Medical history, 1-8–1-9
Medical management (MM), for AUD,

85-12t
Medical model programs, for drug

treatment, 83-5
Medical nutrition therapy (MNT),

50-6–50-7, 50-10–50-12
alcohol in, 50-11
artificial sweetener in, 50-11
carbohydrate in, 50-11
fat in, 50-11
protein in, 50-11
sodium in, 50-11

Medicare
EN and, 36-20–36-21
ESRD and, 32-2

Medicare Hospice Benefit, 6-1–6-2
Medicare Modernization Act of 2003

(MMA 2003), 1-1
Medicated urethral system for erection

(MUSE), 101-14
Medication action plan (MAP), 1-9, 1-13,

1-14–1-15, 1-17
Medication administration record (MAR),

1-2, 1-4, 1-18
Medication errors, 1-9, 88-27–88-28,

88-28t
with children, 93-2

Medication history, 1-9–1-10
Medication reconciliation, 1-2, 1-9
Medication therapy management services

(MTMS), 1-1–1-19
billing for, 1-18

Medication therapy review (MTR), 1-9,
1-14, 1-14t

Medication-related problems (MRPs),
99-8

Meditation, for GAD, 76-7
Medium-chain triglycerides (MCT),

97-9
MEE. (see Measured energy expenditure)
Megaloblastic anemia, 86-8–86-12
Melancholia, 79-2

atypical depression and, 79-30t
Melanoma, 91-16–91-18

clinical presentation of,
91-16–91-17

metastatic disease and,
91-17–91-18

risk factors for, 91-16–91-17
symptoms of, 88-12t
treatment for, 91-17
UVR and, 91-16

Melatonin. (see also Melatonin in Drug
Index)

cluster headaches and, 52-19
Membranous nephropathy, 30-10
MEN I. (see Multiple endocrine neoplasia

type 1)
Meninges, 58-1–58-2
Meningi, 56-6t
Meningitis, 58-3–58-21

bacterial, from Hib, 95-7
diagnosis of, 58-5–58-7
gonococcal, 65-9–65-10
gram-negative bacillary,

58-17–58-21
Haemophilus influenzae,

prevention of, 58-13–58-14
microbiology of, 58-3–58-4
Neisseria meningitidis,

58-11–58-12
in neonates, 94-28–94-33
pathogenesis of, 58-4–58-5

Streptococcus pneumoniae,
58-14–58-16

treatment for, 58-7–58-11
tuberculous, 61-23

Meningococcus, immunization for, 95-11
Menopause, 48-1–48-12. (see also

Perimenopause)
breast cancer and, 48-3
CHD and, 48-3–48-4
CVD and, 48-3–48-4
estrogen and, 48-1
gallbladder disease and, 48-4
genitourinary system and, 48-7
osteoporosis and, 48-1, 48-3
ovarian cancer and, 48-3
smoking and, 48-1
testosterone and, 48-2t
urinary incontinence and, 48-8
UTI and, 48-8

Menorrhagia, 45-16–45-17
Menstrual cycle, 45-3f, 47-1–47-25.

(see also Amenorrhea;
Dysmenorrhea; Premenstrual
syndrome)

daily diary chart, 47-21–47-22t
physiology of, 45-2, 45-2f
progesterone and, 45-2
stages of, 45-2

Menstrual-associated sleep disorder,
77-5t

Mental Health America, 76-4t
Mental Status Exam (AMSIT), 79-6t
MentalHelp.net, 76-4t
MEOS. (see Microsomal oxidizing system)
Merozoites, 74-1
Mesolimbic dopaminergic pathway, 84-5
MET. (see Motivational enhancement

therapy)
Metabolic acidosis, 10-4–10-9. (see also

Hyperchloremic metabolic acidosis)
alcohol intoxication and, 84-6
bicarbonate and, 97-6
causes of, 10-4t
with CKD, 31-14
with elevated anion gap, 10-6–10-8
methanol-induced, 10-7
MI and, 21-25
normal anion gap, 10-5–10-6
septicemia and, 10-13
tumor lysis syndrome and, 90-6t

Metabolic alkalosis, 10-8–10-10
causes of, 10-9
diuretics and, 10-9
saline-resistant, 10-8
saline-responsive, 10-8
treatment of, 10-9–10-10

Metabolic bone disease (Rickets), 97-18
BPD and, 94-19

Metabolic syndrome, 14-4, 16-25, 50-6,
50-6f

in atherosclerosis, 14-4f
criteria for, 47-5t
gout and, 42-2, 42-3
HDL and, 12-38t
hypertension and, 12-35
insulin resistance and, 12-35
obesity and, 12-35
PCOS and, 47-4–47-5
psoriasis and, 40-2
treatment targets and, 12-34t

Metabotropic glutamate receptors, 8-4
Metacarpophalangeal joint (MCP)

RA in, 43-11
synovitis in, 43-12f
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Metalloproteinase (MMP), 88-9
Metaphysis, 66-1, 66-2f
Metastatic disease

bladder cancer and, 91-16
with breast cancer, 91-5
melanoma and, 91-17–91-18
testicular cancer and, 91-21

Metatarsophalangeal joint (MTP)
OA in, 43-37
RA in, 43-11

Metered-dose inhaler (MDI), 22-14
Methanol, 10-7
Methicillin-resistant Staphylococcus

aureus (MRSA), 32-14, 33-19,
59-7, 60-20

neutropenia and, 68-3
Methicillin-resistant Staphylococcus

epidermidis (MRSE), 32-14
Methionine, 97-9
3-methoxy-4-hydroxyphenyglycol

(MHPG), 81-3
1-methyl-4-phenyl-1,2,3,6-

tetrahydropyridine (MPTP),
53-2

Methylation, in neonates, 94-7
Mg. (see Magnesium)
MHA-TP. (see Microhemagglutination)
MHC. (see Major histocompatibility

complex)
MHPG. (see 3-methoxy-4-

hydroxyphenyglycol)
MI. (see Myocardial infarction)
MIC. (see Minimum inhibitory

concentration)
Microalbuminuria, 31-2, 31-6, 50-76
Microhemagglutination (MHA-TP), 65-15
Microinfarctions, with sickle cell anemia,

86-14
Micronutrients, in PN, 37-6
Microsomal oxidizing system (MEOS),

84-4
Microsomal triglyceride transfer protein

(MTP), VLDL and, 12-33–12-34
MID. (see Multi-infarct dementia)
Migraine, 52-2, 52-2t, 52-4–52-19

causes of, 52-7t
depression and, 79-3t
diagnostic tests for, 53-6
genetics and, 52-5
ischemic stroke and, 55-3t
nausea and, 7-1
pathophysiology of, 52-4–52-5
pregnancy and, 46-32
serotonin and, 52-5
symptoms of, 52-5–52-6
vomiting and, 53-6

Milk-alkali syndrome, 26-3
hypercalcemia and, 2-10

Minimal-change disease, 30-10
Mini-Mental Status Exam (MMSE),

100-2, 100-12
Minimum bactericidal concentration

(MBC), 56-9
Minimum inhibitory concentration (MIC),

56-7–56-9, 59-7, 71-4
Minimum residual disease (MRD), 90-26
Minor determinant, 4-5
Miosis, 51-3
MIRACL study, 12-11–12-12
Mistletoe, toxicity of, 29-17, 29-19t
Mitral valve prolapse, panic disorder and,

76-24
Mixed connective tissue disease (MCTD),

44-1

Mixed episodes, 80-1
Mixed hyperlipidemia, 12-32–12-33
Mixed venous oxygen saturation (SVO2),

21-6
MM. (see Medical management; Multiple

myeloma)
MMA 2003. (see Medicare

Modernization Act of 2003)
MMP. (see Matrix metalloproteinases;

Metalloproteinase)
MMR. (see Measles, mumps, rubella)
MMSE. (see Mini-Mental Status Exam)
MNT. (see Medical nutrition therapy)
Model for End-State Liver Disease

(MELD), 28-3–28-4
Modification of Diet in Renal Disease

(MDRD), 31-5
Modulation, 8-2
MODY. (see Maturity-onset diabetes of

the young)
Molar absorptivity, UVR and, 41-11
Monoamine hypothesis, 79-4
Monoamine oxidase (MAO), 81-3
Monocyclic RA, 43-2
Monocyte chemoattractant protein-1

(MCP-1), 12-10
Monocytes, 2-18–2-19

blood chemistry reference values
for, 2-5t

Monosodium urate (MSU), 42-1
Mood, 78-5t
Mood-congruent delusions or

hallucinations, 78-5t
Moraxella catarrhalis

AB and, 60-2
AECB and, 60-3t

MOSF. (see Multiple organ system failure)
Mosquitoes, malaria and, 74-1
Mother wart, toxicity of, 29-17
Motion sickness, 7-2–7-3
Motivational enhancement therapy

(MET), for AUD, 85-12t
MPAP. (see Mean pulmonary artery

pressure)
MPOA. (see Medial preoptic area)
MPTP. (see 1-methyl-4-phenyl-1,2,3,6-

tetrahydropyridine)
MRD. (see Minimum residual disease)
MRI. (see Magnetic resonance imaging)
MRPs. (see Medication-related problems)
MSU. (see Monosodium urate)
MTA. (see Multimodal Treatment Study of

Children with ADHD)
MTMS. (see Medication therapy

management services)
MTP. (see Metatarsophalangeal joint;

Microsomal triglyceride transfer
protein)

MTR. (see Medication therapy review)
Mucor spp., 56-5t
Mucosa-associated lymphoid tissue

(MALT), 26-9
Mucositis, chemotherapy and,

89-6–89-7, 89-7t, 89-8–89-9
Mucous, CF and, 98-9
Multidrug resistance (MDR), 88-20
Multidrug-resistant M. tuberculosis

(MDRTB), 70-26
Multidrug-resistant TB (MDR-TB), 61-1

pregnancy and, 61-22
Multi-infarct dementia (MID), 100-11

smoking and, 100-13
Multimodal Treatment Study of Children

with ADHD (MTA), 81-7

Multiple endocrine neoplasia type 1
(MEN I), 26-21

Multiple myeloma (MM), 90-3,
90-18–90-22

diagnosis of, 90-19t
HCT and, 90-20, 92-3t
nephrotic syndrome and, 11-5
prognosis for, 90-19
pruritus and, 38-13t
staging of, 90-19, 90-19t
treatment of, 90-19–90-20

Multiple organ system failure (MOSF),
21-2, 21-10t

Multiple sclerosis
depression and, 79-3t
ED and, 101-4
pruritus and, 38-13t

Mumps, 95-1
amylase and, 2-15

Muscle cramps, with HD, 32-9
MUSE. (see Medicated urethral system

for erection)
Myasthenic syndrome, 88-13t
Mycobacterium avium complex disease

(MAC), HIV and, 70-30–70-34
Mycobacterium avium intracellulare,

56-5t
Mycobacterium paratuberculosis, IBD

from, 27-2
Mycobacterium tuberculosis, 56-5t

HIV and, 70-26–70-30
Mycoplasma spp., 56-5t, 60-8

CAP and, 60-7t
Mycoses. (see Fungal infections)
Mycosis fungoides, pruritus and, 38-13t
Mydriasis, 51-3
Myeloablative preparative regimens,

92-2, 92-2f
for allogenic HCT, 92-9–92-10
for HCT, 92-5t

Myelodysplastic syndrome, 90-4
HCT and, 92-3t

Myeloproliferative disorders, HCT and,
92-3t

Myelosuppression, 89-2–89-3
Myocardial infarction (MI), 16-1,

17-1–17-25
ACS and, 17-22–17-23
alcohol and, 84-3
anterior, 17-11
anxiety and, 76-4
arrhythmias after, 17-22
after CABG, 16-6
cardiogenic shock and, 21-8,

21-24–21-27
cholesterol and, 17-11
CK and, 16-30, 17-3–17-4
complications with, 17-4
depression and, 79-3t
diagnosis of, 17-2–17-3
FH and, 12-7
GI tract and, 17-2
HF and, 17-4
hyperglycemia and, 17-11
and hypertension, 20-6t
hypertension and, 20-2
inferior, 17-11
LDL and, 12-11
lifestyle modifications and, 17-25
long-term therapy for, 17-23–17-25
metabolic acidosis and, 21-25
oxygen for, 21-24
PCI for, 21-24
preload and, 21-25

RA and, 43-2
risk factors for, 16-6t, 17-11–17-12
sex and, 101-4
SLE and, 44-2t
symptoms of, 17-10–17-12
treatment for, 17-12
with unstable angina, 16-30t

Myocardial ischemia
calcium and, 16-4
sodium and, 16-4

Myocardial oxygen, 16-2–16-4
hematocrit and, 16-3
Hgb and, 16-3

Myocardial perfusion imaging, for CHD,
12-18t

Myocarditis
KD and, 96-13
RA and, 43-12

Myoglobin, 2-12
blood chemistry reference values

for, 2-4t
Myxedema coma, 49-16–49-17

Na. (see Sodium)
NAATs. (see Nucleic acid amplification

tests)
N-acetyltransferase (NAT), 4-1
NaCl. (see Sodium chloride)
NAD. (see Nicotine-adeninedinucleotide)
NADPH. (see Nicotinamide adenine

dinucleotide phosphate-oxidase)
NAFLD. (see Nonalcoholic fatty liver

disease)
Nails

biting of, OCD and, 76-33
chemotherapy and, 89-11–89-12

NANC. (see Nonadrenergic-noncholinergic
system)

Narcolepsy, 77-1, 77-17–77-19
NARES. (see Nonallergic rhinitis with

eosinophilia syndrome)
NAS. (see Neonatal abstinence syndrome)
Nasal immunotherapy (NIT), 24-9
Nasal polyps, CF and, 98-2, 98-3t
Nasal potential differences (NPD), 98-5
NASH. (see Nonalcoholic steatohepatitis)
Nasogastric (NG) feeding, 36-2–36-3

aspiration pneumonia and, 60-18t
Nasolacrimal occlusion, 51-8, 51-12
NAT. (see N-acetyltransferase)
National Association of Chain Drug

Stores, 1-13
National Cholesterol Education Program’s

Adult Treatment Panel III (NCEP
ATP-III), 12-12

CHD risk factors by, 12-14t
National Cooperative Dialysis Study

(NCDS), 32-7
National Patient Safety (NPS), 1-2
National provider identifiers (NPIs), 1-15
Natriuretic peptides, 18-7
Natural environment phobias, 76-26
Natural killer cells (NK), HCT and, 92-3
Naturopathic therapy, for arrhythmias,

19-25–19-26
Nausea, 7-1–7-11. (see also

Postoperative nausea and
vomiting)

activated charcoal and, 5-5
alcohol withdrawal and, 84-7
anorexia nervosa and, 82-2
bulimia nervosa and, 82-15
causes of, 7-1
chemotherapy and, 7-3–7-9, 89-6
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in children, 93-6, 93-7t
hyperchloremic metabolic acidosis

and, 11-5
migraine and, 53-6
PNOV, 7-9–7-11
pregnancy and, 46-32
from radiation, 7-9

Nausea and vomiting during pregnancy
(NVP), 46-7–46-9

NCCP. (see Noncardiac chest pain)
NCDS. (see National Cooperative Dialysis

Study)
NCEP ATP-III. (see National Cholesterol

Education Program’s Adult
Treatment Panel III)

NCPE. (see Noncardiogenic pulmonary
embolism)

NE. (see Norepinephrine)
NEC. (see Necrotizing enterocolitis)
Neck vein distention, 18-17
Necrosis, DILI and, 29-13
Necrotizing enterocolitis (NEC), 97-14

complications with, 94-27–94-28
from drug needles, 83-5
in neonates, 94-3, 94-24–94-28
pathogenesis of, 94-26f
prevention of, 94-28
probiotics for, 94-28
prognosis for, 94-27–94-28
SBS and, 94-27
treatment for, 94-26–94-27

Neisseria gonorrhoeae, 56-5t
preterm labor and, 46-25

Neisseria meningitidis, 56-5t,
58-11–58-12, 68-3, 95-11

prevention of, 58-13
sickle cell anemia and,

86-13–86-14
Neoadjuvant chemotherapy, 88-21
Neonatal abstinence syndrome (NAS),

83-8, 94-44–94-47
clinical presentation of,

94-44–94-45
treatment for, 94-45–94-47

Neonatal adrenal leukodystrophy, 94-41t
Neonates

adipose in, 94-4
albumin in, 94-4
apnea in, 94-36–94-39
biotransformation reactions in,

94-6
BP in, 94-2
BPD in, 94-14–94-19
CMV in, 94-36
CO in, 94-8
DGI with, 65-10
enzymes and, 94-6, 94-6t
gastric acid in, 94-2–94-3
gastric emptying in, 94-3
GFR for, 94-8
β-globulins in, 94-4
glycine conjugation in, 94-7
GPI in, 94-4
HBV in, 94-36
hepatic activity in, 94-6
HR of, 94-2
HSV in, 65-29, 72-3–72-6,

94-34–94-35
risk factors for, 72-4–72-6

hypoxia in, 94-8, 94-21
infection in, 94-33–94-36
IVH in, 94-39–94-44
lipoprotein in, 94-4
meningitis in, 94-28–94-33

metabolism of, 94-5–94-8
methylation in, 94-7
NEC in, 94-3, 94-24–94-28
osmality in, 94-3
plasma esterase in, 94-6
pneumonia in, ventilation for,

94-47
protein binding in, 94-4–94-5
RDS in, 94-9–94-14
RR in, 94-2
rubella in, 94-36
SBS in, 94-3
seizures in, 94-40–94-44

hypocalcemia and, 94-42
hypoglycemia and, 94-42
hypomagnesemia and, 94-42
hyponatremia and, 94-42

sepsis in, 94-28–94-33
bacterial meningitis and, 94-29
catheters and, 94-28
common pathogens for,

94-28–94-29
CRP and, 94-29
signs of, 94-29
treatment of, 94-29–94-33

SrCr in, 94-8
syphilis in, 65-17, 94-36
TBW in, 94-4
therapy, 94-1–94-50
thyroid in, 94-44
toxoplasmosis in, 94-35–94-36
tubular reabsorption in, 94-9
tubular secretion in, 94-8–94-9
ventilation and, 94-47–94-49
vitamin D and, 94-3
vitamin E and, 94-3

Neoplastic disease, 88-1–88-29
AIDS and, 70-2
anemia with, 86-15
DILI and, 29-17

NEP. (see Neutral endopeptidase)
Nephrolithiasis, 30-16
Nephron, 11-2–11-4
Nephrotic syndrome, 11-5, 30-6, 31-30

amyloidosis and, 11-5
in children, 93-19–93-21
diabetes mellitus and, 11-5, 50-76
HBV and, 11-5
HD and, 11-5
HIV and, 11-5
hyperlipidemia and, 31-30, 93-20
malaria and, 11-5
multiple myeloma and, 11-5
sickle cell anemia and, 11-5
SLE and, 44-2t, 44-3
syphilis and, 11-5

NERD. (see Nonerosive reflux disease)
Nerve gas, seizures from, 54-25
Neural plasticity, 8-2
Neuraminidase, 72-10
Neuroblastoma, 91-23–91-25

HCT and, 92-3t
Neuroborreliosis, 75-6
Neurocutaneous syndromes, neonatal

seizures and, 94-41t
Neurocysticercosis, 74-15
Neurofibrillary tangles (NFTs),

100-3–100-4
Neurokinin A, headache and, 52-3
Neuroleptic malignant syndrome (NMS),

78-23–78-24
Neuropeptide-Y (NPY), 84-4–84-5

anxiety and, 76-2
eating disorders and, 82-5, 82-8

Neurosyphilis, 65-14, 65-15–65-16
Neurotic plaque, 100-3–100-4
Neutral endopeptidase (NEP), 18-7
Neutropenia, 68-2t, 87-11

antibiotics and, 68-2t
causes of, 68-2t
chemotherapy and, 68-2t, 89-3
Corynebacterium spp. and, 68-3
drug-induced, 87-11–87-14
Escherichia coli and, 68-3
infections with, 68-1–68-18
Klebsiella spp. and, 68-3
Listeria spp. and, 68-3
MRSA and, 68-3
Pseudomonas spp. and, 68-3
radiation therapy and, 68-2t, 68-3
Staphylococcus aureus and, 68-3
Staphylococcus epidermidis and,

68-3
transplantation and, 68-2t

Neutrophils, 2-18, 23-3t
blood chemistry reference values

for, 2-5t
chemotherapy and, 89-2

New onset diabetes after transplantation
(NODAT), 35-23–35-25

NFTs. (see Neurofibrillary tangles)
NG. (see Nasogastric)
NGU. (see Nongonococcal urethritis)
NHL. (see Non-Hodgkin lymphoma)
Nicotinamide adenine dinucleotide

phosphate-oxidase (NADPH), 87-3
Nicotine, 85-1

acetylcholine and, 85-3
addiction cycle of, 85-4f
anxiety from, 76-6t
bulimia nervosa and, 83-5
dependence on, 85-3
dopamine and, 85-3
GABA and, 85-3
panic disorder and, 76-24
pharmacology of, 85-3
serotonin and, 85-3
weight loss from, 82-6

nicotine, NE and, 85-3
Nicotine replacement therapies (NRTs),

85-3, 85-10–85-13
safety of, 85-20–85-21

Nicotine-adeninedinucleotide (NAD), 84-3
Nicotinic receptor proteins, 100-4
NIDDM. (see Non-insulin-dependent

diabetes mellitus)
Night eating syndrome, 82-5
Nightmares, 77-2
NIPD. (see Nocturnal intermittent

dialysis)
NIT. (see Nasal immunotherapy)
Nitric oxide (NO), 21-9

arginine and, 36-7
asthma and, 22-2
atherosclerosis and, 16-5
BP and, 13-3
penile erection and, 101-3

Nitrous oxide (NO), 18-8
NMDA. (see N-methyl-D-aspartate)
N-methyl-D-aspartate (NMDA), 8-4

schizophrenia and, 78-3
NMS. (see Neuroleptic malignant

syndrome)
NO. (see Nitric oxide; Nitrous oxide)
Nocturia, 101-24
Nocturnal asthma, 22-36
Nocturnal intermittent dialysis (NIPD),

32-11

Nocturnal leg cramps, 77-2
Nocturnal leg muscle cramps,

14-12–14-14
NODAT. (see New onset diabetes after

transplantation)
Nonadrenergic-noncholinergic system

(NANC), 24-2
Nonalcoholic fatty liver disease (NAFLD),

28-2
Nonalcoholic steatohepatitis (NASH),

28-2, 29-16
Nonallergic rhinitis with eosinophilia

syndrome (NARES), 24-3
Nonbacterial thrombotic endocarditis

(NBTE), 59-1
Noncardiac chest pain (NCCP), GERD and,

26-30
Noncardiogenic pulmonary embolism

(NCPE), drug-induced, 25-4t
Nonerosive reflux disease (NERD), 26-8,

26-29–26-30
Nongonococcal arthritis, 66-10–66-11
Nongonococcal urethritis (NGU),

65-11–65-12
Non-HDL cholesterol (non-HDL-C), 12-4
Non-Hodgkin lymphoma (NHL),

90-2–90-3, 90-13–90-17
anemia and, 86-16–86-17
chemotherapy for, 88-20
in children, 90-35–90-38
classification of, in children, 90-35
clinical presentation of, 90-13

in children, 90-35
HCT and, 92-3t
HD and, 90-3t
HIV and, 70-41–70-42
prognosis for, 90-14
staging of, 90-14

in children, 90-35
treatment for, 90-14–90-17

in children, 90-35–90-38
Non-insulin-dependent diabetes mellitus

(NIDDM), 50-3t
Nonoliguric renal failure, 30-2
Nonrapid eye movement sleep (NREM),

77-3
Non-small-cell lung cancer (NSCLC), 25-9,

91-11–91-12, 91-13–91-14
Non-small-cell lung carcinoma (NSCLC),

88-26
Nonspecific vaginitis. (see Bacterial

vaginosis)
Non-ST segment elevation acute

coronary syndromes (NSTE-ACS),
17-15

Non-ST segment elevation myocardial
infarction (NSTEMI), 17-11

Nonsustained ventricular tachycardia
(NSVT), 19-, 19-20

Nontreponemal tests, 65-15
Nontyphoidal salmonellosis,

62-10–62-11
Nonulcer dyspepsia (NUD), 26-8
Norepinephrine (NE), 18-5. (see also

Norepinephrine in Drug Index)
ADHD and, 81-3
alcohol and, 84-4
anxiety and, 76-2
depression and, 79-4
eating disorders and, 82-5,

82-7–82-8
nicotine and, 85-3
panic disorder and, 76-22
sleep and, 77-4
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Normal anion gap metabolic acidosis,
10-5–10-6

Normal values, laboratory tests and, 2-1
Normalized protein catabolic rate (nPCR),

32-13
Normovolemic hypotonic hyponatremia,

11-9–11-10
Norovirus, infectious diarrhea and,

62-2
North Asian tick typhus, 75-2t
NOS. (see Bipolar disorder, not otherwise

specified)
Nose

anatomy of, 24-2–24-3, 24-2f
IgA in, 24-2
physiology of, 24-2–24-3, 24-2f

nPCR. (see Normalized protein catabolic
rate)

NPD. (see Nasal potential differences)
NPIs. (see National provider identifiers)
NPS. (see National Patient Safety)
NPY. (see Neuropeptide-Y)
NREM. (see Nonrapid eye movement

sleep)
NRTs. (See Nicotine replacement

therapies)
NSCLC. (see non-small-cell lung cancer;

Non-small-cell lung carcinoma)
NSTE-ACS. (see Non-ST segment

elevation acute coronary
syndromes)

NSVT. (see Nonsustained ventricular
tachycardia)

NTS. (see Nucleus tactus solitarius)
Nucleic acid amplification tests (NAATs),

65-3
Nucleic acids, 36-9
Nucleus tactus solitarius (NTS), 7-1
NUD. (see Nonulcer dyspepsia)
Nutrition. (see also Eating disorders;

Malnutrition; Medical nutrition
therapy)

acne and, 39-2
ALL and, 90-26
anorexia nervosa and, 82-13
cancer and, 88-6
CF and, 98-7–98-9
children and, 97-1–97-19
cholesterol and, 12-19–12-22
colon cancer and, 88-6
for diabetes, 46-12, 50-10–50-12
GERD and, 26-25t
glucose and, 50-28t
HF and, 18-18
IBS and, 27-19
infants and, 97-6–97-19
ischemic stroke and, 55-3t
PCOS and, 47-6
renal failure and, 97-14–97-15
for type 1 diabetes, 50-10
for type 2 diabetes, 50-10–50-11

in elderly, 50-74
Nutritional supplements, 3-1–3-38

hazards of, 3-6t
labeling of, 3-2–3-4
structure function claims for,

3-4
Nutritionally deficient or variant

streptococci (NVS), 59-9
NVP. (see Nausea and vomiting during

pregnancy)
NVS. (see Nutritionally deficient or

variant streptococci)
Nystagmus, 51-14

OA. (see Osteoarthritis)
OB. (see Bronchiolitis obliterans)
Obesity, 55-5, 82-1, 82-17–82-22, 83-6

aspiration pneumonitis and, 9-4
atherogenic dyslipidemia and,

12-6, 12-33–12-34
bulimia nervosa and, 83-5
burns and, 41-18
clinical features of, 82-17–82-18
comorbidities with, 82-17t
complications with, 82-18
course of, 82-18
diabetes and, 50-2–50-3
DILI and, 29-2
as eating disorder, 82-4
genetics and, 82-6
HCT and, 92-11
HDL and, 12-38t
heart transplantation and, 35-5
hypertriglyceridemia and, 12-34
ischemic stroke and, 55-3t, 55-5
metabolic syndrome and, 12-35
PCOS and, 47-2
PN and, 37-19–37-20
prognosis for, 82-18
stress incontinence and, 101-25
surgery for, 82-21–82-22
treatment for, 82-18–82-22
type 2 diabetes and, 82-6

OBRA. (see Omnibus Budget
Reconciliation Act)

Obsession, 76-32
Obsessive Compulsive Foundation, 76-4t
Obsessive-compulsive disorder (OCD),

76-2, 76-32–76-39
anorexia nervosa and, 76-33, 83-4
autism and, 76-33
binge eating disorders and, 76-33
bipolar disorder and, 76-33
body dysmorphic disorder and,

76-33
bulimia nervosa and, 76-33, 83-5
clinical course of, 76-32–76-33
comorbidities with, 76-33
diagnosis of, 76-32t
eating disorders and, 76-33, 82-7
epidemiology of, 76-32–76-33
etiology of, 76-33–76-34
GAD and, 76-33
gambling and, 76-33
gender and, 76-32
genetics and, 76-34
nail biting and, 76-33
panic disorder and, 76-21, 76-24,

76-33
pathophysiology of, 76-33–76-34
phobic disorders and, 76-33
postpartum and, 76-32
schizophrenia and, 76-33
Sydenham chorea and, 76-33
symptoms of, 76-32
treatment of, 76-34–76-39
TS and, 76-33

Obsessive-compulsive personality
disorder, 76-33

Obsessive-compulsive spectrum
disorders, 76-33

Obstetric drug therapy, 46-1–46-44
Obstetric pain, 8-15–8-18
Obstructive airway disease, 22-8
Obstructive biliary disease, pruritus and,

38-13t
Obstructive sleep apnea (OSA), 77-1,

77-16

CPAP for, 77-17
CRP and, 77-16
IL-6 and, 77-16
obesity and, 82-17t
PCOS and, 47-5
TNF-α and, 77-16

Obtundation
aspiration pneumonia and, 60-18t
pneumonia and, 60-5

Occlusion, 38-10
OCD. (see Obsessive-compulsive

disorder)
Ocular hemorrhage, 51-14
Ocular hypertension, 51-3
ODS. (see Osmotic demyelination

syndrome)
OGTT. (see Oral glucose tolerance test)
Oil maceration, 3-4–3-5
OIs. (see Opportunistic infections)
Oligoarthritic JIA, 43-34
Oligomeric formulas, 36-6–36-12
Oligosaccharides, 97-7
Oligospermia, 89-35, 101-2
Oliguria, 34-14
OLT. (see Orthotopic liver transplantation)
OME. (see Otitis media with effusion)
Omega-3 fatty acids, 19-25–19-26

for atherosclerosis, 16-5
Omnibus Budget Reconciliation Act

(OBRA), 99-16–99-17
Onycholysis, 43-34
Onychomycosis, 38-7t, 71-6
Oogenesis, chemotherapy and, 89-34
Oophorectomy, 48-2
Open-angle glaucoma, 51-3–51-12
OPEP. (see Oscillating positive-end

pressure)
Ophthalmopathy, with hyperthyroidism,

49-30–49-31
Opportunistic infections (OIs)

with CLL, 90-13
with HIV, 70-1–70-42

Optic nerve, 51-2
Optic neuritis, 51-14
OPV. (see Oral polio virus vaccine)
Oral glucose tolerance test (OGTT), 50-7
Oral polio virus vaccine (OPV), 95-6

adverse effects of, 95-4
Oral-facial herpes, 72-7–72-8
Orexin, wakefulness and, 77-4
ORF. (see Outer reading frame)
Orgasm, 101-3
Ornithodoros spp., 75-1
ORSA. (see Oxacillin-resistant strains)
Orthomyxoviridae spp., 72-10
Orthostatic hypotension, 13-19–13-20

drug-induced, 78-21
Orthotopic liver transplantation (OLT),

73-37
OSA. (see Obstructive sleep apnea)
Oscillating positive-end pressure (OPEP),

98-9
Osler’s nodes, 59-4f
Osmal gap, 2-9
Osmality. (see Plasma osmality)
Osmotic demyelination syndrome (ODS),

11-11
Osteoarthritis (OA), 3-24–3-28,

43-36–43-40
aging and, 99-14
in DIP, 43-37
ESR with, 43-37
in metatarsophalangeal joint, 43-37
nutritional supplements for, 3-3t

obesity and, 82-17t
in PIP, 43-37
ROM with, 43-37

Osteomyelitis, 56-6t, 66-1–66-12
amputation and, 66-7
anaerobes and, 66-6
antibiotics for, 66-8
bacteremia and, 66-3
Bacterioides spp. and, 66-6
chronic, 66-1
Escherichia coli and, 66-2, 66-6
ESR and, 66-2–66-3
features of, 66-2t
fractures and, 66-5–66-6
Klebsiella spp. and, 66-2, 66-6
leukocytosis and, 66-3
prosthetics and, 66-9–66-10
Proteus spp. and, 66-2, 66-6
Pseudomonas spp. and, 66-2,

66-6–66-7
Salmonella spp. and, 66-2
Staphylococcus aureus and, 66-1,

66-6
Streptococcus spp. and7, 66-6
surgery for, 66-8
vascular insufficiency and, 66-7
WBC and, 66-2–66-3

Osteopenia, 82-12
Osteoporosis, 102-1–102—17

alcohol and, 102-4
anorexia nervosa and, 82-12
calcium and, 102-5
classification of, 102-3
exercise and, 102-5, 102-12
falls and, 102-12
fractures and, 102-1–102-2
gender and, 102-3t, 102-4
from heparin, 15-11
in men, 102-16–102-17
menopause and, 48-1, 48-3
prevention of, 102-5–102-12
race and, 102-4
risk factors for, 102-3–102-5
smoking and, 85-6t, 102-4, 102-5
transplantation and, 35-24

Osteosarcoma, 91-27–91-28
OTC. (see Over-the-counter)
Otitis, 56-6t
Otitis media, 96-1–96-7. (see also Acute

otitis media)
Otitis media with effusion (OME),

diagnosis of, 96-3
Otolaryngological symptoms, GERD and,

26-30–26-31
Outer reading frame (ORF), 73-33
Ovarian cancer, 91-14–91-15

chemotherapy for, 91-14–91-15
contraception and, 45-17
HCT and, 92-3t
menopause and, 48-3
screening for, 91-14
symptoms of, 88-12t

Ovaries. (see also Polycystic ovary
syndrome)

chemotherapy and, 89-34
Overflow hypothesis, 11-6
Overflow incontinence, 101-25
Overlap syndrome, 44-4
Over-the-counter (OTC), 1-4
Oxacillin-resistant strains (ORSA), 66-3
Oxygen, 21-7

for AMI, 21-24
for anaphylaxis, 4-9t
bleomycin and, 25-1
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for BPD, 94-15
for cluster headaches,

52-20–52-21, 52-21t
for COPD, 23-16–23-17
for Hantavirus, 72-16
for MI, 17-7
myocardial, 16-2–16-4
for septic shock, 21-29

Oxygen consumption (VO2), 21-2, 21-7
definition of, 21-34
normal values or, 21-5t

Oxygen delivery (DO2), 21-2, 21-7
definition of, 21-34
normal values or, 21-5t

Oxygen-free radicals, UVR and, 41-3
Ozone, UVR and, 41-2

PAAF. (see Pediatric amino acid
formulations)

Pacemaker cells, 19-2
PACs. (see Premature atrial contractions)
PAD. (see Peripheral arterial disease;

Pulmonary artery diastolic
pressure)

PAF. (see Platelet activating factor)
Paget disease, hypercalcemia and, 2-10
PAH. (see Pulmonary arterial

hypertension)
PAHs. (See Polycyclic aromatic

hydrocarbons)
PAI-1. (see Plasminogen activator

inhibitor-1)
Pain, 8-1–8-33. (see also Chronic pain

syndrome)
anxiety and, 8-9
categorization, 8-2, 8-5–8-7
children and, 8-30–8-31
distress scales for, 8-8f
with gout, 42-2
headache and, 52-3
hospice care and, 6-7–6-10
IBS and, 27-20
intensity scales for, 8-7f
mechanisms of, 8-2–8-4
obstetric, 8-15–8-18
with opioid use, 83-7–83-8
pelvic, 47-13
postoperative, 9-26–9-34

Pain-predominant irritable bowel
syndrome (PP-IBS), 27-20

PAK. (see Pancreas after kidney
transplant)

PALD. (see Pseudoalcoholic liver disease)
Palliative care, 6-1
Palliative Performance Scale (PPS), 6-2,

6-3
Palmarplantar erythrodysesthesia

syndrome, 89-12
PAN. (see Polyacrylonitrile)
Pancreas

CF and, 98-2–98-3
enzymes of, 98-8–98-9
transplantation of, type 1 diabetes

mellitus and, 50-12
Pancreas after kidney transplant (PAK),

50-12
Pancreatitis, 34-7

CF and, 98-3t
PN and, 37-20

Pancytopenia, 87-14
PANDAS. (see Pediatric autoimmune

neuropsychiatric disorders
associated with streptococcal
infection)

Panel reactive bodies (PRA), 34-3, 35-4
Panic disorder, 76-21–76-26

alcohol and, 76-21
arrhythmias and, 76-24
bipolar disorder and, 76-21
bulimia nervosa and, 83-5
caffeine and, 76-22, 76-24
CCK and, 76-22
chronic pain syndrome and, 76-24
cirrhosis and, 76-24
clinical course of, 76-21–76-22
clinical presentation of, 76-24
CO2 and, 76-22
depression and, 76-21
diagnosis of, 76-21, 76-21t
differential diagnosis of, 76-24
epidemiology of, 76-21–76-22
etiology of, 76-22
5-HT and, 76-22
GABA and, 76-22
genetics and, 76-22
hyperparathyroidism and, 76-24
hypertension and, 76-24
hyperthyroidism and, 76-24
IBS and, 76-24
LC and, 76-22
mitral valve prolapse and, 76-24
NaCl and, 76-22
NE and, 76-22
nicotine and, 76-24
OCD and, 76-21, 76-24, 76-33
Parkinson disease and, 76-24
pathophysiology of, 76-22
personality disorders and, 76-21
pheochromocytoma and, 76-24
phobic disorder and, 76-24
PTSD and, 76-21, 76-24
seizures and, 76-24
social anxiety disorder and, 76-21,

76-27
treatment of, 76-22–76-24

Panlobular emphysema, 23-4
Pansinusitis, CF and, 98-3t
PANSS. (see Positive and Negative

Symptom Scale for Schizophrenia)
Panton-Valentine leukocidin genes (PVL),

60-8
PAP. (see Pulmonary artery pressure)
Paper charts, 1-2
Papilledema, with malignant

hypertension, 20-2
Paracentesis-induced circulatory

dysfunction (PICD), 28-7–28-8
Paracinar emphysema, 23-4
Parainfluenza virus

CAP and, 60-8
croup from, 96-10

Paralysis, from ventilation, 94-47–94-49
Paralytic stroke, 55-2
Paraneoplastic syndromes, cancer and,

88-13t
Paranoid schizophrenia, 78-4, 78-4t,

78-6
Parasitic infections, 74-1–74-17

drug therapy for, 74-3t-5t
Parasomnias, 77-5t
Parathyroid hormone (PTH)

bone and, 102-2, 102-3f
calcium and, 11-20
phosphorus and, 11-25
PMS and, 47-21

Parathyroidectomy, 31-27
Parenteral nutrition (PN), 97-1, 97-3t.

(see also Total parenteral nutrition)

for adults, 37-1–37-20
amino acids in, 37-6
BCAA with, 37-17
carbohydrate in, 37-5–37-6
children and, 97-13–97-18
cycling therapy with, 37-16
diabetes and, 37-19–37-20
fat in, 37-6
formulations for, 37-5–37-6
hepatic failure and, 37-17
hyperglycemia with, 37-13
hypokalemia with, 37-12–37-13
hypomagnesemia with, 37-13
hypophosphatemia with, 37-13
indications for, 97-11t
liver and, 37-16–37-17,

97-18–97-19
micronutrients in, 37-6
obesity and, 37-19–37-20
pancreatitis and, 37-20
renal failure and, 37-17–37-19
respiratory distress and, 97-14
SBS and, 37-19–37-20
trace elements in, 37-12
vanilla, 97-13–97-14
through veins, 37-5
vitamins in, 37-12
VLBW and, 94-19, 97-13–97-14

PARESIS. (see Personality, affect,
reflexes, eye, sensorium, intellect,
and speech)

Paresthesia, chemotherapy and,
89-21–89-22

Parietal cell, 26-2, 26-3f
Parity, 46-4
Parkinson disease (PD), 53-1–53-23

anxiety and, 53-5, 76-4
dementia with, 53-5, 53-21–53-22
depression and, 53-5, 53-22, 79-3t
dopamine and, 53-2
drug-induced, 78-18–78-19
ED and, 101-4
vs. ET, 53-27t
falls and, 53-22–53-23
panic disorder and, 76-24
service organizations for, 53-2t
sleep and, 53-23, 77-5t
social anxiety disorder and, 76-27
stages of, 53-5–53-6, 53-6t
swallowing and, 53-5

Parkinson disease with dementia (PDD),
100-1

as subcortical dementia, 100-3
Parkinson-plus syndromes, 53-5
Paroxysmal supraventricular tachycardia

(PSVT), 19-5, 19-14–19-16
re-entry with, 19-14–19-15
Valsalva maneuver for, 19-15

PAS. (see Pulmonary artery systolic
pressure)

PASI. (see Self-Administered Psoriasis
Area and Severity Index)

Passenger leukocytes, 34-3
Pasteurella multocida, 67-8
Patent ductus arteriosus (PDA),

94-19–94-24
clinical presentation of,

94-21–94-22
treatment of, 94-22–94-24

Patient controlled analgesia (PCA),
8-15–8-18

Patient education plan, 1-13
Patient history, 1-8–1-10

form for, 1-6–1-7f

Patient interviews, 1-4–1-8, 1-5t
Pauciarticular JIA, 43-34
PBPCs. (see Peripheral blood progenitor

cells)
PBPCT. (see Peripheral blood progenitor

cell transplant)
PBRs. (see Peripheral diazepam

receptors)
PCA. (see Patient controlled analgesia)
PCI. (see Percutaneous coronary

intervention)
PCOS. (see Polycystic ovary syndrome)
PCP. (see Pneumocystis pneumonia)
PCWP. (see Pulmonary capillary wedge

pressure)
PD. (see Parkinson disease; Peritoneal

dialysis)
PDA. (see Patent ductus arteriosus)
PDD. (see Parkinson disease with

dementia)
PDGF. (see Platelet derived growth

factor)
PE. (see pulmonary embolism)
PEA. (see Pulseless electrical activity)
Peak expiratory flow (PEF), 22-3, 22-7

green zone of, 22-34
yellow zone of, 22-34

Pediatric amino acid formulations (PAAF),
97-16–97-17, 97-17t

VLBW and, 97-17
Pediatric autoimmune neuropsychiatric

disorders associated with
streptococcal infection (PANDAS),
76-33

Pediatrics. (see Children)
Pediculosis, 38-7t, 74-15–74-17

epidemiology of, 74-16
treatment of, 74-16

Pediculus humanus, 74-15, 74-15f
PEEP. (see Positive end-expiratory

pressure)
PEF. (see Peak expiratory flow)
PEG. (see Percutaneous endoscopic

gastrostomy)
PEJ. (see Percutaneous endoscopic

jejunostomy)
Peliosis hepatitis, 29-16–29-17
Pelvic inflammatory disease (PID),

65-7–65-8
contraception and, 45-17
diagnosis of, 65-8
symptoms of, 65-8

Pelvic pain, 47-13
Penile erection

nitric oxide and, 101-3
potassium and, 101-3

Pennyroyal oil, toxicity of, 29-17, 29-19t
Pepsin

GERD and, 26-24
SRMB and, 26-33

Peptic ulcer disease (PUD), 26-2,
26-9–26-13

amylase and, 2-15
bleeding with, 26-31–26-33
dyspepsia and, 26-8
Helicobacter pylori and,

25-13–25-18, 26-31–26-32
pregnancy and, 46-32
smoking and, 85-6t

Peptococcus spp., 56-5t
aspiration pneumonia and, 60-20t

Peptostreptococcus spp., 56-5t
aspiration pneumonia and, 60-20t

Perception, 8-2–8-4
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Percussion and postural drainage (P&PD),
98-9

Percutaneous coronary intervention (PCI),
16-26–16-29, 17-1,
17-7–17-10, 17-12

for MI, 21-24
Percutaneous endoscopic gastrostomy

(PEG), 36-3
Percutaneous endoscopic jejunostomy

(PEJ), 36-3
Percutaneous transhepatic biliary

drainage (PTBD), 63-4
Percutaneous transluminal coronary

angioplasty (PTCA), 16-9, 21-25,
32-9

Perfusion pressure (PP)
definition of, 21-34
normal values for, 21-5t

Pericarditis
from Hib, 95-7
KD and, 96-13
RA and, 43-12
SLE and, 44-2t

Perimenopause, 48-1
depression and, 79-3t
FSH and, 48-1

Periodic limb movements during sleep
(PLMS), 77-1, 77-5t,
77-19–77-20

Periodontal disease, aspiration
pneumonia and, 60-18t

Perioperative care, 9-1–9-34
for diabetes, 50-38

Perioral dermatitis, 38-7t
Periosteum, 66-1, 66-2f
Peripheral arterial disease (PAD), 12-18,

14-1–14-14, 50-80
diabetes mellitus and, 14-2
dyslipidemia and, 14-2
hypertension and, 14-2
ischemic stroke and, 55-3t
smoking and, 14-2

Peripheral blood progenitor cell
transplant (PBPCT), 92-2

GVHD and, 92-8
Peripheral blood progenitor cells (PBPCs)

allogenic HCT and, 92-8
for autologous HCT, 92-4–92-5

Peripheral central catheter (PICC), 66-5
Peripheral diazepam receptors (PBRs),

76-7
Peripheral sensitization, 8-4
Peripheral vascular disease (PVD),

12-18
Peripherally inserted central catheter

(PICC), 88-23
Peritoneal dialysis (PD), 31-4, 32-1,

32-11–32-15
access for, 32-12–32-13
catheter with, 32-12–32-13
complications with, 32-14–32-15
fluid removal with, 32-12
peritonitis with, 32-14–32-15
Staphylococcus aureus and, 32-14
Staphylococcus epidermidis and,

32-14
weight gain with, 32-14

Peritoneovenous shunt, 28-9
Peritonitis, 63-4t

CAPD and, 63-5–63-8
cirrhosis and, 63-5–63-6
with peritoneal dialysis,

32-14–32-15
secondary, 63-8–63-11

Periventricular-intraventricular
hemorrhage (PV-IVH)

Hct and, 94-40
hypotension with, 94-40
in neonates, 94-39–94-44

Permissive hypothesis, 79-4
Persistent pulmonary hypertension of the

newborn, ventilation for, 94-47
Persistent urinary incontinence (PUI),

101-24–101-25
Personal medication record (PMR), 1-13
Personality, affect, reflexes, eye,

sensorium, intellect, and speech
(PARESIS), 65-14

Personality disorders
bulimia nervosa and, 83-5
panic disorder and, 76-21

Pertussis, 60-2
immunization for, 95-5–95-6

PET. (see Positron emission tomography)
Petechial skin lesions, 59-4f
Petit mal seizures, 54-2
PFTs. (see Pulmonary function tests)
pH monitoring, 26-27
Pharmacogenetics, 4-1
Pharmacological interaction (P-I), 4-2
Pharmacy information systems (PIS), 1-4
Pharyngeal gonorrhea, 65-6–65-7
Pharyngitis, 56-6t

in children, 96-7–96-10
Phase-nonspecific agents, 88-14
Phase-specific agents, 88-14
Phenylketonuria (PKU), 97-10
Pheochromocytoma

with hypertension, 20-6t
panic disorder and, 76-24

PHI. (see Protected health information)
PHN. (see Postherpetic neuralgia)
Phobic disorders, 76-26

CBT for, 76-26
diagnosis of, 76-26t
OCD and, 76-33
panic disorder and, 76-24
types of, 76-26

Phosphate (PO4), 2-10, 11-1
blood chemistry reference values

for, 2-3t
DKA and, 50-44, 50-44t
for hypercalcemia, 11-22t, 11-24
liver transplantation and, 34-26
neonatal seizures and, 94-41t

Phospholipidosis, 29-16
Phosphorus, 11-25–11-27. (see also

Hyperphosphatemia;
Hypophosphatemia)

acid-base and, 11-25
calcium and, 11-25
CKD and, 31-8, 31-14
glucose and, 11-25
homeostasis of, 11-25
PTH and, 11-25
thyroid hormone and, 11-25
vitamin D and, 11-25

Photoaging, 41-1–41-15
Photoallergy, 41-6–41-7

symptoms of, 41-7–41-8
Photocarcinogenesis, 41-4
Photochemotherapy, for psoriasis,

40-5–40-6
Photocoagulation therapy, 50-78
Photodermatitis, 38-7t
Photoprotection, 41-8–41-15

for children, 41-14
Photosensitive eruptions, 38-15

Photosensitivity, 41-1–41-15
chemotherapy and, 89-14

Phototherapy, 79-10
for sleep, 77-5

Phototoxicity, 41-6–41-7
Phthirus pubis, 74-15
Phthisis, 61-1
P-I. (see Pharmacological interaction)
PICC. (see Peripheral central catheter;

Peripherally inserted central
catheter)

PICD. (see Paracentesis-induced
circulatory dysfunction)

PID. (see Pelvic inflammatory disease)
PIF. (see Prolactin inhibitory factor)
Pig skin, for burns, 41-19
Pill early danger signs (ACHES), 45-16t
Pilocarpine iontophoresis test, 98-5
Pink-eye, 51-14, 51-19
Pinworms. (see Enterobiasis)
PIP. (see Proximal interphalangeal joint)
PIS. (see Pharmacy information systems)
Pituitary-gonadal axis, BPH and, 101-21f
Pityriasis rosea, 38-7t
Pityrosporum orbiculare, 71-2
PJP. (see Pneumocystis jiroveci;

Pneumocystis jiroveci pneumonia)
PKU. (see Phenylketonuria)
Placenta, 46-2–46-3, 46-3f
Placental-fetal compartment effect, 46-6
Plan of care (POC), 6-4
Plaque

atherosclerosis and, 12-9f
CHD and, 12-10

Plasma cell disorders, 90-3
diagnosis of, 90-19t

Plasma osmality, 2-9, 11-2
alcohol and, 11-2
in neonates, 94-3

Plasmin, 15-3t
Plasminogen, 15-3t
Plasminogen activator inhibitor-1

(PAI-1), 21-10
Plasmodium spp., 74-1
Platelet activating factor (PAF), 21-9,

21-10, 56-2f
sepsis and, 56-3

Platelet derived growth factor (PDGF),
88-9, 88-27f

Platelets, 15-2
blood chemistry reference values

for, 2-5t
chemotherapy and, 89-2

Pleiotropic drug resistance, 88-20
Pleural effusions, SLE and, 44-2t
Pleural empyema, 96-9–96-10
Pleural inflammation, 25-7t
Pleurisy, SLE and, 44-2t
Pleuritis, RA and, 43-12
PLMS. (see Periodic limb movements

during sleep)
PMDD. (see Premenstrual dysphoric

disorder)
PML. (see Progressive multifocal

leukoencephalopathy)
PMMA. (see Polymethylmethacrylate)
PMN. (see Polymorphonuclear leukocytes;

Polymorphonuclear neutrophil)
PMR. (see Personal medication record;

Polymyalgia rheumatica)
PMS. (see Premenstrual syndrome)
PN. (see Parenteral nutrition)
Pneumococcus, immunization for, 95-3,

95-10

Pneumocystis carinii, HIV and, 69-3,
69-5t

Pneumocystis jiroveci (PJP), 35-9–35-10
chronic GVHD and, 92-21
HCT and, 92-27
HIV and, 70-1–70-2

Pneumocystis jiroveci pneumonia (PJP),
HIV and, 70-7–70-12

Pneumocystis pneumonia (PCP), 92-27
AIDS and, 70-7
children and, 70-7
pregnancy and, 70-7

Pneumonia, 56-6t, 60-5–60-29. (see
also Community-acquired
pneumonia)

aging and, 99-12–99-13
alcoholism and, 60-5
anesthesia and, 60-5
aspiration, 60-18–60-21
BOOP, 25-5t, 25-6–25-7t
in CF, 60-27–60-29
clinical presentation of, 60-6
dental hygiene and, 60-8
elderly and, 60-6
epilepsy and, 60-5
gram-negative bacilli and, 60-6
head injuries and, 60-5
from Hib, 95-7
in neonates, ventilation for, 94-47
obtundation and, 60-5
risk factors for, 60-6
stroke and, 60-5
substance abuse and, 60-5
VAP, 60-21–60-27
walking, 60-8

Pneumonitis
RA and, 43-12
SLE and, 44-2t

PNOV. (see Postoperative nausea and
vomiting)

PO4. (see Phosphate)
POAG. (see Primary open-angle

glaucoma)
POC. (see Plan of care)
Podagra, 42-2–42-3
POISINDEX, 5-3
Poison control centers, 5-3
Poison ivy, 38-18–38-19
Poison oak, 38-18–38-19
Poison sumac, 38-18–38-19
Poisoning

common substances for, 5-2t
from drugs, 5-1–5-22

Poisoning & Drug Overdose, 5-3
Polio, 95-1

immunization for, 95-3, 95-6–95-7
Polyacrylonitrile (PAN), in HD,

32-2–32-5
Polycyclic aromatic hydrocarbons (PAHs),

85-3
Polycyclic RA, 43-2
Polycystic ovary syndrome (PCOS),

47-1–47-9
acne and, 47-2
alopecia and, 47-2
androgen and, 47-2, 47-3, 47-3f
atherosclerosis and, 47-5
CVD and, 47-4–47-5
diabetes and, 47-4
diagnosis of, 47-1–47-2
diet and, 47-6
dyslipidemia and, 47-5
endometrial cancer and, 47-5
exercise and, 47-6
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FSH and, 47-2
glucose tolerance and, 47-4
gonadotropins and, 47-2–47-3,

47-3f
HDL and, 47-4–47-5
hyperinsulinemia and, 47-2
hyperprolactinemia and, 47-2
hypertension and, 47-5
insulin and, 47-3–47-4, 47-3f
LH and, 47-2
metabolic syndrome and,

47-4–47-5
obesity and, 47-2
OSA and, 47-5
thyroid and, 47-2
weight and, 47-5–47-6, 82-6t

Polycythemia vera, pruritus and, 38-13t
Polygenic hypercholesterolemia

characteristics of, 12-7t
LDL and, 12-6

Polymedicine, 99-6
Polymeric formulas, 36-3–36-5

fiber in, 36-4–36-5
protein in, 36-5

Polymethylmethacrylate (PMMA), in HD,
32-2–32-5

Polymorphonuclear leukocytes (PMN),
98-4

Polymorphonuclear neutrophil (PMN),
27-2

Polymyalgia rheumatica (PMR), 44-5
Polymyositis, 44-6, 88-13t
Polytetrafluoroethylene (PTFE), for

dialysis, 32-5
Pork tapeworms. (see Cestodiasis)
Porphyria cutanea tarda, 73-38
Portal hypertension, 28-2–28-4
Positive and Negative Symptom Scale for

Schizophrenia (PANSS), 78-18t
Positive end-expiratory pressure (PEEP)

for ARDS, 56-4
definition of, 21-34

Positron emission tomography (PET),
12-15

Postbinding defects, 50-6
Postconceptional age, 94-2t
Posterior subcapsular cataracts (PSC),

51-21
Postgastroenteritis syndrome, 97-14
Postherpetic neuralgia (PHN), 72-9
Postmenstrual osteoporosis, 102-3
Postnatal age, 94-2t
Postoperative nausea and vomiting

(PNOV), 7-9–7-11, 9-22–9-26
Postoperative pain, 9-26–9-34
Postpartum

depression and, 79-3t
hemorrhage, 46-23–46-24
OCD and, 76-32

Postprandial glucose metabolism, 50-4
Postreceptor defects, 50-6
Postrenal ARF, 30-16
Poststreptococcal glomerulonephritis

(PSGN), 30-9–30-10
Post-term, 94-2t
Post-transplantation diabetes mellitus

(PTDM), 35-23–35-25
Post-transplantation lymphoproliferative

disorder (PTLD), 35-10–35-11
Post-traumatic stress disorder (PTSD),

76-2, 76-29–76-32
amygdala and, 76-30
CBT for, 76-30
clinical course of, 76-29–76-30

clinical presentation of, 76-31
diagnosis of, 76-29t
epidemiology of, 76-29–76-30
etiology of, 76-30
5-HT and, 76-30
genetics and, 76-30
HPA and, 76-30
panic disorder and, 76-21, 76-24
pathophysiology of, 76-30
treatment of, 76-30–76-32

Potassium (K), 2-5–2-6, 11-1,
11-14–11-20, 19-1. (see also
Hyperkalemia; Hypokalemia;
Potassium in Drug Index)

absorption of, 11-3, 11-3f
blood chemistry reference values

for, 2-3t
children and, 97-4–97-5, 97-6
DKA and, 50-44
GI tract and, 11-15
homeostasis of, 11-14–11-15
hypertension and, 13-8
penile erection and, 101-3

Potassium hydroxide (KOH), 65-18
Potency, 101-2
PP. (see Perfusion pressure)
P&PD. (see Percussion and postural

drainage)
PPD skin test, 61-20–61-21

for TB, 61-7
PPET-1. (see Pre-proendothelin)
PPH. (see Primary pulmonary

hypertension)
PPHN. (see Pulmonary hypertension in

the newborn)
PP-IBS. (see Pain-predominant irritable

bowel syndrome)
PPS. (see Palliative Performance Scale)
PRA. (see Panel reactive bodies)
PRCA. (see Pure red cell aplasia)
Prealbumin, 2-10, 97-12

blood chemistry reference values
for, 2-3t

Pre-eclampsia, 46-14–46-18
proteinuria and, 46-14

Pre-excitation syndromes, 16-8, 19-16
Pregestational diabetes, 46-10
Pregnancy, 3-32, 46-2–46-6. (see also

Contraception)
acne and, 46-32
allergic rhinitis and, 46-32
aspiration pneumonitis and, 9-4
bipolar disorder and, 46-32
calcium and, 46-7
constipation and, 46-32
contraception during, 45-18
cough and, 46-32
creatinine and, 46-6
depression and, 46-32
diabetes and, 46-32
diabetes mellitus and, 46-10–46-14

White’s classification of, 46-11t
diagnosis of, 46-4–46-5
DILI and, 29-2
drug overdose and, 5-19
due date and, 46-5
DVT and, 46-32
electrolytes and, 46-8
folic acid and, 46-7
GERD with, 25-22
GFR and, 46-6
HBV and, 73-11, 73-19
HCV and, 73-38
headache and, 46-32

hypertension and, 46-14–46-16
hyperthyroidism and, 46-32, 49-29
hypothyroidism and, 49-14
immunization and, 95-3
iron and, 46-7
malaria and, 74-6
mania and, 46-32
MDR-TB and, 61-22
methadone in, 83-8
migraine and, 46-32
nausea and, 46-32
PCP and, 70-7
pruritus and, 38-13t, 46-32
PUD and, 46-32
pyelonephritis and, 64-2
rhinitis and, 24-3
schizophrenia and, 78-29–78-30
SMBG and, 50-14
smoking and, 46-32, 85-6t
syphilis and, 65-16–65-17
TB and, 61-22
TBW and, 46-5
thrombophlebitis and, 46-32
trichomononiasis and, 65-24
trimesters of, 46-4
uric acid and, 46-6
UTIs and, 64-12–64-13,

64-17–64-18
vomiting and, 46-32
VVC and, 65-23

Pregnancy-associated sleep disorder,
77-5t

Preinfarction angina, 16-30
Preload, 18-4, 18-29, 21-17

definition of, 21-34
MI and, 21-25

Premature atrial contractions (PACs),
19-5, 19-19–19-, 19-20. (see
also Ventricular tachycardia)

ventricular arrhythmias and, 19-17
Premature ejaculation, 101-2
Premature ventricular arrhythmias

(PVCs), 19-5
Premenstrual dysphoric disorder (PMDD),

47-20–47-25
depression and, 79-3t
diagnosis of, 47-20t
GABA and, 47-21

Premenstrual syndrome (PMS),
47-20–47-25

CBT for, 47-22
contraception and, 45-16
diagnosis of, 47-20t
GABA and, 47-21
PTH and, 47-21

Pre-proendothelin (PPET-1), 18-6
Prerenal azotemia, 28-7
Preterm, 94-2t
Preterm labor, 46-24–46-30

BV and, 46-28
Prevotella spp., 56-5t
Primary chemotherapy, 88-21
Primary dysmenorrhea, 8-32–8-33
Primary headache disorders, 52-2–52-3
Primary hypertension. (see Essential

hypertension)
Primary open-angle glaucoma (POAG),

51-3–51-12
genetics and, 51-7

Primary prevention
of stroke, 55-5
of TIA, 55-5

Primary pulmonary hypertension (PPH),
25-5t

Primary sclerosing cholangitis, 27-3t
Principal display panel (PDP), 3-2
Prinzmetal’s variant angina. (see Variant

angina)
Probiotics

for CDAD, 62-21
for diarrhea, 93-9
for NEC, 94-28

Proctitis, 65-10t
Progesterone, 48-2t

menstrual cycle and, 45-2
Progressing infarction, 55-1
Progressive multifocal

leukoencephalopathy (PML), 70-2
Progressive RA, 43-2
Progressive systemic sclerosis, 44-1
Proinsulin, 50-16f
Prolactin, 101-5

cluster headaches and, 52-19
Prolactin inhibitory factor (PIF), 46-35
Prolactinomas, ED and, 101-8
“Proof,” in alcohol, 84-1
Prostacyclin, 16-21, 18-8
Prostaglandin. (see also Prostaglandin in

Drug Index)
dysmenorrhea and, 47-9
SRMB and, 26-33–26-34

Prostate cancer, 91-18–91-20
chemotherapy for, 91-20
etiology of, 91-18
PSA and, 101-18
staging of, 91-18
symptoms of, 88-12t
treatment for, 91-18–91-19

Prostate-specific antigen (PSA), 2-15,
101-18

aging and, 101-18t
blood chemistry reference values

for, 2-4t
prostate cancer and, 101-18

Prostatitis, 64-16
Prosthetic valve endocarditis (PVE),

59-10–59-11
Prosthetics, osteomyelitis and,

66-9–66-10
Proteases, COPD and, 23-4t
Protected health information (PHI), 1-8
Protein, 2-10–2-11, 37-4–37-5, 37-5t

CKD and, 31-8
diabetic nephropathy and, 31-12
in enteral formulas, 36-8t
metabolism of, 10-2
in MNT, 50-11
phosphorus and, 31-22t
in polymeric formulas, 36-5
UA and, 2-20

Protein C, 15-3t
Protein S, 15-3t
Proteinuria, 2-20, 31-2, 31-5–31-6

ARF and, 30-6
diagnosis of, 31-6t
ESRD and, 31-8
with hypertension, 19-2
nephrotic syndrome and, 31-30
pre-eclampsia and, 46-14
SLE and, 44-2t
Wegener’s granulomatosis and,

31-33
Proteus spp.

osteomyelitis and, 66-2, 66-6
UTIs from, 64-2, 99-13

Prothrombin time (PT), 2-19, 2-20
Protozoal infections, HIV and,

70-37–70-38
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Proximal interphalangeal joint (PIP)
OA in, 43-37
RA in, 43-11

Proximal tubule, 10-1
Pruritus, 38-13, 38-13t

anemia and, 38-13t
brain abscess and, 38-13t
breast cancer and, 38-13t
with burns, 41-20
diabetes mellitus and, 38-13t
gout and, 38-13t
with HAV, 73-4
HD and, 38-13t
hypertension and, 38-13t
hypothyroidism and, 38-13t
lymphoma, 38-13t
multiple myeloma and, 38-13t
multiple sclerosis and, 38-13t
mycosis fungoides and, 38-13t
obstructive biliary disease and,

38-13t
pregnancy and, 38-13t, 46-32
with psoriasis, 40-1
stomach cancer and, 38-13t
uremia and, 38-13t

PSA. (see Prostate-specific antigen)
PSC. (see Posterior subcapsular cataracts)
Pseudoalcoholic liver disease (PALD),

29-16
Pseudoallergic reactions, 4-14–4-15
Pseudodementia, 100-17

depression and, 100-17
Pseudogout, 42-4
Pseudohyperkalemia, 11-17
Pseudohypertension, 13-4
Pseudomonas spp., 56-5t, 67-6

neonatal sepsis and, 94-28
neutropenia and, 68-3
osteomyelitis and, 66-2, 66-6–66-7

Pseudomonas aeruginosa
AECB and, 60-3t
aspiration pneumonia and, 60-20t
CF and, 98-4, 98-11
in cornea, 51-14
endocarditis from, 59-22–59-23
UTIs from, 64-2, 96-16–96-17

PSGN. (see Poststreptococcal
glomerulonephritis)

Psoriasis, 40-1–40-13
CD and, 40-2
depression and, 40-2
diabetes mellitus and, 40-2
epidemiology of, 40-1
hyperlipidemia and, 40-2
metabolic syndrome and, 40-2
pathogenesis of, 40-1
photochemotherapy for, 40-5–40-6
prognosis for, 40-2
pruritus with, 40-1
symptoms of, 40-1–40-2
T cells and, 40-1
UVR for, 40-5–40-6

Psoriasis vulgaris, 40-2
Psoriatic arthritis, 40-2, 40-11–40-12
Psoriatic JIA, 43-34
PSVT. (see Paroxysmal supraventricular

tachycardia)
Psychiatric disorders, in children,

81-1–81-8
Psychogenic polydipsia, 11-9
Psychosis. (see also Schizophrenia)

dementia and, 100-14t,
100-15–100-16

drug-induced, 78-4–78-5

Psychotherapy
for anxiety, 76-4
for bipolar disorder, 80-17
for depression, 79-8
for GAD, 76-7

Psychotic features, depression with,
79-32–79-33

PT. (see Prothrombin time)
PTBD. (see Percutaneous transhepatic

biliary drainage)
PTCA. (see Percutaneous transluminal

coronary angioplasty)
PTDM. (see Post-transplantation diabetes

mellitus)
PTH. (see Parathyroid hormone)
PTLD. (see Post-transplantation

lymphoproliferative disorder)
PTSD. (see Post-traumatic stress

disorder)
PTSD Alliance Resource Center, 76-4t
Public speaking, 76-26
PUD. (see Peptic ulcer disease)
PUI. (see Persistent urinary incontinence)
Pulmonary arterial hypertension (PAH),

18-3
Pulmonary artery catheter, 21-4, 21-4f
Pulmonary artery diastolic pressure

(PAD), 21-5–21-6
Pulmonary artery pressure (PAP), 21-34
Pulmonary artery systolic pressure

(PAS), 21-5
Pulmonary capillary wedge pressure

(PCWP), 21-4, 21-6, 21-6f
cardiogenic shock and, 21-17
definition of, 21-34
HF and, 21-21
hypovolemic shock and,

21-15–21-16
normal values for, 21-5t

Pulmonary disorders
asthma, 22-1–22-38

drug-induced, 25-1–25-12
smoking and, 85-6t

Pulmonary edema, 5-9
with ALF, 73-14
with aspiration pneumonia, 60-19
BPD and, 94-15
drug-induced, 25-4t
with RDS, 94-14

Pulmonary embolism (PE), 15-1, 55-15
cancer and, 15-16t
clinical presentation of,

15-15–15-17
diagnosis of, 15-16–15-17
hemoptysis and, 15-16t
SLE and, 44-2t
symptoms of, 15-15–15-16

Pulmonary eosinophilia, 25-7t
Pulmonary fibrosis, 25-1–25-9, 25-6t
Pulmonary function, drug poisoning and,

5-15
Pulmonary function tests (PFTs), 26-30

for asthma, 22-5, 22-13
Pulmonary hypertension, SLE and,

44-2t
Pulmonary hypertension in the newborn

(PPHN), 46-44
Pulmonary macrophages, 60-5
Pulmonary rehabilitation, for COPD,

23-14–23-15
Pulmonary vascular resistance (PVR),

21-7
definition of, 21-34
normal values or, 21-5t

Pulseless electrical activity (PEA), 19-27,
19-29–19-31

Pulsus paradoxus, 22-13
Pupils, disorders of, 51-14
Pure red cell aplasia (PRCA),

87-16–87-17
Pure salt gain, 11-12
Pure water loss, 11-12
Purple toe syndrome, 15-20
Purpura, 38-17

ITP, 93-17–93-19
Pustular psoriasis, 40-2
PVCs. (see Premature ventricular

arrhythmias)
PVD. (see Peripheral vascular disease)
PVE. (see Prosthetic valve endocarditis)
PV-IVH. (see

Periventricular-intraventricular
hemorrhage)

PVL. (see Panton-Valentine leukocidin
genes)

PVR. (see Pulmonary vascular resistance)
Pyelonephritis, 64-9–64-11

in children, 96-15
with hypertension, 19-2
pregnancy and, 64-2

Pyoderma gangrenosum, 27-3t
Pyridine ring, 85-3
Pyrrolidine ring, 85-3

Q fever, 60-8, 75-2t
Q waves, ECG of, 17-3
QIDS-C16. (see Quick Inventory for

Depressive Symptomatology)
QRS complex, 19-1

TdP and, 19-24
ventricular arrhythmias and, 19-17

QTc interval, 19-24
changes in, drug-induced,

78-21–78-22
Quasi-species, 69-22
Queensland tick typhus, 75-2t
Quick Inventory for Depressive

Symptomatology (QIDS-C16),
79-9t

Quiescent disease, 69-25

RA. (see Rheumatoid arthritis)
RAAS. (see

Renin-angiotensin-aldosterone
system)

Rabbits, CAP and, 60-13t
Rabies, 67-8

immunization for, 95-10
Race. (see also African Americans)

ALL and, 90-24
HF and, 18-60–18-61
osteoporosis and, 102-4
smoking and, 85-2t
stroke and, 55-2t

Radiation recall, 89-14
Radiation sensitization, 89-14
Radiation therapy

for cancer, 88-14, 88-14t
chemotherapy and, 89-13–89-14
neutropenia and, 68-3

Radioactive iodine uptake (RAIU), 49-6
Radioallergosorbent testing (RAST), 4-6,

24-6
RADT. (see Rapid-antigen-determination

test)
RAIU. (see Radioactive iodine uptake)
Range of motion (ROM), 43-12

with OA, 43-37

RAP. (see Right atrial pressure)
RAPID. (see Routine Assessment of

Patient Index Data)
Rapid Alcohol Problems Screen (RAPS4),

84-12
Rapid eye movement sleep (REM), 77-3
Rapid plasma reagin (RPR), 65-13,

65-15
Rapid urease test, 26-5
Rapid-antigen-determination test (RADT),

96-7–96-8
Rapidly progressive glomerulonephritis

(RPGN), 30-10, 31-30
RAPS4. (see Rapid Alcohol Problems

Screen)
RAS. (see Renin-angiotensin-aldosterone

system)
RAST. (see Radioallergosorbent testing)
Raynaud’s disease, 14-10–14-12

SLE and, 44-2t
Raynaud’s phenomenon, 44-4

SLE with, 44-1
RBC. (see Red blood cells)
RBF. (see Renal blood flow)
RCA. (see Right coronary artery)
RDA. (see Recommended daily allowance)
RDS. (see Respiratory distress syndrome)
REAL classification, 90-13, 90-14t
Reavan’s syndrome. (see Metabolic

syndrome)
Reaven, Gerald, 50-6
Rebleeding, 55-18
Rebound, dialysis and, 32-3
Recombinant human erythropoietin

(rhEPO), 86-15–86-16
Recombinant immunoblot assay (RIBA),

73-35
Recommended daily allowance (RDA),

3-4
Red blood cells (RBC), 2-17

anemia and, 86-1
blood chemistry reference values

for, 2-5t
chemotherapy and, 89-2
EPO and, 86-1
leukemia and, 90-2
malaria and, 74-1

Red man syndrome, 4-14
Red neck syndrome, 4-14
Red zone, of PEF, 22-34
Re-entry, 19-4

conduction and, 19-3–19-4
with PSVT, 19-14–19-15

Refeeding syndrome, 37-8
anorexia nervosa and, 82-13

Reflex epilepsy, 54-3t
Reflex sympathetic dystrophy, 8-26
Reflux esophagitis, 46-9
Refractory ascites, 28-7–28-8
Refractory depression, 79-22–79-24
Rehydration, dehydration and, 97-6,

97-6t
Reiter syndrome, 44-5–44-6, 65-10t

arthritis and, 44-6
from Chlamydia pneumoniae, 44-5
conjunctivitis and, 44-6
genital ulcers with, 44-1
keratoderma blenorrhagica with,

44-1
urethritis and, 44-6

Rejection sensitivity, 79-2
Relapsing fever, 75-2t, 75-8–75-9
Relative infant dose (RID), 46-38
REM. (see Rapid eye movement sleep)
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Remnant disease. (see
Dysbetalipoproteinemia)

Renal blood flow (RBF), 18-6
Renal dialysis. (see Dialysis)
Renal failure. (see also Acute renal

failure)
anemia with, 86-15
CNS toxicity with, 33-3
diabetes and, 50-8
enteral formulas for, 36-6
from herbs, 3-5
insulin and, 50-36–50-37
nonoliguric, 30-2
nutrition and, 97-14–97-15
PN and, 37-17–37-19
protein binding and, 33-2–33-3
with sickle cell anemia, 86-14
tumor lysis syndrome and, 90-6t
UTIs and, 64-19

Renal insufficiency
anemia and, 86-16
chronic, 31-6
sleep and, 77-5t

Renal osteodystrophy (ROD),
31-21–31-27

Renal replacement therapy, 31-2
Renal syndrome, hemorrhagic fever with,

72-15
Renal tubular acidosis (RTA), 10-5–10-6

lead-induced, 10-6
treatment for, 10-6

Renal tubules, 10-1, 10-2f
Renin

hyperchloremic metabolic acidosis
and, 11-18

hyperkalemia and, 11-18
Renin-angiotensin-aldosterone system

(RAS, RAAS), 10-6, 11-5, 13-2,
18-5, 18-29f, 28-4, 31-8

Reperfusion
CK and, 17-16
after thrombolytic therapy, 17-16

Replication capacity, 69-25
Repolarization, 19-1

TdP and, 19-24
RES. (see Reticuloendothelial system)
Rescue therapy, 35-6
Residual volume (RV), 22-5
Respiratory acidosis, 10-10–10-11

causes of, 10-9t, 10-11
COPD and, 10-10
drug-induced, 10-11
treatment for, 10-11

Respiratory alkalosis, 10-11–10-12
causes of, 10-12
treatment for, 10-12

Respiratory depression, alcohol and, 84-6
Respiratory distress, PN and, 97-14
Respiratory distress syndrome (RDS),

46-11. (see also Acute respiratory
distress syndrome)

in neonates, 94-9–94-14
prevention of, 94-10
pulmonary edema with, 94-14
treatment for, 94-10–94-14
ventilation for, 94-47

Respiratory failure, asthma and,
22-20–22-23

Respiratory rate (RR), in neonates, 94-2
Respiratory syncytial virus (RSV),

72-14–72-15
BPD from, 94-18
croup from, 96-10

Respiratory tract

defenses of, 60-5–60-6
infections of, 56-6t, 60-1–60-29

Restenosis, 16-27
Restless legs syndrome (RLS),

53-23–53-26, 77-6,
77-19–77-20

clinical features of, 53-23t
Restorative sleep, 77-3
Restrictive airway disease, 22-8
Retarded ejaculation, 101-2
Retching, 7-1
Reticulocyte count, blood chemistry

reference values for, 2-5t
Reticulocytes, 2-18
Reticuloendothelial system (RES), 93-17
Retina, 51-2
Retinal artery occlusion, 51-14
Retinal detachment, 51-14
Retinal hemorrhage, with accelerated

hypertension, 20-2–20-3
Retinitis, CMV and, 70-4
Retinol-binding protein, 37-3, 97-12
Retrograde ejaculation, 101-2
Revascularization, LDL and, 12-11
Reye’s syndrome, 29-13, 43-35, 95-8
RF. (see Rheumatic factor)
Rh alloimmunization, 46-9–46-10
Rhabdomyosarcoma, 91-29–91-30
Rheumatic disorders, 43-1–43-40
Rheumatic factor (RF), 43-2
Rheumatic fever, 44-1
Rheumatoid arthritis (RA), 43-2

AMI and, 43-2
anemia with, 86-15
APC and, 43-3
cytokines and, 43-3
depression and, 43-14, 79-3t
diagnosis of, 43-2t
DILI and, 29-2
in DIP, 43-12
exercise for, 43-13–43-14
finger deformities in, 43-12f
HCV and, 73-38
IL-1 and, 43-7
IL-6 and, 43-7
interstitial fibrosis and, 43-12
joint changes with, 43-3f
joint sites of, 43-12f
in MCP, 43-11
in metatarsophalangeal joint, 43-11
MHC and, 43-2
myocarditis and, 43-12
pathophysiology of, 43-3–43-5
pericarditis and, 43-12
in PIP, 43-11
pleuritis and, 43-12
pneumonitis and, 43-12
remission from, 43-2t
Sjögren’s syndrome and, 43-12
smoking and, 43-2
TNF-α and, 43-7
vasculitis and, 43-13

Rhinitis, 24-1–24-25. (see also Allergic
rhinitis)

acute, 24-3
alternative therapies for,

24-19–24-20
asthma and, 24-4
cause of, 24-3f
chronic, 24-3–24-4
classification of, 24-3–24-4
diagnosis of, 24-5–24-6
hypothyroidism and, 24-3
pregnancy and, 24-3

Rhinitis medicamentosa (RM),
24-22–24-23

Rho(D) immune globulin, 46-9–46-10
anaphylaxis and, 46-10
HBV and, 46-10
HCV and, 46-10
HIV and, 46-10
hypersensitivity and, 46-10

RIBA. (see Recombinant immunoblot
assay)

Rickets. (see Metabolic bone disease)
Rickettsia Parkeri, 75-11–75-12
RID. (see Relative infant dose)
RIFLE, 30-1
Right atrial pressure (RAP), 21-4–21-5
Right bundle branch blocks (RBBB), 19-5,

19-17
Right coronary artery (RCA), 16-2,

16-3f
Right ventricular dysfunction, 18-3,

18-17
RLS. (see Restless legs syndrome)
RM. (see Rhinitis medicamentosa)
RMSF. (see Rocky Mountain Spotted

Fever)
Rocky Mountain Spotted Fever (RMSF),

56-5t, 75-2t, 75-11–75-12
KD and, 96-13

ROD. (see Renal osteodystrophy)
ROM. (see Range of motion)
Rosacea, 38-7t, 39-1
Rotavirus

immunization for, 95-3, 95-5
infectious diarrhea and, 62-2

Routine Assessment of Patient Index
Data (RAPID), 43-11

Roux-en-Y gastric bypass, 82-22
RPGN. (see Rapidly progressive

glomerulonephritis)
RPR. (see Rapid plasma reagin)
RR. (see Respiratory rate)
RSV. (see Respiratory syncytial virus)
RTA. (see Renal tubular acidosis)
Rubella, 46-33, 95-1

in neonates, 94-36
Rule of nines, for burns, 41-16
Russell, Gerald, 82-3
Russell sign, 82-15
RV. (see Residual volume)

SA. (see Sinoatrial node)
SAC. (see S-allylcysteine)
Sacroiliitis, UC and, 27-3t
SAH. (see Subarachnoid hemorrhage)
Saline-resistant metabolic alkalosis, 10-8
Saline-responsive metabolic alkalosis,

10-8
Saliva, gastric acid and, 26-23
S-allylcysteine (SAC), 3-7
Salmonella spp. (see also Typhoid fever)

gastroenteritis and, 62-11–62-12
infectious diarrhea and,

62-10–62-14
osteomyelitis and, 66-2
sickle cell anemia and,

86-13–86-14
Salpingitis, 65-10t
SANS. (see Scale for Assessment of

Negative Symptoms)
SAPHO. (see Synovitis, acne, pustulosis,

hyperostosis, osteitis)
SAPS. (see Scale for Assessment of

Positive Symptoms)
Sarcoptes scabiei, 74-17

Sarin, 54-25
SARS. (see Severe acute respiratory

distress syndrome)
SAS. (see Sedation-Agitation Scale)
Savary-Miller classification system,

26-27, 26-27t
SBP. (see Spontaneous bacterial

peritonitis; Systolic blood pressure)
SBS. (see Short bowel syndrome)
SBT. (see Serum bacteridal titers)
Scabies, 38-7t, 74-17
Scalded skin syndrome, 96-13
Scale for Assessment of Negative

Symptoms (SANS), 78-18t
Scale for Assessment of Positive

Symptoms (SAPS), 78-18t
Scarlet fever, KD and, 96-13
SCC. (see Squamous cell carcinoma)
Schedule-dependent agents, 88-14
Schizoaffective disorder, 76-33
Schizophrenia, 78-1–78-30

anxiety and, 76-4
bipolar disorder and, 78-4t
CBT for, 78-8
children and, 78-30
course of, 78-6–78-7
diagnosis of, 78-4–78-5
differential diagnosis of,

78-4–78-5, 78-4t
dopamine and, 78-3
economic burden of, 78-2
epidemiology of, 78-1–78-2
etiology of, 78-2–78-3
family therapy for, 78-8
first-rank symptoms of, 78-3
GABA and, 78-3
genetics and, 78-2
glutamate and, 78-3
group therapy for, 78-8
history of, 78-3
mania and, 78-4t
neuroanatomy of, 78-2–78-3
neurochemistry of, 78-3
NMDA and, 78-3
OCD and, 76-33
onset of, 78-6
paranoia and, 78-4, 78-4t
pregnancy and, 78-29–78-30
prognosis for, 78-7
rating instruments for, 78-18t
serotonin and, 78-3
symptoms of, 78-6t
target symptoms of, 78-5–78-6
treatment for, 78-7–78-29
vocational training for, 78-8
weight and, 82-6t

Schlichter test. (see Serum bacteridal
titers)

Scintillating scotomata, 53-6
SCLC. (see Small-cell lung cancer)
Sclera, 51-1
Scleroderma. (see Systemic sclerosis)
Sclerodermatomyositis, 44-1
Scleromyositis, 44-1
Sclerotherapy, 28-13
Scotoma, 53-6
SDAI. (see Simplified Disease Activity

Index)
S-DD. (see Susceptible-dose dependent)
SE. (see Status epilepticus)
Seasonal asthma, 22-22–22-23
Seborrheic dermatitis, 38-7t
Second pain, 8-2
Secondary headache disorders, 52-3
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Secondary hypertension, 13-4, 13-5t,
13-6t

Secondary osteomyelitis, 66-5–66-6
Secondary peritonitis, 63-8–63-11
Second-degree atrioventricular block,

19-17
Second-degree burns, 41-16

triage for, 41-17
Secondhand smoke, 85-4
Sedation, for children, 93-11–93-16
Sedation-Agitation Scale (SAS),

84-7–84-8
Seizures, 54-1–54-33. (see also

Epilepsy)
ADHD and, 81-2
alcohol withdrawal and, 84-7
aspiration pneumonia and, 60-18t
in children, with fever, 93-4
classification of, 54-1–54-2,

54-2t
drug-induced, 78-25
in elderly, 54-18–54-19
with HD, 32-9
hyponatremia and, 11-10, 55-12
immunization and, 95-3
in neonates, 94-40–94-44

causes of, 94-41t
from nerve gas, 54-25
panic disorder and, 76-24
risk factors for, 54-8t
SAH and, 55-19
from salicylate toxicity, 5-9
stroke and, 55-17
from TCA overdose, 5-18

Self-Administered Psoriasis Area and
Severity Index (PASI), 40-2

Self-monitored blood glucose (SMBG),
50-13–50-14, 50-23t, 50-26

for children, 50-33
interpretation of, 50-24t
pregnancy and, 50-14
for type 2 diabetes, 50-62

Senile osteoporosis, 102-3
Senna fruit, toxicity of, 29-17
Sennetsu fever, 75-12
Sepsis, 21-1, 56-2–56-3

with ALF, 73-14
ARDS and, 56-3–56-4
cascade, 56-2f
CNS and, 56-4
definition of, 21-10t
DIC and, 56-4
from drug needles, 83-4
EDRF and, 56-3
emphysema and, 56-3–56-4
fibrosis and, 56-3–56-4
IL-1 and, 56-3
IL-6 and, 56-3
in neonates, 94-28–94-33

common pathogens for,
94-28–94-29

signs of, 94-29
treatment of, 94-29–94-33

PAF and, 56-3
severe, 21-10t
SRMB and, 26-34t
TNF-α and, 56-3
urine and, 56-3
UTIs and, 96-15
vasodilation and, 56-3
VLBW and, 94-28

Septic arthritis, 56-6t, 66-10–66-12
from Hib, 95-7
STDs and, 66-12

Septic shock, 21-2t, 21-8–21-9,
21-27–21-33

definition of, 21-10t
Septicemia, 97-17–97-18

metabolic acidosis and, 10-13
Serotonin (5-HT), 76-3

alcohol and, 84-4–84-5
anxiety and, 76-2
depression and, 79-4
eating disorders and, 82-5, 82-7
insomnia and, 77-1
migraine and, 52-5
nicotine and, 85-3
panic disorder and, 76-22
PTSD and, 76-30
schizophrenia and, 78-3
sleep and, 77-4

Serotonin syndrome, 3-14
Serratia spp.

AECB and, 60-3t
aspiration pneumonia and, 60-20t
UTIs from, 64-2

Serum bacteridal titers (SBT), 56-10,
56-14, 59-6–59-7

Serum creatinine (SrCr), 30-1, 31-5
in neonates, 94-8

Serum iron concentration, 5-11
Serum sickness, 4-3, 4-8–4-9, 4-10t

ESR and, 4-8
hypersensitivity and, 4-10t

Serum urea concentrations (TAC), 32-7
Serum uric acid (SUA), 42-1
Severe acute respiratory distress

syndrome (SARS), 60-7,
72-17–72-18

coronavirus and, 72-17
Severe combined immunodeficiency

disease, HCT and, 92-3t
Severe sepsis, 21-10t
Sex

anorexia nervosa and, 82-2
MI and, 101-4
UTIs and, 64-17

Sex hormone-binding globulin, 101-8
Sexual dysfunction

drug-induced, 78-25
geriatrics and, 101-1–101-15
nutritional supplements for, 3-3t

Sexually transmitted diseases (STDs),
65-1–65-30. (see also Acquired
immunodeficiency syndrome;
Gonorrhea; Herpes simplex virus;
Human immunodeficiency virus;
Syphilis)

HBV as, 72-10
HGV as, 73-46
septic arthritis and, 66-12
spermicides and, 45-24
vaccination for, 65-30

SFG. (see Spotted fever group)
SGA. (see Subjective global assessment)
SGF. (see Slow graft function)
SH. (see Subclinical hyperthyroidism)
Shiga toxin-producing Escherichia coli

(STEC), 62-2
Shiga-toxin-producing E. coli (STEC),

93-16
Shigella spp., 62-8–62-10
Shingles. (see Herpes zoster)
Shock, 21-1–21-34. (see also Cardiogenic

shock; Hypovolemic shock)
ABG and, 21-3–21-4
ATP and, 21-2
causes of, 21-2

classification of, 21-2t, 21-7–21-10
clinical presentation of, 21-2–21-3
distributive, 21-1, 21-2t, 21-8–21-9

hemodynamic monitoring and,
21-7t

hemodynamic monitoring for,
21-3–21-4

pathophysiology of, 21-2
septic, 21-2t, 21-8–21-9, 21-10t,

21-27–21-33
Shock organs, 4-7
Short bowel syndrome (SBS)

NEC and, 94-27
in neonates, 94-3
PN and, 37-19–37-20

Shortness of breath (SOB), 20-8
SI. (see International System of Units)
SIADH. (see Syndrome of inappropriate

antidiuretic hormone)
Sickle cell anemia, 86-12–86-15

Haemophilus influenzae and,
86-13–86-14

hematuria with, 86-14
Hib immunization8and, 95-8
hyposthenuria with, 86-14
MCV and, 86-13
microinfarctions with, 86-14
Neisseria meningitidis and,

86-13–86-14
nephrotic syndrome and, 11-5
renal failure with, 86-14
Salmonella spp. and, 86-13–86-14
Streptococcus pneumoniae and,

86-13–86-14
vascular occlusion with, 86-14

Signal transduction, 88-2
Signal transduction pathway inhibitors,

88-26
Silent myocardial ischemia, 16-25–16-26
Simple partial seizures, 54-2
Simplified Disease Activity Index (SDAI),

43-11
Simpson Angus Scale for Extrapyramidal

Symptoms, 78-18t
Simultaneous kidney and pancreas

transplant (SPK), 50-12
Single-lung transplant (SLT), 35-8
Sinoatrial (SA) node, 19-1

automaticity in, 19-2
Sinus bradycardia, 19-5, 35-3
Sinus node dysfunction, 35-3
Sinus tachycardia, 19-5
Sinusoidal obstruction syndrome, 92-15
SIRS. (see Systemic inflammatory

response syndrome)
Situational phobias, 76-26
Sjögren’s syndrome, 44-1

GERD and, 26-23
RA and, 43-12

SJS. (see Stevens-Johnson syndrome)
Skin, 38-1–38-19. (see also Acne; Burns;

Psoriasis)
aerosols for, 38-5
anatomy of, 38-2f
baths for, 38-3–38-4
chemotherapy and, 89-10–89-15
creams for, 38-5
diseases of, by location, 38-7t
drug poisoning and, 5-15
emulsions for, 38-4, 38-4t
gels for, 38-4
GVHD and, 92-17
hypersensitivity and, 4-14
infections of, 56-6t

lesions of, 38-2
age and, 38-7
classification of, 38-6t
gender and, 38-7
location of, 38-6
morphology of, 38-5–38-6
symptoms of, 38-6

lotions for, 38-4
necrosis of, from warfarin, 15-20
ointments for, 38-5
powders for, 38-4
solutions for, 38-3, 38-3t
substitutes, for burns, 41-18–41-20
testing, for drug allergies, 4-5–4-6
traumatic infections of, 67-1–67-10
types of, 41-3–41-4

SPF for, 41-4t
Skullcap, toxicity of, 29-17, 29-19t
SLE. (see Systemic lupus erythematosus)
Sleep. (see also Insomnia)

acetylcholine and, 77-4
adenosine and, 77-4
aging and, 77-15
anxiety and, 77-5t
bruxism, 77-5t
cluster headaches and, 52-20
dementia and, 77-5t
depression and, 77-12
disorders of, 77-1–77-22

causes of, 77-10t
classification of, 77-5t
with Parkinson disease, 53-23

GABA and, 77-4
GERD and, 26-25t
growth hormone and, 77-3
histamine and, 77-4
Huntington’s disease and, 77-5t
hygiene, 77-5t
hypertension and, 77-16
NE and, 77-4
neurochemistry of, 77-4
paralysis, 77-5t
Parkinson disease and, 77-5t
renal insufficiency and, 77-5t
serotonin and, 77-4
somatostatin and, 77-3
stages of, 77-2–77-4
terrors, 77-5t
walking, 77-2, 77-5t

Sleep apnea. (see Obstructive sleep
apnea)

Slip, slop, slap, wrap, 41-8
SLIT. (see Sublingual immunotherapy)
Slow graft function (SGF), 34-14
Slow-reacting substance of anaphylaxis

(SRS-A), 4-7
SLT. (see Single-lung transplant)
SMA-7, 2-9
SMA-12, 2-9
Small for gestational age, 94-2t
Small-cell lung cancer (SCLC),

91-11–91-12
SMBG. (see Self-monitored blood

glucose)
Smith-Lemli-Opitz syndrome, 94-41t
Smokeless tobacco, 85-24–85-26
Smoking, 85-1–85-28

bidis, 85-27
CAD and, 16-9t, 16-10
cancer and, 85-6t
CAP and, 60-13t
cataracts and, 85-6t
CB and, 60-2
CBT for, 85-9t
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CHD and, 12-22
cholesterol and, 12-22
cigars, 85-26–85-27
clove cigarettes, 85-27
COPD and, 23-2, 23-3f, 23-12
CVD and, 85-6t, 85-17
dependence on, 85-3

treatment for, 85-5–85-6
ED and, 101-7
epidemiology of, 85-2–85-13
fertility and, 85-6t
GERD and, 26-25t
HDL and, 12-38t
heart transplantation and, 35-5
hypertension and, 13-15
intermittent claudication and, 14-1,

14-5, 14-5t
ischemic stroke and, 55-3t, 55-5t
menopause and, 48-1
MID and, 100-13
obesity and, 82-17t
osteoporosis and, 85-6t, 102-4,

102-5
PAD and, 14-2
pregnancy and, 46-32, 85-6t
PUD and, 85-6t
pulmonary disorders and, 85-6t
quitting

benefits of, 85-4–85-5
weight gain from, 85-16

RA and, 43-2
race and, 85-2t
relapse back to, 85-16
risk factors with, 12-20t
secondhand smoke and, 85-4
smokeless tobacco and,

85-24–85-26
stroke and, 55-6
VaDs and, 100-11
water pipes, 85-27–85-28
withdrawal from, 85-10t

SMP. (see Sympathetically maintained
pain)

Snoring, 77-2, 77-5t
SOAP, 1-13
SOB. (see Shortness of breath)
Social anxiety disorder, 76-26–76-29

alcohol and, 76-27
anorexia nervosa and, 83-4
body dysmorphic disorder and,

76-27
clinical course of, 76-26
comorbidities with, 76-27
depression and, 76-27
dopamine and, 76-27
epidemiology of, 76-26
etiology of, 76-27
GAD and, 76-27
homovanillic acid and, 76-27
panic disorder and, 76-21, 76-27
Parkinson disease and, 76-27
pathophysiology of, 76-27
treatment of, 76-27–76-29

Social history, 1-10–1-11
Social model programs, for drug

treatment, 83-5
Social Phobia/Social Anxiety Association,

76-4t
Sodium (Na), 2-2, 11-1, 18-11, 19-1.

(see also Sodium in Drug Index)
absorption of, 11-3, 11-3f
aldosterone and, 11-4
angiotensin II and, 11-4
ascites and, 28-4

blood chemistry reference values
for, 2-3t

BP and, 13-3
children and, 97-4, 97-5t
depletion of, 11-4–11-5
DKA and, 50-44
excess of, 11-5–11-6
glucose and, 11-8
hypertension and, 13-7–13-8
ischemic heart disease and, 16-4
in MNT, 50-11
myocardial ischemia and, 16-4
stroke and, 55-5
water and, 11-4–11-6

Sodium bicarbonate. (see Bicarbonate)
Sodium chloride (NaCl), 98-2

panic disorder and, 76-22
Soft tissue

infections of, 56-6t
diabetes mellitus and, 67-5–67-6
necrotizing, 67-6–67-7

traumatic infections of, 67-1–67-10
Solid foods, infants and, 97-10
Solid tumors, 91-1–91-30

in children, 91-22–91-23
Soman, 54-25
Somatomedin-C, 37-3
Source control, 63-9
Southern tick-associated rash illness,

75-2t
Soy, in infant formulas, 97-9
Spacers, 22-22
Specialized nutrition support, 37-2
Specifiers, 80-1–80-2
Spermatogenesis, chemotherapy and,

89-34–89-35
Spermicides, 45-24

STDs and, 45-24
UTIs and, 64-3

SPF. (see Sun protection factor)
Spinal cord injuries

ED and, 101-4
UTI and, 64-2

Spirometry, 23-7, 23-7t, 23-12
for asthma, 22-5–22-7
limitations of, 22-8

SPK. (see Simultaneous kidney and
pancreas transplant)

Splinter hemorrhages, 59-3f
Spontaneous bacterial peritonitis (SBP),

28-9–28-10, 63-5
Sporotrichosis, 71-6–71-8
Spotted fever group (SFG), 75-12
Squamous cell carcinoma (SCC), UVR and,

41-1, 41-4
SrCr. (see Serum creatinine)
SRMB. (see Stress-related mucosal

bleeding)
SRS-A. (see Slow-reacting substance of

anaphylaxis)
ST segment, chemotherapy and, 89-25
ST segment elevation, ECG of, 17-2
ST segment elevation myocardial

infarction (STEMI). (see
Myocardial infarction)

Staphylococcus aureus, 56-5t, 67-8
aspiration pneumonia and, 60-20t
CAP and, 60-7t
CF and, 98-4
conjunctivitis and, 51-14
endocarditis from, 59-11–59-16
HD and, 32-10
IE from, 59-3
infectious diarrhea and, 62-2, 62-8

neonatal sepsis and, 94-28
neutropenia and, 68-3
osteomyelitis and, 66-1, 66-2, 66-6
peritoneal dialysis and, 32-14
stye and, 51-14

Staphylococcus epidermidis, 56-5t
endocarditis from, 59-10–59-11
neonatal sepsis and, 94-28–94-29
neutropenia and, 68-3
peritoneal dialysis and, 32-14

Status epilepticus (SE), 54-30–54-33
hypoglycemia and, 54-31

STDs. (see Sexually transmitted diseases)
Steatorrhea, 25-21
Steatosis, DILI and, 29-13
STEC. (see Shiga toxin-producing

Escherichia coli;
Shiga-toxin-producing E. coli)

STEMI. (see Myocardial infarction)
Stents, 16-26, 16-27f
Steroid diabetes, 50-80–50-81
Steroid hormones, 12-2
Stevens-Johnson syndrome (SJS), 4-21,

38-16, 54-27
STI. (see Structured treatment

interruption)
STN. (see Subthalamic nucleus)
Stomach, 26-2

cancer of
Helicobacter pylori and, 26-9
pruritus and, 38-13t

Stomatitis
chemotherapy and, 89-8–89-9
management of, 89-9t

Streptococcal gangrene, 67-6
Streptococcal toxic shock syndrome

(STSS), 96-9
Streptococcus spp., 56-5t

osteomyelitis and7, 66-6
Streptococcus pneumoniae,

58-14–58-16, 60-8, 68-3
AB and, 60-2
AECB and, 60-3t
AOM from, 96-4–96-5
aspiration pneumonia and,

60-20t
CAP and, 60-7t
sickle cell anemia and,

86-13–86-14
Streptococcus viridans, endocarditis from,

59-3–59-10
Stress. (see also Post-traumatic stress

disorder)
acne and, 39-2
enteral formulas for, 36-7–36-11
glucose and, 50-28t
nutritional supplements for,

3-3t
VVC and, 65-21

Stress incontinence, 101-25
obesity and, 82-17t

Stress-related mucosal bleeding (SRMB),
26-31, 26-33–26-36

ARF and, 26-34t
burns and, 26-34t
EN and, 26-34t
gastric acid and, 26-33
head injuries and, 26-34t
hepatic failure and, 26-34t
hypotension and, 26-34t
pepsin and, 26-33
prostaglandins and, 26-33–26-34
risk factors for, 26-34
transplantation and, 26-34t

Stroke, 12-18, 55-2. (see also Ischemic
stroke)

AF and, 19-12–19-13, 55-6t
causes of, 55-2f
complications with, 55-17
CSF and, 55-12
CT for, 55-12
dementia and, 100-2t
diabetes mellitus and, 50-8
education on, 55-17
glucose and, 55-13–55-14
headache and, 52-2t
hypertension and, 13-18, 13-28,

13-30, 20-6t
hypothermia and, 55-12–55-14
LDL and, 12-11
MRI for, 55-12
pneumonia and, 60-5
primary prevention of, 55-5
prognosis for, 55-17
race and, 55-2t
rehabilitation with, 55-17–55-18
seizures and, 55-17
smoking and, 55-6
sodium and, 55-5
thrombolysis and, 17-17
treatment of, 55-4–55-6

algorithm for, 55-13f
UTIs and, 64-2

Stroke volume (SV), 18-3, 21-2, 21-4,
21-7

definition of, 21-34
normal values or, 21-5t

Stroke volume index (SVI), 21-34
normal values or, 21-5t

Structure function claims, for nutritional
supplements, 3-4

Structured treatment interruption (STI),
69-29

Struvite stones, 30-16
Struwwelpeter (Hoffmann), 81-1
STSS. (see Streptococcal toxic shock

syndrome)
Stye (hordeolum), 51-14

Staphylococcus aureus and, 51-14
SUA. (see Serum uric acid)
Subacute headache, 52-3
Subacute hepatic necrosis, 29-16
Subarachnoid hemorrhage (SAH),

55-18–55-19
hydrocephalus and, 55-18–55-19
with hypertension, 20-6t
neonatal seizures and, 94-41t
seizures and, 55-19

Subclinical hyperthyroidism (SH),
49-28–49-29

Subcutaneous layer, 38-2
Subcutaneous nodules, 43-12
Subdural hematoma

dementia and, 100-2t
neonatal seizures and, 94-41t

Subjective global assessment (SGA), 37-4
Sublingual immunotherapy (SLIT), 24-9
Substance abuse. (see also Alcohol;

Drug(s))
anorexia nervosa and, 83-4
pneumonia and, 60-5

Substance P
anxiety and, 76-2
headache and, 52-3
wakefulness and, 77-4

Substance-induced anxiety disorder, 76-4
Substantivity, of sunscreens, 41-9–41-10
Subthalamic nucleus (STN), 53-21
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Sudden infant death syndrome, 77-5t
from drugs, 94-44
immunization and, 95-3

Sugar alcohols, 50-11
Suicide, 76-4

bipolar disorder and, 80-3
depression and, 79-11–79-12

Sun exposure
cancer and, 88-6
SLE and, 44-1

Sun protection factor (SPF)
levels of, 41-6
for skin types, 41-4t
of sunscreens, 41-9, 41-14

Sunburn, 41-3
prevention of, 41-10–41-11
treatment for, 41-15

Sunglasses, 41-15
Sunless tanner, 41-10–41-11
Sunlight

acne and, 39-2
cataracts from, 41-14–41-15

Sunscreen, 41-8–41-14
application of, 41-13
chemical, 41-11
chemotherapy and, 89-15
commercially available, 41-10t
cross-sensitivity of, 41-13
physical, 41-12–41-13
SPF of, 41-9, 41-14
substantivity of, 41-9–41-10
UVR and, 41-8t

Suppressor T cells, 34-3
Supraventricular arrhythmias,

19-5–19-16
AF, 19-5–19-14
atrial flutter, 19-5–19-14
HF and, 18-48–18-49
PSVT, 19-14–19-16
WPW, 19-16

Surgery
antibiotics for, 57-1–57-6
antireflux, 26-31
for cancer, 88-13–88-14
for obesity, 82-21–82-22

Susceptible-dose dependent (S-DD),
71-4

Sustained ventricular tachycardia (SuVT),
19-19, 19-23

SuVT. (see Sustained ventricular
tachycardia)

SV. (see Stroke volume)
SVI. (see Stroke volume index)
SVO2. (see Mixed venous oxygen

saturation)
SVR. (see Systemic vascular resistance)
SVRI. (see Systemic vascular resistance

index)
Swallowing

aspiration pneumonia and, 60-18t
Parkinson disease and, 53-5

Sweat glands, CF and, 98-2
Sweet’s syndrome, 88-13t
Sydenham chorea, OCD and, 76-33
Sympathetically maintained pain (SMP),

8-26
Symptom management

in hospice care, 6-5–6-7
Symptomatic abacteriuria, 64-11–64-12
Syndrome of inappropriate antidiuretic

hormone (SIADH), 11-7t, 18-21,
88-13t

chronic management of,
11-11–11-12

hyponatremia and, 11-9–11-10,
88-13t

Syndrome X. (see Metabolic syndrome)
Syngeneic HCT, 92-2
Synovitis, in MCP, 43-12f
Synovitis, acne, pustulosis, hyperostosis,

osteitis (SAPHO), 39-1
Synthetic dressings, for burns,

41-18–41-20
Syphilis, 65-12–65-17, 66-12

alopecia with, 65-14
aortic insufficiency with, 65-14
aortitis with, 65-14
in neonates, 65-17, 94-36

seizures and, 94-41t
nephrotic syndrome and, 11-5
pregnancy and, 65-16–65-17
stages of, 65-13–65-14

Systemic inflammatory response
syndrome (SIRS), 21-2

definition of, 21-10t
Systemic lupus erythematosus (SLE),

31-30, 44-1, 44-2–44-3
alopecia with, 44-1
anemia and, 44-3, 86-15
classification of, 44-3t
creatinine and, 44-3
depression and, 79-3t
drug-induced, 4-2, 44-3–44-4
epidemiology of, 44-2
genital ulcers with, 44-1
hypertension and, 44-3
hypoalbuminemia and, 44-3
hypocomplementemia and, 44-3
nephrotic syndrome and, 44-3
prognosis for, 44-3
with Raynaud’s phenomenon, 44-1
signs of, 44-2t
sun exposure and, 44-1

Systemic sclerosis, 44-4–44-5
Systemic vascular resistance (SVR),

18-4, 21-2, 21-4, 21-34
normal values or, 21-5t

Systemic vascular resistance index
(SVRI), 21-34

normal values or, 21-5t
Systemic venous hypertension, 18-17
Systemic-onset JIA, 43-34
Systolic blood pressure (SBP), 13-2
Systolic dysfunction, 18-3–18-4

T lymphocytes, 23-3t
T. pallidum immobilization (TPI), 65-15
T waves, 19-1
T3. (see Triiodothyronine)
T4. (see Thyroxine)
Tabun, 54-25
TAC. (see Serum urea concentrations)
Tachyarrhythmia, 19-5
Tachycardia, drug-induced, 78-21
Tachyphylaxis, 38-14
Tachypnea, 94-9
Taenia spp., 74-12, 74-13, 74-13f,

74-14f
TAFI. (see Thrombin activatable

fibrinolysis inhibitor)
Tamponade, 21-17
Tangentiality, 78-5t
Tangier disease, 12-8

HDL and, 12-38t
Tanning, 41-3

agents for, 41-10–41-11
booths, 41-5
pills, 41-11

Tapeworms. (see Cestodiasis)
Tardive dyskinesia (TD), drug-induced,

78-19–78-21
Tardive syndromes, 78-16–78-25
Taurine, 36-10
TB. (see Tuberculosis)
TBBX. (see Transbronchial biopsies)
TBE. (see Tick-borne encephalitis)
TBG. (see Thyroxine-binding globulin)
TBI. (see Total body radiation)
TBPA. (see Thyroxine-binding prealbumin)
TBSA. (see Total body surface area)
TBW. (see Total body water)
TCAD. (see Transplant coronary artery

disease)
T-cell, 34-3

activation of, 34-4f
ALL, 90-24
IL-1 and, 34-3
lymphoma, 90-35
psoriasis and, 40-1
suppressor, 34-3

TD. (see Tardive dyskinesia; Travelers’
infectious diarrhea)

TDM. (see Therapeutic drug monitoring)
TdP. (see Torsades de pointes)
Teas, 3-4
Teething, 93-3
Telithromycin, 29-19
Telomeres, 88-8
Temporal arteritis. (see Giant cell

arteritis)
Temporal lobe epilepsy, 54-3t

ED and, 101-4
Tenckhoff catheter, 32-12
TENS. (see Toxic epidermal necrolysis

syndrome; Transcutaneous
electrical nerve stimulation)

Tension-type headache, 52-2t, 52-3,
52-22–52-24

acupuncture for, 52-23
chronic pain syndrome and, 52-23
pathophysiology of, 52-22–52-23

Teomyelitis, Staphylococcus aureus and,
66-2

Teratogen, 46-31
Teratogenicity, congenital anomalies and,

46-30–46-36
Term, 94-2t
Testicular cancer, 91-20–91-22

classification of, 91-20–91-21
clinical presentation of, 91-20
metastatic disease and, 91-21
staging of, 91-21
symptoms of, 88-12t

Testosterone. (see also Testosterone in
Drug Index)

acne and, 39-2
aging and, 101-2
anorexia nervosa and, 82-12
cluster headaches and, 52-19
ED and, 101-5, 101-8
menopause and, 48-2t

Testosterone-binding globulin,
101-8

Tetanus, 95-1
immunization for, 95-9–95-10
prophylaxis for, 67-10, 67-10t

TG. (see Triglycerides)
Thalassemia major, HCT and, 92-3t
Thalassotherapy, 40-8
Therapeutic alliance, 8-9
Therapeutic drug monitoring (TDM),

69-26–69-27

Therapeutic lifestyle change (TLC), 12-19,
12-21t

Therapeutic orphans, 94-2
Thermoregulation, dysfunction of,

drug-induced, 78-24–78-25
Thiopurine-methyltransferase (TPMT),

35-4
Third-degree burns, 41-16

triage for, 41-17
Thought broadcasting, 78-5t
Thought disorder, 78-5t
Thought insertion, 78-5t
Thrombin activatable fibrinolysis inhibitor

(TAFI), 21-10
Thrombocytes, 2-19
Thrombocytopenia, 15-11–15-12

chemotherapy and, 89-2
drug-induced, 87-7–87-11
with HAV, 73-4
SLE and, 44-2t

Thromboembolic disease, 48-3
contraception and, 45-15–45-16

Thrombolysis
stroke and, 17-17
ventricular fibrillation and, 17-17

Thrombolytic therapy, reperfusion after,
17-16

Thrombophlebitis, 88-13t
from drug needles, 83-5
pregnancy and, 46-32

Thrombosis, 15-1–15-34
AF and, 15-25–15-26
cardiac valve replacement and,

15-26–15-27
chemotherapy and, 89-5
with HD, 32-9–32-10
risk factors, 15-2f

Thromboxane A2, 16-21
Thyroid

cancer, 49-36
function tests for, 49-6–49-10,

49-7t
in neonates, 94-44
nodules on, 49-35–49-36
PCOS and, 47-2

Thyroid hormone, phosphorus and, 11-25
Thyroid receptor antibody (TRAb), 49-5
Thyroid stimulating hormone (TSH), 2-15,

12-16, 49-2, 49-6
blood chemistry reference values

for, 2-4t
hypertriglyceridemia and, 12-34

Thyroid storm, 49-31–49-32
Thyroidectomy, 49-22
Thyrotoxicosis. (see Hyperthyroidism)
Thyrotropin-releasing factor, wakefulness

and, 77-4
Thyroxine (T4), 49-2, 49-6
Thyroxine-binding globulin (TBG), 49-2
Thyroxine-binding prealbumin (TBPA),

1-10, 49-2
TIA. (see Transient ischemic attacks)
TIBC. (see Total iron-binding capacity)
Tick paralysis, 75-2t, 75-17
Tick-borne diseases, 75-1–75-18
Tick-borne encephalitis (TBE), 75-2t,

75-17
Tinea corporis, 38-7t
Tinea cruris, 38-7t
Tinea pedis, 38-7t, 71-5–71-6
Tinea spp., 56-5t
Tinea unguium, 71-6
Tinea versicolor, 38-7t
Tinnitus, nutritional supplements for, 3-3t
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TIPS. (see Transjugular intrahepatic
portosystemic shunt)

Tissue factor pathway inhibitor, 15-3t
Tissue typing, 34-3
Tissue-engineered biological dressings,

for burns, 41-19–41-20
Titratable acids, 10-1
TLC. (see Therapeutic lifestyle change;

Total lung capacity)
TLS. (see Tumor lysis syndrome)
TMA. (see Transcription-mediated

amplification)
TMS. (see Transcranial magnetic

stimulation)
TNF-α. (see Tumor necrosis factor-α)
TNM system, 88-11
Tobacco. (See Smoking)
Tonic-clonic seizures, 54-20–54-23
TORCH, 94-33
Torsades de pointes (TdP), 19-3,

19-24–19-26
QRS complex and, 19-24
repolarization and, 19-24
treatment for, 19-25

Total body radiation (TBI), 92-9
Total body surface area (TBSA), 41-16

burns and, 41-18
Total body water (TBW)

in neonates, 94-4
pregnancy and, 46-5

Total iron-binding capacity (TIBC), 36-1,
86-5

Total lung capacity (TLC), 22-5
Total parenteral nutrition (TPN)

for CD, 27-6
fungal infections and, 71-2–71-3
for UC, 27-7

Total peripheral resistance (TPR), 13-2
Tourette syndrome (TS), 81-2

OCD and, 76-33
Toxic cirrhosis. (see Subacute hepatic

necrosis)
Toxic epidermal necrolysis syndrome

(TENS), 38-16
Toxic megacolon, 27-11–27-13
Toxic shock syndrome, 96-8

KD and, 96-13
Toxidromes, 5-4
Toxoplasma gondii encephalitis, HIV and,

70-12–70-15
Toxoplasma spp., 68-3
Toxoplasmosis, 56-4–56-5

neonatal seizures and, 94-41t
in neonates, 94-35–94-36

TPI. (see T. pallidum immobilization)
TPMT. (see

Thiopurine-methyltransferase)
TPN. (see Total parenteral nutrition)
TPR. (see Total peripheral resistance)
TRAb. (see Thyroid receptor antibody)
Trace elements, in PN, 37-12
Tracheotomy, aspiration pneumonia and,

60-18t
TRALI. (see Treatment-related acute lung

injury)
Trans fatty acids, 12-22
Transbronchial biopsies (TBBX), 35-8
Transcranial magnetic stimulation (TMS),

79-10
Transcription-mediated amplification

(TMA), 73-35
Transcutaneous electrical nerve

stimulation (TENS), 47-10
Transduction, 8-2

Transferrin, 37-3, 97-12
Transferrin saturation percent (TSAT),

31-16
Transfusions, 21-14–21-15

HBV and, 21-14, 72-10–72-11
HCV and, 21-14, 73-33
HGV and, 73-46
HIV and, 21-14
hypercalcemia and, 21-14

Transient ischemic attacks (TIA), 12-18,
55-1

cholesterol and, 55-7–55-8
primary prevention of, 55-5
risk factors for, 55-7–55-8
symptoms of, 55-7t
VaDs and, 100-11

Transjugular intrahepatic portosystemic
shunt (TIPS), 28-8–28-9

Transmission, 8-2
Transplant coronary artery disease

(TCAD), 35-5
Transplantation. (see also Specific organs)

costs of, 34-2
with emphysema, 23-17
ESRD and, 31-3, 31-9–31-10, 34-1
GVHD and, 87-16
HBV and, 73-13
of heart, 35-1–35-7
HLA and, 34-2–34-5
hypertension and, 35-6
infectious diarrhea and, 62-4
of lungs, 35-7–35-11
MHC and, 34-2–34-3
neutropenia and, 68-2t
NODAT and, 35-23–35-25
osteoporosis and, 35-24
SRMB and, 26-34t
TB and, 61-24

Transurethral dilation of the prostate
(TUDP), 101-20t

Transurethral incision of the prostate
(TUIP), 101-20t

Transurethral microwave hyperthermia,
101-20t

Transurethral resection of prostate
(TURP), 101-5, 101-20t

for BPH, 101-19
Travelers’ infectious diarrhea (TD),

62-16–62-19
Treatment-related acute lung injury

(TRALI), 86-15
Trendelberg bed positioning, 84-6
Treponema pallidum, 56-5t
Treponemal tests, 65-15
Trichomonas vaginalis

gonorrhea with, 65-3
preterm labor and, 46-25

Trichomoniasis, 65-23–65-24
pregnancy and, 65-24

Trichophyton spp., 56-5t
Trichotillomania, 76-33
Trigeminocervical complex, 52-3, 52-4

cluster headaches and, 52-19
Triglycerides (TG), 2-15, 3-7–3-8, 12-2

blood chemistry reference values
for, 2-4t

CHD and, 12-33
eGFR and, 31-4–31-5
obesity and, 82-17t
transport of, 12-5f
treatment targets and, 12-34t

Triiodothyronine (T3), 49-2, 49-6
Trimesters, of pregnancy, 46-4
Trophoblasts, 46-2

Trophozoite, 74-1
Troponin, 2-11–2-12
TS. (see Tourette syndrome)
TSAT. (see Transferrin saturation percent)
TSH. (see Thyroid stimulating hormone)
TT virus (TTV), 73-46
TTV. (see TT virus)
Tube feeding. (see Enteral nutrition)
Tuberculin skin test, BCG and, 61-5,

61-7–61-8
Tuberculin skin test (Mantoux method),

61-5–61-6
false-negatives, 61-7t

Tuberculosis (TB), 61-1–61-24
active disease and, 61-3–61-4
in children, 61-22–61-23
diagnosis of, 61-4–61-8
elderly and, 61-18–61-19
epidemiology of, 61-2–61-3
etiology of, 61-3
extrapulmonary, 61-23
HIV and, 61-6–61-7, 61-20, 69-5t
incidence of, 61-2–61-3
lactation and, 61-22
latent infection and, 61-3–61-4
pathogenesis of, 61-3–61-4
PPD skin test for, 61-7
pregnancy and, 61-22
transmission of, 61-3
transplantation and, 61-24
treatment of, 61-8–61-15

Tuberculous meningitis, 61-23
Tuberous sclerosis, neonatal seizures and,

94-41t
Tubular reabsorption, in neonates, 94-9
Tubular secretion, in neonates,

94-8–94-9
TUDP. (see Transurethral dilation of the

prostate)
TUIP. (see Transurethral incision of the

prostate)
Tularemia, 75-2t, 76-9–76-11
Tumor lysis syndrome (TLS), 90-5–90-6
Tumor markers, 88-24–88-25, 88-25t
Tumor necrosis factor-α (TNF-α), 18-8,

21-9, 21-33, 34-3, 56-2f
CF and, 98-5
EDS and, 77-16
insomnia and, 77-1
OSA and, 77-16
RA and, 43-7
sepsis and, 56-3

Tumors
chemotherapy and, site of, 88-20
dementia and, 100-2t
diagnosis of, 88-11
growth of, 88-6–88-9
spread of, 88-9
staging of, 88-11

TURP. (see Transurethral resection of
prostate)

12-step programs, 84-12t
Tympanocentesis, 96-5
Type 1 diabetes, 50-3t, 50-4–50-5

β-cells and, 50-4
in children, 50-32–50-34
clinical presentation of, 50-5
diet for, 50-10
DKA with, 50-32–50-34
HLA and, 50-4
honeymoon period with, 50-5,

50-33–50-34
pancreas transplantation and, 50-12
pathogenesis of, 50-4–50-5, 50-5f

prevention of, 50-9–50-10
weight and, 82-6t

Type 2 diabetes, 50-3t
CHD and, 50-76–50-77
clinical presentation of, 50-6–50-7
CVD and, 50-76–50-77
diet for, 50-10–50-11
in elderly

diet for, 50-74
exercise for, 50-74

obesity and, 82-6, 82-17t
pathogenesis of, 50-5–50-6
prevention of, 50-9–50-10
risk factors for, 50-8t
screening for, 50-7–50-8
SMBG for, 50-62
weight and, 82-6t

Type III hyperlipidemia. (see
Dysbetalipoproteinemia)

Type-C natriuretic peptide (CNP), 18-7
Typhoid fever, 62-12–62-14

immunization for, 62-5
Tyramine, 79-31t

UA. (see Urinalysis)
UC. (see Ulcerative colitis)
UGT. (see Uridine diphosphate-

glucuronosyltransferase)
U/L. (see Enzymatic activity)
Ulcerative colitis (UC), 27-1, 27-7–27-13

amyloidosis and, 27-3t
ankylosing spondylitis and, 27-3t
CD and, 27-3t
clinical presentation of, 27-2–27-3
complications with, 27-3t
erythema nodosum and, 27-3t
ESR and, 27-2
sacroiliitis and, 27-3t
uveitis and, 27-3t
weight and, 82-6t

Ulnar deviation, 43-12f
Ultrarapid opiate detoxification (UROD),

83-8
Ultraviolet light therapy, fluids and, 97-2
Ultraviolet protection factor (UPF),

41-14
Ultraviolet radiation (UVR)

acne and, 39-2
BCC and, 41-1, 41-4
cancer and, 88-6
chlorofluorocarbons and, 41-2
eyes and, 41-14–41-15
index of, 41-3
melanoma and, 91-16
molar absorptivity and, 41-11
oxygen-free radicals and, 41-3
ozone and, 41-2
for psoriasis, 40-5–40-6
SCC and, 41-1, 41-4
spectrum of, 41-1–41-2, 41-2f
sunscreens and, 41-8t

Umbilical cord blood, allogenic HCT and,
92-8–92-9

Underfill hypothesis, 11-6
Uninvestigated dyspepsia, 26-8
United Network for Organ Sharing

(UNOS), 35-2
UNOS. (see United Network for Organ

Sharing)
Unstable angina, 16-30

MI with, 16-30t
UPF. (see Ultraviolet protection factor)
Upper gastrointestinal disorders,

26-1–26-36
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Upper GI
bleeding in, 26-2, 26-31
physiology of, 26-2–26-7

Upper respiratory tract infections (URIs),
96-2

Urea breath test, 26-5
Urea cycle disorders, 97-10
Urea reduction ratio (URR), 32-7
Ureaplasma, 56-5t
Ureaplasma urealyticum, 46-25
Uremia

bleeding with, 31-28
drugs interactions and, 33-1–33-2
endocrine abnormalities from,

31-27–31-29
nausea from, 7-1
pruritus and, 38-13t
vitamin D and, 31-21

Uremic encephalopathy, 31-29
Uremic pruritus, 31-29
Uremic syndrome, 31-9
Ureplasma spp., 94-15
Urethral syndrome, 64-11
Urethritis, 65-10t

Reiter syndrome and, 44-6
Urge incontinence, 101-25
Uric acid, 2-10

blood chemistry reference values
for, 2-3t

pregnancy and, 46-6
Uric acid stones, 30-16
Uridine diphosphate-

glucuronosyltransferase (UGT),
94-7

Urinalysis (UA), 2-20–2-22, 30-6,
64-3–64-4

acid-base and, 2-20
for BPH, 101-17
for children, 96-16
protein and, 2-20

Urinary catheters, 64-18–64-19
Urinary flow rate, 101-19
Urinary incontinence, 101-23–101-28

aging and, 101-23–101-24, 101-24t
classification of, 101-24–101-25
estrogen and, 101-24
menopause and, 48-8

Urinary tract infections (UTIs), 56-6t,
64-1–64-22

from Acinetobacter spp., 64-2
aging and, 99-13–99-14
atherosclerosis and, 64-2
from Candida albicans, 64-2
in children, 64-12, 96-15–96-19
contraception and, 64-3
diabetes mellitus and, 64-3
in elderly, 64-12–64-13
from Enterobacter spp.,

96-16–96-17
from Enterococcus spp., 64-2
from Escherichia coli, 64-2,

96-16–96-17
hospital-acquired, 64-9
from Klebsiella spp., 96-16–96-17
menopause and, 48-8
nutritional supplements for, 3-3t
OC and, 64-13
pregnancy and, 64-12–64-13,

64-17–64-18
from Proteus spp., 64-2
from Pseudomonas aeruginosa,

64-2, 96-16–96-17
recurrence of, 64-13–64-16
renal failure and, 64-19

sepsis and, 96-15
from Serratia spp., 64-2
sexual intercourse and, 64-17
spermicides and, 64-3
spinal cord injuries and, 64-2
stroke and, 64-2

Urine, 10-1
screening of, for drug abuse,

83-2–83-3
sepsis and, 56-3

Urine ketone testing, 50-13
URIs. (see Upper respiratory tract

infections)
Urobilinogen, 87-3
UROD. (see Ultrarapid opiate

detoxification)
Urology, geriatrics and, 101-1–101-28
URR. (see Urea reduction ratio)
Urticaria, 38-17
UTIs. (see Urinary tract infections)
Uveitis, 43-36

CD and, 27-3t
UC and, 27-3t

UVR. (see Ultraviolet radiation)

Vaccination. (see Immunization)
Vaccine-associated paralytic polio

(VAPP), 95-6–95-7
VaDs. (see Vascular dementias)
Vaginal discharge, 65-20t
Vaginitis, 65-18
Vagus nerve stimulator (VNS), 54-4
Valsalva maneuver, for PSVT, 19-15
Vancomycin-resistant enterococci (VRE),

68-3
Vanilla PN, 97-13–97-14
Vanillylmandelic acid (VMA), 91-23
Vanishing bile duct syndrome, 34-28
VAP. (see Ventilator-associated

pneumonia)
Vaporizers, 9-9
VAPP. (see Vaccine-associated paralytic

polio)
Variant angina, 16-24–16-25
Varicella, 72-8–72-9

immunization for, 95-8–95-9
Varicella-zoster virus (VZV),

72-8–72-10, 95-8
HCT and, 92-23
HIV and, 70-4

Vascular dementias (VaDs), 100-1,
100-11–100-14

causes of, 100-11
clinical presentation of, 100-12
diagnosis of, 100-12–100-13,

100-12t
etiology of, 100-11
neuropathology of, 100-11–100-12
TIA and, 100-11

Vascular endothelial growth factor
(VEGF), 88-9, 88-27f

Vascular insufficiency, osteomyelitis and,
66-7

Vascular occlusion, with sickle cell
anemia, 86-14

Vasculitis, 31-32
drug-induced, 25-8t
RA and, 43-13
VaDs and, 100-11

Vasodilation, sepsis and, 56-3
Vasomotor rhinitis, 24-3
Vasopressin receptor antagonists, 18-7
Vasospasm. (see Delayed cerebral

ischemia)

VC. (see Vital capacity; Vomiting center)
Vd. (see Volume of distribution)
VDRL. (see Venereal disease research

laboratory)
Vegetarian diet, 12-19

eating disorders with, 82-3
Vegetation, 59-1
VEGF. (see Vascular endothelial growth

factor)
Venereal disease research laboratory

(VDRL), 65-15, 66-12
false-negatives with, 65-14t,

65-15t
Venereal warts. (see Acuminate)
Venography, for DVT, 15-9
Veno-occlusive disease (VOD), 29-16,

92-14–92-16
Venous thromboembolism (VTE)

contraception and, 45-15
prevention of, 15-16t

Ventilation
neonates and, 94-47–94-49
paralysis from, 94-47–94-49

Ventilation-perfusion (V/Q), 22-12
Ventilator-associated pneumonia (VAP),

60-21–60-27
Ventricular arrhythmias, 19-17–19-27

HF and, 18-64–18-66
ICDs and, 19-23–19-24
NSVT, 19-
PACs and, 19-17
PVCs, 19-19–19-
QRS complex and, 19-17
SuVT, 19-23
TdP, 19-24–19-26

Ventricular fibrillation (VF), 19-5, 19-19
thrombolysis and, 17-17

Ventricular tachycardia (VT), 19-3
Ventriculitis, 55-19
Vertebral fractures, 102-2
Very low-birth-weight (VLBW), 94-2t

fluids and, 97-2
PAAF and, 97-17
PN and, 97-13–97-14
PN for, 94-19
sepsis and, 94-28

Very-low-density lipoproteins (VLDL),
12-2

microsomal triglyceride transfer
protein and, 12-33–12-34

Vestibular dysfunction, nausea and, 7-1
VF. (see Ventricular fibrillation)
Vibrio spp., 62-6–62-8

alcoholism and, 62-8
Viral fitness, 69-25
Viral gastroenteritis, 62-6

in children, 93-6–93-7
Viral hepatitis. (see Hepatitis)
Viral infections, 52-23, 72-1–72-18

with CLL, 90-13
HIV and, 70-35

Viral set point, 69-2
Viremia

HGV and, 73-46
HIV and, 69-2–69-3

Virtual phenotype, 69-25
Visceral proteins, 37-3, 37-3t
Vital capacity (VC), 22-5
Vitamin(s). (see also Vitamins in Drug

Index)
CF and, 98-7, 98-8t
in PN, 37-12

Vitamin A, for BPD, 94-19
Vitamin B6, homocysteine and, 2-12

Vitamin B12, 86-11f
anemia and, 2-18, 86-8–86-11,

86-11f
dialysis and, 32-3
homocysteine and, 2-12
MCV and, 2-17

Vitamin C
for atherosclerosis, 16-5
HbA1c and, 50-14

Vitamin D
bone and, 102-2, 102-3f
BPD and, 94-19
calcium and, 11-20
neonates and, 94-3
phosphorus and, 11-25
uremia and, 31-21

Vitamin E
for atherosclerosis, 16-5
HbA1c and, 50-14
neonates and, 94-3

Vitamin K epoxide reductase (VKOR),
15-5

Vitreous humor, 51-2
VKOR. (see Vitamin K epoxide

reductase)
VLBW. (see Very low-birth-weight)
VLDL. (see Very-low-density

lipoproteins)
VMA. (see Vanillylmandelic acid)
VNS. (see Vagus nerve stimulator)
VO2. (see Oxygen consumption)
Vocational training, for schizophrenia,

78-8
VOD. (see Veno-occlusive disease)
Voiding cystourethrography, 101-19
Volume of distribution (Vd), 33-2
Volutrauma, 94-15
Vomiting. (see Nausea)
Vomiting center (VC), 7-1, 7-2f
V/Q. (see Ventilation-perfusion)
VRE. (see Vancomycin-resistant

enterococci)
VT. (see Ventricular tachycardia)
Vulvovaginal candidiasis (VVC),

65-19–65-23
diabetes and, 65-22–65-23
diagnosis of, 65-20t
differential diagnosis of, 65-20
pregnancy and, 65-23
recurrence of, 65-23
stress and, 65-21
symptoms of, 65-19–65-20

VVC. (see Vulvovaginal candidiasis)
VX, 54-25
VZV. (see Varicella-zoster virus)

Waldenström macroglobulinemia, 90-3
Walking pneumonia, 60-8
Wasting syndrome, 70-38–70-40
Water

antidiuretic hormone and, 11-3f,
11-4

GI tract and, 11-4
kidneys and, 11-2–11-4
LBW and, 11-1
sodium and, 11-4–11-6

Water pipes, 85-27–85-28
WBC. (see White blood count)
WBI. (see Whole bowel irrigation)
Wegener’s granulomatosis, 31-30,

31-32–31-33
ESRD and, 31-33
hematuria and, 31-33
proteinuria and, 31-33
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Weight. (see also Obesity)
Addison disease and, 82-6t
AIDS and, 82-6t
anorexia nervosa and, 82-13
cancer and, 82-6t
CD and, 82-6t
cholesterol and, 12-22
Cushing’s syndrome and, 82-6t
depression and, 82-6t
diabetes and, 12-22
gain of

drug-induced, 78-22–78-23
peritoneal dialysis and, 32-14
with smoking cessation, 85-16

HIV and, 82-6t
hypertension and, 12-22, 13-7
hyperthyroidism and, 82-6t
IBD and, 82-6t
mania and, 82-6t
PCOS and, 47-5–47-6, 82-6t
schizophrenia and, 82-6t
SLE and, 44-2t
type 1 diabetes and, 82-6t
type 2 diabetes and, 82-6t
UC and, 82-6t

Wenckebach block. (see Second-degree
atrioventricular block)

Wernicke-Korsakoff complex, 5-13
AIDS and, 84-11
alcohol and, 84-11
malnutrition and, 84-11

Wernicke’s encephalopathy, 5-13, 84-11
alcohol and, 84-6

West Nile virus (WNV), 72-16–72-17
Whey, 97-7
White blood count (WBC), 2-18

blood chemistry reference values
for, 2-5t

osteomyelitis and, 66-2
White-coat hypertension, 13-4–13-5
WHO classification, 90-15t
Whole bowel irrigation (WBI), 5-4, 5-5

for iron toxicity, 5-11
Whooping cough. (see Pertussis)
Wilms’ tumor, 91-25–91-27
Wilson’s disease, 29-15

CH and, 73-4t
Wind-up, 8-4
Wiskott-Aldrich syndrome, HCT and,

92-3t

WNV. (see West Nile virus)
Wolff-Chaikoff effect, 49-21
Wolff-Parkinson-White (WPW)

syndrome, 19-5, 19-16
WOSCOPS study, 12-13
Wounds

classification of, 57-2t
nutritional supplements for,

3-3t
traumatic, 67-7–67-8

WPW. (see Wolff-Parkinson-White
syndrome)

XDR-TB. (see Extensively drug-resistant
TB)

Xenografts, for burns, 41-19
Xerosis, 38-14–38-15
Xerostomia

chemotherapy and, 89-6–89-8,
89-7t

GERD and, 26-23

Years of life saved (YOLS), 12-15
Yellow zone, of PEF, 22-34
YMRS. (see Young Mania Rating Scale)

YOLS. (see Years of life saved)
Young Mania Rating Scale (YMRS),

80-13

Zellweger syndrome, 94-41t
ZES. (see Zollinger-Ellison

syndrome)
Zinc, 3-3t, 3-29–3-33

adverse effects of, 3-31–3-32
for allergic rhinitis, 3-33
for children, 3-32
for colds, 3-30–3-31, 72-18
deficiency of, 3-32
for diarrhea, 93-9
dosing of, 3-31
lactation and, 3-32
pregnancy and, 3-32

Zollinger-Ellison syndrome (ZES), 26-9,
26-21–26-22

bleeding with, 25-21
diarrhea with, 25-21
GERD and, 25-21

Zone of coagulation, 41-16
Zone of hyperemia, 41-16
Zone of stasis, 41-16



ACID-BASE DISORDERS

SUPPLEMENTAL CASE

1. M.K. is a 45-year-old man who was brought to the ED with a 3-day history of nausea,

vomiting, and dizziness. His medical history includes chronic renal failure from poly-

cystic kidney disease requiring hemodialysis. Up until 3 days before his presentation, he

was in his usual state of health. Vital signs included the following: temperature, 37◦C;

respirations, 10 breaths/minute; HR 120 beats/minute; and BP, 80/50 mmHg. His physi-

cal examination findings revealed decreased skin turgor and flat neck veins. Laboratory

studies included the following: Na, 145 mEq/L; K, 4.2 mEq/L; Cl, 100 mEq/L; BUN 40

mg/dL; creatinine, 3 mg/dL; ABG: pH, 7.40; PaCO2, 40 mmHg; PaO2, 88 mmHg; and

HCO3
−, 24 mEq/L.

Does M.K. have an acid-base disorder?



ACID-BASE DISORDERS

ANSWERS TO SUPPLEMENTAL CASE

1. M.K. is a 45-year-old man who was brought to the ED with a 3-day history of nausea,

vomiting, and dizziness. His medical history includes chronic renal failure from poly-

cystic kidney disease requiring hemodialysis. Up until 3 days before his presentation, he

was in his usual state of health. Vital signs included the following: temperature, 37◦C;

respirations, 10 breaths/minute; HR 120 beats/minute; and BP, 80/50 mmHg. His physi-

cal examination findings revealed decreased skin turgor and flat neck veins. Laboratory

studies included the following: Na, 145 mEq/L; K, 4.2 mEq/L; Cl, 100 mEq/L; BUN 40

mg/dL; creatinine, 3 mg/dL; ABG: pH, 7.40; PaCO2, 40 mmHg; PaO2, 88 mmHg; and

HCO3
−, 24 mEq/L.

Does M.K. have an acid-base disorder?

M.K’s normal pH implies either no acid-base abnormality or a mixed disorder (steps 1–3).

His AG of 21 suggests the presence of a clinically important AG metabolic acidosis (step

4). Because his AG is increased, step 5 instructs us to calculate his corrected HCO3
− value

which would be 35 (excess AG of 11 added to his HCO3
− value of 24). Therefore, M.K. has

both an AG acidosis and a metabolic alkalosis. Reviewing M.K’s acute and chronic medical

history suggests causes for both acid-base disorders. The metabolic acidosis may be caused

by a combination of chronic renal failure and hypovolemia. The metabolic alkalosis was

precipitated by vomiting. Treatment should include isotonic fluid and anitemetic administra-

tion. Hemodialysis should be temporarily withheld until restoration of his effective arterial

circulating volume.
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